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BBEJIEHHE

OnHuM W3 BaOXKHEUITUX WHCTPYMEHTOB YCKOPEHUS HAYYHO - TEXHHYECKOTO
mporpecca BcexX oTpaciieid HapOJIHOrO X035iCTBA, B TOM YHCJIE U aBTOMOOUIILHOTO
TpaHCIIOpPTa, SBISACTCS IIHPOKOE TPUMEHEHHE METOJIOB  MOJCIMPOBAHUS
IIPOM3BOJICTBEHHBIX IPOIIECCOB, U OCOOCHHO, COBPEMEHHBIX ONTHMHU3AIIMOHHBIX
METOJIOB, KOTOPBIC Tal0T BO3MOXKHOCTh U30€TraTh JOPOTOCTOSIIINX YKCIIEPUMEHTOB
IIPU PACCMOTPEHUH BOIIPOCOB OpPraHU3aIllii PabOThl aBTOMOOMIIEHOTO TPAHCTIOPTA.

[ToBbimiearie  3¢GGHEKTUBHOCTH aBTOMOOMIIBHBIX TEPEBO30OK TPY30B M
MACCaXUPOB CBSI3aHO C MPHUMEHEHHEM METOAOB KIIACCHYECKOW U COBPEMEHHOMU
MaTeMaTUKH I PEIIeHUS TPUKIAAHBIX 3amad. [lo cBoeMy XapakTepy Bce
peraeMbie Ha TPAHCIIOPTE 3a/1a4u MOXKHO Pa3/IeIUuTh Ha TPU TPYIIILL: pa3padboTka
TEXHOJIOTUYECKHUX MPOIECCOB MEPEBO3KU T'PY30B; OMEPATUBHOE YIIPaBICHUE Mepe-
BO304YHBIM Tporieccom (ciaexenuss (vehicle tracking — cucremaTHueckuit
MOHUTOPHHT W 3alUCh TEKYIICH MO3HUIIMK W COCTOSHHSI TPAHCIIOPTHOTO CPEICTBA)
u TpaccupoBanus (Vehicle tracing — mesTenTbHOCTD MO TMOMCKY TEKYIICH IMO3HIINN
TPAHCIIOPTHOTO CPEJICTBA ITyTEM PEKOHCTPYKIIMUA €r0 MaplipyTa) TPaHCHOPTHBIX
CPE/CTB); YY€T ¥ CTAaTHCTHUKA.

Pa3paboTka TEXHOJIOrMYECKUX MPOIECCOB IMEPEBO3KU TPY30B CBSI3aHA C
ONPEAECICHUEM KpaTUaWIINX PACCTOSIHUNA MEXKY IIyHKTaMU TPAHCIIOPTHOM CETH, C
COCTABJICHHMEM DAIMOHAJBHBIX MapIIPyTOB MPU MEPEBO3KE MACCOBBIX I'PY30B, C
OTIPEICTICHHUEM  Pa3BO30YHO-COOPHBIX  MAapHIPYyTOB TIPH  MEJIKOITAPTHOHHBIX
MepeBO3KaxX C palMOHAIBLHON JKCIUTyaTallue pas3IMYHbIX MOJEel aBTOMOOUIICH
Ha TIEPEBO3KE pA3IMYHBIX TPY30B, C 3aKpPCIJICHUEM aBTOTPAHCIOPTHBIX
MPEANPUATUN 32 TPY300TIPABUTEISAIMU U APYTUMH BOIIPOCAMHU.

[Tomy4yeHHbIE 3HAHMUS UCIOJB3YIOTCS B HWHXKEHEPHOM TNPAKTUKE TIPH
TPAHCIIOPTHOM JNIESATENBHOCTH. 3aJaydl C HCIOJB30BAHUEM MAaTeMaTHYECKUX
MOJIeJIeld M1 METOZ0B IMTPUMEHSIOTCS Ha TPAHCIIOPTE MPH PEIICHUH MEPCIIEKTHBHBIX
BOIIPOCOB, MPOCKTUPOBAHUHN TPAHCTIOPTHO-TEXHOJIOTHIECKUX CXEM, OIEPATHUBHOM
IUTAHUPOBAHWM W YIPABJICHUU TIEPEBO3KAMH M pa3pa00TKE TEXHHYECKHX

HOPMAaTHBOB.
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JIEKIIUA 1. OBIHEMETOJOJOI'MYECKHUE BOITPOCHI
IOCTPOEHUSA MOJEJIEN

TpaHCHOPTHBIM MPOLECC — 3TO COBOKYIMHOCTH OINEpalyid, CBSI3aHHBIX C
NEpPEMEIICHUEM TIPy30B WIM MacCaXKUpoB. IIpM H3ydyeHHH TPaHCIOPTHOIO
npoliecca, MOCIEIHUNA 3aMEHSIOT MOJIENBIO C 1EJIbI0 YKOHOMUHM 3aTpaT (JIEHEXKHBIX,
BPEMEHHBIX, TPYJOBBIX).

MopenupoBaHue - 3TO METO/1 UCCIIEIOBAHUS CJIOKHBIX CUCTEM, OCHOBAHHBIM
Ha TOM, YTO paccMaTpuBaeMas CUCTEMa 3aMEHSETCS Ha MOJEIb U IMPOBOJIUTCSA
VCCJIEIOBAHUE MOJIENH C LEJBIO MOTyYeHUsI MH(pOopManuu 00 U3y4aeMoi CHCTEME.

Hcnonbs3oBaHre MOAEIH MO3BOJISET YIPOCTUTh U3YUEHUE CUCTEMBI.

[Ipn MonenupoBaHUU CIIOKHAsI peajibHAsi CUCTEMA 3aMEHSIETCS HEKOTOpPOU
YIOPOILIEHHOW KOMUEW WIM CXEMOU, KOTOpas OTPAKAET KAKUE-TO CYLIECTBEHHBIC
4YepThl, TO3BOJISIET pa3o0paThCsi B MEXaHW3ME pabOThl CHUCTEMBI, J1aeT
BO3MOKHOCTb TIPEACKa3aTh €€ u3MeHeHne. OIHOW M TOM K€ CHUCTEME MOTYT
COOTBETCTBOBATH Pa3HbIE MOJIEIIH.

Cucrema - 3TO BBIJIEJIEHHOE B COOTBETCTBUU C HEKOTOPHIM IPaBUIIOM
00bEIMHEHUE JIEMEHTOB JIIDOOTO pojia, 00pa3yomuX cBsizaHHOE 1enoe. Cuctema
HE HM30JIMpOBaHa OT OKpy»Karollero mupa. Bce, 4To oka3biBaeT BO3JEHCTBUE HA
CUCTEMY, M Ha 4YTO CHCTEMa OKa3bIBA€T BO3/ICWICTBUE, HA3bIBACTCS BHEUIHEH
cpenoir. B o0miem ciiydae cocTtaB 2JIEMEHTOB CHCTEMBI IIepeMeHHbBIH. OaHu
AJIEMEHTHl HaXOJSATCS B CUCTEME IMOCTOSHHO, IPYTHE - TOSIBISIOTCA U MOKUIAIOT
cucrteMmy (BpeMeHHBIC 3JIeMEeHThI). Bce aTpuOyThl 3JIEMEHTOB M CUCTEMBI B 11€JI0M
MOXHO pa3feiuTh Ha JBa THUIA: TMEPEMEHHBbIE U MOCTOsSIHHBIC. [loCTOSTHHBIMU
ABJIIOTCS ~ aTpuOyThl, 3HAYECHUE  KOTOPBIX  OCTAETCA  HEU3MEHHBIM B
paccMaTpUBaEMOM IEPUOAE BPEMEHH.

CocTosiHME CHCTEMBI - COBOKYIHOCTh 3HAQUEHUW BCEX MEPEMEHHBIX
aTpuOyTOB DJIEMEHTOB M CHCTEMBbl B II€JIOM B HEKOTOPBI MOMEHT BpPEMEHU
CYILECTBOBAHUSI CUCTEMBI.

Knaccudukanus cucreM 1o pa3inyHbIM IPU3HAKAM:

ITo Buay 351€MEHTOB:

. CHUCTEMBbI THIA «OOBEKT» - CUCTEMBI, DJIEMEHTAMU KOTOPBIX SIBIISIOTCS
MpEeAMETHI (IBUTATENb, MAIlIMHA, BEPTOJIET);

o CUCTEMBI THUIA «IPOILIECC» - CHUCTEMBI, JJIEMEHTaMH KOTOPBIX

SBJISFOTCS OTiepaiiuu (M3rOTOBJICHHE, TIEPEBO3Ka, 0OCITYKUBAHNUE).



[To uucny cocrosiHui:

o JUHAMUYECKHE - CHCTEMbI, COCTOSIHUE KOTOpPBIX MEHSETCS C
W3MEHEHUEM BPEMEHU,

o CTaTUYECKHE.

I1o Tumy cocTostHUN:

o JIUCKPETHBIE - €CIIU COCTOSIHUE CUCTEMBI, T. €. 3HaUeHUe ee aTpuOyToB,
U3MEHAETCS CKauyKooOpa3HO, B JUCKPETHbIE MOMEHTHI BpPEMEHH (YEIOBEK
BOIIICJI/BBIIIE B Mara3uH);

o HENPEPBIBHBIE - €CIIM COCTOSHUE CHUCTEMBI MU3MEHSIETCS HEMPEPBIBHO
(Temmeparypa 3aKUITAIOIIer0 YaHUKA);

o KOMOMHUPOBaHHbIE  (HENPEpPBIBHO-AUCKPETHBIE) - €CIM  4acTh
aTpuOyTOB, OMUCHIBAIOIINX COCTOSIHUE CUCTEMBI, MEHSETCSI HEMPEPHIBHO, a YacTh
JUCKPETHO (HarpuMep, MOBEICHNUE KaIlIi U3 KPaHa - «BUCUTY, «JIETUTY, «YIIaja).

[To ycnoBusM nepexo10B U3 OJJHOTO COCTOSIHUS B IPYTOE€:

o CTOXaCTUYECKHE (BEPOSTHOCTHBIC) - €CIM TPU OJHUX M TEX XKe
HayaJbHBIX YCJIOBUSIX pE3yJbTaThl (PYHKIIMOHUPOBAHUS CHUCTEMBI OyIyT
pa3nuyaThCs;

o J€TEPMUHUPOBAHHBIE.

3HaHME KJIACCA UCCIIEAYEMOM CUCTEMBI TTO3BOJISIET:

1. yrouHHTS LI€TH, 3a]a41 U METOAUKY MOJICIIMPOBAHUS;

2 OILIGHUTHh CTENEHb COOTBETCTBHS pPa3pabOTaHHOW MOJEIU HUCCIeayeMOu
CUCTEME.

TepMuH «MoOzIENb» HMIMPOKO HUCIOJIB3YETCS B Pa3iMYHBIX cepax uesoe-
YECKOM JIEITEIbHOCTH U UMEET MHOKECTBO CMBICIOBBIX 3HaUeHU. MoJenb - 310
aHajor, MakeT WM WHOW BHUJ OTpaXCHUs HamOoJiee CYIIECTBEHHBIX CBOWCTB
M3y4aeMOro MpoIecca WiK sIBJICHUS.. MOAEIN NCTIOJIb3YIOTCS B UEAX YIIPABICHUS
¥ TPOTHO3WPOBaHUS (TIpencKa3zaHus) BO3MOXKHOW S()(PEKTUBHOCTH CHUCTEMBI B
cllydae M3MEHEHHs €€  XapakTepuctuk. OHM  TO3BOJISIOT  OOBSICHUTH
MHTEPECYIOIINE HAC SBJICHUS W BBIIBUTh B3aUMOCBSI3b OT/ACJIbHBIX SIBJICHUH, a
TAKXK€ 3aMEHUTh JOPOTOCTOSIIME M CJIO0XKHBIE HUCHBITAHUS CUCTEM B PEATBHOMN
oOcTtaHOBKe. MojaenupoBaHUEe OCYIISCTBISECTCS C IEJIbI0 YCOBEPIICHCTBOBAHUS
CHUCTEMBbI, a TaKXe JIJI1 O3HAKOMJICHHSI M OOy4YeHHs IepCcoHajla C CUCTEMaMU U
CUTYalUsIMH, KOTOPBIE TPYJITHO OCYIIECTBUTH B PEAJbHBIX YCIOBUSIX. C MOMOIIBIO
MOJIEIM MOXHO TMPOBEPATh WIM JAEMOHCTPUPOBATh HOBBIE UJEH, MOJIy4YaTh

KOJIMICCTBCHHYIO OLCHKY IIPH PA3JIMYHBIX BApUAHTAX YIIPABJICHHA. I[GHTCJ'IBHOCTB,



HanpuMep, AaBTOTPAHCIIOPTHOTO MPEANPHUSATHS MOXXKHO paccMaTpuBaTh B
3aMEeJYICHHOM WM yCKOpeHHOM Temre. [Ipu mMonennpoBaHUM MOXHO 3arisiHyTb
BIIEpEl U PACCMOTPETh «OyyIiIee» COCTOSHUE CUCTEMBI.

MonenupoBanue NPUMEHUMO TIpU 00YUYEHUU WHXXKEHEPHO-YIPaBIECHYECKOTO
COCTaBa C TOMOINBIO «JENOBBIX Hrp». Takas wurporas MOJAEIb IO3BOJISET
MOJICJIMPOBATh  IEAYI0  OTpacib HAPOMHOTO  XO3SMCTBA, MHHHCTEPCTBO,
yIpaBlIeHUE, TPECT WU MpeanpusaThe. MoJeNu MUPOKO HCIONB3YIOTCS IS
ONTUMHU3AIMNA CUCTEM, W 3TO SBJSICTCS OCHOBHBIM HAayYHBIM NPUHIIAIIOM B
VCCIICIOBAHUH OTIEPALIAM.

CoBpeMeHHbIE SHIUKIIONEINYECKHE CIOBAPH TaK TPAKTYIOT 3TOT TEPMUH:
moJienb (ppanirysckoe modele ot matuackoro modulus — mepa, o6paserr, 3TajoH,
CTaH/JapT): B IMIMPOKOM CMBICJIE — 3TO JH000M oOpa3, aHajmor (MBICICHHBIA WU
YCIIOBHBIN, T.€. H300paKEeHUE, ONMCAaHUE, CXeMa, YepTEXK, rpaduk, IaH, KapTa u
T.J.) Kakoro-nubo oOBeKTa, Tpollecca WA SBICHUS («OpUTHMHATA» JaHHOU
MOJIEJIH ), UCTIONB3YEMBIN B KAUECTBE €0 «3aMECTUTEIS, KIIPEICTABUTEISI.

JIro6ast MOAENb CTPOUTCS U UCCIIEAYETCS TIPU OMPEACIEHHBIX TOMYIICHUSX,
rurnore3ax. Mojenb — pe3yibTaT OTOOpaXeHHs OAHOW CTPYKTYpHl Ha JPYTYIO.
Oto0Opa3uB (Qu3nueckylo cucremy (OOBEKT) Ha MATEMaTUYECKYH) CHUCTEMY
(HanmpuMep, MaTeMaTHYSCKUH  ammapaT ypaBHCHHI), MOJYyYdUM  (PHU3UKO-
MaTEMaTUYECKYI0 MOJIEIb CUCTEMBI, UM MAaTEMaTUYECKYI0 MOJENIb (PU3UYECKOU
CUCTEMBI.

WTak, MOXHO yTBEP)KJaTh, YTO O] MOJEIHI0 MMOHUMAIOT MCKYCCTBEHHYIO
CHCTEMY, OTOOPaKAIOIIyI0 OCHOBHBIE CBOWCTBA M3y4aeMOI'0 OOBEKTa — OPHUTH-
Haua.

Nudopmarus — 310 abcTpakums. 3HAYUT, MOJCITL — OTO TOT OOBEKT, Ta
CHUCTEMa, KOTOpas TMO3BOJISIET MPEACTAaBUTh 3Ty HWH(OpMAIMI0O B KOHKPETHOE,
HalpuMep KOMIBIOTEpHOE, cojepkanue unu ¢opmy. M, Tem cambiM, Mojemu-
pOBaHHE — 3TO TOT MPOIECC, METOJI, KOTOPBII MO3BOJISIET OCYIIECTBISTH MTEPEHOC
uHGOPMAIIMU OT PEATbHOM CUCTEMBI K MOJICTTH 1 HA00OPOT.

CoBpeMeHHBIE DHIMKIONEANYECKAE CJIOBAPU  OMPEICNSIOT 3TOT TEPMUH
TaK: MOJCITUPOBAHNUE:

1. umccnenoBaHWe KaKWX-JTUOO SBICHUMN, MTPOIIECCOB MM CUCTEM OOBEKTOB

HYTéM MMOCTPOCHUA U UBYUCHUA UX Mo,ueneﬁ;
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2. WCIIOJB30BAaHUE MOJENEH [l ONPEACIICHUS WM YTOYHEHUS
XapaKTepUCTHK M PAlMOHAIM3AIMHA CIIOCOOOB MOCTPOCHHS BHOBB CO3/1aBa€MBIX
OOBEKTOB.

MonennpoBaHue SBISETCS MO CYIIECTBY MOCTPOCHHEM paboyeii aHAIOTHH.
Ono mpexacraBisieT cob0i MOCTpOeHUE pabouyelt MOJETH, OTPAKAIOIICH MOI00ue
CBOMCTB WJIA COOTHOUICHMHM C pPACCMAaTPMBAEMOM  PEANBHOW  3a/1a4cH.
MopenupoBaHue MO3BOISET HM3YYHTh CIOXKHBIE 3aJa4d, HAlpUMEp JBHXKEHUS
TpPaHCIIOPTa, HE B PEAJIbHBIX YCIOBUSX, a B JaOOpaTOPHUHU.

B Oonee o0mieM cMbIciie MOJIEIUPOBAHUE MOKHO OIPEAEINUTh KaK JUHA-
MUYECKOE OTOOpaKEHHE HEKOTOPOM YacTH PEAJbHOrO0 MUpAa MYTEM MOCTPOECHUS
MOJIEIN JIJI1 BBIYMCIUTEIHOW MAIIMHBI U MIPOJABUKEHUS €€ BO BpeMeHU. TepMuH
«MOJIEbY ISl BBIYMCIMUTENLHON MAIIMHBl HCIOIB3YEeTCs JUIsl 0003HAauYeHUs
CHeIUaIbHOrO BHAA, (OPMATLHON MaTeMaTHYECKOW MOJENH, a UMEHHO MOJIENH,
KOTOpasi HE MpeHa3HaueHa JJIg PelICHUS aHATUTHYECKUMHU METOoJaMH, a Oyner
MMUTHPOBATHCS HA JIEKTPOHHOUN BBIYMCIUTEIBHONW MaLIMHE.

Takum 00pa3zoM, MOETMPOBAHUE COCTOUT B UCIIOJIB30BAaHUU LU(POBOM MK
AHAJIOTOBOM BBIYMCIWTEIIBHON MAaIIWHbBL I IMPOCJIEKUBAHUS HU3MEHEHHUU BO
BpeMeHU. Pa3nnuue cCOCTOUT JUlIb B TOM, YTO HU(POBOE YCTPOMCTBO CUHTAET, a
aHAJIOTOBOE — U3MepseT. OTO pa3iuuue MO0 CYIIECTBY SBJSETCS (PyH-
JAMEHTAJbHBIM M (HaKTUYECKH OTPAKAEeT MAaTeMAaTHUECKOE pas3lInyue MEexIy
JMCKPETHOM mepeMeHHON (1IMdpoBOe yCTPONUCTBO) U HEMPEPHIBHOW MEPEMEHHOM
(aHAI0TOBOE YCTPOUCTRO).

MopenupoBaHue — 3TO YHUBEpPCAJIbHBI METOJ TMOJYyYEHHUs, ONUCAHUS U
UCIOJIb30BaHusl 3HaHWW. OHO UCMOJIb3yeTcsl B 000 MpoPecCHOHAIBHON Jies-
TEJIBbHOCTH. B COBpEMEHHON HayKe M TEXHOJOTMH MaTeMaTHYECKOE MOJEINpPO-
BAHUE YCUJIMBAETCS, aKTYaJIU3UPYETCS NOCTUKECHUSIMHU, YCIEXaMHU JAPYTUX HayK.
[TockonbKy MOAEIMPOBAHUE — ITO MPOLECC MOCTPOEHUSI, U3yUYEHUS U IPUMEHEHUS
MOJIeJIel, TO MOKHO CKa3aTh, YTO MOJAEIIMPOBAHUE — ITO U3YUYEHHE OOBEKTA MYTEM
MOCTPOEHUSI M HCCIAEAOBAHUS €ro MOJENH, OCYUIECTBISIEMOE C OMNpEeAeTIEHHON
LEJbI0, U COCTOMT OHO B 3aMEHE DKCIEPUMEHTA C OPUTMHAJIOM HKCIIEPUMEHTOM Ha
MOJEIIH.

Mopenu mo ux Ha3HAYEHUIO OBIBAIOT MTO3HABATEIHLHBIMH, ITPArMaTHUYECKUMU

N UHCTPYMCHTAJIbHBIMU.
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[To3naBarenbHass Mojaelb — (opMa OpraHu3alvu | MPEICTaBICHUS
TEOPETUYECKUX 3HAHUM, CPEACTBO COCAWHEHUS HOBBIX WU CTapbix 3HaHuu. [lo-
3HABATEIbHASI MOJIENIb, KaK IPABUJIO, MOATOHSETCS IO PEATbHOCTh U SIBIISIETCA
TEOPETUYECKOU MOJIEIIBIO.

[IparmaTuueckass Mojaenb — CPEACTBO OpPraHU3alUMHd  MPAKTHYECKHUX
JNICUCTBUN, MPEIACTABICHUS LEJICH CUCTEMBI A €€ ymnpaBicHHSA. PearbHOCTH
MOJTOHSCTCSL 1O HEKOTOPYIO MParMaTUYeCKyl0 MOJAEIb. IJTO, Kak IMPaBUIIO,
MIPUKJIaHAS] MOJEb.

NHcTpyMeHTaIbHAST MOJIENTh — CPEACTBO TOCTPOCHUS, UCCIACAOBAHUS W/UITH
WCITOJIP30BAHUS TPArMaTHUECKUX W/UITU TT03HABATEILHBIX MOICIICH.

[To3HaBaTeNbHBIE MOAETN OTPAXKAIOT CYHIECTBYIOIIUE, & MPArMaTUYECKAE —
XOTh Y HE CYIIECTBYIOIINE, HO KEJIAEMbIE U, BO3MOKHO, UCIIOJITHUMbIE OTHOIIICHUS
U CBSI3M.

ITo ypoBHIO MoOAEIMpOBaHUS MOJEINW OBIBAIOT SMIHUPHYCCKUMH, Teope-
TUYSCKUMH U CMEIIaHHBIMU.

DOMnupuvecKkas — Ha OCHOBE YMIIUPUYECKUX (PAaKTOB, 3aBUCUMOCTEM;

TeopeTrnueckast — Ha OCHOBE MaTEMaTUUYECKUX OMUCAHU;

CMmenianHass Wiy TOJYSMIUPUYECKas — HCHOJNb3YIOIAsd ASMIIMPUYECKUE
3aBUCHUMOCTH U MAaTE€MATHUYE€CKHUE OMHUCAHUS.

Ctparerus MoACIMPOBAHUS COCTOUT U3 TPEX 3a7ay:

° MOCTPOCHUST MOJienu (3Ta 3ajadya MeHee dopmann3zyeMa U KOHCTPYK-
THBHA, B TOM CMBICJIC, YTO HET €IMHOIO aJITOPUTMA JIJISI IIOCTPOSHUS MOJIeTIeH );

o ucciaenoBanus Mojenu (3Ta 3amada Oosjee Qopmanmuszyema, yxe
MMEIOTCS METOJIbI UCCIIECOBAHUS MOJIENICH Pa3IMUHbBIX KJIACCOB);

. WCIIOJIB30BaHUs MOJIeN (KOHCTPYKTUBHAS U KOHKPETU3UpYyeMas 3a/1a-
qa).

HaunOoiiee Ba)KHBIMU TUIIAMH MOJEJIEH CUUTAIOTCS:

. MOJICJIb CTAaTHUYECKAS, €CIIM CPEAN MMapaMEeTPOB, YUYACTBYIOIIUX B ONHU-
CaHMM MOJICJIM, HET BpPEMEHHOro mapamerpa. CraTtmyeckas MOJEIb B KaXKIbIU
MOMEHT BpEMEHU JAET JUIIb «(HOoTOTpaduio» CUCTEMEI, €€ cpes;

. MOJIENIb AUHAMHUYECKAs, €CJIM CPeIH IMapaMeTpoB MOJEIN €CTh Bpe-
MEHHOHN MmapaMeTp, T.e. OHa OTOOpakaeT cucTeMy (TPOILECCHl B CHCTEME) BO
BPEMEHU,;

. MOJIENIb JUCKPETHAS, €CJIM OHA OMKCHIBAET MOBEAECHUE CUCTEMBI TOJIb-

KO B TUCKPCTHBIC MOMCHTEI BPCMCHHU,



o MOJI€JIb HEMPEPBIBHAS, €CJIM OHA ONMKUCHIBAET NOBEAEHUE CUCTEMBI IS
BCEX MOMEHTOB BPEMEHH U3 HEKOTOPOTO U3y4aeMOro IPOMEXKYTKA,;

o MOJEJIb MMHUTALMOHHAsA, €CIM OHa IpEJHa3HauyeHa I WCIBITAaHUS
VI U3YUYEHUs], IPOUTPBIBAHNS BO3MOXKHBIX IyTEH pa3BUTHUS U MIOBEJIEHUS 00BEKTa
yTEM BapbUPOBAHUS HEKOTOPBIX MWJIM BCEX MTapaMETPOB MOJIENH;

o MOJIe]b JE€TEPMUHUPOBAHHASA, €CIU KaXXI0My BXOJHOMY HaOOpy Ia-
paMEeTpOB COOTBETCTBYET BIIOJHE OMNPEIEHEHHBIA M OJHO3HAYHO OIPEAEIISIEMBI
HAaOOp BBIXOJHBIX T[apaMETPOB; B TNPOTHUBHOM CiIy4dae MOJAENIb Heaerep-
MUHUPOBaHHAs WIN CTOXACTHUYECKasl (BEPOATHOCTHAS);

o MOJIeJIb TEOPETUKO-MHOKECTBEHHAs, €CIIA IPEACTABIAECTCS C MOMO-

IO HCKOTOPBIX MHOKCCTB U OTHOIIICHUM IIPUHAIJICKHOCTHU UM N MCIKIY HUMU,

o MOJIE/Ib JIOTUYECKasi, €CJIM OHa MPEJCTABISIETCS JOTUYECKUMHU (YHK-
USIMU;
J MOJIE/Ib UTPOBasi, €CJIU OHA OMHUCHIBAET, peaiu3yeT HEKOTOPYIO UTPO-

BYIO CUTYallMIO MEX/1y YYaCTHUKaMH UTPbl (JIMLAMU, KOJUIEKTUBAMH);

o MOJE/b AITOPUTMHUYECKAs, €CIM OHA OIMCaHAa HEKOTOPHIM aJrOpPHUT-
MOM WM KOMIUJIEKCOM aJTrOpPUTMOB, OMNpEAEISIIoNUM €€ (PYHKIMOHUPOBAHUE,
pa3BUTHE;

o MOJENb A3bIKOBAsi, JUHIBUCTUYECKAs, €CJIIM OHAa IpEJCTaBJIICHA He-
KOTOPBIM JIMHIBUCTHYECKUM OOBEKTOM, (OPMAIU30BAHHOU SI3BIKOBOM CHCTEMOWU
Wi CcTpykTypoid. WMHorma takue MojAeNu Ha3blBalOT BepOAJIbHBIMHU, CHH-
TaKCUYECKUMHU U T.I1.;

o MOJENb BU3yaJIbHAS, €CJIM OHA MO3BOJIAET BU3YaJU3UPOBATh OTHOIIIE-
HUS U CBSI3U MOJIEIUPYEMON CUCTEMbI, OCOOEHHO B IMHAMUKE;

o MOJIeJIb HaTypHAas1, €CJId OHA MPEACTABISIET COOON MaTEPHAIBHYIO KO-
U0 00BEKTa MOJEIUPOBAHMS;

o MOJIeJIb TE€OMETpUUYecKasi, rpauyeckas, €cilid OHa MpeCcTaBleHa
reOMETPUYECKUMHU 00pa3aMu U OOBEKTaMH.

Tun Mopenu 3aBUCUT OT HWH(POPMAIMOHHOM CYITHOCTH MOJACIUPYEMOMH
CUCTEMBI, OT CBSI3€H M OTHOILIEHUN €€ MOACUCTEM U DJIEMEHTOB, a HE OT €€ (u-
3UYECKOU IIPUPOBL.

I'panuiel MeXay MOAEIIAMU PA3JIMYHBIX TUIIOB WJIM K€ OTHECEHUE MOJEIH K
TOMY WJIA MHOMY THUILy 4aCTO BECbMAa YCJIOBHBI. MOXHO T'OBOPUTH O PAa3JIMYHBIX

pCKUMax HUCIIOJIb30BAHHA MO,[[GJ'ICfI — UMUTAaIMOHHOM, CTOXAaCTHYCCKOM H T.A.
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Bce ocHOBHbIE THUIBI MOj€Ned, BO3MOXHO 3a HMCKJIIOYEHHUEM HEKOTOPbIX
HATYPHBIX, IPEJICTABUTh B BUJEC CUCTEMHO-UH(GOPMAIIMOHHBIX (MH()OCUCTEMHBIX)
U HUHQOPMAIMOHHO-IOTHYECKUX (MH(oJorndyecknx). B y3koM mnoHMMaHUU
uHGOpPMAIlMOHHAs MOJIeJIh — OTO MOJIENb, OIHUCHIBAIONIAsl, HW3ydarolias, ak-
Tyanu3upyoas HHPOPMAIIMOHHBIE CBSI3U U OTHOIICHHSI B UCCIIETyEMON CUCTEME.
B emé Oonee y3koM MOHUMAHUM HMHPOPMALMOHHAS MOJIEIb — 3TO MOJEINb,
OCHOBAaHHAs Ha JAaHHBIX, CTPYKTypaX JaHHbIX, UX WH()OPMAIMOHHO-TIOTHYECKOM
npeacraBieHun U oOpabotke. Kak mmpokoe, Tak W y3KOoe MOHUMaHUE
WH()OPMAITMOHHONW MOJIETTH HEOOXOAUMBI, OTIPEACIISIFOTCS pPerIacMoi mpoOIeMoit 1
JOCTYIHBIMU ISl €€ PelIeHUs] pecypcamu, B MEPBYIO ouepenb HHPOPMAIMOHHO-
JIOTUYECKUMH.

OCHOBHBIMU CBOWCTBaMH JHOO0N MOJIEIH SABIISIOTCS:

o KOHEYHOCTbh — MOJIEJIb OTOOpa)KaeT OPUTHHAI JIMIIb B KOHEYHOM YHC-
JIe €r0 OTHOUIEHUI U, KPOME TOT0, PECYPCHl MOJIEIINPOBAHUS KOHEYHBI;

o YOPOUIEHHOCTh — MOJIENIb OTOOPAXKAET TOJIBKO CYHIECTBEHHBIE CTOPO-
Hbl 00BEKTa U, KpOME TOrO, JOJKHA OBITh MPOCTa I UCCIEIOBAaHUS WM BOC-
IIPOU3BEICHUS;

o IpUOIU3UTENIBHOCTh — JAEUCTBUTEIBHOCTh OTOOpaXKaeTcs MOJEIbIO
rpy00, WiIu NpUOIU3UTEIBHO;

o aJICKBaTHOCTb MOJEIIMPYEMOM CHCTEME — MOJEJb JOJDKHA YCHEIIHO
ONKCHIBATh MOJEIHPYEMYIO CUCTEMY;

. HarJISAHOCTh, 0003pUMOCTh OCHOBHBIX CBOMCTB M OTHOIIICHHIA;

. JIOCTYITHOCTh M TE€XHOJIOTUYHOCTH JIJISI UCCJIEIOBAHUS WJIM BOCIIPOU3-
BEJICHUS;

. WH(POPMATHBHOCTh — MOJICTb JOJDKHA COJICPXKATh JIOCTaTOYHYIO HH-

dbopmarnuo o cucteMe (B paMKax TUIOTe3, MPUHATHIX MPU MOCTPOSHUU MOJIETHN) U
JlaBaTh BO3MOKHOCTH TIOJIYYUTh HOBYIO HH(OpPMAITHIO;

. COoXpaHeHHe WH(OpMaIMK, COAEPKABIICICS B OpUTrHHANIE (C TOYHO-
CTBIO pacCMaTPUBAEMBIX MTPU MOCTPOCHUU MOJICIIH TUIIOTE3);

. MOJIHOTA — B MOJIENIM JOJKHBI OBITh YYTEHBI BCE OCHOBHBIC CBSI3U U
OTHOIIIECHUS, HEOOXOIUMBIE /11 00€CTICUCHUS 11eJTH MOICITUPOBAHMUS;

. YCTOMYMBOCTh — MOJIENb JIOJIKHA OMUCHIBATh M 00ECIIeUNBATh YCTOM-
YUBOE MMOBEJICHUE CUCTEMBI, €CIIN JaXKe Ta BHAYAJIE SIBJIIETCS HEYCTOMYHNBOM;

o 3aMKHYTOCTh — MOJIETTh YUYUTHIBAET U OTOOpa)KaeT 3aMKHYTYIO CHUCTE-

My H€O6XO}1HMBIX OCHOBHBIX THIIOTE3, CBSI3E€M M OTHOILICHUH.
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[TogoOue u MosieTupoBaHKe B HAYYHBIX UCCIIEIOBAHUSIX

Meroapl Teopun MOAOOUS W MOJCIMPOBAHUS IMUPOKO NPUMEHSIOTCS B
pPa3TUYHBIX HAYYHBIX UCCIICTOBAHUSIX.

MopenupoBaHue MOXKHO OIPEACIUTh KaK METOJ MPAKTHYCCKOTO WIIH
TEOPETUUYECKOTO OIMOCPEIOBAHHOTO OMEpUpOBaHUsA 00BeKTOM. [lpm 3TOM wHC-
CJIelyeTcsl He caM OOBEKT, a MPOMEKYTOUHBIA BCIOMOTATEIbHBIN, HAXOASIIIUICS B
HEKOTOPOM OOBEKTUBHOM COOTBETCTBHUM C CaMHM I103HaBa€MbIM OOBEKTOM U
CIIOCOOHBIM Ha OTAENBHBIX 3Talax MO3HAHUS MPEACTABISTH B ONPEAeIEHHBIX
OTHOIICHUSX HM3ydaeMbli OOBEKT, a TakKe JaBaTh IMPH HCCICIOBAHUU MOJEIHU
uHpopMmaluio 00 00BEKTE.

[Ipu MomenupoBaHWM BaKHA Ta IOMOINb, KOTOPYKD OHO OKAa3bIBACT IIPH
OTIPEJICTICHUN KAaYECTBEHHBIX M KOJIMYECTBEHHBIX CBOMCTB SIBIICHUN OJMHAKOBOU
busznyeckol TPUPOABI U SIBJICHUHM, PAa3HOPOJHBIX IO CBOeH (PuU3NUECKOU
CyIIHOCTH. Takum 00pa3oM, MpU MOACIUPOBAHUU BCEr/a JOJKHBI MPHUCYTCT-
BOBAaTh HEKOTOPBIC COOTHOIIEHWS, YCTAHABIMBAIOIIME YCIOBHS TIEpexoaa OT
MOJAENIH K HCciIeayeMoMy oOBeKTy (opuruHaimy) Takue COOTHOIICHHS HOCST
Ha3BaHKUE MacCIITa0OB.

MopenupoBaHue BKJIIOYACT HAyYHBIC HCCIICIOBAHUS, HAIPABJICHHBIC TIa
pemenue o6mePmIocopCckux M OOIIEHAyYHBIX MPOOJIeM, BO-TIEPBBIX, TaK U Ha
pelIeHre KOHKPETHBIX HAy4YHO-TEXHMYECKUX 3a]lad, BO-BTOPBIX, TJI€ MOJIEIH-
pOBaHME BBHICTYMAET KaK MHCTPYMEHT uccienoBanus. [Ipuémbl ananvsa u anmnapar
pEeIIeHUs] TMPU ITOM pPa3IUYHBl, HO METOJ OJMHAKOBO TPEOYeT YCTAaHOBJICHHSI
KPUTEPUEB TMOJ00US, T.€. CIOBECHOW WM MaTreMaTH4ecKOW (OpMYJIUPOBKU TeX
YCIIOBHM, TTPU KOTOPBIX MOJIETh MOXKET CUUTATHCS 3aKOHOMEPHO OTpaKaroIiei (B
TOM WJIM UHOM CMBICII€) OpUTHHAI.

[TonoOue siBeHUM, XapaKTEPU3YIOIIEECs] COOTBETCTBHEM (B YACTHOM CIydae
MPOMOPIIMOHAILHOCTBIO)  BEJIMYWH, YYAaCTBYIOIIMX B HW3Y4YaeMbIX SBJICHUSX,
MPOUCXOMSIINX B OpWUTHHATAX W B MOJENAX, MO CTEMEHW COOTBETCTBUS
rapamMeTpOB MOCIIH U OPUTHHAJIA MOYKET OBITh TPEX BHJIOB.

AOcomoTHOE 1o001Me, TpeOyroliee MOJHOTO TOXKJECTBA COCTOSHUM WM
SIBJICHUH B TIPOCTPAHCTBE U BPEMEHHU, MPEACTABISICT cOO0H abCTpaKTHOE IMOHSATHE,
peanu3yemMoe TOJIbKO YMO3PUTEIBHO.

[TomHoe momoOue — mogobue Tex MPOIECCOB, MPOTEKAIOIIUX BO BPEMEHH U
MIPOCTPAHCTBE, KOTOPBIE JOCTATOYHO TMOJHO IS IeJeil JaHHOTO HCCIE0BaHUS
OTPEEINSIOT U3Yy4aeMOe SIBJICHHE.
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Henonnoe nomobue cBSI3aHO ¢ M3yYEHHEM IPOILIECCOB TOJILKO BO BPEMEHU
VI TOJBKO B IPOCTPAHCTBE.

[Tpubnmxénnoe mnoaoOue peanuszyercss NpU HEKOTOPHIX YIPOUIAIOIIUX
JOMYUIEHUSAX, MPUBOASIIMX K HCKKCHHUSIM, 3apaHEe OLIEHMBAEMBIM KOJUYECT-
BEHHO.

Buner monenein

Teopus mogoOus U MOAETUPOBAHUS, SBISIONIASICS, B CYIIHOCTH, TEOpHUEH
MOCTAaHOBKM M OOpabOTKH, MPOBOJAUMBIX SKCIHEPUMEHTAIBHBIX M AHAIUTUYECKUX
UCCJIEIOBAHMM, CHOCOOHAa B 3HAYMTEIBHOM MeEpe pa3peliuTb MHOTHE BO3-
HUKAIOIIUE MPH 3TOM TpyAHOCTH. OIHAKO MOoA00Me U MOJETUPOBAHUE HE MOTYT
CTAaHOBUTHCS U HE CTajdud OTACIbHON (CrenualibHOM) HAyKOH, XOTS B THO-
CEO0JIOTUYECKOM IUIaHE BBIJCISIOT HEKOTOphIE OOIIME CBOMCTBA, MPUCYILIHE BCEM
MOJEIIAIM. OTH CBOWMCTBA 3aKJIIOYAOTCS B HAJU4YUM HEKOTOPOM CTPYKTYpHI
CTaTUYECKON M JAMHAMHUYECKOM, KOTopas MoJo0Ha WM paccMaTpUBaeTcs B Ka-
YECTBE MOJT00OHOM CTPYKTYPBI IPYTOM CUCTEMBI.

JItobast Moaenb, TaKUM 00pa3oM, 3TO €CTECTBEHHBIM WMJIM HCKYCCTBEHHBIN
O0OBEKT, HAXOSIIMICS B COOTBETCTBUU C U3y4aeMbIM OOBEKTOM MJIM KaKOM - Tu00
U3 €ro CropoH. B mpouecce wu3ydeHUss MOJAENIb CIYKUT OTHOCUTEIBHO
CaMOCTOSITENIBHBIM «KBa3MOOBEKTOM», MO3BOJIIOIIMM MOJIYYUTh IPU €ro HUC-
CIIEJOBAaHMM HEKOTOpPHIE 3HAHHUSA O CaMOM H3y4aeMoM oO0bekTre. Mopenu Bcex
BUJIOB MOCTENIEHHO MpHUOOpeTaroT BCE OoJblliee 3HaYEHHUE, MO3BOJISS MPOBOAUTH
Hay4YHbIE MCCJIEIOBAHUS PA3JIMYHBIX IMPOLIECCOB, YTOYHATH TEOPUIO pPabOThI
pa3IMYHBIX YCTAHOBOK, IPOBEPSITh BBIBOJABI W TOJy4aTh Oo0Jiee TMOJHOE U
HarJIIHOE MPEJCTaBIECHUE, YeM 3TO MOXHO ObUIO OBl clenaTh TOJBKO Ha OC-
HOBaHMM pacuéTa. Mojenu UMeroT 00JIbII0e 3HAYEHUE C TOUKH 3pEHUs] 00yUeHMUs,
NO3BOJISIE  HEOJHOKPAaTHO  BOCIPOM3BOJAUTH aBAapUHBIE PEXUMBl  MAIlUH,
anmnapaToB M CUCTEM, U3y4dasi IPU 3TOM UX B YCKOPEHHOM BPEMEHH, HEOOXOIMMOM
JUIsL  TIOJy4eHUsI HYXHOro omnbiTa. Mongenu obecneunBaroT  00pabOTKyY
MICUXOJIOTUYECKOM COBMECTUMOCTH HOBBIX MAIIHMH, anmnaparoB U CUCTEM, U ue-
JIOBEKa.

KoHuenrtyanbHble MOZAENH MNpeAnojaratoT pa3paboTKy M HCHOJIb30BaHUE
Mojenen, GopMupyeMbIX HaOIIOJEHUEM B MpoIlecce OOydeHHsI U HAOIIOACHHS 32
O0BEKTOM BO BpeMsi ero (hyHKUMOHMpPOBaHHUS. Mozenu MO3BOJIAIOT OLEHUBAThH
3HAYMMOCTb CBOMCTB LIEJIOCTHOCTH, BBISBIIATH CBOMCTBA CHCTEMBI U MPUXOJIUTH B

HEKOTOpOE COCTOsIHME, ompenensieMoe €€ coOCTBeHHOH cTpykrypoil. MHornma
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BBIICISIOT JIOTUYECKUE MOJENH, KOTOpbIE CTPOSATCA C IOMOILBIO amnmapara
MaTE€MaTUYECKON JIOTHMKH, a (POPMAJIbHOE MOCTPOCHHUE HMCHOJB3YyeTCA Aaliee s
COZIEPKATEIIbHON UX MHTEPIIPETALIAH.

KubepHeTnyeckrue MOJENM OCHOBBIBAIOTCS HAa MOJYYEHHH COOTHOLIEHUH
MEXIy BXOJHBIMH U BBIXOJHBIMH (DYHKIHMAMH IJi1 HEKOEro YEPHOTO SIIMKa,
IPEJCTaBISIIOIIET0 M3ydaeMoe sBJIEHUE, 0€3 pacKpbelTUs €ro BHYTPEHHEH
CTPYKTYPBI.

KBa3uaHaioronsle MOI€NIM U 3JEKTPOHHBIE MOJENIN 3aHUMAIOTCSI CUHTE30M
TeJIeH, SBIISIOMUXCS MOJICISIMU PA3TUIHBIX 00BEKTOB, IMEIOT OCOOCHHO OO0JIBIIIOE
3HAUYEHWE B HACTOAILEEC BpEMS MpPHU PEIICHUH 33]a4, BO3HHUKAIOIIMUX MpU
MPOECKTUPOBAHUU U IKCILTyaTallMy OOIBIIMX CUCTEM TEXHUYECKOTO HA3HAYEHUS.

DNEKTPOHHOE MOJEIMPOBAHUE MO3BOJIIET YCIEIIHO peIarh 3aJadu
OOBEKTOB U SIBICHUH MyTEM CO3JaHUS MOJAEIM W3 KOMOMHUPOBAHHBIX
OIEpallOHHBIX OJIOKOB M MPOBEACHUs cuHTe3a Mojeneil. Habop yHuBepcaabHbIX
KOMOMHAIIMOHHBIX ONEPAIMOHHBIX OJIOKOB MO3BOJISET CO3[aBaTh YHUBEPCAIbHbBIC
U CHEUUAIU3MPOBAHHBIE AHAJIOTOBbIE MAILWHBI, CBA3aHHBIE C YHHBEPCAIbHBIMU
HU(POBBIMU BBIUHACIUTEIBHBIMA MAILIMHAMHU.

B nocnenHee BpeMs MHOrO BHUMaHHUA YIENSETCS 3aJadaM CHUHTE3a B OT-
auuve OoT 3a7a4 aHanusza. CuHTe3 TpeOyeT He MPOCTO ONpENEeNICHHs XapakTepa
npolecca NpU 3aJaHHBIX €ro HaydaJbHBIX YCIOBHSX, HO ONPENENICHUS TaKUX
BO3/ICICTBUI Ha cucTeMy (M Takoe €€ MOJEJIMPOBAHUE), IPU KOTOPBIX YAAIOCH Obl
BBISIBUTh XapaKTep M BEIUYMHY BO3ACHCTBUM, OOecneuyMBarOlMX B JIaHHON
CUCTEME TaKOW XapakKTep MPOLIECCOB, KOTOPHIH KeNaTeabHO MPUAaTh Mpoleccam B
MPOEKTUPYEMOU WIIH YK€ (PYHKIMOHUPYIOIIEH CUCTEME.

Mogenb OTKpbIBaeT OoJbIIME BO3MOXKHOCTU MPOBEPSTH MPEANOCHUIKA
pPa3IMYHBIX COOTHOLICHWA W JOMYyUIEHUM, NPHUHATBIX I[PH MaTEeMaTHYECKOM
ONMCAHWM PA3NMYHBIX MPOLECCOB, BO3HUKAIOLIIMX B AaBAPUNHBIX YCJIOBHUAX, U
BOCITPOU3BOJMTH BCE JICEUCTBUS MEPCOHAJIA B YCIOBUAX, OJU3KUX K €CTECTBEHHBIM,
HEOOXOJMMBIX JUIsl YCTPAHEHUs aBapUUHBIX CcUTyaluu, T.e. OCYIIECTBUTh
NICUXOJIOTUYECKOe MojenupoBanue onepamuil. [logoOue m MoaenupoBaHue He
TOJIbKO HE HAXOJATCA B MPOTUBOPEYMH C AHAIMTHUYECKHUMHU METOJaMH, MpUMe-
HSIOIUMH BBIYUCIIUTENbHBIE MAIllMHBI, HO, HAlpOTHUB, MOJKPEIUIIOT HX, obec-
ne4ynBas MPOBEPKY AHAIUTUYECKHMX METOAOB, CIIOCOOCTBYS YBEPEHHOCTH B HX

IMPUMCHCHHAX. Paznnuaror (I)I/ISI/I‘-ICCKOG N MaTCMAaTH4YCCKOC MOACIIMPOBAHNC.
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IIpu dusnueckoM moaenupoBaHuM (U3MKa SABJICHUN B OOBEKTE U MOJAEIHU U
UX MaTeMaTUYECKUE 3aBUCUMOCTH OJUHAKOBBI.

[Ipn MareMaTH4eCKOM MOJAETUPOBAHUU (PU3MKA SBICHUN MOXKET OBITH
pa3IMyYHOM, a MaTeMaTUYECKHE 3aBUCUMOCTH OJAMHAKOBBIMU. Uem Omike MOJeINb K
OpUTHHATY, TEM yJayHee OHa OIHUCBHIBACT OOBEKT, TeM dSPPeKTuBHEE
TEOPETUUECKOE UCCIIEI0BAHUE U TEM OJIMKE MOJyUYEHHbIE PE3YJIbTaThl K IPUHATOM
TUIIOTE3€ UCCIICIOBAHNUS.

[Io Buay mnpencTaBisgieMOro OOBEKTAa pa3IMyaroT MOJEIU (PU3HUECKUE,
MaTE€MaTUYECKHUE, HaTypHBIE.

@u3nyecKre MOJEU MO3BOJISIOT HAIIAIHO MPEACTABIATh NIPOTEKAIOUIUE B
npupoze nporecchl. C TOMOLIBI0 (PU3NYECKUX MOJEIEH MOXKHO M3ydaTh BIUSHUE
OTJEJIbHBIX [TAPAMETPOB HA MPOTEKaHNE (PU3NYECKUX MTPOLIECCOB.

MareMaTtnyeckue MOJAEIN TMO3BOJISIIOT KOJMYECTBEHHO MCCIIE0BATh SIB-
JIEHUSI, TPYAHO NOJAI0IIMECS U3YUEHHIO Ha (PU3UUECKUX MOJIEISIX.

HatypHble MoJenu mpeacTaBiIOT cOOOW MacIiITadHO W3MEHEHHBIE O0b-
€KThI, MMO3BOJIAIOIINE HAauOOJIEe MOJHO MCCIEN0BATh MPOLECCH], MPOTEKAIOIINE B
HATYPHBIX YCIOBHSIX.

CraHgapTHBIX PEKOMEHJALM MO BBHIOOPY U TOCTPOEHUIO MOJENEH He
cyuiectByeT. [Ipu moctpoeHun Mojenu HEOOXOAWMO YUUTHIBATh OCOOCHHOCTH
UCCJIEYEMOTO SIBJIEHUS: JINHEWHOCTh U HEJIMHENHOCTh, JETEPMUHUPOBAHHOCTD U
CIIy4ailHOCTb, HENIPEPBIBHOCTD U AUCKPETHOCTD U IP.

B Teopernyeckux HcCIeIOBaHUSAX MPUMEHSIOT MOJENHM aHAJIOTH U MOJEIU
noaoOusi. OCHOBBIBASICh HA MOJIOOMU WJIU aHAJIOTMU 0OBEKTOB, MPOIECCOB U T.II.,
U3Y4aroT TEOPETUYECKUM IyTEM SBJICHHS Ha MOJEIH, a 3aTeM C IMOMOUIBIO
COOTBETCTBYIOILIETO MAaTEMAaTUYECKOTO aIlllapaTa yCTAHABIMBAIOT 3aKOHOMEPHOCTH
B HaType.

3/1ech €CTh CBOM CIOKHOCTU. [IpyM MCHONB30BaHMM MATEMATHYECKUX MO-
neneil uToObl U3 BCE COBOKYIMHOCTHM OOBEKTOB M COOBITUM HAWTHM YacTHOE pe-
HIeHWe, MpHUCYIIee JIMIIb JaHHOMY MPOLECCY, HEOOXOAUMO 3aJaTh YCIIOBUE
OJIHO3HAYHOCTH. YCTAaHOBJIEHUE KpaeBbIX (IPaHUYHBIX) YCIOBUH TpeOyeT
MPOBEICHUS JJOCTOBEPHOTO OMNBITA W TIIATEIBHOTO aHaJW3a HKCIEPUMEHTATbHBIX
naHHbIX. HempaBuiibHOE NPUHATHE KPAEBBIX YCIOBUH MPUBOJUT K TOMY, YTO
MOJIBEPraeTcsl TEOPETUYECKOMY aHAJIM3y HE TOT MPOLECC, KOTOPBIN INTAHUPYETCS, a

BUJIOU3MEHECHHBIN.
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OKCnepUMEHTAIbHBIE METO/bl MO3BOJISIOT TIIYOOKO M3y4YWTh IMPOLIECCHl B
Mpejiesiax TOYHOCTA TEXHUKH 3KCIEPUMEHTAa U CKOHIECHTPUPOBATh BHUMAHUE HA
TE€X MapaMeTrpax IMpolecca, KOTOPbIE MPEACTABISIOT HAaWOOJBIIUNA HHTEPEC.
OpnHako pe3yJbTaThl KOHKPETHOTO SKCIIEPUMEHTA HE MOTYT OBITh PaCIIPOCTPAHCHBI
Ha JPyrod mporecc, naxe OMu3Kui mo ¢u3mdeckor cymmHoctu. M3 ombiTa
HEBO3MOXHO OKOHYATEJIbHO YCTAHOBUTh, KAaKHE€ W3 MapamMeTPOB OKa3bIBAIOT
pemarolee BIMSHUE Ha XOJ IMpollecca, U Kak OyJeT MpOTeKaTh MPOIECC, €CIH
WU3MEHATH PA3JIUYHbIEC TAPAMETPHI OJHOBPEMEHHO.

Takum oOpa3zoMm, HaIO COYETATh U AHATUTUYCCKUEC, W IKCIIEPUMEHTAIBHBIC
METO/IBL.

Ha »>TOoM OoCHOBaHBI METOJbI COYETAHUSI AHAIUTHUYECKUX CIIOCOOOB HCCIIE-
JIOBAaHUSI C OKCIEPUMEHTAIBHBIMU METOJIaMU aHAJIOTUH, MOAOOWsS W aHalu3a
Pa3sMEpPHOCTEMN, KOTOPBIE ABJISIOTCS PA3HOBUIHOCTHIO METOI0B MOJIEIIUPOBAHUS

CymHOCTh METOJAa aHAJOTMH COCTOMT B TOM, UYTO PacCMaTpHUBAIOT IPO-
1[ECChI, KOTOPhIC UMEIOT UJICHTUYHbIC MATEMATUYECKUE BIPAKCHUSL.

Teopust mompoOusg - 3TO ydyeHHe O Mmojaoouu siBieHuil. OHAa TpPUMEHSIETCS
TOrJAa, KOrJa 3aBUCHUMOCTH MEXAY IEPEMEHHBIMU HEBO3MOYKHO YCTAHOBUTH
pemienueM auddepeHnnanbabpix ypaBHeHUN. Torna mpoBOJAT MpeaBaAPUTEIbHBIMN
DKCIIEPUMEHT M COCTAaBJISIIOT YPAaBHECHHUE, PEIIEHUE KOTOPOTrO MOXKHO pac-
MPOCTPAHUTH 32 MPEIeTaMU TPAHUILL SKCIIEPUMEHTA.

B psane ciayuaeB BcTpewaroTcs MpOIECChl, KOTOPbIE HE MOTYT OBITH HEIO-
CPEACTBEHHO OMUCaHbl MU dHepeHINATPHBIMU YPABHEHUSIMU. 3aBUCUMOCTh MEXK]TY
MEPEMEHHBIMU BEJIMYMHAMU B TaKUX MPOIECCaX MOXXHO YCTAaHOBUTH JIUIIb
AKCIEPUMEHTAIbHO. YTOOBI OTPaHUUUTH SKCIEPUMEHT U OTBICKATH CBSI3b MEXKIY
OCHOBHBIMU XapaKTEPUCTUKaMH mporecca, AG(PEKTUBHO MPUMEHSATh METOJ
aHalln3a Pa3MEPHOCTEH, KOTOPBIA COYETAECT TEOPETUUYECKUE MCCIECIOBAHUS C
HKCIIEPUMEHTAJILHBIMHU U TIO3BOJISIET COCTABUTh (PYHKIIMOHAIbHBIE 3aBUCUMOCTHU B

KpUTEPUATBHOM BUJIE.



16

MaremaTuyeckue MoaeIu

Marematuyeckumu MojensiMu (MM) Ha3bIBaIOT KOMIUIEKC MAaTEMaTUYECKUX
3aBUCUMOCTEM M JIOTMUECKHX BBIPAXKEHHM, OTOOpakarolUX CYIIECTBEHHBIE Xa-
PAKTEPUCTUKH U3YyYaeMOTO0 SIBJIEHUs (IpoLecca).

MaremaTnyeckue 3aBUCUMOCTH YCTAHABIMBAIOT 3aBUCHUMOCTb MEXIY W3-
BECTHBIMHU ¥ UCKOMBIMH BEJIUYNHAMH.

y = Zn:ci X - JIMHEWHAas 3aBUCUMOCTD

i=1

r7e Cj - mapaMmeTp; X; - IEPEMEHHBIC; Yj - HCKOMasl BEJITUYMHA.

a
y = j f (X) dx — MHTErpaI AJ1 BBIYUCIICHUSA IIJI0IIAH, paboThI, CKOPOCTH H T.]I.
b

y' = f'(p) =0 — MaTeMaTH4eCKasi MOJENb OTBICKaHUS IKCTpeMyMa (QyHKIUU
fp).

[Tpu noctpoernn MM u3ydaemMoil CUCTEMbI BBIACIAIOT T€ €€ 0COOEHHOCTH,
KoTophie 1) copepskar OoJiee WM MEHEEe MOJHYI0 MH(OpMAIMIO O CUCTEME, a 2)
JIOMyCKaIOT MaTeMaTHYECKYI0 (popMaTn3aluio.

MaremaTtudeckas (popmanuzanusi 03HA4YaeT, YTO OCOOEHHOCTSAM CHUCTEMBI
MOKHO TOCTaBUTh B COOTBETCTBHE MOAXOJAIINE aJICKBATHBIC MAaTEMaTUYECKHE
NOHATHUS: 4Kcla, (YHKIUM, MaTpUIbl W T.JO. Torga cBs3M W OTHOUICHUS,
oOHapy>KEeHHbIE U TIPEINoIaraeéMple B M3y4aeMOil CUCTEME MEXIYy €€ COCTaBHBIMU
4acTsIMA MOKHO 3aIlicaTh ¢ MOMOIIBK) MAaTeéMaTH4YECKUX OTHOILICHUMN: PAaBEHCTB,
HEPABEHCTB, YpaBHECHUU. B pe3ynbraTre moiaydaeTcs MAaTEMATHYECKOE ONHCAHUE
M3y4aeMOM CHUCTEMBI, T.€. €€ MaTeMaTUYeCKasi MOAEb.

Maremartuyeckass MOAENb - MOJI€NIb, UCTIOJIB3YIOIIAsA ISl OTMCAHUSI CBOMCTB
Y XapaKTEPUCTHUK UCCIEAYEMOM CUCTEMBI MATEMATUYECKUE CUMBOJIbI U METOIBI.

MaremMaTndeckast MOJ€EIb JOJDKHA OBITh JOCTATOYHO TOYHOM, aJleKBaTHOHU U
yI0OHOM JIJIs1 UCITOIb30BaHUS.

MaremaTuyeckoe  MOJACIMPOBAHUE - TPOILECC H3YyUYCHHS  OO0BEKTa
MCCJICIOBAHUS TTyTEM CO3/IaHUSI €r0 MAaTEMATUYECKON MOJIEJIM U UCIIOJIb30BAHUS €€
JUISL TIOJTYYEHUS TTI0JIe3HOW MH(OpMAaIIUH.

