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BBEJAEHUNE

KontponbHas pabota mo ¢usmke mjs CTYISHTOB TEPBOTO Kypca 3a0YHOM
dbopMbl  00yUe€HHS — OTO BHJ CaMOCTOATCIBHOW padOTHI, MPEamoIararonui
CaMOCTOATEILHOE  perieHue (PU3ndecKnx 3a7ad 1O TeMaM  JICKIIMOHHOTO
Marepuana.

Jla oOyyatomuxcst 3a094HOM (hOpMBI 00YUEHUS 1O JUCIUTUIHHE «DHU3MKa» BO
2 ceMecTpe MpeayCMOTpeHa OJHa KOHTpoJibHas padoTta Nel, cooTBeTcTBYOIIaA
pasznmenam: «Mexanukay, «MonekynapHas ¢uU3HKa W TEPMOJMHAMHKA» W OJIHA
KOHTpOJibHass padora Ne2 B 3 cemecTpe, COOTBETCTBYIOMIASA pazjeiam
«DNEKTPUUECTBO U MarHeTu3m», « BoTHOBas 1 KBAaHTOBAs OTITHKAY.

VYcnoBus 3a1a4 AJid BBIMNOJHEHUS KOHTPOJIbHOM paboThl Nel comepikarcs B
yaeOHO-MeToaudecKkoM  mocobunm  «Ddusmka Ha  3a0uHOM  (paKyIbTeTe.
KontponeHbie 3amanus u jabopatopHblii mpakTukyMm. Yacte [. Mexanuka.
MonekynapHas (u3uka W TEPMOJAMHAMHKA», a JUIS BBHITIOJHEHUS KOHTPOJIbHOW
padotei Ne 2 — B yueOHO-MeToAMYECKOM TocoOmn «Duzmka Ha 3a0YHOM
¢dakynsreTe. KoHTponbHbie 3amanmst W jaboparopHbiii mpaktukym. Yacte 1.
DNEKTPUIECTBO M MAarHeTH3M. BoJTHOBas W KBAHTOBAS OTITHKAY.

IpaBuia ogpopmiieHUs KOHTPOJIBLHOH PadoThHI

Homep eapuanma KoHmpoabHOU padompl onpeoensiemca no HocleoHell
uugpe Homepa 3auemnoit KHudxcku. KoHTponpHas padoTa J0KHA OBITH
opopmieHa B TETpaaW, HAMUCaHA OT PYKH pa3OOPUMBBIM TIOUECPKOM, HMETh
HYMEpAaIllMiO CTPAHHWI] W CIHCOK HCIOJb30BAHHBIX HMCTOYHUKOB. K 005m0oxkKe
TETPAAN TPHUKICHBACTCA TUTYJbHBIH JINCT yCTAaHOBJICHHOTO oOpasma (cm. aiin
TuTyabHBIN TUCT) C 3aMOTHCHHBIMA JTAHHBIMU CTY/ICHTA.

3amaun KOHTPOIBHOW PabOTH JOJKHBI UMETh T€ HOMEpA, MOJ KOTOPHIMHU
OHH CTOST B y4e€OHO-METOTUYECKOM TOCOOWH. PermeHus KOHTPONBHBIX 337134
pacmoJylararoTcs B TOPSAKE HOMEPOB, YKA3aHHBIX B 3amaHuu. llepem kaxmoi
3a/aueii HeOOXOMMO 3amucaTh €€ YCJIOBHE. YCIIOBHS 3aJay MNEPENUCHIBAIOTCS

MMOJHOCTBIO, 3aTCM ACJIACTCA KpaTKad 3alucChb YCIIOBHA 3aJadd, I'J€ UYHCJIIOBEIC
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JTAHHBIE BBIMHUCHIBAIOTCS CcTONOMKOM. Kaxayro 3amady »KelaTeabHO HAuMHAThH C
HOBOM CTPAHULIBI.
Pelienue 3amaun TOMKHO COAEPKATh:
e HEOOXOAMMBIN PUCYHOK WM CXEMY, MOACHSIOIINMA PEIlICHUE 3a/1a4u;
o Ha3zBaHUA (POPMYII, UCTIOIB3YEMBIX TIPH PEIICHUH,
e CJIOBECHBIC TIOSCHCHWA (PU3MUecknx BeaWMUMH (KaK 3aJaHHBIX, TaK W
BBCJICHHBIX BO BPEMsI PEIICHUA);
e HCUCPIBIBAOIIUE MOSACHEHUS X0/1a PELICHUS 3a/1a4u;
o BBIBOJ (hOPMYJI /ISt HCKOMBIX (DH3NUCCKHUX BEIIMYHMH B «OYKBEHHOMY BHJIC,
e TMPOBEPKY Pa3MEPHOCTH;
o TIOJYYCHHUE YUCITOBBIX 3HAUCHUH HCKOMBIX (DU3UUECCKUX BEJTMUHWH.
3agaHue CleyeT BBIMOIHATH aKKypaTHO, Oe3 mnponycka 3anad. Ecmu
coAepKaHue KOHTPOJBbHOM pabOThl OTBEUACT MPEAbIBIAEMBIM TPeOOBAHUIM, TO
OHa Jomyckaercs K 3ammre. [Ipy  HEyJOBIETBOPUTEIBHOM  BBIMOJIHEHUU

KOHTPOJIbHOM paboThl OHA BO3BpaAIlaeTCs Ha J0PadOTKY.
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3AJIAYM KOHTPOJIBHOM PABOTHI Ne 1

BAPUAHT 0.

KonTtpoabHas padora Nel
Teno OpolieHO ¢ BBIIIKM B TOPU3OHTAJIBHOM  HAIpPaBIEHHH CO CKOPOCTBIO 8 M/C.
Onpenenutb TaHMEHLUANIBHYI0 U HOPMAJIbHYIO COCTaBJIAIOIINE YCKOPEHUS Tejla B MOMEHT
BPEMEHH, KOT7ia CKOpocTh Tena aocruraet 10 w/c. ConpoTHBIeHHE BO3AyXa HE YUUTHIBATD.
Koneco, Bpamasicb paBHOYCKOPEHHO, uepe3 Bpems 60 C mocie Hadajla ABHXKEHHUs CTaJlo
Bpamarbes ¢ 4acTotol 720 06/mun. HaiiTu yrioBoe yCKOpPEHHE KoJieca M TMOJIHOE YHCIIO
00OpOTOB KOJIECA, COBEPIIEHHBIX 32 3TO BPEMSI.
Teno maccont 0.5 ke nBUKETCA MPSIMOJMHENHO, MPUYEM 3aBUCUMOCTb MPONHACHHOIO TEJIOM
nytd S OT BpeMeH: f 3amaercst ypasHenumem S = A+Bt+Cr+Dr, rae C = 5 m/c* u
D =-1w/c’. Haiitu cuity /, nefiCTBYIOIIYIO Ha TeJO B KOHLE MepBOIl CEKYHb! ABUKEHMUSL.
OpnHoponHbIil cTep:keHb AnuHON 1 v u maccoit 0.5 ke Bpamlaercs B BEpTHUKAJIbHOM
MJIOCKOCTH BOKPYI TOPU3OHTAJIBHOM OCH, Mpoxofsiieid depe3 ero cepeauny. C kakum
YIJIOBBIM YCKOPEHHMEM BPAILLAETCs CTEP>KEHb, €CJIM MOMEHT CHJIBbL, BBI3BIBAIOIIUI YCKOPEHUE
crepkHs, paseH 100 H/m?
C xakoll CKOPOCTBIO BBUIETUT M3 MPYKUHHOTO MHUCTOJeTa wapuk maccod 10 e, ecnu
npykuHa Obla ckata Ha S cu? XectkocTe npyxunbl pasHa 200 H/m.
MowmeHT uMmyjbCa Bajia, Bpamaromerocs ¢ dacrtoroi 10 o6/c, pasen 8 xem/c. Haiitu
KMHETUYECKYIO 3HEPTHIO Baa.
Onpenenuth 4YacTOTy TapMOHUYECKHX KoyeOaHud amcka paamycoM 20 cm  OKOJIO
TOPU3OHTAIBHON OCH, MPOXOASLIEH Yepe3 CepeuHy paauyca JUCKa NEePIEeHAUKYISIPHO €ro
MJIOCKOCTH.
Haiitu cmerenne oT MoJIOKEHHUsT PABHOBECHSI TOUKH, OTCTOSIIIEH OT MCTOYHUKA KoJieOaHuM
Ha paccrossHnun  A/12 (A- anuHa BOJHBI), Ansi MoMeHTa BpemeHu 1/6 (7 - mepuon
kojebanuii). AMmuryna konebanuii 4 = 0.05 m.
Onpenenutb, CKOJIBKO MOJEKYJ BOAOPOAA COAEPIKHUTCS B OajsioHe eMKOCThIO 50 7 mon
nasnermem 1.5%10° ITa npu Ttemmeparype 18°C. KakoBa mioTHOCTb BOAOpoOaa?.
T'a3 maccoii 6ke 3ammmaer o0bem 8m° mpu masnennn 2*10° Ila u Temmeparype 250 K.
Kakoii o6beM Oymer 3aHMMAaTh TOT K€ ra3 Maccoil Skempu masiaesnn 4*10° Ila u
temneparype 300K.
Onpenenutb CyMMapHYyIO KHHETHYECKYIO HHEPTUI0 IOCTYNATeNbHOIO MABHXKEHUsS BCEX
MOJIEKYJI ra3a, HaXOASIIIEerocs B cocyne oobeMoM 3 1 moa nasieHueM 540 xlla.
BeIYHuCINTD yAENBHYIO TEIUIOEMKOCTh MPU MOCTOSSHHOM O00BbEMe CMECH KHCIIOpOAa U a30Ta,
€CJIM Macca Kucjiopoaa coctasisier 25% OT MacChl CMECH.
Kucnopon Harpesaercs rpu nmocTossHHOM naiieHud, paBHOM 80 xlla. Ilpu sTom ero obbem
yBemuuuBaercst ot 1’ 1o 3 ar. OIpenennTs H3MEHeHIe BHYTPEHHeE  SHEPTil KHCIOPOIA I
padoTy, COBEPIICHHYIO UM TPH PACIIUPEHUH, & TAK)KE KOJMIECTBO TEIUIa, COOOIEHHOE rasy.
O6wem BomopOza MPH U30TEPMHUYECKOM paciiupeHun npu temneparype 300 K. yBenuauics
B Tpu paza. Onpenenutb padoTy, COBEPIIEHHYIO T'a30M, U TEIUIOTY, MOJYYEHHYI0 UM TpPU
sToM. Macca sBogopona pasHa 200 e.
OmnpenenuTs IUIOTHOCTh BOAOPO/IA, €CIIU CPENHSS AIMHA CBOOOIHOTO mpodera ero MoJIeKyJ
paBHa 0.1 cm.
HaiiTn BsI3KOCTB a30Ta MPU HOPMAJIbHBIX YCJIOBUSX, €cli Kodhdunuent nuddysuu st Hero
paBen 1.42%10° m%/c.
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BAPUAHT 1.

KonTtpoabHas padora Nel

VYpaBHeHUe NOBUMKEHUS TOUkU X = A + Bt + Cr,rneA=1wm B=2mc, C=14wc.
Onpenenutb 3HaUEHUS CKOPOCTU M YCKOPEHUsl JJIsi MOMEHTOB BpeMeHU [ = lcuf=2cu
CPEIHIOK CKOPOCTb B MHTEPBaJIe BpEMEHU OT [ = l¢ 1o 1 = 2¢.

Ban Bpamaercst ¢ yacrotoii 180 06/mun. C HEKOTOPOrO MOMEHTa BPEMEHH Bajl Haval
BPALATECA PABHO3AMEICHHO C YIJIOBBIM YCKOpeHHeM —3 pad/c’. Uepes Kakoe Bpems Baj
OCTAHOBHTCS M CKOJIbKO OOOPOTOB OH CIENaeT 10 OCTAHOBKH?

Baron wmaccoii 20 m, uMes Ha4albHYI0 CKOpPOCTb 54 Kkm/uac, Hadajd IBUTATHCS
paBHO3aMeIIeHHO ¢ yckopennmem a = -0.3 wm/c’. Kakast Cuia TOPMOXKEHHs IeHCTByeT Ha
BaroH? Yepes kakoe Bpemsi BaroH octaHoButcsi? Kakoe paccTrosHue BaroH NpoWaeT 1o
OCTAaHOBKU?

Ha Gapaban pagmycom 0.5 m HaMOTaH IIHYpP, K KOHIy KOTOPOTO NPHUBS3aH IPy3 Maccou
10 xe. Haittu momeHT uHepumm OapabaHa, €Cd WM3BECTHO, 4YTO TPy3 OIMYCKAETCS C
yCKOpeHHeM 2:/c”.

I'ups, nonoxeHHasi HA BEPXHUN KOHEL CIMPAJbHON IPYXHUHBI, CkUMaeT ee Ha 2 mwm. Ha
CKOJIBKO COXKMET IPY>KUHY Ta K€ T'Mpsl, ynaBliasi Ha KOHeLl IPY>KUHbI C BBICOTBI 5 cm?
Kapanpgam nnuno# 15 ¢vm, NOCTaBAEHHBIN BEPTUKAIBHO, MagaeT Ha cToj. Kakyro yrioByro
CKOPOCTb M JIMHEHHYIO CKOpPOCTh OyAeT HMMeTh BEPXHHH KOHEL KapaHjalia B KOHIE
nageHus’?

3a Kakyr 4acTb MepUOJa TOUKa, COBEPIIAIOIIAS FAPMOHUYECKOE KoeOaHue, MPOnaeT myTh,
paBHBIH: 1) MONOBHMHE aMIUIUTYABI, €CIM B HAa4YaJbHBIH MOMEHT OHA HaxXOAWJAach B
MIOJIOXKEHUH PABHOBECHSI, 2) OJHON TPETH aMILTUTY/IbI, €CJIM B HAYaJIbHBI MOMEHT OHa Obli1a
MaKCHMAaJIbHO yJaieHa OT MOJIOXKEHUs] pABHOBECHS?

Haifitn nnuHy BOJMHBI KOJeOaHUs, MEPUOI KOTOPOTO 10" ¢. CxopocTb pacnpocTpaHeHus
konebanmuii pasra 3*10° w/c.

