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INa6opaTtopHana pabora Ne 1.1

UccenoBanue NBHIKEHHRA TeJia, KATAINErocs 0e3 CKOJIbKEeHHUS M0
HAKJIOHHOH NJIOCKOCTH

IJens pabomel: 3KkCIEpUMEHTAIbHAS TPOBEPKA PE3YJIbTaTOB PACYETOB Kaye-
HHS [apa BAOJb HaKJIOHHOH IUIOCKOCTH.

B nannoii pabote npoBepsOTCS 3aKOHBI AMHAMHKH, K KOTOPBIM JBIKETCS
map pagryca R M Macchl m, CKaThIBasiCh C HAKJIOHHOH MIOCKOCTH 0€3 CKOMbXEeHHs
(puc. 1). HayanbHas CKOpOCTE Ilapa paBHa HY/Mo. Kak H3BeCTHO, ABM)KEHHE TBED-
JIOTO TeJia OIIMCHIBAETCS NBYMS YPaBHEHHAMHU:

Sk (1)
}‘2’ = Zﬁmm 2 (2)
rae W, — BEKTOp yCKODEHHMs LEeHTpa macc, m — Macca Tena, ) F,,, — Pe3ynbTu-

pylolas BceX BHEINHUX CHJI, AEHCTBYIOIMX HA TeNo, M — BEKTOP MOMEHTa UM-
myJbca Tela OTHOCHTENbHO HeKoTopol Toukk O, ' N — cymMMa BEKTOPOB MOMEH-

TOB BCEX BHEIIHUX CHJI OTHOCHTENBHO TO4YKH O.

CuuTaeM, uyro Touka O HemoaBmKHE, MO0 nBMXKETCH Oe3 yckopenus. Muade
B npaskle yacty ypasHenui (1) u (2) Heobxoxaumo 10O6ABUTE CHIILI HHEPLUH U HX
MOMEHTHI. TTOCKONBKY CKOJTbKEHHE 1Iapa NOHOCTBIO OTCYTCTBYET, F,, SBISETCH

TPEeHHEM IIOKOS H, CIeI0BATENBHO: ,

F,, <k-mg-cosa, (3)
rae k — xo3bbuuneHT TpeHus, mgcosa = F,, F, — MOAYJb CHJIEI peaKUHH ONOPEI,
m — Macca 1mapa, g — yCKOpeHue cBOOOIHOro MaleHH .

. B OTCYTCTBHM CKONBXEHHS JIHHEHHAs CKOPOCTh TOYKH COINPHKOCHOBEHHS
Iapa ¢ IJIOCKOCTHIO Takoke Oy/ieT paBHa HYIO, YTO BHINOJHAETCS, €CIIH CKOPOCTh
[IeHTpa Macc V, paBHa:

V.=w-R,

rjae @ - yrioBas CKOpOCTh BpallCHUsA [TH/ITHHIpA.

mg o Ve
Puc. 1
CooTBEeTCTBEHHO YCKOPEHHE NEHTpa Mace W, onpenensieTcs:
W.=V/=pR, 4)

e  — yrioBoe yCKOpeHHe.
INepenumenm ypaBHenue (1) ang Hamero ciydas:

mW.=mg+F, +F,.

mp



CnpoekTHpoOBaB ero Ha HalpaBJIeHAE ABHKEHUS TOTYHHM:
m-W_=m-g-sina-F,,. (3)
PackpoeM neByI0 M NpaBylO 4acTh ypaBHeHus (2) aus Hamero ciaydas, Cum-
TaeM, 4TO LIap OXHOPOIEH H BpaLlaeTCsa BOKPYT OCH Z , NMPOXOAALIEeH Yepe3 TOUKY
O nepneHaUKyIAPHO NMIOCKOCTH pHCyHKa. Torma M = [-@ W ypasHenue (2) mpH-
MeeT BHI:
1-B=Y N, (6)
rae » N, — anrefpawyeckas CyMMa NPOEKIIHH MOMEHTOB BCEX CHII, AEHCTBYIO-
IMX Ha IIap OTHOCHTENLHO To4kH O, Ha ock Z; / — MOMEHT HHEPUHH apa OTHO-
CHUTENBHO OCH Z.
Kak BHIHO U3 pUCYHKa, eTUHCTBEHHAS CHJIa, MOMEHT KOTOPO#H OTHOCHTENLHO

To9kH O He paBeH HYJIO, 3TO CHJIAa TPEHHS TOKoA F,, .
Taxum o6pasom, nocneaHee ypaBHEHAE MOXKHO TIEPEITHCATE:
I-B=R-F,,. (7)
MomeHnT uHepuuH wapa paguyca R OTHOCHTENBEHO OCH, NPOXOAAIIEH yepes
€ro LIEHTp, paBeH:

= -§—m R 8)
ITocrasus (8) B (7), umeem:
Zm-Rp=F,.
VautsiBas (4), nony4aem:
% m-W,=F,,.

ITony4ernoe 3HaYenne 114 F,, MojAcTaBiseM B (5) u HaxoauMm W, :
W‘=%g-sina €))

Bripaxxenue (9) no3sonsieT onpefesnTs YCKOPEHHe, C KOTOPEIM LEHTp luapa
Oyner ABHraThCs BOOJE HAKIIOHHOM IJIOCKOCTH. 3/1€Ch g — YCKOpeHHe CBOOOIHOTO
NajeHHus, & — yrojl HakJIOHa MIOCKOCTH Ka4yeHHUs.

JKCriepUMeHTallbHas YCTaHOBKa npezcTasnseT cobo¥ cTeHa 1, Ha KoTopoM
3aKkperén xenob 4 (puc. 2). Yron HakioHa xenoba MoxxHO H3MerATs oT 0 g0 90°.

Jnst buxcanun xenoba amMeercs pukcarop 2. DNEKTPOMArHUT 3 CILYXKHT 1A
YCTaHOBKH IIapa B Ha4YajJbHOE MoJjokeHHe. MHKpOBBIKIIOYATENb C 3aCIOHKOH 6
CITYXHT JUIS (PHKCALHM MOMEHTa MPOXOXIEHWs IIapOM KOHEYHOTO ITOJIOMKEHHS.
Cxema aBTOMAaTHKH 5 CO BCTPOEHHBIM CEKYHIAOMEPOM MpeaHa3HadyeHa [ H3Me-
PeHHS UHTEpBaJa BPEMEHH, 338 KOTOpOe Luap Npoxoaur paccrosuue £ or Hauans-
HOrO MOJIOXKEHUS IO KOHEYHOTrO.
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Puc.2. Cxema 3KCrepUMEHTAIbHOH YCTaHOBKH

[Nopsnok BrIMONHEHHS paboTh!
BricTaBbTe yron HakjioHa xenoba a .
IToaroToBsTe CXeMy AN ONpeeNeHUs BpeMEHH KadeHu 1.
[TpukpenuTe map K 3J1€KTPOMartury.
BxmounTte ycTaHOBKY. 3anuIIHTE BpeMms { B Tabnuny.
Jnst JagHOoro yria nposeauTe eni€ YeTslpe OIbITA.
INToBTopuTe MyHKTH! 1 — 5 [Is ABYX pasHeIX YTIIOB @,,Q, .
Paccuuraiite W, 5, 1O OpMYJIE PABHOYCKOPEHHOIO ABHXEHHA W, = f—f,

HailuTe CpefHee 3HadeHHEe W, 4 ,. Pe3ynbrarhl 3aHecuTe B Tabnuiy.

8. Paccuuraiite W, oop 10 Gopmyiie (9) ¥ CpaBHUTE C 3KCIIEPUMEHTAIBHEIM
3Ha4YeHHEM.
TABJIMIIA
Ng £ o : It’ = Wcaxcn: -{;" W; Sxm.sﬁi AWc IKCM 3 i; meps iz
c c ¢ c

11¢] q
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KoHTposbHbIe BONpoCk]
ChopmynupyiiTe 3aKOHb! JHHAMUKYA TBEPAOTO Tena.
. BreiBegute Qopmyny (8).
. 3anuIuuTe ypaBHEHME ABHKEHHS Tela B cllydae abCOMOTHOrO CKOMbXEHUA
I10 HAKJIOHHOH MJIOCKOCTH.
4. Hailigure BeIpa)keHHE I KPUTHYECKOTO yriia B JaHHOH pabore.
Yro Takoe TpeHHE ITOKOS, CKOJIBKEeHHs, KaueHus? KakoBkl dusnyeckue
NPHYHMHB] KX BO3HUKHOBEHHUA?

LN

o

JNlaboparopHas padota Ne 1.2
Onpenenenne yckopenus cBOGOIHOIO NajJleHHUs Tela

Ilens pabomui. onpenenenHue yCkopeHus cBOGOIHOrO afeHus Tell.

C80600HbIM nadexuem HA3BIBAETCS [BHIKEHHE TeJa B I10JI€ TATOTEHUS 3EMIH C
HYJIeBOH Ha4aJbHOH CKOPOCTHIO IPH OTCYTCTBHUH CHII COTIPOTHBIIEHHUS.

CornacHo 3aKOHY BCEMHPHOTO TATOTEHHS, MEXIY BCEMH TeJlaMH NeHCTBYIOT CH-
JIBI FPaBUTAUOHHOIO NpUTHKeHUA Fopr. [Ing MarepHanbHBIX TOYEK 3TOT 3aKOH I10-
CTYIMpYeTCs chenyroumumM obpasom: MeXIy ABYMs TOYEYHBIMH TellaMH JeHCTBY-
IOT CHUIBI NPUTSDKeHMs Fop NpSMO MponopLHMOHaNbEBIE MPOU3BEAECHHIO MX Macc
m;, m; ¥ 06paTHC NMPONOPUHOHAIBLHO KBaOpaTy PacCTOSHMs Mexay HuMHU R, Ha-
IpaBjieHHbIE BAOJE NPAMOM, COeAMHAIOLINE 3TH TeNa:

m -m
Fou=yp—52 (1)
R

e y — TpaBUTALMOHHAS TOCTOSHHAS.
B coorBercTBHM ¢ 3aKOHaMH OHMHAaMHKH [UIs Tela, [ABHKYLIErocs
MOCTYNAaTeNbHO, B HHEPUMAIBLHON CHCTEME OTCYETA CIIPABEUTHBO COOTHOIUEHUE:
ma=>)F. (2)
B mpaBo# YacTH ypaBHeHHs (2) CTOMT BEKTOpHas CyMMa BCEX CHI, HEHCT-
BYIOIIMX Ha TENO, B JIEBOH YaCTH @ — BEKTOP YCKOPEHHUS Tela.
Tak xax WHepTHas macca, BXOAsllas B ypaBHeHHe (2), H rpaBUTaUMOHHAA
Macca TOro JKe Tela B 3aKOHe BceMHpHOro TsroTeHus (1) paBHBI Mexmy coboH,
yCKOpeHHs CBODOIHOro MajeHust g BCexX Tejl, B OAHOH M TOH K€ TOYKE IIOBEPXHO-

CTH 3eMJIM OXUHAKOBHI:
M3
g=y— (3)
R
rae M, 1 R, — macca ¥ paguyc 3eMiIH, COOTBETCTBEHHO.
[Mockonbky crcTeMa OTCYETa, CBA3aHHAA ¢ 3eMIIEH, He ABISETCS HHEPIHANL-
HO# BCIEACTBHE CyTOYHOTO BpallleHHs IJIaHeThl BOKPYr CBOEH OCH, ypaBHEHHE

MMOCTYNaTEIbHOI'0 ABMXKEHHA TEJa IDUHUMAET BUA!

ma= 2,1 + 2:1 e (4)
K cunam F. g neﬁcmyromeifl Ha TeJO0 CO CTOPOHBI APYTHX Tell, nobapnsercs
BEKTOpHAs CyMMa CHN uHepuud F,,, OTpOXAOMUX GaKT YCKOPEHHOTO ABHKEHHS
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Tena otcuéra. ITo 970l npadrHe HEOGXOIUMO BBECTH YeHmMPOBENCHYIO CUNy uHep-
yuu F,g, NERCTBYIONIYIO HA TENO B CHCTEME OTCYETA, CBA3AHHOM C Bpaljarouleics
3emnéii:

Fpe= w’ R, cosg, (5)

‘rae @ = 7,3-10° paw/c — yriosas cKOpOCT CyTOYHOTO BpallleHHs 3eMIIH, ¢ — YTol

MEXy IIOCKOCTBIO SKBAaTOpa ¥ NPSAMOH, COeAUHSIOMMUH LeHTp 3eMITU C TOYKOH, B
KOTOpOH HaxoAMTCH Teno (IUHpOTOH MecTa).

- B BHAY TOrO, 94TO CHJIa HHEPUMH 3aBUCUT OT IIMPOTHI MECTa, YCKOPEHHE CBO-
DozHoro naneHus g U3MEHAETCs C IUPOTOH MecTa (3aBHCHT OT yIia ¢).

B naboparopHoi#i paGoTe NMpOW3BOAMTCS M3MEPEHHWE BENMYMHBI YCKOpPEHHS
cBOOOHOrO MajeHHs CTAJbHOIO IIApHKa C BHICOTH A 0e3 HavalbHOH CKOPOCTH.
Takoe npuwkeHHWe sBNsieTCS paBHOYCKOPEHHBIM, M Ul HEro CIpaBeiIiBO Clle-
LYIOIIEe COOTHOLICHHUE:

1
sl Ly 6
. (6)
M3 Beipaxkenns (6) nomydaeM pacy&THYIO GpopMyy:
2h
gk, (7

Cxemy 3KCIepUMEHTANBHON YCTAHOBKM M NOPSAOK BBIMONHEHUsS CM. Ha jlabopa-
TOPHOM CTEH/IE

KonTpoabHbie Bonpocki

1. Yro BrumoyaeT B cebs noHATHE “cucTeMa oTcuyéra’? Kakne cHCTeMEl OTCué-
TA Ha3blBAIOT HHEPLHATBHBIMHA? S[BIseTcs MM 3eMiis WHEPLUAIbHOH CHCTe-
‘MO# oTcuéra?

2. YTo Takoe CHMJIBI HHEDLIMH M B KaKMX CHCTeMax OTcu&Ta OHM HEeHCTBYIOT?
Kaxune cHIbl MHEPIHH BaM H3BECTHBI?

3. Yro Takoe yckopenue? Kakoe ABHXKEHHE Ha3bIBaeTCAd YCKOpPEHHBIM? 3amu-
OIMTe ypaBHEHHE [UIS PaBHOYCKOPEHHOI'O IBH)XEHHS MaTepUAEHON TOUKH,

4. TloueMy B NaHHOW TOYKE MOBEPXHOCTH 3EMJTH BEHYMHA YCKOpPEHHS CBO-
fosHOrO NaIeH|s OAMHAKOBA AJIk BCeX Ten?

5. Kaxnm o6pa3oM ¥ novemy BeIMHYHHA g 3aBHCUT OT IIHPOTHI MecTa?

6. OnuinuTe BBINOJHEHHE 3KCIIEPHMEHTa IO OIPENE/ICHHIO YCKOPEHHsl CBO-
60aHOTO MafieH .

7. TloueMy H3MepeHHE IPaBATALMOHHON NOCTOSHHOM Y B onmbiTax Kasenguma
TMO3BOJIHIIO ONPEJEATh BEIMYHHY Macchl 3eMIn?

8. B uém npuuMHa CyTOYHOro BpameHus 3eMiu?



INNabopatopHas paGora Ne 1.3
Onpenenienne CKOPOCTH CHAPAAA ¢ IOMOINBIO
pu3znYecKoro MassiTHHKA

L]env pabomel: ¥3MepeHHe CKOPOCTH CHapsna, BBUIETAIOLIEr0 H3 NPYKHHHO-
ro TOJKATENS.

