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1 BBEJAEHUE

BaxHyio 4acTh TeOpeTH4ecKOi U Mpo(ecCHOHATBHON MPAKTUYECKON MOATOTOBKH 00yYaromuXCs
COCTABJIAIOT MPAKTUYECKUE U Ja0OpaTOPHbIE 3aHATUS.

CoctaB U cojep)aHHe MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHI HANPABJICHBI HA PeaH3alHIo
denepanbHOr0 rocyapCTBEHHOIO0 00pa30BaTENbHOIO CTAaHJApTa CpeiHero ooiiero oOpa3oBaHuUs C
Y4ETOM I0JTy4aeMOM CIELHAIbHOCTH.

Benymeli aupakTHueckod  LeNbI0  IPAKTUYECKMX — 3aHATUH  sABJIsleTcss  (OpMHUpOBAHUE
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHIA BBIOJIHATH OINpEesICHHbIE JCHCTBUS, ONEpaluy,
HE0O0XO/AMMBIE B IOCIEAYIOIEM B IMPO(ECCHOHAIBHONW NIEATENbHOCTH) WM Y4eOHBIX HMPAKTUYECKUX
YMEHUH pemiath 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOMEH Y4eOHON AeATEIbHOCTH.

Benymeli numaakTuueckod 1€Nbpl0  J1a0OPATOPHBIX 3aHATUH  SIBISETCS HKCIEPUMEHTAIbHOE
IIOATBEPK/ICHUE U POBEPKA CYILIECTBEHHBIX TEOPETUUECKUX 3aKOHOB, 3aBUCUMOCTEH.

B cootBeTcTBUMM C pabouedl mporpamMmoi ydeOHOW MUCHMIUIMHBI «DHU3MKa» MPEayCMOTPEHO
IIPOBEJICHUE MPAKTUYECKUX U JTa0OPATOPHBIX 3aHATHI.

BeinonHenne npakTuueckux U J1abopaTOpHbIX paboT obecreunBaeT JOCTHKEHHE 00yqatoIMMUCS
CIIEYIOIUX Pe3yabTATOB:

ITP61_OVII.06 chopmupoBaHHOCTH MPEACTABICHUN O pOiU U MecTe (U3UKH U aCTPOHOMHH B
COBPEMEHHOW HayYHOW KapTHHE MHUPA, O CHCTEMO0Opa3yoomei ponn GU3NKA B pa3BUTHU €CTECTBEHHBIX
HayK, TEXHUKH U COBPEMEHHBIX TEXHOJIOTUH, O BKJIaJ€ POCCUHCKUX U 3apYOEkKHBIX YUEHBIX-(DU3UKOB B
pa3BUTHE HAyKH; MOHUMaHUE (PU3NUECKON CYITHOCTH HAOIIOIAEMbIX SBJICHHH MUKPOMHUPA, MAaKPOMHpA
MeraMmpa; INOHMMAaHHE DPOJIM ACTPOHOMHUHM B IPAKTHUYECKON NEATEIbHOCTH 4YEJIOBEKAa W JAJIbHEHIIEM
HAYYHO-TEXHHUYECKOM Ppa3BUTUH, POIH (U3UKH B (POPMHUPOBAHUHU Kpyro3opa M (PYHKIHMOHAIHHOM
IPaMOTHOCTH Y€JIOBEKa JIJIsl PELICHUs] IPAaKTUYECKUX 3a]1a4;

[1P62_OVII.06 chopmupoBaHHOCT, YMEHUH pacro3HaBaTh (GU3WUECKHUE SIBICHUS (TPOIIECCHI) U
OOBSICHATh MX HAa OCHOBE HM3YyUYCHHBIX 3aKOHOB: PaBHOMEPHOE M PAaBHOYCKOPEHHOE NPSMOJUHEHHOE
JBUKEHHE, CBOOOJHOE TMaJeHUE TeJ, JBUKEHHE I0 OKPYXHOCTH, WHEpPLHs, B3aUMOJEHUCTBUE Tell,
KosiebaTenbHOe JIBKEHHME, DPE30HAHC, BOJIHOBOE JBIKeHHE;, auddys3usi, OpOyHOBCKOE JBUKEHHE,
CTPOEHHE KUJIKOCTEN M TBEPBIX TEJ, U3MEHEHHE 00beMa Tell MPU HarpeBaHUHU (OXJIaKIECHUH ), TEIIIOBOE
paBHOBECHE, UCIApEHUE, KOHJEHCALUs, IUIABICHHWE, KPUCTAJUIM3ALUs, KUIIEHHE, BIAXKHOCTh BO3/1YyXa,
CBSI3b Cpe/HEeH KMHETHYECKOW 3HEpPrHM TEIUIOBOTO JIBUXKEHUS MOJIEKYJ ¢ aOCOJIIOTHON TeMIlepaTypoi,
MOBBIIICHUE JABJICHUS Ta3a IPU €ro HarpeBaHUM B 3aKPbITOM COCYIE, CBSA3b MEXIY MapaMeTpaMu
COCTOSIHMS Ta3a B M30IpoLieccax; dJEKTPU3alusl Tel, B3aUMOJIEHCTBUE 3apsA0B, HArPEBAHNUE NTPOBOIHUKA
C TOKOM, B3aUMOJACUCTBME MarHWTOB, IEKTPOMAarHWTHas WHIYKIUS, NEHCTBME MAarHUTHOrO IO Ha
MIPOBOJHUK C TOKOM U JIBWXKYIIMHCS 3aps]l, JIEKTPOMarHUTHbIE KOJeOaHUsI U BOJIHBI, NMPSAMOJIMHEHHOE
pacrpocTpaHeHHEe CBeTa, OTpaKeHHe, IpeIoMiIeHne, MHTepepeHns, MdpaKkus 1 Noaspu3aIus CBera,
aucrepcusi cBeTa; (OTOdNIEKTpUUecKuil 3(p@exT, cBeToBoe [aBlieHHWE, BO3HHUKHOBEHHE JIMHEIUaToro
CIIEKTPa aTOMa BOAOPOJa, €CTECTBEHHAs! M UCKYCCTBEHHAs PaJUOAKTUBHOCTB;

[1P63 OVII.06 BrageHre OCHOBOMOJATAIOIIMMU (PU3UYECKUMH MOHATHSIMH W BEIUYHHAMH,
XapaKTepu3yloImuMl  (u3nyeckue  mporecchl  (CBSA3aHHBIMM € MEXAaHHYECKMM  JIBXKCHHEM,
B3aMMOJICHICTBUEM TeJl, MEXaHUYECKUMHU KOJIEOAHUSIMU U BOJIHAMHU; aTOMHO-MOJIEKYJISIPHBIM CTPOEHHEM
BELIECTBA, TEIUIOBBIMHU IIPOLIECCAMM; JJIEKTPUUECKUM M MArHUTHBIM IOJIAIMH, JIEKTPUYECKHM TOKOM,
AJIEKTPOMAarHUTHBIMU KOJIEOAHUSIMU W BOJIHAMH; ONTHYECKUMHU SIBJICHUSIMU; KBAHTOBBIMH SIBJICHHUSIMHU,
CTPOEHMEM aroMa M aTOMHOIO $1pa, pPaJUOAKTUBHOCTBIO); BIAJACHHE OCHOBOIOJATAIOIINMU
ACTPOHOMUYECKUMU MOHITHIMH, TO3BOJSIOUIMMH XapaKTepPU30BaTh MPOIECCH], MPOUCXOASIINE Ha
3BE3/1aX, B 3BE3HBIX CUCTEMAX, B MEXTaJIAKTUUECKOH cpejie; IBMKEHNEe HEOECHBIX Tell, SBOJIIOIMIO 3BE3]T
u Bcenennoi;

[1P64 OVIIL.06 BrnasgeHue 3aKOHOMEPHOCTSIMH, 3aKOHAMH W TEOPUAMH (3aKOH BCEMHPHOIO
tarotenus, I, II u III 3axonsl Her0TOHA, 3aKOH COXpaHEHUSI MEXAaHUYECKOW dHEPIHH, 3aKOH COXpPaHEHUs
UMITyJIbCA, TPUHLUII CYNEPHO3ULUN CHJI, IPUHLHUII PaBHOIIPAaBHOCTH MHEPLMAIBHBIX CHCTEM OTCUETA,
MOJIEKYJISIDHO-KUHETHYECKYI0 TEOPHIO CTPOEHHUS BEIECTBA, Ta30BbIE 3aKOHBI, IIEPBBIM  3aKOH
TEPMOJMHAMMKH; 3aKOH COXPaHEHMsI IEKTPUUECKOro 3apsaa, 3akoH Kynona, 3akoH OMa Ui ydacTka
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1eny, 3akoH OMa JuIst ITOJIHOM 3JIEeKTpUYecKor 1enu, 3akoH Jlxoyns - JIeHna, 3aK0H 3J1eKTpOMarHuTHOU
UHIYKIMH, 3aKOH COXPAHCHHsA DHEPruM, 3aKOH IPSAMOJMHEHHOrO paclpOCTPAaHEHHUS CBETA, 3aKOH
OTpPa)XEHUs CBETA, 3aKOH IIPEIIOMIICHUS CBETA; 3aKOH COXPAHEHUs SHEPIUH, 3aKOH COXPAaHEHUs UMITYJIbCa,
3aKOH COXPAaHEHHs IEKTPUYECKOrO 3apsifa, 3aKOH COXPAaHEHHUs MAacCOBOIO 4ucia, nocrynarel bopa,
3aKOH paJMOAaKTHUBHOIO paclaza); yBEpEHHOE UCIIOJIb30BAaHUE 3aKOHOB U 3aKOHOMEPHOCTEN IIPU aHaIU3e
(bU3NYECKUX SIBICHUH U MPOLIECCOB;

I1P65 OVYIIL.06 ymeHue yduTHIBaTh TIPAaHUIBI NMPUMEHEHHUS H3YYEHHBIX (U3NYECKUX MOJIENICH:
MaTepuaabHas TOYKA, MHEpLMajIbHAs CUCTEMa OTCYETa, HMACAJIbHBIA ra3; MOJAEIU CTPOCHMS Ta30B,
KUIKOCTEH M TBEPABIX TEJ, TOYECUHBIM JJICKTPUYECKUU 3apsl, sAlepHas MOJIENIb aToMa, HYKIOHHas
MO/IeJIb aTOMHOT'0 si/ipa IPpH peleHUH (PU3NYECKUX 3a/1a4;

[TP66_OVII.06 Bnasenne OCHOBHBIMH METOJJAMH HayYHOT'O O3HAHUS, UCIIOJIb3YEeMBIMH B (PH3UKE:
IIPOBOJIUTH NpPSIMbIE U KOCBEHHBbIE M3MEPEHUs (PU3MUECKUX BEIMYUH, BBIOMpas ONTHMAaJbHBIN CIIOCOO
U3MEPEHUS] U MWCHOJb3YyS W3BECTHBIE METOJAbl OLICHKHA IOTPEIIHOCTEH HM3MEPEHUH, IIPOBOJIUTH
UCCIIeIOBAaHUE 3aBUCUMOCTENH (PU3NYECKUX BEIMYMH C UCHOJIb30BAHUEM IPSIMBIX U3MEPEHHH, OOBICHATH
[IOJIyYEHHBIE PEe3YyibTaThl, UCHOJIb3Ys (PU3MUECKHE TEOPHUM, 3aKOHBl U IOHATHUS, U J€NaTh BBIBOIbL;
coOmogaTh IpaBuia O€30MaCHOrO Tpyda HOpPU NPOBEIEHUM HCCIEAOBAaHMM B paMmMKax ydeOHOro
OKCHEpUMEHTa W  Y4eOHO-HCCIENOBATENbCKONH  JESITEIBbHOCTH C  HCIOJIB30BAaHHEM  LU(POBBIX
M3MEPUTENIbHBIX YCTPOMCTB M J1aOOpaTOPHOro 00O0pyAOBaHMS; C(HOPMUPOBAHHOCTH MPEICTABICHUH O
METOAAX MOJIYYEHUS HAyYHbIX ACTPOHOMUYECKUX 3HAHUN;

[TP67 OVIIL.06. cdhopMUpPOBAaHHOCTH yMEHHUS pelIaTh pacyeTHhIE 3a/a4ydl C SBHO 3aJlaHHOU
¢bu3n4ecKoil MOAENbIO, UCHONB3Yd (DU3MUYECKHE 3aKOHBI W NPUHIUIBI; HA OCHOBE AaHAIHM3a YCIOBHS
3aJjauu BbIOUPATh (PU3MUYECKYIO MOJAEIb, BBIIACIATh (PU3NYECKHE BEITUYMHBI U (POPMYIIbl, HEOOXOAUMBbIE
IVl €e pelIeHHsI, TPOBOIUTH pacueThl M OICHWBATh PEAbHOCTh MOJTYYCHHOTO 3HAYCHHS (DU3MYECKOM
BEJIMYMHBI; DPELIAaTh KAYECTBEHHBIC 3aadyM, BBICTpaWBas JIOTMYECKH HENPOTUBOPEUMBYIO LEHNOYKY
paccyXJIeHHi ¢ ONOPOH Ha N3YUEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PH3UUECKUE SBIICHHUS,;

I1P68 OVII.06. chopMUpPOBaHHOCTh YMEHHS NPUMEHATH MOJIYYEHHbIE 3HAHUSA A OOBACHEHUS
YCIIOBUM MpPOTEKaHUS (PU3MYECKUX SBJICHUM B NPUPOJAE U JUIsl NMPUHATHS MPAKTUYECKUX DPELIEHUI B
MOBCEHEBHOM kM3HM A1 oOecrieyeHus 0e30MacHOCTH NMpH OOpalieHHu ¢ OBITOBBIMH IpUOOpaMH U
TEXHUYECKUMH YCTPOWCTBAMHU, COXPAHEHHUS 3/I0POBbS U COOJIIO/IEHUS HOPM 3KOJIOTMYECKOIO TOBEIEHUS
B OKpYXarolei cpene; MOHMMaHHe HEOOXOIUMOCTH MPUMEHEHUs JOCTHKEHUH (PU3MKH U TEXHOJIOTH
JUTsL parmoHanbHOro npupoaonoas3oBanus;[IP69 OVIL.06. chpopMupoBaHHOCTE COOCTBEHHOW MO3UIUU
[0 OTHOWIEHHIO K (U3n4eckoil uHpopMalnuu, MOJy4yaeMoil U3 pa3HbIX MCTOYHHUKOB, YMEHUH
UCIOJIb30BaTh  IIU(PPOBbIE TEXHOJOTUM JUIsl [OMCKA, CTPYKTYPUPOBaHHUS, WHTEpHpETaluu U
IpeJCTaBIeHNs yueOHOM U HayYHO-TIONYJISIpHON MH(OPMAlLIMKU; Pa3BUTHE YMEHUN KPUTUYECKOTO aHaIu3a
noJiyyaeMoil nadopmanuy;

ITPG9 _OVII.06. chopMUPOBAHHOCTH COOCTBEHHOW TMO3UIMHU IO OTHOIICHHIO K (QHU3NYECKOn
nH(popMalLn, TOJy4aeMOl U3 pa3HbIX UCTOYHHMKOB, YMEHHMH HCIIOJIb30BATh HU(POBbIE TEXHOIOTUN IS
MIOUCKA, CTPYKTYpHUPOBAaHMS, HHTEPIPETALMU U NPEACTaBICHUs Y4eOHOW M Hay4yHO-MOMYJISPHOH
nH(pOpMaLIUK; Pa3BUTHE YMEHUI KPUTUYECKOTO aHaIN3a ojlyyaeMoil nHdopmanuu;

I1P610_OVIIL.06. oBnajgeHue yMeHHsSMH paOOTaTh B TPYIIE C BBITOJHEHUEM PAa3JIMYHbBIX
COLIMAJIbHBIX PpOJIEH, IUTAHUPOBAaTh pabOTy TPYIIbL, PAUOHAIBHO pacHpeiensiTh IesSTeNIbHOCTh B
HECTaHJAapPTHBIX CUTYalUAX, aJIEKBaTHO OLICHMBATH BKJAJ KaXKI0TO M3 YYaCTHHUKOB T'PYIIIBl B pELICHHE
paccMaTpuBaeMoi IPOOIeMBI;

MPS8 crmocoOHOCTh U TOTOBHOCTh K CaMOCTOSITEIbHOMY MOMCKY METO/I0B PELICHUS MPaKTHYECKUX
3a/1a4, IPUMEHEHUIO Pa3INYHbIX METO/IOB ITO3HAHHUS;

MP9 BnaseTs HaBbIKAMU MOJTY4YEHUS HHPOPMALMU U3 UCTOUHUKOB Pa3HbIX THIIOB, CAMOCTOSITEIHHO
OCYILIECTBIISATh MOUCK, aHAJIN3, CUCTEMATH3alUI0 U UHTEPIIPETalui0 HH(GOPMAIlUU pa3IUYHbIX BUAOB U
¢dbopMm npencTaBieHUs;

MP10 ¢opMupoBaHue HAay4HOrO THWIIAa MBIIUICHUS, BIIAJ€HUE HAyYHOM TEPMUHOJIOTHEH,
KJIFOUEBBIMM MTOHATUSAMHU U METO/IaMU;



MP21 BBIABISATH NPUUUHHO-CIIECACTBEHHBIC CBSA3M U aKTYyaJM3UPOBATh 337a4y, BBIIBUTATh THIIOTE3Y
€e pelIeHUs, HaXOIAUTh apryMEHTHI JAJIs J0Ka3aTeIbCTBAa CBOUX YTBEP)KIEHUH, 3a/1aBaTh MapaMeTpbl U
KpUTEPUHN PELLEHUS;

MP17 ymeTh mNepEeHOCUTh 3HAaHUA B I[IO3HABATEIBHYHD W  MPAKTHYECKYI0  00JIaCTH
KHU3HEEATEIbHOCTH;

MP13 oBnaneHue BHIaMU JAEATEILHOCTH MO TMOJYYEHUIO HOBOI'O 3HAHUS, €r0 WHTEPIPETAIHH,
npeoOpa3oBaHUI0 U MPUMEHEHHIO B DPA3IUYHBIX y4YeOHBIX CHUTYyallMsX, B TOM YHCJE TPU CO3JaHUH
y4eOHBIX U COIUAIBHBIX TPOEKTOB;

JIP13 TOTOBHOCTH M CHOCOOHOCTH K OOpa30BaHMI0O M CaMOOOpa30BAHUIO HAa MPOTSDKEHUH BCEH
KHU3HU;

JIP14 oco3HaHue JIMYHOTO BKJIaJia B IOCTPOEHUE YCTOWYMBOrO Oy 1yILEro

JIP23 roTOBHOCTH K TPYAy, OCO3HAHHE IICHHOCTH MAacTEPCTBA, TPYI0JIIO0HE;

JIP26 cniocoOHOCTB OLIEHMBATh CUTYALMIO U IPUHUMATh OCO3HAHHBIE PEIICHUS], OPUEHTUPYICh Ha
MOpaIbHO-HPABCTBEHHbIE HOPMBI U IIEHHOCTH;

ConepaHue NpaKTUUECKUX U JJAOOPaTOPHBIX 3aHATUI OPUEHTHPOBAHO Ha IIOATOTOBKY O0yYaroIuXxcs K
OCBOCHHIO TPO(ECCHOHATFHOTO MOAY/SI TPOTpaMMBbl TOATOTOBKM — CIICIMATIMCTOB CPEIHEr0 3BEHA TI0
CIIELIMATIbHOCTH 1 OBJIA/ICHUIO HPOeCCUOHAIbHBIMU KOMPEMEeHUUAMU:

IIK 1.1 BpmonsaTs omnepauuy N0 TEXHUYECKOMY OOCITY)KUBAHUIO U PEMOHTY JIEKTPHUUYECKOTO U
ANIEKTPOMEXAHUYECKOT0 000PYJ0BaHUS

A Takxke pOpMHUPOBAHMIO 0OU{UX KOMNEMEHUUIL:

OK 01 Bribupath crocoObl pemeHus 3a1ad npoeCCUOHAIbHON AEATENbHOCTH IPUMEHHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM.

