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1. Heau u 3apa4n J1ad0pPaTOPHBIX padoT.

b0 0CBOCHUS TUCIUIUIMHBI (MOIYJIS) SIBISIETCS OCBOCHHUE OMOMEXaHUYECKUX
OCHOB CTPOEHUSI JBUTATEIILHOIO allllapara 4eJIOBeKa U e€ro ABUKCHUH JJIsl MPUMEHEHUS
GbU3UYECKUX YIPAXKHEHUM KaK CpeACTBa (PU3MYECKOrO0 BOCHUTAHUS M TOBBIIICHUS
CIIOPTUBHOI'O MacTEepCTBa, OMOMEXaHUYECKH OOOCHOBAHHOTO IOCTPOEHHUS OOy4YeHUs
TEXHUKE YIPOKHECHUN U CIIOPTUBHON TPEHUPOBKH.

3agayamMm OCBOCHUS TUCHMIUIMHBI (MOJTYJIS) SIBJSFOTCSI:

- (opmupoBaHue 3HAHUN, YMEHUHW W HABBHIKOB OMOMEXAaHHMYECKOI'O aHaliu3a M
CHHTE€3a [JIBUKCHMI 4eJIOBEKa, OCHOBAHHBIX Ha COBPEMEHHBIX JOCTHXKEHHUSIX
CIIOPTUBHON OMOMEXaHUKH U KMHE3HOJIOTHH;

- OBJaJieHNEe TpadoaHATUTHICCKIMU METOAaMH OIpeielIeHUs] OMOMEXaHHUUECCKUX
XapaKTepUCTHK TEJIa YEJIOBEKA U €T0 JABUKEHUI;

- oBiagcHUE MPOHEeCCUOHATHHO-TICATOTHICCKUMA YMEHUSMHA W HaBBIKAMH
000CHOBaHUSI TEXHUKH COPEBHOBATEIBHBIX U TPEHUPOBOUHBIX YMNPAXKHEHUU U HX
yMeJIO€ MCIOJIb30BaHUE KaK BO BpPEeMs MPAKTHUUYECKUX 3aHATUN ¢ 00y4aeMbIMHU, TaK U B
HayYHBIX UCCIICIOBAHUSX;

- 3HAKOMCTBO C COBPEMEHHBIMU T€XHOJOTHUSIMHU U METOJAaMU OMOMEXaHUYECKOTO
aHau3a U O0y4YCeHUS] TEXHUKE JIBUKESHUM.

OO0BEM W CPOKH BBHITIOJIHEHHUS JAHHOTO BHAA PaOOT COOTBETCTBYIOT YYEOHBIM
IIaHAM.

2. TunoBoi mjiaH JJaGOPATOPHOTO 3aAHATHS.

1. Kpatkwuii pa36op BOpOCOB CTYJIEHTOB 10 MpeAbIAYyIei 1abopaTopHOi padoTe.

2. PaccMoTpeHne OCHOBHBIX TEOPETHYECKHMX M MPAKTUYECKUX IOJOKEHUU I10
TEeMe TEeKYIIeH JJabopaTopHOi pabOThI C TPOBEPKOM 3HAHUN CTYJICHTOB ITyTEM MPSIMOTO
ompoca.

3. PaccmoTpeHue METOAUKH BBIMIOJHEHUS J1abopaTOpHOM paboThl ¢ pazdopom
BO3ZHUKIIIMX BOIIPOCOB.

4. CamocTOsITEIbHOE BBINIOJHEHUE CTYJEHTaMU OCHOBHOM 4YacTU J1abOpaTOpHOU
paboThl, CBA3AHHOM C TOJYYEHHEM HKCIIEPUMEHTAIbHBIX JIaHHBIX M WX NEPBUYHOU
00paboTKH.

5. @opmyJHpOBKa JOMAIIHETO 33JaHHUSl MO CaMOCTOATEIBHOMY 3aBEpPUICHUIO
1abopaTopHO#l paboThl U OPOPMIICHUIO OTUETA.

3. Tembl J1a0GOpaTOPHBIX PadOT.

HaumeHnoBanus jadopaTopHbIX padoT

S cemecTp

1 [IlocTpoeHne OMOKMHEMATHYECKOW CXEMBI (MpoMepa) MO3bl CIIOPTCMEHa
rpauyecKkuM U 1U(PpPoBBIM CIOCOOOM

2 |OmnpeneneHrie MHEPIUOHHBIX XapaKTEPUCTUK TeJla YEIOBEKa U OTJEIBHBIX €T0
3BEHBEB




HaumenoBanus jadopaTopHbIX padoT

3 |OmnpezeneHue nonoxeHus 00IEero HEHTpa Macchl Teaa rpaUuecKuM U

1M poBbIM ciocoOoM. OlLieHKa CTaTUYECKON YCTONYHMBOCTH MO3bI

4 |OmnpeneneHre KUHEMATUYECKUX XapaKTEPUCTUK ABUKCHUS 3BEHbEB TeJla
4eJioBeKa 1o (poTo- KUHOMaTepuaiam

5 |[locTpoeHne XpOHOTpaMMBbI IBM)KEHUS], HHIEKCHOE OIMCAHUE O3Bl U
JIBUYKEHUS Teja YeJ0BEKa

6 |OnpeneneHne TMHAMAYECKUX XAPAKTEPUCTUK JIBUKCHHUS

OrnpenesneHue nojae3Hol MEXaHMYECKON paboThl U CpeHEN MOIITHOCTH

8 |OmnpeneneHue nmokazaTesiei 3J1eKTPOAKTUBHOCTH MBI C TOMOIIBIO MUOrpada

~

4. Cogep:xanue J1a00pPaTOPHBIX padoT.

JlaGopaTopHnas padora Nel
IlocTpoeHue OMOKUHEMATHYECKOH cXeMbl (IPOMepa) Mo3bI CIOPTCMEHA
rpad¢uvyecKkum M HMPpPoBBLIM CIIOCOOOM

Heas pa6otrbl. HayuuTbest cTpouTh OMOKMHEMATHUUYECKYIO cXemy (IIpomMep) C
UCIIOJIb30BAaHUEM B KauecTBe  HCXOAHOW  uHGpopmamuu  GoTorpapuyeckoro
U300paKEHUs TO3bl CHOPTCMEHAa Ha OYMa)KHOM HOCUTEJIE WM B BUAE UU(PPOBOro
(pacTpoBOro) u300pakeHuUs.

Ucxonnbie nanHble. 300paxkeHue Mo3bl CHOpTCMEHa B BUAE LU(POBOro
M300paKEeHUS U B pacrieyaTaHHOM Ha Oymare BHUJIE.

Xoa BbINOJHEHUS padoThI.

1. BriOparh craTuyeckyr0o 103y U3 COOTBETCTBYIOIIEH CHOPTHUBHOMU
cnenuanu3anun (HeoOsA3aTeabHbI MyHKT) U MPOU3BECTH (OTOCHEMKY CIIOPTCMEHA B
3TOM 1o3e Ha (OHE KOOPAMHATHOW CETKH WJIM HHOTO OOBEKTa, IO3BOJISIIOIIETO
MPOU3BECTH TPHUBS3KY M MacHITAOMpOBAaHWE KOOPJMHATHBIX OCEH CHUCTEMBI OTCUeTa
(iuneiika, pmuHo OoT 0,5M 10 1M, CHOPTUBHBIA HHBEHTApb, Pa3MEpPbl KOTOPOIO
U3BECTHBI WJIM MOTYT OBITh M3MEpPEHbl U 00s3aTeNbHO HaHeceHbl Ha ¢oTrorpaduio
(Tymba, ckaMbs, cTen-maaTgopma, TMMHACTHUYECKUI KOHB U T.I1.)).

Cnegyer mpUAECpPKUBATHCS CIEAYIOUIMX TPUHLMUIIOB: CJIEAYeT BbIOpATh
GbpoHTaNBHBIN BUJ CIOPTCMEHA (CIiepeau WiM c3aiu) uivd B npoduib (crpaBa uiu
cieBa); JUJISl MCIOJb30BaHUS H300pa)k€HUs B MOCIHEAYIOMMX padoTax MpeArnoYTEeHUE
clielyeT OT/aTh M03€, B KOTOPOM CIIOPTCMEH OYJEeT UMETh HE MEHEe JIBYX TOUYEK OIMOPHI;
JUist o0neryeHus: WIAEHTU(UKAIMU TpPaHUIl 3BEHbEB Teja (LEHTPOB CYCTaBOB) Ha
M300pKEHUU >KENaTeNIbHO pa3MECTUTh Ha Tejle CIHOPTCMEHAa M Ha €ro OJekKIe
ONTHUYECKH PA3IMUMMbIE MapKephl (HarpuMmep, HAKICHKH U3 O0eIoro MeaMIIMHCKOTO
w1acTeipsi); B 1udpoBoit hopme n300pakeHHe TOKHO MMETh JOCTATOYHO BBICOKOE
paspenieHue.

2. IlpoBecTn u3MepeHHs JMH 3BEHBEB TeJla CIOPTCMEHA KaK PaCCTOSHUS
MEXAYy LEHTPAMH OCHOBHBIX CYCTAaBOB, OIPaHWYMBAIOIIMX 3BEHbs Tena. [lomydeHHbIe
pe3yabTathl, BeipaxkeHHbIe B cucteme CU, 3anectu B Tabnuiry 1.1.



OO01ue peKoMeHIaIH: TPU U3MEPEHUAX TOJI0KEHUE TYJIOBHIIA, €U U TOJIOBBI
CHOPTCMEHA JOJDKHO OBITh CTPOTO BEPTHKAIBHO, PEKOMEHIYETCS ISl W3MEPEHH
NIPUBJIIEKATh ACCUCTEHTA.

JliiHa 3BEHa «TOJIOBa-IIEs» M3MEPSIeTCs] KaK PAacCTOSHUE MEXAY KIIOUUYHON
BIAJMHON M IIEHTPOM CIYXOBOTO Mpoxoja. /[nuHa mieda u mpeariedbs u3MepseTcs B
COTHYTOM TIOJ1 IPSIMBIM YTJIOM B JIOKTE TOJIOXKEHUU PYKH. [[rHa KUCTH U3MepseTcs OT
[EHTpa Jy4e3amscTHOro CycTaBa JO KOHYMKAa HaumOosee BBICTYIMAIOUIEro Nalblia,
00bIYHO TpeThero. JnuHy Oenpa, TOJEHW U CTOMbI CIeAyeT H3MepATh 0e3 o0yBH,
MIOCTaBUB HOTY Ha BO3BBILICHHWE OKOJIO MOJIyMETpa, HampuMmep Ha cTyid. JmuHa cTymHH
U3MepseTCs OT KpailHel TOUKH MATOYHOro Oyrpa A0 KOH4YMKa HauboJiee BhICTYHAIOIIEeTo
nayblibl, 00bIYHO OousblIOro. BeicoTa CTOMBI M3MepseTcss OT IIEHTpa rOJIEHOCTOITHOTO
cycraBa (JIONBDKKH) JO IIOBEPXHOCTH OIOpPbI, Ha KOTOPOH CTOMT HOra, BJOJb
NEePIEeHINKYIIApa, OMYIIEHHOro K onope. JluHa TyJI0BHIIA H3MEPSIETCS KaK PacCTOsTHUE
MEX]Ty SIPEMEHHOM BIAaWHON U TOOKOBBIM CUM(U30M.

Tabmuma 1.1 — PesynpraTel mMacmtaOHO-TpadUUYeCKUX W3MEPEHHUI 3BEHBEB Tella IO
14-Tn 3BeHHON MOJEIN

Janna 3BeHa no | OTHoOCUTEJIbHA Yroa
Jlnuna 3BeHa,
MoOeH A HAKJIOHA
Ha3zpanue 3BeHa U3MepeHHast
Lo, () L0, (M) NMOTPElIHOCTb, 3BeHAa, paj
369 A, %

T'omoRa (trest)

Tynosunie

Paccrosinne Mexay IiedeBbIMU
cyCcTaBaMu

IIpaBoe mieuo

JleBoe mieuo

IIpaBoe npearmieube

JleBoe NpeAnjacyYbe

IIpaBas kucth

JleBas KHUCTH

Paccrosinue mexny
Ta300€JPCHHBIMH CyCTaBaMHU

IIpaBoe 6empo

JleBoe Gempo

IIpaBas rosieHb

JleBas rojeHn

IIpaBas crona

JleBas cToma

BricoTa npaBoli cTomsl

Bricora j1€B0ii cTOIBI

[Ton Tabnuileit ykazaTh Maccy Tejaa U pOCT CIIOPTCMEHA, HApUMED:
«Poct cnopremena - 180cwm.
Macca Tena - 83 kr.»




DT naHHBIE TOTPEOYIOTCS MPU BBHITIOJHEHWW MATbHEUITUX Ja0OpPaTOPHBIX
paborT.

3. IlpousBectu rpaduyeckoe MOCTPOCHUE OMOKMHEMATUYECKOM CXEMBbI MO3bI
CIOPTCMEHA Ha JIUCT€ MWUIMMETPOBOM Oymaru ¢opmata A4 B COOTBETCTBHM C
pacnieyaTaHHoi ororpadueil.

Jnst aToro yaoOHee Bcero Ha pororpaduu HaHECTH JIMHUIO OMOPHI CIIOPTCMEHA
u obpesath ¢dororpaduio mo 3Toit nuHMH. PazmecTuB dororpaduio JUHHEH OMOPHI
BJIOJIb >KMPHOW JIMHUU MUJUTMMETPOBOM Oymarv, HO HE MO paMKe WM Kparo JIMCTa,
CJIelyeT 3aKpEeNUTh €€, HallpUMEP KaHIEIIPCKUMU CKPETKaMHu.

[ToaroToBka kampa K o00paOOTKe COCTOMT B HaHeceHWHW Ha (ororpaduro
OTNOPHBIX TOUEK Tena Mg 14-Tu 3BeHHOM Mozaenu (pucyHok 1.1): meHTpa TsKecTH
TOJIOBBI M KHUCTEW PyK (MPUOJU3UTENHHO IIEHTP CIYXOBOTO MPOXOAa U IEHTP KUCTU
COOTBETCTBEHHO), IIEHTPOB CYCTaBOB. |'paHHIIaMM 3BEHA «TYJOBHILE» MPUHUMAIOTCS
CpPEIHHE TOYKH MEXIy IUICYCBHIMU M Ta300€APECHHBIMH CYCTaBaMH, HE3aBHUCHMO OT
MOJIOKEHUSI TEJNa 3TO 3BEHO HM300pa)KkaeTcsi MPSIMBIM OTPE3KOM, COCIUHSIONIUM JTH
TOYKH.

[lepeHOC OMOPHBIX TOYEK Ha MIUITUMETPOBYIO Oymary MOXXHO OCYIIECTBUTH
yTeM TPOKAJIBIBAHUS HAHECEHHBIX Ha OTOrpaduro TOUYEK MIMIOM MU WUTJION IUPKYJISA
(IIBeHHOM UTIION).

