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AKTYanbHOCTb

PaoHe! KpaHero CeBepa M NPUPaBHEHHBIE K HUM MECTHOCTH
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cyGbenTel PO, TEPRWTORWA KOTOPBE YACTWIHO OTHECEHS K PaHoHaM KpaiHero CEREpa M NPMPAEBHEHHLIM K HMM MECTHOCT AM

- cyBbekTel PO, TEPRATORWA KOTOPbE NOMHDCT B0 OTHECEHA K padoHam KpaiHero CEEEpa M NPMPaEHEHHEIM K HUM MECTHOCTAM

' Mpobnema TPaAHCNOPTHOM AOCTYNHOCTU

PacwunpeHmne cetn gopor u

— p— Mcnonb3oBaHMe cneunanbHbIX
CTPOUTENBbCTBO KPYNHOW NOPTOBOM xl I TPAHCMNOPTHbIX CPEACTB BbICOKOM
TEPMWUHANBbHOW MHPPACTPYKTYpPbI

NnPoxoanMocCTH
- He Bcerga sKkoHOMmn4yeCcku BbirogHo p)
- He Bcerga BO3mMOXXHO




AKTYanbHOCTb

HeobxoaMMoCTb NepeBo3KN KpynHorabapmtHoro o6opyaoBaHmA, TPAHCNOPTHbLIX KOHTEMHEPOB,
CTPOMUTENbHbIX MAaTePUaNOB U APYrUX TAXKEbIX HeAeMMbIX FPy30B AaA obecrneyeHums
TPaHCNOPTHOM AOCTYMHOCTU U CBA3AHHOCTUN TeppuUTopuin PO

e KT S HEDHIIE B EBOINA - Y .
5 of [—imeanon MpenmyLlecTBa KOHTEMHEPHbIX NEPEBO30K:
g Mepeacea Haoa oM - POCT 3KOHOMMYECKOU 3PPEKTUBHOCTH
2 4L
§ [Global logistics network modelling and policy / nepeBo30K;
& 6~ H. Kato, R. Shibasaki, C. Ducruet. Amsterdam:
B Elsevier, 2020. 372 c.] - CHWUXeHUue 3aTpart Ha NMOrpyso4yHo-
=
% pa3rpy3o4yHbie paboTbl;
3 - yBEeAMYEHME  CKOpoCcTM  0b6paboTku
3
'5_, - BOAHOIO " KenesHo40pPOoKHOro
=
5&5 TPaHCNOpPTa;

- rapaHTUA COXPaHHOCTM rpy3a u T.A4,.
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45-¢y‘rosbm 1EEE
40-¢pyToBbIN 1AAA

20-¢pyTBbIN 1CC
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Hanbonee uenecoobpasHbiM NpeacTaBAseTcA BO3MOXKHOCTb NEePeBO3KMN KOHTEMHEPOB

AKTYanbHOCTb

Fa6bapuTtHble pasmepbl
FEEL:ETE 0O603HayeHue
AxLWxB), mm

13716x2438x2896
12192x2438x2896
6058x2438x2591

Konmeunep 1CC

Koumeurep 1CC Koxnmeunep TEEE

Macca

0, Kr
30480
30480
30480

KoHTenHepbl
ISO 668:1995
(FOCT P 53350-2009)

[

2591

2896

6058

6058

12264

13716

C UCMO/AIb30BaHWEM OAHOrO FPy30BOro TPAHCMOPTHOrO CPeacTBa:
1) opHoro 45-¢pyToBoro KoHTenHepa (aAnHa 13716Mmm);

2) oaHoBpemeHHas nepeBo3Ka ABYyx 20-pyToBbIX KOHTENHEPOB (61T).