B GaJioHe eMKOCTBIO 3 M HaxoauTes 1.4 ke a30Ta u 2 k2 renus. Onpenenuts TeMnepaTypy
ra3soBOi CMecCH M MaplfalbHOE JaBJEHHE Iesus, €Clid NapLuajbHOe JaBJIeHHE a30Ta PaBHO
1.3%10° ITa.

IIpu temmeparype 727°C ras 3aHuMaeT 06beM 8.1 M MPOM3BOAMT naBienue.2*10° I1a Ha
creHkd cocyna. Onpenenuts aaBlieHre 3TOro rasa mnpu temneparype 23°C, ecnu oH Gyner
3aHMMaTh 00BeM 160 7.

CpenHsisi KMHETHYECKash HHEPrusi MOJIEKYJl BO3Jyxa paBHa 5.5%¥10”" Jloe, KOHLIEHTpaLus
mosekyn 2.8%10% 4. Onpenenuts naBieHme BO3IyXa.

Onpenenutb yaenbHbIE TEIUIOEMKOCTH IMPH TOCTOSHHOM JAaBJICHUH U MOCTOSIHHOM OOBEeMe
ra3oo0pa3HOi OKHCH yrieposia, CUUTAast 3TOT ra3 UAeaJbHbIM.

OnvH KWjIorpaMM VrieKUCIoro rasa m3obapHo Harper ot 268 mo 400 K. Ompenenutsb
paboTy, coBepIIaeMyr0 ra3oM IMpPH YBEIMYEHHH ero o0beMa, U HM3MEHEHHE BHYTPEHHEH
SHEPruu 3TOrO rasa.

Bomopon 3auumaer obbem 10 a’ mpu masmennn 0.1 Ila. Tas Harpemn mpu MOCTOSHHOM
obveme o masnenus 0.3 Mlla. Onpenenntb N3MEHEHNE BHYTPEHHEH SHEPruu rasa, padbory,
COBEPIIAEMYIO T'a30M, H KOJIMYECTBO TEIUIA, COOOIIEHHOE Ta3y.

Haiitu cpenHee 4nclio CTOJIKHOBEHMM MOJIEKYJ a30Ta B €QUHHIYY BPEMEHHU NPU AABJIECHUU
50xIla u Temneparype 27°C.

Haiitu kosdpdunument muddysuu u BsI3koCTh Bo3Ayxa mnpu npaeieHuu 100xl/la w
temneparype 10°C. JluameTp MoseKyn Bo3ayxa paBed 0.3 wu.
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BAPUAHT 2.

KonTtpoabHas padora Nel
ITo npsiMoii TMHKUN ABMXKYTCS IB€ MaTe€pUAJIbHbIE TOUKH COTJIACHO YPAaBHEHUSIM:
x;=A; + Bt + C]ZZ; x> =A>+ Bt + C3Z2,
rneA;=10m; B; =1, C; = -2]\/[/02;

A>=3m;B,=2m/c;C,=02 me,

B xaxoif MOMEHT BpeMEHU CKOPOCTH 3THUX TOUEK OyayT omuHakoBbl? HaliTh yckopeHus a; u
a> 3THUX TOYEK B MOMEHT BpeMeHU [ =3 c.
Ilpu paBHO3amMenJIeHHOM ABUKEHUH 3a 60 ¢ 4acTOTa BpalleHUs KOJIeCa YMEHBIIWJIACH OT
300 06/mun nmo 180 06/mun. HaiiTn yrmoBoe yCKOpEHHE Kojieca U 4YUCIO 000poTOB N,
COBEPIIECHHBIX KOJIECOM 3a 5TO BpeMsl.
Iloesn maccoit 500 m mocie BBIKIIOYEHHS TATH JIOKOMOTHBA OCTAHABIMBAETCS IIOX
nericteueMm cunbl TpeHust 100 kM 3a 1 mun. C xakoi Ha4aJbHOW CKOPOCTBIO IABUTAJICS
noesn?
K obony koneca pamuycom 0.5 m u maccoii 50 ke mpunoxeHa kacareibHast cuna 100 H.
Halitu yrnosoe yckopeHue kojeca. Uepes kakoe BpeMs MOCE Havyana JAeUCTBUS STOW CHUJIbI
4acTOTa BpalleHus kKoyeca nocturHeT BeaunuuHbl 100 06/c? Kojeco cuutath OHOPOIAHBIM
nuckoM. TpeHnem npeHedpeys.
Baron maccoit 20 m gBurancst co ckopocteio 1 m/c. HanereB Ha npykuHHBIA Oydep, oH
OCTaHOBMJICSI, C)kaB MpykuHy Oydepa Ha 10 cu. OnpenenuTs )KeCTKOCTb MPY>KUHBL
Onpenenuth TOJHYIO KHHETHYECKYIO »HEprur0 obOpyda maccoil 1.6 ke, karsmerocs co
ckopocthio V= 1.5 m/c.
Onpenenutbs aMIUTUTYy, YacTOTy U HadajbHyO (asy kojeOaHHs, ypaBHEHHE KOTOPOTO,

T
BeIpaskeHHOE B cucTeMe CH, uMmeeT BUA: x = cos —(4f + 3).
5

ITepron xonebaHmil MEPBOro MaTEMaTHYECKOrO MasiTHUKA 3 ¢, BToporo — 5 ¢. OnpenenuTsb
nepuon KosebaHuH TPEeTbero MaTeMaTHYeCKOro MAasTHHKA, [UIMHA KOTOPOTO paBHa CyMMe
JUIMH [IEPBOrO U BTOPOTO MasITHUKOB.

B Gannone o6bvemom 10 7 HaxoauTes renuii o aasneHueM | Mlla v npu temmnepatype

300 K. IMocne Toro, kak u3 6aymuioHa Obuto BhIMymeHo 10 o renmusi, TeMreparypa B OajioHe
noansmuiack 10 290 K. Onpenenuts AaBIeHUE TeHs, OCTABIIErocs B OaJIOHE.

T"a3, npu Temneparype 300 K, Haxomutcst mox nasnennem 2.8%10° ITa u 3aHnmaet o6bem

0.8 . OnpenennTh H3MEHEHHE TEMIIePaTyPhl 3TOTO rasa, ecau npu masiesun 1.6%10° Ila
OH 3aHsn 00beM 1.4 ar’.

CpenHssi KMHeTHYeCKas SHEPIHsl MOCTYNAaTEeNbHOIO MABWKEHUsS MOJIEKYNl BO3Ayxa, IpH
nasnennu 10° Ia, pasra 6.5%10™" [Joc. OnpenennTs KOHUEHTPALIHIO MOJIEKYJT BO3AYXA.
Onpenenutb MOJIIpHbIE TEIJIOEMKOCTH IPU TMOCTOSIHHOM [aBJ€HUM U MPU IMOCTOSHHOM
obwpeme rasa, cocrosimiero nmo mMacce Ha 85% u3 kuciaopona u Ha 15% wu3 o30Ha.

Kucnopon maccoit 160 ¢ marper m3o6apHo Ha 100 K. Omnpenenuts paboTy rasa mpu ero
paclIpeHuH, a TaKXkKe U3MEeHEeHNe BHYTPEHHE SHepruu 3TOro rasa.

Bamion emkocteio 20 7 ¢ KucjopogoM mpu  gasnenmu 107 [la u temmeparype 7° C
HarpesatoT 10 Temneparypbl 27° C. Kakoe KOMMYECTBO TeMja MPU 3TOM COOOIIEHO
kuciaopony? HaliTu n3mMeHeHne BHyTpeHHEN SHEPrUU KHUCIOpOa MpU HarpeBaHUM.

Haiiti cpennroro anmuHy cBoOOAHOTO mMpodera MOJNEKYJ YIJIEKUCIIOTO ra3a mpu TeMIepaType
100° C u nasnenuu 13 [la. JluameTp MOJIEKyN yriekucioro rasa 0.32 mu.

Bo ckompko pa3 Bs3kOCTh Kuciopona Oousbine BsiskocTH aszoTa? Temmeparypa ras3os
OJIMHAKOBA.
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BAPUAHT 3.

KonTtpoabHas padora Nel

YpaBHeHUE NBUKEHHUSI MAaTEPUATBHON TOUKH BIOJb OCH X UMeeT BUn. X = A + Bt + Ct3, rae
A=2m B=1mkc, C=-05m/c’. HaiiTu KOOPAHHATY X, CKOPOCTb H YCKOPEHHE TOUKH B
MOMEHT BpEMEHHU [ = 2 C.

IIo nyre oxpyxHOCTH panuycoMm 10 . Bpamaercsa Touka. B HEKOTOpPBII MOMEHT BpEMEHHU
HOPMAaJIbHOE YCKOPEHUE TOUKU dj, = 4.9 M) a BEKTOP TOJHOTO yCKOpeHHuss a obpasyer ¢
BEKTOPOM HOPMAJIbHOrO yCcKOpeHus yron o« = 60°. Halitu nuHelHy CKOPOCTb M
TaHT€HIIUAJIBHOE YCKOPEHUE d, TOYKHU B 5TOT MOMEHT BPEMEHU.

IToesn maccoit 500 m, nBurascr paBHO3AMEIJICHHO, B T€YeHUE | MuH YMEHBINAET CBOK)
ckopocTb oT 40 km/yac no 28 km/yac. Haiitn cuily TOPMOKEHUSL.

K obony omnoponnoro aucka paguycom 0.2 m mpunioskeHa kacarenpHas cuna 100 H. Kpome
TOrO, NPU BpalllEHUU HAa JUCK AeCTByeT MOMEHT cuil TpeHus 5 Hm. Halitu maccy nucka,
€CJIM U3BECTHO, YTO AUCK BPALIAETCs C YIVIOBBIM yCKOpeHuem 100 pa@/cz.

CHapsin, nersmuii co ckopocthio 500 ar/c, pa3opBaics Ha ABa OCKOJKA. MEHBIIHA OCKOJIOK,
mMacca Kotoporo cocraBmsier 0.2 wactm oOT oOmell Maccel CHapsina, TMOJETeN B
MPOTHBOIIOJIOKHOM HAIPaBIEHUH CO CKOpocThio 200 m/c. OnpenenuTs CKOPOCTh OOJbIIEro
OCKOJIKA.

K obony aucka maccoit 5 ke mpunoxkeHa kacatenbHas cmia 200 H. Kakyro KHHETHYECKYIO
SHEPrUro OyIeT UMeTh TUCK Yepe3 BpeMs 5 ¢ Tociie Havaja qeHCTBUS 3TON CHIIbI?
MarepuanpHasi TOUKa COBepIIaeT KoebaHue, ypaBHEHHE KOTOPOTO, BBIPAXKEHHOE B CHCTEME

/4 o
CH, umeer BUI X = 2cos§(2l+3). Onpenenutb CKOPOCTh U YCKOPEHUE KOJIEOMIOIencs

TOUKH uepe3 3 ¢ Mocie Hadaia KoyueOaHu.
Touka ywacTByeT B [BYX B3aUMHO NEPHNEHIUKYJSIPHBIX KOJEOAHMSIX: X =asin? U
y=acost, rae a = 5 cm. IlonyunTs ypaBHEHUE TPACKTOPUH PE3YJIBTUPYIOLIETO JBHKEHUS

TOYKH.

bannon comepxkur 80 e kucmopoma u 320 e aprona. Masnenue cmecu pasHo 1 Mlla,
temnepatypa cmecu pasHa 300 K. Onpenenuts 00beM OasioHa.

B uunuHape nsurarens TeMmeparypa Bo3ayxa B Hadane ckarusi Obuia 50° C. Haiitu
TEMIEepaTypy BO3AyXa B KOHIIE CXKATHUs, €CIIH ero 00beM yMeHbInaercsi B 17 pas, a naBjeHue
BO3pactaeT B 50 pas.

B cocyne obvemom 2 s Haxomutes 10 e kucnmopoma mon masneHwem 100 x/la. Hafitu
IUIOTHOCTb Ta3a U CPENHIOI KUHETUYECKYI0 3HEPTUI0 MOCTYNATEeNbHOIO ABWKEHUs €ro
MOJIEKYII.

Onpenenutb MOJSPHYIO TEIUIOEMKOCTb IMPHU MOCTOSIHHOM [aBJ€HUM WM MPU MOCTOSHHOM
obpeme cmecH, comepxkamieil 3 ke a3ora M 1 ke  BOOJHOIO TMapa, CUUTas 3TH Tra3bl
U€aJbHBIMH.

Onpenenuth HavabHYIO TemmepaTtypy 0.56 ke a3oTa, ecnu npu M300apHOM HArpEeBaHUU IO
370 K cosepiiena pabdora 16.62 k/[ic Ha yBenuueHue ero o0bema.

B uunuHape nonx nopiiHeM HaxoauTces kucaopon maccou 2 ke. Ilopuiens 3akperieH. Kakoe
KOJINYECTBO TeIlIa Hy>KHO COOOIINTh KHCIOPOAY, YTOOBI €ro TeMmepaTrypa MOBBICHIACH HA
S5K. Haiitu yBejudeHue BHYTPEHHEH SHEPTUU KUCIOpOaa U paboTy rasa.

Haiitn cpennroro nmimHY cBOOOAHOrO mpodera MOJEKYyJl BO3AyXa MpPH HOPMAJIbHBIX
ycnosusix. Jluamerp monekyn soznyxa 0.3 mm.

Haiitn xosdppunuent nudpdy3nn BOIOpOaa NMPU HOPMANBHBIX YCIOBHAX, €CIU CPEIHSS
IUIHHA cBOOOAHOTO mpodera ero MoJieKys pasHa 0.16 mxm.
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BAPUAHT 4.

KonTtpoabHas padora Nel
CBobomHO maparolee TEJNO B MOCIEIHIOI CEKYHIY IBIKEHHS MPOXOAUT IMOJIOBHHY BCETO
nytd. C KaKkoil BBICOTHI MAAAET TEJIO U KAKOBO BPEMSI €r0 MaaeHus?
TeJlo BpaIaeTcst BOKPYT HEMOABIIKHOM OCH 10 3akoHy: @ = A + Bt + CF, tne A = 10 pao,

B =20 pao/c; C = -2 pao/c’. HaiiTi OTHOE YCKOPEHHE TOUYKH, HAXOIAMIEHCS Ha PACCTOSHIN
0.1 m OT ocu BpauieHus, AJi1 MOMEHTa BpEMEHHU [ = 4 ¢.

