Ypoxnu 9-10 (17 .11.2021) 2E-1, OcHOBH TeXHiYHOI MeXaHIKH
TEMA : BABHAUYEHHS OIIOPHUX PEAKIIIN BAJIOK

30Ccepe/KeH] CUIN Ta PO3MOAUICH] HABAHTAKEHHS

3ocepe/keHe HaBaHTAXEHHS — I11€ BUJI 30BHINIHBLOTO HABAHTAXKEHHS, SIKE
MPUKJIAJEHO 10 JAESKOT TOUKH Ti1a. MU po3rIsianyl CUIIH, sIKi OyJIM MPEJICTaABIICH] Y
BUTJISIZII BEKTOpa, MPUKIAAEHOro a0 Touyku. lIpore y mpuponi icHye BeluKa
KUIbKICTh B3a€MOJIIA T, SIK1 3[IMCHIOIOTHCA HE B TOYII 1 SIK1 HE MOXHA ySIBUTHU Y
BUTJISAII BEKTOPA, IPUKIAJCHOTO IO TOYKH.

Takumu cuaoBUMU (aKTOpPaMH € CHIIM THCKY PiIMHUA a00 ra3y Ha MOBEPXHIO
TBEPJUX TiJ, CUJIM TSDKIHHS, SIK MaCOB1 CHJIM, €JICKTPOMArHITHI CUJIU TOIO. A TOMY
y TEOPETUYHII MeXaHill BBOJATH MOHATTS PO PO3MOAUICHI CHIIH, SIKI AUIATHCA Ha
NOBEpXHEB1 Ta 00'eMHI.

[loBepxHEeB1 cuUiM JIIOTh Ha JEsIKy MoBepxHio Tia. O0'eMHI cUlU JIIOTh Ha
KOKHHH €JIEMEHT 00'eMy Tia, siKe po3riasaacTbes. [IpUKIIaoM Takux CHII € CHIIa
TSDKIHHSL.

VY TeopeTuuHii MeXaHiIll pO3TJIsIal0Th 10 Ha TLIO TUIBKH 30CEPEIKCHUX CUJI,
AK1 TMPUKIAJICH] 10 a0COMIOTHO TBEPAUX TUL. A TOMY pO3NOALUICHE HaBAaHTAKCHHS
HEOOX1JTHO 3aMIHMTH HOTO PIBHOJMIMHOIO, TOOTO 30CEpeKEHOI0 CHIIO. BBeaemo
JEKIIbKA 3aralIbHUX TMOJI0KEHbD.

Posnozinene HaBaHTaXKEHHSI — HABAHTAXKEHHSI, sIKe O€3MepepBHO i€ Ha ESIKIN
TUTOIII T1JIa; XapaKTePU3y€EThCS HOTO IHTEHCUBHICTIO , TOOTO BETUYMHOIO CHITH, KA
npunazgae Ha OJUHUINO 00'eMy Tina (y BUIMAAKY 00'€MHUX CHII), HA OJUHUIIIO TUIOITI
(y BUIAKy MOBEPXHEBUX CHUJT) Ta HA OJIMHUITIO TIOBKUHU (SIKIIO MOBEPXHIO, HA AKY
Jlie HaBaHTa)XCHHS, MOXXHa BBa)KaTH JIiHIEI0, TOOTO IIMPUHOI TOBEPXHI MOXKHA
3HEXTyBaTH). B oCTaHHBROMY BHUMAJKy pO3MOALICHE HABAHTAXXEHHS MAa€ Ha3BY
IJIOCKOTO, HAa CUJIOBUX CXeMaX MOoro 300pakyroTh y BUTIISAI €MOpH, TOOTO Tpadika
IHTEHCUBHOCTI HaBaHTaXEHHs, MPUKIIAICHOTO J0 JIHIHHOTO KOHTYPY Tija.

VY 3aranpHOMY BUMAJKY PO3MOICHE HABAHTAXKEHHS 300paKy€eThCs Y BUTIISIL
NIEBHOI KPUBOIi, 1110 BigoOpakae e 3aKOH 3MIHHM IHTEHCHUBHOCTI HaBaHTaXEHHS Ha
nutsHI Tita (puc. 14). Hampsimoxk 11 HaBaHTa)KEeHHS MTOKa3yIOTh CTPUTKAMH.
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Puc. 14
Crovatky po3TiisigaTUMEMO TUTBKH PIBHOMIPHO PO3MOJIICHE HaBAaHTAKCHHS
Ta HABAHTAXXEHHS, PO3MOAUICHE 3a JIHIMHUM 3aKOHOM. 3aMiHIOEMO PO3IOJLICHE
HaBaHTAXXEHHS 30CEPEIHKCHOIO CHIIOTO.

