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Y10 Takoe «TerioTay”?

AHHOTAaIUs. DTa CTaThs SBISICTCS pa3BUTUEM U NIEPEOCMBICIICHHEM OoJiee paHHHX Harmmx padot [1], [2].
Mp! npuIIM K BeCbMa PaAMKajIbHBIM BBIBOJAM, KOTOpPBIE HEH30EKHO IMOBIEKYT 3a CO0OH M3MEHEHHE MHOIHMX
HAayYHbIX HaIpaBJICHUH, a HE TOJBKO TepMoauHamMuKku. He ocTtanyrcs 0e3 H3MEHEHHM 3JeKTPOJUHAMUKA,
KBaHTOBbIE TEOPUH, (U3MKA TBEPJOTO Teja, XUMHsI U ApyTrue Hay4yHbIE pas3lienbl. Mbl MOMbITaeMCs B 3TOW CTaThe
00CYIHTh coAiep KaHUE MOHATHSI «TEIJI0» U CIIEACTBUS, BEITEKAIOUINE U3 0TKa3a OT OCHOBHBIX nonoxxennit MKT. B
CTaThe O0CY)KIAroTCs MpOOIeMBbl MEpeaayr TEIUIOBOM dHEPruH, GOPMBI €€ «COXPaHEHH» MOJIEKYJIAMH BELIECTB.
[Tokazano, 4yTo TemaoTa 3T0 0coOas caMOCTOsITeNbHAsE (hopMa SHEPrHH, OTIMYHAS OT SHEPIUU TPABUTALIIOHHOTO
TOJISl ¥ DHEPTUH AJIEKTPOMAarHUTHBIX BOJIH. DTO MO3BOJIIET AATh SICHBIE OOBSICHEHHS TEM SIBJICHUSIM, KOTOPBIE paHee
HE FIMEIH YIOBIETBOPUTENHHOTO 00BsicHeHns ¢ o3unuu MKT.

1 BBenenue

ConeprkaHre TEpMUHA TEIUIO» Y JIFOOOTO YeIoBeKa HE BHI3bIBACT HEMTOHUMaHUs. YeIloBeK JeTKO OTHeINseT
«TEIJI0e» OT «XOJOJHOTO» Ha SMIMPHYECKOM ypoBHe. OIHAKO YYEeHbIE TaK M HE MPHUILUIH K TIyOOKOMY
MOHUMAaHHUIO MPUPObI Teruia. CiencTBreM 3Toro ¢akTa SBISIOTCS MHOro4YHcieHHble npotuBopeuns B MKT. Kak
ObIBacT B WMCTOPUM HAayKH «HOBBIM» YacTO OKa3bIBacTCs AaBHO 3a0biToe «crapoe». [loaToMy MBI mpHBeaeM
KPaTKYH0 HCTOPHIO HAYKH «TEPMOTUHAMUKA).

Uctopust TemnoTel, Kak (UIUUECKOr0 TEPMHUHA, HAYMHACTCS C MOHATHS «QIOTUCTOH». TepMuH
«pnorucron» BBenéH B 1667 roxy Morannom bexepom u B 1703 roxy ['eoprom Tanem, 4ToOsl 1aTh 0ObsICHEHHE
MIPOIIECCOB TOPEHHS W TIEPEHOCa TEIUIa OT TOPSYUX Tel K XOJOAHBIM. DIIOTHCTOH MPECTABISLTA KaK HEBECOMBII
(hmron, yJeTyqIrBaBIIUIiCS U3 BEIIECTBA MPH CKUTAHUU. Teopust (pIorucToHa JaBHO OMPOBEPTHYTAa COBPEMEHHOM
Haykoil. OnHako, TOHSTHE «(IIOTUCTOH», KaK HeecoMblii NOMOK Mmenad, ObUIO BechbMa TNPOJYKTUBHBIM.
Onmpasichk Ha 3TO MOHATHE, (PU3UKU BHIBEIU ypaeHeHue menionposoonocmu. OIOTUCTOH, KaK MBI BUIUM, YXKe
TOTJ]a BHEC CBOU Ba)KHBIN BKJIAJI B Pa3BUTHE TEPMOJIUMHAMUKH.

Bnaronmapst mocneayrommm wuccnenoBanusiM JlaByasbe, beprone W ApYruMxX YYEHBIX XUMHUYECKHE U
TEPMOJIMHAMUYECKUE SBJICHUS TOJIyYHIIM HOBBIE OOBSICHEHUsS] 0€3 MCIOIBb30BaHHS MOHATHSA «(DIOTHCTOH». DTOT
TEPMHH HAJIOJITO TIOKUHYI HayKy. VI3 M3BECTHBIX yUEHBIX TOTO BPEMEHH JIOJIBIIE BCEX OCTABAJICS BEPHBIM TEOPUH
¢rnorucrona Jx. IIpuctim. On nmo csoeit cmeptu B 1803 rogy peBHOCTHO BBICTyMan B 3alIMTy (DIOTHCTOHA,
HECMOTPS Ha OTKPBITHS TIOXH XUMHUYECKOW PEBOIONINH, MTOHOCTHIO OMPOBEPraBIINe Ty Teoprio. Bo3MokHO, OH
WHTYUTHUBHO YyBCTBOBAaJ, YTO 32 IMOHATHEM «(IIOTHCTOH» CKPBIBAE€TCS OUYEHb Ba)KHAas CTOPOHA XMMHYECKHX U
TEPMOJAMHAMUYECKUX SBJICHUN, KOTOPYIO HE UyBCTBYIOT €70 COBPEMEHHHUKH.

[MorpeOHOCTh B TEpMOIUHAMHUKE CTajla OYEBWIHOW C MOMEHTa CO3/IaHUSl TEPBBIX MApOBBIX MAIIHH.
UccnenoBanuss KapHO MNOATONKHYNM pa3BUTHE TPAJAULMOHHOM KiIacCHMUECKOW TepMoauHaMuku. JlanpHeiiue
SKCIIEPUMEHTAIIbHBIE FICCIIEIOBaHMs TIOKAa3aJId, YTO BCE BEIIECTBA COCTOSIT M3 YacTHUI[ (ATOMOB W MOIIEKYI). DTO
OBUT BaXKHBIN 1IAT OT ()JIOTUCTOHA K HOBOMY ITOHUMAHHIO MUKDPOSIBIICHHH U MPOIIECCOB B TEPMOJMHAMHKE.

B nomonHeHne K MaKpOCKOMMMYECKOMY (IETEPMHUHUPOBAHHOMY) OIMCAHMIO TETIOBBIX SIBICHHI BO3ZHHKIIA
MoJeKyisipHo-KuHeTHnueckass teopusi (MKT), nperengoBaBmias Ha Ooinee riryOokoe OOBsCHEHHE. DTa TEOPHS
BO3HMKJIA Onaromapsi uccinenoanusim P. Knaysuyca (I'otnu0), Y. ToMcoHa, KOTOpble BHECIH BKJIaJ B CO3/1aHHUE
TEOpHH HJIeIbHOTO Ta3a. [lo3ke B pa3BUTHE MOJIEKYJISIPHO-KHHETHYECKONH TEOPHH BHECTH BBIIAIONINECS YUCHBIE
Hx. Makcsemnn, . xoynb, JI. BonbuMan u apyrue.

Knaccudeckass TepMonuHamuKa - OOIIMpPHAs Hayka O TEIUIOBBIX SIBJICHHUSAX, B KOTOPBIX HUKOTIA He
yuumeoléaemcsa Mmonekyaapuoe cmpoenue pavouux men [3]. Oto mpobimema xumuu. CocTostHHE ITFOO0M
MaKpOCHCTEMBl ~ HM3HAYalbHO  33J1a€TCSI  MAaKPOCKONMUYECKUMH  TEPMOJHMHAMHYECKUMH  TOKa3aTellsiMHU,
XapaKTepU3YyIOUIMMU €€ OCHOBHBIE CBOHCTBA. OOBIYHO KJIIOUEBBIMH TEPMUHAMU B TEPMOJMHAMHUKE BBICTYIAIOT:
Temreparypa (uzndeckoro Tena — T, JaBlICHHE CO CTOPOHBI BHEIIHEH cpeabl — P; 00beM — V ;| U BHYTpeHHsS
sHeprus - U. B TepMonnHaMuKe TerioBble MPOIECChHl OMUCHIBAIOTCS TOCPEICTBOM MaKPOCKOITUYECKUX BEJINYHH,
PETHCTPUPYEMBIX CIEIHabHBIMU TipuOopamu. [Ipubops! He peacupyrom Ha BIUSHUE OTACIHHBIX MOJIEKYIL.
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MornekynspHo-kunetnueckass teopust (MKT) »To momonHuTenbHas BETBb TEpPMOAWHAMUKU (paszen
craructrdeckoii ¢usukm). Ee 3amadeii snsercss Gojee eranbHOe OOBSICHEHHE SIBIECHHM HAa OCHOBE MOIEIH
Xa0THYECKOTO JBIKeHUS Moiyiekyn. Cratuctudeckas (usuka Ma€T BBIBOJ TEPMOJUHAMHKH MHOTHX PEaTbHBIX
CUCTEM: WJCABbHBIX Ta30B, PEAIbHBIX Ta30B, KBAHTOBBIX T'a30B, MPOCTHIX KOHJICHCHUPOBAHHBIX cpell (Harpumep,
UICATTbHBIX KPUCTAJJIOB, CIIHHOBBIX IEMOYeK). B 4YacTHOCTH, OHAa MaéT SBHBIC COOTHONICHHUS ISl TIOHSATHH,
WCTIOJB3yEeMBIX B TEPMOAMHAMHUKE. DHTPOINH, TEPMOJTNHAMHYECKON padOThl, BHYTPEHHEH SHEPTUN U OOBSCHSIET
3aKOH HEYOBIBAHUS YHTPONUHU. MOJICKYIISIPHO-KHHETUYECKAsi TEOPHS OMUPACTCS Ha MOJICIb UJICATLHOTO ra3a.

IlocTanoBka 3agaum. beur gonruil myTe OT (PIIOTHCTOHA K KoJeOaHMSAM MOJEKyd. Tak 4To e ecTh
noustue TEIIJIOTA? Kakoe comepkaHue Mbl B HEro cerogds BikjaabiBaem? Komasch B HHTEpHETE, MbI
00HapyXIIN MHOTO OTIpeneeHnii (Ha 1000 BKyC):

TEIIJIOTA. B crtporom cwmbicnie TEIIJIOTA npedcmasnsem coboit odun u3 cnocoboe nepeoauu
9Hepeun, U GUINYCCKUIN CMBICIT VIMEET JIWIIb KOAUYECME0 IHEPZuu, TIePeIaHHOe CUCTEME, HO CIIOBO «TEIlIO-)»
BXOJIUT B TaKUE YCTOSBIIUECS HAYYHBIC MOHATHUS, KaK IMOTOK TEIUIA, TEIIOEMKOCTb, TeIUIOTa (ha30BOrO Mepexoa,
TEIIOTa XUMUUYECKON peaKiliu, TEIIONPOBOIHOCTb U TIp.

TEIIVIOTA — 3T0 KuHemuueckaa uacmv GHYMpPEHHEU 3IHepZuU 6euwjecmea, onpenensemas
WHTCHCHBHBIM XAOTHYECKHM JBIDKCHHEM MOJIEKYJl M aTOMOB, M3 KOTOPBIX 3TO BEIIECTBO COCTOMT. Mepoii
WHTEHCUBHOCTH JBV)KCHUS MOJIEKYII SIBIISIETCA TEMIepaTypa.

TEIIVIOTA. @opma 6ecnopsadounozo (mennoeozo) oOeudcenus oO0pasylINUX Telo 4-1[ (MOJEKYII,
aTOMOB, 3J-HOB, ()OTOHOB W T. [I.); KOMUYECTB. Mepod T. CIYXKHT KOJIMYECTBO TEIJIOTHI, T. €. KOJ-BO JHEPTHH,
MOJy4YaeMOl WIIM OTAaBaeMOH CHCTEMOH IpH TemiooOMeHe (MPH HEU3MEHHBIX BHEMI. MapaMeTpax CHUCTEMBI:
o0BEMe | 1p.).

TEIIVIOTA ¢ TOYKM 3peHUs TEPMOAUHAMHUKUA — OTO JHEp2Us MOJEKYIAAPHO20 OBUICCHUA.
Qu3. Iuepzus, co3oasaemas 06ecnopadoOuUHbIM OeudceHuem uacmuy mena (aTOMOB, MONEKYI W T. 1.) U
MIPOSIBIISIONIASICS B €70 HArPEBAHU.

TEIIVIOTA — 2mo 3nepzus, nonyyeHHasi B pe3yibTaTe U3MEHEHUs TeMiiepaTypsl. Temnora nepegaercs
oT 0oJjiee Teruoro Tena kK oonee xonmogHomy. TemioTra — 3To TeMIieparypHasi COCTABIIAIONIAS TIePEIadll SHEPTHH
npu paboTe MAIIMHHBIX CHCTEM.

TEIIVIOTA kunemuueckasa uacms GHympeHHell IHepzZuu eeujecmea, onpenensieMas WHTCHCUBHBIM
Xa0THYECKHM JIBIOKEHHEM MOJIEKYJI U aTOMOB, M3 KOTOPBIX 3TO BemecTBo coctout.( ru.wikipedia.org).

TEIJIOTA, ¢us., ¢pusuueckas npuuuna, BuI3bIBAONIAS B HAC CBOCOOPA3HOE MEN1080€ OULYUICHUE, TA
JKe TPUYMHA, JEUCTBYS Ha TeJia, BBI3BIBACT YBEIMUYCHHE HMX OObeMa (pacIlMpeHHEe) WK TEePEeXOj] U3 OJHOTO
COCTOSIHUS B JIPyToe (M3 TBEPAOTO B KHUIKOE U razoodpasnoe). (uyuxionedus Konvepa).

Urak, Terora — 3T0 MO0 cnocod nepedauu nepzuu, MO0 KUHEMUUECKA YACHL GHYHIPEHHEN
Hepzuu eeuwgecmeaq, MO0 IHeEpeUA, CO30A6aAeMAss OECROPAOOUHBIM O6UNCCHUEM uacmuy mena, MO0
guszuueckas npuyuHa, BRI3BIBAIOIIAS B HAC CBOCOOPA3HOE Men1080¢ owyuieHue, oo IHepeus 1.1,

Hama 3anaua pazoOpathcsi, mpekae BCero, B 3TOM HECTPOWHOM MOTOKE MH(GOPMALUK U MTOHATH IPUYHHEI
«cmoxacmuyeckozo» Oeclopsfika B OINPEIENICHUAX IOHATHUS «TelloTa». Mcropudeckue NPUUYMHBI ONKCAHBI B
[MPMJIOXKEHUN.

2 UneanpHblii ra3

IMepen Tem, Kak MPUCTYMUTh K 0OCY)KJICHHUIO MOHATHS «TEIJI0», MBI JIOJDKHBI Pa300paThCsi ¢ MOJICKYJISIPHO-
KUHETHYECKOH TeOpHUel, ONMpAroIeiicsl Ha MOHATHE «UealbHbId ra3» [3], [4].

