3 OVWHAMIKA

MATEPIAIIbHOI
TOYKU

Icaax Hvromon (1643 — 1727) — sudamnuii an-
2NUCLKUL MamemMamux i Qii3uK, ssKutl 3aKias 0CHO8U
CYHACHO20 NPUPOOO3HABCMEA, MBOPEYb KIACUYHOT
@izuxu. Hapoouecs 6 Jlinkonvnuupi. 3axinuue Kemo-
pidosccoruil ynigepcumem. Cghopmynosas ocHO6HI 3a-
KOHU KNIACUYHOI MeXAaHiKu, i0KPUB 3aKOH 8Ceceim-
Hb020 MANCIHHS, OUCNEPCIIO C8IMd, po3pooue Kop-
NYCKVJIAPHY Meopiio céimad, Cmeopue oughepenyiaiy-
He [ IHmezpanbHe YUCTIEHHS.

Hayxosa meopuicme Hetomona 3igpana suxnioy-
HO 8AICIUBY POIIb  ICMOPIT PO3BUMKY (DI3UKU.

B momepeaHpoMy po3nini MM pO3TIISHYIM PYX, /€ OCHOBHHUMHM TOHSATTAMHU OYIIM IIBHA-
KicTh 1 mpuckopenHs. [Ipuuunan pyxy 1o yBaru He Opamucs. B mpoMy po3nini Mu cripodyemo
JIATH Bi/AIIOBiMi HA MMUTAHHS. YOMY TijJla pyXalOThCs TaKUM YMHOM, a He iHakme? [llo cnorykae
TiJIO, SIK€ 3HaXOMUTHCS B CTaHI CIIOKOIO, modaTH pyxatucsa? Lo € mpuanHOI TPUCKOPEHHS Y1
ragbMyBaHHs Tina? UMM BHUKIMKAHUH PyX MO KOly? MU MepeKOHaeMOCh, IO B KOXKHOMY i3
X BUIMAJKIB HA TiIO Ji€ crna. ToMy B IbOMY PO3/ili MU 3’ICYyEMO 3B’SI30K MIXK CHIIOIO 1 py-
XOM.

§3.1. Cuia

[MousaTTa “cHiIa” MOXOAWTH i3 YABJICHh HAIMMX MYCKYJABHHUX BIAUYTTiB. B MexaHimi mix cu-
JIOK0 pPO3YMItOTh (i3HUHY MPHYKHY 3MIHH CTaHy PyXy Tija (HaJaHHS TiTy IPUCKOPEeHHs) abo Ho-
ro Gopmu i po3mipiB (Hedopmarris), siKi BAHHKAIOTH B Pe3yJIbTATi B3aEMO/Iil JaHOTO Tija 3 iHIIH-
MU TizaMu. AGO iHaKIIe: CHJIa — 1e OyIb-sKa B3a€EMOIis, 31aTHA BUKJINKATH 3MiHy CTaHY pPY-
Xy Tiza. TakuM 4rHOM, CHJIa — 1€ KUIBKICHA XapaKTepUCTHKA MeXaHIYHOI B3a€M Ol TiJI.

VYci cuny, 3 IKAME Ma€e CIpaBy MeXaHika, MOYKHA TTOIUTATH Ha ABa OCHOBHI KIIACH: CHJIH, IIIO
BUHHKAIOTh TUTBKHU MPH OE3MOCEPEIHBOMY CTUKAHHI Till (KOHTAKTHI CHJIM), | CHIIH, SIKi MOXYTh
JUSITH TIPU BIACYTHOCTI OE3MOCEPEHBOr0 KOHTAKTY MK TinamMu. J[o mepmioro Kiiacy HaleXaTh
TIPYKHI CHJIM 1 CHITH TEPTSI; IO IPYroro — rpaBiTalliifHi CHITH Ta CHITU €IEKTPUIHOTO 1 MAaTHITHOTO
TOXOXKECHHSL.

Cuta XapaKTepU3yeThCsl TOUKOIO NMPUKIAJaHHs, aOCOMOTHOIO BEIMYMHOIO 1 HAIPSIMKOM.
Cuita € BEKTOP 1 TOMY MiKOPSIETHCS TIPaBHUIIAM J0/IaBaHHS BEKTOPIB.

Cuiin BUHMKAIOTH 3aB:KIH TUILKH MO IBi: 00uABi cu/M PiBHi 32 BeJIMYHHOIO, IPOTH-
JIeKHO HampaBJieHi i mpuKJIaaeHi 70 ABoX pi3HUX Tii. 32 HeloTOHOM Iie Ha3WBAETHCA: i
piBHA IPOTHII.
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8 3.2. [lepwuii 3axon Hotomona

8§ 3.2. llepmmii 3axoH HeloToHA

VY 1687 p. HetotoH y cBoiii 3Hamenuriii npari “TlpuHimmnm” BUKIIaB HOBY Teopito pyxy. Hbro-
TOHIBCBKHMI aHANI3 PyXy y3araJbHEHHI B HOro “TphoxX 3aKOHax pyxy’ .

Iepumnii 3axon HeloTOHA unTaeThes Tak: OyAb-siKe TijI0 30epirae cTan cnokow ado pis-
HOMIpPHOr0 HPSIMOTiHiiHOro pyxy (0€3 NMPUCKOPEHHS) 10 THX Iip, HOKH JIil04Yi HA HHOIO CH-
JIM He BUBEAYTH ii0r0 i3 bOro cTany. [HaKmIe, SKIIOo 70 Tija, sIKe 3HAXOJUTHCS B CTaHi CIIOKOIO,
HE MPUKJIaJIeHa CHJIa, TO BOHO 3aJIMIIAETHCS B CTaHI CIHOKOIO, a00, SKIIO TUIO PYXaeThCs, BOHO
30epirae mBHAKICTE crainoto. e o3Hagae:

a=0 abo v=const, xomu F=0.

MMepumii 3akoH HplOTOHA MIiCTUTH TPH AyXKE BaXKIUBI TBEPKCHHS: ) iCHYIOTH CHCTEMU
BiJUTIKY, B SIKUX TiJIO 3HAXOAUTHCS B CTaHI CIIOKOIO 200 PIBHOMIPHOI'O MPSIMOJIIHIMHOTO PyXY.
Taki cucTeMu BiUTiKy Ha3UBAIOTHCS iHEPUiaJbHUMH CHCTEMaMH BiLmiKy; 6) cTaH CIIOKOIO i
CTaH PiBHOMIPHOTO HPSMOJNIHIHHOTO PYXy € OJMH CTaH; B) 3MiHa CTaHy Bi0YBa€ThCS BHACII-
JIOK il Ha TLIO 1HIIUX TIJI.

3maTHICT TiN 30epiraTu cTaH CHOKOK abo PiBHOMIPHOTO MPSMOJIHIHHOTO pyXy Ha3uBa-
€TbCS iHePTHICTIO TiJ, a came sBUIIE — iHepui€ero. B city nporo nepumii 3akoH Herorona vac-
TO HA3WBAIOTH 3aKOHOM iHepuii. CricteMn BiIJIiKy, B SKMX BHKOHYIOTHCS 3akoHM HbloTOHA,
Ha3UBAIOTHCS iHepHiaJbHUMHU. Bynb-ska cucrema BiJUIIKY, sIKa PYXaeThCs PIBHOMIPHO 1 Ips-
MOJIiHIHO B1THOCHO iHEpHiadbHOI CHCTEMH, € TAKOXK 1HEPIIaIbHOIO CHCTEMOIO BiITIKY.

[Mepmmii 3akoH HproTOHA OKpeMO B3SITHI HE 1a€ HaM ITOBHOT'O YSIBIEHHS IIPO pO3TIIsAyBa-

Hy CIly. MH TyT MaeMO TiIbKU BU3HAYCHHS HYJ1b0BOI cui ( F =0 ), a HyapoBa ciita o3Havae
HYJIBOBe TIpUCKOpeHHs. KOHKpeTHMI 3B 530K MK CHJIOIO 1 IIPUCKOPEHHSM, K€ BHHHUKAE ITiJT
JIE€I0 CHITH, BCTAHOBIIIOE IpyrHii 3aKoH HeroToHa.

8§ 3.3. Ipyruii 3akon HploToHa

IIpuckopenuii pyx MoskHa OTPUMATH TLTBKH I i€l nmpukiaaeHoi cuiim. IIpuckopeHHs
Tijla npsiMo mponopiiiine MpUKJIajeHiil 10 HHOro cuJi i odepHeHo MponopuiiiHe foro Maci.
Tino npucKOpIOETHCS B HANPAMKY, SIKUI CHiBNA/Ia€ 3 HAMPSIMKOM NPHKJIAeHOI CHIN. AHaTi-
TUYHO LIEH 3aKOH 3aMUCYETHCS TaK

a-F (3.1)
m

Jie & — IIPUCKOPEHHH, F —cumma, m —maca. B CI koediuieHT nponopiiaocri B (3.1) nopiBHIOE

omuunmi. Toxi @ = F /m . TleperBoproioun 1ieif BUpas, 0TpEMAEMO BiJOMHIA BUDA3 APYroro 3aKo-
Hy Herotona B ¢opmi piBHOCTI:

F=ma. (3.2)

3ayBaxxumo, 1o piBHsIHHA (3.2) BEeKTOpHE; HOro JIiBa i MpaBa YaCTHHH MOBHHHI CITiBIANATH
SIK 32 BEJIMYHMHOIO, TaK 1 3a HanpsiMKoM. [lpyruii 3akoH HploToHa 3B’s13y€ pyX 3 MPUYUHOIO, IO
Horo BUKJIMKaia — cuitoro. Lleit 3aKoH € omHMM i3 HaliOUTbI (hyHIaMEHTaTbHAX 3aKOHIB (Di3HKHL.

SIkimo Ha MatepialibHy TOUKY JIi€ KiJIbKa CHJI, TO KOXKHA 3 HUX HAJIa€ TOYL NPUCKOPEHHS, SIKE
BH3HAYAETHCs APYruM 3akoHoM Herorona (3.2) Tak, HiOu inmmx cun Hemae. 1le siBumie Ha3uBa-
€ThCSl IPUHIMIIOM He3asexHocTi i cui. IIpuckopeHHs, sikoro Ha0yBa€ TijIo BHACTIIOK OHO-
YacHOI Jil KiJTbKOX CIJI, € TaKe caMe, IK KOJIM O Ha TLJIO Jisijia JIMIe OJHA CHJIA, SIKA JIOPiBHIOE
BeKTOPHii cymi Beix girounx cmir. 19 BekTopHa cymMa Ha3MBaeThesl PiBHOAIHOIO 200 pe3yJib-
TYIO4O0I0 CHJIOI. Brxomsun i3 cka3aHoro, Apyruil 3akoH HetoroHa chopMyroemMo Tak: A00yTOK
MAacH Ha 0ro NPUCKOPeHHsI TOPiBHIOE PiBHOIITHIN ycix cuJ1, ki Ai0Th Ha Tino (puc. 3.1).
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3. uuamika mamepianvHoi mouxu

B CI cua Bumiproetbest B HeroToHax (H). OmvH HBIOTOH — Lie cruia, HeoOXiIHa, 00 TiTy MacOr
1 xr sagaty npuckoperns 1 m/c%. Takum unrom, 1 H =1 kr - (M/c?).

- B anamituuroMy Bupasi apyroro 3akony Herorona (3.2) € Benu-
4yHHa, Ha3BaHa Macor. Cam HbIOTOH BUKOpPHCTOBYBaB TepMiH “Maca”
SIK CHHOHIM KiJTbKOCTI PeYOBHHH, III0 HE 30BCIM KOPEKTHO. 3TiJIHO
CyJaCHHUM YSIBJICHHsIM Maca € Miporo iHepTHOCTI Tifa i i Ha3uBalOTh
];3 l: inepTHOI0 Macolo. Tiry 3 OLIBLIOI Macol TpyHAHIIIE 3MIHUTH Xa-

pakTep Horo pyxy, TOOTO Tpy/Hillle BUBECTH TiJIO i3 CTaHy CIOKOIO
| a00 3ynMHUTH HOTO, SIKIIO BOHO PYXa€ThCs. 3aCTaBUTH PYXATHCS 3a-
Puc. 3.1 BaHTA)KCHHUN aBTOMOOLIF 3HAYHO BaK4e, HiXK TOPOXKHIH.

