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APMOHUMYECKUE KOJIEBA-
HHUSL — BasKHEWIIWIT BHJ Me-
XaHWYecKoro jBrkenusi. Ilo-
3TOMY T10JIe3HO OOPATUTD BHU-
MaHue Ha HEKOTOPbie 0COObIe
CBOWCTBA 3TOTO JIBUMKEHHUSI.
M3BecTHO, YTO TP TapMOHUYECKHX
KOJIe0aHUSIX CMEIEeHne X TeJsia OT T0JI0-
JKeHUs PABHOBECHS 3aBUCHUT OT BpeMeHu ¢
10 3aKOHY

x = X cos(wt +3).

3necb X — BeJMYMHA MaKCHMaJIbHOTO
CMelleHus, T.e. aMIUIMTYy/a CMelleHus
TeJIa OT MoJIoXkKeHus: paBHoBecust, (Wt +
+ &) — ¢aza Kosnebanmii, W — MUKIAIEC-
kast (KpyroBast) yacrora KoJeGanuii, & —
HavasbHast ¢aza KoJTeGaHui.

[uddepeniposanne cMemeHus X 110
BpEMEHU ¢ TIO3BOJISIET HAWTH IIPOEKIIHIO
CKOPOCTH  © KOJIeOJIIOIEerocs TeJa Ha
KoopauHarHyio ocb OX:

v, = —Xwsin(wt +9J).
IIpousBenenue Bemuunn X u W B mpa-
BOIl YaCTH ATOTO PABEHCTBA UMEET CMbICJT
BEJIMYMHBI MaKCHMaJbHOW cKopocTH V,
T.€. aMILUIUTY/bI CKOPOCTH KOJebJriole-
rocs tena. TakuM 06pa3oM, aMILIUTY (b
CKOPOCTU U CMEIIEHUSI CBSI3aHbI COOTHO-
HIeHuEeM

V= Xw. D)

Huddepentmpy s IPOEKIHIO v . CKOPO-
CTH IO BPEMCHH ¢, HaXO{UM TIPOEKITNIO @
YCKOPEHHsT KOJIEOTIONETOCST TeIa Ha OCh
OX:

a, = X’ cos(wt +9).
IIpousBenenne Besmmunn X n W B TpaBoit
YacTu PaBEHCTBA — 3TO BEJWYMHA MAKCH-
MaJIbHOTO YCKOpEeHUsI A, T.e. aMIJINTY /b
yCKOpeH#us KoJiebJoterocs: tesia. VHbl-
MU CJIOBAMH, aMILIUTY/Jbl YCKOPEHHS W
CMENIEHUS CBS3bIBACT BbIPAJKEHIE

A= Xo . (2)

@opmyant (1) u (2) MOKHO TOMYUNTD
no-apyromy. VX BBIBOJI OCHOBaH Ha TOM,
uto ec Touka C paBHOMEPHO C JIMHE -
HOIH CKOPOCTBIO V' U yTJIOBOI CKOPOCTHIO
W JBUKETCS TI0 OKPYSKHOCTH PAHyCOM
X (puc.1), 1o ee nmpoekus B Ha KOOpAU-
HaTHy10 och OX coBeplIaeT rapMOHIYEC-

C - ../_Zf;t
I
|

Puc. 1

KHe KoJleGaHus ¢ UKJINYECKOI YacTOTOM
W. V3 KUHEMATUKHY JIBUKEHUST TI0 OKPY K-
HOCTH M3BECTHO, UTO JINHEHHAS CKOPOCTb
V, yrioBast cKopocTh W 1 pajinyc Bparie-
Hust X CBSA3aHbI COOTHOIIIEHUEM, COBITA/Ia-
1omumM ¢ coornomrenneM (1), a meHTpoOCT-
peEMUTENIbHOE YCKOpeHue A BbIpayKaeTcst
yepes3 pajanyc X U KBaJpat yIJI0BO# CKO-
poctn W dopMyJIoii, coBHajaouEeil
BoIpakernem (2).

