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INPEAUCJIOBUE

[TocoOue comepxuT 3afaHue K pacueTHo-rpaduyeckoit pabore Mo paszaenam
«Konebanus u craructuyeckas AMHAMHKA MEXAHUYECKUX CHCTEM C KOHEYHBIM
YUCIOM CTeneHel cBoOOAb» KypcoB «CTaTHueckas MeEXaHMKa U TEOpHs
HagexkHOCTH» H «(CTaTucTHueckas MeXaHHKa | Teopus KoseOaHuil». JlaHbl
METOJIMYECKHE YKa3aHUsl MO BBIMOJHEHUIO 3aJaHus U MOAPOOHBIE TPUMEPHI
pacyeToB.

Broimonusiemass paboTra 3HAKOMUT CTYACHTOB C METOJAMHU COCTaBIICHUS
YPaBHEHUN JBWKEHMSI KOJIECHBIX MAIIMH, ONPENENICHUS CIEKTpa COOCTBEHHBIX
4acTOT U COOCTBEHHBIX (opMm KosneOaHuil. PaccMOTpeH pacyeT BBIHYKIEHHBIX
KoJeOaHWW MAaIIMHBI, BBI3BAHHBIX JICUCTBUEM CIYYalHBIX KHHEMaTHYECKUX
BO3JCHCTBUII Ha Kojieca OT HEpPOBHOCTEM Jnoporu. JlaHbl MeETOABl pacuera
nepelaTOuYHbIX (YHKIUH M aMIUTUTYJHO-YaCTOTHBIX XapaKTEPUCTUK CHUCTEMBI, a
TaK)K€ OLEHKU CTAaTUCTUYECKUX XapaKTEPUCTUK BBIXOJHBIX MPOLIECCOB, B YACTHOCTH,
JUCIIEPCUU U CPEHEKBAIPaTHUECKOr0 3HAYEHHUs] YCKOPEHHUH Ha MECTE BOJAUTENS U
HAJCKHOCTH pPAOOTHl YHOPYTHX DJIEMEHTOB TOJBECKH. TpyloeMKHe pacyeThl
PEKOMEHIyeTCsl MPOBOJUTh C  HCIOJIb30BAHHEM MPOrpPaMMHOr0O  KOMILJIEKCa
MathCAD.

Brimonnennas pabota odopMisieTcsl B BUAE PacueTHO-TOSICHUTENFHON 3aMUCKH
Ha Oymare opmara A4 B cootBetrcTBuU ¢ ['OCT 2.105 ECKJI «O611ue TpedoBanus
K TEKCTOBBIM JJOKYMEHTaM.

[TosicauTenpHas 3amyMcKa COCTOUT M3 JKECTKO COpOIIIOPOBAHHBIX: THTYJIBHOTO
JUCTa, COJEp)KaHUs, PACYCTHO-TEKCTOBOM YACTH C PHUCYHKAMH, 3aKIIOUCHUS WU

CIIMCKA UCITOJIb30BAHHOU JIMTEPATYPHI.



1. 3AJAHUE K PACYETHO-TPA®UYECKOM PABOTE
1.1. BbIOOp MCXOAHBIX JAHHBIX

Bnauvane cnegyer BbIOpaTh pacyeTHYHO CXEMY TPAHCIIOPTHOTO CpeAcCTBa M
VCXOJIHBIE YHCIIOBBIE JTAHHBIE: HEYETHBIM HOMEPAaM BapHAHTOB COOTBETCTBYIOT CXEMa
puc. 1.1 u tabxn. 1.1, a yetHsIM — cxema puc. 1.2 u Tabm. 1.2.

J1J14 3aJaHHOTO TPAHCIIOPTHOTO CPEJICTBA TpeOyeTcs:

1) cocraButh muddepeHNUANbHBIE YPABHEHUS MAaJbIX BEPTUKAIBHBIX H
VIJOBBIX KOJIE0AHUMU B  MPOJOJIBHO-BEPTUKAIBHOW IJIOCKOCTH,  SIBJSIOLIEHCS
IJIOCKOCTBIO CUMMETPUU MAIINHbL;

2) HAWTH YCIOBHE, IIPHU KOTOPOM:

— Uit cxembl 1o puc. 1.1 BepTHKanbHBIE U YIJIOBBIE KOJEOaHUS KopIryca
MHOT'OOCHOW MAIlIMHBI CTAHOBSTCSI HE3aBUCUMBIMU;

— JJIsE cXeMmbl Mo puc. 1.2 BepTUKalbHbIC KoJICOaHHMsS TiepeaHed U 3aaHel

IIOABECOK CTAHOBATCSA HE3aBHCUMBIMMU,

Tabnuma 1.1

sapuanm | My ke | p, |, |, |l |l |l | Ci=Cs | C2=Cs, | b1=bs, | by=Ds,

Mo \m |\m \m |\m |m | kHMm | kHMm | kH-c/m | kHc/m
1 6300 {08 |22 |06 10|26 |21 |90 70 90 10
3 8000 |09 (25|08 (09 26|23 [100 |90 95 20
5 9000 |09 |24 |07 10|27 |23 [100 |90 100 30
7 1000011 (24 |06 |12 |30 22 110 |95 100 40
9 1100011 (25 (0,7 {1129 23 110 |95 110 50
11 1200012 (26 | 0,7 |12 |31 24 120 |100 |110 60
13 1300012 (2,7 |08 |19 |30 |25 |120 |110 |115 70
15 15000112 (28 |08 |12 |32 |25 140 |130 |115 70
17 1600013 {29 |08 |13 |34 |26 |150 |140 |120 80
19 1700013 {30 |09 |12 |33 |27 160 |150 |120 80
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3) mpuHHMMAas CIPABEIJUBBIM yCJIOBHE HE3aBUCHUMOCTH KojieOaHMi (cM. 1. 2),
MIOCTPOUTH OJTHOMACCOBYIO MJIM JIBYXMAaCCOBYIO SKBHUBAJICHTHYIO CXEMY CHUCTEMBbI
MOIPECCOPUBAHUSI MAIIMHBI U COOTBETCTBYIOIIYIO €1 MaTeMaTHU4ecKyl0 MOJelb, Ha
OCHOBE KOTOPOU MPOBECTH PACUETHI 110 HUKECICTYIONTUM TyHKTaM;

4) onpenenuth nuknuueckue (C') m rexumuyeckue (Fy) Yactorel U (HOPMBI
COOCTBEHHBIX KOJICOaHUN CUCTEMBI,

5) BBUHCIUTH MNepeAaTodyHble (YHKIUH OT BHEIIHETO  BO3JCHCTBHS
(Mukponpoduss JOPOTH) K TEPEMEIICHUSIM, CKOPOCTSIM U YCKOPEHUSIM TOYEK
MOJPECCOPEHHON MaCCHhI;

6) cdhopmupoBaTh  MaTpUIly  CHCKTPAIbHBIX  IJIOTHOCTEH  BHEIIHHUX
KUHEMATUYECKUX BO3AEUCTBUIM HA KOJIECA MAIIMHBI;

7) paccuMTaTh MATPHUILY CIIEKTPATBHBIX IIOTHOCTEH IS BHIXOIHBIX IPOIIECCOB;

8) HaWTH AWCIEPCHI0O W CPEIHCKBAAPATHUCCKOE OTKJIOHEHHWE 3HAYCHHM
BEPTHUKAJIBLHBIX YCKOpEeHUH B ToUKe K (CUAEHBE BOJIUTENSN);

9) ompenenuTh BEPOSTHOCTH CcOObITHS, d9to 3a 1000 gacoB pabOTHI
TMHAMHUYECKasi OCajKa yIpyroro aJeMeHTa MOJABECKH IMEepPEIHEH OCH MalluHbI HU

pasy He NMPEBBICUT Jcm (CTATHUECKOE 3HAUCHHUE OCAJIKH ).



B nyskTax 7, 8 © 9 mpoBeCTH YHCIOBBIC PacueThl C WILTIOCTpAIel rpadukaMu
JUISL TPEX CKOPOCTEW NBMXKEHMSI TPAHCIOPTHOro cpeiactBa Vi=2,8 m/c (10 xkm/4),
Vo=8,3 m/c (30 km/u) nV3=13,9 m/c (50 km/u).

OO011me TaHHbIe:

— TIPUHATH MOMEHT MHEPIMH TOJPECCOPEHHON Macchl J =M -p? e p —
paanyc WHEPIUH;

— MHKpONpOo(HIL JOPOTH MPEJACTaBISICT COOOM CTAIMOHAPHYIO CIyYalHYIO
Dy ° do

GyHKIHIO y(X) CO CHEKTPAIBHOMN INIOTHOCTBIO (9 )= m), rae Dy=2-10"* m?

d0=0,133 1%; (=00 <O <+0),

Tabnuua 1.2
Ma, | My, |[mz |pm |Cy C2, Cul, | Cuz, | by, b2, I, |l |l
§ Ke Ke Ke kHm | kHm | kHm | kHm | kHc/ | kH<c/ | M M M
Q.% M M
2 | 1500 | 90 75 1,06 |32 40 275 | 300 |26 35 10 (12|05
4 1900 | 95 80 [1,30 |40 50 300 |330 |29 58 12 |15 |06
6 | 2000|110 | 250 |1,35 |35 150 | 400 | 1000 | 3,6 4,2 15 [ 13|07
8 | 1500 | 200 |450 |1,42 |83 150 | 515 | 1080 |64 7,0 16 |14 08

