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BBEAEHUE

KonTtponpHas pabora mo ¢(usuke s CTYACHTOB IMEPBOr0 Kypca 3a04HOM
dbopmbl  00ydeHUST — OTO BHJI CaMOCTOSITEILHON pabOThI, MPEATOIararoniui
CaMOCTOSITEJIbHOE pelIeHHe (PU3MYECKUX 3aJad MO0 TeMmMaM JIEKIMOHHOI'O
Marepuaa.

s oOyvaronuxcst 3a04HOM (popMbl 00ydeHHUs 1Mo aucuuIuiuie «Ou3ukKa» B
1 cemecTpe mpemycMoTpeHa ojHa KOHTpoJibHasg paborta Nel, cooTBercTBylOIIas
paznenam: «MexaHnukay, «MoiekynspHas (QuU3Mka W TEPMOJMHAMMKA» M OJIHA
KOHTpoJbHast pabora No2 Bo 2 cemecTpe, COOTBETCTBYIOIAs pa3ziesiam
«INEKTPUYECTBO U MarHeTU3M», «BOJTHOBas 1 KBAHTOBAS] ONTHKAY.

VYcnoBust 3ama4 A1l BBINOJHEHUST KOHTPOJIbHOM paboTel Nel conepikarcst B
yueOHO-MeToauyeckoM  nocobun  «Pu3uka Ha  3a04HOM  (hakynbTeTe.
KonTtponbHbie 3amanuss u JjabopaTopHbli mpakTukyMm. Yacte |. MexaHuka.
MonekynsapHas ¢u3MKa U TEPMOAMHAMUKA», a ISl BBIOJHEHHUS KOHTPOJBHOM
pabotsl Ne 2 — B ydeOHO-MeronuMyeckoM mocobun «Puzuka Ha 3a09YHOM
¢pakynpreTe. KoHTponbHble 3amaHus U jabopartopHblii mpaktukyMm. Yacts |l
DneKTpu4ecTBO U MarHeTu3M. BoiaHOBas 1 KBaHTOBAs ONTHKA.

IIpaBuiia ogopmiieHNsI KOHTPOJIbHO PadoOThI

Homep sapuanma KOHmMpObHOU padomwvl onpeodeniemcsa no nocjieoueil
uyugpe nomepa 3auemmnoui Krudxcku. KoHTponbpHas palOoTa J0JKHA OBITH
opopmiieHa B TeTpaaH, HamKcaHa OT PYKH pa30OpPUMBBIM IOYEPKOM, HMETh
HyMEpalulo CTPaHULl U CIHUCOK HCIOJb30BaHHBIX HCTOYHUKOB. K 0010%kKKe
TeTpaau MPUKIEUBAETCS TUTYJIbHBIN JUCT YCTaHOBJIEHHOTO oOpasma (cM. ¢aiin
TUTYBHBIN JIUCT) C 3aII0JIHEHHBIMU JaHHBIMU CTY/ACHTA.

3amaul KOHTPOJBHON PabOTHI JOJKHBI UMETh T€ HOMEpa, MOJA KOTOPBIMH
OHH CTOAT B Yy4YeOHO-METOAMYECKOM MocoOuu. PemeHus KOHTPOJBHBIX 3aaay
pacnojlaratoTcsi B IMOpPSAKE HOMEPOB, YKa3aHHbIX B 3adaHuu. llepen kaxaoi
3alayell HeoOXOAMMO 3amKcaTh €€ YCJIOBHUE. YCJIOBHS 3aJad NEepernHuChIBAIOTCS

IIOJIHOCTBIO, 3aTCM JACJIACTCA KpaTKasd 3alliCh YCJIOBHUA 3adadd, I'AC YHCIIOBBLIC
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JAHHBIE BBIMHUCHIBAIOTCS CTOJNOMKOM. Kaknyro 3amady »enareabHO HAayMHATH C
HOBOW CTPAaHUILIBI.
Pelrenve 3a1auu JOJDKHO COAEPKATH:

¢ HEOOXOAMMBIA PUCYHOK WIIA CXEMY, MOSCHSIOMINM pelieHne 3a1auu;

e Ha3BaHUA (POPMYII, UCIIOJIB3YEMBIX MPU PEIICHUH;

o CIIOBECHBIC TMOSCHEHUA (PU3MYECKUX BEIMYMH (KaK 3aJaHHBIX, TaK U

BBEJICHHBIX BO BpeMs peIICHHS);

e VICUEPIIBIBAIOIINE ITOSCHEHNUS X01a PELICHUs 3a1a4H;

e BBIBOJ (OPMYIT ISl UICKOMBIX (PU3NYECKUX BETUUYHMH B «OYKBEHHOM) BUJIE;

e IIPOBEPKY Pa3MEPHOCTH;

o TMOJYYEHHUE YUCITOBBIX 3HAUCHUIH UCKOMBIX (PU3HUUECKUX BETUYHUH.

33}IaHI/I€ CICAYCT BBIIIOJHATE AKKYPATHO, oe3 MpoImycCcka 3ajaa4y. Ecan
COACPIKAHNC KOHTpOJ'IBHOﬁ pa6OTLI OTBCYACT IPCABABIISICMbBbIM Tp€6OBaHI/ISIM, TO
OHa OOIIYCKacTCA K 3alluTe. HpI/I HCYOOBJICTBOPHUTCILHOM  BBIIIOJJHCHUU

KOHTPOJIBHOM pabOThI OHA BO3BpAIaeTCs Ha TOPaOOTKY.
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3AJIAYY KOHTPOJIBHOM PABOTBI Ne 1

BAPHUAHT O.

KonTpoabHnas padora Nel

0.1 Temo OpomieHO ¢ BBHIIIKA B TOPU3OHTAIHHOM  HANpaBICHHH CO CKOPOCTBIO 8 M/C.
OmnpenenuTh TAaHTCHIUAIBHYI0O W HOPMAIBHYIO COCTABIIAIONINE YCKOPEHHS Tela B MOMEHT
BpPEMEHH, Kor/1a ckopocTh Tena gocruraet 10 m/c. ConpoTuBieHHE BO3AyXa HE YUUTHIBATh.

0.2  Koneco, Bpamasich paBHOYCKOPEHHO, depe3 Bpems 60 c mocie Hadana ABIKEHHS CTajo
Bpamarbes ¢ yactotor 720 06/mun. HaiiTu yrioBoe yCKOpPEHHE KoJieca W TOJHOE YHCIIO
000pOTOB KOJIeca, COBEPIICHHBIX 3@ 3TO BPEMSI.

0.3  Temo maccoit 0.5 ke OBWKETCS MPSAMOJIUHEWHO, MPUYEM 3aBUCHMOCTH NPOUJCHHOTO TEJIOM
nytu S oT BpeMeHu t 3amaercs ypaBHenmem S = A+Bt+Ct>+Dt?, rne C = 5 m/c? u
D =-1wu/c®. Haiitu cuny F, neficTByIOITyI0 Ha T€I0 B KOHIIE MEPBOIl CeKYH/IbI IBUKEHHUSL.

0.4  OpHopoxmHblii cTepkeHb AMUHOW 1 m w Maccoit 0.5 ke Bpamjaercs B BEpTHKAIBHOM
TUIOCKOCTH BOKPYI' TOPH3OHTAIBHOW OCH, MPOXOAsImed depe3 ero cepeamny. C Kakum
VIJIOBBIM YCKOPEHHEM BpAIaeTCsi CTEP)KEHb, €CIIM MOMEHT CHJIBI, BHI3BIBAIONIUI YCKOPEHHE
cTepxHs, paseH 100 H/m?

0.5 C kakoil CKOpPOCTPIO BBUICTHT W3 MPYKHHHOTO MHUCTOJIETa IMIapuK Maccoi 10 e, ecnm
npyxuHa Oblta ckara Ha 5 cm? XectkocTs pyxuHbI paBaa 200 H/u.

0.6 MoMmeHT uMmIylibca Bayia, Bpamaronierocss ¢ gacroto 10 06/c, paBen 8 xem/c. Haiitn
KHHETHYECKYIO SHEPTHIO Baja.

0.7  OmnpenenuTh 4YacTOTy TapMOHHYECKHX KojeOaHWi mucka pamuycom 20 cm  OKOJIO
TOPH30HTAIHOW OCH, NMPOXOSIIEH Yepe3 cepeMHy pajnyca IUCKa MEePIeHANKYISIPHO €To
TUTOCKOCTH.

0.8 Haiitu cMmemenne oT MOJOKEHHUST paBHOBECHSI TOUKH, OTCTOSIIIEH OT UCTOYHHKA KOJEOaHMI
Ha pacctosHun  A/12 (A- nnuHa BosHBI), 111 MoMeHTa Bpemenu 1/6 (T - mepuon
koJsiebanuit). Ammutyaa konebanuii 4 = 0.05 u.

0.9 OnpenenuTh, CKOJIBKO MOJIEKYJI BOJOpPOAA COACPXKHUTCA B OauioHe eMkocThio S50 2 mopg
naBnenueM 1.5*10° ITa mpu temmnepatype 18°C. KakoBa minoTHOCTh BoJopoa?.

0.10  Ta3 maccoit 6xe 3ammmaer o6veM 8m° mpu masnenmu 2*10° I1a u temmeparype 250 K.
Kakoit o0wmemM Oymer 3aHMMaTh TOT JK€ ra3 Maccod bSrxemnpu maBiIeHUH 4*%10° [la w
temmneparype 300K.

0.11 OnpenenuTs CyMMapHYIO KHHETHYECKYIO HHEpPrHI0 IOCTYNATEeNbHOTO JIBIXKEHHS BCEX
MOJIEKYJI T'a3a, HaxXOoAsIIerocs B cocyae oobemom 3 1 noa nasienuem 540 x/1a.

0.12 BpUUCAUTD YACTBHYIO TEILIOEMKOCTH MPH MOCTOSIHHOM 00BbEME CMECH KHCIOpOoAa U a30Ta,
€CJIM Macca KUCJIopoja coctaBisieT 25% OT Macchl CMECH.

0.13 Kucnopoxa HarpeBaercs Nnpu NOCTOSSHHOM AaBieHuH, paBHOM 80 x/la. Ilpu 3Tom ero oObem
yBenuuuBaercs ot 1 a2 1o 3 m3. Onpenenuts u3MeHeHHE BHYTPEHHEH SHEPruK KUCIOpoIa 1
paboTy, COBEpPIICHHYIO UM MIPH PACIIUPEHHH, a TAK)KE KOJTUYECTBO TEIJIa, COOOIICHHOE razy.

0.14 Ob6wem BojOpoaa MpU H30TEpMHUUECKOM paciupenun npu Temnepatype 300 K. yBenuuuics
B Tpu pasza. OnpenenuTs paboOTy, COBEPIICHHYIO T'a30M, U TEIJIOTY, MOJY4YEHHYIO UM TIpH
sToM. Macca Bogopona pasHa 200 2.

0.15 OnmnpenenuTs WIOTHOCTH BOJAOPOAA, €CIHU CPEIHSS ATUHA CBOOOTHOTO MPOOera ero MOoJaeKys
paBHa 0.1 cm.

0.16 Haiitu BSI3KOCTh a30Ta IPU HOPMAJIbHBIX YCIOBHSIX, €CIU KOAPPUIHEHT Auddy3un Ui Hero
paBen 1.42*10°m%/c.



BAPUAHT 1.
KonTpoabHnas padora Nel

1.1 Vpasuenue gBukeHns Toukn X = A + Bt + Ct%, e A = 1 m; B = 2 w/c; C = 4 m/cd,
Onpenenuth 3HAUYCHUST CKOPOCTH M YCKOPEHHUsS Uil MOMEHTOB BpeMeHH t = lcut=2cu
CPEIHIOI0 CKOPOCTh B MHTEpBaJie BpeMmenu ot t = 1c o t = 2c.

1.2 Baun Bpamaercs ¢ gactotoi 180 o6/mun. C HEKOTOPOro MOMEHTAa BPEMCHH Baj Hayall
BpAIIaThCi PaBHO3AMEMIEHHO C YIIIOBBIM YCKOpeHHeM —3 pad/c’. Uepes kakoe BpeMs Bal
OCTaHOBHTCS ¥ CKOJIBKO OOOPOTOB OH CJIEAET 10 OCTAHOBKH?

1.3 Barom wmaccoit 20 m, wuMes HaYalbHYIO CKOpPOCTb 54 Kkm/uac, Hadal JBHUTAThCA
paBHO3aMeIeHHO ¢ yckoperueM a = -0.3 m/c?. Kakas cuma TOpPMOXEHHs IeHCTBYeT Ha
BaroH? Uepe3 kakoe Bpemsi BaroH ocraHoBuTcs? Kakoe paccrosiHue BaroH mpouaer 1o
OCTaHOBKHU?

1.4  Ha 6apaban pamuycom 0.5 m HamoTaH mHYp, K KOHI[y KOTOPOTO TpPHBS3aH TPy3 Maccoi
10 xe. Haiftu MoMeHT wHepruu OapabaHa, €CIM W3BECTHO, YTO TPYy3 OITyCKAaeTcs C
ycKopeHueM 2m/c?.

1.5 T'ups, monoXeHHass Ha BEPXHHH KOHEIl CIHPANBbHOW MPYKWHBI, CKUMaeT ee Ha 2 mm. Ha
CKOJIBKO CO’KMET TPYKHHY Ta K€ THPS, YIIaBIIas Ha KOHEIl PY>KUHBI C BBICOTHI 5 cm?

1.6  Kapawmmamr jummHONW 15 cm, TIOCTaBICHHBIH BePTHKAIBHO, NajJaeT Ha cToll. Kakyo yrioByro
CKOPOCTh W JIMHEWHYIO CKOpPOCTh OyIeT WMETh BEpXHHH KOHEI] KapaHJama B KOHIE
najieHusi?

1.7  3a kakyro 4acTh Mepuojia TOYKa, COBEPIIAOIIAs TApMOHUUECKOE KOoJIebaHue, MpouIeT myTh,
paBHBII: 1) TONOBMHE aMIUMTYIBI, €CIM B HavaJbHBIH MOMEHT OHAa HAXOIWJIach B
MOJIOKEHUH PAaBHOBECHS; 2) OJIHOM TPETH aMIUIMTY/ Ibl, €CIIU B HAYaJIbHBI MOMEHT OHa ObLiia
MaKCHMAJIbHO yJlalieHa OT MOJI0KEHHUS paBHOBECHS?

