3agaua 1. Cucrema COCTOUT U3 HECKOJIBKUX T'PY30B, ITOJIBEIICHHBIX HA HEBECOMBIX
HUTSX, MEPEKUHYTHIX Y€pe3 HEBECOMbBIE M OJWH MACCHUBHBIN (BBIIEIEH CEpPBIM
uBeroM) 6moku. Macca m = 1,0 kr. Onpeznenute, Npu KakKUX 3HAUEHUSX Macc My
U mycuctema Oy/ieT HaXOAUThCS B paBHOBECUU. TpeHus B 0csIX OJIOKOB HET.
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Bo3moikHoe peuienue

O6o3HaunM cuity HaTsDKeHUs: BepxHert Hnutu 3a T1, a Hikueit 3a T2. Toraa
YCJIOBHSI PABEHCTBA HYJIIO CYMMBbI BEPTUKAJIBHBIX CUJI, ICMCTBYIOIIAX HA 3JIEMEHTHI
CUCTEMBI, IPUMYT BULL:

1) st tpy3a my: myg = T2

2) nna bnokam: mg =T, — 2T,

3) mis rpyzamy: myg = 2T,

4) nnarpy3a2m:2mg =T, — T,

Pemiast cucteMy ypaBHEHUM, IOAYy4YUM: My = 2m = 2 Kr,m, = m = 1 KI.

Kpurepuu oueHuBanust

1. YcnoBue paBHOBeCHs Tpy3a m, 2 Oanna
2. YcioBue paBHOBecUsl OJI0ka m 2 baia
3. YcnoBue paBHOBECHUSA Ipy3a m, 2 Gana
4. YcnoBue paBHOBECHS Tpy3a 2m 2 banna

5. PelreHue cucteMbl ypaBHEHUN U MTOJIyYeHUE YUCIEHHOTO OTBeTa 2 Oaia

3apaua 2. B ropu3oHTaIbHOM HUIUHAPE HAXOASATCS JBa OJMHAKOBBIX MOJIBHKHBIX
NOPIIHS C NPYXUHAMHU, OTIMYAOIIMMHUCS IO XKECTKOCTH B 2 pa3a. Korga mexny
HOPIIHSAMYU Ta3a HET, NpyXuHbel He nedopmupoBansl (Puc. 1). B npoctpancTBO
MKy TOPIIHAMHM 3aKadyMBarOT HA€albHbIM Ta3. Uepes HeEKOTOpoe Bpems
PacCTOSHUE MEXLy MOPIIHAMH cTano paBHbM lo = 6 ¢M (Puc. 2). Onpexenurte,
Ha CKOJIbKO CMECTHUTCSl KaXK/Ibld TOpPIIEHb, €CJIM TeMIEepaTypy Ta3a MEIJIEHHO
YBEJIMYUTH B 2 pasza. TpeHus B cucteme HeT. ATMoc(epHbIM aBieHueM Ha JlyHe
npeHeopeyb.
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Puc. 1 Piic.2
Bo3moxHOe pemieHue.

B cocTosiHuM MEXaHMYECKOTO PAaBHOBECHS CHUJIa JIABJIEHHUS ra3a Ha MOPIICHb PABHA
CWJI€ YIPYTOCTH MPYKUHBI (ISl KaXJAO0ro MOPIIHS). 3HAUUT Jedopmarust Oosee
JKECTKOM MPYKUHBI BCETIa B 2 paza MeHbIIe AedopMaliui MeHee KECTKOM.

Axk = 2Ax2k

B cocTosHuM Ha puc. 2. cyMMapHas jJepopManys IpyxuH pasHa lo = 6 cM,
[Mapametpsi rasa (Po, Vo, To) mist 5T0ro cocTosHMS ONMCHIBAIOTCS YPABHEHUSIMM:

PyS = 2Ax
Vo =Sl (1)
P0V0 = VRTO

riae k - EcTKoCcTh ciaaboi mpy)uHbl, Ax - nedopmanus npyxusl 2k, S - momaas
MOPIIIHEH, V - KOJIMUECTBO raza. Tak Kak mojiHas aegopmaius npyxxud Ax + 2Ax =

lo
lo, AX - ; .
[Tocne yBenuuenust TemmepaTypsl B 2 pasa mapamertpsl raza (P,V,T) Oyayt
OIMUCBIBATHCS YPAaBHECHUSAMU:

l
PS = 2k(2 +2)
3 3 2)
v=sdlo+an ¢
PV = 2vRT

rac Al - IBMCHCHHUC PACCTOAHUNA MCKIY ITOPUIHAMM.

