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09.04.02 MadopManiiOHHBIE CUCTEMBI U TEXHOJIOTHH
Otnenenue HHOOPMAITMOHHBIX TEXHOJIOTHIA
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IINTAHUPYEMBIE PE3YJIBTATBI OBYYEHMUSA OOII

Kon

Pe3yabTar 00y4eHnus

P1

Crnioco0OeH caMOCTOSATENbHO PUOOpETaTh, pa3BUBAaTh U IPUMEHATh MaTEMATUYECKUE,
€CTECTBEHHO-HAy4YHbI€, COLUAIbBHOIKOHOMUYECKUE U NPO(ecCHOHaIbHbIE 3HAHUS IS
pellleHns HECTaHIApTHBIX 3a/ad, B TOM YKCJIE B HOBOM WJIM HE3HAKOMOMW cpesie U B
MEXIUCIUIUIMHAPHOM KOHTEKCTE.

P2

Crnocoben pa3pabaTbiBaTh OPUTHHAIBHBIE JITOPUTMBI M MIPOTPAMMHBIE CPE/ICTBA, B
TOM YHCJIE C HCHOJIb30BAHUEM COBPEMEHHBIX MHTEIICKTYaJIbHBIX TE€XHOJIOIMM, UL
penieHust mpoecCHOHABHBIX 3a/1a4.

P3

Croco0GeH aHanmu3upoBaTh MNPOQPECCHOHANBbHYI0 HH(OPMAlLMIO, BBIACIATH B HEH
TJIABHOE, CTPYKTYpHpPOBaTh, OPOPMIIATH W MPEACTABISATh B BHJIE AHATUTHYCCKHX
0030pOB ¢ 000CHOBaHHBIMH BBIBOIAMU U PEKOMEHIAIMSIMH.

P4

CnocobeH MNpUMEHATh Ha MPAKTUKE HOBBIE HAy4YHbIE€ MPUHIUIIBI U METOMbI
HUCCIIEJOBAHUN.

P5

CnocoGeH pa3pabaTeiBaTh U MOICPHU3UPOBATH MPOTPAMMHOE U allllapaTHOE
obecnieueHrne HHGHOPMAITMOHHBIX U ABTOMATH3UPOBAHHBIX CHCTEM.

P6

CrniocobeH HCMoNb30BaTh METOJBl U CPEACTBa CUCTEMHOW HMHXXEHEpHUH B 00J1acTH
MOJIyYeHHS, Tepeadd, XpaHEeHHs, NepepaboTKu M IpPeAOoCTaBICHUS WHPOpPMALUU
IIOCPEJICTBOM MH(POPMALIMOHHBIX TEXHOJIOTUH.

P7

Cnocoben pa3pabarbiBaTh M NPUMEHSATH MaTEMaTUYECKHE MOJETH IPOIECCOB M
OOBEKTOB MPH  pEIIeHWH 3aJad aHajiW3a W CHHTE3a  paclpeleNEHHBIX
WH()OPMAIIMOHHBIX CHCTEM M CHCTEM TOJICPKKU PHUHSATHS PCIICHUH.

P8

CnocoGeH ocymecTBIsITh 3()PeKTUBHOE ympaBieHHE pa3pabOTKON MPOrpaMMHBIX
CPEJICTB U MPOEKTOB.




TOMSK TOMCKNWA
POLYTECHNIC NONMUTEXHUYECKUN
UNIVERSITY YHUBEPCUTET

MuHKMCTEepCTBO HAYKHU M BbiciIero oopasosanusi Poccuiickoit ®@enepaunu
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE
o0pa3oBaTesbHOE YUPEeXkKJACHHUE BhICIIEro 00pa3oBaHuUs
«HAITMOHAJIBHBIN UCCJIEJOBATEJbCKUM
TOMCKHA MOJIUMTEXHUYECKHU YHUBEPCUTET» (TIIY)

WmxenepHas 1mkoyia MHPOPMAITMOHHBIX TEXHOJIOTUH U POOOTOTEXHUKH
09.04.02 MuadopmaimoHHbIE CUCTEMBI U TEXHOJIOTHH
Otnenenne HHOOPMAIIMOHHBIX TEXHOJIOTHIMA

YTBEPX/IAIO:
PykoBoaurens OOII

Casennes A.O.
(®.J1.0.)

(IToxmuce) (Jlata)

3AJIAHUE

HA BBINOJIHEHHE BBINYCKHOM KBAJIN(PUKaIMOHHON padoThl

B dopwme:

MarucTepCcKO IUCcCepTaluy

(bakanaBpcKoil pabOTHI, TUITIOMHOTO MPOEKTa/PabOTHI, MAaTUCTEPCKOM AUCCEPTALINH)

CryneHry:

I'pynna

DUO

8NMOI1

CepreeBoil AHactacun AHATOJIbEBHE

Tema paGoThI:

HpOGKTHpOBaHI/IC MapHIpyTHBIX ceTen ropoJACKOro nmacCaxupCKoro TpaHCIopTa
Ha OCHOBC 3BpUCTUYUCCKHUX AJITOPUTMOB

VYTBepxkeHa PUKa30M JUPEKTopa (Aara, HOMep)

| Ned0-4/c ot 09.02.2021

CpOK caavu CTyJCHTOM BBIIIOJIHEHHOM pa6OTBIZ ‘

TEXHUYECKOE 3AJIAHUE:

I/ICXOI[HBIE 'HaHHLIeraGOTe OOBEKT HCCJIICAOBAHUA — MAapHmIpyTHbBIE CETH TOPOACKOIO
(Haumenoeanue  06veKMa  UCCIEO08AHUSL  UIU

NPOEKMUpoBanUs; npoU3B0OUMENbHOCHIb ww | HACCAKUPCKOTO TPAHCIIOPTA.

Hacpyska; — pexcum — pabomvl  (HenpepvieHbill,
nepuooudecKull, YuKau4eckuu u m. 0.); U0 Colpbs U
mamepuan uzoenus;  mpeboganus K NpooyKmy,
uzdeauro unu mpoyeccy; 0cobvie mpebosanus K
ocobennocmam GyHKyuonuposanus (SKcniyamayuis)
obvexma unu usdeius 6 niawe 0Oe30NACHOCMU
IKCHIYAmMayuy, 6IUAHUSL HA OKPYICAIouyio cpeoy,

IHEP2O3AMPAMAM, IKOHOMUHECKUL AHATU3 U M. O.).

[IpenMeTr wuccienoBaHUS — MPOESKTHPOBAHHE MapUIPYTHBIX
CEeTeH ropoJICKOT0 MACCAKUPCKOTO TPAHCIIOPTA.

[enb
MapIIPYTHBIX CETeH TOPOJCKOTO MACCAKUPCKOTO TPAHCIIOpTa
C ITOMOIIBIO 3BPUCTHYCCKUX AJITOPUTMOB.

paboTel  —  aBTOMaTH3alusi  [POEKTHUPOBAHUS

Ilepeuennb MOAJIeKALMX
HCCJIeIOBAHMIO,
NPOEKTHPOBAHUI0O U pa3padoTke
BOIIPOCOB

(ananumuueckuii  00630p  nO  IUMEPAMYPHLIM

UCMOYHUKAM C  Yelblo BbIACHEHUs OO0CHUNCEHU
MUPOBOTl  HAYKU MEXHUKU 6 paAccCMampueéaemotl
obracmu;  noCmManoO6Ka  3a0aui  UCCIEO08ANUS,
NpOeKmupoeanus, KOHCMPYUPOBaAHUs, COOepicanue

npoyeoypul uccne008anus,

NpoeKmupoeaHusi,

— AHanuTUYeCKUil 0030p JUTEPATYPHBIX HCTOYHUKOB C IENBIO
AJITOPUTMOB st perLeHus 3a71auu
MapUIpyTHBIX ceTen TrOpPOACKOT0O

BBISIBJICHUS
MIPOEKTUPOBAHUS
MACCaKUPCKOT0 TpaHCIIOpTa

— Onucanue cpencTB pa3pabOTKH

— IIpoexTrpoBanue, pa3paboOTKa U TECTUPOBAHUE MPUITOKECHUS
ceren

JUIl  TPOEKTHUPOBAHUS MAapIIPyTHBIX TOpPOJICKOTO

MacCaKUPCKOro TpaHCIIopTa

3




KOHCMPYUpo8auus,  o0cysicoenue

O00NONHUMENLHBIX paszoenos,
paspabomxe; 3aKnoyeHue no pabome).

BbINOJIHEHHOT paﬁombu HaumeHosaHue

pesynemamos | _ CpaBHenue rmokazarteseit MapLIPyTHOMN CETH,

nooneacaup: | CIPOEKTUPOBAHHOM € MOMOIIBIO pa3pabOTaHHOTO alIrOPUTMA,
C IIOKa3aTeJsIMU  CYLIECTBYIOLIEH MAapHIPyTHOM CETH Ha
npumepe ropoga Tomcka

MaTepuaJja

Ilepeuenn rpaguyeckoro | JluarpamMmma BapuaHTOB KCIIOJIb30BAHUS, IMarpaMMa MaKeToB,

auarpamMma kiaccoB, auarpamvma BPMN, mnpesenrtanus B

(c mouHbIM yKazanuem 0653amenbHbIX Yepmedicetl) (bopMaTe * pptx CKPHHILOTHI IIPOrPAMMBI
M >

KoncynbTaHThI 0 pa3aenaM BbITYCKHON KBATH(UKALMOHHOH padoThI

(c yrazanuem pazoenog)
Pazaen KoncyabTant
duHAHCOBBIM MECHEIKMEHT,
pecypcodhHEeKTHBHOCT U Bepxosckast Mapuna ButanseBna, norieat OCI'H LIIBUIT
pecypcocOepekeHne
ConunanbHas OTBETCTBEHHOCTD ®enopenko Onbra FOpwesHa, npodeccop OO/ HIBUII

Ha3zpanus pa3aeioB, KOTOPbIEC 10/ I’KHbI OBITH HANMCAHBI HA PYCCKOM 1 HHOCTPAHHOM fI3bIKAaX:

1. AHanmu3 npeaMeTHON 001acTh

Jdara  BblJaYM  3aJaHUA  HA  BBINOJHEHHE  BbIIYCKHOM 01.02.2021
KBAJTU(UKAIMOHHOMH padoTHhI 10 JHHeHHOMY rpadpuky o
3aaHue Bb11aJI PYKOBOAMTEIb/KOHCYJIbTAHT:
J0MKHOCTD ®UO Yienas crenett, Moanucy JlaTa
3BaHHuE
Houent OUT UITUTP danees A.C. K.T.H.
3aanue NPUHSAJ K HCIIOJHEHUIO CTY/IEHT:
I'pynna (0] 7 (0] Moanucey Hara
SNUMOI1 CepreeBa AHactacusi AHaTOJIbEBHA




TOMSK TOMCKWNW
POLYTECHNIC MOJTMTEXHNYECKUN
UNIVERSITY I YHUBEPCUTET
MuHKMCTEepCTBO HAYKHU M BbiciIero oopasosanusi Poccuiickoit ®@enepaunu
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE
00pa3zoBaTellbHOE YUPEKACHUE BHICIIETO 00pa30BaHUS
«HAITMOHAJIBHBIN UCCJIEJOBATEJbCKUM
TOMCKHUHA NOJIUTEXHUYECKH YHUBEPCUTET» (TILY)

WuxenepHas 1mkosia THPOPMAIMOHHBIX TEXHOJIOTUN U pOOOTOTEXHUKH
09.04.02 MuadopmMaimoHHbIE CUCTEMBI U TEXHOJIOTHH

YpoBeHb 00pa30BaHuUsI: MarucTpaTypa

Otnenenue HHGOOPMAIIMOHHBIX TEXHOJIOTHIA

[epuon Beimonnenus: BeceHuuii cemectp 2020/2021 yue6HOro roma

dopma nipeAcTaBiIeHUs] pabOTHI:

MATUCTEPCKAS INCCEPTALIUA

(bakanaBpckast paboTa, AUTIOMHBIN MPOEKT/paboTa, MArUCTEPCKast AUCCEPTALIHS)

KAJIEHJAPHBINA PEUTUHI -TLJIAH
BbINIOJIHEHH S BBIIYCKHOM KBATH(PUKANNOHHON PadoThI

Cpok ciauu CTy/I€HTOM BBIIIOJIHEHHOM pabOThI: ‘

e Hasnaune paviens (eonyts) fowt paors: (secaepopaons) Makcunia b G pasieaa
28.02.2021 | M3ydeHue auTepaTyphl 0 TEME MAaruCTEPCKOM TUCCepTaIluU 10
14.03.2021 | IlpoekTHpOBaHUE MPHIOKECHHSI 10
11.04.2021 | Pa3paboTKa M TECTUPOBAHUE MPHIIOKEHHUSI 40
25.04.2021 | IlpoBeneHue uccieaOBaHUS paObOTHI MPUIIOKESHUS 10
04.05.2021 | ®duHAHCOBLINA MEHEIHKMEHT 5
11.05.2021 | CoumanpHasi OTBETCTBEHHOCTh B
16.05.2021 | IlepeBoJ OAHOTO M3 pa3/eiOB HA AHTJIMHCKUH SI3BIK 10
31.05.2021 | OdopmiieHHE MOSICHUTEIBHON 3aITUCKH 10

CocraBuJ1 Ipeno1aBaTelb:

JonxkHoCTH DOUO Yuenas cremens, Moanuch Jara
3Banue
Houent OUT ULIUTP ®anee A.C. K.T.H.
COI'TACOBAHO:
PykoBoautens OOII U0 Yuenas crenex, Moanuck Jlata
3Banue
Houent OUT ULIUTP CasenneB A.O. K.T.H.




_ 3AJIAHME ISl PA3/IEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOR®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
Crygnenry:
I'pynna DUO
SNUMI1 CepreeBoit Anactacuu AHaTOJILEBHE
Ikoaa NHINTP Otnenenne mkoJabl (HOL) OuT
YpoBeHsb 09.04.02 NadopmatnoHHbIe
MarucTparypa Hanpagsienune/cnenuanabsHOCTh
oOpa3oBaHus CHCTEMBI U TeXHOJIOTUH

Hcxonubie naHHble K pasgedy «DPHHAHCOBBIH MeHEIKMEHT, pecypcoddpdeKTUBHOCTL H
pecypcochepekeHne»:

1.

Cmoumocmo pecypcos Hay4YHO-mexXHU4YeCcKoco
npoekma: mamepuaibHo-mexHu4ecKux,
IHepeemu4ecKux, ¢quHCO€blx,
qubopmaquHHbzx Uu dejoeedecKux

Oxutafn accuctenTa 6e3 creneHu — 22695 pyo.
OxkJiaj o1IeHTa CO CTeNeHblo Kanaunara Hayk — 35111,50 pyo.

Hopmbt u nopmamuesl pacxodosanus pecypcos

Paitonnsiii koapduuuent 30%;
Koadpunuent nonomHurensHoi 3apadoTHOM miatel 15%;
Haxknannsie pacxost 16 %.

3.

Hcnonvzyemas cucmema nano2o06104cenus,
CMABKU HAN0208, OMYUCTEHUT], OUCKOHMUPOBAHUS
U Kpeoumosamisl

Koaddunuent oruuciaeHuid Ha ymiaty BO BHEOHODKETHBIC
¢doumst 30 %

Ilepeyens BOoMpocoB, MOMJIEKANIMX HCCIET0BAHNIO, TPOEKTHPOBAHUIO U pa3padoTKe:

1. Ilpeonpoexmmubiii ananusz -AHaau3 KOHKYPEHTHBIX TEXHHUYECKUX pelIeHUu!
2. Hnuyuayus npoexma - ®opMHUpOBaHUE YCTaBa IPOCKTA
®dopMupoBaHHE TUIaHA U TpaduKa pa3padOTKU:
- oTpezeIcHrue CTPYKTYPHI padoT;
- ompezesIcHrue TPYJOEMKOCTH padoT;
- pa3pabotka rpaduka ['anTa.
3. Ilnanuposanue ynpagneHus HAy4HO-MEXHULECKUM )
npoexmont dopmupoBaHHe OFOKETa 3aTPaT Ha TPOCKT:
- MaTepUaIbHbIE 3aTPAThI;
- 3apaboTHas 1aTta (OCHOBHAS U IOTIOJHUTENIbHAS);
- OTYMCJICHHS Ha COLMANbHbIE LIEIIH;
- HaKJIa/IHbIE PACXOJIbL.
4. Onpeoenenue pecypchoti (pecypcocoepezaiouyet),
@unancosoil, 6100cemHnoll, COYyUanbHOU u - OmnpeneneHue CpaBHUTEIBHON A(PQPEKTUBHOCTH HAy4YHO-
IKOHOMUUECKOU IPDEKMUSHOCMU HAYUHO- TEXHHUYECKOTO MPOEKTa
MeXHUYECK020 NPOeKma
Hepeqeﬂb rpa(buqeucor 0 MATEPHUAJIA (c mounvim ykazanuem 0ba3amenbHvlX yepmedcei) .
1. Oyernounas kapma KOHKYPEHMHbBIX MEXHUYECKUX PelleHUll
2. Mampuya SWOT
3. Huazpamma I'anma
| laTa Bbixaum 3a1anusi [UIsi pa3jeia 1o JnHeiiHoMy rpaduky | 01.03.2021
3analme BbIAAJI KOHCYJBbTAHT:
JIOJIZKHOCTD U0 yqe“:;a:l;?eﬂb’ Moanuck Jlara
Jouent OCI'H INIBUIT Bepxosckas M.B. K.J.H.
3ana}me NMPpUHAJ K UCIIOJTHEHHUIO CTYAECHT:
I'pynna DPUO Honnuch Jara
SUMOI1 CepreeBa AHacTtacusi AHaTOJIbEBHA




3AJAHUE JIJISI PA3JIEJIA
«COIAAJBLHASI OTBETCTBEHHOCTb»

Crygnenty:
'pynna DPUO
SNUMI1 CepreeBoit AHacTacuu AHaTOJILEBHE
Ikoaa NHINTP Otaenenne mkoJabl (HOLD) OuT
YpoBeHsb 09.04.02 NadopmanoHHbIe
Marucrparypa HanpaBienue/cnenuaibHOCTh
OﬁpaSOBaHl/lﬂ CHCTCMBI U TCXHOJIOTHHN
Tema BKP:

OBPUCTUUYCCKUX AJITOPUTMOB

[IpoekTupoBaHKe MapIIPYTHBIX CETEM TIOpPOJCKOI0 NACCa)KUPCKOrO TPAHCIOpPTa Ha OCHOBE

Hcxoanblie JaHHBIE K pasaeiny «COIII/Ia.]'IbHaﬂ OTBETCTBEHHOCTD) .

1. Xapaxmepucmuxa o6vexma ucciedo8amus
(6ewecmeo, mamepuan, npudop, ar2opumm,
Memoouka, paboyas 30Ha) u obnacmu e2o
NPUMEHEHUs.

OOBEKT HCCIICAOBAaHMU: NPUIOKEHUE I TNPOEKTUPOBAHUSA
MapIIPYTHBIX CETeH TOPOJCKOTO MACCAKUPCKOTO TPAHCIIOPTa Ha
OCHOBE 9BPHCTHYCCKUX aITOPUTMOB.

OO0nacTp TPUMCHEHHUS: TPWIOKCHHE TNpPEAHA3HAYCHO UL
WCTIONB30BAaHUS ~ HAa  TPEANPHATHAX,  OTBEYAOMINX 32
MIPOCKTHPOBAHUE MapIIpyTHBIX cereit TOPOJCKOTO
MACCaKUPCKOT'0 TPAHCIIOPTA.

PaboTa BBINONHSACTCS B MOMEIIEHHH O(QHUCHOTO THIA IUIOMAIbI0
18 KBaJpaTHBIX METPOB C COYETAHHEM €CTECTBEHHBIX U
UCKYCCTBEHHBIX BEHTHSILMM M OCBELICHHUS, LEHTPaJIbHBIM
OTOIICHHUEM (32 HCKIIOUEHHEM JIETHETO CE30Ha).

Hepeqeﬂb BOIIPOCOB, MOAJCKAINUX UCCICTOBAHUI0, IPOCKTHPOBAHUIO pa3paﬁoTKe:

1. IIpagoevie u opzanuszayuonusvle 6onpocol
obecneuenus 6ezonacHocmu:

1.1. Cneyuanvhvle npagosvie HOpmbl MPYO0BO20
3aKOHOO0amenbCmea

1.2. Opeanusayuonnvle Meponpusmus npu
KOMNOHOGKe paboyell 30Hbl

— Tpynosoit xonexc Poccuiickoit ®eneparuu ot 30.12.2001 N
197-@3 (pex. ot 09.03.2021)

— I'OCT 12.2.032-78. CCBT. Pabouee MecTO IpH BBHIIOJIHEHUH
pabot cums. O0mmme 3proHOMIYECKUe TpeOOBaHUSL

— TOMU P-45-084-01. TumoBast ”HCTPYKIHS IO OXpaHE TPyAa IPH
paboTe Ha EpCOHATILHOM KOMIIbIOTEpE

— TOCT 12.0.003-2015. CCBT. OmacHple © BpEIHBIC
MPOM3BOJICTBEHHBIE (hakTophl. Kitaccnduxarust

—TOCT 12.1.005-88. CCBT. O6mue caHuTapHO-TUTHEHUYECKUE
TpeOOBaHUs K BO3/yXy paboueii 30HbI

— CH 2.2.4/2.1.8.562-96. Illym Ha pabounx Mecrax, B
MOMEIICHUSIX JKUIIBIX, OOLIECTBEHHBIX 3[IaHUI U Ha TEPPUTOPUU
3aCTpPOUKHU

— CII 51.13330.2011. 3amuTa oT myma. AKTyaau3HpOBaHHAas
penakus CHull 23-03-2003

— TOCT 12.1.006-84. CCBT. DneKTpOMarHWTHBIC MO
pamnouactot. O0mIHe TpeOoBaHMs O€30MACHOCTH

— CII 52.13330.2016. [EcTtectBeHHOE H HMCKYCCTBEHHOE
ocBenieHue. AKTyanusupoBanHas pegakius CHull 23-05-95*

— CanlluH 2.2.4.548-96. T'mruennveckue TpeOOBaHMS K
MHUKPOKIIMMATY MPOU3BOACTBEHHBIX OMEICHU I

—TOCT P 12.1.019-2009. CCBT. Daextpobe3omnacHoctb. Obmue
TpeOOBaHMS 1 HOMEHKJIATYPa BUJIOB 3aIIUThI

—TOCT 12.1.038-82. CCBT. DnekrpobezonacHocTh. [IpeaensHo
JIONYCTHMbIE YPOBHH HANpPSDKEHUH TPUKOCHOBEHHSI U TOKOB
—T'OCT 12.1.030-81. Cucrema cranaapToB 0€30IaCHOCTH TPy
(CCBT). Dmekrpobe30nmacHOCTb.  3allUTHOE  3a3eMIICHHE.
3aHyneHue

—T'OCT 26522-85. KopoTkue 3aMbIKaHUs B JIEKTPOYCTaHOBKAX.
— TOCT 12.4.124-83. CpenctBa 3alllUThl OT CTaTHYECKOIO
JJIEKTPUYECTBA




— @3 or 23.11.2009 Ne261-®3 «OO6 sHeprocOepexeHUH U O
MOBBILIEHUH 3HEpPreTHYeckoi 3(pQeKTHBHOCTH M O BHECEHHWHU
W3MEHEHUW B OTJEJbHBIE 3aKOHOJATEIbHBIE aKThl Poccuiickoit
denepanun»

— @3 o1 24.06.1998 Ne89-D3 (pex. ot 25.12.2018) «O6 oTxomax
MPOU3BOJICTBA U MOTPEOICHMUSDY

— CIT 12.13130.2009. Ormpenenenne KaTerOpuil MOMEIICHU,
3JaHUH M HapyKHBIX YCTAHOBOK II0 B3pBIBOIOKAPHOM U
MOYKapHOH 6e30IacHOCTH

— @3 or 22.07.2013 Nel23 «TexHuyeckwid periiaMeHT o
TpeOOBaHUAX MMOKAPHOH OE30TACHOCTHY

2. IIpouseoocmeennasn de3onacHocmy:

2.1. AHanu3 6vlsGNIeHHbIX BPEOHBIX U ONACHbIX
¢axmopos

2.2. ObocHosaHnue Meponpusimuil N0 CHUICEHUIO
6030elicmaeus

Bpensasie ¢hakTopsr:

— Bpenubie BemectBa (030H, OKCHI a30Ta, aMMHaK, CTHPOI,
alleTOH, AMHUXJIOPTHIPUH, KUCIOTHI, OKCHJ STHJIEHA, OyMaKHas
TIBUIB), BBIJIEIISIIOIIUECS [IPU PadOTe KOMMPOBAILHOM anmnaparypsl
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PE®EPAT

Brimycknas kBanmdukaimonHas padora coaepxut 118 ctpanun, 31 dopmyiy,
24 pucynka, 15 tabnuil, 54 UCTOYHHKA, 5 TPUTIOKEHUI.

KittoueBble cioBa: rOpOJCKON MacCaXUPCKUN TPaHCIOPT, MapUIpyTHasi CETh,
ABPUCTUYECKUE QITOPUTMBI, TMACCAKUPBI MPSAMOTO COOOIIEHUs, Ko3(pPHUIMeHT
HENIPAMOJIMHENHOCTH.

OOBEKTOM  MCCIEIOBAaHUS  SIBJISIOTCS  MapIIPYTHBIE CETH  TOPOJICKOTO
MACCAXUPCKOTO  TPAHCIOpPTa, MPEAMET HCCIEAOBAHHUA —  IMPOCKTHPOBAHHE
MapIIPYTHBIX CETEH rOPOJICKOr0 NacCa)KUPCKOTO TPAHCIIOPTA.

[{enbto pabOTHI ABISETCS] aBTOMATH3ALMS IPOSKTUPOBAHMS MAaPILIPYTHBIX CETEN
TOPOJICKOTO MAaCCaKUPCKOTO TPAHCTIOPTA C TIOMOIIBIO 3BPUCTUIYECKUX AITOPUTMOB.

B Xxonme wuccnenoBaHus TNPOBEACH aHaIM3 albTEPHATHUBHBIX BapHAHTOB
aBTOMATH3AINH, TPOU3BEICHO CPAaBHEHUE MX JOCTOMHCTB M HEJOCTATKOB M BHIOpaH
HanOoJee MOAXOAAIIUN BApUAHT JIJIsl PEIICHHUS MOCTABICHHOM 3a/1auHu.

B pesynbrate uccienoBaHusi ObLJIO CHPOEKTUPOBAHO W paszpaboraHo Forms
MPWIOKEHUE JIJIsl MPOCKTHPOBAHUS MAPIIPYTHBIX CETEH TOPOJCKOTO MACCAXKUPCKOTO
TpPaHCIOPTa C TIOMOIIBIO 3BPUCTHUYECKOIO aJTOPUTMAa MYPABbUHBIX KOJIOHHIA.
TectupoBanne pabOTH alIrOpUTMa MPOBOAMIOCH HA MAapIIPyTHOW CETH Tropoja
Tomcka.

Hcnonp3oBanue pa3pabOTAHHOTO MPWIOXKEHUS IO3BOJUT  3HAYUTEIBHO
COKpPATUTh BpeMs MPOCKTUPOBAHUS MAPIIPYTHBIX CETEH TOPOJCKOTO MaCCAKUPCKOTO
TpPaHCIOPTa, COKPAaTUB TPyAO3aTpaThl, a TAaKXK€ YUYUTHIBATh IPU MPOEKTUPOBAHUU

HHTCPCCHI BCCX YHACTHHUKOB I'OPOACKOT'O ITIACCAKUPCKOI'O TPAHCIIOPTA.



OITPEAEJIEHUS, OBO3HAYEHUSA, COKPALIIEHU A

I'TIT — ropozickor maccaxupCKui TPAHCIIOPT.
3MT — 3agaya MapuIpyTHU3alMy TPAHCIIOPTA.
ITK — nmepcoHaJIbHBIN KOMIIBIOTED.

TC — TpaHCIOPTHOE CPENICTBO.

YC — ynu4HO-T0pOKHASI CETh.
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BBEAEHHUE

B HacTosmiee BpeMsi pa3BUTHIO W ONTUMHU3ALWK TPAHCTIOPTHOW CHCTEMEI
TOpPOJIOB yAelseTcss O0NbllIoe BHUMaHUE. DTO CBSI3aHO C TEM, YTO OHA SIBJIAETCS
OJTHUM M3 BXHEUITNX HHPPACTPYKTYPHBIX JIEMEHTOB rOpO/Ia.

3a mocienHue  TOABI  MPOHUCXOAUT  CTPEMHUTEIBHOE  COIUAIBHO-
HPKOHOMHYECKOE Pa3BUTHE TOPOJOB. AKTHBHO CTPOSATCS HOBBIE MHUKPOPAHOHBI,
paCHIUPSIOTCS TpaHUIBI TOPOAOB. [IOSIBISIOTCS HOBBIE JEIOBBIE U TOPTOBO-
pa3BIICKaTEIbHBIC IIEHTPBI, CTPOSTCS MIKOJIBI M JACTCKUE Cabl U APYTHe OOBEKTHI
npuTsbkeHus: moTokoB naccaxupoB ['TIT. Kpome Toro, BozpactaeT Harpyska Ha
YJIIMYHO-IOPOKHYIO CE€Th TOpOJia, B COCTaB KOTOPOM BXOJUT B TOM YHCIIE
MACCAXUPCKUN TPAHCIIOPT, a JKUTEISIM OTJAJICHHBIX pAalOHOB TMPUXOIUATCS
no0UpaThCs 0 MECTa Ha3HAYEHUs C MepecajkaMu, B MEPETOTHEHHBIX Jaxe HE B
4yackl MUK aBTOOYycCax.

Kak BUAHO W3 BBINICTIEPEUNCICHHOTO, YCTAPEBIIYI0 CHCTEMY TOPOJCKOTO
MACCAXUPCKOTO TPAHCIOPTa HEOOXOJAUMO MOJIEPHU3UPOBATH U ONTUMHU3UPOBATH,
TaK KaK OHa HE OTBEYAET MOTPEOHOCTSIM COBPEMEHHOTO rOpo/ia.

[TosTOMy 1€NBIO JaHHOW PaOOThI SABJISETCS pa3pabOTKa MPUIIOKEHUS IS
MIPOCKTUPOBAHMSI MAPIIPYTHBIX CETEH TOPOJICKOTO MAaCCAKUPCKOTO TPAHCIIOPTA Ha
OCHOBE DIBPHUCTHYCCKUX AITOPUTMOB. BHempeHue pa3pabOoTaHHOTO MPUIIOKCHUS
MO3BOJIUT 3HAUUTEIBLHO COKPATUTh BpeMs MPOEKTUPOBAHUS MApIIPYTHBIX CETEH
TOPOJICKOTO TACCAKUPCKOTO TPAHCIIOPTa, COKPATHB TPYyA03aTpaThl, a TakKkKe
YUUTBIBATh TPU TPOSKTHUPOBAHUM HMHTEPECHl BCEX YYACTHUKOB TOPOICKOTO
MACCAXUPCKOTO TpaHCmopTa (TOpojcCKas aJIMHHHUCTpAIlUs, T[EPEBO3YHKUA U

MacCaXKUPBHI).
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1. AHAJIN3 ITIPEJIMETHOM OBJIACTH

1.1. Onncanue MapImIPyTHOM ceTH

Mapmpytayto cets ['TIT MoxxHO mipencTaButh B Buje rpada G(S, L), rae:
S={s0, S1, ..., Sn} — MHOXKECTBO BEpPIIHUH (So_k — HAYAIbHbIC U KOHCYHBIC OCTAHOBKH,
Sk.n — MMPOMEXKYTOYHBIE OCTAaHOBKH), L — MHO)ecTBO pedep {(Si, Sj) | (I # ])} (Bec
peobpa lij paBeH pacCTOSIHUIO MEXTy OCTAHOBKAMH Sj U Sj).

Matpunia  koppecnonnenuuid  C  XxapakTepusyeTr  pacrpejerieHue
TPAaHCHOPTHBIX TOTOKOB MO YJIWYHO-JAOPOKHOM ceTtu. Kaxnoe 3HaueHue Cij
MaTpHIbl PABHO KOJIMYECTBY MACCAKUPOB, KOTOPHIM HEOOXOAMMO J0€XaTh OT
OCTAHOBKH Sj O OCTaHOBKH S;.

UrtoOwl pemuth 3amauy mapupytusanuu ['TIT, Hy>)kHO pa30uTh MHOXKECTBO
BepIIMH (OCTAaHOBOK) S Ha TMOJMHOXECTBa (MapuIpyThl), KOTOPbIE MOTYT
NIEPECEKAThCA, U ONPENECIUTh MOPSAOK, B KOTOPOM OyAeT MPOHUCXOAUTH 00XOA
BEPIIMH KaXKJOT0 MOJAMHOXKECTBA (IepecTaHOBKa BepIIMH MapiipyTa). [Ipu stom

MapHIpPyTHI JOJKHBI yAOBIETBOPSITH MOJAEIIH ONITUMU3ALNH, OTIMCAHHOM JaJiee.

