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[Ty6mvkyemas Huwxe 3aMeTka «YamBuTensHas GyTbika»
MPEAHA3HAYEHA AEBATUKIIACCHUKAM, 3amMeTka «Kak B 3em-
IO KA3QH 3QKOMQUIM» — JECITUKIIACCHUKAM M «H130TOMHbIE
UCTOYHMKM SHEPIMMY — OAMHHOALATHKIIACCHUKOM.

YamBuTeNbHasA
OyTbINKa

E.POMULLIEBCKUU

HOTI'O SATAJOYHbBIX ®N3NYEC-

KHUX SIBJIE€HUI CBSI3aHO ¢ OOBIKHO-
BEHHOI CTEKJIHHON OYTBLIKOH 1 cozep-
Katelics B Hell sxuikocTbio. Hanpumep,
MOXKHO CIIDOCUTb ce0sl WM Apy3eil: Kak
ObIcTpee HAIIOJIHUTb WU OIIOPOXKHUTD
OyTbLIKY; KaK MHTepecHee ee YTOIUTb
UM U3BJIEYb U3 Hee ILIOTHYIO IPOOKY?
Ceiiyac MbI pacCMOTPUM HECKOJIbKO HEO-
6bIuHy10 IIPo6JIeMy: KaK pa3OUTh TaKylo
GYTBLIKY C >KUIKOCTbIO T'OJIBIMU PYKaMH
(He ucnomb3ys Kakux-am6o Apyrux du-
3UYECKHUX TeJ), TIPU 3TOM, €CTECTBEHHO,
He TIOPAHUB PYKH?

Boo6pa3um Takoil 3KCIEPUMEHT.
BosbMeM 111 KOHKDETHOCTH OObIUHYIO
MOJIJIUTPOBYIO OYTBLIKY , UMEIOITy10 (hop-
My [BYX LUJIUHIPOB — OCHOBHOI 4acTH U
ropJibiika. Macca mycToii 6y ThIJIK] ITPH-
6/msutenvHo paBHa mg = 0,5 kr. Ha-
JIbeM B Hee BOJIbl CTOJIbKO, YTOOBI II0YTH
[IOJIHOCTBIO 3allOJIHUTb OCHOBHYIO IIH-
JIIHJpUYecKylo dacTb. IIpu stoM Macca
BO/IbI OyJIEeT TaKoil e, KaKk M OYTbLIKH:
m, = 0,5 xr. OxHoii pyKoii Bo3bMeM
GYTbLIKY 3a TODJIBIIIKO U IIOMECTUM ee
HaJl IIyCTbIM OTKPBITBIM BeJPOM. 3areM,
Pa3MaxXHyBIIHICb, PE3KO yAapUM IO TOp-
JIBIIIKY MATKON HOJYIIKOM JIaJioH . .. [[HO
OGyTbLIKU M ee HIDKHSS 4acTb BMecTe C
BOJOH OKaXyTcs B BeJpe, a BepXHSL
4acTb GYTBLIKU C OXBAaTbIBA€MbIM T'OP-
JIBIIIKOM — B cyXoll pyke. Becbma ad-
(exrhOE 3pesmuiie!

Tenepnb nopoGyeM Bce 3TO OCMBICIUTD
U c/ieaTb KOJIMYECTBeHHbIe OLIEHKU.

I'1aBHBIM pe3yJ/IbTaTOM OIIbITA SIBJISIET-
cs1 pa3buToe CTEeKJI0, UMeloliee JOBOJIbHO
Goablinyto TosuHy (IOPsIKa HECKOJIb-
KUX MUJLIIMETPOB). UToObI pasOuTh Ta-
KOe CTEeKJO, HY>KHO CO03/aTb JOBOJIbHO
Gouspine cuiabl. OTKyza oHE OepyTcs?

