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3AT'AJIBHI BKA3IBKHA

VY nmaHux MeTOAWYHUX BKa31BKax BIJOWMTO 3MICT 1 ITOCJIIJIOBHICTH
OPOBEJCHHS TNPAKTUYHUX 3alHATH, 10 JO3BOJISIIOTH  3aKPINUTH
TEOPETUYHI 3HAHHA, OJEpXaHi TiJ Yac BHUBYEHHS KypCy JEKIIiH
«KoMIuiekcHa cucteMa BUIIPOOyBaHb aBTOMOOLTIBY.

[IpenMeToM JUCHUIUIIHU € MPUHIUNMN EKCIIEPUMEHTAIbHOIO
BU3HAYCHHS KOHCTPYKTHMBHHUX 1 €KCIUTyaTallliHUX BJIACTUBOCTEH
aBTOMOOLUIIB JIJIs1 BUSBIICHHS iXHBOI BIJAMOBIJHOCTI TEXHIYHUM BHMOIaM
a00 JyIsl TOCBIAYEHOTO0 BUBYEHHS PEaIbHUX MPOIIECIB, IO BiAOYBaIOTHCS
1] 9ac eKCIuTyaTaltii.

MeToro BHUBYEHHSI HABUAJIbHOI AMCHUIUIIHU 3T1IHO 3 OCBITHBO-
KkBaTiiKaliiHUMU BUMOTaMHM JO0 BUIIYCKHMKA 3 BHIIOIK OCBITOIO IO
npodeciiinomy Hamnpsimy «llemaroriuHa ocBiTa» € MIATOTOBKa (paxiBIIiB
710 pIIICHHS OpraHi3aliifHuX, HAYKOBUX Ta TEXHIYHUX 3aBJaHb y MpoOIeci
MPOBEICHHS BUMPOOYBaHb aBTOMOO1ITIB.

BiAnoBiIHO 10 METH OCHOBHUMH 3aBJAHHSIMH MPAKTUYHUX 3aHSIThH
€ (opMyBaHHSI B CTYAEHTIB CYKYNHOCTI 3HaHb, BMIHb Ta YSBIEHb IPO
OPUHLMUIIM OpraHi3ailii, MPOBEICHHS BUMPOOYBaHbL aBTOMOOUIIB 13
3aCTOCYBaHHSIM HOBITHBOTO OOJIaJIHAHHS Ta aHajll3 OTPUMAaHUX
CKCIIEPUMEHTAIBHUX JJAHUX.

Ha npakTU4HHMX 3aHATTAX OOOB'A3KOBUM € CAMOCTINTHE BUKOHAHHS
1HIUBIIyaJIbHUX 3aB/IaHb.

[lepen KOXHUM MPAKTUYHUM 3aHATTSIM CTYJEHT TOBHUHHUI
N1ArOTYBaTH TEOPETUUHUIN MaTepiai 0 3aHATTS, NOJAaHUN Y JTEKIIHHOMY
Martepialii Ta B pEKOMEHI0BaHIH JiTeparTypi.

3BIT PO KOXHE MPAKTUYHE 3aHSATTS CKJIAJAETHCA 3 TEOPETUYHOTO
Marepianay Ta IHAUBIAyalIbHOTO 3aBIaHHS

BukopucTanHsi METOAUYHUX BKA31BOK Y HABYAJIbHOMY IPOIIECI M€
CIIPUATH PO3BUTKY TEXHIYHOTO MHCJICHHS CTYJCHTIB, CTUMYJIIOBATU iX
AKTUBHICTh Ta CAMOCTIMHY POOOTY.



IHPAKTUYHA POBOTA 1

BUKOPUCTAHHA AKCEJIEPOMETPIB ITPU
JAUHAMIYHUX (KBAJIIMETPUYHUX)
BUITPOBYBAHHAX ABTOMOBLJIIB

Meta po0OOTHM - 3aKpiNUTU 3HAHHS Ta NPAKTUYHI HABUYKHU TIO
BUKOPUCTAHHIO AKCEJIEPOMETPIB MPU BUIMPOOYBAHHIX aBTOMOOLIIB, a
TaKO0X MO IIAHYBAHHIO JJOPOKHBOTO €KCIIEPUMEHTY.

3 KOXHUM POKOM Yy CBITI ICTOTHO 30UIBIIYETHCS BUPOOHUIITBO
aBTOMOOUIIB, iXHI TEXHOJOTIYHUK pIBEHb 1, pa3oM 13 UM,
M1JBUIIYIOTHCS BUMOTH JI0 CUCTEM OE€3MEKH.

Jlns1 3a0e3neueHHs He0OX1THOTO PiBHS O€3MEKH MPU BUKOPUCTAHHI
aBTOMOO1JISI HEOOX1AHO PO3IIMPIOBATH KOHTPOJIb PI3HUX MEXaHI3MiB, SKi
OepyTh ydacThb y poOOTI aBTOMOOLIS, SKICHO OUIbIII BUCOKHU PIBEHb
BUMPOOYBaHb 1 BOPOBAKEHHS HOBUX TMPUCTPOIB 13 IIUPOKUMHU
(GyHKIIIOHATbBHUMHU MOYKJIMBOCTSIMU.

BukopucTtanHss JaTYMKIB 1HEPINli, TaK 3BaHUX aKCEJIEPOMETPIB,
BIJIITPA€ 3HAYHY POJb y PIIICHH] 3a3Ha4€HUX MnpooieM. Tomy HEOOX1THO
npoaHaIi3yBaTh BaplaHTH 3aCTOCYBaHHS, MPUHIMIN il W PO3BUTOK
TEXHOJIOT1 BUPOOHMIITBA AaKCEIEPOMETPIB, 5Kl BUKOPHUCTOBYIOTHCS
TEIEep y CBITOBOMY aBTOMOOLIEOY TyBaHHI.

Ha chOrogHimHiii A€Hb aKTyaJdbHUM € TUTaHHS CTBOPEHHS
MOOUTPHUX PEriCTpaliiiHO-BUMIPIOBAILHUX KOMIUJIEKCIB JIJIS  OI[IHKH
napaMeTpiB PyXy aBTOMOOUTIB MPU KBATIIMETPUYHUX BUITPOOYBAHHSX.

1.1 Bu3HayeHHSI MOHSATTS «aKCeJIepoOMeTP»

AkcenepomMetp (Bimg JaT. acCelero — mIpHCKOPIOI0 W HETPE® —
BUMIPIOIO) — TpWwiad, 1[I0 BHUMIPIOE TIPOEKIIO  «TaJaHOTo»
npuckopenHsi.  «l'ajaHe»  TPUCKOPEHHS  —  pIBHOAIOYA  CHJI

HerpaBiTalliiHOI MPUPOJU, IO i€ Ha Macy 1 BIJIHECEHA 1O BEIMYUHHU
miei Macu. AKCeJIepoMeTp MOXKE 3aCTOCOBYBATUCA SIK IJii BUMIPY
MPOEKIifl a0COMIOTHOTO JIIHIMHOTO MPUCKOPEHHSI, TaK 1 JJIsI HEMPSAMUX
BUMIPIB MPOEKIIIi TPaBITAIAHOTO MPUCKOPEeHHSI. OCTaHHS BJIACTUBICTH
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BUKOPUCTOBYETHCS JIJIS CTBOPEHHS 1HKJIIHOMEPTIB. AKCeIepoMeTpH
BXOJIATh JI0 CKJIaay 1HEPIIMHMX HaBIralliiHUX CHUCTEM, J¢ OTpHMaHi 3
iXHBOIO JIOTIOMOTOI0 BUMIPH IHTETPYIOTh, OJIEPKYIOUH I1HEPIIHH
IIBUJIKICTh 1 KOOPAWMHATH HOCIS.

JlaT4Ku TPUCKOPEHHS TaKOXX IIMPOKO 3aCTOCOBYIOTHCS B
aBTOMOOUTBHIN EJIEKTPOHII JJIi BUMIPY MPUCKOPEHHS aBTOMOOLIS B
PI3HUX HampsiMKax, JJIg BUMIpy BiOpalliii y cucteMax KOHTPOJIIO CTaHy
maci, B ABC, y cucremax 3axucTy BijJl MEepeKUAaHHS U y MPUCTPOSX
POTHU BUKPAJCHHS.

Mpy>XKNHa

W

[Tepemuera

Maca

Hdemndpep

(

Pucynox 1.1 — Cxema HalmpOCTIIIIOro akcenepoMeTpa

Y uuioMmy, aBTOMOOUIBHA c(epa 3aCTOCYBaHHS aKCEIEPOMETPIB
CKOHIIEHTpOBaHa B 00JAacCTI cUCTeM Oe€3MeKh, KOMQOpTYy Macaxupis,
JTUHAMIYHOTO KOHTPOJIFO aBTOMOOUIS ¥ BKJIIOYAE HACTYIHI 00JacTi
3aBJlaHb:

— BusiBneHHs aBapii, akTHUBalisl CUCTEM O€3MeKHU W KOHTPOJIb
posroptanHs noaymok Oesneku (Crash detection, Airbag
deployment systems, Restraint systems).

— JlerextyBanuss kpeHy (Rollover detection), Oiunmx aBapiii i
nepeKkuIaHb.

— ABgapiitni  BunipoOyBaHHs (Crash-tests), y Tomy uwmcm ais
OCHAIIICHHS! MAHEKEHIB.

— 3anmc manux npo asapii (Crash recording).

— ApantuBHUiM Kpyiz-koHTpoJib (Adaptive Cruise Control).