1.2. Onucanue MoaeJIu ONTHMH3AINHA

Moaenb OoNTUMM3AIUU OMpPENesseT crnocod OIeHKU 3(PPEKTUBHOCTU TOTO
WIM MHOTO MapuipyTa C TOYKM 3PEHUsS yIOBJIETBOPEHHS MHTEPECOB yYaCTHUKOB
CUCTEMBI TOPOJCKOIO IMACCAKUPCKOro TpaHcropta. OHA COCTOMT U3 KPUTEPHS
onTuMH3auuu (1eseBord (YHKIHMH) U OTPAHUYECHU MapUIpyTHOW CETH, KOTOpBIE
JOJKHBI COOJIIO/IaThCS MPU MOCTPOEHUH BCEX MApHIPYTOB. Mozenb ONTUMU3ALUU

¥ OTpaHUYCHHS MapIIPyTHOM ceTu onucanbl B popmye (1) [1].
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N N
Que géb‘b"Q“

DR L = x N — max
Lmln - LAB - Lmax
Quo 2 Quy @
i < VIU. <l ..

LAB
q= LS_:B < Omax
ABeF
(A=B

rae Dag — mIIOTHOCTH MaccakupoB IpsIMOro cood1IeHust Ha Mapuipyte AB,

Qas — 00111€€ KOTUYECTBO MACCAKUPOB MPSIMOTO cO00IIIeHUus Ha MapiipyTe AB,

Qij — KOJIMYECTBO MACCAKUPOB MPSIMOTO COOOIICHUSI MEXKITy OCTAHOBKAMH | U |,
Qmin — MUHUMAJIBHO JTOITYCTUMOE KOJIMUYECTBO MacCaXUPOB JJISl MapIIpyTa,

g — k03 (HULHMEHT HENPAMOINHENHOCTH,

(max — MAKCUMAaJIBHO JOIYCTUMOE 3HaueHue Kor((HULIMEeHTa HENPSAMOIUHENHOCTH,
Lag — nimuHa Mapiipyta AB,

L3 — mankparuaiimee paccTosHMe MeKTy ocTaHOBKamu A u B,

Limin — MUHUMaJBHO JOMYCTHMOE 3HaYCHHE JUTMHBI MapIipyTa,

Limax — MaKCMMalbHO JOMYCTUMOE 3HaYEHHUE JAJIMHBI MapIIpyTa,

bi, bj — OyneBsl mepeMeHHbIC, OMpeneNsIONINe MPUHAIICKHOCTh OCTAHOBOK 1 U |
Mapmipyty AB,

bij — OyneBa mepeMeHHas, ONpeNesIoNIas MPUHAIICKHOCTh Y4acTKa MyTH I
MapuipyTy AB,

lij — nmuHa yyactka myTH i,

Imin — MUHUMAJIBHO JIOMTYCTHMOE PACCTOSHHUE MEKIY COCSTHUMHU OCTAHOBKAMH,

Imax — MaKCHMAITLHO JIOYCTUMOE PACCTOSIHUE MEXKITy COCEJTHUMH OCTAaHOBKAMH,

F — MaccuB KOHEYHBIX OCTAaHOBOK,

A — HavaibHaAs OCTaHOBKa,

B — koHeuHast OCTaHOBKa,

N — KoJIM4eCcTBO OCTaHOBOK,
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I, ] — HOMEpa OCTaHOBOK.

B kadectBe KpuTepus ONTUMHU3ALMHU BbIOpAHA IJIOTHOCTh MAaCCaXKUPOB
npsaMoro coobmieHus. J[ns HekoToporo Mapiipyta AB TUIOTHOCTH TacCakKHpPOB
IPsIMOTO COOOILEHUSI ONpeNeNsieTcss KaK OTHOIICHHE CYMMapHOrO KOJIMYECTBa
MAaCCaXUPOB, CIPOC HA TIEPEBO3KH KOTOPHIX MOXET OBITh YIOBJICTBOPEH
MapmpyToM AB, x ero mmmHe. KomndecTBO maccaXupoB, KOTOPBIX CITOCOOHBI
NepeBe3TH TPAHCIIOPTHRIC cpeicTBa MapiipyTa AB, Beruncisercs mo gpopmyie (2).

N N
QAB = chij (2)
i=1 j=i
rie Qas — KOJIMYECTBO MACCAKUPOB MPSIMOTO coo0IIeHus Ha MapipyTte AB,
Cij — KOJIMYECTBO MACCaXMPOB, KOTOPHIM HEOOXOIUMO JI0€XaTh OT I-0f 10 J-Oif
OCTaHOBKH,
I, ] — mociemoBaresbHbIC OCTAHOBKU MapipyTta AB.
Haxoxaenne KomdecTBa macCaXupoB MPSIMOTO COOOIIEHUS I MapIIpyTa

S1—S4, COCTOSIIIETO U3 YETBIPEX OCTAHOBOK, IPOMJUIIOCTPUPOBAHO HA PUCYHKE | U

BBITTIAINUT CIICAYIOIUM O6p330M:

Q14 = C12 + C13 + C14 + C23 + C24 + C34

Pucynok 1 — ITaccaxupbl IpsiMOro COOOIIEHHsI MapLIpyTa S1—S4

1.3. O0630p anropuTmMoB AJi1 pemieHus 3agaun Mmapupyruzamuu I'ITT

B mpunoxenun A mpuBeneHa KiaccHbUKAIMS METOIOB PEIICHUS 3aJadu

MapuipyTuzauuu tpancnopra (3MT). Metonsl pemenus 3MT pasznenstoT Ha ABe
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OoJpIIMe TPYNMbl: TOYHbIE W MNPUOIMKEHHbIE (IBPUCTUKU), YACTHBIM CIIydaeM
KOTOPBIX SBJISIFOTCSI METa3BPUCTUKH [2—4].

B TouHBIX MeTOaX OCyIIecTBIsIETCS Mepedop BceX BO3MOXKHBIX PELICHHHH,
noka He OyAeT HaleHO onTuMaibHOe. Bpems pereHus 3aga4 TakKUMU METOJaMU
HE BCerjga MNpUeMIIEMO, TaK KaK BBIYMCIUTENIbHAS CJIOKHOCTh  3aJa4u
HKCIIOHEHIMAJIBHO 3aBUCHUT OT pa3Mep BXOAHBIX JTAHHBIX.

JIJist MHOTHX 3a1a4 MapIIpyTU3alMU TPAHCIIOPTAa HET HEOOXOAMMOCTH UCKATh
TOUHBIE PEIIECHHUs, 3a4acTyl0 JOCTATOYHO NPHUOIMKEHHBIX PEUICHHH, KOTOphIE
HAXOAATCSl 3HAYUTENIbHO OBICTpEE M HMEIOT JIOCTAaTOYHYIO JJisi MHOTHMX 3ajay
TOYHOCTb. [Ipy HCIIONB30BaHNWN 3BPUCTUYECKUX METOAOB IPOCTPAHCTBO IOMCKA
pEIICHUs] OTHOCHUTEIbHO OTPaHUYEHO, IO3TOMY XOPOIIME peleHuss OObIYHO
HaxXOoJATCA 3a PUEMIIEMOE BPEMSL.

B Mera’BpuCTHYECKHX METOJaX MPOMCXOAUT TUIATEIbHOE HN3YUYCHHE
HanmOoJiee NMEPCHEKTUBHBIX YacTed MPOCTPAHCTBA PELICHHUW, YTO MO3BOJSET UM
«BBIATH» M3 JIOKAJIBHOIO ONTUMYyMa, B OTJIMYHME OT KIACCUYECKHUX HBPUCTUK,
MOBBIIIAs KAYECTBO MOJIYYaEMbIX PEIICHUM.

Hwuxe metonst pemenus 3MT paccMoTpens! 6osiee o 1poOHO.
1.3.1. MeToa BeTBeid U IPAHUI]

Meton BeTBel W TpaHwuil [S] OCHOBaH Ha METOJIe TMOJHOTO mepedopa u
yIy4dllaeT €ro CyXeHHeM OOJIaCTH TIOMCKa ONTUMAJIbHOTO pelIeHUus. ITO
JOCTHTACTCS MyTEM HWCKIIFOUYCHHSI TIOJIMHOXKECTB JOIMYCTUMBIX PEIICHUH, Cpeau
KOTOPBIX TapaHTUPOBAHHO HET ONTHUMAJILHBIX PEIICHUI.

OCHOBHBIMHM 3JIEMEHTaMU JAHHOTO METO/Ia ABJISIOTCS MPOIIEAYPhl BETBICHHS
¥ HaXOXJICHHs TpaHuI] (OICHOK). McX0IHOe MHOMXECTBO JOMYCTHMBIX 3HAUYCHHM
NMEePEeMEHHOW X TpU BETBIEHWUM PEKYPCHBHO pa30MBAETCS HAa MEHBIINE
noAMHOkecTBa (Togo61actu). [logMHOX)ecTBa MHOKECTBA 3HAUEHUN TIEpEMEHHON
X 00pa3yroT JepeBO MOKMCKA U SBISIFOTCSA ero y3iaMmu. [Ionck BEpXHHUX W HMIKHUX
TPaHUIL JIs1 PEIIeHUs 3a/1a4i Ha MO00JIaCTH JOMYCTUMBIX 3HAYCHHUM TIEPEeMEHHON

X — 3TO MPOIEAypa HAXOKACHUS OIEHOK.
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Huxe B oOuiem Buae omuMcaHa CXeMa alropuTMa BETBEH M IpaHUIl s
MUHUMHU3aLUUN/MaKCUMUA3ALMH IPOU3BOJIBHOM 11€71eBOI (PyHKIIMHU, YTOOBI TOJTyYNUTh
U3 HEE peaJIbHbII aIrOpUTM JJIsl PEIICHHUS] KOHKPETHOM 33a/1a4yi HY>KHO ONPEIETUTh
(YHKIUIO  OLEHUBAHUS, C  IOMOILIBIO  KOTOpPOM  OyIyT  BBIUHCIATHCS
HIDKHHE/BEpXHHUE TpaHullbl (DYHKIMU Ha y3Jax JepeBa MOHCKA, a TaKKe MPaBUIIO
BETBJICHUS JIJIs KOHKPETHOM 3a7auu [6].

[Ipy wHUNMaNIM3aLMKU 3a0a€TCSI HAa4YaJlbHOE DPEKOPAHOE 3HAuYeHue (eciu
OINPEJEICHHE €r0 3HAYEHUS HEBO3MOXXHO WIJIM CIIMIIKOM TPYAO03aTPaTHO, TO OH
I10JIaraeTcsl paBHBIM +00/—00), MHOKECTBY MTOJIMHOKECTB, MOIEKAIINX BETBICHUIO,
3aJ]aeTCsl IMYCTOE 3HAUYEHHE, @ MHOXKECTBO IOJMHOXECTB, IJsI KOTOPBIX OyAyT
pemaThCsl OLICHOYHBIE 33/1a4d I0JIaraeTcs paBHbBIM UCXOJHOMY MHOXeCTBY. Eciun
OpU BBIYUCIIEHUU OLEHOK IOJyUY€HBbl JONMYCTUMBIE TOYKH, OHM JIOJKHBI OBITH
yuTeHbl Npu OOHOBIEHHM pekopnaa. Ilepebop cokpamiaercs MyTeM 3aKpbITHS
HEIMEPCHEKTUBHBIX MHOXECTB (OLEHKA KOTOPBIX HE MEHbILIE/OO0JbIIE TEKYIIEro
pexkopaa. Ecim He ocranoch MHOXKECTB JUIsl BETBICHUS, 3a7ada pelieHa. B
IPOTUBHOM CJy4ae, BEIOMPAETCS CIEAYIOIIEEe MHOXKECTBO ISl BETBICHUS U JIJISl €r0

MMOJIMHOYKECTB BEIUUCIIAIOTCS OLIEHKH.
1.3.2. MeTo1 BeTBeil M OTCEYEHU M

MeTtox BeTBEM M OTCEUEHHMM B KadyeCTBE OCHOBBI BKIIIOYAET B ceOs
BBINIOJTHEHUE AJITOPUTMA BETBEUW Y I'PAHULL, HO TIOMUMO 3TOTO B HEM MCHOJIB3YIOTCS
TUIOCKOCTH CEUeHUs, YTOOBI YKECTOUUTh penakcainuu JIMHEHHOTO
porpaMMHUpOBaHus. MeTos pemniaer 3ajady JMHEHHOTO MporpaMMHUpPOBaHHS 0e3
IEJIOYMCIICHHOTO OTrPAaHWUYCHUS C HCIOJIB30BaHUEM OOBIYHOTO CHMILICKCHOTO
anroputMa [7].

[Ipy wHUIMATU3aIMd OCHOBHAS 3ajada J00aBIsSeTCS B CIIMCOK aKTHBHBIX
3aja4, pelieHre ycranaBimBaercs B NUll, a ero 3HaueHue B +oo0 mpH pelICHUH
3a/1aud MUHUMM3AlUM U B —o0 MPU PEUIeHUU 3aJadyu MakcuMmu3auuu. Ecnu nis
I[EJIOYUCIICHHOW TEPEeMEHHONW OBbUIO TMOJYYEHO ONTUMAJILHOE HEIEJIOe pEIIeHuE,

)IaHHBIﬁ AJIT'OPHUTM MOKHO MCITIOJIB30BATH I IMTOUCKA JOITOJIHUTCIbHBIX JIMHEMHBIX
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OTrpaHUYEeHHM, KOTOPbIE HAPYIIAIOTCS TEKYUIUM APOOHBIM PEUIEHUEM, HO KOTOPHIM
BBITIOJIHAIOTCSL [ BCEX BO3MOXKHBIX IIENbIX Touek. JloOaBiieHHEe HEpaBEHCTB K
JIMHEWHOU MPOrPaMME MOXKET IPUBECTH K APYrOMY, LIEJIOMY, PELICHHUIO.

Ha »ToMm sTane HauMHaeTCs MCHOJBb30BaHUE AJITOPUTMA BETBEM M T'paHMII.
3amaua pa3orBaeTcs Ha HECKOIBKO (0OBIYHO JIBE) BEpCHiA, HOBBIE 3a/1a4H JTMHEHHOTO
IPOrPaMMHUPOBAHMS PEIIAIOTCS CUMIUIEKCHBIM METOJOM, U MPOLECC MOBTOPSIETCS.
[Ipu pemiennn 3a7a4 MUHUMHU3ALMKU HELENble PEHICHUs] pejaKkcaluu JMHEHHOTO
IPOrPaMMUPOBAHMS CITy>)KaT HWKHUMH T'DAaHHULIAMH, & UHTETPalbHbIE PEIICHUS —
BEPXHUMHU. Y3€ll MOXET OBbIThb COKpAaIlEH, €CIAM HWXKHIS TpaHHlla BBIIIE
CYILIECTBYIOIEH BEpXHEW rpaHulpl. Kpome TOro, mpu peLICEHUH peslaKcaluii
JUHEHHOr0 MPOrpaMMHUpPOBAHUSI MOTYT OBITh JOOABIEHBI JONOJHUTEIbHBIC
IUIOCKOCTH CEUYEHHs, KOTOPbIE MOTYT OBbITh JUOO JIOKAaJbHBIMU pa3pe3amu, JH00
I00aNbHBIMA pa3pe3aMu, TO €CThb JEHCTBUTEIBHBIMU JUJII BCEX BO3MOXHBIX
LEJIOYUCICHHBIX PELIEHUH, B TAKOM CIy4ae UM YJIOBJIETBOPSIOT BCE pELICHUS,
YAOBJIETBOPSIIOIME OTPAaHUYEHUSIM N3 TEKYyIIeW paccMaTpuBacMOM BETBH H

MIPUBSI3aHHOTO TTOJICPEBAa.
1.3.3. MeToxa BeTBel 1 IEHOOOPa30BaHUS

Meton BeTBe W IIEHOOOpPA30BaHUS WMCTOIB3YETCS JJIA PEIICHUS 3a1ad ¢
HECKOJBKMMH TTepeMeHHbIMU. OH SBIIIEeTCS THOPUIOM METO/Aa BETBEH U TPaHUIL U
MeTOJla TeHEepaluu CTOJIONOB. B 3TOM MeToje B KaXJIOM y3j€ JIepeBa MOMCKa
CTOJIOITBI MOTYT OBITh TOOABJICHBI B PENIaKCAIMIO JIMHEWHOTO TTPOTrPaMMHUPOBAHHSI.
B nauane anropurma HabOpHI CTOJIOIOB MCKITFOYAIOTCS U3 pelaKcalliy JIMHEHHOTO
POTPaMMHUPOBAHUS, YTOOBI YMEHBIIIUTH TPeOOBAHUS K BBIUUCICHHUSIM U TIaMSTH, a
3aTeM CTOJIOLBI JOOABIISIOTCS 00paTHO MO Mepe HeoOxoauMocTu. [Toaxon ocHOBaH
Ha HAOJIOJEHUH, YTO A OOJbIIMX 3a7a4 OOJBIIMHCTBO CTOJIOIOB OymyT
He0a30BbIMH, a COOTBETCTBYIOIIAS MM IepeMeHHas OyJeT paBHA HYJIO B JIIOOOM
ONITUMAJIBHOM pelieHrur. Takum o0pa3om, TOAaBIISIOIIee OOIBIIMHCTBO CTOJIOIOB

HE UMEIOT OTHOIIECHUS K PEIICHUIO 3a1auH [8].
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AnTOpUTM OOBIYHO HAUMHAETCA C MCIOJIb30BaHUS MepepopMyIUPOBKH,
Tako Kak paszinoxenue Jlanmura—Bynbsda, aTo6s1 chopMupoBaTh Tak Ha3bIBAEMYIO
raBHy0 3amady. OHa BBINOJHSETCS ISl MOMy4deHHs] (OPMYIHPOBKU 3a]auH,
KOTOpasi JaeT JIy4ylIMe OLEHKH INpPU PEUICHUU PENaKCaluu, Ye€M OLEHKU IIpU
pEIICHUH peNaKkcaluy MCXOAHOW 3ahaun. Ho nexomMmosuuuss 0OBIYHO COAEPIKUT
MHOTO TI€PEMEHHBIX, IIO3TOMY B PEIICHUH MOIU(DUIIMPOBAHHON BEpCHH,
Ha3bIBAEMOM OCHOBHOM 3a/laueid C OTrPaHMYCHHUSIMHU, pPacCMaTPUBAETCS TOJIBKO
MOJIMHOKECTBO CTOJOLIOB. 3aTeM, YTOOBI MPOBEPUTH ONTUMAIBHOCTb, PEIIACTCS
noj3ajayda, Ha3biBaeMas 3ajilaueil 1eHooOpa3oBaHus. Tpedyercs HAaWTH CTOJOILIbI,
KOTOpbIE MOTYT BOMTHM B 0a3UC W yMEHBIIUTH IEIEBYIO0 (DYHKIUIO (U1 3a7a4u
MUHHUMU3AIUHT). DTO MPEANoJiaraeT MOUCK CTOI0Ia C OTPUIIATEILHON TPUBEICHHON
CTOMMOCTBI0. PelieHue moazagauu MOJHDKHO OBITh ONTUMAIBHBIM PEIICHUEM IS
OCHOBHOM 3aJladyd C OrPaHWYCHHUSIMH M OCHOBHOM 3adauu. Kaxnawlil pa3, korga
OoOHapy’>KHUBaeTCsl CTOJIOEL C OTPHUILATEIbHOM MPUBEIECHHON CTOMMOCTBIO, OH
n00aByseTcsl K OCHOBHOM 3aJaue C OrpaHUYEHUSIMU U peJlakcanusi MOBTOPHO
onTUMU3UpyeTcs. Eciu HUKakue CTOJIOIBI HE MOTYT BOMTH B 0a3uC W pEIlICHHE
penakcalu He SIBISETCS [EJ0YNCIECHHBIM, IPOUCXOAUT BETBICHUE. BOIBIITMHCTBO
QITOPUTMOB BETBJICHUS M LIEHOOOpPA30BaHUsS SBISAIOTCS CHELHU(PUUYECKUMH ISt
KOHKPETHBIX 3a/1a4, OCKOJIbKY MpobiieMa A0JkHa ObITh C(HOPMYITUPOBAHA TAKUM
o0pa3oM, 4T0ObI MOKHO OBLIIO ChOpMYITHPOBATH AP (HEKTUBHBIC TPaBUIa BETBICHUS

1 4TOOBI podieMa HeHoo0pa30oBaHus Oblila OTHOCUTEIBHO JIETKO PEIIaeMOM.
1.3.4. MeToa BeTBeil U IEHOOOPA30BAHUS M OTCEYCHUI

JlaHHBIA METOJ  SABISETCA YAaCTHBIM CJIy4a€M METOJa BETBEU WU
IIEHOO0Opa30BaHMsl, OJHAKO B HEM JUIS Y)KECTOUCHHS peJlakcalluy JIMHEHHOTO

MPOrPaMMUPOBAHUS JOMOJIHUTEIBHO UCHOJIB3YIOTCSI OTCEKAIOIINE TIOCKOCTH [9].
1.3.5. MeToa cOepexkennid

Meron cOepexenuit Obl1 pa3paboTaH JBYMsI OpUTAHCKMMH ydeHbIMU [

Knapkom u [[x.B. Paiitom B 1963 rony. [Ipu paboTe maHHOTO aqropuT™Ma ¢ 1ebo
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YMEHBIIICHUSI CYMMapHOW CTOMMOCTH O0Be3[a MPOUCXOIUT CIHUSHHE MEIKHX
KOJIBIIEBBIX MAapIIPyTOB B 0o0Jiee KpyMHBIE, MMOKAa TaKOe CIUSHUE MPUBOIUT
COKpAaIIEHHUIO o01Iel JIMHBI Bcex myTeit [10].

CHmxeHne o0Ield CTOMMOCTH PEIICHHUs, TOJydaeMoe IMpH OO0beIUHECHUH
JIBYX MapIIpyTOB, HA3BIBAETCS «COCPEIKEHUEM» U SBIISICTCS KIIIOUECBBIM MOHSATHEM
anroputma. Ecimm mapmpyt (0, ... , i, 0) u mapmpyT (0, j, ... , 0) MmoryT OBITH
o0benuHeHsbl B 001uit mapmpyt (0, ..., i,j, ..., 0), BKIOYaromuii B ce0sl BEPIIUHBI
000MX MapIIPyTOB, COEPEKECHUEM, IOIy4aeMbIM TIpH OOBCIMHCHHH JTaHHBIX
MapuIpyTOB, OyIET SABIATHCS MOJOKUTEITLHOE U3MEHEHUE PACCTOSHUS Sij = Cig + Coj
— Cij, TII Cij — PACCTOSIHME MEXIy COOTBETCTBYIONMMHU BepiirHamMu. KommdaecTBo
DKUTTAKEHW TIPHU HUCIOJIb30BAaHUU JTAHHOTO QJITOPUTMA HE OMpPEIENICHO 3apaHee U
MOKET OBITh BBIUKCIIECHO B X0/I€ paOOTHI.

CymiecTByeT ABa BapuaHTa peaju3aldyd alropuTMa: MapauIelbHBIN U
nocienoBaTenbHbid. [Ipyu Hcmonb30BaHMM JIOOOW W3 peanusaiuii TpedyeTcs
MIPEIBAPUTEILHO BBIMIOJHUTH TOATOTOBHTEIBHBIN dTam, 3aKIIOYalOIIANACS B
MIEPEUHCIICHHBIX HIKE ACHCTBUAX:

1. Pacuer cOepexenut sij = cio + Coj — Cij, i i,j =1, ... , nui#j.
2. Coznanne n mapuipytoB TC (0,1, 0) pis i =1, ... , n.
3. CopTupoBka coepexxeHuil o yObIBaHUIO.

CpaBHeHME pe3yJIbTaTOB BBIUMCICHUN TOKA3bIBAET, 4YTO MapaUieIbHBINA

BapHaHT aJropuT™Ma JaéT JIy4dIlike  pe3yabTaThl IO  CPaBHEHUIO C

MMOCJIEA0BATEIbLHBIM.
1.3.6. MeTo 3amMeTaHus

Anroputm 3ameTtanusi Obut mipenyiokeH Jxumertom U Muiepom B 1974
roxy. OH ucoNB3yeTCs I IePBOHAYAIBLHON 00pabOTKH 3a/1ay MapuIpyTH3AIUN
TpaHcnopTa. Bo Bpems paboThI aJiropuTMa KJ1acTephl HAITOJIHSIOTCS MPH MTOBOPOTE
Jdyda, ucxonsmero u3 neno. Creayronuil KIMEeHT BCTaBISETCS B MapIIpyT, €ClU
nocJyie ero a00aBiIeHUsT MapuIpyT OyJeT MPOJO0JKATh YAOBIECTBOPAThH 3aJlaHHBIM

orpaHnyeHusIM. KoJImyecTBO TpaHCIIOPTHBIX CPENICTB, UCIIOJIB3YEMOE B AIITOPUTME,
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HC 3aJ1aCTCA 3apaHec. 2TOT AJIrOpuTM MOKXHO OTHECTHU K I[BYX(I)aBHBIM, €CJIN B HECTO
I[O6aBI/ITB (1)8,3}’ OIITUMU3alluU, COCTOAIIYIO M3 ABYX JOTaIllOB: oOMeH BCPIIMHAMU

MEXIY COCEIHMMH KJIacTEpaMH U IMOCIENyIomas KOPPEKTUPOBKA MaplIpyTOB [4,

10].
1.3.7. Anroputm ®@umepa u :kaiikymapa

Anroputm Oumepa u [[xaiikymapa Obul mnpeactraBieH Duimepom u
Jlxaitkymapom B 1981. OH pemaer 0O0O0OIIEHHYIO 3ajady Ha3HAYCHHUS IS
dbopmupoBaHus Ki1acTepoB. JIF000W areHT MOXKET OBITh Ha3HAYCH JIJIST BHITTOJTHCHHUS
100011 3a/1a4K, 4TO BICYET 32 COOO0 onpe/ieeHHbIE pacX0/Ibl U JOXOAbI, KOTOPHIE
pa3IMyYaroTCA B 3aBUCUMOCTH OT Ha3HA4YE€HUS 3ajayu areHry. [Ipu 3ToM Kaxablid
areHT UMeeT OIOKET, U CyMMa 3aTpaT Ha MOCTABJICHHBIE MEpell HUM 3aJaud He
MOKET MpPEBbIIAaTh 3TOT OromkeT. Heobxoaumo Ha3HauuTh BCE 3a7aud areHTam
TakuM 00pa3oM, 4TOOBI MAKCUMU3UPOBATH OOITYI0 MPUObUTH (Pa3HOCTh JOXOA0B U
Pacxo/ioB) U YTOOBI HUA OJMH areHT HEe MPEBbICKI CBOM Oro ket [11].

AJNTOPUTM  TOPEANOJaracT UCIOJb30BAHUE TE€OMETPUYECKOIO  METOJa
pazzie’eHus TUIOCKOCTHU C BEPIIMHAMH Ha HEKOTOPOE KOJIMYECTBO KOHYCOB M BHIOOP
HAaYaJIbHOW BEPIIMHBI B KaKJOM KoHyce. HadanbHble BEpIIMHBI BHIOMpAIOTCA Ha
OCHOBE OJIHOTO WJM HECKOJIbKUX KPUTEPUEB, HANpPUMEpP, BEPIIUHBI C
MaKCUMaJlbHBIM CIOPOCOM WJIM Haubojee yAaleHHble OT HCTouHuKa. Jlanee
PaCCUYHMTHIBAECTCSI CTOMMOCTh BCTABKHY KJIMEHTA B MapIIPyT, UAYIIUHN TyJa U 00paTHO
MEXIy KJIMEHTOM-UHUIIMATOPOM U Aerno. KineHThl BCTaBISAIOTCS B MapUIpyThl B
COOTBETCTBHM C UX YBEIWUYUBAIOLIEHCS CTOMMOCTBIO yYCTaHOBKH. [lociie Toro kak
KJIacTephbl CPOPMHUPOBAHBI, MOKET OBITH MCIIOJIB30BaHA JI00As IBPUCTHUKA 3a]1a4U
KOMMUBOSDKEpa WJIM QITOPUTM ONTHUMU3AIUMU JJI1 TIOJY4YEHUS ONTHUMaIbHON

MPOMJICHHON CTOMMOCTH.
1.3.8. Asiropurm JienecTKoB

Anroput™m Obl1 npuayman ®octepom u Paitanom B 1976 romy. PaGora

aJIropuTMa Ha4YWMHACTCA C MHHIOHAJIHU3alWK ACIIO M KIIMCHTOB. B kauectBe JCIIO
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Ha3HAyaeTcs IMpPOU3BOJIBHOE MECTO JIOCTaBKH, €My IpucBauBaercsa Homep 1.
OcTasibHble MECTa JOCTaBKU HYMEPYIOTCSI B PaJAUAIbHOM IOPSJIKE/TIO 4acOBOU
CTpPEJIKE/IPOTUB YacoBOM CTpenku. Jlanee MOCTENEeHHO CTpPOSTCS JIETNEeCTKH B
COOTBETCTBUM C IUKIUYECKUM TOPAJIKOM MECT JOCTaBKM TaK, 4YTOOBI HE
HapyllaJduCh 3aJaHHbIE OrpaHWYeHUs. B KOHLE Ui OmpeAeleHHus OOIIero
paccTosiHuUS peliaercs 3a1a4a KommuBospkepa. [locne qobaBnenus nenecTka K Hemy
MOKET OBITh MPUMEHEHA HBPUCTUKA 3a7aud KOMMHUBOSDKEpa I YIy4IICHUS

KOHEUHOTro petienus [12].
1.3.9. Yayumienusi BHyTpH Mapuipyra

Tepmunsl A-ont omnepanuid, NpenioKeHHbIE JIMHOM, MO3BOJIAIOT OIMUCATH
MIPOIICTyPhl ONITUMH3AITUH IS 33]1a9¥ KOMMHUBOsDKEpa. B HUX mpoucxoaut A pédep
YAQIAIOTCS W3 MaplipyTa, 3aTe€M MPOUCXOJUT TMEePecOeAMHEHUE OCTaBIIUXCS A
CErMEHTOB BO BCEX BO3MOXXHBIX KOMOMHAIUSIX. MI3MeHeHUsI BHOCSTCS B MapuipyT,
eciu OBbUIO HaWJIeHO COoequHEHue, yiyuliaroiiee mapupyT. Korjma He HaiineHo
MOAXOMSIIUX BapUAaHTOB 3aMEH, paboTa ajaropuTMa OCTAHABJIMBACTCS Ha
JoKanbHOM MHHHMYME. [IpoBepka A-ONTHMaIBHOCTH PEIICHHUS] HUMEET CII0KHOCTh
O(n%). PasmuuHble BapuWaHTBl pealu3allik 3TOr0 IMOAXO[a ObUIM MPEIIOKCHBI
MHOruMU aBTOpamMu. JluHom u KepHuranom OBLT NPEICTaBICH aJITOPUTM, B
KOTOpOM A H3MEHSIeTCS JAMHAMHUYECKH B Mpollecce moucka. B paborax npyrux
uccienoBarenei onucana orpaniuueHnas ¢popma 3-ont ontuMuzanuu — meroz Or-
onT. OH 3aKjro4yaeTcs B MOJMEHE IocjaeaoBaTeabHOCTel u3 3, 2 unmu 1 cocemHux
BEpIIMH Ha TOCJIEIOBATEIBHOCTh U3 JPYroro (pparmMeHTa 3TOro K€ MaplipyTa.
BeMCIMTENbHAS CIIOKHOCTE MpoBepku Or-ontumansHocTH paBHa O0(n?). Ilo
CJIOBaM uccliienoBarenen, ontuMusanus Jlnna-Kepaurana na€r B cpegHeM cambie
xopouiue pe3yasratsl [10].

Ha pucynkax 2-3 mpuBeeHbl IpUMEPbl A-ONT ONEpalUil s yIydIIeHUs
OJIHOTO MapIipyTa, IMTpuxaMu OOO3HAUYEHBI YJaJeHHBbIE pedpa, YTOJIIEHHOM

JINHUEHN — N100AaBJICHHEIE.
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Pucynok 2 — 2-onT onepanus

Pucynok 3 — Or-ont onepanus
1.3.10. Yay4meHnuss Mexay MapiipyTaMmu

CyuiecTByIOT pa3iauyHble CIOCOOBI YIIYUIIEHUS HECKOJBKUX MaplIpyTOB.
OnmHuM W3 HUX sBIseTCs o0mIas cxema D-nukimyeckoro K-mepeHoca, B KOTOPOit
paccMaTpuUBaeTCsl IUKIMYECKas MEPeCTaHOBKAa D MapIipyTOB ¥ BBIOJHSETCS
nepeHoc K BepIIMH U3 KaXI0ro MapmpyTta B cieayroumid Mapmpyt. [lo cioBam
aBTOPOB JAHHOW CXEMBI, XOPOIIME PE3YJbTAThl aeT NPUMEHEHHE HEKOTOPBIX
oOMeHOB b-1ukrdeckoro K-nepenoca (¢ b = 2 WM ¢ IepeMEeHHBIM 3HAYCHUEM b 1
k=1wum k =2) [10].