Y0ap — 310 cTONKHOBEHHKE [BYX M Bonee Ten, Npu KOTOPOM B3aHMOECHCTBHE
JUIMTCSA OYeHb KopoTkoe Bpems. Ilpsmas, npoxojsiias 4epes TOYKy CONpPHUKOCHO-
BEHHUA Tejl, NEepPHEeHAMKYIAPHO MOBEPXHOCTH HMX CONPHUKOCHOBEHHS, HA3BIBAETCSH
nunued yoapa. Y nap HasblBaeTCs yermpanvHeim, €CIIH TeNa A0 ylapa ABHXKYTCA 110
npsMOH, NpOXoAsmer yepe3 HX HeHTp Macc. Pasnuyaror ABa BHAa ynapos: abco-
JIOTHO YNpYTH# 1 aGCOMIOTHO HEYIIPYTHH.

Abconiommuo ynpyauii yoap — CTOJIKHOBEHUE IBYX Tell, B pe3y/IbTaTe KOTOPOro
B 000MX B3aMMOMEHCTBYIOIIMNX TeNaXx He OCTAETCs HHUKaKuX HepopMmandil u Bcs
KHHETHYECKas 3Heprus, KoTopod obnamanu Tena mo ynapa, ocle yaapa CHOBa
IpeBpalaeTcs B KAHETHYECKYIO IHEPTHIO.

Abconromuo weynpyzui yoap — CTONKHOBEHUE ABYX TeN, B PE3yJbTaTe KOTO-
poro Tena 00beqHHAIOTCS, IBUrasich Aaiblle Kak eqHHOe 1IeNoe.

CoBOKYIIHOCTh MaTepUaNbHBEIX TOYeK (Tell), pacCMaTpHBaeMbIX KakK eJuHOe
1esioe, Ha3bIBaeTCs MeXaHuyeckod cucreMoi. CHIIBI B3aUMOJEACTBUA MEXIy Ma-
TepHaNbHBIMUA TOYKAMH MEXaHW4YeCKO¥ CHCTEMBI Ha3blBalOTCS BHYTpeHHHUMH. ChH-
Jbl, ¢ KOTOPbIMH Ha MaTepHalbHbIE TOYKM CHCTEMb! NEHCTBYIOT BHELIHHME Tella,
Ha3b[BalOTCS BHEINHUMH. MexaHuyeckas cucreMa Tell, Ha KOTOpYIO He AEHCTBYIOT
BHEIIHHE CHIIBI, Ha3hIBACTCH 3AMKHYMOU (AN USONUPOBGHHOU).

3akon coxpaneHus umnynoca: MMITYIbC 3aMKHYTOM CHCTEMBI OCTaeTcs IO0-
CTOSIHHBIM: :

p= i:mef = const
i=]

Momermom umnyneca (konuvecmea OsudiceHus) MaTepHanbHOH TOYKH OTHO-
CHUTEJIbHO HEITOABM)XHOM OCH Ha3bIBaeTcd dJHSH‘!BCKaﬂ BEIIMYHWHA, OIpeneriemMas
BEKTOPHBEIM NIPOU3BENEHHUEM:

L =[7p)=[F,mV]
TJie F - PAIuyC — BEKTOp, p=mV - HMIYJIbC MaTepHaTbHON TOUKH,

3axon coxpaneHus mMomenma uMnyabCca.: MOMEHT UMITYyNbCa 3aMKHYTOH CHC-
TEMEI 0CTAeTCA NMOCTOSHHBIM.

3axoHn COXpDAQHEHUA 3Hepeuu. B CHCTEME TE€J, MEXAY KOTOPDbBIMH ,[IBﬁCTBYEOT
TOJNBKO KOHCEpBATUBHEBIC CHIIBI, IOJIHAA MECXaHU4YECKadA SHEPTHA COXpPaBiACTCA, TO
€CTh HE U3MEHsIeTCs CO BPDEMEHEM.

Onwucanne 3KcrnepHMEHTAIBHON YCTAaHOBKH ¥ BBIBOJ pacyE&THON GOpMYJIb]

B nanno# pabote myia H3ydeHUA 3aKOHOB COXpaHEHMs MOMEHTA HMITyJbCca H
3HEpPrHH MCHONB3yeTCA (PU3HYECKMH MaATHWK, KOTOPBIH MOABEINEH Ha HUTH, 3a-
KpenuéHHON Ha cToiike cTenaa. C MOMOIIBIO HEro ONpeNenseTcs CKOpocTh CHapsi-
I, BHUIETAIOLIEr0 M3 NPY)KHHHOTO TOJIKATeNs M MOoNajaioniere B MHIIEeHb, Haxo-




AsIIyrocs Ha MasTHHKe. Muiens npencrasiser coboit ¢parMeHT nnactuiuHa, B
KOTOpOM 3acCTpeBaeT CHapsii. JTO IpuMep abCONOTHO HEYNpyroro yaapa ABYX
Tel, nocie KoToporo oba Teja ABMKYTCA KaK €fuHoe Lenoe, a AeGopMalun, Bo3-
HUKAIOIIHE MOCIIe yapa, NOTHOCTHIO COXPaHSIOTCA.

HaiigéMm BEIpaxkeHMe U1 pacuéra CKOpPOCTH B CHapsje. BLIBOJ OCHOBaH Ha
ABYX 3aKOHAaX COXpaHEHHUS:

1. 3akoH coXpaHeHHS MOMEHTa UMILYIbCa
my-vil=1 @, (1)

rae m,-v-£ — MOMEHT MMIIyJIbCa CHaps/a BO BpeMs yjapa; m, — Macca CHapsja,
V— CKOpPOCTb CHapsJa BO BpeMs yaapa, £ — paccTOsIHHE OT TOYKH [OJBeca [0 TOY-
KH nonanganus (CYMTaeM, YTO OHO PaBHO PAacCTOSHHIO OT TOYKHM IIOfBeca HO LeH-
Tpa Macc MasiTHHKa), / — MOMEHT MHEpPLHH CHCTeMB! (CHapsd + MasTHHK), @ —
MakKCHMallbHasi yri1oBas CKOPOCTh CHCTEMEL.

2. 3aKOH COXPAHEHMS MEXaHHYEeCKOM JHEPruu:
2

L2 omegeh, )

roe

— KMHETHYECKasA 3HEPIrds BpallaTeAbHOI'0 ABHMIXKXEHHA MasATHHUKA B MO-

MEHT NPOXO0XKAEHHS IOJIOXKEHUsA paBHOBECHS, m' g h — MaKkCHMalbHas MOTeHIHAIIb-
Has SHEPrHsA CHCTEMBI, 4 — MaKCHMaJlbHas BBICOTa MOXBEMa CHCTEMEI (pHC. 1), m —
Macca CHCTEMEI (m = m, +m,, m, — Macca MasiTHHKa, m, - Macca CHapsja), g — yc-

KOpeHue CBOOOIHOrO najneHus,
W3 Beipaxcenus (1) vaiiaém v:

L 3)
W3 Beipaxkenus (2) HalaéM :
(4)
IToxacraBum (4) B (3):
(5)

Puc. 1

MoMeHT HHEPUHH CUCTEMBI / HalAEM W3 BhIpXKEHHS [UIS NIEpHO/a rapMOHHU-
yeckux KonebaHui QU3MYECKOro MasTHHKA:



T=27 };{;; (6)

Jomyckaem, 4TO HEHTP TSHKECTH CHCTEMBI IIOCIE NMOMANAHHA CHAPSNA H3Me-
HHJICA HE3HAYMTENbHO (m, >> m,). TTo3TOMy NO-NpEXHEMY CYMTAaeM, YTO pac-

CTOSHHE OT MeCTa IoNaflaHKs CHapsia 0 TOYKH MOABeca ocTaéTcs paBHbIM £.
W3 nocnenneit Gopmysl HaxomuMm:

R (7)

Ioncrasnsewm (7) B (5), monygaem:
o m-g- T'J; ! (8)
Var. mﬂz

Teneps Haliném s u3 reomeTpuyeckux coobpaxenuii (puc, 1)

h=£-£-cosa=£’-(1-—cosa)=2€-sin’%

)
u nozcTasuM B (8):
g @s = LB oy (10)
w-my 2 27 -my,

B nocnegneM paBeHCTBe yuin, 9TO yro o Mall.

Taxum obpasom, xak BeiTekaeT u3 dopmyssi (10), 415 Toro, 4To6E U3MEPHTH
CKOpOCTBb CHaps/a, He0OXOAUMO ONpPENeauTh:
m — Maccy CHCTeMBI (CHapsj + MasATHHK); T — NepHo KojleGanui CHCTEMSBI; m,—

Maccy CHapAna; a — MaKCHMalbHbIH yroJl OTKIOHEHHS HUTH CHCTEMBI T10CIe oMna-
NaHus CHaps/ia B MHIIEHb; g — YCKOpeHHe CBOGOJHOro majeHus.

v=

ITopsnok BbITONMHEHNS paboThI

1. MamepeTe nepron koneGanuii T cuctemsl. J{s 3TOro NpUKpennTe CHAPSA
K INacTHIMHY MasATHHKA, OTBEUTE CHCTEMY OT IOJIOXKEHHS PABHOBECHS Ha S -
10° u  wu3MepbTe BpeMs HecATH NONHEIX KoneGauuit. OnbIT MIOBTOPHTE HE MEHee
Tpéx pa3. ITocne vero BeumcIuTE CpeHee 3HaueHue 7,

2. BricTaBbTe MasATHHK B NOJIOXKEHHE paBHOBecHs. [TpousseuTe 3aryck cHa-
pana. Ilocne ynapa cHapsjia B MUIIEHb, IOCTEAHMN AOJDKEH NPHIHIHYTH K Iiia-
CTHNHHY. ECIH 3TOro HE MPOHCXOMHT, TO HEOGXOAUMO Pa3MATYATH IIACTHIHH H
TIOBTOPHUTE ONBIT. ECiH nmocie BeICTpena CHapsAA MPUIIAIN K MHINEHH, H TIPH 3TOM
MajTHEK Ha4Yall COBEpIIATh MOCTyNaTenbHbIe Konebanus, TO HeobxoaumMo 3aduk-
CHpOBaTh MaKCHMAaJbHBIH Yroil OTKIOHEeHHs .. Tak Kak 3aTyxaHWe MasTHWKA B
filaHHOW paboTe HE3HAYMTENBHO, TO 0. MOXHO ONpPENE/THTL B TEYEHHE IEePBHIK
ABYX-TPEX KoseGanuii. MisMeperHoe 3Hauenne o 3aHecute B Tabminy. ITo dopmy-
ne (10) paccyuTaiiTe CKOPOCTh CHapsAa ¥ 3aHECHTE 3TO 3HAYeHHe B TAGIMILY. 35a-
YeHds m, m, IPHBEJEHBI Ha YCTaHOBKe. ONEIT NOBTOPHTE HE MeHee 5 pas.

3. OuennTe NOTyueHHBIE BEMYHHBI CKOPOCTEH.
4. OuennTe HHCTPYMEHTAIBHYIO MIOrPEIIHOCTE H3MEPEHHs Av.
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Tabnauna
Ne oner- | Tyc m,, KT | m,Kr |m,Kr |o,pan |v,m/c |Av,M/c

LV S LN S )

KoHTpoibHBIE BONPOCHI

. HaiiTe onpenenenne abCoMOTHO HEYTIPYTOro yAapa.
2. 3anumuTe 3aKOHBI COXPAHEHHN 3HEPTHH U HMITYJIbCa IS aOCOMIOTHO yIIpy-

roro u abcoJIIOTHO HEYNPYroro yaapa.
. IMomyuure BeIpaxkenue (6).
Brisenute pacyeTHyro dopmysny (10).
BrisesinTe BEIpaXKEHUE 1 MOMEHTa HHEPUMH CHCTEMBl “MasTHHK + myns”’
OTHOCHTENIBHO OCH, MPOXOASLIeH NepneHIuKyISPHO MJIOCKOCTH KosleGaHni
u Touky O, 3Ha# MOMEHT MHEpIMH Tpy3a MasTHHKa OTHOCHTENBLHO OCH,
npoxonsed yepes LEHTP Macce rpys3a O, ¥ NepreHaUKYISPHON TIOCKOCTH
konebanui. [Ipu 3ToM MOXKHO NMPUHATH CHApAJ 3@ TOYEYHYIO Maccy.
6. Ilogemy Bpamaromui MOMEHT [UIsl Iapa B JAHHOW yCTaHOBKE CO3/1aéT TONb-

KO CHJIa TPEHHS NMOKOA?

.

v W

INabopartopHasn padora Ne 1.4
ITpoBepka 0OCHOBHOIO 3aK0HA JHHAMHKH BPAaLIaTeIbHOTO IBHIKe-
HHUA Ha npumepe masiTHuka OGepOeka

Ljeno pabomvl: IKCIEpHMEHTAIbHAs IpOBEpPKa OCHOBHOTO  3aKOHa
JAMHAMMKH BPALIATEBHOIO ABMIKEHHA Te/a OTHOCHTEILHO HEMOABHKHON OCH.

Bpawamenvnvim Osudicenuem (spawjeruem) TBEPAOIO Tejla Ha3bIBAETCA TaKoe
JBIDKEHHE, IPH KOTOPOM BCE TOYKH €ro ABHXXYTCS I10 OKPYXHOCTH M LIEHTPBI 3THX
OKPYKHOCTEH pacroJIOKeHbl Ha OHOM NpAMOH, Ha3kIBAEMOH OCBIO BpallleHH .

Yanosou cxopocmvio spawernus @ TBEPHOTO TENAa OTHOCHTEIBHO HENOABHXK-
HOM OCH Ha3bIBaeTCs BejlW4uXHA, YHCJIIEHHO paBHas NEpPBOH NPOM3BOIHOH OT yria
110BOpOTa I10 BPEMEHH:

Ginls, . (1)
dt

Yenoseim ycxopenuem & TBEPAOro Tena OTHOCHTEILHO HENOABHXHON OCH Ha-
3bIBACTCH BEJIMMHHA, XapakTepuayrouas OpICTpOTY H3MEHEHHSA YrIIOBOH CKOPOCTH
¥ YHCIEHHO paBHAa MepBOH NPOM3BOAHONW OT YrJIOBOW CKOPOCTH IO BPEMEHH HIIH
BTOPO#H NMPOH3BOAHOM OT yriia IOBOpOTA:

1
P 2)
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Br13sars BpammeHue wiv W3MEHHTH YIIIOBYIO CKOPOCTh BpAIIEHHs TeNa MOKeT
cana, MOMEHT M K0TOpo# OTHOCHTENBHO OCH BpAaLEHHs OTAHWYEH oT Hyis. Mo-
Aynme MOMeHTa cuibl F oTHocuTenbHO ocH (puc. 1), mpoxozsiuei nepneH uKyisp-
HO IJIOCKOCTH PUCYHKa 4epe3 Touky O, paBeH Nnpou3BeNeHUI0 MOLYJsA Cuibl F Ha
11e4o 5To# cunsl d:

M=F-d (3)

ITnevom cunel d Ha3bIBaeTCS KpaTyaiiiiee pacCTOSHEE MEXIY OChIO BPAIICHHS
H JIMHHEN NeUCTBHUS CHIIBI.