[IpesncraBum cebGe MUCHMEHHBI CTOJI,
HOKPBITBII TOJICTBIM IIPO3PAYHbIM CTEK-
aoM. Ilyctb Ha cTekse JIeXKUT CcTaJbHON

7%

yupyruil mapuk Maccoii 100 r. Ha mra-
PHUK JIEICTBYIOT [[BE CHJIbL: CHJIA ITPUTSI-
JKEHUS mé , TIPUJIOXKECHHAs B IIEHTPE
IAPUKA, U CUJIA PEAKIMU TTOBEPXHOCTH
cToJIA 131 , PaBHad CUJIe NPUTSOKEHUS 110
BEJIMYIHE, HO ITPOTUBOIIOJIOKHO HAIIPAB-
JIEHHAS ¥ IPUJIOXKEHHAS B MECTe KacaHUs
noBepxHocTell mapuka u crona. Hemoc-
PE/ICTBEHHO K IIOBEPXHOCTH CTEKJIA B TOM
JKe MecTe KacaHWs TPUJIOKeHa CuJia JlaB-
JIeHUS 1-:& CO CTOPOHBI IIApHKa, paBHAs
(cormacuo TperbeMy 3akony HbiotoHa)
110 BeJIMYMHE CUJIE PEAKIINU, HO TPOTUBO-
MOJIO’KHASA el 110 HarpasieHuo. Taxkum
o0pa3oM, B MecTe KacaHusl Ha CTEKJIO
JICHCTBYET cuJia JJaBJICHUS

F =F =mg =01 xr 00 m/c’ =1 H.

ITOI CUJIBI SIBHO HEIOCTATOYHO, YTOObI
pa3pyummrh crekao Ha crose. OmHaxo,
€CJIH TAPUK TIOTHATD HAJl TOBEPXHOCTHIO
CTOJIA CAHTUMETPOB HA [BA/IATH U OT-
MyCTUTD, TO OH, Y/IAPUBIINCH, HECOMHEH-
HO Pa306beT CTEKJIO.

PaccmorpumM miporece nojpobuee. Ha-
paBuM 0Ch Y BBEPX HAJI MOBEPXHOCTHIO
cTeksa U M306pa3uM rpaduyecku 3aBu-
CHMOCTH YCKOPEHHsI, CKOPOCTH U BBICO-
o1 mapuka ot Bpemenu (puc.1). Oco-
GEHHO BBIJIEJIIM OTPE30K BPEMEHH yiapa
T, B TedeHHEe KOTOPOTO IIAPUK B3AMMO-
JIeHiCTByeT co cTekJaoM. Kak mn3BecTHO,
mpu CBOOOJIHOM TIA/IEHUN YCKOPeHUe
mapuka @, = =g, CKOpoCTb v, = —gtn
BBICOTA Y = /1 — gt /2. Jlnst pacemarpu-
BaeMoro ciydas h, = 20 cM, Bpemd

nanenus ¢, = 2k /g = 0,2 c, makcu-
MaJlbHas CKOPOCTb 0 = gt, = \[2gh, =
=2M/c.

Ouenum BpeMst T cOyZapeHus LIapu-
Ka ¢ IIOBEPXHOCTDIO CTeK/IA. Paspyrnenue
CTEKJIa HACTYIACT IIPH HEKOTOPOIl BeJu-
upHe JeOpMAIUN €ro MOBEPXHOCTU B

Mecre KOHTakTa. Ha OCHOBaHWMH OIIBIT-
HBIX JJAHHBIX MOYKHO TIPUHSATH B KAUuecTBe
Takoil BesmyuHpl O = 0,1 MM = 10_/‘ M.
3HayeHne CKOPOCTU 3a BpeMs yJapa H3-

MEHAEeTCA OT vmax [0 HYJIA, OTKya Bpe-

M yaapa T = 5/(01naX /2) = 10" ¢
(311ech cumTaercs, 4To CKOPOCTDb JIMHEH-
HO TaaeT co BpeMereM). Mbl MOIyun-
au, 4yT0 T nPUOIM3UTETBHO B TBHICAYY
pas MeHble BpeMeHu najaenus ¢, . Jlerko
MOHATD, YTO /IBA 3alITPHUXOBAHHDBIX TIPS~
MOYTOJIbHUKA Ha pUCYHKe 1,4 umeor
OJIHY W Ty K€ ILIOINIA/lb, PABHYIO

vmax :gt1 = VZgh() .