3ameHa pebep B JBYX MapuipyTax, OOMEH BEPIIMHAMH MEXAY JBYMs
MapuipyTaMy ¥ NEPEHOC BEPIUMH M3 MapLIpyTa B MapLIPYT SIBISIFOTCS YAaCTHBIMU
Clly4asiMU 2-LIUKJIAYECKUX MEPEHOCOB. DTH BAPUAHTHI MPOWLIIOCTPUPOBAHBI Ha
pucyHkax 4—6. Takxe BO3MOKHbI KOMOMHAIIUHU TIEPEUNCICHHBIX BAPUAHTOB.
Sl

/

Pucynox 4 — 3amena pebep B IByX MapuipyTax
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Pucynok 5 — O6MeH BepIIMHAME MEXAY ABYMSI MapIIpyTaMu

‘/ - \ N \

Vs

Pucynok 6 — IlepeHoc BepIIMH U3 MapuIpyTa B MapupyT
1.3.11. MoaesupyemMbIil OTKHUT

OTXUT METaJuIOB CONPOBOXKAACTCA KpPUCTAILIM3ALMENA BEIIECTBA. IJTOT
(bu3MYeCcKuil MpOLECC SIBISIETCS OCHOBOM alrOpUTMa MOJEIMPYEMOIrO OTKUra.
ANTOpUTM HMMHUTHPYET CHUTyalMI0, KOIJa KpHUCTAUIMYECKAs pEIIETKA YKe
oOpa3oBaHa, HO €II€ HEKOTOPbIE aTOMbI BCE €Ill€ MOTYT MEPEXOJUTh U3 OIHOU
A4YElKU B Apyryro. Kpucrammsanus conpoBOXAAETCS NOCTENECHHBIM IOHMKEHUEM
TEMIIEpaTypbl, C KOTOPHIM YMEHBIIAETCS BEPOSTHOCTD MEPEX0Ja aToMa U3 OJHOU
aueiiku B gpyryto. Korma arombl 001afal0T  MHHMMAJbHOW  SHEpPTUEH,
KPUCTAJUTMUECKAsT pelleTKa sBJseTcss HauOojee yCTONYMBOM, MOATOMY YpPOBEHB
HHEPrUu aToMa MO0 yMEHbIIaeTcs, TM00 ocTaeTcsa Hem3MeHHbIM. [1o nMenu aBTopa
ATOT AITOPUTM TaKKe Ha3bIBatOT anroputMoM H. Merpononuca [13].

JIaHHBIM AJITOPUTM IMO3BOJSIET HAUTU TOYKY WM MHOXECTBO TOYEK, Ha
KOTOPOM HEKOTOpas uuciaoBas (YHKIMS JOCTUTaeT CBOEr0 MHUHUMYMa.
[TocnenoBaTenbHOE BBIUMCICHUE SIBIIOIIMXCA «IIPETEHACHTAMW» Ha JIydllee

pUOIMKEHUE PEIICHHS] TOUYEK IPUBOJIUT K €r0 HaXOXKJICHUIO. BhIdrciienne HoBOM
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TOYKH M IIOHM>KEHHUE NU3HAYaJIbHO MNOJOXKUTEIBbHON (TEMIICPATYPLD» IIPOUCXOAUT HaA
KaXIA0OM HIarce aJropurma. Pa6ota aJlroputMa 3aBCpIacTCsa IIPpU AOCTHKCHHH

HYJIEBOU «TemMueparypsh» [14].
1.3.12. Ilonck ¢ 3anperamu

bnaromaps  npemnoxenHou — aBropom  aiaropurma  D.  ['moepom
MPUHIUNHATBLHO HOBOUM CXEMe€ JIOKAILHOTO MTOMCKA, AJITOPUTM MOKCKA € 3aIpeTaMu
C LIEJIbI0 HAWTU CPeIM JIOKAIBHBIX ONTUMYMOB TJIO0ANIbHBIN IBUTAeTCS OT OAHOTO
JIOKQJIbHOTO ONTHUMYyMa K JPYroMy, a HE OCTAaHABJIMBAETCS B TOUYKE JIOKAJIHLHOIO
ONTUMYyMa, B OTJINYME OT CTAHJAPTHOIO AJITOPUTMA JIOKAJIBHOro ciycka. CHucok
3alpETOB SIBJISIETCS OCHOBHBIM MEXAHHU3MOM, MO3BOJISIONIMM AITOPUTMY J€TIaTh
3T0. OH CTPOUTCS MO HECKOJIBKMM MPEIIIESCTBYIOIUM PEIIEHUSM, TO €CTh Ha
OCHOBE NPEABICTOPUU TNOMCKA, U JEIAeT HE JOCTYIHOM ISl MOCEUIEHUS YacThb
OKpPECTHOCTU TeKyiiero pemeHus. Crnenuduka 3agaud TaKXKe YUYUTHIBAETCS B
CIIUCKE 3alpeToB, U, KaK MPABUIIO, 3alPEIIACTCs UCIOIb30BaHUE TEX (PparMeHTOB
pemenus (pedep rpada, KOOPAUHAT BEKTOPA, IIBETA BEPIIUH), KOTOPHIE MEHSIINUCH

Ha MOCJICIHUX Iarax airoputma [15].
1.3.13. YnpaBJsieMblii JJOKAJbHBIN MOUCK

VYnpasnsiembii  nokanbHbld mouck (YJIII), mns Toro dYtoObl MOMOYb
JIOKAJIbHBIM JITOPUTMaM TIOMCKa YWTH M3 JIOKAJIbHOTO MHHUMyMa U (TIOYTH)
TOPU30HTAJIBHBIX YYaCTKOB, CTPOUT IITpadbl U MCIOIL3YET UX BO BPEMs TOMCKA.
VYIII monudunmpyet 1eneByro GyHKIUIO ¢ TOMOIIbIO CIIENUAIbHON CXEMBbI, KOTa
JIOKAJBHBIA aJITOPUTM MOMCKA TIOMAIaeT B JIOKAJTbHBI MUHUMYM. 3aT€M CTPOUTCS
yBEIMYCHHAs IieJieBas (YHKIMS TakKuM 0Opa3oM, 4YTOOBI BBIBECTH IIOUCK U3
JIOKAJIbHOTO ONTUMYyMa, C HEH Jaiblie padoTaeT JoKajdbHbIM ToucK. Criocob

MOAU(UKAIINK TIEJIEBON (PYHKITUU SBIISIETCS OJHUM U3 KIFOUEBBIX BOMPOCOB [16—

17].

28



1.3.14. Ilonck ¢ mepeMeHHbIM COCEICTBOM

[Tonck c mepeMEeHHBIM COCEACTBOM ObLI MpEeAsiokeH MilafjeHoBHYEM U
XancenoMm B 1997 romgy. OH wucciemyeT OTAAJICHHBIE OKPECTHOCTH TEKYIIErO
JEHCTBYIOIIErO PEIICHUsI U MEPEMEIAETCs] OTTy/la K HOBOMY, TOJIBKO €CIIU ObLIO
CHAENAHO yJy4ylieHue. MeToJ JIOKaJIbHOTO MOWCKAa NPUMEHSAETCS MHOTOKPATHO,
YTOOBI MEPEUTH OT PELICHUN B OKPECTHOCTH K JOKaJIbHBIM onTUMymaM. [louck c
NEPEMEHHBIM COCEACTBOM ObUT pa3pa0oTaH s aNIpOKCUMAlUMU pPELIEHUM
JUCKPETHBIX W HENPEpBIBHBIX 3a7ady onTuMmu3anuu. I[loMck ¢ mnepeMeHHbIM
COCEJICTBOM CHCTEMAaTHYECKH MEHSIET OKPECTHOCTH B J1B€ (ha3bl: BO-TIEPBbIX, CITyCK
JUISL TIOMCKA JIOKAJIbHOTO ONTHMYyMa M, HAKOHEL, (pa3a BO3MYILUEHUS AJIsl BBIXOA U3

COOTBETCTBYIOIICH obnactu [18].
1.3.15. AranTUBHBIA MOUCK B 00JIbIIONH OKPECTHOCTH

OcHoBHasi ujes aJanTHUBHOTO Moucka B Oonbiioi okpectHocTH (AIIBO)
COCTOUT B TOM, UTOOBI MUCKATh JIYUILIEE PEIICHUE HA KAXAO0W UTEpAlUU, YHUUTOXKAs
4acTh TEKYILErO PELICHHs 1 BOCCTaHABJIMBAs €ro ApyruM criocodom. [pu pemenun
3a/layd MaplIpyTH3alMKd TPAHCIOPTa HOBOE pELIEHUE, KaK MPaBUIIO, JOCTUTAETCS
IyTEM YJAJI€HUS HECKOJBKHUX KIMEHTOB, a 3aTEM MX IMOBTOPHOW YCTAaHOBKH B
pemienue. B 1nienomM, umeercs psij onepaTopoB pa3pylICHUs U BOCCTAHOBJIICHUS, U
napa pa3pylieHUs-BOCCTAHOBIICHHSI BBIOMPAETCS CIIy4ailHIM 00pa3oM Ha Kaxaou
uteparu. HoBoe penieHue mpoBepsieTcsi Ha COOTBETCTBHE NPABWIIAM IPHUEMKH,
€CJIM OHO UM COOTBETCTBYET, TO CTaHOBUTCA TeKywmnM pemenueM. B AITBO Bec
CBSI3aH C KaXIbIM OIEpaTOpOM, M BEPOSITHOCTh BbIOOpa omepaTopa CBsi3aHa C €ro
BECOM, KOTOpBIM HACTPamBAETCS BO BpPEMs IOMCKA HAa OCHOBE €ro IpOILIBbIX
ycnexoB. [locie n3yyeHust 3aJaHHOTO YPOBHS BecCa, CBSI3AHHBIE C MPUMEHEHHBIMU
OlepaTopaMH, KOPPEKTUPYIOTCS. OnucaHHbIE BbIIIE JCHCTBUS LUKIHMYECKH
MOBTOPSAIOTCS 10 BBINIOJIHUSI KPUTEPHSI OCTAHOBKU. B Takom ciyuyae Bo3Bpalaercs

ayuiree pemenue [19].
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1.3.16. UTepaTuBHBII JIOKAJbHbIN MOUCK

[Ipy wucnONB30BaHMM MTEPATUBHOTO JIOKAJIBHOTO TIOMCKA MPOUCXOIUT
CTOXaCTUYECKUHN JIOKAJIbHBIA MOUCK B MPOCTPAHCTBE JIOKATHHBIX ONTHMYMOB, TO
€CTb HAaXOJUTCS JIOKAJbHBIA ONTHMYM, a 3aTeM MPOU3BOJIUTCS IOHMCK IPYroro
JIOKAJIbHOTO ONTUMyMa B OKPECTHOCTH M BO3MOXKHO JIEJIA€T €r0 TEKYIUM, IIOTOM
UIIET HOBBIA JIOKAJbHBIA ONTHUMYM B OKpPECTHOCTH HOBOTO U T.O. 37€Ch
UCTIOJIb3YETCS SBPUCTUKA, YTO BCETa MOKHO HAMTH 00JIee «XOPOIINiD) JIOKAIbHBIN
ONTUMYM PSJIOM C TEKYIIUM, W MOAOOHBIE MEpEeMEeNIeHUs JAOLKHBI ObITh Oojee

3¢ (HEKTUBHBIMU, UEM COBEPIIICHHO ClydaliHble nepe3anycku [20].
1.3.17. I'eHeTH4eCKHNid AJITOPUTM

['eneTnyeckuii aroputT™ padboTaeT ¢ NOMyISAUUENH 0COOEH U UCOIB3YET IPH
TOM TPUHIUIBI HACIEACTBEHHOCTH, U3MEHUYMBOCTU U €CTECTBEHHOro OTOOpA.
HauanbeHas monysisiius mpu padoTe anroput™a GopMUPYETCs CIIydailHbIM 00pa3oM.
Kaxmas ocoOb COIEPKUT B CBOMX XPOMOCOMAax (TE€HOTHUIIE) 3aKOJUPOBAHHOE
BO3MOXKHOE pemieHue 3agaun  (deHotun). DyHKIUS MTPUCIOCOOJICHHOCTH,
UCTIONb3yeMasi Il OIEHKM KadecTBa 3aKOJWPOBAHHBIX PEUICHUH, MO3BOJISET
BBIYHCIIUTh KOHKYPEHTOCIOCOOHOCTh KaXKJ0M 0COOM B IBOJIOIMOHHON Oophoe.
[Tocne oueHnBaHMs MPUCTIOCOOIEHHOCTH 0COOEH IJIsl CKpPEIUBaHUsSI BEIOMPAIOTCS
Jy4IIne TPEACTaBUTEIHN TIOMYyJAINU, 3aTeM TPOUCXOIUT WX CKPEIIMBaHUE U
CO3/1aHM€ HOBOro moroMmctBa. Ero renernueckas uHopmainusi Gopmupyercs B
pe3ynbTaTe OOMEHa XPOMOCOMHOW HMH(OpManuend MEXIy PpOAUTEIbCKUMU
ocobsimu. HoBasg momynsinusi oOpaszyeTcst U3 CO3JaHHBIX MOTOMKOB, IPU 3TOM
IPOUCXOAUT CIy4yailHO€ M3MEHEHUE T€HOTHUIIOB HEKOTOPBIX MOTOMKOB (ISl 3TOTO
UCTIONB3YETCSl TEHETHYECKHI orneparop MyTaruu. [lokoneHrneM Ha3bpIBaeTCs ATarl,
BKJIIOYAIOLIMI B ce0s OLICHMBAHHME MOMYJSIUHN, CEJCKIUI0, CKpeIlWBaHUE U
MYTalu0. DBOJIONHNS TOMYJIAINUNA IPOUCXOTUT B PE3yJIbTaTe CMEHBI HECKOJIBKUX
TaKUX MOKOJIEHUM [21].

Ha nnmurenbHOCTH 3BONIOIMH MOTYT BJIMATH OIPaHUYEHHOCTh KOJIMYECTBA

MOKOJICHMM M BBIYMCICHUM 1enieBo GyHKUMU (PYHKIUU MPUCTOCOOIEHHOCTH),
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BBIPOKACHHUC IIOITYJISAINH (CI/ITyaHI/IH, KOrJga I'CHOTHII IIOTOMKOB ITPAKTHYCCKH HEC
OTIIMYACTCA OT I'CHOTHUIIA POJUTCIILCKHUX 00066ﬁ). Taxxke SBOJIIOHI/IOHHLIﬁ ITOHUCK

OCTaHABJIMBAETCS MPU HAXOXKJICHUU PEIICHUS.
1.3.18. PaccessHHBIN MOUCK

MeTtoomorusi paccestHHOrO TMOMCKAa OYEeHb TMOKas, TaK Kak KaKIblil ee
AIIEMEHT MOET OBITh pEeaJM30BaH pPa3HOOOpa3HBIMU CIIOCOOAMM  PA3TMYHON
CTEIECHHU CJI0XKHOCTU. PaccestHHbII MOMCK COCTOUT U3 MSITU METOI0B [22]:

1. Merox reHepauuu AuBEpCU(UKALMM JJIsl CO3[JaHUs Habopa pPa3zHOOOpPA3HBIX
IPOOHBIX PEUICHUM C MCIOIb30BAaHUEM MPOU3BOJIBHOIO MPOOHOrO perieHus (Uiu
HAYaJIbHOTO PEIICHHUs) B KAYECTBE BXO/IHbIX JaHHbIX.

2. Meron ynydmeHusi ais NpeoOpa3oBaHUsl MPOOHOIO PELIEHUS B OJHO WM
HECKOJIBKO YCOBEPIIEHCTBOBAHHBIX IPOOHBIX PEILICHUH.

3. Meron oOHOBIIEHHS Habopa CCBUIOK JJI MOCTPOEHUA W U3MEHEHHs Habopa
CCBUIOK, COCTOSAILEr0 U3 HECKOJIBKUX (00bIYHO He Ooiiee 20) HalIEHHBIX pELICHUH,
CO3/IaHHOT O 11 oOecneueHus 3p(HEKTUBHOTO JOCTyNa K HUM U3 APYTUX METOJIOB.
Pelenus noy4aroT YIEHCTBO B ’TAJIOHHOM Ha0Ope B 3aBUCUMOCTH OT MX KayecTBa
WM pa3HOOOpasusl.

4. Meton reHepanuyd MOAMHOXECTB JIsl pabOThl ¢ HAOOPOM MPHUBSI30K, YTOOBI
co3aaTh 0a30BO€ MOAMHOKECTBO €0 JUIsl CO3/IaHUs] KOMOMHUPOBAHHBIX PELICHUH.
5. MeTol KOMOMHAIMU pElIeHUH NSl MpeoOpa3oBaHus 3aJaHHOTO MOJAMHOXKECTBA

pELIEHN B OJTHO MJIM HECKOJIBKO PEILICHUM.
1.3.19. Ilepecoenunenue myrei

[lepBoHayanbHO TepepacnpesesieHue myTeil ObLIO MPEAOKEHO B KayeCcTBE
MOJIX0/1a K MHTErpaluy UHTEHCU(UKAIIUU U TUBEPCU(PUKALIUYA B KOHTEKCTE TTOUCKA
C OrpaHM4eHUsAMH. TakoM IOAXOX CO3JaeT HOBBIE PELICHMS IYTEM H3y4YECHUs
TPAECKTOPU, COEUHSAIONINX BEICOKOKAUYECTBEHHBIE PEIICHUS, HAUMHAS C OJHOTO U3
ATUX PEIICHUH, Ha3bIBAEMOr0 HHUIIMUPYIOLIUM PEIICHUEM, U TEHEPUPYIOUTUX MYTh

B COCCOAHEM IIPOCTPAHCTBC, KOTOpI)If/i BCIACT K JAPYI'MM PCIICHUSAM, HA3BIBACMbIM
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HAIPaBIISAIOIMMHU PELIEHUSIMU. DTO JTOCTUTaeTCs MyTeM BbIOOpa X0JI0B, KOTOPbIE
BEIyT K JJIEMEHTAM, COJEp:KAIIMMCs B LENEBBIX pemeHusx. llepecoenunenue
MyTel MOXHO CUUTATh PacCIIUPEeHHEM KOMOMHAIMOHHBIX MEXaHU3MOB PACCESIHHOTO
noucka. BmecTo npsiMoro co3zaHusi HOBOrO peleHusl Ipu 0ObEIUHEHUH IBYX WIIH
00Jie€ OPUTMHAJIBHBIX PELICHUN, aJTOPUTM IEPECOCAMHEHUS] MyTEH TE€HEPHUPYET
NyTH MEXIY W 3a MpeAeslaMH BBIOPAHHBIX PELIEHUIl B COCEJHEM MPOCTPAHCTBE.
Xapakrep Takux ITyT€H JIETKO OIpPEAENACTCS CChUIKOM Ha 3JIEMEHTHI pELICHUS,
KOTOpPBIE JO0ABIISIFOTCS, yAATISIOTCS UIIM HHBIM 00pa30M U3MEHSIOTCS BEIOpAaHHBIMU
nepeMenieHusIMU. [Ipumepsl Takux 31eMEeHTOB — pEOpa U y3ibl rpada, Mo3ULun
NOCJIEZIOBATEIbHOCTH B PAaCHMCAHUU, BEKTOPBI, COJEp)Kaliecss B 0a30BBIX

PELICHUSIX JTUHEHHOTO IPOrPAMMHUPOBAHMS, U 3HAYCHHS MEPEMEHHBIX U (PYHKIUN

[23].
1.3.20. AiroputM Ha OCHOBE MYPABbMHBIX KOJIOHHH

MypaBbUHBIM aNTOPUTM MOJEIVPYET MOBEICHUE MYPaBBHUHOW KOJIOHUM W
OTHOCUTCS K KaTerOpUM AJTOPUTMOB POEBOro MHTeuIekTa. OCHOBas OBENECHHUS
MYpPaBbUHOM KOJIOHMM — CHOCOOHOCTh CaMOpraHMU3aluu, MO3BOJISIET €l ObICTPO
aJanTHPOBAaThCAd K M3MEHSIOIIMMCS YCIOBUSIM OKpYy»Karolel cpenbl. biaromaps
B3aMMOJICUCTBUI0 Ha HHU3KOM YPOBHE, MYpPaBbH B KOJUIEKTUBE MOTYT pelIaTh
3a/layd, C KOTOpPbIMU Obl HE CHPaBUJIUCh IO OJHOMY. DTOMY CHOCOOCTBYET
COOTBETCTBYIOILIEE  BHEIIHEE  YINpAaBIEHUE, MPOUCXOIALIEE  MOCPEACTBOM
bepomoHOB. OTAENbHBIE OCOOM OCTABIISIIOT UX HA MPONUAEHHOM IyTH U HamboJjee
JaCcTO MCITOJIb3YEMBIC TPOIIBI 00J1a1af0T O0Jiee BRICOKOM KOHIICHTpaluei (pepoMoHa.
MapupyTr, N0 KOTOPOMY 4Yallle BCEr0 IMEPEABUTAIOTCS MYpPaBbH, SIBISETCS
ONTUMAJIbHBIM C TOYKHM 3pPEHHUsl €ro JUIMHbI, TaK KaK CIy4yailHO BbIOpaBIIME
KpaT4yallInii myTh MypaBbU U B CJIEIYIOIIMNA pa3 OyAyT €ro BIOUPATh, TOCKOJIbKY
MIPEOI0JICIOT PACCTOSTHUE OT THE3/1a (Ha4YallbHOM TOYKH) 10 UCTOYHUKA MUK (111U
u oOpaTHO 3a 0OoJjiee KOPOTKHI MNpOoMEexXyToK BpeMeHu. IlyTb ¢ Oomblieit
KOHIIEHTpaIer QepoMoHa B JanbHEiIeM OyneT BBIOUPATHCS OCTATbHBIMHU

YJI€HaMHU KOJIOHWH, U3-3a TOI'0, YTO KMCHHO OH CJIYKUT OPUCHTUPOM IIPHU ABUKCHUH
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AJIs1  MYypPaBbCB. Hpouecc IIOMCKa OIITHUMAaJbHBIX HYTeﬁ IIpoaoKacTcsa a0
BBIITOJIHCHU S OHpeIIeJIéHHOFO YCJIOBUA 3aBCPUICHUA. Takum YCJIOBHUEM MOXKCT OBITH
BBIITIOJIHCHUEC 3aJaHHOIO KOJIMYECTBaA HTepaHHﬁ, 3aBCPIICHUC IIOMCKa BCCMU
MYpaBbiAMH, DOCTHKCHHC Tp€6yeM0r0 Ka49CCTBa PCIICHUA UJIN UCTCUCHNC BPCMCHU,

OTBEJIEHHOT0 Ha paboTy anroputma [1].
1.3.21. Aroput™M Ha OCHOBE IMYEJTMHOIO POsi

[Tuenunsiii anroput™ n3oodperen . Kapadora B 2005 roay. OH ocHOBaH Ha
paboTe MUYETMHOW KOJOHWUM B MPHUPOAE, LEIbI0 KOTOPOM SBISETCA pa3BEIKa
IPOCTPAHCTBA BOKPYT yJibs JJIsl IOMCKa M cOopa HekTapa. i 3TOro B KOJIOHUM
CYLIECTBYIOT pa3/eJIeHUe M4Yesl B COOTBETCTBHUM C HX OOS3aHHOCTSMM: ITYEIIbI-
pa3BeIuMKH U pabouune muenbl-Ppypaxupsl (KpOME HUX, B KOJIOHUHU CYIIECTBYIOT HE
y4acTBYIOLIME B Ipolecce cOopa HEeKTapa TpYTHHM U Marka). C Leiblo MOMCKa
NEPCHEKTUBHBIX MECT, B KOTOPBIX HAXOJAUTCS HAaMOOJbLIEE KOJUYECTBO HEKTapa,
pa3BeIUMKH  BEAYT MCCIEIOBAaHME  OKPYKAIOIIEro yJed  MpOCTPAHCTBA.
CrenuanbHBIM MEXaHU3MOM, CIyXaluM s oOMeHa uHpopManuen MexaIy

m4esiaMu B YJIbe, SBJIICTCS TaK Ha3bIBaeMbIN TaHEIl muelbl [24—25].
1.3.22. AAropuTM Ha OCHOBE POSI YACTHI

ABTOpbl anroputMma pos yactul, Jlxeitmc Kenneau u Paccen EGepxapr,
MpeanoxkuBIIME ero B 1995 roay, yacTHYHO 3aMMCTBOBAIIN UJICHO U3 UCCIIEIOBAHUN
MOBEICHUS PA3JIMYHBIX CKOTUICHHUH dKUBOTHBIX, TAKMX KaK KOCAKHU PBIO, CTal MTHUI]
u T.0. «/McnomHuTenw» anropuTMa OBUTM Ha3BaHbl HEUTPATbHO — YaCTHIBL,
MOCKOJIbKY MOJIEJIb IOBTOPSIET MOBEJACHUE HE OJHOTO BUAA OOBEKTOB PEAbHOTO
MHpa, a HECKOJbKHX. Bo BpemMs pabOThl anropuTMa YacTHIBl Oy KTaroT B N-
MEpPHOM TMPOCTpaHCTBE. B Hauane BEKTOp CKOPOCTH Ka)KJOM 4YaCTHUIIbI CIy4aeH,
YaCTHUIIBI CIy4allHbIM 00pa3oMm pazOpocaHbl MO Bcei obiactu moucka. UToOwl, ¢
OJIHOM CTOpPOHBI, OBITH OJMKE K CBOEH Jydlled Touke (3TOT acleKT MOBEACHHMS
YacTUIIbl HA3BaH aBTOPAMM «HOCTAJbIMEW»), U, B TO K€ BpeMsl, MPUOIU3UTHCA K

TOYKE, KOTOpas B JaHHBIM MOMEHT SBJSIETCS TJI00aIbHO JIyYINIEH, HAa Kaxaou
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UTEpaLlMi YacTULbl KOPPEKTHPYIOT MOAYJIb M HAIIPaBICHUE CBOEM CKOPOCTH.
3HaueHUe 1eNeBOM (PYHKIMM BBIUMCISETCS MOCIE MOCELIEHUS YacTULIEH Kaxa0i
Touku. Kakmas yacTuna 3HaeT, TIe pacloJIOKEeHa TOYKa, SIBJSIOIIASACS JIydIlen
Cpeau BCEX TOYEK, KOTOpPbIE pa3Belajd YaCTULbl, U IPU STOM 3alOMUHAET,
XapaKTepUCTHUKH M MECTO CBOETO JIyYIIEero 3HAYCHHUS UENEeBONH (PYHKIIHH.
Heckonbko wuTepanuii CIyCTS 4YacTUIbl KOHIIEHTPHUPYIOTCS BOJIM3M Haunbosee
XOpOLIE TOYKM, NHpPU STOM HEKOTOpblE W3 HHMX MOTYT OCTaTbCsl TJE-TO B
OTHOCHUTEIFHO HEIIOXOM JIOKaJIbHOM IKCTPEMyME, HO KaK MUHUMYM OJIHA YacTHUIa
HaxoAuTcs  BOIM3M  rio0anbHOro  skcrpemyma. CHavama  IPOMCXOAUT
KOPPEKTUPOBKA CKOPOCTH, a 3aTe€M — TEKYyIleHd KOOPAMHATHI Ka)KIOW 4YaCTHUIBL.
Jlanee B Ka)KJ10i1 HOBOM TOUYKE pACCUMTHIBAETCS 3HAYEHUE 11eJIEBOM (DYHKIIMH, 3aTEM
JUISL KaXXIAOW YacTHUIbl IPOBEpPsIETCS, HE CTajla JIM €€ HOBas KOOpJAUHATa JIydlled
Cpelll BCEX TOYEK, IJIe OHA MOObIBaJIa. 3aTeM MPOUCXOJUT IMPOBEPKA BCEX HOBBIX
TOYEK, €CIM Cpeau HHUX OblJa HaiijleHa HoBas TrI00albHO Jydllas TOYKa, TO
AJITOPUTM 3aIIOMHUHAET KOOPAMHATHI 3TOW TOUKU M 3HAUCHHE LIeeBON (QYHKIUH B

Heit [26].

1.4. Onucanve MypaBbHHOIO AJITOPUTMA, AJANTHPOBAHHOIO JJIS PelleHHsI

3aa44 NPOeKTHPOBaHUs MapIpyTHbIX ceTer ['TIT

Jnst  pemienust 3amauu  npoektupoBanus MapripytoB [TIT  BwiOpan
MypaBbUHBIN anropuTM. [locKonabKy pas3nuyHble Mapsl MOTYT (OPMHUPOBATH
pa3IMYHBIE MapUIPYThl C PA3JIMYHOM IUIOTHOCTBEO TACCAXKUPOB MPSIMOTO
COOOIICHM S, OJTHUM M3 BAXKHEUIIIMX 1aT0B MPU MPOEKTUPOBAHUU MAPIIPYTHOU CETH
SBJISIETCS BBIOOp Map HaYaJIbHBIX U KOHEYHBIX OCTAHOBOK. Ecim paccmaTpuBath
aBTOOYChI KaK KOJOHMU MYpPaBheB, HauaJlbHbIE OCTAHOBKU — KakK THe3/a, OTKyJa
MYypaBbl HAYMHAKOT CBOU ITyTh, @ KOHEYHBIE OCTAHOBKH — KaK UCTOYHUK ITUILIH, TO
3a7a4ya MPOEKTUPOBAHUS MAPUIPYTHBIX CETE€W TOPOJCKOr0 TPAHCIOPTA, TO €CTh
3a/laya TIOMCKa ONMTUMATIbHBIX aBTOOYCHBIX MapUIPYyTOB OT HA4adbHON OCTAaHOBKHU
JI0 KOHEYHOM ¢ YYETOM IUIOTHOCTH MACCaXHUPOB MPSIMOTO COOOIICHUS, CBOAUTCS K

MOUCKY MYpPaBbHUHBIMU KOJIOHUSIMU UM 110 (pepomonam [1].
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Ha pucynke 7 npeacTaBieHbl OCHOBHbBIE 1Ty anroputMa [27].

Hauano paboTbl anroputma

G
e \

KpUTEPUHA
£ OCTaHOBKM

. KoHel paboTsl
He BbINOAHEH KPUTEPWUI OCTAHOBKK
' anroputma

Bbi6op nap HauyanbHbIX 1
KOHEYHbIX OCTAaHOBOK

h 4

MoctpoeHne He HallgeHbl MapLpyThl,
anbTePHATUBHbIX yAoBNeTBOpAILIME
MapLpyToB MypaBbUHbBIMM orpaHUYeHnAM
KOMIOHUAMN

.

A 4

Bbibop mapLipyToB,
YAOB/NETBOPAIOLMX
orpaHUYeHUAM

X

HaliaeHbl MaplupyTsl,
VAOBNETBOPAIOLWME OTPAHHUYEHUAM

e ™y
LobaeneHue nyywero
MapLUpyTa K MapLUpyTHOK

ceTn

}

O6HoBNEHME
bepoMOHOB M MaTpMLLbI
KoppecnoHAeHUMA

J

Pucynok 7 — MypaBbUHBIN QITOPUTM, a1aITUPOBAHHBIN JJIs IOCTPOCHUS

MapiupyTtHou cetu ['TIT
[TepBbIit mar anropuTMa — UHAIMATIU3AIMS — BKITIOYAET B CE0s CIEIYIOIIHe

OTaIllbIl:
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1. Vuunmanu3anust MapHIpyTHOM CETH, MPECTaBISIoNe coboi rpad, y3ibl
KOTOPOT'O — 3TO OCTAaHOBKH (HavaJibHbIE, KOHEUHBIC U MPOMEXKYTOUYHBIE), a pedpa —
3TO PACCTOSHUE MEXKAY OCTAaHOBKAMHU;

2. Wuunuanuzanuss ~ MaTpulbl  KOPPECHOHJEHIMH,  XapaKTepu3ylolen
MEPEBUKEHUST MEXKTy TapaMu OCTaHOBOK (CIPOC Ha MACCAKUPONEPEBO3KH );

3. Muunuanuzammsi KONMMYECTBA ¥ pa3Mepa MYpPaBbUHBIX KOJOHHH, WX
pa3mMeleHus Ha rpade u Ipyrux napameTpoB alropuTMa;

4. VHunmmanu3amnyss BCEX DJJIEMEHTOB MATpUIBl (EPOMOHOB ISl  KaXKIOM
KOJIOHUM 3HAYEHUEM CpPEIHEN BEIWYMHBI IUJIOTHOCTH NACCaXKUPOB MPSIMOTO
COOOIICHHMS TI0 BCEM MaTpuIle KOPPECTIOHACHIUH, BRIUKCIsieMoit o popmyiie (3):

N

Q;
I 3)

N
> 2.
j=1

rie Payg — CpenHss IIIOTHOCTD MACCAXKUPOB IPSIMOIO COOOIEHNH,

avg

I
Mz -

Il
N

Qij — KOIMYECTBO MACCAKUPOB MPSIMOTO COOOIIEHHUS MEXKTy OCTAHOBKAMH | U |,
lij — amuHa yyactka myTH i,

I, ] — HOMEpa OCTAHOBOK M3 MaTPHIIbl KOPPECITOHICHIINH.

