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TeMnepartypa. A6Co/IIOTHas TeMnepaTypa —
Mepa CpeaHEN SHEPIUN MOJIEKYT.

ABTOp npe3eHTaynm:
yunTeslb U3NKN
CazoHoB Cepreyi Maparosuny
MOY COLL Ne¢ 2
r. MNbiTb-SXx
XaHTbI-MaHcuiicknii aBTOHOMHBIN OKPYT



Ha npedsloywiux yporxax mol
¢ Bamu no3HaKoMuiucs C

Tpems yTeepxxaeHnamm MKT, a UMEeHHO: ...

TEM, KaK OL|EHNBATb U PacCYUTbIBATb PasMEpHI,
YnCr10, Maccy MoJeKy/;

C OTHOCUTE/IbHON MOJIEKY/ISPHOU MAaccou,
KOJ/INYECTBOM BELLECTBA, MOJISIPHON Maccou;

C /10Ka3aTes/IbCTBOM MOJIEKY/ISIPHOIO CTPOEHMS
BelecTBa (angpagy3vs, 6poyHOBCKOE ABWXKEHNE,
orbIT [leppeHa);

MEXMOJIEKY/IAPHBIMU CU/IaMN, CTPOEHNEM
ra3o06pa3HbIX, XUAKNX N TBEPAbIX TE,

MOHATUEM MAeasIbHOIro rasa,
OCHOBHbIM ypaBHeHnemM MKT.



a i . =
RCYRNN Temnepartypa -60°C.
36 n 6 BONpPOCOB O
TeMmnepartype. Kak
NOMOUYb pebeHkKy.

-\ TemnepaTtypa
“ B Poccum

MuHuUManbHas
3aperncTtpupoBaHHas
TeMnepartypa Bo3ayxa

Ha 3emne -89...

MakcuManbHas
3apermcTtpupoBaHHas

TeMnepaTtypa Bo3ayxa
Ha 3emne +53 rpaayca

HbiHewHMe TeMnepaTypbl
NnoYTU CaMbie BbICOKUE 3a
nocneaHMii MUIJIMOH neT




dusnyeckume Tena :
KOJINYEeCTBO MOJIEKYJ1 — OFPOMHO,

cnenoBaTesibHO, U KOJIMYECTBO UX Pa3HbIX XapaKTEepPUCTUK
6eCKOHeYHO BeJIMKO.

Bce yyectb HeBO3MOXKHO!!!

OKa3bIBaeTcs, UTO COCTOsIHUE o4YeHb MHOrMX (pu3nueckux Ten u
sIBJIEHUIA MOXKHO OXapaKTepu3oBaTb NapaMeTpamMm 6e3 yuera nx
MOJIEKY/ISIPHOIO CTPOEHMUS, HarpuMep:

Turbo u




BenunyuHbl, xapaktepusyrLme CoCToOSAHNE

TEPMOANHAMNYECKON CUCTEMbI b6€3 yyeTa

MOJIEKYJISIPHOrO CTPOEHMS TEJl, Ha3blBaroT
MaKpocKornm4eckumm (Mam TepMoanHaMmNYeCKUMun)

rnapamMeTpamm




Kakoro tmna

(Makpockonuyeckue unm

MUKPOCKONMUYyecKune)

chusnyeckme BeJINUYMHDI
nepeyuncsieHbl B JaHHOM

cnucke?

dusnueckue
BeJINUMHDbI

-Macca

-06Bbem
-flaBneHue
-KoHueHTpauusa
-CKOpoOCTb
-UMnynbc
-MonapHasa Macca

-AnameTp
MOJIeKy/bl

Makpockonuueckas

Makpockonuuyeckas
Makpockonuyeckas

Makpockonuuyeckas

Makpockonuyeckas

Makpockonuyeckas

Mukpockonuuyeckas

Mukpockonuyeckas



XonoaHoe u ropsyee, xosoA v Tenno ...

OpraHamMm 4yBCTB N1060e KuBoe cyLecTso (B TOM Yncne u
YyesioBeK) MHTYMTUBHO pa3J/iMyaeT X0J1I0gHOoe U ropsiuee,
Xosio4 U Tensio.

B ogHOM cnyyae Mbl roBOpuM: «TeMnepaTtypa Hu3kasa!», B
apyromMm: «Bbicokas»!. Unu: «Temnepartypa 6onbiue nnau

TeMnepartypa MeHbLUE...>».