V3Menenne CKOPOCTU B TeyeHHe BpeMe-
au T (Mbl uMeeM B BuAy aGCOMIOTHO
Heynpyruil yaap, TOTOMY YTO CTEKJIO
Pa3PYIIUTCS €Il TIPU €0 CHKATUH) TOKE
PaBHO T, ., a 3HAUYUT, CBA3AHHOE C STUM
cpennee yckopenue (3ame/yenue) d =
=v,  JT= 10° g oxaxercs npu6/msu-
TEJBHO B THICSIYY pa3 GoJbliie g — BOT
310 <1eperpyska»! Takum o6pas3oM, Ha
rpaduKe YCKOPEHUS BBICOTA TOJIONKIH-
TEJIBHOTO TINKA, OTBEYAIONIETO BETNINHE
@ , GyJleT B TBICSIYY a3 BbIIIE (.

Ternepb OIeHUM CUJIY yaapa Iapuka
1o crexay. OHa Toxe OyzeT B TbICAUY
pa3 6oJibllle CUJIbI TSIKECTH:

mgt,

F_=ma= =10° H.
ya T

ITO yxKe BIIOJHE OLIyTHMasl BeJNUIHA.
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Cuibl, 1efiCTBYIONIIE BO BPEMsT yIapa,
HA3bIBAIOT «MTHOBEHHBIMI» CHJAMU. B
mpotiecce yaapa, [JSIIerocss o4eHb Ma-
Jioe BpeMst T, OHU PE3KO YBEJTUUMBAIOT-
Cs1 OT HYJISI IO HEKOTOPOTO MAKCUMyMa, a
3ateM CHOBA MA/AI0T 10 HyJIs1. [lox cuta-
MH yAapa MOXKHO MOHUMATb Cpe/Hee
3HAYeHe MTHOBEHHBIX CHJ 32 MaJjioe
BpeMsi yiapa, Tak dYToObI BbIpAsKEHUE
F, 1= mAv npeacrasisano coboii nsme-
HEHUe UMITYJIbca Tesa 3a 910 Bpems (Be-
Judnny  F T Ha3blBAIOT HUMILYJIbCOM
cuibl).

VYixe maBHO ObBLIO M3BECTHO: YTOODI
MOJIYYUTh <«BBIUTPBINI> B CUJIE, MOMKHO
UCTIOJH30BaTh pbryar. HyskHo BBIOPATH
€r0 TOYKY OTIOPBI TaK, YTOGBI MAJTast CHJIa
F, umena Goapuroe miedo [, a «BbIur-
pbllHag» Goablmass cuaa [, — maoe
niedo [ . Tpu atom Fy = F I [/l . B
9TOM CMBICJIE y/IAp SIBJSIETCS CBOe0Opas-
HBIM PbIYarOM — BPEMEHHBIM PbIYATOM.
Maunas cusia B Tedene GOJIbIIOrO BpeMe-
HI {, PasroHfeT IIApuK, a OrpOMHasd
cuma ypapa Fy, 3a manoe spems T
ocramaBiuBaer ero, npuuem I,
= mgt, /T=mg (0% . Moxwo 06pasHo
CKa3aTh, YTO B HAIEM CJydae TOJydeH
«BBIUTPBIII» B CUJIE B THICIUY Pas.