OG6GpatuM BHUMaHHUE ele Ha OJHO
BaJKHOE CBOICTBO TapMOHMYECKHX KOJIE-
Ganuii. Ilpu paccmorpenun KojgeGaHUI
B MeXaHUKe 4YacTo yjo6Hee MX OIUCHI-
BaTh HE Ha SI3bIKE CUJI, a Ha SI3bIKE Hep-
ruii. [lomycTtuM, wncciexyemast cucremMa
TAKOBA, 4TO ee NOTEeHIMaIbHas U KHUHe-
THYECKasi 3HEPruH OlnuchiBaoTcss (op-
MyJIaMu

Ep :_, Ek =,

rae d u [3 — IIOJIOKUTEJIbHbIE TIOCTOAH-
HbI€ BeEJIMYMHDbI (HapaMeprI CI/ICTBMIJI),
X n x' — CMelIeHue OT IMOJIOKEHUA paB-
HOBECUA U €ro IepBad IPOU3BO/HaA IIO
BpeMeHU, T.€. IPOEKIUA CKOPOCTU Z)x.
3akonH COXpaHEHUA SHEPTruu 3allCbIBa-

eTCsl B BUJIE

2 "2
ax [3(35 )
2 2
IIpoanddepeHnnpoBas 3T0 PAaBEHCTBO 11O
BpeMeHH, HouyduM auddepeHnagbHoe
ypaBHeHe

= const .

3

n a
x +—x=0,
"

rje x — BTOpas IPOM3BOJHAS OT X IO
BPEMEHH, T.€. IPOEKIUs YCKOPEHUS d .
HemnocpencTBenHOl TOACTAaHOBKON MOXK-
HO y6eIUThCS, YTO PEIIEHNEM ATOTO YPaB-
HeHUs! sBJsieTCs] (DYHKIINS

x = X cos(wt +9),

TpUYeM JIJI MUKJINIECKON YaCTOThI HAXO0-
UM

w= [—.

B

Takum 06pa3oM, TIPUXOMM K BBIBOJLY,
YTO €CJIM SHEPIUsl UCCIIELYyEMOM CUCTEMbL
omucpiBaercs (opmy.ioi (3), 10 aBuKe-
HHE ABJISETCA FAPMOHMYECKUM KOJIeGaH M-
€M C IUKJNYECKON YaCTOTOH, onpe/eise-
Mot coorHommenueM (4).

Tenepb 06CyAUM HECKOJBKO KOHKDET-
HBIX 3a/a4.

3apaua 1. K npyoxune sxecmxocmoio k,
00U KOHey, KOMOPOU 3AKpeniet, noose-

(4)

Puc. 2

wen epy3 mMaccotl m, aAeKauwull Ha noo-
cmaske max, 4mo npYKuHd He pacmsiny-
ma (puc.2). [Toocmasxy Goicmpo yéupa-
1om. Hatioume sesuyunvr MaKcumaivHol
CKOPOCIU U MAKCUMANOHOU CULbL YRPY-
20cmu npYKUnLL npu darvHetiuiem 0u-
JKeHuU zpy3d.

ITosiokeHne paBHOBECHS HAXOIHUTCS
HIDKE HAYaJbHOTO ITOJIOXKEHHSI IPy3a Ha
X =mg,/k. KoseGanus cMelenus x rpysa
OTHOCHUTEJIBHO MOJIOXKEHNS] PABHOBECHS]
Gy/yT IPOUCXOAUTH 10 3akony x(t) =
= X coswt (ocb OX HanpasJ/ieHa 10 Bep-



TUKAJIN BBEPX), T/e W = ,/k/m — kpyro-
Bas 4aCTOTA KOJICOAHMIA.

