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010101. U3MepeHHe CKOPOCTH IYJIU ¢ IOMOIIbIO 0ATMCTUYECKOT0 MAITHUKA

Lesas padorhi: C moMomIbi0 0ATUCTUYECKOTO MaITHUKA OMPEICIIUTh CKOPOCTH ITYJIb C
Pa3IMYHBIMH MaCCaMHU.
Tpedyemoe o6opynoBanue: MoaynpHbIN yueOHbIN KoMIuiekc MYK-M1

Kpamkoe meopemuueckoe 66ederue

bamnucrtuyeckuil MasiTHUK NpeACcTaBiisseT cOO0M MacCUBHBIN IUIUHAP Maccoit M, KoTopsIi

MO/IBEIICH HAa HEBECOMBIX U HEPACTSKUMBIX HUTSAX TAK, YTO OH MOXET JIBUTATHCS TOJIBKO MOCTYIATEIBHO.
B uunuHap B rOpUM30HTaIbHOM HAIPaBICHUU MPOU3BOIAT BBICTPEIN IyJEH Macchl M U3 MPYKUHHOTO
MACTOJIETA, HETIOJBUYKHO 3aKPEIUICHHOT0 BOJMM3U MasTHHKa (puc. 1). Ecnu TopueBast cTeHka muMHapa
M3TOTOBJIEHA M3 MSTKOTO U JIETKO Ae(hOpMUPYEeMOro Marepuaia, HallpuMep, IUIACTUIMHA, TO YIS MpU
MOTa/IaHUU B MassTHUK MOXKET HCIIBITHIBATs A0CONIIOTHO HEYNPYTruil yaap. AOGCOIIOTHO HEYNIPYTUil yaap —
3TO yJap, Npu KOTOPOM IOTEHLHMAlbHAsl SHEPrusl ynpyroi nedopmanuy HE BO3HMKAET; KMHETUYECKAs
SHEPrus TeJ YacTUYHO JINOO MOJHOCTHIO IPEBPAIIAETCS BO BHYTPEHHIOI DHEPrUIO; IOCJE yaapa Tela
JBUTAIOTCSI C OJUHAKOBOW CKOPOCThIO (T. €. KaKk eAuHoe Teno) nubo mokostcs. [Ipu Takom ymape
BBITIOJIHSIETCSI TOJIBKO 3aKOH COXPAHEHUS UMITYJIbCA, 3aKOH K€ COXPAHEHHUS MEXAHUYECKOW 3HEprurHe
coOirofaeTcs — MeXaHH4ecKasi SHEprus YaCTUYHO WJIH MOJHOCTBIO EPEXOJIUT BO BHYTPEHHIOHO.

Puc. 1

Ecnu 3apsauTh NUCTONET MyJe, TO B CKATON IPU ATOM MpYKUHE Oy/IeT 3arnaceHa noTeHIualbHas
SHEPTHUsL:

npyc. _2 , (1)

rae K - koauiment ynpyrocty npyKuHbL,
b - nedopmanus npyxunbL.



[Ipenmonoxum, 4TO BCS SHEPIUs CXKATON NPYKUHBI IIPU BBICTPEJIE MOJHOCTBHIO MPEBpAILAETCs B
KMHETUYECKYI0O SHEpPruio Myld. OTO O3Ha4yaeT, 4To Mbl MpeHeOperaeM MOTEpPsIMH SHEPrUHd Ha
IPEOIoJICHHE TPEHUS MEXIy IyJIed M CTBOJIOM HHCTOJIETAa M Ha COOOILICHHE KUHETUYECKON >HEepruu
caMo# mpyXuHE. YUuTeM, KpOME TOro, YTO F€OMETPUUECKHE pa3MePbl BCEX MyJb OJMHAKOBBI, a, 3HAYUT,
onuHaKoBa jaedopMarysl MPYKUHBI A JIOOOH Iylu M, CIeA0BaTeIbHO, OJMHAKOBA 3aracaemas
NPYKWHOM NMOTEHUMaIbHas dHeprus. Toraa u3 3akoHa COXpaHEHUs] MEXaHUYECKOW HEPIUM CIENYET, YTO
IyJIU Pa3JIMYHBIX MacC, BbUIETAs U3 NPYKUHHOTO IUCTOJIETA, JOLKHBI UMETh OJJUHAKOBbIE KUHETUYECKUE
SHEPIUH:

o0 @

TJe Vi - CKOPOCTbH IIYJIH IIOCJI€ BBICTpEIIA.

N3 (2) nomyyaeM 3aBUCHMOCTb CKOPOCTH ITYJIU IIOCJIE BBICTPENIA OT €€ MACCHI:

v:b\%k . 3)

HOCKOHBKy BeanuyuHel b u K JJI1 BCEX ITYJIb OAUHAKOBBI, TO l"pa(bI/IK O)KI/I,HaCMOﬁ 3aBUCHUMOCTH

CKOPOCTH IIyJIK VOT 4N JOJKeH, coraacHo gopmyne (3), MHpeacTaBisTh COOOH NPAMYIO THHHIO,

HPOXOJISIIYIO Yepe3 Hayalo KOOPHHAT.

[IponereB HEOOIBIIOE PACCTOSIHUE MEXAY IMUCTOJIETOM M MAasTHUKOM, IyJsl BXOJUT B IJIACTHJIUH,
3alOJHAOIMMNA LMJIMHAP , U 32 CYET BA3KOIO TPEHUs OBICTPO TepseT ckopocTh. Ilpu 3TOM wyacTh
MEXaHMYECKON DSHEpruM IyJIM pacXoAyeTcsi Ha Heynpyryrwo nedopManuio M MpeBpaliaercs BO
BHYTPEHHIOIO SHEPTHUIO IIACTUIINHA U ITYJIU, TO €CTh IJIACTHJIMH U ITYJIsI HArPEeBarOTCSL.

IIpouecc ynapa sBisieTcsl KpaTKOBPEMEHHbIM. Ecim Mmacca MasTHHKAa JOCTaTOYHO BEJIHMKa I10
CpaBHEHMIO ¢ Maccoi mynu ( M >>m ), To 3a Bpems yJapa OH B CHITy CBOEH MHEPLIMOHHOCTH HE YCIIEBAET
BBIMTH W3 IIOJIOKEHHSI PaBHOBECHs. DTO MO3BOJISIET CUUTATh CHUCTEMY MAATHUK-NIYJSI B MOMEHT yzAapa
3aMKHYTOM B TOPU30OHTAJIbHOM HAINpaBICHMM , TaK KaK CHJIa TSHKECTH M CHUJIa HaTsDKEHUs IoJiBeca
HaIpaBJIEHbl BEPTUKAIBHO IIPU BEPTUKAIBHOM IOJIOKEHUU MasTHHUKA. /[ 3aMKHYTON CHCTEMBI MOXHO
NPUMEHUTD 3aKOH COXPAHEHUS UMITYJIbCA!

mv=(M+mu, 4)

A€ V- CKOPOCTh IyJK A0 yaapa (Mpu 3TOM CKOPOCTh MasiTHUKA paBHA HYJIO),
U - CKOpOCTh, IPUOOPETEHHAS CUCTEMOU MaATHUK-ITYIIS Cpa3y Mocie yaapa.

MasTHUK BMecTe C MyJel, MOJy4uB 3a CUET HEYNPYroro yaapa HUMIYJIbC, OTKIOHSETCS OT
IIOJIO)KEHUSI PaBHOBECHsI HAa yroi (. B mporecce OTKIOHEHUs Ha MasTHUK JCHCTBYIOT Cuja TSKECTH
(BHM3) U cujla yIIpyrocTy nojseca (MeprneHIuKyIIpHO HApaBIeHUI0 MTHOBEHHON CKOPOCTU MasTHUKA).
Ecnu npeneOpeys noTepsiMu SHEPTHM Ha TPEHUE B TOABECE U HA CONTPOTUBIIEHUE BO3IyXa, TO pabOTy MpH
OTKJIOHEHHHM MasTHHKA COBEPIIAET TOJIbKO TpaBUTALIMOHHAs CHJIa. DTO TO3BOJIET BOCIOJIb30BaThCS
3aKOHOM COXpPaHEHHUSI MEXaHWYECKOUW SHEpruu:

(M + m)u?

> =(M+mjgh, ()

rae h - HanboubIIas BHICOTA, HA KOTOPYIO TIOJHUMACTCS MAasITHUK (pHC. 2).



CneBa B 3TOH (GopMyJie CTOUT KHHETHYECKAsl SHEPTUsl IPU MOCTYNAaTeIbHOM JIBHKEHUU MasiTHUKA
cpady mocie ynapa (B 3TOH TOYKE NOTEHLUMAIbHYI0 DHEPIHMI0 INPUHHMAEM PaBHOM HYIIO), a CIpaBa —
NOTCHLIUAIIbHASI SHEPTHS CHCTEMbI B MOMEHT €€ OCTaHOBKH Ha BhicoTe h.

Puc. 2

Pemas coBMectHO ypaBHenus (4) u (5) nomydum
v=_(M+m) /29I (6)
m

Taxum 0Opa3oM, Hal/Is1 3HAYCHHUE BHICOTHI MOIbEMA MAsITHIKA MOKHO PACCYMTATh CKOPOCTH IOJIETa
IyJIN.

Memoouka s3xcnepumenma

[IpakTueckoe u3MepeHHE BBICOTHI NOJbEMAa MasATHHUKA 3aTpyaHuTenbHo. Ilo »sTomMy B
nabopatopHoM Kkommiekce MYK-MI  npeaycMoTpeHO U3MEpeHHEe TOpPU30HTAIBHOTO CMEIEHUs
MasiTHUKA X.

Beipazum BbeicOoTy h uepe3 COOTBETCTBYIOIEE T'OPH30HTAIBHOE CMEIICHHE MasTHHKA X, KOTOPOE
ynobHee u3MepsTh. [Ipennonoxum, 4To yroa OTKIOHEHHUS] MaATHUKA OT TOJIOKEHUSI paBHOBECUS (Y MaJl.
W3 puc.2. BUAHO, 4TO

ahAﬂ.z_a Aﬂ__j/fzi

tg— =— =—-sIn = = — : 7
9 2 x JIo 2 AO I 21 ()
rae | - nmHa HuTH ToIBECA.
N3 (7) momydaem
X2
A2 8
T (8)

[Toncrasiss (8) B (6) moyduM BbIpa)KEHUS ISl BBIYMCICHUS CKOPOCTH MYJIHM V IIepes yIapoM
v=(M+m)x |~ - )
m |

Beipaxkenue (9) no3BosieT, OCYIIECTBUB MPSMbIE U3MEPEHUS CMEIIEHUS MAasTHUKA X U 3Has
3HAYEeHUS OCTAIbHBIX BETUYMH, BXOJSIIMX B 3Ty pabouyio GopMyity, ONpeaeTuTb CKOPOCTb My 1V



MyTeM KOCBEHHBIX U3MEPEHUH. MI3MEepHB CKOPOCTH IS IYJIbh C Pa3HBIMH MacCaMy MOXHO,
CJIEIOBATEIIbHO, YOSIUTHCS B CITPABETMBOCTH TEOPETHICCKOM 3aBUCUMOCTH (3).

Pekomendyemoe 3a0anue Kk pabome

1. 3apsauTe npy>XKUHHBIA MUCTONET ITYJICH ¢ HAMOOIBIIIEH MacCOM.
2. Tloarorosbte ycTpoiicTBO N (cM. puc.l) K U3MEpEeHUI0 TOPU3OHTAIBLHOTO CMEUICHHS MasiTHUKA.

3anuiuTe YUCICHHOE 3Hau€HHWE HAuyalbHOW KOOPAMHATHI X ygy MAasSTHHKA IO JIMHEHKE OTCYETHOIO
ycrpoiictea N.

3. OcymecTBUTE MEPBBIA BBICTPEN, HAKAB MMyCKOBOW phIYar MPYKUHHOTO MUCTOJIETA. 3aMUIITUTE
YUCJIEHHOE 3HAYEHUE KOHEUYHOW KOOPIAMHATBI Xkon , OMPEAEIUB €ro MO JUHEUKE OTCYETHOTO YCTPOMCTBA
N. Boruucaure cmenieHue MasTHUKA IIPU IEPBOM OIIbITE:

X= P(KOH - XHO{’{ .
4, HpOBeI[I/ITe HU3MCEPCHUA CMCIICHUA MasgsTHHUKA IJIA ITYJIb C L[pyroﬁ Maccoi (H. 3,4,5).

5. Ilo ¢popmyie (9) nonyuure OLUEHKY 3HAYEHUSI CKOPOCTH MY V JUIs ITyJIb C UCIOIb3yEMbIMU
MaccaMu.

6. YumrTeIBas, 4TO JUIS MPOBEACHHBIX OMBITOB JIOJDKHA BBITOJIHATHCS 3aBUCHMOCTH (3), TOCTPOMTE

ocu rpaduka ST 3aBHCUMOCTH B KOOpIAMHATaX V, M~ 1/ WIs JHana3oHa YUCICHHbBIX 3HAYCHUH,

COOTBCTCTBYIOLICTO MCIIOJIL3YCMBIM B OIIbITAX MAaCCaM ITYJib U IMOJTYYCHHBIM IJIA HUX CKOPOCTSIAM.
CpaBHI/ITe X0 MOJTYUYCHHOI'O rpa(bHKa C TCOPCTHUUCCKUM.

CRuUcoK ucnonb306aHHBIX UCHOUHUKOG

1. MexaHnuka M TepMOAMHAMHUKA. MeToIUYeCKHe YyKa3aHWs K BBOJHOMY 3aHATHIO M K
nabopatopubiM  paboram  Ne0-6 mo ¢usuke./ Coctr.: A.B.bapanoB, A.M Iloropensckui,
B.B.Xpucrodopos, u ap. — HoBocubupck: HI'TY, 2004.
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HWJI rexHuku 3xkcnepuMenTa

METOJNYECKHUE YKA3AHUS K IABOPATOPHOMY TTPAKTUKYMY I10 KYPCY
«DU3UKA» \.

ITPOBEPKA 3AKOHOB JTMUHAMUKMU IIOCTYHATEJIBHOT'O IBUKEHUA

Heab padoThl: yOSIUTHCS B CIIPABEAJIMBOCTH OCHOBHOTI'O 3aKOHA MIOCTYIATEILHOTO JIBHYKEHHUS.
Tpedyemoe 060pynoBaHue, BXo/sillee B COCTaB MOAYJIbHO y4eOHOro komimiekca MYK-M2:
1. biok mexannueckuiit BM2 (y3en “miockocts”) 1 mr.

2. Cexynnomep 3eKTpoHHBIN CI1 1 .

Kpamxoe meopemuieckoe 66edeHue

OCHOBHOH 3aKOH AMHAMUKH (WM BTOpPOM 3akoH HbTOHA) BhIpa)kaeT COOTHOILLIEHUE MEXAY cHiloi F
U U3MEHEHUEM CKOPOCTHU (YCKOPEHHEM &) B3aUMOJICHCTBYIOIINX TEI:

F=ma, (1)
rge m — macca rtena.

C moMomIbI0 OCHOBHOTO 3aKOHA JUHAMHKH MOKHO OIPEAEIUTh CHUIIbI, JEHCTBYIOIIUE HA TEJIO0, JIN00
XapakTep JBMWXKEHHS (YCKOpPEHHE) MO 3aJaHHbIM cuiaMm. lIpu cocTaBieHMM YpaBHEHHS JIBH)KEHUS
HE00XO0IUMO MOJIb30BATHCS CIEAYIOIIUM AITOPUTMOM:
"I BHayase Hy>KHO HalTH BCe CUIIBI, JMCTBYIOIIME HA JAHHYIO MaTepUANIbHYIO TOUKY (BKJIIOYAs
CHJIBI PEaKIIUN);

] 3areM cllelyeT HaliTh paBHOJAEHCTBYIOIIYIO ATHX CHUII,

| IPUMEHUTH OCHOBHOM 3aKOH IMHAMUKHU U PELIUTh YPABHEHUE OTHOCUTEIIEHO HEU3BECTHON
BEJIMYHHBI.