— 3axuct nimoxoiB (Pedestrian Protection).
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— ABC (4WD ABS - Four Wheel Drive AntiLock Brake System).

— KonTpouns 3uemnenns (Traction Control System).

— Konrtpons aunamiudoi crabineHocTi (Vehicle Stability Control,
Electronic Stability Program).

— KoHtpons aktuBHOI (a00 HamiBakTUBHOI) miABICKH (Active
Suspension Control).

— Cucremu  oxopoHHoi curHanmsauis (Burglar  Alarm) vy
npoTuyriHHux cuctemax (Antitheft Systems).

— Enexrponne napkyBanss raigpma (Electronic Parking Brake).

— Kowmnencais BumipiB piBHA (Fluid Level Compensation).

— KepyBanns papamu (Headlamp Adjustment).

— Cucremu TpancnoptHoi Habiramii (Vehicle Navigation Systems) i
GPS (Global Positioning System).

— OBDII - xouTpOoJIL HEPIBHOCTI AOPOTH,

— KepyBaHHs IBUTYHOM 1 TpPaHCMICIELO.

— CnocrepexxeHHs 3a TuckoM y muHax (Tire Pressure Monitoring).

— Cencopuuit knactep (Sensor Cluster) - 00K 1HEPIIHHUX BUMIPIB
«inertial measurement unity (IMU) i3 micThoMa cTyneHIMH BOJI,
PO3TAIIOBYBAaHUM OPIEHTOBHO B IIEHTPl aBTOMOOLISA JIsi 300py
iHpopmarliii juis Bce-1HEPIIMHUX CHCTEM - OpoTuyriHHoi, VSC,
HaBiraii, 1 T.II.

Y mpoimeci  KBaJIMETPUYHUX  BUNPOOYBaHb  aBTOMOOLIIB
aKcelepoMeTpu IITUPOKO BUKOPHUCTOBYIOThCS pu OITHITI
aepOJMHAMIYHUX 1 TATJIOBO-IIBUJKICHUX SKOCTEH, rajJbMiBHUX SKOCTEH,
KEPOBAHOCTI i CTIMKOCTI, IJIABHOCTI X0y, IyMy ¥ BiOpaliii, HaaiitHOCTI,
nacuBHIM Oe3rmerri il 1H.

1.2 BumiproBajibHO-peecTpalliiHU KOMILJIEKC

3acoO0u BUMIPIOBAHb MJIA JOPOKHIX BUIPOOYBaHb MOBHUHHI OyTH
KOMITAKTHUMH, TPOCTUMH B YCTAHOBILII 1 KOPUCTYBaHHI, BIOPOCTIMKUMU;
NMOBUHHI 3a0e3mnedyBaTd HEOOXIJIHY MPOMYCKHY 3/aTHICTh MajuBa W
HEO0OX1JHY TOYHICTh BUMIPIB HpU TemmepaTypl nositps Bia MiHyc 40 °C
no titoc 40 °C Ha Bcix pexumax pyxy T3, BKIIOUaIOUM MaKCUMAaJIbHY
MIBUKICTh; YCTAaHOBKA iX Ha T3 HE MOBMHHA BIUIMBATH Ha OMIpP PyXy.

[TorpimHicTh 3aco0iB BUMIPIOBaHb HE TOBHHHA MEPEBUILYBATU
3Ha4Y€eHb, AK1 HaBeaeH1 B Taoui 1.1.



Ta6mui 1.1 - llpunycTuMa norpimHicTsh 3ac00iB BUMipIOBaHb

5191 [Toka3zHuku [TorpimmHicTh, HE OiTBIITE

1. | Burpara nasiuBa 1%

2. | Ilnax 1 yac 0,5%

3. | lIBumkicTh pyxy 1%

4. | YacroTta oOepTaHHS KOJIIHYATOTO Bajia 1%
JIBUTYHA

5. | lIBuakicTh BITPY 0,5 m/c

6. | Temmeparypa noBiTps i najauBa 1°C

7. | ATMochepHuil THCK 2,6 xIla (2 mm pT. CT.)

8. | BigHOCHA BOJIOTICTH MOBITPS 7%

9. | MacaT3 0,3%

Jlns peectpaliii JaHUX MPU JOPOXKHIX BUMPOOYBAHHSIX aBTOMOO1IIB
Ha kadpeapi TM 1 PM  XHALY po3pobneHuit  MoOUIHHUI
BUMIPIOBAILHUM KOMIUIEKC (puc. 1.2), 10 CKIaIa€eThes 13 IBOX JaTYMKIB
npuckopenb Freescale Semiconductor moxeni MMA7260QT, a Takox
EOM 151 3HATTS 1 apXiBallii JaHUX.

AKII0 AaTYMK TPUCKOPEHHS PO3TAIIOBAHMM Tak, IO HOTO BICH
YyTJIMBOCTI MEPIEHAUKYJISIpHA TIOBEPXHI 3€MJIl, BUXIJHUNA CUTHAI
BIJINIOBIJIa€ MPUCKOPEHHIO BUIbHOTO MaaiHHA. [Ipu 3MiHI KyTa Haxumy,
BUXIJIHUI CUTHAJI 3MEHIIIY€E€ThCS MPOMOPILINHO KOCUHYCY KyTa MiX BICCIO
YyTJIMBOCTI JaTUYMKA ¥ aOCOTIOTHUM BEPTUKAIBHUM MOJIOKESHHSIM.

Bukopucrtani  aja  TPOBEICHHS  €KCIEPUMEHTY  JAaTUYUMKHU
MMA7260QT — eMHiCcHI akcenepoMeTpH 13 TphOMa POOOUUMHU OCSIMU
Mexero BuMipy £1.5 g. MarwoTe yOynoBaHuil (inbTp KOpeKuii 3MiHU
TeMnepaTypu, GuUIbTP HIKHIX 4acTOT 1 KpalHIX 3HAY€Hb, HE BUMAraroTh
IOJATKOBUX TMPUCTPOiB. Y 3a3HAYEHUX JaTYUMKax IMependadeHa
MOXKJIMBICTh «CIUISTYOTO PEeKUMY» ISl ekoHoMmii OaTapei EOM. JlaTunku
BUKOPHUCTOBYIOTh HHU3bKYy Hampyry: 2.2V -3.6V. MawTts BHCOKY
gyyTiuBicTh (800 MB/g). XapakTepus3yroThbcsl MIBUIKOIO 1HIIIATI3AIIELO,
rapHOI0 BUTPUBAIICTIO TEPENajiB HANpyrd W BIUIMBY CTaTHYHOI
CJICKTPHUKH.




HamiBnpoBigHukoBi akcenepomerpu Freescale MICTATH €MHICHOI
YyTJIMBUM €JIEMEHT 1 IHTErpOBAaHUM Ha KpUCTAIl BHUMIPIOBAIbHUI
JIAHITIOT, BUKOHAHUH 3a «KMOTI-TexXHoJIoTiero» (puc. 1.4).
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Pucynok 1.2 — MoOusHUI BUMIpIOBATIBHIN KOMILTEKC, po3po0sieHwid Ha kKadeapi TM 1
PM XHAJTY: 1 — EOM st 3HITTS ¥ apxiBallii JaHUX; 2 — JATYUK PUCKOPEHD
MMAT7260QT #445; 3 — natunk npuckopenb MMA7260QT #446

Pucynok 1.3 — YcraHoBKa JaTuMKiB MIPUCKOPEHDb Yy OarakHUKY BUIIPOOOBYBAHOTO
aBTOMOOLIIS



Pucynok 1.4 — HamiBnipoBigHukoBuid akcenepomeTp Freescale

€muicHoi uytnuBui eineMeHT G-cell € repmernunum. Bin sBisie
co000  MEXaHIYHYy  CTPYKTYpy, BHKOHaHy 3a  JIOIIOMOTOIO
HaIIBIPOBIAHUKOBOTO TMpolecy 3 ToiikpeMHiio. [udepenmianpHuit
YyTJIMBUM €JIEMEHT Ma€ BEpXHI M HIDKHIO HEPyXOMl TIUIACTUHU U
[EHTpaJIbHY TUIACTHHY, 3aKPIIJICHY 3a TOMOMOTOI0 MPYKHUX €JIEMEHTIB.

[lenTpanpbHa TJIACTHHA Ma€ cCEeWcMoOMacy 1 MOXE 3MIMIATHCS I
BIUTUBOM TIPUCKOPEHHS. Y CKJIajl YyTJIUBOTO €JIEMEHTA € IJIaCTUHA JJIs
CaMOTECTYBaHHS ITIJTICHOCTI TaTYHKA.

Konu pyximBa 1lacTUHA 3ailMae LEHTPAJbHE MOJOKEHHS,
BUXI1JIHUW CUTHAJ IOPiBHIOE ITOJIOBWHI HANpyTH *)UBJICHHS (puc. 1.6).

G-Cell CMOS Control ASIC
TEMM. Vout

larerparop o ¥BX — PHA KOMMEBHCATOR s
| !
——— _|—_ BEnok HpHCTPﬁ'JI TakToed A

CAMOTECT, KEPYEAHHA reHepatop

-~
Self-Test | Status Vs T TG"D

Pucynok 1.5 — dyHkiioHanbHa cxema JaTdyuKa NpUCKOPEHHs

BuMiproBaJIbHUI JIAHIIIOT Ma€ JIOTOMETPUYHY CTPYKTYpy, TaK IIO
MOYATKOBUHU 3CYB 1 UYTJUBICTh JAaTYMKA JIIHIHHUM 0Opa3oM MOB's3aHi 3
KUBJISTYOI0 HAIMPYTOXO.



