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I. XAOC

BmecTo BBEmeHUs

Ceroxusi yrpoM pabora He KjeHJjach. BO3MOXHO, ©Ka-
3bIBAJIOCh YTOMJIEHHE OT HaNpsiXKeHHOH paGOTH B TeUeHHE
3UMBI, BO3MOXXHO H TO, YTO TelJIbli BeCEHHHH BeTep Npo-
6y>KIaJ 3aJ/lo)KeHHOe B KaXKIOM 4eJIOBeKEe CTpPEMJIEHHE
C HACTYIJIEHHEM COJIHEUHBIX JHel, CMeHSIOLUX 3HMHIOI0
HEIOrofy, ye3xarTb U3 ropoia B JieC, B HOJE...

ITonbiTKH COCPeNOTOYUTBCS ObIMH GeCHIOAHBI: MBICIH
pasberajucb, U pelleHHe, Ka3ajoch Obl, HECJOXHOH 3ama-
YM HUKaK He fAaBajoch B pykd. CJIOKHB MamkH C pacue-
TaMH H B3fB C KHHXKHOH NOJIKH NOCJEIHHH HOMep JHUTe-
paTypHOTO KypHaJia, s 3aKpbli HBepH JabopaToOpHu
H YXXe yepe3 mo/yaca LieJs Mo IIHPOKOH aJljiee MPHTOpOA-
HOMo mnapka.

B napke 6b10 monHO. CTYNEHTH U IIKOJbHHKH B OJfH-
HOYKY M TpyINNaMH TOTOBHJIHCb K NPENCTOSIIUM 3SK3aMe-
Ham. Bosee MoJsonoe nokoseHue, He obpeMeHeHHOe elle
{IKOJIbHBIMH 3a60TaMH, CO CBOHCTBEHHOH eMy Hemocpen-
CTBEHHOCTBIO HACJ/1aXKAaJ/JI0Ch TEMJbIM COJHEYHBIM JHEM.

B onHo#t U3 GOKOBLIX aJjilell Halliach CBOGOAHAs CKa-
Mefika. PsimoM co MHO# Ha ckaMeiike cHIeJla MoJiofas
JKEHIIMHA C TOJICTOH KHUIOH, MOBHAUMOMY YUeGHHKOM.
BpeMs oT BpeMeHH OHa OTPHIBAJach OT YTE€HHS H CJeIH-
Ja B3IISAOM 3a MaJieHbKHM MaJIbYHKOM, IIYCKaBLIHM
B He6GOJIbILIOM MNpyAy AepPeBsAHHHINA KopaOsuK. Jlerkuit Be-
Tep npu6GHBAJ KOpaOJHK K Oepery, H OH HHKaK He XOTeJ
OTNpaBaATbCA B NaBanue. OGecKypakeHHHi Heypauefl,
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MaJibuyraH BBITALIHJ H3 BOAbl CBOH Kopabsuk, tlopoluen
K CKaMeliKe W OCTOPOXKHO TPOHYJ 3a PYKY MOI COCEIKY.

JKeHIMHA NOAHSJIA IVIa3a OT KHUTH.

— B uem nmeso, Aunpioina? [Touemy Thl He UTrpaellnb?

MasbyuK MpUCTANbHO CMOTPEJ Ha MaTh.

— Mawma, a noueMmy Boaa KHIKas?

— Hy uto 61, Annpioma! Tel onaTe 3amaelip rJaymble
pornpochl. Boma xumkasi, motoMy uto oHa Boaa. Mnau
urpaii! — ¥ oHa CHOBA HAK/JOHWJIACh HajJ KHHIOH.

[To BbIpakeHHUIO I71a3 MaJbydKa GbIJIO BHIHO, YTO €rO
He ymoBJeTBOpUJ oTBeT Marepu. OH CHOBa MOTSIHYJ ee 3a
PYKY:

— MamMma, HO moyeMy BoAA XKUIKAas, a Jeld TBepIbli?

— Ax, Augpiola, cKo.IbKO pas st TeGe TOBOPHJIA, UYTO
Jiel TBepIbli, NMOTOMY 4YTO Jel — 3TO 3aMep3liasi BOAA.
Wnn nmyckait cBoil kopabJuk.

Mausbil nocTosiy ellle MTHOBeHHe B HepellUTeJIbHOCTH,
MIOTOM B3siJ1 KOpabJuK # noules K npyny. Uro-To HeyJioBH-
Moe B ero Moxojike H Bcell (urype roBOPHJIO O TOM, YTO
«IJlynble BOMNPOCHI» MPOAOJMKAJH €ro HHTepecoBaTh.

W BnpsivMb, Tak Jd YX TJIyNbl BONPOCH, 3aHHMaBLIHe
MaJbyuka? B caMom JneJe, moueMy OIHHM Tesa XKHUIKHE,
JIpyrue TBepAble, a TpeTb rasoo6pasnele? [loyemy, ecau
JKHAKOCTb OXJaXKAaTb, OHAa NpeBpalllaeTcss B TBEPAOE TeJlo,
a ecJM HarpeBaThb, TO B Map?

Moer Ji HayKa B Halllc BpeMsi OTBETUTb Ha 3TO?
MbicIeHHO 51 cTapaJcst pocJ/equTb, KaK oforaiaJjoch ye-
JIOBEUeCKoe 3HaHHe, KaK HAaXOAHMJ YesJOBeK IPaBHJbHBIE
OTBeThl Ha 3TH, Ka3aJoch Obl, COBCEM NPOCThbiE BOMPOCHI.

Bo rayGune BekoB

[IpuMepHO ABe C MOJOBHHOH TBHICSYU JIET TOMY Hasaf,
B V Beke [0 HalIero JIETOCUHCJEHHS, HA OMBIBAEMOM Tell-
aeiM CpenusemubM MopeMm Baskanckom mosyoctpose jgo-
CTHIJIO pacliBeTa aHTHYHOe rpeyecKkoe TOCYAApCTBO. JTO
6blJT 30JI0TOH BEeK RJAACCHUYECKOTO HCKYCCTBA, HayKH, (HHJIO-
coduu. Jlo Haulero BpeMeHH HeNpeB3OHAEHHBIMH OCTalOT-
Csi 3aMeyaTe/bHble TBOPEHHS T'DEYeCKHX  CKYJIBITO-
poB. Mbl ¢ BOCXHILleHHEM JI06yeMCsl COXPAHUBIUUMHCS Ia-
MATHHKaMH aHTHYHOH apXHMTEKTYpbl, C BOCTOPTOM YHTaeM
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6eccmepTHble TBOpeHus [omepa, EBpununa, Apucrodana...
JlparoueHHbIl NaMATHUK TPeYecKoil KYJbTYpPbl — COYHHE-
HUA QuI0cOPOB H ydeHBIX, MNOABOMASIIME HTOT 3HAHHSIM,
KOTOpBle MPHOGpPeN YesaOBeK, IPUCMATPHBAACh K SIBJEHHUAM
OKpYy2Kalollleil ero MpPUPOIbI, MBITAACh MOHSITH WX, OGBSC-
HHTb 3aKOHOMEPHOCTH, KOTOPBIM OHH MoauuHsitoTcsi. [Tox-
Meyasi Ha KaXJOM lIary B3aUMHYI0 CBSI3b pAa3JIHUHBIX
SIBJIEHUH, JIIOAW BOCIPUHHUMAJH NMPUPOAY BO BCEM ee MHO-
roo6pasuu Kak HeuTo eJuHOe, IeJoe.

JIBe OT/IHYHTeNbHBlE YepThl OKPYIKAIOUIEro MHUpa OCO-
6enHo Gpocasuch B rJjasa yesoBeky. [lepBoill u3 Hux Obl-
Jla TOCTOSIHHAsi H3MeHUMBOCTb Npupoabl. CMmeHa BpeMeH
roga pes3ko MeHssa OOJMK 3eMJd. 3a LBeTylle#l BecHOH
U JKapKUM JIeTOM Heu30eXHO MPUXOAUJIU OCeHb H XOJIOM-
Has 3uma. )KusHp B mpupoje 3aMupasna, AJs TOrO 4TOOHI
BHOBb BO3POJAHTBCS C MPUXOAOM BecHbl. Mopckue npuGou
MOAMBIBAJIH BbICOKHe Oepera, MeHsis HX ouepTaHus. Jlec-
HOH MOXap, HAYaBIIKICS OT HEOCTOPOXKHO PasJI0XKEHHOro
NnacTyxaMH KOCTpa, MOXKHpaJ OrpOMHble CTBOJIBI BeKOBLIX
nepeBbeB. [OpHbI 06Baj Mor MpeBpaTHTb LBETYLIYIO HO-
JIUHY B NycTbIHIO. Bee moau, u pad u moJkoBojel, yMupa-
JIM ¥ TIOCJIe CXKUTaHHsi TIpeBpallanuch B nenes. B mupe Bce
H3MEHUHBO, HET HHYEro MNOCTOSTHHOIO, BCE TeyeT, Bce H3Me-
HSeTCsI: JeHb CMEHSEeTCsl HOUblO, JIETHHII XKap — 3UMHHM
XOJIOZOM, 310POBbe — GOJIE3HBIO. ..

«Ha Toro, KTo BXOAUT B Ty Ke CaMYIO peKy, KaXKiablil
pa3 TEeKyT HOBble BOABL... B oHy U Ty Ke peKy HEBO3MOXK-
HO BOHTH ABaXXAbl», — TFOBOPHJ OIMH H3 TPEUecKHX MYi-
peuos, [epakaur decckuil, noayepkuBasi MbICAb, YTO
BCe B MPHUPOJIe HENPePhIBHO H3MEHSIETCH.

BTopoit 0co6eHHOCTbIO NPUPOAB], TOJMEUEeHHOH Ye/IoBe-
KOM, Oblj1a CBOeOGPA3HO COYETaLasCad C H3MEHYMBOCTBIO
BEYHOCTb OKpYyxKamwiuero Mupa. [efCTBUTENBHO, OroJieH-
Hasi 3UMHHMH XOJIOAaMHU TOpHasi BepLIHHA BHOBb MOKPbIBa-
Jlach BECHOIO LIBETYLIMM KOBPOM; Ha MeCTe YHHYTOMXEHHO-
ro moxapom Jeca BO3HHKaJa MOpPOC/b, NpeBpallaBIlasics
yepe3 HECKOJIBKO NeCATU/ETHH B rycroit Jec. Mecto ymep-
IIUX JIOAEH U XKHUBOTHBIX 3aHUMaJIU POXKIAIOLIHeCs BHOBb...
U Tak 6bL10 Be3le M BO BceM. MHp H3MEHUHB X B TO XKe
camoe BpeMmsi BeueH. HenpepblBHO u3MeHsiicb, NpHPOAa
BHOBb H BHOBb BOCIPOH3BOAMT cefsl.



IMombITKONH OGBACHUTH 3Ty MPOTHBOPEYHBOCTL NMPHPOMLL
6bl1a reHuaspbHas [orajka K/J1acCHYeCKO# JIPeBHOCTH —
MaTepHaJIICTHYecKoe yueHHe o6 atomax. Haubosee mos-
HO 3TO Y4YeHHe H3JIOKHJ rpeuecKHil (uiaocod u ydeHbIH
JeMOKpHT.

Arombl

JleMokpuT poauscsi okoso 460 roma go Halllero JeTo-
cuucyenus B rpeueckoM ropoae A6aepe. ITo moureauum 1o
Hac OBENEHHsM, 3TO Obll SHUUKIONEAUYEeCKH OOpas3oBaH-
HbIH desoBeK. Bce muTepecoBasio ero: (pu3uMKa, MaTeMarTH-
Ka, ¢usocopus, MeIHLHHA, TEXHHKA...

I'naBhoe coumuenue Jlemokpura, «Benukuii guakoc-
MOC», MOCBSIIIEHO YYEHHIO O CTPOEHHH MHpa.

JleMOKpPHT AyMaJ, YTO OKpPYKAlOIIHH MHDP COCTOMT M3
MeJbYaHIIMX YacTUL. DTH YaCTHLbl OH CUMTAJ HelesHMbI-
MH M HasBaJ HO3TOMY aToMaMH (aToM — NO-TPeyecKH
HeJleIMMBIil) .

AToMBbI, IO €ro MbIC/IH, BeUHbl U HEH3MEHHbI, MHOr006-
pasue XKe OKpyKarollleil HaC IPHPO/bl BEI3BAHO PA3JIHUYHBIM
IBHXXEHHEM M Pa3/IMUHbIMH COUYETAHHSIMH aTOMOB.

«Bce cocrouT U3 aTOMOB... Bellld OTJIMYAIOTCS APYr OT
JIpyra aToMaMH, U3 KOTOPHIX OHH COCTOSAT, HX MOPSAKOM
H TOJIOXKEHHEM...» — mnHucaa JeMokpuT. ATOMB HaxomsTCs
B HENpepbIBHOM [BUKEHHH, H 3TO JBUIKEHHe — MpPHUYHH&
u3MeHUYHBOCTH MHpa. CaMu aTOMbl HeM3MEHHBHI, H B 3TOM
o6bsiICHEHHe BeYyHOCTH Mupa. JIBurasicb GecrnopsIoyHo,
aTOMbl MPUOJMHKAIOTCS APYr K Ipyry, o6pasyloT CKomJe-
Hus. B omHOM ciyyae Takoe CKOIIeHHEe MOXET ObIThb BO-
OOd, B IpyroM cjydae — KaMHeM, B TPeTbeM — pacTeHH-
eM. CnycTs HeKOTOpoe BpeMsi B pe3yJbTaTe ABHKEHHs
aTOMOB 3TH CKOIUIEHHSI HM3MEHSITCSl: BOAA HCIIAPHTCH,
pacreHde yBsiHeT... Ho BeYHOCTb aTOMOB H HX IBHXKEHHS
obecneuliBaeT MOBTODHOE BO3HHKHOBEHHE HCUE3HYBLIHX
CKOILIEHHH aTOMOB, [O3TOMY OKpYyXaloIUWi Hac MHpP
BEYEH.

TeM, 4TO Bce COCTOHT H3 aTOMOB, I1eMOKDHT OGBSCHSI
MHOTHe XODOILIO HU3BeCTHble CBOHCTBa Belllefi. Tak, Hampu-
Mep, apoMar LBETOB, 110 er0 MHEHHIO, Mbl 4yBCTByeM HOTO-
My, 4TO BblJETalollde M3 Yallleykd I[BeTKa aTOMBl Moma-
LaloT B HOC YeJIOBEKa M BHI3LIBAIOT ollylieHHe 3anaxa. Co-
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Puc. 1. Tak IleMOKpAT OOGDBACHAJ, MOYEMY
NaxHyT LBETHL.

JIeHBIi BKYC MOPCKOMY BO3AYXY MpPHAAlOT aTOMBI COJIH,
YHOCHMBIE BETPOM BMeCTe C Kale/JbKaMH MOPCKOH BOIHI.
TopbKHil, CoJleHBIil, OCTPbIl BKYC Pa3JIHUHBIX TeJ, KAK CYUH-
tan JleMOKpHUT, 3aBHCUT OT popMel ux aTomoB. [lons3ysch
aTOMHBIM y4yeHHeM, OH OOBSICHA/ pasHooOpa3Hble SIBJEHHS
IPHPOALI: BO3HHKHOBeHHE O6JIaKOB, TPOMOBble pacKaThl,
3apHUIBEI H MHOTOE ApPYToe.

B npeBHoctH B3rssimbl JleMoOKpHTa MOJb30BAJHCh ILIH-
pokuM pacnpocrpaHeHueM. B | Beke nmo Haweil spw 3a-
MeyaTeJbHBIH pHUMCKHE nodT u ¢unocod Tur Jlykpeuni
Kap pacckasan 06 atomMax B cBoeil GeccMepTHOi moaMe
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«O npupoje seiuei». IToaThynble CIPORU TO3MBI 3aIOMH-
HAJIUCh JIyYllle YYEeHBIX TPAaKTaTOB.

Bor mocmoTpu: BCAKMA pas, Korga COJIHEUHbIH CBeT NMPOHHKAeT
B Hammm XHJMINA ¥ MpaK Opope3aer CBOMMHU JyuaMy,
MHoXeCTBO MaJIeHbKHX TeJ B NYCTOTe Thl YBHIHIIb; MeJbKas,
MeuyTcst B3af H Bnepes B JYUHCTOM CHSIHHH CBETa;
Bynto 6br B BeuHo# GopbOe GHM BLIOTCA B cpaxeHbsix M GHTBAX,
B cxBaTkn Gpocalorcs BADPYT MO OTpsigaM, He 3Has MOKOs,
Wan cXofsicb HJH BpO3b MOCTOSIHHO ONATb Pa3dieTasich.
Moxep M3 5TOro Thl ysACHHTb cefe, KaK HeyCTaHHO
flepponauasa Belleii B myctoTe HeOGBATHOH MATYTCA.
Tak o BesHkux Bemax noMoramT COCTaBHTb MOHATbE
Maneie Bel, nyTH HaMeuas IJIST HX MOCTHXKEHbS.

Kpome Toro, notromy o6paTiTb Te6e Halo BHHMaHbe
Ha cymaroxy B TejaX, MeJbKalOLIMX B COJIHEUHOM CHETe,
Yro M3 Hee mo3Haellb Thl MaTepHH TaKXKe NBHKEHbS,
IMpoucxonsne B Hell NMOTAaGHHO H CKPHITO OT B30pa.
60 yBuIHIIL T TaM, KAK MHOTO NbIHHOK MEHSIOT
ITyTb cBOi OT CKPLITHIX TOJYKOB H ONSITh OT/ETAIOT 0GPaTHO,
Beyno Tyna u ciona pasberasice BO BCeX HanpaBJeHbsX.
3Hail JKe: HAET OT HauaJ BceoOllee 3TO GMYyXKAaHbe.
[MepBonauana Belle#l cHauana ABHXKYTCS CaMy,
(CnenoM 3a HHMH Teaa H3 MaseHlIero HX COYETaHbH,
bauskue, Kak 6bl CKasaTb, MO CHJIAM K HayajlaM MepPBHYHLIM;
CKpPHTO OT HHX MoJyyasi TOJNYKH, HaYHHAIOT CTPeMHTbCH
CaMy K [BHXXEHbIO, 3aTeM MNOHYXIasl Tesa NMOKpYyIMHee.
Tak, ucxoas oT Hauas, ABHXeHHe MaJjio-ToMaly
Hamux kacaercsi 4yBCTB, H CTAHOBHTCSH BHIAHMBIM TaKike
Ham ¥ B nbuIHHKaX OHO, YTO ABHXKYTCS B COJHEYHOM CBeTe,
XoTb He3aMeTHbl TOJIYKH, OT KOTODbIX OHO MPOHCXONHT !, —

nucan JIykpeuus.

Tak xe Kak U JleMOKPHTY, aTOMbl IIOMOTAJH €My
OOBACHUTb NPHPOAY PA3JHUHBIX SBJIECHHH.

AToMHOe yuyeHHe MO caMOM CBOeH CYLIHOCTH TIJIyGOKO
MaTepHaJIMCTHYHO. B Mupe, cocrosiieM H3 ABHXKYLIHXCS
aTOMOB H MYyCTOr'o NMPOCTPAHCTBA, He OCTaeTcs MecTa JJIsi
6oxxecrtBa. CaMmble pas/iuyHble SIBJIEHHS NPHPOALI HAXOMST
ce6e mnpocroe oObsACHeHHe 6e3 TOMOLIH KakuX-1u60
cBepxbecTecTBeHHbIX cuJal. Hecnmpocra xe Ha mpoTsKeHuH
MHOTHX CTOJIETHH, NpOLIeIINX CO BpeMeHH JleMOKpuTa,
BCe MaTepHaJHCTHUYECKHE YUYEHHS CO3HATEJIbHO CBS3LIBAJIH

! TMepeson ®. A. IlerpoBckoro,- BsaTo u3 kHHru «OcHoBarenu
KHHeTHYeCKOil Teopun Marepuu», oz ped. A. K. TumupsizeBa, OHTH,
1937 r.
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BO3HUKHOBEHHE MATepHaIU3Ma C UMEHEM BeJHKOr0 aTOMMU-
cra. JIBHXKeHHS aTOMOB W HX COyJapeHHst IOXUYHHSIOTCS
MPOCTBIM M CTPOTUM 3aKOHAM, HCKJIOYAICIIUM GOXKEeCTBEeH-
HyI0 BOJIIO, OTPHLAIOILIAM CYLIECTBOBAHHE UyLeC H He-
OOBSICHUMBIX sIBJeHHH. MaTepuasucTHUeCKass CYLUIHOCTD
aToMu3Ma Obla OLHOH M3 IVIaBHBIX MPUYHH TOTO, MOYEMY
CMYCTSl HECKOJIbKO CToJIeTHH cyab6Ga yueHuss JleMoKpuTa
pe3ko usmenusace. Ilocne pacnaga Pumckoii pa6osaa-
IeJbYeCKOH MMIEPHH OFPOMHOEe BJIHsiHMe NpHOGpesaa XpH-
CTHaHCKas 1epKoBb. CpesaBlIMCch ohUIMANBHON rocynap-
CTBEHHOH peJ/IMrHell, XpPUCTHAHCTBO BCEMH CHJIAMH CTPEMH-
JOCb YHHMYTOXHTb KJIACCHUECKYIO HayKy H HCKYCCTBO,
0OBSIBUB UX 3blueCKUMHU. MHTepec K HUM LEPKOBb CUUTA-
jga rpexoM. B 390 romy apxuemnuckon Peodun siBuics
BIOXHOBHTeJEM paspylieHns AJieKcaHApHHCKOH GHOJIHO-
TeKH, 3TOH COKDOBHILHHIL MHUPOBOH KyJabTyphl. Ilpecie-
JI0BaJIOCh CaMoO CTpeMJIeHHEe K 3HAHHIO, €CJIH TOJIbKO OHO He
ObLIO HANpaBJEeHO HA YTBEPXKJAEHHE XPHUCTHAHCKOrO yuye-
Hus. Ctporo 3amnpeulasoch yTeHHe Hay4yHbIx KHUr, OT uep-
KOBHBIX BJIaCTeif CTapajgicbh He OTCTAaTh U BJACTH CBET-
ckne. B deBpane 1626 roma napHKcKuil mapaaMeHT MO
CTPaxoM CMepTHON Ka3HH 3alpeTHs PpacHpoCTPaHsThb
MBICJIb O TOM, YTO BCE B MHDE€ COCTOMT W3 aToMOB. OqHako
KaK Obl HH OBbIJIM CTPOTH NApJaMeHTCKHe aKThl U MOCTaHOB-
JIEHHS] IEPKOBHBIX COGOPOB, OHH He MOTJIM OCTAHOBHUTh pas-
BUTHe Haykd. [Ipolwio HecKoJbKO JIeT Mocje TPO3HOTO
aKTa napsaameHTa, u uMeHHo B [lapuxe BHOBb BO3pOAHU-
auch uped Jlemokpura. Mx BelpasuresiemM siBujcs dpaH-
nysckuid ¢unocod Ilbep Taccenmn.

ITo cronam Jlemokpura

Pomunoéi TacceHau Obl1a cosiHeYyHast MPOBHHIHA
®panuun — IlpoBanc. Byaymwmii  dumsocod poauics
B 1592 roay B cemMbe GeqHbIX NOCessH 6/u3 ropona JIuHb.
OnvH K3 POACTBEHHHKOB JaJ €My BO3MOXKHOCTb YYMThCS
¢unocodun B ropoge IJkc. O61anas HeQIOXKHHHBIMH CIIO-
cobuocTaMu, lacceHau yxKe 16-JeTHHM IOHOLIEH CcTago-
BHTCSl yYHUTeJeM PHTODHKH.

CMesio BocCcTaB NPOTHB HeBEXKeCcTBA  CPELHEBEKOBOMH
HAayKd W OCBSILIEHHOTO LePKOBbIO aBTOpUTeTa ¢usnocoda-

9



upeamucta Apucrorensi, I'accenau nponoBemyeT B CBOHX
COYHHEHHSX aTOMHOe ydeHHe. _

Jpo6ute Temo n0 OGeCKOHeYyHOCTH Hesb3fl, YTBepX-
naer oH. Bce Tesna COCTOST M3 HeHENHMBIX UYACTHL, WJIH
aToMOB. AtoMbl GbIBAIOT pa3Hoo6GpasHoii (GOpMBI:  HEKO-
TOpble YIJIOBAThl, ApPYyrue LIAPOBHIAHBI, €CTb W 3a0CTPeH-
Hble, eCTb M T'JIaJKHe...

Ecnau atombl cuemnsiensl Mexay co6ofl JHIIL B HEMHO-
THX TOYKaX, TO Tej0 OblBaeT XKHAKHM; HAMpPOTHB, €CJH OHH
COMPHKACAIOTCSI MHOTMMH TOYKAMH, TO TeJIo OblBaeT TBep-
IbIM,

AToMBl, KaK MpaBua0, 00beAUHSIOTCS B 6osiee KPYITHbIE
YAaCTHYKH, Hanogobue Toro, Kak oTjesbHble 6YKBBI 00beaH-
HSIOTCS B c/0Ba. AT GoJjlee KPyNHble YyacTHYKK [ accedau
Ha3BaJl MOJIEKYJaMH, OT JIATHHCKOTO CJIOBA «MOJIEC», UTO
O03HayaeT — Macca.

Cpenu y4eHbIX TOro BpeMeHH B3rasiabl [acceHau Ha-
ud cebe Kak ropsylX MPUBEPIKEHIEB, TaK M He MeHee
ropsiudx nNpotuBHUKOB. Llnpoko mo/b3oBasjcsi aTOMHBIM
yueHHeM B CBOMX paborax aHrauickuii ¢usuk PoGept
Boitnb.

Benukuii auryiniickuii  yuenbii HbloTon cunTaj, grto
BCe TeJla COCTOSIT M3 «UMEIOIUX Maccy, KPemKHX, Hempo-
HHUAEMBIX, IBHXKYIIUXCS YaCTHYEK...», TO-€CTb aTOMOB;
3Ta Hesi MOMoraja eMy MPaBHJIbHO OOBSCHATb SIBJIEHHS
MPHPOJLI.

He Hago mymaTh, onHaKo, uTo mocje [acceHau aToM-
HOe yueHHe CJesnajJoCh TOCHOACTBYIOLIMM B Hayke. Ero
POTHBHUKHU GbIJIM 60/1ee MHOTOYHUCJIEHHEl, Y4eM €ro CTOPOH-
H¥KH. B uncie nportuBHHKOB yueHus ["acceHaum o6 aTomax
6bl/1 er0 COBPeMEHHHK W COOTeUeCTBEHHHUK, KPyMHeHIIHi
tdusnocod, ¢pusuk u marematuk Pene IekapT, cuutaBuiui,
UTO BEILleCTBO MOXKHO [AeJHuTb GecnpenencHo. He mpusna-
BaJ CyLIeCTBOBaHHS MaTepHa/bHbIX aTOMOB M I'eHHAJbHBIH
HeMeLKHI MaTeMaTHK, ¢puaocod-uaeanucr I'orppux Jlei6-
HHIL

CnpaBefIMBOCTb TpeOyeT OTMETHTb, YTO B COYHHEHHSX
[accennn G6BlJI0O MHOro HemocsaenoBaTesabHoro. OH cuuTal,
HampuMep, YTO Hapsily ¢ MaTepHaJbHbIMH, BellleCTBEHHbI-
MH aTOMaMH CYILIecTBYIOT ocoOble aTOMhl  XOJIOXA,
aToOMBl TeIlJIa M Jaxe... aTOMbl Ayuiu!
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Puc. 2. Tak mpeacrasisi ce6e JIOMOHOCOB CTOJIKHOBEHHS
H B3aUMOJEiCTBHS MOJIEKY.JI.

Ha Barmsgax acceHau JeXHT nedyaTb ABOHCTBEHHO-
CTH, MOMBLITKH MPUMHPUTb MaTepHAJHCTHUECKHI B3rJs] Ha
NPUPOLY C CYyLIeCTBoBaHHeM 6ora. dTa ABOHCTBEHHOCTb He
CrocoGCTBOBAMIA yoNexy y4YeHHs1 o6 aToMax.

IlpoxoauT ellle OKOJIO CcTa JIeT, H aTOMHOe yuYeHHe Ha-
XORMT ceGe HOBOTO 3aMeyaTeJbHOTO 3alUTHHKA — BeJIH-
KOoro pycckoro yueHoro Muxauna BacusbeBnua JlomoHo-
coBa. JIOMOHOCOB He TOJIbKO NMPH3HAeT CIpaBelJMBOCTh
aTOMHONO CTPOEHHS OKDYXKalOIUUX TeJ, — OH HCIOJb-
3yeT yyeHde 06 aroMax AJs OOGDBSCHEHHS Pas3/HYHBIX

11



CBOMACTB U TpeBpAlleHMH  BemecTBa. ATOMHOe Yy4YeHue
noMoryio JIOMOHOCOBY MpPaBMJIBHO OODBSICHUTb, 4TO TaKoe
TeIJIoTa, IOHNTh, [OYEMY ra3bl COIPOTHBJSIOTCS CXKaTHIO,
HaliTH 34KOHbl, KOTOpble II03BOJIMJIK B JaJjbHellleM
crpouTh GoJjiee coBepllleHHble MalUWHbBI, H T. A.

M. B. Jlomonocos

M. B. JlomoHocoB ponuscs B 1711 rony.

B ucropuu yenoBeyecTBa W3BECTHO MHOTO BeJHYaUIIHNX
YUEeHBIX, XYNOXKHHKOB, Mo31oB. OgHAKO BPSIA JH Mbl Hai-
1eM Cpeld HUX APYroro 4ejgoBeKa, CTOJNb GOrato W pasHo-
CTOpPOHHe omapeHHoro, kak M. B. JloMmoHOCOB.

TpynHo 0XBAaTHTb KPYT €ro HHTEPECOB — TaK OH BeJIHK.
A. C. IlywkuH nucan o JlIomoHocoBe, YTO OH «...COAUHSA
HeOObIKHOBEHHYK) CHJIy BOJIH C HEOOBIKHOBEHHOW CHJIOK
MOHSITHSA... OOHSIJI BCe OTPacJu MpocBelleHus... HcTopHk,
PUTOP, MeXaHHUK, XHMHK, MHHEpaJor, XyA0:KHUK U CTHXO-
TBOpELL, OH BCe HCIBITAJ H BCE POHHUK...»

PasHocTopoHHOCTh TaslaHTa JIOMOHOCOBa MNopaxaJa
WHOCTDAHIIEB, OHM He MOIJIM MpPEACTaBUTb cefe, UTO 3TO
6blT 0HH YesioBeK. Ellle HelaBHO B HEKOTOPBIX HHOCTpPaH-
HBIX KHHTaxX 110 HCTOPHH XHMHH MHCAJH, YTO CYLI1eCTBOBAJO
nBa JIoMoHOCOBA: ONMH XHMHK, a APyroi most!

Kak u Bce syuiiue CblHBI pycckoro Hapopaa, JIomoHo-
COB ropsiy0o JIIOGHJ DOIUHY W MHOPO CHJ IIOJIOXKHJ Ha
yKpenJieHHe ee MOILUH, Ha yJyulleHHe XXH3HM Hapona. 3a-
6oTsICh O pacnpocTpaHeHUu 3HaHui, JlIoMoHocoB 6Bl (hak-
THYECKHM OCHOBaTejieM MOCKOBCKOTO YHHBEpCHTETa, SIB-
JIAIOUIerocss GO CHX MOpP OJHHM M3 KPYMHeHLINX HayuHBIX
IeHTPOB Halllell CTPaHHbl.

B cambix passanuHbix o6jactax 3Hauus paboraa Jlo-
moHocoB. Ho oco6eHHo MHOro 3aHumaJjncs OH (H3UKOH
u xumueil. JlTomoHocoB co3nan nepsyie B Poccun xumuue-
CKYI0 J1a60paTopuio, NpelHa3HAYeHHYIO NJs YUCTO HAyy-
HBIX HCCJeqoBaHui. PaHbllle ApYyrux OH MOHsJ 3HAYeHHe
B3BELIMBAHUsI BELIECTB MPH XHMHUYECKHX MpEBpPAlLEHHUSX.

[IpousBoast onbiThl, JIOMOHOCOB MOATBEPAU/ BEJUKHI
3aKOH MPHUPOABI, OTKPLITLIH HM paHblile.

Ewe B 1748 rony JlomoHocoB mucas: «Bce nepemeHbl
B NPHPOJE CJaYyYaloLlHecss TaKOro CyTb COCTOSIHHSI, 4YTO
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Puc. 3. INpu6opsl, uzobperentsie JIOMOHOCOBHIM.

CKOJIbKO Yero y OJHOTO TeJa OTHHMETCs, CTOJIbKO MPHCO-
elMHATCA K Apyromy .. Ceil BceoOLHii ecTeCTBeHHBIH 3aKOH
MPOCTHPAETCA W B caMble NpaBHJa ABHXKEHHS...» 3HaUYeHHe
3TOro BCeOOIIero 3aKOHa Cesasoch siCHBIM TOJIbKO B Hallle
Bpems. [lepByto uacTb OTKPLITOrO 3aKOHA — 3aKOH COXpa-
HeHHsl Macchl — JIomoHOCOB noaTtBepaua B 1756 romy
TIIaTeJbHBIMU onblTaMu. Yepes 17 jer mocie JloMoHOCO-
Ba €ro ONbITHl MNOBTOPHJI M PaCIIHPUJ  TaJaHTJIHBbIM
tpaHLy3ckuli XHMHK JlaByasbe, COCOGCTBYsI TeM CaMbIM:
YTBEPAAEHHIO 3aKOHA COXpPaHeHUsi Macchl B xumud. Coy-
cta cro JeT, B 1842 rony, Hemeuxdit Bpau P. Maiiep
chopMynupoBas 3aKOH, MOJYYHBIIW{ B JNaJbHedllleM Ha-
3BaHHe «3aKOHA COXPaHeHHs dHepruu». Mbl 3HaeM Tenepb,
YTO STOT 3aKOH SABJIIETCS OAHOH M3 KOHKDPeTHHIX (opMy-
JUPOBOK OOLIEr0o 3aKOHA, c(OpPMyJaHpoBaHHOrO JIOMOHO-
coBbIM. JIOMOHOCOB MepBbIA yBHAET 00e CTOPOHBI OTKDHI-
TOr0 UM BceoOllero 3akoHa, O6beJHHEHHBIH 3aKOH COXpat
HeHHsl MacChl U Hepruu JOJKeH MO CIpPaBelJHBOCTH
Ha3bIBATbCS 3aKOHOM JIOMOHOCOBA.

Ha npoTsi:keHHH nocJegHUX cTa JeT 3akoH JloMoHoco-
Ba Gbl1 TeM (pyHIaMeHTOM, Ha KOTOPHIH OMUpPAJIOCh Pa3BH-
THe HayYKH W TeXHUKH. VIMeHHO 3HaHHMe 3TOro 3akoHa obec-
MEUUJIO CKa30YHBIN TeXHHYECKHI Mporpecc, CBHAETENSMH
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KOTOPOTO Mbl fiBjiseMcsi. B rocsienune mecstu/aeTus, Koraa
ydeHble HanpsXKeHHO TPYAHJ/IHCh, NMbITasCb PAaCKPLITh TaH-
Hbl CTPOEHHSI aTOMa, 3aKOH COXPAHEHHs] MacChl H SHEPTHH
Obl TOH NMyTEBOJHON HHUTBIO, KOTOPAsi HANpaBJsiia MOUCKH
HCCJefoBaTe/ell, yMeHbllaja OMacHOCTb COUThCSI C Npa-
BHJIBHOTO NMYTH M CHeJNaTb JOXHble BbIBOABL. De3 3HaHusA
3TOr0 3aKOHa HEBO3MOXKHO GblIo Gbl OBJIa/leTh OTPOMHBIMH
3arnacaMy dHepruH, CKPbITBIMH B aTOMHBHIX sapax. M B Ha-
WK JHH FeHHaJIbHasi MBICJAb O CYLIECTBOBAHHH 3aKOHA CO-
XpaHeHUss MaTepUH B IUHPOKOM CMBICJIE CJIOBAa PAacKphl-
BaeTCs B HOBBIX KOHKDETHBIX ¢opMmax.

Hsyuas cBolictBa Tes, BeJHKHIl pYCCKHH YueHBIH
OOBSACHWJ HCTHHHYIO NPHYHHY TaKUX CBOHCTB, Kak ympy-
roCTb ra3oB, HarpeBaHHe TeJ NPH TPEHWHU H T. A.

Urto npoucxoQuT ¢ TeJaMH npu HarpeBaHuu? Urto Ta-
koe Temo? IloueMy Tesa mpursaruBarorcst K 3emJse? [loue-
My ras comnpotupJsiercsi cxaTuio? I[loueMy Teso, BhICTaB-
JIEHHOEe Ha MOpO03, OXJaXKaaeTcs? DTH BONPOCH 0COGEHHO
HHTEpeCcOBaJH HayKy Bo BpemeHa JIoMOHOCOBa.

B To BpeMs B eBponeiickoli Hayke CyLIeCTBOBaJl OJUH
OTBET Ha Bce MepedyucseHHble Bhillle Bonpockl. s o6bsc-
HEeHHs HENOHSITHBIX fABJEHHH HayKa pacroJjarajia Toraa
LeJbIM Ha60pOM TAHHCTBEHHBIX «HEBECOMBIX BeLIECTBY,
WM, KaK HX HasbiBaJd, «Martepuit». Hampumep, cyuie-
CTBOBAJIM «HeBecoMasl TellJIOBasi MaTepHs», «HeBecoMas
Marepusi YOPYrocTd», «Matepus xosonas u T. 4. [Ipu mo-
MOILM 3THX «MaTepHH» MOXKHO ObIJIO HAa cJoBax o6bsic-
HHTb BCe YTO YTOAHO, MO CYLIECTBY He OOBSICHAS HHYEro.
Bac, nanpumep, HHTepecyeT, oueMy Boxa B YalHHKe, IO-
CTaBJIEHHOM Ha OroHb, HarpeBaercsi. OTBeT roToB: HEBeCO-
Mas TelJioBasi MaTepHsi, Bblae/IsieMasi OTHEM, BXOAHT B BO-
Iy, H Boja HarpeBaercs!

BBl XOoTHTe 3HaTbh, NIOYeMYy a3 CONPOTHBJISETCS CXKa-
tHio? IToToMy uTO B HEeM HMeeTCsl HeBecoMass MaTepHs
YIPYroCTH, KOTOpasi W NPOTHBUTCSA YMeHbIeHHI0 00beMa,
3aHHUMaeMOro rasom.

Takoe «0OGbsICHEHHE» HEINOHATHBIX SIBJIEHHH HaloMH-
HaeT pacCyxAeHHe HeBeXXeCTBEHHOTO Bpaya B OJHOH u3
MOJIb€POBCKHX KOMeJIHH, KOTOPbIi OOBACHSAJI CHOTBOpPHOE
JefiCTBHe OMHSA, colepKalllerocst B 3epHAaX Maka, TeM, 4TO
ONuH «006/1343€T YCHILIAIOLHMH CBOMCTBAMH>!
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SIcHO, 4TO TAaKOro poja OGbsiCHEHHsI HUYEero He oObsc-
HSIIOT, He [OMOTAloT IOHATb, [OUeMy B NPHPOAe MPOUCXO-
JIAT Te HJIH UHble SIBJIEHHS.

U BOT ¢ 3TUMH «HEBECOMBIMH MaTePHSIMH» M HauWHaeT
60pu6y JloMoHOoCOB. B cBOMX COUMHEHUAX OH JOKa3bIBaeT,
4TO Y TEIJIO M YNPYrocTb ra3soB MOXKHO INOHSTb, He MOJb-
3yfCb TAMHCTBEHHBIMH «MaTepHIMH».

O6bsicHeHHe OKa3blBAeTCA OYeHb MPOCTHIM, €CJH Ha
noMolllb NMPH3BaTh aTOMHOE y4YeHHe.

B XVIII Beke aToMHOe yueHHe clle1a/J0 3HAYHTEJNbHBIH
mar Bhepel, CTaJ0 KOHKPeTHOH HayyHO# rumoresoi.
M. B. JlomoHOCOB OBLT MEpBbIM, KTO CBs3aJ [pencTaBJe-
HHs 06 aToMax C KCIEePHMeHTaNbHBIMU JaHHBIMH O COCTa-
Be H CBOMCTBaxX pasJMUYHBIX BellecTB. ATOMHas TeopHs
JIoMOHOCOBa SIBJISIETCSl CPraHHYeCKOH 4YacCThlO BCEro €ro
MaTepHaIUCTHUYECKOrO yJIeHUs.

JIOMOHOCOB cuHTaJI, YTO BCe Tesla COCTOSIT U3 MeJbuaf-
IIMX YACTHL, MJIH, KaK OH MX Ha3blBaJ, «KKOP MY CKY J».
Kopnyckysibl  upe3Bblyaiiio MaJsiel, M TMOTOMY Jaxe
B He6GOJIbLIOM KOJIMYeCTBEe BellleCTBA HX MOJKHO ObITh
oyeHb MHOro. Ho Kopmyckysbl — 3To ellle He caMble MaJlble
yacthiel BellectBa. OHH COCTOAT U3 ellle GoJsiee MEJNKHX
YaCTHIl — «3J1eM e HTOB». TakuM 06pa3oM, KOpPIYCKy-
Jbl — 3TO TO, YTO MBI Tellepb Ha3kIBaeM MOJIEKYJIaMH,
a 3JIeMeHThl — aTOMB.

CeoiictBa Tenm u sBJlIeHHs npuUpoxsl JIOMOHOCOB
06bsICHSIET ABMKEHHEM H B3aWMOAeHCTBMEM YacCTHI[ MaTe-
pud. PaKTHUECKH OCHOBOH €ro aTOMHOH TEOPHH CTaJo IIO-
JIo}KeHHe O Hepa3pbIBHOCTH MaTePHH M JBHXKEHHS, B MpPO-
THBOIOJIOXKHOCTb CTAapoii TEOPHH, CUHTABIIEH [BHXKEHHe
YeM-TO BHEIIHHM [0 OTHOIUEHHIO K aTOMaM.

CXonmHBIX B3IVIIAOB NPUAEPKHUBAJICA cOBpeMeHHHK JIo-
MOHOCOBa, TaJIaHTVIUBBLIA IUBedlapcKulf GHU3MK, YJIeH
[Merep6yprckoit  Akamemun nayk [Hauuua Bepuyan.
OnHako GOJIBIUIMHCTBOM HHOCTPAHHBIX YUYeHBIX HAeH Jlo-
MOHOCOBa GBIIM BCTPeUeHbl uYpe3BhIYAHHO BpaxaeGHO.
B 1754 rony Hekuit ApHOJbA IJIsi NIOJIYYeHHsS Y4eHOH CTe-
neHd B DpaaHreHcKoM yHuBepcureTe (I'epManusa) wamm-
caJl COUHHeHHe, B KOTOPOM «C YCIIeXOM JO0Ka3saj» Hempa-
BHJIBHOCTb OOBbSICHEHHs TEMJIOTH], KOTopoe 6bl10 AaHo Jlo-
MOHOCOBBIM.
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Ho 6ecripuctpacTHbiii ¢y HCTOPHH MOKa3aJ, 9TO NPaB
6b1 JIoMOHOCOB: ydeHHe 06 aToMax 3aBoeBaJio Bceobliee
NpU3HAHHE.

OnHaKo 3TO MPOM30LIO JaJeKO He Cpasy.

ITepBoHaua/mbHO aTOMHOE ydYeHHe MPOUYHO YKPENHJAOCh
B XUMHH. DTOMY MHOTrO CHOCOGCTBOBAJM TPYAbl AHIVIHH-
ckoro yueHoro [xoHa Jla/bTOHa, KOTOPBIH yGeauTebHG
noxkasaJ, Kakue 3ameuaTe/bHble MEPCIEKTHBbI OTKPLIBAeT
IpUMeHeHNe aTOMHOrO yueHHsi B XUMHH. CJI0KHBle 3aKOHb}
XUMHYECKUX NpeBpalleHHil 1e/aauch TPOCTbIMU H SICHBIMH,
CTOMJIO TOJIbKO MPHU3HATh, UTO BEIIECTBO COCTOMT M3 MeJb-
YaHIIUX HeJeNMMBIX 4acTHlU. ATOMHOe yueHHe MO3BOJAI0
y3HaBaTb COCTAB CJOXHBIX COEIHHEHHH, CO3HATeJbHO
UCKaTb MYTH MOJY4YeHUsS] HOBBIX BelIeCTB, NMPelBHIETh BO3-
MOXKHBIH pe3y/JIbTaT XHMHUYECKHX MpeBpallleHui.

