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INIPEJUCJIIOBUE K YETBEPTOMY H3IAHHIO

droit kumre naHo Hassamme «Momexyas». B mee BO-
mn Gea m3MEeHEHHMH MHCIHe TJIABH H3 BTODPOA HOJOBHHBI
npeskaeii Kunrm «Qusmka pas seex» JI. JI. Jlangay m
A. U. Kuraiiropoackoro.

Humra mocBAmeHa B OCHOBHOM pasHOOGPasHHM ac-
DeKTaM Y4YeHHA O CTpoeHHH BemecTBa. OpHaKo aroM
ocTaeTcd 3gech MOKa TeM, 4eM OH G fas Jlemoxpmra,—
HeflenAMOil uvacTuieil. Pasymeercs, B KHHUIe 3aTPOHYTH
g npoGieMsl, CBA3AaHHEE C ABMKEHEEM Moiekya. Bens
OHH JIeKAT B OCHOBE COBPEMEHHOr'0 IOHMMAHAA TEIJIOBHX
apieanii. U, Koneuno, B Heil He ocTaBjeHH (6e3 BHAMAaHHUA
BOIIPOCH, Kacamomuecd (a3oBHX HEPEXOLOB.

3a roakl, mpomeamue co BpeMeHH BEIX0a IPeIBIyMAX
maganmit «DusEKM [JaA BCEX», pPE3KO BO3POCAH HAMH
CBEIEHAS O CTPOGHHW MOJIEKYJ, 00 HMX B3aHMOJeHCTBHH
opyr ¢ gpyroM. MHOro MOCTHKOB OHUIIO IePEKHMHYTO MEKILY
npoGiaeMaMan MOJEKYIAPHOA CTPYKTYPH BeIIECTBA H €ro
cBoiicTBaME. ITO OGCTOATENBCTBO HMOOYAUAO MEHA BKJIO-
9ATH B 3Ty KHATY [JOBOJBLHO 3HAYATEJNbHEH N0 o0BEMY
HOBHIH Marepmai.

Mgue ramercs, 970 JaBHO yKe HACTYNHJIO BpPEeMs BBe-
JieHUA B CTAaHJAPTHHeE y4eGHUKmM OOIMEX CBeNEHHMH O MoJe-
KyJax, KoTophie Gojiee CAOKHE], 9eM MOJIEKYIH KHCIOpPO-
na, agora H yriaexkumciaoro rasa. Jlo cero BpemeHm B G0Jb-
MZHCTBE KYpPCOB (H3MKA ABTODH HE CUYHTAT HYMKHHM
BECTH PasroBop O 0ojiee CIOKHHX KOMOMHAIMAX aTOMOB.
A Beflb MAKpPOMOJIEKYJH IMPOYHO BomuId B Ham OHT B BHAE
pasnoo6pasurx cmETeTmiecKnmx Mmarepmainos! CosmaHa Mo-
Nexyaapuas GHONOTHA, KOTOpasd 00GbACHAET ABJICHAA }KH3-
HA Ha #A3KHKe MOJeKyl O0elKOB u HYKJIGHHOBBIX KHC-
J0T.



TouHO TaK Ke He3ACHY)KEHHO ONYCKAIOTCA OUHYHO BO-
IpPOCH, Kacaiomuecss XUMHEYeCKHX peaknuil. A Belb pedb
mAeT o uaAYecKoOM IIporecce CTONKHOBEHHSA MOJEKYJ, CO-
ImpoBOKAalomeMca mX mepecrpoiikoit. Hackombko merde
0G'BACHATH CAYIIATENI0 MW GUTATENIO CYNIHOCTH SePHBIX
peaxnmii, ecium OH 3HAKOM C COBEPIICHHO AHAIOIMIHHIM
MOBEleHAEM MOJEKYI.

ITpe mepepaoTKe KHHUIE OKa3ax0Ch I[€I6C000pPA3HEIM
nepeHeCTH HEKOTOpHe pasfennl mpesxHeidl «Dmamkm mus
BCeX» B MOCHeAyIHe BHIYCKH.

B uwacTHOCTH, MBI COWIH BO3MOKHHIM OIDAHAYUTHLCA
JMIb HECKOJNBKUMHE CJIOBAME O 3BYKe B IJIaBe, HOCBAIIEH-
HOH MOJIEKYAADHOH MeXaHHKe,

Touno Tak ke MOKa3aI0CH IeJECO00PA3HEIM OTIOMATH
pasroBop 06 0COGEHHOCTAX BOJHOBOTO [BHIKEHAA O pac-
CMOTpEHHUsS 3JIEeKTPOMArHAUTHHX ABJEHHH.

B nexom wersipe sumycxa mHosoro mspanms «@msmxm
BEaa Boex» («Dmamgeckme Tenay, «Momeryann, «IaeKTpo-
D, «PoroHE ® ampa’) GyAyT OXBATHBATL HBJIOMKEHH
O0CHOB (UBUKH.

Anpeas 1978 - A. H. Rumaiicopodckuii



F'masa 1
RUPIIM4Nn MUPO3AHNA

9JIEMEHTEI

U3 wero moctpoenm oxkpy:xalomuii Hac MuEp? Ilepsme
JomefmEe A0 HAC OTBETH HA TOT BONPOC POAHIHCH B
Ipesueit I'penum Gonee 25 Bexos ToMy Haszaj.

OtBeTH KajKyTCA HA IEPBHIM B3IJAN JOHENb3SA CTPAH-
HEIME, B MH JOJKHH Obm 6n morpatath MHOTO GyMarwm,
49T06H OOBACHETE UATATENIO JOTEKY APEBHAX MYApPEIoB —
Qaxeca, yTBep;xIaBIIero, 4To BCe COCTQUT W3 BOAH, AHAK-
CHMeHa, TOBOPHBIIEro, YTO MEDP HOCTPOEH H3 BO3AYXa, HIH
TepaxnnmTa, N0 MHEHAI0 KOTOPOr0 BCE COCTOMT H3
OTHA.

HecooGpaarocTs momobutix oGbsacHeHni 3acTasmiaa Go-
Jee MO3MHHAX TpeIeCKHEX «iiobureneis MyapocTny (Tak mepe-
BOJUTCA CIOBO «miocod»h) yBeAMIATH THCIO HePBOOCHOB
HnA¥, KaK HNX HAsHBAJIM B JpeBHEM MHDe, 3JIeMEHTOB.
OMIENOKA yTBEPKAANX, 9r0 DIEMEHTOB YETHPe: 3eMis,
BOJA, BO3AYX H OroHb. B 5T0 yueHHme BHEC OKOHYATEIBHHE
(Ba 049eHb NOJTOE BpEMs) MONPABKE ApPHCTOTENb.

Cornacuo "ApmCTOTENI0, BCE TENA COCTOAT H3 OJHOIO
H TOTO K€ BEIECTBA, HO 9TO BEMIECTBO MOJKET NPHHEMATH
pasamyHEe CBOWCTBA. OTHX HEBEMECTBOHHHIX DJIE€MEHTOB-
CBOMCTB dUeTHIpE: XOJOJ, TEIJIO, BIAMHOCTH H CYXOCTh.
Coeaupssace mo ABa M Gyqyum OpPEJAHH BemMECTBY, die-
MeHTH-CBolicTBa ApmCToTens o6pasylOT JJeMEHTH IMIe-
mokaa. Tar, cyxoe @ XONOJHOe BemECTBO JAeT 3EMII0;
CyXoe W ropsuee — OrOHb, BJIAKHOE W XOJOJZHOE — BORY
¥, HAKOHeI[, BJIA)XKHO® H TropAIee — BOBAYX.

BupoueM, BBEAY TPYAHOCTE OTBeTa Ha PAX BOIPOCOB
¢mnocopu gpepHOCTH [N0GaBEIM K UeTHPEM 3dJIeMEHTaM-
cBoficTBaM eme «G0)KECTBEHHYI0 KBHHTACCEHIHIOY. JTO
4T0-T0 Bpofe Gora-moBapa, rOTOBAIEro OfHO 600 ®3
pasHopogumx asaeMmenTos-cBoiicts. Cchakoir Ha Gora,
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pasyMeeTcs, HeTPYAHO AATH DasbsCHeHHe jioGoMy Hemo-
YMEHHIO.

BuopodeM, Od9eHb "J0JAroe BpeMA — WOYTH BILIOTH JO
XVIII Beka — Maj0 KTO OTBA;KUBAJCA HEJOYyMeBaThb H
8aJaBaTh BOIPOCH. YdeHme Apmcrorena OO NPH3HAHO
NepKOBbI0, W COMHEHHE B €ro CIpaBelamBocTA GHIIO
epechio.

M Bce ke comuenua 3Tt BosHmKamd. [lopommma mx
ANXEMHES.

B panexme BpeMeHa, B ray6h KOTODBIX MH MOKEM
38TAAHYTH, YATAA [JpeBHAE PYKOIHCH, YeJOBeK 3HaJ, 4TO
BCE OKpyKaoIume HAC Tela CHOCOOHH IpeBpamaThCA
B apyrue. 'opennme, 00KHET pyAsl, CIIaBICHAE METAIIOB —
BCe DTH ABIEHUA GHIIA XOPOIMO HM3BECTHH.

9ro, Kasamoch Obl, HE IPOTHBOPEUMIO yUeHHIO ApHCTo-
tens. Ilpm noboM mpeBpameHmm MeHANAch, TAK CKa3arh,
{IO3HPOBKA» DJIEMEHTOB. EciEm BeCh MHpD COCTOHT BCEro
JEIOb B3 YeTHPeX 5JeMeHTOB, TO BO3MOKHOCTH IIpeBpale-
HAA TeJ JOMKHH OHTH 0dennb senmkn. HysxHo Halite anmb
ceKpeT, Kak C/lenaTh, 9To0H B3 jJ060ro Teaa MOKHO GHIO
mosxydaTts aioboe Apyroe. ,

o gero saManumBa 3afja4a CleJaaTs 30J10T0, HAW HANTH
0CO0HI, HEOOHKHOBeHHHHN «puiocofckmii KaMeHb», [aio-
muit ero ofnamarento GOrarcTBo, BJIACTH, BEYHYI0 MOJIO-
nocts. Hayky o6 msrorosnemmm 3omora, ¢maocodcroro
KaMH#A, O IIpeBpameHnn J060ro Teaa B a1000e fpyroe Apes-
HHe apabu maszsan® anxmMmmei.