OTMeTHM elrle OIHO BayKHOE CBOHCTBO
yrnapa. IIpu coyapeHnu ouenp JKeCTKUX
TeJI, i KOTOPBIX JieopManui MOMKHO
cynTarh OECKOHEYHO MajibiMu: O — 0,
CKOPOCTH M3MEHSIOTCS Ha KOHEYHbIe Be-
guauabl: Av; o . OleHka BpeMeHn yja-
pa T=0/v Toxe mact GeCKOHEYHO Ma-
ayio Besmuuny: T — 0. W3 Broporo 3a-
koHa HbpioTOHA, B3aMUCAHHOTO B BHUIE
mlo = qur’ BU/IHO, YTO IIPOU3Be/IeHUE
Fy;[T SABJIETCS BEJIMYMHON KOHEYHOI.
Suauur, F = o, T.c. BeIUYMHA yaap-
HOI CUJTBI BEJIUKA, ¥ TI0 CPABHEHHUIO C Hell
MOYKHO TIpeHeOperaTb BCeMH [IPYTHMHI
KOHEYHBIMU CUJIAMU, JAEHCTBYIOIUMHA BO
Bpemsa yaapa (Hanpumep, cuoii Taxec-
™).

Urax, Temepb caMoe BPeMs BEPHYTHCS
K 3KCIEepPHMEHTY ¢ OyTbLIKOIL.

JL1s1 TOro 4TOGBI CTEKIO OYTHLIKH JIOTI-
HYJIO Y ee JIHa, HeOOXO/IMO TI0 9TOMY [THY
xopouto ygaputs. Ho uem? Pykoii? Hert,
MOTOMY YTO PYKOU MPOM3BECTU yAap Ta-
KOiT CiJIbl HeBO3MOXKHO. K ToMy ke, MbI
VIAPUIA PYKOU TIO TOPJBIINIKY — Kasa-
JIOCH Obl, JTOJIZKHO Pa3OUTHCS TOPJIBIIIKO.
OcTaetcst PeIoNI0KUTD, YTO ATOT yAAP
0 JIHY TIPOU3BEJIA BOJA, COMEPIKAIIASICS
B OyTblike. Ho /1151 9TOTO HY)KHO CHaYa-
JIa BOJLY <TIPHUIIOHSATH> OT CTEKJISTHHOTO
JIHA HA HEKOTOPYIO BBICOTY U 3aTeM TIpe-
JIOCTABUTH €l BO3MOKHOCTD «yTIACTh» HA
Hero. Bemp Boja Hec:xkMMaema, 1 ee CO-
yrnapenue ¢ GyTbLIKON HATTOMUHAET yap
TSDKEJIOTO YTIPYTOrO MAPUKa O CTEKJO.
IMosyvaercst, 9TO HYXKHO YAApHUTh TI0
TOPJIBIIIKY € TaKOH CUJIOH, 4TOOBI yCKO-
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penne GyTBIIKE ObLIO GOJIbIIE yCKOpe-
HUS MacChbl BOJIBI — TOJIbKO TOT/IA MEXK/TYy
BOJION 1 JTHOM GYTBLIKH CMOXKeT 00pa3o-
BaTbCs IyCTOI 00bEM, B KOTOPOM /laBJie-
uue Gyzer GJM3KO K HyJI0. 3aTeM IocJle
y/apa 10 TOPJIBbIINIKY, KOTOPBIN JJINTCS
Majoe BpeMs, TPOUCXOJUT MOI[HOE
«CXJIOTIBIBAHUE» BOJbI M OYTBLIKU TI0/1
neiictBreM armocgeproro gasienns. Co-
y/apeHue Mexay BOJOH u OyTbLIKOIi,
MIPOUCXO/IUT 32 OYeHb Majioe BpeMs W,
KaKk Mbl YKe OTMedYaJiil, IPHUBOJUT K
O4YeHb GOJIBIINM PA3PYIIAIONINM CUIAM 1
JIABJICHUSIM.

IIpoBeem HEO6XOIUMbIE KOJTMYECTBEH-
uble orenku. lIpexxie Bcero mocraBum
IJIABHBIN BOIPOC: KAKOBA MUHUMAJIbHAS
BEJMYMHA CUJIBI yJapa II0 TOPJIBIIIKY,
JIOCTATOYHAs JIJIsI TOTO, YTOObI OTOPBATH
BoMy OT jiHa OyTbliku? [lig atoro pac-
CMOTPHUM OCHOBHBIE JICHCTBYIOIIIE CHJIBI.