Hpeansublii ra3 5TO MaTeMaTWYecKas_ MOJEIb Ta3a, KOTopas JIeKHT B OCHOBE MOJEKYJSIPHO-
KuHeTH4YecKoi Teopun. CyIecTByeT HECKOJIbKO IKBHBAICHTHBIX (DOPMYJIHPOBOK HI€aIbHOTO Ta3a. M eanbHblil ra3
UMEET CJI/IyIOLIHE OCHOBHBIE CBOCTBA:

1 MoeKyITbI NIeaTbHOTO Ta3a eCTh MAmMepudIbHbvle MOUKU,

2 NOMEHUUAbHAA IHEPIUA 63AUMOOCIICIEUA MOIEKY]l CHOIb MAJIA TIO OTHOIICHUIO K MX KHHETHYECKOH
SHEPTHH, YTO €€ MOYKHO HE YUHTHIBATD;

3 e63aumooeiicmeue MONEKY1 CGOOUMCA K UX YRPY2UM COYOApeHUAM IPYr C JIPYroM U CO CTEHKaMH
COCYy/Ia, TJIe OHU HAaXOJISTCS;

4 BpeMsi COyIapeHHsI MHOTO MEHBIIIE 110 CPABHEHHUIO CO BPEMEHEM MEXIY COCCTHUMH CTOJKHOBEHHSMHM;

5 B3auMOJIeHiCTBUE C BHEUIHEH CpEeioi omcymcmeyemt,

6 YacTHIIBI JBIKYTCS XAOTUYECKH.
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[lomoGHOe ompeneneHre CBOWCTB HACAIBHOTO Tra3a sBIsETCS OOIICNPHU3HAHHBIM, XOTS B HEM HMEIOTCS
IPUHIMIIHAIBHBIE IPOTUBOPEUHs. PaccMoTpuM npumep.

Hpumep. [Tycte umeercst cocyn, pa3aeleHHbIH MEperopoJKod Ha JBE YacTH, Kak MokazaHo Ha Puc. 1
JleBas yacTh 1 3amonHeHa 4YacTHLIAMHM Tra3a, a B IPaBOi YacTH 2 4yacTUI] HET (BaKyyM).

Puc. 1

WneanbHelii a3 B cocyzie, Mbl MOXKEM PAacCMaTpUBaTh, KAK 3aMKHYTYIO KOHCEPBAaTUBHYIO cucTeMy. CTEHKH
cocyna Mbl OyJIeM CYHTATh TEINIOHEPOHUIIAEMBIMH, T.€. HE TIEpeIaloIIMMH TEIUIO OT BHEIIHEH cpellbl K YacTHIIAM.
Monekynbl B3aUMOICHCTBYIOT CO CTEHKAMH M MEXAYy COOOH, HCHBITBIBAs TOJBKO aOCOIIOTHO YIpyrue
COyZapeHus..

[Ipeamnonoxxum, 4To MBI yOpail MEpPEeropoiKy, U ra3 3arnojHuI Bech 00beM. B HOBOM 00beMe MOJEKYJIbI
NPOJIOJDKAIOT JIBMXKeHHE. B Hawasne mpouecca o0pasyroTcs KoiebaHHs ra3a, KOTOpbIE MOCTENEHHO 3aTyxaloT. B
MKT mnpennonaraercsi, 4To B KOHLE IpoLecca NODKHO HACTYIHMTh PAaBHOBECHOE COCTOSHHE C XaOTHYECKUM
JIBIDKEHHEM MOJICKYJL.

Mpl 3a1aMM @0nPOC. MOTYT I YacTHUIIBI B KaKOH-TO MOMEHT BPEMEHH BHOBb 8ce COOpaTbCsi B JICBOM
yactu (B 06beme 1)?

OTBeT ¢ TOYKM 3peHHsi MOJIEKYJIsApHO-KnHeTH4eckoii Teopun (MKT). 3T0oT BOnpoc HEOAHOKPATHO
oOcyxxnancs B JUTepaType, W CIELUANHUCThl NMPUILIM K OJHO3HAYHOMY BBIBOAY. BoO-NEpBBIX, BEpOSTHOCTH
NM0JOOHOTO COOBITHS MPAKTUUECKU paBHA HYNIO. BO-BTOPBIX, XOTS BEpOATHOCTH OJM3Ka K HYIIO, HO OHA, BCE-TaKH,
OTJMYHA OT HyJs. TEOpEeTHUECKH TAaKOE COCTOSHHE MOXKET OBbITh peann3oBaHO. CrenuanucThl yCTAaHOBHIIM, YTO
BpeMsl O)KHJaHUsI COOBITHS, KOTa BCE YaCTHIIBI coOepyTcst B oobeme 1, Oyner cTpeMuThes K OECKOHEYHOCTH, T.€.
NPaKTUIECKH 3TO COOBITHE HE JOCTHKMMO BO BPEMEHHU.

OTBeT ¢ TOYKH 3peHus Kjiaccuueckoii mexanuku [5]. ['a3 npu ynaneHHON MEPEropoaKe MpeICTaBiseT
€000l 3aMKHYTYIO KOHCEpBAaTHBHYIO cucTeMy. OTIMYMTEIbHBIMH MPU3HAKAMHU TaKOH CHCTEMBbI SIBISIOTCS (CM.
CBOMCTBa HUJCATBHOIO ra3a):

1 aGconroTHO ynpyrue coyiapeHust MeXI1y MOJIEKyJIaMHu,

2 OTCYTCTBHE DJHEPreTMYECKOro B3aUMOACUCTBHA C BHEUIHEH cpemoil, T.e. aOCOJIOTHO yHpyrue
CTOJIKHOBEHHSI CO CTEHKaMH COCY/1a.

B 3aMKHYTOH KOHCEpBATHBHOW CHUCTEME 6C€ 3aKOHbl COXPAHECHMSI KIACCUYECKONM MEXaHUKH CTPOTO
BBINONHSIOTCA. B Takoil cuctemMe He603m02cHO CyIIECTBOBAHUE XAOMUYECKO20 JBWXECHUS MOJEKyJ. [[BikeHue
YacTHIl CTPOTO JeTepMUHHpoBaHO. COrjacHO 3aKOHAM KIJIACCHYECKON MEXaHMKH B CHCTEME peallu3yloTCs
HOpMAaNbHBlE KOJe0anuAa, aMIUTUTYAHO-YAaCTOTHBIA CIIEKTP KOTOPBIX CTPOTO JETEPMUHHPOBAH HAYAIBHBIMU H
TpaHUYHBIMH YCIOBUSMH 33Ja4H.

B uacmnom cayuae, ecnv yactotel HOpMabHBIX Kosiebanuii fx (K = 1, 2, 3 .) ynosnerBopsitor ycinosuio: fi
= sfo (tne s — mroboe 1enoe uucio, fo — MUHUMaIbHAs YacTOTA, KOTOPO KpaTHBI BCE YaCTOTHI HOPMAaJbHBIX
KoJsiebaHuil), Toraa cucrema OyJeT NepuoOJMYECKH BO3BPAIIATHCS B HAYAIBHOE COCTOSHUE Yepe3 MePHo, paBHbIN 1’
=1/ fo . Yepes nepuossl 7 Bce MOJIEKYJIbI OYAyT MEPHOTMYESCKH BO3BpaIaThcs B 00bem 1.

O6cyiknenue. Y (U3NKOB Hem npubopos u npsamMbIX dKCHEPUMEHMANbHBIX Memo008, YTO0BI MIPOBEPUTH
SKCIIEPUMEHTANBHO 00a BapHaHTa U OTBETUTH HA BOIIPOCHI:

1 umeer U B pearbHOI paccMaTpUBaeMOl 3aMKHYTOW CHUCTEME AETEPMUHHPOBAHHOE ABIKCHHE YaCTHII
WM € OHO HOCHUT XaOTHUYECKUI XapakTep?

2 Kakasg 4YacTh YaCTHI[ MMEET JeTePMHUHUPOBAHHOE JIBIKCHHE, a Kakas 4YacTh HWMEET XaoTHYecKOe
JIBIOKEHHUE?

[TosTomy MBI Oyniem onmupartbest Ha TeopHro. Kiaccudeckass MexaHHKa JaeT CTPOTHHA W apryMEHTUPOBAHHBINA OTBET.
Paznuume pe3ynbTaToB B OOBSCHEHHH SIBICHUN OOBACHSIETCS HEKOPPEKTHBIM OIHMCAHWUEM CBOMCTB HIIEATBHOTO
rasa.

KoneuHo, Mbl anpuopu yTBEpKIaeM, umo 6ce MOAEKyAbl UOeanbHOo20 2a3a 0sudxcymcea xaomuuecku. Ho
9TO YTBEPIK/ICHUE BBITIISITUT, KaK «3aKAuHaHue haxupa» Wi neobocnosannas eunomesa. OHO onMpaeTcs Ha Bepy,
a Bepa €CThb OCHOBA PENHWIHH, HO HE Hayku. UTOOBI AaThb OCHOBAaHHE XAOTHYECKOMY JIBHKEHHIO, MBI JOJKHBI
onucamp MmexaHu3m, KOTODPbI NpeoOpa3zyeT HavyajJbHOE AECTCPMUHHMPOBAHHOE IBIKEHHE YACTUL 3aMKHYTOU
CUCTEMBI B XaOTHYECKOE ABIKEHUE. MeXaHH3M, B CBOIO OUYepEb, MO3BOJIUT MTPABUIBHO OMUCAThH MPOLECC U BPEMS
Iepexosia OT Ha4aJbHOTO COCTOSHUS JIBH)KEHUS K CTAlIHOHAPHOMY COCTOSIHHUIO.

MexaHnu3M nepexofa K Xaocy IOJDKEH ONUPaThCi HA OmKaz om ynpyzux coyoapeHuii. Mbl ITOJKHBI
CUMTATh COyIapeHUs yacTHll (B3aUMOACUCTBHS YacTHIl NIPU yaape) Heynpyrumu. 1Ipu Takux coyaapeHusx 4acTb
KUHETUYECKOI SHEpI U NPEBPAILACTCs B SHEPIHIO TEIJIOBBIX BOJIH (M3JIy4aeTcs).



Ecnu MBI OCTaHOBHMCS Ha 3TOM YCJIOBUH, TO YaCTHILI OyIyT CTPEMHUTHCS K Xa0THYECKOMY JIBIXKeHHI0. Ho
MOCTENEHHO OHO TIOTEPSAIOT CKOPOCTh M KMHETHYECKYIO dHepruio. JIBmkenne octaHoButcs. [loaTomy HeoOXommm
BTOPOM MEXaHWU3M, KOTOPBIH OBl TOMOJNHSJA JHEPTHI0 CUCTEMBl. TakUM MEXaHH3MOM MOXKET CIYXHUTh
B3aMMO/ICHCTBUE YAaCTHUI] C OKPY’KAIOLIEH cpesoH, 1, B YaCTHOCTH, Nepeiada SHEPTUU OT OKpYy Karollel Cpeasl U OT
CTEHOK COCY/Ia YacTHIIaM ra3a.

Urak, Teopust «uaeampbHOrO ra3a» IMPOTHBOPEYHT OCHOBAM KIIACCHYECKOW MEXaHWKH. YYeHBIE TOTO
BpeMEHH OBLTH XOPOIIIO 3HAKOMBEI C OCHOBaMH KJIACCUYECKOW MEXaHHMKH. BO-TIepBBIX, YUEHBIX MPHUBIICKIA HOBAS
uzesl UCIOIh30BaTh XaoC (KaK OCHOBY ISl OOBSICHEHHWS JEeTEPMUHHPOBAHHBIX SIBICHUH). Mes cToXacTHYeCKOro
JBIKCHHS Ka3ajlach UM CTOIIb OYEBHIHOM, UTO HE TpeOoBasia MOATBEPKIEHUS. BO-BTOPHIX, M3-32 «OYEBUIHOCTH»
ujesl IPUBJICYD I aHATU3a KIACCUYECKYI0 MEXaHUKY HE MPUXOIUIA UM B TOJIOBY!

3 Kanonnueckoe pacnpenenenne 'mooca [6]

C MaTeMaTHYeCKOW TOUYKM 3peHHs Jl0Ka3aTeldbcTBO [MOOca KakeTcss KOppeKTHbIM. ['mbOc mor
UCIIOJIb30BaTh B MaTEMAaTHUECKOM JTOKA3aTeIbCTBE KOOPAUHATHOE MMPOCTPAHCTBO MK (Pa30BOE MPOCTPAHCTBO. ITO
HE UMeeT NMPUHINAITNAIBHOTO 3HAYEHHs, TOCKOJIBKY COCTOSTHHIE CPE/Ibl M pAaCCMAaTPHBAEMON 3aMKHYTONH CUCTEMBI HE
3aBUCHT OT cmocoOa ommcaHus. OmHAKo CymiecTByeT mpoOjemMa NPUMEHHMOCTH pacnupezneneHus [ ub0ca,
MOCKOJIBKY HE BCSKas CHCTEMa OTBEYaeT YCIOBHSM JIOKa3aTelIbCTBA KaHOHMYECKOro pacmpeneneHus [ubbca.
[IpuBeneHHBI BhIIE MpPUMEp TOKa3bIBaeT 3T0. Kak clencTBHe, pacIlpelnelieHne MOJEKYJl IO CKOPOCTSM,
BbIBe/ICHHOe MaKCBEJIOM, TaKXKe He SBISAETCS KOPPEKTHBIM!

B mobom cnmywae, ecnmd MBI XOTHM TPUMEHUTh KaHOHHYECKOE pacmpenaeneHue [nbO0ca kK omrcaHuro
SIBIICHUM MOJICKYJIAPHOI'O ABMXCHUA B TCPMOJUHAMUKE, TO MBI CTOJIKHEMCA C TPYAHOCTSAMHU, O KOTOPBIX MBI YK€
YHIOMHUHAJIH.

1 T'mb0c paccmarTpuBaeT 3aMKHYTYIO CHCTEMY M BXOHSIIME B HEE IOJCHCTEMBI, IMOMEIICHHBIC B
OKPYXXaWIyI0 cpeny. Bzaumooeiicmeuem noocucmem medxncoy coboii oH npenedpezaem. Takum o0pasom,
UCTIONB3Ys pacmpeneneHne ['nobca mis MONeKys, Y4eHble COBEpIIAloT OmuOKy. OHM TPUMEHSIOT K 3AMKHYMOl
KOHCepsamueHoil CUCTEME YaCTHII ATO TIpeoOpa3oBaHre, HTHOPUPYS TOJO0KEHHS KIIACCHIECKON MEXaHHKH.

2 T'mbO0Oc mnpenmonaraeT, 4YTO B3aMMOJCHCTBHEM 3aMKHYTOW CHCTEMBI C OKpYXKalolled cpemoi
(oHepreTryeckuil OanaHc) Takke MOXKHO TpeHeOpedb. B 3ToM ciiyyae MBI MOKEM CUMTATh 3aMKHYTYIO CUCTEMY H
OKPY)KAIOIIyI0 Cpeqy HE3aBHCHUMBIMH (WM Kak OBl HE3aBHCHMBIMH) ApPYT OT Jpyra. JTO TakXke NpPHU3HAK
KOHCepeamueHou cucmemsl, K KOTOpoit pacnpeneicaue 'nb0ca He MPUMEHUMO.

