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CUCTEMHBIN AHAJIN3 U OIITUMU3ALIAA
KOJIEBAHU MOBWJIbHBIX MAIIIUH

Kano. mexn. nayx, ooy. 'YPCKHH H. H., CIAFKO IO. H.,
O0oxkm. mexH. Hayx, npogp. ®YPYHKHEB P. H., kano. mexH. nayk, ooy. XOMHY A. JI.

benopycckuii nayuonanshulii mexHuieckuil yHugepcumen

Bompocam aHanm3a AWHAMHYECKMX KadeCTB
MOOWIJIBHBIX MAaIlTMH TOCBAIIEHO OOIBIIOE KOJIHde-
cTBO padoT [1-25]. B pa3BuTue Teopuu, uccieno-
BaHHE KoOJeOaTeIbHBIX TIPOIECCOB W TPOEKTH-
pOBaHHE TOAPECCOPUBAHMS MOOWIBHBIX MAIIUH
CyllecTBeHHBIH BKJaA BHecau E. A. Uynakos,
P. B. Poren6epr, . M. Iler3uep, H. H. Anenxo,
A. A. Xauarypos, II. B. Akcenos, U. C. [lutoBuy,
A. A. Cunaes, A. JI. [epbapemmukep, . A.
CwmupHOB, P. N1. ®ypyHxues.

OcHoBormnoJararoimui Tpyl o TEOPUU U pacye-
Ty KoJIeOaHUW W TJIABHOCTH XOJa aBTOMOOWIIS —
pabora P. B. Poren6epra [12]. Takxke oGmiast Teo-
pYs OBIKEHMST KOJIECHBIX MAIIUMH paccMOTpeHa
B uccienopanmsx I1. B. Axcenona [2], A. U. I'pun-
keBnua [1], I'. A. Cmuprosa [14] u ap. OcHOBEI
BUPTYQJIBHOTO MPOCKTHPOBAHUS CUCTEM BHUOpO3a-
HIMTHI BIIEPBBIC M3JI0KeHBI B MOHOTpadusix P. 1. Dy-
pymxwuesa [16, 17].

OCHOBBI TEOPUH U pacueTa rUAPONHEBMAaTHIC-
CKOM TOJBECKH TEIECKOMMYECKOr0 THUIIA TPaHC-
MOPTHEIX cpeAcTB pa3padotansl 10. b. beneHbkum.
Teoperudyeckue M SKCIEPUMEHTAIbHBIE HCCIIE-
JIOBAHUSI TUIPOMHEBMATUYCCKON TOJBECKH, TPO-
Begernple Ha [I0 «MT3» mom pykoBoacTBOM
B. A. KopobOkuna [10], mo3BoawiM co31aTh KOM-
NaKTHYIO, XOPOLIO 3apeKOMEH/IOBABIIYIO ceOs
THIPOITHEBMATHYECKYIO TIOJBECKY, yCTaHABIIMBAE-
MYIO HBIHE Ha BCEX MOJICNIAX CICIUATBHBIX OBICT-
POXOIHBIX TYCEHHYHBIX Iaccu. BriusHue Temrie-
paTtypHbIX (DaKTOpOB Ha KOJIEOaHHS T'YCEHHUYHBIX
MAIlIMH C MTHEBMATUYECKON CHCTEMOW BUOpO3allu-
THI, BO3JCHCTBUE JUCCUTAIIMN YHEPTUU HA HArpeB
MTHEBMATHUYECKUX  YNPYTO-IAUCCUTIATUBHBIX  DIIe-
MEHTOB M IUIABHOCTh XOJa T'YCEHHYHBIX MAIIIMH,
a TaKk)Ke TPAKOBOM YaCTOTHI HA JUICCUTIAIIAIO DHEPTUU
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aMOpPTH3aTOPaMH W IFHAMH KaTKOB M paccerBae-
My UMH MolHOCTh paccMoTpenbl H. H. I'ypckum,
B. A. KopoOkunsiv, P. U. @ypynkuessim [4, 5].

OCHOBBI CIEKTPAIBHOW TEOPHH IOAPECCOPH-
BaHUS M CTaTUCTUYECKUX PACUYETOB KOJeOaHHH
MOOMJIBHBIX MAallMH HM3JI0KEHBI B (QyHIaMEHTalb-
HOt pabore A. A. CummaeBa [13]. Konebanwms,
IUTAaBHOCTh XOJa, NMPOYHOCTh M (OPCUPOBAHHBIE
UCTIBITaHUSI TPY30BBIX aBTOMOOWIEH H3JI0KEHBI
B pabotre H. H. Sluenko u O. K. IIpyTunkosa [22
u np.]. Komebanus m HarpyXeHHOCTh TpPaHCMHUC-
cun aBTomobuns paccmorpensl B. C. Ilymaxo-
BoIM [21]. OCHOBBI TEOpHH, MPOCKTUPOBAHHS U
KOHCTPYHPOBaHUs TPY30BBIX aBTOMOOMJICH H3I0-
xensl B Tpynax M. C. Breiconkoro [3].

A. A. XayaTypOB M €ro y4YEHUKH H3yHaIH
npoOJeMbl JUHAMUKH CHCTEMBI «JOpOra — MInHa —
aBToMOoOUIL — BoauTeb» Ha OBM [8 u ap.]. Ko-
nebaHus COCPEeOTOUYEHHO-PACIIPEIEIICHHBIX KOH-
CTPYKUMI MHOTOOMOPHBIX MAIIMH C yYETOM YIIpYy-
TOCTH HECYIIEH CHCTEeMBI pPacCMOTPEHBI B Pado-
tax P. . ®ypynxkuesa, H. H. I'ypckoro u Pussi
N. ®ypynxuesa [20 u ap.].

