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(57) Hacrosiee TexHUYECKOE PENIEHHE OTHOCUTCS K BBIYMCIUTEILHON TEXHHUKE, B YACTHOCTH K CHCTEMaM

U crmoco0aM HSHEProONTHMAIBHOTO YIPABICHHS IOABIKHBIM COCTAaBOM. TEeXHHUYECKHH pe3yibTar
3aKITI0YacTcs B MUHHMU3AIUHN PAacXofa SHEPTHH Ha BBHIOTHEHUE MOE3THOW W MaHEBPOBOW paboOTHI, a
TaKke MpefoTBpalieHny oOykcoBanust. Criocod SHEProonTHMAIEHOTO YIPABICHHUS OABUKHBIM COCTAaBOM
C HCHONB30BaHHEM KO3(P(PHIMEHTa CLEIUIEHHS B PEKHAME TITH, BKIIOYAIOMIMN CIIEAYIONINE IIaru:
IOy YarOT ITapaMeTpPhI MOABIKHOTO COCTaBa, BKIFOYAIOIIUE, TT0 KpaiftHel Mepe, K03 OUIHEHT CIeTUICHAS
JUISL peXXHMa TSTH, TapaMeTpbl 3aBUCUMOCTH Kod(duIMeHTa CleTuIeHHs ISl peXXUMa TATH OT CKOPOCTH,
ATIPUOPHBII BEKTOP MapaMeTPOB 3aBUCUMOCTH KOA((HUIIMEHTA CIETUICHHUS U1 PEKUMA TATH OT CKOPOCTH,
CKOPOCTh, MAcCy IOIBI)KHOTO COCTaBa, CHIIy TSTH, MPU3HAK Hanu4yus OyKCOBaHUs, MH(OpMAIHIO O
MapIIpyTe, BKIIIOYAOIIYI0, IT0 KpaiHeil Mepe, HauallbHYI0 ¥ KOHEYHYIO TOYKY MapIIpyTa, IIaH 1 MPoQHIb
MyTH; OMPENeNAIOT 3HaueHHe KoA(QQHIMEHTa CHEIUICHHUS A PEeXHMa TATH Ha OCHOBAaHWH IaHHBIX,
MTOJyYCHHBIX Ha TMPEBIAYIIeM IIare; MpoBEPSIOT TOYHOCTH 3aBUCHUMOCTH KO3((HIIMEHTa CIeIUIeHHs
JUId peXHUMa TATH OT CKOPOCTH, NPH 3TOM €CIM OHAa HE TOYHO ONHUCHIBACT CIEMJICHHE, TO yTOUHSIOT
mapaMeTpsl 3aBHCHMOCTH KOX(QQHIMEHTa CHEIUICHHUS Ui PEeKUMa TATH OT CKOPOCTH; (hopMHUPYIOT
IUTaH ONTHMATBHOTO YIPAaBJICHHUS U OCTAaBIICHCS YacTH MapIIpyTa ¢ HCIONB30BaHHUEM, MO KpalHeH
Mepe, TapaMeTpOB TOJBIKHOTO COCTaBa M 3aBUCHMOCTH KO3(QUIMEeHTa CIEIUICHHs IS PeXXUMa TSTH
OT CKOPOCTH; PEalu3ylOT ONTHMAIbHOE YIPaBICHHWE C HCIONB30BAaHHEM C(OPMHUPOBAHHOTO IIIaHA
ONTUMAIIFHOTO YIIPaBICHUS.
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B60T 8/172; B61L 3/12
CIIOCOB 1 CUCTEMA SHEPIOONITUMAJIBHOI'O YITPABJIEHWA
HOABHKHBIM COCTABOM C HCIIOJIb3OBAHUEM KO3PPUIINEHTA
CHEILTEHHS B PEXXUME TSATI'A

OBJIACTb TEXHUKH

m Hacrosimee TEXHHUYECKOE PEIICHUE OTHOCHUTCSI K BBIUUCJIHTENLHON TEXHUKE, B
YacTHOCTH, K CHCTEMaM H crnocobam SHEProoNTUMAJIBHOIO  yIIPABJICHUA
NOABIXKHBIM COCTaBOM, H MpPEIHA3HA4YCHO [UIA ITOBBIIICHUA 3(1)(1)CI(THBHOCTI/I
HCIIOJIBb30BaHUS XKEJIe3HOAOPOXKHOIO MOABHXXKHOI'O cocTtaBa, HarpuMmep,
JIOKOMOTHBA IIPpH BBIITOJTHCHHUN MOE3IHOU U MaHeBPOBOﬁ pa60T51, IIpA BOXICHHH

[10€340B B aBTOMATH4Y€CKOM PEXHUME UIHA B PEXXHUME ITOMOIIHA MAaIIUHHUCTY.

VPOBEHb TEXHUKHA

[2] B Hactosmee BpeMs 3¢ (eKTUBHOCTD YIPABJIEHHUs XKEJIE3HONOPOKHBIM COCTABOM
3aBHCHT OT KBaJM(UKAUMH MAIIMHHUCTA, BCICACTBHE HEro TOJIBKO OMBITHBIC U
3HAIOMIAE MAapIIpPyT [ABM)KCHHS MAaIIMHHCTH YIPABIAIOT KEJIE€3HOXOPOXKHBIM
cocTaBoM Hauboee 3¢ GEKTUBHO.

ByKcoBaHHE — BpallleHHe JBIDKYIINX KOJIEC JIOKOMOTHBA C YIIOBOH CKOPOCTBIO,
IpeBBINIAIONIeH MOCTYNAIOLLYI0 CKOPOCTh JBIKEHMS JTOKOMOTHBA. bykcoBanue y
JIOKOMOTHBOB SIBJISIETCS PE3YJILTATOM IPEBBINICHUS YCHIUs, NEPEJaAroIIErocs OT
TATOBBIX JBHIaTeNeil, HaJl CUJIOHM CIEIUIEHHs Kollec ¢ penbcamu. B mpomecce
GyKCOBAaHHS MOXET [POM30MTH pa3phiB Gannaxei 0OMOTOK TATOBBIX JIBHTaTene,
noBpexeHne 3y6uaToil nepeaun, 00pa3oBaHUe KPYyroBOIO OTHs Ha KOJUIEKTOPE.
B MoMeHT npekpaunieHuss OyKCOBaHHs BO3HHKaeT PE3KOE yBEIHYCHHE (TONTH0K)
CHABl TATM W OIACHOCThL paspbiBa Moe3fa. bykcoBaHHE COIPOBOXIAETCA
MHTEHCHBHBIM M3HOCOM GaHnaxeil kxonecHeix map u penbcoB (Komapes H.C.
(pen.) - JKene3sHODOPOXHBIM TPAHCTOPT. JHUHMKIONEIN, M, HayuHoe
Wznarensctso "Bonbiias Pycckas Duuukionenus” 1995 r., 292 c1p.).

[3] B}’KCOBaHI/Ie BO3HUKAeT Ha JIOKOMOTHBE HIH MOTOPHOM BaroHe MOTOPBAaroHHOI'o
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[4]
B3]

[6]

[7]

(8]

[9]

HONBI)KHOTO cocTaBa (manee - wmortopHoM BaroHe MBIIC) BcnenctBue
IpeBbILIEHHs PeATU3yeMoli KONECHOM Mapoi CHIION TATH CHIIBI CHCIUICHHS Kojieca
¢ penbcoM. BO3HMKHOBEHHIO W Pa3BUTHIO ABJICHUA GyKCOBaHUS CIIOCOOCTBYIOT!
yBJIaXHEHHE TIOBEPXHOCTH PEJIbCca BO BPEMS OCAZIKOB;

3arps3HEHKE TOBEPXHOCTH PeNbca MM MOBEPXHOCTH KaTaHus OaHnaxa KonécHOH
Taphl MACJITHACTHIMHE XUIKOCTAMHE (Macyia, CMa3KH, XHp);

pasrpy3Ka OCH KOJIECHBIX IIap TATOBOTo MojBikHOro cocrasa (manee — TIIC)
BBHY HenpaBwibHOM passecku TIIC;

pasrpy3ka nepBoii ocu B kaxzo# tenexxe TIIC BBHIy MOMEHTa, BO3HHKAIOIIETO
NIPY peajn3aliy TAr0BOIO YCHIIUS,

HaJM4Y¥e Ha KOJECHOM mape O60nbIIoro Mpokara, YT0 yMEHbIIACT MATHO KOHTaKTa
KoJieca M pellbCa;

HAaXOXJIEHHE TATOBOTO MOABMKHOIO COCTaBa B KPUBOI Mayoro paauyca (Ipa 3ToM
Heu36e)KHO BO3HUKAET IPOCKAIb3bIBAHUE, TaK KaK KOJIEco, HAyllee 110 BHEUIHeH
HHUTKE PEJBCOBOTO IMyTH, MPOXOAUT MyTh OONBIIMA, Y€M Kojleco, HAyllee IOo

BHYTpEHHEH HUTKE).

(0] U3 marenra US6012011B1 (MIIK B60L3/10, omy6n. 04.01.2000) usBecTeH

crocoG, XapakTepH3ylomuil «AHTHIIPOOYKCOBOYHYIO CHCTEMY M CHOCO6

YCTPaAHCHHA IIPOCKAJIb3bIBAHUA KOJIECAN.

