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1 HOACHUTEJIBHAA 3AIIMCKA

[Ipu BBIMOJHEHUM MHOTHX (PUBHMYECKUX YIPAXKHEHUM U CIOPTUBHBIX
JIBUKEHUIN YEeIOBEKY HEOOXOAMMO COXPaHATh HEMOJBUYKHOE IOJOXKEHUE Tea,
HampuMep, Kak MCXOJHOE (CTapTOBOE) TMOJOKEHUE; KaK IPOMEKYTOUHOE
(BCEBO3MOXKHBIE BUCHI, YIIOPHI, CTOMKM B TUMHACTHKE); Kak KOHEYHOe ((uKcanus
IITAHTY HA BBITAHYTHIX pykKax). [Ipu 3TOM Teno yenoBeka Kak OMOMEXaHUYECKas
cuctemMa (ee dJIEeMEHTbl — OTACNIbHbIE 3BEHbSl TeJa 4YeJIOBEeKa) HaXOAUTCS B
pPaBHOBECUH, CTENEHb YCTOMYMBOCTH KOTOPOTO XapaKTEepPU3yeT IMOJIOKEHUE
obmero uentpa Ttsokectu (OLT) Tema cnopremena. Jpyrumu cinoBamu, IO
nonoxkennto OLIT Tenma 4yenoBeka OLIGHUBAIOT —Pa3IMYHbIE CTATUYECKHE
MOJIOXKECHHS.

B npornecce BbImogHeHUs (U3MYECKUX YNPAKHEHUH UYETOBEK HM3MEHSET
IUIONIA/Ib OMOPBI, B3aMMHOE TOJIO)KEHHE 3BEHbEB TeNa, TO €CTh MO3y — U TEM
caMbiM u3MeHseT Mmecrononoxkenuss OLT Tema mo OTHOMIEHHIO K ONOPHOMY
KOHTYpYy. Bce 3TO mNpuBOAUT K HW3MEHEHHMI0 MEXAHUYECKUX IOKa3aTeen
yYCTOMYHUBOCTH paBHOBecUsA. CTeneHb HANPSKEHUS TEX WM HMHBIX MBIIIEYHBIX
TPYIII 3aBUCUT OT MoJiokeHus ueHtpa Tskect (L[T) cooTBeTCTBYIOIIETO 3BEHA U
BBIIIIE JIEIKAIINX 3BEHBEB.

Jliist coxpaHeHust mo3bl HE0OOXOIMMO aKTUBHOE y4acTHE HEPBHO-MBIIICYHOM
cucteMbl. [I03TOMy OLIEHKAa CTaTHUYECKOTO IOJIOKEHUSI MO3BOJSET YCTAaHOBUTH
B3aMMOCBSI3b OMOMEXaHWYECKUX XapPaKTEPUCTHK Tela C IENbI0 BBISBICHUS
O37I0POBUTENIBHOW M TIEIarOTMYECKOW ILEHHOCTH (M3MYECKuX ympaxHeHui. U3
BBIIIECKA3aHHOIO cleAyeT, 4yTo 3HaHue nojoxkeHuss OL[T Tema yenoBeka Ba)KHO
JUTsE OMOMEXaHWYECKOTO aHaIu3a M JJIs PEIIeHUs] MHOTHX CAMOCTOSITEIbHBIX 3a/1a4
MEXaHHUKHU CIIOPTUBHBIX JIBUKEHUU.

NHepTHOCT — 3TO CBOMCTBO (DU3UYECKUX Te€J, TMPOSBIAIONIUXCS B
IIOCTENIEHHOM H3MEHEHUM CKOPOCTH €O BpeMeHeM moja JeictBueM cuil. llpu

BBIIIOJTHCHHUHW BpPalmiaTCIbHOIO ABHIKCHHA Mepoﬁ HHCPTHOCTHU ABJIACTCA MOMCHT



MHEpUMHA. OTa XapaKTEepUCTUKA paBHA CyMME IPOM3BEICHMM Macc BCEX

MaTepI/IaHBHBIX TOUYCK TCJIa HA KBaI[paT paCCTOHHI/IH HUX OT OCH BpaIHeHI/DI.
2
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Ha »5TOM OCHOBBIBa€TCSA OYEHb Ba)XXHOE [UI TEJIECHO-IBUIaTEIbHBIX
yOpaKHEHUH CIIOPTUBHOTO XapaKTepa MOJIOKEHUE: MOMEHT UHEPLIMH TeJla OoJiblIe
B TOM Cllydae, €CJIM Kakas-TO €ro 4acTb HauOosee yhalleHa OT OCH BpallleHus,
HanpuMep, mpsMas pyKa OTBEIEHa B CTOpPOHY. B 3sToM ciywae, eciu Telo
BpallaeTcs BOKPYI CBOEW MPOJOJIBHOW OCH, HAmpUMEp, TYp HAa OJHOM HOTE,
MOMEHT CHJIbI BBI3BIBAET MEHBIIEE YIJIOBOE YCKOPEHHME B CBS3M C OOJBIIMM
UHEPUMOHHBIM COINPOTUBJIEHUEM OTIAJICHHOW OT OCH Tena PYKH, U BpalllCHUE
Oyner MenjeHHbIM. JIeHCTBUS TpYyNMUpPOBaHUS WM Pa3TPyNIUPOBAHUS TIPH
BBINIOJIHEHUM, HAlpUMEp, KYBBIPKOB WJIM CAJIbTO B TPYNIUPOBKE, €CTh IMPUMEP
nedopmalii OMOMEXaHUYECKOM CUCTEMBI Tella CIIOPTCMEHA, MPH KOTOPOM YacTH
TeJla MPUOIIKAIOTCA WM OTHAISIIOTCST OT ocu BpauieHus. CorjacHO 3aKoHY
COXpaHEHHUs] KOJIMYECTBA JIBH)KEHUS J-v =const, NP OTHAJICHUHM YacTed Tejla OT
OCH BpalleHUs] MOMEHT MHEPIIMU CHUCTEMBI YBEJIIMYMBAETCSA, & CKOPOCTh BpPAILECHUS