Jlanee Ha KaXIOM WTEpalMM K W3HAYAJIBHO IYCTOMY CIHMCKY MapuIpyTOB
nobaBisieTcst He OoJjiee OAHOrO MapuipyTa, MOKa He OyJeT BBINOJHEH OAWH M3
KPUTEPHUEB OCTAHOBA: IOCTUTHYTO MAKCUMAJIBLHO JOIYCTUMOE YUCIIO UTEPALIMIA UITH
c(OpMUPOBAHbI MAPLIPYTHI JIJIs1 IEPEBO3KH HEOOXOIUMOTO YUCIIa MACCAXKUPOB U3
MAaTPUILbI KOPPECIIOHICHIINN.

Ha xax 0¥ urepanuu napbl HAYaJIbHBIX U KOHEYHBIX OCTAHOBOK BBIOUPAIOTCS
CIy4ailHBIM 00pa3oM M3 CIUCKA HAYaJbHBIX/KOHEUHBIX OCTAHOBOK, MyTh MEXIY
KOTOPBIMU HE MEPEKpPhIBACTCA CYIIECTBYIOUIMMHU MapiupyTtamu. KomnyecTBo map
PaBHO KOJIMYECTBY MYypPaBbUHBIX KOJOHHIA.

Kaxnas KoJIOHHS CTPOUT CBOW albTEPHATUBHBIN MAPLUIPYT, OCHOBBIBASICH HA

KOJIMYCCTBEC @epOMOHOB Ha IIYyTH MYPAaBbCB U PACCTOAHUAX MCKIAY OCTAHOBKaMM.
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BeposTHOCTh mepexoaa MypaBbsi OT OCTAHOBKH | K OCTAHOBKE | ONPEAEIIAETCS 10
bopmyiie (4):

a B
Ty 1

ecnu j & tabu,

a B!
Py =1 2netan, 7 T (4)

0, ecnu j €tabu,

TJie Pij — BEPOSATHOCTH IEPEX0/Ia M3 BEPIIUHBI | B BEPIIUHY j,

Tij — KOJIMYECTBO ITACCAKUPOB MPSIMOTO COOOIICHUS MEXy OCTAHOBKaMH | U |,
7ij — KOJIMYECTBO ()epOMOHA HA YIacTKE MyTH I-],

tabuy — cricok 0CTaHOBOK, OCEIICHHBIX K-bIM MypaBbeM,

h, i, ] — HOMepa BepiuH,

k — HOMep MypaBbs,

0. — BXXHOCTb Beca pedpa mpu BbIOOpE My TH,

J — BaXXHOCTh YpOBHS (hepOMOHA IPHU BBIOOPE MY TH.

[locme mocTpoeHus: MapHIpyTOB, OCYIIECTBISIETCS WX TMpOBEpKa Ha
COOTBETCTBUE OTPAHUYCHUSM MapLIPyTHOH CeTH, yka3aHHbIM B (opmyne (1),
MapuIpyThl, HE YJIOBIIETBOPSAIONINE OTrpaHUYCHUAM, yAansorcs. Korma Bce
MYpaBbUHBIE KOJOHUHM 3aBEpPIIMIN IMOCTPOCHUE MAapIIPyTOB, AJS MapIIPYyTOB,
YIOBJIETBOPSIOIIMX BCEM OrpaHuyeHusM, 1o ¢opmyne (1) paccuuThiBaeTcs
IUTOTHOCTD MAaCCaXUPOB MPSAMOTo coodmeHusi. OHa OMpeeNsaeTcss Kak OTHOIIIEHUE
KOJIMYECTBA MAaCCAXHUPOB MPSAMOTO COOOIICHHUS Ha MaplIpyTe, BHIYUCISIEMOTO IO
dbopmyne (2), Kk anMHE 3TOro Mapuipyta. MapupyT ¢ HauOOJBIIMM 3HAYEHHEM
IUIOTHOCTH TAaCCaXUPOB MPSMOr0 COOOILIEHUS J100aBiISE€TCS B  KOJUICKIMIO
MapuIpyToB.

Jlanee nmpoucxoauT 0OHOBJICHHE MATPHUIILl hepoMOHOB. OHO COCTOUT U3 ABYX
ATANoOB: HCHapeHue (epomMoHa, TMO3BOJsIONIee H30ekKaTh €ro OEeCKOHEYHOro
HAKOTUICHUsI HAa pelpax, W YBEIWYCHHE YPOBHS (EpOMOHA Ha MOCEIIEHHBIX
MypaBbsIMU peOpax.

Nmurtanus ucnaperus: pepoMoHa MPOUCXOAUT B COOTBETCTBUU C (HOPMYIIOM

(5):
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7, =[1-p)7; (5)
rZie T'jj — HOBOE 3HaYCHHE YPOBHS (hepOMOHA Ha ydacTke i,

Tij — TeKyIllee 3HaYeHUe YpOBHS epoOMOHA HA y4acTKe i—j,
) — HHTEHCUBHOCTbH UCTIapeHUs (hepoMOoHa,

I, ] — HOMepa OCTaHOBOK.
KonnuecTtBo (epomoHa, OTKIAIpIBAEMOE KaXIbIM MYpPaBbEM Ha KaxkIOM
MOCEIICHHOM UM y4acTke I—] myTH L, Beramcisiercs mo dpopmyiie (6):

—, ecmu (i,j)elL
S e ©

0, ecnu (i,j) g L
rae At<j — KonmuecTBo GpepoMoHa, OTKIaabIBaeMoe K-biM MypaBbeM Ha pebpe (i,j),

Q — KOHCTaHTa, XapaKTePHU3YoIlasi HHTCHCUBHOCTH BBIICIICHUST ()epOMOHa,
L — oOmias mimHa MapuipyTa, MPOUICHHOTO K-bIM MypaBbeM,

(i, ) — pebpo, coeauHsrOIEe BEPIIKMHEI | H |,

I, ] — HOMEpa OCTaHOBOK.

Nmuranus HakomieHus GpepoMona npousBoauTcs mo dopmyie (7):

m

7, =7+ ) Aty (7)

e T'jj — HOBOE 3HaUCHHE YPOBHS pepoOMOHA Ha yJacTke I,

Tijj — TeKyIllee 3Ha4YeHNe ypoBHs (hepoMOHa Ha yJacTke I,
A5 — xomuecTBO hepoMoHa, oTKIanbIBaeMoe K-biM MypaBbeM Ha pebpe (i,j),

k — HOMep MypaBbs,

M — KOJINYECTBO MYPAaBbUHBIX KOJIOHHH,

I, ] — HOMEpa OCTaHOBOK.

JInsi  mocnenyromero  OOHOBJICHHS — MATPHIbI  KOPPECIOHIACHIIHIA
PaCCUMTHIBAIOTCS OOIIMI IOTOK IACCaKUPOB MapIIpyTa W €ro IMPOIyCKHas
CIOCOOHOCTh. M3 MaTpuibl KOPPECHIOHICHIIMK BBIUUTACTCA BCE KOJIMYECTBO
aCCaXKHUPOB, IIEPEBE3CHHBIX 10 MAPIIPYTY, €CIIU MPOITYCKHAsE CIOCOOHOCTH OOJIbIIIE

MOTOKAa NacCaXupoB. B TpPOTUBHOM ciyuyae, U3 MaTpULbl KOPPECHOHACHIUI
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BBIUMTAETCS TO YKCIO TMacCaXHpoOB, CHOPOC HA TEPEBO3KU  KOTOPHIX
YAOBIIETBOPSIETCS. HOBBIM MapIIpyTOM.

Ecnu HM onMH W3 KpUTEPUEB OCTAHOBA HE BBIMOJIHEH, OCYILECTBISETCS
nepexojl Ha CIEAYIoNIyl0 uTepanuio. B mpoTtuBHOM ciyyae, paboTa ainropurma

3aBepIIAeTCS, MapIIPYThl MOTYT OBITh COXpaHEHBI B (aii.
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2. NPOEKTUPOBAHME U PASPABOTKA INTPUJIOKEHUSA

2.1. Onucanue cpeacrs paspadoTKu

PazpaboTtka npunoxenuns Benack B cpeae Microsoft Visual Studio Community
2019 ¢ ucnons3oBanuem .NET Framework v4.7.2 u Windows Forms na si3eike CH.
Wcxonuble gaHHbIE XpaHsATcs B ¢dopmare .XISX, pe3ynbraT paOOThl IMPUIOKECHHUS
(MapmpyTHast cetb) — B (Qopmare .jsSon. Jus BH3yalIM3aldd MapHIpyTOB
UCIIONB30BAINCh DJIEKTPOHHBIE KapThl Google Maps. Mcxomuelii Kox IpOEKTa

xpaHuTtcs B perozutopun GitLab.

2.2. Onucanue PyHKUMOHAJIBHOCTH NMPUJIOKESHUS

[lonb30oBaTen0 MPUIIOKEHUS JOCTYIIHO JBE€ OCHOBHBIX  (DYHKIIMH:
IIPOCKTUPOBAHUE MapLIPYTOB M IOCTPOCHHME MapmpytoB Ha kapre. llpu
IPOEKTUPOBAHUH MApPIIPYTOB MOJIB30BATENb UMEET BO3MOKHOCTh BbIOpATh (Pailiibl
C BXOJHBIMH JIAHHBIMU, U3MEHUTh OTPAHUYEHUS MAPLIPYTHON CETH U MapaMeTphl
anroputMa. B cimyyae He0oOX0JMMOCTH OH MOKET TaK)K€ OTMEHHUTD IPOCKTUPOBAHUE
MapuipyToB. [Ipu mocTpoeHnn MapupyToB Ha KapTe MOIb30BATEIb MOXKET BIOpATh
¢aitn co cnuckoMm MapuipyToB. Ha pucyHke 8 mnpeacTaBieHbl CBS3U MEXIY

BapnaHTaMH HCIIOJIb30OBAHUA ITPHUIIOKCHHUA.

BrifpaTe haline c
EXOAHEIMI JaHHLIMM

Bribparte hain co
CIIMCKOM MAPILIPYTOR

MaMeHUTE NapameTpel
anropuTMa

PaciumpRer

PacwumprsT PaciumpAeT

MoCTPOWTE MAPLUPYTHI 1 CrpoetTHDOEETE PacLMpseT /42 yeHuTE OrpaHHYeHHA
Ha KapTe /\ MapLLIpYTHI MapLLPYTHOW CETH
Mone20EaTEN:

Pacumpaet
OTMEHWTE

NpoSKTMPOEaHUE
MapLUpYTOE

Pucynoxk 8 — JluarpamMma BapyuaHTOB MCIIOJIb30BAHUS MPUIIOKECHUS JJI51

npoektupoBanus MapupyToB ['TIT
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2.3. Onucanne MaKpOapXUMTEKTYPbl NPHJIOKEHUS

JIns pemrenus 3agauv npoekTupoBanus MapupyTHbix ceter ['TIT co3mano
Windows Forms npunoxenue Ha sizbike C#. OHO COCTOUT M3 YEThIPEX MOJYJICH,
CBSI3M  MEXIY KOTOPhIMHM MOKa3aHbl Ha pucynke 9. B wmopyne
VehicleRoutesDesign.Domain ommcaHbl KJIacChI-CYIIIHOCTH MPEAMETHONH 00JacTH
(mapmpyT Route, aBToOycHas octaHoBka BUSStOp, orpaHuueHus MapuipyTa
RouteConstraints u mapmpyTHas ceth RouteNetwork) u anroputma (Mmypaseii Ant,
MypaBbuHas kosiorus AntColony u mapameTpsbl aaroputMa MypaBbUHBIX KOJIOHHN
AntColoniesAlgorithmParameters), wucrmonb3yemMble B OCTAJIbHBIX MOIYJSIX. B
moayie VehicleRoutesDesign.DataAccess coxepikarcs METOABI JUIsl JAOCTyNa K
naHHbIM, a B Moayite VehicleRoutesDesign.Services — Bcst OusHec-moruka. Moyib
VehicleRoutesDesign.Desktop npencrasnsetr co6oli rpaguueckoe MpruIoKeHNE IS

npoektupoBanus Mmapupyrtos [TIT.

VehicleRoutesDesign.Domain G e == eUggmn== VehicleRoutesDesign.DataAccess
A A
Use Use_ Ulse
VehicleRoutesDesign.Desktop  }...... Use- ===~ VehicleRoutesDesign. Services

Pucynok 9 — Jlnarpamma nakeToB NPUIOKEHUS 1Sl IPOSKTUPOBAHNS MapIIPyTOB

I'TIT

41



2.4. Onucanue MUKPOApPXUTEKTYPbI NPUJIOKEHUS

Ha pucynke 10 noka3aHbl CBA3U MEXY KJIACCaMU MTPUIIOKEHUS.

P ittt { DesignRoutesForm % ———————————————— Use---,
GoogleMapsHelper |<Use—{ MapForm } ____________ . :

Ulse V

MainForm  [--------- .

i U,Sai . AntColoniesAlgorithmParameters
: i P 7\
s : P |
‘ IConnectivityMatrix Service ‘ { IBusStopService | | ICorrespondenceMatrix Service | I--I"'S§-| IRouteService --Use-->{ RouteConstraints
A g A e | A 18 S R |
' : ' P ' use | o — |
‘ ConnectivityMatrixService ‘ '*———{ BusStopService | . | CorrespondenceMatrixService | ‘~—1 RouteService  [---------------------- Usg--—--=-====c==== ’
- | L . | B
Use Use : - Use T ! \ H H
v v L V R
IConnectivityMatrixRepository | | |BusStopRepository } | ICorrespondenceMatrixRepository  [&----------- Use---- Use “---lse----------e .
a iy = Iy | |
i T H i
ConnectivityMatrixRepository | | BusStopRepository }----' | CorrespondenceMatrixRepository | AntColony Ant
i Use i
i N i

Temmme Usg-----mmmmmmmmm- ){ ExcelHelper }( ---------------- Usg-------- ’

Pucynok 10 — JlnarpamMmma Kj1accoB NPUIIOKEHUA IS TPOeKTHpoBaHus MapupyToB ['TIT
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B meroge Main kmacca Program cosmaercs HOBBIM DK3EMIUIIp Kiacca
MainForm (rnaBuas ¢opma npuinoxenus). Kimacc DesignRoutesForm — gpopma st
npoektupoBanust MapmpyTtoB ['TIT, kmacc MapForm — dbopma ams otobpakeHus
MaplIpyTOB Ha KapTe.

Knaccer BusStop (aBToOycHast octanoBka), Route (mapmipyt) u RouteNetwork
(mapmipyTHas cetb) m RouteConstraints (orpaHudeHHss MapmipyTa) SBIISIOTCS
MoesIMu peameTHoi odnactu. Kimacesr Ant (mypaseii), AntColony (mypaBbuHas
koonusi) um  AntColoniesAlgorithmParameters  (mapameTpbl  anropuT™a
MYpPaBbUHBIX KOJOHHN) HEOOXOIUMBI JIJISl peaju3allid MypPaBbUHOTO alrOpUTMA.
OHU UCTIONB3YIOTCS B METOJaX KJIACCOB, NPEIHA3HAYCHHBIX I PaboOThI C
TAHHBIMH: CEPBUCOB M PEITO3UTOPHEB.

Peno3utopuu mpenHazHadeHbl JJIsl MOJYYEHUS! JAHHBIX M3 UCTOYHUKOB, a
CepBUCHI — I WX MpeoOpa3oBaHus W nepenadyu. s KaXaoro pemno3uTopus u
cepBHUca co3/1aH CBOM uHTepdeiic.

Take Ha auarpamMme IOKa3aHO JBa Kiacca-momorniauka: ExcelHelper
(comep>XUT METONbl JUIS CYMTHIBAaHUS JaHHBIX w3  (aimo Excel) wm
GoogleMapsHelper (comepxut Metoawl it gobamieHuss Ha kapty Google

aBTOOYCHBIX OCTAHOBOK M MapIIpyTOB).

2.5. Onucanune OU3HEC-JTOTUKH NPUIOKECHUS

B paspaboranHOM HpuIOKEeHHU peann3oBaHo 4 cepBuca — BusStopService,
ConnectivityMatrixService, CorrespondenceMatrixService u RouteService, a Taxxke
2 knacca-nomoinnuka — ExcelHelper u GoogleMapsHelper.

BusStopService conmepxxutr meton GetBusStops mis monydeHus crmcka
ocTaHOBOK M3 (paitma ¢dopmara .XIsx, ConnectivityMatrixService — wMeron
GetConnectivityMatrix s monydeHus: MaTpUIlbl CMEKHOCTH W PACCTOSHHIA W3
daitna dopmara XIsx, CorrespondenceMatrixService - METOJ
GetCorrespndenceMatrix mist mojaydeHuss MaTPHUIbl KOPPECHOHACHIIMN 13 (aiiia
dopmara .XIsx. B cepuce RouteService peaan3oBaHo JBa OCHOBHBIX METO/A: METO/T

DesignRoutesWithAntColoniesAlgorithm ais npoekTrpoBaHus MapIIPyTHOH CETH
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I'TIT u meron GetRouteNetwork mms cuuThiBaHHsS MapIIPYTHOW ceTH W3 (aiina

dopmara .Json. Tarke RouteService comepKuT Cleayroline BCIIOMOTaTeIbHbIC

MCTOJbI:

1.

SearchRoutes nmns mowcka MapmipyTa MEXIY 3aJaHHBIMH OCTaHOBKaMH
MYPAaBbUHOU KOJIOHUEW;

UpdateNotTransportedPassengersMatrix s OOHOBIICHHS MAaTPHIIBI
HEIEPEBE3EHHBIX NACCAKHUPOB;

AccumulatePheromone aist uMuTanK HakoOIUICHHS (epoMOHa Ha pedpax
rpada;

EvaporatePheromone nmns wumutanum wucnapeHus (epomoHa ¢ pedep
rpada;

IsSuitableForConstraints st TpoBepkH COOTBETCTBUS MapiipyTa
OTPaHUYCHHSIM MAPUIPYTHOU CETH;
AreDistancesBetweenNeighboringBusStopsinDiapason ans  mpoBepku
HaxXOXJEHUS PpaCCTOSHUM  MEXIy COCEIHHUMH OCTAaHOBKaMHU B
JNOYTICTUMOM JUAaIla30HeE;

IsDirectPassengersCountEnoughForRoute aiis mpoBepku 10CTaTOYHOCTH
3aJIaHHOTO KOJIMYECTBA MACCAXKUPOB MPSIMOTO COOOIIIEHHUS SISl MapIIpyTa;
IsLengthInDiapason ans mpoBepkH HaXOXICHHUS JJIMHBI MaplipyTa B
3aJIaHHOM Jana3oHe;

IsNonStraightForwardCoefficientSmallEnough TS TIPOBEPKHU
HaxOXJeHUs1 Kod(P(ULKEHTa HENPAMOIUHEHHOCTH HHUXKE TpeOyeMoro

3HAYCHMS,

10.GetDirectPassengersDensity mist moiy4eHusi IUIOTHOCTH IacCakKupOB

IPSIMOT'O COOOIICHUSI Ha MapIIPYTE;

11.GetLength myist mosydeHust UTMHBI MapIIPyTa;

12.GetDirectPassengersCount s moJy4eHHsS KOJMYECTBA MACCaXKUPOB

IPSIMOT'O COOOIICHUSI Ha MapIIPYTE;

13.GetNonStraightForwardCoefficient mis  mosaydenus kodduimenrta

HETPSAMOJIMHEUHOCTH;
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14.GetShortestDistanceBetweenBusStops miast  monydeHHss KpaTdanIero
PacCCTOSHUS MEXKITy IBYMSI OCTaHOBKaAMU;

15.GetShortestPathes mis momy4eHuss MaTpUIbl KPATYAWIINX PACCTOSIHUN
MEX]Ty OCTAaHOBKaMHU;

16.GetNextBusStopld mis  monydeHHs HISHTH(GHUKATOpA  CIICAYIONICH
OCTaHOBKH;

17.1sValuelnDiapason nmjast mpoBepKH HaXOKICHHUS 3HAUCHHUS B 3aJaHHOM
TMaTIa30He;

18.CentralPoint miis onpeneeHus KOOPAMHAT LEHTPAIbLHOM TOYKH KBaapaTa,
BKJTIOUAIOIIETO 33JaHHBIN CITMCOK OCTAHOBOK;

19.DegreesToRadians miis nepeBojia rpajlyCcoB B paJiiaHbI,

20.SelectRandomValue s BbIOOpa 3HAUEHUS W3 CIUCKA CIyYalHBIM

o0Opazom.

Knacc ExcelHelper comepsxut meton ReadEXxcelList aiis cunTeiBaHus JIHCTa
Excel u3 gaiina ¢popmara .XIsx. Kimacc GoogleMapsHelper Bxmrouaer B cedst MmeTon
InitializeMap mns wuHunmanm3anuu ryri-kaptel, AddMarker — mms moOaBienus
octaHoBkH Ha kapty, AddRoute — s noGamieHuss MapmpyTa Ha KapTy

GetRandomColor — as momydeHus CIIy4aiiHOTO IBETA IJIs OTPHCOBKH MapIIpyTa.

2.6. OnucaHue M0JIb30BATEIbCKOI0 HHTEP(deiica NPUII0KeHUs

[Tpu 3anmycke npuinoxkeHus oTkpbiBaeTcs Gopma MainForm, mokazanHas Ha

pucynke 11.

i MpoekTupoeaHue mapwpyTos M7 — O >

| Cnpoek MpoBaTe MapLupy el |

[MocTpoMT: MapLpyTLl Ha KapTe

Pucynok 11 — I'naBHas (hopma npusnokeHust sl IpOEKTUPOBAHUS MAPLIPYTOB
I'TIT
®opma conepxkut aABe KHomku. IIpum Haxkatum kHomku Cnpoexmupoeambv

Mapuipymsl OTKpbIBaeTcs popma st npoektupoBanust MapupytoB ['TIT (pucynok
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12), a npu HaXkaTuu KHONIKKU [locmpoums mapuipymsl Ha Kapme — NUAT0r0BOE OKHO
JUIsl BBIOOpa (aiisia co CMCKOM MapuIpyToB, a 3aTeM ¢dopma JJisi 0OTOOpaKeHUs

MapupyToB (PUCYHOK 13).

& Mpoektuposanue mapLupyToe [T ¢ NOMOLLEH MYPaBEMHOMC aNropUTIME - O *

BxogHeIE faHHBIE

Crnncok ocTaHoBoK . | DAYhHueep'2M kypc'd cemecTtp \HWPC \Wehicle Routes Designsounceresources \Cnvcok ocTaHoBoK xlsx
MaTpuLLa KopPECNoHAEHLAA: .| DMYhueep'2M kypchd cemectp HWPC \Wehicle Routes Design'source \resources  MaTpiua KoppecnoHasHLAR xlsx
MaTpuua paccToaHWiA: . | DAYhueep'2M kypcd cemecTtp \HWPC\Wehicle Routes Design®source \resources '\ Matpiua cMexHocTv xlex

OrpaHWyeHA MapLUIPpYTHOA CETM

MWHMMansHOE KoNWYECTBO NacCaXWpos ANA ogHoro mapwpyta: |0 =

MakcumansHo AonycTUMBIR Ko3hEUUMEHT HenpamMonwHeiHocTw: (5,000 =
=

[onycTiMoe pAacCTORHWE MeX ay OCTEHOBKaMU, or (0100 5 mo (20,000 km

Honycmaman AnvHa MapLupyTa: ot 1000 o (SO0 wkm

MapameTpel anropuTa

BawHoCTs ypoBHA depaMoHa NpW Beibope nyme: [ 1,000 | MakcumansHoe BpEMA NOWMCKaE: 5 =y [0 =m |0 Hic
BaxHocTe paccToRHMA NP BeIGODE MyTH: 1.000 (= KeonwyecTeo pelicos ogHOrD MapLWpyTa: 24 =
KonuuecTeo @epoMoHa, Belgenaemoe mypaeeem: (100 -3 BmecTimocTe oaHoro mapwpyTHoro TC: 71 =
WMHTEHCHMBHOC T MCNEpEHUA hEPOMOHA: 0,050 (= MwHWMaNEHaR aonA NepeseseHHb Nnaccaxupos: | 0,500 =
KonMuecTBo MypaBEEE B KONOHWM: 10 =
BpemeHHoi MHTEpBan MeX oy MypaBbAMM: 10 =
Omena

Pucynok 12 — ®opma niig npoektupoBanust Mapuipytos ['TIT
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& MMocTpoeHMe MapLUPYTOE Ha KapTe — | *

LN ELS RV R 1Y) &
Tomck-CesepH bl A™)

Kommunal'shchik
KomMMYyHaNbLWMK

SV zumrudnyiGorod
WaympyaneA Topog

Mauka

Hayka

Zarechnyy
mirysggvsiioye Uchastok 2-Y
AMHDAZERE 3apeqHbIn
YHACTOK Z2-1

“StrkeTsky
COBETCwEN

Tomsk
eruwas NTOME

-
3
%

Zonalnyenskoye
Rural District
HANbHEHCKDE
SENLCKDE

2027 Google - Map da1z 82027 Telke Atles, Imageny 22027 TemsMsatrics

Pucynok 13 — ®opma ains otodpaxkennst mapuipytoB ['TIT

[IpeacraBnennas Ha pucyHke 12 ¢opma aiisg IpOEKTUPOBAHUS MapIIPyTOB
I'TIT nonenena Ha 61oku. B O510ke Bxoodwnsie dantbie MOKHO BBIOpATh (hailyibl JJist
WHUIIMATU3alUA MapIIPyTHOM CETH, COJEpPKAIlMe CIUCOK OCTAHOBOK, MaTpPHUILY
paccTOsiHUM U MaTpully KoppecnonaeHuu. B 6noke Ozcpanuuenus mapupymmuot
cemu 33JJAI0TCSl OTPAaHUYCHUS, HA COOTBETCTBUE KOTOPHIM MapIIPYThI TPOBEPSIOTCS
MoCJIe TOCTpOoeHus (MOXKHO 3a/1aBaTh HEe Bce orpaHudeHusi). Cambliii 00JIbI10# 610K
— Ilapamempul ancopumma — TO3BOJSIET HACTPOUTH ANTOPUTM TaKUM 00pa3om,
YTOOBl TOJYYUTh pa3IUyHbIe pe3yibTaThl. [locie Bcex OJIOKOB pacmoliokeHa
kHonka Cnpoexmupogams mapuipymsi, TP HaXKaTUU KOTOPOM HAYHET padoTy
MypaBbUHBIN anropuTM. Koraa Bce MapimpyThl OYyT MOCTPOSHBI HITH BBITIOJTHUTCS

JIPYrol KpUTEpPHl OCTAaHOBA, TMOSBUTCS COOTBETCTBYIOIIEE HWH(MOOPMAIMOHHOE
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COOOIIIEHNE, TI0JIB30BATENb CMOXKET COXPAHUTh MOJIYUYUBIIMECS MaplIPyThl B (haiii
U 0TOOpa3uTh ux Ha kapre. KHonka Ommena no3BOJISET MOJB30BATEN0 OCTAHOBUTH
paboTy anropuTma, 4To0bl K3BMEHHUTH €0 MMapaMeTPhl M BBIIOJHUTH HOBBIN 3aIyCK
WIH NIEPEUTH K MMOCTPOCHUIO MAPIIPYTOB Ha KapTe.

[IpencraBnennass Ha pucyHke 13 ¢opma qIs 0TOOpa)KeHHs MapIIPyTOB

COJEPKUT KapTy, Ha KOTOPOM OTOOPaXKaro0TCsl aBTOOYCHBIE MapIIPYTHI.

2.7. Ananu3 pe3yabTaToB padoThl NPHUJI0KECHUS

Pa3paboTanHoe npuioxkeHue ObLIO MPOTECTUPOBAHO HA NMPHUMEPE YIUYHO-
JIOpOKkHOM ceTu ropoaa Tomcka. s atoro s tekyumen mapupytHou cetu ['TIT
ropoaa Tomcka ObUIM paccUUTaHbl TaKWe MApaMETPhl, KaK JOJS MEePEBE3EHHBIX
IIACCAXKUPOB, KOJUYECTBO U JUIMHA MAPIIPYTOB, INIOTHOCTH IMACCAKUPOB IPSIMOTO
cooOmIeHusT U KO3((PUIMEHT HENPSIMOJIMHEUHOCTH, TaKXKe 3TU MapLIPyThl ObLIH
MOCTPOEHBI Ha KapTe (pucyHOK 13).

Hanee 0b110 npoBeneHo 10 TECTOBBIX 3allyCKOB aJTOPUTMA C Pa3IUYHBIMU
IapaMeTpaMHu, IPHU 3TOM U3MEHSIUCh TAKUE MTAPAMETPhI aJITOPUTMA, KaK BaXKHOCTh
paccTosiHMSL TpU BBIOOpE TMyTH, YPOBEHb BbIAEIECHUS (EPOMOHA, pa3Mep
MYPaBbUHOW KOJIOHMH, BpPEMEHHOW MHTEPBAI MEXAY MypaBbsIMU. bpumn
3a(MKCUPOBAHbl CIEAYIONIME OrPAaHUYEHUsS MapUIPYTHOM CETHU U MapameTpbl

IrOpUTMA:

1. BaxHocTb (hepomMoHa ripu BeiOOpe myTu: 1;
MaxkcumanbHbId KOADPHUITUEHT HENPSIMOIUHEHHOCTH: 5;

Jonyctumas nmuaa mapuipyta: 10-50 km;

2
3
4. VatenuBHOCTH ucniapenus Gpepomona: 0,01;
5. MuHuManbHas 10715 MepeBe3eHHBIX Mmaccaxuposn: 0,488;
6. KommuecTBo peiicoB mapiipyTa: 24;

7

BMmectumocts oguoro TC: 71.

Onucanve W3MEHSEMbIX IapaMeTpOB M  OOOOIIEHHbIE pEe3yJbTAThI
HKCIIEPUMEHTOB TMpuBeJeHbl B mpuioxkeHun b. bonee moapoOHO pe3ynbTaThbl
DKCIIEPUMEHTOB MPEACTABIICHBI HA PUCYHKAX HUXKE.
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Ha pucynke 14 noka3aHa IIOTHOCTb MacCa)KUPOB MPSMOTO COOOIIECHUS IS
BCEX MapUIPYTOB CYIIECTBYIOIIEH MapIIpyTHOH CETH W CHPOEKTUPOBAHHBIX
MapHIpyTHBIX CETEH, OTCOPTUPOBaHHAs 10 yObIBaHMI0. Kak BUIHO U3 PUCYHKA, JIJIS
YAOBIIETBOPEHUS TOTO K€ CIPOCa Ha MACCAKUPONEPEBO3KU CIIPOCKTUPOBAHHBIM C
MOMOIIBI0 TMPUIIOKEHUS MAapIIPYTHBIM CETSM TpeOyeTCs BIBOE MEHbBIIEE
KOJIMYECTBO MapIIPyTOB YE€M CYIIECTBYIOIIEH, MPU 3TOM IJIOTHOCTh MAaCCAKUPOB
IpsIMOTO COOOIIEHUSI B OCHOBHOM BbIlIe. B cpenHem, HanOOIbIIYIO MJIOTHOCTh
MACCAXUPOB TIPSIMOTO COOOIICHHWS] WMEIOT MapIIpyThl MapIIpyTHBIX CETeH,
MOJYYEHHBIX TIpH 3ammyckax aroputma Ne9 u NelO.

