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HPEAUCJIOBHUE

ITocobue comepXuT 3amaHue K pacueTHoO-rpaduyeckoil paboTe mo pasaeiam
«Konebanuss u craTUCTUUECKas JAMHAMUKA MEXAHUYECKUX CHUCTEM C KOHEUHBIM
YUCJIOM cTemneHed CcBOOOAB» KypcoB «(CTaTHdeckass MeXaHuKa U Teopus
HaJexKHOCTU» U «(CTaTHUCTHYEeCKass MEXaHWKa U Teopus KojeOaHuit». JlaHbl
METOJMYECKHE YKa3aHWUsl 10 BBHIIOJHEHUIO 3aJaHusi W TOJAPOOHBIE MPUMEPHI
pacyeToB.

Brimonnsiemass paboTra 3HAKOMHUT CTYJIEHTOB C METOJIAMU COCTaBJICHUS
YpaBHEHHM JABUKEHHSI KOJECHBIX MAIlMH, OMNpPEACNICHHUs] CIEKTpa COOCTBEHHBIX
4acTOT M COOCTBEHHBIX (opM KojieOaHui. PaccMoTpeH pacueT BBIHYKIEHHBIX
KoJiecOaHUM MaIllMHBI, BBI3BAHHBIX JEHCTBHEM CIyYaliHBIX KHHEMaTHYECKUX
BO3JICMCTBUI Ha Kojieca OT HEpPOBHOCTEW MJOpord. JlaHBl METOABI pacyeTa
nepeaToOuHbIX (YHKIUA U aMIUIUTYJIHO-YaCTOTHBIX XapaKTEPUCTHUK CHUCTEMBI, a
TaKKe OIEHKU CTATUCTUYECKUX XaPAKTEPUCTUK BBIXOJIHBIX MPOILIECCOB, B YACTHOCTH,
JTUCTIEPCUU U CPEAHEKBAIPATUYECKOTO0 3HAYEHUS YCKOPEHUU Ha MECTE€ BOJMUTEINS U
HAJIKHOCTU pPaOOThl YNPYrUX SJIEMEHTOB MOJBECKH. TpyJdoeMKHe pacyeThbl
PEKOMEHAYeTCsl MPOBOAUTh C  HCIOJIb30BAaHUEM MPOTPAMMHOI0  KOMILIEKCA
MathCAD.

BrinonnenHast pabotra oopmisieTcss B BUI€ paCUETHO-TOSICHUTEIBHON 3aUCKU
Ha Oymare opmata A4 B coorBercTtBum ¢ ['OCT 2.105 ECKJI «O0mue TpedoBaHus
K TEKCTOBBIM JIOKYMEHTaM».

[losicHuTenbHast 3aMyMcKa COCTOUT U3 KECTKO COPOIIIOPOBAHHBIX: TUTYJIHBHOTO
JUCTa, COJAEpPKaHMS, PACUETHO-TEKCTOBOM 4YacTH C PHUCYHKAMH, 3aKJIIOUCHHUS U

CIIMCKA UCTOJIb30BAaHHOW JINTEPATYPHL.



1. BAJAHUE K PACYUETHO-IT'PA®UYECKOM PABOTE
1.1. Bb10op MCXOAHBIX JAHHBIX

Bnauane cnemyer BbIOpaTh pacueTHYIO CXEMY TPAHCIOPTHOIO CPEACTBA H
MCXOJIHbIC YMCTIOBBIE JaHHBIE: HEUETHBIM HOMEPAM BaPUAHTOB COOTBETCTBYIOT CXeMa
puc. 1.1 u Tabn. 1.1, a yeTHpIM — cxema puc. 1.2 u Tabmn. 1.2.

J171st 3a1aHHOTO TPAHCTIOPTHOT'O CPEJICTBA TPEeOyeTC s :

1) cocrtaButh AuddepeHnaIbuble ypaBHCHHS MallbIX BEPTUKAIBHBIX U
VIJIOBBIX KOJEO0aHUM B  MPOAOJIbHO-BEPTUKATBLHOM IJIOCKOCTH, SIBISIOIICHCS
MJIOCKOCTHIO CUMMETPUU MAIIIWHBI;

2) HaWTH yCIIOBUE, PH KOTOPOM:

— mist cxembl 1o puc. 1.1 BepTuUKanbHbIE M YIJIOBBIE KOJI€OAHHS Kopryca
MHOT'OOCHOW MAIIIMHBI CTAHOBSITCA HE3aBUCUMBIMU;

— nmns cxembl 1o puc. 1.2 BepTUKaIbHBIE KOleOaHWs TepeaHedl W 3aaHei

IMOABECOK CTAHOBATCI HE3aBUCUMBIMU,

Tabnuma 1.1

sapuanm | M, ke |p, |li, |l |ls, |ls |l |Ci=Cs, | Co=Cs, | b1=by, | b=bs,

Mo m |\m \m m |m | kHMm | kH/Mm | xH-Clm | xH-Clm
1 6300 /0,8 (2,2 |06 |10 |26 |21 |90 70 90 10
3 8000 (09 (25 (08 (0,9 (2,6 |2,3 100 |90 95 20
5 9000 (09 (24 |0,7 |10 (2,7 |2,3 |100 |90 100 30
7 10000 1,1 |24 |06 |1,2 |3,0 (2,2 |110 |95 100 40
9 11000 1,1 |25 (0,7 |1,1 |29 (2,3 |110 |95 110 50
11 12000 1,2 |26 0,7 |1,2 |3,1 |2,4 [120 |100 |110 60
13 13000 1,2 |2,7 0,8 |19 |3,0 |25 120 |110 |115 70
15 15000 1,2 |28 [0,8 |12 |3,2 |25 140 |130 |115 70
17 160001,3 |29 |0,8 |1,3 |34 |26 |150 |[140 |120 80
19 170001,3 |3,0 |09 |1,2 |33 |2,7 |160 |[150 |120 80
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3) mpuHUMas CIpPaBEIIUBBIM YCIIOBHE HE3aBHUCHMOCTH KojeOanui (cMm. mm. 2),
MOCTPOUTH OJHOMACCOBYIO WJIM JBYXMAaCCOBYIO 3KBHBAJICHTHYIO CXEMY CHCTEMBI
MOJIPECCOPUBAHMS MAIlIMHBI U COOTBETCTBYIOIIYIO € MaTEeMAaTHYECKYIO MOJEIb, Ha
OCHOBE KOTOPOH MPOBECTH PACUETHI 0 HIKECISAYIONUM ITYHKTaM;

4) ompenemuth mmkmmdeckne (¢1) u TexHmueckume () 4acTOTHI M (HOPMBI
COOCTBEHHBIX KOJIEOAHUN CHCTEMBI,

5) BBUHCINTH TeEpeAaTOYHble (YHKIMKM OT BHEIIHETO  BO3ICHCTBHS
(MEKpoOnpoGWIST JTOPOTH) K TEPEMEIICHHUSIM, CKOPOCTSAM W YCKOPCHHSIM TOYEK
MOJIPECCOPEHHOM MACCHI;

6) cdhopMupoBaTH  MaTPUIly  CHEKTPAIbHBIX  IUIOTHOCTEW  BHEIIHHUX
KWHEMAaTUYECKUX BO3JACHCTBHI HA KOJieca MallliHBbI,

7) paccuMTaTh MaTPUILy CIICKTPATBHBIX IFIOTHOCTEH TSI BBIXOAHBIX ITPOIIECCOB,;

8) HaWTH JAWCIEPCHI0 M CPEAHCKBAAPATUYCCKOS OTKJIOHCHUE 3HAYCHUI
BEPTHUKAIBHBIX YCKOpeHU B Touke K (CHIEHbE BOJIUTEIIA);

9) ompenenuTh BEPOATHOCTH coObITHS, uTo 3a 1000 wyacoB pabOTHI
JMHAMHYECKas OCajKa YIPYroro 3JeMEHTa IMOJBECKH MepeIHeHd OCH MAIllWHBI HU

pa3y He TIPEBBICUT J,, (CTATHYECKOE 3HAUCHUE OCAKH).



B nynkTax 7, 8 u 9 mpoBecTH YHCIOBBIE pacUYeThl C WILTIOCTpAIel rpadukamu
UL TpeX CKOPOCTEH IBMIKEHHUS TpaHcmopTHoro cpeacrBa Vi=2,8 m/c (10 xm/u),
v,=8,3 m/c (30 xm/u) u v3=13,9 m/c (50 xkm/u).

OO1ue TaHHEBIE:

. 2
— NIPUHATH MOMEHT MHepIHu mnojpeccopeHHoil maccsl J =M -p° | rne p -

paanyc WHEPIIWH;
— MHKpONpodWIb JOPOTH MPEICTABISICT COOOW CTAllMOHAPHYIO CIIYYaiHYIO
. __Dby-d 4 2
¢byHKH0 Y(X) CO CHEKTpaIbHOW TUIOTHOCTHIO Sy(Q)—W, rae Dy=2-10" w7,

do=0,133 u%; (o0 < < +0).