[11] B narenTte omnucheIBae€TcAs CcHUCTEMA H criocob YCTpaHCHHA IPOCKAJIb3bIBaHUA

Kojleca TP COXpaHEHHH MaKCHMAaIbHOH MOIIHOCTH YCKOpeHHs. II3BecTHoe
pelllecHHe KOHTPONIMpPYeT CKOPOCTh KaXJOro M3 TATOBBIX  JIBATaTelew,
HCIIONB3yEMBIX JJIsS TpuBona Koiec. Ecim CKOPOCTh KOHKPETHOTO TSTOBOIO
ABHUraTels MpEBBIIAeT CKOPOCTh APYTHX TATOBBIX JABHIaTelel Ha OmpeeeHHbIH
NpOILIEHT, TO KoJieca, KOTOpble NPHBOAATCS B [BIDKEHHE 3THM KOHKPETHBIM

TArOBBIM ABHTaTEIEM, CYUTAIOTCA NPOCKAJIb3bIBatOIIIUMH.

[12] HemocrarkoM JAHHOIO TEXHUYECKOIO pEIIC€HUS SBISCTCS pearupoOBaHHE Ha yXE

BO3HHKIIee OyKCOBaHWE, a He MpENOTBpallleHHE IMOsBICHUS OyKCOBaHWS, 4YTO
sBisieTcd MeHee 3(Q(EKTHBHBIM, HEBO3MOXHOCTh HCIIOJIB30BaTh HH(MOPMALHIO O

6ch03aHnn 71 SHEProoNTHMAJIBHOTO YIIpaBJICHUSA NOABHKHBIM COCTaBOM.
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CYITHOCTE U3OBPETEHHWA

(13] Texuudgeckodi mnpoGneMoif, Ha peIleHHEe KOTOPOH HaNpaBICHO 3asBICHHOC
TEeXHHYECKOE pellleHHe, SBIAETCA CO3JaHMe Crnocoba SHEProONTHMANBHOIO
yIpaBleHHs [OABIDKHBIM COCT@BOM C  HCIOJb30BaHHEM ko3¢ duIeHTa
CLEILIEHHS B PEXXUME TATH.

[14] JIaHHOE TEXHMYECKOE PellleHHe HAMpaBJIeHO TaKkXke Ha yCTPaHEHHe HE[OCTATKOB,
NPUCYIIMX CYIIECTBYIOIIMM PELICHHSM U3 YPOBHS TEXHHUKH.

(15] TexHMYeCKHH pe3yNsTaT 3aKIIOYaeTcs B MUHUMH3ALMHM DacXojla SHEPIrHH Ha
BBIIIOJIHEHHE TOE3AHOM M MaHEeBpOBOH paboTel, a TaKke MNpeJOTBPALICHUH
OykcoBaHHs.

[16] Takke 3asBICHHOE pelmieHWe OOECIeUMBAET YBEJIMYEHHe IPOITYCKHOH
CIIOCOGHOCTH JJOPOTH ¥ yMEHbIIAET M3HOC KOJIECHBIX Nap MOABHKHOTO COCTaBa.
(7] JlanHblii ~ TeXHMYecKud  pesynsrar  jocTuraercs  Gmarozaps crocody
SHEpProoNTHMAJIFHOIO YIPABICHUSA MOIBIKHBIM COCTAaBOM C HCIIONB30BAHUCM
KO3 GHUIEEHTa CUEIUIEHU B PEXHMME TATH, 3aKMIOYAIOMMACA B BBIIOTHCHAN

3TaroB, Ha KOTOPBIX:

[18] - MOJYYAIOT NApaMeTPhI TIOZABUXKHOTO COCTABa, BKIIOYAIOIIXE, [I0 MEHBIIEH Mepe:
k0dQQUIUEHT CLeIUIeHAs JJIs peXuMa TATH, IapaMeTphl 3aBUCHMOCTH
K03(UIHEEHTa CleTIEHHs. Ul PeXHMA TATH OT CKOPOCTH, alpPHOPHBIN BEKTOP
IapaMeTpoB 3aBUCHUMOCTH KO3(hGHIMEHTa CUCIUICHHS I peXuMa TArd OT
CKOPOCTH, CKOPOCTB, Maccy HOJIBI)KHOTO COCTaBa, CHIY TATH, NPU3HAK HaTM4IHs
6ykcoBaHMs, MHQOPMALMIO O MapLIpyTe, BKIIOYAIOLIYIO, IO KpaiHed Mepe,
HAYaJIbHYIO ¥ KOHEYHYIO TOYKY MapIIpyTa, TUIaH i IPOQUIIb My TH;

- ONpeensIOT 3HaueHWe Kod(QOHIMEHTa CLUCIUICHHS [IJI peXuMa TAMH Ha
OCHOBaHMH II0JTy4Y€HHBIX AaHHBIX;

- MPOBEPSIOT TOYHOCTH KOI(PHUIIMEHTA CLEIUICHUS JUI PEXUMA TATH, IIPH STOM,
ecid OHa HE TOYHO OIIMCHIBAET CLEIUIEHHE, TO YTOYHSIOT KO3(GHImMeHT

CIEIICHUS UIA peXUMa TiAI'd,

- (l)OpMI/Ip}’IOT IJIaH ONTHMAJIbHOI'O YIpaBJICHUS I OCTaBIIIEMCAd YacTHU
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MapLIpyTa, C HCIIOJb30BaHHEM, IIO MeHbIIIEH Mepe, IapaMeTPOB IOJABHKHOTO
cocTaBa ¥ K03 (UIHeHTa CLEIUICHUs Ul PEXUMA TAT;
- OCYNIECTBISIOT  ONTHMAIbHOE  YMNpaBleHHe € HCIOJIL30BAHHEM
cOpPMUPOBAHHOTO IUIaHA ONTHMANBHOTO YIIPaBICHHA.

[19] B yacTHOM BapHaHTE IIark BHIIONHAIOTCS HKIXIHO.

200 B 4acTHOM BapHaHTe pa3MEPHOCTb alpHOPHOrO BEKTOpa TapamMeTpoB
3aBHCHMOCTH KO>(QQHUIMEHTa CLEIUIEHWs [UI1 peXuMa TiIrM OT CKOPOCTH
OIpeieNAeTCs BUIOM 3aBUCHMOCTH.

211 B npyroM 4acTHOM BapHaHTe YTOYHCHHME 3aBHCHMOCTH ko3 puuenTa
CLEIUIEHUS IJIS PEXHUMA TATH OT CKOPOCTH NPOMCXOAWT B MOMEHT, KOLIa ITO€3/
peanu3yeT NOJOKUTENBHYIO CUILY TATH.

[22] B mpyroM uYacTHOM BapHaHTE ANpPHOPHBIH BEKTOp I1apaMETPOB 3aBUCHMOCTH
koo PHIEEHTa CLEIUIeHHs I8 peXHuMa TATH OT CKOPOCTH 3a[aloT o Hadana
peanuzanuu crocoba.

23] B ApyroM uacTHOM BapHaHTe YTOYHEHHE BEKTOpa MapameTpoB 3aBACHMOCTH
Ko3pGUIEEHTa CUEIUIeHHs Ui DPEeXHMa TATH OT CKOPOCTH IIPOMCXOAMT €
MOMOIIBIO PEKYPCHUBHOTO  (UABTpa, OLEHUBAIOIIEr0  BEKTOp  COCTOAHUA
JMHAMHYECKON CHCTEMBI, HCTIONb3Ysl PAJ HEMOIHBIX H 3alIyMIICHHBIX H3MEpPEHUH.

[24] B ApyroM 4YacTHOM BapHaHTe KOOPAMHATHI M CKOPOCTb IOIBIXHOIO CoCTaBa
ONIPENENAOTCS C OMOIIBIO PAJMOHABUTALIMOHHbBIX CHCTEM.

[25] B pyroM 4acTHOM BapHaHTe PaHOHABUTALHOHHOH CHUCTEMOH SIBIISETCS CHCTEMA
GPS wu I'moHacc.

[26] JlaHHBIN TEXHHYECKHH pe3yNbTaT AOCTUTACeTCA TaK IKe Onarogapsi CHUCTEME
SHEPrOONTHMAIBHOIO YIpPABIEHHs MONBIKHBIM COCTaBOM C HCHOJB30BAHIEM
k03 GHUIHEHTA CLEIUIEHAS B PeXXUME TATH, cojepKalieii: o MeHbLIeH Mepe OAHO
yCTpo#cTBO 06pabOTKH KOMaH[, 10 MEHBIIeH Mepe OIHO YCTPOMCTBO XpaHEHHs
NaHHBIX, 10 MEHbIIEH Mepe OfHYy IpOrpamMMy, COXpaHEHHYIO IT0 MEHbIIENA Mepe
Ha OJHOM YCTPOWCTBE XpaHEHHUs [NaHHBIX, IIPH 3TOM IO MEHBIIIeH Mepe onHa
mporpaMma BKJTFOYaEeT HHCTPYKIIUU hif) b peanu3aluu crocob6a

SHEPrOONTHMATLHOTO YIPABICHHs TMONBIKHBIM COCTABOM C HCIOIE30BAHMEM
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K03(dUIMEHTA CUEIUIEHHS B PeXUMe TATH 10 nro6omy u3 m. 1-8.

