«MUccaedosarue
MenA08020
pacuupeHus
meepovix 1mea»



TermaoBoe pacmmper

[Ipy HarpeBaHuMHM pasMepbl TBEPAbIX Te/l HEMHOIO YBe/JIWYMBAIOTCS, a MPU
OXJIXKJEHUM - YMeHbIIATcs. s mofeid TerioBoe pacliupeHHe — >XXM3HEHHO
BaO)XHOe siBjieHre. Hampumep, MpoeKTHUpys CTa/bHON MOCT 4Yepe3 PeKy B ropoje C
KOHTUHEHTA/IbHBIM KJIMMAaTOM, He/b3s He YYUTHIBAaTh BO3MOXHOIO Mepenaja
TemrnepaTtyp B Ipenenax oT —40°C 1o +40°C B TeyeHHe roja. Takue mnepernajbl
BBI30BYT M3MeHeHHe 00LIel JJIMHBI MOCTA BIUIOTH /IO HECKOJIBKUX METPOB, 1, YTOObI
MOCT He B3IbIOJIMBAJICA JIETOM U HE WCIBITHIBA/I MOLIHBIX HAarpy30K Ha pPa3phIB
3UMOM, MPOEKTUPOBUIUKH COCTABISIOT MOCT M3 OTAETbHBIX CEKIUH. TemerpadHbie
MIPOBO/IA B YKAPKYIO TMOTOMy TTPOBUCAIOT 3aMETHO OOJIbllle, YeM BO BpeMsI 3UMHHX
MOpO30B. B aTOM j1erko yOeauThcsi, eC/i MPOBECTH CJIeAYIONIUN OMBIT: HarpeBas
HaTSHYTYI0 IIPOBOJIOKY 3J€KTPUYECKUM TOKOM, Mbl BHUJMM, YTO OHA 3aMeTHO
IIPOBHCAET, a NMpeKpallleHUU HarpeBaHWs CHOBa HaTsruBaetrcs. Korma Gamanaiiky
BBIHOCSIT U3 TEIJIOTO TTOMeIlleHUSI HA MOPO3, €€ CTa/IbHbIE CTPYHBI CTAHOBSITCST Oosiee
HAaTSIHYTBIMM W 3By4aHUe H3MeHUTCsA. Yalje Bcero mpUYMHAMHM IOPYHA 3yOOB
SIBJISIETCSI OYEHb XOIOIHast TUOO OYeHb ropsiyasi e/1a, 0COOEHHO eCJTH 3TO YepeTyeTCst
cpa3sy e Apyr 3a ApyroMm. OT 3TOr0 3yOHast 3Majib TPECKAETCs
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OONbLUMHCTBO TBEPAbIX
Ten paclnparTca?

JTO NPOUCXOIUT MU3-3a TOTO, YTO PU YBETUYEHUU
TeMIepPaTyPbl YBeITUUYMUBACTCSI KUHETUYECKAsI SHEePrus
OBWDKEHUS YaCTUL, KOTOpbIe HAXOAATCSI B Yy3J/ax
KPUCTAJLINYECKOU PELIETKH. YBenuyeHue
KUHETUYEeCKOU DHepPruu, B CBOIO oUepeib, IPUBOAUT K
YBe/TUYEHUIO aMIUTUTYAbI KOMeOaHWM DTHX YaCTHIL
OKOJIO TIOJIOKeHMsI paBHOBecusi. B  pesynbrare
yBeTUYeHUs] aMIUIUTYAbl KOJIeOAaHUU yBeTUYIUBAETCS
cpefHee  pacCTOssTHHMEe  MEeXAYy  4YacTULLAMUA B
KPUCTA/UTMYECKOW  pelleTKe, YTO IPUBOAUT K
yBEIUYEHUIO TUHEUHBIX pa3MepPOB BCEro Tesa.