Tabnuma 1.2
My, | M1, | Mg | pym | c 2, Cuty | Cuzy | by, b2, I, [l | L
§ Ke K K kH/m | kH/m | kH/m | kH/m | kHc/ | kHc/ | m M M
§ M M
2 |1500|{90 |75 |1,06 |32 40 275 [ 300 |26 35 |10 (12 |05
4 1190095 |80 |1,30 |40 50 300 (330 |29 58 |12 (15|06
6 |2000|110 |250 [1,35 |35 150 | 400 | 1000 |3,6 42 |15 |13 (07
8 | 1500|200 |450 1,42 |83 150 | 515 |1080 |6,4 70 |16 (1408

10 | 3000 | 200 | 460 | 1,68 |90 180 | 800 |1700 |5,0 8,0 18 {1508

12 | 4000 | 200 | 500 | 1,86 | 100 |180 |900 |2000 |6,8 90 |20 |16 |10

14 | 6000 | 210 |510 | 2,10 [ 110 |240 |1000 |2100 |91 9,5 25 |15 |10

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

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

20 | 9000 [ 230 |550 |2,00 {130 |310 |1300 |1300 |98 98 |32 |12 |15
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1.2 O61mue nosicHeHUsI

3aaHHbBIC TPAHCIOPTHBIC KoJiecHble MammHbl (cM. puc. 1.1 u 1.2) mBmxyrcs
MPSAMOJIMHEMHO MO JJIMHE MOYyTH X C TOCTOSHHOM CKOPOCTBIO V. W COBEPIIAIOT
BEpTUKAIbHBIE JIMHEHHbIE U YIJIOBbIE KOJIEOAHUS B MPOJOJIBHOM IUIOCKOCTH
CUMMETPUM MAIlIWH, T.€. PacCMaTpPUBAIOTCS IJIOCKOCTHhIE Mojenu. Konebanus B
NPOJOJIBHON TUIOCKOCTH BO3HHUKAIOT OT MHUKPOHEPOBHOCTEH moporu Y(X) mpu
MPEANOJIOAKEHUN 00 OJMHAKOBOM Mpoduiie JOPOTU MOJI JIEBBIM U MPaBbIM OOpTaMHU
(konmecamu) MammuHbl. CUHMTAETCs, YTO JBE TJIAaBHBIC IEHTPAJIbHBIC OCH WHEPIIHH,
Jexanme B IUIOCKOCTHM CHUMMETPUU MAIlUH, COBMAJAIOT C BEPTUKAIBIO U
ropu3oHTaNIbl0. Takke mpeAmnosiaraeTcs, UYTO XapaKTepUCTHKUA  TOJABECKH,
aMOPTHU3aTOPOB U IIMH — JIMHEWHBIE, a KOJIeca COXPaHSAIOT HEMPEPHIBHBIN KOHTAKT C
JTOPOTOM.

[Tosicuenus x puc. 1.1. Jlano:

O — LeHTp NOJIPECCOPEHHON MACCHI;

M, J — moapeccopeHHass Macca U MOMEHT MHEPIUU MOJAPECCOPEHHOM MacChl
OTHOCHTEJIHHO TJIABHOH EHTpaIbHOM ocu (Touku O), MepHeHIUKYISIPHOMN MTOCKOCTH
CXEMBI;

C1, C2, €3, C4 — KECTKOCTHU MOJBECOK;

by, by, bs, by — xKO3dPHLHEHTHI BI3KOrO COMpOTHBICHUS MOABECOK (IO Ci U bj

MOHUMAIOTCS IPUBEICHHBIC 3HAUCHMS 1JIs -0 maphl (OCH) OIMOPHBIX KOJIEC);



l1, 1o, I3, 1 — nuHElHBIE pa3Mepsl (KOOPAMHATHI OMOPHBIX KOJEC OTHOCHTEILHO
LIEHTpa Macc);

lx — KoopMHATA CHJICHBS BOJAUTEIIS,

Y1(X), Y2(X), Y3(X), Ya(X) — BBICOTBI HEPOBHOCTEH O] OMOPHBIMU KOJECaMH B
3aBHCUMOCTH OT JITMHBI ITyTH X.

HenonpeccopennbiMu ~ Maccamu  (MPY>KWH,  KaTKOB,  aMOPTHU3aTOPOB)
npeHeoperaeTcs.

[Tosicaenus k puc. 1.2. Jlano:

O — LEeHTp NOJIPECCOPEHHON MACCHI;

M,, J — moapeccopeHHas Macca ¥ MOMCHT HMHEPIMH IMOJPECCOPCHHOW MACChI
OTHOCHTEJIHHO TIABHOH HEHTpabHOM ocu (Touku O), MePHCHIUKYISIPHOHN MIOCKOCTH
CXEMBI;

My, M, — HETIOAPECCOPEHHBIC MACCHI;

Cuy €, D — JKECTKOCTH IIWH, MOJABECOK W KOI(D(PHIIMEHTHI BSI3KOTO TPEHUS B
amopTH3atopax (Imoj ¢, ¢ U b TOHUMAIOTCS CyMMapHbIC 3HAYCHUS IS Maphl (OCH)
ONOPHBIX KOJIEC), a JONMOJHHUTEIbHBIC WHICKCH «1» W «2» yKa3plBalOT Ha
MIPUHAJIC)KHOCTh COOTBETCTBEHHO MEPEIHUM M 3aHHM KOJIeCaM H MOJIBECKaM,

1, |, — KoOpAUHATHI LIEHTPa Macc aBTOMOOKJIS;

lx — KoOopIMHATA CHJICHBS BOJIUTEII,

Y1(X), Y2(X) — BBICOTBI HEpOBHOCTEW IO MEPEAHMMH WM 3aJHHUMH KOJIECaMH B

3aBHCHMOCTHU OT UIMHBI IIYTH X.



2. METOANYECKHUE YKA3AHUS K BBIIIOJTHEHUIO 3ATAHUS C
IMNPUMEPAMU PACYHETOB
2.1. Ob0mue yxa3anusi
[lepen BbIMOIHEHHEM PaOOTHI U3YUHTE MO y4eOHOMY mocoouto [2] rmaser 1, 2,
yueOHOMY rocoouto [3] rmasel 1, 2 u 5. Pa3depute pemenus 3aaad B UCTOYHUKE [5]
(ctp. 126-150, 3amauu 2.7-2.14).
2.2. Yka3zaHusl 4 IPUMeP pelieHus 3a1a4u J1JIsl 4eTbIPEX0CHOT 0
TPAHCIOPTHOIO CPeICTBA
YcioBue 3a1a4uu npumepa.

PacueTHas cxema TpaHCIOPTHOTO CpPEACTBA Moka3aHa Ha puc. 2.1. Uuciossie

JIAHHBIE!
M=5000 xe; p=0,8 m; 1,=2,3 m; 1,=0,7 m; 15=0,9 m; 1,=2,5 m; 1,=2,2 nm;
c1=co=c3ecs= =100 kH/m; b,=b,=bs;=b,=b=100 kH-c/m;

J =Mp? =5000-0,8° = 3200 KoM CrnexTpanbHasi TUIOTHOCTh MUKPOTIPODUIIS JOPOTH
3(9)_ D, -dy —910% 2 o — -1.( <0< )
y —W,rne Dy=2-10" m"; dp=0,133 % "; (-0 <0 < +x),

J1y1st 3a1aHHOTO TPAHCTIOPTHOT'O CPEJICTBA TpeOyeTCs:

1) cocraButh auddepeHInanbHbIe YPaBHCHHS MAaJbIX BEPTHKAIBHBIX |
VIJIOBBIX KOJEOaHWM B  MPOAOJIbHO-BEPTUKATBLHOM IJIOCKOCTH, SIBISIONICHCS
MJIOCKOCTHIO CUMMETPUU MAIIINHBI;

2) HaliTH yCJIOBHE, MPU KOTOPOM BEPTHUKAJIBHBIC M YIIIOBBIC KOJICOaHHS KOpITyca
MHOT'OOCHOW MAIIIMHBI CTAHOBSITCA HE3aBUCUMBIMU;

3) mnpuHMMas CHpPaBEUITMBBIM YCIOBHE HE3aBUCUMOCTH BEPTHKAIBHBIX |
YIJIOBBIX KojieOaHui (cM. 1. 2), IOCTPOWTHh OJHOMACCOBBIC ASKBHBAJICHTHBIC
JTUHAMHUYECKHE CXEMbI CUCTEMBI MOJIPECCOPUBAHMS MAIITUHBI U COOTBETCTBYIOIIUE UM
MaTeMaTU4YeCKHe MOJIEJIM, Ha OCHOBE KOTOPBIX TMPOBECTH pacueThl IO
HIDKECIEYIOIUM MMyHKTaM;

4) ompenemuth mmkmmdeckne (¢1) u Texumueckume () 4acTOTHI M (HOPMBI

COOCTBEHHBIX KOJIEOAHUN CUCTEMBI,

10



5) BBUHCIUTH TepeAaTovYHble (YHKIMHM OT BHEIIHETO  BO3JCHCTBHS
(MEKpoOnpOGWISL JIOPOTH) K TEPEMEIICHHUSIM, CKOPOCTSAM W YCKOPCHHSIM TOYEK
MOJIPECCOPEHHOM MACCHI;

6) cdhopMupoBaTH  MaTpPUIly  CIEKTPAIbHBIX  IUIOTHOCTEH  BHEIIHUX
KMHEMAaTUYECKUX BO3JIEUCTBUU Ha KOJIEca MAIIUHEI,

7) paccuMTaTh MaTPUILy CIIEKTPATBHBIX IJIOTHOCTEH TSI BBIXOAHBIX ITPOIIECCOB,;

8) HaliTM AWCHEPCHI0 M CPEIHEKBAAPATHYCCKOE OTKIOHCHHE 3HAYCHHI
BEPTHUKAIBHBIX YCKOpeHU B Touke K (CHIeHbE BOJIUTEIIA);

9) ompemenuTh BEPOATHOCTH coObITHS, uTo 3a 1000 yacoB pabOTHI
JUHAMHUYECKas OCaJKa yHpyroro 3JIeMEHTa MOJBECKH IMEepeHe OCHU MAaIluHbI HU
pa3y He TPEBBICUT I, (CTATHYECKOE 3HAUCHUE OCAKH).