[27] laHHBIA  TEXHMYECKMM  pe3ynbTal JOCTHTaeTcs Tak ke Onaromaps
MAaIIMHOYHTAEMOMY HOCHTENIO JaHHBIX, COIEPXKallleMy UCIIOJIHIEMBbIE OTHUM HIIH
folee MPOIECCOPOM MAIIMHOYMTAEMBIE MHCTPYKIMH, KOTOpBIe TpH KX
HCIIOJIHCHUHM PEaJIU3YIOT BBIIOJIHEHHE CIIOC00a S3HEPrOONTHMAIIBHOTO YIIPABICHHS
MOABYIKHBEIM COCTABOM C MCIIONB30BaHHEM KO3((UIMEHTa CLEIUICHHS B PeXHMe

TSACH 10 Jro6oMy w3 min.1-8.

KPATKOE OIIMCAHUE YEPTEXEN

Peanuzanust 3asBIE€HHOTO pemieHHs Oyner omucaHa B JalbHEHIIEM B
COOTBETCTBHH C IIpHJIaraeMbIMH 4YEpTeXKaMM, KOTOpbIe TPEACTaBIeHbl MAJId
IIOSICHEHHS CYTH H300pEeTeHHsl ¥ HUKOMM 00pasoM He OrpaHH4MBalOT 001acTh
u3o0perenus. K 3asBKke NpHIaraloTCs ClAeAyOIIHe YepTexH:

dur. 1 — WITIOCTpHpYET NpuMep rpad¥Ka IPONOILHOTO MPOQMIIS ITyTH;

dur2 — WUIOCTPUPYET 3aBUCHMOCTh KO3((GHIMEHTa CLEIUICHHS U1 pexuma
Taru oT ckopocTd. Cilydaif, Korja NpH OTCYTCTBHH OyKCOBaHHA HEOOXOAMMO
TIPOM3BOJMTH YTOYHEHHE [1apaMeTPOB 3aBUCHMOCTH KO3 QULMEHTa CLIETUICHHS B
peXUMe TATH OT CKOPOCTH;

dur3 — WUIOCTPUPYET 3aBUCHMOCTH Kod(duIMeHTa ClUEIUIEHHS Ui peXuMa
tarn oT ckopoctu. Ciydalf, Korga Npy HaaMuMH OyKCOBaHMs HEOGXOAMMO
TNPOM3BOJIATH YTOYHEHHE NTapaMETPOB 3aBHCHMOCTH K03 duuueHTa CLeIIeHns B
PEXHUMeE TATH OT CKOPOCTH;

dur.4 — WLTIOCTpUPYET NPUMED IUIaHa ONTUMAJILHOIO YIIPaBIICHHS;

®ur.5 — WIMOCTPUPYET CUCTEMY IS Peall3alliy Crocoba SHEProONTHMAILHOTO
yIpaBleHHs IIONBHXKHBIM COCT@BOM C HCHOJB30BaHMEM KO3 duumeHTa

CHCIITICHUA B PECXKHUME TATH.

NOIPOBHOE ONMMCAHUWE U30OBPETEHNWA

28] B IpHBeNcHHOM HWXe TOAPOOHOM ONHKCAHMH pealu3allid HM300peTeHus

NpUBEACHBl MHOTOYHMCJICHHBIE JC€TAIH pEaId3alui, IIpU3BAaHHBIC o0ecneunTh
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OTYETIUBOE IIOHUMaHHUe HACTOSIIETO H300peTeHusl. OnHaxko,
KBAIMMUIMPOBAHHOMY B TIPEIMETHON O06NacTH CHEWMAIKCTY, OyaeT OYeBHIHO
KakuM o6pa3oM MOXXHO HCIIONIb30BaTh HAcToANlee U300peTeHHe, KaK ¢ JaHHbIMH
JeTalsIMH pealu3aluy, Tak i 0e3 HuX. B npyrux ciydasx XOpOIIO H3BECTHbBIC
METO(bi, TIPOLIEAYPSl M KOMIOHEHTH He GBUIM OMMCAHBI MOAPOOHO, 4TOOHI He
3aTPyNHATH H3IUIIHE IOHUMaHHEe 0COGEHHOCTEH HACTOSIIETO H300PEeTEHH .

[29] Kpome TOro, W3 NMpHBEAEHHOTO M3/OXEHHs Oyner SICHO, YTO M300peTeHHe He
OTpaHMYMBAETCA IPHBEACHHOH peamusanuedd. MHOTOYMCICHHBIE BO3MOXHBIC
MOIU(UKAIMY, U3MEHEHNs, BADHALMK M 3aMEHBI, COXPAHIOIME CYTh ¥ QopMy
HACTOSINEro u300peTeHus, OyAyT OYEBHMIHBIMM [UIS KBAIM(HIMPOBAHHBIX B
TpeAMETHON 06/1acTH CIIEUATUCTOB.

(30] Hacrosimee H300peTeHMe HampaBleHO Ha oOecreyeHHe Crocoba ¥ CHCTEMBI
3HEProONTUMAJIBHOIO YIPAaBIECHUS MOIBMXXHBIM COCTABOM C HCIOJNB30BaHUEM
K03 HHUIHEeHTa CLIEIUICHUS B PEXHUME TATH.

[31] B HacTosIMX MarepHajax 3asBKH OyIyT MCIOIB30BaHBI CIIEMYyIOIIHEe TEPMHUHBI U
onpeneneHus.

[32] DHEpProonTHMAIBHOE YHPaBIeHHe - METO BhIGOpa ONTHMANIBHOIO YNpaBleHAs
JBIDKEHHEM I0e37a 10 KPUTEPUI0 MUHHUMYMa Pacxoja SHEpruy Ha TATY MM IO
KpUTEPHIO MUHAMH3AIlUK 3aTpaT Ha MEPEBO3KY 0 33JaHHOMY y4acTKy (bapanos
JLA. (mox pemak.) - OnTHMU3alUs yIpaBlIeHUs BHXEHHEM IO€3/I0B, YyebHoe
nocobue, M..MHMUT, 2011. — 164 c.).

(33] Iman myTH — KpUBU3HA ITyTH, ONPENeNsieMas ero pafinyCoM.

34] [lTaH JTHHUM — MPOEKLMS TPACcChl JXEIE3HOH JOpOrH Ha TOPH3OHTAIBHYIO
IIJIOCKOCTD.

(351 TTIpodwIb My TH — BeNMYMHA NPEBHIIEHHS My TH OTHOCUTEIBHO HEKOTOPOH TOUKH.

136] [IpomonpHbIit Npodwib IMyTH — MNPOEKIHMsS TPacchl XENe3HOH I0porH Ha
BEPTHKATBHYIO TUIOCKOCTb. Ha CyIIECTBYIOIMX JMHHAX MPOJONBHBIH npoduib
IIyTH OINpENENseTCs YPOBHEM TONOBKH peibca. IIpomonbHeIH npodwib IyTH
COCTOUT W3 TOPH3OHTAIBHBIX YYacTKOB (IUIOMAAO0K) U yKiIoHOB. Ilmomanku u

YKJIOHBI ~PAa3NM4HOM KPYTH3HBI Ha3bIBAIOT  3JICMEHTaMH npodbuns. Ilpu
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3HAYNTENBHON Pa3sHOCTH YKJIOHOB CMEXHBIX 31eMeHTOB (6omee 2—3 %o) oHM
COIPATAIOTCS BEPTHUKAJIBHON CONpPATarole KpUBOH.
1371 Kak npencrasneno Ha ¢ur.l h (cam mapamerp h Ha durype He oToGpaxeH) —
BBICOTa IIOABEMA OJleMeHTa NpodHUIs IyTH HaJ TOPU30HTANBHOM JIMHHEH.
KpyTH3Ha u3MepseTcs B THICIYHBIX JOJISIX U MOTyYaeTCsl, KaK YaCTHOE OT AENEHHA
Pa3HOCTH OTMETOK KOHEYHBIX TO4EK, deMeHTa mnpoound h Ha ero mmny 1, T e.
paBHa TAaHIEHCY yIla HaKjioOHa djIeMeHTa npodunsa x ropusoHty o. Kpyrusna
YKIIOHA CO3/1aET IBIDKEHUIO T0€3/1a AONOJHUTENBHOE CONIPOTHBIICHHE OT OABEMA!
W,=Q- sina
IIOCKOJIbKY BeJIMYMHA O Maja (TBICSYHBIE JJOJIM — KOJIHYECTBO METPOB MOAbEMA
Ha 1000 MeTpoOB AJUHEI), TO
W, =0Q-tga=0Q-i-107
e 1 — THICAYHBIC JOJH YKJIOHA.
[38] VKJIOH — mapamerp >XeJIe3HOAOPOXXHOH IJMHHH, XapaKTepHU3YIOIIUi
KPyTH3HY D3JIEMEHTOB e& mnpopmoibHoro mnpoduusa. KpyrusHa wusmepseTrcs B
THICAYHBIX JOJAX, MOJIy4aeTcs, KaK YacTHOE OT JEJIEHUS Pa3sHOCTH OTMETOK
KOHEYHBIX TOYEK 3JIEMEHTOB MpodHIs Ha €ro AJIHHY, TO €CThb paBHa tgo —
TaHIeHCY yIila HaKIOHa dJIeMEeHTa PO K TOPU30HTY.