[IPHCECPEHHA ——»
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Pucynok 1.6 — Crpomiena iznaHa Moieh JaTduKa MPUCKOPEHHS
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Pucynok 1.7 — Axcenepometp Freescale i3 TppoMa poOOYMMH OCIMU

PesyabTar
BHUMIipYy

-

®diznuHa Hecyumii
eJIMYMHA | Jla CUTrHAJI
YUK

|, JLTERE —

Pucynox 1.8 — CnporieHa cxema BUMIpY
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1.3 3aBnanunga

BukoHaiiTe TUIaHyBaHHS  €KCIIEPUMEHTAIBHOTO  JTOCIIKCHHS
IUHAMIYHUX BJIACTUBOCTEH aBTOMOO11B 3 BUKOPHUCTAHHSIM
BUMIPIOBAJILHO-PEECTPALIITHOTO KOMILICKCY.

Big skocti mmaHyBaHHS W IMIJATOTOBKH JO EKCIEPUMEHTAIBHUX
JOCIIIJIPKEHD 3aJI€KUTh aJ€KBaTHICTh OTPUMAHUX PE3yJIbTaTiB.

3BIT MOBUHHUI MICTUTH:

— 0oO0rpyHTyBaHHS BUOOPY JOCIIIKYBAHOTO aBTOMOO1JIS;

— CKJIaJIaHHs OJIaHKIB TEXHIYHOTO 3BITY;

— OIKC TOPSIKY IMEPEeBIPKHM TEXHIYHOTO CTaHYy W peryJIrOBaHHS
JOCJIIPKYyBaHOT'O aBTOMOOUIS (CBIY 3amajtoBaHHs, TaJlbMIBHOI CUCTEMH,
TUCKY B IIMHAX 1 T.J.);

— OOrpyHTYBaHHS BUOOPY TUISHKU JIOPOTH;

— TOPSIAOK IMJATOTOBKH, YCTAaHOBKM W KajaiOpyBaHHS amaparypu
(y T.4. ¢0TO # BiJI€O 3aMUCYIOYUX TPUCTPOIB);

— BHM3HAQYEHHS HEOOXIJHOI KUIBKOCTI 3ai3[1B 3 PEECTPAIi€ro
TAHUX;

— TOpsIAOK 00pOOKH ¥ aHali3y OTPUMAHUX JAHUX.

KouTpoJbHi 3anuTaHHs

1. 3acobu BUMIpIB AJIs1 JOPOXKHIX BUMPOOYBaHb KOJICHUX MAIlKH.

2. OOmacTh 3aCTOCYBaHHS  aKCEJIEPOMETPIB y  CHUCTEeMax
aBTOMOO1JISI.

3. ®izuuHa Momenb 1 (QyHKIIOHaIbHA CXeMma JaTyukKa
IPUCKOPEHHS.

4. Tlpunyctuma NOTpilIHICTh 3aC001B BUMIPIB.

5. Etanm nmnnaHyBaHHS  €KCIIEPUMEHTAIIBHOIO  JOCIHIIKEHHS
JUHAMIYHHUX BJIACTUBOCTEN aBTOMOO1IIB.

Jliteparypa: [3, §].
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IHPAKTUYHA POBOTA 2

I'PAAYIOBAHHSA JATYUKIB IPUCKOPEHD

Merta poOOTH - 3aKpiMUTH 3HAHHS Ta MPAKTUYHI HABUYKH IO
IpaJlyIOBaHHIO aKCEJIEPOMETPIB.

2.1 3arajbHi M0JI0KEeHHS

I'panyroBanHs 3aco0iB BuMipiB (Hem. graduiren - rpaayroBaTH, Jiar.
gradus - Kpok, CTYIIiHb) - METPOJIOTIUHA OIepallis, 3a JOMOMOTOI0 SKOi
3aci0 BuMipy (Mipy a00 BUMIPIOBAJIBHUN MPUIAa) MOCTAYAIOTh MIKAIO0
a00 TpayroBaIbLHOIO TAOJIUIICIO (KPHBOIO).

MeTtoan TpaayroBaHHS aKCEJIEPOMETPIB PO3AUISIOTHCS Ha TpH
IPYNH, BIANOBIZHO JO 3aCTOCYBaHHS iX JO JaTYMKIB TIOCTIHHOTO,
CHUHYCOITAJIBHOTO a00 MepexiHOTO MPUCKOPEHHH.

Haii6inpn mpocTM € METOH TpaJyHOBaHHS IUISIXOM J0JdaBaHHS
MOCTIHHOTO TPUCKOPEHHS — TPaayIOBaHHSA B TOJIE€ TsOKIHHA. Meton
CKJIQJIA€THCS Y BUMIP1 CUTHATY, OJCPKYBAaHOTO y BUITAJIKy, KOJIM ICTUHHA
BICh UYTJIMBOCTI JaTdyWKa OPIEHTOBaHA I KyTOM ¢ IIOJAO MiCIIEBOI
BEPTUKAJI.

X b X Y

45° 60°

Pucynok 2.1 — TlonosxkeHHs JaTyuKa MpU BUKOHAHHI TPalyIOBaHHSI METOJ0M
NOCTIHOTO MPUCKOPEHHS
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Tabmuis 2.1 — O61acTi BUKOPHCTAHHS aKceJepoOMeTPiB i TOUHICTh Pi3HUX MeTOAIB iX rpalylOBaHHA

O6acTi BUKOPUCTAHHS Hocriire CunycoigabHi KOJIMBaHHS
MIPUCKOPCHHS
Kyrose AOGCOIIOTHI METOTU
B1JIXU- Jlazepuuit 3piBHsH- | [lepexin-
3ayacto- | 3aamIuii- | JIEHHS BiJl H;:II__ Bisnpna Jatumk | iutepdepomerp | BzaemHue HA 3 HUW pyX
TOIO TYJI010, g | MICIEBOi dyra | Tpyba nepemi- | Paxy- | 3HHMK- | rpagy- | erano-
BEpTH- IICHHS HOK HEHHS | FOBaHHS HOM
Kauti CMYT CMYT
ITocTiitHe 0,01-1 <1% - - - - - - -
HIPTERO™ 1 0,1 - 50000 <1%| - - - - - - -
pEeHHS
0,1 — — 2—-10% — —
5-30 I'ry 0,01-5 — — 2-10% | 1-5% | 1-5% — 2 —10%
5-40 — — 1-5% | 1-5% | 1-5% — 2 —10%
0,01-0,5 — — 1-5% 1-5%
10 - 1000 0,5-5 — — 1-5% | 1-5% | <1% 1-5%
I 5-40 — — 2-10% | 1-5% 1-5%
40 - 100 — — 1-5% | 1-5% 1-5%
0,5-50 — — — — — 1-5% — 1-5%
510%%01:11 5-40 — — — — — 1-5% — 1-5%
40 -100 — — — — 1-5% — 1-5%
5000 -
10000 It 0,5-100 — — — — — 1-5% — 1-5%
0,5-10 mc | 100 — 20000 — — — — 2 —10%




TounicTe TpaayrOBaHHS ICTOTHO 3aJICKHTh BiJ TTOMHUJIOK BUMIPY
BUXITHOT HAmpyrd W BEIWYMHU KyTa, IIOB'S3aHOTO 3 HASBHICTIO
MOMEPEYHOi 4yTAUMBOCTI. llell MeToa MpakTHUYHO OyX,e 3pYyUYHUM IS
MIBUIKOI MEPEBIPKU YYTIUBOCTI CUCTEMU TIE€pPe]] MOYATKOM BUMIpY.

Y Tabn. 2.1 3a3HayeHl XapaKTEPUCTUKH, SIKI OACPXKYIOTb MpHU
PI3HMX METOJaX TrpajyroBaHHS. Pe3ynpTaTh BUKOHAHOTO TpaayrOBaHHS
HaBeJICHI Ha puc. 2.2,

2.2 3aBa1aHHA

BukoHaiiTe rpajyroBaHHS JaTydKa MPUCKOPEHHS METOJI0OM
MOCTIHHOTO TTPUCKOpPEHHs. {715 110ro HeOO0X1aHO:

1) MmAKIIOYUTH JATYdK, IO Miasarae rpaayroBadHio jgo IIK i3
YCTaHOBJICHUM MPOTpaMHUM 3a0€3MeUeHHAM TS 3unTyBaHHs ko1iB ALITI;

2) MOKJAcTU JAaTYUK Ha PIBHY FOPU3OHTAIBHY MOBEPXHIO, BICCIO,
0 MiAJA€EThCA TPAAyIOBAaHHIO, YHU3 1 NPUNHATH 1€ TOJIOKCHHS 3a
BUX1JHE (KyT HaXujiIy BHUMIPIOBAHOI OCl JO BEPTHUKaJl B LIbOMY BUMIAAKY
nopiBHioe 0°);

3) BukoHatu 3untyBaHHs koay ALII mo BuMiproBaHiii oci il BHeCTH
fioro B rpady 1 tabnuii 2.2;

4) Baectu B rpadu 2 1 3 tabmumi 2.2 KyT Haxwily JaT4vKa 0
BEpPTUKAJ1, a TAKOXX MOTO KOCUHYC, BIJIMOBIIHO;

5) 3nauenHs rpadu 4 onxepkatu 100yTKOM COS 0 Ha MPUCKOPEHHS
BIJIBHOTO ITa1HHS,

6) HaXWIMTU JATYMK, IO IiJITa€EMO TpaayloBaHHIO, Ha KyT 30° 10
BEepPTUKATI ¥ TOBTOpPUTH . 3-5. YV Takuil crnocid HeOoOX1AHO 3alOBHUTH
TaOIHUITIO 2.2, TOMIIar0uM JaT9rK y rpocTopi Big 0 1o 180° mo BepTukai;

Tabnuus 2.2 - Ilpukiiag BUKOHAHHS TPATYIOBAHHS JATYUKIB PUCKOPEHHS

3Ha4YCHHS KOy Kyt naxuny HPH.CKOPeH.IEH 1o
JaTYuKa J10 COS a BUMIPIOBaHIH OCl,
AIIIT _ ;
BEPTUKAI, O M/c
1 2 3 4
797 30 0,866 8,5
317 180 1 9.8
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Pucynok 2.2 — I'pajtytoBaHHsI 1TaT4YuKa MPUCKOPEHHS #446

(/) BUKOPUCTOBYIOUM JaHOi Tabmuii 2.2, moOymyBaTu Tpadik
3aJICKHOCTI nmpuckopeHHs Bix koaiB ALl akcenepomerpa (puc. 2.2);

8) aHamoriuHuM o0Opa30oM BUKOHATH TpaJylOBaHHS JaTyuKa IO
HACTYIHUX JIBOX OCSX 1 MOOyayBaTH rpadikiu.