10 | 3000 | 200 | 460 | 1,68 | 90 180 | 800 1700 | 5,0 8,0 18 |15(08

12 | 4000 | 200 | 500 | 1,86 |100 |180 | 900 2000 | 6,8 9,0 20 |16 |10

14 | 6000 | 210 | 510 | 2,10 |110 |240 |1000 |?2100 |91 9,5 25 1510

16 | 8000 | 220 | 550 | 1,80 |120 |300 |1250 |2500 |95 9,5 30 10|15

18 | 8500 | 225 | 550 |1,90 |125 |310 | 1300 | 1300 |97 9,7 31 |11 |15

20 | 9000 | 230 | 550 | 2,00 {130 |310 |1300 |1300 |98 9,8 32 |12 |15




Puc. 1.2

1.2 O61mme nosicHeHUst

3aaHHbIe TPAHCTIOPTHBIE KOJIECHbIE MamuHbl (cM. puc. 1.1 u 1.2) nBmwxyTcs
MPSMOJMHEWHO MO JJIMHE NYTH X C MOCTOSIHHOM CKOPOCTBIO V M COBEPIIAIOT
BEpTUKAJbHbIE JIMHEHHbIE U YIJIOBBIE KOJ€OaHUST B TMPOAOJBbHONU IJIOCKOCTH
CUMMETPUU MAIllMH, T.€. PacCMaTPHUBAIOTCA IUIOCKOCTHbIE Mojenu. KoneOaHus B
MPOJIOJIBHOM TUIOCKOCTH BO3HHUKAIOT OT MHKPOHEPOBHOCTEH moporu Y(X) mpu
MPEANONIOKEHUH 00 OJIMHAKOBOM Mpoduiie JOPOTrH MOJ JEBBIM U MpaBbIM OOpTaMu
(xonecamu) MaimvHbl. CYUTAETCs, YTO JIBE TJIaBHBIC IIEHTPAJIbHBIE OCH WHEPIUH,
Jexane B IUIOCKOCTH CUMMETPUM MAIlIMH, COBIMAJAalOT C BEPTUKAIBIO H
ropu3oHTanblo. Takke MpeanosjaraeTcsi, UYTO  XapaKTEPUCTUKU  MOJIBECKH,
aMOPTHU3AaTOPOB U LIWH — JIMHEHHBIE, a KOJIECa COXPAHSIOT HEMPEPHIBHBIA KOHTAKT C
JIOPOTOi.

[Tosicuenus k puc. 1.1. lano:

O — eHTp NOAPECCOPEHHON MACCHI;

M, J — moapeccopeHHass Macca ¥ MOMEHT HMHEPIMH IMOIPECCOPEHHOM MacChl
OTHOCHTEJIbHO TJIABHOM HeHTpanbHOM ocH (Touku O), MepHeHIUKYIAPHOMN MIIOCKOCTH
CXEMBI;

C1, C2, C3, C4 — )KCCTKOCTH IMOABCCOK;

bi1, b2, b3, bs — K0P PHLIMEHTHI BA3KOTO COMPOTUBIECHUS MOABECOK (IO Cj ¥ b

MIOHMMAOTCS IIPUBEICHHBIC 3HAYEHUS [IJIs I-0M mapsl (OCH) OITOPHBIX KOJIEC);



l1, 12, I3, 4 — nuHeliHbIe pa3Mepsl (KOOPAMHATHI OMOPHBIX KOJEC OTHOCHTEILHO
LIEHTpa Macc);

lx — KoopIMHATa CUIICHBS BOAUTEIIS,

y1(X), Y2(X), Y3(X), Ya(X) — BBICOTBI HEPOBHOCTEH IOJ OMOPHBIMH KOJIECAMHU B
3aBUCUMOCTH OT JUTMHBI ITyTH X.

HenoapeccopennbiMu ~ MaccamMu  (LIPY>KWH,  KaTKOB,  aMOPTH3aTOPOB)
npeHeOperaeTcs.

[osicuenus k puc. 1.2. [lano:

O — eHTp NOAPECCOPSHHOM MaCChI;

Ma, J — moapeccopeHHass Macca ¥ MOMEHT WHEPIIMU TIOJIPECCOPCHHONW MacChl
OTHOCHTEJILHO TJIABHOM LEHTpaibHOM ocH (Touku O), MepHeHIUKYIAPHOM MIIOCKOCTH
CXEMBI;

My, M2 — HETTOIPECCOPEHHBIE MACCHI;

Cw, C, b — )ecTKocTW MMH, MOABECOK M KOA(P(UIMEHTHl BA3KOIO TPEHHS B
amopTu3aropax (IoJ ¢y, ¢ U D MOHUMAIOTCS CyMMapHbIE 3HAUCHUS JUIS maphl (OCH)
OMOPHBIX KOJIEC), a JOMOJHHTEIbHBIC MHICKCHI «1» M «2» YyKa3pIBalOT Ha
NPUHAICKHOCTh COOTBETCTBEHHO MEPEIHUM H 33 JHUM KOJIECaM M MOIBECKaM;

1, |, — KOOpIMHATHI LIEHTpa Macc aBTOMOOWIIS

lx — KoopMHATa CHICHBS BOIUTEIIS,

Y1(X), Y2(X) — BBICOTBI HEPOBHOCTEH IO MEPEAHMMH M 3aJHUMH KOJIECaMH B

3aBHCHUMOCTH OT JJIMHBI IIYTH X.



2. METOANYECKHUE YKA3AHUSA K BBITIOJTHEHUIO 3AJAHUS C
INPUMEPAMU PACYHETOB
2.1. O6uue yxkazanus
[Tepen BeITIOTHEHEM PAaOOTHI U3YUHTE IO YdeOHOMY mocoOuto [2] riassl 1, 2,
yaeoHOMy Tiocoowmro [3] rmaBer 1, 2 u 5. Pa3bepure pemenus 3a1ad B CTOYHUKE [5]
(ctp. 126-150, 3amaun 2.7-2.14).
2.2. Yka3zaHus ¥ NpUMep pelieHus 3212491 J1JIsl 4eThIPEX0CHOI0
TPAHCHOPTHOIO CPeICTBA
VY cnoBue 3aaun npuMepa.

Pacuetnas cxema TpaHCIIOPTHOTO CpeJCTBA Moka3zaHa Ha puc. 2.1. Hucnosbie

JIAHHBIE:
M=5000 ke, p=0,8 m; 11=2,3 m; 1,=0,7 m; 13=0,9 m; 1,=2,5 m,; ,=2,2 m;
C1=C=CECs= =100 kH/m; b,=b,=bs=b,=b=100 kH-c/m;

J=Mp?=5000-0,82 = 3200 xe-m?. CriekTpajbHas IIOTHOCTh MUKPOIPODHISL JTOPOrH
S(0)= D,-dy ,rmeD =2-10*n2d=0,133 n; (—00 <O < +0),

JIJ1g 3aJaHHOrO TPAHCIIOPTHOIO CPEJICTBA TPpeOyeTCs:

1) cocraButh aupdepeHIUANTbHbIE YPABHEHUS MajbIX BEPTUKAIBHBIX U
VIJIOBBIX KOJICOAHMM B  MPOAOJIbHO-BEPTUKAIBHOM TUIOCKOCTH, SIBJISIOIIEHCS
MJIOCKOCTBIO CUMMETPUU MAIINHbI;

2) HalTH yCIIOBHE, MIPH KOTOPOM BEPTHKAIIBLHBIC M YTIIOBbIC KOJICOAHUS KOpITyca
MHOT'OOCHOM MAIllMHbI CTAHOBSITCSI HE3aBUCUMBIMU;

3) npuHUMas CHpaBEJIUBBIM YCIOBHE HE3aBHUCHUMOCTA BEPTHKAIBHBIX |
VIJIOBBIX KoJeOaHwit (cM. 1. 2), TMOCTPOUTH OJHOMACCOBBIE DKBHUBAJICHTHBIE
JTUHAMUYECKHUE CXEMbI CUCTEMBI MOJPECCOPUBAHUS MAIIMHBI U COOTBETCTBYIOIINE UM
MaTeMaTHUYeCKHe MOJENIM, Ha OCHOBE KOTOPBIX MPOBECTH pacyerbl IO
HIDKECIIEIYIOIUM ITyHKTaM;

4) onpenmenuth muknuueckue (C) m texamueckue (Fy) YacToThl W (HOPMBI

COOCTBEHHBIX KOJICOAHUI CUCTEMEL;

10



5) BBIYMCIUTH MEpeJaTOYHble (DYHKIMM OT BHEUIHETO0  BO3JCHCTBUS
(Mukponpoduss JOPOrH) K NEPEMEIICHUSIM, CKOPOCTSIM U YCKOPEHUSIM TOYEK
MOJPECCOPEHHON MaCCHhI;

6) cdopmupoBaTh  MaTpPHUIly  CHEKTPAJIbHBIX  IUIOTHOCTEH  BHEIIHUX
KMHEMaTHYECKUX BO3/ICMCTBUI Ha KOJIeca MAIIUHBI;

7) paccunTaTh MaTPUILY CIIEKTPATBHBIX TUIOTHOCTEH [T BEIXOTHBIX TPOIIECCOB;

8) HallTH JAWCIEPCHI0O W CPETHEKBAAPATHUECKOE OTKJIOHCHHWE 3HAYCHUUN
BEPTUKAJIbHBIX YCKOPEeHUH B Touke K (CHIEHbE BOJIUTENS);

9) ompenenuTh BEPOSATHOCTH coObITHSA, 9to 3a 1000 YacoB pabOTHI
JUHAMUYECKas Oca/ika yIpyroro 3J€MEHTa MOJBECKU IEpEeIHEH OCH MAaIlWHbI HU
pa3y He MPEBBICUT Jcm (CTATUYECKOE 3HAUEHUE OCATKH).

B nynkrax 7, 8 u 9 nmpoBeCTH YMCIOBBIE PACUETHI ¢ WILTIOCTpaluen rpadukamMu
JUISL TPEX CKOPOCTEW JBMKEHUSI TPAHCIOPTHOrO cpeactBa Vi=2,8 m/c (10 xm/4),
Vo=8,3 m/c (30 km/u) uV3=13,9 m/c (50 km/u).