B nanHoil maGoparopHoil paboTe mpezasaraeTcsi paccMOTPEeTh OCHOBHOM 3aKOH JMHAMHUKU Ha

npuMepe IBHKEHHUS Opycka Maccoil M1 1o HakIOHHOM 1utockocTH (puc.l). [lns co3manus cuibl taru F1
Ha HEBECOMYIO, HEPACTSHKUMYIO HHUTb, NEPEKUHYTYI0 4YE€pe3 HEBECOMBIM, BpAIIAIOIIUNCA C MaJIbIM

TpeHHeM OJIOK TOJBElIeH Ipy3 Maccoil M2 . I'py3 mon neidcTtBueM cuibl TsbkecTh Fr72 omyckaercs,
HATATUBAaeT HUTh M 3aCTaBlsieT OPYCOK CKOJB3UTh PABHOYCKOPEHHO IO TOBEPXHOCTH HAKIOHHOM

mI0ckocTH BBepx. Ha Opycok OymyT meiicTBoBaTh: cuia Tsbkectr F77= m1g, cuna taru F1, cuna tpeHus
F 1P, cuna peakiuu onopsl N. Ha rpy3 OyaeyT nyiicTBoBaTh cuja HaTshKeHUS HUTH F2 u cuna Tshkectu
F72= m2g.

Jlns ommcaHus ABMKEHUsT Opycka BBelleM HHEPIUATbHYIO CHCTEMY OTcueTa, och X1, KOTopoit

COHAIIPaBUM C YCKOpE€HHEM al, a ocb Y1 — MEepHneHIUKYJSIpHO K HAKIOHHOM IJIOCKOCTH . J[BUkeHHE
rpy3a OyaeM paccMaTpuBaTh OTHOCHTEIBHO CHCTEMBI OTCYETa, OCh X2 KOTOPOW HAmNpaBUM IO

HaIIPaBJICHUIO YCKOPEHUS a2.
3anuiieM ypaBHEHHS JBH)KEHUsI Opycka U rpy3a B BEKTOPHOU (opMe:

mia1=mig+F1+F7P+N;

2)
moa2=mpg+F2



Puc. 1

Jns pelieHus MOTYyYEeHHOW CHCTEMBI YPaBHEHHMH HEOOXOJUMO 3HATh KOI(POHUIMEHT TPEHHS o,

BXOIAUIMI B GopMyNy AJid ONpenesieHus MOAyis cuiibl TpeHust F7p=odN. [Ins HaxokIeHus 3Toro

K03(1)(1)I/II_II/ICHT3 yﬂo6Hee PpacioJIOKUTh HAKIIOHHYIO IINIOCKOCTH IIOJ YIJIOM 0° k TFOPpHU3O0HTY. B sTtom
cilIyvdac:

F1=m1(a1+og);
(3)
Fo=m2(g-a2).
ECJ’II/I CUMTaTh , 4TO 6J'IOK HeBeCOMHﬁ u TpeHI/Ie Ha OCHUu 6J'IOK3. OTCYTCTByeT, TO 3THU CHUJIbI OOJIX)KHBI

OBITH paBHBI MEXAY c000# 0 Moaymo. [TockonbKy HUTh HEpacTsKUMa, TO YCKOpeHus al=a2=a. Moayib
YCKOPEHHUs & MOKHO HaiTH, 3Hast JUIMHY yTH L , mpoiiieHHy0 OpyCKOM M BpeMsl €r0o IBUKCHHUS:

a=— 4)

Takum oOpa3zom, pemass ypaBHEHHs (3), MOXKHO IOJIYYUTb BBIPRKEHUS U HaXOXKICHUS
KO3 PHILIMEHTA TPEHUS CKOJIBKEHUS:

m2 g —a(m1 + m2
o= ) (5)

m1g

PaccmoTtpuMm ob6mmit ciydait, nmpu kotopom O#0. Cucremy ypaBHeHHH (2) B CKaJspHOM BHUJE
MO’KHO NPEJCTABUTD:

mia1=F1-m1gsina-occmicosa

(6)

maa2=m2g-F2

Ecnu Bemonustotes yenosust F1=F2=F u aj=a2=a, to



g g(mimz (sina+ accosar) )

mi1 + m2

Memoouka 3kcnepumenma

HccnenoBath nBIKeHUE OpycKa 10 HAKIOHHOM IIOCKOCTH MOXHO C TIOMOIIBIO Y3714 «IIJIOCKOCTh)
u cekyHaomepa CO1, BXOIAIUX B COCTaB MOYJIBHO yaeOHOTO KoMIuiekca MYK-M?2.

YcTaHoBKa npeAcTaBiiseT OO0 HaKIIOHHYIO IIOCKOCTh 1, KOTOPYIO ¢ TOMOIIbIO BUHTA 2 MOKHO
yCTaHaBIUBATH O] pa3HbIMU yriiaMu (X K ropu30HTY (puc.2). Yron X u3mepsieTcsi ¢ IOMOIIBIO IIKAJbI
3. Ha muockocTh MoOXeT ObITh momenieH Opycok 4. Jlns yaepxaHuss Opycka HCHOJB3YyeTcs
anexktpomaraut 5. [IpolineHHoe OpyCKOM pacCTOSTHME MOKHO U3MEPUTD C IMOMOIIIbIO JuHelkn 6. Ha HUTH
10, nepexunyTyto yepe3 010K 8 oABEIIMBAETCS IPy3 9.

Puc.2

B koMIIeKT y371a «III0CKOCThY BXOAAT ABa Opycka U 2 rpy3a pa3indHoi Maccsl. Kaxxsiit 6pycok
COCTOMT M3 JIBYX YaCTE€H, N3TOTOBJIEHHBIX U3 PA3JIMYHBIX MAaTEPUAJIOB: IEPEBO-AIOPAIIb U I€PEBO-CTAIb.

Pekomenodyemoe 3a0anue

1. Ocnabus BUHT 2 (puc.2), yCTAHOBUTE TUIOCKOCTD IO YTJIOM 0% k ropusoHty. [lomectute Opycok
4 (aTroMUHUI-IEPEBO) HA HAKIIOHHYIO MJIOCKOCTH B MOJIOKEHUH JIEPEBOM BHU3.

2. Tlepexnrounte TymMOIep yrnpaBiIeHUs SJICKTPOMArHUTAMUA MEXaHUUYECKOTO OJI0Ka B TMOJIOXKEHHE
«IIJIOCKOCTBY.

3. IlepeBenute cexynnomep C31 B pexxum 1

4. Haxwmure kHonky «Ilyck» cekynnomepa. M3amepbTe Bpems OlycKaHus rpysa.

5. IloBTOpuTe OMBIT NSATHUKPATHO. [IpoBeMTEe MaTEMaTHUECKYIO 00PabOTKY PE3yIbTaTOB.

6. Haiimute yckopenume Opycka mo dopmyne (4) m xkoddpduiueHT tpeHus mno ¢dopmyne (5).
CpaBHUTE TIONy4YEHHBIH B ONBITE pE3yabTaT C TaONMYHBIM 3HaUYeHHEM Kod(p(UIIMEeHTa TpPEHUS
CKOJIBKEHUS WU C pe3yIbTaTaMu ero nsmeperus B padbore Phys08.pdf.

7. MeHsist yroy HaKJIOHA MJIOCKOCTH, HAIUTE YCKOpeHue Opycka mo ¢popmysie (4), mocTpounTe
3aBucHMOCTh &(Q). CpaBHUTE NOITYUSHHBIN PE3yJIbTaT C TEOPETHYECKUM, HAMICHHBIM 110 popmyite (7).

8. IloBTopwuTe m.m. 1-7, moBEpHYB OPYCOK B TMOJIOKCHUE ATFOMUHUEM BHH3.

9. Cremnaiite BBIBOJEL.



Choucok HCI0Jb3YEMBIX UCTOYHUKOB

1. SBopckuii b. M., Ilunckuit A. A. OcHoBbl Qu3uku: Yuebnoe mocodbue. B nByx tomax: T.1.
Mexannka. MonekynspHas ¢u3nka. DIeKTpoauHamMuka. — 3-¢ u3l., nepepad. — M.: Hayka. ['naBHas
penakuus GU3UKOo-MaTeMaTu4eckoi mureparypsl, 1981. — 480 c.



HOBOCHUBUPCKHU T'OCYTAPCTBEHHBIN TEXHUYECKHWIT YHUBEPCUTET

HWJI rexHuku 3xcniepuMenTa

METOJNYECKHUE YKA3AHUS K IABOPATOPHOMY TTPAKTUKYMY I10 KYPCY
«DU3UKA» \.

CKATBIBAHUE TBEPJIOI'O TEJIA C HAKJIOHHOM IIOCKOCTH

Hean pabdoThI: MpoBepKa 3aKOHA COXPAHEHUSI MEXaHUYECKOM YHEPTrUu P CKAaThIBAHUU TBEPAOTO
Tesa ¢ HaKJIOHHOM IJIOCKOCTH.

Tpedyemoe o0opynoBaHue, BXo/silee B COCTAB MOAYJIbHO Y4eOHOro komiiekca MYK-M2:
1. biok mexanunueckuit BM?2 (y3en “miockocts”) 1 .
2. Cexkynaomep 31eKTpoHHBIN CI1 1 wr.

Kpamxoe meopemuieckoe 66edeHue

PaccmoTpuM ckaThIBaOIIEeCs TENO C HAKIOHHOM MI0CKOCTH (puc. 1). OHO yyacTByeT B ABYX BUAAX
JBUKEHH: TOCTYyIMaTeIbHOM JIBHKEHHUH 1eHTpa Macc O U BpalaTelbHOM ABM)KEHUU OTHOCUTENIBHO OCH,
MpoXoJsIIei yepes neHTp Macc. CkatbiBaHUE Tea 0e3 MPOCKallb3bIBaHUS BOZMOXKHO IIPU YCIIOBHH:

1+k

tga < o, 1)

rae o - KOOQQUIUEHT TPEHUS CKOJILKEHHS Tella 0 HAKIOHHYIO IJIOCKOCTh (KOA((PHUINEHT TPEHUS
KaueHUs MPEeHeOpe MO Ma);

k — xoaddunuent, Bxomsammii B (Gopmyny MOMEHTa HMHEPIMH TBEPIAOro Tela MPaBUIbHON
reoMeTpU4ecKoi (popMBbI OTHOCUTEIBHO OCH, MPOXOAAIIEH Yepe3 ero neHTp macce (aus aucka k=0.5, ams
mapa k=0.4, nist 06py4ua k=1)

| = kmR?,
rae M — Macca Tena;
R — ero paauyc.

Puc. 1



HOCKOHBKy CHJIa TPCHUA Ka4CHU Majla, TO IMOJHAA MECXaHUYCCKasd SHEPTHUA CKAThIBAIOIICTOCS TCJ1a
MocTossHHA. B HayajgbHBIA MOMEHT BPEMCHH, KOIrJa TCJIO INOKOUTCA Ha BCPIINHE HAKJIOHHOM INIOCKOCTHU
Ha BeIcOTE h , €r'o NOJIHagd MCXAaHNYCCKasA SOHCPIua paBHA MMOTESHIIMATIbHOM.

W1 = mgh =mgLsina, (2
rae L — myTh, mpoiiieHHBIN IEHTPOM Macc;
(- YroJl HaKJIOHA TJIOCKOCTH.

Kunernueckas OHCPIUs  KaTAlICrocsa  TCjla  CKIAAbIBACTCA U3 KUHETHYICCKOMN OHCpPIruu
IMMOCTYIATCIIbHOI'O ABMXXCHUS HCHTPA MacC U BpallaTCJIbHOI'O ABMXKCHUSA OTHOCHUTEIIBLHO OCH, HpOXOI[S[H.IGﬁ
4epe3 HCHTP MacCC:

W _mv? +Iw2

22 2
2L
VYyuuteiBas, uto V= WR = T (rme t — BpeMs CKaThIBaHUS TeJa) MOTYYHM:

W = (1 +K)2mL° 3)
2

{2

Memoouka Ixcnepumenma

WccnenoBats nBukeHue Opycka 10 HAKIOHHOM MIIOCKOCTH MOXHO € TIOMOIIBIO Y371 «IIJI0CKOCTh»
u cekyHgomepa CO1, BXOANUX B COCTaB MOJYJIBHO yueOHOTO KoMiuiekca MYK-M?2.

YcTaHoBKa npeAcTaBiseT OO0 HaKIIOHHYIO IJIOCKOCTh 1, KOTOPYIO ¢ IOMOIIbIO BUHTA 2 MOKHO
yCTaHaBJIMBATh MOJ1 pa3HbIMU yriamMu O{ K TOpU30HTY (puc.2). Yroa X u3mepsieTcsi ¢ MOMOIIBIO ITKaIbI
3. Ha mutockocth MOXkeT ObITH TIOMemieH posink 4 maccoit M . [IpemrycMOTpeHO HCIOIB30BaHUE JIBYX
POJIUKOB pa3HOW Macchl. PONMKM 3aKpemigioTCs B BEpXHEW TOUKE HAKIOHHOM IUIOCKOCTH C MOMOILBIO
ANIEKTPOMArHUTa S5, YIMpaBJIE€HUE KOTOPHIM OCYIIECTBISECTCA C MOMOIIBIO 3JIEKTPOHHOTIO CEKYHAOMEpa
COl. IIpoiineHHOE PONHMKOM PACCTOSITHUE HM3MEPSETCS JIMHEMKON 6, 3aKperuieHHOW BJOJIb IUIOCKOCTH.
BpeMms ckaThiBaHUsI pOJIMKA HM3MEPSETCS AaBTOMAaTHYECKH C IMOMOIIBIO JaTuydhKa 7, BBIKIIIOYAIOIIETO
CEKYH/IOMEpP B MOMEHT KacaHHs POJTUKOM (PUHUIIHON TOUKH.

Puc.2



Pekomendyemoe 3a0anue

1. OcnabuB BUHT 2 (pHcC.2), yCTAHOBUTE IUIOCKOCTh I10J] HEKOTOPBIM YIJIOM O K TOPU30HTY.
[TomecTute posink 4 Ha HAKJIIOHHYIO IJIOCKOCTb.

2. Ilepexmtounte TyMOJIEp YIpaBICHHUS HIEKTPOMAarHUTAMH MEXaHUYECKOTO 0JI0Ka B TOJI0KEHUE
«IIIOCKOCTBY.
ITepeBenute cexynnomep CI1 B pexum 1
Haxxmute kHonky «Ilyck» cexynnomepa. M3mepbre BpeMs CKaTbIBaHMSL.
[ToBTOpUTE OMBIT IATUKPaTHO. [IpoBeaMTE MaTeMaTHyecKyto 00pabOTKyY pe3yabTaToB.
Beruucnure 3HaueHre MEXaHUYECKOM SHEPIUH 10, U Tocie cKaThiBaHUs. CrenaiTe BHIBOI.
[ToBTOpUTE M.1I. 1-6 1UIs1 APYTUX YIJIOB HAKJIOHA IJIOCKOCTH.
[ToBTOpuTe .M. 1-7 AJ1s1 BTOPOTO pOJIUKA.
CrenaiTe BEIBOIEL.

©ooN Ok W

Cnucox HCII0Jb3YEMBIX HCTOYHUKOB

1. bepaunckas H. B., Kpoxun C. H., Cepmtok O. U. JlabopaTopHbIii MPaKTUKYM MO MEXaHHKE:
MeToauueckie yKa3aHHs K BBIIOJTHEHHIO JIa0OpaTOpHBIX paboT mo ¢usuke. — Omck.: OMckuii
roCy/IapCTBEHHBI YHUBEPCUTET MmyTel coobuienus, 1998. — 44 c.