AToMHOe yueHHe 1asi0 BO3MOMKHOCTb He TOJIBKO 0GbsiC-
HHTb OTKDBLITbIE ONMBITHBIM MYTEM 3aKOHBI, ONMpelessioliye
ToBeJleHHe BellleCTBA, HO M NpeNCKa3aTb HOBLlE SIBJIEHHS
H 3aKOHOMEPHOCTH, JI0 TOTO Heu3BeCTHHIE.

OnHako u 3T0 He 06Gecrneyusio NMPU3HAHHUA PeasbHOCTH
atomoB. Eule Bo BTOpOH NOJIOBHHE TPOILJIOrO CTOJETHS
HaeaJJUCThl Pa3HbIX MacTell BCAYECKH MBITAJUCh NMOMelaTh
pacrnpocTpaHeHHID aTOMHOTO yueHHs. MHorue rope-Teope-
THKH YTBEPXK/JaJl{, YTO ATOMBbl — 3TO IJIOA YeJOBeyeCKOH
¢aHTa3uH, a ycrexd aTOMHOH TEOPHH — 3TO BCEro JIMILUb
clyvyaliHasi yfaua NpeanosoXKeHUsl, He UMEIOILEro Moj co-
6010 TBEPIOH MMOYBHI.

TosbKO B pe3ysabTare JJIHTENbHOH H HaIpsiKeHHOH
60pb0OBI, B KOTOPOH aTOMHOe yuyeHHe OTCTaWBaJsoOCh Ilepe-
JIOBBIMH HCCJIENOBATEISIMH PA3JIMUHBIX CTPaH, OHO cjlesa-
JIOCh OOLIENPHU3HAHHBIM.

B 370it 60pbbe 0cO6CHHO BENMUKH 3aCJAYTH AHTJHHCKOTO
¢usuka K. Makceeqna, vemua P. Knaysuyca, aBcrpuii-
ckoro ¢dusuka JI. Boabumana, noasckoro yuenoro M. Cmo-
JIYXOBCKOrO M HegaBHO yMmepiuero papyra CoBeTcKoro
Corosa ¢panuysa XK. Ileppena.

CoBMecTHas paboTa JyYyllIHX YYeHbIX MHUpa IOATBep-
IHJa TeHHaJbHYI0 Mblcab Muxauna BacuabeBuuya Jlomo-
HOCOBa O TOM, UTO CBOMCTBa TeJsa OINpelesslOTCS CBOHCTBA-
MH 06pasyloliMX ero YacTHL, HX paclnojoXeHHeM H
IBHXXEHHEM.
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Mouiekyibt

Hrak, Bce B MHpe COCTOMT H3 MeJbYAHILIMNX YaCTHUIL,
KoTopble JIOMOHOCOB Ha3blBaJ KOPMYCKYJaMH, a Mbl Ha-
3bIBa€M MOJICKYJaMHU.

Ecng mequTb KPYINHMHKY caxapa WM Kamjo BOABl Ha
Bce 6oJiee U GoJiee MeJKHE YACTH, TO PAHO WJIH MO3AHO MBI
MpUAeM K TpPeleJbHO MaJoif yacTHile — MoJekyJae. Moue-
KyJla COXpaHsieT elle CBOMCTBa, MPUCYLIHe JAHHOMY Bellle-
CTBY: MOJIEKYJla BOABI COXPAHSET CBOHCTBA BOJBI, MOJIEKY-
Jla caxapa — CBOIiCTBa caxapa.

Hackosbko MaJibl MOJIeKyJibl U KaK MHOTO HX B JIO-
HOM TeJle, MOXKHO BHAETb M3 Takoro npumepa. [Ipeacrasb-
Te cebe, UTO MbI B354 CTAKaH BOJAbI U MPH IIOMOLIH 0COOO0I
KPacKH MepeMeTHJH BCe HAXOASIIHECsT B HEM MOJIEKYJIbl
BOABI. BblIbeM 3TOT cTakaH BOJAbI C MeUeHbIMH MOJIEKYJia-
MH B OKeaH W MepeMellaeM BONY PABHOMEDHO MeXIy Bce-
MM OKeaHaMH, MOpPSIMH U pekaMd Mupa. Ecaum Tenepb
B JIIOOOM MecTe 3auepllHyTb CTaKaH BOABI, TO B HEM OKa-
2KeTCsl OKOJIO COTHH 3HAKOMBIX HAaM MeEUeHBIX MOJIeKY.JI.

Mouiekysibl Tak MaJjibl, YTO TPYAHO MpPeNCTaBHUTL cebe
HX COCTOSILIIMMH H3 elle 6oJice MEJKHX YacTHL. A Mexnay
TeM MOJIeKYJ bl AeHCTBUTEJLHO COCTOST M3 ellle OoJiee
MeJIKUX YaCTHI, KOTOpble Termepb M HA3bIBAIOTCS aTOMAaMH.

Puc. 4. Ecnu cJ0XHTb BMECTe CTOMbKO MECYHHOK, CKOJIbKO COZep-
XKHTCA  MOJIEKYJ] BO3[yXa B OJHOM KyOGHYeCKOM CaHTHMeTpe, TO
MONYYHTCA Kyda, KOTopasi 3aKpoeT GOJIbLIOH 3aBOA.
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Puc. 5. Monenn moJekya:
a — xucaopona, 6 — yraekucaoro rasa, B — 6eH3ona.

OnHako ecsy pa3fesuTb MOJIEKYJbl Ha aTOMBbl, TO MPH-
CYILlMe NaHHOMY BelleCTBY CBoiicTBa OyayT moTtepsinbl. Mo-
JieKyJa BOAbl PACMaACTC Ha aTOM KHCJOPOAa M JABa aro-
Ma Bojopoxa. Bogopoa M Kucaopos — rasbl; MO CBOUM
CBOACTBAM OHM COBCEM HE MOXOXKHU Ha BOAY.

®usnyeckre U XHMHYECKHe CBOICTBA MOJIEKYJ 3aBHUCAT
OT TOTO, 13 KAKHX aTOMOB COCTOMT MoJiekyJ/1a. Ha pucyHke 5
#306parkeHbl MOJIEKYJbl BellecTB, 3HAKOMbIX HAaM M3 MO-
BceHeBHOH »KM3HH. MoJsekysa yrJeKucaoro rasa moJay-
yaeTcsi B pe3ysbTaTe COeJMHEHHsI aTOMa yrJjaepoaa C JABY-
Msl aTOMaMH{ KHCJOpOJa; B MOJIeKyJie XMMHYeCKOro Belle-
CTBa, Ha3blBaeMOro 0GeH30JI0M, COJEPXKHTCS IIeCTb aTOMOB
yriepona U LecTb aTOMOB Bogopoja. MoJekysna KHCI0pO-
Jla COCTOMT M3 JBYX OJHHAKOBBIX aTOMOB KHCJOPOAA.
BcerpeuatoTes MoJiekysibl 60Jiee CI02KHBIE, HO €CTb U TaKHe,
KOTOpbIE COCTOSIT BCEro U3 OJJHOTO aToMa.

Ecnu 3amMeHuTh XO0Ts1 6Bl OAMH H3 aTOMOB, BXOZSIIUX
B MOJIEKYJy, APYrHM, CBOHCTBa ee M3MeHsATCs. Moseky/a
BOJBl COCTOHMT, HampuMep, U3 OJAHOTO aTOMa KHCJIOpoaa H
IByX aToMoB Bomopoja (puc. 6). Eciu onun u3 atomoB
BOIOpPOJA B MOJeKyJe BOAbl 3aMEHUTb Ha aTOM MeTaJia
HaTpusl, TO TOJNYYHUTCS MOJIEKyJa BelLlecTBa, Ha3bIBAEMOIo
eIKHM HaTpUeM, HWJIH eNKOH Lie-
Jgoubto. Enxuit HaTpuil — TBepaoe
BEIIeCTBO, IO CBOMM CBOHCTBaM CO-
BEDIUIEHHO HEeIOXO)Kee Ha BOXY.
CgoiicTBa MOJIEKYJI, OMHAKO, 3aBUCAT
He TOJBKO OT TOTO, KakHe aTOMBl
BXOJAAT B HX COCTaB, HO M OT TOrO,
KaK OHHM pacmoJioeHol. B 3sTom
Puc. 6. Monexyna ~ MOXHO yGeIMTbCsl, PacCMOTpeB ABe

BOJBL MOJVIEKYJIbl, H300pa’KeHHble Ha pH-
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cyHke 7. Kaxpas U3 HHUX co-
JepxHUT 4 aroma yrjepoga H
10 aToMOB BOAOpPOLa, HO CBOH
CTBa 3THX MOJIeKYJ Pa3JHYHBI.
[TpuunHOil TOMy — pasHoe pac-
[OJI0KEeHHe aTOMOB.

ATOMBI B MoJsieKyJax pacho-
JaraloTcst He Kak yrogHo. Mx
pasMelleHHe MOAUYMHIETCS Ompe-
LeJIeHHBIM 3akoHam. B npuse-
JCHHOM npuMmepe BO3MO2KHbI Puc. 7. Jlpe MoJIeKy.1Hl,
TOJIKO [IBa PACIOJNOXEHHS aTo-  Pas/IHyalollHecss DacroJo-
MOB, a CJIeJJOBaTeJbHO, TOJbKO KEHHEM aTOMOB.
JIBé pas/dyHble MOJIEKYJbl C OJ-
HAM ¥ TeM e cocTaBoM. [Ipu yBeauueHHH yuclIa aTOMOB
B MOJIEKYJIe KOJIHYECTBO BO3MOXKHBIX pPacClOJIOKeHHH HX
ObICTPO BO3paCTaeT; TaK, Yy MOJIEKYJbl, COCTOSUIEH H3
13 atomoB yrJjepona u 28 aTOMOB BOAOPOJA, BO3MOXKHBI
yxe 802 pas3jiMyHBIX PacnoJIOKeHHsI aTOMOB, H, CJ1el0Ba-
TeJIbHO, Y BellecTBa C TaAKHM COCTaBOM MbIciauMbl 802 pas-
JIHYHBIE MOJIEKYJIbL.

B 3roii KHHXKe OyfeT pacckasaHO O TaKHX CBOHCTBax
M TpeBpallleHHsX TeJ, IMPH KOTOPBIX COCTaB MOJEKY.Jl
ocraercsi HeuaMeHHbIM. [ToaTOMy MBI B AaJbHellleM H3J0-
KEeHHH [/ TIPOCTOTHl YCJIOBHO OyAEM CUHTAThb MOJEKYJbl
OYeHb MaJIeHbKHMH TBEpPAbIMH LIaDHKAMH C OINpeJeseH-
HBIMH, HeU3MEHHbIMH CBOHCTBAMH, He 33[yMBIBASICb O TOM,
KakK B JIeHCTBUTEJIbHOCTH OHH YCTPOEHH.

HecMoTpsi Ha TO, YTO MOJIEKYJIBI HeJsb3si GBLIO YBHAETh
JaXKe B CaMblil CHJIbHBI U3 OOBIYHBIX MHKPOCKOTIOB, YUeHbIE
HaUII¥ CHOCOOBI C MOJHOH [JOCTOBEPHOCTBIO J0Ka3aTb HX
cyllecTBOBaHHe. A B HelaBHee BpeMst yJajoch NOCTPOHThb
3aMeuaTeNbHbIH NPHGOP — JIEKTPOHHBI MHKPOCKOI, KO-
TOPBIH YBEJHYHUBAET HACTOJNBKO CHJIBHO, YTO C €ro Io-
MOIIBI0O MOXHO YBHIETb H OTHAeJbHble MoJekyJasl. Ha
pHUCyHKe 8 H3o6pakeya cleJJaHHAsT NPH NTOMOILH 3J€KTPOH-
HOTO MHKpOCKona ¢ororpadusi OJHOTO CJOKHOIO XHMH-
yeckoro coeanHenus. IlpaBra, TakHe MOJIEKYJbl SIBJISIOTCA
rHraHtaMu B Mupe MoJjieKy/d. OOBIYHBIE Ke MOJIEKY.JIbI
HACTOIBKO MaJbl, YT® H B 3JEKTPOHHBI MHUKPOCKON MbI
He MOXeM HX YBHUJETb.
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BeuHoe nBHKEHHE

KakoBbl 3Ke cBOficTBa MOJIEKYJI?

«[TepBoiM ¥ caMbIM BaXXHbBIM H3 TPHPOXIEHHBIX
CBOHCTB MAaTepHH SIBJSIETCS JBHXKEHHe», — IHCAJH OKOJIO
cTa Jer Hasan Mapkc u dHresnbc, MosieKy bl HE HaXOAATCS
B TIOKOe, a HeNpecTaHHO IBHKYTCH.

OueBHHO, WM YACTHULUBI BO3AyXa, GECNOPSLOYHO IBH-
rascb, HelpepbIBHO YAapsOTCA O Hac, Kak Obl 06CTpesiH-
BalT HawM Tena. [loueMy 3ke MBI HE UyBCTBYeM 3THX
ynapoB? OGbsCHSIETCST 3TO O4YeHb NpocTo. MoJiekysbl, Kak
Mbl 3HaeM, Ype3BbIYAHHO Masbl W JErkd, H Hallh OopraHsl
YyBCTB HE BOCIHPHHHMAIOT CJabbIX YAapoOB OTAEJIbHBIX
moJiekyJ. He uyBcTByeM ke Mbl yBeJHYEHHS TSXKECTH Haje-
TOH Ha TOJIOBY LIJSIMBbI, KOTAA Ha Hee csiieT KoMap. A Ko-
Map COCTOMT M3 MHOTHX MHJ/JIHApJOB MOJeKyJ!

Hpyroe neno, ecid ObICTPO ABHKYLIAsICA MOJeKyJa
ynapsiercss o0 OueHb MaJieHbKylO yacTHIy, IO pasmepam
cpaBHHMYIO ¢ Heil. B sToM cayyae ynap yxke He mpoHmer
6eccaeHO 151 YaCTHIBL.

Kaxaplit U3 Bac He pa3 HabJ/10faJ, KOHEYHO, KaK COJI-
HEeuHBl JIy4y, Monajasi B TEMHYIO KOMHAaTy uyepe3 IIefb
CTaBHM WM HEIJIOTHO 3afepHYTYIO LITOPY, NPOHU3BLIBAET
BO3AYX H JOeNaeT BHAHMBIM MHOXECTBO HaXOHSLIMXCS
B HeM MeJbuallUINX MBLTUHOK. Kakoe Gecrmopsimoutoe ABH-
KeHue MOXHO Habaonatb npu stoM! [IbIMHHKH npHuynd-
JIUBO MeUyTCSl M KPy»KarTcsl, HalOMUHasi POoH MOLIEK B Tell-
Julii JeTHHH Beuep. Takoe ke GecrnopsiioyHoe ABHIKEHHE
MOXKHO YyBHJETb, €CJH, BOOPYKHBIIHCHL MHKPOCKOIIOM,
MPUCMOTPETbCSI K YacTHYKAM JbIMa OOBIYHOH NamHpOCHI.
W Takoe e NpHUYJNJIMBOe ABHXKEHHE COBEPLIAIOT MeJb-
yailie YacTHLbl, eC/AH MOMECTHTb UX B XKHAKOCTb. CJ0XK-
Hble 3allyTaHHbIE Y30DPbl BHINHCHIBAIOT, HAIPUMEp, YaCTHIIbI
LBETOYHOH MNbIJbLL], BBICHITIAHHOH B BOLY.

[IbinuHKH HeyToMuMbl B cBoeM ABHxKeHHH! CKOJIBKO
Obl BpeMeHH Bbl HM HaOJIIOAA/IM HX — Yac, AeHb, HEHeJIo,
OHH C OJHHAKOBBIM YycepaHeM OyAyT MpPOAOJXKATb CBOIO
GecKOHeyHylo TJIsCKy. B ueM npuunHa 3TOro ABHKEHHs?
Yro 3acTaB/sieT YaCTHLbl MOCTOSTHHO M3MEHSITb CBOH MYTb,
HeOXHJaHHO 6pocaTbCsl B CTOPOHY, KaK 6yNTO HaCKOYMB
Ha HEBHAHMMOE MpenATCTBHE?
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Ha nepBeiil B3rasin oOTBET OueHb
NpOCT: BeAb OKPYKalLIHHA Hac BO3AYX
HHKOTJa He ObIBaeT MOJIHOCTbIO CIO-
KoeH. Jlaxke Korga HeT OLLYTHMOIO
BeTpa, W TOrJa ABHXKYTCS HaABCTpeuy
JpYT ApPYTY W B3aUMHO MepeMelLInBaloT-
Csl MOTOKH TEmJIOro H  XOJOLHOro
BO3ayxa. Takue jXe TenJoBble NMOTOKH
rabJIONAlOTC H B BOJE, Harpetod B
OJHOM MecTe GoJblle, yeM B APYTOM.

He st 1M norokH, CTalKHBasiCh
APYr C APYroM H B3aHMHO MepeMeLllHu-
BasiCh, 3aCTaBJIIOT NMBbIJIMHKH ABHIaThb-
cs1? Hy uto Ke, 3TO MOXKHO NPOBEPHTB!
Bo3sbmem crakaH ¢ BoJOH, K KOTOpOH
fofMellaHa IBETOYHAs MNblIbLA, 0OMO-
TaeM ero BaToH, 4TOOBl 3alIUTUTb U OT
HarpeBaHHs H OT OXJaXKJeHHs, H IO-
CTaBUM Ha CTOJ BJaJH OT OKHa. [Ipoii-
Puc. 9. Tak pacmo- J€T HECKOJbKO YacOB HJIH, €CJH XOTH-
Jaraiorcst menbuad-  Te, nHeH, M BCA XKHAKOCTb CHEJNaeTCs
lpe YaCTHHUKH B CO-  GnpHaKOBO HATPETOH — TEIJIOBBIE MO-

cyfte ¢ BoxoH: TOKH B Hell Hcue3HyT. BeposTHo, U Ha-
M [BbIJIHHKH, He MOAroHsieMble 6oJsiee, mepecTansd HBH-
ratbess? Ho BoopyxuMCS MHKPOCKONOM, K Mbl CHOBA
YBHIHUM, YTO CPelH MbIIMHOK LlApHT IpeXKHee OXHBJeHHE:
KaK W paHbllle, OHU GeCMopsilOUHO MeYyTCs, FOHUMBbIE Ka-
KO#-TO HeBelLOMOH CHJIOH.

3HauuT, He TIepeMellldBaHHe MKHUIKOCTH HJH rasa,
BbI3BaHHOE pa3HOH HArpeToCTbi0 €ro OTHEJNbHBIX CJOEB,
NpUYHHa ABHXKeHHs NblIMHOK. [lomiieM apyroe oGbsicHe-
HHe 3TOro 3araJo4HOro siBJEHHS.

He MBI i1 ¢ BaMu caMu siBisieMCS NPHYHUHOH 3TOro
IBHXKeHHs? Benp crakaH, B KOTODOM Mbl HabJiofaeMm
IBHXKeHHe, CTOUT Ha CTOoJe, U MBI, OBHIasChb MO KOM-
HaTe, 3aKpblBasg H OTKpLIBasi [BepH, HENpephIBHO CO-
TpsicaeM CTOJI. A KOTAa Mbl HEeMOJBHXKHBI, 3TO 3a Hac Je-
JaT MNpoe3Xxkalollye N0 yJaHle aBTOMOOWJH, TpaMBau,
aBTOOYCHI.

Yro6bl 136exaTh KaKMX Ohl TO HH OBLIO COTPSICEHHH,
yuyeHble OMYCKaJIUCh B NOJA3eMeJbs, Ie COCYA C KHIKO-
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CTbI0 HaxOAWJICA B moaHoMm nokoe. Ho u ato He Morjo
YCIIOKOUTb MbIHHKH, OHM [BHTaJHCh IOTpPeXXHeMy HeYyTO-
MHMO!

Uro e 3acTaBisieT X JBUTaTBCH?

Ecnu npucmoTtpeTbes K HallleMy ONBITY, TO B I1a3a 6po-
CUTCS OOGCTOSTE/ILCTBO ellle 0oJiee CTPaHHOe, yeM [BHXKe-
HHe NBLIHHOK.

B camoM peJsie, onHCaHHOE SIBJIEHHE MOXKHO Ha6JII01aTh,
noAMellaB K BoJe MeJbyaiilllie YacTHUBI JIO60ro Belle-
CTBa, HEPACTBOPHUMOro B BoJe. DTO BELIECTBO MOXeT GbiTh
n GoJiee TsXKeJbIM, YeM Boja. B nocsienHeMm ciayuyae yacTu-
bl JO/IXKHBI OblJIM OBl NMOTOHYTh W cO6GpaTbCAd Ha JHE
crakaHa. OHAKO eC/IH Mbl IPOJie/IaeM TaKO# OIBIT, HATIPH-
Mep, € IVIMHOH, TO yOelIuMCs, YTO 4acTb YacCTHIl, BMECTO
TOro YTOoObl yNacTb Ha AHO CTAaKaHa, PacloJOXKHTCHA Tak,
KaK 3TO0 H3o0paxeHo Ha pucyHke 9. Buusy ux Gyner
Gosblle, HaBepxy Menblle. K Takoe pacmojoxkeHue He
MeHsIeTCs, CKOJIbKO Gbl BpeMeHH Mbl HM HabJronasn!

Uro Xe MellaeT yaCTHYKaM ynacTb?

OxkasbiBaeTcss, OJHa M Ta e IpUYHHA 3aCTaBJsier
YaCTHLbl ABUTaTbCl M He JaeT UM yNacTb. ITO YAaphl
0 HHX MOJIEKYJ BOJBI.

KoneyHo, npuuya-
JIUBLIE JBUXEHHUS
KaXJIoH I[BETOYHOH
NBVIMHKH He eCTb pe-
3yJbTaT yAapoB OT-
JleIbHbIX MOJIEKYI.
Heno B TOM, 4TO B
Kakoe-JH00  MIHOBe-
HHe 00 OfHYy H3 CTO-
pOH TMBIJIMHKK yjaa-
psieTcsl WIM  3HauH-
TeJIbHO 60JIbllle MoJle-
KyJl, 4eM O TpPOTHBO-
HOJIOKHYIO, HVIH XKe
MOJIEKYJIbl,  JBUXKY-
muecst ¢ 6oJbIIed CKO-
poctbio. Bee atH yna-

Pbl CKJIAABbIBAIOTCS M Pyc. 10, CxeMa GpOyHOBCKOrO IBHKe-
3aCTAaBJAIOT IBIJIHHKH HU1,

23



IBHraTbCs B TOM HanpaB/eHHH, B KAaKOM IlepeMellaloTcs
H36bITOYHBIE HJIKH 0COOEHHO OLICTPBIE MOJIEKYJIBIL.

OnucaHHOe [BHXKEHHE MeJbYaHllIHX INBIJIHHOK OBLIO
OTKPBITO H3BECTHBIM, LIOTJAHACKUM GoTaHuKoM DBpoyHoM
¥ Ha3BaHO MO ero HMeHH GpPOYHOBCKHM. A Teopus,
o6bsicHAIOAss GecropsiiouHOe JBHXKEHHE YaCTHLl IIOA
BJIMSIHHEM YN apOB MOJIeKYJl, Gbljla pa3BUTA NMOJbCKHM Yyye-
HbeiM M. CMOJTyXOBCKHM.

BpoyHoBckoe aBMKeHHe MO3BOJISIET YYeHHIM OGHapy-
XKHUBaTh ABHXXEHHE MOJIEKYJI TaK e, KaK JBHKEHHE JIHCTBhI
JlepeBbeB TO3BOJISIET 3aMeTHTb JAaxe cJaboe AyHOBEHME
BeTepKa.

Co cKOpOCTbIO MyJiH

B :xu3HM Mbl IPUBLIKJIM Yallle UMeTh NeJIO C TBepAbIMH
M XHAKHMH TeJlaMH ¥ pexe c rasamu. Ilostomy nepsbie
HaM MpeJCTaBJsAIOTCST 6oJiee NPOCTHIMU U MOHATHBIMH, YEM
HeocsizaeMble U HeBHAMMble rasel. OQHAKO He BCe, K yeMy
MBI TIPUBBIKIH M UYTO KaXXeTcss HaM INPOCTHIM H SICHBIM,
siBJIsieTcsl B AelicTBUTeNbHOCTH mpocThiM. OxasbiBaercs,
rasel HMeloT 6oJiee NpPOCTOE CTPOEHHEe, YeM KHAKOCTH
WM TBepAble Tesa; MOBeJeHHe MOJIeKYyJ ras3oB Jierde Hay-
YHUTb U MNOHSATE.

Ecsip 651 MBI TIOCTPOHJIH MHKPOCKOI, B KOTOPHI MOXHO
6b1s10 OB BHAETb OTHeJbHbIE MOJIEKYJbl, U CTaJy Obl C €ro
[IOMOILbIO PacCMaTpUBaTb CHOKOHHBIA BO3AYX HJHM KaKoMH-
JIH60 ras, To 06HAPYKU/IH Obl B «CIOKOHHOM» BO3JyXe HJH
rase HeBooOpa3HUMyl0 CYTOJIOKY H cyery. MoseKky/bl rasa
JBHIKYTC 6eCNOpPSAOYHO MO BCEM HaNpaBJeHHSIM C ca-
MBIMH Pa3/IMYHBIMH cKopocTssMH. Ha mepBhIil B3ryisig 3xech
HeT HHKAKOro rnopsiika, HUKakux npaBu/a ABHKeHus. EcTb
MOJIEKYJIbl GLICTpPBIe, €CTb U MOJIEKYJbl MeNJIeHHbIE, U Te
U Jpyrue [BHXYTCS 1O BCeM HanpasjeHusM. OnHako
€CJIH M3MEPHTb CKOpPOCTH OOJIBbIIOTO YHCJIA MOJEKYJ, TO
OKa)eTcs, 4TO OYeHb ObLICTPO M OUEHb MEJIJIEHHO ABHXKET-
csl coBceM He6oJiblIasi JOJIST MOJIEKY.JI.

Baxkublft nyis HayKH 3aKOH, KOTODPBIH yKasblBaeT, Kak
paclpefesIlOTC  MOJEKyJbl [0 CKOpPOCTAM  (TO-ecThb
CKOJIbKO MOJIEKY/ [ABHXKETCS MeAJIEHHO, CKOJbKO — GBbl-
cTpo), ObLT HaijeH aHriuidckuM ¢usnkom K. Makcses-
JIOM,
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[To sTOMy 3aKOHy monasisiollee GOJBUIMHCTBO MOJIe-
KyJ JBHXKETCSI CO CKOPOCTSIMH, MaJjlo OT/JIHYaIOIIUMHCSH
apyr or apyra. TakuM o6pasom, 6e3 GoJbLIOH OILIHGKH
MOXHO CYHTaTb, YTO BCE€ MOJIEKYJbl OBHXKYTCS C OJHOH
H TOH Xe cpejlHel CKOPOCTHhIO.

CkasaHHOe MOXHO MOSICHHTh TakUM npumepoM. Ecin
cobpaTbh BCeX TOJNIbKO YTO NPHU3BAHHBLIX B apMHIO COJIAAT
OJHOTO TOAA POXKIEHHS, IOCTPOUTh UX PsilaMH, TaK, UTOGHI
B KaXJIOM psiAy CTOSJIM COJNJAThl OLHOTO pPOCTa, 3aTeM
psiA caMbIX BBICOKHMX IOCTABHTb CIIpaBa, a CaMbIX HH3KHX
cJIeBa, TO OKaXeTCsl, YTO HOBOOpPaHIIEB OYEHb BBLICOKOTO H
OYeHb MaJIeHbKOTo pocTa 6yJeT TOJbKO HeCKOJNBKO Yejo-
BeK, a ueM OJIMXKe K cepelHHe, TeM MJHHHee OyIyT psibl.
Bo/bIIMHCTBO NPHU3BLIBHUKOB HMeeT OJH3KHH K CpeqHeMy
pocr. dto npaBuJo OGYyAeT ONpABABIBATBHCS BCEraa, KOrjia
Mbl OyneM 6paTb NOCTAaTOYHO GOJIbLIOE KOJNHYECTBO IIPH-
3bIBHHKOB. EcjiM Xe MBI 3aXOTHM INPOBEPHUTbL CKA3aHHOE,
B3fB  JeCSATb-OAMHHAAUATh  IMPH3bIBHHKOB, TO MOXKHC
Cy4aifHO BCTPETHTbCS CO 3HAUUTEJbHBIMH OTKJIOHEHHSIMH
OT 3TOTO NpaBHJa. TOYHO TaK Ke H 3aMeHa pasJIMYHBbIX
CKOpPOCTeH MOJIEKYJl CcpelHell CKOPOCTblo He OyaeT IPHBO-
IUTb K OLIMOKAM TOJIbKO B TOM cCJydyae, ecJad MOJIeKyJs
JIOCTaTOYHO MHOrO, MOTOMY UYTO TOTAA [OJis MOJIEKYJ CO
CKODOCTSIMH, 3HAUHTEJbHO OTJHYAIOILIMMHCS OT CpelHed,
Gyner HeBesauka. Ho nmaxke B ouyeHb HeGOJbIIOM KOJHYe-
CTBe rasa, HampuMep B oObeMe, paBHOM OyJaBOYHOH ro-
JIOBKE, CONEpIKUTCSI TpoMagHOe HHCJIO MOJEKyJ, HCUHCIS-
oieecs uudpoit ¢ 16 Hyasmu. IloatoMmy Bo Bcex mpak-
THYECKHX CJIy4asix MOXHO G6e3 CYLIEeCTBEHHOH OIIHOKH
CYMTATb, UTO BCE MOJIEKYJbl ABHUXKYTCS C OJHOH M TOH XKe
cpelHeld CKOPOCTbIO.

KakoBa e BeJHYUHHA CpelHed CKOPOCTH JABHXKEHHS
MoJIeKyJ rasar

Y pasHbIX rasoB OHa pas/IHyHa.

Camble GBICTPBIE MOJIEKYJIbl — MOJIEKYJIB! JIETKOTO ra3sa
BojopoRa. MejsieHHee ABHXXYTCS MOJIEKYJB KHCJIOPOAA. '
Eme MenjeHHee — MOJIEKYJIbl  yIVIEKHUCJOTBI, TSXKEJIOra
rasa, o6pasyiollerocss NpH MHOTHMX XHMHYECKHX IIpeBpa-
LIIEHUsIX ¥, B YaCTHOCTH, TNPH TOPEHHH.

[Ipu o6GBIuHOI TeMnepaTtype MoJieKysaa BOAOpOAA IIpO-
Geraer OKOJIO 2 KHJIOMETPOB B CeKYHAY, TO-eCTb OKOJIO
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E 7000 KHNOMBTPOB B Yac ; mﬁf:ggﬁ:

Puc. 1l. Tlpn oOObIUHBIX TeMmepaTypax MOJIeKYJbl BOLOPONA ABHU-
XKyTcs ObICTpee camoJiera M INoe3na.

7 000 xunomerpoB B yac (puc. 11). Mosekynbl Kucaoponaa
coBeplialoT 3a 1 cexyHay nyTtb okoso 500 Mmerpos, TO-
ectp 0KoJ10 | 800 kuiomerpoB B yac. CKOPOCTb ABHIKEHHS
MoJekya yraekucaorsl — 1 200 kusmomerpoB B uac. Emie
MeJlJIeHHee [BHXKYTCS MOJIEKYJbl HEKOTOPhIX CJIOXKHBIX
BELIEeCTB; HAmpuMep, MoJIeKyJbl BellecTBa, Ha3LIBAEMOIo
KapOOHUIOM HHKeJIsl, NPOXOAAT 3a yac MeHblle 600 Kujo-
MeTpoB. TaKyir MoJieKyJy Jerko OOTOHHT COBpeMEHHBIH
caMoJieT.

OtH uUdpb BbHI3LIBAIOT 3aKOHHOe yauBJeHHe. B ca-
MOM jeJjie, MOJIEKyJbl BOJOPOAA, ABHrasicb GeClnpensrT-
CTBEHHO, 0O6JieTeJad Obl BOKPYr 3eMJIH IO 3KBAaTOpPYy BCETO
3a 6 uacoB. [laxe MemJeHHas MOJIeKy/aa YIJIeKHCJOTHI
coBepiunja Obl 3TO myTellleCTBHe MeHbllle YeM 3a JBOe
CYTOK.

C npyroit CTOpOHBI, MBI 3HaeM, KaK MeMJIEHHO paclpo-
CTpaHSAIOTCA 3amaxH. Eciu Ha HEKOTOPOM DaCCTOSIHHH OT
HAac pasosibloT OEH3HH, TO AJA TOro, YToObl 3amax JMOLleJ
10 Hac, HeoOXOAUMO HekoTopoe Bpems. Ho Bemb cxopocTb
pacnpocTpaHeHHsl 3anaxa — 3TO M eCTb Kak GyaTo CKo-
POCTb IBHXKEHHsI MOJIeKYJl Maxyyero BelllecTBa B BO3ZAYXe.
Kak e NpHMHDHTb GBICTPOE ABHXKEHHE MOMEKYJ, IPOXO-
ASLIMX COTHH METPOB B CEKYHAY, C MEJJEHHbIM pacrpo-
CTpaHeHHeM 3alaxa?
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«OueBuIHO, YTO OTHe/bHBIE aTOMBbI BO3[1yXxa, B3aHMHO
NPUONU3UBILINCH, CTAJKHBAIOTCS C 61HXKAHLIMMH.., BTOpble
aTOMbl Opyr OT Apyra OTHPBIPHYJH, yAapHjinch B Gosee
6JIi3KHe K HHM H CHOBAa OTCKOYMJIH; TakHM o06pasowM,
HenpepbiBHO OTTaJKHBaeMble JpYyr OT JApYyra YacTbIMH
B3aUMHBIMH TOJUKAMH, OHU CTPEMSITCA paccesTbcs BO BCe
CTOpOHBI», — ncaad M. B. JloMoHOCOB.

PacnpocrpaHenne onHoro rasa B ApYroM, BbI3BaHHOE
6eCropsiIOUHBIM JBHXKEHHEM MOJIeKyJ, HasbiBaeTcss Aud-
¢ysueii. Tenepp HaM MoHATHO, noueMy AHQPy3Hs NpoHC-
XOIHT MEJJIEHHO.

Coynapenue MmoJsekysa! Bor B ueM mnpuuHHa MendJseH-
HocTH A (dy3uu. XoTsd MOJIEKYJIbl [a30B U IBUKYTCSA
C oueHb GOJBLUIUMH CKOPOCTSMH, OHH NPOXOAAT 6e3 coynaa-
peHHst TOJbKO OYeHb KOPOTKHE MYTH — MHJJIMOHHBIE JOJIH
CaHTHMeTpa.

CoynapeHusi pe3KO H3MEHSIIOT HanpaBJ/eHHe JBHXKeHHS
MOJIEKYJ1 U NpPHAAIOT HX NyTAM NPHUYYAJHMBYIO, 3aMBICJIO-
BaTylo Qopmy.

Takum oOpa3oM, IBHrasicb O4eHb OBICTPO, HO Helpe-
PHIBHO MeHsisi HanpaBJ/eHHe CBOEro ABHIXKEHHS, MOJEKYJbl
Kak 6Bl «TOJIKyTCSI» Ha Mecre. B 3TOM cyeTsiMBOM IBHXKe-
HMH MOJIEKY/]bl MeNJIEHHO MepeMellatoTcs BIepes.

UeM yalge MPOUCXOAAT COYAAapeHHs, TeM MelJeHHee -
nuddyunupyer ras. B okpyxaloluem Hac Bo3ayxe coyaa-
peHHsT MOJIeKyJl TPOMCXOAAT O4YeHb yacto. Ecau 66l Mbl
TOMBITAMUCh COCYMTAThb YAapbl, KOTOPbiE HCIBITHIBAET
MoJleKyJla TOJbKO 3a ONHY CeKyHAY, M NIpPH 3TOM YCJO-
BHJIUCh TPATHUTb OJHY MHHYTY Ha COCUHTBHIBAHHE CTa YIa-
pOB, TO AJIs1 3TOrO MOHaAOOHJIOCH Obl OKOJIO ABYXCOT JET.

MouJiekyJibl, JIETSIIHE CO CKOPOCTBIO MyJH, GeCuHCJIeH-
Hble COydapeHHsl, NpUUYYIJHUBLIH y30p NYTH, CBOeoOpa3HbIH
3aKOH pacrnpejeseHHss MOJIeKYyJ MO CKopocTsiM... Bce ato
MOKeT 3apOHHTb COMHEHHE B PeaJlbHOCTH HalUX 0ObsCHe-
HHA.

B Hayke yCTaHOBMJIOCh 30JI0TOE IPaBUJIO — MPOBEPSTh
ONMBITOM BCE€ MpPeANoJIOXKEeHHs, KaK Obl OCTPOYMHBEI OHH HH
6buti. Her ocHOBaHHH JenaTh HCKJIOUEHHE H AJs MoJle-
Kysa. Hapo n3MepuTb CKOpPOCTH [BHMIKEHHS MeJbYailliux
YaCTHL, NPOBEPHTb, KaK pacCnpefessiloTcsl 3TH CKOPOCTH:
KaKasi JoJiT MOJIeKYJl ABHMIKETcsi ObICTPO, KaKas MeJJIeHHO.
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He danrasua au aro?

OpfHako KaK Ke M3MepHTb CKOPOCTb JBHXKEHHS MoJie-
KyJ1, €CJIH MOJIeKYJIbl CTO/Ib MaJbl, YTO HUX HeJIb3sl PAaCCMOT-
peTh faxe B CaMblil CHAbHBIH MHKPOCKON?

BepositHo, MHOrHe 3aMeyasii, YTO CTEKJSHHBIA KoJjma-
YOK MeperopeBllefi 3/JE€KTPHUECKOI JaMIOYKH YacTo Ohl-
BaeT MOKPHIT TeMHbIM HaJjeroM. OTyero BO3HHKAaeT 3TOT
HaJser?

Korna assektpuueckass JiaMmouka BKJIOYEHA, MeTal-
JIMYECKHH BOJIOCOK, OT KOTOPOTrO HCXOAMT CBeT, CHJIbHO
HakajeH. OT ero NMOBEPXHOCTH HeNpPepbiIBHO OTPLIBAIOTCS
atoMbl Metassna. OTopBaBLUMCb, aTOMBbI pasJ/eTalnTcs
B pasHble CTOPOHBI H, YAApPHBLIHCh O CTEHKY CTEKJSHHOTO
KoJ/ITaukKa, NpUIHNaloT K Hell. Tak, BOJOCOK, Tepssi aTOMBI,
JleJlaeTcsi BCe TOHbIIe M TOHbIIE, a Ha CTekJe obpasyer-
Csl IOCTeTleHHO YTOJILIAKoLIuicS CJI0H OCeBIIHX aTOMOB.
Korna cioft oceBlmIMX aTOMOB clesaeTcss JOCTATOYHO TOJI-
CTbIM, ero MOXHO OyIeT pasJjHyHTb [J1a30M: Mbl YBHAHM
Ha cTekje TeMHbId HaJjeT. Uem 6oJblle OCANET aTOMOB,
TeM TeMHee OyneT 3TOT HaJleT.

Bonocok aseKTpHueckoil JJaMIOYKH AeJaroT H3 KaKoro-
Ju60 TYromiaBKOro MeTaJjsa, Hampumep H3 BoJabdpama,
y KOTOPOTO aTOMBbl C TPYJAOM OTPBIBAIOTCS OT MOBEPXHOCTH.
[TosaTomy JslaMIoyka TOpHT MHOrO 4acoB, NpexJae ueM Ha
KoJIMayKe BO3HHKHET 3aMeTHbIi HaJseT. M3roToBHB BOJIOCOK
U3 JIerKONJIaBKOTO MeTaJsja, MOXHO IOJYYHTb TeMHBIH
HaJleT O4eHb OBICTPO.

DTHM sIBJE€HHEM H BOCMOJb30BAJHCh YueHble, /sl TO-
ro 4To6bl M3MEPHTb CKOPOCTH ABHXKEHHS aTOMOB.

Ecnu u3 crek/asiHHOro 6aJ/lIOHYHKA OYeHb TIIATENbHO
OTKayaTb BO3JyX, TO OTOPBABIIHMECS OT MeTaJJa aToOMBbl
6ynyT poJieTaTbh JO CTEHKH, He yAapssach MO NYTH O MoJe-
KyJ/bl Bo3ayxa. B atoM ciyyae myth kaxnaoro aroma Gyner
M3BeCTeH: OH OyJeT HAYMHATbCA Ha MOBEPXHOCTH BOJIOCKA
U OKAaHUMBATbCS Ha CTeHKe GaJsJIoHUHKa. Tenepb, AJs1 TOrO
yTOoOBl ONMpefe/]UTb CKOPOCTb [BHXXEHHSI aTOMOB, [HOCTa-
TOYHO Y3HaTb BpEMsi, KOTOpO€ 3aTpPayMBalOT aTOMbl Ha
CBO€ IyTellleCTBHE. :

Jnst peileHust 3TOH 3ajayd OblI IOCTPOEH CIlELHAJb-
Hbll IpHOOP.
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CnpaBa OT HaKaJIeHHOTO
BOJIOCKA pacrosioXKeHa LIHpMa
C Y3KOH UIeJIblo, a 32 Hew, Ha
HEKOTODOM  PacCTOSIHHH, 3K-
paH. Illupma nmnperpaxpaer
NyTb BCEM aToOMaM, KpoMe TeX,
KOTOpble MOMaAyT B Lendb. 3a
ILHPMON JIeTAILHe aTOMbl 06-
pasylT Y3KHi JYYHK. QOce Puc. 12. YcrpoiictBo npu6o-
Ha 3KpaHe, OHH CO3JALyT He- Pa mra onpejeseHus CcKOpo-

CT€H MOJIEKYJI.

CKOJIbKO YBeJIMUEHHOe TEeMHOe

u3obpaxeHue wwean (puc. 12).

[To cyuiecTBy, Mbl BCTpeyaeMcsl 3eCb ¢ TeM Ke NPHEMOM,
KOTOPBIM IIOJIb3YIOTCS Ma/lsipbl NMPH HaHeCeHHU pHCYHKa
c nomowpbio Tpadapera. Kak ussectHo, tpacdaperom Ha-
3bIBAIOT MJIACTHHKY, B KOTODOH CHAeJlaHO OTBepPCTHe IO
tdopme xenmaemoro pucyHka. IIpunoxus tpadaper K cre-
He, NMPOBOAAT MO HeMYy KHCTbIO ¢ Kpackoi. Kpacka nona-
aeT Ha CTeHY TOJbKO B MeCTaXx, COOTBETCTBYIOLUHX OTBEp-
crussM B Tpadapere. CHsiB Tpadaper, Mbl BUAUM Ha CTeHe
PHCYHOK.

B onuceiBaeMom ombiTe posib KHCTH C KPaCKOH Hrpaer
Iy4yoK ObICTPO JIETSLUHX aTOMOB.

B HenoaBuxHOM mnpubope u3oOpaxxeHue IIeJH TNPHXO-
JHUTCSl KaK pa3 HaNpOTHB Hee.

[Ipennosioxkum Ttenepb, YTO MPUGOP OBICTPO BpallaeT-
Csl TIPOTHB YAaCOBOH CTPeJIKH BOKPYI HAaKaJeHHOro BOJIO-
cka. Kaxnaprii atom nonpexxuemy GyleT JBHIaTbCs NPSIMO-
auHeitHo. OHaKO Tenepb 3a TO BpeMs, KOoTopoe Tpebyercs
aToMy JJ1sl TOTro, YTOOBl, IPOHAS Iiesb, AOJNeTeTb OO0 3Kpa-
Ha, BeCb NMPUOOP YCMeeT cJerka MoBepHyTbCsl, U aTOM IIpH-
JIMIIHET K 3KpaHy He B TOM MeCTe, Ije- paHblle, a He-
CKOJIbKO B CTOpPOHE.

Eciu 6bl Bce aTOMBI ABHrajJUCh C OQHHAKOBOH CKO-
pocTbio, TO M306paxKeHHe IllieJd Ha SKpaHe, He H3MEHHB-
Iuce mo ¢opme, CMeCTHNOCh Gbl Ha HEKOTOpOe pacCTrosi-
Hue. CMenieHue Obl710 661 TeM GoJIbllle, YeM MeJieHHee [BH-
rajquch 6bl aTOMBI H 4eM ObIcTpee Bpatascsi 6bl npuGop.