CronermaMum npopomxanacs pabora niofeil, HOCBATAB-
mux cefs pemeHmI0 310l 3a7aund. AIXAMAKA He HAYYHWIACH
Jlenath 301070, He HAmIM ¢uiococKOro KamHA, HO 3aTO
co0paim MHOro IeHHHX (AKTOB O HPeBPAMCHHHA TeJN. ITH
$aKRTH IOCHY/KHEIN B KOHIIE KOHIOB CMEPTHHM OPHATOBOPOM
mn1a anxpmaa. B XVII Beke MuoruM ¢Tano scHO, 94TO YHCIO
OCHOBHHX BEIECTB — DJIEMEHTOB HeCpPaBHeHHO HOubmie de-
thpex. Pryrts, cBmHenm, cepa, 3010TO, CypbMa OKAa3ajuCh
Hepa3naraeMHME BeNIECTBAMH, YK€ HENL3Sl ORJIO TOBO-
pHUTH, YTO STH BEeIIECTBA IOCTPOEHH U3 djeMeHros. [Ipmm-
Joch, HAaOpPOTWB, NPHYACIAATH HX K DJIEMEHTAM MHUpA.

B 1668 r. B Auramm Bumna B cser kumra PoGepra
Boitna «CrenTauecKkuii XuMAK, HAA COMHEHAA H HapafOKCH
OTHOCHTEJIFHO DJIeMEHTOB QJIXMMHKOBY. 3{eCh MH HAXOAUM
COBEPIEHHO HOBOE OIpeJeieHHe 3JIEMEHTa. JTO YKe He
'HeYJIOBAMEIA, TAWHCTBEHHH HEBEINECTBEHHEIA DJIEMEHT
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anxuMnKoB. Temeph 27€MEHT — 3TO BEIIECTBO, COCTABEAA
9acTh Teja. ' .

910 yKna[gHBaeTCA B COBPEMEHHOE OIpejejeHAe MOHs-
TAA dJIeMeHTa. ,

Comcox aaemenToB Boiina Gnu mesenmk. K mpasmub-
HoMy cnucKy Boitnb mpmcoeqmHma eme u orous. Bmpouewm,
nner 06 3JIeMeHTAX-CBOHCTBAX KWIE W Hocie Hero. [ase
B cOMCKe Bexumkoro ¢pannysa Jlasyasee (1743—1794),
KOTOPOTO CUATAIOT OCHOBaTeJeM XAMHAH, HAPARY C AeiicTBH-
TeJAbHHMA 37eMeHTaMd (UIypHPYIOT A HEBECOMEIE HIeMEeH-
TH: TeNJOTBOP U CBETOBOE BEIECTEO.

B nepsoit monosmae XVIII Bexa Gruro masectHo 15 ane-
MEHTOB, a4 K KOHIY BeKa 4ucjo ux Boapociao o 35. IIpasaa,
apmb 23 U3 HUX — JeACTBHATEAbHEE dJIEMEHTH, 0CTAJIbHEIO
jKe — WIH HeCYMeCTBYIONMAe 3IEMEeHTH, HJH BemecTBa,
KaK eKkue HATp W Kaimil, KOTOPHE OKa3aJUCh CIAOKHBIMH,

K cepegumae XIX Bexa B XUMHYECKHX PYKOBOACTBAX
onmchBasoch yike cpemie 90 HEPasnToKEMHX BemECTB.

ToJaYKOM JJiA CO3HATENLHEX MOUCKOB HEOTKPHITHIX 36~
MEHTOB fAIBHJICA MEePHOJHYECKAH 3aKOH BEJHMKOr0 PYCCKOro
xmmuKa MeHgeneesa. 3ech eme pPaHO TOBOPHUTH 00 BTOM
sakone. CraykeM mmms, uro cBomM 3aKonoM Menpenees
YCTAHOBHMJ, KaK HAJ{0 MCKAThH €M[e He OTKPHTHE dIeMEHTH.

K mavany XX Beka OHIH OTKDHITH IIOYTH BCe BCTPe-
qalom@|ecs B OPAPOAE DIEMEeHTH.

ATOMBI 1 MOJIERYJIBI

Oxono 2000 ner uasax B HpesueM Pame 6nna nanncana
opurmHanbHass mosMa. Ee aBTOpoM GHI DPHMCKEA mIO3T
Jlyrpenmii Kap. «O mpupose semgeii» — Tak HasHBanach
mosMa Jlykpenmsa. 3Byd4HEIME cTEXaME pacckasan JIykpe-
OEil B CBOEM MO3THYECKOM NPOU3BENEeHANA O B3IAKAX HpPesB-
Herpedeckoro ¢miocoda lemoxpura Ha Mmp. *

Yro 570 OHIm 3a B3TAAAK? ITO OHJIO yueHHe O MeJb-
qafimux, HEBAOAMBIX YaCTHIKAaX, A3 KOTOPHX HOCTPOEH
Bech Ham Mup. Habantomas pasnmuHEe ABieHusd, [leMoxkpar
OHTAJACA JaTh EM O00'BACHEHHE.

Bor, sanpmumep, soga. IIpm cmibHOM HarpeBaHmm OHA
npeBpamaeTrcd B HeBHAWMEI map m yieryumpaerca. Hax
9TO0 MOKHO 00BACHETH? fICHO, UYTO TaKOe CBOMCTBO BOJHI
CBA3AHO C ¢ BHYTPEHHHEM CTPOCHHEM.



Wanm mouemy, HampEMep, MH ONIYIaeM 3aIaX? IBETOB
Ha paccTosHUm?

PagmMnmuiasa Haj mogo6HuiMm Bompocamd, [leMokpmr
npamen K yO0esKIeHMIO, YTO Teja TONBKO KAa:KYTCA HaM
CIUTOMHELIMA, HA CaMOM K€ JieJe OHM COCTOAT W3 MeJjbiail-
mux 9acTHn. Y PAsNMIHHX TeJd STH YaCTHIH PAa3TWIHH
mo ¢opme, HO OHM HACTONBKO MAalH, 9TO YBHAETH HX He-
Bo3MOkHO. IlosToMy-TO n0G0oe TEAO0 W KAKETCHA HaM
CIIOIIHEIM.

JleMokpuT Ha3zBaJd Takme Melp4Yaillime, HeJeJnMbIE
Aanee 9aCTMYKU, H3 KOTOPHIX COCTOAT BOAA W BCe Jpyrue
Teaa, «aToMaMm», YTO HO-T'PEYecKd O3HAUAET ¢HeJenuMEIe).

daMeuaTeibHAsE HOTAfKA JPEBHErPEYECKAX MHICIHTE-
aett, popmsmasnca 24 Bexa Hasaj, mosfHee OHJIA HAL0JIr0
sabuTa. Bonee THCAYM JeT B yueHOM Mupe (e3pasmenbHO
roCnoACTBOBANO OMmMO0UHOe yueHme ApucToTens. Y TBepsK-
OasA, 9TO BCe BelecTBa MOIYT B3aUMHO NPEBPamaThCA
Apyr B Apyra, ApECTOTeNb KATerOPpHIECKH OTPHIAN CYmIe-
cTBOBaHHE aToMoB. JI060e Texo MOKHO JeamTh [0 Gecko-
HeYHOCTA — Y4Imi ApHCToTens.

B 1647 r. ppannys IIsep T'accennm msgan KEATY, B KO- -
TOPOH CMEJ0 OTPHNAN yueHwWe ADHCTOTENA H YTBEDKAAM,
4YTO BCE BEIECTBA B MHpPE COCTOAT M3 HeJEAMMHX JaCTH-
YeK — aToOMOB. ATOMEI OTIRYAIOTCA APYT OT Apyra ¢gopMoii,
pasMepaMm H Maccoi.

Coramascs ¢ yueHmeM JpeBHUX aTOMHCTOB, l'acceHnd
passma aTo yuenue faaome. OH 00BACHMI, KAKEM IMEHHO
00pasoM MOFYT BO3HAKATH ¥ BO3HHKAIOT B MApe MEJIJIMOHB!
pasHo00pasHHX Tes npmponkil. J{us 9Toro, yreep:kpan o,
He HYKHO GONBIOro 4Ymcja pasIHYHHX aTOMOB. Benb
aTOM — 5TO BCO PAaBHO 9YTO CTPOMTEABHEI MaTepHAI JIA
momos., M3 Tpex pasnmmYHHX BHJOB CTpOAMATEpHANOB —
KHEpIHIel, TOCOK H GpeBeH -~ MOKHO IOCTPOMTH OrPOMHOE
9UCA0 CaMHIX pasHOoOGpasHHX RoMOB. Touno Tak ke m3
HECKOJBKHMX JIeCATKOB PA3TMYHHIX ATOMOB IPEPORA MOJKET
€031aTh THCAYA pasHooGpasueitmux ten. Ilpm atom B Kamk-
[OM Teje Ppa3NHYHHE ATOMH COCAHHAITCA B HeGoxnmme
rpynmE; 5TH TpYNnH I'acCeHAM Ha3BAJX (MOJEKYJIAMMN, T. €.
«maccouxkamm» (OT JIAaTHHCKOIO CJIOBA «MOJIECY — Macca).

MonexkynHn pasanuHHX TeJ OTAMYAIOTCA OfHA OT ApPY-
TOl 94MCJIOM M BHAOM ((COPTOM») BXONAIMAX B HUX ATOMOB.
Herpyaao cooGpasuth, 9T0 U3 HECKONLKAX JECATKOB pas-
JHYEKIX ATOMOB MOKHO CO3JAaTh OrPOMHOE KOJHIECTBO
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pasIMIHHX KoMOmHAnmi# — Moaexyx. Bor mosemy rak
BeJIEKO pa3Ho00pasme OKDY’KAalOmMEX -HAC Tel.

Onrako eme MHOroe BO BariasAfax I'accenam 6Lao omu-
6ouno. Tak, OH CUATAJ, YTO MMEIOTCA OCOOLIE aTOMBI JIA
Temma, X0JX0fa, BKyca m 3amaxa. Hak m fgpyrme yuemsie
TOro BpeMeHH, OH He MOT IOJHOCTHI0 OCBOGOIMTHCH OT
BIEAHAA ApHCTOTENS, NPASHABAJI €ro HEBeleCTBeHHEIE
3JeMeHTH.