OK 02 HMcnonb30BaTh COBPEMEHHbIE CPECTBA MIOMCKA, aHAJIM3a U UHTEPIPETaluu HH(POpMALMU U
MH(POPMAIMOHHBIE TEXHOJIOTHH IS BBITIOJIHEHUS 3a/1a4 TPO(PECCUOHATIBHOMN 1S TETbHOCTH

OK 03 IInanupoBath U peaqu3oBbIBaTh COOCTBEHHOE NMPO(PECCHOHATBHOE U JIMYHOCTHOE Pa3BUTHE,
MpeANPUHUMATEIBCKYIO JESTEIIbHOCTh B MPpoecCHOHANbHOMN cdepe, UCIO0Ib30BaTh 3HaHUS 110 IPaBOBOU
1 (MHAHCOBOM IPAMOTHOCTHU B PA3IMUHBIX )KU3HEHHBIX CUTYaIUAX

OK 04 3¢ddexTrBHO B3auMOACHCTBOBATH U pPaOOTaTh B KOJUICKTUBE U KOMaH/Ie

OK 05 OcymecTBiasaTh YCTHYIO M NHCBMEHHYIO KOMMYHHKAIMI0 Ha TIOCYIAapCTBEHHOM SI3BIKE
Poccuiickoit @enepanuu ¢ yueTroM 0COOEHHOCTEN COLIMANIBHOTO U KYJIbTYPHOI'O KOHTEKCTA

OK 06 IIposBiasATh TIpakJaHCKO-NIATPUOTUYECKYIO IIO3ULHI0, IEMOHCTPUPOBATh OCO3HAHHOE
MOBE/ICHUE Ha OCHOBE TPAJAMUIIMOHHBIX POCCHUICKUX yXOBHO-HPABCTBEHHBIX LIEHHOCTEW, B TOM YHCIE C
Y4ETOM TapMOHM3AlMM MEKHAIIMOHAIBHBIX M MEXPETUTHO3HBIX OTHOIIEHUH, MPUMEHSATh CTaHIApThI
AHTUKOPPYNIIMOHHOIO TIOBEJIEHUS

OK 07 CopeiicTBoBaTh COXpPAHEHUIO OKpY’KaloIIel Cpeibl, pecypcocOepekeHHI0, MPUMEHSThH
3HaHHUA 00 M3MEHEHHM KIMMaTa, IPUHILMUIIBI OEpexIMBOro MPOU3BOJCTBA, F3(P(HEKTUBHO AEHCTBOBAThH B
Ype3BbIUAHBIX CUTYAIHIX

OK 08 Mcnonb3oBaTh cpeAcTBa GU3NUECKON KYIbTYpHI ISl COXPAHEHUS U YKPEIIEHUS 310POBbSI B
nporecce MpohecCHOHATBHONW JEeATETbHOCTH M MOJJAEpKaHUs HEOOXOJUMOIo YpPOBHS (U3NUECKOM
MO/ITOTOBJIEHHOCTH

OK 09 ITonp3oBarbest mpohecCHOHATBPHON JOKYMEHTAIe Ha rocyJapCTBEHHOM M MHOCTPAaHHOM
SI3BIKaX.

BeimonHenue o0ydaromuxcs MPaKTUYECKHX M J1TAOOpaTOpHBIX paboT Mo y4eOHOW TUCHMILUIMHE
«®Pu3HKa» HAIPaBIIEHO HA:

- 00o0meHne, CcUCTeMaTH3alMIo, YIJIyOJieHHe, 3aKpeIuleHHue, pa3BUTHE M JIeTaTU3alHIo
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUI M0 KOHKPETHBIM TeMaM y4eOHO! JUCIUILTUHBL,

- (hopMUpOBaHME YMEHHUH NMPUMEHSATH MOJyYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3aluio €IMHCTBA
MHTEJJIEKTYaJIbHON U MPAKTUYECKON JAESITETbHOCTH;

- (opMmupoBaHuEe M pa3BUTHE YMEHMi: HaOII0JaTh, CPaBHUBATh, COMOCTABIAThH, AHAIU3HPOBATH,
JenaTh BBIBOJBI M OOOOILIEHMS, CAMOCTOSITEIBHO BECTU MCCIEIOBAHMUSA, IOJIB30BAaThCS Pa3IUYHBIMU
npueMaMH U3MEPEHUH, 0OPMIIAT pe3yabTaThl B BUJE TaOJIUI], CXEM, Tpa(HKOB;



- NpUOOpPETEeHHE HABHIKOB pabOTHI C pPazIMYHBIMU MpHOOpaMH, ammapaTypoil, yCTaHOBKaMH U
IPYTMMH TEXHUYECKUMH CPEJICTBAMH JUIS POBECHNUS OIBITOB;

- Ppa3BUTHE UWHTE/UIGKTYaJbHBIX YMEHHUH y OyAylIlMX CHEHHAIMCTOB: aHAJTUTHYECKHX,
POEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIPAaOOTKY MPH PEIIEHUH MMOCTABICHHBIX 337a4 MPO(EeCCHOHANTBHO 3HAYUMBIX KauyeCTB, TAKUX KaK
CaMOCTOSATENILHOCTD, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKAst MHUIINATHBA.

[IpakTryeckue M 1a0OpaTOpHBIC 3aHATHS MPOBOIATCS B PaMKaX COOTBETCTBYIOIIECH TEMBI, MOCIE
OCBOCHHSI JMAAKTUYECKUX EIMHUI], KOTOpble 00ECHEeYMBAIOT HAIMYME 3HAHWH, HEOOXOAMMBIX IS ee
BBITTOJIHEHUSI.



2. METOAUYECKUE YKA3AHUSA
IpakTnyeckue padoThl

Tema 2.1. Kunemaruka

IIpakTuyeckoe 3ansaTue Nel
Pemienue 3a1a4 no KUHeMaTUKe. Y PABHEHUS IBUKEHHS.

]_[e.m,: HAayUUThCA pa3jindaTb BUAbI MCXAHUWYCCKOTO JBUKCHHA B 3aBUCHUMOCTU OT (bOpMBI
TPAEKTOPUU U CKOPOCTHU IE€PEMEIIEHUS Tella, PACCUUTBHIBATh €r0 IapaMeTpbl, HAY4YUThCS H300pakaTh
Fpa(l)I/I‘IeCKI/I pPas3jIMuHbIC BHUAbBI MCEXAHUYCCKUX ,Z[BH)KGHI/Iﬁ, 3alMUCbIBaTh YpPaBHCHUIA JBHXKXCHUA,
pasnuyaTth €ro OTHOCHUTENIBHOCTb; HAYYUThCS (DOPMYIMPOBATH CIEAYIOIIME MOHATHS : MEXaHWYECKOoe
ABHUKCHUC, CKOPOCTb U YCKOPCHUEC, CUCTEMA OTCUCTA, MEXaHWUYCCKUMN IMPUHOUIT OTHOCHUTCIIbHOCTH.

Bouinosinenue padorbl cnocodocTByeT (GopmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,
I1P67_OVIIL.06, [TP63_OVYII.06

MatepuajibHoe o0ecnieyeHue:

WHIUBUAYAJIBbHOC 3aJIaHUC, KOHCIICKT JICKHI/Iﬁ, CIIPAaBOYHBIC MAaTCpHUAJIbI.

Yka3zaunue:

[IpakTuueckass paboTra COCTOMT M3 JABYX 4YacTed — TeopeTudeckod M mnpakrtudeckoi. [locie
U3yYeHHs] TEOPETHUYECKOI0 MaTepHaiga MOKHO HPUCTYNATh K BBIIOJIHEHUIO MpakTHuecKod uyactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENIbHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemnienus. Ha BelosHEHHE NIPAaKTUYECKON OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

3aganme:
1. IIncbMeHHO OTBEThTE HA CJIeYIOIHe BOMPOCHI:

e KuHeMaTHYeCKHil 3aKOH JABIKEHHUS [UIsi KOOPAMHATHOTO CHoco0a OMpeNesieHus IBUKCHHS
MaTepHaIbHON TOYKH.

e KuHemaTHuecKuil 3aKOH JIBIKEHUS JUISI €CTECTBEHHOTO JABIDKEHHUS ISl BEKTOPHOTO Crocoba
ONPEACIICHUS TBHKEHUS.

e KuHeMaTHYeCKHil 3aKOH JBUKEHHS JIJIsl €CTECTBEHHOTO CIIO0co0a ONpeIeTIeHUS IBHKEHUS.

e Kak HallTH BEKTOp CKOPOCTH I KOHKPETHOTO, BEKTOPHOTO M ECTECTBEHHOI'O CIOCOOOB
onpeereHus: ABUKEHUA?

o Kak HaliTH BEKTOP YCKOPEHUS JIJIsl Pa3HbIX CIIOCOOOB OMpeeTeHuUs IBUKEHNS?

2. Hcnoan3ys ¢opmyJibl ISl pacyeTa NapaMeTpPoB JABHKEHHs TeJl, pelluTh 3a1a4Mu.
3. Ilpoananu3upoBaTh rpauKy IBHKEHHS TeJsl, OUCATH XapaKTep ABHKeHHs.

ITopsinok BbINOJHEHHS PadOTHI:
1. TloBTOpUTH OCHOBHBIE BOIPOCHI KHHEMATHUKH.
2. Pemmth 3a1auM 110 BapuaHTaM.
3. OdopMUTH OTUET B TETPAAX IJIS PAKTUIECKUX PadoT.

1. TeopeTnyeckas yacTb
OnHoMepHoOe IBM>KeHUE. [[BH>KeHUE ¢ TOCTOSSHHOM CKOPOCTBIO.

[TycTh TE€NO OBMXKETCS B HANPaBJIEHUU OCH X C MOCTOSIHHON CKOPOCTBIO V U 33 BpeMs Af =7~y MPOXOAUT
nyTh Ax =x—X,. CpeiHsAs CKOPOCTh

_ Ax
ch_A_t

JIBr>KEeHUE ¢ IEPEMEHHON CKOPOCTBIO. Y CKOPEHHE



Ecnu teno nBuxKeTCs HanpaBIeHUH OCH XC
nepeMeHHoi ckopocThio V(t), To, rpaduku X(t) u v(t) uMeroT Bu:
IIpu 3TOM roBOpPST, YTO TEJIO ABUIKETCS C YCKOPEHUEM.

Yckopenue (d) — CKOpOCTh M3MEHEHHUST CKOPOCTH.

= AV M
YT 8y =—|la] =15
Ecmu 3a Bpemsa At=t-1, y3MeHEHHE CKOPOCTH AV=V-V, , TO CpeIHee YCKOpeHue: | At ¢’
\ VO
a= =V =v,+alt
U3 At 0 v V() = Vo +alt

2
alAt
x(t) = xy + VoAt +

Eciu Vo H&COHaHpaBHeHBI, TO CKOPOCTh ABMIXXCHUSA TEJla BO3pACTACT, a UMECT 3HAK
«tH»; B IIPOTHUBHOM CJIy4a€ CKOPOCTh YMEHBIIACTCA U @ UMECT 3HAK «—».

2 2
vi()—v
x(t) = xy + —( )= Vo
Ecmm Bpems neuxenus [t Hen3BecTHO, TO 2a

2. lIpumepsl penieHus 32124

1. Maccaxkupckuit moe3n uAeT co ckopocTb 72 km/4. Ilo coceqHeMy MmyTH ABHXKETCS HaBCTpedy
ToBapHBIN noe3n AmuHON 140 M co ckopocThio 54 kM/4. CKOJIBKO BPEMEHH MTaCCaXKUP, CTOSIIIHA Y
OKHa, OyZ1eT BUJIeTh POXOAIIUI MUMO HEro TOBapHbIi moe3an?

Jano: CH Pewenue:

v =72 km/4 20 m/c | OTHOCHTEIbHAS CKOPOCTh ABHIKEHHS 000MX MOE3/10B V = Uy + V5.

V2 = 54 KkM/4 15 m/c CnenoBarensHO, BpeMs, B TEHEHHE KOTOPOTO MUMO MACCAKUPCKOTO
" N !

=140 ™ 10e3/a NpoiIeT TOBApHBIii, onpeaenum no popmyne: ¢ = =

b 140
[Toacrasnsem gauusie: 1 = =4c
20+15

Omeem: 4 c.

2. TlocagouHass CKOpPOCTh MaccakHpckoro camodieta 135 km/4, a jmHa npodera ero 500 M.
Omnpenenuts BpeMsi MpoOera mo mocagoyHol MoJoce U YyCKOPEHHE CaMoJieTa, CUuTas JBUKCHHE

paBHO3aMEIJIEHHBIM.

Hano: CH Pewenue:
Vo= 135 km/u | 37,5 m/c| Bpems npoGera camonera np nocajke HaXoauM 13 opMyIbl myTH

i _ _at?
S=500m S=vygt+ = T/Ie @ 115l PABHO3AME/UICHHOTO JIBIIKCHHS OTIPE/ICHTCS

v
v=0wm/c 13 opmynbel: V = Vg + at uma = -—tg'. CnepoBatesbHo,
vo,.2

, : Tt 2§ 2500

t-?7,a-? S=yt —‘T, OTKyma t=—=. [loacrasnsiem gauube: ¢ = — 27¢
0 ,
v 37,5
Yckopenne a = - To; ks 1,4 m/c?

Omeem:27c¢,-14 M/,

3. Teno, nBurasch paBHOYCKOPEHHO M3 COCTOSIHUS MOKOS, 3a MATYIO0 CEKYH]ly IPOILIO MyTh 18 M.
Uemy paBHO yCKOpEHHE U KaKOM IyTh TEJIO MPONUIO 32 5 ¢?



Pewenue:

IU"N

2
- v Y t t
[1yTb, IpOiiAEHHbII TETOM 3a MATYIO CeKYHAY § = S5 — S == — “T“
218

[~}

2§
— - ». p—vg g / 2'
Orcrona a T 3= 4 mlc
e G at? 425
[lyts, npoitaenHslii Tenom 3a 5 cexkyna S5 =—; Ss = 5 50 m.

S5-?,(1-?

Omegem: 4 m/c%; 50 m.

4. B nocienHIO0 CeKyH1y CBOOOJHO Majaroliee Tejo MPOLUIO MOJOBUHY cBOero mytu. CKoIbKO
BPEMEHU U C KaKO! BBICOTHI IIaAAI0 TEI0?

Hawno: Pewenue:
1 v = B
h, — hy_1= -z-h,, [TyTs, npoiizenHsiii 3a Bce Bpems nageHus: h, = gz—.
2 w hy _ g(t—1)>
g=98wm/c Jlo nocneaxeii ceKyH/IbI TE0 MPOLLIO MYTh Ty
. ‘ t
t-7 h,-? CrnenoBatensHo, gT =g(t—1)% um t?2-4t+2=0.

9,8-3,42
Orciona t=2++2 = 3,4 c. Buicotamagenns h, = T 37m
Omeem: 3,4 ¢; 57 m.

5. Kamenp nazmaer B maxty. Yepe3 6 ¢ cibllieH yaap KaMHs O JHO maxThl. OnpeaenuTs riryouny
[IaXTHI, €CITH CKOPOCTH 3ByKa 330 m/c.

Hano: Pewenue:
t=6¢

v =330 M/c

Ecnu 0003Ha4uTh Hepe3 ty BpEMA MAJICHUA KaMHs, TO BpEMS paClipoOCTPAHCHHUSA

. . t
3ByKa f- t; . [lyTs, npoiinennsii kamaem npu co6oaHOM nagernn h = ng. a

2
g=9.8 m/c? | 3BykoM — h = v (t - t;). CiienoBatensHo, %= v(t-t)umgt? +20t,-20t=0
2
h-? Pewwus oannoe ypasuenue, nonyuum t; = 5,5 c. 'mybuna maxter h = L1,
2
h=222 = 148 m

Omeem: 148 m.

3aganus 1J19 CaMOCTOSITEIbHOM PadoThI
Bapuant Ne 1

1. Camoner WJI — 86, nBurasch paBHOMEpPHO €O CKOpocThio 900 km/4, B TeueHHE 9C COBEPIIII
TaKoe ke repeMerieHue, 4ro u camoner Sk — 42 3a 10 c. Onpexnenure ckopocts Sk — 42.
2. I'paduxu kakux ABMKEHMM Ten mokasaHbl Ha puc. 1? Ilo rpaduxy ompenenure: 1) B kakoi
MOMEHT BPEMEHHM Te€Jla BCTPETUIINCH; 2) KaKUE ITYTH TeJla MPOIIIN 10 BCTPEUH.

\,MY




3. [oe3n uepes 10 ¢ nmocne Hayana ABMkeHUs mpuobOperaeT ckopocth 0,6 M/c. Uepes kakoe Bpems
OT Hauaja JBM)KCHHS CKOPOCTh MOe3/1a CTaHeT paBHa 3 m/c?

4. 3a Kakoe BpeMs aBTOMOOMIIb, IBUTasCh ¢ yckopenueM 0,4 M/c2 , yBEeIUYHUT CBOIO CKOPOCTH C 12
110 20 m/c?

5. Ilyns B cTBone aBromara KamamHukoBa aBmkeTcs ¢ yckopeHuem 616 m/c2 . KakoBa cKOpOCTb
BbLJIETA IYJIU, €CJIU JyinHa cTBojia 41,5 cm?

6. Teno, nBUTAsICh MPAMOIUHEHHO C yCKOpeHHeM S5 m/c2 , mocturiio ckopoctu 30 M/c, a 3atewm,
JIBUTAasICh PaBHO3aMEIJIECHHO, OCTaHOBWIOCH uepe3 10 c¢. Onpenenute nyTb, IPOUICHHBIN TEIOM.

7. Teno cBoOonHO maznaer ¢ BeIcOTHl 125,5 M. Onpenenure Bpems MajieHUsS U CKOPOCTh Tejla B
MOMEHT yziapa 0 3eMJIIo.

Bapuant Ne 2

1. Cpennee paccrosaue mexay 3emiieid 1 Comrnem 1 actpoHomuueckas enuuauna (1 a.e. = 1,496
1011 m). Onpenenute Bpems npoxoxaeHus ceera or ConHua 10 3eMian. CKOpocTh CBETAa B BaKyyMe € =
3- 108wm/c.

2. Ha puc. 2. npencraBieH rpaduK 3aBHCHMOCTH KOOPAMHATHI Tena oT BpemeHu. llo rpaduky
onpeaenute: 1) CKOIBKO BPEMEHU TEJIO HAXOAWIOCh B IBUYKEHUH; 2) UEMY PAaBHO €ro MmepeMelieHue.

X, M4
|

!

puc.2.

3. Benocunenuct aBmxercs noj ykioH ¢ yckopenuem 0,3 m/c 2 . Kakyto ckopocTs mpuoOperer
Benocunenuct yepes 20 ¢, ecim ero HayajibHasi CKOpOCTb paBHa 4 m/c?