[Tocne cusatus dotorpaduu ¢ aUCTa MIJLTUMETPOBOWM OyMaru mMecTta MpOKOJIOB
OTMEYAIOTCsl TOYKAMH, IO KOTOPHIM BblYepuuBaeTcs 14-TH 3BEHHas MOJENb I03bI
cnoptcMeHa. [lns ompeneneHHOCTH JIEBYIO M MPaByl0 4YacTb MOJENHU YyAOoOHee
M300pakaTh pa3HbIM I[BETOM (IIAPUKOBAs pyYKa WM KapaHJIall).

a

O0o03Ha4YEHUS:
&> &, - USHTPBI TSHKECTH TOJIOBBI U KUCTEH PYK

COOTBETCTBEHHO;
a - [IEHTP JIOKTEBOI'0 COCTABA;

b - LeHTp IIeueBoro cycrana;

m - LEHTp JIy4e3arsiCTHOTO CYCTaBa;
f - IeHTp Ta300eAPSHHOTO CyCTaBa,;
m S- LEHTP KOJICHHOTO CyCTaBa;

fo. ..
P - LIEHTP TOJIEHOCTOIHOTO CYCTAaBa,
g d - koHuMK HanbOoJIee BHICTYMAIOIIETO MAJIbIIA CTOIIBI
s (0OBIYHO OOITBIIIOTO).
d p p d

Pucynok 1.1 - 14-Tu 3BeHHast MOzielIb TEJIa YEI0BEKA

w

B OnoMexaHWYEeCKWX WCCIIENOBAHUSIX MOTYT OBITh HWCIOJIB30BaHBI W OoJee
noIpoOHBIE MOJIETH TeJla YEJIOBEKa, HAPUMEpP, TYJIOBUIIE TEIUTCSA MO COWICHCHHSIM
MO3BOHOYHHKA:  KPECTIIOBO-TIOSICHUYHOE,  MOSICHUYHO-TPYJHOE, TPYIHO-IICHHOE,
aTJIAHTO3aTBUIOYHBIA cycTaB. Ho sl mpukiagHOro OMOMEXaHWYECKOTO aHallh3a
n3o0paxeHui 14-Tv 3B€HHOM MOJI€NIM BIIOJIHE JIOCTATOYHO.



4. [TpoBecTH U3MEPEHHUSI JUIMH 3BEHBEB TEJA B COOTBETCTBHH C MOJIEIBIO IyTEM
U3MEPEHHUS C IOMOUIBIO JIMHEWKHU Ha IOCTPOEHHOM CXEME U pacyeTa B METPaxX C y4eTOM
Macmtaba. M3meputh ¢ MNOMOIIBIO TPAHCHOPTUPA YIJbl HAKJIOHA 3BEHBEB I10
OTHOLIEHUIO K TOPU30HTAIBHON ocu OX cXeMbl, IPalyCHbIE MEPHI YTJIOB MIEPECUUTATH B
paauaHbl, OKPYTJIUB O YETBEPTOrO 3HaKa mocie 3amsiartod. [lomydyeHHble pe3ynbTaThl
3aHectu B Tabnuuy 1.1. IlepecueTr rpagycoB B paauaHbl U HA0OOPOT OCYIIECTBISAETCS
o ¢hopmyJiam:

o :O‘pao'lgoo , @, _a-z -
/4 P 1807

KoppekTHblii OMOMEXaHMUYECKUI aHaliu3 M300paK€HUsS BO3MOXKEH, €CIH
U3BECTEH €ro Mmacmrad, MacluTaOUpyromUid KOd(PPUUUMEHT MOXKHO MPUOIU3UTEIBHO
paccuyuTaTh MyT€M OTHOILIEHUS U3BECTHOTO (PeajibHOT0) pa3Mepa HEKOTOPOro 0ObEeKTa
B IUIOCKOCTH KaJipa K €ro pa3Mepy Ha U300paKeHHUHU:

rae H - peanbHbiii pa3mep o0bekTa B MeTpax, h - pazmep o0bekTa Ha U300paKEHUH B
TE€X EJAMHMIAX, B KOTOPBIX IPOU3BOIUTCS H3MEPEHUsS] Ha HU300paKeHUU (MM, CM,
JIOWMBI, TTUKCETIBI, €CTIU PeUb UET O U(DPOBOM M300paKEHUH U T.11.).

5. Paccuutarh MNOrpemIHOCTh ONPEAENCHUS JIMHBI KaXKJOro 3BEHA MO
MacITabHONW CXeMe OTHOCHTEIbHO HATypHBIX M3MEpPEHUH, BBIPA3UTh B NMPOILEHTAX U
paccuuTaTh CPEAHIOI0 apU(PMETHUECKYIO TOTPEIIHOCTb.
dopmyna, 1Sl BBIYUCICHUS TOTPEIIHOCTH

36 MO0

A =

l

-100% .

36

Cpennee apudmermdeckoe BbIOOpKH X W3 N 3JIEMEHTOB, BBIYUCISETCS TIO
dbopmyiie:

X
xX= N-in.

6. AnanormyHo HEOOXOIMMO IOCTPOUTH TpaUuecKM OMOKMHEMATHUYECKYIO
CXeMy HEMOCPEACTBEHHO Ha U300pakeHHMH B JI0OOM TpaduIecKOM pacTpOBOM
penakrope (Hampumep: Microsoft Paint PaintNET u T.m.) ¢ BO3MOXHOCTBIO
OTIpe/ICTICHUs] PAaCTPOBBIX KOOpPAMHAT MHUKCeNel n300paxkeHusa. broknHeMaTHUecKyro
CXEMY pacTpPOBYIO WJIM BEKTOPHYIO MOKHO MOCTPOUTH OTAEIBHO OT HU300paKEHUs C
UCIIOJIb30BAaHUEM  OTHAENBHBIX  TIpaUUYECKUX CJIOEB B  CHEIUAIU3UPOBAHHBIX
rpadguueckux penakropax: Adobe Photoshop, Gimp u T.n. OgHako Haubosnee y100HO
UCIOJIb30BaTh BeKTOpHbIE rpaduueckue nakersl (Corel Draw u T.m.), T.K. B HHX
BO3MOYXHO HEIMOCPEICTBEHHO, HAYEPTUB C IOMOINbIO NPUMUTHUBOB (JIMHHI) CXeMy,
OnpeNeNnsaTh yIriabl M JUIMHBI KaK XapaKTepPUCTUKU NPUMHUTHUBOB, YTO 3HAYHUTEIIHLHO
CHW)KAET HArpy3Ky Ha HCCIEAO0BaTeld 3a CYET aBTOMATH3aLMN BBIYMCICHUN HA YPOBHE
camoro rpaguueckoro mnakera. [logoOHbBIE MaHUMYJSIUHU 1O ONPEAEICHUIO JJIUH U
yIJOB HAKJIOHA 3BEHbEB MOKHO BBINOJIHUTH M B TEKCTOBOM penakrope MS Word
UCIIOJIb3Ysl ~ BCTPOEHHBbIE TrpaUUyecKue OPUMHUTHUBBI  JUISI  YEpPUYEHHUS]  CXEMBI
HETMOCPEJICTBEHHO «CBEPXY» M300pakeHus (BoIOpaTh jmHMIO, memdok [TKM (mpaBas



KHOIIKAa MBIIIKH), «(popMaT aBTOQUTYpB», 3aKiIafKa pa3Mepbl —> BBICOTA U IIMPUHA B

CM.).
) . oy
Popmat obberkTa Y EEE— @
| LiBeTa 1 niHMK | _________________ MonoseHe | PUCYHOK | Haonucs | Bef |
Pazmep 1 NnoBopoT
’/
( EbICOTA! 5,35 M LWIMPKHE ! 23.21m =
\\
NoBopoT: 0=
fl | Macwraf
no BelcoTe: 100 % = Mo WMPHHE 100 %% =
[ coxpaHuTe NponopLMM
OTHOCMTENEHD WCXOAHOMD pazMepa "
WMcxoaHbii pasmep
L BbICOTa! LIMPKHE
[ K ] [ OTMeHa ]
L

Paccmotpum Ha mpumepe ogHoro 3BeHa Al-A2, cM. pucyHok 1.2, B ciaydae eciu
BO3MOYHO OMNPEJIETUTh TOJIBKO KOOPAMHATHI €r0 KOHLOB WK TOJBKO MPOEKIHA HA OCU
napajuiesibHbie rpanuiiaM kajapa (MS Word).

Heobxoanmo HaliTH JUTMHY 3B€HA M YTOJl 0 HaKJIOHA K TOPU30HTaIbHOM ocu OX.

YA

Y >

(0]
X1 X2

Pucynok 1.2 — OnpenesieHre TeOMETPUUECKUX XapAKTEPUCTUK 3BEHA

Koopaunater Touek Al u A2 cuuTaeM WU3BECTHbIMU (ONpEIEIEHBI B
rpa@uyeckoM  pelakTope KaKk  KOOPJAWHATHI ~ COOTBETCTBYIOIIUX  MHUKCENeH
n3o0paxkenus). Torma BO3MOXKHO ONPENENTUTh MPOEKIMH 3BE€HA HA OCH CHCTEMBI
KOOpAWHAT (IIMpPUHA U BBICOTA) KaK Pa3HUILy COOTBETCTBYIOLIUX KOOPJMHAT TOYEK, a
JUTHHA 3BeHa 1o Teopeme [ludaropa (B equHUIIaX H3MEpPEHUs KOOpAUHAT) OyAeT paBHA:

A142| = /(X2 = X1 +(Y2-11)’.
|4142)= (X2~ X1)




V1o HaKJIOHA MOXKHO OIIpCACIINTDL, BBIYUCIIUB €TI0 TAHI'CHC!

tg(a) = y2-vi = a=arct —Y2—Y1
SN T S\ x2—x1)
PaCC‘{I/ITaB JJINHBI 3BeHI)eB, OHpeI[eJII/IB HpeI[BapI/ITeJII:HO I[J_H/IHy

MacITabUpyIOMEero 00beKTa Ha M300paKEHWH aHAJTIOTMYHBIM 00pa3oM, HEOOXOIUMO
OTIpEeACTUTh MacIITAOUpYyIOMUi KOA(P(GUIMEHT M MepecuyuTaTh [JIMHBI 3BEHHEB B
METpax M yIibl HAKJIOHA 3BeHbEB. PaccunTaTh MOTPENIHOCTh TAKXKE KAk B 11.5.

JlanHble W pe3ynbTaThl pacyeTa CBeCTH B Tabmuiy 1.2, aHAIOTHYHYIO
tabnuue 1.1 ¢ Ha3BaHueM — Pe3ynbTaThl HU(POBBIX U3MEPEHUN 3BEHbEB Tena 1o 14-tu
3BEHHOMN MOJICIIH.

Pexomenmammu. Pacderst mo m.4-6 yaoOHO MPOM3BOIUTH C HCIOJIB30BAHUEM
COBPEMEHHBIX TaOMUYHBIX peAakTopoB, Hampumep MS Excel wim ero anamora B
naketax Mo# Od¢uc, Libre Office u 1.n. Crnenyer oOpaTuTh BHMMaHWE Ha TO, YTO
BcTpoeHHass B MS Excel ¢ynkius ATAN(<apryMeHT - TaHT€HC yrja>) BO3BpalllacT
BEMYMHY yria B wuHTepBane (-m/2; m/2), T.e., TOJYyYECHHBIH C TIOMOIIBIO HEe,
OTpULIATENBHBIN OCTPBIM yroi -¢@ (CcM. pUCYHOK 1.3) COOTBETCTBYET (PaKTHUECKOMY
TYHOMY YTJ1y HaKJIOHA 3BEHA IO OTHOIICHHIO K MOJIOKUTEIIbHOMY HAMpaBIICHUIO OCU
Ox: a=m+(- ).

y A

o=+ )

Pucynok 1.3 - K pacuery yriia HakJIOHa 3B€Ha C TIOMOIIBIO BCTPOCHHOW (PYHKITUN
MS Excel

Taxum oOpa3om, A aBTOMATU3aLMU pacueTa He0OX0IMMO IPOBEPSITH YCIOBHUE
OTPHULIATENILHOCTH, BO3BpalllaeMoro (yHKIMEH pe3ylibTaTa, Halmpumep B makere MS
Excel ato moxer Boirnsners Tak: =ECJIM(ATAN(<aprymeHT - Tanrenc yria>) < 0; Pi
+ ATAN(<aprymeHT - TanreHc yria>); ATAN(<apryMmeHr - TanreHc yria>). Ecau yron
orpuuareneH, nposepsemoe ycinosue MCTUHA, To mpou3BoguTcsi €ro nepecyeTr B
TYIIOM yIOJI, a €CJH MOJOKUTENbHBIN, ITpoBepseMoe ycioBue JIOXKD, To Bo3Bpamaercs
cam yrou 0e3 rnepecyera.

7. OdopMuTh OTUET MO Ja0OpaTOpHOM padoTe. OTUET JOJKEH BKIIOYATh:

- TUTYJIbHBIA JIUCT C Ha3BaHWEM pPaOOThl W TPYNNOW U HMMEHEM CTYJICHTA,
BBITNOJIHUBILETO paboTy;



- JUCT C TIeNBbI0 PaOOThI, MCXOMHBIMHU JTAHHBIMU, KPATKHUM OIHMCAHHEM XOJ]a
paboOThI ¥ MPUBJIEKAEMOTO JIJIsi BBIMIOTHEHHUS MMPOTPAMMHOTO OOECTICUCHHUS, TTHIIICTCS B
CBOOOIHOI (popMe, coDITI01ast 0UEPETHOCTh IYHKTOB paOOThI;

- JUCT pacredaTaHHOTrO H300paKeHUS C HAHECCHHBIMH Ha HETO Y3JOBBIMH
TOYKaMHU;

- JIUCT MUJUIMMETPOBOM OyMaru ¢ HaYePUCHHONW OMOKUHEMATHICCKON CXEMOM;

- JIUCT C U300paXkeHnEeM «IUPPOBOI» OMOKHMHEMATHICCKON CXEMOM;

- JIUCT ¢ Tabauien 1;

- JIUCT ¢ TaOauIen 2;

- JIACT C 3aKIIOYCHUEM, TJie HEOOXOAMMO TPHBECTH IIOJIYyYCHHBIC CPEIHHE
3HAYCHUS IIOTPEIIHOCTEH, JaTh OIEHKY TOYHOCTH JBYX METOJIOB IO OTHOIICHHIO K
HaTypaJbHBIM U3MEPEHUSM, CPABHUTH MEKTy COOOM.

JlaGopaTopHnasi paGora Ne2
OmnpeneneHne MHEPUUOHHBIX XapPaKTEPUCTHK TeJIa YeJI0BEKA H OTAEJIbHBIX €ro
3BE€HbEB

Heasr padorbl. O3HAKOMUTBCSI C  OKCIEPUMEHTAIBHBIMM  METOJAMH
onpeeleH!s UHEPLUUOHHBIX XapaKTePUCTUK Tella yenoBeka. HayuuTbes omnpenensith
Maccy U MOMEHThl MHEPIUHU OTIEIbHBIX 3BEHBHEB Tella YelIOBeKa MPUONMKEHHO, I10
OCpPETHEHHBIM JIAHHBIM U TIO PErPECCUOHHBIM YPABHEHHSIM.

Hcxonubie nanHble. 300pakeHue Mo3bl CIOPTCMEHa B BHUAEC IU(GPOBOTO
U300paKEHUS U B paclieyaTaHHOM Ha Oymare BUJE, MCIOJb3yeMble B JTaOOpaTOPHOMN
pabote Nel, a Takke nH(pOpMaIUs O ITTUHE TEJIa U MAacCe UCCIEAYEMOTO YEIOBEKa.

Xoa BbIOJIHEHUs1 padoThlI.