/ 1 =23m Z4 =2,5Mm
/ k:2, 2M

[h=0,7m 13:0, oM

&4 e M,J

11



Pemenne

1. Cocmasum oughgepenyuanvrovle ypagHeHus MAaiblx GbIHYHCOECHHBIX KOACOAHUL
MAWUHDL.

KonebarenpHast cucteMa MMeEeT JIBE CTEIEHU CBOOOJIBI. BBemem o0oOIIeHHBIC
KOOPAHWHATHI (1, (2 (puc. 2.2, a), KOTOPHIM AaJUM Majible IepEeMEICHUs U N300pa3uM
CHUCTEMY CXEMAaTHYHO B BO30Y)KJICHHOM COCTOSIHMH C KapTHHOW JCHCTBYIOIIUX CUII U
MoMeHTOB (puc. 2.2, 6). C yderom 3aBUCHMOCTH X=Vt 3akoHbI Yi(X), Y2(X), Y3(X) u
y4(X) mepecunThiBatoTcs Bo BpeMeHHYI0 oOmacth fi(t), fa(t), f3(t) m f4(t). Beipazum
BEepPTHKAIbHBIC IepememieHus hi(i=1,...,4) ToYeK KpEIUICHUsS TIOJBECOK dYepe3

0000111eHHbIE KOOPIUHATHI:

hy=0,+ 0, |;
ho=qi+Q2- I2;
hy=0,— 0, ls;
h4:q1_q2’|4-

Torna nedopmanyu i yIIpyrux SI€MEHTOB PABHEL
O,=h1—f1; O, =ho—f2;0;=ha— 13;0, =ha— fs.
CHJIBI B YIIPYTHX 3JIEMEHTAX BBIPA3SATCS B BUIE:
Foz=Ci - (h—f,);

Frpz=C2- (ha—12);

Frpz=Cs- (h3 —f3 );

an4 =Cy- (h4 - f4 ),

a CHJIBI BA3KOI'O COIMPOTUBJICHUA B BUAC:

F b (ﬁ; —_ffl))

F

P00 =)
Fo=b-(h -f),
c4 4 4

rac TOYKU HaBEPXy CUMBOJIOB 0003HAYaIOT IMPOU3BOAHBIC 110 BPCMCHHU.

12



1122, 3M 14:.2, Sm

h2 . \b 04(h4-f4)¢ q]

6) byhsf3) |h -
 byhy

Puc. 2.2
[IpuHsAB BO BHHMMaHHME KapTHHY CHJI, TTOKa3aHHYIO Ha puc. 2.2, 0, 3amuIieMm
ypaBHCHHE JMHAMHYCCKOTO PABHOBECHS CHCTEMbI B BHJC PABEHCTBA HYJIIO CYMMBI

HpOGKHI/Iﬁ BCCX CHJI Ha BCPTHKAJIBbHYIO OCb WU CYMMBI MOMCHTOB OTHOCHUTCJIIBHO

nenrpa macc O:

D y=0: M-G1+bnq 1 +bs20 , +Coal+Cralp =Pi;

. 2.1
2 Mo =02 J-Gothpg’, +bmg , + 0ty +0xsge =P, @1
Tac
021220 ; szzzc b5 Cy ZZC -|_2; Pzz(b -f_.+Ci~fi);
i i i ! 1 i !
i=1 i=1 i=1 i=1
: | 2.2)
bu=3b 5 P =Fb i by =3b 12 P =0 hof wo 1),
i i [ 2 i i i
i=1 i=1 i=1 i=1

13



31ech Ci, Dj — cyMMapHBbIe )KeCTKOCTh B KO (GUIIMEHT COMPOTUBIICHUS MOIBECKH
OTIOPHBIX KoJieC I-0if mapkl (ocn);
fi — BBICOTa HEPOBHOCTH TI0]T OTIOPHBIMHE KOJIECAMH 1-0H maphl (OCH);
N —uuncIo nap (0ceil) OMOPHBIX KOJIEC MAIIMHBI, B HAIlIEM ciTy4ae N=4.
[ToacTaBUB YMCIOBBIC 3HAYCHHS, TIOTYYUM:
bs/=4b=4-100=400 kH-c-m’*;
bx»=b(2,3+0,7-0,9-2,5)=-100-0,4=-40 kH-c;
bs;=b(2,32+0,72-0,9%-2,5%)=100-12,84=1284 xH-c'm,
Cs1=4c=4-100=400 kH-m;
Cx»=¢(2,3+0,7-0,9-2,5)=-100-0,4=-40 kH;
Cx3=C(2,3?+0,72-0,9%-2,5%)=100-12,84=1284 kHm.

2. Haiioem svipasicenue, npu xomopom eepmuKaibhvie U yeaosvie KoieOaHus
KOpNYca MAuuHbl CMAHOBAMCS He3ABUCUMBIMU.

B Bepaxkenus (2.2) koopauHaThl | MOACTaBIAIOTCS CO CBOMMH 3HAKaMU
(«mTrOC» IS ONOPHBIX KOJIEC, PACIOJIOKEHHBIX BIIEPEIN IIEHTpPa MacC MaIlWHBI;
«MUHYC» - JUJISI OMOPHBIX KOJIEC, PACIOJIOXKEHHBIX 3a IEHTpoM Mmacc). [loatomy
koaduimenTsl Dy, Csy, CBs3bIBalONME ypaBHeHUs B cucteme (2.1), uMerOT
HeOoupie 3HaueHus. B ciyuae bx=0, Cx=0 ypaBHenus (2.1) craHOBATCS
He3aBUCUMBIMHU. [lepBoe W3 HHMX OyIeT OINKUCHIBATH BEPTUKAIBHBIC JMHEHHBIC

(xoopauHaTa (1), a BTOPO€ — POJIOJIbHBIE YTIIOBbIE (KOOpAWHATA (2) KOJICOAHMUS:
M4, +byq (+Cul = Py; (2.3)
J,+bss0 5 +Cs50, = P2 (2.4)
3. OoHomaccosble  IKBUBANEHMHbIE — OUHAMUYECKUE  CXeMbl  CUCTeMbl
noO0peccopuBaHUs MAUUHbL U UX MameMamuieckue Mooeu.
B cnydae cripaBeyTMBOCTH YCIOBHS HE3aBHCUMOCTH BEPTHUKAIBHBIX M YTJIOBBIX

KoJiebaHuil (cM. 1M.2) AMHaAMUYEcKask CXeMa MalluHbI (CM. puc. 2.2, a) pacnajiaercs Ha

ABC OJHOMACCOBBIC SKBHUBAJICHTHBIC JTMHAMHWYCCKHUEC CXCMbI, IOKA3dHHBIC HA PHUC. 2.3
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q
" b

<( S

a) 6)

AN AN Y ~

Puc. 2.3

Cxema puc. 2.3,a COOTBETCTBYET JIMHEHHBIM KoJeOaHusiM, a — puc.2.3,0 —
VIJIOBBIM KOJi€OaHUsAM MaiivHbl. MIX mMaTeMatudeckue mMojaeiu — ypaBHeHus (2.3) u
(2.4).

4. Macmomwi U hopmol cOOCMBEHHbIX KONEOAHUIL.

VYpaBaenus (2.3), (2.4) pa3genum coOOTBETCTBeHHO Ha M, J um 3ammimieMm B

CTaHIapTHOM BHUIC:

. : ) P, .
g+2n-q +o%-q = "'; (2.5)
1 11 1 1 M_

2, = P
G2+2-n2-Q, 792 q 7 (2.6)

b
400-10° _ 400 n = = 1284-10°
rae nl:EbI\Z/IL:m_ArOC ,nz ’] :m:ZOO,GC‘l — K03 OUIIMEHTHI

3aTyxaHus;

[, [400-10° | [, [128410° |
=.|— = = 8,94C y ik VA VPV 20!0 -
®: =34 =000 ®, 3 200 c [UKJINIECKUE

4acCTOTHI (YUCIIO KOJIeOAaHUH 3a 27T CEKYH]I).

Texanueckue cOOCTBEHHBIC YaCTOTHI (UMCIIO KOJIEOAHUI 32 CEKYH/IY):

) 22253,94:1,42
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y =% =M:3,18

25275

Cob6cTBeHHbIe (hOpPMBI BEPTHKAIBHBIX U YIJIOBBIX KOJICOAHUHN MPEACTABIISIIOT

I

co00i rapMOHUYECKHE KOJIeOaHUs BUIa

q=V sin(w-t+p),
rae V — aMmrya;

C — coOCTBEeHHAas 4acTOTa,

S — ba3oBsrii yrod.

5.  Pacuem  nepedamounvix  QYHKyuli Oom  GHEWHe20  B8030eUCMBUsL
(mMukponpoguna Oopocu) K nepemeujenusm, CKOPOCMAM U VCKOPEHUSIM MOYeK
nOOpPeccoOpeHHOU MACCyL.

N3o0paxxenne  ypaBHenuit (2.5) wu (2.6) B uactoTHOW oONacTH

(mpeobpazoBaHHbIe 10 Dyphe):
[ (i) +2n (o} o |-Q (i0)=
_mi{iplDF (i0)sbF(i0)+bF (i0)+bF (i0) [+ F (io)ro F (i) re F (io)re F (). (2.7)

2 2 3 3 ‘4 11 2 2 3 3

[ (io)+2n (im)+0)2S]- Q (io)- (2.8)
=-J ‘1{ioa?[l1)I1Fl(ico +b Ize(ico)+ b3I3F3(ioa)+b |F gim)]+clel(i(n)+c |F Sim)+c P (3i(n)+c IF (Ai(o)},
rae | = V-1 — mMuumas eIUHNULIA,

C — 9acToTa;

Qi(ic), Q2(ic) — KOMIUIEKCHBIE aMIUTUTYIHBIC CIEKTPHI (TpaHCc(OPMAHTHI
®dypne) mporeccor (i(t) u gz(t) cooTBeTCTBEHHO;

Fi(ic), Fy(ic), Fs(ic), Fa4(ic) — KOMIUICKCHBIC AaMIUTUTYAHBIC CIEKTPBI
BoszeiicTeuii f1(t), f2(t), f3(t), f4(t) cooTBeTCTBEHHO.