B CI maca Bumiproetsest B kitorpamax (kr). Kparai oauHmi:

1 1=1000 kr; 1xr = 1000 r.
He cinx murytaTvt TOHSITTS MACH 1 Baru, Midk IKUMH € 1CTOTHA BiIMiHHICTB. Maca — 11e Biac-
THBICTB CaMOro Tita. Bara 3 — 1ie cuia, 3 SIKOIO TiJIo Ji€ Ha onopy abo po3rsarye miasic (§ 3.9).
Jpyromy 3akony HproToHa MOXXHa maTu OUTBII 3arajbHEe BH3HAYEHHS, BBIBIIHM IOHATTS
IMITyIIBCY Tina:

P=mo. (3.3)

Imnynbe Tina — ne QizMyHa BeIM4MHA, sIKA NOPiBHIOE 100YTKOBI MacH Tina Ha Horo
IBHIKICTb.
BukoHaeMo Jiesiki IlepeTBOpPEHHS 3 PiBHAHHSM (3.2):

F=md-= md—U,
dt
Fdt = mdo = d(md). (3.4)

Maca Tisa BBiHIIIIa MiJ] 3HAK JU(epeHIiiana, Mo BiANoBia€e OB 3aralbHOMY BUITAIKY, KOJTH
MOke 3MiHFoBaTHCs 1 Maca. JIoOyTok Mu , K MU BXE BiJIMITHIH, HA3UBAIOTH IMITYJIBCOM a00
KinbKicTIO pyXy Tijia; Bemmundy Fdt HasuBaroTh iMmysibeom cuim. ToMmy Apyruii 3aKoH CTBEpA-
XKye: IBUIKICTb 3MIHM KUJIBKOCTI PyXy TiJIa JOPIBHIO€ PiBHOAIIHI yciX CI, 110 II0TH HA TLNO!

- = dP
F=3F=—. (3.5)
dt

Ko Maca Tina 3aimmraeThest CTajiom 3 4acoM, il MOJKHA BUHECTH 3a 3HaK AuQepeHIiaia.
Toni
dv
F=m—. (3.6)

dt

TakuMm 4rHOM, IS TOTO, OO 3MIHUTH IMITYIIBC TiJIa, HA HHOI'O HEOOXIIHO TTOMISITH CHIIOI0
HE3aJIOXKHO BiJ] TOr0, HOBUHEH IMITYJIbC 30UIBIINTHCS YK 3MEHIIUTUCS (K y BUMAKY 3YIHHKH
Tina) abo MOBHHEH 3MIHUTUCS HOro HampsiMok. Came B mmo4aTkoBoMy Bapianti HbI0TOH BHBIB
npyruii 3akoH HblOTOHA 3a JOMOMOro0 MOHATTS imimynbey (cam HpioToH HaszuBaB m00yTOK

MU KUIBKICTIO PyXY).

|

Mpuxnan 3.1. Axy cuny neobxiono npuxkiacmu do mina macoio m = 4,0 ke , wob 6ono Habyno
NPUCKOPEeHHsl a = 10* g (ranpuxnao, é yenmpugysi).
Po3B’130K. 3a0aua po3s sazyemucs 3a 00nomo2or opy2o2o 3axony Heromona:
F = ma = (4,0x2)(10*)(9,8 n/c?) =392 -10°H .
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8 3.4. Tpemiu 3axon Hetomona

Hpurnan 3.2. 32i0no cnpowernoi modeni, cepye ccasys npu KONCHOMY CKOPOUEHHI npuc-
Koproe bauzbko M= 202 xposi 6i0 weuokocmi v; =0,25 m/c 0o weuokocmi v, =0,35m/c

sa yac t =010 ¢ . Axa npu yvomy GenuuuHa cunu, Wo po3eUEAEMbCsL CEPYESUM M A30M?
Po3B’130K. 32i0H0 Opyeoeo 3axony Hvtomona

F=ma.

Ipuckopenns supazumo i3 popmynu (2.10):

L =y, +at.
Toknaswu v =v,, Ly =U;, MAEMO:

a=Y2"bU

t
Tooi
Foml—b _ (2'10,2}(2) (0,35 m/c—0,25m/¢) _ 002 H .
t 010¢

Mpuxknan 3.3. fAxum € imnyasc eopobys macoro M =50 e, axuil remums 30 WEUOKICMIO
v =15 m/ ¢ ? Hkor 6yde tioco imnymvc uepes t =12 ¢ , sKwo Ha HLO2O dic cuna onopy NOBIMps
F=20-10%H?
Po3B’si30K. a) Iunynsc copobys susnauumo, ckopucmaguiuce supazom (3.3):
Ke - M

P=mu = (5-102ke)(15m/c) = 0,75 .
C

6) JIst snaxoooicenns imnyincy 2opobyst wepes t =12 ¢ nicist moeo, sk Ha Hb020 noyana Ois-
mu cuna onopy F, HeoOxiono snaiimu 11020 weuokicme, axa susnavacmocs pishsannsam (2.10):
v, =v —at.

Tpuckopenns supasumo i3 opy2ozo 3axony Hetomona (3.2):

F
a=—.
m
Tooi:
-2
o =v- o152 _ (2010°M)A20) 4, a
m c (5-107%ke) ¢
Iunynvce 2opobys dopisrioe
P =mu, = (50-102k2)(10,2 m/c) = 051 2
c

3ayBaxeHHs: IMITynbc BUMIpIOeTECsS B k- m/c aboB H -c .

8§ 3.4. Tperiii 3akon HbloTOHA

Jpyruii 3axon HploTOHA KUTBKICHO ONMCYE BIUIMB CHIIM HA PyX Tija, ajie He Ja€ BiIMOBiAl Ha
IIUTAHHS 3BiAKK OepeThes cuia, 1o € ii mrepenoM. Cuita cama 1o co0i He iCHYe, a 3aBX/IH I10-
B’s13aHa i3 B3aemMogi€lo Ti1. ToOTO €MHUM JKEperioM CHIIH, 11O i€ Ha SIKECh TiJIO, € 1HIIE TLIO.

OpHak [is OMHOTO TiNa Ha iHIIE 3aBKIM B3aeMHa. OIMHOYHI CHIIM HE MOXYTH iCHYBAaTH,
CHJTH 3aB)KAM ICHYIOTh TapaMu. B Oynp-sSKoMy BUIAJKY, SIK MPABUIIO, OJHY i3 CHIJI TO3HAYAIOThH
SIK Aif04Y, a iHIIy — K CHITy peakmii (poTumii): IKio Tisto 1 /i€ 3 1esiKor0 CUII0I0 Ha TiMIOo 2,
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3. uuamika mamepianvHoi mouxu

TO TijI0 2 Ai€ 3 PiBHOIO i MPOTHJIESKHO HATIPABJIEHOIO CUJIOK0 HA TiJio 1. Ile o3Hauae, mo cu-
JIa 3aBXK/IM CIIapeHa 3 PiBHOIO CHJIOKO peakmii. Y BUIIISAl pIBHSHHS 1€ 3aIIHCYETHCS TaK:

Fi, = —Fy. (3.7)
Tyt nepimii HYKHIN 1HIEKC BIJHOCUTHCS 110 TiJia, sKe CIIpuiiMae Cuily, a Ipyruil — 10 Tija, Mo
CTBOPIOE CHITY.

BauBuM € 9iTKO pO3pi3HATH, J0 SKOTO Tijla MpUKIaJAeHa JaHa CHiIa i 3 OOKY SKOro Tija
BOHA Jli€, OCKIJIbKH TIJBKH Ta CHJIa BIUIMBA€E HA XapakTep pyXy Tija, siKa NPUKIAJeHa caMe J0
poro tina. Cuia, 3 KO0 JaHe TiJIo Ji€ Ha iHIIe TiJI0, He BIIMBAE HA PyX IepuIoro tina. Bona
BIUIMBAE TIJIBKK HA pyX APYroro Tija, a caMe Ha Te, /IO SIKOTO BOHA NpuKiIaneHa. Hampukman,
ICHy€e OCTATHBO TOIIMPEHA TIOMUIIKA, 110 IPHCKOPEHHS PAKETH € Pe3y/IbTaTOM BiJIIITOBXYBa-
HHS Ta3iB, AKi BUPUBAIOTHCA 13 COIUIA pakeTH, Bix 3emii abo atmMocdepu. Hacnpasai pakera
MIPUCKOPIOETHCS 3aB/ASKM TOMY, IIIO BOHA Ji€ Ha T'a3W, BUIITOBXYIOUHX iX 3 BEJIMKOIO CHIIOIO i3
CBOTO cornia. ['a3u B CBOIO 4epry MiIOTh Ha pakeTy 3 TaKOIO K CHIIOI0 TLTBKU MPOTHIIEKHOTO
HanpsiMKy. Came I CHja 1 IITOBXA€ pakeTy BIepel. 3MIiHIOIYM HANpsSMOK BHKHIAHHS Ta3iB,
MOXXHA 3MIHIOBAaTH HaIlPSAMOK pyxy paketu. [Ipu xonp0i JToAMHA BiAMITOBXYETHCS HOTOIO Bij
3emuti. [Ipyu boMy 3eMJIsl i€ Ha JIIOJWHY 3 TaKOIO X, aJie MPOTHIICKHO HANPABIEHOIO CHIIOHN.
Came 1 cuia, IO i€ Ha JIOAXHY 1 pyxae i1 Buepen. Tomy, me pas 3ayBasKUMO, IO JUIS TOTO,
00 YHUKHYTH HETTOPO3yMiHb, BAKITUBO 3aBXKIHM TOYHO BKAa3aTH OOWBA 00’ €KTH: TOM, AKHIi i€
3 CHJI00, i TOH, 110 BiTuyBae 1o Iiro.

Tperii 3axon HproTOHa iHO/ HA3MBAIOTH MPUHIMIOM “piBHOCTI Aii i mporuii” (F, = —-F, ).
BukopucroBytoun apyruii 3akoH HproToHa, MOXKHA 3amicaTi

ma, = —M,a,
3B1IKHA

&
m, = (=—)m,.
ay
SIkuio My BizoMe, TO MOXHA BU3HAYHUTH M, , BAMIPIOIOYH BiJHOLICHHS IPUCKOPEHb &, /8,
(3Hak “-” BKa3ye TUIBKK HA Te, LIO i JBAa NPUCKOPCHHS MAIOTh NPOTUICKHI HAmpsMku). Tak
MOYKHA [TOPIBHIOBATH MacH, MPOBO/STYM BUMIPIOBAHHS 3 ITAPOI0 B3a€MOJIIOYHMX CHIL

8§ 3.5. 3axoH 30epesKeHHs iMIyIBCY

Hexaii My MaEMo CHCTEMY, SIKa CKIIATIAETHCS 3 0araThox TiNT (MaTepiaibHux TO90K). CHITH, 110
JUFOTH MDXK IFIMU TiJTAMH, HA3WBAIOTh BHYTPilmHiMu cuiamu. Crod, IO JIFOTH HAa CHCTEMY 3 OOKY
TiJI, sIKi HE BXOJITH 10 11 CKIIAIy, HA3UBAIOTh 30BHIIHIMH CHJIAMH. SIKIIO 30BHIINTHIME CHJIAMHU
MOYKHA 3HEXTYBATH, TO TAKYy CHCTEMY Ha3WBAIOTh 3aMKHYTOI0. B 3aMKHYTIi cHcTeMi AITOTH JHIIIe
BHYTPIIIHI CHJIH, PE3Y/IbTYIOUA 30BHIIIHS CHJIA, SIKA i€ HA CHCTEMY, IOPIBHIOE HYJI0. B 1isoMy BH-
nazKy Bupas (3.5) Haly/ie Burisyny

dP -

i 0 a6o P = const, (F,, =0). (3.8)

306H

Orxe, KON pe3yJbTYI0Ua 30BHIIIHA CHJIA, fKA Ji€ HA CHCTEMY, JOPiBHIOE€ HYJIIO,
iMImyabe cucTemu 3anmmaeTbesi crannm. Lle € 3akon 36epexenns immyaney. Horo Moxna
TakoX c(HOPMYIIOBATH 1 Tak: MOBHMII iMITyJIbC 3aMKHYTOI CHCTeMH Tijl 30epiraerbcsi cra-
JM. SIKIo cucrema cKiaaerbes 3 N Tij, TO

- — — — g L,
PR+P,+Py+..+P, =P =) P =const. (3.9)
i-1
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8 3.5. 3axon sbepesicenns imnynvcy

TakuM 4MHOM, OBHHH IMITyJIbC CUCTEMH P € BeKTOpHA cyMa OKPEMUX IMITyIIbCIB.
Po3rIsiHEMO B SIKOCTI TIPUKIIA Ty JTOGOBE TIPYKHE 3iTKHEHHS JIBOX TBEpAWX Kyib. Ha puc. 3.2, a
HABE/ICHO BIIOBIHO BUITAIKU 1O 1 MICIIA 3ITKHEHHS KYIIb; BHIAJOK O BiIIOBia€ MOMEHTY

5] ", my
ml +m2 o 6 _______
§)
Glr 62! ml +m2
Puc. 3.3
m m,
8
Puc. 3.2

31TKHEHHS KYJIb. 3p0O3yMiJIO, IO IMITYJIbC OOMABOX KYIIb ITICJISl 3ITKHEHHS 3MIHUTHCS, OHAK iX
cyMa JI0 1 TiCIis 3iTKHEHHSI 3aJTUITUTHCS OHIEKO 1 TIEF0 XK, TOOTO TTOBHUH IMITYITBC 30€PIiTa€ThCA.
OCKiJIbKH 00HMJIBI KYJTi PYXalOThCsl B3/IOBXK OZIHIET MPSMOI, TO IIOBHHUH IMITYJIbC CHCTEMH Oyze
JOpiBHIOBATH ajredpaidHiii cymi imynbeiB kyib. Tomi, 3rinao Gpopmysu (3.9)

MUy +MyL, = MY + M,y (3.10)
abo
my (v, — v) = My(Vy - vy). (3.10, a)

3ayBa)KUMO, L0 IIPH MPOTIIIEKHOMY HANPSIMKY PyXy KyJlb IIBUIKICTb U, BBAaXKA€ThCS BiJl €M-

HOIO.
. . . Kk
SIKIIIO MiX KYJIIMH BiZIOYBa€Thesl HEMPYKHE 3iTKHEHHST  (puc. 3.3), TO BOHU Ae(OPMYIOTHCS
B MiCIIi JOTHKY, & ITOTIM PyXaroThCs 31 CIiIbHOM mBUaKicTio. Tomi, 3riguo (3.9)

myu; + ML, = (Mg +My)o . (3.11)
Sk m;, m,, v, i v, Bigomi, To i3 (3.11) Maemo:

mlUl + m2U2

Sk 1 B nonepeHpOMY BUIAJIKY, [IPU IPOTHIEKHOMY HAaIPSAMKY PyXy HIBUAKICTb U, BBa-
KA€ETHCS B1JI'EMHOIO.