TCJIa 3aMCIJIACTCA.



2 OITPEJAEJIEHUE OBUHIEI'O HEHTPA TSAXKECTH
eab padoTbI:
1. Omnpenenutsb NoONOKEHUE HEHTPOB TAXKECTU 3BEHbEB Tena uenoneka (L[T).
2. OnpenenuTh MOJIOXKEHUE O0IIEro eHTpa TshkecTH Tena yenoBeka (OL[T).

3. OmnpeneneHue yrioB yCTOMYMBOCTH.

O6opynoBanue U MaTepUaJIbI:

*  (otorpacdus crnoprcmeHa B popmare A4 (ctatuyHas mo3a ¢ MUHHUMAaIbHOU
TUIOIIAIBI0 OMOPBI, CheMKa MPOBOJUTHCS BO (DPOHTANBHON WIIM CArUTTalbHOM
TUIOCKOCTSAX, Ha ()OTO MOJDKHBI OBITh BUIHBI BCE 3BEHBS Tela YelnoBeka (10
tabmute 1));

*  y4YEHMYECKas JIMHEWKa JIuHOM He MeHee 20 cm;

*  CXEeMa OTHOCHUTEIHHOTO Beca M IMOJIOKEHHS IICHTPa MacC OTICIIbHBIX 3BEHBEB
Tena (pucyHok 1);

*  MakeT pacyeTHOW TaOiuikl B (opmare 3JIeKTpoHHBIX Tabmuir MS Excel,

[http://eos.chifk.ru/mod/resource/view.php?id=2213].

IIporpamMHoe o0ecnievyeHue
*  TekcToBbIii pegakTop i co3manus otdera (Hanpumep, MS Word)
*  DnexTpoHHas Tabnuia 1s pacueroB (Hanpumep, MS Excel);

. IIporpamma  Kinovea  (https://www.kinovea.org/download.html)  mns

KMHEMATHYECKOr0 aHaju3a JBUTATEIbHBIA JEUCTBUH 10 (GOTO M BHUIEO

MaTepHaaMm.

Kparkas Teopus:

LleHTp TsKECTH 3BEHA - 3TO BooOpa)kaemasi TOYKa, K KOTOPOH IPHIIOKEHA
PaBHOJCHCTBYIOIIAST CHUJI TSDKECTH BcexX dYacTull 3BeHa. OmnbiTHBIM TyTéM (O.
Oumrep, H. A. beprmreiin) OblTu OnpeieNICHBI CPEIHNE TAHHBIE O BECe 3BEHHEB
TeJla U O TMOJOKEHUHM uX IeHTpa macc [1, 2, 3]. O6001meHHO, CBEACHUS O Bece

3BCHBLCB U IIOJIOKCHHWHU OCHTPA MaCC IMPCACTABICHO HAa PHUCYHKC 1.


http://eos.chifk.ru/mod/resource/view.php?id=2213
https://www.kinovea.org/download.html
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PucyHOK 1 Cxema omnocumenvrnoco éeca u nonoacenus yenmpa macc OMOEeIbHbIX

36€HbEG mend

CornacHo M. ®. UBanunkoro [4], B ocHoBHOU cToiike OLIT pacnonaraercs
Ha ypoBHEe [-V KpecTHOBBIX TMO3BOHKOB M MPOCHUPYETCS HA MNEPEIHIO

MTOBEPXHOCTH TeJIa BBIIIE JIOOKOBOTO cuMpu3a (PUCYHOK 2).
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Pucynox 2 Ionoscenue OL]T 6 ochoeHoll cmotike

Bricota monoxenuss OLT y pa3HbIX Jt0/€Hl 3HAUUTEIILHO BapbUpPYETCS B

3dBUCHUMOCTH OT LCJIOT0 pslda q)aKTOPOB, K 9HUCIIY KOTOPBIX B IICPBYIO OYCPCIb

OTHOCSITCS T0JI, BO3PACT, TEJIOCIOKEHUE U TIpodee (PUCYHOK 3).
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Pucynox 3 Ionoocenue OL[T: a — y mysxcuun 00uHaKo8020 pocma, HO pa3iuiHo20

meJioCjlodHceruA, 9] — Y MYJUCHUH pA3HO20 pocmda, 6 — ) MYHCHUH U HCEHUIUH



IIpu wusmenenusx mno3el OLIT cmemaeTrcs M B HEKOTOPBIX Cly4asix, B
YaCTHOCTH IIPU HAKJIOHAX BIIEPE] U Ha3al, MOXKET HAXOIUTHCS BHE TEJIa YEJIOBEKA