OCHOBBI BHPTYaJbHOTO MPOEKTUPOBAHHUS MO-
OWJIBHBIX MAaIlIMH pacCMOTPEHHI B padotax P. 1. Oy-
pywxuesa [16, 17 u ap.]. ABTOp mpuBesn Matema-
THYECKHE MOJEIH, KPUTEpPUH U OrpaHUYEHHS,
QITOPUTMBl aHAJIM3a U ONTUMH3ALUHU, METOIUKY
U IpUMEpPHl KOMIBIOTEPHOIO aHAJIN3a U ONTUMHU-
3al[K KoJieOaHWH KOJECHBIX MalliH. MeToabl Ma-
TEMAaTH4YECKOr0 MOJAEIMPOBAHHS TEXHUYECKUX CHU-
crem npenactasua B. I1. Tapacuk [15].

Teopus 1 pacyeT HEIMHEWHBIX CUCTEM MOJpEC-
COPHMBAHUS T'YCEHWYHBIX MAIIMH H3JI0KEHBI B HC-
cnenoanusx A. A. [Imutpuena, B. A. HoOutka
u A. B. TenemunoBa [9]. OCHOBHEIE TeOpeTHYC-
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CKM€ W TIPUKIAJHBIE BOMPOCH KOMIBIOTEPHOTO
MOJICTUPOBAHUS CUCTEM BHOPO3alIUTHl MHOTO-
OTIOPHBIX KOJIECHBIX M T'YCEHWYHBIX MAIlHH, MaTe-
MaTHYECKHEe W MPOrpaMMHBIE CPEJCTBA BUPTYyallb-
HOTO NPOEKTHpOBaHMA HcciaenoBansl P. M. Dy-
pymwxkuessiM 1 H. H. T'ypckum [6, 7, 18, 23].

MHormue 3agadnd CHCTEMHOTO XapakTepa, CBA-
3aHHbBIE C AHAJIM30M KOJeOaTeNbHbIX IMPOIECCOB,
COTIPOBOXKIAIONINX JABMKEHNUE MOOWMIBHBIX MAIluH
U PACCMOTPEHHBIC PA3IIMYHBIMH aBTOPaMU, peallu-
30BaHbI HA YPOBHE CHCTEMBI ITOICPKKH TPHHSATHS
pemeHuii B mporpaMMHOM KoMmiuiekce ADMOS
[19, 24 m np.].

B manHO# paboTe paccMaTpHUBAIOTCSI OCHOBHBIC
3Tanbl  KUCCIENOBAaHUS KOJeOaHWil MOOWIBHBIX
MallliH CPEACTBaMH IPOTPaMMHOTO TIPOAYKTa
ADMOS [19], Brirouaroniue B ce0s 000CHOBaHME
¥ BBIOOpP pacueTHOW CXeMbl, IOCTPOEHHE MaTeMa-
TUYECKHX MOJIeNIel, KOMITBIOTEPHOE MO/IEIUPOBa-
HHUE, aHAIW3 ¥ ONTHUMH3ALUIO MPOSKTHBIX pellle-
HUH, a TakXKe HMHTEPIPETALUIO0 IMONyYEeHHBIX pe-
3yJIBTaTOB.

MopeaupoBanue KoJe0aHUil MOOMJIBHBIX
MamuH. B psne cnydyaeB quHamuueckas MOAEb
MOOWJIBPHON MAaIlllMHBI MOXKET OBITH TPEJCTaBIICHA
B BUJIE CHUCTeMbl HeneopMUpyeMbIX Ten (cocpe-
JIOTOYCHHBIX Macc), COEJIMHEHHBIX YNPYTro-IUCCH-
NaTUBHBIMU CBS3SIMUA B JUCKPETHOM YHCIIE TOYEK

(puc. 1).
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Puc. 1. PacueTHas cxema NpOCTPaHCTBEHHBIX KOJICOAHUI MHOTOOIIOPHOI MaIINHBI

Takas guHaMpdeckas MOJENb IMO3BOJISET pe-
maTth 3aJa4dl IUIABHOCTH XOJla, YCTOWYMBOCTH,
NPOXOJUMOCTH, YIPABIIEMOCTH, aHalu3a Kojeda-
TENBHBIX MPOIECCOB (AMHAMHUYECKHX Harpy3oK)
B TPAaHCMUCCHH U JIp.