ABTomMobue Maccoit 1000 ke, ABUrasch paBHO3aMENJICHHO, OCTAHOBUICS 4Yepe3 S ¢, mpoias
IIPHU 3TOM IyTh 25 v. HaliTh HavanbHyI0 CKOPOCTb U CUITY TOPMOKEHHSIL.

OpnHoponHblil crep:keHb anuHOM 1.2 m u maccoit 0.3 ke Bpamaercsd B IOPHU30OHTAJIBHOM
MJIOCKOCTH BOKPYT BEPTUKAJIBHOM OCH, MPOXOASILEH Yepe3 OOUH U3 KOHLOB CTepxkHs. Uemy
PaBeH BPALLAIOIINI MOMEHT, €CJIU CTEPKEHb BPAIlA€TCs C YIVIOBBIM yckopeHuem 100 c?.
CranbHoil mapuk maccoitl00 e ymapsieTcsi 0 MacCHBHYIO IUIUTY, UMes CKOPOCTb 2 M/C, U
OTCKakHMBaeT OT Hee C Takoll e IO BeJIMYHMHE CKOpOoCThbio. OmnpenenuTb HU3MEHEHHE
UMIyJIbCa IIApUKa, €clu 1) HampaBlieHHEe CKOPOCTH IIapuKa MEePHeHIUKYJSIPHO IUIHTE;
2) yroy Mexay HanpaBjeHHEM CKOPOCTH U MIOCKOCTBIO TIHTHI 30°?

Mennbiii map paguycoMm 10 cw Bpammaercst ¢ 4acToToil 2 00/c BOKPYT OCH, MPOXOASLIEH
yepe3 ero ueHTp. Kakyro paboTy Hamo COBEpIINTH, YTOOBI YBENUYHUTH YIJIOBYIO CKOPOCTb
BpAalIEHUs [1apa BABOE?

AMIITYAa 3aTyxaromux KoneOaHuii 3a | MUHYTY yMEHBINAETCS B MONTOpa pasza. Bo
CKOJIBKO pa3 yMEHbLIAeTCsl aMILIUTyAa 3a 4 MUHYTHI?

[TonHas »>HEpPrus Tena, COBEPIIAIOINETO TapMOHUUYeckoe konebaHue, paBHa 30 mk/{oc;
MaKkCHUMaJjbHasi CUJa, AeHCTBYOIasA Ha Teno, pasHa 1.5 wH. Hanucats ypaBHeHNE ABHKEHUS

. T
3TOTO TeJNa, eCiH nepuo koynebanuii 2 ¢, a HadanpHas (aza 3

banmnon obvemom 20 77 3amosHeH azoroMm. Temmepatypa asora pasHa 400 K. Kornma wactb
a30Ta M3PacXOAOBaH, JaBieHue B OayuoHe moHm3miochk Ha 200 x/la. Onpenenuts maccy
U3PaCXOIOBAHHOIO a30Ta, €CIIU TeMIepaTypa B OaJuIOHe OCTaIach HEM3MEHHOM.

ToHKMI PE3UHOBBIN LIAp PamMycoM 2 CM 3amOJHEH BO3ayxoM npu temneparype 20° C wu
nasnennn 0.1 Mlla. Kaxos Oyzner paguyc mapa, eCii ero OrnyCcTHTh B BOAY C TEMITEPaTypon
4° C na rny6uny 20 m? AtMocdepHoe naBlieHHe HOPMaJIbHOE.

IIpu KAKOM NABJICHHH BHYTPEHHSIS SHEPIUs BCEX MOJIEKYJ HACANbHOTO rasa B obneme 2 i’
coctaBut 450 x/[oc?

Ha cxonbko yBenWYUTBCS CpeHsAs KUHETHYeCKas SHepPTusl MOCTYNATENbHOIO JBMKEHUS
MOJIEKYJT OJJHOATOMHOTO Ia3a nocje ero Harpesanust ot 0° C no 100° C?

O6beM rasa yBeTHumiIcs B 3paza npu gasnennn 3*10° [Ta. OnpenennTs nepBoHAYATbHbIIT

o0beM rasa, eciiv Ha ero pacurupenue notpedoBajgoch copepmutb padboty B 12.9 x/lowc.

B Temnom3onupoBaHHOM LWIMHAPE C MOPIIHEM HAXOAUTCS a30T Maccod 0.2 ke mpu
temrieparype 240 K. Azor, pacmmpsisich, coepuimn padboty, paBHywo 4.5 x/[oc. Haiitu
U3MEHEHHE BHYTPEHHEH SHEPTHH a30Ta U €ro TEMIIEPATYPy MOCIe PaCIIUPEHUS.

[Ipn HOpMaNBHBIX YCIOBHSIX CPEHsISI IIMHA CBOOOAHOTO Mpodera MOJIeKyJl BOAOPOAa paBHA
0.16 mxm. Onpenenuts 3)(HEKTUBHBIN AHAMETP MOJIEKYJIbI BOJOPOA.

Haiitu TeronpoBoaHOCTh Bo3ayxa npu nasienun 100 k/la u temnepatype 10° C. Jluamerp
MOJIEKyJ Bo3ayxa paBeH 0.3 wm.



BAPUAHT S.

KonTtpoabHas padora Nel

5.1 Iloe3n, ABuUrascb paBHO3AMEIJIEHHO B TE€Y€HUE | MmuH, yMEHBIIAET CBOK CKOPOCTH OT
40 km/uac no 28 km/yuac. Hailtu yckopeHHe Tmoe3na U NyTh, NMPOWIACHHBIH UM 3a BpeMs
TOPMOXKEHHUSL.

5.2  Haiitu panuycC BpalarOLIerocss KOJeca, €CJM HM3BECTHO, YTO JIMHEWHAs CKOPOCTb TOYKH,
nexameld Ha obozxe, B 1.5 pasza Oonblie JTHHEHHONW CKOPOCTH APYrod TOUKH, JIeXKalled Ha
5 cm GmKe K OCH KoJieca, YeM IepBasi TOUKa.

53 B Barone, ABMKYyIIEMCsS TOPU3OHTAIBHO C IOCTOSIHHBIM YCKOPEHHEM 3 M/C, BUCUT Ha
NPOBOJIOKE TIpy3 Maccoi 2 xe. Onpenenutb CUIYy HATsDKEHUS IMPOBOJOKH U yroil ee
OTKJIOHEHUS OT BEPTUKANH, €CIU IPy3 HEMOABMKEH OTHOCUTEIBHO BarOHa.

5.4  Jluck pamuycom 20cM U Maccoil 7 k2 BPALIAETCs CONIACHO ypaBHeHno ¢ = A + Bt + Cr,
rne A = 3 pao; B = -1 pao/c, C = 0.1 pao/c’. Haiitn ypaBHEHHe, COTIACHO KOTOPOMY
MEHSETCs] BPalaoLIuil MOMEHT, AeHCTByroUui Ha auck. OmnpenenuTb MOMEHT CHJ IS
t=2c.

55 CHapsn maccoit 50 ke, jersmuii co ckopocteio 300 m/c, momamaer B MULIEHb C MECKOM
maccoii 100 ke u 3actpeBaer B Hell. C KakOH CKOPOCTBIO M B KaKOM HaIlpaBJIEHHH OyneT
JBUraThCs MUILIEHD M1OCJIE MONAJaHNs CHAPAAA B CIEAYIOLIUX CIIy4dasX:

1) Mumens ObUTa HEMOABMKHA, 2) MHUIIEHb ABUTANACh B OJHOM HAIpPABICHHU CO CHApPSIOM
CO CKOpPOCTBIO 72 rm/yac, 3) MUIIEHb NBHUrajach HABCTPEUy CHAPSAIY CO CKOPOCTBHIO
72 km/uac?

5.6 Kunernueckasi 3Heprusi Bajia, BpaIIAIOLIErocs ¢ 4acToTol S 00/c, pasHa 60 /[xc. Haiitu
MOMEHT UMITyJIbCA Baa.

5.7 Touka copepriaer rapMoHuueckue koyiebanmsi ¢ yactoroit 10 /y. B MOMeHT BpemeHw,
NPUHATBIA 332 HadaJbHBIH, TOUYKa MMeJa MakcuManbHoe cmemnenne 4 = 1 mm. Hammcatp
ypaBHEHHE KOJieOaHUN TOUKH.

5.8 K npyxuHe noasemeH rpy3. MakcuMaibHasi KHHETHUYECKasi SHEPTHUsi KoJiebaHuil rpys3a paBHa
1 /]oe. Ammuutyna konebanmii A = S cm. HalTh jx€CTKOCTD k TPy KUHBL.

5.9  Haiitu moTHOCTH a30Ta npu Temneparype 400 K u naBnennn 2 Mlla.

5.10  OTkpbITyIO ¢ 00€UX CTOPOH Y3KYI0 LMJIMHAPUYECKYIO TPyOKy mnuHOH 0.3 M 10 MOJOBUHBI
NOTPY3HJIM B PTYTh. 3aT€M 3aKpbLIH BEPXHEE OTBEPCTHUE TPYOKU U BBIHYJHU ee U3 pryTu. llpu
3TOM B TpyOke ocrancs cronbuk pryta anuHOoH 0.22 m. Yemy paBHO aTmocdepHOe
nasyieHue?

5.11 OmnpenenuTh CpPenHIO KHHETUYECKYIO 3HEPrHI0 MOCTYNATEIbHOTO ABMXKEHUS MOJIEKYJI
rasos Bo3ayxa npu fasieHun 100 //a. KoHneHTpaius MoJieKyJl BO31yXa MPU 3TUX YCIOBUAX
2.7%10% 7.

5.12 Pa3HOCTb yAENbHBIX TEIJIOEMKOCTEH NMPHU IMOCTOSTHHOM IaBJIEHHUH M TMOCTOSIHHOM OOBEeMe
TpexaToMHOro rasa pasHa 0.2%¥10° Jloc/(ke*K). BBMHCINTD MOJSIPHYIO U YACIBHYIO
TEIUIOEMKOCTD ra3a.

5.13  TIpu temmepatype 280 K u nasnennn 4*10° I1a ra3s sarumaer obwem 0.1 4. Kakas paGora
COBEpINAETCS ra3oM M0 YBEIHMYEHHIO ero o0beMa, €CIM OH Harper Npu IOCTOSHHOM
nasienuu 1o 420 K ?

5.14 Ha ckonbko yBenu4muiach BHYTpPEHHss SHepruss 10 Mousieli OMHOATOMHOIO rasa IpH €ro
n3zobapHom Harpesanuun Ha 100 K? Kakyro paboTy coBepimi mpu 3TOM ra3 M Kakoe
KOJIMYECTBO TEIJIOTHI €My ObLIO COOOIIEHO?

5.15 Haiitu 4uCNO CTOJIKHOBEHMH, KOTOpBIE MPOUCXONAT B TEUEHUE CEKYHIbl MEXKIY BCEMH
MOJIEKYJIAMH, HAXOISAIIUMUCS B 06beMe 1 Ma’ BOZOPOIA IPU HOPMATBHBIX YCIOBHSIX.

5.16 Haiitu ko3 dpunment nuddysun reaust npr HOPMATBHBIX YCIOBHSIX.
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BAPUAHT 6.

KonTtpoabHas padora Nel
Paccrosinue mMexny aBymsl CTaHUUAMU MeTpo 1.5 kum. 1lepByro MOJIOBHHY 3TOr0 PacCTOSHUS
Moe3/l MPOXOAUT PABHOYCKOPEHHO, BTOPYIO - PaBHO3AMEMJIEHHO C TeM XK€ IO MOAYJIO
yCKOpeHneM. MakcumanbHasi CKOpocThb nioesna S0 xw/uac.
HaiiTu BenmuunHy yCKOpeHUs U BpeMsl IBUKEHUS M0e3/1a MeXly CTAHLUAMU.
Jluck pagmycom 0.3 M Bpaimaercs COracHo ypasuenuno. @ = A + Bt + Cr', rne A = 3 pao;
B = -1 paoic, C = 0.1 pad/c’. Onpenenuts TaHIEHIMATBHOE, HOPMAIBHOE M IMOJHOE
YCKOpeHHsT HanOoJiee yOAJEeHHBIX OT OCH BpAIICHUS TOYEK ANCKA B MOMEHT BPEMEHH
t=10c.
HakjioHHast miockocTh 06pasyer ¢ ropusoHToMm yron o = 25° Tenmo 3a 2 ¢ OT Hauania
CKOJIbXKEHHUS TPOLIUIO MO HAKJIOHHOW muockocT 1.7 . Onpenenutd k03pduLineHT TpeHus
CKOJIbXKEHUS Tejla MO MIOCKOCTH.
Ilon meiictBuem momenTa cuibl 10 Hum teno depe3 10 ¢ mocie Havaga BpaIleHHs! JOCTUTIIO
CKOpPOCTH, COOTBETCTBYIOLIEH BpaIEHHIO ¢ 4acTOTOH 4 06/c. OnpenenuTb MOMEHT HHEPIIMU
JAHHOTIO Tena.
Onpenenutb U3MEHEHHE UMITyJIbCa Teja Maccoi 0.5 ke B pe3yNbTaTe ero COCKallb3bIBaHUS C
HAKJIOHHOH TUTOCKOCTH BBICOTOM 3 M. TpeHnem npeHeOpeus.
OOpy4 u AMCK OJMHAKOBOH MAacChl KaTATCS 0€3 CKOJBXKEHHS ¢ OJAMHAKOBOW CKOPOCTBIO.
Kunernuaeckas sneprus oOpyya pasHa 40 /[orc. HaliTh KWHETUYECKYIO SHEPTUIO AUCKA.
Onpenenutb  MakCUMalbHO€  YCKOpEHHE  MaTepUalbHONM  TOUKM,  COBEpLIAIOLIei
rapMoHU4Yeckue koyiebanusi ¢ ammuntynod A = 15 cu, ecnmu HauboJbIIast CKOPOCTh TOYKH
30 cm/c, nauanbHas dasa @o=10°. TlonyunTs ypaBHEHNE KOTEOAHMIA.
ITonepeunas BOJHA PacHpOCTPAHSAETCS] BAOJbL YNPYroro IMHypa CO CKOPOCTBIO 15 wm/c.
IMepuon konebanuii Touek muypa 1.2 ¢. Onpenenuts pa3HOCTh (Pa3 ABYX TOYEK, JIEKAIIMX
HA JIy4e U OTCTOSIIUX OT UCTOYHMKA BOJH Ha paccTosiHus 20 v 1 30 M COOTBETCTBEHHO.