Mpuxaan 3.4. @ymooricm npomscom At =(1/50) ¢ yoapse no narimarowomy m’suy ma-
coro Mm=0,5«e 3cunoro F =200 H . Hackinoku weuowe 6yoe pyxamucs m’siu nicia yoapy?
Po3B’s130K. 1 yici memu ckopucmaemocs opyaum saxorom Heromona (3.6):

*TIpyXKHe 3ITKHEHHS — I1€ TAKE 3ITKHEHHS IBOX YACTUHOK, KOJIM iX KIHETUYHA EHEPTis 30epiracThest.
*k . . . .
3iTKHEHHS, B SIKMX KIHETHYHA EHEPris YaCTHHOK He 30epiraeThest, HA3MBAIOTHCS HETIPYKHUMH.
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3. Juuamika mamepianvHoi mouxu

Av
F=m—, 1
AT @

0e AU — 3MIHA WBUOKOCI M '4a RICSL yOapy.
I3 (1) maemo

F-At (ZOOH)(ic
m 05ke 50

A = y=8 2.
C

Hpuxnan 3.5. 3anisnuunuii eacon macoro My = 10000 ke pyxaemwvcsa 30 wiguokicmio
U, =24,0 M/ ¢, cmukaemves 3 6aconom macoro My = 60000 ke, sKuil 3HAXOOUMBCS 8 CTAHI Cno-

kot (U, =0) . Axwo nicra 3imKHeHHs 8a20HU 3YENUTUCSL, THO SIKOIO 6Y0e IXHS CRITbHA WBUOKICIB?
Po3B’130K. 3axon 30epedicenst imnynvcy 0151 OAH020 BURAOKY 3aNUULEMbCsl MAK:
Moy, + Myv, = (M +m,)u,

36I0KU
_ My +myw, _ (10* xe)(24,0 m/c) +(6-10% k2)(0 m/c) _ 343 M
i ~ Mpuxnan 3.6. Ihwxa, cmanosnena Ha naampopmi 3am3HUYHO20
S S P 8a20HA MAcOo0 My = 10* ke, BUCPINIOE NIO KYMoM Q. = 45° . Maca
P

1

| cuapsoa m; =500 ke, a tioeo weuokicmes vy =200 m/ ¢ . Buznauu-
i 1 1

|

| mu wWeUOKICmb 8I00ayi YK,

! . .

! Po3B’s130K. KinvKicmb pyxy — @equyuna 6eKmopHa, momy 3d-
]

KOH 30epedicents KilbKOCmi pyXy MOJCHA 3ACMOCYy8amu NOKOMNO-
\W‘ X nenmno. T. 0bmo, sxwo P 36epicacmucs, mo tiozo npoexyii Py i Py ma-

L ] Kkooic 306epicaiomocst (puc. 3.4).

Puc. 3.4 Po3zenanemo cnouamxy 2opuzonmansHy cKaadosy KiibKocmi py-
He. 3. Xy cHapsoa.

P, = Pcosa = myu; cosa = (500 x2)(200 a/ c)(cos 45°) =7,07-10* ke - m/c.

1[n cknadoea nosunna Oymu pieHOI0 3a 8eIUYUHOI KLILKOCMI PYXy 8i00aui NyWiKu, siKd
PYXAEMbC MINLKU 20PUSOHMATLHO

P, = —myu, = 7,07-10% ke~ m/c,

\J

36I0KU

— . 4 .
vy = — PO A0 ke wle 07 p0 = 055 L

10% ke 200

Ockinbku niamgopma 63aemodie 3 semaero, mo eepmuxamha ckradosa (P, =Psina =

=mu, sin 45° = (500 k2)(200 a/ ¢)(sin 45°) = 7,07 x10* ke - i/ ¢) nozmumemvcs 3emnero. Tomy

naamgopma ompumae id0auy minbKu 3a paxyHoK OPU30HMANbHOL CKIA00801, ajie uepes C80i0
BENIUKY MACY, 8 NOPIBHSAHHI 3 MACOI0 CHAPAOA, WUOKICmb 8i00aui dydice mand.

Hacamkiners, 3ayBaXiuMo, IO SKIIO HA CHCTEMY JIi€ BiMiHHA BiJI HYJIS 30BHIIIHS CHJIA,
TO 3aKOH 30€peKEHHsI IMITYJIbCY HE OyJ1e BUKOHYBAaTHUCH.
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8§ 3.6. @ynoamenmanvhi cunu npupoou

§ 3.6. ®yHaaMeHTAIBHI CHJIN NPUPOIU

VY npupoi icHye BelHMKa KUTbKICTh cuil (M’s130Ba 1 IPY)KHA CHIIM, CHJIA TEPTA 1 CHIIa BITpY,
eNIEKTPOPYIIiiiHa CHIIa TOIIO), AKi B KiHIIEBOMY PaxyHKy MOKHa 3BECTH JIO YOTHPHOX BHIiB
(yHIAMCHTAILHUX CHJI. TPaBiTAIIHHUX, €JEKTPOMATHITHUX, SI€PHUX Ta CHJI CJA0OKOi
B3aemogii. Beil iHIII cuimi HacripaBi € JWIIe Pi3HOMaHITHUMH MTPOSIBAMHU IIUX YOTUPHOX CHII.

I'pasiTauiiini cuiim — 11e CHUITM IPUTSTaHHS, SKi JIFOTh MiX yciMa Tinamu. BennanHa rpa-
BITAIIHOI B3a€MOII IS ABOX TOUYKOBHX T1JI BU3HAYAETHCSA 3aKOHOM BCECBITHBOIO TSDKIHHS

m;m,

2 1

F,=G
v r

(3.12)

ne r — Bigcrads Mix Tinamu, G = 6,67 - 10 H - v%/x2* — Tax 3Bana rpaBiTarliifHa crama, My i M,
— BIJIOBIJTHO MaCH IEpIIOro i Ipyroro Tisl. OCOOIMBICTIO IUX CHII € T€, IO JJIS TiT 3 MAJIUMHU
MacaM¥ BOHU IPOSBIISIOTHECS JyXKe ¢1a0o, a I MACHBHUX TiJll € Ty)KE BEIUKHMU 1 IO iX Jis
TIOMMPIOEThCS HA 3HAYHI BijfcTaHi. BoHM € mpuunHOW 00epTaHHs Micsls HaBKOJIO 3eMi,
mianeT CoHsiuHOI cucTeMu HaBKoy10 COHILS TOIIO.

Cuau cnadkoi B3aeMoil BIATIOBINaNIbHI 3a MPOIIEC siiepHOro f - po3maay Ta 3a IpOLECH,
IO TPH3BOISTH JI0 TIEPETBOPCHB OTHUX CYOATOMHUX YaCTHHOK B iHIII, I¢ BOHU € €IMHAMH CHJIA-
M. B iHIIMX B3a€EMOMISIX €eMEHTApHUX YaCTUHOK (OKpiM (DOTOHA) BOHU IIfOTH Pa3oM 3 iHIIH-
MU IHTCHCHUBHIIIINMH CHJIaMH. BBa)kaeTbes, O cnadka B3a€MOZis IPOSIBIIETHCS HA TY)KE Ma-
JUX BiJICTAaHSX, OJJHAK Paaiyc iX [l O IUX Tip HE BCTAHOBJICHUIA.

EjekTpoMarHiTHi CHIM 3yMOBIIEHI €IEKTPUYHOIO 1 MATHITHOIO B3a€EMOJIEI0 MK €JIeKTpHY-
HUMH 3apsinamu. OKpeMuit BUMA0K TaKoi B3a€MOJIi1 BUpakaeThes 3akoHOM Kymona:

F - QQ, , (3.13)

drg,r?

ge Q; 1 Q, — BeMMUMHY B3aEMOJIIIOUMX 3apsiB, I — BIACTAHb MDK 3apsaaaMHy, & = 885102 K4 (HMZ)
— CJIGKTPUYHA CTaja.

Sk BumHO i3 (3.13), 11l CHIM 3MEHIITYIOTHCS i3 30UIBIIEHHSIM BifcTani Mk 3apsmamu. OTxe,
CIIEKTPOMATHITHI CHIIH, SIK 1 TPaBITAIIilHI, € JATEKOAIFOYNMU, TOOTO JIFOTh Ha Oy/Ib-SIKil BiJICTaHi.

Hpuxnan 3.7. 3uatimu gioHOWEHHS KYIOHIBCLKOT CUU 83AEMOOTT 00 2pasimayiiiHoi Misc npo-
monom i enexmponom (Q,=-1,610" Kz, m, =9,11.10% ke, m, =1,67-10% ke, Q,=1,6:10" K,
G =6,67-10™ H " x’/k).

Po3B’s130K. [ 6 3axon erexmpocmamuyHoi cunu, i 8 3aKoH 2pasimayiiHoi cunyu 6xo0ums
sanexcuicms 6i0 1/r*:

F, = k%; F, = G%.
Tomy sionowenna F, | F,, 6i0 6iocmani misc minamu ne 3anesicuno
Fo, _ kQQ,
F_zp - Gmm,

Tym k =1/ 47gy = 9,0-10°H - ? | Kn?.
s 8unaoky npomota i eeKmpoHa Maemo:
F, kQQ, (9,0-10° H - 32/ K2?) (1,6 -107° Kn)?

= = T 2, 2 31 Y = 23-10%.
F, Gmm, (667-10 A /x2?) (91110 x2) (16710 )
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3. Hunamixa mamepianvHoi mouxu

OTxe, CHIIa EIEKTPOCTATHYHOI B3aeMofil B Garato pasis 6impma (~ 10%°) rpasirtamiitaoi
cuii. ToMy B aTOMHMX cHCTeMax IpaBiTaliiHUM MPHUTATAHHAM HEXTYIOTb.

Cunu B3aemopii MiX aroMaMH, MOJIEKYIaMH, a TaKOX CHJIM ITOBEPXHEBOI'O HATATY, SIK 1
CHJTH TIPYXKHOCTI Ta TePTsI, 3BOAATHCS 0 CHJI €JIEKTPOMArHiTHOI B3a€EMOJIII.

SnepHi cuim OiIOTH MK HYKJIIOHAMH B SAPi, @ TAKOXK MDXK IHIIMMHU €IEMEHTapHUMH Yac-
tunkam. Lle Jyxke IHTEHCHBHI CHUIH, SIKi IPOSIBIISIOTECS JTHIE HA Mamux Bixcramsx (10™° ).
OTxe, AIEPHI CHIH — I KOPOTKOMIFOYi CHITH.

HOpuxnan 3.8. Oyinumu genruyuny ereKmpocmamuyHoi cunu eiOWmMosXy8aHHs 080X NPo-
MOHI8 y A0pi.

Po3B’s130K. Bsaoicacmubcsi, wo siocmans midic 060mMa nPomoHamu 6 siopi, oe € ~50 npomo-
Hi8, QOpI6HIOE 2 * 10 . Tooi

£ _kQ? _ (90-10° H - w®/Ki?)(16-10° Kn)?

“r? (2-107% )2

~ 57,6 H .

[e Benude3Ha BiMIITOBXYIOYA CIUIA, SIKa MPUOIM3HO JOPIBHIOE TPaBITAIHIN CHITi, IO i€ HA
TiJI0 Macoro 6 kr modmm3y 3emii. OTpuMaHNH pe3yIbTaT 3aCBiTUY€E BEJIMKY IHTEHCHBHICTB SICPHOL
B3a€EMOJIi1, SIKa EPEBUIIYE KYJIOHIBCHKE BIIIITOBXYBAHHS 1 BTPUMYE IIPOTOHH BCEPEANHI S/Ipa.

[HTeHCHBHICTD QYHIAMEHTAIBHUX CHJI OLIHIOIOTH OE3pO3MIpHUM MapaMeTpoM 7y, KU xa-
paKkTepH3ye iIMOBIPHICTE TIPOLIECY, 3YMOBIICHOTO MM BHIOM B3aeMoii (a6 3.1).