U3 (2.7) u (2.8) ¢ yuerom c1= o= c3= cs=c, b1=b,=bs=bs=b u noacranosku
YHCIOBBIX 3HaueHul li (i=1,...,4) noay4uMm cleayronme nepeiaTouHbie GyHKIUN OT

BHEIITHETO BO3JACUCTBUS (MUKPOTPOGUIIS JOPOTH) K IEPEMEIICHUSIM:

. (C+i--b)
H (i0)= (L1151 ; (2.9)
4 M ,[(0)12 _®2)+i2n10)]
. (C+i-o-b)
H (l0)= +(2,3;0,7;-0,9;-2,5) , (2.10)
q2 J U2 —0?) 420 ]
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rie Hqi(ic) — MmaTpuma-crpoka nepenatounsix GyHKuid amst ammutyn Q(ic);
Hg2(iC) — MaTpumia-cTpoka nepeaatounsix GyHKui mist ammumatyn Qo(ic).
[Tepenarounbie QyHKIUH 7151 CKOPOCTEH MPOIIECCOB:

NS .
qu_(loa) = qu (iw); (2.11)
quz(ioo):o)z-qu (im). (2.12)

[Nepenarounnie GYHKIMHU 11 YCKOPEHUHN POLIECCOB:
H (io)=0*-H (in):
(@)=0*H_(io) 213

Hq_z(ioa):a)“- qu(ico). (2.14)

6. @opmuposanue mampuyvbl — CHEKMPAIbHLIX — NJIOMHOCMEN  GHEUHUX
6030elicmaul.

[Tpu nepexone ot npoduis goporu Y(X) Kk kKuHeMaTndeckuM Bo3zzaercTBusaM f(t)
Ha KoJieca TPAHCIIOPTHOM MAaITHHBI HCOOXOIUMO YUUTHIBATH CKOPOCTh JABMIKCHHS V U

CTJIA’KHNBAIOIYIO CITOCOOHOCTH IITUH KOJIEC.

CnexkTpajibHasi ~ IUIOTHOCTh  CTJQXEHHOTO  Mpouias  JIOPOru S~ (o)

OTIpEeeNAETCS TO CHEKTPAIbHOM TIUIOTHOCTH MCXOAHOTO MPOQUIIS Sy (0) 1o

dbopmyite ([2], c. 69-76)
S,(0)

a%02+1

rae 0 —JdacTtora 1o nyTH X;

5, 0)=

a — AJIMHA OTIICYaTKa IIMHBI Ha JOPOIC, MOXKCT OBITH OLICHCHA II0 C.]'ICI[YIOHICI‘/II

3aBUCHUMOCTH [6]:

a=,/(0,12+0,16)B-d + (0,14 +0,22)B?,
rie B, d — muprHa 1 ocaiouHbIA JUaMETp IIUHBL.

[TockonbKy B 3aJaHUM HE 3aJaHbl pa3Mepbl IIMH KOJEC, TO MPUMEM
opueHTUPOBOYHO a=0, ] m.

Yyer CKOPOCTH ABHKCHHUA V Ha CIICKTPAJIbHYIO IINIOTHOCTD BOSHCﬁCTBHH B

KOHTaKTe KoJieca ¢ IOporoi nmpousBoautcs mo Gopmysie [2] ¢ 3ameHoit 0 Ha C/V:
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1
S (0)="*s (2]
f v V)
rae C —4acToTa BO3IEVCTBUN 110 BpeMeEHH t.

Takum oOpa3om, CrieKTpaiabHas MIOTHOCTh MUKPOMPOGUIIS JOPOTH C yIETOM

CTJIAKNBAaHHW HIMHBI U CKOPOCTHU ABHIKCHWA NMCCT BU:

(@)
S :
S (0)=1, YKDZJ = 2 Dyaz 2
f |0 n(d +0’)P o +I)° (2.15)

L a
\v)
rge D, =2-10%m; o = ay-0 =0,133v; B =a-v=0,1v7L; (o< O < o).
Torma MmaTpuily ClIEKTPaIbHBIX INIOTHOCTEW KWHEMATUYECKUX BO3AEHCTBHUM IS
YETBIPEXOCHOTO TPAHCIIOPTHOT'O CPEACTBA MOMKHO MIPEICTABUTH B BUAE
[Si(@) S @ G St ()]
S-(w) =|| S, (o) S, () S, (@) St,1, () ||

o |
Gl B vl e

41 4 3

rie Sfl((x)) =Sf2(0)) =Sf3(0))= Sf4(0)) =St (w);

i
S()=S" (@)=5; (@)=8 (@)=5 (©)=8" (0)=€""5(0),
2l

(@)=S11 @=5" (@)=¢"" S, (o)

2 4 f4f2

Sii(w)=S*
f

13 3

St (@)=S* (o) ey St (0);

14 fafy
*— CUMBOJI KOMILUIEKCO-CONPSKCHHOW BEJIMYMHBI;
| — paccTosiHrEe MeX Ty OCSIMH, I pacCMaTpUBaeMoro mpumepa [=1,6.m.
1. Pacuem mampuybl cnekmpanbHuiX NIOMHOCMEl 8bIXOOHbIX NPOYECCO8.
Ha BbIxosie crcteMbl uMeeM JiBa cirydaiHbIx mporecca Ji(t) u gz(t), mepBbrit u3
KOTOPBIX OIpenesieT 3aKOH BEPTHKAIBHBIX KOJeOaHWH, a BTOPOW — YTIJIOBBIX
KOJIeOaHUW. DTH TPOIECCHI OMUCBHIBAOTCS CICAYIOIICH MAaTpPHUIEH CHEKTPaTbHBIX

IUIOTHOCTEM:
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S (0))—||_ Sqlgmg g (CO)—||
||_ 01q 2 q2 U

Tae Sy, (w) = Sqlqz (®).

(2.17)

DJIEMEHTBI MaTPULIBL S+ (®) HaWAEM U3 CIEAYIOLIEH MATPUYHON (POPMYIIBI:

S-(0) =H"(in)-S- () -HT (in), (2.18)
g q f q
o) [ Fa () )
rne H-(io) = . — MaTpwuIia nepeaaTouHsix GpyHKImil (cM. Gpopmysl (2.9),
| \H 0 (iw)'}
(2.10));
S~ (®w) — Marpuia CIEeKTPAIbHBIX IIOTHOCTEW BXOJIHBIX BO3JCHCTBHUMA (CM.

dbopmyity (2.16)).

[Toxcrasus (2.9), (2 10) u (2 16) B (2.18), momyumm:
S (w)= (c? + ®?b?) x
. _ -

NA—2 A2 2
. M -_\u)l—o)) FAT

x 2-(2+3cos® |_+ 2 COS® 2I_+ COS® 3l )-S (o),

L L v
S (@)=S "(0)=- (c® + ®?b?)

0192 Q102

— — O — —

1 1 2 2
x0,2- (2 + 3cosm | _ +2c0s® 2l +cosoo?i)-8 (w);

f
(@ +0?) °

S, ()= %W%zmq

3l
x (12,84 + 6,46c0sm I_ — 7,64c0s® 2_' —11,5cos® ~)-S (

L L L f

8. Jucnepcus u cpeonexeadpamuyeckoe OmKIOHeHUe 3HauyeHull yckopenus 6 mouke K

®).

(cudenve ooumersi).

N3 puc. 2.2,a uMeeM reOMETPUYECKYIO 3aBUCUMOCTb:
Z, =0+ -tga, =g, + 1, - Q.
Ilepenarounas gyHnkuus Bozaeiictuii 1, 2 K BEPTUKAIIBHOMY IIEPEMEILICHUIO Zk:

H;, (i0) = (L;l).
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Torna cniekTpasibHasl IJIOTHOCTD TiepeMentienuit Zy(t) paBHa:

S
5 (@)= H. (0):5-(0)-Hy (o) =11 e S‘”(t)))\,-m
Z % q « k (6))

Cue AN

= Sql (@) + 2], Re(S - () + IES qz(oa).

CriekTpayibHas IIOTHOCT CKOpocTH 7', (1)

S () =m?- S (o).

CriekTpaitbHas mI0THOCTh yekoperuit 2 (t):

S (w)=0*-S (0)=0*S ()

K Z g Z

I[I/ICHGPCI/IH D U CPCOAHCKBAAPATHYCCKOC OTKIOHCHHC S'Z' YCKOpeHI/Iﬁ lzlk(t)
77k

Ha MECTC BOAUTCIIA:

k

D'z'k = IS'z'k ((D)dﬁ) - S?z'.

C‘-II/ITEUI, qTo . yA . k IMCCT HOPMAJIBHOC PACIIPCACICHUC, I10J1y94acM MaKCHUMaJIbHO

BO3MO>KHO€ 3HAYEHHE CIYYalHOTO YCKOPEHUSI, KOTOPOE JACHUCTBYET HA BOJUTEIIA:

maX .Z.kZS'SZ'k. (219)
[lo momydeHHBIM BbIpaXKEHUSIM C Tomombio OBM (Hmampumep, B cpene

MathCAD) cnenyer moctpouth rpaduku H3MEHEHHUS CIEKTPAILHOW IUIOTHOCTH

Sz () B 3aBucumocTH oT C (4 <o <402, roe c,=20 ¢! — Beicmas
coOCTBEHHAsI 4acTOTa CHUCTEMBbI) MJIs 3aJaHHBIX TPEX CKOpPOCTEH NBIKeHHs Vi=2,8
m/c (10 km/4), vo=8,3 m/c (30 km/u) u V3=13,9 m/c (50 km/u). IlyTeM duCIEHHOTO
UHTCTPUPOBAHUS JTUX TIpapUKOB HAWTH JHCIEPCHM W CPEIHCKBAIPATHUYCCKUE
OTKJIOHCHHUSI.

9. Onpeodenenue eeposmuocmu coovimus, umo 3a 1000 uacoe pabomul
OUHAMUYECKASL 0CAOKA YNPY2020 dJleMeHma N008eCKU nepeonell 0CU MAUuUHbl HU pasy
He NPeulCUM Ocy,.

