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BBenenue

C nmoMonipl0 CaMOXOJHOM TEXHUKH (aBTOMOOMIIEH, TPAaKTOPOB, CTPOUTEIBHO-
JOPOXKHBIX MAallMH M T. I.) BBINOJHSAETCA OOJBIION O0BEM TPAHCHOPTHHIX PAOOT,
CBSA3aHHBIX C MEPEMEUIEHUEM I'PY30B U MACCAXKUPOB. XaAPAKTEPUCTUKU U MapaMETPhI
X0JIOBOM 4acTH JIFO00ON caMOXOITHOM MalIWHBI ONPENEIIOT €€ BaXKHEUIINe IKCILTya-
TallMOHHBIE CBOMCTBA — IJIABHOCTh X0/1a, TPOU3BOAUTEIBHOCTh, JKOHOMUYHOCTD, 3p-
TOHOMUYHOCTb, HaAEKHOCTh U Jp. [loaToMy Oyayuum crienuanuctaM HEOOXO0IuMO
3HaTh KOHCTPYKIIMU U METObI IPOEKTUPOBAHUS XOJ0BOM YaCTH MAIlIMHBI.

[enbio yuebHou qucuuruinibl «IIpoekTupoBaHrEe XOAOBBIX CUCTEM U KYy30BOBY
ABJIIeTCS (POPMUPOBAHUE Y CTYJCHTOB KOMIUIEKCA 3HaHUM, YMEHUI U HaBBIKOB IPO-
€KTUPOBAHUS JIBUKUTEIS, MTOABECKUA U HECYIIEH CUCTEeMbl aBTOMOOMIIS, a TaKXkKe pas-
paboTKM ero o0IIel KOMITOHOBKH.

[Tpy NOArOTOBKE COBPEMEHHBIX CHEUAIMCTOB Ba)KHASI POJIb MPUHAJIEKHT Jia-
O60opaTtopHbIM paboTaM MO yKa3zaHHOW yueOHOW AMCUUIUIMHE, TJIe CTYACHT MO PyKO-
BOJICTBOM IPEMNO/IaBATENSA-KOHCYJIBTAHTA OCBAUBAET MPUEMBI UCCIEAOBAHUI JIEeMEH-
TOB XO/J0BOM yacTu. Llenblo TaHHBIX 3aHITHH SBIAETCS M3YUEHUE KIACCHUYECKUX Me-
TOJIOB pacuéra M aHajiM3a KaueCTB XOJI0OBOM YacTU aBTOMOOWJIS, a TAaK)Ke MOJyYeHHE
NPAKTUYECKUX HABBIKOB MHKEHEPHOU PabOTHI.

JlabopaTtopHbie paboTsl IpoBOsATCA HAa OBM ¢ ncnonbs3oBaHueM MPUKIATHOTO
IPOrpaMMHOTO O0ECIICYeHHUSI.

OTuéThl 1O JTabopaTOpHBIM padboTaM 0GOPMIIAIOTCS B TETPaAU U COAEpPKAT pe-
IIEHUS 3a]1a4 COTJIaCHO 3aJaHHOMY IPENOJaBaTelieM BapUAHTYy pacdyéTa XO0J0BOM Ya-
ctd. Bo BpeMs 3ammThl 0TYETA 11O TIPOJICTIaHHON J1a00paTOpHOM paboTe CTYICHT Je-
MOHCTPHUPYET NPUOOPETEHHBIE HABBIKY U 3HAHUSI.



1 JIabopaTopnass paGora Nel. HcciaenoBanme  BJIMSIHUA
HA IUVIABHOCTH X042 KO3((PUUMEHTOB CONPOTUBJICHUI aMOPTU3ATOPA
C MMOMOIIbLIO OJTHOMACCOBOI MOJEJIH

[enpto paboThl sBISETCS BHIOOP PAIlMOHAIBHBIX OCHOBHBIX I[apaMETPOB MO/I-
BECKM CaMOXOJHOM MalIuHbI, @ UMEHHO CYMMapHBIX KO3((UIIMEHTOB COMPOTHUBIIE-
HUW aMOPTHU3ATOPOB IMPHU CKATUM U OTOOE, C TOMOIIBIO aMIUIUTYAHO-4YaCTOTHBIX Xa-
paktepucTuk (AUX).

Bri6paB u3 tabnuier 1.1 ucxogHbie JaHHBIE, CTYJIEHT C MTOMOIIBIO KOMITBIOTEP-
HOM MOJIEM OJTHOMACCOBOM KOJIeOATEIbHOW CUCTEMBI, peaJTu30BaHHON MPOrPaMMOi
«Imassa(ma61l).exe», MPOBOIUT HEOOXOAUMBIE UCCIICTOBAHMUS.

Taomuma 1.1 — McxonHele faHHbBIE

Homep [Tonnas macca CHapspkeHHas Macca
BapHaHTa MaIIuHbI 71, T MAaIITuHBbI e, T Hasnaucnue Manmre!
1 1,2 0,8 Jopoxnas
2 1,5 1 Jopoxnas
3 2 1,4 Be3nexomgnas
4 2,5 1,8 Hopoxnas
5 3 2 Besnexongnas
6 2,8 HopoxHas
7 3,5 Besnexongnas
8 5 Hopoxnas
9 10 7 Besnexongnas
10 15 10 HopoxHas
11 20 12 Besnexonnas
12 25 15 Hopoxnas
13 30 18 Besnexoanas
14 35 20 Jopoxnas
15 40 22 Besnexonnas
16 50 25 Hopoxnas
17 60 30 Besnexongunas
18 80 40 Kapbepnas
19 100 50 Besnexongnas
20 150 70 KaprepHas

ChHauana cienyer nmogodpaTb CyMMapHbIH KOd((UIIUEHT KECTKOCTH BCEX OC-
HOBHBIX YIPYI'HX 3JIEMEHTOB IOJBECOK, 00ECIEUUB «KOM(POPTHYIO» IUKINYECKYIO
4acTOTy V BEPTHKaIbHBIX KoJieOaHUH noapeccopeHHoil Macesl (1...2 '), mo ¢popmy-
ne II. O. Kynona



C
Wy =4[, (1.1)
m

r7ie Mo — COOCTBEHHAs 4acTOTa BEPTUKAJIbHBIX KOJIEOAHUI MOJPECCOPEHHON Macchl,
paza/c (KpyroBasi 4acToTa ( CBS3aHa C LIMKIMYECKOM YaCTOTOM V 3JIEMEHTapHBIM CO-
OTHOILLIEHUEM ® = 2 TT V);

¢ — CyMMapHblii KO3(Q(QULUHEHT KECTKOCTH BCEX OCHOBHBIX YIPYIHMX 3JIEMEHTOB
IIOIBECOK Kouiéc, H/m.

[TonOupas cymmapHbslii KO3Q(GULHEHT KECTKOCTU NoaBecku 1o gopmyie (1.1),
cienyeT obecneunTb COOCTBEHHYIO YacTOTy KOJeOaHHM mo B yKa3aHHOM KOoM(DOpT-
HOM nuamnasone (6...12 paj/c) kak npu MoJIHOM Macce m, TaK ¥ MPU CHAPSKEHHOM 7ic.

3areM, NPONOPLUMOHAIBHO COOTHOIIEHUIO MAacC JIEMOHCTPAMOHHOW MalllMHbI B
nporpamme (mpusoxkenun) «lmassa(iiadl).exe» u 3agaHHON noaOuparoTcs Kodhdu-
LUEHTHI CONPOTUBIIEHUA aMOPTU3AaTOPOB MIPH CIKATUHU [lex U OTOOE Llor.

Jlnst noctpoenuss AUX Hazo MPOBECTH CEPHUIO OMbBITOB, 3a/1aBasi B KAKJIOM (PUK-
CUPOBAaHHYIO YacTOTY BO3MYIIAIOIIMX BO3JAeicTBUU. [IpruéM B OJHOM K3 ONBITOB
4acToTa BO3MYUIIAIOUIMX BO3JCUCTBUI JOJKHA OBITH PE30HAHCHOM, emié B OJHOM
OTIbITE YacTOTa JA0JKHA ObITh Ha 0,2 ['11 GoJible pe30HaHCHOM, a ellé B OHOM —

Ha 0,2 ['m MeHblIe Pe30HAHCHOW. B OCTalbHBIX OMBITaX BO3MYIIAOIIYIO YacTOTY
BO3JICVCTBUU CIEAYET PACHPEACISTh IPUMEPHO PABHOMEPHO B TOPE30HAHCHOU M 3a-
pe3onancHoM 30Hax AUX ¢ oOmum nuanazonam 0,2...5 I'.