B HavasbHBIE MOMEHT TIPY’KUHA HE Jie-
¢opMupoBana; cJeqoBaTeJbHO, B ITOT
MOMEHT YCKOPEHHE TPy3a PaBHO yCKOpe-
HUIO CBOGOJHO Tajalollero Teia: a, =
= —¢g 1 MaKCUMAaJbHO N0 Besnunne. Mak-
CUMAaJIbHAsT CKOPOCTb JIOCTHTAeTCS IPH
IIPOXO3K/JCHUN TPY30M TIOJIOXKEHUS PaB-
HoBecusi. AMnuntya V' kosine6anuit cKo-
POCTH cBsI3aHa € aMILIUTY 0 A Kose6a-
HUI yCKOpeHus cooTHomenneM V = A/w.

Orcona
fm
V= —
g k-

IMocsie MPOXOAKIEHUS TTOJI0KEHNS PABHO-
BeCHsl YCKOpPEHHe Tpys3a HaMpPaBJICHO
BBEPX, PacTeT MO BeJWYNHE W JOCTUTAET
TP OCTAHOBKE MaKCHMAJbHOTO 3Hade-
Hus a, = g. V13 BToporo sakona Herotona
ma, = F_+ mg,k HaXoaAuM MaKCHUMaJb-
HyIO BEJIMYUHY CHJIBI YIPYTOCTH TIPY>KH-
HbI:

F =mg - (-mg) =2mg .

3apgaua 2. B uzsecmmom onvime axade-
mux A. D. Hoghghe o5 onpedenenust amn-
AuUmyovl KoAeOanull HOKKU KAMEPMOHd
nooHocun K Hell CMANbHOU WaApuk Ha
HUMU 8n10Mb 00 CONPUKOCHOBEHUSL WA-
puxa ¢ noxxot (puc.3). Haitidume amn-
aumydy X xoaebanuii HoKKU Kamepmo-

e

Puc. 3

Hd, ecau MAKCUMATbHASL 6blCOMA N0Jse-
Ma wapura nocae 001020 omckoxa (mou-
Hee — ee cpedHee 3HaueHue NPU MHOZOUUC-
aennvix onvimax) pasuwa H. Yacmoma
Kozebanui noxku kamepmona V. Mac-
Ca Wapuxa Maid no CPaAGHEHUIO ¢ Maccoll
HOXKKU KAMEPMOHA.

Haiinem Besmunny CKOPOCTH, KOTOPYIO
puo6peTaeT Jerkuil HEMoBUKHbBIN 111a-
PHK B pesyJbTaTe abGCOTIOTHO YIPYTOTO
COyZapeHHs C MaCCUBHOI HOXKKOI Kamep-
TOHa, ABMXKYILelics co ckopoctbio V. I1o-
KOSIIUHCA OTHOCHTETBHO HEMO/BILKHOIL

(s1a6oparopHoil) cucTeMbl OTCYeTa Ia-
PUK JIBIDKETCS] OTHOCUTEJIbHO TaKOU HOXK-

K CcO ckKopocTblo —V . B pesysabrare

abCOJTIOTHO YIIPYTOTO COY/IapeHusi OTHO-
CUTEJIbHAS CKOPOCTD IIAPUKA MEHSIET 3HAK
¥ CTAaHOBUTCS PAaBHOM V. Torza CKOpOCTD
MapuKa B HETOABUKHOW CHUCTEME OTCYe-
Ta, PaBHAas BEKTOPHOI CyMMe CKOPOCTH
HOKKHU ¥ OTHOCUTEIBHOM CKOPOCTH MIAPU-
Ka, OyZer paBHa 2V . MakcumaabHas
BBICOTA TIOJbEMA IMIAPUKA JIOCTUTAETCS
MpU MaKCHMaJbHON HayaJbHON CKOpOC-
TH, KOTOPasi JIJIs1 HOXKKKM KaMePTOHA PaBHA
XWw, a A1 mapuka — COOTBETCTBEHHO,
2Xw. Tlo 3akoHy cOXpaHeHUs] TOJHOMI
MEXaHUYECKOW IHEpruu,

m(2Xw)’
2

=mgH

)

rae m — Macca mapuka. Orcioga, ¢ yde-
TOM COOTHONIIEHUS W = 2TV, HaXO[UM
MCKOMYIO aMILIUTYLy KOJeOGaHMii:

1 [gH
x=— |7

2v V2

3anava 3. Ha maccuenoii wawxe npy-
JKUHHBIX 6€CO8 NeKUM MANCHOKUTL ZPY-
sux. Macca wawxu m,, macca zpysuxa

m

m,
Puc. 4

npenebpexumo manra. K ony wawxu noo-
sewen epy3 maccoti m, (puc.4). Bea
cucmema HAXO0UMCS 6 PAGHOBECUU.
Humo, na kxomopoti nodeewen zpy3, ne-
pesxueaiom. Ilpu xaxom coommowenuu
MeKOY m, U M, 2PYIUK HA UAULKE HAUHEM
noockaxueamv?

ITocie orpeiBa rpysa Macco m, MOJIO-
JKCHHE PABHOBECHS CHUCTEMBI CMECTUTCSI
BBepX Ha X = m2g/k , T1ie R — KeCTKOCTh
nupyskunbl. KosieGanust cMelenust x yari-
KH OTHOCHTEJBHO HOBOTO IIOJIOKEHHUS
paBHOBecusi Gy/lyT HIPOUCXOAUTD IO Tap-
MoHndeckoMy 3akony x(f) = X coswt €
KPYyroBoi yactoroit W =/ k/m, (ocp OX
HaIpaBJieHa o BepTUKaIKu BHI3). B 11po-
1ecce TObeMa YAIIKU C TPY30M IOCJe
IIPOXOXK/ICHUS] TIOJIOKEHUSI PABHOBECHS
YCKOpEHHE HANPABJICHO BHU3, PACTET II0
BEJINYMHE U JOCTUTAET HAuGOJIBIIIETO 3HA-
YeHUsT
- kX _myg

my my

A=w’X

Ecom A <g,T.e. m, < m, IpU IBUKEHUN
YaIlKW BHU3 TPY3UK OYIET OCTaBaThCS HA
ueit. Ecom A > g, T.e. m, > m,, Tpysux
oropsercs oT yamky (0 Toro, Kak yanka
OCTaHOBHTCS).

3amava 4. Mamemamuueckuil masm-
nux daunoti L cosepwaem xorebanus 6
6EPMUKANLHOU NJIOCKOCMU C MAJIOU Y2~
21060t amnaumyool. [lis yeeiuuenus
amMnaumyovl KoAeOAHUT HUMb NPU KAK-
dom npoxoKOenuu NOJI0KeHUs PasHose-
CUsl YKopauueaiom Ha MAiyio SeAUNUNY

|
Puc. 5

AL, sumsizueas ee uepe3 ysxkoe omeep-
cmue 6 mecme nodseca (puc.5), a 6
KaAXX00M Kpatinem noioKeHuu Humv yo-
aunsiiom na my ke seauuuny AL. Humo
YOJUHSIIOM U YKOPAUUSAIOM MAKUM 00-
PA30M, MO 3d 6pemsi 00HOZO U3MEHe-
HUSL OZUNDL CUNA HAMSIKEHUS. OCIMACCS
nocmosimHou no eeaunune. Haioume om-
HOCUMENIbHOE  YBeaudeHue dAMNIUmyobl
KOCOANUU Yeaad OMKIOHEHUS. HUMU OMm
sepmuKaiu 3a 00un nepuoo.