3Has yucao o60poToB npubopa B CeKYHALY, PACCTOSTHHE
OT IleJH OO0 3KpPaHa M CMellleHHe H300paKeHHs, MOKHO
BBIYHCJHUTD CKOPOCTb JBHXKEHHSI aTOMOB.
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Korga monoGHBEII  OMBIT
Ob1  NIpPOM3BeJEH, TO OKasa-
JIOCh, 4TO H3006paxKeHHe UIeH
He MpOoCTO cMelllaeTcsl, Kak
TOJbKO YTO OMHCAHO, HO OJHO-
BpeMEHHO CO CMellleHHeM pa3-
) maspiBaercs (puc. 13). Ilpu-
Puc. 13. WsoGpakenne wme-  yypa 51010 scHa, OTdeNbHble
JH Ha 3KpaHe npubopuHuka.

aTOMBI JBHXKYTCSI C pPa3HBIMH

ckopocTaMH. B nyuke Jers-
LIMX aTOMOB eCTb [BHXKYLIHecs OBICTPO, €CTb H ABHXKY-
muecst MenJeHHo. IlepBble momagyt Ha 3KpaH, CMeCTHB-
LIMChb HEMHOrO, BTOpble — 3HAUUTeJbHO. B pesyJbrate
BMeCTO pe3KOro HM300paKeHHsi Ha 3KpaHe IMOSIBUTCS pas-
MbITasi noJiocka. [lpucMoTpeBLINCh K Heil, Mbl 3aMeTHM,
YTO OKpacKa MOJIOCKH He OJIHHAKoBa. SICHO BhICTymaer 6O-
Jee TeMHasi yaCTb, Ha KOTOPYIO ynaJjo, O4eBHAHO, GOJb-
Ilee KOJIMYECTBO aTOMOB. Bce 3TH aToMbl IBHIaJiCh €O
CKOpPOCTSIMH, OJU3KHUMU Apyr K npyry. Ecaum Kkakoi-aH6o
y4yaCTOK NOJIOCKH B JIBa pa3a TeMHee, yeM JPYrod, To 31O
O3HayaeT, YTO HA HEro ynaJjo B ABa pasa (OJbllle aTOMOB,
YeM Ha TOT, KOTOpbIH cBeTsiee. A Tak Kak Ka)K[IOMy yuya-
CTKy [OJIOCKH COOTBETCTBYeT OMNpeJeseHHasi CKOPOCTh
JIBUXEHHS] aTOMOB, TO, Pa3[eJuB MOJIOCKY Ha OTAe/bHble
y4acTKH H CPaBHMBAsi HX IOTeMHeHHe, ydyeHble NPCBepH-
JIM, KaK pacrpemessiioTcsi CKOPOCTH aTOMOB.

OTH ONBITEl TOJHOCTBIO TOATBEPAUIN INPABHILHOCTD
aTOMHOTO YYeHHsI. .

Mbl yBepeHBl Tenepb B TOM, 4TO GoJbliast 4acCTb aTo-
MOB HJIH MOJIEKYJ JBHXKETCSI CO CKODOCTSIMH, He OuYeHb
CHJIbHO, OTJIMYAIOUINMHUCSL OT CpeJHell CKOPOCTH.

Ho ot uero* e 3aBHCHT caMa cpegHsif CKOPOCTb?
MoXHO /1M ee W3MEHUTb: YBEJIHYHTb HJIH YMEHbIIHTH?

Y10 Takoe tenaora?

B 0oObigeHHOH KHM3HM MBI pasjHuyaeM Teja TelJble H
Tesia xosnoxHble. Ho uto ke Takoe rtemsora?

«OyeHb XOpOLIO H3BECTHO, — rOBOpHJ JIOMOHOCOB, —
4TO TemI0Ta BO30YXKJAaeTcsi ABHXKEHHEM: OT B3aUMHOIO
TPeHHsI PYKH COT'PEBAIOTCS, AEPEeBO 3aropaercsi MJaMeHeM;
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pu yaape KpeMHsi 06 OTHUBO NUSIBJSIOTCS HCKDHI; XKeve30
HaKaJMBaeTCs JOKpacHa OT MPOKOBLIBAHUSI YaCTLIMH U
CHJIbHBIMHM YyJapaMH, a eCJ4 HX TNpeKpaTHTb, TO TeIJIOoTa
yMeHbLIaeTcH...»

JIBH:KEHHE MOJIEKYJ — BOT HCTHHHOE OGbSACHEHHE Tell-
JIOTHl, BOT YTO Npeasoxuj JIOMOHOCOB BMecTO H3J006J/eH-
HOl B ero BpeMsl «HEBECOMOH MaTepHH TelJOThI»!

HoBnzHa u peBOMIOUHOHHOCTL MbICAH JIOMOHOCOBA
BbI3BA/IM SIPOCTHblE HAaMaJKd CO CTOPOHBI GOJBLIMHCTBA
3apy06eKHbIX YUYEHBIX.

Hau6osee TanaHT/IUBbIE COBPEMEHHUKH MOHSWIH M olle-
HU/IM 3HayeHue upeil JlomoHocoBa, HO odHIMANbHAS 3apy-
f6exXHass Hayka B JHlle akKaaeMWid H YHUBEPCHUTETOB HX
orBepryia, ['eHnanbHblil MatemMaTHk uneH Iletep6yprckoit
Axkanemun Hayk JleoHapna Diiep, KotopoMmy JIOMOHOCOE
nocJaj CBOM COYMHEHHs, Mucas o ero paboTax, urto OHH
«He TOKMO XOpOLIM, HO M BecbMa IIPeBOCXOAHBI, 16O cH
MUIleT O MaTepHsiXx (DU3NUECKMX M XHUMHYECKHX, BeCbMa
HY»KHBIX, KOTOpble TMOHbIHe He 3Ha/Jld H HCTOJKOBAaThb
He MOIVIH caMble OCTPOYMHBIE JIOAH... JKesnaTb MOJKHG,
yTOGBl ¥ Apyrue AKajeMHu B COCTOSIHUY OblJIH NPOHU3BECTH
TakHe OTKPOBeHHs, KaKHe Nokasan r-H JIOMOHOCOB».

Yacto o Tense M Xxo/04e Mbl CyAHM IO HaUIMM OLLYy-
mweHnsiM. OfHAKO Takoe CyXIeHHe oueHb HeTouHo. B ca-
MOM Jiesle, KOT4a Mbl 3aXOAHM C MOpPO3a B KOMHATYy, JAaxe
MJI0X0 HAaTOMJEHHYI0, HaM KaxeTcs, UYTO B HeH TeIJIO.
Korpa ke Mbl yTpOM BCTaeM M3 TeJOil NOCTeNH, B TOH XK€
KOMHaTe HaM KaKeTcs XOJIOJHO.

MoyKHO nponesaTh elle TAKOH OMNbIT: B3ATb TPH YAIIKH,
HaAMOJHHTbL TepBYI0 XOJOAHOH BOAOH, BTOPYIO TENJIOH H
TpeTbio ropsiueil. Ecsiu Tenepb Bbl OMyCTHTE NPaBYylO PYKY
B YalllKy C ropsiuefi BOAOH, a JIeBYIO B YalllKy C XOJIOAHOH
U, MOJep’KaB HX TaM HEeKOTopoe BpeMs, NepeHeceTe o6e
PYKHM B Y2LIKY C TemJoH BOMOH, TO IO OLLYLLEHHIO NpaBoi
PYKH BOZa B yallKe OyeT XOJOAHOH, a MO OLLYLIEHHIO
JIeBOil pyKH ropsiueil. BosHUKaeT 3aTpynHHTENbHOE MOJO-
JKEeHHe: KaKoi M3 CBOMX PYK BepuThb? Bor noaromy-to ang
CYXJeHHS O TOM, HaCKOJbKO Harpero TeJo, Jydylle BOe-
M0Jb30BAaThCI TEPMOMETPOM.

OO6bIuHbIN TEPMOMETp NpeACcTaBJsfeT co60I0 Y3KYIO TpY-
00uKy, 3aKaHYMBAIOLIYIOCA CHH3Y IUAPHKOM, HallOJHEH-
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HBIM KaKoH-TH60 XKHAKOCTblo. Yallle BCero lapuk TepMo-
MeTpa HaMNoOJHSIIOT PTYTbIO H/IM CIIHPTOM; GBIBAIOT TepMO-
MeTphbl, HarnoJIHeHHble W JOPYTHMH >KHIKOCTSIMH.

[Ipn HarpeBaHMM XKHAKOCTb paclUHpPsSeTCs W MNOAHH-
maercst no Tpyoke. Hem 6oJiblle Harpes, TeM BEILIE NOJHH-
MaeTcs xuakoctb. [lomecTuB c3aau TPyOGOUYKM JIHHEHKY
C JeJIeHHAMH, MOXHO OMNpeJesasdTh CTeleHb HarpeTocTH
Tesa, WM, Kak FrOBOpAT, H3MepsiTh TeMNOepaTypy
B rpagycax.

Haubonee uyacro 3a HyJb IpagycoB NMPHHUMAIOT TeM-
nepatypy Tatoulero Jbaa, a sza 100 rpapycoB Temmepa-
Typy BOJASIHOTO Napa OKOJIO TOBePXHOCTH KHUIMsIeHd BOABI
NpH HOpMaJbHOM aTMoc(epHOM HaBJeHHH (B OIHY arT-
moctepy). Taxkoéf TepMOMeTp Ha3BIBAIOT TEPMOMETPOM
Leabcusi. Ilo stoMy TepMoMeTpy yKasblBalOT TeMmIepa-
Typy BO3JyXa B CBOJAKax MOTrOAbl, KOTODble BBl €XeIHeB-
HO CJBIILIUTE MO pajHo.

Hrak, Mbl rOBOpPHM, YTO TeMIllepaTypa TeIJIOro Tenaa
BbIlle, YeM TeMrepartypa Xo/oaHoro. CTOPOHHHKH «Tell-
JIOBOH MaTepHu» OODBACHANH 3Ty pPasHULly B TeMIlepaType
OYeHb MPOCTO: B TEMJIOM Tese «TelIOBOH MaTepuu» 00Jb-
e, yeM B XOJIOJZHOM.

A xak OODBSCHHTb 3Ty PasHULY C COBPEMEHHOMH, WJIH,
ecid ObITb CHOPaBelJIMBBIMH, C JIOMOHOCOBCKOH, TOYKH
3peHus?

Kak Bbl yxe 3Haere, MOXHO 6e3 GoJblIof OUIHGKH
CUMTATh, YTO BCEe MOJIEKYJNHl B rase ABHUXKYTCS C OJHOMH
W TOHl »Ke cpelneil ckopocTblo.. Eciau cpaBHUTb aBe mop-
IMH OJHOTO M TOrO »Ke rasa, B3sTble NPHU PA3HBIX TeMIle-
paTtypax, TO OKaeTcsl, YUTO CpPellHHe CKOPOCTH IBHIKEHHsI
MoJIeKyJl B HUX OyAyT pasjauuHbl. UeM Bhblllle TeMIepary-
pa rasa, TeM OoJblle CpeIHSISI CKOPOCTb ABHXKEHHS ero
mosiekyJs. Tak, cpefHsii CKOPOCTb MABUXKEHHS MOJIEKYJ
Kucyoposa, Harperoro go 100 rpagycos Tensa, Gyader
MOYTH B TMOJITOpa pas3a GoJblle, YyeM CpefHsId CKOPOCTb
TOrO Ke KHCIOpoAa, oxJaaxAeHHoro jgo 100 rpanycos
MOpO3a.

BrosiHe 3aKOHHO MO3TOMY CKa3aTb, YTO TeMIepaTypa
rasa siBJsIeTCsl HENOCPeNCTBEHHOW MepoH cpelHeil CKOpo-
CTH ABHXKeHUsI ero MoJjekyJa. [Ipu 3ToM, oaHAKo, Hamo
NIOMHUTb, YTO YYHTHIBAeTCS TOJIBKO CDEeIHss CKOPOCTb
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6ecrnopsiIOYHOTO JBHXKEHUS MOJIeKYJ, TOJbKO OHa ompe-
JensieT TeMnepartypy.

Ecau B3siTh OyTbUIKY, HaNoOJHEHHYIO BO3JyXOM, M 3a-
KPBITb TOPJBILIKO NPOGKOH CO BCTaBJEHHBLIM B Hee Tep-
MOMETPOM, TO MOXHO, OBICTPO ABMrast OYTBLIKY, NPHAATh
BCEM MOJIEKyJaM, HaXOASILUMCS B Hel, H006aBOYHYIO
ckopoctb. OHAKO, CMOTPS BpeMs OT BpPeMeHH Ha Tep-
MOMeTp, Jierko yOeIuTbCs B TOM, YTO JBH)KeHHe OyThLI-
KA He BbI3bIBA€T MOBBLILIEHHSI TeMIepaTypbl. DTO BIOJHE
fIOHSITHO: Belb CKOPOCTb 6eCcrnopsOYHOTO JABHXKEHHA
MOJIEKYJl B HallleM OIbITe He U3MeHHsach, a ofllee BCeM
MOJIEKy/1aM JIBUXKeHHe BMecTe ¢ OyTBUIKOH Ha Temmepa:
Typy He BJHSeT.

XO0poIIo U3BECTHO, UTO €CJIH NPHUBECTH B CONPUKOCHOBE:
HUe JBe TMOPLUHH OJHOTO M TOrO e rasa, ogHa M3 KOTOpPbLIX
XoJoqHas, a Jpyras ropsiyas, TO IepBasi Harpeercs,
a BTOpasi OCThIHET, U TeMIlepaTypa rasa ciaesnaercs BCIOLY
OJIMHAKOBOH.

ATo o6GbACHSIETCS TEM, UTO 6oJiee GbICTpPble MOJIEKYJIb
HarpeToro rasa, yAapss MeJJeHHble MOJIEKYJbl XOJOJ-
HOro, OTAAIOT UM 4acCTb CBOell 3Hepruu u 6.arofapst 3To-
My caMH HauMHAlOT [JBUTATbCsl MeJJeHHee, «H0O TeJoO,
IBHXKYILlee CBOEl CHJION APYroe, CTOJBKO XKe OHOH y ce0si
TepsieT, CKOJNbKO COoo0IlaeT IPYroMy, KOTOPOe OT Hero
JIBHXKEHHe [oJyyaeT», — mucas JIOMOHOCOB.

CnycTsi HeKOoTOpoe BpeMs, B pe3yjbraTe OecuHcJieH-
HBIX COyAapeHUH, yCTaHOBHTCS oOuiasi BCeM MOJIeKyJam
cMecH cpenHsas ckopocTb. OHa OymeT GoJblue, yeM y MO-
JIeKyJl XOJIOLHOH, HO MeHble, YyeM y MOJIeKyJ Tropsidei
MOPLUMHU ras3a, N0 HX CMelleHHsl, H HMeHHO OHa OMNpeNeJUT
TeMNnepaTypy CMecCH.

Y uurartessi, eCTeCTBEHHO, BO3HHUKHET BOMpPOC: a UTO
NpoU30HAeT B TOM CJyyae, ecliM NPHUBECTH B COMNPHKOCHO
BeHHe [Ba PasHbIX rasa, UMeIUIMX OJHHAKOBYIO TeMIle-
parypy? CpaBHSAIOTCS JIM NIPH 3TOM CpEeJHHE CKOPOCTH
MosieKysa o6oux ras3oB? Oka3blBaeTcsi, YTO 3TOTO He Mpo-
gaoiizer.

OueBHaHO, 4TO Hallle NPOCTOe ONpeleseHHe TeMmIepa-
Typbl TpeOyeT YTOYHEHHS.

Urobsl ompeneuTh TOYHO, YTO TaKoe TeMIlepaTypa,
npujeTcs HayaTb H3JaJjeka.

8 E. Kyapsrues 32
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rueit, He cocraBisior HckJ0-
yeHHS M JBIKYLLHeCs MoJe-
KyJbl Ta3oB, — OHH TOXe 00-

JaaloT KHHETHYecKoil smep- PHC. 15. Tax usmepsercs Ki-
ruek HeTHUYecKass 3Heprus Tenaa.

M —macca Tena, V —ero
Yem OricTpee  ABHXKeTCS CKOPOCTh.

Teao, TeM OoJibllie ero KHHe-

TH4YecKas 3Heprusi. M3 nByx Tes, mBuxKyumxcs ¢ oauHa-
KOBOH CKOPOCTbIO, KMHEeTHYeCKas SHeprusi GoJiblile y TOro,
mMacca KoToporo 6oJIblile, KOTOPOe TsiKeJee.

BBIYUHCIUTD KHHETHYECKYIO 3HEPTHIO Teja HeCJO0XKHO:
AJisT 3TOTO HaJ0 Maccy Teja YMHOXHTb Ha KBajipaT ero
CKODOCTH M TMOJyYeHHBI pe3yJbTaT pas3feluTh MOMNO-
JaM.

Kak nokasblBalOT TOYHbIe BLIYMC/IEHHS, TeMIepaTypa
Tesa fIBJSAETCH MepOoH cpelHell KHHETHUeCKOH 3HEPTHH I0-
CTYNAaTeNbHOrO JBMIKEHHSI €ro MOJIEeKYJI.

[Ipu omMHaKoOBOH TemmepaType CpelHHe KHHeTHYe-
CKHe 3HEepruH MOCTYNaTeqbHOro ABHIKEHHS MOJIEKYJ BCEX
rasoB paBHbl. [ToHATHO, yTo mpu 3>TOoM Oo0Jlee TAXKeJble
MOJIEKY/Ibl OBHKYTCS MelJieHHee, GoJiee Jerkve ObICTpee.
Ecan macchl MOJieKysa pas3/UyaroTCsi BeCbMa 3HAUHTEJNBHO,
TO MOXET O0Kas3aTbCsl, YTO CPEeIHsisi CKOPOCTb MOJIEKYJ
6o/ee XOMIOAHOTO rasa 6oJblle, 4YeM Yy Tasa TeIoro.
[sis 3TOrO, KOHEYHO, HeO6XOAUMO, yTOOBl Macca MOJIEKYJ
XOJIOMHOrO ra3a Oblla MHOTO MeHbllle MacChl MOJIEKYJ ra-
3a TeIlIoro.

3Hasi, OT uero 3aBHCHUT TeMIepaTypa rasa, MOXKHO
CleJIaTh JBa BarKHBIX 3aK/II0UYeHHs.

IloBbllasi TemmepaTypy rasa, Mbl MOBHIIIdeM CKO-
POCTb JABUAKEHUS €ro 4acTHI, U IOCKOJBbKY CKOPOCTb MOXK-
HO YBeJHMYUBATb IO OYeHb OOJIBIIMX 2HAYEHHH, MOCTOJbKY
BO3MOXKHbI, OYEBHIHO, U OYeHb BBICOKHe TeMIlepaTyphl.
H3BecTHO, 4TO aCTPOHOMBI MpEINOJNATal0OT BHYTPU 3BE3[
TeMIIepaTyphl, HCUHCAsieMble MUJIJIHOHAMH T'paiLycoB.

C npyro#i CTOpOHBI, TO Ke caMoe [BHXKEHHe, Kak
nucaj JIOMOHOCOB, MOXKeT HACTOJIbKO YMEHBIUHTHCS, YTO
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HHKaKoe jJafbHelilllee yMeHblleHHe NBHXeHHsa OyaeT He-
BO3MOXHO. M JIOMOHOCOB COBepIIEHHO INpPaBHJIBHO 3a-
KJIOUHJI, YTO «IIO0 HEOOXOMHMMOCTH [OJIKHA CYLLECTBOBAThb
HauboJsblllasi U MOCJEelHsIsi CTeleHb XOJMONA...»

CnenoBaTtesnbHO, Hesb3si  Ge3rpaHHUHO  OXJaXK[aTh
ras. PaHo uau MO3MHO MBI JIOCTUTHEM TaKoil ero Temme-
paTypel, KOrjla CKOPOCTb TE[JIOBOTO ABHKEHHSI MOJIEKYJ
VMEHBLIUTCS A0 HyJas. JlanbHeiillee OXJaKAeHHE CTaHeT
HeBo3MOKHBIM. Kak oxasasnocs, Ha 273,23 rpaayca Hu-
e HyJisg HaJlo OXJaAHTb ras JJsi TOro, YyToObl MpeKpaTu-
Jocb 6ecrnopsjoyHoe TeIJIOBOe NBHMKEHHEe €ero MOJIEKY.I.
Temneparypy, kotopast Ha 273,23 rpaayca HHXKe OObIU-
HOTO HYJIsI, Ha3blBAIOT a6 COJIOTHBIM HYJ€M.

He nywmaiite, ogHako, 4To 1npu aGCOJMIOTHOM HyJe
TMOJIHOCTBIO HCUE3HeT [JBHXKEHHE, — 3TO MNPHPOK/IEHHOe
cBofictBo martepuu. Her. McuesHer TonbKO Tenm-
JoOBOe JBHXeHHe, acoXxpaHHuBlIeecs ABHXKeHHe yac-
THL y2Ke He OyJeT 3aBHCETb OT TeMIepaTyphl.

CBoiicTBa BelIeCTB NPH OueHb HHU3KHX TemIepaTypax
cuablo u3MeHstores. Tak, nNpu TeMnepatype OKOJIO MHHYC
200 rpasycoB pe3HHOBbLII MSAUMK [AejaeTcss XPYNKHUM, Kak
CTEeKJMSHHLIH IIApUK; KaK cepeOpsiHBbIN, 3BEHUT NPU ITOH
TeMIepaType CBUHLOBBI KOJOKOJIbUHK.

TennoeMKoCTE

Jlnast Toro ytoObl BCKUMATUTbL 4Yal, YalHUK CTaBAT Ha
nnuty. Hukrto Hukorma He Habuaiofgan, dtoObl uailHHK,
CTOSIILMH Ha CToJe, Corpescs caM coGoil.

Mbl roBopuM: najg TOro yrobbl TeJO HArpesoch, TO-
ecTb JUIS TOTO YTOObl MOBLICH/IACH €ro TeMIlepatypa, eMy
HeoOXOAUMO COOOLIUTL KaKoe-To KOJHYECTBO TeilJIOThI.
DTy TEMIOTy MOXKHO MNOJYUYHTh Pas3JMUYHBIMH CNOCOOAMH.
OOG6BIYHO ee MOJYYAlOT WJIHM CXKUrasi TOIIMBO — APOBA, Ke-
POCHH, ras, — HJIH TPOIyCKas 3JEeKTPHYECKHH TOK uepes
CHenuasJbHbIi HarpesarTeJb.

UeM GoJibllle TeMmJOTbl MBI COOOLIMM TeJdy, TEM BbIle
MOJHUMETCSl ero TeMIeparypa.

OgHako €CJAd OOHO H TO K€ KOJHUECTBO TellJIOTHI
coo0llaTh pPas3HbIM TeJsjlaM, TO INOBLIIIEHHe TeMIepaTyphl
y HUX GyHer pa3nuuyHo. Bce 3T0 MOXKHO OOBACHHTb, ©C/IH
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NPaBUJbHO OMNpefessiTh, YTO Takoe TeMIlepaTypa, ec/u
ONHPaTbCA B CBOMX PAacCyXJeHUSX Ha aTOMHOe YyyeHHe.
Korna temy coofuiaercss Kakoe-TO KOJMYeCTBO Tell-
JIOTBI, CPe/IHAsl KHHEeTHUUYecKasi 3HepTUsl ero MOJIeKyJ BO3-
pacTtaer H, cJeJ0BaTeNbHO, MOBbILIACTCS TeMIepaTypa.

OnuH M3 OCHOBHBIX 3aKOHOB MpPHPOJBI — 3aKOH CO-
XpaHeHHs1 ¥ MNpeBpalleHHs] SHEPTHU — YTBEPKLAET, UTO
9HEPrus He MOXKeT CO3[aBaThCsl H3 HHYEro; CJe/0BaTellb-
HO, 6e3 COOOLLEHHs] TeJqy 3HEPrHH TeMmlepaTypa ero He
MONHUMETCS.

Ecin onHo M TO Xe KOJMYECTBO TEMIOThl COOGILHTh
MOOYEPEJHO ABYM pasJHUYHBIM TejaM, OAHO H3 KOTOpHIX
COJEPXHUT MOJIeKyJ 3HAYHTe/IbHO GOJblle, YeM APYroe, To
B IIEPBOM CJlyyae TeljoTa paclpeleNuTcss MeXIy G6oJib-
WHM YHCJIOM MOJIEKYJI, TaK 4TO Ha JOJI0 KaXAOH H3 HUX
NpHAETCS MeHbllee KOJIHYECTBO TEIJIOTHl, U CPeIHsIsT K-
HeTH4yecKasl 3Heprusi MOJeKy/] BO3pPaCTeT MeHblle, 4eM
BO BTOpPOM cJjyudae. [IpyrUMH cjloBaMH, ecld B TeJe, KO-
TOPOMY COOOLIAIOT TelIOTy, MOJEKyJ MHOro, TeMIepa-
Typa BO3DacTeT He3HauuTe/lbHO. HaoGoport, eciu MoJeKyJ
MaJlo, TO NMOABEM TeMNepaTypbl BesHK.

OOBIYHO KOJIMYECTBO BellleCTBA H3MEPSIOT B IpaMMax.
B onHoM rpamMMe pas/MYHBIX I'a30B COAEPXKUTCH pasHOe
YHCJIO MOJIEKYJI, a IOTOMY JJI51 OJUHAKOBOTO TOBLIILIEHHS UX
TeMnepaTypbl He0OX0JHMO Pa3HOe KOJHYECTBO TEMJIOTHI.

KonunuectBo TenaoThl, HeoO0XoAuMoOe /s HarpeBaHHUs
1 rpamma Kakoro-1u60 Bewiectsa Ha | rpanyc, ycJoBH-
JIUCh Ha3blBaTb Y/eNbHOH TeMIOeMKOCTbIO 3TOro Bellle-
CTBa.

YIeqbHy0 TeMJoeMKOCTb BOAbI MPHUHANH paBHOH ellH-
HHUIIE.

KosnuectBo TemsmoTel, HeoOXOZMMOe AJs Harpesa
1 rpamma BoAbl Ha 1 rpajyc, HasBa/au MaJoOH KaJopuei.
OTO U ecTb eJUHHUIIA M3MEePeHHsi KOJuuecTBa TenynoThl. Th-
CAuy MaJiblX KaJopuil Ha3blBalOT GOJIbIIOH KaJopHeH, uJau
KUJIOTpaMM-KaJopueH. .

IIpu cropaHuu pasaMYHBIX BEIECTB BhIJENSETCH pas-
HOe KOJIHYeCcTBO TemsoThl. Bce 3HAIOT, 4TO eCsaM TOMHUTHb
neyb KaMEHHBIM YrJyieM, TO Tellslla O6yAeT OOJblie, yeM ec-
JIU Ty Xe Ieub TONHTb APOBaMH. DTO H NOHATHO, MOTOMY
YTO MPH CrOPAHHH ONHOIO I'DAMMa JPeBeCHHbl BbIAENAETCA
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or 4000 xo 4 800 kaJjopwuii, a NpU CropaHuM OQHOTO rpaM-
Ma KameHHoro yriss — ot 7000 no 8 000 kasnopufi, To-
ecTb TNOYTH B ABa pa3a GoJiblle.

Oco6GeHHO MHOTO TeNJIOTHl BBIIEJsIeTCs NpU sAepPHBIX
NpeBpallleHUsX, KOTOpble MPOMCXOASIT B ATOMHOM KOTJIe
uan atomHoi GomGe. Ilpu pacuiensienwn 1 kusrorpamMma
ypaHa B AaTOMHOM KOTJe BBIIEJISIeTCSi CTOJIBKO JKe Tell-
JIOTHI, CKOJIbKO npH cropanud 20 000 Toun yras! drto mo-
HCTHHE OTPOMHOE KOJIHYEeCTBO TellJIOThl. ATOMHas CHJIO-
Basi craHuuss moitHoctbio B 100 000 somaguHbIX CUJ MHO-
Tpe6asieT B JeHb Bcero ot 75 go 350 rpaMMoB ypaHa!

YaenabHasi TeMJOEMKOCTh ra3a 3aBHCHT He TOJNBKO OT
MacChl €ro MOJIEKYJ, HO U OT HUX CTPOeHUs. DTO JIeTKO
MOSICHUTD.

Mounekysa, cocrosuas M3 OZHOTO aToOMa, MOXET
TOJMBKO IMepeMellaTbcs. ATOM HACTOBKO MaJ, 4To He
MMeeT CMbIC/Ia TOBODHTb O €ro BpalleHHH.

Hanporus, Korma Mbl nMeeM OeJO C MOJEKYJOH, co-
crofllefl M3 IBYX aTOMOB, HTHOPHPOBATh ee BpallleHHe
nenb3st. KuHeruueckasi SHeprusi IBYXaTOMHOH MOJEKYJIBI
OVAeT yxe CKJAAbIBaTbCA H3 KMHETHYECKOH SHepruu mo-
CTYMaTeJlbHOTO JBHXKEHHS H KHHETHYeCKOH 3HepTHH
Bpamienusi. [T03TOMy TemJI0eMKOCTb JBYXaTOMHEIX TIa30B,
fIpY OZHOH M TOH XKe Macce MOJeKyJs, 6yaeT GoJblile, 4eM
ONHOATOMHBIX, a TpeXaTOMHbIX — GoJibllle, YeM JBYX-
aTOMHBIX.

V3yyeHne Tens0OeMKOCTH PAa3/HYHBIX BelleCTB HIpaer
GoJBILYIO POJIb B MpoOlecce MO3HAHHS CTPOEHHS Belle-
ctBa. M3mepsii TemI0eMKOCTb Tes, MOXHO BBISICHHUTD
XapakTep ABHXKEHHS, KOTOPOe COBepIIAloT MeJbyaiiue
4aCTHIBl BellecTBa — aTOMbl U MoJeKyJabl. M3mepss Ten-
JIOEMKOCTb  KaKOTO-JIMGO Teja B Pa3/HYHBIX YCJIOBHSX,
MOXHO MPOHHKHYTb B TaHHBl CTPOEHHS BellecTBa.

MounekyasipHas apTuiIepHs

lasbl 4 mapbl HMrpalT BaXXHYK pOJb B PasiHYHBIX
MmalrHax. BoasiHol map ToJKaeT MoplleHb B LHJIHHAPAX
MapoBLIX MallWH, NMPUBOAUT B OBICTPOe [IBHXKEHHe KoJie-
ca Typ6un. I'asml, obpasyomuecs NpH CrOPaHHH TOIIHU-
Ba, 3aCTaBJsOT paboTaTb pas3/ivuHble [BUraTeld BHY-
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TPEHHEero CropaHusi, MPUBOAN B [ABHKeHHE ABTOMOOGHJIH,
TPAKTOpHI, caMoJieThl. Brliertaroliye 13  peaKTHBHOTrO
JBUTaTessl rasbl COOOLIAIOT GOJblIMe CKODOCTH PeaKTHB-
HBIM caMosieraM. ['asel, mnosyuarouiuecs MPH  B3phbIBe
nopoxa, MPHUAAIOT OTPOMHBIE CKOPOCTH CHapsiiaM pas-
JUYHBIX OPYIHIL.

st Toro 4tobbl CTPOUTH XOpoluue TYpOHUHBI, Mapo-
BO3bI, TPAKTOPbl, MOLIHble NYIIKH, CaMOJEThl, — BCIOLY
Heo6XOqUIMO 3HaHUe CBOHCTB ra3oB. [ToHSITb M OOBACHHTDL
CBOMCTBA Ta30B [O3BOJSIET JBHXeHHe MOJIeKy/l. 3HaHHe
3aKOHOB HMX JBH)XeHUs JaeT BO3MOXHOCTb IPEIBUAETb
NoBeJleHHe ra30B B Pas3/qHUYHBIX yCJIOBHAX.

Pasbepemcs B 3TOM.

Ecau yMeHbiaTe 06beM, 3aHHMaeMbIl KaKHM-1100
rasoM, ras okasbiBaeT 3TOMy comnpoTuBjenue. CoBeplleH-
HO OTYETJIMBO COMPOTHUBJIEHHE ra3a MOXKHO OLLyLIATb MPH
HaKayuBaHUH BO3JYXOM BeJOCHIEJHOH LIHHEL

ConpoTuBiieHHe Trasa CKaTHIO HA3bIBAIOT YN PYTo-
CThb10. YOPyrocTb — OJHO H3 OCHOBHBLIX CBOHCTB BceXx
rasos.

Kak o6bsicHuTL ynpy-
rOCTb, B UeM ee NpHuUHHA?

[lonpo6yem  oTBeTHTb
Ha 3TOT BOIMpPOC, MOJb3YSICh
HaUIMMH 3HAHUSIMH O CTpOe-
HuH rasos. [Ipencrasum ce-
6e Takoil onbIT. ¥ OOBIYHBIX
BECOB, Ha KOTOPbIX B3BeLlH-
BaloT xJeb, oJHA uyallKa
IJIoCKasl, a apyras B BHJE
tTapeJkn. BobicTaBHM Bechl

Ha JOXJAb U HaJ BOTHYTOH t“' W(,.(M
YallKo#i  ycTpoUM  HaBec i .Mlmnmmri'uu

TakK, YTOOLI JOXKJIeBble Kal-

JIM Ha Hee He IIoNajaJjiv ‘Mw\‘numm!lmmnullumlmum.'mumr.mlmmm.nmuu-uwmwH

au 6yayT yaapsarbcs o6 oT-
KPHITYIO TUIOCKYI0 —YalIKy
BECOB H CTeKaTb C Hee. ¥ ja-
pbl  OTIEJNbHBIX  Kalelb,

(e 16). Towzee o | l\WlllmWﬂ'MlINMUWI/I!I!WIII/IMI/(/MJ!!;'

Puc. 16. Hoxap AaBHT Ha OT-
KPBITYIO YalKy BEeCOB C CHJIOH,
CKJaabIBasichb, 3aCTaBAaT KOTOpYI0O MOXHO H3MEpPHTb.
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YalIKy BeCOB OMYCTHTbCS. UTOOBl MPHBECTH BeChl B PaBHO-
BeCHe, Hallo MOJIOXKHMTb HA BTOPYIO YALIKy THPH. YpaBHO-
BECHB BeCbl U MOACUHTAB BeC MOJIOXKEHHBIX THPb, MBI ONpe-
JeJUM CHJTY, C KOTOPOH M0KAb AABHT HA OTKPHITYIO YALIKY
BECOB.

Ecau Tenepb 3aMeHUTb IUIOCKYIO YallKy YallKOH TO-
I'o e Beca, HO OOJBLIMX pa3MepoB, TO AJSl YPaBHOBEIH-
BaHUs BecoB NoHanoburcs U Oosblie rupb. ChaenoBaTtesb-
HO, ONMH M TOT e JI0XAb JAABUT Ha OOJbIIYIO YalIKy
BecoB ¢ Goublieil cusoii. [ToaToMy ecsu MBI XOTHM yKa-
3aHHBIM CINOCOOOM 0XapaKTepU3oBaThb CHJAY, C KOTOPOH
NaBAT Majaloulde Kamad JOXKAs, TO HeoOXOJUMO YCJo-
BUTLCS, KaKUX pasMepoB cJelyeT OpaTh MJIOCKyl0 4all-
Ky. Ilpoliie Bcero mpuHSITb MOBEPXHOCTb TAKOH YCJOBHOH
YalIKW PaBHOH OAHOMY KBaJpPaTHOMY CaHTHMETDY.

Ecau ans noanep:kanus BeCOB B PAaBHOBECHH B OIH-
CaHHOM OIBITe MPUIIIOCH MOJIOXKUTb HAa 3aKPHITYH 4Yalll-
ky 400 rpamMMoB, a NOBEPXHOCTb OTKPBITOH dYallKW Obliaa
2020=400 KBaApaTHbIX CAHTHUMETPOB, TO, 3HAYMT,
AOKJb JABHJ Ha yaliky ¢ cujoil, pasHoit 400. r: 400 cm?,
TO-eCThb C CHJIOH B | rpamMM Ha KaXXAblil KBaJpaTHbIA caH-
THUMETP [OBEPXHOCTH YalIKH.

Cuny, mpuxXoAsILyloCss Ha eIHHHIY IMOBEpXHOCTH, Ha-
3BIBAIOT A a BJ €HH €M, U MOXKHO CKa3aTb, YTO AAaBJEHHE
JIOXKIS B OMHCAHHOM OIbITe paBHAIOCH 1 rpaMmy Ha
KBaJpaTHbI# CaHTHMeTp IOBEPXHOCTH.

Kakoe ke OTHOLIeHHe HMeeT CKa3aHHOe K CBOHCTBAM
rasoB? Camoe HemnocpelCTBEHHOe!

Mbl 3HaeM, YTO MOJeKyJbl ra3oB 6ecnopsigoYHO IBHU-
XKYTCS CO CKOPOCTSIMH, OJM3KHMH K CKOPOCTH MoJjera my-
ad. TIpy ABHXKEHHH MOJIEKYJbl CTAJKHBAIOTCS CO CBOMMH
cocelsiMM U YHapslOTCs O CTEHKH COCyJda, B KOTOPBIH
3akjaroueH ra3. Eciad HanoJgHUTb OYTBUIKY OOLIYHBIM, He
CXKAaTbIM BO3JyXOM, TO YHCJIO YAapoOB, KOTOPOE HCIBITHI-
BaeT KaxAblii KBaJpaTHbI CaHTHMETD MOBEPXHOCTH Oy-
TBUIKH B | ceKyHIy, BbIpasuTcs LHGPOH ¢ 22 HYJAMH.
At0 oueHb Gosbloe 4ucao. Ecau Obl Takoe yuca0 mpocs-
HBIX 3epeH MOJIOXKHUTb PSAAbILIKOM OJHO K JPYroMy, TO
MOXHO ObIJIO OBl CTO Pa3 MPOTAHYTb 3Ty JOPOXKKY H3 3ep-
HBIIIEK JO OAHON u3 GaMKaiumuX 3Be3d U o06paTHO.

Takum o6pa3oM, Ha CTeHKH OYTHIJIKM HeNpepbBHO Ia-
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JaeT 4pe3BblYalHO YACTHIH MOXKAb MeJbY4aHILUX «Kame-
JIeK» BellecTBa — MoJekyJa. YacTuusl rasa kax 6wl
60oMO6apAHPYIOT CTEHKH COCyAa.

Ynapel OTHeJbHBIX MOJIEKY. Tak caalbl, 4To He OTMe-
YaloTCcs HU NpUOOpPaMH, HH HALIMMH OPraHaMH YYBCTB, HO
OHHM TakK 4YacTo CJefyloT APYT 3a APYroM, YTO, CJAHMBAsICh
BMeCTe, MPOU3BOAAT [AaBJEHHE, KOTOpPOe YXKe HETPYMHO
H3MepHTb NPUOOPAMH HJIH OLLYTHTb HEloCpeACTBEHHO.

OT 4ero 3aBHCHT fJaBJeHHe rasza?

OueBHaHO, YTO uyeM GoJblle MOJEKYJ yAapUTCS
B €JMHHLY BPeMeHH O KaKyl0-1160 MOBEPXHOCTb, TeM 0O0JIb-
Ulee naBjeHHe OyAeT CHa HCMBITBIBaTh. Kpome TOrO, maB-
JleHHe 3aBHCHT OT CKODOCTH JBHXKEHHs MOJIeKyJ rasa.
Uem ObicTpee ABHXKYTCS MOJIEKYJbl, TeM CHJbHEe OHH
yaoapsIoTcs O I[IOBEPXHOCTb M TeM GoJibllie GYAET NpOHU3-
BOAHMOE HMH JaBJjleHHe.

A 4TO Ke MPOHUCXOAUT TP CKATHH rasa?

YmeHbLWIMB 06BeM, 3aHMMaeMblil ra3oM, B JBa pasa,
Mbl TeM CaMbIM B JBa Pa3a yBEJHYUM UHCIO MOJIEKYJI
B KaXX/JOM KyOHUeCKOM CaHTHMeTpe, a 3HAauuT, B JBa
pasa yBe/JIHYMM M YHCJO YJAApOB O CTEHKH COCyda B Kax-
AYyl0 CeKyHHY.

Ecau cxxuMare ras npu NMoCTOSIHHOH TeMmIepaType, TO
CKOPOCTb MOJIEKYJl He H3MEHSIeTCS: OHW yAapsiioT O CTeH-
KU C IpexHell CUJIOH, TOJbKO yalle. Tak, B HalleM MOpH-
Mepe Mocjie yMeHbLIeHHs oObeMa rasa MOJeKy/bl GYILyT
yoapsiTb O CTEHKHM B [Ba pasa 4yallle, M, 3HAUYHWT, B [Ba
pas3a BO3pacTeT AaBJieHHe rasa.

[Ipu oueHb CHJIBHOM CXKATHH Ta3 MOXET CHJIbHO Ha-
rpeBatbcsi. KTo 3Hakom ¢ paboToil AH3eJbHOTO MOTOPA,
TOT 3HAeT, YTO B LUUJMHAPAX 3TOH MALUMHBI HET HUKAKHX
«CBeue» WU KaKUX-Au0O APYTHX CPEeACTB 3a)KUTaHHs.
[Topuienb, cxuMasg ra3 B LHJIUHADE, 3alOJHEHHOM
roptoyeil cMechblo, COOOIIAeT ee MOJIeKyJaM TaKyl CKO-
pOCTb, UYTO CMeChb pasorpeBaeTcs JO TeMIepaTyphl
BCMBIIIKYA. BocnnaMeHuBIIMCb, CMeCb OGBICTPO Cropaer.
Temnepatypa TpPOAYKTOB TOpeHHS MOAHHMAeTCs MpH
3TOM ellle BbILE, JaBJeHHe B LWIMHADEe yBeJIHYHBAETCS,
H MNoplleHb OTOpachiBaeTCsl Haszal.

BcnoMHHTe, 4TO, HAKAYUBAsl BEJOCHMNEJHYIO HIMHY, BHI
oulyliaere, Kak HarpeBaercsi Hacoc. MHorue CKaxyr,
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YTO OH HarpeBaercsl 6/1arojapsi TPEHHIO IMOPUIHS O CTeH-
KM Hacoca. DTo He coBceM BepHo. KauafiTe 3THM Xxe
HAacocoM BO3JyX He B LIHHY, a IMpocTo B atmocdepy.
Ecan Hacoc mnpu 3TOM M Harpeercs, TO cjiabee, ueM
B nepBbiii pa3. [ylaBHas mpuuMHA HarpeBaHdsi Hacoca
3aKJIOYaeTCs ONATb-TAKH B TOM, UTO, OBICTPO CXKHMast
ras, Bbl yBeJHUHMBaeTe CPeJHIOI0 CKOPOCTb €ro MOJIeKY.J,
HJIH, JPYTHMH CJIOBaMH, NOBEHILIAETE €ro TeMIepaTypy.

[lpu pacluupeHud cxkaThlX ra3oB Habjwogaercs 00-
paTHas KapTHHA — OHH OXJaXKJAalOTCH.

JlaBjenne OBLICTPO pacTeT Tpd HarpeBaHUH T[a3oB.
Kak 370 0OBSACHUTH?

Bbl yxKe 3HaeTe, UTO NpU HarpeBaHHH rasa CKOPOCTH
MOJIEKYJl yBeJHYUBAIOTCA. DbicTpee ABHUrasicb, MOJEKYJHI
yaile yJgapsioTcs O CTeHKH, W Ka/AblH yaap HX CHJIbHee,
yeM NpU HHU3KOH Temneparype. [ToHSTHO, YTO BO3HHKalO-
lee OT CJIOXKEHHs] YJapOB OTAEIBHBIX MOJIEKYJ HaBJIeHHE
rasa B 3TOM cJydae OyJeT 3HayUTeJNbHO Ooublile.

TakoBa npuunHa ynpyrocrtd rasoB. BnepBele ykasan
Ha Hee M. B. JlomoHOCOB.