MareMatrnyeckoe MOICIMPOBAHUE - HEOOXOIMMBIHN ATal, MPEIIECTBYIOMIMMA
KOMITBIOTEPHOMY MOJICJIMPOBAHHUIO.

KommbproTepras Mojesns - 3HaKOBasi MOJIENb, 3aMucaHHasi B opMe, KOTOPYIO

KOMITBIOTEP CIOCOOEH pacmo3HaTh M MpeoOpa3oBaTh B AJIEKTPUUECKUE CHUTHAIBI,
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IIPOU3BECTHU HaAJ HEU apI/I(bMeTI/IIIGECKI/Ie H JJOIT'MYCCKHE I[CﬁCTBI’IS[, a 3aT€M BBIJAThb

PE3YyJIbTAT Ha A3BIKC, IOHATHOM YCJIOBCKY.

[IpeumyiiecTBa MaTeMaTHYECKHX MOJENIe (MaTeMaTH4ecKoro MOJIEIu-
pOBaHUs) Nepe]l APYTUMH 3aKITFOYAIOTC:

a) B HU3KOW CTOMMOCTH UX CO3JaHMUS;

06) B OBICTPOM MOJYYEHUH PE3yJIbTATOB UCCIIEIOBAHNUS;

B) B BO3MOXKHOCTHU MPOBEJICHUSI PACUECTHBIX IKCIIEPUMEHTOB U MPOBEPKU
PaBUIBHOCTH IMOCTPOCHUSI MOJENH.

K HemocTraTkam MaTeMaTHYECKHX MOJAENEH CIEAyeT OTHECTH TO, YTO OHH
a0CTpaKTHBI.

MatemaTnueckrue MoJIeIN MOXKHO KJIaCCU(PUIIMPOBATh 110 Py IPU3HAKOB.

JIeTEepMUHUPOBAHHBIMU - HAa3bIBalOT TAKHE€ MOJEIHU, B KOTOPBIX 3HAYCHHUS
rapamMeTpa M MEPEMEHHBIX BEJIIMYMH MPEIIIOJIAratTCs 3aJaHHBIMA U JTOCTOBEpP-
HBIMH MPU KECTKUX CBA3SX.

CroxacTHdecKkue MOJENH - ONKCHIBAIOT CIIy4ailHble MPOLECCHI, T. €. Mpo-
LECChl, MPOTEKAIOIMe MOJ JCUCTBHEM CIydalHbIX (DAKTOPOB (3a7aud TEOpUU
BEPOSITHOCTH - BEPOSITHOCTHBIE 3aKOHBI, TEOPUSI MACCOBOT0 OOCITYKUBAHMS).

Knaccudukanus MaTeMaTHUECKUX MOJENEH B 3aBUCUMOCTH OT METOJIOB MX
KOMIIBIOTEPHOU pean3aluu:

1 AHanuTHuecKHe - pELIEHHUs MOoJIydaloTcss B aOCTpPakKTHOM BHIE, T.€.
MOJICTAHOBKA YKCENl BMECTO CHUMBOJIOB MPOU3BOJUTCA YK€ MOCIIE TOro, Kak OyaeT
MOJIYYEHO PEIICHHE.

1.1 AnreOpanueckue - MOJIENH, B KOTOPBIX HCIOIb3YETCSI KOHEYHO YHCIIO
apu(mMeTryecKux onepanuii, onepanuil BO3BEACHUS B IIEJIOUUCICHHYIO CTENEHb U
W3BJICYEHUS KOPHSI.

1.2 TIpuGnkeHHbIe - MOJIETH, coJiepkaire GOPMYJIIbl ¢ TTOKa3aTEIbHBIMU,
Jgorapu(pMUYECKUMH, TPUTOHOMETPUYECKUMU U T.II. GyHKUMAMU,
MpeanojaralolMMu TpuodInKeHHbIe BbluncieHus Ha OBM nytem paszioxkeHus B
OECKOHEUHbIN Psij.

2 ANTOPUTMHUYECKUE - UCTIOJIB3YIOTCS JJI U3YyUEHHUS CIOKHBIX CUCTEM.

2.1 YucneHHble - MOJEINb YNPOILAETCs, HAIPUMEP, TEPEXOIOM OT CHCTEMBI

nudepeHnnanbHbIX YpaBHEHUH K CUCTEME JTMHEHHBIX YpaBHEHUH.
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2.2 MuTanyMoHHBIE - MaTEMaTHYECKHE COOTHOLICHUS JUIsl MCCIEoyeMOM
CUCTEMBI BOOOLIE HE 3alMUCBHIBAIOTCA, a 3aMEHSIOTCS HEKOTOPBIM AJITOPUTMOM,
MOJEIUPYIOIINM €€ TTOBEICHHUE.

Knaccudukanus maremMatnyeckux Mojeneil (M HCCIeAyeMBbIX CHCTEM) B
3aBUCHMOCTH OT BO3MO>KHOCTH MCCJIEA0BATENS YIPABIATH UMH:

1 Ynpagnsiemble - IpeJOCTaBISAIOT UCCIEOBATEIO BO3MOKHOCTh BBIOOpA HE
TOJILKO BapHaHTa (YHKIMOHUPOBAHUS, HO U IOCTaBICHHBIX Lelei (Hampumep,
MaKCHUMU3alMs NPUObUIA, MUHUMH3ALUs 3aTPaT U T.I1.).

1.1 OnTuMu3alMOHHBIE - TIOUCK YIPaBICHUS, O0ECIEUUBAIOIIETO
Hauyylive (ONTUMalIbHbIE) 3HAYEHHS] BBIOPAHHOIO MOKa3aTess (KpUTepus), Npu
3aJIaHHBIX OIPAaHUYEHUSX.

1.2 HeonTuMu3alMoOHHBIE - TIOUCK YNPABJICHUS, IEPEBOJAIIETO CUCTEMY U3
HEYCTOWYMBOTIO MOJIOXKEHUS B yCTOMYUBOE.

2 HaOmromaemble - MO3BOJIAIOT HCCIEIOBATENI0 TOJBKO (PUKCUPOBATH U
aHAJIM3UPOBATH COCTOSIHUE CUCTEMBI, HO HE BIUATH HA HETO.

Knaccudukanys MareMaTH4ecKUX MOJENEH 10 XapaKTepy peKUMOB:

I Cratuyeckass - MoOJA€Nb, BKIKOYAKONIASg ONHUCAHUE CBS3E€H MEXKIY
OCHOBHBIMU TMEPEMEHHBIMU HCCIEAYEMOW CHCTEMbl B YCTAHOBHUBIIEMCSl PEXUME
0€e3 yueTa U3MEHEHHUs [TapaMEeTPOB BO BPEMEHH.

2 [luHaMpyeckas - MOJEJb, ONMWCBHIBAIOIIAS CBA3UM MEXIYy OCHOBHBIMHU
IIEPEMEHHBIMU MCCIIEYEMOU CHUCTEMBI IIPU NEPEXOJE OT OJHOTO pEXHMMA K
ApPYromy.

Knaccudukanusa MareMaTHuecKUX MOJAEJIEH 10 TUITY COCTOSTHUI:

1. HempepbiBHast - MOZ€IIb, B KOTOPOW MEPEMEHHBIE MPUHUMAIOT 3HAYEHUS

U3 HEKOTOPOI'O IPOMEKYTKA.

2. JIucKkpeTHas - mepeMeHHbIe IPUHUMAIOT N30JIMPOBAHHbBIC 3HAUCHMS.

3. CwmemiaHHasl.

4. JluHeliHast MOzeNb - Bce (DYHKIMHM M OTHOLIEHUSI, OMMCHIBAOIINE MOJENb

JIMHEMHO 3aBUCHAT OT INEPEMCHHBIX.
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JIEKIIUA 2. OIITUMU3AIIMOHHOE MOJAEJINPOBAHUE

CoBpemMeHHOE TPOU3BOJICTBO BO BCEX OTPACIAX HAPOIAHOTO XO35UCTBA
TpeOyeT MMPOKOTO HCIOJIB30BAHUS METOJOB ONTHUMHU3ANMH. Pa3MepHOCTH mpo-
M3BOJICTBEHHBIX ONTHUMU3AIMOHHBIX 3a/Jad, Kak MPaBWIIO, BEIUKA, MOATOMY pe-
maTth Ux I1enaecoodpasHo Ha OBM. OnHa U Ta ke 3ajada MOXKET OBITh pelleHa
Pa3IMYHBIMM METOJIaMH OJTHOBPEMEHHO, B TO BpeMsl, KOT/Ia pa3HbIC 3a7a4l MOTYT
pemarbcsi OJTHUM MeToAoM. B 11000M citydae MOKHBI TOCIYKUTh ONTUMAaJIbHbIE
(KaK BBITOJIHEHININE) TOKA3aTEIN MIPOU3BOICTBEHHOTO npolecca. Ha cerogusuHuii
MOMEHT C TOYKU 3PEHHUSI UMEHHO PACCMOTPEHHE ONTHMH3ALMUKU TPAHCIIOPTHOIO
npoiiecca HauboJbIIee PacpOCTPaHEHUE MOJYUHIIM TaK HA3bIBAEMbIE YKOHOMHUKO-
MaTEMAaTUYECKUE METO/Ibl WJIM KaK UX €II€ Ha3bIBAIOT UCCIICAOBAHUE ONICPaLIHH.

Bce meToapl onTUMMU3AIMU YCIOBHO MOKHO Pa3/IeNIUTh HAa KJIACCUYECKHUE U
COBpPEMEHHBIE.

K kmaccuueckum METOJaM OTHOCAIT:.

o MeTOo bl TU(HEepeHIINATIEHOTO HCUUCIICHNUS;
o YUCJICHHBIE METO/IBI;

o METO/Ibl YCIIOBHOM 1 O€3yCIIOBHOW ONTUMU3ALINH;
o METO/IbI Ilepedopa BapuaHTOB.

o K coBpeMeHHBIM METO/1aM MOXHO OTHECTH:
. JIMHENHOE MPOrpaMMUPOBAHHUE;

o HEJIMHEWUHOE MPOrPAMMHUPOBAHHUE;

o JTUHAMUYECKOE TPOrPAMMHUPOBAHHE;

o CTOXAaCTUYECKOE ITPOTPAMMHUPOBAHUE;

o TEOpHsI MaCCOBOTO OOCITYKUBaHUS;

o CETEBOE INIAHNPOBAHUE;

o TEOpPHUsI UTD;

o TEOPUS IJITAHUPOBAHHUS SKCIIEPUMEHTA.

Haubonee paspaboTaHHBIMU ISl TPUMEHEHUS B IJIAHOBO-DKOHOMUYECKUX
pacyerax SBISAIOTCA METOAbl JMHEWHOIO IPOrPaMMHUPOBAHHUs, KOTJa LEIEBas
(GyHKUHS U BCE OTPAHUYEHUS ABJISIOTCS TMHEHHBIMU (PYHKIUSMHU.

K 3agauam HENMHENHOTONPOrPAMMUPOBAHUS OTHOCSATCS TaKUE, B KOTOPBIX
ueneBas (QyHKUMA WIM OTPAaHUYEHUS, a WHOTJA TO M JIPYyroe OTPAKEHbI B
HEJIMHEWHOU (opme, T.e. IepeMeHHbIE B COOTBETCTBYIOIINE BBIPAXKEHUS BXOJAT B

CTETICHU BBIIIIE TIEPBOM.
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CioBO HENMHEMHOE IMOKa3bIBAaCT, YTO COOTBETCTBYIOIME 3aJa4d B ITOM
Clly4ae OIMCHIBAKOTCS HEJIMHEHHBIMU ypaBHEHHSIMU. (CBOWCTBO HEJIMHEWHOCTH
COCTOHT B TOM, YTO PE3yJbTaT B3aUMOJICHCTBUS HECKOJBKUX (DAKTOPOB HE paBeH
IIPOCTON anredpandecko cymme ux aeictBus. Hanmpumep, ecnu miIaHUpoOBaTh
OJTHOBPEMEHHYIO paboTy Ha MOCTYy TEXHHYECKOTO OOCIY>KMBaHUSA aBTOMOOWIIEH
IBYX pabouux, TO UX MPOU3BOAUTEIBHOCTh OYAET OJHA, a €CIU YEThIpeX - OHa
MOJKET OBITh U MEHBIIE U3-32 HEOCTATOYHOCTH (PpOHTA padoT.

JIluHaMu4ecKoe  IPOrpaMMHUPOBAHUE  HCIOJB3YETCA  INPU  PELICHUHU
HDKOHOMMYECKHUX 3a/1a4, ITapaMeTPbl KOTOPBIX U3MEHSAOTCA BO BPEMEHH, T.€. UMEIOT
OVHAMUYECKHM xapakrep. lIpomecc pemeHus Takux 3agad pacrajgaercs Ha
HECKOJIBKO 3TanoB. Ha kaxxaom srtame onpenensercs ONTUMaIbHOE PELICHUE UL
YaCTU HEU3BECTHBIX, KOTOPOE U CIYKUT UCXOAHBIM YCIOBHUEM [JIs OIPEIEICHUS
ONTUMAJIBHOTO PEIICHMs ClIeAyromero jtana. ONTUMaIbHBIA IIJIaH MOCIEAHETO
JTama ABJIIETCA ONTUMAJIbHBIM PELICHUWEM BCEH 3alauyd JUHAMHYECKOIO
IIPOrPaMMHUPOBAHUSL.

Hanpumep, 1npum I[UIaHUPOBaHUM  CTPOUTENIBCTBA  aBTOTPAHCIIOPTHBIX
OpPEANpUATAA  HEOOXOAMMO  ONpENeNuTh, Kakue M3  HUX  CIeAyeT
PEKOHCTPYMPOBATh, PACHIUPUTH M IOCTPOUTH B KaXJAOM TOIY IISTHUIETHETO
nepuoaa.

[lemounciaeHHOCT B MAaTEMaTHYECKOM  IPOIPAMMHUPOBAHUM  O3HAYAET
IIOJIyYEHHE PEILLECHHUS TOJIBKO B LEJbIX YUCIIAX.

B croxacTHueckux MOJENSAX HUCXOAAT W3 BEPOATHOCTHOM TPaKTOBKHU
PKOHOMHYECKOTO TMpolecca M ero mnapamerpoB. Kaxpoinl Bxoasmend B MOJIEIb
BEJIMYMHE MPUMHUCHIBAETCS HE OJHO KaKoe-IMOO YHUCIO, a YKa3bIBAIOTCS TOJBKO
BEPOSITHOCTHBIN 3aKOH PACIPENEIICHUS €€ 3HAYCHHUS U XapaKTEPUCTUKHU TaKOIO
pacnpezenieHus (MaTeMaTH4ecKkoe 0KUJIaHue, TUCIEPCUs U T.I1.).

OaHMM U3 METOJAOB, LIETMKOM Oa3MpYIOIIMXCS HAa TEOPUU BEPOSTHOCTEM,
ABJISIETCA METOJ KOPPEJSIHIMOHHOTO aHanu3a. KoppelsimoHHbIN aHAINA3 MTO3BOJISIET
MCCIIEN0BAaTh B3aMMOCBSA3M SKOHOMMYECKHX IIOKA3aTelIel M, 4TO OYEHb BAXHO,
OLIEHUTh CUIIY 3TOW CBA3U. [Ipn 3TOM HMCXOAAT U3 TOrO, YTO U3y4AEMOE SBJICHUE
MMEET CIIy4alHbIi, BEPOSTHOCTHBIA XapaKTEp M IOAYMHEHO COOTBETCTBYIOLIUM
CTaTUCTHYECKUM 3akoHaM. C NOMOIIBIO KOPPEISLMOHHOIO aHaJlIh3a MOYKHO
IIOCTPOUTh MAaTEMATHYECKYI0 MOJENb 3aKOHOMEPHOCTHM H3MEHEHHS OCHOBHOI'O

MOKa3aTelis B CBSI3M C W3MEHEHHEM (DAKTOpOB, HA HETO BIHUSIONIUX. Ty
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3aKOHOMEPHOCTb Ha3bIBAlOT PETPECCUEN, a aHAJIU3 €€ CBOMCTB - PErpecCUOHHBIM
aHaAJIU30M.

Meronsl TEOpUM MaccOBOrO OOCITYXMBaHHUS IPUMEHSIOTCS Tam, L€
BO3HHUKAET MOTPEOHOCTh B MacCOBOM oOcCTykuBaHUU. Hampumep, aBTOMOOUTIbHBIC
MEPEBO3KM MOXKHO paccMaTpuBaTh KaK CHUCTEMY MAacCOBOTO OOCTYXKUBaHUS;
paboTa MyHKTOB IMOTPY3KM TAaKKE€ OCHOBAHAa Ha MNPUHIMUIAX TEOPHUH MAaCCOBOIO
oOciyxuBaHus U T.1. OOmEeld 0COOEHHOCTBIO 3aJay, CBSI3aHHBIX C MAacCOBBIM
o0CITy’)KMBaHHUEM, SIBIISIETCS CIIydallHbIM XapakTep uccieayeMoro npouecca. Yucio
TpeOOBaHMII Ha OOCIy)XMBaHHME€ ¥ BpPEMEHHBIE HWHTEPBaJIbl MEXIy UX
NOCTYIJIECHUEM HOCAT CIydalHbId XapakTep, HUX Helb3s IMpeacKa3aTh C
OJIHO3HAYHOU OIpeAeeHHOCThI0. OJHAKO B COBOKYMHOCTH MHOKECTBO TaKHX
TpeOOBaHUI MOJAUMHSAETCS OINpPEACIEHHBIM CTATUCTHUYECKUM 3aKOHOMEPHOCTSIM,
KOJIMYECTBEHHOE HM3yUYEHHE KOTOPBIX M SBIIETCS MPEIMETOM TEOPUU MaCCOBOTO
obciyxuBanus. [log kadecTBOM 0O0CIy)XKMBaHHsI IMOHUMAeTCsS CBOEBPEMEHHOE
oOcy’KMBaHUE NOCTYIUBIINUX B cUCTEMY TpeOoBaHMi. OCHOBHBIMH MOKAa3aTEISIMU
3 (HEKTUBHOTO OOCITYKMBAHMS CUUTAIOTCA UIMHA OYEpEAH, BpeMs OKUIAHUSA B
ouepe/iv, MPOLEHT OTKA30B B 00CIY>KMBAaHUU, YHCIIO MPOCTAUBAIOIINX aIlapaToB
oOcnyxkuBanus. IlepedeHb 3THX MOKa3aTeNlel NaeT MPEJCTaBICHUE O XapaKTepe
penaemMeIx 3a1a4.

IIpakTiueckn Bce€ METOABl MCCIEIOBAaHUSA OIEpauuid HE I03BOJIIOT
MOJIYYUTh pellieHne B 3aMKHyToW (B Buae dopmyn) ¢opme. Hampotus, onu
MOPOXKIAIOT BBIYUCIUTEIbHBIE AJITOPUTMBI, KOTOPBIE SBIISIIOTCS WTEPALMOHHBIMU
o CBOeW mpupoae. IDTO O3HAYAET, YTO 3a/Jaya PEeIIaeTcss MOoCIeAOBaTEIbHO
(UTepalMOHHO), KOTJa Ha KaXJAO0M Mmare (UTepalnuu) MOJy4yaeM pelieHus,
IIOCTENEHHO CXOJSAIIMECS K ONTUMAIbHOMY. MTepallnoHHas npupoAa aJropuTMOB
OOBIYHO TPUBOAUT K OOBEMHBIM OJHOTUIIHBIM BBIUHCICHUSIM. B 3TOM W
3aKJIFOYAETCs MPUYMHA TOTO, YTO ATH aITOPUTMBI pa3pabaThIBAIOTCS, B OCHOBHOM,
JUTSL peaTu3aliy C MMOMOIIbIO BEIYUCIUTEILHOM TEXHUKH.

Hekoropble MaTeMaTuyeckre MOJEIN MOTYT ObITh TAKUMU CJIOKHBIMH, UTO
UX HEBO3MOXHO PEIIUTh HUKAKUMHU JOCTYNMHBIMU METOAaMH ONTHUMHU3aluu. B
TOM CJIy4a€ OCTAeTCA TOJIBKO JBPUCTHUYECKHM MOJXOJ: IMOUCK MOJIXOJSAIIErO
«XOpOUIETO»  PELICHHS BMECTO ONTHUMAJIbHOIO. OBPUCTUYECKHA  MOJIXOJ
IpEeAnosjaraeT Haludue SMIUPUYECKUX IpPaBUJl, B COOTBETCTBUU C KOTOPBIMU

BCACTCA IIONUCK ITOAXOAAIICTO PCIIICHMA.
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OcHOBHbBIE MOHATHS U 00111ast TOCTAHOBKA 3a/1a4 UCCIIE0BAHMS Ollepaluil

[TepBbie ¢opmanbHBIE pa3pabOTKA IO KCCIIECIOBAHUIO OIepanuil ObLIN
WHULMHAPOBaHbl B AHIJIMU BO BpeMsi BTopoii MUpOBON BOWHBI, KOrJa KOMaHJa
OpUTaHCKUX YYEeHBIX CGOPMYyNIHMpOBalla W HallUla pEHIeHHE 3aJaud HaumOojee
3¢ (GEeKTUBHON TOCTaBKM BOEHHOTO CHapspkeHuss Ha (¢poHT. Ilocne oxoHuaHus
BOMHBI 3TH HUAEH OBLIM TEpPEHECEHbl B TpaXkIaHCKYyI0 chepy AJis MOBBIIICHUS
3G ()EKTUBHOCTH W MPOAYKTUBHOCTH 3KOHOMHUYECKOW U TMPOU3BOJCTBEHHOMN
nesitebHoCTH. CeroJiHa TEopHusl UCCIENOBAaHUS ONEpaluil sIBISETCS OCHOBHBIM U
HEOTHEMJIEMbIM UHCTPYMEHTOM JIJISl IPUHSTHS PEIICHUI B CaMbIX pa3HOOOpa3HBIX
00J1acTAX YeTIOBEUECKOM IeATeIbHOCTH.

Kpaeyroasubeim KaMHEM UCCJIeI0BaHUS onepauui ABIIAETCS
MaTEeMaTU4eCcKOe MOJACINPOBAaHUE. XOTS JaHHbIC, IIOJYYEHHBIE B IIpoOLEcce
UCCIICIOBAHUSI MAaTEMaTUYECKUX MOJEJEH, SBISIOTCS OCHOBOW ISl TPUHSTHUS
pelieHnii, OKOHYATEIbHBIN BBHIOOP OOBIYHO JENIA€TCSd C Y4€TOM MHOTHUX JPYTHX
«HEMaTepHUaJIbHBIX» (HE UMEIOIIUX YKCIOBOTIO BBhIpaXKEHUsI) (PAKTOPOB (TaKUX KaK
YEJI0BEYECKOE MOBEACHHUE), KOTOPhIE HEBO3MOKHO OTOOPAa3UTh B MATEMATHYECKHUX
MOJEIIAX.

Onepamuss — 3T0 11000€ MEpPONPUITHE WIM HUX CHUCTEMA, KOTOpOE
HaIpaBJICHO Ha JOCTH)KEHHUE KaKOW-T100 1eu 1 00beIMHEHO 001Iel uieei.

[IpumepoM MOXKET CIYKUThb CHUCTEMA MEPOIPHUATHI, HAMNpaBi€HHAs Ha
noBeilieHne d¢dekTuBHOCTH TporieccoB TO u peMoHTa aBTOMOOWUIIEH WU
MEpOIPUATHS, HAIpaBICHHbIE HA COBEPIIECHCTBOBAHME CHUCTEMBI IEPEBO3KU
MAacCaXXUPOB UJTU JTOCTABKHU TPY30B.

311eCh TaKXKe CIEeIyeT OTMETUTb, YTO OMEepalysi — 3TO BCErza yIpaBisieMOoe
MEPOIIPUSTHE, TO ECTh Mbl MOKEM BIIUATH HA UCXO/I OTIEpaIH, U3MEHSISI TapaMETPHI.

OTH MapaMeTpbl, KOTOPbIE XapaKTEPHU3yIOT MEPONPHUAITUE, U KOTOPHIE MBI
MOXEM MEHSTh, IPUHATO HA3BIBATh PEIICHUEM.

OnTuManpHOE pElIeHHE — 3TO pEUIeHUE, KOTOpOe MO TEM WIH HHBIM
MpUYMHAM MPEANOYTUTEIbHEE IPYTUX.

Jlomyctumoe pelieHre — 3TO J00OW 3JIEMEHT MHOXECTBA PEIICHHM,
KOTOPBIC YJOBJIETBOPSIOT TEM UJIU UHBIM KPUTEPHUSIM.

JlommycTuMoe perieHrne MOKeT ObITh ONTUMAJIbHBIM, a ONITUMAJIbHOE BCETAa
JOJDKHO OBITH JIOMTYCTHUMBIM.

OnTuManpHOE pEIICHHEe BBHIOMpAECTCS W3 JIOMYCTUMBIX pEIIeHUH Ha

OCHOBAHHHU KPpUTEPHUA OIITUMAJIbHOCTH, HA3bIBACMOTI'O I_[C.HCBOI\/’I (bYHKuﬂeﬁ.
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OddekTuBHOCTh ONepalud — 3TO CTENEeHb €€ MPUCIIOCOOJEHHOCTH K
BBITOJIHEHUIO CTOSIILIEH NEPE HEW 3aJaUu.

B o6mem cnyyae mepBbIM IIaroM B TOCTPOCHUH MOJENEH SBISAETCA
OMpeNieJICHHE AJIbTEPHATUB, WM TEPEMEHHBIX pelmieHus. Jlaiee nepemMeHHbIe
pellIeHUs] HCIONB3YIOTCS JJIA CO3JaHusl 1LeNeBOM (YHKIUHM W OrpaHUYCHUN
MOJENU. 3aKOHYEHHYI0 THUIWYHYI0 MaTEMaTHYECKyl0 MOJIENb HCCIEA0BaHUs
omepanuidi  CXEMaTUYECKM MOXKHO  MPEJACTaBUTh  CIEAYIOIHUM  0o0pa3oMm:
MaKCUMU3ALMS WM MUHUMU3ALMS 1[EIeBOM (PYHKIUU MPU YCIOBUU BBIMOITHEHUS
OTPAaHUYECHHUM.

B mopensix uccnenoBaHusi onepanuii NOHITHE «ONTUMAIbHOCTU» PEIICHUN
OMPENIEIIACTCS C YUETOM COOTBETCTBUS ATOTO PEIICHUS MHOXKECTBY OIpaHUUYCHUH.
DTO 03HA4YaeT, 4TO KAa4eCTBO KOHEYHOrO PENICHUs, CIEIaHHOIO Ha OCHOBE
pelIeHUs 3a7a4u, 3aBUCUT OT aICKBATHOCTH IPEJCTABJICHUS MOJEIBbIO pEeabHOU
CUTYyallul, KOTOPYIO OHa (POpMajbHO OIKCHIBAET MOCPEICTBOM OTPaHUYCHUM.
Takoe pelieHre OyJeT yCIOBHO ONTUMAIBHBIM (MM JIOKAJTBHO ONMTUMAIBHBIM) JJIsI
peanpbHOM curyauuu. Takum 00pa3oM, KOHKPETHOE ONTUMAJIBLHOE pEIICHUE
SBJISIETCA HAWJTYYIIIUM TOJBKO JJIsl 9TOM Mojelu. YemM MoJenb JIydIlle 0ToOpaxkaeT

peanbHYIO0 CUTYAINIO, TEM OJIMXKE PEIICHUE ATOM 3a/]auu K ONTUMAIBHOMY.

Henesas pynkius. Kputepun ontuMusaim.

lleneBas ¢QyHkuMs (KpUTepuid ONTHUMAIBHOCTH) — OTO TMPHU3HAK, Ha
OCHOBAaHHUU KOTOPOTO TPOU3BOJUTCA CpABHUTENbHAsI OIEHKA JOMYCTUMBIX
pelieHrid U BIOOP ONTUMAIBHOTO PEIICHUSI.

Hcxons w3 BbIOpaHHOM 1ENeBOM (PYHKUMH, NPUHUMAETCS OJHO WIH
HECKOJIBKO JOMYCTUMBIX PEIICHHM, KOTOPOE U OYyJIeT ONTHUMAIbHBIM.

B kauectBe 1eneBoil (DYHKIHMM MOXKET BBIOMPATHCA KaK XapaKTEPUCTHKA
UcXoja omepanuu (HampuMep, MHUHUMAJIbHBIC 3aTpaThl), TaK W BEPOSTHOCTDH
COOBITHSI.

3anava, Korjaa 1eyeByto (GyHKUIHUIO MAaKCUMHU3UPYIOT, Ha3bIBaeTCs 3ajaveit
MaKCHMM3aIIUH, a KOTJIJa MUHUMHU3UPYIOT — 3aJja4eii MUHUMU3AIUH.

[Ipu permeHnn ONTUMHU3AIMOHHBIX 3a7a4 MEPBOHAYAIHHO HAJA0 YCTAaHOBHUTH
MaTeMaTHYECKYI0 MOJCNb (MaTeMaTHUECKyI0 3aBUCUMOCTh) Buga W= f(Xy, Xo, ...,
X,) M3ydaeMmoro rmpoiiecca. [Ipa 3ToM OHa MOJIKHA aJeKBaTHO OTOOpaXkaTh €ro

CBOMCTBA.
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B nanpHeiiiieM MaTeMaTHYECKYH) 3aBUCMMOCTH BBIIIE YKA3aHHOTO BHUJIA,
KOTOPYIO HEOOXOMMO UCCIIEI0OBATh Ha ONTUMAIbHOCTh, Oy/1€M Ha3bIBaTh LIEJIEBOU
byHKIHEH.

Ecnu B mokazarens neneBoit pynkuuu W BIOKEeH (U3NYECKUI CMBICH, TO
€ro BMECTE C LEJIEBOM (PyHKIMEH HA3bIBAIOT KPUTEPUEM ONTUMH3ALUU (KPUTEPUN
3 PEeKTUBHOCTH).

OgHuM U3 BaXHEUIIUX BOMPOCOB ONTHUMHU3AIMOHHOIO MOECIUPOBAHUS
MIPOU3BOJICTBEHHBIX TIPOLIECCOB SIBIIETCS BBIOOp KpUTEPHUS ONTHUMHU3ALUUA U
OTKCHIBAIOMICH ero 1eeBor QyHKIUH.

Brei6op kputepus ontumuzanuu (3QQPEKTUBHOCTH) 3aBUCUT OT MaciiTaba
pelraemMon 3aaauu.

Pa3znuyaroT yacTHele U 001IME KpUTepUU onTtuMu3anuu. O0IMe KpuTepum,
KaK IMpaBWIO, XapaKTEPU3YIOT HApPOJHOXO3ANUCTBEHHBIH H(PQPEKT NpeanpusTus
(mpubbLIb, C€EOECTOMMOCTh, PEHTA0ENbHOCTh W T.A.). YacTHbIE KpUTEpUU -
OTJIEJIbHBIE CTOPOHBI IMPOM3BOJCTBEHHOIO MHpolecca (3arpaThl >KMBOTO TPYIa,
3apruiata u T.1.).

YtoObl BBIOpaTh ONTUMAJbHBIM BapHaHT IJIaHA, HAJIO ONPEACIIUTH TaKHUe
3HAYEHHUS NEPEMEHHBIX, MPU KOTOPBIX HAMIIYYIIUM 00pa3oM YJIOBJIETBOPSIACH Obl
3apaHee 3aJjaHHasl oNpejesieHHas Leib. TakoW LEIbl0 MOXKET ObITh, JOCTHXKEHUE
HAaUMEHBIINUX TPAHCHOPTHBIX M3AEPKEK MPHU JOCTABKE MPOAYKLHUU MOTPEOUTENIM
OT TIOCTAaBIIMKOB WJIM JOCTHKEHHE MaKCHUMaJIbHOM IMPOU3BOAUTEIHHOCTH
MOJBM)KHOTO COCTaBa MPHU BBIMOJHEHUU ATUX NEPEeBO30K W T. M. CTemneHb
JNOCTH)KEHMSI 1IeJIM PEIIeHHs] TUIAHOBOM 3aJlayd  OMNpEAeNsieTcsl C MOMOIIBIO
KpUTEpHS, KOTOPBIA AOJKEH OBbITh BIIOJHE OIPEACICHHBIM KOJIMYECTBEHHBIM
noKa3aTesieM, T, €. JOJDKEH ObITh BhIpakeH uucioM. [lnan Oyaer onTuMaabHbBIM B
TOM CJIy4ae, €ClId YUCJICHHbIE 3HAUCHUS MIEPEMEHHBIX OyIyT yJIOBIETBOPITH BCEM
3aJJaHHbIM YCIIOBUSIM W TpPU 3TOM KPUTEPUH ONTUMAIBHOCTH IPHUMET
MaKCUMaJIbHOE WM MUHUMAJIbHOE 3HAUCHHE.

B maremaTtuueckoil gopMe 3amadya ONTUMAIBHOTO TIUIAHUPOBAHUS MOXKET
ObITH cpopMylpoBaHa ciaeAyromuM oOpazoM. CylIeCTBYET CUCTEMa BEJIIMYHUH, O
KOTOPBIX M3BECTHO, YTO OHM MOTYT NPUHUMAThH Pa3IUYHbIC 3HAUCHUS B 3aIaHHBIX
npenenax. TpeOyercs HaWTH Takue 3HAUYEHUS OTUX BEJIUYUH, KOTOpbHIE
ONITUMH3UPYIOT BRIOPAHHBIN KPUTEPUH, SIBIISIOMIMIACS X (DYHKIHEH.

[IpuHuMn ompenenaeHuss ONTUMyMa JIydllle BCEro IMOSICHUTh Ha MpHUMeEpe

ClIeIyIoUIel MpocTeuilield YyCI0BHOM 3aauu: TpeOyeTcsl ONpEeAEIUTh ONTUMAIbHOE
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3HAQYEHUE HEKOTOPOW BEJIWYMHBI X, OT KOTOPOW 3aBUCHUT OMNPEIEIICHHbIN
XO34MCTBEHHBIA pE3yNbTaT, INPUYEM HW3BECTEH XapakTep 3TOW 3aBUCHMOCTH.
Hanpumep, mnycTe WH3BECTHO, 4UTO YJEJIbHBIE 3aTpaTbl Ha TEXHUYECKOE
oOCITy)KMBaHHE M PEMOHT aBTOMOOWJISA OyIyT pacTH MPSMO IPOMOPIIMOHAIBEHO
BpEMEHHU ero Jkcmiyatauud. ONTUMaTbHOMY 3HAUYEHUIO BEIMYUHBI CpOKa
HKCIUTyaTallii aBTOMOOUIIsE Oy/IeT COOTBETCTBOBATh TaKas BEJIMYMHA CYMMapHBIX
U3JIePKEK, IPU KOTOPOM 3TH 3aTpaThl OyAYyT - MUHUMAJIbHBI

Kak mnpaBuno, OOBIYHBIMH METOJAAMHU IIyTEM CpPAaBHEHUS pPE3yIbTaTOB
pacdera Ka)KJ0oro BapuaHTa HEBO3MOXKHO BBHIOPATh HAMIIYYINIUMA, TaK KaK JTO, TaKe
IpU  WCIOJB30BAaHUM I PACYCTOB  OBICTPOACHCTBYIONIUX  DJICKTPOHHBIX
BBIUHUCIIUTEIBHBIX MAIIWH, 3aWMET CTOJb MHOIO BPEMEHHU, UTO MCIIOIb30BATh
pe3yibTaThl 3THX pacueToB OYyIeT, YK€ HEBO3MOXHO. B mociemnHue Trojbl
pa3paboTaHbl M TPOJOJKAIOT Ppa3paldaThIBATECA MATEMATHYECKHUE METOIbI
IUTAHUPOBAHUSI, KOTOPBIC TO3BOJIAIOT HAWTH peIlleHHe HE IMyTeM Imepedbopa u
CpPaBHEHHUS HA ONITUMAIIBHOCTh BCEX BO3MOYKHBIX BAPUAHTOB, & IyTEM MPUMEHEHUSA
ONPEAECICHHBIX MAaTEMATUUYECKUX ICUCTBUM, KOTOPBIE PSAIOM IMOCIEA0BATEIBHBIX
npuOImkKeHu  (MTepauuii) NOPUBOAST K  OKOHYATEIBHOMY ONTUMAJIbHOMY
PELICHUI0. DTO 3HAYUTEJIBHO COKPAIAECT TPYAOEMKOCTh PACUETOB, U CTAHOBUTCS
BO3MO>KHBIM MCIIOJIb30BAHUE UX PE3YJIbTATOB JJISI IUIAHUPOBAHUSI.

YenoBeueckuii yM 00J1aj1aeT OrPOMHBIMH JIOCTOMHCTBAMHU 110 CPABHEHUIO C
mo0oi mammHOW. brnaromaps WHTYyWIMu Oblla pelieHa «mpoliemMa KOMMH-
BOSDKEpa». JTa U3BECTHAs MaTeMaTHyecKas mpoOsemMa, 0IT0 CTaBUBIIAs B TYMHK
MaTeMaTUKOB, B OJHOM W3 BapHaHTOB (POPMYJIUPOBAIACH TaK: KOMMHUBOSKED,
BbI€3Kasi M3 BalMHITOHA, JOMKEH MOCETUTHh 48 TIIABHBIX TOPOJOB IITATOB U
BEPHYTHCA B BAIIMHITOH MO KpardaiiemMy nyTd. YKUCI0 BO3MOKHBIX MapIIpyTOB
cocrasmsier 10%. Corpynuuku uncrturyra POHJ (CIIIA) ¢ moMompio 6yIaBoK U
HUTOK ¥ CBOEH HMHTYUIMHM OTKPBUIM KpaTdyaWlliuii MapuipyT, CIocoOCTBOBAIN
BO3HUKHOBEHUIO U PA3BUTHUIO METOJ0B JTMHAMUYECKOTO MTPOTPAMMHUPOBAHUSL.

B Hacrosmiee Bpemsi pa3paOOTaHbl METOJbI MOJYyYCHHS ONTUMAIbHBIX
IJJAHOB MPU  PEHICHUH  CICAYIOIIMX  3aJay  [UIAHUPOBAHUS  TPY30BBIX
aBTOMOOMJILHBIX MIEPEBO30K:

o 3aKperieHne MoTpeduTenell 3a MOCTaBIIMKAMH OJHOPOIHOW WIIU
B3aMMO3aMEHSIEMOI IPOYKIINH C IIEbI0 MUHUMHU3AMKA TPAHCIIOPTHBIX 3aTparT;

o IJJAHUPOBAHUE HYJEBBIX MPOOETroB, T. €. MPOOETroB MOJBUKHOTO

COCTaBa OT ABTOTPAHCHOPTHOTO MPEANPHUATHUS K MEPBOMY MYHKTY HOTPY3KH U OT
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IIOCJIEIHEr0  IIYHKTa  pasrpy3kd 0  aBTOTPAHCIIOPTHOIO  IPEANPUATHA.
Pa3HOBUAHOCTBIO 3TOM 3a/1auu SIBISETCS 3a7a4ya pa3MELEHUs] pa3IMYHbIX TUIIOB U
MapoK aBTOMOOMJIEH MO aBTOTPAHCIIOPTHBIM MPEANIPUSATHIM;

o MapLIpyTU3alusl MEPEBO30K MAacCCOBBIX I'PY30B (yBsI3Ka €3[10K) MJIs
o0ecrnedyeHrss MUHUMAJIbHOTO TIOPOKHEr0 Ipobera aBTOMOOHIICH;

o IUIAHWPOBAHHUE PA3BO3HBIX U COOPHBIX MapLIPYTOB IPU IEPEBO3KE
MEJKUX MapTHi Tpy30B, oOecrnevynBaroiee MUHUMAIbHBIA MPOOer aBTOMOOMIeH
pu 00be3/1e MYHKTOB MOJIy4yeHus (WK OTIIPaBIICHUs) TPY3a;

o pacnpezesieHue MOABUKHOTO COCTaBa M IOIPY30YHO-Pa3rpy304HbIX
CPEICTB MO MapLIpyTaM C LIEJIbI0 MAaKCHUMaJbHOTO HCIIOJIb30BAHUSA UX pabOYero
BPEMEHH.

B nocnennue rogapl MaTeMaTUYECKUE METOJIbI HAUMHAIOT IPUMEHATHCA U HA
MACCAXUPCKOM aBTOMOOWJIBHOM TpaHcnopTe. C HX MOMOIIBIO MPOU3BOJUTCS
3aKpelieHne  aBTOOYCHBIX  IMAPKOB 32  aBTOOYCHBIMH  MapLIPyTaMH,
pa3padaThIBalOTCA ONTUMAJbHBIE CXEMbl AaBTOOYCHBIX MAapIIpyTOB B Tropojax,
PacCUMTHIBAIOTCS paclMCaHus JBUKEHHUS aBTOOYyCOB MO Mapuipytam. [lemarorcs
HOTBITKY HUCIIOJIB30BATh MATEMAaTUYECKUE METO/IBI ISl ONPEEIICHUS TOTPEOHOCTH
TOpPOJICKOTO HACEJIEHHs B TAKCOMOTOPHOM TpaHCIoOpTe. MaTreMaTuuecKue METObI
HAaYMHAIOT MPUMEHATHCS M B IUIAHUPOBAHMHM CE0ECTOMMOCTH aBTOMOOMIIBHBIX

MIEPEBO30K M HAKJIAHBIX PACXOJ0B aBTOTPAHCIIOPTHBIX MPEANPUATHH.

Knaccudukanus 3agad uccieI0BaHus oneparyi

B 3aj1a4ax 1o HCCJIEIOBAHUIO olnepali  paccMaTpUBAIOTCA
JNIETEPMUHUPOBAHHBIE, BEPOSTHOCTHBIE W WHJICTEPMHUHUPOBAHHBIE CHUCTEMBI. K
JIETEPMUHUPOBAHHBIM OTHOCSITCSI CUCTEMBI, B KOTOPBIX MPOIECCHI B3aUMOCBSI3aHbI
TaK, YTO MOKHO MPOCIEIUTH IEMb MPUYUH U CIEACTBUN (HAmpUMeEp, CUCTEMBbI
aBTOMATHUYECKOTO ympaBieHus). JleTepMUHUPOBAHHBIE CUCTEMbI B CTATHYECKOM
COCTOSIHUM  ONHUCHIBAIOTCA  alreOpaniuecKuMM, a B  JUHAMHYECKOM -
nudpepeHInanTbHBIMU WIH UHTETPATBHBIMU YPaBHECHUSIMU.

CraTrueckol Ha3bIBae€TCsA 3aJadya MCCIEIOBaHUS OIllepaluii, B KOTOpOM
MPUHATHE PEIICHUN MPOUCXOIUT B 3apaHEE M3BECTHOM M HE MEHSAIOIIEMCS BO
BpeMEeHU HHGOPMAIMOHHOM COCTOSIHUU <«JIWIIa, TMPUHUMAIOIIEro pernieHus». B
ATOM cllydae BCsS MPOIEAypa MPHUHSATHS PEIICHUH MOXKET ObITh peaii30BaHa 3a

OJIMH IIar.
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JluHamuueckas 3ajadya — 9TO 3aJladya MCCIEHOBAaHUs OIEpaluii, B KOTOPOU
WH()OPMAITMOHHOE COCTOSIHHUE <JIHUIIA, TPUHUMAIOIIETO PEIICHUS» NU3MEHSIETCS BO
BPEMEHU.

Hanpumep, cocrtaBiieHHe MEpPCIEKTUBHOTO IJIAHA PA3BUTUSA MPEAIPUSTHUSA.
[TapameTpbl pa3BUTHUSI NPEANPUATHS MU3MEHSIOTCS BO BPEMEHH, a caM MpOoIEece
pacrnajzaeTcsi Ha psJi ATaloB — AroB (HalpuMep, ar paBeH roay).

B sToM ciiydae 1enecoobpa3HO MPUMEHHUTHh MO3TANHYI0 (MHOTOIIATOBYIO)
MPOLEAYPY NPUHATHS PEILICHH.

K BEpOsITHOCTHBIM (CTOXAaCTUUYECKHUM) OTHOCSITCSI CUCTEMBI, B KOTOPBIX HET
YETKOTO COOTHOIICHUSI MEXAY BXOJAaMU U BBIXOJIAMHM U MOXKHO YCTaHOBHUTH
HEKOTOPBbIE BEPOSITHOCTHBIE COOTHOIICHUSI C NPUMEHEHHUEM MaTEeMaTHYECKOIO
amnmapara TEOpPUU BEpPOSATHOCTEW, TEOPUU HAJEKHOCTH, TEOPUS MAaCCOBOTO
oOcioykuBaHusi u T. 0. Hampumep, u3BEeCTHO, 4YTO cuUcTeMa OE€30MACHOCTH
addextrBHa B 95 % ciydaeB, TO €CTh BEpOSATHOCTh Oe30TKa3HoM padoTsl P = 0,95.

NHneTrepMUHUPOBAHHBIMUA CUCTEMAMU CUUTAIOTCA TaKHUe, KOTOPbIE COCTOSIT
U3 JIETEPMUHUPOBAHHBIX TMOJACUCTEM CO CIyYallHBIMU CBSA3SMH MEXIY HUMU
(HampuMep, ABWXKYIIUMNCS aBTOMOOWIL IO JOPOre CO CIyYalHBIM XapakTepoOM
PaCIIOJIOKEHUST HEPOBHOCTEH ).

Bo Bcex cucteMax, HECMOTPSI Ha UX 3HAYUTEIbHbIE OTJIMYMS, €CThb MHOIO
o0Iero B caMOM TIOCTaHOBKE 3aJaud: HMMEIOTCS KOHKPETHBIE MEpPOIPHUSITHUS,
MpecieAyoNMe ONpPEACIICHHYI0 1€Jb W 3aJlaHHble KOHKPETHBIE YCJIOBUS,
XapakTepu3yrolme 00CTaHOBKY JaHHOTO MeporpusaTus. Micxoast U3 mocTaBIECHHBIX
yCJIOBUM, HEOOXOAMMO HAWTH KOJMYECTBEHHOE OOOCHOBaHME Haubosee
MPEANOUYTUTENHHOTO WIM ONTUMAIBHOTO pelieHus. B 3TOM U COCTOUT OCHOBHAas
3a7a4ya MCCJIEAOBAHUS ONEpaluil. YPOBEHb OpPraHU3alUU OIlepalui JIOJDKEH
OIICHUBAThHCS €€ d(PPEKTUBHOCTHIO, T. €. CTEMEHbIO COOTBETCTBHUS OMEPAlUUA TEM
TpeOOBAaHUSIM, KOTOPbIE K HEW NPEIAbSIBISIOTCA. JJI1 KOTMYSCTBEHHOM OIICHKH
3 PeKTUBHOCTH omepanuii BBeIECHbl ToKazaTeau d3PGeKTUBHOCTH (1IeTIeBbIC
(GYHKIIUU, KPUTEPUU OLICHKH), KOTOPBIE 3aBUCST, MPEXKAEC BCETO, OT XapaKTEPHBIX
0COOEHHOCTEN omnepanui. [Toka3zarenem MOJKET OBITH MPUOBLIb,
MIPOU3BOJIUTEIIBHOCTh, CE0ECTOMMOCTh, MHUHUMAJIbHBIE 3aTpaThl, MUHUMAJIBHOE
BpeMsl JIBIDKCHUS, BEPOSTHOCTh HAXOXKICHUS aBTOMOOWIIEH B TEXHUYECKU
MCIIPABHOM COCTOSIHUM U JIp.

Kaxnprii  mokazarens  (KpuUTepwii) JOJDKEH OTBEYATh  CIEAYIOIIUM

TpeOOBaHUAM: OBITh MPEACTABUTEIBHBIM IO OTHOILIEHHWIO K OCHOBHOW 3ajaue
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(GYHKUMOHUPOBAHUS CUCTEMbI, KPUTHYHBIM K HCCIEAYyEeMbIM IapaMeTpam,
JIOCTAaTOYHO MPOCTHIM M BKJIFOYATh B C€0s1 pe3yabTaThl BCEX OCHOBHBIX ITPOIIECCOB
aHanMM3upyeMou omepanuu. JKenaTenbHO, 4TOOBI KpUTEPHi ObLT €TUHCTBEHHBIM,
TaK KaKk TP HAIWYUM JBYX M 0oJiee KPUTEPUEB UCCICIOBAHUE CHIJIHHO
YCIOXKHSIETCS WJIM CTAaHOBUTCS HEBO3MOXKHBIM. (ueHb BaXHBIM CBOMCTBOM
BBIOPAHHOTO KPUTEPHS SIBISETCS KPUTHUYHOCTH, CYIIHOCTh KOTOPOIO COCTOUT B
3HAUUTEIBHBIX W3MEHEHUSX UHCICHHBIX 3HAUYEHUU KpUTEpHUS MPU HEOOIBIIMX
M3MEHEHUSIX HUCCIEeAyeMbIX MapaMeTpoB. [[0CKONbKY B HCCIIENOBAaHUM OIEpALIHi
paccMaTpUBAIOTCS CITyYailHbIE MPOIECCHI, KPUTEPUL OOBIYHO SIBISIETCS CIy4YalHOU
BEJIMYMHOM. B CBSI3M € 3TUM, Kak MPaBUJIO, OIPEICIAIOT MAaTEMaTH4YECKOE

OKNUAAHKUC KPUTCPUA U UINYT €Iro MUHUMYM HIIN MAaKCHUMYM.

OcHOBHBIE 3Tanbl ONTUMHU3ALUOHHOTO MOJIEIUPOBAHUS

OCHOBHBIMM  JTallaMd  ONTUMHU3AIMOHHOTO MOJICIMPOBAHUS  SIBJISIIOTCS
CHEYIOIINE:

1 IMocTraHoBKa 3a1a4H.

Ona BIIO4aeT B ceOs oOcienoBaHue O0O0BEKTa (Mpoliecca), U3y4YeHUE
(akTOpOB, BIMSIONMIMX HAa HCCIEAYEeMbId OOBEKT, BBISBICHUE CYIICCTBEHHBIX
dbaxkTopoB, GOPMYIUPOBKY 3aJlaud, OINHUCAHHWE BO3MOKHBIX aJbTePHATUBHBIX
pEIIeHH, ONpeseieHne 1eeBO (YHKIIMU, MOCTPOCHHUE CUCTEMbI OIpaHUYCHUH,
HajlaraéMbIX Ha BO3MOYKHBIC PEIICHUS.

2 [TocTpoeHrne MaTeMaTHIeCKOW MOJICIIH.

IToctpoenue MaTeMaTU4eCKOn MO O3HayaeT nepeBoj]
dbopmaTu30BaHHOM 3a7]a4M, OMMCAHUE KOTOPOU MOJIYYEHO Ha MPEbIAYIIEeM dTare,
Ha YETKUM SA3bIK MaTEeMAaTHYECKHX OTHOIIEeHWH. Ecin mnonydeHa ojHa w3
CTAHJAPTHBIX MAaTEMaTHUUYECKUX MOJIEJe, Hampumep, MOJIeJIb JUHEHHOTO
IPOTrPAaMMUPOBAHMS, TO PEIICHHE OOBIYHO JIOCTUTAETCS ITyTEM HCIOJIb30BAHUS
CYILIECTBYIOIIUX aJIrOPUTMOB. ECiu ke pe3ynbTUupyrolias MoJeilb OUYCHb CIIOKHAs
U HE TPUBOAUTCSA K KaKOMY-JIMOO CTaHAApPTHOMY THIY MOJEJIEH, TO KOMaHJa
UCCJIEIOBAHMS  Olepaluil  MOXKeT JHOO0 YNpPOCTUTh €€, JUO0 MNPUMEHUTh
ABPUCTUUECKUN TOAXO, JIUOO MCIOJIb30BaTh UMUTAIIMOHHOE MOJeIHpoBaHue. B
HEKOTOPBIX  Cy4yasx KOMOWHAIMs MaTeMaTU4ecKoW, WMHUTAIMOHHOW U

ABPUCTUYECKON MOJIEIEH MOXKET MPUBECTH K PEIICHUIO UCXOTHOU MPOOIEMEI. .
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3 HaxoxJeHne METO1a pELICHHUS.

Hanbonee mpocToil U3 BCceX ATANoOB pealn3allid METOJOB HCCIEI0BaHUs
omepanui, Tak Kak 3/1eChb MCIIOJB3YIOTCS M3BECTHBIE AITOPUTMBI ONTUMHU3ALUU.
BaxxHplM acmekToM 3TOrO JTama  SBISAETCS  AHAIU3  YYBCTBUTEIBHOCTH
NOJIYy4YEHHOTO pPEIIeHHs. OJTO MNOJApa3yMeBaeT MOJYyYEHHE JIONOJIHHUTEIbHOU
uHQoOpMaIlUd O TIOBEACHUHM «ONTHUMAJILHOTO» pEIIEHUs TpU H3MEHEHUU
HEKOTOpPBIX TMapaMeTpoB MOJENHU. AHAIW3 YYBCTBUTEIBHOCTH OCOOEHHO
HEO0OXOJMM, KOIrJia HEBO3MOXKHO TOYHO OIEHUTh MapameTpbl Mojenu. B atom
ClIy4yae Ba)KHO H3YYHUTh IOBEACHUE ONTUMAIIBHOIO PEIICHHS B OKPECTHOCTH
IIEPBOHAYAJIbHBIX OLICHOK ITapaMeTPOB MOJENH.

4 TIpoBepka U KOPPEKTUPOBKA MOJIEIIN.

3/1ech TPOBEPSETCS COOTBETCTBHE MATEMaTUYECKOM MOJEIN PEaJIbHOMY
IIPOLIECCY.

IIpoBepka  aneKBaTHOCTM  MOJENM  IIPEAIIOIAraeT  IPOBEPKY €€
IIPAaBWJIBHOCTH, TO €CTh ONPEAEIEHUS TOTO, COOTBETCTBYET JIM MMOBENCHUE MOJIEIIN
B KOHKPETHBIX CUTYAIUsAX IMOBEJACHUIO UCXOIHOU peasibHOM cuctemsbl. Ho cHaudana
KOMaH/Ja aHAJIUTUKOB MCCIEAOBAHUS OINECPAalHUi JIOJDKHA YIOCTOBEPUTBHCS, YTO
MOJIEJIb HE COACPKUT «CIOPHpPU30B». Jpyrumu cioBamu, Haao0 YOEOUThCS, YTO
pEelLIECHHE, IOJYYEHHOE B pPaMKaxX I[IOCTPOCHHOW MOJEIH, HMMEET CMBICI W
UHTYUTUBHO TpuemiemMo. DopManbHbIM OOUIEIPUHATHIM METOJOM IPOBEPKHU
aJIeKBaTHOCTU MOJIEIH SIBJISIETCS CpaBHEHHE MOJIYYEHHOI'O pelieHus (IOBEAEHUs
MOJIeJI) C U3BECTHBIMU PaHEE PELIECHUSIMU WUJIU TIOBEICHUEM PEajbHON CHCTEMBI.

Mopens cuuTaeTcs aaeKBATHOW, €CIIM TPHU OINPEIAECIEHHBIX Ha4YaJIbHBIX
YCJIOBUSIX €€ MOBEJAECHUE COBIANAET C MMOBEICHUEM UCXOAHOW CUCTEMBI IIPU TEX KE
Ha4daJIbHBIX yCJIOBUSAX. KOHEUHO, 3TO HE rapaHTUPYET, YTO MPU APYTUX HAYAIBHBIX
YCIIOBUSIX MOBEJACHUE MOJEIN OYyAET COBIAAATh C MOBEJICHUEM PEAIbHOM CUCTEMBI.
B HEKOTOpBIX cilydasiX B CHJIy pasHbIX IPUYMH HEBO3MOXKHO MPSIMOE CPaBHEHUE
MOJENHN C pealbHOM CUCTEMOM WIIM CPABHEHHE PELICHMM, NOJYYEHHBIX B paAMKax
ATOM MOJIENIM, C M3BECTHBIMU PEIICHUAMH (HampuMmep, H3-3a OTCYTCTBHSI TaKHX
JaHHBIX). B Takol cuTyanuu ass NpoBEpKH aIeKBATHOCTA MaTEMAaTUYeCKOW MOJIEH
MO>XHO HCIIOJIb30BaTh HMMHTAllMOHHOE MOJEIMPOBAHUE, TO €CThb CpPAaBHUBATH
MOBEJIEHIE MAaTEMAaTUUECKON M UMUTAIIMOHHOM MOJIEJIEH.

5. Pemienne 3aaun u ee peanus3anns Ha MPaKTUKE.

Pa3mepHOCTh MPOM3BOACTBEHHBIX 33/1a4 aBTOMOOMJIBHOTO TPAHCIOPTa, Kak
MPaBUJIO, BEJIMKA, TIO3TOMY peIlIaTh UX IesecooopazHo Ha DBM. Eciu B kauecTBe
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00paboTKM JaHHBIX BbIcTyrnaer OBM, To pemnieHue 3ajaud MOXKHO pa3OUTh Ha
CJIEIYIOLIUE OT/IEIbHBIE 3TAIlbI

[lepBblii 3Tan (MOCTAaHOBKA 3a/1a4M) 3aKJIFOYAETCS B U3YYEHHH HCCIIEyEMOro
SBJICHUS, (POPMYJIMPOBKE 3a/1a4M U LEJIEH €€ PEIICHMS.

OnpenensroTcss HWCXOIHBIE JAHHBIE W OXUIAEMBbIE pPE3yJbTaThl (UX CO-
Jep:kanue, 00beM, JOCTOBEPHOCTH OMKUCHIBAEMOTO SBJICHHUS ).

DTOT 3Tall 3aKaHYUBAETCA CIIOBECHBIM ONHUCAHUEM 3a/Ia4H.

IlepBBIii 3Tan HEMOCPEACTBEHHO CBSI3aH CO BTOpPbIM «Maremaruueckas
dbopmynupoBka 3amaun». B urTore BTOpOro stama JODKHA OBITH MOJy4YeHa Ma-
TEMaTUYECKAst MOJENb.

Ha tpetpem stame “PazpaboTka MeTola pelieHus” MPOU3BOIUTCS BBHIOOD
1enecoo0pasHoro (ONTUMANIbHOIO) MAaTeMaTHYECKOrO0 METOJa pelIeHUs Io-
CTaBJICHHOU 3aJjauH.

Pe3ynbrar - MaTeMaTnyeckoe ONMCaHUE BHIOPAHHOTO METO/1a PELLICHUSI.