Tab6mums 3.1
OCHOBHI THITH B3a€EMO/IIH,
SIKi JIe)KaTh B OCHOBI BCIiX BIZJJOMHX CHUJI i B3a€EMOIIH B IPHPO/IL
. Bignocuna . .
Bzaemopmis JKepeso . . Paniyc nmii
A Hoxep IHTCHCHBHICTB, Y e
. o 38 .
I'pasitaniiina Maca ~10 Janexoniroua
Bci eneMeHTapHi yac- 15 Kopotkopuitoua
Crabxa P ~10 o
THHKA (~107m)
Enexrpomarnitia  Enexrpudni 3apsau ~10” Hanexoniroya
IIpoTonu, HEUTPOHH, Kopotkoniroua
SlnepHa (cuipHa) P p 1 P 15
ME30HH (~107m)

§ 3.7. T'pasirauiiini cuiu

Tenpi Kasenoww (1731 — 1810) — aneniticoxuii hizux
i ximix. Hapoouecs ¢ Hiyyi (Ppanyis). 3axinuue Kem-
Opiooccokutl yuigepcumem. Biokpue ennue cepedosuwa
HQ EMHICNb KOHOEHCAMOPIS, BUSHAYUS 3HAUECHHS! SPAgima-
yitinoi cmavnoi, macy i cepeorto eycmuny 3emni. Y 1766 p.
OMPUMAB 8 YUCOMY 8U2TIA0i 800€Hb, BUBUUE U020 6lIAC-
MUBOCmi, BUSHAYUE CKIIAO 800U, GMICH KUCHIO 8 NOGIMPI.
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8 3.7. I'pagimayiiini cunu

Heroron, anamizytoun pyx Micsus HaBkono 3emii, y 1666 p. BiIKpuB 3aKOH BCECBITHHOI'O
TSDKIHHS, SIKMA MOXKHA COPMYJIIOBATH TaK. KO’KHA YacTHHKa y BcecBiTi mputsirae oyab-siky
IHIIY YACTHHKY 3 CHJIOI0, IPSIMO NPONOPLIHOI0 J00YTKY iX MacC i 00epHEHO NPONOPLiiHOI0
KBaJapaTy BiacTaHi Mixk Humun. L{g cuna ntie B3OBXK JiHi1, siKa 3’ €JHYE IIi YaCTUHKH, TOOTO BOHA
€ LeHTpaJIbHOI0. BenmmuuHa i€l cuimi MoXke OyTH 3amvcana y BUIVISII

m,m,

r2

F=G

(3.14)

Jie My i M, — BiJMOBITHO MacH YaCTUHOK, I' — BiZicTaHbh Mi>k HUMH, G — rpaBiTtalliiiHa crana, sika
MOKe OyTH BUMipsiHA CKCIIEPUMEHTAIBHO 1 UTS BCIX TLT MAa€ OJHE i TE K YHCIIOBE 3HAYCHHS.

Xoua 3aK0H c(hOPMYITEOBAHO IUTSI TOYKOBUX TL, HOTO MOXKHA 3aCTOCYBATH 1 J0 MPOTSHKHUX
TiJI, IKIIO TOTICPEIHBO YSIBHO PO3OUTH 1X Ha MaTepiallbHi TOYKH, & ITOTIM BCl CHIIM B3AEMOJIIT MiXkK
HUMH npocymyBaTH. CyMyBaHHS HaWKpaIe MPOBOWTH 3a JOTIOMOTOK0 iHTErpyBaHH!, ke OYII0
BUHalneHo camMuM HeroTroHOM. HBIOTOH TOKa3as, 110 JUIS ABOX OJHOPIMHUX Kyib Bupas (3.14)
MIPaBIIIEHO OIICYE CHITy B3a€MOii, SKIIO I — BiICTaHh MK IIEHTpaMu Kyib. KpiMm Toro, SKIio,
OPOTSDKHI Tijla Mall, B MOPIBHSHHI 3 BificTaHHIO Mix HEMHU (Hampukiaz, 3emist — CoHIE), To,
PO3TIIIAI0YH Tijla SIK TOYKOBI 00’ €KTH (JaCTHHKH), MH BHOCHMO JIHIIIE HEBEJIMKY TIOXHOKY.

Di3udHMI 3MICT rPaBITAIIHHOI CTATIOI MOKHA BU3HAYMTH i3 camoro 3akony (3.14): ue Besu-
YHMHA, SIKA YUCEJHHO AOPIBHIOE CIIII MPUTATAHHA MiK JBOMA TiIaMH MacaMH 1O OJHOMY
KiJIorpaMy, po3TalllOBAaHUX HA BiJICTaHi 0HOr0 MeTpa OxHEe Big oqHOro. SIKIo mepemucaTi
dopmyny (3.14) y Burmsgi G = F r?/ (my my), To 3 1b0ro BUpasy BUIHO, mo G BEMIPIOETHCS B
H - 2’k

[oxo urcnoBoro 3HaueHHs G, TO HOTO MOXKHA BH3HAUUTH TUTBKH Ha Mociifi. [lepomm, komy
BJQJIOCS €KCHIEPUMEHTATIFHO BUMIPSITH CHITY, IO i€ MXK IBOMa TiJIaMH 3BHYAHUX pO3MIipiB, OyB
TI'enpi Kagenouw (1798 p.). CxeMy TIPUCTPOIO, 3a JOTMOMOToro sikoro I'. KaBeHauin ekcrieprMeH-
TaJIbHO BUMIPSIB CHITy TPaBiTALiIfHOI B3aEMOIii, HaBeAICHO Ha puc. 3.5. 3a OTpHIMaHUMHU pe3y/bTarTa-

—

A

Q4 os

JI>keperio cBitia

IIkana
Puc. 3.5

MH 3 JIOCTATHBOIO TOYHICTIO OMY BJIajIoCcs po3paxyBaT BenmunHy cranoi G. Pesymbrar, otpima-
wnit KaBerurmem, mumie Ha 1 % Binpi3aseThes Bif 3HaueHHA G, MPUITHATOTO CHOT OJTHI:

G = (6,6720 + 0,0041)-10 ™ H - m? / k22,
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3. Juuamika mamepianvHoi mouxu

Tpynuomi B po3yMiHHI TPUPOAM TPABITAIIMHMX B3a€MOJIN MOXXKHA TIIOHONATH, SIKIIO
JOITYCTHTH (IO aHAJIOTIT 3 STIEPHUMM, €IEKTPOMATHITHAMH 1 CITAOKUMH B32EMOJIAMH), 10 OV/Ib-
sIKE TiJIO, SIKE BOJIOJIE€ MAcor0, OTOUYEHE IPaBiTALiHHMM I0JIeM, 110 3aMIOBHIOE BECh IPOCTIp.
[HIIe Tino, sike 3HAXOMUTHCS B JESIKIM TOYNI MOOIM3Y MEPIIOro, 3a3Ha€ il CHIIM, OCKIJIBKH B
1iif Toumi icHye rpasitaniiiHe moine. I'paBitamiiine moe (oje TSHKIHHS) SBISIE COOO0K0 0COOIMBHUI
B/ MaTepii. BoHo icHye oHO4acHO 3 MaTepiaTbHUMU TitaMH. i1 KO)KHOTO MaTepiallbHOro 00’ €KTa
iCHYye CBOE TpaBiTaLiiiiHe 1moJe.

I'pasitamiiite moje (MK i eNMCKTPUIHE Y1 MArHiTHE) MOYKHA OMKCATH KiTbKICHO 3a JJOTIOMO-
TOI0 TTOHATTSI HAIPY)KEHOCT] TPaBITAliHHOTO IO, SIKE BU3HAYAETHCS SIK CHJA IpaBiTalliifHOl
B3a€MOii, 1if0901 Ha OMHUINO MacH B Oyab-sIKii TOYI IPOCTOPY:

__F
y=—.
m

3riiHO Cy4acHHX YsIBIICHb, OyAb-sIKa B3a€MOJisl YACTHHOK 3/IHCHIOETCS IUISIXOM OOMiHY
MiKX HEMH BipTyainsHuMu (a60 peanbHUME) YaCTHHKAME — IICPEHOCHUKaMH B3aeMoii. Taxk, re-
PCHOCHHUKOM EJIEKTPOMAarHiTHOI B3a€MOJIiI € KBAHT EJIEKTPOMArHiTHOTrO Iojs — GOTOH, Iepe-
HOCHHKOM SIJICPHHX CHJI € T-ME€30HH Tomo. J{Jst rpaBiTaniiHNX B3a€EMOAINH MUTaHHS NPO X 1e-
PEHOCHHKIB [ajieKko He 3 mpocTux. ChOro/IHi IOIYCKA€THCS, 10 YACTUHKO (KBAHTOM) rpaBiTa-
LIHHOTO TTOJIS € IPABITOH, SIKWIA 1 € IGPCHOCHUKOM TPaBITAIIHOT B3a€EMO/Ii1, OTHAK HOTO eKcIie-
PUMEHTAJIBHO BCe e He BIAKpUTO. PoOmmch cipobu criocTepiraté rpaBiTamiiHi XBHII, OHAK
BOHH TaKOX III€ HE BUSBIICHI.

Hpuxnan 3.7. [si cghepuuni ceunyesi kyai macoro My = m, = 8,00 ke xooicna, posmiweni
maxk, wo siocmare migic ix yenmpamu ckaadae r = 0,50 m. 3 axoro epasimayiiinoro cunoro diroms
Kyl 00HA HA OOHY?

Po3B’s130k. Axwo npunycmumu, wo Kyii 0OHOPIOHI, MO MOICHA CKOpUCMAmucs opmy-
noio (3.14). Tooi

mm,  (6,67-10 ™ H - m? / x2®) (8,00xe) (8,00x2)
r? (0,50.1)2

Lle oyoice mana senuduna, sAKy MOICHA BUMIPAMU JUE OYICE YYTIUBUMU NPUTAOAMU.

F=G =171-10°% H.

Mpuxnan 3.8. Buswauumu cuny, sika die Ha Micsiys (M= 7,36 - 107 k2), sas0siKu apagimayiiino-
My npumsizanni sk 3emni (M3 = 5,98 - 10% k2), max i Conya (Me = 1,99 - 10%° x2), ssaorcarouu, wo yi
CUILL HANPAGNEHE NEPREHOUKYIPHO 00HA 00 00HOK (puc. 3.6).

Po3B’s130K. Busnauumo cuny, sxa oie na Micaye 3 6oky 3emni (6iocmarn 610 3emni 0o Micsyst
L = 3,85-10° km):
Gmym;  (6,67-10™" H - m* /x2?)(7,36-10% x2) (5,98 -10** xe)

L2 (3,85-108 u)?

Hani, eusnauumo cuny, 3 axoio oie na Micsys Conye (6iocmans 6io0 Conys 0o Micsays 6y-

demo ssascamu pisnoio siocmari 6i0 Conys 0o 3emni L = 1,50 - 10™ 1)

Gmyme (667107 H - m® [x2?) (7,36 -10% x2) (1,99 - 10% xe)
L2 (1,5-10 )2

FM? -

=198.10% m.

= 435.10° .

FMC =

Ocxinvku yi 06i cunu nanpasaeni nio kymom 90° 00na do 0omoi (puc. 3.6), mo pesymmyroua

cuia
F = /(198) +(4,35)% -10° H = 4,78-10° H.
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8 3.8. Cuna maoicinns

3aKOH BCECBITHBOTO TSDKIHHS MOYKHA 3aIIMCATH y BEKTOPHIH
dopmi:

s

. ne F, —BekTop cmy, sika mie Ha Tino 1 (Macoro my) 3 OoKy Tina

2 (macoro my), f,) — OJMHIYHUH BEKTOp, HAIPaBJICHHUH! Bif TiNa 2

1o tina 1.
Puc. 3.6 3rizHo Tperboro 3akony HbtoroHa, cuna F,,, dka nie Ha Ti-
JIO Macor My, IO CTBOPIOETHCS TLIIOM s /@
. — - 21
Macoro My, Mae Ty X BENUYMHY, Mo i cuna Fp,, ame HampasieHa K, - ™,
npoTHIIEKHO 110 Hel (puc. 3.7). TakuM YrHOM
= = mm; - mm; - my
Fio = -Fy =G r=-G—=0,. (3.16) Puc. 3.7
2 3

§ 3.8. Cuiia TakinHsA

OmHUM i3 TIPOSIBIB CHJIM BCECBITHHOTO TSDKIHHS € CHJIA 36MHOTO TSKiHHSI — CHJIa TIPUTS-
ra"Hs Tin 70 3emuti. SIkmro macy 3emuni mo3HA4HTH depes M3, 11 pagiyc yepe3 Rjz, macy maHOro
Tija yepe3 M, TO CHILy, IO JIi€ Ha TLI0 3 OOKy 3emiti, 3Hai1eMo 3a (HopMyIIoLo:

F- G%. (3.17)
3

Le i € crma 3eMHOTO TSDKIHHS, sIKa HampaBiieHa A0 IeHTpa 3emiti. OueBUIHO, IO IS Cria O
MOBEpXHI 3eMJTi HaJa€ TiTy NPUCKOPEHHS, SIKE € IPUCKOPEHHSIM BUIHHOTO MaJiHHS (.
3acTocyeMo 10 cuIM TsDKIHHS Opyrui 3akoH Hetotona. Toxi

F=mg. (3.18)
IMpupisHiotoun npasi vactuau Gopmyn (3.17) i (3.18), orpumaemo:
g=G M—; (3.19)
R3

I3 (3.19) BuHO, 1110 TPUCKOPEHHS BUTHHOIO MA/[iHHS HE 3JISKHUTh BiJl MaCH Tijia, OTXKE, BOHO
omuaxose s Beix Tim. B CI g = 9,80 m/c?, ToMy crma TsKiHEHS, 1O i€ Ha TiTo Macoro 1 Kr, ckia-
nae (1,00 kr) (9,80 m/c?) = 9,80 H.