Ha Bonmy cBepxy pelicTByeT cuia art-
mocceproro gasnennst F, = p S, rae S
— CeYeHHE OCHOBHOW IUJIUHPUYECKON
yact OyTblIKM. Bynaem cumrarb, 4TO
p, = 10° Tla, a S = w2 = 30 em” (a0
COOTBETCTBYET 3HAYEHWIO pajuyca
r= 3,1 cMm); TOTHA F: = 300 H. Ilox
IIeICTBUEM STOI CUJbI BCSI Macca BOJIbI
m = 0,5 Kr npuoOpeTeT yCKOpeHue

B

F, 2
a, == =600 m/c’ =60g.
m

Ha OyTbliky geiicTBYIOT cieayionime
CUJIBI: CBEPXY Ha TOPJIBIIIKO JIEHCTBYET
cuiia Hamiero yaapa F, a cHU3y Ha JIHO
OYTBLIKH JIEHCTBYET CHJla aTMOC(epHOro
JlaBJICHUA F: = p,S =300 H. lns Toro
4yToObl OyTbLIKA IpHOOpeJaa yCKOpeHue
6oJbiie, yeM Boga (Macca Gy TBLIKY TIPH-
GJIMBUTEIHHO PaBHA MACCe BOJBI), HYK-
HO, 4TOOBI BBITOJHAJIOCH HEPABEHCTBO

F-F'>F’,

T.e. CUJa HAIero yjAapa JOJ/DKHa ObITb
6oJIblIIe YIBOEHHOH CHJIb aTMOC(epHOro
JIaBJICHUS:

F>F’ +F’=2F, =600 H.

Paccmorpum Temnepnb mogpobhee 1ep-
By10 a3y nporecca — yjap 10 TOpJIbIIi-
Ky. [lomycTuM, 4TO MbI HEMHOTO TIPEBbI-
CUJIN BEJIMYMHY MUHUMAJIBLHOH HE06XO0-
JIIMOH CUJIBI M YJIaPUJIN C CUJION F1
=650 H. Torga Oyrblixa OyneT UMeTb
YCKOpeHIe

_E-F

a, ——= =700 w/c? =70g,

a BOJIa MOJIYYUT YyCKOpEHUe

F
aB1 =_2a :609
m

By/nem cunrtath, 4TO BpeMs yapa mopsiji-
. -2
Ka coToii jo/m cexynapl, T.€. T, =10 "¢,

U OIEHUM TOJIIMHY BAaKyyMHOIO CJIOS
A, T.e. paccTosiHEeE, HA KOTOPOE Pasoii-
ZyTcst OyTBbLIKA U BOAA:

2
Aat

Ah = 1
2

_10g1;

=510 M =5 Mm.

IIpu atom Boja 1 GyTbLIKa TPUOOPETYT
CJIeYIOIe CKOPOCTH:

B

v, =60g1, =6 M/c,

v, =70g1, =7 M/c.

Ilocaie ipexpaiiieHus fefcTBUS BHEIII-
Hell cusbl (T.€. MO MCTEYEHUN BpEMEHN
T,) HaumHaetcst Bropas (hasa mporecca.
Tenepp Ha OyTbIIKY Oy/eT /1€fCTBOBATD
TOJIbKO CcHJIa aTMOC(EepHOro [aBJIeHHUS,
HallpaBJIeHHasl BBEPX, KOTOPask COOOLIUT
OyTBLIKE YCKOpEHHe

6162 = —pLS = —609 .
m
D710 ycKopeHue Oy/IeT 3aMe/IJIsATh JIBIKe-
HHe OYTbLIKU:

[ t,

2

=0, ~ ‘“62

BOJIa Ke GyJIeT MPOIOJIKATD JIBUXKEHUE C
YCKOpEHHEM

by =@y = +60g
U CKOPOCTBIO

B2 By B2
CroJIKHOBEHME MeKIy BOAOW U OyTbLI-
KO mpou3oiizieT ere uepes Bpems T, , 32