35000

300,00

250,00 ® » » » CyWECTEYIOWEA MAPLPYTHIA CETD

SJRCN2pHmMEHT Nad

IRNBpHMEHT N2

200,00
! SHCMEPUMEHT Ne3

SHCMEpUMERT Ned

SJRCN2pHMEHT NS
150,00

SJRCN2pHMEHT NoS

SN pHmEsT N7

100,00 SHCMEpUMERT Ned
== = = SHCIEPHMERT HeS

= JKCTEDHMEHT NE10

NACTHOCTS NECCaMKPoE NPAMOND CcooBLYEHHA, YenoBes/ka

0,00

1 2 3 4 5 & 7 B 9 10 11 12 13 14 15 16 17 18 18 20 21

[
1)
d
il
[
r

4 25 26 27 28 29 30 31 32
Homepa mapwpyTos

Pucynox 14 — I11O0THOCTH Macca)kupoB MPSIMOTO COOOIIEHHSI MAPIIPYTOB
CYILIECTBYIOIIEH U CIIPOEKTUPOBAHHBIX MAPIIPYTHBIX CETEU
Ha pucynke 15 mnpexacraBieHsl arpermpoBaHHBIE ITOKa3aTENId IUIOTHOCTH
NACCaXXUPOB MPSIMOTO COOOLIEHUS Il MApUIPYTHBIX ceTeil. Kak BUIHO U3 pUCYHKa,
CYILIECTBYIOIIask MapIIPyTHAs CETh IPOUTPHIBAET CIIPOCKTUPOBAHHBIM IO CPETHEMY
¥ MUHHUMAJbHOMY 3HAUEHHUIO TUIOTHOCTH MAaCCaXHPOB MPSMOTO COOOIICHHUS, NMPU
TOM JIy4lllM€ 3HAYEHUS TOKA3bIBAIOT MAapUIPYTHBIE CETH, MOJYYEHHBIE MPHU

3amyckax anroputma Ne7 u Ne9.
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Pucynok 15 — MunuManbHasi, cpeiHsisi U MAaKCUMaJIbHas TNIOTHOCTh IaCCa’KUPOB
IPSIMOT0 COOOIICHHSI CYLIECTBYIOLIEH U CIPOEKTUPOBAHHBIX MAPIIPYTHBIX CETEH
N3 tabnuupl npuioxeHuss b u rpadukoB BUIHO, YTO MaplIPYTHBIE CETH,
MOCTPOEHHBIE C TOMOIIBIO  pa3pabOTAaHHOTO MPUJIOKEHUs, MPEBOCXOIAT
CYILLECTBYIOILYIO TOPOJCKYI0 MAapUIPYyTHYIO Ce€Tb TOMCKa 1O TIJIOTHOCTH
[acCaXUpoB IMpsiMOro cooOmieHus. Ilpu 3TomM mydiime pe3ynbTaThl alrOpUTM
MOKa3bIBAET MPU 3HAYUTEIHLHO OOJBIIEH BaXXHOCTH YPOBHS (hepOMOHA MPHU BBIOOpE
NYTU TI0 CPAaBHEHHUIO C BaXKHOCTBIO PACCTOSHUS, CPEJHEM KOJMUYECTBE MYpPaBbEB B
KOJIOHUU ¥ HEOOJBIIIOM BPEMEHHOM MHTEPBAJIC MKy HUMHU.
Takum o0pa3zoM, aJITOPUTM MOKa3al CBOIO A(DPEKTUBHOCTh MO CPABHEHUIO C

TPaJUIIMOHHBIM CITIOCOOOM MPOEKTUpPOBaHuUsl MapiipyTHbIX ceteit TIT.
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3. DPAHAHCOBBII MEHE[)KMEHT, PECYPCOD®®EKTUBHOCTH U
PECYPCOCBEPEKEHUE

3.1. IlpeanpoeKTHBI aHAIN3
3.1.1. [loTeHHAJbHBIE MOTPEOUTEIN PE3yJIbTATOB MPOEKTA

Pa3paboTka HampaBiieHa Ha CO3[JaHUE MPWIOKEHUS JJIs aBTOMAaTU3allUuU
IIPOEKTUPOBAHMS MAPIIPYTHBIX CETEM TOPOJICKOr0 MacCaKUPCKOro TPAHCIIOPTa Ha
OCHOBE 3BPUCTHYECKUX AJITOPUTMOB. JJaHHBIM MIPUIIOKEHUEM CMOTYT MOJIb30BAThCS
NPEANPUATHS, OTBEYAIOIIME 3a OPraHU3ALMI0 MapLIIPYTHOM CETH T'OpPOJACKOIrOo
NACCAXUPCKOTO TPAHCIOPTa, MPU CO3JAHUM HOBBIX MAapIHIPYTHBIX CETEH.
[TpumeHeHne pa3pabOTaHHOTO MPUIIOKEHUS MO3BOJUT 3HAYUTEIBHO COKpPAaTUTh
BpeMs NPOEKTHPOBAHHUA MApIHIPYTHBIX CETE TOPOJCKOr0 MacCaKUupPCKOro
TpPaHCIIOPTa, COKPATUB TPYA03aTPaThl, & TAKKE YUUTHIBATH MPHU MNPOECKTHPOBAHUU
UHTEPECHl BCEX YYaCTHUKOB MAapUIPYTHOM CETU TOPOACKOTO IaCCaKUPCKOIO

TpaHcnopTa (TOpOJACKasi AAIMUHUCTPALUSA, IEPEBO3YUKH U MTACCAKUPDI).
3.1.2. AHaJIN3 KOHKYPEHTHBIX TEXHUYECKUX peleHu i

HecMotpss Ha TO, 4TO B OTKPBITOM JOCTyINE B ceTU MHTEpHET HE HAMAEHO
aHaJIOroB pa3padaTbIBAEMOr0 MPWIOKEHUS, OHO HE SBISETCA €IMHCTBEHHBIM
peleHrueM Ui POEKTUPOBAHU MapUIPYTHBIX CETEW MOPOICKOIr0 MacCaKUPCKOTo
TPAHCIIOPTA, MOKHO BBIJIEJIUTH CIECIYIOIINE KOHKYPEHTHBIE PEIICHUS .

1. Pyunoe mnpoektupoBanne MapmpytHbix cered [TIT ¢ omoponr Ha
METOJMYECKHE PEKOMEHJAIMK 1o pa3paboTke JlokymeHTa MIaHUpOBaHUS
pPEryJspHBIX TMEPEBO30K MAacCaXUpOB M Oaraka 1O MYHULUNAIBHBIM U
MEXMYHUITUTIATBHBIM MapHIpyTaM aBTOMOOWJIBHBIM TPAHCIIOPTOM M TOPOJICKUM
HA3€MHBIM JJIEKTPUYECKUM TPAHCIIOPTOM, YTBEpXKIeHHbIE MuHTpancom Poccun
30.06.2020 [28];

2. ABroMaru3zauus npoektupoBanus MapupyTHbeix ceteil ['TIT ¢ nomoibio

IMPHUIIOKCHUA HAa OCHOBE TOYHBIX aJITOPUTMOB.
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Jis1 onpeieseHyst JTyqIlero U3 NpUBEIEHHBIX BbIIIE PELIEHU CPABHUM HX I10
pa3nuuHbIM KpuTepusM. lIpucBouM KakaOMy KpPUTEpUIO B KadyecTBE Beca
MOJIOKUTEIBHOE YHCIIO TAKUM 00pa3oM, 4TOOBI CyMMa BECOB BCEX KPUTEPUEB ObLiIa
paBHa enuHuue. Kpurepunm i Kaxaoro M3 KOHKYPEHTHBIX PELIEHUH OLIEHUM
HaOOPOM uucen B Auana3one ot 1 10 5, onucanue rpaHuYHbBIX OLIEHOK JUISI KaXKI0ro
KpUTEpus MpHUBEICHO B Tabmuie 1.

Ta6numa 1 — OrieHouHas 1IKajia KpUTeprueB KOHKYPEHTOCTIOCOOHOCTH TEXHUYECKUX
Q1130505

Pacuiugposka
Ne . bp PacuimdgpoBka HanbdoIb1IET0
Kpurepuii HAHMMEHbIIEero 3Ha4YeHu sl
n/n 3HavYeHus (5)
1)
He nognexur
1 | MacmrabupyeMocTtb g Jlerko macmrabupyercst
MacCIITa0UPOBAHUIO
2 Hanexuocts Huzkasg Bricokas
[ToTpebHOCTE B
3 TpebGyet MHOTO TaMATH He tpeGyer MHOTrO amMsTu
pecypcax namsiTu
4 beicTpoaeicTBHE Paboraer kpaiiHe MeUIEHHO Bpricokasi ckopocTh paboThl
5 IIpocrora Kpaiine Heyno6HO B Y 106HO B UCIOJIL30BAHNUH,
JKCIUTyaTaluu WCIIOJIb30BAHUH nHTepderic MHTYUTUBHO MOHITEH
Cpok BBOJIa B
6 P A Ho 1 mecsma Bomee rona
SKCIUTyaTaluio
[lena OueHb BbICOKas Huzkas

Pesynbrarel cpaBHEHUs TpUBEACHBI B Tabmuie 2, rae W — BECOBOM
KOA(PGUITUSHT KPUTEPHUS B OOIICH OICHKE KOHKYPEHTOCIIOCOOHOCTH, Dy — OlleHKa
KOHKYPEHTOCTIOCOOHOCTH pa3padaThIBAEMOT0 PEIIEHUSI IO COOTBETCTBYIOIIEMY
KpUTEPHI0, i — OIIeHKa KOHKYPEHTOCIIOCOOHOCTH I-T'0 KOHKYPEHTHOTO PEIICHHUS 110
COOTBETCTBYIOIIEMY KPUTEPUIO, Cqg — KOHKYPEHTOCIIOCOOHOCTh pa3padaThiBAEMOro
pelieHus, Cej — KOHKYPEHTOCIIOCOOHOCThD I-I'0 KOHKYPEHTHOTO PEIICHHUSI.

KOHKypeHTOCHOCO6HOCTB HAaYYHO-TCXHHYCCKOI'0 PCIHICHUA BBIYHUCIIACTCA 110

dbopmyite (8):
c=2 Wb, (8)

rze C— KOHKYPEHTOCIIOCOOHOCTb MTPOEKTA,
N — KOJINYECTBO KPUTEPUEB,
W;j— BecoBO KOI()(MUIMEHT |-TO KPUTEPHS B TOJISIX €AUHUIIBI,

bj— ©amnn j-ro kpuTepwus.
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Tabmuna 2 — OueHouyHast KapTa Ui CPaBHEHUS KOHKYPEHTHBIX TEXHMYECKHX
elIeHu (pa3pabdoToK)

Bec Ba/Lib Kouxypenro-

Kpurepum oueHkun CIOCOOHOCTh
w ba | b | be cd | ca | ce

TexHuyeckue KpUuTepum oleHKHU pecypcodpdekTuBHOCTH
1. MacmraGupyeMocThb 0,15 4 2 3 0,6 03 | 045
2. HanexHocThb 0,2 S 2 5 1 0,4 1
3. TlotpebHOCTH B pecypcax mamstu | 0,2 3 5 1 0,6 1 0,2
4. TIpou3BOAUTEIEHOCTD 0,2 5 1 5 1 0,2 0,6
5. IIpocToTa 3KCILTyaTanun 0,15 4 3 5 0,6 | 045 | 0,75
IJKOHOMHMYECKHE KPUTEPUH OLIEHKH pecypcodPPeKTHBHOCTH

6. Cpok BHeIpeHHUs 0,05 4 3 5 0,2 0,15 | 0,25
7. Liena 005 | 2 5 2 | o1 [025 | o1
Hroro 1 — — — 4,1 2,75 | 3,35

Kak BugHo w3 T1abmuupl 2, 1O CyMMme T[OKazaTelied JIMJAUPYET
paszpabaTheiBacMO€ MPHUIIOKEHUE, HA BTOPOM MECTe — MPUIIOKEHHE, OCHOBAaHHOE Ha
TOYHBIX AJTOPUTMAax, Ha TPEThEM — PYYHOE MPOECKTUPOBAHUE B COOTBETCTBUHU C
MEeTOaUYeCKUMU yKazaHnusiMu Muntpanca Poccuu. Kpome toro, pazpabaTeiBaemoe
pelieHre MPEeBOCXOAUT aHAJIOTH IO CJIEIYIONUM KPUTEPUSIM: MacIITaOUPyeMOCTbh,

HAJKHOCTh U MTPOU3BOAUTEIIBHOCTb.
3.1.3. SWOT-ananu3

SWOT-ananu3 siBnsieTcs] KOMIUIEKCHBIM aHAJM30M HAayYHO-TEXHHYECKOTO
npoekTa. OH NO3BOJISIET ONPEIETUTh CUIIbHBIE U CIIA0bIE CTOPOHBI TPOEKTA, a TAKKE
MpearnoaraeéMple U CyIIECTBYIOIIUE YTPO3bl U BOZMOXHOCTH. PesynpTaTtet SWOT-

aHaJIN3a [IPOEKTa MIPeICTaBIEHbI B Ta0IuIE 3.
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Ta6muna 3 — SWOT-ananu3 npoekra

Buyrpennue ¢pakTopsbl

CunvHvle cmoponwl | Crabvle CMOpPOHbI
npoekma: npoekma:
1. YnoO6usrii uatepdeiic; | 1. OO0yucnue
2. [Ipon3BOUTENBHOCTD; | COTPYAHUKOB
3. Yd4er uHTEpecoB Bcex | mpeAanpuarus paboTe ¢
yyacTHUKOB ['TIT; MIPUIIOKECHUEM.
4. Busyanuzanus
MapuIpyTOB.
Bosmoorcnocmu: Hanpaenenus pazeumus. | Coeporcugarowjue
1. Hoctyn c ycrpoictBa, He | I. [ToBbiienue | ghaxmopol:
HMMEIOIIEro BeIxoA B MIHTEpHET; s dextuBHOCTH paboTsl | 1. JlononHuTENBbHOE
2. CokpaulieHue BpEeMEHHM Ha | IPEeANpPUSTHS; oOyudeHue
MpOeKTUpoBaHWEe MapupyTHbIX | 2. CokpalleHue 3arpaT | HoJb30BaTesen
cerent I'TIT; MPEeATPUATHA. MIPUIIOKEHUS.

3. IlpoBeneHue pacueTroB C
Pa3IMYHBIMH MTapAMETPaAMH.

2
3
= | Yeposzwi: Veposvl pazsumus: Cmpamezuu 60pbOvI C
5 | 1. Texuuueckue coou; 1. HeB03MOXHOCTS | yepozamu pazeumusi.
f‘ 2. Beixoj anmapaTypsl U3 CTposi; | oOecredeHus 1. [Tpuobperenue
Z | 3. ConpoTHuBieHNE | HAJISKHOCTH alaparypbl | HICTOUHUKOB
E 0JIb30BaTese BHEAPEHUIO | WU €€ OTCYTCTBUE; OecriepeboitHOTO
é MIPUIIOKEHUS. 2. HecnocobHoCTh | nuTaHus;
noJiL30BaTeiei 2. MonepHusanus
oOydeHuto pabore cC | anmapaTypsl;
MIPUIIOKEHUEM. 3. IlpemupoBanue /
TIOBBIIICHHUE 3apab0THOM
IUIaThI COTPYJIHHUKOB
rocie YCHEIIHOTO
oOyueHus pabore ¢
MIPUIIOKEHUEM.

Kak BugHO u3 Tabiauubl, BHEIpPEHUE pa3padaThIBAEMOIO MPUIIOKEHHUS
MO3BOJIUT MOBBICUTH 3PPEKTUBHOCTh PAOOTHI MPEANPUATHS U COKPATUTh 3aTPaThl.
OpxHako AJ1 3TOT0 HY’KHO IIPEABAPUTEILHO 00ECIIEUNTh HAJCKHOCTD alllapaTHOro
oOecrieyeHus: MPEeAnpUsITUS U OO0YyYUTh COTPYIHUKOB pabOTe C MPUIOKEHHUEM,
MOTHBHPOBaB HMX K 00yuyeHHIO. [loCTHYL 3TOr0 MOKHO IyTeM MPHOOpETEeHUs
MCTOYHUKOB OecriepeO0MHOro MUTaHusl U YCTAHOBKH MX Ha MOJIEPHU3HPOBAHHBIE
APM cOTpyZHHMKOB, a TaKXe MPEMUPOBAHUEM COTPYJHUKOB IOCIIE YCIEIIHOIO

OCBOCHHMA IMPHUITOKCHU.
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3.2. UHunuanus npoeKkra
3.2.1. llesiu u pe3yJbTaT POEKTA

B mannoMm paznene npuBeaeHa nH(GpOpMAaIMs O 3aMHTEPECOBAHHBIX CTOPOHAX
MIPOEKTA, NEPAPXUU LIENEN IPOCKTA U KPUTEPUSIX UX JOCTHIKEHUS.

3alHTEPECOBaHHBIMU CTOPOHAMM MPOEKTA SIBISA0TCA Bee ydacTHUKU [TIT —
rOpoACKasl aJMUHHCTPALMs, NEPEBO3UYNKN M NACCAXKUPBI, a4 TAKKE OPraHU3allNH,
3aHUMAIOIIMECs MpoeKTupoBanueM wmapmpyTHbix cereid [TIT. B Ttabmuue 4
npeJcTaBlIeHa MOAPoOHas HHPOPMAIUS O HUX.

Tabnuia 4 — 3auHTEpECOBAHHBIE CTOPOHBI MTPOCKTA

Ne
i 3auHTEpecoBaHHAsl CTOPOHA O:xuaanus
Cobmnronenue OanaHca UHTEPECOB CTOPOH MPHU
1 l'opoackast agMuHUCTpaIus 9
pOeKTUpOBaHUU MappyTHeIX cerer I'TIT
Opranu3anuu, 3aHUMAIOIINECs
[oBbllIeHHE CKOPOCTH U Y00CTBAa IPOSKTUPOBAHUS
2 IIPOEKTUPOBAHUEM .
N MapupyTHbix cereit I'TIT
MapmpyTHbIX cereu ['TIT
3 [lepeBo3unkH YBenuyeHne npuObUIN, COKPALICHUE U3IEPKEK
CHuxeHue CTOMMOCTH IPO€e3/1a, YMEHbILIEHUE
4 [Taccaxupsr poesad, y
KOJIMYECTBA MEPeca ok

B taGnure 5 onucaHsbl €U NpOEKTa U KPUTEPUU UX TOCTHXKCHHUS.

Tabnuna 5 — Llenu u pe3yabTat mpoekTa

1. TloBblieHHE CKOPOCTH MPOEKTHPOBaHUs MapIpyTHBIX ceteit ['TIT;
Iesin npoexta | 2. TloBbimienue yano0CTBa MPOEKTHPOBAHHUS MAapIIPYTHEIX ceteit [TIT;
3. TloBpllieHne KauecTBa MpOEKTUpOBaHUS MappyTHbIX cereit ['TIT.
O:xupaemble
IIpunoxenue s npoexktupoBanus mapumpyTtHsix ceredl I'TIT Ha ocHOBe
pe3yJbTaThl
IBPUCTUYECKUX AITOPUTMOB.
MPOeKTa
Kpurepun
NpueMKH 1. CootBetrcTBHE TPEOOBAHUSAM K PE3YJIbTATY MIPOEKTA;
pesyJabTaTa 2. KoppekTHast paboTa Ha TECTOBBIX JJaHHBIX.
MPOeKTa
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1. Vwuder unrepecos Bcex yuactHukoB ['TIT;
TpeboBanuss K

2. B03MOXXHOCTb U3MEHEHHS [TapaMEeTPOB MAPIIPYTHON CETH;
pe3yJbTarty

3. B03MOXHOCTH H3MEHEHHS [TAPAMETPOB ANTOPUTMA;
MPOeKTa

4.

B03MOXXHOCTh BU3yaJIM3allMU MApIIPYTHOW CETH.

3.2.2. Opranu3zanoHHasi CTPYKTYpa NpoeKTa

B manHOM pasnpene mpuBeneHa uHpopMmaiys 00 y9acTHHKAX MPOEKTa M UX
¢yskmsax. B Tabmmie 6 mpeacTaBieH cocTaB pabodeil TPYMIbl MPOEKTa C
yKa3aHueM poJjieil u GyHKIUH.

Tabnuua 6 — Paboyvas rpynna npoekra

Tpyno-
Ne | ®UO, ocHOBHOE MeCTO Poan B
DOyHKIUn 3aTpaThl,
n/n padoThI, J0JKHOCTH MpoeKTe
qackl
®danecs Aunekcanip
PykoBonurens | Koopaunanus aesTenbHOCTH
1 | CepreeBuu, TIIY, noneHt 32
MpoeKTa YYaCTHUKOB ITPOEKTA
OUT UIIUTP
Cepreesa AHacTacust IIpoextupoBanue,
) AHaTOJIbEBHA, TIIY, | Ucnonuutens | pa3paboTKa U TECTHPOBAHHE 656
MarucTpaHT outr 10 TIPOEKTY MIPUIIOKEHNUS; HaIMcaHue
NIINTP JOKYMEHTaIlu!
Hroro 688

3.2.3. OrpaHu4eHns U J0MyNICHUS NIPOEKTA

B nmanHoM paznene omnucaHbl (PAKTOpPBI, KOTOPbIE MOTYT MOCITYKHUTb
OTrpaHUYEHHEM CTEIIEHU CBOOOJbI YYACTHUKOB KOMAaHIbI ITpoekTa. OrpaHuyeHus u
JIOTYIIEHUS TPOEKTa MPEICTaBICHbI B TA0IHIIE 7.

Tabnuua 7 — OrpaHudeHus U JOMYILEHUS TPOEKTa

117:1 daxrop OrpannyeHusi/nonyuieHus

1 BropkeT nmpoekTa 218809,44 pyouneit

11 P m——— ®onn omnatel Tpyaa TITY, coGcTBeHHBIE CpeacTBa

MarucTpaHTa
2 Cpoku npoekra 4 cemecTp 0O0yueHUs B MarkucTparype
21 [ara yTBepkaeHus IiaHa 01.02.2021
YIPaBIEHUS IPOEKTOM
2.2 JlaTa 3aBepuieHus NpoeKTa 31.05.2021

56



Metoanyeckre peKOMEHIaIuu 10 pa3padoTkKe
JloKyMeHTa IJTaHUPOBAHHUS PETyJISIPHBIX MIEPEBO30K
MACCAXUPOB U Oaraxka Mo MyHHUIUITAIbHBIM U
[Ipoune orpanuyeHus u
3 [ MEXMYHHUINTIATBHBIM MapIIpyTam
Y aBTOMOOWJIBHBIM TPAHCIIOPTOM U TOPOJICKUM
Ha3eMHBIM 3JIEKTPUYECKUM TPAHCIIOPTOM,
yTBep)kaeHHbIe MunTpancoM Poccun 30.06.2020)

3.3. [lnanupoBaHue ynpaBJieHHS IPOEKTOM
3.3.1. Ctpykrypa padoT npoekra

B nanHoM paszzmene paspaboTaH CHHCOK paOOT, BHIIOJHSEMBIX B paMKax
HAyYHO-TEXHUYECKOTO MPOEKTa, Ha3HAUYECHbI UCIIOJIHUTENHU IS KaXA0U paboThl U
ompeAereHbl WX Tpyno3arpartel. Bcero wucnonnureneit nsoe: CepreeBa A.A.
(umxenep) u daneeB A.C. (nmayuswlii pykoBojutenb). llepedenr pabotr u
pacnpe/esieHre 0 HUM UCTIOJIHUTENEH puBeaeHbI B Tabaue 8.

Tabnuna 8 — [lepeuenb paboT U pacnpeiesIeHHe UCTIOJIHUTENICH

Ne JdnureJbHOCTH
HaumenoBanue pa6oTsl Ucnonnurenn

n/n pabot, pa0. 1HH

1 N3yuenune nwureparypsl 1o Teme | MHxkeHep 19
MAarucTepCKON AUCCepTallu HayuHblli pyKOBOJIUTEIIb 1

Wuxenep 9
2 | [IpoekTupoBaHUE TPUITOKCHIS "
Hayunslif pyKoBOAUTEIND 1

Pa3pabotka u TECTUPOBAHUE

3 P P WNuxenep 20
MIPUIIOKEHUS
ITpoBenenue uccnenoBanus paboTh

4 pOBEIL A p Umxenep 10
MIPUIIOKEHUS

5 | ®UHAHCOBBII MEHEHKMEHT WNnxenep 5

6 | CoumanpHas OTBETCTBEHHOCTD Wnxenep 4
IIepeBon 0HOTO U3 pa3zenoB HA

7 PEBO O pasA WNuxenep 4
AHTJIMUCKUH SI3BIK

8 OdopmiieHre MOSCHUTEIBHON Wnxenep 11
3aIIUCKHU HayuHblii pyKOBOAUTEI 2

3.3.2. Ilnan npoexkra

C y4yeToM CpOKOB BBIMIOJIHEHHSI Pa0OOT, OMPEACNIEHHbIX B MpPEIbLAYLIEM
paszzene, MOCTPOCH KaJeHIapHbIH IIaH-TpaduK MPOEKTa, NPEICTaBICHHBIN B
npuioxeHuu B B Bune nuarpammel ['anTa. I3 quarpaMMbl BUJTHO, UTO BCE paOOTHI

JOJIXKHBI OBITh 3aBCPIICHBI JO KOHIIA Mas.
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3.3.3. boxxer nmpoekra

[Ipu miianupoBaHuM OIOIKETAa HAYYHO-TEXHUYECKOTO MPOEKTA BAXKHO YUECTh
BCE CTaTbM pacxonoB. B xone peanmsanuum |T-mpoekra MOryT BO3HUKHYTH
CJIEIyIOIIME BU/IbI 3aTPAT:

1. MarepuanbHble 3aTpaThl;

2. 3aTpathl Ha CHEUATBLHOE 000PYIOBaHUE ISl HAYYHBIX PadoT;

3. OcHoBHas 3apaboTHAas TUIaTa UCTIOTHUTENIECH TEMBI;

4. JlononHUTENRHAS 3apa0d0THAs TIaTa UCIIOJTHUTENIECH TEMBI;

5. OTuncienust BO BHEOIOIKETHbIE (POHABI (CTPaXOBbIE OTUUCICHHUS);

6. Haknannble pacxopbl.

Jlanee B mompaszienax paccMOTpuM Oosee MoApoOHO 3aTpaThl TEKYIIETO

MIPOEKTA.
3.3.3.1. Pacuer MaTepuaJIbHBIX 3aTPAT MPOEKTA

K marepuanbHBIM 3aTpaTamM OTHOCSITCSI 3aTpaThl Ha CHIpbE M MaTepualbl,
KOMIUIEKTYIOILME U3/IeHs U MOony(hadpuKaThl, a TAKXKE 3aTpaThl HA KaHIEIAPCKUE
NPUHAUISKHOCTA. B XolIe JaHHOTO WCCIeNOBaHMs HE 3aKyHalluCh ChIPbE,
MaTepuayibl, KOMIUIEKTYIOME W TMoay(aOpukarbl, OBLIM TIOHECEHBI TOJIBKO
KaHIEIAPCKUE PacXo/Ibl COMIACHO Mpatc-JIMCTy HeHTpa nevyatu [29].

JIis  BBIMOJMHEHHUS  UCCIENOBAaHMS  HE  TMOKYHNAJIOCh  CIIEHUATbHOE
obopynoBanue u 11O, Bce BBIUMCIECHHS BBINOJIHSUIUCh Ha YK€ HMEIOLIEMCS
YCTPOMCTBE C YCTAaHOBJICHHBIMU OECIUIATHBIMU TMPOTPAMMHBIMU TPOAYKTAMHU:
HoyTOyke HP Pavillion 15 e011sr, cienoBaTenbHO, B 3aTpaTax yUUTHIBAETCS HE €T0
MOJIHAs CTOMMOCTb, @ TOJIbKO aMOpTU3alMOHHBbIE pacxonbl. Ho Tak kak ero
M3HaYaibHas CTOMMOCTh cocTaBisger 43200 pyoneit, uro menee 100000 pyOueit,
corjaacHo MyHKTy 1 ctatem 256, noanyHkry 3 nyHkra | crateu 254 Hanorosoro
kozaekca PD, oH OTHOCHUTCS K UMYIIIECTBY, KOTOPOE HE SBISETCS aMOPTH3UPYEMBIM,
CJICZIOBATEIILHO, €T0 CTOMMOCTD B OOIIMX 3aTpaTax He yuutbiBaetcs [30].

Takum oOpazom, B Tabauie 9 oTpakeHbl TOJIBKO KaHIIEIIPCKUE 3aTPATHI.

Tabnuua 9 — MarepuanbHble 3aTpaThI
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Ne IMena 3a
HaumeHoBaHue EnnHuusi 3arTparsbl,
n/n KoaunuecTBo 1en.,
MaTepuaJia/yciyru u3MepeHust py6 pPYoO.
1 [leuats y/0 A4 LIIT. 118 1,90 224,20
2 | bpourropoBanue LIT. 1 28 28
Hroro 252,20

Kakx BumHO W3 Tabmuiiel, oOmme MarepuaidbHbie cocTaBuiau 252 pyoms 20

KOTICEK.
3.3.3.2. OcHoBHasi 3apaboTHAsI IJIATA UCTIOJTHUTEIeH

Oxuag CepreeBoii A.A., HH)XE€HEpa, IPUHUMAEM PAaBHBIM OKJIaly aCCUCTEHTA

0e3 creneHu, TO ecTb 22695 pyonen, oxnax DaneeBa A.C., HayyHOro
PYKOBOAMTEIS, SBIISIONIETOCS TOIEHTOM C KaHIWIATCKOM cTemnenbpto, — 35111,50
pyOJIeH.
3arpatbl Ha 3apabOTHYIO IUIaTy BKJIIOYAIOT B Ce€0sl OCHOBHYIO H
JIOTIOJTHUTEIBHYIO 3apa00THYIO TUIATy U PACCUYUTHIBAIOTCS 1O hopmyiie (9).
3, = 3oen + Jpom 9)

rje 3,— noJiHasg 3apa0oTHas Iuiata B pyosisx,
3ocn — OCHOBHAA 3apabO0THAs TUIaTa B pyoOIsx,
390n — AOTIOTHUTENbHAS 3apab0OTHAs IJ1aTa B pyOIIsIX.

OcHoBHas 3apaboTHAas TUIaTa YUYUTHIBAET OKJIA, & TAKKE Pa3IMYHbIC PEMUH,
JIOTUIAaThI M HaI0ABKH, U paccuuThiBaeTcs mo gpopmyie (10).
3o =30 T, K, (10)
r71€ 3ocn — OCHOBHAS 3apa0O0THAas IJ1aTa B pyosIsix,
3s4 — CpeHeTHEBHAS 3apa0OTHAs 1iaTa B pyOsx,
T, — IPOJIOJIKUTENBLHOCTD PabOT, BBHITIOJIHAEMBIX PAOOTHUKOM, B pabOUuX THSX,
K, — pailioHHbII KO3 PUIMEHT.

CyMMapHasi poI0KUTEIILHOCTh Pab0T, BBITIOJIHSIEMBIX CTYJICHTOM B XOJ€
HAYYHO-TEXHHUYECKOTO MPOeKTa paBHa 82 pabouyuM AHIM, a TMPOAOIKUTEIHHOCTh
paboT, BBHITIOJIHAEMBIX HAYYHBIM pyKoBoAHTeNneM — 4 pabounm qHsAM. {715 roponaa

Tomcka paitonnsiit kodhduireHT pasen 1,3.

Pacuer cpenHeiHEBHOM 3apab0OTHOM TUIATHI POU3BOAUTCS 1O popmyite (11).
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(11)

r7ie 3y, — CpeaHeAHeBHAS 3apa00THAS TU1aTa B pyOsX,

3, — MECAYHBIN OKJIaJ] paOOTHUKA B PYyOIIsIX,

M — Kon4ecTBO MecsIeB paboThl 0€3 OTITyCKa B T€YEHUE To/1a,

Fo — meiicTBuTENbHBIA TOMOBOM (oHI pabodyero BpeMEHU IMEepcoHalia B pabodymx
JTHSX.

Jlns 5-mHeBHOM pabouei HeJleu Py OTITyCKe B 24 pabounX JHS KOJIUYECTBO
MecsiIeB paboThl 0€3 OTIyCKa B T€UeHHE roja coctamisieT 11,2, nna 6-gHEeBHOM
paboueit HeAenu Mpu oTiycke B 48 pabouux aneit — 10,4,
roJ10BOM

JlefiCTBUTEIbHBIM pabouero

dbonp BPEMEHH MEpCOHasa
paccuMThIBaeTCS, UCXO0nAd W3 OanmaHca pabodyero BPEeMEHH, KaK Pa3HOCTh 4YHCIIa
KaJICHIApHBIX JHEW B IOy M KOJMYECTBAa HEpabOuux JHEH M MOTepb pabodero
BpeMeHu. [lokazarenu pabouero BpeMeHH s 5- U 6-AHEBHOI pabouell HeAelIu B
2021 roay npuBeaensl B Tabnume 10 [31-32].

Ta6muna 10 — bayanc pabodero BpeMeHu

Jlan

IMoka3zaTenu padGo4ero BpeMeHu 5-nHeBHass | 6-AHeBHAas

pad. Heneast | pad. Hepeast
Kanengapusie 1HU 365 365
Hepabouue 11U (pa3aHUKH/BBIXO/IHBIE) 116 58
[Torepu paboyero BpeMeHH (OTIYCK/HEBBIXO/IBI IO OOJIC3HH) 28 56
JleiicTBuTenpHbIN ro1oBoi oHa pabodyero BpeMeHu 221 251

[TogcraBuB wu3BecTHble 3HaueHuss B  ¢dopmyny (11), paccuuraem

CpeIHEAHEBHYIO 3apa0O0THYIO IJIaTy paOOTHUKOB:

Jitst uakenepa:

3 2220902 115015,
[l Hay4HOrO PyKOBOIUTES:
35 = 35111;2'10’ 1 _1454.82py6.

[TonyueHnble 3HaYCHHS MoACTaBUM B (hopmyiy (10):

s nnxenepa:
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3 ., =1150,15-82-1,3=122605,99 py6.
JI71st HayYyHOTO PYKOBOJUTEIS:
3 ., =1454,82-4.1,3=7565,06 py6.

Ceenem B Tabmuiyy 11 Bce naHHBIE TIO OCHOBHOHM 3apaOOTHOM IuIaTe, H
paccurTaeM CyMMy 3aTpaT Ha OCHOBHYIO 3apabOTHYIO IIaTy.

Ta6nuna 11 — Pacuetr ocHOBHOM 3apab0THOM IIJIATHI

Hcnoanurenn 3w, pYO. 3, PyO. Kp Tp, pad. 1H. | ocu, pyoO.
CepreeBa A.A. 22695 1150,15 1,3 82 122605,99
danees A.C. 35111,50 1454,82 1,3 4 7565,09
Hroro 130171,08

3.3.3.3. JlonoiHATEIbHAA 32PA00THAA IJIATA UCIIOJTHUTeJIei

JlononHuTeNnbHAs 3apab0THAs TUIaTa yYYUTHIBAET JOIJIATHI 32 OTKJIOHEHHE
YCJIOBUHM TpyAa OT HOPMaJbHBIX, a TAKXKE BBIIJIATHI, CBA3aHHBIE C 00eCcTIeUeHUEM
rapaHTHi ¥ KOMIICHCAIIUH, U pacCcUuThIBaeTCs 1o dopmysie (12).

