H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

10 KNNACC PA3SOEN - 2

MOAEKYASIPHAST ®PU3HUKA

Pasaen pu3nKmM, n3yyatowmim CTpOEHNE U CBOMNCTBA BELLECTB HAa OCHOBE MX
MONEKYIAPHOrO CTPOEHMUA, Ha3blBAETCA MOJIEKYNAPHOM GUNKON.

B ocHOBY MosiekynsipHOM GM3MKM NONOXKEHO TO, YTO Ntoboe Teno — TBepaoe,
XUOKOe UM razoobpasHoe — COCTOUT U3 TPOMAZHOIo YMC/a MOIEKY, KOTOpble
HaxogATcA B becnopaaovYHOM ABUMKEHUU, MHTEHCMBHOCTb KOTOPOrO 3aBUCUT OT
TemnepaTypbl.

MonekynsapHaa pu3amKa CayKMUT OCHOBOM COBPEMEHHOIO MaTepunasioBeseHuns,
BAKYYMHOM TEXHON0MMM, NOPOLLKOBOM METannyprum, XonoanabHOM TEXHUKMU.

COAEPXAHME 2-ro PA3AENA

Ne 6n0oKa Ha3BaHue 6210Ka Ne OK §§
yuyebHuKa
bnok 5. OcHoBHble nonoxeHma MKT 36-45 | §56-69
bnok 6. B3anMmHble npeBpaLLeHnA XKNAKOCTEN U 46 -50 |§70-74
ra3oB. CBOMCTBa TBEPAbIX TE.
bnok 7. OcCHOBbI TEPMOANHAMUKMN 51-54 | §75-82
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

PA3JEN -2 BJIOK -5

OCHOBHbIE MOJZIOXKEHUA MKT

CopeprxkaHue OK Ne §8
OK yuyebHUKa
Tema 1l OK-10.5.1 §56,57,58

1.470 u3yyaeT monekynapHas pusmKka?

2.0cHoBHble nonoxkeHna MKT.

3.0nbITHble 060CHOBAHMA OCHOBHbIX NOJIOXeHn MKT.

4.0nddy3mna.bpoyHoBCcKOe aBUKEHME.

Tema 2 OK-10.5.2 §59,60

1.Cunbl B3aMmoaeincTBmns MoIeKY.

2.CTpoeHune BeLecTs.

Tema 3 OK-10.5.3 §57
1.0CcHOBHbIEe NOHATUA MONEKYNAPHON GUIMKN.

Tema 4 OK-10.5.4 §56
1.Pazmepbl 1 maccbl MOAEKYN

Tema 5 OK-10.5.5 §61,62

1.NpeanbHbift ras 8 MKT.

2.CpegHee 3Ha4YeHUe KBagpata MoAy/1Aa CKOPOCTU

Tema 6 OK-10.5.6 §63
1.0cHoBHOe ypaBHeHue MKT.
Tema 7 OK-10.5.7 §64,65,66

1.TemnepaTypa.

2.TepmomeTpbl.

3.Ab6contoTHaA TeMnepaTypa

Tema 8 OK-10.5.8 §67

1.®dun3nyeckunii cMmbicn TemnepaTypbl

2.CKOpOCTb MOIEeKYA rasa.

3.0nbiT WTepHa

Tema 9 OK-10.5.9 §68
1.YpaBHeHWe cocToAHMA naeanbHOro rasa
Tema 10 OK-10.5.10 | §69

1.M30npouecceol

Ypok ezaumokoHmponsa «[loemopum meopuro» B3K-5

OcHoOBHEIE€ hopmyasl pasaesa «MoaekyAapHass pu3HKa»

www.kormakov.ru Ctpanuna 2




H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

B/IOK -5 MOAEKYASIPHAST ®HU3HUKA OK-10.5.1

1.UcTopua....

Jleskunn u AemoKpum — 400 00 H.3.

JlomoHocos — XVIIl 8. «O npu4yuHe menaomel u Xx0100a»
J/l.bonvumaH, P.Knaysuyc, leli-/lroccak, Ago2adpo u op.
A.30HwmelH, X.MeppeH, O.LLImepH — XX 8.

MKT —smo yyeHue o cmpoeHuu u ceolicmsax sewiecmaa.
MonekynapHaa dusmnka — paccmampusaem amy meoputro.

2.0CHOBHbIE NONOXEeHUA 3.0nbiTHble 060cHOBaHuA MKT
MKT
1.Bce BewiecTBa COCTOAT U3 1.MexaHu4yecKkoe 0pobneHue.
MmenbuYannx YacTuy, (MoneKkyn u 2.PacmeopeHue sewiecmas 8 pacmeopumernsix.
aTomos). 3.Cxcamue, pacmsxceHue
4. [4ughpy3us.

5.bpoyHosckoe dsuxceHue
6.HabnodeHue u hpomoepaguposaHue KpyrnHbIX MOsEKy .

2.Mexxay yactuuamm cywectsyot | 1./11s paspeisa meana mpebyemca ycunue.

CU/Ibl B3aUMOAENCTBUA. 2.[lse Kanau causaromca 8 00HY.

3.Teepdbie mesna u #udKocmu mpyoHO CHAMb.
3.YacTtuubl HenpepbiBHO U 1.bpoyHosckoe dsuxceHue.
XAaOTUYHO ABUKYTCA. 2.[lupgby3zus.

3.[asneHue 2a3a Ha cmeHKU cocyoa.
4.CmpemrneHue 2a3a 3aHAMb 8eCb 06BEM.
4.MoneKynbl pasaeneHbl 1.Aucghpy3us.

NPOMeEKYTKaMMU. 2.[lecpopmayus.

3.Mpu cmewusaHUU pa3snuvHbIX X uOKocmel

checu < Z Vomd.mudf(ocmeﬁ

4.0nddysma — rnpoyecc B830UMHO20  [POHUKHOBEHUS  PA3HbIX  8euwecms,
06ycnosneHHbIU Mernsao8siM 08UXEHUEM MOEKYI.
Ckopocmb Oughghy3uu 3a8Ucum om pood sewecmas U memnepamypsil.

5.5pOYHOBCKOE ABUMKEHUE — mers1080e 08UXeHUe 838EUEHHbIX 8 #UOKocmu (unu
ease) yacmuy.

18272. — P.6poyH — Habaodan
19052. — A.3lUHWmMmelH — co30a/s meopuro
1908 — 19132. — M.lleppeH — noOmeepoun 3KCrnepumMeHmasnbHo

MpuuurHa — yoapbl MOaEKya 0 Yacmuyy He KoMrneHcupyrom opyz opyea
(yacmuuybl Kpacku 8 800e, MblAUHKU 8 s1iyye ceemal)
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

IToscneHuss kK OK-10.5.1

1.BO3HHKHOBEHHE AaTOMHOH TEOPHH CTPOECHHA BeLIECTBA

Co3mareasMu ydeHHUss 00 aTOMHOM CTPOEHUH BeLlecTBa CUYUTAIOTCH
apeBHerpedeckue dpusocodpnl AeBKunm u [IeMOKpPHUT, KUBLIKE B V B. 0
H.3. Boa3penua J[IeMoKpuTa, €CTECTBEHHO [HJAA€EKH OT COBPEMEHHBIX
npeacTaBA€HUM, HO OHU ChITPAaAU BaXXHYIO POAb B pa3BUTHUU (PU3UKU.
Cpenu pdama KpynHBIX (puaocodpoB-(PU3UKOB, 3aHUMAIONIUXCS YUE€HUEM O
MOAEKYASIPHOM CTPOE€HHHU BeENIeCTBa, OCO0YI0 PpOAb ChITPaAM TPYAbI
BEAHUKOTro pycckoro ydeHoro M.B.AomonHocoBa. ('O mpuyuHE TEINAOTHI U
xoaoma", «O KOAOBpPATHOM ABHKEHUH KopnyckyA'). Ho B atux paborax He
OBIAO JAaHO CTPOTUX MOKa3aTEABCTB CYIIIECTBOBAHHUSA aTOMOB.

OcHOBHBIE TpPEeACTaBAE€HHsI, BBbICKa3daHHble AOMOHOCOBBIM, OBIAU B
naspHerimmeM pas3ButTbl A.BoasnMmanom, P.Kaasuycowm, [.MakcBeaaowM,
A.T'en-Aroccakom, A.ABoraapo U Ip.

B Haugaae XX B. Hal TeopUeld MOAEKYASIPHOTO CTpPOeHUd paboTasu
A.OUWHIITENUH, XK. Ileppen, O.lltepH.

B pesyabTaTe paboT OSTHUX YYEHBIX ObIAQ CcO374aHa MOAEKYAAPHO -
KuHeTHn4deckad teopusa (MKT).

MKT-3TO y4eHHE O CTPOEHHEe H CBOHCTBax BellleCTBa

Pa3znea ¢pu3muKu, KOTOPHIA paccCMaTpUBaET 3Ty TE€OPHUIO, IIOAYYHA Ha3zBaHUeE
- MONleKYnsapHas pusura.

Ileno monekynspHoii gpu3uku - OOBSICHUTH Te CBOWCTBA Te€A, KOTOpPBIE
HEIIOCPEeACTBEHHO HaOAIOLAIOTCS Ha ONbITe (IaBA€HHE, TeMIleparypa,
VIIPYTOCTh, TENAONPOBOAHOCTH U T.I.), KaK I[IPOSIBA€HHE CYMMAapHOTO
aercTBUsa OOABHIOrO YHCAA MOAEKyA. [Ipum 3TOM HTOAB3YIOTCH Tak
Ha3bIBAEMBIM CTATHUCTUYECKUM METOOOM, KOTOPBIH ITO3BOALET OIIPENEAUTDH
He MOoBeAeHUE OTAEABHBIX MOAEKYA, a TaKHUe CpPpeaHHEe BEAUYHHBI, KOTOPbIE
XapaKTepHU3yIT ABHUKEHHE H B3aHMOAEHCTBHE OTIPOMHOM COBOKYIIHOCTH
MOAEKYA.

[ToaToMy MOAEKYASIPHYIO (PHU3UKY YaCTO Ha3bIBAIOT CTATHCTUYECKOU
PHU3UKOH.

2.0cHOBHBIEe noAoxkxeHusa MKT

B ocHoBe TeOpHH A€XKaT TPU BaXXHBIX II0AOXKEHUS, MNOATBEPXKIAECHHBIE
SKCHEPHUMEHTAABHO U T€OPETHUYECKU:

1.Bce sewecmsa cocmosim u3 menvualulux amomos, MOSeKYyJs, 8 cocmas
Komopulx 8xoosim ewie bosee menKue snemeHmapHsle uacmuybl.
(MoAekyAa-3TO HaHMEHBIIAd SACKTPHYECKH HeHTpasbHad dYacTuOa
BeIlleCTBa, 00AagampIIas BCEMU €0 XUMHUYECKHMU CBOMCTBAMHU U MOTYyIIAsd
CYILIECTBOBATh CAMOCTOSATEABHO).

2.Meoxx0oy uacmuyamu 1106020 8euiecmsa cyuecmsyrom Cuibl 83aumooeticmaust -
npumMsaXKeHUsL U OMmanKu8aHusl.

3. Amombl u MONeKYnblL euecmaa 8ce20a Haxo0simesi 8 HenpepvleHOM
XaomuuecKkom 08UIKEHUU, KOMOpoe HAa3bl8aemces. menaiogoim 08UIKEHUEM.
4.Monexy.nbl pazoenieHbl NPOMeYmKamu.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

3.0nbITHBIE 000OCHOBAHHSA OCHOBHBIX nMoAoxkeHud MKT

CyiirecTBOBaHUE MOAEKVA

-MmexaHuueckoe OpobreHue,

-pacmeopeHue seuiecmas 8 pacmeopumeisix;

-cokamue, pacmsiokeHue;

-ouppysusi;

-bpoyHoecKoe dsurkeHue;

-HabodeHue u homoepagpuposaHue Haubosiee KPYNHbLX MOSNEKYJL C NOMOULLIO
9NIeKMPOHHO20 MUKPOCKONA.

CHABI B3auMOAEUCTBUSI

-0ns1 paspslea mena mpebyemes ycunue;

-Hauuue CUul NPUMSIPKEHUSL 8 JKUOKOCMSIX MOIKHO noomeepoums mem, umo ose
Kanau 2Ku0Kocmu - Mo2ym CAU8AmMbCsl 8 00HY;

-cyuecmeogaHue CUL OMMAKUBAHUSL MEXKO0Y MOSeKYIaMU noomaeprkoaemcest
mem, umo meepoble mesaa U HKUOKOCMU HEBO3MONHO CIKAMb.

XaoTHUYECKOE ABHUKEHHE

-b6poyHoscKoe O8uUXKeHUE;

-ougppysusi;

-0assieHue 2a3a Ha CMeHKU cocyoa,
-cmpemieHue 2a3a 3aHsime 060l obvem.

Haanuyue IpoMezXyTKOB

-ougpysusi;

-Oehopmayusi.

-NPU CMEUWUBAHUU PA3TUUHBbLX JKUOKocmel Veyecu < Y. Vomdersroix sxudrocmeiis
(Hanpumep, npu emewusaruu In.eodst u In.cnupma ob6vem cmecu noayuaemes
1,8 n cmecu.);

Ry ) -84

______________ |~ CMEeChH

oA ] BEEGOy
4. 0undpdysusa

Luggpy3ueil HaszvlearOM NPOUECC 83AUMHO20 NPOHUKHOBEHUSL PA3HbLX BEULECMS,
00YCc081eHHBLIU Menio8bim 08UIEHUEM.