HOBOCHUBUPCKHU T'OCYTAPCTBEHHBIN TEXHUYECKHWIT YHUBEPCUTET 4

HWJI rexHuku 3xcniepuMenTa

METOJNYECKHUE YKA3AHUS K IABOPATOPHOMY TTPAKTUKYMY I10 KYPCY
«DU3UKA» \.

ONIPEAEJIEHUE KOY®PUIIUEHTA TPEHUA ITIOKOSI.

Ilesb padoThI: 03HAKOMHUTHCA C OJHUM U3 CIIOCOO0B U3MEpeHUs K0d((HUIIEHTa TPEHHS MTOKOSI.

Tpedyemoe 060pynoBaHue, BXo/silee B COCTAB MOAYJIbHO y4eOHOro kommiekca MYK-M2:
1. biok mexannueckuiit BM2 (y3en “miockocts”) 1 mr.

Kpamkoe meopemuueckoe 66ederue

Cunoii Tpenns Frp HaspiBaeTcs cuila, BO3HUKAIOIIAS IPU CONPUKOCHOBEHUH IOBEPXHOCTEN IBYX
TeJ U NPENATCTBYIOIAsA X B3aUMHOMY IlepemeleHnto. OHa IpUII0KEHa K TejlaM B0JIb IIOBEPXHOCTH UX
CONPUKOCHOBEHUS U HAIIPABJIEHA BCET1a IPOTUBOIIOJIOKHO OTHOCUTEIIBHOM CKOPOCTH IIEPEMEILICHMUS.

Ecinu compukacaroniyecss Tejna HENOABUXKHBI JIPYr OTHOCHUTEIBHO JpPyra, TO TOBOPAT O TPEHHH
IIOKOSI; TP OTHOCHUTEIBHOM IIEPEMEILIEHUN FOBOPAT O TPEHUU CKOJIbXKEHMs. B ciyyae, eciim 01HO U3 Tell

KaTUTCA 110 ITOBEPXHOCTU APYTOT'O oe3 IMPOCKAJIb3bIBAHUA, TO TOBOPAT O TPCHHUH KaUYCHUS.
Cuia TPCHUSA IIOKOS HE ABJIACTCA OAHO3HAYHO onpeneneHHoﬁ BeIMYuHOM. B 3aBHCHMOCTH OT

MPUJIOKEHHOUN cuiibl TATH F BenmuuuHa cuibl TpeHus mokos meHsiercss oT 0 1o Fyyw — TOro 3HaueHus
CWJIBI, KOTJa OPYCOK HauHET JABHraThes. [loaTomy

FTp < FTp make ok = Fuun

OOBIYHO CHJION TPEHHMS MOKOS HA3BIBAIOT MAKCUMAJIBHYIO CHILY TPEHUs IOKOS Frp maxce mok-
Cuiia TpeHusi MOKOsl HE 3aBUCUT OT IUIONIAJM CONPUKOCHOBEHHUS TENl U MPONOpPLUUOHAIbHA CHIIE
HOpPMaJIbHOTO JaBieHus Py (a ciieoBaTebHO, paBHOM el cuiie peakiuu ornopsl N):

FTp maxe ok = cGirokN (1)

Benuunna ocox HazbiBaeTCs KO3PPUIEeHTOM TpeHus nokost. KoapdunueHT TpeHus nokos
3aBHCHUT OT TPYIIMXCSI MAaTEPUAJIOB M OT KayecTBa 00pabOTKH OBEPXHOCTEH.

Jns onpenenenust Ko3QPUIMEHTa TPEHUS MOKOSI YAOOHO HCIOIb30BaTh HAKJIOHHYIO IIOCKOCTh
puc. 1. IIpu MeIeHHOM yBEJIMYEHHUH YIJla HAaKJIOHA IJIOCKOCTU MOXKHO HalTH TakoM yroi 0, IpU KOTOM
OpyCOK CKauKOOOPa3HO CIBUHETCS C MECTa U HAUHET CKOJIb3UTh MO TIOCKOCTH.

y N
Frp
x
Fr

Puc. 1



B nannom cinyuae Ha 6pycok OyayT neicTBOBaTh TpU CHIIBL: cHila TsbkecTu Fr, cuna peakiumn

onopsl N u cuna Tpenust Frp mok.

BriGepeM HampapieHHe KOOpAMHATHOH ocu X BJOJb IJIOCKOCTH BHHU3, a KOOPAMHATHOH ocu Y
NEPHEHAUKYJIIPHO IUIOCKOCTU BBEpX. IIpy OTCYTCTBHUM yCKOpEHHsI PaBHOACUCTBYIOLIAS BCEX TPEX CHUII
paBHa HYJIO. 3alUIIEM CUCTEMY YPaBHEHUN UCXOAs U3 BTOPOro 3akoHa HeroroHa:

-|F1p nok|*+|F1| sina=0
IN|-|F| cosa=0

W3 cucrembl ypasaenunii cnenyer Frp nox =N tg o. Mcxons us Beipaxkenus (1) MOXKHO IOTyYHTh

OCiok = tg a. (2)

Memoouka Ixcnepumenma

Onpenenutb K03 (HUIHUEHT TPEHUS TOKOS MOKHO C MOMOIIBIO y3J1a «ILIOCKOCTbY, BXOSIIETO B
COCTaB MOYJIbHO yueOHoro komiuiekca MYK-M2.

YcTaHoBKa MpeACTaBiseT OO0 HaKIIOHHYIO IIOCKOCTh 1, KOTOPYIO ¢ TOMOIIBIO BUHTA 2 MOKHO
yCTaHaBIMBATh MOJI pa3HbIMU yriamu (X K TOpu30HTY (puc.2). Yroa X u3mMepsieTcs ¢ MOMOIIBIO HTKaTbI
3. Ha miockocTe MOxkeT ObITh momereH Opycok 4 maccoit M . IlpenqycMoTpeHo MCHONb30BaHUE JIBYX
OpyckoB. Kaxplit OpycOK COCTOMT U3 IBYX YacTel, M3TOTOBJICHHBIX U3 Pa3IMYHbIX MaTepUaIoB: JIE€PEBO-
JIOpajb U AEPEBO-CTalb.

Puc.2

W3MeHsst yron HakjOHA IUIOCKOCTH MOXKHO HAMTH Takoil yroji, mpu KOTOPOM OpYCOK CKaukoM
CABUHETCSI C MECTa U HA4yHET CKOJIb3UTh MO MmiIockocTu. Mcnons3ys popmyny (2) MOXKHO paccuuTaTh

KO3 PUIIMEHT TPEeHUs MOKOS ok OpycKa.



Pekomendyemoe 3a0anue

1. OcnabuB BuHT 2 (puc.2), yCTAHOBUTE ILIOCKOCTH TOJT YIIIOM 0% k ropusonty. [lomecture Opycok
4 (ctanp -AepeBO) HA HAKJIIOHHYIO TUIOCKOCTD B MOJIOKEHHUH JIEPEBOM BHU3.

2. MenneHHO HW3MEHSS yrojl HAaKJIIOHA TUIOCKOCTHM HAWIUTE TaKOW Yroj, MPH KOTOPOM OpyCOK
CKA4YKOM CJIBUHETCS C MECTa U HAYHET CKOJIB3UTH 110 TUNIOCKOCTH. 3alUIIMTe YroJl HaKJIoOHa TIocKocTH (X .
Boeraucnure nmo hopmyie (6) koadhpuimeHT TpeHust moxost oC .

3. IloBTOpuTE OMBIT IATHKPATHO. [IpoBeAMTE MaTEMATHYECKYIO 00PabOTKY PE3yJIbTATOB.

4. TloBropute m.11. 1-3, moBepHYB OPYCOK B IMOJIOKEHUE CTAIBIO BHU3.

5. IloBropwute m.m. 1-4 qyist BToporo Opycka.

6. CpaBHHTE NOJYYCHHBIC B OIBITE 3HAYCHUS KOI((DUIIMEHTOB TPEHHUS TIOKOS C TAOJIMYHBIMU H C
pe3ynbTaTaMu u3MepeHus ko3 duireHTa TpeHus ckoiabxenus (padora Phys08.pdf).

Cnucox HCII0Jb3YEMBIX HCTOYHUKOB

1. SBopckuii b. M., Ilunckuit A. A. OcHoBbl Qu3uku: YuebHoe mocodbue. B nByx tomax: T.1.
Mexannka. MonekynspHas ¢usnka. DJIeKTpoauHaMuka. — 3-¢ u3., nepepad. — M.: Hayka. ['maBHas
penakius Gu3nKo-mareMatudeckoit autepatypsl, 1981. — 480 c.



HOBOCHUBUPCKHU T'OCYTAPCTBEHHBIN TEXHUYECKHWIT YHUBEPCUTET

HMJI TEXHUKU OKCIIEPUMEHTA

KPATKUE METOJIMUECKUE YKA3AHUS K JABOPATOPHOMY TIPAKTUKYMY 1O
KYPCY «DU3UKA» \.

®1-7x. ONIPEJEJEHUE KOO®PUIHHUEHTA TPEHUA CKOJIbKEHUA

Tpeoyemoe obopyoosanue
MoynpHO yueOHbIe KOMIUIEKCHI:

1. MonynpHbIi yueOHBIN KOMITIIEKC MYK-M2;

[TpuGopsi:
1. binok cekyHznomep annekTpoHHbINH CO1 1 .
2. brnox mexanunueckuii BM2 1 .

Kpamkoe meopemuueckoe 66ederue

HpI/I COCKaJIb3bIBAHNU 6pyCKa C HaKJIOHHOM MJIOCKOCTH Ha HEro HeﬁCTByeT HECKOJBKO CHJI: CHJIa
& & &

TAXKECCTHU mg , CHJIa HOpMaHbHOﬁ p€aKiun OIMOPhI N " CHJIa TPCHUS CKOJIbXKCHUA Fmp

y N
Frp
®
Fr

Puc.1

BriGepeM HampaBlieHHe KOOPAMHATHOH ock X B0 IIOCKOCTH BHU3, 2 KOOPAMHATHOH och Y

MEPICHIUKYIIIPHO TUTOCKOCTH BBEpX. 3alMIeM YPaBHCHHE IWHAMHKH ITOCTYIATCIIEHOTO JIBHYKCHUS
OpycKka B MPOEKIHIX HA 3T OCH:

& &sino | &
OX: m|a|= m‘ g‘— F

; (1)

mp.

_ &
OY:0=|Nm ‘g‘ COS O . )



d1-7x

queM, qTO CUuJia TpeHI/I}I CKOJIBXKCHUA paBHa
& &
I_
l= N @)

rae oC - Kod(PUIUEHT TPEHHS CKOJIBKCHHS.
Pemas cucremy ypasnenuii (1), (2) u (3), nonyyaem

&sina & &
g a‘

oc="lg =tgo — . 4)

lg| cos o | glcos o
&
Bennuuny yckopenus |a| MOXHO HANTH, U3MEPUB MPONICHHBIN OpycKOM TyTh Su
cooTBeTcTByIOLIEE Bpems 1
a =25 (5)

®opmyiia MoJIydyeHa MpHU HYJIEBOM 3HAYEHWH HAYAJIbHON CKOPOCTH, YTO COOTBETCTBYET YCJIOBHUSIM

ombita. [Toacrasmsist (5) B (4), momydaem padouyro (GopMyIiry i onpeneiacHusi KodQPUIUeHTa TPESHUS
CKOJIBXKCHUA:

2S

=lga —
*=4 gtzcoso (6)

Memoouka s3xcnepumenma

VYcTaHoBKa NpeicTaBiIseT cCOO0H HAKIIOHHYIO MJIOCKOCTh 1, KOTOPYIO ¢ OMOILBIO BUHTA 2 MOXKHO
yCTaHaBJIMBATh MO pa3HbIMU yriaamMu (X K ropu3oHTY (puc.2). Yron (X u3MepsieTcsi C MOMOIIbIO IIKAJIbI
3. Ha mmockocTh MOXeT ObITh momernieH Opycok 4 maccoit M . [IpeqycMOTpeHO MCHONIB30BaHUE IBYX
OpyckoB paszHoi Macchl. Kaxaplii OpyCOK COCTOMT W3 JIBYX YacTeW, W3TOTOBJICHHBIX M3 Pa3TUIHBIX
MaTepuasoB: JIEPEBO-AI0paJIb U JIepeBO-CTallb. Bpycku 3akperisitoTcs B BepXHEH TOYKE HAaKJIOHHOM
IUIOCKOCTH C TOMOIIBIO 3JIEKTPOMAarHuTa 5, yIpaBieHHE KOTOPHIM OCYHIECTBISETCS C IOMOIIBIO
aneKTpoHHOro cekyHaomepa CO1. IlpoiineHHoe OpyckoM paccTOsIHHE H3MepsieTcs JUHEWKon 6,
3aKpeIUIeHHONW BAOJIb IUIOCKOCTH. Bpemsi cockanb3biBaHUS Opycka H3MepsieTcsl aBTOMAaTHUECKU C
MOMOIIBIO JaTYMKA 7, BHIKIIIOYAIOIIETO CEKYHAOMEDP B MOMEHT KacaHUsl OpyCKOM (DMHUIIHOM TOUYKH.



Puc.2

Pekomendyemoe 3a0anue K pabome

0
1.  OcnabuB BHHT 2 (pHc.2), YCTAHOBHTE IUIOCKOCTH MOJ YIIOM 2D K TOPH3OHTY,

QJICKTPOMAruuT IIPpHU 93TOM JOJDKCH HAXOJAWUTLCS B HIKHEH 4YacTU IIJIOCKOCTH. 3aKpCHI/ITe IINIIOCKOCTh B
TaKOM IIOJIOKCHHUH, 3a’KaB BUHT 2.

2.  Bxumounte cexynnomep CO-1. Yoenurech, 4To OH HaxoauTcs B peskume Nel.

3.  Ilomecture Opycok c Oonbleil Maccoll (cTanb-IepeBO) Ha HAKJIOHHYIO IUIOCKOCTh B
MOJIO’KEHUH JIEPEBOM BHU3, IPUKMUTE TOpell OpycKa, Ha KOTOPBIM HakJIeeHa MeTajsInyecKasl M1acTuHa, K
AIIEKTPOMArHuTy. Y 0e1uTech, 4To OpyCOK yAepKHUBAETCS B 3TOM MOJOKEHHH.

4.  Haxmure xHomky «Ilyck» cekyngomepa. Ilpu 53TOM NpPOMCXOIUT OJHOBPEMEHHOE
OTKJIIOUYEHHE AJIEKTPOMAarHuTa M BKJIIOYEHHE CEKyHJoMepa. BpIKitoueHue ceKkyHaoMepa MPOUCXOJIUT
AaBTOMAaTUYECKU B MOMEHT yjiapa Opycka o pUHHUIIHOMY JaTYHKY.

5. SanmmmTe Bpems cocKanb3bBaHUs Opycka b, mpoiineHHEIi GpycKoM myTs S , yron HakioHa
iockoctd (X . Beraucnure no gpopmyie (6) k03 UIMEHT TPEHHsI CKOJIbXKEHUS OC .

6. IloBTOpuTe ONBIT MATHKPATHO. [IpoBeMTE MaTEMATHUECKYIO 00PabOTKY PE3yJIbTATOB.

7. Ilostopure m.m. 3-6, noBepHYB OPYCOK B MOJIOKEHUE CTAJIbIO BHU3.

8. [TosTOpHTe N1.11.3-7 1s Apyrux yrios (X .

9.  Tloropwure m.1. 3-8 11 BTOpOro Opycka.

10. CpaBHuTE NMONyYEHHBIE B ONBITE 3HAYCHUS KOO(PPUIINEHTOB TPEHUSI CKOJIBKEHUS C
TaOTMIHBIMH.



HOBOCHBHUPCKHI TOCYJAPCTBEHHBIN TEXHUUYECKWI YHUBEPCUTET

KA®E/JIPA OBIIEN ®U3NKHU

KPATKHWE METOIMYECKUE YKA3AHUS K JABOPATOPHOMY ITPAKTUKYMY HITY
I10 KYPCY «®dU3UKA»

®1-6x. YIIPYTOE COYJAPEHUE LHIAPOB

Tpeoyemoe obopyoosanue
MoynpHO yueOHbIe KOMIUIEKCHI:

1. MonynpHbIi yueOHBIN KOMITIIEKC MYK-M2;

[TpuGopsi:
1. binok cekyHznomep annekTpoHHbINH CO1 1 .
2. brnokx mexanuueckuii BM2 1 .