B nynakTax 7, 8 u 9 mpoBecTH YHCIOBBIE pacUeThl C WILTIOCTpAIUEH rpaduKaMu

UL TpeX CKOPOCTEH IBMIKEHHUS TpaHCmopTHOoro cpeacrBa Vi=2,8 m/c (10 xm/v),

v,=8,3 m/c (30 xm/u) u v3=13,9 m/c (50 xm/u).

l}zz, 3 54:.2,5.1'.{
lk:.z, 2M

32:0, M 33:0, 9nm

o . | M.J
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Pemenne

1. Cocmaeum oughghepenyuanvrvle ypagHenus Manblx 8bIHYHCOCHHBIX KOIeOAHUL
MAWUHDL.

KonebarenbHasi cucteMa MMeEeT JABE CTENEeHH cBOOOJbI. BBemem 0000IIEHHBIE
KOOpAHWHATHI (1, (2 (puc. 2.2, a), KOTOPHIM JaIUM MaJjble EPEMEIICHUS U U300pa3uM
CHCTEMY CXEMaTHYHO B BO30YXKJICHHOM COCTOSIHUW C KQpTUHOW JEHUCTBYIOIIMX CHJI U
MoMeHTOB (puc. 2.2, 0). C yuerom 3aBucumoctu X=Vt 3akoHbI Y1(X), Y2(X), Y3(X) u
Y4(X) mepecunThiBaroTCs BO BpeMeHHYI0 oOisacth fi(t), fo(t), fa(t) u  f4(t). Beipazum
BepTHKabHbIe TiepemenieHus hi(i=1,...,4) Touyek KpeIUieHHS TMOJBECOK depes

0000IIEHHBIE KOOPIUHATHI:

hy=0,+0,-L;
h,=0,+0,-1,;
h,=0¢,—q,-13;
h,=0,-0,-1,.

Torna nedopmanuu §; ynpyrux 3J€MEHTOB PABHBI:
51:h1_ fl; 52:h2_ fz; 53:h3_ f3;54=h4— f4-
Cunbl B yIpyrux 3JI€MEHTaxX BbIPA3ATCS B BUJIE:

anl =G (hl - fl)’

anz =C, '(hz - fz);

an3 =G4 '(h3 - fa);

an4 =C, '(h4 - f4)’

a CUJIBI BSI3KOT'O COINPOTUBIICHUS B BUJIE:
Fa=b (h1 - fl);
Fcz = bz (hz - fz);
ch = b3 (hs - fs);
Fea =D, '(h4 - 154)’

rac TOYKU HAaBCPXy CUMBOJIOB 0003HAYAIOT IIPOXU3BOAHEIC 11O BPCMCHU.

12



[Jr =2,3m .[4 =2 5m

haofo)
A, 7T

&) bihsf3) |k !
T b

Puc. 2.2

[IpuHSB BO BHMMaHWE KApTUHY CHWI, TIOKa3aHHYI Ha puc. 2.2, 0, 3amuiiemM
YpaBHEHHE TUHAMHYECKOTO PABHOBECHSI CUCTEMBI B BHJIE PABEHCTBA HYJIO CYMMBbI
MPOEKIMIA BCEX CUJ Ha BEPTHKAJIbHYK) OChb U CYMMbl MOMEHTOB OTHOCHUTEIBHO

nentpa macc O:

Zy: 0: M-q; +by,0, +0;,0, +Cy0 +C5,0, = P

. . . 2.1
Z My=0: J-g, +b22q1 +bz3q2 +Cy,0; +Cy30, =P, @D
rue
Cm:ZCi; szzzci'li; Czszzci'liz; Pl:Z(bi'fi"‘Ci'fi);
i=1 i=1 i=1 i=1 (22)

bzl :Zn:bi : bzz :Zn:bi 'Ii; bzs :Zn:bi 'Iiz; Pz :_Zn:(bi 'Ii ’ fi +G; 'Ii ) fi)’
i=1 i=1 i=1 i=1

13



31ech Cj, bj — cyMMapHbIe )KeCTKOCTh U KO3 (DUITUCHT CONPOTHBIICHUS MTOABECKU
OIIOPHBIX KoJiec i-oif mapsl (och);
fi — BBICOTa HEPOBHOCTH T10JT OTIOPHBIMH KOJIeCaMU 1-0 Tapbl (OCH);
N — gucio map (oceif) ONOPHBIX KOJIEC MAIIIMHBI, B HAIIEM cliydae N=4.
[TocTaBUB YKCIIOBBIC 3HAYCHHMSI, TTIOJTYIHM
br1=4b=4.100=400 xH-c:m™;
bs=b(2,3+0,7-0,9-2,5)=-100-0,4=-40 xH"c;
bss=b(2,3°+0,7%-0,9%-2,5%)=100-12,84=1284 xH-c*;
Cx1=4c=4-100=400 xH-m"";
Cx=c(2,3+0,7-0,9-2,5)=-100-0,4=-40 xH,
Cx3=C(2,3%+0,7%-0,9%-2,5%)=100-12,84=1284 xH"m.

2. Haiioem swipadicenue, npu KOMOpOM GepMUKAIbHbIE U Yelosble KOIeOaHus
KOPNYCa MAWUHBL CHMAHOBAMCSL HE3AGUCUMBIMU.

B BeIpaxenuss (2.2) xoopauHaThl |j MOJCTaBIAIOTCS CO CBOMMH 3HaKaMU
(«rutrOC» JIUIS OTIOPHBIX KOJIEC, PACIOJIOKEHHBIX BIEPEIU IIEHTpa MacC MAIHHEI,
«MUHYC» - JUIS OTIOPHBIX KOJIEC, PAaCIOJIOKEHHBIX 3a IICHTpoM Macc). IloaTtomy
kodbdunmentsl by, Cxp, CcBsA3bIBatolue ypaBHeHHs B cucrteme (2.1), umeror
HeOonpie 3HadeHus. B ciydae bx=0, Ccx=0 ypaBHenus (2.1) craHoBsATCA
He3aBUCUMBIMH. [lepBoe W3 HUX OyJeT ONKCHIBATH BEPTUKAJIbHBIC JIMHEHHBIC

(koopauHaTa (1), @ BTOPOE — MPOJI0JIbHBIC YTI0BbIe (KOOpauHaTa () KOJIeOaHus:

M4, +b;,0; +Ci0 =R ; (2.3)

Jd, +bs5G, + €550, =P, . (2.4)

3. Oonomaccosvie  >KEUBANECHMHbIE — OUHAMUYECKUE — CXeMbl — CUCHEMbI
NOOPeCCOPUBAHUSL MAUIUHBL U UX MAMEMAMUYECKUue MOOel.

B city4ae cnipaBeIIMBOCTH YCIOBHS HE3aBUCHMOCTH BEPTUKAIBHBIX M YTJIOBBIX

Koyie0anuit (CM. 11.2) TMHAMUYEeCKas cXxeMa MamuHbl (CM. puc. 2.2, a) pacnajaaercs Ha

ABC OJHOMACCOBBIC 3KBUBAJICHTHBIC JTUHAMUWYCCKHUC CXCMbI, IOKa3aHHBIC HA PHC. 2.3
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M /rql
P - bz3
S )
& i «m %J
a) N\ 5
Puc. 2.3

Cxema puc. 2.3,a COOTBETCTBYET JMHEHHBIM KojeOaHWsM, a — puc.2.3,0 —
YIJIOBBIM KOJIeOaHUSAM MalivHbl. VX MateMatndeckue Mojelu — ypaBHeHus (2.3) u
(2.4).

4. Yacmomuwl u ghopmol cobcmeenHbIx KOIeOAHULL.

VYpauenus (2.3), (2.4) pasgenuM CcOOTBETCTBEHHO Ha M, J W 3amuiieM B

CTaHOapTHOM BHIEC.

y . 2 B .

G, +2-n-G+aw -q :M : (2.5)

3 . 2 P.

4, +2-n,-0, + o, 'qzzTZ’ (2.6)

b,, 400-10° b, 1284.10°

n =—2L = =40ct n, =—==""""=200,6¢c" -
e TOM T 275000 2723 " 2.3200 KOOpQHUUHCHTEL
3aTyXaHus;

. 3 * 3
| = /%: /4%(())0100 =8,94c‘1,a)2= /%:J%zZ0,0C_l — I[UKJINYECKHE

qacTOTHI (YMCIIO KOJIeOaHMH 3a 27T CEKYH).

Texuuueckue cOOCTBEHHBIE YACTOTHI (YUCIIO KOJIEOAHMI 32 CEKYHTY):

o 894
=1t ="1"__=142 .
Y onr  2n T
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o, 20,0
=—<=—""--=318
> 2t 2n T

CoOcTtBeHHbie (hOPMBI BEPTUKAIBHBIX W YIJIOBBIX KOJEOAHUN MPEICTABISIOT
co00¥ rapMOHHUYECKHE KOJIeOaH s BHIa

q=V-sin(o-t+ ),
rae V — aMmnryaa;

@ — COOCTBEHHAsl 4acToTa,

S — ba3oBbli yrou.

5.  Pacuem nepedamoumnvix  @ymkyuti om  GHeulHe20  B030elUCMBUs.
(Muxponpouisi 0opocu) K nepemeujeHusM, CKOPOCMAM U YCKOPEHUAM MOYeK
noopeccopeHHou Maccol.

