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N3yuenune pacmimpeHusi TBepAbIX TeJl

Heab padoThbI: SKCIIEPUMEHTAIBHO OMPEAEIUTh KO3(PPUIUEHTHI TUHEHHOTO
paclIMpeHus TBEPABIX TeJl: CTalu, ATIOMUHUSA, CTEKIIA, OPOH3bI.

IIpubopbl U NpUHANIEKHOCTH: TPUOODP AJIs onpeneneHus Kosdduuuenta
JUHEHHOr0 PpACIIMPEHUsl, B COCTAaB KOTOPOrO BXOMAST CTEPKHEBBIE O0Opa3Ilbl
(cTanpHOM, aMIOMUHUEBBIM, CTEKJISHHBIA M JAp.), CTEKISHHbIE MNPOOUPKHU,
MHIUKATOp MaJblX NEepeMEIIeHU (MUKPOMETp), TEPMOMETpP J1abOpaTOPHbIH,
XUMHYECKUH CTaKaH ¢ BOAOMW, IITATUB, IITAHT€HIUPKYIIb.

BupryanbHas uHTepakTHBHas ycTaHOBKa «M3yueHue pacuimpeHus: TBEPAbIX
Tem»: http://efizika.ru/html5/29/index.html

Kpartkas Teopus

Bce TBepabie Tenma mpu OXJAXIECHWW W HArpeBaHUM W3MEHSIIOT CBOU
pasmepnl. Kak mpaBuiio, ¢ TOBBIIIGHUEM TEMIEpPaTypbl pa3Mepbl  Tel
YBEJTUINBAIOTCHI.

Kaxk u3BecTHO, TBepible T€a MOXKHO pa3/IeiUTh Ha JIBE TPYIIbI: aMOpQHbIE
Tena W Kpuctaimyeckue Ttena. K amopdHbIM TenaM OTHOCSTCS CTEKIIO,
IUIACTMACChl. DTH BEIIeCTBa BEAYT ceOsl KaK KUAKOCTH C aHOMAJIbHO OOJIBIION
BSI3KOCTBI0. KpHcTamnueckre BemecTBa OTINYAl0TCS OT aMOP(HBIX MPaBUIbLHBIM
PACIIONIOKEHHEM YacTHULl. B KpUCTaIIMYEeCKOW pemieTke TBEPIOro Teja KaxKaas
yacTuiia (MOH, aToOM WM MOJIEKYyJia) HMEET OIpEACIICHHOE IOJIOKEHUE
paBHOBECHS, OKOJIO KOTOPOTO OHa COBEPIIAET KOJIeOaHMUs.

BiaumoneiicTBie Mex 1y 4acTUIIaMU JIFOOOTO BHIA B KPUCTAIIIIE MOXKET OBIThH
IPEJACTaBICHO MOTCHITMATLHON KPUBOM, M300pakeHHOM Ha pucyHke 21.1.

KpuBas HecuMMmeTpruHa OTHOCUTENIBHO MHUHHUMYyMA. [lo 3TOW mpuYnHE
TOJILKO OYEHb Mallble KOJIeOaHUsI OKOJIO TOJIOKEHHS paBHOBECUs OYyIyT HUMETh
rapMoOHUYecKuid xapakrep. Eciam mpoucxomsT rapMOHWYECKHE KOJeOaHUs, TO
CpeHEeEe TIOJIOKEHUE YacCTUIbl OCTAeTCsi HEU3MEHHBIM M COBIIAJIAET C €€
MOJIO)KEHHEM paBHOBECHUS. SIBIIEHME TEIUIOBOIO PACIIMPEHHS TMPU 3TOM
orcyrctByeT. C pOCTOM aMIUIMTYAbl KoJeOaHWil, (YTO TIPOUCXOAHUT TMPHU
MOBBIIIEHUH TEMIIEPaTyphl), BCE CUIbHEE OYJET MPOSBIATHCS aHTAPMOHUYHOCTH
(oTkOHEeHWE KoJieObaHM OT rapmMoHuueckux). IIpum sToM cmenieHue B OJHY
CTOPOHY U3 y3JIa PEIICTKH 3aHUMAaeT OOJIbIlIe BPEMEHHU, YEM B JAPYTYIO.
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Puc. 21.1.

OTO 00YCIOBIEHO XapaKTepOM 3aBUCHUMOCTH CHJI B3aUMOJEHCTBUS MEXIY
aTOMaMH OT paccTostHus Mexay HuMu. Kak BunHO u3 pucyHka 21.1, Ha Oonbiux
PACCTOSHUASIX aTOMBI IPAKTUYECKU HE B3aUMOJEUCTBYIOT IPYT C IPYTOM.