(pucyHoxk 4).
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Pucynox 4 Ionooswcenue OL]T npu usmernenusx nozvl

JIMHAMUYECKUM TMOKAa3aTEeIeM YCTOMYMBOCTH TBEPJOrO TEIA CIYXKUT YIOJ
YCTOWYUBOCTU. DTO Yroj, OOpa30BaHHBIA JIMHUEW AEUCTBHUS CUJIBI TSHDKECTH M
PSIMOM, COEAMHSIONIEH IEHTP TKECTH C COOTBETCTBYIOIIMM KpaeM IUIOLIAAH
OTIOPHI (PUCYHOK 5).

OU3NYECKUN CMBICT yTJla YCTOMYUBOCTH COCTOUT B TOM, YTO OH PaBEH YTy,
Ha KOTOPBIA HAI0 MOBEPHYTh TEJIO JJs Hayajga €ro OMNPOKUJbIBAHUSA. YTOI
YCTOWYUBOCTH TOKa3bIBAaCT, B KaKWX TMpeaenax eme€ BOCCTAHABIMBACTCS
paBHOoBecue. OH XapakTepusyeT CTENeHb JAMHAMHUYECKOW YCTOMYMBOCTHU: €CIU
yrojl OoJipllie, TO W YCTOMYMBOCTH OOJIbIIE. ITOT TOKa3aTelb YyMOOSH s
CpaBHEHHS CTETICHH YCTOMYMBOCTH OJHOTO TeJla B PA3HBIX HAMPABICHHUSIX (€CIH
TUIOMIAb OTIOPHI HE KPYT W JIMHUS CHIIBI TSKECTH HE MPOXOIUT Yepe3 ero MEeHTP).

CyMMa AByX YIJIOB YCTOWYMBOCTH B OJHOW TUIOCKOCTH PacCMaTpUBAETCS
KaK yroJl paBHOBECHsI B 3TOH miockocTr. OH XapaKTepu3yeT 3amnac yCTONYHMBOCTH
B JJAHHOW TUTOCKOCTH, T.€. OMPEEISIET pa3Max MEepPeMENICHU MEeHTPpa TSHKECTH 10
BO3MOXHOTO OIPOKHUJIBIBAHUS B Ty WIH JPYTyI0 CTOPOHY (Hampumep, ¥y

CJIAJIOMHUCTA TIPU CITyCKE Ha JIbDKaX, THMHACTKHA Ha OpeBHE, OOpIia B CTOMKE).



Oomunii
ueHTp ‘
Macoe ‘

Bexrop
Beéca Te1a

3aaHnM
Vram
veToliumBocTH l;g::’;;;' — yron
PO YCTOMYUBOCTU
=N

oL
MNepeaHun yron
YCTOMYUBOCTU

Pucynox 5 Yenwr ycmoiiuueocmu

B cnydae paBHOBecHs OHMOMEXaHMUYECKOM CHCTEMBI ISl TNPUMCHCHUS
JTAHAMUYECKUX T[IOKa3aTeJed YCTOMYMBOCTH HYXHO YYECTh CYIIECTBEHHbBIE

YTOYHCHUA.



Bo-nepBbix, mioniaabs 3pQGEeKTUBHON OMOPHI YEJIOBEKa HE BCEI/1a COBMAAET
C IOBEPXHOCTBIO OMIOPHL. Y UEJIOBEKA, KAK U y TBEPJOTO TENa, IOBEPXHOCTH OMOPbI
OTpaHWYCHA JUHUSIMH, COCAMHSIONMIMMHU KpailHHE TOYKH OMOpHI (WM BHEIIHHE
Kpasi HECKOJIBKMX TUIoMaiei onopsl) (pucyHok 6). Ho y denoBeka yacTo rpaHuia
wiomaayd 3¢(EKTUBHON OMOpPHI PACIONIOKEHA BHYTPH KOHTYypa OMOpPHI, TaK Kak
MSTKUE TKaHU (cToma OOCHUKOM) UJIU clia0ble 3BeHbs (KOHIEBbIE (hajlaHTU MaJIbIICB
B CTOWKE Ha pyKaxX Ha MOJy) HE MOTYT YpaBHOBECHTh Harpy3ky. [loaromy muHwms
OTIPOKHJIBIBAHUSI CMEIIAETCSI OT Kpas OMOPHON MOBEPXHOCTH BHYTPH, ILIOMIAIb

3(1)(1)6KTI/IBHOI\/'I OIIOPbI MCHBIIC TIIOITAAN OHOpHOﬁ IMOBCPXHOCTHU.
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Pucynok 6 Ilosepxrnocmo onopwi (ocpanuyuena nyHKMUpHOU JTuHuel) u

aghhexmusHas niowaos (3aumpuxoeana)

Bo-BTOpBIX, 4€I0BEK HUKOTAA HE OTKJIOHSETCS BCEM TEJIOM OTHOCHUTEIBHO
JMHUU ONPOKHIBIBAHUA (KaK KyOHK), a MmepeMeniaeTcsi OTHOCUTEIBHO OCEH KaKuX-
b0 CyCTaBOB, HE COXpaHss MOJHOCTHIO MO3bI (HAPUMED, MPHU MOJT0KEHUH CTOS
— JBUKEHUS B TOJIEHOCTOIHBIX CyCTaBax).