1.8 Haittu mmHy BoiHEI Koiebanmus, nmepuox xotoporo 1070 ¢. Ckopocts pacmpocrpaneHus
xonebanwmii pasra 3*108 w/c.

1.9 B 6amione emxocthio 3 u° Haxomutes 1.4 ke a3ota u 2 ke renmus. ONpeaennTh TeMIEpaTypy
ra3oBOi cMecH M MaplHalibHOE JaBJICHHE ek, eclid NapluuaibHOe JaBJeHHE a30Ta paBHO
1.3*10° I1a.

1.10 Tlpu Temmeparype 727°C ra3 3aHMMaeT o0beM 87 M NPOW3BOAMT AapieHue.2*10° [1a Ha
CTeHKH cocyaa. OnpeaenuTh JaBieHue 3Toro rasza npu temneparype 23°C, ecnu oH Oyaer
3aHuMath 0ovem 160 .

1.11 Cpennas KuHeTHYecKash >HEprus MoOJeKyd Bosayxa paBHa 5.5%102! /e, xonuenTtpanus
Monekya 2.8%10%° 3. OnpenennTs qaBIeHnE BO3IyXa.

1.12 Omnpenenuth yaeabHbIE TEILIOEMKOCTH IPU MOCTOSIHHOM JIaBJICHUH M MOCTOSHHOM oObeme
ra3o00pa3HON OKUCH Yriepoja, CUYUTAasl 3TOT ra3 UIealbHbIM.

1.13 Opuu kuiIorpamMm YIJEKHCIOTO Ta3a u3obapHo Harper oT 268 mo 400 K. Onpenenutsb
paboTy, coBepIIaeMyl0 Ta30M IPU YBEIUMYEHHUU €ro o0beMa, U U3MEHEHHE BHYTpPEHHEH
SHEPTUU ITOTO Taza.

1.14 Bopopon 3aammaer oobeM 10 a° mpu nmasnenmu 0.1 [7a. T'a3 Harpemu Hpu MOCTOSHHOM
obwveme 1o aasnenus 0.3 Mlla. OnpenenuTs U3MEHEHUE BHYTPEHHEH SHEPruu rasa, paboTy,
COBEpILIAEMYIO Ta30M, U KOJIMYECTBO TEIUIA, COOOIIEHHOE ra3y.

1.15 Haiitu cpemHee YUCIO CTOJKHOBEHHMH MOJIEKYN a30Ta B €AMHMILY BPEMEHH IMpHU JaBICHUU
50«I1a n Temneparype 27°C.

1.16 Haiitu kod>dpduument auddy3un u Bs3kocTh Bo3ayxa mnpu jgasieHuun 100x/la u
temnepatype 10°C. luamerp Mosiekyn Bo3nyxa paseH 0.3 ww.



BAPUAHT 2.

KonTpoabHnas padora Nel
2.1  Tlo mpsMO¥i TUHHUH IBUXKYTCS JIBE MaTePHALHBIC TOYKU COTJIACHO YPABHCHHSIM:
X1 = A1 + Bit + Cit?: xo = Ao + Bot + Cat?,
roe A1 = 10 m: B1 =1 m/c; Cr = -2 m/c?:
A>=3m;Ba=2m/c; Co=0.2 m/c?
B kakoif MOMEHT BpeMEeHH CKOPOCTH THX TO4YeK OyayT oanHakoBbl? HaiiTu yckopeHus ai u
a2 ITUX TOYEK B MOMEHT Bpemenu t = 3 C.

2.2  Ilpu paBHO3aMemneHHOM IBMKEHUM 3a 60 ¢ WactoTa BpamieHUs Kojeca yMEHBIIWIACH OT
300 o6/mun no 180 o6/mun. Haiitm yrioBoe YCKOpPEHHE Kojeca W 4HCIio 000poToB N,
COBEPILIEHHBIX KOJIECOM 32 3TO BpEMSI.

2.3  Tloe3n maccoit 500 m mocie BBIKIIOUEHUS TATH JIOKOMOTHBA OCTAHABIIMBACTCS TIOJ
nevictuem cwibl TpeHus 100 xH 3a 1 mun. C KakoWl HAYaIBHOH CKOPOCTHIO JBHTAJICS
noe3n?

24 K obony xoiseca pamuycom 0.5 m m maccoir 50 xe mpuokena kacatenbHas cwia 100 H.
Haiitu yrnosoe yckopenue koisieca. Uepes kakoe BpeMsl Mociie Havyaia JIEUCTBUS 3TON CHJIbI
gacToTa BpamieHus koJjieca nocturHer BenmmuuHbl 100 06/c? Koneco cuurtaTh 0JHOPOJHBIM
nuckoM. TpeHuem mpeHeopedn.

2.5  Baron maccoit 20 m murancs co ckopocteio 1 m/c. HamereB Ha mpyxuHHBIN Oydep, oH
OCTaHOBWJICS, C)kaB pyuHy Oydepa Ha 10 cu. OnpenenuTh )KeCTKOCTh TPYKHHBI.

2.6  OnpenenuTh TMOJHYIO KHHETHYECKYIO SHEpruro oOpyda maccoit 1.6 ke, kaTsimerocst co
ckopocthio V = 1.5 m/c.

2.7  OmnpenenuTh aMIUTMTYAY, YacTOTy U HadaibHYIO (a3y KosiebaHUs, ypaBHEHHE KOTOPOTO,

BeIpakeHHOE B cucteme CU, umeer BUA: x = cos%(4t +3).

2.8  Tlepuon xonebaHMii TIEPBOrO MAaTEMaTHYECKOTO MasTHHKA 3 ¢, BToporo — 5 ¢. Onpenenuts
MEepUo/I KOJIEOAaHUH TPEThEro MaTeMaTHYeCKOT0 MasTHUKA, JUTMHA KOTOPOTO PaBHA CyMMe
JUTUH TIEPBOTO U BTOPOTO MasiTHUKOB.

2.9 B 6amnone o6pemom 10 2 HaxoauTcs renuid moa naBiaeHueM 1 MIla w npu TeMmiiepatype
300 K. ITocne Toro, kak u3 6ayutoHa Obuto BhImymieHo 10 e renwmsi, TemrepaTypa B OaljioHe
nonusmwiack 10 290 K. OnpenenuTs JaBiaeHUE TeUs, OCTaBIIETOCs B OayIOHE.

2.10 Tas3, mpu Temneparype 300 K, HaX0IUTCS MO IaBJICHUEM 2.8*10° I1a v 3aHUMAaeT 00beM
0.8 »>. OnpesenuTh U3MEHEHNE TEMIIEPATYpPhl STOTO Ta3a, eciy npH aasienun 1.6*10° I1a
OH 3aH:1 00beM 1.4 a3,

2.11 Cpennsis KUHETHYECKas DHEPrusl IMOCTYNATEILHOTO JBWKEHUS MOJICKYJ BO3IyXa, IpHU
nasnenun 10° [7a, paBHa 6.5%102 [orc. OnpenenuTh KOHLEHTPALUIO MOJIEKYJ BO3AYXA.

2.12 OmnpenenuTh MOJSPHBIC TEIUNIOEMKOCTH IPH TOCTOSHHOM JaBJICHUM M TPH IOCTOSHHOM
o0beMe rasa, cocrosiero mo macce Ha 85% wu3 kucnopoaa u Ha 15% wu3 o30Ha.

2.13 Kucnopon maccoii 160 2 Harper uzo6apHo na 100 K. Ompenenuth paboTy rasza MmpHu ero
pacuIMpeHu, a TAKKE M3MCHEHUE BHYTPEHHEH SHEPTUH 3TOTO rasa.

2.14 Bamwion emxoctbio 20 7 ¢ kucnopogom npu gasnenun 107 [Ta u Temnepatype 7° C
HarpeBaloT 10 TemmepaTypbl 27° C. Kakoe KonMMuYecTBO Temja MpPU ATOM COOOIIEHO
kucnopoay? HaiiTu n3aMeHeHne BHyTPEHHEW SHEPTUU KUCIOPOa MPU HarpeBaHHH.

2.15 Haiitu cpenHiow AMUHY CBOOOJHOTO mpobera MOJEKya YIIeKHUCIOro ra3a MmpHu TeMIeparype
100° C u naBnenuu 13 [1a. [{lnametp monekyn yriekucnoro raza 0.32 wm.

2.16 Bo CckoIBKO pa3 BSI3KOCTh KHUCIOpOJa Ooiblle Bs3KOCTH a3oTa? Temmeparypa ras3os
OJIMHAKOBA.



BAPUAHT 3.

KonTpoabHnas padora Nel

3.1  VpaBHeHMe JBUKEHHs MaTepHalbHOM TOUKM BIOIb OCH X uMeeT BUI: X = A + Bt + Ct3, rze
A =2 m; B =1 wm/c; C=-05 m/c’. Haiitn KoOpauHATY X, CKOPOCTb U YCKOPEHHE TOYKH B
MOMEHT BpeMeHH t = 2 C.

3.2  Ilo nmyre oxpyxHoctu pamuycom 10 m Bpamiaercss Touka. B HEKOTOPBII MOMEHT BpeMEHHU
HOPMaJlbHOE YCKOPEHHE TOUKH an = 4.9 m/c?, a BEKTOp IOJIHOTO YCKOPEHHs & 0bpasyeT ¢
BEKTOPOM HOPMAJIBHOTO YyCKopeHuss yrol o« = 60°. HaliTh nuHEWHYI0 CKOpOCTh U
TaHT'€HIMAJIbHOE YCKOPEHHE ¢, TOUKHU B 3TOT MOMEHT BPEMEHHU.

3.3 [Toe3n maccoit 500 m, nBurasch paBHO3aMEJICHHO, B T€ueHHWe | Mmux yMEHBIIIAEeT CBOIO
ckopocTh oT 40 xm/uac no 28 km/uac. HailTu cuity TOPMOKEHHSL.

3.4 K o6oxy ogHopoanoro mucka paanycoMm 0.2 m mpunoxena kacarensHas cuia 100 H. Kpome
TOTO, IIPU BpAILLEHUH Ha AMCK AEUCTBYET MOMEHT cuil TpeHus 5 Hm. Halitu Maccy nucka,
€CIIM HM3BECTHO, YTO JIUCK BPAIIAETCs C YIIoBBIM yekoperueMm 100 pao/c?.

3.5  Cuapsn, nersmuii co ckopocthio 500 m/c, pazopBaiics Ha J1Ba OCKOJIKa. MEHBIIHNA OCKOJIOK,
Macca kotoporo coctaBmsier 0.2 dWactm oT oOmed Maccel CHapsaa, IoJieTeNl B
MIPOTHUBOTIOJIOKHOM HarpaBiieHnn co ckopocTthio 200 m/c. OnpeneuTh CKOPOCTh OOJIBIIETO
OCKOJIKA.

3.6 K obomy mmcka maccoit 5 ke mpunoxena kacatenbHas cmwia 200 H. Kakyro KHHETHYECKYIO
SHEPTUIO OYAET UMETH JUCK Yepe3 BpeMs 5 ¢ mocie Havasia JSHCTBUS STOM CHIIBI?

3.7  MarepuanbpHasi TOYKa COBEpIIAET KoJieOaHUe, ypaBHEHHE KOTOPOTO, BRIPAKEHHOE B CUCTEME

V4 .
CHU, wumeer BUI: X = ZCOS§(2t+3). OnpeneuTh CKOPOCTh U YCKOpPEHHE KOJICOIomeics

TOYKHM 4uepe3 3 ¢ Mocie Hadaja KojaeOaHui.

3.8 Touka ywyacTByeT B JBYX B3aWMHO TNEPHCHIUKYSIPHBIX KoJeOaHMsIX: X =asint u
y=acost, rae a = 5 cu. [lonyuuTs ypaBHEHHE TPAaEKTOPUU PE3YABTUPYIOLIETO ABMKEHUS
TOYKH.

3.9  bamion comepxkur 80 o kucmopoma u 320 e aprona. JlaBnenwe cmecu paBHo 1 Mlla,
temmneparypa cMecu paBHa 300 K. Onpenenuts 00beM OauioHa.

3.10 B munmmHape aBurarens TeMiiepaTypa Bo3ayxa B Hadaine cxatus Obuia 50° C. Haiitu
TeMIepaTypy BO3yXa B KOHLIE CKAaTHUs, €CIIM ero 00beM yMeHbIaeTcs B 17 pas, a JaBiieHue
Bo3pactaet B 50 pas.

3.11 B cocyne oobemom 2 1 Haxoautcs 10 e xucnopoma mox nasiuenuem 100 x/la. Haittu
IUIOTHOCTh Ta3a M CPEAHIOI KUHETHYECKYI0 SHEpPrui0 IOCTYHATEIbHOIO JIBUMKEHHS €ro
MOJIEKY.

3.12 OmnpenenuTb MOJSIPHYIO TEINIOEMKOCTh HPU HOCTOSHHOM JaBJIEHUM M TPH IOCTOSHHOM
o0beMe cmecu, coiepxkamiedl 3 ke azora U 1 ke BOJIJHOrO mapa, CuuTas 3TH Tra3bl
u7iealbHbIMH.

3.13 Omnpenenuth HauanabHyIO Temmnepatypy 0.56 ke azoTa, ecnu npu U306apHOM HarpeBaHUU JI0
370 K coepiieHa pabota 16.62 x/Jorc Ha yBenuueHue ero oobema.

3.14 B nunuHzape Noj NOpIIHEM HaXOIUTcs Kuciopo] mMaccoit 2 ke. Ilopens 3akperseH. Kakoe
KOJIMYECTBO TeIIa HY)KHO COOOLIUTh KHCIOPOIY, 4TOOBI €ro TemmepaTypa MOBBICHIACH HA
SK. HaiiTu yBenuueHue BHYTpPEHHEH SHEpruM KMCIOpoa U paboTy rasa.

3.15 Haiitu cpeanio0 UIMHY CBOOOJHOro ImpoOera MOJIEKYJA BO3JAyXa IPH HOPMAJIbHBIX
ycnoBusix. [luamerp monekyin Bo3zayxa 0.3 wm.

3.16 Haiitu xospdunuent auddy3un BOAOpPOAa NPH HOPMAIBHBIX YCIOBUSX, €CJIHM CPEIHSSA
JUIMHA CBOOOHOTO TIpobera ero mojekyn paBHa 0.16 mxwm.



BAPUAHT 4.