N3ob0paxkenne  ypaBHenuit (2.5) wu (2.6) B yacToTHOW  oOOJacTu
(mpeobpazoBanHbIe 10 Dyphe):

(i) +2ni0)+ 02| Qiw)= 2.7
=M io[oF (iw)+b,F,(i0)+bF,(iow)+b,F, o)+ cF(io)+c,F(io)+c,Fio)+c,Fio);

(i) +2n,i) + 02]- Q1) = (2.8)
=-J Hio[b),F(io)+bl,F,(io)+blLF,(io)+bl,F,(io)]+cLF o)+ clF(io)+clF(io)+c,)F,io),
rae | = V=1 — MunMas eIMHULA,;

@ — 4acTOTa;

Qi(iw), Qz(ilw) — KOMIICKCHBIC AaMILTUTYIHBIC CIEKTPBI (TpaHCHOPMAHTEI
®dypbe) poreccoB (i (t) u gz(t) cooTBETCTBEHHO;

Fi(lw), F)(iw), Fs(iw), F4(ilw) — KoMIUIeKCHbIE aMIUIMTYAHBIE CHEKTPBI
BozzeiicTeuii fi(t), fa(t), f3(t), f4(t) coorBeTcTBEHHO.

N3 (2.7) u (2.8) ¢ yuerom c1=cy=c3=c4=c, b1=b,=b3=b,=b u momcranoBku
yrcioBbIX 3HaueHud | (1=1,...,4) mony4yumM ciaeayronye neperaTouynbie GYHKIUU OT

BHEIITHETO BO3JICHCTBUS (MUKPONIPOGUIIS TOPOTH) K MEPEMEIICHUSIM:

: (C+i-w-b)

qu (Ia)) = M '[(6012 _a)620)+ iznla)] (l,l,l,l) ; (29)
. i-o-b

H, (o) = (C+1--b) o] (2:307:09-25). (2.10)

J - [(0? —®)+i2n,
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rae Hqi(iow) — maTpuna-ctpoka nepegarounsix Gpysxnuid 1t ammuty g Qi (iw);
Hg2(iw) — maTpuma-crpoka nepegatounsix GyHKOui st aMmuutyn Qo (iw).

[lepenaTounbie PyHKIUU TSI CKOPOCTEH MPOIECCOB:

qu(ia)):a)onql(ia)); (2.11)
H, (iw)=0-H, (io). (2.12)
[epenatounsie GpyHKIMH I yCKOPEHUH MPOLIECCOB!

H, (iw) =0 -H, (io); (2.13)
H, (io)=0"-H_ (o). (2.14)

6. Dopmuposanue mampuyvl  CNEKMPANbHLIX — NJIOMHOCMEl  GHEeUHUX
8030eticmau.

[Tpu nepexone ot mpoduist goporu Y(X) k KuHeMaTHuecKuM Bo3aeicTBusaM f(t)
Ha KoJieca TPAaHCTIOPTHON MAIIMHBI HEOOXOUMO YIUTHIBATH CKOPOCTh IBUKCHHS V U

CTJIAKHUBAIOIIY IO CIIOCOOHOCTH IIMH KOJIEC.

CnexkTpanbHas  IUIOTHOCTh  CTJQXKEHHOTO  MpoQuis  JOporu Sy(@)

ONPENEISACTCS IO CIEKTPAIbHON ILIOTHOCTH HCXOMHOTO TIPOQUIIS Sy(e) 10
dopmye ([2], c. 69-76)

S,(0)
SY (0) = 2 ’ 2 ,
ao°+1
rae 6 — yacTora 1o mnyTH X;
a — JUIMHA OTIeYaTKa IIMHBI Ha JIOPOre, MOXKET OBITh OIEHEHA MO CIIEAYIOIIeH

3aBHCHUMOCTH [6]:

a= \/(0,12 +0,16)B-d + (0,14 +0,22)B?,
rae B, d — mmpuHa 1 mocago4HbINi JUAMETP IUHBI.

[Tockonmpbky B 3aJaHUW HE 3aJaHbl pa3Mepbl IIHH KOJIeC, TO MPUMEM
opueHTHpOoBOYHO a=0,1 M.

Yder CKOpOCTH IBMXKCHHS V Ha CICKTPaIbHYIO IUIOTHOCTh BO3JICHCTBUS B

KOHTAKTE KoJieca ¢ IOpOroi nmpousBoautcs mo hopmyie [2] ¢ 3ameHoii € Ha w/v:
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sf(w)=isy(9j,

v v
I€  — 9aCTOTa BO3JACUCTBUM MO BPEMEHHU t.

Takum 00pa3oM, cHeKTpaibHas MIOTHOCTb MUKPONPOQUIS TOPOTU C y4ETOM

CIrIQaKUBAHU IIUHBI U CKOPOCTHU ABUXXCHUS UMECT BU.

0]
Sy(Uj Dy°a

a(wj ECETS ) (215)

rre D, =2-10"m; a =0, -v=0133v; B8 —a-0r=0W" (—ooSa)Soo).

Torz[a MaTpuny CIICKTPaJIbHBIX IUIOTHOCTEM KHHEMATUYECKUX BO3ﬂCﬁCTBHﬁ JIIA

YETHIPEXOCHOTO TPAHCTIOPTHOTO CPEICTBA MOYKHO MPEICTABUTH B BHJIE
_Sfl (a)) St1, (@) St.1, (@) S.1, (@) ]
S £t (@) sz (w) S f,fs (w) S f,f4 (w)
Si,r,(@) S (@) S, (w) St.1, (@) | (2.16)
_S fuf; (o) Sf4f2 (o) S 4 fs (o) S f, (o) i
rae S¢ () =S, () =S (0) =S, (0) =S () ;

S:(w) =

io
Sf1f2 (a)) = Sf2f1 (a)) = Sf2f3 (a)) = Sfafz (a)) = Sf3f4 (a)) = Sf4f3 (a)) =€ v Sf (a))’
ia)z—I
St (@) =S¢ (®)=3;; (0) =3, (0) =€ v -S((0);
3l
" |(0; .
Sf1f4(a)):Sf4f1(a)):e .Sf(a))’
*— CHUMBOJI KOMILIEKCO-CONPSKEHHOM BETMYUHBI;
| — paccTosiHEe MeX Ty OCSAMH, I paccMaTpuBaeMoro npumepa 1=1,6m.
7. Pacuem mampuyvi CneKmpaivHulX NI0OMHOCMeEU 8bIXOOHbIX NPOYECCO8.
Ha BbIXOJe crcTeMbl MMeeM JiBa CirydaiHbIX nporecca ((t) u gz(t), mepsoiid u3

KOTOPBIX OMNpPEACNSIET 3aKOH BEPTUKAIBHBIX KOJIEOAHWI, a BTOPOM — YIJIOBBIX

KoJieOaHUW. DTU TPOILECChl OMUCHIBAIOTCA CICAYIOUIEH MaTpUIlell CHEKTPalbHbBIX

IUIOTHOCTEM

18



(2.17)

Sqlqz (o)
S, (o) :l’

DIIEMEHTHI MaTPULBL S (w) HaiimeM U3 cleTyIoNe MaTpUIHOU POPMYIIHL:

Sy(@)=H(iw)-S_(w)-Hg (i), (2.18)
_ H,, (io)
rpe Hq(io) = H, (iw)] ~ MaTpHUlla MmepeaaTounbix GyHkmuid (cM. Gopmyisr (2.9),
g2
(2.10));
S:(w) — MaTpuna CHEKTpalbHBIX IUIOTHOCTEl BXOJHBIX BO3JAeHCTBUIl (CM.

dopmyny (2.16)).
[Toxacrasus (2.9), (2.10) u (2.16) B (2.18), momyunm:
¢’ + w’b?
Sql(w): 2 | (2 22) 2 2]%
M -[(a)1 —0°) +4nw J

><2-(2+3coscol+2cosa)2—|+cosa)3—|)-8f(co);
1]

1) 1)
. (c® + 0’b%)
S =S == r TT 1%
a: (@) = Sq, (@) M-J-|(@ - 0?) -i2no| (@ - 0®)-i2n0]
><O,2-(2+3COSa)l+ 2cosw2—|+cosoo3—|)-8f (w);
1) )] 1)

C(@ro)
32 |(@? - 0?)? + 420’ |

SQz (60) -

x (12,84 + 6,46¢c0s wl — 7,64003602—I —11,5cos a)3—|) -S¢ (w).
1y 1y 1y

8. Hucnepcus u cpeounexeadpamuueckoe OMKIOHEeHUe 3HaAYeHutl yckopeHnus 8 mouxke K
(cudenve 6ooumeisi).

U3 puc. 2.2,a iMeeM reoMeTpUIecKyIO 3aBUCUMOCTb!
Z =0+l 190, = g +1, -G,
Ilepenarounas pynkuus BozaeicTuii (1, J2 K BEpTUKAILHOMY NEPEMEILIEHUIO Zj!

H, (i0)=1,).
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Torma cnekTpaibHas IUIOTHOCTH TiepeMerieHuit z,(t) paBHa:

* - . SQl( ) SQlQZ( ) 1
Szk(w):sz(lw).sq(w).H;rk(lw):(l;lk). S ZO) S (ac;)) . | B

=S, (o) + 2, Re(S, , (@) + Iszqz (o).
CrekrpaibHas INIOTHOCTh CKOPOCTH Z, (t):
S, (w)=0*-S, (w).

CrekrpaibHas IUIOTHOCTh YCKOPEHUH Z, (t) :

S, (W)=0°-S, (0)=0"S, (v).