BOBBMEM HeOOJIbIION CTa/IbHOU I11e

paBeH ,qHaMepr IIapyKa. TIpr-KoMHATHC MIepaType MapHK
MIPOUJET CKBO3b KOJIbLIO. HO ec/iu mapyk HarpeTh Ha ra30BoOM
ropeJsike, OH 3acTpsiHeT B Ko/blle. Creranu BBIBOJ: BCe -
JIMHEeWHbIe pa3Mepsl TeJl IPU HarpeBaHUHY YBe/IMYUBAIOTCS.
Bonpocs! a1g nccaenoBaHus:

1. A BoT uTO OyzeT ¢ BHyTpeHHUM araMetpoM? OH TOXe
YBEJTMYHUTCS WJIH, HAOOOPOT YMEHBIIUTCS.

2. B neHnTpe MegHOTO AUCKA Cle/ITAHO OTBEPCTHE.

M3MeHUTCSs TU JUaMeTp 3TOT0 OTBEPCTHS TIPY HarpeBaHUU U
Kak?

3. Ha gucke, BbIpe3aHHOM H3 MeJHOW IUIACTHUHKMY,
Ha4YepTHU/IU OTPe30K NMpsiMor. OCTaHeTCs I OH MPSIMBIM, €C/IU
AUCK HarpeTn?

4. Ha gucke, BBIpe3aHHOM M3 MeJHOM IJITACTUHKH, HA4epTUIU
OKPY>XHOCTb. OCTaHeTCs TU OHAa TPaBU/IbHON OKPY>KHOCTBIO,
eCJIU JUCK HarpeTn?

5. 13 MegHOTO /TrcTa BRIpE3aHa MJIACTUHKA, MMelolas GopMy
yrna. ViameHuTCs 1M yros a Npy HarpeBaHUM IJIAaCTUHKU ?

6. B nycke u3 MegHOM IUIACTUHKMU CZeJIAIA BbIpE3 B BUJE &
ceKTopa. MIsMeHUTCs /11 yroJl @, eC/IN JUCK IIEPEHeCTU U3
XOJIOAHOTO IOMEILEHMS B TEIJIOE

7. CTanpHy10 nonocKy coruynu. iamenurcs mu paccrossnue AB
MeXJy KOHLJAMU MOJIOCKH, €C/IU TePeHeCTH e€ U3 XOIO0AHOTO
IMoMeIlleHUSs B TETIoe?

TEMIIEPATYPbI HE ME€HAEeMCA - ABMEHAKTCHA TOJTBKO pa3mepbobl
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-BeJNIMKU N3MEeHeHUS

AP

—— |

TBEPAbIX Tes NPU HarpeBaHUun?

Oxka3sbiBaercH, O4YeHb MaJIbl.
IIpuBenem SKCIIepHUMEHTaJ/IbHbIE
daxTel. Eci M3TOTOBUTH CTEpXKHU
W3 PA3/INYHBIX MaTepHaJIoB TaK,
YTOOBI MPU 20° OHU HMENIU [JIVHY
TOYHO 1 M, @ 3aT€M HarpeTb UX TOYHO
Ha 1°, TO YIJIMHEeHUS 3THUX CTePXKHeUn
OyoyT TAaKMMH, KaK IIOKa3aHO B
CITHICKE

Acdansr -0,2 MM
bpo#n3sa -0,0175 MM
Menp -0,017 MM
HuBap -0,005 Mm

M3y4yass CcnmcoK MOXXHO CAesaTh
BBIBOZI, TMOYeMy Haubojiee TOYHbIE
M3MepUTe/IbHbIe MHCTPYMEHTBHI
oenalTcsi M3 0co0oro cCrjlaBa -
MHBapa, M 3a4eM Ha TOYHBIX

N3MEPUTE/IbHBIX NHCTPYMEHTAaX

yKa3bIBaeTcss TeMieparypa (0ObIYHO
20 °C)?