1. PaccmoTperh H3KCIEpUMEHTAIbHBIE METOABI OIMpPEACICHUS HWHEPIHOHHBIX
XapaKTEPUCTHK TeJI B MEXaHHWKE, a TakKe OCOOCHHOCTH WX TPUMCHCHHS B
OMOMEXaHUKeE.

2. B xauecTBe MCXOJHBIX JIAHHBIX JJIS pacuera CIeAYeT MPUHSTh PE3yJIbTaThl
HATYpPHBIX HW3MEPEHUM [JIJIMH KUHEMAaTHYEeCKHUX 3BEHbEB, pPOCTa U MAacChl Tela
crioprcMeHa B JlabopatopHoit pabore Nel. Ecnu, mo kakuM-mu00 mpUYMHAM, Takas
paboTa HE BBINOJHAJACH, CIEAYyEeT TMOBTOPUTh €€ MyHKThl 1-2 B HacTosIen
nJabopaTtopHoit pabdore.

Cnegyer mnoaroroBuTh OnaHk TaOmuubel 2.1, TpeACTaBICHHBIM HUXKE B
OyMa)XHOM W/WJIA DJIEKTPOHHOM BapuaHTte. [IpUBETCTBYETCS HCHOIB30BaHUE IS
aBTOMATH3allUd PACUETOB JIOOOTO TAOJIMYHOTO MPUKIATHOTO TMakera, Hampumep MS
Excel.

3. IlpousBectn pacuer Macchl 3BEHBEB TE€Ja, OMUPASCh HA CPEHUE 3HAYECHUS
COOTHOIIIEHHUS] MAacChl 3B€Ha W MacChl BCEro Tela B COOTBETCTBUM ¢ pUCyHKoM II.1
[Tpunoxenusi. Mcnonb3ys tabmuimsl 1.1 u I1.2 IlpunokeHus, paccuutaTh MaccChl
3BEHBEB TE€JIA [0 PErPECCUOHHBIM YPAaBHEHUSM B COOTBETCTBUU C IOJIOM CIIOPTCMEHA.
Pe3ynbTaThl pacueToB BHECTH B Tabmuity 2.1.
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Tabmuna 2.1 - Pacuer maccel CErMEHTOB Telia

Macca cerMeHTOB 110 Macca ceTMeHTOB 1o
0
PErpecCHOHHBIM PasHuna Pasuuna B %
CPEIHUM JIaHHBIM N
YpPaBHEHUSAM . o
Cermermot V My =My, | orrowenuo k
% OT M M
acca | Vpasuen acca
MAaccCHI - e P KT m,y
Tena X X
I'omosa
(1es)
TynoBunie
benpo
T'onensp
Croma
IIneuo
Ilpennneuse
Kucte

4. PaccuuTarth pa3HUIly 3HAYEHUS MacChl 3BEHBEB, IOJYYEHHBIX TIO
PErpECCUOHHBIM YPAaBHEHUSIM U CPEIHUM JAHHBIM, BbIPA3UTh Pa3HUIy B MPOLIECHTHOM
OTHOLIEHUM K Macce, MOJYyYEHHOHW IO PErpecCUOHHBIM YpPaBHEHUSIM. Pe3ynbTaThl
pacueToB BHECTH B Ta0iuity 2.1.

5. Paccunrtarh rjiaBHbI€ LUEHTPAJIbHBIE MOMEHTHI MHEPIUU JI KaXKIO0ro 3BEHA
M0 PErpecCHOHHBIM ypaBHEHUsIM, Hcnonb3ys Tabmumbl [1.1 wu 1.2 Tlpunoxenus.
Pesynbrarhl BRIUMCICHUS CBECTH B TaOIHIy 2.2

Tabnuma 2.2 - PacueT rmaBHBIX [IEHTPATbHBIX MOMEHTOB HHEPIUH

CarruraiabpHas 0Ch DpoHTaIbHAs OCh IIpononbHas och
Vpasrenne | Ji, kr*cM® | Ypasuenue | Jo, kr*cM®© | Ypasmenme | Ji, Kr*em®

CerMeHThI

I'onoBa
(1es)

TynoBunie

benpo

['onennb

Crorma

[Inevo

IIpennneune

Kucte

6. OdopMuTh OoTUET 1O JTabopaTopHOIi paboTe. OTYET JOHKECH BKITFOYATH:

- TUTYJBHBIA JIMCT C Ha3BaHWEM paOOThI W TPYNIOW M HWMEHEM CTYJCHTA,
BBITIOJTHUBIIIETO PaboTYy;

- JUCT C TEJNBI0 pabOThl, UCXOAHBIMU JAHHBIMH, KPAaTKHM OIMCAHHEM XOJa
paboOThI M MPHUBJICKAEMOTO JJIsI BBITIOJHEHUSI MTPOTPAMMHOTO 00ECIICYCHHSI, IMAIIETCS B
cBOOOIHOM (hopMe, coOITI01as 0UePETHOCTh ITYHKTOB pa0bOTHI;

- JIUCT ¢ Tabauuen 2.1;

- JIUCT ¢ Tabauiei 2.2;
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- JHUCT C 3aKJII4YCHHUCM, I'IAC HCO6XOI[I/IMO IMPHUBCCTH IIOJYUYCHHBIC CPCIAHHC
SHAYCHUA NOTPCHIHOCTHU, OAaTh OLCHKY TOYHOCTHU JABYX MCTOIOB OIPCACIICHUA MaCCHI

CCIMCHTOB TC€JIa.

IIpunoxenue k sabopaTopHoii padore Ne2

¥ Taeye-Ayvesas

55,027%
44.98%
Axpomnaa

ﬂ.
L5
PR

Bepxyweukasn

' 50,02%

49,987
OctncTuiA 0TpOCTOK
F 7- ro wekKoro no3e.

| 50,667
49,34

45,027

54,98‘,”.- | '. Nynxoeas
Nepeanenopesnownas f(( (v 35,417
45,497
54,517
Bepxuefepuosan 1
40,497,
1
59,517
! Natoynan
HexnebepuoBan
Nanbuesan 44,157,
56,857

O

Tonosa
6,947

Bepxnmii oTaen
TYAOBUWA
15.956%

2,707%
Cpeanuit orgen
TynoBMWA

16,3277
Npeanseyss

1.615%
Huxnuh ot48n
TYyAOBHUlA

I174%
Kucrs

06147
beapo
14,1657

Tonexs
4.330%

Crona
L3707

Pucynok I1.1 - Ogun u3 cnoco00B cerMeHTUpOBaHus Tefa yenoBeka. Ciena
0003HaY€Hbl AHTPOTIOMETPUYECKUE TOUKU U TPAHUIII CETMEHTOB, TPUBEIACHBI
KOOPJIMHATHI MOJI0KEHUS LIEHTPOB MACC CErMEHTOB Ha UX MPOJIOJIbHBIX OcAX (B %0 K
JuiMHaM cerMeHToB). CripaBa 0003Ha4Y€HbI CPEIHUE 3HAUEHUSI OTHOCUTEIILHOW MacChl
cerMeHToB (B % K Macce Tena). Berbopka coctaBuna 100 my>xuun [Omuodka!l

M CcTOYHUK CCHLIKH He HalieH.].
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Ta6bmuma I1.1 - KosdpduureHTsl MHOXKECTBEHHOW PErpeccu MJis BbIYUCICHUS
MaCCOUHEPIIMOHHBIX XapaKTEPUCTUK 3BEHbEB TeJIa YeIOBeKa sl My>KUUH

KospduuyeHntsl ypaBHeHUHAi MHOKECTBeHHOR perpeccHH BHAR

y = By + Byx; 4 Byx; nas pnuscaenns MHX cermMeHTOB Tena MyXKHHH
no Becy (x;) M pjaHHE (Xx3) Texa
CerMmenr B, B, B, R 9
Macca cerMeHTa, Kr
Crona —0,829 | 0,0077 0,0073 {0,702]| 0,101
Toneusn —1,892 | 0,0362 0,0121 {0,872) 0,219
Beapo 2,649 | 0,1463 0,0137 |0,891) 0,721
Kucts —0,116b6{ 0,0036 0,00175{ 0,516 0,063
Ipepnneuse 0,3185| 0,01445 |—0,00114}0,786| 0, 10}
ITnevo 0,250 | 0,03012 |—0,0027 |0,837]| 0,178
Tonopa 1,296 | 0,0171 0,0143 |0,591| 0,322
Bepxnsr uwacTe Tyaosmma] 8,2144} 0,1862 |—0,0584 10,798} 1,142
Cpeansa uacts Ttyqoenmal| 7,181 | 0,2234 [—0,0663 10,828| 1,238
Hipkpan vacre Tysosumal —7,498 | 0,0976 0,04896{0,743| 1,020
MNMonoxenHe UEHTPA MACC HA NPoAOAbLHOK OCH CEermenra, ¢M

Crona 3,767 0,065 { 0,033 10,5301} 1,1
Tosens —6,06 |—0,039 | 0,142 0,510} 1,25
Benpo —2.,42 0,038 | 0,135 |0,600| 1,31
Knerb 4 11 0,026 | 0,033 ]0,383] 1,12
[Npennneyne 0,192 | —0,028 | 0,093 0,371 1,14
T1euo 1,67 0,03 0,054 0,368} 1,4
[onoea 8,357 | —0,0025| 0,023 {0,288 0,69
Bepxnas uacte TynoBmwa| 3,32 0,0076| 0,047 |0,258] 1,19
Cpenusst yaCTb TyJIOBHILA 1,398 0,0058| 0,045 10,437] 1,18
Huxuaa uwactb TyNOBHINA 1,182 0,0018| 0,0434 |0,320]| 1,0

FnaBupifi UEHTPANLHBIA MOMEHT HHEPUHH OTHOCHTEJbHO

caruTTansHofi ocH, Kr-cm?

Crona —100 0,480 0,626 | 0,75 6,8
Toneub —1105 4,59 6,63 | 0,85 | 48,6
Bexnpo —3557 31,7 18,61 | 0,84 } 248
Kucte —19,5} 0,17 0,116 { 0,50 3,7
[peanneune —64 0,95 0,34 10,71 10,2
Ilieuo --250,7]1 1,586 1,612 0,62 | 27,6
Fonosa —78 1,171 1,619 10,40 | 42,5
Bepxuas yvacTb TyJOBHLIA 81,2} 36,73 | —5,97 | 0,73 | 297
Cpejuas yaCTb TYJOBHILA 618,6| 39,8 |—12,87 | 0,81 ]| 237
Huxnaa yacte tyJoBHIla | — 1568 12 7,741 | 0,69 | 156

Cnapibii neHTPAALHBLIA MOMEHT HHepuHH OTHOCHTEJNbHO

pouTaasHOR OCH, Kr-cM?

Crona —97,09] 0,414 0,614 | 0,77 | 5,77
Tonendb —1152 4,594 6,815 | 0,85 | 49
Benpo —3690 32,02 19,24 0,85 |244
Kuctb —13,68 0,088 0,092 | 0,43 ] 2,7
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I podoarsicenue

Cerment B, B, B, R o
[Ipepnaeyse —67,9 0,855 0,376 | 0,71 9,6
Ilneuo —232 1,525 1,343 | 0,62 26,6
l'onosa —112 1,43 1,73 | 0,49 | 40
Bepxuaf uvacte tynosuma| 367 18,3 —5,73 10,66 | 171
Cpegrfin  4acTh TYJIOBHIILZ 263 26,7 —8,0 0,78 1 175
Huxuag 4qacte TynosHma| —934 11,8 3,44 |1 0,73 | 117

naBHbifi UEHTPAALHBIA MOMEHT MHEPUHH OTHOCHTEJbHO

APOJIOALHON OCH, Kr-cm2
Crona —15,48| 0,144 0,088 | 0,55 2,7
Tonexn —70,5 1,134 0,3 0,47 | 22
Benpo —13,6 | 11,3 —2,28 10,80 49
Kuers —6,26] 0,0762 0,0347) 0,43 1,8
Ipepnneuse 5,66 0,306 | —0,088 | 0,66 2,9
ITneyo —16,9 0,662 0,0435| 0,44 | 12,5
TonoBa 61,6 1,72 0,0814] 0,42 | 35,6
Bepxuas uacTe Tymopuma{ 561 36,03 —9,98 10,81 | 212
Cpepunsi dacTh TysoBumta| 1501 43,14 |-19,8 0,87 | 188
Huxusaa uacte Tyaosumal —775 14,7 1,685 ] 0,78 | 116
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Tabmuma I11.2 - KosdduureHTsl MHOXKECTBEHHOW PErpeccu MJis BbIYUCICHUS
MaCCOUHEPIIMOHHBIX XapaKTEPUCTUK 3BEHBEB TEJIa YeIOBEKa ISl )KEHIIUH

YpaBHenns perpeccHH BHAa: Y = By -+ Byxy 4 Byx,

nast oueHkn MUX cermeHTOB T€aa KeHIHH MO JiJIHHE (z3)
H Becy (x;) TeJaa

CermMenT By B, B, R Q
Macca cermeura, Kr
Crona —1,207|—0,0175} 0,0057] 0,71 0,11
Toneun —0,436 | —0,011 0,0238] 0,42 | 0,36
Benpo 5,18 0,183 |—0,042 | 0,73 | 0,81
Kuctb —0,116 0,0017( 0,0020| 0,48 { 0,03
I[pcpnncube 0,205 0,009 0,0003]| 0,38 0,11
Ineyo 0,206 0,0053| 0,0066} 0,271 0,21
Fonosa 2,388 —0,001 0,015 { 0,24 | 0,49
BepxuHit OT/IeN TYJIOBHILA —16,593| 0,140 0,0995| 0,64 1,47
Cpepuuil oTpen tynosuma| —2,741| 0,031 0,056 | 0,45 | 1,09
Hwxuuli otgen tyJoeuma| —4,908( 0,124 0,0272} 0,61 0,9
MonoKenHe LEHTPA MACC HA NMPONOJBLHOR OCH cerMeHTa, %
Crona 30,25 | —0,103 0,20 0,34 3,9
Tl'onenb 41,94 { —0,102 0,025 | 0,42 I,0
Benpo 50,90 | —0,090 0,00721 0,35} 1,2
Kuers 41,74 | —0,120 0,172 | 0,53 1,9
[pepnneuse 61,40 0,096 |—0,062 10,36 ] 1,4
[Tnevo 44,96 0,034 0,051 | 0,36 1,2
Tonoua 21,50 0,181 |—0,08 | 0,38 | 3,2
Bepxunii otnes TyJoBHIA 34,50 0,012 0,084 | 0,24 2,7
Cpepxuil OoTpesl TYJIOBHILA 36,68 0,025 0,037 | 0,17} 2,0
Huxuuli orgen TyJOBHILA 26,10 | —0,020 0,056 | 0,23 1,7
JaHHa cerMeHTa, €M
Croma 1,60 | —0,035 0,139 (0,67 | 1,l
Fonenb —1,81 | —0,182 0,304 } 0,70 | 2,2
Beppo -—5,09 0,232 0,233 10,72 | 2,4
Kuctb 8,78 | —0,012 0,085 | 0,37 1,0
[pepnneuse —14,54 | —0,220 0,305 | 0,78 1,7
Ilaevo —7,99 | —0,239 0,279 1 0,68 ] 2,1
T'onosa 12,96 1 —0,191 0,138 | 0,64 1,4
Bepxnuil orpen TynosHua|—17,17 0,105 0,191 | 0,56 | 2,5
Cpepuuil oTfies1 TYJIOBHINA 9,8 | —0,180| 0,121 | 0,38 2,5
Huxuril otpen TyJnosHIA 0,10 0,124 0,098 | 0,48 2.1
LleHTpasbHBil MOMERT HEEPIHH OTHOCHTEJBHO CATHTTANLHOH OCH, K- CM2
Crona —02,24 0,486 0,558 | 0,60 | 7,6
I'oneun —963,1 | —3,b7 9,04 0,71 | 63,8
Benpo -—-4033,4 44 .99 17,08 0,83 1205,9
Kuetb —5,71 0,122} 0,035 | 0,44 1,47
[Tpennneune —132,1 0,620f 0,82 | 0,73 7,58
[Tneuo —151,4 0,107 1,554 | 0,25 | 45,3
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I podoracenue