ONBITHBIM ITyTeM OBIAO YCTAHOBAEHO, YTO CKOPOCTH IIPOTEKAHUS ITpoIecca
auddy3uu 3aBHCUT OT posa AUPPYHANPYEMBIX BEIIECTB U TEMIIEPATYPhI.

Ouddy3usa B 3KUAKOCTIX IPOUCXOIUT MEIACHHEe, YeM B rasax, Ho ObIcTpee,
4yeM B TBEPABIX T€AaX, IOTOMY YTO Y€M IIAOTHEE BEIIECTBO, TEM OAMKE APYT K
APYTY PaCIOAOKEHBI B HEM MOAEKYABI.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

5.BpoyHOBCKOe ABHIKE€HHE

B 1827r. aurauiickuii Ootanuk P.BpoyH, wu3ydyag BHyTpeHHee CTpPOEHUE
pacTeHHH C I[IOMOIIBIO MHKPOCKOIIA, OOHApPYKHA, YTO YaCTUYKHU TBEPIOTO
BEIIIECTBA B XKUAKOU Cpe/ie; COBEPIIAIOT HENIPEPHIBHOE Xa0TUYECKOE NBUXKEHHUE.
AHasoTHUYHOE ABUKEHHE MOKHO HabAIO4aTh B MHKPOCKOII, ECAU pacCMaTpUBaTh
ObIM, KalleABKH JKUpa B BOJAE HAW YACTUYKHU TBEPAOrO TeAa, B3BEILIEHHbIE B
KHUJOKOCTHU HAHU rase.

BpoyHoseckoe 0dsurkeHue - 9mo mensogoe O08UXKeHUe 838eULeHHbIX 8 JKUOKOCMU
us1U 2ase uacmuu.

-IIPpU MHKPOCKOITMYECKHX pa3zMepax YaCTUUKH CyMMa HUMIIyABCOB MOIKET CTaTh
HepaBHOU HyAl0. Takas dYacTH4YKa HaA4YUHaET [ABHUraThCs. depe3 HEKOoTopoe
BpeMsa oA AeHCTBHEM HOBBIX COyAAapeHUH HallpaBA€HHE OBUXKEHUSA MOIKET
HU3MEHUTHC. Takas yacTHYKa ABHIKETCS 110 AOMAaHOM AMHUH.

-€CAU pa3Mephbl TAKOH 4YaCTHYKH BEAWKM, OHa HCIBITBIBAET CO BCEX CTOPOH
OOABITIOE YHCAO YAAPOB, PE3YABTHPYIOIIMY HUMIIYABC MOXKET OKa3aTbCs OAM3KHM
K HYAIO ¥ YaCTUYKa OCTaETCsl HEIIOABHUXKHOM.

MoaeKyAIpHO-KUHETHYeCKasd TeopHusd OPOYHOBCKOIO ABHIKEHHs Oblaa co3gaHa
A.QnHmTetHOM B 1905-1906rT.

OKCIIepUMeHTaAbHOE IMIOATBEPIKAEHHE OHAa IIOAyYHAA B Tpydax (PPaHILy3CKOTO
¢dusuka XK.I[leppena B 1908-1913rr.
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H.A.KopmakoB

MKT u ra3oBble npo1ecchl

10 kuacc

B/1OK -5

OK-10.5.2

CHABI BBAUMOJIENCTBHSI MOAEKYA

d. cunsl ripumAaxeHuUAaA u ommanKueaHuA deljcmsyfom OdHOBpEMEHHO.
6. cusbl uMerom 371eKMpPOMA2HUMHYH MPupoody.

cuna ezaumodelicmsus
cusi1a ommasnkKugaHuUA

7.0 1 T.A — iBE MO/IEKY bl
Ry — cymma paamycos

R; — paccrosHue mexkay monekynamm

R:>Ro —— Fppur. > For.
R;=Ro ——— Fppur. = For.

R: <Ry ———>Fnpur. < For.

1 1

For~ W; anHT.~1_07'

CrpoeHHe BelleCcTB

rasoobpasHoie

- Fe3aumodecmeun mareol,;

- paccmosHue Mex0y MOAEeKyAamu >> pa3mepa MoneKys;

- MOs1eKysbl 08UHCYMCA OM CMOKHOBEHUA 00 CMOAKHOBEHUS;
- He02PAHUYEHHO PACUWUPAIOMCH, 1€2KO CHUMAIOMCH;
- 3aHUMarmM 8ecb npedocmassneHHbIl 0bvem.

uaKue

- paccmosAHue Mmexoy MoseKyaAamu < Yem 8 2a3ax;

-F  ssaumoseiicmeus MEMOY MOAEKYAAMU OOCMAMOYHO 8e/UKU,
03MoMy MOseKysbl HUOKOCMU cogepuwarom KonebaHus 0Koso
CcpedHUX NMosoxceHUl pasHo8ecus;

-coXpaHAm ceoli 06emM, HO /1e2KO MEHAM CB80H hopMy.

TBEpAble

pewemxy,

- paccmosAHue mMmexoy MOeKyAaMuU MeHble, YeM XUOKOCMAX,

- cuna 83aumodelicmeus U 3Hep2us — 8esuKU,

- MomeHyuanb6HaA sHepa2usa bonbuwe KuHemu4yecKol,

- Yyacmuuybl NJ0MHO yrnaxKkosaHs! U 06pa3yom Kpucmanau4yecKyro

- CUnbl NpumMAaxXeHUA U ommarikueaHuUA ypasHo8eWeHbsl.

www.kormakov.ru
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

ITosicnerusa k OK-10.5.2
1.CuABI B3aHMOZAEHCTBHSA MOAEKYA
[Tpy M3y4eHUH CTPOEHHS BEILIECTBA OBIAO YCTAHOBAEHO, YTO MEXKAY MOAEKyAaAMU
OMHOBPEMEHHO NEUCTBYIOT CHABI IIPUTAXKEHHUA U OTTAAKHMBAaHMNA, Ha3blBa€MbIE
MOAEKYASIPHBIMHU CHAAMMU.
BobisicHum npupody smux cu.
ATOMBI, BXOAAIINIE B COCTAB MOAEKYA, IIPEACTABAIIOT COOOM CAOKHYIO CHUCTEMY,
COCTOAIIYIO U3 3apAKEHHBIX YaCTHI] - DAEKTPOHOB, HMEIOIINX OTPHULIATEABHbBIN
3apdn, U a0€ep, 3apsad KOTOPBIX IIOAOKUTEAEH.
HecmoTpsa Ha To, 4TO Aro0asg MOAEKYyAa U OTAEABHBIE aTOMBI SA€KTPUYECKH HEM-
TPaABHBI, T. K. 3apd] dapa aToMa paBEeH CyMME 3apdal0B 3ACKTPOHOB, MEXKIY
HHUMH Ha AIOOBIX PaCCTOSHHAX AEHCTBYIOT 3HAYHUTEABbHbIE 3ACKTPUYECKHE CHABI.
Br13BaHO 3TO T€M, YTO MOAEKYAY IIO €€ 3AEKTPHUYECKHM CBOMCTBAM MOXKHO
paccMaTpuBaTh KaK JACKTPUYECKHM [OUIIOABL (9/1leKkmpuueckum Oounosem
Ha3bleaemest COBOKYNHOCMb 08YX PABHBLLX NO 8eNUUUHE U NPOMUBONOJIOIKHBLX NO
3HAKY MOUEUHBLX 3aPs1008, PACNOJIOIKEHHBLX HA PACCMOSIHUU OpYy2 om 0pyaq).
Mexkay COCEOHHUMM OJAEKTPUYECKHMMH [OUIIOAIMHU (MOAEKyAaMH) IIPOHCXOOUT
S5AEKTPUYECKOE B3aUMOAECHCTBHE, II09TOMY MOAEKYASPHBIE CHABL UMEm
SNeKMPOMAZHUMHYIO NPUPOOY.
3aBHUCHMOCTB CHA B3aHMOJAEHCTBHUA MOAEKYyA F OT paccTodHHS MeXAy HUMH R
IpeAcTaBUM TI'paryecKH, CYUTasl CHAbl OTTAAKMBAHUS IIOAOKUTEABHBIMHU, a
CHUABI IIPUTHAXKEHUA OTpPHLATEABHBIMHU. [lyCcTh OomHA M3 MOAEKYA HaXOOUTCH B
Ha4daae KOOpAWHAT, a Apyras Ha HEKOTOPOM PacCTOSAHUHU Rj oT Hee (B TO4uke A).
Mexny HUMH OEHCTBYET O4YE€Hb Maasas CHAA B3aMMHOIO IPUTAXKEHHS U €Ile
MEHBINIas CHAA OTTAAKUBaHUL. [1o Mepe cOAMIKEHHS MOAEKYA CHadaaa ObICTpee
BO3pacTaeT CHAaA IIPUTHAXKEHHUS, a 3aTEM CHAa OTTaAKMBaHuUd. Ha paccrogHuu
Ro, paBHOM IIPUMEPHO CYMME DAANUYCOB MOAEKYA, CHAA NPUTAKEHULD
OKa3bIBa€TCd pPaBHOM CHAE OTTAaAKMBaHHA. JT0 paccrogHue OB=Rp
COOTBETCTBYET IIOAOXKEHHIO YCTOMYMBOIO pPaBHOBECHUA  MOAEKyA. llpu
JaAbHeHIIeM COAMMKEHHMHM MOAEKYA CHAA OTTAAKHBAHHSA IIPEBOCXOAUT CHAY
PUTAXKEHHUS.
Ha epagpuxe nokasana makdice 3a8UCUMOCMb PAGHOOEUCMEYIOWEl CULbL 83AUMOOEUCTEUS 08YX
yacmuy on pacCmosHUs Meofcdy HUMU, pGGHOZZ aﬂee6pauqea<oﬁ CymMme Cul ommdalKueaHusl u

npumAsINCeHUsl.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

KpuBass HM3MEHEHHS CHABI B3aUMOOEHCTBHA MOAEKyA IIOKA3bIBAET, YTO IIPHU
paccrogHUU MexXnay dacTtuiiamMu R > Ro npeobaamaroT CHABI B3aWMHOTO
OpUTsSKeHus, a Ipu R < Ro -CHABI OTTAaAKHUBaHHUS. OTO AETKO OOBSICHSET
BO3HUKHOBEHHE CHA YIPYTOCTH IIPHU AeOopMaIlH TEA.

YCcTaHOBAEHO, YTO CHABI OTTAAKMBaHHsS O0OpaTHO MIPOHOPIIMOHAABHBI 1014

1
CTCIICHU PAaCCTOAHHA MEXKIAY MOACKyAaMH (Fomm ~ m) , a4 CHABI IIPUTAXKCHHULA —

1
107

[ToaToMy - Ha MaAbIX PACCTOSHUSX CHABI OTTAAKHMBAHUS BO3pacTaloT ObIcTpee
CHA TIPUTSKEHHS, a Ha pPacCTOgHHUAX, OOABIIINX pasMepa MOAEKYA, CHABI
OTTaAKMBaHUS YMEHBIIAIOTCH ObICTPEE CUA ITPUTSIKEHUS.

107 CTEIIEHHU (anum. ~

2.CTpoeHHe H CBOHCTBA ra3000pa3HbIX, KHAKHX H TBEPABIX TEA

l'azoobpasHble

-paccmosiHue mMexK0Yy MONeKYNaMU MHO20 bostbule pasmepa MONEeKY,;
-CUJIbL OMMAIKUBAHUSL MAJbL;

-MONeKYbl O8UIKYMCSL OM CMOJIKHOBEHUSL 00 CMOJIKHO8EHUSL,
-HEe02PAaHUUEHHO PACULUPSIIOMCSL, J1€2KO CHUMAIOMCSL;

-3aHUMaOmM 8ecb npedocmassieHHbll UM 06beMm.

Kuagkue
-paccmosiHue mMex0y MONeKYAaAMU MeHbULe, UeM 8 2a3aX;

-CUJTbL 83AUMO0ETICMBUSL MEXKOY MONEKYNAMU OOCMAMOUHO 8ENUKU, NOIMOMY
MOSEKYJIbL AKUOKOCMU COBEPULAIOM. KONeOAHUSL OKOJI0 CPEOHUX NOJIOXKEHUTL
pasHosecusi;

-COXpaHstom c8oti 06bem, HO 1e2KO MEHSIIOM C80H0 hopmy.

TBepable

-paccmosiHue mMexx0y MONeKYNAMU MEeHbULE, UeM 8 JIKUOKOCMSIX;

-cuntbl 83auUMmoOelicmaust, IHepaust — 8eUKU;

-NOMEeHYUAIbHASL IHepeust bosbule KUHemUUeCcKol, N03momy MONeKY./ibl
cogepwiarom masble KonebaHusk 0KOJI0 NOJIOXKEHUSL pABHO8ECUSsl, M.e. Y31a
Kpucmanniuueckol peulemnsu,

-CUTbL NPUMSIIKEHUSL U OMMANKUBAHUSL MOJIEKYJL YPABHOBEULEHbL, €CAU MeSl0 He
0edopMupo8aHo.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

B/1OK -5 OK-10.5.3

OCHOBHBIE ITOHATHSA MOAEKYASIPHOHM ®U3HUKH

1.0THOCUTEeNbHAA MOIEKYNAPHAA macca BewectBa (M )BelllecTBa Ha3bIBAETCH
OTHOIIIEHHE MacChl MOAEKYA M 3TOro BelllecTBa K 1/12 Mmacchl aToMa U30Torna

yraepozna C,
o
my
M, =
L - u3 mabauybl MeHOeneesa
12m0C

2.Konunuectso Bewecrsa

N Monob — 370 KONMYECTBO BeLLLECTBa, COAEPKaLlero
V= MOJIb
N, CTO/IbKO e MoneKyn (aTOMOB), CKOIbKO

nx cogeprkutca s 0,012 kr yrnepoaa.