B coumnenmax M. B. Jlomonocosa — seamxoro mpoc-
BeTHTENA W OCHOBaTeNlss HayKH B Poccmm — comepskarca
cleylomue MEICIH, HOJYYABIINe IOATBEP/KIEHRe HA OMKTe
MHOro mO3[Hee,

JIoMOHOCOB HUIeET, YTO MOJEKYJa MOMeT GHTh OJHO-
pORHOIT m pasHOponHoii. B mepsoM caywae B Moneryme
IPyIOEpPYIOTCA OXHOPOAHEE aToMH. Bo BTOpoM — Moume-
KyJla COCTOMT M3 aTOMOB, OTIMYHEIX OAMH OT APYroro.
Ecnu Kakoe-1HGO Teao COCTaBAEHO W3 OTHOPOTHBIX MoJe-
KyJ, TO ero Hago cudrars npocthM. HaoGopor, ecnm Teno
COCTOHT H3 MOJIEKYJ, IOCTPDOCHHEIX W3 PA3JIHYHHX ATOMOB,
JloMOHOCOB HA3HBAeT €ro CMeMIAHHEIM,

Tenmeps MH xopomo 3HaeM, YTO pasiIHIHHEE Tejaa HpH-
poAn HMMET HMEHHO TaKoe crpoeEme. B camom feuxe,
BO3bMeM, HAIPEMep, rad KACIOPOA; B KaKHOi ero mome-
KyJie COMePKHTCA IO ABA OXMHAKOBHX aTOMa KHCIOPOAA.
910 Momexkyna mpocroro semecTBa. Ecnm ke aroMhl,
COCTaBJIAIMME MOJEKYJIH, pPa3AduHH,— 3TO YiKe «CMe-
MIAaHHOE», CIO0KHOe XUMHIECKOe coefuHenme. MoneKyuanl
€ro COCTOAT W3 ATOMOB TeX XMMHYECKHX 3JEMEHTOB, KOTO-
pHie BXOGAT B COCTAB HTOr0 COGTWHEHHA.

Moxro crasarp B mHAue: KajKAoe HPOCTOE BEHIECTBO
IOCTPOEHO M3 AaTOMOB OHOr0 XHMHYECKOTO0 BIEMEHTa;
CJI0KHOE BemecTBO BKJIIOY9aeT B ce6A aTOMH JBYX u Gouee
5JIeMEHTOB.

Psan Mucamreneit roopunu o6 aToMax, IPEBOAA JOTH-
4eCKHe JOBOAH B IOAb3y MX cymecrsoBaHus. Ilo-macros-
IIeMy BBeJI aTOMH B HAYKy ¥ CHAEAa] UX IIpeIMeTOM ECClie-
A0BaHUA aHramiicKuil yuensiit [lanbron. JlansToH mokasad,
9YTO CYMECTBYIOT XHMHYECKHE 3aKOHOMEDHOCTH, KOTOpHE
MO)KHO O0BACHHTH JIHIIL HCIOJB3ysA IHpeACTaBIeHEA 00
aToMax.

Iocne MansToma aToMe mpoyHOo BOmAM B Hayky. Of-
HaKO eme O4YeHb JOJAT0 HAXOAWIHCH YYEHHIE, KOTODHE (HEe
Bepuam B arombl». ONEH M3 HUX IHCAJ B CAMOM KOHIE
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MpOMmJIOro BeKa, 9TO 9épe3 HEeCKOJBKO NECATHICTHH aTOME
«yAAaCTCA PA3HCKATh JIHIb B IHIA OHOImOTEK?.

Cejiaac nofo0HEeE CYKACHHA KAa;KyTCA CMeIMHHIMA. Mu
3HAEM ceiiyac TaK MHOro moAapoOHOCTeld 0 “KH3HA» aToMa,
9TO COMHEBATHCA B €r0 CymECTBOBAHHA — BCE PABHO, YTO
moABeprath COMHEHHIO PearbHOCTh UEepHOro Mopsi.

OrHOCHTeILHEIE MACCH AaTOMOB ONpENEeNHIN XHMUKH.
Cravana 3a eguumny Ghula IPHHATA Macca aToOMa BOXOPO-
ga. OtHOocHTeTBPHAA ATOMHAsi MAacca asoTa OKaszajnach pas-
HOif mpmmepno 14, Kmeaopoga — mpumepHo 16, xa0pa —
npuMepHo 35,5. BmocxencTBmm OHA cHemaH HECKOJIBKO
uHOi BHGOp emmEmOEH — wncro 16,0000 mpunmcnsanocs
OPHPORHOMY KHCAOPOAYy. ATOMHAA Macca BOZOpPONA OKa-
sajach pasHoit B sroii mxame 1,008.

B macrosmee BpeMsa pemeHO B3ATH 33 OCHOBY He KHC-
JIOPOX W He BOJOPOXK, a m3oron yriepoma 2C. Mamepms
Maccy STOro aToMa cmoco0oM, KpaTko ONMCAHHBIM B NEPBOi
KHHATe UpH nanosxennn cucteMu CU, meanM Ha fBeHaamars.
Ilonydennoe amcino HasHBaETCA ATOMHOR eAHHENEH MACCHI.
Uncno, monm3yiomeecsi CerofHA HAWGOJBIIAM JOBEPHEM,
TAKOBO:

m, = (1,66043 4 0,00031)-10-2¢ . -

Temepsr ME MoOKeM 0GpaTHTHCS K BOOODaskeHUIO 9HTa-
TeJA U JaTh €My BO3MOIKHOCTE IOYYBCTBOBATEH MAJIOCTh DTOM
mudpu. Ilpeacraspre ceGe, 9TO Yy KaskEOr0 UejOBeKa Ha
8eMHOM Immape BH HDorpefyeTe IO MEJIHAPAY MOJGKYJI.
Croxnpko e BemectBa coGepercsa Takum of6pasom? He-
CKOJIBKO MHJIIHMADAHHX J0Jeii rpaMma.

Wunnm eme Takoe cpaBHeHHe: 3eMHOR MAp BO CTOIBKO pas
TsAIKemee AG/I0KA, BO CKOIBKO pas AGNOKO TAMieliee aToMa
BOOPOZA.

OGpaTrHasa BeawdYHWHA OT M, HA3KHBAETCSH YACIOM ABO-
ragpo:

Ny= 7:: = 6,0220943. 103,

9T0 OFpOMHOE THCJIO0 HMeeT Caefylomuit cMucia. BossMem
BEIIeCTBO B TAKOM KOIMYECTBE, YTOGH IMCJIO0 'PAMMOB paB-
HAJOCH OTHOCHTENBHOE Macce aToMa mIA MOJEKYIw M.
Takxoe KonAYeCTBO XEMAKHA JABHO HA3BATH IPaMM-aTOMOM
HIE TPAMM-MOJIEKYJOH (JacTo AAA KPAaTKOCTE TOBOPAT:
monb). Xora m, B cacreme CH orHOCHTCA K atoMy yrie-
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poxa 12C, mpaxrtmdeckm NN, JMIOGHIX aTOMOB WM MOJIEKYJ
IMEIOT Maccy, PaBHYIO OTHOCHTEJIBHONW MacCe aToMa WIH
MOJIEKYJbl, BHPaKeHHOH B FpamMmax.

C BBesieHAEM «MONA» B KauecTBe He3aBMCEMOMK efHHMAIIE
gncao ABOTafipo IepecTano OHTH OTBIEYCHHHM YHCIOM.
B emmamiax CH ono mmeer pasmeprocTs MONB™1 )

YTO TAKOE TEILJIOTA

YeM oramuaerca ropadee teao or xoxomguoro? Ha sror
pompoc fo Hagana XIX Bexka orTBevaam Tak: Tropsdee
Te;10 cofipgpkAT Gonbme Temropona (miaEm TEMIOTBOPA), IeM
xomomguoe. CoBepImeHHO TaK e, Kak cym Gojee CONEHHI,
ecad cojep:kET Gompme comm. A uro taxoe temaopon? Ha
3TO CcnefioBan OTBeT: «TemIopox — 3TO TemoBas Marepnsd,
3TO BDJIEeMEHTapHH# oroHs». TaWHCTBEHHO H HENOHATHO.
A 1o cyrtm fena, aTo OTBeT TaKoil ke, Kak 00BACHeHUe,
9T0 TaKoe BepeBKa: «BepeBka — 9TO BepBHEe IpOCTOE».

Hapsany ¢ treopmeit Tennopofa y:ke JaBHO CYINECTBOBAX
[pyro#l B3IJAN Ha HPHpPONY TemnoTh. Ero orcramsanm, ¢
GonsmuM OJIeCKOM MHOrme Bejamommeca ydensie XVI—
XVIII cronermii.

®pasncuc Bakon B cpoeit xumre «Hosmii opramoun» mm-
cax: «Cama Temnora B cBOEH CYITHOCTH €CTH He 4TO HHOE,
KaK JBmKeHme... Temnora cOCTOAT B IEPEMEHHOM [BHKe-
HAM MelNbuyadmumx udacteir Temay.

PoGepr T'yx B kumre «Mukporpadma» yTBep:Kma€:
«Temnora ects HempepmBHOe JABMKeHHMe vacTedl Texa...
Her rtakoro rema, uactmukm xoroporo Geiam GH B
TIOK 08,

OcoGenno OTYETIMBEE BHICKA3HIBAHHA TAKOIO ke pofia
MH HaxopmM y Jlomomocosa (1745 r.) B ero paGore «Pas-
MHIUIEHAA 0 OpHYAHe TeIJIa u Xonogar. B atom counmeHmA
OTpHIIaeTCA CYNIECTBOBAHHME TEINIOPOJA H TOBOPHTCH, UTO
¢TEIIOTA COCTOHT BO BHYTPEHHeM JBIKHHH YaCTHYEK
Marepmm». - ' ’ .

- Ougens o6pasuo rosopua Pympopn B xoume XVIII sexa:

«Teno TeM ‘ropsdee, 4eM HHTEHCHBHEE NBIKYTCA da-
CTHYKHA, H3 KOTOPHX OHO IOCTPOEHO, NONOGHO ' TOMY
KaK KONOKOJ 3BYYHT TeM TIpoM4e, YeM CHibHee OH
KoneGaercsa. S "
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B sTtEX 3aMeuaTeNbHHX AOrafikax, HAMHOr0 OHepeAmB-
mAX cBOe BpeMA, KPOIOTCA OCHOBH HAamIMX COBPEMOHHEIX
BBIJAAZOB Ha NPHUPORY Temia.