®opmyra (3.19) mae MOXIMBICTE BU3HAUMTH Macy 3emii, 110 i 6yimo 3pobienHo I'. Kapenjuriem:

2
v, - O
G
Kapengum “3BaxkuB” He Tinbku 3emutro, ane i Conrne, FOmiTep Ta Bei iHIN TUTaHeTH 1 iXHI
CYITyTHUKH.
Ha cuiy TsDKiHHS MOYKe BIUIMBATH HEOAHOPIAHUIA pO3MOALT Mac ycepeauHi 3emii. Y 3B’sI3Ky
3 UM § MOYKE MAaTH Pi3Hi 3HAUYCHHS HABITh Yy THX TOYKAX 3eMIi, SIKi 3HAXOMATHCS HA OJJHAKOBIH
reorpa¢iuniii mmpoti. Taki HeBeNUKiI 3MIHM § MOXKHA BUMIPSTH CTICIIaJIbHUMHU TIpHIalaMH —
rpaBiMeTpamu. Ha ocHOBI moiOHMX BUMipiB MO>KHa pOOUTH BUCHOBKH IIPO iCHYBaHHS B 3€M-
Hill KOpi KOPHCHHUX KOTIAJIMH.
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3. Juuamika mamepianvHoi mouxu

SIkio Tizo nepeOyBae He Ha TIOBEPXHi 3eMui, @ Ha BUCOTI h Ha HEero, TO BeMYNHA IPUCKO-
PEHHS BUIBHOTO IaJiHHS BU3HAYAETHCS 32 (POPMYIIOF0

M,

G (R3T)2. (3.20)

g =
I3 hopmyimu (3.20) BuaHO, 110 i3 36iBIIEHHSM BUCOTH h IPUCKOPEHHS BITBHOTO TIaIiHHS

3MEHIIYETHCS. BpaxyBaHHs BUCOTH h Ma€e BelMKe 3HAUEHHS MTPU PO3PAXYHKY PYXY CYIYTHHUKIB
3emui.

§ 3.9. Bara i neBaromicrn

Bara Tina BimHOCHO 3eMuiti — IIe pe3yJIbTaT IPaBiTAIliHOTO MPUTATAHHS Tijla 10 3emii. Sk i
Oymb-siKa Crjia, BOHA MOXKE TPOSIBIITHCS CTATUYHO i TUHAMigHO. [Ipu cTaTiaHOMY TIpOsiBi Bara
—) TiJa JOPIBHIOE CWIII, 3 SKOIO TiJIO, NMPUTATalOuMCh 3eMIICIO,

Jlie Ha HEPYXOMY, BiTHOCHO 3eMJIi, oropy abo BepTHKaJb-
N HI/II\/'I' Hi,HB.iC (puc. 3.8). Otixe, Bara Tia 3a MOZYIIEM JOPIBHIOE
CWII TSDKIHHS
C P=mg. (3.21)
OnHak, 1€ He O3HAyae, IO Bara Tija 1 cuja THKIHHS,
MIPUKIIaJICHA J0 HBOro, ogHe i Te came. Lle aBi pi3Hi crm.
] YP Cuna TSOKiHHS, — TpaBiTaliifHA cHIa, IPUKIAICHA IO Tija.

Bara Tia — me cuiia, npukiIageHa 1o onopu ago miaBicy

Puc. 3.8 (e cHJIa MPYSKHOCTI, PO SAKY Iige MOBA HIKYE).

Ipu craTnuHOMY IIPOSIBI Baru P (puc. 3.8) ii mist Ha TiO 3piIBHOBAXKYETHCS CHIOK HPYXKHOT
nedopmaryi N - peaxmi€ero 3 GOKy iHIIMX Tij, HAPUKIIA, OropH abo miasicy ( P=-N ).

IMpy quHAMIYHOMY MPOSIBI Baru Bara TiJia TAKOX BU3HadaeThest popmyomo (3.21), onHak,
OCKIJIBKH TUJIO PYXa€eThCs NPUCKOPEHO, TO NMPUCKOPEHHS, SKOr0 BOHO HaOyBae, Bipi3HAETHCA
BiJl 0, @ 3HAYMTH 1 Bara Tiia Oyjie Bipi3HATUCS BiJ HOro Bark B CTaHi Crokoro. /loenemo me.

Hexaii Tino 3naxomurbest B (T, sSKuil pyXxaerbes 3 mpuckopentsm BHu3 (puc. 3.9). 3a
JIPYI'UM 3aKOHOM HBIOTOHa BEKTOpHa CyMa BCiX CHII, IO AilOTh Ha
TiJIO, TOPIBHIOE !

. ma=P+N, (3.22)
N IIe M — Maca Tijia, P —cuma TsDKIHHS, sIKa JIl€ Ha TLUIO, N - peaxiist
OIOPHL.
Fg [ v Bara Tina B ni¢Ti BUpazuThes Tak
P=-N=P-ma=m(g-a). (3.23)
VB=mg B (3.23) Bpaxosano (3.21) i (3.22).
Puc. 3.9 Bekropu @ i § MOXyTb OyTH CIIPSIMOBaHi B OHOMY HATIPSIMKY

a00 B MPOTUIICIKHI HATIPSMKH, i TOJi, BIAMOBIIHO, Bara Tijia Oy/ae MeHIa abo OuIbIa Bard Tina, Ko-
JI BOHO 3HAXOAUTHCS B CTaHI CIIOKOFO, TOOTO KOJIH OO Bara

P=mg.

B 3aranpHOMY BUNaAKy Bara Tijia B JiTi, 0 PyXAEThCS 3 IPUCKOPEHHAM &, JIOPIBHIOE

P'=m(g +a). (3.24)
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8 3.10. [nepmmna i epagimayiiina maca

3Hak “+” B ¢opmym (3.24) BimmoBigac BHUIAAKY, KOMU Ji(T MPUCKOPEHO PYXAEThCS BBEPX
(BekTopr d 1 § MPOTWIIGKHO HATIPABJICHI); 3HAK “— — KOJH JI(T pyXaeTbcs BHU3 (BEKTOPH a i
§ crnpsiMOBaHi B OIHOMY HaIpsIMKY).

[likaBuM € BUMAIOK, KO (T BiIbHO magae (Hampukias, obipeersest Tpoc). B iboMy BH-
nagky a=0§ i P'=mg—-mg =0, To6To Bara Tija 1opiBHIOBaTUME HYIO. SIKIIO 6 B LIeH Mo-
MEHT JIIOJJHA B JTi()Ti BUIyCTHIIA 3 PYK, HAIPHUKJIAJ, OJiBELb, TO BiH HE BIIAaB OW Ha ITiUIOTY, a
BIJIbHO MajaB Ou pa3oM 3 JToAuHOIO 1 JihToM. OmniBenp OyJie 3HAXOANUTHCS MEpesT JIOIMHOIO B
TOMY MicIi, ¢ HOoro BUIYCTWIH. Take SIBHIIEC HA3UBAIOTh HEBArOMICTIO. 3ayBaKMMO, 11O CHJIa
TSDKIHHS IIPOAOBXKYE JiSTH Ha TIJIO, a CHJIa Bary 3HMKNIA. Tijla CTaloTh HEBArOMUMH TOMY, IO Ji(T py-
Xa€ThCS 3 IPUCKOPEHHSIM, SIKE JOPIBHIOE § .

HeBaromicTs, 1o nposiBISIETECS] HA KOCMIYHOMY arapaTi, Ma€e Ty X MPHUPOLY, IO 1 HeBaro-
MicTb y ni¢Ti, 0 BiIbHO Najgae. Kony kocMiuHM arapaT pyXxaeTbest 1o opOiTi HaBKOIO 3eMii,
TO i BiH caM, 1 BCI iHIII IPEAMETH, SKi 3HAXOSITHCS BCEPEANHI HBOTO (B TOMY YHCI | KOCMOHAB-
TH), “HafaroTs” Ha 3eMITI0 3 OJHAKOBOIO IMIBUIKICTIO. TOMY KOCMOHABT BCEPEIUHI KOCMIYHOTO
KOpaOIs He [Ti€ Hi Ha OfHY i3 ¥oro yactuH. Lle 03Hauae, Mo KOCMOHABT “HeBaroMuii”. B 1isoMy craHi
BTPavacThes BiMUyTTs “BepxXy” 1 “HM3Y”, BUIbHA piHA B TAKOMY CTaHi IpHiMae GopMy Kyiti TOIIO.

Mpuknan 3.9. Baumaoic macoro m = 15 ke nidgiwenuti na momysyi oo cmeni aigpma. Mo-
myska eumpumye cuny Hamsaey N = 185 H. Sxum nosunno bOymu naiimenue npuckopenus nigh-
ma (3a 6eUYUHOIO [ HANPIMKOM), W06 MOMY3Ka 00ipeanacs.

PoszB’si30k. [lpu pyci nigpma npuckopeno 6Hu3 6aza 8aHMANCy 3MEHULYEMbCA, NPU PYCi
nighma npuckopeno 86epx 6aza 8aHMAICY 30ibuyemsvcs 32i0Ho 3 opmynoio (3.24). V eunao-
Ky, koau a = 0, cuna eaeu anmaoicy, aKa Oie Ha MOMY3KY, OOPIGHIOE

P=mg = (15x2)(98.m/c?) =147 H ,

I BOHA MEHWIA 30 MAKCUMATIbHY CUTTY HAMAZY MOMY3KU i po3ipeamu il He mooice. /18 moeo, wob momys-
Ka obipeanacs, cuna éazu nosurna oymu oiaviuoro 3a maxcumanwiy cuty namszy momysku (P > N). I]e
Modice cmamucs auwe mooi, Koau Jighm 6yoe pyxamucsi 66epx 3 NPUCKOPEHHAM & , SIKe GUPAZUMO 3

dopmynu:
P =N = mg+ma.

Tooi
N-mg (185 k2 - m/ c?) — (15 k2) (9,8 m/ c?)
m 15 ke

. = 253mlc?.

BucnoBok: [Ipu a > 2,53 m/c* momyska o6ipsemucs.

§ 3.10. InepTHa i rpaBiTaniiiHa Maca

Macy Tina MOXXHA BU3HAYUTH [UITXOM BAMIPIOBaHHS MPUCKOPESHHS TiNa ITiJ{ Ji€0 BiTOMOL
CHJIH, CKOPHUCTABIINCH IPYTUM 3aKOHOM HbroTOHA

m, = PR (3.25)
Maca, sika BU3HAYa€ThCS TAKHM YMHOM, XapaKTepH3ye iHEPIiiHI BIACTUBOCTI Tila, TOOTO
1oro 3maTHICTh HAOyBaTH PUCKOPCHHS i Hi€to cril. Lo Macy Ha3WBarOTh iHEPTHOK MACOI0
1 MO3HAYAIOTH Mj,.
Macy Tina MOXXHa TaKOXK BH3HAYWTH, BIUMIPIOIOYH HOTO CHTY TSDKIHHS O IHIIOTO Tila,
Harpuknag, 10 3emi (8 3.7):
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3. Juuamika mamepianvHoi mouxu

2
mM 4 N mo = FRj

F=G = .
R? 7 GMy

(3.26)

Busnauena B Takumii cnoci0 mMaca Ha3HMBaeThcs rpaBiTALI{HOI0 MACOI0 i MO3HAYAETHCS
M. B dopmynax (3.26) M; — maca 3emui, R; — paaiyc 3emii.

A HisSIK He OYEBHIHO, IO iIHEPTHA Maca Tijla IOBHHHA JOPIBHIOBATH HOTO TpaBiTamidHii
Mmaci. Oxnak, kimacuuHi gocinian HeioToHa, a motiM mocmigu yropebkoro ¢izuka P. Etsemra
(1848 — 1919), sixi mpomoBKyBaucs Maiike 25 pokiB, MMOKa3ajH, 10 IS JAHOTO Tija o0HIBa
11 BHIM MAC CITIBIIAAI0Th; CYJacHi eKCIIEPHMEHTH MiTBEPIKYIOTh 1ie 3 TousicTio 10 107,

Skimo 6 rpaBiTamniifHa i iHepTHa MacH He JOPIBHIOBAJIM OJHA OJIHIH, TO BUCHOBOK [ ajijiest mpo
Te, 110 BCi TiJIa y BIICYTHOCTI OIOPY IOBITPS HaAa0Th HA 3EMJTIO 3 OHAKOBHMH MPHCKOPCHHSIMH,
OyB O HecIpaBEeUTUBIM.