“=r||*¥E||*2E [Ans nsmepeHus TeMnepartypbl YesIoBeK
S| |=EE||=5E npuayMman TepMoMeTp, AeUCTBME KOTOPOro
2 E||-HE |22 OCHOBAHO Ha CBOMCTBE TeJ/1 U3MEHATb CBOM
2l | |=5 £ | [~ZE 06beM OT yBeNIMYEeHUS UJTU YMEHbLUEHUS
215 | | =218 | | <218 TeMnepartypbl.




Yaule Bcero — 3aBUCMMOCTb 06beMa XXMakocTu
(PTYTb M CNUPT) OT TEeMNepaTypbl:

|
I
I
“|'| 09-TasHue nbaa, 100° — kMneHue BOAbI, 3TOT
;| | ol { NPOMEXXYTOK AenaT Ha 100 yacrei ...
]
|
|

Heyno6HoO, Tak KaK YXMAKOCTU HEOANHAKOBO
MEHSI0T CBOM 06bEeM B 3aBUCUMOCTHU OT
TeMnepaTypbl

Bbl/la 3aMeuYeHOo, YTO BCe pa3pe)XeHHble rasbl (resvm,
BOAOPOA ...) PAaCLUMPAIOTCA NPU HarpeBaHMU OAMHAKOBO U
OAMHAKOBO MEHSAIOT CBOE AaBJ/IeHMe NPy U3MEHEHUMU
TeMnepaTypbl...

Ha 3ToM CBOMCTBE pa3peXeHHbIX ra3oB 6bis1a co3paHa
naeasnibHas rasoBas LWKaJia Temneparyp

-



Omeemovme Ha 8ONpPoOcCHl.

B KkoMHaTy BHec/m neq rnpy temrnepartype - 10rpaaycoB?
Boripoc: 4To 6yAeT npoucxoamTb C HUM?

YTO HY)KHO 06513aTE/IbHO [1/151 HarpeEBaHWs ibAla, TasHWS
BO/Ibl M HAarpeBaHUs BOAb! 10 KOMHaTHOM TEMMEPATYPbI?

MO>KHO /i1 3aCTaBUTb B TaKOW CUTYyaLMK /1€ HE
HarpeBaTbCs?



Omeemovme Ha 8ONpPocCskl.

B KkoMHaTy ¢ Temniepatypovi Bo3ayxa 20 rpaaycoB
BHEC/IM BEAPO BOAbI, TEMNEpaTypa KoTtopou Toxe 20
rpagycoB?

Boripoc: uto 6yaeT npoucxoanTb C BOAOU?

Boripoc: a 4yto 6yAeT nponcxoanTb C BO3/yXOM B
KOMHare?

Bonipoc: Kak Aosiro He 6yAET nponNcxXoanTb N3MEHEHWUU C
BO/AOW 1 BO3AYXOM?



\
YenoBek
YyyBCTBYeT TepMomeTp ans
cebs —-  ONnpeaeneHns
6OJIbHbIM... TeMnepaTtypbl
flen B Harpes Harpes Bona —>
KOMHaTe p» BOjd ———p» KOMHATHOM
nyiasn TeMnepartypbl
eHue

-~

Tennoeoe paseHoeecue

,

J

O6s3aTenbHO
HY>XHO
onpepesieHHoe
BpeMsa Ans
YCTaHOBJI€HUSNA
KOHEYHOM
TeMnepartypbl
W11 roBOpAT, ANN
YCTaHOBJI€HUSNA
TEenJI0BOro
paBHOBecus

<4

TennoBoe paBHOBeCHUe — TaKoe COCTOSSIHUE, Npu KOTOPOM BcCe
MaKPOCKOINMnyeckKue napamMmeTpbl CKOJ1b YroaHO A4OJIro oCraroTcs
NMOCTOAHHbIMMU (HO MUKPOCKOINMMNYECKHNE NapaMeTpbl NpoAaoINKaoT

XXUTb U MeHaATbcAl)

J1t060e MaKpoCKOMNuUYecKoe TeJ10 WK rpynmna Tes npm
HeUn3MeHHbIX BHELLHUX YCJ/IOBUSAIX CAaMOMNPOU3BOJIbHO
nepexoamT B COCTOSIHUE TErNnJIoBoro paBHOBECUs



Omeemovme Ha 8ONpPocCskl.