Bo3moXKHble BapuaHTtbl TC

Mcnonb3oBaHMe cneumanbHbIX
TPaAHCMOPTHbIX CpeacTB ANA

BHEOOPOXKHbIX KOHTeVIHeprIX nepeso30K

fpy3onoabemHOCTb: 61T

l DnvHa TpaHcnopTHOM naatdopmbl: 13,7m ‘

MHOroocHble KonecHble TC
M aBTOMoe3aa

[YCeHUYHblE MALLUHbI U
ryCEHMYHble noe3/a

MA3-7410-9988
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MonHaa macca TC

N O

A opoXKHo-rpyHTOBbIe ycnoBua gna TC

[AkceHoB [1.B. MHoOroocHble aBTomobunu. M:MawwuHocTpoeHune, 1989. 280 c.]
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TYCeHUYHbBIE MALLIMHBI / ABTOMOOIIIN
/ // //
/ pd / _
/ //
3 5 10 20 30 50 100 200 300 400 Dr-xlla
Cratoe rpYHTHI (CHera, t‘:'cwcn';.%‘)t Cpegrive rpyHTs! " IpOYHBIE rYHTS! 8 foporu ’

CpeaHee aaBneHue
Ha rPyHT He bonee
0,6...0,75 Kr/CM2
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TMNOTE3A:
uenecoobpasHo
MCNoNb30BaHMe

ryceHM4YHbIX Noe3aos

A1 BHEAOPOXHbIX
KOHTEMHEPHbIX
nepeBoO30K Npu

nosiHon macce TC
6onee 100 T




HanpasneHusa pa3BuUTUA BHeJ0POXKHbIX
KOHTEUHEPHbIX NepeBO30K

MepcnekTUBHbIM HanpaBJAeHMEM Pa3BUTUA HAa3eMHbIX 6e3peibCoBbIX TPAHCMOPTHbIX
cpeacTs ANA BHEAOPOKHbIX KOHTEMHEPHbIX NEPEBO30K ABNAETCA Nepexoa K
6ecnunoTHbIM rpy3oBbim naatpopmam

$

[1BUXKEeHWEe TPAHCMOPTHbIX CPeACTB € Mcnonb3oBaHuem TexHonoruu «follow me»
(chepoBaHMe 332 MaLLMHON-NTUAEPOM)

$

[1BnxKeHune TPAHCNOPTHbLIX CPpeacTB nocpeacrsom AUCTAHLMUOHHOIO ynpasjieHUAa 13
MallUHbI-Tnaepa



MeToAb!l NnoBbilWEeHUA NOABUXKHOCTU
TPaAHCNMOPTHbLIX CpeacTs :.-\l

HayuyHble meToabl NOBbIWEHUA NOABUKHOCTU TPAHCNOPTHbIX CPEACTB NPU peLleHnm
npob6iembl aHepProadpPeKTUBHOCTU M HE30MNaCHOCTU BHEAOPOXKHbIX KOHTEMHEPHbIX
nepeBO30K

MeTog, aHanmn3a nepapxmm @

[Ona onpeaeneHns NPUOPUTETHLIX TEXHUYECKUX PeLIeHUN KOHCTPYKTUMBHO-KOMMNOHOBOYHOIO
MCNONHEHMA OecnUNOTHbIX TPAHCMNOPTHbIX CPeAcTB, MpPeAHA3HAYeHHbIX A1 BHEAOPOXKHbIX
KOHTEMHEPHbIX NepeBO30K, Ha OCHOBE HAy4yHO OOOCHOBAHHOM MWeEpPapxXUn KpPUTEpUeB CBOMCTBA
NOABUMXKHOCTU

MeTo4 MMUTALMOHHOIO MaTemMaTUYeCcKoro MmoaennpoBaHUA

Ona onpegeneHna noKasaTenenm MNOABUMMKHOCTM  BGECNUIOTHbIX TPAHCMNOPTHbIX CPEACTs,
NpeAHa3Ha4YeHHbIX AN BHEAOPOXKHbIX KOHTEMHEPHbIX MNepeBO30K U (GOPMMPOBAHMA 3aKOHOB
yrnpaBaeHUa ABUKEHMEM

MeTop HaTypPpHO-MaTeEMATUYHECKOITo moae1npoBaHMA

Ona onpeaeneHvs MoKasaTener nNoABMMKHOCTM  BeCnUAOTHbIX  TPAHCNOPTHbLIX  CPeAacTs,
npeAHa3HayYeHHbIX ANA BHEAOPOXHbIX KOHTEMHEPHbIX NepPeBO30K, TPEOYIOWMUX yyeTa ynpaBaAoLWEro
BO34ENCTBMA BogUTENA-ONepaTopa




Nepapxua saKcnayaTaulMOHHbIX CBOUCTB

N3BeCTHblI pa6OTbI B obnactu pa3p360TKVI nepapxmn aKCNAyaTauymoHHbIX CBOWMCTB Ha3eMHbIX
TPAHCMOPTHbLIX CPpeacTB n nccnegoBaHmMAa UX 3HAYNMOCTU!