IIpu OPOXOXKIEHNH MASITHUKOM IOJIO-
JKEHUsI PABHOBECHS BHEIIHSIST CHJIA TOJI-
HHUMaeT I'py3uk Ha AL u cosepuiaer 1Ipu
3TOM paboTy

+mg |AL
L

rje m — Macca rpysuka, V — ero makcu-
MaJIbHasi CKOPOCThb. B kpaliHuX mososxe-
HUSX, IPU KOTOPBIX YIrOJl OTKJIOHEHUS
HUTH OT BepTUKAMM paBeH +A, jamHa
MasATHHKA yBeauunBaercs Ha AL . B atom
ciaydae paboTa BHEIIHell CHJIbI paBHA
—-mgAL cos A . B Tedenne kaxx[0ro epu-
oJja JJIMHA MasTHUKA JBaX</lbl yBeJuuu-
BaeTcs U yMeHblIaeTcsl. TakuM o6pasom,
IIpupalieHne SHEPru MagdTHUKA 3a ITepu-
oJ] KosrebaHmii cocTaBisAeT
2

AW =2

+mg(1 - cos A) |AL,
L
MM, TOCKOJIBKY PAcCMAaTPUBAIOTCS Ma-

JIbIe KOJIeéaHI/IQH T.e. yron A Man u
cosA=1-A4 /2,
2 2

A
AW =2 mgAL = + AL

AmmuTyza xonebanuii ckopoct V cBs-

47
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3aHa C aMILIATYI0H KoJieGaHuii cMmelre-
Husg LA coornomrenueMm V = wLA, rae
W = [g/L — KpyroBas wacrora Kose6a-
HUI MasgTHUKa. Torma

AL mV? AL A

AW =6———-=6—mgL—.
L 2 L 2
OJHeprusl MasgTHUKA paBHA
mv’ A’
W = =mglL —,
2 2

nosromy dopmyia aag AW npuHuMaer
BUJL

AL

AW =6—W .,

L
Taxum o6pasoM, sHeprus MasATHUKA Oy-
JIeT CHCTeMaTHYeCKU BO3pacTarb, MOJIY-
yas 3a KaXIblil epuo/i HeGOIbIIOe TIPH-
pailienye, IpONOPLHOHAIbHOe caMOi 9TOi
sueprun W u Beqmuune AL/L. Orcioga
JUIA OTHOCUTEJIbHOTO yBeJIUYeHUs 2Hep-
TUHU TIOJIydaeM

AW _ AL
w L

Tenepp, mpuHUMasi BO BHUMAaHHE BbIpa-
JKEHNE /I SHEPIMH MasTHUKA
2

A
W =mglL—,
2
HalieM
mglL AW AA
AW = —2ANA W —— =2 —.
2 w A

CpaBHuBasi Mesk/ly coOOM /1Ba BbIpaske-
wust s AW /W | [1isi OTHOCHTEIBHOTO
YBEJMYEHNST aMILJIUTY/IbI yTJa 3a MEePHO/]
TTOJTY 1M

A L

3amaua 5. Boaiu om eécex mseomeio-
ULUX MACC 8 KOCMOCE HAX0OUMCS MOHKASL
odnopoonas cnuua oaunoti L = 10 m u
maccou M = 1 «e. Ilo neti 6e3 mpenus
MOXKEem CKOMb3UMb OYCUHKA MACCOU M =
= 0,1 xz. B nauanrvnolii momenm 6ycunxa
CMeweHa OMHOCUMEIbHO UeHMPA CRULUbL
na d =1 cm u cucmema nenoosusxna. C
Kaxoiu no eeauuune cxopocmvio V (e
cucmeme cnuypl) u uepes xaxoe epems T
Oycunxa docmuznem uenmpa CRUybL?
I'pasumavuonnas nocmoawnas G =
=6,6700"" HOC K2