B 1 mone noboro BewecTsa COAEPIKUTCA OAHO U TOXKE YUCI0 YacTuU,

[NA = 6,02 * 10?3 — moap~?! } - yucno Aeozadpo

3.MonapHaa macca —amo macca 1 monAa sewecmea

M =

m m mN 4 o m N
V_K_ N =mylvy — V=M;unu1/=ﬂ
N4

4.0npeaeneHne MOAAPHOU MaccChbl

Mpumepbl:
KT 1.Mcoy = (12 + 2*16)*10° kr/monb

MOJIb

M=M,*10"3 -
2. Mcya = (12 + 4%1)*10 kr/monb

www.kormakov.ru Ctpanuna 10




H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

ITosacrneHuss kK OK-10.5.3
OCHOBHBIE NOHATHS MOAEKYASIDHOH (PHIHKH

1.0mHocumenvHast  AMOMHASL MACCA  S/lemeHma U  OMHOCUMEIbHAs
MONEKYNAPHASL MaACCaA 8euiecmaa.
Tak Kak MacChl MOAEKYA OYE€Hb MaAbl, YAOOHO HCIIOAB30BAaTh HE aO0COAIOTHBIE
3Ha4deHHsI MacC, a OTHOCUTEALHEIE.
B paszHoe BpeMs B Ka4eCcTBe 3TaAOHA BBIOMpPAAM pasHble aTOMBI. B HacTosiIee
BpeMS IIPUHATBHI CACAYIOIIHE OIPEAEACHHS OTHOCHUTEABHBIX AaTOMHBIX H
MOAEKYASIPHBIX Macc.
OTHOCHTEABHOH AaTOMHOH Maccod Ar XHMHYECKOTO 3SAeMeHTa Has3bIBaeTcd
OTHOIIIEHME MacChbl aToMa Mo 23TOro ’aeMeHTa K 1/12 macchkl aToMa HM30TOoIIa
yraepoga C.T.e.

4 =M

1/12m,,

HexoToOphbIl€e INOSICHEHHS:
-M30TOIIaMH  Ha3bIBAIOTCS  PA3HOBHUOHOCTH  XHUMHYECKOTO OAEMEHTA C
OIWUHAKOBBIM YHCAOM IPOTOHOB U PA3AMYHBIM YHCAOM HEUTPOHOB B aTOMHBIX
gapax;
-mucpa 12 o3HaAUaeT MacCCOBO€ YUCAO, T.€. UYHCAO HYKAOHOB (IIPOTOHOB U
HEUTPOHOB), CoAePKAIIIUXCS B sIpe JaHHOTO U30TOIIa;
-UHAEKC " r "- 9T0 HayaabHas OyKBa aHTAHMCKOTo caoBa "relative", 4To o3Ha4aeT
"OTHOCHUTEABHBIN").

OmrocumenvHoU MoneKkyasipHoil maccoti My BelllecTBa Ha3bIBAE€TCH OTHOILIEHUE
MacChl MOAEKYA Mo 3TOro BelllecTBa K 1/12 Maccel aToMa n3otorna yraepoaa C, T.e.
mo
1/12m,,
B Hacrosinliee BpeMd OTHOCHTEABHBbIE AaTOMHBIE MacChl BCEX XUMHUYECKUX
5A€MEHTOB U3MEPEHEI.
CkaanpiBasi OTHOCUTEABHBIE QTOMHBIE MAacChbl SA€MEHTOB, BXOSIIHUX B COCTaB

MOAEKYABI BEIIIECTBA, MOXKHO BBIYHCAUTE OTHOCUTEABHYIO MOAEKYASIPHYIO Maccy.
Hamnpumep: CO2 — 12 + 2*16 = 44

M,

2.Konuuecmeo sewecmsa.

B 1971r. Ha XIV leHepaabHOH KOH(MEPEHIINM II0 MepaM M BecaM IPHUHLATO
pelieHHe 0 BBeAeHUU cenbMoi B cucteme CH ocHOBHOM pu3ndecKoil BEANYUHBI
- Kosnuuecmea eeuiecmea (B COOTBETCTBHHM C OTUM pEIIEHHUEM OCHOBHBIMH
PU3NIYECKUMH BEAWYHHAMH HBASIOTCA: [AWMHA, Macca, BpeMsd, CHAa TOKa,
TeMmneparypa KeabBruHa, cruaa cBeTa U KOAUYECTBO BEIIIECTBA).

KoandgecTBO BeliecTBa MOXKHO OBIAO M3MEPATH YUCAOM MOAEKYA, HO T.K. YHCAO
MOAEKYyA B AIOOOM TeAe BEAMKO, TO [OAd H3MEPEHHsd KOAWYECTBa BEIIEeCTBa
HCIIOAB3YIOT He aOCOAIOTHOE YHCAO MOAEKYA, & OTHOCUTEABHOE.

KoangecTBO BellecTBa 3TO OTHOILEHHE YHCAA YacCTHI[ (MOAEKyA, aTOMOB) B
JaHHOM TEA€ K YHCAY aTOMOB, conepxkainuxcd B 0,012 kr usorona yraepoaa.

N
V=—-=-M0Jlb
Ny
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

Konuuecmeo eewecmea usmepsiemcsi 6 MoJssiX.

Mone-3T0 KOAWMYECTBO BEIIECTBA, COMAEPIKAIIEIOCS CTOABKO K€ MOAEKYA
(aToMOB), CKOABKO cozepkuTca aromoB B 0,012Kr yraepona.

B 1 mosie AIO60OTO BeEIIECTBA COOEPIKHUTCSI OOHO U TO K€ YHUCAO ATOMOB HAH
MOAEKYA. YUCAO aTOMOB HAH MOAEKYA, COAEPIKAIIMXCS B OJJHOM MOAE BEIIECTBA,
HA3bIBAIOT YUCIOM WU NOCMOSIHHOU Aeoz2adpo.

_m,(1mons) 0,012x2/monv
a- m,, "~ 1,995 « 102652

= 6,02 * 1023 mons 1!

3.MonspHas macca u eé c8sa3b ¢ OMHOCUMESIbHOU MONEKYAAPHOU MACCOLL.

[Tom MoasgpHOE wMaccod M 1mogpa3yMeBalOTCs Macca BeIIeCTBa, B3SITOTO B
KOAMYECTBE OHOTO MOA4.

m

M=—

14

20e m-macca eewuiecmesa, a v - HUCJ10 Mmonel.

OTcioma BBITEKAET, YTO KOAMYECTBO BEIIECTBA MOXKET OBITH BbIPAXKEHO
caeyroIe (popMyAoH:

m
vV = M, M = m()NA
YemaHosum cesze mexxoy M u M,
—_Mmo . — 1 .
Mr - my _Mrﬁmoc:

1/12mg.’

0,012 2/ mono
M =m,Ny; Ny =—"",

Moc

1 001222
—m MOJIb
127 m,,

M =M,

Ke
M=103M, ———
( rMOJlb)

M, co,=44; M=0,044 K2/ mono
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

B/IOK -5 PA3MEPBI H MACCA MOAEKYA OK -10.5.4

|_|pVI6J'IM3MTeJ'IbHaF| OUEHKAa pa3mepoB U MaCCbl MOJIEKY

> 8000

os1euHoseaA
Kucsoma

1.06bem kannu 0,5% pacTtBopa

2mm’

2.06bem nATHA

V=0,005*2*10° m* = 10" m°

3.Mnowagb NATHA

D2 3,14+ (0,2m)?

§S=— 2 = 3,14 * 107 10m?
4.ToNWMHA CNOA UNU AnameT /4 10711 M3
H A P d=—= =3x%x10"10y
MOIEKY/bl S 3,14%102m2
5.06bem 0ZHOI MONIEeKY /bl Vo = d3 =2,7%10"2m3
- KT
6.Macca ogHOU moneKynbl my = pV, = 0,9 103 — 2.7 % 10729m3;

my = 2,4 10~ 26kr

MpeAacTasuUTb CNOXKHO!

2
KomHata - 1 cm® — 10%° MOJIEKY

«Yepnakom» Kaxkayto cekyHAay no 1 MIH.MONEKY/1 — HECKONIbKO MJTH.NEeT

www.kormakov.ru
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

ITosicneHus Kk OK-10.5.4

Pa3zMepbl H Macca MOAEKYA.

Tak Kak pa3Mepbl aTOMOB U MOAEKYA OY€Hb MaAbl, TO YBUIAETh UX
HEBOOPY2KEHHBIM T'Aa30M HeAb3s. [laxke AydIIHe OINTHUYECKHE MHKPOCKOIIBI
He [al0T BO3MOXKHOCTU BUAETH OT/AEABHBIE MOAEKYABI. TOABKO C IIOMOIIBIO
9A€KTPOHHOT'0 MHKpocKoIa, natouiero yBeandeHue B 30 000 pa3 u Goaee
cdororpadupoBaHbl OTAEABHBIE KPYIIHbIE MOAEKYABI.

[laHHble PEHTTEHOCTPYKTYPHOTO aHaAM3a ITOKa3bIBAIOT, YTO HAUOOABIIUH
AMHEUHBIH pa3Mep ABYXaTOMHON MOAEKYABI KHMcaopona nopsaka 4*10-10m,
TaKOH XKe pasMep UMEIOT MOAEKYABI a30Ta.

[TpubanzkeHHad OIleHKa pa3MepoB M MacChl MOAEKYABI MOIXKeET OBITH
BBIIIOAHEHA C IIOMOIIBIO JOCTATOYHO IIPOCTHIX OMIBITOB.

Camulii npocmoii cnocob npubnusumenbHoOl OUEeHKU OCHO8AH HaA
U3MEPEHUAX TOHKOH NAEHKH XKHUAKOCTH. ONBIT IIOKa3bIBAET, YTO €CAM Ha
IIOBEPXHOCTh BOJABI KAIHYTh HEOOABIIYIO KallAI0 HEPACTBOPHUMOTO B BOJe
BelllecTBa (Macaa, KepOCHHa MAM KHCAOTBI U [1p.), TO OdTa Kallad
pacTekaeTcs 10 IIOBEPXHOCTH BOAbI, HO He becnpedesibHo.

OcHOBHag TPYAHOCTBL 3TOTO cliocoba 3aKAOYaeTCcd B TOM, YTO HaAO B34Thb
OYeHb MaAO MaCASHHUCTOTO BellleCTBa. B IIPOTHBHOM cAydae OHO IIOKPOET
BCIO IOBEPXHOCTH BOABI B HECKOABKO CAOEB MOAEKYA.

Tak, omHa KaIllAgs OA€MHOBOM KHCAOTBI, pacTeKasCh, MOXKET IIOKPBITH BCIO
IIOBEPXHOCTh BOABI B IIanaBaTeAbHOM OacceiiHe. IToaToMy o0O6BIYHO OepyT
cAa0OBIF pacTBOpP MacAa B KaKOH-AHOO AeTydeld KHUIKOCTH.

B 6Ooapmyio KIOBETY HaAWBaOT BoAy. Ha HOBepXHOCTH BOABI IIYCKAIOT
karaw 0,5%-oro pactBopa OAEMHOBOM KHUCAOTHI B criupTe. Karmas O6bI1cTpo
pacTekaeTcd, o6pa3oBaB Ha IIOBEPXHOCTH BOABI IISTHO, UMeloIlee popMy
IIOYTH NPaBUABHOTO Kpyra. Pasmepsl 3Toro mgTHa cHadaaa pacTyT, a
3aTeM HEMHOTI'O YMEHBIIIAIOTCS (COUPT HUCHAPSETCS, U MOAEKYAbI KHCAOTBHI
cbankamTCH).

[Ipu ob6weme 2MM3 Ha IOBEPXHOCTH BOABI 0O0pasyeTcsa KpPYraoe IISITHO
auamMeTpoM okoao 20cwM.

oJjieuHoea:
Kucaioma

O0OBeM ompenessieTcs Tak:
V = 0,005 (0,5%) * 2 x 107743 = 10711 43

[Iaomane KpyroBoro ndTHa paBHA!
_md? 3,14

S =—"
4 4

(0,24) 2 = 3,14 * 107212
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

ToammHaA cA0S, &, CAEIOBATEABHO, JUAMETPA MOAEKYABI OyIeT paBHA

|4 107 H 8

TS 314+10242

=3x10"10n

-~ Ke
3Hasg nuaMeTp MOAEKYABI U IIAOTHOCTb OA€MHOBOM KUCAOTHI (p = 9 * 103 ﬁ)
Vo=d3=27+10"203

Ke
my=p*V,=0,9%*103 3 2,7%107%°m3 = 2,4 %10 %%k

[IpuBeneHHBIE paCUYeThl IBATIOTCH IPHUOAN3UTEABHBIMHU U I103BOASIOT CyIUTH
AUIITB O TIOPSIIKE BEAUYHH.