&.. MBI cuMTaeM HM3JHIIHUM, — NHcaJ JIOMOHO(OB, —
NpU3bIBAaTh HA NOMOILL AJ/5 OTbICKAHHS TMPHYHUHBL YIPY-
FOCTH BO3JyXa Ty CBOeOOpasHylo OJyXXAAWOLIYI0 KUJI-
KOCTb, KOTODYIO OUeHb MHOrHe — N0 O6blualo BeK:d, H30-
OUYIOLIET0 TOHKUMH MaTepUsIMH, — NPUMEHSIOT OObIK-
HOBEHHO [J/1s1 OObsCHEHHs] NMPHPOAHBIX fABJEHHH. Mbl 10-
BOJIBCTBYEMCSl TOHKOCTBbIO M MOJBHXKHOCTBIO CaMOI0 BO3-
Ayxa M HIIeM NPHYMHY YNPYTOCTH B CAMOH MaTepHH eros.

JKuakue rasm

CxuMasi Kako#-muGo ras, Mbl yMeHbLIaeM paccrosi-
HUe MeXJy ero MoJeKyJlaMH. YBeluHuuBas [ aBjeHHE,
MOXHO OYE€Hb CHJbHO COJH3UTb MOJIEKYJBI rasa.

H3BecTHO, YTO BELIECTBO B KUIKOM COCTOSIHHM 3aHH-
MaeT MeHbWINH 06beM, yeM B mnapoobpasHoM. O6GbeM of-
HOro cTakaHa Bonbl, HanpuMmep, — 0,2 qurpa. To xKe KOJIH-
YeCTBO BOJBI B BUIe BONAHOTO Mapa 3aiMer oGbeM IpH-
GJIH3UTEIHHO B NOJITOPBI THICSYH pa3 OOJbLINI.

HeBos1bHO BO3HHKAaeT BONpOC: 4TO Ke GYZAET, eC/H MH,
yBeJHuUNBas JaBJieHHe, COJH3UM MOJIeKYJbl Té3a L0 Tex

42



1500 nutpos
Nap

N

T R AN

Puc. 17. Ecain autp Boabl o6paTuTh B nap, TO nap NpH Temneparype
KHMeHHs BoAbl W aTMochepHOM JlaBjleHWH 3aHMeT ULUCTEPHY 06b-
emom B 1500 nuTpos.

paccTosiHu#, Ha KOTOPBIX HAXOAATCA APYr OT JApyra Mo-
JeKyabl Kuakoctel? He mnpeBpatuTcs M ras B KHI-
KOCTb?

DTOT BoONpOC AaBHO MPUBJEKAJ BHUMAHHE YUYEHBIX.
Bosee cra Jser tomy Hnasax, B 1823 ronay, um 3aHsics
mosofol aurauiickuil ¢usuk M. ®apapeii. OH npousso-
OUJT MHOIO OMBITOB, HACTOHUMBO J06HBasiCh OTBeTa Ha
HHTepecyIoLHI ero BOMpoC.

Opnaxnabl, korga Papaseil craBug ouyepemHOH OIBIT,
MBITAsICh NIPEBPATHUTb B JKHIKOCTb YAYIIAIOLLUA ras xJop,
B JabopaTOpHIO BOIleJ ero PYKOBOAMTE/Ib BMeCTe ¢ Of-
HUM H3 cBOMX mnpusiteseil. [locjenHu#i, 3aMeTHB Ha CTeH-
Kax npubopa Mac/SUIHCTYIO KHAKCCTb W AyMasi, 4To MpH-
Gop 3arps3HeH KaKHM-TO MacjJoM Mo HebGpexHoctH Pa-
pazesi, ciesnas yuyeHoMmy 3aMeuanue. Ha crenxyomee ytpo
[IOYTaJbOH NpHHEC eMy MHUCbMO MoJaoxoro ¢usuxa. ITHch-
MO GbIIO KpaTKMM: <«Macsio, 3aMeyeHHOe Bawu Buepa,
6BIJIO He ueM HHBIM, KakK >KHIKHUM XJOPOMS>.

Uro ke NMPOUCXOAMT MpH cxKaTuu rasa? [louemy ras
npeBpallaeTcss B XKHIAKOCTb?

Jo cux nop npd paccCMOTpeHHU CBOHCTB MeJbyaHInux
yacTHI[ BellleCTBa — aTOMOB H MOJIEKYJ] — Mbl yMaJuH-
BaJd 06 OJHOM BaXKHOM HX CBOHCTBe. ATOMBI H MOJIEKY-
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JBl JI060TO BelecTBa NPHUTATHBAIOTCA APYT K APYTy OCO-
ObIMH CHIAMH — CHJAMH  MOJEKYJSPHOTO  CUemNJeHHUs,
noJo6HO TOMY, KaK BCe TesJa TPHTATHBAIOTCA K 3eMJe
cunoil TArorenus. [Toka paccTosiHusl MeXAy MOJeKyJaMH
BeJHMKH, CHJIbl MOJEKYJASPHOro cuerieHus Masnel, Ogna-
KO OHHM OBICTPO DacTyT IO Mepe TOro, Kak 3TO paccros-
HHe yMeHblIaercsi. Takum o0pa3oM, NpH CXKAaTHU rasa
CUJBl CLEMJeHHs MOJIeKyJ APYT ¢ APYroM BO3pacTaloT.
OTUX CHJ U OKasbiBaeTcsi JMJOCTAaTOYHO JJIsI TOTO, 4TOOLI
NpH KOMHATHOH TeMmepaType, KOTJ4a MOJEKYJbl rasa elie
ObICTDO  ABHXKYTCS, MNpPeBPATHTb B JKHAKOCTb MHOTHe
rassl.

Tax Obln MosyyeHbl JKHAKHE Tasbl: XJI0p, aMMHaK,
YIVIEKHCJIOTa W ApYyTHe.

OnmHako He BCe rasbl yHaercss TIpeBPaTHTb B KHA-
KOCTb TPH KOMHATHO# Temnepartype. Mmeercs mHoro ra-
30B, KOTOpble NMPH OOLIYHOH TeMlepaType He CXKHXKAIOTCH,
Kakoe Obl BBICOKOE JaBJjeHHe Bbl HH MpUMeHHaIH. K Takum
rasaMm OTHOCSITCA KHCJOPOA, as3oT, BOAOPOA W T. A. [as
HUX ObIO MpUAyMaHo Aaxke ClelHalbHOe Ha3BaHHe —
«TMOCTOsIHHBIE» ra3bl. Tak Ha3bIBaJH 3TH rasbl, JKeJjas MOJI-
YepKHYTb HEBO3MOXHOCTb MpeBpalleHHs UX B KHUAKOCTb.

yeM ke IpHYMHA 3arafloyHoOTO  «IOCTOSTHCTBAY»
KUCJOpOZa, a30Ta H ADPYTHX HeCXKHXKAIOIUUXCS Tas3oB?

[IpaBUABHBINH OTBET HA 3TOT BONDPOC JaJj BeJHKHH pyc-
ckuil yueHnlit Imutpuit MBanosuu Mennesnees. OH pac-
CyKZIaJ TaK: KOrJa CXHUMaeTcs Kakoi-HUOYyIdb ras, CHJBI
MOJIEKYJISIDHOTO ~ CLeIJIeHHsl [OMOraloT CXKaTHi, CTa-
patorcsl emle cuabHee COMH3HTb MOJIEKYJAbl ADYr C ApY-
roM. JtomMy COMHKEHHIO, OJHAKO, NPOTHBUTCA TEMJIOBOE
ABHKEHHe MOJIeKyJ, KOTOpOe 3acTaBJisieT MOJIeKyJbl pac-
CeHBaThCsl BO BCe CTOPOHbLI, BLI3bIBAET B ra3e CTpeMJeHHe
pacLIMpUTLCS U 3aHSITb BO3MOXKHO OOJbIIMH 00beM.

Ecii cHABI CueM/IeHHs BeJHKH, OHH MOTYT NPeoJoJIeTh
CTpeMJIeHHe ra3a K PacCIUHpPeHHIO, YAepXaTb MOJIEKyJbl
APYr OKOJIO ApYra M TaKuM 00pa3oM CO31aThb HEKOTOPLIH
MOPANOK B MX PpACIHOJOXKEHHH, XapaKTePHbIH MJs KHA-
KOCTH.

Ho korma cusbl ClenJieHHsI HeBeJMKH, TelJOoBOe JBH-
KeHHe MOJIEKYJ He MO3BOJIUT rady MpeBPaTHTbCA B XKHUI-
KOCTb, CHJIbI CLEMVIEHHs He CMOTYT MpPEeOJOJIeTh CTpeMJe-
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HUSI MOJIEKYJ YyJieTeTb APYr OT JAPYra BO3MOXKHO faJiblle.
B 3ToM u 3ak/ouyaeTcss NPUYMHA «IIOCTOSTHCTBA» TaKUX
rasoB, Kak KHCJOPOA, a30T WM BOJOpPOA. Bcrpevaem Ju
MBI 3[1eChb HENMpeoJOoJUMOe [pensiTCTBHe, [OCTaBJIeHHOe
NpPUPOJOH Ha MyTH uesnoBeka? OTHioAb HeT!

Hast Toro 4toObl - IpeBpaTHTb B KHUIAKOCTb «IIOCTOSH-
Hble» rasbl, HeOOXOAUMO JIMIIb CHABHO OXJaAMUTh HX. [IpH
MIOHUKEHUH TEMMEPATYPbl CKOPOCTb IBHXKEHHS MOJIEKYJl
yMeHbIlIaeTcsl, [eJaeTcsl MeHbLIe CTpeMJIeHHe HX puc-
CesiTbCsl B pasHble CTOPOHBI, U CHJ CUEMJeHUs OKa3bl-
BaeTcst AOCTAaTOYHO /51 CXKHXKEeHHs rasa.

JI. Y. MeHzeneeB ykKasaJ, 4To AJS1 KaxXJOro rasa
CYILECTBYeT OIpejie/ieHHas TeMlepaTrypa, Bbllle KOTOPOH
€ro HHKaKUM JaBJeHHEM He/lb3sl NPeBPaTUThb B XHUAKOCTD.
[Ipu GoJsiee BBLICOKOH TeMnepaType XHAKOCTb CYLLECTBO-
BaThb He MOXKeT. MeHjeneeB HasBaJa 3Ty TeMmIlepatypy
«TeMIepaTypoil abCOMIOTHOrO KHIIEHHS».

B Hame BpeMmMs ec Ha3blBalOT «KPHTHUYECKOH
TeMnepaTypoi» Beuecrsa.

Kputuueckre TeMmnepaTypbl  pa3jIMUHBIX  BEIIECTB
CHJIBHO OTJHYAlOTCs APYr OT Apyra. Tak, BoAAHOH map
HeJb3sl TpeBPaTHUTb B BOJAY, €CAM OH Harper Bbille
374 rpanycoB, KUCJOPOA K€ Helb3sl NMPEBPATUTb B KHUI-
KOCTb, €CJIH OH He oxJaxJeH Jo 119 rpagycoB Huxe
HYJI4.

Tenepb MOHATHO, MOYeMy TaK MAOJTO HE MOTJIM TIpe-
BPaTUTb «IIOCTOSIHHBIE» Tasbl B KHIAKOCTH. TemmnepaTyphl
3TMX ra3oB ObLAH BbIlle HUX KPUTHYECKHX TeMIepaTtyp.
Korapa oaHOBpeMeHHO €O CXKaTHeM Hayajdd CHJbHO
OXJIaXKJAaTh ra3bl A0 TeMMepaTyp HHXKe KPUTHYECKOH, TO
BCe M3BeCTHble rasb! OblIM NpeBpalleHbl B KHIKOCTb M
CaMO Ha3BaHHE «IOCTOSIHHbIe» Ta3bl MOTEPSIJIO CMBIC.

B Halle BpeMs B LIKOJaX MOXHO 4aCTO BHAETb TOJy-
OyI0 MOABHXKHYIO KHIKOCTb, HAJUTYIO B HEGOJBLIOH COCYO
C JIBOHHBIMH CTeHKaMH, nocepeOpeHHbIMH H3HYTPH. ITO
Kuaxkuil Bo3fyx. Camblii 0OBIKHOBEHHBIH BOSIYX, KOTODPBIH
OKpY»KaeT HaC M KOTOPbIM Mbl ABIIINM, INpeBpalleHHbIH
B 2KHIKOCTb.

JKugxuit BO3AYX M KHIKMH KHCJIODOA HMEIOT OTpOM-
HOe 3HayeHHe A/ NPOMBILIIEHHOCTH. C NOMOLIBIO XKHIKHX
ra3oB MOXKHO IIOJYYHTh BO3AYyX, OOOTAILlEHHBIH KHCJIOpO-
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IOM, a [pHMeHeHHe KHCJIOPOIHOIO NYThsl YBeJHUMBAeT
MPOU3BOJAHTENbHOCTD JIOMEHHBIX Neueld 6oJibllle 4eM B JBa
paza. Besauko 3Hauenue kucja0poga TNpPH rasudUKalUH
TOIIHBA, B YAaCTHOCTH NPU NOA3eMHOH rasudukauuu
yraell. Kucsopoa Heo6XoauM JJIsi MOBbILIEHHST TPOU3BOIH-
TEJNIbHOCTH CEPHOKHCJIOTHLIX 3aBOJ0B, AJIst TOJNYyUYeHHs Kperl-
KOH a30THOH KHCJOTHI U T. 1.

Bosabliioe 3HaueHue AJsi HAPOJHOTO XO3sMCTBA MMeEET
CXKMKeHHe M JPYrMX rasoB, HalpuMep aMmMMHakKa, XJopa,
YTJIEKUCIOTHI.

Ecan ra3 mocratouHo oxJaxKJIeH, TO HeT HeoBXOIHMO-
CTH TPHMEHATb IJI ero CXKHWKeHUss OCoOeHHo GoJbluoe
naBjenue. Tak, MpH KPHTHUECKHX TeMIepaTypax BOJOPOJ
CTAHOBUTCSl KHJKUM YyxKe TpH JdaBjedHuu B 12,8 armoc-
¢epsl, kucaopon — npu 50,8 aTMmocdepsl.

UeMm cuibHee OXJIaXJeH ra3, TeM MeHbllee naBJeHHe
TpebyeTcs A/ €ro CxkKHXefus. BcnomHuTte, Kak Jerko
npeBpalaercs nap B BOAY Ha XOJOAHBIX MpeaMeTax, BHe-
CeHHBIX B KOMHATy, WJIM Ha CTeKJaX OKHA B 3WMHee Bpe-
msi. HesHauutenbHoe nouukeHue TeMIepaTypbl BO3ayXa
JleTHeH# HOUbIO BBI3BIBAET YK€ [OSsIBJEHHE POChl.

CxuxKeHHe rasa sBJsIeTCS SPKHM J0Ka3aTeJbCTBOM
HaJIMUUsT CHJ MOJIEKYJISIPHOTO CLeIJIeHHs.

JKunxocTH, B OCHOBHOM BOJAd, WIPalOT OCPOMHYIO
pPOJIb B XKH3HH TPHUPOIbI, B NPOMBILIIEHHOCTH H TeXHHKe,
B ceMbCKOM xo3sifictBe. OObsicHeHHe CBOHCTB KHJAKO-
CTed — OJlHA M3 [VIaBHEeHIIMX 3ajay HayKH O CTPOEHHUH
BeLIEeCTBA.



II. HA NYTH K NMOPIAAKY

Koabi6enb XHU3HH

B nmanexue BpeMena, korza Ha 3emJsie He OBLIO e€llle
HU pacTeHHil, HH IKHBOTHBIX, ee MOBEPXHOCTb IMOYTH
CIJIOWIb [TOKPbIBAJIM MEPBUYHBIE MOPsI U OKeaHbl. MimeHHO
B HX TEIUIBIX BOAAX MPOUCXOAMJIO OOpa30BaHHUE CJIONKHBIX
OpPTaHHUYECKHX BeLIeCTB, MPHBEALINX K BO3HHKHOBEHHIO
XKH3HH Ha 3eMJe.

Buns Ha KaxkAoM wary, Kakylo OIPOMHYIO pOJib
HrpaeT BOJAa B XKHM3HM [PHPOABl M UYeJOBeKa, JApEeBHHE
Hapoabl O0OKECTBJSIM BOLY.

3HayeHHe BOABI AelCTBUTENbHO orpoMHo. OHa oGecre-
YypgBaeT IJIOAOPOJAHE MOYBBI: y4acTByeT B CaMoOM IIpoO-
mecce ee oOpasoBaHH$sl, HeCeT [UTATEJbHbIE BeELIECTBA
pacTeHusM, JeJaeT BO3MOXKHBIM MpOTeKaHHe CJOKHBIX
(H3HKO-XUMUUECKHX H MHKPOOHOJOTMYECKHX TPOLECCOB,
C KOTOPBHIMH CBSI34Ha KHM3Hb pacTeHHi.

Bcem H3BecTHO, KakuM OefCTBHEM [JISI CEJbCKOTO
X03SIHCTBa MOXKeT SIBUTbCS 3acyxa.

B Hame BpeMsi BOMOIO MOKPLITO GoJiee CEMH JAECSATBIX
NMOBEPXHOCTH 3eMJsd, 4YTo cocTraBasger 361 Musnuon
KBaJpaTHBIX KuaoMeTpoB. Eciu 6bl Bclo Boxy Moped H
OKEeaHOB pPAaBHOMEPHO paclpelesyuTb [0 M[OBEPXHOCTH
3eman, TO OHa MOKpbWIA Obl 3eMJIO CJI0eM TOYTH B 4Ye-
" ThIpe KHJIOMETpa TOJILIHHOIO.

ExeroHo ¢ NOBepXHOCTH Mopeil M Cyllu HCMapsercs
511 Thicay KyOnuueckux kusoMmerpoB Boanl! [Tonas B GoJsee
BBICOKHE 4acTH aTMoc(epbl, 5Ta OrpoMHasi Macca BOASIHBIX
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NapoB BHOBb IIpeBpalllaeTcsl B BOAY W MajaeT Ha 3eMJI0
B BHJe NOXAf, CHera WJH rpajna.

B BeuHoM KpyroBopoTe BoJa H3MeHsieT OGJHK 3eMJIH.
Crnyckatouinecsi ¢ rop JeIHHKH BBIPBIBAIOT Ha CKJIOHAX
ry60KHe IOJMHHBI U HeCYT B OKeaH OTPDOMHbIE KaMHH, Ky-
CKH CKall...

Peunble NOTOKH €KErofHO YHOCSIT B MOPSI M OKeaHbl
OKO0JIO 16 MHINHAPJOB TOHH TBEPABIX MAaTepHajOB HJIH
B BHJIe KaMHeill, pas/MyHbIX OOGJOMKOB, WJIH K€ B BHJIE
pacTBopeHnbIX BeulecTB. [TonpoOGyiiTe MOrpysuTb Bce 3TO
B TOBapHble BATrOHbl, U BBl MOJY4YHTe M[Oe3d, KOTOpPbIH
TPHUALATb Pa3 ONOSLIET 3eMHON 3KBATOP.

YHeceHHble pekaMu OGJOMKHM KaMHeH, MeCOK, TIJIMHA
M Ipoyee OCEAaloT Ha JIHO W JAIOT Hayajo 06pa3oBaHHIO
HOBBIX TOPHBIX MOPO.

He Gynmer npeyBennueHHeM, eCAd MBI CKaxKeM, 4TO
BOJla — TJIaBHBLIA INPUPOAHBIA  (pakTOp, ONpeaenstoui
reoJIOrMYecKHe IPOLECCHl, MpOoTeKamliue Ha 3eMJe.

W yenoBeuecKHii OpPraHW3M U OpPraHU3M KHBOTHOTO
fosbllle yeM HAMOJOBHHY COCTOSIT M3 BOJBL. IDTO MOXKeET
fl0OKa3aTbCsl HEOXKHAAHHBIM, HO 3TO TaK. Ecau KMBOTHOe
norepsieT BCero OT OMHOH JecsaTOH 40 ONHOH NMATOH YacTH
TOH BOJBI, KOTOPAas COJAEPKHTCS B €ro OpraHdU3Me, OHO
noru6uer. He/oBek MoxeT NMPOXHUTb GoJblle Mecsina 6e3
IMLIM, HO YMHPAeT 4epe3 HecKoJbKO AHeH 6e3 BOAHI.

OrpomMHa poJib BOAB B TeXHHKe. DTO OHA, MpeBpaLleH-
Has B nap, 3acramjser paboTaTb MapoBble MallHHH,
TypOHHBI 3JIeKTPOCTAHLHMH; 3TO OHA, ABHrasiCb MO OTOMNH-
TeJbHBIM TPy6aM, HeceT TEeMJIO B Hallle XHUJHLIE, 3TO OHA
B BHIe ObLICTPOH CTPyH MOMOTaeT H3BJEKaTb TOP(, HaMbl-
BaeT IJIOTHHBI; 3TO OHa HeOOXOAMMBIH CHOYTHHK CaMbIX
pa3HoOOpa3HbIX XMMHYECKHX MPOLECCOB.

Benunka posib B »KH3HH UeJIOBEKa W APYTHUX KHUIKOCTeEH.
B XxuMuYeCcKOil NpPOMBILJIEHHOCTH B MOAABJASAIOIIEM 60Jb-
IIHHCTBE CJy4yaeB MPUXOAMUTCA HMeTb AeJNO C KHJIKOCTA-
mu. Pasnnunble copra HedTH, GeH3UHBI, Macaa, CIHPTHI,
KHCJIOTHI U MHOTHE JpyTHe BellecTBa, C KOTOPbIMH BCTpe-
yaeTcss B CBOeH NpPaKTHKe XUMHK, — KHIKOCTH.

Ewme anxumuku, kak Gbl MOABOAS HTOT CBOMM Oecyuc-
JIEHHBIM ONbITaM, YTBEPKAaJH, UTO «Teja He JAeHCTBYIOT,
€CJIM OHHU He PacTBOPEHbI».
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KakoBo ke CTpoeHHe KUAKOCTel, ueM WX CBOUCTBA
OTJIMYAIOTCA OT CBOHMCTB r'a3oB M KaK OODBSICHHTb 0ocobOeH-
HOCTH KHJKOCTeH, onupasicb Ha yyeHue 00 aTomax?

JBynuxuii IHyc

Ha crapuHHBIX PUMCKHX MOHETax MOXKHO BCTPETHUTh
CTpaHHOe H300pa)keHHe — YeJOBeYeCKylo TOJIOBYy C JABY-
Msi CMOTPSIUIMMH B [POTHBONOJOXHBIE CTOPOHBI JHLAMH.
A1o sA3blyeckuit 6or — AByaukuid SHyc. Ecau oauH JuK
fluyca ofparieH HanmpaBo, TO BTOPOH CMOTPUT HaJeBo.

ITo cBOMM CBOHCTBAM »KHAKOCTH HANMOMHMHAIOT 3TO
3abbiToe GoxecTBO. Ecan OIHM CBOHCTBA HX CXOAHBI CO
CBOiicTBaMH ras3oB, TO APYTHe — CO CBOHUCTBAMH TBepHAbIX
TeJ.

[IpoMekyTouyHOe TOJIOXKEHHe, KOTOpOe 3aHUMaloT
KHUIAKOCTH MEXJAy ra3aMu M TBepPAbIMU TelaMH, CHJbHO
3aTpyAHseT oObscHeHHMe OCOOeHHOCTEH UX aTOMHOrO
CTpPOEHHUSI.

Te cBoiicTBa, KOTOpble OOIIM IKUAKOCTAM M rasam,
cKkopee OpocaloTcsl B I71a3a 4YesNOBEKY, HeXequ Te, KOTO-
pble YKa3blBalOT Ha POJCTBO KUAKOCTEH H TBEPJBIX TeJ.

Oco6eHHOo 0oJgblioe BrneyaT/eHHe MPOHU3BOAUT 00Ias
rasam M >KHAKOCTSIM MOJABHKHOCTb MX 4acCTUI APYT OTHO-
CHTEJIbHO JpYra.

Maxunute pyxoii!

Bbl mouTH He oulyllaere CONPOTHBJIEHUS BO3AyXa.

IIpoBenute pykoii B Bofe!

ConporuBienne GoJiee OLIYyTHMO, HO BCE K€ PYyKa
CBOGOJHO ABHIKETCS, yBJeKass 3a OGO 4acTULbI BOJHI
B 3TOM OTHOllIeHHH BOAA HATNOMHUHAET OYeHb IUIOTHBLIH ras
U BOBCE He [OXOXa Ha TBepAOe TeJo.

Kpome Toro, y »XMAKOCTH, Kak M y rasa, CBOHCTBa
OJIMHAKOBBI B JIIOOOM HampaB/eHud. Tak, HampuMmep, XKHu-
KOCTb NpeJIOMJISIET CBETOBOH JIyd OAMHAKOBO, BHE 3aBHCH-
MOCTH OT TOTO, KaK OH MajaeT Ha ee MOBEePXHOCThb. MHaye
BefleT ce0sl KPHCTAJJIMYeCKOe TBEPLOE TeJO: IPeJIoMJIeHHE
Jdydya B HeM 3aBHCHT OT TOro, Kak JIyd HanpasJeH.

M, nakoHel, KaK MBI y»Ke 3HAeM, MOCTEleHHO CKHMas
ras, ero MOXXHO IpeBPaTUTb B KUAKOCTb IIaBHO, Ge3
CKa4yKoOOPa3HOro H3MeHeHHsl CBOHCTB BeLIeCTBa,
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Bce 310, Kasanaocb 6bl,
FOBOPUT O TOM, UTO XKHA-
KOCTb MO2KHO CYUTATh OUeHb
CHJIbHO CXKAThIM TasoM.

He 6ynem, onnako, TO-
pPONUTbCS C  BbIBOAAMH H
MIPOJIOJI2KHM CpaBHEHHe
CBOUCTB KHJIKOCTEl, ra3oB
1 TBEpIAbIX TeJ.

Kaxablil, KTO XOTb pas3s
urpaa B ¢yt60J, 3HAET, YTO
lepel HayaJOM HIpbl KTO-
HHOYIb U3  (QyTOOJHCTOB
npoBepsieT, XOpPOWO JH Ha-
KauaH msu, Ecan mau mar-
KW, B HEr0 HacoCOM AOTOJI-
HUTEJbHO HAKAUWBAIOT BO3-
ayx. DTO MOXHO clenaTh
TOJIbKO MOTOMY, 4TO BO3AYX,
KaK M Apyrue rasbl, JIerko
CXKHMaerTcs.

CoBcem HHaye BeLyT ce-
651 XKHUAKOCTH: OHH MpPAaKTH-
YeCKH HECXKHMaeMbl H B
3TOM OTHOLIEHHH Topasio
foJibllie MOXOAST Ha TBep-

Puc. 18. dasa Toro uto6bl CXaTb Jble Tesa, YyeM Ha rasbl.
BOAYy B CTakaHe TOJbKO Ha

4 mpolleHTa, Ha Hee HYXHO 1a- Onnax bl u6bIJI NIpOKU3-

BHTb C CHJIOH B HeCKoJbKo ne- BEIEH TaKOH  OIBbIT: B

CATKOB TOHH. CTaJbHOH  COCyd HaJHUJH

PTYTb U OYEHb CHJIBHO CXa-

nu. Ha moBepxHOCTH cocyna MpHU 3TOM MOSIBUJIHCh MeJb-

yaiiliye KameJbKM pTYTH, KOTOpasi TpOCOYMJIACh yYepe3

TOJIULY MeTauja. BoT Kak BeJHKO OBbLJIO COMNPOTHBJEHHE
pTyTH C3KaTHio!

CxonHo BenyT ce6s1 U Apyrue XUAKOCTH. UToObl, CXKH-
Masi, YMeHbLIUTb 00beM BOJBI BCero Ha 4 mpolueHTa, ee
HaJ0 MOABEPTHYTb AABJEHUIO MPUOJIHU3HTENBHO B THICAUY
atmocdep.

MiMeHHO 1MO3TOMYy BOJOH MOJB3YIOTCS MPU HCIBITAHHH
[IPOYHOCTH BOJONPOBOAHBIX TPYD, apTHIJIEPHUCKHUX CHa-

.
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psa0B, 6aNIOHOB AJS CXKAThIX ra3oB U T. N. HMcnbiTyembiit
CHapsA ua1M 6Ga/UIOH HAMOJNHSIOT BOAOH H, YBeJHUMBas
naBJieHUe, CIelsT 32 TeM, He o0pasyeTcs JiH TPellHHa, He
TMOSIBUTCS JIK Ha MOBEPXHOCTH BOAA...

Ecnu cpaBHHBaTh pasjMyHble TeJa M0 HX CXKHMae-
MOCTH, TO XKHJIKOCTH Hax0 ObIO Obl OTHECTH B OXHY IPyM-
ny ¢ TBepAbIMH TeJaMH, a He C TazaMH.

K ToMmy :Ke 3aK/IOUEHHIO O CXOACTBE TBepJbIX H XKHI-
KHX TeJ NPUBOAHT CPaBHEHHE HX IJIOTHOCTH.

[InoTHOCTH pa3NHUHLIX BeleCTB B ra3oo0pasHOM CO-
CTOSIHHH OGBIYHO B THICAYM pa3 MeHblle, UYeM HX [JIOT-
HOCTb B XKHJIKOM COCTOSIHUH. JIpyrumu cjaoBaMu, mnpH
ucrnapeHun oO6beM, 3aHMMaeMbll BeIeCTBOM, YBeJHYH-
BaeTCs B ThICAYH pas.

Muas xapruHa HaG/0faeTcss NpH NJaBIeHHH, TO-eCTb
NpY NpeBpalleHHd TBEpPJOro Tesla B KHIKOCTb. YBesHue-
HHe oObeMa NPH 3TOM HEBeJHKO, OHO COCTaBJSIET INpH-
OJIM3UTEIBHO JecATyio 4yacTb o6beMa, 3aHHMaeMOro TBep-
JbIM TeJIOM.

B HekoTOpbIX, MpaBla HEMHOTOYHCJEHHbIX, CIyYasx
NpH MJIaBJeHHH 00beM, 3aHHMaeMBblil TeJIOM, laXe yMeHb-
maercs, TaK YTO IIOTHOCTb XXHIKOCTH OKa3bIBaeTcsl
6oJsibllledl, yeM IJIOTHOCTb TBepjaoro tena. K Takum He-
OOBIYHBIM MO H3MEHEeHHIO TUIOTHOCTH BeLeCTRAM OTHOCSIT-
cs BOJA, UyTYH, BHCMYT.

Pa3 o6beM Ten npu MJaBleHHH U3MeHsIeTCS He3HauH-
TeJNbHO, HE3HAUUTeJIbHO H3MEHSIOTCS M PaCCTOSHHS MexX-
Iy MOJIEKYJaMH, a CJel0BaTe/bHO, H CHJBI, AeACTBYyIOLIHE
MeXy HHMH.

MOXKHO NpeaNnoNoKUTb NMO3TOMY, YTO [IBHXKEHHE MeJib-
yadllInX 4YaCTHI BellecTBA B XKUAKOCTSIX HANOMHHAeT
IBHXKeHHe 4YacTHl B TBePAbIX TeJax, a He B rasax. dTo
npejnosoxeHne HeTpyaHo nposeputb. OT Xapakrepa ABH-
’KEeHHsl YaCTHUIL 3aBUCHT TeIIOEMKOCTb BellecTBa. CpaBHHUB
TEMJIOEMKOCTb »KHAKHX U TBePJbIX TeJl, yueHble yOeIUIUCh
B TOM, UTO OHH JeHCTBUTEeJNbHO OJH3KH IPYT K APYry, TO-
eCTh 4YTO MABMXKEHHe MeJbuaHIIMX YacTHL XUAKOCTH Ha-
MOMHUHAET ABHIKEHHe aTOMOB TBePIbIX TeJ, a He MOJIEKYJ
rasos.

Mbl BHIMM, uTO MOCTYNHJH NPABHJIBHO, He CAenaB
TOCMELIHOTO BbIBOfA O POACTBE KHUAKOCTeHd W rasos.
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Ecnn momBHXKHOCTD yacTHU W OJHHAKOBOCTH CBOWCTB
BO BCeX HaNpaBJeHUsX DOAHAT XKHJAKOCTH C TrasaMy, TO
UIOTHOCTh, TEMJOEMKOCTb M MaJsasi C:KHMaeMOCTb HX YyKa-
3bIBAlOT Ha CXOACTBO JKHUAKOCTEH M TBEPABLIX Tel.

3amMeTuM, 4TO eCJHH JKHAKOCTb 3aCTaBHTb OBICTPO H3-
MeHATb (OpMYy, TO OHa NpPHOOpeTaeT ellle OAHY 4YepTy, POoa-
HSILLYIO ee C TBEPABbIMU TelaMM, a HMEHHO — JeJaercs
XPYINKOH.

MBI NpUBLIKIM K TOMY, YTO OBITb XPYIKHMH, TO-eCThb
CMOCOGHBIMU  pa3iaMbIBaThCs, MOTYT TOJILKO TBepAble Tesa.
OxkasbiBaercsi, 9TO HEBEpHO: NpH OueHb OBLICTPOM Yyjaape
KHAKOCTb pasjiaMblBaeTcsi, KaK XPYyINKOe TBEPAOe TeJo.

Ha pucynke 19 BBl BHIHMTe CTPYI0 O4eHb BS3SKOH XKHI-
KOCTH, KOTOPYIO HepeceKaeT MeJIeHHO ABHXKYyLLAascs Ma-
nouka. BumHo, Kax mon maBiieHHeM MaJouKH CTPys H30-
THyJach, B CJelylolllee MIHOBeHHe OHa pasopBeTcs —
masouka ee nepecever. He To Oyler, eciun maJjiouka yna-
PHT IO CTPye HOCTaTouHo OnicTpo. B sToM ciyuae
(puc. 20) cTpys pasjoMmaercs, Kak ecau Obl oHa Oblia
coesaHa M3 cTeksaa. Ha pucyHKe xOpoOlIO BHIHBI «OCKOJI-
KH» KHIKOCTH, OTOpOlIeHHble NpH yAape.

Puc. 19. Ilpn mennennom nsu- Puc. 20. [Ipu GuictpoM yaape
XKEeHHH [aJOYKH CTPys BSI2KOH  CTPys pasjiaMbiBaeTcs, Kag
KHAKOCTH H3ru6aercs. Xpynkoe TeJo.
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Hrak, Mbl yGepuauch B TOM, YTO MPHUBbIUHAS HAM Te-
KYy4ecTb »KHAKOCTeH He sIBJseTcs HeNpeoAOJHUMbIM Oapbe-
pOM MexXny KHAKOCTAMH M TBepAbiMu TenaMu. [lpu
OIpe/ie/IeHHbIX YCJAOBHSAX XHJIKOCTh MOXKET ObITh XPYMKOI.

UeMy xe oTaaTh npeanouTeHre? Ecay Ha odHY yallKy
BECOB IMOJIOXHUTh CBOICTBA, POAHSAILHE KHUAKOCTH C TBep-
ABIMH TeJaMH, a Ha APYTYylo — POJHsIIHe C ra3saMH, KakKas
U3 4Yalllek MepeTsiHeT?

OxkasbIBaeTcsi, YTO OTBETHTb HAa 3TOT BOIPOC HEJb3f,
M BOT MOYeMy.

CBolficTBa XHIKOCTH CHJIBHO H3MEHSIIOTCS NPH H3MeHe-
HUH TeMmnepatypbl. [Ipu Husko#l tTemneparype, O/u3KOH
K TOH, NP KOTOPOH KHUAKOCTb 3aTBepjeBaeT, CBOHCTBa
KUOKOCTH OJMxKe K cBoiicTBaM TBepaoro Teaa. [To mepe
JKe MOBBIILIEHUS] TeMIepaTyphbl XKUAKOCTb Bce Gosee MOXO-
OUT Ha ras, NoBeJeHHe MeJbUalIIHX dYacTHl, ob6pasylo-
INHX KHAKOCTb, MNpPUOMHIKAETC K MOBEIEHHIO MOJEKYJ
rasa.

Kouyiowmue MassiTHHUKH

KakoBo e MoJIeKy/sIpHOe CTPOEHHE KHMIKOCTH?

MourneKkynbl rasa uau mapa JBHXKYTCS 1O MpPHYYIJHUBO
M3JIOMaHHbIM JHHUSAM. OTHe/bHbIE YYaCTOYKH 3THX JIMHHH
MHOT0 0OJIbllle Pa3MepoB CAMHX MOJIEKYI.

B xuakoctu nosoxeHHe HHOe.

MouneKkybl XHIKOCTH pacnoJiaralorcs O4eHb OJIH3KO
apyr k apyry. ITostroMy uX OBHXKeHHEe HallOMHHAeT CKopee
IpoXKaHHe, MPH KOTOPOM OHH TOJIPKO HE3HAYHUTEJbHO CMe-
IaoTCsd, NOCTOSSHHO BO3BpalllaeMble Hasaj yAapaMu CO-
cegHHX MoJeKy/l. CpaBHHTENbHO peiKO KaKOH-HHOYIb
MOJIeKyJle yAaeTcs BBIPBATbCS U3 TECHOTO OKDPYKeHHsi
cBOHX cocenell. Bosburylo ke uyacTe BpPeMeHH OHa IBH-
XKercsi KaK Obl B KJeTOUKe, CTeHKH KOTOpo#l o6pasyioT
OauxKaflide K Heil 4aCTHIIBI

JIBHXKeHHe MOJIeKYJbl B 3TOH siuefike HaloOMUHaeT
IBHKEHHe MasiTHUKa CTeHHBIX YacoB-XOIHKOB. Takoe
JBHKEHHe Ha3bIBAIOT KOJeOaTe bHbIM.

Hmeercs, omHaKo, CyliecTBeHHOe OTJIHYHe KoJeGaHHI,
CoBeplIaeMbIX MAassTHHKOM 4acoB, OT Ko/eOaHU{ MOJeKyJ
XKUIKOCTH. IIpm KoneGaHUU MasiTHUKA MOABEC €ro OCTaerT-
Csl HEMONBUXKHHIM H TOJIbKO [HCK OTKJIOHSIeTCs Molepe-
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MEHHO TO BIIPABO, TO BJIEBO. YMOAOOJssi ABHXKEHHs MO-
JIeKyJbl KHUAKOCTH KONeOaHHAM MasiTHHKA, HeoGX0JUMO
NpeanooXKuTh, YTO U MOABEC MASITHHKA, BMECTO «OCE/JIO0-
ro» obpasa KHU3HH, TO U AeJN0 KOYyeT C OJHOTO MecTa Ha
apyroe. B TeueHue nepuoma «oCenION KHU3HU» MOJIEKyJsa
KoJsiebJieTcss BHYTPH fueliKH. B nmepuon «koueBbs» OHa Me-
pebGupaeTcss B COCeNHIOIO fveliky. 3a BpeMms, KOTopoe 4a-
CTHLA TNPOBOJUT B KaKoH-MMOO suelike, OHa YycleBaeT
CcoBepLINTL OOJIbILIOE YUCTO KoJeGaHui.

OpnHako ecad TeMmmepatypa KHIKOCTH OyneT yBesH-
YHUBATbCS, MOJIEKYJbl CTAHYT BCe yallle M ualle KOueBaTb
U3 OfHOH Aueliku B Apyrylo. TeM caMbIM BpeMsl HX «OCeH-
JIOH KHU3HH» YMEHBLIUTCH, U CaM XapakTep [BHXKEHHS
Oymer BCe OoJiee HalOMHHATL JBHKeHHe MOJEKyJ rasa.

[Touemy e MOBEPXHOCTb CIIOKOHHOH MXUAKOCTH Mpea-
CTaB/SIeTCS HaM HENOABHIKHOM, [MOYeMy MbI He 3aMeuaeM
HENMpPEPBIBHOTO JIPOXKAHHUA MOJIEKYJ1?

Euie JIoMOHOCOB B OJHOM H3 CBOMX COUHHEHHI mucas:
«Benp Henb3st OTpHLATBL CYyLIECTBOBAHUE [BUIXKEHHUS TaM,
rjie ero He BHIHO: KTO, B caMOM JeJse, OyJeT OTPHULATH,
YTO KOrJa yepe3 Jec TMPOHOCHUTCS CHJBHBIH BeTep, TO
JINCTbSI ¥ CYYKH JepeB KOJBILIYTCS, XOTs Obl NPH paccMmar-
pUBaHUM H3JaJH IJa3 He BUaea IBHkKeHUs. TouHO Tak
e, Kak 3/eCb BCJEeACTBHE DacCTOSHUS, TaK H B TeIJIBbIX
TesaxX BCJAeNCTBHE MaJOCTH YaCTHL JABHXKYILelca MaTe-
puH, KoseGaHHe YCKOJIb3aeT OT B30pay.

U B camom pese. [TocmoTpure Ha Je3aBue Ge3omnacHOH
OputBbl. KakuM pDOBHBIM M IMIAJKHM OHO HaM [MpeJiCcTaB-
Jasiercsi. A Temepb B3IVISHHTe Ha pUcyHOK 21. Ha Hem
M300paxeH Ma/JeHbKHH y4YacTOK TOTO Ke JIe3BHs, KaKHM
OH BHJIEH B 3JIEKTPOHHBIIl MHKPOCKOM. A Beab OGBIUHBIE 110
CBOHMM pa3MepaM MOJIEKYJbl U B 3JeKTPOHHBIH MUKPOCKOI
He BHAHBL. HeyauBuTesbHO, YTO TENJIOBOE ABHKEHHE MO-
JIEKyJl HeJb3s YBUJETb.

Kakyio e CKOpPOCTb MMEIOT MOJIEKYJbl XHIKOCTH?

Oka3sblBaeTcsi, 4TO CpPedHsIT CKOPOCTb TEIJIOBOrO JBH-
JKEHHSI MOJIEKYJ XKHAKOCTH TaKas e, Kak U y rasa, Mo-
JIEKyJIbl KOTOPOr'O HMEIOT TOT XKe BeC, B3SITOTrO MpH TOH
xe Temneparype. M Tak XKe, KaK H y rasoB, Y XHIKO-
creff CKOpPOCTb 6ecnops[0vyHOTO [BHXKEHHs MOJeKyJ pa-
CTeT C POCTOM TeMIepaTyphl.
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Takum o6pasom, TenJo-
BOe  [BH)KEHHe  MOJIEKYJ
KUJKOCTH, OCOGEHHO TMpH
BBICOKOH TeMmmepartype, HMe-
€T yepThl CXOACTBA C [BH-
KEHHEeM MoJICKyJl rasa, He
HCKTIOHAIOLIKE, O11iaKo, Cy- Puc. 21 Tax BBIrSIAHT MaJjieHb-
IMECTBEHHOTO PA3AMIHA. i yyactok sessHa GesonacHoi
310 pas/jiyuynhe euie 6onee 6pPUTBBl 101 3JEKTPOHHBIM MUK~
yCcyryouTcs,, eciH  yuecTb, POCKOIOM.
4TO MoJiHasg Gecrnopsijaou-

HOCTb B PAcCOJIOXKEHHH MOJIeKyJ, XapaKTepuayloulas ras,
CMeHseTCsl y KHAKOCTeH HEKOTOPOll YIOpsA04YeHHOCTbIO.
Ecny MBICJ@HHO BBIAGIHTb, OTMETHTb KaKUM-JUOO Crnoco-
60M OJHY M3 MOJIEKYJ »KHUIKOCTH, TO OKa)KeTcsi, UTo OJIH-
)Kalaa K Hed MoJekysaa OyneT Bcerja HaxoAUTbCs Ha
COBepLUeHHO OllpejeJeHHOM PAacCTOSTHHH OT Hee W 3TO pac-
CTOSIHHe OJIMHAKOBO /s BCEX OKDY’KAIOLIUX ee MOJEeKYJ.

IT10 yKe 3JeMeHT nopsakal

[Ipumeuarte bHO, YTO YNOPSAOYEHHOCTb B PaclofoxKe-
HUM YaCTHIL KHUAKOCTH OTPAHHUMBAETCH TOJbKO OJHXKali-
1M OKpy»KeHHeM BbiOpaHHOH MoJgekyabl. [losoxeHue
MOJIEKYJI, CJAEAYIOUIUX 3a OaHKaWWKMMHU COCeAssMH OTMe-
YeHHOH MOJIEKYJIBl, Y2Ke He OyIdeT TaK TOYHO OmpejeseHHo,
KaK MOJIOXKeHHe ee HeMoCPeJCTBCHHBIX cocelleH.