PazobpéM Teno Ha N dgacTeli MaccaMd m;, HAXOOSIIMXCH HA PACCTOSHHH
ri (i=1...N) ot ocu Bpamenus. Kaxkaas u3 yacTell Mana u eé MOXHO CUHTATh Ma-
TEpHATBHOH TOUKOH. Momenmom unepyuu 1 — TOH MarepuatbHOK TOYKY HA3BIBAIOT
BEJIMYMHY, PaBHYIO IIPOM3BENCHHIO €€ MacChl Ha KBaJpaT pacCTOAHUA OT HEE /10
OCH BpalleHus: m,-r’. MoMeHT uHepuuu J TBEPIOrO Tena sBAZETCS MepoH

MHEPTHOCTH Tella MM BPaIlaTebHOM ABHXESHHUHM M NMpeAcTaBiseT coboi cymmy:
N
J=Ym . )

OcrosHou 3axon epawjamensHozo 0gudiceHus TBEPNOrO Tejia OTHOCHTENHHO He-
MOABHXKHON O0CH QOPMYJIMpYeTCs CleLyromuM 00pa3oM: IpOU3BEAEHHE YIIOBOTO
YCKOpEHHs Ha MOMEHT HMHEpIHH Tejla OTHOCUTENIbHO OCH BpALICHHS PABHO CyMME
MOMEHTOB CHJI, IPHJIOKEHHBIX K Tely:

ey &)

Puc.1. Haxoxnernue mieua cuinsl F OTHOCHTENLHO HEMOABHKHON OCH
Bpamenus O.

MeTtonuka 3KCIEPUMEHTE

IlpoBepka 3ak0Ha NPOM3BOAUTCA HA YCTAHOBKE, HA3hIBAGMON MAAMHUKOM
Obepbexa (puc. 2).

Masmruux Obepbexa npencrasnger coboit kpecTo0OpasHEIl MaxoBHK, MO-
MEHT HHEPLHH KOTOPOr0 MOXXHO M3MEHATE IIYTEM NEPEMELIEHNA 110 €ro CTEPHHAM
rpy30B OJIMHAKOBOH Macce! my. CTep)kHM 3aKperieHs! Ha Bally paauyca R, Ha ko-
TOPLI HAMOTAHA HUTH C NIPUKPEILIEHHBIM K HeH rpy3oM m, Noj AeHCTBHEM KOTO-
poro MaxoBHK NPUBOJUTCS BO BpamarensHoe asuxenne. M3sMensas Maccy rpysa m
u paccTosiHEe R 0T ocy BpaleHus 10 NeHTPoB Mace H00aBOYHBIX IPY30B My, MOX-
HO M3MEHSATE MOMEHT CHJIBI, NPHIOKEHHON K BaJIMKy MaxOoBHKa, H MOMEHT WHep-
[{AM MaXOBHKa, COOTBETCTBEHHO.




Puc. 2. Cxema 3KcriepuMeHTaNBHOM YCTaHOBKH

B ciygasx, Korga ofuH ¥ TOT )K€ MOMEHT CUJIBl M [elCTBYeT Ha MasTHUKH C
PasHbEIMH MOMEHTaMM HHepUHH J; u J;, To cornacHo (5) OTHOIMEHUE UX YIVIOBBIX
YCKOpeHH# 06paTHO NMPONOPUHOHAIBHO OTHOMIEHHIO MOMEHTOB HHEPIHH:

IR = J; : Jz. (6)

Ecmu x masTrEKy O6Gepbeka ¢ HeH3MEHHBIM MOMEHTOM WHEPLIMH TIPHK/IaIbI-
BaTh pasHble MOMEHTHI CHJI M) u M), TO OCHOBHOH JHHAMHKH
BpaIlaTelbHOr0 ABH)KEHHS NPUBOIUT K COOTHOUIEHHIO:

£ :&6=M:M,. (7)

I'pys m paBmXeTcs NOCTyHmaTeNbHO H DPaBHOYCKOPEHHO C YCKODEHHEM a
(puc. 2) non fefcTBHEM CHIIBI TSKECTH M CHIbI HaTsDkeHus HutH 7. [Tocnenniorn
MOXHO C IOMOLIBIO BTOPOro 3akoHa Hel0TOHA CBA3aTh C yCKOPEHHEM Ipy3a:

T=m gg —a), (8)
rae m — macca rpysa, g = 9,8 m/c” — yckopenue cBOOOIHOrO NMajieHu .

B cBor0 ouepesib BENHYUHY YCKOPEHHS a MOXHO HalTH, 3Had, KaKoe paccTos-

HHE h IPOXOAHUT TPY3 328 BPEMA ¢, HaUaB NBHIKEHHE U3 COCTOSHMSA TOKOS:

P 9)

o
VTi10BO€ YCKOpEHHE Bajla CBA3aHO C TAHrEHIMANBHBIM YCKOPEHHEM JIEXaIUuX
Ha ero MoBEepPXHOCTH TOYEK, KOTOPOE COBMAaeT MO BEMHUHHE C YCKOpEHHEM Ipy-
3a:

z=2, (10)

ClIe10BaTEeJIbHO:
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2-h
== (11)

Cuna F, npunoxeHHas K BaTMKy npubopa, paBHa M0 MOIYIIO CHJE HaTsKe-
uxe 7. CregoparenbHO, MOMEHT CHJIBI, PACKPY4HBAIOIIMI MaXOBHK, PaBeH:

£

M=dF=dT=dm(g-a). (12)
JU1s NaHHO% CHCTEMBI MOMEHT HHEPLMH Npe/cTaBliseT coboil cymmy:
J = Jy + 4mgl* (13)

rae Jp = (19,4 = 0,2)10”° xr-m® — MomeHT HHepLUH MaxoBuka 6e3 106aBOYHBIX
Ipy30B.

Bripaxernns (11), (12),(13) no3BosisoT ycTaHOBUTE, KAKUM 06Pa3oM 3aBHCHT
BpeMs [IBHXKEHHUS rpy3a m OT PacCTOAHUA ¢ MeXy OChIO BpAIICHHS U LEHTPAMH
mace 100aBOYHEBIX IPY30B:

[ﬁ_}’ _ Jy +4myR} (14)
t Jy +4m,R?

Ecnu cTaBuTh ONBITH MPH Pa3NTHYHBIX Maccax Ipys3a m ;, a oJoXeHne 100a-

BOYHBIX I'DY30B HE H3MEHATH, TO U3 (7) u (12) cneayer Apyroe COOTHOIIEHHUE:
{5&)2 el (15)
f m,

ITpoBepka OCHOBHOTrO 3aKOHAa AMHAMMKH BPALIATEIBHOIO ABIKEHHS OCyIIe-
CTBJIAETCA ClenyromuM o6pa3oM: H3MepUB BpeMs t OIyCKaHHs Ipy3a Ha BRICOTY h
U3 COCTOSHHSA NOKOs [l pasiM4YHbIX 3Ha4YeHHH ero Maccel m M paccTosHuit R ot
LEHTPOB Macc N00aBOYHBIX IPy30B L0 OCH BpallleHHs MasTHHKaA, clexyeT ybe-
JIMTHCH B BEINIOJIHEHUHU cooTHOmeHu#H (14) u (15).

Ilopsanok BemoNHEEeHNs paboTel CM. Ha 1a6OPaTOPHOM CTEH/E.

KoHTpoJibHBbIe BonpoCkI

Yr0 Takoe MOMEHT HHEPLMH TeJla OTHOCHTENLHO OCH BpauleHus?

YTo Ha3bIBAETCH MOMEHTOM CHJIbl OTHOCHTENLHO OCH BpallCHUs?

[ToueMy np¥ BEIMOJHEHAH IKCIIEPUMEHTA IPY3bl Ha KPECTOBHHE JOJDKHEI

pacmonaraTbCsi CHMMETPUYHO OTHOCHTENBHO OCH BpalleHus?

4. HaliguTe cCKOpPOCTB Ipy3a H YrJIOBYIO CKOPOCTB BpAllleHHs KPECTOBHHEI Ye
pe3 Bpewms t 1ociie Havasla ABMXEHHUS HCXOs U3 YpaBHEHHA JUHAMHUKH H 3a
KOHA COXpaHEeHHS 3HEPIuHu.

. BeiBemuTe cooTHOomeHus (14), (15).

—

w

wn

| ;
\

\

\‘ f JlaboparopHan pabora Ne 1.5
OnpenejieHHe MOMEHTOB HHEPUHH TBEPABLIX TE ¢ NOMOIL L)
TpuduasipHoro moaseca

Lleny pabomei: SKCIIEpPHMEHTANBHOE ONpee/ieHHe MOMEHTa WHepIuH 00pas-
110B METOZOM TPHQHIAPHOTO No/IBeca U npoBepka Teopemsl LlTeiinepa.
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Onncanue SKCepHMEHTAIHON YCTAHOBKH
B nannoii nabopatopHo#t pabore mnpeacTaBneH emé ONUH IKCIEPUMEHTATE-

HBIM METOJ| ONpe/ie/IeHus MOMeHTa MHepuuy Ten J. [[ng 3Toro npuMeHsercs TpH-
Gunspaeiii nonsec (puc. 1). OH ucnonb3yeTcs AN ONpeneNeHHs MOMEHTa HHEp-
MK TeJl, HMEIOMMX 0Ch cuMMeTpuu. B nannoli nabopatopHoii pabote Tpuduisp-
HELH MMO/IBEC BAINOJIHEH B BHAE KPYTI0# miaTtgopmbl, NOABEIIEHHON Ha TPEX CHM-
METPHYHO PaCrONOXEHHBIX HUTAX, YKPEMIEHHBIX y KpaéB aToH nnardopmsl. Ha-
BEPXY 9TH HUTH TakoKe CHMMETPHYHO NMPHUKPEIUIEHB! K AUCKY HECKOJIBKO MEHbIIIE-
ro juamerpa, 4yeM Auametp maatdopmel. [lnardopma MoxeT coBepiaTh KpyTHIIE-
Hble KojlebaHusA BOKPYT BEPTHKaJIBHOH OCH, MEPHEHAUKYJIAPHOM K e€ INIOCKOCTH |
NpOXOoAsiied Yepe3 e€ MEHTp ¥ HEeHTp BepxHero aucka. [Ipu konebaHusX HeHTp
TSDKECTH IUIaT(OPMBI TepeMelaeTcst BBepX ¥ BHH3 BIOJEL OCH BpamieHus. [lepuon
Konebasuii 3aBUCHT OT Macchl IaTGopMbl. MOMEHT HHEPLMH, & ClIEH0BaTEIbHO,
¥ neproj Konebanu# OyayT MEHATHCS, €C/u MIaT$opMy HarpykaTh KAKHMH-THG0
TeNaMd. DTHM W TONBL3YIOTCS B JaHHOW paboTe s ONpejeNleHHss MOMEHTOB
HHEPIHH Tell.

thll ™|

h

Puc. 1. TpudunspHsli noasec

Jns BeIBOAa pacd€THOH (GOPMYJBl BOCIIONB3YEMCA 3aKOHOM COXPaHEHHs
HOJHOM MEXaHHYECKOH 3HepruH U1 H30IMPOBAHHOM CHCTEMBI:
E, + E, = const, (1)
[lycte E,; — MakcuMmallbHas KMHeTHYECKass SHEprus BpallaTeIbHOro IBHXKe-
Hus nnathopmel (B MOMEHT NPOXOXKAEHUs NONOXKEHUs: paBHOBECHS), a E,, — no-
TeHIHANbHAs SHePrus IaTGOPMEI B MOMEHT € HauBBICIIEro noabéMa.
B MOMEHT NpOXOXIAeHHs NOJNIOKEHHS paBHOBeCHS BhipaxeHue (1) naér:

E., = const = %Jmf,, (2)
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a B MOMEHT noaséma E,; = const = mgh, rne m — Macca nnatdopMsl, wy — €€ Mak-
CHMallbHasi yrjaoBas CKOpPOCTh, J — MOMEHT MHEpPUMH miatdopMmbl, h — MakcH-

MajibHas BBICOTA MoabéMa rutatopmsl. Toraa momydaem:
2

mgh =%, : 3)

Cunras, uyro muardpopma coaepmae'r rapMoOHHYecKHe KojebaHus, MOXHO 3a-
MMCaTh BRIPOKEHHE I 3aBUCHMOCTH YI/IOBOrO CMEIUEHHS ¢ OT BpEMEHHU B BHJE:
o LR
¢ =@ysin—-t, ' (4)

rae T - nepuon Konebanui, ¢, — aMnanTyna KoneGauui (MakcUManbHEIA yron, Ha
KOTOpLIH MOBOpauHBaeTcs miargopma).
U3 peipaxkenus (4) HaliiEM BETMYUHY MAKCHMAIBHOM yrnoaoﬁ CKOPOCTH (y:

dp 2np, 2n
@ =——=—2.00§—, 5
dt T (%)
OTCIOZIa NOJTyYaeMm:
2
@, = =12 (6)
W3 reometpudeckux coobpaxeHu#l (CM. puc. 1) MOXHO MOTyHHTh:
R-r-d* ;
h=— 7
5 (7)

rae R - paauyc HIOKHEH NIaT)OPMEI, I — pagryc BepXHer miardopMsl, [ — nanna
nojiBeca.
Iopcrasnsas (7) v (6) B (3) u pemwas nojy4eHHOE COOTHOIIEHHE OITHOCH-
TEJIBHO J, HAXOAUM:
g'R-r
4t
uma J = mKT, e K = 84';: - OCTOsAHHas nTpubopa.

=

72 (8)

3nas m u T°, mo dopmysne (8) MOXHO pPaccYHTaTh MOMEHT MHEPLHH MyCTOH
W1AaTQOPMEI J) H MOMEHT UHEepLHY NIaTHOPMEI C H3YUAEMBIM TENOM J,,.

Wcnone3ys alytMTHBHOCTE MOMEHTA HHEPLUHH, JUIi MOMEHTa HHEpLHUH Tena
Oynem uMeTh:

Jm =J- J(}.
OxonyaTensHO nonxydaeM, 4yT0 pacuyéTHas GopMyiia Ads MOMEHTa MHEpUHH Tela
JOJDKHA UMETh BHA:

I = ko(mT’ — moT7%), (9)
rie m — Macca IIaTQpOpMEl BMECTE C TeNIOM, m, — Macca MmycTo# muatpopmsi, T —
nepro Konebauui miuaThopMel ¢ Tenom, 7, — nepuon koneGanmii mycToi miar-
GOpMBEL.

Heo6x0maMBIM yCIOBHEM NPaBUILHOTO ONpeeNeHnss MOMEHTa MHEPIHH Ha
YCTaHOBKE ABJISETCA BpalleHue niaargopMbl BOKPYI CBOEH BepTHKAIbHOW OCH.
Besikue apyrue konebGanus HCKaXaloT onpeaesseMyro Benuduny. [lostomy nepex
paboTo XenaTeNsHo MPOBEPUTL COOCHOCTE BEPHEro IMcKa M Iiarhopmsl 10 OT-
BECY, & TAKXKe [PaBUILHOCTE N'OPH3OHTANBHOIO MOJIOKEHHA I1aTHOpPMEI O YpOB-



Hio. ['py3sl Ha mnardopme Hano pacmonaraTe CHMMETPHYHO OTHOCHTENBHO €&
LEeHTpA.
Ilopsyiox BeimonHeHus paboThl cM. Ha 1aGopaTopHOM CTeHze.

KoHTposibHbIe Bonpocsl

. UTO Ha3bIBAIOT MOMEHTOM MHEPIMH MaTepHAIBHON TOYKH H TBEPAOTO Tesa?