KonTpoabHnas padora Nel
4.1  Cpo0OOJHO MAajaroIIee TEJIO B IMOCICIHIO CEKYHIy ABW)KCHHS MPOXOJUT IMOJIOBUHY BCETO
myTd. C KaKoil BBICOTHI MMAJAaeT TEJIO U KAKOBO BPEMsI €ro MajJeHus?
4.2 Teno BpamaeTcs BOKPYT HEMOABMKHOM ocH MO 3akoHy: @ = A + Bt + Ct®, e A = 10 pao;

B = 20 pao/c;, C = -2 pao/c®. Haiitn nonHoOe yCKOpeHHe TOUKHU, HaXOAMIEHCs Ha PaCCTOSHHUH
0.1 m ot ocwu BparieHus, Uit MOMEHTa Bpemenu t = 4 C.

4.3  AromoOmibs Maccoit 1000 ke, nBUTasACh paBHO3aMENJICHHO, OCTAHOBWIICS Yepe3 5 C, mpoiias
pu 3TOM 1yTh 25 . HaliTi Ha4aabHYI0 CKOPOCTh M CHITY TOPMOKEHHSL.

4.4 OnpHOpoHBINA cTepkeHb JuuHOW 1.2 m m maccoit 0.3 ke Bpamaercs B TOPHU30HTAIBHOM
IIJIOCKOCTH BOKPYT BEPTUKAIBHOW OCH, IPOXOJSIIEH Yepe3 OJUH U3 KOHLOB CTepkHA. Uemy
paBeH BpaIIAIONINil MOMEHT, €CII CTePKEeHb BPAIAETCS ¢ YIIIOBEIM yckopernem 100 ¢ 2.

45  CranpHOi mapuk maccoiil00 e ymapsiercs 0 MacCHBHYIO IUTHTY, UMesl CKOPOCTh 2 m/c, U
OTCKaKkMBaeT OT HEE C TaKOW >K€ MO BEJIWYUHE CKOpOCThI0. OmpenenuTs H3MEHEHHE
UMITyJbCa IIApHKa, €cau 1) HampaBlIeHWE CKOPOCTH ULIapuKa MEpPHEeHIUKYISPHO IUIUTE;
2) yroa Mex/ay HalpaBJIeHHEM CKOPOCTH M TUIOCKOCTHIO TTUTHI 30°7?

4.6  Mennubrit map paguycom 10 cm Bparmmaercss ¢ 9acToTol 2 06/c BOKPYT OCH, MPOXOJISIICH
yepe3 ero 1eHtp. Kakywo paboTy Hajo coOBEpIINTh, YTOOBI YBETUYUTH YIIIOBYIH) CKOPOCTH
BpallleHUs [apa BJIBOe?

47  AmmmTyna 3aTyxammux kosiebaHuii 3a 1 MUHYTY yMEHbIIaeTcs B TodTopa pasza. Bo
CKOJIBKO pa3 yMEHBIIIAETCS aMIUIMTYa 32 4 MUHYTHI?

4.8  TlomHas »Heprus Tella, COBEPIIAIOIIETO TapMOHHMYECKoe KojeOanue, paBHa 30 mx/]c;
MaKcUMajbHas CUja, ICUCTBYIOMAas Ha Teno, paBHa 1.5 mH. Hanmcars ypaBHeHUEe TBUKESHUS

. /4
ATOTO TeJa, eCIM Nepro/ Konebanuii 2 ¢, a HadanbHas (aza 3

49  bamion oosemoMm 20 1 3amosHeH azoToMm. TemmepaTrypa a3zota paBHa 400 K. Korma uacts
a30Ta M3pacxoJIoBaiIM, naBieHue B Oamwtone moHm3mioch Ha 200 x/la. Onpenenuth Maccy
M3pacX0JJOBAHHOTO a30Ta, €CIIM TeMIIEpaTypa B 0aJNIOHE 0CTaNach HEM3MEHHOM.

4,10 ToHKuH pe3WHOBBINA IIAp PagUycoM 2 cm 3alloJIHEH Bo3ayxoM npu Temmeparype 20° C wu
nasnennu 0.1 MIla. KakoB OyneT paauyc 1mapa, eciii ero OIyCTHTh B BOJY C TeMIepaTypoil
4° C na rmyouny 20 »? AtMocdepHoe JaBiIeHUE HOPMAIILHOE.

411 Tlpu KakoM JaBIEHWH BHYTPEHHSS SHEpPrHs BCEX MOJIEKYN HJeadbHOTo Ta3a B oobeme 2 i’
coctaBut 450 x/[c?

412 Ha CKOJIBKO YBEIMYUTHCS CPEIHSS KUHETHUYECKAs DHEPrusl IMOCTYNATEIbHOTO JIBHYKCHUS
MOJIEKYJI OJJHOATOMHOTO Ta3a nocie ero HarpeBanus ot 0° C mo 100° C?

4.13 O6beM rasza ysenuuwica B 3pasza npu aapienuu 3*10° I1a. Onpenenuts nepsBoHavYanbHbIH

00BeM rasa, €ciid Ha ero pacipeHue noTpedoBaiock coBepmints padory B 12.9 x/lorc.

414 B Tenmnou30oJMpOBaHHOM LWIMHJIpPE C MOpIIHEM HaxoguTcs a3oT Maccoil 0.2 ke mnpu
temreparype 240 K. A30t1, pacmupssch, coBepiims paboTy, paBHyto 4.5 x/oc. Haiitu
M3MEHEHHE BHYTPEHHEH SHepruM a30Ta U ero TeMIeparypy nocie paciupeHus.

4.15 Tlpu HOpMaJbHBIX YCIOBMSX CPEAHAs JUIMHA CBOOOIHOTO Mpobera MOJIEKyN BOJIOpO/ia paBHA
0.16 mxm. Onpenenuts 3 HEKTUBHBIN AUaMETP MOJIEKYIIbI BOJOPOIA.

4,16 Haiitu TermonpoBoJHOCTH Bo3ayxa npu nasienuu 100 x/7a u temneparype 10° C. /Tnametp
MoJIeKyJ Bo3ayxa paBeH 0.3 ww.



BAPUAHT 5.

KonTpoabHnas padora Nel

5.1 Tloe3n, nBurasch paBHO3aMEIJICHHO B TeueHHE 1 MmuH, YMEHBIIA€T CBOIO CKOPOCTH OT
40 xkm/uac no 28 km/uac. HaliTm yckopeHue T1oe3[a W MyTh, NMPONWACHHBIA UM 32 BpeMs
TOPMO>KEHHUSL.

5.2  Haiitu pagmyc Bpamaromierocs KoJieca, €CiIM HW3BECTHO, YTO JIMHEWHas CKOPOCTh TOYKH,
nexaied Ha obone, B 1.5 pa3za OoJblie JIMHEHHON CKOPOCTH APYrod TOYKH, JEKallel Ha
5 cm GIIMKeE K OCH KOJIeca, YeM IepBasi TOUKa.

5.3 B Barone, IBMXKYyIIEMCSi TOPU3OHTAJIBHO C IOCTOSHHBIM YCKOpEHHEeM 3 M/c, BUCHT Ha
MPOBOJIOKE Tpy3 Maccod 2 ke. OmnpenenuTh CHUIy HATSDKEHUS TPOBOJOKH M Yroll ee
OTKJIOHEHUS OT BEPTHKAJIN, €CITH TPYy3 HENOJIBM)KEH OTHOCUTENIFHO BaroHa.

54  Jluck pammycom 20cwu M Maccoif 7 ke BpaljaeTcsl COTacHo ypaBHeHmio ¢ = A + Bt + Ct%,
rne A = 3 pao; B = -1 pao/c; C = 0.1 pao/c®. Haiitu ypaBHeHHe, COTTaCHO KOTOPOMY
MEHSIETCSl Bpalllalol[uil MOMEHT, JeHCTByIoUMi Ha JUCK. OmpenenuTb MOMEHT CHUJ JUIs
t=2c.

5.5  Cuapsanx maccoit 50 ke, nmersmuii co ckopocthio 300 wm/c, monagaeT B MHINEHb C TECKOM
maccoit 100 xe m 3actpeBaer B Hell. C KakOH CKOPOCTHIO M B KaKOM HAIlpaBIICHHH OyjeT
JBUTATHCSI MUTIICHB TIOCIIE TIOTIQAaHuUs CHAPS/Ia B CICIYIOIIUX CITydasx:

1) Mumenp OblIa HETIOJABMKHA; 2) MUIIICHb JBUTAIIACH B OJTHOM HAIIPaBJIEHUH CO CHapSIOM
CO CKOpPOCTBbIO 72 KM/yac; 3) MUIIEHb [BUrajach HABCTPEUy CHapsAIy CO CKOPOCTBIO
72 km/uac?

5.6  Kunernmueckas sHeprusi Baja, BPAIIAIOIIETOCs C 4acTOTOM 5 06/c, paBHa 60 /[oc. Haiitn
MOMEHT MMITYJIbCa Baja.

5.7  Touka coBepmiaer rapMoHUYecKHe KoJjiebaHusi ¢ yactotor 10 /y. B MoMeHT BpemeHw,
MPUHATHIN 32 HAYaJIbHBIA, TOYKA MMeEJIa MakcuMaiabHoe cMmemenue A = 1 wm. Hamucats
ypaBHEHHE KOJICOaHUN TOUKH.

5.8 K mpyxune noasenieH rpy3. MakcumanbHas KHHETUUYECKAsi JHEPTHs KoJieOaHUH Tpy3a paBHA
1 J{ore. Ammuryna konebanuit 4 =5 cyv. HaliTl )ecTKOCTh K TIpy>KHHBI.

5.9  Haiitu muiotHOCTH a30Ta npu Temrepatype 400 K u naBnenuu 2 Mlla.

5.10 OTKpBITYIO C 00EUX CTOPOH Y3KYIO HMHJIMHIPUIECKYIO TpYOKY mmuHOM 0.3 M 70 TOJIOBUHBI
MOTPY3WIN B PTYTh. 3aT€M 3aKpbUTH BEpPXHEE OTBEPCTUE TPYOKH M BBIHYIHM €€ U3 pTyTu. [Ipu
3TOM B TpyOKe octaics cToiaOouk pryru mHOoW 0.22 m. Uemy paBHO artmocdepHoe
naBieHue?

5.11 OmpenenuTh CPEAHIOK KHUHETUYECKYI) SHEPTHIO0 IMOCTYNATEILHOTO JBHKCHHS MOJIEKYJI
ra3oB Bo3ayxa npu nasieHuu 100 /7a. KoHieHTpalysi MOJIEKYI BO3yXa MPH 3TUX YCIOBUSIX
2.7*10% w3,

5.12 Pa3HOCTH YAETBHBIX TEIJIOEMKOCTEH IMPH MOCTOSHHOM JABJICHHH M TIOCTOSHHOM OObeMe
Tpexaromuoro raza pasHa 0.2*10% [oc/(ke*K). BbIMMCIMTL MOJSPHYIO U YAEIbHYIO
TEIUIOEMKOCTh raza.

5.13 IIpu temmneparype 280 K u nasnenun 4*10° I1a ra3 3anumaer o6bem 0.1 a°. Kakas pabota
COBEpILIAeTCs Tra3oM I0 YBEIMYEHHIO €ro 0o0beMa, €ClIM OH HarpeT HpU MOCTOSIHHOM
nasieHuu 1o 420 K?

5.14 Ha ckoibko yBeIMUYMJIACh BHYTpeHHss sHeprus 10 Mousielf 0JHOATOMHOTO rasa Ipu €ro
nzobapHom HarpeBanuun Ha 100 K? Kakyio paboTy coBepmMi MpHU 3TOM ra3 M Kakoe
KOJIMYECTBO TEIJIOTHI eMy OBbLIO cOOOIIeHO?

5.15 HaiiTu 4yuCIO CTOJKHOBEHMH, KOTOPbIE NPOUCXOAAT B TEUEHUE CEKYH/bl MEXIY BCEMH
MOJIEKY/IaMH, HAXOASIIUMUCS B 00beMe 1y BoJopo1a Npu HOPMAIBHEIX YCIOBHUSIX.

5.16  Haiitu koaddunment quddy3un reaust Ipu HOPMAIBHBIX YCIOBHSX.



10

BAPUAHT 6.

KonTpoabHnas padora Nel
6.1  Paccrosinue mexay nByMms cTaHuusiMu Metpo 1.5 xu. IlepByro OJOBHHY 3TOTO PacCTOSIHUS
Moe3/1 MPOXOAUT PABHOYCKOPEHHO, BTOPYIO - PAaBHO3aMEMICHHO C TeM K€ IO MOJYJIO
yCcKopeHueM. MakcumaibHast cCKopocTh noesna 50 kw/uac.
Haiitu BenmuuHy yCKOPEHHS U BpeMs IBMDKEHHS MTO€3/1a MEXKAY CTAHIHSIMH.
6.2  Jluck pammycom 0.3 m Bpamiaercs coriacHo ypasHenmo: ¢ = A + Bt + Ct3 rae A = 3 pao;

B = -1 pao/c; C = 0.1 paod/c®. OnpenenuTs TaHTEHIMATBHOE, HOPMAIBHOE M IOJHOE
YCKOpeHHsT HauboJiee yTaJeHHBIX OT OCH BpAIlEHUS TOYEK JUCKA B MOMEHT BpPEMCHHU
t=10c.

6.3  HakionHas MmiIockocTh oOpasyeT ¢ ropusoHToM yron o = 25° Temo 3a 2 ¢ oT Havana
CKOJIbJKEHUS TPOILJIO MO HAKIOHHOM miockocTd 1.7 m. Onpenenuts KOAPPHUIUEHT TPeHUS
CKOJIBKEHHS TeJIa 1O TIOCKOCTH.

6.4  Tlox peiicrBuem mMomeHTa cwibl 10 Awm Teno depe3 10 ¢ mocie Havana BpalieHUs JOCTHUTIIO
CKOPOCTH, COOTBETCTBYIOIIECH BpAIIEHUIO C 4acTOTou 4 06/c. OnpeaenuTb MOMEHT HHEPIUH
JaHHOTO Tea.

6.5  Omnpenenuth U3MEHEHHE UMITYyIbca Tena Maccoit 0.5 ke B pe3ynbraTe ero coCKalb3bIBaHUS C
HAKJIOHHOH TUTOCKOCTH BBICOTOM 3 M. TpeHunem npeHeOpeus.