A.E. PapobuHa, A.C. JlntBnHosa, B.H. Haymosa, K0./1. PoxxaectBeHckoro, A.B. Mopo308a,
J1.B. bapaxtaHoBa, A.A. AHMKKHa, B.H. Kpasua, B.B. benakosa, A.N. PegoTtosa,

M.A. AybeHckoro, N.A. Manesa, M.B. Haranuesa, M.P. Kaanmynuna, A.C. lbakoBa u ap.,
pPaboTbl Hay4HbIX WKon MITY um. H.3. bBaymaHa, HITY um. P. E. AneKkceeBa, MOCKOBCKOro
nonnTexHnyeckoro yHmsepcuteta, MAWN, BoeHHoM akagemmnmn 6poHeTaHKoBbIX BocK, OAO
«HUWU Cranu», dIreY «21 HUMU BAT» MuHobopoHbl Poccuu, THU, PO dIryrn «HAMW» n ap.

TC nna BHEAOPOMHKHbIX
KOHTEWHEepPHbIX NepPeBo30K

Nepapxua cBoncTB Ana
OLLeHKW BapMaHTOB

KOHCTPYKTUBHO- Csotictea no SKCNNYaTaLMOHHO-
Ha3Ha4YeHuo 3KOHOMMKUYeCKne
KOMMOHOBOYHOTO » |
MCMNOJIHEHUSA |
(anbTepHatus) Fpy30n0ABLEMHOCTD

MoABUMKHOCTL HagexHocTs

WU rpy3osmecTumocTb

JKoOHOMMUYECKUe
be3onacHocTb 3ProHOMMUYHOCTb 9

MeToz aHanum3a nepapxum



MeToa, aHann3a nepapxum

1N KOMNNEKCHOro CPpaBHEHUA TPAHCMOPTHbIX CPEACTB MO Ha3HAYEHUIO LLMPOKOE
pacnpocTpaHeHMe nNoay4ymn metod aHanusa nepapxmi (MAU) T. Caatu

[lna onpeneneHns 3HaYMMOCTU KPUTEPUEB MEPAPXUM SKCNIYATALMOHHbIX CBOMCTB
noaBuHocTn TC Ans BHEAOPOXKHbIX KOHTEMHEPHbIX MEPEBO30K U NPUOPUTETHOCTU
a/lbTePHATUBHbIX PEeLUEeHUN:

1. Pa3paboTka nepapxum sKCnayaTauUMOHHbIX CBOMCTB noaBuXKHocTM TC ANns BHEAOPOKHbIX

KOHTEMHEPHbIX NePEeBO30K;

2. DopmmMpoBaHNE MATPUL, NAPHbIX CPABHEHUN AN1A KaXKA0ro YPOBHA KPUTEPUEB;
3. MonyyeHne sKCnepTHbIX CYXKAEHUN ANA KaXKA0W MaTPULLbl MapPHbIX CPaBHEHWA;
4. OnpepeneHne NokanbHbiX npuoputeToB (/1) KpUTepues N anbTepHaTUB:

Ad = A 400, :
max Hopmanusauua sektopa §, npu nn

—>

s =1
1=1%1 ’
rae A - MaTpuLa NapHbIX CPaBHEHMIA KpUTEpUEB; rae N — pasMepHOCTb UCXOAHOM MaTPULbl MaPHbIX
Ainax - MaKCUManbHOe COBCTBEHHOE 3HaueHe MaTpULbl A; cpaBHeHMit. ) —n
8 - COBCTBEHHbIN BEKTOP, COOTBETCTBYIOLLMNIA Ay gy UC = max R .