[Moyemy npu HarpeBaHUU He
TCA?

b Ec/i B CTeK/JISIHHBIU CTAKAH HAJIUTh
KUISATOK, TO CTAaKaH MOXET TPEeCHYTb.
[louemy? Jlesmo 3pecb B HepasHOMeEpHOM
HarpeBe. CTEeK/I0 MJIOXO MPOBOAUT TEeIIO,
II03TOMY, KOTZJda Mbl Ha/IMBaeM KUIISTOK,
BHYTPEHHSISI MOBEPXHOCTh CTaKaHA Cpasy
HarpeBaeTcs A0 100 °C, a BHeLIHSS ele
COXpaHsieT KOMHATHYIO Temmneparypy. B
pe3yJ/ibTaTe CJIOU CTEeKJIa, IMpUuieramlye K
BHYTPEHHEM  IIOBEPXHOCTHU  CTAKAHA,
HAaYMHAIOT  paCIIUpATBCS, a  CJIOH,

W npuieramlive K BHEIIHEHW MOBEPXHOCTU

CTAaKaHa, - ewme HeT. [lony4daercs Tak, Kak

ecH Gbl MbI MIPUJIOXKWIU K BHYTPEHHeM

IIOBePXHOCTHU CTaKaHA [JOIMNOJIHUTEIbHOE

JaBieHne. A CTEeKJIO - BelleCTBO XPYIIKOe,

TAKOT'O ABJIEHUS] MOXXET U He BbILePXXaTh.

[IppunHa — HepPaBHOMEPHOEe

pacliupeHue CTeKJa. [0/CThie CTAKAHBI -

KaK pa3 camMble HeNpoYyHble B 3TOM

OTHOLUEHUU: OHU JIOTIAIOTCS Yallle, HeXXeIn

TOHKUE







HebonbLune |/|3M@E~TFI
MEpPOB MOryT ObITb

OlaCHbl

©® CkaxeM MNpsIMO 3aMETUTh TaKWe H3MEeHEeHUSs
IJTUHBI IPAKTUYECKU HeBO3MOXKHO. OTHAKO /1151
Xpynkux BeIIeCTB [a)kKe CTOMb HeOObIIne
W3MEHEHUSI Pa3MepPOB MOTYT OBITh OITACHBI.
BasTh, kK mpuMepy, acdansT. [lo cpaBHEeHMUIO CO
CTEKJIOM OH IIPY HarpeBaHUU PACIHIUPSIETCS B 20
pa3 cubHee, T03TOMY acgaibTOBbIe ITOKPHITHS
Ha JOporax IIOCTOSSHHO Jal0T TPEIIUHbI H
HY)KIQIOTCSI B TIOCTOSHHOM pEMOHTE: Be[lb
CYyTOYHBIE KO/IeOaHHsI TEMITEPATYPhI IPUBOIAT K
HepaBHOMEPHOMY HarpeBy acdasipra. A u3-3a
STOTO BO3HHUKAIOT BHYTPEHHHE HaMPSHKeHHUS
(KaKk B CTakaHe C KHIISITKOM), KOTOpPbIe
IPUBOAAT K paspyuieHuo. [loaTomy wmexmy
IINTaMH OETOHHOTO II0CCE /Ie/IAl0T 3a30PHbl.




Ecau Teriepp Hac cripocsT, Kar
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npexae uyeM orseTutsb: 300

METPOB", Bbl, BEpOSITHO,
IIOMHTepecyeTechb: B Kakyro
II0Tr0AY —XOAOAHYIO VIAU TEeIIAYIO?

® Begp BbICOTa CTO/Ib OTPOMHOTIO JX€JI€3HOTO COOPY)XEHUsSI He MOXXeT
ObITh OJWHAKOBA IIPU pa3HON Temmeparype. Mbl 3HaeM, 4YTO
YKeJIe3HbIN CTEP)XEHb AJIMHOM
300M YAJIMHSETCS Ha 3MM IIPU HarpeBaHWM €ro Ha OAWH rpajyc.
[Ipn61M3UTEeIPHO HA CTOJBKO JK€ JO/DKHA BO3PACTaTh M BBICOTA
OuideneBoil GallHU MPU MOBBILIEHUH TeMIEPAaTypbl HA 1 rpazgyc. B
TEIUTYI0 COJTHEYHYIO TOTOJY JKeJIe3HbIM MaTepuas OallHU MOXXeT
HarpeTbcs B [laproke rpasycoB 0 +40, MeXJy TeM KaK B XOJIOAHBIN,
JOXAJIWBBIN JeHb TeMIlepaTrypa ero najgaer go +10, a 3MMOIO [0 O,
Jaxe bile -10.
Kak BuauMm, KojebGaHUs TeMIeparypbl JOXOIAT 1O 40 U Oojee
rpajycoB. 3HA4YUT, BbICOTA J¥idesneBoii OALTHU MOXXeT Ko/eOaThCsl Ha
3 40=120MM, UJIA Ha 12CM.