B mporecce kosebanmii 1meHTp Macc
cucreMbl Tes Gy/IeT OCTABaTbCS HENoJI-
BIDKHBIM. Havasio HeNnoJABWXHOI cucre-
MbI oTcueTa OX MOMECTUM B IIEHTP Macc,
a NOABIKHYIO cucTeMy orcuera OX, cBs-
>KeM €O ciuLieil. Y ckopenue OyCHHKY NIPH
MaJioM ee cMeriennn ¥, (B cucreme cim-
1[bl) OIPEAEISIETCS CUJIOH IIPUTAMKEHHUS

KOHIIEBOTO OTpPE3Ka CITHIbI, UMEIOIIETO
B/IBOE GOJIBINYIO JIJTUHY U PACTIOJIOXKEHHO-
ro Ha paccrosguun L,/2 oT OyCUHKU:

F, _ Gm(M/L)2x, 8GM
m m(L/2)* r

aéx = = =
Yckopenue CTep:KHS IPH 3TOM CMEI[CHIN
OyCHHKU PAaBHO

M/L)2
a :—i:*Gm( /)x1:8Gmx1'

cx M M(L/2)2 LS

Jltst CJIOKEHHsT YCKOPEHUI CIIpaBelJInBO
TO K€ MPABHJIO, YTO U [JIST CJIOKEHHUsI
cKkopocteit (B 9TOM J1erko yGeuThest, Ha-
npuMep, nyteM udPepeHITPOBaHUS).
Torza yckopenne 6yCHHKE OTHOCHTEIBHO
cTepKHsS OyieT
., _ 8G(M +m)

aﬁxl = x1 :aéx - dcx - _—X1.

LS

ITosyyeno ypaBHeHNe rapMOHUYECKUX
KoJieGaHmit OYCUMHKUA OTHOCUTEJIBHO CITH-
upl. KpyroBas yacrora atux KoJieGaHMii
paBHa

2 [2G(M +m)
L L
Bycunka BepHeTcs B IEeHTP CHUIBI yepe3
YETBEPTh MEPUO/Ia KOJeOAHUI

=0,77007° ¢,

C OTHOCHUTEJIbHON CKOPOCTbIO
V=wd=07700" wjc.

3anava 6. Ilomenyuanvnas snepeus
aAmoma 6 HeKomopPOM KPUCMALLE ONUCHL-
saemcs  popmyroil U(r) =

12 6

= U()((r()/r) - 2(7/7()) j, ede U, =
=8,800" 3B, at,=0,287 um coomsem-
CMBYem pasHo8eCHOMY NOJOKEHUIO AMO-
ma. Ipu manvix OmKAOHEHUSX OM OO0~
JKEHUSL PABHOBECUsL NPOUCXO0AM Koebd-
nust. CozalacHo K6anmMosviM npedcmas.ie-

HUAM, IHepeus KOAeOAHUll ¢ 4dacmomo
W = 2y MOXKem NPUHUMAMb SHAUEHUS.

E =lv(n+1/2),n=0,1,2, ..., 20e h=

=6,62 go'% Jlx & — nocmosannas
Il ranka. Ouenume naumeHvuLy10 AMnNaU-
mydy X, Korebanuii cmeweHust amomd 6
maxom kpucmainre. Macca amoma m =
=6,400"" 2; 15B=1,600"" Jx.
[l ompesiesieHusT KPyroBOM YaCTOTBI
W KoJieGaHuii aToMa 06PAaTUMCSI K TapMO-
HUYECKUM KOJICOAHUSIM TPy3a Maccou m
Ha TPY’KUHE JKECTKOCTHIO R, HAXO/ISTIETO-
csI Ha TJIQ/IKOI TOPU30HTAIBHON TIJIOCKO-
cru. Ilpu cMmemenny Ha X OT TIOJIOJKEHUS
paBHOBeCHS TpUpalieHue TTOTEHITUATBHON
JHEPIHHU IPy3a COCTABJISET kx’ / 2, mpupa-
MeHre ero KUHETUYEeCKOW IHHEPrUH CO-