[Tocne kaxaoro omneITa MO NOJIyYeHHbIM Ha 3kpaHe DBM rpadukam BepTHKab-
HBIX TepeMeleHuid (pucyHok 1.1) u yckopeHuii moapeccopeHHOW Macchl HE0OXOaU-
MO OMPENIETUTh U 3aHECTU B TaONMILy 1.2 aMIUTUTYAbI MOCIEAHUX MEPUOIOB Kojeha-
HUM 111 BEPTUKAJIBHBIX MEPEMEIICHUN Az U YCKOPEHUM Az,
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Pucynoxk 1.1 — BepTukanbHble nepeMelieHus HopecCOPEeHHON Macchl



B npuBenenHoMm Ha pucyHke 1.1 mpumepe aMmIuiMTy1a BEPTUKAIbHBIX Mepeme-
HIeHUN Az 110 OCJIeIHEMY TMIEPHOTy KojeOaHul cocTaBiisieT okoJio 40 M.

Tabnuua 1.2 — Pe3ynbraThl SKCIEpUMEHTA

Yacrora AMITIUTY]a BEPTUKATIBHBIX AMIIIUTY1a BEPTUKAJIBHBIX

BO3MYILIAIOIIUX nepememenuii Az, Mm, npu yckopenuit Az, M/c?, npu
BO3JCUCTBUH V,
I Mex.15 Hor.l | Mex.25 Hor.2 Mex.35 Hor.3 Mex.15 Hor.1 Mex.25 Hor.2 Mex.35 Hor.3

0,2
0,5
0,7
0,9
1,1
1,3
2
3
5

JluHamudeckyro Mojeib (pacu€THYI0 CXeMy) OJHOMACCOBOM KojeOaTeabHOM
CUCTEMBbI MOKHO MPEJICTABUTh KaK Ha pucyHke 1.2, rae 0003HaueHo: ¢ — koahuim-
€HT JKECTKOCTH YMPYroro 3JIeMEeHTa; | — KOA((UIIMEHT COMPOTUBIICHUSI aMOPTHU3aTO-
pa; ¢ — TeKyIas BbICOTAa BO3MYIIAIOIIET0 BO3ACHCTBUS (MUKPOIIPO(UIIS ONOpPHI), KO-
TOpasi U3MEHSETCS BO BPEMEHHU.

m \Z

G =0
T

q 0

Pucynok 1.2 — Jlunamudeckasi MOJICNIb OJTHOMACCOBOM KOJICOATEIIbHOW CUCTEMBI

JIBr>xeHue Macchl m onuckiBaeTcs AudpepeHImaibHbIM ypaBHEHHEM
mZ'=Fy+ Fy, (1.2)

rae m Z'" — cuia MHEPLUU NPU BEPTUKAIBHBIX MEPEMEIICHUSAX MACChl m C BEPTHU-
KQJIbHBIM TEKYIIUM yCKOpeHueMm Z"

Fy — ynpyras cuina;

F, — nuccunatuBHas cuiia (Cuiia COPOTUBIICHUSI aMOPTU3aTOPA).



Vnpyraﬂ CHJIa OLICHHUBACTCA B K&)KI[BIﬁ MOMCHT BPECMCHMU I10 3aBUCUMOCTH

Fy:c(q—Z), (1.3)
rac Z — TCKYHICC ITOJIOKCHHEC LICHTPA MACC 71 OTHOCHUTCIIBHO COCTOSAHUSA CTATUYCCKO-
'O paBHOBECH:I.

I[I/ICCI/IHaTI/IBHaH Crhjia aMOPTHU3aTOpPa BBIYUCIIACTCA B Ka)KI[Hﬁ MOMCHT BpPCMCHU
I10 BBIPAKCHUTO

F,=u(q'-2"), (1.4)

rae q' — TeKyIas CKOpoCTh U3MEHEHHMsI BBICOThI BO3MYILAIOIIETO BO3ACHCTBUS;
Z' — TeKylluasl BEpTUKAJIbHAsE CKOPOCTh LIEHTPA Macce 1.

B mporpamme «1massa(ital).exe» ¢ marom Bpemenu At no 3aBucumoctu (1.2)
BBIUMCIIAETCS YCKOpeHue Z'' Macchl m, a MyTEM YUCIEHHOTO UHTETPUPOBAHMS OLICHU-
BalOTCs €€ CKOpPOCTh Z' U mepemellienue Z, Kotopele purypupytor B popmynax (1.3)
u (1.4). C >TuM xe maroM BpEMEHH HM3MEHSETCS BbICOTAa BO3MYLIAIOIIETO BO3JEH-
CTBUA ¢. B 1aHHON nporpaMme g U3MEHSIETCS 110 CUHYCOMIaJIbHOMY 3aKOHY C 3aJaH-
HOM 4aCTOTOH V.

[Toce mepBoii cepur OMBITOB HEOOXOAMMO TIPOBECTH €IIE JABE CEPUU C KO-
(¢uLMEeHTaMU CONPOTUBIICHUN CXKATHUSA lex U OTOOS Wor B 3 U B 5 pa3 OONBIIUMH MO
CPABHEHUIO C IEPBOHAYAIBHBIMUA 3HAYEHUSMU w1 U Hor.l. PE3yJIbTaThl 3TUX CEPHA
OTIBITOB 3aHOCSTCSI B COOTBETCTBYIOIINE STYCUKH TaOauIbI 1.2.

[To pe3ynbpTataM Bcex cepuil ONMBITOB HA OHOM PHUCYHKE CTPOSATCS rpaduyecKkue
3aBucuMoct Az =f (v, W), a Ha apyrom — Az'=f (v, W).

B ortuére no naboparopHoii paboTe HEOOXOAMMO NMPUBECTH JTUHAMHYECKYIO U
MaTeMaTHUYECKyl0 MOJENU UCCIEIyeMON CUCTEMbI, a TakKe TabJu4Hble U rpaduye-
CKHE 3aBUCHMOCTH IIOJyYEHHBIX PE3YyJIbTaTOB.

KOHmPOJleble eonpocol

1 Kak onieHuBarOTCS yrpyrue U IUCCUNATUBHBIE CHUIIbI?

2 AHanM3 3aBUCMMOCTH aMIUIUTYJ TNEPEMEIICHUN M YCKOPEHHH OT 4acCTOThI
BO3MYILAIOIIMX BO3/ICHCTBUM.

3 3aBUCUMOCTbH aMIUIATY/] IEPEMEIIEHUN U YCKOPEHHUM OT KO3(PPUIIMEHTOB CO-
MIPOTUBJICHUHA aMOPTHU3ATOPA.



2 JlabopaTtopHass padoora Ne 2. HMcciaenoBaHue BJIMSIHUS
HAa IUIABHOCTH X012  OTHOLICHUS  MOJAPECCOPEHHOM  MACChI
K HEeMOJAPECCOPEHHON ¢ MOMOLIBI0 IBYXMACCOBOM MOJEIHU

[enbro 1abopatopHO pabOTHI SABJISETCS UCCIIEIOBAHUE BIMSHUS BEJIMYMHBI He-
MOJIPECCOPEHHON MAacChl my HAa BEPTUKAJIbHBbIE TMepemenieHus Z u yckopenus Z''
OJIPECCOPEHHON MACCHI 1.

HccnenoBanusi mpoBOJSATCA Ha JABYXMAacCCOBOM MOJIENHM C MOMOIIBIO KOMIIbIO-
TEPHOU TPOrpaMMmbl (MpUIIOKeHUs) «2mass(nad2).exe». Pacuérnas cxema momenu
npuBeaeHa Ha pucyHke 2.1, rae o0o3HaYeHBI: ¢ — CyMMapHbIA KOdDPUIUEHT KECT-
KOCTH TIOABECOK KOJEC; W — KOID(PHUIMEHT COMpOTUBICHUS aMOPTH3aTOPOB;
Cum — CyMMapHBIH KO3 UIIMEHT KECTKOCTH MIUH; WU — KOIPHUIIMEHT CONMPOTHUBIIE-
HUS IIVH; ¢ — TEKYIIasi BBICOTa HEPOBHOCTH, M3MEHSIOMIASICS BO BPEMEHHU.