3BIT BUHHHUHA MICTHUTH:

— CXeMy TIOJIOKCHHS JaTdyhkKa TPU BHKOHAHHI TPaayHOBaHHS
METOJIOM ITOCTIMHOTO MPUCKOPEHHSI;

— TpalyroBajbHI TAONUIN akcenepomerpa 1o ocsx X, Y, Z;

— rpadiku  3aJeXKHOCTI mNpuckopeHHs Big koxis ALl
aKceJepoMeTpa Mo TPhOX OCSX.

KoHTpoJubHi 3antuTaHHA

1. IToudaTTs rpaaytoBaHHs 3aC001B BUMIPIB.

2. MeToiu rpayroBaHHs aKCEIEPOMETPIB.

3. CyTHICTh METOJy TIpaayOBaHHS MUISXOM JO0JaTKa MOCTIHHOTO
PUCKOPEHHSI.

4. TOYHICTh TpaJlyIOBaHHSI.

Jliteparypa: [2].
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IHPAKTUYHA POBOTA 3

OLIHKA CTIHKOCTI ABTOMOBLIS B TATOBOMY
PEXXUMI PYXY

Meta poOOTH - 3aKpINUTH 3HAHHS Ta MIPAKTUYHI HABUYKH I10 OIIHII
CTIMKOCT1 JIETKOBHUX aBTOMOOUIIB MPOTH 3aHOCY B TITOBOMY PEXKHUMI

pyxy.
3.1 3arajabHi MoJ0KeHHSA

CrilikicTb  aBTOMOOLIA €  HaWBaXXJIMBIIMIMM  ITOKa3HUKOM,
BIJIMOBIIAJIBHUM 32 O€3MEKy JOPOXKHBOTO PyXy. Y TATCOBOMY PEKHMI
pyXy ICHye HeOe3leka BTpaTH CTIMKOCTI 4epe3 MPOOYKCOBKY BEAYUHX
KOJIIC TIPY BJIYUYCHHI 1X Ha IIJISHKY 3 HU3BKUM KOE(DIIIEHTOM 3YETIJICHHS.

Ha Bemyuux kosecax aBTOMOO1IS BHHHMKAIOTh JOTHUYHI pEaKIIii,
CIpsIMOBaH1 yOIK PyXH, a Ha BEJICHUX KOJIECax — y MPOTUIIC)KHY CTOPOHY.
Ha Beayumx koJjiecax IOTUYHA PEaAKIlisl BU3HAYAETHCS PIZHUIICIO MK
TATOBOIO (PYLIIMHOIO) CUJIOI0 ¥ CHJIOI0 ONOPY KOYEHHIO. 3a3HayeHa
JOTUYHA pPEakKilisi JOPIBHIOE CyMi CHJI OMOPY IMOBITPSIHOTO CEpeIOBUINA
Py 1 OOpy KOYEHHIO BEJAEHUX KOJIC (PIBHUX JOTUYHUM pEaKIlisiM Ha
BEJICHUX KoJiecax). SIKIIo € 3amac Mo 34YEIJICHHIO Ha BEAy4YuX KoJecax,
TO BUHUKAE MOXJIUBICTh CTBOPEHHS HAJUTUIIIKOBOI TATOBOI CHIIH, 1110 M€
Ha PO3riH aBTOMOO1IS.

JI71st OIIHKY CTIMKOCTI aBTOMOO1ISI BUKOpUCTaeEMO KoedirieHT K,
10 JOPIBHIOE BIJHOIIEHHIO MOMEHTY CTaOLIi3yl0uoro A0 30yprorYoro
MOMEHTY, 1 BA3BHAYA€THCS 3 HACTYIMHOTO CIIBB1AHOIICHHS

M
IZ.G)=M36_MCTa6 :M36. 1_—CT36 :M36.(1_Kﬂ)’ (31)

30

ne |, — MoMeHT 1HepIlii aBTOMOO11s 11010 BEPTUKAILHOI OCI;
M5 — 30yprorounii MOMEHT;
M a6 — CTAOLTI3YIOUN MOMEHT;

(0 — KYTOBE NMPUCKOPEHHS aBTOMOO1IIS 111010 BEPTUKAIBHOI OCI.
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IIpu K., > 1 pyx aBTomMoO11s crivikuit, npu K, < 1 — HecTilikui,
npu K., = 1 aBTomM0011b nepedyBae Ha TpaHi BUXOAY 13 30HH CTIMKOIO

PyXy.

=>V
C vy Pw
T
Mag
N LT
"Ryl Ryl
Ry Ry
b a
L
RSZ d) R22 RS_I_ (I) RZl
Rio ¢ Ria

Pucynok 3.1 — Cxema cwit, 1110 Jif0Th Ha aBTOMOO1TB TTPH po3ToHi: L — 6a3a
aBTOMOOLJIS; @, b — KoOpIUHATH TPOEKIIIT IIEHTpa Mac aBTOMOOLIS ¢ Ha
TOPU30HTAJIBHY IJIOMUHY; Rs1, Rs, — O14HI peakirii Joporu Ha Kojecax MnmepeaHboi i
3a1HBOT oceil; R,1, R;» — BepTHKabHI peakilii Ha KoJiecax MepeHbol i 3aJHbO1
oceil; Ryi, Ry, — moTu4H1 peakinii Ha Kojecax epeaHboi i 3aIHbOI ocelt (cymapHi
10 JIIBHX 1 IPaBUX KoJiecax); @ — KOe(III€HT 3UeTJICHHS KOJIC 13 JOPOroko; M, —
3arajbHa Maca aBTOMOOLIIS; § — MPUCKOPEHHS BIJILHOTO MaaiHHs; V — JTiHiHA
HIBHJIKICTh aBTOMOOUIS; P,, — cHjia OTIopy MOBITpPs; h — BUCOTA IIEHTpa Mac
aBTOMOOLIIS

KoediiieHT cTIHKOCTI aBTOMOO1JISI B PO3TJIIHYTOMY BHUIIAJIKY

_b R,
a R,

K

CcT

(3.2)

1
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MakcumanbHe TPUCKOPEHHS 32 YMOBOIO CTIMKOCTI BU3HAYAETHCS 3
HACTYIHOI 3aJIeKHOCTI

2 -
V < 7 %14 _KFye _yme (33
osble2 ., N° bZK 05) e
, aT_ R — @ F _612( R — ')

MakcuMaabHO MOJKJIUBE MPUCKOPEHHS aBTOMOOUIS, IO BUHHKAE
IpY HEMOBHIM BUKOPUCTAHHI 34iMTHOT Baru MO>KHA BUSHAYUTH SIK
k-F

V=K, pg-— V2 (3.4)
m

a

ne K,y — KoedilieHT BUKOPUCTAHHS 34ITHOT Baru aBTOMOO1J14,

K, =1 — JUIs1 IOBHOIIPUB1THOTO aBTOMOO1JIS;
b : o
4w = ——— — JUId NIepeHbOIIPUBIIHOTO aBTOMOOLIIS;
L+¢@-h
a . .
K, = T—oh 1JIs1 33AHBOIIPUBITHOTO aBTOMOOLIIA.
[— ¢ .

Ha puc. 3.2 npencrapieni rpadgiki NPUCKOPEHb MOBHOMPHUBIIHUX
aBToMOOUTIB BUpoOHUITBa kpaiH CH/I 1 3axigHoi €Bpomnwu.

3.2 3aBpaHHA

BukoHnaiiTe TEOpeTHMYHY OIIIHKY CTIAKOCTI MOPOTH  3aHOCY
3aIHRONPHBITHUX aBTOMOOLTIB BA3-2101 i BMW-320i.