4. Cxopoctb noe3na 3a 20 ¢ ymensiiniach ¢ 72 no 54 km/4. Hanucare ¢opMyny 3aBUCHMOCTH
CKOPOCTH OT BpeMeHH UX(t) ¥ MOCTPOUTH rpapyK 3TON 3aBUCUMOCTH.

5. Ilpu aBapuitHOM TOPMOXEHUHM aBTOMOOMIIb, IBUXKYIIIUICS CO CKOPOCThIO 72 KM/4, OCTAaHOBUJICS
yepes 5 ¢. Halitu TOpMO3HOM ITyTh.

6. Yxnon gmuHoi 100 M nmepkHuK npomren 3a 20 ¢, nBurasck ¢ yckopenuem 0,3 m/c 2 . Kakosa
CKOpOCTb JIBDKHUKA B Ha4yajie U B KOHIIE YKJIOHA?

7. Teno cBoboaHO nagaet B TeueHue 4 ¢. OnpenenuTe BHICOTY, C KOTOPOH MagaeT Telo, U CKOPOCTh
B MOMEHT yz1apa 0 3eMJIIo.

®opma nmpeacTasJieHus! pe3yJbTara:
BrmogHNUTE 3aaaHueC B TCTpaAaAu IJIA NPAKTUICCKUX pa60T.

Kpurepum ouenku:
3a mpaBUIIHLHO BBIMIOJHEHHOE 33JaHHE BBICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HeTMPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISIETCS OTPUIIATEIbHAS OonleHKa — 0 OaioB.
1. Oyenxa «omauuno» evicmasnaemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
2. Oyenxa «xopouroy svicmasisemcs 3a 80 — 89% npaBUIBHBIX OTBETOB
3. Oyenxa «yoosnemeopumenvnoy svicmagisemcs 3a 60 — 79% npaBUILHBIX OTBETOB
4. Oyenka «neyooeemeopumenvhoy svicmasisemcs 3a Menee 60%0 MpaBUIBHBIX OTBETOB

Tema 2.1. Kunemaruka
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IIpakTnueckoe 3ansaTne Ne2
Pemienne 3a7a4 Ha mnapaMeTpbl BPalIaTeJIbHOTO ABHKEHHUS

Ienb: HayunThCA pelIaTh 3a7a4y Ha IApaMETPhI BPALIATEIbHOTO IBHKEHUS
Boinosinenue padotrbl cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIIL.06, I1P69 OVII.06,
I1P67_OVII.06, ITP61 OVII.06
MarepunanbHoe o0ecnmeyeHHe: WHAMBUAYAJIbHOE 3aJaHUE, KOHCIIEKT JIEKLIMH, CIpaBOYHbIC
MaTEepHaJIbL.
3ananme:
1 OTBeTbTE HA CJIeAYIOLIE BONPOCHI:
e Kakyro popMylly MOKHO HMCHOIB30BATH JJISI HAXOXKJIEHHS MyTH, €CIM TOYKA MPOIUIA TPU
KPUBOJIMHEHOM JIBUYKEHUU?
o Jlokaxxute hopMyiTy, CBA3BIBAIOIIYIO BEKTOPHI TUHEHHOM U yrIIOBOH CKOPOCTH.
e [loueMy paBHBI BEKTOpbl TaHICHIMAJIBHOTO W HOPMAJIBHOIO YCKOPEHHUS B Cilydae
KPUBOJIMHEWHOTO JIBUYKEHUS MaTepuanbHON Touku? Kak HaliTH MOy M 3TUX BEKTOPOB?
e UYeMy paBHBI BEKTOpBl TAaHI'€HLIMAJIBHOIO U HOPMAJIbHOI'O YCKOPEHHUS M UX MOIYJIH IS
BpAaIllaTeIbHOIO JBUKEHHS MAaTEPHAIbHON TOUKU?
e Kak cBs3aH BEKTOp MOJHOIO YCKOPEHMsI C BEKTOPAaMHU YIJIOBOTO YCKOPEHMsI U YIJIOBOU
CKOPOCTH JUIsl BpaLaTeIbHOTO JIBUYKEHUS?
ITopsinok BeINOJHEHHS PadOTHI:
1. OrBerbTe NMCHMEHHO Ha BOIIPOCHI NPEACTABIICHHBIE BHIIIIE.
2. Pemnte camocrosTenbHyto padoTy. OdopMute perieHne NucbMeHHO B TeTPaAIH.

Kpamxkue meopemuueckue céedenusn:
[TycThb Teno ABMXKETCS IO OKPYKHOCTHU pajauyca R ¢ HOCTOSTHHON IO 3HAUEHUIO CKOPOCTBIO V

(7TMHEHHOM CKOPOCTHIO) ¥ 3a BpeMsi [t mepemecTuinock Ha AS u3 T. A B T. B. Bektop v HampasiieH 1o
KacaTelbHON K OKPYKHOCTH M MEHSIET HallpaBJIEHUE, T.€. MOXKHO TOBOPUTH 00 U3BMEHEHUHU CKOPOCTH

_ AV~
et a=—=0
AV = Vg =V, OTIMYHOM OT HyJs. OTcrona: At
LleHTpOCTpEMUTETBHOE YCKOPEHHE (4 ) — CKOPOCTh U3MEHEHHUS HATIPABJICHHS BEKTOPa CKOPOCTH.
Onpenenum [“ep| = %ep
Av AS v-AS
—=—=Av=
W3 nonpo6us tpeyronsuukoB OABu CBD = v R R
Av  v-AS AS v?2
Ap =~ = — > Vola=—
At RAt ;mipult —0 ap, > ay At R |

Bekrop d HampaBiieH 10 paginycy K MEHTPY OKPYKHOCTH.

[Tepro oOpalieHust TOYKH 10 OKPYKHOCTH (1) — Bpemsi, 3a KOTOPOE TOYKa OMHUCHIBAET OHY
OKPYKHOCTb.
T= 27R V2 27R 472'2 R
- a = — = — a=—-—:"
V| [T]=1c U3 R U T = !
YacTora 0OpaIeHust TOUYKH 10 OKPYKHOCTH ([]) — KOJTUYECTBO MOTHBIX 000POTOB, COBEPIIAEMBIX TOUKOMH

1 1 v
V=— [V]:l__ V=— 2.2
B ¢IUHUILY BpCMCHHU. T C, 2R |a =4z v R]|.
VYriosas CKOpPOCTH 06pal]_[eHI/I$I TOYKH 110 OKPYKHOCTHU (w) — CKOPOCTb U3BMCHCHHA yIJia
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noBopota [1[J paguyca R, coeIUHSIOMIEr0 TOUKY C LIEHTPOM OKPY>KHOCTH.

e [Tl T ks W=AA—‘f lv=wRl|v=2mR[ ‘"R " T =

[w]=1@w=2—” v v v w2R2

a=wR|

2. Pemuure 3a1a4M JJIs1 CAMOCTOSATEJILHOM PadoTHI.

1. ABTOMOOWJIB IBMXKETCS MO 3aKpyriieHHI0 paganycoM 100 MeTpoB co CKOpPOCThIO 36 KM/d.
OmnpenenuTsd ero HEeHTPOCTPEMHUTENbHOE YCKOpeHue. (0TB.: 1 M/c)

2. ABTOMOOWJIb JBWXKETCS IO 3aKpyrJieHHIO paauycoM 80 METpoB CO CKOpPOCTBhIO 54 Km/d.
Onpenenuts ero HEHTPOCTPEMUTEIIBHOE YCKOPEHHUE.

3. Toumnbnbl Kpyr paaunycoM 10 cM aemaer oawH obopot 3a 0,2 c. Haitnure ckopocTh TOYEK,
HanboJiee yIaJeHHbIX OT OCH BpAIICHUSI.

4. Camon€r, BBIXOJS U3 MTUKE, ABMXKETCS M0 TPACKTOPUH, KOTOpasi B HIKHEH 4acTH SBISETCS Tyroi
okpyxHOocTH paguycoM 800 M. Brrunciure yckopeHue caMosiéTa Ipy ero ABMKEHUHU, €CIIH €r0 CKOPOCTh
paBHa 720 km/d4. (01B.: 50 M\c?)

5. CnyTHHMK JBUXETCsl IO KpyroBoi opoute Ha Bbicote 630 kM. Ilepuon obpamenus cnytHuka 97,
5 munyT. Onpenenure ero JUHEHHYIO CKOPOCTh U LIEHTPOCTPEMHUTEIbHOE yckopeHue. Paamyc 3emiu
6370 kM. (O1B.: 7514 Mm/c; 8,1 M/c?)

6. Bpemss onmnoro oGopora BOKpyr ocu paBHO 24 wyaca. Beluuciure yrioByl0 U JIMHEHHYIO
CKOpPOCTH BpalICHUsI TOYEK Ha 3kBaTope. Paamyc 3emnu cuurare paBHbM 6400 kM (oTB.: 0,0007 pan/c;
448 m/c).

7. Ilepuon oOparieHust IEpBOr0 KOCMHYECKOTO KOpadiist — crryTHUKa 3emin «BocToky paBHsiics 90
MuHyT. CpeaHsist BbIcoTa ciiyTHHKA Hall 3emiéil Obuta paBHa 320 kM. Paguyc 3emmu 6400 kM. Beruncnure
CKOpPOCTb KOpaoJIsl.

8. KakoBa ckopocThb IBHMXKEHHUS aBTOMOOWIIA, eciu ero koieca pamuycom 30 cm genator 600
000pOTOB B MUHYTY?

9. Jlyna nBuxercss BOKpyr 3emun Ha pacctosHuu 380000 kM oT He€, coBepiias OJUH 000pOT 3a
27,3 cyTok. Beruncnute eHTpOCTpeMUTEBbHOE yeKopeHue JIyHbI.

®opma npeacTaBieHus pe3yabTara:
BeimonHuTe 3a7aHue B TETPAM ISl IPAKTUYECKUX PadoT.
Kpurtepuu onenku:
3a IpaBHIBLHO BBITIOIHEHHOE 33/I1aHUE BBICTABIISETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BBICTABIISIETCS OTPUIIATEIbHAS onleHKa — () OaioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumenshoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 2.2. /Innamuka

IIpakTHyeckoe 3anATHE No3
Pemenue 3aga4 mo reme « Buabl cHJ1 B MEXaHHKE.
Cujia TpeHus NMOKOs, CKOJIbKEHUSI, KAUeHUs, BPAIleHH D)

Heab: packpbITh coaepkaHue 3akoHOB HbrOTOHA M OCOOEHHOCTH CHIJI Pa3IMYHON MPUPOAbI;
3aKpenuTh YMEHUS W HABBIKM pEIleHHs 3aJad Ha BTOpOM 3akoH HbIOTOHa, KOrja Ha TeJlO JeHCTBYIOT
HECKOJIBKO CHII.

BoinosiHenue padorbl cnocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P68_OVII.06
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MartepuajibHoe of0ecreyeHMe: TETpagb IS MPAaKTHYECKUX paldoT, pydka, METOIUYECKHE
PEKOMEHIALIUY 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKA, KapaHJalll.

Yka3anue: [IpakTuueckas paboTa COCTOMT U3 ABYX 4YacTeii — TEOPETUYECKON M NMPAKTHUECKOM.
ITocne u3yueHuss TEOPETUUECKOTO MaTepHalla MOYKHO IIPUCTYNATh K BBIIOJHEHUIO IIPAKTHYECKOM YacTH.
Omna cocTouT U3 AByX M Oojiee 3a7ay JJisi CaMOCTOSATENIBHOTO BhINoMHeHNs. He 3a0bIBaiiTe 0 mpaBUIbHOM
oopmienun pemtenus. Ha BploHEHUE IPAaKTUYECKON OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJHEHHS padOThI:

1. PaccMmoTpuTe TeopeTHUYECKM MaTepual IO TeMe€ U IpUMephbl peleHHus 3agad  (CMOTpHU
METOAUYECKOE IIOCOOHE).
2. Pemmre camocrosTensHyto padory. Odopmure perieHne NMCbMEHHO B TETPaIH.

Kpamkue meopemuueckue ceeoenus:
Jlunamuxa. OcHo8Hble NOHAMUSL
WNHepuusi — gBIEHHE COXPaHEHUS CKOPOCTH JBMXKEHHS Tejla MpPU OTCYTCTBUU
BHEIITHUX BO3JICHCTBHIA.
NHepTHOCTh — CBOMCTBO TeJI, MPOSBISIONICECS B TOM, YTO MPU OJMHAKOBBIX
BHEIIIHUX BO3JICUCTBUIX Pa3HbIC TEJIa MPUOOPETAIOT pa3HbIE YCKOPECHHUS.

Macca (M) — Mepa uHepTHOCTH Tel. [M]=1kr. |a m,

a‘Z ml
3a sranon maccel (1 kuimorpamMm) mpuHsITa Macca MEXIYHAPOJIHOTO MPOTOTHUIIA
KHJIOTpamMma.

W3 onbpITOB W3BECTHO, 4YTO YCKOPCHHS, IOJydaeMble TEIaMH TIPH B3aUMOJICHCTBUHU, OOpaTHO
MIPOIMOPLIMOHANIBHBI UX MacCaM: .
Ecnu maccy kakoro-nmu6o Tena NpuHATH 32 3TaJIO0H, TO MOKHO U3MEPUTH MACCy APYTUX TEIl:

KI M -a,r
[p]zlig Mppay =2 >
M Arpaa
[TnotHocTs Tena ([J) — OTHOLICHHE MAcchl Tena |, = M m k ero o6bemy V.
7 . \
CI/IHa (F) — MEpa MCXaHHUYCCKOI'0 ACUCTBUS OJHOTO TCIa Ha Apyroc.

[F]=1H — HbproTOH.

Cuiia uMeet HarpaBJI€HUE, T. €. CUNA-8EKMOp .

Cuna Bcerja npuiio’)keHa K TOMY Telly, Ha3BaHME KOTOPOTro CJENyeT B NPEIJIOKEHUH IOCie Mpeiora
«Hay.

CunoBoe nojyie — 0co0bIi BUJ MaT€pUH, IOCPEICTBOM KOTOPOTO Nnepenaéres NeiCTBUE CUJIBL.

—

PaBHogzeiicTBytommast (pesysaprupyromas) cun ( R) —cuna, paBHas BEKTOpHON CyMMe TaHHBIX CHII F.

R=>F
I[aBJ'IeHI/Ie (p) — OTHOHICHHUC CHJIBI K IUIOIIaJu TOBCPXHOCTH, HA KOTOPYHO OHa HeﬁCTByeT B
NEePHCHANKYJIIPHOM HAIIPABJIICHHUM.

H
p=— [p]=1F= 1 Tla — mackanb

Wmnynbe Tena (P)— BEKTOpHAS Mepa MEXaHMUYECKOTO JBUKEHHUS, paBHAas MPOU3BEICHHIO MAacChl Teja Ha
-1 KI'-M

€ro CKOpPOCTb. [p] ¢

WmMiynbe cuitbl ( 7 - Ar) — BEKTOpHAs Mepa JEHCTBUS CHIIbI, PaBHAs MPOU3BEICHUIO CHJIBI HA BPEMs €€

newictus. [F-[t] =1 H-c.

3akonbl HeroToHa

O6001MB pe3ynbTaThl CBOUX MCCIENOBAHUN U, yuTsa padoty ['amuies «O IBWKEHHH TEN 10 WHEPLIUN,

HeroToH chopMynupoBai 3aKOHUEHHOE TIOJIOKEHHE, N3BECTHOE KaK MEepBhIi 3aK0H HbhloToHA:!
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CyIIecTBYIOT CHCTEMBI OTCYETa, OTHOCHUTENHHO KOTOPBIX TEJIO HAXOIUTCA B TMOKOE JIMOO IBHKETCS
MIPSIMOJIMHENMHO U PaBHOMEPHO, €CJIM PaBHOIEHCTBYIOIAsL BCEX MPUIIOKEHHBIX K HEMY CHJI PaBHA HYJIIO.

WNuepuuanshas cucrema orcuéra (MCO) — cucTemMa OTCUY€Ta, B KOTOPOM BBIITOJHSAETCS
nepBblid 3akoH HproTOHA.

- Ap  mAV -

F=22 " .
"3 At At [oJIy4aeM  BTOpPOH 3aKkoH HproTOoHa:

JJIA  TClla MOCTOSHHOM MacCHI CKOpPOCTb HU3MCHCHHA HUMITYJIbCAa paBHA IMMPOU3BCACHUIO MACChl Ha
YCKOPEHHE.

Bropoii 3akon Heiorona padotaer tosnbko B UCO u mpu yclioBUH, 9TO Macca Tella U JCUCTBYIONINE Ha
HETr0 CHUJIbI IOCTOSIHHBI.

Bropoii 3akon HproTOHA cripaBeyiuB Ui paBHOAEMCTBYIOMER R BCeX CWJI, NPUIOKEHHBIX K TEINY,

MIO3TOMY, ITPEKIIE YEM PEIIaTh 33/1a4H C €ro IPUMEHEHHUEM, HAJI0 ONPEAEIUTh R,
Tperuii 3akon HproToHa: E—_F
CHiIbl, ¢ KOTOPHIMH 1IBa TeNa IEiCTBYIOT — 2 ipyr Ha Ipyra, YHCIEHHO PABHBI X HAIPABJICHE
B IPOTUBONOJIOKHBIE CTOPOHBI 110 OJHOU MPSMOIA.

Tperuii 3akon Herotona padotaer Tosbko B UCO.

3aKOH BCEMUPHOTO TATOTEHUS

[Tonaras, uro Bce Tena Beenennoit B3aumHo niputsaruBarotcs, Hetoton B 1682 r. copMynupoBan 3akoH
BCEMHUPHOI'O TATOTEHHUS: BCE TeJla MPUTITUBAKOTCA APYT K APYry € CHIIAMH, IPSIMO IPONOPLHMOHATBHBIMU
IIPOM3BEICHUIO X MacC U 00paTHO NPONOPLUUOHATIBHBIMU KBaJIpaTy pacCTOSIHUS MEXKIY HUMHU.

F — 7/ ) ml i m2
rne Fi; — cwia  B3ammHOro | R? MPUTSDKEHUS Tell Macc My U My;
[J — rpaBUTAIlMOHHAS MTOCTOSIHHAS. []1= 6,6720 - 10" Hm?/kr?.
Cunsl B mpupone
Cuna  mokectH  (Fum) —  CHIA, coo01maromas Ty [
YCKOpEHHE CBOOOIHOTO MaiCHHA. F...=Mg
Cuna TsDKeCTH HalpaBiIeHa BEPTHKAIBHO BHU3 (MepneHauKyIsIpHO

KacaTelbHON K MOBEPXHOCTU 3€MIIH).
Peaknusi( N ) — cuia geicTBHs Omopsl (I0BECa) Ha TEIIO.

Bec tena (P) — cuita, ¢ KOTOPO#i TENIO JEUCTBYET Ha OMOPY WITH ITOIBEC BCIIEACTBUE MIPUTSHKEHHS K 3EMITE.
HeBecomocTs — ricue3HOBEHHE Beca Tejla MPH JBIKEHUH OMOPHI C YCKOPEHHWEM CBOOOTHOTO TaICHUS.

Heperpy31<a — YBCIIMUCHUC BECA TCJIa IPU ABHUIKCHUU OIIOPBI C YCKOPCHHUEM BBCPX.