139] OUILTp ¢ 6ECKOHEUHOM HMITYJIBCHOM XapakTepHcTHKo# (PexypcuBHBIA GUIBTD,
BUX-¢punsrp) wim I[IR-¢puastp (IIR cokp. ot infinite impulse response —
GeCKOHEYHas MMITYJLCHAd XapaKTepPHUCTHKA) - JIMHEeHHBIH 3JIeKTPOHHBIA (QUIBTD,
MCIIONB3YIONIMI OAMH WM 0ojiee CBOMX BBIXOJOB B Ka4eCTBE BXOAa, TO €CTh
ob6pasyer 06parHyi0 CBs3b. OCHOBHBIM CBOMCTBOM TaKuX (UILTPOB SBISETCS TO,
4TO MX MMITyJbCHAs MepEXOHas XapaKTepUCTUKa UMEET OECKOHEYHYIO IJIUHY BO
BpEMEHHOM 00/lacTu, a IepefaroyHas (QyHKIHS MMeeT JPOOHO-palMOHATIbHBIM
Bun. Takue OQHIBTPEl MOIYT OBITh KaK QHAJOTOBBIMHM, TaK M IHUGPOBLIMH.
ITpumepamu BUX-¢dunsrpoB ssisiores ¢mwistp Yebpimépa, ¢punbTp barrepsopra,
¢uneTp Kanmana u ¢ounetp beccens.

40] JluHaMuyeckas CHCTEMa - MHOXKECTBO 3JIEMEHTOB, IS KOTOpPOrO 3ajaHa

(pYHKI_II/IOHaJ'II:HaSI 3aBUCHMOCTb MEXY BPEMEHEM H IMOJIOXKEHHUEM B MIPOCTPAHCTBE
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Ka)KAO0T0 3JIEMEHTa CUCTEMBI.

(41] Koobdumuent cuemienns —(Kod3(QQHIMEHT —MPOAOIEHOTO CUEIUIEHUs) -
OTHOILIEHMEe MAKCHMAIBHOTO KacaTeIbHOTO yCHIIUS, IeHCTBYIOIIEro BAOIb I0POTH
Ha IUIOMANX KOHTaKTa cOIOKMPOBAHHOTO Kojieca C NOPOXHBIM HMOKPBITHEM, K
HOPMANbHOM peaKIiy B IUIOIIaH KOHTAKTa KOJIECa C MOKPLITHEM. (TOCT 30413-
96).

[42] PeXXUM TATH — PEXHM [BHXKEHHs, NPH KOTOPOM CHIa THATH, pa3BHBacMasd
noe3noM monoxurensHa (Teopus 3MeKTPUIECKOH TATH / B. E. Pozendensn, H. 11
Hcaes, H. H. Cugopos, M.W. Ozepos; llox pexn. WN.I1. Ucaesa. - M.: TpascnopT,
1995.-294 c.)

[43) Cria TS| — CHJIa, KOTOPYIO Pa3BHBAeT JIOKOMOTHB JUIS IIEPE/BIDKEHUA [OC3/1A. |

[44] ATIDHODHBI BEKTOp IIapaMeTpoB — HA9aJbHOC 3HAYCHHC OLICHMBAEMBIX
napamerpos (Crenano O.A. OCHOBBI TeOpHH OLEHMBAHHS C IPUIOKEHMSIMH K
3a7aqaM 0oGpaGoOTKY HABMIalHOHHOHW HHGOPMAIIUH. Yactel BBeeHHE B TEOPHIO
ouennBanug. THI PO ITHHA "Jnexrponpudop”, CII6 T'VUTMO, CaHkr-
TerepOypr, 2009, 496c¢.).

[45] BykcoBaHnHe — BpallleHHe IBHKYIIMXCA KOJEC JIOKOMOTHBA C YIJIOBOM
CKOPOCTBIO, TPEBBINIAIONIEH CKOPOCTh, COOTBETCTBYIOIIYIO [IOCTYIATENIbHON
CKOPOCTH JIOKOMOTHBA.

46] JlaHHOe M306peTeHHe B Pa3MYHBIX CBOHX BapHAHTaX OCYMIECTBICHMA MOXCT
GLITH BHIIONHEHO B BHIE CIOCO0a, B T.4. pealu3yeMOro Ha KOMIBIOTEPE, B BUAC
CHCTEMBI WJIM MANIMHOYMTAEMOTrO HOCHTENs, COAEpXKallero HHCTPYKIHH IS
BBIMOHEHHUS BHIEYTIOMSAHYTOTO CIIoco6a.

(471 CucTeMa  SHEPTOOINTHMAIBHOTO  YIPaBICHHS — TOABIXHEIM  COCTaBOM €
HCIIONB30BaHUEM KO3 (GUIIEHTA CLETUICHUS B PEXHMME TATU MOXKET BHIIOJIHATECA
Ha Ga3e MMPOKOro CHEKTPa 3JEKTPOHHO-BBITUCIUTEIIbHBIX yCTpOMCTB, HalIpUMeED,
IIepPCOHATBLHOTO KOMITHIOTEPA, HOYTOYKa, CEpBEPHOr0 KIacTepa M TII.

48] Ion ycrpoiictBoM 00paGoTKu KOMaHJ MOApasyMeBacTCA 9NIEKTPOHHBIH 610K
yM60 WHTerpalbHas cxeMa (MHKpOTIPOLECCOp), HCMONHAIOMAs MAIIMHHEIE

MHCTPYKIMH (TIPOTPaMMBI).



[49] YeTpoiicTBo 0OpaGOTKM KOMaH[ CYMTHIBACT M BBHINOJIHACT MAIIMHHBIC
MHCTPYKIMH (IIPOrPaMMBI) C MO MEHbIIEH Mepe OIHOTO yCTpO#CTBA XpaHEHHUA
NaHHBIX. YCTPOMCTBO XpaHEHHUS NAHHBIX MOXET IPEACTABIATH coboit xKecTKui
muck (HDD), TBepAOTENbHBIA HAKOIHUTEINb (SSD), dmm-namsate (NAND-flash,
EEPROM, Secure Digital u T.0.), ontugeckuit auck (CD, DVD, Blue Ray), MuHH
IUCK 15001 ux COBOKYITHOCTH.
[IporpaMma - TOCIENOBATENBHOCTh HHCTPYKIWH, TNPEJHA3HAICHHBIX A
MCTIONHEHHsS.  YCTPONCTBOM  yIpPABNEHHsS BBIYMCIMTENBHOH MAIIMHBL MM
ycTpoiictBoM 06paboTKu KOMaH[,.

(50] JUIs NOCTHOKEHHS 3asBIEHHOTO TEXHHYECKOIO pe3yibrara Mpe/laracTes crnocob
SHEPTOONTHMAILHOTO YNPABJIEHHS IOABIKHBIM COCTABOM C HCIOJIB30BAHHEM
xko3hduIMeHTa CLHEIUIEHHS B PEXHME TATH, 3aK/TIOYAIONIUICS B BBIIIOJHEHUH
3TAIoOB, Ha KOTOPBIX:

[51] - TOTy4aroT IapaMeTphI MOABHXHOTO COCTaBa, BKIIIOYAIOMIHE, 10 MeHBIIe# Mmepe:
KO>(QQHUIMEHT CLEIUIeHHs Ul pPeXuMa TArd — O3T0 BHA  3aBHCHMOCTH
ko>(Q@HUIMEHTa  CUEIUVIEHHA OT  CKOPOCTH,  MNapameTpsl  3aBUCHMOCTH
ko3 HUIEEHTa CLUEIUVICHHs Ul PeXHMa TATH OT CKOPOCTH, AlPHOPHBIA BEKTOP
IapaMeTpoB 3aBHCHMOCTH Kod(p@uuueHTa CHEIUICHHS il PeXHMa TArd OT
CKOPOCTH, CKOPOCTb, Maccy HOJBIDKHOTO COCTaBa, CHJIy TATH, MPU3HAK HAMIMA
GykcoBaHHs, MH(GOPMALMIO O MaplIpyTe, BKIIOYAIOLIyIo, IO KpaiitHe#l Mepe,
HadaJbHYIO ¥ KOHEYHYIO TOYKY MapIipyTa, IJIaH 1 npoduib MyTH;

[52] Vka3aHHBIe [apaMeTpsl MOTyT IIOCTynaTe OT  Pas3j4HBIX JaTuHKOB,
YCTAHOBIIEHHBIX B MOJBIKHOM COCTaBe. 3aBUCHMOCTD K03 GHUIMEeHTa CLEIIEHHA
JUIS peXHMa TATH OT CKOPOCTH 33/jaeTCs Ha OCHOBaHHH TEXHHIECKHX
XapaKTepUCTHK IIOABHKHOTO COCTaBa, yKa3aHHBIX B OKYMEHTAIIHH.