[ToacTaBuM BBIpaKEHMs Ja JaBJICHUM U 006EMOB BypaBHeHue misa Al:
pv = PoVy
nu HOJIqu/IM KBajlpaTHoe

PAP+EAL-21° (3)

Ero pemenuem sBnsroTcs 2 KopHS Al = lo(—l + \/7) M3 KOTOPBIX Hac
WHTEPECYET TOJIBKO MOJOKUTENbHBIN. C yu€Ttom Toro, uto Al - 3T0 cymMapHoe
CMEIICHUE  TMOpIIHEeH, a caMh CMEUIEHUS  CBA3aHbl  COOTHOILIEHUEM
Ax; = 2Ax5,, TOTyYUM



_2l,(V2-1)

X 3 ~ 1,66 cM

Axyy = MT_D ~ 0,83 cm
Kpurepun onieHuBaHus.
1)[Tony4eHa cBsA3b yUIMHEHUI IPYKUH 1 Gann
2) 3anucaHbl ypaBHEHHS cHcTeMbI [1] 3 Gamna

no 1 Gasury 3a KaKa0e ypaBHEHHE.
3)3anucaHbl ypaBHEHUs cUCTEMBbI [2] 3 Gamna
no 1 Gajuty 3a KaKa0e ypaBHEHHUE.

4)TTonyueno ypaBuenue [3] 1 6amn
5)Haiinena Al (uncnenno unu popmysbHO) 1 6amn
6) HaiiseHsl cMeleHus TPYKUH (YUCICHHO) 1 Gamn

o 0,5 6ajuIoB 3a KaXJ0€ CMEIICHHUE.
IIpuMeyaHusi K KPpUTEPHUSIM.
1)IIpaBuibHO periéHHas HeaBTOPCKUM METOIOM 3aj1aua oreHuBaercs B 10 6ayios.

2)Pacripesenenre 0auioB PH ATbTEPHATUBHOM PEIICHUH JIOJKHO OBITh TAKHM:

a) [Tosryuenue cucTeMbl YpaBHEHUM JOCTaTOUHBIX JJISl peLIeHMs 3a1a4yu  { OaJlIoB
b) AHAIMTHYECKOE PEIICHUE CUCTEMBI 2 b6amna
C) YUucneHHblid OTBET 1 Gann

3apgauya 3. IlapajiejbHoe coeAHHEHMe.

bnok U3 mATH OMMHAKOBBIX Oarapeek, COCAMHEHHBIX MapaJjjieabHo (prc.3a), TaéT Ha BBIBOAAX
Hanpspkenue Uo. Kakoe HanpsbkeHue OyAeT 1aBaTh TOT ke OJIOK, B KOTOPOM y OAHOMN OaTapeiku
nepenyraHa moisipHocTh (puc.30)? Hanpsokenwe Ha BBIBOJax Oyioka w3 Oartapeek B 000HMX
cllyyasix U3Mepsercsl uaeaabHbIM BOJIbTMETpoM. Cunrtath, uto DJIC OGarapeiiku He MEHseTCs co
BpeMmeHeM. COnpOTUBIEHHEM COEAMHUTENLHBIX POBOIOB MPEHEOPEUb.
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Puc. 3

Otsert: 3U,/5.

Pemenne: ITycts D/IC onHoli GaTapeiiku paBHa £, a €€ BHyTpEHHEE CONPOTHBIICHUE

— 1. B nepBom ciiydae TOKu depe3 OaTapelku HE TEKYT, MOITOMY
HamnpsDKeHWE Ha Kaxaou Oarapeiike paBHo JOJC, Uy = E.
PaccmoTtpuMm Temepr BTOpo# ciywail. Hapucyem cxemy (puc.) u
n300pa3uM Ha HEW TOKW, Tekylme uepe3 Oarapeiiku. B cuy
CUMMETpUHU, BCE TOKH, TEKYIIHEe uepe3 Oarapelku C IMpaBUIbHON
MOJISIPHOCTBIO, paBHbI . Tak Kak TOK yepe3 uealbHbli BOIBTMETP HE
Te4éT, TO yepe3 Oarapeiiky ¢ OOpaTHOM MOJIIPHOCTHIO TEYET TOK 4.
3anumem 2o0e mpaswio Kupxropa anms  ar0060ro  KOHTYpa,
coaepxamiero Oartapeiku W C TPaBWIbHOM, W ¢ 0OpaTHOM
MOJISIPHOCTSIMH:

2E = Ir + 41r - Ir=—

OTCI-O,Z[a nonyqaeM, qTO HaHpﬂ)I(eHI/Ie Ha BbIBOJAAXx 6aTapeI>’IHOFO 6J'IOK3.
BO BTOpOM cnyqae paBHO
3¢ 3U,

U=E—IT=? 5

E, r 1
_|

a1 r E
|
E, r 1
_|

E, r 1
_|
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IIpumeuanue: TOT e OTBET MOTYYUTCA, €CIIH UCTIONB30BaTh hopmyny U = —(E — 4lr), rae MUHYC
HOSIBIISIETCS N3-3aTOT0, YTO MOJISIPHOCTH CPeAHEH OaTapeiiKi MPOTHBOIIOIOKHA TTOJIIPHOCTH BOJITMETPA.