Ha rpadikax mpuckopeHs 3a monoMororo 3anexHocrei (3.3) 1 (3.4)
HEOOX1AHO  MOOyayBaTH  KpPUBI  MAKCUMAJIBHOTO  MPUCKOPEHHS
aBTOMOOUIS 32 YMOBOIO CTIHKOCTI W MaKCUMaJbHO MOXJIMBOTO
MPUCKOPEHHST aBTOMOO1JISI.
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Pucynoxk 3.2 — I'padiku npuckopenb aBTomo6111iB: a) BA3-21213; 6) Audi A6 1.8T
Quattro mpu @ = 0,8 1 @ = 0,2; 30Ha CTIUKOTO PyXy 3alITPUXOBAHA

AHani3 He0O0X1AHO BUKOHATHU MPHU PI3HUX Koe(]illieHTax 34eTUIeHHS
KoOJTiC 13 Jopororo (juB. Tad. 3.1)

Tabmuig 3.1 - 3navyeHHs1 koedilieHTa 3UenJieHHsl KoJTIic i3 1opororo

[ToBepxHs
Jlopora cyxa MOKpa
3 acaabTOOETOHHUM a00
LHEMEHTOOETOHHUM 0,7-0,8 0,35-0,45
OKPUTTSM
13 MeOCHEBUM MMOKPUTTSIM 0,6-0,7 0,3-04
Ipynrosa 05-0,6 0,2-04
3ieneHuIa 0,1-0,2
MOKPUTA CHITOM 0,2-0,3
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BukopuctoBytoun oTpumaHi rpadiky, BU3HAUYTE 30HU MOTECHIIIHHOI
BTpAaTH CTIHKOCTI JOCII/DKYBAaHUX aBTOMOOUTIB, BH3HA4TE, Ha SKHUX
IIBUIKOCTSX 1 ITepeiadax MOXKJINBHUI BUX1]T 13 30HU CTIHKOTO PyXYy.

3BIT MOBUHHUM MICTUTH:

— MaTeMaTU4YHy MOJCNIb OIIIHKH CTIHKOCTI aBTOMOOLUIS MPOTH
3aHOCY;

~  KpHBI MaKCHUMAaJbHOT'O MPUCKOPEHHS aBTOMOOLIS 32 YMOBOIO
CTIMKOCT1 1 MaKCUMaJIbHO MO>KJIMBOT'O MPUCKOPEHHS aBTOMOO1JIS;

— 30HA TOTEHILINHOT BTpaTH  CTIMKOCTI  JOCHIAKYBaHUX
aBTOMOOUIIB P Pi3HUX KoedillieHTaX 3YEIJICHHS KOJIC 13 JJOPOToI0.

KoHTpoJibHi 3antMTaHHA

1. TToHATTS CTIHKOCTI aBTOMOOLIIS.

2. IlpuunHu BTpaTH CTIMAKOCTI aBTOMOOUISI B TSITOBOMY PEXKHMI
pyxy.

3. Busznauenns koediii€eHTa CTIKOCTI.

4, MakcuMaiabHO MOXJIMBE MPUCKOPEHHS aBTOMOOLJISL.

5. KoeditieHT BUKOPUCTAHHS 34UIIMHOI Baru aBTOMOO1JIs1.

6. BusnaueHHsi koedillieHTa 34YEIUICHHS KOJIC 13 JOpOToK i
dakTopu, 110 BIUIMBAIOTh Ha HHOTO.

Jliteparypa: [4, 3].
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IHPAKTUYHA POBOTA 4

BU3HAUYEHHS MO3JIOBKHIX MPUCKOPEHD B 3-X
IUIOLIUHAX, A TAKOK KYTOBUX IIBUJIKOCTEM
I MIPUCKOPEHbB, PAJIIYCA IMTOBOPOTY il
IBUJIKOCTI ABTOMOBLIS

Meta poOOTH - 3aKpINUTH 3HAHHS Ta MPAKTUYHI HABUYKH I10 OIIIHII
CTIMKOCTI Ta KEPOBAHOCTI KOJICHUX MAaIlWH 3a JOMOMOI'OI JAaTYHKIB
IPUCKOPCHHS.

4.1 3arajibHi M0JIOKEeHHS

3 BHUKOpPUCTAHHSM MOOUIBHOTO PETiCTpaIliiHO-BUMIPIOBAIBHOTO
KOMILJIEKCY BUKOHYETHCS €EKCIIEPUMEHTAIbHE BU3HAUYEHHS 30HHU CTIMKOTO
pPYXy aBTOMOOUIA, a TAKOXK BIUIUBY KOHCTPYKTUBHHX 1 €KCIUTyaTaI[liHUX
(bakToOpiB Ha CTIHKICTh aBTOMOOLIS TPOTH 3aHOCY. MOXKIJIMBA peecTparlis
JUHAMIYHUX MapaMeTpiB aBTOMOOLUIS, & TAKOXK OIYHUX MPUCKOPEHB, IO
J1I0Th HA aBTOMOO1JIb Y TATOBOMY PEKUMI PyXY.

[lepen  BUKOHAHHSIM  JIOPOXKHIX  BHUIPOOYBaHb  HEOOXIJHO
MPOCTEXKUTH, OO arperaTv TpaHCMIcli W X0JI0BOI YaCTHHU aBTOMOOLIIB
Oynu nporpiti. [lluHu yKcte ¥ Cyxi, 3HONTYBaHHSA MaJIOHKA IIPOTEKTOpa
He Ounbe 5%. ABTOMOOLII BUIIPOOOBYIOTH 13 PI3HUM 3aBAaHTAKCHHSIM.
BunpoOyBaHHST NOpoOBOASTH HAa TOPU3OHTAIBHIA JUISHII JOPOTH 13
TBEPJIUM PIBHUM MOKPUTTSIM MPHU PI3HUX MTOTOJHUX YMOBAX.

[Ipu exkcnepyMeHTaIbHIM OLIHII EKCIUTyaTallifHuX BJIACTUBOCTEU
aBTOMOOUIS (KBaJIMETPUYHUX BUIPOOYBAHHSIX) y 3arajlbHOMY BUIIAJIKY
pyXy BHHHKa€ poOjeMa BU3HAYEHHSI KOHTPOJbHOI TOYKU, KIHEMAaTUYHI
napaMeTpu siIkoi OyJIyTh XapaKTepU3yBaTH MIBUAKICTh 1 MPUCKOPEHHS
3a3HadyeHoi MamuHu. L[i mapameTpu HEOOX1JHO BU3HAYATH B HAMPSIMKY
MO3JI0BXHBOI OCl aBTOMOOUIA. KOHTPOJBbHOIO TOYKOIO MOBUHEH OyTH
MOJIIOC MOBOPOTY, IO € IIEHTPOM IMPY>KHOCTI aBTOMOO1IS B ILIOIIMHI,
napajieiabHii IonmHI  goporu. Ilodmtoc TOBOpPOTY JE€XKWUTH HA
MO3/IOBXKHIN 0C1 aBTOMOO1JIS ¥ cepes] BCIX TOUOK, IO HaJIeXaTh ITI€T Ocl,
Ma€ HaiMEHII 3HAYeHHS JIIHIHHOI IBUAKOCTI i TpUCcKOpeHH. OCKUIbKH
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KOOpJAMHATA TOJI0CA MOBOPOTY 3MIHIOETHCS 3T0JIOM, TO JIsl 3MEHILICHHS
MNOTPIMIHOCTI  BU3HAYCHHS  KIHEMAaTUYHUX  TapaMETpiB, KyTOBHX
NPUCKOPEHB 1 MIBUJIKOCTI aBTOMOO1JISI 3alIPONIOHOBAHO BUKOPUCTATH JIBI
KOHTPOJIbHI ~ TOYKH, Yy SKHX HEOOXIJIHO BCTAHOBJIOBATH JIBa
TPHOXKOOPJIUHATHUX JATYUKU MPHUCKOPECHb.

Ha puc. 4.1 naBenena cxema JIHIMHUX MPUCKOPEHb aBTOMOOLIS B
3arajJlbHOMY BHUIIAJIKy pyXY B TSIroBoMYy pexumi. [Ipu TBepaux y O1uHOMY
HANpsIMKY KOJIIC MUTTEBHH IIEHTP IMOBOPOTY JIGKUTH Ha IPOJIOBKCHHI
3aJIHHOT OC1 aBTOMOOLIIS.

Xt
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Pucynok 4.1 — Cxema BUMIpy JIHIHHUX TPUCKOPEHb ABTOMOOUIS IPU YCTaHOBII
—k —n —k —n
JIBOX aKCeJIepoMeTpiB: da, da, ds, A — KOMIIOHEHTH IPUCKOPEHb TOUOK A 1 B

(KOHTPOIBHUX TOYOK, Y SIKMX YCTAHOBJICHI ATYUKU MIPUCKOPEHB); Xa, Xg, Ya, Y —
KOOPJIMHATH TOYOK YCTAHOBKH JATUHKIB; 84,85 — KyTH YCTAHOBKH JTaTYMKIB
MPUCKOPEHb J10 MUTTEBOTO IIEHTPa OBOPOTY
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[Ipu pyci aBTOMOOUISI 3 €JACTUYHUMU B OIYHOMY HaNpIMKY
KOJIECaMHU, MUTTEBUN IIEHTP MOBOPOTY MEPEMIITYETHCS B TOUKY O, (AUB.
puc. 4.1), a nonroc NoOBOPOTYy — y TOUKy D.

Touka D € 1eHTpOM MNOPYKHOCTI aBTOMOOIIS B IUIOIIMHI,
napajieiabHIM TUIOMMWHI JOPOTH. [1 mostoskeHHsT 3MIHIOETBHCS 3AJICHKHO Bij
CEepPeIHbOT0 KyTa a ITIOBOPOTY KEPOBAHMUX KOJIIC, KYTIB BiABEICHHS &
IEPEAHBOI U §, 3aJHBbO1 OCEM.