(53] HanmpumMep, Takoli mapaMeTp, Kak CKOPOCTb MOXET OBITH TIOMY4YEH M3
OIOMETPHYECKOro NaTyHKa, a Takod napaMerp, KaK KOOPAMHATEHI MOTydaioT U3
napuramuonnoit cucremsl (GPS wim ITTJIOHACC), mpononbHsIH npodune mox
[10€37I0M MOXET OTpeNeNnaTbcs u3 6asbl JaHHBIX, YCTAHOBIEHHOH B 1udpoBoH

cHUCTEME YIpaBJICHUS ITOIBHXXHBIM COCTABOM WJIH I€peaaBaThbCs I10 paaroOKaHalIy,
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IapaMeTp CHJIa TATH MOXeT ObITh MOMTy4eH U3 AaT4uka TArH.
[54] JlaHHAs 3aBUCHMOCTh MOXET OBITH 33/jaHa B TaGIMYHOM WM TpadudeCKOM BHIE,
[oC/ie Yero ee 3aakoT B BHAE HenpepsiBHON dyHKimn F "
Hanpumep:
Jlns TPY30BOTO 3MEKTPOBO3a Tabiuua 3HaICHHH ko3 uIpeHTa CUEIUICHHI OT

CKOPOCTH B PEXKUME EKTPUIECKOTO TOPMOXKEHHS MOXKCT OBITH CIIeIYIOILIEH:

v, M/C F, xH
0 600,0089
1 597,6188
2 595,2603
3 5929334
4  590,6381
5 588,3744
6 586,1423
7 5839418
8 581,7729
9 579,6356

10 577,5299
11 575,4558
12 573,4133
13 571,4024
14 569,4231
15 5674754
16  565,5593
17  563,6748
18 561,8219
19  560,0006
20  558,2109
21  556,4528

Eciy 1o JaHHOM TabiHie NMOCTPOMTH HENpPEPBIBHYIO (YHKIMIO, HAalpuUMeEp, C
[IOMOIIILEO METOAa HAMMEHBIINX KBaApaToB (MHK), To IOJTy4HM 3aBUCHMOCTD:
F, .. =600.0089-2.4059 v+ 0,0158-v>

[55] ATIDHOpPHBIH BEKTOp NapaMeTpoB GYHKIMH, KOTOpas ONMPEeNE/sIeT 3aBUCHMOCTD
K03 HUIEEHTa CLEIUIEHU Ul PeXUMa TATH OT CKOPOCTH p (ans i=1,n cienyer,
4TO p, =const, n — Pa3MEPHOCTh BEKTOpa p) ONPENENAETCS BHIOM GbyHKLIHUH,
KOTOpas OIKCEHIBaeT CLEILIEHHe Kojeca C PebCoM Ha STale TeCTUPOBAHMA

IMOABHXXHOIO COCTaBa, A0 pealu3aluu JaHHOI'O criocoba. PaBMepHOCTB BEKTOpa

3aBUCHUT OT 3aBHCHUMOCTH, OINMCHIBAIOIE 3aBUCHMOCTH I(OB(l)(bI/IIII/IeHTa
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CIETUIEHHsI OT CKOPOCTH.

[56) B ompcaHHOM Bhillle TpUMepe TaOmuIa 3HAYEHHH IONY9aeTCs B pe3yibrare
UCIBITAHUMH, a BRIOpaHHAs HaMH KBaJpaTH4YHas 3aBUCHMOCTb ONPEJENAET BEKTOP
1apamMeTPOB p, pa3MEPHOCTH 3:

p = [600.0089; -2.4059; 0.0158]

(571 [IpusHak GyKcoBaHHMS IIPOSBIAETCS M[PH TNOSBJICHWH OTIMYUS CKOPOCTH
BpallleHHs, 1O KpaifHeli Mepe, ONHOM M3 KOJNECHBIX MNap IO CPaBHEHHIO C
OCTaJIbHBIMU.

(s8] B HEKOTOpBIX BapHaHTaX pealH3alldd CKOPOCTb M TEKYIEe MECTOIOIIOXKCHHE
(KOOpAMHATEI) TOJABIKHOTO COCTaBa ONPENCISIOT C IOMOINBIO CIyTHHKOBBIX
CHCTEM HaBHIaLlUH.

[59] B HEeKOTOpBIX BapHaHTaX pealM3alliH, PY ONpe/eIeHHH KOOPAUHAT U CKOPOCTH
WCTIONB3YIOT CITyTHUKOBYIO paHOHABHTalIHOHHYIO0 chcTeMy GPS min I'moHacc.
[60) Onpenensior 3HadeHWe Kkod(duureHTa CUEIUIeHMS i peXuma TATH OT

CKOPOCTH Ha OCHOBAHUH JAHHBIX NOMy4YEHHBIX Ha IPEABIIYLIEM Iare.

[61] 3aBHCUMOCTh Kod(GdHUIIMEHTa CLEIUIEHHs JUIi pPEXHMa TATH OT CKOPOCTH
onpenenseTcs kak (p.v) | tHe

[62] ¥ - CKOPOCTH ABHIKCHHA

[63] P - BEKTOp IapaMeTPOB 3aBHCHMOCTH Kodh@uuueHTa CHEIUICHHS Ul peXuma

TsrH OT cKkopoctH (i =17 cnenpyert, yro PiT const ' n . pa3MEepHOCTH BEKTOpa
P).,

T.e. A8 KaXZOro 3HAa4EeHHS CKOPOCTH V IOJy4aeM 3HAYEHHE MaKCHMAJIBHOH II0
CLIEIUJIEHHIO CHJIBI TATH.

Hanpumep, s 91eKTpoBo3a cepur BJI8 kodd@HIHMEHT CIENNIeHHS MUMEET BUI
[[Ipapuia TATOBBIX pacuéToB JuIs moe3nHoM paborsl. - M.: Tpancnopr, 1985.

287c.]:

8
v, = 0.25 + —————— WJIH, YTO-TO JXC CaMOe€
100+20-v

0254 ———
Vi 125+2.5v
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B stom ciiy4a€ MOXKHO 3aI1iCarhb.

1
v, =p +—, IlC
p,+p;yv

P=[p, p, psJF[0.25,12.5,2.5]

IMpu ckopoctu v = 10 xM/4 clieayer, 4To

W, = p, +—— =0276
p,t Py

ITycts Macca tokoMoTHBa m, = 200 TOHH .

Cuna cleTieHUs B 9TOM Clly4ae:

Fo = m,.g-0276 =200*9.81*0.276 = 541 xH

To ecTb, IIPH CKOPOCTH v = 10 KM/4 CHIa TATH HOJDKHA OBITE MeHbILE, YeM 541 kH.

B sToM ciydae GyKCOBaHHME MPOMCXONUTH He JOMKHO. Ecnu GykcoBaHue B 3TOM

clydae MpPOMCXOOMT, TO O3TO O3HAYaeT, 4YTO IapaMeTpsl P=[p\ p, Ps]

kodUIHEHTa ClemIenus ¥+ 3aJaHbl HE TOYHO.

[64] TIpOBEPSIOT TOYHOCTH 3aBUCUMOCTH K03 GHIIHMEHTa CUCTUICHUS UL PEXHMA TATH

OT CKOpPOCTH, IIPH I3TOM, €CJIA OHa HC TOYHO OITUCHIBAET CHEIVICHUC, TO YTOUYHAIOT
3aBUCHMOCTH K03(1)(1)I/IIII/ICHT3 CUCIUICHHUS OJIs peXHMa TATd OT CKOPOCTH, KaK 3TO

TIPOKCXOAMUT OMKCAHO HIKe B ab3are [65].

[65] 3HaueHMe Ko>(pGhHUIIMEHTa CLEIUIeHHs [JId pEeXWMa TIrH OT CKOPOCTH,

IIOJIy4Y€HHO€ Ha MPEAbIAYIIEM 1Iare, CpaBHUBACTCA C pCaJII/I3OBaHHOI71 B TCK}’II.IHﬁ
MOMEHT CHJION TATH, IIOCJiE Yero MpoOBEPAIOT TOYHOCTh 3aBHCHUMOCTH
KOB(i)(bI/IHI/IeHTa CUCIUICHUsA Mg peXuma TiArh OT CKOPOCTH. 3aBUCHMOCTD
KOB(l)(i)I/IIII/IeHTa CUEIUICHUs I peXuMa TATA OT CKOPOCTH TOYHO OITUCBhIBACT
CIIEIIEHUE KoJjieca ¢ IMOBEPXHOCTHIO (Hanpnmep, C pe&JIbCOM B ClIydae INOABHXKHOIO

COCTaBa), €CJIU BBINIOJIHAIOTCS ABa HUXKCCICAYIOIUX YCIIOBHA.

[66] Ecnu npu 33JJaHHOM CKOPOCTH ABHXCHUSA (baKTI/I‘—IeCKaS{ CHUJIa TATH MCEHBIIE, YEM

3HA4YCHHUC KOI)(I)(I)I/II.II/ICHTa CUCIUIEHUS IJI1 pEeXHUMa TIATH OT CKOPOCTH, TO HE
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npoucxomut GykcoBanue (cM. Qur.2).