[Ipy yMEHBIIEHMM pACCTOSIHUSA 7 BO3HMKAET CUJIa NPUTSKEHUS MEXKIY
aTOMaMH, KOTOpas YBEJIMYMUBACTCS MO MOJMAYJIO O HEKOTOPOTO PAacCTOSHUS 7.
3aTeM CHJla IPUTSKCHUS YMEHBIIACTCS U IIPU PACCTOSHUM 7, MEXKIY aTOMaMH OHa

CTAaHOBUTCA paBHOW Hymw0. Ilpy [ganbHEWIIEM YMEHBIIEHUM PAaCCTOSHUSA
MOSIBJISIETCS CUJla OTTAJIKMBaHUA, KOTOpas ObICTpo Bo3pactaer u npu ¢ —0
CTpEeMHTCS K OECKOHEUHOCTH.
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Takum oOpazoM, OYEBUIHO, YTO MPHU BO3PACTAHUHU AMILIUTYABI KOJIEOaHMI
aTOMOB BCJIC/ICTBHE HArpeBaHMsl KpPUCTAIa, POCT CHJ OTTAJKUBAHUS MEXIY
aToMaMH TpeolbsiaziaeT HaJl pPOCTOM CHJI TMPUTSHKEHUSA. OTO MPUBOAUT K
YBEJIMUEHUIO CPEJAHETO0 PACCTOSIHUS MEXKJy 4YacTHUIAMU H, CJeJI0BaTelIbHO, K
YBEJIMUEHUIO 00BEMA TeJla MPU €ro HarPEeBaHHH.

[lonBonms wWror, 3aKilO4YaeM, YTO TMPUYMHON TEIUIOBOTO pPaCIIMpPEHUs
TBEP/BIX TEJ SIBISICTCS aHTAPMOHUYHOCTH KOJIEOAHW aTOMOB B KPUCTAJUIMYECKON
pemetke. KoJIMYECTBEHHONW XapaKTEPUCTUKOM TEIUIOBOTO PACIIUPECHUSA CIIYKaT
KO3 PUITUECHTHI TUHEHHOTO U OO BEMHOTO PACIITUPCHUSI.

[Mycts |, — nmuna obpasua npu 0°C, | — nimHa oOpasua npu Temmneparype f,
torga pasHocth umH Al =1—1; nponopunonanshna |, u pasHoctu Temmneparyp
At. MoxHoO 3anucaTh
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nuHerHoro pacuupenus. 13 (1) umeem:
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Koaddunnent nuHetHOTO pacHIMpeHHs, MOKa3bIBACT yBEIWYCHHUE KaKIOH
€IUHULIBI JJIMHBI Teja npu HarpeBanun Ha | K, mpu 3TOoM cuutaem o He

3aBUCSIIMM OT TEMIIEPATYPHI.




[IpakTyecku  mpu  HEOOJBIIMX  M3MEHEHUSAX  TeMIepaTypbl o
HE3HAYUTEIBHO W3MEHSIETCS, MOATOMY JJIsi PAacue€TOB MOXHO BOCIOJIb30BaThCS
BEJIMYMHOMN cpesHero ko3P dUuIueHTa TMHEHHOT0 pacIupEHUs

Ll Al 3

Il (t2 _tl) Il (t2 _t1)1 )

rIe ¢, U t, — HaYallbHas M KOHE4YHas Temreparypsl tena, |, u |, — mmnHa Tena,

COOTBETCTBYIOIIIAsI TUM TeMIIepaTypam.
Amnanornyso onpenesnsercs KoahGuuueHT 00beMHOT0 pacIupeHus 3 :

go V-Vo _ AV @
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KoadduimieHT 00beMHOr0 pacuiupeHus IMOKa3bIBAeT yBEIWYEHUE KaKJIOU
eauHUIbI 00beMa Tena npu HarpeBaHuu Ha 1 K.

Tak kak OOJBUIMHCTBO KPUCTAJUIOB AHM3OTPONHBL, TO KOIPGUIIHMEHT
JUHEHHOTO pacHIMpPEeHUs O JUIsl TAaKUX KPUCTAJUIOB OYyJET pa3MYHBIM B Pa3HBIX
HampaBieHusX.  Koad@uimeHTsl  TEMJIOBOrO  pacliUpeHuss 1O TpeM
KpucTamiorpaguieckum ocsiM KpucTasia Ha3bIBAIOTCS TJIABHBIMU
KodpuuueHTaMu pacmMpeHuss u - oOo3HadaroTes o, O,, O3. Torzaa

KO3 GUIUMEHT 00BEMHOIO pacCIIMPEHUs] KpUcCTajljga BbIpa3uTcs B=o, + 0, + 0.