' m) ML = — -—<0,1-+0,2
5. OnpeseneHne coOrnacoBaHHOCTM MaTPUL, CYKAEHUM; n—1 CU

Cn - MHbIN
6. CUHTE3 NPUOPUTETOB; «CNY4anHbIN» MHOEKC

7. OnpeaeneHue cornacoBaHHOCTU Uepapxmum, |Pamepoas| | 1 | ol 2o | s | oxo | 1000

MaTpULUbl

cn 058 | 09 | 1,12 | 1,24 | 1,32 | 1,41 | 1,45 | 1,49

MeToz aHanu3a nepapxmm



Nepapxma noaBUMKHOCTH

[ToABUMHOCTb

MeTopg aHanm3a nepapxmm

1 ypoBeHb
NMpoxoauMocTb BbiCTpOXoaHOCTb ABTOHOMHOCTb wepanuu
CBOWCTB
OnopHasn
NMPOXOAUMMOCTb
2 YPOBEHb
:
MPOXOANUMOCTb No HEPOBHOCTAM NYTH ”E'pan””
CBOWCTB
EPO,EI,OXO,EI,MMOCTb Yn anBJ'IFIEMOCTb 7]
CTOMHHUBOCTDb
YpoBeHb
AnbTepHaTmnBa A AnbTepHaTmnea B S AnbTepHaTuBa N
aNnbTEPHATUB
11



[10 pacnonoxeHuto rpysa:

- C pa3ae/ibHbIM PACMONIOXKEHUEM FPYy3a Ha KaXKA0M 3BEHe ryCEHMYHOro noesga (a);

- C pacnosioXXeHnem MOHOTpPY3a Ha rpy30BOM NiaThopme ceaenbHOro AByXLWapPHUPHOro
ryceHn4Horo noesga (6);

- C pacnosioXXeHnem MOHOrpYy3a Ha rpy30Bon naaTpopme NPULEnHOro ryCeHMYHoro noesaa (B);
- C pacnosioXXeHnem MOHOrpY3a Ha rpy3oBon naatdopme NONYyNPULENHONO 3BeHa r'yCEHUYHOTO
noesaa (r);

- C pacnosioXXeHnem MOHOrpy3a Ha rpy30Bon naaTpopme MOHOKOPMNYCHOINO MHOrO3BEHHOIO
wacem (a).

o o
_j r ) C ! ) 6() ! ) !
a




BapnaHTbl BO3MOXHbIX KOHCTPYKTUBHO-

KOMMNOHOBOYHbIX ucnonHeHuu TC

13716

6058

12264
,

6058

4400

1

3420

20508

%]EJ

5985

AnbtepHaTtuBa «A» (lyCeHMYHbIN Noe3a, BbINOAHEHHbIN

no NoynpuLenHomn cxeme)

13716

12264

6058

6058

5200

=E

2896

5130

16700

AnbtepHaTtmBa «B» ([yceHUYHbIN Noe3n, BbINOJHEHHbIN

No cefeNbHOM ABYXLWAPHUPHOM cxeme)

MeToz aHanum3a nepapxum

6058

4690

=EE

27600

21050

AnbtepHaTtnsa «C» (KonecHbin aBTonoesa)

46391

13716

6058

12264

6058

81600

AnbtepHaTtnsa «D» (MHoroocHasa KM)

—

289

13



Pe3ynbTaTbl NapHbIX CPAaBHEHUMN
Kputepues (NOKanbHble NPUOPUTETI)

Mpoxoanmoctb 0,637
BbicTpoxogHOCTb 0,105
ABTOHOMHOCTb 0,258

OnopHasa NnpoxoaMmMocCTb
MpodnnbHaaA NPOXoaMMOCTb 0,2

BpogoxoammocTb 0,2

ANHaMKUYHOCTb 0,142

CnocobHoCTb ABUraTbCA NO 0,429
HEPOBHOCTAM NYTH

YnpasnaemocTb n 0,429

YCTOMYNBOCTb

MeToz aHanum3a nepapxum

MeTtoa aHanusa nepapxui (npepgBapuTesibHble
pe3ynbTaTbl KAYeCTBEHHOMN OLEeHK!)