(671 Eciii mpd 3aJJaHHOM CKOPOCTH JBHIKCHUS akTHUecKas Cuia TArM Oonblle, YeM
sHadeHme KodhdUIMEHTa CILEIUIEHHMs U PEeXHMa TATH OT CKOpOCTH, TO
IPOUCXOAUT OYKCOBaHHE (CM. ¢wur.3)

[68] BexTop mapaMeTpoB 7 3alaH TOYHO, €CITH IPH MOOBIX BO3MOXHBIX 3HAYEHMAX
cKkopocTH ¥ M CHWJIBI TATH F ko3 (}ULHMEHT CLEIVIEHUs U PeXHMa TATH OT
CKOPOCTH TOYHO OINMCBIBA€T CLEIUICHHE KOIeCa C PElbCOM. Ecnu xota 6B 1is
OIHOM maphl 3HAYCHHH (v, F)  ko3pGUUHEHT CUEIUIEHHs U PeXMMa TATH OT
CKOPOCTH OIHUCHIBAET CIETUIEHHE KOJeca C PeNbcoM HE TOHHO, TO IIPOUCXOIUT
yTOUHEHHE BEKTOpa MapameTpoB 7 .

[69] YTOUHEHHE BEKTOpa MapaMeTPOB MOXET ObITh OCYWIECTBIEHO C IMOMOLIBIO
nuckperHoro GuisTpa Kanmana, guisrpa Bunepa, HO He OrpaHUYUBACTCA UMH U
Ha CYIIHOCTb H300peTEeHNs HE BIUACT.

Ha ka)XJI0oM Ilare IONy4aloT W3MEpPEeHHs TeKyIed CKOPOCTH ¥ CHIIBL TATH, Najee
OCYILECTBISETCS [Iar alropuT™Ma GUIBTPaIUK.

HanprMep, MOXKeET OBITh HCIIOIb30BaH CIIEAYIOIUH aITOPUTM:

X, =x;, +K;-(y; —H; -x3,),

yi (S

X, _ omeHWBaeMble IapaMeTpsl (B Clydae Tpy30BOTO 3J€KTPOBO3a, CLCIUICHHE
KOTOpOTO B PEeXHME TATH OlMCaHa BRIIE Ha IEPBOM INare x = [600.0089; -
2.4059; 0.0158]), H MaTpulla OIpeJieNsioas OTHONIEHHE MEeX1y

M3MEepEeHUAMH M COCTOSHHEM CHCTEMBI (B HEKOTOPBIX JACTHBIX CITyHasX, H =1,

Vi — u3MepeHHs B TeKylllell MOMEHT BpeMeHH. B HaiueM ciyHyae — M3MEpPEHUA

CKOpOCTH ¥ H clbl Tard © .

K: _ xo>hhuIMEHT YCHICHHS, KOTOPBIH MOXET OBITh BBIYHCIIEH CIENYIOIIEM
obpazoMm:
K, =P -H-(H-P,-H+R),

R

rae — ommudKa HBMCPCHHﬁ; MOXET OBITH onpeneiicHa HUCIIBITAHHUEM

M3MEPHTENBHBIX IIPUOOPOB (HApyMep, ONOMETPHISCKOro faranka UId CKOpPOCTH
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¥ aMIIepMeTpa | BOJIBTMETPa JUIsl TAH).

P, . xoBapmanmonHas MaTpuia OIHOOK HIMEPEHHUS.

(70] QOpMHUpPYIOT IUIaH ONTHMAJIBHOTO yNPaBIeHHS UL ocTaBiueiics 4acTH
MapIupyTa, ¢ HCIONb30BaHHEM, IIO KpaiiHeil Mepe, NapaMeTpOB MOIBHXHOTO
cocraBa M 3aBHCHMOCTH Kod(QHIMEeHTa CIEIUIeHHs i pexuMa TArd Ot
CKOPOCTH;

Y paBHCHHe JBUXCHUS:

dv
1+y)mv—=F-W()-i,
(1+7) l W)-i

rme ' — cuna TATH WK 37IEKTPHIECKOTO TOPMOXKCHUA

Y — k03 (}HIMEHT, YIUTHIBAIOIMH HHEPIHIO BPAIIAIOIIHMXCS MACC; m _ mMacca
MOABMXKHOIO COCTaBa, W(v) _ compoTUBIEHHE NBHUKEHHUIO; ! — MpOmONBHBIHA
npo¢uIIb Iy TH.

IIpu  QopMupoBaHMM IUIaHA  ONTHUMAJIBHOTO yIpaBieHuss  HEOOXOAHUMO
BBIMOJIHEHUE OTPaHMYEHUH 10 CUEIUICHHIO, T.€. VA KaXJA0# CKOpOCTH ¥ CHIIa
tary F gOmKHA OBITH MEHBIIIE, Y€M 3HAYCHHE K03 dHUIMEHTa CLETUICHUA:
F<F™(p,v)

CoOTBETCTBEHHO, YeM TOYHEE HM3BECTHBI NapaMeTpsl P, TeM TOYHEE MOXHO
paccYMTaTh SHEPrOONTUMANIPHOE YIIPABICHUS F

(711 g Kaxaod TOYKH (KOOpIMHATEI) MapIIpyTa pPacCUMTBIBACTC 3HAUCHUE

YIPABIAIOMIETO BO3NAEHCTBUS TaKHM 06pa3oM, YTOOBI CyMMapHO€ KONHIECTBO

SHeprud, MOTPAYeHHOW Ha BCIO JOpOry (Bech MapIIpyT ABMDKeHHs) OBLIO

™ F(x)dx —min
MHUHAMAJIBHO. I L) , F(x)

i (S — CcW/a TATH WIN TOPMOXEHUsS B
xoopauHate * ; ¥o¥r — HadanbHas M KOHEYHas KOOPIAMHATEI MapUIpyTa. Ipu
hOpMHpOBaHMM IUIaHA ONTMMAIBHOTO YNPABICHHMS YHTHIBAIOTCA TaKxKe, I0
KpaiiHeli Mepe, IUIaH M TPOQMWIL ITyTH, OTPRHAYEHHST CKOPOCTH, pacnucaHue,
Macca cocTaBa, MaKCHMalbHas Ciia TATH, pa3BHBaeMas MONBHXHBIM COCTABOM.
CHIa TATH, KOTOPYIO PEaNn3yeT JJOKOMOTHB, IOJDKHA GbITh MEHbLIE, M SHACHHE

KpPIBOﬁ CUEIUICHUS B PpPCXHUME TATH IIpu 3aJIaHHOi;I CKOpPOCTH. TemM caMbIM
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HaK/IaJbIBAlOTCS OTPAHUYEHHUS HA CHUITY TATH.

(72 IIpu hopMupoBaHHY INIAHA ONTHMAJBHOTO YIPABICHUS MOXET UCIIONB30BAThCA
OIMH W3 U3BECTHBIX METONOB, B YACTHOCTH TaKXKe METOIbI TEOPHH ONITHMAJIBHOTO
yIIpaB/eHus, JUHAMIYECKOro MPOrpaMMHUPOBAHS, BAPHAIIMOHHOTO MCYHCICHHUS.
Hanpumep, MOXeT HCIIONB30BATLCA CIEAYIOLIHMHA alrOpUTM MOUCKA ONITHMAIBHOTO
yTpaBleHHs:

IIpuBecTu 3aaa4y K KiaccHueckoil popmynuposke (I'anees O.M. Ontumusanus:
Teopusi, ipumepsl, 3aga4u. M.: JIu6poxom, 2010. — 336 ¢.):

B, (x(-),u(:),ty,t,) —> min

D(x(), u(xX())s by, 1) = X(O) = Pt x(2,),u(t)) = 0

B, (x(),u("),t5,t,) <0, i=1,m

B, (x(),u()tg,1,) =0, i=m',m,
t —
e B.(x()u()st. 1) = I,Ok £t x,u)dt +y (1, x(to), ., x(t,); i=0,m

Janee HEOOXOAUMO:
1. Cocrasuth pynkuuto Jlarpanxa,
2. Bei6parh HeoOGX0IHUMBbIe YCIIOBHS ONTHMATBHOTO B C1a00M CMBICTIE POLECCa:
a) CTalMOHapHOCTH 110 ¥ - ypaBHeHUe Diliiepa JUIA JIarpaHXkuana,
6) TpaHCBEpPCAJIIBHOCTH IO ¥ ;
B) CTAllHOHAPHOCTH 110 ¥
I) CTAllHOHAPHOCTH 10 ¥ ;
1) AOMOJNHSIONIEH HEKECTKOCTH,
€) HEOTPUILATENFHOCTH MHOXUTeNeW Jlarpamka.
3. HaiiTi HONMyCTHMBIE YIpaBIsieMble MPOLECCHI, IS KOTOPBHIX BBIIONHAOTCS
ycinoBus 1.2 ¢ MHOXHTelIsmu Jlarpamka A u P(), OMHOBPEMEHHO DPaBHBIMH

HYJTIO.
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4. Cpeny Bcex HailIeHHBIX B I1.3 JOMYCTHMBIX SKCTPEMAJIbHBIX IIPOLECCOB HaWTH
peIlIeHHUE.