UYetrBepThiit 3Tan - “CoCTaBlICHHME AITOPUTMA PEHICHUS 3adadyu. 31eCh
IIPOU3BOAMTCS JAETAIbHBIA aHAJIN3 BEIOPAaHHOrO MeTo/1a pemeHus. CocTaBisieTcs ¢
HEO0XOIMMOI CTENEHBIO JETATIU3AUU C TIOMOIIBIO OJIOK - CXEMEL.

Oran “lIIporpamMmmupoBaHuie’” COCTOUT B 3alMCH Pa3pabOTaHHOTO AJIrOpUTMa
Ha OJHOM M3 A3bIKOB POIPAMMUPOBAHUS.

Ortanbel 5, 6, 7 COOTBETCTBYIOT 3Taly OTJAJIKU MporpamMmbl Ha DOBM.
[Iporpamma BBoauTCcst B OBM 1 oOpabaThiBaeTcsi ClielUMalbHON MPOTpaMMON -
TPAHCJISITOPOM, KOTOpasi MEPEBOAUT MPOTPaMMy C A3bIKa MPOrPaMMHUPOBAHUS Ha
A3bIK KOHKpeTHOH DBM. TpaHcnsTop IHarHOCTUPYET BCE OLUMOKHU, CBSI3AHHBIE C
3aMKChI0 MPOrpaMMBbl Ha SI3bIKE MpOorpaMMHpoBaHua. OIMMOKK UCHPABISIIOTCA U
BHOBB OTJIAFOTCS TPAHCIIATOPY Ha 00OpabOTKYy.

Korma OyayT ucnpaBiieHbl BCe OIMIMOKH, TPAHCISTOP CTPOUT MAIIMHHYIO
nporpammy. Ha naHHOM 3Tare NMpOM3BOAMTCS CUET NO CIEHHAIBHO NOJArOTOB-
JIEHHBIM KOHTPOJIbHBIM IIPUMEPaM, MOUCK U UCTIPABIIEHUE OIIHOOK.

[locne mnonyyeHus MNPaBUIBHBIX pE3YyIbTATOB MO BCEM KOHTPOJIbHBIM
IpUMEpPaM MporpaMMa CYUTAETCS OTIAKEHHOW U TOTOBOM K JKCILTyaTal|u.

Oran “pemieHus 3amadn’’ 3aKIOYACTCS B TOJYYEHUH PE3YJIbTaTOB IS
pPa3JIMUHBIX BAapUAHTOB HCXOAHBIX JAHHBIX. JTOT 3Tal SIBISIETCS PEryJISPHBIM
CYETOM 10 TIporpamme. J[Jis Kak10i TOTOBOM IPOrpaMMbI JTOJKHA OBITH HAITMCaHA

COOTBCTCTBYIOIIAsI MHCTPYKIUA 110 SKCILIyaTaluH.
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JIEKLUS 3. MOJEJW JUHEHHOTO U JMHAMUYECKOT' O
MPOTPAMMUWPOBAHUS

JIuHeHOEe NPOTrpaMMUPOBAHUE - Pa3liell MATEMaTUYECKOrO0 MPOTrPaAMMU-
pOBaHUs, KOTOPBIM MpPUMEHSIETCS TMpU pa3pabOTKe METOJOB OTBHICKAHHUS DKC-
TpeMyMa 1eJleBOM (YHKIMU HECKOJbKUX TEPEMEHHBIX IMpU JIMHEWHBIX J0-
MOJIHUTENbHBIX OIPAaHUYCHUSX, HAJTATaEMbIX HA TIEPEMEHHBIX.

JIuneiinoe nporpammupoBanue (JII1) ycnemHo npuMeHsieTcss B  BOCHHOMU
001acTu, UHIYCTPHUH, CEIbCKOM XO35SHUCTBE, TPAHCIIOPTHOM OTPaCiid, SKOHOMHKE U
Jaxe B colMalbHbIX Haykax. lllupokoe ucmonp30BaHHE ATOrO METOAA TaKKe
MOJKPEIUIAETCSI  BBICOKOA(M(EKTUBHBIMU  KOMIBIOTEPHBIMH  allTOPUTMaMHU,
peanu3yronmMy TaHHbIi MeTod. Ha anropurMmax JIMHEMHOTO MPOrpaMMUPOBAHUSA
(YuuThIBasi UX KOMIBIOTEPHYIO 3(PHEKTUBHOCTH) 0A3UPYIOTCS ONTUMHU3AIIMOHHbBIE
aJITOPUTMBI ISl APYTUX, O0Jiee CIOKHBIX TUIOB MOJENEH U 3a/a4 UCCIIeI0BaHUs
omepauuid, BKJIOYas  LEJOYHUCIEHHOE, HEJIMHEMHOE M  CTOXaCTUYECKOE
IPOrpaMMHUPOBAHME.

3agaun uHEHOTO NporpammupoBanus (3JII1) oTauyaroTest OT Bcex Mpovmnx
TEM, 4YTO B MaTeMaTHYECKUX MOJEISIX MOJOOHBIX 3a7ad HCIOIb3YIOTCS Tak
Ha3bIBa€MbIC JTMHEIHBIC COOTHOIICHUS (YPaBHEHUS U HEPABEHCTBA).

MaremaTuyeckass MOAENb 33/1a4d JIMHEWUHOTO TPOrPaMMHPOBAHUS BKIIFOUAET
B ce0s: JUMHEHHYI 1eleByl0 (YHKIHIO, JHMHEHHbIE OTpaHWYEHUS Ha
UCIIOJIb3yEMbI€ PECYPCHI, IEPEMEHHBIE BEIMYUHBI.

LleneBasgs (yHKIMS CTPOMTCS HA OCHOBE BBIOPDAHHOTO KPUTEPUS ONTH-
MaJbHOCTH, B COOTBETCTBHUM C KOTOPBIM pEIIaeTcs BOMPOC O BbIOOpE OMNTH-
MaJbHOTO BapHaHTa, yTEM CPABHEHUS PA3IUYHBIX BO3MOYKHBIX BAPUAHTOB.

OrpanuyeHuss ONPENENIOT IPaHULBl PAa3BUTHS JAHHON CHUCTEMBI C TOYKHU
3peHUs HEOOXOAUMBIX JJISl 3TOTO PECYPCOB.

[lepeMeHHbIE BEIMYMHBI — MCKOMBIE 3aJa4d JIMHEWHOIO MpOrpaMMHu-
pOBaHUSI.

IIpouecc peuienus 3axa4 JMHEMHOTO IPOIPAMMUPOBAHUSI MHOTOLLIATOBBIN U
3aKJIFOYAeTCs B TOM, YTO TIO OMpPENENICHHBIM TpaBUIaM BbIOMpAETCsS HadaIbHBIN
BAPUAHT PEIICHUI, KOTOPBIN 3aTEM € KaXIbIM MOCIEIYIOIIUM IIaroM yIy4llaeTcs,

U KOHEYHBIA MTOI - 3TO MMOJIYYCHUC HaAWJIYHIICro C TOYKU 3PCHHA KPUTCPHUA
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ONTUMAJIBHOCTH pPELICHHs, 00ECIEUNBAIOIIET0 MAKCUMYM MJIM MUHMMYM II€JIEBOM
byHKIUH.

[Ipn pemieHuM 3agad JHMHEWMHOrO MPOrPAMMHUPOBAHMS MPEXKAE BCETO
HEOOXOJMMO 4YeTKO CHOPMYyIHUpOBATh LETU (KPUTEPUHU) YIPABISIEMON CHUCTEMBI.
Jlanee Komu4ecTBEHHO (OPMUPYEM CHCTEMY OTpaHWYeHHi mo pecypcam. Ilocrme
OIIpe/eNeHUs LeJIeBOW (PYHKIIUN U OMMCAHUS CUCTEMBl OTPAHUYEHUI MTPUCTyHaeM
K HaXO0KJICHUIO ONITHMAJIBHOTO PEIICHHUS.

IIockonbKy B TpPAaHCIOPTHBIX 3ajJadax JIMHEHHOTO IIPOrPaMMHUPOBAHMS
YUCJIO HEU3BECTHBIX OOJBIIE YWCIAa YPAaBHEHHUW, AHAJIUTHUYECKOE PEIICHHE HX
NPaKTUYECKH HEBO3MOXKHO. YacTo NPUXOAUTCS paccMaTpUBaTh 3HAYUTEIBHOE
KOJIMYECTBO BAPUAHTOB IMEPEBO30K IMPU HAIUMYUHU HECKOJBKUX OTIpPAaBUTENEH U
nosyyatenei rpysa. IlpeneOperath MaTeMaTHUECKUMHU METOAAMH ONTHMHU3ALUU
HEJb3s JaXKe IPH PEIICHUH CaMbIX IPOCTHIX 3a1a4.

JUIsl pelieHns CpaBHUTENIBHO MPOCTHIX 33]a4, KOTla pe3yibTaT 3aBUCUT OT
JIByX, MAKCUMyM Tpe€X MEPEMEHHbIX, NPUMEHSI0TCS Tpaduueckue mMeTonbl. llpu
TPEX HEU3BECTHBIX TIpadHuuecKoe H300pAKEHHE MOKHO BBIINOJHUTH B TpeEX
u3MepeHusx.  OOmuid  TEeOMETPUYECKUH  CMBICI  3aJayd  JIMHEWHOTO
IPOrPAaMMUPOBAHMS 3aKIIOYAETCS B OTHICKAHUM HA MPSIMOM MM MHOTOIPAHHHKE
TOUYKH, KOTOpas HauboJiee (UM HaUMEHEEe) YKIOHEHA OT MPSIMOW WM MJIOCKOCTH.
[Ipu pemieHnn NOAOOHBIX 3a7ad MOXET OBITh pa3IUYHOE KOJUYECTBO
OrpaHUYEHMI, BBIPAXKEHHBIX PABEHCTBAMHU WUJIM HEPABEHCTBAMHU.

[lo maTemaTuyecKoMy THUIy MOJEIIH, 3aBUCSIIEMY OT XapakTepa ONTHUMU-
3UPyEMOro MpoLEcca, pa3IMyatoT 331a4u JUHEHHOTO MPOrpaMMHUPOBAHNUS:

o JUHEHHbIE 00I1ero Buja - BCE WM YacTh MEPEMEHHBIX BXOAUT Oosee
YyeM B JBa orpaHuveHus. s ux pemeHus: NPUMEHSIOTCS pa3inyHble MOIM-
(bUKaIUA CUMILIEKC-METO/1a;

o TPAaHCHOPTHBIE - Ka)KJas IEepeMEHHas BXOJUT TOJILKO B JBa
YPaBHEHUSI CUCTEMBbI OrpaHHuyeHuid. [y pelieHus NPUMEHSIOTCS CIEelUalbHbIC
METO/Ibl PELICHHS TPAHCIIOPTHBIX 3a/a4;

. JMHENHBIE paclpeeIUTeNbHbIE, B KOTOPBIX, TOJ0OHO TPAHCIIOPTHBIM
3ajlayaM, KakJIas IEepEMEHHas BXOIUT JHIIb B JBa OrPaHUYEHHsA. IJTa OCO-
OEHHOCTD MMO3BOJIMIIA Pa3padOTaTh CIEHMAIM3UPOBAHHBIE METO/Ibl PEILICHHUS.

B 3aBUCHMOCTH OT TEXHUKO-3KOHOMHWYECKON TEMATUKH Pa3JIMYaroT 3aJa4uu:
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. ONTUMAJIBHOTO WCTIOJIB30BAHUS CTAIlMOHAPHOTO OOOpPYIAOBaHUS, Ha-
npuUMeEp, pachpenesieHue MporpaMMbl  HECKOJIBKUX BHUIOB padOT MEXIY
B3aMMO3aMEHIEMbIMU MAIlIMHAMU;

o ONTUMAJIBHOIO MCIOJIb30BaHMS MOABUKHOTO COCTaBa; ONTHUMAIbHOTO
WCIMOJIb30BaHUs MATEPUAIOB W TOIUIMBA, B TOM YHCJE ONTHUMAJbHBIM PaCKpOu
Marepuasa, ONTUMAaIbHBIA COCTAB TOIUIMBHBIX CMECEH U T.II.

o OTIepaTUBHO-KAJIEHJAPHOIO IJIAHUPOBAHUS, B YACTHOCTH, pa3paboTKa
ONTUMAJIBHOM TMOCJIENOBATEIBHOCTH BBINYCKA Pa3HbIX M3IEIIHN BbINOJHEHUA
3aKa30B U T 1. DTU 3a7]a4¥ B OOJIBIIUHCTBE CIIYy4aeB BBIXOMST 32 PAMKH JTMHEHHBIX
MOJENEN, HO HHOTJA CBOJATCS K HUM,;

o KOMIUJIEKCHOM ONTHUMM3AIMU TEKYIIETO TUIAHUPOBAHUS, BKIIFOYAsl OI-
TUMaJILHOE OIPECIICHUE MPOTPaMMBbI BBIITYCKa MPOAYKIIUH, BEIOOP UCTIOIB3YEMbIX
IPOM3BOACTBEHHBIX  MPOLIECCOB M3  4YHUCJIA  BO3MOXHBIX, ONTUMAJIBHOE
pacripeielieHue JTUMUTUPOBAHHBIX PECYPCOB U T. JI. 3ajauyd 3TOr0 THUIA TPEOYIOT
HauOOJBIINX TEXHUYECKUX, OPTaHU3AIMOHHBIX U IKOHOMHUUYECKUX MPEANOCHUIOK
1 BHenpeHus, pa3BUThIX ACY, rHOKoil CUCTEMBbI yIpaBlICHHS, KaUYE€CTBEHHOU
uH(popMaImoHHON 0a3bl. B TO ke Bpemsi MOTeHIIMaIbHBIN SKOHOMUYECKHM 3P heKT
HIMPOKOTO UCTIOIB30BAHUS MOJIENICH TaKMX 3a/1a4 0COOEHHO BEJIHK.

[Io ypoBHIO ynpaBieHHs pa3IUYarOT 3aJa4d BHYTPUIPOU3BOACTBEHHOM,
KOPIIOPATUBHOM, OTPACIEBOM M TOCYIApCTBEHHOW ontumuszauuu. OHU HEOAu-
HAKOBBI KaK IO TE€MaTWKe, TaK W MO MaciiTabam, 4TO BJIUSET HA UCIOJIb3yEeMbIC
Metonel. Tak, Hampumep, oOTpacieBas ONTUMH3ALMSA TpeOyeT MNPUMEHEHUs
MEpPAPXUUYECKOr0 IPUHIIMIIA B3aWMOJECUCTBUS ONTUMU3ALMOHHBIX Pacuye€TOB Ha
YPOBHSX TPEANPUATHH, 0OOBSIMHECHUN W OTpaciied ¢ MCIOJIb30BaHUEM OJIOYHOTO
IIPOrPaAMMHPOBAHUS.

Meroasl pemenust 3JIII pa3nensitoTcsi Ha METOABI YHUBEPCAJIbHBIE U
cnenuanbHbie. C MOMOIIBIO YHUBEPCAIbHBIX METOAOB MOTYT pelatbes roobie 3J1
0.

CrnenuanbHble METOJbl YUYUTHIBAIOT OCOOCHHOCTH MOJEIM 3ajadyH, €€ Iie-
JeBOM YHKIIUU U CUCTEMBI OTPAHUYCHU.

CymectByeT HecKOIbKO MeTonoB perieHus: 3JII1, mo3Bossrommx BHIOPATH
ONTUMAJIbHBIA BapWaHT W3 MHOXECTBA BO3MOXHBIX PELICHUN: CUMIUIEKCHBIN,
pacupeaeauTeNbHbli, METO MOTEHINAIOB, METObI PAa3pPEIIAIOIINX MHOXKHUTEIEH

U CJaraeMbIX U JIp.



34

EcTb MeTO1bI, KOTOPBIE MOYXHO IPUMEHAThH TOJIBKO K ONpeAeeHHOW (opMme
3anucu. [loaToMy mpUXoAMUTCSA MEPEeXOAUTh OT OJHOW (POpPMBI 3amucu 3aadyl K
IpYro, €l  SKBUBAJIEHTHOW. OTO  BBINOJHAETCA MYTEM  HECJIOMXHBIX
MaTeMaTUYECKUX MPeoOpa30BaHUil, 0 KOTOPHIX TOBOPUIIOCH paHEe.

JlnHamMu4eckoe MporpaMMupOBaHUE

JluHaMHuYecKkoe MPOrpaMMUPOBAHUE - OCOOBI METOJ PEIICHUS ONTHUMU-
3allMOHHBIX 3a1ad. OCOOEHHOCThIO JAaHHOIO METOZa SBJSAETCS TO, YTO JJs Ha-
XO0X/IEHUs ONTUMAJbHOIO pElIeHMs 3ajada pa3OuBaeTcsi Ha 3Talbl (IIarv) v of-
THMAJIbHOE PELICHUE OTBICKMBAETCS MOCTENIEHHO 1Iar 3a IIaroM.

BO3HUKHOBEHHE AMHAMHYECKOTO NPOrPAMMHUPOBAHHMS CBSI3aHO C HWMEHEM
aMepuKaHCKoro yuyeHoro P. bemMana, kotopsii B Hagane 50-X To10B IPUMEHUT K
PNy KOHKPETHBIX 3aJad IpUEM, Ha3BaHHBIM BIIOCJIEACTBUM IPHUHIUIIOM
ONTUMAJIbHOCTH, 3aKJIIOYAIOUIUIICS B IOCIEI0BAaTEIbHOM (IIOITAlTHOM) AaHaJu3e
porecca.

MHOromaroBsIM CYUTAETCA IMPOLECC, PA3BUBAIOIIMICA BO BPEMEHU WIH
IIPOCTPAHCTBE M PACHAJAOLIMICSA HA Ps «IAroB» WIN <«3TanoB». Hekoropsie
IpOLIECCHl  PacHajaroTCs Ha [Iard eCTECTBEHHO (Ipouecc IUIAHUPOBAHUSA
XO3AMCTBEHHOU AEATEIBHOCTH MPEIIPUATHN HA ONPEACIEHHBIN IEPHOJ BPEMEHH,
COCTOSIIIMM M3 HECKOJBKHX JIET; ITOCIEN0BATEIBHOCTh TECTOB, IPUMEHSAEMBIX IPU
KOHTPOJIE  ammapaTypbl), Jpyrue IpOLECChl  PACWICHSIOTCS Ha  JTalbl
HCKYCCTBEHHO.

CyTp MeTOIAa NIMHAMHUYECKOTO MNPOrPAMMHUPOBAHMS COCTOUT B TOM, YTO
BMECTO TIOMCKA ONTHMAJbHOTO pELICHHs Cpa3y Uil BCEH CIOXHOW 3a1adu
HaXOJUTCA ONTUMAJIbHOE pElIeHUE ISl HECKOJbKMX O0Jiee MpOCThIX 3aaad
aHAJIOTMYHOIO COAEPKAHUs, HA KOTOPBIE paclaJaeTcss MCXOIHas 3a/1a4a.

3agaun IMHAMUYECKOrO MpOrpaMMHUpPOBaHUsl (IJIAHUPOBAHMS) OTHOCSITCS
TAaK)K€ K ONTHUMHU3ALMOHHBIM, B KOTOPBIX PACCMATPUBAKOTCA WU AHAIUZUPYIOTCA
MHOT'OIIIArOBBIE OTEPALMM, Pa3BUBAIOIIMECS BO BpeMeHU. Ha kaxkioM «irare» uimm
«3Tane» MPUHUMAETCA OINMPENEIECHHOE PELICHHE, OT ATOTO 3aBUCHUT YCIIEX BCEX
MOCHEAYIOIMIMX 3TanoB M omnepauuii B nenoM. C IMOMOIIBIO JUHAMHYECKOTO
MIPOTPaMMHUPOBAHUS OCYIIECTBISAETCS UIAHUPOBAHUE YIIPABJISEMBIX ITPOLIECCOB.

[Tpumepom on1HOM M3 HanboJee pacpoCTPaHEHHBIX 337a4 YKa3aHHOTO TUIA
SBIISIETCS 3aJ]a4a 0 KOMMHUBOSDKEpE, KOTOPBIH CTaBUT mepes coOol Leib BhIOpaTh
TaKOM MapHIpyT ABM)KEHUS U3 HAYAJIBHOTO MyHKTa B KOHEYHBIE, TPU KOTOPOM OBl

€My YAQJIOCh MOCETUTh UX MO OJHOMY pa3y M BO3BPATUTHCS B MUCXOJHBIN IYHKT,
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MIPE0J10JIEB MUHUMAJILHO BO3MOKHOE CYMMAapHOE paccTosiHue. PaccTosiHus Mexmy
OTJEJIBbHBIMU TyHKTaMH M3BECTHBI. DTy 3a/1ady MOKHO PEIIUTh IyTeM mepedopa u
aHalM3a BCEX BO3MOXHBIX MaplIpyTOB. PaccMOTpeHHe BCEro MHOXKECTBA
BAPUMAHTOB BeCbMa TPYAOEMKO. M3BECTHO, 4YTO KOJUYECTBO MEepeOupaeMbIX
BApUAHTOB PABHO YMCJY NEPECTAHOBOK U3 T 3JEMEHTOB, T. €. IPOU3BEACHUIO 1, 2,
3,..., T. Hanpumep, ecnmu aBTOMOOWJIb JOJKEH JOCTAaBUTH Tpy3 co ckiaga B 10
Mara3uHOB, TO JIJIsl BIOOpa ONTHMAJIBLHOTO MapUIpyTa HEOOXOIUMO PACCMOTPETh
10! BapmanToB MapmpyToB, T. €. 3 628 800 BapuanToB. B ciyuae 3aTparsl | mun
Ha OIICHKY Ka)/J0T0 MapuipyTa MoTpeOyeTcsl OKOJIO TPUILATH JIET JJIsl PeIIeHuUs
3TOM 3a7aud Mpu paboTe OJHOIO YEJNOBEKa. 3ajada 3HAYUTENIbHO YCIIOXKHSAETCS,
ecnu OyJIeT HECKOJbKO CKIanoB. Torma 4Yucio BapHAHTOB YBEJIMYUTCS Ha
IIPOU3BEJCHUE KOJUYECTBA CKJIAJOB. 3a/auyd TaKOro KJjacca ¢ TPYIOM pEeLIaroTCs
JaXe MPHU HCIONb30BaHUU COBpeMEHHbIX DOBM. C nenpt0 3KOHOMHH BpPEMEHHU
MPUMEHSIOTCS pPellieHus, OJIM3KUEe K ONTUMaIbHBIM. Hampumep, U3BeCTHBI METOIbI
JUCKPETHON ONTUMU3ALMY, MOJIYYUBUIME IIUPOKOE PACHPOCTPAHEHUE B «TEOPUU
pacnucaHui» (TEOpHH KaJeHAAPHOTO TUIAHUPOBAHNUA ).

B  obmem Buge 3agaud JAMHAMUYECKOTO  IPOrPAMMHUPOBAHHUS
dbopmynupyroTcs ciaeayronmM oopazoM. Heo6xoaumo u3 MHOXKECTBa JOMYCTUMBIX
BO3MOXKHBIX YNPABICHUN HAWTH TAKOE, IPU KOTOPOM JaHHAsl CUCTEMa MEPEXOIUT
U3 HayaJIbHOTO COCTOSIHMSI B KOHEYHOE M MokKaszaTesb 3¢ deKTuBHOCTH (1ieseBas
(byHKINSL, «BBIMTPHIID») IPU TOM 00paIaeTcs B MAKCUMYM WJIM MUHHUMYM.

IIpn peleHnn 3a7a4 JUHAMUYECKOI0 [IPOrpPaMMUPOBAHHUSL
paccMaTpHUBAIOTCS: yIpaBisieMas CHCTeMa, KOTOpas MOXET MEHSATh CBOE
COCTOSIHUE BO BpEMEHH; Nokazaresb 3((HEKTUBHOCTH, YMCIECHHO BbIpaXKaroUIUi
JKEJIaHUe JTOCTHUYb ONPENEJICHHOM LIEeNM; HAa4aJbHOE XO M KOHEYHOE COCTOSHUS
CUCTEMBI, OTPAaHUYEHHBIE HEKOTOPBIMH YCIIOBUSIMHU.

CocrositHue  ympaBiasieMOM  CUCTEMBI  OIIMCBIBAETCA  ONPENEICHHBIM
KOJIMYECTBOM IapaMeTPOB (CKOPOCTh JBUKEHUS aBTOMOOWJISA, IPOU3BOICTBEHHbBIE
3aTpaThl, YUCJAEHHOCTh MAIIMH W pabouux U T. 1.). DTU MapameTpsl - (a3oBbIC
KOOpJIMHAThl cucTteMbl. COCTOSSHME CHCTEMbl HM300pa)kaeTcsi TOYKOM C 3TUMHU
KOOpJIMHaTaMH B YCJIOBHOM (a30oBOM MPOCTpaHCTBE (MM MPOCTPAHCTBE
cocrosinus). [Ipu Hanmuuum ogHOTO MapaMmeTpa (HarmpuMmep, CKOPOCTh aBTOMOOMJIS)
¢dazoBoe MPOCTPaHCTBO OyJIeT OAHOMEPHBIM, B Clydae JBYX I[apaMeTpoB
(HampuMep, CKOPOCTh IBWKEHUS M PACXO]] TOTUTMBA aBTOMOOWIISI) - JBYMEPHBIM,

IIPU TPEX MAPAMETPAX - TPEXMEPHBIM
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TpaekTopus mnepeMenIeHUs] TOYKA H300pakaeT MpoLecC YIpaBIICHUS.
[Tyaktupom 0003HauYatOTCsT 0OJACTH BO3MOKHBIX COCTOSIHUM CHCTeMBL. [lpum
pelIeHUH 3a]ad JMHAMUYECKOTO IPOrpaMMHUPOBAHUS MPOLECC NEPEMEIICHUS
TOUKHM M3 HAaYaJIbHOW 00acTy (TOYKM) B KOHEUHYIO (TOYKY) pa3OuBaeTcs Ha psij
NOCJIEOBATENbHBIX AroB. ONTUMuU3aIMs MPOU3BOAUTCS MOCTENEHHO OT IIara K
niary, HaumHasi ¢ nocyuennero. [Ipu 3ToM Ha KaXJoM Iare HaXxoJsTCS YCJIOBHbIE
ONTUMAJIbHBIE YTIPABICHUS U U3 MHOXECTBA PEIICHUI BHIOUPAECTCS OJTHO.

[TosTanHOE MIaHMPOBAHME MHOIOIIATOBOIO IMpoIlecca JOJIKHO IMPOU3BO-
JUTBHCS TaK, YTOOBI MPH TJIAHUPOBAHUM Ka)KJOr0 IIara y4YuThIBalIach HE BBITOJA,
nojiyquaemasi TOJIbKO Ha JaHHOM J3Tame, a oOmas BbIroja, IOJy4daemas I10
OKOHYaHHUHM BCEro MNpolecca IUIAHUPOBAHUSA, U HMEHHO OTHOCHTEIBHO OOUIeiH
BBITO/IbI IPOU3BOJUTCS ONITUMAJIBHOE IUIAHUPOBAHHUE.

OTOT NPUHLHUII BBIOOpA pEIIEHUs B JUHAMHYECKOM IMPOrpaMMHpPOBAHUU
SBJISIETCSL OMPEEIIAIONIMM U Ha3bIBA€TCsl MPHUHLMIIOM oNTUMaibHOCTH bemnmana.
OH popmynupyetcs ciaeayronmM 00pa3oM: ONTUMaIbHas CTpaTerus 00JagacT TeM
CBOMCTBOM, YTO, KAKOBO ObI HU OBUIO HaYaJbHOE COCTOSIHUE CUCTEMBI U PEILICHUE,
INPUHATOE B TIEPBOHAYAIbHBIA MOMEHT, MOCIEAYIOMINE PEIICHUsS JOJHKHBI
COCTABJISITh ONTHUMAJBHYIO CTPATETHI0 OTHOCUTENBHO COCTOSIHMS, B KOTOPOM
CUCTEMa OKa3aJach B JaHHbI MOMEHT. Eciu B HacTosIMi MOMEHT BBIOPAHO HE
Jydlllee pelieHue, TO MOCIEICTBUS ATOr0 HEJIb3s1 UCIIPABUTh B OyAYIIEM.

TunuyapiMU  3a7a4aMU  TUHAMUYECKOTO TMPOTPAMMUPOBAHUS  SIBIISIOTCS
3alayd 10 paclpeiesieHHI0 B Hadalle roja HWMEIOIIHUXCA CPEICTB MEXIY
NPEANPUATUSIMU C LEIbI0 MOJIYYEHUS] MAaKCUMAJIBHOTO CYMMapHOTro JOX0Aa OT MX
NEeATEIbHOCTH.  YTPABJIEHHE TMPOLECCOM COCTOMT B  paclpelesieHud U
nepepacnpeneneHun cpeacts. lllar ynpasieHus - BbIAEIEHHE CPEACTB B Hadale
roga. MoXXHO cpa3y HCKaTh ONTHUMAJIbHOE PELIEHUE, HO MPOLIE HCKATh €ro

IIOCTCIICHHO IIar 3a I1aroM.
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JIEKIIUA 4. MOIAEJIUPOBAHUE METOJAMMU CETEBOT'O
IHJIAHUPOBAHUA U TEOPUSA MACCOBOI'O OBCJIY KUBAHUA

CereBoe M1aHUpPOBAaHKE U yripaBiieHue. [Ipu vcciienoBanuy onepanuii 4acTo
NPUXOJIUTCS peIIaTh CIOXKHBIE 3a/laydl TUJIAaHUPOBAHHUS KOMIUIekca pabot. s
peleHusl TakuX 3a/lad MPUMEHSIIOTCS MaTEeMaTHYECKHE METOJIbl CETEBOIo
mianupoBanuss U ynpasienus (CITY). Takue cuctembl HasbiBaioTcss ACOP
(aBTOMaTH3UMpOBaHHBIE cUCTeMbl opraHuzanuu pador) u CIIY (cereBoe
miaHupoBanue u ynpasieHue). B CIIIA, Hanpumep, MHUPOKO pacnpocTpaHEHA
cuctema mnoj HazBannemM PERT (Program Evaluation and Review Technique -
METOJ] OLICHKH U MEePECMOTpa IJIAHOB).

B pamkax Teopum wuccieAoBaHHs ONEpanuil paccMaTpuBaeTcs OOJbIIOe
KOJIMYECTBO MPAKTHUUECKUX 3a/1a4d, KOTOPhIE MOXKHO C(HOPMYIUPOBATh M PEUIUTH
Kak cereBble Mojenu. HenaBHue nccneqoBanus MoKa3bIBaloT, yTo He MeHee 70 %
peanbHbIX 3aJa4 MaTeMaTU4YEeCKOro MPOrpPaMMHUPOBAHHUS MOXHO IPEJICTAaBUTH B
BUJIE ceTeBbIX Mojeneil. [IpuBeeM HECKOIbKO KOHKPETHBIX PUMEPOB:

1) pacnpenencHue  TOCTAaBOK  TPY30B  MEXIy  IOCTaBIIMKAMH  H

MOTPEOUTENSIMU IO CII0KHOM JOPOKHOM CETH;

2) TMPOEKTHPOBAaHHE Ta30MPOBO/A, COCIHHSIONICTO OypOBBIC CKBAKUHBI
MOPCKOTO 0a3MpoBaHUs C HaxXOMsIIeHcs Ha Oepery MpUueMHON CTaHITUEH;
nesneBast PyHKIMS COOTBETCTBYIOIIEH MOJETH 10JKHA MUHUMHU3UPOBATH
CTOMMOCTb CTPOUTENHLCTBA Fa30IPOBO/IA;

3) mouck KpaTyadiiero Mapuipyra MeEXIy JIBYMsS TOpPOJAMH  TIO
CYIIECTBYIOILIEHW CETU IOPOT;

4) ompejencHre MaKCHUMAJIbHOW MPOIYCKHOW CHOCOOHOCTH TpyOOmpoBoaa
JUISl  TPAHCIIOPTUPOBKH YTOJBHOM MYJbIBI OT VYrOJBHBIX IMAXT K
AIEKTPOCTAHIIUSM;

5) ompeneneHue cXeMbl TPAHCTIOPTUPOBKH HEPTH OT IMMyHKTOB HEPTEIOOBIYH
K HedTenepepabaThHIBAIOIIUM 3aBOJIAM C MUHUMAJIBHON CTOMMOCTBIO
TPAHCTIOPTUPOBKH;

6) cocTaBiieHUEe BPEMEHHOTO rpaduKa CTPOHMTEIBHBIX paboT (OmpenesieHue
JIaT Havajia ¥ 3aBEepIICHUS OTICIBHBIX ATANoB padoT).

Pemenue mnpuBeneHHbIX 3a7a4 (Kak M MHOTHX AaHAJIIOTMYHBIX) Tpedyer

IMPUMCHCHHA PA3JIMYHBIX CCTCBBIX OIITUMHU3AILIMOHHBIX aJITOPUTMOB.
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JlanHble MeToAbl Oa3upyrOTCS HAa CUCTEMHOM IHOAXOAE€ K OOJIbLION
yIpaBIsieMOM CHCTEME C Y4eTOM MHOTOUYMCICHHBIX BHYTPEHHMX M BHEIIHUX
cBsizeil. Hampumep, moOATroTOBKa K  MPOU3BOJACTBY HOBOTO  aBTOMOOWJIS
OCYUIECTBIISIETCS HE OJHHUM 3aBOJIOM M JaK€ HE OJHOU oTpacibio. B co3manuu u
NOJATOTOBKE K TNPOU3BOJACTBY aBTOMOOWJIS NPHUHUMAKOT YYacTHUE pa3HbIe
OpraHM3alMd M 3aBOJbl, KOHCTPYKTOPCKHE OIOPO U HAYYHO-HCCIIEIOBATEIIbCKHE
UHCTUTYTBl. OOHM  NOPOEKTUPYIOT W MOJArOTABIUBAIOT  TEXHUUYECKYIO
JOKYMEHTAIlMI0 Ha JBHUraresb, APyTHe - Ha XOJOBYK0 YacTh, TPETbU - Ha
3JIeKTpooOOpyIoBaHue U T. 1. [lapannenbHO BeaeTcs pa3paboTka HOBBIX COPTOB
aBTOAKCIUTYaTAllMOHHBIX MaTepUalioB, TapaxkHoro obopynoBaHusi. Co3gaercs
peMoHTHas 0a3a ¥ NpeanpUsATHS A1 IPOU3BOCTBA 3aMMACHBIX YacTen

[IpumeHeHue Al KPYMHBIX CUCTEM OOBIYHBIX METO/OB IUIAHUPOBAHUS IO
KKIOW OpraHu3aluyd C IOMOIIbI0 TPAJUIUOHHBIX JIEHTOYHBIX T'paduKoB
Manos¢p¢pekTuBHO. OCHOBHBIM HX HEJOCTATKOM SIBJSIETCSI HEBO3MOXKHOCTH
MOKa3aTh B3aUMOCBSI3b OT/IEIBHBIX padOT, OLEHUTh 3HAYUMOCTh KaKJ10il pabOThI B
otnenbHOCTH. Henb3st 0Tpa3uTh TMHAMUYHOCTD pa3pabOTOK B CBSI3U C UBMEHEHUEM
CPOKOB BBINIOJIHEHUA KaKUX-IMOO padoT. [IMHAMHUYHOCTH NpPHUCYIIA TOJIBKO
CETeBBIM METO/aM IUIaHupoBaHusA. [Ipu ceTeBOM IUIAHMPOBAHWW U YIPABICHUHU
UCXOJHbIE TUIaHbI IPOEKTOB MPEICTABISIOTCS B BUJE CETEBOro rpaduka (cereBoi
MOJIEJIH, CETH), YTO 00ECIIeYBAET HATJISJHOCTD MOPSI/IKA BBIMOJIHEHUS OTAEIIbHBIX
ormepaiuii Bo BpemeHu. CereBod rpaduk - rpaduyeckoe BOCIPOU3BEACHUE
CETEBOI MOJENM pealn3aluy MPOEKTa, MO3BOJISIOEH TPOBOAUTH SKCIIEPUMEHTHI,
aHAJIM3UPOBATh OTICIIbHBIC BApHAHTHI M HAXOAHWTHh ONTHUMAJbHBIC PEIICHUS MPH
YIPABJICHUH MPOLECCOM peain3alunu (OCYLIECTBIEHUS) TOTO UM UHOTO MPOEKTA.

CereBoe MIaHUPOBAHUE UMEET Psi/i IPEUMYIIECTB:

o 00€ecleynBaeT HarJSIHOCTh TEXHOJIOTMYECKON MOCIeA0BATEIbHOCTH
pabor;

o MO3BOJISIET COCTABUTH ONEPATHBHBIE M TEKYIIME IUIAHBI, a TaKke
IIPOTHO3UPOBATH CJIOKHBIE ITPOLIECCHI;

. MIO3BOJIICT BBISIBUTH CKPBITBIE PECypChl BPEMEHH W MaTepHaTbHBIX
CPEICTB TpPHU BBIOJHEHUU TIPOU3BOJCTBEHHBIX TMPOLIECCOB M 3HAUUTEIHHO
MOBBICUTH UX 3()(PEKTUBHOCTS.

UToObl NPUCTYNUTh K CETEBOMY IJIAHUPOBAHUIO (MOAEIMPOBAHUIO) TOTO
WIM HWHOTO TPOMU3BOJCTBEHHOIO MpOIEcca HEOOXOAMMO UMETh MEepPEUYEHb,

MoCJICAOBATCIIBHOCTE MW IIPOAOJIKHUTCIBbHOCTD (pr,Z[OeMKOCTB) BBIITOJIHCHU S



39

onepauuii (paboT), COOTBETCTBYIOUIMX pPacCMaTpUBAEMOMY IPOU3BOJCTBEHHOMY
nporeccy.

CereBoe MIaHUPOBAHUE COMPOBOXKAACTCSA MOCTPOCHUEM paboumMx TaOIuIl U
CETEBBIX IPAPHUKOB, K PACCMOTPEHHIO 3JIEMEHTOB KOTOPBIX MBI U TIEpPEUIEM.

[Ipu mocTpoeHuu ceTeBhIX IpaUKOB HCIONB3YIOT JIBA JIOTUYECKUX TOHATHUS
(a;memenTa) - paboTa u COOBITHE.

B cereBoM IUIaHMpOBaHMU TEPMUH «paboOTa» MpPEeAyCMaTPHUBAET IPOLECC
IPEIIIECTBYIOLIMI COBEPIICHUIO KAKOTo - JIMOO cOObITHS. TepMHH «COOBITHE)
BBIpaXaeT cOOOM OIpeneNIeHHBIN pe3yIbTaT BHIOTHEHHUS paOdoThI (MiH padoT).

Ha cereBoM rpaduke coObITHS H300paKaloT KPYKKOM, a paldoThl -
OpPUEHTUPOBAHHBIMU CTPEIKAMH.

CyiiecTByeT OIpeAeaeHHbI MOPSJIOK HyMepaluuu CcoObITUH Trpaduka.
OOBIYHO BEpIIMHBI HYMEPYIOT MO MpaBWiIy BbluepkuBaHus ayr. CyTb 3TOro
IpaBwiia COCTOUT B cienyomeM. Kaxnomy coObiTuio rpada mnpucBauBaercs
COOTBETCTBYIOIIUKA paHr. HadaibHOMY COOBITHIO MPUCBAMBAETCS HYJIEBOM pAHT.
Jlanee MBICIEHHO BBIYEPKHUBAIOT COOBITUE HYJEBOTO PAaHra M BCE UCXOMSIINE U3
Hero nyru. B sTom ciydae psig coObITHI OyJeT MMETh TOIBKO MCXOJIAIIUE TYTH.
TakuMm COOBITHUSIM TPUCBAMBACTCS TMEPBbIA paHr, M OHM HYMEPYIOTCS B
IPOU3BOJIBHOM MOpsAKe OT 1 10 m. 3areM BBIYEPKUBAIOTCS COOBITHS IEPBOTO
paHra u Bce ucxonasiue U3 Hux ayru. CoObITHs, UMEIOIINE TOJIBKO HCXOJSIINE
JyTH, Ha3bIBAIOTCSI COOBITUSIMU BTOpPOro paHra. X HymepyroT B IPOU3BOJIHHOM
nopsiike or n+l 10 m;. AHAJOTMYHO OMNpPEAENAIOTCS COOBITHS 00Jiee BBICOKHMX
PaHTOB..

BaxxHoe 3HaueHHE B CETEBOM IJIAHUPOBAHUU U YIIPABJIECHUU UMEET MOHITHE
«IyThb» - J100asi TMOCIAEA0BAaTEeILHOCTh PabOT OT Hayajga rpada K ero KOHILY.
OtnenbHbIe MyTH OYIYT UMETh PA3IMYHYIO IPOJOJKUTENLHOCTD. [1yTh, nMeronuii
HauOOMBIIYI0 MPOJOJIKUTEIIBHOCTh, Ha3bIBaeTCsl KpuUTHUEeCKUM. Kputnueckuii
NyTh OMNpEAeNsieT HaUMEHBbUIME 3aTpaTbl BPEMEHHM [UJISl BBINOJHEHHUS BCETO
KOMIUIEKca paboT. PaboThl, pacrojoKeHHbIE HAa OSTOM TyTH, Ha3bIBAIOTCS
KPUTUYECKUMHU, U UM JIOJKHO YAENSITHCS MaKCUMaJIbHOE BHUMAHHUE.

[Ipo1omKUTENEHOCTE PA0OTHI OLIEHUBAETCA TpeMmsl mokazaTensiMu. OObIYHO
ONPEAENSIETCS] MAKCUMAaJbHAs NPOJOJDKUTENBHOCTh (IECCUMUCTUYECKAs OLIEHKA),
MUHUMAaJbHA TPOAOKUTEIBHOCTh (ONTUMHCTUYECKAsh OLEHKAa) M Hauboisee

BCPOATHAA IIPOAOJIKUTCIIBHOCTD.
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[Ipu ananuze cereit onpenensoTCs paHHUE U TO3JHUE CBEPUICHUSI COOBITUH,
paHHHME U MO3JIHUE CPOKM Hayalda U OKOHYAaHMS paboT, pe3epB BPEMEHU IMyTH U
pe3epB BpeMmeHu coObiTuid. [Ipu Gonee neranbHOM aHaIKW3€ YCTaHABIMBAIOTCS U
Jpyrue mapaMmeTphl: YaCTHBIE PE3epBbl BPEMEHM, CBOOOIHBIC PE3EPBBI BPEMEHH,
KOA(PGUIIMEHTHl HAMPSLDKEHHOCTH paboT, KO3(h(UIMEHTH PE3epBOB BPEMEHU
pabot. [Ipu ceTeBOM MIIaHUPOBAHUU CTABUTCS 11€Jb BBITIOJIHEHUS BCETO KOMILJIEKCa
paboT B KpaT4yaliliuii CPOK, MOITOMY JJIsI KOHEYHOTO COOBITHS HauboJee Mo3IHUN
apoK ero CBEpIICHUs paBeH HauOoJsiee paHHeMy. [l OCTaJIbHBIX COOBITHIA
MO3HUM  CPOK  CBEpUIEHUS  COOBITMS ~ paBeH  Pa3HOCTU  MEXAY
IPOAOHKUTEILHOCTBI0O KPUTHUYECKOTO MYyTH M CYyMMAapHOW MPOJOJKUTEIBHOCTHIO
paboT, KOTOpBIE JIeXKAT Ha MAKCUMAIIbHOM U3 IyTeH, HAYIIUX OT JAHHOTO COOBITHS
K KOHEUHOMY COOBITHIO.

Kaxxapiif Kpy»KOK, COOTBETCTBYIOIIMN OIPEIEICHHOMY COOBITHIO, NEIUTCA
Ha 4YeThlpe cekTopa. B BepxXHHMX CEKTOpax 3aluChbiBalOTCd HOMEpa COOBITHA, B
JICBOM - BBIYHCIICHHBIC PaHHUE CPOKU CBEPIICHHS COOBITHS, B HUKHEM - HOMEp
COOBITHS, Yepe3 KOTOpOEe K JaHHOMY COOBITHIO TPOXOAUT MAaKCUMAJBHBIN 10
IPOAODKUTEIFHOCTH MyTh W B TPABOM - BBIYUCICHHBIE TO3JAHHE CPOKHU
CBEpIICHUS COOBITHSI.

YroObl ONpenenuTh pe3epB BPEMEHU IJAHHOIO COOBITHS, HEOOXOJUMO U3
yyciia B MPAaBOM CEKTOpPE BBIYECTh YHUCIO B JieBOM cekrtope. llonmHblil pesepB
paboThl MOXHO YCTAaHOBHUTb, €CJIM M3 4YHCIIa B IPaBOM CEKTOPE KOHEYHOIO
COOBITHS  BBIYECTh YHCIO JIEBOTO CEKTOpa HAYalbHOTO  COOBITHS U
MPOAOKUTEIHFHOCTh Pa0OTHI MEXKY HaYaIbHBIM COOBITHEM M KOHEYHBIM.

[Ipn amammze ceteBoro rpaduka CTaBUTCS 1€Jdb BBIIBUTH BO3MOXHOCTD
COKpAlIeHHsI CpPOKOB 3allJJAHUPOBAHHOTO KOMIUIEKCa paboT U  3arpy3ku
ucnonHutene pabor. Ilpum ontumuzanuu rpaduKoOB HCIONB3YIOTCS PE3EPBBI
BpemeHH. [lo BennumHaM pe3epBOB OCYUIECTBISAECTCS KOHTPOJIb OYEPETHOCTU
BBITIOJTHEHHBIX PabOT, COKpAIaeTcsl ATMHA KPUTUIECKOTO MyTH U BHIPABHUBAETCS
POAOHKUTEIHFHOCT BCEX MOJHBIX MTyTEH CETH.

Ontumuzanusi MOXKeT ObITh YaCTHOM M KOMIUIEKCHOW. B ciiyyae wactHoM
ONTUMHU3AIMA MHHUMH3UPYETCS] BpEMsl BBIIIOJIHEHUS pabOT MpW 3aJaHHON HX
CTOMMOCTH WJIM CTOMMOCTH pPaloOT, eciu 3agaHo BpeMmd. llpu kommiiekcHO#
ONTUMU3ALIMN CETEBbIX IPaQHUKOB HAXOAUM ONTUMYM C YYETOM 3aTpaT U CPOKOB
BBIMIOJIHEHHsI paboT. B OCHOBY 3TOH ONTUMU3ALMK TOJOXKEH METOJA Bpems -

3aTparbl, CYTb KOTOPOro COCTOUT B YCTAHOBJICHHM 3aBHCHUMOCTH MCKIAY
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MPOJIOJKUTEIBHOCTBIO U CTOMMOCTBIO paboT. C MOMOIIBIO CETEBBIX TI'padUKOB
MOXHO YIIPaBJIATh IPOIIECCOM BBIMOJIHEHUS paboT. B rTpadmk BHOCATCS Bce
TEKyIUe W3MEHEHUs, BO3HUKAIOMIINE B TIpoIlecce BBIMOMHEHUS pabor. [losTtomy
ceTeBble TrpadWKH SBISIIOTCS JUHAMUYECKUMH MoOjemsMu. B mporecce
OTIEPATUBHOTO YIPABICHUS OCYIIECTBISETCS KOHTPOJIh 32 (PAKTUYECKUM XOJ0M
paboT, BBIABISIOTCS  OTKJIOHEHHS OT paHee 3allllaHUPOBAaHHBIX  padoT,
NPUHUMAIOTCS COOTBETCTBYIOIIME pEIICHMs, HalpaBiCHHbIE Ha oOOecreueHue
BBITIOJIHEHUS T1J1aHa PaboT.

[IporpammHoO-1I€I€BOE TIIaHUpPOBaHKWE M ynpasiaeHue. OJIHA U3 BaKHBIX
3alad B 0O0JIACTH COBEPIIICHCTBOBAHUS YIIPABICHUS HAPOIHBIM XO3SUCTBOM -
IIIUPOKOE WCIOJB30BaHUE B IJIAHUPOBAHHWH IPOTPAMMHO-IICICBOTO METOAa M
pa3paboTka KOMIUIEKCHBIX MpOTrpaMM IO HaumboJiee BaXKHBIM  HAy4YHO-
TEXHUYECKUM, IKOHOMUYECKUM U COIIMAJILHBIM IIpo0JieMam.

[IporpammHo-11esieBON (1IEI€NPOrPaMMHBINA) METOJT SBIISAECTCS JalbHEHIITUM
pa3BUTHEM OalaHCOBOTO MeETOAAa IUTAHUPOBAHUS H Oa3upyeTcss Ha YETKOM
bOpMyITUPOBAHNH TICJICH SIKOHOMUYECKOTO Pa3BUTHS, X JATbLHCHUIIIEM JICJICHUN Ha
MOMIENIA ¥ BBISBICHHH HEOOXOAMMBIX PECYPCOB ISl pealn3alliid MOCTABICHHON
3amaun. g ATOTO HWCMONB3yeTcs ammapaTr Teopuu TpadoB MpU MOCTPOSHUU
«epeBa Ienei» U «iaepeBa pecypcoB». JlepeBo - cBoeoOpasHas cxema,
MOKA3bIBAOIIAsl B3aMMOCBS3b M CONOJYMHEHHUE Ieel u pecypcoB (puc. 42), 3To
yHUBEpCaIbHas CTPYKTYypHAasi MOJENb Pa3Iu4HbIX (Quanyeckux cucteM. KopeHb
JiepeBa SBISIETCS COOCTBEHHO (11eJI0CTHOM) cucteMoi. I[loacucremsl mepBOro u
MOCJICTYIOINTUX YPOBHEH MOXHO TaKKE pacCMaTPUBATh KaK IEIOCTHBIC CHUCTEMBI.
Hampumep, ynpaBieHre aBTOMOOWJIBHBIM TPAHCIIOPTOM MOKHO PacwJICHWTh Ha
TaKhe IEJOCTHBIE CHUCTEMBI: 00JIaCTHBIE MPOU3BOJACTBEHHBIC yrpaBieHus, ATO,
ATII u T.1.

[Ipn pacuetax u aHamM3e OMNPEACISAIOTCS KIIOYEBbIE (TE€HEpaIbHbBIC)
POOJIEMBI, ISl PEIIEHUS KOTOPBIX JO/DKHBI HAIMPAaBISATHCS OCHOBHBIC CHIIBI U
cpenctBa. lIporpamMMHO-IIeNIEBEIE METOABI MOTYT YCIICIIHO TPUMEHSATHCS HE
TOJIBKO JJISl TIEPCIIEKTHBHOTO HAPOAHOXO03WCTBEHHOTO (MaKpOIUTAHUPOBAHUS ), HO
U U1 OTPACIIEBOT0, BEJTOMCTBEHHOTO ¥ BHYTPUXO3IHCTBCHHOTO IJIAHUPOBAHUS.

Pa3paboTka mporpaMMbl HaYMHAETCS C TIOCTPOCHUS €€ IeJiel U TOJAICIICH.
JlepeBo T1ieneil, HampaBJeHHOE, HampuMmep, Ha TOBBINICHHEC I(OPEKTUBHOCTH
paboThl aBTOMOOMIILHOTO TPAHCIIOPTA, MOXKET BKJIIOUATh TAKUE MOJIEIN MEPBOTO

YPOBHS, KaK «IOBBIIIIEHUE MPOU3BOJUTEILHOCTH aBTOMOOWIICH», «CHUXKEHUE
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ce0EeCTOMMOCTH TEPEBO30K» M «IOBBIIIEHHE O€30MacHOCTH JABMXKEHus». Ha
BTOPOM YPOBHE INE€pBasi MOALENb HOJAPA3JAEISAETC Ha «IOBBILIEHHE CKOPOCTEH
JBUKEHUS», «YBEIUYEHHE TI'PY30MOJIBEMHOCTH aBTOMOOWIEH» M «COKpAIlEHHE
BPEMEHHM IIPOCTOS MOJ IOTPY3KOM - pasrpyskoi». Ha Tperbem ypoBHE moOALEIb
«TIOBBIIEHUSI CKOPOCTEN ABMKEHUS» JIEIUTCS HA CEPUI0 JIPYTUX LENEH: «TUI U
KOHCTPYKLUSI aBTOMOOUJIS, «IOPOKHBIE YCIOBHS», «KBATU(UKALIAA BOJUTEISD U
T. A. /JlepeBo pecypcoB MpeACTaBiIsSE€T HEpPapXUUEeCKH IMOCTPOEHHBIH Trpad,
MOKa3bIBAIOUINI PECYPCHBIE BO3MOXKHOCTHU (HaJIUM4YME MOABUKHOIO COCTaBa, JOPOT
U TOABE3THBIX MyTeW, KBATU(DHUIMPOBAHHBIX  BOAUTENEH, MOTPY30YHO-
pa3rpy30YHbIX MEXaHU3MOB M T. [I.) WM 3aTPaThl, HEOOXOIMMBIE HA peaIn3alrio
JAHHOU ITPOTPaMMBI.

Hanuune peanbHO COCTABIECHHBIX J€peBa LENEW U JepeBa PECypcoB
MO3BOJIIET OCYIIECTBIISATh HEOOXOJUMbIE AHAIM3bl U BBIYUCIICHUS, B pE3yJIbTaTe
KOTOPBIX  HAaxoIATCS TEHEpAJbHbIE IPOrpaMMBl B  BHUAE  IEPEXOIHBIX
(COenMHSIONINX) 3BEHBEB (CPACTAIOIIMXCS KPOH JIEpeBbEB). B KauecTBe Kputepuen
MOTYT OBITh MHHUMYM BpPEMEHHM BBINOJHEHUS MPOrpaMMbl TpPU JaHHBIX
PECYPCHBIX BO3MOKHOCTSIX WJIM MUHUMYM 3aTpaT Ha BHIIIOJIHEHHUE IPOTrpaMMBbl pU
(PMKCHUPOBAHHBIX MOKA3ATEISAX MMPOrpaMMbl U €€ BpEMEHU BbITOIHEHHS. OaHUM U3
METOJMYECKUX IPUEMOB, MO3BOJLIIOIIMX B3aWMOYBA3BIBATH LEJb (IIPOrpaMMBl,
MOANPOTPAMMBI) M PECypcChl, TPOBOAUTH aHaIM3 U BBIOOP SPGHEKTHUBHBIX
BAapUAHTOB, SIBJSETCSA NPOrpaMMHasi MaTpHILIA.

[IpenmyiecTBaMu CETEBBIX MOAEIEHN SBIISFOTCSA:

1. CereBble rpauKH AIOT YETKOE MpeAcTaBieHUuEe o0 o0iieM odbeme
paboT KOMILJIEKCa.

2. OObecneynBarOT HAMJISIIHOCTh TEXHOJIOTMUECKUN TIOCIIe10BaTEIbHOCTH
pabor.

3. CerteBble MOJICIM 00ECTICUMBAIOT pacIpeielICHUE CPEACTB U pabodcit
CWJIB, UTO CO3JAET YCJIOBUS JJI1 HAUITYUYIIEro UCIOJIb30BAHUS PECYPCOB.

4, [103BOMISAIOT OCYIIECTBIIATh TEKYIEE IJIAHWPOBAHUE BBINIOJHEHUS pa-
00T, TMPOTHO3UPOBATH CJIOXKHBIE TMPOLIECCHI, BBISIBIATH  «y3KHE  MECTa»
MIPOU3BOJICTBA.

S. CokpaTuTh MOTEPH BPEMEHU IPH BBHINOJHEHUU BCETO KOMIUIEKCA pa-
00T.

6. Br16path onTUManbHBIN BApUAHT BBHITTOJTHEHHS Pa0oT.
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Teopust MaccoBOTO OOCITY’)KMBaHHS B 3a/1a4aX ONTHUMU3AIMHA TPAHCTIOPTHBIX
MIPOLIECCOB

Bosbioe KoIM4YeCTBO MPOM3BOACTBEHHBIX 3374 U CUTYalluid MOXKET OBITh
OMKCAaHO CHUCTEMaMH MAacCOBOrO oOchyxuBaHus. Pabora cucCTeMbl MaccoBOTO
OOCITYy>KUBaHUSI 3aKJTIOUACTCS B OOCTYKHBAaHWN OOJBIIOTO KOJMYECTBA TPEOOBAHMIA.
[Ton TpeOoBaHWEM TIOHMMAETCsl 3ampoc Ha YIOBJICTBOPCHHE KaKOK-JINOO
NOTPEOHOCTH, a 00CTYKMBAaHUE 3aKITI0YACTCS B €€ yIOBJICTBOPCHUH.

CpenctBo, OCyIIECTBISIONMIEE OOCTy)KUBAHHE TIOTOKAa TPEOOBaHMM, HA3bIBAIOT
00CITy>KUBAIOIIUM afIapaToM, a KX COBOKYITHOCTb - 00CTY>KUBAIOILIEH CUCTEMOM.

[TombiTaeMcst 3aymMaTbcsi HAJ HEKOTOPBHIMH CUTYAIlMSIMH, C KOTOPBIMH
JIOBOJIEHO YacTO MPUXOIUTHCS CTAITKHBATHCS:

J ouepeb MOKyIaTenel BO3Je Kace CynepMapKeTa;

J KOJIOHHa  aBTOMOOWJICH,  JBWDKEHHE  KOTOPBIX  BPEMEHHO
IPUOCTAHOBIICHO PACIOJIOKEHHBIM Ha IYTH €€ CJIEOBaHUS CBETO(POPOM;

J CKOIIJICHHE OOJIBHBIX, 0XKHIAIONINX CBOCH OYepeIn Ha ITPHEM K Bpauy;

J TPYIITy TMACCAKUPCKUX CAMOJICTOB, OXXHJIAIOUIMX pa3peiieHusl Ha
B3JIET B KPYITHOM a3pOTIOPTY;

J PST BBIIIANINX U3 CTPOSI CTAHKOB M MEXaHU3MOB, MTOCTABJICHHBIX Ha
o4epenb /Ui OYMHKH B PEMOHTHOM II€X€ MPOMBIIUIEHHOTO PEATPUSITHS;

o oOMeH uH(opMauueir yepe3 HWHTepHET B JHEBHOE BpeMsi MpHU
OO0JIBIIIOM KOJIMYECTBE MOJIb30BATENCH;

o OTKa3 TeNeOHHOW CeTH Ha OOCITYKHBAaHUE KIMEHTOB B TIEPHOJ
HanOOJIbIIIEH HATPY3KH.

Bce BBIICYNOMSIHYTBIE CHUTyalldd OOBEAMHSET TO OOCTOSTEIBCTBO, YTO
KaxJias W3 HHUX XapaKTepU3yeTcss HEOOXOIUMOCTHIO MPEOBIBATh B COCTOSHUU
oxunanus. M Takux cUTyanuii B PUHITUIIC HEIb3sl U30€XKaTh, IPUXOAUTHCS JIUIIb
HAJICATHCS, YTO BPEMs OKUIaHUSI MOXKHO OyJIeT COKPATUTh.