nobanbHble NPUOPUTETDI

OnopHaa npoxoauMOCTb 0,382
3anac xoaa 0,258
MpodunbHaa NPoOXxoANMOCTb 0,1275
, bpogoxoammocTb 0,1275
CnocobHocTb ABUraThcA No 0,045
HEPOBHOCTAM NYTH

YnpaBnAaemocTb U yCTOMUYMBOCTb 0,045
AnHamnyHoCTb 0,015

\
AnbTepHaTnBa «A» ?
AnbTepHaTUBa «B» ?
AnbTepHaTtuBa «C» ?
/ AnbTepHaTmBa «D» ?

KapauHanbHoe nosbiweHne noasuXHoctn TC gna
BHEAOPOKHbIX KOHTEMHEPHbIX NEPEBO30K

BO3MOXHO TOJIbKO C UCMNOJ1Ib3OBAHUEM
ryCeHU4YHbIX noe3anos

14




AHaNN3 KOHCTPYKTUBHbIX NapameTpos
ryCEHUUHbIX Noe3[os

01 «Aman»
S ——

ek S

s LN, N sl o ' y-
BT361A-01 «TromeHb» ypan_5920

AT-30MH Foremost <<Huéky—8»

'i- T 5
.\ USAF [MOBILITY TEST BED
S el . )

15

Midgetman
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MuHUMaNbHBIA paguyc NOBOPOT
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CpeaHee AaBfieHMe Ha FPYHT: He bonee 0,4 Kr/cm?;
NonHaa macca: He 6onee 145 T;
KoadpdunumeHT rpysonogbemHocTu: He meHee 0,7;
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YaensHaa MOWHOCTL, kKBT/T

1.5

0
0

MwuHUManbHbIN pagnyc NnoBopoTa: He 6onee 20 m;
Yron npeogonesaemoro nogbema: He meHee 30 rpaga;
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Mpy30noaLeMHOCTb, T

fpy3onogbemHoOCTb: 61T

O BT361A-01 "TiomeHs"
O CBr-701 "Aman”

WV Ypan-5920

X Foremost Husky-8
* AT-30

A Nodwell "RN400"

YnenbHasa MoLWHOCTb: He meHee 4 KBT/T.
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STanbl CpaBHEHUA PaAa3/INYHbIX BAPUAHTOB
KOHCTPYKTUBHO-KOMMNOHOBO4YHDbIX UCNONTHEHUMU
ryCeHM4YHbIX noesaos

1) dopmmMpoBaHME Nepapxmm sKCNAyaTaLMOHHbIX CBOMCTB C Pa3ae/IeHUEM Ha YPOBHM
KpUTEPUEB;

2) onpeaeneHuve anbTepHaTUB NO pe3y/ibTaTamM aHa/In3a KOHCTPYKTUBHO-KOMMNOHOBOYHbIX
UCMNOJIHEHWUW;

3) aKcnepTHaA oLUEeHKa BapWUaHTOB a/IbTEPHATMUB C MCNO/Ib30BAaHMEM MEeTOAa aHa/M3a
nepapxumn, BbiIbOp anbTeEPHATUB;

4) onpeaeneHne Nokasatesien CBOMCTB A4/1A BbIOpaHHbIX a/IbTEPHATUB MeTo4aMM
MMUTALMOHHOIO MaTeEMATUYECKOrO MOAENMPOBAHMA (HATYPHO-MaTEMATUYECKOTO
MOJENNPOBAHUA);

5) onpeaeneHve NPUOPUTETHOIO TEXHNYECKOIO PeLLEHMA C YYETOM Pe3ynbTaTos,
NO/IyYeHHbIX NPM NPOBEAEHUN UMUTALMOHHOIO MaTEMATUYECKOTO MOAEIMPOBAHUS

(HaTypHO-MaTeMaTUYECKOro MOAENNPOBAHUA).