CTaBJIsIeT mvi /2, a Kpyrosas 4acToTa
Kosie6aHuii paBHa ) = /k/m . Bepuemcs
K Halleil 3aj[aye U MPOaHATU3UPYEM BbI-
paskeHue [IJisi MOTEHIHATbHOW SHEPIUu
aroma B kpuctasie. OTMETHM, YTO MPH
7 = 1, MOTCHINAIbHAS SHEPTHUA JOCTUTAET
MuHIMyMa (TIPOBEPHTE ITO CAMOCTOSTE T b-
Ho). Torja npu MajblX CMENIeHUSIX O
(6r<< ro) OT TIOJIOKEH ST PAaBHOBECHS TIPU-
pallleHne MOTEHINATIbHON SHEPTUH MOJK-
HO TPHUOJMKEHHO CYUTATH MPOMOPIIHO-
HAJBHBIM KBAJPATy CMEIEHVS:

AU =U(r, +8) = U(r,) = k(3r)’ /2.

Haiigem xoadduimenT mpomopimo-
nanpHocTH k. IIpu Maspix x cripaBeu-
BbI TIPUGJIMKEHHbBIE PABEHCTBA

(1+x)" =1+nx+n(n-1)x",

1/(1+x)=1-x

)

U TIpUpalleHyne MOTeHIINAJIbHON dHeprun
IIPU MaJbIX CMENIEHUsIX O OT TOJIOXKe-
HIsI PABHOBECHSI IDUHUMAET BUJL

AU =U(r, +8r) -

- U(r) = (36U, / r )(&r)”.

Orcioza nosyyaem

720 k6 /ZU
k= ZOH(D:\/::_ _0
I m Ty m

Uckomyto ammumryny X, Haiijem us
YCJIOBHSA KBAaHTOBAHMS KOJEOAHHIL:

E, =hv/2= kX, |2,

OTKY/1a
h
XO = [— =
2\ mv
hr,
= = 0,06 uM .
12m/2mU,,
Yupaxuenus

1. Ha HenogBmkHbIil Tpy3 Maccoit m = 10 kr,
JIEeXKATIII Ha TJ1a/TKOI TOPU30HTAIBHO TTOBEPX-
HOCTH ¥ IPUKPEIIEHHbII TPYXKUHOI 3KeCTKO-
crbio k= 4 [10° H /M K BepTHKAIbHOII CTEHKeE
(puc.6), B TeueHwe HEKOTOPOTO BpeMeHH T
JIEHCTBYET MOCTOSTHHAS TI0 BeJIMYNHE U HAIIPaB-
sennto cusna F. Ilpu kakux 3HaueHusx T
aMILIATyIa KoJteGanuii CKOPOCTH TOCcJie TIpe-
KpaleHust AefiCTBUSI CHJIbl OY/IeT MaKCUMaJIb-
HOI1?

2. Bpycok maccoit m, 1oz neficTBueM mpy-
SKUHBI COBEPIITAeT Ha TJIAJKOM CTOJIE TapMOHH-
yecKue Kosle6aHust ¢ aMIuTynoil X u nepuo-
nom T. Ilyma maccoit m,, Jjersmias BROJb
HarpasJenust JIBIDKeHUs1 GpycKa, TOnajlaeT B
Hero. B pesysbrare KoJie6aHuUs IPEKpaIaoT-
cs1. Omnpeziesute BeJU4uHy V CKOPOCTH ITyJIH.
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Puc. 6
Bpemst TopMoskeHust Iy B GpycKe Maslo 1O
CPABHEHUIO C TIEPUOJIOM KOJIeGaHUil.

3. Yamka NPYyKUHHBIX BECOB C T'HPSIMHU
(puc.7) cosepimaer BepTHKAJbHbIE FAPMOHU-
JyecKHe KosleGaHust ¢ aMIUITy0il X U rnepuo-
nom T. Macca wamkm m rupb m,. Impio
Kakoil Macchl M, CJeIyeT CHATb C YallKu
BECOB B MOMEHT HAaXOXK/EHHUS ee B KpaiiHem

gl m,

Puc. 7

BEPXHEM II0JIO’KEHUHU, 4TOObI KOJIeGaHus Tpe-
KpaTuJInCh?