@deHOMEH OXUAAaHUS CBSI3aH CO CIYYailHOCTBIO IPOILIECCOB B CHCTEMax
OOCITy’)KMBaHUS, TaK KaK HHU BpeMsl TOCTYIUICHHS Ha OOCITy)KUBaHHE, HHU
JUTUTEIIEHOCTh OOCITY>)KUBaHUS 3apaHee HE N3BECTHBI.

Hcnonb3ys TEOpHUI0 MacCOBOTO OOCITY)KUBAHUS, MOYKHO PEIINUTh, HATIPUMED,
3a7lauu ONPEACIICHHUS YUCIa JIMHUN WM TIOCTOB TEXHUYECKOTO OOCITY)KUBAaHUS W
pEMOHTa aBTOMOOWIICH, pacyeTa KOJUYECTBA MOCTOB MOTPY3KU (WJIH Pa3rpy3KH),

OIIPpCACIICHUA PAllMOHAJIBbHOI'O YU CJld O60pOTHBIX arperaTroB U T.I.
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B oTnnune oT MareMaTH4ECKOro MporpaMMHUpPOBaHUs, A€ TJIaBHYIO POJIb
UTpaET OlpeeTIeHNe MUHUMYMa WM MaKCUMyMa 1eIeBOM (QYHKIMU TIPU HATUYUU
psifa OrpaHWYeHHM, OCHOBHOW 3aJauedl TEOpUHM MAacCOBOTO OOCTYKHBaHUS
sBisieTcs ¢dopManmzalus mpoiecca. Teopust BbIpakaeTcsi B Buae (opmy,
OOBSICHSIET M TMOJACKA3bIBACT CUTYAIIMI0 MACCOBOTO OOCITY)XMBaHUS, OoOecreunBas
Jydlllee MOHMMAHUE U TMPUHATHE COOTBETCTBYIOIIMX pelieHuil. Pazymeercs, Ha
OCHOBAHUHU XapaKTEPUCTHK, MTOJTYUYEHHBIX C TOMOIIBIO TEOPUU, MOKHO OIPEIEITUTh
ONTUMYM 1IEJIEBON (PYHKIIMHU, HO ATO JIETACTCS YK€ MpUeMaMu, HEMOCPEICTBEHHO
HE OTHOCSIIIIUMUCS K TEOPUU MacCOBOTO OOCITYy>KHUBAHHS.

TepmMun  «oOcmyXkuBaHuE»  O3HA4YaeT  YAOBJIETBOPEHHE  KaKUX-JIMOO
NOTPEOHOCTEM, a «MaccoBOE» IOKAa3bIBAET, UYTO pPEYb HJET HE O KOHKPETHOM
O0OBEKTEe, @ O COBOKYIMHOCTH OOBEKTOB, HMEIOIIUX OOIIMe MOTPEOHOCTH B
oOciyxuBaHuH. OCOOEHHOCTBIO TEOPUU MACCOBOTO OOCIYXUBAHUS SIBISETCS TO,
4YTO OHa paccMaTrpuBaeT Jio0Ol Mpolecc MaccoBOro OOCITYKHBAaHHUSA Kak
BEPOSITHOCTHBIM.

Teopuss MaccoBOro OOCHYXUBaHHMS, SIBISISICH OJHUM U3 Pa3leioB TEOPHH
BEpPOSITHOCTEW, B TMOCIEAHHE TOJbl MOJY4YWJIa PA3BUTHE U BBIICIWIACH B
CaMOCTOATENBHBIN  pa3znen maTeMaTUKH. (OCHOBOMNOJIO)KHHUKOM €€  SIBJISIeTCS
natckuii yuensii A. K. Opnanr, omyOnukoBaBmiuii B 1909 T. mepBylo KHUTY,
NOCBSLIEHHYKO BONPOCAaM IPUMEHEHUs TEOpPUH IPpU NPOEKTUPOBAHMHM U
SKCIUTyaTaliui  TeaedOHHBIX CTaHIMK. bonbiiol BKIag B pa3BUTHE TEOPUU
MaccoBoro oociyxxkuBanusi BHecau yuenbie A. S. Xunuun, b. B. 'nenenxo, H. I1.
bycnenko, A. H. Kommoropos, b. A. CepactbsinoB, K. Ilansm, @. Ilomnmauex,
. Kennann, 1. Kokc, T. Caatu u np.

CTtuMysioM K pa3BUTUIO TEOPUU MACCOBOIO OOCITY>KMBaHHUS MOCIYKUIU
HOMBITKM MpPEJICKa3aTh CIy4yallHO M3MEHSIOIIMECS MOTPEOHOCTH MO pe3ysbTaTam
HaOmoaeHuil. Teopus MaccoBOro OOCIy)KMBaHMs 3aHUMAETCs U3YyYEHHEM TaKHX
IPOLIECCOB, B KOTOPBIX BO3HUKAIOT ouepeau Ha oOciyxuBaHue. [lpuunHoi
BO3HMKHOBEHHUSI OUYEpelei SBIIAIOTCS CIy4YailHO M3MEHSIIOUIMECS] MOTPEOHOCTH B
oOCy>KUBaHUM U (UJK) KOJeOaHUs BPEMEHH, 3aTPAUYMBAEMOTr0 Ha YAOBJIETBOPEHUE
3asBKH Ha 00CITy>KHBaHUE.

Mognenb cocToUT U3 0O0CITY>KMBaeMOMl M  OOCITYKHBAIOIIEH CHUCTEM.
OOcnykuBaeMass CUCTEMa BKIJIIOUYAET COBOKYMHOCTh MCTOYHHUKOB TpeOOBaHUU U

BXOJISIIETO IMTOTOKA TPEOOBaHMIA.
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TpeboBanue - 9TO 3ampoc Ha BBIMOJHEHHE KaKoW-TMOO paldoThl (Ha
MPOU3BOJICTBO YCIYTH).

Uctounuk TtpeOoBaHMS - OOBEKT (UEIOBEK, MEXaHU3M MU T. 1.), KOTOPBIHA
MOXXET MOCJIaTh B OOCIYKHBAIOUIYI0 CHCTEMY OJHOBPEMEHHO TOJBKO OJHO
TpeOOBaHUE.

Bo3mosxHbIll HOcUTENb TpeOOBaHUSI, HApUMEP, aBTOMOOWIIb WJIM arperar,
KOTOpPBI MOKET BBIUTH M3 CTpOsi, pabouuii, KOTOPOMY MOTYT MOHAaJI0OUTHCS
3alacHble YacTH, >KUTEIb TopoJa WM Tpylma >KUTeJIed - 3TO HUCTOYHUKHU
TpeOOBaHMil, a 3aIBKH HA PEMOHT, 3allaCHYI0 YacTh, CBOOOJHOE TAKCH - HOCUTENb
TpeOOBaHUIl, COOTBETCTBYIOUINI yKa3aHHBIM BBIIIE MUCTOYHHKAM. TpeboBaHue U
€ro HOCHUTEJIb YacTO OTOXKIECTBISAIOTCS. TpeOoBaHMS, IMOCTYMAOIIME OT BCEX
HMCTOYHUKOB B OOCTY>KMBAIOIIYI0 CHCTEMY, OOpa3ylOT IOTOK, Ha3bIBAEMbIN
BXOJISIIIIUM ITOTOKOM TpeOOBaHUM.

OOcnyxuBaroiasi CUCTEMa COCTOMT U3 HAKOIMUTENs U MeXaHU3Ma
oOcnyxkuBanus. TpeOoBaHMS MOCTYyHAalOT B HAKOMUTENb, TIE OKUIAIOT Hadaja
00CITy’KUBaHUS, €CJIA €CTh OYEPEb, MIIU CPa3y B MEXAHU3M 00CITyKUBAHUS.

OOciy’kMBaHUEM CUWUTAETCA YAOBJIECTBOPEHUE IMOCTYINHMBIIErO 3ampoca Ha
BBINIOJIHEHUE YCAYyru. MexaHu3M OOCIyXMBaHUS COCTOMT U3 HECKOJIbKHUX
00CITY>KHBAIOIINX aIIapaToB.

OOcnyXuBalOIMii anmapaT — 3TO 4YacTh MeEXaHHW3Ma OOCITYXUBaHMUS,
KOTOpasi CIocoOHa YAOBJIETBOPUTH OIHOBPEMEHHO TOJBKO OJHO TpeOoBaHME
(pemMOHTHBIN paboumii, Opurama, KpaH, dKCKaBaTop, MOCT MOUMkH u Ap.). Eciam
00CTy’KMBaHUE COCTOUT M3 HECKOJIbKUX MOCIIEOBATENbHBIX ONEpalui, Kaxaas u3
KOTOPBIX BBIMOJHIETCS OTIEIBHO OOCIYXMBAIOIIMM allapaToM, TO TaKoe
oOBeIMHEHUE amnmapaToB HA3BIBAIOT KaHAJIOM OOCIYXKMBaHUSA, a CaMy CHUCTEMY -
MHorodazoBoil. [locie oxkoHuUaHUs OOCITYyKUBaHUS TpPEOOBAHUS MMOKUAIOT
CUCTEMY, 00pa3ys BBIXOSIINN MOTOK TPEOOBAHUMN.

B kauecTBe mpuMepa CHUCTEMBI MacCOBOTO OOCIIY>XHBaHUS PACCMOTPUM
OpraHU3alHIo0 MMOTPY3KH Ha KPYITHOM MPEINPHUATHH - TPY300THpaBuTene. B Takoi
CHUCTEME BXOJSIIMI MOTOK TpeOOBaHUM 00pa3yr0T aBTOMOOWIIU, TPUOBIBAIOIINE HA
NPEANpUATAEC B KaKWE-TO CIydallHbIE MOMEHTHI BpeMmeHH. OOcCiyKHBaHUEM
SBJIIETCSI TOTPY3Ka TPYy30B B aBTOMOOWIM W BBINOJTHEHUE HEKOTOPHIX
COITYTCTBYIOIIUX €U omepaluii, HarmpuMep MpoBepKa aBTOMOOWIICH TP BbE3/Ie Ha

TEPPUTOPHIO TPEANPUATHS, B3BEIIMBaHHE, O(DOpPMIICHHE ITOKYMEHTOB W T. .
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OOcnyxuBaHue B O3TOM cliydae sBisgercs MHorodasoBeiM. TpeOyetcs
IPOaHAIU3UPOBATH PadOTy TAHHOM CHCTEMBI.

[IpoBoasi COOTBETCTBYIOIIME HAOMIOACHUSI, MOKHO YCTAHOBHUTH 3aKOH
pacnpeneneHuss BXOJSAIIEro MoToKa TPEOOBAHMI, 3aKOH PACIPEAECIICHHUS] BPEMEHU
oOCTy>KMBaHUS Ha KaXI0U (a3e, BpeMs OKUIaHUS aBTOMOOUJIS B OUEPEIH, BPEMS
POCTOSI OOCTY>KMBAIOIIMX alapaToB U APYrHe XapaKTEPUCTUKU. 3aT€M MOXKHO
OILICHUTb, BO CKOJIbKO OOXOJIATCS MOTEPU OT OKUJAHUSA B OUepenu aBTOMOOUIeH
IUTIOC TIOTEpU OT MPOCTOS ammapaToB M OOCITYyXHBawoIIero mnepcoHana. Ecmu
NOJIy4YeHHas CyMMa OKaXeTCsl JOCTAaTOYHO OOJBUIOW, TO CIIEAYyeT H3MEHUTH
OpraHU3alMI0 TOTPY30YHBIX padOT, HAPUMEP YBEJIIMUUTH YUCIIO MOCTOB MOTPY3KHU
WU B3BEUIMBAHUS, 3aMEHUTH MOJABUXKHON COCTaB, U3MEHUThH MOPSJIOK MOTPY3KH,
YBEIUYUTh CMEHHOCTb PA0OTHI U T. ]

Kax B Takom ciydae BbiOpath Hanbosiee 3 (HEKTUBHBIN BapUaAHT MOTPY3KH?
HcxoauTe U3 cpegHed 3arpyKEHHOCTH CHCTEMBI HEJb35, MOCKOJbKY OJHUM M3
YCJIOBUH HOPMaJIbHOW pabOThl CUCTEMBI SIBJISIETCSI BHIIIOJIHEHUE HEPABEHCTBA (HA

Kaxou (aze)

Alsv=p<1,
rae A - CpemHsisi WHTEHCHUBHOCTh BXOJSIIET0 IOTOKa TpeOOBaHUN B
€IUHUIY BpPEMEHHU; V — HHTECHCUBHOCTh OOCIYXMBAHHUS OJHUM alapaToM

TpeOOBaHUM B €AMHUILY BPEMEHH; S — YHCJIO OOCITY>KUBAIOIIMUX aIllapaTroB; p —
KO3 GUIMEHT UCTIOIH30BAHUS 00CITYKUBAIOIIEH CHCTEMBI.

Ecou  xosddunment wucnonp3oBaHus Oyner OOdbINE C€AUHHUIIBI, TO
oOcy>KMBaroIasi CUCTeMa HE CIPABUTCS C OOCTY>KMBaHHEM W ouepenb Oyner
HEOTrpaHUYEHHO PaCTH.

B mo0oii pazoMKkHyTO cHucTeMe C OXUAaHHEM KOI(P(UIHMEHT HCIONb-
30BaHUSl JIOJDKEH OBITh MeHbIne eauHuibl. CrneaoBaTenbHO, MEXaHU3M
oOCITy’)KMBaHHUSI 4acTh BpeMeHHM OyneT He3aHAThIM. OJHAKO ATO HE HCKII0YaeT
oOpa3oBaHMsI OdepeAr B HEKOTOpble MOMEHTHl BpemeHH. Hanuume ouepenu
OOBSICHSIETCSI CIIy4allHOCTHIO MOMEHTOB IOCTYIUICHHsI TPeOOBaHHUM B CUCTEMY U
KOJICOAHUSIMU  JUIUTETBHOCTH WX  oOcimykuBaHusA. [lOCKOIBKY  MOMEHTHI
MOCTYIUICHUsI TpeOOBaHUI CITydaliHbI, paboTa CUCTEMBI ITPOTEKAET HEPETYISAPHO: B
MOTOKE TpeOOBaHMI 00pa3zyrloTcsi CrymieHus W paspexkenus. CryiieHus: MOTyT
MPUBECTU K 00pa30BaHuUIO ouepenn (Jub0 K 0TKa3zy oOCIyKUBaHUS), pa3pesKeHus -
K HEMPOU3BOJUTEIBHBIM TMPOCTOSIM OTIEIBHBIX alMapaToB WJIM MEXaHHU3Ma

oOciykuBaHusl B 1iejoM. Ha 3Tu ciayyallHOCTH, CBSI3aHHBIE C HEPETYISIPHOCTHIO
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BXOJISIIIIETO MOTOKA, HAKJIAIBIBAIOTCS €Ille CTy4YalHOCTH, CBA3aHHbIE C U3MEHEHUEM
BPEMEHU OOCITY)XKHMBaHHs Pa3IUIHBIX TpeOoBaHuii. CiemoBaTenbHO, TIPH OICHKE
KayecTBa (PYHKIIMOHUPOBAaHUS OOCTYXHUBAIOIIEH CHCTEMbl BCerja HYXHO
YUUTHIBATh BEPOSITHOCTHBIA  XapakTep TMOTOKa TpeOOBaHWM W  BPEMEHHU
0OCITy’)KHBaHUS pPa3IUYHBIX TPEOOBAHUI.

Teopuss maccoBoro oOCTY)KMBAaHHS TO3BOJSIET ONPEICTUTh XapaKTep
(GYHKIMOHUPOBAHUSI CUCTEMbI MACCOBOTO OOCITYKUBaHHUSI 110 XapaKTEPUCTUKAM €€
gacTeif (COBOKYNMHOCTh TpeOOBaHUN  “BXOJAIIMNA MOTOK’, "HAKOIMTEINb
>’MEeXaHU3M 00CITy)KMBaHUs , ’BBIXOIAIIUN MTOTOK).

Jl7is o1leHKH paboThl OOCITYKHBAIOUIEH CUCTEMbI MOXHO MPUMEHHUTH TaKKe
«Meton npo6 u ommbok». Hanpumep, obopyayeTcs eire oAuH MOCT MOTPY3KH, a
3aTéM B TEUYEHHWE HEKOTOPOTrO BPEMEHHM MPOBOAUTCA HAOMIOACHHE 3a padboToi
MOIU(ULIMPOBAHHON CHUCTEMBl W ONPEIEISIOTCS HOBBIE XapaKTEPUCTHKU €€
¢yHkuoHnpoBanug. OIHAKO 3TOT METOJ IJIOX TEM, YTO CHayaia HpPUXOIUTCS
3aTpaunMBaTh BpeMsi M CPEACTBA, a 3aTeM YXKE OIpeAesiiaTh, HACKOJIbKO
3¢dextuBHbl ObuM 3TH 3aTpaThl. C Apyroid CTOPOHBI, €CIM BO3MOXKHOCTEU
MOAM(PUKALMHA HECKOJIBKO, TO KaKyl0 U3 HUX CJEAyeT BHIOPATH JIs1 SKCIEPUMEHTA,
YTOOBI OJYYNUTh HAUITYYIIUN pe3ynbTar? OTBET HA 3TOT BOIPOC MOYKHO MOJTYyYUTh
C TIOMOILIBIO TEOPUU MACCOBOTO OOCTYKUBAHUSI.

Pazymeercs, Ay mpuUMEHEHHs] TEOPUM MacCOBOTO OOCHTY>KHMBaHUS TaKkKe
HY)KHO UW3y4yaTh U aHanu3upoBaTh ¢akTtuueckue paHHeie. Ho mpu sTOM
MPUXOAUTCS pacCMaTpPUBATh HE CUCTEMY B LIEJIOM, a KXK]IyI0 COCTAaBHYIO €€ YacTh,
YTO HAMHOro mpoiie. Takoil aHaiu3 MOHO BBIIOJHUTHL JO TOrO, Kak
oOcnykuBaronjass cucreMa MoauduuupoBaHa. B 3TomM u  3akimouaercs
IIPaKTUYECKas LENb MPUMEHEHUSI TEOPUHU: BO3MOXKHOCTh MPEICKA3aTh MOBEICHUE
CUCTEMBI O TOro, KaK Takas CHCTEMa CO3[aHa, T. €. €lle Ha CTaguu ee
IIPOEKTUPOBAHUS.

Teneppr MOXHO cOpMyJIHpPOBaTH MPEAMET TEOPUH MAacCCOBOrO 0O0CHy-
YKUBAHUS U 1I€7TU, KOTOPbIE OHA MIPECIIEYET.

[IpeameToM TEOpUU MaccOBOTO OOCITY)KMBaHUS SBIISIETCS KOJIMYECTBEHHAs
CTOpPOHA MPOIECCOB, CBA3AHHBIX C MACCOBBIM OOCITY)KBAHUEM.

Lenbto Teopum sBisieTCsl pa3pabOTKa MaTeMaTHYEeCKHMX METONOB IJis
OTBICKAHUSI OCHOBHBIX XapaKTEPUCTHK IMPOILIECCOB MACCOBOIO OOCIY:KUBAHUS IS

OLIEHKH KauecTBa ()yHKIIMOHUPOBAHUS 0OCTYKUBAIOILIEH CUCTEMBI.
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B 3aBHCMMOCTM OT KOJMYECTBA MCTOYHHUKOB TpPEOOBAaHUM CUCTEMBI
MacCOBOTO OOCIYKMBAHUS JIEIATCA HA JABE IPYMIbL: 3aMKHYTBhIE C OTPaHUYEHHBIM
YUCJIOM MCTOYHUKOB, HAI[PpUMEP CUCTEMA HKCKABAaTOP — CaMOCBaJbl MPU BBIBO3E
TpyHTa, U Pa30MKHYThIE€ C HEOTPAHUYCHHBIM, BEPHEE OYEHb OOJIBIIUM, YHCIOM
VMCTOYHHUKOB, HAlpUMEp CHCTEMa CTAHLMS TEXHUYECKOTO OOCITYKUBAHUS -
BJIA/I€TbIbl MHAUBUAYAIbHBIX aBTOMOOWIEH. bonblioe 3HaueHue il pelieHus
3aJjad MaccOBOTIO OOCIY)KMBAHMS HMEIOT 3aKOHBl PACHpPEICIICHUS BXOMSILIEIO
NOTOKa TpeOOBAaHUU M BpeMeHH 00cimykuBaHuA. C 3TOM TOUKHM 3pEHUS CUCTEMBI
MOJIPA3JIEISAIOTCS HAa MyaCCOHOBCKUE, WIIM MAapKOBCKHUE (TpeOOBaHUS MOCTYNAOT B
OOCITy’)KMBAIOIIYI0O CHUCTEMY B COOTBETCTBMU C 3akoHOM Ilyaccona, a Bpems
o0CTy’KMBaHUS MOJYMHSAETCS MOKA3aTeIbHOMY 3aKOHY), U HEIyaCCOHOBCKHUE (TIpU
JpYyroM BHUJE 3aKOHAa pACIpeAeNieHUs] BXOMSIIEro MOTOKa W (WIM) BPEMEHHU
0OCITy>KUBaHHUS).

B cootBeTcTBHU € OBEEHHEM TPEOOBAHUN CUCTEMBI MOXKHO MOJIpa3eIUTh
Ha TPH TPYTIIIHL:

o CUCTEMBI C OTKa3aMH, B KOTOPBIX TpeOOBaHUE, 3acTaBIlIee OOCITYXKH-
BAIOIIME allapaThl 3aHATBIMH, MOJYY4aeT OTKa3 B OOCIY)XMBAaHUU U TepsAETCA
(HanpuMep, B CUCTEME aBTOMaTU4ecKas TejaeOHHask CTaHUUS - KIMEHTHI - OTKAa3,
€CJIM B MOMEHT MOCTYIUICHUS BbI30Ba 3aHATA HY>KHAs JIMHUS CBSI3M);

o CUCTEMA C OXHUAAHMSAMU: TpeOOBaHME KIET Haudajga oOCIyKMBaHUS,
HanpuUMep aBTOMOOUIIb OKUAAET MOTPY3KU;

o CMEIIaHHbIE€ CHUCTEMbI, KOTJa 4YacTb TpeOOBaHUM  MOKUIAET
HAKOMUTENb WM BOOOIIE HE MPUCOETUHSCTCS K OYepeld B 3aBHCHUMOCTH OT €€
JUIMHBI U BPEMEHHU OKWJAHUs; HalpuMep, 4acTb aBTOMOOMJICH MOXET yexarh ¢
aBTO3aIPaBOYHOM CTAHIIMHU, €CJIM OUEpe/lb Ha 3alPABKY BEJIUKA.

CrnenyromuM OCHOBHBIM TMPU3HAKOM KJIACCU(PUKAIIUU CHUCTEM SIBJISIETCS
JUCUUIUIMHA OOCITYKUBaHUS, MPUYEM MPEAOCTABICHUE MPHOPUTETA OTACIbHBIM
TpeOoBaHUsIM  (Kjaccy  TpeOoOBaHUM)  TO3BOJIIET  YJIYUIIUTh  KauyeCTBO
(GYHKIIMOHUPOBAHUA JAaHHOW CUCTEMbBI MAaCCOBOTO OOCITY>)KMBAaHUS U T. JI.

Hecmotps Ha pazHooOpasue cucteM 0OCITyKHBaHUS, JTIOOYIO, CAMYIO CJIOXK-
HYIO U3 HUX, MOCJ€ TPaMOTHOTO M3y4Y€HHUS MOXXHO OIMHUCATh B TEPMUHAX TEOPUU
MacCoOBOTO 00CTYKUBaHUS U IOCTPOUTH JIJIsl HEE€ BEPOSITHOCTHYIO MOJIEINb.

N 6e3 Teopun MaccoBOTro 0OCITY>)KMBaHUS ONTUMHU3AIMS BO MHOTHX CIIydasix

HEBO3MOKHA.
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JIEKIUA 5. MAPIIPYTUBALIUSA ITIEPEBO3OK MACCOBBIX I'PY30B

Ornpenenenue MapuIpyToB MEPEBO30K MACCOBBIX IPY30B

CocraBieHue palMoOHaJIBHBIX MApIIPYTOB TEPEBO30K MACCOBBIX T'PY30B
UMEET TENbI0 JOCTIKCHHE MaKCHMaJIbHOTO KOX((HUIMEHTa WCIOIb30BAHUS
npoOera aBtomoOwmneit. [Ipm mapmpyTw3anuu TEPEeBO30K MACCOBBIX TPY30B
ONPENEISIIOT  TOPSIOK  CIEJOBaHUS TOCJE€ pasrpy3Kd aBTOMOOWIEH 1O
CICAYIONIYI0 TOTPy3Ky C TeM, 4YTOObl HMX OOmmMil mnpober 0e3 rpy3a ObLI
HauMEHbIIMN. YacTo 3TO HA3bIBAIOT YBA3KOM €3/10K.

B o6miem Bume cxema paboT 1o MapuIpyTH3AMUK IEPEBO30K IPY30B COCTOUT
U3 psga dTanoB. BHayame HEOOXOAMMO OMpENeIuTh KpaTdyallliue pacCTOSHUS
MEXJy BCEMH IIYHKTaMH OTIPABJICHUSI U TIOJYyYEHUS TPY30B U MEXIY
aBTOTPAHCIIOPTHBIMU NMPEANPUATUIMHI U YKa3aHHBIMU ITYHKTaMU, T.€. CO3/1aTh CETh
KpaTyalllluX pacCTOSAHWI. 3aTeM C YYEeTOM JTUX PACCTOSHUWA OIPEIEIUTh
ONTUMAJIbHOE 3aKpEIUICHHE TOTpeOUTENe OJHOrTO U TOro JKE€ TIpy3a 3a
MOCTaBIIMKaMHU, YeMy Oblia MOCBSIIEHA NMpeablayias riasa. Ha mociennem srarie
ONPEAEISAIOT MapUIPYThl IEPEBO30K pAa3HBIX TPY30B B OJHOM M TOM XK€
MOJBM>KHOM COCTaBE, MPUKPEIUICHUE ATHUX MapUIPYTOB MO aBTOTPAHCIOPTHBIM
NPEANPUSATUIM U Pa3paOOTKy 3aJaHUN BOJAMUTEIISIM Ha BBIMOJHEHHE MEPEBO30K
rpy30B IO Mapuipyram. B 1TaHHOW rjaBe paccMaTpUBAIOTCS METOJbl PEIICHUS
3a/lay MOCJEJHEro dTana paboT mo MapumipyTusauud. JJis penieHus Takux 3aaad
HEOOXOAMMO OTOOpaTh T€ 3aiBKU Ha TEPEBO3KY TPY30B, KOTOPHIE MOXKHO
OCYILECTBIISITh HA OJHOM U TOM K€ MOJABUKHOM COCTABE M KOTOPBIE COBMAJAIOT BO
BPEMEHU BBITIOJIHEHUS MEPEBO30K. [Ipu 3TOM, KOHEUHO, HEOOXOIMMO 3HATh ajipeca
OTIPABUTENEH W TOJIYy4YaTelied, KOJIMYECTBO M HAMMEHOBAHUE TpPy3a, KOTOPBIN
HY>)KHO TEPEBE3TH, a TaKKE PpACCTOSHHUS MEXKIYy BCEMH OTIPABUTEISIMUA U
MOJTy4YaTesIMHU.

B Hacrosimee BpeMs HM3BECTHO HECKOJIBKO MAaTEMaTUYECKUX METOIOB
pemieHust ykazaHHoM 3anauu. Hampumep npemnnoxennslii E. A. boOGapblkMHbIM
METOJI, KOTOPBI XOPOIIO MPUCTIOCOOJIEH ISl PEIICHUs dTUX 3aJlady Bpy4yHYI0, 0e3
WCMOJIb30BaHUs ISl PACUE€TOB AJCKTPOHHBIX BBIUMCIUTEIBbHBIX MaluH. OHa
3aKjrovaeTcs B cienyronieM. Heo0xoaumo CoCTaBUTH MapIIpyThl IMEPEBO30K
IPY30B COIJIACHO 3asiBKaM. DTHU TPy3bl IEPEBO3SAT B 3aJaHHYI0 CMEHY KOHKPETHBIM
aBTomoOuseM. CorjacHO 3asBKE COCTaBIACTCS CXeMma IEepPEBO30K, Ha KOTOPOU
MOKa3aHbl PACCTOSIHUS MEXAY MyHKTaMu. KaxioMy OTIIpaBUTEINIO MPUCBAUBAETCS

yCIIOBHOE 0003HauU€HUE - OyKBa A C COOTBETCTBYIOIIUM MOPSAKOBBIM IIU(GPOBBIM
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UHJIEKCOM, M KaxJoMy moTpedurtento - OykBa b Takke C COOTBETCTBYIOILKM
U(GPOBBIM HHJIEKCOM. ABTOTPAHCIIOPTHOE MpEANpHusTHe 0003HaueHO OykBou I
Tam ke moka3aHO, YTO OJWUH W TOT K€ IMYHKT MHOTJAa HMMEET JIBa YCJIOBHBIX
o0o3HaueHus. Hampumep, mpuctaHb Kak OTHpPaBUTEIb MOXET ObITh 00O3HaueHa
Aj, a kak nonyyarenb — by. Eciiu olvH M TOT e NOTpeOuTENb MOIYy4YaeT rpy3 OT
JBYX U 00Jjiee MOCTABIIKUKOB, TO OH TaKXke Oyner o0o3HaueH OykBamu b ¢ pazHpiMu
nupoBbIMU MHEKCaMU. Kpome KonmuecTBa rpy3a, pacCUMTHIBAETCS KOJIMYECTBO
€3710K, KOTOPO€ HEOOXOIUMO CHEJIaTh, YTOOBI BBIIIOJIHUTD 3asBJICHHBIE NIEPEBO3KHU.
Tak kak OCHOBHOW MapKOil aBTOMOOWIIEH MNPUHAT KOHKPETHBIH aBTOMOOWIIb C
HOMHUHAJIBHOW IPY30MOABEMHOCTBIO TO KOJMYECTBO €3/I0K ONPENETIEHO JIEIECHUEM
3asIBJIEHHOT'O KOJIMYECTBA I'Py3a Ha IPy30M0AbEMHOCTh aBTOMOOMJIS.

[Ipu nepeBo3kax rpysa, KOTOpbIH He 00ecreYnBaeT MOJHOE UCIOJIb30BaHUE
Ipy30MOABbEMHOCTH aBTOMOOWIISL, ONPEICIICHUE KOJIMYECTBA €3]I0K JOJIKHO
YUUTHIBaTh KOA(Q(QUIMEHT HUCHOJB30BaHUs Tpy3onoabeMHocTH. Hampumep
MEepPEBO3KE OMUIIOK ¢ MeOeNbHOU (PadpuKU KOJIMYECTBO €370K OMPEACNSIOT C
y4eToM Ko3((UIIMEeHTa HCIO0JIb30BaHus rpy3onoabemMHocTd 0,5. Ha ocHoBanuu
3asiBOK Ha MEPEBO3KU COCTABIIAIOT MaTpULly. B Hell ykazaHbl KOJIMYECTBO €3/10K U3
KQKJOT0 IMyHKTa A B KaXIbId MyHKT b M paccTOsHUS MEXIy 3TUMU IyHKTaMH,
KOTOPBIE IPOCTABIISIOTCS B BEPXHUX IIPABBIX yriaX COOTBETCTBYIOLIUX KJIETOK.

Pemenue 3Toi MaTpuilbl HA MUHMMYM IpoOera, 4Tro CIEIaHO C MOMOIIBIO
METO/a IOTEHUHMAJIOB, IO3BOJIAET IOIYYUTh TAKOE PACHPEIEICHUE IOPOKHHUX
€3/I0K aBTOMOOMJIEH, IpU KOTOPBIX UX Mpoder 0e3 rpyza OyaeT MUHUMAaIbHbIM.. B
NyHKTax b aBTOMOOWIN pa3rpykaroTcs, 1 ©X HEOOXOJUMO HalpaBUTh B MyHKTHI A
JUTSL TIOCTIEAYIOIIEN 3arpy3ku. B pesynbrarte pemeHus mojgydaercs ONTUMalbHOE
pacnpeneneHue €3J0K aBTomMoOuiiel 0e3 Tpy3a (Uuciaa B CepeluHEe KIETOK),
KOTOpoe oOecreynBaeT MUHUMAJBHBIN Mpober 0e3 rpy3a BceX aBTOMOOWIIEH,
YYaCTBYIOIIMX - B IUIAHUPYEMBIX [TEPEBO3KAX.

[locne monyyeHuss ONTUMANIBHOTO PACTPEAENICHHs MOPOKHUX €3[I0K B ATY
e TaONMIly BHOCST IUIaH TPY>KEHbIX €370K. B Tex kieTkax, rjie MMeroTcs JBe
nu@phl, MOTYHYAIOTCd MAaSTHUKOBBIE MAapLIPYThI, KOJUYECTBO €370K MO KOTOPHIM
paBHO HauMMeHblled HUPpe. DTO KOJUYECTBO MCKIIOYAETCS W3 JATbHEUIIEro
paccmoTpenus. Koraa Bce MasiTHUKOBBIE MapIIPYThl HAMIEHBI, B MATPULIE CTPOAT
YETBIPEXYTOJIbHBIE KOHTYpPBI, BCE BEPILIMHBI KOTOPBIX JIEKAT B 3arpyKEHHBIX
KJIETKAaX, MPUYEM BEPIUMHBI C TPYKEHBIMU €3JKaMHU JIOJDKHBI YEpENOBATHCS C

BEpIIMHAMU C TMOPOXHUMHU e3akaMu. KonumdyecTBo 000pOTOB ompenesnsiercs
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HAaUMEHBIIUM YHUCJIOM B BEpIIMHAX KOHTYypa. BbIOpaHHOE KOIMYECTBO €3]10K U3
KJIETOK TaOJHIIBl MCKITIOYAlOT. Perienne BeneTcss 10 MOJTHOTO HMCKIIOUYEHUS BCEro
KOJIMYECTBa €3/10K M3 Marpuipl. [lo pesynapTaTam pacdyeToB COCTaBIISIOT CXEMbI
MOJIYYEHHBIX MapuIpyToB. Bce neiicTBUS 0OBIYHO BBINMOJIHSIOT B OJHOM M TOM K€
TabnuIe, Te KOJTMYECTBO IPYKEHBIX €37]0K 3alMCHIBAIOT I[BETHHIM KapaHAAIIoM, a
IOPOKHUE €3/IKK U KOHTYpHI - MpocThIM. [lo Xony pemienus u3 Tabauipl CTUPAIOT
PE3UHKOMN T€ IM(PbI U KOHTYPbI, KOTOPbIE JIUKBUIUPYIOT Ha Ka)KIOM HOBOM IIare
peuieHus.

Pacuer mapuipyToB-3agaHuil BOIUTEIAM

[Tocne mosy4eHUsT MapHmIpyTOB WX HEoOXomuMo pacmudpoBaTh H
ONPEIENNTh, KAaKO€ KOJIMYECTBO aBTOMOOWIJIEH CIEAyeT HalpaBUTh Ha KaKIbIA
MapuIpyT, YTOObI 0OECIIEUNTh BBIIOJHEHUE NIEPEBO30K. DTO JIETAETCA C TOMOUIBIO
TaOJIUL, T/I€ YKa3aHbl 0003HAUEHUS KaKJIOTO MyHKTA OTHPABICHUS U MOIYYCHUS
rpy3a, U IPUBEIEHBI BCE PACCTOSHUS MEXAY 3THUMM IyHKTamH. Pacmm@poBky
BBINIOJIHAIOT B CHEUAIBHOW pe3yJbTUPYIOMIEH TabyuIe, KOTopask MOCTPOEHA TaK
e, KaK Ta 4acTh IIyTEBOr'O JIUCTA, /i€ 3alUChIBAIOT 33JJaHuE BOAUTEINIO. 3Has, U3
KAKOr0 aBTOTPAHCHOPTHOTO MPEANpPUITHS CJIEAyeT I[0JaBaTh AaBTOMOOMIM Ha
KKl MapuHipyT, JErko ONpEeNeIuTh W HyJeBble npoderu. B mnpakruueckoi
paboTe 3anuch YCIOBHBIX 0003HAUYECHUN MPU paciin(poBKE MapIIPYTOB J€1aTh HE
HYKHO.

KonnuectBo 000pOTOB OAHOrO aBTOMOOWIS MO KaXIOMY MapUIpyTy
ONMPEAENSIOT CHEAYIOIUM 00pa3oM: 3amucaB MapHIpyT B Pe3yJbTUPYIOMIEH
Ta0NMIlE U ONpPENENIMB PACCTOSIHUS MEXAY NYyHKTaMH, MOJCYUTHIBAIOT 00Ilee
paccTosiHMe MaplipyTa 0e3 ydeTa HyJIeBOro mnpobera M3 aBTOTPAHCIIOPTHOIO
IPEANPUATHS HA MEPBBIM MYHKT MOTPY3KHU U OT MOCIEAHETO MMyHKTa Pasrpy3kH 10
aBTOTPAHCIIOPTHOI'O MPEANPUATHS. 3aTEM ONPEAEISIOT BpEMS Ha NOIPY3Ky H
BBITPY3KY I'py3a.

O6mee Bpemsi 000poTa M MPOAOIKUTEIBHOCTh CMEHBI JTAI0T BO3MOKHOCTh
ONPENENUTh KOJIMYECTBO OOOpPOTOB OJHOTO aBTOMOOWJISI Ha MapuipyTe.
OxpyriaeHue yuciaa oOOpPOTOB HAa MapuIpyTe A0 IENbIX YHCeN Iesiecoo0pa3Ho
JleJlaTh B CTOPOHY YMEHBIICHUSA. DTO JA€T BO3MOXHOCTh B OMPEACICHHOW MEpE
YUUTHIBaTh BpeMs, HEOOXOAMMOE AJIsi HYJIEBbIX TPOOETOB aBTOMOOUIIECH.

[TomyueHHOE KOJIMYECTBO OOOPOTOB 3alUCHIBAIOT B  PE3YIbTUPYIOIIEH
tabnuue. Ilpu 3TOM M3 aBTOTPAHCHOPTHOIO MNPENNPHUITHS HAa NEPBBIA MYHKT

MOTPY3KHU U C MOCIEIHET0 MyHKTA BBITPY3KH HA aBTOTPAHCIIOPTHOE MPEANPUATHE



52

aBTOMOOWJIb JIeJIaeT MO OJHOW €37IKe, a YMCIO TMOCIEIHUX €3]I0K 0e3 rpy3a Ha
KQKJIOM MapLIpyTe€ BCEr/a MEHBUIE HA OJIHY, YEM YUCIO 0OOPOTOB MO MapIIpyTy,
TaK KakK TMocle€ TOCIeIHEH BBIIPY3KM aBTOMOOWMJIb  BO3BpAIlA€TCAd HA
aBTOTPAHCIIOPTHOE MPEANPUATHE, & HE IEPBBIN IIYHKT IMOTPY3KH.

[IpoGer ogHOrO aBTOMOOWJISI OMPEACIAIOT YMHOKEHHUEM KOJIHUYECTBA €3]10K
Ha cooTBeTCTBytonue mnpoberu. KomumdectBo aBrOMoOued s paboOThl Ha
KOKJIOM MapuIpyTe OIpPEACNAIOT JeJIeHHEeM MOTpeOHOro uucia o0OpOTOB Ha
JAHHOM MapIIpyTe Ha 4YHUCIO OOOpPOTOB, KOTOPOE MOKET BBIMOJIHUTH OJIUH
aBTOMOOMJIH HA ATOM MapHIpyTe 3a pabodyro CMEHY.

Ecnu cpaenarh ykazaHHbIE pacyeThl IO MApIIPYTY MOKET MOIYYUTHCSA, UTO
Ha MapuIpyTe HE MOJHYK CMEHY OyAyT HCIOJIb30BaHbl HEKOTOPHIE aBTOMOOWIIU.
[ToaTomy 1enecooOpa3HoO MPEAyCMOTPETh €ro MEPEKIYEHHE Ha MEPEBO3KY I10
ApyruM Mapuaipytam. EciM  Takoe NEpeKIrYeHHe CAENaTh HeNlb3s, TO
peyCcMaTpUBAETCSl BO3BPAT aBTOMOOWIISL HA aBTOTPAHCIIOPTHOE MPEAIPUITHE 10
OKOHYAHHUsI CMEHBI, XOTS 3TO HexenareapbHo. Korga Bce mMapuipyThl 3aHECEHBI B
PE3YNBTUPYIOUIYIO TAOJIMIly, MOKHO NPHUCTYNUTh K BBINHUCKE MYTEBBIX JIUCTOB.
Kaxnpiii MapmpyT, UMerOUMil 1Ba W 0Oojee IMyHKTOB OTHIPABICHUS, MOXKHO
HAaYMHATH C JIOOOr0 M3 HUX, U TPU ATOM Mpoder aBTomoOuiei 0e3 rpysa
OCTAHETCSI MUHUMAaJIbHBIM.

Eciu B mepeBo3kax MOTryT ObITb 3aHATHl aBTOMOOWJIM  pa3HOU
IpPy30II0ABEMHOCTH, TO METOJ pacyeTa pPALMOHAJIBHBIX MAapIIPYTOB OCTAETCs
TaKuM ke, Kak ObLIo omnucaHo Bbiie. Ilepexon kK HampaBiIeHHUIO aBTOMOOWIICH
pPa3IUYHON TPY30MOJIBEMHOCTH HAa MapUIPyThl MOKHO MPOM3BECTH CIEAYIOIIUM
oOpazoM. B HeKOTOpBIX ciydasgx MpU YKa3aHHBIX BBIIIE pacyerax MOTryT
HOSIBUTHCSI MapLIpyThl ¢ OOJIBIIMM YHCIOM 3BEHBEB, KOIJa B OJAHOM U TOM K€
MapluIpyTe MMeeTcs OOJbIIOe KOJUYECTBO IYHKTOB MOTPY3KH W Pa3rpy3Ku. 3a
pabounii JeHb BOAMTENb HA TAaKOM MAapUIPyTE BBIMOJHSAET OJHY WJIH ABE €3/KH,
3ae3xKas KaxAbld pa3 Mo HOBOMY aJpecy, YTO CO3/IaeT 3HaYUTENIbHbIE HEY100CTBA
B ero pabote. B cBsI3u ¢ 3TUM MHOTIa LIETECO00pa3HO 0TKA3aThCA OT MapUIPYTOB C
OOJIBIINM YHCIIOM 3BEHBEB.

VYKa3aHHbII METOJ COCTABJICHHS] MapIIPyTOB 00ECIeUYMBAET MUHUMAJIbHBIN
npober aBToMoOMJIell 0e3 rpy3a mpu HMX Mojadye OT IMYyHKTOB pasrpy3KH O[T
NOCHEAYIOUYI0 TOrPYy3Ky M MOXKET OBIThb HCHOJIb30BaH B IOBCEAHEBHOM
IUIAHUPOBAaHUM  TEPEBO30K  TIpPy30B  0€3  pacueToB Ha  DJIEKTPOHHBIX

BBIYMCIIUTENBHBIX MallIMHAX, €ClU pa3Mmep marpull cocrapisier mxn<d00. Ecnu xe
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pasMepbl MaTpull; OOJbllIe YKa3aHHBIX, pacuyeTbl HEOOXOJUMO BECTH Ha
AIIEKTPOHHBIX BBIYUCIUTEIBHBIX MAIIMHAX.

Pacnpenenenue MapuIpyTOB-3aJaHuI o aBTOTPAHCIIOPTHBIM
OpEeANPUATUIM

[Ipu mapipyTH3anuu MepeBO30K HEOOXOIUMO CTPEMUTHCS HE TOJBKO K
COKpallleHHI0 mpobera aBroMoOWsied Oe3 Tpy3a Ha Mmapuipyre (TMOpPOKHETO
npoOera), HO U K COKpAILIEHUIO HYJEBBIX MPOOETOB IMpH IMojJaue aBTOMOOWICH U3
aBTOTPAHCIIOPTHOT'O MPEANPUATHS HA TMEPBbI MYHKT MOTPY3KH M MPU BO3BpaTe
aBTOMOOWJIEH C TOCJIETHEr0 MyHKTa pa3rpy3kd Ha aBTOTPAHCIIOPTHOE
OpeAnpusaATre. ITOr0 MOXKHO JOCTUTHYTh, OIpPEAENsAsd AaBTOTPAHCIIOPTHOE
NpeAnpusaTre, U3 KOTOpOro Hauboisiee Leaecoo0pa3Ho MoJaBaTh aBTOMOOMIIA Ha
MapuIpyThI.

[IpoGer 0e3 rpy3a mo MapHIpyTy 3aBUCUT OT BbIOOpa IyHKTa Hayaia
JBM>KCHUSI TIO MApLIPYTY M aBTOTPAHCIOPTHOTO MPEINPHUATHS, OTKyJa CIEIYET
noJaBaTh aBTOMOOMJIM Ha ATOT MyHKT. [Ipudem Hauboee 1enecoodpa3Hblil BHIOOP
CBSA3aH C HaXOXJCHHEM MHUHUMAJIbHOM pa3HOCTH MEXKIYy CYMMOH NIEpPBOro H
MOCJIETHETO HYJEBBIX MPOOETOB MPHU MOAaYe aBTOMOOWIISI U3 aBTOTPAHCHOPTHOTO
NPEANPUATAS U PACCTOSHUEM MEKIY MEPBBIM MYHKTOM MOTPY3KH W MOCIETHUM
MYHKTOM Pa3rpy3Kd MpH JIaHHOM BBIOOpPE aBTOTPAHCIIOPTHOTO MPEANPHUSITHS U
HayaJbHOrO TMyHKTa Mapuipyta. Eciam wuMerTcs JABa aBTOTPaHCIOPTHBIX
OPEIIpPUSITHS, TO 3TO 03HAYaeT HEOOXOUMOCTh BbIOOpa MUHUMAIBHOTO YHCTIa

B cBs3M ¢ TeEM YTO €XKEIHEBHO PacyeThl MO KaXKIOMY MapLIPyTy TpPeOyroT
OOJIBIIMX 3aTpaT BPEMEHHU, MOXKHO 3apaHee clejiaThb TalJuIly, MpU MOMOIIU
KOTOpPOH MOXHO OBICTPO  ONpEAENIUTh, M3 KAaKOro aBTOTPAHCHOPTHOTO
NPEANpUATAS W Ha KaKoW MapuipyT cleAyeT MojaBaTh aBToMoOwim. B Hel
YKa3bIBalOTCS BO3MOKHBIE OTIPABUTENH A, BO3MOXKHBIE Mojydareqn b wu
aBTOTpAaHCIIOpTHhIE mnpeanpusastus [. Bmecto mnosmyuarenesn MOXKHO TOCTaBUTh
HOMEpPA MHUKpPOpPAaOHOB, Ha KOTOpbIE LEIECO00pa3HO pa3OUTh KapTy Topoja.
Kaxxnoe paccrosstHue B 3TOM TaOJMIlE HAXOAAT IMyTEM MpOMEpa PAcCTOSIHUS OT
aBTOTPAHCIIOPTHOT'O MPEANPUSITHS 10 A, OT aBTOTPAHCIIOPTHOTO MPEANPUITHS 10
b u ot A no b, a 3arem HaxoaaT uncio I'A+I'b-Ab.

B ycnoBusix omepatuBHON pa®OThl MO IJIAHUPOBAHHUIO MEPEBO30K MOXKHO
OTPAHUYUTHCS  OTHICKAHMEM  HAWIY4lIero 3aKperuieHUuss MapupyToB  3a
aBTOTPAHCIIOPTHBIMU  MPEANPUATHSIMHU,  IOCIEAOBATEIbHO  paccMaTpuBas

HaMCUYCHHOC K BBIITYCKY KOJMYCCTBO aBTOMOOMJIEH IIO KaXXJI0OMY IPCAIPUATHUIO.
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Ecnmu mpu 3TOM Mo KakoMy-TMOO M3 HUX BCE aBTOMOOWIM OYyIyT IMOJHOCTHIO
3aKpETUICHBI 32 MapIIpyTaMH, TO TPH JATBHEUIINX pacueTax paccMaTPpUBAIOTCS
TOJIBKO aBTOTPAHCIOPTHBIE TMPEINPHUATHS, TJIE €IIe UMEETCS HEHCIOJIb30BaHHBIN
MOJBW)XKHOU cocTaB. J[J1s1 MOMydeHus ke ONTUMAIBLHOTO Pe3ysibTaTa HE0OXO0IUMO
pEeIUTh 3Ty 3a7a4y METOAOM IMOTEHIMANOB. JIJIsl 3TOr0 COCTaBISIOT MAaTPHILY,
Ky/1a 3aHOCSIT MICXOJHbIe AaHHbIE. [locne pemeHus OKOHYaTeIbHO OMPENesIIoT, U3
KaKoro aBTOTPAHCIIOPTHOTO MPEINPHITHS CIEAyeT IoJaBaTh aBTOMOOWIM Ha
KOKIBIA MapimipyT M TOPSIOK CJIEIOBaHUS IO 3THM MapiipyTam. Marpwuiy,
pemaroT OObIYHBIM criocoOoM. OTHAKO MPOBEICHUE BCEX ATUX OMNEpAIUil SABISIETCS
TPYJOEMKHM, W TP ONEPATHBHOM IUTAHUPOBAHWHM BO3MOXXHO TOJIBKO TIPH
WCITOJIb30BAHUU ISl PACUCTOB AJICKTPOHHBIX BBIYHCIMTEIBHBIX MamuH. [loaTomMy
TaM, TJ€ pacyeThl M0 ONEPATUBHOMY IIAHUPOBAHUIO MIEPEBO30K MPOBOAATCS 0e3
MOMOIIM AJICKTPOHHBIX BBIYUCIUTENBHBIX MAIIMH, MOXHO HWJITH TIO IyTH
MOCTOSIHHOTO 3aKPEeIJICHUs KJIUEHTYPhI 32 aBTOTPAHCIIOPTHBIMU MPEIPUSTUIMU,
XOTS 3TO ¥ MOXKET JIaTh HEKOTOPOE YBEIMYCHHE HYJIEBOTO MPOOETa 1o CpaBHEHHUIO
C ©KETHCBHBIM IIJIAHUPOBAHUEM TIOJIaYM aBTOMOOHJICH Ha MapIIPyThI.

[InanupoBaHre MAasSTHUKOBBIX MAapIIPyTOB ¢ OOpaTHBIM TMOPOKHUM
npoberom

HyneBbie mnpobOern urparT 3HAYUTENBHYIO pOJIb TMPU  BBITOJTHEHUH
MasTHUKOBBIX MapIIPyTOB C OOpaTHBIM MOPOXKHUM TpoderoM. Takux mapuipyToB
OOBIYHO OBIBa€T JOCTATOYHO MHOTO. [lpu STOM Kak mpaBwUiio, ABTOMOOWIIH
HaIPaBJISIOTCS Ha KOKIBIM U3 3TUX MapIIPYyTOB B OTACIBHOCTH U OHU BBITOTHSIOT
BECh 00BEM TIEPEBO30K MO JaHHOMY MapmipyTy. OJXHAKO 3TO JAJEKO HE BCETaa
JTaeT Hawmydmuid pe3yiabraT. OOBIYHOE pEIIeHWE COCTOMT B HAMPABICHUH U3
aBTOTPAHCIIOPTHOTO TPEANpUATHS [’y HEKOTOPOTO KOJWYECTBA aBTOMOOWJICH Ha
paboTy 1O OJHOMY MAapUIPyTy U HECKOJBKUX aBTOMOOWJIEH IO JpPyromy
Mmapuipyty. [Ipu 3Tom ompenensercs mnpober 0e3 rpyza Ha 00OUX MaplIpyTax
OTZICTILHO U B CYMME.

OpmHako TIpH TOM e CXeMe TIEPEBO30K BCeTa MOKHO COCTaBUTh M APYTOU
IIaH TepeBo30oK. [lo KOoTopoMy Takke OINpeNeNsitoTCsS JUIMHBI Tpolera Io
KOKJIOMY MapHipyTy. 3aTeéM CpaBHHUBaeM NpoOer mo JByM BapHaHTaM ILIaHA
MIEPEBO30K U ompeaensieM KodDPHUIIUMeHTH UCIIOIb30BaHUs Mpodera i HUX. JTO
MOKAXET, YTO HENb3s MpeHeOperaTh BO3MOXKHOCTHIO CHUXKATh TOPOXKHUE U

HYJIEBbIE MPOOETH U MPHU TUIAHUPOBAHUM MASTHUKOBBIX MAPIIPYTOB C MOPOKHUM
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npoberom B oOpaTHOM HampaBieHWH. Takas 3agada MOXET pelaTbes
OTITUMAJIBHO.

OnTUManeHBIN PE3yNbTaT HAXOIUTCS C TOMOIIBIO PEHICHUS 3TOW 3aJaud
OJTHUM M3 METOJIOB JTMHEHHOTO TPOTrpaMMHUPOBAHMS. 3HASI TPUMEPHOE KOJIMYECTBO
000OpOTOB TP BBIMOJTHCHUH MEPEBO30K 33 OJHY CMEHY W3 MyHKTa A; B KaKIbIl
OyHKT b, MOXXHO 3ammcaTh MapmIpyThl I KaXaoro aBToMmoOmisa. Bce
HEOOXOJMMBIC €3/IKM C TPy30M BKJIIOYAIOT B IJIaH. MOXHO YTBEp)KIaTh, YTO
MOJlydYeHHBIE MapIIpyThl oOOecreyaT MHUHUMAaJIbHYI0O CYMMYy MIPOOETroB BCeX
aBToMoOuIel 6e3 rpys3a. 3aMeTHUM, YTO TIPH HEMOJHOM HCIIOJIh30BAHUHA BPEMEHHU
paboOThI aBTOMOOMJICH B Hapsiie MPU PEIICHUH dTOH 3a7]a9 BO3MOYKHO 00BETUHSATD
B OJIHOM MapIipyTe MEePEeBO3KH HE TOJHKO B JIBa, HO U B TPH WU OOJiee MyHKTOB
MOJIYYCHHUS TPY3a.

[IpuBeneHHbIE METOJBI ONTUMAJILHOTO PEIICHUS 3a]ad, CBS3aHHBIX C
MapHipyTH3aluei MepeBO30K MACCOBBIX I'PY30B, HAIpaBJICHBI MPEXKIE BCETO Ha
OlepaTHBHOE IUJIAHUPOBAHHE TIEPEBO30K 0O€3 HCIONBb30BAaHUS JJIS PAcueTOB

SJICKTPOHHBIX BBIYUCIIMTCIIbHBIX MalllkH.
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JEKIUSA 6. METO/Ibl KOJBIIEBOH MAPIIPYTU3ALIUU
INEPEBO30OK MACCOBBIX I'PY30B

3a/a4u COCTABIICHHSI KOJIBLIEBBIX MapIIPyTOB

MapuipyToM B MOJHONAPTHOHHBIX MEPEBO3KAX HAa3bIBAIOT YEPEAYIOLIYIOCS
MOCJIEIOBATENBHOCTh MYHKTOB IMOTPY3KH M Pa3rpy3Kd, 4epe3 KOTOPbIE IOJIKEH
IPOXOJUTh ABTOMOOWIL BO BpeMs paboThl. OOBIYHO MapLIPYT CBS3BIBAIOT C
HNOHSATUEM CMEHHO-CYTOYHOIO 3ahaHusd. OIHako B OOIIEM cCllyyae COCTaBJICHUE
MaplIpyTa He SKBHBAJIECHTHO COCTaBICHHMIO 3aJaHusi. MapipyT MOKeT ObITh
YacThlO 3aJlaHus, OJMH MAapIIPyT MOXKET HCIOJIB30BaThCSA Uid (OPMUPOBAHUS
HECKOJIbKMX 3aJlaHHii, HaKOHEeIl 3aJaHhue MOXXET ObITh chopmyiaupoBaHO O€3
yKazaHus Mapuipyta. OyHKIMOHAIBHO MapLIPYT-3TO XapaKTEPUCTUKA 3aJaHMS.
CocraBiieHne MapUIPyTOB SBISETCS OJHUM M3 JTAlOB BbIPAaOOTKHU 3a/laHu.
3ajaun COCTaBIICHHUsI MapUIPyTOB MOIYT PEIIAThCs ONEPATUBHO HEIIOCPEICTBEHHO
nepes BbIpaboTKoM 3a1aHuil. B aToM ciyyae mapuipyTuzanus sBisercs pyHkuuen
OMEpPAaTUBHOIO IUIAHUPOBaHUSA. B HEKOTOPBIX ciaydyasX MapIpyTbl MOTYT OBITh
pa3paboTanbl 1 pa3 Ha OOJIBIION TPOMEXYTOK BPEMEHHU, B TEYEHUE KOTOPOTO OHU
MHOTOKPATHO MCHOJIb3YIOTCS IPU BBIPAOOTKE 3aJaHUM.

B »TOM ciyyae MapuipyTH3alMI0 MOXHO paccMaTpHBaTh KakK (YyHKLHUIO
IPOEKTUPOBAHUS MEPEBO30YHOro mnpouecca. OTaenbHble MapUIPyThl YAOOHO
IIPENCTABIIATH B CXEMAaTHYECKOM BHJIE.

N3 Bcero pa3zHooOpas3usi 0co00 BBIICISAIOTCS JBa TUIA: MasTHUKOBBIE
MapHipyThl, B KOTOPBIX (PUTYpHPYIOT TOJBKO MO OJHOMY IYHKTY MOTPY3KH U
pasrpy3Ku, U KOJbIEBbIE MapLIPYThl, B KOTOPBIX MOCJE KaXAOW IPYKEHOU €3KU
MEHSAIOT MYHKTBl TOTPY3KM M pa3rpy3ku. OcranbHble MapHIpyThl OOBIYHO
Ha3bIBAIOT CMEIIAHHBIMH.

3ajaya COCTAaBJIEHUS pPALMOHAIBHBIX KOJBLEBBIX MAaplIPyTOB SBISETCA
HauOosiee aKTyaJlbHOM TpU NEpeBO3KaxX pa3MUHBIX MAacCOBBIX IPY30B
YHUBEPCAIbHBIM OTHOCUTEIBHO 3TUX I'PY30B MOJBHKHBIM cocTaBoM. Ha cxemax B
y371ax (parMeHTOB TpPAHCHOPTHBIX CETEM pacrhojaratoTcs OTIPaBUTEIN U
noJiy4aresv rpy3oB. HampaBieHust nocTaBoOK MOKa3yeTCsl CTPEJIKaMHu.