3/1ecb BO3MOXKHBI HEKOTOPBbIE OTCTYIVIEHHS: B OIHOM
ONbITE BTOpAasi MOJIeKyJia BCTPETHTCA OJuXKe, B APYrom
najblle, ueM el Hamjaexano Obl ObITb. Elle mMeHee ompe-
JeJeHHO TOJIOXKeHHe TpeTbed MoJiekyJsbl. [lo mepe yna-
JIEHHS OT HMCXOJAHOH MOJIEKYJbl MOPSI0OK B PACHOJNOXKEHHH
yacTull ObicTpo HcyesaeT. IIpo KUAKOCTL TOBODPAT, UTO
B HeH cyllecTByeT G/ MUK HHWH NOPsSA0K B pacroJo-
JKEHHH MOJIEKY.J

MokeT BO3HHKHYTb BOMPOC: KakuM o0pas3oMm ymops-
[(OYCHHOE PAaClOJIOKeHHe YacTHW BOMU3HM /1000 Npous-
BOJIbHO BBIGPAHHOH MOJIEKyJ/bl COUeTaeTcs ¢ XaOTHYHBIM
pacmojioKeHHeM Bjain oT Hee? Beab Kasajoch Obl,
yTo, MNeEepexojiisi OT BHIOpAHHOH MOJIEKYJbl K COCeNHeH,
a OT"TOH K cJaedyioulell ¥ mpoposxas NoA0GHBIA nepexon
BCe JaJbllle W JaJblle, MOXHO NPOHTH uyepe3 BCKO XKHUI-
KocTb. U ecsin BCsiKME pa3 BOJIH3K MoJieKyJibl 6yaeT HabJio-
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[aTbesi YNOpPsiIOYeHHoe paclo-
JIOXKeHHe ee cocefell, TO Kak
O6yato Obl 3Ta YNOPSAOYEH-
HOCTb JOJI)KHA OXBaThbiBaThb
BClo Xuakocts. Ho B nmeficTau-
TeJIbHOCTH 3TO He TaK. [loHsATb
3TO MOMOraeT pPHUCYHOK 22, Ha
KOTOPOM MOKa3aHO, KaK MOX-
HO TNpeacTaBUTb cebe pacno-
JIOXKEeHHEe MOJIEKYJ B 2KHIKO-
cTH. Bcsikuil pas, xoraa Mbl
H3MepsieM pacCTOsSIHHEe MexXay
IBYMsI COCEAHUMH MOJIeKyJa- -
Puc. 22. B xunkoctu coxpa- MH, OHO OKasblBaeTCsd OAHHUM H
HAETCSA TOJbKO ONHIKHME MO- TeM xe. OnHAKO ecsd Coenu-
PsAAOK B pacnoJJIodeiud moJae- HUTb IBe COCeNHHe MOJIeKyJ]bI

KL NpsAMOH JIHHUEH U MPONOJIKHTD
ee B 0o06e CTOPOHBI, TO CTaHET SICHO, YTO, ABHUrasiCb BHOJIb
HaMe4yeHHOTO HampasJieHHsl, Mbl OyleM BCTpedaTh CJAeAYio-
mue 3a OJAMXKAWIIAMH COCEISIMH MOJIEKYJbl, B 3aBHCH-
MOCTH OT CJyuasi, Ha CaMblX Pas3/IMYHbIX PACCTOSIHUAX OT
HCXOJHOH.

M Bce ke, B3TVISHYB HAa PUCYHOK, HHKTO He CKaXerT,
4YTO B H300paKeHHOM pachoJIONKEHHH MOJIEKYJI-11apHKOB
nopsifoK BooOule oTcyTcTByeT. KoHeyHo, MpHBeNAEeHHBIH pH-
CYHOK He SBJISeTCS TOUHBIM H300paKeHHeM HCTHHHOIO
pacnoJIo>KeHHs] MOJIEKYJ1 KHAKOCTH, a NpeAcTaBaseT co0oH
TOJIBKO CXEMY, MOSICHSIOLLYIO MBICJIb.

[ToHATh CBOHCTBA KHAKOCTH MOXKHO JHLIb B -TOM
caydae, eCJM TMOCTOSIHHO JAepKaTb B yMe ellle OJHYy Bax-
HyI0 OCOOEHHOCTb HX MOJIEKYJ/SIPHOTO CTPOEHHS.

Heomytumoe maBnenue

Bnarogapst ToMy, YTO MOJIEKYy/bl XKHAKOCTH pacroJc-
XeHbl OYeHb GJIM3KO APYT K JAPYTY, KaXKAas U3 HUX C 60Jib-
IOH CHJIOH MpPHTSrMBaeTcs OKpy:KatowuMHu. Ecin moseky-
JIbl ra3a MOXHO YNOAOGUTb POI0 MolleK, B KOTOpoM Jto6as
OBHKETCSl HEe3aBHCHMO OT CBOMX cOCelel, TO MOJIeKYJbl
KHIKOCTH CJIeN0BaJJO Obl CPABHUTb C MUYENHHBIM pOEM,
CeBIUMM Ha BeTKy. B ceBluem poe kaxjas nyenka Kpenko
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JEPKUTCA HOXKaMH 3a OJd-
JKalllylo COCelKy, Ta, B CBOIO
ouepellb, 3a CBOIO COCENKY, H
TaK BeCb pOH OKasbiBaercs
CBsI3aHHBIM, HECMOTPS Ha TO,
yTo (popMa ero HenpephBHO
usmensiercsi. [lomoOGHBIM  XKe
06pa3oM CcBsI3aHbl MeXIy Co-
60l Bce MOJIEKYJbl XKHAKOCTH.
Cusbl MOJIEKYJ/ISIDHOTO TIPHTSI-
JKeHHs Tak ObICTpO yObIBAIOT
NpH YBEJHUYCHHUH DPACCTOSAHHS  Puc. 23. C(bepua MOJIEKY ISP~
MeX1y MoJeKyJaaMH, 4To, M0 HOTO eHCTBHA.
CyllecTBy, Jito6asi U3 HHX CBH-

3aHa TOJIbKO CO CBOMMH OJ1H-

XKaWIUMH cocelsiMU. BOKpyr MoJsieKysbl cyLIeCTBYeT He-
KoTopasi o6sacTb, BHYTPH KOTODOH MpOSIBJISETCS MOJIEKY-
JsipHOe TpUTsKeHHe (puc. 23), U MOXKHO 06e3 OCOOEHHO
60JbIIOH OLWIHOKH MPEeANOJOXKHUTb, YTO MOJEKYJBl, Jexa-
e 3a rpaHuieid 1ol o6/aacTd, yXKe He HCObITHIBAIOT
NIPUTSKEHHs1 €O CTOPOHBI MOJIEKYJIbl, pacnoJ/ioKeHHOH B ee
LIeHTpe.

OueBHIHO, 4YTO MOJEKYJbl, HaXOAALIHeCs B TOJILE
JKUIKOCTH, MPUTATHBAIOTCH COCEJHHMH C OAMHAKOBOH CH-
Joii BO BCex HampaBJjeHusix. biaronaps atomy cuiel npH-
TAXEeHUsd1 B3aUMIIO YypaBHOBEUIMBANOTCA WU HHKAK HE CKa-
3bIBAlOTCS Ha MOBEAEHHH MOJEKYJI.

MHaue Gyner o6CTOSATL [Oe/n0 Y MOJEKyJd, JexXallux
B6au3u noBepxHocTH. s HUX obsacTh, B KOTOpPOH cKa-
3bIBaeTCA B3aUMHOEe MNPHUTsKEHHe, OyaeT YaCTHYHO 3anoJ-
HeHa XKHUAKOCTbIO, a YacTHY-
Ho — napoM (puc. 24). B ka-
KOM-1H60 oO6beMe KHIKOCTH
MOJIEKYJl B ThICSIYH pa3 00Jib-
e, yeM B TakKoM Xe o0beme
napa, H NO3TOMY CHJBI MoJe-
KYJSIDHOrO  NPHTSDKEHHs] He
MOTYT B 3TOM CJiyyae OBITb
ypaBHoBewenol. Cusa, pgefi-
Puc. 24 Monekyas B no- CTBYIOLLAA CO  CTOPOHHI TOH
BEpXHOCTHOM cjioe kumkoctn. YACTH, KOTOpas — 3anosiHeHa
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Puc. 25. MonekynsipHoe nas-
JieHHe BCerjia HanpaB/leHo B
rayCHHY XKHIAKOCTH H YpaB-
HOBEeUIHBAETCSl B2aHMHBLIM OT-

Puc. 26. Tipubop mas onpe-

TaJKHBAHUEM YacCTHL.

POk e

TTTrTYrTTesy \
» Q\:\\“ =S

JICNIeHUs! COTNPOTHBJEHHUS XKHA-

i)

)

KOCTH Ppa3phIBY.

AKHUAKOCTbIO, ropasfo 60Jblle
NPOTUBOMOJIOXKHOH e, Ha-
npaBJeHHOH B CTOPOHY Mapa.
B pesysabraTe npuJeraouiuit
K MOBEPXHOCTH CJOH OymeT C
60/1bLIOH CHJIOH TIPHUTSATHBATh-
Csl MOJIeKyJaMH, JieXKalluMH
B TIJyOHHE KHAKOCTH. ITO
pPaBHOCHJIbHO N06aBOYHOMY
JaB/eHHuIo, Kak Obl oKasblBae-
MOMY TMOBEPXHOCTHBIM CJIOEM
Ha XHAKOCcTh. MoxHO jaxe
MOJACUYHTATh, KAKOE HYXXHO Obl-
Jo 6bl NPHUJIOKHUTb AaBJeHHE,
4YTOOBl  yaAEepXKaTb MOJIEKYJIbI
XUAKOCTH B 3aHUMaeMOM HMH
o6beme, eciH Obl BHe3arHo
OHH TepecTajy INpUTATHBATD
npyr apyra. Pesyabrar artHx
pacyeToB MHOTHMM MOKaXKeTcs
yAHBHTENbHEIM.  Mouexyasp-
HOE NpPUTSXKEeHHEe YaCTHI BOJbI
PaBHOCHJIBHO n06aBOYHOMY
nasjennto B 17 000 atmocdep.
Inst cpaBHeHMsT yKaXeM, 4TO
Takoe JaBJeHHe OKa3blBaeT
cton Boabl BhicoTolo 170 KH-
JIOMETpOB.

JlaByieHue, BbI3BaHHOE MpH-
TSDKEHHeM YacCTHL, Ha3blBaloT
MOJTEKYJSAPHBM 14aB-
JeHHEM.

HeBosibHO BO3HHKaeT Bo-
ApoC: MouemMy TakHe GoJbluue
NlaBJeHusl Kak OYATO HUKAK He
nposisiorcsi?  [louemy Mbl
MO2eM OMYCTHUTb PYKY B BOAY,
He onacasicb, 4TO OHa Oyner
MTHOBEHHO pasnasgeHa? [lo-
HATb 3TO I[OMOTaeT PHCYHOK
25. MonekynspHoe na/enue



BCerga HanpasjeHo OT [O-
BEPXHOCTH XKHAKOCTH B ee IJy-
OMHY W  ypaBHOBeLIHBaeTcs
B3aUMHBIM OTTAJKHBAHHEM ua-
crull. [lostomy, Kakod O
pesMeT HH MOTpPYy3UTh B KHA-
KOCTb, MOJIEeKYyJsipHOe [aBJe-
HHe He OyaeT Ha HeM CKasbl-
BaTbca. YToGbl MOYYBCTBOBATDH
MPHCYTCTBHE  MOJIEKYJSIPHOTO
JaBJIeHUsi, HAA0  H3MEHHTb
pacCTOsIHHEe MeXK1y MoJieKyJa-
MH, Hampumep  YMeHbLUHTb
06beM KUIKOCTH — CXKaTb €e.

Tenepb sicHO U TO, Mouemy
Tak  TPYAHO CXaTb XKHI-
KOCTb, — OHa M B OOBIYHOM CO-
CTOSIHHH yXKe OueHb CHJIbHO
cxKkaTa B3aUMHBIM  [IPHTSXKeE-
HHEM YacTHL.

MoXHO npoAEMOHCTPHPO-
BaTb [MPHUTSIXKEHHE  MOJIEeKY.J
ewe  GoJee yOeAUTeNbHO.
JKuakocTb oKasbiBaeT 60Jib-
IO COMPOTHBJIEHHE MOMbIT-
KaMm ee pasopBaTtbh. B atom co-
MPOTHBJEHHH pa3pbiBy KHA- Puc. 27. Croabuk  BOIbl,
KOCTH HAIVISAHO TPOSIBJASAIOTCS  HMeoWHA B momepediiike
CHJIbI CLEMJIEHHS] MOJIEKY.I. 5 caHTHMeTpOB, BEAchRIBACT

Harpysky B O TOHH.

OcofeHHO MPOCTO 3TO MOXK-

HO MOKa3aTb C MOMOILbIO MpH-

Gopa, H3o6pakeHHOro Ha pucyHke 26. OCHOBHO#H uacTbIG
ero  sBJsieTcss  ocobas  ynpyras TpyOkKa, HasblBae-
Mas cuib®oHOM. CHAb(OH 3aMoJIHSAETCs KHUIKOCTbIO U 3a-
KPBIBAaeTCS1 HMMEIOLIMMCS BHH3y HroJIbYaThiM 3aTBOPOM.
BepxHuii koneu npu6opa sakpenssercsi. [loctenento yse-
JIMUUBAsl BeC FHPb Ha vallKe, MOABELIEHHON K HHMKHeH ya-
cTH npubopa, KHAKOCTb PacTArHBAIOT A0 TeX Mop, MOKa
OHa He pasopBercsi. PaspblB KHIKOCTH JIerko 3ame-
THTb N0 XapaKTePHOMY LIeNYKY, KOTOPBIM OH COMpPOBOXK-
naercs.
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Kak okasaJsocb, CTONGHK BOAbLI, HMEWUIHN B Monepeu-
HUKe 5 CaHTHMETPOB, MOXKeT BblIeDXKaTb Harpysky
B 5 TOHH, TO-€CTb Ha TaKOM CTOJIOMKE MOXHO MOABECHTb
Harpy»KeHHblil MoLIHbIH aBToMoOuIb «['A3-51» (puc. 27).

Xotsi uudpel, NojdyyaeMble NpH MNOJOOHBIX OIbITAX,
M OUeHb BEJHKH, OHH BCe XKe MeHbIlle UCTUHHOH MPOUYHOCTH
xuakocteil. [IpHunHOH TOMYy MesbuaiilliHe My3bIpbKH BO3-
Iyxa, Bcerga NMPHUCYTCTBYIOLIHE B KHIKOCTAX. IJTH My-
3bIPbKH TaK K€ YMeHbLIAIOT MPOYHOCTb JKHIAKOCTH, Kak
TPELIMHKH HJIH MYCTOTbl B METa/JIMYeCKUX AeTalssiX.

BsauMHoe mpUTsKEHHE YaCTHIl KHIAKOCTH BbI3bIBAeT
He TOJIbKO TOsIBJIeHHE MOJIEKYJISIPHOrO AaBJ/EHHs, — UM
OOBACHAIOTCS ~ MHOTHe  [pyrde  CBOHCTBA  XKHAKOCTH
U B NEpBYIO oyepelb OCOOEHHOCTH KHIKOH NOBEPXHOCTH.

HeBnaumMas nJieHka

MouJiekyJibl XKHIKOCTH, JeXalllide BOJH3H ee MOBEPXHO-
CTH, MPUTSATHBAIOTCS HE TOJBKO TeMH, KOTOpble pacroJio-
eHbl HHXKe HX, HO M CBOMMH COCeAsIMH CIpaBa M CJeBa.
[TosToMy nNoBepxHOCTb XKHAKOCTH OKa3blBAeTCsl KaK Obl
TMOKPBITOI TOHYalLUell HaTAHYyTOH MJeHKoH. B cymecTBo-
BAHUH 3TOH IJIEHKU Jierko y6enautbcs. Haselite B uaiinblil
CTakaH BOABl A0 CaMOro Kpas, a 3aTeM OCTOPOXHO MpH-
Jeiite elje HemMHoro. [Ipy HEKOTOpPOH CHOPOBKE MOXHO
LOOGUTbCS, YTOOBl KUAKOCTb BBLICTyIaJa Haj KpasMH CTa-
kaHa (puc. 28). UTo Xe yaep:KHUBaeT KHUIKOCTb M He JacT
el mepenutbcs 4epe3 Kpasi? Ee yaep:kuBaer moBepxHOCT-
Hasi T[JeHKa, o6pa3oBaHHasl MNPUTATHBAIOLIMMHUCS APYT
K IpYry MOJIeKyJaMH.

MoxXHO npofenaTb M TakOH OMNLIT: BO3bMHTE HEOOJb-
YK CTeKJSIHHYI0 Tpy60uYKy, 3aCOCHTe B Hee BOABI H, 3a-
KPbIB BEPXHHUH KOHel TPyOOYKHM maJjblieM, NPUNOAHUMHTE
ee. Y6paB mnaJjeln, pAaiiTe BO3MOXHOCTb 0GPas0OBaThCA
Kaljie ¥ BHOBb 3akpoite TpyBouky. [Touemy obGpasoBaB-
masicss kamias He orpbiBaercs? (Puc. 29.)

MoxHo moaymaTth, YTO Kamje MellaeT OTOPBAThCA
atMoc(epHoe gaBienne. Ho 310 HeBepHo. Ecain yBeHUHTD
pasMepbl KamJjd, oHa ortopBercs. Kansis ynepxkuBaercs
TOH Ke NMOBEPXHOCTHOH IJIEHKOH, KOTopasi He JaBaJja Boje
nepeJiuBaTbCAd uyepe3 Kpall cTakaHa.
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Puc.  28. [ToBepxHOCTHASA Puc. 29. Bucsamyio kanaio
NJeHKa He JaerT BOJe Iepe- yAepXKuBaeT NOBEPXHOCTHAS
JHTbCS Yepe3 KpaH CTaKaHa. TUIeHKa.

STOT ONBIT NO3BOJSET U3MEPHTb TY CUJY, KOTOpasi AeH-
CTBYyeT B [OBEPXHOCTHOM CJO€ XKHIAKOCTH. Kamss oro-
pBeTcst TOr[a, Korja ee BeC CPaBHSETCH C CHJIOH, YAepIKH-
Bawlllell ee. Bec Kanau Jerko OnpeneadTb: HaKamlap
B crtakad 10 uau 20 xamesb W B3BECHB ero, Halaem BecC
XKHAKOCTH, a pasjeMB TOJYYEeHHYIO BeJHYHHY Ha YHCJIO
KamneJb, BBIYHCJIUM H BeC OTAE/bHOI KalJH.

HalinenHass cuia pacnpepesisiercss paBHOMEPHO BJIOJb
JIMHHHK, 10 KOTOPOH KaIllsi NMPHCOEeJUHSIETCS K TpyOoukKe,
TO-eCTb BJOJb OKPYXXHOCTH mnocaenHeit. [loatomy, ecau
MBI XOTHM OXapaKTepH30BaTb CHJYy, NEHCTBYIOLLYIO B IO-
BEPXHOCTHOM CJIO€ KHJKOCTH, HafO elle MOJyYeHHYI0 Be-
JHUYHHY Pa3AeJUTh Ha JJHHY OKPYKHOCTH MOIEPEYHOro Ce-
yeHHs1 TpyOouku. Tak ynaercsi onpenesuTb TO, UTO Ha3Hl-
BAalOT KOO QUL HUEHTOM NMOBEDXHOCTHOTO Ha-
TSAXEHHS, a YacTo IIPOCTO MNOBEPXHOCTHBH M
HaTsAXeHHEeM XHUAKOCTH

KoaduuueHT MOBEPXHOCTHOTO HATSIXKEHHS KUAKO-
cTeit — HeGoJsibllasi BeauynHa. OHa H3MepsieTCs YHCJIOM
JUH Ha OAMH caHTHMeTp. [l M H a — eIMHHLA CHJIB, TIpH-
6J1M3UTeIbHO paBHAs BeCy KoMapa, a TOYHee — OJHON
NeBATbCOT BOCBMHAECSITON YacTH rpamma.
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Puc. 30. MblibHble MJEHKH.

[ToBepxHOCTHAsI M/eHKA KHUAKOCTH CTPEMHTCS COKpa-
tutbcs. CorHuTe NpPOBOJIOUKY B BHAe OYkBbl [ M ykpenuTte
Ha ee HOXKax TMOJBIXHYIO Nepeknaauuky (puc. 30).
3aTeM NpPUrOTOBbTE MBIJIbHBIH PacTBOp, TaKoH e, Kakoi
ynorpebJisieTcst AUl BbIAYBAHHSI MbLIbHBIX My3blpei, omy-
CTHTe B Hero clesJaHHbIil NPHOOPUYMK, a 3aTeM BbIHbTE €ro.
MbibHast MUIeHKa ceifyac ke MOATSIHET MOABHIKHYIO mepe-
KJaAWHKy K BepluuHe OykBbl 1. B3sB ocropoxHO nepe-
KJIaAUHKY 3a Kpasi, MOXHO OTTSIHyTb ee BHH3, HO CTOHT
TOJIbKO OTITYCTUTBb IMePeKIaJUHKY, KaK OHa ceHyac ke Moa-
TsiHeTcst K BepluuHe, [loATAruBaer mepeKkaaaHHKy CTpeMs-
masicst COKpaTHTbCA MOBepXHOCTHasi nJeHka. Ecau omy-
CTHTb B MBIJIbHBIH pacTBOp MPOBOJIOYHBIH KapKacHK,
a 3aTeM BBIHYTb €ro, TO Ha HeM BO3HHMKHET TOHKas mJe-
nHouka. [IpumaBasi KapKacHKy pasanHuHylo (opMYy, MOXKHO
MOJIYYHTb OYeHb MPHUYYAJIMBLIE IJIEHKH.

®opma BO3HHKIUEH MJIEHKH BCerpa yJaoBJaeTBOPSeT Of-
HOMY MpaBMJIY: H3 BCeX BO3MOXHBIX B JAHHBIX YCJIOBHSIX
MJIEHOK BO3HHUKAeT Ta, y KOTOPOH camasi MaJgas [OoBepX-
HOCTb.

Bel, HaBepHO, 3ameya/H, UYTO MaJieHbKHE KalleJbKH
uMmetor (opMy LIapHKOB, H 3T0 Hecnpocra. Ulapy npucyiie
3aMeyaresibHOe CBOHCTBO: NpH 3afaHHOM oObeMe, HIH,
YTO TO K€ caMoe, NPH 3aJaHHOM KOJIHYeCTBE BeEIeCTBa,
wap siBJIsIeTCs TeJOM C HauMeHblIeH MOBEPXHOCTHIO.
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Takum o6pasom, dopma Kanenek BbI3BaHa ONNTb-TaKH
CTpeMJIeHHeM MOBePXHOCTH KUAKOCTH CAENaTbCsi BO3MOXK-
HO MeHbIle. DTHM Ke OODBSICHSAETCS MOXbeM HJIM OlyCKa-
HHe XHUAKGCTH B TOHEHbKHX TPYOOuKaX, Ha3blBaeMbIX Ka-
NHJLSIPAMH.

Korga Tpy6ouky morpyKaroT B KHAKOCTb, B MeCTax
CONPHKOCHOBEHHS KHUIKOCTH CO CTeHKaMH TpyOOuku ua-
CTHUBI TBEPAOro Tesa NPHXOAAT BO B3aMMOJEHCTBHe € ya-
CTHIlAMH XHUAKOCTH. Ecau B3auMoneHACTBue MOJIEKYJ
JKHAKOCTH C 4YacTHLAMH TBepAOro Tesaa GOJblle, yeM B3a-
UMOJeHCTBHE MOJIEKYJ KHAKOCTH MexAy co0OH, TO ToBO-
PAT, YTO XUAKOCTb CMAyHBaeT TBeplAOe TeJIO, eClH XKe
MeHbllle — He CMauuBaer.

B yskoil Tpy6ouke NOBepXHOCTb CMayMBalOLleH >XHA-
Koctd Oyner BorHytoit (puc. 31), HecMauuBarolled — BbI-
nyksaoi (puc. 32).

I Boruyras M BbiyKJash MOBEPXHOCTH CTPeMSITCSI CO-
Kpatutbcsa. Cokpallasicb, BOTHYTasi IOBEPXHOCTb ITOATS-
rUB4eT XKHUAKOCTb KBepxy H genaercs miockoit. OxHako
B CHJly B3aMMOJEHCTBUSl YaCTHL, KHAKOCTH W TBEPAOTO

——_— —

Puc. 31. CwmauxBaiomas Puc. 32. Hecmauusaiowas
HUAKOCTb B KanuJaspe. KHUAKOCTb B KamuJsipe.
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Tesa MOBEPXHOCTb JKHUAKOCTH He MOXKeT OblTb I0CKOH, -—
OHa CHOBa cJesaeTcss BOrHyToH. BorHyras mnosepxHOCTb
BHOBb COKPATHTCS M BHOBb NMOATSHET 3a COOOH KHAKOCTb.
JKuKoCTh HauHeT MOAHMMAThCS BBEPX IO TPYOOUKe.

Korna xe 3ToT MogbeM OCTaHOBUTCS?

OTBeTHTb Ha 3TOT BONPOC HECJOXKHO, Beib MOATIHYTHIH
B TpyGOUKe CTOJNIOMK KHIKOCTH BHCHT, MOALEPKHBaeMbIH
HaTsKeHHeM [OBepXHOCTHOH mJeHKH, CoBepLIeHHO SCHO,
4TO MOABEM IpPEKPaTHTCS TOrAA, KOrja CuJa, cTpeMsllas-
Csl COKpPaTHTb IJIEHKY, YPaBHOBECHTCSI BeCOM MOJHSTOrO
cTo/16uKa KUAKOCTH. Tak Kak Bec crosOuka 6yJeT MeHblle
B TOHKMX TpPYOGOUKax, TO B HHX XKHJIKOCTb OyneT MNOAHH-
MaTbCsl BhILIE, 4eM B TOJCTbIX. B crekasHHON Tpy6ouke
AMaMeTpoOM B OAMH MUJJIMMETDP BOjAa MOXHHMAETCs BCEro
Ha 3 caHTHMeTpa; IHAMeTpOM B OJHY AeCATYI0 MHJIH-
merpa — Ha 30 CAaHTHMETDPOB, a B OYeHb TOH-
KO TpyOouke, AuaMeTp KOTOPOH COCTaBJsieT
ONHY TBICSIYHYIO YacThb MHJ/IMMeTpa, Boja
nogHuMercs yxe Ha 30 MeTpoB. DTHM MOX-
HO BOCMOJIb30BaTbCSl AJIS ONpelesieHuss AHa-
MeTpa TOHKHX CTeKJSHHbIX TpyOouek. B ca-
MOM JeJsie, NOCTAaTOYHO OMYCTHTb TPYOOUKy
B BOAYy M H3MepHTb, HAaCKOJbKO B HeH Boja
OyZeT BO3BBIIATLCS HAaX YPOBHEM BOMIbI
B LIMPOKOM COCYJe, /sl TOro 4TOOBI Ompeje-
JIUTb AMaMeTp TPYyOOUKH, He NPOU3BOASA HH-
KaKHX APYTHX H3MepeHHH.

Barasiuute Ha pucyHok 33. Ha Hem
BIOJb TOPHU30OHTAJNBHOH JIMHUH OTJOXKEeHa
BblcoTa moabemMa Boabl. OTMerus HabJIo-
NaeMbll NOABEM, Hano TNPOBECTH BEPTH-
KaJIbHO BBEepX JHMHHIO IO NepeceyeHHs ¢ H30-
O6pakeHHOH Ha pHCYHKe KpuBOH. M3 Toukm

DAuametp TpyGouKM B MM

1 2 3 . 4 [}
Moavem BOALI B CM

Puc. 33. Tpadux ans onpenejends aMamerpa KanHaaspa.
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nepecedeHnsi 3THX JHMHHU MPOBOAAT FOPU3OHTAJBHYIO JIH-
HUIO 0O MepeceyeHHsi C JHHEHKOH, MO KOTOPOH H Y3HAIOT
AuaMeTp TPyOOUKH.

CokpalileHne BBIMYKJOH MOBEPXHOCTH OyAeT BbI3bIBATh
MOHMXKEHHe YPOBHS KUJIKOCTH B Y3KOH TpyOOuKe IO CpaB-
HEHHIO C YPOBHEM XKHAKOCTH B LIHPOKOM COCYJE.

B y3koil Tpy6ouKe ypoBeHb HeCMauUBaIOLLEH XKHIKOCTH
6yneT pacrnoJaraTbCsl HHXe, YeM B LUMPOKOM COCYJe.

[MToabeM XHAKOCTH B TOHKHX TpyOOouKax, H/IH, KaK €ro
Ha3bIBAIOT, KANWJISIPHBIH MONbEM, UrpaeT GOJbIIYIO PoJb
B npupofe. OcoOGeHHO BeJHKO 3HavyeHHe KamWJIISPHOTO
nmogbeMa B BOAHOM pexkuMe mouBbl. Korma uuper moxKnb,
MoYBa YBJAXKHSETCs; OJHAKO 3HayMTeslbHasl 4aCTb BJaru
cpasy e YXOJHT BrJyOb, 10 YPOBHS I'DYHTOBLIX BOJ. Bbl-
IlIe 3TOTO YPOBHSI BaXKHYIO POJIb B yeP>KaHHHU BJIard Urpaer
KalmuIsipHOe MOAHsATHE BoAbl. Boma yaepkuBaercss B I0-
pax, o6pa3oBaHHbIX OTAeJbHBIMH YaCTHILAMH [OYBBI, TEMH
Xe CUJIaMH, KOTOpble yIepXKHBaloT BOLY B Y3KHX TPy6OuU-
Kax. UeM TOHblle MOpbl, TEM Bblllle NOJHUMETCS BOAA
B noyBe. B neckax BbliCOTa MogbeMa BOAbl HeBeJHKAa —
BCEro HECKOJIbKO [ecCITKOB caHTuMerpoB. HaunGosbluui
noabeM HabJofaeTcsi B CYIVIMHUCTBIX M IVIMHHCTBIX
noyBax, r'jie OH JOCTHraer 2—3 METpOB.

Bce 3t fiBneHust UMelOT 60JblLIOe 3HAYeHUe IJs Cellb-
CKOTo X03fIicTBa, — HX 00653aTe/ILHO HAA0 YYUTHIBATH MpPHU
opoluaeMoM 3eMusenesnud. [Ipy HenpaBHJIBHOM OpOLLEHHH
TPYHTOBbIE BOJbl MOTYT MOJAHSITbCS IO BBICOTHI, COOTBET-
CTBYIOLLEH BbICOTE KaMHJJISIPHOro MoibeMa BoAbl. B 3tom
caydyae BOCXOASILUMH TOK BOABI B MOpax JOCTHTHET MOBEpX-
HOCTH TMOYBBI, H €CJIH BOJAA COAEPKHT PacTBOPEHHbIE COJIH,
TO OHa BBIHECET HX Ha IOBEPXHOCTb. JKapKoe H cyxoe
BpeMsi, Koria Bojaa OBbICTPO HCHapsieTcsl, B [OYBE MOXKET
HAKOMUTbCS 6OJbLIOE KOJHYECTBO COJIEH: [OYBa 3aco-
JIHTCS.

Cuibl  NOBEDPXHOCTHOTO  HATSIKEHHSI OYEHb MaJHl,
¥ MOXHO IIOAyMaTb, YTO B TeXHHKE H MPOMBILLIEHHOCTH,
rle IeJ0 HWMelT ¢ GOJIbIIMMH CHJIaMH, O IOBEPXHOCTHOM
HATSI)KeHUU He CJefyeT W BCIOMHHATh.

[IpakTHKa mokasana, 4To 3TO HE TakK.

Hauano Hamero Beka O03HaMEeHOBAJOCh MOCTPOHKOM
fIepBbIX IVIOBYYHX [OpPOJOB — IMTAHTCKHUX OKEAaHCKHX Mna-
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poxogos. Korna sth xopabun Oblinm Cllyliedbl Ha BOAY,
MHXKeHepbl CTOJKHYJHCh C HEOXHAAHHBIM 3aTpydHEHHEM:
MO HeM3BeCTHOIl MpHunHe rpeGHble BHHTbI KopabJeii mpu-
XOJHJIU B MOJIHYIO HEroJHOCTb, NPOpPabOoTaB BCErO HECKOJIb-
Ko yacoB. CxoaHble paspylieHHss HaGJIONANHCh Yy JIONATOK
MOILHBLIX THAPOTYPOHH.

Heckoabko /et noHafno6un0oCch yuyeHbIM, 4TOObLI HAHTH
NpUUMHY 3arajJouHbIX pa3pylueHuii, BHuvmarenbHo H3yuuB
pa6oTy BHMHTA, OHH YCTAHOBHJ/H, YTO B pa3pylIeHHH Me-
TajJla MOBHHHBl MeJbYaillHe My3blpbKH, BO3HHKAIOLIHE
B BOZe INpH BpauleHHH BHUHTA. [loBepxHOCTHasi IJIEHKa
3THX MY3bIPbKOB CTPEMUTCS COKPATHTbCS, TaK 4TO MY3bIPb-
KU CYLIECTBYIOT HEAOJT0, — BO3HHKHYB, OHM OBICTPO 3a-
XJONbIBAIOTCS M HcuesaloT. HarsakeHue NOBEpXHOCTHOH
MJIeHKH Ny3blpbKa CO3/laeT BHYTPH Hero [n06aBOYHOE
nas/ieHde. Korga nysbipek BeluK, JaBJeHHe MaJjo, HO MO
Mepe YMeHblleHHsl My3blpbka OHO Bo3pacraer. YUrto 37O
JEHUCTBUTE/NBHO TakK, Jerko JoKa3aTb: BO3bMHUTE [Be
CTeKJsIHHble TPyOOUYKH, BbIAyHTe Ha OJHOM H3 KOHLOB
KaXX[10ii M3 HHUX [0 MbIIbHOMY MY3bIPIO W COENUHHUTE BMe-
cTe cBOOOJHbIe UX KOHIbI Pe3HHOBOH Tpyboukoil (puc. 34).
CryCTsl HeCKOJIbKO MFHOBEHHI Bbl 3aMETHTE, KaK MEeHbIIHii
M3 MbUIbHBIX My3bIped HaulieT COKpallaTbCsl, NeperoHss
BO3/AYX, 3aK/IIOUeHHBIH B HeM, B 6oJblIol my3blpb. MHorna
aaxke 60JIbIINH My3bIpb He BbIAEPKHBAET 3TOrO U JOlaeT-
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Puc. 34. JlabneHnue nielikd MeHb-
LIero mnysblpbKa 3acTaBijsieT ero
COKpalllaThCsi, MepPeroHssi Bo21yX
B GOJIbWUA NY3bipL,
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csi. dro ybGexmaer Hac
B TOM, UYTO [JeHCTBUTE/bLHO,
ueM MeHblle NMy3bIPbKH, TeM
OoJibllIe B HUX JaBJeHHe.

Kak moka3biBaer pac-
yeT, TMpH  3axJONbIBAaHHH
MHKPOCKOMHYECKHX MYy3blpb-
KOB, 00pasylolluxcsi B BO-
e, B HHX BO3HHMKAIOT Orl-
pOMHbBIE [aBJIEHHS] B ThICS-
4l aTMocoep.

[Tox neiictBHeM Takoro
00/IbIIOTO JAABJEHHSI CTeH- Puc. 35. Paspyuwenue rpeGHOTO
KH MY3bIPbKOB COKpallaroT- BUHT4, BbI3BAHHO€ 3aXJONbIBA-
c ¢ GOMLUION CKOpOCTbio, 1MEM 06pa3yIoluXcss B KHAKO-

CTH 1NY3bIPbKOB.
¥ 3aXJIONbIBaHHE NY3bIPbKOB
JeHCTByeT NoJ0OHO MHKPO-
CKOIMYeCKHM yJaapaM, pas3pyLllaiollHM M[OBEPXHOCTb Me-
TaJja.

[Ipu BpauieHun rpeGHOro BHHTA HJH Jonacted rHApoO-
TYpOHHBEI B KHMAKOCTH BO3HHMKaeT wesnoe 006/1aKo My3bIpb-
KoB. [loBepxHOCTb MeTassa OKasblBaeTCst MOJ HelpepbiB-
HBIM TpaJoM yaapoB KHAKOCTH. CHJbHBIE M yacTble yja-
pbl XXHJAKOCTH SIBJASIIOTCS, HECOMHEHHO, OAHOH M3 IPUYHH
TOrO, YTO Aaxe MPOYyHble MaTepHaJbl ObICTPO pas3pyllaloT-
cs1 (puc. 35).

YynecHble BellecTBa

[Ipn XenaHHM NOBEPXHOCTHOE HATSXKEHHe IKHUAKOCTH
MOXHO H3MeHHTb. DTOr0 ynaeTcs AOCTHTHYTb, N00aB/sis
K Hell crmenuaJsbHble BenlectBa. OCOGEHHO JIErKO MOHHU3HTE
MOBEPXHOCTHOE HaTsXKeHWe, — AJ51 3TOro OblBaeT AOCTa-
TOYHO A06aBUTb K XXUAKOCTH HHUUTOXKHOE KOJIHYECTBO MNpPH-
vmecd. Tak, HampuMep, coBceM HeGoJbllasi n06aBKa Mblaa
pPe3Ko yMeHblaeT NMOBEDPXHOCTHOE HATsXKeHHe BOJHI.

Jlas Toro 4to6bl yO6equTbCsl B 3TOM, BO3bMHTE yaiHoe
6./1101eUKO, HaJleliTe B HEero YMCTOH BOAbl M 6pocbTe Ha ee
MOBEPXHOCTb HeGOJblIMe KycoukKu O6ymaru (puc. 36). Ilo-
cTapauTech pacnpege/uTb GYMa*KH PaBHOMEDHO MO BCel
TIOBEPXHOCTH, a 3aTe€M OCTOPOXKHO MPHUKOCHHTECb K KHA-
KOCTH B LEeHTpe OJ/10fleyka KyCOYKOM MblJ1a, 3aTOYEHHBIM
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Harozobue KapaHpalla,
Kak TO/NbKO MBIJIO KOCHET-
csi BoAbl, OyMaxkKKH pasoe-
ryTCsi B pasHble CTOPOHBI.
[Touemy 31O MpOUCXOAMT?

B mecre npukocHoBeHHS
Mblla K BOJe BO3HHKaer
MBLJIbHBIA pacTBOp, MOBEPX-
HOCTHOE HATSI)KeHHE KOTO-
pOro MHOTO MeHblle IIOo-
BEPXHOCTHOIO  HaTsXKEeHHs
yucroit Boabl. Yucras BoAa
Kak Obl pacTariBaeT o6pas3oBaBlleecs NATHLIIIKO PacTBO-
pa Ha BCIO [OBEPXHOCTb XKHMIKOCTH, yBJ€Kas INPH 3TOM
IJ1aBalolllHe HAa MOBEPXHOCTH OYMa’KKH.

Y pactBOpoB coJsieif U caxapa MOBEPXHOCTHOE HaTsXKe-
Hue Gosibllle, ueM y uucTOd Boabl. [lostomy ecian moBTO-
PUTh ONBIT ¢ ByMa)KKaMH, MpUKacasiCb K YHCTOH BOJe Ky-
COUKOM caxapa, TO OyMaxKku OyAyT He pasberarbcs,
a, HaobopoT, cobHpaTbCsi K TOMY MeCTy, Tle caxap
Kacaercs BoAbl. [y ycrmexa 3THX ONBITOB HeOOXOAMMO
JIMILIb, YTOOBl KaXAbl pa3 Boga Ha OJofeuyke Oblia coO-
BeplLIeHHO 4YHCTOH, CBOOOAHOU OT MpHMeCeH.

Cnoco6HOCTbIO yMeHbllIaTb MOBEPXHOCTHOE HaTsKeHHe
BOJbl 00J1aJaloT BelecTBa, BhlAesaseMble XKHPOBBLIMH XKe-
Jle3KaMH, PacrosoXKeHHbIMH B KOXKHOM NOKPOBe 4YeJloBeKa.
DTo maeT BO3MOXKHOCTb MOKasaTb, KakK pasberatorcst 06y-
MaxXKH OT OOGBbIYHON ILBEHHOH HMIOJIKH, €C/1HM INPOBECTH €elo
NpeiBapUTEJNbHO IO KOXe, Jydyllle BCEro OKOJIO Hoca, e
pacrnosioXXeHo MHOTO KeJes.

[loBepxHOCTHOE HaTsXKEHHe MOPCKOH BOIbI BOGJIH3H
pacroJioKeHHbIX Ha Oepery roceleHHH B HECKOJbKO pas3
MeHbllle, yeM B OTKphiTOM Mope. IlpuuuHa 3Ttoro — 3a-
rpsi3HEHHE MOpPCKOH BOJAb OPraHMYeCKHMH BelleCTBaMH,
MONajfalILUMI B MOpe BMECTe CO CTOYHBIMH BOJAMH,

3amMeyaTesIbHO, YTO BeLIeCTBO, IOHHXKAIOLEee MOBEpX-
HOCTHOe HaTsKeHHe BOJbl, YacTO ObIBa€T CaMO MOYTH
HepacTBOPUMO B HeH, B 3ITOM CJyyae OHO COHEPKHUTCSH
HNpaKTHYECKH TOJBKO B MOBEPXHOCTHOM CJIOE.

OvyeHb HHTepecHOe SIBJEHHe MOXKHO HaGMI0AaTh, ec/H
Ha OJIIOZIEYKO C YHCTOH BOAOK HAcChNaTb MaJleHbKHe Kpy-

Puc. 36. PasGeranue Gymaxek
N0 [OBEPXHOCTU BOMBI.
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nuHkd KaMmopopbl. OTaenbHble KPYNHHKH MPH 3TOM HAuH-
HAlOT OXKHBJIEHHO ABHrathcs. BoT KpymuHKa ycTpeMu/ach
BHE3allHO BIlepej]l, OHA HaJ/eTaeT Ha CTeHKy OJII0feUKa,
OTCKAaKHBaeT, CTaJKHBaeTcs C OPYroH, BAPYr Ha4YMHAET
ObLICTPO BpalllaThCsl, IOTOM CHOBAa YCTpeMJIsIeTCsl BIIepesl...
JIBH2KeHHe KPYMHHOK TaK MOXOXKe Ha JBHXKEHHE XKHBBIX
CYILECTB, YTO CaMO siBJeHHe Ha3Ba/JH «IISICKOH Kamdo-
pbl». OOGbsICHSETCS 3TO ONSTb Ke TeM, YTO NOBEPXHOCTHOE
HaTsiKeHWe pacTtBopa KaMm¢opbl MeHblle, yeM Yy UYHCTOH
BOJIbl, a PACTBOpPEHHE KPYNUHOK NpPOHCXOJUT HepaBHOMEP-
HO. B Kakoe-TO MrHoBeHHe BBIPBAaBIUHHCSI MOTOK MOJEKYJI
KaM(dopbl CHHUXKAET MOBEPXHOCTHOE HATSKEHHE BOABI U Ol-
HOBPEMEHHO OTTaJKHUBaeT KPYIHHKY, TaK e KaK IIpH Bbl-
CTpeJsie MPHUKJAL PyKbSl OTTAJKHUBAET IJIeYO CTPeJISIIOLILero.
B pesysnbTate 3TOr0 C/I0XKHOIO B3aHMOAEHCTBHS U BO3HH-
KaloT MPUYYIJIHBbIE NBHXKEHHs1 KaM(Opbl — KPYIHHKH Ha-
YHHAIOT IIsICaTh.

YacTruub!l MblJa pacnosaraloTcss B MOBEPXHOCTHOM CJIoe
He 6eCropsAoYHO.

XUMHKH 3HAKOT, YTO MOJIEKy/Ja Mblla HalmoMHHaer
JJIMHHYIO LETOUKY, YTOJIIEHHYIO Ha OLHOM M3 KOHLOB.
CpoiicTBa pas3Hblx uyacTeil MOAOOGHOH HUTEOOPaA3HOI MoJe-
KyJabl pas/jiMuHbl, ¥YTOJIIEHHBI KOHel MPHUTATHBAETCs BO-
JIOH, B TO BpeMsl Kak OCTaJjibHasi Leloyka BOJAOIO BhITAJIKH-
BaeTcsl. bsiarogaps 3ToMy MBIIbHBIN CJ10H Ha NOBEPXHOCTH
HallOMHHaeT YacTOKOJ MJM TYCTylo lieTKy (puc. 37).