B cocyne odvemom 10 7 mpu temmneparype 450 K HaxoAaWTcs CMeCh a30Ta Maccoil S e u
BOoJOpoaa Maccolt 2 2. OnpenenuTtsb JaBjIeHHE CMECH.

Kakoe naBneHue ycraHaBIMBaeTCs B LIUJIMHAPE ABUraTeNs, €ClIM K KOHIy TakKTa CXKaTus
temneparypa paboueit cmecu nmosbimnaercs ot 50° C 1o 250° C, a 06beM YMEHBIIAETCS OT
0.75 1 5o 0.12 #? TlepBoHauansHOe naBieHue pasHo 80 k//a.

Onpenenuts MIOTHOCTh KHUCIOPOJA, HAXOSIIErocs MO AaBJICHUEM 2%10° Illa, ecmu
CpenHss KMHEeTHYeCKasl 3Heprusi MOCTYNaTeIbHOrO ABWKEHUS OJHON MOJIEKYJIbl KHCIOpOaa
pasua 1.2%107° Torc.

BerancanTh ynenpHbIE TETUIOEMKOCTH HEOHA M BOJOPOJA NPHU MOCTOSIHHOM O0OBbeMe U IpH
MOCTOSIHHOM JIaBJICHUM, CUMTasl 3TH ra3bl UealbHbIMU.

IIpn n300apHOM paclIMpeHHH ABYXaTOMHOIO ra3a MpH JaBICHUU 10° ITa ero obwem
yBemuumiIcs Ha 5 M. Ompenenuth paboTy PACIINPEHHs ra3a, H3MEHEHHE ero BHYTPeHHe:l
SHEPTHH U KOJMYECTBO TEIUIOTHI, COOOILIEHHOH 3TOMY Ta3y.

Bo ckonpko pa3 yBenmuutcst oobeM 0.4 MoJist BOIOpPOa NPU H30TEPMHUUECKOM PACIIUPEHUH,
€CJIM NPU 3TOM ra3 MOJIy4UT KoJu4decTBO Tema, pasHoe 800 /[xc? Temneparypa Bogopoaa
pasHa 300 K.

Haiit cpenHioo mmHy cBOOOIHOrO npobera MOJIEKyJ Bogopoaa npu aasneHnu 133 wmlla u
temneparype -173°C.

HaiiTi TermnonpoBoaHOCTh BOAOPOAA, BI3KOCTh KOTOPOro paBHa 8.6 mklla*c.
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BAPUAHT 7.

KonTtpoabHas padora Nel
Teno mamaer ¢ BoicOThI 20 M ¢ HawanbHOW CkOpocThiO V) = 0. Kakoit myTh mpoiiner Teno 3a
NEPBYIO U MOCIEAHIOK CEKYHy CBOETO IBUKEHHUS?
Touka Bpamaercs N0 OKPYyXKHOCTH pazuycom 1.2 wm. VYpaBHEHHE NBWXKEHHUS TOYKU:
@ =At+Bf’, tne A = 0.5 pad/c, B = 0.2 pad/c’. OnpenenuTs TAHIEHIHATLHOE, HOPMAIBHOE 1

MOJIHOE YCKOPEHUsI TOUKU B MOMEHT BpeMeHU = 4 ¢.

I'py3 Maccoil 12 ke moAHMMarOT PaBHOYCKOPEHHO Ha IIHype. 3a 5 ¢ moamema rpysa ero
CKOPOCTb U3MEHsIETCs OT 2 m/c 10 S m/c. HaliTh crity HaTsSKEHHUS IIHYpA.

Uepes Onok, BBINOJHEHHBIH B BUAE KOJECa, MEPEKHMHYTa HUTh, K KOHLIAM KOTOPOM
npusssanbel rpy3sl Maccod 100 ¢ um 300 e. Maccy kxoneca, sennunHon 600 e, cuurarth
pPaBHOMEpPHO pacmpeneneHHoll mo oboay, a Maccolt cnunm mnpeHeOpedsb. Omnpenenuthb
YCKOpPEHHE, C KOTOPhIM OYAYT IBUTATHCS TPY3bl U CHIIbI HATSKEHHUS] HUTH 1O 00€ CTOPOHBI
61oxKa.

Kamenp maccoii 200 ¢ OpomeH BepTHUKaJbHO BBEPX C HA4YaJbHOH CKOPOCTBIO 7.5 m/cC.
Onpenenutb BEeNWYMHBI KWHETHYECKOW M MOTEHLHWaNbHOH sHepruu depes 0.5 ¢ mocie
Opocka. ConpoTUBIIEHNE BO3/lyXa HE YIUTHIBATb.

ToHKHI ONHOPOAHBIMN CTEp>KeHb MJIMHONW 1.2 M MOXeT BpamaTbCsd B BEPTUKAIbHOU
IUIOCKOCTH BOKPYT OCH, NIPOXOsIIei yepes KoHell crepxkHs. CTepkeHb OTKIOHUIH Ha 90° oT
MOJIOKEHUsI paBHOBeCHsI U OTIycTuinu. OnpenenuTs JUHENHHYI0 CKOPOCTb HHUXKHErO KOHIA
CTEP>KHSI B MOMEHT IPOXOKAECHUs UM MOJIOKEHUsI PABHOBECHSL.

Onpenenuth mnepuoA TapMOHHYECKMX Kosiebanmii nucka paamycomM 40 cm  OKOJO
TOPU30HTAJILHOM OCH, MPOXOSIIEH uepe3 00pa3yIoIyo TUCKa.

Touka yd4acTByeT OJHOBPEMEHHO B [BYX B3aMMHO NEPIEHANKYJSIPHBIX KOJeOaHMsIX,
BbIpakeHHbIX B cucteme CU ypaBHeHusmMu: x = 2 sinxt; y = -cosx!. HaliTu ypaBHeHUe
TpaexkTopuu ToUku. OnpenenuTb CKOPOCTb TOYKH B MOMEHT 7 = 0.5 ¢.

Cwmeck Boopona u asorta obmei maccoit 290 ¢ npu temnepatype 600 K u nasnennu 3 Mlla
3aHuMaet oobem 30 7. OnpenenuTs Maccy BOJOPOAa U MacCy a3oTa.

I'a3 npu nanenuu 0.2 MIla u Temneparype 15° C umeer 06bem 5 1. Uemy paBeH 00beM 51Ol
MAacChl ra3a Ipu HOPMaJbHbIX YCIOBUAX?

Onpenenutb BHYTPEHHIOD OJHEPTHI0 OJHOTO MOJISI MIEANbHOTO TIa3a MpU HOPMAaJbHbIX
YCIIOBUSIX.

Haiitu CcpenHIO KMHETHUYECKYIO 3HEPrHI0 MOCTYNATEIbHOTO ABUXKEHUS OJNHOW MOJIEKYJIbI
kuciopoaa npu temneparype 350 K, a Takke KHHETHUECKYIO JSHEPIHIO IMOCTYHATEIbHOTO
JBHKEHHSI BCEX MOJIEKYJI , COAEPIKAIUXCs B 4 2 KUCIOPOAa PU 3TOU TeMIIepaType.
JIByxaTOMHOMY ra3y MpH ero u300apHOM paciiupeHuu coolmeHo 14 x/[oe TernoTsL
Omnpenenutb padoTy pacUIMpEeHUs] 1 U3MEHEHHE BHYTPEHHEH SYHEPTHH rasa.

10 ¢ a30Ta U30TEPMHUUYECKH PAaCINUPSIETCs Tpy Temreparype - 23° C, mpuueM ero naBieHHe
mensiercst ot 250 x/la no 100 x/la. Haiitu paboTy, COBEpPIICHHYIO T'a30M MPU PACHINPEHUH.
Mousekynbl aproHa Opu HOPMAJNbHBIX YCJIOBHUSAX HCIBITBIBAKOT 6*10°  CTONKHOBeHHH B
CeKyHAy TpH cpemHeil mmmHe cBoGommoro mpobera 6.35%10° am. Ompemenuts cpemmior0
CKOPOCTb NOCTYNATENbHOTO ABMXKEHUS MOJIEKYJ ras3a.

B cocyne obObemom 2 21 HaxoOUTCs 4%10% MOJIEKYJl JBYXaTOMHOIO rasa.
TenmonpoBoaHOCTH rasza pasHa 14 mBm/(m*K). Halitu xoapunment nuddysun rasa.
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BAPUAHT 8.

KonTtpoabHas padora Nel
JlaHO ypaBHEHHE TIPSIMOJTMHEWHOTO ABHKCHUSI MaTEPUATTbHOM TOUk S = A + Bf + Ct3, rae
A=6m;B=1m/c;C=3m/c’. Haiitu CKOPOCTb I YCKOPEHIE TOUKH B MOMEHT BPEMEHH
1 =3 ¢, aTak )K€ CPEAHIOI0 CKOPOCTH 3a NMEPBbIE 3 CEKYHbl IBUKCHUS.
Koneco, Bpamasicb paBHOYCKOPEHHO, MOCTHIJIO YIJIOBOW ckopoctu 20 pad/c uyepes
10 oGopoTos mocne Havyana neuxkeHns. HaliTi yriaoBoe yCcKopeHHne KoJeca.
Ha xoHLaX TOHKOH HEpacTsDKUMOW HHTH, NMEPEKMHYTOH depe3 OJOK, MOABEIIEHBI I'Py3bl
maccoit 3ke u 4xe. Ilpenebperas maccoii O6J0Ka U TPEHHEM IPU €ro BPALEHUH, OTPENEIUTD
YCKOPEHHE, C KOTOPBIM OyyT ABUTATHCS IPY3bl, U CUITY HATSKEHHS HUTH.
[unuuaap, pacronoXKEHHbIM FOPU30HTAIBHO, MOXKET BPALIaThCsl OKOJIO OCH, COBMAJAOIIEH C
ocpr0 nuinuHApa. Macca nunuHapa 12 xe. Ha nmnuHAp HAMOTaH IIHYpP, K KOTOPOMY
npuBsizana rupst Maccor 1 ke. C kakuM yckopeHueM Oyzaer omyckatbes rupsi? Kakosa cuna
HaTSDKEHMs LIIHYpa BO BpeMsl IBM)KEHUS Ipy3a’?
Kakyro paboTy Hamo cOBEPIINTD, 4YTOOBI 3aCTABUTH IBIIKYIIEECS TEJIO MacCOH 2 ke:
1) yBENTUYUTB CBOKO CKOPOCTDb OT 2 M/C 10 S M/c; 2) OCTAHOBHUTBLCS MPHU HAYAIBHONH CKOPOCTH
8m/c.
OO6py4, wumeromuii ckopocTb 2.8 m/c, HauMHAET BKATHIBATHCS BBEPX IO HAKJIOHHON
tockoctu. OmnpenennTs MakCHMaJbHYIO BBICOTY moabema oOpyda. Pacxomom sHepruu Ha
NPEOI0JIEHUE CHJI TPEHUS TPeHeOpeyb.
Teno, HEMOABIKHO BUCSLIEE HA HUIMHIPUUECKON MPYXKUHE, pacTsArUBaeT ee Ha 5 cu. 3aTeM
Teo ObUIO CMEINEHO U3 TMOJIOKEHHsI PABHOBECHSI 110 BEPTHKAJIU M OTIYIIEHO, B PE3yJIbTaTe
4ero OHO CTaJIo coBepiuaTh koyebannst. Halitu nepuon konebaHui.
Yactuma maccoit 0.1 k2 copeplimaer rapMoHUYeckue koyebanus ¢ nmepuonom 2 c. IlonHas
sHeprus konebanuii yactuubl 0.1 m/[orc. OnpenenuTs aMIUIUTY Ay KoJiebaHUi U HauOOJbIIee
3HAYEHHE CUJIbL, NEUCTBYIOLIEH HA YaCTULL.
Kakoe KomM4ecTBO KHUCIOpOIa BBIMYCTHIIN U3 OajutoHa eMKoCThio 10 77, eciiu maBieHue mpu
sTOM m3MeHmiock ot 1.4*10° Ila no 7%10° Ila, a Temneparypa nonmsmiack ot 27° C 1o
7°C?
B munuuanpe noxa nopmHeM maccod 1 xe ¢ miomanbro OCHOBaHWS 36 ¢M HAaXOAWUTCA Tras,
saHumaromuii oobem 3.8 7 mpu temnepatype 20° C. Ilocme TOro, Kak Ha MOpPLIEHD
MOCTaBUJIK THPIO U Harpesu ra3 Ha 5° C, mopuieHb NoaHsUICs Ha BeicoTy 1 cvm. Haiitu maccy
rupu. [laBneHue arMochepbl HOpMaIbHOE.
Onpenenutb CpeNHIO KHUHETHYECKYIO OSHEPTrHuI0 IOCTYNAaTeIbHOTO JBIKEHUS OIHOU
MOJIEKYJIBI KHCIIOPOJA, €CNH KHCJIOPOHA HAXOOWTCS MOJ AAaBJICHUEM 3*%10° [la  u umeer
TLIOTHOCTD 2 Ke/M .
Haiitu 5Heprur0 moCTynmaTeIbHOIO ABUKEHUS MOJIEKYJ, COAep:Kaluuxcs B 1 ke a3ora npu
temmneparype 10°C.
UeTbIpe MOJISI YIIIEKUCIIOTO Ta3a HarpeThl PHU MOCTOsIHHOM aasneHnd Ha 100 K. Onpenenuthb
padoTy pacmmpeHws, W3MEHEHHE BHYTPEHHEW O3HEPTUM ra3a M KOJHUYECTBO TEIUIOTHI,
COOOIIEHHOH Tasy.
IIpu M30TEpMUYIECKOM PACIIMPEHHH a3a, MePBOHAYAIbHBIH 00beM KOTOPOTro 2 M, naBneHne
raza ymenbiiaercs ot 0.5 Mlla no 0.4 MIla. Haiitu paboTy, COBEpPIISHHYIO T'a30M.
Monekynbl YIJIEKUCIOTO Tra3a MNpPH HOPMAJbHBIX YCJIOBUSAX MMEKT CPEIHIOK [JINUHY
cBoGoxuoro mpobera 4¥10% m u mBmkyTes co cpemmeil ckopocTbio 362 m/c. CKONBKO
CTOJIKHOBEHHUH B CEKYHJy UCIIBITBIBAET Kax/aasi MOJIeKya?
Haiiti 3G peKkTUBHbIM aruaMeTp MOJEKyNbl Kucnopopa, eciau npu temneparype 0° C ero
BSI3KOCTB paBHa 19 mxlla*c.
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BAPUAHT 9.