F, =—ks

Cuna  ympyroctm (%) —  cuna, BO3HHUKAIOIIASI B TEJIE TIPH JIe€POpPMAIIHH.

3akoH ['yka: cuia ynpyroctu, BO3HUKaIOLIas Npu AeGopMaiiu Tea, NpornopuroHanbHa ero abCoaoTHON
nepopMaIui 1 HallpaBJieHa B CTOPOHY, IPOTHUBOIOJIOKHYIO IEPEMELIEHUIO YaCTHUI] Tela:

Cwua TpeHust OKOSI ( Frpn.) — CHIIA, BO3HUKAIOLIAS HA TPAHKIE CONPHUKOCHOBEHHS TEN IIPH OTCYTCTBHU MX
JBUKEHHSI OTHOCUTENBHO JIPYT pyTra.

# — xoadguiment Tperns (3aBucut ot |Fp =4N| marepumanos Tpymmxcs moepxHocTei).
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Cuna TSHKECTH — 3TO TPaBUTAIMOHHAS CHJIA, ¢ KOTOPOW 3emils MpUTATUBaeT K cede Tena: F = mg,
r7ie g — YCKOpeHue CBOOOIHOTO najeHus, g = 9,8 m/c2. .

Yckopenne cBoboaHoro maneHust 3aBucHT oT: 1) R 3emmm (reorpaduueckoid mmpotsl): ueM R
3emnm 1 (9kBaTop), TeM g | 2) h — BBICOTHI Tena Haa MOBEPXHOCThIO 3emiu: ueMm h |, tem g |. Jlusa
ar060ro kocMuueckoro tena Frsok o = G Mmim /(R+h) 2

MuHuMalbHasE CKOPOCTh, KOTOPYIO HY>KHO COOOIIUTH TEITY, YTOOBI OHO MOTJIO JIBUTAThCS BOKPYT
3emun o kpyrooii opoute (MC3) - mepBast kocMudeckas ckopocTh v1 = 7,9 km/c.

MuHHMManbHasE CKOPOCTb, MPHU KOTOPOW TEJNO MPEOJO0JIeBACT 36MHOE NPUTSHKEHHE M CTAaHOBUTCS
cnyraukoM CosHila (opbuta = mapaboiia) — BTopast KocMHYecKasi CKopocTh v2 = 11,2 km/c.

Ckopoctb, Ipu KOTOpOil Teno mnpeonosieBaeT npursbkeHue ConHua u nokuaaer CoMHEYHYHO
CHUCTEMY — TPEThsl KOCMUYECKasi CKOPOCTh V3 = 16,7 km/c.

Cuwiia TpeHHsl: BO3HHMKACT BJIIOJIb MOBEPXHOCTH JIBYX TPYIIMXCA Ted H3-3a JIedOopMaldd ITHX
MOBEPXHOCTEH M HaIlpaBlieHa BAOJb IMOBEPXHOCTH MPOTUB cMelleHus. [lpupona — anekTpomMarHuTHas.
Ftp = pn N, rae N — cuia peakuuu onopsl, (L — ko3dduuuent tpenus. Cusa TpeHus ObIBaeT: MOKOA,
CKOJIb)KEHUSI, Ka4eHHs M JKUJIKOe TpeHue. Eclii TpeHue Moje3HO — ero YBEJIMYMBAIOT (LIypYIbl, ECOK,
IIUTIOBKH, PYKABHUIIBI U T.JI.), @ €CJIA BPEIHO — YMEHBIIAIOT (MMOAMUITHUKY, CMa3ka, o0Tekaemas (hopma u
1.4.). Cuna ynpyroctu — Bo3HUKaeT npu aedopmanuu tei. [Ipupoaa — snekrpomarHuTHasl.

Hedopmarust ObiBaeT ympyras (pacTskeHHUE - CKaThe, W3TU0, CIBHT — Cpe3, KpydeHue) |
rIacTUyecKas (He ucye3aeT Mocie MpeKpalieHus: BO3ACHCTBHUS.

Jlist yripyro#t nedopManiy BBITONHICTCS 3aKOH ['yKa: chiia yIpyrocTd MpsMoO MPOMOPIHOHATBHA
ynnuHenuto Tena: F = — kAL, roe k — xecTkocth Tena, Al — ero yaymHeHue. 3HaK «—» yKa3bIBaeT, UTO
Fynp HanpapieHa NpoTUBOIOI0KHO CMEIIEHUIO YaCTHIL Tea.

Bec tena — 3To0 cuia, ¢ KOTOpO# Tejo, BCAEACTBHE €ro MPUTSHKEHUS K 3emiie, IEHCTBYET Ha OMopy
i noasec: P = mg, rne P — Bec Tena, g — yckoperue cBoOOHOTO majeHwus, g = 9,8 m/c2 .

B stom ciiydae omopa wiM MOABEC HAXOAATCA B COCTOSIHUM PABHOMEPHOTO MPSMOIUHEHHOTrO
JBIKEHUS OTHOCUTENBHO 3emuid. OJIHaKO, BEC MOXKET OBITh OOJIbIIIE MM MEHBIIE CHIIBI TsKeCcTH. Ecnu
OTIOpa WJIM MOJABEC IBUKYTCSA YCKOPEHHO BHM3, TO Bec P = m(g—a).

Ecnu omopa win moasec OBUXKYTCS YCKOPEHHO BBEpPX, TO Bec P = m(g+a), Telo HCHBITHIBAET
neperpy3ku. Ecnu Temo ABHKETCS TONBKO TMOJA JEHCTBUEM CHIIBI TSDKECTH, TO OHO HAaxoJsATCS B
cocrosinnu HeBecomoctu (P = 0).

2. Ilpumepsl pemieHus 3a1a4

1. ABTOOYyC, Macca KOTOPOTO C MOJHOM Harpy3koi paBHa 15 T, TporaeTcs ¢ mecta ¢ yckopenuem 0,7
M/c 2 . Haiftu cumy Tsru, ecinu Kod(hGUIMEeHT conpoTUBIeHHs ABMKeHuto paBeH 0,03.

Jlano: Pewenue:

m= 157 =15-103kr “ /'1';';’

a =07 m/c? = 47 7 x  Ey+N+F+mj=md

v =003 e T7"" 3  OX:-Fy+F=ma

F-? . OY:N-mg=0-N=mg
,‘/// S E, =mN - F, = mmg

-mmg + F =ma
F=ma + Mmmg=m(a + mg)
F = 15-10%kr(0,7 w/c? + 0,03-10 m/c?) = 15- 10%kr-1 m/c? =
15-10°H
Omeem: 15-103H

2. Ha HaKJIOHHOM IJIOCKOCTH JUIMHOW 5 M M BBICOTOM 3 M Haxoautcs rpy3 maccou 50 kr. Kakyro
CHJTy, HalIPaBJICHHYIO BJOJb IUIOCKOCTH, HAJI0 MPHIIOKUTH, YTOOBI YAEPKATh ATOT TPY3, €CIIH TSIHYTH €ro
¢ yckopenueM 1 m/c 2 ? Koapduuuent tpenus 0,2.
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Hano: Pewenue:

m = 50 kr i s ” .
N r .

a=1wm/c? N R CocTaBuM YPaBHEHHE JABNKEHUS Tela:

i XN / A - "
M= 0,02 20 L0 [ Fp+N+F+mg=mad

1 X" -9 > | -

[=35m iz V7 | Haiiaem npoexkumm cuit Ha ocH:
:" )3-" Ock OX: <F, + F - mgsina = ma

Ocs OY: N -~mgecosa =0 —= N=mg cosa
Fy = MN = E, = Mmg cos a
IlojcTrasne BTOpOE YPaBHEHNE B IEPBOE, MTOJIYHUNUM
-mmgcos a + F - mgsin a= ma
HaxoauMm nponiBoaHyio BeIMUHHY:
F = Mmmgcos a- mgsina + ma nau
F=m(a + mgcos a + gsin a)
ITo onpeaeneHnio cHayca umMeem
sina =% sina 2‘. 0,6
{ 5™

H3 OCHOBHOIO Tpnrono.\terpuqecxom TOXKACCTBA

sina +cosa’=1,
cosa=v1—sina’=y1-036=0,64=08

BrraucanM HCKOMYI0 BETHHHHY:

F =50 xn(02:10 w/c® - 08 + 10 w061 m/c?) = 430 H
Omsem: 430 H.

3. Ha miHype, mepeKuHyTOM 4epe3 HEMOIBMKHBIN OJIOK, MoABeNIeHb Tpy3sl Maccamu 0,3 u 0,2 Kr.
C kakuM yCKOpeHUeM ABUXKYTCs rpy3bl? KakoBa cuiia HaTs»KE€HUs BO BpeMs IBUKECHHUS?

Hano Pewene.
my =02k \ Cocraminm ypasacinee Iniaccinmm Lins
m; =03 ux anyx Tea
a-TT-7 myg + T = mya;
mafd + T3 = myls

Haltzem aopoekiane cua ua ocs OY':
Ty =mg = ma,
~Ta2 4 mag = mzay’
I e coesang 0ol nnrso, 1o
T T, Tuay =a;=a
t T—mg =ma
Tocan,
-T+myg = ma
Cacoum i ypannenns
—my g+ myg = (my + myla wm
wmy —my) = (my + my M\
Feannse 310 yPaspenine OTnoCiTaILmo HesssecTisod sean
gimy-my) LU w0/ (0, Ser 0 2y )

BT ANM 8 e D
myemy O 3xr40 dur

a

Cany sarsckenis waliges ux nepnoro ypasseuss: T -m, (g + a)
Barernse T = 0,2xr(10 st/ 4 2m/c?)=24H
Omeem: ZM/c=: 24 H

CamocrosiTesibHast padoTa

Bapuant Ne 1

1. bpycok maccoit 0,2 Kr paBHOMEPHO TSHYT C MOMOIIBIO JUHAMOMETpPA MO TOPHU3OHTAIBHOMN
riockoctu croina. [Tokazanue nuaamomerpa 0,4 H. Onpenennre ko3 puiineHT TpeHUs CKOIbKEHHS L.

2. Ha HakJIOHHO# TJIOCKOCTH C yriioM HakjoHa 20° Haxomautcs Teno maccou 20 kr. Ompenenurte
CHJTy, HAaIlpPaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOAMMO MPHUJIOKHUTH K TeIy, YTOOBI €ro
paBHOMEpHO aBUTaTh BBepX. Koapduuuent tpenus tena o miaockocts 0,4.

3. Ha HuTH, IepeKnHyTON 4epe3 HeMoJBMKHBIN 010K, nojaBemieHsl rpy3sl Mmaccamu 0,3 u 0,34 kr.
3a 2 ¢ mocie Havajga ABMKEHHS KaXAbli rpy3 npoien nyTh 1,2 M. [lo 1aHHBIM OIbITa HAWNTH YCKOpEHUE
CBOOOJTHOTO TaJICHHS.

4. DneKkTpoBO3, TPOTAsACh C MECTA, pa3BUBAET MakcuMaibHyto cuiy Taru 650 kH. Kakoe yckopenue
OH COOOIIHUT KeNe3HOIOPOKHOMY cocTaBy Maccoil 3250 T, ecnmu KOA(PQPHUIIMEHT CONPOTUBICHUS paBEeH
0,005?

Bapuant Ne 2
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1. Kakyro cuity Hajo NpUIIOKHUTH U1 MOAbeMa BaroHeTkn maccoil 600 Kr mo 3crakaje ¢ yriiom
HaksioHa 20°, ecni KodDPUITMEHT CONMPOTUBIICHUS ABMXKeHUIO paBeH 0,057

2. Ha HakJIOHHOH IJIOCKOCTH ¢ yrioM HakioHa 30° Haxoautcs Teno maccod 20 kr. Omnpenenurte
CHIly, HaIpaBJICHHYIO BJOJb IUIOCKOCTH, KOTOPYIO HEOOXOJUMO MPUIIOKUTH K Telly, 4TOOBbl €ro
paBHOMEpHO ABUTaTh BHU3. KoadduuuenT Tpenus Tena o miockocts 0,6.

3. Ha miHype, MepeKnHyTOM uepe3 HEMOABMKHBIA OJIOK, oABEIIeHBI Tpy3bl Maccamu 0,3 u 0,2 Kr.
C KakuM yCKOpeHHEM ABMXKYTCS Tpy3bl? KakoBa cuia HaTsKEeHUs IIHYpa BO BpeMs ABM)KEHUA?

4. ABToMOOMIL Maccor 1 T, Tporasick ¢ mecta, gocturaet ckopoctu 30 m/c yepe3 20 c. Haiitu
CHJTY TSTH, eciii Kodpuiuent conporusieHus pasex 0,05?

dopma npeacTraBJieHus pe3yJabTarTa:

BbImonHUTE 3a/aHue B TETpaau JJIs IPAKTHUECKUX padoT.

Kpurepun oneHku:
3a mpaBUIIHLHO BBITOJHEHHOE 33JaHHE BHICTABIIETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISETCS OTpHUIIaTeIbHas oleHka — () 0aos.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcs 3a 80 — 89%0 npaBUIBHBIX OTBETOB
Oyenka «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenxa «Heyoosiemeopumenbvhoy svicmasgiiemcs 3a Mmenee 60% npaBUIBLHBIX OTBETOB.

Tema 2.3 3ak0oHBI COXpaHEHHS B MeXaHHKe

IIpakTHyeckoe 3anaTue Ned
3aKOHBI COXpAaHEHHS B MEXaHMKe M UX IPUMEHEHHUe

Ilenp: 3aKkpenUTh yMEHHS U HABBIKU PELICHMS 3a/1a4 HAa 3aKOHbI COXPAHEHUS

Boinosinenue padotrbl cnmocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P61 OVIIL.06, ITP61_OVII.06, ITP65 OVIIL.06, ITP68 OVII.06

MarepuanbHoe oOecnedeHue: TeTpaab I TMPAKTHYECKUX padOT, pydKa, METOIUYECKUE
PEKOMEHIaLlMH 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaH/Jarll.

Yka3anmue:

[TpakTuyeckas paboTa COCTOMT M3 JIByX 4acTe — TeopeTHueckoid u mpaktudeckoil. Ilocre
U3Y4YEHUsI TEOPETUYECKOro MaTepuaia MOXHO IPUCTYNATh K BBIIOJHEHHUIO MpakTHuecKoi uyacth. OHa
COCTOUT M3 JBYX W Oosiee 3ajau Al CaMOCTOSITENIbHOTO BbIMOiHeHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
odopmiiennu pemeHus. Ha BbImogHeHHE MPaKTUYECKOW OTBOJUTCS JIBAa aKaJJeMHUUECKHUX Yyaca.

ITopsinok BbINOJHEHHS PadOTHI:

1. PaccMoTpuTe TeopeTHueckMii MaTepuad MO TeME€ M IMpPUMEpbl pelleHus 3agad (CMOTpHU
METOJINYeCcKOoe ocooue).

2. Pemute camocrosTenbHyto padboTy. OpopMuTe perieHre NucCbMEeHHO B TeTPaIu.

1. TeopeTuyeckas 4acThb

3aKOHBI COXPAHEHUSI UMITYJIbCa, MOMEHTA UMITYJIbCA, SHEPIHH U p. AEUCTBYIOT B 3aMKHYTBIX CUCTEMAX.
3amxnymou Ha3bpIBaeTCid CHCTEMa TeJ, B3aMMOJICHCTBYIOIIUX TOJBKO Jpyr C JApyroM U He
B3aMMOJEHCTBYIOIUX C JPYTUMHU TEIAMH.
Hmnynec cunvl — BEKTOpHAs BEIMYHMHA, SIBISIFOIIASICSI MEPON NEHCTBUS CUJIbI 32 HEKOTOPBIN MTPOMEKYTOK
BPEMEHH.
I =E-t, | — nvmynse cunst F 3a Bpemst t
Nmnynbe Tena (KOMMYECTBO JIBUKEHHUS) — BEKTOpHas (u3nyecKas BeIMYUHA, SBISIOMIASACS Mepoi
MEXaHUUYECKOTO JIBUIKEHUS:

KM
P=m-o; ¢
Bropoii 3akoH Hbr0TOHa MOXKHO 3aIIUCHIBATh B BUJIE:
Ft=mv, —mv
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P — yMmysibe TeTa Macco m, JBMIKYIIETOCS CO CKOPOCTBIO U .

3aKOH COXpaHEHMS UMITYJIbCa - BEKTOpPHAs CyMMa UMITYJbCOB TEJI, COCTABJISAIONINX 3aMKHYTYIO CUCTEMY,
0CTa€TCs HEU3MECHHOI.

rnlal + mz‘jz = rnlljl + mzuz

M3y, My — Macchl TeI,

01, 02 — CKOPOCTH T€J A0 B3aUMOJICHCTBHS,

U1, Uz — CKOPOCTH TEJI MOCJIE B3aUMOJICUCTBUA.

Ecnu cymma BHEmIHHX CWI, ACHCTBYIOIIMX HA Tela CHUCTEMBbI, paBHa HYJIIO, TO HUMIYJbC CHCTEMBI
COXpaHSIETCS:

P =mo, +m,0, + mu, = const

KonuyecTBo mnoTpeOnsieMoil 3HEpruM — OAMH W3 TJIABHBIX I[OKa3aTeliell TEXHUYECKOTrO pa3BHTHS
obmecrBa. [Ipou3BonCTBO, pachpefeieHue | MOTPEOJICHHMEe JSHEPrUM  HEBO3MOXHO 0e3  eé
npeoOpa3oBaHusl U3 OJHOTO BH/A B apyroii.  Ecmu  moxm  jeiictBreM
mocrostHHOl  cuiusl P Teno COBEPIIMJIO  MEpPeMENmeHHe §, TO
TOBOPST, YTO CHJIOH COBEpIICHA paboma.
Pabota (4) —  ckaspHOe NPOM3BENCHHE BEKTOPOB CHIbl P m
MICPEMECIIICHHUS § .

rae [J — yromn M@)K;IyIE u §; Fs=F-cosa — mpoekius F
A=‘I3H§‘~c08a=F~S~COSa=FSS Ha N :A% HarpaBJICHHUE.
[4] =1 H-Mm = [Ix — mxoynb [N]:lﬂ—mleT

C

MoraocTs (N) — CKOpoCTh COBepIieHHS PabOThI. — BATT

JHeprus

MexaHnuecKasi CUCTeMa — COBOKYITHOCTh MaTepUANIbHBIX TOUEK, B3aUMOACHCTBYIOLIUX APYT C JPYrOM U
TeJIaMH, HE BXOJSIIMMHU B 3Ty COBOKYITHOCTb.

ITocne coBepuieHHss pabOThl cUCTeMa MEPEHIET M3 OAHOTO COCTOsHUS B Jpyroe. Torma pabora —
¢u3nueckass BEIUYMHA, XapaKTEpU3YIOIIas #poyeccuepexoa MEXaHMYeCKOM CHCTeMbl U3 OIHOIO
COCTOSIHMS B IpYTO€.

MOXHO TOBOPHUTH, UTO CYHIECTBYET HEKHI MapaMerp MEXaHMYECKOH CUCTEMbl, U3MEHEHHE KOTOpOTo
paBHO COBepLIEHHOI paboTe A.