[loyemy Ha 3em/ie He yCcTaHaB/IMBAETCS TEM/I0BOE
pPaBHOBECHE MEXY MOPSMU, MATEPUKAMU, IAXKE MEXAY

pErnoHamm ofHOU CTpaHbl, HaripumMep, HegdTeroraHckom
n XaHTbl-MaHcuickom?

nOLIeMy Ha TrNpoTs>KeHNN XXN3HU HEJIOBEKa MeEXXAy HUM U

OKDY>KatoLLEV CPESION HE YCTaHaB/IMBAETCS TEIN/I0BOE
paBHoBecue?

A ecnin TemriepaTtypa oKpyXaroLero Bo3sqyxa éyaer 36,6
rpagyca? Yro 6yaer ¢ 4esioBeEKOM?

KomaopTHo 511 oH cebs byaeT 4yBCTBOBATb WU/IN HET U
noyemy?



CocTosiHMe Ten/1I0BOoro paBHOBECUA CUCTEMbI TeJ1 XapaKTepu3yeT
TeMrnepaTtypa: BCe TeJia CUCTEMbI, HaxoasiLueca Apyr c Apyrom B
Ten/JIoBOM paBHOBECUM UMEIOT OZHY U TY XXe TeMnepaTtypy

—

| —
i ——>
t1=t2
Tennoo6bme- At =t2-t1 -
e} Ll yKasaTtenb
HanpasJieHus
1) t1i>t2 TennoobmeHa!
Ecnun At=0, 10
Uper oGyeH > t1=t2
3Heprueu oo
Ecnu At>0, 10
) 1 ) t2>t1
ti<t
) Ecnun At<0, 10
Upet o6MeH t2<t1

3Hepruemn Ao /



Omeemovme Ha 8ONpPocCskl.

Ha Kakux rpocTbix OrbiTax MOXHO A0Ka3aTtb, YTO
CKOPOCTb [ABMXKEHWUSI MOJIEKY/T ra3a Wim XuaKoCTeN
3aBUCUT OT TeMrepaTyphbl?

Kak 06bsSCHUTb AaB/IEHNE ra3a — BEAb MOJIEKY/1bl O4EHb
MaJsiEHbKWE , 1a M caM ra3 — JIEFKUU M rpo3payHbIn?

[loueMy, Korga XOTAT, YTO6bl BO3AYLUHbIA LLaP
MOAHUMAJICS BbILLIE U JIETA/1 B BO3AYX€E AO/bLUE, a3
BHYTPU HEro NMoAOrpPeBAOT CHU3Y rOPEIKOU?



OnpeodenerHue memnepamypst ECM paccMotpets cnyyan

TEN,10BOro paBHoBecCcus

HamMm n3BecTHoO, uTO:! A (t °=const) npm NOCTOSAHHBIX
o6bemMe n Macce rasa, 10
ecnm VM 6onblue, Tot 0 —
TS NnoJly4yaerTcs, Uto |’ ecTtb
BeJIMUMHA, MMeloLWas CTporo
ecnu t ° Gonblue, TO p > onpeaeneHHoe 3HaveHue!
6onblue f'Mnoresa: npv TenJI0BOM
(B 3aMKHYTOM cocyae) paBHOBECUM UMEHHO cpeaHue
9) _ KUHEeTUYECKNE SHeprum
P=—xnpxF _J MOJ1eKy/1 BCeX rasoB
/ OAWHAKOBDI.
L > N — Vv 2 — OdaBneHne un ob6bem
P:%*n*E PZ;*;*E P*WZE*E /—usmepmoTcn
3 > npubopamm
N \ -
n=— — —— 3k
v ) PxV 2 — N M N
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He 3aBucur: nponopuMoHanbHa t° C, no3ToMy a1y
-OT popa rasa BEJIMYMHY MOXKHO CYMTaTb €CTECTBEHHOM

Mepou TeMnepaTtypbl.

~O7V, oT P, ot N Ho npuMeHsATb eé He yAO6HO: C/IMLLUKOM
- OT popmMbI cocyaa MaJsia U J1IIoAU NPUBLIKJIN U3MEPATb

TeMnepaTtypy B rpaaycax!



Omeemovme Ha eonpoc.

[louemy @ N3MEPSAETCSA B AXKOYJISaxX?



Kak cBsizaTb 3HepreTnyeckyro mepy Temnepatypbl @VI Temnepartypy?