3 I'nb0c paccmarpuBaeT (pakTHUECCKU MaAmeMaAmMuiecKyio MOJIeNb, KOTOpasi UCKIII0YAaeT U3 PacCMOTPEHHS
NPUYUHHBLIE MEXAHU3M XaOTHYECKOTO JBMKEHHs. Takoi MEXaHW3M UM HETJIaCHO mperosaraercst (Mo CymecTBy
MOCTYJIUPYETCS).

O6 sTux ommOKax Mbl yxe ToBopwian. OTCYTCTBHE MEXaHW3Ma, MPEBPalIaloero JIeTePMHUHUPOBAHHYIO
CHUCTEMY B CTOXaCTHYECKYIO CHCTEMY, €CTh HEJIOCTaTOK J0Ka3aTenbCTBa [ mOOca. DTOT HEIOCTATOK He omeepzaem
pacnpenenenue ['mb0Oca, HO OrpaHMYMBAET NPENENBI €ro MPUMEHUMOCTH. MBI HE MOXKEM HCIIONIb30BaTh
KaHOHWYECKOe pacrpeneneHue ['nd0ca 011 3aMKHymbIX KOHCEPBAMUGHBIX CUCHIEM, OTUCHIBAIOIINX JIBU)KEHUE
MoJieKys1. MBI He MOKeM, CIIeJOBaTeNbHO, HCIOIb30BaTh ATO pacIpeieieHUe ISl «UICATBHOTO Ta3a.

Te xe KpUTHYECKHE 3aMeYaHUs] MBI MOXXEM TPEABSIBUTH K BBIBOAY MaKCBEIUIOM 3aKOHA PacIpe/eIeHus
YacTUIl MO0 CKOpPOCTSIM. MakcBell He OOpaTWil BHUMAHHUS HA HEBO3MONCHOCHMb HpUMEHeHUsA PaCTpe/IeIeHus
FI/I66C3 K 3aMKHYTBIM KOHCCPBATUBHBIM CUCTEMaM MCXaHUKH.

4 O0OMeH Ter10BOM JHepruen

I[TepBblit 3aKOH TEPMOIUHAMUKH TiacuT [3]:

Q=AU +A;

KOJINYECTBO Teruia Q, mepejaHHoe CHCTEME, PaBHO CyMMe M3MEHEHMsl BHyTpeHHeH sHeprun AU u MexaHH4YecKoi
pabote A, mpousBeneHHON cucteMol. CorjacHO pacCMOTPEHHOW paHee MOJEIU HACAILHOIO ra3a BHYTPEHHSS
SHEPTHUs MOJIEKYJ IPEACTABISAET COO0I CymMmy KuHemuueckux IHepzuil 6cex MoaeKyl CUCHIeMbl.

B cratucruyeckoii ¢puzuke BO BHYTPEHHIOI 3Hepruto cucteMbl AU BKiltoyaeTcsi, Kak IpaBHiIo, TOJbKO
SHEPTHUsl Pa3HBIX BUIOB MEXAHUUECKOZ0 08UMNCEHUA BXOISAIINX B CHCTEMY YacTHIl. DTO SHEPTUS MEXaHUYECKOTO
JIBIDKCHUSI aTOMOB M MOJIEKYJT (TIOCTymaTenbHOE, BpaliaTeabHoe, KosiebaTeapHoe 1 jp.). [IoTeHIanbHON SHepruei
B3aumozeiicteus B MKT npeHeOperaeTcs.

Knaccnyeckasi TepMOIHHAMHUKA BOIIPOC O MPUPOJE BHYTPEHHEH dHeprun He paccmatpuBaer [3]. Ona
HE JOCTAIM3UPYET IMPOUECCHI, MNMPOUCXOAAIIME BHYTPU CUCTEMBI Ha MHUKPOYPOBHE U BHYTPUMOJICKYJIAPHBIC
SHEPreTHYECKUe TPEeBpalleHus], KOTOphle MMEIOT MOJYac BeChbMa CIOXKHBIM XapakTep. MBI yke BBIACHWIH, YTO
Xa0THYECKOE JIBW)KEHHE HEBO3MOJKHO TPH OTCYTCTBHM B3aMMOACHCTBHA MOJEKynl U cpenabl. [loaTtomy BO
BHYTPEHHIOIO JHEPrUI0 [OJDKHA BXOAWTH IIOTEHIMAJbHAs HHEPrusl B3aUMOJAEHCTBHSA 4YacTHLl U cpeapl. B
IPOTHUBHOM CJIy4ae Mbl CTOJIKHEMCSI C Pe3yJIbTaTaMy, IPOTUBOPEUAIUMU 3/IpaBoMy cMblciTy. PaccmoTpum npumep.



Hpumep 1. Chenaiire nerkuii B3mMax JaJ0HBIO y Tuld. Bo3ayx HauMHaeT ABIKEHUE U CO3AaeT HEOOIbLIOEe
JABJICHWE Ha KOXY JMLa. BBl modyBCcTByeTe 3TO IBIWKEHHE Bo3ayxa. KakoBa HamMeHbIIas CKOPOCTH JBIDKEHUS
BO3/yXa (JaJ0HN), KOTOPYIO YEJIOBEK MOXKET MOUyBCTBOBaTh? OHA COCTABISET MIJUIUMETPHI 32 CEKYHILY.

CornacHo MKT cpeaHsisi CKOPOCTb 4acTHIl BO3AyXa MPH HOPMAIBHBIX yciaoBUsAX mopsaka 450 meTpoB 3a
cekyHay. CKOpoCTh 3ByKa MeHbIle 3Toi BennumHbl. OHa paBHa Bcero 330 merpoB 3a cekyHmy! Ckopocth 450
METPOB 3a CEKyH/y 3TO CKOpPOCTh apTHiuiepHiickoro cHapsana! Heyxxenn ¢ Takoit CKOpPOCTBIO MOJEKYJIBI BO3OyXa
OblOT YenmoBeka 1o Jmity? Bel 310 He 3ameuaete? Ilpasuavno. 3neck npunumMatrh pesynbratel MKT Ha Bepy
Henb3s. Jlemo He B MaTeMaTHYeCcKOM armapare, a B TOi OIMO0YHON MOJeH, KOoTopas moyiokeHa B ocHoBy MKT.
3aMeTnM, 4TO y CBEPX3BYKOBOTO MCTPEOMTENS MPU TAKOM CKOPOCTH TpeeTcst mepenHss KpoMka kpeuta. [lo sToit
MIPUYUHE NEPETHIOI0 KPOMKY M3TrOTABIMBAIOT U3 TYTOIUIABKOI'O TUTAHA.

Ipumep 2. B MKT urnopupyercsl moTeHIMAalIbHAS SHEPIHS B3aUMOACHCTBHA MEXAy Moisiekynamu. [lo
aroit mprmunae MKT B paMkax TepMOIMHAMUKH HE MOXKET OOBSICHUTH CYIIECTBOBaHHE 0071akoB. O0IaKka, COTIacHO
pacmpeneneHuo MakcBesia 4acTHIl IO CKOPOCTSIM, JAOJDKHBI ObUTH OBICTPO «paccocaThCs» M3-32 XaOTHYECKOTO
newkeHnst MoJekyln. MKT He MoxkeT oOBSICHHTH, ToueMy map (WM TEIUIbIH BO3IyX) MOJHUMAETCS BBEPX MU
oOpa3yer obnaka u T.1. [IpuunHa sToro sicHa. [loTeHnanbHas sHepTUa B3aNMOACHCTBUS UTPAET BAXKHYIO POJIb.

B TepMomnHaMuKke OMUCHIBAIOTCS JBa BUAA Tepemadd Terura. Bo-TepBhIX, KOHTaKTHas Iepenada oOT
TEIUIOTO TeNa K XOJOAHOMY. DTO MOYKET OCYIIECTBIATHCS MPU HEMOCPEICTBEHHOM KOHTAKTE ABYX Tell, a TaKxkKe
MIpU HAJIMYWU «TI0CpeaHuKay. HampumMep, nepeHoc Tema ¢ MOMOIIBI0 MOJIEKYJ HarpeToro Bo3ayxa WU JKUJIKOCTH
OT OJHOTO Tena K APYyromMy (KOHBEKTHBHBIA IIEPEHOC JHEPTHUH). BO-BTOPBHIX, 3TO MOXKET OCYIIECTBIATHCS
Onmaronmaps M3NydYeHHIO Temya. B mo0oM ciydae mepenactcs mennoeas IHepus, KOTopas HIACT Ha W3MEHEHHUE
BHYTpeHHeH 3Hepruu. YacTh ee mpeBpaliaeTcsl B KUHETHYECKYIO0 SHEPrui0 YacTHIbl, a Jpyras 4acTh 3aracaeTcs
MOJIEKYJION B (popMe MOTeHNHaNbHON 3Hepruu. IMeHHO npobrema yyema nomeHyuaibHOU 5Hepeuu HE SICHA B
HACTOSAIIEe BpeMsi, a TOTOMY OHA UTHOPUPYETCS B TEILUIO(DHU3HKE.

Cratuctuueckas ¢usuka (MKT) 310 Hezasucumas MareMaTHUECKas meopus, KOMOpyio RpUcnocoouu
ona mepmoounamuku. VIHTEpec K HE B TOM, YTO OHA UMeenm pA36UMBbLI MAmMeMAamuiecKuil annapam, 9To
oueHb yI00HO. Ciyuaiinble COBRAOCHUA MEOPUN C OMOCIbHBIMU IKCHEPUMEHMATbHBIMU (haKmamu VI BHETITHEE
CXOJICTBO OIMCAHUs BCETJa MCTOJIKOBBIBACTCS Kak noomeepcoenue MKT! Cepbe3Horo (pu3nyeckoro aHaiora B
MIPUPOJIE OHA HE UMEET.

Wrak, BHYTpeHHSISI SHeprusi cBOOOMHOW Moyekynbl U MoMmKHA CKIAABIBATHCS WX JBYX YacTei: a) u3
NOTEHIMAIBEHOW SHEPTHH 3aracaeMoil BHYTPH MOJIEKYITBI £, 11 0) U3 KHHETUYECKOW SHEPTUH CaMO MOJIEKYIIbI Ek.

AU =E,+ Ex. (4.0)

Orto oueBuaHbIH (akT. Ho 3amacaTh NOTEHIHMANBHYIO JHEPTHIO, 3allaCeHHYIO MOJIEKYJIOH (aromMom)
y4eHble, KaK MBI BUAENW, He yMeoT W He MoryT. OHM He HalUIM MOJENb «MEXaHHW3Ma IPEBPAICHHID
3JIEKTPOMATrHUTHOM, KHHETUYECKOW M IPYTUX BUAOB SHEPTHH B 3aIIACEHHYI0 MOJIEKYJION OTEHIUAIBHYI0 SHEPIUI0
1, COOTBETCTBEHHO, MEXaHU3M H3IIYYCHUS dTON SHEPTUH.

Msl mpearmonaraeM, 49TO IPAKTHYECKHA BCS TOTIIONIAeMasl TEIUIOBas DHEPTUsS CTAHOBHUTCS 3allaceHHOW
HOMEHUUANbHOU IHepeuell, 2 He KUHEeMUUecKol IHepuell MOJICKYJ. DTO TepBble HOBBIC IIard K HOBOMY
HWCTOJIKOBAHUIO SIBJICHUI TEPMOJNHAMUKU. C10KHOCTD B TOM, 4YTO IIOKAa A0 KOHIIA HE ACCH MCXaHU3M IIOTJIOIICHUA
TETUTOBOY SHEPTHH U U3IYUYSHHS €€ 00paTHO B MIPOCTPAHCTBO. BO3MOXKHBIN MeXaHU3M MBI 00CYTUM TIO3KE.

Ipumep 3. Mbl paccMOTpUM B KadecTBe NpuUMepa MOTIIOMCHHE MOJIEKYJIOW TEIIOBOH dHepruu. Ml
YOPOCTHM 3ajady, HCIONb3Yys 2Jépucmuyeckuii nooxeod. IlycTb Mollekyna W «IakeT» TeIyIOBOM 3HEepruu
CTAJIKMBAIOTCSI, ¥ MOJIEKYJia IOTJIONIAeT ATOT TEIIOBOM «IaKeT», YBEIHUWBas CBO Maccy. «llaker» TeruioBoii

SHEPTUM — OTO CTYCTOK DJHEPruu, MOMOOHBIA KBaHTY /1, HO HMMEIOIIUNA CBOM CBoicTBa. Paccmorpum
B3aUMOJICUCTBHE B CHUCTEME IIEHTpa Macc, T.e. B CHCTeMe, IJe MOJIeKyja IOcie B3auMOJEUCTBUS MOKOUTCS.
AHaJIOrMYHBINA YBPUCTUYESCKHUNA MOIX0 UCITOIb30BaN A. DUHIITEIH pH 00bsicHeHnH GoToddhdeKTa.

3akoH coxpaHeHusi uMmmyJjabca. [lycTh Macca MoOJeKynbl paBHat, a CKOpocTh V. K Monekyne

IPHUOJIMKAETCS CO CKOPOCMbIO C6ema TETLIOBOM «IIAKET», MEIONIHMii SHepruto E u ummyise P = ¢-E /c2. CkopocTs
MOJIEKYJIBI B CHCTEME IIEHTPa MacC Hoc/le B3aNMOACHCTBUS paBHA HYJIIO.

cE/C?+mv=0 (4.2)

ITockonbKy BEKTOpBI CKOPOCTEH pacHoJIOKEHbBl Ha OJHOM IPSIMOH, CKOpPOCTb MOJIEKYJBl J10
B3aMMOJICHCTBUS PaBHA:

v=-c-(E/mc? 4.3)

«Ilaker» u Macca npumsazusaromea Ipyr K Apyry MoJ00HO Pa3HOMMEHHBIM 3apsiiaM. OTO yOUGUMeab bl
pesynbrar! [Tocie B3anmoaeiicTBust Mosiekya octanaBiuBaercs (V = 0).

3aKoH coxpaHeHHsl dHepruu. Jlo B3auMoeicTBUS SHEeprus MoJIeKyisl paBHa Mc? (1 + v4/2¢?) . Dueprus
«maketa» ecTb E. [Tocne B3auMoaelcTBHA MOJIEKYJIa MOTJIOTHIIA «ITAKEeT», OCTAHOBWIIACH U TIOIYYMiIa JOOABOUYHYIO
Mmaccy, T.e. crana m*.