AN\

MeToA MMUTAaLMOHHOrO MaTemMaTUYeCcKoro
MOAENUPOBAHUA ABUXEHUA NYCEHUYHbIX Noe340B

S ke _,
ms = Z F
i=1

,

X Cuctema ypaBHEHUM
2 TS 770 - .
Mg+ D" = f(q,q,t);  ABVHEHWA,
AONONHEHHaA

DG = h(q,q),

M; - matpuua MHepuun; § — BeKTop 0606LIEeHHbIX KOOpAMHAT
(pasmepHOCTbIO N, TAE N — KOAMYECTBO OOOBLIEHHbIX KOOPAWHAT,
HeobXoAnMbIX ONA ONUCAHUA ABUMNKEHUA cucTembl);D — maTtpuua
nepemeHHbIX Ko3pPMUMEHTOB YPaBHEHUIN KMHEMATUUYECKUX CBA3EN

YPaBHEHUAMMU CBA3U

N
pasmepHOCTblo k X n, rae k — uncno ypaBHeHU cBA3U;A — BEKTOp

_

MHOXUTenen JflarpaHxa; f(4,q,t) — BEKTOP BHEWHUX CuUA,

BK/ItOYALOLLMIA B cebs cunbl Harpysox, cunbl oT

ynpyrogemnoupyowmx 31eMeHTOB, a TaK¥Ke [MPOCKoNMYecKue
—_—

cunbli;h(§, @) — BEKTOP NpaBbIX YacTel ypaBHEHMI CBA3K.

MeTog MMNTALMOHHOIO MaTeMaTUYECKOro Mo4e/IMPOBaHMA

\

YpaBHEHUA AMHAMUKU
TBEpPAOro Tena B

i NPOCTPaHCTBE

—

kf
z (RTF;) %
i=1

@ = (wx cos(P) — w, sin(1|1))/c 05s(0);
0 = w, sin(P) — w,, cos(P) ;
P = (a)y sin(P) — wy cos(Y)) tan(8) + wy,

m — AMaroHanbHaa maTpuLLa Macc Tena;S — BEKTOP KOOPAMHAT LieHTa
Macc Tena B HEMoABUKHOM (rnobanbHOM) cucteme KoopamHat XYZ;f{
— BEKTOP i-OM BHELLHEN CUAbI, MPUIOXKEHHbIA K HEKOTOPOM TOYKE Tena,
3a/iaHHbIN B rN06anbHON cucteme KoopauHat XYZ;ky — Konuuectso
BHELIHUX CWA, NPUNOXKEHHbIX K Teny;] — TeH30p MHepuuu Tena,w —
BEKTOP YrNOBbIX CKOPOCTEM Tena B MOABWMMKHOM CUCTEME KOOPAWHAT
XYZ, CBA3aHHOM C Te/IOM B LLeHTpe mMacc; R — opToroHasbHaa maTpuua
NnoBOpPOTa, NepeBOAALLAA BEKTOpP, 3af4aHHblA B NOABUXHOM cucTeme
KOOPAMHAT XYZ, CBA3AHHOM C TE/IOM B LLEHTPE MacC, B HEMOABUMKHYHO
XYZ; T} — pagnyc-BeKTOp TOUKMN NPUNOXNKEHUA i-Oi CUJIbI B NOABUMKHOM
cUCTEME KOOPAWMHAT XYyZ, CBA3AHHOM C TENIOM B LEHTpe Macc;ﬁj) -
BEKTOP j-Oro BHELHEero MOMeHTa, AeNCTBYIOLLEro Ha Teso, 3aaHHbll B
NOABUXKHOM CUCTEME KOOPAMHAT XYZ; Kpy — KOAMYECTBO BHELIHWUX
MOMEHTOB, [AEWUCTBYIOLWMX Ha Teno; Kx@ - BEKTOP MOMEHTOB
TMPOCKOMUYECKUX CUN (I? — BEKTOP KMHETUYECKOrOo MOMEHTa Tena)



Cxema UMUTALLMOHHON Mmoaenu ryCeHUYHOro
noespa

CTpyKTYypHaa cxema
MaTEMaTUYECKON Mmoaenm
YCEHMYHOro noesaa,
BbINOJIHEHHOTO MO CeAe/IbHOMU

