Po3B’s13kxu 3aBaans 11 eramy Beeykpaincbkoi onmimmianu 3 (Gi3uku
(2018-2019 naByanbHHUI PIK)
11 xnac

1. ITix yac BUMIpIOBaHb 3aJIEKHOCTI THUCKY
BOJIOTOT'O TIOBITPS BIJl 00’ €My OTpUMAaJIH
rpadik, SIKUH CKJIaJaBCs 3 JBOX 130TEPM
AB Tta BC. Sxoro Oyma BoOJOTICTH
noBITpA B Toukax A, B, C.
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[Tpu moctaTHBRO Benmukux 00’emax V BoasHa

napa € HeHacu4yeHoro. [3 3MeHIIeHHsIM 00’ eMy mapa
nocsrae HacuueHHs. Lleli cran Bigmosimae Todill B
Ha rpadiky. [Ipu HacTynmHOMY 3MEHIIIEHHI 00’ €My MOYMHAETHCS KOHACHCAIIIS i Tapa
3QJIMIIIAEThCS HacuueHoro (rpadik AB):

Pp = P = 100%.

VY toumi C ¢, = % -100 % (1), ne P, = Pz TUCK HACUYEHOTO MOBITPS

H

. . . : P,V
3a 3akoHoM boitns-Mapiorra mis cranis Bi C: PV, = PgVy. 3Bigcu, == = —=
Py

VB
(pc=:;—lz-100%=67%.

2. Y cranpHiii Kyni paxgiycom R; = 40 cm 3pobneHo chepuunmii OTBIp
paaiycom R, = 25 cM. Bincranp | MK 1ieHTpamMu KyJi ¥ chepudaHOTrO
otBopy nopiBHIOe 10 cm. Ha Biacrani r = 5cM Big MOBEpXHI Kyili
PO3MIIIIEHO MaJIeHbKY KYJIbKY. Y CKUIBKU pa3iB cuiia F; rpaBiTaiiitHOl
B3a€EMOJIIi MaJICHBKOI KYJIBKU 3 KyJer 0e3 oTBopy Ouiblia 3a cuiy F,
rpaBiTaIlifHOT B3a€EMOJIi MaJICHbKOI KYJBbKA 3 KyJI€0 3 OTBOPOM?
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[ToxymMKy po3MICTUMO B OTBOPI CTAJIbHY KYJbKY, sIKa Ma€ Taki K pO3MIpH, sIK 1
otBip. Toai kyns crane cyiinbpHO0O (0e3 oTBOpy). Cuia F; rpaBiTaliiHol B3aeMOIii
MaJIeHbKO1 KYJIbKH 3 CYIIIJILHOIO KYJICIO Oy/i€ IOPIBHIOBATH T€OMETPUYHIN CyMi CuJI, 3



SKOK0 MaJICHbKA KYJIbKA IPUTATYETHCA 11 YaCTUHAMU — KYJICIO 3 OTBOPOM Ta KYJIBKOXO,
Ky pO3MIIIYIOTh Yy IIbOMY OTBOpi: F; = F, + f. 3Bincu F, = F; — f [1].

OckiJIbKY MaJIeHbKa KyJIbKa pO3MillleHa Ha BIJICTaHi 7', IKa HE3HAYHA MTOPIBHSIHO
3 po3MipaMH BEJIHKOI KyJIi, TO KyJt0 6€3 0TBOpY OyAeMO pO3IisAaTh sIK MaTepiaabHy

4 NV .
TOYKY 3 Macoro M = pV = 3 7R3 p. Cwiia rpaBiTaLiiiHOT B3a€MOIii MaJIEHBKOT KYJILKH
. Mm .
3 Helo JopiBHIOE F; = G THRO? Jle m — Maca MaJI€HbKOI KYJIbKH.
1

Cuna rpaBiTallliiHOT B3a€MO/IT MaJIEHbKOI KYJIbKU 3 KYJBKOIO, SIKY PO3MICTHIIH
mlm _ 4' 3 . ..
rr o e my =g TR p —Maca KyJIbKU, pO3MIIIEHOT

B OTBODI KyJIi, TOPiBHIOE [ = G =

B OTBODI.

3po0uBIM mijcTaHOBKM BHUpasiB FiTa f y Bupas [1], orpumaemo:
Mm mym __ Gm(M(r+R;—1)?—m,(r+R;)?)

F2=G _G

(T+R1)2 (T'+R1—l)2 - (T+R1)2(r+R1_l)2

_ 4 _ R3I@+RD* . F1
. RO 0,48. Tomi 5~ 2,08.

3. 'emapa moMiTUB aHTHIIONY, SiKa Oirjia B HANMpsIMKY BiJ HHOTO 3 IIBHIKICTIO
M . . .
v, = 20 —, Ta moyas 3a HEo NoaBaHHs. [[prCKOpPIOIOYNCH PIBHOMIPHO, BiH
C

. M
3a yac t; = 4 ¢ gocsarnyB mBUAKOCTI U, = 30 ~> 3 AKOIO pyXaBcs e &, =

10 c. Yepes 1ieit yac remnap BiA4yB, 10 HOTO TIJI0 MEPErpuIocs, i 3aKiHYUB
MepeCIIiIyBaHHs aHTUJIONH 3 TUM K€ 32 MOJAYJIEM MPUCKOPEHHSM, 10 ¥ Ha
MoYaTKy moyroBaHHs. Ha akiif MiHIMaNbHIM BIACTaHI Sp,q4, Bl aHTUJIONH
MOBUHEH OYB 3HAXOJUTHUCS Tenap/l, o0 CriiiMaT aHTUIIONY?