-8000p00 — 3,34*1027 ke

-Kucsopoo — 5,52*1026 ke

-yanepoo — 7,3*1026 ke

YTOOBI KaK-TO IPEACTABUTEH pa3MepPhbl MOAEKYA, HA30BEM €llle OHY IIU(PY: B
lcm3 Bo3ayxa IIpU HOPMAABHOM JaBA€HHUU U KOMHATHOU TeMIlepaType
Haxomutcs rmpuMmepHo 1020 moaekya!

YTOOBI IpeaCTaBUTE 3Ty MUMPPY, CKasKeM, UTO, €CAU KasKAYI0 CEKYHIY
CIIeI[UaABHBIM "4eprakoM' BbIYEPHIbIBATH 10 1MAH. MOAEKYA, HAM ITOHA100HMAOCH
OBl HECKOABKO MAH. A€T.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

BJ/1OK -5 OK-10.5.5

HUOEAABHBINA I'A3 B MKT

1.Mopaenb ngeanbHoro rasa.
1857r. Knaysuyc (Hem.)

1.MoneKynbl 2a3a He umetrom obvema — yripyaue wapel.
2.PaccmosHue mexdy mosaeKyaamu > bonbuie pazmepos MosneKyn
3.0mmanKusaHue — MmosbKO rnpu yoapax.

4.Cunel npumaxceHus —>0.

UdeanbHblii 2a3 — 5mo 2a3, 83aumodelicmaue mexdy MoaeKynamu Komopoao
npeHebpexcumo mano, m.e. E,>> E,

2.CpepgHee 3HayeHUe KBagpaTta MoAyNA CKOPOCTU.
(ABUXKEHME MONEKYN NPOMCXOAMT B NPOCTPAHCTBE, YUCI0 MONEKYN paBHO —N)

L VEAVE A VR
Ve = — CpeJilHee 3HaYeHHE KBa/ipaTa CKOPOCTH;

V2 =V2 +V? + V2 — kBaapaT MoJyJis 11060ro BeKTopa Ha ocu 0x, 0y, 0z;
V2 =V2 +V? +V? — cpesHee 3HaueHHe KBa/[paToOB NPOEKILUI CKOpocTeil;

Ocu OX, 0Y, OZ — paBHOIIPaBHEI;

V=T =V
_ 1_

VZ =_V2
X3
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

ITosacrneHuss kK OK-10.5.5
1.MouoeAb HOAEaABHOI'O r'a3a

MoAeKyAbl TIPEeACTaBAAIOT COOOH CAOXKHBIE OOBEMHBIE OOpPa30BaHHS, MEKIY
KOTOPBIMU [OEUCTBYIOT CHABI MPUTSIXKEHUs U OTTaAKUBaHHs. [loaToMy mnpu
M3y4YEeHUH TIa3000pa3HOTO COCTOSHHUS BEIeCTBA CAEAyeT YYUTHIBATH Kak
pa3Mephl YaCTHIL Ta3a, TaK U CHABI, JeHCTBYIOIINE MEXK/IY HHUMHU.

Ho Tak Kak y ra3oB MOAEKYABI MaAbl II0 CPABHEHHIO C PACCTOSIHHUSIMH MEKIY
HUMH U OYE€HBb MAaAbl CHABI B3aUMOAEHCTBHUS, TO OAS YIIPOILEHUS PACCYKIACHUH
U pacuyeToB MOXKHO IpeHeOpedb 0OBEMOM MOAEKYA U CHAAMH, OEHCTBYIOIIMMH
MeXIy HUMH, H CYHUTaAThb, YTO HX B3aUMOAEHCTBHE CBOAUTCH TOABKO K
COyMapeHHUsIM U YTO COyOapeHUs YacCTHUIl APYT C APYTOM H CO CTEHKaMHU CoCcyaa
IIpoucxoaaT 6e3 moTepb S9HEPTHH.

BBoag Takue ymopolleHUs MBI 3aMeHsaeM H3ydeHHE PeaAbHBIX ra30B H3yYEeHUEM
HUX IIPUOAVIKEHHOU MOJEAH - MaK HA3bl8AeMO020 UOedlbHO20 2a3dA.

B npupode udeanvHo20 2a3a He cyuwecmeyem.

B 1857r. Hemeukuit pusuk P.Kaaysmyc, ncroab3yss MozeAb HOeaAbHOIO Trasa,
BIIEPBBIE CHUCTEMATHYECKH H3A0KHUA KHHETHYECKYIO0 TeopHuio raszoB. OH BBeA
IOHSITHE O CPEOHHUX BEAMUYHNHAX, JAMHE CBOOOTHOTO ITpoOera MOAEKYA, BBIYHUCAHA
JaBA€CHHE rasza Ha CTE€HKE COoCyJa W CPEeNHIOI0 MOAUHY IIYyTH MEXOy MAByMSd
CTOAKHOBEHUSIMHU MOAEKYA.

HneaabHbIM Kaay3uyc Ha3BaA ras, yIOBAETBOPSIIOUINMN CAEAYIOIINM YCAOBHSIM:
1.O0b6bemom 8cex MoNEKYSL 2a3a MOXKHO npeHebpeub No CPAsHEHU ¢ 06bemom
cocyoa, 8 KOMOPOM IMOM 2a3 HAXOOUMCSL.

2.Bpems. CMOANKHO8EHUSL MOJeKYsl Opyz C Opyzom npeHedpeskumo mano no
CPOBHEHUI CO B8pemeHem MexKOYy O08YMsi CMOJNKHOBEHUAMU (Mm.e.8pemeHu
806001020 npobeza monexy.).

3. Monexysawbl 83aumodeticmayrom mezkKoy coboli mobKko npu HenocpeocmaeHHOM
CONPUKOCHOBEHUU, NPU IMOM OHU OMMANKUBAIOMCSL.

4. Cunbl. npumsiokeHust mexK0Yy MONeKYAAMU UOeANbHO20 2a3a MAAbL U UMU
MOIKHO npeHebpeub.

HNcxonda n3 3THUX MOAOXKEHUH, Kaay3uyCc cMOT BBIBECTU BCE CBOMCTBA UIAEAABHOT'O
raza YW YCTAHOBUTH COOTHOIIEHUA MEXKAY €ro MHUKPOCKONHUYECKUMH U
MaKPOCKOIIMYECKUMU ITapaMeTpaMU.

MUKpPOCKONIMYECKHE TapaMeTPhl 3TO UHAWBUAYAABHBIE XapaKTEPUCTUKU rasa.
K HumM oTHOCATCS:

-macca mMoneKyJsiol

-ee cKopocmob

-umnysisc

-KUHemuuecKas 9Hepaust nNoOCmynamesibHo20 08UXKEHUSL.

MaKpOCKOITUYECKHE TTapaMETPRI 3TO ITapaMeTphl ra3a Kak pusudeckoro Teaa. K
HHM OTHOCSITCH:

-memnepamypa 2asa

-obbem 2asa

-0asieHue 2asda.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

2.Cpezmee SHAQ4YEHHE KBaapaTa MOAYAA CKOPOCTH

C camoro Havasa HY3KHO OTKAa3aTbCHd OT IIOIIBITOK IIPOCAEOUTH 34 ABUXKEHUEM
BCEX MOAEKYA, U3 KOTOPBIX COCTOUT ra3. VX CAHIIKOM MHOTO, U OHHU ABHKYTCS
O4YeHb CAOXKHO. HaMm M He Hy>KHO 3HaTbh, KaK ABUXKETCS KaxKaas MoAeKyAaa. MbI
JOAYKHBI BBISICHUTD, K KAKOMY PE3yAbTATy IIPUBOIUT ABHUXKEHHE BCEX MOAEKYA.
MoA€eKyAbl y4acTBYIOT B XaOTHYECKOM (TEIIAOBOM) ABHKEHHH. OTO O3HAYAeT,
YTO CKOPOCTBH AIOOOH MOAEKYyABI MOXKET OKa3aTbCs KaK O4YeHb OOABIIOH, Tak U
O4YEeHb MAAOY, a HAIpaBACHUs ABHUKEHHUS MOAEKYA OeCcrIpecTaHHO MEHSIETCH IIPU
UX CTOAKHOBEHHHU JPYT C APYTOM.

CKOPOCTH OTAEABHBIX MOAEKYA MOTYT OBITH AIOOBIMH, OMHAKO CpeliHee 3HaYeHHEe
MOIYASl UX CKOPOCTH BIIOAHE ollpeneseHHoOe.(TodHO Tak:Ke pOCT YIEHHKOB B
KAacce He OJUHAKOB, HO CpeqHee 3HaUYeHUe POCTa - OIpeleAeHHAsT BEAUYHHA).

B pmaapHednieM HaM ITOHaAOOUTCA cpenHee 3HAYEeHHE HE CaMOM CKOPOCTH, a
KBazpaTra CKOpocTH. OT 3TOH BEAWYHWHBI 3aBUCHT CpenHss KHHeTHYecKas
SHEPTUsS MOAEKYA.

O003HaYUM MOAYAU CKOPOCTEH OTAEABHBIX MOAEKYA depe3 Vi ; V2 5 V3 ;......Vn;
TOTZla cpedHee 3HaueHUe Keaopama CKOpoCmu ONIPeNeAUuTCd CAeAyIonieH
dopmyaoit

VI VE+VE+VE+ - 4V
N

; 20e N — 4ucio MoneKys,
KBazapar monyaga aroboro BekTopa Ha ocu Ox, Oy,0z paBeH:
VE=V¢+ VY + V7
CpenHee 3Ha4YeHNE KBaApPaTOB IIPOEKIUN CKOPOCTEM:
VE=V2+ V2 + V7
Ocu 0x,0y,0z paBHOonpaBHBI. CAECOBATEABHO,

o —, 1_
Vi=Vi=Vi V=gV
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

BJ/1OK -5 OK-10.5.6

BbIBOA OCHOBHOI'O YPABHEHHS MKT

V;
Vax
F 4—= > F
X
1.Mmnynbc cunbl FAt = myV,, — moVy, = moVy —(-myV,) = 2myV,
2.3a Bpemsa t Bce monekynbl (Z) FAt =Z 2m, V,
M3MEHAT CBOE HanpaB/ieHne
3. Paccumtaem uucno Z [=C,C=V,t—nymb moseKynsi
C; C V=C,C=D;D=V, AtS—-o0bvem
i S ? N =nV At S —yucno moneKkyn 8 ob6veme
: /7 N
(n= v KOHILIEHTpalus)
D D
! K cmeHKe 08uxtemcsa mosbKo nos08UHA MOAEKY
Z=XnV,tS, FAt=XnV,tS2myV,,;
F=nmyV;$S
F nmyV2Ss
4 .Paccumtaem pasneHune p= = ovxY nmgVZ; (V2 = =72
P—1 V2
= 3nm0
YPGSHEHUE ycmaHassiueaem CeA3b Memdy MAkKpo-u
MUKpornapamempamu
5.CBA3b gaBneHnA co cpeaHen o
o . _ 2 myV _ 2 =
KMHETMYECKOM dHepruemn P = 3n— = ngE

JasneHne naeanbHoOro rasa npaAmMo nNnponopuunoHasZibHO cpep,Heﬁ KUHETUYECKOoMn dHepruu
nocTtynaTte/ibHOro ABuUXeHnAa MmoJiekya, cogepalunuxca B egnHuue obbema rasa

m INm 772 1 372
6.CBAA3b iaB/1IeHMA C N/IOTHOCTBHO ra3a my=~; P=3,% V2 = 5p[/
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

Ilosacrernuss kK OK-10.5.6

OcHnoBHOe ypaBHeHHe MKT razos
Paccmompum eaz 6 cocyoe, oOna u3 cmeHox KOmopozo npedcmasisiem coooll
nopuieHb , CNOCcoOHblLL nepemewiamvcs Oe3 mpeHus . Buoluucium oaenenue eaza Ha
nopuieHv , umerowuti niowaos S . Ilosepxnocms NOPWIHA pPACnoNodceHa NepneHOUKVIAPHO
ocu OX. Jlasnenue 2asa 6o3uuxaem 6 pe3yivbmame CHMOIKHOBEHUL MOJEKYI C
nOpUIHeM .
1.0py CTOAKHOBEHHH MOAEKYABI CO CTEHKOM cocyna npoekuus Vi n3MeHsieT
CcBOH 3HAK, HO CUUTAETCS IIOCTOSTHHOM 110 MOAYAIO, IO3TOMY U3MEHSIETCSI U
UMITyABC MOAEKYABI
om moVix = - moVx
0o moVax = moVx
H3aMeHeHNEe UMIIyAbCA MOAEKYABI ITIOKA3bIBAET, YTO HAa Hee AeUCTBYET CHAA F
HN3MeHeHNE UMITyABCA MOAEKYABI PABHO UMIIYABCY CHABI
FAt = moVax — moVix = moVx — ((mVy) =2m,Vx

2.3a Bpem4d t BCE MOAEKYABI Z U3MEHAT CBOE HallpaBACHUE, T.€.