B-tpetbux, mnpu npUOIMKEHUHM K TPAHUYHOMY IMOJIOKEHUIO HEPEIKO
CTAHOBUTCA TPYIHO COXPAaHHUTh 103y M HACTYIAET HE IMPOCTO ONPOKHUIBIBAHUE
«OTBEPAEBILETO TEJIA» BOKPYI JIMHUHA ONPOKUIBIBAHUS, a W3MEHEHHE NO3bI C
MajieHueM. JTO CYIIECTBEHHO OTIMYAETCS OT OTKJIOHEHUS M OINPOKUJIBIBAHMS

TBEPJIOTO T€JIa BOKPYT TPaHU OMPOKUIbIBAHUS (KAHTOBAHUE).



Takum o00pa3oMm, yIJIbl YCTOMYMBOCTH B OrPaHUYEHHO-YCTONYHMBOM
PaBHOBECHUU XapaKTEPU3YIOT JMHAMHUYECKYI) YCTOMYHMBOCTh KaK CIIOCOOHOCTH
BOCCTaHOBUTH paBHOBecue. [Ipu ompeneneHuu yCTOMYMBOCTH Tejla 4YellOBEKa
HEOOXOAMMO TaKXK€ YUYMTHIBATh TPaHULbl IUIOWAAN 3(PQPEKTUBHOW OMOPHI,
HaJE&KHOCTh COXPAHEHMsI TO3bl 10 TPAHUYHOTO MOJIOKEHHUS Tela U PEeabHYIO

JIMHUIO OIIPOKHUABIBAHUA.

Hopsinok onpenenenus OLT rpaguueckum meroaom

1.  Ortkpoiite TabJIUILy 1, JIucrl (mo CCBUIKE

http://eos.chifk.ru/mod/resource/view.php?id=2213)

2. Cronbuer 1, 2, 3, 6 B Tabmume Nel 3amoiHEHBI COTVIACHO pHUCYHKa |
(CamocTosiTennbHO pa3depuTeCh ¢ 3aMOTHEHHBIMU JTaHHBIMH, TIPH 3aIIUTe PaOOTHI
noTpeOyeTcss HAMTH Ha CXeMe COOTBETCTBYIOIIIEE 3HAUCHHUE. )

3. B mone macca (BbIZEIEHO >KEJITHIM IIBETOM) BBEIUTE MAacCCy HCCIEIyEeMOTO
CIIOPTCMEHA, MPU ATOM aBTOMATHYECKH 3aIOJHUTHCS cTOiOer] 4 — aOcoyroTHas
Macca 3BeHa.

4. Hcnonb3ys nuHeWKy WM puUCyHOK 1 m3MmepbTe Ha (ororpaduu aOCOTIOTHBIE
JUTMHBI 3BEHBEB TeJIa U 3aHEeCUTe B cTojOell 5. 3MepeHus mpoBOASITCS BIOJIb OCH
CUMMETPHUH MEXIY TUCTATBHBIM U MPOKCUMAaIbHBIM KOHIIAMH 3BEHA.

5. AGcomorHoe paccrosaue ngo LT 3Bena (crombenm 7) 3amofHAETCS
aBToMaTtnuecku. Yucio B cronbde ompenenser pacCTOSHUE OT JUCTAIBHOTO WIIH
MPOKCUMAJIbHOTO KOHIIAa 3B€HA JI0 IIEHTpa TSHKECTH 3BeHA. M3MepeHus MpoBOIAT
OT JUCTaJBLHOTO KOHIIA, €CJIM OTHOCUTEIHFHOE PAaCCTOSHHE, YKa3aHHOE B CTOJIOIE 6
COOTBETCTBYET IPOIICHTY IHCTAJIIBHOIO KOHIIA 3BEHAa pHUCYHKa 1, B MPOTHBHOM
clydae HM3MEPEHHS MPOBOJAT C MPOKCUMAJIBHOTO KOHIA. MCmonap3ys JTUHEHKY
OTMEpsieM YKa3aHHOE B CTOJIOIIE 7 pacCTOSHHE M OTMEYaeM IICHTP TSHKECTH

KaXJ0ro 3BCHa.

10


http://eos.chifk.ru/mod/resource/view.php?id=2213

6. Jns nanbHeilen paboTel, Ha (GoTOrpaduu CTPOUM MPSMOYTOJNbHYIO CUCTEMY
koopauHat XOV. PekomeHayercst ocb X HalpaBUTh TOPU30HTAIBLHO BIIPABO YEPE3
TOUYKY OMOpPBI, OCh Y HalpaBUTh BEPTHKAIBHO BBEPX Yepe3 JIIOOYI0 TOUKY Tefa.