£}

if

Pucynok 2.1 — Jlunamudeckast MOJI€NIb IBYXMacCCOBOM K0JIeOATEIbHON CHCTEMBI

JIBrKeHue yKa3aHHBIX Ha PUCYHKE 2.1 Macc OTHOCUTENBHO COCTOSIHUS CTaThye-
CKOTO PaBHOBECHSI ONUCHIBACTCS cucTeMOl nuddepeHInanbHbIX ypaBHEHUH

m.Z! =Foy + Foy = Fy = Fy;

) @.1)
mZ"=F, + F,,

rae Z''y — BEpTUKAJIbHBIE YCKOPEHUS HEMOAPECCOPEHHON MACCHI;



10

Fywm — ynpyras cuna 1uH;

Frm — A¥ccUniaTUBHAS CUJla LLINH;

Fy — ynpyras cuna IoJBecox;

F;— nuccunatuBHAs CUJIa aMOPTU3aTOPOB.

C wuHTepBaJIOM BpeMEHU (IIaroM MHTErpUpoBaHusi) Afr B mporpamme
«2mass(1a62).exe» U3MEHSETCS BbICOTA HEPOBHOCTU ¢ U BBIYUCISIOTCS yKa3aHHBIE
CWJIbl, BEPTUKAJIbHbIE NIEPEMEILIEHUSI, CKOPOCTH U YCKOpeHHUs Macc. BricoTa HEpoBHO-
CTH M3MEHSETCS M0 CMHYCOUJIaJbHOMY 3aKOHY B 3aBUCHMOCTH OT 3a/laHHOM CKOpO-
CTH JIBMOKEHUS MAIIUHBI Vx.

CHayvana, KaKk ¥ IpY BBIIOJTHEHUH JTabopaTopHOi padoTsl No 1, HeoOxoaumo ist
3a/laHHOM MpernojaBaTeleM MacChl MAlIMHbI MOJ00paTh CyMMapHbId KO3(PUIIMEHT
KECTKOCTU YIPYTUX 3JIEMEHTOB IMOABECOK, 00€CIeUnBasi pEe30HAHCHYIO 4acTOTy KO-
nebaHui MOaPECCOPEHHOM Macchl B «koMpopTHOM» Auanaszone (1...2 I'n).

IIpu padore ¢ mporpamMmoii «2mass(;1a02).exe» BBOJ JAHHBLIX B KaXKIOM
OKHE MEHIO 3aKaH4YMBaeTcs HakaTHeM KiaaBuiu «ENTER»!

KoadpuumenTsl conpoTUBIeHUH aMOPTU3aTOPOB MIPU CKATUU U 0TOOE MOJ0U-
paroTcs Takke, Kak MpHU BBIOJHEHUH JabopaTtopHoil paboTsl Ne 1, T. e. mponopiuo-
HaJIbHO COOTHOUIEHUIO MacC JEMOHCTPAlMOHHOM MAaIllMHBI B  MpPOrpaMMe
«2mass(y1a62).exe» U 3aJaHHON.

Bnauane BenuurHa HENOAPECCOPEHHOM Macchl JOJKHA OBITH B JBa pa3a MEHb-
me noxapeccopeHHou. Ilpm aTtoM mpoBoauTest cepus ONBITOB. B kaxaom 3amaércs
(uKcHpOBaHHAs CKOPOCTh MAIIMHBI Ux B AMana3one oT 5 mo 50 km/u. KomnuectBo
OTBITOB JOJKHO OBITH JOCTATOYHBIM JJISi MIOCTPOEHUS! aMILUIUTYJHO-4aCTOTHBIX Xa-
paktepuctuk (AUX) BepTHKaJbHBIX MEPEMEUIEHUN M YCKOPEHHI MOJIPECCOPEHHOMN
macchl. [Tocne kakaoro omeiTa 1Mo nojiyuyeHHbIM Ha 9kpane OBM rpadukam B Tabmm-
ny 2.1 3aHOCATCA 3HAYEHUS AMIUIMTYJ BEPTHKAJIBHBIX IEPEMEIICHUN Az U yCKOpe-
HUM Az" MOJPECCOPEHHOMN MacChl MOCIEIHUX EPUOJOB KOJIEOAHUM.

Ta6mmma 2.1 — Pe3ynapTaThl SKCIEpUMEHTA

Cxopocts AMIIUTY A NepeMeIeHnil Az, MM Amruaryna yckopenuit Az, m/c?
MaIlHBI 0,

KM/4
5

10
15
20
25
30
35
40
45
50

m/mu =2 m/mu =5 m/mu =20 m/mu =2 m/ms=15 m/mu =20
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3areM ciemyeT MPOBECTH €I BE CEPUH OMBITOB C BEIMYMHON HETOIPEeCcCOpeH-
HOM Macchl my B 5 1 B 20 pa3 MeHbIIIE, YeM y MOJPECCOPEHHOM M.

[To nanubiM TabnwIk 2.1 ciieayer moCcTpouTh ABa pucyHka. Ha mepBom mu3zobpa-
3uTh AUX BepTUKAIBHBIX MepeMerieHut Az = f (v., m/my), a Ha BTopoM AUX BepTu-
KaJIbHBIX YCKOPEHUH Az = [ (Ux, m/my).

B 3akmtoueHre Ha OCHOBE MPEABIAYIINX PUCYHKOB CJIEIYET MOCTPOUTH enié aBa
rpaduka: Zmax =f (m/my) U Z'"max = f (m/my).

B otuére mo nabopaTopHoil paboTe HEOOXOAMMO MPHUBECTH AUHAMHYECKYIO U
MaTeMaTHYECKyI0 MOJENU MCCIEeTyeMON CUCTEMbI, a TakKe TaOIu4Hble U Tpaduye-
CKH€ 3aBHCUMOCTH TOJTYYCHHBIX PE3yJIbTATOB.

Konmponvnwie 6onpocut

1 Kak BBIYMCIIAIOTCS yIPYTHe U JUCCUIIATUBHBIE CUIIBI IIMH U IMOJBECOK KOJEC?

2 AHaii3 3aBUCHMOCTHM AMIUIATYJ NEPEMEUIEHUN U YCKOPEHHI OT CKOpPOCTH
MAaIlWHBI.

3 3aBHUCUMOCTb aMIUIUTY]l IEPEMELIEHUN U YCKOPEHUH MOAPECCOPEHHON MaCChI
OT BEJIMYMHBI HENOJAPECCOPEHHON MACCHI MAIIMHBI.
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3 JlabopaTopHasi padora Ne 3. Bpi0OOp MOJIHBIX XOJ0B IOJABECOK
10 KPUBBIM HHTCHCHMBHOCTEH KOJe0aHMU C MOMOIIbLIO TPEXMACCOBOI
MOJ1eJ 1

[lenpro yabopaTopHON PabOTHI SBJISIETCS BBHIOOP IMOJIHBIX XOJOB IMEPEIHEH H
3a/IHEH MOJIBECOK MAIIIMHBI C TIOMOIIBI0 KPUBBIX MHTEHCUBHOCTEH KOJICOaHUH Mepe/i-
HEW M 3aJIHEN YacTer MOAPECCOPEHHOU MACCHI.

HccnenoBanus MpoBOJATCS € MOMOIIBIO TpEXMaccoBoil mojaenu Ha OBM c¢ uc-
MOJIb30BaHUEM TIporpamMmbl (TpuiiokeHus) «3mass(na63).exe». JuHamudeckas mo-
JIeNb TPUBENICHa Ha PUCYHKE 3.1, rae 0003HAYEHBI: (p — YTOJI MIPOIOJIBHBIX YTJIOBBIX
KOJie0aHU TOIPECCOPEHHON MACChl; g1 — TEKYyIllasi BHICOTAa HEPOBHOCTEH 1O/ Iepe/-
HAMU KOJECAMH, U3MEHSIONIASCS BO BPEMEHM; ¢2 — TEKYIash BbICOTA HEPOBHOCTEU
M0/J] 33IHUMHU KOJIECAMU, U3MEHSIIONIASICS BO BPEMEHHU.