Y MblIBHOrO My3blpsi 1B€ MOBEPXHOCTH — BHYTPEHHSAS
M BHeUIHsAs, o6e OHH MOKPHITHI YacCTOKOJOM MOJEKY.
(puc. 38). Topualiue u3 Boabl HHTeoOpasHbie KOHIBI MO-
JIeKyJl Mbla JIMUIb c1a60 B3aUMOJEHCTBYIOT ApPYr C ApY-
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Puc. 37. CrtpoeHHe MOBepXHOCTHOIO CJi0s
BOJHOTO pacTBOpa Mblaa.
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Puc. 38. [loBcpxHocTHble Puc. 39. JlBa MBIIBHEIX
CJOH B MBUIBHOM Ny3bipe. ny3blpsi, OIWH B LPYrOM.

roMm. [1oaTOMy MNOBEpPXHOCTH MBbIIbHBIX Ny3blpefi MOTYT
cOllpHKacaTbCsl, a My3blpH CAUBAaTbLCA He OyayT. Obaanas
HEKOTOPOH CHOPOBKOH, YyJdaercs HHOrJa BBLAYTb OJHH
MBUIBHBIA My3bipb B ApPyrom (puc. 39) Tak, yTo MeHbLUHH
Oyner Jexarb 8 GOJbLIEM.

KpynuHku kKamopbl MJIAWIYT TOJIbKO Ha YHCTOMH MO-
BEPXHOCTH BoIbl. [IpUKOCHHTECH K MOBEPXHOCTH KYCOYKOM
MblIa — KPYMHUHKH 3aMpPYT M OyAyT HENOJBHIXKHO JieXaTb
Ha BOJHOI MOBEPXHOCTH.

Js mpexpalleHHst «IUISICKH KaM(opbl» 10CTaTOYHO
CJIOS1 Mbl1a B OJHY MOJIEKYJY. YueHble BOCMOJb30BAJHCh
S5THM W MOJACYMTAJHM, NPH KAKOM KOJIMYECTBE Mblia Kpy-
NMHKH KaM(opbl NepecTalT [ABHUraTbCs MO MOBEPXHOCTH
BOJbl. ¥3HAB, CKOJIbKO HEOOXOAMMO I/l 3TOTO MBbLIa, YyXKe
He TPYAHO OBbLIO ONpeeNHTb YHCJIO MOJIEKYJI, MOKPLIBAIO-
IIHX TMOBEPXHOCTb BOAbI, a 3aTeM H ILIOLIA[b, MPUXO[s-
ILYIOCS Ha OTAEJNbHYIO MOJIEKYJaY, WJIH, APYTHMH CJIOBaMH,
ee pa3Mepbl. Kak okasasocb, NMOnepeyHHK MOJIEKYJbl CO-
CTaBJISIeT HECKOJbKO CTOMHJIJIMOHHBIX HOJIEH CaHTHMeTpa.

CroficTBa BelllecTB, MOBBILIAILKX MOBEPXHOCTHOE Ha-
TSKeHHe, M TeX, KOTOpble ero MOHHXKAIoT, B3aUMHO IMpo-
THBOMOJIOXKHBl. IDTO TNPHUBOAHT K TOMY, YTO, AOGABHB
K pacTBOPY Mbl1a [IOBapeHHOH COJIM, MOBBILIAOIIEH
MOBEPXHOCTHOE HATSKEHHE BOJbI, Mbl 3aCTaBJsEM YacTb
pPacTBOPEHHOT'0 MbLIa BbIJE/IHTbCS U3 pacTBopa. [logoGHoe
BblJe/eHHe BelleCTBa Ha3bIB4€TCH «BLICAJUBAHHEM», UM
T0/Ib3YIOTCS TPH MPOU3BOACTBE MbLJIa.
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BewiectBa, HU3MCHsIIOIIHE [OBEPXHOCTHOE HATsIXKEHHe,
HAaxoJsT OYeHb LIHPOKOe MPUMEHEHHE B CaMbIX Pa3/JHYHbLIX
00/1aCTAX HayKH H TEeXHHKH.

JocraToyHo ynoMsiHyTb, YTO Ha NPHMEHEHHH BeLlecTB,
H3MEHSAIOLIMX [OBEPXHOCTHOE HaTsX<€HHe, OCHOBAH OAMH
M3 HauGoslee pacpOCTPaHEHHBIX CMOCO60B oGOoraleHH s
pya, HasbiBaeMmbli (uortanueil. lupoko Hcnosnb3yiorcs
Nofao6Hble BeLIeCTBA NDH INPUTOTOBJIEHHH MHOI'OYMC/IEH-
HbIX 3MYJbCHH, HaxoAdlHX cebe camoe pasHooOpasHoe
npuMeHeHHe B Pas3jIMUHbIX O0JacTAX TeXHUKH, MeAMLHHe,
ObITY...

JKuakocts npeepauiaercs B nap

B xH3HH MBI MOCTOSIHHO HaOJlOJaeM NpeBpalleHHe Be-
1leCTBa H3 KMJKOrO COCTOsiHHS B rasoof6pasuoe. [lpu-
CMOTPHMCsl MOBHHMAaTeJbHEe K 3TOMY SBJIEHHIO,

Bot, Hanpumep, 6aiogeuko ¢ Bopoil. Kaxaelit 3Haer,
4TO CIIyCTs HEKOTOpoe BpeMsl Boda Hcnaputcs. Kakum xe
06pa3oM 3TO NPOUCXOAMT?

Moneky/ibl XHAKOCTH HeNpepbiBHO ABHXKYTCsA. LBl
KYTCS H T€ MOJIeKyJbl, KOTOpble HaXxoAsATCs BOJH3H MNO-
BepxHoCcTH. Kasasoch 6bl, UTO ecau MoJeKyJsa IBHXKeTCs
o HampaB/eHHI0O K TpaHule, OTAeJsIolleli XKUAKOCTb OT
BO31yXa, TO OHa 00s3aTeJbHO MOKHHET XXHAKOCTb H Ile-
peitner B Bo3ayx: oGpasyercsi BoasHoli nap. OgHako neno
He TaKk NpocCTo.

Korpa mosekysa npuOGIH3UTCS K MOBEPXHOCTH, CHJIbI
NPUTSKEHHs YaCTHL, PacloJOKEHHbIX HHXKe, OyayT cTpe-
MHTbCS ee yaepxKaTb. OHa CMOXeT MNpPeojoJeTh MPHUTS-
JKeHHe U NOKHHYTb HAKOCTb TOJNBKO B TOM CJydae, €CJH
OyaeT ABHraThCs oueHb ObICTPO. BulCTpO ABMXKYLIMXCA MO-
JIEKYJl B KUAKOCTH HEMHOrO, W MO3TOMY XXHAKOCTH HCIa-
psiloTcst He oueHb ObicTpo. Yem Bblllle TeMmeparypa
JKHAKOCTH, TeM 6oJbllle B Hell ObICTPbIX MOJIEKYJ] H TeM
CKopee KUAKOCTb IpeBpaulaercsi B nap. Mbl 3Haem, 4To
MOKpoe Oe/be BBICHIXaeT Ha COJIHbILIKE OblcTpee, 4eM
B TeHd. Ha tenJiol neuke Boja, HaJauTas Ha OJIIOALE, HCMa-
psieTcsl CKOpee, ueM Ha XOJIOJHOM IOAOKOHHHKe.

Ho Beob eciau OTPLIBAIOTCS OT MOBEPXHOCTH TOJIBKO
6LICTPO JBHXKYIIHECs MOJIEKYJbl, TO NpPH HCHApeHHH HX
KOJIMYECTBO B JKHJKOCTH JOJI)KHO HEIPEpbIBHO YMeHb-
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matbesi. B cBOO ouepesb, ecad UHCAO GHICTPBIX MOJEKYJI
OyZneT AesnaTbCsl MeHblle, TO, OYEBHAHO, OYAET YMEeHbIIATb-
Csl U CPeIHsIS CKOPOCTb ABHXKEHMS YaCTHUll, a C/Jel0BaTe/b-
HO, M TeMIlepaTypa XuakoctH. HauseiiTe Ha snajoHb pyku
KaKylo-Ju00 JIerko JeTyuvio KHIKOCTb — 3(up, CIHPT,
GeH3UH — M, NMOJAHeCs PYKY KO pTy, MoAyHTe Ha J/alOHb.
Bbl ToTuac ke MoYyBCTBYeTe OXJaxAeHHE, OHO Bbi3blBaeT-
csl McrapeHHeM XHAKOCTH. KTo He apoxas oT xosnoja Ha
JIETKOM BeTepKe Ja)Ke B CPaBHUTEJbHO TEMJIbIH NeHb, Bbl-
Jesast nocje KynaHess u3 peku?! M 3geck oxnaxieHue
006yCJ/IOB/IEHO OBLICTPBIM HcHapeHueM Bodbl. JlocTaToOuHO
BHITEPETbCS HACYXO, W OLIYIIeHHe XOJ0Ja HCYe3Her.

[TomecTuB 6/104€4Ko ¢ BOAOH MOJ KOJIOKOJ BO3AYLU-
HOro Hacoca M OBICTPO OTKauyuBasi BO3AyX BmecTe C obpa-
3YIOILUMCA TapoM, MOXHO HAaCTOJIbKO YCKOPHTb HCNape-
HHe, YTO BoJa Ha GJIIOJeyKe 3aMep3HeT.

Takum ob6pasoM, mas TOro YTOOBI KHAKOCTb HCmapsi-
Jacp 6e3 MOHUMKEHHUS TeMIlepaTypbl, K Heill HeoOXOAUMO
HenpepelBHO MOABOAHTb Temso. [lomBoaumasi tensora He
BbI3bIBAET TOBLILIEHHS] TeMIepaTypbl U NMOTOMY Ha3biBaeT-
CACKPBHITOH TENJNOTOH HCNAapeHH S,

PasnuuHble XKHAKOCTH HMEIOT U PA3JHUHYIO CKDPBITYIO
TEIJIOTY HCNapeHHs; AJS HCOapeHHs OJIHOro TrpaMma
cnupra TpebyeTcsi HHOe KOJTHYEeCTBO TelJsa, yeM JJs Hcrna-
PEHHUsT TAaKOTO Ke KOJHYeCTBa KepoCHHa HJH 3dupa.

Oco6eHHO BesHKa CKpbITasi TEMJOTa HCMapeHusi BOJIHI.
KosnnuecTBOM TemsnoThl, HEOGXOAWMBIM [J1s1 TOTO, YTOOHI
NpeBpaTHTb B Map OAMH IPaMM BOAbl, MOXHO OblJIO Obl
HarpeTb MsATb C MOJIOBHHOH IPaMMOB BOJbl OT HyJs rpa-
JyCOB O KHMEHHS.

KoHeuHO, CKpBITasi TemaoTa HCOapeHHs He HCue3aeT
6ecciento. OHa BbliessieTcss BHOBb NpPH MNpeBpalleHHH
napa B XHIKOCTb. DTHM LIHPOKO MOJB3YIOTCS B TEXHHKE
IpU YCTPOHCTBE pa3/NHYHBIX HarpeBaTeJseH.

Ha pucynke 40,a n3o6paxkeH HarpeBareslb, B KOTOPOM
oborpepaiolliii nap Nocrynaer B 3MeeBHK, KOHAEHCUpYeT-
Cs B HeM, a BHAEJSOLIASACH CKpbITas TemyaoTa napoobpa-
30BaHUS HarpeBaeT OKPYXKAIOLIYI0 3MEEBHK KHAKOCTb.

KoHcTpykuun HarpeBartesiell O4YeHb pPa3HOOGpa3HbI.
Tak, HanpuMep, XOJIOIHYIO XHJIKOCTb MOMKHO MOMECTHTb
B COCYH, OKpyXeHHbIH «mapoBofi py6amkoi» (puc. 40,6).
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Puc. 40. [laposbie HarpeBaTesiH:
a — 3MeeBHK, 6 — ,naposas pybawuka“.

OmbliBasi XOJIOAHBIE CTEHKH COCylda, nap 371eCb TaKxke
npeBpallaeTcss B KHIAKOCTb, BblAe/sl HEOOXOAMMOe [J1s
Harpeeanusa Tenso. B oxHux cayuasx GoJsee nesecoo6pas-
Ha OJHA KOHCTPYKLHMS HarpesaTte/s, B [APYrHX — Japyras.
IleHHBIM KauyecTBOM MapoBOro o6OrpeBa $IBJASETCS aBTO-
MaTHyeckasi peryJjupoBKa HauOboJbLed TeMIlepaTyphl,
JNOCTHKUMON B HarpeBarese. CoBepLUEHHO SICHO, YTO KOH-
[NeHCHPYIOILUMCS BOASIHBIM [apOM HEJb3A HarpeTb XHI-
KOCTb OoJiblle, YeM A0 TeMIepaTypbl KHNEeHHs BOAbl, TakK
Kak B 3TOM cJyyae o6pa3oBaBllasicsi BOAA BHOBb Oyher
npeBpallaThcs B nap, 3abupas Ha 3TO TeILIO, BblAessieMoe
NpH KOHJEHCALHH.

OxJsaxaeHne XUAKOCTH MpPH HCMNAapeHHH HCIO/Ab3yeTCs
fpu YCTPOHCTBE XOJOAHWJIbHBIX MaIUHH.

Vcnapeuue BoAbl HrpaeT OrpOMHYKO pOJdb B 2KH3HH
MpUPOIBL.

Mpl yKe rOoBOpHJIHM, KaK MHOTO HCHapsieTcs BOAH C MO-
BepXHOCTH 3eMsu. M3 obuiero Ko/uyecTBa HCHapHBILIekCA
BJIard TIIOYTH [JeBSATb JEeCATHIX [PHUXOAUTCS Ha MOps
i okeaHbl. Ha 3TOT npouecc TpaTHTCA rUraHTCKoe KOJIH-
4YeCTBO COJIHEYHOH 3HEepruH, Koropas Kak Obl 3amacaercs
«BIPOK» B 3eMHOii aTmocdepe.
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[TousitHo, 4TO B KapKUX CTpaHax BOGJM3H 3KBaTOpa
ucrapsieTcsi ropasfo GoJblie BJArH, 4eM B CTPaHax ¢ yMe-
PEHHBLIM HJIW XOJOAHBIM KaumaToM. Mcnapenne ¢ Mopckoi
MOBEPXHOCTH CMsIrYaeT KJAUMAaT NPUMOPCKUX cTpaH. Cmsr-
yaiolilee BJHMsIHHE MOpPsi NPHUBOAHT K TOMY, 4TO pa3HHIA
MEeXJy CPCAHHMH JIETHUMH M 3HMHUMH TemIepary-
paMu BOGJIHM3H MOps MeHblie, yeM Baajau ot Hero. [leii-
ctBuTe bHO, B COuM, HampuUMep, 3Ta pa3HHLla COCTABJASAET
17,5 rpanyca, a B Mockse okosio 30 rpaaycos. Mcnapus-
lrecst BOJIM3M 3KBATOpa MacChl BOALI BMeCTe € BO3AyLU-
HbIMH MOTOKAaMH pacrnpoCTPaHSIOTCS Had MOBCPXHOCTHIO
seMsu. [lonaB B GoJsiee XoJonuble 067aCTH, napbl Hayi-
HAIOT KOH/IGHCHUPOBATbCs, OTAaBas BO3AyXY TeIJO, 3aXBa-
YeHHOe Ha dKBaTope.

Tax B npupome B THraHTCKHX MaclITabGax OCYIIECTB-
JSIeTCsl BbIpaBHUBAHHE TeMmepaTypbl, KOTOpOe B Halle
BpeMsi elle He MOJ CUJY YeJOBEKY.

[ToaBuXHOE paBHOBecHe

OpfHUM H3 MOJIBUTOB JIEFEHAAPHOTO PHMCKOI'O repost
[epkyseca Obiia OHTBa C JepHelickod ruapoi. TpyaHo
6bl10 NO6EANTb CKAa30yHOe uynoBHlle. [leBaTb rosos MMme-
Jla THApa, U Ha MecTe KaxAoH oTpyOJeHHOI rOoJIOBHl Bhi-
pacrasi TOTYac ke [Be HOBble.

Crpem/ieHHe uelOBeKa [O3HATb OKpPYXKAIOUIMH MHp,
BHIPBATb Y NMPHPOABI ee TallHbl O HEKOTOPOH CTeNeHH Ha-
[OMHHAeT 3TOT moeauHOK [‘epkyneca. Hailgeunslii oTser
Ha Kako#-1n60 BOMNPOC, paclIMpsis HAllH 3HaHUS O MpH-
pojse, TOTYaC »Ke BbI3blBaeT K KH3HH HOBble BOTIPOCHI,
Tak Ke HacTosITeJbHO Tpebyiollne oOBLACHeHHs, Kak
U MepBbIH.

SIpkuii mpuMep 3TOro HENOCPEACTBEHHO Mepej TIJasa-
MHU: JIBHXKeHHe MOJEKYJ MO3BOJIHJIO MOHATL, NOYeMy XKHI-
KOCTb HCMapsieTcsi, HO cedyac ke BO3HHK BOMpPOC, NOoYeMmy
B OyTblJIKe, HAlOJIOBHUHY HAlOJHEHHOH BOAOH H MNJOTHO
3aKkpbiTOi MpuOKOH, BOJA He MpeBpallaeTcs LEAHKOM B
nap, naxe eciH OyTBUIKY TOCTaBUTE B TElJIOe MECTO.

OsHauaer JIM 3TO, YTO MOJEKYJbl JKHAKOCTH MOTEpPSJIH
CIMOCOOHOCTL OTPBLIBATbCA OT MOBEPXHOCTH W NepPeXOaHThb
g nap? Her, koHeuHo. BLicTpo ABUXKYLIHECH YaCTHLb KH/-
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KOCTH MOTNpeXHeMY MOKHAAIOT e, HO TOJABKO Tellepb 3TOT
Npouecc KOMIIEHCHPYETCsT BCTPEUHBIM — [epexofoM Mo.le-
KyJl mapa B XKHAKOCTb, WJIH, KakK rOBOpST, KOHAEHCaLHeH
napa.

[Tocrapaemcsi Jiyullle MOHSATH MPOHCXOASILLEE SIBJIEHHE.

Kak Mbl 3HaeM, MoOJIeKyJbl »HAKOCTH CPaBHHUTC/ABHO
PeIKO OTPBLIBAIOTCS OT €€ MOBEPXHOCTH. DTO yjaaercst NpH-
MEepHO TOJILKO OAHOHI M3 TBICSIYM YACTHL, IbITAIOWHUXCA MO-
KHHYTb HAKOCTb. JleBATbCOT OEBSHOCTO A€BATb OCTdJb-
HBIX BO3BpATATCS 06pPaTHO, — MX OCTAHOBHUT MPUTSIKEHHE
cocenel.

Mouiekynbl mapa, ABUrasicb 6ecrnopsiiouHo, TaK Ke Kak
H MOJIEKYJ/bl XKHAKOCTH, YAAPSIIOTCA O €e IOBEPXHOCTb.
BHeuiHe o6a siBJleHHs1 BeCbMa CXOJHBI, HO JOCTATOYHO BHHU-
MaTeJbHO MPHCMOTPETbCST K HHM, 4TOOBl 3aMeTHTb CY-
LIeCTBEHHOE pas/huue.

[Ipenmnosnoxum, 4TO ofHA M3 yacTULl nNapa mnpub./IH-
JKaeTcsi K MOBEPXHOCTH XKHUAKOCTH. MoJsiekysn mapa, cTpe-
MSILIUXCS  yaepaTb ee, HeMHoro. Korpa uwacruuma po-
CTUTHET NOBEPXHOCTH, NPUTSKEHUE MOJIeKYJ] KUJIKOCTH
6yner ropasno OoJibllie, YeM MNPHUTSKEHHE MOJIeKyJ mapa.
Ecau TOMbKO MOBEPXHOCTb KHUAKOCTH HHUCM He 3arpss-
HeHa, TO NMpaKTHUECKH KaXKAblil yAap yacTHUb Mapa o Io-
BEPXHOCTb COINPOBOXKAAETCS IEePeXOAOM €e B KHIKOCTb.
Korma »*HMAKOCTb TOJIBKO YTO HaJMTa B KaKOH-IHOO COCYH
U TOCJeJHUH TMJIOTHO 3aKpHIT, TO MepBOHAYa/JbHO B Mapo-
06pa3HOM COCTOSTHMH MOJIEKYJ HEeMHOTO H IIOKHIaeT XKul-
KOCTb OOJbllie YacTHIll, YeM MPUXOAHT 3a TO Ke caMmoe
BpeMsi M3 4YaCTH COCyJa, HAaIOJHEHHOH [apoMm, — KHUJI-
KOCTb HCIapsieTcs.

[To Mepe ucnapeHHuss YHCJAO MOJIEKYJa B NmapoobpasHOM
COCTOSIHHH  yBeJMYMBaeTcsi, a OJHOBPEMEHHO pacreT
M YHCJIO YAApoOB MX O MOBEPXHOCTb KHUAKOCTH: CKOPOCTb
KOHIEHCalluH BO3pacTaer.

CKOpoCTb 3Ke HCMapeHHs, ecjd TeMmIrepaTrypa KHIKO-
CTH He M3MEeHSIeTCsl, OCTaeTCsl MOCTOSTHHOH, M COBepILEeHHO
SICHO, 4TO paHO HJH NO3JHO CKOPOCTb KOHJAEHCALMH, BO3-
pacrasi, cienaercss paBHOH CKOPOCTH HclapeHHusi. B kax-
Jloe MTHOBEHHe XKHIKOCTb OydeT TepsATb CTOJNBKO Ke
YaCTHL, CKOJbKO MOCTymaeT B Hee M3 mapa. Mcnapenue
KakK Obl [IPeKpaTHTCA.
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Tenepb CTaHOBUTCA MOHATHBIM H TO, MOYEMY MJIOTHOCTD
JKHAKOCTH BCerfa 3HAYMTeAbHO O6oJibllle IJOTHOCTH ee
napa.

Jst Toro yToGBl YHCJIO HCNApSIOLIHXCS MOJEKYJ cle-
JlaJlloch PaBHBIM UYHCJAY KOHAEHCHPYIOILHWXCS, HEOOXOAHUMO,
uyTOOBl B KaX{Zlo€ MTHOBEHHE O IOBEPXHOCTb, pa3ieJsio-
LLYIO XHAKOCTb H Nap, yAAps/I0Ch ropasao 6oJblile 4acTHIL
XHUJIKOTO BellecTBa, YeM NapooGpas3Horo. A Tak MOXKeT
06CTOATb €10 TOBKO B TOM CJyyae, eCJH [JOTHOCTb
napa MHOTO MeHbllle IJIOTHOCTH XMIKOCTH. PaBHOBecue
HacTylnaeT TOraa, Korja MexAy HJIOTHOCTSIMHM rapa W »KHA-
KOCTH YCTaHaBJ/IHBAeTCs OHpeAeJeHHOe COOTHOLIeHHe. JTO
COOTHOILEHHe H3MEHSIeTCs NpPH H3MEeHEHHH TeMIepaTyphl;
IOpU KaxK[AoH TeMmmnepaType A KaXKAOH KHAKOCTH OHO
UMeeT ompejeneHHyl0 BeqHuuHy. MHbIMH cloBaMH, Hcna-
peHHe XKHIKOCTH B 3aKPLITOM COCYZA€ MpPOAOJIKAeTCs JO
Tex Mop, NMoKa He YCTaHOBHTCH ONpefie/eHHOe [aBJieHHe
napa, Npd KOTOPOM CKOPOCTH HCHNap@HHS H KOHJIeHCaUhH
BbIDABHHBAIOTCH.

OG6BIYHO HCIapeHHe NPOUCXOAUT TOJbKO C MOBEPXHOCTH
XHUIKOCTH, HO NMDH HEKOTOPBIX YC/JIOBHSIX My3BIPbKH Tapa
o6pa3yloTcsi U BHYTPH Hee. DTo HalbJjojaercss NpPU TaKoH
TeMIlepaType, KOrja jJaBjeHHe Iapa XKHIKOCTH J[esaeTcs
paBHBIM aTMoc(epHOMY JaBjeHHI0. Temneparypy, IpH
KOTOPOH NPOUCXOAUT 0Opa3oBaHUe y3bIPbKOB Napa BHYTPH
JKHAKOCTH, HAas3blBalOT TeMMNepaTypoUd KHNeHHSH,
a caMo fIBleHHe — KM I eHH eM,

Kaxnoe BellecTBO HMeeT CBOIO COGCTBEHHYIO TeMIIe-
paTypy KuneHusa. Temneparypa KHUIeHHs BOABI NpPH HOP-
MaJ/IbHOM AaBjeHuH npuHaTa 3a 100 rpanycoB. dup KUIHT
mpu 34,6 rpanmyca, cnupt — rnpu 78,3 rpanmyca, pryTh —
npu 357 rpaapycax.

Korma XujgkocTb KHNHT, TeMnepaTypa ee OCTaeTcs
TIOCTOSIHHOH [0 TeX MOp, MOKa BCS OHA He HCNapHUTCH.

Ha npakrtHke yacto HabJI0faeTcss 3alepXKa B BO3-
HHKHOBEHHH KHII@HHS, KOrZa HeoOXOAHMMasi TeMIlepaTypa
yXKe JOCTHTHYTa, a MKMAKOCTb He KUMHT. Takas JKHIKOCTb
HasbBaeTcss neperpetol. Ileperperast XKHIKOCTb HEYCTOH-
YyBa: CIyCT HEKOTOpoe BpeMsi OHa OypHO BCKHIaeT, —
KHIKOCTb TOMYKOM Moa0pachiBaeTcs BBepX.

Oco6eHHO wacro MeperpeBaercss KHAKOCTb IPH JJIH-
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TEMbHOM KHISiU€HHH, KOrJla M3 Hee YJaJjserca pacTBo-
peHHbIH B Hell BO3[yX, MeJjbuaHllide My3bIPbKH KOTOPOroO
obJiervaloT 3akuIaHue, OeJalOT KHIeHHe CIIOKOHHBIM,

XHUMHKH, KOTOPBIM YaCTO MPHUXOAUTCS AJHTENbHO KHIIA-
THTb JKHIKOCTH, HaYyUW/JIHChb MpelynpexjaTb Meperpes.
OkasbiBaeTcst, JOCTATOYHO GPOCHTb B KOOy C HarpeBae-
MO# KHAKOCTbIO KyCOuKH (hapdopa, MaseHbKHe MeTaJlJH-
yeckHe THPAMHIKH HJH OOpEe3KH CTEKJSHHbIX TpyOOuek,
4yTOOBl KHUIEHHEe MPOUCXOAHIO CIIOKOHHO.

HeTpyaHo moramatbcsi, B ueM npHuyMHa 3Toro. Mexnry
OCTPLIMH KpasiMH KyCcoukoB ¢apdopa H/IH MeTa/JIHuecKHX
MHpPaMH/JOK OKa3bIBAIOTCSl 3aXKATBIMH OUYeHb TOHKHE CJIOH
MKHIKOCTH, JIEKO [eperpeBalolliecss H  CO3AaroOLLHe
Ny3bIpbKH Napa, Heo6XOMUMble AJsT PAaBHOMEpPHOTro KuIe-
nus. Takum crmoco6om, co3faBast MCKYCCTBEHHO MeCTHble
HeOoJibLIMe 00JIaCTH MeperpeToil XKHUAKOCTH, yAaercsi ube-
XKaTh IeperpeBa BCeH MacChl BelllecTBa. BaxkHyio pouib
B MpeNyNpeK/JeHHH IeperpeBa HIrpaloT TaKxkKe rasel, 3a-
KJIIOUeHHble B NOpax KycoukKoB (apcdopa: oHu o6.jeryaior
BO3HHKHOBEHHE MY3bIPbKOB Iapa HarpesaeMol XKHJKOCTH.

Temneparypa KuneHHs 3aBHCHT OT BHELUHEro jaabJe-
Hus. [loHH)KeHHe HaB/eHHs BBI3LIBAET IOHHUIKEHHE TeEM-
nepatypel KuIeHusi. B MecTHOCTSIX, pacCHo/OXkKeHHBIX Bbl-
COKO Haj ypOBHEM MOps, aTMOC(epHOe [aBJeHHE HHUXKE
HOpPMAaJ/IbHOTO; IT0O3TOMY TaM BOAA KHIUT YyXKe He TpH
100 rpanmycax, a npu Gojee HH3KOIl TeMIepaTtype.

I'opon Epesan pacnosioxen Ha Beicore 950—1 200 mert-
poB Haj ypoBHeM Mops, — B EpeBaHe Boga KHNUT NpHGIIH-
3UTeJIbHO Npu TeMnepatype 96—97 rpanycos.

YBenMueHHe BHEUIHETO JaBJEHHs] BbI3bIBA€T MOBBHILIE-
HHe TeMIlepaTypbl KuleHusl. B mapoBoM KoTie, B KOTOpOM
nasnenve 10 atMocdep, Boja KHNHT INpU TeMIepaType
npubausutenbio 180 rpanycos.

Tak Kak XHIKOCTb He MOXET CYIIeCTBOBATb IPU TeM-
nepatype Bblllle KPHTHYECKOH, a MOCJENHsis AJs BOMIbI
374 rpamyca, TO Hesb3sl NOCTPOHTb NapOBOH KOTEJ, KOTO-
peif pa6oras OB NpH TeMmIepartype eule GoJsiee BLICOKOH.
Temneparype 374 rpamyca COOTBETCTBYeT HaBJ/ieHHe Napa
npubausuresbHo 218 aTtmocdep. D10 HauBhICIIce aBJle-
HHe, JIOCTHXKHMOe B I1apOBbIX KOTJaX, paboTaloldx Ha
BOJE.
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Bsa3koctb

CkasouHble yClexH NOCTHUTHYTbl HayKOH 3a Moc/jenHue
cro Jer. Pa3BuTHe 3/1eKTPOTEXHHUKH, IOCTABHBLIEe Ha
CiyxK0y YeJIOBEKY IHEPTHIO peK U BOAONALOB, 3aBOeBaHHe
BO3/1yXa, U300peTeHne paano, OBJaJeHHe HeucueprnaeMbMu
3amacaMu siIepHOI SHEprHu W MHOTHe Ipyrue NOCTHXKeEHHU$
TeXHHKH, — HX BCe HEBO3MOXKHO Jla)Ke MEPEeYUCyHTb, —
HUKOrja Obl He CTaJH peajibHOCTblO, eciy Obl He onupa-
nuch Ha GypHoe pas3BuTHe BCeX orpacJsell 3HaHus. [loaTo-
My HEeYIUBHTEJNbHO, eCJIH HHOTJAa Yy YesnoBeKa BO3HHKaAeT
MBIC/Ib O TOM, YTO KaKoe-MHGO siBJeHHe NPHUPOABI OH H3Y-
YW TOJNHOCTbIO U HHUYEro HOBOTO B HEM YKe OTKpbITb
HeJIb3s1.

dTa MbICJAb OlIKHGOUHA!

[Ipupona 6GeckoHeuHa, M NO3HAHHE ee HUKOMA He
ocTaHoBHTCA. He cocraBisieT HCKJIIOUEHHST M aTOMHOE
yueHue. M1 B 3T0ii oueHb cTapoii 06/1aCcTH 3HaHHSI HMeeTCs
ele MHOrO HEU3BECTHOro. 3a NpUMepaMH He Halo XOQHUTb
paJjieko. JloCTaTOYHO yKa3aTb, 4TO A0 CHX MOP Mbl He MO-
&KeM YIOBJIETBOPUTEJNbHO OOBSICHHTb OZHO U3 BaXKHEHIIMX
CBOHCTB KHAKOCTH, Ha3blBA€MOE€ BSI3KOCTHIO.

B oOblfieHHOIl XH3HU CJIOBO «BSI3KOCTb» yMoTpebJisier-
csl oyeHb 4acTo. Mbl rOBOPHM, HampHMep, UTO Meja GoJee
BSI30K, YeM MOJACOJHEYHOEe MacJo, a MOACOJHEUHOe MAacjo,
B CBOIO oyepefb, 6ojiee BSI3KO, HEXKeEJIH BOJA.

Ho xak onpenenuTh TOYHO, YTO TaKoe BSI3KOCTb, KakK
ee U3MEPHUTH?

[TonblTaeMcsi MPHCMOTPETbCsl MOBHUMATENbHEe K IIO-
BENEeHHI0 KaKOH-JH6O CHJIBHO BSI3KOH MKHUIKOCTH H CpaB-
HHUTb ee CBOHCTBA <O CBOMCTBAMHM  KHIKOCTH  MaJo
BSI3KOH. |

[IpencraBbre cefe, 4TO Bbl pa3MellHBaeTe JIOXKKOH
rycTylo cMeTaHy. Pyka HemocpelCTBEHHO YyBCTBYET YCH-
Jiie, KOTOpOe HeOoOXOAHUMO IJIsi TOro, UTOGbl JIOXKKA JBH-
ranacb. PasMewafite ToH e JoXxKOH uai. Jsas 3toro
noTpebyeTcsi ropaszao MeHbluee ycusnue. OueBHAHO, ABHXKe-
HHe TBEepPJOro TejJa B MaJio BA3KOH XKHAKOCTH BCTpedaer
MeHblllee COMPOTHBJEHHE, YeM B XKHAKOCTH CHJIbBHO BSI3KOH.
Bor BaM u oauH H3 crnocoGoB H3MEPHTb BA3KOCTb JKHJA-
KOCTH: JIOCTaTOYHO OINpeNeJUTb COMPOTHUBJEHHE, HCIIBLITHI-
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Puc. 41. Cuaoucroe TeucHue Puc. 42. Buxpn B KHIKOCTH.
HHIKOCTH.

BaeMoe NpH ABH/KeHHH B Heil TBEPIbIM TeJOM NpPaBHJILHON
(opMbl, HampuMep HeGOJbILUM LIaPHKOM.

Hapsiay ¢ 3THM crnoco6oM BsI3KOCTb YacTO H3MepsieTcs
1Haue, CpaBHHUTE, KaK BBITEKAIOT H3 OJAMHAKOBLIX OyTHIJIOK
TaKHe XKHIKOCTH, KaK BOJAa M rycToil Med. ¥ MHOTHX IpH
BbITHBAHHK Mejla U3 OYTHIIKH HeBOJbHO BO3HHMKACT JKeJa-
HUe TMOTPSCTH ee, IJIs TOro 4Ttobbl Mel BbITEKasa CKOpee.
Uem 6oJbllie B3KOCTb XHAKOCTH, TeM MeLJieHHee OHa
teueT, CpaBHUB BpeMs NPOTEKAHHs MO Y3eHbKOH TpyOouke
OJHOTO M TOTrO e KOJHYeCTBa JBYX Da3/JHYHBIX KHIKO-
CTelf, Mbl y3HaeM, BO CKOJIbKO pa3 BSI3KOCTb OJIHOH XKH[-
KOCTH 0O0JIbllle MJIM MeHblle BS3KOCTH APYToil.

[IpuHsB YCJIOBHO, 4YTO BSI3KOCTb UHCTOI BOABI IPH
20 rpaaycax paBHa 0,01, Mbl HaliieM TakKuM CocoGOM, UTO
BSI3KOCTb KaCTOPOBOrOo Macjia paBHa |2, To-ecTb B ThICAUY
ABecTH pa3 GoJblue, a Bs3kocTb adupa — 0,0026, To-ecthb
B YeTblpe pa3a MeHblle, 4eM BS3KOCTb BOJbIL.

Korna ans onpeneneHust BSIBKOCTH KHAKOCTH H3Me-
pAeTCa CONpPOTHBJIEHHE, OKA3blBaeMOe €10 JIBUKEHHI® TBep-
10ro Tesna, Haao TMOMHHTb, YTO COMPOTHBJAEHHE OYIeT BO3-
pacTaTb He TOJbKO MDH YBeJHYEHHH BSI3KOCTH, HO H ITIpH
yB&JIMYEHHH pa3MepoB Tena. Kpome Toro, BSI3KOCTb KM[-
KOCTH — TOJIbKO OJHA H3 IPUYHH CONPOTHUBJIEHHS JBHIKE-
#Hio0 tena. OHa urpaeT rJaBHYIO pPOJIb, KOrga ABHXKeHHe
NPOUCXONUT C HeGOJbIIOH CKOPOCThlO. JIBHIKYILlEeCs TeJ0o
Kak Obl pasJBHraeT CJOH XHAKOCTH, KOTOpble CIOKOHHC
coeMHsAIOTCS c3aan Hero (puc. 41). C Bo3pacTaHHeM CKoO-
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pOCTH KapTHHA ABHXeHHsi u3MeHsieTcs. HacTHipbl KHAKO-
CcTH npuoOpeTaloT BpalllaTesbHOe ABHXKeHHe, TeuellHe
JejiaeTcs NMyJbCHPYIOLIHMM, B XUAKOCTH BO3HHUKAIOT BHXPH
(puc. 42), npusojsllkie K NepeMeUIMBAHHIO YKUIKOCTH.

BosHukHOBeHHe BUXpel TpeOyeT AOMOJHHTENbHOTO
YCWIHsS NpPH IBHXKEHHH Tesa B KUAKOCTH. ConpoTHB/eHHE
ABWXXEHHIO fenaeTcst GoJiblile. Uem sHepruyHee Buxpeodpa-
30BaHHe, TeM 6OJbllie COMPOTHBIEHHE,

Ins obpa3oBaHus BHUXpeil GoJibllioe 3HaueHHe HMeeT
tdopma Tesna. 3jech MOXKeT oKasaTbCsi 6oJiee BBHIFOJHBIM
BOCIIO/Ib30BATbLCS TEJIOM GOJBLIMX pa3MepoB, HO obsanalo-
1M dopmoii, ocnabasiiolieii o6paszopaHue Buxpeii. Takas
(opma HasbiBaeTcs o6 TeKaeMoH.

Bs3kocTb rasoB M, B YacCTHOCTH, BO3QyXa HHYTOXKHO
Ma/na. BbI3BaHHLIM €10 CONpPOTHBJIEHHEM MOXHO CBOGOIHO
npeHe6peub. MHaye OGCTOMT J[e€/710 C CONPOTHBJCHHEM,
BbI3BAHHBIM 006pa3oBaHMeM BHUXpell NMpH ObICTPOM OBHXKE-
HUM. B 3TOM cayuyae conpoTuBIeHHE MOXKET ObITb OYeHb
6osnbinM. MMeHHO mo3ToMy mnpeameraMm, MNpeqHa3HayeH-
HbIM /151 JIBUXKEHHs C 60JbIIOH CKOPOCTbIO B BO3AYyXe HJH
B >KMJKOCTH, NPHAAIOT 00TeKaeMyo (topMmy.

B ueMm e mpHYHHA BSI3KOCTH, KaK OHa CBsi3aHa C MoJie-
Ky/JSIpHBIM CTPOEHHEM BelllecTBa?

[Ipupony BSI3KOCTH ra3oB Yaa/joCh OGBSICHHUTb HAaBHO.
[Ipeanosnoxum, 4To B rase ABHIKYTCSl B HampaBJ/eHHH CJle-
Ba HampaBoO [Be CONpHKAacalooLlHecss CTPYHKH: OnAHA
ObicTpee, BTOpasi MeaJseHHee (puc. 43). Becnopsinounoe
TEIIOBOe [BUXKEHHe MOJIeKY/ rasa 3acTaBJsieT YaCTHILHI,
ABHXKYIIHECS B OJHOH H3 CTpyeK, 3aJjeTaTb B JAPYIyio.
DTOT 3aJIeT YaCTHUL, KOMIIEHCHPYeTCsl BCTPeYHbIM. B pesyib-
Tare MoJIeKyJbl, [ONaBUIME H3 CTPYH, ABHXKYLIeiics

| Ckopocrs >

Puc. 43. Bo3unkHOBeHHe BHYTDEHHEro TpEHHs B rase.
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GbicTpee, B Gosee MedNeHHYIO, OYAYT YCKOPATb €e JABHKe-
HHe, a BCTPEUHble UM, NoNaB B OLICTPO ABHXKYLIMHCA NOTOK
ra3a, OyAyT €ro TOpMO3HTb.

Kak Mbl BHAHM, BSI3KOCTb, HJIH BHYTpCHHee TpEHHE,
rasa BbI3BaHA MEPEHOCOM pAa3HOTO KOJIMYeCTBa [BHXKe-
uus. MoJiekyJbl, yxoislHe U3 GbICTPO NBHKYLIETOCS II0-
TOKa, YHOCAT KOJIMYECTBO IBMXKeHUs OoJibllee, yeM NpH-
HOCSIT MOCTyMNalolllie Ha HX MeCTO.

At0 0O6DBsICHEHHe MNO3BOJIMJIO NPEABHIETb HEKOTOphIe
0COGEHHOCTH MOBefeHHsl ra3oB. Tak, HanpuMmep, YAaaoCh
MOACYHMTATb H3MEHEHHe BS3KOCTH Ta30B IPH H3MEHEHHH
TeMmepaTypbl. Pe3ynbTaT oKasasicsi HEOXHIAHHBIM: €C/IH
ra3 HarpeBaTb B 3aKDHITOM COCY[e, TO COIJIaCHO pacyeTy
BSI3KOCTb ero Bo3pacraer. MHOTHM 3TO Kas3ajocb HeBO3-
MOXXHBIM, OAHAKO ONbIT NOATBEPAHJ NPEABHIACHHE TEOPHHU:
ras, Kotopblii HarpeBaercsi 6e3 yBeJqHueHHs1 oObeMa, Je-
JlaeTcsi 60/1ee BA3KUM.

[IpaBusbHBI pacyeT BSI3KOCTH Tra30B MHOTO CIOCOO-
CTBOBAJ YTBEPXKACHHIO B HayKe aTOMHOIO YU€HHs.

3HauYHTeIbHO Xy2e OGCTOHT Jeso ¢ OObSACHEHHEM BsI3-
KOCTH XKHIKOCTeH. Bocnosnb3oBaTbcsi TeMH JKe pacCy-
JAEHHSIMH, KOTOpble  JaJH BO3MOXHOCTb  OOGBSCHHTb
BSI3KOCTb T'a30B, HeJ/b3sl, I@TOMY YTO OHH NPHUBOMASAT K IPO-
THBOpevalled ONBITY 3aBHCHMOCTH BSI3KOCTH JKHAKOCTH
OT TeMIepaTyphl.

DTo He 03HAuaeT, YTO B IBHXKYLIEHCS XKUIOKOCTH Tepe-
HOC Da3HOTO KOJHMYEeCTBA [BHMIXKEHHSI He HrpaeT HHUKaKOM
poau. HecoMHeHHO, 3TO siBNeHHe UMEET MECTO B YKHIKOCTH
U BJusieT Ha ee cBoiicTBa. OQHAKO NMpH OGBACHEHHH BSI3-
KOCTH HEOOXOAHMO YYHTBIBaTb OCOOEHHOCTH MOJIEKYJSPHO-
ro CTPOeHHs JKHJKOCTH, OTJHYAlOIIHE ee OT rasa.
BeposTHO, pelnaiolllee 3HauUeHHe 3[eCb HMEET 3HEepPruu-
HOe MOJIeKyJspHOe  B3aUMOAEHCTBHE, OTCYTCTBYIOLLEe
B rasax.

Kak 6bl TaM HuM OBLIO, MOXKHO C MOJHBIM OCHOBaHHEM
yTBepXKaaTb, 4YTO, HECMOTPs Ha OGOJBILOE KOJHYECTBO
npel/IoXKeHHbIX TEOPHH, JO CHX IOp He CYyLleCTByeT
HCYEPMBIBAIOIIEr0 OObSCHEHHS] BS3KOCTH KHAKOCTH.

Bf3KocTb *HAKOCTH ObICTPO BO3pAacTaer MpPH MOHHXKE-
HHM Temnepartypbl. HaoGopor, npu HarpeBaHHH BSI3KOCTb
JKHIKOCTH YMeHbIaeTcsl.
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[Ipy mepeBO3Ke HEKOTOPBIX MHAKOCTeil B 3MMHHe
Mecsibl HX BS3KOCTb HACTOVIDKO YBeJHUYHMBAeTCs, UTO
IJ1s1  BBIDPY3KH 3aryC'reBmy}o Maccy MNPHXOMUTCS MOLO-
TpeBaTk.

HMHorna npu NOHMXKEHHH TeMIlepaTypel BSI3KOCTb BO3-
pacraeT HaCTOJIbKO, YTO KHMAKOCTb TepsieT OJHO H3 CBOHX
NCHOBHBIX CBOHCTB — MOJABHXHOCTb YacTHIl, OHA INepecTaer
Teub.