3()011 = k()on ) 3001—1’ (12)

r1ie 3s0n — JOTOIHUTEbHAS 3apa0OTHA IJ1aTa B pyOIIsX,
Kzon — KO3 PHUIIMEHT JOMOIHATEIBHON 3apab0THOM TIATHI,
3pcn — OCHOBHAS 3apabOTHas TU1aTa B pyOIsix.
[TpumeM k03D PUIIMEHT TONOJIHUTENBHOM 3apaboTHOM m1aTkl paBHbIM 0,15 1
HalJIeM JTOTIOTHUTEIILHYIO 3apaboTHYO TIaTy 1o Gopmyie (12):
Jitst uakenepa:
3,,, =0,15-122605,99 =18390, 90 pyo.
J{ns HayqyHOTrO pyKOBOAMUTENS:
3,,, =0,15-7565,06 =1134,76 py6.

CeeneM B Tabiuiyy 12 Bce maHHBIE MO OCHOBHOM W JIOMOJHUTEIBHOMU
3apabOTHOM TIJIaTe U PACCUMTAEM HTOTOBYIO CYMMY 3aTpaT Ha 3apaboTHYIO TIIaTy.

Ta6nuna 12 — Pacuetr OCHOBHOM U JIOMOJHUTEIHHOM 3apa00THOM MIaThl

HUcnoannresin 3ocu, PYO. 30n, pyoO. 3, pyo.
CepreeBa A.A. 122605,99 18390,90 140996,89
danees A.C. 7565,09 1134,76 8699,85
Hroro 130171,08 19525,66 149696,74
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3.3.3.4. OTuncienust BO BHeOKW/:KeTHbIEe (GOHABI (CTPaXOBble OTYMCICHUS)

B naHHOW cTaTtbe pacxoll0OB OTPAKAIOTCS 00A3aTENbHBIE OTYUCICHHS IIO
YCTaHOBJIEHHBIM 3aKOHOJaTelabcTBOM Poccuiickoit denepanuyn HopMaM OpraHam
TOCYy/IapCTBEHHOTO  COIMAJIBHOTO  CTPaxOBaHMs, IEHCHOHHOTO (oHAa U
MEAMIMHCKOIO CTPAXOBaHMsI OT 3aTpaT Ha OIUIaTy Tpyaa paOOTHHUKOB.

BenuunHa oTunciennii BO BHEOIOKETHBIE (DOHABI ONIPEAETAETCS, UCXO U3
dopmyst (13).

36He6 = 6Heb 3n’ (13)

1€ 34106 — CyMMa OTYUCIICHUM BO BHEOIOKETHBIE (DOH/IBI B PYOIIsX,
Ksnes — KOO OUITUEHT OTYMCIICHHI Ha YIUIATY BO BHEOIOKETHBIC (POH/IBI,
3, — nosHas 3apaboTHas 1iaTa B pyOsIsx.

[To dopmyne (13) paccuntaeM BETUYMHY OTYHUCICHUNA BO BHEOIOKETHBIC
(boHBI, TPUHAB KOAPOUIIMEHT OTUYMCICHUN Ha YIUIaTy BO BHEOIOKETHBIE (POH/IBI
paBHbM 0,3:

3..; =0,3-149696, 74 = 44909, 02 py6.
3.3.3.5. HakiaaHble pacxoabl

Haxmanueie pacxoapl YYHTHIBAIOT TMPOYME 3aTpaThl OpraHU3AINH, HE
MOTIABIIIME B TPEIBIAYIIME CTATbU PacxojoB. VX BenwuWHA OMpeAeisieTcs o
dopmyie (14).

3 =k__-3, (14)

naxr — Fnarn " In
1€ 3ua: — CyMMa HaKJIQJHBIX pacXo0B B pyOJIsX,
Kiarr — K03 pUMeHT, yUUTHIBAIOIINN HAKIIATHBIE PACXOJIBI,
3, — monHas 3apaboTHas 1iaTa B pyOIsax.

[TpumeM kod(ppuIMeHT, yUUTHIBAIOMIUNA HAKJIaIHbIE pacxoabl, paBHbIM 0,16,
¥ pacCuMTacM CyMMY HAaKJIQJHBIX pacXxoao0B 1o dopmyie (14):

3 .. =0,16-149696, 74 = 23951, 48 pyo.

3.3.3.6. ®DopmupoBaHue 0I0:KeTA 3aTPAT MPOEKTA

I/ICXOI[H N3 OIpCACIICHHBIX pPaHCC 3arpar, pacCuUUuTacM ce0eCcTONMOCTh

HAay4YHO-TEXHHYECKOTO MPOEKTa, TAaHHBIC CBEIEM B TaduIry 13.
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Tabnuua 13 — Pacyet Oro/keTa 3aTpaT Hay4YHO-TEXHUUYECKOIO MMPOEKTa

HaumeHnoBanue Cymma, py0. | YaeabHblii Bec, %
MartepuaibHbIC 3aTPAThI 252,20 0,12
3arpaThl HA OCHOBHYIO 3apa0O0THYIO TUIATY 130171,08 59,49
3aTpathl Ha IOMOJHUTEIBHYIO 3apa00THYIO TUIATY 19525,66 8,92
OTtuncneHns BO BHEOIODKETHBIE (POHIBI 44909,02 20,52
Haknagaple pacxosl 23951,48 10,95
OO0wmui OromKeT 218809,44 100,00

Kak BuaHO u3 TaOnuilel, OONBIIYI0 YacTh 3aTpaT MPOEKTa COCTABIISIIOT

Pacxodbl Ha OILIATY Tpydad COTPYIHHUKOB U CBA3AHHBIC C HEH OTYHCJICHMS.

3.4. OnpenesieHne pecypcHoi, QMHAHCOBOI, 0I0KETHOM, CONMATBLHON H

IKOHOMHUYECKOM I(PPEKTUBHOCTH MPOEKTA

Pa3pabaTbiBaeMoe NMpUIIOKEHUE MTO3BOJIUT YBEJIUYUTh NPOU3BOIUTEIBHOCTh
TpyZAa COTPYIHUKOB NPEANPUITHI, OTBEUAIOIIUX 32 IPOEKTUPOBAHUE MAPIIPYTHBIX
cereit I'TIT, yBenuuuth nmpuOBLIb MEPEBO3YMKOB, CHHU3UTH PACXOJbl Ha IPOE3]

naccaxupoB ['TIT 1 cokpaTuTh KONMMYECTBO NEPECATOK IIPU NEPEABUKEHNH.
3.4.1. Ouenka cpaBHUTEIbHOMN Y(PPeKTUBHOCTH NIPOEKTA

Omnpenenenve 3(QPEKTUBHOCTH  MPOUCXOAUT HAa  OCHOBE  pacuera
WHTETPATILHOTO ToKazaTess 3PGEeKTHBHOCTH HAYYHO-TEXHUUYECKOTO mpoekTa. Ero
HAaXOXKJEHUE CBS3aHO C OMpEJEICHUEM JIBYX CpPEIHEB3BEUICHHBIX BEIUYHUH:
¢uHaHcoBOM 3(dexkTuBHOCTH U  pecypcodpdextuBHOCTU. MHTErpambHbIi
nokasaresib 3(PQPEKTUBHOCTH HAYYHO-TEXHUYCCKOTO IPOCKTa TOJYyYarOT B XOJIE
OIICHKM OrojpkeTa 3arparT Tpex (uiu Oojee) BapuaHTOB MCIHOJHEHUS HAy4HO-
TEXHUYECKOTro TpoekTa. [ »Toro HauOOJbIIMN HHTETpaIbHBIA IOKa3aTelb
peanu3alMi TEXHUYECKOW 3ajayd MpUHUMaeTcs 3a 0a3y pacuera (Kak
3HAMEHATEJIb), C KOTOPBIM COOTHOCATCS (DMHAHCOBBIE 3HAYCHHMSI TTO BCEM BapuaHTaM
WCITOJTHCHHMS.

CpaBuutenbHas 3 (HEeKTHBHOCTD Pa3pabOTKH BbIuucisercs mo popmyite (15):

I

) = I_p (15)

a
rae 3.,° — cpaBHUTENbHAs () (HEKTUBHOCTD pa3paboTKH,
|p — uHTErpaIbHBIN MOKa3aTeNlb 3((HEKTUBHOCTH pa3pabOTKH,

63



la — uHTErpaNbHBIN MoKazaTenb 3 (HEKTUBHOCTH aHAJIOra.

PecypcoaddpekTHBHOCTD KakI0T0 OTAETHLHOTO BApUAHTA UCIIOTHEHUSI MOYKHO
BBIYMCIIUTh B Oamiax mo d¢opMyse, coBmagaromieii ¢ ¢opMmysnold pacuera
KOHKYPEHTOCTIOCOOHOCTH (8), MocYynTaHHbIe 3HAUCHUS IIPEACTaBICHBI B TaOIHIIE 2.
s onpenenenus puHancoBO 3PPEKTUBHOCTH Pa3padOTKH HEOOXOIMMO 3HATH €€
CTOMMOCTb, TIOCKOJIbKY CTOMMOCTbH aHAJIOTOB HEU3BECTHA, MPUMEM HWHTETPAJIbHBIMI
nokasarenb  3(PQPEKTUBHOCTH  KaKJIOTO  HUCIOJHEHHWS  pPaBHBIM  €ro
pecypcodhHEKTHBHOCTH M BBIYUCIIAM ero 110 (hopmyiie (8):

Jliis pazpabaThIiBa€MOIo MPUIIOKEHUS:
l,=0,15-4+0,2-5+0,2-3+0,2-5+0,15-4+0,05-4+0,05-2=4,1
JI1st py4HOr0 MPOEKTUPOBAHUS C OITOPOM HA METOINYECKHE yKa3aHus MUHTpaHca:
1,=015-2+0,2-2+0,2-5+0,2-1+0,15-3+0,05-3+0,05-5=2,75
JI71sl IpusoKeHNst HA OCHOBE TOYHBIX METOJIOB:
| ,=015-3+0,2-5+0,2-1+0,2-5+0,15-5+0,05-5+0,05-2=3,35

[ToxcraBuM mosdydeHHble 3HadeHus B Gopmyny (15) mma  pacdera
CpaBHUTENBHOU 2((PEKTUBHOCTH pa3zpabaThIBAEMOTO MPUIIOKEHUS:
OtHocutenbHO pyuHOro mnpoektupoBanus [TIT ¢ omopoii Ha MeToamyeckue
yKa3zanusa MuHTtpaHnca:

99 =L 14
72,75

OTHOCHUTENBHO IMPUIIOKCHUA Ha OCHOBC TOYHLIX MCTOI0B!

LN
» 7335

Takum o00pa3om, paspabaTbiBaeMoe NpUIOKEeHHE 3PGPEKTHBHEE CBOUX
AHAJIOTOB C TOYKM 3pEHUSA HCHOJIb30BaHUs pecypcoB B 1,49 u 1,22 paza

COOTBCTCTBCHHO.
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4. COOUAJIBHASA OTBETCTBEHHOCTD

Ilenpto JaHHOW BBIMYCKHOM KBalW(PUKAIIMOHHOW pabOThI  SBISIETCS
pa3paboTKa MPUTIOKEHUS JJIi MPOSKTUPOBAHMUS MAPIIPYTHBIX CETEH TOPOACKOTO
IIACCAKUPCKOTO TPAHCIIOPTA HA OCHOBE IBPUCTUYECKUX AITOpUTMOB. [Ipunoxenne
NpeIoCTaBlIsAeT YAOOHBIM wuHTEepdeiic g BBOAAa TpeOyeMbIX MapaMeTpOB
IIPOEKTUPYEMOM MAapUIPYTHOM CETH M IapaMeTpoB anropurMa. Takke HMmeeTcs
BO3MOYKHOCTb IIOCTPOEHUS IIOJIYYEHHBIX MapLIpyTOB Ha Kapre. B kadecTse
pe3ynbTaTa paboThl MPUIIOKEHUS MOJIB30BATENIO MpefocTaBiseTcs daiin Gpopmara
JsONn, B KOTOpPOM OINKCaHa MapuIpyTHas CeTh, W KapTa C IOCTPOCHHBIMH
MapuipyTaMyu B OKHE IIPHIIOKECHUS.

[IpunoxxeHne mnNperHa3HAYECHO JUIsI KCHOJIB30BAHMS HA MNPEANPUATHIX,
OTBEYAIOIIKX 32 IPOEKTUPOBAHUE MAPLIPYTHBIX CETEN TOPOJICKOTO ITACCAKUPCKOTO
TpaHcnopTa. BHenpeHue pa3paOOTaHHOTO MPUIIOKEHHUS MO3BOJHUT 3HAYUTEIBHO
COKpPaTUTh  BpeMs  IPOEKTUPOBAHUS  MApPUIPYTHBIX  CETEM  T'OPOJCKOTO
NACCAKUPCKOTO TPAHCIIOPTA, COKPATUB TPYI03aTpaThl, a TAKXKE YUHUTHIBATH IPHU
IIPOCKTUPOBAHUM HHTEPECHl BCEX YYACTHUKOB TOPOACKOIO IAaCCAKUPCKOTO
TpaHcnopTa (TopojAcKas aIMUHUCTPALIKS, IEPEBO3YUKU U TTACCAKUPBHI).

Ha nmporpammucra, pazpa®aTbiBaloIIero NPUI0KEHHUE ISl TPOESKTUPOBAHUS
MapupyTHbix cered ['TIT, m Ha cOTpyIHHMKa NPENNPHUATHS, OTBEYAKOLIErO 3a
npoekTupoBanue mapupytHbix ceteit [ TIT, kak u Ha mo0oro odrucHOro paboTHHKA,
KOHTAKTHUPYIOLIETO C IEPCOHAJIBHBIMU KOMIIBIOTEPAMU W KONWPOBAJIBHBIM
o0opynoBaHueM, OyayT AE€WCTBOBATh pa3MYHbIC BPEAHbIE U ONAacHble (aKTOPHI,
noJIpOOHO pacCMOTPEHHBIE B TaHHOM paszeine. Kpome Toro, B paszaene ocBelIeHb
BJIMSIHUE UCTIOB30BAaHUS MPUJIOKEHUS HA SKOJIOTHIO, a TaKXKe Mephbl 0€30MaCHOCTH
IpU BOZHUKHOBEHUH YPE3BbIYAWHBIX CUTYallMi U MPAaBOBbIE BOMPOCHI 00ECIICUeHUS

0e30macHOCTH Ha paboYeM MECTE COTPYIHUKA.
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4.1. IlpaBoBble U OPraHU3aNMOHHBIEC BONPOCHI 00ecneyeHust 0€30MaACHOCTH
4.1.1. CneunajbHbIe NIPABOBbIEe HOPMbI TPYAOBOI0 3aKOHOATEIbCTBA

CornacHo TpynoBomy KOJICKCY Poccuiickon Oenepanuu,
POJIOJKUTEILHOCTH Pa00YEro BpeMEHH He MOXKET MpeBbIaTh 40 4acoB B HEJIEIIIO.
Paboronarens 00s3aH BeCTH y4eT BpeMEeHH, (PaKTUUECKH OTPAOOTaHHOTO KaXKIAbIM
padotHukoMm. Cratess 92 TK  P®  ycraHaBiMBaeT  COKpAalIEHHYIO
MPOJIOJKUTEILHOCTh pa00Uero BpeMEHHU ISl OTJEIbHBIX KaTeropuid rpakaaH.

[IponomkuTensHOCTh  paboyero BpEeMEHHM  KOHKPETHOTO  paboTHHUKA
yYCTaHaBJIMBAETCSA TPYJIOBBIM JIOTOBOPOM Ha OCHOBAaHHWM OTPACIIEBOTO COIJIAILCHUS
Y KOJUIEKTUBHOI'O JIOTOBOPA C YYETOM PE3YJITATOB CIIELMAIIBHON OLEHKH YCIOBUI
tpyaa. [Ipu nponomkutensHoit padote ¢ [IK coTpyaHuk q0/KeH ienaTh NepephIBbI

HE peXke OJTHOTO pasa B jBa 4yaca [33].

4.1.2. Oprann3anuoHHble MEPONPUSTUS TPH KOMIIOHOBKe padoueii

30HBI

Cornacao I'OCT 12.2.032-78 u TOU P-45-084-01, x opraHuzauuu u
000pyI0BaHUIO PabOUYMX MECT C MEPCOHATBLHBIMU KOMITBIOTEPAMHU JIJISl B3POCIBIX

MOJIb30BATENICH MPEIBSIBIIAIOTCS ClieaAyomue TpeboBanus [34, 35]:

1. PabGoume mecta C KOMIIBIOTEpAMH JOJDKHBI Pa3MEIIATbC TaKUM
00pa3oM, yTOObI PacCTOSIHUE OT dKpaHa OJHOTO BUJIEOMOHUTOpA JI0 ThUIa APYToro
Obi0 He MeHee 2,0 M, a paccTOsIHME MEXIYy OOKOBBIMH IOBEPXHOCTSIMHU
BHJICOMOHHUTOPOB — HE MeHee 1,2 m.

2. Paboume mecta ¢ epCOHAIILHBIME KOMITBIOTEPAMU TI0 OTHOIICHUIO K
CBETOBBIM IpOEMaM JIOJIKHBI PacIioaraTbCsl TaK, YTOOBI €CTECTBEHHBIN CBET Maaal
cOOKyY, TPEeUMYIIIECTBEHHO CJIEBA.

3. OKOHHBIE IPOEMBI B TIOMEIIEHUSX, T€ UCTIOIB3YIOTCS MEPCOHANbHBIC
KOMITBIOTEPHI, JOJKHBI OBITH 000PYIOBAHBI PETYIUPYEMbIMU YCTPOUCTBAMH THUTIA!
KaJTI03H, 3aHaBeCEi, BHEITHUX KO3BIPHKOB U JIp.

4. Pabouas wmeOenb Ui TOJB30BaTEIEH KOMIBIOTEPHOM TEXHUKOU

A0JIZKHA OTBCUATH CJICAYIOHOINM Tpe6OBaHI/I$IMZ
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— BBICOTA pabouel MOBEPXHOCTHU CTOJIA OJIKHA PETYIUPOBATHCS B Mpeieiax
680 — 800 MM; pu OTCYTCTBUU TaKOH BO3MOKHOCTH BBICOTa paboueil MOBEPXHOCTH
CTOJIa JOJKHA COCTABIIATh 725 MM;

— pabouuii CTON JOJIKEH UMETh MPOCTPAHCTBO JUIsl HOT BBHICOTOW HE MEHEe
600 MM, rTyOMHOM Ha ypoBHE KOJIeH He MeHee 450 MM 1 Ha YPOBHE BBITSHYTHIX HOT
He MeHee 650 MM;

— pabouuit cTyn (Kpeciao) JOJDKEH OBITh IMOJBEMHO-TIOBOPOTHBIM H
pEryJIupyeMbIM 10 BBICOTE W YIVIAM HAaKJIOHA CHUIAEHbS M CIUHKH, a TaKKe
PacCTOSHUIO CIIMHKU OT MEPETHEro Kpasi CUACHBS; MPU OTCYTCTBUUA BO3MOKHOCTH
pPEryJIMPOBAHUS BBICOTHI CUACHUSA OHA JOHKHA cOCTaBlATh 400 MM /Ui JKEHILVH,
430 MM — nmus MyxuuH, 420 MM — [pU MCHOJIb30BaHUM pabOYero Mecra Kak
JKEHILMHAMU, TaK U MY>KUYMHAMH,

— pabodee MeCTO JOHKHO OBITh O0OpPYAOBaHO TOACTaBKOM JJisl HOT,
uMeroniel mupuny He menee 300 mm, riryouny He Mmenee 400 MM, peryaupoBKyY MO
BbIcOTE B mpeaenax A0 150 MM M 1o yIrily HakJIOHAa OIMOPHOM IMOBEPXHOCTHU
noAcTaBku 110 20 TpaaycoB; MOBEPXHOCTh MOJACTaBKHU JOJKHA OBITh pUQIICHON U
UMETh TI0 TIepeTHEMY Kpato OOpPTUK BbICOTOM 10 MM;

— pabodee MeCTO ¢ MEPCOHATBHBIM KOMIBIOTEPOM JIOJKHO OBITh OCHAIIEHO

JICTKO MEPpEMCIIACMbBIM IMIOIMMAUTPOM AJIA TOKYMCHTOB.

4.2. IIpousBoacTBeHHAast 0€30MIACHOCTH

Cormacno I'OCT 12.0.003-2015, Bce mpon3BOACTBEHHBIE (PAKTOPHI IO cdepe
CBOETO MPOUCXOXKACHUS MOAPA3ALIAIOT Ha (aKTOPbl MPOU3BOJICTBEHHOMN Cpebl U
(akTopbl TpyZOBOro mporecca. B cBorw odepeab MPOU3BOJACTBEHHBIE (PAKTOPHI
JEJSTCS Ha HEOMaronpusiTHbIe MPOU3BOACTBEHHbIE (DaKTOPBI M TPOU3BOICTBEHHBIC
(bakTopbl, HE SBISAIOLIMECS HEONAronpUsATHBIMU, TO €CTh HEUTPATbHOTO WM
OnaronpusaTHOro neWctBus. HeOmaronpusTHble NPOU3BOACTBEHHBIE (HAKTOPHI
NOJIpa3AeisiioT Ha BPEAHbIE MPOU3BOACTBEHHbIE (AKTOpPhl, TO €CTh (HaKTOPHI,

NPUBOASIINE K 3a00J€BaHUIO, B TOM YHUCJE YCYTyOJSIIOUIME YK€ HMEIoIuecs
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3a00yieBaHusl, M OMAacCHbIe NPOU3BOJACTBEHHBIE (DAKTOPBI, TO €CTh (PAKTOPBHI,
NPUBOJISIIME K TPAaBME, B TOM YHCIIe CMepTelbHOM [36].
Bpenusie u omacubie (hakTOphI, BO3JAEHCTBYIONTHE HA OUCHOTO COTPYIHUKA
npu padote ¢ [1K u apyroit opucHoN TEXHUKOM, MPUBECHBI B IPUIIOKECHHH [
s obecrnieueHusi MPOU3BOJCTBEHHON O€30MacHOCTH Ha paboueM MecTe
COTPpYJHHKA HEOOXOJMMO CHHU3UTh BJIUSHUE HA HEr0 BPEAHBIX M OMNACHBIX

(haxkTopOB.
4.2.1. AHAJIU3 ONACHBIX U BPeHbIX MPOU3BOICTBEHHBIX ()aKTOPOB

4.2.1.1. Bpeanble BemiecTBa

[Ipn noBcenHeBHOW paboTe HAa O(PHUCHOTO COTPYAHUKA BIUAET OTPOMHOE
KOJIMYECTBO BPEIHBIX BEILECTB, HEOJArONPUATHO BIUSIOUIMX Ha €r0 370pPOBbE, B
YaCTHOCTH BBIIETISIONINECS MpU paboTe KOMUPOBAIHHOMN anmapaTypbl XUMHUYECKHE
BeIleCTBa (030H, OKCUJI a30Ta, aMMHUAK, CTHPOJ, allETOH, SMUXJIOPTHIPUH, KUCIOTHI,
OKCHJI 3TWJICHA), a TaKkXke OyMaxKHas IMbLTb, 0OpazyemMas mpu padore ¢ Oymaroii, u
Ipyras TbUIb, TOMAJalomas B TIOMEHICHHE Yepe3 CHCTEMY BEHTWJISAINH,
KOHJMIIMOHEPBI, OTKPBITHIE OKHAa M T.A. HeOnarompusTHoe BO3AeMCTBHE ITHX
BEILECTB Ha OpPraHW3M YeJIOBEKa BbI3BbIBAECT pa3BuUTHE Oose3Hel. B tabnune 14

npusezenbl [1/IK HekoTopsix Bpeanbix BemiecTs coriacuo 'OCT 12.1.005-88 [37].

Tabnuna 14 — IIpenenbHO NOMyCTUMbIE KOHIIEHTPAIIUU BPEAHBIX BEIIECTB

HaumenoBanue | Beqnumnna Kanacc HaumeHoBaHue Beanunna Kunace
BelecTBa MAK, mr/m® | onacHoCTH BellecTBa IAK, mr/mM® | omacHocTH
AmMuak 20 v Oxkcup a3ora 5 1
Aneron 200 v Okcup dTHUIeHa 1 1
bymaxknas npuib 2 v Crupon 30/10 Il
O30H 0,1 I ONUXIOPTUAPUH+ 1 I

I[J'IS{ CHWO)KCHUSA BIIMAHUA BPCAHBIX BCIICCTB Ha OpraHu3M 4YCJIIOBCKA

HGO6XOI{I/IMO NpcaAyCMOTPCTb CUCTCMY BCHTHIIALINA, IICPHUOANYICCKHU ITPOBCTPHUBATH

TTOMEIIICHUE,

KOHIWIINOHCPOB,

CBOEBPEMEHHO MPOM3BOAUTH 3aMEHy 3arpsi3HEHHBIX (QUIBTPOB

MIPOBOJUTH

Kad€CTBCHHOC

TCXHHUYCCKOC

00cITyKUBaHUE

KOMHUPOBAJIbHOW TEXHUKH (IJIs1 IPEAYNPEKICHHS BbIJICTICHUSI BPEIHBIX BEILIECTB),
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yTWIM3UPOBaTh, a HE CKIAIUPOBATh HCIOJIb30BaHHYI Oymary. CpeactBamu
WHMBUTyJIbHOM 3aIUTHI OT BPEAHBIX BEIIECTB MOTYT CIY>KUTh 3allIUTHBIE OYKH,

pecrniupatopsl u npotuBorassl, O3K.
4.2.1.2. IloBbIIEHHBIH YPOBEHb POU3BOJICTBEHHOI0 LIIyMAa

lym B oduce BozHukaer oT pabotel [IK, kommpoBanbHONW TEXHUKU H
KOHJIUIIMOHEPOB. BBICOKMII ypOBEHb IllyMa HETaTHUBHO CKa3bIBAETCS HA OpraHax
ciyxa. Jlomyctumelii ypoBeHb miyma orpanmyeH CH 2.2.4/2.1.8.562-96 u nns
JIETKOW (PM3WYECKOW HArpy3KH C HAMPSOKEHHOCTHIO JIETKOW CTEMEHW HE JOJDKCH
npesbimath 80 1bA [38].

Cornacno CII 51.13330.2011, MeponpusiTis 1O KOJUIEKTUBHOW 3aIUTE OT
IIyMa B TOMENIEHUSX KUJIBIX U OOIIECTBEHHBIX 3IaHUHN JOJIKHBI PETyCMAaTPUBATh
paloHaNIbHOEe 00BEMHO-TUIAHUPOBOYHOE PEIICHHUE KUJIOTO WM OOIECTBEHHOIO
3MaHUs, a TAaKXKE NPUMEHEHHE MPU CTPOUTEIHCTBE W PEKOHCTPYKIMM 3AaHUMN
OrpaXJIalOIIMX KOHCTPYKIHM, 00€CIEUNBAIOIINX HOPMATUBHYIO 3BYKOHM3OJIALIMIO,
3BYKOMOIJIOMIAIONTUX OOJIUIIOBOK, MIYIIUTENEH IITyMa B CUCTEMAaX MPUHYAUTEIIbHON
BEHTWISIIIMA Y KOHAMIIMOHUPOBAHUS BO3/lyXa U BUOPOU3OJISIIUA UHKEHEPHOTO U
CaHUTAPHO-TEXHUYECKOTO O0OpYAOBaHUS 3/aHui. (715 WHIUBUIYyaIbHON 3aIlUThHI
HYKHO TMPUMEHSATH 3alllUTHBIC CPEICTBA OPraHOB CiyXa TaKWe, KaK HAayIIHHUKU,

Oepymu u antudons [39].
4.2.1.3. IloBbIIEHHBIH YPOBEHb 3JIEKTPOMATHUTHOI'0 U3JIy4YeHHS

DNEeKTpOMarHUTHBIE TOJIA OKa3bIBAlOT CHEnu(UUYECKOe BO3IECUCTBUE Ha
TKaHU 4Y€JIOBEKA, PU BO3JICUCTBUU 3TUX MOJIEH, UMEIOIIUX HAMPS)KEHHOCTH BBIILIE
MpEeAEIbHO AOIMYCTUMOrO YPOBHS, PA3BUBAIOTCSA HAPYILIEHUSI CO CTOPOHBI HEPBHOI,
CEpPIICYHO-COCYIUCTOM, AbIXaTEIIbHOU, MUIIEBAPUTEILHON U KPOBEHOCHOW CHCTEM.
Taxoke 9TH U3Ty4eHUs MOTYT HETaTUBHO BIHATH Ha pabOTy AJIEKTPOIPHUOOPOB.

DJIEKTPOMArHUTHBIC TOJIST PaIMOYacTOT CJEIYyeT OLICHUBATH MOKa3aTelIsIMHU
MHTEHCUBHOCTH IOJISI M CO31aBAEMOU UM DHEPTeTUUECKON HArpy3Kkou. B quanazone
yacTtoT 60 x['n-300 MI'T MHTEHCUBHOCTh 3JICKTPOMArHUTHOTO XapaKTepU3yeTCs

HANpsOKCHHOCTBIO  BJICKTPUYUCCKOIO MW MArHUTHOI'O HOJ'ICIZ, OHCPIreTUYCCKasd
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Harpyska MpeJICTaBIIIeT COOON MPOU3BEICHUE KBaJpaTa HANPSHKCHHOCTH TIOJIS Ha
BpeMsl €ro BozacicTBUsA. [IpenenbHO IOMYyCTHMbIC 3HA4YCHHs IapaMeTpOB
9JIGKTPOMArHUTHOTO TTOJIS TTpUBEICHBI B Ta0mie 15 [40].

Tabnuua 15 — IpenensHo 1OMyCTUMbIE 3HAYEHHS TAPaMETPOB AJIEKTPOMArHUTHOTO

IOJIA
IIpenenbHo AoMycTHMbIE 3HAYEHHUS B
ITapamerp auanasoHax yacror, MI'n
0,6-3 3-30 30 - 300
HanpsokeHHOCTD AJIEKTPHYECKOTO OIS 500 300 80
HanpspxkeHHOCTh MarHUTHOTO TIOJIS 50 — —
DHepreTuyecKas Harpy3Kka 3J1eKTPUYECKOTO OIS 20000 70000 800
DHepreTuyeckas Harpy3ka MarHUTHOTO MOJIst 200 — —

KonaextuBHas 3aIuTa NI oT OIIaCHOTO BO3JICUCTBUS
AJEKTPOMArHUTHOTO M3JIYUYCHHMSI OCYIIECTBIISICTCSI BPEMEHEM, pPACCTOSHUEM,
HKPaHUPOBAHUEM MCTOYHUKA U 3aIIUTON pabouero Mecra OT U3Ty4CHUSI.

Jnss  WHOWBUAYadbHOW 3alllUTBI  OT DJEKTPOMArHUTHOTO  HU3JIYUYCHMS
HCIOJIB3YIOTCS CIIEIIMAJIbHBIC OYKH, CTEKJIa KOTOPBIX MHMOKPBITHI TOHKHUM CIIOEM

30J10Ta WK AUOKCHJA OJI0BA.
4.2.1.4. HegocraTtouHasi OCBELICHHOCTH padoueil 30HbI

Cornacno CIT52.13330.2016, npu nOCTOSIHHOM 3pUTENBHON pabOTe BHICOKOM
TOYHOCTH B TMOMEILEHUU OOIIECTBEHHOI'O 3[1aHUS OCBEIIEHHOCTh JIOJKHA OBITh
awke 300 nk [41].

[IpaBUIBHO CIIPOEKTUPOBAHHOE U BBIMOJHEHHOE OCBELIEHHE 00€CIeUnBaET
BBICOKMM  ypOoBeHb  PabOTOCIMOCOOHOCTH,  OKa3bIBAaeT  IOJIOKUTEIbHOE
NICUXOJIOTUYECKOE JeHCTBHE Ha 4YelloBeKa M CHOCOOCTBYET MOBBILICHHUIO
MPOU3BOAUTEIILHOCTH TPYya.

Ha paGoueii moBepXHOCTH JOJKHBI OTCYTCTBOBAaTh PE3KHE TEHH, KOTOPHIE
CO3al0T HEPAaBHOMEPHOE pacIpe/iesieHne MOBEPXHOCTEN C pPa3InyHON SIPKOCTHIO B
1oJie 3PEHHUs, MCKaXalT pa3Mepbl U (POpMBI OOBEKTOB pa3inyMsi, TaK Kak B

pPE3yJIbTaTC NMMOBLIITACTCA YTOMIIACMOCTD M CHUIKACTCS ITPOU3BOANUTCIIBHOCTD Tpyda.
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[Tomemenue nist BeimonHenus BKP umeer nnuny A=6 M, mpuny B=3 m u
BeICOTY H=2,7 M, mpu 3ToM BbICOTa paboueill moBepxHocTH OT mona h,,=0,8 M.
Koaddumment oTpakeHus CTEH, OKJICCHHBIX CBETIBIMA 000smMu, R=30%,
no6eneHHoro notoyika Ry=50%. KoaddunmenT 3amaca ajisi moMenieHus ¢ MaJlbIM
BbIIeTIcHUEM TTBLUTH K=1,5, K03 UITUEHT HEPaBHOMEPHOCTH ISl TFOMUHECIICHTHBIX
gamim Z=1,1.