2. BoiBemuTe pacueTHYI GopMyITy, yKas3as, IpM KaKMX JOMYIIEHHSX OHA BbI-
BOIHTCA.

3.. O6bscHATE METON ONPENEICHASI MOMEHTA HHEPLMHA C IOMOIIBIO TPH(HISP-
HOrO NnojaBeca. :

4. ViaMepenus KakuX BEJIHYMH BHOCAT HAHGOIBILYIO OrPELIHOCTE B ONpee-
JIeHMe MOMEHTa UHEepLUHH Ten?

5. Cdopmymupyiite u nokxaxure Teopemy Lllteiinepa.

[u—

JlabopatopHasn paGota Ne 1.6
W3yuenne Oerymux 3ByKOBBIX BOJIH

Lfenv pabomyi: W3yueHHEe XapaKTEPUCTHK 3BYKOBBIX BOJIH, IPHHIIAIIA PETHCT-
pauyy KojebaHui NaBeHHS BO3qyXa C MOMOMUIBIO 3MEKTPOAMHAMHYECKOT0 MHUK-
po(oHa ¥ 3MEKTPOHHOro ocuuuIorpada, u3MepeHne AIHHBI U (asoBoif CKOPOCTH
3BYKOBOH BOJIHEL.

3gyx — xonebarenpHOe ABHXKEHHE, PACTIPOCTPAHSIONIEECS B ra3ax, XKHUIKOCTAX
u TBEPABIX Tenax. B XHAKOCTAX M ra3ax 3ByKoBas BOJNHA NpeAcTaBiseT coboi me-
PeMEIIeHne MOC/IeIOBAaTEIbHO YepeaAyroImuxcs Mexay coboi obnacreit cxartus u
paspexeHHus.

OcHoBHas# KOJIWYECTBEHHAs XApPaKTEPHCTHKA 3BYKa — 38yK080e OaeneHue —
NepeMeHHass 4acTh [AaBJIEHHUs, BOZHUKAIOIIAA IIPH NPOXOX/ICHHH 3BYKa B XHUIKO-
CTH WM rase. B Gerymeli BonHe, pacipoCTpaHsIOMWENCs OT HCTOYHHKA CO CKOpO-
CTBIO V, 3BYKOBOE JIaBNICHHE p NEPHOJANYECKH H3MEHSETCS C TEeYEHHEM BpEMEHH.
Konebanns 38yKoBOro AaBieHHs B TOYKe C KOOPAMHATOMN X = 0 (HenocpenCcTBEHHO
Y HCTOYHHMKA 3ByKa) OIIUCHIBAETCS BHIP@KEHHEM:

p(0,1) = pwsin(wt + @g), (1)
TA€ P — aMIUTUTY/Ia 3BYKOBOTO JABJIEHHS, @ — Kpyrosas (LMKIXYEecKas) 4acToTa
konebaHuH, gy — HavanbHad (as3a KosebaHui HCTOYHUKA.,

B Touke ¢ xoopaunaToi X > 0 xonebaHHs 3BYKOBOTrO [JaBJICHHA OTCTAIOT I10
(ase oT KoseOaHUH UCTOYHHKA, TAK KakK IS MPOXOXAEHHS BOJHOH PAcCTOSHHS X
TpedyeTcs BpeMs, paBHOE OTHOLICHHUIO X/V:

p(x,t) = pwrecosfw(t—x/v) + @qgf. (2)

Bripaxcenue (w(t — x/v) + ¢p) HasbiBaercs @a3ou BONHBL. OQHO3HAYHBIM
NPH3HAKOM, YKa3blBAIOIIHM Ha pacrnpocTpaHeHUEe BOJIHEL B Cpelie, ABJseTcs HanH-
qyue pasHocTd (a3 y konebanuit B pasnu4HLIX TOYKax npocrpaHcTea. B Gerynieit
BONHE KosiebaHMA ABYX TOYeK, HaXONAUIMXCS Ha PacCTOAHHH | npyr or apyra,
CABHHYTHI 1O dase Ha:
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b _ 2=mlv , 3)

A v

rae v, A —49acToTa ¥ JUTHHA BOJIHBI, V — CKOPOCTh PacipOCTPaHEeHHs BOJHBI B YIIPY-
roi cpene. :

IToBepxHOCTL OAMHAKOBOH (a3l C TEYEHHEM BPEMEHH PaBHOMEPHO Iepeme-
IaeTcs BIOJb OCH X CO CKOPOCTBIO V, KOTOpas Ha3bIBAETCH — (ha3080u CKOPOCMbIO
GONHYL.

Bonna xapakrepusyercs Kak BpeMEHHOH, Tak W IIPOCTPAHCTBEHHOH INepuo-
nu4HocTeiO. IIpocTpancTBeHHBIN Nepuon — dnuma eonHyl A — PacCTOSHHE MEKIY
OmxaiiMu ToukaMu, (a3l KoseGaHuH B KOTOPBIX COBMAaoT (T.e. OTIHYAl0T-
ca Ha 2nn, n = 0,1,2,3,...). JInuHa BOJMHEI paBHa pPacCTOSHHIO, HA KOTOpoe repe-
MeIaeTcs MOBEPXHOCTh OCTOSHHON (a3wl 3a nepuon konebanui T

A=v-T. (4)

I'padux 3aBUCHMOCTH IUIHHBI BOMHB! A OT nepuoza xonebanuit T umeer Bua

npsAMoi, npoxoasuiel yepes Hayallo KOOPIHHAT.

o = 2nx

OnHxcanue 3KCNepUMEHTaIEHON YCTaHOBKH

Cxema ycranosku usobpaxena Ha puc. 1. I'pomkorosoputens I', u3myqato-
IIHH 3BYKOBBIE BOJIHBI, MHTAETCH OT 3BYKOBOro renepatopa 3I'. 3BykoBas BOJHa
nocTHraeT MuKpodona M B nopoxaaer B ero Lenyu MepeMeHHoe HalpsiKeHune.

M I

— — — — —

_o

30 o

Puc.1 Cxema sxcriepuMeHTaIbHOH YCTaHOBKH

Mexny nepeMeHHBIM HaNpsHKeHHeM Ha BBIXOJe 3BYKOBOIO MeHepaTopa i Ha-
NpsSYKEHHEM, BO3HHKAIOMIEM B Llend MUKPO(OHa, CYIeCcCTByeT pasHocTh a3 ¢, 3a-
BHCAINAs OT B3aHMHOIO PACIOJIOXKEHHA MHKpO(OHa M rpomkorosopurens. Ilpa
nepeMelieHHH MAKpPO(DOHa 10 U3MEPUTENBHOM CKaMbe Ha paccrosHue / = An, co-
CTaBJIAIOIIEE IeJI0e YHCII0 BOIH, Pa3sHOCTh (a3 ¢ H3MeHseTcs Ha 27n.

PasnocTs a3 ¢ onpenenserca mo dopme JUIHICA Ha 3KpaHe ocnmutorpada:
eC/Ii BepTHKaIbHBIE MUIACTHHBI OCLMIUTOrpada COeAHHEHBI C BBIXOJOM 3BYKOBOI'O
reHepaTropa, a FOpH30OHTalIbHBIE — C MUKPO(OHOM, TO NPH pa3HoCTH Qa3 ¢ = 2nn
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(n = 0,1,2,...) 3/UIMIIC BEIPOXKIAETCA B MPAMYIO, MPOXOMALLYIO Yepe3 NepByio H
TPeThIO YETBEPTH KOOPAMHATHOH IUIOCKOCTH, & NpH ¢ = n(2n + ]) — B npsaMyro,
IIPOXOASAIIYHO Yepe3 BTOPO# ¥ YeTBEPTHIN KBANPaHTHI.

INopsAnok BeIMONHEHUs paboThl cM. Ha 1ab0paTopHOM CTEHe.

KoHTposbHble Bonpocsl
1. KakoB MexaHH3M paclpoCTpaHEHHs 3BYKOBBIX BOJIH B Bo3ayxe?
2. Yro Takoe 3Byk? [lepeyuciure XapakTepHCTHKY FapMOHHYECKOH 3BYKOBOH
BOJIHBI ¥ CHOPMYIHPYATE HX ONpENC/ICHUA.
3. B uéM 3aKmoyaeTcs NpUHLHAT AeHCTBHS MUKPODOHA B TPOMKOTOBOpUTEIN?
4. Kax ¢aza Gerymiei BoJHbBI 3aBUCHT OT BpeMEHH H KOOPIHHATHI?
5. OnumuTe criocoObl H3MEPEHU JIMHE! BOJHEI H CKOPOCTH 3BYKOBO# BOJIHEL,
peanK30BaHHbIe B JaHHO# nabopaTopHo# pabore.

JNlabopaTtopHas pabora Ne 1.7
H3yyenune crosued BOJHbI

Llens pabomei: paccYUTaTh CKOPOCTh M YAaCTOTY PacrnpoCTpaHeHHA UMIY/bca
nedopMalHH BJIOJb CTPYHBI TEOPETHYECKH M M3 IKCNEPHMEHTAIBHBIX NaHHBIX H
CPaBHHUTb Pe3yNbTaThI.

ITpumepom konebaTenbHOM CHCTEMBI, B KOTOPOH MOXHO MOJYYHTh CTOSYHE
BOJIHEI, MOXET CIY)KHTh CTpyHa, HATAHYTas MexXay AByMs Toukamd. Tak kak To4-
KH 3aKpeIlIeHHs] CTPYHEI SBISIOTCS y3JlaMH CTOSYHX BOJIH, TO B CTpyHe BO30Yx-
naroTes KoneGaHus JHIIL TaKWX YACTOT, TPH KOTOPHIX Ha AJNWHE CTPYHBI YK/Iaisl-
BaeTcs [1eJioe YHCIIO MOIYBOJH Oeryieil BOJMHBI WM, KaK TOBOPAT, YKJIa[bIBaeTCH
Henoe YHCIO0 CTOAYMX BOJH (A/MHA CTOSYeH BONHBI paBHa NOJIOBHHE JUIHHBI Oe-
rymei Bomusl). cxoms u3 37010, MOXHO 3aIIuCcaTh:

A

n

=
R (1)

roe - mmna cTpyssl, 7 = 1,2,3,... - YMCNIO CTOSYHX BOJH, 4, — AnuHa Gerymei
BOJIHBI [IPH Pa3HbIX U H, CIie0BaTeJIbHO, PA3HBIX N.

V4uTEIBas CBS3b CKOPOCTH PAcHpOCTPaHEHHsS UMITynbca Ae(OopMaliH BAOIb
CTPYHBI v C YACTOTOH KoNeGanuil CTPYHB! V COOTHOIIEHHEM v = 4 v, IIoNy4aeMm:

n
Yy = 2% v (2)

CneoBaTelbHO, CTpYHA MOXeT KonebaThes He ¢ OIHOW YacTOTOH, a ¢ LiesIbIM
CHEKTPOM YaCTOT, YTO COOTBETCTBYET TOMY (aKTy, YTO CTPYHA MOXKET paccMaTpu-
BaThCA KaK CHCTeMa, COCTOsmas u3 GECKOHEYHOro Yucia MaTepHalbHBIX TOYEK.

OmBIT MOKa3bIBaET, 9TO CKOPOCTH PACHpOCTPaHEHUs MMITYJIbca nedopmanui
BIOJs CTPYHBI ONpeJenserTcs BeNHuMHON HanpsokeHHs P CTPyHBI W JHHEHHOMH

m
IIOTHOCTBIO 7=~ MATCpHana CTPYHEI.
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Orta 3aKOHOMEPHOCTh MOXeT OBITh pacKphiTa, ecili NPHMEHHTh METOX pas-
MepHocTe#. ITycts

v=f(P ) =P"7, (3)

HO P = mg, 1o ecth [P] = [k2 - m/c’] wm [P] = MLT?
roe M — pasMepHOCTb Macchl, L — ItdHEl, T — BpEMEHH.
Ananornuso [7] = ML”, tak xak ¢ = %

[v] = LT, cnemopatensro, o popmyne (3) momydaem:

LT = (MLTSME Y i B s w LA MR A1 TR

IlpupaBHuBas noxasaTeny cTeneHeH NEeBOH M IpaBoOi YacTeH ypaBHEHHS, NoJTyda-
eM: m—-n=1, 2m=1 m+n=40
W3 aTHX TpEX ypaBHEHHH HMeeM:

m= —2' s A= '—E .
Taxum obpazom, nonmyyaem
v=f(P1) =P = JE : (4)
T
Orcroza nmomydaeM OKOHYATeNbHOE BhIpaXEHHE IS 4aCTOT KosNeGaHuit CTpyHbL:
n P
L S0 5
e ()
Bripaxkenus (4) u (5) MoxHO 3anucaTh 4epe3 00bEMHYIO IUIOTHOCTE p MaTe-
Hajia c bl. Tak kak =3,a =-’£=—-"-'—,T0
P TPYyH PR TR ps e
T 4
=— 6
pRSEs (6)

2
Jiis cTpyHE S = r:d (d — nuameTp CTpyHBI).

IToxncrasus 3Ha4enue T U3 BeipakeHHs (6) B (4) u (5), nomyqaem:

2 P
v=;\/g, ™)

T (8)

4d \ mp

Bripaxxenus (7) u (8) mo3BonsIOT BBIMMCINTE YaCTOTHI COOCTBEHHBIX HIIM
HOpManbHBIX Konebanui cTpyH. Hanbonee obmum cirygaem konebanus CTpyH sB-
nsetcs KonebaHue, B KOTOPOM OZHOBPEMEHHO NPHCYTCTBYIOT BCE N COOCTBEHHBIX
konebanuii. Jlio6oe cnoxHoe KoneGanue CTPYHBI MOXeT OBITh NPEACTaBICHO KAk
HaJIOXKeHue (CyTepo3uLksa) MHOTHX COOCTBEHHBIX KoJieOaHUH, OTIHYAIOIIHECS HE
TONBKO BEMYMHAMHM CBOUX YacTOT, HO W BEIHYHHAMM CBOUX aMIUIATYZ AJs OT-
JIeNbHBIX TOYEK CTpYyHBL. Pacnpenenenne aMImUTy X OTAEIBHBIX TOYEK CTPYHBI IIPH
cODCTBEHHBIX KOJNeOaHHWAX IS pa3IMYHBEIX 3HAYEHHWH N MMeeT BHJ, H300paxéH-
HBIHA Ha pHC. 1.
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V'/—_—_—_—‘__‘\\E n =1 — ocHOBHO¥ TOH

) O6GepToHEI
_ WITH
\ m, = \ﬂ n=3 rapMOHHKH
Puc.1.

OnucaHye IKCIEPUMEHTAIbHON YCTAHOBKH
CxeMa YCTAaHOBKH NpejcTaBiieHa Ha puc. 2. CTpyHa HATArMBaeTCs Ha HEKOTO-
poii BeICOTE MEXIY cToWKamu nopcTaBku. OIHH €€ KOHell 3aKperI€H HemoaBHXK-
HO, @ K IpyroMy KOHIY, IIEpeKHHYTOMY depe3 OJI0k, NpUKperieHa Jalka ¢ rpysa-
MH, C OMOIIBIO KOTOPBIX B CTPYHE CO3aETCSA HAaTKEHKeE.

i
/_\t.h;@\eN

i W

Puc. 2. Cxema 3KCIIEpUMEHTANIEHON YCTaHOBKH

3ByKOBO# redeparTop BEHIpaGaTHIBAaeT EKTPOMArHHUTHbIE KojebaHus, 4acTo-

]‘ TBI KOTOPHIX HAXOJATCSA B HHTEpBAIE YacTOT CIBIIUMOro 3Byka (20 — 20000 ).
OT reneparopa 3JIeKTpH4ECKHX Konebanuil Ha CTpyHY MOAaéres NepeMeHHoe
| HanpspkeHue. BIoib CTPYHEI, O MO/ICTaBKe, Ha KOTOPO# OHA 3aKperjeHa, MOKeT

CBOGOAHO IEPEMEINATECS MArHUT.