CraTudecKyro 0CaJIKy ynpyroro 3JIeMeHTa IPUMEM PABHOM:
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5. = M_-g _ _5000-10 0,025 ,
4c 4100103 '

JHedopmarusi ynpyroro »sjeMEHTa IMOJABECKH TMEpeAHEe OCH MAalluHbl OT

IMHAMUYECKHUX Harpy30kK (cM. puc. 2.2):
O =(q1+02-li— fi.
[lepenatounas GpyHKIMSA:

Hs (i) = (1;1;-1).

CrieKTpasIbHAs IUIOTHOCTH e OpMALHH:
S5 (®) = H (in)-S(®)- HT(I(O)—
' (s @ s @ S @)
“(Lhi-1)! Saa (@) Sq (@) qql? @M 1=
5@ S.©@ s )l
=S, (@)+2lRe(S  (0))-2Re(S,, (@)+15 (0)-2LRe(S,  ())+S; (o).
CrieKTpaIbHas IIOTHOCTS ckopocTH O 4 (1):

S, (@) =0" S, ().

Hucnepcust aegopmariiii ynpyroro 3jaeMeHTa:

Ds, = [ S, (@)-do.

Jucnepcust CKOpocTH ieopMalinii yrmpyroro 3JeMeHTa:

D, = IwZ-Sgl((D)'dCO-

DddexTrBHAg HUKIMYEcKas yacToTa mpouecca O1(t) :

D.
5 = —
Ds,
BeposTHOCTE BEIOpOca 3HaueHni mponecca 01(t) 3a dem o (boprrne Panca:
36-10° | 52 |
=PJ{3 (1) ,t=1000-60-60=36-10°c{= . .
# { 00 J 05 O~ 3 T

L s

21



BepositHocTh coObITHSI, uTO 32 1000 yacoB paboThI Ocajika YIpyroro 3jaeMeHTa

MOJIBECKH TIEPETHEN OCH MAIIIMHBI HU pa3y HE MPEBBICHUT O’

p =P{5(t)(Sem , t=36-10°C }=1-p. (2.19)
2 1 1

[Io mosy4eHHBIM BBIpOKEHUSIM C Tmomolplo OBM (Hampumep, B cpene
MathCAD) ciemyeT TpOBECTH YHCIOBBIE PAacueThl BEPOSITHOCTUA P2 IS 3aJIaHHBIX
Tpex ckopocteit nBuxkenus Vi=2,8 m/c (10 km/u), vo=8,3 m/c (30 km/u) u V3=13,9 m/c
(50 xm/y). Tlpum dYKCIOBOM WMHTEIPUPOBAHMM 00JACTh YACTOT OrPAHHUYUTH
muanasoHoM —4m2 < <4wm2, roe ¢,=20 ¢! — BeIcmIas coOCTBEHHAs YaCTOTa
CUCTEMBL.

B KkoHIIe pacueTHO-MOSCHUTEILHON 3alUCKHA CACNIATh 3aKII0YCHHUE, B KOTOPOM

CICAYCT YKAa3aTb 3HAYCHUA COOCTBEHHBIX YacCTOT CUCTCMBbI, CPCOIHCKBAAPATHICCKOI'O

YCKOPCHHA B TOYKE pa3sMCIICHUA CUICHBS BOJAUTECIIA U BEPOATHOCTH 2.
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2.3. Yka3zaHus M IpUMep pelieHusi 3a1a491 IS IByXOCHOT0 AaBTOMOOMJIS

VYcaoBue 3a1aum npuMepa

Pacuernas cxema aBToMOOMIIS MOKa3aHa Ha puc. 2.4. YucnoBbie JaHHbIE:

Ma=5000 xe; p=1,86 m; 11=2,4 wm; 1,=15 wm; L,=2 m; m=my=800 e,
C=C=c=410°  H/M,  Cu=Cu=C,=10%°  H/m,  bi=b,=b=1510" H-c/m;
J =Map?=5000-1,86% =17300 ke-m?. CrekTpaibHash IUIOTHOCTH MHKPOIPO(UIIS
noporu S (9 ): D,-dy ,rtmeD =2-10*m? d =0,133 m’%; (— <0< +OO).

y TC‘ doz +92 ) y 0

J1J14 3aJaHHOTO TPAHCIIOPTHOTO CPEJICTBA TpeOyeTCs:

1) cocraButh audQepeHIaTbHBIE YPaBHCHHS MajblX BEPTHKAIBHBIX U
YIJIOBBIX KOJEOAHWM B  TPOJOJIBHO-BEPTUKAIBHOM IIJIOCKOCTH, — SIBIISIOIICHCS
MJIOCKOCTHIO CHMMETPHUH MAIINHbL;

2) HaWTH yCIOBHE, TPU KOTOPOM BEpPTHKAIbHBIC W YIJIOBBIC KOJCOAHUS
NepeHeN U 3aIHEH MOJIBECOK aBTOMOOUIIS CTAHOBSTCSI HE3aBUCUMbBIMU;

3) mpuHMMAas CIPABEIJUBBIM yCIOBHE HE3aBUCHUMOCTH KojieOaHHMi (cM. 1. 2),
MMOCTPOUTh JBYXMAcCCOBBIC OKBUBAJCHTHBIC JUHAMHYECKHE CXEMBI CHCTEMBI
MOIPECCOPUBAHUS MAITMHBI U COOTBETCTBYIOIIME MM MaTeMaTHYECKHE MOJEIH, Ha
OCHOBE KOTOPBIX TIPOBECTH PACUYCTHI IO HIKECICTYIOIINM ITyHKTaM;

4) onpenenuth nuknuueckue (C') m rexumuyeckue (Fy) Yactorel U (HOPMBI
COOCTBEHHBIX KOJICOAHHI aBTOMOOMIIS;

5) BBUMCIUTH THepeAaTodyHble (YHKIMHA OT  BHEIIHErO  BO3JCHCTBUS
(Mukponpodussi JOpOTH) K TEPEMEIICHHUSM, CKOPOCTSAM M YCKOPEHUSM TOYEK
MOIPECCOPEHHON 1 HEMOIPECCOPEHHBIX MacC;

6) cdopmupoBaTh  MaTpPHUIly  CHEKTPAIbHBIX  IJIOTHOCTEH  BHEIIHUX
KMHEMAaTUYECKUX BO3ACHCTBUHA Ha KOJIECAa aBTOMOOMIIS;

7) paccunMTaTh MATPHUILY CIICKTPAIbHBIX TUIOTHOCTEH JJIs1 BHIXOIHBIX ITPOIIECCOB;

8) HalWTH [AWCIEPCHI0 W CPEAHEKBAAPATHUYECKOE OTKJIOHECHUEC 3HAYCHHI

BEPTUKAJIbHBIX YCKOpeHUH B Touke K (CHIeHbE BOIUTENS);
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9) ompenenuTh BEPOSTHOCTH CcOObITHS, uTto 3a 1000 dacoB pabOTHI
JUHAMHUYECKas Ocajika yIpyroro 3Je€MEHTa MOJBECKHU MepeHEN OCU aBTOMOOUIIS HU
pa3y He MPEBBICUT Ocm (CTATUYECKOE 3HAUYCHUE OCAJIKH ).

B nynkrax 7, 8 © 9 nmpoBecTH YMCIIOBBIE pacueThl ¢ WLTIOCTpanuen rpadhukamMu
JUTSL TPEX CKOPOCTEH IBIDKCHHSI TPAHCIIOPTHOTO cpeactBa Vi=2,8 m/c (10 xm/4),

Vo=8,3 m/c (30 km/u) uV3=13,9 m/c (50 km/u).

Puc. 2.4

Pewienue

1. Cocmasum ypasreHus Manvix 8bIHYHCOEHHBIX KOJIEOAHUL ABMOMOOUNELL.

PaccmarprBaemM aBTOMOOWIb KaK CHUCTEMY C YETBIPbMS CTEMEHSAMH CBOOOJIbBI
(puc. 2.5, a). B kauectBe 00OOIIEHHBIX KOOPJAWHAT BBIOMpAaEM BEpPTUKAIbHBIC
nepeMelieHuss nepenHe (i) u  3amHed ((2) HEMOJIPECCOPEHHBIX Macc U
PAacIOJIOKEHHBIX HAJl HOUMHU TOYEK MOIPECCOPESHHON MacChl Ky30Ba (Z1 H Z2).

Hanum 00O0OIIEHHBIM KOOpJAWHATAM Majble TnepeMemeHus (i, Oz, Zi, Z» 4
CKOPOCTH Z 1, Z 5, (1, ( » B IOJOXKHUTENBHBIX HanpasicHusx. C y4eTOM 3aBUCMOCTH

X=vt 3akoHbI Y1(X) u Y2(t) mepecunThiBaroTCs BO BpeMeHHYIO o0sacTh fi(t) m fa(t) —
Clly4ailHble IPOLIECCHI, ACHUCTBYIONINE HA KOJIECa aBTOMOOMIISL.
CocTaBuM BbIpakeHUs ISl KWHEeTU4YeCKol T, moreHuuanbHot M sHepruii u

auccunaTuBHON GyHKIUU D:
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2 bz 1+11722 \2 Z'1—Z'2ﬂ
T:l[mq.Z +M ( | +J( 1

21| 1 1+Mm2Qp ak | ) \ I )U
Moot 0 ¢ - e (@ -1 e (- 7]
2 1 11 1 w2 2 2 2 2 2

1 : : S
:—lbl(z =01 )P +ha(z 2—(]2)2].