Mexanndeckasi sHeprusi (£) — mapamMeTp MEXaHHYECKOW CHUCTEMbI, M3MEHEHHE (AE) KOTOPOTO pPaBHO

coBepII€HHON padote (A). a8 = A, [E]=1 Tk

rac El — MCXaHHNYCCKas SHECPIrUust CUCTEMbI B HAYaJIbHOM COCTOSAHUU
E2 — MCXaHHUYECKas SHEPIrusa CUCTEMBI B KOHCYHOM COCTOSHUMU.

V3MeHeHNE SHEPTHU AE MOYKET OBITh KaK MOJIOKUTENBHBIM, TAK M OTPULIATENBHEIM, T. €. AE = HAE|
U3 (*) BbITekaeT: paboTa — Mepa U3MEHEHUSI MEXaHUYECKOW YHEPTUU CUCTEMBI.

Kuneruyeckasi 3Heprus

Kunernueckast sHeprus (E,) — MOJOBUHA TPOM3BEICHNS MACChI TeJIa Ha KBAApaT €ro CKOPOCTH.
Kunernueckass sHeprus — DHeprus mv2 | JABHOKEHUS.

Torma |4=Ee—Ea| nml4=2E] 1. e. = 2 | ecnaum cuia COBEpIIACT IOJIOKHUTENBbHYIO pabory,
TO KHUHETHYECKas SHEPTHUs Tejla BO3pacTaeT, U 00paTHO.

IHoreHunaabHas IHEPrus

[MotennmnansHas sueprus (Ey,;) — SHEPTUs B3aMMOICHCTBUSI TSI HIIH YacTel Tea.

HyneBoii ypoBeHb NOTEHIIMATBHOM SHEPIUU — COCTOSIHUE CUCTEMBI, B KOTOpoM £y, = 0.

HyneBoit ypoBeHb TOTCHIHMAIBHOW SHEPruM B3aumonaeucTBusi Tena ¢ 3emnén (HYIID3) —

TOPU30HTAIIBHAS IUIOCKOCTh, HA KOTOPOW MpUHUMaeTcs E, cucteMbl Teno—3emiis paBHON HYJIIO.
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ITycTh T€I0 Macchl M IO AEHCTBUEM CHIIBI TSIKECTH Fiy,e TIEPEMECTHIIOCH C BBICOTHI Ny 10 BBICOTHI hy Ge3
U3MEHEHHUsI CKopocTH. PabGora cmibl TskecTH A= FrayS =mg(hy —hy) =mgh —mgh, = —(mgh, —mgh,) =

=—(En2 —Eqy) I/IJ'II/I.

[ToreHmanpHass 3HeEprus B3aUMOJCUCTBUS E,=mgh| Tema ¢ 3emieit (E;) — mpousBencHHE CHITBI

TSOKECTH Tella Ha BBICOTY h mososkeHus LIEHTpa Macc Tesna oTHocuTensHo HYTIO3.
[ToTeHnmManpHOIM YHEPTUEH B3aUMOICHCTBUS YacTel Tella 001a1aloT ynpyro 1eGopMUpoOBaHHBIC TENIa
[loTrenuuanpHass 2HEpPrus  yOpyro kx| nmebopmupoBannoro Tema (E,) —  mosnoBuHa
npousBeicHus kécTkoctu K Tena Ha E, = "o | kBaapar ero abCoOTHON AedopMalyy X.

3aKoHBI COXpaHEHHsI B MEXaHHKe

DHeprus UHTEpecyeT YeI0BEUYeCTBO Ha BCEM MyTH ero pa3Butus. Bexamu moau
IIBITAJIUCH nzobpectu MalIuHy («6eynvlti  0gucamensv), MO3BOJIIOLLYIO
MOJIy4aTh YHEPTHIO U3 «HUOTKYIa».

3aKOH COXpaHEHHs W TpeBpalieHus: dHepruu (1.3.2) 3ampeniaeT CyleCTBOBAaHUE BEUHOIO JIBUTATEs,
OJITHAKO BpPeMsI OT BPEMEHU MOSIBISIFOTCS JIIOIU, OOBABIIAIONINE O CO3JaHIUH OYEPEIHON €ero MOJIEIH.
3aKOH cOXpaHeHHsI MeXaHMYeCKOH IHepruu

BHemrnue cuiel — CUITbl, JEMCTBYIOIIUE CO CTOPOHBI TEJI, HE BXOJALIUX B JAHHYIO CUCTEMY.

3aMKHYyTas MEXaHUYeCKas CUCTEMa TeJl — CUCTEMA, Ha KaXJ0€ U3 TeJl KOTOPON He JeHCTBYIOT BHEILIHUE

CHJIBI MJIN paBHOHeﬁCTBYIOHIaH BCCX BHCIIHUX CUJI paBHA HYIIIO, T.C. Z Fisnew =0 .
PaCCMOTpI/IM 3aMKHYTYIO MCXAaHUYCCKYHO CUCTEMY TCJI, 3HAUCHUA NOTEHIMATLHOU OHCPI'un KOTOpOfI B

HAYaJIbHOM M KOHEYHOM COCTOSIHUSAX PaBHBI Ey M Eyp, KHHETHYECKOM: By U B B + Eni = Eg + Enp |,
[TonHas MexaHWUYECKast SHEPTUsl CUCTEMBI — CyMMa KMHETHYECKOW U MOTECHIIMATIBHON SHEPTHU TEJ ITOH
CUCTEMBI.

3aKOH COXpaHEHUS MEXaHMYECKON JHEPIUM: IIOJIHAS MEXaHUYyeCcKas DJHEprusd

3aMKHYTOM MEXaHUYECKOM CUCTEMBI | (E +E ), = const T€I, B KOTOPOM JEHUCTBYIOT TOJBKO CHIIBI
. + — o

TOKECTH M YHOPYTrocTH, oCTagres &t i HEU3MEHHOM.

OtnensHO OT Tejla OTCYETa HHU OTHO TEJI0 HE 00JIa/laeT MEXaHUYECKOM YHEpTUeH.
3aKOH COXpaHEHUsl UMITYJIbCa
[Iyctp nBa Tema Macc Mp u My

" COCTaBJIAIOT 3aMKHYTYIO MCXAaHUYCCKYIO CHUCTEMY,

_ —

JBUXKYTCSL HaBCTpedy APYr IpYry U Z p, =CONnst| B3aMMOAECHCTBYIOT C CHIIaMH 7 U F .
i=1

I[To Tperremy 3akoHy HrsroToHa |pl+p2= p+py) FAi=-F>. Jlo B3auMonelCTBUS HMITyIbCHl Tel

OBLIN Py ubp,, ocJIe B3auMOIeHCcTBUSA P1 1 P> .

T.€. BEKTOPHBIE CYMMBI UMITYJICOB TEJI 10 U MOCIIE B3aUMOJIECUCTBUS OJJUHAKOBBI.

OyHAAMEHTAIBHBIN 3aKOH COXPAHEHHS] MMITYJIbCA: TEOMETPUYECKAS] CyMMa MMITYJIbCOB T€Jl 3aMKHYTOM
MEXaHUYECKOH CUCTEMBI OCTAETCSI HEM3MEHHOMM.

3aKOH COXpaHEHUs NMITyJIbca npuMeHuM ToJibko B MCO.

Anzopumm pewienus 3a0au
Cnemnaiite 4epTEx I KaX0T0 Tea, TOKAKUTE BEKTOPbI UMITYJIbCOB;
PaccmoTtpuTe XapakTep ABMKEHMSI TE€1 U YCTAaHOBUTE, SIBJIIETCS JIM JaHHAs CUCTEMA 3aMKHYTOM;
3anuiuTe 3aKOH COXPaHEHUS UMITYJIbCA B MMPOEKIIUAX HA OCH;
3anummre Npu HeOOXOUMOCTH JOMOIHUTENbHbIE (POPMYJIIbl U3 KWHEMATUKU U TUHAMUKHY;
Pemnre cucreMy ypaBHEHMI, IpOAHAIIU3UPYHUTE OTBET.

2. IIpumepsl pemieHus 3a1a4

1. Monekyna maccoit m = 3+ 10—23 r, nojereBmas K CTEHKE cocyJa noJ yrioM o = 60°, ynpyro
yaapsieTcsi o0 Hee co cKopocThio U = 500 m/c u oTieraer. Onpenenute UMIyIbC CHIbl F- At, momy4deHHbII
CTEHKOM.
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Jlano: Pewenue:

m=3 10726 gr W3meHeHne MMnynbca MOJEKY/Ibl PaBHO

a = 60° :% umnynbscy cuibl: Ap = FAt
0 = 500 M/c _ Ilycers 0Ch OX HarpaseHa
FAE -9 ' mepneHauMKyaspHO CTEHKe,  TOraa

M3MEHEHME MMIYJIbCa MONeKyasl Ap
Apy = mv, — ( - mv,) = 2muv,, rae v,
VCOS @, 0TKyAa Ap =2mucos a.
[loacrasus opmyny B ypaBuenue, nonyuum FAt = 2mucos a.
Brruncnenus:
FAt =23 10726 kr- 500§ : cos§ =1,5-10"23(kr-m)/c
Omesem: 1,5« 10 kr m/c.

Puc. 3.2

2. JIBa TOBapHBIX BaroHa JBUXKYTCS HaBCTpeuy APYT Ipyry co ckopoctsimu vl = 0,4 m/c m v2 = 0,1
M/c. Macchl BArOHOB COOTBETCTBEHHO paBHBI m1 =12 1, m2 = 48 1. Onpenenure, ¢ KaKOW CKOPOCTHIO V U
B KAKOM HaIlpaBJICHUU OYyAYT ABUTaTHCS BaroHBI MOCJIE CTOJKHOBEHHUS. Y 1ap CUUTATh HEYIPYTUM.

Hano: Pewenue:

v =04 m/c Wcnonb3yem 3akoH COXpaHEHMS MPOCKLMHM MMITYJIbCa HA OCh
v, =0,1 /e OX, mnonoxwurensHoe Hanpasnenue ocn OX coBnagaer c
my =12:103 kr HAMPaBICHUEM JBHIKCHHUS NEPBOTO BArOHa:

m, = 48-10° kr myvy - myvy = (my +my)v. Otkyna v = %

v-?

" e 12:10° k0,4 M/c— 48103 kr0,1M/c _ . -
Beruucnenus: v = = 0. Ananmu3; v = (), ciaea0BaTeNbHO, MOCHIE
12-103 kr + 48-103 kr

CTOJIKHOBEHHS BarOHbI OCTAHOBATCH.
Omeem: v =10

3. JlBa Heympyrux Tejla, MacChl KOTOPbIX 2 U 6 KI, ABHXKYTCS Ha BCTpeuy IpYyr K JIpyry co
cKopocTsMH 2 M/c kKaxjoe. OnpenenuTs MOAYNIb U HAIPaBICHUE CKOPOCTH KAXAO0T0 U3 ITHX TN Mocie
ynapa. CaenaTb pUCyHOK CaMOCTOSITENIBHO.

Jaro: myU; + myt, = (my + my) U. B npoexkuusx Ha OChb:

OX: mquq - myvy =- (Mg + my)v
_mvug - 77121!2.

iy =i (my +mz)’
my = 6 Kr B2 .
2kr2M/c— 6kr2Mm/c 2
U, = vy =2 M/c Beiuucngem: v = / - o2 M/c = 0,25 m/c.
et — (2Kr+6kKr) 8

IOmeem: 0,25 m/c.

3. CamocroniTesbHasi pa6oTa

Bapmuanr 1

1. ABTomMoOMITE Maccoi 1 T. ABMIKETCS CO CKOPOCThIO 72 kM/4. Omnpenenure, yepe3 Kakoe BpeMs OH
OCTAHOBHTCSI, €CJIM BBIKIIIOUUTD JIBUTaTENb. CpeaHss cuiia conpotuBieHus npmxennto 200 H.

2. Msa maccoit 200 1. mamaer Ha TOPU3OHTAIBHYIO IUIOMIAAKY. B MOMEHT ynapa CKOpOCTh Msiya
paBHa 5 M/c. OmnpenenuTe U3MEHEHUE UMITYJIbCa ITPH a0COIIOTHO YIIPYTOM yJape.

3. IBa miapa maccamu 2 U 8 KI' JABHXKYTCSl HaBCTpeuy IpYr Apyry co ckopoctsimu 10 m 2 m/c
coOTBETCTBEHHO. C Kakoi CKOPOCTbIO OHHM OYyIYT MpPOAOIDKATh JABMXKEHHE NMPH aOCOIIOTHO HEYHPYrom
ynape?

4. Tenexxka maccoii 80 Kr IBUKETCS CO CKOPOCThIO 4 M/c. Ha He¢ BepTHKAIbHO MaiaeT TPy3 Maccoi
20 xr. OnpenenuTe CKOpOCTh, ¢ KOTOPOM CTAHET IBUTaThCA TEJICKKA.
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5. Cuapsin maccoit 50 Kr, JeTALIHMA BAOJIb PEbCOB CO cKOpocThio 600 M/c, momagaer B miaTgopmy
¢ meckoM Maccoi 10 T u 3acTpeBaer B necke. CKOpPOCTh CHapsia B MOMEHT MaJeHus oOpasyeT yroi 45° ¢
rOpU30HTOM. UeMy paBHa CKOPOCTH IIaT(HOPMBI ITOCIIE MOMAJaHus CHAPsIIA, €CIH TIaTopMa ABHKETCS
HaBCTpEYy CHapsIy co CKopocThio 10 m/c?

6. Jlogka CTOMT HEMOJBUXKHO B CTOsued Boje. UelnoBeK, HAXOIAIIUNCA B JIOJIKE, IEPEXOAUT C €¢
HOca Ha KopMmy. Ha kakoe paccTtosiHue mepeMecTUTCs JIoJKa, eciu Macca 4yeloBeka 60 Kr, Macca JOJIKU
120 kr, aynHa oaxu 3 M? ConpoTUBIIEHUE BOJIbI HE YUUTHIBATD.

Bapuanr 2

1. JIBurasch u3 COCTOSIHHS TTOKOS TTO TOPU30HTAIBHOMY ITyTH, aBTOMOOMIIL Maccol 1,5 T yepe3 20 ¢
nocje Hayana JBWXKEHHs nocturaetr ckopoctu 30 wm/c. IlpeneOperass cOmpOTHBICHHEM JBH)XKEHUIO,
OTIpECTTUTE CUITY TATH JIBUTATEIs.

2. Tenexxka maccoit 100 r, nBHXKyIIascs cO CKOPOCThIO 3 M/c, ynapsiercss o creHky. Omnpenenure
M3MEHEHUE UMITYJIbCa TEJIEKKHU, €CIIU MOCJIe CTOJKHOBEHHUS OHA CTajia JABUTaThCS B MPOTHUBOMOJIOKHYIO
CTOPOHY CO CKOPOCTBIO 2 M/C .

3. Baron maccoii 10 T ABHXKETCS CO CKOPOCTHIO 1 M/C M CTaIKHUBAETCS C HETOABMXKHOM TIIIaT(H) OPMOMA
Maccoi 5 T. YeMy paBHa CKOPOCTb UX COBMECTHOT'O JIBUJKEHUS IIOCIIE TOT0, Kak cpaboTaeT aBToclLenkKa?

4. KakoBa CKOpPOCTh OTJa4d BUHTOBKHU, HEMOJBMKHON MPHU BBICTpEIIE, €ClIM Macca BUHTOBKU 4 KT,
Macca myn 8 T, ckopocTtb myim 600 m/c?

5. Ha HenmoaBM>XHOM >KeNe3HOJOPOKHOM MIargopMe yCTaHOBIEHO opyaue. Macca miaaTgopMsl C
opyauem 15 1. Opyaue ctpenser mox yriom 60° k ropuzoHTty. C Kakoil CKOPOCTBIO MOKATHTCS
maTdopma, eciau Macca cHapsaa 20 KT ¥ OH BBUIETaeT O CKOpocThio 600 m/c?

6. I[Ipu B3pbIBE KaMEHb pa3pbIBAETCs HAa TPU YacTU. [[Ba OCKOJIKA JIETAT MOJ MPSIMBIM YIJIOM APYT K
apyry: maccod ml = 1 kr co ckopocThio 12 M/c 1 Maccoit m2 = 2 Kr co CKopocThio 8 mM/c. TpeTuii Kycok
otieTaer co ckopocThio 40 M/c. KakoBa Macca TpeThero OCKOJIKa U B KAKOM HalpaBICHUU OH JIETUT?

dopma npeacraBjieHus pe3yJjbTara:

BeImoHATE 3aaHue B TETpaau s MPAKTHYECKUX padoT.

Kputepun onenkn:
3a npaBUJILHO BBINOJIHEHHOE 331aHHUE BBICTABIISIETCS MOJIOKUTENbHASI OL[eHKa — 1 Oau.
3a HeMpaBUWIIbHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BBICTABIIETCS OTpHUIlaTeIbHas olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBHUIBHBIX OTBETOB
Oyenka «xopouto» evicmasnaemcs 3a 80 — 89% npaBUIIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% npaBUIBLHBIX OTBETOB
Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB

Tema 2.3 3aKkoHBI COXpaHEHHS B MEXaHHKE

IIpakTuyeckoe 3ansitue NeS
Pemienue 3agau Ha ¢gopMyJibl padoThl cuil. Pa6oTa 1 MOIHOCTBL. DHeprus U ee BUAbL. 3aKOH
COXpPaHEHMS JHePruu

Iesb: 3aKpenuTh YMEHUS M HABBIKM PELICHHS 33734 Ha (GOpMyIbl pabOThl, MOIIHOCTH, 3aKOHBI
COXpaHEHHUS

BoinosiHenue pa6orsl cnocodcTByeT (opmupoBanuro: [1P62 OVIL.06, T1P69 OVII.06,

I1P61 _OVIIL.06, [TP61_OVYII.06, [TP65 OVIIL.06, [TP68 OVYII.06

MarepuajibHoe of0ecreyeHHe: TeTpagb I MPAKTHYECKHX paldoT, pydka, METOIUYECKHe
PEKOMEH/1alliu 10 BHITIOJIHEHHIO padoThl, TMHEHKa, KapaHJalll.

Ykazanue:

[TpakTnueckass paboTa COCTOMT M3 JIByX YacTel — TeopeTHueckod u mnpaktuyeckoil. I[locne
U3Y4YEHHs] TEOPETUYECKOr0 MaTepuajga MOXXHO IPUCTYNATh K BBIIOJHEHUIO NPaKTHUecKOoN udacTh. OHa
COCTOUT M3 JABYX U Oosee 3ajad A CaMOCTOSTENIBHOrO BbINOJMHEHMsA. He 3a0biBaliTe 0 mpaBUIBHOM
oopmienun perrenus. Ha BeIoTHEHNE TPAKTUYECKOH OTBOJUTCA JBa aKaJeMUYECKHX Yaca.
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IMopsinok BbINOJIHEHUs PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pemicHHs 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrostenpHyto padory. Odopmure pelieHne MICbMEHHO B TETPAIH.

1. Kpamkue meopemuueckue ceedenusn:

PaGora 1 MOIIHOCTH. DHEPrus, ee BU/bI.
3aKoH coXpaHeHHUsI JHePIruu

Omnepeus — camasi BaKHas COXPAHSIOLIASCS BEJMYMHA HE TOJILKO B MEXaHHKE, HO U B (pusmke
BOOOIIE. DHEPrusi TECHO CBs3aHa ¢ paboToil. Bce Mbl, Kak M mo0Oble ABUraTeny, CoBepliaecM padoTy,
MPUBOJIUM B JABMXKECHUS TeJla, OJACPKUBAEM 3TO JIBHXKEHUE HIH JK€ MPEKPAIAEM €ro.