Kpamkoe meopemuueckoe 66ederue

AOCOTIOTHO YIPYrUM Ha3bIBaeTCsl yaap, NpPU KOTOPOM HE TMPOUCXOAMUT MpPEBpalleHUE
MEXaHUYECKOM IHEPruH COyIapsIONIMXCs Tel B APyrue BUIBI d3HEepruu. B yacTHOCTH, HE HaOMIOIaeTCs
HarpeBaHue Ten npu yaape. [Ipu abcomtoTHo ynpyrom yaape nedopmaius Tei, BOSHUKAONAs B MOMEHT
ylaapa, Mocjie ero 3aBepIICHHs MOJHOCThI0 Hcye3aeT. OueHb ONM3KUM K YIPYroMmy SBISETCS yaap
CTaJIbHBIX IIApPOB.

B pabote paccMmarpuBaeTcs coyapeHue IByX CTalbHBIX MapoB ¢ Maccamu M1 u M2,
3aKpeIJICHHBIX Ha TOJBEcax OJWHAKOBOW MMHBEL TeopeTnyecku yAOoOHO paccMaTpuBaTh abCOITIOTHO
VIOPYTUi yaap B CUCTEME OTCUeTa IIeHTpa Macc ABYX Iapos (B L-cucreme). OObsICHSIETCA 3TO TEM, YTO B
I[-cucreme BeKTOpHas CymMMa HMIYJIbCOB ILIAPOB 110 ynapa paBHa Hymro. [lokaxem sto. Hazoem
CHUCTEMY OTcueTa, cBsA3aHHYIo ¢ 3emiel K-cucremoii. B K-cucteme ckopocTh 11eHTpa Macc IBYyX IIApOB
paBHa

— 1 (mlv 10 + m2V20 )

Vec= m+m
. 1 2

rme  V 10 - BexTop ckopoctu mapa M1 ,

V 20 - BekTOp cKopocTH mapa M2 .

Nmnynscel mapos B K-cucreme paBHBI:

J— f—

1=m1V 10, P2=m2V 2.

Haiinem BeIpakeHrne nMmnyJibcoB mapoB B L[-cucteme uepes ckopoctu B K-cucreme. Bennuunnsl,
OTpeieIeHHbIe OTHOCUTENBHO L[-crcTembl, OyaemM nmomeuyaTh 3HAYKOM ' ~" (THIIBAA).



e D 1 - 6K

~ ~

1
Po=miVwo =Ml (V o M (le 10 =
— — — - - 1+Mm2 - —

_mimz_ (V 10—V 20 ): oc(V 10—V 20

S —_—

=Mm-+m )
1 2
~ ~ ( 1
P20=m2V 20 =m2 Vo e - ——— M1V ) —
— — .y - - mi1+m2 .y _
mm
1 2
S (V 20—V 10 ): oc(V 20—V 10
=Mm+m )
1 2
W3 nonydeHHbIX (HOpMYIT BUIIHO, YTO, ICHCTBUTEIBHO,
Pio +P20 =0.
mima2
BemnunHy °C = m™ +m Ha3bIBAIOT IPUBEIECHHON MACCOM.
1 2

Bpems ynapa MOKHO CUMTaTh HACTOJIBKO MajIbIM, YTO MOJBECHI JJOCTATOYHO MAacCHUBHBIX LIApOB HE
YCIIEBAIOT OTKJIOHHUTBCS 3a TO BPEMs OT BEPTHUKAIBHOIO IOJIOKEHHUS. DTO MO3BOJIIET BO BpEMs yAapa
CUMTAaTh MEXAaHHUYECKYI0 CHCTEMY, COCTOSIIIYI0 M3 JBYX IIAapOB, 3aMKHYTOHl B TOPU3O0HTAJIbHOM
HanpaBjiaenun (Baoib ocu X). CienoBaTenbHO, Ui COCTABISIONICH BEKTOpa MMITYJIbCAa MEXaHUYECKOU
CUCTEMBI, MapajuieIbHOW OCH X, JOJDKEH BBINOJHATHCSA 3aKOH COXpPaHEHMs. JTO O3HA4aeT, 4yTo cpasy
nocJie yaapa B L{-cucreme BeKTOpHas CyMMa COCTaBIISIFOIIMX UMITYJICOB IIapOB, MApauIEIbHBIX OCH X,
paBHa HYIIIO, KaK ¥ J10 yaapa.

—_— p—

ECiu U 9TOM YY€CTb, 4TO BEKTOPbI MMITYIbcoB P10 u P20 33 MTHOBEHHUE J10 yAapa U BEKTOPEI

—_—r~ ey

umnyascos P11 u P21 cCpasy mocie yaapa HalpaBJICHbBI TOPU30HTAIIBHO, TO paBHOﬁ HYJIFO MOKHO

p— e )

CUUTATb HC TOJIBKO CYMMY COCTABJIAIOIIUX, HO U CYMMY CaMHUX BEKTOPOB Pll )51 P 21

oy —_——

P11 +P21=0.

Wuauve roBopsi, B pe3ysibTaTe YIpYyroro yjaapa UMITYJIbChl Kaxa0ro mapa B L{-cucreme
MEHSIOT HAIPaBJIEHUE HA TPOTHUBOIOJIOKHOE, HE MEHSIACH 10 BennuuHe (puc.l).
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Pyy Py
—>» «— o yaapa
< —P [ocliie yjaapa
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Puc.1

HOCKOHBKy HUMITYJIbCBI B H-CI/ICTGMG obounx apoB HMCIOT OAVMHAKOBBIC ITPUBCACHHBIC MACChI oC, TO

~

V 11=—V o,
Vo =—Vo.
Teneps Haiinem ckopocty mapos V 11 u M 21 nocxue ynapa B K-cucreme. Tak kak
. Vu=Vu—- Ve,
TO
- ~— oAM=V )+ Ve=2Ve—V
Vu=Vu+Vc=—V
10 +V 10
AHAJIOTHYHO - - o - - - - - -
L~ +Ve=—Na+Ve=—AVa =V s Ve=2Ve—V
Va=Va2 2.
I/ITaK, BEKTOPBI CKOPOCTU NEPBOTO U BTOPOTO IApOB Cpa3dy MOCJIC yapa B K-cucreme PpaBHBI
Vii=2Vc¢— Vo, (1)
Var=2Ve¢— V. 2)

Tenepp yuTem, 4TO B HAallIMX ONBITaX 3a MTHOBEHUE JI0 IEPBOTO yNpyroro yaapa map M1

JBIKETCS BIOJIb OCU X CO CKOPOCTBIO V 10, a map m2 HCIIOABHKCH */ 20 0 . HpI/ILIeM YIpyroe

CoyJapeHre HOCHT JIOOOBOM XapakTep.

CJ'ICI[OB&TCJ'IBHO, B IPOCKIHAX HA OCb XCKOpOCTI/I rapoB Cpa3y MocCJIC yapa B K-cucreme PAaBHBI:
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Vo= 2

11X |”1+m2 (m1V10x+m2 '0)— Viox =

3)
2m]1—m1 — mp —
= m2 \V =M2 \
m1 + m2 mi1 + mp
miViox + m2 0)—0
V = (mV1o x +m2 0) omy
21X T = — V10 X . (4)
m1+ m2 mi1 +m2

Ananus ¢popmyin (3) u (4) mokaspIBaeT CleayIouiee:

1) Ecim M1 <M2 1o V11X < 0. 310 03Hauaer, uTo mocie ynpyroro yiapa mapom MeHbIIEi
MAcChI 10 HEMOJIBIKHOMY LIapy ¢ GoIbIueil Maccoii, MEHBIIHI Iap MOCie yAapa JBIKETCS B 0OPaTHYIO
CTOPOHY;

2) EcmM1=m2=m, o V11X =0, a mV21x = mV10 X . IIpu pasencre mMacc ynpyro
COYIApAIONINXCA WIAPOB B PE3yJbTaTe YIPYroro yaapa IepBblii IIap OCTAHABIMBACTCA, a BTOPOIL
HAYMHACT ABUI'ATHCA C I/IMHy.HBCOM HepBOFO HIapa.

3) EcomM1>mM2, 1o V11X > 0. 9ro o3mauaer, uro 06a mapa rocjie yaapa JIBHXKYTCS B
MOJIOKUTEIBHOM HANpaBJIeHUH ocu X.

Paccmotrpum uHTepecHbIl (usznueckuil 3PQexT, HaOMOJAIOUINIICS TpPU YIPYTOM IMOBTOPHOM
coynapeHuu mapa maccol M1 ¢ nepBoHaYaibHO HEMOBHKHBIM IIapoM mMaccel M2 .

Bynem cuutaTh, UTO MEepuoOAbI KoJeOaHUH 1IapoB OAMHAKOBBL. Toraa mocie nepBoro CoyaapeHus
H1apbl, OTKJIOHUBIIMCH OT MEPBOrO IMOJIOKEHUS PABHOBECHUS, MIOBTOPHO CTOJIKHYTCS B TOHM K€ HIKHEH
TOYKE MX TPAEeKTOpui . 3a BpeMsl OJHOro KoJieOaHUs MOTepH MEXaHHYECKOH »HEepruu KakJoro Iapa,
CBsI3aHHbIE C Pa0OTON CHJIBI COMPOTHUBIICHUS BO3yXa, Majbl. DTO MO3BOJIIET CUUTATh, YTO UX CKOPOCTH
3a MITHOBEHHE JI0 MOBTOPHOTO yJapa paBHbI 110 MOAYJIIO CKOPOCTSIM ILIApOB Cpa3y MOCie NEPBOro yaapa,
HO HaIIpaBJIEHUs CKOPOCTEMN MPOTUBOIIOJIOKHBI.

CkazaHHO€ 03HAYAEeT, YTO CKOPOCTh LIEHTPA MACC I1apOB P MOBTOPHOM YJape paBHA MO BEJINYMHE
Y IPOTUBOIIOJIOKHO IO HAMIPABJIEHUIO CKOPOCTH IIEHTpa Macc MpH MEPBOM yIape.

HCﬁCTBHTeHBHO, B IPOCKIHMAX HAa OChb X MOJIYyYHM:

IIpY NIEPBOM YZape CKOPOCTh LIEHTPa MAcC I1apOB paBHA

1 (mViox—m2 0) my Vv

Vex = m+m = m+m 10X’ 5)
1 2 1 2

a Tpu BTOPOM yzape
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— m m
Y - m : £V -m — V= 1V . (6)
cXx mM+m 1 (m+m ) 100x 2m +M 10X m+m 10x

1 2 1 2 1 2 1 2

[one3ysck popmymnamu (1) u (2), moxydaem ckopoctu epsoro V12 X u Broporo V22 X mapos
rocje BTOPOro yaapa:

2mp mi1 —m2
Viox =%Vex ™ C V11x):_ m+m . 2V10x - - nl+ m2 Viox="Vigx "
2m1 VlO X —(—V21X ) = 2m1 2m1
1 2 12 1 2

W3 nonmyueHHBIX BBIPKEHUHN CIEAYeT, 4TO B pe3yiabTaTe BTOPOro yaapa map M2 , KoTopslid 10
MEPBOro yJaapa MOKOWJICS, OMATh OCTaHaBIMBaeTcs, a map M1 mpuobperaeT KMHETUYECKYIO SHEPTHIO,

PaBHYIO SHCPIrun Nepea repBbIM yAapOM. ITocnennee 03HAa4acT, 94TO MMOCJIC BTOPOIr'0 yapa 1map ml
HAOJIKCH OTKJIOHUTBCA IMOYTH Ha TOT KE YIrojl, C KOTOPOIro OH OBLT OTIIYIICH 3JICKTPOMAIrHUTOM B HA4aJiC
OITbITA.

Memoouka 3xkcnepumenma

JlaGopaTopHasi yCTaHOBKa JUId M3Yy4e€HHs YHOpyroro ynapa (puc.2) HpeiacTaBisieT coboi 1Ba
ctaynbHbIX mapa 1 u 2 ¢ maccamu M1 1 M2 , 3akpemieHHbIX Ha OuduIsApHbIX ojasecax 3. PaccrosHue

OT OCH BpAIL[CHHS MIAPOB JI0 UX IIeHTPoB Macc paBHo L . ITlap M1 MoXeT ynepKuBaThcs B OTKIOHEHHOM
MOJIOKEHUHU ANIEKTpoMarHuToM 4. [lojokeHne 3JIeKTpOMarHuTa MOXET MU3MEHSThCSA 3a CUeT MOBOpPOTa

mTanrn 5. HauanpHblil yronm oTkioHeHHMs mnoaBeca mmapa [M]1 OT BEPTUKATBHOTO MOJIOKEHUS
OnpeAeNsieTcs ¢ MOMOIIBI0 MOBOPOTHOTO MHAMKATOpa 6 W MIKalbl 7. DTOT XK€ WHAMKATOP IMO3BOJSET

ONpEETUTh MaKCUMAJIBHBIN yToJ1 OTKJIOHeHUd mapa M1 nocne ynapa. MakcHMalIbHBIN yroul

OTKJIOHCHUA 1Iapa m2 HU3MCPACTCA C TOMOIIBIO BTOPOT'O MOBOPOTHOTO MHAUKATOPA 8 co mkamoi 9.

Yerpoiictso 10 no3BosisieT MpeoTBpaTUTh OTKIOHEeHUE mapa M2 nocne coynapenus ¢ mapom M1 , ecnu
3TO HeoOXoAaumo. J[ist 3TOro ero ycTaHaBIMBAIOT B BEPTHKAIbHOE IOJOXKEHHE. YIpaBlieHUE
AIIEKTPOMArHUTOM OCYIIECTBISETCA € IoMolIbio Ooka 11.

Benuunaamu, KOTOpble OyIyT U3MEPATHCS B OMBITAX, SBISIOTCS HE CKOPOCTH, & YIIIbl OTKIOHEHUS
MIOBECOB IIAPOB OT IIOJIOXKEHUS paBHOBeCHs. VICronb3ys MOJIydEeHHBIE BBIPAKEHMS M1 CKOPOCTEW,
noJiyduM (OPMYIIbI ISl YTJIOB OTKJIOHEHHS KaKJI0T0 U3 I1apoB MOCJIe IEPBOIo yaapa.
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1 2 =110

Puc. 2
Ilycte ynepxuBaemslid diekTpoMarHuToMm map (M1 mMeer moasec, pacHoIOKEHHBIM IO YIVIOM
(10 k BepTUKAIIBHOMY HalIpaBJICHUIO. ECIIN paccTOsSHUE OT OCH BPAILLEHUs A0 LIEHTPa Macc 1iapa paBHO

L y TO B TAKOM ITOJIOKCHUU LNCHTP MACC IMOJHAT HA BBICOTY th , KOTOpasd paBHa
h1o =L(1 - cosa1p) . (9)

C‘II/ITaeM, 4TO B IOJIOKCHUH PABHOBCCHUS NCHTP MACC Iapa pacCIIOJIOKEH Ha Hy.TIeBDﬁ

BbICcOTE. M3 3aK0HA COXPAHEHHSI MEXAaHHUYECKOW SHEPTHH CIICTYET

mV »
mighio = o (10)
CrnemoBartenansHO,
V10 x =/2gh10 =\2gL(1 - cos a10) (11)
N3 dpopmymnst (3), moacrasisis (11), momydaem
m —
\Y; =ﬂ2_~\/29L(1— CoS Ol ). (12)
11X 10
mi+ m2
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VYron OTKIOHEHHS MOJABECA MEPBOTO IIapa Mocie mepBoro yaapa oboznaunm (X11 . CBs3p 3TOTO

yIJIa C BBICOTOM MOJAbEMa MOCIIE NEPBOTO yAapa h11 umeer Bux:
h11=L(1—cos a11) (13)

OnsTh NOJIB3yeEMCsI 3aKOHOM COXPaHEHMsI MEXaHUUECKON S3HEPTUU

mV
m gh =X (14)
1 112 2
2gh =V~ . (15)
11 11X
[Moacrasnss (11) B (13), monyuaem
20L(1 —cos a11) =
oL( 1= mmo :
( — ) [29L(L —cos a10)].
mi1 + m2

[Tocne cokparenuii u mpeodpa3oBaHUil OTYYUM padouyio GopMyITy JUIsl KOCHHYCA yTiia
OTKJIOHEHUS TIEPBOTO Il1apa 1ocJie NEPBOro yaapa:

—_ 2
oS O =1—””1—m2 (1- cosa ). (16)
11 m+ M 10

1 2
Paccyxnas Takum ke 00pa3om, MoaydyuM pabouyro GopMymy Jjisi KOCHHYCa yriia OTKJIOHeHus X

21 BTOpOTO MIapa Mociie MepBoro yaapa:

h21=L(1- coso21);

V = 2m1
2 s 2gL(1— cos o1) ;
——3m ¢
2gL(1 —cos
o 21)= +m [2g9L(1 - cos co1 )]
1 2
cosap1=1 2m 2

e N . an
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[Tonw3ysice pabounmu hopmynamu (16) u (17), HaiigeM, Tpu KaKOM OTHOIIICHHH MaccC IapoB

WX OTKJIOHEHUS TIOCTIE TIEPBOTO yaapa OyaeT OAMHAKOBBIMHU.
ITpu 011 = & 21 u3 (14) u (15) nomyunum (m1 — m2 )2 = (2 mi )2 .