OcCKibKH My, = My, , TO B (i3ULi TOBOPATH NPOCTO NPO Macy TiNa, i MiJ| MM PO3yMilOTh
(bi3n4HY BETHUHHY, sIKa IBJsIE COOOI0 Mipy iHEPTHUX 1 rpaBiTAI[IfHIX BIACTUBOCTEH.

TBepmKeHHS PO PiBHICTB TPaBITALINAHOI 1 IHEPTHOI Mac € MPUHIMIIOM €KBIBAJICHTHOCTI, SIKUH
TIOKJIaJICHO SIK TTOCTYJIaT B OCHOBY 3arajJbHOI Teopii BiIHOCHOCTI ab0 Teopii TSLKiHHS, CTBOPEHOI Hi-
MenbkuM ¢izukom A. Eiirmmreitnom (1879 — 1955).

§ 3.11. Cunm TepTst

Bynb-skniit MeXaHIYHUNA PyX TiJIa CYMPOBODKYETHCSA BTpAaTaMU MexaHiuHoi eHeprii. Lle 3y-
MOBJICHO HasBHICTIO cHJI TepTsi. CHIIM TEPTS MEPEIIKO/DKAIOTh pyXy. BoHN € raapMiBHUMY cH-
namu (cunamu omopy). TepTs BUHUKAE MK BOMA MOBEPXHAMH TBEPAUX Till a00 Mix iX dac-
THHKaMHd. B nmepmoMy BUnazaky TepTsl Ha3MBalOTh 30BHILHIM, B IPyroMy — BHYTPillIHiM 260
B’SI3KUM. 30BHIIIHE TEPTSI MOAUBIIOTH HA TEPTS CHOKOKW (CTATHYHE) I TEPTS KOB3aHHSI, SIKE
IHO/II HA3MBAOTH KIHETHYHUM TEPTSM (KiHETHUHUI MO-TpenbKe o3Havae “pyxomuii”). Ieprmit
BUJI TEPTSl BUHWKAE MK B3aEMHO HEPYXOMHUMH TiJIaMH, APYTUil BHHUKAE TIPH BiTHOCHOMY pYcCi
TiJI, IO TOTUKAIOTHCSL.

TepTs CIOKOIO MPOSIBISETHCS Y BCIX BUMAAKAX, KOJIM HAMAraroThCsl BUKJIMKATH BIAHOCHUI
PYX TiJ, IKi TOTHKAIOThCS. TepTs CHOKOI0 XapaKTepH3ye CHUITY ONOpY MpH OyAb-sIKHX CIipodax
3pYIHUTH Tino 3 Micus. IlpumycTiMo, 1m0 Ha TOPH3OHTAIBHIN MTOBEPXHI 3HAXOJUTHCS TiJO B

CTaHi CIIOKOI0. B 11bOMY BUIIaKy Ha TiJIO IiFOTh TUTbKH cwiia Bark M@ i cuia peaknii N . Cuna
TepTs B IbOMY BUNAJKY BiacyTHs. Jlami 1o Tina npukimagemMo cuity F i cipodyemo 3pymmTi iio-

ro 3 Micit. 3apa3 BUHHKHE ciia onopy (npotmiexHa 1o F ), sika i € cuiioro Teprsi criokoro Fy,

—

N (puc. 3.10). 36inbmenns cuan F mpussesne 10 301IbIIEHHS
— = . .
F cuiu onopy F,,, i xonu fo tina npuxinaznena cuna F > Fg,,
-
P TO BOHO 3PYIIHTHCA 3 MicI. JIJIst BCIiX iHINMX BHITAIKIB, KON
mg F < F,,, Tino 3aiuimaeTses B COKOL. TakuM uMHOM, cuiia Tep-
TS CIIOKOFO 3MIHIOETBCS BiJT HYJIS IO MAKCUMAITFHOTO 3HAYCH-

HA. I[OCJ'IiHHI/IM IIJIAXOM BCTaAHOBJICHO, IO MAaKCUMAJIBHE 3HA~

Puc. 3.10 . . . .
YEHHS CHJIM TEPTS CIIOKOKO TIPOTIOPIIiiiHe HOpMabHik crti (cruti

peakwii) N i He 3a1€XHUTh BiJI IUTOLI JOTHKAHHS TLJI, TOOTO

For = 166N , (327)

J€ [y — KOE(ILIEHT TePTs CIOKOLO, SIKHUA 3aJIeXUTh TUIbKY BiJl BIACTHBOCTEH KOB3a0UHX IIOBEPXOHB.

Sxmo F > F,,, ToTia pyxatoThes NPUCKOPEHO, 1 CUIIa TEPTSI CLIOKOIO [IEPEXO/IUTh B CHILY Tep-

T
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8 3.11. Cunu mepms

TH KOB3aHHH, SAKC BUPAXKXACTbCA TaKOIO (bOpMyJ'IOIO:

F =uN, (3.28)

Jie U4 — KoedillieHT TepTsl KOB3aHH, KNI TAKOX 3aJISKHUTh JIMIIIE BiJl BIACTUBOCTEH KOB3AIOUMX
noBepxoHb. CriBBigHomtenns (3.27) i (3.28) He € BEKTOPHUMH, OCKLIBKH Criia TepTs i cmia N
TIePIICHINKYISIPHI ofHa onHil. B Tabmummi 3.1 HaBeneHi 3HAYCHHS BUMIPSHHUX Ha JIOCTiII KoedilieH-
TIB TEPTS CIIOKOIO 1 KOB3aHHS IS PI3HUX TIOBEPXOHb.

TaGmums 3.1
Mosepxi KoegimieHT TepTst KoegimieHT TepTst
CIIOKOIO, [, KOB3aHHS, U
JepeBo 1o aepeBy 0,4 0,2
JHepeso 1o cHiry 0,14 0,1
JIix mo mpomy 0,1 0,03
Craib o cranii 0,74 0,57
CkJ10 1O CKITy 0,94 0,40
I'yma 1o TBepaOMY Tinmy 1-4 1
3’eqHaHHS B CYri00ax 0,01 0,01
JIIOTUHA

Cuna TepTs KOB3aHHS B SIKIMCh Mipi 3aJIKUTH Bijl BITHOCHOI IIBUAKOCTI pyXy Til. I3 3011b-
LIEHHSM IIBHUAKOCTI CHJIa TEPTS CIIOYATKy 3MEHILIYETCS, TIOPIBHSHO 3 TEPTSIM CIIOKOIO For, a 110-
TiM 3pOCTa€ i HAGIMIKAETHCS IO 3HAUCHHS CHITH TePTsI Criokoro (puc. 3.11).

PosrisiHeMo jaii Mexy A0TUKY aBox Tl (puc. 3.12). Ha atomuoMy piBHI TyT € “Briamunn”,

E;
L N —
/\/\/\/\/\/\_/\/\/\/'\/\/\/\
\/\/\/\/\/\,\/\/\/\/\/\/\/
v
Puc. 3.11 Puc. 3.12

“piBrEHK” 1 “ropOu”. Mo)kHa 6 NOITyCTUTH, 110 NMPUYMHOI0 BUHUKHEHHS TEPTS 1 € HEPIBHOCTI O~
BepxoHb. OfIHAK, CIPaBKHBOIO IPUYNHOIO BUHUKHEHHS TEPTS € He MEXaHIYHE 3YCTJICHHS BHUITYK-
JocTel OHa 3 OHOKO (X04Ya BOHO TAKOXK MA€ MICIIE), 8 B3aEMOIis IIOBEPXOHb Ha MIKMOJIEKYIISPHO-
My piBHI. OfHaK, Il B3a€EMOIi1 IPOSIBISFOTHCS JIMIIE B MICIIX [IITHHOTO JOTHKAHHS ITOBEPXOHb.

O/HuM i3 M ATBEPIDKEHD [HOT0 € TOM (HaKT, 10 MK JyKe TIIaIKUMH (BiAIOTipOBAaHIMH) T10-
BEPXHSIMH, SIK TIPABIJIO, TEPTS KOB3aHHS OljIbIIIe.

MornekyssipHa MOJIENb TEPTS TAKOXK MOSICHIOE, IO CHJIa TEPTS HE 3aJIKHUTH Bif IUIOMII 10-
TuKaHHA. [Ipy cTUKaHHI TIT TIIBKK HE3HA4YHa YAaCTHWHA IUIONII TOTHKAHHS JIIHCHO 3HAXOAUTHCS
B KOHTAaKTi Ha MOJICKYJSIPHOMY piBHi. Tifa TOTHKAIOTECS TLIBKH BHITyKIocTamHE (puc. 3.12).

Teptst MOXe CTIPaBIATH IIKiNTMBUH BIUIMB. BOHO TasbMye pyXxoMi Tina, BUKITMKAE HarpiBaH-
HS 1 3HOC YacTHH MexaHi3MiB. 11[00 3MeHImMTH cyXe TepTsl KOB3aHHS, HOTO 3aMiHIOIOTh TEPTIM
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3. Juuamika mamepianvHoi mouxu

KOYeHHSI 32 JI0IIOMOTOI0 MAIIUITHUKIB 200 BHYTPILIHIM TEPTSAM 3a JOIOMOT0f0 MacTHiI. binbI
e(eKTUBHO 3MEHIIUTH TEPTS MOXKHA, CTBOPUBIIN MK KOB3aIOUHMH MOBEPXHSMH MOBITPSHUN
npoIapok (CymHa i mwiaThopMy Ha MOBITPSIHIN MOMYIIi). B bOMY BUIIAIKY MOBITPSHKI [POIIa-
POK CTBOPIOETHCS IILISIXOM TIPOYBaHHS HOBITPS Yepe3 BENHMKY KUIBbKICTh OTBOpIB. [HImMiA crno-
ci0 CTBOPEHHSI MOBITPSIHOTO NPOLIAPKY IPYHTYETHCS HA BUKOPUCTAHHI MarHiTHOTO TTOJISL TS T ITpH-
MaHHSI Tij1a B [OBITpi (3a/Ii3HUYHI [IOTATH).

TepTs NpUHOCUTE 1 BeNMKY KOpHCTh. Hamia 31aTHICT XOJUTH IPYHTYETHCS HA TEPTI Mixk
TTiTonIBaMy B3yTTS 1 3eMiIi. Pyx aBTOMOOLIS Ta HOTO CTIMKICTh TAaKOX 3aJIeXaTh BiJ TEPTS.

HOpurnanx 3.10. Jus mozo, wob 3spywumu 3 micys awux macoro M = 40 ke Ha bemonHit
nionosi, neobxiono do nvozo npuxnacmu cuny F = 270 H. 3nauimu xoegiyicnm mepms cnokorw
MIHC AUUKOM § NIONI020H0.

Po3B’s130k. Cunu, wo diromsv Ha AWUK 8 MOMEHM NPUKIAdants 0o Hvbozo cunu F, nokasa-
Hi Ha puc. 3.13. Awux moodicna 3pyutumu 3 Micyst 3a ymMosu, ujo

. Fl-1-5.
N
N K nanpasneni 6 npomunedicii cmoponu. Cuna mepms Cnokoio 6usna-
s ” yaemvcst popmynoio (3.27)
mg FoT = N = ppmg ,
Puc. 3.13 Oe iy — Koegiyienm mepms cnoxkoro, N =mg — cuna peaxyii. Tooi
F = pmg,
36I0KU
o = F 2710 H 0,69

mg (40 k2)98 m/c?)

Hpuxnan 3.11. Jlusxcrnux nouas cnyck 3i cxuny, aKuil Mae Kym o = 30°. Bsaswcaiouu, wo
Koegiyicnm mepms xoezanius oopienioe u =010, pospaxyeamu: a) npuckopemnms TuniCHuKa i
0) weuoxicmo, axoi 6in nabyoe uepes t =6,0c .

Po3w’s30k. a) Ha puc 3.14 nasedena diazpama ecix cun, ski diroms Ha audicHuxa. Cuna

Puc. 3.14 Puc. 3.15

saeu (F =mg) i 06i cunu, o6ymosneni dicio cuizy na audici, — nopmanvha cuia (N — cuna peax-

yii) i cuna mepms (F,) . Qna spyunocmi mu eubpanu eicy X napaneavHo cxuny, a sico Y nephen-

OUKYIAPHO NOGEPXHI cXuy. Jlani 6exkmop cumu msicinis poskaaoemo Ha 06i cknaoosi (puc. 3.15):
iX 8enuyUHU OOPIGHIOIOMb GIONOGIOHO

Fy = mgsina, F, = mgcosa .
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8 3.12. Cunu npyscnocmi

Ockinvku no oci Y pyx eiocymmiii, mo
N = mgcosa .
Buxoosauu 3 opyzoeo 3axony Hetomona, maemo
mgsina — F, = ma, .
Axwo epaxyeamu, ujo
F,=uN=pumgcosa,
Mo OMpUMAEMO .
mgsina —umgcosa = ma, ,
36I0KU
a, =gsina—ugcosa = g(sin30° —(0,10)cos30°) = 0,419 ,
abo
a, = 0,41(98m/c?) = 4,0 m/c?.
0) Lsuoxicmo audicnuxa uepes t = 6,0 ¢ ompumaemo, suxopucmaesuwiu popmyny (2.10):
v=uvy+at = 0+ (40m/c?)6,0¢) =24 mlc.