910 Hab/IofaeTCsi, HanpuMmep, y KaMeHHOYTOJbHOTO
AerTsi, WM, KaK ero HHOrja HasbiBaloT, Bapa. KameHHo-
YTOJILHBIH JIerOTb — COCTaBHAsl yacTb ac(a/bTa, KOTOPHIM
[OKPBHIBAIOT YJHULB [OPOJOB, aBTOMOOHJbHBIE HOPOTH.

Harperniii Bap — nmoaBuxHAs XKHUAKOCTb. [IpH oxmax-
NeHMH ero MOJABHKHOCTb YMEHbLIAeTCsl, KaMEHHOYTOJbHbIH
JleroTb HaYMHaeT HalOMMHATb IyCTYIO CMETaHy.

[Ipu ewre 6osee HU3KOH TeMIepaType 3TO yXKe He BS3-
Kasi XHJAKOCTb, a OJiecTsilliee TBEPAOE TeI0 C XapaKTepHBIM
ocTpbiM H3jgoMOM. OfHAKO B 3aTBepjeBIIEeM Bape B3aHM-
Hasi NOABH2KHOCTb YACTHIl He MOJIHOCTbIO mnoTtepsiHa. [Tosio-
AKHUTe Ha KyCOK Bapa HeGOJbILIOH KaMeHb HJIM MeTaJsJjuye-
OKYIO THPbKY H OCTaBbTe B Nokoe. Uepe3 HeCKOJbKO mHeH
Ha MOBEPXHOCTH Bapa oOpasyeTcs OTHeYaTOK JeXaBLIero
Ha HeM Npeamera.

K rakoro xe pona BeIIeCTBAM, KaK H KaMeHHOYTOJIb-
HBIH  JI€rOTb, OTHOCATCA pa3/IHYHbIE CMOJBl, CTeKJa,
3MaJH...

Bosiee nojipo6HO ¢ MX CBOHCTBAMH MBI NO3HAKOMHMCSI
nosxe.

JKuakocTp mpeBpaiiaercsi B TBepjoe Tela0

B Xu3HH MOXHO 4acTo HAaGMIOAATb MpeBpallleHue XKH/I-
KOCTH TPH OXJIaXKJEHUH €e¢ B TBEpJOe TeJO.

HHorpa 3T0 MpOMCXOOHMT, KaK MBI TOJIBKO YTO paccKa-
3aJI4, BCJICACTBHE YBEeJHUYEHHsI BSI3KOCTH, M Torjga HaG6iio-
JaeTcsl MJIaBHOe NpeBpallieHHe XKUAKOCTH B TBEPIOE TeJO.
KunkocTb BCe GoJsiee TepsieT TeKyuecTb, NMOKa He YIOLO-
6UTEsI IO CBOMM MeXaHWYeCKHM CBOICTBaM TBEPLOMY TeJy.

Yamre, oAHAKO, KHUAKOCTb INpeBpallaeTcss B TBepLOe
TEJI0O CKAaYKOoOGpa3HO, HPH OINpeleseHHOH A/ KaXXI0ro
BellecTBa TeMmepaType. DTO sIBJeHHe Ha3bIBAIOT K P He
cTaJJaH3alUHel, a TeMnepatypy, OpH KOTOPOH OHO
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MPOHCXOAMT, TeMNepaTypoH KPHCTAJJAH3a-
I ¥ H. ‘

Ilpu Kpucra/nM3aUyud H3MEHSIeTCS CTPOeHHe Tesla H
OJHOBPEMEHHO CKAaYKoOOpa3HO H3MEHSIOTC ero CBOH-
CTBa.

Ho xotsi kaxnoe BellleCTBO HMeeT COBepIUeHHO ompe-
IeJIeHHYI0 TeMTepaTypy KPHCTaJJH3aLHH, Ha NpaKTHKe
JKHAKOCTb JIerKO OXJaAHTb HHXKe 3TOH TeMIlepaTypbl, H
BCE JKe OHa OCTaHeTCs XKUAKOCTbIO. Takylo XKHIKOCTb Ha-
3BIBAIOT MepeoXJdaxXAeHHOH.

[TepeoxsmaxKneHHasi KHAKOCTb HeycToduuBa. Jlocra-
TOYHO BHECTH B Hee MaJsleHbKUH KPHCTA/JIMK HJIH Jaxe
MPOCTO SHEPTHYHO BCTPSIXHYTb COCY[, B KOTODOM OHa Haxo-
IOUTCS, M KHUAKOCTb GBICTPO 3aKpHcTrasnusyercs. OcobeHHO
JIETKO TepeoxJaXkK1aercsi pacrjaB/eHHbH THIOCYJbPHUT —
OCHOBHasl YyacTb (pHKcaxa, ynorpebJseMoro AJsl «3aKpel-
JeHusl» otorpadHuecKix MmaacTHHOK. ['unocynbdur jerko
pacnyaBuTh B CTeKJsIHHOH Kos6e. O6pa3oBaBlIylOCs MKHUI-
KOCTb HaJ0 NMPO(HUJIbTPOBATb H OCTABHTb CIIOKOHHO CTOSIT.
Kak mnpaBuso, Temnepatypa omnyckaercss IO KOMHaT-
HOM, a THUIOCYJb(HT OCTaeTCs XKUIKHM, — OH Ilepeox-
JlaXJIeH.

Eciu B K06y C mepeoxJsiaKAeHHBIM THUIOCYJIb(GHTOM
6pocuTb KpUCTAJIHK, TO OH HauyHeT ObICTPO pacTH H 60Jb-
1Iasi 4yaCTb COAEPXKUMOTO KOJIObI 3aTBepheeT.

[louemy »xe He 3aTBepleeT BeCb TUINOCYJIbDHUT?

Yro6bl NMOHATH 3TO, NMPUJIOXKHTE K KoJGe JafoHb, Bhl
cpasy NOuYyBCTByeTe, YTO Kosba ropsuas.

OkasbiBaeTcst, XXUAKOCTb, OXJa)AeHHAs 10 TeMIepa-
TYPbl KPHCTa/JIM3alMH, He TpeBpallaeTcss B TBepAoe TeJo,
Jaxe ec1d OpPOCHTb B Hee AJIs1 3aTPaBKH MaJsleHbKHEe KPH-
craJauku. Jass  Toro  4ro6bl KMAKOCTb - NpeBpaTH-
Jach B TBepJoe Tesao, OT Hee HaA0 OTBECTH BBIIEJSIO-
Hleecsi NMPHM KPHCTA/MIM3auuU Temno. VIMeHHO BbiaeseHHe
TeIVIOTHl IIpH 3aTBepPAEBAHHM MEPeoXJaXKAEeHHOro THIo-
cy/ibdura M Harpeno Koaby. KoHeuHo, mepeox./iaxKaeHHas
JKHAKOCTb MOXKET HarpeThCsl TOJbKO IO TEeMIIepaTyphbl KpH-
cra/iu3auud. IIpu Gosee BbICOKOI TeMnepaType 06pasyio-
uieecsl TBeploe TeJo 6yJeT BHOBb IJIaBHThCS.

3amMeuaTesIbHO, YTO, HECMOTps Ha OTBOA Tela OT
3aTBepAEBAIOLIEH XHAKOCTH, €e TeMIepaTypa OCTaeTcs
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MOCTOSIHHON BCe BpeMs, MoKa IIPOAOJKAeTCs KpUCTaJl-
JIN3aLus.

[TnaBsneHue TBepHoOro Tesa TpeGyeT 3aTpaThl TAKOrO XKe
KOJIMYeCTBA TelJia, Kakoe BbllessieTcsd INIPH 3aTBepreBa-
Hud. EcTecTBeHHO, TeM10TY, MOromaemMyo NpH MJaBjJeHHH
TBEPAOro Teja M BbACISIOULYIOCS IPH 3aTBEPAEBaHHU
JKUJIKOCTH, Ha3BaJIH CKPBITOH TeNJOTOH nmaaBJae-
HUS, HIH CKPBITOH TeNJOTOH KPHCTAJJAHU-
3allHHu.

CkpblTast TemI0Ta KPUCTAVIH3ALHH Pa3HbIX KUAKOCTEH
pasnuuHa. OcoGeHHO BeJqHKa CKpHITasi TEIJIOTa KPHUCTaJ-
JAU3aUUU BoAbl. Temnorsl, KOTopasi BhIAeJsIeTCS NpH Ipe-
BpAlIeHUH OJHOTO rpaMMa BOJAbI B Jiel, HOCTATOUHO MJIs
TOro, YTo6bl HArpeTb 3TO KOJHUYECTBO BOJbI OT HYJIST NPH-
6smusutesbHo  no 80 rpamycoB, ToO-cCTh OHa paBHA
80 kasopHusiM.

To, uro npH mnpeBpalleHHH BOABI B JeJ BbIIEJSETCS
OYeHb MHOrO TelJa, MMeeT OoJ/blloe 3HayeHHe B KH3HU
npupoasl. C HacTymjeHueM MOpPO30B 3aMep3aHHe peK H
03ep NPOHUCXOAMT He MIHOBEHHO, a nocteneHHo. Ilpespa-
lasch B Jiell, BoJa BblAesIET B OKpyKalollee NpOoCTpaH-
CTBO CKPBITYIO TEMJIOTY KPHCTaMJIH3daUUH. DTO 3aMeJser
KPUCTA/NIM3alHI0 BOJbl, 3aMep3aHHe IPOUCXOAUT OGoJiee
MeIJIeHHO, NOCTEleHHO.

Korna Hacrynmaer BecHa M HAauHHAETCs TasiHHE Jibla H
cHera, Gosbllasi CKpbITas TeMJOTAa IJAaBJIEHHsS JbJa Cha-
CaeT Hac OT Y2KAaCHOro NOJIOBOAbS, HACTYNHBLIEro 6bl, 6YAb
OHa MeHbllle, HAaNpHUMep Kak y CBHHIA, Y KOTOpPOro OHa
cOCTaBJisieT NMPUOJU3UTEbHO OOHY TPHHAALATYylO 4acTb
CKpPBHITOM TEIJIOTHl IJIAaBJEeHHs JIbAa, TO-ecTb Bcero 6 Ka-
JIOpHH.

Ecau BCIOMHHTb, 4TO JIETHHKOBBIH NMOKPO3 Ha 3emJie
3aHUMAaeT NMPUMEPHO OJHY MAEBSITYIO YacCTh CYLUH, U eC]H
npubaBUTb K HeMy 006J1aCTb BEYHOH Mep3JIOThl — OJAHY
NSITYIO 4acTb CYLIM, TO CTaHET $SICHBIM, KaKylo OGOJbLIYIO
pOJb B JKH3HH IIPHPO,Ibl HrpaeT TasHUe JbJa U 3aMep3a-
HHe BOJIBI. _

[Ipu 3TOM NOACYETE MBI HE YUMTHIBAJH 3€MHYIO NOBEPX-
HOCTb, 3aHECEHHYIO CHEroM B 3uMHee BpeMsi. [IpuGaBusB xe
ee, Mbl NOJY4YHJd Obl eule Gojee MOpasHTesbHble LH(DPHI.
ExerogHo B TeueHHe HECKOJbKHX MeCsILeB ILIOLIa/b,
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MOKPHITAast JIbAOM M CHErom, MpeBbILIAeT NOJOBHHY BCel
cymd. OG6nagaii Bola MeHbIIed TemJoTOH NJaBJeHUS,
KJauMar Ha 3emJie Ob1 Obl HHBIM, MPHILIOCH Obl NMPHBBIK-
HYyTb K ropasgo GoJiee pesKHM H3MeHEeHHSAM TeMIepaTyphl,
yeM Te, C KOTOPbIMH MBI HMeeM [eJ0 ceHyac.

[TepeoxaxkaeHne KUAKOCTEH MPUXOJUTCS YYHUTHIBAThb
B TeXHUKe. Boma 0co6eHHO Jilerko nepeoxJyakAaeTcsi B TOM
c/aydae, ecJid OHAa HaxonuTcsl B (hopMe MesbuailUX Kare-
JeKk — tymana. [lepeoxsaKieHHbli  TyMaH — 6oJbllas
OMAacHOCTb IJ/s aBHALMU. ¥YIapsisiCb O MOBEPXHOCTb JIETs-
Ilero caMoJieTa, MepeoxJ/a’kACHHble KaneJbKH MTHOBEHHO
3aMep3aloT,— caMoJseT HauhHaeT obsaeneHeBatb. Ecau TeM-
nepaTypa O4eHb HHM3Kasl, a, KaK IT0Ka3bIBAET OMNbIT, KameJb-
KM MOTyT ObITb KHAKMMH H TpH 25-rpaJyCcHOM MOPO3e,
M eC/IH pa3Mephl KameseK MaJbl, TO OHH 3aMep3aloT LleJIH-
KOM H TIpeJCTaBJSIOT A5l CaMOJieTa MEeHbLIYIO OMacHOCTb,
yeM Oosbllive kKamiad. [locienHue mpu ymape o camoJer
pacrnacTeiBalOTCs U 06pa3ytoT NPOYHbIA CJIOH Jibla, KOTO-
pHIl Kpemnko MAepXHUTCS Ha MNOBepPXHOCTH camoJgera. [Ipu
o6/ie/leHeHHH Bec cavoJera Bo3pacTaer, opMma KpblIbes
M3MEHAETCA, MOXET HapYLIMTbCSl ynpasJeHHe, obJjeneHe-
HHE BHHTA CHHXXaeT MOLIHOCTb MOTOpa.

Ouenenenyre camosieta OCOGEHHO OMACHO TOTOMY, 4TO
OHO MOXeT MPOHUCXOAHTb OueHb GbICTPO. MHOrokpaTHO
HabJ01a/10Ch, YTO CJAOH JbAa TOJLIMHOH B NSTh CAHTHMET-
poB BbIpacTaJ/ Ha Kpblje caMoJleTa BCero 3a OAHY MHHYTY!

Kpurannusauus >KHAKOCTH OGJerdaercsi, ecju B HeH
NPUCYTCTBYIOT TaK Ha3blBaeMble LEHTPbl KpPHCTAJIIM3a-
nud. MMM MOTYT CJOyXKHUTb MeJbyaHllue, MHKPOCKOIIHYeE-
CKHe KDHCTAJIJIMKH, TNPUMECH H3MeJbYeHHbIX HepacTBOpH-
MbIX B XKHIKOCTH BelleCTB, HeBHAHMBble HEBOOPYKEeHHBIM
IJ1a30M pas/iMyHble NMBIIHHKY. Jlerue Hper KpucTalau3anys
Ha TMOBEPXHOCTH TBePIOTO TeJa, HamnpuMep Ha CTeHKax
cocyna, coleprKalllero XHAKocTb. Eciiu B mepecxJaxaeH-
HYI0O BOLY NOTPY3UTb CTEKJISAHHYIO TPYOOUKY C TOHKHM OT-
KPBITBIM CHH3y KOHLOM H MOJIOXKHTb BHYTPb Hee KycOYeK
JbJa, TO MePBOHAYa/JbHO MPEBPATUTCA B Jeld BOfAa BHYTPH
TPyOOYKH, a KOrJa BCsl OHa 3aTBepJeeT, Ha KOHLE Tpy-
60YKH BbIpAacTeT KPAaCUBBIH KPHCTAJN JbAa, HMEKLIHH
¢opmy 1ecTUIyueBOH 3Be3noukd. Ecau He npoduiabTpo-
BaTb Pacl/aB/eHHbIH THNOCYJbGHUT, B HEM OCTaHyTCA
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IeHTPbl KPHUCTAMJH3aLUUMM H  [epeoxJialuTh €ro He
yzacrtes.

B npupope Mbl NOCTOSIHHO CTaJIKHBa€MCsl C MpeBpalle-
HHMSMH Napoo0pasHOro BelleCTBA B JKHMIAKOe H KHIKOTO
B TBeploe. JIeTHHM BeuepoM OT peKH KojebJollelics
nejeHoll TsHETCS TyMaH. DTO Mapbl BOJABI MPEBPaTHJHCH
B MeJsbuaHllHe BOJSIHble KaleJbKH.

SICHBIM OCEHHHM yTPOM HeBOJIbHO 3aJo0yellbcs Kpa-
CHBBIM Y30POM HHesl, KOTOPHIi pa3yKpacHJ KpPbLIIIH JOMOB,
UYTYHHYIO orpajay cajaa, tejerpadHble NpoBOAA...

310 Ta XKe BOJAA, pPeBpaTHUBILASCT B TBEpAOe COCTOS-
HHe.

Uro e NPOHUCXOAHT C MeJbYyallUMMH YacTHLAMH Be-
1eCTBa — MOJIeKyJlaMH, KOrla KHAKOoe TeslQ MpeBpaliaer-
csl B TBepHOe, KaK H3MeHseTCsl HX JBHXKeHHe, Kak OHH
pacrnoJjiaraloTcss B TBEpPAOM TeJe?



I1l. B MUPE NMOPSAAKA

Kpucranaol

[Ipu 3aTBepmeBaHHW 06beM IIOYTH BCeX KHAKOCTeH
yMeHblnaercst. [To3ToMy MOXKHO cYHTaTh, 4TO, KaK IpPaBH-
JIO, MOJIEKYJIbl HJIH aTOMBl B TBEPJBIX TeJaX PacroJoxkKeHbl
ellfe 6/IMKe APYT K APYTYy, 4eM B XKHIKOCTSX.

Eciu B rase MoJieKyJsibl HaXOAATCS B XaOTHYHOM 6ecro-
psiiKe, a B XKHAKOCTH GeCmOpsiIOYHOe ABHXKEeHHEe MOJIeKY.Jl
coyeTaeTcss ¢ HEKOTOPBIM IOPSIIKOM B HX PacloJIOXKeHHH,
TO B TBEpPAbIX TeJax YacTHIB! pPacloJiaraloTcs yXKe B IOJ-
HOM NOpsIKe.

YuyeHble HallVIH CMOCOOBI Y3HaBaTh, KAK PAacloJOXKeHbI
yacTuupl, obpasywoomue TBepasle Tesa. OxasbiBaercs,
B TBepJbIX TeJax YacCTHIB 3aHHMAIOT CTPOro OMNpefeseH-
Hble movioxkeHusi. IIpu 3aTBepaeBaHHM KHAKOCTH COCeJl-
HHe YaCTHIbl BellleCTBA PacloJlaraloTcsl B BepIIHHAX Npa-
BHJIbHBIX TeOMEeTPHYeCKHX TeJ: Ky6OB, NMHPaMH[, NPH3M
HT I

Bce xopollo 3HaIOT OGBLIYHYIO MOBapPEHHYIO COJb, YIOT-
pebasemyto B mumy. Kaxkaasi KpynmiuHKa Takod COJIH Ipen-
cTaBJIsieT cOO0I0 OIMH HJIM HEeCKOJIbKO COeMHEHHBIX BMeCTe
KyOHKOB.

Takasi ¢popma yacTum cou He caydaifHa.

[ToBapeHHas coJb — 3TO XMMHYECKOe COeJUHEHHE IBYX:
Pas3/IMYHBIX BellleCTB: XJOpa W HATpHs.

Yacrunel, o6pasyiolllHe KPUCTAJJ NOBAPEHHOH COJH,
SIBJISIIOTCSL He MOJIeKYJaMH XJ10pa M HATpHs, a dJIeKTpHue-
CKH 3apsi>KeHHBIMH aTOMaMH 3THX BellecTB, Tak HasbiBae-
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MbIMH HoHaMmu. MOHBI B KaXX10# KpyIHHKe MoBapeHHOH
COJTM PACIOJIOKEHbl TaK, KaK 3TO M300paXKeHO Ha pHCYH-
Ke 44 (KpynHble LIAPUKH — HOHBI XJ0pa, 6ojiee MeJKHe —
HOHBl HATpHS).

Takoe pacnosoxeHHe HOHOB HauGoJiee KOMMAKTHO, He
3aHfITOe UMH NPOCTPAHCTBO CBeEHO K MHHHMYMY. B Hayke
TaKoe pacloJsloXKeHHe Ha3bIBAIOT MJIOTHOH YNaKOBKOH,

Jl1st TOro 4TOGEl 3aKOHOMEPHOCTb B CTPOEHHU TBEPJIOTO
Tesla II0KasaTb GoJlee HAMISAHO, YAOOHO pacnoJoxKelue
LIaPHKOB-HOHOB, NPH KOTOPOM KaKOH-THO0 HOH 3aropaku-
BaeT COCeQHHe C HUM, 3aMEHHTb pacNOJOKEHHEeM HX
LeHTPOB, KaK 3TO clleflaHO Ha pUCYyHKe 45. B 3ToM cayuae
yepHble IIAPUKH — LIEHTPbl HOHOB HAaTpH#A, a OeJsible —
LEeHTPBl HOHOB Xsopa. Kakablii uepHBbI 1IapHK OKPYXKeH
1IecTbl0 OesbIMH, a KaxKAblid GeJiblii, B CBOIO ouepeib, —
{11eCTbIO YEPHBIMH.

Takoit nopsitok HaGmofaercss B J1060H YacTH KPYHHH-
KM TOBAaPEeHHOH COJIH.

[Topsinok B pacmoso’KeHHH YacTHL, M3 KOTOpbIX IIO-
CTPOEHBl TBepAble TeJa, OOBACHIET HX MNPaBHJIBHYIO
thopmy.

Ecnn nepen Bamu Jiexut 6ecopmeHHast rabi6a, TO 3TO
He O3Hayaer elle, YTO B Hell HapylleH NMPUCYIUHI TBepao-
My Teay Mnopsnok yactul. OTKOJNHTe MaJIeHbKYIO KPYIHH-
Ky H IOCMOTpHUTE Ha Hee B JIYIy WJIM MHKpockon. Bbl yBu-
[UTe YeTKHe rpaHH U peOpa NpPaBHIbHBIX eOMETPHUECKHX
¢uryp. I'mbiba o6pa3oBajach B pe3ysabTaTe CJIyuyaiHOro
CpallleHHs] MHOXKeCTBa MaJsIeHbKHX YaCTHL [paBUJIbHOM
(OpMBI.

Tak, noBapeHHasi CoJib, I'’ie 6bl MBI €€ HH TOJYUYHIH —
B COJISIHBIX KOISIX, H3 COJIOHUAKOBHIX o3ep 6su3 Kacmuit-
ckoro Mopst uiu u3 Bof CesepHoro JlenoBUTOro okeana, —
Bcerna uMmeer (popMmy KyOGHKOB. .

Ecnu pa36uth KyOHK MOBapeHHOH COJIH, OH PacChIILIeT-
Cs1 Ha HEeCKOJIbKO MEHbIIHX KYOHKOB.

TBepable Tena, HUMewLIHe NPHUCYLIYI0O UM OT NPHPOIHI
IpaBUJIbHYIO (GOPMY, BEI3BAHHYIO NPABUJBHBEIM PaCIoJIOKe-
HMeM 4acTHl, uX o6pasyloliyX, Ha3blBalOT KPHCTaJ-
JTaMH.

OcToB KpHCTaNIa, KOTOPHIH MoJiyyaercsi, Korga uaobpa-
KAIOT PaCIONOXKeHHe LEeHTPOB 06pa3yioUIUX KPUCTAJI Ya-
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Puc. 44. Pacnosoxenne wuonos  Puc. 45. Kpucraminueckas pe-
B KpHCTajjle MNOBapedHOil COJH. LIeTKa MOBAPEHHOH COJIH.

CTHILl, HAa3bIBAIOT KPUCTA/MJIHYECKOH DellleTKOH, a Te MecTa,
B KOTODBIX 3TH LIEHTPHI IOMeLLalTCsd, — y3J1aMH KpHCTaJl-
JINYECKOH pelleTKH.

He y Bcex KpuCTa/l/JHyeCKHX TeJ YaCTHLBI PacrloJsoxe-
HBl TaK 2Ke, Kak y NMOBApeHHOH COJIH.

3ameuarenbHblil pycckuit Kpucrasiorpad E. C. ®eno-
pOB MaTeMaTHYeCKMM MyTeM J0Ka3aJ BO3MOXKHOCTb Cylle-
crBoBaHus 230 pasHOBHAHOCTEH CHMMETPHYECKHX QHUTYp,
B KOTOpble MOTYT CJlaratbCsi aToOMbl B KpHCTaJJjax.

CyliecTByeT TBepIoe TeJO — TrpadHr.

I'padur nocrpoeH u3 yaCTHYeK yryepoja, U3 KOTOPOro
COCTOUT M OGBIYHBIH ApeBecHBI yroJb. [IpoBeante Kyckom
rpacduTa no TBepAOH MOBEPXHOCTH — OCTAHETCSl YepHBIH
cien. Takas Msrkoctb rpagura, cnocoGHOCTb €ro «Ma3aTh-
csi», o0ecreydBaeT BO3MOXKHOCTb NMPUMeHEHHs ero B Kaue-
CTBe MaTepHaJa JJisi H3rOTOBJIEHHsl KapaHJallell H ocoObIX
CMa30kK.

Jeno B ToM, uTo rpaduT, He MJIaBSICb, BLIHOCHT TEMIIEe-
patypy OoJsiee 2 ThHICSY rPajgycoB, I[0O3TOMY rpadHUTHbIE
CMa3KH MOXHO MPHMEHSITb TOTJa, KOrAa Hejlb3si BOCIOJIb-
30BaThCs HUKAaKUMH Apyrumu. M3 rpadura usrorosasiior
OTHeyIOpHble THIVIH, B KOTOPLIX IIAaBST CaMble TYrolJas-
KHe BelllecTBa.

Kpucrannuueckas pelerka rpadura usobpakeHa Ha
pucyHke 46. Kak Mbl BHIHM, OHA COCTOHUT M3 OTHEJbHBIX
CJIOEB, KaXK[Ablii M3 KOTOPbIX HAIIOMHMHAeT PHUCYHKOM Map-
KeTHBIH IIOJI.
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O6parture BHUMaHHe Ha TO, YTO COCEJHHE aTOMBI YTJe-
pona, Jexalllue B OHOM H TOM e CJIoe, [IOYTH B JBa C MO-
JIOBUHOH pasa OJimxKe APYr K APYTY, YeM COCEAHHE XKe, HO
pacroJioXKeHHble B CMEXHBIX CJIOSIX. DTa OCOOEHHOCTh
onpenessieT MHOTHe CBOficTBa rpacdwura.

Uem OsuKe IpYr K Jpyry 4YacTHLBl BellecTBa, TeM
GoJiblile AeHCTBYIOILEE MeXKAY HUMHU cuabl. [TosToMy aTtoMbl
yraepoja, ofpa3ymouiue  Kakoi-1u60 CJIOH, CBsS3aHHI
Mex Ay co00l0 ropasao npoyHee, yeM aTOMBbl, MPUHAMLJIEXKA-
lHe COCeAHHM cJosiM. Mailoe cuenJieHHe COCEIHHX CJIOEB
I03BOVISIET UM JIEFKO CKOJIb3UTh OJMH MO APYroMy, a 3TO
JlaeT BO3MOXHOCTb HCIO0Jb30BaTb rpadUT AJs1 NPUrOTOB-
JIEHHSI CMa3Ku. DTHUM XKe 0O0'bsICHsIeTCcsl TOT (akT, 4To rpa-
¢uT yaie BCcero BCTPeYaeTcsl B BHJE YellyeK.

CtpoeHre KpuCTa/sia B MepBYIO ouepeldb 3aBHCHT OT
XHMHUECKOro COCTaBa BellecTBa, W II03TOMY MOXHO, Ka3a-
JIoCh Obl, IyMaTb, UTO KaxKIOMY BellleCTBY CBOHCTBeHHa
TOJILKO OJIHA OMpeJesieHHasl KpHCTaJ/JIudyecKas pelIeTKa.
Ho 310 He Tak. ¥ MHOrHX BellleCTB YacTHLLI MOT'YT pacrHo-
Jaratbesi, 06pasysi KPUCTaNJHYeCKHe pellleTKH pas3/IHYHBIX
THNOB. Bce 3HAIOT, KaK KPaCHBO CHSIOT B JlyyaxX CBeTa OT-
mngoBaHHble alMasbl, HJH, KaK HX Ha3blBalOT, GpUJIH-
aHTh. A Belpb aJMa3 COCTOHT M3 TeX XKe CaMblXx aTOMOB
yrJaepona, 4To H 4YepHbId, MaTOBbIH rpaduT, TOJNLKO KpH-
cTalJIMyecKasi pellleTKa a/jMasa COBCeEM He II0X0XKa Ha
pewerky rpacdura (puc. 47).

Puc. 46, Kpucrananueckaqa Puc. 47. Kpucrauinueckas
peluetka rpadnra. peleTka asnmasa.
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MHoe pacrnosioxKeHHe aTOMOB NPHBOAUT K COBEpILUEHHO
HHBIM cBolictBaM. I'paduT — Msrkoe TeJso, aaMa3 — ca-
MBI TBepAbIii MHHepaJ, H3 Hero He NMPUTOTOBHLIbL CMa3KH.
I'padur He mpospauen, anmas npospaued. ['pabur — xo-
pOlLIHii MpPOBOAHMK 3JEKTPHYECKOrO TOKa, aJjMa3 To-
Ka He TIPOBOAMT. DTH Pas3jinuus B CBOHCTBAX BbI3BaHbI
PasHbBIM  DAacCHOJIOXKeHHeM aTOMOB, pPAa3HEIM CTPOEHHEM
pellleTKH.

Boo6uie rosops, NMpH onpefieleHHHX YCJIOBHSIX OXHA
tdbopMa KpHUCTANTHUYECKOH peLIeTKH MOXKeT IpPeBPaTHThCS
B IpYTyl0. DTa MBIC/b OblJIa ABMXKYLIEH NPYKHHOH Geculc-
JIEHHBIX TOMBITOK HCKYCCTBEHHOTO MOJIy4eHHs ajma3oB. 1o
CHX TMOp 3TH MOMBITKH OCTaBaJiuCh Oe3ycrHellHbIMH. Bepo-
ITHO, 06pa3oBaHUe ajJMa30B B MPHUPOJE MNPOHUCXOMHJIO MPH
YCJIOBHSIX, KOTOPble He yaaercss ocrpolssecTd. OHo Tmpo-
TeKaJo B pe3yJbTaTe KPHUCTAJNJIH3aLHU YrJiepoaa, pacTBo-
PEHHOTO B pacCIJIaBJEHHBIX MarmMax MDH OuYeHb BBICOKOM
NaBJIeHHH M ObICTpOM oxsaxaeHun. MckyccrBenHoe xKe mo-
JydyeHHe aJIMa30B MBITAJHCh OCYLIECTBUTb MPH TaKHX
YCJIOBHSIX, Korfa GoJsiee yCTOHUMBOH (opMOH KpHCTaJLIH-
YeCKOTo yrJyiepojia siBjsiicss rpadur.

B 1940 romy coserckuit yuenniit O. Il. Jleiinynckuii
ompenesaus rpaHuuwl Temmepatyp (2000°) u nasJeHui
(60 ThICSIY aTMOcdep), IPH KOTOPBIX B NPHUPOAE IIPOHCXO-
IOUJI [POLecC KPUCTaMJIH3alHK aJMa30B.

Y HeKOTOpPHIX BellleCTB MNpeBpallleHde OXHOH KpHCTAJ-
JHYeckodl (GopMBl B APYTyI0 NMPOHCXOAUT ILOBOJIBHO JIETKO.
[TonoGHoe npeBpalleHHe ONHAXKABI SBHJIOCH NPHYHHOU
60JIBIIIONO HEeCUaCThsl.

B 1910 romy usBecTHHIH NOJSIPHBIA HCCJIeIOBaTeNb
P. Ckorr otipaBu/ca Ha Kopa6Jje «Teppa HoBa» B 3kKcme-
nunuio K IOxHOMy modtocy. Ilosmoca akcnenuuus DOCTHT-
Ja B sHBape 1912 rona. Ha o6parHom nytu P. Ckotr 1 ero
yeThlpe cnyTHHKa morubau. Kak okasasoch, MpUYHHOH HX
ruGenu Oblyia MOTepst XKUAKOTO TOMVIHBA: 6auKH, B KOTOPBIX
OHO HaXOMHJOCh, Pas3pyIIHJHCh, DTO MPOHM3OLLIO B pe-
3yJbTaTe NpeBpalleHHst 0J0Ba, KOTOPHIM OBbIIM NpONasiHbl
6aukH, U3 MPUBBIYHOrO AJ1s1 Hac 6eJIoro o/ioBa B NOPOIIKO-
o6pa3Hoe cepoe.

Besoe u cepoe 0M10BO pas/HuUalOTCs TaK Xe, KaKk H aJ-
Mma3 u rpadur, crpoeHueM KpHcrasiaa. IIpu temnepaTtypax
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Huxke 18 rpanycoB 6oJiee YCTORUMBO Cepoe OJIOBO, OMHAKO
CKOPOCTb NpeBpalleHHs OOLIYHOrO 0J10Ba B MOPOIIKOOGpas-
HOe cepoe NpU TeMIlepaTrype, He CJHLIKOM CHJbHO OTJIH-
yaroulelics ot 18 rpanmycos, HuuTOXKHO MaJja. [lpu nouu-
JKEHUH JKe TeMIepaTyphl CKOpoCTb 00pa3oBaHHs Ceporo
QJI0BA BO3pacTaeT, JOCTHras MAaKCHUMaJbHOH BeJIHYHHBI
npu — 33 rpaaycax. ATo ¥ NpHBeJNO K I'MOeNH OTBaXHbIX
yTEelIeCTBCHHHKOB.

[IpeBpaienue Gesoro ooBa B cepoe 3HAYUTENBHO
yCcKopsercs, eciM J00aBHTb K HEMY 3aTPaBKy — KPYMHHKY
ceporo oJoBa. 3aTpaBKa MOXeT ObITb OYeHb Ma-
JIOH, — MHOrja J0CTaTOYHO NMPHUBECTH OGBIYHOE OJIOBO B CO-
TPHKOCHOBEHHE C CepbIM, YTOOBI MpeBpalileHyde MOUIO 6Obl-
CTPO; cepoe 0JI0BO KaK OBl «3apaKaeT» CBOHM MPHKOCHO-
BeHHeM Oesioe.

B cpennne Beka agomallHssi yTBaphb fAeJaJjgach U3 pas-
JIHYHBIX CIJIABOB, OCHOBHOMH YaCTbIO KOTOPBIX OBIIO OJIOBO.
M ecnn B kKakoM-HUOYAb JOMe Ha TapesKe, JOXKe HJH
HHOM mpeaMere o6pa3oBbIBAJIOCH He6GOJbIIOE KOJHYECTBO
Ceporo 0JIoBa, TAKOH MpeAMeT «3apaxaJjy» ApPyrue U BCs
yTBapb paspylanacbk. DTo OeAcTBHe OYeHb HAMOMHHAJO
snujeMHUYecKoe 3a6oJeBaHHe, U HapoOJd, CO CBOHCTBEHHOH

Puc. 48. BHewHHit BHI pasnHuHbIX KPHCTAJJIOB,
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Puc. 49. CHexXMHKH.

€My MeTKOCTbIO, Ha3BaJl ero «OJIOBSIHHOH uyMoi». Ocoben-
HO CTpPaja/ju OT <«OJNOBSIHHOH 4YyMbl» OpraHHble TpYyOHI,
H3roTOBJ/ISIBLIMECS] U3 YUCTOrO OJIOBA. |

Kpacusel m pasHoo6pasHbl KpPUCTAJJIbl Pa3JHUHBIX Be-
mectB (puc. 48).

MHorue U3 HHX BBl MOXeTe NovIy4uTb caMmu. [Ipu6aBb-
Te K ropsiueil BoAe Kakoe-Ju60 BelllecTBO, HalpUMep IOBa-
PEHHYIO COJIb HJIH KBACLbl, B TAKOM KOJIHYECTBE, YTOOBI OHO
nepecraso B HeH pactBopAThesi. Ilepememnaiite pacrtBop,
JlaliTe HepacTBOPHBILUEMYCSI BellleCTBY OCeCTb Ha JHO H
OCTODPOXKHO CJIefiTe MpO3payHbii paCcTBOP B UHCTBIH CTaKaH.
[TocraBbTe CTakaH ¢ paCTBOPOM B TEIJIOE, 3aLIHUILEHHOE OT
TPSICKH MecTo. Yepe3 HeCKOJbKO JAHeH, KOrJa 4acTb KH[-
KOCTH HCIapHTCs, Ha [AHe CTakaHa BBbINAAYT KPHCTaJJIBI
pPacTBOPEHHOr0 BellecTBa.

Korza nepeoxsaxueHne HEBEJIHKO H KPUCTAJIH3aLHUS
NPOUCXOAMUT MeMJIeHHO, 06pasyloTcsl 60JIbllINe, C NPaBUH/Ib-
HBIMH TPaHSIMH KpUCTa/ibl. EcIH  2Ke >KHAKOCTb CHJIbHO
TepeoxJauTh U TeM YCKOPHTb POCT KPHCTAJ/JIOB, TO OHH
npHOOpeTaloT NMPHYYMAJUBBIA BHA MNepenyieTeHHbIX HUTel
HJIM BETBHCTOIO JepeBa.
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BcnomuuTe  TOHKHE Mopo3Hble
y30pHl Ha OKHax: 3/leCb MOXKHO yBH-
IeTb M LBETHl, H JepeBbsi, H 3aMLIC-
JIOBaTble OpHAaMeHTHI, MPeBOCXOMAs-
IIHEe CJOMKHOCTBIO TO, YTO MOXKET
cos3nath (¢aHTa3us XYyIOXKHHKA.

Oco6eHHO KpacHBBEI M PasH00G-
pas3Hbl GOpMBI CHEXHHOK (puc.49).
Puc. 50. Crpoente OHH BO3HHKAIOT MOTOMY, 4TO CHe-

KpHCTALIA CYXOTO JKMHKA, Najas Ha 3eMJio, Helpe-

Jbaa. PHIBHO IlepeMellaeTcss H3 OIHOro

cost atMocepbl B APYrod W IpH

3TOM HeNpepblBHO H3MEHSIIOTCSl YCJIOBHSL KpPHCTaJIH3a-

LUK — HHBIMH JIe/1al0TCs TeMIepaTypa, KOJHUECTBO BOAS-
HBIX TIApOB U T. [

He Bce kpucramisl cocTosaT U3 atomoB uax noHoB. Cy-
LIECTBYIOT KPHCTAJbl, COCTOSILIME H3 MOJIEKY.I.

[IpuMepom TOMY Cyxoil JicA, KOTOPHIM OXJAMXKIAKOT
MOpOXKeHoe. DTO MNpeBpalleHHE il B TBEpJOe KpHCTaJIHYe-
CKOe Teslo yryleKuc bl ra3. Hactuuel, o6pasyiollie KpH-
CTaJlJl CyXOro Jibaa, — MovieKyJiel, Oli, Tak e KaK H HO-
HBl B KPHUCTaJIJIe TIOBAPeHHOH COJH, YJIOXKEHBI ¢ BO3MOXKHO
Gosibliell MIOTHOCTBbIO. OIHAKO MOJICKYJIBl YIJIEKHCIOTO
rasa UMeloT Ooviee CJI0XKHYIO (GOpMY, 4eM LIAPUKHU-HOHHI,
M YJIOXHTb HX INIOTHO TpyAHee. ITosToMy ymakoBka Kpu-
cTaJj/a, cocrosiero H3 MoJekya (puc. 50), mosyuaer-
cs Goslee pBHIXJIOH, ueM ¥y
KPHUCTaJ/1a, COCTOSILIErO M3
HOHOB HJIH aTOMOB.

OcobeHHO HeIJIOTHO
yrmakoBaHbl MOJIEKYJbl BO-
Abl B KpHCTa/se Jbla, MO-
JleJIb KOTOporo naobpaxeHa
Ha pucyHke 51. las yno6-
CTBa 3/leCb aTOMbI BOJOpO-
Aa (uepHble LIADUKH) H
KHucIopofa (6enble MIapu-
KH) H306paKeHbl OXHHAKO-
BLIMH, XOTH B JeHCTBHTEb-

HOCTH MX DaSMEpbl Pas/lHY-  pye 5], Crpoenwe kpucramia
HBl. AXypHBII Xapakrep 06BIYHOTO JIbJA,
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KpHCTaJjla Jbla — PHYHHA €ro MaJjoH MNJOTHOCTH: MBI
3HaeM, YTo Jiej MJIaBaeT Ha MOBEPXHOCTU BOMDI.

[Ipu Tasuum JbIa MOJIEKYJbl yKJIagwsiBaloTcss Gosee
IVIOTHO B 00beM, 3aHHMMaeMbld BeUleCTBOM, yMeHblUaeTcs.

CBoiicTBa KPHCTaJ//I0B

YnopsinoueHHOe pacloJOXKeHHe YaCTHIL fAeJaeT CBOH-
CTBa KPHCTAJ/JIOB He TIOXOXKHMH Ha CBOHCTBA KHJKOCTEH H
rasos.

JKunkoctb, HampuMmep, OAHHAKOBO CONPOTHBJISIETCS
pacTsi2KeHH!0, BHe 3aBUCHMOCTH OT TOTO, B KAKOM Hampas-
JIeHUH ee pacTsaruBatb. Ecau KuAKOCTb paspbiBaercs, TO
HMKaKHX OTpelleJIeHHbIX [IJIOCKOCTeH, 10 KOTOpbIM IIpe-
HMYLIECTBEHHO MPOUCXOAMM OBl 3TOT pas3phiB, YyKasaTb
Hesb3ss. OQuUH pa3 pa3pblB NPOH3OHAeT Tak, APYroil pas
HHaue.

CoBcem no-MHOMY BeflyT ce0si KPHCTaJLIb.

B KaXaoM u3 HUX MMEIOTCSI IJIOCKOCTH, O KOTOPBIM
pPa3pblB MPOHUCXOAMT Jierde, yeMm 1o japyruM. OHH Ha3sbl-
BAIOTC NMJAOCKOCTSMH CHAaHHOCTH.

Kpucrann moBapeHHO# CoJH, KaKoBa Obl HH OblIa €ro
topma, packaJiblBaeTcsi Ha KyCOYKH, KaXJblH H3 KOTOPBIX
KyOUK MJIK MPSIMOYTOJIbHBIA NapaJiesienunes.

Cioma oT camMoro He3HAUHTEJIbHOTO YCHJIHSI Dacllel-
JisieTcsl Ha OTHeJibHble MIacTHHKH. [Ipu »KesaHHM MOXKHO
H3rOTOBHTb TOHYaillide CJIOAsSHbIe MJACTHHKH, 60Jjiee TOH-
KHe, yeM 6GyMa’KHBbIH JIHCTOK.

OTH 0COGEHHOCTH KPHUCTAJJIOB OOGBSCHSIOTCS CTpoe-
HHEM HX KPHUCTA/JIHYECKHX DeLIeTOK.

BarasHuTe Ha KpUCTaJ/JIMUECKYylO pelleTKy MoBapeHHOH
cosu. Ha miockoctsax, mapaJiesnbHblX KakKOH-MHOO TpaHH
Ky6a, pacno/araloTcsi BnepeMexKKy HOHbl HATPHUs § HOHBI
xymopa. MoHbl HaTpusi, HaxoAslIMecs B OAHON MJOCKOCTH,
OyZyT OPUTATHBATbCA HOHAMH XJIOpa, JIeXKAL[HMH B COCEll-
Hell IVIOCKOCTH, U OJHOBPEMeHHO OTTAJIKHBATLCS JIeXKalllH-
MH B 3TOH IJIOCKOCTH OJHOHMEHHBIMH C HHMH MOHAMH HAT-
pusi. A TaK Kak HOHOB HATPHsi M HOHOB XJIOpa B KaxIOH
IVIOCKOCTH OJOHWHAKOBOE KOJIHYECTBO, TO TaKHe IIJIOCKOCTH
OyLyT NPUTSATHBATbCS OJHA K APYroi B oblieM ¢ HeGOJb-
LIOoH CHJIOH. DTO H eCTh IJIOCKOCTH CIIAfHOCTH.
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MHan xapruHa Ha-
6Jsl0JaeTcs Ha AMaro-
HaJbHBIX [JIOCKOCTSX
(puc. 52). 3necp Ha
OJLHOH TJIOCKOCTH
BCTPEUYAIOTCS  TOJIBKO
HOHBl HATpHsl, a Ha
COCEeHUX C HEl TOJIb-
Ko HOHBl xJopa. Cu-
JIbl CLENJIEHUs] MeXIy
TaKUMH  IJIOCKOCTS-
MH BeJHKH, H KpH-
CTa/l/l MO JUaroHaslb-
HbIM IJIOCKOCTIM He
Puc. 52, JlnaroHanbHble nuockocth — PacKaJibiBaeTcs.