BreimonauM pacder oOIero paBHOMEPHOTO OCBEIICHHUS JJIS CO3JaHUs B
OIMMCAaHHOM BBIIIIE MOMEIIeHNH ocBemmenHoctr 300 ik [42].

CBeTOBO# MOTOK JIaMITbI onpeessaeTcs mo Gopmyie (16):

== (16)

rjae @ — CBETOBOM IMOTOK JIAMIIBI, JIM,
E,, — HopmatuBHas ocemé¢anocTs o CHull 23-05-95%*, ik,
S — mIoImAabs OCBEIAEMOT0 IIOMELIECHHUS, M2,
K, — ko3 puimenT 3anaca, yunThIBAIOIINN 3arpsi3HEHNE CBETHUIIHHHKA,
Z — k03 GULIMEHT HEPAaBHOMEPHOCTH OCBEIICHUS,
N, — KOJIMYECTBO JIAMIT B IIOMEIIEHHUH,
n — kK03h(PUIMEHT UCTIOIB30BaHUS CBETOBOTO MOTOKA.
[Tnomraas ocBemmaeMoro NOMEIIeHUs BeraucisieTcs mo Gopmyie (17):
S=A-B (17)
rae S — IWIomanb MOMENIECHHUS, M2,
A — InrHA MOMEIIECHUS, M,
B — mmpuna nomenieHus, M.
[ToncraBuB radbaputsl momenienus B popmyiny (17), momyuunm:
S=6-3=18x"
KonnyecTBo amn B moMenieHuu ompeessercs mo ¢popmysie (18):
N,=n_,-n, K, (18)
rae N, — KOJTM4eCTBO JIaMIT B IIOMEIICHUH,

Npao — KOJUYECTBO PSAOB,
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N¢s — KOJMYECTBO CBETUJILHUKOB B PNy,
K, — KOJIMYECTBO JIaMIT B CBETUJIBHHUKE.

KonudyecTBO psAmOB CBETUIBLHUKOB C  JIFOMHHECIICHTHBIMH  JIAMITAMH
omnpeaensercs o popmye (19):

_Bgt (19)
pao L

r1e Nys0 — KOJIMYECTBO PSAJIOB,
B — mmpuna nomemenus, M,
L — paccTosiHrE MEXTy pAJlaMUd CBETHJIBHUKOB, M.

Konn4ecTBO CBETHJIBHUKOB C JTIOMUHECIICHTHBIMHU JIAMIIAMH OTPEACIIICTCS

o popmysie (20):

A—EL
n - 3 (20)
“ 1,+0,5

re N — KOJIMYECTBO CBETUIILHUKOB B PAIY,
l.s — IIMHA CBETHIIbHUKA, M,
A — IJIMHA MOMEIIEHHS, M,
L — paccTosiHEE MKy pAIaMU CBETHJIBHUKOB, M.
PaccTosiHre Mex 1y CBeTHIIBHUKAaMU ompeesseTcs mo gopmyie (21):
L=A2-h (21)
rae L — paccrosinue Mexy CBETHIILHUKAMHU, M,
A — OTHOCHUTEJIBHOE PACCTOSIHUE MEK/Ty CBETHJIBHUKAMU, M,
h — BeIcOTa CBeTHIIbHUKA HaJl pab0Yel TOBEPXHOCTHIO, M.
BricoTa cBeTMIBHMKA HaJ pabouell TOBEPXHOCTHIO HAXOIUTCS O (popMyIie
(22):
h=H-h,—h, (22)

riae h — BeIcoTa cBeTHIbHUKA Hal pabodeli MOBEPXHOCTHIO, M,
H — BeicOTa MOMeEnIeHUS, M,

h. — paccrosiHue CBETHUIIBHHUKA OT MIEPEKPBITUS (CBEC), M,
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h,, — BeICOTa paboueil MOBEPXHOCTH, M.

[ToncraBuB n3BecTHBIE 3HAUCHUS B popmyiy (22), MOTyduM:

h=3-0,3-0,8=19x

Brei6oupaem cetmnbauku tHa O1, A = 1,4. [Ipunss h. = 0,3 M, onpeaenseMm

paccTosTHUEe MKy CBETHIBHUKAMU 110 (hopmyiie (21):
L=14.-19=2,66Mm
ITo bopmyne (19) HalieM KOJUYECTBO PSATOB CBETHIIHHUKOB:

3—32,66
3

n =—2  41~1
PR 2,66

[To popmyie (20) BEIUMCINM KOJUYECTBO CBETHIILHUKOB B PSTY:

6—3-2,66
3

n =—=——=2
“ 1,23+0,5

ITo dopmyne (18) BeumcauM oO0IEe KOJIMYECTBO JIAMIT B ITOMEIICHHH,

YUUTBIBAS, YTO B K&KIOM CBETHUIILHUKE HAXOMUTCS 110 2 JTAMIIbI:
N =1.2-2=4

Ha pucynke 16 nmpuBeneH miaH pa3MelieHUs] CBETUILHUKOB B IIOMEIICHUH,
OCHOBAHHBIM HA BBINIOJHEHHBIX paHEE pacueTax U Ha TOM, YTO PEKOMEHIYEMOE
paccTosHUE OT KpaiHero psjaa CBETHJILHUKOB J0 CTCHBI paBHO L/3.

A=6 M

B=3 m

FL/34FIHL:2, 124 M ¥L/34
1,23 M— “1,23 Mo

Pucynox 16 — Ilnan momerneHust U pa3MemnieHus: CBeTUILHUKOB
Wupekc moMereHus onpeaensercs mo dpopmysie (23):

S

'“h-(A+B) @)
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rje | — pacCTOsSTHUE MEKY CBETUIbHUKAMU, M,

h — BbIcOTa CBeTHIIBHHMKA HaJl paboueii IOBEPXHOCTHIO, M,
A — nvHA TIOMEIICHUS, M,

B — mmpuHa momenieHus, M.

[ToncraBuB M3BeCTHBIE 3HAUCHUS B (hopMyIty (23), MOTyUnM:

18

i=—— =105
1,9-(6+3)

B COOTBETCTBHM ¢ WHIEKCOM TOMEUICHUS, KOIPPHUIIUEHT HCTIOIB30BaHUS
CBETOBOT0 MOTOKa paBeH 47% wnm 0,47.

[ToacraBum nonyueHHble 3HaUeHUS B popMyity (16) U BBIYUCINM CBETOBOM
MOTOK JIJIS JIAMIIBIL:

. 300-18-15-11
4.0,47

=4739,36.m

B cooTBercTBUM C METONMYECKUMHU YKa3aHUSIMHU BbIOEpEM OmkKaiiryro
cranaaptHyto Jamny — JIb 65 Bt ¢ notokom 4600 M.

OTKJIOHEHUE CBETOBOI'O MOTOKA, CO3aBa€MOr0 CTaHAAPTHOW JIaMIIOH, OT
noTpebHoTro onpeensercs no Gopmyre (24) v T0HKHO HAXOAUTHCS B AUAMA30HE OT
-10% no +20%:

@cmand - @ acu
AD = 2t 100% (24)

cmano

rie 4® — OTKIIOHEHHE CBETOBOI'O IMMOTOKA, JIM,
D cimano — CBETOBOM TTOTOK, CO3AABAEMBIM CTAHAAPTHOM JIAMIIOM, JIM,
Dpacy — PACCUUTAHHBIN CBETOBOU IOTOK, JIM.

PaccuntaeM OTKIIOHEHHE CBETOBOTO IMMOTOKA OT TPEOYEMOTO:

= 4600-4739,36

-100% = -0,03%

Takum O6p2130M, OTKJIOHCHHEC CBCTOBOI'O IIOTOKA ABJIACTCA AOITYCTUMBIM.
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4.2.1.5. OTKjI0HeHHEe TOKa3aTe/Iell MUKPOKJIMMATA

Mukpoknumar B

IMPOU3BOACTBCHHBIX

YCHOBUSAX

TeMnepaTypoﬁ, BJIQAJKHOCTBIO U CKOPOCTBIO ABUKCHUA BO3yXd.

OINpeaeNsieTcs

I[JDI HOPMAJIbBHOTO TCTJIOBOI'O CaMO4YYBCTBH:A YCJI0OBCKA BAKHO OIIPCACICHHOC

COYCTAHHUC TCMIICPATYPHI, OTHOCHUTEJIBHOM BIAXHOCTH U CKOpOCTH JIBHKCHHUA

BO3JyXa B pa6oqeﬁ 30He. OnTUManIbHBIE U AOIIYCTHUMBIC 3HAYCHUA rokasarejeu

MUKPOKJIMMATa AJis pa0OThI COTPYIHUKA MPOSKTHOM OpraHU3aIlii, OTHOCSIIEHCS K

kateropun |0 serkoil TsokecTH padboT, mpeacTaBieHbl B Tabnuinax 16 u 17

COOTBETCTBEHHO [43].

Tabnuna 16 — OnTuManeHbIC MOKA3aTETN MUKPOKIUMATa

Kareropus Temmneparypa, | OtHocuTeabHass | CKOPOCTH IBUHKEHUSA
IMepuon rona
padort °C BJIA’KHOCTD, %0 BO3/1yXa, M/C
XoJo1HBIA Jlerkas — 1 0 21-23 40 - 60 0,1
Terutbiit Jlerkass — | © 22 -24 40 - 60 0,2

Tabnuna 17 — JlomycTuMBbIe MOKa3aTeI MUKPOKJIMMAaTa

CxopocThb I1BUKEHMSI
Temmneparypa, °C
= BO3/1yXa, M/c
& X
]
Jnanazon Junamnazon = £ Junamnazon Jnanazon
Ilepuoa Kareropus 5 E
HIDKE BBIIIIE = 8 HIDKE BBIIIIC
roaa pador 5 E
ONTHMalb- | ONTHUMalb- | S § ONTUMAajb- | ONTHMAaJIb-
= B
HBIX HBIX o = HBIX HBIX
BEJIMYHMH BEJIMYUH BEJIMYNH BEIIMYNH
X OJIOTHBIHI Jerkas—10 | 19,0-20,9 | 23,1-240 | 15-75 <0,1 <0,2
Ternii Jerkas—10 | 200-219 | 24,1-28,0 | 15-75 <0,1 <0,3
Jlns  oOecriedyeHusi  ONTUMAJBHBIX M JOMYCTUMBIX  TOKa3arenen

MHKPOKJIMMATA B XOJOAHBIN MEPUOJ TOJIa CIEAYET NMPUMEHATh CPEICTBA 3ALINUTHI

pabourx MECT OT OCTEKJIEHHBIX MOBEPXHOCTEN OKOHHBIX MTPOEMOB, YTOOBI HE OBLIO

OXJIaXJeHus. B Temblii nmepuoa roja HEOOXOIMMO MPEAYCMOTPETh 3allUTy OT

nmomnaaaHus IPAMBIX COJTHCUYHBIX nyqeﬁ.
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4.2.1.6. IlopakeHnune 3JIeKTPUIECKHUM TOKOM

Coraacuo I'OCT 12.1.005-88, cTeneHb OITaCHOTO BO3ACHCTBUS Ha YeJIOBEKA
IEKTPUYECKOTO TOKA, JIEKTPUYECKON TYTH U 3JIEKTPOMArHUTHBIX ITOJIEH 3aBUCUT
OT pojJa W BEJIMYMHBI HANPSHKEHUS! U TOKA, YaCTOThI JIEKTPHUYECKOTO TOKA, IIyTH
TOKa 4epe3 TeJIO 4YeJIOBEKa, MPOJOJKUTEIBHOCTH BO3ACUCTBHUS DIIEKTPUYECKOIO
TOKa WJIM JIEKTPOMArHUTHOTO IOJII HA OPTaHM3M 4YEJIOBEKA, YCIOBUN BHEIIHEH
cpensl [44].

IIpenenbHO AOMYCTUMBIE 3HAYEHUS HAIPSDKECHUN INPUKOCHOBEHHUS M TOKOB
IIPU aBAPUIHOM PEXHUME OBITOBBIX AJIEKTPOYCTAaHOBOK HarpsikeHueM 10 1000 B u
gactotoit 50 ['l1 He TOIHKHEI IPEeBBIIATh 3HAYCHUH, YKa3aHHBIX B Tabmuie 18 [45].

Tabnuna 18 — IlpenensHo AOMyCTUMBIE 3HAUCHUS HAMIPSKEHUI TPUKOCHOBEHUS U

TOKOB
Hopmupyemas Hopmupyemast
IIpomoKUTEIBLHOCTH IIpomoKUTEIBLHOCTH
BeJIMYMHA BeJIMYMHA
BO3/1elcTBHS t, C BO3/1elcTBYUSA t, ¢
U; B I, MA U, B I, MA
0,01-0,08 220 220 0,6 40 40
0,1 200 200 0,7 35 35
0,2 100 100 0,8 30 30
0,3 70 70 0,9 27 27
0,4 55 55 1,0 25 25
0,5 50 50 >1,0 12 2

Mepamu 3amuThl OT MOPAXKEHUS AIEKTPUUYECKUM TOKOM MOTYT CIIYKHTh
IIPOBEICHHE MHCTPYKTaKa M 0OydeHHEe Oe30MacHbIM METoAaM TpyJa, MpOBEpKa
ANEKTPUUECKOM TEXHWKH, 3alIUTHOE 3a3eMJIeHHE, a Takke Oe30MacHoe

PAacCIOIOKEHUE U U3OJISAIMS TOKOBEIYIIMX M HETOKOBEAYIIMX yacTei [46].
4.2.1.7. KopoTkoe 3aMbIKaHUE

KOpOTKOG 3aMBIKaHHUC B QJICKTPOYCTAHOBKC — 3aMBIKaHHUC B
9JICKTPOYCTAHOBKC, IIpu KOTOPOM TOKH B BCTBIX 9JICKTPOYCTAHOBKH,
INPHUMBIKAIONIUX K MCECTY €Ir0 BO3HHMKHOBCHHA, PE3KO BO3paACTArOT, IIPCBbIIIAsA

HaMOOJIBIINN JOMYCTUMBIN TOK MPOJOJIKUTEIBHOCTH pekuma [47].
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KopoTkoe 3aMblKaHME MOXKET IPUBECTU K PACIUIABICHMIO JJIEKTPUYECKUX
IIPOBOJIOB, C IOCJIEIYIOUIUM BO3HMKHOBEHMEM BO3TOpPaHUS M PacIpOCTPaHEHUEM
noxkapa. Kpome Toro, KOpoTKoe 3aMblKaHHE B OJHOM M3 JJIEMECHTOB
HHEPreTUUECKON CHUCTEMBI CHOCOOHO HAPYIIUTh €€ (YHKIIMOHUPOBAHUE B LIEJIOM —
y IpYTHX MOTpeOuTeNeld MOXKET CHHU3UTHCS MUTAIOIee HAMpPsDKEHUE, YTO MOXKET
NPUBECTH K TIOBPEXKACHUIO YCTpoiicTBa. B OONBIIMX 3HEProcersix KOPOTKOe
3aMBIKaHUE MOJKET BBI3bIBATH TSDKENBIC CUCTEMHBIE aBapUM.

JIJIs 32U Thl OT KOPOTKOTO 3aMbIkaHus [48]:

1. [lpuHuUMarOT crenuanbHble MEphl, OTPAHUYHUBAIOLIIUE TOK OT KOPOTKOIO

3aMbIKaHUA:

— YCTaHABJIMBAIOT TOKOOTPAHUYHUBAIOUIUE SJIEKTPUUECKHUE PEAKTOPBL;

— TMPUMEHSIOT paclapajuIeIMBaHUE JJIEKTPUYECKUX LENed, TO €CThb
OTKJIFOYEHHE CEKIIMOHHBIX U IIIMHOCOEAMHHUTENIbHBIX BBIKIIOYATEIEH;

— UCIOJIb3YIOT MOHWXAOUIUE TPAHC(POPMATOPHI C paCHICIUIEHHOW 0OMOTKOM
HU3KOT'0 HalpsDKEHMUS,

— HCIOJB3YIOT OTKJIIOYaroliee O000OpyJoBaHUE — OBICTPOACHCTBYIOIINE
KOMMYTAllMOHHbIE ammapaTbl C (QyHKIMEW OrpaHUYeHUs] TOKa KOPOTKOTO
3aMbIKaHUS — IJIABKUE MPEIOXPAHUTENN U aBTOMATHYECKHUE BBIKIIOYATEINH;

2. IlpumeHSIOT ycTpoiicTBa pENEWHON 3alUThl IS OTKIIOYCHHS

MOBPEXKIEHHBIX YYACTKOB IIETTH.
4.2.1.8. CtaTnueckoe 3JIeKTPUYEeCTBO

Cratudeckoe »SIEKTPUYECTBO, — pa3psii JJIEKTPOCTATUYECKOrO 3apsfa,
HAKAIJIMBAIOIIETOCS T0J] BO3JCUCTBHEM MHOTHX (AKTOpPOB Ha TOBEPXHOCTH
Pa3IMYHBIX PEIMETOB, B TOM YUCJIE U YEJIOBEUECKOTO TEJIA, ONACHO IS DJIEMEHTOB
Pa3IUYHBIX AJIEKTPOHHBIX TPHOOPOB, MOATOMY TpH PabOTe C MEPCOHATHHBIMH
KOMIIBIOTEpAMU  PEKOMEHAYETCS MPUHUMATh MEpbl 10 MPEAOTBPAILICHUIO

HAKOITICHHA CTaTHYCCKOT'O 3apsa.
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Cormacio T'OCT 12.4.011-89, cpeactBa 3amMThl OT CTAaTHYECKOTO
AIIEKTPUYECTBA PA3JCIAIOT HAa CPEJICTBA KOJUICKTMBHOM 3alllUTBl U CPEACTBa
WHIMBHUTyJIBHOH 3ammThl [49].

K cpencrBaM  KOJUIGKTMBHOM  3alllUThl  OTHOCSTCA — 3a3€MIISIOIIUE,
YBIQXKHSIONNE (MCTIAPUTENBHBIC U PACTIBUIMTEIILHBIE) U SKPaHUPYIOITHUE (KO3BIPHKU
U TIEPEropoJKH) YCTPOMCTBA, a TaKkKe HEUTpanu3aTophl (WMHIYKIIMOHHBIE,
BBICOKOBOJIBTHBIC, JIy4€BbIC M a’3pOJAMHAMUYECKHE) U aHTHUAJIEKTPOCTATHUYECKHE
BelecTBa (BBOJUMEBIE B 00BEM U HAHOCHMBIC Ha TIOBEPXHOCTH ).

K cpencrBaMm uWHIUMBHAyalbHOM  3alllUTBI  OTHOCSATCA  CIICIIMAIbHAs
aHTUDJIEKTpOCTaTUUECKass  oJekaa U oOyBb,  aHTHUDJCKTPOCTATUYECKHUE
MpeA0XPaHUTEIIbHbBIC MPUCIIOCOOJICHUS (xomnb1a u OpacieTsl),

AHTHUOJICKTPOCTATHUYCCKHUC CPCACTBA 3allIUTHI PYK.

4.2.2. O60ocHOBaHHE MEPONIPUATHI 110 CHU/KEHUIO YPOBHEH BO31eiiCTBUS

OIMacCHBbIX U BPE€AHBIX (l)aKTOpOB Ha paﬁoTHuKa

JUis CHU)KEHHs YpOBHSI BO3ICHCTBHS ONAcHBIX U BPEAHBIX (DaKTOPOB Ha
paboTHHKA HEOOXOJUMO TpaMOTHO CIUIAaHUPOBATh Pa3MEIIEHUE COTPYAHHKOB B
NOMEILIEHNH, OOeCHeuYnTh HEOOXOAUMYIO IIyMO- M 3JIEKTPOU3OJIALHUIO,
MO/JIEP>KUBATH ONTUMAJIbHBIN MUKPOKIIMMAT U JPYTUE YCIOBUS TPY/1a, 03HAKOMUTH
COTPYIHHMKOB C MPABUIIAMU TI0KAPO- U IJIEKTPOOE30NaCHOCTH, a TaKKe 00ECIEUUTh

X CpcacTBaMu KOJIJIEKTUBHOM U HHI[HBHI[y%UIBHOﬁ 3allINThI.

4.3. JkoJiornueckasi 0€30MaCHOCTb
4.3.1. AHaJIU3 BO3/1eHCTBUSA MPOAYKTA HA OKPYKAIUIYIO Cpeay

Pa3BuTre mHPOPMAIMOHHBIX TEXHOJOTHH, B YAaCTHOCTH, CO3JaHUE HOBBIX
NPUJIOKEHUHN, NPUBOAUT K POCTY YHUCIA KOMIIBIOTEPOB U, KakK CIEACTBUE,
YBEJIMUECHUIO TOTPEOJEHUS DJICKTPOAIHEPTMHM M POCTY YHUCIA M MOIIHOCTH
AJIEKTPOCTAHIINN, KOTOpPBIE 3arpsi3HsIoT atMochepy (moTpebiieHrne KHCIOopoa,

BBIOPOCHI Ta30B, BJIArM M TBEPJbIX YacTHI]) U ruapocdepy (moTpedieHue BOJBI,
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CO3/7laHNE UCKYCCTBEHHBIX BOJIOXPAHUIIUIL, COPOC 3arps3HEHHBIX U HAIPETHIX BOJ,
KHUIKUX OTXOJIOB).

JIutocdepy 3arpsA3HSIOT OTXOABI OT OCHOBHOM NESITEILHOCTH TPEANPUSTHS
(Oymara, KaHIeNspusi, BBIIIEAIIME U3 CTPOS KOMIBIOTEPHl U mepudepuiiHbie
ycTporicTBa (mpuHTephl, MDY, BeO-KaMephl, HAYIIHUKH, KOJOHKH, Tele(OHBI),
WCMOJIb30BAaHHBIE KAPTPUIKU OT KOMHUPOBAJIBHBIX MAIlWH, JIOMUHECICHTHBIC

JIaMIIbl, OaTapeKn).
4.3.2. O0ecnieueHue IKOJIOTNYECKOM 0€30MACHOCTH

Haubonee axTuBHOM (QOpMOIN 3alUTHl OKPYKAIOMICH Cpenbl SBISETCS
MOJIHBI  Tepexo/ TpEeANpUATU Ha 23HeprocOeperaronme ©u  0€30TXOJIHbIC
TEXHOJIOTUHU.

B Hacrosmee Bpems B Poccum rocyaapcTBO akTMBHO BEIET IMOJHMTHKY B
obyactu sHeprocOepekeHusT W mepepadOTKH  0oTxoa0B. [l coxpaHeHus
OJIarONMpPUATHOM ~ DKOJIOTMYECKOM  OOCTAaHOBKHM  CO3JAIOTCS  CIIELHAJIbHBIE
9KOJIOTHYECKUE TIPOTrPaMMbI, KOOPAWHUPYEMbIE Ha BCceX ypoBHsX BiacTu [50, 51].

HeoOxonumMo CTpeMUTbCS K CHIDKCHHUIO JHEPronoTpeOSieHHs, a TakKkKe

MIEPexXoay Ha S3KOJIOTHICCKHU Oe30macHbIe CIOCOOBI ICHCpalHH SJICKTPOSIHCPIUHU.

4.4. be30nMacHOCTDH B YpPe3BbIYAHBIX CUTYAUX
4.4.1. Ilepeyenb Bo3MO:KHBIX UC

B xozne pa®oThl MPOEKTHON OpraHU3alMKi MOTYT BO3HUKHYTh YpE3BblYaliHbIC
CUTyalluu, KaK HPHUPOJHOTO (TpO3bl, yparaHbl, OMOJ3HU), TaK U TEXHOTEHHOTO
(moxapsl) xapakrtepa. PaboTta coTpyJHMKa MPOEKTHON OpraHU3alui HE CBsI3aHa CO
B3pPbIBOONIACHBIMU, PAJIMOAKTUBHBIMH WM XMMUUYECKUMU BEIIECTBaMU, a, HauboJiee
BeposiTHOM UC u3 TeX, 4TO MOT'YT BO3HUKHYTb, SIBISIETCS MOXap B pe3yJbTare

HapyILLIEHUs MPaBUJ MOKAPHOU O0€30MACHOCTH WIIH 3JEKTPUUYECKOT0O 3aMbIKaHMUS.
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4.4.2. Mepsbl 110 IpeaynpexIeHUI0 U JUKBUAAUM MOKAPa

Oducnoe nomemenue, corinacHo CIT 12.13130.2009, umeer kareropuio /|
MOHM>KEHHOW MOKapOOIAaCHOCTH, TaK KaK B MOMEILIEHUHA OOpaIatOTCs HEroproune
BEIIIECTBA M MATEPUAIBI B XOJIOJHOM COCTOSIHUM [52].

Cormacao @3 ot 22.07.2013 Nel23, onpeieneHsl CleIy0Me IPEBEHTUBHBIE

MEPBHI TI0 TIPEIOTBPAICHHIO moxapa [53]:

1. Ilepuomnueckoe TPOBEACHHWE  MHCTPYKTaXed 1O  MOXKapHOU
0€30IIaCHOCTH;

2. llepmommdeckoe mpoBeaeHNE YUSOHBIX TPEBOT;

3. Hanmuwne miaHa-3BaKyaIuu A KaKIOTO U3 IOMEIICHUH;

4, Hanuuue OrHETYIIMTENEH WIIM IPYTHX CPEACTB JJIs TYIICHUS MOXKapa;

5. Hanuuue B moMeIeHN NOXKapHOW CUTHAIIM3AIUY;

6. CoOmoneHne mpaBUil TOXKAPHOM OE30IMAaCHOCTU IPU YCTAHOBKE U
AKCIUTYaTalMK PA3IUIHBIX JIEKTPONPHUOOPOB B IOMEIICHUH;

7. Ilepuogumueckue NpOBEPKH MOKAPHON MHCIIEKIIUEN COTTIACHO TpadUKYy.
Ecnu nmpenoTBpaTtuTh MoXKap HE yIajaoch, HeooXxoaumo [54]:

1. Ilpu BO3HUMKHOBEHHMH IOXapa HEMEMJIEHHO COOOMIMTH O MOXKape B
0NV KAy 0 MOXApHYIO 4acTh, aAIMUHUCTPALIMKA OpTaHU3aI1H.

2.  BBIKIIOYUTH TPUTOYHO-BBITSKHYIO BEHTHIISALIUIO.

3. HemenneHHO OMOBECTHTH TEPCOHAT O TIOXKApe C TOMOIIBIO
YCTaHOBJICHHOM CUCTEMBI OITOBELIEHUS.

4.  OTKpBITh BCE ABAKYALIMOHHBIE BBIXOAbI U3 3aHUS.

5. beicTpo, 6€3 maHUKH U CyeThl ABAKYUPOBATHCSA W3 3/aHUS COTJIACHO
IUTaHYy BaKyalluy, U30eras BCTPEUHBIX U MEePECeKaoUX MOTOKOB JIOACH.

6. Ilokupas momelieHue, OTKIIOYUTH BCE AJIEKTPONPUOOPHI, BHIKIIOYUTH
CBET, IUIOTHO 3aKpBITh 3a COOOW JBEepU, OKHAa U (OPTOUKA BO H3OCKAHHE
pacnpoCTpaHEHUs OTHS U AbIMA B CMEKHBIE TTIOMEILICHHUS.

7. AIMUHUCTpallUM OpraHu30BaTh BCTpeYy pPaOOTHUKOB MOKAPHOU

OXpaHbI U IIPOBOAUTHL UX K MCCTY I1OKapa.
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8. Jlo mpue3na paOOTHUKOB MOMXAPHOW OXpaHbl WieHaM JOOPOBOJIbHOMN
MOXKAPHOUN JAPY>KMHBI OPraHMW30BaTh TYUICHUE TOKapa MEPBUYHBIMU CPEACTBAMU

MOKapOTYLIEHHUS.

Ha pucynke 17 nokasaH miaH sBakyauuu npu noxape m japyrux YC w3

rnmoMeleHus, rae BeimnoHgeTcs BKP.
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Pucynok 17 — I1nan 3Bakyaruu u3 noMemeHus npu noxape u apyrux UC

4.5. 3akaoyeHue Mo COIuaAJILHON OTBETCTBEHHOCTH

HecmoTps Ha TO, 4YTO OCHOBHOM II€NBI0 JAEATEIBHOCTH JHOOOTO
KOMMEPUYECKOTO TPEANPUSATUS SBIACTCA TMOJIYYCHHE NPUOBLIH, HYKHO TaKkKe
3a00TUTBbCA O (U3MUECKOM M MOpaJIbHOM OJIaromnoiy4uu COTPYIHHUKOB,
obecrnieunBasi UM KOM(QOPTHBIE YCIOBHUS TPy, TOCKOJIBKY OHU SIBIISIFOTCS] OTHUM U3
caMbIX IIEHHBIX PECYpCOB Ul NpeAnpusiTus. BaxHo orpaauTh UX OT MOCTOSIHHOTO
BO3/JICHCTBUSL BpEIHBIX BEIIECTB U CBECTH K MHUHHMYMY BEpPOSITHOCTh
BO3HUKHOBEHUS UpE3BbIYaiHBIX CUTYAIMil, 00eCreYnTh O€30MMacHOCTh IEpCOHAIA B

CJIydaC uX BOBHUKHOBCHUA.
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Kpome TOro, Hy>kHO 3a00THTBCS O MPUPOJE, HE JOMYCKATh 3arpsi3HEHUS
OKpY arollel cpelibl, IOTOMY YTO IIpUpoa — OOILIUI JOM BCETO YeJI0BEUECTBa U €€

3arpA3HCHHUC MOXKCT IIPUBCCTH K KaTaCTpOCbI/I‘-IeCKI/IM IHOCJICACTBUAM.

3AKJIIOYEHUE

B pe3ynbTaTe BBINONHEHUS BBITYCKHOW KBaJU(UKALMOHHON pabOThl OBLIO
CIIPOEKTUPOBAHO, CO3/1aHO U MPOTECTUPOBAHO MPUIIOKEHUE ISl TPOCKTUPOBAHMS
MapupyTHbix cered ['TIT Ha ocHoBe MypaBbuHOrO anropurMma. l[Ipuimoxenue
nanucano B cpeze Visual Studio Ha s3eike C# ¢ ncnons3oBanueM madaona Windows
Forms.

Pa3pabotaHHOEe NpUIOKEHUE TMpEAHA3HAUYEHO JUIsl MHCIIOJIb30BAHUS Ha
NPEANPUATUAX, OTBEYAIOIIMX 3a IpoeKTHpoBaHue MapmpyTHbix cerend [TIT.
Buenpenue pa3pabOTaHHOTO NPWIOKEHUS MO3BOJIUT 3HAYUTENBHO COKPATUTh
BpeMsl IPOEKTHUPOBAaHHA MAapIIPYTHBIX CETEH T'OpPOACKOr0 IAaCCAKUPCKOIO
TPaHCIIOPTa, COKPATUB TPYA03aTPaThl, & TAKKE YUUTHIBATH MPHU MNPOECKTHPOBAHUU
MHTEPECHl BCEX YYaCTHUKOB IOPOJICKOIO MAcCaXKMPCKOTO TpaHcmopTa (Topoackas
aJIMUHUCTpALNS, IEPEBO3UNKH U TACCAKUPBI).