[Tpumitka. [3-3a BiICYyTHOCTI TOTOBHX 3aJ103 Ha T1J11 Ta TOTAHOT'0 BiIBOLY
TeIIa Yepe3 IIKIpy remnapa He MOXKe PO3BUBATH MaKCHMaJbHY IIBUAKICTH
(mpubmm3no 110 kM / ros1) MPOTITOM TPUBAJIOTO Yacy 0e3 HeOe3MeYHOoro s
Horo oprasiamy neperpisy.
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BubepeMo cucremy KOOpAuHAT Tak, MO0 HylIboBe — *
MOJIOKEHHST CIMIBMNAAAI0 3 MICIIEM CTapTy Temapja, a oS
KOOpAWMHATHA BICH CINIBIAJada 3 MPSIMOIO, B3JIOBXK SKOI  Sue &Qﬂ
pyxatwoThcsi TBapuHHU. [loOymyemo rpadik 3amexHOCTI il

KOOPJIMHATHU BIJ Yacy Ui pyXiB Temapja Ta aHTUJIONU IS
BUITAJIKY, KOJIV TeMap/1 Ha3oranse anTuiony. Bpaxyemo, 1mo
B MOMEHT, KOJIM Temap]] Ha3J0K€HE AaHTWJIOIY, OOHIBI
TBApUHU OYyTh MAaTH OJIHAKOB1 KOOPAUHATH X, TOMY I'padik
x = x(t) aHTWIONU JOTUKAETHCA J10 Tpadika pyxy remapja. 0
VY pyci renapnaa npucyTHI 3 eTarl: po3riH 3a 4dac t;, rpadgik — yacTuHa mapadoJu;
PIBHOMIPHOTO PyXy — t,, Tpadik — BIAPI30K; TaJbMyBaHHS — t;, rpadik — YacTHUHA
napabonau. AHTHIIONA pyXayiacs pIBHOMIPHO, TOMY i1 rpadikoM € mpsima.

1106 BigcTaHb MK renap oM 1 aHTHJIONIOI0 B MOMEHT MOYaTKY MOJIIOBaHHS OyJia
MaKCUMAJIbHOK  Sp,4,, HEO0OXiAHO 100 rpadik pyxy aHTWIONH JIOTHKAaBCS B
MaKCHUMAaJIbHO BI/IJIAJICHIN KOOPJIUHATI 3yCTPidl TBAPHH.

SR




[TobynyBaBiu rpadiku MBUAKOCTI TBAPUH BiJ 4Yacy, CTa€E OYEBHJIHO, IO B
MOMEHT 3YyCTpidi TBAPUHU MOBUHHI PyXaTUCS 3 OJJHAKOBOIO MIBUAKICTIO. SIKIIO B 11ei
Jac Tenap He CXOMHUTh aHTHJIONY, TO B HACTYITHUH MOMEHT BiH OyJie BiJicTaBaTH Bij
Hel.

I3 rpadikiB MBUAKOCTI BUAHO, IO Yac PyXy TBApHH O MOMEHTY, KOJH iX
IIBUIKOCTI CTaHYTh OJHAKOBMMH, AopiBHIOE T = t; + t, + (t; —t). YUac t moxHa
BHU3HAUUTH 13 CHIBBIJHOLICHHS MK CTOPOHAMHU MOJIOHMX TPUKYTHHUKIB Ha rpadikax
IIIBUIKOCTI: :—I = VTA. 3Biacu, t =t :—i.

3a momeo ¢iryp, oOMexxkeHux rpadikaMu IMIBUAKOCTI, BU3HAYMMO HUISIXHU,
MPONICHI renap/ oM Ta aHTHIJIONOO 3a yac T

t Ur+
Se=vgy + vty + 0 (6 —0) = vty +tp) —

t1v3.
2v;
‘l72
Sy =v,2t; + t,) — v—fr‘tl.
[TouaTtkoBa BiJICTaHb MIXK Ie€NapJ0M Ta aHTUJIONOIO JOPIBHIOE PI3HUII MK iX
IUISIXaMHU:

Smax = Sr - SA = vr(tl + tz) -

tl'Vi

2
- vA(Ztl + tz) + Z_Atll

2v;

2
Smax = Ve(ty +t5) —v,(2t; + ;) + tzle

~ 86,7 M.

4. EnexTpuuHy JlaMIty 3 BOJIb()PaMOBOIO HUTKOIO YBIMKHYJIU B KOJIO HU3BKOT HAIPYTH.
3’acyBanocs, o 3a Haripyru 10 MB y auTii Tede ctpym 4 MA. Ko tamity yBIMKHYJIA
B Ko0JI0 3 Harnpyroto 120 B, 3’sacyBanocs, 1110 B HUTI TPOXoauTh cTpyM 4 A. Jlo sikoi
TEeMIIEpaTypyu HArpiBa€ThCs HUTKA Jiammu 3a Hampyru 120 B, gxmo B mepimomy
BHUITAIKy Temmeparypa craHoBmia 25°C? TemmepaTypHuii Koe(illieHT oOmopy
sonb(pamy — 0,005 rpazg L.
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: : u
VY nepmiomy BUMaaky 3a 3akoHoMm Oma onip npoBigHuKa Ry = 1—11 Ta 3aJICKUTh

Bim Horo Ttemmepatypu R; = Ry(1+ a(t; —ty), me R, — omip mpoBigHmka 3a
temneparypu t, = 0°C. Tomy % = Ro(1 + a(t; —ty) (D).
1

AHaJNOTIYHO JJIs1 APYTOTO BHUITAJIKY: % = Ro(1 + a(t, —ty) (2).
2

PozninuBinm Bupas (1) Ha Bupas (2), Ta 3poOUBIIN TEPETBOPEHHS, OTPUMAEMO:
t, = Lehlre@ o) by |y 99950,
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