E + mc? (1 +v#2c¢?) = m* ¢? (4.9)



U3 (4.4) cnenyer, uto m* = m +E/c2 + m v?/2¢? u

Ep = E + mv3/2 (4.5)

Bripakenue (4.5) ecTh ToKe YIUBUTENBHBIA PE3YJBTAT: MOCIE MOTIOIMECHHS TSIUIOBOTO IAKETa» «Maccay
MOJICKYJIBI YBEIMYWIACH HE TOJHKO Ha BEJIMYUHY, MPOIOPLIUOHATBHYIO DHEPIHU «IMakeTa» E , HO u BenmuuuHy,
IPONOPIUOHATBHYIO «IOTEPIHHONW» KHHETHIECKOM 3HEprun Mv2/2 |

Bepuemcs x Bompocam, obcyxmaBmmmcs B mpumepax B ['m4. B MKT cumraercs, dro cpemne -
KBaJpaTHUYHasi BENMYMHA KHHETUYECKOW HHEpPruu Mosekynbl paBHa Ex = 3kT/2 . Ecmu Ob1 3Ta sHeprus
«TIOTTIOTHIIACH» MOJIEKYJIOW M TIPEBpaTHiIach B 3allACEHHYIO MOTEHIIMAIBHYIO SHEPTHI0, TO CKOPOCTH MOJIEKYIIBI
U3MEHWIach Obl Ha BEIMUYHMHY, onpeaensemMyio Gopmysoit (4.3). PacueTsl MOKa3bIBalOT, YTO MPHU HOPMAIbHBIX
YCIOBHSX 3Ta CKOPOCTh PAaBHSAIACH TpUMepHO V = 6-10 MeTpoB 3a cekyny.

Konewno, pacueTHple 3HaU€HUS MBI JIOJDKHBI PAacCMAaTPUBATh KaK OPHEHTHPOBOYHBIC, TOKa3bIBAIOIIHE
MOPSAZOK BEIUYMH. 37€Ch HANpAINIMBACTCS WJACS UCIOJIh30BATh MEXAHUYCCKUE W 3JIEKTPOMATHUTHBIC KOJICOAHHS
COOTBETCTBYIOIIUX YaCTOT /Tl JOPMHPOBAHUS U BHIPAIIUBAHUS, HATPUMED, MOHOKpUCTAIIOB (M. Kopresa).

HUmak, nepsoe @ynoamenmanvnoe zaxntouenue: MKT necocmoamensnas meopus u e cnocoona
00bACHUmMb 0OTLUIUHCINEO AGTEHUTL MEPMOOUHAMUKU.

5 DkcnepuMenT JleMuHa
MoskeM JIn MBI pacCMaTpUBaTh TEIUIOBOM «IMaKeT» KaK KBaHT JIEKTPOMArHUTHOM BosHBI? J]a — 3T0 00mIee
MHeHue B (usuke. OIHAKO Takoe YTBEpXkKACHHE NPEeXIeBpPEeMEHHO. HHKaKMX MpsIMBIX 3KCIIEPUMEHTATBHBIX
HOATBEPKICHUI TOMY MBI HE HaIILIH.
B 1989 r. mpod. E. W. JlemuH mpoBen yIUBHUTEIbHBIA dKcrepuMeHT [7]. Cxema 3KCIIEpUMEHTa,
n300pakeHHas Ha Puc. 2, cocTapieHa 1Mo CJIOBECHOMY ONUcaHHo B [8].
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Puc. 2 O6o3nauenus: 1- BonbgpamoBas laMmIa HaKaJIUBaHUs, 2 — METAIMYECKUN 3KpaH, 3 — 100aBOYHBIN
TEIUIOBOM JKpaH, 4 — KpyTHIIbHBIE BECHI, 5 — Macca.

[Ipod. [demuH ucrons3oBan OOBIYHYIO BOJB(PAMOBYIO JIAMIIOYKY HAKaJUBaHWS U KPYTHUIbHBIE BECHI C
MaccaMd M. Mex1y JIaMIIO4Koi B OJTHOW M3 Macc OH MocTaBwil 3kpaH. K ero GosblioMy yIUBIIEHHIO, KOTJa OH
BKIIIOUMJ JIaMITy, Macca M Hayana JBWkeHHe K dkpaHy. [Ipod. Jemun 3Han, yro motok [loiiHTHHra naBUT Ha
npeaMeTsl (9kcniepuMmentsl JleOeneBa mo oOHapykeHHIO JaBieHHs cBeTa). OmHako 3aech JeMuH momydmn
oOpatnsbIil 3¢dexr. Torma JemuH mocTaBuia MeXAy KPYTWIHHBIMH BECAMH W JIAMIION SKpaH M3 aFOMHHHUEBOU
(onpru. Macca BHOBb IPUTSTHBANIACH K Jamiie!

JleMyuH mpoBen MHOTo 3KcrnepuMeHTOB. OH HMCHOJB30Bal pa3iuyHble 100aBOYHBIE 3KpaHbI: KapTOHHAS
TUTACTHHA, TOJICTBIN TEIION3OJISIMOHHBIN MaTepual, cTaBui 3epkaio. Oanako 3¢dekt He ncuesan. [Ipod. demun
UCIIOJIb30BAJl CHHIOIO JIAMITOYKY, CTaBWJI Ha IyTH CBeTa pa3linuHbie cBeTodmibTphbl. OnmHako 3ddext coxpansuics!
Bonee toro, on poc BMecTe ¢ BEMMUUHON M.

OkcnepuMeHnTsl npod. JlemMuHa NOEeMOHCTPHpPOBINCH Ha 3acefaHusX Kadeap QHU3UKH HEKOTOPBIX
YHUBEPCHUTETOB, Ha CEKIMM HCIbITaTenei mpupoabl npu MI'Y. Opnako, kak mwmiier aBtop [8], yuensie «ue
cnewunu 0asams 00bACHEHUE IMOMY SGNEHUION.

BrIBOADI:

1 M&u1 npemonaraeM, 9To U3IIyYeHHe, 00HAPYKEHHOE B DKCIIEPUMEHTE, €CTh IIOTOK TETUIOBOTO U3TyUCHHUS.

2 TlonepeuHple >IEKTPOMArHUTHBIE BOJIHBI OTPa)KaluCh (OIbrod B oOpaTHOM HarpaBiieHuH. [loatomy,
€CJIM TEIUIOBON IMMOTOK — 3TO BOJIHBI, TO OHU JIOJDKHBI UMETh NPOOOAbHbII Xapakmep. ITO HEe IEKTPOMATHUTHEIC
BOJIHEL.

3 DxkcnepumeHT mpod. JleMuHa KadyeCcTBEHHO MOJTBEPXkIAACT MOJICNb MOTJIONICHUS TEIUIOBOIO TOTOKA
MOJIEKYJIaMHU BelIeCTBa (MPUTSHKEHUE ), KaK 3TO OMKMCAHO B MPEIbITYIIEH YacTH.



4 DneKTpOMarHUTHBIC BOJHBI PACIPOCTPAHSIOTCS B TUAJICKTPHKaX. PaccMOTpUM BOJIHOBO/I, 3aITOJIHEHHBIN
JTUDJICKTPUKOM . ECITU JHMANEKTpHK MMEET TOTepH, TO OH Hazpegaemcsi. JDHEPTHs SICKTPOMATHUTHBIX BOIH
npeobpazyemcsa B TEIUIOBYI0 OJHepruro. [lpum 3TOM 3JeKTpoMarHuTHas BOJHA C 3aTyXaHHEM OyJeT
pacnpocTpaHsAThCS B BOJHOBOJE, a TEIUIO OT JUAJIEKTPHKA HArpeeT CTEHKH BOJIHOBOJAa W Oyaer jaiee
nepeIaBaThCs B OKPYXKAIOIIYIO cpery. HacToTa 3JeKTPOMATHUTHBIX KOJeOaHWH He BIUSET Ha mporecc. Terno
YXOJUT BO BHEIIHIOK CPey MPH JF0O0H 4aCcTOTE BOJH, €CJIU €CTh MOTEPH.

5 H3BecTHO, YTO CyIIeCTBYeT HMH(ppakpacHoe wuznydenue, orkpeitoe I'epmienem (1800 r), koTopoe B
(busMKe paccMaTpHUBAIOT Kak meniosoe uziyuenue. CymectByeT Gopmyna [Inanka mis paguanioHHOTO U3ITyYCHHUS
HarpeThlx Teln W T.0. OJHAKO 3TU SIBICHHS CBA3aHbl C BO3HUKHOBEHHUEM W PACIPOCTPAHCHUEM HOHEPEUHbIX
INEKMPOMAZHUMHBIX 6071H. TEIIOBON «IMakeT» JOJKEH HMMETh MPOAOIBHYIO CTPYKTYpYy. OTO Opyzol Buj
SHEPTUU.

6 Her HUKakuX SKCIEPUMCHTAILHBIX CBEJICHHN O HAONIOJICHUH SIBJICHUS WHTEP(EPCHIUH TETUIOBBIX
MOTOKOB, YTO CBUCTEILCTBOBAIO Obl 00 WX BOJHOBOM Xxapaktepe. [[OTOKM TeIioBOW SHEPrHUH OMKCHIBAKOTCS
YPaBHEHUEM TEILIONPOBOJIHOCTH, KOTOPOE HE SBIISETCSI BOJHOBBIM (TTApa0O0IMYSCKUN THIT yPAaBHEHUS ).

7 CBoiicTBa TEIUIOBOTO OTOKA TAKOBBI, YTO MBI MOKEM pacCMAaTPUBATh TETIO KaK 0COOBIN B SHEPTHH.

Byner wucropuuecku crpaBeIUTHBBIM BEPHYTH MPOJOJIBHBIM TEIUIOBBIM TMOTOKAM JHEPTUM UX CTapoe
Ha3BaHUE «(JIOTUCTOH». ClieyeT MOBTOPHUTh, YTO TEIUIOBasi 3Heprus («(IorucToH») 3T0 0COOBIN BUI 3HEPTUU.
DHeprus nojei WHEePIUATBHBIX 3apsAA0B, SHEPrUs 3JICKTPOMArHUTHOW BOJIHBI, SHEPTHUS TPAaBUTAIIMOHHOIO TOJS U
T.JI. 3TO Pa3HbIC BUBI SHEPTUH, OTIUYHBIC OT TETIOBOM SHEPTHU.

Hmak, emopoe ynoamenmanvHuoe 3axiioueHue: 3I1eKMPOMAZHUMHbBIE 60JIHbI U HOMOKU Mmenia
UMeIOm paziuiHyo nPUpooy.

6 O0cyxkaeHue

Temmnepatypa. OueBHIHO, YTO OIpEICICHUE TEMIEPaTypbl MO H3MEPEHUIO KUHEMUYecKOi IHepzuu
yacmuy, BOOOIIE TOBOPSA, HE SIBISETCS MPAGUIbHBIM U YHUEepcaibHbiMm. Hampumep, KWHETHUECKas dHEPTUs
KoJIeOaHW MOJIEKYNl B TBEPJOM Telle W IBWKEeHHA Moiekyd raza B MKT MoryT oTnn4atbcs B THICSYHM pa3 MpH
OJIMHAKOBOM TeMIIepaType OKpyxKaroliei cpeapl. Heod0xonmumo HOBoe ornpeeNieHre OHITHS «TeMIIepaTypay.

Mgl nipesiiaraeM clieAyrolee omnpeeeHue.

Omnpenenienue. A6coromuas memnepamypa meia RPONOPUHOHATIbHA HIIOMHOCIU NOMOKA MENnN060ll
IHepeUU, OMOasaeMol menom 8 C80OO0OHOe NPOCMPAHCIGBO, NPU YCI0BUU, YMO OKPYHCAIOWAs cpeoa He
co30aem NOMoOK08 IHepeUU U MOIbKO HO2AOUWAem U3TyYeHHYI0 dHepeuto. OmHocumenvbHas memnepamypa 08yx
mejl RPONOPUUOHAILHA PA3ZHOCHU NIOMHOCIEN HOMOKO08 08YX Mel U3NYYAeMbIX 8 CB0D0OHOe NPOCMPAHCMEO,
0151 KOMOPBIX UYEMCsi OMHOCUMENbHAS MeMnepamypa.

T=aS (6.1)
rae: T - Temneparypa B rpaaycax Kenpuna (K°), S - IUIOTHOCTh MOTOKa TEIUIOBOW DHEPIHH, @ - Pa3MEPHbIi
KOA(UIHEHT.

Omnpenenenue yHUBEpCAlbHO W HE 3aBUCHT OT arperaTHoro CocCTOsHUs BemiectBa. OmnpeneneHue
HETOCPE/ICTBEHHO TMPUMEHUMO K TBepAbiM TenaM. OHO TPUMEHHMO K IKHJIKOCTSAM, JaKe HaXOJAIIUMCS B
cocTosiHNH KurieHusl. UTo KacaeTcst ra3oB, 3/1eCh CIEAyeT cleNaTh 3ameuanue. HoBoe ompenenenne reMeparypol
NPUMEHUMO K Ta3aM, €ClId OHM HaXOJAATCS B 3aMKHYTOM oOBbeMe. 3/1eCh COBEPIICHHO HE Ba)KHO: MEHSETCSl 00beM
win (pukcupoBaH. BaxkHo, 4TOOBI COCTOSIHHE r'a30B B 3TOM 00beMe ObLIO OJM3KO K CTAllHOHAPHOMY, T.€. YTOOBI
TeMIiepaTypa BHYyTpH 00bemMa Obliia 0JHOPOTHOM.

Atmocdepa 3eMiIH MOYTH O0JIaAaeT TaKMMHU IMpHU3HAKaMH (J0KajdbHO). CHIIBl TpaBUTALUH NPHKAMAIOT
MOJIEKYJIBI K 3eMJIe, CO3/1aBast JaBJICHHUE, 3aBHUCSIIIEE OT BHICOTHI.

CranmapTHoe U3MEpEHHE TeMIIEpPaTypbl MEAUIMHCKAM PTYTHBIM TEPMOMETPOM OTBEYAET MPHUBEIACHHOMY
BHIIIE OmpeAeneHno. KoHeuHo, HOBOE ompeliesieHNe MOHATHS «TeMIIepaTypa» B HEKOTOPBIX Clydasx morpedyer
pa3pabOTKM HOBBIX METOJIOB M TPUOOPOB Ui HM3MEPEHHUs TeMmIeparypbl. l3MepeHue TemIepatypbl 10
(doTtomeTpHUeckoil (IPKOCTHOM) XapakTepUCTUKE HW3NIydeHHs MmoTpedyeT yrouHeHus. Kak Bcerja npaBHIIbHOE
pelleHre CcTapelx NpoOjieM TIeHepupyeT HOBbIE 3afgauyd U mpoOnemsl. [loHATme «Temmeparypa» YCIOBHO
MPUMEHUMO U K OTAeNbHOMY aroMy. OHa XapaKTepu3yeT 3amac MOTEHIIMAIbHOW IHEPTrHH, MONYYeHHOW 3a CUeT
TIOTJIOIICHHST TeTIA.

Bbananc osHeprusi. [lepBblif 3aKOH TEPMOAWHAMHKM — 3TO 3aKOH COXPAHEHUS DSHEPrud AJs
TEpMOJIMHAMUYECKO cucteMbl. OH (QOpMYyJIUpyeTcsl CIEAYIOIMUM 00pa3oM: Koauuecmeo meniomul AQ,
noYyYeHHoe CUcCmeMoll, uoem Ha usmeneHue ee eHympennell dsuepeuu AU u cogepuiernue mexanuveckou pabomoi AA
HAO 8HEWHUMU METAMU.

AQ =AU + AA (6.2)

Hac Oynyt unTepecoBats mpobiieMa U3MEHEHHS BHYTPEHHEH SHEPTUU MOJEKYJ IpHU IOTJIOUICHUH TEIOM
OTIPEICIIEHHOTO KOIHYecTBa TeroThl AQ.