KonTtpoabHas padora Nel
KameHnb, OpomeHHbIH TOpU30HTAIBHO ¢ HAYAIBbHON CKOPOCTHIO V), uepe3 0.5 ¢ mocne Hadasa
IOBW)KEHUS HMEJT CKOpocTh B 1.5 pasa Gosblne HauanbHOH ckopocTH. C Kakoil CKOPOCTBIO
ObL1 OpoleH KaMeHb?
Teno Bpamaercss BOKPYT OCH B COOTBETCTBHH C ypaBHeHmeM: ¢ = A+Br+Cr, rme
A =10 pao;, B = -2 pao/c’; C = 1 pad/c’. B kaxoit MOMEHT BPEMEHH YIJIOBasi CKOPOCTb
BpaweHust Tena Oyner paBHa 4 pan/c? Uemy paBHO yrioBo€ yCKOPEHHE B 3TOT MOMEHT
BpeMeHH?
Kabuna nmudra ¢ maccaxxupamu umeer maccy 700 ke. OmpenenuThs HaTsSDKEHUE TPOCa, HA
KOTOPOM  TOfBeINeHa KaOWHa, eciu JU(T IBIDKETCS ¢ yckopeHneM 0.7 ym/c” uist Cilydaes:
1 ) BEKTOp YCKOPEHHs HamNpaBJeH BHU3; 2 ) BEKTOP YCKOPEHHUs HamNpaBJeH BBepX. Uemy
PaBHO HATSLKEHHE TPOCA NPU PABHOMEPHOM JIBUKEHUH JudTa?
MaxoBuK B BUIE CIUIOIIHOrO Aucka paguycom 0.2 m u macconn 50 ke packpyydeH 10
yacTtoTel Bpauenus 480 o6/mun m mpenocrasneH camomy cebe. Ilox nmeficTBueM CHIIBI
TPEHUs1 MaXOBUK OCTaHaBiuBaeTcs yepes 50 ¢. Haiitu MOMEHT CuiT TpeHus!.
IIpn mompeme rpysza maccoil 2 ke Ha BbICOTY 1 M coBeprmaercst pabota 78.5 /c. C xakum
YCKOpEHUEM MOJHUMaeTCs Tpy3?
HaiiTin KHHETHYECKYIO SHEPTHIO BEJIOCUTIEINCTA (BMECTE C BEJIOCUIIEIOM), ABIIKYLIETOCS CO
CKOpPOCTBIO 9 Km/yac. Macca BEJNOCHIIEANCTA BMECTE C BEJIOCHIENOM 78 ke, MpU4eM Ha
KoJteca nmpuxonuTest Macca 3 ke. Koneca Benocunena caurats oOpydamu.
MarepuanbHasi TOYKAa COBEpIIAET TapMOHUYECKue KoyebaHusi ¢ uactorod 500 [y wu
ammuutynoi 0.02 cum. Ompenenutb cpeqHHe 3HAUEHUs CKOPOCTH M YCKOPEHMs] TOUKM Ha
NyTH OT €€ KpalHHero MOJIOKEHHWs A0 TMOJIOKEHHs pPaBHOBECHS, a Takke HaluTh
MAaKCUMAaJIbHbIE 3HAYEHUs] CKOPOCTH U YCKOPEHHUSI.
Onpenenutb CKOPOCTh PACHPOCTPAHEHUs] BOJH B VIPYIOH Cpene, €Ciu pasHoCThb a3
KOJIe0aHUH NIByX TOUYEK, OTCTOAIIMX APYr OT JIpyra Ha paccrossHuu 15 cm, paBHa /2.
UYacrora xonebanmii 2 /.
Haititu moJsisApHYIO Maccy BO3[yXa, CUMTasl, 4TO OH COCTOMUT IO Macce U3 OJHOW 4acTH
KHCJIOPOJa U TPEX YacTel a3oTa.
IIpn yBenmueHnn abCONIOTHOW TeMIlEpaTypsl HIOEATBbHOTO Tasa BaBoe. Ero mnaeneHue
yBEIMUUIOCh Ha 25%. BOo CKOJIBKO pa3 mpu 3TOM U3MEHHIICS 00beM rasza’?
Kaxkoii 00beM 3aHUMaeT UAeaNbHbBIN a3, HAXOMAIIUNCS MO AaBieHueM 1.5%* 10° Ila, ecou ero
BHYTpeHHss 3Heprus pasHa 400 x/[orc.
Haiitu cpenHIO KMHETHYECKYIO S3HEPTUI0 MOCTYNATENbHOIO ABUKEHUS OJHON MOJIEKYJIbL, &
TaKXX€ CYMMAapHYK KHHETUYECKYK) 3HEPTrHI0 BCEX MOJIEKYJ, COAEPKALIUXCS B OJHOM
KUJIOTpaMme renus mpu temreparype 70 K.
IIpn m306apHOM pacumpernn 20 ¢ Bomopona ero oobeM yBennumics B 2 pa3a. HagambpHas
temneparypa raza 300 K. Onpenenuts padoTy paciimpeHus rasa, U3MEHEHHE BHYTPEHHEH
SHEPruH U KOJMYECTBO TEIJIOTHI, NEPEIaHHOM rasy.
I'enuii, HaxoASIUICS TPU HOPMAJIBHBIX YCJIOBUSX, U30TEPMUYECKU PACIIHPSIETCS OT 0Obema
1 7 mo obbema 2 s1. Haiftu paboTy, COBEpIICHHYIO ra30M MPH PACIIMPEHHH, U KOJHUYECTBO
TeILJIOTHI, COOOIIEHHOE ra3y.
B cocyne oosemom 200 cv’ maxomurest 1 2 asora. Haiitu CPEAHIOI JJIMHY CBOOOIHOTO
npobera MOJIEKyJT a30Ta.
Kosdpdpumment mupdy3nn u BA3KOCTb KHUCIOPOAA MPU HEKOTOPBIX YCJIOBUSX PAaBHBI,
cootBercTBeHHO, 1.22%107 m*/c u 19.5 mxlla*c. HaiiTi IIOTHOCTb KHUCIOPOAA U CPEXHIOKO
apru(pMETHUECKYIO CKOPOCTh €r0 MOJIEKYJL.
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JJABOPATOPHBII IIPAKTUKYM
(madopaTtopHbie paGoThl Ned, Ne9, Ne24)

1. JABOPATOPHAS PABOTA Ne 4,
N3YYEHUE BTOPOI'O 3AKOHA HBIOTOHA
C IOMOUIBIO MAIIINHBI ATBYJIA

Heas pa0GoTbl: Ha OMNBITE M3YYUTHh JACHCTBUE OCHOBHOTO 3aKOHA
JMHAMUKH MTOCTYNATEIbHOTO NIBUKECHHUSI.

IIpuOopsl W NPHHAMAIEKHOCTH: YCTAHOBKAa «MalluHa ATByAa»,
HaOOp rpy30B, CEKYHIOMED, JIMHEHKA.

Kparkas Teopusi SJKCnepuMeHTAa
OCHOBHOW 3aKOH JIMHAMHKH TOCTYNATeJbHOrO JBHXKEHUS (BTOPOM

3akoH HproTOHA): eciu Ha Teo Maccod m AeUcTByeT cuia £, To 3TO TeJo

npuoOperaer  yCKOpeHHe a, BEJIMYHUHA KOTOPOTO psAMO
NpONMOpLUUOHATIbHA  BEJIMYMHE  JCUCTBYIOLIEH CWibl HU  OOpaTHO
[IPOIIOPLIHOHAIBHA MAcCe JAHHOr'O TeJa:

-

. F
a=—.
m

CormacHO 3TOMY 3aKOHY, JUIsl Kakoro-nu0o Tejla ¢ HEH3MEHHOU
Maccou (m :const) BEJIMYMHA YCKOPEHHSA ¢ JIMHEWHO 3aBHUCHT OT
y y 1 y
BEJIMYMHBI JEHCTBYIOLIECH cuibl I, T0 €cTb a=kF | k=—|. Jluneiinas
m

3aBUCUMOCTDb BEJIMYUHBI YCKOPEHUS OT BEJIHUYHUHBI JEHCTBYIOLIEU CHIIBI
MOXKET OBITh MNPOBEPEHA HKCIEPUMEHTAIBHO C MOMOLIBIO «MallUuHBI
AtByna» (puc. 1).

UYepes nerkuii 070K MEpEeKUHYTa TOHKAsi HUTh, Ha KOHLAX KOTOpPOH
NOJABELIEHbI TPy3bl Macco M kaxnabld. Ha neBblii U mpaBbld rpy3bl

NOMEILAIOT MEPErPY3KH MaccaMu my; U m,, IpU4eM m, # m, (Hanpumep,
my <m, ). B 3TOM ciy4yae cucrema rpy3oB Maccoi (2M +m; + mz) NpuaeT

B JBHKEHHE. Pe3ynpTupyroias cuia, BbI3bIBAKOLLIAs YCKOPEHUE JBUKEHUS
ATON CHUCTEMBI I'Py30B, paBHA PA3HOCTH CHUJI TSXKECTH MEPErpy3KoB my; U

m,, JeXallux Ha IpaBOM U JIEBOM Ipy3ax OAMHAKOBOW MaccCel M .
F=myg-mg.
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.
o Y (M +m,)g

,

M

(M +my)g
Puc. 1. IlpuHumnuanbHas cxema «MaluHbl ATBy1a»

DTO BbIpaXEHUE CHpPaBEJIMBO, €CIM NpeHeOpeyub Maccod Ojoka u
TpeHHUEM B OCcH Oji0Ka (B 3TOM Cily4dae CHUJIbl HATsOKeHUs 1 HUTEH clieBa u
CrpaBa OJMHAKOBBI MO BeJUUHUHE). M3MeHsist MacChl eperpy3KoB my U m,
Tak, uTOObl MX cymma (m, +m,) coOXpaHanach M, COOTBETCTBEHHO,
coxpaHsnach o0wias Macca Bcel cucTeMbl rpy3oB (2M +my +m,),
MOTy4MM HECKOJbKO 3HAuYeHUH cunbl F=(m,—m,)g, Bbi3blBaOLIEH
YCKOpEHHE cucTeMbl. [[isi kaxaoro 3Ha4YeHUsi CWibl F  onpenenum

YCKOPEHHUE JBWXKEHHUS a U HAWJIEM 3aBUCUMOCTb BEJIIMYUHBI a OT
BEJIMYMHBL [F'. BeJIuyuHy YyCKOPEHHsI TPY30B MOMXKHO OIPEACIUTh

ONBITHBIM TIYTEM C IMOMOLIBKO BBIPAKCHHUA «a = MMOJIY4YCHHOI'O U3

tr

2
at o o
dbopmybl A = rae h — nyTh, NPOUAEHHBIN TEIOM 3a Bpems ¢ moclie
Hayajia paBHOYCKOPEHHOI'O JBHKEHUS C YCKOPEHUEM A .
[To 3aBUCMMOCTM BEJIMYMHBI YCKOPEHUS a ISl CUCTEMBbI T'PYy30B
oOueld Maccoi (2M +m1+m2) OT BEJIUYUHBI PE3YJBbTUPYIOLLEH CHIIbI

F=(m, —m,)g mpoBepuM CIpaBeNTuBOCTh BTOPOro 3akoHa HploToHa.
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IopsifoK BBINOJTHEHHS] PA0OTHI
1. IToaroroBbTE TAOIULIBI AJISI pEe3yJIbTATOB U3MepeHui (Tadun. 1, 2).
Tabauua 1
0 F 1, C h,C B, C 4, C l5,C lep, C At,C ot

N

l. | 2mg
2. | dmg
3

4

6bmg

Smg

Tabnuua 2
Ne | F | hyM | tp,C | > M/c? | Sa Aa, m/c? a, tAa, m/c’

>

2mg

Amg

6bmg

B =

Smg

2. Pacrionoxkute cHavyana W3 BOCBMH OJIMHAKOBBIX MEPErpy3KOB
MacCcou m TISTh NEPErpy3KOB HA NPaBOM I'py3e M , a Tpu neperpyska — Ha
aeBoM r1py3e M. Torma pesyapTUpyromas cuja, ACHCTBYIOIIAS Ha

CUCTEMY TIpy30B. [=5mg—-3mg=2mg, rIe m — Macca OIHOro
neperpyska.
3.C mnoMolIblO JIMHEHKH U3MEphTEe K — pacCTOsiHUE, KOTOpPOe

NPOXOAAT Tpy3bl. Bpemsi NBUKEHHUsSI TPy30B  HU3MEPBTE C IOMOLIBIO
CEKyHJIOMepa, TMpHYEM Il YMEHBIIEHUS TOrPELIHOCTH H3MEpEeHUs
BPEMEHU [ TIOBTOPUTE OBKCIEPUMEHT ISATh pa3. Pe3ynapTarel u3mepeHui
3aHecute B Ta0. 1.

4. IlepexsianpiBasi N0 OAHOMY MEPErpy3Ky € MPaBOro rpysa Ha JIEBBIN,
[OCJIENOBATEIbHO  TOJyYalWTe  3HAYE€HUsT  PE3YJBTUPYIOLLEH  CHIIBI
F,=4mg, F,=6mg, F;=8mg. W3Mepbre N0 NATH pa3 BpeMsl JIBUKEHUS
Ipy30B 104 JeUcTBUEM Kaxaou cwisl F,, Fj, F, . Pe3ynbraTsl
u3MepeHuit 3aHecute B Ta0JI. 1.