7 A

a4, e
Pucynox 3.1 — Jlunamudeckast Mojiesib TPEXMACCOBOM KOJICOATEIPHOM CUCTEMBI

JIBr>KeHME yKa3aHHbBIX HA pUCYHKE 3.1 Macc OTHOCUTEIBHO COCTOSIHUS CTaTUYe-
CKOT'O PaBHOBECHS OMUCHIBACTCS CUCTEMOM U PepeHITHaIbHBIX YpaBHEHUN

mHiZI,{,i :Fymi +FI[H_Ii _Fyi _qu';
2
mZ" =y (Fy+Fy); (3.1)

i=1
J 0" =(Fy + F) L —(Fyy — )b,

IJI€ My — HEMOJPECCOPEHHAasl Macca i-ro MOcTa MallMHbl (A1 nepeanero i = 1, s
3aqHero [ = 2);

Z"'yi — BEpTUKAJIBHBIE YCKOPEHUS HEMIOAPECCOPEHHOM MACCHI i-I'0 MOCTA;

Fywi — yrpyrast cuiia IWHH i-ro MOCTa,;

Fywi — IACCUIIATUBHAS CUJIA LIKH i-TO MOCTa;
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Fyi — ynpyras cuna 1moJaBecok i-ro MocTa,;

Fyi — nuccunatuBHas CUjla aMOpPTU3aTOPOB I-I'0 MOCTA;

m — NOJIPECCOPEHHAs Macca;

/"' — BepTUKaJIbHBIE YCKOPEHUS MMOJPECCOPEHHON MACCHI;

Jy — MOMEHT MHEPIUH TTOJAPECCOPEHHON MACCHI OTHOCUTEIILHO IMONEPEYHOMN OCH;
@' — YyCKOpEHHE MPOIOTHHBIX YTIOBBIX KOJICOAHUN MOAPECCOPEHHON MACCHI;

[1 — paccTosHHE OT IIEHTPa MAacC MAILMHBI JI0 OCH MEPEAHET0 MOCTA;

> — paccTosiHHE OT LIEHTPa MacC MAIUMHBI JI0 OCH 3aIHETO MOCTA.

B nporpamme «3mass(i1a63).exe» ¢ marom BpemeHu Af mo 3aBucumocTsaM (3.1)
BBIYHCIISIFOTCS. BEPTUKAJIBHBIE YCKOPEHMSI HENOJPECCOPEHHBIX MAcC U MOAPECCOPEH-
HOM MaccChl, a TAKXK€ €€ YIJIOBbIE YCKOPEHUSI OTHOCUTEIIBHO IONepedyHon ocu. 1lyTém
YUCJIIEHHOI'O MHTETPUPOBAHUS YKa3aHHBIX YCKOPEHUIN OLICHUBAKOTCS CKOPOCTH U Iie-
peMenieHue Ui MOCHEAYIOIIMX BBIYUCICHUN YNPYTHUX M JUCCUIIATUBHBIX CHJL.
C 5TuM K€ maroM BpEMEHN BapbUPYIOTCS BBICOTHI BO3MYIIAIOIINX BO3JIECUCTBUH (i,
KOTOPbIE M3MEHSIOTCA MO0 CUHYCOMJAIbHOMY 3aKOHY C YYETOM 33JaHHBIX CKOPOCTH
MalIUHbI Ux U JJIMHBI HEPOBHOCTH /.

Kak u npu BemmonaHeHn# 1adopaTopHbIX padoT Ne 1 u 2, He0OX0IUMO COTIIACHO
C 3aJ]aHHOM MpenoAaBaTesieM MacCOW MAaIlWHBI MOA00paTh KOA((ULIHUEHTHI KECTKO-
CTH M COIPOTHUBIICHUM MepeaHeil U 3aJHel MOABECOK, o0ecreynBas pPEe30HAHCHYIO
YacTOTY BEPTUKAJIBHBIX KOJIEOAHUN MOJPECCOPEHHON MacChl B «KOM(OPTHOMY Jua-
nazone (1...2 I'm).

Bravane Ha0 IpOBECTU CEPUIO ONBITOB C JJIMHON HEPOBHOCTU 1 M, U3MEHSS OT
OMbITA K OMBITY CKOPOCTh MalIMHbBI OT 5 710 90 km/4. [losmydyeHHble pe3yabTaThl 3aHO-
csATcs B Tabnuily. 3aTeM ClielyeT MOCTPOUTh oTaenbHO AUX BepTHKaIbHBIX HeEpe-
MelIeHul nepennen dZ1 u 3aiHen dZ; 4acTei moapeccopeHHON MacChl MalTUHBI.

[Tociie 3TOr0 HAJO MPOBECTH €IIE YEThIPE CEPUU ONBITOB C JUIMHAMHU HEPOBHO-
creit 2, 4, 8 u 16 m. Ilocne kaxnoi cepuu ciaenyet noctpoutb cBou AUX, KoTopbie
HAKJIJbIBAIOTCS HA YK€ IIOCTPOCHHBIE IIPH NIEPBOM CEPHUH OIBITOB.

JIunum, orndaromue nuku AUYX Ha KaXJA0M PUCYHKE, Ha3bIBAalOT KPUBBIMU UH-
TEHCUBHOCTEN KOJIEOaHUMW, C MOMOIIBI KOTOPBIX OOOCHOBaHHO, B 3aBUCUMOCTH OT
Ha3HAYEHUs MalllMHbI, BHIOMPAIOT MAaKCUMaJlbHbIE X0/a MOJBECOK i «OecnpoOoil-
HOT'0» JIBUKEHUS 110 XapaKTEPHOMY MUKPONPOUIIIO.

B otuére nmo nabopaTopHoil paboTe HEOOXOAMMO MPHUBECTH TUHAMHYECKYIO U
MaTEMaTUYECKYIO MOJIEIN UCCIEeNyeMOl CUCTEMBI, a TakKe TaOJIUMYHbIEe U rpaduye-
CKHE 3aBUCUMOCTH MOJTYyYECHHBIX PE3YIbTATOB.

KOHmPOJleble sonpocol

1 Kak BBIUMCIISIIOTCS YIIPYTHE U JUCCUIIATUBHBIE CUJIBI IIMH U MOABECOK KOIEC?

2 AHanu3 3aBUCUMOCTH aMIUTUTY[ IEPEMENIEHUN OT CKOPOCTU MAIUHBI.

3 3aBUCHMOCTb aMILIUTYJ NEPEMEILICHUN NIepeaHEeN U 3aJIHE YacTel Moapecco-
PEHHOM MacChl OT JJIMH HEPOBHOCTEN U CKOPOCTH MAILHHBI.
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4 JlabopaTtopHasi padora Ne 4. HcciaenoBanue ynpyrux yrjoBbIX
XaPaKTePUCTUK MOABECKHA HA MOAEJIH MALIUHBI C NATHIO CTENECHAMM
CcB000bI

[{enbro pabOTHI ABISETCS OLIEHKA YIJIa KpeHa Y MOAPECCOPEHHOW MacChl Malllu-
HBI U OlpeziesieHne HeoO0xoauMoro KodhduimenTa KECTKOCTH CTa0MUIM3aTopa more-
PEYHOU YCTOMYHBOCTH.

HccenenoBanns IpoOBOIATCS C MOMOIIBIO IATUMAcCOBOM Mozaenu Ha OBM c¢ uc-
[0JIb30BAaHUEM MpOrpaMMbl (IpUIIOKeHHs) «Smass(i1ad4).exe», TMHaMHUYEcKas Mo-
Jeb KOTOPOU NMpUBEACHA HA PUCYHKE 4. 1.

Z

)
5 \

X % 0

PI/ICYHOK 4.1 - I[I/IHaMI/I‘leCKaH MOJIeb IMSITUMACCOBOM KoJe0aTeIbHON CHCTEMBI

JIBr>KeHME yKa3aHHBIX HA pUCYHKE 4.1 MacC OTHOCUTEIBHO COCTOSIHUS CTaTUYe-
CKOI'O PaBHOBECHSI OITUCHIBAETCS CUCTEMOM U PepeHIIMaIbHBIX YpaBHEHUN

/4 _ _ _ .
mHlJZHl] FYLH'J' +FHHH’J’ Fyij Fﬂij’

2
Z(Fyy +Fy )
i 4.1)

[( yi2 )l (Fyzl +lei1)ll]s

2
Z” Z
B
Z_: ( le+Fn1j_Fy2j_th2j);
2
o2,
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TJI€ My; — HEMIOAPECCOPEHHAs Macca i-ro MocTa (JiJ1s mepeanero i = 1, 3aguero i = 2)
u j-ro 6opTa (17151 IeBoro j = 1, mpaBoro j = 2) MalllvHbI,

"sij — BEPTUKAIbHBIE YCKOPEHHS HEMOJPECCOPEHHOM MAacChl [-TO MOCTa

u j-ro OopTa;

Fywjj — ynpyrasi ciiia muHsI i-ro MOCTa | j-r0 60pTa;

Fuwjj — AiccUnaTUBHAS CUJIA IIUHBI i-TO MOCTA U j-TO 00pTa;

Fyijj — ynpyras cuia nmojaBecku i-ro MocTa u j-ro 6opTa;

Fyj — nuccunatuBHas cujia aMOpTU3aToOpa i-ro MocTa | j-ro 0opTa;

M — OAPECCOPEHHAsI MAaCcCa MAILINHBI;

/"' — BEepTHKaJIbHBIE YCKOPEHUS MTOAPECCOPEHHON MACCHI;

Jx — MOMEHT MHEPLINU MTOAPECCOPEHHON MACChl OTHOCUTEIBHO MPOJOJIbHON OCH;

Y" — YIJOBBIE YCKOPEHHs IMOMNEPEUHbIX YIJIOBBIX KOJEOAHWH IMOIPEeCcCCOPEHHOM
Macchl (IOKauYMBaHUE);

Jy — MOMEHT MHEPIUH MTOJAPECCOPEHHON MACCHI OTHOCUTEIILHO IMONIEPEYHOMN OCH;

(@' — YIrJOBBbIE YCKOpPEHHUs MNPOAOJBHBIX YIJIOBBIX KOJEOAHHI MOAPECCOPEHHOU
Macchl (TaJIONUPOBAHKE);

B; — xones i-ro MocTa;

[1, [, — paccTosiHHE OT IIEHTPA MACC MAILIMHBI 10 OCH MEPETHEr0 MOCTa U 3a/IHETO.