U = AE« + AE, (6.3)

Omnucanue MexaHu3Ma U3MEHEHUS Kunemuueckou sHepeuu AEx Tpy MOTIIONICHUH U U3TyYEHHUH TETUIOBOI
9HEPruM OYEBHIHO M HE BBI3BIBACT TPYAHOCTEH B omucaHud. Kak Mbl yOEQWIMCh BBINIE, OCHOBHAS JOJIS
MOTJIONIAEMOM TEMJIOBOM SHEPTHHM YXOIWT Ha M3MECHEHWE SHYMpPEeHHel NOMEeHYUAIbHOU dHepeul, T.6. Ha HArpeB
tena. KuHeTHueckass SHEPrus MOTMOJHIETCS TOpa3o MEHbIIE, 3a MCKIIOYEHHEM HEKOTOPBIX YAaCTHBIX CITydaes.
Kunetnueckoii sHeprueii B TepMOIMHAMHKE TA30B B IEPBOM IPHOIMKEHHH MbI MOKEM MTPEHEOPEYb.

Teneps MbI MOKeM 3amucarh 1 3aKOH TEPMOAUHAMHUKH JIJIS IBYX YACTHBIX CIIYYacs:

1 Ecnu 06beM raza noctosiieH, To - AQ = AU = VAP + (m/M)-C,AT (6.4)

2 Eciv MoCTOSIHHO aBieHUE ra3a BHyTpH 00beMa, To AQ = AA + AU = PAV + (m/M)-c.AT (6.5)
rae: P — maBneHwue raza B 3aMKHYTOM o0beMe: V — o0beM ra3a; M - monsipHas macca ra3za; m —maccarasa; | —
a0COJTIOTHAsSI TEMIIepaTypa; Cp U Cy — MOJISIPHBIC TEIUIOEMKOCTH Ta3a.

IToHsITHE «IHTPOMHS», TaK MEIIABIICe MOHHMAHHIO SIBICHUH TEPMOIUHAMHKH, UCYE3NI0 W3 BhipakeHuid (6.4) u
(6.5).

Temepp MblI JO/DKHBI HAWTH MOJETb MPEBPAIICHUS TEIJIOBOH SHEPTHM B MOTCHIUAIBHYIO HEPIHIO
MOJIEKYJIbI ¥ 00paTHO. Y HAac HET HEOOXOMMMBIX JKCIIEPUMECHTAIBHBIX MAHHBIX JISI MATEMATHYECKOrO BBIBOJA
ypaBHeHuii. Ho, omupasich Ha aHaIM3 KJIaCCHUYECKOM DIIEKTPOANHAMUKH, MBI MOKEM IOIBITATHCS C(HOPMYTHUPOBATH
Ka4eCTBEHHYIO THIIOTETHUECKYO0 MoIesb. OOpaTuMcs k pabdote [9].

7/ Pe3yabTaThl aHaJn3a ypaBHeHnil MakcBesia

Kax mokazano B [9], snexTpoanHamuka MakcBelula MMEET JBE He3agucumvix BETBH. IlepBas BETBb —
KBa3UCTATHYECKasl JNEKTPOJUHAMHUKA C €€ MTHOBEHHBIM JEHCTBHEM Ha pacCTOSHHM. BTopas BETBb — BOJIHOBAd
JIEKTPOIMHAMHUKA C 3aIa3IbIBAIOIIMMU OTEHINAIAMH.

IlepBasi BerBb. [loTeHIMANBl 3EKTPUYECKUX 3apSI0B, BOIPEKH CIOKHMBIIEMYCS MHEHHUIO, SBISIOTCS
MT'HOBEHHO JEHCTBYIOIUMH. 3aMKHYTBIE CUCTEMBI 3apsIOB ABISIOTCS KOHCEPBATUBHBIMHU cucTeMamu. [losTomy
JIEKTPUYECKUE 3apsabl (3JIEKTPOHBI, IPOTOHBI) He CHOCOOHBI CAMOCTOSITENBHO H3Iy4daTh M IIOIJIOIIATH
3JIEKTPOMAarHUTHBIE BOIHBL. JIJI ONUCaHuUs B3aUMOJICHCTBUSA 3aps0B C BOJIHAMU MOKHO UCIIOJIb30BaTh, HAIIPUMED,
qUccunaTtuBHyo QyHKiui0 Penmes. B pamkax KBa3MCTaTW4eCKOH JIIEKTPOIUHAMUKH YAAIOCH HAWTH CTPOTrOe
pereHue mpoOIeMbl JEKTPOMArHUTHON Macchl s Kiaaccudueckoro [10] u pensituBrcTckoro Bapuantos [9].

Bropasi BeTBb OIMCBHIBACTCS HE3AGUCUMbBIMU 60JIHOGbIMU YpaHeHuamu. PenieHus ypaBHEHUN HMEIOT
¢dbopMy 3ama3bIBAIONIMX MOTEHIMATOB. MbI paccMoTpuM ux mnoapoOHo. Kak mokasan aHamms, OIS
3aMa3AbIBalOIMX MOTEHINAJIOB CO3JAI0TCSl HEITOCPEACTBEHHO He UHEPUUATbHBIMU 3aPA0AMU U UX O6UICCHUEM.
Ilona 3ama3npIBarOIIMX —TOTEHIMANOB  MOTJIOMAIOTCS M M3IYYAIOTCA  (GUPMIYAIbHbIMUY)  YaCTHLIAMU,
IpeanonaraeMble CBOiicTBa KOTOPBIX MbI 00OCYANM.

3anuiemM cucteMy ypaBHeHHH MakcBeria A1 BTOpoi (BONHOBOI) BeTBU. B mpaBoif wacTu 3amucaHbl

MCTOYHHKU BOJIHOBBIX MOJICH, T.C. MOJIbKO BUPTYaJdbHbIE 3apsiibl 7 U BHPTYaJdbHbIe TOKH j (3apsiabl U TOKH
Tecna [11]). NueprmanbHble 3apsiibl ¥ UX MOJS B 3Ty CHCTEMY ypaBHEHH He BXOMAAT. MTak, Mbl MMeeM TpU
BOJIHOBBIX ypaBHeHHs. Kaxmoe n3 3THX ypaBHEHMH OINMCBHIBACT M3IYUYEHHE 3ala3/blBalOLUIMX IOTCHIUAJIOB
MIEPEHOC UMHU SHEPTUH.

8¢ _ &
Agp — et (7.1)
87A. . , s .
AA4 ~aroas = M divA; =0; divjy=0; j= pv (7.2)
AA, _:i = —uj;;  rotA,=0; rotj;=0; divA,=—dp/(c2dt) (7.3)
(ot)? o = - - )

rje: @ - MIOTHOCTh BUPTYAIBHBIX 3apsOB; @ — CKAIAPHBIA MOTEHLMANl BUPTYaJbHBIX 3apsAioB; A; - BUXPEBOH

(coneHOMIAIbHBIN ) KOMIIOHEHT BUPTYAJIbHBIX 3apsiioB; A, - 0€3BUXPEBOI KOMIOHEHT BUPTYaAJIbHBIX 3apsIIOB.
Jlnst kaskoro BosiHOBoro ypaBHeHus (7.1) — (7.3) umeeT MecTo 3aKOH COXpaHeHus dHeprun (0000IIeHHAsS
teopema IloitaTHHTra [9]):

divS + — = 0, (7.4)

v
a

rac: § - IJIOTHOCTH IOTOKA OHEPIruy, w - MIOTHOCTb DHCPIrvHU BOJIHOBOI'O I1OJIA.
I/ITaK, MbI UMEEM TPU BOJIHBI, TPU 3aKOHA COXpPAaHCHHA SHCPIUU U TPHU BOJIHOBBIX IIOTOKA.



1 ITonepeunas eonna BexkropHoro mnoteHmmana Ai, (div A = 0), [9]. Ona omuckiBaeTCs BHXPEBBIM

an oA 1
BEKTOpHBIM noTeHuuanoM Ai. [long E = —dA,/ df u H = —rotA, asmaarorcs nonepeunsivu. [1noTHOCTE OTOKA
1

124,
9HEPTUH €CTh 51 = [— Ea_:_ ® rotA4] = [E % H] - BekTop lloiteTunra. Bekrop [loMHTHHTa XOPOILIO U3BECTEH.

2. IIpooonvnas eonna Bekropuoro noreniuana Az (rot A2 = 0), [9]. DTo yke HOBBIN BUI U3ITYyUYCHHUS B

I 7 VO
asIeKTpoAuHaMuKe. [ITOTHOCTB MOTOKA SHEPTHHU MPOIOIBHBIX BOJIH €CTh 2 = (— e divA,) .

3. Ilpooonvnas eéonna cxamspuoro morernuana ¢ [9]. TINOTHOCTE IMOTOKA SHEPTUU STOM BOJIHBI paBHA

-1
8; = (e5. grade). TINOTHOCTH NMOTOKA ompuyamenvHa, TIOTHOCTh PHEPTUM BONHBI TOXKE ompuuyamesvbua

®dakT OTpUIIATEILHOW HEPTUU HE SBISCTCS HOBBIM. Hampumep, 3HEpPTrus TPaBHTAIHOHHOTO B3aUMOJEiCTBUSA
MaTepuaNbHbBIX Tel ompuyamensta (3emisa — Jlyna, Comare - FOmutep).

DKCIEPUMEHTAIBLHO YYEHBIE HE CMOTIH OOHAPYXHTh MPOAOJIBHBIC BONHBL. CUHTACTCS, YTO MPOJOJHHbBIC
3JICKTPUYECKHE BOJHBI HE CYIIECTBYIOT B mpupozae. OTCyTCTBHE MNPOIOJIBHBIX BOJIH BO3MOXHO TOJIBKO IIPH
YCIIOBHH KOMIICHCAIIMK SHEPTHUH U MOTOKOB Sy 1 Sz (S + Sz = 0). KommeHcanus BO3MOXHA, €CIIM UMEET MECTO
YCIIOBHE:

8%p

Ap— P 0 (7.5)

DTO BechbMa WHTEPECHBIH (PaKT. 3apsibl, KOTOPbIC Y/OBJICTBOPSIOT BOJHOBOMY ypaBHeHuto (7.5), He
UMEIOT HMHEPLUUATbHBIX CBOMCTB. [l09TOMYy HX Ha3bIBAlOT «BUPTyaJbHbIMU». YcinoBue (7.5) He sBisercs
orpaHuueHreM Ha ()a30BYIO0 CKOPOCTh BUPTYyaJbHBIX 3apsfoB. PazoBas CKOPOCTh MOMKET IMPEBHIIATh CKOPOCTb
cBeTa. Pe3ybTaThl MO3BOIUIN HaM OMHCATh MPe/IoiaraeMble CBOHCTBAa BUPTYAIbHBIX 3apsI0B.

Bo-nepevix, BUpTyanbHble YacTHUIIBI, 00pa3ylOT «00OJOYKY» BOKpYT Tejia (aToMa, MOJICKYIIbI, YaCTHIIBI).
O6omnouka, Kak «00mako» wim «atMochepa», OKpyKaeT JI00e Tello He3aBUCHUMO OT HallM4Hsd Yy Tena 3apsaa. Y
3apsPKCHHBIX YaCTHUIL <<O6OHO‘IK3» OTBEYACT 3a B3aHMOI[CI7[CTBHC C JJICKTPOMAarHuTHBIMU BOJIHAMHU (I/I3J'Iy‘ICHI/IC,
TTOTJIOIIICHHE).

Bo-émopuix, Mbl TpennonaracM, 4To MMEHHO 3Ta 000JO0YKa MOXKET MOTJIOMATh TEIUIOBYIO SHEPTHIO,
npeBpalias ee B MOTEHIIHAIBHYI0 BHYTPEHHIOKO (TEIIOBYIO) SHEPTHUIO, M OTAaBasi ee 00paTHO B MPOCTPAHCTBO.

B mpembux, neiitpanbHas «000JI0YKa» BUPTYAIBHBIX HEWTPaJbHBIX YaCTHI[ pearupyeT Ha BHEIIHEe
ANIEKTPOMArHUTHOE M TEIUIOBOE BO3JCHCTBHE. B 3aBHCHMMOCTH OT BHEIIHETO BO3JCHCTBHS OHAa camMa MOXET
«CO3/1aBaTh 3aps» U MOXKET «U30aBIATHCS» OT ITOro 3apsiaa. bnarogapst 5ToMy CBOWCTBY rpaHUYHBIC YCIOBUS Ha
HOBEPXHOCTH CPEJl BBIMOIHSIIOTCS MPAKTHYECKH MrHOBEHHO [11].

B uemeepmeix, nBrKeHNE BUPTYAIBHBIX YAaCTHIl MOJ] BO3JACHCTBHEM BHEIIHUX MOJEH MOXET CO3/aBaTh
TOKH, 3JIEKTPHYECKHE ¥ MATHUTHBIC M10JIsI Ha TOBEPXHOCTH MPOBOIHUKOB U T.1. (3apsiabl U Toku Tecna [11]).

Urak, MBI TpexamonaraeM, 4YTO HMEHHO «O00OJOYKa» aTOMOB, MOJEKYJ, 4YacTHII MOXXET 3amacaTh
BHYTPECHHIOIO IIOTCHLMAJIBHYIO 3HEPIrHI0. MBI CAesany MEpBblil 1ar BOEpe] B MOHUMAHUU TEPMOJIUHAMHYECKHUX
HPOLIECCOB.

Hmak, mpemove pynoamenmanvnoe 3aKnioueHue: 000104Ka OMEENICHIGEHHA 34 MENJI06ble AGNECHUA
MepMOOUHAMUKY, m.e. 3a menosoe e3aumooeiicmeue. OHa nozioujaem, coxXpanaem menioeyI0 IHEPIUI0 U
omaoaem ee Opy2um menam npu 63auUMHOM 00OMeHe Men1060il IHepIueil.

8 «O06009Ka» MOJIEKYJT

Mbl  He pacmonaraeM HHU JIOCTaTOYHOM TeopeTWdeckoW WHQOpMaIel, HH, COOTBETCTBEHHO,
JKCIICPUMEHTANBHOM, dYTOOBI 3amucaTth MaTeMaThdeckne (OPMYJIIMPOBKH HOBBIX 3aKOHOB H  CHAENaTh
JIOKa3aTelbHbIE BBIBOJBI. MBI TOJMBKO TBITAEMCS «HAIIyINaTh» MyTh K Hay4dHOUW ucThHE. HoBoe pokmaeTcs B
MMOCTOSTHHOM TIOWCKE W TIOCTHUTAETCS] METOJOM «Ipo0 W OmuOOoK». MBI CTaBHUM 3/€Ch 3a1ady JaTh CIOBECHOE
ONMCAaHUE MPENIOoNaraeéMoro MexXaHu3Ma B3aUMOJCHCTBUS TEIUIOBOM SHEPrUU C BEIIECTBOM M IOKa3aTh, YTO
CJICJICTBHUS HE MPOTHUBOPEYAT (haKTaM M 3IPAaBOMY CMBICITY.