6.6 OOpydY W IUCK ONMHAKOBOM MAacChl KaTATCS 0€3 CKOJBKEHHUS C OJMHAKOBOH CKOPOCTHIO.
Kunernueckas sneprust o6pyua pasHa 40 /[orc. HaliTi KWNHETHYECKYIO SHEPTHUIO JMCKA.

6.7 OnpenenuTh  MakCMMaJdbHOE  YCKOPEHHWE  MATepHAIbHOM  TOYKHM,  COBEpIIAIOLIEH
rapMOHHYECKHE KoJieOaHusi ¢ aMrmutynoil 4 = 15 cm, ecam Hanbosbiias CKOPOCTh TOUKH
30 cw/c, nauanbHas daza @o=10°. [TomyuuTs ypaBHEHHE KONEOAHMUIA.

6.8 IlomepeuyHass BOJIHA pacmpoCTpaHSETCS BIOJb YIPYroro IIHypa CO CKOpocThio 15 wm/c.
[Tepuon xonebanumii Touek muypa 1.2 ¢. OnpeaenuTs pasHOCTh (a3 IBYX TOUEK, JICKAITUX
Ha JIy4e ¥ OTCTOSIIUX OT UCTOYHMKA BOJIH Ha paccTossHus 20 v u 30 m COOTBETCTBEHHO.

6.9 B cocyne oosemom 10 2 mpu temmepatype 450 K HaXOQuTCs CMECh a30Ta Maccou 5 ¢ u
BOJI0pOJia Maccol 2 2. OnpenenuThb 1aBJIeHUE CMECH.

6.10 Kakoe naBieHHe ycTaHaBIMBAeTCS B IMJIMHApPE IBUTATENs, €CIM K KOHIYy TakKTa C)KaTus
Temrneparypa padbouerd cmecu mnosbimaercs oT 50° C mo 250° C, a 06beM yMEHBIIAETCS OT
0.75 7 no 0.12 2? IlepBonavanpHOE naBieHue pasHo 80 x/la.

6.11 OmnpenenuTh IJIOTHOCTh KHCJIOPOJA, HAXOMSAIMIECIOCS TIOJ JIaBJICHUEM 2*10° [la, ecnu
CpenHsisi KUHETUYecKasi SHEPTHsl MOCTYINATEIbHOTO JIBIKEHUS OJTHOM MOJEKYNbl KHUCIOPOaa
pasHa 1.2%102° /.

6.12 BpuucAUTH yaENbHBIE TEIJIOEMKOCTH HEOHA M BOJOPOAA MPH MOCTOSHHOM OObEeMe U Mpu
MOCTOSIHHOM JIaBJICHUH, CYMTASI STU Ia3bl UJICATbHBIMU.

6.13 Ilpu u306apHOM pacIIMpEHHM AByXaToMHOro rasza npu gasnenuu 10° I1a ero oObem
yBenuumiica Ha 5 M°. Onpenenuts paboTy paclIMpeHHs rasa, M3MEHEHHE ero BHYTpEeHHeil
SHEPrUH ¥ KOJUYECTBO TEIJIOTHI, COOOIIEHHOH 3TOMY Ta3y.

6.14 Bo ckonbko pa3 yBennuutcs o0beM 0.4 Mo BOJOpo/ia Mpu H30TEPMUUYECKOM PACIIUPEHUH,
€CIIM TPHU ATOM Ta3 MOMYYUT KonuuecTBo Teria, pasHoe 800 /[xc? TemmepaTypa Bomoponaa
paBHa 300 K.

6.15 Haiitu cpeaHio0 UTHHY CBOOOTHOTO Tpobera MoJieKyn Boopoaa npu gasienun 133 mlla u
temmneparype -173° C.

6.16 Haiitu TerionpoBoAHOCT BOJIOPOJIA, BA3KOCTh KOTOpOro paBHa 8.6 mxlla*c.
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BAPUAHT 7.

KonTpoabHnas padora Nel
7.1  Teno nmagaer ¢ BeicoThl 20 m ¢ HavabHOU ckopocThio Vo = 0. Kakoii myTh mpoiineT teno 3a
MIEPBYIO U MOCIIEHIOI0 CEKYH/Y CBOETO JIBUKEHUS?
7.2  Touka Bpam@aercs MO OKPYKHOCTH pamuycoM 1.2 m. YpaBHEHWE IBWKEHUS TOUYKH:
¢ =At+Bt3, tie A = 0.5 pao/c; B = 0.2 pao/c®. OnpenenuTts TaHTeHIMATLHOE, HOPMATBHOE

MOJIHOE YCKOPEHHS TOYKH B MOMEHT BpeMeHu t = 4 C.

7.3  I'py3 maccoii 12 xe MOTHUMAIOT PAaBHOYCKOPEHHO Ha HIHype. 3a 5 ¢ moabpema rpysa ero
CKOPOCTh U3MEHSETCS OT 2 M/c N0 5 m/c. HaliTu cuity HaTsDKSHHS THYDA.

7.4  UYepe3 OyoK, BBINOJIHEHHbI B BHUJE KoOJeca, NEPEeKHMHYTa HUTh, K KOHILAM KOTOpOM
npussizanbl Tpy3sl Maccoit 100 ¢ u 300 . Maccy koneca, BenmmumHO# 600 e, cumTath
pPaBHOMEpHO pacrpeiesieHHOH 1o 0004y, a maccoil cmuil mpeHeopeusb. OmnpenenuTh
YCKOpEHHE, C KOTOPBIM OYAYT IBUTATHCS TPY3bl M CHJIBI HATSHKEHHUS HUTH 1O 00€ CTOPOHBI
O1oxa.

7.5  Kamens maccoit 200 2 OpomieH BEpTHKAIBHO BBEPX C HAYAIBHOW CKOPOCTBIO 7.5 wm/c.
OnpeneTh BETUYHHBI KUHETHYECKOW W TOTEHIMabHOW sHepruu depe3 0.5 ¢ mocie
Opocka. CompoTHBIICHNE BO3/TyXa HE YIUTHIBATh.

7.6 Tonkuit OMHOPOIHBIN cTepkeHb IMHON 1.2 M MoOXeT Bpamatbcs B BEPTHKAILHON
TUTOCKOCTH BOKPYT OCH, TPOXOASIIEH uepe3 KoHel cTepykHs. Ctepxkenb oTkiaoHmn Ha 90° ot
MIOJIOYKEHHSI PABHOBECHS W OTHYCTHIHN. OIpenenuTh JTUHEWHYI0 CKOPOCTh HI)KHEr0 KOHIIA
CTEPKHSI B MOMEHT MTPOXOKICHHSI UM TIOJI0KEHUSI pAaBHOBECHSI.

7.7  OmnpenenuTh MNepUOJ TapMOHUYECKMX KoyebaHmii pgucka pamuycom 40 cm  oxoso
TOPU30HTAIBHON OCH, TPOXOISIICH Yepe3 00pa3yoIyro JUcKa.

7.8  Touka ydacTBYyeT OJHOBPEMEHHO B JBYX B3aUMHO MEPHEHAUKYISAPHBIX KOJIEOaHUSX,
BeIpakeHHbIX B cuctemMe CU ypaBHeHusmu: X = 2 sinzt; y = -cosxt. Haiitu ypaBHeHue
TpaekTopuu Touku. OnpenenuTs CKOpocTh TOUKU B MoMeHT t = 0.5 C.

7.9 Cwmech Bogopoaa u azota obmeit maccor 290 2 nmpu temneparype 600 K u naBnenun 3 Mlla
3anumaet oowvem 30 . Omnpenenuts Maccy BOJAOPOa U Maccy a3oTa.

7.10 Ta3 npu naBnenuu 0.2 MIla v temniepatype 15° C umeet 00bem 5 1. Uemy paBeH 00beM 3TOM
Macchl raza Ipu HOPMaJbHBIX YCIOBUAX?

7.11 OnpenenuTs BHYTPEHHIOIO SHEPTUI0 OJHOTO MOJISI MJICAIBHOTO Ta3a MNP HOPMAJIbHBIX
YCIIOBUSX.

7.12 HailTu cpeiHIOI0 KUHETHYECKYIO SHEPrui0 MOCTYMAaTEeIbHOTO JBUXKEHUS OJHOW MOJIEKYIIbI
kucnopoaa npu temnepatype 350 K, a Takke KHHETHUYECKYIO SHEPIHI0 MOCTYNaTeIbHOTO
JIBUKEHHS BCEX MOJICKYI , COJEpKAIIUXCS B 4 2 KUCIOpO/1a IIPH ITOU TeMIeparype.

7.13 JIByxaToMHOMY Tra3y MpU €ro u300apHOM pacmiupeHun coodueno 14 x/[xc TemnoTsl.
Omnpenenuth paboTy paclIMpeHUs U U3MEHEHUE BHYTPEHHEH YHEPrUH rasa.

7.14 10 2 a3oTa M30TEpMUYECKH pacuiupsiercsa npu temieparype - 23° C, mpudeMm ero JaBjcHHE
Mmensiercst ot 250 x/la no 100 x/la. Haiitu paboTy, COBEpIIICHHYIO Ta30M IIPH PACIIUPEHHH.

7.15 Monekyasl aproHa NpM HOPMAlbHBIX YCIOBHAX HcHbIThiBaloT 6*10°  cronkHoBeHuii B
CeKyH/ly TIpM cpelHeil amuHe cBoboaHOro mpobera 6.35*10% u. Onpenenuts cpemHioo
CKOPOCTb HOCTYNATEIbHOTO ABMKEHHS MOJIEKYJI raza.

7.16 B cocyne oObemom 2 1 HaxoAWUTCH 4*10% MoneKyn JBYXaTOMHOTO TIa3a.
TennonpoBoaHOCTh raza paBHa 14 mBm/(m*K). Haittu koapuunent nuddysuu rasa.
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BAPUAHT 8.

KonTpoabHnas padora Nel

8.1  JlaHo ypaBHeHHe TIPSMOJIMHEHHOTO IBMKEHH MaTepHaibHoi Toukn S =A + Bt + Ct%, rze
A=6mM;B=1m/;C=3m/® Haiitu ckOpoCcTh B YCKOPEHHE TOYKH B MOMEHT BPEMEHH
t =3 C, aTaK e CpeIHIOI CKOPOCTH 3a MEPBBIE 3 CEKYHIBI IBHKCHHSL.

8.2  Koimeco, Bpamasich pPaBHOYCKOPEHHO, IOCTUTJIO YIIIOBOW ckopoctn 20 pad/c 4epes
10 o6opoTOB MOCIE Havaa ABMKeHus. Haiitu yrioBoe yCKOpeHue Kojeca.

8.3  Ha koHmax TOHKOW HEpacTsHKUMON HUTH, MEPEKUHYTOW depe3 OJIOK, MOJBEIICHBI TPY3bI
Mmaccoit 3ke u 4xe. [Ipenedperas Mmaccoii 6J0Ka ¥ TPEHHEM TPU €T0 BPAIICHUH, OTIPEICIHUTh
YCKOpEHHE, C KOTOPBIM OyIyT ABUTATHCS TPY3bl, H CHITY HATSDKEHUST HUTH.

8.4  Uwmmuuzap, pacroyioKeHHBIH TOPU30HTAIBFHO, MOKET BPAIIAThCsl OKOJIO OCH, COBITAIAIONIEH C
ocbl0 ImwmHApa. Macca munmHapa 12 xe. Ha munmuHmp HamMoTaH MIHYp, K KOTOPOMY
npuBsizaHa rups maccoi 1 ke. C kakuM yckopeHueM Oyzaer omyckarbes rupa? Kakosa cuia
HATSDKEHUS [ITHYpa BO BPEMsI IBUKEHUS Tpy3a’?

8.5  Kakyto paboTy Ha/io COBEpIINTb, YTOOBI 3aCTABUTH ABIIKYIIEECS TEIO MAaCCOU 2 Ke:

1) yBeUYIHUTH CBOIO CKOPOCTh OT 2 M/c 10 5 m/c; 2) OCTAaHOBHUTHCS TPU HAYATIBHOW CKOPOCTH
8m/c.

8.6  OOpyuy, umeromuii CKOpPOCTh 2.8 Mm/c, HAaYMHAET BKATHIBATHCS BBEPX 10 HAKIIOHHOU
wiockoctd. OnpeaenuTh MaKCUMAaJIbHYIO BBICOTY moabemMa oOpyda. Pacxomom sHeprum Ha
MIPEOJI0JICHUE CUJI TPEHUS TIpeHeOpedb.

8.7  Teno, HEMIOIBM)XHO BHUCSIEE HA IIMIUHAPHUECKON MPYKUHE, PACTATUBACT ee Ha 5 cm. 3aTem
TeJNO OBIO CMEIIEHO W3 TOJIOKEHHS PABHOBECHS MO BEPTHUKAIHM M OTITYIICHO, B pe3yJIbTaTe
YEero OHO CTaJio coBepiiaTh Koyebanus. Haittu mepros koeOaHui.

8.8  UYacrtuma maccoit 0.1 xe coBeprmaeT rapMoHUYEeCcKue KoJjiebaHust ¢ nepuogom 2 c. [lomnas
sHeprus konebanuii yactunibl 0.1 v/forc. OnpenenuTs aMILTUTY Ty KojieOaHu U HanOoJIbIIIee
3HAYEHHUE CHJIbI, JEHCTBYIOINICH HA YACTUILY.

8.9  Kakoe KoaM4ecTBO KHCIOPO/a BBIMYCTHIN U3 OamioHa eMkocThio 10 7, ecnu gaBieHue npu
3TOM m3MeHWI0ch oT 1.4*108 I1a mo 7*10° I1a, a TeMIiepatypa nonmsuiace ot 27° C 1o
7°C?

8.10 B mwmmHzape moja mopirHeM Maccod 1 ke ¢ Tuiomaapio OCHOBaHMS 36 cm HaxXOIUTCS Tas,
3anumaromuii oobem 3.8 1 mpu Temmeparype 20° C. Ilocnme Toro, kak Ha TIOPIICHb
MOCTaBHJIM TUPIO U Harpenu ra3 Ha 5° C, nmopiieHb moaHsics Ha Beicoty 1 cu. Haiitu maccy
rupu. JlaBnenue armocepsl HOpMabHOE.

8.11 Onmnpenenuts CPEeIHIOI KUHETHYECKYIO SHEPrui0 IOCTYNATENbHOIO JBUKEHHS OJHOU
MOJIEKYJIbI KHCIIOPOJa, €CIIM KUCIOpPOJ HAaXoAuTcs noi gasneHueMm 3*10° ITa  u umeer
IJIOTHOCTD 2 K2/M°.