KyToBa mBUAKICTH aBTOMOOLJISI B IJIOIIMHI JJOPOTH BU3HAYAETHCS 3
HACTYIHOTI'O CIIBB1JHOIIICHHS

\

anl B anl ) (YB _YA)+ X a '(aAYl B aBYl )

\

O = > (4.1)
(Ys =Ya) + X2g
KyToBe nmpuckopeHHs aBTOMOO1JISI
B (anl —ag, )‘(YB —Yu)+ X p '(""AY1 - aBYl) (4.2)
(Yo =Y, + X5 | |
KoopauHaTu MUTTEBOTO IIEHTPA TOBOPOTY
:O’S.XAB.(82+CO4)+8.5Y1_wz.axl (43)
A 0,5¢% + @’ ’
Xp=Xpp—X, (4.4)
MuTtTeBHit pajilyc TOBOPOTY aBTOMOO1Is
LA 05X, ¢ (05X, (?+0')ra, -o%a
> w° o’ 05¢% + w* . (4.5)
+0,5-Y,p

Ha puc. 4.2 — 4.4 HaBeneHi 3HAYEHHS KYTOBHUX IIBUIKOCTEH,
MO3JIOBXKHIX, OIYHMX, KYTOBUX 1 BEpPTUKAIbHUX TMPUCKOPEHb, IO
BUHUKAIOTh y TIPOIECI PyXy aBTOMOOUIS, a TaKOX MUTTEBUX PaAlyCiB
MOBOPOTY i MBUAKOCTI pyXy aBTOMOOUIs «MockBuu-412).
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4.2 3aBnanus

3a J10MOMOro  MOOUIBHOTO  BUMIPIOBAJBLHOTO  KOMILIEKCY
OTpUMATH MO3J0BXKHI MPUCKOPEHHS aBTOMOOLIA B 3-X IJIOUIHWHAX.

3acrocyBaBmu Qopmynu (4.1) - (4.5), pospaxyBaTH KyTOBI
MIBUJKOCTI Ta TMPUCKOPEHHS, paJlyCd TOBOPOTIB W IIBUAKICTH
aBTOMOOUIS Mij] 4ac €KCIIEPUMEHTY.

3a OMOMOroOK OTPUMAHUX JIaHMX 3POOUTHU OIIHKY CTIHKOCTI
BUMIPIOBAHOT'O aBTOMOO1JISI TPOTH 3aHOCY, BUBHAYUTHU 30HU CTIHKOrO Ta
HECTIMKOIO pyXxy.

BukoHatu mnepeBipKy aJ€KBAaTHOCTI OTPUMAHHMX pE3yibTaTiB 3a
JOTIOMOT'OI0 HACTYITHUX TTapaMeTpiB:

1) Cepenns BeaudrHa PO301KHOCTI

5 Ve, Vi)
AV, = - :

n

ne Vg; — BeIM4ruHa napaMeTpa, BU3BHAYEHOI0 B i-01 TOYI[l €KCIIEPUMEHTY;
Vpi - BelMuMHA MapamMeTpa, OTpMMaHa PO3PAXYHKOBUM IUISIXOM 1
CITIBITa/Ial04a B Yaci 3 eKCIEPUMEHTAIBHOI TOYKOIO;
N - KUIBKICTh TOYOK €KCIIEPUMEHTY .

2) BigHocHa poO301KHICTh EKCIEPUMEHTAIBHUX 1 PO3PAXyHKOBUX
TaHUX

ne V. - cepeiHs BEIMYMHA OLIIHIOBAHOTO MTapaMeTpa.

3) MakcuMaibHe 3Ha4eHHS PO301XKHOCTI
AV, =max(Vg —Vp|)i=1...n.

4) BigHocHa MakcUMajbHa pO301KHICTh
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ne Vg - BeoMuuMHA napamMeTpa, OTPUMAHOIO EKCIEPUMEHTAILHO U
BIJIIOBIHIN TOYII MaKCUMAaJIbHOI PO301>KHOCTI |.

OTpumaHi pe3yJabTaTd BHECTH A0 3BITY.
KoHTpoJbHi 3antuTaHHS

1. MOXJIUBOCTI ~ MOOUIBHOTO  pEricTpaIliiHO-BUMIPIOBAIBHOTO
KOMILJIECKCY.

2. ITinroToBKa aBTOMOOLJISI 10 BUITPOOYBaHb.

3. BuzHaueHHs KOHTPOJIbHOT TOUKH [ YCTAHOBKH JIaTUYMKIB.

4. CepenHs BenrMurHa pO301KHOCTI OTPUMAHUX PE3YJIbTaTIB.

5. BigHocHa pO301KHICTh EKCIIEPUMEHTAIBLHUX 1 PO3PaXyHKOBHUX
JAHUX.

6. MakcuMasibHEe 3HAYEHHS PO301>KHOCTI.

/.BigHocHa MakcHMaibHa PO30DKHICTh EKCIIEPUMEHTATbHUX
pE3YIbTATIB.

Jliteparypa: 3, 6].
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IHPAKTUYHA POBOTA 5

MOBY/JIOBA I'ICTOI'PAM PO3IIOALITY IPUCKOPEHD
ABTOMOBLIA JUISI AHAJII3Y HOI'O ITMHAMIUHUX
BJIACTUBOCTEM

Meta poOOTH - 3aKpINUTH 3HAHHS Ta MPAKTUYHI HABUYKH I10 OIIHII
IUHAMIYHUX BJIACTUBOCTEN KOJICHMX MAIIWH 34 JOINOMOIOI0 JAaTYUKIB
PUCKOPCHHS.

5.1 3arajapHi M0JI0KEeHHS

JIns BUKOHAHHS aHaI3y AWMHAMIYHUX BJIACTUBOCTEHW KOIICHUX
MalliH 3a JOMOMOTOI MOOUIBHOTO BHUMIPIOBAIBHOTO KOMIUIEKCY
3aCTOCOBY€ThCS ~ MOOyAOBa  TiCTOrpaM  PO3MOAUTY  TO3JOBXKHIX
MPUCKOPEHb TPAHCIIOPTHUX 3aCO01B.

JIisi BU3HA4YEHHSI JOJAATKOBOI MUTOMOI MOTY>KHOCTI JABWUTYHA, IO
i7ie Ha pO3TiH aBTOMOOLISI BAKOPUCTOBYETHCS CITIBBITHOIICHHS

Vo-a, =N, -7, (5.1)

ne AN __— 1ojgaTkoBa IMUTOMA MOTYXKHICTh JBUTYHA, IO i€ HA PO3riH

aBTOMOOLIIS;
a,— MOYaTKOBE MPUCKOPEHHS aBTOMOOLJIS;

3ar

N, — 3arambHui KK][ TpaHcwmicii, 110 BpaxoBye BTpaTH Ha PO3TIH

00epTOBHUX Mac.

vac, ¢

Pucynok 5.1 — ITo310BkH1 TpUCKOpeHHs aBTOMOOLIs1 «MockBuUY - 412y, oTpumani
IIPU €KCIIEPUMEHTI
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Ha puc. 5.2 mpencraBieHO ricTorpamy poO3NOAUTy MPUCKOPEHD,
OTpUMAaHY MicJisE OOPOOKHU pe3yIbTaTiB EKCIIEPUMEHTIB.

40,00%
35,18%

35,00%
30,00% 7
25,00% -

20,00%
14.57%
15,00% -

| ' ' 13,07% ' ' ' '
| ! ] g 555 10,05% |
10,00% -
. _ . |~ . 553% |
5,00% O 1s1% 2.51%
0,50% e 101% | ] J 1,01% 0 50%
e — B v e
0,00% - - : -
1 05 0 05 1

-3 -2,5 =2 -1,5 15 2 25 ]

InTepBAJIH 3HAYEHb NIPHCKOPeHHSL, M/c2

Pucynok 5.2 — I'ictorpama po3nofiny npuckopeHb aBToMo011st « MockBud-412),
OTpHUMaHa MicJisi 0OPOOKHU pPe3ybTaTIB €KCIIEPUMEHTIB

[lo oTrpuManuMm ricTorpamMaM 3IIMCHIOETHCS MiAOOP PO3MOILTY
BUMAJKOBUX BEJIMYUH (MPUCKOPEHb AaBTOMOOLIS), SKI 3 JOCTaTHIM
CTyII€HEM TOYHOCTI OMNHUCYIOTh OTpuUMaHi pe3yabpratd. OIHUM 3
HaWOUIBII ~ BUKOPHCTOBYBAaHMX 1  MPOCTUX  KPUTEPIiB  3roau
CIIOCTEPEKYBAHUX JIaHMX 3 TIMOTE3010 € KpuTepid Xi-kBaapar Ilipcona.
UuM MeHIlle 3HAYEHHSI CTaTUCTUKU XI1-KBaJpaT, TUM OUIbIIE 1IMOBIPHO,
IO TiMOTe3a BIpHA, a YMM OUIbIIE 3HAUYCHHS CTATUCTUKU Xi-KBajpaT —
THM MEHIIIEe UMOBIPHICTh TOTO, IO T1IOTE3a BiJAMOBIIa€ TaHUM.

[TapameTpy HOPMAJIBHOTO PO3MOALITY BEJIUYUH MPUCKOPEHb
aBTOMOO11I «MockBnu-412)» 3Beneni B Tadauio 5.1.