Bo3sens B kBagpar u pa3aenuB paBeHCTBO Ha M1 , NpUXOJAUM K YPaBHEHHUIO

Pemus, monmydaem, 94To OTKJIOHEHUS IIIAPOB ITOCIIE TIEPBOTO yaapa OyayT OJUHAKOBBIMHU, €CIIN
OTHOIIIEHHE MAcChl BTOPOTO IIapa K Macce MepBOro PaBHO

— =3 (18)

Pexomenodyemoe 3a0anue k pabome

1. Y6enurtecsh, uTo B KauecTBe mapa M1 BHavase UCMIONB3YeTCs IIap MeHbIeld Macchl. Eciu 1o

He Tak, 3akpenure ero. [llap M2 nomken umeTs OoblIyI0 Macey.
2. BxirounTe 37€KTPOHHBIN OJIOK YIpPaBICHUS JIEKTPOMArHUTOM.

3. IloasenuTte K anekTpoMaruuty map M1 . Yoenurech, 4To OH yAE€PKUBACTCS AIEKTPOMArHUTOM.

YcTaHOBUTE MOBOPOTOM IITAHTH 5 HayaslbHBIA yroa ({10 oTkI0HeHHs nojBeca mapa M1 oT BepTUKaM.
[Tonp3ysch MOBOPOTHBIM MHIAMKATOPOM 6 M HIKaJoi 7 (cM. puc. 1), u3MepbTe 3TOT yrod.

4. TloaroroBbTe MOBOPOTHBIN MHIUKATOP 8 K M3MEpPEHUI0 OTKIOHeHUs mapa M2 . [{ns atoro

YCTAaHOBHUTE €I'0 B IMOJIOKCHUC 0IU3KOE K 0 .
5. Haxxatnem KHONKH Ha SJICKTPOHHOM OJIOKE OTKIIIOUYMTE TUTAHHE QJICKTpOMAruuTa u OCB060,I[I/ITC

map M1 .

6. CHEMUTE TTOKA3aHMS CO IIKAJIbl 9 U 3aIUIINTE MOJIYYCHHOC 3HAUCHUC YTJIa (04 21.
7. HaxxatrieM KHONKH «CTOIT» BKJIFOYNTE ITATAHUE OJICKTPOMAriuTa U BHOBb IMMTOABCAUTE K HEMY

map M1 .
8. TloAroToBHTE MOBOPOTHBIN HHIUKATOP 6 JIUIS ONPEIEIICHHs yTila OTKJIOHeHU mapa M1 mocie

0
MepBOro yaapa. I[J'ISI 9TOIr'0 YCTAHOBUTC €I'0 B ITOJIOKCHUC ONM3KOoE K 0 . YCTaHOBUTE YCTPOUCTBO 108
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BEPTUKAIBHOE MOJIOKEHUE. ITO HE MO3BOJIUT mapy M1 mocie moBTOPHOTO yJapa U3MEHHUTh MTOKa3aHUS
MMOBOPOTHOTO MHIUKATOpa 6.

9. HaxkaTuem KHOIIKY Ha JICKTPOHHOM OJIOKE OTKIIFOUUTE MUTAHUE YJIEKTPOMArHUTA U OCBOOOIUTE
map M1 .

10. CuuMuTe nokazaHue co MIKaIbl 7 U 3aIUIIUTE [TOJyYeHHOE 3HaueHue yria (11 .

11. TlomydeHHbIE SKCIEPUMEHTAIbHBIE PE3Y/IbTAaThl CPABHUTE C TEOPETUUECKUMHU, MOJIYUHB UX C
nomotipio Gopmyn (12) u (13). Ecnmu okazamoch, uto (X111 = « 21 , mpoBepbTe, BHIMOIHICTCS JIN
cootHouieHue (14).

12. TToropute n.m. 2 10 qyist 1pyrux 3HayeHU HayasipHOTo yriia X10 , U3MEHUB €T0 IOBOPOTOM
LITAHTH 5.

13. CeHumuTe map Majaoi Macchl ¥ 3aMEHHTE €ro [IapOM, Macca KOTOPOTO paBHA Macce miapa
m2.

14. VYo6epure ycrpoiictBo 10, npensTcTByollee OTKIOHEHUIO BTOPOTO 1Iapa.

15. [IpoBenuTe KaueCTBEHHBIH OMBIT (6€3 U3MEPEHUI) C IapaMy PaBHOU Macchl. Y OeTuTeCh,
4TO, JCHUCTBUTEIILHO, TIPU YIape OHH OOMEHHBAIOTCS UMITYJIbCAMU U SHEPTUSIMHU.

16. Omnsath BepHUTE Ha MecTO map Maioi Maccel M1 .IlpoBeanTe OMBITHI C IEIBIO HAOTIOACHUS
0COOCHHOCTEH BTOPOTro yHpyroro ynapa. ¥Yoenutech, yTo map 6omibiiei Mmaccsl M2 mocae BTOporo yaapa

OCTaHaBJIMBaeTcs, a map M1 OTKIOHsAETCA MOYTH Ha NepBOHAaYaIbHbIA yroia (X10 .
17. TlomensiiTe Mamnbiii U OONBINON MAPBl MEeCcTaMu U TIoBTopHTe 11.17. YOeaureck, 4o 3pdext
OCTaHOBKH HaOJII0/Ia€TCS ¥ B 3TOM CIlydae.



HOBOCHUBUPCKHU T'OCYTAPCTBEHHBIN TEXHUYECKHWIT YHUBEPCUTET

HMJI TEXHUKU OKCITIEPUMEHTA

KPATKUE METOJIMYECKUE YKA3AHUS K JIABOPATOPHOMY ITPAKTUKYMY T1O
KYPCY «®U3UKA» \

®1-5x. HEYIIPYT'OE COYJAPEHUE IIAPOB

Tpeoyemoe obopyoosanue
MoaynpHO yueOHbIE KOMIUICKCHI:

1. MonynbHBIN yueOHbIN KoMIuiIekc MYK-M1;

[Tpubopsr:
1. brok wmexanuueckuit BM1 1 .
1. brok cekynaomep 31eKTpoHHbIH CO1 1 .

Kpamkoe meopemuueckoe 66ederue

AOCOIIOTHO HEYNPYIMM Ha3blBalOT yJaap, IpU KOTOPOM IOCJE CTOJIKHOBEHMs Teja ABMXKYTCS C
OJIMHAKOBBIMHM CKOPOCTSIMM B OJHOM HampaBjieHHH (ciaumnarorcsi). B mpouecce Heympyroro yaapa
MEXaHUYEeCKasi SHEPrusi CUCTEMbl HE COXpaHSETCs, MMPEBPALLAsCh YaCTUYHO BO BHYTPEHHIOIO SHEPIHIO
CTOJKHYBIIMXCS Ten (Tena HarpeBaroTcs). Heympyroe B3auMopeicTBHEe MOXHO HAOMOIATh MPU
CTOJIKHOBEHUH IUIACTUJIMHOBBIX TeJl. B HammMx ombITax HEYNPYyroe CTOJKHOBEHHE CTAJIbHBIX IIApOB
oOecreunBaeTcs TOHKUM IJIACTUIMHOBBIM CIIOEM, HAHECEHHOM Ha OJIMH M3 IIApOB B TOYKE KacaHUS C
JIPYTUM TIapOM.

Haiinem ckopocts mapoB M1 u M2 mocne Heynpyroro 1o6oBoro yaapa. [Iycts ckopocTh mapa

M1 3a MraoBeHue 10 ynapa paBHa V10 , a mapa M2 - Hymo. Bpems ynapa mapos, 3aKperuIeHHbIX Ha
MOJBECaX, MOXXHO CYHMTAaThb HACTOJBKO MaJlbIM, YTO IIOJBECHl JOCTATOYHO MACCHBHBIX IIapOB HE
YCHEBAIOT OTKJIOHHUTHLCS 32 3TO BPEeMs OT BEPTHUKAIBLHOTO TOJOXKEHHs. DTO MO3BOJISIET BO BpeMs yaapa
CUMTATh MEXAHUYECKYIO CHCTEMY JIBYX IIApOB 3aMKHYTOM B TOPU3OHTAIBHOM HAMpaBiIeHHUH (BIOIb OCH
X). CnenoBaTenbHO, JUIsl COCTABIISIIOIIEH BEKTOPA UMITYJIbCA MEXaHUUECKON CHUCTEMBI, MapaJljIeIbHON ocH
X, JOJKEH BBIMOJHATHCS 3aKOH COXpaHeHus. Eciiu mpu 3TOM y4yecTh, YTO BEKTOpPHI MUMITYJICOB 32
MTHOBEHHE JI0 U Cpa3y MOCJE yaapa HampaBJIeHbl TOPU30HTAIBHO, TO 3aKOH COXPAHEHUS BBIMOJIHSIETCS B
MOMEHT yJlapa 1 JJisi CAaMOI'0 BEKTOpa UMITYJIbCa CUCTEMBI.
B MMPOCKIHAX HAa OChb X 3aK0H COXpPAaHCHUA UMITYJIbCAa UMCCT BU:

& &
m1|¥ 10|+ m2 0= (m1+m2)|V] .

OTcrozia CKOpOCTh CUCTEMBI Cpa3y MOCIIE€ HEYIIPYTOro yaapa

mV

1 10
V=—"wm— (1)
1 2
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Memoouka IKcnepumenma

JlaGopaTopHasi ycTaHOBKa JUlsl M3y4eHHUs Heynpyroro yaapa (puc.l) mpencraeiser coOoil 1Ba
cTanpHBIX mapa 1 u 2 ¢ maccamu M1 u M2 , 3akpenieHHbIX Ha OUPUIAPHBIX NoABecax 3. PaccTosnue

OT OCH BpaILEHHs MAapoB 0 X IeHTPoB Macc pasHo L . IIlap M1 MOXeT ynepKuBaThcs B OTKIOHEHHOM
MOJIOXKEHUU AeKTpoMarHuToM 4. [lojokeHue 3JIeKTpOMarHuTa MOXET U3MEHSThCSA 3a CUeT MOBOPOTa

mranrd 5. HawaneHblii yron ortkioHeHuss monBeca mapa [M]1 OT BePTHUKAIbHOTO IMOJIOKEHUS
ONpeJIEeseTCs ¢ MOMOIIBIO MOBOPOTHOIO MHJMKATOpa 6 M MIKajabl 7. DTOT k€ MHIUKATOP MO3BOJSET

ONpeAeNuTh MaKCUMaJbHBIA yroil OTKJIOHeHus mapa [M]1 mnocne yaapa. MakcUMalbHBI  yroj
oTKJIOHeHHs mapa M2 u3Mmepsercs ¢ MOMOIIBI0 BTOPOrO MOBOPOTHOTO MHIMKAaTOpa 8§ co mikamoit 9.

YcrpoiictBo 10 mo3BosseT IpeaoTBpaTUTh OTKIOHEHHE Iiapa M2 nocie coynapenus ¢ mapom M1 , ecnu
3TO0 HeoOXoaumo. J[is STOro ero ycTaHaBIMBAIOT B BEPTHKAIbHOE TMOJOXKEHHE. YTIpaBleHUE
AIIEKTPOMArHUTOM OCYIIECTBISIETCS C TIOMOUIBIO 3JIEKTPOHHOTO Otoka 11.

LLLLL LS L

il

11

la
<%

12—l

Puc.1

B omrbiTe 6y21yT HU3MEPATHCA YIJIBI OTKJIIOHCHUS IMOJABCCOB HIAPOB OT BECPTUKAJIBHOI'O IMOJIOXCHUSA.
Hcnone3ys BoipaxkeHue (1), momyuyeHHOE sl CKOPOCTH IMOCIE yiapa, HailieM COOTBETCTBYIOIIMM yroi
OTKJIOHEHUS TI0JIBECOB.

HYCTB HavalbHbBIN YroJi OTKJIOHCHHS MMoABECAa 1Iapa ml , YACPKHUBACMOTI'O DJICKTPOMArHuTOM,
paBCH O(]_O . Ecin PpacCTOSAHUEC OT OCH BpalllICHUSA 40 HCHTpA MacC mapa L , TO B TaKOM ITIOJIOKCHHU

LHCHTP MACC NMOAHAT HA BBICOTY th , KOTOpad paBHa

h1o = L(1— cos a0 ). @)
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Ecnu mpeneOpeub CHiIOW CONPOTHBICHHS BO3AyXa MpH JBMKeHHMH Imapa M1 K Touke
CTOJIKHOBEHUS, TO MOKHO BOCIIOJIb30BATbCA 3aKOHOM COXPAHEHUS MEXaHMYECKOH 3HEpPruu, 4ToObl

BBIPA3UTh V10 4yepes BICOTY h10 :

mV >
mighio = o . (3)
CrnenoBartenbsHO,
V1o =y2gh1o =2gL(1 - cos a1 ). 4)

ITocie yapa HeHTp MACC CHCTEMbI ABYX IIAPOB ITOJHUMAETCS HA MAKCHMAIIbHYIO BEIcOTy N |
KOTOPasi BBIPAXKAETCS 4epe3 COOTBETCTBYOMUN yroa (X :

h=L(1—cos a). ©)
HCHOJ’H)?)Y?I 3aKOH COXpaHCHUA MEXaHUIECKOM SHEPIruu, JaJCC MoJIydacMm:
2
(m+m_ )V
1 2
(m1+m2 Jgh =———_. ©

[Toncrasnss (1),(4) u (5) nocne npeobpazoBaHuii moaydaeM padodyro GopMyiy A KOCUHYca yria
OTKJIOHEHUS MOABECOB M1OCIIE HEYNPYTOoro yaapa:

m

cosa-1- 1

(1- cosouo) ) (7)
mi + m2

Pekomendyemoe 3a0anue K pabome

1.Y6enutecs, uro B kaduecTBe 11apa M1 BHavase UCIONb3yeTcs IIap MeHbIel Macchl. Ecnu 310 He
Tak, 3akpenute ero. lllap M2 nomkeH UMeTh OOIBITYIO0 MACCy.

2.BxyrounTe IeKTPOHHBIN OJI0K yripaBieHus diaekTpomarautom 11 (Puc.1).

3.IlogBenute k snexkTpomaruuty map M1 . Yoeautech, 4TO OH yAEPKUBACTCS dIEKTPOMATHUTOM.