Jlns  KpuCTaIIOB ¢ KyOMYecKoil cuMMeTpuedl © Ui  H30TPOIHBIX — Tel
o =0,=03=0,Toraa B=3a.
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Puc. 3. BupryanbHast HHTEpaKTUBHAs yCTaHOBKA «l3yueHue pacmnpeHus
TBepAbIX Tem»: http://efizika.ru/html5/29/index.html



http://efizika.ru/html5/29/index.html

2. YCTaHOBUTH IMapaMeTpbl TOKA B ANeKTpuueckoit nenu U.

3. CrexnsiHHas mnpoOupka Ha 1/2 oObema 3amojiHeHa BOJOW KOMHATHOM
TEMIIEPATyphl. Y CTAHOBUTH TEMIIEPATypy BOJbI B IpoOUpKe fo.

4. YCTaHOBUTH HaualbHyIO MHY oOpasua lo. PesymeraTthl 3anectn B
Ta0IUILy.

5. BoeiOpaTe Mmatepuan wucciemyemoro oOpasia: cTekyio, OpoH3a, CTalb,
amroMuHui. OMyCTUTB €ro B IPOOUPKY.

6. Brxmtounth nutanue kHomkoi «Ilyck». JloBecT Boay 10 KHUICHUS
t =100 °C. YBenuuenue IauHbI 00pasia ONpeneseTcs Mo OTKIOHEHUIO CTPENIKU
MHIMKATOPa MaJIbIX MEPEMEIICHUI B MOMEHT 3aKuaHust BobI Al.

7. Jlns mpopoibkeHus: paOOThl W TPOBEACHUS ONBITOB C  JIPYTUMU
oOpasiaMu He0OX0IUMO OTKJIFOUUTH MUTaHKue Mprdopa KHOMKoM «COpocy.

8. AHaJOrMYHO MPOBECTH H3MEPEHHUs Jis TPEX OCTABIIMXCS OOpasIloB.
Pe3ynbTaThl 3aHecTy B TAOJIUILY.

9. TlpoBecTu moodepeHO U3MEPEHUS ISl KAXKI0r0o 00pasiia He MeHee TpeX
pas.

10.TIpousBecTr pacyeT YUCICHHOTO 3HAYCHHS KOA(DPUIIMEHTA JTUHEHHOTO
pacCUIMPEHUs O ¥ ONIPEETUTh MOTPEIIHOCTh U3MEPEHUIM.

11.PaccuuTtaTth MOTPEIIHOCTH U3MEPCHHS.

1 2 3 4 5
) P~ No Hauanenas HauanpHas Ilokasanust HHAUKATOPA, M
o6 3’36 OIIBI JUTHHA TEMIIEpaTypa pu
pasent Ta lo, M to, °C to, °C t, 100°C
AJIIOMUHHEBELIN
CTEPIKEHD
3
6 7 8 9 10 11
o
Al, 1 /f( Olep, TabnuuHoE €as
M 1/K a, 1/K Aa, 1/K %

12.ChopmynnpoBaTh BBIBOIBI.

KoHTpobHBIE BONIPOCHI

OOBSICHUTH TETUTOBOE PACITUPEHHUE TBEPIBIX TEJ.
UYro HazpiBaeTcs KOdHPUITMEHTOM JTUHEHHOTO PACIITHPCHHUS ?
UYro HazpiBaeTcs KOdHPUIIMEHTOM 00BEMHOTO PACIIIUPCHUS?

4. Kakas cymectByeT CBsS3b MEXIy KOdhHUIHEHTaMH JHMHEHHOTO W
00bEMHOT0 pacHIupeHusi?

5. Pacckaxutre o wmerome omnpeneneHus KodpduiueHTa JHUHEHUHOTO
pacuMpeHus TBEP/IbIX Tell, KOTOPBIM UCIOJIB3YETCS B TaHHOM pabdoTe.

6. Ilpoananu3upyiite, 4eM OMpeaEIsIETCS OTPEITHOCTh U3MEPCHHUS.
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/. 3anumuTe OCHOBHBIE NPUOOPHI U OOOPYAOBAHUE, HEOOXOAUMBIE IS
MIPOBEICHUS JAaHHOU paOOThI.
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