JelicTBug cuil Ha Tena, NPUBOIAIIME K M3MEHEHUIO MOAYJS HMX CKOPOCTEHN, XapaKTEpU3YHOTCS
BEJIMYMHOM, 3aBUCAIIECH KaK OT CHJI, TaK U OT MEePEMEILIEHUH Tel, Ha KOTOPbIE 3TH CUJIBI JEHCTBYIOT. DTy
BEJIMUUHY HA3b18aI0OM paOOMOI.

Pabora — ckansipHasi BeJIM4KHA, paBHAs MPOU3BEICHUIO MOJYJICH CHIIbI M TIEpEMEICHHs Tella Ha COS

yria MCXKIy HUMU.
2]

PaGoTa mocTostHHO#M chitbl £ :

B

A=F-§=F §-cosa Jx

rae S — nepemMenieHue Tena,
0 — YroJl MEXKJY HalpaBICHUEM JIEHUCTBUS CHJIBI M HaIPaBJICHUEM
nepeMenIeHusl.

Puc.1

Ecnu BenmuumHa cuiibl, AEHCTBYIONIEH HA TEJO, 3aBUCUT OT KOOPJMHATHI X, TO pabdoTa 3TOW CHIIBI
YHCJIEHHO paBHa IUI0IIAH 11oj rpadukoM GyHkuuu F(X).

Enunauter paboTsr: A =1H - 1M = JIx = [I)x0ynb.

Lorcoyny — pabora, copepiiaemas cuioil 1 H Ha mepememienue 1 M, eciu HampaBieHHE CHUIIBI U
nepeMeleHNe COBIaatoT.

1. PaGoTa cuiibl TXKeCTH.

PaGoTa cHIBI TSXKECTH HE 3aBHCHT OT TPACKTOPUU ABHUXKXCHUSA TCJIa U BCEraa

= I paBHA U3MEHEHUIO MOTEHUMAIBHOW 3HEPIUH TENA, B3SITOMY C IPOTHUBOIIOIOKHBIM
Q =mg 3HAKOM.

A=08=mg(h1-hz)=-(mgh - mgh)=-(11>-I1y)
A :-(Hz-Hl)

Ecnu cuna TskecTd coBepIIaeT OTPULATENbHYIO paboTy, To E, —
yBennuuBaetcs. IIpu coBeplieHnn Moy1oKuTeNnbHON padboThl — E, yMeHbInaercs.
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2. PaboTa cuiibl ynpyrocTu.
A=FS,

F,=kn"2

rae 4 — cpenHee 3HAYCHHE CHJIbI YIIPYTOCTH MPH M3MEHEHHUH JUTMHBI IPYKHHBI OT X1
HO X2,

S =X; - Xy — CMEILEHUE.

PabGorta cuibl ynpyroctd paBHa H3MEHEHHUIO IMOTEHLUAIBHON 3HEPruu, B3SITOMY C OOpaTHBIM
3HAKOM:

- 22 foa ER
A=k 3 0 (o pliT®) "‘}__|"'i_"i (T~ 1T
2 - 2 2 2 ) R

Mowmnocmo

Mownocms — ckansipHas ¢uU3MUecKas BEIMYHMHA, XapaKTEePU3YIOIIas OBICTPOTY COBEPIICHUS
paboThl, KOTOpast YMCICHHO paBHa paboTe, COBEPIIAEMOi 3a €AMHUILY BPEMEHHU:
.4 _rF.5 1@
N = = =F-u
! ¢ , [Ix/c = Bt — Barr],

rae A — pabora, [1x]
t —Bpems, [c]

Onepeus
Ecnu Teno unm cuctema Teln MOTYT COBEpIIaTh paboTy, TO TOBOPST, YTO OHU 00JIaIal0T YHEPTUEH.
OHeprusi B MEXaHUKe — BEJIMYHMHA, OIpeJiesiseMasi COCTOSHUEM CHUCTEMbI — MOJIOKEHUEM Tel U UX
CKOpOCTSIMH; U3MEHEHHE SHEPIHHU NPH MEePeX0/1€ CUCTEMbI U3 OJIHOTO COCTOSHUS B JPYyroe paBHO padboTe
BHEIIHUX CHIL
1. Kunemuuecxas (Kinema — ABW)XEHHE) — DHEPrHs MEXaHHMYECKOTO JIBH)KCHHUS CHUCTEMBI Tel,
YHCJIEHHO pPaBHA MOJIOBHHE MPOU3BEICHHS MacChl Tela Ha KBaJpaT €ro CKOPOCTH.

2
muw

-2 , JIK.

Teopema. PabGoTa paBHOACHUCTBYIOIIMX CHJ, TPHIOKEHHBIX K HEMY, paBHAa HW3MEHEHHIO
KUHETUYECKON SHEPIrUu Tena.
_ .I'.‘i'?!.": _ .'.'JIJl'-L
2 2
= A = A Ex (paboTa — u3MeHEHHUE SHEPTHH)
A=FEx, - Exi1 =A Ex

2. [Tomenyuanvnas (potentia — BO3SMOKHOCTD) — SHEPTUS B3aUMHOTO PACIIONIOKEHUS T HIIH YacTei
OJTHOTO W TOTO € Tela, YUCICHHO paBHA MPOM3BEIEHHIO MacChl m Tejla Ha YCKOPEHHE CBOOOJHOTO
najJeHust g ¥ BHICOTY h Ha/l MOBEPXHOCTHIO 3€MITH.

E,=mgh, [[lnc]

= -(mghz - mghy)
>4=-AE,
A= -(Epg -Ep1) = -AEP

23



Ilomenyuanvnas snepeusi — dHEprus, OOYCIOBJIICHHAs B3aMMOJCHCTBHEM Ppa3IUYHBIX TET WU
gacTel OJHOro M Toro ke Tena. OHa 3aBUCHT OT B3aMMHOI'O PACIOJIOKEHHUS TEJ WM BEJIMYUHBI YIIPYTOn
nedopmaluu Tena.

ITorennuanrHas IlorennuanrHas ITorennuanpHas
SHEprus TeJa | SHEPrust CXKaTOM | PHEPTUsi
MOJHSATOTO Ha | WM paCTSHYTOW | IPABUTALIMOHHOTO
BBICOTY, HAaMHOTI'O | PYKUHBI B3aNMOJICHCTBHA
MEHBLIYIO MAaTEpUAIbHBIX TOYEK
paauyca 3emian U OJTHOPOJIHBIX
. 1apoB
E,=mgh g k™
g 2
m @
‘ . Mm
E,F =— R
h ,/ \W
/ I
r“‘x—"t

S Hynesoi YPOBEHb
cooTBeTcTBYeT R —
o0

E, =0

Hynesoit ypoBeHb
Hynegoii ypoBeHb COOTBETCTBYET X =
cooTBEeTCTBYeT h 0

=0 (renedopmupoBaH

Hasi IpY>KUHA)

3axon coxpanenusi SHepeUuU 8 Mexanuxe

B 3amMkHyTOM cHucTeMe Ten MOJIOKHUTENbHAsT paboTa BHYTPEHHUX CHUJI YBEIHMYMBACT KUHETUUECKYIO
SHEPTUI0 W yMEHBIIAeT MOTeHIHaNbHyI. OTpunarenpHas padoTa yBEIMYMBAET MOTEHIUATBHYIO U
YMEHBIIIAeT KUHETUYECKYI0 sSHepruto. MMeHHO Onaromaps STOMY BBIMOJHSETCS 3aKOH COXpPaHEHUs
SHEPTUH.

E = E, + E,—1onHasg MEXaHU4YeCKasi SJHEPTUS CUCTEMBI, BEJIMYMHA, paBHAsA CyMMe KUHETHYECKON U
MTOTEHIIMATIBHON SHEPTUI CUCTEMBI.

3axon coxpaneHnus NOIHOU MEXAHUYECKOU IHEPSUU
B 3aMKHYTO# cucTeMe MEXaHHYeCKas SHEPTUsi COXPaHSETCS.

E=E, +E, =const
Epl + E :Epg + Eo

Illpumeuanue: Ecnm B 3aMKHYTOM CHCTEME €CTh CHJIbI TPEHUS, TO MEXaHUYECKas DHEPrusi He
COXpaHsieTcs, T.K. 4acTh €€ MePEeX0/IUT BO BHYTPEHHIOKO.
3axon coxpanenus snepeuu
DOHeprusi He CO3/aeTcs M HE HMCYe3aeT, a JUIIb NepelaeTcs OT OJHOrO Telna K JAPYyroMy WiIu
MpeBpaIniaeTcs u3 0AHON (OPMBI B IPYTYIO B PABHBIX KOJUYECTBAX.
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2. lIpakTnyeckas padora
Anzopumm pewienus 3aoau
Crenaiite 4epTex.
Bribepure HyneBoii yposens E, (E,; = 0).
VYcraHoBUTE HaYaIbHOE U KOHEUYHOE TOJIOKEHHUE Tella (CUCTEMBI Tell).
Onpenenure NOJHYIO MEXaHUYECKYIO SHEPTHUIO Tell (CUCTEMBI Tel) B HaYaJIbHOWU U
KOHEYHOM TOYKax.
5. 3anuinuTe 3aKOH COXPAaHEHHS SHEPTUH.

a) s 3aMKHYTBIX cucteM: By = Ep min Ey + E,; = Eo + Ep),

0) mpu nepexo/ie CUCTEMbI U3 HAYAIBHOTO MOJIOKEHHs] B KOHEUHOE, PU JCHCTBUY BHEIIHUX CHIL: A
= E2 - Ej_
Pemmte cucremy ypaBHEHUH.
3. lIpumepsl penieHus 32124

1. ABTOMOOMJIb Maccoit 2 T HAYMHAET PA3TOHITHCA U3 COCTOSIHUS MOKOS [0 TOPU30HTAIBHOMY ITYTH
MOJI ACUCTBUEM IMOCTOSIHHOM cuiibl. B Teyenne 10 ¢ o mpuoOperaer ckopocth 43,2 kM/4. OnpenenuTsb
BEJIMYMHY UMITYJIbCA U BEJIMUUHY JEHCTBYIOIIEH CUIIBI.

NS

Jano: CH: Pemenue:

m=2Tt 2 - 10% kr 1. Onpenenum BETMYUHY UMITYJIbCA!

v =0 Peme ,U — COBIIAJIAET C OCBIO X,

t=10c B CKaJIsIpHOH (hopMe ypaBHEHUE MPUMET BU:
v=43,2 xM/4 12 m/c p=mv=2-10%-12 = 24.10°, P [kr-m/c]

p—7? 2. YuuteiBas BTOpoi 3akoH HeroToHa: Ft = mv — mug
F-7, TXK.vg =0 Ft=mv — F=mvu/t

a, L]
ez '.ﬂ 12 g it
14

OrBer: 2,4 - 10* kr - m/c ; 2,4 kH.

. 4

3. Bo Bpemsi MaHEBPOB Ha KEJIE3HOAOPOKHOU CTAHIIMH ABe MaaTdopmbl Maccamu my = 2,4 - 10 kr

nmy=1,6 - 10* kr Burammce HABCTpEUy JIPYT APYTY CO CKOPOCTSIMH, MOJTYIU KOTOPHIX paBHBI V1= 0,5
M/c 1 vz = 1 M/c. Haliure ckopocTh X COBMECTHOTO JBMIKEHUS MOCJE TOT0, KaKk CpabOTaeT aBTOCIIENKA.

[aHo: Pemenue:

my=2,4-10* kr : :
my=1,6 - 10* kr == e
vy = 0,5 m/c

vy, = IM/c

Vo6 = ?

N300pa3um cxeMaTHyHO JAECHCTBYIOLINE CHUIIBI Ha JABWXKYIIHMecs miatdopmsel. B mpoekuuu Ha och X:
wl ol .

] i} ] =]
Ny mymy N e E CHITBI B3AaMMHO YPaBHOBEIIICHBI.

MoxHo MNPUMCHUTH 3aKOH COXPAHCHUA UMITYJIbCA:

P e, = (e
H

T7I€ Vo — CKOPOCTH TUIAT(HOPMBI TTOCTIE CIICTIKHU.
B mpoekiusax Ha och X: My Vix + M2 Vo = (M1 + M3) Voox
T.K. Vix="V1, Vox = - V2, TO Vosx = -0,1 M/C

3Hak (-) MOKa3bIBAET, UTO CKOPOCTh VOO HaNpaBJIeHa MPOTUBOMNOJIOKHO ocH X (CIpaBa — HAJIEBO).

4. Kakyio CKOpPOCTh OTHOCHTEIBHO PAKETHHUIIBI MpuoOperaer pakera maccod 600 T, ecnm rasbl
Maccoii 15 r BeuteTaroT u3 Hee co ckopocthio 800 m/c?
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JlaHo: CU:  Pemenue:
m;=600r 0,6 kr CoriiacHoO 3aKOHY COXPaHEHHS UMITYJIbCA:

m,=15t 15 - 10%kr U, + my, —Hil,i_l-i: +J'.F?31:-i:i (= wu +m,
Lo, 15107800 .
b =-—t= : =-20=
Uz = 800 m\c 06 ‘
v1=v2 =0 3HaK (-) MOKa3bIBAET, YTO T'a3bl IBUXKYTCS B CTOPOHY,
th —? MPOTUBOIIOI0KHYIO HAIIPABJIICHUIO PAKETHULIBL.

Ortser: - 20 M/c.

5. Baronerky maccoii 2 T 10 TOPH30HTaJILHOMY ITYTH PaBHOMEPHO mepememniaer padouunii. Kakyro
paboty oH coBepmuT Ha myTd 100 M ¥ Kakyio pabOTy cOBepIIaeT cuja TPEHUs, eclu KOIPPHUIHUCHT
Tpenus pasen 0,017
HaHo: Pucynoxk:
m=2T
S=100m
n=0,01
g=19,8 m\c?
a=0

l‘
l

A-7?
Atp-?
Pemenne .
Ha BaroHeTKy ACHCTBYIOT 4 CHIIBL: CHJIA TSDKECTH — mi | CHIIa PeaKIuK OHopsI —
cnna Ay i — , cuna TpeHus — . ITo BTOpOMY 3aKkoHy HptoTona X F=0
g mi s Bog ¥ =
B npoekuun Ha ocu: OX: F,—F, =0; F, =F;, OY:N-mg=0; N=mg
A=F-Scosa, 2a=0, cosa =1,cim-v0, A=F - S, F=F,=F,=puN=pmg
Pabora cuiibl TpeHus HampaBieHa MPOTUB PabOThI CUIa TATH — A = -ATp .
Ap=-19,6 - 10° Ik
Otser: A =19,6 x/Ix; ATp =- 19,6 k/[x.
CamocrosiTesibHast padoTa
1. ABTroMOoOuWIBL Maccoil 2 T IBUIKETCS cO CKOpOCThIO 36 kMm/4. Kakoe Bpems TpedyeTcs 10 MOTHON
OCTaHOBKH aBTOMOOWJISI IPU BBIKJIIFOUEHHOM JIBUTaTelle, €CIH CHIa TPEHHS KOJIEC O I0pOry paBHa
5880 H?
2. Tenexka mMaccoit 150 Kr ABMKETCS TIO TOPU3OHTAIBHON JIOpOre co CKOpocThio 1 m/c. HaBcTpeuy
eil OexxuT yenoBek Maccor 75 kr. YenoBek mphiraeT Ha Tenexky. [lociie 3Toro Tenexka BMECTE C
YeJIOBEKOM ocTaHaBimBaeTcs. C Kakoi CKOPOCTHIO O€Kall 4eToBeK?
3. Ilpu BepTHUKambHOM MOJBEME Teda Maccoi 2 Kr Ha BeicoTy 10 M coBepmieHa padora 240 Ix. C
KaKUM YCKOpPEHHEM MOJIHUMAIH rpy3?
4. Teno, maccoit 20 Kr MOAHMMAIOT BepTHKaTbHO BBepx ¢ cuioi 400 H, HampaieHHOH ™o
neuxkenuto. Kakas padora coepuiaercs Ha mytu 10 m?
5. Byner nu BennurHa MONE3HON MEXaHMYECKON paOOThI OTJIMYHA OT HYJIS, €CIU MObEMHBIN KpaH:
® 1) mogHUMAET ¢ 3eMJIU TPY3,
e 2) Oyner aepxaTh €ro HEKOTOpOoe BpeMs Ha BECy B MOKOE,
e 3) MOJHUMET IPY3 C 3eMJIU U Cpa3y OMYCTUT €ro Ha 3eMIIio.
6. Teno maccoit 20 kr cBoOOHO MasiaeT B TeueHue 6 c¢. Haiinute paboTy CHIIBI TSXKECTH.
7. Kakyro pa®oTy MOXXET COBEpPLINTH A0 OCTaHOBKM Teiao Maccoi 1000 xr, nBuxKymieecss co
CKOpOCTBIO 36 KkM/4 ?
8. Haiitu paboTy, KOTOpPYIO HaJ0 COBEPIIUTH, YTOOBI CKATh MPYKHHY, KECTKOCTh KOTOpou 29,4
H/cm, ma 20 cm.
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9. PesunoBblil mHYp mumHON | M mox neiictBueM rpysa 10 H ynnununcs va 10 cm. Haiiaure paboty
CHJIBI YIIPYTOCTH.

10. Ha xakyro BBICOTY 32 MHHYTY MOeT mojaHsATh 400 M* BOJBI HAcOC, pa3BHBAIOIINI MOIIHOCTh
210° xBr?

11. Ompenenute MOIIHOCTH TEIUIOBO3a, 3HAs, YTO MPHU CKOPOCTH IBIKEHUS 43,2 KM/4 cuja TITU
pasHa 105 kH.

12. Tloe3n maccoii 1200 T ABMXKETCS MO TOPU3OHTAIILHOMY ITYTH C TIOCTOSTHHOW CKOPOCTHIO 54 KM/4.
Omnpenenure KO3PGUIUEHT COMPOTUBICHUS IBUXKCHHUIO, €CIIM TEIUIOBO3 PAa3BUBAET IOJIE3HYIO
MoIHocTh N= 882 - 10° Br.

13. Umnynsc Tena paBeH 8 Kr M/c, a KuHeTndeckas 3Heprusa 16 k. Onpenenure Maccy ¥ CKOPOCTh
Tena.

14. Canu maccoii 60 Kr, CKATHBIIMCH C TOPBI, TPOEXaAJIH 0 TOPU3OHTAIBHOMY Y4acTKy aopord 20 m.
Haiinure paboty cuisl Tpenus, ecnu L= 0,02.

15. TlogbeMHBII KpaH C ABUTATEIEM MOIIHOCTHIO 8 KBT MogHMMAET Tpy3 € MOCTOSSHHON CKOPOCTHIO 6
m/mMuH. KakoBa macca rpysa?

16. Kakas pabora coBepiiaeTcsi Ha THAPOCTAHLMU B TEUYEHHE TOJa, €CIU CpPEAHSS MOIIHOCTH
resepaTtopa pasHa 2,5 MBT?

17. Yenoek maccoit 70 Kr crmyckaercs M0 JiecTHUIE AnuHoi 20 M, pacrnonoxeHHon noa yriaom 30° k
ropu3oHTty. Haiiiute paboTy CHiIbl TSKECTH.