5.BpluuCIuTE B KAXIOM ONBITE CPEJHEE 3HAYEHHE BPEMEHU

4 4 4 4 JBWOKEHHSI TPY30B KaK cpeaHee apu(METHYECKOoe

cpl> “cp2> “cp3> “cpd

3HAYUCHHUC IIATH IT0CIACA0BATCIIBHBIX HSMGPCHHﬁI

1 n
tp == 1; (n=5).
O
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Pe3ynbTaThl BEIMMCIEHUH o JUTS KaXK10T0 OMbITa 3aHecuTe B Ta0u. 1 u 2.
6. BbIUMCIIUTE COOTBETCTBYIOLUME 3HAYEHUSI YCKOPEHMS depl, dopo,
Aop3, Aops, UICTIOTB3YSL POPMYITY:
_ 2h
acp = ; 7
(tp)

PesynbTaThl BRIMUCTICHUN g, U1 K&K0T0 OIbITa 32aHECUTE B Ta0II. 2.

7. OueHute adCOMIOTHBIE MOTPELIHOCTA U3MEPEHHUS PacCTOsIHUA Al U
BpEMEHU Af JIBUKEHUS I'Py30B. AOCOIIOTHYIO MOTPELIHOCTh U3MEPEHHUSI
pacCTOsIHUS TMPUMHUTE PaBHOM MMOJOBUHE LEHBI HAUMEHBLIETO JCICHUS
nauHeliku. Onpenenute adCONIOTHYIO MOTPEIIHOCTh U3MEPEHUS] BPEMEHU
At B K@XJIOM OMbITe 10 (hopmyIie:

n

At:lz

1 — tcp
Nz

(n=5).

3nauenust Ah u At 3anecute B Ta0. 1.
8. OueHNUTEe OTHOCUTEBHBIE MOTPELUIHOCTH U3MEPEHUS BBICOTBI O0h U

BpEMEHHU Ot JJis KaXKJI0r0 U3 YEThIPEX OMbITOB MO (PopMyiam:

Sh= %h . S1= tA—t
cp
Pe3ynbrarel BEIYUCICHUH 3aHeCHTe B Ta0M. 1.
9. OnieHUTE OTHOCHTENIBHYIO TIOTPEIITHOCTH ONMPEICICHUS YCKOPEHHS B
Ka)kJIOM OMbITE MO popMyJie:

oa=0oh+ 26t .

Pe3ynbTathl BEIMHUCICHUH 3aHECHTE B Ta0JI. 2.

Beiuncnure abCOMIOTHYIO MOrPEIIHOCTh OMPEAeNICHUs YCKOPEHUS B
KaXJIOM OIbITe 110 popmyJie: Aa=da-a,.

Pe3ynbTathl BEIMHUCICHUH 3aHECHTE B Ta0JI. 2.

10.ITo pe3yapTatam YETBIPEX OMNBITOB C YYE€TOM MOTPEIIHOCTEH
AKCMEPUMEHTAJIBHOTO  OMpENESICHUs]  YCKOpEeHUsI MOCTpoiTe rpaduk

3apucumMocTd a = f(F) (oOuuii BuJ 3aBUCMMOCTH MPUBENEH HA pHC. 2).
[Tpoananu3upyiTe NOCTPOEHHBIH rpaduK 3aBUCUMOCTH.
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a. m'c?

2mg dmg  6mg 8mg F
Puc. 2. I'paduik sKcriepruMEHTAIbHOM 3aBUCUMOCTH d = [ (F ) (o6mmmit BUM)

KonTposibHbIE BONPOCHI

1. Jlaite omnpeneneHus paauyca-BEKTOpa, NyTH, MEepEeMEUICHUs
MaTEPUAIIBHON TOYKH.

2. JlaliTe onpeneneHnust BEKTOPOB CPEIHEH U MTHOBEHHOU CKOPOCTH,
CpPEIHEr0 U MTHOBEHHOTO YCKOPEHMSI MaTepuajibHON TOYKH. KakoBbl KX
HarpasJieHUs?

3. CpopMynupyiiTe nepBbiii, BTOpOH U TpeTHii 3aKkoHbl HhlOTOHA.

4. ChopmynupyiTe OCHOBHOH 3aKOH JHWHAMUKH TMOCTYyNaTelbHOrO
JBHXKEeHHS B MU PepeHnanbHOl popme.
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2. JABOPATOPHAS PABOTA Ne 9.
N3YYEHUE OCHOBHOI'O 3AKOHA IMHAMUKH
BPAIIATEJIBHOI'O ABNXEHUA
C IOMOUIbIO NTPUBOPA OBEPBEKA

Ilean padoThl: HA OMBITC H3YYHTHh JACHCTBHE OCHOBHOTO 3aKOHA
JTMHAMHKH BpaIaTeIbHOTO JBHKEHHUS.

IIpuGopnl M npuHaade:kHOCTH: TNpuObop OOeplOeka, CceKkyHaoMeD,
Ha0Op I'Py30B, IITAHTEHIUPKYJIb, METPOBas THHEHKA.

Kpartkasi Teopusi 3kcnnepumMeHTa

OCHOBHOW 3aKOH JHMHAMHUKH BpallaTeIbHOrO JBHUXKEHHUSI TBEPAOTrO
TENa. €CJIM Ha TEJNO, UMEIolIee OCh BpalleHUsl (COBHAAAIOUIYI0 C OCBIO
CUMMETPUU JAHHOrO Teja), AEHCTBYET Cujla, TO ATO Teao npuodperaer
YIJIOBOE YCKOPEHHE &, BEIMYMHA KOTOPOro MpsIMO MPONOPLHUOHATBHA
BEJIMYMHE MOMEHTa M JeliCTBYIOIIEH CHIIbI OTHOCHTEIBHO JAHHOH OCH
BpalleHUs U 00paTHO MPOMOPLUHUOHATIBFHA MOMEHTY UHEPLUHU [ 3TOro Tena
OTHOCHUTEJIBHO TOH K€ OCHU BpPALLCHHUS:
M
i

CorynacHO 3TOMYy 3aKOHy, AJi Kakoro-iu0o Teaa ¢ HEU3MEHHBIM
MOMEHTOM HHEpLHH ([ = const ) OTHOCUTEIBHO BEIOPAaHHOMW OCHU BpallleHUs
(ocH CHMMETpUM JaHHOTO Teja) BEJIMYHMHA YIJIOBOTO YCKOPEHUS &
JIMHEHWHO 3aBUCUT OT BEJUYUHbBI MOMEHTa M JNEUCTBYIOLLIEH CHJIbI

g =

. 1
OTHOCHUTEJILHO JIAHHOH OCH BpallEHUs, TO €CTb & =hkM (k:; .

JIuHelHast 3aBUCUMOCTH YIJIOBOTO YCKOPEHHUSI OT BEJWYHWHBI MOMEHTA
JNEUCTBYIOIIEH CHJIBI MOXET OBbITh MpPOBEpPEHA AKCIEPUMEHTANIBHO C
nomoluieto «mpudopa Odepdekar (puc. 3).

[Tpubop O6epbeka npeacrapiasgeT coOO0M KPECTOBHUHY, COCTOSLIYIO U3
IKMBA W YETBIPEX METAUIMYECKUX CTEPKHEW, 3aKpEIUICHHBIX Ha
TOPU3OHTAILHOU OCH. Ha CTepKHSAX Ha pPaBHBIX PACCTOSIHUSIX OT OCH
BpALICHUs 3aKPEIJICHBI YETHIPE OJWHAKOBBIX I'Py3a MACCOU My KAXKIbIU.
Ecnu He MEHSATH MONOXKEHHUsI TPY30B HA CTEPXKHSAX, TO MOMEHT WHEPLIUU
KPECTOBHHBI TPU TPOBEJACHUH HKCIIEPUMEHTA H3MEHSThCS He OyaAeT.
KpecToBrHa MOeT ObITh MPUBEACHA BO BpalllaTeIbHOE JIBUKEHHE BOKPYT
HETIOJIBUKHOM OCH T10]1 JICHCTBUEM CHUJIbI HATSHKEHUS 1 pa3MaThIBAKOLICHCS
HUTHU, HA KOTOPOM MOJBELIEH I'PYy3 MACCOU m.
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mg Y

y
TSI T7TIT7T7777

Puc. 3. IlpunuunuanbHas cxema «apudopa OdepOekar

Cuna HatsbkeHuss T HUTH MOeT ObITh TMOJIyd€Ha M3 BTOPOro 3aKoHa
HeroTOHA 11 NOCTYATEIBHOTO JBUKEHUS TPy3a MacCOU m:

a=—
m

rne a — YCKOpPeHHE, C KOTOpbIM JIBHXKETCS rpy3, F —
paBHOJECHCTBYIOIASI CWJI, MPUJIOXKEHHBIX K TeJy, BbI3bIBAIOLIAS ATO
YCKOpEHHE.

>

U3 puc. 3 cnenyer: F=mg-T.

Torna a= M,
m

OTKyJa T'=m(g-a).

CnenoBareabHO, MOMEHT CHJIBI HATSIKEHUST HUTH OTHOCHUTEIILHO OCH
BpallCHUS:
M=Tr=m(g—-a)r,
rae r — IJIeH0 CHJIbl HATSOKeHUS 1 HUTH OTHOCHUTENIBHO OCH BpalllCHMUSI
(paauyc LIKKUBA).
YrioBoe yCKOpeHHE & KPECTOBHHBI CBSI3aHO € TaHIE€HLMATbHBIM
YCKOPEHHUEM @, TOUYEK Ha MOBEPXHOCTH (000/1€) LIKMBA COOTHOLIEHHUEM:



T7€ ¥ — PauyC LIKUBA.

Ecnu  HuUTh HepacTsbkumMa HW  NPU  CBOEM  NEPEMEIICHUM  HE
MPOCKAIB3BIBAECT MO MOBEPXHOCTHU IIKWUBA, TO TAHTCHIUAIIBHOE YCKOPEHHUE
a, TOYEK Ha MOBEPXHOCTH LIKHWBA COBIAJAAET C JIMHEHHBIM YCKOPEHUEM d

OoIycCkKaromerocsas rpysa. a,=a, W Toraa cCBiA3b MCXKAY YITIOBBIM

YCKOPEHUEM KPECTOBUHBI U JIMHEUHBIM YCKOPEHHUEM TI'Py3a BbIPAKACTCS
CJIEAYIOLIUM COOTHOLLIEHUEM:

E=—.
r

CrnenoBaTenbHO, SKCIEPUMEHTANIbHAsL YacTh JaHHOH pabOThl COCTOUT
B ONPENECIICHUN paauyca 7 LIKUBA U JIMHEWHOTO YCKOPEHUS a JBUKEHUS
rpy3a Maccou m.

Paguyc r 1wmkuBa onpenensercs ¢ MNOMOLIBIO LITAHTEHUUPKYJIS.
BenuunHy yCKOpEHUsI a ABHXKEHHUS TPy3a MOXKHO OIPENIENIUTh ONBITHBIM

NyTeM C TIOMOLIBIO BBIPAKEHUS a= MOJIYyYEHHOTO U3 (HOpPMYJIbI

7

2
at o o
h = rae A — nyTh, OPOWJEHHBIA TPy30M 3a BpeMsl / MOCJE€ Hayajia

>

PaBHOYCKOPEHHOI'O IBHKEHHUSI C YCKOPEHUEM A .
Takum o0Opa3zom, Uil ONpENENEHUs] BEJIUYHMHBI YCKOPEHHUS d
HEOOXOAUMO TPOBECTH M3MEPEHUs MyTH A U BPEMEHH ! JABWKEHHS Ipy3a
Maccoi m.
Hcnone3ys HabOp Ipy30B C pa3HbIMU Maccamul my , my , M3 , My , C
nomouiplo mpubopa ObOepbexka MOXKHO OINpeNeuTh B  pe3yJbTaTe
KOCBEHHBIX H3MEPEHUN MOMEHTHI CHUJT HATsDKEHUsI HUTH: M, M,, M+, M,

U COOTBETCTBYIOIIME UM BEJIMYUHBI YIJIOBOI'O YCKOPEHHUS &), &,, &5, &y.
Ilo To4kam (M ,51), (M &) ) (M ,53), (M 4,54) MOXXHO TOCTPOUTH
AKCMEPHUMEHTAIbHYIO Tpa(UyeCcKyl0 3aBUCUMOCTh & = f (M ) U MIPOBEPUTH

€€ COOTBETCTBHUE JIMHEHHOU 3aBUCUMOCTH.



22

IopsifoK BBINOJTHEHHS] PA0OTHI
1. IloaroToBbTE TAOMMLIBI JUISI PE3YJIHTATOB H3MEPEeHUH (Tad. 3, 4, 5).

Tabnuna 3
Y Ar, M or h,M Ah, M oh
Tabnuua 4
Ne | 'm |m,kr| ti,c | bc | B5,C | t,c | t5C | ty,c| At C ot
I. | my | O,
2. | my | 0,2
3. | ms| 03
4 | my| 04
Tabnuna 5
Ne | m | acp, M/C” Moy, HM| OM | AM  HoM |6, pan/c?| 6€ | Ag, pan/c’
. | m
2. | my
3. | ms
4. | my

2. YCTaHOBHUTE BCE YETHIPE IPy3a MACCOM My HA CTEPKHAX B KpaliHEM
JaJbHEM OT OCH BpalEHHUsI TMOJOXXEHUW W 3aKpENuTe WX BHUHTAMH
(cM. puc. 3).

3. H3meppTe ¢ NOMOLIBKO IITAHMEHLUUPKYJSl JIHAMETP LIKWUBA U
ONpEENUTE PAANYC ¥ LIKMBA. 3aHECUTE MOJIyYeHHOE 3Ha4YeHue B Ta0I. 3.

4. HamoTtaiiTe HUTh Ha IIKUB KW K CBOOOJHOMY KOHIly HHTH
NpuKpenuTe rpy3 maccod m. H3MepbTe pacCTosiHME€ OT BEpPXHEro
NOJIO)KEHHsI Tpy3a Maccod m no ypoBHs mnona. (Jnsa nposeneHUs
U3MEPEHUH U pacyeToB YJI00HO, YTOObI IPy3 MacCOH m B KaXKJIOM OIBITE
MPOXOJIWJT OJTHO U TO K€ PacCTOSIHUE /A OT BEPXHEro BHIOMPAEMOro HaMH
YPOBHS JIO HUDKHETO YPOBHSI — YPOBHSI 0J14.)