ABYXLWAPHUPHOM cxeme

CTPYKTypHas cxema
MaTeMaTHUYECKON Mmoaenmu
rYCEHMYHOro noes3aa,
BbINO/IHEHHOIO MO NOAYNPULENHOM

cxeme

19

MeTog MMNTALMOHHOIO MaTeMaTUYECKOro Mo4e/IMPOBaHMA



Perynartopbl ynpas/ieHUA NOBOPOTOM ANSA
cnepoBaHUA 3a,dHHOM TPaeKTOpPUK

d .d
d _ _ _

ab = (1 — |PIDg(eg)]) * Amay - PID,(€,) — gy - PIDg(eg); ag,a; Tp;?yll)el\gble) y;)rl;lt;l (I'IOI;OpOTa rYCEHUYHbIX
_ TeNexex; e e,) — erynatopbl
az = (1 —|PIDg(eg)|) - @max * PIDy(er) + max * PIDg(eg), ’ o\=0/s L Pery $ pbl,
onpegensiowmne  ynpasnalwee  BO3AeNCTBUE
e, o pio, [ « blanny I+ . McXxoaa W3 YIIOBOMO €y WU JIMHEMHOro e,
—» af OTK/NOHEHMA  OT  TPAEKTOPUWN;,  Umax -
1—| + | g MaKCMManbHbIA  Yron  MNOBOPOTA  FYCEHUYHOM

[b - TeENEXKH

|x|

BbluncneHue ynpaBasaioLMX BO3AENCTBUN
—| +
S~ L ad OCYLLECTBAAETCA UCXOAA U3 MONOKEHNA OpraHa
| == ynpasaeHuUsa CKOPOCTbIO MalnHbl hy 1 NN/

I'YCCHHYHAaA
TEIIeKKa

perynatopa PID,, obecneunsatoiero
cornacosaHue Tpebyemoro af n GaKkTUUYecKoro
Q1 YrNa NOBOPOTA N'YCEHUYHOM TeNEXKN
~ OTHOCUTENbHO NMPOAO/IbHON OCK MaLUUHbI

hg = hy — PIDy(af — ay);
hy = hy + PID,(af — a).

a;” €r

mnathopMa
MaIITHHET OmKaiiniag To4YKa

TyCeHHIHAs
Telnexka
2
&

d

Ha TpaeKTOPHH ay —— + -
~ - —— s P P L, h,

» PID, —i > +

A 3a/janHag

/ TPAeKTODPHA a, —» o +
h — h
@( v o + L
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MeTog MMNTALMOHHOIO MaTeMaTUYECKOro Mo4e/IMPOBaHMA

Bo3BpaT TpPaHCNOPTHOrO CPeACTBa Ha TPAEKTOPUIO C

NMOMOLLbLIO NMNapaNNeNbHOro AsnxeHnA no3BonAeT

ONTUMMU3NPOBATb NapPamMeTPbl PerynsTopa JMHeNHoro
OTK/NIOHEHUSA. BO3BpaT Ha TPaeKTopUIo NPU HEKOTOPOM

YrNoBOM OTKZIOHEHUN MO3BOJIUT ONTUMU3NPOBATDL
napameTpbl perynatopa yrnosoro otkJioHeHUA
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HadaJIbHOE ITOJIOKCHHUE

naTgopmsl
i 0 LY
3aJaHHas KOHE€YHOEC ITOJIOKEHHE
- TPaeKToOpHs .\, mIaTopMbl
10 - COUN — e __ = . -
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Bpaluatowime MOMeHTbI Ha BeAyLLMX Koslecax TenexekK ryCeHM4YHoro noesga

i 10° 1- nepenuss tenexka neBoe BK; 2 — 3anuss tenexka nesoe BK;
1H 3 — nepenansis Tenexka npaBoe BK; 4 — 3aguss Tenexka npaBoe BK

0.2

0.4

oMeHT Ha BeflyLem konece, Hw

= 08

0.8

Bpems, ¢
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4x

.