Mu mym donycmuau, wo TUICHUK NOYA8 PYX i3 CMAHY CHOKOIO.

Mpuxnan 3.12. 3uatimu xoediyicum mepms KOG3AHHI MidC CHI2OM [ TUNCAMYU TUICHUKA 8

npuxaaodi 3.11, axwo 6in cnyckaemucsa 3 2ipku 3i cmanoio wWeUoKicmio.
Po3B’si30k. Ak i y npuknaoi 3.11

N = mgcosa .
Ockinvku, 32iono ymoeu a, = 0, mo
Fo=F,

abo

mgsina = uN =pumgcosa ,
36I0KU

po= D9SN 0 — tg30° = 0,58.
mg cos «

§ 3.12. Cum npy:KHOCTI

Bynp-sike Tijo T €0 MpUKIaACHUX CHJI 3MIHIOE CBOI pO3MipH i opMy, ToOTO 1edopmy-
€Tbest. Po3pi3HAIOTH Ba BUM fedopMaliiid: mpy:kHy i miactuyny. IIpyKHoI0 HA3UBaIOTH Ta-
Ky AedopManiio, KoM TijI0 MicJisi MPUIIMHEHHA il 30BHILIHIX CHJI NMOBHICTIO BiTHOBJIIOE
cBoi po3Mipu i popmy. IlnacTuuno HA3UBAKWTH AedopMalito, sika MOBHICTIO 200 YACTKOBO
30epiraerbest B TijIi micssi mpunuHeHHs il 30BHiMHIX cui. [IpyxHoro Oyne nedopmanis uu
TUTACTUYHOIO 3aJIXKHTH SIK BiJl IPUPOAN CAMUX TiJI, TaK 1 BiJ] MPUKJIAICHUX IO HUX CHJI. SIKIIIO cH-
JIM HE TICPEBHIITYIOTH TTEBHOI MEXi, SIKYy Ha3MBAIOTh MEXKEIO MPY)KHOCTI, Aedopmartist Oyzie npyx-
Hot0. KoJI1 30BHIIITHI CHITH IEPEBHIIYIOTH ITI0 MEXY, AehopMaris Oye IacTHIHOIO.

[TpyxHi BTacTHBOCTI TBEPIUX TiJ 3HAXOIATH CBOE MOSCHEHHS B iX aTOMICTHYHO-MOJICKY-
JSIpHi OyI0Bi. Mik aToMamMu (MOJIEKYJIaMH), 3 IKMX CKJIaJafoThCsl TBEP/ TiNia, JTIFOTh €JIEKT-
PHYHI CHIH B3aeMOi1 (BHYTPIIIHI TIPYXKHI CHJIN), SIKi IIPOTHIIIOTH iX mepeMimenH:o. | konu ne-
(bopmartist He pyiHye MibkaToMHHX (260 MI>KMOJIEKYJISIPHIX) 3B SI3KiB, BCi aToMu (MOJIEKYITH) 3Mi-
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3. uuamika mamepianvHoi mouxu

LIYIOYHCh, 30epiraroTh CBOIX CYCIJIB, i iX OTOYCHHS HE 3MIHIOETHCS. 3MiHA MiKaTOMHHX (200 Mix-
MOJIEKYJISIPHEX) BiJICTaHEe! MPU TakuxX HeopMallisx HeBenuka. ToMy IpU NPUIIMHEHHI [T 30B-
HIIIHIX CHJI TiJIa IIOBEPTAIOTHCS B MOTNIEPEIHIH PIBHOBAXKHUI CTaH.

Ipu mractnyniit gedopmanii 30BHIMIHI CHIIN NEPEBEPINYIOTh PE3YJIbTYIOUY BHYTPIIIHIX
MPYXHUX CHJI 1 aTOMH 3MILIYIOTHCS HA TaKi BiJCTaHi, 10 3MiHIOIOTH CBOI IOJIOXKEHHS, TOOTO
3MIHIOIOTH CBOIX CYCIJIiB 1 ITOBEPHYTHUCS B TIONEPEIHE TIOJIOKEHHS, MICIsI IPUITUHEHHS J1ii 30B-
HIIIHIX CHJI, YK€ He MOKyTh. OCHOBHMM MEXaHI3MOM IUIACTHYHOI aedopmaliii y MOHOKpHCTa-
JIaX € KOB3aHHS aTOMHHX IUIOIIUH OJHA BiJHOCHO OJHOI Ha ONWH mepion i Oinpme. B momi-
KpPHUCTaJIYHUX TiIaX MeXaHi3M jaedopmariii CKiiaHImmH.

Jedopmanii € kinbkox BuAiB: nedopmamii po3Tary i CTUCKy Ta geopmariii 3cyBYy, KpydeH-
HS 1 3THHY.

Hdedopmanis po3tary. SIkmo Ha Tino, HANMPUKIAJ, Ha BEPTUKAIBHO IMiJBIMICHUH CTep-
sxenb (puc. 3.16), mie cuma, To HOro MOBKHUHA 3MIHUTHCS (CTEPIKEHD BUIOBKUTHCS Ha BEIHUHN-

ny Al =1-1p). ¥V crepxui Bummkae npyxHa cuia F, , ska nporumie aedopmyrouii cir F .

np

r\’—’l rvvl 3rigHo Tperboro 3akoHy Herotona npyxsa cuia F,, 3a moxy-

JIeM JIOpiBHIOE 1eOpMYyIOUii cuil, ajie cripsMoBaHa B MPOTH-
JeXHAH OiK:
I F,,=-F.

np

ExcrieppuMeHTanbHO BCTAHOBJICHO, IO CHIIA, SIKA BUHUKAE
sl i 9ac MpYyXHOI nedopmarii, IpsMo TPOMOPITifHA BETUIHHI
uiei nedpopmarnii i cupsiMoBana y Oik 11 3MEHIIICHHS:

F=—kal, (3.29)

Puc. 3.16 F ne F—cuma, sxa posrarye Tino, Al —npupict mosxunu (abco-

mroTHA JedopMartis po3Try), K— KoedillieHT mpormopiiiHOCTi

(xoedimient xopcrkocti). CriBBigHomenust (3.29) cnpaBemBe st OYAb-IKOr0 TBEPIOTO Ti-

Ja, 9¥ 1€ 3aTI3HUH CTep)KeHb, UM KiCTKA TBApHHU a0 JFOIMHM, ajle JIMIIE IPH HEBEIUKUX BHU-

JIOBKEHHSIX, TOOTO /10 TIeBHOT MexKi. SIKIIo cuia Oyze qyke BelrKa, TO TLUTO HACTLIBKY BUIOBXKH-

TBhCSI, III0 BOHO B KIHIIEBOMY PaxyHKY po3ipBeTbcs. OCKITBKM MEpIIl AOCTI/HKEHHS B IBOMY

wiani Oymu nposeneHi anrmiticekuM dizukom P. T'ykom (1635 — 1703), cmieBiguorenus (3.29)
Ha3UBAIOTH 3aK0HOM I'yka.

Jlehopmartito XxapakTepu3yiOTh He aOCOMFOTHAM BHIOBXKEHHAM Al, a BiqHOCHHM:
Al
& =—, (3.30)

ly

i He cuioro F, a MexaHIYHOO HATPYTr o0
c=—, (3.31)

Jie S — TWIoIIa MOMEPEYHOro TIepepi3y cTepskHs (Tija), o pO3TATYETHCS.
Sxmmio nedopmartist TOro UM 1HIIOTO TiJIa OMUCYETHCS 3aKOHOM ['yKa, TO BiJHOIIICHHS MeXa-
HIYHOT HAIIPYTH JI0 BiTHOCHOT'O BUIOBKCHHS € BEIMYMHA CTaja, TOOTO
o F/S
& Al /1,

=const=E, (3.32)

abo
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8 3.12. Cunu npyscnocmi

(3.33)

ne E — xoeditieHT mpormopuiifHOCTI, STKUI 3aJICKUTH Bijl BIACTUBOCTEH MaTepially i He 3alIeKUTh
Bij Hioro po3mipiB. Lleit koedilieHT Ha3MBaeTHCs MO/TyJIeM MpY:KHOCTI a00 MoxyJiem FOHra.
3raueHHs Moyt FOHTa nesikux matepialiB HaBeJeHi B Ta0mmri 3.2.

Tabmuusa 3.2
Marepia Monyns FOHra, Monynb 3cyBy, E/;(;'gxylfgc(f Mot
9 2 9 s ;

E -10° H/m G -10° H/m B-10° H/ns?
TBepai Tina
YapyH 100 40 20
Crainb 200 80 140
Bpon3a 100 35 80
Amominii 70 25 70
beron 20 - -
Herna 14 - -
Mapmyp 50 - 70
I'panit 45 - 45
Kicrka (xiHmiBKH) 15 80 -
Pinnaun
Bogna - 2,0
Coupr (eTrnoBuii) - 1,0
Pryth - 2,5

I3 (3.33) BHAHO, 110 BiIHOCHE BHAOBKEHHS Tijia MPSIMO MPONOPLiiiHe MPHKJIA/IEH]ii 10

HBOr0 MexXaHiuHil Hanpys3i.

IMpyxHi BracTUBOCTI OyAb-SIKOTO Tijla 3ajJeXaTh Bij HOro KpucTanidHoi OynoBu. Hampuk-
man, B Tabn. 3.3 HaBeNeHi JaHi PO MPYXKHI BIACTHBOCTI YHCTOTO ATIOMIHIIO, OTPIMAHOTO JBOMA
PI3HIMH crIOCO0aMH, a TAKOXK IBOX HOTro cIUIaBiB. X0 3HaUeHHS Moyinst KOHra Juist X 90THPBOX
MarepiaiiB MaJlo BiAPI3HSIIOTECS MK COOOIO, B 3HAUCHHSX IHIIMX MApaMeTpiB, sIKI XapaKTepu-
3YIOTh TIPYXHi BIACTHBOCTI, CIIOCTEPITAETHCS BEIHUKA BiIMIHHICTb.

SIKIIo MPUKITACTH 10 Tijla CHILY, SIK IOKa3aHo Ha puc. 3.17, TO BUHUKAIOTh HAIIPYTH CTUC-

e

Puc. 3.17

OcHoBa (ikcoBaHa

Puc. 3.18

KY: TIJIO TIPH LOMY HE PO3TATYETHCS, & CTUCKAEThCs. HampyraMm CTHCKY MiIalOThCS KOJOHH,
SIKi T ATPAMYFOTB Ba)KKi OyIiBeITbHI KOHCTPYKIIii, CTiHH OyIWHKY, KICTKH HIDKHIX KIHITIBOK JIFOJTH-

o1



3. Juuamika mamepianvHoi mouxu

Hu Towo. @opmyu (3.29) 1 (3.33) oHAKOBO 3aCTOCOBaHI K JI0 PO3TATY, TaK i 0 CTUCKY, TIPH-
Ta6mums 3.3

4OMY B OOMJIBOX BUIIQJIKaX 3HAUCHHS E, SIK MPABUIIO, OJIHE 1 TE K.
Monyis FOura Mesxa npy>KHOCTI, Binsocuuii
PeuoBuna 10° H/nt? ' 6 ) PO3TST TIpH
10° H/m po3pusi, %
AIOMIHIN YUCTHH, BlIIaJI€HUA 70 12 49
AroMiHI YuCTHI, XOJIOHA TIPO- 70 106 5
KaTKa
Tunoswuii crunas (Al, Cu, Mg) 79 150 3
Crutas
(90 % Al + +55% Zn + 2,5 % Mg +
1,5% Cu+0,3%Cr ++0,2% Mn) 72 50 11
edopmanist 3cyBy. SIKIIO HIDKHIO IPaHb TijIa IPSIMOKYTHOI (DOPMH 3aKPIlIMTH, & 10 BEPXHBOT
Aedop 3cyBy p TIPSIMOKYT PMH 3aKp ep

, 32 MOJTyJIEM piBHA

npukIacty cuny F,, To Tino 3asnae nepopmanii scysy (puc. 3.18). Ileit tun nedopmartii momns-
rae B TOMY, IO BCi IMAPH TiJia 3MIIYIOTHCS OJUH BiTHOCHO OMHOr0. OCKUTEKY HIKHS TPaHb Tija
—I
Fﬂ

3aKpiIUIcHA, HATIPUKIIA], IO CTOJAa, TO Ha Hel 3 00Ky cToia Oyie AisSTh chia
F,, alle IPOTHIICKHOrO HATIPAMKY. B pe3ynbTati B Tili BUHMKAE HAIpyra 3CyBY, AKa CTapacThCSA

3pyHHYBaTH TiJIO TAKAM YUHOM, SIK TIOKa3aHO Ha prc. 3.18 (wrrpuxosi miHii).
st po3paxyHKy e opMallii 3cyBy KOPUCTYIOThCS (opMyIioro, aHasorigaoro (3.33):
(3.34)

F_gal

O =
S ly

Ie S — IUIoIIa rpaHi Tisa, HapajienbHOl PUKIajeHil cui, lp — BucoTa Tina, Al — 3cyB BepxHboi rpa-
Hi TiJIa BITHOCHO HIDKHBOI, G — KOe(DiIlieHT POITOPIIIHOCTI, 10 HA3UBAETHCSI MOAYJIEM 3CYBY.
Ha puc. 3.19 nokazaHo fito cumu F, , sika cTBOpIO€E B cTep:kHi (Tii) Hanpyry kpy4enns. Jloc-

Po3tsar

Cruck

C

OcHoBa ¢ikcoBaHa
Puc. 3.20

Puc. 3.19
JI]I1 TIOKa3yIOTh, 10 HAIpyra Kpy4eHHs! B 3Ha4YHIH Mipi MOi0Ha 110 HAIIPyTH 3CyBY, TUIbKH y BUTIA -
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8 3.13. Ipyorcui enacmugocmi 6ionociunoi mamepii

V Bunanky nedopmarii 3runy (puc. 3.20) BUHMKa€e SK HAIPyra CTUCKY (BHYTpILLHS TIOBEPXHSI
0aJIKu), TaK i Harpyra po3Tsry (30BHILIHS MOBepXHst Oaiku). BeepemuHi Ganku icHye Harpyra 3cyBy.