8.12 Haiitu sHEpruio MOCTYNATENbHOTO IBUKEHHUSI MOJIEKYI, cojepkamuxcs B 1 xe azoTa mnpu
temnepatype 10° C.

8.13 Yersipe MOJIs YIIIEKUCIIOTO ra3a HAarpeThl MpH nocTostHHOM AasiieHuu Ha 100 K. Onpenenuth
paboTy pacuIMpeHus, W3MEHEHHWE BHYTPEHHEW OHHEpruu raza M KOJUYECTBO TEIUIOTHI,
COOOLIEHHO rasy.

8.14 Tlpu U30TepMUYECKOM PACIIUPEHHH Ta3a, HePBOHAYAIBHBIN 00BeM KOTOPOro 2 °, IaBleHHeE
ra3a ymensinaercs ot 0.5 MIla no 0.4 MIla. Haiiti paboTy, COBEpIICHHYIO Ta30M.

8.15 Monekyabl YIJIEKHCIOTO Ta3a IMpH HOPMAJbHBIX YCIOBHMSX HMEIOT CpPEAHION JIUHY
cBoboaHoro mpobdera 4*10° u u mBwxyrcs co cpenmeit ckopoctho 362 m/c. CKOJBKO
CTOJIKHOBEHHI B CEKyH/y UCIIBITHIBACT KaXK/asi MoJieKya?

8.16 Haiitu >¢dexkTuBHBI AHaMeTp MOJEKYNBl Kuciopoaa, ecinu npu temneparype 0° C ero
BA3KOCTh paBHa 19 mklla*c.
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BAPUAHT 9.

KonTpoabHnas padora Nel
9.1  Kamensb, OpOlLICHHBII TOPU30HTAIBHO C HAYAIBbHOM cKopocThio V, yepe3 0.5 ¢ mocne Havana
JBYDKEHUSI UMEN CKOpocTh B 1.5 pa3a Oombie HaganmpHOU ckopocTH. C Kako#l CKOPOCTHIO
OBLT OPOIIICH KAMCHB?
9.2 Teno Bpamaercss BOKPYT OCH B COOTBETCTBMH C ypaBHeHmeMm: ¢ = A+Bt?+Ct3, rne

A =10 pao; B = -2 pao/c®, C = 1 pad/c®. B Kakoii MOMEHT BPEMEHH YII0Bas CKOPOCTh
BpameHus tena Oyner paBHa 4 pan/c? Yemy paBHO YIioBO€ YCKOPEHHE B 3TOT MOMEHT
BpeMeHH?

9.3 KaoOwmna mu¢ra ¢ maccaxkupamu umeer maccy 700 xe. OnpenenuTh HaTsDKEHHWE Tpoca, HA
KOTOpPOM  TO/BENIeHa KabwHa, ecry TudT mBrokercs ¢ yckopenueM 0.7 m/c? nns ciydaes:
1 ) BeKTOp yCKOpEHHs HalpaBlieH BHU3; 2 ) BEKTOpP YCKOPEHHs HampaBjeH BBepX. Uemy
pPaBHO HATSHKEHUE TPOCA TIPH PABHOMEPHOM JIBHKCHHUH TH(PTA?

9.4  MaxoBuK B BHUE CIUIOMIHOTO qucka pagmycom 0.2 m wu maccoit 50 ke packpydeH 1o
gactoTel BpameHus 480 o6/mun w mpenocraBieH camomy cebe. [log neicTBHEM CHITBI
TPEHUsI MaXOBHK ocTaHaBImBaeTcs yepe3 50 c¢. HaliTn MOMEHT cuit TpeHHSI.

9.5 TIlpm momwseme rpy3a Maccoil 2 xe Ha BeICOTY 1 m coBepinaercs padota 78.5 Jorc. C xakum
YCKOpPEHUEM TIOTHUMAETCS TPpy3?

9.6 HaiitTn KHHETHYEeCKYI0 SHEPTHIO BEJIOCUIIEINCTA (BMECTE C BEJIOCHUIIEIOM), IBUXKYIIIETOCS CO
cKopocThio 9 Kkm/uac. Macca BEIIOCHITEMCTa BMECTE C BEJIOCHIIEIOM 78 ke, pu4YeM Ha
KoJieca mpuxoauTcs Macca 3 k2. Koseca Bemocuriena cantarb oOpydamu.

9.7 MarepuasibHass TOYKa COBEpIIAeT TapMOHHWYECKHWe Kojebanus c¢ dvacrotod 500 Iy wm
ammmutynoit 0.02 cum. Onpenenutbs cpemHHE 3HAYCHHUS CKOPOCTH M YCKOPEHHUS TOUYKH Ha
NyTH OT €€ KpaiHero TOJOXEHUs [0 TIOJI0KEHUSI pPaBHOBECHS, a TaKkKe HaWTH
MaKCUMaJIbHBIC 3HAYECHUSI CKOPOCTH U YCKOPEHHS.

9.8  OmpenenuTh CKOPOCTh pacHpOCTpPaHEHHUs BOJH B YNPYroMl cpeae, €cild pasHOCTh ¢a3
KoJiebaHWi JBYX TOYEK, OTCTOSIIMX IPYr OT JApyra Ha paccrossHum 15 cm, paBHa /2.
Yacrora konmebanuii 2 [y.

9.9  Haiitu MONsIpHYIO Maccy BO3/AyXa, CUMTAs, YTO OH COCTOMT II0 Macce W3 OJHOW YacTu
KHCJIOPOJa U TPEX YacTel a3oTa.

9.10 TIIpu yBenuueHuu aOCOJIOTHOW TeMIeEpaTyphl HWACAITBHOTO Tra3a BaBoe. Ero namieHwue
yBeIUYIIOCh Ha 25%. Bo CKOJIbKO pa3 mpu 3TOM U3MEHUJICS 00beM raza?

9.11 Kaxkoii 06beM 3aHUMAET WaCaTbHBIHA Ta3, Haxosdmuiics mox aasiaenuem 1.5%10° [7a, eciu ero
BHYTpeHHs dHeprus paBHa 400 x/[orc.

9.12 Haiitu cpeHIO0 KHHETUYECKYIO DHEPTHUIO IMOCTYIATEIbHOTO JBMKCHUS OJTHOW MOJICKYJIBI, a
TAaKXKE CYMMapHYH KHHETHYECKYIO SHEPIHIO0 BCEX MOJICKYJ, COJICP)KAIIUXCS B OJHOM
KuJIorpamme renus npu remneparype 70 K.

9.13 Ilpu uzobapuom pacmupenuu 20 2 Bogopojaa ero oobeM yBenuuuics B 2 pa3a. HauanbHas
temneparypa raza 300 K. Onpenenuts paboTy paclIMpeHHs T'a3a, U3MEHEHHE BHYTPCHHEU
SHEPTUU U KOJIMYECTBO TEIUIOTHI, IIEPEIaHHOM ra3y.

9.14 T'enwmii, HAXOIAIIMIICS PU HOPMATBHBIX YCIOBHUAX, H30TEPMUUECKH PACIIUPSAETCS OT 00beMa
1 2 o obwvema 2 1. Haiit paboTy, COBEpIICHHYIO ra30M MPHU PACIIMPEHUH, U KOJIUYECTBO
TeIUIOThI, COOOIIIEHHOE Ta3y.

9.15 B cocyzne oosemom 200 cum® Haxomutces 1 2 asora. HalfTu cpemHIo JIHHY CBOGOJHOTO
mpo0era MoJIeKYI a30Ta.

9.16 Kospduuuent muddy3un U BA3KOCTh KHUCIOpPOJA IMPH HEKOTOPHIX YCIOBHUSAX paBHBI,
cooTBeTcTBeHHO, 1.22%10° M%/c u 19.5 mxlla*c. HaiiTi TIOTHOCTB KHCIIOPOJia U CPEIHIO0
apu(PMETUYECKYIO CKOPOCTh €TO0 MOJIEKYIL.
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JABOPATOPHbBIN MTPAKTUKYM
(-1abopaTopHbie padoThl Ned, Ne9, No24)

1. JABOPATOPHAS PABOTA Ne 4.
MN3YYEHUE BTOPOI'O 3AKOHA HBIOTOHA
C IOMOLIBIO MAIIINHBI ATBYIA

Leab padoTbI: HA ONBITE H3YYUTh JICMCTBUE OCHOBHOIO 3aKOHA
JVHAMUKH MOCTYNATEIbHOTIO IBUKCHUS.

IIpuOGopbl M NPUHANIEIKHOCTH: YCTAHOBKA «MalllnHa ATByAa»,
HaOOp rpy30B, CEKYHIOMED, JINHEWKA.

Kparkas Teopusi 3kciepumMeHTa
OCHOBHOHM 3aKOH JAWHAMUKH TOCTYNATEIbHOTO JBUXKEHHS (BTOPOU

—

3akoH HproTOHA): €ciau Ha TeJio Maccol M AelcTBYeT cuia F , To 3TO Teno

OpuOOpeTaeT  yCKOpEHHUe a, BEJIMYMHA  KOTOPOTO psIMO
OpONOpLUUOHATbHA  BEJIMYMHE  JIEHCTBYIOUIEH CWJIBI ©  OOpaTHO
OPOINOPIMOHATbHA MAaCCe JAHHOTO TENA:

—

I
a=—.
m

CormacHo 9TOMY 34KOHY, IJId KaKoro-Jmoo Tejaa ¢ HEU3MECHHOM
Maccou (m =C0nSt) BCJIMUMHA YCKOPCHHUA a JIMHEMHO 3aBUCHUT OT

. . 1 .
BEJIMYMHBI JieHcTByomei cuibl F, 1o ectb a=KF | k=—|. Jluneitnas

m

3aBUCUMOCTb BEJIMYHMHBI YCKOPEHUS OT BEJIMYMHBI JECUCTBYIOLIEU CHJIIbI
MOXET OBITh MPOBEPEHA 3KCIEPUMEHTAIbHO C IOMOIIBI «MAIIUHbI
AtByna» (puc. 1).

Yepes nerkuii OJOK MEPEKUHYTA TOHKAs HUTh, HA KOHIAX KOTOPOIl
nmoJBEIIEHbl Tpy3bl Maccod M kaxnpid. Ha 5eBbli ¥ mpaBblid TPY3bI

MOMELIAIOT MEPETPY3KU MaccaMu My, U M,, mpudeM M, # M, (Hampumep,
m, <m,). B 3ToM ciyuae cuctema rpy3oB Maccoit (2M +my +m, ) mpuaeT

B JBWKeHUE. Pe3ynbTHpytoias cuia, BbI3bIBAIONIAS YCKOPEHUE ABUKEHUS
ATOW CUCTEMBI I'PYy30B, paBHa Pa3HOCTH CHJI TSDKECTH NMEPETPY3KOB M, U

Mm,, JIeKAIMUX HAa NPaBOM M JIEBOM TIpy3aX OJMHAKOBOW Mmaccel M :
F=m,g-myg.



T l 4
",

M

1
TL Y (M ~m, g

,

M

P " L
(A +my g
Puc. 1. [IpuHuunuanbHas cxema «MalluHbl ATBYa»

DTO BbIpaXKEHHUE CIPaBEIJIMBO, €CJIM MpeHeOpedb Maccoi OJioka u
TpeHUEM B OCcH 0JI0Ka (B 3TOM cllydae CUJIbI HaTsDKEHUSI T HUTEH ciieBa U
CIpaBa OJMHAKOBBI 10 BeNW4YnHE). MI3MeHsA Macchl eperpy3koB m; U m,
Tak, 4TOObl HX cymma (M, +M,) COXpaHANach M, COOTBETCTBEHHO,
coxpaHsyiach oOIlas Macca Bcell cucTeMbl Tpy3oB (2M +m, +m,),
MOMy4MM HECKOJbKO 3HaueHuil cumbl F=(m,—m,)g, BeI3bIBatomeii
ycKopeHue cucteMbl. [[ns kaxmoro 3HadyeHHs cuibl F  ompenenum

YCKOPEHUE [JBIDKEHUS & W HaWIeM 3aBUCUMOCTh BEIWYMHBI a OT
BeJinunHbl F . BenuuumHy yCKOpeHHsT TpPYy30B MOXKHO OIPEACIIUTH

OIIbITHBIM TIYTCM C IIOMOIIBKO BBIPAKCHUA a= MMOJIY4YCHHOI'O U3

t_za
at*
dopmynsr h =5 e h — myTh, IpOICHHBIN TeOM 3a BpeMs t mocie
Hadaja paBHOYCKOPEHHOTO JIBUKEHHS C YCKOPSHUEM a .
[To 3aBUCMMOCTH BEIMYHMHBI YCKOPCHHSI & JUIi CHUCTEMBI TPY30B
oOmeld Maccou (ZM +ml+m2) OT BEJIIMYUHBI PE3YJIbTUPYIOLIEH CUJIBI

F=(m, —m, )g IpoBepuM crpaBelIMBOCTL BTOPOro 3akoHa HpioToHa.
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Ilopsiiok BBINOJTHEHUS PA0OTHI

1. IToaroroBbTE TAONHMIIBI JJI PE3YILTATOB U3MEpeHuUi (Tab. 1, 2).
Tabmuna 1

0 F 1, C o, C 3, C s, C ts,C | tp C | AL, C ot

2mg

4mg

6mg

8mg

NN

Tabnura 2

2 2 2
F hyM | tep, C | 8cp, M/C oa | Aa,m/c” | a,tAa,m/c

%

2mg

4mg

6mg

PlwinIE

8mg

2. Pacrionoxkute cHayajga M3 BOCHMH OJMHAKOBBIX TEPETPY3KOB
Maccoll M MsITh NEPETrPy3KOB Ha TpaBoM rpy3e M , a Tpu neperpyska — Ha
neBoM rpy3e M. Toraa pe3ynbTUpylOlIas cuia, ACUCTBYIOIIAs Ha

cucreMy rpy3oB: F=5mg-3mg=2mg, rmae m — Macca OJIHOTO
neperpyska.
3.C mnomoIipl0 JUHEHKH u3MepbTe h — paccrosHHe, KOTOpOE

OpPOXOJAT Tpy3bl. Bpems nBMKeHHS Tpy30B [ H3MEpbTE C ITOMOULIBIO
CEKyHJIOMEpPA, IIPUYEM JUISI YMEHBIIEHUS MOTPEIIHOCTH W3MEPEHUs
BpeMeHU [ NOBTOPUTE JKCIEPUMEHT IIATh pa3. Pe3ynbpraThl H3MEpeHUN
3aHecute B Ta0uI. 1.