B mporpamme «Smass(1a64).exe» ¢ marom BpeMeHu Af 1o 3aBucumoctsam (4.1)
BBIYMCIISIOTCS BEPTUKAJIBHBIE YCKOPEHHS HEMOAPECCOPEHHBIX MAcC U MOIPECCOPEH-
HOM MAacChl, a TAKXKe €€ yIJIOBbIE YCKOPEHUS OTHOCUTENIBHO MTONEPEYHON U IIPOI0IIb-
HOM oce. [lyTéM 4MCIEeHHOr0 MHTETPUPOBAHNs YKA3aHHBIX YCKOPEHUMN OLICHUBAIOT-
Cs1 CKOPOCTH M NEPEMEILIEHUE JUJIS MTOCIEAYIOIIMX BBIUMCICHUN YIPYTUX U TACCUIIA-
THUBHBIX CHJI. BBICOTBI HEPOBHOCTEH IO KaKIbIM KOJIECOM 3aJal0TCsl IO CIIy4YaHOMY
3aKOHY C PABHOMEPHBIM PacIpeNeICHUEM.

CHauana, KaKk ¥ MpHY BBIMOJIHEHUH MPEABIIYIIUX Ja00paTOPHBIX paboT, HE0OXO-
JMMO COTIJIACHO C 3aJJaHHOM MperojaBaTeseM Maccoil MalluHbl 10100paTh K03 du-
LUEHTHI )KECTKOCTU U CONMPOTUBJICHUN MOABECOK KOJEC U MIMH. Takxke cleayeT 3a-
JaTh OCHOBHBIE T€OMETPUYECKHE MapaMeTphl MAlIMHBI — KoJielo B, 6a3y L, BBICOTY
LICHTpa Macc Ao U Jp.

B 3aBucuMoCTH OT Ha3HA4YE€HUS MAIIUMHBI PEKOMEHYETCS] IPUHUMATh IMapameT-
pBI U3 cheayromux amanasonos: B =1,3...1,6 m; L =2,2...6 m; ho = (0,8...2,2) B.

JIi1st mepBOro BapuaHTa NOJOUPAIOT TAKUE MMapaMeTphl, KOTOPbIE 00ECIIEUYNBAOT
KECTKYIO TIOJIBECKY, TZle¢ HE TpeOyeTcss cTa0MiIM3aTop MOMEPEYHON YCTONYMBOCTH.
B sToM cnmyudae pe3oHaHCHas 4acTOTa BEPTUKAIBHBIX KOJIEOaHUI MOIAPEecCOPEeHHOM
MaccChl HaXoauTcs B auanaszone 2,5...3 ['u. [IpoBoguTcs cepusi ONBITOB, B KAXI0M U3
KOTOPBIX UMHTUPYETCS JIBUKECHUE MAIIMHBI HA MOBOPOTE ¢ paaunycom 60 m. B kax-
JIOM ombITe 3aAa€Tcsl (GUKCUpOBaHHAs CKOpOCTh MaIuHbl 0T 10 10 90 km/4. B koHIe
OIBbITA CJIEAYET OLIEHUTh, BO-IIEPBBIX, MAKCUMAJIbHBIN YTOJI KPEHA Y IOAPECCOPEHHOU
MacChl MaIlTUHBI U, BO-BTOPBIX, OOKOBYIO (IIEHTPOOSKHYI0) cuiny Fi. JlaHHBIE Xapak-
TEPUCTUKU 3aHOCSATCS B TAOJIHILY OTUETA.

[To pe3ynbraram mepBOW CEpUU OMBITOB CTPOUTCA Tpaduueckas 3aBUCHMOCTH
yriia KpeHa oT 60koBOM cuiibl y1 = f (Fy).
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3areM MoOAOMPAIOTCS MapaMmeTpbl CUCTEMBbI MOAPECCOPUBAHUA, 00eCIeUnBaro-
M€ MATKYIO MOABECKY, T. €. PE30HAHCHYI0 YacTOTy BEPTUKAJIBHBIX KOJIeOaHMI
OJIPECCOPEHHOM Macchl B «koMpopTHOM» nuarnaszone (1...2 I'u). IIlpoBogutcs BTopas
CepHsl OTBITOB C MIOCTPOCHUEM 3aBUCUMOCTH Y2 = f (Fy).

B xonme omnpenensiercs k0d(PGUIUEHT KECTKOCTH CTaOMIN3aTOpa TOMEPEIHOM
YCTOMYMBOCTH, OOECIIEUMBAIOIINIA Yroj KpeHa AJid MSTKOW mojBecku He Oosee 7°
(0,12 panx) mpu 6okoBo# cuie, paBHOM 40 % OT CHUIIBI TSHKECTH MAIlIUHBI.

B otuére mo mabGopaTopHoii paboTe HEOOXOAUMO MPUBECTU AMHAMUYECKYIO U
MaTEMaTUYECKYI0 MOJICNIA MAIINHBI, @ TAKXKE TaOJUYHbIE U rpadUdecKue 3aBUCUMO-
CTH TIOJTyYE€HHBIX PE3YyJIbTaTOB.

Konmponvnwie éonpocut

1 Kak BBIYUCISIIOTCS yIPYTHe U TUCCUTIATUBHBIE CUIIBI IIMH U MOJBECOK KOJIEC?

2 Kak OIIeHMBAIOTCSl YCKOPEHHUS BEPTUKAIBHBIX M YTIOBBIX KOJeOaHUM mozpec-
COPEHHOU MacChl MaIlIMHbI?

3 AHanu3 3aBUCHUMOCTH yIJla KpEHa MAIIMHBI OT €€ CKOPOCTH.

4 Onpenenenrue HEOOXOAUMOTO KO3 duUireHTa KECTKOCTH CTadUIM3aTopa Io-
IIEPEYHON YCTOWYMBOCTHA MAIIVHBI.
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5 JlabopaTopHasi pabora Ne S. HUccaenoBanue
HANPSKEHHO-1e()OPMUPOBAHHOIO COCTOSIHUSI PaMbl AaBTOMOOMJIS

[lenpro mabopaTopHOil paboOTHI siBsieTCsl olleHKa Ha DBM HampsokeHuit u Je-
(dopmanuii B MOeNIM pamMbl aBTOMOOUJIS C MTOMOIIBIO MPOTPAMMHOIO KOMILJIEKCa, pe-
AIU3YIOIIETro METOJ| KOHEeUHbIX 35ieMeHToB (MKD).

[TepBbiM 3Tannom MKD (cambiM TpyJ0EMKHM) SIBISETCS 3aJJaHUE TPaHUL] UCClie-
IyeMOTO O0BEKTa, T. €. €r0 «BBIPUCOBBIBAHME)» C HEOOXOIMMOW AeTanmu3anueit s
KOHKPETHOM 3aJa4u.

Bropoii sTan — pazbuBka 00beKTa Ha KOHEUHbIE 3JIeMEHTHI. [Ipu 3ToM HEoOXo-
JUMO CTPEMHUTHCSI, YTOOBI CTOPOHBI KaXJA0I0 KOHEUHOI'O 3JIeMEeHTa ObUIM MPUMEPHO
OJIMHAKOBBI U JIOCTATOYHO TOYHO ONUCHIBAIM IpaHUIlbl 00beKTa. B 3TOM ciydae mo-
TPEITHOCTh BBIUMCIICHUSI TIEPEMEIICHUN u, HaNpsOKeHWd ¢ U nedopmanuii € Oyaer
MUHUMaJbHa. BBIOOpY pa3sMepoB KOHEUYHBIX 3JEMEHTOB CIEAYET YIENISITh 0Cc000€
BHUMaHue. llepen pa3OMBKON HAa KOHEYHBIE 3JIEMEHTHI 3a/1al0TCS MapaMeTpbl MarTe-
puaia 1 B cily4ae HEOOXOJUMOCTH HEKOTOPBIE IPYTHE.