VY4acTok CTPYHB! ¢ T2KYyIIEM IO HeMY [epeMEHHBIM TOKOM NONaiaeT B MoJje
DOCTOSHHOTO MarHuTa. Beie[CTBUE 3TOr0 Ha CTPYHY NEHCTBYET BHEIIHAA EPUO-
nuyeckas cuna (cuna Amiiepa). YacToTa MU3MEHEHUs 3TOH CHJIBI paBHA 4YacTOTE Me-
peMenHOro Toka. B Tom ciydae, Korja yacToTa reneparopa OyAer coBmanarth C
OJHOM M3 COOCTBEHHBIX YacTOT KonebaHuH CTPYHEI, a MOJOXKEHHE MOJIIOCOB Mar-
HHATA — C MyYHOCTHIO CTOS4eR BOJHbI, COOTBETCTBYIOLIEH JaHHOH YacToTe, Habr0-
naeTcs sBJIEHHE Pe30HaHca: Ha CTPYHE yCTaHABJIMBACTCs CTOAYIad BOJIHA.

Crtpyna Jlo/okHa GbITh W3 HEMArHMTHOTO MaTepuana, HHade oHa Gy/ieT NpuTs-
rUBaTHCS K OZHOMY M3 IIOJIFOCOB 37IeKTpoMarauTa i e Konebanus OynyT Hapylie-
HBI.

21



INopspok BeInonHeHus paboTsl cM. Ha 1a6OpaTOPHOM CTEHJE.

KonTpoabnbie Bonpochl
1. Yem cTosvas BomHa oTiM4aercs oT Gerymei?
2. BeIBenuTe ypaBHEHHE CTOSYEH BOJIHEL
3. Tloyemy npu OTpa)KEHHH OT 3aKPEIUIEHHOH TOYKH CTPYHBI IPOHCXOMHUT 1O~
TEPs MOJIOBUHE! JUIHHEI BOJIHEI?
4. KaxoBBI HCTOYHHMKHM NOrPENIHOCTEIl B JaHHOM 3KCIIEpAMEHTE?

NaGopatopHas pabGora Ne 2.1
Onpene.ueﬂne JUHAMHYECKOH BA3ZKOCTH BO3AYXa H Tra30KHHETHYC-
CKOro AMmamMeTpa MoJIeKyJa

H&ﬂb paﬁomu.’ H3yUeHHE MEXaHH3Ma BOSHHKHOBECHHA BHYTPEHHEr o TPEHUA B
IIOTOKE rasa.

Basxocmb (6HympenHee mpeHue) — 3TO CBOMCTBO PEaJIbHBIX Ia30B W JKHJIKO-
CTE€H OKAa3hIBATh CONPOTHBJIEHHE NEPEMEIIEHMIO OMHON YacTHIB! BENIECTBA OTHO-
CHTEILHO ApYrod. Bo3HUKHOBEHHE TPEHHS MEXIY COCEIHHMH CIOSMHM Tra3a, JIBHU-
KYIUMHCA C pasiHYHBIMH CKOPOCTSMH, OOYCIOBIEHO TEIJIOBHIM XaOTHYECKHM
ABIXKEHHEM Molnexyl. B pesynsrare oOMeHa MOJeKyiaMi KOJIUYECTBO JABHIKEHHS
(aMmysec) oT cios, mepemeniaromierocs OpiCTpee, mepenadics CIOK, NepeMe-
maroIeMycs MeUIeHHee.,

Crna BHYTPEHHEr0 TPEHHS MEXAY COCEIHMMH CIOSIMH 3aBMCHT OT TOrO, Ha-
CKOJIBKO OBICTPO MEHSETCA CKOPOCTh T€YEHMs rasa v OT CJIOS K CJIOK M YBEIWYH-
BAeTCs C POCTOM IIOIAAM CONPHKAcaloIMXcs cnoéB. [ paduenm cxopocmu meve-
Hus — QU3nYeCcKas BeTMYMHA, XapaKTepHu3yiomas GbICTPOTY H3MEHEHHs CKOPOCTH
IIOTOKA vV OT CNos K cioro. Eciu ras Ted€r BOONL UUIMHAPUYECKOW TPYOKH, TO
CKOpPOCTh €ro IEpPEMEIIEHHs 3aBHCHT OT paJHanbHOH KOODAMHATEI I U TPAIHEHT
CKOPOCTH IIOTOKa paBEeH NPOH3BOLHOM %

BenmuyiHa CHIIbI BHYTPEHHEr0 TPEHUS ONPENeNsieTCs 3aKOH, YCTAHOBJICHHEIM
W.HsrororoM B 1687 rony:

dv
=pile 1
= (1)

rae S — nnomans 60KOBOH MOBEPXHOCTH ABUXKYIIErOCs CJIOS BEIECTBa, # — KO-
3(dUNMEHT NPONOPLMOHANBHOCTH, Ha3bIBAeMBIN Jduxamuyeckou eéazxocmvio. Cu-
7a BHYTPEHHEr0 TPEHHS HaNpaBJieHa [0 KacaTeNbHON K TIOBEPXHOCTH CNIOS IIPOTHB
BEKTOpa CKOPOCTH ITOTOKA.

3HaK MHHYC B BeIpaXeHHH (1) moka3bIBaeT, YTO NEPEHOC UMITYJIbCa IPOUCXO-
IMT B HANpAaBJIeHUH YOBIBAHMA CKOpocTH moTtoka (puc. 1). B ycnoBmsx crammo-
HapHOTO 6e3BMXpeBoro (JlaMHHapHOro) Te4eHMs NpPH IOCTOSHHOM TeMmeparype
OUHAMHYecKas BA3KOCTh ra30B — IOCTOAHHASA BeIMYMHA, HE 3aBHCSINAs OT rpaiu-
eHra ckopocTd. Enunnna usMepenus Bsaskoctd 1 ITac (Ilackans-cexynna) pasHa
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IMHAMHYECKOH BS3KOCTH CpeZlbl, B KOTOPOH IIPH JaMHHapHOM TEYeHUH U Tpajiu-
31-%1'8 CKOPOCTH, paBHOM 1 M/C, BO3HHKaeT Cuna BHyTpeHHero Tpenus B 1 H npu 1
M” IUIOII@IX TIOBEPXHOCTH KacaHHus CJIOEB.

MBEIC/IEHHO BBIZEIMM B MOTOKE rasa mo Tpybke mmmHOM [ u nuamerpom 2R
OATMEAP pamuyca r < R, muomans GOKOBOH NMOBEPXHOCTH KOTOPOTO S = 2nrl.
Cuna TpeHus, ASHCTBYIOIIAs CO CTOPOHBI COCEJHHX CIIOEB HA Ta3 BHYTPH BblIe-

JISHHOI0 HUJIMHApPa, paBHa.

dv
F = =p 2nrl . (2)
dr
»
o
N == V]
Hanpasnerue
rpajfiMeHTa CKo- > Vs Hanpapnenue
POCTH TEUEHHA niepeHoca Mm-
MynbLca B MOTOKE

=R
Puc. 1 MexaHyu3M BO3HHKHOBEHHA BHYTPEHHEr0 TpeHUH

B cran@oHapHOM NOTOKE rasa CHjla BHYTPEHHEro TPCHHA ypaBHOBELIHBACTCA
Pa3HOCTBIO IaBJIEHHH Ha KOHIAX LIMJIMHAPA:

Aprr? = -7 gdK-Zm-l . (3)
¥

B pesynpTaTe MHTErpHMpOBaHMA ypaBHEeHHs (3), mojaras, UTO HEMOCPENCT-
BEHHO Y CTEHOK CKOPOCTb TEUEHHS paBHa HYIIO, IOIyJHM 3aBHCHMOCTH CKOPOCTH
TeveHHs rasa OT paCCTOAHHUSA 10 OCH TpyOKH:

Ap 2 2
=——(R*-r7). 4
w(r) b S (R 1) (4)
3a Bpems t yepe3 TPyOKy MpoTedéT 06bEM rasa V, paBHBIH:
R pi
p= [vet-2zer-dr==2 X “Ap-t. (5)
g 8n L

BriBenennoe cooTHomenue (5) momyunno Hassanue gopmyna Ilyaszeuns. Ta-
KEM 00pasoM, H3MepUB 00BEM rasa, IPOLIEAUIEro Yepes TpyOKy, MOKHO OIpene-
AT BEUYHHY €r0 8A3KOCMU:
m-R'-Ap-t
s (6)
8:-v-2

MeTonuka 3KCHepUMeHTa
Cxema yCTaHOBKH, MCNOJIb3yeMOii B paboTe Ui H3MEpCHHS IAHaMHYECKOH

BSI3KOCTH BO3[yXa, H300paxceHa Ha puc. 2. Ecin OTKphITE KpaH 4, Bo3lyX 4epes
kamuuisp 1 moctymaeT u3 atmocdepst B 6alI0H 3. O6®EM mocTynatouero B 6a-
JoH Bo3xyxa Q paeeH 00BEMY BhITEKalOLIeH 13 GajnoHa BOMIEI.
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O6BEM BBITEKIIEH BOJBI ONpEENseT IPH NOMONIH MEH3YPKH 5. C HOMOMmBIO
JMHEAKH 2 ONpeAensercs cpedHee 3HaueHue nepenada OaeneHus dp B npouecce
OIIBITA:

dp =peg(h) + h)/2, (7
rae h; 1 h; — NO0XKEHUs YpoBHe# BOBI B HAYANE H KOHLE OMBITA, g — YCKOpeHue
CBOGOZHOTO NaieH s, p, — MIAOTHOCTE BOJBL.

A RER A

Puc.2. Cxema 3KcriepMMEHTANLHON YCTaHOBKH:
1- xanuAp; 2 ~ nnHelKa; 3 — 6a/UI0H ¢ BoAoi; 4 — KpaH; 5 - MeH3ypKa

Iozcrasus B (6) Bemunny nepenana nasnenns (7), nonydum GopMmyny wis
ONPeNIeNICHUS OUHAMUYECKOU BA3KOCMU:

n=KA 0y, (8)
4
k=ZRrsg (9)

16/
Ilocrosrnas K cnabo 3aBHCHT oT Temneparypsl. E& MOXHO paccMaTpuBaTh
KaK MOCTOAHHYIO Npubopa, 3Ha4eHke KOTOPO# yKka3aHO Ha YCTAHOBKE.
MonexynspHo-kuHeTHYeckas TeOpHs TO3BONSET  YCTAaHOBHTh  CBA3H
AMHaMHYECKOH BA3KOCTH rasoB C IUIOTHOCTh rasa p, CpelHel CKOpoCThio (v) H

anuHOH cBo6oHOrO Mpobera A Mosiexky:
1
n=§p(v)fl, (10)

0)= =L, (11)

1
A= ! 12
J2mr d’ 2)
rae T — abcomoTras Temneparypa, k = 1,38:10% [[x/K — moctostanas Bonsivana,
m — Macca MOJIEKYJIBI Ta3a, N — KOHUEHTPAIHS MOJNEKYL.
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IIpu seiBoze (10) monaraercsi, 9T0 MONEKYJbl MPEACTABIIAIOT COOOH rnankue
yIOpyrue mapsl ¢ guameTpoM d, KOTOPBIH Ha3bIBaeTCs 2a30KUHEMUYecKuM oud-
mempom monexynvt. Beipaxenns (10) — (12) mo3BonsiOT CBA3aTs BA3KOCTE rasa U
rasoKMHETHYECKNH JUAMETP MOJICKYJIBI COOTHOIICHHEM:

M AT
= ST ST (13)

?r Nﬂ J}; .
rie M — MonspHast Macca rasa (uis Bosgyxa M = 29 r/mons), N, = 6,0210* mons
— 4uciio Asoraapo.

[Mops10K BBITONHEHHS paGoThl CM. Ha 1aDOpaTOPHOM CTEHIE.

d

KoHTpoibHbIE BONIPOCHI
1. B uém npuyMHAa BHYTpEeHHEro TpeHHs (BA3KOCTH) B rasax?
2. Kakoe aBueHHe ra3a Ha3biBarOT JJAMHHAPHBIM?
3. Or 4ero 3aBMCHT BA3KOCTH rasa?
4. Yto Takoe ra3oKHHEeTHYECKHH THAMETP MONEKYJIbI?

NaGopatopHana pab6oTa Ne 2.2
Ilanenue Tesia B BA3KOMH cpeae

LJene pabomui: u3ydeHue 3aKOHOMEPHOCTH IaJIEHUs TeNl B Cpelle C BA3KUM
TPEHHEM.

Ecnu B Bs3koil cpeie (KHAKOCTH) ABMXKETCA TBEPAOE TEJIO, TO HA HETO JEHCT-
ByeT CHJIa TPEHHs, IPONOpLMOHANbHAS CKOPOCTH Tena. B 4acTHOCTH, Ha mIapuK
panuyca I, ABMXYLIMICA B HEOrpaHHYeHHON cpeae ¢ HeGOJBIION CKOPOCTHIO V,
IeiCTBYeT CHJIa CONTPOTHBIICHH A, ONpeeseMas BhIpaXKeHHEM:

Fopse=6mrnv, (D)
TZie 77 — BA3KOCTh (KO3QQHUIMEHT BHYTPEHHETO TPEHHS) CPeIbl.

3akon (1) ans cHABl BA3KOro TPEHHsS B Cpeie HasbiBaeTcs 3akoHom Cmokca.
Tpenue, cuna KOTOPOro MpONOPLHOHANbPHA CKOPOCTH Tela, NMPUHATO Ha3biBaTh
“OcudKum mpenuem’ B OTIIHYHE OT ‘‘Cyx020 mpeHus ", IPA KOTOPOM CHJIa TPEHUS
IPONOPLHOHAIBHA CHJIe HOpPMAaNbHON peakiuu ornopsl, I1pu najeRuH maprka pa-
JHyca I B )KHIKOCTH HA Hero AecTByroT 3 ciusl (puc. 1): cuna TskecTd — ), BBI-
TankuBalomas cuia (cuna Apxumena) — F,, cuna tpenus — Fj:

Fi=43nrpg

F,=4/3=xn r3p2g, (2)

F. 3= F, 8AIK
€ p; ¥ py — IIOTHOCTH T°iia ¥ XKKAKOCTH, COOTBETCTBEHHO.
F T e
F;

Fa

F
X Vv et

Puc. 1. Cuiisl, A€HCTBYIOLIHE Ha mezz?mc, nangaloiuii B BA3KOM cpele



HanmpaBuM OCb KOOpAMHAT X BHH3 MO BepTHKaIM. B 3TOM ciydae mpoexuus
CHJIBI TSDKECTH Ha OCh MOJIOXKHTENbHA, a NPOSKIHH CHII ApXHMeJa ¥ TPeHUA — OT-
pHlaTeNbHbl. B npoekuun Ha 0Ch X ypaBHEHHE ABH)KEHHS IIapuKa MMeeT BHL:

dv .
m—=F-F,~F, (3)
IToacrasoBka B BelpaxeHue (3) 3mauenudt cun (1), (2) no3sonser npu-

BECTH ypaBHEHHE [BH)XECHHUS LIAapUKa K BHILY:

& 1 (_p
®1y-(i-2,, @)
rae
2
=214, (5)
9 n _

g — ycKopeHHe cBOOOIHOro najeHus.

PemenueM ypaBHeHHA (4) ABNSAETCA 3aBHCHMOCTH CKOPOCTH JBHXKEHMA Ila-
pHKa OT BpeMEHH BUJa:

V(1) = v,— (v, —vg)e”, (6)

Tie Vo — HayalbHas CKOPOCTh IIAapHKa B MOMEHT BPEMEHH fj, KOTa OH HaXOAUTCH
Ha MIOBEPXHOCTH XHIAKOCTH, V), — CKOPOCTb YCTaHOBHBLIErOCH [ABIKEHUSA (APHKA.