(73] Peanusyror onTHMalbHOE YIpAaBICHHE C HCIONb30BAHHECM chopMHPOBaHHOTO
[UIaHa ONITHMAJIBHOTO YIIPaBIICHHUS.
HanpuMep, eciiy M1aH ONTAMAIBLHOTO YNPaBICHUs NPEACTaBIACT coboit dur4,
TO, TI0€37 Haxofsch B koopauHare 300 M, peanusyeT ynpasieHne 200 xH.
PeannsyeMoe ONTHMAJBHOE YIpaBleHHE, COOTBETCTBYIOIICE TEKyIIed TOYKE
(koOopAMHAaTe) MapLIpyTa, NEpEeNaeTcs B CHCTEMY YIPABICHHS MOABIKHOTO
cocraBa Ui WUCHONHeHHs. [[naH ONTHManbHOIO YMpPABICHHsA — I3TO 3HAYCHHUC
YIpaBIAIOUIEro Bo3feHcTBUs (TsAra, TOPMOXEHHE WIH BeIOEr) AN KaXKIOou
KOOpAMHATHI IyTH. TO 3Ha4YeHHe yNPaBIeHHHA, KOTOPOE COOTBETCTBYET TeKyLen
KOOpAMHATE, B IaHHBIA MOMEHT peallu3yeTCs.
Cormtacao OHr.5, nmpuMepHas CUCTEMA Ul pealu3aliy TEXHUYECKOro PeICHUA
BKJTIO4aeT B cebs ycTpoiicTBo 06pabotku naHHBIX 500. YeTpo#cTBO o6paboTku
naHHbIX 500 MoXeT OBITh CKOHGUIYPMPOBAHO KaK KJIMEHT, CEpBEp, MOOHIIBHOE
YCTPOMCTBO WM J0060€ Jpyroe BBIYHUCIHTEIBHOE YCTPOHCTBO, KOTOpPOE
B3aMMO/ICHCTBYET C JIAHHEIMH B CHCTEME COBMECTHOH paGOThI, OCHOBaHHO# Ha
cern. B camoii 6a30B0ii KOHQUIYpalHH yCTPOHCTBO 00paGoTKu AaHHBIX 500, Kak
MpaBMJIO, BKIIOYaeT B cebsd, MO0 MeHbIUeH Mepe, OIMH IpOLECcCOop 501 u
YCTpOMCTBO XpaHeHHs NaHHBIX 502. B 3aBUCHMOCTH OT TOYHOM KOHGUTypaLlMHd U
THIIa BBHIUMCIAMTENBHOIO YCTpOMCTBa cUcTeMHas namsaTh 502 MOXeT OBITH
SHEpro3aBUCHMO}l (HalpuMep, ONEpaTHBHOE 3AlOMHHAIONICE yerpoiicto (O3Y,
RAM)), DHeproHe3aBHCHMOM (Hampumep, IOCTOSHHOE  3allOMMHAIOUICE
ycrpoiicteo (I13Y, ROM)) wuinm HeKOTOpOH uX KoMOuHanuei. YCTpOHCTBO
xpaHeHus JaHHBIX 502, Kak NpaBWIO, BKIKOYACT B cebs ogHy wiu Oonee
NpUKIaIHBIX IporpamMM 503 U MOXET BKIIOYaTh B ce0s maHHbie 504 nporpaMm.
Hacrosiee TeXHWYECKOe pellleHHe KaK CIoco0, omMcaHHOE B AETAAX BBIIIC,
peann30BaHo B NPHKIAJHEIX nporpammax 503.
VerpoiictBo  06paGoTki  AaHHBIX 500 MoXeT HWMETh JONONHHTCIIBHbIC

0CcOGeHHOCTH WM (YHKIHOHANbHBIE BO3MOXHOCTH. Hampumep, yCTpOHCTBO
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06paboTku JaHHBIX 500 MOXeT Takoke BKIIOYaTh B CeOs OMONHUTEIBHBIC
YCTPOMCTBA XpaHeHHs JaHHBIX (CheMHbIC M HEChEMHEIE), TaKHe KaK, HalpHMep,
MAarHuTHbIE OWCKM, ONTUMYECKHe MWCKH WIH JeHTa. Takue IOIOJHHWTEbHbIC
XpaHWJIMINA TNPOWUIIOCTPHPOBaHsl Ha @HULS TMOCPEACTBOM HECHEMHOTO
xpanunuma 507 u ceeMHoro xpanwmma S08. KommbioTepHbIE HOCHTENH
JAHHBEIX MOIYT BKJIIOYaTh B ceOs DHEPro3aBHCHMbIE H JHEPrOHE3aBUCHMEIE,
CheMHbIe M HEChEMHbIE HOCHTEH, PEAM30BaHHbIEe JTIOOBIM CIIOCOOOM WM IpH
OMOIITH JTI000H TEXHOIOTHH AJIA XpaHeHUS HHPOPMALMK. YCTPOHCTBO XpaHEHUS
naHHBIX 502, HechbeMHOe XpaHmwnile 507 U cbeMHoe Xpanunuile 508 sBnsroTCs
NpUMEPaMH  KOMIIBIOTEPHBIX HOCHTeNned naHHbIX. KoMIbloTepHble HOCHTENH
JAHHBIX BKJIIOYAIOT B ce0f, HO HE B OTPaHUYMTEIBHOM CMBICIIE, ONEPaTHBHOE
zanoMuHaommee ycrpoicteo (O3Y), MOCTOSHHOE 3aMOMHUHAIONIEE YCTPOHCTBO
(T13Y), anexrpuuecku crtupaeMoe nporpammupyemoe I13Y (EEPROM), dusm-
NaMSATh WM TaMATh, BHIIONHEHHYIO IO Apyroi texHonoruy, 113Y Ha xoMmaxr-
nucke (CD-ROM), yuumBepcaibHbie IuopoBbie aucku (DVD) wim npyrue
ONTHYECKHE 3allOMHHAIONIHE YCTPOWCTBA, MAarHMTHBEIE KacCeTbl, MarHUTHBIC
JEHTHl, XpaHWIWINa HAa MAarHUTHBIX [JUCKax WM Jpyrue MarHUTHbIC
3aMOMMHAIOMIKE YCTPOHCTBA, WIH JIOOYI0 APYTyIO Cpely, KoTopas MOXeT OBITh
MCNONB30BaHA IS XpaHeHWs >KejaeMod HHQOpManMM M K KOTOPOH MOXeT
MONYYHTh JOCTyN YCTpoicTBO 06paboTku JaHHBIX S500. JlroGo# Taxoi
KOMIIBIOTEPHBI HOCHTENb HAHHBIX MOXeT OBITh dYacThlo ycrpoicTsa 500.
YerpoiictBo  06pa6oTku  maHHBIX 500 MOXET TakKe BKIO9aThb B cels
ycrpoiictBo(a) 505 BBoma, TakHMe KakK KJIABHaTypa, MbIllb, EPO, YCTPOHUCTBO C
peyeBsIM BBOJIOM, YCTPOHCTBO CEHCOPHOTO BBOJIA, M TaK Janee. YCTPOHCTBO (a)
506 BBIBOIA, TaKMe KaK AWCIUIEH, AMHAMHUKH, IPHHTEP H TOMY NOAOOHOE, TaKKe
MOTYT GBITh BKJIIOYEHBI B COCTaB YCTPOMCTBA.

VYerpoiictBo  oOpabotku  gaHHBIX 500 COOEpXUT  KOMMYHHMKAIlHOHHBIC
COCUHEHMs, KOTOPHIE TIIO3BOJISIOT YCTPOHCTBY CBA3BIBATbCS C JIPYTHMH
BBIYUCIHTENBHBIME YCTPOMCTBAMH, Harpumep, o ceTd. CeTH BKIIOYAIOT B Cebs

JOoKaNnbHBIE CETH M IIo0anbHBIE CETH Hapany C JApyYrdMHu OONBIIIMH
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MacIITabHpyeMBIMH CEeTSMM, BKJIOYas, HO HE B OIPaHMYHMTEIBHOM CMBICIE,
KOPIIOpPaTHBHBIE CETH M dKCTpaceTd. KOMMYHHKaI[HOHHOE COEANHECHNE SABIACTCS
IIPEMEPOM KOMMYHHKAIMOHHO# cpenbl. Kak npaBiiio, KOMMyHHKAIMOHHAS Cpe/ia
MOXeT ObITh peanu3oBaHa NP [OMOIIM MAIIMHOYMTAEMBIX WHCTPYKIIHH,
CTPYKTYp /JAHHBIX, IIPOTPAMMHBIX MOAyJed MIM JpyrMX JaHHBIX B
MOJyTHPOBaHHOM MH(}OPMAIOHHOM CHTHAJE, TAKOM KaK HECYIIas BONHA, HIH B
JPYTOM TPaHCTIOPTHOM MeXaHM3Me, i BKJIIO4aeT B cebs mobyio Cpeiy AOCTaBKH
uHpopManuu. TepMUH «MOTYIMPOBAHHBIA HHPOPMALMOHHBIH CUIHAI O3HAYaeT
CHUrHAJI, OHA WM Ooliee U3 €ro XapaKTePUCTHK M3MEHEHbl WJIM YCTAHOBIICHBI
TakaM 06pasoM, YTOGH 3aKOAMpOBarh HH(OpMAIMIO B 3TOM curHame. [l
IpuMepa, HO 6e3 OrpaHHYEHHs, KOMMYHHKALOHHBIE CPElbl BKIIOYAIOT B cebs
IIPOBONHBIE CpEABl, TAaKHe KakK IIPOBOJHAA CEeTh HJIM MNPSIMOE TNPOBOJHOE
coenMHEeHWe, U  OeCIpOBOOHBIE  Cpelbl, TaKhe KaKk  aKyCTH4YCCKHE,
pafMo4acTOTHEIE, MH(ppaKpacHele M Apyrue OecIpOBOIHBIE CPETIBL. Tepmun
«MAIIMHOYMTAEMBIA HOCHUTENb», Kak YIoTpebnsercs B 3TOM JOKyMEHTE,
BKJTIIOUAET B ce0s KaK HOCUTENH JaHHBIX, TaK 1 KOMMYHHKALIMOHHbIE CPEIbL.