Bo3MOHBI JBa BapuaHTa OpraHu3aluu padoThl aBTOMOOWIEH. B mepBom
BApUAHTE 3a KaXIbIM M3 TpeX OTIPABHUTENIEH >KECTKO 3aKPEIUIAEeTCS TIpyIa
aBromoOuneii. Bo Bpemss paboThl aBTOMOOWIHM TOCJE JIOCTaBKH Tpy3a
BO3BPAIIAIOTCS K MPEKHEMY IYHKTY MOTPY3KH, T. €. pabOTaloT M0 MasTHUKOBBIM
Mapuipytam. Bo BTOopom BapuaHTe TrpyIma aBTOMOOWJIEH 3akperuisieTcss s
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00Cy>KMBaHUS TPEX MOCTABIIMKOB. DTO BO3MOXKHO, TaK KaK BCE TPHU Ipy3a MOTYT
MEPEBO3UTLCA OJHUM M TEM >KE€ MOJABUXKHBIM COCTaBOM. B 3ToM Bapuante
aBTOMOOWJIb TIOCJIC Pa3TPY3KHW MOXKET CJICIOBATh 3a TPY30M B JIFOOOW M3 MYHKTOB
norpy3ku. Eciu nmpeanonokutb, YTO MOCTABIIMKA W MOTPEOUTENIM HE CBSI3aHbI
OYEHb KECTKUM Trpa@uKoM padOThl, TO MOKHO BOCIOJB30BaThCS HMEIOIICHCS
CBOOOJI0M B BBHIOOpE MapIIPyTOB B IEJSIX COKpPAIICHHUS] HEMPOU3BOIUTEIbHBIX
XOJIOCTBIX MpOOEToB s Bced Trpynmbl aBToMoOused B 1enoM. OObIYHbBIE
UHTYUTHBHBIE COOOpaKEHMUsSI TPHUBOAIAT K CIEAYIOIIeH TaKTUKE BbIOOpa
pallMOHANILHOTO MapIIpyTa: T[OCJe pa3rpy3Kd AaBTOMOOWIb HAIpaBIIeTCS K
OMmKalIeMy MyHKTY MOTpy3kd. OgHAKO NMPUMEHEHHE 3TON TAaKTHKU B YHCTOM
BHUJIE MOXET MPUBECTH K CO3JAHUIO MapHIPYTOB, HE TMEPCHEKTUBHBIX ISt
MPAKTUYECKOTO HCHOJB30BaHUsA. Tak, B pe3yibTare NPUMEHEHUs YKa3aHHOTO
mpaBuia BCE €3JKU C TECKOM JOJDKHBI BBIMOJTHATHCS TEPBBIMH B CMEHHO-
CYTOYHBIX 33JJaHUsAX. B JeiCTBUTEIHLHOCTH, HE TIEPBBIMU €3]IKAMH IIECOK MOTJIH ObI
BBIBO3UTH aBTOMOOWJIM, Pa3TPy3UBIIUECS B OJHOM WJIM HECKOJBKUX B ITYHKTax .
OnHako B COOTBETCTBUHU C BBIOPAHHOW TAKTUKOM OHM HE JOJDKHBI CIEI0BaTh K
MTOCTABIIINKY, TaK KaK OH HE SBIIACTCS JJIS HUX ONFMDKAWIIAM ITyHKTOM TOTPY3KH.

[IprunHOM  HECOBEPIIEHCTBA  PACCMOTPEHHOTO  BAapHWaHTAa  SIBIIETCS
CTpEMJICHHE MaKCUMAaJIbHO BBIUTPATh TOJILKO B JIAHHBIKH MOMEHT. ['opazno Oosee
paIMOHAIBHBIMU SIBJISIOTCS TITyOOKOE M3yYeHHE CUTYAIMH B IIEJIOM U CTPEMIICHHE
K o0memMy BBIMTPHINTY. ByneM pyKOBOJACTBOBATHCS HE TOJIBKO JKEJAHUEM 10
BO3MOXXHOCTH COKpaTUTh OYEPEAHOM XOJOCTOM mMpoder, HO U CTPEeMIICHUEM
BBIUTPaTh B II€JIOM Ha Mapuipyte. XapaKTepUCTUKON BBIMIPHINIA 32 CYET
X0JIOCTOTO TMpodera CiaykUT K03 (OUITMEHT UCIIOIb30BaHUs MTPOOETa - OTHOILICHHE
npobera ¢ rpy3oM K o6Omemy. UToObl HE YCIOXKHATH IIPEABAPUTEIbHBIC
pacCyXJIeHHUs, YCIOBUMCS, YTO CTOSHKM aBTOMOOWJIEH MOTYT pa3MelaThCsi B
MyHKTax morpy3ku. Eciu aBToMoOMITE paboTaeT 1mo MassTHUKOBOMY MapIipyTy, TO
ero mpoOer ¢ rpy3oM paBeH mpoOery 0e3 rpy3a. Ha KoJblieBbIX MapuipyTax
BO3MO>XHO HECKOJIbKO BApUAHTOB BBIMIOJIHEHHUS TPAaHCHOPTHOM paboThl. [lpruuem
JUTMHA TIpobera ¢ rpy30M U 0e3 Hero OyJeT 3HAaUUTEIbHO OTINYAThCS.

JIns yopolleHusl 3amucy MapiipyTa HCIOJb3yeTCs IMOCIe0BaTEIbHOCTD
oOpa3ylomux ero TMyHKTOB. B  CHily 3aMKHYTOCTH MapumipyToB 3Ty
MOCJIEIOBATEIPHOCTh MOKHO HaYWHATh C JIIOOOTO IyHKTa, OJHAKO YCJIOBHMCS

IICPBBIM 3aIIMChIBATh OJIUH HU3 ITYHKTOB IIOT'PY3KH.
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OOBIYHO  KOppECHOHAMpYIOLIAs  Mapa  «IOCTaBUIMK-TNIOTPEOUTEIH
COOTBETCTBYET IMOHSATHIO 3asBKM Ha TIEPEBO3KY, IMO3TOMY MAapuIpyT MOXKHO
3alrcaTh Kak MOCIeI0BATEIbHOCTh OOCITYKHMBAEMBIX 3a8BOK. 3a OJUH 00OpOT IO
MapuIpyTy aBTOMOOWIb MOXET CAENaTh MO OJHOW €3/Ke IS KaKIOW 3asiBKH,
BXOJAIIe B MapumipyT. Uuciao 3asBOK B MapuIpyTe OOBIYHO HA3BIBAIOT YHUCIIOM
3BeHbeB. KoblieBble MApUIPYThl OBIBAIOT JBYX3BEHHBIMU, TPEX3BEHHBIMU U T. I.
OAHO3BEHHBIE MapPIIPYTHI SBISIOTCS MAsTHUKOBBIMU, TaK KaK B HUX (QUTYPUPYET
OJIMH MTyHKT MOTPY3KH.

3amauy Jerde pemath B TabnuyHOW (Gopme, mpudeM B TabiuUIe
YKa3bIBAIOTCS MHTEHCHBHOCTH MAapIIpyTOB, YYacTBYIOIIMX B peaju3allid IUIaHa
MOCTaBOK. 3a €IWHUIy HWHTCHCUBHOCTH MPHHAT OJWH TOJHBIA 000pOT M0
MapHipyTy. 3Ha4eHUS] UHTEHCUBHOCTEW MapIIPyTOB YCTAHABIMBAIKUCH B MOPSIKE
ux 3amucd B Tabmmie. OcraBmmecss €34KA B 3asABKaxX  BBINOJHIIOTCA
COOTBETCTBEHHO MAasTHUKOBBIMH MapIIpyTaMU HMHTEHCUBHOCTH KOTOPBIX PaBHBI
umeronmmcs  oobemMam  3asBOK. COBOKYIMHOCTh MapIIPyTOB C HEHYJIEBBIMU
WHTCHCUBHOCTSAMHU 00pa3yeT IUIaH MapIIpyTU3allld, PEaM3YIOUUN 3aJaHHbINA
IJIaH MOCTaBOK.

[To cocTaBieHHOMY IJIaHYy MapIIPYTU3aALUU ONIpeesieTcs o0umi mpoder u
cpenHuii kKo PUIMEHT ucmonab30BaHusa mpodera. OOmmil nmpoOer miaHa paBeH
CyMM€ NpPOM3BEIECHUN MNPOTSHKEHHOCTEW MaplIpyTOB Ha KOJMYECTBO OOOPOTOB.
OO01mumii rpy>KeHblil MpoOer B Halllel 3a/1aue He 3aBUCHUT OT IJIaHa MapIIpyTU3aIUH.
OH paBeH 00111el MPOTSHKEHHOCTH BCEX TPYKEHBIX €370K U MOXKET OBITh MOJTy4YeH
U3 Ta0NMIBl MCXOOHBIX JaHHBIX Mg pacyeta. OOmUN TOpPOXKHUM mpoder
OTpeNeNIIeTCs KaK Pa3HOCTh MEXAY OOIIUM MPOOEroM U MPOOEroM C TPy30M.
Takum 00pa3oM, HCMOIB30BAHUE KOJBIEBBIX PAIMOHAIBHBIX  MapIIPyTOB
MO3BOJISIET COKPATUTH OOLTUI MOPOKHUI TTPOOEr MO CPaBHEHUIO C PaOOTOM TOIBKO
M0 MasiTHUKOBBIM MapIIpyTaM.

[Ipy mocTpoeHMHM  palMOHATBHOTO  TUIAaHA, MOXHO  TOJIb30BATHCSA
CXEMaTHYECKUM H300paKeHHeM CUTyaluu. Ha mpakTuke 4ucio OTHpaBUTENCH U
MoJTydaTeNield BEMKO, M TOCTPOSHUE HATJISAHBIX CXEM 3aliMeT MHOTO BPEMEHH.
Jlnis pemieHust 60IpIINX 33124 HEOOXOAMMO PUMEHSATH MaTEMaTHUECKHE METOIbI.

B nmio6oif 3amaue paccMaTpuBaeTCsl COBOKYMHOCTH IOCTABILIMKOB U
notpedureseil 00pa3yronuX HEKOTOPYIO CUCTEMY MOCTaBOK MAacCOBBIX Ipy30B. B
3a/laye MapIIpyTU3aIui, KOTOPYIO MBI paccMaTpUBaeM, BO3MOXKHBIE pa3inyus B
rpy3ax HE pPacCMaTPUBAIOTCS, TaK KaK CBS3U TOCTABIIMKOB C MOTPEOUTENISIMH U
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00BEMBI TIOCTABOK IO ATUM CBSI35IM MU3BECTHBI U SIBJISIFOTCS MCXOIHBIMU JaHHBIMU.
HampotuB, mnpu NOCTaHOBKE 3aJaud Ba)XKHO BCE€ BHIbl T'PY30B CUUTATh
OJTHOPOJHBIMM  OTHOCHTENIBHO  NOJABMXKHOrOo  coctaBa. lIpenmonararorcs
U3BECTHBIMH PACCTOSIHUS OT KaXKJIOTO MOCTABIIMKA IO KaXKJIOTO MOTPEOUTENS U B
oOpatHOM HampaBieHHH. Pa3Hble 0003HAUEHHS PACCTOSHUN HaM OyAyT yIOOHBI
JaXe B TOM cllydae, €ClIM JUIMHA IIyTHM OJWHAKOBA, TaK KakK 3TO IO3BOJIAET
pasnyaTh Ipy>KEHbIE U IOPOKHUE HAPABIICHUS IBUKCHHUS.

3alaH IUIaH IIOCTaBOK B BHUJE COBOKYIHOCTH 3asiBOK S. Kaknas 3asBka
XapakTepusyeTcsl Tporkoil mokazareneit S= (A, B, q),, rie A - nocraBmuk, B -
NOTPEOUTEND, - 00BEM MOCTABKU B YUCIIE €3/10K.

TpeOyeTcss HallTH IJIaH MapLIPYTU3ALMU- COBOKYIHOCTH KOJIBLIEBBIX H
MasiTHUKOBBIX MapLIPyTOB ¢ HAUMEHBIIUM OOLIUM MOPOKHUM MPOOETOM.

3aMeTUM, 4TO KOJIbLIEBAasl MapIIPyTH3alHs HE MCKIIOYAET HCIOJIb30BAHMS
MasATHUKOBBIX ~ MAapUIPyTOB, HAIpPOTHB IIOCTAHOBKA  3aJadyd  KOJIBLIEBOM
MapHIpyTHU3alUd MO CYIIECTBY ONUPAETCS HA BO3MOKHOCTH BBINOJHUTH BCE
3asBKM II0 KpaHEW Mepe MasTHUKOBBIMU MapmpyTtamu. KoJbLeBble MapIIpyThI
BKJIIOYAIOTCS B IUIAH JIMIIb B TOM CIly4ae, €Clid B PE3yJIbTaTe€ YBEIUYMBAETCSA
o0t K03 (UUMEHT ucnonb3oBaHus mpodera. [Ipm oTCyTCTBUM XOpOLIMX
KOJBLEBBIX MApUIPyTOB B ONTHMAJIBHOM IUIAHE MOTYT OKa3aTbCsl TOJIBKO
MasiTHUKOBBbIE MapuIpyThl. TakuM 00pa3oM, KOJIbLIEBAsl MAapIIpyTHU3aLMsl B OOIIen
IIOCTAHOBKE - 3TO TaKO€ IUIAaHUPOBAHHME MAapUIPyTOB, IPU KOTOPOM KpHUTEpUEM
KauecTBa IUIaHA SBJISETCA KO3(PQUUMEHT HCIOJIb30BaHUS Npodera, u crocod
VIYyYIIEHUs] KpPUTEpPUS OCHOBAH Ha OTBICKAHMM M BKJIIOYEHUM B IUIaH
palMOHAJIBHBIX KOJIBLEBBIX MapIpyTOB. MapuipyTel NpuUHATO 0003HayYaTh yepes
M u 3azaBaTh NOCIEIOBATEIbHOCTHIO 3asBOK. MHTEHCMBHOCTH 00O3HAYaeTCs
qepes X.

IlepBasg TpyOHOCTb B PEIICHMM 3a/Jauyd BO3HUKAET IPU PACCMOTPEHHH
MHOXECTBA BO3MOXHBIX MapuipyToB. byneM mnepeduciisite BCEBO3MOXKHbBIE
MapmipyTbl B TMOpSIAKE BO3pacTaHUs MX 3BEHHOCTHU. llepBeIMH paccMOTpuM
OJIHO3BEHHbIE (MASITHUKOBBIE) MapIIPYThl, UX YHCIO PAaBHO YHCIY 3asBOK U BO
BCAKOM CJly4ya€ HE MEHbIIE, 4eM T, TAe T - YWUCIO OTnpasureneu. Jlamee
pPacCMOTPUM JIBYX3BE€HHBIE MAPUIPYThI, UX YHUCIIO HE MEHbIIE T(T-1), Tak Kak mocie
BBIMIOJTHEHUSI KaXXJAOW 3asBKM aBTOMOOWJIb MOXET CJEI0oBaTh K JII0OOOMY
OTIIPaBUTEIN0, KPOME HUCXOAHOTrO0. (s TpeX3BEHHBIX MapIIPYTOB OOIEe YHUCIIO
Oynet He MeHbIie, yeM 1(T-1) (T-2).
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[Ipu BbIOOpE palMOHANBHBIX MApUIPYTOB LEJIECOOOPA3HO OrPAHUYUTHCS
CYIIECTBEHHO MEHBIIMM MX 4YHUCJIOM. Bropas mnpoOsieMa BO3HHUKAeT MpuU
ONpENEICHNH WHTEHCUBHOCTEH MapmipyToB. J[eq0 B TOM, YTO HHTEHCHUBHOCTH
MapIIPyTOB MOTYT OBITh BBIOpaHBI HEOJHO3HAUHO JaXKe TOTJa, KOTJAa MHOYXECTBO
BO3MOXKHBIX ~MapHIpyToB 3aduxcupoBaHo. Pasnuunble BapuaHTbl BBIOOpA
MPUBOJST K pa3HOMY PE3yJIbTAaTy IO SKOHOMUHU MTOPOMKHETO Mpodera.

[locne TOro kak MHOXKECTBO BO3MOKHBIX MAapUIPYTOB 3a(pUKCHUPOBAHO,
HEOOXOJIMMO TaK BbIOpAaTh WX MHTCHCUBHOCTH, YTOOBI OOIIMI MOPOKHUM TTpoder
Obl1 MHHMUMaIbHBIM. [l0 CymiecTBy BO BCEX MNPAKTUYECKH MPUEMIIEMBIX
Moau(UKAIMIX 337a4 KOJIBIEBON MapIIpyTHU3AIMH MOJTHOMAPTHOHHBIX MEPEBO30K
U BO BCEX METOJIaX MX YHMCIEHHOIO PEIIEHUs TAK WM WHAye MPUCYTCTBYIOT JBa
JTarna: KOHCTPYUPOBAHNE BO3MOKHBIX PAllMOHAIIBHBIX MAPLIPYTOB U BBIYUCIECHUS,
CBSI3aHHBIE C BEIOOPOM UX MHTEHCUBHOCTEW. B 3aBUCHMOCTH OT METOJ1a 3TH 3TAIlbI
MOTYT OBITh TOJHOCTBIO PAa3fCCHbl JHOO BBIMOIHATHCS TOCIEIOBATENBHO,
MHOTOKPATHO Y€peaysCh.

Merton npeaBapUTEIbHON ONTUMHU3ALUN TOPOKHETO ITpodera

DOTOT METOJT W3BECTeH B JHUTepaType Kak MeTona Talnuil cBszeil. OnH
IpeIHAa3HAYEH JJI1 TOYHOIO PEHICHUS 3aJa4d B «UHUCTON» (OPMYIHPOBKE, T. €. B
MPEANOJIOKEHNH, YTO 3asBJICHHBIA IUIAaH TMOCTABOK pa3pelIacTCsl BBINOJIHUTD
COBOKYITHOCTBIO JIFOOBIX MAsTHUKOBBIX W KOJBIIEBBIX MapIIPyTOB HE3aBUCUMO OT
UX MPOTSHKEHHOCTH, YMCIIA 3BEHbEB U MPOYUX MHIMBUAYAIBHBIX XapaKTEPUCTHK, a
Takke 0e3 yuera rnojauyu 1 Bo3BpaTa aBTOMOOUIIEH.

EauHcTBEHHOE — yClIOBHE, KOTOpO€ JOJDKHO  CcOONIoIarbes, -  3TO
HEpa3pbIBHOCTh TOTOKA aBTOMOOWJIEH B  IEJIOM: YHCIO aBTOMOOWIIEH,
MPUOBIBAIONIMX B IYHKT TOTPY3KH, JIOJDKHO PaBHATHCS YHMCIYy aBTOMOOWIIEH,
YXOSIINX U3 9TOTO MyHKTA. [lepenBkeHrne aBTOMOOMIIEH ¢ TPy30M OMpEeTIeHO
IJJAHOM TIOCTaBOK, KOTOPBIM yKa3aH B 3asiBKe. Ocraercsi ONpeaenuTh MOTOKU
MOPOXKHUX aBTOMOOUJIeH. B Kak0M MyHKTE pa3rpy3Kd U3BECTHO OOIIEe YHUCIIO
€3[I0K C TPY30M B 3TOT IYHKT, MOCJIE€ KOTOPHIX aBTOMOOWIIHN JOJIKHBI OTOBITh U3
ATOr0 MYHKTAa MOPOXHUMHU. B KaKJIOM MyHKTE MOrPYy3KH M3BECTHO OOIIEE YUCIIO
€3[I0K C TPy30M U3 3TOTO NYHKTA, JAJI1 OCYIIECTBIEHUS KOTOPHIX aBTOMOOWIIH
JIOJDKHBI TIPUOBITH B OTOT MYHKT MOPOXKHUMHU. 3HAYCHHS KOJUYECTBA €37I0K HE
MOTYT OBITh OTPHUIIATEIILHBIMU U JTOJKHBI yIOBJIETBOPATH CICAYIOIINM YCIOBUSIM:
CyMMa BCE€X MOPOKHUX €370K U3 MyHKTAa OTTPY3KHU JIOJKHA PABHATHCS CyMMa BCEX
MOPOKHUX €3/10K B MYHKT pa3rpy3Ku
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HeoOxoaumo HaWTH Takue 3HAYEHUsT MapIIpyTOB, YTOOBI oO1as
OPOTSUKEHHOCTh ~ BCEX  MOPOXKHUX — €37A0K  Obta  Obl  MHHHUMAJIbHOM.
ChopmynmupoBanHas 3agada SBISETCS W3BECTHOM HaM TPAHCIIOPTHOW 3aJadei.
CopeprkaTenbHbIl CMBIC €€ B JAHHOM CJIy4ae - ONTHUMHU3alUs [TOTOKA TOPOKHHUX
aBTOMOOMJICH OT MyHKTOB Pa3rpy3KH K MMyHKTaM MOTPY3KH.

[Tocne TOro Kak Mojgyd4eHO ONTUMAIIBHOE PEIICHUE TPAHCIOPTHOW 3a/Iauu,
MUHUMAJIbHO BO3MOXHBIN MOPOXKHUHN TTpoder u3BecteH. Ocraercs MOCTPOUTh CaMu
MapmpyTbl W ONPEAECIUTh WX HWHTEHCHUBHOCTU. AJTOPUTMBI COCTABJICHUS
MaplIpyTOB MOTYT OBITh OpPraHHW30BaHbl Pa3jIU4YHBIM CIIOCOOOM, CYTh MX BEChbMa
IIPOCTA.

COBOKYITHOCTh ITYHKTOB NOTPY3KH W pas3rpy3Kd NpPEICTaBIAECTCA B BHJIE
BEPILMH HEKOTOpPOro rpada, rpykeHble U MOPOKHUE €31KU - B BUAE YT ITOrO
rpada. I'padp obOrmagaer creayroluM CBONCTBOM: B KaXKIOW BEpIIMHE YHUCIO
BXOASAIIMX AYyI PaBHO YHUCIY BBIXOIAIMIUX. [ mocTpoeHus mapHipyToB Haao
BbIOpaTh JOOYI0 BeplIMHYy rpada, U3 KOTOPOHM MCXOOUT XOTs Obl OJHA Ayra, U
IIPOU3BOJIBHBIM 00pa30M JIBUTaThCs U3 HEE IO yraM, oMeuas NpoiJeHHbIE JYyTU
WM BepUIMHBL. [[BUrasch TakuM o00pa3oMm, Mbl 00OsS3aTEIbHO BEPHEMCS B YKe
OJTHAXIbl MPOWJECHHYIO BEpIIMHY. J[eliCTBHTENIbHO, B CHUJIy CBOWCTBa rpada u3
Ar000W BEpIIMHBI, B KOTOPYIO MOXHO BOWMTH, JABM)KEHHE BCErJa MOXKHO
MPOJOJIKUTh, @ TAK KAaK YUCIO BEPIIMH KOHEYHO, MBI MOMAJEM B HEKOTOPYIO U3
HUX BTOpOM pa3. B aToil BepmmHe Haml myTh 3aMKHETCS. OOBSIBUM OCTPOCHHYIO
3aMKHYTYIO YacTh IYTH MaplIpyTOM C WHTEHCHUBHOCTBIO €IMHHULIA M BCE IYTH,
KOTOPBIE €r0 COCTABJISIIOT, BhIYEPKHEM U3 rpada. MzMeHeHHslii rpad OyAeT Takxke
0o0JaaTh yKa3aHHBIM BBIIIE CBOMCTBOM, TaK KaK, BBIYEPKUBAA AYTHM 3aMKHYTOTrO
MyTH, MBIl B KaXXJIOM BEpIIMHE 3TOT0 MyTH YMEHBIIAEM HA €IUHHIy KaK YHUCIO
BXOJSIIMX, TaK WM YUCJIO BbIXOHAMX nayr. [losTomMy omnumcaHHyr mnpouenypy
MOYHO BBITIOJHUTH €II€ pa3, U Mbl MOJY4YUM e€lle OAuH mapupyT. [Ipomomxas
ATOT MNPOLECC, Mbl HAKOHEI] BBIYEPKHEM BCE€ AYrM rpada, Tak KaK WX YHUCIO
KOHEYHO.

B rpade ™moryr mnpucyTCTBOBaTh HECKOJIBKO JyI, HAUMHAIOMIMXCA W
3aKaHYMBAIOIIMXCS B OJIHUX M TEX e BeplInHax. ['opa3fno ynodHee mosib30BaThCs
rpadoM, B KOTOPOM TaKue Tyrd OOBEAUMHEHBI B OJIHY, @ YUCIO O0OBEAUHEHHBIX YT
3alMCaHO B KAa4eCTBE UMCICHHOW XapaKTepUCTUKU OSToW obmieit myru. Torma
MOCTPOEHHE MYTH MOXHO BECTU MPEKHUM CIOCOOOM C TOM JIMIIb pa3HULIEH, 4TO

JNBIKEHUWE W3 BEPIIMHBI paspemaercs no Jo0od Ayre ¢ HEHYJIEeBOU
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XapaKTepUCTUKON. HMHTEHCMBHOCTh 3aMKHYBIIETOCS MaplipyTa IPUHAMAETCS
pPaBHOW MHMHHMMAJIBHOM XAapaKTEPUCTUKE IyI'¥, BXomdmed B Mapupyt. Ilpm
¢ukcanmu MapuipyTa 3HaU€HHE XapaKTEPUCTHK Ha €ro Jyrax yMEHbIIAeTCs Ha
BEITMYMHY MHTCHCHUBHOCTH M U3 Tpada (aKTHUeCKH BHIUCPKHBAIOTCS HE BCE TyTU
MapIipyTa, a TOJIbKO T€, XapaKTEPUCTUKU KOTOPHIX OOPAaTUIUCh B HYJIb.

[IpoBeaeHHBI aITOPUTM TOCTPOEHUS MapIIPYTOB C Tpaduueckoit
UHTEpHpeTalued OOBICHSAET JUIIb NPUHIMI TOCTpoeHuss MapuipytoB [lpu
pelIeHUN MPAaKTUYECKUX 3a7ad pUcoBaTh Tpad TpyIHO M HEYJOOHO, MOITOMY H
JUI PEUICHUs 33Ja4 BPYYHYHO W JUISI MAIIMHHBIX aJITOPUTMOB MCIOJB3YIOT TaK
Ha3bIBAEMbIEC TAOJMIIBI CBSI3€H, AABIIMX Ha3BaHUE METOAY, KOTOPBIE €CTh HUYTO
MHOE, KaK nHdopmaius o rpade.

Tabnuuel cBsizeld Ha3bIBAIOT MH(MOPMAIUIO O TPYKEHBIX e3nkax. [lepByro
TaOJIMILy CBSI3€M MOXKHO 3amucaTh B BUJE IMOCJIEAOBATENLHOCTH CTpok. Kakmas
CTPOKAa COOTBETCTBYET IYHKTY IOTPY3KH U COACPKUT: HOMEP IYHKTA MOTPY3KH,
HOMEpa ITyHKTOB PAa3rpy3KH M YHCIO TPYXKEHbIX €310K. OHa COCTaBIIAIETCS Ha
OCHOBE 3asiBOK M (DaKTUYECKH MPEJCTaBIsET CO0OW IUIaH MOCTaBOK TIPYy30B,
CBEJICHHBIN 1O MocTaBlIMKaM. BTopoil Tabnuiieil cBsizeil Ha3bIBalOT MH(OPMALIUIO
O MOPOXHMX e3nKax. OHa moiy4aercs B PE3yibTaTe PEUICHUS TPaHCHOPTHOM
3alayd M TPEJCTaBIsSeT CcoO0OM IUIaH TOCTaBOK TMOPOKHUX aBTOMOOWIIEH,
CBEJICHHBIM IO IYHKTaM pa3rpy3KH. 3aluChIBAETCSI OHA TakKXe IO CTPOKaM.
Kaxmas cTpoka COOTBETCTBYET IYHKTY Pa3rpy3KH U COAEPKUT: HOMEpP MYHKTa
pasrpy3Ku; HOMepa IyHKTOB MOTPY3KH U YHCIIO ITOPOKHUX €370K K HUM.

PaccmarpuBast TaOmuubl CBA3€H COBMECTHO, Mbl HMEEM IO CYLIECTBY
nojHyr uH@popmaimio o rpade. JlelicTBUTenbHO, M KaXKI0i BepiivdHbI rpada
MMEETCSl CIIMCOK TE€X BEPIIWH, KyJla HalpaBJICHbl JyTH U XapaKTEPUCTUKHU YT -
gucio e310K. [loctpoenne mapiipyra CBOAUTCS K IOCIEA0BATEILHOMY IIPOCMOTPY
tabnui cBsized. [lepexol OT OJHOTO MyHKTAa K JAPYrOMY MOXHO J€NaTh B TOM
ClIy4yae, €CIM YMCIO €3J0K MEXIy HHMMH HE DPaBHO HYNIIO. HTEHCHUBHOCTH
MapuipyTa BEIOUPAETCsl IO MUHUMAIbHOMY YHCITY €3[I0K MEXKIY JBYMSI COCEIHUMU
nyHkTamMu B Mapuipyte. Ilpu ¢dukcanum wmapmipyta €ro HWHTEHCUBHOCTH
BBIYMTAETCS U3 COOTBETCTBYIOIIUX MO3UIIMI TaOJIUIL CBSI3EH.

[Tomyyennass TakuM  00pa3oM  COBOKYMHOCTh  MapmipyToB  OyaeT
COOTBETCTBOBATh ONTUMAIIBHOMY PELIEHUIO MOCTABICHHOM 3aJ1aul: BCE TPYKEHbBIC
€3/IKH BBITIOJTHEHBI, OOIINN MTOPOKHUN TTPOOET MUHUMAJICH, TaK KaK B MapIIpyThl

BKIIIOYAJIMCH MMOPOKHUEC €3JKH TOJBKO U3 OIITUMAJIBHOTO ITOPOIKHETO IMOTOKA.
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IIpuMeHeHne OMMCaHHOTO METO/1A BBIIIOJIHAETCS B HECKOJIBKO JTaIlOB.

Ilepsoiii sman. OnpenenuM KpaTdyailline pacCTOSIHUS OT IIYHKTOB pa3rpy3Ku
K IIyHKTaM MOTPY3KHU, MOTPEOHOCTH MyHKTOB MOTPY3KH B MOPOKHUX aBTOMOOMIISIX
U pecypchl TaKMX aBTOMOOWIIEH B B MyHKTaxX pa3rpy3ku. PemmM TpaHCHOpTHYIO
3a/1auy NIl ONpEETeHUs] ONTUMAIBHOIO IJIaHA MOAAYM IMOPOKHUX aBTOMOOUIIEH
U3 IYHKTOB pa3rpy3Ku K IyHKTaM norpy3ku. Ompenensem oOumii mpoder B
OKUJAEMOM IUIAHE MapLIPYTU3alMU U CpPeIHUN KOA(P(UIUEHT HCIOIb30BaAHUS
npobera.

Bmopou sman. CoctaBuM TaOiMIBl CBs3ed W OyAeM IOCJIeT0BATEIbHO
CTpOUTHh MapuipyThl. [IoCKOIBKY HEKOTOpbIC MO3WIMU B TaOIWIAX CBS3€H IpH
MOCTPOEHUU MAapIIPyTOB H3MEHSIOTCS, OyZeM BBIIUCHIBATH MX COCTOSIHUS Ha
KaxaoM mare. [Ipu pemenun 3agayu Bpy4dHYO TaOJIMIBI HE NEPENUCHIBAIOTCS, B
HUX JIMIIb BHOCATCA HCHpPaBJICHUS B COOTBETCTBYHOUIMX MecTax. HawanbHoe
coctostHue TC-1 momydeHo W3 CBOJIHOM 3asiBKM Ha noctaBku, TC-2 u3 pemeHus
TPaHCHOPTHOM 3a7auu Ha nepBoM 3tamne. [lepBas mudpa cTpokH - HOMEp MyHKTA
ornpasiyeHus. [lociae nBoeToUYMs yKa3bIBAIOTCS MyHKTHI MPUOBITUSA U B CKOOKAxX -
YUCJIO €3J0K B A3TH NyHKTHl. [lpm Habope MapumpyToB BO3MOXKHBIE ITYHKTBI
BBIOMPAIOTCS B MOPSJIKE OUEPETHOCTH CBEPXY-BHM3, ceBa-Hanpaso. [lomydeHHbIN
B KaXJOM COCTOSHHHM MapLIpyT, €r0 HWHTEHCHBHOCTh W JUIMHA 3aIMCBIBAKOTCS
BCien 3a Tabnunamu cBsized. [[iist HarygqHOCTH MOCe10BaTENbHOCTh BHIOPAHHBIX
IMYHKTOB [TOMEYAeTCsl MHAEKCAMH, YKa3bIBAIOUIUMU MOPsIOK BbiOOpa. HauanbHbii
IIYHKT UMEET MHIEKC, paBHBIN enrHuLe. KOHEUHbIN ToMedaeTcs 3B€30UKOM.

JUist mosty4eHus: CIeAYIOIEro COCTOSIHUS TaOMMI] CBSI3€M M3 MPEIbIIYILETO
HEOOXOIMMO BO BCEX MO3MIMAX, MOMEUEHHBIX HHIEKCAMHU, YMEHBLIUTh YHUCIO
€37I0K, 3alMCaHHOE€ B CKOOKax, Ha BEJIIMYMHY WHTEHCHUBHOCTU IOJyYE€HHOTO
MapuipyTa. B cnenyromem cocTossHUM Bce 3JEMEHTHI TaluIl CBsA3ei oOpalaroTcs
B HyJb. Ha 3TOM nporecc noctpoeHns MapmpyToB 3akaHuuBaercsa. CocraBisercs
cxema MOoJy4YyeHHOTro ruiana. O0mwmii mpober miaHa paBeH CyMMe IPOU3BEIEHUMN
JUIMH TIOJYYEHHBIX MapIIpyTOB HAa HMX HWHTEHCHUBHOCTH, YTO COOTBETCTBYET
pe3ynbTaTy nepBoro stana. CpaBHUBAsS IUIAHBI ONPEAEIISIEM ONTUMAIBHBIIA. .

PaccmoTpenHsiii  Meton  o0nagaeT  psAIOM  HEAOCTaTKOB, KOTOPbIC
OTrpaHUYMBAIOT c(epy €ro NpakTHYecKoro npuMmeHeHus. OAHMM H3 TaKHX
HEJOCTAaTKOB  SIBJIAETCS ~ KECTKasg  IPENONPENEIEHHOCTh  XapaKTEPUCTHK
MapuIpyTOB, MOJy4a€MbIX Ha BTOPOM 3Talle, KOTOPBIE 3aBUCAT OT pE3yJIbTaTOB

neporo Jrama. Ilpum 3TOM, moslyyas Ha NEPBOM 3Tale€ ONTUMAIBHBIN ILJIaH
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NIOCTaBKU MOPOYKHUX aBTOMOOMJIEH K IMYHKTaM MOIPY3KH, Mbl HE MOXEM 3apaHee
BIIMATh HA OTU XAPAKTEPUCTUKHU. B pesysnbrare MapumipyTsl B OKOHYATEIBHOM
PELIEHUH MOTYT COJEpKaTh OOJIbIIEE YUCIO 3BEHBEB M MMETh OOJBIIYIO JJIUHY.
Takue mMapumipyTel B JaJbHEWIIEM OKA3bIBACTCS TPYAHO WIIM MOPOM HEBO3MOKHO
BKJIIOYATh B CMEHHO-CYTOYHbIE 3anaHus. [lpu umcnonb3zoBaHMuM MeTona TaOJIMLl
CBA3CH IIOJIy4EHHBIC MApIIPYTHl AHAJIU3UPYIOTCS W €CIM HEKOTOPbIE M3 HUX
HEIIPUEMJIEMBI, TO IUIAH KOPPEKTUPYETCS BPYYHYIO HAa OCHOBE HHTYMTHBHBIX
cooOpaxenuil. [Ipy Takol KOppEeKUUHU JJUHHBIE WIM MHOTO3BEHHBIE MApIIPYThI
pa30oMBaIOTCs, UCKIIIOUAIOTCA U3 TUIaHA, 3aMEHSIOTCA Ha MAasTHUKOBBIC MapIIPyThI
Wi Ha OoJjiee KOpOTKHE KouiblieBble. [IpuMeHeHne wmeTona TaOnuI] CBs3ed
LEeJIecCO00pa3Ho, €cClId  KOPPEKIMU IMOABEpPracTcsd HE3HAyuTelIbHAs  4acTh
ONTHUMAJIBHOTO IUIaHA. B IIPOTHBHOM ciydae OTKOPPEKTUPOBAHHBIN INIAH MOYKET
OKa3aThCsl XYK€ TOrO, KOTOPBIH MOXHO TOCTPOUTh MHTYUTHBHO 0Oe€3
IIPEIBAPUTEIILHON ONITUMU3ALUN.

[TosTOMy Hazmo CTPOUTH IUIAH C OTCTYIUIEHHEM OT ONTHMaiIbHOTO. OmHAKO
OTCTYIUIEHHE, KOTOPOE€ Mbl COBEPIIMIN TPH KOPPEKLIHH, CIUIIKOM BEJHUKO.
Bo3nukaer mnpoOieMa - HaWTH TakoW IJIaH MapUIpyTHU3allud, B KOTOPOM BCE
MapHipyThl ObUIM Obl MPUEMIIEMBI, @ OTCTYIUIEHHE OT ONTHUMAJIBHOTO OBUIO ObI
MUHHMAJIBHBIM.

Merton npeaBapuTEIbHOIO IMOCTPOSHUS JOIYCTUMBIX MapIIpyTOB

Meron npenHazHauyeH Ul pelIEHUs 3a/1ad MaplIpyTH3alud, B KOTOPBIX Ha
VWHIUBUIYAIbHBIE XapaKTEPUCTUKU MAapHIPYTOB HAKJIAJbIBAIOTCS KakHUe-TMOo
OTpaHWYCHHs. B HEKOTOPBIX CHUTyalusX 3TO CBSA3aHO C MPOAOJIKUTEIBHOCTHIO
CMEHBI, TOTJa OTPAaHWYMBAETCS JIMHA MapuipyTa. B Apyrux cUTyanusx MNOMCK
aZipecoB, OpraHu3alUsi NOrpy3KH, OGOpPMIIEHHE OTHPABICHUHN SBISIIOTCS NpU
NEPBOM NMPHUOBITUN B MYHKT MOTPY3KH TPYAOEMKUMH U OOJIBIIOE YUCIO MyHKTOB
IIOIPY3KM B OJHOM MAapUIpyT€ HENPUEMIIEMO, TaK KakK BEAET K CHHUKECHUIO
IIPOU3BOJIUTEIIBHOCTH B LIEJIOM. B Takux CuUTyauusx BO3HHUKAIOT OTPAHUYECHHUS Ha
YUCJIO 3BEHBEB B KOJBLEBBIX Mapumpyrax. HMHorma cienyer y4yuThIBaTh
OTpaHUYEHMsI, CBSI3aHHBbIE C OOECHEUYECHHEM «TrapaHThUh 3(PQPeKTa» Ha KaKIOM
KOJIbIIEBOM MapuipyTe- [Ipu pemennn 3aaur Mbl MUHUMU3ZHPYEM 00U pooer,
KOTOPBIA CKJIaJbIBacTCs Kak CyMMa MpoOeroB Ha KaxIoM Mapuipyre. B
pe3yiapTaTe HEKOTOphle MapuIpyThl MOTYT HMETh HHM3KHH KO3(PUIUEHT
UCIIOJIb30BaHUsl MpoOera, W UX BBINOJHEHUE OYIET HEBBITOJHO BOJIUTEIISM.

[TosTOoMy T11€7IECO00pAa3HO BKIIIOYATh B PACCMOTPEHHE TOJIBKO TaKHE KOJIBIICBHIC
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MapLIpyThl, KO3QPHUIMEHT UCIOIb30BaHUs MPOOE ra KOTOPBIX MO KpailHEH mepe
oonpmie 0,5. B 1enoM MOXKHO BBECTH NOHSTHE JIOMYCTHMBIX MAapIIPYTOB,
WHIUBUIYAIbHBIE  XAPAKTEPUCTUKH  KOTOPBIX  JOJDKHBI  YJOBJIETBOPSTH
ONPENEIICHHOMY DSy  OPTraHU3allMOHHO-TEXHOJOTMYECKUX  OrPaHUYECHUMU.
Bribupass Ha OCHOBE aHanmM3a MPAKTUYECKHUX CHUTyalluii COBOKYMHOCTH
KOHKDETHBIX OIpPaHWYECHU, MOXXHO CTPOUTh pa3JIMYHBIE BAPHUAHTHl 3a4a4
Mapupytuzauud. OOmMKA MOAXOA K PEIIEHUI0 TaKUX 3aJad COCTOUT B
CJIEIYIOLIEM.

Ha nmepBom oJrame paccmaTpuBaeTrcss BCE MHOXKECTBO  KOJIBLIEBBIX
MapmpyToB. It KaXAaoro mapupyra M3 3TOTO MHOXKECTBA ONPEIEISIOTCS
WHIUBUIYAIbHBIE XapaKTEPUCTUKA U BEAETCS HEMOCPEACTBEHHAs IMPOBEpKa
orpannyeHnil. Ha ocHoBe Takol rio0aibHOM MPOBEPKH M3 BCETO MHOYKECTBA
BbIOMpAIOTCS  AONMyCTHUMble MapupyThl. Ha 53ToM »3Tame MHTEHCUBHOCTU
MapuIpyTOB OOBSABISIOTCS HEU3BECTHBIMHM BEJIMYMHAMH U (POPMYIUPYIOTCS
YCIIOBHSI, KOTOPBIM JIOJDKHBI YJOBJIETBOPATH 3HAYEHUS OTUX BEIMYUH. OTH
YCIIOBHSI TO3BOJISIIOT BBIOMpATh TOJIBKO TaKWE 3HAYEHUS MHTEHCHUBHOCTEM,
KOTOpbIE 00ECHEeYMBAIOT BBINOJIHEHUE 33JaHHOrO IUIaHA MOCTAaBOK BO BCEM €r0
o0BeMe.

WuTepecyromuii Hac Mokas3aTeslb IUIaHAa B II€JIOM, B YaCTHOCTH OOIIMN
HNOPOKHUN TpoOer, MNpeACTaBIAECTCS B BHUJE HEKOTOPOTO BBIPAXEHHUS OT
HEU3BECTHBIX. 3aTéM Ha BTOPOM JTalle OTBICKMBAIOTCS TAaKUE 3HAYCHUS
WHTEHCUBHOCTEH, KOTOpPBIE YAOBIETBOPSIOT CHOPMYIMPOBAHHBIM YCIOBHSIM U
MUHUMU3UPYIOT TOPOXKHUHN npoder. OOBIYHO 3a/1aya OTHICKAHUS MHTEHCUBHOCTEN
bopmynupyeTcss Kak 3ajadya JMHEHHOro mnporpammupoBanus. Takum oOpazom,
METOJI IPEIBAPUTEIBHOTO MOCTPOEHUS JTOIYCTUMBIX MAPLIPYTOB COCTOMUT B TOM,
4YTO CHAYaJla IPOBEPSIOTCS OTPAHUYEHHUS M CTPOUTCS MHOYKECTBO JOIYCTHUMBIX
MapuipyToB, a 3aTeM JUIsl ONpPENENIEHHWs WX HHTEHCHUBHOCTEW KOHCTPYHPYETCS
crenuanbHas 3aJada JMHEHHOTO MpPOrpaMMHUPOBAHUS, KOTOpPas MOMKET ObITh
pelieHa OJJHUM U3 CTaHJAPTHBIX YACIEHHBIX METO/IOB.

3agady OnpeeseHruss MHTEHCUBHOCTEW MapIIpyTOB JIETYE CBOAUTH K 3a7a4e
JMHEHHOTO IPOrpaMMHUpPOBaHUs. B kauecTBe MHOKECTBA TOMYCTUMbBIX MapIIpyTOB
UCIIOJIB3yEM BCE MAapUIpyThl, 3a MCKIOYEHHWEM MapuipyTa, IJIUHA KOTOPOIO
aBigercss  MakcumanbHOW.  CocTaBisieTcss  Marpuua  3aJadyd  JIMHEWMHOIo

MporpaMMHpOBaHUs U BBIIOIHACTCA IIOUCK €€ OIITUMAJIBHOI'O PCIIICHMA.
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IIpy npakTUYECKOM HCIIOJIB30BAHUHU OIMCAHHOTO METO/1a 3a/1a4y JIMHEWHOIO
IPOrpaMMUPOBaHMs Leaecoo0pa3Ho pemars Ha OBM, Tak kKak TpyIJoE€MKOCTh €€
pellieHusi BeluKa Aaxe Juisi HeOonblmoro pasmepa. B menoMm Merom MOXHO
MCIIOJB30BaTh B TE€X CIydasX KOIrJa YHMCIO 3BEHBEB B KOJBLEBBIX MapLIPyTax
JIOJKHO OBITH HEBEIIMKO.

IIpy 1OCTpOEHMHM MHOXECTBA MApLIPYTOB MOXHO  BOCIIOJIb30BaThCs
JITOPUTMOM, TOJOOHBIM TOMY, KOTOPBIM MPUMEHSUICS B METOZAE TaOJIUL CBS3EH.
[Toctpoum rpad, BepIIMHAMM KOTOPOIO CIyXaT IIyHKTBbl IPOU3BOJCTBA U
notpebnenus. Kak u mpexne, 3asBku 00pa3yroT Qyru rpada, COOTBETCTBYIOIINE
JBW)KEHHUIO C TPY30M, & IIyTH OT IIYHKTOB Pa3rpy3KH K IIYHKTaM HOTPY3KH - IyTH,
COOTBETCTBYIOIIME JABWXEHUIO 0Oe3 rpy3a. Jlyrum mnepBod Trpynmbl HMEOT
YUCJICHHBIE XapPAKTEPUCTUKU - KOJIMYECTBO €370K, YT BTOPOM I'PYIIIBI TAKOBBIX
He umeroT. [loctaBuM nepen co0oil 3aaauy HaTH Bce MapIIPYyThl, COAEpKAIINUE HE
0osee HEKOTOPOro KOJMYECTBA 3BEHbEB M  UMEIOUME  KOA(P(UIUEHTHI
UCITIOJIb30BaHUs MpoOera He MeHee 3aJaHHOro 3HaueHus. byneM, Kak U mpexe,
IIPOU3BOJIBHBIM 00pa3oM JBHUraTbcs MO AyraMm Trpada, HauMHAas ¢ HEKOTOPOTO
IPOU3BOJIBHO BBIOPAHHOTO TYHKTa MOTPY3KH. JIBM)KEHHE pa3pelieHo 1o
IPYXEHBIM JyraM C HEHYJEBBIMU XApPAKTEPUCTUKAMHU U MO JHOOBIM MOPOKHUM
ayraM. [Ipy IBWKEHMHM W3 Ha4yaJlbHOTO IIYHKTAa MOXHO CJIEOBaTh Pa3iuYHBIMUA
nyTaMu. BepxHUIl MHAEKC NYHKTOB pasrpy3ku (MOrpy3KH) IOKa3bIBAET YHUCIIO
I'PY’KEHbIX (TIOPOKHUX) 3BEHBEB B MPOMAEHHBIX NyTax. OmpenenuMm mnpaBuiia
JIBW)KEHUS, B IMPOLECCE KOTOPOTO OCYIIECTBISIETCS MPOCMOTP Bcex myrteu. Ecmm
YUCJIO JOyr B NYyTM HE NPEBBIIIAET 3aJaHHOTO KOJIMYECTBA, TO JIBUKEHUE
nponopkaerca. Korma 4uciio 3BEHBEB JOCTUIVIO 3aJaHHOTO KOJWYECTBA, TO
HEOOXOJMMO OTCTYNUTh B MPEIbIAYILYI0 BEPIIUHY U U30paTh OYEpeHON BapUaHT
IIPOJIOJKEHUS; €CJIM HE JOCTUIVIO K, HO BCE BAPUAHTHI MPOAOJDKEHUS U3 TEKYLIEH
BEPILMHBI UCUEPIIAHbI, HEOOXOAUMO TaKXe OTCTYNUTh B MPEABIAYIIYIO BEPLINHY.
Kaxx b1l pa3, Korga 4uciio Iyr OKa3bIBA€TCs YETHBIM, HEOOXOIUMO MPOBEPUTH, HE
3aMKHYJICS JIU MYTh B HayaJlbHOW BepliMHe. Eciu myTh 3aMKHYJCS, HEOOXOAUMO
BBIYHMCIIUTD KOA(PUIIMEHT UCTIONB30BaHUs MTpoOera U CPaBHUTH €r0 C TPAHUYHBIM
3HaueHueM. Eciu moiyyeHHoe 3HaueHue OOoJbllle JOMYCTUMOTO, TO 3aMKHYTHIN
NyTh SBISETCS JOMYCTUMBIM MApIIPYTOM U €T0 HaJ0 3aQUKCUPOBATH.

Yucno myTeid, KOTOpbIe MPOCMATPUBAIOTCSI BO BpeMsl 1epedopa, 3aBUCHUT OT
KOJIMYECTBA BApUAHTOB Pa3IMUYHBIX MPOJOJDKEHUN B Kaxaod BepuuHe. OOiee

YUCJIO BApMAHTOB B IIYHKTAX ITIOTPY3KH PAaBHO YHCIIY 3asBOK. Yuciao BO3MOXKHBIX
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NPOJOJDKEHUIA B TMYHKTaXx pa3rpy3kd CYHIECTBEHHO Oosbliie. 3aMeTUM, 4YTO B
MeTo/le TaOJHI[ CBs3€d O0Iee 4YHMCIO BapHaHTOB MPOJOHKEHMH B MYHKTaXx
pa3rpy3kd OBLJIO OrPaHUYEHO YHCIOM ONTHUMAIBHBIX IOCTABOK TOPONKHHUX
aBTomMoOuiel u paBHsIOCh (T + m-1). [Ipu 3TOM MOXKET OKa3aTbCsi, YTO MPEKIE
4eM Mbl HaiJeM JOMyCTHUMBIA MapHIpyT, NpUAETCS mepedparb IOYTH BCE
BO3MOXHBIE MYTH. JIJ1s1 TOTO 4TOOBI COKPATUTH MEpedOop, HEOOXOIUMO KaKUM-TTHOO
00pa3oM YMEHBIIUTh YHUCIO BHIOMPAEMBIX BAPUAHTOB MPOAOTIKEHUSI. .

Odyenb mnpocTOM, HO JOCTATOYHO J(P(EKTUBHBIA MPUEM COCTOUT B
YHOPSAJOYEHUH BapHAHTOB MNPOAODKEHUM MpH OpraHu3anuu nepedopa myTei.
OOBIYHO TIPOJIOJKEHUSI BBHIOMPAIOTCA B TMOPSJIKE HyMEpaluu MyHKTOB. Tak MbI
NOCTYIAJNU MPU PEIICHUH 3ala4yd METOJOM Taliul cBsizeil. ljis TOro 4roOsl BO
BpemMs 1nepebopa OTHaTh MPEANOYTEHUE XOPOUIMM  MapuipyTaMm, HYKHO
paclojOKUTh BapUaHTbl TaK, 4YTOObl B IYHKTaX TMOTPY3KU PACCTOSHUS
OpOAODKEHUN yObIBalIM, a B IMYHKTaX pa3rpy3kd Bo3pacTaid. Torga B MEPBYIO
ouepenb OYIyT paccMaTpuBaThCsl TaKHE€ NYTH C BBICOKUM KO3(PPUIHUEHTOM
UCIIOJI30BaHUsl MpoOera, B KOTOPBIX TPYKEHbIE 3BE€HbS HauOoyiee [JIMHHBIC, a
NOpoXKHUE HambOosee KopoTkue. ONHCaHHBIA TMPUEM OCHOBAaH Ha pa3yMHBIX
COOOpaKEHUSIX, OJJHAKO OH HE COKpaIlaeT nepedopa, eciid JOMyCTUMbIA MapUIpyT
HE MosABIIsAeTcs. PaccMOTpUM METO/I yMEHbILIEHHUS YHCIia BAPUAHTOB MPOJIO0KEHUS,
KOTOPBIA MPUBOJUT K COKPAIICHUIO Iepedopa.

Meron rapanTaupoBaHHOTO b dexTa

[IpeaBapuTebHO BBEAEM CHELUANIbHBIA cIOCOO cpaBHEHUs KOd(hdULeHTa
UCIIOJIb30BaHUsl MpobOera ¢ rpaHuYHbIM 3HaueHueM. [lycTh MMeeTcsi HEeKOTOpPbId
MapuipyT, B KOTOPOM H3BECTEH TPYKEHbId MpOOEr W TMOPOKHUH, a TaKKe
K03 GULIMEHT UCTIOIB30BaHMS TIpodera.

3Has JOMyCTUMOE 3HaueHue Kod(h@HIMeHTa MUCIoIb30BaHUs MpoOera, Mbl
MO>KEM OTPECIUTh TPAaHUYHOE 3HaUeHUE KodduimenTa r3(hHEKTUBHOCTH U Jajiee
CUMTATh, YTO B JOMYCTHUMBIX MapHIPyTax TPY>KEHbIN MpoOer JAOKEH MPEeBBIIIATh
NOpOXKHUI OoJiee 4eM B HECKOJIbKO pa3. B nmomycTumMoM mapuipyte TpyKEeHbIN
npoOer JOKeH NPEeBBIIAaTh MPUBEACHHBIA MOPOXKHUK mpober (yciioBue
JOMYCTUMOCTH MapIlpyTa)

Takum oOpa3om, IJi OLIEHKM KadyecTBa MapIIpyTa MOXHO C OJIMHAKOBBIM
YCIEXOM HCIOIB30BaTh KOAGOUIIMEHT, UCTIOIL30BaHMs Tpodera mMapupyra Wid

koadurreHT ero 3pGhEeKTUBHOCTH.
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CnocoObl OlLIEHKH, U TOHSATHE AOMYCTUMOCTH HE HCIOJIb3YIOT CBOMCTBO
3aMKHYTOCTH, TIO3TOMY MX MOXHO NMPUMEHUTH HE TOJBKO K MaplipyTaMm, HO U K
J00BIM UX (parMeHTaM, B YaCTHOCTH K MYTSAM, KOTOPBIE MBI IPOCMAaTPHUBAECM B
nporecce nepedopa. J[ob6aBum k mpaBuiiaM ABMXKEHUS, ONPECIIAIONIUM aJrOpPUTM
nepedopa myTeH, elle 0JHO MPAaBHIIO: JBIKEHUE MO rpady MpoaoiKaeTcs 10 TeX
0P, MOKa IPOUIEHHBIN ITYTh OCTAETCS JOMYCTUMBIM.

Hcnonp30BaHWEe OLEHKU IMyTE€W [JIs1 OTCEUYEHUS HX MPOJOJDKEHUU B
HEJIOMYCTUMBIE COCTOSIHMSI BechbMa 3(PGEKTHUBHO NpPH MAIIMHHON peanu3anuu
METOJ/IOB MapHIPyTU3alMK. B MaMsITH HY)KHO XpPaHUTh UCXOJHYI0 WH(POpPMAIUIO U
TEKYUIUWA MyTh C €r0 OLICHKOW. BBIUNCIIEHNE OLIEHKU CBOAUTCS K €€ KOPPEKIUHU 110
MPOCTEHIIIMM TIpaBUJiaM: MPU NPUCOCAUHEHUU K IyTH HOBOM IyI'M €€ JjIuHa
pUOABIISIETCS K OLICHKE; MTPU OTCTYIUICHUH B MPEIIIECCTBYIONIYIO BEPIIMHY OIICHKA
YMEHBIIIAETCS Ha JITTMHY COOTBETCTBYIoMIEH nyru. Ecnu npubaBieHue JIMHBI TyTH
MOXET CHIeJIaTh 3HAYEHUE OLICHKH OTPHIATEIbHBIM,- NMPUCOCIUHEHUE JIYyTH HE
IIPOU3BOJIMTCS, a BRIOMpPAETCS APYroe MpoaobKeHue. B pe3ynbrare cCOKpaieHHOTro
nepedbopa MOJIy4aeTcsl HE MPOCTO JONycTHMbIA MapumpyT. OH oOjajgaeT Tak
Ha3bIBAEMbIM CBOMCTBOM TrapaHTUPOBAHHOIO 3(ddeKkTa: NMpu ABMKEHHUH IO ITOMY
MapuIpyTy U3 Ha4aJlbHOTO MYHKTa OIIEHKA MPOWJAEHHOTO MYTH B JOOOH MOMEHT
OCTaeTCs HEOTPULIATEIBLHOM. A 3TO 03Ha4yaeT, YTo KOA(PHUIIMEHT UCTIOIb30BaHUS
npoOera, MOJACYMTAHHBIA MO TPOWIEHHOM YacTh MapuipyTa, B JIHOOOW MOMEHT
BPEMEHH OKa3bIBAETCSl HE MEHBIIIE 3aJJaHHOTO TPAHUYHOT'O 3HAYEHUS U TPYKEHbIN
npo0er Bcerna 0yeT B HECKOJIBKO pa3 MPEBBIIATH MOPOKHUH.

KosnbiieBoit MapiipyT Ha3bIBa€TCS MPHUBSI3aHHBIM, €CJIM OJUH U3 ITYHKTOB
MOTPY3KH 3TOr0 MapiIpyTa 3aQUKCUpOBaH B KaueCTBE HauaabHOro. OIMH U TOT e
KOJIBLIEBOI MapuIpyT MOPOKAAET HECKOJIBKO MPUBSI3aHHBIX MAPIIPYTOB, KOTOPHIE
ClIelyeT CUUTaTh pa3HbIMU. CBOMCTBO rapaHTUPOBAaHHOTO A(h(deKTa MOTYT UMETh
WU HE MMETh TOJIbKO MpPHBS3aHHbIE MaplpyThl. J[Jis KOJBIEBOrO MapuipyTa, B
KOTOpPOM HayajibHas TOYKa HE OMNpeJesieHa, 3TO CBOMCTBO TAKXKE HE OMPEIENICHO.
Opnnako OyaeM TOBOPUTH:

KOJIBIEBOM MapuIpyT UMEET MOJHYI TapaHTuio 3(d@exTa, eclii TaKOBYIO
MMEIOT BCE €0 NIPUBS3aHHBIC MAPLIPYTHI;

KOJIBIIEBOM MapIIpyT UMEET YaCTUYHYIO rapaHTuio rhdexra, eciu XoTs Obl

OJIMH €ro TpPHUBS3aHHBIA MapHIpyT o00JajaeT CBOWCTBOM TapaHTUPOBAHHOTO

s dexra .
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ChopmynupyeM U JOKaKEM YTBEP)KIEHUE, KOTOpPOE€ OOOCHOBBIBAET
WCITOJIb30BAHUE COKPAIIEHHOTO Tiepedopa I MOUcKa JTOMyCTHMBIX MapIIpyTOB.
JIro00i1 JOMyCTUMBI KOJBLUEBOM MapLIpyT BCErjJa HMMEET IO KpaillHel Mepe
YacTUYHYIO0 TapanTuio d(dekra. TpeOyeTcs mokazaTh, 4TO CyIMIECTBYET XOTS OBl
OJIMH IYHKT KOJBIEBOIO MaplilpyTa, TAKOH, YTO €CIU HavyaTh JBUKEHUE B STOM
MYHKTE, OIEHKA JI0O0O0r0 MPOWJEHHOTO MyTH OyAeT HeoTpullaTeIbHa. 3aMETUM,
YTO 3TUM ITYHKTOM 00S3aTeJIbHO JIOJKEH ObITh MyHKT MOTPY3KH, TaK KakK, HauYnHas
JBIKEHUE U3 JIIOOOr0 MyHKTa pa3rpy3KH, Mbl MOJTYyYaeM OTPUIIATENILHYIO OLEHKY
MIOCJIE MTEPBOTO XK€ I1ara.