CerMeur B, By B, R o
l'onosa 217,8| —0,032| 0,059 [0,008] 53,5
Bepxyuit otpen Tynosuma|-—4038,5| 28,6 20,0 0,71 | 249,5
Cpennnii otrpea TyJosuma| —368,7 —6,22 8,86 0,24 | 245,8
Huxumuit otpen tyaosumal —987,6| 14,90 3,76 [0,58 | 129,5

[aasublfi WEHTPANBHLIH MOMEHT HHEpPLHM OTHOCHTE/BHO (pPOHTaNLHOM
OCH, KTI-cMm2

Crona

loneun

beapo

Kuctp

[Ipennneube

[Mneyo

l'onosa

Bepxunfi oTnes TyJOBHILA
Cpepuufi ormen TyJ0BHLIA
Huxunlt otpen  TynoBHIa

—61,4
—943,3
—92659,4
— 5,79
—138,5
—330,4
66,4
—92075,0
—546,0

~—633,3

0,348
—2.51
50,35
0,087
0,533
—0,461
—0,447
15,6
2,87
10,8

laasBepifl LEeHTPaJbHBIH MOMEHT HHepUUHM OTHOCHTEJIbHO

OpONOJILHOK OCH,

Crona

lonens

bBenpo

Kuctb

Ilpennneyne

ITneyo

lonosa

Bepxuu#i orpes TYJOBHLLA
Cpepnufi orpenl TyJOBHINA

923,90

= 53,9

1339,8
—2.138

7.4

—118.6
— 35,48
—98923,2

—672,9

Huxunli otgen TyJoBHINA

—715,9

0,337
0,284
6,30
0,053
0,21
1,19
2,43
25,8
1,47
23,5

Kr-cM?

0,406 | 0,72| 4.0
8,47 10,70 | 62,2
6,96 | 0,75 | 252.0
0,034 | 0,47 | 1,1
0,887 | 0,72 | 7.9
2,67 |0,61] 25,6
1,20 | 0,18 49,1
9,4 |0,66] 147,2
5,1 0,36 | 125,0
2,26 |0,64| 78.8
0,050 0,56 | 2,3
0,489 | 0,33 | 12.7
8,28 |0,53| 94.4
0,0073| 0,39 | 0.7
—0,08 0,61 1,3
0,44 |0.83]| 5,3
0,237 {0.41 | 29,9
12,8 0,77 | 163,2
7.53 10,28 | 211,6
—1.106 | 0,64 { 140,0
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JlaGopaTopHnasi paGora Ne3
Omnpenenenue moI0keHUs 001Iero HEHTPAa MaCChl TeJia rpaguyecKuM 1
uu@poBbIM c10c000M. OLIeHKA CTATHYECKOM YCTOMYMBOCTH IO3bI.

Heab paGorbl. O3HakoMuUTbCS ¢ 0a30BbIMU  METOAAMH  OIpPEACIICHUS
nosioxkeHus L{IM Tena desoBeka v yCiI0BUS YCTOMYMBOCTH CTATUUECKOTO MOJIOKEHHUS.

Hcxonubie nanuble. 300paxkeHue Mo3bl CHOpTCMEHa B BUAE LU(GPOBOro
M300paKE€HUA U B paclieyaTaHHOM Ha Oymare BUJE, MCIOJIb3yeMble B JaOOpaTOPHOM
pabote Nel, a Takxe nHpOpMaIUs O ITTUHE TEJIa U MAacCe UCCIIEAYEMOT0 YEIOBEKa.

Xoa BbINOJHEHUS padoOThI.

1. JInsa ymoOcTBa BBIMOJHEHHS JaHHOW pabOThl HEOOXOIWMO TOJTOTOBUTH
Onmank Tabimuubl 3.1 W otraenbHble Tpadbl 3aNOJHUTH PE3yJbTaTaMHM BBINOJIHEHUS
IPEIbITYIINX Ta00paTOPHBIX padoT.

Kospduurent K; npuHITH B COOTBETCTBUM cO cxemoil Ha pucyHke II.1
[Tpunoxenuss k JIPNe2. AGCOMIOTHYIO MacCy 3BEHBEB Tela MPUHATH KaK PE3yJIbTAThl
pacyeTa 1o OTHOCUTEIbHBIM YCPEAHEHHBIM BeIMUMHAM, cM. JIPNe2.

Ta6nuna 3.1 - Ucxonnsie nannsie i onpenenenus OLIM cnoprcMmena

Koaddumument orcrostaus LIM

Orcrosnue LIM 3BeHa ot ero
3BEHA OT €T0 MPOKCUMAIEHOTO

AbconrotHas | J{miHa

HasBanue 3BeHa Macca 3B€Ha | 3BEHBEB MPOKCHUMAIIFHOTO 3mrdu3a L;,
smudu3a
Maﬁca (KZ) La@s (M) K (M)
['osioBa — — —
TynoBume

[IpaBoe nnevo

JleBoe mieuo

[IpaBoe npearuieube

JIeBoe MpCaIlIiCuYbe

[IpaBas kucrb — —

JleBasa kucTh — -

[IpaBoe Gemapo

JleBoe 6eapo

[IpaBas roneHb

JleBas royieHp

[IpaBas crona

JleBag cTomna

Bce teno — — —

2. BBIUHUCIUTH PACCTOSTHUE OT MPOKCUMAIBHOTO 3MHU(HU3a KaXI0ro 3BeHa J0 €ro
nentpa macc (LIM) mo popmyie:
Li = L36 ) Ki’
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rae: L,, - 1JrHa 3BeHa;

K; - xoaddunuent, onpeaensomuil OTHOCUTeNbHOE paccTostare LM 3BeHa ot
€ro NPOKCUMAaJIbHOIO 3nudu3a.

3. Ha OMokmHEMAaTHYECKOW CXEeMe CTaTHYeCKOW ITO3bI CIOPTCMEHA, KOTOpas
Obl1a mocTpoeHa B JjabopartopHoil pabore Nel, ucnonb3ys naHHble TaOauubl 3.1.
OTMETHUTH 1noJjoxkeHus [IM 3BeHbeB KpeCcTHKaAMHU.

Ilenmp maccot 36ena - >T0 BooOpakaemasi TOYKa, K KOTOPOH MPUIIOKEHA
PaBHOCHCTBYIOIAs CUJI TSXKECTHU BCEX YAaCTHIL 3BEHA.

Crnenyer y4uThIBas 4To:

L[IM kucTtu B pacciiabjIeHHOM COCTOSTHUHM JISKUT B 00JIaCTH MACTHO-(PAIIaHTOBOTO
cyctaBa cpenHero najnbia. [[M Kuctu B ¢:KaTOM COCTOSTHUM — B IICHTPE KyJIaka.

[IM  royoBbI  HAaxOIWUTCSA HA  MBICIEHHOM  IE€PECEYCHUH  B3aUMHO
NEPICHANKYJISIPHBIX JIMHUMN, MPOBEJACHHBIX YEpe3 CIYXOBBbIE OTBEPCTUS M Uepe3
nepe”ocuiry (B 00JacTu Typeukoro cejuia). [[ns mocTpoeHus Ha OMOKWHEMATUYECKON
cxeme I[IM TroONOBBI ClleqyeT W3MEPUTh PACCTOSHHUE OT CIYXOBOT'O OTBEPCTHS JI0
KITFOUNYHOUW BIAAMHBI U TTOJIYYCHHOE PACCTOSHUE OTIIOKHUTH HA CXEME B COOTBETCTBUH C
MacITadoM.

4. Jlns onpeesieHus IEHTPa MacChl CTOIBI HEOOXOUMO:

a) BBICOTY CTOIIBI /¢, Pa3/IEUTh HA TPU PaBHbIC YACTH, U Yepe3 TPEThb OJUKHIOIO
K [OZIOIIBE CTOIBI MPOBECTH JIMHUIO MapalIeNIbHYIO MOJOIIBE CTONBI (PUCYHOK 3.1).

0) Ha MOJOUIBE CTOMBI OTJIOKHUTh OT TOYKH MSATOYHOTO Oyrpa paccTOsHHUE 0
[IM crombl (BeNIWYUHY OSTOTO PACCTOSHUS CIEAYET B3ATh U3 IOCIETHEro CTOoJOIa
tabmmip 3.1. it cTom). Yepes moaydeHHYI0 TOYKY TPOBECTH MEPIICHIUKYIISP K JIMHUN
CTOTIBI.

L _ ¢ LM cTonbl

1/3 he, { :
|

\ 4
YT
Le; (M3 TaBnmubl 3.1)

Pucynok 3.1 - Cxema onpenenenus [IM cTomsl

Touka nepeceueHus: TMHUN NOCTPOCHHBIX B COOTBETCTBUU C MyHKTAaMHU a) U 0)
aBisgercst [LIM crorbl.

5. OtmeTuTh Ha OMOKMHEMATHYECKOM CXeMe OKOJIO IIEHTPa MacC Ka)JI0ro 3BeHA
ero oTHocuTelabHyl0 Maccy B % (mpu stom 3Hauok % I[IMCATH HE CIIEHAVYET).
MO>XHO TTOCTaBUTh U a0COJIIOTHBIC 3HAYCHUS MAcC 3BEHBEB B K2, HO JUIS ONPEIeICHUS
0011IeT0 LEHTpa Macc JAOCTATOYHO 3HAThH JIMIIb COOTHOIIEHHUS Macc, U MO3TOMY MJIs
MPOCTOTHl BBIYUCICHUN JOCTATOYHO HCIIOIb30BaTh MPOLIEHTHBIE COOTHOIIEHUS Macc
3BEHBEB TeJIA.
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6. OmpenenuTh MOJOXKEHUE OOIIETO ILEHTpa Macc Tejla CHOPTCMEHa (TOodka
MIPWIOKEHUST PABHOJECHCTBYIOMIEH CHJI TSKECTH BCEX TOUYEK Teja), UCIOJIb3YI0 METO]]
Haxoxjaenuss OLIM nByx Ten (pucyHok 3.2) no gpopmyre:

m
L=—2—1L
m, +m,
niIn
m
L=—"—1L
m, +m,
//——\\
L1 L2 // \\
m A N m, O\
7N Y l/ I \
[ N\ x . X I
\\ // |\ /
- /
— \\ / /
v \\ ///

Pucynok 3.2 - Cxema pacuera [IM cuctemsl 1ByX Tel

ManeHbKkuMH KpECTUKaMH Ha PUCYHKE 0003HAYEHBI IIEHTPHI MacC TEJl ¢ MacCOM
mi ¥ ny, a OOJBIIUM KPECTUKOM — OOIIHI IeHTp Macc 3Tux oboux Ten. OIIM aByx ten
JICKUT HA JIUHUH, coenunstomend [IM nByx el

s onpenenenus Touku OLIM tena HeoOXoauMo:

a) Haiitu oot [IM kuctu u npenrieyss;

0) 31as obouwmit LIM kuctut+npenmieuss u UM nneuva, naiitu LIM Bceit pyku;

B) aHAJIOrM4HO HaiiTu [IM apyroii pyku;

r) 3Has LIM kaxpaoi pyku, Hailti o6mmii LM pyk;

N) aHanoruyHo HaxoxiaeHutro LIM pyk, ompeaenuts LIM Hor, HauumHas co
CTONBITTOJIEHE;

e) 3Has mnojoxenue IIM pyk u IIM Hor, ompeaenmuts IIM koHeuHOCTEH
(pyKu+HOTH);

¢) onpenenuts 00muii [{M TynoBuIa u royoBsl;

k) 3Hasg oOmui I[IM TtynoBumatromoBa u ob6mmid I[[M KoHeYHOCTEH,
onpeaenuTh noyoxkenue OL{M Bcero Tena criopTcMeHa.

[Tonoxenust nckombix [[M Ha OMOKMHEMATHYECKON CXeMe CIIeIyeT 0003HA4YaTh
KpECTUKaMH, B OTJIMYHE OT IOJIO)KEHHUS ILIEHTPOB CYCTaBOB, KOTOpBIE NPUHSATO
0003HaYaTh TOYKaAMHU.

[Tonoxenune OLIM Tena 3aBUCHUT OT ero no3sl. [1oaToMy npu nocie1oBaTeIbHOM
HAXOXKJEHUU LIEHTPOB MAacC JABYX 3BEHBEB Te€Jla MOXHO OpaTh JIt0ObIE Mapbl, YUYUTHIBAS
napHble KOHEYHOCTH.

7. Ormetuts Ha yeptexke OLIM Tena crnoprcMeHa HaWAeHHBI TrpadUyecKUM
METOJIOM.

8. Hma ompenenenus OILIM  1tudpoBeiM  (aHAUTUTHYECKUM) CIIOCOOOM
HE0OX0MMMO Ha OHWOKMHEMAaTHYEeCKOM CXeMe CTaTMYeCKOW I103bl CIOPTCMEHa B
udpoBoit popme, KoTopasi OblIa BBHIMOTHEHA B MPEBIIYIINX JTA00OPATOPHBIX padoTax,
MPOBECTH OCH KOOpAMHAT, cM. pUCYHOK 3.3 Ocp abcuucc (TOPHU30OHTAIBHYIO OCh X)
cleAyeT MPOBOAUTH MO JIMHUM Onopbl. OCh OpAuHAT (BEPTUKAIBHYIO OCh )) CIEAYET
IPOBOJUTH BEPTUKAIBHO B IUIOCKOCTH Kajpa, XKEJIATEIbHO CJeBa OT KpalHEH TOYKH
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M300pKECHUS CIIOPTCMEHA, B KA4eCTBE HAYAJI0 OTCYETa MOXKET OBITh MPUHSTA
HEKOTOpasi 0COOEHHAsi TOUKA BHEIIHETO OKPY’KEHHU, 3HaUMMast JUJIsl aHajau3a, HalpuMep
KpaiHss TOYKa OMOPHOM MIaT(OpMbl, U T.I.

y

y2<

Vi

-~
Ok X1 o

'
X2

Pucynok 3.3 - CxeMa onpefieneHus KOOpAUHAT IEHTPOB MAcC 3BEHBbEB TEJIa
CIIOPTCMEHA Ha OMOKMHEMATUYECKON CXeMe, JIJIsl TpUMepa MPUBEICHBI KOOPAMHATHI
roJieHHu (X1, ¥1) U Npeareybs (xz, 1,)

9. 3mMepuTh TOPU3OHTANIBHYIO (X;) U BEPTUKAIBbHYIO () KoopauHaTel [IM Bcex
3BE€HBEB, WCIIOJB3Yysl IIPUEMBl ONpPENECNeHUs KOOPAMHAT W JUIMH  OTPE3KOB
paccmotpenHbie B JIPNel. B kauecTBe KOOpAMHAT IIPU BBIIIOJIHEHUM aHAJIW3a B MAKETE
Word cneagyer npuHSTH BBICOTY () U JUIMHY (X) COOTBETCTBYIOIIETO PaJNyC-BEKTOpa
[IM 3BeHa, cM. pucyHok 3.3. 3HaueHus 3aHecTd B Tadnuiy 3.1.