Po3sristHeMoO 111 IBa BUNIAAKU:



1) pisnomipno posznodinene nasanmasicenis (00 HABAaHTAXKCHHS, PO3IOILICHE
3a 3aKOHOM TMPSMOKYTHHMKA) IMOKAa3ylOTh Ha CXE€MaX Yy BUIJIAAI NPSIMOKYTHHKA,
PO3MipH SIKOTO TaKi: BUCOTA — II€ IHTEHCUBHICTh HaBaHTaKCHHS 9 MOBXKHWHA — 1€
JOBXHHA | TUITHKY T4, Ha AK1M J1l€e HaBaHTaXeHHs. CTPUIKK MOKa3yl0Th HAIPSIMOK
aii HaBaHTakeHHs (puc. 15). Jlnmg Toro mo0 3aMiHWTH II€ HaBaHTAKCHHS

PIBHO/1ITHOIO CHIIOIO Q. TpeOa BU3HAYUTH ii. Y TaKOMY BUIAJKY:

0=q-1,

e ( — IHTEHCHBHICTh HaBaHTaKEHHS, [H : -‘-‘];

| — moBkKMHA AUTAHKY Tija, HA AKIA MPUKJIaJCHE HaBaHTaKEHH, [ ].
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Puc. 15

Q)

Touka C mnpukiIagaHHs PIBHOAINHOT CHIU PO3MIIIYEThCS TIOCEPEaNHI
JUISTHKY T1Ta, Ha SKiK i€ HaBaHTakeHHs. Tooto AC= /2, a HanpsIMOK 30iraeThes 3
HAMPSIMKOM PO3IOIIICHOTO HABAaHTAKEHHSI.

2) Hasanmasicenns posnooilene 3a NinitHum 3axkoHom (TOOTO 3a 3aKOHOM
TPUKYTHUKA). Y 1IbOMY BHIMAIKy (puc. 16) IHTEHCHUBHICTh PO3MOJLIEHOTO
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HABAHTAXXEHHS HA AuUrgHIl | 3MiHoeTbes Big 0 10 MAKCMMAJIBHOTO 3HAYEHHS

PiBHOmIMiHA cvita Q BiJI IIbOT'0 HABAHTAXKCHHS 32 BEJIMYMHOIO JOPIBHIOE:
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Puc. 16



Touka C  npukiagaHHs  PIBHOAIAHOT = po3TamioBaHa  Ha
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BIJICTaH1
HABAHTAXKCHHS.

Buou onop 6anox

3 TEXHIYHOTO MOTIJIAYy ONOPU KOHCTPYKUIA HOCUTH pi3HOMaHiTHI. Ilig wac
dbopMyBaHHS PO3PAXyHKOBOi CXEMU BCE€ PI3HOMAHITTA ICHYIOUHMX OIOPHUX
NPUCTPOIB CXEMATH3YEThCS Y BUTIIAMI PSIAY OCHOBHHMX THIIIB OIOpP, 3 SIKUX
HaNWOLIBIIE YaCTO 3YCTPIYAIOTHCS: UWAPHIPHO-PYXAUEa onopa (MOXKIIUBI MO3HAYCHHS
JUIs Hel TpeacTaBiIeHO Ha puc. 17a), wapnipno-nepyxauea onopa (puc. 17b)
1 ocopemice 3auemnents abo 3axnadenns (puc. 17c).
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Puc. 17

Y  mapHipHO-pYXJIMBIA  OMOpl BUHUKAE OJIHA  ONOpHA  peakKIlis,
NEePIEeHIUKYsipHa OomnopHid muomuHi. Taka omopa mo30aBiisge€ OMOpHUI Tepepis
OJIHOTO CTYIEHS BOJI1, TOOTO MEPENIKOIKAE 3CYBY B HANPSIMKY OIMOPHOI MIIONIMHH,
ajie JOMyCKae TMepeMillleHHsT B TNEPHeHAUKYJISIPHOMY HAIMpsMKy W TIOBOPOT
OTIOPHOTO Tepepizy.