Bynem  mpoBoaWTh  J0Ka3aTE€IbCTBO  METOAOM  OT  MPOTHUBHOIO.
[IpennonoxkuMm, 4YTO TPU JBWKEHUU U3 JIIOOOTO IMyHKTa MapuipyTa OILICHKa
OPOWJIEHHOTO TYTH B KaKOM-TO MOMEHT 00s3aTelbHO CTaHET CTPOro
OTpULIATENBHOM. J{J1 JanpHENUIIEro OTMETUM, YTO OLIEHKA ITyTH, COCTABJIEHHOTO U3
4yacTel, paBHAETCS CyMME OLIEHOK 3THX YaCTEH.

BriOepeM mpou3BOIBLHO HayadbHBIA IMYHKT U OyJeM JBUTAaThCS U3 HETO IO
MapuIpyTy, COBEpIIasi OJuH 000pOT 3a ApyruM. PaccMoTpum npoiaeHHbIN MyTh U
pa3o0beM ero Ha IMocjieA0BaTEIbHbIE YYaCTKHU, HEMOCPEACTBEHHO MPUMBIKAIOIINE
Ipyr K apyry. Konen nepBoro ydactka 3aukcupyeM B TOM IYyHKTE, /i€ OLICHKA
ATOTO y4YacTKa CTaHET OTpUIATeabHOM. I[IpuMeM H3TOT MyHKT 3a Hayajuo
cieayoomero yyactka. OlLIEHKY BTOPOrO y4yacTKa HA4YHEM CUWATATh 3aHOBO U
BBIOEpEM €ro JJIMHY Tak, 4YTOOBI ATa OlleHKa ObLta oTpuiareabHou. IIpomomxkas
ATOT MPOLECC, Mbl NPEACTAaBUM KaK YroJHO JUIMHHYKO 4YacTh IyTH B BHUJIE
MOCJIEA0BATEILHOCTH YYAaCTKOB C OTPUIIATEIILHBIMU OlICHKaMHu. B COOTBETCTBUM C
MPENOJIOKEHUEM MPOTUBHOTO, B KAKOM Obl MYHKTE HE HAYMHAJCSA O4YepeTHOMU
y4acTOK, BCErJla MOXHO TaK BBIOpaTh €ro KOHEIl, YTO OIleHKAa yd4acTKa OyJer
CTPOTr0 OTPHUIIATENbHA.

Ecnu paccMoTpeTs 10CTaTOYHO AJIMHHBIN MyTh, TO YACIO TaKUX TPAHUYHBIX
MyHKTOB B HEM OyjaeT Oojblle, 4YeM YHUCJIO MyHKTOB B Mapuipyrte. Torma cpeau
IPAHUYHBIX MYHKTOB 0053aTE€ILHO MOBTOPUTCS XOTsI Obl OJMH MYHKT MapuipyTa.
[TockoJIbKy MapuipyT COCTOMT M3 IIE€JIOr0 YHCJa yYacTKOB, OIEHKH KOTOPBIX
CTPOTO OTpHUIATENbHBI, TO CyMMa OIEHOK OJTHUX YYacTKOB, TaKXe CTpPOro
orpuniatenbHa. OTCrofa ClIeIyeT, 4TO OllEHKa OJHOTO 000poTa MeHbIie Hys. Ho
TaK Kak 10 YCJIOBUIO OIIEHKA JOMYCTUMOTO MapiipyTa OOJbIe HYJIS TO Mbl
MPUIILTA K MPOTHBOPEUHUIO, TAKMM 00pa3oM yTBepxkeHHUE Joka3zaHo. Opranuzyem
MOKUCK JTIOMYCTHUMBIX MapHIpyTOB CIEAYIOIIUM o0pa3oM: OyaeM MOocie0BaTEIbHO
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Ha3HA4aTh BCE IYHKTbl NOIPY3KM HAYAJIBHBIMU M JUIS KAXKIOTO M3 HHX
OCYILECTBIISITh COKpAIllEHHBIH mepebop myTteil. Ecnu gomycTumblii MapuipyT
CYIIECTBYET, TO OH 0053aTeIbHO HAMIETCs, TaK KaK KAl €ro MyHKT MOTPY3KH
BO BpeMs mepebopa MoObIBaeT B KayeCTBE HAa4yalbHOrO MyHKTa. llpu 3TOM OH
OyzeT HaiifieH B BapuaHTE MPUBS3KU C TapaHTUPOBAHHBIM 3 PEeKTOM.

IIpu pemeHuu 3aga4u MapIIpyTU3aLKU B LIEJIOM MBI IIPELYCMAaTPUBAJIM J1BA
srana. Ha mepBoM 3Tame CTpOMTCS MHOXKECTBO IONYCTHMBIX MapuipyToB. Ha
BTOPOM OJTalle JUisl HaxXOXACHUS IUIaHAa MapLIPyTH3aluy pemaercs 3ajada
JUHEHHOT0  IPOrpaMMHUPOBAHMS,  KOTOpas  IO3BOJISIET  BbIOpaTh  Takue
WHTCHCUBHOCTH MAapIIPYyTOB, 4YTO 0Omuil mnpoOer OyaeT MHUHHUMaibHBIM. B
MHOXECTBO  BKJIOYAIOTCA  KOJBLEBBIE  MApUIPYThl €  ONPEACICHHBIMU
OrpaHUYCHMSIMH Ha MX XapaKTEPUCTHKM M BCE MAATHHUKOBBIE MapupyTel. [Ipu
pEelIeHNH 3aa4M JIMHEWHOTO IIPOrpaMMUPOBAHMS UHTEHCUBHOCTH MasTHUKOBBIX
MapuipyToB OyayT NOpUHUMATh HEHYJIEBbIE 3HAUEHHUS TOJBKO B  CHIIY
HeoOxomumocTu. [lo BO3MOXXKHOCTM B IUIaH OyAyT BKIIIOYAThCS KOJIBLIEBBIE
MapHIpyThl ¢ BBICOKUM KO3()PUIIMEHTOM UCIOJIb30BaHUs IpoOera, Tak Kak IMEHHO
3a cueT HUX OyAeT MUHUMH3UpPOBAThCs oOmui mpoder. Ilo 3Toil mpuunHEe B
MHOKECTBO 11€JIeCO00pa3HO BKJIKOYATh BCE JOMYCTUMBIE KOJBLEBBIE MapUIPYTHI.
OO111ee YncIo X MOXKET 0Ka3aThCs OUEHb BENHMKO. B 3TOM ciyuyae, HECMOTpsl Ha TO
YTO COKpAlllEHHBI mepebop yMEHBIIAET TPYIOEMKOCTh IIOMCKAa, B LIEJIOM
TIOCTPOCHHE TAKOTO MHOYKECTBa MOTpeOyeT 3HAUMTEIHLHOTO BPEMEHHM CYeTa U
OOJBIIYIO MAMSTH AJI1 XPAHEHHS BCEX MapUIPyTOB,

OnHako WM3BECTHO, YTO B CHJIYy CBOWCTB  3aJauyd  JIMHEWHOrO
POrpaMMUPOBAHMS YMCIIO MApPUIPYTOB, KOTOPBIE BOMAYT B ONTUMAJIbHBINA IJIaH C
HEHYJICBBIMM HWHTEHCUBHOCTSIMH, He OyJeT MpeBbIIaTh 4YHUCIa 3aiBOK. OTO
O3HAuYaeT, YTO HE3aBUCUMO OT TOrO, CKOJIBKO MApUIPyTOB OBLIO B JOMYCTUMOM
MHO’KECTBE, B ONTHMAJIbHOM ILIaHE OYyJIET KCIOJIb30BAHO TOJIBKO HEOOJIBLIOE MX
yucio. Takum oO0Opa3oM, 3HAUMTENIbHAs 4YacTh pabOThl MO (POPMUPOBAHUIO
OOJIBIIOr0 TAKOTO MHOKECTBA OCYILIECTBIIAECTCS BIIYCTYIO.

OTMeYeHHBI HEIOCTAaTOK JBYXATAITHOM CXEMbl PEUICHUS 3a/1adyd MOXKHO
YCTPaHUTh, COEAMHHUB TPOLECCHl BBHIOOpPA ONTUMAIbHBIX HHTEHCUBHOCTEH U
IIOMCKa MapIIpyToB B OJMH J3Tan. MeTron pemeHus 3aJadyd JIMHEHMHOIOo
IPOrpaMMUPOBAHMS, HWHTEPIPETUPOBAHHBIA Il HAlIEd 3aJadd, COCTOMT B
cienyomeM. MMeercss HeKoTopas 6a3ucHasi COBOKYITHOCTh MapLIPyTOB, KOTOpas
MO3BOJISIET PeAIM30BaTh IUIaH MOCTABOK. UKCIIO MaplIIpyTOB B 3TOW CUCTEME PABHO
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YyuCily 3asBOK. basucHbIM TiaH 00pa3yloT HEOTpUIIATENbHbIE WHTEHCUBHOCTU
0a3UCHBIX MapIIPYTOB.

[IporsoxkéHHOCTH  Oa3UCHBIX  MapIIPyTOB HM3BECTHBI, OOHIMII Tpoder
UMEIOIIETOCs MJIaHa MaplipyTu3anuu onpeaeneH. OOmuii mpoder miaHa cuuTaeM
pacnpesiesieHHbIM MEXJy BCeMH 3asBKaMmH. [l Kaxaol 3asBKH BBOJMTCS
3HaueHue oO0IIero mnpoodera, MPUXOASIIETOCS Ha EIUHUIYY IOCTaBKU. Takum
o0pa3oM, OlleHKa OJHOW €AMHUIIBI TOCTAaBKU IO 3asiBKE, BHIPAXKCHHAS B €IMHULIAX
oO1rero npoOera 1iaHa BbIpa)keHa B €IMHUIIAX 00IIEero mpodera paBHa CyMMe IIeH
3as1BOK, CBA3aHHBIX C 3THM MapIIPyTOM.

Ecnu Bce XxapakTepuCTUKH TEKyIIero 0a3uCcHOro MiiaHa U3BECTHBI, TO MOXKHO
YCTAaHOBUTh, KAaKOM MapuIpyT W3 YHKCIA JONYCTHUMBIX MOXET YJIYYIIUTh
nokazarenu miaHa. OueBUIHO, 3TO JOJKEH OBbITh TAKOM MapLIpPyT MPOTSKEHHOCTh
KOTOPOI'O MEHBIIIE, YEM CYMMa OLIEHOK 3asBOK, BXOIAIIMX B 3TOT MapLIPyT. JTa
npouLeaAypa BKJIIOUEHHUS OCYIIECTBISIETCS MO (OpMajbHBIM IpPaBUJIaM CHUMILIEKC-
Merona. Ecam ke cpeau JOMyCTUMBIX MapUIpyTOB HET HM OJHOTO, JUJII KOTOPOTO
ATO YCJIOBHUE CIPABEJIUBO, UMEIOIINKCS Oa3UCHBIN TIJIaH SIBJISETCS ONTUMAaIbHBIM
IUIaHOM MapuipyTu3auuud. MMes Oa3ucHbIA TJIaH W 3Has 3HAYEHUE, Mbl OyJeM
OTBICKMBAaTh TOJBKO TAKOW JOIMYCTUMBIA MapLIPyT, KOTOPBIM MOXKET YMEHBUIUTh
obmumii npoOer. PaccMoTpyM MmosiHOE 3BEHO MapLIpyTa, COCTOALIEE U3 TPYKEHOH U
ITIOPOKHEU JTyTH.

[IpumeMm 3a GopmanbHYIO AJIUHY TPY>KEHOW AYTH BEJIMYUHY U TOPOKHEH.
Tornga 3HaueHWE OIEHKA MOXHO TMPEACTAaBUTh KaK CyMMYy JUIMH YT,
COCTAaBIAIONMX MapupyT. CKOHCTPYMPOBAHHASI OLIEHKA OTJIMYAETCS OT OLEHKHU
rapaHTUPOBAHHOTO 3(P(EKTa TONBKO TEM, YTO HCIOJIb3YIOTCS HENpPHUBEACHHbBIC
MIOPOXKHHUE PACCTOSHUSA, U 32 JJIMHBI TPYKEHBIX 1y IPUHUMAETCS Pa3HOCTh MEXAY
LICHOM 3asBKU M I'PYXXEHBIM paccTossHHEM. Jlajiee OLEeHKa pacnpocTpaHseTcs Ha
JAr00ble IyTH U UCTIONB3YETCs I COKpallleHus iepedopa Mmoucka MapipyTa.

[Ipy nocTpoeHHH 3TOM OUEHKHM MOXHO (OpPMaIbHO BBECTH TI'pPaHUILY
koapPuienta >3gdexkruBHOCTH MapupyT. OHA UMEET CIENYIOUA CMBICI: OHA
3a/laeT HWKHIO TPaHMIy 3KOHOMHH OOIIero mpodera, KOTOPYIO AOJKEH NaTh
MapHipyT Ha €IWHUILYy HMHTEHCHUBHOCTH. MDakTUYECKH OHa CiIy4yae YCKOpSEeT
pElIeHHE 3aJayd JIMHEWHOIO0 NPOrpaMMHPOBAHHS, HO YMEHBUIAET TOYHOCTH
ONTUMU3ALIMY, TOT/Ia KaK B MPEABLAYIIEM Cly4yae BBEICHHUE MOJAOOHOW TIpaHUIIbI

YCKOPSJIO MOUCK JOMYCTUMBIX MapIIPyTOB, HO YMEHBIIIAIO UX O0IIee YUCIIO.
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B npakthueckux pacuerax TIpaHULy S(QQPEKTUBHOCTH YCTAHABIMBAIOT
CHauaja JOCTAaTOYHO OOJBIION, 3aTeM NPOBOAAT ONTHUMHU3AIMIO IUiaHa. Jlamee
IPAHMIy MOHMKAIOT W NPOJOJDKAIOT PACUETHl JI0 MOJIYYEHUS ONTHMAJIBHOIO
miaHa. TakuM 00pa3oM, IpaHHIA MOCTENEHHO YMEHbBIIAETCS, U KaXIbId pa3
IPOBOJUTCS ONTHUMH3ALHUS C ONPEIEIEHHON TOYHOCTHIO.

MapurpyTuzanus ¢ y4eToM I0JIa4u ¥ BO3BpaTa MOABUKHOIO COCTaBa

B mpaxTuke HanOosiee TUMWYHBIMM SIBJISIIOTCS CIIy4ad, KOIJla aBTOMOOWIN
CYLIECTBEHHYIO JIOJIFO0 Mpo0era TpaTsaT Ha JBUKEHHUS OT MECTa CTOSHKU O MecTa
paboTel U 00paTHO. DTO OCOOEHHO PACIPOCTPAHEHO B KPYMHBIX TOpoAax u
palioHax C BBICOKOW HHTEHCUBHOCTBIO

IPY30BBIX TIEPEBO30K. B TakuxX yCIOBUSX OTrPaHUYECHBI BO3MOXKHOCTU
OpraHM3allMy CTOSIHOK, a IYHKTOB IOTPY3KH U pa3rpy3Ku ObIBae€T TaK MHOIO, YTO
OpuOIM3UTh CTOSHKM KO BCEM OJTUM IyHKTaM BCE€ pPaBHO HEBO3MOXHO.
VYBenuueHune oOOIIETO pacCTOSHUS TOJa4d M BO3BpaTa CBA3aHO TaKXKe C
HEHTpaJIu3alMeil aBTOTpaHCIOPTA M C €ro KOHIIGHTpalHMe B KPYIHBIX
aBTOTPAHCIIOPTHBIX MPEANPHUATHIX U O0BETUHEHUSX.

3arpaThl Ha MOJayy W BO3BpaT IMOJBMKHOTO COCTaBa HENb3s CUHUTAThH
MOJIHOCThIO ~ Oecrone3HbiMU. V3BecTHas g0as WX  SABISETCd OOBEKTUBHO
HEOoOXO0aUMON IIaTol 3a 3((EKTUBHOCTh, MOITYYCHHYIO B IPYIMX IMOKa3aTessX.
Hanpumep,  ueHTpanu3auus  yNpaBieHUs  MEPEeBO3KaMU  IOJpa3yMeBaeT
BO3MOXKHOCTh ~ MaHEBpa  MOJBIJKHBIM  COCTaBOM  JUIi  OOCIYy>KHMBaHUS
KOJIEOJTIOIIEr0oCsl BO BPEMEHU CHpOca Ha MEpeBO3KU. Takol MaHEBp MPUBOJIUT K
YBEIMYECHHUIO PACCTOSHUS TOJIayd, HO B TO K€ BPEMS OH YBEJIMYMBAET OOIIMI
00BeM TpaHCHOPTHOW paboThl. B 3TOM cilydae albTepHATUBOM K YBEIMUYECHHIO
3aTpaT Ha MoJady SBJISIOTCS MPOCTOM W COKpalleHHEe 00beMa BbINOJIHEHHON
paboTHI.

BBenem B paccMOTpeHHE MYHKTHI CTOSIHOK aBTOMOOWJIEH, KOTOpble OyneM
Ha3bIBaTh aBTOXO3AKWCTBaMU. BMECTO TMOHSATHS KOJBIEBOTO MapIipyTa Kak
3aMKHYTOW MOCJIEIOBATEIbHOCTH TPYKECHBIX M MOPOKHHUX €3/I0K BBEJEM TOHATHE
MapIIpyTa, KOTOPBIA SIBISIETCS CXEMOU JBMKCHHUS aBTOMOOWIISI C MOMEHTa BbIe3]a
U3 aBTOXO34MCTBa /0 MOMEHTa ero Bo3BpaieHus. [lo cymiectBy Mbl Oynaem
paccMaTpuBaTh MapUIpyThl, COOTBETCTBYIOIIME CMEHHO-CYTOYHBIM 3aJaHUSIM .

NHTeHCUBHOCTh MapuipyTa OyZeM H3MepsTh HE B 4YHClIe O00OpOTOB, a B
KOJIMYECTBE aBTOMOOWMJIECH, BBIMOJHSAIOMUX 3TOT MapuIpyT. XapaKTepUCTUKAMU

MapuIpyTa-3ajaHus Mo-mpexkHeMy OyJeM CYUTaTh €ro OOyl MPOTSKEHHOCTD,
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YHUCJIO 3BEHBEB, KOAPOUIIMEHT UCIIOIL30BaHUS MPOOEra WM MOPOKHUM MPOOET.
BBeaem ycnoBus, KOTOPBIM JOJHKHBI YAOBICTBOPSTH XapaKTEPUCTUKU MapIIPyTOB,
U TOHATHE  JOMYCTUMOTO  MapmipyTa-3agaHus.  [JlaBHOe — OTJIMYHe
paccMaTpUBaEeMbIX MAapIIPYyTOB OT KOJIBIIEBBIX COCTOMT B TOM, YTO WX
MPOTSHKEHHOCTH JOJKHA OBITh OTpaHWYEeHa HE TOJIBKO CBEPXY, HO U CHU3Y, TaK KaK
JOJDKHA ~ ObITh  ONM3Ka K  IUIAaHUPYEMOMY  CPEIHECMEHHOMY  IpoOery.
JIByCTOpOHHHE OrpaHUYEHUsI Ha MPOTSHKEHHOCTh CO3/IaI0T HE TOJBKO TPYAHOCTU
npu HaboOpe JOMYCTUMBIX MapIIpyTOB, HO U MpH BbIOOpe camux rpanull. Eciu
3a/1aTh ATH TPAHMIIBI CIUIITKOM >KECTKO, TO JOMMYCTUMBIX MapIIpyTOB OyIeT OYeHb
Majio Wiu coBceM He OyneT. Ecim momycTuth KoneOaHus (PaKTUIECKUX CMEHHBIX
npoOeroB, TO OOJBIIME OTKJIOHEHUS OT HOPMBI JENAalT 3T 3aJaHus
HEKAUeCTBEHHBIMU U 3aTPYJHSIOT MX BbINOJHEHHE. Eciu aBTOMOOWIIb OKaXKeTcs
HEJIOTPY’KEHHBIM B TEUEHHUE CMEHBI, TO BOJUTENb Oy/eT BBIHYXKIEH HCKaTh
JOTIONTHUTENBHYI0 paboty. Eciu e oH OyaeT neperpyKeHHbIM, TO BBITIOJIHEHUE
MOCITICIHUX €37I0K B 3a/IaHUU OKaXKETCs MOJT yTPO30H CphIBa.

OObIyHO TIpH (POPMUPOBAHMU MAPLIPYTOB HCMOJIB3YIOT TOJBKO BEPXHIOIO
TPAaHMIy CMEHHOTO MpoOera, a Mpy MOSIBICHUHM CIUIITKOM KOPOTKHX MapIIpyTOB
X JOTOJHSAIOT BpYy4YHYI0. OCHOBHBIM CHOCOOOM (OPMHUPOBAHUS JOIMYCTUMBIX
MapHIpyTOB-3aJaHUI SBJISETCS yKa3aHHUE YMciia TPYKEHbIX €3710K. B coueranuu c
BEPXHUM OrPAaHMYCHUEM Ha TMPOTHKEHHOCTh TaKOM Crmocod [aeT XOopolue
pesynbrarel. [lpumepoM ompeneraeHuss MHOXKECTBA JIOMYCTHUMBIX MapIIpyTOB
MOJKET CIIY>KUTb CJIEIyOIIee.

1. JIoyCTUMBIM paliMOHATBLHBIM CUATACTCS MapPIIPYT, B KOTOPOM:

a)  4HCJO €37I0K HE MeHee 3;

0) mpu KOIMYECTBE €370K Oosiee 3 MPOTSHKEHHOCTh HE TpeBbimaet 120

KM;

B) k03 duIMeHT ucnoyib3oBaHus npoodera He meHee 0,6.

2.  JlomycTUMBIM MAasTHUKOBBIM MapIIPyTOM CUYUTAETCS MapiipyT, B
KOTOPOM:

a)  4YMCIJO e37I0K He MEHee 3, a B pa3HbIe ajipeca - He OoJiee 2;

0) mnpu KoIMYECTBE €3710K Oosee 3 001ast MpoTsKEHHOCTh He Oomee 130
KM.

3. JlomycTUMBIM (PUKTUBHBIM MapIIPYTOM CYUTAETCS JHO00W MapuipyT

C OJJHOM TPYKEHOU €3/IKOM.
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BBeneHune (QUKTUBHBIX 3a7aHuil HEOOXOIMMO MJi TOTrO, YTOOBI IUIAH
MapupyTusanun (HopMaabHO 00€creyrBal BBIIIOJHEHUE BCEX 3asBOK M B TOM
clly4ae, €clidi OHU KpailHE HEBBITOJHBI C TOYKHM 3PEHHs MOPOKHEro mpobdera. B
JaNbHENIIEM TaKie MapIIpyThl OyAyT BKIIOYATHCS B IUIAH TOJIBKO JJIS peatn3aliu
TE€X 3aiBOK, KOTOpble HE MOTYT OBITb BBINOJHEHB MHOTO3BEHHBIMU
MasiTHUKOBBIMU WJIM PallMOHAJIbHBIMU MapLIpyTaMH.

[Tpu COCTaBJICHMM IUIaHA MapUIpyTU3aLUH, B COOTBETCTBUHM C
OIPEIETICHUEM JI0IYCTUMBIX MapLIPYTOB MOJb3YIOTCS CIEIYIOIMMHU TpuemMamu. B
BEpXHEH 4YacTH IUIaHA HW300pa)karoTCsl TPAHCIOPTHAS CETh U MOTPEOHOCTH B
NIEPEeBO3KaxX B BUJE CTPEJTIOK C YKa3zaHHEM 4Hcia e370K. Huke mpuBOasATCS CXEMbI
MapIIpyTOB, MHTCHCUBHOCTH KOTOPBIX 3allMCaHbl B CKOOKax. B mmaH yka3bIBaioT
panoHaIbHbIE MapIIPYThl U (PUKTUBHBIE MApUIPYTHI, a TAKKE 3asBKU KOTOPHIE
OCTaJIMCh HE BHIIIOJIHEHHBIMHU.

[Ipu aHanu3e 1uUIaHa HEOOXOJUMO  HM3BICKMBATH  JOINOJIHUTEIbHbBIC
BO3MOXXHOCTH JIJI1  BBITIOJHEHUS OCTaBIIMXCS €370K. MOXHO Hampumep,
YBEIUYHUTH MPOAOHKUTENIBHOCTh CMEHBI OJTHOTO U3 aBTOMOOMIIEH, padoTaromux Ha
Mmapuipyte. s HaxoXACHWS TUlaHAa MapHIPYTHU3allMd C Y4YETOM TMOAaud u
BO3BpaTa aBTOMOOWJISL HCIIOJIb3YETCS MOJETbh JIMHEWHOTO MPOrpaMMHUPOBAHUA.
[Ipy 3TOM MOXHO paccMaTpuUBaTh HECKOJbKO AaBTOXO3SIMCTB M YYMTHIBATh
OTrpaHUYEHHUs] Ha KOJIMYECTBO aBTOMOOWIJIEH, KOTOpOE MCIONb3YyeTCsl B ITHX
aBTOXO3SMCTBAX ISl BHIIIOJHEHUS 33JaHHOTO TIaHa TTOCTABOK.

[TocTpoenue mMapiipyTa ¢ HaUIy4IlIed OLEHKON

[Tpu pemenuu chopmynupoBaHHON 3a7auu, KaK U B MPEABIAYIUX CIyYasX,
OCHOBHAsl TPYIHOCTH 3aKIIOYAETCS B IOCTPOCHUH MHOXECTBA JIOMYCTHUMBIX
mapuipytoB. [Ipm 3ToM BBedeHHME B 3ajady aBTOXO3AHUCTB M 0oyiee KECTKHUX
OFPaHWYEHUN Ha  MapuIpyThl  JIeJJaéT  PAacCMOTPEHHBIH  paHee  METOJ
rapaHTUPOBaHHOTO 3¢ (deKTa MalIonpuroiHbiM. PaccMOTpuM METOA MOCTPOEHUs
MapIIipyToB, B KOTOPOM COKpallleHHe mepedopa OCHOBAHO Ha YHHBEpPCAJIHLHOM
OPUHIIAIIE, W3BECTHOM MO  Ha3BaHWEM  MPHUHIHUIA  JUHAMHYECKOTO
nporpaMMUpoBaHus. B HacTosmee Bpemsl AMHAMHYECKOE MPOrpaMMHPOBAHUE
MOJKHO CUUTATh OCHOBHBIM HHCTPYMEHTOM TOCTPOSHUSI MapIIPyTOB MPU PEIICHUN
3a]1a4 MOJIHOMAPTUOHHON MapUIpyTH3aIUH.

[loctpoenne  mapuipyra  MOXKHO  HIpPEICTaBUTh  KaK  Ipoliecc
MOCJIEI0BATEIBHOTO MPUCOSANHEHNS OUEPEAHBIX 3JIEMEHTAPHBIX 3BEHbEB K MYTH,

BBIXOJAIIEMY M3 HCKOTOPOI'o 3aaHHOI'O aBTOXO35MCTBA. SHGMCHTapHBIM 3BCHOM
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MBI Ha3bIBa€M €3]IKy MEXIy Mapo JoObIX NyHKTOB. IlyTh, coaepkamuii
HECKOJIBKO 3JIEMEHTapHBIX 3BEHHEB, 0003HAYAETCS Y KaK IOCIEI0BATEIbHOCTD
ITYHKTOB.

[TocTpouB myTh, COAEPIKAINN HECKOJIBKO 3BEHBEB, Mbl OKAXKEMCS B ITYHKTE
pasrpy3ku. Eciam K 3TOMy MyTH OPUCOCIUHUTH €3]IKy B aBTOXO3SIMCTBO, MBI
MOJy4YMM MHOTO3BEHHBIM MapmipyT, COJACPKAIIUM HECKOJBKO 3JIEMEHTapHBIX
3BeHbEB. IlocTaBuM crienytromyro 3agauy. s 3alaHHOTO aBTOXO3SIMCTBA CpeIu
MHOT'03BEHHBIX MapIIpyTOB HAWTH MapIIpyT ¢ MaKCUMaJIbHON olleHKOM. B o01em
cilydae OIEHKOW MyTH WM MapiipyTa Mbl Ha3bIBaeM JIOOYIO XapaKTEepPUCTHKY,
BBIUACIIEMYIO KAaK CYMMY XapakTEpUCTUK MPOCThIX 3BEHbEB. BHauaie
PacCMOTPUM €€ KaK Pa3HOCTb IPYKEHBIX U TOPOKHUX PACCTOSHUM.

B anroputme nuHaAMHUYECKOrO MPOrpaMMHUPOBAHUS JUJII MOCTPOCHUSA BCEX
HAWJIYyYIIMX MHOTO3BEHHBIX ITYTEH CTPOSTCS BCE HAWIYUIINE MHOTO3BEHHBIC MY TH,
IJIc KOJIMYECTBO 3BEHBEB IMOCIIEIOBATEIILHO MPUOOpETAaeT 3HAYEHUS OT €IUHHUIIBI
JI0 33IaHHOTO 3HA4Y€HUsA. /(715 BBINOIHEHUS AITOPUTMA 3aMOJIHAETCS CIeHaTbHAs
tabnuna. Kaxaas KoJloHKa 3TOM TaONMIBl MpeaHa3HAYeHa JJIS 3alluCU OIICHOK
BCEX HAWIYYIIMX MYyTeH C HECKOJbKUMHM 3BeHbAMH. CTpoku TaOJUIIbI
COOTBETCTBYIOT HOMEpAaM  IyHKTOB. 3aME€THUM, YTO OJAWUH M TOT K€ IYHKT
OTMPABJICHUS, HEOJHOKPATHO BBICTYMACT B PA3IUYHBIX pojsix. OH MOXKET OBbITh
KOHIIOM HaWJIy4IlIMX MAPIIPYTOB C PAJIMYHBIMU 3HAYCHUSIMU

DTH «poJK» TPOHYMEPOBAaHbI M OOO3HAYECHBI M JJII KaXKJIOW M3 HUX
COIOCTaBJIEHA OLIEHKA MHOTO3BEHHOIO MYTH, BEIYLIEr0 B IIYHKT pPa3rpy3KH.
[Ipouiecc HauMHAETCS C 3aNOJIHEHUS MEPBOM KOJIOHKH, T. €. C TOCTPOEHHUS BCEX
OJIHO3BEHHBIX IyTEW, KOTOpPhIE COOTBETCTBYIOT TI0jJady€ aBTOMOOWJEH U3
ABTOXO3SIMCTB K ITYHKTaM OTIIpaBJjieHUA. [IoJlydeHHbIE OLEHKH 3alMCHIBAIOTCS B
COOTBETCTBYIOIIME  KJIETKH, PSAJOM B  CKOOKAaxX  3alkChIBaCTCA  HOMEpP
COOTBETCTBYIOIIETO aBTOXO3sMCTBA. Jlajee 3aroJiHsAeTCss BTOpask KOJIOHKA, 3a HEU
TPEThS U TAK Jajiee 10 MOCIETHEN KOJTOHKH.

AJNTOpUTM 3aIOJHEHUS] BCEX KOJIOHOK, HaYMHAs CO BTOPOM, IO CYLIECTBY
OJIMHAKOB, 3a HCKJIIOUCHHEM HEOOJbIIUX PAa3Iuyui ISl YETHBIX M HEYETHBIX
HoMepoB. [lepeOupasi pazIuyHBIX OTHpPABUTENICH, CBI3AaHHBIX C TIOJIy4aTEIEM , MbI
MOJlyYUM BCE BO3MOXKHBIE BAapUAHThHl 3aBEPIICHUS HEUYETHO3BEHHBIX ITyTE€H B
NyHKTE ¥ BBIUUCIUM WX OIEHKH. /[ BpIOOpa HAWIydIlero MmyTH HEOOXOIUMO
BBIOpAaTh MAaKCUMAJILHYI0 W3 OJTHUX OIEHOK H 3allOMHUTh HOMEp IIyHKTa

OTIIPAaBJICHUSA, UCPEC3 KOTOpBIfI 9TOT IIYTh JOJDKCH IIPOXOJNTD.
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OneHKM BBIUHCIAIOTCS JJIA  BCEX IIYHKTOB UM 3alMCBIBAKOTCA B
COOTBETCTBYIOIIME KIIETKM HEYETHBIX KOJIOHKM. B ciydae, ecim KOIMYECTBO
3BEHBEB OBLIIO YETHBIM, PACCMATPUBAEMbIE BAPUAHThl MHOTO3BEHHBIX ITyTEH BEAYT
B IIYHKTHI OTIIPAaBJEHUsA. B 3TOM Cilydae 3BE€HO MOKET CBA3BIBATH OTIPABUTENS C
JI00BIM  TIPENBIAYIIUM IYHKTOM pasrpy3kd. [loaToMy uucio BapuaHTOB, U3
KOTOPBIX BBIOMpPAETCS HAWITy4Illni, OyieT O0JbIle, YeEM B MIPEABIAYIIEM CIyYae.

Ecim B 3amade unMeeTcs HECKOJIbKO aBTOXO3AWCTB, MAapIIpyThl C
HauOOoJIbIIEH OLIEHKON HaXOAATCS ISl KaXKJI0TO aBTOXO35ICTBA, a 3aT€M Cpeld HUX
BBIOMPAETCS HAWITYYILINN.

OnucaHHbIi METO/A TakK ke, KaKk M METOJ TapaHTHpPOBaHHOTO 3(deKTa,
MOKET HCIOJIb30BAaThCA MPHU PEUICHUM 33Ja4d JUHEHHOro MpOrpaMMHUpOBAHUS B
KAaueCTBE INPOBEPKH ONTHUMAJIBHOCTU IUIAaHA MAPLWIPYTU3ALMM M HAXOKICHUS
MapLIpyTOB, YJIYYIIAIOIUX TEKyIIMHA Oa3ucHbId IuiaH. B sToMm ciaydae BmecTo
I'PY’KEHBIX PACCTOSIHUN MCIOJIB3YIOTCS IBOMCTBEHHBIE OLEHKH 3asIBOK U K OLICHKE
MapuipyTa AOJKHA ObITh MpUOABJIEHA JBOMCTBEHHAs OLIEHKA COOTBETCTBYIOIIETO
aBTOXO3sMCcTBa. /{1 Tekymero 6a3znuca ¢ MOMOIIBIO MPOLEAYPBl AMHAMHYECKOTO
IIPOTPaMMUPOBAHUS OTBICKMBAETCSI MapLIPYT C MAaKCUMAJIbHOW OLeHKOM. Ecim
MOJIy4eHHAas! OLIEHKA HE IMOJIOKUTENbHA, TO Oa3UCHBIN TUIaH ONTUMAJIEH, 0OpPAaTHOM

ClIy4ac MapaipyT MOXKCT YJIYUYIINUTD IIJIaH U IIO3TOMY BBOJIUTCA B 0asuc.
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JIEKIIUA 7. INIAHUPOBAHUE MAATHHUKOBBIX ITEPEBO3OK
MACCOBBIX I'PY30B

O61as mocTaHOBKA U Ki1accuukarus 3aaa4y

PaccmoTpenHble  3agaum W METOABI  PAIMOHAJIBHOW  KOJBLEBOM
MapHIpyTHU3alHu{, BOZHUKAIOIIKE MTPU LEHTPATU30BAHHOM OOCITY>KMBaHUHA MHOTHX
Ipy300TIpaBUTENICH, JaleKO HE HCUYEPNBIBAIOT MpoOJeMy IUIAaHUPOBAHUSA
MapuipyToB. IIpakThka mOKa3bIBaeT, 4YTO OOBEM TMEPEBO30K IO KOJBIEBHIM
Mapuipytam He mnpeBbimaer 20% ot obmero, Iloatomy B Macce ciydaeB
BO3HHMKAIOT 3314l IJIAHUPOBAHUS padOThl MOHONOCTABIIMKOB, MOJ KOTOPBIMHU
MOHMMAIOTCSI ~ TPY300TIPaBUTENH,  YCIOBHO  JIuddepeHIpoBaHHbIE IO
YKPYIIHEHHOW HOMEHKJIAType TpPYy30B C YYETOM CHEHUAIU3alud MOJBHKHOIO
coctaBa. MasTHUKOBBIE MapUIPyThl, OOCITY>KHBAIOIIME MOHOMOCTABIIHUKOB, Kak
MpaBuiIo, HE MOTYT OBITh CIUITAHUPOBAHBI KAaYECTBEHHO B paMKax OJHOW 3aJlauu
COBMECTHO C pallMOHAJIbHBIMU, TaK KaK OHM OLIEHUBAIOTCS C PA3IUYHBIX MMO3UIUN
U 10 pa3HbIM KputepusaMm. [lmaHupoBaHME TakUX MapUIPYTOB IeIecO00pa3HO
PacCMOTPETh KaK CaMOCTOATENIBHYIO 33/1a4y .

MasaTHuKOBOM  MapuipyTu3auded  OyJeM  Ha3blBaTb  IOCTPOECHHE
COBOKYIHOCTH MapUIPyTOB, 00ECIIEUMBAIOIINX BBIBO3 I'Py3a OT MOHONOCTABIIHMKA
0 33aJaHHOMY MHOXECTBY 3asBOK. lLlenpr0o MapmpyTu3amuu — SBISETCSA
OTpe/ieNIeHNe Yncia aBTOMOOUIIeH, HEOOXOAUMBIX JUIsS BBIIIOJIHEHUS! BCEX 3asBOK,
Y COCTaBJICHUE JUISl KaXKJOIO0 M3 HHUX CMEHHO-CYTOYHOTO 3a/JIaHMs C YKa3aHUEM
MTOCJIEA0BATEIBHOCTH TPYKEHBIX €3/10K.

3amauyn MasTHUKOBOM MaplIpyTH3alldd, HECMOTPS Ha MPOCTOTY OOIIeH
(GOpMYIMPOBKM, MMEIOT PAa3IMYHbIE BapUAHTHl TOCTAHOBKU. DTO OOBICHSIETCS
pa3HoOOOpa3ueM YCIOBHM TPAHCIIOPTHOIO MpoOIecca, KOTOPhIE B TOM WIIM HWHOMU
CUTYyallUl CTAHOBSATCS OIpPEACNAIONMME (pakTopamMu. BriusHue ycnoBuii Ha
XapakTep IJIaHUPOBAHMUS UMEET MECTO HE TOJIbKO MPU MAsATHUKOBBIX, HO U MpHU
KOJIBLEBbIX MapupyTax. OJHAKO KOJIbLIEBash MaplIpyTH3aLus SIBISIETCS YaCTHOU
3a/1a4ell TUIAaHUPOBAHUA MEPEBO30K, HAITPABJIECHHON HA YJIYYIIEHUE €AUHCTBEHHOTO
nokaszarens - Kod(d@uirMeHTa UCIMONb30BaHUs Mpodera. DTa 1elb KOJbIEBOU
MapHIpyTHU3alud JOMUHHUPYET B JHOOBIX MOCTAHOBKAX M MO3TOMY HE MOPOXKIAET
uX pa3HooOpa3us. MasgTHUKOBBIE MEPEBO3KHU IMPEACTABIAIOT Hanuboiee MacCOBBIC
TPaHCHOPTHBIE Mporecchl. [103TOMy MMEHHO B HUX MPOSBISIOTCS pa3In4YHbIC

(bakTophI, MPUCYIITHE ABTOMOOMIILHBIM TIEPEBO3KAM.
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[Ipu cocTaBieHUU MasTHUKOBOTO MapiipyTa npobdiema BbIOOpa ' BO3HUKAET
TOJNIBKO B TYHKTe mOrpy3ku. Kaxnaeni pa3, Korga MOPOXKHHUNA aBTOMOOHIIb
BO3BpALAETCA OT IPY30I0JydaTessi U €ro CMEHHOE BpeMsl €Ile HE HMCYEPIIAHO,
TpeOyeTcss Ha3HAUYUTh OYEPEAHYIO TPYXKEHYI0 e31Ky. Ecnu BpemeHa pencoB K
pa3HbIM TMOJIyYaTENIM CHJIBHO OTJIMYAlOTCA JpYr OT Jpyra, BbIOOp BapHaHTa
MPOJOJDKEHUs pabdOThl B  MapuIpyTe€ aBTOMOOWJISA CYIIECTBEHHO BJIMSET Ha
KaueCTBO BCEro MapuipyTa B LeJioM. Eciaum ke moiiyyaTenu ynajieHbl OT IyHKTa
NOTPY3KH TOYTH OJIMHAKOBO U MPOJOJKUTENIBHOCTH BCEX PEMCOB OJIM3KU K
CpEIHEMY, TO aJbTEPHATHBHBIX BapUaHTOB B BBHIOOpPE OYEPEIHON €30KHA 110
CyILIECTBY HET. Bonpoc NuIlb B TOM - UMEETCS JIM MOJIHASI TApTUs Ipy3a B TOT WU
WHOU ITyHKT JIOCTaBKH.

DT0, B CBOIO O4YE€penb, 3aBUCUT OT TOT0, CKOJBKO OBLIO 3asBICHO Ipy3a
BCEr0, CKOJBKO YK€ BKIIYEHO B JIOCTABKY JpyruMHu wmapupyramu. Eciu
IOJABW)KHOM  COCTaB, KOTOPBIM MbI  pacrojaraéM, HMEET OJUHAKOBYIO
IrPY30BMECTUMOCTb, 00BbEM 3asBKM C CaMOI'0 Hayaja MOXHO IMEPEBECTU B LEJI0E
yucno maptuid. [Ipyw pasHbIX Ipy30BMECTHMOCTSX IOJBHXKHOTO COCTaBa 3TOTO
3apaHee clIeNaTh Helb34, TaK KaK Mbl HE 3HA€M, KAKU€ UMEHHO aBTOMOOWIH OyAyT
00CIy’KMBaTh JTAHHYIO 3asBKY. B HEKOTOpBIX ciydasx NpoOiieMa KOMIUIEKTALUH
napTUM ¥ BbIOOpa MOJBMXXHOTO COCTaBa SBJSIETCS pEIIAONIUM 3BEHOM B
COCTAaBJICHMM TUIaHa. BaxHbpiMH (akTopamMu, BIUSIONIMMUA Ha  XapakTep
MAapUIPYTU3ALHH, SBIKOTCS TAKXKE ONPAHUYEHUsS MOIMHOCTU IOrPY30YHBIX
MEXaHU3MOB, HEOOXOAMMOCTh JIOCTaBKH TIpy3a B 3a/laHHOE BpEMs, BPEMEHHBIN
ne(UUUT TMOABMKHOTO cocTtaBa U T. MH. IIpu MOCTaHOBKE KOHKPETHBIX 3aaad
OOBIYHO YYUTHIBAIOT HAHOO0JIEE€ CYIIECTBEHHBIE TPAKTOPHI.

[locTpoeHre yHUBEpPCAIBHOM MATEMAaTHYECKOM MOAEIA MASTHUKOBOU
MAapUIPYTU3aLIUU HUMEET CMBICI TOJBKO B METOJAMYECKOM IUIAHE, TAK KaK €€
IPAKTUYECKasl pealn3alusl sBJISECTCS BeCbMa CIOXKHOW W TPYAHOUW U3-3a
OTCYTCTBUSI UH(POPMAITUU ISl BCETO MHOTO00pa3usl YCIOBUA.

He Oyaem cTpouth yHHBEpCalbHYI0 MoOJeidb. BwmecTo Hee BBenem
HEKOTOPYIO KJaccu(UKaluMio, KOTOpas TMO3BOJUT B JalbHEHIIEM OTpa3uTh
pa3HooOpa3re U CIOKHOCTh 3aay, a TaK)Ke HAMETUTh KOHCTPYKTUBHBIE MOIXO/IbI
K WX pernieHuto. B ocHOBY Tako# kiaccuUKAIMK MOJI0KEHA CUCTEMa TIPU3HAKOB.
[Ipouecc mmaHUpOBaHHUS MAPLUIPYTOB MOXHO pacCMaTpyuBaTh KakK COCIMHEHUE
UMEIOIIHUXCS PECYPCOB C 3aKa3aHHOM TPAHCIIOPTHOM pabOTOM C y4eTOM JTUHAMHUKHU
ec BbINIONHEHUA. [lepBas rpynmna npu3HAKOB XapaKTEpU3yeT BApUAHTHI 3aJaHUS.
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[Ipu3Haku 3TOM IpyNIibl, YKa3bIBAIOT Ha HATMYHME )KECTKUX TPEOOBaHUH 10 00beMY
BbIBO3a Ipy3a U Ha CTENEHb pa3HOOOpa3us B 3aTpaTax BPEMEHU HA BBINOJHEHHE
OTJIEIBHBIX 3asBOK. BTOpas rpymnma nprusHakoB XapakTepusyeT pecypcebl. [IpuzHak
OINpPENENSIET CBOOOITHOE YCTAHOBJIEHHUE MPOJIOJKUTEILHOCTH MapuIpyToB. TpeThs
rpyIIia MPU3HAKOB XapaKTepU3yeT JUHAMHUKY MPOLEecca NEPEBO3OK.

Cratuueckue 3a1a4u

PaccmoTpum  kiacchl  3ajady, B KOTOpPBIX TE€pBbIE YEThIpE MpPHU3HAKA
JTOMUHUPYIOT, a MOCIEAHUE MOXHO CYUTATh BTOPOCTENIEHHBIMHU. JTO CUTYallUu, B
KOTOpPBIX (POHT TOTPY3KHM HEOTPAaHWYEH W MOMEHTHI JIOCTaBKU TIpy3a
noTpeduTensiM He yka3zaHbl. Ha3zoBeM Takue 3ajaud CTaTUYECKMMHU 3a/ladyaMu
MasTHUKOBOW Mapuipytuzanuu. B o0mieil mocraHoBke OyneM mpeanosaraTh
HaJIM4YME BCEX OCTaJbHBIX YETHIPEX NPU3HAKOB. B 3TOM Kiacce OZHOBPEMEHHO
penaroTcs BOIPOCH! PALMOHAIIBHOTO COU3MEPEHMSI ITPOIOJKUTEIBHOCTH PEMCOB B
MapuIpyTe ¢ HOPMAaTUBHON NPOAOKUTEIBHOCTBIO CMEHBI U I'PY30BMECTUMOCTHU
aBTOMOOUIIEN C 00BEMOM 3aBKHU.

MapuipyToM aBTOMOOMIISI HA30BEM MOCIIEOBATEIBHOCTh HOMEPOB 3asBOK.
Homepa 3asiBok MOryT MOBTOpSAThCA B OJHOM Mapuipyte.  COBOKYNHOCTb
3HAYEHUN 3asBOK MOJHOCTBIO OINpPEAENSIET COCTaB MapIIpyTa, 3a HCKIOYEHUEM
IOCJIEZIOBATEILHOCTY  BBIMIOJHEHUs] pelicoB. B cratmyeckux 3amadax 9Ta
NOCJIEIOBATEIbHOCTh HECYHIECTBEHHA M MOXET BBIOMPAThCA IMPOU3BOJIBHOM.
[ToaToMy MapiipyToM aBTOMOOWJISI MOKHO Ha3bIBaTh CTOJIOEI] MATPHUIIbI. a cama
3Ta MaTpUlla SBJIAETCA IJJAHOM MapUIPyTU3ALMH.

[TpunTO BpeMs U3MEPSTh B 4acax, IPy30BMECTUMOCTh - B TOHHAX, 00BEMBI
pabot - B TOHHO-4yacax. CyMMy TOHHO-4YacoOB B IUJIaHE MapUIPyTHU3alUd HAa30BEM
3ampavenHol pabomoti. BenmnunHa oOmieit paboThl MOXET OBITH BBIpaXKEHa Kak
CyMMapHasl XapaKTepUCTHUKa 3asBOK WM MapuIpyTOB, YTO B KOHEYHOM HTOTE
HKBUBAJICHTHO. BakHBIM TMOKa3aTeneM IulaHa SBISETCS paboTa, BHITIOJIHEHHAS B
paMKax HOPMAaTUBHOM MPOJOJKUTENILHOCTH CMEHbl. PaboTa B mpenenax CMEHbI
paBHa 3aTpayeHHON padoTe 3a BHIYETOM CyMMapHOW NepepadoTKu B TOHHO-YACAX.
BrlinonHeHHyo paboTy HE0OX0AUMO COTOCTaBIIATh HE TOJBKO C 3aTPau€HHOM, HO
U ¢ 00IKUM 00BEMOM PabOTHI MO 3asIBKaM.

BrinonHeHHyt0 paboTy MOKHO BBIPAa3UTh 4Y€pe3 3asBICHHYIO 32 BBIUYETOM
o0IIero HeJOBbIBO3a B TOHHO-uacax: COOTBETCTBEHHO paboTa B Mpeeinax CMEHbI

paBHa pecypcy 0e3 0011eit HeTopadOTKH:
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Jlist mokasatenield KayecTBa IJIaHAa BBEJEM ClieAyroniue Kod()QPUIUEHTHI:
WCITOJIb30BAHUS ITPY30I0ABbEMHOCTH, 00ECTIEUEHHUS IJIaHA PECYPCOM, BBIOJIHEHUS
3a51BOK, HCIIOJIb30BAaHUsI pecypca.

OnTUMalbHBIM TUTAHOM TEOPETUYECKH OYyJeM CUUTaTh Takoil, B KOTOPOM
obuuit ko durueHT 3PHEKTUBHOCTH TUTAHA MaKCUMaJieH. DTOT KO3(PHUIIUEHT
COOTHOCHUT KOHKPETHBIM IUIaH C HWACAIbHBIM M IOKAa3bIBAET, CKOJBKO Ha | T-u
JIOCTaBJICHHOTO Tpy3a TPaTUTCS TOHHO-YaCcOB MPEIOCTaBICHHOro pecypca. Bce
OTKJIOHEHUSI OT UACAIBHOIO IJIaHA MPUBOAAT K YMEHBIICHUIO COOTBETCTBYIOIIHUX
KOA(GUIIUEHTOB U K MPOTOPIIMOHATHFHOMY YMEHBIIIEHUIO 0011l 3 PEKTUBHOCTH.
JUis TpaKkTUYEeCKOTro TOCTPOCHUS IJIAHOB KpUTEpHil oOmiei 3dQexTuBHOCTH
UCIIOJIB30BaTh TPYJHO, MO3TOMY €ro MYJbTUILNIMKATUBHOE TPEJICTABICHUE
3aMEHAIOT aJAUTUBHBIM. CTENeHb OTKJIOHEHMs KO3((UIIMEHTOB KauecTBa IUIaHa
OT €IUHUIIBl MPEACTaBIAIOT COOON O00lIMe OTKIOHEHHUS IUIaHAa OT 3aJlaHHBIX
yCIOBUI 1O 00BEMY BBIBO3a U MPOJOJDKUTENBHOCTH cMeH. OOIIyl0 MOJelb
CTaTUYECKOM 3a/lay MasgTHHUKOBOW MaplIpyTH3alUd MOXKHO 3amucaTh B (opme
MUHUMH3ALUU JTUHEMHOW (YHKIHMH OT OTKJIOHEHUH: TpeOyeTcss HaWTH Iesble
HEOTPULIATEIIbHBIE  BEIWYMHBI ~MUHUMU3Mpylomme (ynkuuio. IlTpadnbie
KO3(PGULIMEHThl TO3BOJSAIOT MOAU(PUIIMPOBATH MOJEIb B 3aBUCUMOCTH OT
KOHKPETHBIX YCJIIOBH.

Hcnonbp30BaHue MPOCTEUIIMX MOJEIECH B 3BPUCTHUUYECKUX aJTOPUTMAX
MJIAHUPOBAHMUS

[Ipy aBTOMAaTU3MPOBAHHOM COCTaBJIEHUUM CMEHHO-CYTOUYHBIX 3aJaHUM
UCIIOJIB3YIOTCSL  OBPUCTHUYECKUE  QITOPUTMbI, B  KOTOPBIX MOJAEIHUPYIOTCS
npocreimme aercTBus aucnerdepa. CyTb MX COCTOMT B craenytomem. [lpu
COCTABJICHMH IUIAHA MapLIPYThl CTPOATCS MOcaeAoBaTesbHO. C KaXKIbIM IIArOM
MHOKECTBO 3asiBOK U aBTOMOOWJIEH, OCTaBIIMXCS [UIsl MaplIpyTU3allUH,
COKpAIllaeTcs; IOCTPOCHHBIE MapIIPYThl BKJIOYAIOTCS B IUIAH W Jaliee He
nepecMatpuBaroTcs. Bce 3BpHUCTHYECKHE alrOpUTMbI  OTJIMYAOTCS  OOJIBIION
CKOPOCTBIO PEIICHMS], YTO SIBJISIETCA UX BAXKHBIM JTOCTOMHCTBOM. K Hepoctatkam
MO>KHO OTHECTH OTCYTCTBHUE XOPOILIMX OLIEHOK OTKJIOHEHHMH IMOJYyYE€HHOTO IUIaHa
OT onTUMaNibHOTO. [Ipy CO3AaHUK IBPUCTUUECKUX AITOPUTMOB CTPOTO€ MOHSTHE
ONTUMAJIBHOTO IJIaHa BOOOIIE HE BBOAUTCS. Pa3Hble allrOPUTMBI OTIUYAIOTCS IPYT
OT Jpyra MpaBWJIaMy BbIOOpaA OYEPEIHON Mapbl OOBEKTOB «3asBKa - ABTOMOOHUIIB
Ui coelvHeHuss uX B MapupyT. OOBIUHO 3TH TMpaBuUiia PEATU3yIOT HEKHE

KpUTCpHUH, UMCIOIHUEC CMBICI TOJIBKO B JIOKAJIbHOM CUTYyalu. Ha IEPBBIX IIOpax
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KOHCTPYUPOBAaHUE MPAaBWI SBISJIOCh WHIUBUIYAIbHBIM TBOPYECTBOM aBTOpa
nporpaMmMel Ha OBM 1 oTpaxkaino ero rnpencTaBieHHe 0 KOHKPETHOM OOBEKTE.

[IpueMsl 1 paBuiIa, KOTOPbIE BKIFOYAIUCH B 3BPUCTUYECKUE aITOPUTMBbI HA
OCHOBE aHaiM3a (POpMaNbHBIX MOJEJEH, MOKHO pacCMaTpUBaTh Kak Ba)KHEHIIME
TUIIOBBIE CPEACTBA KOHCTPYMPOBAHUS, PAa3yMHO JOIOJIHSIONIME TBOPYECTBO
pa3pabotunkoB. PaccMoTpuM mpocTeille sKcTpeMajbHble MOJENH, KOTOphIE
MO>KHO HCIIOJIb30BaTh KaK THUIIOBBIE CPEJICTBA IMPHU PEIICHUU CTaTHYECKUX 3a]ad
Pa3IMYHBIX KIJIACCOB.

3aoaua ¢ omcymcmeuem paznooopazus. OKpPYriIuB B 3asBKaX KOJIMYECTBO
pPECYpCOB, 3aIaHHBIX B YUCJE €3/I0K, MOXKHO MPEICTABUTh IUIaH MApIIPYTU3AIUU B
BHJIE HEOTPULIATEIIBHOTO PEIICHUS CUCTEMBI YPABHEHUM. DTO YCIOBUS W3BECTHOU
HaM TPaHCIIOPTHOM 3a/1a4, KOTOPasi; BCETJa NMEET LIEJIOUMCIICHHBIN JOIYCTUMBII
wiad. Koaddunment >¢pGhekTUBHOCTH TUTaHa paBeH €IUHUIE, Tak Kak pabora
cOanaHcupoBaHa ¢ pecypcamu. lIpu nocTpoeHnu miaHa MOXKHO yYUTBIBATh JIpyrUe
KPUTEpPUHU KadyecTBa, HapUMEpP PaBHOMEPHOCTb PAacHpeleieHHUs] M0 MapuipyTam
YyuCla €3/10K B pa3HbIe ajpeca.

3aoaua ¢ nescecmrkumMu 3a0aHUAMUY HA 8b1603. 3ASIBKH MOJAHbI C HEKOTOPHIM
n30bITKOM. PeanbHblil KOA()(PUIIMEHT BBHITOJIHEHHS 3aBOK Mbl HE PACCMaTPUBAEM.
Y cTaHOBUM HEKOTOPBIE TPAHULIBI B BHIMOJIHEHUH 3asBOK, KOTOpPbIE OYJ€M CUUTATh
yIOBJIETBOPUTENIbHBIMH, M HaOepeM Hauboiee KayeCTBEHHbIE MapLIPYTHI,
OrpaHUYMBasl MPOAOKUTEIBHOCTh CMEHbl. Hawnyumme MapupyTbl MOYXKHO
CTpOUTH, pelIas 3a1ady o 3arpy3ke. Mbl MOXEM HCKaThb MapuIpyT, KOTOPBIA Ha
3aJJTaHHOM MHOYKECTBE 3afBOK MAaKCHUMaJbHO HCIHOJIBb3YET MPOAOKUTENBHOCTh
CMEHBbl. B anroputme mocTpoeHus IlaHa MOXHO IOCJIEI0BAaTEIbHO HaOUpaTh
MapuipyThl, OIPAHUYMBASI MHOXECTBO. 3asBKH, KOTOPBIE YK€ YIOBIECTBOPEHBI,
CJIEyET UCKIIIOYaTh U3 MHOXECTBA. VIHOTr1a BBOAST HEKHE MONPABKH, C TOMOILBIO
KOTOPBIX MOXHO 33JaBaTh IPEANOYTEHUS BHYTPU MHOXKECTBA 3asBOK.