I3 ckazaHoro BUIE MOXKHA 3pOOMTH BUCHOBOK, IO IIPH JIii Ha TBEP/i TijIa BHHUKAIOTh TPU
BH/M HAIIPYT. PO3TATY, CTUCKY 1 3CYBY.

Mpuxnan 3.13. Hxoro nosunna 6ymu cuna, oo po3smazHymu CmaitbHUll cmepoiceHs diamen-
pom d = 3. mm nacmineku, wob eidnocne eudosxcenns cknadano € =Al/ly =15%?

Posw’si30k. Cuny supasumo i3 popmynu (3.31), suxopucmaswiu npu yvomy gopmyiy (3.33):

2
S
4 4

de S=md?/4 - nrowa nonepeunozo nepepizy cmepoicHs. 3nauenns mooyins FOnea 3amo i3
mabauyi 3.2.

HOpurnax 3.14. Ooun nimp emunogoeo cnupmy 6 M’SKitl NOCYOUHI 3AHYPIOIOMb HA OHO
600otimu, de muck P = 2,8 - 10° H/w®. Hxum 6yde 06 ’cm cnupmy?

Po3B’s30K. Axiyo mino niodacmocs cmucKy 3i 6Cix cmopin, mo 11020 00 €M 3MeHULYEMbCS.
Came y 800i Ha mino Oie cuna 3i 6cix cmopin. Tuck eusnauaemvcs K cuid, wo 0i€ Ha OOUHUYIO
niowi NOGepxHi, i, MAKUM YUHOM, MUCK eKeI8alenmHull Hanpy3i. JJociiOono 6cmanosiero, wo
smina 06 ’emy AV nponopyivina 3mini mucky AP i nouamxoeomy 06 ’emy Vo. Mamemamuuno ye
onucyemucst cniegionoutenmsam, ananoziuvnum (3.31), are menep xoegiyicnm nponopyiinocmi
HA3UBAEMbCSL MOOYIEM 00’ €mnoi npysycnocmi B:

B-__2P )
AV IV,

(3102 .1)? (15)(200-10° H/ M%) =212-10°H .

3nax minyc mym osnauace, wjo 06’'em IMEHWYEMbCA 13 30LMBUICHHAM MUCKY.
I3 (1) snatioemo aminy 06’ emy AV:

APV, (P-PRy)V, (2,8-10°-101325) H / m* (107 u°)
B B 1,0-10° H / m?

Tym Py = 101325 H/v® — ammocepepnuii muck, B = 1,0 - 10° H/m? — s3amo i3 mabnuyi 3.2. Tooi
V=V, —-AV =107 »* - 2,69-10° 2% = 997107 2.

av =2,69-107° 4%,

§ 3.13. [Ipy:xHi BAacTUBOCTI Hiosoriynoi MaTepii

VYci Tina, B ToMy uucii 1 0ioJOriyHI MaTepiany, BOJOMIOTH NMPYXHUMH BIIACTUBOCTSIMU.
KicTka — ocHOBHMIA MaTepiaj OMOpHO-PyXOMOTO anapaTy TBapuH i Jirojel. B cripomenomy Bur-
TSIl MOXKHA BBAKATH, IO KiCTKa € MarepiajioM, KU CKIIaaeThesl i3 OpraHiyHuX PEYOBHH, 371e-
OLpIIOro KoyutareHy (BUCOKOMOJIEKYISIPHA CIIONYKa, BOJIOKHUCTHIl GLI0K, SKHMii BOJIO/I€ BUCO-
KOIO €NIACTHYHICTIO), HEOPTraHIYHMX KPUCTANUKIB rigpokcunanatuty (3Cas (PO,)0, - Ca(OH ),),
3B’S3YIOUMX PEYOBHH 1 BOAY. KpHCTAIMKY TiAPOKCHIAIaTHTY PO3MIIIEHI MK KOJTareHHUMH BO-
noxuamu. T'ycrua KictkoBoi Tkanmmu 2400 kr/m®. [IpyxHi BIaCTHBOCTI KICTKY 110B’s13aHi 371e-
OLITBIIOTO 3 OLITKOM i MiHEpaIbHUMHU KOMIIOHEHTaMHu (TiapoKcunanatutom). Peakiiis KOXKHOI i3
IIMX KOMITOHEHT Ha MPYXXHI BJIACTUBOCTI KiCTKM pi3Ha. J{ocmin moka3any, mo oOuIBi KOMIIO-
HEHTH KiCTKH, KOXKHa 30KpeMa, cllaOKi, OJJHaK B KOMOIHAIl1 JafOTh MIIHICTh, MOAIOHY IO MiIl-
HOCTI MeTay.

3ayBayKIMO, III0 MEXaHIYHI BIACTUBOCTI KICTKH 3aJISXKATh 1 BiJl TAKUX (DAKTOPIB, K BIK JIFOMHH
Y1 TBAPHHH, 1H/IMBITyaJIbHI OCOOTMBOCTI POCTY OpPraHi3My i, 3p03yMLITO, TUISTHKU OpraHi3My.

B xicTkax po3pi3HSIOTH HE TUIEKH MIITHOCTI OLTKOBOT 1 MiHEpaIBbHOI KOMITOHEHT, ajie 1 MOZy-
i npyxxuocti (FOura). B ta6nuii 3.4 HaBeneni 3Hauentst Moay/ast FOHTa i MIITHOCTI CYIUTBHOT
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3. uuamika mamepianvHoi mouxu

HOT KiCTKH Ta T KOMIIOHEHT IIPU CTUCKY 1 pO3TATY (HaHi Ui roMiJiki Ouka).

IMpyHi BIACTHBOCTI M SIKUX OIOJIOTTYHMX MaTepiaiiB (HAIPUKIAL, HIKIpH i M’S3iB) CHJIb-
HO BIAPI3HSIOTHCS BiJ] MPYXKHHUX BIACTUBOCTEH KicTOK. M’siKi 6io0riyHi MaTepiany noxioHi 10
rymu (mikipa) a6o mo momimepiB (M’s3u). TkaHuHN M’513iB IOOYIOBaHI i3 TOBTHX MOJIEKYI, SIKi
MOYKHA PO3TATYBATH JI0 TUX Hip, IIOKM BOHM HE CTaHYTh Maibke MapajielbHIMU. MakcuMalib-
HHI PO3TAT KICTKOBOTO Martepiany cranoButh ~ 1 %. M’s3u (SIK 1 mIKipa) MOXYTh BUTPHMYBa-
TH JIBO- 1 TPUKPATHE BUJIOBXKEHHS 0€3 PO3pHUBY.

Ta6mms 3.4
Crtuck Postar
Bun tkannan Monyinb FOwra, MIiLHICTB, Monyinb FOwra, MIiLHICTB,
10° H/m® 10° H/m® 10° H/m® 10° H/m®

CymuinbHa KicTka 10,2 147 22,4 98
MinepasbHa KOM-

[IOHEHTa 6.4 44 16,6 5

BiikoBa KoMITIOHEHTA 0,01 0,1 0,2 7

Mpuxnan 3.15. Cyxoorcunis meapunu doesxcuroro ly = 16 cu nio odiero cun F =12,4 H gu-
ooedicyemuves na Al = 3,3 mm. CyXoorcuiss MOJNCHA 68adNCaAMU KPY2uM 6 nepepisi 3 Olamempom
d = 8,6 mm. Pospaxysamu mooyab npyscHOCHE Y020 CYXONCUTIAL.

Po3’si3ok. s yiei memu ckopucmaemocs gopmynoio (3.32):

_FIS _Fl,
Allly  AlIS’

Tym, S = nd 214 - nrowa nonepeurozo nepepizy cyxoxcuis. Tooi

-2
E_ Ay _ 4(12,4 H)(16-107° u) =10’4'106£.

7d?Al  (314)(8,6-107° 1)%(3,3-10% u1) e

Mpuxnax 3.16. Cepeons niowa nepepizy cominkosoi kicmku modunu dopigrioe S = 3,0 car’.
AKy cuny cmucky mMooice 6UmMpUMamu Kicmka He pyuHyiouucs?

Po3B’sa30K. Ko mexaniuna Hanpyea, npukiadesa 00 mind, Ha0mo 6eIUKd, Mo Miio Moice
spytmysamucs. B mabnuyi 3.5. nasedeni snauenns medici miynocmi (epanuuni nanpyau Gzp) Ha

CMUCK, po3msie i 3¢y8 OIS PI3HUX MAmepiais.

Ta6muis 3.5

Martepian PosTir, 10° H/m? CrHCK, 10° H/m? 3cyB, 10° H/m?
YaByH 170 550 170
Cranb 500 500 250
Bpon3a 250 250 200
AnroMiHii 200 200 200
beron 2 20 2

Ilerna - 35 -
Mapmyp - 80 -

I'panit - 170 -

Kicrka (kiHmiBka) 130 170 -
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8 3.13. Ipyorcni enacmugocmi 6ionoeiunoi mamepii

TIpanuuny cuny, npu sxitl Kicmka modice 3pyinyeamucs, eupazumo iz gpopmynu (3.31):
F._=0.S
2p pY

de o, —Mmedica miyrnocmi (epanuyna nanpyea), snavenns aKkoi ¢isomemo 3 maon. 3.5. Tooi
F, = (170-10° # /%?)(3,0-10™* »°) = 51-10" H .

Ilpu F < F,, xicmka He 3pytiHyembcs.

Hpuknan 3.17. byno ecmarnognero, wjo uepen 201086u THOOUHU MOdice Oymu nPOOUMULL PyxXo-
MUM HPeOMemoMm 3 NIouer0 nepepizy OeKiibKa CaHmumempie, axkujo muck P = 510" ITa. Hexaii
Oestkuil 3ai3Hull npedmem macoro M = 2 ke i diamempom naockoi epani d = 2,5 cm nadae 3 suco-
mu N i gdapsic moduHy no 20106i, NPU YoOMY NIOCKA NOGEPXHS NPEOMema NAPALebHA NOGEPXHI
uepena 2onosu. Akoio € minivanona eucoma N, nadinns npedmema 3 aKoi npuseede 00 npodoio
uepena, AKWO yoap npooosdicyemuocs At = 1 mc?

Pozp’s130k. Cuna, 3 AK010 npeomem 80apsic No yepeny 20106U JIOOUHU, 3ANeHCUMb Gi0 UBUO-

KOCm, SIKOI0 801100I€ npedmem 8 MomeHm yoapy no uepeny. Lx cuna susnauaemucs popmynoio (3.6):
FomlY _pl=Y% (1)
At At

0e AL =V —Uy — 3MiHa weuoKocmi npedmema 6i0 NOYAMKY NAdiHHA 00 Momenmy yoapy, At —

mpusanicms yoapy. Ioxnaswu vy =0 (mino nadae iz cmany cnoxor), popmyna (1) 3anuwemso-
¢ max:
v
F=m=—, 2
At @)
de U — wWeUOKICMb NpeoMema 6 MOMeHM Yoapy.
3 dpyeoeo boky

2
F=PS=P”2I . ®)

mym S = pd 214 - niowa epawi npeomemd.

Ipupismiorouu npasi wacmunu piensans (2) i (3), ompumyemo, wo
zPd?. At

4m

(4)
Llseudxicmo mina 6 momenm yoapy i eucoma nadinus mina 36 szami gpopmynoio (2.23):
v =,/2gh. (5)
Tooi i3 gpopmyn (4) i (5) snaxooumo, wo
_ z?P%dAt? (314)%(5-107)2H? /m?(25-10 2 m)* - (107°¢)

h= 7,7 m
32m?%g (32)(4)(9,8m/¢)
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