FAt =Z2mo Vi
3.PaccunTaemMm 3TO 4HUCAO MOAEKYA

C, C [=C; C=VAt - nyTh MOJICKYJIBI
T V V = CiCI1/l = VXALS — 00bem
: % S N = nVxAtS — 4uca0 MoJIeKy/1 B 06'beMe
: % \
: é (n= v KOHIIeHTpaIusl)

g i

M3 5TOr0 Yncaa MOAEKYA K CTEHKE OBUKETCH TOABKO ITIOAOBHHA, T.K. I10 AI0OOMY
HaIIPaBACHHIO OIBUXKYTCS B CPEAHEM PaBHbIE KOAMYECTBA, 3HAYUT, 3a Bpemd t
CO CTE€HKOU B3aUMOAEUCTBYIOT

1
Z = SnV,AtS
TOor1a
1
FAt = —nVAtS2mV,
OoTCIOIa
F = nmyV2S
4 .Paccuuraem AAaBACHHE Ha CTCHKH COCyaa
F  nmyV2S ,
D= E = T = anVx

CKOpOCTH BCEX MOAEKYA PA3AMYHBI, JAS yHEeTa 3TOTO HYKHO B3STh CPEIHEE II0
BCEM HaIlpaBAEHUSAM 3HadeHMe KBajpara ckopocTtu V2 BMecto V2 | Torma

15 1 =
p =nmyV? , Ho V2 = gVZ , mozda p= EanVZ

Ora (popMyAsa HOCUT Ha3BaHUE OCHOB8HO020 ypaeHeHust MKT.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

5.Bripa3um ocHoBHOe ypaBHeHHe MKT uepes cpenH0l0 KUHETHUYECKYIO
SHEPTUIO0
1 2 myV? 2

p = gnmovz =gn——= gnE

6. Beipasum ocHOBHOe ypaBHeHHE MKT uepe3 mAOTHOCTE rasa

1 72 m N 1Nm 72 1m 72 1 72
=—-1nm My =— NN = —: = - = —— = —
P=3MmeVs Mo =" in=9y0 P=3yy 3V 3 P
TaKLLM O5pa30M, C NoOMowbro Modejlu udeajleOZO 2al3a 6bUla ycmaHOGﬂeHa CB8s513b
MAKPOCKONUUYECK020 napamempa (0asieHus) ¢ MUKPOCKONUUECKUMUL
napamempami. - MAaccotl MONEKYbl, KOHUEHMPAUUell U CPeOHUM SHAUEHUEeM

Keadpama cropocmu ux xaomuuecrozo 08uUIKeHUSL.
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B/1OK -5 OK-10.5.7
TEMIIEPATYPA

- 8esq1Uu4MUHa, Xapakmepusyrowasa CocCmoAaHUe meriszioeoco pasHoBecCuA.

1.U3mepeHune Temnepartypbl

-Heobxodumo rnpusecmu mersio 8 mersno080U KOHMAKmM ¢ mepmomempom,
-mepmomemp 00/13eH umems maccy sHa4yumersibHo MeHbWe Maccoel mena,

- MOKA3aHUA mepmomempa cnedyem omc4yumsieamese rocse HacmyrisieHuA
mersioeo2o pasHOBECUA.

2.TepmomeTpbl

a.3<u0KocmHslii (mensoeoe pasHosecue)

PABOYEE TEJ1O:
100°C — kunAawas 8oda - pmyms om (- 38°C 0o 356°C)
- criupm om (- 114°C 9o 78°C)
50°C — Hedocmamok ! - enuyepuH om (- 50°C do 2300°C)
0°C - marowuti ned
6.2a308blli (UsMeHeHuUe 0asneHus 2asa)
Pp Ty
P, T,
PABOYEE TEJ1O:
- 8000p00 pacwupaomcs
-eequil IR
- Kucnopoo OAMHaAKOBO

3.AbconoTHanA WKana temnepatyp (6 MexdyHapooHol cucmeme eOUHUY,)
Mpu T=0 - E,x nocTynatenbHOro ABUX»EeHUA MOJEKY/1 PaBHa HY/O

A6contoTHbI HYyNb — docmuyb HegosmoxcHo! T —[K] —-KenvsuH (Tomcon); AT = At

t°C ¢ TK
T, P, Ty + 100
= — —7 - 1,3661 — saKkciepMMeHTaJbHO
t +—t+273 Ton  Pun v
0 —1 273
273 & 0

www.kormakov.ru Ctpanuua 22



H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

ITosicnenust k OK-10.5.7
1.TemnepaTypa H ee CBOHCTBA

OcuoBHoe ypaBHeHHe MKT pag mpeaspHOro rasza yCTaHaBAHUBAET CBS3b AETKO
HU3MEPSAEMOTO MaKpPOCKOIIMYECKOT'O napaMerpa —  [JaBA€HUH - c
MHUKPOCKOIIMYECKHUMH - CPEAHEN KUHETUYECKON SHEPTUEN U KOHIIEHTPALIUEH.
Ho mn3mMepuB TOABKO [OaBA€HHE Tras3a, Mbl HE MOXKEM yKas3aTb HH CpeaHee
3HaQ4YEHNE KUHETUYECKON 9HEPIUH MOAEKYA, HU UX KOHIIEHTPAIIUH.
CaenoBaTeAbHO, OAS HAXOXKAECHHUS MUKPOCKOIIMYECKUX ITapaMeTPOB ra3a HyzKHbI
U3MEPEHNS BEANWYUHBI CBL3aHHOM CO CpeAHEH KUHETHYECKOM JHEeprueu
MoOA€KyA. Takoll BEAUYMHOMN IBASIETCH - memnepamypa.

V3 1oBceIHEBHOTO OIIbITA MbI 3HA€M, UYTO OBIBAIOT TeAd TOpsSAYNe U XOAOHBIE.
[Ippy KOHTaKTe [ABYX OTHUX TE€A, IIPOUCXOAAT H3MEHEHHd (U3NYECKUX
mapaMeTpoB. Hepe3 HEKOTOPOE BPEMI IIOCAE YCTAHOBAEHUHA KOHTAKTa MEXKIY
TeAaMH U3MEHEHUd MaKpPOCKOIIMYECKUX I1apaMeTPOB IIPEKpallaeTcd.

Takoe COCTOSIHHE Ha3bIBaETCHd mensiogbim pasHosecuem HAHU
TEPMOANHAMHUYECKUM PABHOBECHEM.

BeanuynHa, xapakTepH3ylollas COCTOSHHE TEPMOAMHAMHUYECKOIO PaABHOBECHUA
Ha3bIBaETCd memnepamypou.

2.A3mepeHHe TeMnepaTyphl H €€ (PH3HIECKHH CMBICA

YTo0OBI U3MEPUTDH TEMIIEPATYPY KAKOr0-AN00 Teaa HeOOXOAUMO:

- npugecmu mesio 8 meno8oll KOHMAKM ¢ MepMOMEMPOM,

- mepmomemp OOJVKEH UMEMb MACCY 3HAUUMENLHO MeHblUe MACCbL Mena,
-NOKA3aHUsL mepmomempa caedyem Omcuumsléams NOCAE HACMYNAEHUS
mensi08020 pagHOB8ECUsl.

HuAKOCTHBIE TEPMOMETDHI.

B 1moBcemHEeBHOM IIpakKTHKE HaMOOAee PacHpoCTpaHEH CIoco0 H3MepeHUd
TEeMIIEPATYP C ITIOMOIIIBIO XKUAKOCTHOTO TepMOMeETpPa.

B ycTpoiicTBe XKHAKOCTHOTO TEPMOMETPA HCIIOAB3YETCsI CBOMCTBO PaCIIUPEHUS
JKUKOCTHU ITPU HarpeBaHUH.

B kadecTBe pabodero Teaa IPUMEHSIOT PTYThb, CITUPT, TAHUIIEPHH,
-pmymoe:memnepamypa om -38 0o 260 2pao.C,

-cnupm:memnepamypa om -114 0o 78 2pao.C,

-2nuyepur:memnepamypa om-50 do 2300 2pao.C

____100°C
Ilpu epadyuposke mepmomempa 06bIYHO 30 HAYANO OMCUEMd NPUHUMAIOM
memnepamypy marowezo 160a(0 epao.C).
Bmopoii nocmosaunoi moukoti (100 epao.C) cuumarom memnepamypy Kuneus
800bL.
——507? Hlxany meancdy mouxamu 0 u 100 oensm na 100 pasuvix uacmeiti, Ha3vl8aAeMblX
epaoycamu.
Kuokocmu npu  Hacpesanuu  pacuupsaromcs He  0OUHAKOBO, NOIMOMY
YCMAHOBNIEHHAS, WKALA 3A8UCUM O CEOUCE HCUOKOCTIUL.
0 u 100 epadycoe 6y0ym KoHeuHO cO8nadamo y 8cex mepmomempos, Ho 50
1 0c 2paodycog cosnadams He 6yOym.
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I'azoBbl€e TEPMOMETPBHI.
Br1a0 3aMedeHo, YTO BCe pa3pekeHHbIe ra3bl - BOOOPOA, IeAU, KUCAOPOL, -
pacuiupsgoTcd IIPHU HarpeBaHUU OJUHAKOBO.
B razoBbIxX TepMOMeETpPaxX UCIIOAB3YETCH 3aBUCUMOCTE JaBA€HUS rasa oT
TeMIepaTypbl. TOUHBIMH ONBITAMH yCTAHOBAEHO, YTO AJaBA€HHE rasa,
3aKAIOUYEHHOT'0 B 3aMKHYTBIN COCYZl ITPOHOPIIMOHAABHO TEMIIEPATYPE.

Py T

P, T,
['a30BBIH TEPMOMETP-3TO HEOOABIIION 6AAAOH, 3aTIOAHEHHBIH ra3oM. baaaroH
coeguHsIeTCS ¢ MaHoMeTpoM. baaaoH
IPUBOLAT B KOHTAKT CO CpenoH,
TEMIIEPATYPY KOTOPOH HA/I0 U3MEPUTD.
Yepes HEKOTOPOE BpeMd IIPOUCXOAUT
BbIpaBHUBaHUE TEMIIEPATYP.

O6o3HayuM naBaeHue Pi,a remneparypy Ti.
Ecau cpeny momorpets, TO ee Temneparypa nopeicutcsa 10 T2, a 1aBaeHUe rasa
yBeAnduTcs 00 P2,T.e. U3MepeHUe TeMIIepaTyphbl CBOAUTCS K U3MEPEHHUIO
MaBAEHHA ra3a B basAOHE.

3.A0CoAIOTHasI ILIKaAa TEMIIEPATYP H aOCOAIOTHBIH HYAb TeMIIEPATYPhI

Y TepmoMeTpa €cTb IIIKara, a y TeEMIIEPATYPhl EAUHHUIIA H3MEPEHUS.
PaccMoTpuM 5TH BOIIPOCHI ITOApPOOHEE.

IpagyupoBKa TepMoMeTpa, OIHCAHHAad paHee, BBeaeHa Lleabcuem. Takaga
IIKaAra HOCHUT HasBauHue I1nkaabl Lleabcus. I'pagyc 1o 1mikase lleabcus
obo3Ha4YaroT oC. B MexxayHapoaHoH CUCTEME €OUHUI]  IIPUHATA
mepmoouHaMUUEeCKAs. wWKala memnepamyp uau abcontomHast —wKana
memnepamyp.

3a HyAeByIO TeMIIEpPATypPy Ha abCOAIOTHOM IIIKaAe TEMIIEPATYP MPUHSAAU
TeMIIepaTypy, IPHU KOTOPOH MOAXKHO HpPEeKpallaThCda ITOCTYIATEABHOE IBUKEHUE
MOAEKYA U CA€IOBATEABHO KUHETHUYECKAas SHEPTHUs IIOCTYHIATEABHOTO IBUKEHHUS
MOAEKYA JOAXKHA CTATh PABHOM HYAIO.

Ora TeMIieparypa MOoAydHAa HAa3BaHHE A0COAIOTHOI'O HYAS.

AOGCOAIOTHBIH HYAB - OTO camas HHU3Kas TeMIlepaTrypa, II03TOMy Ha
abCOAIOTHOM HMIKaAe TeMIIEpaTyp HET OTPHUIIATEABHBIX TEMIIEPATYp.
JocTuub abOCOAIOTHOTO HyAd HEBO3MOXKHO. K HeMy - AHIIB MOXKHO

npubAM3uThCI. B Hacrodiiee BpeMs IIOAyYe€HBI TeMIIEpaTypbl BCEro Ha
HECKOABKO MHUAAMOHHBIX JOAEH I'pa/yca BbIIIe a0COAIOTHOTO HYASI.

TemnepatTypy, OTCYMTBIBAEMYIO II0 TEPMOAMHaAMHUYECKOH IIKase, HHOTAA
HA3bIBAIOT a0COAIOTHOM TeMIlepaTypoi.

3a equHUILY TeMIIepaTypbl HA aOCOAIOTHOU IIIKaAe TeMIepartyp NpuHAT KeaAbBUH
(1K) B yecTtb aHramiickoro ¢pusuka Y.ToMcoHa, KOTOpPOMY 3a OOABIIIHE 3aCAyTH
6BIAO ITPUCBOEHO 3BaHMUe Aopaa KearBuHa.

3a BTOpPYyIO OIOpPHYIO TOYKYy IIPHUHATA TeMIlepaTypa, IpH KOTOpPOH Boda
HaXOOUTCSI OJAHOBPEMEHHO B TPEX COCTOSHHUAX (B TBEPAOM, IKHUIKOM,
razoo0pasHoM). OTO COCTOSHHE TIIOAYYHAO Ha3BaHUE mMpoUiHolU mouku. Ero
TeMIiepatypa Io mkaae lleabcusa paBaa 0,01 °C.
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Haiinem Temnepartypy TasgHHULI Aba I10 aOCOAIOTHOM IIIKaA€ TeMIIepaTyp.
O6o3HayuM Tnu.- TeMIlepaTypa IIAaBA€HUS Abfa, TK. - TeMIlepaTypa KUIIeHUs
BO/IBI.