YcraHoBHTE MOBOPOTOM IITAHIY 5 HadaidbHbIN yroy ({10 oTkIOHEeHUs nojseca mapa (M1 ot BepTukaiu.

[Tosp3ysick MOBOPOTHBIM MHIMKATOPOM 6 U mmIKanoi 7 (cM. puc. 1),u3MeppTe 3TOT yrodi.
4.IloaroToBbTE MOBOPOTHBI HMHIMKATOP 8 K M3MEPEHHUIO OTKJIOHEHUS IOJBECOB IIApOB IOCIE

HEeynpyroro ynaapa. st 3Toro ycTaHoBUTE €ro B mojoxkeHue, Onmskoe k «0». Ha mape M2 B mecte
IIPEAINOIIAracMoro yaapa HaHeCUTe TOHKUM IIACTUIIMHOBBIN CIION.



e D 1-Sk

5.HaxaTreM KHOIIKHM Ha 3JIGKTPOHHOM OJIOKE OTKJIIOUUTE MUTAHUE 3JCKTPOMAarHuTa U 0cBOOOAUTE
mrap M1 .

6. CHUMHTE TTOKa3aHUsl CO MIKaNbl 9 U 3anummTe 3Hayenue yriaa X .
8.IToBTOpPHUTE ONBIT MO I1.1I. 3-6 C APYTUMHU 3HAYEHUSIMU Ha4alIbHOTO yria oTkiIoHeHus (X10 .

9.CHuMuTE 1Iap MaJIO MacChl U 3aMEHUTE €T0 IIapoM, Macca KOTOpOro paBHa macce mapa M2 .
10. TToBTOpUTE OMBIT 1O IL.I1. 3-6 I TAKOW MEXaHUYECKOW CHCTEMBI.

11.ITomyueHHbIe SKCIIEPUMEHTAIbHBIE PE3YIbTAThl CPABHUTE C TEOPETUUYECKUMHU, MOTYIHUB UX C
OMOIIbI0 hopMyisr (7).



MOJIEKYJIAPHASA ®U3UKA u TEPMOANHAMMKA

JIABOPATOPHAA PABOTA
AJIMABATUYECKUM ITPOILIECC

O3HakoMbTeCh ¢ Teopuel B koHcniekTe U yueOHuke (CaBenbes, T.1, §82,97). 3any-
ctute mnporpammy. Breibepute «TepMomuHamuka W MOJEKYJIspHas (PU3UKaY,
«Annabatuyeckuil mporecc». HakMuTe KHOMKY C M300paKEHHEM CTPAHHIIBI BO
BHYTpeHHEM OKkHe. [IpounTaiiTe TEOpUIO U 3amUIIMTE HEOOXOJIMMOE B CBOM KOH-
CIEKT JIa0OpaTOPHOU pabOThl. 3aKpPONTE OKHO TEOPUH, HAXKaB KHOMKY C KPECTOM B
MIPABOM BEPXHEM YTy BHYTPEHHETO OKHA.

HEJb PABOTBI:

* 3HAKOMCTBO C KOMITBIOTEPHON MOJEIBIO, ONMUCHIBAIONIEH aquadaTuyeCcKuit
MIPOIIECC B UICATTLHOM Ta3e.

* DKCHEepUMEHTAIBHOE MOATBEPKAECHUE 3aKOHOMEPHOCTEN a1nadaTUuYECKOT0
mpoIiecca.

* DKCIEepUMEHTATBHOE ONPeIeNICHUE MoKa3aTelis aaiuadaTsl, KOJUYECTBa CTe-
neHel cBOOOIbI U CTPYKTYPhI MOJIEKYJI ra3a B JAHHOW MOJICIIH.

KPATKAA TEOPHUA:

COCTOSHUME cuctembl nmeeT (UKCUPOBAHHBIE 3HAYCHUSI MAKPOCKOMUYECKUX
MapaMeTpOB, ONKCHIBAIOLIUX CUCTEMY B LeloM. [lapameTpsl, XapaKTepU3yIOIIHe
cuctemy B uenoMm, HaszbpiBaoTcsi [IAPAMETPAMM COCTOSAHUA. Tlpumepamu
ABJISIIOTCS TEMIIEpATypa, 1aBjieHUuE, 00bEM U T.I.

PABHOBECHbIM Ha3biBaeTcsi TAKOE COCTOSIHUE CHUCTEMBI, IPU KOTOPOM BCE Ma-
paMeTphbl CUCTEMBI UMEIOT OMpEACICHHbIC 3HAYEHHUs, OCTAIOIIeeCs] HEU3MEHHBIMU
CKOJIb YTOJTHO JOJITO MPU HEU3MEHHBIX BHEIIIHUX YCIIOBHUSX.

OBPATHUMBIM Ha3biBaeTcsi mpoliecc, MpU peaau3alud KOTOPOTro B OOpaTHOM
HaIlpaBJICHUHU CUCTEMA MPOXOAUT YEepe3 T€ K€ COCTOSHMS, YTO U MPU MPSIMOM XOJIE,
HO B OOpaTHOM MOCJeI0BaTeIbHOCTH. PaBHOBECHBIE MPOIIECCH BCETa OOPATHMBI.
KPYT'OBBIM npoueccom (LIUKJIOM) Ha3piBaeTCs mpoIiece, Ipu KOTOPOM CHCTE-
Ma Mocje psja U3MEHEHUN BO3BpaIaeTCs B UCXOIHOE COCTOSIHUE.

YPABHEHUE COCTOAHUS uneansuoro ra3a (ypaBHeHue MeHieneeBa-
Knaneiipona)

_ m
= pV RT.
u

TEIIJIOEMKOCTD Tena umciieHHO paBHAa OTHOIIEHUIO KonmuecTBa Teria d’Q,
COOOIIEHHOTO Tely, K U3MEHEeHHuIo TemmepaTypsl Tena dT, koTopoe mpu 3ToM mnpo-
M301LIO:

CtEna = ddT_Q :

VJIEJIbHOMU TemioeMKOCThIO BEIeCTBA HA3bIBACTCS OTHOIIICHUE TEIIOEMKOCTH K
Macce TeJa.



Ecnu teno Hem MeHsieT cBOW 00beM, TO OHO HE COBEpIIAET PabOThl, MOATOMY TIPH
MOCTOSIHHOM 00beMe Teja nepegaHHoe Teny Terao dQ’ uaer Ha U3MEHEHHE €ro
BHyTpeHHel sneprun dU.

TEIIJIOEMKOCTHD ITPU TTOCTOAHHOM OB BEME

Cv= (dil/ _au.
dT dT
TEIVIOEMKOCTbD ITPHU ITOCTOAHHOM JABJIEHMUN uneansHOro rasa, Mo-
JICKYJIBl KOTOPOTO UMEIOT 1 CTETICHEH CBOOOIbI

Cp :(de =‘3'U+P(O'V)P _Amp  H2m ey,
P

dT dT dT 2 K 2 K
OTHOLIEHHE Cp_ Y SABISETCA KOHCTAHTOM (B OIPEACICHHOM IUAa30HE TEM-
Cv

neparyp) A JAHHOTO Tra3a. DTa KOHCTaHTa Ha3bIBAETCs MOKA3aTesIeM aana0aThl.

2
®opmyna y= % — (2) ycTaHaBIMBAET CBSI3b OTHOLIEHUS TEIJIOEMKOCTEHC Y
I

YHMCJIOM CTEIEHEN CBOBO/IbI MoseKyibl Tasa i .
YHCJIO (xommuectso) CTEITEHEW CBOBO/IBI ecth MHHUMAIBHOE KOJIMYECTBO
HE3aBUCHMBIX KOOPJMHAT, HEOOXOJUMBIX JIJI1 OJHO3HAYHOI'O OIMHMCAHHUS TOJIOXKE-
HUS MOJIEKYJIBI B mpocTpaHcTBe MJIM MuUHHMManbHOE KOJMYECTBO HE3aBUCHMBIX
JBMKCHUH, CyNIEPIO3UIIUS KOTOPHIX AACT JIF0O0E IBUKEHNUE MOJIEKYJIbI.
I[TOCTVYIIATEJIbHOE JIBMJKEHUE Bcerna naer 3 crerneHu cBOOO/IBI.
BPAILIATEJIbBHOE JIBWUXEHUWE gaet 2 crenenu ¢cBOOOIBI IS TUHEHHOM MOJIe-
KYJIbl ¥ 3 CTETIEHU CBOOOIbI, €CJIM aTOMBI B MOJICKYJIE HE PACIOJIOAKEHBI HA OJTHOU
JUHHH.
KOJIEBATEJIBHOE JAIBMXEHUE nmaet 2nKOJI cTreneHeld cBo0o b, Iae NKOJI — KO-
JMYECTBO HE3aBUCUMBIX KOJICOAHHI aTOMOB B MOJIEKYJIe (Y JByXaTOMHOM MOJIEKY-
761 NKOJT = 1).
AJIMABATUYECKHM Ha3biBaeTCs MPOIIECC, MPOUCXOAAIINN 0€3 TermioooMeHa ¢
BHemHel cpenoit (d’Q = 0). YpaBHueHue aguadbaTsl

PVy = const (3).
Ipunsto Takke BoiAensts N3OTEPMUUYECKNUN, N30BAPUYECKHN u M30-
XOPUYECKUH nporeccst.

METOJMKA u IOPAJOK U3MEPEHUI

BHHUMaTENBHO pacCMOTPUTE KapTHUHKY Ha PUCYHKE, HAUJUTE PUCYHOK DJIEMEHTA, B
KOTOPOM peanu3yeTcs aanadaTH4ecKuil mporiecc, o0paTuTe BHUMaHUE Ha €ro TeM-
aousossiuio. Haiinure maremMatndeckyio (pOpMYyIUPOBKY YCIOBHUS TEILTOM30JIS-
uuu. O3HaKOMbTECH C rpadKamMu B IPABOM YACTH U300paKEHUS.

3apucyiiTe He0OOX0IUMOE B CBOM KOHCIIEKT JaOOpaTOPHOUH padOTHI.
IosyuuTe y npenogaBaTteis J0NMYCK /Ui BHITIOJTHEHUS] H3MePeHMIi.
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| HauaTe Nnpouecc

N3MEPEHUNA:
VYcraHoBuTe HayallbHOE 3HaUeHUE o0bemMa VHAY = 40 I[M3 Y HAYQJIBHYIO TEMIIE-

patypy T1 raza, Onuskyro k uyuciam u3 1adia.1. Ins storo Haxkmute kHonky «BbI-
BOP», nepemectute Mapkep MbILIM TakK, YTOObI €r0 OCTpHE HAXOAMJIOCHh B YKa3aH-
HOW TOYKE BOJIM3HM TPaHUIBI CTOJOWKA Ha TPAAYCHUKE, U KOPOTKO HAXKMUTE U
yIep>KUBast JIEBYIO KHOIKY MBIIIN JBUTANTE CTOJIOUK.

Haxxmute mpimbio kHOTIKY «CTAPTY» Ha skpaHe u HaOmI0MaliTe IEpeMeIIeHre
NOPILIHS HA JIEBOW KapTHMHKE MOJEIH U NEPEMEIICHUE TOYKH MO KPAaCHOW KPUBOM
TeopeTudeckor annadatsl. [lonpoOyiTe ocTaHABIMBATH MPOIECC HAXKATHEM KHOII-
ki «CTOID». [Tocneayrouuii 3amycKk nmpouecca OCyiecTBISAECTCS HaKaTUEM KHOIKU
«CTAPT».

[Tocne aBTOMATMYECKON OCTAaHOBKM MPOLECCAa 3aIMyCTHTE €ro CHOBa, HaXaB
kHONIKY «CTAPT», u ocranaBnuBaiite, Haxumas kHonky «CTOII», koraa kpecTuk
Ha TeopeTHUecKol aanadate (KpacHas Kpuas) OyJIeT HaXOAUTHCS BOJIU3U CIEdy-
IOIMX 3HaYeHuH oOwbema: 15, 20, 25, 30, 35 u 40 I[M3 (6 3HaYCHMIT), 3aMMCHIBas
IIPU OCTAHOBKE 3HaU€HUsI 00beMa, TEMIIEPATYPhI U JaBJICHUs B TAOIHULLy 2.

YcTraHoBUTE HOBOE 3HAUEHUE TeMIepaTyphl T2, B3sB €ro U3 TaOyuIlsl 1, 3a1aBas

VHAY = 40 ,Z[Mg Y TTIOBTOPUTE U3MEPEHUS, 3aMMUChIBAsI PE3YyIbTaThl B TAOIUILY 3.



TABJIMIA 1. HauanbHble 3HAYECHUS] TeMIIEPATYPbI (HE IEPEPUCOBBIBATS)

bpurana 1 2 3 4 5 6 7 8
T1 50 70 100 120 140 170 200 | 220
T2 230 240 250 260 270 280 290 | 300
TABJINLBI 2,3 Pe3yabTarsbl H3MepeHUH
T[K]
Viam®]
p[xlla]

OBPABOTKA PE3YJIbTATOB 1 OPOPMJIEHHUE OTYETA:

[TocTpoiiTe Ha OJHOM PUCYHKE TpadUKH SKCIEPUMEHTATbHBIX 3aBUCUMOCTEH
norapudma JaBieHus OT jorapudma oodbema s 00eux aguadar (yka3aB Ha HUX
HayaJbHbIE TEMIIEPATYPHI).

Jlnia kaxxaon aanadaTel onpeaeNnuTe o rpaduKy SKCIIEpUMEHTAIbHOE 3HaYe-

HHC [I0Ka3aTeIs, HCIONB3Yst GOpMYIy v = — M :
A(ln V)
OmnpenenuTe YUCIIO CTETIEHEH CBOOOIBI MOJICKYJIBI Ta3a, HCCIICTyeMOTo B TaH-
HOM KOMITBIOTEPHON MOJIEIH, UCTIOJIB3Ys hopMyiy (2).
[TonbOepuTe pacmpoCTpaHEHHBIN Ta3, CTPYKTYypa MOJIEKYIIBI KOTOPOTO OJIM3Ka K
HaO0JII0/TaeMOMH.
3anuImTe OTBETHI U IPOAHAM3UPYHTE OTBETHI M TpauKH.

BOHpOCbI H 3a/1aHUA TJIsl CAMOKOHTPOJISA

Uto Takoe nmapamMeTpbl COCTOSIHHSI CUCTEMBI ?

JlaiiTe onpeAeneHrne paBHOBECHOTO COCTOSIHUSI CUCTEMBI.

Kaxoit nporiecc Ha3piBaeTcs 00paTuMbIiM?

Urto Takoe uuki?

YTto Takoe ypaBHEHUE COCTOSTHUSA?

Jiig Kakoro (pU3M4ECKOro raza MOXXHO MPUMEHUTb MOJIEIb «UICAJIbHBIN raz»?

KakoMy ypaBHEHHIO TOAUYUHSETCA COCTOSIHUE HAEAIbHOrO raza? Hanummre

€ero.