BuiBaloT HHOr[A THXHE, CHOKOWHLIE, ACHHE JHHE. Jlmc-
TOYKH Ha JAepeBbsAX 3aMepam, flaske Jerkaa psabb He BO3-
MYTHT BOfAHOI riagu. Bce okpyskawomee 3acTHIO B CTPO-
roit Topskecrsennoit HemonpmxHOCcTH. [loKomTCA BEAUMHIA
mup. Ho uro mpm sTOM HpOMCXOIMT B MHpe aTOMOB M MO-
Jeryr?

Pp3uka HamEx [AHEA MO)eT MHOro pacckasatp 00
sToM. HuKorfja, Hu OpPE KaKuX YCAOBHAX He IPeKpamiaeTcs
HeBHIEMOe [BH)KeHHEe YaCTHYeK, W3 KOTOPHX HOCTPOeH
MHAp. ’

Tlouemy sxe MH He BHTHM BCeX 3TmX Apmienmi? Yacrm-
IH JABIKYTCHA, & TE€NO0 MOKOMTCsI. Hak 8TO MoskeT GHTH?..

He npuxommnocs am BaM Korga-nm6o HaGmIOAAThL pPOit
Momek? B GesBerpenHyl0 morogy poil Kak OH BHCHT B BO3-
Ayxe. A BHYTpE poa’ mieT wWHTeHCHBHAs ;KusHb. CorHsa
HACeKOMHIX METHYJIaCh BIPABO, HO B DTOT Ke MOMEHT
CTOJNIBKO e MeTHYJOCh BJI€BO. Bech poil oCTajCA Ha TOM
JKe MeCTe W He HM3MEHHJ CBoei (OopMH.

HepuanMue ABMIKEeHUA aTOMOB M MOJEKYJ HOCAT TaKoi
Je XaoTmuecKmii, GecropAmounkit xapakrep. Eeam Kakue-
TO MOJEKYJH VIIIA U3 00'beMa, TO MX MeCTO 3aHAIH APY-
rge. A Tak KaR HOBHE HIPHUIIEJbNH HAYYTH HO OTIHEYAOTCA
0T ymefmMUX MOIEKYd, TO TEJXO OCTaeTcsa BCe TEM JKe.
Becnopamoanoe, XaoTHEYECKOe ABM)KeHH® JACTHI] He MEHACT
CBOHCTB BHAEMOTO MHPA.

Ofgaxo He MyCTOi JIE DTO PABTOBOP, MOHET CIIPQEHTH
Hac yATaTeqb. UeM 9TH, IYCTh KPAaCHBLE, PACCYKEEHHA
JoKasaTeqbHee Teopuu Temiaopona? Passe Kro-HmGynp BH-
el BeYHOEe TEIJIOBOE JBH;KEHHE YacTHUeK BemecTsal

Temnosoe ABWKeHHE FaCTAYEK MOKHO YBHNETH, M HpPH-
TOM HpH IIOMOINE CaMOT0 CKPOMHOr0 MEKpockona. Ilepsum
Habxofal 3T0 ABACHHNE eme 6onee cTa JeT Ha3al aHIJIUi-
cKkmii Gorammk Bpoyn.

PaccmaTpuBas moff MAKPOCKOIIOM BHYTpPeHHee CTPOGHHE
pacTeHnsi, OH 3aMeTHJ, YTO KPOIIeYHEE YAaCTHYKH BellecT-
Ba, IIABAIOIEE B COKe PacTeHHsA, (eCHPepPHBHO ABHKYTCA
BO BCEeX HANPaBIGHHEAX. DOTaHHK 3aWHTepecoBaJiCA, KaKde
CHJIH 3aCTaBJAIOT YaCTHYKH ABHraTbcA? Mosker OHTH, 3TO
KAaKHe-TO jKUBHE CymecTBa? YUYeHHH pelua paccMOTperh
IOf, MUKPOCKOIIOM MeJKWe JacTHYKH IJIMBL, BaMYJeHHHE
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B Boge. Ho m sTw, HecoOMHEHHO He;KEBHE, JACTHIKE He
HAXOJHWJHNCh B IOKOE, OHH OHLLIM OXBaueHH HeNpepPHBHEIM
XaoTHYeCKAM [BH;KeHHeM. UeM MeHbme YaCTHUKH, TeM
Gucrpee OHH Apurammck. Jloaro paccmarpmpam GoTaHHK
Ty KAamIi0 BOMH, HO TAK W HE MOT JOKAAaThCH, KOTHA
nsUWKeHHe vacTH4eK nperparmrca. VIx Gyaro mocrogHHO
TOAKAAN KaKAe-TO HEBUIHMEIE CHJIEL.

BpoyHOBCKOE ABHMIKEHME YACTHI — 9TO H €CTH TeImIo-
BOe JBUKeHHe. 1emoBOe RBHIKEHHE HPHCYM® 6OXBITHM
7 MQJHM YaCTHYKAM, CI'YCTKAM MOJEKYI, OTACABHHM MO-
JIeKYJaM M ATOMAaM.

9HEPTUA COXPAHAETCA BCEr'TA

W1ax, Mup moCTpoeH M3 ABMKYIBEXCA aTOMOB. ATOME
001agal0T Maccoi, ABMKYIMAACA aToM o06iafaer KAHETH-
weckoit sHeprmeii. Homeuno, mMacca atoma HesooGpasmmo
Maja, IHOITOMY M DHEDrusA ero OyNeT KpOmeyYHoi, HO Befb
aTOMOB MWIIHADAN MMIJIHEAPAOB.

Temeps HamOMHEM YHTATOAI0, 9TO XOTA MBI I'OBOPHAH
0 3aKOHE COXPAaHEHUA dHEePruH, HO 9TO He GHI JOCTATOIHO
VHHEBEPCAJABHHH 3aKOH coxpaHenwa. VIMUynsc @ MoOMeHT
COXPAHAMACH B OILTe, 8 HHEPIHA COXPAHHAAACH TOIBKO
B HJeaje — IPH OTCYTCTBEE TpeHda. Ha camom ke meme
9HeprAd BCerja yMEeHBMAJACH.

Ho pampme MH Hmdero me roBOpuiHm 06 SHEPrAE aro-
MoB. BosHuKaer ecrecTBeHHAsA MHICAB: TaM, A6 HAa HOPBHIA
B3TJAN MK 0TMeYaJd yMeBbIIeHUe SHOPTHH, Ha CaMOM J[eJI6
He3aMeTHHIM [Jisl I'1a3a CHOCO0OM dHEepPTHA HepefaBanach
aroMaM Teqa.

ArtoMu HoguUHANTCA 3aKOHaM MexaHHmKH. IIpasna (a10
BaM NPHAETCA Y3HATh H3 APYroil KHHErH), X MeXaHAKA
HECKOJIBKO CBOeoOpasHa, HO 3TO fAeja He MEHAST — B OT-
HONMIGHAH 3aKOHAQ COXPAaHEeHWsA MEXaHHIECKOHd oSHeprum
aTOME HHYYTh HE OTIHIANTCA OT GOJBIHX Tel. :

3HauAT, HOMHOe COXPAHEHWE DHEPrEd OOHAPYIKHETCH
JAOE TOTA, KOTHa HapAAY ¢ MeXaHAYeCKOH dHOpruei Texa
Oymer ydreHa BHYTpeHHAA SHEPIHA 9TOr0 Teja H OKpPY-
maromeli cpegs. Tonbko B aTOoM ciaywae 3akoH OymeT
YHHBEPCAIBLHEIM. ’ :

Ha uvero e CRAAQHBAGTCA NONHAS OHOPTHA Teja?
[lepayio ee cocraBnsOmy0 MH, IO CyTH [ejia, y)Ke Ha-
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3BAJIM — 3TO CyMMa KMHETHYeCKHX dHepruii BCEX -aToMOB.
Ho ue nago 3abmBaTh W Opo TO, YTO aTOMH B3aMMOJeHCT-
pyior ofiud ¢ ApyrmM. Taxam o6pasom, mofaBisercsa eme
TmoTeHNHMaNbHAA DHEPTHs JTOr0 B3amMofeiicTsma. Mrak,
NONHAA DHEPIWA Teja PABHACTCA CYMMe KHHOTHYECKHX
anepmn €ro 9actun d no'remmam.non 9HEPIHE WX B3aHMO-
JeicTBaA.

Herpynao mousaTts, 910 MexaHWYecKas SHepTHd Tela
KaK IeJOro ecrth TOJNBKO YacTh HOAHOHE ?Heprmu. Benb
KOT/la TeJO HOKOHUTCH, MOJIEKYJH ero He OCTAHABIHBAIOTCH
H He NmepecTaloT B3aEMOJIEACTBOBATH OFHA C APYroii. JHEp-
rAA TeIA0BOTO SBHKEHHA JACTHIl, KOTOpasg OCTAeTCsA y HO-
KOAMMEerocs TeJa, W SHEPIHA B3aWMONEACTBAA YACTHI, CO-
CTABJIAIOT BHYTPEHHIOKW SHeprumio Ttena. IlosroMy mommas
9HEePTHA Tejla PABHAETCA CYMMe MEXaHHIECKOW m BHYT-
peHHeid.

B MexanmuecKyio dHepIHMI0 Tega KaK I[eJIOT0 BXOZAT
TaK;Ke 9HEPrus TATOTEHHUA, T. €. HOTEHOHWANLHAA SHEPTHA
B3aMMOJIECTBAA YACTHUI TEJa C 3éMHHIM IIAPOM.

PaccmarpmBas BHYTpEBHIOI DHepPrmio, MH yike He 00-
Hapy:xEM npona)km sHeprum. Horga Mm paccmaTpmBaeM
OpupoAy depes CTERJIA, YBeNHWIMBAOIINEG MAD B MEJIJIHOHEI
pa3, KapTuHA HPEACTaBAAETCA HaM HAa PeJKOCTh FapMOHMY-
Hoii. Her HEKaKkmx moreps MeXaHMYECKOi SHEPrud, a ecTh
I7Mb IpeBPaleHne ee BO BHYTPEHHION SHEPIHIO Teja HIA
cpenit. IIpomana paGora? Her! Jmeprmss ymsia Ha yGECT-
peHne OTHOCHTEJIHHOrO JBHKEHHs MOJIEKY MWK n3MEeHeHHe
WX B3aEMHOTO DPACHOJIOMEHMSI.