Msr GynemM MCXOOUTh U3 TOTO, YTO YACTHIA JODKHA HAXOJIUTHCS B MOCTOSHHOM TETJIOBOM PAaBHOBECHH C
OoKpyXKatomeii cpenoi. Kak yxke Obuto ckazaHo BhIIIE, J1700Vi0 uacmuyy OKPYXKaeT HeKas «000I0uKay
(«atmocdepar, «irybay), cocrosmias 13 BUPTyaATbHbIX YacTull (cM. Puc 3). Ecnu sHeprus, 3anaceHHast 4acTUIICH,
Maia, «000JI0YKay MOTIOIIAET TTIOTOK BHEIIHEH YHEPTUH WM OTOMpAeT SHEPIUio y APyrux yactuil. [lornomeHHoe
BUPTYaJbHBIMH YaCTHLAMH TETJIO MPEBPAILACTCA B MOTEHIMAIBHYIO SHEPTUIO, KOTOpasi 00YyCIaBINBaeT TEIIOBOE
B3aMMOJEHCTBUE MOJIEKYII.



[pod. JlemuH ncnonb30BaJl OOBIYHYIO BOJH(PAMOBYIO JIAMIIOUKY HAKAIMBAHUS U KPYTUIHHBIE BECHI C
MaccamMu M. MexXIy JIaMITOYKOW M OJHOM M3 MacC OH IOCTAaBWII 3KpaH. K ero GoimbmioMy yAMBICHHIO, KOTZIA OH
BKITFOUWJI JIaMITy, Macca M Havaja JBIXKeHHE K dkpany. [Ipod. [demun 3Han, yto morok IloWHTHMHra naBUT Ha
npeaMeThl (3KcriepuMeHThl JleOeneBa 1o oOHapyXeHHIO naBieHus cBera). OmHako 3aech JleMHH TOTydWI
obpatnsbrii a¢dexr. Torma JdemuH mocTaBuia MeXAYy KPYTWIHHBIMH BECAMH W JIAMIION SKpaH M3 aFOMHHHEBOU
(hoxpru. Macca BHOBb IPUTATHBAJIACE K JIaMIIe!

JemuH mpoBen MHOTO SKcnepuMeHToB. OH HCIIOJIB30Bal Pa3JIMYHbIE J00aBOYHBIC SKpaHbI: KapTOHHAs
TJIACTHHA, TOJICTHIA TETUIOM30JIITMOHHBIN MaTepral, cTaBmiI 3epkano. Ograko s dekT He ucueszan. [Ipod. demun
MCTIOJIB30BAJI CHHIOIO JIAMIIOYKY, CTaBHJI Ha IyTH CBETa pa3iuyHble cBeTOPMIbTPEL. OnaHako 3QdexT coxpanscs!
Bonee toro, oH poc BMECTe ¢ BETMUUHON M.

3/1ech MBI CTATKHBAEMCS ¢ YHUKAJIBHBIM MEXaHHU3MOM (BO-TIEPBBIX) MPSIMOTO NMPE0Opa30OBaHuUs TETLIOBOU
SHEPrUM BO BHYTPCHHIOK TOTCHIUAIbHYI) OSHEPTrUI0 4YacTUIBl (MOrJonieHHe) M (BO-BTOPBIX) OOpaTHOTO
npeoOpa3oBaHMs 3allaCeHHON PHEPTHH B SHEPTUIO TEIUIOBOTO M3IYYEHHs] U B3aUMOACUCTBHsI. DTOT MEXaHU3M He
U3y4YeH DKCIEPUMCEHTANLHO M TeopeTndeckd. OIHAKO HEKOTOphle (parMeHThl B3aUMOJICHCTBHSI MbI MOXKEM
OIMHKCaTh THIIOTETHYECKH. PaccMaTpuBas HOBBIH MEXaHU3M B3aMMOJCHCTBUS MOJIEKYN (BUPTYyaJIbHBIC YaCTHUIIHI),
MBI HE JIOJKHBI 3a0bIBaTh M 00 3JIEKTPOHHOM MEXaHU3ME B3auMOIeHCTBUS MoJieKys. OH CyIIECTBYET U NCHCTBYET
napayiebHO TEIUIOBOMY B3aWMOJCHCTBUIO. DTO BaXKHO MPH aHAIU3E XUMHUYCCKHX CBS3€l B TBEPHABIX Telax
(voHHas CBs3b, KOBAICHTHAs CBS3b, METAUIMYECKAs CBsA3b, BOJOPOIHAS CBS3b U JPYIHE BO3MOXKHBIC BHJIBI
XUMHYECKOI CBsI31). MBI TaKHe CBSI3U pacCMaTpUBaTh HE OyIeM.

OC00EHHOCTh BUPTYAIBHBIX YaCTHIL «O00JIOUKH» B TOM, YTO OHH UMEIOT CBOe0oOpasHbie CBOMCTBA .(cM. Puc 3).
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Puc. 3. OxpyxeHue u3 BUPTYalIbHBIX YaCTUL BOKPYT HHEPLHMAIbHBIX YacTHL. O003HaueHus: 1 — 31eKTpoH, 2 —
aToM, 3 — MoJieKyJia. MacmraObl yCJIOBHBIE.

BuptyanbHble yacTUIBI HIMEIOT CIIEIYIOIIE CBOUCTBA:

60-nepevix, He UMEIOT UHEPYUU 1 TUIOTHO OKPY’KAarOT aTOMBI, 3JIE€KTPOHBI U T.11.;

60-6moOpbIX, OHU MOTYT TIPU OIPEAETICHHbIX YCIOBHUAX CO3/aBaTh 3apsiKEHHBIH CJIOH 11060020 3naKa 1
Onarogapsi CBOeMy JBIKCHHIO 00pa30BbIBaTh COOTBETCTBYIOIINE TOKH (3apsiabl 1 Toku Tecna [11]);

6 mpempux, OHN OTBETCTBEHHBI HE TOJIBKO 33 M3JIyYEHUE HJIEKTPOMArHUTHBIX BOJH U MX IOIJIOUICHUE, HO
Y CIIOCOOHBI TIOTJIONIATH TETUIOBYIO SHEPTHIO, IIPEBpaIasi €€ BO 6HYMPEHHION, 3aNACEHHYI0 YaCMUYell IHEPIUIO.

Hac wuHTepecyioT rpaHMIBI OOONOYKH, IOCKOJIBKY OHAa CO3JaeT NOTEHIMal M CHUJIOBOE TIONEe B
OKpy>KalolleM ee npocTpaHcTse. [loroBopuM o pazMepax u monpoOyeM OLEHUTh UX BETHUYHHY.

JaekTpon [12]. B xeanmosoii pusuke MCNONB3yeTCsl 3HAYCHUE «pajinyca dJIEKTPOHA» lo, BBIPAKCHHOTO
yepe3 MOCTOSHHYIO TOHKOH CTPYKTYPHI U Uepe3 paanyc nepBoit boposckoit opouTsl B arome Bogopoa. OHO paBHO
ro = 2,8179 -10"®® M. D10 3HAaYEeHHE MOMYYEHO KAK ceuenue 63aumoOelicmels CBETOBBIX KBAHTOB C DIEKTPOHOM.
OTO HEe ecTh pa3Mep CaMoro HJIEKTpOHAa. MOXKHO MNpeanojoXHTh, YTO Fp KaK pa3 U paauyc «OOOJOUKH»,
OKpY>Karolllei 3JIEKTPOH.

B xknaccuueckoui anexkmpoounamuxe AMEETCS IPYTON «KIACCHYECKUI Pagnyc» AJIEKTPOHA, PaBHBIA Iy =
1,5347-108 M. Ecin cpaBHUTH «KJIACCHYECKHID» PajlyC JIEKTPOHA Iy, C Fo, TO YBUIMM UX PasInuMe NPUMEPHO B
2:10° pa3. Mbl MOKEM HPEANONOKUTD, YTO TO MOPAIOK OTHOCHTEIHHOM BEJMUYUHBI «PAa3sMEPA» GUPNTYANbHOZ0
061axa, OKPY>KaloIIero 3JIEKTPOH, O YeM MbI TOBOPHIIH BBIIIIE.

ATOM. ATOM MMEET, BOOOIE TOBOPS, Pa3MbIThIE IpaHMIIbl. [lopsnok Benuuunbl pasmepa amoma 108 cum.
[Mopsigok BenuuuHbl guamerpa atomuoro sadpa 107 — 102 cm. Pasmep aToma ompenensercss paamycoM €ro
BHEIIHEW 3JIeKTPOHHOW 000104ku. PasMep sapa Ha 5 MOPSIKOB MEHbIIE pa3Mmepa 000I04YKkH aTtoma. BooOrie
rosops, Benuunna 10° we ouenb Hamexna. IlepBas MpUYMHA CBSI3aHA CO CIOKHOCTBIO M3MepeHuit. Bropas
NPUYHMHA B TOM, YTO B U3MEPEHUS «BMEILIMBAETCS» 00JIAKO BUPTYAIBHBIX YaCTHII, KOTOPOE «MAaCKUPYeT» peajibHbIe
pasMepsl aToMa.



Me1 npeononazaem, 9To 00JaKO BUPTYaIbHBIX YACTHUIl, OKPYKAIOIINX aTOM, MOXKET UMETh TUaMeTp B 2 — 3
paza Oomplle pasMepa aToMa. OJTO MPEANOJOKEHHE TOKOWTCS Ha JOMYIIEHWH, YTO BHEIIHHWE pa3Mepbl
BUPTYQJIBHOTO 00JlaKa MOTYT BO3pAacTaTh MPU IMOTJIONICHHH MM TEIUIOBOW SHEPrUH. MBI JODKHBI 3aMETHTh, YTO
MOTEHITUAI U TI0J1e, (POPMUPYEMOE «OO0IOUKOI», MOXKET IPOCTHPATHCS JAJICKO 3a MPEACIIbI CAMOU «O00IOUKHY.

Tenepp MBI TOCMOTPHM, Kakhe U3MEHeHHs OyayT B Moxenm aroma bopa. Kak m3BectHO U3
JJIEKTPOMHAMUKH, TIOTEHIMA OTACIFHOTO W30JMPOBAHHOTO 3apsiaa yobiBaeT kak 1/r . [ToTeHIaM momis AUImos
yObIBaeT ObIcTpee, Kak 1/r%. AToM mpeacTapiseT coOoil MONOKHUTENBHO 3apPAKEHHOE IPOTOHHO-HENTPOHHOE PO,
OKpykeHHoe 3nekTpoHamu. CormacHo Teopuu H.bopa 31ekTpoHBI BpamaroTcss BOKPYT sipa Ha OMpeAeSICHHBIX
opOuTax, He U3Tydast SIEKTPOMATHUTHBIX BOJIH.

ATOM HMMEET MOYTH CHUMMETPUYHYIO CTPYKTypy. IloaTOMy moTeHuman arexmpuueckoco u MasHUmMHO20

nosist OyzieT yobIBaTh ele OpicTpee Mo cpaBHeHuto ¢ moismu aumnoins (~1/r"; n > 2). CnenoBatenbHO, HOTCHIUAT
Menn06020 MO Ha OOJBLIMX PACCTOSHUSIX OT TPaHMIBI aToMa OyJeT WrpaTh TJaBHYIO POJIb MPH 00pa3OBaHUHU
MOJIEKYIL.

BepneMmcst k mnmaHerapHod monenu atoma bopa . Mbl IpeamnofioXwin paHee, YTO 3JIEKTPOHBI, aTOMBbI,
Tr00bIe YacTUIBI OKPYKEHBI «000710YK0M». MOXKHO MPEATONOkKUTh, YTO OJarofaps B3aUMOACHCTBHIO «000I0UEK»
aapa U «000JI0YeK» OTIENBHBIX AIEKTPOHOB, 00pasyeTcs ycmouuusan cucrema. OHa MOKET OBITh CTATUYHOH, T.€.
CHUCTeMa HE I03BOJIIET AJIEKTPOHAM «PYXHYTH» Ha SAPO, W YACPKHUBACT HX B (DUKCHPOBAHHOM IOJIOKEHHH
OTHOCHUTEJIBHO Apa, HallOMUHAs IO/ TPaHaTOBOIo AepeBa. [ unoresa o miaHeTapHON MOJIENH aTOMa OKa3bIBaeTcs
W3JIUIIHEN.

Wrak, MBI onpenenwiv ABe XapaKTEPHBIX 00NACTH MPH B3aUMOJEHCTBHH aTOMOB. DTO ONMKHSSA 007acTh,
I7Ie 3HAYMTENBHO BIHMSHUAE KYJIOHOBCKHUX CHJ M CHJI AMIepa, W JalbHSAS 00JacTh, I/ie NEHCTBHE 3THUX CHI
ocnabeBaer. Ha GONbIIMX pacCcTOSIHUSIX HAUYMHAIOT UTPATh BAKHYIO POJIb «TEIUIOBBIE» B3auMmozencTBus. MeHHo
Ha HUX MBI 00paTUM BHUMAaHWE B CIIEAYIOIIEM mmaparpade.

9 «Ten10BBIE» B3aMMOACHCTBUSA

BupTtyanbHbie 4acTUIbI B 3JEKTPOANHAMUKE SBIISIOTCS MPOMEKYTOYHBIM areHTOM (TTOCPETHUKOM) MEKTY
MHCPIHATBHBIME 3apsiiaMu (3JIEKTPOHAMH, MPOTOHAMH) M SJIEKTPOMATHHTHBIMU BOJHAMH. 3aMETHM, YTO OHH
MOTYT HE TOJBKO H3Iyd4aTh M HPHHHUMATh BOJHBL OHH MOTYT (DOPMHPOBATH BOKPYT YACTHIL JOMOJHHUTEIbHBIC
Keazucmamuyeckue noOAs U HOMEHWUANb! BUPTYAIbHOTO XapakTepa. OTO [OKa 2UNOMEmu4ecKue
TPEICTABICHHS] O HOBOM MexaHmu3Me. VX elle mpeiCTONT H3y4uTh IKCIEPUMEHTAIIBHO M OIUCATh MATEMATHIECKH.
Yacte uHbOpMAaIu umeercs B [2].

Tor Mmarepuain, KOTOPHIA MbI HMEEM, MO3BOJISCT HAM THIOTETHYECKH OMUCATh HEKOTOPbIC SIBICHUS,
COIYTCTBYIOIIME B3aMMOJICHCTBHSAM aTOMOB Ha «TEIUIOBOM» YypOBHE. B HaydYHBIX TEOPUSIX OOBIYHO IPH
MOJICJIMPOBAHMN KUAKOCTH U TBEPABIX TeN WCIONb3yercs mnorenuman Jlennapa-/xonca [13]. [paguent storo
MOTEHIMATa 00pa3yeT CHIIOBOE MOJIE BOKPYT aTOMa WIIH MOJICKYJIBI.

TBepaoe Tes10. XOTs CUUTAETCS, UTO JUIS METAUIOB moTeHIman Jlennap-/[»KoHca He OYeHb TOIXO/IHT, HO
XapaKTepHBIl BHJ KPUBOW CHIIOBOTO TIOJSI COXPAHSETCS UIsl BCEX ciydaeB. IIpu CONMKEHMH [BYX YacCTHI[ HA
paccrosiaue I > ri (cM. Puc. 4) AeHCTBYIOT CHJIBI TIPUTSKEHHS, @ €CIH I < 1, JICHCTBYIOT CHIJIbI OTTAJIKUBAHHUSL.
KpuBasi COOTBETCTBYET TBEPIOMY TEIY.