/. B moctpoeHHOH cucTeMe KOOpAUHAT U3MEPSIEM JTUHEHKON KOOPAMHATHI X U Yy
LEHTPA TSXKECTU Ka)XXJOro 3BEHA M 3aHOCUM KOOPJMHATHI B COOTBETCTBYIOIIHE
cTONOIBI 8 1 9.

8.  Cronbust 10 u 11 3amonnsTecs aBroMatudecku. [lox cronbmamu 10 u 11
onpeensTcss koopauHatel oOmiero mentpa tsokectu (OLT). (CamoctodrensHO
OTpeJieNuTe NeUCTBUSA, MPUBOASIINE K HaXoxaeHHto koopauHaT OL(T)

9. ®ukcupyem Ha potorpaduu OLT B BUsE TOUKH.

10. WMzoOpaxenue pororpaduu orkpriBaem B [10 Kinovea.

11. Ha nanenu MHCTPYMEHTOB BBHIOMpPaeM MOJEb (PUCYHOK 7) U IIETYKOM JIEBOU

KHOIIKOM MBIIIIA CTaBUM MOJIeb Ha (poTorpaduto.

Pucynox 1 Bvibop uncmpymenma «mooeivy

12. Hcnonp3yss BO3MOXKHOCTH II€PETACKMBAHUS KOHIIOB CETrMEHTOB MOJCIH

NepeTacKMUBaEM MX I10 3BEHbIM Ha oTorpaduu (pUCyHOK 9).

RS

Pucynox 8 Buwibop uncmpymenma «yeon

13. OmpenensieM yribl yCTOWYHBOCTH C HCIIOJIB30BAaHUEM HWHCTPYMEHTA YTOJI

(pucynoxk 8). [Ipumep koHeuHoro BUAa GhoTorpaduu mpeIcTaBieH Ha pUCYHKE 9.

11



Pucynox 9 — Ilpumep xoneunozo suoa pomozpaguu

14. Jlemaem BBIBOJ O NIPUYMHAX CMEIICHUHM IIEHTPA THKECTH OTHOCUTEIIBHO
MOJIOKEHUS B OCHOBHOM CTOMKE

15. CpaBuauBaem nonoxxenue OLT naiinennoe B 1.9 ¢ monoxenuem OL[T B m.12.
16. IIpumepHoe odopmieHue padoThl, (HOPMYIUPOBKA BHIBOJIA MPEICTABICHBI B
JIOKYMEHTE Maker 1

(http://eos.chifk.ru/pluginfile.php/135/mod_label/intro/Maket_1.docx)

12


http://eos.chifk.ru/pluginfile.php/135/mod_label/intro/Макет_1.docx

Tabnuna 1 PacueTtHas TaGauna Juis onpeeseHus O0IIEro HeHTpa TSXKECTH YeTToBeKa

Aoc.

Ne 3BeHbs Tesa OtH. Macca vacea Abc. noiuHa | OrH.pacer. g0 LT | Adc.pacer. no IT Y X*m Y*m
1 2 3 4 5 6 7 9 10 11
1 I'onmosa 7,00% 0 50% 0 0 0
2 Tynosume 42,80% 0 55% 0 0 0
3 [Tnedo mpaBoe 2,70% 0 45% 0 0 0
4 ITnedo neBoe 2,70% 0 45% 0 0 0
5 | Ipenmn. mpaBoe 1,60% 0 57% 0 0 0
6 | Ilpenmu. neBoe 1,60% 0 57% 0 0 0
7 Kuctp mpaBas 0,60% 0 37% 0 0 0
8 Kucrts nesas 0,60% 0 37% 0 0 0
9 benpo npasoe 14,20% 0 55% 0 0 0

10 benpo nesoe 14,20% 0 55% 0 0 0

11 | Tonenp mpaBas 4.00% 0 40% 0 0 0

12 Tonens jieBasg 4.00% 0 40% 0 0 0

13 Cromna mpaBas 2,00% 0 44% 0 0 0

14 Cromna neBas 2,00% 0 44% 0 0 0

Cymma 0
Macca ourt
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3 OITPEAEJIEHUE MOMEHTA UHEPIIUN

eab padoThbI:

OnpenenuTs MOMEHT MHEPLIMU TEJa YETOBEKA OTHOCUTENbHO BHIOPAHHOM OCH.

Oob6opynoBanue:

«  @ororpadus cnoprcMeHa B popmare A4 (cTtaTuyHas Mo3a ¢ MUHUMAJIbLHON
IJIOMIAIBI0 OTMOPBI, ChEMKa MPOBOJUTHCS BO (DPOHTATBHOM WM CArMTTAIBLHOM
IJIOCKOCTSIX, Ha (POTO MOJDKHBI OBITh BHUJIHBI BCE 3BEHBSl Tejla 4esioBeka (1o
tabmute 1));

. VYueHundeckas JuHeMKa JIMHON He MeHee 20 cM;

*  (Cxema OTHOCHUTEIILHOTO Beca U TMOJIOKEHHUSI IIEHTPa MacC OTACIbHBIX 3BEHbEB
Tena (pucyHok 1);

*  Maker pacueTHON TaOmuIBI B (opmaTe 3NIEKTPOHHBIX Tadbiaui, MS Excel,

[http://eos.chifk.ru/mod/resource/view.php?id=2213];

»  IIporpamMmMmHoe obOecrieueHue it co3faanus otdyera (Hampumep, MS Word) u
U1 pacuetoB (Hanmpumep, MS Excel);

. Tabaura ko punuenta-k (tradnuma 3).