YpaBHEHUS ABMKEHUS MAIIUHBI MPU YCIOBUHU
Hene(OPMHUPYEMOCTH HECYLIETO OCHOBaHMS HMe-
10T BU:
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3necy My — obmiast Macca MaluHer, My — aMop-
TH3UPOBAHHAs Macca; Jy — MOMEHT HHEPIHH OTHO-
CHUTEIBHO OCH TaHraxa, Jy — TO K€ OTHOCHUTEIBHO
OCH KpeHa; J; — TO e OTHOCHTENIbHO OCH PhICKa-
uust; | — uHgeke 6opTta; | — TO ke HOMEpa OMOpPHI;
J — TO Xe XapaKTepUCTUKH YIPYTro-IAUCCHIIATHB-
Horo snemeHTa (j = 1 COOTBETCTBYET YHPYroMy
JJIEMEHTY, | = 2 — aMOPTHU3aTOPy, | = 3 — YCIOBHO-
My BJIEMEHTY CyXOro TpeHus); Pji — HenmHelHas
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XapaKTePUCTHKA BOCCTAHABIMBAIONIEH CHIIBI DIIe-
menta il-moasecku; lj — paccrosHue MO rOPU30H-
TalM OT IeHTpa Macc g0 ocu il-ro xomeca; by —
pacCTOsSHNE B IOIEPEYHON IUIOCKOCTH OT LEHTpa
il-ro kKoneca 10 BepTHKAIBHOW MJIOCKOCTH, MPOXO-
Js0iel yepes ock KpeHa; M — KpyTAIIUid MOMEHT
neuratens; le — To ke MHEPIMH ABHUTATENS; Cj —
TAHTEHIUAIBHAS KECTKOCTh IIMHBL |jj — MOMEHT
uHepnuu il-ro xomeca; ryj — paamyc il-ro xomeca;
(i — MOMEHT uHepIH il-ro Koeca.

Cunpbl, neiicTByIONINE Ha MAIIWHY HpPU MOCTY-
MaTeIbHOM JBW)KEHUH, NIPEICTABICHBI HA PHC. 2.

Puc. 2. Cubl, AefCTBYIOIME HA MAIIUHY

Cuctema (1) mo3BOJSIET AOCTATOYHO TIOJHO
BBIMIOJIHUTh CTATUCTUYCCKUIM aHAU3 C Y4YEeTOM
OCHOBHBIX BHUJIOB KOJICOAaHWH KOpIyca — BEpTH-
KaJbHBIX, MPOJOJIBHO-YTIIOBBIX, MPOAOJIBHEIX, IO~
MEePEYHO-YIIIOBBIX. 32 CYET OrPaHUYEHHOTO KOJIU-
YyecTBa HAOMIOMAEMbIX TEPEMEHHBIX CHCTEMa CO-
CTOUT U3 HEOOJIBIIONO YKCIIa YPAaBHEHHUH, U IS €€
peleHus He TpeOyeTCs 3HAUNTEIIbHBIX BPEMEHHBIX
pecypcoB kommbioTepa. Cuctema (1) MOXeT OBITh
JIOTIOJIHEHA YPABHCHUSIMH, OIUCHIBAIOIIUMH Y3-
JBl MAIIMHBI BTOPHYHOTO MojapeccopuBanus. Ha
puc. 3 mpuBeneHa KOMIIBIOTEpHAS MOJIENb 00bEKTa
UCCIICTOBAHUSI.

Puc. 3. KomnprotrepHas MOJIENTb TPEXOCHOTO
MarucTpaabHOIo TsAraya

CratucTnyeckuii aHaamu3 koJjebanuii. Ilpu
IMMPOBCACHUHN YHUCJIICHHOTO JKCICPUMCHTA BIIUAHUA

32

cpenbl (TOPOKHBIX BO3JACHCTBHI) Ha Y3JIBI M arpe-
raThl MalllMHbI CUCTEMA TIOICPIKKH MPUHATUS Pe-
mennit  ADMOS  mpenocraBnsier  BO3MOXHOCTB
peuieHus 3ajad aMIUIUTyAHO-9acTOTHOTO, CIEK-
TPAJIBHOTO, TPETHOKTABHOTO M JHEPTrEeTUYECKOTO
aHamm3oB. Ha puc. 4-7 npuBeneHel pe3ynbra-
Thl KOMIIBIOTEPHOTO MOJIEIMPOBAHUS KOJICOaHUN
TPEXOCHOU KOJIECHOM MAalllUHEI.

AMILIMTYIHO-YACTOTHBIH AaHAJM3 JIEMOHCT-
pupyer puc. 4.

2
VYckopenue, M/c

10 20 30 40 50 60 70 80 90 100 110
CkopocTb, KM/4

Puc. 4. AMIUITUTYAHO-CKOPOCTHBIC XapaKTEPUCTUKH BEPTHU-

KaJbHBIX YCKOPCHHUH B LEHTPE MAcC KaOWHBI NMPU IBMKCHUU

MAIIMHBI [0 CHHYCOUAAIBHOMY MPO(UIIO JOPOTH C Pa3iHd-

HBIMH JyIiHaMK HepoBHoctel: 1 — 4 = 0,015 m; L = 2,00 m;
2-0,015; 5,00; 3—0,015 m; 7,00 m

CrnekTpaibHblii aHAJIU3 TIPEICTABIICH HA PHC. 5.

01

0,005]|

(mucriepcuit))

Vekopenue, M/c? (CIIEKTP MOLIHOCTH

4 5 6 7 8 9 10
Yacrota, I'r

Puc. 5. YacToTHBIE XapaKTEPUCTUKU BEPTUKAIBHBIX yCKOpe-
HUH B IIEHTpPe Macc KaOMHBI IPH JBIKEHHU TsAraya IO ac-

¢dampry: 1 — Vv =60 km/a; 2 — 70; 3 — 80 km/u

TperbokTaBHbIll aHaaM3. B cooTBercTBUU C
TpeOOBaHUSIMH MEXIYHAPOJHBIX CTaHIAPTOB TpPHU
OLIEHKE Ka4yeCTB MAIIMHBI HCIIOJIB3YIOTCS CpelHe-
KBaJIpaTU4YeCcKHe 3HAYeHHs YCKOPEHUH Ha CHJIEHbE
BOJUTENSl B COOTBETCTBYIOIIMX TPETHOKTABHBIX I10-
JI0cax 4acToT.
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Yckopenue, m/c?