Hucnepeuss D, u cpennexBampatnueckoe orkinoHenue Sj; yckopeHuil Z, (t)

Ha MECTE BOAUTEIIA.
0
_ _ a2
D, =[S, (@)do=s] .
—00

CuuTast, uTO0 Z, UMEET HOPMAJIBHOE pacCIpeelieHue, TMOyd4aeM MaKCHMaIbHO

BO3MOKHO€ 3HAYEHUE CIyYailHOTO YCKOPEHUSI, KOTOpOE AEHCTBYET Ha BOJIUTEIIS !

max?z, =3- S, - (2.19)

[To monmydeHHBIM BBIpaXEHHSIM ¢ ToMolibio DBM (Hampumep, B cpene

MathCAD) crnenyer mocTpouTh TIpadUKUd H3MEHEHHUS CIEKTPAIbHON IJIOTHOCTH
Szk (CU) B 3aBucumoctd oT o (—4w,<w<4w,, roe w,=20 ¢! — Bpicmas

COOCTBEHHAs 4acTOTa CUCTEMBI) IS 3aJaHHBIX TPEeX CKOpocTed NBIKeHUS Vi=2,8
m/c (10 km/u), v,=8,3 m/c (30 km/u) m v3=13,9 m/c (50 xm/u). IlyTeM YUCICHHOTO
UHTCTPUPOBAHUS 3THX TIpadHUKOB HANTH OHUCIEPCUU U CpPEIHCKBaApPATUUYCCKUE
OTKJIOHCHHUS.

9. Onpeoenenue eeposmuocmu coovimus, wmo 3a 1000 uacos pabomoi
OUHAMUYECKAsL 0CAOKA YNPY2020 dJeMeHmMa N008eCKU nepeoHell 0CU MAUUHbL HU A3y
He NPeBbLCUM Ocp,.

Cratndeckyio 0CajKy yrnpyroro 3JeMeHTa IPUMEM PaBHOM:
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5 -Mo_ 5000-103 0025,
4c  4-100-10

Hedbopmanust ynpyroro »3JieMEHTa MOABECKHM TNepeAHEed OCHU MAaIlUHBI OT

JTMHAMHYECKUX HAarpy3ok (cm. puc. 2.2):
6 =0 +0, -l — f.
[lepenaTounas pyHKIUsA:
H,, (iw) = (L1;-1).
CrniekTpaibHas INIOTHOCTD Ae(pOpMaIiu:
S, (@) = H}, (i0)-S(0) - H] (i) =

SQl (CO) SQlQZ (CO) Sqlfl (CO) 1
=[L1:-1) Spp (@) Si (@) S (@[]} |=
S (@) S, (@  Si(w) -1

=S, (@)+21,Re(S, , (@) —2Re(S, ; (@) +12S, (@) -2, Re(S,, (@))+S, ().

CrnexrtpanbHas MIOTHOCTh CKOPOCTH 51 (t):
2
S;, (0) =" -S; (0).

Hucniepcus negopmaluii ynpyroro 3JieMeHTa:

D,, = [, (0)-do.

Hucniepcus ckopoctu iepopMaiiii ynpyroro 3j1eMeHTa:
2

D, = Ja) -Ss, (0) - do.

DddexTuBHAA HUKIMYecKas gacTora mpouecca O (t):

BeposarHocTs BeIOpoca 3HaueHuii npouecca O (t) 3a d.,, mo popmyie Paiica:

36-10° _ 5;
= P{5,(t))3,,, t =1000-60-60 =36-10°c = ‘W, EXPy -
pl { 1( )> cm } 271_ wél p{ 2D51}
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BepositHocTh coObITHS, uTO 32 1000 wacoB paboThI Ocaaka ympyroro 3jaeMeHTa
MOJIBECKHU TIEPETHEH OCH MAITUHBI HUA Pa3y HE MPEBBICUT Oy,

p, = P{5,(t)(5,, t=36-10°c{=1—p,. (2.19)

[To monmyueHHBIM BBIpaXEHHSIM ¢ ToMmoribio DBM (Hampumep, B cpene
MathCAD) creayer mpoBeCTH YHCIIOBBIC PACUYEThl BEPOATHOCTH p, JUIS 3aTaHHBIX
Tpex ckopocteit apmxkenus Vi=2,8 m/c (10 xm/u), v,=8,3 m/c (30 km/u) u v3=13,9 m/c
(50 xm/u). Tlpm YUCIIOBOM WMHTETPUPOBAHUM OO0JIACTH YAaCTOT OTPAHHYUTH
muanazonoM —4m, <® <4w,, rae ©,=20 ¢’ — Bbicmas COOCTBEHHAs YaCTOTA
CUCTEMBI.

B koHIIE pacyeTHO-TOSCHUTEIHLHON 3aMUCKU CHENaTh 3aKII0UYCeHHEe, B KOTOPOM
CJIEyeT yKa3aTh 3HAUYCHUS COOCTBEHHBIX YaCTOT CHUCTEMBI, CPEIHEKBAAPATHICCKOTO

YCKOPCHHUA B TOUYKE PAa3MCIICHUA CUACHBbS BOAUTCIIA 1 BEPOATHOCTH p».
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2.3. YKka3zaHusl 4 IPUMepP pelleHusl 3aa4 JIJisl IBYXOCHOT0 aBTOMOOWJIA

YcnoBue 3anaun npumepa

Pacduernast cxema aBTOMOOMIIS ITOKa3aHa Ha puc. 2.4. UnucaoBble JaHHBIC!

M,=5000 xe; p=1,86 m; ;=24 m; 1,=15 m; =2 m; m=m,=800 xe,
c1=co=c=410° H/m, cyp=cuo=c,=10°  H/u: b;=b,=b=1,5-10* H-c/m;
J=M,_p?=5000-1,862=17300 ken>. CHeKTpalbHAs ILUIOTHOCTb MHKPOIPOQHIIS
JIOpOTH Sy(Q)ZHZE-ngz), rae Dy=2-10'4 Mm% do=0,133 n'"; (— 0<fh< +oo).

J171st 3a1aHHOTO TPAHCTIOPTHOT'O CPEJICTBA TpeOyeTCs:

1) cocraButh auddepeHuanbHble YpPaBHCHHS MAaJbIX BEPTHKAIBHBIX |
VIJIOBBIX KOJEO0aHUM B  MPOAOJIbHO-BEPTUKATBLHOM IJIOCKOCTH, SIBISIOIICHCS
MJIOCKOCTHIO CUMMETPUU MAIIIWHBI;

2) HaWTH YCIOBHE, TPH KOTOPOM BEpPTHKAIbHBICE W YIJIOBBIC KOJICOAHHS
TepeIHeH U 3aHeH MOIBECOK aBTOMOOMIISI CTAHOBATCS HE3aBUCUMBIMH,

3) nmpuHUMas CIPABEIJIUBBIM YCIOBHE HE3aBHUCHMOCTH KojeOanui (cMm. mm. 2),
MOCTPOUTHh  JIByXMAacCOBbIE SKBUBAJICHTHBIE JUHAMUYECKHUE CXEMBl CHCTEMBI
MOAPECCOPUBAHUSI MAIIIMHBI U COOTBETCTBYIOIIME MM MaTeMaTUYECKUE MOJENH, Ha
OCHOBE KOTOPBIX TPOBECTU PACUETHI 10 HUXKECIICIYIOIUM MYHKTaM;

4) ompenemuth mmkmmdeckne (¢1) u TexHmueckume () 4acTOTHI M (HOPMBI
COOCTBEHHBIX KOJIeOaHWIT aBTOMOOWIIS,

5) BBUHCINTH TeEpeAaTOYHble (YHKIMKM OT BHEIIHETO  BO3ICHCTBHS
(MEKpoOnpOGWIST JIOPOTH) K IEPEMEIICHHUSIM, CKOPOCTSAM W YCKOPCHHSIM TOYEK
MOAPECCOPEHHON U HETIOIPECCOPEHHBIX MACC;

6) cdhopMupoBaTH  MaTPUIly  CIEKTPAIbHBIX  IUIOTHOCTEW  BHEIIHUX
KHHEMAaTUYECKUX BO3AEUCTBUM Ha KOJIECa aBTOMOOWIIS,

7) paccuMTaTh MaTPUILy CIICKTPATBHBIX IFIOTHOCTEH JJIsI BBIXOAHBIX ITPOIIECCOB,;

8) HaWTH JAWCIEPCHI0 W CPEAHCKBAAPATUYCCKOE OTKJIOHEHUE 3HAYCHUI

BEPTHUKAIBHBIX YCKOpeHU B Touke K (CHIEHbE BOJTUTEIIA);
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9) ompenenuTh BEPOATHOCTH coObITHS, uTo 3a 1000 yacoB pabOTHI
JMHAMHYECKasl 0CajKa YIPyroro 3JieMEHTa IMOJABECKHU MepeJHel OCH aBTOMOOWIIS HH
pa3y He TMPEBBICUT J,, (CTaTHYECKOE 3HAUCHUE OCAKH).

B nynkrax 7, 8 1 9 mpoBecTH YHCIOBBIC pacyeThl ¢ WILTIOCTpauel rpagukaMu

UL TpeX CKOPOCTEH IBMIKEHHUS TpaHcmopTHoro cpeacrBa Vi=2,8 m/c (10 xm/u),

v,=8,3 m/c (30 xm/u) u v3=13,9 m/c (50 xkm/u).

Y

Puc. 2.4

Pemenne

1. Cocmaeum ypasHeHnus mManvlx 8bIHYHCOCHHBIX KOIEOAHUU A8MOMOOUNEl.

PaccmarpuBaeM aBTOMOOWIIP KaK CHUCTEMY C YETBHIPbMS CTEIEHSMU CBOOOIBI
(puc. 2.5, a). B kavectBe OOOOIICHHBIX KOOPIAWHAT BHIOMpAcM BEPTHKAIbHBIC
nepeMenieHus mnepeaHed (Q;) w  3amHer (Q2) HEMOAPECCOPEHHBIX Macc H
PacIONIOKCHHBIX HAJl HUIMH TOYEK IMOAPECCOPESHHON MacChl Ky30Ba (Z1 U Z).