VY mapHipHO-HEPYXJIMBIM OIMOpP1 BUHUKAIOTh BEPTUKAIbHA W FOPU30OHTAIbHA
peakiii. TyT HEMOXJIMBI MEPEMIIIEHHS 3a HaIlPSMKaMH OMOPHUX CTPHXKHIB, alie
JIOIYCKA€ThCS TIOBOPOT OMIOPHOTO MEPEPi3y.

VY xopcTKOoMYy 3alieMIeHH1 BAHUKAIOTh BEpTUKAJIbHA 1 TOPU30HTANIbHA PEaKIlii
i omopHuil (peakTuBHHMI) MOMEHT. IIpu mbOMYy ONOpHMI TIepepi3 HE MOXKe
3MIIaTUCS W TOBEPTATHCS.

MeTonuka BU3HaUYE€HHS ONOPHUX PEAKIIN OaIok

Jlist po3B’si3yBaHHS 3a/lad Ha PIBHOBAry IUIOCKOT JOBUIBHOI CHCTEMH CHII
HEOOX1THO CKJIACTH PO3PAXyHKOBO-CHIIOBY cxemy 3aaadi. [Ipukiactu 10 oci 6anku
3amaHi akTUBHI cwid. Jlami yMOBHO 3BUIBHUTH Oanky BiJl B'Si3ei 1 3aMIHUTH iX
BIJIMOBIIHUMHU peakiisiMu B'sizel. TakuMm YnHOM, Oajgka 3HAXOJUTUMEThCS Y
pIBHOBA31 I JI€I0 IJIOCKOI CHCTEMH JOBUTBHUX CHII. JIsl po3B'si3aHHS 3ajadi
MOTPIOHO BHUKOPWUCTATH YMOBH pIBHOBArW, CKJIACTH PIBHSHHSA pIBHOBAaru i
pO3B’sI3aTH iX.

B’a3i 3 mepmam

Tepmam HA3UBAIOTH OMIP, [0 BUHUKAE M1J] YaC MEPEMILLIEHHS OJJHOTO Tij1a Mo
MOBEPXH1 IHIIOTO. 3aJ€XXHO Bl XapaKTepy LbOro MEPEMIIIEHHSI PO3PI3HAIOTH JBa
BUJIA TEPTS : TEPTS KOB3aHHS 1 TEPTS KOUCHHS.


https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%BE%D1%80%D0%B0_(%D1%81%D1%82%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D1%82%D1%8F

Tepmam Ko63aHHA HA3UBAIOMb ONIP, WO BUHUKAE NIO YAC KOB3AHHSA 0OHO20
mia no NOBEPXHI IHULO2O.

OCHOBHOIO PUYMHOIO TEPTS € TE, U0 MOBEPXHI CTUYHUX TUT HE aOCOIOTHO
IJIaJKi, @ B TIM 4M 1HIIIMA MIp1 OPCTKI. ToMy i yac nepeMilieHHs! OJJHOTO Tijia Mo
NOBEPXHI IHIIOTO MOTpiOHa JedKa cuia g TOJOJIAHHS OINOpY, L0 YUHATH
MIKPOCKOMNIYH1 HEPIBHOCTI MIOBEPXOHb.

MartieHHsi TepThOBUX MOBEPXOHb 3HAYHO 3MEHIIYE TEPTS, OCKUIBKU MAaCIIO
3alOBHIOE BC1 HEPIBHOCTI 1 Oe3mocepeHE TepTs MOBEPXOHb 3aMIHIOETHCS
KOB3aHHSM iX 110 Maciy 1 KOB3aHHS IIapiB MK c00010.

Cuny Tepts, 110 BUHMKAE 332 BIJHOCHOTO CIIOKOIO TiJla, HA3UBAIOTh TEPTIM
CIIOKOI0, a CHJTy T€pTs, IO JI€ M1/l Yac KOB3aHHS Tija, HA3UBAIOTh TEPTAM PYyXYy.

Skuro mo3HauMTH Yepe3 F MakcUManbHy BEIMYMHY CHUIIM TEPTS CIOKOIO, a
yepe3 R, HOpMallbHy peakiliro OMOpPHOI MOBEPXHI, TO HA MIJCTaBl I[LOTO 3aKOHY
MaTUMEMO:

F=fR,,

ne: T — koedimieHT MPOMOPIIHHOCTI, 110 HABUBAETHCS KOCPIYiEHMOM mepms
KOB3AHHS.