.
__ > s 2

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Yacrora, I'ig

Puc. 6. TpeTbOKTaBHBIM aHAIN3 BUOPOYCKOPEHHH BOIUTEIS

TIpY IBYDKCHUH MAIIUHBI 110 acaibTy CO CKOPOCThIO 70 KM/4:

1 — ¢ HavyanpHBIMM NapaMeTpamy; 2 — C ONTUMAIBHBIMHU TIa-
pamerpamu; 3 — TOCT no Bubpoyckoperusm (8 1)

JHepreruyeckuii anaau3. [Ipu npoextupona-
HUM [IACCH MOOWJIBHBIX MAaIlIMH HEOOXOIUMO pas-
paboTath MaTEeMaTHYECKHUE MOJEIHU IPOLIECCOB,
OTPEEIISIIONINX TEIUIOBOE COCTOSIHUE OTAEIbHBIX
3JIEMEHTOB, YCTAHOBUTH KOJMYECTBEHHBIE 3aBUCH-
MOCTH, OTIPEIEIISIONINE ATH MPOIIECCHI, YTO MO3BO-
JUT OCYIIECTBUTHh KOMILIEKCHOE PEIICHUE 3aJladu
HarpeBa OTAENIbHBIX 3JIEMEHTOB IIACCH.

N

MoinHOCTh, KBT
-

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 7480
CkopocTb, KM/4

Puc. 7. 3aBucUMOCTH paccenBaeMoii MomHOCTH Ng
OT CKOPOCTH TP JBMKEHHH MAILHMHBI 110 acanbTy

HpI/I ABMKCHHUU YaCTb SHEPruru XO0A40BOI'0 JABU-
ratens 3aTpavydBacTCs Ha KOJCOAHWsS MAIWHBI W
npeBpamacTcd B TCIUIOTY TaKWMMU 3JJICMCHTaMH,
KaK aMOpTH3aToOp, CyX0e TpeHwe, mwuHa. B mwc-
KPETHOM BH/IE MOIIIHOCTH, PACCEUBAEMBIC aMOPTH-
3aTOPOM, CyXUM TPEHUEM M IIMHOW COOTBETCTBEH-
HO BBIYUCIISIFOTCS 110 POpMyJIam:
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=2y & =2 —Gy;

Zoi =2+ Lo +by,

rae N — 9uciio AUCKPETHBIX BPEMEHHBIX OTCUETOB.
OO0mIast MOIITHOCTh, 3aTpaynBaeMas Ha Kojeba-
HHUSI, OIIpefensieTcs o popmyiie

Ne :zl'z.' Naij +ZZN3H +ZZ N

Iapamerpuueckasi ontumusamusi. Chopmy-
aupyeM 3azmady ontumuzanuu. Ilycts 4 = (ay, ...,
a,)" — MCKOMBIIT m-MepHbIil BEKTOpP ONTHMH3UPYe-
MBIX MapaMmeTpoB. 31ech T — CUMBOJ TPaHCIOHH-
poBanud. Pemenue 3amadu ONTUMHU3ALUN CBOJUT-
Csl K OTBICKaHHIO AKCTpeMyMa (HauOOJIBIIEro WiH
HaNMEHBIIIETO 3HAYCHUs) HEKOTOPOro (WYHKIIHO-
Hana J(4). 3agaya OTHICKaHUs ONTHMAIBLHOTO 3Ha-
uenus A BeKTOpa A, JOCTABISIONIETO SKCTPEMYM
kputepuio J(4), 3anuchiBacTCs B BUIE

J(K)=extr 3(A),

T7e CUMBOJI eXtr o3HagaeT MakcuMyM (Max) imbo
muHUMYM (Min); Da — nonyctumas 001acTb BEk-
TOpa A; € — CUMBOJI «IIPUHAUIC)KHOCTHY.

3ajaya OTHICKaHUsI MakcHMyMa Jt000i (yHK-
un J(4) CBOAMTCS K OTHICKAHHIO MHUHHUMYyMa 3a-
menoi Gpyukuuu J(4) pyukuueit —J(4). IToatomy,
HE CHYDKas OOLIHOCTH, B JaJbHEWIIEM Oynem ro-
BOpHUTh 0 MUHUMH3aLMK (pyHkuun J(4), a 3amauy
OTBICKaHUs BEKTOPA A , IOCTABJISIONIEr0 MUHUMYM
¢byukimn J(4), 3anuiiem Tax:

J(A)= QiDn J(A). (2)

Cwmblcn ycnoBus (2) O4eBHICH: P MHHUMH-
3anuu 3Hayenue kpurepus J(4'), cOOTBETCTBYIO-
Iee ONTUMAIIBHOMY BEKTOPY A, MEHbIIE, YeM
3HaueHue J(A), BBIYMCICHHOE VIS JIFOOBIX JPYTUX
BEKTOPOB A.