Jlanum 00OOIIEHHBIM KOOpJAWHATaM Majble MepeMemeHus (i, Uz, Z1, Z2 U
CKOpPOCTH 2y, Z,, G;, 0, B MONOKHUTENBHBIX HampaBicHHUsX. C y4eTOM 3aBHCHMOCTH
X=vt 3akonbI Y1(X) u Y,(t) mepecunthiBaroTcs Bo BpeMeHHyr0 obnacth fi(t) u fo(t) —
CJIy4allHbIE MPOIIECCHI, IEHCTBYIONINE HA KOJeca aBTOMOOMIIS.

CocTtaBUM BBIp@XKEHUS JISI KMHETHYECKOW 7, MOTEHUHAIbHOW [/ SHEprud u

auccunaTuBHON GyHKIUU D:
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2
T = %|:m1qiz M5 + Ma(—lzzl Jlr Ilzzj + J(—Zl I x ﬂ ;
1
M=o~ 0P+ ot @) + 0o - £ +0alz ~a P
1 . .
O zi[bl(zl — ) +by(2, - Q2)2]-
[loacraBuB Beipaskenus 11 7, I1 u @ B ypaBHenue Jlarpanxka Il pona:

d(@TJ oT od oIl
-—+ + =

—| = : 0, ie(l,..4)
dt\og, ) og; 0oq, oq

rne h =0, 4,=0,, U;=12, (=2,
U 1ocjIe mpeoOpa3oBaHmid, MOJYYHM CHCTEMY TU(PepeHINATBHBIX YPaBHEHHIHA
myth —by (2 — &)+ Cacy — f1)—ci(z — 1) =0;
Mytly —0y(25 — Ay )+ Co(dy — fo)—Co(2z, ) =0;
1,7, +1.7 2.21
Ma(%)+bl(zl_ql)+b2(z2 —dp)+ ¢z —0y)+Cy(2, - 02)=0; (2.21)

-7
J( 1 | 2)+b1(21—‘3'11)|1—b2(22—CI2)|2 +¢y(z ~ )l —C5(2z2 — g )1, =0.

B nomyuyeHHOM cucTEME YpaBHEHUU IEPBBIE JBAa YpPaBHEHUS OIMCHIBAIOT
JABIDKEHHE TOJBECOK (HETOAPECCOPEHHBIX MAacC), a TpPeThe U UETBEpTOC —

COOTBETCTBEHHO JIMHEHHOE M yIJI0BOE JIBMXKCHUS Ky30Ba (MMOAPECCOPEHHON MACCHI).
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1=39u
[}=24m {9=15m

Y

Puc. 2.5

2. Haiidem ycnogue, nmpu Komopom Gepmuxaivhvie Konebauus nepeoHel u
3a0Hell N008eCOK CMAHOBAMCS He3ABUCUMbBIMIUL.

O0603HauMM CHUJIBI B3aUMOJIECHCTBUS MTOABECOK C Ky30BOM uepe3 F u Fp, 1.€.:

bl(zl - q1)+ Cl(zl - ql) =F;

bz(zz - q2)+ Cz(zz - qz): F,.

Torma, pemmB mocieaHue aBa ypaBHeHUs cucteMbl (2.21) otHocutenbHO Fi u

F,, momyuum:
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MLZ+J), (ML, -J),
o), (Bl -d),

M IZ+J). M LLL-J).
F2=—( al12+ )22_( a1|22 )21-

B »Tux BBIPAXKCHUAX BTOPBIC YICHBI B IIPABBLIX HACTAX XapPaKTCPU3YIOT CBA3b
MEXKy KoleOaHusAMH NepeaHel u 3aaHel yacteid aTomoOusisa. Eciu yuects, uTo ais
paccMaTpuBaeMOro  aBTOMOOWIISE — pacIpe/ielieHHe  MOJPECCOPEHHON  MacChl
COOTBETCTBYET:

o J _ M, p? _ p’ _ 1,86°

MLL,  MLL 1L, 2,4.15

=0,96,

T.e. 6musko k emunune (08<&<12), to MokHO cuMTaTh KoneOaHHs mNepeaHeil
YacTH, OIMCBIBAEMBbIE KOOpAMHATAMHM (i, Z;, M KoyiebaHWs 3aaHedl dYacTw,
OIUCBIBAEMbBIC KOOPIUHATAMHU (2, Z, MPAKTHUECKU HE3aBUCUMBIMHU JAPYT OT IPYTa.

3. Jsyxmaccosvie  3KeuGaieHmMHble  OUHAMUYECKUE — CXeMbl — CUCMEMbl
nOOpPeccopu8anusi ABMOMOOUIsL U UX MAmMemMamuyeckue Mooeu.

Cunrasi CHOpaBeUIMBBIM YCIOBHE HE3aBUCHMOCTH KOJeOaHUN TepeaHend
3aHe MOABECOK, M3 chucTeMmbl (2.21) momydaeM J[Be HE3aBUCHMBIE CHCTEMBI
ypaBHCHMH ¥ TpH JAIbHEHIINX aHAIATHYECKHX pacdyeTraX HCXOIUM U3
aByxmaccoBor cucteMbl (M3, M;) mmm (my, M) (puc. 2.5, 6, uHACKCHI «1», «2»
ONYyIIEHBI), Ha KOTOPbIE pacmagacTcss AMHAMUYecKas cxema aBToMoOms. Yactu

HOI[pCCCOpGHHOfI MacChl, IPpUXOIAIMECA HA YIIPYTHC DJICMCHTHI ITIOABCCOK, PaBHBI.

2 2
v - Ma||22+ I M, I+2|\/|05|1|2 _ MaITZ= 50(;091,5 1923,
MIF+3 M IF+M L |, 5000-2,4

M, = M 1= 2SR 477
2 al 3.9 K.

1z 12
YPaBHeHI/IH JABUKCHUA I[BYXMaCCOBOfI CUCTEMBI UMCIOT CJIeI[yIOIHI/Iﬁ BU.
M-Z+b(z2—qg)+c(z—-q)=0;

2.22
m-q-b(z—q)-c(z-q)+cu(q— 1) (22

0.
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4. Onpeodenenue wacmom u hopm coo6CmeeHHbIX KOJeOAHUL ABMOMOOUNAL.

PaccMoTpum cBOOOIHBIE KOJEOaHUST aBTOMOOWIISI Ha OCHOBE SKBHUBAJIICHTHOU
TMHAMUYECKOM CXeMBbI, MOKa3aHHOH Ha puc. 2.5, 6. [lomoxxum BHETTHEE BO3ICHCTBHE
f=0, a Taxxe uMes B BUIY, YTO JUCCUIIATUBHBIC CHJIBI HE OKA3bIBAIOT CYIIIECTBCHHOTO
BJIMSHHUS HAa YacTOThI M (OPMBI CBOOOJHBIX KoOJIeOaHUH cucTeMbl, mpumeM D=0,
YpaBHEHUS ABUKEHUS MTOTYIAIOT BU/L:

M-Z+c(z—q)=0;

m-¢-c(z—q)+c,q=0. (223)
Petienne 3TuX ypaBHEHH MOXKET ObITh HaIEHO B BUJIE!

z=A -cos(wt + B);

q=A, -cos(at + B), (2.24)

riae A;, Aq — aMILIUTYy bl
@ — IUKJINYEecKass COOCTBEHHAs 4YacTOTa;
S — dba3oBbIit yrom.
[MoncraBuB (2.24) B (2.23), MOXyYMM CHUCTEMY OJHOPOJHBIX alreOpamuecKux

YPaBHEHHMI OTHOCHUTENBHO aMILIUTY I A, U Ay
c-w®M) A, —c- A, =0;
) (2.25)
—C-A, +(c+cw - m)-Aq =0.
DTa cuCTeMa ypaBHCHHH MMEET HEHYJIEBBIC PEUICHMs, €CIIH €€ OMpEACTUTEb
A(w*)=0. Vu B pasBepHyTOM BUZE:
2
(c —w°M ) —C
=0. (2.26)

—c (c +C, — a)zm)
Ycnosue (2.26) maet cieayromee XapaKTepUCTHISCKOe ypaBHEHHE:
M-m-o*-(c-m+c-M +¢,M) -0’ +c-c, =0. (2.27)
Brenem o603HaueHus:

C 2 C+C 2. C 2
—=Pr; “=py; —=p3.

M m m

Torna ypaBHenue (2.27) MOXXHO 3amucaTh B BUJIC:
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o* ~(pf +p}) @+ p{p} =0, (2.28)
Kopuu ypaBHenus (2.28) maroT ciemyronue 3HAYCHHS COOCTBEHHBIX YacTOT

KOJICOATEIIbHON CHUCTEMBI, SKBUBAJICHTHON TBYXOCHOW KOJIECHOW MamiuHe (CM. pHC.