Tak Kak maBA€eHHE ra3a IPOIOPIIMOHAABHO TeMIIepaType, TO
T B
Ton  Pan
P« u Pny — COOTBETCTBYIOIIUE NAaBA€HUI ra3a B Ta30BOM TEPMOMETPE.

HNsBectHO, 4T0 T)x = T + 100 K

Nan

T +100K P P .
——— = — = 1,3661 (omHoweHue P—” 6bL10 Hati0eHO 9KCnepuUMeHmMAlbHO)
nn

Tnn Prn
t,’%c —4—T1T,K T..+ 100K = 1,3661T,,
1,3661T,, - T., = 100K
£t — T-t+273,15 T.. (1,3661-1) = 100K
0,3661T,, = 100K
0——273,15 T. = 273,15K
Twm = 373,15K
-273,15 0
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BJIOK -5 TEMIIEPATYPA OK-10.5.8

1.dusunyecknit cmbicnh Temnepatypbli

2 _ 2 _
p~n; p~T, p~nT;p = knT; p= §nE; = knT = 3 nk

Temnepamypoli Ha3618a10M CKAAAPHYIO BEAUYUHY,XAPAKMEPU3YHOWYH
E UHMEHCUBHOCMb Mersn08020 08UMXCEHUSA MOEKY U30AUPOBAHHOU
cucmemel 8 YCa08UAX MENA08020 PABHOBECUS, MPOMOPUUOHANbHYIO
cpedHeli KuHemuy4eckoli sHepauu NocMynameanbHo20 08UMCEHUS MOSEKYAI.

& =

T_z
3

2.KuHeTnuyeckan 9Heprna noctynartesibHOro ABnxXeHmna MmosieKkyn

E=kr
"2
3.MocTtoAHHaA bonbumaHa (3kcnepumeHmanbHO
A Y LU LUy LA
) p_n_V’_T"/N_ = cons
p]zv_z = 5,14 * 10721 Jx — npu 100°C ; % = 3,76 * 10721 Jx — ipu 0°C ;

2 1

Pa3Hocmb pasHa 1,36 *10% A

1,36 * 1021 Ix g MK
= 100K =1,36 10 x

3.CKOpOCTb MONEKyA rasa.

E = EkT,
= 3kT
—t - CpedHAA KBAOPAMUYHAA CKOPOCMb
oo mOVZ mo
E = o («mpu Koma Ha MACO»-WymMKa)

Veonopoga = 1800 m/c
dunsunku XIX B. — owenomneHsi!
Vasora =500 m/c

4.0nbiT WTepHa (19202.)

d=Uxt=wx*R=*t

d =ajiR;V=(R—r)t
2 [ Vsz(I;—r) }

Veepespa = 650 m/c
Cnoli cepebpa 8 m.B pazmbimelii, m.K. CKOPOCMU MOEKY Pa3au4yHbl
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ITosacrneHuss kK OK-10.5.8

1.PH3HYIECKHH CMBICA TEMIIEPATYPHI

M3BECTHO, YTO IIPU OTKAYMBAHUH r'a3a U3 COCya AaBAEHHE OyaeT
YMEHBIIIATHCH, a TaK KaK TeMIlepaTypa ra3da U 00beM OCTAAUCh HEU3MEHHBIMH,
TO CAEYET, YTO

p~n

KpPOME TOT'0, U3BECTHO p~T unu p~nT

YT00BI 3anIKcaTh 3Ty 3aBHCHMOCTD B BH/IE PaBEHCTBa, HEOOXOIHUMO BBECTH
KO2(PPUIIHEHT ITPOIIOPIIMOHAABHOCTH

p = nkT
C mpyro#l CTOPOHBI U3BECTHO, YTO
2 myl?
=-n
P=3173
IIpHUpaBHIEM IIPaBble YaCcTHU ABYX PABEHCTB
knT = 2q 0"
3 2
1 2 myV? . 21_ - _ 3
T=%3 2 3k 2

Temniepatypa IpaMo MPOIOPIIMOHAARHA CpeaHel KMHETUYECKON SHEPTHUU
IIOCTYIIaTEABHOI'O ABUXKEHUS MOAEKYA.

TemnepaTypoH Ha3bIBAIOT CKAISPHYK BEJNUUUHY, XAPAKMEpPUIYULYHO
UHMEHCUBHOCMb MenJyio8020 O0BUIKEHUSL MOJEKYJl U30JAUPOBAHHOU cucmemvl 8
YConosusix mepmoOUHAMUUECKO20 PABHOBECUsl, NPONOPYUUOHANbHYIO CcpeoHell
KUHemuueckoil aHep2uu nocmynamesbH020 08UIKEHUSL MOSLEKYIL.

ITocTossHHasa BoabnmaHa.

[TocTosiHHBIH KoapduiineHT k Ha3bIBaIOT IIOCTOIHHON BoabiiMaHa (B 4ecTh
aBcTpuiickoro ¢pusuka Aroasura Boasiimana).

PaccmoTpum pusnyecKuit CMBICA 3TOM ITOCTOSTHHOM

my VZ
2
T

2/3
k =

3mech YUCAUTEAD — BEAUYNHA, BhIPAaKEHHAd B [XKOYASIX U Ha3BaHHAA
SHEPreTUYECKOU TeMIlepaTypoH, a 3HaMeHaTeAb — COOTBETCTBYIOIIAs ei
TeMIlepaTypa B KeAbBUHAX.

CaenmoBaTeAbHO, IOCTOSTHHAS BoAbIIMaHa paBHA OTHOLIEHUIO TEMIIEPATYPHI,
BbIpasK€HHOU B eqUHUIIAX 9HEPTHH (IXKOYASX), K TOH 3Ke TeMIepaTrype,
BBIPa’KEHHOU B KEABBHHAX, 3Ta BEAHYNHA MOXKET ObITh HalifleHa TOABKO
9KCIIEPUMEHTAABHO.

K
k=1,38+x 10—23%
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2.CKOpOCTB TEIIAOBOTIO ABHIKEHHS MOAEKYA

_ 3 _ myV? myV? 3
E ZEkT’ HOE = , mozoa =§kT;
—o _ 3kT
Ve = —— - «mpu KOMa Ha MACO» - Wymka!
0
VVe=V = — - CpEOHSIsL KeadpamuuHast CKOpoCme.
0

CpeILHHH KBaJpaTHU4YHad CKOPOCTH TECIIAOBOI'O ABHUZXKECHHUA MOACKYA HE paBHA HUX

cpemHel CKOPOCTH, T.€. V # +/ V2

Beruucass o popMyAe CKOPOCTh MOAEKYA, HAIIPUMED a30Ta U BOAOPO/A, IIPH
= M > M

t=09C, moAyYHM COOTBETCTBEHHO V. ma = 1800; U Vegosoposa = 500 -

dusuru XIX sexa 6buiu owemnenwt!!!

CKOPOCTH MOAEKYA I'a3a I10 pacdeTaM OKa3aAUCh OOABIIE, YEM CKOPOCTHU
apTUAAECPUNCKUX CHAPAA0B!

Bpicka3pIBaAuCh COMHEHUA B CIIPABEIANBOCTH KMHETHYECKON SHepruu. Benp
HU3BECTHO, 4TO Aud@ys3uda B razax IpoTeKaeT OYeHb MEIAEHHO.

OTO0 HEeTPYAHO OOBACHUTE. M3-3a CTOAKHOBEHUN MOAEKYA TPAEKTOPHUS KaxKI0HU
MOAEKYABI IIpeICTaBAsIET COOOH 3aIlyTaHHYIO AUHUIO. BOABIIINE CKOPOCTU
MOAEKyAa UMEET Ha IIPAMOAMHENHBIX yIacTKax.

3.PacnpeneaneHHEe MOAEKYA IO CKOPOCTAM

PazButuio MKT razoB crnocobcTBoBasna paboTa aHTAHMHCKOTO (PHU3HKA
[>x.MaxkcBeasa "TloscHeHUs K fUHaMHU4YeCKOH Teopuu ra3on".(1860r.)

B aToif pabore MakcBean mpumiea K PyHIAMEHTAABHOMY BBIBOIY: MOAEKYABI
rasa ABUXKYTCS C Pa3AMYHBIMU CKOPOCTSIMH (paHee CYHUTaAOCh, YTO CKOPOCTHU
MOAEKYA OJUHAKOBBIE).

[Ipy CTOAKHOBEHHM MOAEKYyA HalpPaBA€HHUd W MOAYAHM HX CKOPOCTEH
HU3MEHAIOTCH, HO PpacClIpegeA€HHE MOAEKYA II0 CKOPOCTAM  OCTaeTCd
HEU3MEHHBIM.

HNcxomss m3 ocHOBHBIX moaoxkeHuii MKT, [Ixx.MakcBeaA BBIBEA 3aKOH
pacrpeneseHUs MOAEKYA ra3a II0 CKOPOCTAM.

[Ipoanaau3upyeM rpaduK, HAAIOCTPHUPYIOIIHNE MaKCBEAOBCKOE pacIIipefieAeHUe
II0 CKOPOCTSIM.
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HauwbBonee EEpOATHAA CKOPOCTE

cpeOHAA CKOPOCTE

<[

CpedHEeKEaqpaTHYHAaA
CHOPOCTE

500 1000 >y, e

Furc.1. Pacnpeaenedme moneryn O No CKOPOCTARM
np 300K

Ha ocu abimicc OoTAOKEH MOOYyAb CKOPOCTH, Ha OCH OPAMHAT - OTHOCHUTEABHOE
YHCAO MOAEKYA, CKOPOCTHU KOTOPBIX A€KAT B MHTepBaaAe 3HadeHUu omV ooV + AV.
1.3 pucymka 1 BHAHO, YTO 3HAQYUTEABHOE YHCAO MOAEKYA OBUXKETCH CO
CKOPOCTBIO OAM3KOM K 3Ha4dYeHHIO Vs (HECMOTpPS Ha XaOTHUYECKOE IBHIKEHUE),
KOoTopad Ha3bIBaeTCcd Hanboaee BEPOITHON CKOPOCTHIO.

JlaHHasg CKOPOCTbH SIBASIETCS CBOEOOPA3HBIM PyOEKOM: MOAEKYABI, ABUXKYIIIHECST
CO CKOPOCTSIMHM KaK OOABIIIHMMHU, TaK U MEHBIIINMH, BCTPEYAIOTCH PEXKE MOAEKYA,
OBUKYIUXCA C Hauboaee BepPOSTHON CKOPOCTBIO. 3HAYEHHE 3TOH CKOPOCTHU
paBHO,

2kT

my

8

ConocraBuUM (POpMyABI HanboAaee BEPOSITHOM CKOPOCTH CO cpenHeit
KBaJ[paTUYHOH CKOPOCTBIO U CO CPEAHEN CKOPOCTHIO.

2kT
my

B

3kT

my

cp —

2,55kT

my

CpenHsis CKOpPOCTb Ooabllle BeposaTHOU. [IpuymHa s$cHa H3 BHUAA KPUBOU
pacnpeneAeHud: TaK KakK KpuUBas PACIPENEACHHUS YXOAUT AAAE€KO BIIPaBO, TO
Ty[a K€ CABUHYTHI U CPEAHUE 3HAYEHHUSA CKOPOCTH.

2.X0TsI MOAEKYABI MOTYT [OBUTaTbCHd C AIOOBIMH CKOPOCTAMH, (PAKTHUIECKOE
YHCAO MOAEKYA, CKOPOCTb KOTOPBIX 3HAYHUTEABHO OTAMYAETCS OT Hauboaee
BEPOATHOM, BECbMa MaAo.

Hyaro paBHO 4HCAO MOAEKYA, CKOPOCTb KOTOPBIX PaBHA HYAIO - 3TO 3HA4YUT, 4YTO
B BEIIIECTBE HET ITOKOAIIUXCA MOAEKYA.

3.KoHKpeTHBIH BHA KPHUBOH 3aBUCHT OT poJa rasda (0T MacCbl MOAEKYABI Mo) U
TEMIIEPATYPHI.

BasucKMMOCTe pacnpeaeneHus
Makcsenna OoT TeMmnepaTypb! .

4 4.C noBBIIIEHUEM TEMIEPATYyPHI (pUC.2)

ady s MaKCHMYM pacIpenieAeHUus CABUTAETCS
o B CTOPOHY OOABIIIUX CKOpPOCTEH, a
712 KpHUBas CTAHOBUTCS OoAee MOAOTOH
N (T2>T1).
>
T2 > T;
Puc.2

4.0nsiT llITEepHA
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

MeTton omnpemeseHHsS CKOPOCTEH MOAEKyA ObIA mnpemaoxkeH B 1920r.
IIrepaoMm. HM3mepeHHEe CKOPOCTEH MOAEKyA OBIAO TIIPOBEAEHO Ha
yCTaHOBKE, CXeMa KOTOpPOH ImokKa3aHa Ha PUCYHKE.

YcraHOBKa COCTOUT U3 ABYX KOHIIEHTPUYECKUX LIUAUHAPOB A U B, UMeEIOIUX
pasAuYHbIEe AUaMeTPhl U OOIIyI0 OCh. Bo3ayxX uM3 IIUAUHAPOB OTKAYaH.