B BeIpakeHus i T, M u @ B ypaBHenue Jlarpanxa |l pona:
d?vcﬁT or 0@  dl
dtlag- |- +ag— o9 =0, ie(l..4)

L)

rne 41 =0y, 0, =0Q;, O3=12, (=12,

¥ [I0CIIE Pe0Opa30BaHmii, MOIyIuM cucTeMy Tu(depeHInaIbHBIX YPaBHEHHI
M1 —b1(z 19" )+Cua(qr—fr)-ci(z —ar)=0;
mz?z—bz(z 2 q )+Cm2(Q2 fz)— 2( Z—(

Iz 1+ 2 21z g J+b(z" —q 3lc(z—q)+c(z -q)=0; (2.21)
k_|_ 11 1 22 2 11 1 22 2

(| ﬁ ANy )I b(z ~g N +c(z-g)l-c(z-q)l =

T 1 22 11 11 2 2 22

B nmnosiyyeHHON cHCTEME ypaBHEHHUM IMIEPBBIE JIBA YPAaBHEHUS ONMCHIBAIOT

JIBUKEHUE TOABECOK (HEMOJPECCOPEHHBIX Macc), a TpPeTbe M YETBEPTOe
COOTBETCTBEHHO JIMHEHHOE U YIIIOBOE ABMXKEHUS Ky30Ba (ITOJAPECCOPEHHON MACChI)

25



Y

Puc. 2.5

2. Haiioem ycnosue, npu xomopom eéepmuxaivHble KoaeOauus nepeouetl u
3a0Hell N008eCOK CIMAHOBAMCS HE3ABUCUMbBIMU.

O0603HaYMM CHJTBI B3aUMOJICHCTBUS TIOJIBECOK C Ky30BOM depe3 F1u Fy, T.¢.:

bl(z =0 )"‘ Cl(zl_ ql) =Fy;

bz(z =0, )"‘ Cz(zz_ q2)= F,.

Torma, pemus mocieaHue IBa ypaBHeHUs cucTemsl (2.21) otHocuTenbHo Fi u

F2, momyuum:
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(M|2+J) (Malllz—J)_ |
- (M'|2+J) (Ml'l 2’

12 )
FZ - o Z 1
o |2

B 3>Tux BbIpaXeHUSIX BTOPHIC WICHBI B MPAaBbIX YACTIX XAPAKTEPU3YIOT CBS3b
MEXIy KOJIeOaHUSIMHU TepeTHEN 1 3aiHeH yacTed aBToMoOmst. Ecnu ydects, uTo mis
paccMaTpMBaeMOIro  aBTOMOOWJISL  paclpesielieHHe  IOJIPECCOPEHHOM  Macchl
COOTBETCTBYET:

co—d_Mp?_pt_ 186 _ oo

Molilz M LI, hlz2 2,4-1,5
T.e. 6mm3ko k exunnne (0,8 <& <1,2) | To MOXKHO cuMTaTh KOJNEOaHMs TEpeaHEH
4acTH, ONHUChIBa€Mble KOOpAWMHATaMH (1, Z1, W KojeOaHUs 3aJHENl dYacTtu,
OTHUCHIBA€MbI€ KOOPAUHATAMH (2, Z2, TPAKTUUECKU HE3aBUCUMBIMU JPYT OT JIpyTa.

3. Jleyxmaccosvie  sKkeuaneHmHvle  OUHAMUYECKUE  CXeMbl  CUCMEMbl
noopeccopuBanusi aBMOMOOULS U UX Mamemamuyeckue Mooeu.

Cuurtas cropaBeUIMBBIM YCIIOBHE HE3aBUCMMOCTU KoJieOaHUN TMepenHed u
3aJlHe TOJBECOK, M3 cuctembl (2.21) moilydaem JBE HE3aBUCHUMBIE CHUCTEMBbI
YpaBHEHUN W TMpU JAJbHEHIIMX AaHAJIUTHYECKMX pacuerax HCXOAUM U3
JIByXMaccoBou cuctembl (Mi, Mi) wnm (Mg, My) (puc. 2.5, 0, uHmekcel «1», «2»

OMYIIIEHBI), HA KOTOpBIE pacmaaaercs IUHAMUYecKas cxema aBromoOwis. Yactu

ITOAPECCOPEHHON MACCHI, IPUXOSAIINECS HA YIPYTUE DJIEMEHTHI ITOJABECOK, PABHBI:

Mol2+J M I12+M I | 5000-1,5
M1 = 2 ~ 02 €12 _ M 2= =1923x.;
|2 |2 | 3,9
2 2 )
MZIMall-i_J zM(XI1 +M°‘I1I2:M L 5000 2,4:3077
|2 |2 | 39 Ke.

YpaBHEHUS IBUKEHUS JBYXMACCOBOM CUCTEMBI UMEIOT CJICAYIOIIUMN BUI:
M-z +b(z" -q J+c(z-q)=0;

o (2.22)
m-4-b(z" —q )-c(z-q)+c,(q- f)=0.
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4. Onpeoenenue wacmom u ghopm cobCcmeeHHbIX KOJIeOAHUU ABMOMOOUNAL.

PaccmoTpum cBOOOIHBIE KOJIEOAHWS aBTOMOOWIISI Ha OCHOBE DKBHBAJICHTHOU
JTMHAMHYECKON CXEMBI, OKa3aHHOM Ha puc. 2.5, 0. [losouM BHEIIHEE BO3/ICHCTBHE
f=0, a Taxke UMes B BUJY, YTO TUCCUTIATHBHBIC CHJIBI HE OKA3bIBAIOT CYIIIECTBEHHOTO
BJIMSIHHMSL Ha 49acTOThI W (OPMbI CBOOOIHBIX KoJieOaHMi cucTembl, npumem b=0.

ypaBHeHI/ISI ABHIKCHU I10JIYYarOT BUJ:

M-z +c(z-q)=0;
m-§-c(z—q)+c.q=0. (2:23)
Pemenne atux ypaBHeHHI?I MOET OBITH HaﬁﬂeHO B BUJIC:
z=A,-cos(ot+B);

(2.24)

q=A,-cos(wt+p),

rae A;, Aq — aMIUIUTY 1Bl
C — IHUKJINYECKass COOCTBEHHAs 4acTOTa;
S — dha3oBbIit yrom.

[Moncraus (2.24) B (2.23), MOAYYUM CHCTEMY OJHOPOJHBIX alreOpandecKux
ypaBH(ef(IgI —O(I)ERXTC&ZBE((:)-%HE&TYH A, 1 Ag

{|—C-A+(C+C —oazm)-A —0 (2.25)
2 w q

Ota cucTeMa ypaBHEHUN MMEET HEHYJIEBbIE PEIICHHs, €CIU €€ ONMpeleIUTeNhb

A(®®)=0. Vi B passepHyTOM BUIE:

2 _
c-oM ) C
( =0. (2.26)
—C (c +Cpy—® 2m)
VYcnoue (2.26) naer cienyroiee XapakTepUCTHUECKOE YPaBHEHHUE:
M-m-o*-(c-m+c-M +c,M)w?+c-c, =0. (2.27)
BBenem 0003HaueHUS:
C:pz; C+Cm:p2- CWZDZ.
M 1 m 2 m 3

Torna ypaBuenue (2.27) MOKHO 3amTucaTh B BUJIC:
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co4—(p2+ pz).w2+ p2p2=0. (2.28)
1 2 1 3

Kopuu ypaBuenus (2.28) gaioT cieayrolide 3Ha4€HHs] COOCTBEHHBIX YacCTOT

KOJIeOAaTeIbHOM CHCTEMBI, 3KBUBAJICHTHON JBYXOCHOM KOJIECHOM MAalllMHE (CM. pHC.

2.5, 0):

o= PP LG 2T il

2+ 2 1
@2:\/—p12—p2+§\/(])12 +[)22)2 —4p12p§.

YacToTra C; Ha3bIBaeTCsd HU3KOM, MJIM OCHOBHOM COOCTBEHHOM 4YacTOTOH, €€

(2.29)

MOXXHO YCJIOBHO CUYMTaTh 4YacTOTOM TmoapeccopeHHor wyacth M. Yacrora C;
Ha3bIBACTCS BBICOKOM COOCTBEHHOM YacTOTOM, WM YacTOTOM KOJCcOaHUH

HETIOAPECCOPEHHOM MACCHI M.
JI71st BBICOKOM YaCTOTHI PasHHUIIA MEXKTY ITAapIMaIbHON YaCTOTOU p, = [C+Cu
m

4acTOTOM C; OOBIYHO HEBEJIMKA. 3HAYECHUE OCHOBHOW COOCTBEHHOM YaCTOTHI C

IIOCT&TO‘-IHOﬁ I IIPAKTUKKU TOYHOCTBIO MOJKHO ITIOJIY4YUTb, 3dMCHHUB B BBIPAKCHHUU

C
P1=,/— kxecTKoCTh MOABECKHU C IIPUBEICHHOU KECTKOCTBIO Cpp, YYHUTHIBAIOLIEH

M
KCCTKOCTH IIIHH.
C Y4C€TOM BBIIICCKA3aHHOTO, HpI/I6J'II/DI(eHHI>I€ 3HAYeHUS COOCTBEHHBIX YAaCTOT

MOYKHO OMPEICIUTD 10 CASAYIONTUM (popMyIam:

i | P | CCmp .

M M-(c+cy,) (2.29, a)
mzz w_

m

Jlyist onipeienienrst COOCTBEHHBIX (DOPM BOCTIONB3YEMCS MTEPBHIM U3 ypaBHEHU I

(2.25) (TOXE MOMKHO MOJYUUTH U U3 BTOPOTO YPAaBHEHUS):

Ay _c-o’M

N o (2.30)

VA
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Tonoxus B (2.30) ®?= (Di , TIOJIyYMM COOTHOILIEHUE MEX]Y aMIUTUTyIaMu Ay,

U Aq ipu KoJIeOaHUAX 110 NEPBOM COOCTBEHHOM (opMe:
Aql _ c—wi’M —V .
_ 1 (2.31)

A, c
ITpu ® 2 = 60§ — 110 BTOPOM cOOCTBEHHOM (popMme:
AqZ C—® 22 M

A, C

YucaoBelie PaCUYCThI.

=V,. (2.32)

Jlist nepeiHe 4acTH aBTOMOOUIISL.