Kpartkas Teopus:
MoOMEHT HHEpUMU — 3TO MEpa HMHEPTHOCTU Teia IpPH BpallaTEIbHOM
OBWKEHUH. OTHOCHUTENBHO OCH pPaBEH, CyMM€ INpPOU3BEIECHHN Macc BCeEX

MAaTEepPUAIBHBIX TOUYEK TeJIa HA KBAJIPAaThl UX PACCTOSIHUNA OT JTaHHOM OCH:

n
2
J = z :mi I 2
= , CIIMHUIA U3MEPEHUS: KI'* M.
1=

B cBsa3u ¢ HCOAHOPOAHOCTBIO 3BCHBLCB TCJId YCIIOBCKA, BOCIIOJIIB3YCMCA

AMIIUPUYECKON PopMyIToi
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http://eos.chifk.ru/mod/resource/view.php?id=2213

n

J = E m. -k
) , Tie K — koaddurmenT onpeensemsiii o Tadnuie 3.

CpenHee 3HaYeHHUs] MOMEHTA WHEPUMU 4YEJIOBEKA B OCHOBHOM CTOMKE

IIpUMEpHO  paBHsAeTCA J,=1.2xr-m° . Ha pucynke 10 mnpencraBieHsl

KOA(UIUEHTBI, ONPEAENAIONME BO CKOJIBKO Pa3 BO3pacTaeT MOMEHT HMHEPLMH
Tela BOKPYr Ppa3HBIX OCEHd NpH pa3IMYHOM TIOJIOKEHUH 3BEHBEB Tela

OTHOCHUTCIIBHO OCH.

76
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Pucynox 10 — MoMeHTBI HHEpIIMH TeJla BOKPYT Pa3HBIX OCeil (B OTHOCUTENbHBIX

€MHULIAX )

Iopsok onpenenennst MOMEHTA MHEPUHUH TPaPUIECKHUM METOA0M

(o Tabauue 2)

1. Paboty crnemyeT BBIOJHATH TOCIE OMpPEACTCHHs] OOIIEro IEHTpa THKECTH
UCIIONIb3YS TOT ke (aitnm B ¢popmare nmekTpoHHbIX Tadmmi MS Excel, Ho paboras
Ha Jlucte2 (Tabnuua 2).
2. Cromousl 1, 2, 3, 4, 5 1 3HaueHHe MAaCChl 3aIIOJHSITCS aBTOMATHYECKH Ha
OCHOBE J1aHHbIX ¢ JIucrl.
3. Tlepen nawamom pabGoThl HEOOXOMMMO OMPENEIHTh MacmTad Qororpadum.

Jlnst 3TOro M3MepsieM pealibHbIM pa3Mep 3BEHa CIOpPTCMEHa (Hampumep, MJIUHY
15



rOJICHW) W JUIMHY 53TOTO ke 3BeHa Ha Qortorpaduu. IlomydeHHble 3HaUYCHHS
3aMMChIBA€M B COOTBETCTBYIOIIHME SYCHKH (OTMEUEHBI IKEJITHIM IIBETOM).
[IpaBuabHOCTH OMpeneacHusT MacTaba MOKHO OIICHUTDh, HAUAS CyMMY 3HaYeHUU
JUTSL TOJIOBBI, TYJIOBUIIA, JIEBOTO Oe/pa M JIEBOM TrOJICHH W3 CTOJIONA 6. JTa cymma
J0JKHA OBITh MEHBIIIE POCTa CIIOPTCMEHA Ha Benu4uHy 6+3 cM. B mpoTtuBHOM
ciydae, He0OXOAMMO TIPOBECTH KOPPEKIIMIO MacilTada, M3MEHSS 3HAUYCHUS JTHHBI
peaNbHOTO pa3Mepa 3B€Ha CIIOPTCMEHA WJIH JJIMHY 3TOT'0 JK€ 3BeHa Ha (hoTorpadun
B TIpeJiesiaX MOrPEIIHOCTH H3MepeHus £1 cm.

4. Jlns 3amonHeHus ctoyidua 7 Bocmoibdyemcs nanHbiMu ¢ Jlucrl. Ecnu B
KayecTBE OCH BpaIlleHUs ObUIa BBIOpaHAa OCh X, TOrJa aOCOJIFOTHBIC 3HAYCHUS
KoopauHaT Y OyayT sBisaThes paccrossuueM ot OLIT 3BeHa 10 ocu BpaiieHHUS U
cronbern 7 3amonHseM 3HadeHHsSIMH ctoioma 9 m3 Jlucrtl. Eciu B kadecTBe ocH
BpaleHus Obuta BeIOpaHa och Y, Torja aOCONIOTHBIE 3HAYEHHS KoopauHaT X
Oynyt siBiATbes pacctosHueM oT OILIT 3BeHa mo ocu BpaimieHus U crtojber; 7
3amnoJjiHgeM 3HadueHusiMu cTojona 8 u3 Jluctl. Ecim B kauecTBe ocu BpalleHUs
BbIOpaHa MPOU3BOJILHAS OCh, TOTa U3MepsieM pacctosiaus oT OLT kaxkmoro 3BeHa
JI0 OCH BpAILICHUS U 3aHOCHM TOJIyYeHHbIE 3HaUYCHHS B cTosber 7.