Ha pucyrke 2 n306paxéH rpaguk 3aBHCHMOCTH CKOPOCTH LIapHKa OT BpeMe-
HH. JIyHKTHpHasA KpMBas COOTBETCTBYET ClIy4alo, KOrja HadajlbHas CKOPOCThb Vy;
GonbIe CKOPOCTH YCTaHOBHBIUErocs ABMKeHHS v, CrjlommHas KpuBas COOTBETCT-
BYeT CIIyHaro, KOT/ia Vpz < v, CKOpOCTb yCTaHOBHBILErOCS ABHXKEHHS ONpejensier-
Csl BEIp&KEHHEM:

Yy

=Z(P.-Pz)-r"g (7
9 ]

C TeueHneM BpeMeHH (NIpH { — o) CKOPOCTb IapHKa v HE3aBHCHMO OT
BEJIAYMHEl HAYalbHOH CKOPOCTH MIBHXEHHA Vo CTPEMHTCS K IOCTOSHHOMY
3HAYEHHIO, PaBHOMY vy. IIpMuMHA 3TOro 3aKiIxO4aercs B IPONOPLUOHAIBHOCTH
CHJIBI BA3KOTO TPEHHS M CKOPOCTH ABMXKEHHWA mapuka. Ecim HavansHas CKOPOCTH
fonblue ycTaHOBUBIUEHCS, CyMMa CHJIBI TPEHHS M CHJIBI ApXHUMeJa, TOPMO3SAINHX
mIapHK, GobiIe CHMIBI TSKECTH, - MapHK ABHXETCA 3aMme/uieHHo. IIpH HavyanbHOH
CKOPOCTH, MEHbIIE YCTaHOBHBIIEHCH, CyMMa TOPMO3ALMX CHJI MEHbBIIE CHIIbI
TSDKECTH — JBH)KEHHe INapuka yCKOpeHHoe. B ciydae paBHOMEPHOIrO ABHXKCHHA
CHJIBI, AEHCTBYIONIME Ha IIapHK, YPaBHOBEILIHBAIOT APYT ApYTa.

CxopocTh YCTAaHOBHBINEroCs ABH)KEHHA MOXKHO OINpENeNdTh 3KCHepHMeH-
TAILHO, H3MEPHB BPEMs PABHOMEPHOI'O NaleHHs Mapuka A7 Ha y4acTKe JTHHOM /:

e (8)

At
Onucanue SKCrepHMEHTAILHON YCTaHOBKY

DKCIepMMEHTANbHAS YCTAHOBKA NpeACTaBiseT COOOH LMIWHIPHYECKAH CO-
Cyll, 3aNOJHEHHBIN BA3KON JXKUAKOCTHIO (rmunepuHoM). Ha BHelIHEeH MOBEpXHOCTH
COCYZa HMEIOTCS JBE OTMETKH, PacrlofioKeHHBIE Ha PacCTOSHUM [ IpyT OT Apyra
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(puc. 3). IlepBast oTMETKa HaHECEHa B TOM MECTE COCY/a, TA€ ABHIKCHHE IIapuKa
y)Ke YCTOsSIBIIeeCH H CKOPOCTh ABHIKCHHSA HE MEHAETCH.
Vi

W

b

1! —

v,

Lo
il

0 t

Puc. 2. 3aBHCUMOCTb CKOPOCTH JIBHXKEHHUS IapHKa OT BpEMEHH
A5 pa3IAYHBIX HaYyallbHbIX yCIOBHH
B mpomecce ompiTa B JKHAKOCTE GpocaroT HEQONBUIOH LIAPHK H M3MEpAIOT
BpeMs ero majgeHus 4t Ha y4acTKe MeXIy OTMETKaMH. Paguyc miapuka » MHOTO
MeHbIIe paguyca cocyaa. YToGbl pH MOrpy)KeHHH MapHKa B XHAKOCTE K HEMY He
IIPUIMIIANE Ty35IPBKH BO3MyXa, €r0 NPEABAPUTENbHO CMAYHBAIOT INIHLIEPHHOM.

4=

Puc.3 CxeMa 3KCIIepEMEHTATbHOM YCTaHOBKH

TopsAaoK BEIMONHEHUA paboThl CM. Ha nabopaTopHOM CTEHIE.

KoHTpo/ibHbIE BONPOCHI

1. Chopmynupyiite Bropoii 3akoH HeloTOHA.

2. Ilpu KaKuXx yCIOBHSAX TENO ABHXETCS paBHOMEPHO H NpSAMOJIMHEHHO?

3. Kakum 06pa3oM CKOpOCTb [BHXEHHs IAPHKA B JKHAKOCTH 3aBHCHT OT Bpe-
MEHH?

4, TloyeMy CKOPOCTb YCTAHOBHMBIIErocs ABMKEHHUS IIAPUKA HE 3aBHCHT OT Ha-
YaJbHBIX yCIOBHH?

5. Tloctpoiite rpaduKy 3aBUCHMOCTEH yCKOPEHHS [apuKa s ciy4daes, NpH-
BeIEHHEBIX HA pHC. 2.
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INaGopartopHas pabGora Ne 2.3
OnpenesieHne OTHOMIEHHS TENJIOEMKOCTEH BO3yXa METOIOM
agnabaTnyeckoro pacuupenus (meroa Knemana — JIezopma)

Llens pabome:: onpenenenne y = C,/C, Ui BO31yXa Npu aTMochepHOM [as-
JICHHH H CpaBHEHHE IOMYYEHHBIX pe3yJIbTaTOB C BHIBOZAMH MOJIEKYISPHO-
KHHETHYECKOH TEOpHH Ia3oB.

TennoémkocTeio BemecTBa HassIBaeTcs QU3NYECKas BeTMYHHA paBHAA KOJIH-
9eCTBY TEILUIOTHI, KOTOpOe HeoOX0AUMO [UIA HarpeBaHHus BewlecTsa Ha 1 K:
o8 (1)
dt
BennynHa TenmoéMKOCTH 3aBUCHT OT POJia BEILeCTBA W OT YCJIOBHHM, NP KO-
TOPBIX MPOMCXOXMT ero Harpepanue. Konuvectso Teruiorsl dQ, coobmaemoe Be-
LIEeCTBY, MAET HA NpHpalleHHe ero BHYTpeHHeH 3Heprud dU U coBepIIeHUs Bele-
cTBOM paboTH! HaJl BHEIIHUMH TEJIaMH:
dQ =dU + dA. (2)
Bripaxenue (2) npexcrasnser coboli MaTeMaTH4ecKyro 3anuck I nagana
TEePMOIHHAMUKH.
B ciryyae Harpesanue BeliecTBa IpH NoCTosHHOM 06bEMe, coobmaemas emy
TennoTa HAET TOJNLKO Ha H3MEHEHHE ero BHyTpeHHed sHepruu. [lostomy Temio-
€MKOCTE IIPH NOCTOSHHOM 00BEMeE onpeeNseTcs COOTHOLIEHHEM:

dUu
Gy =2 - €)

Ecnu BeniecTso Harpepath Npu MOCTOSHHOM IaBJE€HHH, TO TEMJIOTA UIET He
TONIBKO Ha YBENWYEHHE BHYTPEHHeH 3HepruM, Ho W Ha paboty m306apuueckoro

paclIHpeHus:

_dQ_dU+dA_dU. o dA, . dd
C*"—dT_ a7 (dT)y+(dT),.—Cy +(dT)”' (4)

Ha#iném snavenus C, u C, Ha npuMepe HieaqpHOro rasa.

Tenno&mxocTs 1 MONS MueaNLHOro rasa IpH IMOCTOSHHOM 00BEME SBJIIETCSH
BEIMYHHON TOCTOSHHOM, HE3aBHCAIIEH OT TEMIIEpaTyphl, H ONpefleNseTcs BhIpa-
KEHHEM:

¢, =%, =&, =Lz (5)
dr dr 2

IIpn mOCTOSHHOM HaBJIEHHWH, B COOTBETCTBHM C ypaBHeHHeM MeH/eneeBa —
Knanefipona nns ogHoro mMons uaeansHoro rasa, dd = pdV = RdT. CinepnoBarens-
HO, TEINIOEMKOCTE NPH TMOCTOSHHOM OaBJICHHH OIpefeNseTcs CIeNyIOUMM BElpa-
JKEHUEM:

C,,=(ig-,,=(d—U),,+(£),,=-'—R+R=C,,+R. (6)
dar dT dT 2

1o ypaBHeHHe B (u3MKe HasbiBalOT ypasHenneM P.Maiiepa. Ora onpenesns-
eT pasnu4ne Ternoémkocredt C, u C, 18 HaeanbHOro rasa.

Henocpencrsennoe usmepenune C, 1 ocobenno C, 3aTpyJAHHTENBHO, TaK Kak
TEMJOEMKOCTh ra3a COCTaBJIAET HHYTOXXHO Mayl0 OO TEIIOEMKOCTH COCyHa,
3aKJIIOYAKOIIEro ras, Mo3ToMy W3MEpAIOT COOTHOIIEHHE BETHYHH:
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Cr k43
7=-—e'=-“.“*

Cy i
TaK KaK OHO JIMIIb YHUCJIOM CTEleHeH cB0o6OIBI MOJICKYJI Irasa.

(7)

Teopus METOAA ¥ ONMCAHUE YCTAHOBKH

B naunoii paboTe onpenenenke COOTHOMECHUS TEMIOEMKOCTEH POU3BOAUTCA
METOZI0M, OCHOBAHHOM HA MCCIeIOBaHMH HEKOTOPOH Macchl BO3MyXa, MOCIe/10Ba-
TEJNBHO MPOXOAAIIEH Yepe3 TPH COCTOSHHA.

CxeMa JKCIIepMMEHTAIbHOM YCTaHOBKY NpUBencHa Ha puc. 1. TorKocTeHHBIH
cocyz 1 BMecTHMOCTEIO 20 JI, COEAMHSIOIIHMACA C OTKPBITHIM MAHOMETPOM 5 M Ha-
cocoM 4, ¢ MoMOImBIO KpaHa 2 MOXKET COeNHHAThCs ¢ atMocdepoit. Kpad 3 nosso-
nseT W3oaMposath Hacoc 4 ot cocysa l. M30piTouHOE, MO CPaBHEHHIO C aTMO-
chepHBIM, faBreHne Bo3ayxa B cocyne | uamepsior U — 06pasHBIM MaHOMETPOM
5, 3aI0JJHEHHLIM BOJIOH.

- s 9
i o
17 §
2 3 ! :
y _,ﬂ‘-:% g
]/ 4// J ==
- i ?—§

Puc. 1. Cxema 3KCiepiMeHTallbHOH YCTaHOBKH

Meton Knemana — Jle3opma 3akimroyaeTcs B ciefyromeM. B cocys, cHabxEH-
HbI OTKPBITBIM MAHOMETPOM 5 111 H3MEPEHHA JaBJIcHHS B 3TOM COCY/Ie ¥ KpAHOM
3 IS COenWHEHHU BO3AYyXa B cocyle ¢ aTMocepoil, HakaduBaioT NPH 3aKPhITOM
Kpare 2 HeMHOro BO3Iyxa. [Ipu 3TOM [AaBlleHHE W Temreparypa BHYTpH Gainona
nosbicsATCA. Yepes HEKOTOPOe BpeMs TeMIIeparypa BO3AyXa B COCY/E CTAHET paB-
Hot KoMHaTHO# T), naBneHue p; GyaeT BhIIe aTMOCHEPHOTO Ha BETHYHHY hy:
P!=Pamu.+h! E (8)
rne  P,n. — aTMochepHGe faBneHne; h; — nobaBovHOe MABICHHE, H3MEPAEMOE
Pa3HOCTHIO YPOBHEH XHIKOCTH B MAHOMETPE.
Taxum o6pa3oM, cocrosHHE HEKOTOPOH MacChl BO3MyXa BHYTDH Gamnona (I
COCTOSHHME) XapaKTepu3yeTes NapaMeTpamu:
P =Pt hi, Vi, T (I cocTosHHE ). 9)
3aTeM OTKPBIBAKOT KpaH M JAKT BO3MOXHOCTD rasy annabaTuyecky paciiu-
PHTBCS [0 JaBNeHus B cocyne P, pasHoro armMocgepHoMy (npuuém cpenarb 3TO
Ha/I0 KaK MOXHO ObicTpee, 4To6bl TennooOMeHoM, NPOUCXOAAIIHEM 3a 3TO BPEM3
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qepe3 CTEHKH cocya, MoxHo Obuto npenebpeus). B pesynbrate agnabarnyeckoro
pacnidpeHusi TeMreparypa Bo3yXa B cocyfie moHH3uTes 1o T;. CinenosarensHo, B
KOHIle afiHabaTHYeCKOro paclufpeHHs COCTOsHKe rasa B bawione Oyaer xapakTte-
PH30BaThCA NapaMeTpaMu: _
P;=Pop ., V2, T; (Il cocTosiHHE ra3a). (10)
C TedeHHEeM BpeMEHH TeMIlepaTypa BO3ZyXa B COCY/e H30XOPHYECKH MOBLICHTCS ¥
JNOCTHIHET KOMHAaTHO# TemnepaTyps! T, AaBleHHEe IIOBLICUTCS A0 3HAYEHHS:
P3=Pam.+h2: (11)
rae h, — HoBas pa3sHOCTB ypoBHEH XHAKOCTH B MAHOMETpE.
OTO COCTOSHHE BO3AyXa XapaKTepH3yeTcs apaMeTpaMy:
P;, V;, T (III cocTostHme).
JIis HarnsAHOCTH ONMCaHHbIE BhIlIe NpoLecchl W300pasuM rpaduyecku (puc.2).

P
A I
P
1 5
Rl N 1
P, e Gl e B
h;
<

>
11

P; c\hJ ............. a

Vi V, \"
Puc.2.

Tlepexon rasa u3 nNepBOro COCTOSHUA BO BTOPOE MPOHCXOAUT annabaTuyecku 1
noa4HHAETCs ypaBHeHuro IlyaccoHa, koTopoe B 3TOM ciydae yao6HO 3amucarh B
nepemeHHbIX (p, 7):

yel =t
‘;_r 2 % ; (12)
| 2
Hzoxopuveckuii nepexoi u3 BTOPOro COCTOSAHUS B TPETHE MOXKET OBITH Onu-
caH ypasHenuneM I eii-Jrocaka:

2.2k 13
T (13)
Hcxmrogas u3 ypasaenuii (12) u (13) remnepartypy, Halaém
-f-'— = —5— ’ 14
Gy aigdy. (14)

Iloxcrasiss B 3T0 paBEHCTBO 3Ha4YeHHe napneHui P, u P;, BolpaxenHsie ye-
pe3 atmochepHoe nasneHue P; u pasHOCTs CTONGOB BOAE! B MAHOMETPE:
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P; = P, + pghy, P; = P, + pgh,,
MOJYYHM:
&Ryt _ 4 P8y
1+ P, ) 1+ P, 3 il (15)

B ycnosusx onsira £-£ Moy P8 yaupTenEHO MeHBIIE STWHMIIE, TIO3TOMY
P; P

€ NOCTATOYHON TOYHOCTBIO MOXHO 3alHCaTh:

pgh, pgh,
1+ 22 (y -1 s R
P -1 = P 4

2
(16)-

Otciofa noyyaeM pacu&THyIO popmyIry s y:

yut. (17)
ho—h
Bennunusl 4; u h; #306paKeHs! Ha PHC.2. U COOTBETCTBYIOT CIydaio COBIIa-

JI€HHs BO BPeMEHH MOMEHTa TIepeKphITHs KpaHa 6alioHa ¢ OKOHIaHHEM anuaba-
THYecKoro paciiEpeHHs. ECnu KpaH 3aKphITh paHbIUe, 4eM NaBjeHue ymazer 1o
aTMoc(hepHOro, TO MOJy4HM 3aBBILIEHHOE 3HAUCHHE h; (COOTBETCTBYIOLIEE OTPE3-
Ky cd), a IpA 3ama3[blBaHUK IOTYIHM 3aHIKCHHOC 3HAYCHAE h; (COOTBETCTBYIO-
mee otpe3Ky ab). [TosTomy ecnu KpaH Oy/eT 3aKphITE paHbLIC OKOHYaHus anuada-
THYeCKOTO PACINHPEHHs, TO pesynbTar GyNeT HEBEPHBIM. Pexomenyercs MOBTO-
DHTB OIEIT HECKONBKO pa3 C Pa3IMYHBIMH BpEMEHAMH 3aNas/bIBaHHA H no rpadu-
KY 3aBHCHMOCTH, H306pa)XeHHOMY Ha puc.3 HallTH BeM4KHYy A, .