Kpurepun:
1) Haiinena 3/1C ogHoii 6atapeiiku 2 Gamna
2) 3anucaHa CBs3b MEX]Iy TOKAMU BO BTOPOM CIIydae 2 banna

3) 3anmcana CBs3b MEXAY & M CUJIOW TOKA uepe3 OaTapeiky (Hampumep, BTopoe mpaBmio Kupxroda) 3
Oanna

4) Haiineno HanpsbKeHHE Ha BBIBO/IaX BO BTOPOM CIIydae 3 b6amna

Vkazanue npoeep:Aaiouwum. 06paTI/IT€ BHMUMAHUC HA TO, YTO COCAHMHCHHC 6aTapeeK B pCIICHUU OJIKHO
OBITh HMMEHHO napajajieJIibHbIM. PCH_ICHI/IC, B KOTOPOM pacCMaTpuBacTCAd TOJIbKO IMOCJA€A0BATECJIbHOE
COCIMHCHUEC NCTOYHUKOB, JOJDKHO OICHHUBATLCA B HOJIb GaJIJIOB, HE3aBUCUMO OT IMOJIYYCHHOI'O OTBETA.

3agaya 4. Ilo ropM30HTAIBFHO PACHOJIOKEHHBIM IUIAJJKUM PEJIbcaM C MPEHEOPEKUMO
MajblM COIPOTHUBIICHHEM MOTYT CKOJIB3UTh JBa OJHMHAKOBBIX CTEPKHS Maccod M H
COINPOTUBIIEHUEM €IMHUIIBI JUIMHBI p KaX]blid. PaccTosHue mexny penbcamu L. Penbebl co
CTEP>KHSIMU HaXOASATCS B OJHOPOJIHOM BEPTUKAIILHOM MAarHUTHOM I0J€ ¢ MHAyKuuen B. B
HaYyaJIbHbII MOMEHT BPEMEHU MEPBOMY U3 MOKOSLIUXCS CTEPKHIO COOOIIAIOT CKOPOCThH Vo
BJI0JIb peibc. Kakoe KOJMYECTBO TEIJIOThI BBIAEIUTCS B CTEP)KHSIX 3a BpPEMs JABUKEHUSA?
Kaxko¥ 3apsin mporeT 3a 3T0 BpeMsi IO CTEPKHIM?

Cuurath, 4TO0 00a CTEpPXKHS ABMXKYTCS MapaUIEIbHO JPYr APYTY M PacCHOIOKEHBI
BCEr/a NeprneHIuKyIIpHO penbcam. CaMOMHAYKIMEN KOHTYpa NpeHeOpeyb.

':j"

Bo3Mmo:kHOe penrenne
1. BJIC unayK1MK, BOSHUKAIOIIAS B KOHTYPE MPHU ABUKEHUN CTEPIKHEH:

& =1 —v)LB (1)

& — (v1—v3)LB (2)
2pL 2pL
2. Bropoii 3akon HetoToHa 17151 cTepkHEH

Toxk B koHTYpEe | =

1. ma;, = —F, = —IBL (3)
2 maz - FA - IBL



3HAYUT MEPBBIN CTEPIKEHb TOPMO3UTCS, & BTOPOU YCKOPSIETCSI.
Korga ckopocTu cTep)kHel BBIPOBHSIOTCS, TOK, COTJIAcHO (2) MpeKpaTUTCs, CHIbl AMIepa
oOparsaTcs B HyJb. Jlajnee CTEp)KHHU JIBUTAIOTCS PABHOMEPHO C OJIMHAKOBBIMU CKOPOCTSIMH.
OJIC B KOHTYpE HE BO3HUKAET. TOK OTCYTCTBYET.

3. Ecu cnosxuts ypaBHenus (3),To

m(a; + ay) = A(mv; + mv,) /At =0

3HAYUT, MOJHBIA UMITYJIbC CUCTEMBI COXPAHSETCA.
[1o 3aK0HYy cCOXpaHEHUsI UMITYJIbCA
Mvy = 2MVyy
Vo

Vkou = 7

KOJIM4YeCTBO TEMIOTHI, BHIAEIHUBIIEECS B POBOIHUKAX
mvg  mvi, mv§
2 2 4

Q =AEy, =

4. Bropoii 3akoH HpI0TOHA 1J1s1 BTOPOTO CTEPXKHS

= sz—F —IBL—AqBL
My =My =Fa= At

T.K. 3TO COOTHOIIIEHHUE BBITIOIHSIETCS JIJIs JTIFOOBIX MPOMEXYTKOB BPEMEHH, CYMMUPYSI
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_ mAv2 _ m(Vaxon — 0) MUy
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Kpurepum oueHuBanus

1. Mysnxr 1. -1 6ann.

N

[Tynkr 2 — 2 6ayuia.
3. TlomydyeHo BhIpakeHUE JJI YCTAHOBUBIIEHCS CKOPOCTH — 2 GaJLia.