8. MlaiiTe ompeseneHne TeIIOEMKOCTH Tea.

9. Maiite onpezaeneHue yAelbHOM TEMI0EMKOCTH.

10. Hanmumre opMyity AJis TEIIOEMKOCTH IPU MOCTOSIHHOM 00bEMe.

11. Hanummre Gopmyty A TEIUIOEMKOCTH HJI€aIbHOTO Ta3a MpU MOCTOSIHHOM
JABJICHUH.

12. Yto Takoe 4ucio crenener cBo0oap1? YeMy OHO paBHO JjIsl OTHOATOMHON MO-
JEKyJbI?

13. Yo Takoe mokazareib aanadarsr?

NoO~wNE



14. Hanummte Gpopmyty CBS3H MOKa3aTens aanadaThl C YUCIOM CTENeHE CBOOOIbI
MOJIEKYJIBI HIEATBHOTO Ta3a.

15. JlatiTe onpenenenue aaunadaTHIecKoro mporecca.

16. Hanumute ypaBHEHUE aiuadaTUYECKOro mpoiiecca.

17. Jaiite onpenenenue usomnpouecca. [lepedncianre n3BeCTHbIE U30IPOLIECCHI.

18. Hanummre ypaBHeHue U Hapucyite PV-nuarpammy n30TepMHUYECKOro mpoiec-
ca.

19. Hanuiure ypaBHeHHue U Hapucyite PV-auarpammy nzobapudeckoro mnpoiecca.

20. Hanumwute ypaBHeHUE U HapucyiiTe PV-nuarpamMmmy n30Xopuueckoro mpoiecca.



JIABOPATOPHAS PABOTA
ANODY3USA B I'A3AX

O3HakOMbTECH ¢ Teopuel B KoHcIekTe U ydeOHuke (CaBenbeB, T.1, §128, §130).
3anyctute mporpammy. Beibepute «TepmommHamuka u MoJeKyJspHas (U3UKay,
«dnuddy3usn». Haxxmure KHONIKY ¢ M300pa’KeHUEM CTPAHUIIBI BO BHYTPEHHEM OKHE.
[IpounTaiiTe TEOPHIO U 3aIUIIUTE HEOOXOAMMOE B CBOM KOHCIIEKT JabOpaTOpHOI
paboThl. 3aKpoilTe OKHO TEOPHUH, HAXKaB KHOMKY C KPECTOM B MPAaBOM BEPXHEM YT-
JIy BHYTPEHHETO OKHA.

HEJb PABOTBI:

* 3HaKOMCTBO C KOMIIBIOTEPHOM MOJIEIbIO, OMUChIBatoIel auddy3uo MoJe-
KyJI UIE€aJIbHOIO ras3a

* DKcnepuMeHTaAIbHOE OITBEPXKACHUE 3aKoHa TudPy3un.
OKCIEPUMEHTAIBHOE ONPEEIICHUE CPEIHEN CKOPOCTH TEIUIOBOTO IBUKEHUS
YacTHIl B IAHHOW MOJIEIIH.

KPATKAA TEOPHUA:

[Ipu HapylIeHUU paBHOBECHUSI MAaKpPOCUCTEMA CTPEMUTCSI BEPHYTHCA B PABHOBECHOE
COCTOSIHUE.

SABJIEHVAMMU [IEPEHOCA Ha3pIBarOTCS IMPOLIECCHI, CBA3AaHHBIE C BO3HUKHOBE-
nueM B Bemectse HATIPABJIEHHOI'O ITEPEHOCA (moToka) mMacchl, UMITyJIbCa
WJIY BHYTPEHHEU SHEPTUU.

JUODY3US ecth mpoliecc yCTaHOBIEHUSI BHYTpH (pa3 BelIecTBa paBHOBECHOTO
pacripefielieHus: KOHIEHTpalUi, KOTOphId 00eCcrieurBaeTCsl HAMPABICHHBIM TEepe-
HOCOM Macchl 3Toro BemecTtBa. uddys3us o0ycnoBieHa TEIIOBBIM JIBUKEHUEM
MOJIEKYJ U TPOSIBIETCS B CaMONPOM3BOJBbHOM BBIPABHUBAHUU KOHIIEHTpAIUi B
CMECH HECKOJIBKUX BEILECTB.

CAMONDDY3USA umMeer MECTO MPU CaMONPOU3BOJILHOM BbIPABHHUBAHUM KOH-
LHEHTPAlUA OJHOPOHOIO BEIIECTBA, €CIM MO HEKOTOPHIM MPUYMHAM PABHOBECHOE
pacnpeneneHne KOHIEHTPAIMU ObUIO HAPYIIEHO.

JIUIMHA CBOBOJHOI'O ITPOBEI'AAecth cpemHee paccTOsHUE, IMPOJIETAEMOE
YacTULIEW MEXIy ABYMS MOCIENOBATENbHBIMU CTOJKHOBEHUAMH. DDDEKTHUB-
HBI JUAMETP 4acTHIBI €CTh MHHUMAIIbHOE paccTostHuE, Ha KOTOpOe COJMKa-
IOTCSI LIEHTPHI IBYX CTATKUBAIOIINXCS YaCTHII.

Eciu B HaYaJIbHBI MOMEHT BPEMEHU UMEET MECTO HEOJHOPOIHOE PACIIPEICIIEHUE
IUIOTHOCTH BELIECTBA KIOJIb TOJIBKO OJHOM ocH (Hampumep, OX), Torna BO3HU-KaeT
OJHOMEPHASA TUD®DY 3, cBs3aHHas ¢ NEPpEHOCOM Macchl M BJ0JIb 3TOM OCH
OX. Jlnma JBYXKOMIOHEHTHOW CHCTeMbl (HampuMeEp, CMECH JIByX Ta30B)
onHoMepHas muQdy3us OMUCHIBACTCS TIEPBBIM 3aKOHOM DuKa:

*

d,‘
dM= D x dS: dt,

rane dM - macca OHOTO KOMITOHEHTa (MHIIEKCHI JJI XapaKTEePUCTUK JTAHHOTO KOM-
MOHEHTa MPONYILEHbI), KOTOpasi IEPEHOCUTCS 3a BpeMsl dt yepe3 3J1IeMEeHTapHYIO



IUIOINAAKY, TepHeHIUKYIIApHYI0 ocu OX, umeronyro miomaas dS, B HanpaBiIeHUH
d
yOBbIBaHMS TUIOTHOCTU 3TOTO KOMIIOHEHTA, d—p —TPaJUEHT IUIOTHOCTH IEPBOTO
X
KOMIOHEHTa, D - koadunuent nupdysuu.
JJ1s cMecu «KpaCHBIX» U «3EJICHBIX» YaCTHUIl, UMEIOIINX OJMHAKOBYIO Maccy m

Kakaou yactuisl, dM = m-dN , p=m N a d_p _m dN , rne dN - Kom4uecTBO
V dx Vdx
YJaCTHII, poXoAamux gepe3 dS 3a Bpems dt, kotopoe pasHo  dND. _ A Ndsqt :
A XV
IJ€ Pa3HOCTh YKCJIAa 4acTHll B JIeBOM U npaBoM cocygax AN =N2-N1,N2=Np -
N(t), N1 =N(), AX=LorB, 00mem cocyna V =20 om® , dS ecTb mIoMIank OTBEP-
crus. PemaeM ypaBHeHHE METOIOM pa3JelIeHUs] HEPEMEHHBIX!
AN _ p_ "orB ¢, Nuterpupyem ciesa ot 0 10 N(t), a cpasa - ot 0 10
N, - 2N(t) L V

OTB

t ¥ TIoJIy4aem:

Inj1 _2N(t) | _ _ZDSOTB t wm  N(tL NO|1_exp| _ 2DSOTB t
N | T V ) T V

0 OTB OTB

METOJIUKA u IOPAJOK U3BMEPEHUN
BHuMaTenbHO pacCMOTPUTE PUCYHOK. 3apuUCyiTe HEOOXOIMMOE B KOHCIIEKT.

] (O [ [on]oe] (22 ] (@]

@ [} Tepmoaunamuka v sJlENE
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[ OCTAHOBUTEL BCE paSoralolu,ue MOgenu
OOpaTuTe BHUMaHKE HA 2 CUCTEMBbI YaCTHII, HAXOSAIIMUXCSA B HA4YaJIbHbIA MOMEHT B
JeBOM (KpacHbIC) U B TIpaBOM (3eseHble) o0beMax. OHM a0CONIOTHO YIPYro CTal-

KMBAIOTCS APYT C APYIOM U €O cTeHKamu cocyna. KommuectBo yactun No Kaxaoun




KOMITOHEHTHI paBHO 100 1 1aHHas cucTema SIBISIETCS XOpOILIEen “MexXaHu4eCcKOn”
MOJIEJIBIO UACAIBHOIO rasa.

Haxxmute MpIibio KHONIKY «CTapT» BO BHYTPEHHEM OKHE 3KpaHa.

B npouecce uccnenoBaHuii MOXKHO OCTAHABJIMBATh JIB)KEHHE BCEX MOJIEKYJ (TIpu
HAKATHH KHOTKH « | r> CBEpXY BO BHEIIIHEM OKHE) U MOJIy4yaTh Kak Obl ‘“MTHOBCH-HBIE

dbororpaduu™. Jlns mpomomKeHUs HAOMIOACHUN HAI0 HaXaTh KHOIKY « »,

PACIIOJIOKEHHYIO CBEPXYy BO BHENTHEM OKHE. KOJIM4ecTBO 4YacTHIl MOACUYUTHIBACTCS
ABTOMATHYECKH ¥ BBICBEUMBACTCS HaJ COOTBeTCTB)ﬁOHII/IMI/I cronOukamu. Jlis

YCTaHOBKM HOBOTO JHaMeTpa TPYOKH HaJI0 HAXaTb « »CBEPXY BO BHEIIHEM OKHE
1 kHOTIKH «CtapT» U «Bb100p» BHU3Y BO BHYTPEHHEM OKHE.

IHony4ure y npenogaBateisi J0MYCK I BHINOJTHEHUS M3MepPeHHii.

N3MEPEHWA:
IKCHEPUMEHT. UcciaexoBanue 1ud@y3um 4acTull 4Yepe3 TOHKYIO TPYOKYy,
COeIMHAIINYIO0 1Ba 00beMa.

Haxvure knonky <CTAPT> n uepe3A cekyHn mocie Hadajga MpoLecca HaKMUTE
KHOTIKH « | » CBepXy BO BHEIIHEM OKHE. Pe3ynpTaT 3anumure B TaOauIy 2.

Haxxmute KHOMKY « ». Uepe3sA cekyHma, HaxaB <<| ~», TOJIyYUTE €Ile OJIHY
“MIHOBEHHYIO (pOTOrpaduio” M 3aMUIINTE KOJIUYECTBO YACTHL.

3aKOHYMB U3MEPEHUS C JJAHHOM TPyOKOM, yCTAHOBUTE BTOPOE 3HAUCHHUE AUAMETPA
coeAMHUTENbHON TpyOku d2 u3 Tabn.l W MOBTOpUTE U3MEPEHUs], 3alUChIBasI pe-
3yJbTaT B TabuIly 3, aHaAJIOTUYHYIO Ta01.2.

TABJIMIIA 1. 3Ha4yeHus1 JUAMETPOB COEIMHUTEIBLHOM TPYOKH, JJIUTEIHLHOCTH
NMPOMEKYTKA N3MEPEHNs] M COPTA YaCTHIL.

bpurana 1 2 3 4 5 6 7 8
d1, MM 10 12 14 16 10 12 14 16
d2, MM 20 22 24 26 28 30 32 34
At,c 15 15 15 15 10 10 10 10
Copt KpacH | 3eleH | KpacH | 3eieH | KpacH | 3eyneH | kpacH | 3eneH

O0wvem | ciipaBa | cieBa | cripaBa | cieBa | cipaBa | cieBa | cmpaBa | cieBa

OBPA3EIl TABJINI 2,3 njis1 3anicH pe3yJibTaTOB:

{[c]= At Padwaltstat/7atBad nipa | A

N(D)=

2N()

N

Q0
-In[l ZN(t)J

NoO

OBPABOTKA PE3YJIbTATOB U OPOPMJIEHHUE OTYETA:
BoruncnuTe 1 3anuimTe B TaOIULIBI BCE YKa3aHHBIC 3HAUCHUS.
[TocTpoiiTe Ha OTHOM pUCYHKE rpaduKH SKCIEPUMEHTAIBHBIX 3aBUCUMOCTEN




Al In lw
2N(1) 2LV No

-In1—— |= f(t) u, ucnomssys ¢opmyny D = ~ ,
NG () u, ucromk3ys hopmyiy . At

ompenenure 1o rpadukam kodpduiiueHTs Tuddy3un s KaKI0ro OTBEPCTHS.
Jnuny orBepctust LOTB U3MepbTe TMHEHKOW HA KpaHe MOHUTOPA, 00bEM cocyla
V=20 cm’.

Haiinute cpennee 3nauenue kodddumuenta nuddys3un u, HCIOIL3Ys COOTHO-

menue D_ lvcp JCP , HAWJIUTE CPEIHIOI CKOPOCTh TEIIOBOIO JIBMXKEHHS VCP Ya-
3

crur (A cp =2 cm).
Crenaiite BEIBOIBI 110 TPaUKy U OTBETY. B BBIBOJIE 10 OTBETY CPABHUTE MOJY-

YCHHOC SKCIICPUMCHTAJIbBHO 3HAYCHHUC VCP C BEJIMUYNHOM CKOpOCTH, OHGHGHHOﬁ «Ha
TJ1as.

Bomnpocsl u 3a1anus 1j1si CAMOKOHTPOJIS

UTo NporcxXoAUT C MAKPOCUCTEMOM MPU HAPYIIEHUH PABHOBECUS?

JlaiiTe onpezeneHue aBICHHs EpEeHOca.

Ha3oBute nmpuMeps! SBICHHN NIEPEHOCA.

Jaiite onpenenenue siBiueHus 1MPpPy3uu.

Yewm oOycnosieHa qudpys3us?

B uem nposiensiercs nuddysus?

Kakas nuddy3ust HazpIBaeTCS 0THOMEPHOI?

Urto takoe camogudpy3us?

Hanumure ypaBHeHue omHoMepHOW muddy3uum s ABYXKOMIIOHEHTHOM CH-

CTEMBI Ta30B.

10. KakoB ¢uznueckuii cMbica kodpduunenta quddysum.

11. Yro Takoe mIOTHOCTH Tena?

12. Yto Takoe KOHIEHTpaIUs MOJIeKYJI (4acTuir)?

13. [laliTe onpeaesieHue TpaJiieHTa INIOTHOCTH B OOIIEM Clydae.

14. Hanmummre GpopMyity i TpaIu€HTa IIIOTHOCTH, €CJIM OHA MEHSIETCS TOJIBKO
BI0Jb ocu OX.

15. Hanummre popMyity AJisg rpaiM€HTa IJIOTHOCTHU, €CJIM OHA MEHSETCS TOJIBKO
BIoJb ocu OY.

16. Hanummmre dhopmyiy asis rpaueHTa MiI0THOCTH, €CJIM OHA MEHSETCS TOJIBKO
BI0oJb ocu OZ.

17. Hanummwmre dhopmyity aJisi rpadeHTa MIIOTHOCTH, €CJIM OHA MEHSETCS BI0JIb
oceit OX u OY.

18. Yto Takoe njimHa cBOOOHOTO MpoOera yacTUllbl?

19. Yto takoe 3ppexTuBHBIN quamMeTp 1 3QPEKTUBHOE CEYEHUE YACTULIBI?

20. Kakoe ypaBHEHHE CBA3BIBACT CPEIHIOI CKOPOCTh ¢ KodddummerToM quddy-
3un?

CoNoaRLNE



JIABOPATOPHAS PABOTA

YPABHEHUE COCTOSIHUA I'A3A BAH-JIEP-BAAJIBCa
O3HakoMbTECh ¢ Teopueil B koHcmekTe n yueOHuke (CaBenmbes, T.1, §91, §123,
§124). 3anyctute nporpammy. Beibepute « Tepmoannamuka u MmosekysspHas ¢u-
3uKay, «M30TepmMbl peanbHOro razay. HaxmuTe KHONKY C M300payKeHneM CTpaHH-
[kl BO BHYTpeHHEM OkHe. [IpounTaiiTe Te€OpHIo U 3alUIIUTE HEOOXOIMMOE B CBOM
KOHCITEKT J1abopaTOpHO# paboOTHl. 3aKpONTe OKHO TEOPHH, Ha)KaB KHOIIKY C Kpe-
CTOM B IIPAaBOM BEPXHEM YIJIy BHYTPEHHETO OKHA.

HEJb PABOTDI:

* 3HaKOMCTBO C KOMIIBIOTEPHOM MOJIEIbIO, OMMCHIBAIOIICH BEIIECTBO B ra30-
00pa3HOM COCTOSIHUU U €T0 MEPEXO/1 B KUAKOE COCTOSHUE.