PaboTa npuiioxeHus Obliia MpoBepeHa Ha MPUMEPE MApLIPYTHOM CETH ropoaa
Tomcka. MapmpyTHas ceTb, CIPOEKTUPOBAHHAS C UCIIOJIb30BAHUEM ITPUIIOKEHUS,
YAOBJIETBOPUIIA TOT K€ CHPOC HA MACCAKUPCKHUE NMEPEBO3KHU, YTO CYILECTBYIOLIAS
MapHpyTHasi CEThb rOpoJa, MPH 3TOM 3HAYMTEIBHO MPEB3OILIA €€ MO IIOTHOCTH
NaCCaXKUPOB MPSIMOTO COOOIIEHHUS, TO €CTh MO3BOJIWJIA JYYIIEe y4eCTh MHTEPECHI

Bcex ydyacTHUKOB ['TIT.
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Knaccudukanys MeTos0B penieHus 3a/ladyi MapuipyTH3aluy TpaHcrnopTa
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IMPUJIOKEHUE b

CpaBHEHHE CyLIECTBYIOIIEH U cIpOeKTUPOBaHHBIX MapiipyTHbIX ceTeil I'TIT ropona Tomcka

Cym. OKCIEpUMEHTBI
[TapameTpsl anropuT™Ma 1 MapIIpyToB
CeTh 1 2 3 4 5 6 7 8 9 10
BaxxHocTh paccTosHuUs - 1,0 0,5 0,5 0,5 0,5 0,1 0,5 0,5 0,5 0,5
Brinenenue ¢pepomona — 100 100 200 50 75 100 100 100 100 100
Pa3mep MmypaBbHHOI KOTOHUM — 10 10 10 10 10 10 20 5 10 10
WHTepBasl MEXIy MypaBbsIMH — 10 10 10 10 10 10 10 10 5 2
KonnuectBo mapiipyTos 32 14 16 16 14 17 16 13 19 14 13
muH. | 54,19 | 111,85 | 139,99 | 147,36 | 130,93 | 93,31 | 131,78 | 139,70 | 92,79 | 154,26 | 180,06
[InoTHOCTB Maccaxupos
cpen. | 137,78 | 172,45 | 194,44 | 189,23 | 204,61 | 184,67 | 192,78 | 214,14 | 161,49 | 211,93 | 227,29
IPSIMOTO COOOILIEHHSI, YET./KM
makc. | 308,55 | 251,75 | 310,72 | 251,75 | 295,86 | 289,65 | 259,27 | 299,61 | 216,27 | 259,04 | 282,66
MUH. 9,54 16,04 | 13,67 | 13,67 | 13,67 | 12,02 | 1293 | 11,28 | 13,46 | 11,42 | 16,33
JniHa MapmpyTa, KM cpen. | 20,09 | 27,44 | 26,40 | 2511 | 27,22 | 2548 | 23,45 | 27,56 | 23,37 | 2591 | 28,62
makc. | 4553 | 42,27 | 43,15 | 43,95 | 42,05 | 49,30 | 36,33 | 44,41 | 39,48 | 45,38 | 47,29
MHUH. 1,24 2,28 2,02 2,02 2,02 1,79 1,55 1,49 1,66 1,96 1,91
Koapduument
. cpen. | 2,39 3,01 2,96 2,97 3,24 2,91 2,90 3,09 2,85 3,24 3,01
HENPSAMOJINHEHHOCTH
Mmakc. | 4,8 () | 4,37 4,19 4,34 4,96 4,45 4,54 4,36 4,21 4,81 4,33
Bpems npoextupoBanus — 1:36 2:06 2:14 1:42 2:07 1:47 5:13 3:05 1:21 1:05
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IHPUJIOXEHUE B

Jnarpamma ['anta

No JInuTenbHOCTE [Tpoj10/KUTENILHOCTD BBINOJIHEHUS padoT
I /;1 HaumenoBaHue paboThI pad. |kanenna.| Peppaib Maprt Anpenb Maii
JHH JHU 1231 |2]3[1]2]3
: W3yuenue auTepaTypsl Mo TeMe MarucTepcKoi 19 28
JIUCCepTaIHU 1 1
14
2 |lIpoexTupoBaHie MPUIOKEHUS 1 I
3 |PaspaboTka H TECTHpOBaHHE IIPUIOKEHHUS 20 28
4 |TIpoBeaeHue HCCaeA0BAHHS PAOOTRI IPHIOKEHHS 10 14
5 |DuHaHCOBBIN MEHEIKMEHT 5 7
6 |ConuanbHasi OTBETCTBEHHOCTD 4 7
7 |llepeBoa ogHOTO M3 pa3/iejiOB HA AHTJIMHCKHI S3BIK 4 7
2 lo . 11 15
(hopMIIeHHE TIOSCHUTENIBHOI 3aMTHCKH 5 3

HWcnonuutenu:

HHXKEHEp
Hay4YHBIH PYKOBOJMUTEIb
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IMPUJIOXKEHUE T’

Bpennsie u onacHble pakTopsl B 0rice MPOSKTHOW OpraHu3aluu

Bpeanbie u
onacHble (pakToOpbI
(I'OCT 12.0.003-
2015)

Jrtan padoThl

Pa3paboTka
H3rorosienue
IKeImIyaTanus

HOpMaTI/IBHbIe AOKYMEHTbI

Bpennrbie BemecTa

I'OCT 12.1.005-88. CCBT. OOmme caHUTapHO-

TUTUCHUYCCKUC Tpe6OBaHI/I$I K BO3AYXY pa60qel71 30HBbI

[37].

CH 2.2.4/2.1.8.562-96. lllym nHa pabGoumx Mmecrax, B

[ToBbIlIEHHBI
MOMEIIEHUSAX JKUIIBIX, OOLIECTBEHHBIX 3JaHUA M Ha
ypOBEHb
+ + + | reppuTtopuu 3actpoiiku [38].
MIPOU3BOJICTBEHHOTO
CIl 51.13330.2011. 3amura oT nryma.
nryma
AxryanusupoBanHnas penakius CHull 23-03-2003[39].
[ToBbIlIEHHBI
YPOBEHb I'OCT 12.1.006-84. CCBT. DnekTpoMarHUTHBIE OIS
+ + +
AIIEKTPOMATrHUTHOTO pamuouactot. O0mme TpedoBanus 6e3omacHocTH [40].
U3ITy4eHUs
HenocraTrouynas CIT 52.13330.2016. EcTtecTBEHHOE U HMCKYCCTBEHHOE
OCBEIIEHHOCTD + + + | ocBemenue. AxryannsupoBanHas penakuus CHull 23-

paboueit 30HbI

05-95* [41].

OTkoHeHue

CanlluH 2.2.4.548-96. I'mruennueckue TpeOOBaHMS K
IoKa3aTesen + + +

MHKPOKJIMMATY TPOU3BOJICTBEHHBIX MOMeIeHuit [42].
MUKPOKJIMMATa

I'OCT P 12.1.019-2009. CCBT. DnexTpo0e30macHOCTb.

OOme TpeOOBaHUS M HOMEHKJIATypa BHIOB 3aIlUTHI
ITopaxxeHnue

[44].
SJIICKTPUUCCKUM + + +

I'OCT 12.1.038-82. CCBT. D3nexTpo0e30macHOCTb.
TOKOM

[IpenenbHO  fOMyCTUMBIE  YPOBHU  HaIpsKEHHH

MPUKOCHOBEHUS U TOKOB [45].
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I'OCT 12.1.030-81. Cucrema crangapToB 6€30MaCHOCTH
tpyna (CCBT). Dnexkrpobe30macHOCTb. 3allUTHOE

3a3emicHue. 3anysenue [46].

Kopotkoe I'OCT  26522-85. Kopotkne  3ambplkaHus B
3aMbIKaHUE ANIEKTpOyCcTaHOBKaxX [47].

Craruueckoe I'OCT 12.4.124-83. CpenctBa 3ayThl OT CTATHYECKOTO
AIEKTPUIECCTBO anekTpuuecTsa [49].
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IHPUJIIOXKXEHUE /|

(cripaBouHOE)

Domain analysis

CrypaeHr:
I'pynna DPUO Ioanuch Jara
SNMO1 CepreeBa AHacTtacusi AHATOJIbEBHA
Pykosoaurtennr BKP:
JoskHocTh [25(0] Yuenas crenent, HMoanuch Hara
3BaHUE
Jonent OUT UIINUTP ®danees A.C. K.T.H.
KoHCYy1bTAHT-JIMHIBUCT OT/IeJICHUS]I HHOCTPaHHBbIX si3bikoB IIIBUII:
Jlo/KHOCTH [%(0] Yuenas cremens, Moanucey JlaTta
3BaHHE
Jouent OWA IIBUIT Cunopenko T.B. K.ILH.
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1. Vehicle route network description

Vehicle route network can be associated with the graph G that has set of vertices
S and set of edges L. Each vertex s; of the graph is a bus stop (source, target or
intermediate) and length of each its edge I;j is equal to the distance between related
vertices.

Traffic flows distribution at road network is presented as correspondence matrix
C, each value c;; of that is equal to the number of passengers who need to be transported
from bus stop s; to bus stop s;.

To solve vehicle route problem means to divide the set S into intersecting subsets
(routes) and to order elements in each subset (permutation of route vertices). In this

case, the routes must match an optimization model.

2. Optimization model description

Optimization model includes optimization criteria and vehicle route network

restrictions. It is represented in formula (25) [1]:

ZZ bibiQii

_ XA _ i j=L
Dy = = — max

L N N
" Zzbiilii

i=1 j=1
L., <Ly <L,

min —

QAB 2 Qmin
| <Vl <I

min = VY ij = "max

q= t;*hB
AB

ABeF

A=B

where Dag is a direct passengers’ density for route AB,

Qag Is total direct passengers’ count for route AB,

Qij Is a direct passengers’ count between bus stops i and j,

Qmin IS @ minimum passengers’ count for a route,

q is a non-straightforward coefficient,

Qmax 1S @ maximum allowed value for non-straightforward coefficient,
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Lag IS a length of route AB,
L% is the shortest distance between bus stops A and B,
Lmin 1S @ minimum route length,
Lmax IS @ maximum route length,
bi, b; are boolean variables that determine whether bus stops i and j belong to route AB,
bj; is a boolean variable that determines whether edge i—j belongs to route AB,
ljj is a length of edge i,
Imin 1S @ minimum allowed distance between neighboring bus stops,
Imax — 1S @ maximum allowed distance between neighboring bus stops,
F is a set of initial/final bus stops,
Ais an initial bus stop,
B is a final bus stop,
N is a bus stops’ count,
I, j are numbers of bus stops from correspondence matrix.
Direct passengers’ density for route AB is a ratio of total number of passengers
whose demand for transportation can be satisfied by route AB to the length of this
route. The number of passengers who are able to be transported by route AB is

calculated by formula (26).

QAB = chij (26)

where Qag is a direct passengers’ count for route AB,
Cij is a count of passengers who need to be transported from bus stop i to bus stop j,
I,  are sequential bus stops of route AB.
Finding of direct passengers’ count for route s;—S4, which includes four bus stops,

iIs illustrated on figure 18 and calculates as follows:
Qu=Cp,+ C13 +Cp, + Czs +Cy + C34
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Figure 18 — Direct passengers of route s;—S4

3. Overview of algorithms for solving of vehicle route design problem

Classification of methods for solving vehicle route design problem is presented
in appendix A [2-4].

In exact methods all possible solutions are sorted out until the optimal one is
found. Vehicle route problem is an NP-hard one, that is why exact algorithms do not
always provide a solution for big size problems in an acceptable time, because
computational complexity of the problem exponentially depends on the size of the
input data.

For vehicle routing problem it is usually enough to look for approximate
solutions that are fast and accurate enough for the desired purposes. When heuristic
methods are used, they search for solution in limited space and usually find good
solutions in an acceptable time.

Metaheuristic methods are based on careful research of the most prospective
parts of the solution space. The quality of the solutions is higher than the quality of
ones that is received with classical heuristics.

In the following paragraphs methods for solving of vehicle route problem are

browsed in more details.
3.1. Branch-and-bound algorithm

Branch-and-bound algorithm [5] is an evolution of brute-force search, but with
an elimination of subsets of possible solutions that obviously do not contain optimal

solutions.
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Branch-and-bound method includes two procedures: branching and finding
estimates (bounds). The branching is a splitting of a set of valid values of the variable
X into subareas (subsets) of smaller sizes. The procedure can be applied to subareas
recursively. The resulting subregions form a search tree or tree of branches and bounds.
The nodes of this tree are constructed subareas (subsets of the set of values of the
variable x). To find estimates means to find the upper and lower bounds for problem
solution in allowed area for values of the variable x.

A general branch-and-bound algorithm for minimizing or maximizing of
objective function is described below. To obtain a real algorithm from it, you need to
define an evaluation function that calculates the lower or upper bounds of the function
on the nodes of the search tree, and a branching rule for a specific problem [6].

During initialization, an initial record value is set (if it is difficult to find an initial
record, then it is supposed to be equal to positive or negative infinity), the set of subsets
to be branched is supposed to be empty, and the set of subsets for which evaluation
problems will be solved is equal to the initial set. If valid points are obtained when
calculating estimates, they must be considered when the record will be updated. The
search is reduced by closing unprospective sets (the estimate of which is not less or
more than the current record). If there are no sets left for branching, the problem is
solved. Otherwise, the next set for branching is selected and estimates are calculated

for its subsets.
3.2. Branch-and-cut algorithm

The branch-and-cut algorithm [7] is a method of combinatorial optimization for
solving integer linear programs (LP), that is, linear programming problems where some
or all the unknowns are restricted to integer values. Branch and cut involves running a
branch and bound algorithm and using cutting planes to tighten the linear programming
relaxations.

The method solves the linear program without the integer constraint using the

regular simplex algorithm.
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During initialization, the master problem is added to the list of active problems,
the solution is set to null, and its value is set to positive infinity when solving the
minimization problem and to negative infinity when solving the maximization
problem. When an optimal solution is obtained, and this solution has a non-integer
value for a variable that is supposed to be integer, a cutting plane algorithm may be
used to find further linear constraints which are satisfied by all feasible integer points
but violated by the current fractional solution. These inequalities may be added to the
linear program, such that resolving it will yield a different solution which is hopefully
«less fractionaly.

At this point, the branch and bound part of the algorithm is started. The problem
Is split into multiple (usually two) versions. The new linear programs are then solved
using the simplex method and the process repeats. During the branch and bound
process, non-integral solutions to LP relaxations serve as upper bounds and integral
solutions serve as lower bounds. A node can be pruned if an upper bound is lower than
an existing lower bound. Further, when solving the LP relaxations, additional cutting
planes may be generated, which may be either global cuts, i.e., valid for all feasible
integer solutions, or local cuts, meaning that they are satisfied by all solutions fulfilling

the side constraints from the currently considered branch and bound subtree.
3.3. Branch-and-price algorithm

Branch-and-price algorithm is a method of combinatorial optimization for
solving integer linear programming and mixed integer linear programming problems
with many variables. The method is a hybrid of branch and bound and column
generation methods. Branch-and-price algorithm is a branch-and-bound method in
which at each node of the search tree, columns may be added to the linear programming
relaxation. At the start of the algorithm, sets of columns are excluded from the LP
relaxation in order to reduce the computational and memory requirements and then
columns are added back to the LP relaxation as needed. The approach is based on the

observation that for large problems most columns will be non-basic and have their
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corresponding variable equal to zero in any optimal solution. Thus, the large majority
of the columns are irrelevant for solving the problem [8].

The algorithm typically begins by using a reformulation, such as Dantzig—\Wolfe
decomposition, to form what is known as the Master Problem. The decomposition is
performed to obtain a problem formulation that gives better bounds when the relaxation
Is solved than when the relaxation of the original formulation is solved. But the
decomposition usually contains many variables and so a modified version, called the
Restricted Master Problem, that only considers a subset of the columns is solved. Then,
to check for optimality, a subproblem called the pricing problem is solved to find
columns that can enter the basis and reduce the objective function (for a minimization
problem). This involves finding a column that has a negative reduced cost. Note that
the pricing problem itself may be difficult to solve but since it is not necessary to find
the column with the most negative reduced cost, heuristic and local search methods can
be used. The subproblem must only be solved to completion in order to prove that an
optimal solution to the Restricted Master Problem is also an optimal solution to the
Master Problem. Each time a column is found with negative reduced cost, it is added
to the Restricted Master Problem and the relaxation is reoptimized. If no columns can
enter the basis and the solution to the relaxation is not integer, then branching occurs.
Most branch and price algorithms are problem specific since the problem must be
formulated in such a way so that effective branching rules can be formulated and so

that the pricing problem is relatively easy to solve.
3.4. Branch-price-and-cut algorithm

Branch-price-and-cut algorithm is a branch-and-price particular case in which

cutting planes are used to tighten LP relaxations [9].
3.5. Savings algorithm

The savings method was thought up by two British scientists G. Clarke and J.
W. Wright in 1963. Its idea is based on the process of merging of small cycle routes

into larger ones, while it is possible to reduce the total cost of the detour [10].
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One of the most important parts of the algorithm is a «savingsy», that is the
decrease of total cost of the solution obtained when combining two routes. The
algorithm is used when the number of trips is not determined in advance and can be
calculated during the process.

There are two versions of this algorithm: parallel and sequential. In both cases,
following steps should be done before:

1. Calculation of savings.

2. Create n vehicle routes from depo.

3. Sorting of savings in descending order.

According to computational results, a parallel version of the algorithm gives

results better than a sequential one.
3.6. Sweep algorithm

Sweep algorithm was proposed by Gillett and Miller in 1974. It is used for initial
handling of vehicle routing problem. In its process, clusters are filling when the ray
from depot rotates. The next client is inserted into the route if the route matches the
specified constraints after the insertion. In some versions of the algorithm, there is an
optimization phase in which vertices are exchanged between neighboring clusters, and
then routes are corrected, this version of the algorithm can be classified as two-phase.

The algorithm does not use a predetermined number of vehicles [4, 10].
3.7. Fisher and Jaikumar algorithm

The algorithm was thought up by Fisher and Jaikumar in 1981. It solves a
generalized assignment problem of forming clusters. Any agent can be assigned to any
task, which has costs and profits, which can vary depending on the assignment of the
task to the agent. At the same time, each agent has a budget, and the amount of costs
for the tasks assigned to him cannot exceed this budget. We must find an assignment
in which all agents do not exceed their budget, and the total profit from the assignment
Is maximized [11].

The algorithm creates clusters with a geometric method partitioning the
customer plane into several cones where the cone number is equal to the vehicle
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number. Seed nodes are chosen from the cones and insertion cost is calculated. The
customers are thus inserted into routes according to their increasing insertion cost.
Once the clusters have been formed, then any traveling salesman optimizing algorithm

can be used to obtain the optimal travelled cost.
3.8. Petals algorithm

Petals algorithm was invented by Foster and Ryan in 1976. The algorithm starts
with initialization of the depot and clients. Any random client is assigned as depot and
get the number 1. Other clients are numbered radially, clockwise or counterclockwise.
Further, petals are gradually built in cyclic order of clients so that routes match the
restrictions. At the end, the problem of the salesman is solved to determine the total
distance. After the petal was added, the heuristic of the traveling salesman problem can

be applied to improve the solution [12].
3.9. Local improvements within one route

Most of the optimization procedures for traveling salesman problem can be
described in terms of A-opt operations that Lin proposed. In them, the A edges are
removed from the route, and the A of the remaining segments are reconnected in all
possible combinations. If an improving connection was found (the first received or the
most successful), changes are applied to the route. The algorithm stops at the local
minimum if it is no longer possible to find suitable replacements. Checking of solution
A-optimality has O(nA) difficulty. Several versions of this approach have been
proposed. Lin and Kernigan presented an algorithm in which A changes dynamically
during the search process. Other researchers have described the Or-opt method of
replacing sequences of 3, 2 or 1 neighboring vertices with a sequence from another
fragment of the same route. In fact, it is a limited version of 3-opt optimization. The
Or-optimality test has O(n?) difficulty. According to researchers’ analysis, Lin-
Kernigan optimization gives the best results [10].

Examples of A-opt operations for one route are shown on figures 19 and 20.

Stroked lines mean removed edges, and bold lines mean added ones.
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Figure 19 — 2-opt operation
~—
Figure 20 — Or-opt operation

3.10. Local improvements between routes

There are different ways of route improvements. Particular attention is paid to
the general scheme of b-cyclic k-transfer, in which cyclic permutation of b routes is
considered, and k vertices are transferred from each route to the next route. The authors
show that the use of some exchanges of b-cyclic k-transfer (with b = 2 or with a variable
value of b and k =1 or k = 2) gives good results [10].

Main routes’ modifications, that are special cases of 2-cyclic transfers, are shown
below:

1. Replacement of two edges from two routes (figure 21);

2. Vertices exchange between two routes (figure 22);

3. Replacement of vertices from one route to another one (figure 23);

4. Combinations of previous modifications.

Figure 21 — Replacement of two edges from two routes
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Figure 23 — Replacement of vertices from one route to another route
3.11. Simulated annealing

The algorithm is based on imitation of physical process that occurs during
crystallization of the substance, including annealing of metals. They consider that
atoms have already lined up in a crystal lattice, but the transitions of individual atoms
from one cell to another one are still possible and that temperature is decreasing
gradually during the process. The transition of an atom from one cell to another one
occurs with some probability, and the probability decreases when a temperature
decreases. A stable crystal lattice corresponds to a minimum of the energy of atoms,
so the atom either goes into a state with a lower level of energy, or stays put. This
algorithm is also called H. Metropolis algorithm, by its author name [13].

Using the simulation of such a process, they are finding a point or a set of points
in which a minimum of some numerical function is achieved. The solution is found by
sequentially calculating of points that «claim» to be the closest point with the solution.
At each step, the algorithm calculates a new point and decrease initially positive value,
known as «temperaturex». The algorithm stops when the temperature becomes equal to
zero [14].
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3.12. Tabu search

Tabu search algorithm was thought up by F. Glover who proposed a
fundamentally new local search scheme, which allows the algorithm not to stop at the
local optimum, as in the standard local descent algorithm, but to travel from one local
optimum to another in the hope of finding a global optimum among them. Tabu list is
a main mechanism that allows the algorithm to get out from local optimum. It is based
on several previous solutions and prohibits part of the neighborhood of current
solution. The tabu list takes into account the problem specifics and, usually prohibits
the use of those fragments of the solution (graph edges, vector coordinates, vertices’

color) that was changed at the last steps of the algorithm [15].
3.13. Guided local search

Using guided local search, they calculate penalties during the search and use
them to help local search algorithms to get out from the local minimum and (almost)
horizontal areas. When the local search algorithm falls into the local minimum, guided
local search modifies the objective function in special way. Then local search works
with this increased objective function, which is constructed to get out from the local

optimum. The key question is how to modify the objective function [16-17].
3.14. Variable neighborhood search

Variable neighborhood search was proposed by Mladenovic and Hansen in
1997. It explores distant neighborhoods of the current incumbent solution, and moves
from there to a new one if and only if an improvement was made. The local search
method is applied repeatedly to get from solutions in the neighborhood to local optima.
Variable neighborhood search was designed for approximating solutions of discrete
and continuous optimization problems. Variable neighborhood search systematically
changes the neighborhood in two phases: firstly, descent to find a local optimum and

finally, a perturbation phase to get out of the corresponding area [18].
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3.15. Adaptive large neighborhood search

The basic idea is to search for a better solution at each iteration by destroying a
part of the current solution and by reconstructing it in a different way. When solving
vehicle routing problems, a new solution is typically obtained by first removing a
number of customers and then by reinserting these customers into the solution. In
general, a number of destruction and reconstruction operators are available and a
destruction-reconstruction pair is randomly chosen at each iteration. New solution is
then submitted to an acceptance rule. If accepted, this solution becomes the current
one, otherwise current solution does not change. In adaptive large neighborhood
search, a weight is associated with each operator and the selection probability of an
operator is related to its weight, which is adjusted during the search based on its past
successes. After exploring a given level, the weights associated with the applied
operators are adjusted. This is repeated until a termination criterion is met. In this case

the best solution is returned [19].
3.16. Iterated local search

Iterated local search tries to stochastically hill-climb in the space of local optima,
that is, it finds a local optimum, then looks for a «nearby» local optimum and possibly
adopts that one instead, then finds a new «nearby» local optimum, and so on. The
heuristic here is that you can often find better local optima near to the one you are
presently in, and walking from local optimum to local optimum in this way often

outperforms just trying new locations entirely at random [20].
3.17. Genetic algorithm

The genetic algorithm uses evolutionary principles of heredity, variability and
natural selection for its work. It works with a population of individuals in chromosome
(genotype) of each of which a possible problem solution (phenotype) is encoded. When
the algorithm starts, the population is formed randomly. In order to evaluate the quality
of coded solutions, an adaptability function is used that is necessary to calculate the

adaptability of each individual. According to results of individuals’ assessment, the
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most adapted ones of them are chosen for crossing. As a result of crossing of selected
individuals with using of a genetic crosser operator, offspring is created, the genetic
information of which is formed as a result of exchange of chromosomal information
between the parents. The offspring forms a new population, with mutation of its part
(genetic operator of mutation is used), which is a random change in their genotypes.
The stage including the sequence of Population Assessment, Selection, Crossing and
Mutation is called a generation. Population evolution consists of a sequence of such
generations [21].

The duration of evolution is determined by the following factors:
— A solution was found as a result of an evolutionary search;
— A limited number of generations;
— A limited number of calculations of the adaptability function;
— Degeneration of the population when a heterogeneity of chromosomes in the

population becomes less than an allowed value.
3.18. Scatter search

Scatter search is very flexible, because each its element can be implemented in
in different ways with different complexity. Scatter search includes five methods [22]:
1. A diversification generation method to generate a collection of diverse trial
solutions, using one or more arbitrary trial solutions (or seed solutions) as an input.
2. An improvement method to transform a trial solution into one or more enhanced
trial solutions.
3. A reference set update method to build and maintain a reference set consisting of
some (typically, not more than 20) solutions found, organized to provide efficient
accessing by other parts of the solution procedure. The solution becomes a part of set
of the best solutions if it is high-quality and diverse.
4. A subset generation method to operate on the reference set, to produce a subset of
its solutions as a basis for creating combined solutions.
5. A solution combination method to transform a given subset of solutions produced

by the subset generation method into one or more combined solutions.
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3.19. Path relinking

Path relinking was originally suggested as an approach to integrate
intensification and diversification strategies in the context of tabu search. This
approach generates new solutions by exploring trajectories that connect high-quality
solutions, by starting from one of these solutions, called an initiating solution, and
generating a path in the neighborhood space that leads toward the other solutions,
called guiding solutions. This is accomplished by selecting moves that introduce
attributes contained in the guiding solutions. Path relinking can be considered an
extension of the combination mechanisms of Scatter Search. Instead of directly
producing a new solution when combining two or more original solutions, path
relinking generates paths between and beyond the selected solutions in the
neighborhood space. The character of such paths is easily specified by reference to
solution attributes that are added, dropped or otherwise modified by the moves
executed. Examples of such attributes include edges and nodes of a graph, sequence
positions in a schedule, vectors contained in linear programming basic solutions, and

values of variables and functions of variables [23].
3.20. Ant colonies algorithm

The ant algorithm is one of roar intelligence algorithms. It models a behavior of
ant colonies. Ants are social insects that can form collectives (colonies). It is the
collective system that effectively addresses tasks of a dynamic nature that could not be
carried out by individual elements of the system without appropriate external
management and coordination. The behavior of ant colony is based on the ability of
self-organization, which allows them to adapt quickly to changing of environment
conditions and ensure an achievement of general goals of the colony based on low-
level interaction. Ant interact through pheromones, with which individuals mark the
path they have traveled. The more pheromones, the more often the path is used, which
indicates the optimality of the route in terms of its length. It is logical to assume that
initially ants will bypass the obstacle both on the left and on the right with equal

probability. However, those representatives of the colony who accidentally choose the
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shortest path will cover the distance from the starting point to the target and back in a
shorter time, which means that in a few movements this path will be more enriched
with pheromones. And since the pheromone serves as a reference when moving for
ants, the path with a greater concentration of it will be chosen by the rest of the colony.
The iterative process of finding paths continues until a certain completion condition is
met, for example, the execution of a given number of iterations, the completion of
search by all ants, the achievement of required quality of solution, or the expiration of

time allowed for the algorithm [1].
3.21. Bee colonies algorithm

Bee algorithm was proposed by D. Karaboga in 2005. The main goal of bee
colony in nature is to explore the space around the hive in order to search for nectar
and then collect it. For this, there are various types of bees in the colony: drone bees
and worker bees (in addition to them, there are trunts and a queen in the colony that
are not involved in the process of collecting nectar). Drones explore surrounding hive
space and give information about prospective places in which the largest amount of
nectar was found (for the exchange of information in the hive there is a special

mechanism called the bee dance) [24-25].
3.22. Particle swarm algorithm

Particle swarm algorithm was proposed by James Kennedy and Russell Eberhart
in 1995. An idea of the algorithm was partially borrowed from studies of the behavior
of clusters of animals (jambs of fish, flocks of birds, etc.), the model was slightly
simplified and elements of behavior of a crowd of people were added, so, unlike, for
example, the algorithm of bees, the agents of the algorithm (possible solutions) were
called neutrally particles. To understand the particle swarm algorithm, you need to
imagine an n-dimensional space (search area) in which particles (algorithm agents) are
wandering. At the beginning, the particles are scattered randomly throughout the search
area, and each particle has a random velocity vector. At each point which the particle
has visited, the value of the objective function is calculated. At the same time, each
particle remembers which (and where) the best value of the objective function it
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personally found, as well as each particle knows where the point is located, which is
the best among all the points that exploded the particles. At each iteration, the particles
adjust their velocity (modulus and direction) to, on the one hand, be closer to the best
point that the particle itself has found (the authors of the algorithm called this aspect of
behavior «homesickness»), and, on the other hand, approach the point that is currently
globally best. After a certain number of iterations, the particles must gather near the
best point, although it is possible that part of the particles will remain somewhere in a
relatively good local extreme, but most importantly, at least one particle will be near a
global extreme. First, the velocity is corrected, then the current coordinate of each
particle. After that, the value of the objective function at each new point is calculated,
each particle checks whether the new coordinate has become the best among all the
points where it visited. Then among all new points we check if we found a new globally
better point, and if we found it, we remember its coordinates and the value of the

objective function in it [26].

4. Description of ant colonies algorithm

adopted for vehicle route design of urban passenger transport

Ant colonies algorithm for solving vehicle route problem was chosen. The main
idea of vehicle route design of urban passenger transport is to find optimal pairs of
initial and final bus stops. Different pairs can form different routes with different direct
passengers’ density. If we consider buses as ant colonies, initial bus stops as nests, from
which ants begin their journey, and final bus stops as a source of food, then the task of
vehicle route design can be simplified to the process of food searching by ant colonies
with use of pheromones, that is, searching for optimal bus routes from the initial bus
stop to the final ones taking into account the density of direct passengers [1].

Main steps of the algorithms are represented on figure 24 [27].
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Figure 24 — Ant colonies algorithm
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adopted for vehicle route design of urban passenger transport
The first step, that is an initialization, includes the following steps:
1. Initialization of a route network, that is a graph which nodes are bus stops
(initial, final and intermediate), and the edges are the distances between stops;
2. Initialization of correspondence matrix characterizing movements between
bus stop pairs;
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3. Initialization of an algorithm parameters, such as a number of colonies, a
number of ants in the colonies, and a topology of their placement on the graph;

4. Initialization of pheromone matrix, that is setting a number of pheromones
between each pair of bus stops equal to an average value of direct passengers’ density

throughout the correspondence matrix, calculated by formula (27):
>
i=1l j=1
Pag =" Tn— (27)

where P,y IS an average direct passengers’ density,

Qij Is a direct passengers’ count between bus stop i and bus stop j,
ljj is a length of edge from bus stop i to bus stop |,
I, j are numbers of bus stops from correspondence matrix.

Then at each iteration no more than one route is added to an initially empty route
set until one of stop criteria is met: the maximum allowed number of iterations has
been reached or routes for transporting of necessary number of passengers from the
correspondence matrix have been formed.

At each iteration the start and end bus stop pairs are randomly selected from a
set of start/end bus stops that do not lie within existing routes. The number of pairs is
equal to the number of ant colonies.

Each colony builds its own alternative route according to the number of
pheromones on the ant way and the distances between stops. Probability of ant

transition from bus stop i to stop j is determined by formula (28):

g if jetabu,
By =9 2netan, T T (28)

0, otherwise

where pj; is a probability of transition from bus stop i to bus stop |,

T;j IS a direct passengers’ count between bus stops i and j,
77ij 1S @ pheromone concentration on an edge from i to |,
tabuy is a set of bus stops which were visited by ant k,
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h, i, ] are numbers of bus stops from correspondence matrix,

k is ant serial number,

a is an importance of edge weight for path selection,

[ is an importance of pheromone concentration for path selection.

After routes are built, they are checked for matching route network restrictions
specified in formula (25), routes that do not satisfy the restrictions are deleted. When
all ant colonies have completed route design, for routes that satisfying all restrictions,
direct passengers’ density is calculated with use of formula (25) as a ratio of direct
passengers’ count on the route calculated by formula (26) to the length of this route.
The route with the highest direct passengers’ density is added to the route set.

Then the pheromone matrix is updated. It consists of two stages: pheromone
evaporation, which avoids its endless accumulation on the edges, and an increasing of
pheromone concentration on the edges that were visited by ants.

The pheromone evaporation is simulated by formula (29):
Ti'j =(1-p)7; (29)
where t; is @ new pheromone concentration on the edge between bus stops i and |,

Tjj IS @ current pheromone concentration on the edge between bus stops i and j,
p is an intensity of pheromone evaporation,
I, j are numbers of bus stops from correspondence matrix.

The amount of pheromone which is allocated by each ant on each edge between

bus stops i and j of path L visited by it is determined by formula (30):

Q ... .
= if (i, L

A= e (30)
0, otherwise

where AtXj is an amount of pheromone which is allocated by ant k on an edge between
bus stops i and j,

Q is an intensity of pheromone allocation,

L is a length of a route of ant k,

(i, J) is an edge between bus stops i and j,

I, j are numbers of bus stops from correspondence matrix.
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Pheromone accumulation is imitated by formula (31):
1 m k
T, =1+ A (31)
k=1

where t’jj is a new pheromone concentration on the edge between bus stops i and j,

Tjj IS @ current pheromone concentration on the edge between bus stops i and j,
A TS is an amount of pheromone which is allocated by ant k on an edge between bus

stops i and |,
k is ant serial number,

m is ant colonies count,
I, j are numbers of bus stops from correspondence matrix.

Then the correspondence matrix is updated: the number of passengers whose
demand for transportation is satisfied by new route is deducted from it. To do this, the
total flow of passengers of the route and its capacity are first calculated. If the capacity
Is greater than the flow of passengers, then the entire number of passengers transported
along the route is subtracted from the correspondence matrix. If the capacity is less
than the passenger flow, only the number of passengers carried is subtracted from the
correspondence matrix.

If none of stop criteria is met, next iteration is performed. Otherwise, the

algorithm ends and the routes can be saved to a file.
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