Mosexynu DOCTYWHE 3aKOHY COXPAHEHHWA MeXaHHYe-
CKOii dHeprmm. B Mmpe MONeKyn HeT cmi TpPeHHA; MHAD
MOJIEKyJ1 yIpapifeTcs NepexofaMd MOTeHIHANBHOH dHep-
Ian B KEHETHYECKYI H obparso. Jlmmb B rpyGoM Mmpe
6ospmux Bemeid, He BaMetualoMeM MONeKYI, ¢oHeprus
nponajgaen.

"Ecrm B KakoM-nm60 ABJIeHMH MeXaHMYeCKas dHeprus
npomnajaer BCSA HIM JaCTHYHO, TO HA TAKYIO Ke BEJIMUHHY
BO3pacTaeT BHYTDPEHHAs SHEprHAA TeJ U CPefiH, YIacTBYIO-
mux B oromM asnennn. Wnaue rosopsa, Mexanmdeckas sHep-
raa hepexonur Ge3 Kakux 6K TO HA 6mno HOTepb B DHEPIHIO
MOJIEKYJI WJIH ‘aTOMOB. “

34KOH COXpaHeHHA YHEPrHH — ITO chom&imnn Oyx-
raxrep ¢isuxn.’ B a060oM saBieHEM NpEXOX W' pacxop
JOMMHEE  'TouHO 'coliTHCh. 'Ecitm sToro He mpomsomo B
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KakoM-1m60 omHTe, TO, BHAYHUT, 4TO-TO BAIKHO® YCKOAb3-
HYJNO OT Hamler0 BHAMAHHA. 3aKOH COXPAHEHHS JHEPTHH
B TAKOM CJydae CHTHAJIM3HPYeT: UCCIe[0BATeNb, IOBTODUTH
OINT, yBeJWYHTHh TOYHOCTH M3MEpeHmil, HCKATh IPHIABY
nmoreps! Ha rtaxoM mytm ¢usmem HeofHOKpaTHO HNenand
HOBHE BajKHHE OTKDHTHA . H eme pas y6empgaanch
B CTpOKaiimme# CIpPaBeJIMBOCTE BTOrO0 3aMedaTeJbHOro
3aKOHA.

KAJIOPHUA

Y Hac yKe eCTb [iBe eNUHHIH PHEPTHA — JKOYIAb H
KmrorpaMm-cuna-Merp. Hasanocs 6m, goctarogno. Ogmako
npn H3ydeHHHW TEINOBHX SABICHHUH N0 TPAgANHA IIOAL3Y-
I0TCA ellle W TpeThell eJWHUIIEd — KaJOpHei.

Tloa;xe MHI yBHAEM, 9TO W KajopusA HE HCYEPIHIBALT
CHHACOK NPHHATHX AAA 0003HAYeHAA SHEPIUA EWHMUI.

BoaMosxHO, B KaMKIOM OTHENABHOM Ciayuae ymoTpebie-
HAe «CBOeH» eNWHUNH SHEpPrum yno0HO H Ieneco06pasHo.
Ho B a1060M Mano-MaibCKH CNOKHOM IpHEMepe, CBA3AHHOM
¢ Iepexof[0M SHePrud B3 OAHOTO BHAA B APYroil, BOSHAKAaer
HepooOpasEMasa OYTAHHOA C eHHUI[AMH.

Hosas cmcrema emmumn (CU) mpenycmarpmBaer opHy
e[UHANY IJA paboTH, SHEPTMH H KOJMYECTBA Temjila —
mxoyab. OfHaro, yYWTHBAsg CHNY TPafAUEi H TOT CPOK,
KOTOpHIi HOHANo0BTCA, 94TOOH cucreMa cTana obmeymorpe-
OUTenbHOX M eJUHCTBEHHOH CHCTEMOH e[HHHL, IIO0JEe3HO
NO3HAKOMHETHCA MOOAMIKE C «yXONANmEeH» efuHANeH Koamae-
CTBA TeINIOTH — Kanopuei.

Manaa xanopmsa (kan) — 3TO KOJANYECTBO SHEPIAH, KO-
TOpoe Hafo cooO0muths 1 r BONE, 4TOGH HArpeTh €ro Ha
1 rpagyec.

CroBo «Manas» HAZO YHOMAHYTH MOTOMY, UTO HHOTAR
HCIOIB3YIOT «GONBINYIO» KAJOPHIO, KOTOpasi B THICAYY pa3
Gonpme BHOpanHO# egmumun (6oabmas Kanopus 06o-
3HAYaercsA KKaj, YTO 3HAYAT KILIOKAIOpHA»).

CooTHOmEnmE MeKAY KanopHel U MeXaHWIECKUMH eJ[H-
HEOaMA paGoTH HAXOAAT, HarpeBas BOLY MeXaHWIECKHM
nyrem. IlogoGHble OOKTH CTaBHIACH HEOXHOKpaTHO. Mok-
HO, HampuMep, HOBHCHTH TEMIEPATYPyY BOAH BHEPTHYHLIM
nepeMenmmBaBEWeM. 3aTpaveHHAA 1A HArPeBa BOJH MeXa-
HuJeckam - paGoTa oneHmBaeTcA MRoeTaTo9Ho TOuHO. . UB

17



Takmx wuaMepeHuil Onuto HaligeHo:
1 xag=0,427 xrc.-m=4,18 Ix«.

IlockonbKy eAWHHNOH 3HEPrmE W paGoTe o6Gmme, TO
B KauoOpHAX MOKHO m3MepATh m pabory. Ha mnompem
KHJIOTDAMMOBOH THPH Ha METPOBYIO BHICOTY HAg0 3aTpa-
TaTh 2,35 Kajopum. 3BYYAT 5TO HEOGHIHO, Ja H COMOCTAB-
JATH NOXBEM Tpy3a ¢ HarpeBammeM BOAH HeymoGHOo. Ilo-
9TOMY B MeXaHHKe E He IIOJb3YIOTCA KaJIOPUAMH.

HEMHOTO HCTOPHH

3aKoH COXpaHEeHHEA HEPIHE MOT GHTh cHopMynupoOBan
AHEIB TOTRA, KOIAA HOCTATOYHO OTUCTIAMBHIME CTAJM Ipej-
CTaBJIeHWS O MEXaHHYCCKOM HPHEPOfe TEHAOTH M KOTHA
TeXHEKAa MOOCTABMJIA IPAKTAYECKE BaKHHI Bompoc 06
9KBHBAJIEHTe MEKAY TeILIOM B paGoroii.

Ilepsriit omuT AAA YCTAHOBIGHHA KOJUFCCTBEHHOTO CO-
OTHOIHGHHA MeMKAY TemaoM M paoroil Gua npogenan
nssectHHM (usuroM Pympopmom (1753—1814). Om pabo-
TaJA Ha 3aBOAe, Iie maroroBaAnu mymxu. Horma ceepaar
AyAO OPYyAHA, BHAeaAerca Temro. Hak omemmth ero? Uro
OpuHATH 33 Mepy Temuaa? Pymdopay mpumuio B rosnoBy
paéoTy, IPOA3BOAUMYIO IIPA CBePJIEHAN, IOCTABHTH B CBA3D
¢ HATpeBAaHHEM TOT0 HAY HHOIO KOJHYECTBA BOAH HA TO
HAE HHOE YACHO TpagycoB. B areM mcciemopammm, mosxa-
ayili, BIepBEe JeTKO BHIPasKeHa MBICIb, 4TO TeII0 B padora
HOMKHE AMETh OOIMyI0 Mepy.

CregylomuM MaroM K OTKPHTHIO 3aKOH2 COXPAHCHHA
sHepruy OHUIO YCTaHOBJIEHHE BAXKHOTO (aKTa: MCIC3HOBE-
HE® paGoTH CONPOBOKAACTCA HNOABICHHAEM IPOIOPHHO-
HAJIBHOTO KOJHAYSCTBA TOHIOTHI, 9TEM M OHIa HalfeHA
ofmas Mepa TeIIOTH H PalGoOTH.

IlepsoBavansHoe OHpefielleHAMe TAaK HA3LIBAGMOMY Me-
XOHWYECKOMY SKBHBAJIEHTY TOILUIOTH [aix (paHIyscKHi
dusax Cagu HapHo. ITOT BR/IAIOMMIACA T0I0BEK CKOHIAICA
B Bospacre 36 mer B 1832 r: m ocraBmn mocie ceb6sa pyko-
oEch, KoTopaa Gbina omyGamkoBana aumb depes 50 ier.
Cnenannoe HapHO OTKpHTHEE OCTaNOCH HEM3BECTHHM H He
HOBIHANO HA passETEe Haykm. B oroii paGore Hapao
BEUECTAI, 910 moabeM 1 M® BoAm Ha BHICOTY 1 M Tpebyer
TAKOH jKe DHEPrHH, KaKaa HY;KHA NiA Harpesamma 1 Kr
Bogn Ha 2,7 rpagyca (mpasmabHaa Hudpa 2,3 rpagyca).
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B 1842 r. ny6Gamryer cBoio mepsyio pabory rekan6-
pouHCKE# Bpau a-p IOamyc PoGepr Maitep. Xorn Maiiep
HA3HBAET 3HAKOMHE HAM (H3AYECKHe NOHATHA COBCEM
no-ApyromMy, BCe ;K€ BHAMATeJbHOE YTEHH® €ro paferH
OPHBOJHAT K BHIBONY, 9TO B Hell M310KeHH CyIIeCTBeHHHE
gepTH 3aKOHA COXPaHeHHA dSHeprmd. Maliep pasnmuaer
BHYTPEHHIOI0 9HEPIrHI0 (¢TEII0BYIO»), HOTEHIHAJBHYIO
PHEPrHI0 TATOTEHHS W SHepruio ApmeHusa texa. O mH-
TaeTcsA ®W3 YHCTO YMO3PHTENbHHX 3aKII0YeHMH BHBECTH
063aTeIBHOCTD COXPAHEHHs BSHEPrAM NIPH PasIHIHHX
npespamennax. Jlaa Toro 4To6L MPOBEPUTH TO YTBEPIK-
JleHme Ha OIHITe, HAJl0 HMETh OOHIYI0 Mepy AJA W3MEPeHHA
sTEX bHeprumii. Maitep -BedmCHser, uro HarpeBanme 1 kr
Bofal Ha 1 rpamyc pasmomnenHo mopmaTmio 1 Kr ma 365 M.