4. HeGouspimoll mapuk Ha HATH JJIAHON L
coBeplIaeT KoeGaHust B BePTUKAIBHOI I1J10C-
KOCTH € MaJloil yryioBoil ammuryjoin. s
YBEJMYEHNST aMILTUTY/IbI KOJIeGAHUIl HUTh TIPH

KaXKJIOM TTPOXOXK/ICHUN TIOJIOMKEHHUST PAaBHOBE-
CHsI YKOPAUMBAIOT HA MAJIYIO 110 CPaBHEHUIO €
L Benmuuny AL = 3 MM, BBITSITHBAs ee uepe3
y3Koe OTBepcTHe B Mecte nojaseca (eM. puc.5),
a B KK/OM KpaiiHeM MOJIOKEeHUN HUTh Y-
HAIOT Ha Ty »Ke Beqnunny AL, oTmyckas ee.
Hutb yAImHSAIOT 1 yKOPAYUBAIOT TaKUM 06pa-
30M, UYTO 32 BPeMsI OJIHOTO U3MEHEHUS JITHHbBI
CHJIa HATSDKEHHSI OCTaeTCs IOCTOSIHHOM 110
Besquunne. Haiiqure mepuon T xoseGanmii,
€cJIM 32 KQXK/IbIH TIePUOL aMILINTyja Koseba-
Huii ckopoctn yBenmuuBaercst Ha & = 0,5%.
Yckopenue cBoGozmnoro najgenus g = 10 m / cz .

3. Ha resnexxke mMaccoii m,, oKoAIeHcs Ha
TOPU30HTATIBHBIX PEJIbCAX, YKPEIJIeH MasTHIHK
— WIapuK Maccod m, Ha HUTH AJuHOH L.
Haiiaure nepuog T mManbix KoJsiebaHuil Masit-
HHUKa, KOTOpble OH Oy/eT COBEPLIATb, €CJu
OTKJIOHUTD €r0 BJIOJIb PENbCOB Ha HEGOJIBIION
yFOJI n 3areM OTHyCTI/ITb O[[HOBpCMCHHO C
TeJIeXKKOH, He COOOIINB MM HAYaTbHOI CKOPO-
CTH.

6. Ha pucynke 8 uso6pakena uactpb rpadu-
Ka 3aBUCHMOCTH 3HEprum B3ammojeiictsust U
(5B) aTOMOB B MOJIEKY.IE a30Ta OT MEXKATOMHO-
ro paccrognus r (1m). Cunras, 4To 3Ta 3aBU-
CUMOCTD TTPUOJIMKEHHO OMHCBhIBAaeTcss (opMy-
it U(r) = U, + k(r - 70)2 /2 . HaitjuTe
4acToTy W MaJsblX KoseGaHuii aToMOB B MOJTe-

Puc. 8

KyJ€ a30Ta. CorJjlacHO KBaHTOBBIM Tpe/acTaB-
JIEHUSIM, 9HEPTus KoJieOaHuil ¢ 4acTOTOl W =
= 2TV MOXeT IIPUHUMATb 3HAYEHUA E” =
n+1/2), n =0, 1, 2,

=6,6200"" I & — mocrosmas [Liatka.

., rne h =

HeBos06ysxiennas MoJieKy1a a30Ta IOTJIomaeT
KBaHT CBeTa YacTOTOil (0 W IepexouT us
cocroanus ¢ n = () B Bo30yK/CHHOE COCTOSHIC
¢ n = 1. Onennre ammautysy X, KosjeGanuit
CMeI[eHNs aTOMOB B MOJIEKYJie B 3TOM COCTOSI-

23
Huu. Macca atoma azora m = 2300  T.
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