3aoaua c nedscecmkou npoooaxcumenbHocmvlo cmeHvl. OHA CUMMETpUYHA
npeasiaymieid. [1ocKobKy MNpOOKUTEIBPHOCTh CMEHBI HE 3ajaHa, OyjaemM B
NEpPBYI0 OYepelb VYAOBIETBOPATh 3aiBKH, a MPOAODKUTEIBHOCTh palbOThI
YUUTHIBATh NPUOJIMKEHHO. Y CTAHOBUM TI'PAaHUILY BO3MOKHON HEJOTPY3KHU U OyJieM
MOCJIEOBATEIBHO U KaXkI0M 3aBKM HAOMpaATh KOMIUIEKT TPYy30-IIOAbEMHOCTEN
U3 4YWCIa UMEIIMXCS, pelas CclIeAyrllyr 3agady. Pemas 3Ty 3aaady

IIOCJIACAOBATCIbHO AJIA KEl)I(I[OfI 3as1BKU, 6yneM CTPOUTH MApHIPYThI MapaJJICIbHO.
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Ecnu HekoTOpblii aBTOMOOWIIb OKa3bIBAETCS JOCTATOYHO 3arpyEHHBIM, €ro
CHENYET UCKITIOUYHUThH U3 MHOKECTBA.

[Ipu peanuzanu MHOTMX 3BPHUCTHYECKHUX aJrOPUTMOB IpaBuia Habopa
MapuIpyToB  MPEACTaBIAIOT  COOOM  TOCJENOBATENbHYI0  KOMOWHAIIMIO
MpearnodYTeHuii b0 aBTOMOOWISAM, JMOO 3asgBKaM B 3aBUCHMOCTH  OT
COOTHOIIIEHUIH 00BEMOB PabOTHI U pecypcoB. B Takux anropuTmax mornepeMeHHO
BO3HUKAIOT PACCMOTPEHHBIE 3aJa4H, KOTOPBIE B MPOrpaMMax CMEHHO-CYTOYHOTO
IUTAaHUPOBAHUS TOUYHO HE peraroTcs. OObIYHO N1 HA0opa 3asiBOK B MAPUIPYT UITU
rPy30I0IbEMHOCTEN B 3asiBKY 3aJa0T JUANa30Hbl OTKJIOHEHUH M BCE BAPHUAHTHI,
YKIJIAIBIBAIOIIUECS B HUX, CUUTAIOTCS YAOBIECTBOPUTEILHBIMM.

Meton arperupoBaHus

OTKa3 OT TOUYHBIX METOJIOB PEIICHUS SKCTPEMAIBHBIX 33/1a4 IPOUCXOAUT IO
JIBYM IpuurHaM. llepBas COCTOMT B NIPOTrPECCUPYIOLIEM POCTE TPYIAOEMKOCTHU
TUX METOJOB TpPH YBEIWYEHUU 4YHUCJIAa pacCMaTpUBAaeMbIX OOBEKTOB. BTopas
MPUYAHA 3aKJII0YaeTCsi B HEHYKHOCTH TOYHBIX PEIICHUH, TOCKOJIbKY B
ONEPATHUBHBIX 33/1a4aX CaMH YCJIIOBHUA U LEIU ONPEACICHbl HETOYHO. TeM HE MeHee
KaTErOPUYECKUN OTKa3 OT UCIOJIb30BAHMS MATEMATHYECKUX IKCTPEMAIIBHBIX 3a71a4
Y TOYHBIX METOJIOB UX pElICHUs HE OMpaBJaH, TaK KaK HE BCEr/a 1eJecoo0pa3Ho ¢
YBEJIMYCHHEM 4YHCJIa pPacCMaTpUBAaEMbIX OOBEKTOB YBEIUYMBATH Ppa3Mephbl
MaTeMaThyeckux 3amgad. Kak mpaBumio, 3TH 3a/layu MOKHO COpPMYJIHpPOBaTH B
JIPYTUX TIOHSTHUAX, MPUBOAIIUX K PACCMOTPEHHUIO MEHBIIEro 4Yuciia 0O0BbEKTOB.
[IpakTUUEeCKUM CpPEICTBOM MOTYT CIY>KUTh Pa3IU4YHbIE METOAbl arperupOBaHMUS.
Ecnmu HeT TOYHBIX ONpENENCHW YCIOBUM W LEJIEeW 3aJad ONepaTUBHOIO
MJIAHUPOBAHUS, TO HET CMBICJIIA paccMaTpuBaTh MOJPOOHBIC BApUAHTHI IJIAHA.
bonee nenecooOpa3Ho HAWTH ONTUMAIBHBIA TUIAH B YKPYITHEHHBIX MMOKa3aTEsIX.
Meronbl arperupoBaHus SBISIIOTCS OCHOBHBIM HMHCTPYMEHTOM ITPEOJOJICHUS
CJI0’KHOCTH B HapOJHOXO35IMCTBEHHOM IUUJIAHUPOBAHUU HA BCEX YPOBHSAX, ITOITOMY
OBLIO OBl CTPAHHBIM HE MCIOJIL30BaTh X KaK TUIOBOUW MPHUEM MPHU PELICHUH 3a1a4
MIJIAHUPOBAHMUS TIEPEBO30K.

Uucno arperupoBaHHBIX 3aBOK HE MOXET OBITh BEJIMKO, TaK KaK BEJIMYMH,
KOTOpbIE HMMEET CMBICI pasjinyaTth, HE MOXET ObITh MHOTO. ABTOMOOWIIU
OOBEAUHSIOTCS B JBE TPYNNbl  (Hampumep, MO  TPYy30MOAbEMHOCTH).
Chopmynmupyem 3amady MapHIpyTH3alMM JJIs  arpeTUPOBAHHBIX OOBEKTOB.
ArperupoBaHHBIM MAapIIPYTOM Ha30BEM HAOOp IMENbIX HEOTPUIIATEIbHBIX

BCIIMYMH, PAaBHBIX YHCIY €310K IIO 3asBKC. B arperupoBaHHbIX MapHIpyTax HEC
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Oynem JomyckaTh IepepaboTKy, IOATOMY BBEIEM TMOHATHE JOMYCTUMOTO
MapHIpyTa 10 YCJIOBHIO MPOJOJLKATEIBHOCTH CMEHBI MapIIpyTa.

OnTuUMalnbHBIM IUJIAHOM arperdpoOBaHHOM 3a/Jayd HAa30BEM TaKoW Habop
IJlaHa 3asiBKAMH M PecypcaMu, MpU KOTOPOM OyAET BBINOJHEHAa MaKCHUMaJbHas
pabota

Ecnu mpeamnosioxkuTh, 4YTO peCypchl MPENOCTaBIEHbI B JOCTATOYHOM
KOJIMYECTBE, MMOATOMY MOTpedyeM 00s13aTeIbHOE BBHIIIOJIHEHHE BCEX 3asBOK. Torna
JUTSL OITUMM3AIMY TIJIaHa MOKHO MUHUMU3UPOBATH O0IIMI 00beM HeaopaboTku. B
pe3yapTaTe UMEEM 3a/1a4y JTMHEWHOTO IIPOrPAMMUPOBAHMSL:

HUcnons3yem  monydeHHBIM  pe3yJbTaT Uil  COCTABJEHHS  IJIaHA
Mappyrtuasanu. [Ipexe Bcero aesarperupyemM MapmpyThl ONTUMAJIBHOIO IUIAHA.
Jns  Kakzoro M3 HUX PpasfgeauM  MHTEHCUBHOCTH Ha COOTBETCTBYIOLIYIO
Ipy30MOJbEMHOCTh U OKPYIJIUM pe3ynbTarT A0 Omkaiimero nenoro. Ilomyunm
YHUCIO0 aBTOMOOWJIEH, HeoOXoaumoe i peanu3auuu Mmapupyta. PaccMoTpum
BHOBb Ta0JIUILy, CTPOKH KOTOPOH COOTBETCTBYIOT UCXOHBIM 3asBKaM, a CTOJIOLBI -
aBTOMOOWJISIM, PEANM3YIONIMM  ONTHUMAaJbHbIE AarperupoBaHHbBIE  MapLIPYTHI.
Ctpoku u CTONOIBI TAOMUIBI PA3LAEIUM SKUPHBIMU JIMHUAMH TakuM o0OpazoM,
YTOOBI MOJIYYUTh TAOJIMYHOE MPEACTABICHHE arperupoBaHHON 3amaud. Kaxabii
3JIEMEHTApHbIN CTOJ0EL TaOJUIBl BXOJAUT B OJMH U3 CTOJIOLOB arperupoBaHHOIO
MapuIpyTa, a 3JIEMEHTApHAs CTPOKA - B CTPOKY arperupoOBAHHOM 3asBKH.

DJieMEeHTapHbIe KJIETKH , TPeIHA3HAUYCHHBIC [1JIs 3alMUCH 3HAYEHU, BXOJAT B
arperupoBaHHbIC KIETKH, JI1 KOTOPBIX U3BECTHBI 3HAYEHUS ONTUMAJIBHOTO IUIAHA.
[Ipu cocraBieHMH MJIaHa HEOOXOJMMO JIMIIb COOJIIOAATHh MpaBUJIA 3aMOJTHEHUS
KOJIOHOK B MPEJEax OJHOW arperupoOBaHHOM 3asiBKHU. Takoil mpoCTEHIIN METOA
3allOJIHEHUsI TaOJMLbl Jajd pe3yibTaTbl, KOTOPbIE HE XYyXe AUCIETYEPCKOro
peuieHus. B panpHEWmeM mnocjie noicyera 3HA4YE€HUH MOYKHO IMPOBECTH ITPOCTHIC
M3MEHEHHUsI €3[I0K BHYTPU arperupoBaHHBIX 3asBOK, HaIlpaBJICHHbIE HA
BBIPDABHMBAHUE dTUX 3HAUCHUU. MTaK, 1 MOCTPOEHUS IIJIaHa HYKHO:

arperupoBaTh 3asBKU U PECYPCHI;

HaWTH ONTUMAJIbHBIE arPErUPOBAHHBIE MAPIIPYTHI;

N€3arperupoBaTh 3TU MAPLIPYTHI B dJIEMEHTAPHBIC;

YAOBJIETBOPUTH  MCXOIHBIE  3asBKM C  IIOMOLIBIO  COBOKYITHOCTH
J1€3arperMpOBAaHHbBIX MApILIPYTOB.

[Ipu 3TOM I ONTUMH3ALMK ArperupOBAaHHOrO IUJIAHA PEIIAETCS: 3ajada

JIMHEMHOI0 IPOrPAMMHUPOBAHUS MAJIOrO pa3Mepa, MO KpallHed Mepe C MaJlbIM



84

gucioM CTpok. Ilocne ee pemieHHs MCXOAHAs 3a7ada CBOAUTCS K HECKOJIbKHAM
3aja4aM OoJiee MPOCTOrO Kjacca M B KaXAOW M3 TAKMX 3alad 4YHCIO 3asBOK
CYLLECTBEHHO MEHBIIIE, YeM B UCXOJIHOM. TakuM oOpa3om, METOJ arperupOBaAHUS
IPUBOJNUT K JEKOMITO3ULMOHHON CXEME pEeLIeHHUs MPOOJIEMBI: M IMO3BOJSET MPHU
YBEIMYEHUHU 4YHCJIA 3asBOK Ha TOPSANOK MEUICHHEE YBEIWYUBATH Pa3MEphI
DKCTPEMAJIbHBIX 33/1a4.

[IpyueM, BO3MOXKHOCTH CYIIECTBOBaHHUS OOJIBLIOTO YHUCJA JOMYCTUMBIX
MapuipyToB B arperupoBaHHOM 3aJade HE SBICTCS; NPENSATCTBUEM IS
IIPUMEHEHUS ONMCaHHOM cxembl. Ilpm  pemeHun; 3amayd  JIMHEHHOTO
IpOrpaMMHUPOBAaHUSA HE HYXHO 3apaHee (OpPMHUPOBATh BCE JOMYCTHMbIC
MapmipyThl, JOCTaTOYHO B MPOLECCE PEIIEHUS XPAaHUTh TOJIBKO Oa3HCHBIE,
UMEIOLINE HEHYJIEBYI0 MHTEHCUBHOCTh. UHca0 Oa3MCHBIX MapHIpyTOB HE Oyner
peBbIIIaTh OOIIEr0 KOJIMYECTBA arperMpoOBaHHBIX 3agBOK M PECYPCHBIX TPYIMIL.
Jljis IpoBEepKU yCIIOBUM ONTUMAJIbHOCTU NPUMEHSAETCA MPHEM - CHOpMyIHpyeM
3a/1a49y OTBICKaHHSI HOBOTO JOIIYCTUMOTO MapIIPYyTa, MAKCUMAIBHO YIy4YIIAOIIETO
TEKyUIUI Oa3UCHBIN MJIaH.

JUist pUKCHpPOBAaHHOTO, B CUITy HEOOJIBILIOTO YKCIIa arperMPOBAHHBIX 3aSBOK
3a1ady  MOXKHO  pemarb ¢ HOMOWIBK  alrOpuTMa  JUHAMHYECKOIO
nporpaMMupoBaHus. TakuM o00pa3oM, arperupoBaHHE IO3BOJISIET B IpoLEcce
JIEKOMIIO3ULIMM MCIIOIb30BaTh MAaTEMAaTUYECKYK0 MOJEIb IIPOCTOro Kiacca 3aziad,
COXPAaHHUB €€ MaJble pa3Mephl.

AJTOpPUTM COCTaBIIEHHSI HEPEPBIBHOTO rpaduka

B kauectBe mpuMepa 3ajauM  C y4YETOM JAUHAMHKM PACCMOTPUM
IJJAHUPOBAHUE MASTHUKOBBIX MAapUIPyTOB B CHTyallHMH, KOTJA NPOIyCKHas
CHOCOOHOCTh IYHKTa MOTPY3KM CYLIECTBEHHO oOrpaHuueHa. J[is ympouieHus
IPEACTaBUM IYHKT IOIPY3KHM B BHUJE MOrPY30YHOIO MEXaHHW3Ma, KOTOPOMY Ha
HOTPY3Ky OJIHOTO aBTOMOOWIsS TpeOyercst Bpemsi. MakcumasnbHas MPOIyCKHast
CIIOCOOHOCTh IMYyHKTA JOCTUIaeTCsd B TOM CIIydae, €ClIM MOrPY304YHBI MEXaHWU3M
paboraer HempepbiBHO. Torma aBTOMOOMIM MOTYT OTHPABISITBCS B PEUCHl C
MaKCUMAaJIbHBIM TEMIIOM.

Cdopmynupyem mpocTerinyto 3a/1aqy, B KOTOPOH MyHKT MOTPY3KHU SIBIISAETCS
«y3kuM  Mmectom».  Ilepmon  maHWpoBaHHMS ~— NPEACTaBUM B BUJE
IIOCJIEA0BATEILHOCTH MOMEHTOB BPEMEHH, CIEAYIOUIUX Yepe3 OINpEeIeIICHHbIN
UHTEpBal1. B KaXapli MOMEHT BpPEMEHH IOJ IOTpy3Ky MOXET BCTaTb OJUH

aBTOMOOMIIB. By,)ICM cyuTaTrb, 4YTO C 3TOI'0O MOMCHTA 1 HCEIr0 HAYUHACTCA
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ouepenHOM peiic. Bce BpeMeHHbIE MHTEPBabl, B YACTHOCTA BPEMS BBINIOJIHEHUS
pENCOB, HM3MEPSIIOTCSA B YKCIIE TAKTOB. B OoNTHUManbHOM BapuaHTE OTIPABIICHUS B
pPENChl JOJDKHBI NPOMCXOJMTh B KaXKIbIM MOMEHT BpeMeHM. B 3TOoM ciyuae
NOTPY30YHBIA MeXaHU3M OyAeT paboTaTh O€3 MPOCTOEB, U BCE OTNPABIICHUA OyaAyT
BBIIIOJIHEHBI 34 HECKOJBKO TMEpPBBIX TaKTOB. B03MOXHOCTH oOpraHu3aluu
HEIPEPHIBHON pabOTHI 3aBUCAT OT HAJIMYMS aBTOMOOWIEH. B ciydae ux aedunura
BO3HHMKHYT MPOCTOM TMOrpy304HOro mexanusMma. [lpum u30biTke aBTOMOOUIIEH
o0ecreuynBaeTcsl HEMPEPHIBHOCTh TMOTPY3KHU, OJHAKO TMPU 3TOM BO3HUKAIOT
MPOCTOM aBTOMOOWIIEH. PaccMOTpUM COBOKYNMHOCTh M3 BOCBMHU OJMHAKOBBIX
3asIBOK C BpeMeHEM 000pOTa, paBHBIM YETBIPEM TAKTAM.

OueBugHO, uTO Tpaduku padOTBl aBTOMOOWUJTIEH C€ MPOCTOAMH -
HEYJOBJIETBOPUTENbHBL. B npanmpHeiimem OyneM  paccMaTpuBaTh — TOJIBKO
HENpEephIBHbIE TpaQUKU, B KOTOPBIX M TOTPY30UHBIA MEXaHU3M, U KaxAbld
aBTOMOOWJIb B TE€UEHHE CMEHBI pabOTarOT HENpephIBHO. B HenpepbIBHOM rpaduke
aBTOMOOWJIM HE UMEIOT MPOCTOEB MEXKIY €3/1IKaMH, U BCE MOTEPHU BPEMEHHU B IJIaHE
CKJIAJbIBAIOTCA W3 OXHUIAHMUS TEPBBIX IOIPY30K U CBOOOJHOIO BPEMEHH,
OCTaBIIErocsi J0-KOHIAa CMEHbl. Eciu mnpu Halmuuuu aBTOMOOWIEH BCe OHU
OTIPABISIIOTCS. B PEUCHl B TEUYEHHE IMEPBBIX TAKTOB, TO OXHUAAHUS MEPBBIX
NOTPY30K MOXHO HE YYMTHIBaTh, HOO B 3TOM Cilydae OHU OOBEKTHUBHBI. bynem
paccMaTpuBaTh TOJBKO Takue Ipaduku, B KOTOPBIX Cpa3y BBIIYCKalOTCS BCE
aBromoOunu. Torma Hajmo OyAeT YYUTHIBAThH JIUIIL CBOOOJHOE BpeMs O KOHIA
cMeHbl. Ecian aBTOMOOMIIb 3aKaHUMBAET MOCJENHION €3]IKY paHbIle HEKOTOPOro
TaKTa, TO OH OKa3bIBaeTcsid HeoOecrneueHHbIM paboTol. [loaToMy ocTaBumiics
MHTEPBAJ MOXXHO MHTEPIIPETUPOBATH KaK 0’KMIaHUE KOHIIA CMEHBI.

HenpepoiBHbIN rpadguk OyneT ONTUMAIbHBIM, €CJIM B HEM BCE aBTOMOOWIIH
3aBepuIalOT pabOTy HE paHblIe HEKOTOporo Takrta. IlocTpoeHue onTUManbHOIO
rpaduka - 3aa4a BechbMa Ci0XkHas. Ero jgerko mocTpouTh TOJBKO B TOM Ciyyae,
€CJIM BpEMs BCEX PEICOB OAMHAKOBO, YTO MOKET OBITh MPHU BBIBO3E I'Py3a OJHOMY
NOTPEOUTENIO.

[Ipy HaIMYMK HECKONBKUX MNOTpeOUTeNel BpeMEHa pEeicoB MPUHUMAIOT
pa3nvyYHbIC 3HAYEHUS, U 3aJa4ya CYLIECTBEHHO ycloxHsAETCs. C OJHONH CTOpPOHBI,
HET HUKAKWX TapaHTUH, YTO ONTUMAJBHBIN TpaduK CymecTBYeT i JIF0OOU
COBOKYIHOCTH 3asiBOK, a C JPYTOM - BO3HUKAIOT CHUTyallMH, KOTJa €ro MOKHO
IOCTPOUTHh C pa3HbIM 4YHUCJIOM aBToMoOuieil. Takum oOpa3oM, TOHATHE

OIITUMAJIBHOI'O rpag’ppma HE BCCraa COOTBCTCTBYCT HUCIIOJIB30BaHHUIO
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MUHUMAJIBHOTO YHCIa aBTOMOOWIEH. B CBsI3M ¢ 3THM BMECTO MOCTPOCHHUS
ONTUMAJIBHOTO TpaduKa IeJIeco00pa3HO pemaTh HECKOJBKO HWHYIO 3aaady, a
UMEHHO - CTPOUTH HETPEPHIBHBINA IpaduK ¢ HAMMEHBIIINM YHCIOM aBTOMOOWIICH.
Takass 3amaua OoJyiee TEPCIIEKTUBHA €II€ W IMOTOMY, YTO BCETJa CYIIECTBYIOT
HEIpephIBHBIE Tpa)UKU M HE BCET/a ONTHMAJIbHBIC. TOYHOE pelieHue 3a7adyu O
HAaUMEHBIIIEM YHCIIE aBTOMOOWIJICH, OOECTeUnBAOIIEM HE-TIPEPHIBHBIA Tpaduk,
TpeOyeT mepedopa 04eHb OOJBIIOrO YKCia BAPUAHTOB, MOATOMY IS €€ PEIICHUS
UCTIONIB3YETCsI MPUOINKCHHBINA METOI.

OO6mrast cxema permreHus ciaeayronias. DUKCUpyeTcss HEKOTOpoe 3HAYCHUE, a
3aTeM JIeJIaeTCsl TIOMBITKA TIOCTPOUTh HENpephiBHBIA Tpaduk. Ecmm onHa
3aBEpINACTCS YCIENIHO, TO BBIOPAHHOE 3HAYCHUE CUYUTACTCS JIOMYCTHMBIM.
[TocnenoBarenbHO yYMEHbBINAs 3HAYEHUS W TMPOBOAS IS KaXJAOTOo 3HAYEHUS
nocTpoeHue rpaduka, MOJTydUM HAMMEHbBIIEE JOMYyCTUMOE YUCIO aBTOMOOWIIEH.
[Ipu moctpoenun rpaduka Bce BO3MOKHBIC BapUaHThl HE MEepeOUparoTCs, METO
OKa3bIBaeTCA MPUOMMKEHHBIM. [Ipy KOHCTPYHpPOBaHWUM KOHKPETHBIX METOOB
BOKHO IO BO3MOXKHOCTH COKPATHUTh YHCIIO TOMBITOK, T. €. HAaWTH Cpa3y Majoe
JOTYCTUMOE KOJTMYECTBO aBTOMOOHIICH.

BrionmHe ymoBIeTBOPUTENBHBIE PE3YIBTaThl MOTYT OBITH MOJIYYCHBI, KOTAa
JOMTYCTUMOE 3HAauY€HHE ONpEeNesieTcss Ha OCHOBe OanaHca oOmiero obbema
3asiBJICHHOW paboThl M OOIIEH MPOU3BOJAUTEILHOCTH BBIJCISIEMBIX PECYPCOB
MOJIBMYKHOTO COCTaBA.

[lepeiizem K aiaroputMmy MNOCTPOCHMSI HENpepblBHOrO rpaduka. Beenem
dbopMy TpencTaBICHUS HWCXOMHBIX JaHHBIX M camoro rpaduka. McxomaeiMu
JAHHBIMH ~ SIBIIICTCS  TIOCIICIOBATEIPHOCTh BPEMEHHU  BBITIOJIHCHHSI  PEHCOB,
3amurcaHHas B MOPSAKE HOMEPOB 3asBOK. [ 'paduk Oyaem 3anuchiBaTh B MAaTPUYHON
dbopme. CTpoka MaTPHUIILI COOTBETCTBYIOT aBTOMOOWIISIM, CTOJOIBI - MOMEHTaM
Bpemenu. I[lpu moctpoenun rpaduka OyaeM OOBOJIUTH HYKHBIC JIIEMEHTHI
MaTpuIlel. [IepBbIi d7eMEHT CTpOKHM Bcernga Hyiab. Hynmu ciemyroT A0 TepBOTO
MMOMEYCHHOTO 3JIEMEHTA, KOTOPBIA SIBJISCTCS HAdaJoOM IIEPBOM: €31KH JaHHOTO
aBTOMOOWJISA. 3a TIOMEYCHHBIM DJJIEMEHTOM CJICIYIOT YHCIIA, OTCUUTBHIBAIOIIUE
TaKThl C MOMEHTa BbIX0/1a aBTOMOOWIS B. peiic. [locnennee Takoe yucio, paBHOE
MPOJIOJDKUTEILHOCTH peiica, momedeHo. [Ipu 3ToM TOMeTKa COOTBETCTBYET
3aBEPIICHUIO IAHHOTO peiica  Hadaly CIeAYIOIIETO.

AJTOopuTM MOCTpOoeHus rpadka COCTOUT B TIOCIIEOBATEIIHHOM 3aMIOJTHCHUH

CTOJIOLIOB MAaTpHUIlbl B TMOpSAKE Bo3pacTaHuss ux HoMepoB. I[lockoybKy Bce
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aBTOMOOMJIM JTOJIKHBI OBITh BBINYIIEHBI B HayajbHbIE TAKThl, IEPBbIE HECKOJIBKO
CTOJIOIIOB BMECTE CO CBOMMH IMOMETKAMHM 3alUCBIBAOTCS cTaHAapTHO. C 3TOro u
HauMHaeTcs pabota anroputMma. HikHsst rpada moka He 3amoiaHsIeTcs, Tak Kak Mbl
HE 3HaeM, Korja 3aBepmiarcs peiicel. Hipknsst rpada 3amonHsieTcss mpu
3aKpEIIEHUH PECOB-3asBOK 3a aBToMOOMWIsIMU. [Ipu 3amucu ouepeqHoro Homepa
3adBKM B HIDKHIOO rpady OyneM BBIYEPKUBATh OTy 3asiBKy M3 HCXOJIHOU
COBOKYITHOCTH.

[Tocne Toro xak crosder] 3al0JHEH, B HEM HEOOXOAUMO CAENaTh IOMETKY.
3Ha4YeHHs BJEMEHTOB CTOJOLA - 3TO BpPEMS HAXOXIAEHUS BCEX aBTOMOOWIIEH B
OyTH K TEKylleMy MOMEHTy BpeMeHHu. [lomeuass siaemeHT, Mbl (haKTHUECKU
BBIOMpAaeM M3 BCEX aBTOMOOWJIEW OJIMH, KOTOPBIA JOJKEH 3aKOHUUTh pEUc B
JAHHBII MOMEHT, IPX 3TOM 3HAYEHUE MIOMEUEHHOTO 3JIEMEHTA JIOJDKHO PABHATHCS
IIPOJOJDKUTEIBHOCTH 3aBepiraeMoro perca. [loaromy nmomedarbs MOXHO TOJIBKO
TaKOW JJIEMEHT, 3HA4YCHUE KOTOPOIO COBHANAET C OJHMM M3 DIIEMEHTOB
COBOKYMHOCTU 3asBOK. Ilociie Toro kak cros0en MoMedYeH, COOTBETCTBYHOLIAs
3asiBKa CYMTAETCS BBINOJHEHHON. OHA BBIYEPKUBAETCSA U3 COBOKYITHOCTH 3asBOK, a
€€ HOMED 3aIMChIBAECTCA B HUKHIOIO Ipady MO NpeAblIylied MOMETKON B CTPOKE,
ABJIAIONICIICS HAYaJloM BBIIIOJIHEHHOro peiica. Ha »3tom  ¢dopmupoBanue
OYEpeTHOro CTOJOLA 3aKkaHyMBaeTcs. B mpaBodl yacTu TaOIMIBI 3alKMCAHbI
COCTOSIHAA HMCXOJHOW COBOKYNHOCTM 3asBOK. 3asBKa, 3akpervisiemas 3a
aBTOMOOMJIEM Ha JaHHOM Iare, noMmevaercs. B ganpHeliieM oHa UCKIIOYaeTCs U3
paccMOTpeHus. B HCXOAHOM COCTOSSHUM TpU aBTOMOOWJIS y>K€ OTIPABIICHBI B
pEUChl, OJTHAKO BCE BOCEMb 3asBOK €IIE€ HE 3aKperuieHsl. Jlanmee, mpu Kaxmou
MOMETKE OJIHA 3asiBKa 3aKpEeIUIsjach, U OJJUH aBTOMOOMJIb CHOBA CTAHOBUJICS TOJI
norpy3ky. llocime BBINOJHEHUS NATH IIAroB OCTAJUCh HE3AKPEIIEHHBIMU TPH
3a8BKM, M OJIHOBPEMEHHO TpU AaBTOMOOMWJIS Ha3HA4Y€Hbl HA TIOTPY3KYy IHepen
nocyieqHuMU  e3akaMi. OCTalloCh IPOU3BECTH IOCIEAHME TPHU 3aKpEIICHUS,
KOTOPBIE LIEECO00Pa3HO BBIOJIHUTH TaK, YTOOBI BBIPOBHATH MPOAOHKUTEIIBHOCTh
CMEH aBTOMOOUJIEH.

W3 omnucanus anropurMma ClEAyeT, YTO TMpPHU BBIIOJHEHUU OYEPEIHOIO
3aKpEIJICHUS] 3JIEMEHTHI, TOMEYaeMbI€ B CTOJIOIE U B COBOKYIMHOCTH OCTaBILIUXCS
3as1BOK, JIOJKHBI ObITh paBHBI. OUEBUIHO, HEMPEPHIBHBIN IpaK MOXKHO OCTPOUTD
TOJIBKO B TOM CJIy4ae, €CJIM Ha Ka)KJIOM IIare ajJropuTMa NMeeTcsl MOAXOAAIas napa

paBHBIX 2JIEMEHTOB. B 00111eM cilydae HUKaKUX rapaHTHil 3TOMY HET.
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MoHO chopMyaMpOBaTh CIEAYIOUIUE YCIOBHS, IPU KOTOPHIX MOCTPOEHUE
HEMPEPHIBHOTO Irparka ¢ MOMOIIBIO OMMMCAHHOTO aJrOpUTMa rapaHTUPOBAHO: €CIU
YHCIO0 aBTOMOOWIJIEH, Ui KOTOPBIX COCTaBIsieTCS TpadukK, HE MEHbIIE CpenHei
IPOJOJDKUTENBHOCTH pelica, W MpU BBHINOJIHEHHH IlIara IOMEYaeTcs mapa c
MaKCHUMaJIbHO BO3MOKHBIM 3HAUYE€HUEM, TO Hapbl PaBHBIX 3JEMEHTOB CYIIECTBYIOT
JUIS BCEX; CTOJIOLOB.

Taxkum 00pa3om, Bcerga MOKHO IOCTPOUTH MEPBbIM BapUAHT HETIPEPHIBHOIO
rpaduka. i 3TOro JOCTaTOYHO YMUCIO CTPOK: B MAaTPULE YCTAHOBUTH PaBHBIM;
CpeOHEMY BpPEMEHH peiica, OKpYIJE€HHOMY B OOJIbIIYyI0 CTOpPOHY,, a MpHU
paccTaHOBKE IMOMETOK BBIOMpATh HAWOOJBIIWK 37IeMeHT-cTonona. Jlamee MOXHO
MOBTOPSATH MPOLIECC, YMEHbIIAS KaXK/IbIi pa3 4MCIO CTPOK HA €IMHUILY, 10 TEX MOp,
10Ka He BO3HUKHET KoJuin3us. [locneaHnii mocTpoeHHBIN 10 KOHIIA Tpa(UK MOKHO
CUMTATh PELICHUEM 33/1a4U.

IIpocToTa ONMMCAHHOTO AITOPUTMA JIETAET €r0 IPUMEHUMBIM B OIEPATHUBHBIX
yCIOBHSIX IIpU oTCyTcTBUM OBM. IIpu 3TOM yIpolIeHHAas: MOCTaHOBKA 3a/1a4dl HE
ABJISIETCS IPEMATCTBUEM, TaK KaK OHa OPHUEHTHPOBAHA HA arperupOBaHHbBIN MOAXO/I.
Hcnone3yemple B 3aJade peicbl M TaKThl IOTPY3KH SBISIOTCA YCIOBHBIMU
NOHATHSIMM, B  KOHKPETHOM  CHUTyallUhW OHM  MOTYT  COOTBETCTBOBATH
arperupoBaHHBIM OOBEKTaM.

Ha npaktuke 3amady cocTaBiieHMs rpaduka IeaecooOpa3HO peuiarh B
YKpyHHEHHOM Macuitabe. [IpogomKkuTenbHOCTh OJTHOTO TaKTa BBIOMpAETCsl HE Ha
OCHOBE TEXHUYECKUX XapaKTEPUCTHUK MOTPY304YHBIX MEXAHU3MOB, a HCXOIs U3
pa3yMHBIX TIPENIETIOB «KECTKOCTU»-INIAHUPOBAHMSA. AOCOJIIOTHOE HCKIIOUEHHUE
IIPOCTOEB MPAKTUYECKH HEBO3MOKHO, IIOATOMY 32 OJIMH TaKT MOKHO MPUHATH TAKOU
WHTEPBAJI BPEMEHH, B MPEAEIaX KOTOPOro NPOCTOU CUUTAIOTCS HECYILIECTBEHHBIMMU.
Jasiee onpenensroTcs OCTAIbHBIE TapaMeTPhl 3a/1a4i: YHCIO TAaKTOB HENPEPBIBHOM
pa®oThl, CpenHsisi MHTEHCUBHOCTh TMOTPY3KHM 3a OAMH TaKT, CpPEIHs
POJOJDKUTENLHOCTh OJHOTO arperupoBaHHoro peiica. Ilpu »sTtom B oauH
arperupoBaHHbIN pEiC clelyeT BKII0YaTh TAKUE 3asBKH, BPEMS JJOCTaBKU KOTOPBIX
0JIM3KO0, a o0 00bEeM Tpy3a COOTBETCTBYET MHTEHCUBHOCTH OJHOTO TakTa. Bce
ATO MOXKHO JIeJIaTh MPU YCIOBUH, YTO OOIIMI 00bEM BBIBO3a I'py3a COOTBETCTBYET
OPOMYCKHOM  CHOCOOHOCTM — TyHKTa  MOTPY3KH.  PemieHune — mosydeHHOH
arperupoBaHHOM 3aja4yd IO3BOJIUT CIUIAHUPOBATh TAaKyIO IOCIENOBATEIbHOCTD
BBITIOJIHEHUSI PEAJBHBIX PEMCOB, MPU KOTOPOW BEPOSITHOCTh BO3HUKHOBEHUS

MIPOCTOEB, MPEBBILIAIONINX BEIOPAHHBIN UHTEPBAJI, OyAET JOCTATOUYHO MaJia.
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Jleknusa 8. MAPIIPYTU3BALINA MEJIKOITAPTHOHHBIX
IEPEBO30OK

XapakTepHble YCIOBUS U KJIacCUpUKaLUs 33124

[Ipn mnepeBo3ke Tpy3a OT HEMHOIMX KpPYHHBIX (IO TIpy30000pOTY)
OTIIPaBUTENIEH MHOTUM MEJIKUM TOJy4YaTeNsIM BO3HHUKAET CUTYyallusi, XapakTepHas
JUISL 3a7]a4 Pa3BO3KW; MPHU JIOCTABKE IPY30B OT MHOTMX MEJKUX OTIpaBUTEIEH
HEMHOTUM KPYIHBIM MOJIyYaTesiM BOSHUKAIOT 3a/1auu coopa rpy30B. [IpakTuuecku
3TO  HauboJiee BaXKHbIE W  PACHPOCTPAHEHHBIC  3aJaud  IUIAHUPOBAHHS
MEJKOMAPTUOHHBIX TEPEBO30K, KOTOPbIE OOBIYHO CBSI3aHBI C JIEATEIBHOCTHIO
KPYIHBIX y3J0B MAarucCTpajbHOIO TpPaHCIOpPTa (JKEIE3HOJOPOKHBIX CTaHIUMH,
MOPCKMX M PEUYHBIX IIOPTOB), IPOMU3BOJICTBEHHBIX IICHTPOB IMHIIEBBIX H
IPOMBILUIEHHBIX TOBAPOB, 0€30NTOBOM M po3HUYHONU TOproBiu u Ap. K satum xe
3ajjauaM IUIAHUPOBAHUSI OTHOCATCS: pPa3BO3 MU cOOp Ppa3IM4HON MOYTOBOM
KOPPECIOH/IEHIIMH, Pa3B03 T'a3eT, COOp BBIPYUKH OT TEJIE(POHOB-aBTOMATOB U T. II.

C ympaBlIeHUYECKOM TOYKH 3PEHUSA, BCE ITH 3aJa4d OYEHb CXOXKU U
HPKOHOMHUYECKH OYEHb BAXKHBI, TAK KaK, C OJTHOM CTOPOHBI, OOBIYHO BO3HUKAIOT HA
IpaHULIaX MMPOU3BOJICTBEHHON M MOTPEOUTENBCKON chep HAPOIHOTO XO35AMCTBA, a C
JPYToii, - ce0ECTOMMOCTb U TPYJOEMKOCTh BBINOJIHEHUS 3TUX MEPEBO30K Hanboee
BBICOKHME Ha TPAHCIIOPTE.

Ha mytv OT m3roroButenel 10 MyHKTOB TOPrOBIIM, IPOXOJS 4E€pE3 CUCTEMY
0a3 U CKJIQJOB, MApTUU ITUX TOBAPOB NIPOOSTCS W meperpyxkarrcs cosee 10 pas,
YBEJIMYMBAs TEM CAMBIM Harpy3Kky Ha TPaHCHOPT.

3HAYUTENBHYIO0 CHEU(PUKY B MEJIKONAPTHOHHBIE IEPEBO3KU BHOCHUT TO
OOCTOSITENILCTBO, YTO OHM BBIMOJIHSIOTCS, KaK MPABUIIO, B TOPOACKUX YCIIOBHSX, a
3TO BJICYET 32 COOOM CIIEAYIOINE XapaKTEPHbIE MOMEHTHI.

B OGamance BpeMeHU pabOThl TPAHCIOPTHBIX CPEICTB 3HAUUTEILHOE MECTO
3aHMMAET BPEMS Ha MIOTPY304YHO-PA3TPY30YHBIE ONEPALNUN U OTHOCUTEIIBHO MEHBIIIE
BPEMEHU - COOCTBEHHO TNiepeMelieHre Tpy30B. MHTEHCHBHOCTH TOPOJICKOTO
JIBUKEHUS W (PAKTOp 3arpyKE€HHOCTM TPAHCHOPTHOM CETHM Topojia OKAa3bIBAIOT
BEChMa CYIIECTBEHHOE BIIMSHUE HA TUIAHUPOBAHUE W BBIIIOJIHEHUE 3TUX MEPEBO30K.
B ycnoBusiX TECHOro COCEICTBAa IPY30BBIX M JIOJACKMX MOTOKOB OCOOEHHO OCTPO
BCTaeT ImpobiiemMa 6€301MacHOCTH B OpraHU3aluy ABHKEHUS TPY30IOTOKOB.

JUJI1 MHOTHX TOPrOBBIX IPY30B 3HAUYE€HUE MIEPEBO30K HE OIPENEISAETCS TOIBKO

Y3KOTPAHCTIOPTHBIMU MOKA3aTeNsIMU (BEC, PACCTOSIHUE MEPEBO3KH U T. I1.), & UMEET
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3HAYEHHUE COXPAHHOCTh (CKOPOIOPTSIINECS MPOJIOBOJIBCTBEHHBIE TOBAPHI, JOPOTHE
TOBAphI) U CBOEBPEMEHHOCTH JIOCTABKH.

B ropoxackux ycnoBHsIX aBTOMOOWIM - OJWH U3 UCTOYHHUKOB 3arpsi3HEHHS
BO3AYIIHOTO OacceifHa ropoja M OCHOBHOW MCTOYHHK IIyMa, MO3TOMY mpoOliema
pPa3yMHOTO PEryIUPOBAHUS STUX NIEPEBO30K OCOOCHHO 000CTPSETCSL.

JUiss  peleHus 3TOro BOIpOca MPEXIE BCEro CIEAyeT YHOPSAAOYMTH
(kaccupuUMpoBaTh) BCE TO MHOXKECTBO 3aJad IUIAHUPOBAHUS, KOTOpOE
NpPOSIBIISIETCS. HAa MpakTUKE. Bo-NepBhIX, BCE MHOXKECTBO 33/ay IUIAHUPOBAHMSA
MEJIKOMApPTUOHHBIX ~ TIEPEBO30K  pa30MBaeTcs HaA  3aJayd, B  KOTOPBIX
OCYILECTBIISIIOTCS TOJIBKO Pa3BO3Ka WM cCOOp Tpy3a, W 3aJaud, B KOTOPHIX TO U
Jpyroe JIenaeTcs OJHOBPEMEHHO.

C ¢dopmanbHOM TOUYKM 3peHMs], 3a7add cOopa U Pa3BO3KU COBEPIIEHHO
SKBUBAJICHTHBl U IO3TOMY B JajbHEHIIeM Mbl OyleM TOBOPUTH TOJBKO O
MHOYKECTBE 3a/1a4 pa3BO3KH, KOTOPOE pa30MBaeTCs Ha JiBa MMOJIMHOKECTBA: 3a/1a4H C
OJTHUM OTIIPaBUTEEM U O0Jiee OJHOTO OTIIPABUTEIIS.

OpranuzanroHHsie (GOpMbI B3aUMOACHCTBHS OTIPABHUTENEH, MOydaTeneu
TPY30B U CaMOTO TPAHCIIOPTA BBIACISIOT 0COOBIC TOAKIACCH 3a7au pa3Bo3kH. Tak,
OpU LEHTPATU30BAHHOW CHUCTEME CHAOXXEHHUS OJHOPOIHBIM TPY30M KaxIOMy
nojyyarenaro Oe3pa3iMueH OTIpaBUTENb TIpy3a, a MpH JACLEHTPaIM30BAHHOU
crCTEeME CHAa0KEHUS MOJTydaTelld pacpeiesieHbl MEXy OTIIPABUTEISIMH.

AHaJIOTUYHbIE  OTHOILEHUS MOTYT CBSI3bIBaTb M TPAHCHOPT: NpHU
JCTICHTPATN30BaHHbIX ~ (QopMax  opraHW3anuyd  paboOTBl  TpaHCIOpTa  MapK
aBTOMOOMJIEH pacrpeieieH MO OTIPABUTENSIM UM TIOCHE BBITOJIHEHUS OYEPETHOTO
3a7laHis KaK]IbIi aBTOMOOMIIb BO3BpAaIllaeTCsl K HEMY 3a HOBBIM 3amaHuem. [lpu
[EHTPATN30BaHHBIX (hOpMax pabOThI KaXIbIi aBTOMOOWIIL MOXKET Oparh Tpy3 OT
mro6oro otmpautenss. KoMOuHamm »Tux (axkTopoB AArOT YETHIPE XapaKTEPHBIX
CUTyallud JJIsl 3a/a4d pa3Bo3ku. He Bce 3TW cuTyalluu OJMHAKOBO 3HAYKUMBI, HO
KaXX/1ast U3 HUX C TEMH WM UHBIMH OCOOCHHOCTSIMU TPECTaBIICHA Ha MTPAKTHKE.

[Ipu ogHOBpEeMEHHOM cOOpe W pPa3BO3€ TPY30B BBIACISIOTCS TE 3aJaud, B
KOTOPBIX pa3BO3Ka HACTOJIBKO MPEBAIUPYET MoA cOOpoM (MM HaoOOpOT), YTO MpHU
OCYIIIECTBIICHUH Pa3B0O3a cOOP BBIMOIHACTCS MOMYTHO. Takue 3a1aun MIaHHuPYIOTCS
KaK pa3BO3HbIC. 3aTEM B KJIaCC OUEHbB CJIOKHBIX M MPAKTUUECKU HE PelIaeMbIX 3a/1a4
BBIJICJISIIOTCA T€ CiIy4yad, KOTJAa NpU TUIAHUPOBAHHM BaXHO YYECTh HE TOJBKO

HEOMyCTUMOCTh TIEPErPy3KH aBTOMOOWIISL, HO U TIOPSJIOK Pa3MEIICHUS TPy30B B
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Ky30Be. OcTtanpHble 3aJaudl pa3Bo3a - cOopa yIOOHO KIaCCU(PUIMPYIOTCS Kak
KOMOWHAITMH JIBYX KJIACCOB 3a/1a4 Pa3BO3KU.

[IpuBenennast kiaaccuuKalms OXBATHIBACT 3a/a4ll B KOTOPBIX JOMYCTUMO
UACHTU(PUIMPOBATh TPY300THPABUTENCH W  Tpy30moiydaTeseld  BepIIMHAMH
TpaHCIIOPTHOM ceTu. EcTh, OAHaKo, 3amaur, B KOTOPBIX OSTO JOIMYIIECHHE WM
OOpEeMEHHUTENHHO, WM HEBO3MOXKHO (COOp MOYTOBOM KOPPECTIOHACHIIMH, YOOpKa
yImuai W Ap.). B Takux ciiydasx BO3HUKAIOT 3a/laud, B KOTOPBIX TpeOyercs
OOCITyKUTh HEKOTOpBIE IyTW 3aJaHHOW CETH, MPUYEM 3TH 33/Ja4d HE CBOJATCS K
3aJa4aM 0OCITy’KWBAHHSI BEPUINH CETH.

Ecmu oOpatutbcs K BOMpocaM TMOCTPOSHHS] KPUTEPUEB TUIAHHUPOBAHUS
MEJIKOMAPTUOHHBIX TEPEBO30K, TO CO CTOPOHBI TPAHCIOPTA, COTJIACHO €ro
BHYTPEHHUM  JKOHOMMYECKUM TOTPEOHOCTSIM, B  ONEPAaTUBHOM  PEXHUME
dbopMUpYIOTCS, KaK TIPaBWJIO, KPUTEPUHM KadyeCcTBa, OCHOBAaHHbIE Ha TaKHX
KOJINYECTBEHHBIX XapaKTEPUCTUKAX MEPEBO30YHOIO MPoLecca, KaK MPOTSKEHHOCTb
MapIIpyTOB, YHUCIO WCIHOJb30BAHHBIX AaBTOMOOWJIEH H T. T. OTH KpUTEPHUU
OTPaKAIOT CTPEMJICHHE C MHUHHUMAIBHBIMH 3aTpaTaMH OOECIICYUTh 3aJaHHBIN
YPOBEHb OOCITYKMBaHUs MOTPEOUTENICH: MOJHOTY JOCTaBKM OOBEMOB TIPY30B,
CBOEBPEMEHHOCTh JTOCTaBKH, COXPAaHHOCTh Tpy3a U T. M. B Oonee penkux cimydasx
KPUTEPUU OTPAXKAIOT YpPOBEHb OOCITYKMBAaHUS 3aKa3uUKOB TpPAHCIOPTAa TIpU
OTPAaHUYEHHBIX W (PUKCUPOBAHHBIX pecypcax, HampuMep 3aJaHHBIM YHCIOM
aBTOMOOMJIEH O0eCreunTh pa3BO3Ky ra3eT B MUHUMAJIbHOE BpeMs, T. € MOJIY4YHUTh
IUTaH C MUHUMAJIBHOM TIPOIOJDKUTENFHOCTRIO HanOoJIee MPOTSKEHHOTO MapIIpyTa.

Yame Bcero moHATHE J(G(GEKTUBHOCTH MEJIKOMAPTHOHHBIX TEPEBO30K
CBSI3BIBACTCS C COKpAIlleHHEM OOIIel MPOTSHKEHHOCTH MapuipyToB. Bo Bcskom
Clly4yae UMEHHO NPH MEJIKONMApPTUOHHBIX MEPEBO3KaxX 3TOT KpUTepuu Oosiee Apyrux,
CPaBHUMBIX C HMM IO IPOCTOTE, COMOCTAaBHUM CO CTOMMOCTHBIMU KpPUTEPUSIMU B
OOBIYHBIX YCJIOBUSIX OIEPAaTUBHOrO IUIaHMpoBaHMA. Bcenen 3a  kpurepuem
MUHUMH3AIMN O0IIeH MPOTSHKEHHOCTH MAapIIPYTOB MO YaCTOTE HCIONBb30BAHUS U
BOXHOCTH CIIEAyeT KPUTEPUH MAKCUMH3AIMH HCIIOJIE30BAHUS TPY30BMECTUMOCTH
3aHATBHIX aBTOMOOWJICH WM OYCHb OJM3KUI K HEMY KPUTEPHA MUHUMHU3AIUH YHCIIa
UCTIOJIH30BAHHBIX JIJIS IEPEBO30K aBTOMOOUIICH.

Hlupokoe pa3HOOOpa3ue  YCIOBHI  BBIMOJHEHUS  MEJIKOMAPTHOHHBIX
NEPEBO30K MPOSBISIETCS, BO-TIEPBBIX, B MHOTOYUCIEHHOCTH HPUMEHSIEMbIX
KPpUTEPUEB pEIICHUs 3a/ad [UIAHUPOBAHUSA W, BO-BTOPHIX, B pealM3alNH

MHOTOKPUTEPUATBHOIO IIPOLIECCa BHIPAOOTKU PEILICHUH Ha MPaKTUKE.
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Meroasl pemieHus 3aad  IJIAHUPOBAHUS MEIKOMAPTHOHHBIX IEPEBO30K.
OOm1ast xapakTepUCTUKa

Hecmotpss Ha  Oombimoe  pa3HooOpaswe — 3ahad  IUTAHUPOBAHUS
MEJIKOMAPTUOHHBIX MEPEBO30K, BCE OHM, C MATEMATUYECKOW TOUKHU 3PEHUS, UMEIOT
BaXHBIC OOIIME YEPTHI, MO3BOJISIFOIINE OTHECTH WX K ONPEAeIICHHOMY KJIacCy 3ajad
MaTeMaTU4eCKOoro nmporpaMMupoBanus. OOITHOCTh ATUX 3a7a4 MPEXKIE BCETO B TOM,
YTO MHOXKECTBO JOMYCTHMBIX PEIICHUH B HUX KOHEYHO, a KaKJ0e€ JIOMyCTHMOE
pelieHrne CTPOUTCS U3 UCXOAHBIX DJIEMEHTOB T10 ONPECICHHBIM JJOBOJIBHO ITPOCTHIM
npaBujIaMm.

Takum o0pazom, B KaXAOH H3 3a7ady HEOOXOOUMO HANTHU pelIeHHE,
JIOCTaBIIAIONIEe ONTHMAIbHOE (MakKCMMaJIbHOE WM MHHUMAJIbHOE) 3HAUYCHHUE
1eJeBON (PYHKIIMU, 3aJJaHHOH Ha KOHEYHOM MHOXECTBE JOIYCTUMBIX pEIICHUH.
Takue 3amauyn B NPUKIATHOM  MaTeMaTWKE  Ha3bIBAIOTCSA  KOHECYHBIMH
ONTHUMHU3ALIMOHHBIMU  3a7adyaMH: (3aJladyd  JUCKPETHOM  ONTHMM3AIMHd WU
AKCTpEMasbHBIC 3aa4l KOMOMHATOPHOTO TUTIA).

KoHeuHOCTh MHOXKECTBA JOMYCTUMBIX PEIICHUM TMO3BOJISIET CUMUTATh 3TU
3aJlayd MPUHLIUIHAIBHO BCET/Ia pa3pellMMbIMU, TaK Kak; MOXKHO mepeOpaTh Bce
pemieHus: U BbIOpaTh Jydiiee U3 HUX. OJHAKO TMOJHBIN Tepedop MPaKTUUECKU
HEOCYIIIECTBUM H3-32 CIIUIITKOM OOJIBIIIOr0 YKMCIA JOIMYCTUMBIX PEIICHUH B 3ajadax
Mapuipytusainuu. IloaTomy aJjisi pelieHuss KOHEYHBIX ONTHUMHU3AIMOHHBIX 3aj]1a4
BOOOINEe, W 3a7a4y MapIIpyTH3alUd aBTOMOOUJIBHBIX TIEPEBO30K B YaCTHOCTH
pa3paboTaH Ha0Op MPUEMOB, KOTOPbIE MOXKHO CIPYIIUPOBATH MO CIACAYIOIIMMHU
Ha3BaHUSMM: JIMHAMHYECKOE MPOTrpaMMUPOBAHUE, IIEJIOYUCICHHOE JIMHEHHOE
MporpaMMHUpPOBAHUE, METOJI «BETBEH U IPAHUID, METOIbI JIOKAJIbHONH ONTUMU3AIINH,
METOJIbl CIYYaMHOIr'0 TMOWCKA, SBPUCTUYECKUE METOJbl. B KaX1moWl W3 Ha3BaHHBIX
TPYII COAEPKUTCA MHOKECTBO YACTHBIX METOJIOB, CIEIMATU3UPOBAHHBIX JIJIS
3a/1a4 KOHKPETHOTO BU/IA.

Meroapl JIOKaIbHOM ONTHUMHM3alUA Pa0OTAIOT MO TakoW cxeme: Oepercs
I000€ TONMyCTUMOE PEIICHHE 3a/1a4d U 3aTeM J0CTaTOYHO MPOCTHIMU OTEpalisIMU
npeoOpasyeTcs ¢ LEIbI0 YIYUIICHUS 3TOTO PEIICHUs. XapaKTepHO B ATUX METOAaxX
TO, YTO OT HCXOAHOTO BapHaHTa TMEPEXOJAUM TIOCICIOBATEIIBHO K JIYYIIIHUM
PEIICHUSAM JI0 TE€X II0p, TTOKa IMIPOCTOTa IIPeoOpa30BaHms HE OTPAHHYHUBACT B BHIOOPE
€IIIe HE PACCMOTPEHHBIX BapUAHTOB.

Nnes MeTomoB Ciay4yalHOrO TMOWCKA JOBOJBHO TMPOCTA: MPOU3BOJIBHBIM
oOpazoM ¢opMHpyeTCS M 3allOMMHAETCS TI€PBOE peIIeHUE 3aJaud; 3aTeM
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dbopMupyeTcst Ipyroe peluieHrue U el OHO Jy4Ille UMEIOLIErocs, TO 3alIOMUHAETCA
HOBOe W T. 1. Ilpm mocTaroyHo Maibix .3aTpaTaX BpPEeMEHH Ha (OPMHUPOBAHHE
OTIENBHOTO PEIICHUS M OOJBIIIOM BPEMEHHU Pa0OTHI IMPOIEAYPHI MOXKHO BITOJTHE
paccuuThIBaTh, YTO Oy/IeT HAWJEHO, €CIU HE JIydllee, TO JOCTATOYHO XOpOolIee
perieHue. MeTo1 ciiydaifHOTO MOKUCKA UCIIOJIB30BAJICS JIJIs TUNIAHUPOBAHUS MOCTABOK
MOJIOYHBIX MTPOYKTOB B MOCKBE.

OOmuii HEeTOCTAaTOK METOJIOB MOJYYEHHUS! MPUOJIMKEHHBIX PEHICHUH - 3TO
AQHAJIMTUYECKH HE ONpelleJieHHas TOYHOCTh HX paboTel. [losTomMy mnpuHsTO
3¢ (HEeKTUBHOCTh TAaKMX METOJOB OIICHMBATH JBOSIKO: B CPAaBHEHWU C METOJaMU
MOJIyYeHUS! TOYHBIX PEHICHUH M B CPAaBHEHUM C CYUIECTBYIOIIMMH METOJAMHU
pemieHust 3agad, KOrja OHM TMPEJHA3HAUEHbl JJiI BHEAPEHUS B MPAKTUKY
riaHupoBanus. llepByro OIEHKY MOKHO IMOJY4YUTh ISl BECbMa OTPaHUYEHHOTO
pasmepa 3alad U OHa UMEET MPEUMYIIECTBEHHO TEOPETHUYECKOE 3HAYEHUE, B TO
BpEMs KaK BTOpPasi ONpPEAENSIET IPUMEHUMOCTh METO/Ia Ha MIPAKTHKE.

TouHoe pellieHre 3a/1a4u pa3BO3KU

OO6mias uaes MeTo/la «BETBEH U TPAHUID» MOXKET ObITh MpUcocobieHa st
pemieHust 000N 3a7aud JTUCKPETHOW ONTUMM3AIlMK, B TOM 4YHCIE I 3a7add
pazBo3ku. Ilpu sToM 3dPekTUBHOCTH pabOThl METOJa B CMBICIE BpPEMEHHU
MOJIyYEHHUsl pelIeHus JUid 3a/ad (UKCUPOBAHHOTO pa3Mepa BO MHOTOM Oyjer
3aBHCETh OT YMEHHS HCIOJIb30BaTh CICIU(PUKY KaXKIOM 3a/1a4H.

[TpuBenem oOmIyI0 HICIO pEIICHMS 3a7a4 Pa3BO3KU METOJOM «BETBEH M
rpanuiy. [lycTs TpeOyercs pa3Be3TH Tpy3 OT OTIPaBUTENS MONTydaTessiM, IpUIeM
KOKJIOMY B OJMHAKOBOM KOJMYECTBE e€auHMI. [[7Is TmepeBo30K MOryT
UCIIOJIB30BAaThCA aBTOMOOWJICH, M3 KOTOPBIX KaXIblii HMEET OIpPEAeTICHHYIO
rpy30BMECTUMOCTh. (COCTaBIISIEM MAaTpPUIy KpaTyallMX pacCTOSHUM, TpPUYEM
HyMEpaIuio CTPOK W CTOJOLOB HayHeM C HoMepa oTnpasutens. [lombiraemcs
JIOCTaBUTh TPY3 BCEM MOTPEOUTENSIM BBIICJICHHBIMUA , aBTOMOOWJISIMH, JIJISI YEro
MOCTPOMM HECKOJIbKO 3aMKHYTBIX B HAaYaJbHBIM IMYHKT KOJIBLIEBBIX MapIIPyTOB U
TaKHX, YTOOBI 00IIIas UX JJIMHA OblJla MUHHUMAJIbHOM.

Unes pemieHuss COCTOMT B CIEAYIOIMIEM: CTpOKa M CTOJIOCI[ MaTpHIIbI,
COOTBETCTBYIOIIME HAYAIBbHOMY ITYHKTY, TOBTOPSIIOTCSI HECKOJIbKO pa3. [lomyuaem
MaTpPHUITy Pa3MEPOM COOTBETCTBYIOIIUM KOJIMYECTBY MTOCTABIIUKOB U TOTPEOUTETICH.

DTta MaTpulla COCTaBJIEHA U3 YEThIpEX MOAMAaTpull. B JIeBOM BepxHEM Yriy
CTOMT KBaJpaTHas moaMmaTpuiia pasmepa 1x1 ¢ 3a0J0KMpOBaHHOW TJIaBHOU

AUaroHaJlblt0 W HYJICBbBIMU 3JICMCHTaAMH BHC IJIaBHOM JuaroHaliu. CnpaBa CTOUT
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IIOJIMATPUIIA OIIPENEICHHOIO pa3Mepa U3 OJMHAKOBBIX CTPOK, KaKJas U3 KOTOPBIX
paBHa HYJIEBOW CTPOKE MaTPHIIbI O€3 MEPBOT0 JIEMEHTA.