Ta6muma 3.2 - Koopauaat OLIM 3BeHbEB Tea CriopTCcMeHa

Ao6comoruas | Koopaunater [IM CraTnyeckuil MOMEHT
macca i-ro I-TO 3B€HA I-TO 3BE€Ha
Haspanue 3BeHbEB — —
3BCHA Xi Vi Sxi=Miy X; Syi=m; Y,
i, (k2) (2) (2) (kem) (kem)
I'onmoBa
Tynosume

IIpaBoe mieyo
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JleBoe mieuo

IIpaBoe npearieybe

JIeBoe MpCaIJICYbC

IIpaBasi KUCTh

JleBag KkucTh

IIpaBoe Geapo

JleBoe G6eapo

IIpaBas rosieHb

JleBasg ronesp

IIpaBas cTona

JleBag cTomna

Bce teno 2omp= > myx= > myy=

10. BprauciuTh 3HAYEHUS TOPU3OHTAIBHBIX W BEPTUKAIBHBIX CTATUYCCKHUX
MOMEHTOB, OTHOCUTEJIBHO OCEH X U y, IO (popMytam:
Sxi =My Xis
Syi=m;Yi,
rze m; — abCOJIOTHAs Macca i-To 3BEHa,
x; — abcuucca [IM i-ro 3BeHa (paccrosaue ot [IM 3BeHa 10 BEpTUKAIBLHON OCH);
y; —opaunara [IM i-ro 3BeHa (paccrosinue oT LT 10 ropuzoHTanbHON OCH).
11. Haiftm cymMMy TOPH30HTAJIBHBIX M BEPTUKAIBHBIX CTAaTUYECKUX MOMEHTOB
Macc 3BEHBEB, (S, =2. m;, X;; S,=2. m;- ;).
12. Bpr4MCINTE TOPU3OHTAIBHYI0 M BEpPTHUKaIbHYK KoopauHaTel OLIM Tena
CIOpTCMEHaA 10 hopMyIam:

rae: m; — abCcoNoTHas Macca i-To 3BEHa,

x; —abcuucca [IM i-ro 3BeHa (paccrosnue ot [IM 3BeHa 10 BEpTUKAIBLHON OCH);
y; —opaunara [IM i-ro 3BeHa (pacctosinue oT LT 10 ropu3oHTanbHON OCH).

X, ¥ — koopauHatsl OLIM, nomy4yeHHbIE AaHATUTUYECKH.

13. Otmeruts mnonoxkenue OLM 10 NOJyYEHHBIM KOOpAMHATaM Ha
OMOKMHEMATHYECKOIM cXeMe CTaTUYECKOM M03bI CIIOPTCMEHA.

14. Onpenenuts koopauHatel OIIM, HalineHHbIE Tpaduyeckum crocoOoM
(XrpsYrp) B JAHHOW CHUCTEME KOOPIUHAT U BBIYMCIMTH a0CONIIOTHYIO M OTHOCHTEIBHYIO
HOTPEIIHOCTh Trpaduueckoro cmnocoda onpenenenus OLIM Tenma crnoprcMeHa 1o
OTHOIIEHUIO K AaHATUTUYECKOMY TI0 (popmyIiam:

Axa&: :xep._'xaﬁ.; Aya6c :yzp._yaﬁ.;

A A
Ax, =—="maie 100%; Ay, = SXa 1%,

OMH .
xan . yaHaJl .

15. Caenatb BBIBOABI 0 TOUHOCTH HaxoxaeHus OLIM tena cnoptcmeHa, KpaTko
0XapaKTepU30BaTh IOCTOMHCTBA U HEJIOCTATKHU JIByX METOOB.
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16. Onpenenuth JIMHY ONOPbI D MO TOPU3OHTAIBHOM OCH X, KaK PacCTOSHUE
MeXAy KpalHUMH ToukKamu ornopsl (pucyHok 3.4). Coequants OLIM Tena cnopTcmeHa
HaWJCHHBI aHATTMTUYECKUM METOJOM C KpasiMU IUIOLIAAHN OMOPbI — KpalHUMU TOUYKaMHU
ONOpBI — M ONMYCTUTH mepreHauKkyysip u3 OLIM Ha omopy. M3mMeputs nnvHy 1€BOrO
miedya onopsl (d;) u mpaBoro rmieda onopsl (d>), BeicOTy pacnoioxenuss OLIM nHan
auHuen onopsl (4). [lomydeHHbIE pe3ynbTaThl 3aHECTH B TaOIUITY 3.3.

OHMaHaJ'IMTl/l‘i.

"y

Pucynok 3.4 - Cxema onpeneneHus mieyen ornopel

Tabnuua 3.3 - [lokazarenu yCTOWYMBOCTH TeJla CIOPTCMEHA

VYriael

IIneun onopsl CTOMYHNBOCTH Kooppuuuentst
Bercora OI_II\V/[ Jlmna P Y ’ YCTOWYHBOCTH Onenka
HaJa onopou OITOPHI, rpaaycol .
Yy CTOMYUBOCTY
h, (m) D, (m) BIIPABO | BIIEBO

d,(m) | d(m) | ) | B©) k, ks

17. OueHuTh YCTOMYMBOCTH TOJOKEHHSI Tejla CIOPTCMEHa MO yriaM
ycTounBoctTd « u L. OHU 00pa3oBaHbl JIMHUEW JACHUCTBUS CHIIBI TSDKECTH —
NEPIEHINKYJIAP K ONOpe — U JUHUEH, coenuustomeid OLIM ¢ kpaeM mioniaau Omnopsl.
OTO TpaHUYHBIM YroJ, Ha KOTOPBIH MOXHO MOBEPHYTh TEJIO [0 COXPAHEHUS €ro
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MOJIOKEHHUS (B OrPaHUYEHO-YCTOMYMBOM paBHOBecUHU). Eciu yroa ycToMunBOCTH MEHEe
5°, TO MOJIO’KEHUE MPUHSITO CUNTATh HEyCTOHUMBBIM. [Ipu yrie ycroitunBoctu 6osee 5°
TEJIO0 HAXOJIWUTCS B OrPAHUYEHHO YCTOWYMBOM paBHOBecuH. IIpu monoxennn OLM
HUKE TUIONIAM ONOPHI TeJIO OYJET HAXOAUTHCS B yCTOWYHMBOM PABHOBECHUHU.

18. Paccuurtath K03(pGUIIMEHTHI YCTOWYMBOCTH ISl JICBOW U MPaBOM YacTel 1o

dbopmynam:

kl=i;
h
d
ky = 2.
o

rae ki, ky — K03QPUUUEHTHI YCTONYUBOCTH;
d\, d, — IIMHBI 11J71eY ONOpHI (BIIPABO U BIIEBO), B M;
h — BbicoTa OLIM Haj TUHUEH OTOPHI, M.

[Tony4yeHHsie pe3ynabTaThl 3aHECTH B Ta0IUILy 3.3.

KoaddummenT ycroiiunBocTH XapakTepU3yeT CIIOCOOHOCTh Tela CBOEH CHUIION
TSYKECTU CONPOTHUBIISITHCS ONMPOKUBIBAHUIO B AaHHBIX ycioBusix. Korga koaddunment
YCTOMYMBOCTHU OO0JIbILIE €AUHULIBI, TEIO0 HE ONPOKUHYTh.

19. Cnenath BBIBOJBI 10 OLIEHKE YCTOMYMBOCTH TEJa CIOPTCMEHA HA OCHOBAaHUU
NOJIyYEHHBIX JAHHBIX.

JlabopaTopHasi padora Ne4
OmnpeneseHue KHHEMATHYECKNX XapPaKTEePUCTHK IBHKEHHUS 3BEHbEB TeJIa
Yyesi0BeKa Mo GoTo- KHHOMATEPHUAIAM.

Heab: HayunTthes onpenensiTe yrioBYH0 CKOPOCTh 3BEHBEB TEJla YEIOBEKA MPU
BBINIOJIHEHUU CIIOPTUBHBIX YIPAKHEHUU.

3agaum: Onpenenurs yIJIOBYH0 CKOPOCTh 3BEHBEB Tela 4YEJIOBEKa IIPU
BBIIIOJIHEHUH TUMHACTUYECKUX YIIPAXKHEHUN:

1) GosbII0i 00OPOT HA3ad Ha TIEPEKIIATUHE.

2) 6oIbI10#1 00OPOT BIIEpe1 Ha MEePEKIIaIuHE.

Hcxoanbie naHHble. BapuaHThl MCXOIHBIX JaHHBIX B BHUAE OO0OOIIEHHBIX
KOOpJIMHAT 3BEHBEB TEla B pA3JIMYHBIX BapHAHTAX MWCIOJHEHUS YIPAKHEHUS
npuseneHsl B [Ipunoxxennu k JIPNe4 B koHIle paboTsl (10 MaTepuaiaM HCCIEIOBaHUN
JlaBmyka /[.A., 2002). Bapuant crnegyer BIOpaTh B COOTBETCTBHHM CO CBOMM HOMEPOM
B CITMCKE TPYIIIHI.

Xoa BbINOJHEHUS padoOThI.

Teopernyeckue moa0KeHUs

[lepBas u BTOpasi MpoOM3BOJHAA OT OOOOIIEHHBIX KOOpAMHAT (YIibl HAKJIOHA
3BEHbEB OMOMEXaHUYECKON cUCTeMBI K ocu Ox) MO BPEMEHH, 3alaHHbIX B TaOJIMYHOM
BU/JIE, ONIPEIEISIFOTCS U3 CHMMETPUYHBIX KOHEUYHO-PA3HOCTHBIX OTHOIIECHHMN:

Qi —Piy L9 =20, 0,

7

rae @;, ¢; - IpUONMKECHHBIC 3HAUEHMsI IEPBOM U BTOPOI NPOU3BOAHOM OT 000OIEHHBIX

KOOpJMHAT ¢, 10 BPEMEHU B MOMEHT BPEMEHM ! =1;, i - HOMep Kajpa, s - UHTepBall
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BPEMCHH MEXKIY JBYMs OJIMKANIIAMU KaJpamu, MPUOIU3UTEIHHO ONPEIeISIeMbIH Kak

h=1/k, k - vacToTa KHHO/BUIEOCHEMKH (Kaap/c).

YuuThIBasA, 4TO B MEXaHUKE YIJIOBas CKOPOCTh H3MEpSeTCs B paj/c, GopMyssl s

OIpe/ieSICHUs] YIJIOBOW CKOPOCTH M YCKOPEHUS 3BEHLEB Tejla Ha OCHOBAHMHM PAaBCHCTB

(1) npumyT BUx:

_ T[((PHI _(Pi—l) . TE((Pf_l _2@;' +(pr‘+l)
360 T 180/

Kunerorpamma BTOpO MOJOBHHBEI 0OJBIIOr0 000pOTa Ha3aj Ha MEpeKIaMHe NOKa3aHa Ha
pucyske 4.1.

b,

o 1

Pucynok 4.1 - Kuaerorpamma BTOpO# TOJIOBUHBI OOJIBIIIOT0 000pOTa Ha3aj Ha TIEPEKIaINHE

1. JIna BBIYMCIIEHUS YTIIOBOM CKOPOCTH 3BEHBEB TeJa MPH BHIIOIHEHUH JIFOOOTO
CIOPTUBHOTO YIpPaKHEHUS HEOOXOJUMO 3HATh 3HAYCHUS] OOOOIICHHBIX KOOpIMHAT
OMOMEXaHUYECKOM CHUCTEMBbl Ha BCEl TpaeKkTopuu JBMKeHHs. [l 3Toro mo
BBIIIOJTHEHHOMY IIPOMEPY, TPAHCIOPTUPOM OINPEAEISAIOT Yrol HAKJIOHA 3BEHBEB
OMOMEXaHWYEeCKOM cucTeMbl K oc Ox JUIsl KaXJO0ro KHHOKAApa YIPaXHEHUs U
M3MEPEHHBIE 3HAYCHUS OOOOIIEHHBIX KOOPJAWHAT 3aHOCAT B Tabmuily. OmpeneneHue
0000LIEHHBIX KOOPAMHAT OMOCUCTEMBI JUISI MCCIEAYEMOrO YINPAXKHEHUs BBIITOIHAETCS
CIIEYIOIIUM 00Pa30M.

JonyctuM, A7 NEpBOr0 KMHOKAJpPa BBINOJHAEMOrO YIpPaKHEHUsS (PUCYHOK
4.2, ) noctpoeHa KuHerorpamma (pucyHok 4.2, A).
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1 90° 4 1 Y 4
Ps
(PZ
180° 0 360° b0 I g
A 270° B X

Pucynok 4.2 -Cxema onpenenenns 00001IEHHBIX KOOPAUHAT B TIEPBOM
KMHOKAJIp€ KMHETOTPAMMBI [10 MaTEpHUAIIaM ChbEMKH

s onpesenieHus yriia HaKJIOHa 3B€HbEeB OMOMEXaHUYECKOU CUCTEMBI K ocu Ox
HEO0OXOJIMMO OT KaXKJIOI'0 CyCTaBa IIPOBECTHU BIICBO U BIIPABO JMHUU, MapaJlICIbHBIE OCH
Ox. Hanpaienue yria OTCUMTHIBAETCS OT MOJIOXKUTEIBHON 00J1acTh YnuciaoBoit ocu Ox
MPOTUB XOJa 4acOBOW cTpenku. BenmnunnHa yria m3mensiercs ot 0° mo 360°, a Ttakxke
MOYET M3MEHAThCA B quanazone 360-720° u T.1. BenuuuHa yria HakJiOHA 3B€HA K OCH
Ox u3MepsieTcsi TPAHCIIOPTUPOM U 3alUChIBaeTCs B TAOIUILy 00OOIIEHHBIX KOOpPIUHAT,
B KOTOPOM KOJOHKH 0003HAYal0T HOMEP 3BE€HA, & CTPOKH — HOMEP KMHOKAApa.

2. TloaroroButh Tabmuily OOOOIIEHHBIX KOOPAMHAT JJIS TPEX3BEHHOM
(tabmuma 4.1) ¢ rpadamu  IT  MPOMEKYTOUHBIX

OMOMEXaHUYECKON CHCTEMBbI
BBIYMCIIEHUN pa3HOCTEN 000OIIEHHBIX KOOPAUHAT.

Tabnuma 4.1 - Tabnuua 06001IEHHBIX KOOPAUHAT TPEX3BEHHON OMOMEXaHUYEeCKOU

CHUCTEMBI Ha BCEH TPAEKTOPUHU JBHKECHUS

1 2 [ 3 ] 4 5 6 5
Ne
l'\‘HHOI:aIlpa (Pr'.l (P;'_:- ®; 3 P = Pins Civio = Piin (Pf—l__g —0,_3

1 365

2 378 394-365=29

3 394 419-378=41

4 419 428-394=34

5 428 435-419=16

6 435

JIns Kax10ro HOMepa KHHOKa/Ipa BIMCATh B TaOIUIlY 3HAYCHUST 0000IIEHHBIX
KOOpJWHAT JUIs IEPBOTO 3BEHA - ¢, JI1 BTOPOTO 3BE€HA - (9, U JJISl TPETHETO 3BEHA - ;.