MpUHATO cunuTaTb, UTO — [k . — a6contoTHasa TemnepaTtypa

| KO3(p(PULMEHT NPONOPLUOHASIbBHOCTHU

*
PV kT
N
™0 wm T=0
HavMmeHbwwnM 3HayeHueM T aBnsierca T=0 — 310
\ npeaesibHas TeMnepartypa, Nnpu KOTOPOM
P>=0 paasneHuve ua. rasa = 0 npu dpukcuposaHHoMm V
V>=0 wnu, HaobopoTt, npu kotopoun V=0 npu
> HeM3MeHHOM [laBJIEHUMN.
N>0
JTa TeMnepaTtypa Ha3biBaeTcsi abCoONMOTHbIM
J HyJieM TeMnepaTypbil!

JTO caMast HU3Kas TeMnepaTtypa B npupoae, Ta «Hanbonbluas
WY nocsniefgHss creneHb xonoana>» (M.B. JIoMOHOCOB)



O=kLr-T Kak Haiitu K ?

AHrn. YuyeHbiy Y. KenbBuH [1 abcontoTHas wkKana reMmnepartyp
(wkana KenbBUHA): Hy/1eBas TeMnepaTypa Nno 3Tou wkane
COOTBETCTBYEeT abCcoNoTHOMY HY/I0, A KaXkaasa eauHMLA
TeMnepaTtypbl paBHa rpagycy no wkane Llenbcus

[T]: 1K -1 KenbBuH

Onpepnensiem k: O, — 0, = k * (T2 _Tl) —_—

— @100 —®0 =k*]100K = (5914_3,76)*10_21 Z;D:‘C _

— | = 1,38 ¢ 10—23 ﬂ‘?’lc - nocTosiHHaA bonbLUMaHa

K

NocTosHHasa bonbLuMaHa CBA3bIBaeT TeMnepaTtypy @ B
3HepreTMyecKnMx eamH1MLax ¢ abconroTHon TemnepaTtypon T B
KenbBuHax.
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AHanuns:

dmo maxoe memnepamypa?

\
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CPEAHHH KMHETUYECKas s3Heprma XxaotTu4dyHoro

NnoCcTynaTesibHOro ABMXXeHUA MOJIeKy/ rasa
nponopuMoHasibHa abconoTHO TeMnepartype!

Yem 60sbLue..., TEM 60sbLUE..., U HA06OpPOT

Ans nob6biX BELlecTs ...

Mpu npnbnnmkeHnn TeMnepartypbl K a6COIIOTHOMY HYJIHO
3Heprus TenJ1I0Boro ABMXEHUs MoJieKyJ1 Npubavkaerca K

HyJ10.



Kax cesizaHulL abconromuas wkana u wKkana IHenocusn?

Hy>XHO HaTK Hauyasa WKaJ, TO eCcTb Kakas abcontotHana Temnepartypa T
B KesibBUHax cooTBercTByeT 0° Llenbcus?

muoec k*T =3,76%107" [fore ——— T,=273K

OauH KenbBUH ¥ oAMH rpaayc wkanbl Llenbcua coBnagator,
Nno3TOMYy

Lkana LLkana
HenbBuHa Llenbcun

_37_3_K 100°C T =1+ 273

273K 0°C

| |0K. - J-273T



Hmax ce200HSs1 Ha yporxke Mol NOSHAKOMULUCSH CO
cne&yrou;,umu cpusuuecnumu NOHsSIMUSIMU.

eMaKpockornmdyeckne (MM TepMoanHaMnYecKue) napamMeTphbl;

¢X0/104HO€E M ropsiuee, xosno4 1 TerJio ...
eyfjeasibHasl ra30Basl LUKa/la TeMrnepaTtyp

eTern/ioBoe paBHoOBecHe
eOrpesenieHue TeMnepatypel: CPEOHASL KUHemu4ecrKas

9Hepa2ust Xa0MmMu4HOo20 NOCMYNnameiHo20
0BUIKEHUSL MOJIEKYL 2A30 NPONOPUUOHANLHA
abconromHou memnepamype

E = wkwT
2

eAbCO/IIOTHOM LLKaJION Temneparyp.



omawnHee 3a0aHue:

INapazpagot 66-68 — yumame, 3HamMo
omeemsl HA 60NPOCHL;

ITo npezenmayuu cocmaseums 1eKyuro no
OaHHOU meme U 3anucamo eé€ e
mempaob;

Yepe3 Hedeslr0 cocMasums C NOMOULLIO
KOMNbLIOMEPHOU NPO2PAMMBL
ayouopacckas ceoeu NeKuyuu.