5. OueHute aOCONIOTHYIO MOTPELIHOCTh H3MEPEHHsI paauyca r
LIKKUBA U BBICOTHI /4. AOCOJIIOTHBIE MOTPEIHOCTH Ar U Ah npumute
PaBHBIMM TIOJIOBUHE LIEHbl HAUMEHBLIETO JCICHUS H3MEPUTEIBHOIO
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MHCTpYMEHTa (LITAHMCHIUPKYJIS U JUHEHKH COOTBETCTBEHHO). 3aHECUTE
NoJIy4YeHHbIE 3HaueHus: Ar u Ah B Ta0. 3.

6. PaccuurtaiiTe OTHOCHTENBHBIE MOTPEIIHOCTH H3MEPEHUSI paauyca
LIKUBA OF W BBICOTHI dA 10 hopmyiam:

or = Ar , Oh= A—h
r h

Pe3ynbTathl BoIYUCIEHUH 3aHeCUTe B Ta0JI. 3.

7. Ucnonp3yst mOCIEeN0BATENBHO TPY3bl MAaCCOU m = my, my, m3, My,
HU3MEpPhTE C TMOMOIIBIO CEKYHAOMEpPA BpeMs MPOXOXKACHHUS UMU MYTH A.
C Uenpl0 yMEHBIIEHUS MOTPEIIHOCTH H3MEPEHHsI BPEMEHH B KaXXIOM
OIBITE (m = my, my, ms, m4) MPOBEUTE 10 IMATh U3MEPEHUN BPEMEHU {1, 1,
t3, ty, ts. Pe3ynbpTaThl MBMEpPEHUH 3aHecuTe B Ta0. 4.

8. Beruuciute B KaXJIOM OMNBITE CPEAHEE 3HAUYEHHUE BPEMEHU

Loty Lopys Lonzs 1 JBUXKEHUSI Tpy3a Kak cpeaHee apudmerudeckoe

cpl»
3HaquHeIDH}IHOCHeﬂOBaTeHBHBD(HSMCpeHHﬁi

1 n
tp == 1; (n=5).
nia

PesynbTaThl BRIMUCTICHUN t.p U151 KOKJIOO OTbITA 3aHECHTE B Ta0I1. 4.

cp2> “cp3> “cpd

9. Onpenenure abCONMIOTHYIO MOTPELIHOCTh U3MEPEHHUS BpeMeHU At B
Ka)kJIOM OMbITE MO popMyJie:

n

At:lz

nia
3HaueHust At 3aHecute B Ta0u. 4.
10. OueHnTe OTHOCUTENBHYIO MOTPEUIHOCTh U3MEPEHUSI BPEMEHH Of

l; — tcp

(n=5).

JIBUKEHHSI Tpy3a JJIs1 KaXJI0TO U3 YEThIPEX OMBITOB MO (opMyIie:
At
ot =—.
t p

Pe3ynbTaThl BBIMUCACHUH AJi KOKIOTO OMbITa 3aHECUTE B Ta0J1. 4.

11. Ilo HalineHHBIM 3HAYECHUSM lepi, Lep2, lep3, feps JUISL KOKIAOTO Ipysa
Maccou m = my, my, M3, My BBIMUCIIATE COOTBETCTBYIOIINE UM 3HAUYEHUS A,
), A3, A4, UCTIONB3YS HOPMYITY:

2h

a., = .
T ty)’

Pe3ynbTatsl BoIYUCIEHUH 3aHeCUTe B Ta0JI. 5.
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12. Tlo mony4eHHBIM 3HAYEHUSIM dcpl, dep2, Oep3, Oeps PACCUHTANTE
COOTBETCTBYIOLIME 3HAYCHHUSI MOMEHTA CUIIbl Mp1, Moy, Meps, Mepa:
Mcp = m(g o acp)ra

_ Yo
cp 2 .

Pe3ynbTatsl BoIYUCIEHUH 3aHeCUTe B Ta0JI. 5.

&

13. OueHuTe OTHOCUTEIBHBIE MOTPELIHOCTH 3KCIEPUMEHTAIBHOIO
onpe/ie/IeHsT 3HAYeHUH MOMEHTa CWJIbl HATSXKEHHS! HUTH MU YIJIOBOTO
YCKOPEHHUSI KPECTOBUHBI B KaXJOM M3 4eTblpeX ONbITOB. [lockobky
onpeJ/ieJieHHe BEIUYUH MOMEHTa M CHIIbl HATSDKEHUSI HUTH U YIJIOBOTO

YCKOPEHUsI & CJIEAyeT U3 KOCBEHHBIX U3MEPEHUN, TO HCIOJIb3YyUTE
3aBUCMMOCTHM  OTHOCHUTEJIBHBIX  MOTpeIiHOCTe OM u  dg  Or
OTHOCHUTEJIBHBIX OTPEMIHOCTEN OF , oh, Ot :
a
g—a
oc=0a+or,rne oa=o0h+20t.

[Tony4yeHHble 3HaUeHUs OM U J& 3aHecuTte B TaOJ. 5.

oM = oa+or,

14. TTonyunte abCOMOTHBIE MOTPELUTHOCTH U3MEPEHHSI MOMEHTA CHJIbI
HATSOKEHUSI HUTH W YIJOBOTO YCKOPEHHS KPECTOBUHBI B KaXKIOM U3
YETBIPEX OMbITOB, UCMONB3YS (POPMYJIbIL:

AM=6M-M, n Ae=56¢-¢,.

15. Tlo pe3syapTaTaM 4YETBIPEX OMNBITOB C YYETOM MOTPELIHOCTEH
AKCHEPUMEHTAIILHOTO OMNpEe/IeJIEHHsT MOMEHTa CHJIbl HATSKEHUS HUTH U
YIJIOBOTO  YCKOPEHUSI KPECTOBHUHBI IMOCTpOMTE Trpaduk 3aBUCUMOCTU
g=f(M) (obmmit BMA 3aBUCMMOCTH TNpHBeleH Ha  puc. 4).

[Tpoananu3upyiTe NOCTPOEHHBIH rpaduK 3aBUCUMOCTH.
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£.paz/c’ 4

Puc. 4. I'padmk s5KcnepuMeHTaNBHOM 3aBUCHMOCTH £ = [ (M )

KonTposibHbIE BONPOCHI

1. JlaiiTe onpeneneHus yria noBopoTa, YrjOBOH CKOPOCTH U YIJIOBOTO
YCKOpEHHUsI MarepuaibHOl Touku. [losicHuTe, Kak onpeneauTb HX
HaIpaBJICHUSI.

2. JlaliTe omnpenesieHUs] MOMEHTa HHEPLMU MaTe€pUaIbHOH TOUKH U
TBEPJIOTO Tea.

3. Jlalite onpeneyieHUss MOMEHTa CHUJIbl B BEKTOPHOU W CKaJISIpPHOU
dbopmax. Chopmynupyiite GU3NUECKUN CMBICT BCEX BEJIWYHH, BXOASIIMX
B opmyiibl. [losicHuTe, kak OnpeaeuTh HaMpaBjeHHEe BEKTOpa MOMEHTA
CHUJIBI.

4. ChopMynupyiTe W 3alvIIMTE OCHOBHOM 3aKOH JIHHAMHKH
BpallaTEIbHOTO JIBUXKEHHUSI B HHTErpajibHOH W JauddepeHuuanbHOM
dbopmax.
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3. JABOPATOPHASI PABOTA Ne 24.
ONPEJEJEHUE OTHOIIEHUS MOJISIPHBIX
TEIVIOEMKOCTE Cp/Cy BO3JIYXA METOJIOM
AIUABATUUYECKOT'O PACHIUPEHUS

IIpuGopsl W TWpHHANJEKHOCTH. JabopaTopHas  YCTAaHOBKA,
MTOPLIIHEBOMN HACOC.

Ileab paboThI: DKCIEPUMEHTAIBHOE OMpENEJCHUE TOoKa3aTess
anuadathl JUIs BO3AyXa.

Kparkas Teopus

MonsipHol TeMmIOEMKOCTBIO BELIECTBA Ha3bIBaeTCs (prU3MUecKas
BenuunHa C, YUCIECHHO paBHas KOJHWYECTBY Teria, KOTOPOE HEOOXOAUMO
COOOIIUTH OJHOMY MOJIFO BEIlECTBA /Jisl MOBBILIEHUS €ro TeMIepaTypbl Ha
1 K B HEKOTOPOM TEPMOJUHAMHUYECKOM MTPOLIECCE:

O
=

rJI€ v — YKUCJI0 MOJIEH rasa.

JInsg maHHOrO BewmecTBa BeMMuUWHA (' 3aBUCUT OT YCJIOBUW, NPH
KOTOPBIX MPOUCXOAUT MNepenavya Termaa.  Pa3mu4aroT  MOJISIPHBIC
TEMJI0EMKOCTH MPHU MOCTOSIHHOM 00beMe (), U MOCTOSIHHOM JAaBjieHuu C,,

€CM B TMPOLIECCe HarpeBaHUsl BEIIECTBA €ro O0BEeM WM JaBJICHHE
MOJITICPIKUBACTCS TIOCTOSTHHBIM.

Ecnau ra3 HarpeBaercss nOpu MOCTOSHHOM 0O0BeME (HM30XOpPHbIN
npoiiecc), To paboTa, coBepiliaemMasi ra3oM MPOTUB BHEIIHUX CHJI, paBHA
HYJIFO, U TOT/Ia, COTJIACHO TIEPBOMY Havany TepMOoAUHaMUKu (O =AU + A),
coobImaemasi ray HM3BHE TeIJIOTa HIET TOJIBKO HAa YBEIWYEHHE €0
BHYTPEHHEUN SHEPTUU:

O, =AU .

CrnenoBaTenbHO, MOJSIpHAsl TEIJIOEMKOCTh Ta3a MpPU TMOCTOSHHOM

o0BeMe:

AU

=

T. €. MOJISIpHAsl TETUIOEMKOCTh ra3a MpH MOCTOSHHOM 00beMe (), paBHa

V

U3MEHEHUI0 BHYTPEHHEH 3HEpruu | Moib raza npu NOBBILIEHUH €r0
temnepatypsl Ha 1 K.
H3MeHeHre BHYTPEHHEN SHEPTUU v MOJIb HICATBHOTO rasa;
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I
AU = EVRAT 5
rac [ — YUCJIO CTEeleHen CBO6OIU)I MOHeKy.HBI rasa.

Torna Cy = éR :

Ecnu HarpeBaHue rasza MNpPOUCXOAWUT MPH TOCTOSIHHOM JaBJICHUH
(M300apHbIid mpoliecc), TO ra3 OYJeT paclIUpAThCs, coBepluas padoTy
NPOTUB BHENIHWX CWJI, W TOrJa TMepBOE HAuYaio TEePMOIAMHAMHUKU
(O =AU + A) nnst n306apHOro NPOLIECCa MOKHO 3aMUCATh B BUJIE:

O, =AU+ pAV.
CrenoBaTenbHO, MOJISIPHAsE TEIMJIOEMKOCTh ra3a NpH MOCTOSHHOM
JIABJICHUU:

c =AU pAV
PyAT  vAT
nin

PAV
C =C, + .
P AT

U3  ypaBHenus  Kianelipona—MenneneeBa, pV =vRT  naus
n3o0apHoro npotecca ( p = const) cnenyet. pAV =vRAT ,

OTKyZIa ]: i;{ =R,
Toraa C,=C, +R.

[TonyyeHHOE BBIpaXEHWE HA3bIBAETCS ypaBHEHHEM Maiiepa. OTo
ypaBHeHue rmiokasbiBaer, 4yro C, Oonbuie, 4dem Cj Ha BEIHYHHY

YHHUBEPCAJbHONW ra30BOM MOCTOSHHOM R. DTO OOBACHSAETCS T€M, YTO MpHU
M300apHOM HAarpeBaHWM rasza, B OTJIMYKME OT H30XOPHOIO0 HarpeBaHus,
TpeOyeTcs IOMOJIHUTEIHLHOE KOJIUYECTBO TEIIOTHI HA COBEpUIEHUE PaOdOThI
pacuiMpeHusi rasa, TaKk Kak MOCTOSIHCTBO JIaBJICHHsI OO€CreyuBaeTcs
yBeJMueHneM o0bema rasa.

I o
Tak kak Cj = ER , TO U3 ypaBHeHHsI Maiiepa crienyer:

i+2
Cp =—R.
2
OTHoOIIEHHE MOJISIPHBIX TEIJIOEMKOCTEH Ta3a TMpH MOCTOSTHHOM

JABJIEHUU U TTOCTOSIHHOM O0BEME:
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_ C_p _i+2
C, i
npeAcTaBisieT co0OH XapakTepHylO I8 KaKJOro ras3a BEJIHYUHY |
onpesienseTcs TOIbKO YHCIOM cTerneHeil cBOOO bl MOEKYJIbI.

V

B nanHoil nabopatopHOii paboTe BEAMUMHY y JUIS  BO3JyXa
OLICHUBAIOT, UCTIOJIL3YS METOJT aAHabaTUHECKOTO PaCIIUPEHHSI.

AnnabaTUuecKuM Ha3bIBAETCS TPOLECC, MPU KOTOPOM OTCYTCTBYET
TEIUIOOOMEH MEeXAy CHCTeMOW W OKpyXkaromei cpemoi. Ha mpakTuke
UCaIbHBIN aauabaTHUeCKUil TPOIECC HEeBBITTOJIHUM, TaK KaK HEBO3MOXKHO
o0ecrneunTh adCOJIIOTHYIO TEIJIOU30JIsLUI0 cucTemMbl. Ho eciu peanbHbIi
MPOLECC CKATHSI UITH PACIIUPEHUS Ta3a OCYIIECTBUTh JOCTATOUHO OBICTPO,
TaKk 4TOOBI 3aMETHOTO TEIJI00OMEHA HE YCIEI0 MPOU30UTH, TO MPOIIECC
Oyaet 6J1M30K K aanabaTH4eCKOMY.