Onip, wo 6uHuKae nid0 4ac KOYeHHs O0O0HO20 Mild NO IHUWOMY,
Hazuearoms mepmsam Kouenns. Llew omip 3yMoBIIeHO nedopmariisiMu 1ux Tijl. Tomy
TOUYKA MPUKIAJaHHS HOPMAJIBLHOT peakilii 3MILYEThCs TaK, 110 BUHUKAE Tapa Cui,
Ky Ha3UBalOTh MAPOI0 TEPTS KOUCHHS.

MakcuMallbHy BEIMYMHY IJIeda Ii€i mapu, IO 3alieUTh Bl MaTepiainy
3QIaHUX T, HA3UBAIOTh KoeiyicHmom mepms KoueHHs, SKAA Mae PO3MIPHICTh
JTOBXUHA. MaKkcuMalbHa BEJIMUMHA MOMEHTY Mapy TEPTSI KOUECHHSI IOPIBHIOE:

My=KkN,
ne N — HopmanbHa peakuis;
K — xoeilieHT TepTa KoueHHs.

3anumaHHA 019 CAMOKOHMPOIHO

1. o Take TOJTOBHUN MOMEHT IUIOCKOi CHCTEMU JOBUTHHUX CHII?

2. B skoMy BUTAJKy TUIOCKA CHCTEMA CHJI 3BOJIUTHCS IO PIBHOIINHOT?

3. Uwu 3amexuTh TOJIOBHHI BEKTOP BiJl BUOOPY IIEHTPA 3BEICHHS?

4. Sk 3aMIHATH PIBHOMIPHO pO3MOJUIEHE HABAHTAXXEHHS 30CEPEIKEHOI0
CUJIO0?

5. o Ha3uBaIOTh TEPTAM KOB3aHHS?

6. Illo Ha3MBaKOTHh TEPTAM KOUCHHS


http://www.shevchenkove.org.ua/person_syte/Page/Metodrobota/%D0%95%D0%9F%20%D0%A2%D0%B5%D1%85%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0%20%D0%9D%D0%9C%D0%A6/Dokument/Lekzia/1%20%D1%80%D0%BE%D0%B7%D0%B4%D1%96%D0%BB/1.2.htm#%D1%80
http://www.shevchenkove.org.ua/person_syte/Page/Metodrobota/%D0%95%D0%9F%20%D0%A2%D0%B5%D1%85%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0%20%D0%9D%D0%9C%D0%A6/Dokument/Lekzia/1%20%D1%80%D0%BE%D0%B7%D0%B4%D1%96%D0%BB/1.2.htm#%D1%81
http://www.shevchenkove.org.ua/person_syte/Page/Metodrobota/%D0%95%D0%9F%20%D0%A2%D0%B5%D1%85%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0%20%D0%9D%D0%9C%D0%A6/Dokument/Lekzia/1%20%D1%80%D0%BE%D0%B7%D0%B4%D1%96%D0%BB/1.2.htm#%D1%83
http://www.shevchenkove.org.ua/person_syte/Page/Metodrobota/%D0%95%D0%9F%20%D0%A2%D0%B5%D1%85%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0%20%D0%9D%D0%9C%D0%A6/Dokument/Lekzia/1%20%D1%80%D0%BE%D0%B7%D0%B4%D1%96%D0%BB/1.2.htm#%D1%8C
http://www.shevchenkove.org.ua/person_syte/Page/Metodrobota/%D0%95%D0%9F%20%D0%A2%D0%B5%D1%85%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0%20%D0%9D%D0%9C%D0%A6/Dokument/Lekzia/1%20%D1%80%D0%BE%D0%B7%D0%B4%D1%96%D0%BB/1.2.htm#%D1%8C
http://www.shevchenkove.org.ua/person_syte/Page/Metodrobota/%D0%95%D0%9F%20%D0%A2%D0%B5%D1%85%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0%20%D0%9D%D0%9C%D0%A6/Dokument/Lekzia/1%20%D1%80%D0%BE%D0%B7%D0%B4%D1%96%D0%BB/1.2.htm#%D1%8F
http://www.shevchenkove.org.ua/person_syte/Page/Metodrobota/%D0%95%D0%9F%20%D0%A2%D0%B5%D1%85%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0%20%D0%9D%D0%9C%D0%A6/Dokument/Lekzia/1%20%D1%80%D0%BE%D0%B7%D0%B4%D1%96%D0%BB/1.2.htm#%D1%8F%D1%8F