Bo Bropoii cBoeit paGore; omyGimKoBaEHOHE TpPE roga
cuycrs, Maiiep orMedaer YHEBepCaALHOCTh 3aKOHA COXpa-
HEeHHUs, SHePrud — BO3MOKHOCTh HPHMEHEHHA €ro K BO-
mpocaM XmMEH, OHMOJOrME ¥ KOCMHIECKEM SBICHHEAM.
K pasmmusnM ¢opmam sBeprmm Maitep Aobasaser Mar-
HATHYIO, 9JEKTPAYECKYI0 W XHMHIECKYIO.

Boabmas saciyra B OTKDHTHH 3aKOHA COXpPaHeHHS
9HEPIuE IPUHAJIC)KAT 3aMEYaTeIbHOMY aHINMACKOMY m-
suky (mmsBosapy ms Canndopaa s Auramm) xemcy Ilpec-
rorry Jloyaio, paGorasmeMy HesasmcmMo or Maiiepa.

Ecam gna Maitepa xapakrepHa HeKOTOpPas CKIOHHOCTD
K HeompefieleHHOH ¢mirocofmn, TO OCHOBHOH deproit
JsoynA ABAAETCA CTPOTHHA SKCHEPEMEHTANBHEIA HOZXOX
K paccMaTpmBaeMHIM sBiaeHusAM. J[3oyiab 3afaer mpHEpoje
BOIPOC @ HOJIY4aeT HA HETO OTBET LyTeM HCKANIATOABLHO
TINATe/LHO IOCTABJICHHHX CHeNHANLHNX omirres. Her com-
HOHHA, UYTO BO BCell CEePHA ONHTOB, KOTOPH CTABHJ
JlKOynb, OH PYKOBOEWACH OFHON HWAeel — HaiTh 00IYI0
Mepy OHGHKH TENJIOBHX, XEMHYECKHX, DJICKTPEICCKAX I
MeXaHM49eCKHX JAeHCTBMA, IIOKa3aTh, YTO BO BCEX OTHX
ABNeHAAX coxpamserca smeprma. Ilxoynk cdopmymampo-
Bal CBOIO MHCJIb TaK: ¢B mpmpoje He MPOHCXOAUT YHAYTO-
JHEHHA CHILE, HPOH3BOAAIEH pabory, Ges cOOTBETETBYIO-
mero JeHCTBHAY.

Ilepsas paGora [[:xoynsa meraafrBanach mM 24 AHBa-
pa 1843 r., a 21 asrycra Toro e roga [[;koyuas momomi
CBOM Pe3yabTaTH II0 YCTAHOBJCGHHIO o0IMel MepH Temaa H
pa6orn. Harpesanme 1 xr somst Ha 1 rpagyc oxasanocn
PaBHONeHHEEIM moxbeMy 1 Kr Ha 460 M.
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TEPMAH I'EJIBMTIOJbI] (1821—1894) — snamenumuni ne-
meyrull yuenwii. Feabmzoavy ¢ 6oavwur ycnexom pabomanr 6 obademu
dusuru, mamemamuru u dusuosozuu. On enepeve (1847 2.) daa
MAMEMAMUNECKYI0 MPAKMOSKY 8AKOKA COZPAHEHUS dHePIUlL, noduepx-
Kye eceobuyuil zapaxmep amozo 8akona. Budawwuecs pesysbmamu
npunadaexncam easmz04byy 6 mepMoSUHAMUKE; OH 6NEPEHE NDUMEHUA
ee K usyueHun rumuueckuxr npoyeccos. Ceoumu pabomamu no suzpe-
8oMYy dsuncenuto acudrocmet Ieavmeoavy sasoncus ocrosw eudpoduna-
MuKu U aspodunamuru. Psd yepnwzr uccaedosanuil nposeden um 6
ob6aacmu axycmuku u saekmpomaznemusma. Ieavmeorvy paseus gu-
suneckyio meoputo mysuku. B ceour gusuveckuzr uccaedosanuar npu-
MEHAL MOUHBE U OPUSUHAALHBE MAMeMamuvecKue Memodu.




B nmocaenyomue rofs J[;xoyas u pAR APYTAX HCCAER0-
BaTeqell 3aTpavmBAlOT MHOTO TpyAa AJAA. TOro, dYTOOH
yTOUHATH BHAYCHHE TEIIOBOTO BKBHBAJNEHTA, -4 TAKIKe
CTPEMATCA J/IOKa3aTh IOJHYI YHHBEPCAIBHOCTh OKBHBA-
seHTa. Il ROHIy COPOKOBHIX rOfOB CTAHOBHTCA ACHO, 1UTO,
KakoM OH crmocoO6oM Hu mepexofmna paGora B Temn1o, BCer-
7a KOMMYeCTBO BO3HHKAMEH TemmoTH OymeT mponopnuo-
HaJbHO KOAmdecTBy 3aTpadeHHoit paGorsi. Hecmorpsa ma
to, uTo [;0ynb omnmTHO 06GOCHOBAA 3aKOH COXPAHEHHS
JHEpPIrAH, OH He JaX B CBOHX paborax orueTnEBO# (opMy-
JAAPOBKHE 3TOr'0 3aKOHA.

Idra sacayra ODpEHANIEKAT HeMenKoMy ¢usury [ennm-
roabny. 23 miona 1847 r. Ha 3acegaEmm GepJHMHCKOTro
¢usmueckoro obmectBa I'epmam TexbMmroasy mpoumran
NOKJIa] 0 IPHHIHANEG COXPaHEHHA SHepruu. B aToit pabore
6L BOEPBHE OTYETANBO M3JI0KEHA MEXaHWIEeCKAsas OCHOBA
3aKOHA COXpaHeHHWA Hepraum. MED COCTOMT M3 aTOMOB,
aToOMBl 00/1afaloT HOTEHIMANLHOA W KHHETHIECKOH sHep-
roeii. CyMMa OOTEHIMAABHHX W KHHETHICCKHX SHEPrui
9AacTHI, A3 KOTOPHX IIOCTPOEHO TEJO WM CHCTEMA, HE MO-
KET H3MEHHUTHCA, eCIH 9TO TEJO HIW CACTeMa He HOJBEp-
’KOHBl BHENIHEM BO3JeHCTBHAM. 3aKOH COXPaHEHHsA BHep-
AH, KaK MH ero o0pHCOBaJM HECKOABKUMHE CTPaHUIAMA
BHme, Gbln BrepsHe cdopMynmposar [enpMroiabmeM.

ITocne pa6orn IenbMronsma Ha J[0ai0 APYrux QE3HKOB
ocTanach JHUMIb IPOBEPKa W MPHIO0KeHHe IPAHNANA COXPa-
HeHHA DHEPraH. ¥CIOeX BCEX HTHX HCCAENOBAHUA HpHUBEX
K TOMY, 9TO K KOHINY HOATHANECATHIX TOAOB 3aKOH COXpaHe-
HAsA sHeprum GH y:Ke o0menpm3HaH Kak (yHAaMeHTanb-
HH 33aKOH e€CTECTBO3HAHUA.

B XX Bexe Ha0nofanuch MABJEHHsd, CTABHBOINE IIOJ,
COMHEHHE 3aKOH coxpameHms smeprum. OfHaKo B Jaiib-
HeiflmeM BHAMMEIE PAcXOKIACHAA HANLIA CBOe OG'bACHEHHE.
3aKom coxpaHEHHA PHEPTHH Jl0 CHX HODP BCEerja C 4ecThio
BHIXO[WJ H3 HCIOKTAHOH.



Tnasa 2

CTPOEHIE BENIECTBA

" BHYTPUMOJIEKYJIAPHBIE CBA3U

Moneryns cOCTOAT m3 aTOMOB. ATOMEI CBA3aHH B MO-
NeKYJH CHJIaMd, KOTOpHE HA3HBAIOT XHMAYECKHMH CH-
JiaMu.

CymecTBYIOT MOJEKYJH, COCTOAINAEe U3 ABYX, TpPEX,
deTHpex aromos. Kpymmeiimme Monexkynast — MOJEKYIH
0enKOB — COCTOAT M3 [ECATKOB M [a)ke COTeH THICAY
aToOMOB.

I{apcTBO MONEKY HCKIIOUHTENHHO PazHoOGpasHo. Yixe
celilyac XMMHKH BRIEJANM W3 IPAPONHEIX BEINECTB W CO3-
Raanm B naGopaTopmAX MUJJIHOHH BeIIECTB, MOCTPOCHHEIX
H3 DPAsIAIHEIX MOJEKYJI.

CpoiicTBa MOJEKYJ ONPeNelNsiOTCA HOe TONBKO TEM,
CKOJIBKO aTOMOB TOTO HWJH HHOTO COPTA Y4YacTBYeT B HX
mOCTpOiiKe, HO M TeM, B KaKOM HOpAfKe U B KaKO#i KOHQH-
rypanumm oum coefmHesi. Momexyira — 5T0 He TrpyAa
KHpOmYedl, a CA0KHAA apXHTEeKTypHas IHOCTpOiiKa, Trae
KayKIBl KApOWY AMeeT CBOe MeCTO W CBOWX BIIOJIHE OIpe-
JeJleHHHIX cocefilefi. AToMHAas MOCTpo#Ka, obGpasylomas
MOJIEKYAY, MOKeT OBITH B GOnbINeil mnm MeHbHmeH cTemeHH
siecTKO. Bo BeAKOM cayuae, KasiABA H3 aTOMOB COBep-
rmaetT Koje0aHHA OKOJO CBOEro IIOJIOKEHHA pPABHOBECHSA.
B HexoTopHX e Cay4asX OIHHM YaCTH MOJEKYJIH MOrYT
BpamarbCs IO OTHONIEHHIO K JPYyrEM dYacTaAM, HpHiaBasd
¢BOOO/HOH MOJIEKYNe B HPOIlECCe € TEeIIOBOTO [BMIKEHMUA
pasiMYHbEe H CaMbBle IIPHYYRIABEE Kond)nrypannn.