* DKCHEepUMEHTAIBHOE TOATBEPKICHUE 3aKOHOMEPHOCTEH MOBE/ICHUS Peallb-
HOTO Tas3a.

KPATKAS TEOPUS:

OU3NYECKHWM razom Ha3bIBaeTCs BEIIECTBO, HAXOAIIEECS B ra3000pa3HOM CO-
CTOSTHUMU.

«HI[EAHBHBI?I I'A3» »TO0 Ha3BaHHME MOJEIHU, ONMHUCHIBaIOLIEeH (HU3UUECKUN ras,
HAXOJISAIIUNCA B CHWJIBHO PA3pPEKEHHOM COCTOSHUU (TIPU HE CIMIIKOM OOJIBIIUX
JABJICHUSX W JIOCTATOYHO BBICOKUX TEMIIEpaTypax). YpaBHEHUEM, CBS3BIBAIOIIIM
napaMeTpbl COCTOSIHUSI HWJICaJIbHOTO Ta3a, SIBISETCS ypaBHEHHE MeHeneeBa-
Kinaneitpona. Iloatomy oHo mmeer Bropoe Hazanue: YPABHEHUE COCTOS-
HUA NAEAJIBHOI'O I'A3A. Ero Bua usBecteH: pV = R, rae p - AaBieHue ra-
3a, V - 00BbeM rasa, - KoJIM4ecTBO KuiaoMoseil, R - yauBepcanbHas razoBas 1mo-
cTosiHHasA, T - TeMneparypa rasa.

Bbonee Tounas mosnens pusudeckoro (peasibHOT0) raza Obuta npesjoxkeHa Bau-aep-
BaanbcoM. OHa Takxe siBJs€TCS NPUOIMKEHHOW, HO JTy4llIe OMMCHIBAET MPOLIECCHI,
HEXEeNU MOJENb «UJCaIbHBIA raz». MHorga 3Ty MoJenb Ha3bIBAIOT «peajbHBIN
ra3». 'asom BAH-JIEP-BAAJIBCA (BnB) naswsiBaeTcsi BooOpa)kaeMblil 1a3 (Mo-
JIeJIb), TapaMeTpbl COCTOSIHHS KOTOPOT0 TOYHO MOAUYUHSIIOTCS YPABHEHUIO

p+E ¢/ bRT .::v

2

V
Ono nHa3eBacTcs YPABHEHWEM BAH-JIEP-BAAJIBCA. 3n¢echk a 1 b - KoHCTaH-
Tbl Ban-nep-Baanbca.
JNOFABKA K BHEIIHEMY JABJIEHUIO (a) o6ycnoBiieHa B3aUMHBIM TIPUTS-
YKEHHEM MOJICKYJI IPYT K APYTY.
[IOITPABKA K OBBEMY (b) xapakrepusyeT Ty 4acTh oObeMa, KOTOpas HEIO-
CTYIIHA JUIsl ABWXKEHUS MoOJieKyJ. OHa paBHa HECKOJBKHMM CyMMapHbBIM OObeMam
MOJIEKYJI, COJIEPKAILIUXCS B rase.
MN30TEPMOM Ha3sbiBaeTcs 3aBUCHMOCTD JaBJIeHUs] 0T oObeMa AaHHOTO ((UKcu-
POBAHHOI0) KOJIMYECTBA BEIIECTBA IIPU MOCTOSIHHOM TeMIIepaType.
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Ha puc.1 npuBeaeHb! H30TepMbI HEKOTOPOTO (PU3MUECKOro (peaibHOro) rasa, a Ha
puc.2 u puc.3 - uzorepmsl BnB rasa (B3satel u3 yueOHuka [1] ).

MN30TEPMA BnaB raza, umeroinasi TOJ5K0 TOUKY Ieperuda u He uMeroIas sKc-
TpeMyMoB, Ha3biBaeTcs KPUTUUECKOM. TemmnepaTypa KpUTHUECKO# H30TEPMEI
nassiBaeTcss KPUTUUECKOM TEMITEPATYPOU. O6beM 1 JTABJICHUE B KPUTH-
yeckoi Touke Takxke HazpiBatoTcss KPUTUYECKUMUNU. YPABHEHWA J1JIA
KPUTHUYECKHUX ITAPAMETPOB:

a 8a pKPVKP ~3, "

Vip=3b,pkp=27b° , Tkp=27R'b. Otciona A= RTkp 8 =0.375 .
IIpu Temmeparype BbIIIE KPUTHYECKOW BEHIECTBO MOXET HAXOAMUTHCS TOJIBKO B
['A3OOBPA3HOM cocrosauun. [Ipu temneparype HUKE KPUTHUECKOW BEILIECTBO
MOKET HaXOJUThCS KaK B ra3000pa3HOM, TaK U B JKUJKOM COCTOSIHHH.

XUNAKOE coctosiHue onuchbiBaeTcs J€BbIMU (IO OTHOIIEHUIO K TOYKE Meperuoa)
4acTsAMU IpaUKOB Ha PUCYHKAX M XapaKTEPHO TEM, YTO HEOOJBIIOE YMEHBIICHHUE
o0beMa BEIIECTBA MOXKET MPOU30MTH TOJBKO MPU PE3KOM YBEIWYEHUU JIaBJICHUS
(’KMJIKOCTb MPAKTUYECKH HEC)KUMAEMA).

N3orepmbl BAB npuMepHO coBNaaaroT ¢ H30TEPMaMU PEATBHOIO ra3a Ha y4acTKax,
COOTBETCTBYIOIIUX OAHO(A3HBIM COCTOSTHUSIM BEIIECTBA.

Puc.3 pa3bscHsieT moBeieHNE BEIIECTBA PU Pa3HbIX BHEIIHUX yCIOBUAX. B 00Oa-
CTH, TJ¢ IPUCYTCTBYIOT 2 (a3bl (1-2-3-4) S-00pa3HbIii 3aBUTOK M30TepMbl BB 3a-
MEHSETCS TOPU30OHTATBLHBIM y4acTKOM (1-4) peanbHO# H30TEpMBI (CM.Y4EOHHK).
HEPEAJIM3YEMOE COCTOSHHUE cooTBeTCTBYET yuacTKy 2-3, HA KOTOPOM

CXKUMACMOCTDH = d—V BCUICCTBA 6I>IJ'Ia 6I>I oTpUuIaTCJIbHA, YTO HCBO3MOKHO.
dP ’

ITEPEOXJIAXKJIEHHBIM TIAP Ha yuacTke 3-4 peanmsyercst IPH ONpEIEICHHBIX
YCIIOBUSX (IPU MPAKTHYECKOM OTCYTCTBMM LIEHTPOB KOHJIECHCALMM W BHEIIHUX
BO3JICHCTBUM).

[TEPEI'PETAA ) KMUJAKOCTD Ha yuyactke 1-2 peanmsyercss Ipu OTCYTCTBUU IPHU-
Mecel, CHOCOOHBIX OBITh IIEHTPAMU KUTICHHUS.

METOJMKA u IIOPSAJOK U3BMEPEHUM

PaccMmoTpuTe BHUMATEIHFHO PUCYHOK H 3aPUCYHTE HEOOXOMMOE B CBOM KOHCIIEKT.
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- | HauaTe Nnpouecc
Haxxmute mprmibio kHoniky «CTAPTY. [lopaboraiite ¢ Moaenbio, MEHsIsl TEMIIepa-

Typy.
IHosyuure y npenoaasareis J0IMYyCK JJIA BHIIOJTHEHUS H3MEPEHUIA.

N3MEPEHUA
IKCIIEPUMEHT 1. OITPEAEJIEHUE KPUTUYECKUX ITAPAMETPOB
[lenkHKTE T€BOM KHONKOM MBIIIIH, KOT/Ia €€ MapKep Ha KHONKe «BbIoop».
[TonBeauTe Mapkep MBI K KHOTIKE Y BEpXHEH TpaHHIIbI CTOJIOWKA Ha PETyIsi-
TOPE TEMIIEPATYPBI U HAKMUTE JIEBYIO KHOIIKY MBIIIHU. Y JEPKUBast KHOIIKY B HaXa-
TOM COCTOSIHWH, TIepeMeIIaiiTe TPaHUIy CTOJOWKA 10 T€X MOp, MOKa Ha MPaBOM
JKpaHE HE MOSBUTCS KPUTHYECKAsl U30T€pMa C TOUKOW Ieperuda u 6e3 sKCTpemy-
MOB.
3anummTe B CBOM KOHCIIEKT 3HAYEHUS KpUTHYECKUX napaMeTpoB TKP, VKP, PKP .

IKCHEPUMEHT 2. UCCJIEAOBAHUE M30TEPM I'A3A BaB.

1.YcraHoBuTe 3HaUECHUE TEMIIEPATYPHI, YKa3aHHOE MEPBLIM B TaOIWIle HAYAIbHBIX
3HaYeHUM a1 Bamie opuranbl. Haxxmure mbimbio kHOTIKY «CTAPT) Ha akpaHe u
HaOJIo1aiiTe mepeMelleHre MOPIIHS Ha JIEBOW KapTUHKE MOJENU U MepeMelIeHUe
TOYKHU 10 KPAaCHOU KPUBOM TeopeTudecko aauadatel. [lonpoOyiiTe ocTaHaBIUBATh




npornecc HaxxatueM kHonku «CTOID» Ha 3kpane. [locnenyromuii 3anmyck nporecca
ocyuecTBisieTcs HaxkatrueM KHONKU «CTAPTY.

ITocne ocTaHOBKHM TpoIecca 3aMyCTUTE €r0 CHOBA, HaxkaB KHONKY «CTAPT», u
ocTtaHaBiuBaiTe, HaxxuMmass KHomnky «CTOII», korma KpecTUK Ha TEOPETHYECKOMN
uzorepme (KpacHasi KpuBasi) OyJeT HaxOIUTbCS BOJIU3U CIEAYIONIMX 3HAYCHUMN
oowema: 0.1, 0.12, 0.14, 0.16, 0.18 u 0.2 ,ZIM3 (6 3HaYeHMI), 3aMKUChIBasl IPU OCTa-
HOBKE 3Ha4Y€HUsI B TAOIUILY 2.

YcraHoBUB HOBOE 3HaueHWEe Temmeparypbl T u3 tabmuiel 1, 3amaBas VHAY =

3
0.1 1M°, MOBTOpUTE U3MEPEHHUS, 3aMMUCHIBAsT PE3YIbTaThl B TaOIUIEI 3,4,5.

TABJIMIA 1. IllpuMepHbIe 3HaUeHUS TeMIIePaTypPhbl (HE IEPEPUCOBHIBATS)

Bbpurana 1 2 3 4 5 6 Il 8
T1 500 510 520 530 540 550 560 570
T2 580 590 600 610 620 630 640 650
T3 660 670 680 690 660 670 680 690
T4 690 700 690 700 690 700 690 700
TABJINLBI 2,3,4,5 Pesyabrarel mamepenniinpu T=_ K
Viem®]
p[xIla]
1V [M]

OBPABOTKA PE3VYJIbTATOB 1 OPOPMJIEHUE OTYETA:
I1o n3mepeHHbIM 3HAaUEHUSAM KPUTHYECKHUX MTAPAMETPOB BBIUUCIATE KOHCTAHTY

A= pﬁ) P,
RTkp

[TocTpoiiTe Ha OJHOM pPHUCYHKE TpaUKU SKCIEPUMEHTAIBHBIX 3aBUCHUMOCTEN
JaBJICHUS OT OOpAaTHOTO O00bEeMa il HAYAIBHBIX TOYEK BCEX H30TEPMUUYECKUX
nporieccoB (yKazaB Ha HUX TEMIIEPATypPhI).

JIns KaKJI0M M30TEPMBI ONIPEAEIIUTE 3HAYEHUE KOJIMYECTBA BEIIECTBA, UCIIOJIb-
3y y = _14p .

RT 1
A —
V)

Brruucnure cpegHee 3HaueHHUE W BEJIMYMHY KOHCTaHTHI A’ 1o dopmyne A’ =
0.375v. 3anummTe OTBET A1 A’ U IPOAHATU3UPYITE OTBETHI U Tpaduku. B BeIBO-
Jlax MO OTBETY CPaBHUTE A’, MOJYYEHHOE MO U30TEpPMaM, C A, MOJyYEHHBIM Yepes
KPUTUYECKHE MapaMeTPBI.

BOHpOCLI U 3a1aHUA 1JId CAMOKOHTPOJIA

1. Yro Takoe puznueckuii raz?
2. Ilepeuncnure Bce M3BECTHBIE arperaTHbIe COCTOSIHUSI BEIIECTRA.
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8.

9.

Yto0 TaKkoe uaeaabLHbI ra3?

[Tpu kakux ycloBUsAX (PU3NYECKUI ra3 MOXKHO OMUCHIBATH MOJIEINIBIO UICATbHBIN
raz?

YTo Takoe ypaBHEHUE COCTOSHUS?

Kak BBIrISIUT ypaBHEHHE COCTOSHUS UcanbHOTO raza? KakoBo ero BTopoe
Ha3BaHue?

Uto Takoe ra3z Ban-nep-Baanbsca?

Kak BIrsiquT ypaBHEHHE cOCTOsAHMS Ta3a Ban-aep-Baanbca? KakoBo ero BTo-
poe Ha3BaHue?

Yrto Takoe kKoHCTaHThI BaH-nep-Baanbca?

10. Yto onpexensieT nepBas koHcTtanTa Ban-gep-Baanbsca?

11. Yto onpenensier BTopasi KoHCTaHTa Ban-aep-Baanbsca?

12. Yto Takoe uzorepma?

13. Yto Takoe KpuTHYECKast u30Tepma’?

14. KakoBbl 0COOCHHOCTH MOBEICHHUS ra3a MpU TeMIIepaType, BhIIIe KPUTUUECKON?
15. KakoBbl 0COOCHHOCTH MOBEICHHUS Ta3a MPU TEMIIepaType, HUKE KPUTHIECKOM?
16. Ha kakux y4yactkax uzotepmsl BaB npumepHo coBnaaaroT ¢ M30TepMamu pe-

aJbHOTO rasa?



1. HEKOTOPBIE ITIOJIE3HBIE CBEAEHUSA

OUBNYECKNE KOHCTAHTBI

Ha3Banue CumBon | 3HaueHue PaszmepHOCTB
['paBUTaIIMOHHAS TTIOCTOSIHHAS yumn G [6.67 10-11 H m°kr
Yckopenue cBOOOHOTO MAICHHS HA T10- Jo 9.8 MC“
BEPXHOCTHU 3eMJIN
CKOpOCTh CBETA B BAKYyME C 310° MC
ITocTosiHHas ABoraapo NA 6.02 10°° KMOJTb
YHuBepcaapHas ra3oBas MOCTOSTHHAS R 8.31 10° JIx kmons ~ K
ITocrositnnas bonpiiMana k 1.38 1023 Thx K-
DeMeHTapHBINA 3apsi e 1.6 10 Kn
Macca 351eKTpoHa Me 9.11 10 KT
[TocTostaHas Dapanes F 9.65 10" Kot monb
DJIeKTpHYecKas MOCTOSTHHAS % 8.85 1012 DM
MarnuTtHasi IOCTOSIHHas kb 47107 THM
[Tocrosunas [Tnanka h 6.62 10-34 JIxk ¢

[TPUCTABKHN U MHOXUTEJIN
U1 00pa30BaHUs AECATUYHBIX KPATHBIX U JIOJIbHBIX €IUHUIL

[IpucraBka |CumBon |MHOXUTEND
JeKa na 10"
T'eKTO r 10°
KHJIO K 10°
Mera M 10°
Tura I 107
Tepa T 104

IIpucraBka |CumBon |MHOXHTEND
IEen i 10™
CaHTHU C 10-2
MUJLTU M 10°°
MHUKPO MK 10-6
HAHO H 109
IIUKO 11 10-12