TperpuMm sTanoMm pemenus 3agaun MKDO sBisgercs 3agaHue IpaHUYHBIX YCIIO-
BUI — 3aKpEIJIEHUE MOJIENU B HY>)KHBIX MECTaX U TpeOyeMoe HarpyKeHue.

UeTBEpThIN dTalm — aBTOMATUYECKOE (KOMIIBIOTEPHOE) MOCTPOCHUE MATPHUIIbI
AKECTKOCTU MOJIENIH, BBIUUCIECHUE HANPSHKEHUN (YACNbHBIX YIOPYTHX CHII), JE€HCTBY-
IONIMX B y3JaX Ka)JO0ro 3JEMEHTa, MEpPEeMEIIeHUH KaXaoro ysiaa u aedopmanuii
Ka)KJIOTO 3JIEMEHTA U MOJIEIIN B LIEJIOM.

OUHUIIHBIM dTanoM pemeHus 3anadn MKD sBisercs BBIBOA Ha JKpaH IOJIEH
HAIpsDKEHUM W MEpEMEIEHUM, 10 KOTOPBIM IPOU3BOJUTCS AHAIW3 IMPOYHOCTU H
KECTKOCTU HAPUCOBAHHON KOHCTPYKLMH, T. €. OCYIIECTBIIIETCS CPABHEHUE MAKCH-
MaJIbHBIX NOJIyYEHHBIX HANPSDKEHUH U ITEPEMENICHUN C 10Ty CKa€MbIMHU.

PaccmotpenHslil mpouece pacyéra KOHCTPYKUUHA METOJOM KOHEUYHBIX 3JIEMEHTOB
C IOMOUIBIO JF000T0 IPOrPAMMHOI0 KOMIUIEKCA MOKHO CBECTH K TPEM ATanam:

1) mpenpouieccopHas cTaaus, T. €. CO3JaHHE F€OMETPHH OOBEKTa HCCIIEeTOBAHUS
U TOJlyYeHHE KOHEYHO-3JIEMEHTHOM MOJENH, AJI1 Yero B MPOrPaMMHOM KOMILIEKCE
UMEIOTCS:

a) rpauUecKuil peaaKTop;

0) pyHKUIMU 3a4aHUs CBOMCTB MaTepHalia MOJEIN U BbIOOpa sl HEE€ TN KO-
HEYHBIX 3JIEMEHTOB;

B) (YHKIIMM aBTOMaTHYECKON pa30MBKU MOJIENH HA KOHEUHBIE 2JIEMEHTHI;

r) GyHKIMY 3aJjaHKs] HArpy30K U 3aKpEIICHUs] MOJEIIH;

2) mpoueccopHasi cTagusi, Ha KOTOPOH NPOU3BOJUTCS PELIEHUE aBTOMATHYECKU
[OJy4YaeMbIX CHCTEM YpaBHEHH, ONpeAenstoTcs NepeMeuieHus, AepopManuu U
HAIPSDKEHUS B MOJIETIN;

3) moctnpoueccopHas cTaaus, Ha KOTOPOM MPOU3BOJUTCS IMPOCMOTP U aHAIU3
NOJIyYEHHBIX PE3yJIbTaTOB.

OpHUM U3 TPOrpaMMHBIM KOMIUIEKCOM, peanusyronmm MKD, B HacTosiee Bpe-
M siBrsetcs Solid Works, npeactaBisitiomuil co6oil rpaduyeckuii pegakTop s 3a-
JaHUS TEeOMETpUU uccieayemoil koHcTpykuuu. HemocpencrtBenno B Solid Works
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BcTpoeH COSMOS/M (B mo3aHuX Bepcusix HazbiBaeTcs Simulations), KOTOPBINA OCy-
HIECTBIISIET pa30MBKY F€OMETPUUYECKON MOJENIN KOHCTPYKIIMA Ha KOHEYHBIE 3JIEMEHTHI
Tetra (TeTpadnaibHble MUpPaMUbl) 3aJaHUE HArPY30K U BCE OCTAJbHBIE dTaIlbl Ipe-
npoleccopa, rmpoieccopa 1 NocTIpoieccopa.

B mabGoparopHoii paboTe ucciaeayercs pama JECTHHYHOTO THMA, T. €. C JIBYMS
napayyieIbHBIMA JIOHKEPOHAMU M YETHIPHMS TONEpPeUYnHaMH. Bce 3TH 3JIeMEHTHI
UMEIOT CEUYCHMs B BHUJE IIBesUiepa. ['eoMeTpudeckas MOJeinb pamMbl H300pakeHa Ha
pucyHke 5.1.

Pucynok 5.1 — I'eomerpuueckas MOJENb paMbl JIECTHUYHOT'O TUIIA

VY cylecTBYOMUX KOHCTPYKIUI aBTOMOOUIIBHBIX pPaM TOJIIIUHBI CTOEK U MOJIOK
JIOH>)KEPOHOB W TIOTIEPEYUH O B 3aBUCHMOCTU OT T'PY30MOABbEMHOCTHA MAIIUHBI PaB-
Hbl 3...12 MM. PaccrosiHue Mexay CTOMKAMU JOHXKEPOHOB B COCTaBISIOT IPUMEP-
HO 0,4...0,6 ot xonen mamuHbl (K = 1,3...1,6 M). OTHOIIIEHUE BBICOTHI CTOMKH JIOH-
XKepoHa K ero TojuuHe /4 / & = 24...30, a OTHOLIEHUE BBICOTHI CTOMKH JIOHXKEPOHA K
mupuHe ToJiku A / b = 2,5...3,5. Paguyc conpspkeHus: CTOMKH JIOHKEPOHA C TOJIKOM
r =10...20 mm. JIyiuaa pamsbl / TpUMEPHO PaBHSETCS IJIMHE MAIIMHBI U HaXOJIUTCS B
nuariazose 3...15 M B 3aBUCMMOCTHU OT TPY30MOIbEMHOCTA U HA3HAYEHUS.

Marepuan pambl — MasioyriiepoaucTas ctaib. [loaToMy B KauecTBe AOIycKae-
MBIX HampspkeHud npuaumatot [6] = 100 MlI]a.

JlommyckaembIM MPOTruOOM /1Jisi aBBTOMOOMIIBHOM pamMbl CUUTAETCS BETUUMHA

L

[f]:ﬁ’

(5.1)

rae L — xonécHas 0a3a MallvHbI.
HccnenoBanuss HanpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUS pPaMbl  CIIEITYET
IIPOBOJIUTH TIPH AKCTPEMAIBHOM €€ HarpyKCHUU Ha KpYyYCHHE, T. €. IPU UMHTAIHH
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Hae3/la MalluHbl OJIHUM KOJIECOM Ha BBICOKYIO HEPOBHOCTb. DTO 3HAYUT, YTO Ipa-
HUYHBIE YCIIOBHUS CIEy€eT 3a/1aBaTh CIEIYIOIIUM 00pa3oM:

1) B MecTax KpEIUIEHHWS OCHOBHBIX YIPYIMX 3JEMEHTOB 3aJHUX IOJBECOK,
T. €. IJleé HWKHUE 4acTU KpalHUX IPaBbIX IONEPEUNH Ha PUCYHKE 5.1 CTBIKYIOTCS C
JIOHXEPOHAMH, POU3BOAUTCSA MOJTHOE 3aKpEIICHHUE, T. €. Y BCEX y3JIOB B YKa3aHHbIX
MECTaX OTHUMAIOTCS UIECTh CTENEHE CBOOOIbI;

2) B MecTax KpeIUIeHUs] OCHOBHOTO YIPYIOro 3JIEMEHTa JIEBOrO MEPEeIHEro Ko-
Jeca MPUKIAIbIBAIOTCS BEPTUKAIBHBIE CHIIBI, CYMMapHO PaBHBIE JIBYM TPETSM CHIIBI
TSKECTH MOJIHOCTBIO TPYKEHOW MAIIHHBI.

B oruére mo nabopatopHOil paboTe cieayeT MPUBECTU KOHEYHO-3JIEMEHTHYIO
MOJIeb PaMbl C TPAaHUYHBIMU YCIOBUSMHU W TOJTYYCHHBIE PE3yJbTaThl, T. €. MOJIA
HaIPSDKEHUN U TIEPEMEILICHUN.