Pas6epem moppoGuee BzamMopeiicrsme artoMoB. Ha
puc. 2.1 wm3olpaskeHa KpmBasg HOTeHIMANBHOH BHOPIHH
aByxaroMHOA Momexyman. Oua mMeeT XapakTepPHBIA BAA —
cHavajia mfAeT BHH3, 3aTeM 3armbaercd, o6pa3ysa «aMy», n
moToM 0ojlee Me[JIeHHO IpEOAXiKaeTcA K TOpU30HTAIBHOIM
ocH, IO KOTOPO# OTJIOKEHO DPACCTOAHHME MEKAY aTOMaMH.
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Mu sHaem, 4TO YCTOii- U
YuBO COCTOSIHHE, B KOTOPOM
NOTeHNHAABHAA  9HEPrusa
yMeeT HamMEHbINee 3Hade-
ume. Horma aToMm BxopmT B
COCTaB MOJIEKYJH, OH «CH-
NuT» B IOTeHNUANbHOH AMe,
cosepmasa He(oapmme Tem-
JIOBHE KOJeGaHmsA  OKOJIO —]
ITOJIO}KEHAA PABHOBECHA. r

Paccrosiame ot BepTE-
KaJbHOM OCH [0 JHA AME
MOJKHO HAa3BaTh pPAaBHOBeC-
suM. Ha stom paccrosunnm
pacnoxoxuanck OB aTOMH, ecad GH I[peraTIZlJIOCB Te1-
JI0BO€ JBUIKEHHE.

Kpusas morennmanbHO# sHepram pacCKasHBaeT O BCEX
HeTansgx B3aWMMOJeHCTBEA MexAy artoMamm. lIpmrarmea-
0TCA WIH OTTAJKABAIOTCA JYaCTANE Ha TOM HJIHE WHOM pac-
CTOAHHHE, BO3pacTaeT MaHM YGHBaeT CHia B3amMOfeHCTBHA
IpHa OTHAJNeHEH AIH CONMKEHAH YaCTHI — BCE 9TH CBEfe-
HEA MOKHO IOJYYATH M3 aHAJAU3a KPABOH MOTEHEANBHOK
sHeprau. Tourm neBee «IHA» COOTBETCTBYIOT OTTAJIKHBA-
gmio. Hanporus, ygactke KpuBoii mpaBee fHa AMH Xapak-
TepUSYIOT HPHTAIKEHHE. Basxame cBefmenma coofmaer u
KPYTH3HA KpPHBOH: 4eM Kpy4ie HJleT KpHBasA, TeM 6oxnmie
cana.

‘HaxopmAacr Ha GONBMHAX PACCTOAHUAX, ATOMH IPHATATH-
BAlTCA OAMH K JPYroMy; 9Ta Cmia BechbMa GHICTPO YMEHL-
maercA C yBEJUYEHHEM pAaCCTOAHHUA Mexay HuMmu. llpm
cONmKeHUA CHWjia NPATAKEHAsA BO3pacTaeT H JOCTHTaer
HamboIbIIero 3HAYEHUA YiKe TOTNa, KOIfla aTOMH MOAOHAYT
OflMH X pyroMy odeHb 6amako. IIpm eme Gompmem cOuam-
JHeHWH IPHUTS;KeHHe ociabeBaeT W, HAKOHEI, HA PAaBHOBEC-
HOM PaCcCTOSHHY CHIIA B3amMoJielicTBHA 06 pamaerca B HIb.
ITpa c6nmxeHmm aTOMOB Ha pAcCCTOAHHE, MEHBINEE DPABHO-
BECHOI'0, BOBHHKAIOT CHJH OTTAJKWBAHAA, KOTOPHE 09eHb
pesko HapacTaloT H GHICTPO NENANT IPAKTHYECKH HEBO3-
MOKHEIM fajbHelimee yMeHbLINEHWe PpACCTOAHHA MEKIY
aToMaMm.

PasuoBecunie paccrosmma (amke MH OyaeM roBOPHTH
KOpoYe — paccTOSHMA) MexAY AaTOMaMH pasnEYHH 11.11;1
PA3HEIX COpPTOB aTOMOB.

—

Puc. 2.1.
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Ilia pasaBIX map ATOMOB Pa3NHYHE HO TOJBKO PacCTOA-
HEA OT BePTEKAIBHOA OCH [0 JHA AMH, HO U IAybuHa AM.

T'ny6mHa AMB AMeeT IPOCTOA CMEICI: 9TO0H BHKATHTHCA
@3 fAMH, HY;XKHa DHepraA, KaK pa3 pasHag riaybmme.
ITosToMy rayOmHY fAME MOKHO HAa3BaTh 9Heprumeil cssasd
gacTui.

Paccrosirma Mexay aroMaM# MOJEKYJ CTONEL MAJH, 9TO
And X A3MepeHus HAAO BHOpPATh MOAXOfAINEE eXUHUIIEL,
HHaYe NpHUmuIocs 0K BHpAa)KaTh WX 3HAYEHHWs, HAIpEMEp,
B TakoM Buge: 0,000000012 cM. Ito nudpa Ana Moneryan
KHCI0pOoHaa.

Enunmne, oco6enno ymo6Hbe Ay ONHCAHUA aTOMHOTO
MHApa, Ha3HBAIOTCH aHrCTpeMaMHu (mpasfa, ¢aMminsa mBen-
CKOT'0 Y4eHOro, MMeHeM KOTOpPOTO HA3BAHH JTH eJUHAIH,
opaBmiabHO umraerca OHrcrpeM; [isA HamoMmHAHUA 06
9TOM Haf OYKBO# A CTAaBAT KPYIKOK):

1A =10-% cm,

T. . ONHOM CTOMWIIMOHHOE J0/N€ CAHTAMETpA.

Paccrosnmsa Me:Iy aTtoMaMu MOJEKYJ Je:KaT B Hpefe-
nax or 1 1o 4 A. HanucasHoe BhIIe paBHOBECHO® PacCTOA-
HHe JJA KEcaopoxa pasHo 1,2 A.

MexaToMuLe pacCToOAHEA, KAK BH BAJAHNTE, 096HH MAJHL.
Ecim omoscars 3eMHOM map BepeBKO y BKBATOpa, TO
JIAHA «I0ACa» BO CTOJBKO ;Ke pas 6yger Goabmme MUPHHEL
Bameil JafoHH, BO CKOJBKO pas MEPHHA jJagoHA GoJbmme
PACCTOAHMSA MEXIY aTOMaMH MOJIEKYJBI.

Jlisa mamepennsi SHePrudm CBA3H HONb3YITCA OGHYHO
KaJOPUAMH, HO OTHOCAT HX HE K OJHOH MOJeKyJje, 9TO
mano Obl, pasyMeercs, HAYTOKHYI0O HAPpPY, a K OTHOMY
MO0, T. e. K N, Mosexyaam.

flcro, 9T0 PHEprus cBA3W HA OJWH MOIb, €CIH e IOofie-
aATs Ha gucno Asoragpo N,=6,023.102% moxn~?, macr
SHEPTHI0 CBA3H OJHOH MOJIEKYJH.

JHeprus CBA3HW aTOMOB B MOJIEKYJe, KaK M Me;KaTOMHEI®
paccToAHUA, KoaeGlaeTca B He3HAYMTENBHHX IIpefesax.

Jasa Toro e KmCIOpOfa MSHePrus CBA3H paBHA
116 000 xan/mons, Ana sBogopozna 103 000 xan/mons m T. 1.

Mu yixe rosopmam, 94T0 aTOME B MOJIEKYJIaX pacmoia-
raloTcsA BIOJHE ONpefeleHHEM 06pa3oM OfHE IO OTHOINIe-
HHI0O K ApYyrEM, 00Gpasysa B CIOJKHBIX CAydYagX BechbMa 3a-
MBICJIOBATHIEe HOCTPOHKH. -
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npﬂBeJIeM HECKOJIbKO YFIEKACTIbIA TAS
npOCTHX TpEMepoB. B Mo-
nekyne CO, (yraexkmciauit
ras) Bce TPH aToMa pac-
OOJNOKEHH B PAJX — aToM
yraepofa mocepegune. Mo-
aekyina Bogu H,O mmeer
JTOTKOBYIO (bopmy, BepIH-
goii yraa (o pasen 105°)
ABJAAETCA aTOM KHCIOPONA.

B Mosexyne ammmara
NH; arom asora HaxommT-
cA B BepmEHe Tpexrpas-
HOU OmHpaMuAH; B MOJNEKY1e
merana CH, aTrom yrieposa HaXOTHTCA B HEHTPE TeTHpeX-
rpaHHOi (Imrypm C PaBHHIMH CTODOHAMH, KOTOpAasA HAa3H-
BaeTCA TETPAdPOM.

Aromn yraepona Gemsona C;H, o6pasyior mpaBmisusri
mecTAyroasHAK. CBA3H aTOMOB yIriepofa € BOZOPOAOM
HAYT OT BCeX' BOPIHH INeCTHYronbHAKa. Bee aTOMH pac-
HONOKEHH B ONHOM IJIOCKOCTH.

CxeMH pacmomnoskeHHA NEHTPOB aTOMOB ITHX MOJEKY.
moKasaHu Ha puc. 2.2 u 2.3. JIluanm cumBoONH3HEPYIOT CBAH.

ITpomna xmMmueckas peaknpmaA; OHIAM MOJEKYJH OTHO-
ro copra, oGpasosanmch Apyrme. OfHE CBA3W HODPBAHH,
Apyrze co3naHH BHOBE. Jlas
pasphiBa CBA3ell MEMLY aTo-
MaMu — BCIOMHHUTE PHCY-
HOK — HYKHO  3aTpPAaTHTH
Taky1wo e paboTy, Kak mpm
BHKATLHBAHAA Mapa A3 SAMH.
Hanporms, npm oopaaosa-
HUA HOBHIX CBf3ell sHeprus
BHJIeNAETCA — INap CKAaTH-
BaeTcsd B AMY.

Uro 6onsme, pabora pas-
PHBa mam pabora cosmja-
HAg? B opmpome M cran-
KHBaeMcs ¢ peakimaMu 060- &
X TANOB.

Usnmmer osmeprmm Ha-
3bBaeTca TemaoBHM 3fdek-
TOM, wmjam mWHAYe — TemIo- Puc. 2.3.

Pumc. 2.2.