OrpaHu4eHusl Ha ONTUMHU3UPYEMbIC MMapamer-
pBI, Ha3bIBaeMble OTpaHNYEHHUAME 1-T0 pona, Buia

Qimin <& <@max, 1=1 ..., M, (3)
3aHUCHIBAIOT CICAYIOMMM 00pa3oM: 4 € Da.
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Bre1bop kpurepus ompenensercss 3aKa3dhKoM,
I'OCT wunm npyrumu TpeGoBaHusIMH. Tak, B Kade-
CTBE KPHUTEPHS IUIABHOCTU XO/a KOJECHBIX MAINH
OpUHUMAaETCS  CPeJHEKBAaJIpaTUUYHOE  3HAYCHHE
BEPTUKAIBHBIX yckopenwit X(t) amopTu3mpoBaH-
HOH Macchl B 3amaHHOM Touke. B [2] mpeanaraer-
Csl CHUCTEMa KPHUTEPHEB, a TaKKe IMPHUBEICHBI pe-
3yJbTaThl ONTHMH3ANWNA IO HUM MHOTOOIIOPHBIX
KOJIECHBIX IIIACCH.

B oOmem cnygae Ha HEKOTOpble (QYHKIUU
hi(A, t), xapakTepusyromue KauecTBO ONTHMU3H-
pyeMoli CHCTEMBI, HAJIOKEHBI OTPaHUYCHUS BUIA

hi(A ) <0, j=1, .., k, (4)

rae K — greso orpanuyenuii 2-ro poja.
OrpanuueHus BUaa

h(A1)>0, j=1 .., k,

3ameHoi hj(A, t) = —h;(A, t) cBoasTCs K BBIpake-
HUTO (4).
OrpanuueHus BUaa

hi(A t)<b;, j=1, .., k,

rae bj — xoHcTaHTa WM QyHKIHA, HE 3aBUCAIIAs
OT BEKTOpa A, 3aMeHOU

- ONTHMHIALNWA KOE BAHHA MALIHH NP H 18TE PMHHHPORAHHLIX BOIMYIIE HHAX

hi (A, t)=h/ (A t)=b;,

TaK)Ke CBOJSITCS K BhIpakeHmio (4). Takum obpa-
30M, K BBIp@KCHHIO BHAa (4) CBOAATCS JIOOBIC
OTpaHUYCHHS.

ITapamerpuueckas ontumuszaiuss B ADMOS
MpenrnoaraeT CIeAyIONIyl0 MOCIeI0BaTeIbHOCTh
1aroB:

e B BU3yaJbHOM pPEXHMME Ha PAacUYeTHOW cXeme
(puc. 3) BBIOEISIIOTCS YIPYTO-AUCCHITATHBHEBIC dJIe-
MEHTBI, a TaKKe HUX NapaMeTphbl, BKIOYaCMBIC
B CIIMCOK ONITUMHU3HUPYEMBIX IapaMeTPOB;

e Ha BBIOpPAHHBIC MapaMeTPbl HAKIIAIBIBAIOTCS
orpaHu4eHus 1-rO poja — MHTEpBaJIbHBIC 3HAUC-
HUS;

e YCTaHABIUBAIOTCS BEPOSITHOCTH HEMpPoOOCB
U HE3aBHCaHUI TOJBECOK, a TAKXKE BEPOSTHOCTHU
HEOTPBIBOB KOJIEC — OTPAaHUYECHHUS 2-TO POAa;

e Ha CXEME BBIOOpa HAOIIONAaEMBIX (Ha30BBIX
KOOPAMHAT YKa3bIBAETCSA NEPEMEHHAsI, TUCIICPCHS
KOTOpOW MPHUHUMAETCS B Ka4eCTBE KPUTEPHUS OII-
TUMU3AIIH;

e BEIOWPAETCSI METOJ] ONTHMHU3ANNN U yCTaHAB-
JUBAIOTCS €T0 MapaMeTphIL.

[lpuMep OKHa yIpaBJICHUS MPOILIECCOM OITH-
MHU3ALMK TPUBEACH Ha pUC. 8, a Pe3yNbTaThl OII-
TUMU3AIUH [T0Ka3aHbl HA puc. 9.

Maysa

al@® J

T OnTHMMSHRYErEIE NAPEMETRE! W HAGORAEMEIE BEnHMHET

ZHEUEHHE

Terywes HauMEHOBaHME N3PAMETRA, PaSMEPHOCTE

Muturanenoe HavaneHos  MakcumansHos
IHINEHME  3HAuEHUE SHEHEHHE

K. PEUUHEHT CONPOTHENEHHA BMOPTHEATARE KAGMHEI HE KOAS CKETHA, H'G 2/M"2. 1 onopa 3000.0 140000 7000.0

Ko BaMUHERT CONPOTHBABHHA SMOPTHEATOPE KABHHEI Ha ROAS OTBOA, H'C 2/n 2. 1 onopa 4000.0 127363 13000.0

Ko BaMUHEHT CONPOTUBABHHA SMOPTHEATOPE KABHHE! Ha KOAS CRETHA, H'G 2/M 2. 2 onopa 1000.0 51450 7000.0

Ko OULHEHT CONPOTMENEHMA BMOPTUEATANE KABHE Ha X0ae oTfon, H'c 2/m"™2. 2 anopa 1000.0 109475 19000.0

1

[ AMHEMAKS NOHGKE

Homep War Kpurepuin % ynyuwenun
uTEpALHA noucka KauecTsa KpuTEpUa 3

T ekyliHe BEPOATHOCTLT
Homep
onopsl

2 1.000 > [0.990)
1.000 > (0.990)

1.000 > [0.950) WrHOpHpOEATE: 1.000 > (0.950)

1.000 > (0.950) S — 1.000 > [0.950)

1.000 > (0.950) pm—— 1.000 > (0.950)