[Tpu annadaTHIeCcKOM nporecce WU3MEHSIFOTCS BCE
TepMOJAUHAMUYECKre apaMeTpsl (p, V, T) B COOTBETCTBUN C YpaBHEHUEM
ITyaccona:

pV7 =const,

C
rae y = C—p — ko3 duiment Ilyaccona (nokazaresnp anradaThl).

|14
[TockoabKy BO3MyX COCTOMT B OCHOBHOM M3 CMECH JBYXaTOMHBIX
razoB (@30Ta, KMUCJIOpPOAQ, BOJOPOJAA) U KaXKI0H MOJIeKYyJie MPHUITUCHIBAIOT
NATh CTEMeHeH CBOOOIBI, TO OTHOIIEHHE MOJSPHBIX TEIJIOEMKOCTEH s
Bo3Ayxa Oyaer paBHO ¥ = 1,40. DT0 JOBOJILHO XOPOIIO COIIACYeTCs IO

NOPSIAKY BEJIWYUHBI C 3KCIEPUMEHTAIBHBIMU JaHHBIMH, TOJYYEHHBIMU
JUISL 4UCTOro Bo3ayxa, cBoboaHoro ot CO,; W MapoB BOAbI MpHU
HOPMAaJIbHBIX YCIIOBUSIX.

Kpartkasi Teopusi 3kcnnepumMeHTa
YcTaHoBKa JUTSI ornpeJieyeHus OTHOLLEHUSI MOJISIPHBIX
teroemkocted  Cp/Cp mpeAcTaBiasieT co0od  cTekysiHHBIN  cocyn [
o0beMOM V, 3aKkpbIThld OpoOKONW 2, uepe3 KOTOpPYHO MNpPOMYLIEHBI TPH
TpyOKku (puc. 5).
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Puc. 5. YcranoBka g onpeneneHust Puc. 6. JluarpamMmma mpoIieccon
ToKa3arens aauadarhl Ul BO3ayXa B KoopauHarax (p, V)

Yepe3 TpyOKky 3, KOTOpasi TOXKE 3aKpbiTa NPOOKOH 7, COCYJ MOXKET
coodiarbcss ¢ arMmocdepoit. TpyOka 4 coenuHeHa C KUIKOCTHBIM
MaHOMETpoM 6, a TpyOka 5 — C MOPILIHEBBIM HACOCOM (Ha PUCYHKE HE
MoKa3aH).

[lepBoHauanbHO Macca m BO3AyxXa B COCYJle HaXOAUTCS [MpHU
aTMOC(epHOM JIaBJIEHUU p, U KOMHATHOH Temneparype 7T, 3aHumasi 00beM
V.. OTKpBIB KpaH &, B COCYJI€ C MOMOIIBIO HAcOCa CO3a0T MOBBIILIEHHOE
JaBJICHUE p', 3aTEM KpaH MepeKkpniBatoT. [Ipyu 3TOM HaudanmbHas macca m
BO3Ayxa COKMMaeTcsi 10 HekoToporo oowema Vi < V. u HarpeBaercs 10
HEekoTOpor Temnepatypbl T ' > Ty Jlanee BO3AyX B COCYAE H30XOPHO
OCTBIBAET 3a CUET TEIJIO0OOMEHA C OKpYKarolel cpenoi 10 TeMnepaTyphl
1) = Ty, npuoOperasi HeKOTOpoe U30bITOUHOE AaBjieHue p;. llocne Toro,
KaKk YpPOBEHb BOJIbl B KOJIEHAX MaHOMETpa TNEPECTAHET MEHATHCS,
BEJIMYUHY YCTAHOBUBIIETrOCA JaBJCHUSI p; KOCBEHHO OLICHHBAIOT IO
pPa3HOCTH YPOBHEH BOJBI B KOJIEHAX MAHOMETPA.

Ecnu ObICTpO BBIHYTH MPOOKY 7, TO 4YacThb BO3Ayxa BCJIEJACTBUE
pacuiMpeHusi BBIHAET U3 COCyJa, a MepBOHAYa/IbHAsi Macca m BO3/AyXa B
cocylne anuadaTUUeCKu pacliuputTes a0 odovema V, = V., u naBlieHUe
BO3J/lyXa YMaJeT A0 JIaBJICHUS p) = p,, IPU 3TOM TeMreparypa Bo3ayxa B
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COCylle TOHM3HUTCA A0 HEKOTOpol Ttemmeparypbl 71,< T OnucaHHbIN
MPOIECC MPOUCXOAUT JOCTATOYHO OBICTPO W HA TEPMOJIUHAMHYECKOM
nuarpamme (puc. 6) n3odpakaeTcs B BUJE oTpe3ka aauadarsl 1—2 (Touka
2 COOTBETCTBYET MOMEHTY 3aKPBITHS MPOOKH B COCYIE).

[locne 3akpeiTusi TpyOkuM 3 macca m BO3AyXa B COCyA€ HAYHET
M30XOpHO Harpesathbesi (V5 = V) 3a cueT TeryooOMeHa ¢ OKpYKarolleH
cpenoit 1o temrepatypbl 13 = Ty, TP 3TOM JaBJICHHE BO3/yXa B COCYyHE
BO3PACTET A0 BEIWYMHBI p; > p, (JaHHBIK mpolecc u3o0paxaeTcs
oTpe3koM 2—3 Ha nauarpamme). Ilocse Toro, kak ypoBeHb BOJIbI B KOJIEHAX
MaHOMETpa TIEPECTAHET MEHSTHCS, BEIMYUHY YCTAHOBUBIIETOCS JABJICHHUS
P3 OTCUHTBIBAIOT 1O PA3HOCTH YPOBHEU BOJBI B KOJIEHAX MAaHOMETpA.

[Ipu aauabaTuueckoM pacliupeHud Bo3ayxa 1—2, corjacHo

: Y — ¥
ypaBHeHuto IlyaccoHa: vy =pVy.
YuuThiBas, YTO B COCTOSIHMAX 1 W 3 BO3AyX B COCYJE€ HMEET

onuHakoByto temrneparypy (77 = T = Ty), nepexoq MaccChl m BO3JyXa U3
COCTOSIHUS 1 B COCTOsIHHE 3 MOYKHO OCYILECTBUTh H30TEPMHUUECKH:

Vi = pibs.
Tak kak V,= V3=V, a p)= pa, TO TaHHBIC YPABHECHUS TTPUMYT BUJL;
prIy = paVCy >
prl = p3VC'
by ph =pJe,
(prl)y = (Pch )y :
Paznenus BTOpO€ ypaBHEHHE HA TTEPBOE, MOKHO MOJYUHUTh:
p_p
P Pa
[Tocne norapudmMupoBaHus ypaBHEHHE MPUMET BUI:

yigp,—lgp,=ylgp;-Igp,

HnJin
yUg p, -Igp;)=Ig p, - Ig p,,
le p —1
- ,_lep-lgp,
Ig p, — Ig p;

Tak kak B YCJIIOBHSIX OIIbITa AaBJICHUA p1 H p3 MaJIO OTIIMYAKOTCs OT p, ,

TO C AOCTATOYHOM CTEIEHBIO TOYHOCTH MOXKHO 3aMEHMTH OTHOILICHUE
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pa3HoCcTell jorapu(pmMoOB JIaBJIEHUH OTHOIIEHHEM pPa3HOCTeH camMux
JABJICHUH:

y= P~ Py ‘
P1— Ps3
[TockonbKy BTOpPOE KOJIEHO MAaHOMETpa OTKPBITO, TO p, = pgh+ p, U
Py =pgh +p,,
h
h—h'"

[IO3TOMY y =

IopsifoK BBINOJTHEHHS] PA0OTHI
1. IToaroroBbTe TAOAUILY SISl PE3YIBTATOB U3MEpPEHUi (TadJI. 6).
Tabnuua 6

No h, cM h', cM 4 Yep Ay oy, %

NB W=

2. TpyOky 3 mi0THO 3aKkpoiTe NpoOKOH, OTKpoiiTe KpaH 8§, Kk TpyOke 5
MOJICOEIUHUTE MOPILIHEBOW HACOC.

3. C nmoMollplo Hacoca co3/laiiTe B cocylie M30bITOYHOE AaBJECHHUE B
20-30 cM BoAsIHOTO €TOJ104a, 3aTeM MEPEKPONUTE KpaH.

4. Bepknas 1-2 MUHYTBI, IPOU3BEAUTE OTCUET A (Pa3HOCTH YpOBHEMU
BOJbI B KOJIEHAX MaHOMETpa B cM). Pe3ynbTaT u3MepeHHs] 3aHECUTE B
Taou. 6.

5. Ha xopoTkoe Bpemsi OTKpoiiTe TpyOKY 3 U BHOBb OBICTPO 3aKpOiTe
ee nNpoOKOW B TOT MOMEHT, KOrJa JaBJ€HUE B COCYAE YpaBHSIETCS C
atMoc(epHbiM  (TIOCJie  MOpeKpalleHUusi  XapaKTepHOro  LIWIEHHUS
BBIXOJIALLEr0 BO3/yXa). JTa omnepauusi siBiIsieTcs Haubojee BaKHOU BO
BCeill paboTe: eciiu TpyOKY 3aKpbITh CJIUIIKOM PaHO, TO JIAaBJICHUE B COCYIE
HE YCHEET YPaBHATHCS C aTMOCHPEPHBIM; €CJIU 3aKPbITh C OMO3JaHUEM, TO
pacuIMpeHue BO3JlyXa B COCYJle MPOU30MIEeT ¢ MNPUTOKOM Temia OT
OKpY’KaroIIIEero Bo3ayxa v npouecc He OyaeT annadaTHYECKUM.

6. Uepes 1-2 MUHYTHI TPOU3BEAUTE OTUET /' (pa3HOCTH YPOBHEN BO/IbI
B KOJIEHaX MaHOMeTpa B ¢M). Pe3ybTar uamepeHus 3aHecute B Ta0u. 6.
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7. lloBTOpUTE NEUCTBUS B MyHKTaxX 2—6 ISl MOCIAEAYIOLIUX YEThIPEX
OMBITOB.

8. PaccuuTtaiiTe BenuuuHy nokaszarteisi aauadatbl sl BO3AyXa B
Ka)kJIOM OMbITE MO popMyJie:
_h
Ch-h
Pe3ynbtatsl BIYUCIEHUH 3aHeCUTe B Ta0JI. 6.
9. BbluuciuTe cpelHee 3HAYEHHE TOKa3aTess anuadathl y, Ui

/4

BO31yXa KaK cpenHee apupMeTHIeCcKoe 3HAYEHUE I TH
[10CJIEN0BATENIbHBIX U3MEPEHUH:

1 7
Vep :;Z%‘ (nzs)
i=1

Pe3ynbTat BeIuMcaeHUs 3aHecHTe B Ta0. 6.
10. Onpenenute abCOMOTHYIO MOTPELUIHOCTh U3MEPEHUS MOoKa3aTessl
anuadatel Ay A Bo3ayxa no gopmyie:

1 n
A7/:;Z’7/i_7/cp
i=1

3HaueHue Ay 3aHecuTe B Ta0J. 6.

(n=5).

11. OueHnTe OTHOCHUTEIBHYIO MOTIPELIHOCTh W3MEPEHHS MOKa3aTelIsl

anuadartbl oy 11 BO3ayxa 1o gopmyJe:
Sy = A7 100%.
Vep

Pe3ynbTat BeIuMcaeHUs 3aHecHTe B Ta0. 6.

12. OkoHYaTeNnbHbIN pe3ysbTar paboThl 3aMUILUTE B BUJE:

y=Vep LAY
C OTHOCUTEIBHOM MOrPELIHOCTBIO &y = ... % .

13. CpaBHUTE U3MEPEHHOE 3HAYCHHWE y JJISl BO3AyXa CO 3HAYCHHEM,
MOJIYYEHHBIM K3 TEOPUH TEIJIOEMKOCTH ujeanibHOro raza. Crenaiite
3aKJIOYEHHUE O CTPOCHHHM MOJIEKYJT OCHOBHBIX T'a30B, BXOJSIIMX B COCTaB
BO3JyXa.

KonTposibHbIE BONPOCHI
1. Jlaiite onpeneseHUE yneJIbHON U MOJISIPHOH TEIJIOEMKOCTEN rasa.
3anuumnte GOpMYITy CBSIZU MEXKIY HUMH.
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2. 3anmimte (HOpMyIIbl CBsI3U TerioeMkocTed Cr u C, HaeanbHOro

rasa ¢ YMCJIOM CTerneHeil CBOOO bl €ro MOJIEKYII.

3. 3anumnte ypaBHeHue Maliepa. lloscaute, mouemy C

p BCCraa

oonblie Cj .

4. Jlaiite omnpeneneHue anMadaTUYECKOro IMpolecca. 3anuiiuTe
ypaBHeHue IlyaccoHa. Uemy paBeH mnokaszartejib andadartbl B ypaBHEHUHU
[Tyaccona? KakoBO €ro 4YuCIeHHOE 3HAYEHHE MJIsi OJHOATOMHBIX U
MHOTOAQTOMHBIX T'a30B?

YKA3AHUSA 110 TEXHUKE BE3OITACHOCTHA

1. Baumanue! Jluma, He mnpoimeamne HWHCTPYKTK MO TEXHUKE
0€30MacHOCTH, K MPOBEACHHUIO JJa0OPaTOPHOM pabOThl HE NOMYyCKAIOTCS.

2. ITpu paboTe ¢ MEXaHUYECKUMH YCTAHOBKaMH Oy/1bT€ BHUMATEbHbI
¥ HAXOAUTECh OT ABMKYIINXCS YacTed Ha 0€30MacHOM PaCCTOSHUU.

3. He ocranaBnuBaiiTe pykamu Bpallaloiecs U ABMKYIIHECS YacTH
YCTaHOBOK.

4. Tlpn oOHapyKE€HWHW HEUCIIPAaBHOTO OO0OPYIOBAaHUSI HEMEIJICHHO
cooOIuTe 00 ATOM JabopaHTy WJIM mpenodaBarento. Ha HeucrmpaBHOM
000pyA0BaHUM paboTaTh 3aMpeLIacTCs.