2.5, 0):

o= PP T ot v o —apin

> 2
(2.29)
2+ 2 1
w, = Bﬁfh+5ﬂﬁ+pﬁ—4ﬁﬁ-

YacTtoTa @, Ha3bIBaeTCs HU3KOHM, WJIH OCHOBHOM COOCTBEHHOM 4YacTOTOM, €€
MOYKHO YCIIOBHO CYMTaThb YacTOTOM mnoApeccopeHHorM uactu M. Yacrora w;
Ha3BIBAETCSI BBICOKOM COOCTBEHHOM 4YacTOTOM, WM YacTOTOM KOJIeOaHHH

HEIIOJIPECCOPEHHOM MacChl M.
o o o C+C
JIns1 BBICOKOW 4acTOThI pa3HUIA MEXAY NapUHATbHON YaCTOTOU Py, =.—% u
m
YacTOTOM @, OOBIYHO HEBEJIMKA. 3HAUYEHHE OCHOBHOM COOCTBEHHOM YacTOTHI C

I[OCTEITO‘IHOI\& IJI IPAKTUKKW TOYHOCTBIO MOJKHO IIOJIYUYHTDb, 3aMCHHB B BBIPAKCHUU

C
P, = M ’KECTKOCTh IIOJBECKH C IPHUBEACHHON JKECTKOCTBIO Cpp, YUUTHIBAIOILEH

KCCTKOCTDb ITHUH.
C Y4€TOM BBIIICCKA3aHHOTI O, HpI/I6J'II/DKeHHBIe 3HAYEHHUS COOCTBEHHBIX YACTOT

MOXHO OTPEJETUTH MO CIAEAYIOIUM (popMynam:

Cnp C-Cp
R Vel rvawaan ¥
M M-(c+c,) (2.29. 2)
C+cC
W, = | —*.
2 m

Jlnst onpeneneHus: COOCTBEHHBIX ()OPM BOCMOJIB3YEeMCSl MIEPBBIM U3 YpPaBHEHUI

(2.25) (Toke MOXKHO TIOJTYYUTh M M3 BTOPOTO YPABHECHHUS):

A, c-o’M

A - (2.30)
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2 2
[Monoxwus B (2.30) @ = @, , MOJIyYNM COOTHOIIECHHE MEXKIYy aMIUTUTyIaMH A,
u A IIpu KosebaHuAX 110 epBOK COOCTBEHHOMH (hopMme:

Ahl__C'—ahzhA
A, c

=V,. (2.31)

2 2 o v
[Ipu @ =®, —mno BTOpOI cCOOCTBEHHOU (PopMme:

/Mz __C'-ahzhﬂ
A, C

YHucioBble pacyeThl.

=V,. (2.32)

Jlns1 mepeaHe 4acTh aBTOMOOUIIS.

5
2= 4107 o2
M, 1923
5 4n6
pgz(}l+CW1:4 10° +10 :1750(:_2’
m, 800
6
p§:M:£:125Oc‘2.
m; 800

B cootBercTBUU ¢ hopmynamu (2.29) 3anumiem:

2+ p2 1
o, =\/¥+§J(pf +p2f —ap?p? =

= \/M%\/(zoem?so)z ~4.208-1250 =/979F835,5¢".

OTKyJa MoJydYuM COOCTBEHHBIE YaCTOTHI:

OUKINYCCKHUEC

w, =+/1435 =12,0¢c";
o, =+/18145 = 42,6¢";

TEXHUYECKUE
o 12,0
v,=—="-=19
Y or 2 Ty,
w, 42,6
== 6’8 .
2 or  2n Ty

CoOcTtBeHHbIe hopMbl KoJleOaHui o Gpopmynam (2.31) u (2.32):
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A, c-w’M  4.10°-12%.1923
V=2 T =0,31;
nepBas popma Vi A c 4.10°

7,1

A, c-o,’M 4.10°-42,6°-1923
A c 4-10°

7,2

=—1,72.

Bropast popma Vo =

Yo6enumcs B OpTOTOHATBHOCTH 3TUX (POPM
M, Azll ) Azlz +m -V, - Azll v, - A212 = Azll A

2,2 '(Ml +m; -V, 'Vz):
=A,,-A,,-(1923-800-0,31-7,72)~ 0.

I[OHOHHI/ITCJ'H)HO K IMPOBCACHHOMY pacucTy HaﬁHeM cOOCTBEHHBIE YACTOTHI 110

npuOImKeHHBIM hopmysam (2.29, a):

N .C 5 6
o = |— Lt 410 1 —1200%
My(c+c,y ) \1923-(4-20° +106)

/c +Cyy / 51108
1 4. 10 +1O _ 418¢ -1

BI/II[I/IM, qTo HpI/I6J'H/DK€HHBI€ 3HAYEHHUS COOCTBEHHBIX YACTOT OTJIMYAIOTCS OT

TOYHBIX 3HaYeHHI MeHee yeM Ha 2%.

Jlns 3agHe 9acTH aBTOMOOMIIS.

5
o2 =2 4107 45002
M, 3077
5 6
p% _ C2 +CW2 _ 4 10 +1O 21750(:_2’
m, 800
6
p2 =Gz 10 _1o500-2
m, 800

B cootBercTBUU ¢ hopmynamu (2.29) 3anumiem:

w,, = Jplgpz‘ J(p?+p2) —ap2p? =

\/M 1\/ (130+1750)* —4-130-1250 =+/940F840¢™

OTKyJa MOJy4YuM COOCTBEHHBIE YaCTOTHI:

31



w, = 9,54¢c™:

DTUKINYCCKHUEC

W, = 423c™:
9,54
TeXHUYECKUE V, = G _E7 152 1y,
2r 2«
_&:ﬁzan Iy,

2 o 2

CoOctBeHHbIe hopMbl KoJleOaHuit o Gpopmyinam (2.31) u (2.32):

A, c-w’°M 4.10°-9,54%.3077
Vy=—t="—1_~= ! =0,30;
nepBas popma Vi A c 4.10°

7,1

v =B _ c-o,’M 4.10°-42,3*.3077
a Va2 — -

= =-128.
BTOpas ¢hopm A, c 4.10°

Yo6enumcs B OpTOTOHATBHOCTH 3TUX (POPM

My-A A +mV-A VA=A A (M+m VY, )=

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

5. Pacuem nepedamounvix  @QYHKYUUL om  BHEWHE20  B030elCMEUs.
(Muxponpouisi 0opoau) K nepemeujeHusM, CKOPOCMAM U YCKOPEHUAM MOYeK
nOO0peccopeHHOU U HeNnoOpPeccoPeHHOl Macc.

YpaBHEHHUS BHKCHHS JIBYXMACCOBOW CHCTEMBI (2.22) B BEKTOPHO-MATPUIHOM

BUJIE:

M-G+B-G+C-g=D-f(t),

el 2} o8 B s )
) o) )

Marpuna nepenatoyHbiX GYHKIUN ONpeaeseTcs Kak:
Hy(io) = [Hy ()] = |- oM +ioB+C]"-D, (k,j=12)

B cooTtBeTrcTBUHM C IIpaBUJIaMH BBIYUCIICHUSA O6paTHBIX MaTpHuIl IOJTYYHM.
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C+C, —w’Mm+iab c+iwb

o™ tio+c]t =2 ,
A C+iob C—0’M +iwb
e A= (c—a)ZM )-(c+cw —a)zm)—c2 +ia)b-(cw —0*M —® )
w B Buze A =Mmo® —[M(c+c,, )+mclo® +cc,, —ia)b-la)z(M +m)—cWJ.

Torma sneMeHTBHl MATpUIIbl NMEPEJATOYHBIX (PYHKIHUM K MEepeMelmeHusM ( U Z

OyIyT paBHBI:
H, H
Hq(ia)):( 11 12]’
H21 H22
rac
. o oy Cy-(criob).
Hy(iw) =0; Hyp (i) = A :
— 2 1
Hy1(iw) =0; Hy(iw) = CW(C oM +|a)b).

A

Marpuusl nepenaroussix (GyHknuii k ckopoctam (, Z u yckopenusm (), Z
cesasambl ¢ Matpuieit Hy(io) wepes o” n o* coorsercenno:

Hd(ia)) =’ - H,(iw);

Ha(ia)) =" H,(io).

6. @opmuposanue mampuyvl — CHEKMPATLHLIX — NJIOMHOCHEN  GHEUHUX
KUHEMAMUYEeCKUX 8030eticmaull Ha Koieca agmomoous.

[Tpu nepexone ot mpoduis goporu Y(X) kK KuHeMaTHYeCcKuM Bo3aeicTBusM f(t)
Ha Kojeca aBTOMOOWIIS HEOOXOJMMO YUYHTHIBATH CKOPOCTh JBMJKEHHUS V W

CTJI&KUBAIOIIYI0 CIIOCOOHOCTD IIMH KoJiec. MeTo/IuKa Takoro pacuera pacCMOTpeHa

B MpUMEpPE PEHICHUS 3aJla4yMl I YeThIPEXOCHOTO TPAHCIIOPTHOTO cpeactBa (CM. .
2.2, c. 17-19).

OKOHUaTeNnbHBIH BUJI CHEKTPAIBHOW IUJIOTHOCTH MHUKPONPOPUIS JOpOrU

Sy (w) ¢ Y4E€TOM CIUVIAKMBAHUSI IIUHBI U CKOPOCTH JBIKEHUS Jaetcs (popmyoit

(2.15).
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Torga Matpuiia COEKTPAIbHBIX MJIOTHOCTEWM KHHEMATUUECKUX BO3ACHCTBUM JJIs

JIBYXMacCOBOW SKBUBAJICHTHOM CXeMbl aBTOMOOWJIA OyJI€T UMETh BU!

0 0

S:(w) = 0 S.(0)|

7. Pacuem Mampuyvbl CNEKNPAIbHbLX NAOMHOCMEU 8bIXOOHBIX npoyeccos.

JInst BeKTOpa CllydyalHBIX IMPOIECCOB HA BBIXOJE G(t) moxkuHO HaiiTH MAaTpHILY

CHEKTPaJIbHBIX MIIOTHOCTEH [quqj ()] no CJIEAYIOIEMY COOTHOIICHHUIO!

S, (@) = S, (w) qu @) _ H1*1 Hfz 0 0 H, Hy
! qu () Sq () H; sz 0 S;(w) Hy Hy
H1*2H128y H1*2H228f

H;2H128y H;2H228f

rac * - 3HaK KOMHJ’IGKCHO—COHpSI)KCHHOﬁ BCJINYUHBI,

T — 3HaK TPaHCTIOHUPOBAHMUS;
Si(w) - CIIEKTPAJIbHAS IJIOTHOCTh MUKPOHEPOBHOCTEMN JTOPOTH.