18. Boruncnute paboTy CUIIBI YOPYTOCTH MPU U3MEHEHUU JAeopMaliu MpyKUHBI KeCTKOCThIo 200
H/Morx:s =2cM 10Xy =6 cM.

@dopma npeacTaBJieHus pe3yabTarTa:
BrinonHuTh 3a7anue B TETpaau sl MPAKTHYECKUX padoT.
Kpurepun oneHku:
3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BBICTABIISIETCS TIOJOKHUTEIbHAS OLleHKa — | Oasu.
3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeIbHas olieHka — () 0aoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% nmpaBUIBHBIX OTBETOB
Oyenka «xopoutoy evicmagnsemcs 3a 80 — 89% npaBUIbHBIX OTBETOB
Oyenka «yooenemeopumensHoy svicmasisiemcs 3a 60 — 79% mpaBUIBLHBIX OTBETOB
Oyenra «Heyoosiemeopumenbvhoy svicmasgisiemcs 3a Menee 60% nmpaBUITBLHBIX OTBETOB

Tema 3.1 OcHOBBI MOJICKYJISIPHO-KHHETHYECKOM TEOPUH

IIpakTnueckoe 3ansaTne Ne6
Pemenue 3apa4 no reme «OcuoBsl MKT. YpaBHeHne cocTOSIHUSI HI€AJBLHOTO ra3a

Leab: 3aKpenuTh yMEHUS U HAaBBIKU BBIYMCIIEHUS TAPAaMETPOB COCTOSIHUS ra3a, UCIIONb3Ysl Ta30BbIE
3aKOHBI U ypaBHeHUE MenneneeBa - KnaiinepoHa.

BoinoiHenue padorbl  cnocodcTByeT ¢opmupoBanmio:  I[1P62 OVIL.06, ITP66 OVII.O6,
I[1P67_OVII.06

MarepuanbHoe o0ecriedeHue: TeTpaab s MPAKTUYECKUX padoT, pydyka, METOAMYECKUE
PEKOMEH/Ialli! 10 BBHIIOJHEHHUIO pabOoThI, TMHEIKA, KapaH/JaIll.

Yka3anmue: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUECKON M MPAKTUYECKOM.
[Tocne u3yueHus: TEOPETUUECKOTO MaTepHralia MOKHO NMPUCTYNATh K BBITOJIHEHUIO TPAKTHUECKON YacTH.
Omna cocTouT U3 ABYX U Oolee 3a/1a4 JJisi CaMOCTOSTEIHHOTO BBIMONIHEHUs. He 3a0biBaiiTe 0 npaBUIbHOM
opopmiieHnn pernieHus. Ha BbIMoMHEHNE MPAaKTHYECKOM OTBOJUTCS JBa akajgeMuveckux vaca. [lopsaox
BBITIOJTHEHUS paOOTHI

IMopsiiok BbINIOJIHEHHS PA0OTHI:

1. PaccMoTpuTe TeopeTHYECKHil MaTepuan MO TeMe U MPUMEphl pelieHus 3aaad (CMOTpHU
METOAMYECKOE MTOCOOHeE).
2. Pemmre camocrosiTensHyto padoty. Odopmure perieHne NiCbMEHHO B TETPALIH.
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1. TeopeTnyeckas yacThb

JUisl XapaKTepUCTUKU COCTOSIHUSA T'a3a BBOASAT CHELMaIbHbIC (PU3MUECKUE BEIMYMHBI, Ha3bIBAEMbIE
napamMeTpamMH COCTOSIHUS. B KadecTBe mapaMeTpoB COCTOSHUS BHIOMPAIOT TPH BEIUYMHBL: 00beM raza(V)

,TeMiieparypy ero T° u naBnenue P, mpous3BoaumMoe ra3oM Ha CTEHKH COCYZa ,B KOTOPOM OH 3aKJIIOYEH.
DT0 NaBieHUE OOBICHICTCS yIapaMy JBUKYIIIXCS MOJICKYIT.

2. llpuMepnI pelieHUs 3a1a4

1. B razosom Oamrone eMkocthio 0,01 M3 mHaxomurces ras nox gasienneM 20 kr/cm2 .Kaxoii 00bem

3aiiMeT ra3, €Clii ,He U3MEHSS €ro TEMIIEPATYPhl , OTKPBITh BEHTU/Ib 0ayutoHa? OKOHYATEIbHOE JIaBJICHHE
1 xkr/cm2.?

Hawno:

V1=0,01n"

P1=20 kr/em*=20%0,98%10° H/m’
P=1 KF/CN{2=0,98* 10° H/m®

Pewenue:

ITo ycnoBuio 3aaun Temneparypa raza He MEHSIeTCs,
HOITOMY NPOHCXOUT H30TEPMHHYECKOE H3MEHEHNE
cocrosHus ra3a. Ucnone3ys 3axon boiins-Mapuorra
p1Vi=p2Va naxomum Vo= piVi/pa.

Boruncnenns: Vo= 20%0,98*10°*0,01/0,98%10°=0,2(m’)
Omeem: V=02 M.

Vy-?

2. I'a3 U30TepMUYECKHU CKAT OT MepBoHaYaIbHOro oobeMa 0,15 M 3 1o oobema 0,10 m 3 .JlaBieHue
€ro MPHU STOM MOBBICKIIOCH Ha 2 Kr/cM2 . KakoBo mepBoHaYaIbHOE JAaBJICHUE Ta3a?

JHano:
Vi=0,15m" I'lo 3axony boiins-Mapuorra P1V,=P2V2. Ho p>=pi1+ Ap,
V3=0,10M3 MOATOMY p|V1=(§P| +A P)V>, otkyaa Py = AP*V,/V-Va;
AP=2 kr/cm’=2*0,98*10°u/m>  P;=2%0,98*10°*0,10/0,15-0,10 = 3,9*10° (H/m>)

P=? Omeem: P\=3,9%*10°I1a.

Pewenue:

3. Kak Benmuko armocepHoe AaBieHHE, €ClId MPHU JIMHE PTYTHOTO CTOJMOMKa 12,5¢M B TOHKOM
TpyOKe A/MHa CTOJI0MKa BO3/lyXa B IEPBOM MOJIOKEHHE 7CM,a BO BTOPOM — 5 cM?

Jlano: Pewenue:
h=12,5cm B nepBom ciyuae gaBnenue Bo3ayxa BHyTpH Tpyoku P1=Pspy-h. Bo BTOpom
1,=Tem ciyyae pr=panth. [1o 3akony boiins-Mapuorra P,V,=P,V; rae V,=SL,,
IL,=5¢cm V,=SL,. Toraa (parm-h)=(parnth)SL,, oTkyaa py=h(L1+L2)/L;-L;

Para =12,5*12/2=75(cmM pr cT).
Par-? Omeem: Py, =75 cm pT CT.

4. Cxatblil BO3IyX TOJIaeTCsA B Tasroyipep oobemoM 5M3 . 3a Kakoe BpeMs €ro HakKadarT 0

naBieHust 7 Kr/cM2, eciad KoMIpeccop BcachiBaeT 5,5 M 3 arMoc(epHOro BO3JyxXa B MHUHYTY IpHU
nasineHuu 1 kr/em2 ? Temneparypy cuuTaTh MOCTOSIHHOM.

Jano:

3=5M3
P,=Tkr/cm’=7*0,98*10°1/m°
V|=5,5M3/MHH=1 1/12M° e
P =1 kr/cm’=0,98*10u/m>

Pewenue:

JLis HakaumBaHUS BO31yXa B ra3roibjaep 10 AasineHus P,
KoMmpeccop pabotaer B TeueHue Bpemeru t. Oobem
3acaceiBaemoro Bosayxa V' =V, npu nasnenue p;. Korna
BO3/1yX HAKa4yallM B ra3roibaep, OH 3aHsn o0vem V) u ero

nasieHue crano pa. Ha ocnoBanuu 3axona boins-Mapuorra

t-? P[V'1:P2v3 WM P1V|t|:P2V2 s OTKYyAa t|:P2V‘_>/P] V|

t = 7%0,98*10°*5%12/0,98010°*1,1=380(c).

Omeem: t = 380 c.
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5. OTKpbITast CTeKIsiHHAs TpyOKa amuHO0 40 cM HAIMoOJIOBHHY HOTpyKeHa B pTyTh. Korna BepxHuii
KOHell TPYOKH 3aKpbUIM U MOJHSUIA €€ J0 YPOBHSA PTYTH B COCYJIE, TO BBICOTA YPOBHSI PTYTH B TpyOKe
oka3zanach paBHOi 15 cM. KakoBo atMocdepHoe 1aBlieHre BO BpeMsl OIbITa?

Hano: Pewenue:
=40 cm [lo 3akony boiins-Mapuorra P,V,=P,V; rae p,=H-paBnoe armocdepHomy
l,-15¢cm  naBnenue BO3ayXa HajA PTYThIO A0 3aKpbITHs OTBepeTHA, a V=L/2S-ero o6nem;
P = P-1, Vo=(L-L,)S-cooTBeTcTBEeHHO AaBieHHe U 00bEM BO3AYyXa HAl PTYThIO
H-? MOCJIe TOro, KaK €€ 3aKpbUIK M MOJHSIN 0 YPOBHS PTYTH B cocyae. B npeabiayime
Belpaxkenus P,V,=P,V;Bmecro P,,P, V|, V;, noacrasum nx 3nauenus:
HL/2S=(H-L,)(L-L,)s. Orcroaa H=21,(1-1,)/1-21; H=30%*25/10=75(cm™ pr cT).
Omeem: 75 cm pT CT.
CamocrosiTesibHasi padoTa
Bapuanr 1

1. Haueptute rpadguku H30TEPMHUIECKOTO, U300apHOTO U M30XOPHOT'O MPOIECCOB B KOOpaAuHaTax P
unV;PuT;TuV.

2. WneanbHbld Ta3 cHavasa M300apHO PACIIMPUIIN, a 3aT€M H30TEPMHUYUCCKH CXKATH 10 MPEKHErO
obwvema. 306pasute 3tu nporecchl B koopauHatax Pu V; PuT; Vu T.

3. B cocyne naxoautcsa m=14 xr azora npu T=300 K u naBnenun p = 8,3*104 Ila. Onpenenute
o6wvem V cocyna.

4. Ilpu cxatum HEU3MEHHOro KOJMYECTBAa HJACAIbHOIO raza o0beM yMEHBLIMJCS B 2 pa3a, a
TeMIlepaTypa yBeauumiachk B 2 paza. Onpenenure, Kak U3MEHUIIOCH JIaBJICHUE rasa.
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n300pakeHbl IBE N30TEPMBbI OJJTHON U TOH ke Macchl ra3a. YeM OTIMYaAOTCs COCTOSIHUE T'a30B, €CIU
razpl oguHaKoBele? Yem oTaMYaOTCS Tas3bl, €CIM TEMIIEpaTypbl Tra3oB OJMHAKOBBIE? YKa3aHHeE:
BOCIIOJIB3YHTECHh YpaBHeHHEM Kianeiipona-MeHieneesa.

2. WpeanpHplil Ta3 cHayajga HarpeBajicsi MpPH IOCTOSHHOM JABJIEHUHU, IMOTOM €ro JaBJIEHUE
YMEHBIIAJIOCh MPH MOCTOSHHOM 00beMe, 3aTeM IpU MOCTOSTHHON TeMIepaType 00beM raza yMEHbUIHIICS
710 IepBOHavyallbHOTO 3HaueHus. [loctpouts rpaduk B koopanHATHBIX ocsx V-T.

3. B cocyne Bmectumocthio V=0,83 M 3 HaxoauTcs m=2 Kr a3oTa npH jasieHuu p = 2*105 [la.
Onpenenute Temnepatypy T azora.

4. Temneparypa V1=2 Monp kuciopozaa ,Haxozsmerocsa B cocyze, pasHa T1=300 K. Onpenenure

Temriepatypy T2 Bomopoaa, HaXOHSAIIETOCS B COCY/A€ TOW K€ BMECTUMOCTH TNPH TOW K€ JIaBJICHHH,
B3ATOT0 B KOJIMYECTBE V2=2 MOJIb.

®opma npeacTaBieHus pe3yJbTara:
BhIMoNHUTE 3aaHKe B TETPaIu IS MPAKTHYECKUX PadoT.
Kpurepum ouenku:
3a IpaBIIBLHO BBITIOJIHEHHOE 33/1aHUE BBICTABIISIETCS TTOJIOKUTEIbHAS OlleHKa — 1 Oa.
3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJ]aHAE BBICTABIISICTCS OTpUIATEIbHAS OmleHKa — () 0aioB.
Oyenka «omauunoy svicmasisiemca 3a 90 — 100% npaBUIBHBIX OTBETOB
Oyenka «xopowoy svicmasisemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenxa «yoosnemeopumenvhoy svicmagisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
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Oyenka «HeyoosiemeopumenbHoy svicmasgisemcs 3a Menee 60% nmpaBUIBLHBIX OTBETOB

Tema 3.2. OcHoBBI TepMOANHAMUKH. TenioBble MAIIMHBI.

IIpakTuyeckoe 3ansiTue Ne7

Pemenue 3ana4 no reme «OCHOBbI TEPMOAUHAMMKH.
«3akoHbl TepMoauMHaMuKkH. [I[pyMeHeHMe MEPBOro HAYAJIa TEPMOJAMHAMMKH K U30IPOIIeCcCaM.
KII/I TenJioBBIX ABUTATEIEI))

Ieab: 3aKkpenuTs yMEHUs W HaBBIKA PELICHUS 3a/ad Ha IepBOoe Hadano TepMoauHaMuku u KIIJI
TEIUIOBOTO JABUTaTEIs.

BoinosiHenue padorbl crnocodcTByer ¢opmupoBanmio: [1P62 OVIL.06, I1IP66 OVIIO6,
I1P67_OVII.06

MarepuanbHoe oOecnedyeHue: TETpaab I NPAKTUYECKUX padOT, pydKa, METOJIUYECKUE
PEKOMEHIALIMU 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaHJalll.

Yxka3zanme: [Ipaktuueckas paboTa COCTOUT U3 JBYX YacTed — TEOPETHUYECKON M NMPAKTUYECKOM.
ITocne u3yueHuss TEOPETUUECKOTrO MaTeprala MOXKHO IIPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKON YacCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJIsi CaMOCTOSATENbHOIO BhINIOJIHEHUS. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun pemienus. Ha BelosHEHUE IPAaKTUYECKOM OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

Ilopsinok BbINOJIHEHHS PadOThI:

1. PaccMmoTpuTe TeopeTMYECKM MaTepuas IO TeMe€ W IpUMepbl peleHus 3ajxad (CMOTpHU
METOAHYECKOE IIOCOOHE).
2. Pemnte camocrosTenbHyro padoTy. OdopMute perieHne NucbMeHHO B TeTPAIH.

Kpamkue meopemuueckue ceedenusn:

OCHOBY TEpMOAMHAMMKH COCTABJISAIOT 1BA 3aKOHA (MJIM HA4aJia).

IlepBoe Hauano TepmoaMHamMuMkM: l3MeHeHue BHYTpPEHHEW HHEpruM Tejla PaBHO Pa3HOCTU
COOOIIEHHOTr0 TeNly KOJIMYEeCTBA TEIUIOTHl M MPOU3BEACHHON HaJl HUM MeXaHHueckoi paboTel AU=Q+A,
AU- u3menenue BHyTpeHHen sHepruu, [AU] = [Ix, A-pabora BHemHuX cui (Wim rasza), [A] = JIx, Q-
KOJIMYECTBO TEIIOTHI, [Q]= [Ix.

1) AU=3/2*m/M*R*TA-u3smMeHenne BHYTpEHHEW »HHepruu i onHoaroMHoro raza (He)
AU=5/2*m/M*R*AT-usmMeHenue BHYTpeHHEH »SHepruu s JAByxaromHoro raza (02, H2, N2)
AU=7/2*m/M*R*AT-BHyTpeHHss1 sHeprus 1Jid Tpex u Oosiee aToMHoro rasza (CO2)

2) A=P(V2-V1), A>0, ecnn paGota rasa, A<0, ecim paGota BHemHMX cmi. 3) KommuecTso
TEITIOTHI, HEOOXOAUMOTO (BBIIEIAEMOTO) I HarpeBaHus (mpu oxyaxaeHuu) tena Q=c*m(T2-T1), roe
C-yzenbHas TEII0OEMKOCTh BEIIeCTBa

KonuuecTtBo TemynoTsl mpH IuiaBieHUM (Kpuctaumzauuu): Q=A*m, rae A-ynenbHas TemoTa
riaBneHus. KonmdecTBo TemnoTsl mpu mnapooOpazoBaHuu (KoHAeHcauuu): Q=L*m, rae L-ynenbHas
TeII0Ta mapooOpa3oBaHMsI.

IIpumeHeHne MepPBOro 3aK0HA TEPMOJAMHAMMKH K H3onpoueccam 1. M3orepmudeckuii nporecc:
T=const, m3mensercs oobem (V) um naBnenue (P). I[lockonpky Temmeparypa HE HW3MEHSETCS, HE
U3MEHSETCS U €r0 BHYTPEHHsIA 3Heprus, T.e. AU=0, torna Q=A.

2. W3oxopubii mnpomecc. OOBbeM Tra3a oOcCTaeTcsi MOCTOSHHBIM, MEHSIOTCSI €ro JaBlieHHe u
TeMneparypa, 3Hauut A=0, Torna Q=AU.

3. WM3obGapubiii mnpouecc. JlaBneHWe ocTaeTcs IOCTOSHHBIM, M3MEHSAIOTCS €ro oO0beM |
temneparypa. Q=AU+A'.

4. AnnabaTtHbIi Mpolece — MpoLecc, MPOUCXOAAINI 6e3 TeII000MEHa ¢ OKPYKAIOIUMH TeJIaMH.
AU=A". TemnoBoii JBHraTeIb MpeACTaBISIET COO0H YCTPOUCTBO, MPEBpaIIaroliee BHYTPEHHIOK YHEPTHUIO
TOIJIMBA B MEXaHUYECKYIO.

Kosdduuuent mnonesnoro neiictBus (KIIJ): n=QH-QX/QH*100%, wiu n=A/Qu*100%, rue
A=Qu-Qx KIIJI wuneanpHOU TemnoBoi wamuHbel: M=TH-Tx/TH*100%, Tme TH - Temmeparypa
HarpeBatens U TX — X0JIOAUIbHUKA.
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2. Ilpumepsbl pelieHus 3a1a4
BHyTpeHHSs JHeprus

1. Onpenenute CpeHIO KUHETHYECKYIO dHEPTHi0 <E> MONEKyIbI KUCIOPOa, HAXOISAIIETOCS TIPH
temneparype t=17°C.

Mawo: Pewenue:

T=(174273) K=290 K 'V aByxaromHoii MOneKy/Ibl KHCIOPOAA YHCAO CTeneHeit cBo0OHbI
=5 [=3. Cpennss kunernyeckas sueprus monexynsl <E>=1/2kT,
k=138*10" kK <E>=52*138*10°w/K*290 = 1*10° [l

<p>-? Omeem: 1¥10™ [x

2. OnpenenuTe CpPEenHIO KHHETUYECKYIO SHEPTHIO BpAIATENbHOTO JBM)KEHHUS BCEX MOJICKYI,
cozepxalmxca B m=4 r kuciopoza npu remmeparype t=17°C

Jano: Pewenue:

m=4r=4*10"kr BpawarensHomy ABHKEHHIO ABYXaTOMHOI MOJIEKYJIbI IPHITUCHIBAKT

M=32%10"kr/Mons  Z1Be cTEMeHH CBOGOBI, T.€. i=2. JHEprits BPALIATE/LHOTO JIBHKCHIS

T=(174273)K=290K  ommoii moneky:si kucnopoaa <Ey> =1/2kT=kT. Cpenuss

NA=6,02¥10"mon”  KiHeTHUeCKAs YHEPIHA BPAIIATELHOTO ABIKEHIS BCEX MOEKYII

k=1,38*10Jlx/K <Eyy>=n<E;>=nkT, rae n-uncno monekyn:n=vNy (1)

<Egp>-? Yucno moneit v=m/M, nosromy n=m/MNjy (2). [loacrasum(2) u (1),
nonyduM <E>=m/N,kT, umu <E>=m/MRT, tak kax N,k =R, rze
R=8,31/x/(monp*K).