Tabmuus 5.1 - IlapameTpH HOPMAJIBHOIO PO3MNOAITY BeJUYNHH
NPUCKOPEHHSA
. Cepenne
Mapka aBTO- Kpurepiii pea Marematnune
. : KBaJIpaTUUHE .
MOO1JIS [Tipcona . OYIKYBaHHS
BIIXMJICHHS
MockBuu-412 12,7 0,61 0,6
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-3,3333 -2,B667 -20000 -13333 -0B66Y 00000 O0BBEY 13333 20000 2BEEY 33333

Pucynok 5.3 — I'padixk HOpMaTbHOTO PO3MOALTY ISl 3HAYEHb MTPUCKOPEHB
aBToMoOUTA «MockBrUY-412» 1pu pyci B MICBKOMY PEXHUMI

5.2 3aBnaHHA
[ToOyayBaTu rictorpamy po3noAily IPUCKOpeHb aBToMo0O11s1 BA3-

2105, BUKOPHUCTOBYKOUHM OTPUMAHUKA TIPU  EKCIIEPUMEHTAJIbHOMY
JOCHIDKEHH] (parMeHT 3anucy TO3JI0BXKHIX MPUCKOPEHB (IUB. puc. 5.4)

.
MOB310BsKHI IIPICKOPeHHsI, m/c?

3,00 I

2,00

1,00 A A

0,00 - 1B ”V

-1,00 - [

2,00

Hac, ¢

-3,00 -
D_\‘;I:\CO\N_\LD\D\W‘LP‘:HU‘IU‘IMhHLﬁU‘INLDquWNLDD‘-TWHLHUII'HP‘-\HLHO'IMI‘“-\D#CONLDDW]‘CON
M S RRNRY YR AIREE RS S8R RAFS YRR ERNREEEEaES858R0

Pucynok 5.4 — IloB310BxHI npuckopeHHs: aBToMo0111B BA3 - 2105
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s 3pydHOCTI MOOYJOBH TiCTOrpaMH HEOOXiTHO 3allOBHUTHU
TaOMUII0 5.2. Y KOJOHKY «YacTICTh» BHOCHUTHCS KUIBKICTh 3HA4Y€HBb
IPUCKOPEHb, IO TMOMaJaloTh Y BIAMOBIAHUN 1HTEpBaI. 3HAYCHHS
KOJOHKU «%» SIBISIOTH COOOIO BIJHOIICHHS BIAIIOBIAHUX YaCTOCTEH N0
3araJIbHOT KUTBKOCTI TOCTIKYBaHUX KPAIloK.

Tabmui 5.2 - YacTticTh M0SIBM 3HAY€Hb NPUCKOPEHHSA

IuTepBai, m/c” YacTicTb %
-3 1 OinbIIIe
-2,5
-2
-1,5
-1
-0,5
0
0,5
1
1,5
2
2,5
3 1 OubIIe

[Ticnst 3amoBHEHHs TaOMMIl, MOOYAyBaTH TICTOrpamMy pPO3MOLTY
IPUCKOPEHb BUMPOOYBAHOTO aBTOMOOLIIS 32 aHAJIOTIEI0 3 PHC. D.2.

KoHTpoJbHi 3antMTaHHA
1. BuzHayeHHs MUTOMOI MOTYHOCT1 JBUIYHA, 110 W€ HA PO3TIH
aBTOMOOLJIS.
2. ITpunaIun noOy10BU TICTOTPaM PO3MOILTY MPUCKOPEHbD.

3. Kputepii 3roau criocTepekyBaHUX JTaHUX 3 T1MOTE3010.

Jlireparypa: [3, 6].
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INPAKTUYHA POBOTA 6

BU3HAYEHHS AEPOAUHAMIYHOI'O OIIOPY
METOJA0M BUBITY U 3A JOITIOMOI'OIO
MOBIJIBHOI'O KOMIIVIEKCY

Meta po0OOTHM - 3aKpiNUTU 3HAHHS Ta NPAKTUYHI HABUYKHU TIO
BU3HAYCHHIO AaC€pOJMHAMIYHMX TIOKA3HUKIB KOJICHUX MAaIIMH 3a
JOTIOMOT OO JAaTYMKIB MPUCKOPEHHSI.

6.1 3arajapHi MOJIOKEeHHS

BuszHaueHHs mapamMeTpiB OMOpPY PyXy 3IIMCHIOETHCS HUITXOM
pIIEHHS ~ CUCTEMHM  aireOpaiuyHux  piBHSHb,  OTPUMAHUX 3
nudepeHIiaIbHOTO PIBHSHHS pyXy aBTOMOOLIA MPU BUOITY:

mV, =-m_ gy — kFV?, (6.1)

JIe M, — 3araJbHa Maca aBTOMOOJIS;

V, - niHiliHe NpUCKOPEHHS aBTOMOOLIIA M1 Yac BUOIry;

g - MPUCKOPEHHS BUIbHOTO MaaiHHsA, § = 9,81 m/c7;

W - CyMapHHii KOeQiIlieHT J0pOKHBOTO onopy: = +1;

f — koedirieHT OMOPY KOYEHHIO KOJIC;

| — O3 JOBXKHIN YXHII JJOPOTH;

k — ¢akxrop omopy moBitps (K — koedimient omopy mnositps, F -
MI1JIEJIh);

V, — niHIMHA BUIKICTH aBTOMOO1IA.

rv-al _ _alval —a, — ag,Vaz1 — I MOMEHTY 4acy 1y;
J \/'812 — _alva12 —a, — a3Va22 — 11 MOMEHTY 4acy t; (6.2)
Na3 = —alva13 —a, — <’:13V(,3123 — U1 MOMCHTY 4acy ts;
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1€ ay, dy, a3 — KOCMIIIEHTH, 110 BIJMOBIIAIOTh CEPEIHBOMY 3HAUSHHIO V,

JHIAHOI TMIBHUIKOCTI aBTOMOOLIS Ha 1HTepBam dYacy [t; t3], ToOTO
_ _Val +V,, +V,,

V
: 3
g . M .
a=—-/| foti+—m|;
5BI/16 ( ° g ) ma ) ra] (63)
a, = K
i ma .§BH6 'ra’ (64)

_kF/m,+f,-A-g
5 .

BHO

as

(6.5)

[lin yac BuOIrYy 3 BHUKJIIOYEHUM 3YCIUICHHAM (BIIKIIOUYEHUM
IBUTYHOM) §,,=097. PillleHHS CUCTEMHU DPIBHSIHb JI03BOJISIE BU3HAYUTH

Koe(iIieHTH perpecii:

v, -V, VY, YV, (v’az -V, V, -V, J

a = - 6.6
V, -V, V, -V, (V, -V, V, -V, (6.6)
_ V Vaz .Val vaz _va3 val _vaz V val _vaz .
L=V T Tyl v v oy | ey oy (6D
asz a asz ay ap a ap Q
— 1 vaz _va3 val _vaz
BTV v v oV v v (6.8)
asz a as ap ap aQ
Koediuient onopy nositpsi:
_097a,+ f,-A-g
k = F . ma . (69)

Koedimient 00TIUHOCTI:
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Co=—, (6.10)
1e p - MIIBHICT TOBITPS.
KoepimieHT nponopuiiHOCTI MK MMBUAKICTIO V, aBTOMOOUIA i
KIHEMaTHYHUM MOMEHTOM OIOPY B TPaHCMIiCii

k1: 0,97 dy,-m,. (611)

VY Ttux BUnMagkax, Koau gudepeHIialibHe 3HAYEHHs MapameTrpa A
: . 6 2/ 2
HEBIZIOMO, peKOMEHAY€EThCs puitmMat 4 = 7-107 ¢/m”.

6.2 IlpakTUYHA YacTHUHA

BunpoOyBanuii aBTOMOO1ITH PO3TaHsIOTh Ha piBHIH,
TOPU30OHTANIbHIN AUISHI JTOpoTH 10 MBUIAKOCTI 0,9'Via U BUKOHYIOTH
BHOIT.

Y mpomeci  BHOITY  PEECTPYIOTHCS  3HAUEHHS  MO3JOBXKHIX
npuckopeHs 13 kpokom 0,02 c.

25

1.3

—al
a2

W T g 1 LT TR I..\.‘J,_F Pan

s e b T 160

0.5

0.5

-1.5

Pucynok 6.1 — 3anexxHicTh MPUCKOPEHHS aBTOMOO1JIS Bl 4acy pyxy

MeTtonoM IHTErpyBaHHS 3HAauY€Hb MPUCKOPEHb BU3HAYAIOTh
MIBUIKICTh pPyXy aBTOMOOLIS PU BUOITY.
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Tabmums 6.1 - dparMeHT eKCcepUMEHTAIbHUX JTAHUX, 0JeP:KYBAHUX 3a
JA0MOMOT 00 MOOIJILHOT0 BUMIPIOBAJIBHOT0 KOMILJIEKCY

[Ipu- Vno- | IIBun- | IIBug-
Yac CKO- BlJIb- KICTh KICTh as K Cy
PEHHsI | HEHHA | KM/TOJ M/C