Fi(r) |

artraciion

Puc. 4
Touka I = r1 SBJISICTCS MOYUKOU YCHOUYUB020 PAGHOGECUs B TBEPBIX TeNax. B ee OKPEeCTHOCTH IICHTPEI
YaCTHUI[ MOTYT COBEpINATh KoyedarenbHbie NBIKEHUS. DaKTUUECKH YCIOBHE I = I1  OMNpEAeiseT MOBEPXHOCTh
chepsl, IEHTPOM KOTOPOM SIBISETCA aTOM WM MOJEKyda. TOYKHM TOBEPXHOCTH 3TO TOYKH YCTONYHBOTO
paBHOBeCHS.



Ecnu Ob1 He cymiecTBOBano «000JIOUYKI», TO CHIOBOE TOJIE BCETIa COXPaHsIo Obl cBOIO (JOpMY MpH JII0O0H
temneparype. Ho «o06oiodkay CymiecTByeT, M €€ CBOHCTBa 3aBHCAT OT IMOTJIOMIEHHOTO Terwia. | 'pamueHT
«TETIJIOBOTO» TOJISI HAKIaAbIBAETCSI HAa 3TO CHUJIOBOE JJIEKTPOMAarHMTHOE MOJie, UCKaxkas ero. Takoe M3MeHeHHe
3aBHCUT OT BEIMYHMHBI TEIUIOBOW SHEPIHH, MOTJIOMICHHOW «000J04Koi». TemmoBas sHeprus (QpaykTympyeT, TO
BO3pacTas, TO yObIBasi B 3aBUCHMOCTH OT COCTOSHHUSI OKpY»aromel cpeapl. Ecmu TemmepaTypa MOBBIIIAETCS, TO

paccTosiHue ¥ Bo3pacTaeT. ATOMBI BRIHYK/IEHBI COBEPIIATh KOJICOAHUS OTHOCUTEIBHO I1.

WurepecHo OTMETHTH chemyromiee. [lormorneHHas »Heprus (paBHO TeMmIeparypa) He 3aBUCHT OT
MOJIEKYJISIPHON Macchl, a onpeaenseTcs 0ovemom «000a04ukm». TommuHel «000m0ueK» y Bcex aToMoB Omm3k. [1o
3TOW MPUYUHE MU3MEHEHUE PACCTOSHUS I MPAKTUYECKUA HE 3aBUCUT OT BEJIUYHMHBI MAaCChl MOJICKYJIBI, & TOJBKO OT
TEMIIEPaTyPHI.

PaccrossHre i1 cBS3aHO C JWMHEHHBIM pacIdpeHHeM TBepaoro Tana. KoaddunueHT IHHEHHOTO
pacuMpeHus, KaKk y»K€ TOBOPWJIOCH, JJIS TBEPABIX TEJN MaJi0 3aBUCHT OT MOJCKYJSIpHONW Maccel. Hampumep,
K0>(Q(HUIMEHT JUMHEHHOro pacIIMpeHHs alOMUHUSA (aToMHBIA Bec 27) paseH 7,14+10° rpan?, xo>dduument
JIMHEHHOTO pacmMpeHus cBUHIA (aToMubIi Bec 207) mouru Takoii ke u paseH 8,76°10° rpax?. C Toukn 3penus
MOJIEKYJISPHO-KUHETUYECKON TEOPUH 3TO HE OOBSICHUMO.

Taxxe Henb3s ¢ mosuiuu MKT nate oObsicHEHHME OJIM3KMX 3HAYCHHH MOJISIPHON TEIJIOEMKOCTH.
AutoMuHU# (aTOMHBIH Bec 27) UMeeT MOJIIPHYIO TeroeMKocTh 24,174 Jlxx/Monb*K, a cBuner (atomubiii Bec 207)
- 26,729 JIx/MonpeK. Hanuuue «000JIOUKH», pearupymooileii Ha TEIJIOBOE BO3ICHCTBHE, IPEKPACHO BCE
00BscHsET. TeII0eMKOCTh BCEX MHEPTHBIX Fa30B OT T'eJIUs J0 pajioHa oauHakoBa U coctanisier 20,79 x/MomnbeK.
CornacHo 3akony Jlrosonra u [1Tu, MoJsIpHast TEIUIOEMKOCTH (P MOCTOSIHHOM 00béMe U Temrepatype T > 300 K)
BceX TBEPABIX Tel (OOIBIIMHCTBA AJIIEMEHTOB H MPOCTHIX COSTUHEHNN ) TIPUOJIM3UTEBHO PaBHA MIPUOIU3UTENHHO ~
6 xan - K! - momp (=25 Ik - K* - monb ). «O6omnouka» nenaer cBorw pabory.

Kuakocts. [Ipeanonaraemast popma CHIOBON XapaKTEepUCTHKH U3MEHAETCS OT TemrepaTypsl. [lo mepe ee
YBEIMYEHUsS] BO3HUKAIOT MaKCHMyMbl M MHHHMYMBI, KaKk Toka3zaHo Ha Puc. 5. IlosBiAroTcs HOBBIE TOYKH
nepeceueHus (ri, rz, rs). ITOMOKEHHs 3THX TOYEK 3aBHCHUT OT «TEMIEPATypbD» YaCTHIGI, T.€. OT BEIMYMHBI
MOTJIONIEHHOM dHepruu. Bo3M0OKHO, 3TO CBSI3aHO € IEPHOANIECKUM «BUPTYaJIbHBIM PACCIOCHUEM 00OIOUKHY.

Ha Puc. 5 nzo0pakeHa cuioBasi XxapaKTepUCTHKA, OTBEYAOIIAS KUJAKOMY COCTOSIHHIO BeliecTBa. Touku Iy
U I3 3TO TOYKU YCTOWYMBOTO PABHOBECHS, TOUKA I SBJSICTCS TOUYKOW HEYCTONYMBOTO paBHOBecHs. Kpupas nuHHS
cuioBoil xapakrepuctuku (Puc. 5) ¢uykrynpyer, MOCKONBKY «000JI0YKa» MOCTOSIHHO IMOTJIOMIACT M H3JIydyaeT
TeroByio sHepruto. Cocemnue Touku (1, rz2) wiu (r2, 3) MOTYT CIIMBATHCS B OJIHY, HCYE3aTh ¥ BHOBb BO3HHKATh. B
pe3ylbTaTe pPacCTOSHHUE MeEXIy MOJIEKYJIaMH MOMKET MeHSThCs. [Ipm 3TOM MonekyssipHash CBS3b CTaHOBUTCS
HEYCTOWUYMBOH, & MEXJy MOJIEKYJAMU IEPUOANYECKH NOSBISIIOTCS M UCYE3AI0T «3a30pbl». BO3HUKAET CBOMCTBO
TEKy4eCTH.

Fir)

repulsion

Puc. 5
MoJieKyibl BHYTPH JKHUAKOCTH «CXKATBDY COCETHMMH MOJIEKYJIAMH W HE MOTYT 3HAYUTEIBHO YBEINYMBATH

CBOIO TEIUIOBYIO SHEPruio (TMOrjomarek Temiao). MoJeKysbl Ha MOBEPXHOCTH, OKa3aBLIMECS Ha PACcCTOSIHUHU T3,
MOTYT TMOTIJIOIATh J0OABOYHYIO DHEPrHIO, T.K. TEIUIO U JaBJICHHE HAa HUX HJAET TOJIBKO CO CTOPOHBI KHIKOCTH.
[lornomas Temno, OHM YBEJIMYMBAIOT PACCTOSHHUE I3 (pa3Mepsl MOTEHIHada OOOJIOUKH), a 3aTeM OTpPBIBAIOTCS
(McapsroTcs) ¢ MOBEPXHOCTH.

Ecnu npenebpeds ApyruMu BUAAMH MTOTEPH TEIUIA KUAKOCTHIO, KOJTMYIECTBO TEIUIA, TIOTJIOMAEMOe
JKUAKOCTBIO PABHO KOJIMYECTBY TEIlIa, YHOCUMOI'O UCTIAPUBIIMMHUCS C IIOBEPXHOCTH MOJeKyJamMu. B pesynbrare
9TOTO TeMIIepaTypa KUJAKOCTH TPU KUIIEHUH COXPAHSIETCS MIOCTOSHHOW. AHAJIOTHYHO MOYKHO OOBSCHUTD TIOHSTHE
«CKpBITasi TEIUIOTA IIABJICHUS» NIPU IUIABICHUU MEepObiX Meil.



I'a3. Eciiu Monekysa npruoOpesa OOJIbIIy 0 SJHEPT U0 (HAXOJUTCS Ha PACCTOSIHUM I3) M HE MOXKET epeaTh
ee JPYr'MM MOJIEKyJaM CHCTEMBbI, PACCTOSIHHE I3 BO3pAcTaeT U MOJIEKyJa OTPBIBAETCA OT CUCTEMBbl CBA3aHHBIX
MOJICKYJI JKHIKOCTH HJIH TBepIoro Tena. [Iporcxoaut nporecc ucnapeHus Wiv Bo3roHku (cM. Puc. 6).

_FI:.":]

atmraction

Puc. 6

O6patute BHUMaHKe Ha ciefyommid ¢akt. [IpocTpaHcTBO MEXIy 2 U 3 - 3TO 00JACTh OTTAIKHBAHUSI.
[Ipu mormomeHun Tera 3ta 001acTh pacmupsercs (pacTeT TeMIepaTypa MOJIEKyIbl). Beskas «dayxashy MoJeKyIa,
MOTIA/IAI0IAst B 3Ty 00J1aCTh, BBITAIKUBACTCS HAPYKY.

C npyroii cTopoHsl, chepa paguyca ¥y 3TO 00NACTh YCTOHYMBBIX COCTOSHHN. OJMHAKOBBIE MOJIEKYIbI

MOTYT COEAMHATHCS B «CT'YCTKW» (Karuld, TPYTIIIbI) Ha pACCTOSHUM 1y, €CJIM UX KMHETHUYECKask SHEPTUsl HEBEIHUKA U
He crocoOHa MopBaTh CBsA3b. TaKkue CBOMCTBA MO3BOJSIOT O0BSICHUTD PSIL SIBICHHUM.
Bo-nepBbIX, paamyc cdepbl 3 ouepuumBaeT 30HY, KyJda JAPYTUM MOJEKYJIAM «6X00 BOCHDEUjen .

CrienoBaTeNpHO, INIOTHOCTh MaTepHu BHYTPHU cephbl paiyca 1y y «HArpeToi» Monekyssl, pasaa m/V , rae V ato
00beM 3aHUMAaeMBIH «ropsaeii» monekynoi V = 4m(rs)®/3 .

CriefioBaTeNibHO, «XOJOIHBIC» MOJICKYJIBI C MEHBIIUM I3, MMEIOIIUE Oojiee BBICOKYIO IUIOTHOCTh MaTEpPHUU
(MeHbIIUIT 00beM), OYAyT BBITAIKHBATH «TOPSIYIO» MOJICKYITy BBEPX, B COOTBETCTBHH C 3aKOHOM ApXHMe/a.

Bo-BTOpBIX, CcTrycTKH BOASHOTO mapa o0pa3yrT obmaka B atMmocdepe. [loBepxHOCTh 0Onaka oOpasyroT
MOJIEKYJIBI, CBSI3aHHbBIE MEXIy C000H. DTO cBoeoOpa3Has IUICHKa «IIOBEPXHOCTHOTO HATSDKEHHs». BepxHue ciou
obnaka TOJIBEPIKEHBI BO3JCHCTBUIO COJHEYHBIX Jydeil M BeTpa. [1oaToMy BepxHss yacTh obliaka MEHseTcs,
o0pa3yst «OamHu» pasnuaHoi Gopmbl. HmkHSS cTOpoHa OKas3bIBaeTCs 3alIMIIEHHOH OT 3TOro Bo3aedcTBus. OHa
NPUHAMAET HAMMEHBINYIO0 MOBEPXHOCTh (MIOYTH IUIOCKYIO), YTO HE MO3BOJISECT MOJICKYJaM BO3/yXa MPOHUKHYTh
BHYTpb 001aka. Bo3/yx BBIHYXIICH yIep)KUBATh 00JIaKka Ha OTNPEICICHHON BBICOTE.

Ipumeuanne. MbI He Oy/ieM OCTAHABIMBATHCS HA IKCIICPHUMEHTAX IO TepMouHamuke. Kak u B Ipyrux
Haykax (OTO, KBaHTOBbIC TEOPUH) 3/1€Ch UMEET MECTO TCHICHIINS PUTATUBATD IKCIIEPUMECHTAIIbHBIC PE3YJIbTATHI
«3a yHIW» K HEKOPPEeKTHOH Teopuu (cM., Hanpumep, [14]). Mbl He oTBepraeM SKCIEPUMEHTHI, HO BHIUM
NPUHLIUITHAIBHYI0 HEOOXOAMMOCTh MX TEPEOCMBICICHUS M OOBEKTHBHOW HHTeprperanuu. Ocoboe BHHMaHUE
clieyeT oOpaTHTh Ha SIBJICHHS, MPOTEKAOIINE HA IPAHHIE pa3[eia Cpel, T.e. Ha MOBEPXHOCTHBIC SBICHUS. MpbI
y)Ke CTOJKHYJIUCh C MOJOOHOM Mpo0IeMOi — MOBEPXHOCTHOM CBEPXIPOBOJMMOCTHIO METAJUIOB MPH KOMHATHOW
temnepatype [11]. Ipyroii nmporecc - nporecc HCHapeHust ¢ MOBEPXHOCTH )KUAKOCTH PACCMOTPEH BBIIIIE.

Cpean TOBEpXHOCTHBIX SIBJIGHHH MOXKHO BBIJICIHTH cieaytomue: (oTtodpdekt, TepMOdIeKTpOHHAS
9MHCCHS, UCIapeHne (BO3TOHKA) C MOBEPXHOCTH METAUIOB, KOHTAKTHBIC SIBJICHUS, SIBJICHUS B P-N mepexojax,
OpoyHoBckoe JBIKeHHe u T.1. CylecTByronye 0ObsSICHEHUs] He BCEr/ia JIOTHYECKH OCIIe0BATEIbHBI, @ B CBETE
U3JI0KCHHBIX B CTAaThe HOBBIX PE3YJIbTATOB MHOT/IA IPOCTO OLTMOOYHBI.

10 3akar04eHne

B nepBoii yacTu MBI MOABITOKKUM PE3YJIbTATHI, U3JI0KEHHBIE B CTaThe, @ BO BTOPON YaCTU PACCMOTPUM
CIICICTBHUSI, BEITCKAIOIINE U3 HUX.

Hrak, B nepBoii yactu:

1 M&bI nokasanu, 4To MaTeMaTu4eckas MOJIeNlb UIealIbHOTO ra3a He COOTBETCTBYET TOW MHTEPIIPETAIUH,
KOTOPYIO B HEE TBITAIOTCS BIOXKUTH (u3uku. llocTynmupyemple MmapaMeTpbl W CBOWCTBA HJEAILHOTO Tasa
HECOBMECTUMBI CO CTOXAaCTUYECKOM TeopHUeEi.