ITopsi/IoK BBITOHEHHA pabOThI
1. 3akpoiiTe KpaH 2 H, OCTOPOXXHO HarHeTas BO3MYX HAaCOCOM B Ga/uIoH, J0Be-

JATE pasHOCTh YPOBHEH B XXHAKOCTHOM MaHOMETpE 10 20-30 cM. Bepkaas, xoraa
YPOBHH B MaHOMETpE NEepPecTaHyT MCHATBCA (3-4 MHHYTSI), CIENanTe OTCYET pas-
HOCTH ypOBHE# A, U 3anHIIMTe B TAOIHILY.

2. Otkpoiite kpaH 2 GannoHa W OJHOBPEMEHHO BKIIOHHTE cexynaomep. Bol-
JepXaB KpaH OTKPHITBIM B TeueHue 2 C, GBICTPO 3aKpOMTe ero, OXHOBPEMEHHO
OCTaHOBHB CEKyHAOMED

In hzi

2

3. ITocne mepekpbITHA KpaHa AaBlCHHE B
Gauione HadkHaeT pacTH. BeDKaaB Okoio 3
MuHYT (KOrza AaBleHHe MepecTaHeT MEHSATBCH)
caenaiTe OTCYET pasHOCTH ypoBHed h, U 3aHe-
1S cute B TabaHILy.

4. TloTopHTe MYHKT 2, BBIASPXaB KpaH 2
In b, \ OTKpHITEIM 3,4,5.6,...cekyna. TIposorapudmu-
{ py#Te MONy4YeHHbIC 3HAYEHAA h, # nmoctpoiTe
rpapux In h, = f (t). OnpenenrTe TOHUKY nepe-
ceyeHMA MPSMOM M OCH OpAHHAT. [lo nmony4eH-
HOMy 3HaueHmio Inh, ompezemnTe h; .

5. PaccumTaiiTe BeMMUMHY Y 10 QopMmyJe
Pac.3 (17)




KoHTpoabHBIE BONPOCHI
1. Yto Takoe TeIIOEMKOCTE BelecTsa?
2. Kax cBf3ans! Mex 1y co60M BEHUMHEI Cp H C,7
3. HanumuTe nepBoe Hayano TEPMOAHHAMUKH JUIsl PAsIHYHBIX H30MPOIECCOB.
4. BeisenuTe pacuétHyro popmyiy (13).
5. [TosiCHHTE MO pHC. 2 COCTOSHUS CHCTEMBI B IaHHOM J1aGopartopHoii pabore.

Na6opatopHan pabota Ne 2.4

H3meHenHe JHTPONHHE B HEH30JIHPOBAHHOM CHCTEMe
Llens pabomei: onpefieneHye NPUPAIIEHAA SHTPONHHM MPH MIABICHHH ONOBa.

B OT/HYKe OT H30JHPOBAHHOH CHCTEMBI, B KOTOPOH NpH HeoOpaTHMEIX Ipo-
1eccax M3MEHEHHE SHTPOIMM BCErja MojloxuTensno (48 > 0), B HEeH30IHpOBaH-
Holi cucTeMe BemuuMHA A4S MoXeT 6BITh KaK MMOJOKHTENbHOR, TaK H OTPHLIATEIb-
HOM B 3aBHCHMOCTH OT XapaKkTepa Tennoo0MeHa C OKpyKaioleH cpeoH.

B nausoi nabopatopHo#l paboTe onpeNessioT U3MEHEHHEe SHTPONHH, IPOHC-
XOJisiiee TP MIABJIEHHHU (MM 3aTBEpAEBaHMH) ONpeaeEHHON Macchl ooBa (Sn).

Eciv nepBOHAYabHO TEMIIEpaTypa O/loBa paBHa KOMHATHOH, TO NpH NOJBE-
NEeHWH TEIUIOTHI OJIOBO CHA4ana HarpeBaeTcs A0 TeMIIEpaTyphbl NJIaBJICHHS, 10TOM
NJIaBHTCA NPH MMOCTOAHHOM TemrnepaTtype. Mi3aMeHeHHe SHTPONHHM Ha NIEPBOM 3Tane
npolecca paBHO:

T
AS =cmin—=, 1
emin (1)

rae ¢ — yZAenbHas Temn0€MKOCTs ([Is 070Ba C = 2,3:10* ix/kr’K); m — macca
onosa, r; T, — TeMneparypa niasienus; T, — HagansHas (KOMHATHAS) TeMIepary-

palI
Ha BTopoM 3Tane (IpH NiaBaeHUH)
Am
ASV= 2
5 (2)

rfie A — yZieNbHas TeruioTa niasenys (ans onosa A = 5,85:10° Jhx/xr).
ITorHOE H3MEHEHHE SHTPOIHH:

AS=ASI+AS,=cmin-;_—"—+;m. 3)

& n

ta BeNMUUMHA MONOXKHUTENBHa (4S > 0), TaK KaK paccMaTphBaeMblil ponece
CONpPOBOXKIAETCS MPATOKOM TEILIOTH B cHCTeMY. JUmsi BEIMHCICHNSA A4S Hano 3HaTh
nmapameTpsl, BXxomsimEe B (3), B HaCTHOCTH, HEOOXOAHMO H3MEPHTL TEMIEPATYPY
IUIABJIEHUS OJIOBA.
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Onucanye 3KCIepHMeHTaIbHON yCTaHOBKH

m\b_ CxemMa YCTaHOBKM H300paxieHa Ha

puc. 1. Kycox onosa, Maccod m = S0r
HarpepaloT A0 TeMIIEpaTypsl ILIABJICHUS
Ha snexTporATke. M3mepenue Temmepa-
Typsl 0JIOBa TNPOM3BONAT TEPMOMApPOM.
VIcKOMYIO TeMIlepaTypy OHpENeNsioT Mo
JnekTpo- NOKa3aHHAM MpuGopa, MOAKMOYEHHOTO K
nuMTKa TepMonape.

Puc.] Cxema ycTaHOBKH

[TopsAOOK BBIMONHEHNS paboThl
BK/IIOUNTE 3NEKTPOIUIATKY B CETh W IOBEAWTE OJIOBO [0 XHIKOTO COCTOSAHHA.

. Buixmounrte rumTky. OHOBPEMEHHO BKJIIOYHB CEKyHJOMep, OTMeYaHTe noKa-

3aHHS MHJUIMBOJIBTMETpA 4Yepes Kaxaylo MuHYTy. JlanHble 3aHOCHTE B TabmH-
1y, 9To6s!1 nozxe mocTpouts rpagux T = f(t) 3aBHCHMOCTH TEMIIEPAaTyphl OT
BpeMenH. Mi3aMepeHus NPOH3BOANTE /10 Tex nop, noka J/IC He JTOCTHTHET Io-
CTOAHHOTO 3HA4YEHHUs, a 3aTeM HAYHET yMEHBINATHLCA.

BHOBH BKJIIOYHTE 3JIEKTPOIUIHTKY ¥ CHHUMHUTE KPHBYIO HarpesaHHus 0JI0Ba, 1O-
Bels ero CHOBA JI0 KHAKOro cocTosuus. ['paduK niapienus NOCTpoiTe Ha TOH
K€ KOOp/IWHATHO#H CeTKe, YTO ¥ rpauk 3aTBepAeBaHMA.

ITo rOpH30HTaNBHEIM y49acTKaM OTAEJIbHBIX KPHBBIX ONpE/IeNuTe CpefiHee 3Ha-
YeHHE TEeMIepaTypsl (hasoBOro mepexoia (INaBIEHHMS HJIM 3aTBEPACBAHHSA)
0JI0Ba.

. Tlo fauHBIM 3KCTIEPHMENTA, HCMOJIB3Y BbIpaXeHHe (3), BRITHCIUTE H3MEHEHHE

sHTponHH AS, pacruiaBIeHHOIO 0/10B& P H3MEHEHHH TEMIIEpaTyphl OT KOM-
HATHO#M [0 TeMITepaTyphl LIABJIEHUS 0J0Ba, @ TAKXKE H3MEHEHHE IHTPOIAH AS;
[pY 3aTBEPAEBAHKHA U OXJIAKIEHHH IO KOMHATHOH TEMIIepaTyphlL.

KouTposbHbie BONPOCHI
Yem OTIMYAETCA XapaKTep IIaBIeH s KPHCTAIHUECKHX H aMOPHBIX Te?
Kakue npeBpalieHus HashiBaloT (asoBeIMy NepexonamH I poxa? Il pona?
[puBemATe NpEMEp AMArpaMMBI paBrosecus ((asoBoi aMarpaMMbl) BelllecTBa
B koopauHarax (p, 7).
IpuBe/MTe NPEMEPHI OGPATHMBIX H HEOOPaTHMBIX TEPMOAWHAMUYECKHX MPO-
LIECCOB.
Hajipure waMeHenne 3urpormd g 30 r bAa Npd NPEBPACHHH €ro B Iap.
Hauansuas Temnepartypa ipaa —40 °C, remnepatypa napa 100°C.
Bony maccoit 1 kr Harpemu ot 10 xo 100 °C u npespaTuid B map. Haiizure
H3MEHEHHE IHTPOIIHH CHCTEMBI.
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NabopatopHas pa6ora Ne 2.5
IKCNEepHMEHTAILHOE HCCAENOBAHUE pacnpeaejieHus
TEPMO3JIEKTPOHOB 110 CKOPOCTAM

Lenv pabomvi: 3KCIEPUMEHTATBHOE HCCIENOBAHHE pacnpenenenus Mak-
CBea.

B 3aMKHYTOM coCyJie, HAallONHEHHBIM Ta30M, NP Temnepartype T ycTaHaBlIH-
BaCTCs TCPMOJMHAMHYECKOE DAaBHOBECHE, KOTOPOE XapaKTEepH3yeTCs OmpeNienéH-
HEIM paclpe/ie/IeHHeM MOJIEKyJl MO CKOPOCTSM — pachlpeienenneM Makcsema.
Cpenree 4yncno monexyn B enunuie o6béMa dn , CKOPOCTb KOTOPBIX 3aKIIOYeHa
MEXIY VuV+dv, paBHO TPOM3BENCHUIO CpefHEHl KOHLEHTPALHH MONeKyI He-
&IBHOTO rasa n Ha BEPOATHOCTH dP(7) TOTO, 4TO CKOPOCTH MONEKYJI JIEXKUT B HH-
TepBale v..v+dv

dn = ndP(v), (1)
B 3aBHCHMOCTH OT BBIODaHHOH CHCTeMEI KOOpAMHAT BUA GyHKkumu dP(7), pasnu-
YeH:
B IEKapTOBOM CHCTEMe

m(vi-i-v:-l-vf]

dP@)=Ce ¥ dv.dv,dv,, 2)
B LMJIMH IDHYECKON cHcTEME
;)

dRv)=Ce *" v, dv dv,dp, (3)

B chepuyecKoi cHCTeMe
2

mv
dP(V)=Ce *"v’sin@ dvdf do (4)
rae C — HOPMHPOBOYHAS KOHCTAHTA, OCTANbHBIE 0GO3HAYCHHS SBIAIOTCH OOIIe-
TIPHHSTHIMA.
HuTerpupys (4) mo BceM BO3MOXHBIM 3HaYEHHAM YITIOB ¢ 4 0, MOXHO HaliTH

BEPOATHOCTL dP(V) TOro, 4yTo Monexyna uMeeT abCOMOTHOE 3HAYCHUE CKOPOCTH B
HHTEpBaJle OT v 10 v + dv:

3
9 A
dP(v) = 4%(-;)2 g vzdv, )
rae a=——
T 2T
DOynxuua F(v) = _‘i’%’l obpamaercs B HyJib IpA v = 0 # v— o0, HMEeT
1
MaKCHMYM IIpH v=y =q 1= /-z-k_T . (6)
m

(CxOpOCTB V, Ha3BIBAIOT HAaHBEPOATHENIIIEH ).
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Msyyate dyHkuuio pacrnpenenenus F(v) yno6HO B Tak Has3bIBaeMOM IIpHBe-

AEHHOM BHJe, IPHHSB B Ka4ecTBe MepeMeHHON Ge3pa3MepHyIo BENMHUHHY = —
v

n

(e€ naseiBalOT NpUBEAEHHOH CKOPOCTBIO). [IpuBenEHHAN QYHKUMS pacipeaeneHus

HUMECT BHI:
dRuw) 4 ,

Ru)= du \/;r AL (7)

I'pacux s10it QyHkum n306paxén Ha puc. 1. Makcumym dyuxuuu F(u) noc-

THraeTcs IpH ¥ = 1, 3HaYeHHe QyHKIUH B MAKCHMYMe paBHO
Y Es
evm

OKCliepHMEHTallbHas MPOBEPKa paclpefe/ieHHs MOJIeKyI N0 CKOPOCTSM SB-
NseTCsA OfHON W3 BKHEHNIMX 3amay MoneKylaspHod ¢usuku. CymecTsyer He-
CKOJIEKO METOMOB, NPSIMBIX ¥ KOCBEHHEIX, JOKa3bIBAIOILMX CIIPaBEATHBOCTE 3TOTO
3akoHa. B nabopatoproii pabore ans uccnenoBaHus BHAa GyHKUHH pacrpejerne-
HHA 110 CKOPOCTSM NpeIaraeTcsl METO/ 3aepIKUBAIONIEero OTeHLHAaa.

F(u)A
0,8 /T\
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0,6 ] Ir\
0,4 ; \
|
2
0, / 1 \\\
L
0.8 16 g veZBionid
Puc.1.

CyTe MeTORa COCTOMT B ciemyromeM. VI3BeCTHO, 4TO 3MEKTPOHHBIA ras, Ko-
TOphlif 06pa3yeTcd B IPOCTPAHCTBE MEXAY KAaTOAOM H yNpasifiomed ceTkoi
3/IEKTPOHHOM NTaMIbl BCIEACTBHE TEPMOAIEKTPOHHONH SMUCCHH, MOJYHHAETCH pac-
npezfenenuio Makcsenna. s OMuMCaHUs CTaTHCTHUECKAX CBOHCTB 3JEKTPOHHOIO
rasa yao6HO npuMeHATh Ghopmyny (3).

Ecnu 31eKTpoHEl, BEUIETAIOIHE W3 00J1aKa, 3aCTaBUTh MPOXOAMTh Yepe3 3a-
JepKUBaiolee 3/MeKTPHYecKoe Moje, TO NMPH HeKOTOPOH pasHOCTH MOTEHLHANIOB
U, 1peofiofieTs BIMSHKE MO MOTYT TOJBKO Te 3IeKTPOHBI, Y KOTOPBIX CKOPOCTH

YIOBJIETBOPSET YC/IOBHIO:
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1€ v— CKOPOCTE 3NMEKTPOHOB; e — 3apsi/l 3JeKTPOHA.