5.  Croxber 8 3amoIHUTHCI aBTOMATUYECKH.

6. Cronberr 9 comepxutr koddduiueHntsl k MoMeHTa BpalieHus. 3HaUYCHUE
O6epém u3 Tabmuiel Ne3, rae mo BepTUKAIM BBHIOMpaeM Onukaiiliee 3HaYCHHE,
COOTBETCTBYIOIIIEE PACCTOSHUIO OCh BpaIlleHUsI- IICHTP 3BeHA (YHCIO U3 CTOJIOIA
8), a Mo ropu3oHTAIM ONrbKaillnee 3HaAYCHHE, COOTBETCTBYIOIIECE JIMHE 3BEHA
(ancio u3 cronodia 6)

7.  Crombery 10 3amomHUTHCS aBTOMAaTUYECKH, cymMma Mo cronbiy 10 Oymer
OTpeNIeNIATh OO MOMEHT MHEPIIMH TeJIa OTHOCHUTEIILHO BEIOPAaHHOM OCH.

8. B BbIBOAE yKa3aTh MOJYyYCHHBIM PE3ylbTaT M CPABHUTH €TI0 C TCOPETUUYCCKH

BO3MOXXHBIM MOMEHTOM MHEPLHH HA OCHOBE pucyHKa 10.
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Tabnuma 2 — Pacuetnas Tabnuila onpeeieHuss MOMEHTa UHEPIUU Tea

Ne [ 3BeHbs Tesa I\zTcl:a nfaiia nﬁzfi.a JlinHa 3BeH.,M Aﬁc(;;c) z,ccc; 10 Paccr.n0 ocu ,m K |
1 2 3 4 5 6 7 8 9 10
1 I'onona 0,07 0 0 0,00 0,00 0
2 Tynoswume 0,43 0 0 0,00 0,00 0
3 | Ilneyo mpaBoe 0,03 0 0 0,00 0,00 0
4 [Ineuo nesoe 0,03 0 0 0,00 0,00 0
5 |IIpeann. mpaBoe 0,02 0 0 0,00 0,00 0
6 | IIpemmr. neBoe 0,02 0 0 0,00 0,00 0
7 | Kucts npaBas 0,01 0 0 0,00 0,00 0
8 Kucts neBas 0,01 0 0 0,00 0,00 0
9 | bexpo npasoe 0,12 0 0 0,00 0,00 0
10 benpo nesoe 0,12 0 0 0,00 0,00 0
11 | Tonens npasas 0,05 0 0 0,00 0,00 0
12 | Tonens neBas 0,05 0 0 0,00 0,00 0
13 | Crona npaBas 0,02 0 0 0,00 0,00 0
14 Crona neBas 0,02 0 0 0,00 0,00 0

| 0bw= 0
Macmira6 1: 9 Peanbuas nivna 3BeHa 23
Macca 0 Jlnuna 3BeHa Ha $oTO 2,5
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Tabnuna 3 — 3HaueHune ko3 dunmenta K, s HaX0KJICHUS MOMEHTA HHEPIIMHU 3BEHA Tea

Jinwua 3BeHg B MeTpax (e)