2 MpbI 10Ka3ajiy, YTO YCIIOBHS JIOKa3aTelIbCTBa KAHOHHMYECKOIo pacipenesneHde ['mbOca TakoBBI, YTO
KaHOHHMYECKOE pacnpeziefieHne ¢ (U3MYecKkoil TOYKH 3peHUs He NPUMEHHMO K pealbHOMy rasy. [loaTomy
HEKOTOpBIE CIICJICTBUA HE3aKOHHOTO TPUMEHEHUs pacupenencHus [unb6ca (Hampumep, MaKCBELIOBCKOE
pacripenencHre MOJIEKYII Ta3a [0 CKOPOCTSIM) HE SBIIAETCS KOPPEKTHBIM



3 Mpl mokazany, 4TO I pealu3allid CTOXAaCTHYECKHUX IMPOLECCOB HEOOXOAWMO BBOAUTH HEYHpyeoe
83aumooeticmeue MEXIY MOJCKYJIaMHU U Heynpyzoe g3aumooelicmeue MOJEKYJ C OKpyxaromen cpenoi. Takum
00pa3oM, MOHATHE «BHYTPEHHSISI JHEPTHs» JODKHO BKIIIOYATH B CeOSI HE TOIBKO KUHETHUYSCKUE DHEPTHH MOJICKYJ,
HO U OTEHIHAJIbHBIE JHEPTUH MEXMOJIEKYJISIPHOTO B3aUMOEHCTBHS U B3aUMOJICHCTBHS CO CpENOi.

4 JlanpHEUIINI TEOPETHUECKUH M DKCIICPUMCHTAIBHBIA aHaIN3 IIOKa3all, UYTO «MEen108as IHEPIUL»
SIBIISIETCSI CAMOCTOSITENTFHBIM BHIIOM 3Heprud. OHa CTOWT B OJHOM PSAIY C DHEPIHid 3JIEKTPOMArHUTHOTO TIONIS U
SJIEKTPOMATHUTHBIX BOJH B JJICKTPOAMHAMHUKE, ¢ KMHETHUYCCKOW W MOTCHIIMAIBLHON IHEprued B MEXaHUKE, C
SHEPTHEeH TPAaBUTAMOHHBIX TIOJEH W B3aMMOICHCTBUH, ¢ sAepHON SHeprued w T.n. OHa oOjagaeT CBOMMH
cneyughuueckumu cpoiictBamu. Hamprmep, B mMpupoae OTCYTCTBYET «TEIJIOBOE PagUAIlOHHOE)» H3NIy4eHHUe, a
cama TemyIoBasi PHEPrusi HE pacmpocTpaHsercss B (opMe BOIHOBBIX MPOIECCOB M HE 00JIaAaeT MIHOBEHHBIM
JIeHCTBUEM Ha PAaCCTOSHUU.

5 Urobel mate ¢usndeckoe oOBsicHeHHE JM(DEKTy «HAKONIeHUs menia U NpespaujeHuss e2o 8
NOMEHYUATLHYIO 6HYMPEHHION HSHepeulo», Oblla BBIBUHYTA THIOTE3a O TOM, YTO JIOOble HHEpUUAJIbHBIC
MaTepHajbHble OOBEKTH OKPYKEHBI Cenn(pUIEcKor «000m0ukoit». OHa crocoOHa MOTIomaTh (aKKyMyJITHPOBATh)
TEIUIO0, MPeodpasysl ero B MOTSHIHAIHHYIO SHEPTHI0 TEIUIOBOTO IO, U OTAABaTh TEIUIOBYIO SHEPTHIO IPYTHUM
TexaM. DTO TO3BOJISIET IMOJAONTH MO-HOBOMY K IOHUMAHHIO COJIEP)KAaHUS «BHYTPEHHSS DHEPTUs» YacTHI U aTh
00BEKTHBHOE 00BSACHEHHE (Pa30BbIM IIEpEX0/iaM MEPBOTO POAA U IPYTUM SIBICHHUSM TEPMOANHAMHUKH.

Tenepr MOXHO CKa3aTh HECKOJBKO CJIOB O MPUMEHEHUH PE3yIbTaTOB.

Bo-nepevix, MKT ecimn paxke He OymeT OTBEprHyTa, TO BCE paBHO IOTEpsAET JIOMHHHPYIOIIYIO pOJb B
TEpMOJIUHAMUKE. JTO OOYCIOBICHO TEM, YTO JOJS KWHETUYECKOW SHEPrHH MO CPaBHEHHIO C TOTCHIUAIBLHON
BHYTpEHHEW 3Heprueil mmsepHa. lcdye3HeT HEOOXOIUMOCTh B HCIOJIb30BAHUHM TEPMHHA «IHTPONHS», a O TaK
HA3bIBAEMOH «TEIUIOBOM CMEPTH BCEJIIEHHO» OyIyT BCIIOMHHATH TOJIBKO B aHEKOTaX.

Bo-emopubix, BBeneHWe HOBOTO BHIA DJHEPTUM («TETUIOBAas DSHEPTUS») W3MEHHUT COJAEPIKaHHE HEKOTOPBIX
¢uznveckux Teopuid. Hampumep, STOT BUJ SHEPTHU TOJKHA YUECTh XUMHS, (PH3HKA TBEPJOTO Teia U JIp.

B mpembux, ecnu MOATBEPANUTCS HAMHYHE «OOOJOYKH» y DIIEMEHTAPHBIX YaCTHIl, BOSHHKHET HEOOXOIUMOCTh
OTKa3a OT IJIaHeTapHOU MoJiesid bopa u HOBOTO onmucaHus SIEKTPOHHOM CTPYKTYphI aToMa. DTO KacaeTcs, pexe
BCETO, KBaHTOBbBIX TeOpI/Iﬁ C ux IIocCTyJIaTaMu, T'pOMO3AKUM MaTEMAaTHYCCKHUM Q)OpMaJII/I?)MOM u
«HEYI0OOBAPUMBIMU OOBSICHEHUSIMI». XUMHUS U (DU3MKA TBEPJOTO Tela TOXKE JOJDKHBI OYAYyT BHECTH B TEOPUH
COOTBETCTBYIOIINE KOPPEKTUBEI.

[Mpunoxenue

(HCTODI/I‘!CCKOC INpUMCEYAHHUE 0 KPpU3uce HaVKI/I).

3mech MBI cielaeM KpaTKHi uctopudeckuit 0030p. «Kpmsuc ¢umsukm», xak ero HazBan A.Ilyankape,
Hauajcs He Ha rpanuie 19-20 Bekos, a ropasno pansbiie. B 1543 r. Beina onyonukoana kaura H. Konepuauka De
revolutionibus orbium coelestium (;1at.), ¢ K0OTOpPO# HayaIOCh Pa3BUTHE MATEPHATUCTHYECKOTO MHPOBO33PEHHUS B
Hayke. CTUXHIHBII MaTepHAIM3M B €CTECTBO3HAHUH MpeodIiaiall 10 Havana - cepeuHbl 19 Beka, moka ydeHble He
CTOJIKHYJIUCh C TPYAHOCTSIMH B TEOPUH TMO3HAHUHM MCTHHBI ¢ no3uimu ¢unocopun. Ha cMeHy marepuanusmy B
Hayke mpuien «mo3utuBuzm» (O. Kont, cepennna 19 Beka ). C Hero Ha4YMHAKOTCS TIIABHBIC, HA HAWl 6327150,
«Oemp» HaykH. He3amonro 10 3Toro BO3HMKIA TEPMOJMHAMUKA, a 4yTh o3xke MKT.

Ecnu BbIpakaThCsi MPOCTHIM S3bIKOM, TO CYTh MO3UTHBH3Ma (JIF0O0T0!) 3aKifoueHa B ero JiosyHre: «Hayka
— cama cebe ¢urocogus!». KOHT NPOTHBOMOCTABUI TOJIOKUTEIbHOE (HAYYHOE) 3HAHHWE CHEKYJISTUBHON
¢unocopun. 13 te3uca crnexyer, 4ro nrodas HaydHas Teopust GopMHPYET CBOIO COOCTBEHHYIO TEOPHUIO TIO3HAHUS U
OlMpacTcss Ha Hee B TPOIECCe CBOETO pa3BUTHS. YUEHBIH HE OrpaHUYeH B TBOPYECTBE BHEIIHUMHU
MHPOBO33PCHYECKUMH paMKaMH M MOXKET BBIABHUTATh JIOObIE HIeH. Takue TEOPUH MOTYT HAXOIUThCS B
JIOTUYECKOM MTPOTUBOPEYHH JPYT C APYroM. boiiee Toro, B caMix TEOpUSX MOTYT OBITh JJOTHYECKHE TIPOTHBOPEYHS,
€CIIM OHM B TEOPHH IMOCTYJIMPOBAHBI. JTO MPOCTOE, XOTS U BYJIBrapHOE OOBSICHEHHE CYTH NMO3MTHUBH3MA. Takas
KOHIICTIIHSI OKA3aJIach SJOBUTOM ISl HAYKH.

Hemopuueckas ob6cmanoexa B mupe 3a iepuof; 19 - 20 cronetust pa3BuBaigach CTPEMUTENLHO:
- OypHOE pa3BHTHE TEXHUKH TPEOOBAJIO HHKEHEPHBIX KaJIpOB;
- BBIPOCIIA POJIb 0OPA30BAHUSI, YTO PE3KO YBEIUYMIIO YHCIIO JIFOJICH, 3aHUMAFIOIIUXCS HAYYHBIMU HCCIICIOBAaHHSIMHY;
- HayKa MOMNOJIHWIACh MOJIOJBIMH YYEHBIMH, KOTOpbIE HE HMEIH JOCTaTOYHOrO OIbITa, HO OHH ObUIN
CaMOHA/ICSTHHBI, IMEITH TBOPYECKUE aMOUIINY U 3aBBIIICHHYIO CAMOOLICHKY
- BMECTE TeXHHYECKUM MPOrPECCOM COBEPIICHCTBOBAJIACH MPHOOpHAst 0a3a M TEXHUKA IKCIIEPUMEHTA;
- PE3KO BO3POCIIO KOJIMYECTBO IKCIIEPUMEHTATIBHBIX OTKPBITHI, TPEOOBABIINX OOBSICHEHHUSL.



K konrmy 19 Beka ckommiaoch HE TOJNBKO MHOXKECTBO HOBBIX 3KCIICPUMCHTAIBHBIX PE3yJbTaTOB, HE
OOBSACHUMBIX C MO3UITNH KITACCUIECKUX TeOopHil. BOZHUKIN TeopeTndecKe MPOTUBOPEUHS MEKIY TOUKaMU 3PEHIS
BHYTPHU HAy4YHOTO cooOmiecTBa. Hampumep, sipocTHas HayyHas 00pb0a MPOTUBHUKOB U CTOPOHHUKOB JAJIbHO - H
Onmu3KozmeicTBUsl cTaa OecKOMIpOMHCCHOW. B pesynbraTe mnpousomen packon B HaydHOM COOOIIECTBE.
Jmnanexktrka momoria Obl HAWTH pELIeHHE, OTPAaHIYUB 00JacTH MPUMEHeHUs1 o0omx mpuHIOUMoB. Ho, kak mmcan
JlennH: «y4eHble HE 3HATN TUATEKTUKIM». CTOPOHHUKH OJM3KOACUCTBHUS OJIEPIKAIN BEPX B HAYTHOM CIIOPE.

HIMeHHO TOT/1a BO3HHUKIIO MHEHHE O TOM, YTO KJIIACCHUYECKHME TCOPUH (= MaTepHATIM3M) «yCTApPEr», YTO ITH
TEOPHH «IIPOHICHHBIA 3TAI», «AHAXPOHU3MY», H TOJIEKO HOBEHIIIHIE TEOPHH CITIOCOOHBI K Pa3BUTHIO. B TOT mepuon
«HayKa» caenana «mar Brepem». [lomor mozutuBu3M. OmHa HOTA HAyKH €IIe CTOsIa Ha MPOYHOM (yHIaMEHTe
KIJIACCHUYECKUX TCOPHH, Ipyrasi OCHe «Iaray BIepe]| Bisnaiack B mpoTuBopeuns. [1o ciioBaM 0HOTO MOKOWHOTO
aKaJeMUKa ) MONOObIX YYEHbIX 6 MO 8peMs Ovlla HAOeXdcOd, 4mo Hoselulue Meopuu NomMo2ym YCmpaHumy
npomusopeyus 8 Kiaccuieckux meopusax. Ho smum meumam ue cyscoeno 6vii0 covimvca. Hogvle meopuu camu
0KA3AUCL 8 MPYOHOM NOAOACEHUU, NPUYEM MPYOHOCIU HOGEUIUUX MeOPUll UMENU KIACCUYeCKUe KOPHU.

Takum 00pazoM, «pPHIBOK» ObLI HEOOOCHOBAHHBIM U HAyYHBIC INTAHBI «JIOMHYJIN». VX HENb3S «CIIUTHY,
WCTIONB3YS «CyMAaCIIEANIne THIIOTE3bD» UITH TOIMEHsSI O0BSICHEHHS KOHTIIMPOBAHUEM OTEpaTOpaMu U TEH30paMHU.
HobGenesckoro naypeata H. Bopa Oecmokowmnn 3T mpobieMbl. UTOOBI COXpaHUTh «HAYYHOCTB» TEOPHH, OH
NPEUIOKWI «npunyun Ooonoanumensvhocmuy. COTIaCHO 3TOMY IPUHIUIYY, HAy4YHbIE TEOPUU «IUI1 TMOJHOTHI
OIMUCAaHUA» JOJIKHBI COACPKATh B3AUMHO HMCKIIIOYArONIUC IMOJIOKCHHUS. Ho YYCHBIC PaBHOAYIIHO OTHECIIUCH K STOM
(hunocodckoii uzee.

Eme octanuck te, y xoro Bocrutanu nountanue k CTO, OTO, k KBaHTOBBIM TEOPHsIM. DTO HE TOJIBKO
TpaJWIIMOHHAs HOCTaJbIWSA O MPOIIJIOM, HO M OTKIMK JorMaTu3Mma. Bo3bmeMm, K mpuMepy, KOPIyCKYJSpHO-
BOJHOBOM Ayanu3M. DTO TUIHMYHOE JIOTMYECKOEe MpoTHBOpeune. «PacTsHemM» BpeMs M IOCMOTPUM IPOLECC
«OKaMEHEBaHMUs» BOJHBI (IIPEBpAIICHUSI €€ B KBAa3MYACTHUILy, KBAaHT) B «PacTSIHYTOM» BO BPEMEHH Ipolecce.
CoBpemenHasi (u3uKa He CIIOCOOHA omucaTh ATOT mporecc. [la ¥ Kak BoJHA, HE UMEIOIIAas MHEPLUH, MOXKET
«mpuodpecTn» MHEpIHaIbHbIe cBoiicTBa? AbGcypa! ToT ke HOHCEHC NPH OINMCAaHWH IPEBPAIICHUS YaCTHUIIHI B
BOJIHY. TONBKO MOJUTHKY YMEIOT HA JIETy JUX0 nepeodyBarbes. Ilpupona He oomansiBaeT. HeoOxoaum Bo3Bpar K
MaTepHATCTHIECKOI TEOPUH MO3HAHHS HAY4YHOI UCTHHBI [15].
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