©® [Ipsimbie u3aMepeHUst OOHAPYXUIH AaXKe, 4TO DiidesneBa OalllHs eliie
YYBCTBUTE/IbHEE K KOIEOAHUSAM TEMIIEPATYPbhI, HEXXETH BO3/yX: OHA
HarpeBaeTCss M OXJIAKZAETCs ObICTpee W paHbllle pearvpyer Ha
BHE3aITHOE IIOSIB/IeHME COJIHIIA B OO/MIQYHBIA [deHb. V3menenwus
BBICOTHI DiideneBoii GAlIHU OOHAPYIKEHBI C TOMOIIBIO TPOBOIOKH U3
0Cc000M HHUKeIeBOW CTasy, 00JaJaloled CIIOCOOHOCTBIO IOYTU He
M3MEHSATh CBOEH [JJIMHBI MPU  KOJMEOAHMSX — TEMIIEPATypbL.
3aMevaTebHBIM CIUIAB 3TOT HOCUT Ha3BaHue "WHBap' (oT
JIATUHCKOTO "HEM3MEHHBIN).

® Wrak, B XapKuil JeHb BepiinHa JiideneBoil GallHU MOJHUMAETCS
BbIllIe, YeM B XOJIOAHBIY, Ha KYCOYeK, PAaBHBIN 12CM U CJe/IaHHBIA U3
)XKeJsie3a, KOTOpoe, BIIPOYeM, He CTOUT HU OJHOTIO JIMIIHEro CAaHTHUMaA.



® DBoabIIMHCTBO BEM
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pacluMpeHue Ten,
M3roTOBNEHHbIX U3
pa3sHbIX MaTepUanos
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VeMCsi, U3rOTOB/IEHbI

OTop WeA® MBI 107158
BaH VM PACIIUPSAIOTCS TI0-

BelleCcTB. A pask ie oo CTBA MPU Harpe

OoJIbIlIe, APYTIHE MEHbIIIE. “Poss IKaeT BONPOC: He MOXKET JIM Pa3TUYHOe eHue
pasMepoB MaTepHasioB, N3 KOMQPHIX M3TOTOBJIEH MpeIMET, IPUBEC ero
paspyuienrio? OkasbiBae MO eC/IM OHO W3 BEIIeCTB Xpymkoe ( nMep,
CTEKJIO). i

Kakue TpeGoBaHMsI HAIO ,ZL'I)HBI/ITI) M TPOBOJIOKE, KOTOPYIO BIIAMBAIO TEKJIO
5/IEKTPUYECKOM TAMITIOYK oueMy?

[71aBHOEe TpeGoBaHHE - ONMHAKOBOE U3MEH@HIE Pa3MEPOB MTPOBOJIOKU H C a mpu
W3MEHEeHHUU TeMIepaTypbl. Eciu mpoBo/oRa OyzeTr pacuIupsAThbCs CH VN
cnabee, YeM CTeEZ0, 5TO BHI30BET B cTeKIe BLyTPEHHIMe HalpsDKeHNs (KaK KaHe,
B KOTOPBIY Hagill KUITTOK), ¥ CTEKA0:MOKET TPeCHyTb. [lyis1 maiiku on OB B

37IeKTpuYec SI0OT CHeUHWaJbHbIM CIUIaB -  [UIATUHUJ,
pacumpﬂ}oumncn IIPY HarpeBaHWUU TaK YKe, KaK U CTEeKJIO.