Onpenendm YHCIO 371€KTPOHOB, MPONETAIONINX HYepe3 TOPMO3SINee Ioje B
€IHHHUIY BDEMEHH, H BO3HHKAIOMWKH aHOIHBIH TOK.

CHavana, none3sysace (opmymnamu (1) u (3), onpenenum 9HCIO NEKTPOHOB,
UMEIOMHX 3HaY€HHe CKOPOCTH B HHTEpBaJle OT v 10 v + dv. MnTerpupys (1) ¢ yué-
TOM BBIp@XeHus (3) Mo asuMyTalbHOMY YTy ¢ B npezenax ot 0 10 27 nogy4nm:

ir 4o E b 2
&, = [dp [dv 7=ye ™ ¢ vay =i2n e
0 25 T T

Hureno aekTpoHOB A 7, , TPOXOAAIKMX Yepe3 [OBEPXHOCTh [MIHHAPHYECKOTO
SNIEKTPOAia B E[IMHHILY BPEMEHH, PaBHO V dn,, TO €CcTh

AR, =7 27 (D)e viay.
T

Hakoneu, 4ucio 3nexTpoHOB #,, mponeTaoummx B eIUHUIY BPEMEHH qepes

IPOCTPaHCTBO C 3amMpaiolvM noreHuuanom U, ompenensiercs oOLHM YHCIOM
2elU,

m

3JIEKTPOHOB, CKOPOCTH KOTOPBIX MPEBBIIIAIOT v, =
T e
n,=j27tn(—)e” vidv. (8)
¢ n

U3 (8) BumHO, 9TO 06IIEE YHCIO INEKTPOHOB, IPONETAIOMHAX B €IHHHUILY Bpe-
MEHH 4Yepe3 TOpMO3slliee [10Jle, paBHO HHTErpaly ¢ NepeMEHHEIM HUXHHUM Mpeje-
JIOM OT BEIPD@XKEHHS, COBNAMAOLIEr0 ¢ TOYHOCTHIO O IOCTOSHHOIO MHOXHTENSA C
pacnpenenenneM Makcsemia (5). Uucno 3MeKTPOHOB, JOCTHralOIMX aHOAA 3a
eIMHUILY BPEMEHH, ONIPENENAET BEIUYHHY aHOQHOrO ToKa: [, = en, .

MeHsis 3HaYeHHE 3aIepKUBAIOLLEll PA3HOCTH MOTEHIMAIOB, MOXHO TOJIYYHTE
byskmaro I, = f(JU,), nponssoanas kotopo#t mo U, mnpencraBnser coboi

GyHKLHIO, BU KOTOPO# cOBNagaeT (¢ TOYHOCTHIO J0 MOCTOSHHOIO MHOMHTENS) C
pacnpenieneaneM Maxkcsenna no ckopocTsaM (5).

Onycanue dKCIepEMEHTAIBHON YCTAHOBKH

B pabore pacnpenenenue MakcBeiia MpOBEpseTCS HA YCTAHOBKE, 3JIEKTPH-
yecKasi cxemMa KOTOpOH INpuBejeHa Ha jabopaTropHOM cTeHAe. B kauecTse afek-
TPOHHOH JIaMIIbl NIPUMEHSAIOT NMEHTOH. DIeKTpoHHOe obsako ofpasyercs B mpo-
CTPAHCTBE «KaTOA — YNpaBJAioNlas CEeTKa», MOTEHUKalbl KOTOPhIX MPaKTHYECKH
OJMHAKOBBL. MeXIy ceTKaMH g M g; C MOMOIIBIO HCTOYHHKA HANPSDKSHHs CO3[1a-
€rcs TopMo3ssee nojie. [l Goree TOYHON peryTHpPOBKH 3allParONIEro Harpsike-
Hus U, B UeNb BKIIIOYEH MOTCHUHOMETpP R,, Ha KOTOPEI#A nogaércs HaIIpH}KGHHe e
HCTOYHHMKA II0CJIe MpEABAPUTENIbHON cTabrIMu3auy.

ONEeKTPOHEI, NPOJIETAIOLIHE POCTPAHCTBO C TOPMO3SIIEM MOJIEM, upoxonm
3aTeM YCKOpsIOlllee 110JIe MEXy aHONOM M IOCHeNHeH CeTKOH g;. YCKopaouas
PasHOCTh MOTEHIHAJIOB CO3JAETCS MCTOYHHKOM HaNpSUKEHMsS. PasHOCTh MOTEH-
[UAJIOB MEXY aHOAOM M CeTKo# g; noabupaercs Tak, 4Tobsl obecneyuTs B aHO/I-
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HOM LIENMH TOK HACBHIMICHUA. HPH 9TOM BCE€ JIEKTPOHEBI, CKOPOCTE KOTOPBIX ITPEBBI-
macT v,, NonanaroT Ha aHo.

[lopsanok BeIMOJIHEHUS paboThl
3aoanue 1. Onpedenenue sxcnepumenmansHoi sasucumocmu I, om U, .

1. Cobpats cxemy coriaacHo puc. 2.

2. C noMomiplo pydKH ylpaBieHHsA UCTOYHKMKA HANPSDKEHUs YCTAaHOBUTH aHOJHOE
Hanpsbkerue 275 B, obecneunBaroniee TOK HaChIIIEHUA B aHOOHOU IEITH.

3. Ha BoasT™MeTpe HCTOYHHKA HaNpsKEHHS YCTAHOBUTH HarpsbxeHue 15 B, koto-
poe nojfa€rcs Ha NOTEHLIMOMETP.

4. Msmenss 3aepxuBaroniee Hanpsokenue U, ot 0 1o 10 B (mpuuém B uHTEpBaNe
ot 0 1o 3 B gepes 0,2 B, B unreppane ot 3 go 10 B — yepes 0,5 B), duxcupo-
BaTh aHOAHBIA TOK. [logoOHOroO poxa u3MepeHus NpoBOAUTE 3 pasa.

5. Pe3ynsTaTel H3MEpeHUH 3aHOCHTe B TabIMIly W, ONpENeNUB CpeaHee 3HaYeHue
aHOIHOIO TOKa MPH KaXIOM 3HAYEeHHH 3aiepXKUBalolIero MnoTeHUHana, Io-

cTpo¥iTe rpaduk
I,=f(U,). ©)

3aoarue 2. Onpedenernue pacnpedeneHus mepmos31eKmpoOHO8 NO CKOPOCTAM.
Hponmbd)epeﬂunpyﬁ"re 9KCIIEpUMEHTANBHYI0 GyHKIMIO (9)

1A
o e , 10
8(\/ ) i a(\U,) (10)

KOTOpas ¢ TOYHOCTHIO 0 MOCTOSIHHOTO MHOXHTEIIA JOJDKHA COBNAaAaTh ¢ (PyHKIHU-
e#i pacopenenenus Makcpesna (10). [IuddepeHnupoBanue NpoOU3BOAAT UM rpa-
(buyecKy, HIM Ha KOMIIBIOTEPE ¢ IOMOLIBIO CNENHANBHON POTrpaMMEI.

Ilpu rpadpuueckoM nuddepeHUUpOBaHHA (QYHKIMH PEKOMEHIYETCs Clle-
OYFOILIHMNA NOPAAOK AEHCTBUH.
1. Onpenenurte abemuccy Touku meperuba rpaduka (U, )o 4 3Ha4eHHE MPOU3-

BOZHOH B TOUKe meperuba fj.

2. Haiiure 3Ha4eHus NpoU3BOAHO#H f; emg npuMepHo B 10 Toukax rpaduxa.

3. IlpowsBeanTe HOPMHUPOBKY NEPEMEHHEIX KCIIEPUMEHTANBHOH QyHKUMH f; KaK
1o ocu abcmuce, Tak ¥ o ocd opauHar. Lless 3T0i HOPMHUPOBKH — HOOGHTHCH
TOro0, 4TOOB! MOMyYeHHas B dKcrepuMeHTe QYHKIHS f; ¥ NpHBEAEHHAA QYHK-
nus MaxcBemia F(u) coBnagaiyd B TOYKe MakcuMyMa. [ 3Toro paccyuraire
HOPMHPOBOYHBEIE Koaq)cbﬂunemm K. u K, cnexyromum ob6pa3om:

0 83
(J_

Pe3ynbraThl IpeACTaBhTE B BUIIE Taﬁnnum.
IMocTpoiite rpaduk HOPMHAPOBOUHOH QyHKIHH, OTK/IA/BIBAL [10 OCH

abeupce Bemuunny K, VU , a 1o ocu opauHar — K fy.
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KOHTPOJII:H bi€ BOINPOCHI

1. HM3zobpasure rpaduxu GyHKIHH pacnpeneneHus Makcsenna Mo KOMIIOHEHTaM
dP(v )

CKopocTel F(v) = IUIA IBYX pasHbIX TEMIleparyp.

2. YeMmy paBHBI CpellHEe 3HaYEHHE CKOPOCTH, CpeiHee 3HaYeHUe KBaJpaTa CKOpo-
CTH, 3Ha4YeHHe HanboJsiee BEpOATHOH CKOPOCTH IUIA MOJIEKY]l HAEaNbHOTO rasa’?

3. Tlomyunre dopmyiy (7) ans npueenénHo# Gynkuun Makcsenna.

4. Kakux 9acTHI| B paBHOBECHO# cucreme Cosblie: co CKOPOCTSIMH, GONBIIMMH
Hanboee BepOATHOH CKOPOCTH Vg , HIIH MEHBIIHMH Vv,?

5. Kax usMensercsa BHA rpaduxoB ¢pyHkumu Makcseiuia F(v) B 3aBHCHMOCTH OT
TeMIIepaTypel ¥ Macchl YacTHll? MeHsieTcs NpH 3THX YCJIIOBUAX BHJ rpaquon
npuBenEHHON QyHKuHKu F(u)?

lNaGopatopHana paGorta Ne 2.6
OnpenesieHne NOBEPXHOCTHOI0 HATSIXKEHHUS JKHIKOCTH
¢ MOMOLILI0 TOPCHOHHBIX BECOB

Llenv pabomei: onpenenerne k03QGULIHEHTa TOBEPXHOCTHOTO HATKEHUS
IU1Sl HEKOTOPHIX BEIIECTB ¥ PACTBOPOB.

Teopus MerTona u onucanue YCTAHOBKH
B pabore s uamepenus koaGduLHeHTa NOBEPXHOCTHOIO HATHKEHHA HC-
NOJIB3YeTCA METOJ OTphIBa neTiy. IIpx BeITaCKUBAaHWU NPOBOJIOYHON NETIH U3
XKHUJIKOCTH BMECTE C HeH MOAHWMAETCS TOHKHHE CIION MHIKOCTH, OTPaHHYEHHBIH
NByMsl OBEpXHOCTAMH. Ecii mupuHa KOKI0# NOBEpXHOCTH £, TO 7S OTPhIBa
neT/IH HeobX0AMMO NPHIIOKUTE CHITy F, paBHYIO CHJIE IOBEPXHOCTHOTO HaTsIKe-
HHA:

F=a 2% (1)
Orciona nns ko3 dHLKEeHTa MOBEPXHOCTHOIO HATSKEHUA TONIydaeM pacyéT-

Hy10 opMyity BHAA:
P 2)
2¢’
rae - pacCTOsHHE MEeXAY HOXKaMH NMeTiu, F — cuia, Heobxoaumas s OTpEIBa
MeTu.

B pa6oTte ucnons3yercs ToHkas nposonoyHas netid. Cuna F nuamepaercs ¢
IIOMOIIBIO0 TOPCHOHHBIX BeCOB (cM. puc. 1). OCHOBHBIM 3/IEMEHTOM BECOB SBIAET-
csl IJIOCKas CrypalbHas NPY)XHHA, KOTopad 3aKpy4YHUBaeTCs MO/ AeHCTBHEM B3Be-
ImHBaeMoro Tena (B Hame# pabore moa AeiicTBHEM NPOBOJOYHOK NETIIH, OABE-

IIEHHOH K phl¥ary BECOB).

Iopsanok BeImoNHEHN PaboTE!
1. C mOMOIBIO PEryIMPOBOYHEIX BUHTOB YCTAHOBHTE BECHI 110 YPOBHIO.

2. ToBopaunBas phIvar, ycTaHOBUTE CTpenky Ha 0 IKabl.
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3G Pa = BN Bh B 19

appeTup & | — il v
Perymupo- . _
BOYHEIE BHH- :
Thi | r—__]

Puc. 1. Cxema 3KkcIIepUMEHTANBHON YCTaHOBKH

OcBofomuTe NETIIO appeTHPOM.

C noMompI0 KOppeKTOpa COBMECTHTE MHAEKC C BEPTHKAIBHBIM INTPHXOM.
3aduKcHpy#Te NETIIO C TOMOINBIO appeTHpa.

IToMecTuTe Ha TOXBEMHBINA CTOJIMK COCYI C HCCIEnyeMOH XHUAKOCTEIO Ne 1.
ITogHuMas CTONMHK, IIOMECTHATE NETIIO B UCCIAEAYEMYIO XKHIKOCTb.
OcBofonuTe appeTHpOM NETIIO.

Perynupys BHICOTY NOABEMA CTONHKA, HoGeHTECH TOr0, 9T00bI TOPH30H-
TaJIbHAs YacTh NETIIH HaX0AMJIACh HEMTOCPEACTBEHHO 101 IOBEPXHOCTHIO
XHUIOKOCTH.

10.IlnaBHo Bpamas peYar MPOTHB YacOBOM CTPENIKH, B MOMEHT OTphIBA NETIIH

cuenanTe OTCHET CUIIBI F 110 BEpXHEH LIKae BECOB.

11.0nsIT ponenaiite Tpu pasa. Paccuutaiite cpensee sHavyenue cunsl F . Haii-

' OHTe MOTPEUIHOCTh AF . Pe3ynpTars! 3aHecHTe B TabuuILy.

12.Vcnions3ys HaiiieHHOE 3HadeHue F , o popmyne (2) paccuuTaiTe K03¢-

(UIHeHT TOBEPXHOCTHOTO HATDKEHHSA o JUIs JkuakocTH Ne 1. Hadinure ab-
COJIIOTHYIO ¥ OTHOCHTENBHYIO MOTPELIHOCTH H3MEpEeHHH. Pe3ynbTaTh 3aHe-
cure B Tabmany.

13.TToBTOpSS BCE ONEPAMH ¥ U3MEPEHUS, OTMEUEHHEIE B IMyHKTaX 5 — 12 Haii-

(VS ]

Ac "
OUTEC 3HAUYCHHA O, AO, H —— OJ4 BCEX HCCHBI(YCMBIX XHOKOCTEHN, HAX04A-
a %

muxcs B cocyzax Ne 2 - 5. Bce pe3ynbTaTsl 3aHeCHTE B Tabnuiy.

HOHTPOJ’!bele BONPOCHI

[NpuBenuTe mpuMep ¢ 3HYECKUX SBJICHHH, 00YCIOBIEHHBIX CHIAMH I10-
BEPXHOCTHOT'O HATMKE.{HA. |

Kak cBs3zad k03 dunKeHT IOBEPXHOCTHOIO HATHKEHNS CO CBOGOIHOM
3Heprueil MOBEPXHOCTHOH MIEHKH?

Kakue BemecTBa Ha3bIBalOT IOBEPXHOCTHO-AKTHBHLIMH?

Kax nameHseTcs KO3QGHUUHEHT IIOBEPXHOCTHOIO HATSHKEHUSA B 3aBUCHMOCTH
OT TeMIEpPaTyphl?
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