4. [lepeknaapiBas 0 OAHOMY MEPETPY3KY C MPABOr0 Py3a Ha JIEBBI,
NOCJIEAOBATEIbHO  MOJYYaWTE€  3HAUYEHUS  PE3YJbTUPYIOLIEH  CHUJIBI
F,=4mg, F;=6mg, F,=8mg. M3mepbTe mo nAre pa3 BpemMs ABUKCHUS
rpy30B 1mox naeucrtsueM Kaxaou cwisl F,, K, F, . Pe3ynbrars
U3MepeHuit 3aHecute B Ta0. 1.

5.BplunciuTe B KaXIOM ONBITE CpPEAHEE 3HAYEHHWE BPEMEHHU
t.., 1t t.psr tops JBIDKCHHSI TPY30B Kak CpeJHEe apu(METHICCKOe

3HAYCHUC IISTHU ITOCICA0OBATCIIbHBIX I/IBMCpeHI/II\/’IZ

Zn:ti (n=5).

i=1

cpl? “cp2? “cp3?

S

tp =
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Pesynbrare! Beraucnenni L, 11 KaXKI0ro OnbiTa 3aHecuTe B Tab. 1 u 2.
6. BerancinTe COOTBETCTBYIOIIME 3HAYCHHUS YCKOPEHUS depl, dcp2,
Acp3, Aepd, UCTIONB3YS POPMYITY:
a - 2h
cp 2"
(tep)

PesynbTaThl BRIUUCICHUN agp AV KQXK/IOTO OINbITa 3aHECUTE B Ta0II. 2.

7. OtieHuTEe a0COMIOTHBIE MOTPEIIHOCTH U3MEPEHUs pacCTosHUS Ah U
BpeMEHU Al JIBWKCHHS TPY30B. AOCOJIOTHYIO MOTPENTHOCTh M3MEPCHHS
pPacCTOSIHHSI TIPUMHUTE PaBHOM IOJIOBUHE IICHHI HAMMEHBIIETO JCICHHS
muHelkn. Onpenenure aObCOMIOTHYIO MOTPEITHOCTh W3MEPEHUS BPEMEHU
At B KaXJI0M OTBITE 110 (hopMyIIe:

1 n
At:HE 't —t,| (n=5).
i=1

3nauenust Ah u At 3anecure B Ta0. 1.
8. O11eHUTE OTHOCHUTENIbHBIC MOTPEITHOCTU U3MEPEHUsI BBICOTHI ON U

BPEMEHH Ot I KaXJ0r0 U3 YEThIPEX OIMBITOB MO (hopMysam:

L
cp
Pe3ynbTaThl BHIYMCIICHUN 3aHecUTe B Ta0. 1.
9. OuleHnuTE OTHOCUTEIBHYIO TOTPEIIHOCTh ONPEACNICHUs YCKOPEHHUSI B
Ka>KJIOM OIBITE 10 hopMyIie:

oa=oh+ 2.

Pe3ynbTaThl BHIYMCIICHUN 3aHECUTE B TA0II. 2.
Boeiuucnure abCOMIOTHYIO MOTPEHIHOCTh OINPENEICHUsT YCKOPEHHS B

oh

KaXXJIOM OIIbITE 10 popmyiie: Aa=4a-a,,.

Pe3ynbTaThl BHIYUCIICHUI 3aHECUTE B TA0II. 2.

10.TTo pe3ynpTaTaM 4YeTHIpEX OMBITOB C YYE€TOM MOTPEUIHOCTEH
DKCIIEPUMEHTAIIBHOIO  ONPEIECICHHUS] YCKOPEHHUsl IOCTpOWTE Trpaduk
sapucumoctd a = f(F) (oOummii BuJ 3aBUCMMOCTH MpUBENEH Ha PHC. 2).
[Ipoananu3upyiiTe NOCTPOEHHBIN TpadUK 3aBUCUMOCTH.
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a. m'c?

2mg dmg  o6mg 8mg F
Puc. 2. I'paduk sKcriepuMeHTaIbHON 3aBucumMoctd a = f (F) (oOmmwmit BUI)

KoHTpoJ/bHBbIEC BOIIPOCHI

1. laiite omnpeneneHus paauyca-BEKTOpa, IyTH, NEpPEeMENICHUs
MaTepuaIbHON TOYKH.

2. JlaiiTe ompejaeneHUs BEKTOPOB CPeIHEH M MIHOBEHHOM CKOPOCTH,
CPEIHET0 U MIHOBEHHOT'O YCKOPEHUS MAaTepUaibHOM TOYKH. KakoBbI MX
HampaBJIeHUs?

3. ChopmynupyiiTe nepBbiii, BTOPOM U TpeTHil 3akoHbsl HproTOHA.

4. ChopmynupyiiTe OCHOBHOM 3aKOH JIWHAMHUKHU TOCTYNATEIbHOTO
ABvKeHUs B quddepeHmanbHon hopme.
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2. JABOPATOPHAS PABOTA Ne 9.
MN3YYEHUE OCHOBHOI'O 3AKOHA IMHAMUKHA
BPAIIATEJBHOI'O ABU/XEHUSA
C IOMOUIBIO NTIPUBOPA OBEPBEKA

ear padoThI: Ha ONBITE M3YYUTh JCHUCTBUE OCHOBHOIO 3aKOHA
JTUHAMUKHU BpalaTeIbHOTO ABUKECHUS.

Ipubopsl U npuHaaIe:KHOCTH: Tpudop OOepbeka, CeKyHIAOMED,
Ha0Op I'PY30B, ITAHTCHIIUPKYJIh, METPOBAs JTMHEHKA.

KpaTkas Teopusi JKCniepuMeHTa

OCHOBHOM 3aKOH JIWHAMHUKHA BpallaTEeIbHOTO JIBWXKEHHUS TBEPJOIO
TeJa: €CIW Ha TeJ0, UMEIOIIEe OCh BpaIlleHHUs (COBIIAJIAIOIIYI0 C OChIO
CHUMMETPHUH JTaHHOTO Teia), ASWCTBYET CHJIa, TO 3TO TEJ0 MpUoOpeTaeT
VTJIOBOE YCKOPEHHE &£, BEJIMYMHA KOTOPOro MPsSIMO MPOINOPLHHOHAIbHA
BeJMYMHE MOMeHTa M JICUCTBYIOIIECH CHJIbI OTHOCHUTEIBLHO JTAHHOM OCH
BpaIllCHUsI M1 00paTHO MPOIOPIIMOHAIbHA MOMEHTY MHEpIMH | 3TOro Tena
OTHOCUTEIBLHO TOM K€ OCH BpaIllCHUS:
M
D

CorylacHo 3TOMYy 3aKOHY, IJIi KakKoro-m0o Tejga ¢ HEU3MEHHBIM
MOMEHTOM HHeplHH (| =COoNnst) OTHOCUTENBHO BEIOPAaHHOM OCH BpaIlCHUS
(ocM CHUMMETPUHU JAHHOIO Teja) BEJIMYMHA YIJIOBOTO YCKOPEHUS &
JIMHEWHO 3aBUCUT OT BEJIWYMHBI MOMEHTa M JEHCTBYIOIIEH CHIIbI

g =

. 1
OTHOCHUTCJIbHO HAaHHOU OCH BpallCHUusA, TO CCTb & =kM (k =T .

JIuHeliHas 3aBUCHUMOCTH YIJIOBOI'O YCKOPEHHsS OT BEJIIMYMHBI MOMEHTA
JNEUCTBYIOIIEH CHJIBI MOXET OBITh MPOBEPEHA SKCIEPUMEHTAJIBHO C
OMOIIbI0 «rprbopa O6epbekay (puc. 3).

[Tpubop OOepOeka npeacTaBisgeT co0O KPECTOBUHY, COCTOSIIYIO U3
IIKMBA M YETBIPEX METAUIMYECKUX CTEPKHEH, 3aKPEIUICHHBIX Ha
FOPU30HTAJILHOW OCU. Ha CTepKHAX Ha pPaBHBIX PACCTOSHUAX OT OCH
BpAILICHUS 3aKPEIUICHBI YETBIPE OJAMHAKOBBIX I'py3a MACCOM Mo Ka)bIi.
Ecnyn He MEHATH IMONOKEHUS T'PY30B HA CTEPKHAX, TO MOMEHT MHEPLHUHU
KPECTOBHHBI MPU MPOBEACHUU SKCIEPUMEHTAa H3MEHATHCS HE OyIer.
KpectoBrHa MOXxeT ObITh PUBEIEHA BO BPAIIATEIbHOE JIBUKEHUE BOKPYT
HETIOJIBUKHOMU OCH 10T JICUCTBUEM CHUJIbI HATSKEHUS 1 pa3MaThIBAKOIIEUCS
HUTH, HA KOTOPOW MOABEIIEH I'Py3 MacCOM M.
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Puc. 3. [IpunnunuanpHas cxema «pudopa O6epoekay

Cuna HatspkeHus 1 HUTH MOXKET OBITh IMoJIiyu€Ha U3 BTOPOI'o 3aKOHa
HrroTona JJ TIOCTYIIATCIIbHOI'O IBHXKCHUS I'Py3a Maccou m:

rie a — YCKOpeHHe, C KOTOpPhIM JBWDKETCS T1py3, F —
PaBHOJICHCTBYIONIAS CHUJI, NPWIOKEHHBIX K TEIy, BBI3BIBAIOIIAS OTO
YCKOpPEHHE.

N3 puc. 3 cienyer: F=mg-T.

Torna a= mg -1 ,
m

OTKYJa T=m(g-a).

CrnenoBaTeibHO, MOMEHT CHJIbI HATSXKEHUSI HUTH OTHOCUTEJIBHO OCHU
BpAILICHUS:
M=Tr=m(g-a)r,
riae I — MIe4o CUjibl HATSXKEHUsT T HUTH OTHOCUTEIBLHO OCHU BpAILCHUS
(paauyc 1IKUBA).
VYrioBoe YCKOpEHHE & KPECTOBUHBI CBSI3aHO C TaHI€HIUAJIbHBIM
YCKOPEHHUEM &, TOYEK Ha MOBEPXHOCTH (000/I€) IKNBA COOTHOLIEHUEM:



rje I — paJnyc MKuBa.

Ecnu HuTh HepacTshkKMMa W IIPU  CBOEM  TEPEMEINICHUM HE
MIPOCKAIB3BIBAET MO MOBEPXHOCTH IIKUBA, TO TAHTCHIIMAIIBHOE YCKOPEHUE
a, TOYEK Ha IOBEPXHOCTH IIKWBA COBIALAET C JIMHEUHBIM YCKOPEHUEM a

OIyCKaloWIerocss rpysa: a, =a, M TOrja CBiI3b MEXKIYy YIIOBBIM
YCKOPEHUEM KPECTOBHUHBI M JIMHEMHBIM YCKOPEHHMEM TI'Py3a BBIPAKACTCS

CICcaAyroImM COOTHOIICHUCM:

E=—.
r

CrnenoBarenbHO, SKCIIEPUMEHTAIbHAS YacTh JJAHHON pabOThl COCTOUT
B OINPENCIICHUHU pajinyca I IIKUBA U JUHEWHOTO YCKOPEHHUS & JBUKECHUS
rpy3a Maccou m.

Paguyc r mkuBa onpenensiercs ¢ MOMOIIbIO IITAHMCHIIMPKYIIS.
BenmnunHy yckOopeHHs a ABHKEHHS I'Py3a MOXKHO OINpPEAEIUTh ONBITHBIM

IIyTcM C IIOMOHIIbKO BBIPAKCHUA a= , HMOJYYCHHOI'O U3 q)OpMyJ'IBI

t2
at?
h = > Tae h — myre, mpoiineHHbIi rpy30oM 3a BpeMs t Imocje Havana

PaBHOYCKOPEHHOI'O JIBUKEHHUsSI C YCKOPEHHUEM a .

Takum o0pa3zom, i1 OIpeneiaeHus BEIUMYMHBI YCKOPEHHs a
HEO0OXOAMMO TPOBECTH M3MEpEeHUs MyTH N U BpeMeHU t IBIKeHHs rpysa
Maccou m.

Hcrnonb3yss HaOOp Ipy30B C pa3HbIMU MaccamM My, M2 , M3 , M4, C
nomomibtlo mpudbopa OO0epOeka MOXHO ONPEACIUTh B PpPe3yJbTare
KOCBEHHBIX M3MEPEHUN MOMEHTBI CWII HaTspKeHus Hut: My, M,, M5, M,

U COOTBETCTBYIOIIUE UM BEJIMYMHEI YTJIOBOTO YCKOPEHUS &, &,, €3, &4
o toukam (Mg, &), (M,,&,),(Ms,&3),(My,&,) MOXHO TOCTPOHUTE
SKCTIEPMMEHTATBHYIO Ipaduueckyto 3aucuMoctsb & = f(M) u nposeputs

€€ COOTBETCTBHUE JIMHEUHOMN 3aBUCUMOCTH.
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IlopsiioK BBINOJIHEHHSI Pa0OTHI
1. IToAroToBHTE TAOIMIIBI JUTSI PE3YIIBTATOB U3MEPEHMI (TaoI. 3, 4, 5).

Tabmuma 3
r,M Ar, M or h, M Ah, M oh
Tabmua 4
Ne | m |m,kr| t,c | t2,¢ | t3,C | t4C | t5,C | t;p,C | At,C| Ot
1. m1 0,1
2. | my| 0,2
3. ms 0,3
4, My 0,4
Tabmumna 5
Ne | m | @, M/c? |Mep, HM| OM | AM |, H-M | &, pan/c? ¢ | Ae, pan/c?
1. | my
2. mo
3. ms
4. | mq

2. YCTaHOBUTE BCE YETHIPE TPy3a MACCOU Mo HA CTEPKHAX B KpalHEM
JAJbHEM OT OCH BpallCHUs I[OJOKEHUM M 3aKpPENUTEe HMX BUHTAMHU
(cMm. puc. 3).

3. HM3MmeppTe ¢ NOMOIIBIO INTAHMCHLUUPKYJSl IWAMETP IIKWBA U
OTIpEJICIUTE PAANYC I' IIKMBA. 3aHECHUTE MOYYCHHOE 3HaUeHue B Ta0I. 3.