1} 20000 2291751 | ~

44 0.2500 2742555 0E372
45 0.2500 25601983 0E373

46 0.2500 2365795 06373

47 0.2500 2927876 0E372
L] 0.2500 3133462 06373

43 0.2500 2780530 06373
50 2.475885 06373

BHewHan cpens

Eosrywenue: cnyqaiHei NpodHns 4opori
Havanenas cropocTe = 10.00km/4ac;
Koreynan cropocte = 100.00km/ac;
MpHpawenie CKopocTH =
Lnina goposktoro yiactka = 100.0m

10.00kmuac;

50 2475865 06373 b

Puc. 8. OxHO ynpaBieHHs TPOLECCOM ONTHMU3AIIH
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Puc. 9. 3aBUCIMOCTD yCKOPEHHH Ha IOy KaOWHBI Ha MeECTe

YCTaHOBKH CH/ICHBS BOAUTEIS OT CKOPOCTH IIPH ONTHMATBHBIX

TapaMeTpax IOJIBECKU CHICHbS BOAUTENS: 1 — ¢ HaYa bHBIMU
napaMeTpamu; 2 — ¢ ONTUMAaIBGHBIMU NapaMeTpaMu

BbIBO I

Pa3paboTtanpl MareMaTWdeckKue M IPOrpam-
MHBIE CPEJCTBA CTATUCTUUYECKOTO MOJEIUPOBAHUS
U ONTHMH3AIMHA TPOCTPAHCTBEHHBIX KoJeOaHuit
MHOTOONOPHBIX TPaHCHOPTHBIX cpencts. Co3gaH-
Hasl CUCTEMa MOAJEPKKU IPUHSATUS PEIIEHUN 1103-
BOJISIET BBINOJHUTh BCECTOPOHHHM CUCTEMHBIN
aHaJIM3 KOJIeOATENbHBIX MPOLIECCOB, COMPOBOXK/IA-
IONINX JIBKEHHE MHOTOOIIOPHON MOOWIBHON Ma-
IIMHBI B 33JJaHHBIX JOPOXKHBIX YCIOBHUSIX 332 KOPOT-
KA OTPE30K BPEMEHH M BHIOpATh ONTHMAIHHBIE
3HAQUEHUS  MapaMeTpoOB  YIOPYro-JUCCUIATHUB-
HBIX XapaKTePUCTUK MO0 IPYTHX IapaMeTpOB
CHCTEMBI.

JUTEPATYPA

1. ABtomoOuiam: KOHCTpYKIHUS, KOHCTPYHUPOBaHHE U
pacuer. Tpancmuccus: y4ue6. mocobue / A. U. I'pumikeBnu
[u nmp.]; mon pen. A. U. I'pumkeBuya. — MuHck: Bpimaiim.
mK., 1985. —240 c.

2. Akcenos, I1. B. Muoroocusie aromobuiu / I1. B. Ak-
ceHoB. — M.: MammunocTpoenue, 1980. — 207 c.

3. I'py3oBble aBTOMOOWIN: NPOEKTHPOBAHHE M OCHOBEI
koHcTpyupoBanust / M. C. Beicotkwuii [u ap.]. — 2-e uza. — M.:
MamHocTpoenue, 1995. — 256 c.

4. I'ypeknii, H. H. Bnusiaue temmepaTypHbIX (akToOpoB
Ha KoJeOaHWs TyCEeHHYHBIX MAlIMH C ITHEBMATHYECKON CH-
cremoit BuOposamutel / H. H. T'ypckuii, B. A. KopoOkus,
P. U. ®ypymxues // Ilpobrnembl co3manusi HHPOPMAIHOH-
HeIX TexHomoruit. — M.: OO0 «Texuomonurpady», 2005. —
Bem. 12. - C. 213-222.

5. T'ypcknuii, H. H. Brnusane auccumanuu SHEPTUU Ha
HarpeB ITHEBMAaTHYECKHUX YIPYTO-AUCCHUIIATHBHBIX HJIEMEHTOB
U IUIaBHOCTh Xoja rycenwyslix MammwmH / H. H. Typckwuii,
B. A. Kopob6xun, P. . ®ypymxues / Marepuans! 59-ii Mex-

BectHuk BHTY, Ne 4, 2009

nyHap. koH¢. npern. u act. BHTY, Munck, 27 anpenst 2006 r. —
Munck, 2006.

6. I'ypekuii, H. H. MaremaTrueckue ¥ HHCTPYMEHTAIIb-
HBIE CPEJCTBA BHUPTYAIBHOTO MPOEKTHPOBAHUS MOOMIBHBIX
mamme / H. H. Typckuii, P. . ®ypymxues // IIpobaemsr
co3maHus WHQOPMAIMOHHBIX TexHomormit. — M., 2005. —
Bem. 13.

7. T'ypeknii, H. H. nctpymenTanbHas cucrema (opmu-
pOBaHMS IMHAMHYECKUX HArpy30K Ha Y3JbI U arperaTbl IpH
BUPTYaJTEHOM NPOEKTHpOBaHNH MoOMIBbHBIX MamwH / H. H. I'yp-
ckuil, P. U. ®ypymwxkues / Matepuansl 59-if mMexayHap.
koH®. npen. u acn. BHTY, Munck, 27 ampens 2006 r. —
Mumnck, 2006.

8. JInHAMMKa CHCTEMBI «J0pora — IIHHA — aBTOMOOMIIb —
Bomutenb» / A. A. XauarypoB [u ap.]; nox pen. A. A. Xaua-
TypoBa. — M.: Mammnoctpoenue, 1976. — 535 c.