<Eyp>=4*107kr*6,02%10"moms™*1,38* 10 Jlw/K*290K/32* 10" kr/mons=301 L,

<E>=4*10kr*8 31 [I/(mons*K)*290K/32* 10 kr/mons=301 k.

Omeem: 301 /1x

3. B kanmopuMeTpe CMENIMBAIOTCSA TPU XMMHMUYECKH HE B3aMMOJACHUCTBYIOLIME JKUIKOCTH MaccaMu
ml=1 kr m2=10 kr m3=5 Kr,umeronme COOTBETCTBEHHO Temmeparypsl t1=6°C, t2=-40°C, t3= 60°C u
ynenbHble Temnoemkoctu 2000 Jx/(kr*K). Ompenenurte Temmnepatypy cmecu © u Ttemiory Q
HEOOXOIUMYFO ISl IIOCIICTIYIOIIETo HarpeBaHus cMecH Jio t=6°C.

Jlano: Pewenue:

m=lkr W13 ypaBHenus Tennosoro OanaHca cieayer, uto anredpandeckas
m>=10xkr CYyMMa MOJY4EHHBIX ¥ OTJAaHHBIX JKHIKOCTAMU KOJIHYECTB TEIIOTHI
m3=5Kr paeHa Hymo: micy (0-T1) + maca(O-T2) + m3e3(©-T3) =0
T1=(6+273)K=279K PewuB 910 ypaBHEeHHE OTHOCHTENBHO O ,nOmydHM:

T>=(-40+273)K=233K ®=m,c,T+mzc>T> +ms3e;T3/mici+m cotmscs
T3=(60+273)K=333K YrtoOb! Harpers cMech /10 TeMnepartypsl T, He0OX0aMMO TernIoTa:
¢1=2000/x/(xkr*K) Q=mci(T-0)+maca(T-O)+msc3(T-O)=(mjci+macartmscs)(T-0)
¢2=4000/Lx(xkr*K) O=1kr*200/x/xr K*279K+10kr*4000/x/xr K*233K+5kr*2000
¢3=2000/1x(xr*K) Jlx/xkr K¥333K/1kr*2000/x/xr K+10xkr*4000mx/kxrK+5xr*2000
T=(6+273)K=279K Jox/kr K=254 K
0-7Q-?
Q=[2000/1x/(kr*K)* 1 kr+4000x/(xr*K)*10xr+ 2000/ 1x/(kr*K)*5kr]
*(279-254)K=1.3*10° =1.3 M/
Omeem: 1.3 M]x

I'IepBoe Ha4vYa/J10 TEePpMOANHAMHUKHA
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1. Bogopox maccoil 4r,3anumasi nepBoHayaibHbId 00beM V1=0,1M3 ,pacmmpsiercs a0 oObema
V2=1m3 . Ompenenute: 1) Al-pabGoty raza mpu uzobapHOM mporecce, 2) A2-paboTy rasa mnpu
n3oTepMuueckoM mpoiiecce. Hauansuas temmneparypa raza T1=300K.

Zano; K

=42 107y 1) Hlpw nsofapros pacumpesst (py~const) ras cosepuset padory
Vel Iw’ ArFpiVaVicl)

Vo=In' Jlarncame raza onpeacases wy ypasnens Knanefipona-Meweneena
M=2*10xr/mons P Vi=m/MRT, orcioma p=m/M*RT,/V,(2)

R=8 3 | ma{sons*K) Hogcranum popayay(2) s ( Doonyie: A=mM*RT/V(V.V) (3)
I =300K 2) Hpst o repmuseckos pacampenne i cosepiaet pabory

Ay-? A=m/MRT InVy/V, (4)  (Inl0=2,3)

Ay-? Briewenns

1) A4 107 kr*8 3 L o 1) * 300K/ 2% 107 kr/sonn*0, I *{ a0, 1na"j=4.5010° 1

2) A4 107k 2% 10 wrivoan* 8 3 | s (voms k) 300K * In a0, 1m*=11,5%10° Jbs

Omaem; A= 4,510 766, A= 11,510 1x

2. Onpenenvre U3MEHEHHE BHYTpeHHEH Heprun AU Jb1a Maccoil m=>5 Kr B MPOIIECCe ero TastHUS
(TnaBJeHMs ) IPH HOPMATIBHBIX YCIOBUSX.

Hano: Pewenue:
m=5 kr W3menenne BHyTpeHHe JHEPriy U3 NepBOro 3aKOHA TEPMOJAHHAMHKH:
A=3,35*%10/kr  Q=AU+A. Orciona AU=Q-A. Jns Tasuus Heodxoamma tennora Q=Q,, =
Pi=1,01¥10°Tla Am, A-yaenbHas TennoTa niasnaenus. Macca obpasoBasuueiics BOAbI My,
T=273K Oyner pasaa macce nba m. O6beM Boasl V; 00pa3oBasiuniics U3 nbja
p=0.9%10°kr/M® V), GyeT MeHble, TAK KaK IIOTHOCTb BOBI Py2o OOMIBLIE IIOTHOCTH JIb/d
pr2o=10kr/a’ pa. Ilpu nmnasnenun nbaa cosepuaerces padotra A=po( V- Vi).

YuutsiBas, uto p=m/V,onpeaensem Vy=puo: Vi=m/p, CnegoarensHo,
AU-? A=po(m/pr20-m/pn1)=Po m(ps-pr20/pspr20) Berumcnenns:

Q=3,35*10"wx/kr*Skr=1,7*10°JIx.

A=101* lOSHa*SKr*O,‘)* 10°kr/v-10°kr/m/0,9%10° kr/m® 103Kr/M3=-55ﬂ)K
AU=1,7*10°k-(-55 1k )=1,7* 10°Isx.

Omegem: 1,7%10% 1k

Xo0J10ANJIbHAasI MAIlIMHA

1. Temmneparypa HarpeBarens wunaeanbHo TeruioBoil MamuHel TH=500 K,remmneparypa
xonoauinbHuka Tx=300 K. Omnpenenure KIIJI temnoBoit mamuHbel 1 U Temioty Q H, MOJYyYEHHYIO OT
HarpeBaTelisi, €CIIM 3a OJMH ITUKJI MalinHa coepiaeT padoty A=400 Jx.

Jlano: Pewenue:

T,=500K Ko duunent nonesnoro AelicTeis Tenn0Boi MalMHb! Onpeensercs no

T=300K opmyne : N=Ty-Tx/Tu (1) wmt n=A/ Qu (2).

A=400/1x U3 dopmynst 2 cnenyer, uto Qu=A/

1-? Qu-? Borunenenns: n=500K-300K/500K=0 4; Qu=400/Lx/0,4=1000x=1x/x.
Omeem: = 0,4; Qu= Ix/lx.

2. CamocrosiTeqbHasi padoTa
Bapmuanr 1
1. Ins uzobapuoro HarpeBanus 800 monb raza Ha 500 K emy cooburmmu 9,4 MJIX TemiaoTHL.
Ompenenure paboTy ra3a 1 K3MEHEHHE €T0 BHYTPEHHEH dHEPTHH.
2. OpHOAaTOMHBIA HMaeanbHBIA ra3 Maccoil 20 © mpu pacuipeHun 0e3 TerIoo0MeHa COBEPIIMI
paboty 249 JI). Ha ckoibpKo TpaycoB H3MEHMUIIACh TeMIlepaTypa rasa?
3. KakoBa BHyTpeHHs4 sHeprus 20 Moab 0JHO0aTOMHOrO rasa npu 37°C?
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4. Azot maccoii 280 r Ob1 Harpetr mpu noctosHHOM naBieHun Ha 100 K. Ompenenurte paboty,
KOTOPYIO COBEpILIAET T'a3 NP PaCIIMpPEHUH.

5. HMpeanpHbll ra3 CcHadajga OXJIAXKIAICS IPU IIOCTOSHHOM JABJICHWM, IIOTOM €r0 JIaBJICHHUE
YBEJIMUMBAJIOCh IMPU TIOCTOSIHHOM OOBeMe, 3aTeM IpU IOCTOSHHOM Temiieparype oObema rasa
YBEJIMYMJIICS 10 IEPBOHAYAIbHOTO 3HaYeHus. HapucoBaTh rpaduk B KOOpAWHATHBIX ocsiX V-T.

6. Ecniu naeanbHbli ra3 Moiaydudl KoanuecTBo TerioTel 100 [k, U mpu 3TOM BHYTPEHHSISI SHEPTHS
raza ysenuuniach Ha 100 [k, To Ta3 B 3TOM mpoliecce Kakyro padoTy CoBepIIni?

7. Temnepatypa xonoauiabHuKa TerioBord Mamuubl 400 K, Temneparypa nHarpeBarens Ha 200 K
OoJbIe, 4eM y xonoauiabHuKa. Haiitn MakcuManbHO Bo3MOxHBINA KI1/] MamuHsbL.

Bapuanr 2

1. Kak u Ha CKOJIBKO M3MEHMJIACh BHYTPEHHSISI SHEPTUs Ta3a, €ClM MpH ero aguabaTHOM CKaTUU
HaJ| HUM ObLIa coepieHa padora 200 Jx.

2. Kakywo paboTy coBepIIHJI HACaIbHBIA OJHOATOMHBIA Ta3 W KaK IPHU ITOM H3MEHWIACH €ro
BHYTPEHHSISI SHEPrusi Nnpu HM300apHOM HarpeBaHuW JBYX Mouiei raza Ha 50 K? Kakoe komudectBo
TEIUIOTHI IOJIYYHII T'a3 B MMPOLIECCE TETI00OMeHa?

3. Ilpu ammabatHOM pacuiMpeHuu Bo3ayxa Obuia coBepiieHa pabora 200 [Ix. Yemy paBHO
W3MEHEHNE BHYTPEHHEHN 3HEpruu Bo3ayxa?

4. VneanbHbl Ta3 HArpeBajcs MpU MOCTOSHHOM JIaBJICHUH, IIOTOM €T0 JIaBJICHHE YBEITUYUIIOCH IPU
IIOCTOSSHHOM 00OBEME, 3aTeM IMpU IOCTOSHHOW TeMIlepaType JAaBJIEHWE Tra3a YMEHBIIWIOCH 10
nepBoHavanbHoro. Hapucosats rpaduk B KOOpAUHATHBIX ocsax P-V.,

5. WneanbHblil ra3 nonyuus koiaudectBo TemioTsl 300 [k u cosepummit padoty 100 Ix. ITpu atom
KaK U3MEHWJIACh €r0 BHYTPEHHSS SHEPTrHs?

6.Temneparypa xononuibHuka TersioBord Mammubl 300 K, temmneparypa narpesarens Ha 300 K
0oJblle, 4eM y XxoloauiabHuKa. Yemy paBeH MakcumanbHO Bo3MOKHBIH KIT/] TermnoBoii Marmab1?

7. UeMy paBHa BHYTPEHHSSI 3HEPrUsl 5 MOJb OJHOATOMHOTO HJEAJbHOrO ra3a Impu TEMIIeparype
47-C?

dopma npeacraBjeHus pe3yabTara:

BeInmonHuThE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.

Kpurepuu onenkmn:
3a nNpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAs olleHKa — 1 Ga.
3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeIbHas olieHKa — () 6aoB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB
Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB
Oyenka «yooenemeopumensroy svicmasisiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB
Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIBHBIX OTBETOB

Tema 3.3 ArperatHble cOCTOSIHUS BelllecTBA U (pa30Bble Mepexobl

IIpakTnyeckoe 3ansaTne Ne8

JlaBjieHue skuaKocTeil U TBepAbIX Teq. 3akoH Ilackauns.

He.ﬂb: HAYUYUTBCA BBIYUCIIATH JABJICHHUE B XUAKOCTAX W TBEPABIX TEJIAX. HayIII/ITI)CSI MEPEBOAUTDH
€IMHULIBI U3MEPEHNUS B PA3JIMUHBIE CUCTEMBI

BoinosiHenue padotrbl cnocodcTByer ¢GopmupoBanmio: [1P62 OVIL.06, I1P65 OVII.06,
ITP66_OVYII.06, ITP68_OVII.06, [TP61 OVII.06, ITP69 OVYII.06
MarepuanbHoe o0ecniedyeHne: TETPaab IS IPAKTHUECKUX padoT, pyyka, METOJUYECKHE PEKOMEH AN
IO BBITMOJIHEHUIO paboThI, TMHEHKA, KapaHaalll.
Yka3anme: [IpakTuueckas pabota COCTOMT U3 JABYX HacTed — TeopeTHdeckod u mpaktuyeckoil. Ilocie
U3Y4YEHHsI TEOPETUYECKOr0 MaTepuajna MOXKHO IPHUCTYNAaTh K BBINOJIHEHUIO NpakTHdeckod vactu. OHa
COCTOMT M3 JABYX M Oojsiee 3a1ay Al CaMOCTOSITENbHOIO BbINoMHEHUs. He 3a0biBaiiTe 0 mpaBUIIBHOM
odopmiieHnn pemieHusi. Ha BBIOTHEHUE TMPAKTHYECKON OTBOAMTCS JBa akageMudeckux daca. [lopsmox
BBITIOJTHCHUS PAOOTHI
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IMopsinok BbINOJIHEHUSI PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHl pemicHHs 3agad  (CMOTPH
METOAHYECKOE IIOCOOHE).
2. Pemmre camocrositensHyio padoty. OdopmuTe pereHne MICbMEHHO B TETPAIH.

I(pamkue meopemuueckue ceedenHus:
JaBiaenne. Atmocepnoe naBiaenue. 3akon [lackans. 3akoH Apxumena

Benuuunna, paBHas OTHOLLIEHUIO CUJIbI, JEMCTBYIOLIEH NEPIEHIMKYIAPHO NOBEPXHOCTH, K IUIOLIAIN 3TOU

MOBEPXHOCTH, Ha3bIBaeTcs oaesnenuem. OOo3Havyaercs OykBoi wimPu um3Mmepsiercs B mackamsix ([1a).
PaccuuthiBaercs mo gopmyie

F
K
Ammocgheprnoe Oaenrenue — 3TO JaBIEHHE BCEW TOJIIIM BO3AYyXa Ha 3€MHYI0 MOBEPXHOCTb U Tea,

HaxoJsImecs Ha Hel. ATMocdepHoe NaBieHHe, paBHOE JaBICHHUIO CTONI0a PTYTH BBICOTOM 760MM mpu
temneparypel°C, maspiBaerca HOpManbHBIM aTMOCEPHBIM JABICHUEM.

HopmansHoe atmocdeproe gaBnenne pasao 101300 ITa = 1013 rlla.
Kaxapie 12 M naBnenue ymensinaercs Ha IMM. pt. cT. (win Ha 1,33 rlla)

3akon Ilackand: oaenenue, npoussooumoe Ha HCUOKOCMb UU 2A3, Nepeoaemcs 6 JII00VI0 MOUYKY
00UHAKOBO B0 8CEX HANPABNCHUSIX.

3akoH ApxuMeJa: Ha Telno, NOTPY)KEHHOe B JKUAKOCTh (WIM Ta3, WIM IUla3My), JEWCTBYeT
BBITAJIKUBAIOIIAs cUila (Ha3blBaeMasi CUJIoH Apxumena)

it -
Fy=—-pgV
r7ie p — IJIOTHOCTh KUAKOCTH (Taza),

— YCKOpeHHEe CBOOOJHOro majeHus, a V — 00BbEM morpykEHHOro Tena (MM 4YacTh 00bEMa Tena,
HaXOJSMIasicsl HIDKE MOBEPXHOCTH). BhITankuBaromias cuia (Ha3bIBaeMasi TakkKe apXUMEIOBON CHIION)
paBHa MO MOAYNIO (M TPOTHUBOMOJOXKHA IO HANpPAaBICHUIO) CHJIE TSDKECTH, ICHCTBOBABIIEH Ha
BBITECHEHHBIH TeTIOM 00beM KHJIKOCTH (Ta3a), U MPHIOKEHA K IEHTPY TSHKECTH 3TOro o0bema.

Cnenyer 3aMeTUTh, YTO TEJO JOJDKHO OBITH MOJHOCTBIO OKPYXKEHO >KHMJIKOCTBIO (JIMOO Tmepecekarbes
MOBEPXHOCTBIO JKUAKOCTH). Tak, HampuMmep, 3aKOH ApXumena Helb3sl MPUMEHUTh K KyOHKY, KOTODBIH
JISKUT Ha JIHE pe3epByapa, TePMETHYHO Kacasich JIHA.

Coobmarmmecst cocyabl

PayIETa
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PaCCMOTpHM coonaroumecx COCybl, 3alOJIHCHHBIC HCCMCIIMBAOMIMMUCA KHUIKOCTAMHU C pa3H0p”1

IUIOTHOCTBIO. J[JIsi KaKJIOH JKUIKOCTH B OTAEIBHOCTH CIIPaBEIMBO ypaBHeHme Pz —Pi +pgh
Hcnonbe3yem ero mjis onpeeneHus BoIcoT cTosiooB hy u hy. PaccMoTpuMm ciydaii, koraa Ha cBOOOTHOM
MMOBEPXHOCTH KHJIKOCTEH JaBJICHUS OJIMHAKOBBI M PaBHBI Po . Tak Kak BCE TOYKH IMOBEPXHOCTH pa3jiena
MPUHAJICHKAT OJHOPOTHON KHIKOCTH, TO 3Ta MOBEPXHOCTD SIBIIACTCS OJHOBPEMEHHO M MOBEPXHOCTHIO
PaBHOTO JIABJICHHMSL.
IMpuHImMn padoThl NPOCTEHIMX IMAPABINYECKHX MALINH

To 00CTOATENBCTBO, YTO KHJIKOCTH OYAY4YH MPAKTHYSCKH HEC)KMMAEMbIM M, PABHOMEPHO MEpEAaroT 10
BCEMY CBOEMY 00bEMY BHEIIIHEE JABJICHUE, IIMPOKO HCIONIB3YETCS B PA3IMUHBIX OTPACIISIX TCXHUKHU (B
THJIPONIPUBOJIAX, THIPOABTOMATHKE, THAPABINYECKMX TOPMO3aX W YCHIUTEIAX W T.I.). DTO CBOMCTBO
KHUJIKOCTH TaKke SPPCEKTUBHO NMPUMEHSIOT B TAaKMX IMPOCTEHINMX MAaIlWHAX, KaK THUIPaBIMUYCCKHE
JIOMKpaThI (IMTObEMHHUKH) U TIPECCHI.

[TpunHiMn ux paboThl OCHOBAH Ha CIEAYIOIIEM: UMEIOTCS JIBa COOOIIAIOIIUXCS MEXIY co