5
2= =41 o0ge2
1 M; 1923
C,+C .10° 6
p2 _ftC _4-10°+10 _1750¢2
2 my
2 G 106 )

B cootBercTBHHM ¢ hopmyamu (2.29) 3anuimem:

0y, = \/u%#zx/(pl + P2 )2 —4pip; =

2081750
_ \/T #% \/(208+1750)* ~4-208-1250 _./979#8355 c.

OTtkyzaa nojiyduM cOOCTBEHHbBIE YACTOTHI:

UKJINYECKHE

o1= 41435 =12,0c;
w2 =+/1814,5 =42,6¢7%;

TEXHAYECKHUE
v oo O 12,0 _19 i
1 2 2¢: 4
o, 42 6
vV = =6,8 Fu.

2 o 2m

CoOcTBennblie (hopMbl Koaebanuii o popmynam (2.31) u (2.32):
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Ay c—ow2M  4.10° -122.1923

nepsast popma V _ . _ 1 =0,31;
tOAL c 4-10°
v M2 c-o™M 4.10°-4267.1923
— 1 — = —7,72.
BTOpas popma L= AL = 2 — 4-10

1

V6enumMcs B OpTOrOHAIBHOCTH 3THX (OPM:
Ml'Azll'A212+m1 'Vl'Azll'VZ 'Aziz = Azll'Az%'(Ml"_ml'Vl ‘Vz):

=A,,-A,, (1923-800.0,31-7,72) ~ 0.
JIOTIOJIHUTENBHO K MPOBEACHHOMY pacdeTy HaiijleM COOCTBEHHbIE YaCTOTHI IO

NpUOJIMKEHHBIM opMynam (2.29, a):

w = ©Cuy  _ 4-10°10° ~122¢7L:
Mier+e,) V1923-(4-105 1100) 7

® "= [c1+Cuy — [4.10°+10° =
2 my 800

BI/II[I/IM, qTo HpI/I6J'II/DKeHHBIe 3Ha4YEHHUs COOCTBEHHBIX YaCTOT OTIMYAIOTCS OT

TOYHBIX 3HAYEHUU MeHee ueM Ha 2%.

Jlnst 3agHEH YaCTH aBTOMOOUIIS.

5
1 M, 3077
5 6
p2 _ Co —;]sz _ 4 1080-(;10 _ 17500_2’
22 CWZ ? 106 _
Dy = — = — =1250¢ 2
m, 800

B cootBercTBHM ¢ popmynamu (2.29) 3anuiiem:

©;, = \/ﬂ?#z\/(ﬁ1+[)2)2 4])1P§:

13051750
JT #% J(130+1750)° - 4-130-1250 _ Vg0 4 gag -t

OTKy/1a MOJy4uM COOCTBEHHBIE YaCTOTHI:
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m1=954¢c1:
OUKIINYCCKHUC

®, = 42.3ct:
TeXHUYECKHUE Vi = O = 9,& =152 F
. 2t 2% #
®, 423

=6,73
— — 7 Fuy.
2 2m  2m Y
CoOctBenHbIe (hopMbI KosieOanuii mo popmymam (2.31) u (2.32):

Ai c—o2M  4-10°-9,542.3077

mepsast opma ¥V _ . _ 1 =0,30;
tAL c 4-10°
v M2 c-oM 4.10°-4232.3077
BTOpas hopma = AL = 2 = 4-10, =-12,8.

1

Y6enumMcs B OpTOrOHAIILHOCTH 3TUX (POPM:

My A, AL +meV A Vo A = A AL(M+m ViV, )=

=A A -(3077-800-0,30-12,8) ~0.

5.  Pacuem nepedamoumvix  @yHKyuii 0om  BHEWHE20  B030€LUCMBUs
(Mukponpoguis 0opoeu) K nepemeujeHusiM, CKOPOCMAM U YCKOPEHUIM MOoYeK
nOOpeccopeHHOU U HenoOpeccopPeHHOl MAccC.

VYpaBHeHUs IBUKEHUS JBYXMACCOBOM CUCTEMBI (2.22) B BEKTOPHO-MAaTPUYHOM

BHUJC:

IV"q+B-q+C-q:D-f(t),
(M 0) (b -b) (¢ -c )
M= mh B=l_b bl C=l_¢c cs+ck
|0 ) \ ) \ w)
(00 —1(z) ~ (0)
D=lo ¢ I a=lqgl f=l¢l
w) \ ) \ )

Martpuiia nepenatouHbIX GyHKITUN OMpeNemseTcs KakK:

H-(i0)=[H (i0)]=[-0M +ieB+C]"-D, (kj=12).

rn

ki

B cootBeTcTBUM C IMpaBHUJIaMH BBIYHCJICHUA O6paTHBIX MaTpul MoJIydnM:
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[‘wz'\”*‘“)B*C]‘l:&'qC+C“61|2§B+i°°b c—ofzuoibimbh’

rme A= (c —®°M )(c +Cy, —cozm)— c’+imb -(cm —®°M —oazm),

wm B Buze A = Mmo* —[M (¢ +¢,, )+ me]w? +cc,, —iob- [oaz(M + m)—cw].
Torma sieMeHTHl MaTPHUIILI TEPEAATOYHBIX (QYHKIUN K HEPEMEIIECHUSIM ( U Z

OyIyT paBHBL:
P L )
Ho(io)=l 4 H |,
\ 2 22
9IS
H ( (iw):cw-(cﬂwb)
11 (1))20; Hi2 A ,

: : cu\C-0M +iwb
Hy1 (i) = 0; Hyp (iw) = ( . )

Martpunsl nepenaTouHelx (QyHKOUH K CKOPOCTAM (], Z U YCKOpEHHAM(, Z’
cBsi3anbl ¢ Matpueit H ;- (io) gepes ¢? u ¢* coorBeTcTBEHHO:
H-(io)=0” H-(in);
q q
H-(io)=0" H-(io).
a q
6. @opmuposanue  mampuyvl — CNEKMPALLHLIX — NIOMHOCMEN — GHEUHUX
KUHEeMAMUYeCKUX 6030elCmeUll Ha Koieca agmomoous.
[Tpu nepexoxne ot npodwis goporu Y(X) k kuHemaTHueckuM BosaeiicTBusM f(t)
Ha Kojeca aBTOMOOWISI HEOOXOIMMO YYUTHIBATH CKOPOCTH JBWXKCHHS V W
CTJIQKHBAFOIIYIO CITOCOOHOCTH MIMH Kojiec. MeTOMKa TaKOTO pacueTra pacCMOTpEHa
B MIPUMEpPE PEUICHUS 3aJa4d IS Y€THIPEXOCHOTO TPAHCIOPTHOTO CpeacTBa (CM. TI.
2.2,¢.17-19).

OkoHYaTeNbHBIA BUJ CHEKTPAIbHOM TUIOTHOCTH MHUKPONPOUIs JOpOru

Si(®) ¢ YU4ETOM CrJaXHBaHUsS IIMHBI U CKOPOCTH ABMXKEHUS naeTcs (HopMysioi

(2.15).
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Torma maTpuIiia CIeKTpaabHBIX MJIOTHOCTEH KHHEMATHIECKUX BO3ICUCTBUN /TS
JIBYyXMaCCOBOW SKBUBAJICHTHOW CXEMbI aBTOMOOHIIS OYJET UMETh BU/I:
0 0
S-(w)= [ .
f
10 S (@)J
7. Pacuem mampuyvl cCneKmpaibHbiX NIOMHOCHEL 8bIX0OHbIX NPOYECCO8.

Jlst BekTopa ciaydaiiHbeIX mporeccos Ha Beixoge ((f) MmoxkHO Haiitu maTpuiy

CIEKTPAIbHBIX MJIOTHOCTEH [Sq d J.(00)] O CJIEAYIOIIEMY COOTHOILIEHUIO:

7 qu " " 0 | Hy H12—|T
S*(‘D)JSS @) Sl malfo gy T

* * 0
||_qz q “ ||1_|21 H22 UI_ f J|_ 21 22J

[H'"H'S H'H S |
=| H*H's’ HEH"S |
|_22 12y 22 22 fJ

rac * - 3HaK KOMHHGKCHO-COHpH)K@HHOfI BCJIIMYMHBI,

T — 3Hak TPaHCIIOHUPOBAHUA,

St(m) — CIIEKTpaJibHAasl INIOTHOCTh MUKPOHEPOBHOCTEN IOPOTH.
CriekTpasibHas IUIOTHOCTh cliydaiiHOro mporecca Z(t) — cMemeHui TOYKu

MTOAPECCOPEHHON MACChI, K KOTOPOW KPEMUTCS MOJABECKA:
* c2 (c2 +m2b? )

Sz () =Hiz(iw) - Hyp(iw) - St (@) = A St (),

X 2 2
rie A"-A= {Mmoo“ ~[M(c+c , 1+ mc]m2+c-cm} +b2w2[w2(M +m)-¢ m] .
CrnekTpaibHasl — IJIOTHOCTh  ciydaitHoro mporecca ((f) —  cmernenwuid

HENOJAPECCOPEHHON MACCHI:
. c? (C—(Dzl\/l )+cozb2)
Sq (@) = Haz(im) - Haz (iw) - St (0) = - - St ().
A A
B3anmMHas cniekTpasibHas miioTHOCTh mporieccoB Z(t) u g(t):
: [[()cz—oﬁcM +027) +i6%M |

* * C

S2q(®) = Hiz(i0) - Haa (io) - S (@) = St ().

A A
CriekTpaabHbIe TNIOTHOCTH CKOPOCTEH M YCKOPEHHIA CiTydaiiHbIX mpoiieccoB Z(t)

u ((t) MoTyT OBITh HalICHBI 11O CIEIYIOIUM (opMyIam:
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S,(0)=w?%-S (0);
S(w)=0*-S, (o);
S,(®) =’ - S (w);
S,(®) =" - S ().