9. Imutpues, A. A. Teopus u pacyeT HETUHEHHBIX CH-
CTEM IIOJPECCOPUBAHUS T'YCEHNIHBIX MamyH / A. A. IMutpu-
eB, B. A. Yoburok, A. B. TenpmunoB. — M.: MammHOCTpOE-
uue, 1979. - 207 c.

10. Kopo6xun, B. A. Hayunsle OCHOBHI U CO3/IaHUE CIie-
OUATBHBIX MAlIMH Pa3IMYHOro Ha3HAUYeHMs Ha Oa3e MHOTOIe-
JIEBEIX TYCEHHYHBIX M KOJIECHBIX INACCH. aBTOped. ... JAHC.
IOKT. TexH. Hayk / BHTY. — Munck, 2005. — 98 c.

11. CBuaeTeabCTBO 00 OPHUIIHATHLHON PErUCTPAIIUH TIPO-
rpammbl Uit OBM Ne 2000610671 ot 21 urons 2000 r. IIpo-
rpaMMHOe oOecHedeHHe MOJAECNUPOBAHUS M  ONTHMH3AILUU
nuHamudeckux cucreM ADMOS: Pocnatent / P. Y. @ypys-
skueB, H. H. I'ypckuil.

12. Porenoepr, P. B. IToasecka aBromobmist. Konebauus
" TiaBHOCTH xona / P. B. Porenbepr. — 3-¢ m3x. — M.: Mammu-
HOCTpoeHue, 1972. —392 c.

13. CunaeB, A. A. CnexrpanpHasi T€OpUsl MOAPECCOPH-
BaHMs TpacmopTHBIX MammH / A. A. CumaeB. — M.: Mamrus,
1963. — 168 c.

14. Cmupnos, I'. A. Teopust nBHXKEHHs KOJECHBIX Ma-
wwH /T. A. CmupHOB. — M.: Mamunoctpoenue, 1990. 352 c.

15. Tapacuk, B. Il. MaremaTuueckoe MoJEIMpPOBAHUE
TEeXHUYECKHX CHCTeM: yuel. uis TexH. crel. By3oB / B. I1. Ta-
pacuk. — Munck: duzaital1PO, 1997. — 640 c.

16. ®ypyn:kues, P. . ABTOMaTU3MpPOBaHHOE MPOCKTH-
poBanue konebarenbHBIX cucreM / P. . ®ypymxkues. —
Munck: Beimmiinr. mk., 1977. — 458 c.

17. ®ypyn:xkues, P. U. IIpoekTrpoBaHie ONTHMAaIbHBIX
BHOpo3amuTHbIX cucteM / P. U. ®DypymxkueB. — MuHck:
Bermmiim. mk., 1971. — 320 c.

18. ®ypynxueB, P. U. Marematnueckue M Mporpam-
MHBIE CPEACTBA MOIENMPOBAHMS, aHAIM3a W ONTHMH3AINN
MobmnbHbIX MaumH / P. W. ®ypymkues, H. H. T'ypckuii //
WndopmarnmonHble TEXHOIOTHH B 00pa30BaHHUH, HayKe U OM3-
Hece: ¢0. mMarepuasioB MexayHap. koH. — Munck: BHTY,
1999. - C. 231-235.

19. ®ypynxue, P. WU. Ilporpammuoe obecredeHne
MOJICTIMPOBAaHUS W ONTHUMHU3AIUHM JUHAMHUYECKHX CHCTEM
ADMOS: Pocnarent / P. . ®ypymwxkues, H. H. T'ypckwuii //
CeuneresibcTBO 00 OoUIMANBHONW PEruCTpanvu HpPOrpaMMbl
st DBM Ne 2000610671 ot 21 mroist 2000 r.

20. dypyn:xueB, P. U. CpaBHUTENbHOE HCCICIOBaHUC
Kosie0aHNH MHOTOOMIOPHBIX MAIINH C yYETOM yIPYyTOCTH HECY-

35



Ilpuéopocmpoenue. Hugpopmamuxa

e cucremsl / P. U. ®dypymxues, H. H. 'ypckuid, Puza 1. ®y-
pymxues // Buoporexuuka. — 1989. — Ne 2(55). — C. 25-33.

21. MynuaskoB, B. C. Konebanus u HarpyXeHHOCTb
tpancmuccun apromobmis / B. C. Ilymskos. — M.: Tpanc-
nopr, 1974. — 328 c.

22. Sluenko, H. H. IInaBHOCTH X0O/1a TPY30BBIX aBTOMO-
ouneit / H. H. fluenxo, O. K. IIpytunkos. — M.: MammuHo-
cTpoenue, 1969. — 220 c.

23. Fourounjiev, R. An Algorythms and Visual Ambi-
ence for Modeling and Virtual Prototyping Mechatronic Sys-
tems / R. Fourounjiev, N. Gursky // Proceedings of the
6th International Conference «Vibroengineering-2006». Octo-
ber 12-14, 2006. — Kaunas, Technologia, Lithuania, 2006. —
P. 143-151.

VK 621.396:621.391.82

24. Fourounjiev, R. Methods and Computing Environ-
ment for Research and Designing of Mechatronic Systems /
R. Fourounjiev, N. Gursky // Trans. of 3rd International Con-
ference «Mechatronic Systems and Materials (MSM-2007)».
27-29 September, 2007. — Kaunas, Lithuania, 2007. — P. 271-272.