4. HamoraiilTe HUTh Ha IIKUB M K CBOOOJHOMY KOHIly HHUTH
OpUKpenuTe TIpy3 Maccod M. HM3MepbTe paccTosiHUE OT BEPXHErO
NOJIOKEHUSI Tpy3a Maccod M g0 ypoBHs mnona. ([us mnpoBeneHwus
U3MEPEHUM M PacyeToB YJ00HO, UTOOBI IPy3 MAcCCOM M B Ka)JOM OIBITE
IPOXOJHII OJTHO M TO k€ PacCTOsTHHE N OT BEpPXHETO BHIOMPAEMOro HaMH
YPOBHS O HUYKHETO YPOBHS — YPOBHS I10JIA. )

5. OueHuTe aOCOMOTHYIO MOTPEUIHOCTh H3MEpPEHUs paauyca I
IIKUBA W BBICOTBHI N. AOconroTHBIC TOorpemHocTH Ar u Ah mpumwuTte
PaBHBIMHU IIOJIOBUHE LEHbl HAWMEHBIIETO JCICHUS HW3MEPUTEIbHOIO
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UHCTPYMEHTA (IITAHTCHIIUPKYJS U JTUHEHKU COOTBETCTBEHHO). 3aHECUTE
nojydyeHHble 3HaueHus: Ar u Ah B Ta6in. 3.

6. PaccuuraiiTe OTHOCUTENbHBIE MOTPEIIHOCTH U3MEPEHUS paauyca
IIKMBA O ¥ BBICOTHI N 10 hopmyam:

5r=£, 5h:A—h.
r h

Pe3ynbTarhl BHIYUCICHUHN 3aHECUTE B TaOJI. 3.

7. Vcnonb3ysl mOCIEIOBATENBHO TPY3bl MACCOM M = M1, M2, M3, My,
HU3MEpPhTE C IOMOIIBIO CEKYHIOMEpa BpPEMs IMPOXOXKICHUS MMM IyTH h.
C 1enpl0 yMEHBILIECHUS TMOTPEIIHOCTH H3MEPEHUS BPEMEHH B KaXKIOM
ombITe (M = M1, M2, M3, M4) TPOBEAUTE MO MATH U3MEPEHUN BpeMeHH {y, t,
t3, U4, ts. Pe3ymnbTaTel n3Mepenuii 3anecute B Ta0II. 4.

8. Beiuncnure B KaXJOM OIBITE CpelHEe 3HAYCHHUE BPEMEHU
teprr Tepas Lopar T

SHAQYCHUC ITATU ITOCIICOI0OBATCIIbHBIX HBMCpeHHﬁI
1 n
tp==>.t (n=5).
=

PGSYJ'IBTaTBI BBIYMCJICHUH t cp JJI KaKA0I'0 OIIbITa 3aHCCHUTEC B Tab1. 4.

p2r Lepsr leps  JIBIDKEHHMS Tpy3a Kak CpelHee apupMeTHYECKOoe

9. Onpenenure aOCOMOTHYIO TTOTPENTHOCTh U3MEPEHUS BpeMeHUu At B
Ka)XJIOM OTIBITE 110 (hopmyJie:

1 n
At:HZ‘ti ~t,| (N=5).
i=1

3uaueHus At 3anecure B Ta0II. 4.
10. OueHuTe OTHOCUTENBHYIO MOTPEIIHOCTh U3MEPEHUSI BpEMEHU Ot

IBUKEHUS TPy3a AJI KaX0r0 U3 YETHIPEX OMBITOB MO (OpMYJIE:

=
cp

Pe3ynbTaThl BHIYUCICHUM )1 KaXKI0TO OMNbITAa 3aHECUTE B Ta0I. 4.

11. ITo HalineHHBIM 3HAYEHUSIM lep1, Lep2, Tep3, teps I KAXKIOTO Tpys3a
MAacCoOM M = Mg, My, M3, M4 BEBIYUCIUTE COOTBETCTBYIOIIAE UM 3HAYCHUS A1,
a2, az, as, UICTIONB3Yys POPMYIY:

2h

acp = 5 -
(tep)
Pe3ynbTarhl BHIYUCICHUH 3aHECUTE B TaOJI. O.
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12. Tlo NOJy4EHHBIM 3HAYEHUSM dcpl, dep2, Aep3, deps PACCUNUTANTE
COOTBETCTBYIOIIKUE 3HAYEHUS MOMEHTA CUIBI Mcp1, Mcpo, Mep3, Meps:
Mcp =m(g - acp)r1

_

S ¢

Pe3ynbTarhl BHIYUCICHUHN 3aHECUTE B TaOJI. O.

13. OueHure OTHOCUTEIBHBIE MOTPEHIHOCTH SKCIEPUMEHTATBHOTO

€e

ONpEJCIICHUsI 3HAYCHU MOMEHTAa CHWJIbl HATSHKEHUS HUTU U YIJIOBOIO
YCKOPEHUsI KPECTOBHMHBI B KaXXJIOM M3 4YEThIpeX ONbITOB. I[IOCKOIBKY
ONpEJICIICHUE BEJIMYMH MOMEHTA M CWJIBI HATSDKEHHWS HUTH W YIJIOBOTO
YCKOPEHUSA & CHEIYyeT W3 KOCBEHHBIX WM3MEPEHUM, TO MCHOJIb3YUTE
3aBUCMMOCTM  OTHOCHUTEJIBHBIX morpemnHocred oM u  dg ot

OTHOCHUTEJIBbHBIX IOIPEITHOCTEH Jr, oh, ot

M =2 sa+6r,
g—a
oc=o0a+or,rae oa=0oh+26t.
[Tomy4yennbie 3HaueHust OM u d& 3anecure B Ta0I. D.

14. Tlony4yuTe aOCOMIOTHBIE IMOIPEITHOCTH U3MEPEHUS MOMEHTA CHIIBI
HATSDKEHHUsT HUTH U YIJIOBOTO YCKOPEHHs KPECTOBMHBI B KaXIOM U3
YEThIPEX OIBITOB, UCTIONB3Ys (POPMYIIBIL:

AM =6M My, u Ag=0¢e-¢&g.

15. Tlo pe3ynpraTaM YETBIPEX OMNBITOB C YYETOM IOTPELIHOCTEU
DKCIEPUMEHTAIIBHOIO OIPEAEICHUs MOMEHTA CWJIBl HATSHKEHUS HUTU U
YIJI0BOIO YCKOPEHUs KPECTOBMHBI ITOCTPOMTE TpapuK 3aBUCHUMOCTH
g=f(M) (oOmuii BuA 3aBUCUMOCTH TIpMBeAeH Ha  pHuc. 4).

[Ipoananu3upyiite NOCTPOEHHBIN I'paUK 3aBUCUMOCTH.
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£.pam/c’é

0 M; M. Hwm
Puc. 4. I'paduk 5KCrIEpUMEHTAILHON 3aBUCHMOCTH & = f (I\/I )

KoHTpoJsbHBIE BONPOCHI

1. JlaiiTe onpeneneHus yria moBOpoTa, YIJIOBOM CKOPOCTH U YIIOBOIO
YCKOPEHUS MaTepHalbHOW TOUYKHM. I[losicHATE, Kak ONpenemTh UX
HaIlpaBJICHUS.

2. JlaliTe ompeneiaeHUs] MOMEHTa MHEPLUMU MaTepUajbHOM TOYKU M
TBEPJOIO TeJA.

3. Jlaiite ompeneneHuss MOMEHTa CUJIbI B BEKTOPHOM M CKaJISPHON
dopmax. Chopmynupyiite GU3NIECKUN CMBICI BCEX BEIMYUH, BXOISIINX
B opmyinbl. [losgcHUTE, KaKk ONpEAEeIUTh HAMPaBIECHUE BEKTOPAa MOMEHTA
CUJIBI.

4. ChopMmynupyiiTe © 3alUIIUTE OCHOBHOM 3aKOH JWHAMUKHU
BpallaTeIbHOTO JBWKEHHS B HHTErpaibHOM U Aud@epeHimanbHou
dopmax.
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3. JABOPATOPHASI PAGOTA Ne 24.
ONPEJEJEHUE OTHOMIEHUS MOJISIPHBIX
TEINIOEMKOCTEW Cp/Cy BO3IYXA METOJA0OM
AJIMABATUYECKOT'O PACIIUPEHUS

IpuGopsl W NpPUHAAJIEKHOCTH. JIA0OpaTOpHAs  YCTAHOBKA,
MIOPIIHEBOM HACOC.

Iear padoThI: SKCICPHUMEHTAJILHOE ONPEACIICHHE ITOKa3aTeisd
aauabatel JIs BO3ayXa.

Kpartkas reopust
MomnsipHoli  TEIJIOEMKOCTBIO  BEIIECTBA Ha3bIBaeTCs (hu3Myeckas
BeqnyuHa C, YUCJICHHO paBHAs KOJIMYECTBY TEIlIa, KOTOPOE HEOOXOIUMO
COOOITUTH OJTHOMY MOJIIO BEIIECTBA JIs TTOBBIIICHUSI €70 TEMIIEpATyphl Ha
1 K B HEKOTOPOM TEPMOANHAMUYECKOM MPOLIECCE:
Q
VAT

IaAc v —44uciio MOJIEH rasa.

I[J'ISI JJAHHOI'0 BeEIllecTBa BeIMYMHA C 3aBHUCUT OT YCHOBHﬁ, npu
KOTOPBIX IMPpOUCXOAUT nepeaada TCILJIA. Pazmuuaror MOJIAPHBIC
TCINNIOCMKOCTH IIPpU ITOCTOSHHOM o0BeMe CV 1 IOCTOSHHOM JiaBJicHUU C P

€CIM B IPOLIECCE HArpeBaHUsl BEIIECTBA €ro 00bEM WM JABJICHUE
NOAAECPKUBACTCS ITOCTOSHHBIM.

Ecnn ra3 HarpeBaeTcs IMpU MOCTOSIHHOM 00beMe (M30XOPHBIM
npolecc), To paboTa, coBepliaeMas ra3oM MPOTHUB BHEIIHUX CHUJ, PaBHA
HYJIIO, M TOTJIA, COIJIACHO MEPBOMY Haudany TepMoauHaMuka (Q =AU + A),
cooOuraeMas rasy HM3BHE TEIUIOTAa HAET TOJIbKO HA YBEIMYEHUE €ro
BHYTPEHHEN DHEPIUU:

Q/ =AU.

CrenoBarenbHO, MOJISIPHAS TEIUIOEMKOCTh Ta3a IMPHU MOCTOSTHHOM
o0BeMe:

AU
VAT

T. €. MOJIIpHAsl TEIJIOEMKOCTh raza IpH MOCTOAHHOM oObeme C, paBHa

vV

U3MEHEHUI0O BHYTPEHHEW OSHEpPruv | MOJp Ta3a IpU NOBBIIEHUH €rO
Temreparypsl Ha 1 K.
N3MeHeHne BHYTPEHHEN S9HEPrUU v MOJIb UACAJIBHOIO ra3a:
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i
AU = —vRAT ,
2
rJe | — 4ncyIo0 cTerneHel CBoOO bl MOJICKYJIbI rasa.

Tornma Cy :%R.

Ecnm HarpeBanme raza MPOWCXOAWT IPH TIOCTOSHHOM JIaBJICHUHU
(u300apHBIi Tpolecc), TO ra3 OyaeT pacUIUpATHCSA, COBepIas padoTy
OPOTUB BHEIIHUX CHJ, W TOTJAa IIEPBOE HAYAIO0 TEPMOAMHAMHUKA
(Q=AU + A) m1g n306apHOTrO MPOLECCAa MOKHO 3aIMCaTh B BUIE:

Q, =AU + pAV .

CrnemoBarenbHO, MOJSIpHAS TEIJIOEMKOCTh Taza IMPH TOCTOSHHOM
TaBJICHUU:

AU pAV
P VAT " VAT

NN

Cp :CV +

C

pPAV
VAT

N3  ypaBuenuss  Kilanenpona—MeHeneesa, pV =vRT TS

n3o0apHoro nporecca ( p =const) cienyet: pAV =vRAT,
PAV _
VAT
TOT1a C,=C, +R.
[TonydueHHoe BbIpa)X€HHE HA3bIBA€TCs ypaBHeHHMEeM Maliepa. OT0
ypaBHEeHHe TMOKaspiBaeT, 4yro C, Oombmie, uem C, Ha BEIUYHHY

OTKy/1a R,

YHUBEPCAJIbHON ra30BoM MOCTOSHHOW R. DTO 0OBACHSETCS TEM, YTO IpPH
M300apHOM HAarpeBaHWM rasza, B OTJIMYHME OT H30XOPHOI'O0 HAarpeBaHWs,
TpeOyeTCs IONMOIHUTEIBHOE KOJIMYECTBO TEIUIOTHI HA COBEPILICHHE PAOOTHI
pacliupeHusi rasa, TaK Kak ITOCTOSHCTBO JIaBJICHHS OOECIEYMBACTCS
yBEIUYEHUEM 00bEMA Ta3a.

[ .
Tak xak C, = 5 R, T0 U3 ypaBHeHus1 Mariepa cienyer:

i+2
C p = T R .
OTHOIICHNE MOJSAPHBIX TEIUIOEMKOCTEH Tra3a TP  ITOCTOSHHOM
JIABJIEHUU U IIOCTOSHHOM OOBEME:



OpeACTaBIsieT CcOo0O0Ml XapaKTepHyHO JUIsl KaXJAOro rasza BEIUYUHY U
orpeieNsieTCs TOAbKO YUCIOM CTETIEHEN CBOOOIbI MOJIEKYJIBI.

B nanHOil gnabGopaTopHOW paboTe BEIMYMHY » JJI1  BO3ayXa
OILICHUBAIOT, UCIOJIb3YysS METOJT aIua0aTUYECKOr0 PaCIIUPEHUSI.

AnnabaTHyeckuM Ha3bIBA€TCS MPOLIECC, MPU KOTOPOM OTCYTCTBYET
TEIJI000MEH MEXIy CHUCTeMOW W OKpyxkaromed cpemoir. Ha mpaxTtuke
UCTbHBIN aauabaTHIeCKuii TIPOIECC HEBBITIONIHAM, TaK KaK HEBO3MOXHO
o0ecrneunTh a0COJIIOTHYIO TEIUIOM3OJIAIMI0 cucTeMbl. Ho eciin peasibHbIN
IIPOLIECC CHKATHS WK PACIIMPEHUS ra3a OCYIIECTBUTh JOCTATOYHO OBICTPO,
TaK 4TOOBI 3aMETHOTO TEIJIOOOMEHA HE YCIEJIO MPOU3OWTU, TO MPOIIECC
OyneT 0JIM30K K anadaTHIecKoMy.