55 -0,237 | 0,237 26,80 7,45 | 0,0003379 | 0,21796 | 0,3573
55,02 | -0,2369 | 0,2369 | 26,79 7,44 | 0,0003381 | 0,21813 | 0,3575
55,04 | -0,2368 | 0,2368 | 26,77 7,44 | 0,0003384 | 0,21829 | 0,3578
55,06 | -0,2368 0,2368 @ 26,75 7,43 | 0,0003386 | 0,21846 | 0,3581
55,08 | -0,2367 0,2367 | 26,73 7,43 | 0,0003389 | 0,21863 | 0,3584
55,1 | -0,2367 @ 0,2367 | 26,72 7,42 | 0,0003391 | 0,21879 | 0,3586
55,12 | -0,2366 @ 0,2366 @ 26,70 7,42 | 0,0003394 | 0,21896 | 0,3589
55,14 | -0,2365 | 0,2365 | 26,68 7,41 | 0,0003397 | 0,21913 | 0,3592
55,16 | -0,2365 | 0,2365 | 26,67 7,41 | 0,0003399 | 0,21929 | 0,3595
55,18 | -0,2364 @ 0,2364 | 26,65 7,40 | 0,0003402 | 0,21946 | 0,3597
55,2 | -0,2364 0,2364 | 26,63 7,40 | 0,0003404 @ 0,21963 | 0,3600
55,22 | -0,2363 0,2363 | 26,62 7,39 | 0,0003407 | 0,21980 | 0,3603
55,24 | -0,2362 0,2362 @ 26,60 7,39 | 0,0003410| 0,21996 | 0,3606
55,26 | -0,2362 | 0,2362 | 26,58 7,38 | 0,0003412 | 0,22013 | 0,3608
55,28 | -0,2361 | 0,2361 | 26,56 7,38 | 0,0003415| 0,22030 | 0,3615
55,3 | -0,2361 | 0,2361 | 26,55 7,37 | 0,0003417 | 0,22047 | 0,3613
55,32 | -0,2360 0,2360 | 26,53 7,37 | 0,0003420 @ 0,22064 0,361
55,34 | -0,2359 | 0,2359 | 26,51 7,36 | 0,0003423 | 0,22081 | 0,3619
55,36 | -0,2359  0,2359 @ 26,50 7,36 | 0,0003425 0,22098 @ 0,3622
55,38 | -0,2358 | 0,2358 | 26,48 7,36 | 0,0003428 | 0,22114 | 0,3625
55,4 | -0,2358 0,2358 | 26,46 7,35 | 0,0003430 | 0,22131 | 0,3628
55,42 | -0,2357 | 0,2357 | 26,45 7,35 | 0,0003433 | 0,22148 | 0,3630
55,44 | -0,2356 0,2356 | 26,43 7,34 | 0,0003436 | 0,22165 | 0,3633
55,46 | -0,2356 | 0,2356 | 26,41 7,34 | 0,0003438 | 0,22182 | 0,3636
55,48 | -0,2355 | 0,2355 | 26,39 7,33 | 0,0003441 | 0,22199 | 0,3639
55,5 | -0,2355  0,2355 | 26,38 7,33 | 0,0003444  0,22216 | 0,3642
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3HalouM 4ac, 3HaYCHHsI MIBUJIKOCTEH 1 MPUCKOPEHb, BU3HAYAIOTH
nmapameTp as 1o 3anexxHocTi (6.8), paxyroTh KoehILieHT OMOpy HOBITPS I
koedimienT o6TiuHocTi Cx. OTpUMaHi JlaHi 3BOAATh y Tabmuio 6.1.

OTpumaHi €KCIepUMEHTaIbHI 3HAYEHHS aepOJAMHAMIYHUX OIOPIB
MPEJCTABISAIOTECA Yy BUMISAAL rpadigHoi 3anexHocTi koedimienta Cy
(nuB. puc. 6.2) Bl MBUAKOCTI pyXy aBTOMOOLIS JIJIsl 3pyYHOCTI aHami3y.

6.3 3aB1anHs

BukopuctoByroun ekcriepuMeHTalbHi 3HaueHHs 3A3 - 1103
(puc. 6.3), BU3HAUUTU 3MiHY MIBUAKOCTI PyXy aBTOMOOUIS MOPOTITOM
Horo BUOIry, paxyouu Te, 0 BUOIT BUKOHAHO 31 mBuAKOCTI 100 km/To.

4\
\

06 \
CcX

04 \
.

02 \

M‘hh

0 20 40 60 80
\'

Pucynox 6.2 — 3mina mBuakocti aBTomo6isist 3A3 - 1103 (“CraByra”) y mporeci
1oro BUOITY

. 2
V1oBUIBHEHHS, M/C
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Yac, ¢
Pucynok 6.3 — YnoBinsHeHHs: aBTOMOO11s1 3A3 - 1103 (“CrnaByTa”™)
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KoHTpoabHi 3anuTaHHs

1. AepoauHaMiuHUiM OIip 1 BUTpaATa MajvBa.
2. KoeditieHT 00TIYHOCTI aBTOMOOLIIS.
3. Bu3HaueHHd  TOKa3HUKIB  OOTIYHOCTI  aBTOMOOINS B

aepoJIMHaMIYHUX TPyOax.
4. JlopoKHIi1 METOJI BH3HAUYCHHS acpOJMHAMIUYHMX IOKA3HHUKIB
KOJIICHUX MAIIIUH.

Jliteparypa: [3, 5].
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INPAKTUYHA POBOTA 7

BU3HAYEHHS NOTYKHOCTI 1 KKJI ABTOMOBLIA

Merta poOOTH - 3aKpIMUTH 3HAHHS Ta MPaKTUYHI HABUYKH IO
BU3HaueHHIO TTOTY)HOCTI ¥ KK]I aBTOMOOLIS 32 TOMTOMOTOI0 JAaTYHKIB
IPUCKOPCHHS.

7.1 3araJibHi MOJI0KEHHS

Jlns BU3HAYEHHS 3amacy IMOTYXKHOCTI ABUTYHA, HEOOX1THOTO IS
peam3ainii  OakaHUX  JUHAMIYHUX  BJACTHMBOCTEH  aBTOMOO1IsS
(MpUEMUCTICTI), HEOOXITHO CKJIACTU PIBHSIHHSA AWHAMIKUA (PIBHSHHS
CUJIOBOTO “nucOanancy’)

1
Va :m(Pk _ZPC)’ (71)

ne O - Koe(ILIeHT ypaxyBaHHS 0O€pTOBMX Mac JIBUT'yHa il TpaHCMIicli,

YBEJICHUH ISl ypaxXyBaHHS 30UIbIIECHHS CWJIM, 3aTpayyBaHOI Ha PO3TiH
aBTOMOO1JIS 32 paXyHOK pO3TOHY 00OE€pPTOBUX Mac JABUTYHA i TpaHCMICII.

[ToTyXHICTH IBUTYHA, 3aTpadyyBaHa Ha PO3TiH
Np:ma-Va-\/a. (7.2)

[To3moBxH1 mnpuckopeHHst aptomooOinss 3A3-1103, orpumani
EeKCIEPUMEHTAIBHO, a TaKOX IIBUIAKICTH HOro pPyXy HaBEACHI Ha
puc. 7.1-7.2.

BusHaueHHs MOTY>KHOCTI JBUTYHA MOXJIWBO 3JIMCHUTH TIPHU PYCi
aBTOMOOUIS. PIBHSIHHS pyXy aBTOMOOLIIS

m\V, =P, —m,gw — kFV,/. (7.3)
EdexTuBHA MOTYKHICTh BU3HAYAETHCS B TAKUM c0Ci0
N, =m,V, (V,b, +b, + bV, +b\V?) (7.4)
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ne by by, bs, by — kKoedimienTn, 06ymMoBIIeHI Tpu BUMIpax y IpoIieci pyxy
aBTOMOO1Is1

b =5, =1+ " (7.5)

O, - KOe(ilieHT ypaxyBaHHs 00OCpPTOBHX Mac TPAHCMICIi U JBUTYHA

aBTOMOOLIIS IPH PO3TOHI;

al H6’ (76)

b,=a, 0,; (7.7)
3 BUO

b, =25 0,6: (7.8)

O,,c - KOEQILIEHT ypaxyBaHHA 00€pPTOBUX Mac TpaHCMIcCii Ipu BUOITY

aBToMoOu, O, = 0,97;
ai, as az — KoediieHTH perpecii (AUB. MpPaKTUYHY poOOTy Neb,
3anexHocTi (6.6) -(6.8))

[TprckopeHHT aBTOMOOLTA

PG A
48194221 36 ZLM ﬁmw

24271829123106 33 34,9436 8838824076427

Pucynox 7.1 — Ilo3no>xHi npuckopeHHs: aBromo0ust 3A3 -1103, orpumani
EKCIIEpUMEHTAITLHO

ITIBIAKICTE, KM/TOI
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MurtteBuit KKJ]I aBTOMOO17151

ND va
== 5 - (7.9)
N, V,b +b, +bV, +b\V,

Thim =

Y Takuii cnocid MOXKHAa 3amUCyBaTH SIK TOTYXKHICTh JBUTYHA
(poboty nBuryHa), Tak 1 KKJI aBTomo011s.

7.2 3aBaaHHA

3HatouM TOTYXKHICTH JBUTyYHa aBTtoMoOius 3A3 - 1103,

3aTpadyBaHy Ha po3riH (puc. 7.3), a Takox Ha Horo pyx (puc. 7.4),
BUKOHAaTH moOyaoBy rpadika 3anexHocTi mutteBoro KKJ[ aBToMoO11s

B1J] IOT'O IIIBUJIKOCTI.
KoHnTpoJibHi 3antMTaHHA
1. TIoHATTS MPUEMICTICTI aBTOMOO1JIS.
2. SIk BU3HAYA€ThCA MOTYXKHICTh JBUT'YHA, 3aTpadyyBaHa Ha PO3TiH.

3. [TonsaTTs epeKTUBHOT MOTY>KHOCTI.
4. Tlonsarrsa KKJI aBTomo01141.

Jliteparypa: [1, 6, 7].
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