[ns obecneyeHnn aHeproappeKTUBHOro
ABUXKEHMA r'yCEeHMYHOro noesaa u
MWHUMU3ALNKN rabapUTHbIX pa3mepoB
npuBoAa notpebyeTca NpUMeHeHun
cneumnanbHbIX MEXaHM3MOB /1A CU/I0BOTO
cnocoba NoBOpoOTa, KUHEMATUYECKOTO
cnocoba NoBOpOTa AU KOMBUHALMM
CWI0BOTO U KMHEMaTUYeCcKoro cnocobos

NOBOPOTA KaXKA0MN TENEKKU 29



MmoaenmpoBaHUA

138M

__ nod kaxdsiM KoABCOM

H30dpaxeHue MauliHb!
6 BupmyassHom

AanHsie o Mﬂpwpymel

Janucs napamempob
modeaupoBarus 8

gaun das 0a/ibHeUWwez2o
aHau3a

BuszyassHuld wormaxm

omHocume/AbHO Mapwpyma

Vi

|
|
|
|
|
|| 3x meprom npocmpancmbe
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|

flpoddernsid nyms

fxocBennan oueHka kpuBusHsl mpaexkmopuu u napamempol zpynma)

Pabouee mecTto u MHTepdenc onepatopa

=

KOMnjieKCa HaTypHO-MaTeéMaATUYECKOTIO
moagennpoBaHuA

MeTtop, HaAaTYPHO-MaTeEMaAaTUYECKOIro moaeanposaHUA

= |
=
g |
% o | HcxadHsle darHele
S | dns ModenupoBarus
s¢e
S |
&3 | OpzaHet |
g% ynpabrexus |
i
T a | | | Mi Mapamempsr 2pyHma
= = Mamemamu4eckds
Onepamop/ == !godyﬂb @h MOORE -
Bodumens T pyneBozo koneca ~ dumamury TC
“ | i | | Kuremamuveckue Havano cnedywwezo
napamempsi BpemenHozo waza
. | | | Modenu peansHozo BpemeHu
—— =l Modyss nedased || ||Curxporusauus modenu |—ei
: ! dunamuku TC ¢
Fe—————————— — - || peaserbim BpemeHem -
Cucmema uMumayuu
BusyassHol odcmaHobBku
(3kpaH)

MeTtoa, HaTypHO-MaTeMaTHUUYECKOro

CTpYKTypHasa cxema
KOMIM/IeKCa HaTypHO-
MaTeMaTUYeCKoro
MOAENMPOBAHUS
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BbiBOp,

Hapﬂ,u,y C KonecHbimm TC He cneayetr UCKAKYaTb WM TyCEHUYHbIE noe3aa ANA

BHEAOPOXXHbIX KOHTeﬁHeprIX nepeso30K. ,D,I'IFI onpeaneneHmnA NMPUOPUTETHDLIX

KOHCTPYKTUBHbIX UCNOAHEHUN TC npeasorKeHa COBOKYMHOCTb Hay4YHbIX MeTOAOB,
HanpPaBAEHHbIX HA pelleHne NpPobiembl NOBbILLEHUA MNOABUXKHOCTM NYCEHMYHbIX NOE340B
nyTem peanunsauum 6ecnmnoTHOro ABUXKEHUA No 3a,aHHOM TPAEKTOPUN NN ABUKEHUA 33

MALLUNHOM-TNAEPOM (C ANCTAHLNOHHbBIM YyrpaBaAeHNEM).
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depepanbHOe rocyaapcTBeHHoe boarkeTHoe obpasoBaTenbHoE
yupexaeHue Bbicliero o6paszoBaHmnA « MOCKOBCKMIN roCcyaapCTBEHHbIN
TEXHUYECKNIM YHUBEPCUTET UMeHn H.3. baymaHa
(HauMOHaNbHbIN UccneaoBaTeNbCKUIA YHUBEPCUTET)»
(MITY um. H.D. bBaymaHa)

HayuyHble meToAbl NOBbILLEHUA NOABUXHOCTU TPAHCNOPTHbLIX

cpeacTB ANA NepeBO3KMU KOHTEMHEPHbIX rpy30B BHe A0por

AoueHT Kadpegpbl «KonecHble malWnHbIY,
K.T.H., EBCeeB K. b.
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