(74] CHelManicTy B JaHHOM OONacTH, OYEBMIHO, YTO KOHKPETHBIC BApHAHTHI
OCYIIECTBIEHHS CImOCO0a M CHCTEMBI OHEPrOONTHMAIBHOrO  YIpPaBICHUS
OJBMYKHBEIM COCTABOM C HCIOJIB30BaHHEM K03(h@HIMEHTa CLEIUICHHS B PEXUME
TSTH GbUIM OMHMCAaHBI 3[€Ch B MEIAX WUIIOCTPAllMH, IOIYCTUMBI pPa3IM4YHBIC

MOIH(HKAIMH, He BEIXOISIIME 38 PAMKH H CYITHOCTH 06GbeMa H300peTeHHs!.
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®OPMYVYJIA U3OBPETEHHUSA
1. Cnoco6 5SHEprooNTUMAIBFHOrO YNpPAaBICHHs TIOABIKHBIM COCTaBOM €

HCIIONb30BaHMeM KOOhGUIMEHTa CIIEMUIEHAS B PEXHUME TATH, BKIFOYAIOMINH

CJIeAYIONIHe [Iaru:

e MOMYYalOT TapaMeTpsl MOIBMXXKHOTO COCTaBa, BKIOYAOIIKE, IO KpaitHei
Mepe: Kod(GULMEHT CHEIeHus IS PpeXuMa TirH, [apameTpsl
3aBHCHMOCTH Kod(HieHTa CLEIUICHUS AN PeXHuMa TATH OT CKOpPOCTH,
aNpHOPHBIA BEKTOp NapamMeTpoB 3aBHCHMOCTH K03 PUIMEeHTa CLEILUICHHS
JUISL PEXMMA TSTH OT CKOPOCTH, CKOPOCTB, MacCy MOJABHXHOIO COCTaBa,
CIUIy TATM, TMPU3HAK Hanu4us OyKCOBaHM, uH(OpPMaLMIO O MapuipyTe,
BKJIIOYAIONIYIO, 1O KpaliHed Mepe, Ha4albHYI0 M KOHEYHYIO TOUKY
MapIIpyTa, [UIaH ¥ IPOQMIb IyTH;

o ONpeNeNsAloT 3HaueHHe KodhuuueHTa CHEIUICHH I pexXuMa TiArv Ha
OCHOBaHHMH JAHHBIX, MOyYEeHHBIX Ha IPEAbIIYIIEM IIare;

e IPOBEPAIOT TOYHOCTH 3aBUCHMOCTH KOd(QQHIIMEHTa CHETICHIS U peXUMA
TATH OT CKOPOCTH, TIPH 3TOM, €CIIM OHa HE TOYHO ONHMCHIBAET CLEIUICHHE, TO
YTOUHSIOT TIApaMETPBl 3aBHCHMOCTH KOI(QQUIHMEHTa CLEIUIeHHT I
peXHMa TATH OT CKOPOCTH;

e (GOPMHPYIOT IUIaH ONTHMAIBHOIO YNpPaBIeHHUS A OCTaBIIIEeHCS 4YacTH
MapLIpyTa, C WCIOJNb30BaHHEM, [0 KpafiHel Mepe, INapaMeTposB
IOIBMIKHOIO COCTaBa M 3aBHCHMOCTH KO3h@UIMEHTa CHEIUICHHs UL
peXuMa TATU OT CKOPOCTH;

e pealu3yoT ONTUMAJIBHOE yIIpaBlIeHHE c HCIIOJIb30BaHUEM
c(hOpMHPOBAHHOTO ILIAHA ONTUMAIIBHOTO YIIPABICHHS.

2. Cnoco6 1o 1.1, XapakTepHu3yromuiics TeM, 9TO LIard BBINOJHSIOTCS HIUKIMYHO.
3. Croco6 mo 1.1, XapakTepu3yIONIIMICS TE€M, YTO DPa3sMEPHOCTEH anpHOPHOIO

BEKTOpa NMapaMeTpOB 3aBHCHMOCTH KOO(@HIKEHTa CUEIUICHHS I peXuMa

TSTH OT CKOPOCTH OTIpeieIIsIeTCs BUIOM 3aBHCHMOCTH.

4. Cnoco6 mo 1.1, XapaKTepu3yIOIIUHACA TeM, HYTO YTOYHEHHE 3aBUCHMOCTH

KOE)(I)Q)I/IIII/ICHTa CIEIUIeHHUA I peXuMa TATH OT CKOPOCTH IIPOMCXONHUT B
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MOMEHT, KOIja I10e311 peaiiu3yeT IOIO0XUTCIbHYIO CUITy TATH.

. Coco6 mo 1.1, XapakTepW3ylOILIMHCA TeM, 4YTO anpHOPHBIA BEKTOP

napaMeTpoB 3aBUCHMOCTH KOB(I)Q)I/IIII/IBHTa CHEIUIEHUA I peKHUMa TATH OT

CKOpPOCTH 3aJ1al0T JO Ha4ajla peannu3anu criocoba.

. Cnoco6 mo 1m.l, XapakTepu3yIOIIMHCA TeM, 4YTO YTOYHECHME BEKTOpa

napaMeTpoB 3aBHCHMOCTH KO3(QQUIHMEHTa CLEIICHUs AN pexuMa TATH OT
CKOPOCTH TPOHMCXOAMT C MOMOIIBIO PEKyPCHBHOIO (QHJIBTPA, OLECHMBAIOLIETO
BEKTOP COCTOSHUS JUHAMHMYECKOH CHCTEMBl, HCHOJB3Ys Ps HEMOJHBIX H
3alIyMJICHHBIX H3MEPEHHIA.

Cnoco6 mo m.l, xapakTepusylOIHiCs TeM, YTO KOODIWHATBI U CKOpPOCTh
TIOJBMXKHOTO COCTaBa OINpENENSAIOTCS € MOMOIIBI0 PafHOHABHUIAlHOHHbIX
CHUCTEM.

Crioco6 1o 1.7, XapakTepUsyIOIMHCS TeM, YTO paJHOHABUIALMIOHHOH
cucreMoit sBiseTcs cuctema GPS ninm I'monacc.

CucreMa 5SHEProoNTHMANBHOTO YNPAaBIEHUS MOABIXXHBIM COCTaBOM €
HCTIONIb30BaHUEM K03 (PHUIIMEHTa CLEIUIEHHS B PEXKUME TATH, ColepxKallas:

10 MeHbIIeH Mepe OIHO YCTPOHCTBO 06pabOTKM KOMaHJA, IO MEeHbLIEN Mepe
OIJHO YCTPOWCTBO XpaHEHHs JaHHBIX, 0 MEHbIIeH Mepe OAHy IpOrpammy,
COXpAaHEHHYIO 10 MeHbIeH Mepe Ha ONHOM YCTPOHCTBE XPaHCHHWs [AHHBIX,
Ipy 3TOM II0 MEHbIIEH Mepe OHA MpOrpaMMa BKIIFOYAeT MHCTPYKIHH VA
peanu3alM  CIocoba IHEProONTHMATBHOIO  YNPABIEHHS — IOABIXHBIM
COCTAaBOM C HCIOIb30BaHHEM KO3(PGUIIMEHTA CLEIUICHUS B PEXHUME TATH MO

moboMy w3 . 1-8.

10. MaImyHOUYUTAEMBI HOCHUTENb NAHHBIX, COIEpPIKAIlUil HCIIONHAEMBbIC OJHUM

uinn Gonee IIpoLeccopoM MaIIMHOYHTAEMbIE HHCTPYKIIMH, KOTOpPBIE IIPH HX
HCIIOJIHEHHUH  PE€AJIM3YIOT  BBINIOJTHCHHC crrocoba 3HEProonTUMaJIBHOTO
YIpaBJICHUSA ITOJABHXXHBIM COCTaBOM € HCHOJB30BAaHHEM KOS(i)(bI/IIII/IeHTa

CLEIUIEHUS B PEKHMME TATH 110 JiroboMy u3 mm. 1-8.
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