CriekTpaJibHass TUIOTHOCTh CIIy4aiiHOTO Tmporecca Z(t) — cMemeHuil TOYKH

MOAPECCOPEHHON MACCHhI, K KOTOPOM KPEMHUTCS MOJABECKa!

2 (~2 2|2
sz(w)=H&(iw)oHu(iw)-sf(w)=cw(CAjZ) )5 o)

* 2 2
rie A A= {me“ ~[M(c+c,,)+mclw® +c -cw} + bzwz[wZ(M +m)— cw] .
CrekTpaJibHass IUIOTHOCTh  Ciy4aiHoro mpomecca ((f) -  cMmemeHwuit

HEIOIPECCOPEHHON MACCHI:

Lzu((c—a)zM )+ a)zbz)
A A

Sq(@) = Hyp(io) - Hyp(io) - St (@) = S¢ ().

B3aunmHuast criekTpaibHas IIoTHOCTH mporieccoB Z(t) u q(t):

034|(02 —0’cM +0%b?) +io°bM |
A-A

S1q(@) = Hyp(iw) - Ha (i) St () = St ().

CriekTpaJIbHbIC IJIOTHOCTH CKOPOCTEH U YCKOPEHHH CIIy9alHbIX TporieccoB Z(t)
u ((t) MoryT OBITh HaliIEHBI TIO CIIEAYIONIUM (GOopMyIIaM:
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SZ(CO) =0’ Sz(w);

Sz(w) =o' Sz(a));

Si(0) =0 - S (w);

Sy(@) = o' - S, (@).

[To monydeHHBIM BBIpaXEHHSIM ¢ ToMomipio OBM (Hanmpumep, B cpene
MathCAD) crnenyer mocTpouTh TpadUKH W3MEHEHUS CIEKTPAIbHBIX IJIOTHOCTEH
S, (@), S,(®) B 3aBucumoct or ® (— 4w, <®<4w,, rne w,=42,6 ¢ - BeICIIAs
CcOOCTBEHHAs YaCTOTa CUCTEMBI) IS TIEPEIHEH U 3aHEH MOIBECOK M TPEX CKOPOCTEH
asuxenus Vi=2,8 m/c (10 km/u), v,=8,3 m/c (30 xm/u) u v3=13,9 m/c (50 xm/u).

8. Hucnepcusi u cpednexsadopamuveckoe OMKIOHeHUE 3HAYEHUU YCKOPEHUs 8
mouke K (cuoenve 6ooumens).

Bripazum cMmerienne zx yepes3 nepeMerieHue TOUeK KPEIIeHUs MOABECOK Z1 U Z,

(cMm. puc. 2.5, a):
z, =kz,+k,z,,

Lo L
_ k4 2. —1_ k
rme K=+ ke=

[lepenaTounast GyHKIUA OT Z1, Z K Zk:
H Zy = (kl' k2)
CrnekTpaiibHas IJIOTHOCTh CMENIECHUS B TOUKE K
\ S, (@) S, (®)) (k
S, (w)=H, -S,(®)-H] =(k;k,)-| * 12 A .
k k k Szzz1 (6()) Sz2 (6()) k2
= klez1 (w) + 2k1k2 Re(S 2, (w)) + kZZS22 (w).
Ctzul (012 + a’zblz)
Ap-Ay

3nceck s, ()= St (o),

e - Ay = Mymo® My + Gy )5 e Jo? 4., g b 2002 (My 4 my) - |

uq

2 2 21,2
Cm C2+CO b2
Sy, (@) = 2(* )'Sf(a))’

2-Ay
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rac

A*Z ‘Az = {M 2m20)4 — [MZ(CZ +Cm2 >+ mzcz]' a)2 + CZ 'sz }2 + b22w2 [G)Z(M 7+ mz)—sz ]2.

B3auMHas CieKTpaibHas IIOTHOCTh S ;. (@) mpoueccos z1(t) u z(t):

5,@)  S,.(@)
0= () s )

H;. 0 Sf1 (o) S f,f, (w) H

12 per 0

0 H l*Zzad S fofy (CO) S f, (CO) 0 H 12zad

HlZ per HlZ perS fy (CO) HlZ per HlZzad S fi fy (CO)

*

HlZzad HlZ perSf2 fy (CO) Hl*Zzad HlZzad sz (CO)

12 per

rJi€¢ AOIOJIHUTCIBbHBIC HMHICKCHI «PEer» u «zad» YKa3bIBalOT Ha HNPUHAJIC)KHOCTb K

nepeaHen U 3aJiHel moJBecKkaM COOTBETCTBEHHO;

S’f1 (w) = sz () =S¢ (0);
St (@) = S?Z , (@)= leiwlsf (2)
L L

Takum oO6pazom,

Cug (61— 100y) 1y (6 —iby)
A’i A,

SZ]_ZZ (CO) = H12 per * HlZzad -5 f1fo (CO) = -5 f1fo (CO)

Jlucniepcusi yCKOpeHun Z, Ha CU/ICHbE BOIUTEIIS
0
_ 4
D, = J.a) S, (0)-do.
—0

CpenHeKBaApaTUUECKOe OTKJIOHEHHE 3HAYCHUH YCKOPEHUi Z,

s, =~/Dy,

[To monydeHHBIM BBIpaXEHHSIM ¢ ToMolipio DOBM (Hanpumep, B cpene

MathCAD) crnenyer mocTpouTh TIpadHUKd H3MEHEHHUS CIEKTPAIbHOH IJIOTHOCTH

Szk (®) ® saucumocTn ot w (4o, <w<dw,, tne ©,=42,6 ¢ — Belcmas

COOCTBEHHAs 4acTOTa CUCTEMBI) IS 3aJaHHBIX TPEeX CKOpocTed NBIKeHUS Vi=2,8

m/c (10 km/u), v,=8,3 m/c (30 xkm/u) m v3=13,9 m/c (50 xm/u). IlyTeM YUCICHHOTO
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MHTETPUPOBAHUA JTHX TIpapUKOB HAlTH MUCIEPCUHM M CPEIHEKBAIPaTHYECKUE
OTKJIOHEHHS YCKOPEHHUS Z .

9. Onpeoenenue eeposmuocmu coovimus, uwmo 3a 1000 wacoe pabomeol
OUHAMUYECKAsl 0CAOKA YNPYy2020 dlleMeHma nepeonell No08ecKu asmomoOuisi Hu pasy
He NPeBbLCUM Ocp,.

Cratnueckas ocajka ynpyroro 3JeMeHTa IEpeTHEH MOBECKH:

s _M;-g_1923-10

0,048 .
™o 4-10° M

JluHamuueckas ocaaka (aedopmarysi) yrpyroro 3JeMeHTa:
6,=2,—0.
[lepenaTounas GpyHKIUSA OT Z1, (1 K 01!

H;, (i0) =(L-1).

CrnexTpanbHas IIIOTHOCTH AedopMaluil yIpyroro 3JeMeHTa!

S, () :(1;_1).[ S, (w) S, (a))]'(_lJ _

SQ121 (6()) SQl (6())
=S, (0)—2,Re(S,, (@) + S, ().

Iocie moxcranoBku Beipaxernit S, (), S, (), S, (®) nomyunm:

C M12w4
S5, (@) = 217 ().
A:|. 81
CHCKTpaHBHaﬂ IIOTHOCTb CKOPOCTHU 81 (t) .

Sgl(a)):a)z-Sgl(a)).

JHucniepcus negopmaiuii ynpyroro 3JieMeHTa:
D, = [S;, (@) do.
Tucnepeus ckopoctu O, (t):

D; = Ja)z S, (0)-do.
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D dexTHBHAA NUKIHYecKas yacToTa npoiecca Oy (t):

BeposTHOCT BBIOpoca 3Havennii O, (1) 3a ., mo popmyie Paiica:

2

t o
=Pi{5,(t))S,,, t =1000-60-60 =36-10°C{=— @, -EXP]——=
pl {1( )> cm } 272_ CO51 p 2D51

BeposTHOCTh TPOTUBOIOJIOKHOTO COOBITHS, cocTosmero B Tom, uyro 3a 1000
4acoB PabOTHI AehopMaIis yIPyroro 3JIeMeHTa MepeHEH MOABECKH aBTOMOOMIIST HU

pasy He MPEBBICUT Oy,

p, = P{5,(t)(5,, t=36-10°c{=1-p,.

[To monmydeHHBIM BBIpaXEHHSM ¢ ToMmoribio DBM (Hampumep, B cpene
MathCAD) creqyer mpoBeCTH YHCIIOBBIC PACUeThl BEPOATHOCTH p, JUIS 3aTaHHBIX

Tpex ckopocteit apmxkenus Vi=2,8 m/c (10 xm/u), v,=8,3 m/c (30 km/u) n v3=13,9 m/c
(50 &m/u). Tlpm YKCIIOBOM MHTETPUPOBAHHM O0JACTH YacTOT OTPAHHYUTH
muanazonoM — 4w, < <4w,, rae w,=42,6 ¢! — Bbicmas coGCTBeHHas 4YacTOTA
CHCTEMEL.

B KoHIIE pacyeTHO-TOSICHUTEIHHON 3aIMCKU CAENATh 3aKIIOYCHHE, B KOTOPOM
CIleAyeT yKa3aTh 3HAYEHHS COOCTBEHHBIX YaCTOT CHCTEMBI, TUCIEPCHH U
CPEIHEKBAIPATHIECKOTO YCKOPEHHMsSI B TOYKE pa3MEIICHHS CHICHBbS BOIMTENS M

BEPOATHOCTH py.
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