KOHmpo./leble eonpocol

1 Anroput™m pa®oThl B MPOrpaMMHOM KOMILIEKce, peanuzyroniem MKD.
2 YTo TaKkOo€ MHTEHCUBHOCTh HOPMAJIbHBIX HAIIPSIAKEHUN?
3 AHanu3 nosel HanpsiKEHU U NMepeMENICHUI paMbl.
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6 JlaboparopHasi pabora Ne 6. HUccaenoBanue
HANPSAKEHHO-1e()OPMUPOBAHHOI0 COCTOSIHUA KA0UHBI IPY30BHKA

[leapto maGopaTopHOW pabOTHI SBJISETCS aHAIU3 HaNPsHKEHHO-IePopmu-
POBAHHOTO COCTOSIHUSA KaOMHBI TPY30BOTO aBTOMOOMIIS.

B nporpammHOM KOMIIIEKCE, pEaU3yIONIEM METOJl KOHEYHBIX AJIEMEHTOB, CO-
[JIACHO aJITOPUTMY, TPENCTABIEHHOMY B JlabopaTopHoi padote Ne 5, HE0OX0aUMO
pa3paboTaTh KOHEYHO-3JIEMEHTHYIO MOJENb KaOMHBI TPY30BHKA U OIICHUTH €€ MpoU-
HOCTbH MPY UMUTAIIUNA ONIPOKUIBIBAHUS MAIIIUHEI.

KaOuHa rpy3oBuKa (TpakTopa) BRIIOJIHSAET ABE QYHKLIUHU:

1) oOpa3yeT nmaccaxupckoe U MOTOPHOE OTAEJIECHMS] MALMHBI JIJISl CO3IaHUsI 3P-
TOHOMUYECKHX YCIIOBUN KaK BHYTPH, TaK U CHAPYKH,

2) siBHsIeTCA LEIMKOM WM YaCTUYHO HECYIIeH CUCTeMOM, T. K. IaKe TP HaJu-
YU paMbl KaOMHA BOCIIPUHUMAET 3HAYUTEIbHbIE U3TUOHBIE U KPYTUIIbHBIE HATPY3KH.

DKcTepbep (BHEIIHMM BHUJ) M HHTEphEp (BHYTPEHHEE YCTPOWCTBO) KaOWHBI
OTIPEACIISAIOTCA PSIIOM SKOHOMUYECKUX U KOHBIOKTYPHBIX cooOpakeHuit. [loaTomy nx
KOHCTPYKIIUU BECbMa pa3HOOOPa3HbI.

Kaxxmas n3 manenei kaOMHBI COCTOUT U3 OTIEIBHBIX JeTajiei, 00pa3yomux Ko-
poOyYaTbie CEUEHHUs C LETbI0 MOBBIMIEHUS KECTKOCTH KOHCTPYKIMU MPU MUHUMH3A-
UM Macchl. B ¢BsI3u ¢ 3TUM Bce 371eMEHThI KaOMHBI JIeNIAT Ha!

— O0JIMLIOBOYHBIE, T. €. BUANMBIC CHAPYKU;

— BHYTPEHHHE WM YCUIIUTEIbHBIC (KapKacHBIE).

KaGuHbl COBpeMEHHBIX TPY30BbIX aBTOMOOHIIEH U TPAKTOPOB UMEIOT MCKIIIOUH-
TEIbHO KapKaCHYI KOHCTPYKIHIO (pucyHKH 6.1 u 6.2).

e,

il |

Pucynoxk 6.1 — Kapkac HukHel yacTu KaOMHBI O€CKarlOTHOTO IPy30BHUKa
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Pucynok 6.2 — HuxHue 00IUIOBOYHBIE TTAHETH KAOMHBI 0€CKArlOTHOTO IPY30BHKA

ToJIUHBI CTATBHBIX JIUCTOB WU TPYO, U3 KOTOPHIX BHITIOIHSAETCS KapKac KaOu-
HBI, 0OBIYHO COCTaBJISIOT 1...2 MM, a 001M1I0BOYHBIX manelei — 0,3...0,5 mM.
TunuyHble ceueHus JIEMEHTOB KaOWH MPeJICTaBICHBI HA PUCYHKE 6.3.

_—

@ — BEpXHHUE YacTH OOKOBUH U KPBIIIL; 6 — CPETHUE CTONKHU; 6 — PAMKH JIOOOBOTO U 3a/IHETO
OKOH; 2 — IOPOT'H

Pucynok 6.3 — Ceuenus 351eMeHTOB KaOUH
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JIyist M3rOTOBICHUS KaOWH MPUMEHSIOT MaTepHalbl, JISTKO O IIaronuecs oopa-
00TKe, IPekJIe BCEro MTaMIIOBKE U cBapke. [1oaToMy yalie Bcero UCroiab3yrT CTalu
08km, 08Dk, 0810, 08.

['paHnYHbBIC YCIOBUS B KOHEUHO-IJIEMEHTHOW MOJIEIM KAaOWHBI IIPU UMUTALUH
OTIPOKHUIBIBAHUS MAIIMHBI 331al0T CJICIYIOIIeM 00pa3oMm:

— B HIDKHUX yTJIaxX Kapkaca, T. €. TaM, Ii¢ KaOrHa KpemnmuTcs K pame, OTHUMAIOT-
csl BCE IIECTh CTENEHEN CBOOO/IBI;

— K HECKOJIbKMM y3JaM BEPXHEr0 TEepPeIHEro yriia Kapkaca MPHUKIaJIbIBAIOTCS
CHWJTBI TIOJT YTJIOM 45°, paBHBIE CHJIC TSHKECTH MAITUHBI.

B otuére mo mabopaTopHoit paboTe HEOOXOAMMO MPUBECTH KOHEUHO-IJIEMEHT-
HYI0O MOJelb KaOWHBl C TPAHUYHBIMU YCJIOBUSMH U TIOJYyYCHHBIC PE3YJIbTaTHI,
T. €. TIOJISI HANPSDKEHUH U TIepEeMEIICHUH.

Konmponvnwie éonpocut

1 Anroput™m pabOThI B MPOTPaMMHOM KOMILIEKce, peanu3yroiiem MKD.

2 Marepuaibsl, IpuMeEHsIEMbIE JIJIsl TPOU3BOICTBA ABTOTPAKTOPHBIX KaOWH.

3 Ananu3 nojei HanpsHKEHUW U epeMeNIeHr KaOUHBI TOCIe ONPOKHIBIBAHUS
MAaIlUHBI.
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7 J1aGopaTtopHas pabora Ne 7. HUccaenoBanue
HANPSIKEHHO-1e()OPMHUPOBAHHOIO COCTOSIHUSI KY30Ba JIETKOBOI'O
aBTOMOOMJIS

[leapto  nmabGoparopHOd  paboThl  SABJISIETCS  aHAIU3  HANPSHKEHHO-
1e(OpPMHUPOBAHHOTO COCTOSIHUSI Ky30Ba JIETKOBOT'O aBTOMOOMIISL.

Ky30B nmacca>xupckoro aBTOMOOMIISI BHITTOTHSIET IBE (PYHKIUU:

1) oOpazyer naccaxxupckoe, 6araxxHoe U MOTOPHOE OT/AEJICHUS MAILIMHBI;

2) sBNsIeTCA LEIUKOM WM YaCTUYHO HECYIIeH CUCTeMOM, T. K. TaKe TP HaJu-
YUU paMbl WIN MOJAPAMHHUKOB Ky30B BOCTIPUHUMAET 3HAYUTEIbHBIC U3TUOHBIC U KPY-
TUJIBHBIE HATPY3KHU.

K mrockuM HecynuMm cHCcTeMaM OTHOCSITCS Ky30Ba OTKDPBITHIX JIETKOBBIX aBTO-
MOOMJIEH, I/1e UCKIIIOYAETCS BO3MOXKHOCTh Pa3MEIICHHs HECYIIUX 3JIEMEHTOB CBEPXY
Ky30Ba. DTO Ky30Ba kabpuosier u ¢arToH. MHOTIa Ha TaKUX MaIIWHAX TMPUMEHSIOT
nyru 0e30MacHOCTH, Kak, HarpuMep, Ha Y A3-469.

[IpocTpaHCTBEHHBIE HECYIIME CUCTEMBI UMEIOT aBTOMOOMIIM C 3aKPBITBIMH KY-
30BaMH, T. €. C )KECTKUMMU KPBILLIAMU.

B 3akpbITOM Ky30B€ BBIIEISIOT JBE YACTH — HUKHIOIO M BEPXHIOIO.