B muamHape A wumeercsa y3Kaga I1eab C. Ilo ocu mHAMHApPA IIPOTSIHYyTa
IIAQTHHOBAsI IIPOBOAOKA, IOKPHITAs CAOEM cepebpa, 0 KOTOPOM HPOIyCKAIOT
9AEKTPUYECKUH TOK. [Ipy HarpeBaHUHU IPOBOAOYKH TOKOM CepPedpo HUCIIapsaeTcs,
aTOMBI €T0 BBIAETAIOT 4epeld IieAb C U mornagaroT Ha BHYTPEHHIOK IIOBEPXHOCTH
muauHapa B. Ecau oba IMAWHApa HENOABUIKHBI, TO BCE aTOMBbI cepebpa
HE3aBHCHMO OT HX CKOPOCTH, MOIanaloT B OmHO M To ke Mecto . Ilpm
OMHOBPEMEHHOM BpAaIlleHUH O0OOUX IIMAHMHIPOB C YyTAOBOH CKOPOCTBIO G ATOMBI
cepebpa monagaT B APYTyio To4uKy 1. 3Has paccrogHue d,yTAOBYIO CKOPOCTBIO
®, panauycblt R u r HUAWMHAPOB, MOXKHO BBIYHUCAUTE CKOPOCTH MOAEKYABI.

d = Ut; U — ckopocms eHewHezo yunuHopa (U = wR)

— =L — (P — )t wR(R —T1)
d—th,t—wR,V—(R r)t; V:T

CpenHsig CKOPOCTh cepebpa oKazasachk paBHo 650M/c.
Ho caoii cepebpa Ha BHENTHEM ITUAMHAPE TTOAYYHUACS Pa3MbBITBIM. DTO O3HAYAAO,
YTO CKOPOCTHU JABUXKEHUS ATOMOB Pa3AUYHBI.

P.S.B nooobHblx onsimax onpedensiemcs: pYyHKyus pacnpeoeneHust MONAeKYysl no
cKopocmsim He 8 camom cocyoe, a 8 MONEeKYAIPHOM nyuke, gblLiemarouiem us3
cocyoa. ITosmomy, Haubosee 8eposiMHOU CKOpoCmvulo MONEKYs 8 nyuke byodem
cpeodHsisi ckopocmb nomoka. CKopocme ucmeueHus 2a3a U3 omeepcmust 8 cocyoe,
8 Komopom umeemcsi oasneHue Pi, 8 orkpyskarowyro cpedy c oasaeHuem
P2,6yoem pasHa

2(P — P,)
p

OTa opmyaa CAYKUT IOAS BBIYHCAEHHUS CTPYHU Tas3a, BBIXOALIIETO M3 COCyda C
BBICOKUM AaBAeHUeM P; B COCyZl C HU3KHUM naBAeHUeM Pa.

V=

B IUAUHAOPE I I1aphbl cepe6pa MOZKHO CHHUTATb UACAABHBIM I'a30M H IIO3TOMY

P1=nkT
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

B mmmannsape Il nongnep>xuBaeTcd BakKyyM U MOXKHO Itoaarats P>=0, Torna
(p=nmo)
2kT

my

T.€. CPEeIHSI CKOPOCTb MOAEKYA B IIOTOKE I'a3a, BBIXOJMAIIETO U3 cocyaa B
BaKyyM, B TOYHOCTH paBHa CpeaHell HAaUBEPOSTHOM CKOPOCTHU MOAEKYA.

CpedHsist ckopocmsb 6HpPOYyHOECKOolU uacmuybsl.

BpoyHOBCKas 4acTHIla MacCoi m y4acTBYeT B TEIIAOBOM ABUXKEHHUHU MOAEKYA,
II03TOMY €€ CpeaHSsI CKOPOCTD ITPUOAMIKEHHO MOXKET OBITH OITpeNeAeHa TaK:

— 3kT

my

CpenHsas CKOpocTb OPOYHOBCKOM dyacTub! 3aBUcHUT oT T u m:
-uem bonvwe T, mem bosbule cKopocmb 6POYHOBCKOU UaACMUUbL
-C ygesuueHuem m ckopocme yboieaem.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

BJ/1OK -5 OK-10.5.9

YPABHEHHE COCTOSIHHS HAEAABHOI'O TT'A3A

- ypasHeHue, ceasbisarowiee P, V, T u xapakmepusyrouiee cocmosiHue 0aHHoU cucmemsi 2a3a.

N PV
P =nkT = VkT; — = Nk = const;

T
PVy P,V,
T, 2 T, - ypasHeHue KnaneiipoHa (18342.)
(814 m =const)
N = m N PV _m LN
= M A T —_ M A
[k
R=831 ——
MoJIb * K - YHUBEPCANbHAA 2030805 MOCMOAHHAA
m
PR M RT - ypaeHeHue KnanelipoHa-MeHdeneeea (18742.)

(0ns npou3eonbHOU Maccel 2a3a)

HopmanbHble ycnosus

Puy = 10°Ta
T.y. = 273K
Vo =22,4 %1073 M3 -1 mosib

3axoH ABorazapo. 113 popmyasr p = nkT caenyer, 4TO npu 00UHAKOBbLX
0asneHusxX U memnepamypax KOHUEeHmpayust MOJNeKYJl Y 8cex 2a308 00HA U MaA XKe.

3axoH [JaAbTOHA p (cmecu) = p1 +p3 ... + P

dassieHue cmecu 2a308 pasHoO cymme 0a8NeHUl, NPOU3B00UMBLX KAIKObIM 2A30M 8
omoesbHocMuU, eciu 6bL OH 00UH 3AHUMAT 8€Cb COCYO
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

ITosicnenust k OK-10.5.9
1.YpaBHeHHE COCTOSIHHA HAEaABHOrO rasa (ypaBHeHue KaameHpoHa)

B 1834 r. ®pannysckuit pusuk b.KaanetipoH, paboTaBIini 1AUTEABHOE BpeMs
B [TeTepOypre, BeIBeA ypaBHEHHE UIEAABHOTO I'a3a JIAS IIOCTOSTHHOM Macchl rasa
(m=const).

mon
2

3
W3 ypaBHEHUS =3 kT

mOVZ
2

2
u ocHoBHoOro ypaBHeHud MKT p = 3N

N NkT
rioaydaeM P = NKT 3nas, ato n = v ,N = const, noryuump = -

PV—Nk— t
T = = cons

OT0 ypaBHEHUE CBS3bIBAET JaBA€HUE, 00BEM U TEMIIEPATYPY, KOTOPOE
OIIPENEASIET COCTOSIHHUE UIIEAABHOIO I'a3a, U Ha3bIBAETCH YpAaBHEHUEM COCMOSIHUSL

udeanbHo20 2a3d.

ﬂAH IIOCTOSSHHOMN MAacCChl UAEAaABHOIO ra3a OTHOIIIEHHE IIPOU3BEACHHA NJaBACHUA
Ha 00beEM K JTaHHOM TEMIIEPATYPE €CTh BEAUYIHNHA IIOCTOAHHAdA.

P 7,
@7 P:ViT; :; Po = 105IIa
”
Vo = 22,4 m3 - 1 moab
2
PV P,V .
L1 _"22_ const |- ypasuenue Knaneiipona
T, T,

2.YpaBHeHHe MeHaeaeeBa - KananelipoHna

JAst omHOTO MOASI Ta3a IIPU HOPMAaABHBIX YCAOBHUSIX

3
PoVo 10°%0.024 . H+ 28
Ty 273K T M2 x Mo * K
uiu
JDK S
Nyk = 6,02 1023 Mmoot 1,38 10722 — =831 —— =
K Mmonb * K

R - yHueepcaivHasl 2a3oeast nOCMOsTHHAs
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

B 1874 r. [I.1.MeHneaeeB BbIBEA YPaBHEHUE [AG ITPOU3BOABHOIO YUCAA MOAEKYA

N m M N mN PV me PV m
= —_— = —_— = —_— - —= — _ —= —
me' 0 TN, MAT T Ty T M
unu
PV—mRT
M

2mo u ecms ypaeHeHue Knaneilipona - MenOeneeea.

3axoH ABorazapo.

U3 popmyasr p = nkT caenyer, YTO npu 00OUHAKOBbLX OA8NEHUSIX U
memnepamypax KOHUEHmMpayust MoSeKysl Y 8cex 2a308 000HA U Ma XKe.

3akoH [JaAbTOHA.

Ecau B cocyzie HaxoguTCsI CMECh HECKOABKHX I'a30B, HE BCTYIIAIOIIHUX B
XUMHUYECKHE PeaKIlUU APYT C APYTOM, TO das/ieHue cMecu 2a308 pad8HO CyMMe
dassieHull, Npou3800UMbIX KAHCObIM 2A30M 8 0MAe/AbHOCMU, eCaU 6bl OH 00UH 3AHUMAJ 8ECb
cocyd.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc
m, M = const
N3oTepmuueckum N306apHbIN N30XO0pHbIN

(3axkoH bolins-Mapuomma)
16622. 1667e.
T, m, M = const

(3aKkoH leli-/Troccaka)
1802e.
P, m, M = const

(3akoH LWapns)
1787e.
V, m, M = const

PV = const K = const B = const
T T

PV, = P,V, ﬂ_ﬂ ﬁ—ﬂ
v, T, P, T,

lMpoussedeHue P OaHHOU
maccel 2a3a Ha ezo V —
nocmosHHo, ecau T 2a3a He
MeHsaemcs

V OaHHOU mMmaccel easa
npu
nponopyuoHaneH T

nocmosaHHom P

P 0aHHOU maccsl 2a3a npu
nocmosasHHom V
npornopyuoHaneH T

WU3OTEPMbI NU30BAPbI NU30XOPbI
PA VA PA
v T T
V A PA VA
T V p
P a P a Va
T T T

[pu ebicokux 0aesneHusX U HU3KUX memriepamypax Hab100aroMCA OMK/I0HEHUs OM 30KOHOB
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

IToscnernuss kK OK-10.5.10

1.9acTHBIE CAyYaH YPAaBHEHHS COCTOSIHHSI HAEaAbBHOI'O rasa.
H3onpoueccsl

Bcsgkoe H3MeHEHHE COCTOSHHUS TeAad Has3bIBAaeTCd TEPMOIUHAMHUYECKHM
IIpoleccoM. B Aro6oM TepMOAMHAMHYECKOM IIPOLIeCCe U3MEHSIIOTCH TapaMeTphl,
OIIPEZIEASTIOIIIFIE COCTOSTHHUE TeAA.

HeT HHU omHOrO IIpoliecca, IIpu KOTOPOM HU3MEHSIACS Obl TOABKO OJUH ITapaMeTp.
l3aMmeHeHUe OHOTO ITapaMeTpa BeeT K U3MEHEHHIO OCTAABHBIX.

[Tpornecc, mpu KOTOPOM OOUH M3 NApaMeTPOB COXPAHAETCS IIOCTOSTHHBIM, a ABa
APYTHUX U3MEHSIOTCH, HA3bLl8AIOM U30NPOUECCOM.

a.H3oTepMmHuYecKul npouecc. 3akon Boiasa - MapuoTTa.

B 1662 r. anramiickuii ydenslii P.Boiiab m B 1667r. HE3aBHCHMO OT HETO
dpaHIy3cKui y4ueHbIE O.MapuOTT Ha OCHOBE OIBITOB YCTAHOBUAH, YTO AL
JaHHOM MaccChl rasa IpH IIOCTOSHHOU TeMIlepaType IIpou3Be/ieHHe o0beMa rasa
Ha COOTBETCTBYIOIIEE €EMY OAaBACHHE €CTh BEAUYHHA IIOCTOSHHA4.

npu T = const - PV =const wnm ﬁ — E
P, V4
V‘r P s
0o ¥ "v 0 T 0 T

Yem 6audice uzomepma K Hy10, mem MeHbule memnepamypa

0. H3o00apHEI#i npouecc. 3akoH INeii - Aroccaka.

H3yuyas roBegeHue raza IIpyu U3MEHEHUHU TeMIIepaTypbl, (PPaHIy3CKUH (PU3UK

leti-Aroccak B 1802 r. YcTaHOBHA, YTO 0151 OAHHOU MACCHL 2a3A OMHOULEHUE

obvema K memnepamype NOCMOSIHHO, ecCau 0aseHuUe 203a He MeHSIemcesl.
npu P = const - ; = const UAH Vi_ Ty

V, T,

Ob6vem O0aHHOU Mmaccul 2a3a npu nocmosiHHOM daesieHuUU 3asucum om
memnepamypusl no JlLLHQl:ZHO.Mg 3AKOHY.

20e a y — KoaghgpuyueHm oOBEMHOTO PACIITUPEHUS.

Va V;r Pt

»

0 T 0 P 0 T

v
v
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

B. H3oxopHbIH npouecc. 3akoH Illapasa.

dpaniysckui yaensiii 2K.[IlapAap 1 HE3aBUCHUMO OT HeTo (ppaHIy3CKUH (PU3UK
leti-Atoccak B 1787 r. ycTaHOBUAH, UTO 0151 OAGHHOU MACCHL 2a30. OMHOWLeHUe
dassieHus K memnepamype NOCMOSIHHO, eclu 06bem 2a3a He MeHSIemcest.

P, _ T,

P
npu V = const - = =const HAHU =
! P, T,

[aseneHue OaHHOU Maccbl 2a3a NPU NOCMOSTHHOM 0bbeme 3agucum om
memnepamypbsl NO AUHEUHOMY 3AKOHY.