3. B konoHkax 5, 6 u 7 paccuuTaTh ¥ 3aIMCaTh COOTBETCTBYIOLIME PA3HOCTH
0000IIEHHBIX KOOPAMHAT JJIsl IEPBOT0, BTOPOTO U TPETHErO 3BEHA 110 KHHOKAApaMm, Ie
i - HOMEp KMHOKaIpa.
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4. lIlogroroButs T1abmuny 4.2, B S4YEWKHM KOTOpPOM OyAyT 3aHOCHUTHCS
BBIYMCIICHHBIE 3HAYEHUS YTIIOBOM CKOPOCTH 3BEHBEB TEJIA.

B cooTBercTBUM C YpaBHEHHUSIMH, CM. TEOPETHYECKUE IIOJOKEHUS BBIIIE,
KKy CTPOUYKY KOJOHOK 5, 6 1 7 Tabnuibl 4.1 He0OX0AMMO YMHOXXHUTb HAa YUCTIO 77 U
pazaenuth Ha 360 /.

[Tony4yeHHsbli pe3yabTaT HEOOXOAMMO BMOHCATh B COOTBETCTBYIOIIYIO CTPOYKY
KOJIOHKH 2, 3 vt 4 TaGiuiisl 4.2. TO U €CTh YIJIOBasi CKOPOCTh 3BEHLEB TeJa.

Tabnuua 4.2 - YrinoBble CKOPOCTH 3BEHbEB Tella

Ne knHOKaIpa P, P, B
1

= [

S. AHanoru4Ho HEOOXOIMMO BBIMIOJHUTH pacyeT Uig BTOPOM dYAaCTH, MpPH
BBIMIOJTHEHUH OOJBIIOr0 000pOTa BIEepe ] Ha MEPEKIaIuHe, IPU pelieHnH 3a1a4u 1) u 2)
cleyeT IPUHIATh BpEMEHHOM HHTEpBa MexXay Kajapamu (/) pasHsii 0,08c.

Ipuioxkenue k JIPNe4
BoJbuioii 000poT Ha3ax Ha NepeKJIaguHe

Bapuanr 1 Bapuaur2

Mo 1ca O0600nIcHHBIE KOOPAHHATLI Ne Obo0mmennble KOopIHHATEL
o Qi Q» Qs Kajpa Q, Q, Qs
1 461.2 465.0 473.4 | 462.8 4606,1 471.7
2 473.7 4778 486.2 2 476.7 4777 4823
3 487.0 4925 501,2 3 491,5 4923 4954
+ 5009 508,0 518.1 4 5082 510.5 511.2
5 516.2 5239 535.0 5 228.0 3324 528.6
] 533.9 540,1 5494 6 351,4 356,7 5459
7 554.1 5579 560.0 7 5774 581.5 3624
3 576.3 5780 568.9 8 603,8 605,8 579,5
9 599.7 600.,6 580.1 9 628.1 629.6 6015
10 623.6 6249 5977 10 649.3 653.4 636,2
11 646.3 650,1 6253 11 667.8 677.5 683.4
12 665,7 675.7 664,1 12 684.8 702.5 7288
13 681.5 7023 7063 13 7023 728,1 759.8
14 696.4 7293 740.2 14 121,7 752.5 779.1
15 713.7 7545 7622 15 742.8 77132 792.6
16 735.0 774.5 776,9 16 763.9 788.6 802.7
17 757.9 788.1 788.5 17 783.3 799,5 8108
18 778.0 797.2 798.6 18 800,2 8073 817.7
19 7950 804.6 808.1 19 8157 8139 824.4
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Bapuanr 4

No O00DIMEHHBIE KOOPIHHATEL
Kajpa | Qg Q; Qs
] 4435 4504 453.7
2 4526 458.4 460.9
3 461.8 467.4 468.7
Bapunant 3 4 4715 4772 4774
Ne O6o0ieHHbIe KOOPIMHATHI 3 482,1 488.,0 487.1
Kazpa Q 0, Q4 6 4938 500.0 4978
1 455.9 461.2 467.2 7 5072 513.1 509.1
2 469.7 471.6 476.7 8 5226 527.5 520.6
3 483.9 484.5 488.5 9 5402 5432 5322
4 499.5 500.9 503.0 10 5597 560.1 544.1
5 517.6 521.1 519.8 11 580.1 578.6 557.0
6 539.2 544 .4 537.3 12 600.5 598.7 5725
7 564.2 569.1 554.2 13 6199 620.4 593.7
8 5907 593.7 5707 14 638.3 643.2 626.5
9 616.3 617.8 589.5 15 6557 666,7 669.8
10 639.1 641.5 616.8 16 673.0 690.5 710.7
11 658.8 665.4 659.0 17 690.7 7137 738.3
12 676.4 689.9 707.3 18 709.2 735.1 754.8
13 693.4 715.3 746,2 19 7282 753.2 765.9
14 711.7 740.7 770.5 20 746.4 767.7 774.1
15 7321 763.4 786.4 21 7627 778.8 780.8
16 753.5 781.5 798.0 22 776,6 7874 786.8
17 773.9 794.6 806.9 23 7883 794.6 792.8
18 7921 803.7 814.3 24 798.5 801.1 798.9
19 807.9 810.6 821.0 25 807.8 807.5 804.9
Bapuaur 5 Bapuaur 6
No OG0 EHHBIE KOOPIMHATBI No O000MEHHBIE KOOPIHHATEL
Kagipa Q Q0 Qs Ka/Ipa Q Q; Qs
1 86.6 92,0 94.9 1 93.1 90,2 94.8
2 95.3 100.8 102.3 2 100.4 97.7 103.2
3 104.4 110.2 110.,5 3 107.8 105.7 113.0
4 114.2 120.2 119.9 4 116,1 114.8 1240
5 124.8 130.8 130.6 5 125.5 125.6 136.1
6 136.3 142.1 142.4 ] 136,2 138.1 149.1
7 148.5 153.7 155.2 7 148.7 1520 162.9
8 161.3 165.7 168.6 8 163.6 167.1 177.2
9 175.3 178.7 182.3 9 180.8 183.6 190.8
10 191.7 1941 196.1 10 199.9 2020 203.0
11 211.7 2139 210.2 11 220,3 2225 215.0
12 2353 238.3 226.0 12 242.0 2445 230.0
13 259.6 264.9 246.3 13 2641 267.2 2533
14 281.7 290.3 276.4 14 284.8 290.8 288.7
15 300.8 313.7 3159 15 303,2 316.1 3313
16 318.0 336.3 3544 16 3203 3426 3700
17 335.0 358.5 382.3 17 337.9 368.2 397.8
18 352.6 379.2 400,2 18 356.5 390.2 415.6
19 370.7 397.1 412.8 19 375.5 406.,6 4264
20 388.2 411.4 422.4 2 393.7 417.6 4329
21 404.0 422.6 430.2 21 409.8 425.0 437.5
22 4174 431.5 437.1 22 4232 431.,0 441.8
23 428.8 4392 443.7 23 434,1 437.0 446.5
24 438.8 46,6 4503 24 443.3 443.6 451.7
25 448.1 4543 4572 25 451,2 450.6 457.0
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Bapuaunt 7

Bapuanr 8

No OB6o0LEHHBIE KOOPIMHATHI Ne O6o01eHHBIE KOOPIHHATHI
Kajpa 0 O Qs Ka/ipa Q; Q Qs
1 86.3 93.5 99,8 | 92.2 98.0 104.9
2 98.1 103.1 110.2 2 104,0 108.6 116.0
3 110.1 114.7 122.3 3 116.3 121.2 129.1
4 122.6 128.2 136.5 4 129.1 1354 144 .4
5 135.7 143.0 152.7 5 142.5 150.6 161.0
6 149.8 158.4 1693 6 1577 166,3 177.1
7 166.4 174.4 1843 7 175,8 182.8 190.7
8 186.0 191.6 196.3 8 196,8 200.9 201.2
9 208.1 210.8 205.9 9 219.7 2214 210,7
10 231.7 232.7 216.3 10 243.8 2445 223.1
11 2559 2567 231.6 11 267.8 269.3 2422
12 279.2 281.9 2553 12 289.9 2047 271.1
13 299.6 3074 289.5 13 308.3 320.2 309.8
14 316.2 333.2 3304 14 323.8 346.4 350.0
15 331.3 359.8 3674 15 339,2 373.1 381.7
16 347.8 386.1 3033 16 3572 398.0 402.6
17 3674 408.7 4104 17 378.2 4177 4174
18 389.2 425.1 423.8 18 400,0 431.0 4298
19 410,2 4358 435.6 19 419,5 439.7 4412
20 4279 443.3 446.6 20 435.5 4468 451.9
21 442 .4 450.6 457.1 21 4488 454.8 462.3
Bapuanr 10
No OD00mEHHBIE KOOPIHHATEL
Kajpa Q Q; Qs

Bapuanr 9 1 461,3 466,8 468.3
No O000IEHHBIE KOOPIHHATEL 2 470.2 476.5 478 .4
Kajipa Q 0} Qs 3 480.4 486.6 489 4
1 §3.4 91.5 99.4 4 4923 4977 5010
2 96,7 100,3 106,5 5 506.6 510.1 5122
3 109.6 111.4 115.3 6 522.8 524 .4 5226
4 122.6 124.6 126.6 7 540.5 540.8 532.2
5 136.1 139.4 140.5 8 559.2 559.5 5422
6 150.6 1554 156.5 9 579.2 580.2 555,1
7 166.8 172.5 173.0 10 600.6 602.5 5740
8 185.0 191.0 188.5 11 6222 625.9 600,5
9 205.2 211.0 202.5 12 642.4 650.3 633.8
10 2273 232.5 2165 13 660.3 675.2 670.3
11 2509 2549 233.3 14 676.4 700.5 7043
12 274.1 277.9 257.6 15 692.3 7254 7313
13 295.1 301.8 294.1 16 709.7 748.4 7503
14 313.2 326.6 337.5 17 729.4 766.9 763.4
15 329.8 3522 3760 18 749.5 779.7 773.6
16 347.0 377.3 4028 19 767.0 788.2 782.7
17 366.2 400.0 421,2 20 780.4 794.6 791.2
18 387.0 418.7 4343 21 790.7 800.8 7992
19 407.3 4329 4440 22 799.3 807.7 807.1
20 425.6 443,5 4519 23 807.1 815.7 815,1
21 441.5 4523 4592 24 814.9 824.5 823.2
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Boabioit 000poT Briepea Ha nepeKjIainHe

Bapuanr 1

Bapuawr 2

Na OHobINEHHBIE KOO, IHHATE] Ne O6obIneH Hble KOOPHHATE
Kajipa Q & Qs Kajipa Qi & Qs
1 469.7 4570 455,0 1 4498 399.8 388.2
2 478.6 468.2 466.4 2 462,1 417.0 410.8
3 489.5 479.5 477.6 3 471.1 4360 4317
4 502.5 491.7 488.9 4 478.6 454.5 450,8
5 517.5 505.0 500.7 5 485.8 471.5 468.4
6 534.1 519.6 514.1 6 4945 487.4 484.8
7 551.5 536.4 530.6 7 506.5 503.0 500.1
8 569,1 555.5 552.3 8 522.5 518.5 5144
9 586.7 576.5 580.8 9 5409 5343 529.5
10 604.6 598.9 613.7 10 559.7 5514 5481
11 6239 622.6 643,3 11 5784 570.9 5730
12 645.8 646.6 662.1 12 597.8 593,0 604.0
13 670.6 669.1 670,0 13 618.4 6170 635.9
14 696.4 688.3 672.8 14 640.4 641.9 660,6
15 721.6 703.5 677.6 15 664.7 666.0 672.6
16 745.3 715.4 688.3 16 691.3 688.0 674.3
17 766.3 7262 704.6 17 719.0 707.2 675.0
18 783.1 738.0 723,5 18 746.,7 723.6 6829
19 795.8 751.4 7421 19 773.1 737.7 700.3
20 805.2 765.9 759.2 20 795.2 751.7 724.5
21 812.1 780.4 7747 21 811.2 768.4 752.0
22 817.6 794.1 789.1 22 8217 788.3 780,0
Bapuanr 4
No O000IIEH HbIE KOOPMHAThI
Kajpa Qi Q Qs

Bapuanr 3 I 461.9 457.5 452,5
Na O6o01IEHHBIE KOOPIHHATEL 2 467.5 463.7 460,9
Kajpa Qi 92 Qs 3 474.7 470.8 470.2
1 456.4 408.1 399.7 4 483.6 478.9 4804
2 4669 4264 421.5 5 494 .4 488.1 491.1
3 475.0 445.4 441.,5 6 507.0 498.8 501.5
4 4821 463.2 459.8 7 5212 5112 5120
5 4899 479.5 476.8 8 537.2 525.2 523.,5
6 500.0 4952 492.6 9 555.5 540,1 537.7
7 5140 510.7 507.3 10 576.0 555.3 5356.5
8 531.5 526.3 521,7 11 597.2 5714 5812
9 550.3 542.6 538.1 12 617,0 589.8 608.9
10 569.0 560.8 559.7 13 635.1 611.9 633.9
11 588.0 581.7 588.0 14 653.0 636.9 652.1
12 608.0 604.8 620.3 15 672.7 661,1 6641
13 629.1 629.4 649.7 16 694.8 681.4 673.0
14 652.2 654.2 668.3 17 717.9 697.4 681.8
15 677.8 677.3 6742 18 739.7 710.6 692.5
16 705.1 698.0 674,2 19 758.3 722.5 705.8
17 7329 715.8 6778 20 773.1 734.1 7214
18 760.3 730.8 690,5 21 784.5 745.7 7378
19 784.9 744.6 711.8 22 793.1 757.1 753.5
20 804.0 759.6 738.1 23 799.4 768.0 7674
21 817.0 778.0 766.0 24 804.2 778.2 779.5
22 8257 798.8 793.7 25 808.0 787.6 789.9
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Bapuaur 5

Bapuanr 0

No OGobueHHble KOOPAHHATI Na O6o0UEHHBIE KOOPIMHATHI
Kapa : Kaipa 0] Q Qs

1 91.4 59.4 53.0 1 89.1 52,9 45,

2 96,0 72,1 67,0 2 93.7 65.8 60,1
3 100,8 8§3.8 80,5 3 98.3 78.1 73.9
4 106,7 94,7 93.4 4 103.6 89.4 87.0
5 1143 105,1 1057 5 1103 99.9 99.6
6 123.9 115.8 117.3 6 118.8 110.4 111.6
7 1354 127.5 128.6 7 1294 121.5 1230
8 148.8 140.5 140,0 8 1419 1339 134,2
9 164,1 154,6 152.1 9 156,2 147.4 1459
10 180.9 170,1 166.0 10 172.3 162.2 158.7
11 198,7 187.3 183.6 11 189.7 178.4 1742
12 2168 206,5 207,2 12 207.7 196.6 194.,5
13 235,5 2274 2376 13 226.1 216,7 221.8
14 2554 250.1 269.3 14 2452 238.5 253.8
15 277.0 2743 2938 15 265.9 262,1 282.9
16 3003 298.6 3070 16 288.5 286.6 301.8
17 3248 3203 312.2 17 312.5 310,0 310.2
18 3498 3372 3159 18 3373 3294 313.8
19 374.6 349.6 323.9 19 362.3 343.8 3192
20 3974 359.9 338.0 20 386.4 3548 330.3
21 416.,0 3709 356,1 21 407.3 365,2 3467
22 430.0 383.8 3752 22 423.6 377.1 365.7
23 440,2 398.3 3932 23 435.5 3909 384.4
24 4478 4129 409.6 24 4443 405,06 401.6
25 4539 426.6 424.1 25 4510 4199 417.0