4. Tlomy4yeHO BBIpaKEHUE JIJIS BBIICIUBIICHCS TEIUIOTH — 2 HaJLia.

5. Haiinena BenmuyuHa MPOTEKIIETo 3apsaa — 3 6ajiia

3agaua 5. DiexTpoHarpeBaTesib 00ECIeYrBAET TIOCTOSHHYIO CKOpPOCTh Harpea
AT °C .
oOpasia YTl 17 MccnenoBasioch HarpeBanue oOpasma maccod m = 10 r. B

DKCIIEPUMEHTE M3MEpPsUIach MOIIHOCTH P, moTpeOiisieMas HarpeBaTelleM, Kak
¢ynkuus temnepatypsl T . PesynbTaTel ©13MepeHuil IpeIcTaBlIeHbl B Ta0IULE:

T, -C 230 231 232 233 234 235 236

P, Bt 111 123 130 737 155 159 171

B teuenue skcriepumMenTa oOpaszen paciuiaBuiics. Hailtu 17151 Hero yJienpHyo Ten-
JIOTY TUTABJICHUS M TEMIIEPATYPY IUIaBICHUS.

Pemenmne:

[IpeactaBuM pe3ysbTaThl SKCIIEPUMEHTA B BUJIE Tpaduka.
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P, BT

-

OT 230 231 232 233 234 235 236
T, °C

W3 pucyHka BHJHO, YTO MOUIHOCTh HarpeBaTelsl pe3KO YBEIUYMBAeTCs BOJIU3U
Touku T = T; = 233 °C. DTO MOKHO OOBACHUTH TEM, UTO B UHTEPBAJIC TEMIIEPATYP
ot 232 °C no 234 °C npoucxouT IuiaBjieHue oopasna. Takum obpa3om, TemiiepaTypa
IIaBiAeHUsT MpuoOiu3uTenbHo paBHa T; = 233 °C. Jlng BbIUMCIEHUS YIEIbHOU
TEIUIOTHl IUIABJICHMSI TNPUMEHHMM 3aKOH W3MEHEHHMS JHEPrud 33 E€IUHUYHBIN
IIPOMEKYTOK BpeMeHU BOIM3U Temneparypsl T Bramu ot T :

P =0Q+ k(T —T,),

rae (J; — KOJMYECTBO TEIUIOThI, KOTOpasi B €IMHUILY BPEMEHHU UJIET HA HarpeBaHue
YCTaHOBKU C 00pa3loOM, BTOPOE CJIaraeéMoe — KOJIMYECTBO TEIUIOThI, OTJaBAEMOE B
OKpY’KaIoILyI0 Cpeny, Temneparypa kotopoit Ty, a kK — HekoTopast HoCTOsTHHAs!.

MomHoCTh HarpeBaresniss TP IJIABJICHWU, KaK CIEAyeT M3 DKCIIEPUMEHTA,
JIOTIOIHUTEBHO BO3pacTaeT Ha BenumumHy AP = 596 Bt. Dto mpomcxomut B
tTeueHue BpemeHu At HarpeBanus ot 232 °C mo 233 °C. 3a 3T0 BpeMsi «u30bITOYHOE
KOJIMYECTBO TEIUIOTHI, OTAABAEMOE HAarpeBaTelIeM, pacXOIyeTcsi Ha IUIABJICHUE
obpasia, To eCThb:

APAt = Am, oTkynma A = AAI;E
-—m
At

K/x

[Tonaras AT = 1 °C, naxoagum A = 60

KT
Kpurepun ouennBanus

[Toctpoen rpaduk u noanucansl ocu — 2 Oana
Haiineno, B kakoM HHTepBaje TeMIepaTryp NpOUCXOIUT IIaBjleHue — 2 Oansa

3anucaH 3aKOH U3MEHEHUs SHEPTHH 3a eIMHUYHBIN MPOMEXYTOK BpeMeHHU — 2 Oasuia

H w o

3amucaH 3aK0H JUIA IIIaBJICHUSA 06pa3ua " YUCJICHO Haﬁ,[[eH YAcCbHaA TCIUIOTA IJIABJICHUSA — 4 Ganna