[Tpu aauabaTUYeCcKOM npoiiecce U3MEHSIOTCS BCE
TepMOJAMHAMuYecKue napamerpsl (p, V, T) B COOTBETCTBUU C YPaBHEHHEM
ITyaccona:

pV” = const,
Cp
rae y = a — koaddurment [lyaccona (mokasarenb anquadath).

ITockombKy BO3/yX COCTOMT B OCHOBHOM M3 CMECHU JABYXaTOMHBIX
razoB (a3ora, KMCJIOpOAa, BOJIOPO/IA) U KaXKJI0M MOJIEKYJI€ TTPUITUCHIBAIOT
IATh CTENEHEW CBOOOJbI, TO OTHOIIEHHE MOJISIPHBIX TEIJIOEMKOCTEH ISt
BO31yxa Oyner paBHo ¥ = 1,40. DTO MOBOJIBHO XOPOIIO COTJIACYETCS TIO

MOPSJIKY BEIUYUHBI C DKCIEPUMEHTAIbHBIMA JaHHBIMH, IOJYyYEHHBIMU
UL 4uCTOro Bo3ayxa, cBoObomHoro or CO; um mapoB BOABI IIPH
HOPMAJIBHBIX YCIIOBUSIX.

KpaTkasi Teopusi JKkCiepuMeHTA
YcranoBka — qs OTIpEeICIICHHUSI OTHOIICHUS MOJISIPHBIX
teruioemkocted  Cp/Cy  mpezicraBisieTr co0oi  CTEKISHHBIA cocyn 1
o0beMoM V¢, 3aKphITBIM TPOOKOH 2, Yepe3 KOTOPYIO MIPOMYIIEHBI TPH
TpyOKH (puc. 5).
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%
1

P

T . Wi 3

29 itats i ................. 2

0 Vi V. Vv
Puc. 5. YcranoBka qy1s onpeneneHus Puc. 6. Jlnarpamma npoiieccon

[IoKa3aTeciis aI[I/Ia6aTBI JJIs1 BO3AyXa B KOOpAUHATax (p,V)

Yepes TpyOKy 3, KOTOpasi TOXKE 3aKpbITa MPOOKOM 7, COCYI MOXET
coobmarbest ¢ armocepoit. TpyOka 4 coeaumHeHa € KMJIKOCTHBIM
MaHOMETPOM 6, a TpyOKka 5 — ¢ MOPIIHEBBIM HACOCOM (Ha PHUCYHKE HE
MOKa3aH).

IlepBoHauanbHO Macca M BoO3AyxXa B COCYI€ HAXOAUTCSA IpPHU
aTMOC(EpPHOM JaBIECHUH pa U KOMHATHOU TeMriepatype 7y, 3aHUMasi 00beM
Vc. OTKpBIB KpaH 8, B cocyze ¢ MOMOIIbIO HAacOCa CO3Jal0T MOBBIIIEHHOE
JaBlieHUE p', 3aTeM KpaH nepekpbiBatoT. [Ipu 3ToM HauanbHas mMacca M
BO3/lyXa CXXUMaeTcs A0 HekoToporo oovema Vi < V¢ u HarpeBaercs 10
HEeKoTOpor Temmneparypel I ' > Ti. Jlanee BO3AyX B COCYAE H30XOPHO
OCTBIBAET 32 CUET TEIIOOOMEHA C OKPYKAIOLIEH CPeAOr N0 TEMIEPATYPbI
11 = Ty, npuobOperas HEKOTOpoe HU30BITOUHOE AaBieHue pi. [locne Toro,
KaK ypOBEHb BOJIbI B KOJIEHAX MaHOMETpa NEPECTAHET MEHSTHCH,
BEJIMYMHY YCTAHOBUBIIETOCS JABJCHUS p1 KOCBEHHO OLEHHBAIOT IO
Pa3HOCTH YPOBHEHN BOABI B KOJIECHAX MAaHOMETPA.

Ecnu ObicTpo BBIHYTH MPOOKY 7, TO YacTh BO3JyXa BCJEICTBUE
pacuiupeHusi BBIMJET U3 COCy/Ja, a MepBOHAYaJIbHAs Macca M BO3AyXa B
cocyne aauadaTHUecKu pacumpurcs ao odobema Vo = V¢, u naBiieHUE
BO3/lyXa YMAJET 10 JIABJICHUS P2 = pa, IPU 3TOM TEMIIEpaTypa BO3AyXa B
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COCyZle€ TOHM3HUTCS JO0 HEKOTOpou Temneparypbl 1>< T.. OnucaHHbIN
IpOLIECC MPOUCXOAUT AOCTATOYHO OBICTPO UM HAa TEPMOIUHAMUYECKOU
nuarpamme (puc. 6) nzodpaxkaercs B BUJE OoTpe3ka aauadatsl 1 —2 (Touka
2 COOTBETCTBYET MOMEHTY 3aKPBITHUSI IPOOKH B COCY/E).

ITocnme 3akpeiTHsi TpyOKM 3 Macca M Bo3AyxXa B COCyAe HAYHET
nu3oxopHo HarpeBatbes (V3 = V¢) 3a cuer TemnooOMeHa ¢ OKpYyKaroleu
cpenou g0 temneparypbl 13= T, IpA 3TOM JABJICHUE BO3/yXa B COCYIIE
BO3pACTE€T JIO BEJIMYMHBI p3 > pa (JaHHBIA TMpoIecC H300paXkaeTcs
oTtpe3koMm 2—3 Ha nquarpamme). [locie Toro, kak ypoBeHb BOJIbI B KOJICHAX
MaHOMETpa MEePECTAHET MEHSTHCS, BEJIMUMHY YCTAHOBUBIIIETOCS JaBJICHUS
p3 OTCUUTBIBAIOT MO PA3HOCTHU YPOBHEH BOJBI B KOJICHAX MaHOMETPA.

[Ipu aamabaTuyeckoM pacliMpeHud Bo3ayxa |—2, corjacHo

ypaBHeHUIo IlyaccoHa: PV = p,Vy .

YuuthiBas, 4TO0 B COCTOSHMSX | W 3 BO3ayX B COCyA€ HMEET
oauHaKoBYI Temmepatypy (71 = T3 = Tx), mepexoa Macchl M Bo3ayxa U3
coCTOsIHUS 1 B COCTOSIHME 3 MOYKHO OCYILIECTBUTHh U30TEPMHUUYECKU:

PV1 = PaVs.

Tak kak Vo= V3=V, a p» = p,, TO 1aHHBIE YpaBHECHUS TPUMYT BUI:
prf/ = pavcyi

V1 = PaVe.

Nnn PV = p VY,
(pVa) =(paVe) .

PaznienuB BTOpOE ypaBHEHHE HA MIEPBOE, MOKHO MOJIYUUTh:

PP

P P

[Tocne norapupMrupoBaHus ypaBHEHHE PUMET BUL:

ylgp,—lgp,=7lgp; —lgp,

Nniin
y(Igp,—lg ps)=lg p, - 19 p,,
_lgp,-lgp,
T "Tlgp,—lgps’

Tak kak B YCJIOBUX OIIbITA AABJICHUS P1 M P3 MAJIO OTJIIMYAXOTCA OT pa’

TO C I[OCTaTO‘IHOﬁ CTCIICHBIO TOYHOCTH MO>XHO 3aMCHHTHb OTHOLICHHUC
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pa3HOCTel Jorapu(MOB JIaBJICHUN OTHOIICHHWEM pa3HOCTEeH CaMuX
JTaBJICHUM:

7:p1_pa .
P — Ps

HOCKOJIBKy BTOPOC KOJICHO MaHOMETpa OTKPBITO, TO pl = pgh + pa u
p3 - pg h’ + pa )

IIOATOMY y =

Ilopsiiok BBINOJITHEHHsI PadOTHI
1. [ToaroToBbTE TAOIMINY AJIs PE3YIHTATOB U3MEpeHuil (TadiI. 6).
Ta0muma 6

Ne h, cm h', cm Y Yep Ay oy, %

S E RN e

2. TpybOky 3 TJIOTHO 3aKpoiTe MPOOKOI, OTKPONTE KpaH 8, K TpyOKe 5
NOJICOEIMHUTE MOPIIHEBON HACOC.

3. C momoIpio Hacoca co3iaiiTe B COCyJe U30BITOUHOE JIaBJICHUE B
20-30 cM BosisiHOTO CTOJI04, 3aTEM IEPEKPOUTE KpaH.

4. BeoknaB 1-2 MuHyTHI, ipou3BeanuTe oTcdeT h (pasHOCTH ypOBHEH
BOAbl B KOJICHAX MAaHOMETpa B CM). Pe3ynbTaT M3MEpeHHs] 3aHECHUTE B
Tabm. 6.

5. Ha xopoTkoe BpeMsi OTKpoiTe TpyOKy 3 U BHOBb OBICTPO 3aKpONTE
ee mpoOKOW B TOT MOMEHT, KOrJla JaBJIEHUE B COCYIE YpPaBHSETCS C
atMoc(epHbIM  (IIOCJIE€  MPEKPAIICHUS  XapaKTEPHOro  IIMIEHUSA
BBIXOJIAILIETO BO3[yXa). JTa omepamust ABjseTcss HanboJjiee BaXHOU BO
BCel paboTe: eciu TPYOKY 3aKpbITh CIUMIIKOM PaHO, TO JIaBJICHUE B COCYJIE
HE YCHEET YPaBHATHCA C aTMOC(EPHBIM; €CIIA 3aKPbITh C OMO3JAaHUEM, TO
paclIiupeHue BO3JyXa B COCYJl€ MPOU3OUIIET C MPUTOKOM TEIUIa OT
OKpY’KaIOIIIeTro BO3yXa U Mpoliecc He OyeT ainadaTUuueCKrM.

6. Uepes 1-2 MUHYTBI IPOU3BEAUTE OTYET /' (Pa3HOCTH YPOBHEU BOJIbI
B KOJICHAX MaHOMETpa B cM). Pe3ynbrar usmepenus 3anecute B Ta0. 6.
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7. lloBTOpUTE NEUCTBUS B IIYHKTax 2—6 ISl MOCIEAYIOIINUX YETBIPEX
OMBITOB.

8. PaccuuTaiiTe BenMuYMHY TOKa3aTeis aauadatrhl Jisi BO3Jyxa B
Ka)KJIOM OIIBITE 1O (popmyie:
o h
Ch-h"
Pe3ynbTarhl BHIYUCICHUH 3aHECUTE B Ta0II. 6.

/4

9. Brrunciante CpCAHCC 3HAYCHHC II0Ka3aTCJIA aI[I/Ia6aTBI Vep JJIA

BO3]lyXa KaK cpenHee apu(METHICCKOE 3HAYCHUE IATH

IIOCJIEIOBATEIIbHBIX U3MEPEHUM!
1 n
Yep :_27i (n=5).
L)
Pe3ynbrar BeIuMciieHus 3aHecuTe B Ta0. 6.
10. Ompenenure aOCONIOTHYIO MOTPEIIHOCTh U3MEPEHUS IMOKa3aTes

anuadatel Ay I Bo3ayxa 1o ¢hopmyiie:
1 n
A7/:HZ‘7i - ycp‘ (n=5).
i=1

3HaueHue Ay 3aHecuTe B Tad:. 6.

11. OueHure OTHOCUTEIBHYIO MOTPEUIHOCTh U3MEPEHUS TOKa3aTess
anauadaThl Sy I BO31yXa 1o hopmyiie:

5y =27 .100%.
Vep
Pe3ynbrar BeIunciieHus 3aHecuTe B Ta0. O.
12. OxoHYaTenbHBIN pe3ynbTaT pabOTHI 3aMUIINTE B BUJIE:
Y =Vep tAy
C OTHOCHUTEJIBHOM MOTPEIIHOCThIO Oy = ... % .

13. CpaBHHUTE MU3MEPEHHOE 3HAYCHHE y JJISI BO3JyXa CO 3HAYCHUEM,
NOJIyYCHHBIM W3 TEOpUH TEIUIOEMKOCTH HAeanbHOro rasza. Crenaiite
3aKIIIOYEHUE O CTPOCHHHM MOJIEKYJI OCHOBHBIX I'a30B, BXOASIIMX B COCTAaB
BO31yXa.

KonTposbHbIe BONPOCHI
1. JlaitTe omnpeneneHue yaeabHONM U MOJIIPHOM TEIJIOEMKOCTEH rasa.
3anumuTe GopMyiTy CBSI3H MEXITY HUMHU.
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2. 3amiumre GopMyIibl CBA3M TeroeMkocted Cy u C, HaealbHOro

ra3a ¢ 4icJiOM CTEIEeHENW CBOOOIbI €r0 MOJIEKYIL.
3.3ammumte ypaBHeHue Maiiepa. Iloscuute, moyemy C, Bcerna

oomnbiie Cy, .

4, ]laiiTe ompeneleHUue aauadaTUYeCcKoro Iporecca. 3allUIluTe
ypaBHeHue Ilyaccona. UeMy paBeH mokaszaTenb aauadaThl B ypaBHCHHUHU
ITyaccona? KakoBO €ro 4mucCiI€HHOE 3HA4Y€HHWE [JI1 OJHOATOMHBIX U
MHOTOATOMHBIX T'a30B?

YKA3AHUSA IO TEXHUKE BE3OITACHOCTHU

1. Buumanue! Jluma, He mnpomieAIue HHCTPYKTaX 110 TEXHUKE
0€30ITaCHOCTH, K IMPOBEICHUIO JJa0OPaTOPHOU pabOTHI HE JOMYCKAKOTCS.

2. Ilpu pabote ¢ MEXaHMUYECKUMHU YCTaHOBKaMU OYy/IbT€ BHUMATEIbHbI
Y HAXOJIUTECh OT ABMXKYILUXCS YacTel Ha 0€30MMaCHOM PaCCTOSHUMU.

3. He ocranaBnuBaiiTe pykamu Bpamiarouigecs U JBWKYIIUECS YacTH
YCTaHOBOK.

4. Tlpu oOHapyXEHUH HEUCIPABHOTO OOOPYIOBaHMS HEMEJICHHO
coobmuTe 00 ATOM JIabopaHTy WM TpenoaaBatento. Ha HeucmnpaBHOM
000pyI0OBaHUH pabOTaTh 3aMperiaeTcs.
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