Bapuaunr 7 Bapuanr 8
Ne O600meHHBIE KOOPIHHATHI No OBGobieHHbBIe KOOPMHATE
Ka/pa O Q: Qs Kaapa O 8} Qs

1 100.4 87.3 81.5 1 97,2 82,0 75.1
2 107.4 97,9 94,1 2 103.8 92.6 87.8
3 115.7 108,6 106,0 3 111.3 103.3 100,1
4 125,9 119.5 117.6 4 120.6 114,0 111.8
5 138,1 130,9 129.5 5 131.8 125.1 123.5
6 152,1 143.8 142,1 6 144.9 137.2 135,7
7 167.5 158.6 155.9 7 159.6 1509 148.8
8 184.2 175.2 1719 8 1757 1667 163.5
9 202,1 193,5 192.3 9 1930 184.1 181.5
10 220.8 2134 217.9 10 2114 203.3 204.5
11 240.,1 235.1 2468 11 2304 2240 2322
12 260,2 2584 274,2 12 250.,1 246,6 261,0
13 281.8 282.6 2944 13 270.8 2704 2854
14 305.5 306,2 3048 14 2933 294.6 300.8
15 3314 327.3 307.8 15 318.3 317.2 3069
16 3579 3442 3102 16 344.8 336,2 3087
17 382.4 357.6 317.6 17 370.5 351,2 313,1
18 403.5 3698 331.2 18 393.5 363.7 3237
19 4204 3823 3490 19 412.5 3759 339.8
20 4327 396,1 368.4 20 427.1 389.1 358.6
21 441.,6 4104 388.0 21 437.5 403.2 3782
22 448.6 423.7 407.4 22 445.2 417.3 397.8
23 455,0 4355 425.8 23 451,9 429.8 416.8
24 461.0 446.4 442.3 24 458.1 441.0 434.3
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Bapuanr 10

Bapuant 9 No OGobieHHbIe KOOPIMHATHI
No O06001meHHBIE KOOPIHHATBI Kajpa O () Qs
Kajpa Oy 0 Qs | 92,5 82.9 84,

1 90,2 58.2 44, 2 96,4 88,7 01,9
2 95,2 71.0 60,9 3 100.9 94,7 98.9
3 100.8 83.6 76.9 4 106,5 101.0 1053
4 107.8 95,9 91,9 5 113.2 107.8 111.8
5 116.3 107.7 105.5 6 1214 1155 118.8
6 126.3 119.4 118.3 7 131.4 1241 126.7
7 138.1 131.7 131.0 8 1434 134.0 135.6
8 1520 1454 1438 9 157.3 1454 145.5
9 167.8 160.7 157.7 10 172.6 158.4 156.7
10 185.3 177.5 1740 11 188.6 173.6 170.0
11 204.4 195.7 194.7 12 204.8 190.8 187.0
12 2249 215.8 221,5 13 221.6 209.9 2094
13 246.3 238.1 2514 14 239.] 230.7 2364
14 268.3 262.7 277.0 15 258,1 2527 263.0
15 2014 287.8 293.1 16 278.6 275.1 283.8
16 316.7 311.1 3013 17 300.7 296.4 297.8
17 344.1 331.0 306.8 18 3241 3154 3074
18 371.5 3478 3142 19 348.0 3314 315.9
19 395.8 362.5 3259 20 371.1 345.0 325.8
2 414.8 376.1 341.4 21 391.8 357.1 338.3
21 428.7 389.7 359.5 22 408.9 369.0 3534
22 438.5 403.5 378.8 23 4222 381.8 369.3
23 4454 417.5 398.5 24 4322 396.2 384.0
24 4505 431.1 417.5 25 4394 4114 396.7

JlaGopaTopHas pa6ora NeS
IHocTpoenue XpoHOrpaMMbl IBUKEHHS, HHACKCHOE ONMCAHNE MO3bl U ABUKEHUSA
TeJa YeJloBeKa.

Hean. Hayuuthesa ompenensth nepuojbl U ¢asbl JBUTATEIBHOTO JICHCTBHUS.
Hayuutbcst cTpouTh JHMHEHHYI0 XpoHOorpammy. O3HAaKOMUTBCS CO CIOCOOOM
MaTEeMaTUYECKOr0 OMUCAaHUsl KOH(PUTYypaLli CUCTEMBI TEN.

HUcxoanbie pannble. KunHorpamma aBurarenbHoro naencteuss. Yacrtora
KMHOCHEMKH. [l NMpUMEHEHUs HHACKCHOTO METOAAa OMUCAHUS TO3bl UCIIOIb3YyETCA
npomep u3 JIPNel.

Xoa BbINOJHEHUS padoThlI.

1. Ha xuHOTpamMme ompenenuTh IpaHUYHbIE MOMEHTHI, OTHeistomue Gasbl U
NepUOoAbI IPYT OT Apyra.

2. 3aroToBuTh OJaHK TAOJIMLBI pacyeTa XpPOHOIPAMMBbI, CM. IIPUMEpP HUXKE B
tabnune 5.1.

3. 3ammcats B rpady 1 HazBaHUS TIEPUOOB U (Pa3 TBUTATEIHHOTO ACHCTBUS, a B
rpady 2 — HomMepa KaJapoB, C KOTOPBIX OHU HAYWHAIOTCSI.

Ilpumeuanue. Kanp okoHUaHUs OAHOU (Pa3bl OJJHOBPEMEHHO SIBISIETCS KaIpOM
Hayasa Apyrout ¢gassl (ciaemayromiei).

4. PaccuuTaTh U 3anucaTh B rpady 3 4MCIO MHTEPBAIOB MEXAY Kaapamu (f).
Uucno WHTEPBAJIOB MEXKIYy KaJpaMH paBHO pPA3HOCTH MOPSAKOBBIX HOMEPOB
MOCJIETHETO U MEPBOT0 KaJIpOB JIAHHOTO NEPHO/Ia, JTaHHOU (ha3bl.
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5. PaccuuTtaTh MIMTENBHOCTH MEPUOAOB MU (a3 Kak IMPOU3BEICHHUE YHUCIIA
MHTEPBAJIOB MEXAY KpallHUMU KaJpaMu ISl KaXI0W (a3bl U UIMTEIbHOCTH HHTEpBAJIA
MEXAY COCETHUMH KaJpaMHu KHHOTpaMMBbl. Pe3ynbTatsl 3anucars B rpady 4.

6. Iloctpoutrr InHHEHHYIO XpoHOorpammy. MHMcxons W3 IMTEIBHOCTH
JIBUTATENBHOTO JeHCTBUA W (¢opmara Oymaru, BbeIOpaTh MaciuTad H300paKeHus
BpEMEHHU, JUIsi ynoOCTBa OTKJIAQAbIBAHMS BPEMEHHBIX OTPE3KOB  MOCTPOCHUS
PEKOMEHIyeTCsl BBINMOJIHATh HAa MHJLJTUMETPOBOM Oymare. 3aTeM MOCJIEA0BATENbHO MO
nepuojiaM u ¢azam CTPOUTh XPOHOTPaMMy.

7. llpumep. PacueT xpoHOorpaMMbl TBOMHOTO 11ara B Oere.

Tabnuna 5.1 - [lpumep pacdera JaHHBIX JUIsI XPOHOTPAMMBI
[Tepuoasl u dasel NeNe kagpoB | B t,c
bezonopnsIii nepuon 0-7 7 0,292
OnopHsIil IEPUO 7-10 3 0,125
be3onopHslii nepuos 10-15 5 0,208
da3za amopTH3anun 7-9 2 0,083
@da3a oTTAJIKUBAHUS 9-10 1 0,042
daza pazBenenus oenep 0-2 2 0,083
daza cBeneHus oenep 2-7 5 0,208
da3a pa3Benenus oeaep 7-12 5 0,208
da3a cBenenus Oeaep 12-15 3 0,125
bezonopHbIil Iepuo OnopHbIil IeEpruoT be3onopHbIil nepuo
0,292 ¢ 0,.125 ¢ 0,208
daza amoptuzamun  —> 0,083 ¢ 0,042 ¢ +7— Jaza oTTaNKUBaHUI
pa3Besl. CBeJICHHE Oenep pasBeneHue oemep cBenenue 0,125
0,083 ¢ 0,208 ¢ 0,208 ¢ C
0 2 7 12 Ne kagpa
0 0,08 0,29 0,50 t,c

Pucynok 5.1 - JIuneiiHast XxpoHOrpamMma JBOMHOIO mara B Oere

8. Jlns Oosiee TOYHOrO KOJMYECTBEHHOTO OMHUCAHUS Mpollecca IABUKEHUS U
yA00CTBa aHanu3a JBHXKEHHs ¢ mpuMeHeHrneM DBM ucnonb3yercst MHAEKCHas 3alucCh
1o3bl. J1J1st OOIBITMHCTBA CHOPTUBHBIX IBHKEHUN TJOCTATOYHO NMpUMEHEHUe 14-3BeHHOM
Moenu Tena yenoneka (cM. JIPNel), Ho uHorAa Tpedyercs s 6oJiee TOUHOM Nepeiayu
TOTIOJIOTUM CJIO’KHOTO JBHXKEHUS HEOOXOIMMO HCIOJIb30BaTh 21-3BEHHYI0 MOJEIb,
MPEACTABICHHYIO Ha pUCYHKE 5.2.
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Pucynok 5.2 - Hymepaniys OnoKnHEeMaTUYECKHX IeNel U COUJICHEHUH Tela YeloBeKa
Mpu MHJEeKCHOM onucanuu 1no3sl (1o B.T. Hazapory, 1984). Llenu: 1- npaBas Hora, 2 —
JeBas Hora, 3 — rpaBas pyka, 4 — jieBast pyka, 5 — IO3BOHOYHBIN CTOJIO C TOJIOBOM.
Couwenenus Hor: 1 — Ta300€e1pEHHBIN CycTaB, 2 — KOJIEHHBIH CycTaB, 3 -
TOJICHOCTOITHBIN CyCTaB, 4 — MT0CHO(amaHToBbIN cycTaB. CowieHeHus pyk: 1 —
IJIEYEBOM CYCTaB, 2 — JIOKTEBOM CyCTaB, 3 — JIy4e3aIsICTHBIN CycTaB, 4 —
nsicTHO(anaHroBbii cycTtaB. CousieHEHUS! TO3BOHOYHHKA: | — KpECTHOBO-TMIOSCHUYHOE,
2 — MOSICHUYHO-TPYIHOE, 3 — rpy0-IIEeHOE. 4 — aTJIIaHTO-3aThUIOYHBIN CyCTaB.

9. Jlns1 mocTpoeHuss MHAEKCHOW MaTpPHIIbl CIIENYET Ha MPOMEPE MPOJOJIKUTH OCH
3BEHBEB TaK, YTOOBI MOKHO ObUIO U3MEPUTH YIJIbl TOBOPOTA 3BEHBEB TEJIA C MOMOIIBIO
TPAHCIIOPTUPA WIM paCCUUTATh YIVIbI MEXKAY 3BEHBSIMU C IIOMOIIBIO IIPUEMOB,
paccmoTpennbix B JIPNel. Yepes meHTpbl Ta300€ApEHHBIX U IIJICYEBBIX CYCTAaBOB
IIPOBECTH IPsIMBIE, [TAPAJUICIIbHBIE OCH TYJIOBHUILA.

10. 3aroToBUThH OJIAHKK MATPHUI] 10 YUCITY UCCIIENYEMBIX U300paKeHHIA.

11. HM3mepurp yrusl IOBOPOTA 3BEHbEB Tena. Pe3ynpTarel 3amucarb B
COOTBETCTBYIOIINE KIETKH COOTBETCTBYIOIIMX MATPHIL], KAK Ha IPUMEPE HUKE.

101 -107 103 -
27 25 30 -
0" = 520077 -59 -
45 109 -8 -
A1 - -0 —

Pucynok 5.3 - IIpumep npruMeHEeHUsI MHAEKCHOTO OMMCaHUs TI03bI Tela
YeJioBeKa

Ha cxeme mpoHyMepoBaHbl OMOKMHEMATHYECKHE 1€ U  TOKa3aHBI
HaIlpaBJICHHUs IIOBOPOTOB 3BE€HBEB Teja. lIpouepkn B Marpuie O03HA4YaWT, YTO
COOTBETCBYIOIIMI YrOJI HE U3MEPSLIICS.
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JlaGopaTopHasi padora Ne6
Omnpenenenue TMHAMUYECKUX XaPAKTEPUCTUK IBUKEHUS.

Heans. Hayuutbcs omnpenensat ©0a30Bble JUHAMHUYECKUE XapaKTEPUCTUKU
NBYKEHUS, Takhe Kak cwia (ynpaBisolias Cuiia), MOMEHT CHJIbl, UMITYyJIbC U
KMHETHYECKUII MOMEHT (MOMEHT UMITYJIbCA).

Ucxonnbie nannbie. [Ipomep das3pl pusznueckoro ynpaxseHus. BennunHa u
HamnpaBJieHHUE JIMHEWHOTO yckopeHusa LIM tenma. Macca Ttema. LleHTpanbHBII MOMEHT
WHEPLUHU Tea.

Xoa BbINOJHEHUS padoOThI.

Onpenesienne aeficTBYIONUX CHJI TPaOAHATIUTHYECKUM CIIOCO00M

1. Ha npomepe uepe3 OLIT Tena nmpoBecTy TUHUIO ACHCTBUS CUIIBI TSIKECTH.

[IpuMeyaHnus: a) ecliv 3Ta JUHUSA NPOXOAUT Yepe3 IUIoN[adb OMOpbl, TO CyMMa
€CTECTBEHHBIX CWJI paBHA HYJO; 0) €CIM TEJI0 HAXOAUTCS B O€30MOPHOM MOJIOKEHUH,
TO €CTECTBEHHAsA CHJA (CHJIA TSAKECTU) ACUCTBYIOT IO BEPTUKAA (Fy ccm = 0 F) com. =
mg). B 06oux cinydasx cieayeT NepexoIuTh K BhIMTOTHEHUIO TyHKTa 10 HacTosmieit JIP.

2. Ilposectu mpsmyto ot OLT Tena k kparo mionaau onopel Ha mpomepe (R,,,)

3. U3meputs paguyc unepuuu. [lomydeHHOE 3HAUEHUE YMHOXKUTh HA BEJIMYUHY,
oOpaTHyto MacmTady mpomMepa, v epeBeCTU B METPHI.

4. PaccunTtarh MOJIHBI MOMEHT MHEPUUHU TEJIa OTHOCUTEIBHO Kpas IJIOLIAIH
OIIOPBI.

S. 3mepuTh neprneHauKyssap OT Kpas IUIOIIAIA ONOPHI K JTUHUU JAEHCTBUS CUIIBI
TSDKECTU — Tuiedo cuibl Tspkectr (d). [lomydyeHHoe 3HaUeHHE YMHOXKUTh HA BEIHUYUHY
oOpaTHyo MacmTaby mpoMepa U epPeBECTH B METPHI.

6. Paccuutate yrioBoe yckopeHue, mnpuoOperaemoe OLT Tema npu
€CTECTBEHHOM JBUKEHUH (I1OJ] ACHCTBUEM CUIIBI TSKECTH):

Eocm. = Mgd/ Jnonn.