B KpHCTa/e MOBAPEHHOH COJIH. B caope, tak xe

Kak 4 B rpacgure, ua-
CTHILBI, JIe’Kalllie B OJJHOM U TOM 2Ke CJIO€, CBSI3aHBl MeXIy
co6o10 ropasio Kpemue, yeM pAacloJOXKeHHble B COCEIHUX
cnoax. Ilostomy cioga u paculenssieTcss Ha TOHKHE JIHC-
TOUKH.

B ToM, yTO CBOMiCTBAa KPHCTAJ/JOB Pa3JMUHBL B pa3/Hy-
HBIX HanpaBJ/eHHsIX, MOXKHO YyOeNUTbCsi, MPOJESaB TaKoH
[POCTOH OMNbIT.

B npupoae uyacro BCTpeyaloTcsi Mpo3pauyHble KPHCTaJ-
Jbl TOPHOTO XpycTass, oOblYHO OHH 00pa3yloT KpacCuBble
cpocTkH — Jpy3nl (puc. 53). TopHbIl Xxpycranb, HJIH
KBapll, — 3TO COeJHHEHHe KPEeMHHSI C KHCJIODOAOM, HJH,
KaK TOBOPSAT XHMHKH, JBYOKHCb KpeMHHsa. Kpapu —
pacmpocTpaHeHHbli MuHepasa. Ha ero poso npuxomurcs
npuMepHO 12 NpPOLEHTOB BellecTBa 3eMHOH KOpHI.

[Tokpoem oaHy W3 GOKOBBIX IpaHell KpHCTa/Ja KBapua
POBHBIM CJIOEM BOCKa H MPHUKOCHEMCS K €e CepeliiHe KOH-
[IOM packajleHHOi NpoBoJoKH. PacmpocTpaHsiolieecss or
IPOBOJIOYKH TEIJIO 3aCTaBHT BOCK pacllJaBHTbcs, obpa-
3yercs1 JiyHKa B ¢opme assunca (puc. 54).

[Touemy JIyHKa HMeeT Takyo Gopmy?

[a noromy, uTo TemnJo, waylilee OT KOHLA NPOBOJIOYKH,
pacnpocTpaHsieTcsl BJOJb MOBePXHOCTH KpHCTaJ/lsla B pas-
HbIX HaTpaBJIeHHsX, C pa3HOH ckKopocTblo. CrocoGHOCTB
KPHCTaJlJla IIPOBOJHTb TEIVIO, ero TelJIONpPOBOAHOCTh, pas-
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Puc. 53. JIpy3sl TropHOro xpycras.

JIMYHA B Pa3HbIX HampaBJieHUsIX. B ToM HanpaBs/eHnH, B Ko-
TOPOM TeIJIONPOBOAHOCTb KpHCTasaa 6oJblile, Kpasi JyHKH
OTCTOSIT JaJibllle OT KOHLA INPOBOJOYKH. B stom Hampas-
JIeHHH H OyIeT BBITSHYT 3JIHIIC.

Eue GoJsee cBoeo6pa3Ho MoBefeHHe KPUCTAJIOB 110 OT-
HOLIEHHIO K JIyyaM CBeTa.

B 1669 romy matckuii Bpau W MaTteMaTuK dpasm Bap-
TOJIMH OGHApYXHJ, UTO NpeAMEeThl, pacCMaTpHBaeMble ye-
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pe3 mpo3payHyl0 NJIaCTHH-
Ky, CAeJaHHYIO H3 KpHCTaJl-
Ja HCJaHACKOro 1umara,
KaXyTCsl  pa3[ABOEHHBIMH
(puc. 55). ITpoucxogur 3ro
NOTOMY, YTO B 3TOM KpH-
cTajsle Jyd CBera pacna-
Puc. 54. TlnaBnenne Bocka wa  Ja€TCd  HA  JIBA  JIy4a,
NMOBEPXHOCTH KpHUCTaJJIa KBapla. HﬂyﬂlHX no paBHbIM Ha-

IpaBJIeHUsIM. OTtkphiTOE
BaprosuHom siBjleHHe Ha3Ba/Hd ABOHHBLIM JIyderpesioM-
JleHHeM. 3aMeuaTesbHO, YTO B TOM 2Ke KpHCTaJlle HCJAaHA-
CKOTO LIMaTa MOXKHO HaHTH Takoe HampaBJeHHe, JBH-
rasicb BIOJIb KOTOPOTO CBETOBOMH Jyd He OyHeT pacrnafarb-
¢ Ha JBa JyyYa H KpHCTa/a OyAer mojo6GeH OGLIYHOMY
CTeKJIy.

PaccmaTtpuBass 0COGeHHOCTH  KPHCTAJJIMYECKHX TeJ,
HeJIb3s1 3a0bITh 06 ONHOM HX YAMBHTEJBbHOM CBOHCTBe, Ha-
XOsillleM B Hallle BpeMsi BaKHOe NpHUMeHeHHe B TeXHHKe,
a HMEHHO — O Mbe303JeKTPHYeCKOM 3ddeKrTe.

Eciu u3 KpucTasja KBapua Bblpe3aTbh IVIACTHHKY TaK,
KaK 3TO II0Ka3aHO Ha pPHUCyHKe 56, H CXKaTb ee, TO Ha NpPoO-
THBOINOJIOXHBIX I'DAHAX IIACTUHKH BOSHUKHYT 3JIEKTpHYe-
ckue 3apsinpl. O1Ha I'paHb 3apsANTCS TOJIOXKHUTEIbHO, NPO-
THBOIIOJIOXKHAST € — OTPHLATEJbHO.

[Ipu 3ameHe cxKaTUsl pacTsi)KeHHeM 3JeKTPHYecKue 3a-
PSIABl TOXKe TOSIBATCS, HO TOJIbKO 3HaKH MX OyAyT obpar-

e

=

3 —

Puc) 55. JlBofinoe JyuenmpesioMJIEHHE,
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Puc. 56. IIbesomnna- Puc. 57. TIbe3oasekTpHuecKHil
CTHHKa. H3JlyyaTeab YAbTPa3ByKa.

HBIMH: TPaHb, 3aps)KEHHasl PaHblle MOJIOKUTENbHO, Telephb
GymeT HeCTH OTPHLATeNbHBIH 3apsij, H Hao6opoT. Uem Gosb-
e CXKaTWe WJIM pacTsKeHwe IMJIACTHHKH, TeM OoJblile H
BO3HHKAIOIHE 3aPSAbl.

[To-rpeueckn CJIOBO «Mbe30» O3HAYaeT JaBleHHe,
c10Bo «3b(eKT» — JeHCTBHE; MO3TOMY MNOSIBJIEHHe 3JleK-
TPHUECKHX 3apsioB MOA AeHCTBHeM [daBJeHHs M Ha3BaJ/u
be303JIeKTPHUECKUM 3 deKToM.

IbesoanekTpuneckuit 3¢ ekt obpaTuM. DTO O3HAYaeT,
4TO €CJI¥ IPOTHBOIOJIOXKHbIE I'DAHH IJIACTHHKH 3apSiIUTh
Pa3HOMMEHHBIM 3JIEKTPHYECTBOM, TO B 3aBHCHMOCTH OT
TOrO, KaKasi 'paHb 3apsi)KeHa INOJIOXKHTENbHO, a KaKasl OT-
pUIATENbHO, MJIACTHHKA HJIH COXMETCS WM clenaercs: 6o-
Jiee TOJICTOH.

ITbe303/1eKTpHUecKHe KPHCTAJIBI HCIIOAB3YIOTCS B MHO-
royucJeHHbIX Npubopax, npeJHa3sHauYeHHBIX /I K3MepeHHUs]
napyeHust. JleHCTBUTENbHO, s TOrO YTOGH Y3HATh AaBJe-
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HHe, JOCTAaTOYHO H3MepUTb BeJHYHHY BO3HHKIIEro 3apsjaa,
2 3TO B Hallle BPeMsi MOXKHO ClleJ1aTh OYeHb TOYHO.

To, uro Mbl HasblBaeM 3BYKOM, NDeACTaBJseT co6oio
yepeqyloLIHecs: CXKaTHs U pa3psiKeHHsT BO3AYXa, BOABI HJIH
KaKoro-jaubo JIpyroro Marepuasna, B KOTOpOM 3BYK pacrpo-
cTpaHsieTcs. EcTecTBeHHO, 4TO Nbe303JE€KTPUYECKHE KPH-
CTaJIIbl MOXKHO HCIOJIb3CBATbh H IJIS1 YCTPOHCTBA UYBCTBH-
TeJIbHBIX IPHEMHHKOB 2BYKa — ITbe30KPHCTANJIHYECKHX MH-
KPO(OHOB.

[TeesokpHcTasinyeckde MUKpPOGOHLI IIHPOKO MpHMe-
HAIOTCSl B THAPOAKYCTHKe /ISl OOHapy KeHHs1 NPHOIHKAIO-
LWIHMXCS CYIOB HJIH MOJABOAHBIX JIOMOK.

OGpaTHBlit Mbe303/1eKTpUUecKHi 3PPeKT HCroab3yercs
DU YCTPOHCTBe KPHCTAJJIMUECKHUX H3JyyaTesell 3ByKa.
Oco6eHHO BeJMKO 3HaueHHe 3Tux mpubopos (puc. 57)
MPH NOJyYeHHH YJbTPa3BYKOB, HaXOLAILUX cebGe Bce GoJiee
LUIMPOKOe NpUMeHeHHe B TeXHHKe, OHOJIOTHH, MeIULHHE.

JXunkoctu, KoTopble He TEKyT

Hame 3HakoMCTBO ¢ TBepAbIMH TeJaMu OyAeT HeEmoJ-
HbIM, eCJIH He YIOMSIHYTb O TBepIbIX TeJaxX, He HMeIOLIHX
ApPaBHJIbHOH (POPMBI, XapaKTepHOH AJIsi KPHUCTAJIJIOB,

BarsisiHuTe Ha Kycok OKOHHoro creksa. CrenuajbHOH
MalllHHOA eMy MpHJaHa XOpollo 3HakoMmasi Ham (Qopma
TOHKOH mIacTHHKH. Eciu pas36ute Kycok CTekJ/a, TO cpe-
JIH OCKOJIKOB He yHacTCsl OOHapyXKHTb MPAaBUJbHBIX KPH-
crasioB. OuYeBHAHO, YACTHLBI CTEKJIa He pPAaCIOJOXKeHbl
B TaKOM CTpPOroM MOpsiAKe, KaK YacTHUbl, oOpasyioline
Kpucrayuisl. CoBpeMeHHasi Hayka IIOATBEPXKAdeT 3TO 3a-
KJIIOUeHHe,

Tena, KkoTopble MO CBOMM MeXaHHUECKHM CBOHUCTBAM
ABJSIOTCS TBEPIABIMH TeJaMH, HO YacCTHUbI KOTODHIX pac-
NIOJIOXKEHBl HENOCTAaTOUHO YIOPSIAOYEHHO MJISi TOrOo, yTOOBI
o6pa3oBaTh KpUCTaJJbl, Ha3blBAOT aMOp(PHBIMHU
TeJIaMHU.

IToyemy ke BO3HHKAIOT aMOp(QHBIE Tesa?

OTBeT Ha 3TOT BOMPOC MBI, MO CYILECTBY, YKe 3HaeM:
HHOT/IA NPH OXJIXKAEHHH KHAKOCTEH UX BSI3KOCTb HACTOJIb-
KO BO3pacTaeT, YTO OHHU TepSIOT TEeKydYecTb H IO MeXaHH-
YeCKHM CBOHCTBAM YMOLOGMSIOTCS TBEPABIM TeslaM.
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BoJibliasi BA3KOCTh MeIIaeT YacTHLUAM 3aHATb CTPOra
yHIOpsiIOUEHHOE II0JIOKEeHHe, XapaKTepuaylolllee KpHCTaJll.
Yem Gosiblile BA3KOCTb KHIKOCTH, TeM TPYAHee OHA KpH-
cTasuayercsi. Bs3KOCTb YHCTOro rJuuepHHa OoJiee 4eMm
B ThICSIYy pa3 MPeBOCXOAUT BA3KOCTb BOABL Kpucrannmusa-
IUs1 DJIMLEpPUHA NPOUCXOAUT ¢ GosabliMM Tpyaom. MMenuo
[03TOMY [VIMLEPHH BIVIOTh A0 BTOPOil nososuHbl XIX Beka
OB H3BECTEH TOJIBKO KaK KHUAKOCTb, XOTS OTKPBLIH €ro
emte B XVIII Beke.

[IpaxkTuyeckH, mJs TOro 4ToOBl I[OJYUYHTL KpHCTAJ-
JIMYCCKHH T[JIMIEPHH, B KHIKOCTb HEOOXOAHMO BBeCTH
HECKOJIbKO KDHUCTAJJIMKOB €ro, KOTOpble MOC/JYyXKaT 3a-
TpPaBKOMH.

B 1867 rony B JIonmoH 13 BeHbl npueessnu G0UKH C TJIH-
uepuHoM. OTKphIBaBlUIMe GOUKH YHHOBHHKH OBLJIM 03a]aue-
HBl: BMeCTO OXKHJaeMOH >XHAKOCTH GOYKH OKa3a/JHUCb Ha-
MOJIHEHHBIMH HEH3BeCTHBIMH KpHCTaJdnaMmd. Kak nokasan
aHaJu3, 3T0 ObLIM KPUCTAJJBI IVIMIlePHHA, BO3HUKIIHE OJ1a-
rofgaps peikod kOMOMHAUMM ABUKEHHH NPH Kauke CYyJHA,
nepeBo3uBlIero Gouku. [IBUKeHHe Cy[HA, MOPCKas Kauyka
[IOMOTJIM MOJIeKyJ/JlaM yJeubCss B IOpPsSiAKe, XapaKTepHOM
OJA KpHCTaJLIa.

OnHako mogoGHOe cTeyeHHe OGCTOSITENLCTB OUEHb Ma-
JIO BEPOSTHO, H MOTOMY CaMONpPOH3BOJIbHYIO KpPHCTAJLIH-
3auMIoO IIMLepuHa HaO6JIOfaMM C TexX HOp BCero MABA-TPH
pasa.

[Tpu Hu3KHX TeMIepaTypax KpHcCTajaHyeckast Gpopma
Tesql 6oslee YCTOHYMBA, 4eM aMop(Hasi; MUITOMY MHOrHe
aMOp(Hble Tesla caMH N0 ce6e OueHb MeAJEeHHO MepexoasiT
B Tesla KpPHUCTaJJIHyecKHe. B creksie Takol nepexoi BBI3BI-
BaeT NOMYTHEHHe, a MHOTa M pacTpecKHUBaHHe, H H3BECTeH
MHOTHM H3 0OblIeHHOH kH3HH. OH Ha3bIBACTCS «PaACCTEK-
aoBeiBaHueM». IlomoGubllt Ke mpouecc Hab/moxaercs
B aMop(pHOM caxape, Ha3bIBaeMOM <«KapameJbio». Koraa
Kapamesb CaMONPOH3BOJILHO KPHCTAJLIH3YeTCH, FOBOPAT,
YTO OHA «3aCaXapPHUBAETCSI».

AMopdhHBIMH TeJlaMH SIBJISIIOTCS TIOJIYUHBILIHE B TOC/IE-
Hee BpeMsi OOJIbIIOE pPacNpoCTpaHeHHe KaK B OBITY, Tak H
B TeXHHKe Da3J/IHyHble IJIaCTHYECKUEe MaCCHl.

YacTto 0IHO M TO Ke TeJO MOXKeT CYIIEeCTBOBAaTb Kak
B BHJe KpHCTaJJa, TaK H B BHAe aMOp(HOro Tesa.
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Puc. 58: a — cTpoenne Kpucranna, 6 — cTpoeHHe aMOp(HHOro CTeKna.

Ecnu pacniiaButh KpucTaan KBapla M 3aTeM OXJIaAHThb
06pa3oBaBIIyIOCS JKHUAKOCTb, TO IPH 3TOM BO3HHKHYT He
KPHCTaJJIBL KBaplia, a aMOp(HOe KBaplieBOe CTeKJIO.

KBapieBoe cTek/J0 He 06JagaeT Mbe303JeKTPHUECKHM
s¢dekrom. Ero cBoiicTBa OZMHAKOBBI BO BCEX Hampas-
JIEHHSIX.

B pacnoJioxeHnu vactul, o6pasyooumux amopgHoe Te-
JIO, YHOPSIIOYEHHOCTb OrpaHHYMBAaeTCs, TaK XKe Kak H Y
JKUIKOCTeH, JIHIIb OJIHXKANUIIMMH COCEeASIMH KaXIOH U3 ya-
CTHIL

TopHBIH XpycCTasb, KBapLeBOe CTeKJO H MHOrHe ApY-
THe BellleCTBA SIBJSIOTCS COeIMHEHHeM aTOMOB JIByX pas-
JIHYHBIX 3JeMeHTOB. Eciin yc/ioBUThCA H300paxaTh aTOMBI
OJHOrO M3 3THUX JIEMEHTOB YepHBIMH KDPYXKKaMH, a aTOMBI
Jpyroro — GeJIBIMH, TO COOTHOILEHHE B PACIOJIOXKEeHHH Ya-
CTHI, B KDHCTAJJHYECKOM H aMOpP(HOM TBepAbIX TeJax
MOXKHO YNPOLIEHHO MOSCHUTh PHCYHKOM 58,

CiieBa Ha pHCYHKe IPEICTABJEHO DACIOJOXKEHHe aTo-
MOB B KDHCTa/l1aX, a COpaBa — B CTekJe. Mbl BUIHM, UTO
NopsJoK, Hab/onaeMblii B PaCIOJOKEHHH aTOMOB B KPHC-
TaJlJle, HapyllaeTcsl NPH NpeBpallleHHN NMOCAeHero B CTek-
Jo. OIHAaKO MOJIHOCTBIO MOPSNOK B CTeKJe He HCuesaer.
Boastie KaxXaoro atoma, B3SITOrO B OTHAEJbHOCTH, MOPSIOK
COXpaHsieTcss HeH3MeHHBIM, HO OH OKa3blBaeTCsl HapylleH-
HBIM, €CJIH pacCMaTpHUBaThb Bee TBEPJOe TeJIO LEeJHKOM.
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OTcyTCTBHE COBEpLIEHHOrO, XapaKTepHOro AJsi KpH-
CTaJVIOB MOpPsiIKa NPUBOAUT K TOMY, 4TO Y aMOP(HBIX Tel
CBOHCTBa He 3aBHCAT OT HampasJ/eHHus. B 3TOM oTHouweHHH
amopdurle Tesla HATOMHHAIOT XKHIKOCTH.

Ellle 0 JBHXXEHHH YaCTHLL

Moxer mokasaThbCsi, 4YTO B KPUCTAJJIHYECKOM TeJe, THAe
FOCIIOACTBYeT IOJIHBIH MOPSIMOK, e KaXKaasi yacTuua 3a-
HHMaeT ompefeseHHOe MeCTO, Heslb3s TOBOPHTD O ABHXKEHHH
yactuy. OpHako 3T0 He Tak. M B Kpucra/ax 4acTHIbl
H#axONsITCS B BEYHOM JBH2KEHHH.

Kakoe xe nBHXeHHe MOryT COBepLIaTh YacCTHIbI, 3a-
HUMallllie HeH3MeHHOe INOoJIoXKeHHe?

MHorue 43 Bac NOMHAT AETCKYlO 3arafiky: «4rto Bech
JeHb HIET, a C MecTa He cXxoauT?» Pasraaxa — «yachel».

JlelicTBUTE/IbHO, B3MVISSHUTE, HAallpUMep, Ha 4YacChl-XOJH-
kd. Heyromumo cHyer B3ax-Bmepeil MAasTHHK XOJHKOB,
OTCUHTHIBAsi BpeMs. BripaBo, BleBO, CHOBa BIPABO H CHOBa
BJIEBO JBUKETCS] YKPEIJIEHHbIH Ha MasiTHUKe KPYKOK.

Tak Xe, Kak MasiTHHK, KOJeOJIOTcA OeCUHCJeHHble
YaCTHUYKH, 06pasyiolllie KpUCTaJLI.

[Ipu HeBbICOKHX TemmepaTypax pasMax KoJjeGaHHi,
CoBeplllaeMbIX OT[EeJbHBIMH YaCTHLUAMH, HeBeJHK. DTO MO-
3BOJISIET II0JIy4aTh 3JeKTPOHHO-(oTorpaduueckue uzobpa-
XXEHUs KPYIHBIX MOJIEKYJI.

IIpaBna, u B 3TOM cayuae dororpacdusi NOTydHTCS, Be-
POSITHO, HECKOJIBKO «CMa3aHHOM», MOJ0GHO TeM HeyHZauyHbIM
CHUMKaM, KOTOpBIe TaK OropyaloT HOBHYKOB, NBbITAIOLIKUXCS
toTorpadupoBaTh ABUKYLIHECS NPEAMETHl C CPABHUTEJBHO
60J/IbIIOH SKCIO3HLHEH.

Ecnu MBI nomcuntaeM myTh, npoGeraeMblil KoseO IOIIHT-
MHCSl aTOMaMH 32 OHY CeKYHNY, CJIOKHB BMECTe OTPE3KH,
NpOHJIeHHble INpU OTHENbHBEIX KOoJeGaHHSX, COBepLIEeHHBIX
HMH 33 3TO BpeMsi, TO 3aMeTHM, YTO 3TOT MyTh OyJeT 3aBH-
CeTb OT TeMIepaTyphl. YeM Bblllle TeMmepaTtypa, TeM
6osbllle NyTh, CJ1eJOBaTeJNbHO, TeM GOJIblle YacToTa H pas-
Max coBeplllaeMbIX YaCTHUAMH KoJeOGaHHI.

Takum o6pasoM, U B TBepAbIX TesaX, TaK Ke KaK H
B XHAKOCTSIX U B rasax, Ajs oO0bsiCHEHHsI TEIJIOTH HE Halo
npuberaTb K IOMOILH TAHHCTBEHHOH «TeIJIOBOH MaTepHHY;
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MBIl MO2KeM BMecTe ¢ JIOMOHOCOBBIM CKa3aTh: «TeIIOTa
COCTOMUT BO BHYTPEHHEM JBHXKEeHHH MaTepHU».

Hrak, ecn y rasos MoJsieKyJbl, B 3aBHCHMOCTH OT HX
CTDOEHHSI, MOTYT JABHraThbCsl HJIH TOJbKO NOCTYNATEJNbHO,
HJIK XKe coueTasl TIOCTynaTesIbHOe ABHXKeHHe C BpallleHHeM,
TO YaCTHIbl TBEPAbIX Te/ TOJIbKO KOJEeOMIOTCS.

dr1o eaMHooOpa3ue IBMXKEHHsI YACTHL, BCEX TBEPMAbIX
TeJI JOJI)KHO CKa3aTbCsl Ha HX TemMJ0eMKOCTH.

Onupasicb Ha yyeHue o0 aTomax, MOXKHO TpeaIoJo-
*HUTb, UTO €C/JIM B3ATb Pa3/HYHble TBepjble TejJia B TAKHX
KOJIMYeCTBaX, YTOOBI BCe OHH COAEpPKAJIH OJHHAKOBOE YHC-
JIO aTOMOB, TO HX TeIJIOEMKOCTH OynyT OJHHAKOBBIMU. Kak
MOKa3blBAeT OIBIT, NPHU He CJHMIIKOM HH3KHX TeMIepaTy-
pax 3To MpeanoJoXKeHHe MOJHOCTbIo onpaBabiBaercs. [1pu
ONHHAKOBOM UYHCJIe aTOMOB B TBePAbIX TeJaX HX TelJaoeM-
KOCTH OJHHAKOBBHI.

YacTuubl TBepAbIX TeJa COOCOGHBI M MNepemelatbes
C MecTa Ha MeCTO, HO YHCJO TAKHX «KOUYIOIIHX» YaCTHI[
HeBesiHKO. OnHaX/Abl ObLT NpOJeNaH TaKOH ONBIT: Ha TO-
IIEHbKH}l 30JI0TOH JHCTOYeK Obll NOCTaBJieH UHUJIHHAPHK,
CIeJaHHBIH H3 CBHHLA, M OCTaBJEH B TAKOM I0JIOKEHHH
B nokoe. CrycTs yeTblpe rofa CBHHLUOBBIH HHJIHHAPHK ObLI
pacnu/eH cBepXy BHH3, H 0KAa3aJ0Ch, UYTO YACTHUKH 30J10T4,
MpaBia B HHYTOXKHBIX KOJHUECTBAX, BCTPEYAJHCh MO BCeH
TOJILIE CBHHIO30M0 UHJIHHADPA. DTOT OMBIT HATJAIHO A0Ka-
3aJ, 4TO Kakas-To [O0Js yacTHyeK 30J0Ta CNOco6Ha
He TOJIbKO KoJiefaTbCsl, HO W MNepeMelllaTbCsl C MecTa Ha
MecTo.

[Ipy noBBLILIEHHH TeMIepaTypbl KOJIHYECTBO <«KOUYIO-
IKX» YaCTHIL B TBePJOM TeJsle BO3pacTaer.

Kaxpoit «kouyrolleil» 4acTHLEe COOTBETCTBYeT MyCTYIO-
muil y3eq B KpPHCTaMIHyeckoH peuleTke. Uewm Gosiblie
YacTHLl BeldeT <«KO4eBOH» o00pa3 XKH3HH, TeM OoOJblle
B KDHUCTAJJIMYECKOH pellleTKe y3/0B, He 3aHATHIX YacTH-
LaMHA. .

C mnoBbllIeHHEM TeMIepaTyphl, ¢ OAHOH CTOPOHEI, YBe-
JIMYUBAETCSl 4acToTa M pasMax KoJjeOGaHHH vacTHl, obpa-
3YIOLUX KPHCTAJIJHYECKYIO pelleTKy, a C ApYroi — pacrer
KOJIMYECTBO MYCTYIOLHX Y3J10B. DTO NPUBOAUT K TOMY, YTO
NpH KaKOH-TO omnpene/eHHOH MOCTAaTOYHO BLICOKOH TeMile-
paType MOPSIAOK YacTHL, CBOHCTBEHHBIH KDHCTaJIy, Hapy-
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waercsl, KPUCTAJJIMYCCKasl pellleTKa IepecraeT CyLIecTBO-
BaTb, TBEpJOe TeJO IVIABHTCS, NPeBPallasCh B XKHIKOCTD.

OTO MPOMUCXOJNT C KAXK/bIM BELeCTBOM MPH COBEpLIeH-
HO Ompe/e/JeHHOH, OTIHYHONH OT APYTHX BeleCTB TeMrmepa-
rype. VIMeHHO MO3STOMY XMMHKH 4YacTo, XKeJas Y3HaTb,
C KaKHM BellleCTBOM OHH HMEIOT J1eJ0, H3MePSIOT ero TeM-
flepaTypy NJaBJeHHS.

[Mpu mo6oil TeMnepaType cpeau GecuHCJIEHHOro YHC/a
yacTdll, O6pasyiOUIMX KPHCTAJNIHYECKOe TBepHoe TeJo,
MMeIOTCSl YaCTHUBl KaK C MaJso#, Tak U ¢ 6OJIbIIONH KHHETH-
yeckOH dHepruen.

Ecin xuHeTHYeCKasi SHeprusi 4acTHLbl JOCTAaTOYHO Be-
JMKa, TO 4YacCTHIA MOXET OTOPBATbCsl OT [OBEPXHOCTH
TBEPJOro Teja H MepedTH B OKPYKaIOILKII ee ras.

[Tepexom TBepaoro BellecTBa HeNOCPEICTBEHHO B ras,
MUHYSI XKHIKOCTb, Ha3bIBaeTCs Cy O U M a 1L U e I

OcoGenino  JieTko  Cy6GauMHpYIOTCst  HadTanuH, HOL.
OTuM OOBSICHSIETCA MaXy4yeCTh 3THX BeELIEeCTB.

Cybaumupyerca W TBepjas yriekucaora. OTHumasi
1eIJI0 OT OKPY2KaIoLIUX TNPeIMeTOB, OHA caMa HarpeBaercs
H cpasy npeBpaujaercsi B GeClUBETHbIH ra3, He 06pasysi HH
OIHOM Kamu KUAKOCTH. [103TOMY-TO TBEPAYIO YIJIEKUCJIO-
TY M Ha3blBAIOT CYXHM JIBJOM.

3ameuartebHblit pebyc

Kakue e CHJBl y/IepKHBAIOT YaCTHIBI TBEPJOTrO Tesaa
B ONpefleJleHHbIX [MOJIOXKEHHsIX, XapaKTepHbIX IJs KpHU-
cramaa? UTo MelllaeT UM pasJieTeTbCs MO BCEM HampasJie-
ausiM? CHJIBl MOJIEKYJ/ISIPHOTO HJIM aTOMHOTO MPHUTSKeHHs,
ckaxere Bbl. Ho kakoBa npupona stux cuia? Urto 3acras-
AsieT Ba aToMa HJH ABe MOJeKYJbl MNPHUTATHBAThb ApYT
apyra?

Ecsin KpHCTaMI COCTOMT U3 HOHOB, KaK, HaNpuMep, KpH-
CTaJl;I NMOBAPEeHHOH COJH, OOBSACHUTH NPHUTSI2KEHHE YaCTHI
IpYT K IpYTy JIETKo.

Bce 3HaloT, 4TO ecsd MoTepeTb pacyecKy O HIepCTSHYIO
MaTepuio, To OHa OyAeT NMPUTArHBaTb KYCOUKH MANHPOCHOM
fymaru, COJOMHUHKH H JApYrHe Jerkde npeamerbl. Mel ro-
BOPHM, YTO pacyeCcka Ha3JeKTPH30BaJacb H MPOTHBOIO-
JIOXKHbIE 3/JeKTPHYECKHe 3apsiibl NIPUTATHBAIOT APYT ApYyra.
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KpHcrana noBapeHHOH COMH COCTOUT M3 YepeayIOLIMXCA
MOHOB HaTpHs M xJopa. YoH HaTpus 3apsiXKeH MOJIOKH-
TeJIbHO, HOH XJOopa — OTpHLaTesbHO. biaronaps ssekrpu-
YeCKHM 3apsiaM HOHBl NPUTSITHBAIOTCS OJMH K JPYromy,
obecrieudBasi TeM CaMBIM IPOYHYIO KPHCTAJIHYECKYIO
pelleTKYy.

Tpynnee o6LACHATL BO3HHKHOBEHHE CHJI IPUTSIXKEHHS
MeXJy COBepLIeHHO OJMHAKOBBIMH aTOMaMH YIJIepOAa
B a/Mase WM MeXIy MoJieKy/JaMH Ha(TaJHHA B KPUCTAJ-
JIHUeCKOM HadTanuHe.

OfHAaKOo U B 3TOM cJjlyyae NPHYMHA MOJIEKYJISIPHOrO TPH-
TSI2KEHUs] KOPEHUTCS B SJIEKTPUUECKHX 3apsifiaX, HMEIoUIHX-
Csl B KaXAOM aToMe HJH MoJjekyse. CHJBl MPUTSKEHHS,
HeHCTBYIOLHe MeXAy JIOOBIMH YacTHIAMH, HMEIOT, B KO-
HEYHOM cueTe, 3JIEKTPHYECKYIO MNpHpPOAy. BemuunHa ux
3aBUCHT OT PaCcCTOSIHHUSI MeXnay udactuuaMmu. Ha 6Gosbmiux
pPACCTOSIHUSIX STH CHJbl HeBeJHKH, HO TpPH COJIHMKEHHH
YacTHI[ BO3PACTAIOT: yeM OJIHKe APYT K APYTY PaCloJIokKe-
Hbl YaCTHIBl, TeM CHJbHEE OHH MPHTSTHBAIOTCS.

Bel MoeTe cnpocuthb, MOYeMy ke TOrJa aTOMbI HJIH
MOJIEKYJIBI B KPUCTAJ/lJIe OCTAIOTCSl Ha ONpele/ieHHBIX pac-
CTOSIHUSIX, He CJMBAsICh B ONHY GOJIbIIYI0 aTOMHYIO KaILIIo,

[Tpuunna 3TOrO B TOM, YTO KOrJa YacCTHIBI MOAOHAYT
OOCTaTOYHO OJIM3KO OJiHA K APYToH, MeXXAy HHMH BO3HH-
KaloT cuibl oTTajkuBaHusl. [IpaBna, MosekynsipHOe OTTaJ-
KHBaHHe MPOSIBJISAETCS TOJNBKO Ha OYeHb GJIM3KHX PaccTosi-
HHSIX, HO 3aTO OHO BO3pacTaeT 10 Mepe COIHKEHHS 4aCTHII
ropasno GhICTpee, YyeM IpHTsKeHue. B pesysbrate mnpu
OnpelNeIeHHOM PAacCTOSIHHH MeXIy YacTHLAMH CHJIBI MpPH-
TSI2KEHHsT YPABHOBEIIHWBAIOTCS CHJIAMH  OTTaJKHBaHHSL.
U 310 mponcxonuT Kak pa3 Tornaa, Korja 4acTHILBI pacro-
JIaraloTCs B y3J1aX KpHCTaNNHYecko# pelueTkd. [lostomy
B KPHCTaJlJle CHJIBI MPUTSI2KEHHSI B TOUHOCTH PaBHEI CHJIaM
OTTaJKHBAHHS, H Ha YaCTHUIH Kak Obl He NEeHCTBYIOT HHKa-
KHe CHJIBI.

B 1660 rony aurnuiickuit ¢usuk P. I'yk, uccnenys mo-
BeleHHE TBEPIBIX TeJ MOX NeHCTBHEM CHJIBI, OTKPBII BaX-
Kbl 3akoH mpupoxbl. ITo-o6ryalo BeKa OH 3amHcaJj 3aKOH
No-JaThIHW U NPHAAJT eMy BHA aHarpaMMbl:

ceiiinosssttuv
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PaccmarpuBast 3TOT pefyc, HCTMHHbie YyYeHble MOTIH
CaMH U3 NpHBELEHHBIX OYKB COCTaBHTb HalIeHHbIA ['ykom
3aKOH.

[1pu sTOM OHH MOJTYyYHJIH GBI

ut tensio, sic wvis,

4TO B NEepeBoe O3HAYAeT:

«KakoBo pacrsiKeHHe, TAKOBa CHJa».

3akoH I'yka coxpaHua cBOe 3HayeHHe O HAIIEro Bpe-
meHH. Y Termepb MbI F'OBOPHM: MOJ AeHCTBHEM CHJIBL B TeJje
BO3HHKAeT pacTsiKeHHe, yeM OoJblile pAacTsSKEeHHE, TeM
GoJiblile BO3HHUKILIEE B Tesle HalpsiKeHHe.

AtoMHOe yueHHe OODBACHSET, NOYEMy 3TO IPOMCXOMHT.
Korpa Ha kpucrajagnueckoe Tesao OeHCTBYeT CHJIa, YacTH-
1bl, 00pasyiollye Telo, CMELIAITC W3 MOJIOXKEHHH paBHO-
BECHsl, — KpHCTAJIHUecKasi pellleTKa HCKa)kaercsi. Eciu
MPH 3TOM YACTHUBI COMHMKAKOTCHA, TO Bepx GepyT CHJIbl
OTTAJIKHUBaHUs, BOo3pacTalollye ObICTpee, yeM CHJbl MPHUTH-
xeHusi. B Tese BO3HKKaeT Hampsi’KeHHe, YpaBHOBELIUBAIO-
llee AeHCTBYIOULYIO cuy. UeM GoJbllie CMeCTATCA YaCTUILBI,
tTem GoJiblllee BO3HHKAeT HanpsiKeHHe. Ecim Xe yacTHIBI
OTXOJAT OIHA OT APYTroH, TO mpeofJafalolIUMH OKa3biBa-
IOTCSI CUJIBI NPUTSI2KEHHs], YMEHbIIAIIHeCs ¢ PacCTOTHHEM
6osiee MelJIEHHO, YeM CHJbl OTTaJKHBAaHHUS.

B Tese cHOBa BO3HHKHET HaNpsiKeHHe, YPaBHOBEIIH-
Balllee NEHCTRYIOLLYIO CHJY, HO TOJIbKO HanpaBJieHO OHO
Oyzer B MPOTHBOMOJIOXKHYIO cTOpoHY. U onsith, ueM 6Gouib-
We CMeCTSITCS YacTHILI, 4eM 6oJibllle YIJHHHTCS TeJOo, TeM
6oJblile 6yeT BO3HHKIIee HAIpsiKeHHe,

3akoH ['yka no3BoJisieT paBUJIbHO PACCUUTHIBATH MPOY-
HOCTb Pa3/IMUHBIX COOPYKEHHH, MalllHH, NOJbEMHBIX Mexa-
Hu3MOB. [losb3ysiChb UM, KOHCTPYKTOP 3apaHee Y3HaeT, Kak
M3MeHHTCsl GopMa CO3JaBaeMOH UM AeTaJd MoA AelicTBUeM
pasHYHbIX CHJ. Bce coopyeHHs H MalIHHBI, OKpYKalo-
[LlHe Hac, MOCTPOEHHI C YYeTOM 3TOrO 3aKOHA.

[lpu npekpallleHHH HeHCTBHA CHJBl [EPBOHAYAJIBHAN
¢dopMa Ten BOCCTaHaBJWBAaeTcs, H3MeHeHHe (OpMBI, HJIH,
KaK roBopsT, Aeopmauust, ucuezaer. Takyo JedopManuio
HasbIBalOT ynpyro#i. BoccraHoBJeHHe ¢OpMBI BLI3BIBaeTCs
BHYTPEHHHMH HanpsKeHHSAMH, BO3HHKAIOLIMMH B TeJe IpH

nedopmanuu.
107



Onnako He BCe neopMauuy ynpyrd. YBeJuuuBas nei-
CTBYIOLLYIO CHJIY, MOXHO BBI3BAaTh Takoe H3MeHeHHe (Op-
MBI, KOTOPOe y2Ke He HCYesHeT NMPH yaaJeHud cuabl. Teso
npuobpeTeT HECKOJbKO HHYW ¢opry — nedopMauus co-
XxpaHurcs. B sToM caydyae roBopAT, uTO BO3HHK/IA OCTa-
ToyHast nedopmauns. Bo3HHKHOBeHHe ocTaToullol aedop-
MaUHUH JIerko OOBSCHHUTb ¢ MOMOLUbIO aTOMIOH TeOpPHH.
CoxpaHnsdmolleecst u3MeHeHHe (OPMbLI BBI3bIBAETCS TaKUM
nepeMellleHHeM YacTHL, OOPa3yIolInX KPHUCTaJJI, NpU KO-
TOPOM IVIOCKOCTH CNAHHOCTH KaK Obl CKOJb3AT OfHA IO
npyroii. B pesysbraTe 3TOr0 CKOJIbMEHHS YacTHLBl He
TOJIBKO COJIMKAIOTCS MM YHAJSIIOTCST APYT OT APyra, HO
4 MEHSIOTCSI MeCTaMH €O CBOUMH COCeAs MM Tak, uTo Ka-
KOH-M00 aTOM HJIM HOH OKa3blBAeTCs JIeXKalllUM MpPOTHB
YaCTHUIbl, paHee pacnoJoXKeHHOH cOOKy ot wuero. Koraa
AefiCTBHe CHUJbI, BbI3bIBalOlled JedopMauuio, IpeKpa-
f1aeTcst, XapakTep pacnoJiOXKeHHs YacTUL, B KpHUCTaJIe
BOCCTaHaBJIMBAETCsS, BHYTpPeHHHe HANpSIXKeHHs HCYe3aioT,
OHAKO CMellleHHe MJIOCKOCTeH CHaiHOCTH COXpaHsieTcs.
Tak Bo3HuKaeT ocTaToyHasi AedopMaulls.

M3yyeHne KpHCTAJNIMYECKHX  DeLICTOK  Pa3JHYHBIX
TBEPIABbIX TeJ MO3BOJISET BBIYUCJAHTbL HA iDSXKEeHUSI, BO3HH-
Kawolllie B HUX NpH gecdopMauuy.

Kak Mbl BHOHM, aTOMHOe y4YeHHE LO3BOJISIET MOHSTh U
CBOHCTBA TBEPALIX Tesl, 0ObSICHUTD 3 <OHOMEPHOCTH, KOTO-
PbIM MOAYHMHSIETCS UX TOBeIeHHE.

Tak Hayka peuuna 3agauy, chopiiyTHPOBAHHYIO B CBOe
BpeMsi BeJHKUM JIOMOHOCOBBIM: «CbICKAaTh ITPUYHHBI BUIH-
MBIX CBOHCTB B TesJaX Ha MOBEPXHOCTH NMPOUCXOISILIHX OT
BHYTPEHHEro UX CJI0XKEeHUS».

3akJoyeHne

Mkl paccka3zasii 0 HEMHOTHX M3 TeX HHTEPECHBIX sIBJie-
HHH, KOTOpble CBSI3aHbl aTOMHO-MOJIEKYJ/ISIPDHEIM CTPOEHHEM
BelllecTBa.

Tenepp unuTaTe 10 MOMKHO OBITH SICHO, KaK, YUHTHIBAs
JIBHKEHHE MOJIEKYJI, U3 KOTOPHIX COCTOSAT BCe Tesla, MOXKHO
OOBSICHUTL HMX CBOWCTBA, MOHATh, YTO TaKoe TeIVIOTa,
HalUTH 3aKOHBI, KOTOPBIM MOJUHHAK.TCA IMpPeBpalleHHs Be-
LiecTsa, u T. A.
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OTH 3HaHHs HeOOXOAMUMBI YeJIOBEKY B ero MpaKTHYeCKOoi
IesiTeIbHOCTH. Be3 HuX Heslb3sl CTPOHTB COBepIlEeHHBIE JBH-
raTe/IM, MOILHBIE CaMOJETHl, [EIIeBO MOJy4YaTh BaXKHbIe
JJ15 IPOMBILIJIEHHOCTH NMPOAYKTHl. DTH 3HAHUSI BaXKHEI HaM
1 no apyrod npuynHe. OHH TOBOPSIT O TOM, YTO MHp MaTe-
pHaJIeH, 4TO JBHXKEHHEM MOJIEKYJ Mbl MOXKeM OObICHAThH
IBJIEHHSI, IPOTEKAOLIHe B OKpyXalollel Hac npupofe, Ge3
MIOMOILH KaKUX Obl TO HH GblJ0 GOXeCTBEHHBIX CHJI.

Hayka He crour Ha Mecre. C KaXIbIM rOAOM OHA
packpbIBaeT Bce HOBblE H HOBble TaiHBI nmpHpoakl. Ceroaus
MBI [PEBOCXOAHMM TO, YTO €llle BYepa CYHTAJH MpefeioM
HallUX 3HaHHH.

He Hamo, ofgHako, AymaTh, YTO pa3BHTHe HAayKHW Npel-
craBJser co00ii HHYeM He OCJOXKHEHHOe, IOCTelNeHHOoe
npub/HKeHHe YeJoBeKa K HCTHHHOMY TNOHHMAaHHIO MPHPO-
abl. Hayka pasBuBaercsi B HempepblBHOH Gopbbe craporo,
OT2KHUBILEro, C HOBBIM, T1€PeJOBLIM.

[Iupokne BO3MOKHOCTH IJ/s1 Pa3BUTHS HAyKH OTKpbLIA
B Hauled crpaHe Besukas OxTs16pbcKasi colMalMCTHUECKAS
peBOJTIOLHS.

Yuensle CoBeTCKOH CTpaHbl HaCTOHYHBOH paGOTOH BHI-
PBIBAIOT Yy NPUpPOAHl ee cekpeThl. He moxunasice Musocreit
OT TIIPHPO/bI, OHH 3aCTaBJISIOT €€ CJYXKHTb YeJOBeKY.
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Hopoeue vurarearu!

IMTpuceiraiire sawu or3viéel o colepaa-
HUuU, xYyOONeCTEEeHHOM OpOpMAeHUU U no-
AUZPAGULECKOM UCNOAHEHUU KHU2U, G TaK-
oe NONCeNARUSR nUCATeAl0 U u30aTenscrsy.

Ykamure eaw adpec, sospact, npogec-
curo. IMuwure no adpecy: Mocksa, A-58,
Cywesckas yauya, 21. Hszdarenrvcreo
«Monrodan esapdus», maccossui ordea.
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