[To moaydYeHHBIM BBIpAXKEHUSAM C TOMoOIIsl0 OBM (Hampumep, B cpene
MathCAD) caenyer mocTpoutTh rpaduKd H3MEHCHHS CIEKTPAbHBIX IUIOTHOCTCH
Sq (w), S, (®) B 3aBUCHMOCTH OT ® (—4m2 < ® < 4m2, rae ¢;=42,6 ¢! — Bricmas
coOCTBEHHAs 4acTOTa CHCTEMBI) JIUIS IIepEIHEH U 3aIHEeH IMOABECOK U TPEX CKOPOCTEH
newkeHus Vi=2,8 m/c (10 km/u), v2=8,3 m/c (30 km/u) u V3=13,9 m/c (50 km/u).

8. Hucnepcus u cpeonexsadpamuyeckoe OMKIOHEHUEe 3HAYEHUN YCKOPEHUsl 8
mouxe K (cudenve sooumerns).

BrIpazum cMmernienne zx yepe3 nepeMenieHne TOYeK KPETICHHS TI0JIBECOK Z1 U Zp

(cm. puc. 2.5, a):

zk:klzjl+k222,I |
k I +72; k="1-"%,

[lepenatounas GyHKIUA OT Z1, Z2 K Zk

H, =(kike).

CrnexTpasibHas IIIOTHOCTh CMGHIGHI/IH}}"%)‘{(((%)K: S,, (®)) (k)
S (D:H*.S—»(D.HT: k1k .| 1 12 1 —
LO=HLSs @ HI=RiOH o e
) 2\ 7 Z, ) \ 2)

- kls V2] ((D) + 2k1k2 Re(s 2122 ((D)) + kZS ZZ(O)).

c? 1((:‘[2 +o’b? )

St (w),
3nech Szl ((D) = _u AIAI

raeA*.Az{Mmco4—[M(c+c )+mc]c02+c-c }2+b2m2[w2(M +m)-c ]2;

1 1 11 1.1 un 11 1w 1 1 1 w1
c? (c2+c02b2)
5, (0) =22 225 (o),
2 A;AZ
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rac 5
A" A = {M m o* —[M (c +C )+mc ]-0)2+C C } +b2w2[w2(M +m)-c ]2.
2 2 2 2 2 2w 22 2w 2 2 2 w

B3anMHas ciekTpaibHas MI0THOCTh Szlzz (@) niporteccoB Z1(t) u zx(t):

S~(co)=|(s (@ S, (@)

s, @ S |-

l(H* 0 ) |(sf1(oa) Sii (m)) (le 0 )
_K ]6 HlZzadJ \Sfol (0)) sz(@))l |\ ° HlZzadJ
(H* H S (o) H* H S (o))
:‘ HJ,ZperH12perSf1 (©) Hl*zper HlZzad Sm(w) I’

\ 12zad  12per  fof; 12zad  127ad )
A€ JOINIOJHHUTCIIBHBIC MHJICKCHI «per» u «zad» YKa3bIBalOT HA IIPHUHAJJICKHOCTD K

HCpCI[HGﬁ u SaﬂHeﬁ IMOABCCKaM COOTBCTCTBCHHO,

St (w) =3S; (o) =S¢ (0);
(o)
S (0)=S" (w)=lLews| |
fifa f2 1 L f\U )
Takum obpazom,
S ((D) =H * -H ((D) _ le (C]_;i(!)bl) . CWZ (CZ‘_ |(Db2) S (CO)

-S
7122 12 per 12 zad f1fo A A f1f2
1 2

Jlucriepcust yCKOpeHuii  Z | Ha CHJIGHBE BOJIATEJIS:
D, = I®4 3, (©)-do.

CpenHekBaipaTH4ecKoe OTKJIOHEHUE 3HAYEHU YCKOpEeHUA ~— Z ;.

— [D.
S, = Z, -
[lo momsydeHHBIM BbIpaXKEHUSIM C Tomombio OBM (mampumep, B cpene

MathCAD) cnenyer mocTpouTh rpadukv H3MEHEHHS CIEKTPAIbHOW IUIOTHOCTH

S-Z-k((’)) B 3aBucuMocTH OT C (—4m2 <® <42, roe C,=42,6 ¢! — BrIcIas
cOOCTBEHHAs 4aCTOTa CUCTEMBI) /U 3aJIaHHBIX TPEX  CKOpOCTed ABMkKeHus Vi=2,8

m/c (10 km/u), v,=8,3 m/c (30 xm/u) u v3=13,9 m/c (50 xkm/u). TlyTemM duCIEHHOTO
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UHTETPUPOBAHUSL 3TUX TpadUKOB HAWTU AUCIIEPCUM W CPEAHEKBAIpaTUYECKHUE

OTKJIOHCHHUS YCKOPEHUsT Z .

9. Onpeoenenue eeposmuocmu coovimus, uwmo 3a 1000 wuacose pabomoi
OUHAMUYECKASl OCAOKA YNPY2020 dNeMeHma nepeoHell N00BecKU agmomMoOUls Hi pa3y
He NPeulCUM Ocy.

CraTtrueckasi ocajika yrmpyroro JIeMeHTa MepeTHEH MO IBECKU:

M .g 1923-10
8 — 1 = = 0’048 M.

cm Cl 4. 105

JlmHamugeckast ocanka (aedopMaliis) yupyroro 3JieMeHTa:
d1=121—01.

[lepenarounast GyHKIUS OT Z1, Q1 K 01!

H61 (io) = (1;-1).

CHGKTpaJIBHaH T ,Z[G(l)(g) y Or'o 3JIEMCHTA.
DA S AP R

; @ S (o) ‘ I_ I
|KSQ121 N O1 N ) k 1)
= Szl((D) —22 Re(S z 1ql((D)) + Sq 1((D).

[Tociie noACTaHOBKH BBIPAKEHUN 521(00), Szlql (), Sq1 () MOJIy4YUM:

S50 (®) =—A=x— St (@)

CriekTpabHas IIIOTHOCTh CKOPOCTH O -l(t) :
Ssi(co) =m? - S5, ().

Hucnepcus aepopmanuii ynpyroro 3JeMeHTa:

Ds, = | Ss, () - do.

Jlucriepcusi CKopocTH O '1('[) ;

o]

D51=L@2.581(c0)°dc0.
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DddexTuBHag HUKINUeckas yactora npouecca O1(t) :

BeposaTHocTh BeIOpoca 3HadeHuii 01(t) 3a dem 1o (120pMyJIe Pafﬁa: 52 1|

]
p=P{5(®)5 ,t=1000-60-60=36-105c}= .o -exp{— ©°m }.
1 1 cm 27 ) |L_2_D_|J

&y
BeposTHOCTE MPOTHUBOIOIOKHOTO COOBITHS, cocTosmero B ToMm, uro 3a 1000
9acoB paboThI AehopMaIys yIpyroro 3JIeMeHTa epeIHel TTOIBECKH aBTOMOOWIIS HU

pa3y He NPEBBICUT Ocm!

p = P{5(t)(Sem , t=36-10°¢ }=1-p.
2 1 1

[To momy4yeHHBIM BBIpaXEHUsIM C Tiomolmiblo OBM (Hampumep, B cpene
MathCAD) cienyer mpoBEeCTH YHUCIOBBIE PacyeThl BEPOSITHOCTH P2 MJis 3aJaHHBIX
Tpex ckopocten npuxenus Vi=2,8 m/c (10 km/4), vo=38,3 m/c (30 km/4) u V3=13,9 m/c
(50 xm/u). Tlpu YKUCIOBOM HHTCTPHUPOBAHUU 00JaCTh YAaCTOT OrPAHUYHUTH
muamazonoM —4mz < <4m2, roe €,=42,6 ¢! — BeIcIIas cOOCTBEHHAs 4acTOTa
CHCTEMBI.

B koHIIe pacueTHO-MIOSCHUTELHON 3alUCKHA CACNIATh 3aKII0YCHHUE, B KOTOPOM
cleayeT yKa3aTh 3HAUYCHHMS COOCTBEHHBIX YacTOT CHCTEMBI, JHCIEPCHU H
CPEIHEKBAIPATHUECKOTO YCKOPEHUS B TOYKE pPa3MENICHUS CHUACHBS BOAUTEIS WU

BEPOSTHOCTHU [2.

38



CIIMCOK PEKOMEHJTYEMOW JINTEPATYPbI

1. bunepman B.JI. Teopusi Mexannueckux KosieOaHuil: Y4eOHUK IS BY30B. —
M. — MxeBck: HULL «Perynapnas u xaotuueckas guHamuka», 2009. — 414c.

2. T'yce A.C. HapexxHOCTb MEXaHHYECKUX CHUCTEM U KOHCTPYKIUH TIpH
cydaitaeix Bo3zaeucTBusx / A.C. I'yce, A.JI. Kapynun, H.A. Kpamckoii, C.A.
Craponyo6rnesa. — M.: MI'TY «MAMMN», 2001. — 284c.

3. I'yceB A.C. Teopus konebanuii B aBToMmo0mie- u Tpaktopoctpoenuu / A.C.
I'yce, A.JI. Kapynun, H.A. Kpamckoii, C.A. Crapoay6resa, B.U. Illep6akoB. — M.:
MI'TY «MAMWM», 2007. — 336¢.

4. Cernmuukuii B.A. Cratuctuueckasi MEXaHUKa M TEOPUS HAJIEKHOCTU. — M.:
MI'TY um. H.D. baymana, 2002. — 504c.

5. llepbakos B.M. M30panHble 3a1auu MO0 JUHAMUKE MEXAHUUYECKUX CUCTEM U
KOHCTpYKIUH. 2-¢ u3nanue, ucnp. u jgomn. / B.W. lepbakos, N.C. Yabyuun, C.A,
Craponyo6nesa. — M.: MI'TY «MAMMN», 2010. — 288c.

6. Auenko H.H. Ilormomaromas u criaakuBaromias CoCOOHOCTh MIMH. — M.:

Mammnoctpoenue, 1978. — 132c.

39