7. 3MepuTh yroia Mexy HalpaBICHUEM JICHUCTBUS CUJIbI TSKECTH U PaIAYyCOM
uHepuuu (o).

[Tpumeyanune. Eciu HET TpaHCIOPTHPA, TO CIEIYET U3MEPUTH PACCTOSIHUE. OT
OLT Tena no moBepxHOCTU onopkl (/). ITosryueHHOE 3HAaUEHNE YMHOXKUThH HA BEIMYUHY
oOpaTHy0 MacmTady mpoMepa U MePEeBECTH B METPBI.

8. Paccunrtarh ropu30OHTANBHYI0O U BEPTUKAIBHYIO COCTABIISIONINE JIMHEHHOTO
(TaHTeHIIMATBLHOIO) YyCKopeHwus, mpuoodperaemoro OIIT Tena mnpu ecTecTBEHHOM
JBH)KCHUU:

Ay eem- — € R“H- cosa = & }T?,
Ay oem- = € Ry sina = e d

[Ipumeuanue. Ecniu OLT Tena Bpaiaercss IpoOTUB YaCOBOW CTPENIKU, TO Ay ecr-
3aIUCBIBAETCS CO 3HaKOM "+"; a, BCEI/ia 3alUChIBAETCS CO 3HAKOM """

9. Paccuutarh TOpPU3OHTAIBHYIO U  BEPTUKAIBHYI)  COCTABJISIONINE
€CTECTBEHHOM CUNBI (Fy com U Fy cem.)-

10. PaccumtaTh TOPHU3OHTAIBHYIO W  BEPTUKAJIBHYIO  COCTaBIISIOIIUE
PE3YNBTUPYIOILEH CHIIBL (£ pes U I pes ).
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11. PaccumraTtp TOpPU3OHTAJBPHYXO M  BEPTUKAIBHYIO  COCTAaBIIAIOLIME
YIPaBJISAIOIIEH CUIIBL:
Fx ynp. = Fx pe3s. - Fx ecm.
Fyynp. = Fy pe3. - Fy ecm. }

12. TIocTpouTh pe3yIbTUPYIOLIYIO YIPABISAIOMEH CHIIBI (£),,,).
13. Caenatp 3aKIIOYCHUE:
- YKa3aTh BEJTMYUHY U HAIlpaBJICHUE YIPABISIONICH CUITBI,
- yKa3aThb JBW)KCHHUS KaKMX 3BEHHEB MOTJIM BHECTH HAWOOJBINNNA BKJIAaa B
CO3/IaHUE YIPABJISIONIEN CHIIBI.
[Tpumep. [lano: nonoxenne OLT Tena, Touka omopbl (Kpaid IUIOMAANA ONOPHI)
(puc. 3.4.1); ax pe3. = 10,7 m/c?, ay pe3. =74 m/c?; m= 64 xr, Jos=10,8 krm*; M 1:10.
OrnpenenuTh BeIMYMHY U HallpaBlieHue Fynp.
Run. =58 MM 10 /1000 = 0,58 (m).
Ananorugso /7 = 0,50 M, d = 0,30 (m).

: )
T, 5 Jnoan. = 10,8+64 0,587 =32.3 (krv?).
® eecm. = 64 9,81 0,30/ 32,3=5,83 (paw/c).
01T 34 ax ecm. = 5,83 0,50 =-2,9 (M/c”).

ay ecm. = 5,83 0,30 =-1,74 (m/c?).

oy Fxpesz =6410,7= 8848 (n).
Fy pes. = 64 7.4 =473,6 (u).
Fx ecm =64 (_29)=-185,6 (H).
Fyecm. =64 (-1,74) = -111.4 (8).
Fx ynp. = 884,8 — (-185,6) = 970,4 (n).
Fyynp. =473,6 — (-111,4) = 585,0 (n).

OnpenesieHue KHHETHYECKOT0 MOMEHTA (MOMEHTA KOJUYECTBA IBUKEHU)
TeJla YeJ0BeKa
1. 3arotoButh 2 OnaHka TaOJMIBI pacyeTa KUHETHUYECKOIO MOMEHTa Teja
YyeJIoBeKa:

3BEHO m, KT V., M/c d, M Jo, krM’ | o, pan/c | Lm., um
1 2 3 4 5 6 7

2. I3 Tabmuubl pacueta nojoxkenus OL[T Tena nepenectu B rpady 2 3HaUYeHHUS
Macc 3BEHbEB TeJa.

3. Paccunrath BpeMs MEXIy KaJpaMH.

4. 3MepeHueM Ha NpoMepe WK aHAJTUTUYECKHU ornpeneauTs nepememenus LT
3BEHBEB MEXKTY Kaapamu (5).

S. Paccuurtare nunennsle ckopoctu LT 3BenbeB. Pe3ynbTaTel 3anucars B rp.
3.
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6. VsmepuTs Ha TpoMepe IUICYM KOJMYECTBA JBWIKEHUS 3BEHBEB (d) —
NIEPIEHNKYJIAP OT TOYKHU ONOPHI K HANPABJIEHUIO JTUHENHOTO niepemenienns LT 3Bena.
[lonyueHHble 3HAUYEHUS YMHOXXUTh Ha BEJIWYMHY OOpaTHYIO Maciitaly npomepa U
NepeBeCcTH B METphl. Pe3ypTathl 3anucath B rp.4.

[Ipumeuanuie. Eciu d OTKJIOHSIETCS OT BEPTUKAIU IO YaCOBOM CTpENKe, TO €ro
BEJINYMHA 3aIIMCHIBAETCS CO 3HaKOM " —".

7. V3 Tabnuil pacyeTa HEHTPAIbHBIX MOMEHTOB UHEPIIMH TeJla MEPEHECTH B IP.S
3HAYEHUS HEHTPAIbHBIX MOMEHTOB HHEPIIMU 3BEHHEB TEIA.

8. OmpenenuThs yribl HakjOHA 3BEHBEB Teld. PaccunTarh yriIOBBIE CKOPOCTH
3BEHbEB. Pe3ynbTarsl 3anucath B rp.6.

9. Paccuutarh MOJHBIE KUHETUYECKUE MOMEHTHI 3BEHBEB Teia. Pe3ynbTaThl
3anucarhb B rp.7.

10. PaccunTaTh MOJHBIA KUHETUYECKU MOMEHT TeJia YeJIOBeKa (CyMMma 4ucel
rp. 7). [pumep: 3Bero — 6eapo. m = 9,0 kr. Jo = 0,13 krm”. y = 24 x/c.

Y, v

A

m-.

L] T

0 — 3 -
0 20 30 40 50 60 70 BO 90 100 L0 120 2Cwm
Pucynok 6.1 - nnroctpanus rpadhoaHaTUTHIECKOTO ONPE/IeNIeHNsI KHHETUYECKOTO
MOMEHTA 3BE€HA TeJla

Tabnuma 6.1 - Pacuetr KWHETHYECKOTO MOMEHTa OeJpa

3BEHO m, KT V, M/c d, M J,, kTM® o, pag/c | Lyom., HM
benpo 9,0 10,56 -0,29 0,13 7,43 -26,60
benpo 9,0 11,52 0,30 0,13 39,20 36,20
Pacuer nuneiinoiut ckopoctu LT 3BeHa:

- u3Mepennem nosydaeM S| = 44 mm 10/ 1000 = 0,44 m;

- BpeMsi MKy kaapamu 1/24 c;

- orcrona V; = 0,44/ 1/24 = 0,44 24 = 10,56 (m/c).

Onpenenenue 1Uie4a  KOJIMYECTBA  JBWXKEHUS 3BeHa. M3MepeHus u

npeodpazoBanus ganu d; = 0,29 M. Tak kak d; OTKJIOHHIOCH OT BEPTHKAJIHN IO YaCOBOM
CTpEJIKE, 3alIUChIBAEM €T0 BEJIMYMHY CO 3HaKOM "—".
Pacuer yrnoBsix ckopocTeid 3BeHbeB — cM. JIPNe4.
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JlaGopaTopHnasi padora Ne7
Omnpenenenne mojIe3HOM MeXaHNYECKOH PadoThI U CpeIHeil MOIIHOCTH.

Heab. O3HaKOMUTBCS C  QHAJUTUYECKUM  CIIOCOOOM  OMpenesICHUs
SHEPreTUYECKUX XAPAKTEPUCTUK JIBUKCHUA.

Hcxoanbie nannbie. Macca ¥ TOJIHbIE MOMEHTHI MHEpUUHU Tesa. KoopinHAThI 1
nuHeitHbie ckopocTu OLT Tena. YrioBeie CKOPOCTH MPOAOJIBHOM OCH Teda.

Xoa BbINOJHEHUS padoOThI.

1. Ucnone3ys 3HaueHUs Y oy PACCUMTATh U3MEHEHUE NMOTEHUUAIBHOW SHEPTUU
tena mexnay I u Il kagpamu.

2. Ucrnionb3ys NaHHBIE pACCUUTATh U3MEHEHHE KMHETUYECKOW SHEPTUHU Tella IpH
IIOCTYIIATEIbHOM JIBUKECHUMU.

3. Ucnonw3yst nanHeie 1ab. paboThl 4 paccuuTaTh U3MEHEHHE KUHETUYECKOM
SHEPIrUH TEJIa P BPAILATEIIbHOM JIBUKCHHM.

4. PaccunTath Moie3Hyo MEXaHUIECKYIO paboTy.

5. PaccuuTaTh CpeHIOI0 MOIITHOCTh MOJIE3HON MEXaHUUECKOM pabOTHI.

JlabopaTtopHast pabota Ne8
Onpenesienue nmokasaresieil 3 1eKTPOAKTHBHOCTH MbIIII] ¢ IOMOLIBLIO MUOTrpada.

Henb. O3HaKOMUTBCS C COBPEMEHHBIM aIllIapaTypHbIM METOJIOM PETUCTPALMU U
aHan3a OMOAIEKTPUUYECKON aKTUBHOCTH MBIIII.

OcHameHue. 3JIeKTpoMHUOrpad, HAKOXKHBIE 3JIEKTPOABI, JJIEKTPOJHAs IacTa
(mpeamouTUTENbHO) WIKM (U3pACTBOp, BaTa, JeHKOmIAcThlph, cnupT. Paborta
IIPOBOJMTCS Ha YEJIOBEKE.

Xox BbINOJTHEHUs1 padoThlI.

1. Koxy mpenmieubs UCOBITYyeMOro oOpaOaThIBalOT CIOUPTOM, a 3aTeM
CIIEIMAIIBHOM  MacTOM JUIsi  YMEHBIICHHUS  MEXIJIEKTPOAHOTO  CONPOTHUBIICHHS.
VYKpEIIsItoT HAKOKHBIE SJIEKTPOIBI.

2. Ha npenmieube BTOpON PyKH HAKIAABIBAIOT AJIEKTPObI IS 3a3€MIICHUS.

3. [IpennararoT UCMBITYEMOMY MPOU3BOJUTH CTUOAHUE MAJBIEB PYKH C JETKUM,
CPEIHMM M MAaKCHMAJIBHBIM YCWJIMEM H IIOCJIE KaXJOr0 COKpPAIECHMs 3alMCBIBAKOT
IIEKTPOMHUOTPAMMY.

4. llpoBeneHne wHcciaeqOBaHUS 3aBUCHMOCTH  BEJIMYMHBI  MHTETPAIBHOIO
3HaueHUs! OMOMOTEeHIMAaNa (JIEKTPOJI YCTAHOBUTH Ha OMIIETICE) OT BPEMEHH B Ipoliecce
YAEpKaHUA FAHTENN 10 OTKa3a B PyKe, COTHYTOU MO NPSIMBIM yIJIOM. JIOKOTB cienyer
OIIEPETh Ha KPal )KECTKON NTOBEPXHOCTH, YIIPAKHEHUE BBIIIOJIHACTCS CUJISL.

Macca rantenu mnoaOMpaeTcs MCXOJsS M3 CHJIOBBIX KayeCTB MBI PYK
UCIBITYEMOTI'0, C TAKUM PacuyeToM, 4YTOObI BpeMs yAep:KaHus ObUIO OKOJIO 2-3MUH.

5. 1o pe3ynbraTaM U3MEpEeHUI TOCTPOUTD I'padUK 3aBUCUMOCTH B MacIITade Ha
MUJUTUMETPOBO Oymare.

5. IlepeyeHb OCHOBHOH M [ONOJHHUTEJIBHON Y4eOHONl JHMTEpPaTyphl,
HEe00X0MMOM IJIsl OCBOCHUS JUCHUIIMHBI (MOYJIs1)
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5.1 OcHoBHas JuTeparTypa

1. beryn IL.M. buomexanuka [DneKkTpoHHbIA pecypc]: yueOnuk/ beryn IL.H.,
[Iykeino KO.A. — DnextpoH. TekcToBbie AaHHbIe. — CII0.: [lonurexnuka, 2012, —
463 ¢.— Pexum moctyna: http://www.iprbookshop.ru/16294. — 3BC «IPRbooksy, mo
apoJIio.

5.2 lonosiHUTEIbHAS JIUTEpaTypa

1. Tapacos B.K. buomexanuka: yue6. mocooue / B.K. Tapacos; Tynl'Y. — Tymna:
N3p-Bo Tynl'Y, 2009. — 168 c.

2. I'pszeB M.B. buomexanuka cmnopta: yue6. mocodue / M.B. I'pszes, B./L.
Xutpos; Tynl'Y. — Tyna: U3n-so Tynl'VY, 2003. — 314 c.: ni.

3. XutpoB B.JI. buonnHamuyeckue METOABI Ui YINPABICHUS JBUXEHUSAMH
yenoseka: MoHorpadus / B. 1. Xutpo. — Tyna: U3a-so Tynl'VY, 2014. — 239 c.: un.

4. Kypsichk B.H. buomexanuka Cos. Cniopt, 2013.

5. Ilono I'. YI. buomexanuka: yueOnuk s By3oB / I'.U. TlonoB. — 4-e u3m.,
crep. — M.: Akanemus, 2009. — 255 c.

6. Ilepeyenb pecypcoB HH(OPMANMOHHO-TEJIEKOMMYHUKANMOHHON CeTH
«HTEepHEeT», HEOOXOAMMBIX JIS OCBOCHHS AUCHUILINHBI (MOZYJIs1)

1. Onexrtponnblil yntaneHblil 3an1 “BUBJIMOTEX”: yyeOonuku aBropoB Tynl'Y
o BceM auciuiuimHaMm.- Pexxum poctyma: https://tsutula.bibliotech.ru/, mo mapouto.-
3ari. ¢ sKpaHa.

2. Hayunas Onextponnas buOmmoreka elLibrary — O6uOamoTeka 3JI€KTPOHHON MEPUOIANKH,
pexxuM pocrymna: http://elibrary.ru/ , mo mapotto.- 3ari. ¢ 3KkpaHa.

7 IlepeueHb HeOOXOAMMOIO €KETOTHO OOHOBJISIEMOr0 JHIEH3MOHHOTO W
CBOOOHO PACNIPOCTPAHSIEMOr0 MNPOrPAMMHOI0 o0ecledeHusl, B TOM 4HCJIe

OTCYECCTBCHHOIO IMPOU3BOACTBA
1. TekcroBsrii pegakTop Microsoft Word;
2. IIporpamma asist paboThI ¢ JIEKTPOHHBIME TabauiiamMu Microsoft Excel;
3. IIporpamma noaroroBku npesenranuii Microsoft PowerPoint;
4. IMaket oducHbIx npuioxkennit MoitOducy.
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