Ecmm pemmts 3amady s MaTpULbl KpaTYAWIIUX PACCTOSHUM, TO MOJIYyYHUM
MapIUIpyT U3 HECKOJIBKUX 3BEHBEB, B KOTOPOM ITYHKTHI MOKHO MHTEPIPETUPOBATH
KaK OJMH M TOT >X€ HA4YaJbHBbIM NMYHKT (oTrpaBuTenb). COBMECTUB 3TH ITYHKTHI
MapIuIpyTa, IIOJy4HM pO3€TKYy U3 HECKOJIBKHMX JICIECTKOB, MCXOMSIIUX OT
HA4YaJIbHOT'O ITYHKTA.

Kaxnaplii Takod JileNeCTOK MOXHO ObUIO OBl CUMTaThb MAapIIPYTOM:
aBTOMOOWJIS, €CITU COTIOCTAaBUTh €My CBOW aBTOMOOWIIb M3 MMCIOIIUXCS, U TaKOH,
YTOOBI €r0 Ipy30BMECTUMOCTH OBUIO JOCTATOYHO» AJI Pa3MELIECHUsl Ipy3a BCeEX
noJryyatenen, (OpMHUPYIOIIMUX JAHHBIN JienecTok. [lomydeHHbI MapuipyT cKopee
BCET0 JA€T OJIMH JIETIECTOK I10 BCEM IOJIyYaTENSIM.

[Tocne xaxxaoro-BpiOOpa mapel OJOKUPYETCS CBA3b OOpPa30BAaHHOIO ATUM
BbIOOpOM (parMeHTa MapuipyTa ¢ TEMU paHee MOJIYYeHHbIMH (parMeHTaMu,
KOTOpBIE€ TPH CJIOKEHHHM JAalOT HEBBIIOJHUMBIA MaplIpyT H3-32 OTCYTCTBUSA
aBTOMOOWJISI COOTBETCTBYIOIIEH IPY30BMECTUMOCTH.

YroObl CTUMYIHPOBaTh POCT MapLIPYTOB, MPH PABHBIX OLIEHKAX HYJIEBBIX
AJIIEMEHTOB B TMPUBEACHHOM MAaTpHIE MpEANOYTeHHE IpU BbIOOpE OTAAaeTCA
JIeMEHTaM n3 noaMaTpunbl. C 3TUMM JONOJIHEHHMSMHM QJITOPUTM JAeT HYXKHOE
pEILIECHNE 3aJa4l Pa3BO3KH.

OTOoT MeToh 00JagaeT OJHOW XOpolleld OCOOEHHOCTHIO: JOBOJBHO OBICTPO
JAaeT peueHue, [Uisi KOTOPOro M3BECTHA OLIEHKA, CBEpPXY OTKJIOHEHUS OT
ONTUMAJILHOTO pemieHusi. OKa3bIBaeTcsl, 4To ISl OOJIBIIMHCTBA PEAJbHBIX 3ajad
ONTUMAJILHOE PEIICHNE HAXOUTCS JOBOJIBHO OBICTPO, @ OCTAIbHOE BPEMS TPATUTCSA
Ha MPOBEPKY ONTHUMAJILHOCTH ITOJIyYEHHOTO PELICHMSL.

Ha »TOM CBONCTBE alropuTMa OCHOBAHO NPHMEHEHHE €ro JUIsl MOJIYYEHHS
NpUONIMKEHHBIX pelieHnd. B 3Tom cilydae 3apaHee OrpaHHYMBAETCS WM BpeMs
pelleHus 3a7aud M B KOHIE Oepercsl Jydllee M3 MOJYYCHHBIX PEIIECHUH, WIH
3aJjaeTCsl TpaHUIa OTKJIOHEHUS OT ONTHMyMa U TMPOIECC BBIYMCICHUN
MPEeKpallaeTcss MNpU JOCTHIKEHHM: PEIICHMs], YKJIAJbIBAIOUIErOCs B 3aJlaHHBIC
peebl.

BBugy OonbIIMX BBIYUCIUTENBHBIX TPYJHOCTEH NPUMEHEHHE TOYHBIX
METOJIOB pELICHHs 3aja4y MaplIpPyTHU3alUU YPE3BBIYANHO OrPAaHUYEHO, MO3TOMY
TpeOOBaHMS TPAKTUKA  BBIBBAUIM K OKMU3HM  MHOTOYHMCIIEHHBIE  METOJIbI

NpUOIMKEHHOTO pElIeHMs] 3aJlad  MaplIpyTU3alUHd, W3 KOTOPBIX PACCMOTPUM
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TOJIbKO 3BPUCTHYECKHE KaK HaubOojee paclpoCTpaHEHHbIE W IMPUMEHUMBIE Ha
NPaKTHKE.

DBpPHUCTUYECKHE METOBI MAPIIPYTU3ALIUU

[IpenMy11eCTBOM 3BPUCTHUECKUX METO/OB SBISIOTCS OOJbIIasi THOKOCTH B
ydeTe MPaKTHUECKU BAKHBIX YCIOBHM U 3PPEKTUBHOE HCIIOIB30BaHUE CHEIM(PUKH
3aa4 MaplIpyTU3alid aBTOMOOWJIBHBIX NEpPeBO30K. biaromaps 3TuM cBoiicTBaM
METOJIaMU 3BPUCTUYECKOTO XapakTepa JOCTATOYHO OBICTPO M XOPOIIO PEIIAIOTCS
3ajaul MaplIpyTU3alMK, TPAKTHUYECKH BCEX Pa3MepoB, MPUUEM B MOCTAHOBKAX,
JIOCTaTOYHO TOJHO OTPAXKAIOLIUX BCE pealbHbIE OOCTOSTEIBCTBA BO3SHHUKHOBEHMS
3a1ad4.

N3 Bcex METOOB HBPUCTUYECKOTO XapakTepa HaubOojiee MoapoOHO
OCTaHOBHUMCS Ha METOJIE «(DYHKIUI BBIMIPHIILIAY, IPEITI0KEHHOM CHELHMATIBHO JUIs
pelIeHus 3a1a4 MaplIpyTU3alud aBTOMOOMIIBHBIX MEJIKONAPTHOHHBIX MEPEBO30K C
OJHUM OTIpaBUTENEM. DTOT METOJl celuac Haubojee MPUMEHUM MJIsl pEeLIeHUs
3aJa4  IUIAHUPOBAHMSI ~ ABTOMOOWJIBHBIX  NEPEBO30K.  MHOroOYHCIIEHHBIE
MOJU(HKAIMK €ro JaloT BO3MOXHOCTh IOJy4aTh CTAOWJIbHBIE IO TOYHOCTU
pe3yJIbTaThl B O4€Hb KOPOTKOE BPEMSI.

MeToa OCHOBaH Ha TOHSTHUU «BBIUTPHINIA» (BBITOJBI, YKOHOMHH B APYrou
TEPMUHOJIOTUM) OT OOBEAMHEHHUS MapuipyTa, 3aKaHUMBAIOILErocs IOCIeIHEH
€3JIKOM B IyHKTE C MapLIPyTOM,, HAUMHAKOIIUMCS [IEPBOU €30KOU B 3TOM ITYHKTE.

«BbIurpspIlny mosyyaeTcst B CBS3U C TE€M, YTO BBEACHUE 3BEHA HCKIIIOYAET
HEO0OXOIMMOCTh UCIOJb30BaTh 3BE€HBS JOMOJHUTENbHbBIE ISl 3aMbIKAHHUS TIEPBOrO
MaplIlpyTa U Ui Hayana BToporo. OTcrofa AenaeTcs JJOTHYeCKd €CTECTBEHHBIN 1ar
K PEILIEHUIO BCEH 3aJauu: €ClIM €CThb HEKOTOphbIe HaudajbHbIE MapLIPYThl, TO HX
MOKHO «YKPYIHSTb», 00BEIMHSS COTIacyl0 BeIMUMHE BhIMTphiia. Eciu B epByto
oyepeb UCIOJIb30BaTh HAWOOJbIINE 3HAYEHUSI BBIMTPBIIIEH U1 BCEX BO3MOXKHBIX
OObEIMHEHUH, TO HWHTYUTHUBHO MOXHO HAJESAThCS Ha IOJIyY€HHE XOPOILIETO
pemieHuss. OObEAUHATD, O-BUIUMOMY, CIIEIyeT KaKk MOKHO OOJbIle MaplIpyTOB,
CJIeNi TIPU 3TOM 32 UX JIONMYCTUMOCTBIO. DTO MPOCTOE COOOpakeHHE (IBPUCTHKA)
JIKUT B OCHOBE Bcex MoaupuKkanuii Metona «(pyHKIui BeIMTphImay. [IpuMeHnm
OTOT METOJ K IPOCTEHIIEH 3aJadye Pa3BO3KU I'Py3a M3 OJHOIO IIyHKTA MHOTMM
NOJTyYaTesIsiM.

OO1as unes npuMEHEHHsI METO/1a «(PYHKIMI BBIMIPHIIIAY K 33/1a4e pa3BO3KU
COCTOUT B CJEAYIOIIEM: ONPEIEINISIOTCS OLIEHKH 3()P(PEKTUBHOCTH BBEACHUS Map

ITYHKTOB. Cnauana CTPOUTCA CUCTEMa M3 HCCKOJIbBKMX MAasATHHKOBBIX MAapHIPYTOB.
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CucremMa MAaATHHKOBBIX MAapUIPYTOB YAOBIETBOPSET YCIOBHSAM 3aJadd, HO
COZICPKHUT CIMIIKOM MHOTO MapIIpyTOB C HEOOJBIIUM YHUCIOM 3ae3/0B. bymem
npeoOpa3oBbIBATh 3Ty CUCTEMY, IMOCTENEHHO OOBeAuHSA MapupyThl. CrusHue
MapIIpyTOB OyZ€M MPOBOAUTH C YYETOM 3HAYEHHUI BBIMUTPBILIECH, TPOCMATPHUBAs ITH
3HaYEHUSIM B TOpSAKE yObIBaHWS M BBOJS COOTBETCTBYIOIIME Napbl B PELICHUE.
Takoil mporiecc 3aKOHUMTCS TOTrAA, Korjma OyayT MPOCMOTPEHBI BCE 3HAYCHUS
BbIMTpHIIIEH. Ecau kK 35ToMy MOMEHTY HadalibHasi cuctema OyzeT mpeoOpa3oBaHa B
JOMYCTUMYIO CUCTEMY.

Ecnu monmyctuma qpoOMMOCTh MAapTHid IPY30B, TO PEIIEHUE 3aJa4H Pa3BO3KH,
C TPAHCHOPTHOW TOYKH 3PEHHUS, MOKET OBITh YJIYYIIEHO M MHOI/AA 3HAYUTENBHO:
MOBBILLIEHO HCIIONb30BAHUE TPY30BMECTUMOCTH ABTOMOOWIEH U OAHOBPEMEHHO
YMEHbLIEH uX o0uwuil npoder. Ilpu 3TOM >kenaresnbHa JOMYCTUMOCTH OOJIBIIETO
NpoOeHus BOJIN3U MyHKTa OTHPABICHHUS.

Hcnosp30BaHHEe HEOAHOKPATHOW IIOCTaBKM YMEHBIIEHHBIMM NapTUSIMHU B
QITOpUTMAaX PpEUIeHMs 3aJa4d pPa3BO3KM 3aBUCUT OT CIoco0a 3aJaHusl YCIIOBHUS
npobneHusi. Eciu oHO 3amaercss (UKCUPOBAHHBIMM M 0Oojiee HEAPOOUMBIMU
NOPUUSAMH, KOTOPBIE MOXHO M JKEJaTeIbHO TOJbKO OOBEAMHSTH, TO 3ajaya
pemraercss npocTo. Kaxkplil MyHKT MPEACTaBISAETCS CTOJBKUMU MOAIMYHKTAMH, Ha
CKOJIbKO TMOpUMN JpOoOUTCS MapTHs; KaXIOMy MOIIMYHKTY Ha3HadaeTcs Jyis
JIOCTaBKM COOTBETCTBYIOLIAS MOPLMS MMAPTHUH; PACCTOSHUS MEXAY MOAINYHKTAMH
YCTAaHABIIMBAIOTCS HYJIEBBIMHA, a C JPYIMMU IIYHKTAaMH WM MOJIYHKTaMH
COXPAHSIIOTCS MPEKHUMU. TakuM 00pa3zoM (popmHupyeTcs yBeJIMYEHHas 1o pa3Mepy
3aJja4a, KOTOpast JIETKO PEIIaeTCsl U3JI0KEHHBIM METOJIOM «(PYHKIMI BBIMTPHILLIAY).
[Ipu 3amucu pemieHuss 3TOW 3a7auyd MOAINYHKTHI, OOpa30BaHHBIE M3 OJHOTO
UCXOQHOrO ITYHKTAa W PACIIOJIOXKEHHBIE ITOCIEAOBATEIBHO B OJHOM MapuIpyTe,
O0BbEIUHAIOTCS 0€3 M3MEHEHMsI XapaKTEpPUCTUK MaplpyTa U C CyMMHpPOBaHHEM
[apTUX IPY30B.

JpoOuUMOCTh MapTUX Tpy3a MOXKET OBITh 3aJlaHa APYTHMM CIIOCOOOM:
OTPAaHUYCHHBIM YHUCJIOM 3a€340B B KaXKIbIM IYHKT U OIPAaHUYCHHOW HOpLMEN
noctaBku (cHM3y). B 3TOM cilydyae KakIplid MOdydarenab Takxke ApOOUTCS Ha
MaKCHUMaJIbHO BO3MOXKHOE YHCJIO TMOJIMYHKTOB O€3 Ha3HayeHUsi UM OO0bEMOB
MOCTaBKU. 3aTeM IpU paboTe B aIropuTMe, KOPPEKTUPYETCS MPOLEIYpa CIEKEHHS
3a 3arpy3Koi aBTOMOOWJICH TaK, YTO KaXKIbIM MOAMYHKT BKIIFOUAETCS B MAPIIPYT C
00BbEMOM TMOCTAaBKH, HE MEHBIIMM 33JaHHOTO OTPAHWYEHHUSI CHU3Y U HE OOJBIINM

o0beMa MOCTaBIISAEMON NapTUX B UCXOAHBIM MyHKT. [Ipu 3TOM MOMeEHT (ukcanmu
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o0ObeMa MOCTaBKM B MOAMYHKTHI JAHHOTO MAapIipyTa OTHOCHTCS Ha BO3MOXHO
MO3IHKE 3TaITbl BEIYUCIICHHM, a ocie GUKCAIUU MIOCTABKU B APYTHE, HE IPUHSTHIC
B PEIICHUE MOIMTYHKTHI KOPPEKTUPYIOTCS C y4eTOM (PUKCUPOBAHHBIX OOBEMOB.

[lepeuncam  HEKOTOpble  OCOOBIE, C  TOYKM 3pEHUA  IPHUHITON
KJaccuukanuu, 3a1a4 MIAaHUPOBAHUS MEJIKOITAPTUOHHBIX MEPEeBO30K. B kauecTBe
NepBO OTMETUM 3ajladyy C 3apaHee 3aJaHHbIM BpPEMEHEM IIOCTaBKU T'PY30B
nosyyatessiM. Ecnu  cpaBHUTENIbHO HEOOJbIINE HHTEPBAIbl IMOCTAaBKU TI'PY30B
MOJTy4aTeNsIM 33JJaHbl )KECTKUMH T'PaHUIIAMU BPEMEHH, 33Jla4M PEIIaloTCsi METOA0M
«pyHKIMHM BBIUTPHINIA» C JOTOJHUTEIHLHBIMH IPOBEPKAMH Ha BO3MOXKHOCTH
BBEJICHUS Map MTyHKTOB B PEIICHHUE.

[Iporiecc mIaHUpPOBaHUS MEIKOMNAPTUOHHBIX ABTOMOOWJIBHBIX IEPEBO30K
4acTO OCYILIECTBIISIETCA HEMPEPHIBHO B TEUEHUE CYTOK, HAIpPUMEpP NEPEBO3KH
MOJIOYHBIX MPOIYKTOB B KPYIIHBIX TOpojax, IJIE OPraHU30BaH KPYTJIOCYTOYHBIN
3aBO3 MPOJYKTOB B TOPrOBYIO C€Th.. B aTOM ciydyae omneparuBHas uHpopmaius 00
o0beMax TMOCTaBOK: Tpy3a IMOJIydaTeasiM IOCTYMAaeT HEOONBIIMMHU TapTUSIMU B
TeueHue OOoJIbIlIel YacTu CYyTOK. B pe3ynbpTaTe HU B OJJUH MOMEHT BPEMEHU, HEJIb3S
chopmynupoBaTh OOIIYIO 33a/lauy IJIAHUPOBAHUS, TaK KaK: BCEI/la €CTh MOTy4YaTeH,
3aKa3 KOTOPBIX €I1l€ HEU3BECTEH, U MOyYaTeNll, 3aKa3 KOTOPhIX YKE JIOJDKEH OBbITh
BBITIOJIHEH. B Takux ycrnoBusax oOmas 3amaya paz0oMBacTCs Ha MOCIEAO0BATEIHHO
pelaeMble 4acTHBIE 3aJaud, KOTOpble (DOPMHUPYIOTCS MO U3BECTHBIM K JaHHOMY
MOMEHTY BpEMEHU 3aka3aMm. I[Ipym >TOM TIyHKTBI B KaXJOW TaKOM 3ajade
pa30MBarOTCs HA TPU MOAMHOXKECTBA:

nepBoe - o0pa3yroT MyHKTHI, 3aKa3bl KOTOPHIX MPUHATHI PaHbIIE APYTUX, U
MO3TOMY OTH TMYHKTHl O0S3aTEJIbHO BKIIIOYAIOTCS B  PEIICHHUE, MPUYEM
pacrosiararoTcs MpeMMYIIECTBEHHO B HA4aJle MapIIpyTOB;

BTOPOE - TMOJAMHOXECTBO OOpa3ylOT MYHKTHI, 3aKa3bl KOTOPHIX MPUHATHI
MO3KE€ JPYTUX, U IOATOMY 3TH MTYHKTHI MOTYT HE BKJIFOYAThCS' B MAPLIPYThI JAHHOM
3aJlauu, a €CJIM OHU BKJTIOUYAIOTCSI, TO MPEUMYIIECTBEHHO B KOHIIE MapIIPYTOB;

TpeThe - OOpPa3yIOT IMYHKTHI, 3aHUMAIOIIUE IPOMEKYTOUHOE TOJIOKEHUE
MEXIy MyHKTaMU TEPBOTO U BTOPOIO MOJMHOXECTB. DTH IYHKThI 00S3aTEIHHO
BKJIFOYAIOTCS B pelieHre W (OPMHUPYIOT MNPEUMYIIECTBEHHO CPEAHIO YacTh
MapuipyToB.

[TompiTaeMcsi COCTaBUTh TaKOW TUIAH TMEPEBO30K, YTOOBI 3aTpaThl HA €ro
peasmzanuio ObUIM Obl MUHUMaTbHBIMU. [Ipeamornaraem, 4To mapk aBTOMOOMIIEH

paSHOPOﬂHBIﬁ, IMO3TOMY MHHHUMAJIBHBIX PACXO0A0OB MOXHO OJOCTHYbL HE TOJIBKO



98

pa3yMHOIl MaplpyTH3alMeld, HO U palMOHAIBHBIM 1oAOOpoM aBTOoMoOmien. [lpu
3TOM OyJZieM YYHUTHIBaTh Pa3HyIO0 CTOMMOCTh 1 kM mpobera u 1 4 sKcIuTyaTaluu JUist
aBTOMOOWJIEH pa3nuuHOM Tpy3oBMecTUMOCTH. [Ipuuem mpaBuibHas pabota
anroputMa OyneT obecreueHa, €clii CTOMMOCTh 1 KM mpobera u 1 4 skcrTyaTanuu
OyJIeT MOHOTOHHO PacTU C YBEIMYCHUEM TPYy30BMECTUMOCTH aBTOMOOMIeH. Takoe
IPETOI0KEHUE OTPAKAET PEATIbHBIC YCIIOBUSI.

IIpy wucnonp30BaHMM OJHOPOJHOIO MapKa aBTOMOOWIeW (WM napka
JOCTAaTOYHO OJU3KUX JApPYyr K Jpyry II0 SKOHOMMYECKUM XapaKTepUCTHKaM
aBTOMOOWIEH) ompenensercs 1o ¢GopMysie I ONPEIASICHUS BBIMTPHINICH B
eAUHUIAX mpooera.

B cBs13u ¢ MMPOKOI pacipOCTPAHEHHOCTHIO METOJA «(DYHKIIMIA BBHIUTPHIILIA
OONbLIOW MHTEpEC MPEICTaBIAIOT pa3iMyHble TIPUEMbl MOBBILIEHUS €0
apdexTuBHOCTH. bonee BbICOKOE KauecTBO ONTHMAJIbHOIO PpEUICHUs 3aJauu
Pa3BO3KH JIOCTUTAETCsl JIydIIUM Toj0opoM map (3pQexT wmapupyTusanuu) u
BKJIFOUEHHEM OOJIbIIOro 4YMciia nap B peuieHue (3Qdext Oosiee panuoHAIBHOU
3arpy3ku). IlocKOJIbKYy HMMEHHO COOTHOILIEHHE KOrga TI'Py30BMECTUMOCTb
TPAHCIOPTHBIX CPEACTB MPEBBIMIAET pa3Mep MOCTABIISIEMbIX MApPTHH XapaKTEPHO
JUISL 337a4d Pa3BO3KH, TO YCHJICHHIO 3JIEMEHTa MaplIPYTU3AlHMHU B aJIrOpUTMax
NOJTyYEeHUs TPUOIMKEHHBIX PELICHUH ObUIO YAEIeHO HauOoJIbIliee BHUMAHME.

Hpyroii cnoco® nmoBbIIeHNs Y3PHEKTUBHOCTH MOIIArOBBIX AJITOPUTMOB THUIIA
«(yHKIUI BBIMTPBINIA» COCTOMT B MPEABAPUTEILHOM MPOCMOTPE HEKOTOPOTO
3aJJaHHOT'O YMCJA 1IAroB (CIUCKa yNOPSAOYEHHBIX 3HAYEHUI BBIMTPHINIA B METOJIE
«(pyHKLIMIA BBIMTPHIIIA») U B MOCIEAYIOMEH (PUKCAMU TEX IIAroB, KOTOPBIE alOT
HanOO0JbIINNA 3P(DEKT B CyMME.

TpeTuii, CpaBHUTEIBHO PEAKO HCIIOJIb3YEMBIM IIyTh COCTOMT B TONBITKE
YMEHBUIUTh MPOTSKEHHOCTh MapIIPYTOB OoJiee pallMOHAIbHBIM HCIIOJIb30BaHUEM
IPy30BMECTUMOCTH TPAHCHOPTHBIX CpelacTB. CTpemiieHne Jiydnie 3arpy3HThb
TPAHCIIOPTHBIE CPEACTBA BIIOJIHE MOXET OBITh KPUTEPUEM pPEIICHHS 3a/1a4yu
Pa3BO3KU. 371€Ch, OJHAKO, UMEETCSI B BUJLy BO3MOXKHOCTh YJIYUILIEHUS PEIICHUS IO
oO1Ieil MPOTSHKEHHOCTH MapIIPyTOB MPHU OAHOBPEMEHHO JYYIlIeW 3arpy3ke. DTOT
pUeM JaeT HauOoNbIIMK 3PGEKT Mpu yMEHBIIEHUU CPEAHEr0 4Yuciia 3ae3/10B B
MapuipyTe, KOrja 3ajayda 1o yCcjaoBHsSIM CTaBUTCS OJIM3KO K THITy CMEIIaHHOW WU B
KOHIIE  pabOThl  TMOLIATOBBIX  @JITOPUTMOB,  KOTJA  MapIIpyThl  yXKe
10(OpMUPOBBIBAIOTCS MOYTH O3 yiydllleHus (yHKIHOHANAa U 3ajadya pPa3BO3KH
BBITJISIAUT Kak 3aj1a4ya 3arpy3KH.
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JIEKIIUA 9. MOJEJIb OPTTAHU3AIIUU ITIEPEBO3OYHOI'O
HPOLECCA HA TIPUMEPE ITACCA’KUPCKHUX TEPEBO30OK

ABTOOYCHBIE IEPEBO3KH KaK TPAHCIIOPTHAS CUCTEMA

PaccmarpuBasi TpaHCHOPTHYIO CHUCTEMY IPOM3BOJBHOTO BHJA, MOYKHO
BBIICJIUTH B HEH JIBE€ COCTaBHBIC YACTH: TPAHCIIOPTHBIE CPEACTBA (HOCUTENHU TPYTIa,
NacCaXUpoB WiIKM UHGOPMAIIMKM) U TPAHCHOPTHYIO ceTh. {OYHKIMOHAIbHbBIE
BO3MO>XHOCTH TPAHCIIOPTHOM CUCTEMBI MOJHOCTBIO ONPENEIAIOTCA yKa3aHHBIMU
COCTABISIIOUIMMHU. YeMm pa3BETBICHHEE TPAHCIOPTHAs CETh, YEM BBIIIE CE
IPOMYyCKHasi COCOOHOCTh, TeM Oo0Jblle (HYHKIMOHATBHBIE BO3MOXKHOCTH CHCTE-
Mbl. UeMm ObICTpee ABUKETCSA HOCHUTENb, YeM OOJIbIlI€ MacCaXupoB U TPy30B OH
MOJKET IIE€PEBO3UTh, YEM MEHBIIE OH NOTPEONsSeT HHEPruM, TEM Jydlle
DKCILTYyaTALlMOHHBIE CBOMCTBA CUCTEMBI.

HesaBucruMo OT BHJa HOCHUTENS TPy3a U MACCAXKUPOB U TPAHCIIOPTHON CETH
TPAHCHOPTHBIE CHUCTEMBbI OOJAJAIOT PAJOM OOIIMX CBOMCTB M IapaMETPOB.
OCHOBHBIMM  MapaMe€TpaMu  CETU  CIy)XaT  MPONYCKHas  CIOCOOHOCTD,
XapaKTEPUCTUKHU CBA3AHHOCTU MMYHKTOB OTHPABJICHUS U MPUOBITHS U OpraHU3aLUs
MEePEBO30K. YTpPaBJICHHE TIEPEBO3KAMH COCTOUT B BBIOOpE, a YCTAHOBJICHUU
MapLIpyTOB U IpaQHUKOB JBUKEHHS TPAHCIIOPTHOTO HOCUTENS C YUETOM CUTYallUu
Ha ceTH. B kauecTBe (QyHKUMH LN MPH MOUCKE ONTHUMAJIBHBIX YNPaBISIOLINX
IJIAHOB MEPEBO30K BHICTYIAET 00OOIICHHBIN MOKAa3aTeIh Ka4eCTBa 00CTyKUBaHUS,
YUUTHIBAIOIMIMI TPeOOBaHUS MOTPEOUTEIS U CTOMMOCTb IEPEBO3KHU.

OmnpeneneHre ONTUMAIbHBIX MapUIPYTOB JIBXKEHHS HOCHUTENS IO CETH
OOBIYHO CTaBUTCA Kak 3aJlaya MaKCUMM3ALUU CPEIHEW CKOPOCTH COOOIIEHHUS MpHU
3aJJaHHBIX MPOIYCKHBIX CIOCOOHOCTSIX 3BEHbEB CETH, KOJMYECTBAX TPAHCIIOPTHBIX
HOCHTEJIEH, UX THUIIOPa3MEPOB, METOJIAX 3arPy3KH U BBITPY3KH.

B TpancnoptHO#l cucreMe aBTOOYCHBIX IMEPEBO30K B KAaUECTBE HOCHUTENS
BBICTYTIA€T aBTOOYC, a TPAHCHIOPTHOM CEThIO CIIYKUT MapIIPyTHAsI CUCTEMA.

B TpancnopTHO# aBTOOYCHOM cHUCTEME CeTh MapIIPyTOB HAKJIAbIBACTCS HA
CYILIECTBYIOLYIO TPaHCHOPTHYIO ceTh. B cuily 3TOro oOcCTosITeNbcTBa MpU
IUIAHUPOBAHUM aBTOOYCHBIX NEPEBO30K JIOJKHBI YUUTHIBATHCS 3aKOHOMEPHOCTH
JOPO’KHOTO JIBMOKEHHMS, @ B pANE CIy4aeB 3TH 3aKOHOMEPHOCTH JOJDKHBI
HampaBlieHHO MonupuuupoBatbes. Vmeercss Buay BblIeIeHHE CHEUANBHBIX
MOJIOC JBWKEHHMSI W BKIIOYEHHUS pa3peliarollero CUrHajla, HO MPUOBITHIO

aBTOOycOB Ha mnepekpecTok. O0a yKa3aHHBIX MEpPONPUSTHS HAIUIA IIHPOKOE
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NPUMEHEHUE B TPAKTUKE PEryJIUpPOBAaHUS JOPOKHOTO CHIDKEHHS B paje
3apyOeKHBIX CTPAH.

Nmerommiicss  ombIT  MOATBEpkKIaeT AP (HEKTUBHOCTL  0OECTICUCHHUS
pUOpPUTETAa aBTOOYCHOTO TPAHCIIOPTa B WHTCHCHBHOM JOPOXKHOM JBIKEHUHU.
Co3nanue OJIAroNpHUATHOTO YCJIOBHS JJi JBMKEHHS B IJIOTHOM TPAHCIIOPTHOM
MOTOKE IMO3BOJISIET PAIUKAIBHO YIYUYIIUThH MOKAa3aTeau aBTOOYCHBIX MEpeBO30K. B
TOM COCTOUT OJHO M3 OCHOBHBIX YIIPaBJIEHUHN NadbHEHIIETr0 COBEPIICHCTBOBAHUS
OpraHu3alid JOPOKHOIO JBWXKEHHUS. Bompockl opraHuzanuu  JIOpPOKHOTO
JIBIDKEHUS ¥ aBTOOYCHBIX TEPEBO30OK TECHO CBS3aHBI, KOHEYHOM HTOTE
2(h()EKTUBHOCTh OpPraHW3alUd JOPOKHOTO JBIDKEHUS JOJDKHA OIICHUBATHCS
TOJIBKO 4epe3 3PQPEeKTUBHOCTh NepeBo30K. Oba 3T Bompoca HEOOXOAMMO
paccMaTpuBaTh C TO3UIUNA €IUHOM TEOPUH aBTOMOOUIIBLHO-TPAHCIIOPTHBIX
KOMMYHHKALUH.

Kondurypanus aBToOycHBIX TUHUHN Ha TUTaHE TOPOJa, T.€. YIIUIl U TPOE30B,
0 KOTOPBIM MPOXOJAST AaBTOOYCHBIE MApIIPYThl, 0Opa3yeT aBTOOYCHYIO
TPAaHCHOPTHYIO CE€Th Topojia. ABTOOyCHass TpaHCHOPTHAs CETb CO BCEMU
IPOJIETAIONMMI TI0 HEW TOPOACKMMH aBTOOYCHBIMH MapHIpyTamMHu o0pa3yer
MapUIpyTHYIO CHCTEMY.

[To ycrnoBUsSM TOJIb30BaHUSI U XapaKTepy ABMXKCHHS aBTOOYCOB MapIIPYThI
MOJIPA3NIECTISIOTCS Ta OOBIUHBIE, YKOPOUEHHBIE, CKOPOCTHBIE s JIKCIpeccHbie. Ha
OOBIYHBIX ~ MapHIpyTax OCTAaHOBKA aBTOOycOB  oOs3arelbHa Ha  BCeX
MIPOMEKYTOUHBIX OCTAHOBOYHBIX MyHKTax. [Ipw CKOPOCTHOM pexuMe ABUKCHUS
aBTOOYChl OCTAHABJIMBAIOTCA JIMIIb HA OTIEJIbHBIX, 3apaHEe YCTAaHOBJICHHBIX
MIPOMEKYTOUHBIX ~OCTAaHOBOYHBIX ITyHKTax. Ha SKCHpeccHBIX MapuipyTax
JBIKEHHE aBTOOYCOB OpPraHU3YeTCs MPSIMBIM CcOOOIIeHHeM Mexnay KoHneuHbiMu
MyHKTaMU 0€3 OCTAaHOBOK B IIyTH CJICAOBAHUSI.

JIBvkeHue aBTOOYCOB IO MAapHIPYTy CKJIAJbIBAaeTCs W3 percoB. Peiicom
Ha3bIBaeTCs IpoOer aBToOyca Mo MapuIpyTy B OJHOM HANpaBJICHUH OT OJIHOTO
KOHEUHOro IMyHKTa japyroro. IIpoGer aBTOOycOB Mo Mapuipyry B 000UX
HaIPaBICHUSIX CUUTACTCS OOOPOTHBIM pelicoM. BBoIUTCS Takxke MOHATHE «0O0POT
aBToOyca». O60poT aBTOOYCA ONMpPEACIATCS BpEeMEHEM, KOTOPOE BKJIIOUAET BpeMs
JBIDKEHUS aBTOOyca B TPSIMOM M OOpPaTHOM HAIpaBIEHUSAX, a TAaKXKE BpeMs
CTOSIHKM Ha 000MX KOHEUHBIX ITyHKTaX.

UtoOsl mpeacTaBuTh cebe CUCTEMY TOPOJACKUX aBTOOYCHBIX MEPEBO30K Kak
OOBEKT yMpaBleHUsS, HEOOXOAMUMO OMpPENeIuTh (a30Bbie KOOPAMHATHI COCTOSHUS
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CUCTEMBI, YIPABJIEHUS U LEIEeBYI0 (PyHKLIMIO. 3ajaya MaplIpyTHU3alMU SIBISETCS
CTaTHCTUYECKOM 3ajauer ontuMu3anuu. [lodToMmy 1t ee pemeHust 10CTaTOYHO
OTIpPEIECTUTh YIpaBJIeHUE U IIeNieByl0 (yHKIUI0. B pe3ynpraTe perieHus 3agadu
ONTHUMM3ALUUN JOJDKHA OBITh IMOCTPOCHA MApPLIPYTHAs CEThb C YYETOM ITYHKTOB
Nepecajki, OCTAHOBOK M KOJIMYECTBA U TUIOB aBTOOYCOB Ha Kaxa0M Mapupyte. K
3ajJlaye MaplUIpyTU3allMd OTHOCUTCS TakKe 3aJada HAa3HAYCHUS CKOPOCTHBIX,
YKOPOYEHHBIX U DKCIPECCHBIX MapIIPYyTOB.

Pacuer rpadukoB ABMKEHHS aBTOOYCOB TakX e IPOBOJUTCS METOJaMU
CTaTUYECKOM ONTUMHU3ALMHU. 3J€Ch B KAadeCTBE OCHOBHOI'O YIPABISAIOIIETO
napamMeTpa BBICTYNAET WHTEpBal JABW)KEHHS, KOTOPBI 3aBHCUT OT KOJUYECTBA
aBTOOYCOB.

Pemennie MHOTUX 3a7a4 yrpaBJieHUs NEpeBO3KaMH TPeOyeT UCTIOIb30BaHUS
MaTpULbl  KOPPECIOHJACHIMN  MIacCaXupoB. MaTpuma  KOppEeCHOHIEHUINN
IpeCcTaBiIsieT cO00M TadIMIly B KaX/I0M KIETKE KOTOPOM 3allMChIBAIOT KOJIUYECTBO
[TaCCAKUPOB, CIECAYIOMHUX OT OCTAaHOBKM C HOMEPOM CTPOKH K OCTAaHOBKE C
HOMEPOM CTOJIONA.

B BepxHel TpeyroyibHOW 4acTH TaOJWLbBI MPOCTABIEHBI KOPPECIOHACHIIMU
NAaCCAXXUPOB MPU JBUKEHUU B MPSAMOM HAINpaBlIeHUU. B HIKHEW yacTu TaOJIHIIbI
— KOPPECHOHJIEHIIUU B 0OpaTHOM HampasiieHuH, oT 1-il 1o 5-i octaHOBKU — 12
naccaxkupoB. Ilocnennuit cTonbOel coCTaBleH W3 CyMM 3JIEMEHTOB CTPOK,
PacHoJIOKEHHBIX BBILIE TJIABHOW AMArOHalIM, W 33JaeT KOJIMYECTBO NACCaXKUPOB,
KOTOpbIE CcaIaTcad B aBTOOYC Ha MOCJIENOBATENbHBIX OCTaHOBKAaX. CaMas HWKHSA
CTpOKa TaOJIMLBI JAeT KOJWYECTBO MACCaXUPOB, BBIXOASAMIMX M3 aBTOOyca Ha
OCTAHOBKaX C COOTBETCTBYIOIIMM CTOJOIY HOMEPOM |. CBS3b

Hapsny ¢ marpuneil KOppeCHOHAEHUMM NpPU IUIAHUPOBAHUM MapIIPYyTOB
UCITOJIB3YETCSl TakK€ MaTrpuia HOpPM BpeMeHH. KaXaplii 31eMEeHT MaTpuLibl
npejcTaBiIsieT co00il BpeMs ClieJOBaHMs MAaccaXupa OT OCTAHOBKU C HOMEPOM 1 K
OCTAaHOBKE C HOMEpPOM j. DJTa MaTpulla MOKET ObIThb HaiJlecHa IBYMS MyTSIMHU.
[lepBblil MyTh COCTOUT B IKCIEPUMEHTAILHOM HM3MEPEHUU BPEMEHU ABUKECHUS
aBToOyca. OTOT MyTh SBISIETCS JOPOTOCTOSIIMM, TaK Kak IMperoiaraet
MPOBEICHHE OOIIMPHON MPOrpaMMbl U3MEPEHUN C YyU4ETOM Haduyusi OOJBIIOro
yycia (akTopoB, BO3JCHCTBYIOIIUX HAa CKOPOCTh U BpeMsl JIBHXKEHUSI aBTOOYyca.
JIpyroii myTh COCTOUT B pacyeTe BPEMEHM JIBHXKEHHS U UCTIOJIb3YET JUHAMUYECKUE
XapaKTEPUCTUKU aBToOyca, BPEMEHHBIE IapaMeTphl cBETO(OpPHOTO
pPEryJIMpOBaHUSl Tla TEPEKPECTKE XapAKTEPUCTHUKUA JOPOKHOTO JBHIKECHMS,
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3aKOHOMEPHOCTH NPHUOBITUS TMACCAXUPOB Ha OCTaHOBKY. PacueTHblii croco0
OTIpe/IeTICHUS] MAaTPHUIIBI HOPM BPEMEHH SIBIISICTCS] BECbMa OOBEKTUBHBIM U B TO XK€
BpEMsI 3HAUUTETHHO 0OJIee JICIICBBIM.

[Ipu pemienuu psga 3aaad yrnpaBJIeHUs EPEBO3KaM HUCIIONIb3YeTCs MOHITHE
naccaxkupornoToka. [1o maccaxupornoTokoM MOHUMAIOT KOJIMYECTBO MACCAKUPOB,
KOTOpble (DaKTHUECKH TEPEBO3SATCS B JAHHBII MOMEHT Ha KaXJIOM IEperoHe
aBTOOYCHOTO MaplIpyTa WJIH B II€JIOM Ha aBTOOYCHOM CETH BCEX MapIIpyTOB B
OJIHOM HampaBJICHUH.

Hnghopmayuonnas mooenv agmobychvix nepeso3ox
YnpaBneHue nepeBo3KamMu B3aMHO OOYCIIOBJIEHO KaK BO BpPEMEHH,
TaK W B I[IOCIEJOBATEIFHOCTA BBIMIOJHEHUS JCNBHBIX KOHTPOJIUPYIOIINX
Bo3aeiicTBUil. CTpyKTypy CHCTEMBI YIIpaBJI€HHUS aBTOOYCHBIMHU IE€PEBO3KaMHU
IpOIIE BCEro NPEACTaBUTh C IOMOIIbI0 MH(POPMAIMOHHOM Mojaenu. Mopeinb
COJCPKUT TPHU B3aMMOCBSI3AHHBIE YaCTH, KOTOpPBIE COOTBETCTBYIOT TPEM
pa3IMYHBIM paHTaM, WA YPOBHSM YIIPaBICHHS.

[lepBbIil ypOBEHb — paHI PEryJIUpPYIOIIUX BO3AEHCTBUA — OTOOpa)aeT
JICHCTBUE CHCTEMBI YTMpPaBJICHHUS aBTOOYCHBIMHU MEPEBO3KAMHU MO OOECIEUEHHUIO
perynsapHocTd ABMKEeHHs. [lOCKONBKY TepBbId paHr (opMaan3yeTcs Ha S3bIKE
AJITOPUTMOB COBPEMEHHBIX BBIYUCIUTENBHBIX MAIIMH OTHOCUTEIBHO IPOCTO, 3Ta
yacTh ympaBlieHUs Oblla aBTOMATU3MpOBaHAa B TiepByr ouepenas. ACHY
o0ecrieunBaeT KOHTPOJb 32 JIBUKEHUEM aBTOOYCOB, HAUMHAs C MOMEHTa BbIXOJ1a
aBToOyca W KOHYas €ro BO3palleHHEM B aBTOTPAHCIOPTHOE TPEANpPUATHE.
Cuctema KOHTPOJHUPYET pacmlpesesieHne aBTOOYyCOB MO MapuipyTam, IBHIKEHHUE
aBTOOYCOB, JKCIUTyaTallMOHHBIC TOKA3aTEeNNd TOJBUKHOTO COCTaBa; COCTaBIISET
pacnyMcaHue i1 KaXIOro apTrodyca; coOupaeT JaHHbIE M COCTaBJSIET
CTaTUCTUYECKUE OTUETHI.

Wudpopmanus o HoMepe MaplIpyTa, KOHTPOJBHOIO IyHKTa, KOJOBOIO
HOMepa aBToOyca M (aKTUIECKOM BPEMEHHU MPHUOBITHS aBTOMATUYECKH BBIIAETCS
Ha 1udpoBoe Tmeuarawmiee  ycTpodcTBo.  OQHOBpEeMEHHO  HH(popMaIus
otobpakaercs Ha MHemomurte. [lynpT aucmerdepa OCHAIICH AJICKTPOHHBIMHU
qacaMmu, AyOJIUPYIOIIEH CHCTEMO TPOMKOTOBOPSIIEH CBSI3U MEXIY TUCTIETYCPOM
U BOJUTENEM aBTOOyca, YCTPOMCTBOM BHU3yaJlbHOTO OTOOpaxkeHUs wLudpoBoi
uHdOpMaIUs O MIAHOBOM U (PaKTUUECKOM KOJIMYECTBE aBTOOYCOB HA MapIIpyTax.

Cucrema  aBTOMATH3WPOBAHHOTO  KOHTPOJIS  oOecreuynBaeT  OOBEKTUBHBIN
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BU3YaJIbHBI KOHTPOJIb 3@ PETYISPHOCTBIO JABUKEHUS aBTOOYCOB Ma KaXIIOM
MapIIpyTe U 110 BCEW CETU B LEJIOM.

Btopoit  ypoBeHb B HH(POpPMAIMOHHON  MOAenu  OToOpakaer
(GYHKIIMOHUPOBAHHUE CUCTEMBI YIPABICHUS IEPEBO3KAMH 110 PeaU3aliy PeIIeHUN
ONEPAaTUBHOIO  XapakTepa. XapakTep H  KOJMWYECTBEHHBIE  IapamMeTpbl
MPUHUMAEMBIX pelleHud (HOPMHUPYIOTCS HA OCHOBE ONTHUMHU3ALMKU (DYHKIIMH LIEIH,
KOTOpast MPEeJICTaBIIIET COOOM KOIMUYECTBEHHYIO OIIEHKY A(h(PEKTUBHOCTU CUCTEMBI
yhpaBieHus nepeBo3kamu. DyHKIUS UENH CoAepkaT B cede psl Mmokazaresei,
TaKHUX, KaK 3aTpaThl BPEMEHU MMACCAKUPOB HA 0XKHUJIAHUE, JBIKEHHUE, TIEPECaIKH;
KO3 GUITUEHT 3aM0THEHHsI aBTOOYCa, BEPOSTHOCTh OTKa3a MacCaKupy B MOCAIKE.

NupopmaniioHHBIA TOTOK HAa BTOPOM YPOBHE YMPABICHHUS MPOXOIUT
cienyoomyto 1nenodyky. CHayana OH MOJBEPraercsl aHajau3y, IpUYeM B Ipolecce
aHaJlu3a OCYUIECTBIIsIEeTCA Oojiee TOYHass 00paboTka HMH(OpMaLMM, YEM MpHU
OCYILIECTBICHUN KOHTPOJIA PEryJsIpHOCTH JBWKeHUs. B wacTHocTH, B mpolecce
TAKOr0 aHajdu3a MOJy4aeTcs MAaTpHIly KOPPECHOHACHIMM W MaTpulla HOpM
BpeMeHu. Ha ocHoBe mnpoBefeHHOro aHanuza Gopmupyercs (QYHKIUS 1€,
KOTOpass COOTBETCTBYET pelraeMod 3agade. Takux 3agad  JBe; 3ajada
MaplIpyTH3alUy U 3a7ada Jucreryepusannu. B pamkax 3amaun MapuipyTu3aluuu
BBIMIOJIHACTCSI HAa3HAUYEHUE CKOPOCTHBIX, YKOPOYEHHBIX UM  3KCIPECCHBIX
MapIIpyTOB, a TAaKKe MPOU3BOAUTCA MOAU(UKALUKU MapuIpyTHON cucteMsbl. [lox
Mou(pUKalMe MapIIpyTHOW CUCTEMbI TIOHUMAETCsS BBEICHNE HOBBIX MapIIPyTOB
Y UCKJIIOUEHHUE c1a00 UCIOJIb3yEeMbIX MapIIPyTOB.

3ajmaya  JOMCHETYEPU3ALMU  COJAEPNKHUT JBE OCHOBHBIE  I0J33/1aYu:
HOPMHUPOBAaHUE CKOPOCTH JBMXKEHHSA aBTOOYCOB U COCTaBJIEHUE paCHUCAHUsA
aBTOOycOB. BrIipaboTanHass B pe3yibTare peUIeHHs yKa3aHHBIX  3aj]ay
ONTUMAaJbHAsl MapHIpyTHas CUCTEMa COCTABJIIET OCHOBY IUIaHA JEATEIbHOCTU
aBTOTPAHCIIOPTHOTO MPEANPUATUS, KOTOPOE peanu3yeT pa3pabOTaHHbIEC IUIaHBI
yepe3 AUCHETUYEPCKYI0 U SKCIUTYaTallMOHHYIO CIIy>KOy MapIIpyTOB.

Ha tpeTpeM ypoBHe, WM paHre, YIpaBIEHUs MEPEBO3KAMHU OCYIECTBIIAECTCS
IUIAHUPOBAHME M OpraHM3alusi [epc-BO30K Ha 0a3e  JIMHTBUCTHYECKOU
MaKpOMOJIEJIM TPAHCIOPTHOrO mporecca. [[poMexyTouHbIM pe3ylabTaTOM 3TOTO
BUJA JCSATENbHOCTH CHCTEMbI YTPABICHUS SIBISETCS S3bIK OINUCAHUS CUCTEMBI
NACCaXUPCKUX aBTOOYCHBIX TIEPEBO30K U 3aKOHBI DSBOJIOINUM MaplIpyTHOU
CHUCTEMbI, B KOTOPbIX B POJHM YIPABISIIOMMX [EPEMEHHBIX HCIOIb3YIOTCS

COLIMAIbHO-DPKOHOMUYECKHUE (PaKTOPBHI.
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Ponbs Tperhero ypoBHs (paHra) ympaBieHuUsl elle 0oJjiee MOBBIIIAETCS C
YCIIO)KHEHUEM TIePEBO30K. B cruty mpuHIHIIa He00X0IMMOT0 pazHooOpasus Imou,
POCTY CJOKHOCTH OOBEKTa YMpaBICHUS JOJKEH COOTBETCTBOBATh POCT CPENICTB
OMMCAHMS 3TOM CIOKHOCTU B CUCTEME YIpaBlieHUsA. Takomy Hpoleccy OTBEYaeT
MOSIBJIEHUE HOBBIX NOHATHI B CUCTEME YIIPABIIECHUS [IEPEBO3KAMMU.

Hampumep, nmnpuBiedeHMe K  YNOpaBICHUIO  [EPEBO3KaMU  OOLIUX
KHOEPHETUYECKUX U IKOHOMHKO-MATEMAaTHUYECKUX 3aKOHOMEPHOCTEH O3HadaeT
UCIIOJIb30BAaHUE HOBBIX IMPEACTABJICHUM, CPEJICTB OMHUCAHMS U, CIEJOBATENIbHO,
paclIMpeHre s3blKa ONUCAaHUs NEPEeBO30K. PacmmpeHuwe s3bIKa OINUCAHUSA
NEPEeBO30K TOMOTaeT (OPMHUPOBAHUIO Hauboiiee OOIMX 3aKOHOMEPHOCTEU
pa3BUTHS aBTOOYCHOM TPaHCIOPTHOM cHCTEMbl. B OCHOBY MeToAa MOCTPOEHUSA
3aKOHOB Pa3BUTHS, UM 3BOJIOLUH, ABTOOYCHOM TPAaHCIIOPTHON CUCTEMBI KJITyTCs
Oonee  oOmue  3aKOHOMEPHOCTHM  (YHKIMOHHMPOBAHMS  OOIIECTBEHHBIX
KOMMYHHKAIUM, Takue, Kak (OPMHUPOBAHUE COLHUAIBHBIX U ICHUXOJOTHYECKHX
OCHOB MOTPEOHOCTU HACEJICHHS B MEPEIBUKEHUAX U 3aKOHOMEPHOCTH TOPOACKUX
arJoMepanmi.

3aoauu ynpaenenus agmobycHbIM nepeso3Kamu
AHanu3 UWHQPOPMALMOHHON MOJEINU TO3BOJISIET BBIIEIUTH JBE
OCHOBHBIE 33J1a4M, KOTOPBIE PEIIAIOTCS B MPOLECCE YIPABICHUS IEPEBO3KAMMU:
3ajlaya MAapLIpyTU3alMM W 337ada AMCIeTYEepu3anuu. PemeHue KaxIod 3aaadn
IPOU3BOAMTCS IyTEM ONTUMH3ALUU  COOTBETCTBYIOLIETO  KPUTEPHSl  WJIU
nokasaress 3pPeKTUBHOCTH.

Kputepuem ontummzanuu B O0OIIeH 3ajade yNpaBieHUs MEPEeBO3KaMU
ABJIIETCSI BpeMsl .MpeObIBaHMs TNaccaxkupa B NyTH. B Maremaruueckoil ¢opme
KPUTEPHI 3aIIMChIBAETCS C TOMOILBIO CIEIYIOIIETO BBIPAKECHHUS:

(9.1)

rae [I-ij — yKcino maccakMpoB, COBEPHIAIOIIMX IMOE3AKY M3 MyHKTa 1 B
NYHKT J; N — oO0uIee KOJIMYECTBO OCTAaHOBOK; IIK — KOJIMYECTBO Maccaxupos,
noyib3yromuxcst Toiapko Mapupytom K, IIl — komnuecTtBO maccaxupos,
NPOEKAIONUX MO0 COBMEIIEHHOMY ydacTKy l; tir tir — 3aTpaThl BpeMeHH Ha
CIIeIOBaHWE U TEpPeCcagKh OJHOr0 TNaccakupa M3 NYHKTa 1 B IMYHKT ]
COOTBETCTBEHHO; tr — BpeMs OXHUIAHUS OJHUM IacCaXUpOM aBToOyca Ha
MapupyTe 1: t| — BpeMs oKuAaHHs OJTHUM MMacCaXXHUPOM aBTOOyca i ABMXKECHUS
1o 1-oMy y4acTKy CeTH ¢ OJJHUM WJIM HECKOJIBKMMHU COBIAJAIOIIMMU MapIIpyTaMu;

1] — MHJIEKChI MUKPOPAHOHOB.
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Ha3naueHne CKOpPOCTHBIX, YKOPOYEHHBIX M JKCIPECCHBIX MAapIIpyTOB
MIPOU3BOJNTCS B COOTBETCTBHHM C HECKOJBKO Oosiee mpocToit (opmyrnoit, He
YUUTHIBAIOIIEH 3aTpaT BpEMEHHU Maccakupa Ha Mepecaku:

(9.2)

[log3anaua pacnpeneneHuss aBTOOYCOB IO MaplIpyTaM pelIaeTcs MyTeM
ONTUMM3AIMK BPEMEHHU 0KUJIaHUsI MAaCCAKUPaMU MTPUOBITUSL aBTOOYCa

— (9.3)

rae Pir(Qir ) - KoaudecTBO MacCaKUPOB, BXOJANIMX, (BBIXOAIIMX) Ha
OCTaHOBKE 1 MapIIpyTa r; tir — BpeMs OKUJaHUS OJHUM MacCAXUPOM aBTOOyca Ha
I-TOW OCTAHOBKE I-ro MapuipyTa; Tir — BpeMs CTOSHKU aBTOOyca Ha OCTAaHOBKE C
HOMEpPOM ;nr— KOJMYECTBO OCTAHOBOK Ha Mapupyre r; N — KOJIUYECTBO
MapIIpyTOB.

B dopmyne (9.3) BpeMs cTossHKH aBTOOYyCa Tir M BpeMs OKUJaHUS aBToOyca
NACCAXUPOB OX ir t SBISIOTCA (DYHKUMSAMHU 3arpy3Kd aBToOyca. YYeT 3TOro
00CTOATENHCTBA MO3BOJISET HCIIONIB30BaTh kputepuii (9.3) Taxke mpu BeIOOpE THIIA
aBToOyca. Ilpu BwIBoge kputepus B ¢opme (9.3) mpeamonaraercsi, 4TO BpeMs
JIBUKEHHs] aBTOOyca OT OCTAHOBKM K OCTAHOBKE c€Jab0 3aBUCUT OT €ro
HarnoyiHeHus. B mpotuBHOM citydaeB (opmyny (9.3) HeoOX0AMMO BBECTH WIIEH,
YUUTHIBAIOIINI BpeMs JBMKCHHSI aBTOOYycCa.

3amava AMCIeTYepU3alnY, KaK YK€ OTMEUYaIOCh, COIEPKUT TPH MOA3a1a4H:
HOPMHUPOBAaHHE CKOPOCTEH HBIKEHUS; COCTABIICHHUE pACIUCAHUS JBIKEHUS U
KOHTPOJIb 3@ pErylsApHOCTBIO nBrkeHus. [locmemgHsst 3amada B paMkax
UHPOPMAIIMOHHONM MOJEJNHU YINOMUHANIACh NpPHU aHajau3e HHPOPMAIMOHHBIX
NOTOKOB Ha MEPBOM paHI€ yIpaBICHUS.

[lon3anaya HOPMHUPOBAHUS CKOPOCTEH CBOIUTCS K pacueTy MaTpHIlbl HOpM
BPEMEHH, HCXOAS M3 JWHAMUYECKMX XapaKTEpUCTUK aBToOyca, MapaMeTpoB
CBETO(OPHOTO PETyIUPOBAaHUS U MHTEHCUBHOCTH TPAHCIIOPTHOTO MOTOKa. Pacyer
MPOU3BOAUTCS B COOTBETCTBUU C TPUHIIMIIOM MaKCHMyMa CKOPOCTH, T. €. B
KayecTBE KpPUTEpHsl MPHU pPEIIeHUH 3TOM MOA3aJaud MCHOJIb3YEeTCs CKOPOCTh
aBToOYyCa.

[lon3anaya cocTaBieHUs pacnuCaHus JBUKEHHsI aBTOOYCOB pa3OuBaeTcs, B
CBOIO Ouepelib, Ha JIBa BOIpPOCA: OMpEeEiIeHUE MOTPEOHOTo Yrcia aBTOOYCOB IO
qacaM CyTOK M OTIPEJICJICHHUE PEKUMOB TPY/a, T. €. COCTaBlIeHHE TpadUKOB PabOTHI
Bojurenei. IlepBrlil U3 3TUX BOIIPOCOB PELIACTCA MUHUMU3aLUMen Kputepus I3 npu

BBITTOJIHCHUH OFpaHI/I‘ICHI/II\;I, HakKJIaAbIBACMBIX Ha KOJHMYECCTBO aBTO6y00B )51
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YPOBEHb 3arpy3Ku aBTOOYCOB. JTH OIpaHUYEHUS B aHAIUTUYECKOU (opMe UMEIOT

BUJI:

(9.4)

rie mr — KOJUYECTBO aBTOOYCOB Ha MapuipyTe r; mr(t) — 4YuCIo

aBTO6YCOB, KOTOPOC MOIKCT OBITh MaKCHMAaJIbHO BBIITYNICHO Ha MapHmpyT C

HomepoM K B MomeHT BpemeHu t; mir — KOIDPUIMEHT 3arpy3Kkd WU
HaIOJIHIEMOCTh aBTOOyca Ha OCTaHOBKe 1 Mmapuipyta r; nr (t) — 3amaHHas
BeJIMUYMHA KOX(PQUIMEHTa HAMOJHAEMOCTH Ha Mapuipyre r; Ar — cpenHss

BMECTHMOCTb aBTOOYyCa Ha MapuUIpyTe T.

OrnpeneneHue peKMMOB TpyJia U cocTaBleHrEe rpaduKoB pabOThl BOAUTEIEH
OCYULIECTBJISIETCS. Ha OCHOBE PEIICHUS MNPEbIIYIIEro BONPOCa C YYETOM HOPM
TPYAOBOI'O 3aKOHOJATENIbCTBA, COLMAIBHO-TICUXOJIOTUYECKUX (PAaKTOPOB, YPOBHS U
CH0c000B MaTEpUaIBLHOIO CTUMYJIUPOBAHUS.

[Ipu KOHTpOJE 32 PEryJAPHOCTHIO JBUKEHUS UCIIOIb3YETCSl KBaJAPATHUHbBIN

KpUTEpHUN BUJA!

(9.5)

rae Atjj — UHTepBal MeXAy aBToOycamMu, U3MEPEHHbII Ha OCTAHOBKE I-TO

Mapuipyta Mexnay 1-M u (i+1)-m aBtoOycamu; Tr — Bpems obopoTa Ha r-Mm
MapIuipyTe.

Kputepnii naer cpeqauil KBaapaT OTKIIOHEHUH PETYJIIPHOCTU JBUKEHUS OT
3aJJaHHOTO MHTEpBaa.

Takum oOpa3oM, nepeyuclieHbl BCE OCHOBHBIE 3a/Jayd, pellaeMble B
npolecce MJIaHUPOBAHUS, YIPABIECHUS U PETYIUPOBAHUS aBTOOYCHBIX NEPEBO3OK.
3ajaun pemaroTcs METOJOM ONTHUMH3ALMHA COOTBETCTBYIOLIErO MOKA3aTels WA
KpuTepus 3pHEKTUBHOCTH.
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