HwxHsas gacTh Ky30Ba JIETKOBOTO aBTOMOOMIISI 00pa3yeTcs ClIeAyoUMU TaHe-
assMu (pucyHok 7.1):

— TI0JIOM CaJIOHa U Oara)xHuKa,

— IIEPEJHUMH U 33 JHUMH JIOHKEPOHAMU;
— IIONIEpEYMHAMH I10J1a CaJIOHa;

— IIOPOTaMHy;

— OpBI3rOBUKaMH IEPETHUX KOJIEC;

— apKaMH 3aJHUX KOJIEC;

— MEpEeIHEN U 3aJHEW MaHEIAMU.

Pucynox 7.1 — DnemMeHThI HDKHEH 4acTH Ky30Ba JIETKOBOTO aBTOMOOMIIS
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BepxHI010 4acTh Ky30Ba COCTaBIISIOT ITAHEIH, TTIOKA3aHHBIC HA PUCYHKE 7.2:
— KpbIIIa ¢ paMKOU (YCHUITUTEISAMH);

— OOKOBHHBI;

— TIePEIHSS, CPETHSS U 3aTHSSI CTOUKY;

— MEPEHUM AT CAJIOHA;

— paMKH JIOOOBOTO Y 3a/THETO OKOH;

— JIBEpH U JPYTHe HaBECHBIC JIEMEHTHI (KaIloT, KPBIIIKA OaraKHuKa | T. I1.).

u Jinl I|I|I‘I|

Pucynok 7.2 — DneMeHThI BepXHeH 4acTu Ky30Ba JISTKOBOT'O aBTOMOOHIIS

Kaxxpast 3 yka3aHHBIX TIaHellel COCTOMT M3 OTIENbHBIX JeTajeil, 00pa3yrommx
KOpoOUYaThie KOHCTPYKIIUU C IICJIbIO MOBBIMICHUS )KECTKOCTH M YMEHBIIICHHSI MaCCHI.
B cBsi3u ¢ 3TUM BCE 3IIEMEHTHI Ky30Ba JICTIAT Ha:

1) 0ONMHUIIOBOYHEIE, T. €. BUTUMBIC CHAPYXKH;

2) BHyTpEHHUE WU YCUIIUTEIbHBIC (KapKaCHBIC).

Ky30Ba COBpeMEHHBIX JIETKOBBIX aBTOMOOWIIEH HUMEIOT 000JI0YKOBBIE HECYIIHE
CUCTEMBI, T. K. HArPy3KH BOCIIPUHUMAIOTCS B OJJMHAKOBOW CTETEHH, KaK 0OJIUIIOBOY-
HBIMH TTAHEISIMH, TaK U YCHWJIMTEIbHBIMU JJIEMEHTaMH (JIOHKEpOHAMHU, MOINepeYrnHa-
MU TI0J1a, TIOPOTaMH, CTOMKaMu U T. 1.). [Ipu4ém Ha BceX MalIMHAX HCIOIB3YIOTCS
OJTHOTUITHBIE KOPOOUYATHIE HECYIIIHE DIIEMEHTHI:

— MepEeAHUE U 33]THNEC JIOHKEPOHBI, TOBTOPSIOIITNE KOHTYPHI OPBI3TOBUKOB, ITOJIa
caJloHa 1 0araKHUKa;

— TIOPOTH, COSANHSIONNE TIEPETHNUE, CPETHHIE U 3aTHIE CTONKH OOKOBUH;

— TMEePeIHUN IIHUT CaJOHa, OTIACIAIONINNA MOTOPHOE OT/IECJICHUE MAIIIMHBI OT Tac-
CaXXUPCKOTo (CaJIoHa);
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— IIOTIEPEYUHBI 110J1a CAJIOHA;

— MepEeHUE U 3aJHUE TTAHEIIH;

— paMKu JOOOBOTO U 33]THET0 OKOH;

— YCUJIUTEIN OCTAIbHBIX MAHEJIeH, B TOM YKCIIC U HABECHBIX (KaloT, IBEPH).

Ha pucynke 7.3 mpencraBieHa THIMMYHAS KOHCTPYKIUS Ky30Ba JISTKOBOTO aB-
TOMOOWMIISL.

Pucynok 7.3 — KoHCTpyKIMs Ky30Ba TUIIA XeTUOEK

Tunr4YHbIE ONIEPEYHBIE CEYEHHUSI DIIEMEHTOB Ky30Ba Ha npuMmepe BA3-2105 mno-
Ka3aHbl Ha pUCYHKeE 7.4, rie 0003HAYEHBI:

1 — ycunutenb OpbI3TOBUKA;

2 — onopa paauaropa;

3 — BEpXHsis ONEPEUNHA NIEPEIHEN MaHENH;

4 — epeIHUI JIOHKEPOH,;

5 — nepenHsa CTOMKA,

6 — apka 3aJJHEro KoJieca;

7 — HIOKHSISL 4aCTh JBEPU;

8 u 9 — noporu;

10 — nepenHss monepeynHa Iosja CajaoHa,

1] — nepenHss 4acTh Kamnora,

12 — HYDKHSIS YacTh 3aJiHEH MaHeIu;

13 n 14 — cpennss U 3aAHAA MMONIEPEYNHBI 110JIA CAJIOHA.

JJ1st OLlEHKM HaNpsKEHHO-Ae(pOPMUPOBAHHOTO COCTOSIHUSI MOJIEH Ky30Ba HEOO-
XOJIMMO 3aJ1aTh TPAaHUYHBIC YCIIOBUS TaKUe ke, Kak B JabopaTopHoi padote Ne 5.

B otuére mo maGoparopHoil paboTe cieayeT MPUBECTH KOHEYHO-3JIEMEHTHYIO
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MOJICJIb KY30Ba C 3aJJaHHBIMU I'PAHUYHBIMHA YCIIOBUSAMMA U ITOJIYUYCHHBIC PE3YyJIbTAThI,
T. €. II0JIsA Hal'lprKeHI/Iﬁ )41 HepeMGHICHI/II;'I.

Pucynox 7.4 — CeueHus 21€eMEHTOB Ky30Ba JIETKOBOTO aBTOMOOMJIS

KOHmPOJleble 8onpocol

1 Anroputm paboThHl B IPOrpaMMHOM KOMILIEKCe, peanu3yromeM MKD.
2 Knaccudukaius Ky30BOB JIETKOBBIX aBTOMOOUJIEH.

3 KoHcTpykiins 060709KOBOTO Ky30Ba.

4 AHanu3 noJjiel HaNpsHKEHUN U IEPEMEILIEHU Ky30Ba.
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8 JlaGopaTopHasn pabora Ne 8. HUccaenoBanue
HANPSAKEHHO-1e()OPMUPOBAHHOI0 COCTOSIHUS KYy30Ba CaMOCBAJIa

[{enr mabopaTopHOl pabOTHI — aHATN3 HAMPSHKEHHO-1E(POPMUPOBAHHOTO COCTO-
SIHUSI Ky30Ba KOBILIOBOT'O THIIAa KAPbEPHOro camocBaia (pUcyHoK 8.1).

Pucynoxk 8.1 — Ky3o0B camocBana

B 3aBucHMOCTH OT rpy30MoIbEMHOCTU LIMPUHA Ky30Ba B cocTaBisieT 2...5 M,
mvHa [ = 3...10 M, TonmmHa ucta 6 = 10...20 MM.

['pannyHBIC YCIOBHS 337]aBaTh CICAYIOMUM 00pa3oM:

— B HWKHMX YTJ1aX Ky30B IMOJHOCTBIO 3aKPEIUTD;

— KO BCEM y3JlaM JHHUIIA NPUIIOKUTh BEPTUKAJIBHYIO HArpy3Ky, CyMMa KOTOPOit
paBHa MOJHOMY BECY Ipy3a;

— K TiepeaHel maHenu U OOKOBHHAM IMPHUJIOKHUTh TOPU30HTAIBHYIO HArpy3Ky,
CyMMa KOTOpOH paBHa MOJIOBHHE BECY Ipy3a.

B oruére mo nmaGoparopHoil paboTe cieAyeT MPUBECTH KOHEUHO-3JIEMEHTHYIO
MOJIETIb Ky30Ba C 3aJIaHHBIMU T'PAHUYHBIMU YCJIOBUSIMH U TOJIYYEHHBIE PE3YJIbTaThl,
T. €. IIOJIS1 HAIPSIKEHUH U NIEPEMELICHUM.

KOHmPOJleble eonpocol

1 Anroput™m paboTHI B IPOTpaMMHOM KOMILIEKCe, peanu3yromeM MKD.
2 Knaccudukanus Ky30BOB CaMOCBAJIOB.

3 KoHcTpyK1us Ky30Ba camocBasa.

4 AHanu3 noJjiel HanpsHKEHUH U IEpEMEILIEHUN Ky30Ba.
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