P =Py(1+ A0

20e 3 — koagppuyuerHm ob6bemHo20 0a8NEeHUSL.

PA Va 7;‘

Y

/ I I
> » >

0 T 0 P "V

OKCllepUMEHTaAbHad IIPOBEPKA COBPEMEHHBIMH METOAAMM II0Kas3aaa, 4dYTO
YPaBHEHHE COCTOSIHUS UOEAABHOIO r'a3a U BBITEKAIOIIME U3 HETO 3aKOHBI boiiag-
Mapuorra, l'eii-Aroccaka, Illapasg OOCTATOYHO TOYHO OIIHMCBHIBAIOT IIOBEIECHHE
peaAbHBIX T'a30B IIPU HEOOABIIINX MABACHUSX U BBICOKHX TeMIlepaTrypax; MIpH
BBICOKUX MOAaBACHHUAX M HHU3KHUX TeMIleparypax HabalomaeTcs 3HaYUTEAbHBIE
OTCTYIIA€HHUS OT 3TUX 3aKOHOB.

N306pa3um Bce Tpu mporecca B koopauHatax p(V), p(T), V(T)

P4 P4 Va
pat---- I p1 ' I
1l
10 | Vi,
0 \:/1 X 0 T, > i T T

| — usomepmuueckuii npoyecc
Il — usobapnwiii npoyecc
I — uzoxopuwiii npoyecc
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H.A.KopmakoB

MKT u ra3oBble npo1ecchl

10 kuacc

2.CBOHCTBA r'a30B H HX HCIIOAB30BaHHE

CsoiicTBa

Ucnoap3oBanue

a.T'a3 - cxkaToe ynpyroe TeJo.

T'as noooben npyscune, komopas 8cezoa cxcama.
CywecmeenHo mo, 4mo Maivle MAccvl 2a3a MO2ym
€030a8amv CPAGHUMENbHO OObUUUE OABTEHUSL.

- amopmusamopbsl, UUHbBL.

0. 3aBHCHMOCTE JaBJICHHS U 00beMAa ra3a
OT TeMIePaTyphl.

Hasnenue u 06vem 2a306 3HAUUMENHO . YEETUYUBACTNCA
npu nosviwienuu memnepamypul. Ilpu Hacpesanuu Ha
00UH 2padyc 0Ovem 2as3a npu NOCMOSHHOM Od8IeHUU
yeeauyusaemcs 6 comHu pasz 0Ooavuie, yem 00vem
JACUOKUX U MEEPObIX Me.

I'a3 - paGouee Teno

-0su2amen Ha CoHCamom aase;

-OmKpbvIBaHue 08epell 8 agmodycax, 31eKmponoe30ax;
-6036ymnbze mopmo3sa 9!C€Jl€3H0()OpOJICHbe 6d20HO6 U
2PY306UKO8;

-HebobUUe peakmusHble 0gueament, pabomaioujue Ha
colcamom  ease-eenuu, Caydicawue Ol OpUEHMAYyUU
KOCMUYECKO20 KOpaois;

-npu  ceopanuu  2opioyell
MeMnepamypa pe3ko yeeauyusaemcs,
nopuieHb pacmem u 2as, PACUUPSCY,
pabomy;

cmecu 8 yuluHope
odaesnenue Ha
cosepuiaem

-~OcHecmpelbHoe  Opyorcue. Cuna oOaenenus 2a3oe
npodylcmoe ceopanus 63pPbleUamoslx eeujecme
evlmanKkueaen nyaro U3 cmeoid.

B.3aBHCHUMOCTD JaBJIEHHS I'a3a oT ero
MaccChbl.

Hakauusanue  asmMoMOOUNLHOLL
dymobonvHo20 MAUA BO30YXOM.

WUHbL umu

r. boJbuias c;kKUMaeMoOCTh Ira3oB.

Tazwl no CPABHEHUIO C AHCUOKOCAMU U mgep()bmu
menamu 1ec2Kko CHCUMAIONMCA

XOpOwlas, CoHcuMaeMocms Nno360.sem, 3anacamo
2asbl 6 OOMLWUX KOIUUeCm8ax 6 OalloHax,
YO0oOHbIX Onst Xxpanenus. Cocamolil NpUpoOHbIll 2a3
mpancnopmupyemcs no mpyoam Ha paccmosiHus 6
MbICAYU KUTOMEMPOS.
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

B3K-5

BJ/1OK -5

IloBTOpHM TEopHIO!
«OcHOBHBIE nnoaoxkxkeHuss MKT»
1.Ymo uszyuyaem monekynapHasa ¢pusuka? Ymo makoe MKT? Pacckaxcume Kpamkyr ucmoputo
passumus amoli meopuu.
2.Mepsoe nonoxceHue MKT u e2o oneimHoe ob6ocHo8aHue.
3.Bmopoe nonoxceHue MKT u e2o onbimHoe 060cHOBAHUE.
4.Tpemoe nonoxceHue MKT u e2o onbimHoe o60cHosaHue.
5.4Yemesepmoe nonoxceHue MKT u e2o onbimHoe o6ocHo8aHue.
6.Ymo Hassieaemcs Ouggy3zueli U om Ye2o 3a8UCUM CKOPOCMb MPOMeEKAHUA dugppy3uu?
7.4Ymo Ha3bisarom 6poyHOBCKUM OBUMEHUEM U KAKOBbI MPUYUHbI MAKO20 08UMEHUA?
8.Kakyto npupody umetrom cusel 83aumodelicmausa mexdy monekyanamu? Kak 3asucam cusnel
s83aumodelicmeus 08yx U30AUPOBAHHLIX MOEKYA OM PACCMOAHUA Mmexcoy Humu? lMpusedume
epaghuk amoli 3a8ucumocmul.
9.KaKkosbl ocobeHHocmu cmpoeHus 2a308?
10.Kakosbl ocobeHHOCMU cmpoeHuAa #udKocmeli?
11.Kakosbl ocobeHHOCMuU cmpoeHua meepdbix mesn?
12.Ymo makoe omHocumesnbHAA MOEeKYAAPHAA MACCA 8eu,ecmaa U KaK eé onpedeanums?
13.Ymo Ha3vieaemca Konu4ecmeom gewecmasa? B KaKux eQUHUUax 8bipaxcaemcs?
14.Ymo nokaseisaem nocmosHHas Aso2adpo? Yemy pasHoe eé 3HayeHue?
15.Ymo makoe monapHas macca seuecmaa? B kakux eOUHUUax oHa sbiparcaemca? 1o kaKkoli
gopmyne sbluucnaemca?
16.Pacckaxcume o cnocobe onpedesneHUA pa3mepos U Maccbl MOAEKYbI.
17.Kakoli ea3 Ha3bigarom udeanbHbiM? KaKUM ycino8usam oH 00xceH y0081emaeopame?
18.CpedHee 3HayeHuUe K8adpama Mooyssa CKOPOCMU HA OCb.
19.Bb1800 0cHOBHO20 ypasHeHuUsA MKT?
20.Ymo Ha3bisaemca memnepamypol U KaK eé usmepums?
21.Tepmomempol — HUOKOCMHbIU U 2a308b1.
22.Ymo maKoe abconromHas wkKaaa memmnepamyp u Ymo makoe abcoanromHeolli HOb ?
23.KaKos gpuzuvecKkuli cmbicn memmnepamypeol?
24.KaKos guzudeckuli cMbicn nocmoaHHoU bonsymaHa u yemy pasHo eé 3HayeHue?
25.0m yezo 3a8ucum cpedHAA K8AOPAMUYHAA CKOPOCMb 0BUMXCEHUA MOsEKY/ U YeMy PpasHA OHA 0414
MoseKyn 8000p00a U Kucaopooa?
26.0nuwume onsim LLiImepHa?
27.4mo Ha3biearom OCHOBHbIM ypasHeHUeM udeasnbHo20 2a3a? 3anuwume ypasHeHue KnalinepoHa
u 8bisedume ypasHeHue KnalinepoHa-MeHOeneesa.
28.Yemy pasHo 0asneHue u memnepamypa npu HOPMasibHbIX YC08UAX?
29.Kakue npouyeccel Ha3bI8aroM U30npoyeccamu?
30.3aKoH bolina-Mapuomma. Kakoli 3aKOH no04uHAemca 3momy 3aKOHY ?
31.3akKoH leli-/lroccaka. Kakoli npouecc noo04yuHAemcsa 3momy 3aKOHY ?
32. 3akoH Uapna. Kakol npoyecc no04uHAemca 3momy 3aKOHY ?
33.Tpu Kakux ycnosusax HabaOaOMca OMKAOHEHUS om 3aKoHo8 bolina-Mapuomma,
leli — /lloccaka, Wapna?
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

OcHoBHBI€e hopmyAasI pasaesa «MoaekyaapHasa pH3IHKA»

OcHOBHble popmyJibl

A, = mo OmHocumesnbHAA AMOMHAA Macca
1/12my, mp - MaCCa amoma 3n1emMmeHma
OmHocumesnbHaAA MOAEKYAAPHAA Macca
M, = my Mo - Macca mosekyn seujecmea
1/12m,

Mono-3T0 KOAWYECTBO BEIIECTBA, COMAEPIKAIIEIOCS CTOABKO K€ MOAEKYA
(aToMOB), CKOABKO comepzkuTca aromoB B 0,012Kr yraepona.

B 1 mosnie A060TO BeIIECTBA COOEPIKUTCSI OOHO U TO K€ YHUCAO ATOMOB HAH

MOAEKYA. YHMCAO ATOMOB HAM MOAEKYA, COAEPKAIIMXCS B OJHOM MOAE BEIIIECTBA,
HA3bIBAIOT YUCJIOM UIMU NOCMOSIHHOU A802adpo.

_ m.(1mosnb)  0,012kr/mMosb

Ny = = = 6,02 * 1023 mosp1
A m,, 1,995 *« 10~ 26xr
=" MonsapHasa macca
v
v=X_"_ o Konu4yecmso sewecmaa
Na ™~ M
m m_ M Macca moneKynel
0= —=—
N N,
M=10-3M. 2 C8A3b Mexdy MonaapHoli maccoli u omHocumensHoli
= . ¢ §
MONb monekynapHoli maccoli
NpeanbHbiii ras
n= N KoHueHmpayusa 2a308
|74
V2 — 1 72 CpedHuli Keadpam npoeKkyuu ckopocmu paseH 1/3
X3 cpedHezo Keadpama camoli CKopocmu
OcHosHoe ypasHeHue MKT - ycmaHasnusaem cea3b Mex oy
1 — MAKpO- U MUKponapamempamu
P =—nmyV
3 0
2 mgV? 2 _ CeA3b 0asaeHuUA co cpedHell KuHemu4ecKol aHepauel
P 0 E
=—n =—n
3 2 3
1 _ CeA3b 0a8eHUA C N10MHOCMbI0 2034
2
p=ZpV
Temnepartypa
2E Temnepamypa  npsiMo  NponopyuoHa/IbHa  cpedHell
Ly uy
T= 3k KUuHemu4eckoll 3Hepauu nocmynamesbHo20 O08UNCEHUS
MOJIEKY .
F= 3 kT CpedHsisi KuHemu4eckasl 3Hepausi NOCMyname/ibHO20
2 deusiceHuUs1 MONEKYN
p = knT Ce513b dassieHus1 c memnepamypotl
oy XK IlocmosinHas boavumaHa
k=1,36+10"% —- 4
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H.A.KopmakoB MKT u ra3oBble npo1ecchl 10 knacc

3KkT CpedHsis kKeadpamu4Hasi CKOPOCMb MOJ1eKy/ 2a3a
V= |—
my
YpaBHeHMe COCTOAHUA UAEeaNbHOrO rasa
PV, PV, YpasHeHue KnaiinepoHa (m=const)
T, T,
PV =2 RT ypasHerue Kaatinepona-Merndeseesa
M
P=pP1+D2..+Dn 3akoH /laabmoHa 045 dasneHUs CMEeCU PA3PAHCEHHBIX
2a308 - dasJ/ieHue cmecu 2a308 pasgHo cymme dasi1eHul,
npou3800uUMbIX Ka*CObIM 2a30M 8 0MAe/bHOCMU, ecau bbl
OH 00UH 3AHUMAJ1 BECb COCYO
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H.A.KopmakoB

MKT u ra3oBble npo1ecchl

10 kuacc

T'azoBBIEe 3aKOHBI

U3oTepmuuecKkmii
(3akoH bolina-Mapuomma)

N306apHbIit
(3akoH leli-/Troccaxa)

N30XxOpHbIN
(3aKkoH LLapns)

16622. 1667e. 1802a. 1787ea.
T, m, M = const P, m, M = const V, m, M = const
PV = const K = const E = const
T T
P4V = P,V; Vi_ T, P, T,
V, T, P, T,

lMpouszsedeHue P daHHOU maccel
2a3a Ha e2o V — NoCMosAHHO, ecnu
T 2a3a He meHAemcAa

V daHHoU maccel eaza npu
rnocmosAHHom P niporiopyuo-
HaneH T

P 0aHHOU maccel 2a3a npu
nocmosAaHHom V niporiopyuo-
HaneH T

U3OTEPMbI U3OBAPbDI MU3OXOPbI
PA VA PA
> V v T
V A Pﬂ‘ V‘k
T 74 P
P a P a VT
T T T

www.kormakov.ru

Ctpanuna 42