25. Fourounjiev, R. Computer-aided Modeling of the
Adaptive Intelligent Vehicle Safety Systems / R. Fourounjiev,
Y. Slabko. — Trans. of 3rd International Conference «Mecha-
tronic Systems and Materials (MSM-2007)». 27-29 Septem-
ber, 2007. — Kaunas, Lithuania, 2007. — P. 139-140.

Ioctynuna 07.07.2008

BEPOATHOCTHBIE XAPAKTEPUCTUKHNU AHCAMBJIA
JEKTPOMATHUTHBIX IOJIEA Y HOBEPXHOCTH 3EMJIA OT PAC,
®YHKIIMOHUPYIOIUX HAJI 3EMHOM MOBEPXHOCTHIO

Kano. mexn. nayxk MOPJJAYEB B. U.

KBenopycckuii 2ocyoapcmeennulil yHugepcumem uH@OpMamuxy u paouosieKmpoHuKy

Poct d4ucma  pamMoOdNIEKTPOHHBIX — CPEJNICTB
(POC) paznuuHorOo HazHauYeHUs, (HYHKIIMOHUPYIO-
IMX Ha JieTaTenbHBIX ammapaTtax (JIA) u uckyc-
cTBeHHBIX ciryTHUKax 3emiu (MC3), a Takxke yBe-
JMYEHUE KOJUYECTBA JKCIuTyatupyeMeix JIA u
HC3 Bo Bcex crTpaHax oONpeAemnsieT yBeTUdeHHe
OMACHOCTH HENPEJTHAMEPEHHBIX PAJHOINOMEX OT
stux POC, pacnonaraeMpIM Ha 3¢MHOM NMOBEPXHO-
ctu POC paznmuuHbix ciry:x0. DTo B MEpBYyIO oue-
penb kacaetcs HazeMHBIX POC ¢ukcmpoBaHHOM
(pamuopeneiiHple CTaHIMM W JIMHUM, CUCTEMBI ILIH-
POKOTIOIOCHOTO OECIPOBOHOTO JOCTYIA), PaIUo-
ACTPOHOMHUYECKOM, PaJIMOJIOKAIMOHHON U CITyTHU-
KOBOH CITy>k0 (3eMHBIE CTAaHIIUU CITyTHUKOBOMW CBSI-
31), TIOCKOJBKY PS/I MOJIOC YacTOT, BBIIEICHHBIX
3TUM CiIy’)k0aM Ha MEePBUYHON OCHOBE, MUCTOJIB3Y-
eTcs TaKkKe APYTUMH PaJuocHCTeMaMd U Paauo-
ciyx0amu (cimy)0a KOCMHUYECKOH 3KCILTyaTaluu
«Kocmoc — 3emitsi», pamuoHaBUTallMOHHAsT BO3-
IOyLIHAsl U CIIyTHUKOBas (aKTUBHAs) METEOPOJIOTHU-
Yyeckas CITyTHHKOBas, CIIyTHHKOBas ciyx0a wc-
cienoBaHus 3eMiH (aKTUBHAs), CIIYTHUKOBAs IIO-
mBmwkHast  «Kocmoc —  3emms», Bo3mymrHas
noasmwkHas «Kocmoc — 3emisi» u T. 1.) [1]. An-
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caMOJIM pagrioCUTHANIOB (paauoroMex), obpasye-
MBIE€ DJEKTPOMArHUTHBIMU u3nydeHusmMu (OMU)
PoC JIA
n VC3 Ha 3eMHO# MOBEPXHOCTH, O0IATAIOT PSIIOM
0COOEHHOCTEH, KOTOpbIE CIEAyeT YUUTBIBAaTh IIPH
00ecTeYeHU: AIEKTPOMArHUTHOW COBMECTUMOCTH
(BMC) atux POC ¢ mazemusivu POC. C yBenmde-
HUEM BBICOTHI pa3memieHuss POC Hazg 3eMHOMN mo-
BEPXHOCTBIO dHepreTrka ux OMMU y moBepxHOCTH
YMEHBIIIAETCS, YTO TAKXKE B IIEJIOM BJIEYET CHIDKE-
HUE BEPOSITHOIO AMHAMUYECKOIO AHMara3oHa CHI-
HAJIOB B MPOU3BOJIBHO BHIOPAHHON TOYKE MOBEpPX-
HOoCTH. BMecTe ¢ TeMm, C yBEIMYCHHEM BBICOTHI
nogsema POC 3HaYMTENBHO yBENWYHUBAETCA 30HA
NPSIMON BUAMMOCTH M COOTBETCTBEHHO YHCIIO T1O-
CTOPOHHUX PAJMOCHTHAIOB Ha BXOJaX paauoNpH-
emubix yctpoiictB (PITY) nazemueix POC, mo
YPOBHIO MPEBBIIIAIOIINX TOPOT BOCIPUUMYHBOCTH
PITY. OnacuHocts mopaxenust HazeMHbIXx POC mo-
Mexamu oT POC JIA u VC3 B 3HaunTeNnbHON Mepe
3aBHCHUT M OT yIJIa MECTa HalpaBieHHUS OpHUEHTa-
MM aHTeHH Ha3zeMHbIX POC.

Hcxoanbie Mogeu U COOTHOIIEHHs. B ocHO-
By MOJXOJa K CTaTUCTHUYECKOMY MOJEIHPOBAHUIO
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