Merpmt l — = e
0 0,30 0,35 0,40 0,45 { 0,50 0,55 0,60 0,65 0,70 |: 0,75 08 09 1,00 1.10 1,20
) 8 —
00 | 0,00 0,008 0,010 | 0,013 | 0,017 | 0,020 | 0,025 | 0,03 | 0,035 | 0,041 0,047 | 0,053 | 0,068 | 0,083 | 0,101 | 0,120
0,1 0,01 0,018 0,020 | 0,023 | 0,037 | 0,031 0,035 | 0,04 | 0,045 | 0,051 0,057 | 0,063 | 0,078 | 0,093 | 0,101 { 0,130
0,15 0,02 0,031 0,033 | 0,036 | 0,040 | 0,044 | 0,048 | 0,053 | 0,058 | 0,064 0,070 | 0,076 | 0,091 | 0,106 | 0,124 | 0,143
0,20 0,04 0,048 0,050 | 0,053 | 0,057 | 0,06l 0,065 0,07 0 075 0,081 0,087 | 0,093 | 0,108 | 0,123 | 0,141 | 0,160
0,25 0,06 0,068 0,070 | 0,073 | 0,077 | 0,081 0,085 009 | 0,095 | 0,101 | 0,107 | 0,113 | 0,128 | 0,143 | 0,161 | 0,180
0,30 0,09 0 098 0,100 ( 0,003 | 0,107 | O,111 | 0,015 { O, 120 0,125 0,131 0,137 | 0,143 | 0,158 | 0,173 | 0,191 | 0210
£ 035 0,12 0,128 0,430 { 0,133 | 0,137 | 0,141 | 0,145 | 0,150 | 0,155 | 0,161 0,167 | 0,173 | 0,188 | 0,203 | 0,221 | 0,340
§ 0,40 0,16 0,168 0,170 | 0173 [ 0,177 { 0,181 0,185 0,190 0,195 { 0,201 0,207 | 0213 | 0228 | 0243 { 0261 ! 0,280
o 045 0,20 0,208 0210 | 0,213 | 0,217 | 0,221 | 0,225 | 0,230 | 0235 | 0,241 0,247 | 0253 | 0268 | 0,283 | 0,301 | 0,320
Z 0,50 0,25 0,258 0260 | 0263 | 0267 | 0271 | 0275 | 0,28 | 0285 | 0,291 0297 { 0303 | 0318 | 0,333 { 0,351 | 0,370
g 055 030 .| 0,308 0,310 { 0,313 | 0,317 | 0,321 | 0,325 | 0,330 | 0,335 | 0,341 0347 | 0353 | 0,368 | 0,383 | 0401 | 0,420
y 0,60 0,36 0,368 0,370 | 0,373 { 0,377 | 0,381 | 0,385 { 0,390 | 0,395 | 0401 0407 | 0413 | 0428 | 0443 | 0461 | 0,450
z 0,65 0,42 0,428 0,430 | 0433 | 0437 | 0441 0,445 | 0450 | 0455 | 0, 46! 0467 | 0473 | 0488 | 0,503 | 0,521 | 0,540
z 0,70 0,49 0,498 0,500 | 0,503 | 0,507 | o511 | 0515 | 0,520 | 0,525 | O, SM 0,537 | 0,543 | 0,558 | 0,563 | 0,591 | 0,610
= 0,75 0,56 0,568 0,570 | 0,573 | 0,577 | 0,581 0,585 | 0,590 | 0,595 0,601 0,607 | 0,613 | 0,628 | 0,643 | 0,661 | 0,680
2 0,80 0,64 0,648 0,650 | 0,653 | 0,657 ) 0,661 | 0,665 | 0,670 | 0,675 | 0,681 0,687 | 0,693 | 0,708 | 0,723 } 0,741 | 0,760
= 085 0,72 0,728 0,730 | 0,733 | 0,737 | 0,741 0,745 | 0,750 | 0,755 | 0,761 ! 0,767 | 0,773 | 0,788 | 0,803 | 0,821 0 840
-g. 0,90 0,81 0,818 0,820 | 0823 | 0,827 | 0831 | 0,835 | 0840 | 0345 | 0851 ; 0857 | 0363 | 0,878 | 0,393 } 0911 | 0,930
o 09 0,90 0,908 0910 | 0913 ! 0917 | 0921 | 0925 | 0930 | 0,935 | 0941 . 0947 | 0953 | 0,968 | 0,983 .| 1,001 | 1,020
= 1,00 1,00 1,008 1,010 | 1,013 1,017 1,021 1,025 | 1,030 | 1,035 1,041 1,047 1,053 | 1,068 1,083 1,101 | 1,120
3 1,10 1,21 1,218 1,220 1,223 1,227 1 23] 1,235 | 1,240 | 1,245 1,251 1,257 1,263 | 1,278 1 293 1,311 | 1 330
g 120 1,44 1,448 1,450 | 1,453 1,457 1,461 1,465 | 1470 | 1475 1,481 1,487 1,493 | 1,508 1,523 1,541 1,560
s 1,30 1,69 1,698 1,700 1,703 1,707 1,711 1,715 | 1,720 | 1,725 1 731 1,737 1,743 | 1,758 1,773 1,791 | 1,810
& 1,40 1,96 1,968 1,970 | 1,973 1,977 | 1 98 1 1,985 | 1,990 | 1,995 | 2,001 2,007 | 2,013 | 2,028 | 2,043 2 061 | 2,080
1,50 2,25 2,258 2260 | 2,263 | 2,267 2,270 2275 | 2,280 | 2,285 | 2291 2297 | 2,303 | 2,318 | 2,333 | 2,351 | 2,370
1,60 2,56 2,568 2,570 | 2,573 | 2,577 | 2,581 | 2,285 | 2,590 | 2,595 | 2,601 2,607 | 2,613 | 2,628 | 2,643 | 2,661 | 2,680
1,70 2,89 2,898 2,900 | 2,903 2,907 - 2911 2915 | 2920 | 2925 | 2| 93I 2937 | 2,943 | 2958 | 2973 | 2 991 3,010
1,80 3,24 3,248 3250 | 3,253 | 3,257 | 3,261 | 3,265 | 3,270 | 3275 | 3,281 3,287 | 3,293 | 3,308 | 3,323 . 3 341 3,360
1,90 3,61 ! 3,618 3,620 | 3,623 | 3,627 | 3,631 | 3,635 | 3,640 ( 3,645 | 3,651 3,657 | 3,663 | 3,678 | 3 693 3,711 3,720
2,00 4,00 4,008 4,010 4,013 4,017 4,021 4,025 | 4,030 | 4,035 4,041 4,047 4,053 | 4,068 4,%3 4,101 | 4,120
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