KOTOPOE PACCTOSIHUE MEXK/y HUMH CO-
KpaTturcs or Ah 10 HyJI:

2

Y, " Y, (061 _031) Ah
S R A N D i

2aB (2613 )2 aB

OLIeHKy JUUIAA OTOr0 BpeEMEH! MMOJIy4YnuM U3
COOTHOLIECHUA

rne Aa = a_ — a, =2a, =120g:

By )

200 3
T,=|— =300"c.
2a,

3areM OLIEeHUM 3HAYEHUS CKOPOCTEll BOJIbI
n GYTBIIIKM HENOCPE/ICTBEHHO Iepesl UX
CTOJIKHOBEHMEM:

0, =0, *a,T, =78 M/c,

Vs, =T, _‘462‘5 =52 Mm/c.

ITostyyaercs, 4TO Bojia JOTOHsET GyTHLI-
Ky U, YAapsisa, MOXeT pa3buTb ee.
OLieHUM Telepb, Kakue CUJIbL 1 JaBJle-
HUsg Oy/yT BO3HUKATD HEIOCPE/[CTBEHHO
IIPU COYJIAPEHUN — 3TO y3Ke TpeThbs (dasa
nporecca. Bygem cumrarh ypap a6co-
JIOTHO Heynpyrum (paspylieHue CTek-



JIa) U ero XapakTepHOe BPeMsl DaBHBIM
T, =107" ¢ (kak ms mapuka Ha CTeK-
se). Torja n3MeHeH e UMITYJIbCA KasK/[0-
ro Tesa GyJeT paBHO

v, *+0,
mho =m| o, —-——=|=
2 2
(SN KT [M
= m| 2% | =065 ,
c
a cuia ynapa —
mlo 3
= =6,500° H.
ya
T3

MaBnenue y gHa OYTBLIKM IIPU 3TOM
COCTaBUT

— BecbMa BIleYaTJdIonias BeJuYuHal
[TockosbKy ToJsMHA CTeKJa GOKOBOI
MMOBEPXHOCTH OYTBHIIKKA OOLIYHO MEHbIIIE,
yeM ToumuHa AHa (a «rje TOHKO, TaM I
pBETCsI» ), PaspylIeHUEe CTEKIA TTPOUCXO-
JINT VMEHHO Ha OOKOBOU TOBEPXHOCTU
OyTbLIKN BOJIM3N ee JTHA.

[Topo6uo pucynky 1, Ha pucynke 2
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npezcTasieH rpaduuecku Bech IpoLecce
B TeYeHWe CyMMapHOro BpeMeHu T, +
+ T, + T3, KOTOpOE MMEET IOPSIIOK CO-
Toil oy cexynabl. Ha Bcio cucremy
(6yTbIKy ¢ Bojtolt o6mIel Maccolt m =
=m,_ + m, = 1 xr) nozeiicrBoBas nM-
MyJIbC yJapHOH CHJIBI

F1,=650 HO0™ ¢=6,5 HL2.

B pesyJbraTe mocse OKOHYaHUS Mporec-
ca, T.e. II0CJIe HeyIIPYyTroro yJaapa co CKo-
POCTBIO

0, = (0, +7,,) /2 =65/,
HOJIyYeH UMILYJIbC
mo_ =1xr 6,5 M/c =6,5 kr Bi/c.
BujHo, 4To UMeeT MECTO PABEHCTBO
F1,=mo,_.

Cuyyvaiino s a10? Koneuno, Her! Benp
citbl aTMOCEPHOTO JIABIEHUST IEHCTBY-
I0T 3/1eCh OT/IEJIBHO HA BOJY U Ha Oy THLI-
Ky, a B 00111eii crcteMe GYTBIIKY ¢ BOJOI
OHU YHUUTOXAIOT APYT APYyTa, U OCTAeT-
¢4 TOJIBKO BHEIIHSA CUJIA.