[I[py TemmepaTypHOM PpaclIMPEHUU WM CXKATHUH
TBEePZbIX Te/l PAa3BUBAIOTCS OTPOMHBIE CHUJIBI; 3TO MOXHO
WCIMOIb30BaTh B COOTBETCTBYKOLIMX TEXHOJIOTMYECKHUX
npoueccax. Hanmpumep, aTo CBOMCTBO UCIIO/IB30BAHO B
3/IeKTPUYECKOM AOMKpaTe AJIS PACTsHKeHUsI apMaTyphl
NMPpU WBTOTOBJIEHWMU HAMNPSDKEHHOTO JKesie300eTOoHa.
[IpyHOMI JEeMCTBUSL OYeHb IIPOCT: K PacTArMBaeMOM
apMaType TIPUKPEIUIIIOT CTepXeHb W3 MeTaj/lla C
IO XOASAIIIM KoabPUIIrieHTOM TEePMHYECKOTO
paclIMpeHUsl. 3aTeéM ero HarpeBakwT, TOKOM OT
CBApPOYHOTO TpaHCPOPMATOPA, IOC/IEe YEero CTep>KeHb
YKECTKO 3aKPeIUISIOT U YOUparT HarpeB. B pesynbrare
OXJIAKAEHUS W COKpAlleHUs] JTUHEeUHBIX pa3MepoB
CTEP)KHSI Pa3BUBAETCS TSHYLIee YCUJIMe MOPsiKa COTeH
TOHH, KOTOPO€ PACTITHUBAET XOJOAHYIO apMaTypy O
HeoOXOaUMOM BEJIMYUHBI.
Tak Kak B 3TOM JIOMKpaTe pabOTAlOT MOJIEKY/ISIPHBIE
CUJIBI, OH TIPAaKTUYeCKM He MOXeT CJIOMAThCs.
C MOMOLIBIO TEMIOBOTO PACIIMPEHUS XUIKOCTH MOXXHO
CO3/IaTh HeOoOXOAWMbIe THIPOCTATHYEeCKHE TABIIEHMUS.
OOie wu3BeCTHble OWMeTa//TMYeCKHWe TUIACTUHKU -

coeIMHeHHbIe KaKHUM-TH00 CII0COO0OM IBe
MeTa/UTHYeCKHe TOJOCKH C PA3/TUYHbIM  TE€PMO
paciipeHreM - SABJISIIOTCS OT/INYHBIM
npeoOpa3oBareieM TerI0BOU SHEpPTUHU B

MeXaHHUYeCKYIO.
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ellecTBa, CXXumarowmecs
npu HarpeBaHUM

® Ha camowm pxene, BelecTB, KOTOPble MOTYT
CKUMATBhCSI TIPU HarpeBaHWU B TIpejesiax
oTpezie/IeHHOTO TMAlla30Ha TeMIepaTyp, He
TaK MaJI0. 3a MpUMepaMU JIaIeKO XOIUTh He
Hajo: OObIYHAsE Boga oOaZaeT Tak
Ha3blBaeMOW TeMIIepaTypHOU aHOMaIueu - :
B oOnactu temrmeparyp ot o °C mo 4 °C [ISHIEBBIE HATSKHbIE TOTOKIL
CoBpeMeHHble HAHO TEXHOJIOTUM - 3TO
BellleCTBa, HAHOYACTHIIBI OKCUZA MeJH,
CIIJIAaBOB, Ceramics KepaMUKHd Ha OCHOBe
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docdaros, KepaMUKU Ha  OCHOBe
MOTUOJATOB UMPKOHUS WM TadHUS,
MOTMMEpPOB, A  TaKKe  PAa3TAYHBIX
KOMITO3UTOB, CKUMAIOIIHeCs npu

HarpeBaHUM.
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® A.A. Iluuckut, I'1O. Ipaxkoeckuti. Pusrka. -M.:
® http://ask.yandex.ru/questions/i42835215.4039

® http://alexander-kynin.boom.ru/TRIZ/EXPANSION/EXPA
NSION-R.htm