METAH

6EH30J




To# npespamenus (peaxuun). Temnosuie 3dderTH peax-
i — 310 Goabpmueil YacTHhI0 BEIMYHHE HOPAAKA eCATKOB
THICAY KaJopuit up® pacdere Ha moab. OueHp WacTo Tem-
10Boil >QPEeKT BKIINYAWT B KadecTBe ClaraeMoro B ¢op-
MYJNy pPEaKIuH.

HanpuMmep, peaknmus cropaHma yriaepopa (B BHEe rpa-
¢uTa), T. . COCAMHEHHAA €r0 ¢ KUCIOPONOM, HUMETCH TaK:

C+0,=C0,+94 250 xax.

910 3HAYAT, 9TO IPHA COSWHEHHH YTIIepofa ¢ KMCI0POXOM
Bhifennerca sueprasa 94 250 kanopmit. CyMma BHyTpeHRUX
9Heprmii MOJA YIIepofia B MOIs KHCJI0opofia B rpadmre
paBHAETCA BHYTPeHHeHl SHEPruH MOJA YIJIEKHCIOro rasa
natoc 94 250 xanopmit.

"Taknm o6pasoM, IONOGHEE 3aTIACH EMEIOT SICHEIH CMBIC
anre6padYecKEX pABEHCTB, BANACAHHHIX JJdA BeJHYEH
BHYTpeHHell dHeprumm.

C moMompI0 TAKEX YpaBHEHHH MOKHO HaliTH TenaoBHe
addexTH mpeBpameHmil, INA KOTOPHX He TOIATCA IO TeM
WM WHHM IpPHYAHAM IpsAMHeE CIocoOH maMepenmsA. Bor
npuMep: ecam Ol yraepoy (rpadur) coefMHATH ¢ BOXOPO-
noM; To o6pasosasnica Gu ras aueTmieH:

2C+H,=CH,.
Peaknma me mmer TakmM myreM. TeM He MeHee MOKHO
HaliTm ee TemnoBoit spdexr. 3anuHIeM TPH H3BECTHHE pe-
aKnan — :

OKHCJIeHHe YIIepofa:

2C+20,=2C0,-+188 000 xaux,

OKHCJIEHHe BOAOpOHA: ‘
H,+ 3 0,=H,0+686000 xar,

OKHCJIeHHe aleTnjeHa:
C,H, ++5 0,=2C0,+ H,0 +312000 xan.

Bce 5TH PaBeHCTBA MOKHO PACCMATPEBATh KaK YpaBHERHA
LA DHePruil CBA3E MOJEKyJN. ECIE Tak, TO HME MOMHO
omepmpoBaTh Kak anrefpamyeCKBMH paBeHCTBaMu. Brram-
Tasg W3 HEKHETO JBa BePXHHX, IOJIYIHM

- 2C+H,=C,H,—56 000 xaa.

3maunT, WHTepECyOMmee Hac IPeBpalleHne COMPOBOKIaeT-
ca nornomenmem 06 000 xamopmEii Ha OIHHE MOJb.
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®U3UYECKAA U XUMUYECKAA MOJIEKYJIbI

Jlo Toro Kak mcclIemoBaTeNd MOJNYdHIE JAETaNbHOE
npeACTaBleHne O CTPYKTYpe BemecTsa, TAKOr0 Pasamdds
He genasnocs. Mollekyna ecTs MoOJIeKya, T. . MaJbpyaimmii
npefcTaBATeNb BemecTBa. Hasamocs Gul, 9TUM BCe CKa3aHO.
Opxeako meno oGCTOMT He TakK. '

Te MOJERYAH, 0 KOTOPHX MBI CefYac pacCKa3ajm, AB-
AAITCA MOJEKyaaMu B 000HX CMHEICIAX CI0BA. MoaeKyas
YIUIEKHCIOT0 Trasa, aMMmaka, 0eH301a, 0 KOTODHX M
TOBODHJIHA, W MOJEKYJH IPAKTHIECKHA BCEX OPTaHMIGCKHX
pemecTB (0 KOTOPHIX MH He TOBOPHIH) COCTOAT W3 aTOMOB,
KOTOpHEe CHABHO CBA3aHH Apyr ¢ apyrom. IIpm pacteope-
HAH, IIABIEHNY, NCIAPeHANA OTH CBA3H HE Pa3pHBAITCA.
Mouexyaa mpofomxaer ce0s BeCTH KaKk OTHe/IbHAA 4acTHY-
Ka, KaKk MaleHbKoe QH3MIeCKoe TeJo NpH JIO0HX (puamye-
CKHEX BO3[eACTBHAX M H3MEHEHHAX COCTOAHHA.

Ho rax ofcromr femo mamexko He Bcerga. Haa 6Gons-
MAHCTBA HEOPTaHHYECKHX BemEeCTB O MOJEKYae MOMKHO
rOBOPATH JHMb B XAMEYECKOM CMHICJIE TOTO CI0BA. A BOT
MeabuaiiHieli YaCTHIKH TAKAX OOIMEHM3BECTHHX HEOPraHM-
4eCKAX BEM[ECTB, KAaK IOBApPHHAA COJNb MM KaJbldT,
HIE COfa, He cymecTByer. MH He HaxoAmM OTAeNbHHIX
gacTHYEK B Kpacraanax (o6 srom Gyder pacckazaHo gepes
HOCKOIBKO CTPAHEN); IPH PACTBOPEHHH MOJIEKYJH pPacia-
HaIeTCA HA YACTH.

Caxap — opraumieckoe BemecTso. lloaToMy B Bome
CHAKOr0 4as (IJIaBAIOT» MOJNEKYJH caxapa. A BOT B Co-
JeHO# BOJe HAKAKAX MOJEKYJ IOBApPEHHOH conm (Xa0pH-
CTOro HATPHA) MH He HaifeM. ITH «MOAeKymn» (mpmxo-
IOHTCA CTABHTh KABHYKH) CYMECTBYIOT B BOJe B BHJAE aTo-
MOB (a TOYHEe, MOHOB — DIEKTPAYECKH BaPAKEHHEX ATO-
MOB,— 0 HHX peYb BIIepefn).

Tax K€ TOYHO W B IIapax, d B PACIJIABAX YaCTA MOJOKYI
’KABYT CAMOCTOATENbHOH MKHZHBIO.

Horma peus mper o cmiax, CBA3HBAKIIAX aTOMH B ¢u-
SHIECKYI0 MOJEKYNy, TO TaKHe CHJIH HA3HBAOT BAJCHT-
HEMA. MeKMONeKyIsApHEE CHJIH SBAAIOTCH HEBAJCHTHEI-
mMa. OpHako THI KPHBO# B3amMOAEHCTBHA, KOTOPHIA GBI
moKa3aH Ha puc. 2.1, onmHaKoB B ofGomx ciydasx. Pas-
Jmdme nAmb B raybummHe sAMH. B ciydYae BameHTHHX CHI
AMa B coTHE pas ray0xe.
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B3ANMOJENCTBUA MOJIERY/J]

MoseKkyas B33aUMHO OPUTATHBAIOTCH, B 9TOM HEBO3-
MoHO coMBeBaTheA. Ecam 6m B Kakoe-To MrHOBeHHe OHH
nepecTand IPATATHBATBECA APYT K JPYTy, BCe JKHAKEE H
TBEPALIE TeJIa pacmaauch OH HA MOJEKYJIHL.

MoneKkyan B3amMHO OTTAJKHBAIOTCA, W 3TO HECOMHEH-
HO, TaK KaK mHAa4e JKHAKOCTH W TBEpPHHE Teja CKAMAIUCH
0l ¢ HeOOGHKHOBEHHOH JIETKOCTHIO.

Mesxny MoneRyjnaMu REACTBYIOT CWIIL, BO MHOTOM IIO-
XOjKHe Ha CHJIH MEKIY aroMaMH, 0 KOTOPHX TOBOPHIOCH
pume. HpuBas DoTeHHUANBHON SHEPrEd, KOTOPYI0 MH
TOABKO YTO PHCOBANHM MJiA AaTOMOB, HPABHJIBHO IIepefaer
OCHOBHEIE UePTH BaauMojieiicTBua Monexkyn. OnHaxko Merk-
Iy STAMH B3aHMOJEACTBHMAMH HMMEIOTCA M CYIMEeCTBeHHEIE
pasamvas.

CpaBHuM, HalnpEMep, PaBHOBECHOE PACCTOSHHAE MEIKTY
aTOMaMH KHCJIOPOAA, 00pasyomuMu MOIEKYny, I aTOMaMa
KHACAOpOJa ABYX COCEQHHX MOJEKY], NPHTAHYBIIAXCA B
3aTBepAeBmIeM KHCJIOPOKE JO PABHOBECHOTO IIONOMKEHHA.
Pasamane GyHer oueHh 3aMETHBIM: aTOMH KHCIOPOXRa, obpa-
3ylomme MOJEKYJay, YCTAaHABIHBAIOTCA HA PACCTOSHHH
1,2 A, aToMHl KHCIOpOXa PAsHHX MOJEKYJX MOAXONAT APYT
R Apyry Ha 2,9 A.

ITooGaKe pe3yabTaTH IOAYTaOTCA W AJAA JPYTHX aTo-
MOB. ATOMBI 9Y)XHX MOJEKYJ YCTAaHABIMBAIOTCA NAJIbIIe
OfUH OT APYroro, 4eM aToMH ofgHo# Momexyxau. Ilosromy
MOJIGKYJIH JIerie OTOPBATH OFHY OT APYroif, 4eM ATOMH OT
MOJIGRYJH, OpAYeM pAa3NHudAs B SHEPTHAX MHOro Gojbmie
pasHmnob B paccrofHuax. Ecam sHeprma, HeoOxommmas
IJIA pa3pHBa CBASH MEKLY aTOMaMH KHUCJI0pojia, o6pasyo-
mEMEH MOJeKyny, cocrapaser oxoxo 100 rkan/mons, TO
SHEPrHs HA DPACTACKMBAHEE MOJEKYJ KHCIODOJa MeHbIIe
2 KKaa/MoIb. A

3HayAT, Ha KpPUBOH NOTEHIHMAILHOH DHEPIUH MOJEKYJ
«IMa» JEKAT Jajblle OT BePTAKAAHHON OCH W, KPOMe TOro,
«AMa» Topasfo MeHee TayGoka. '

OnHako 5THM He HCUEDPOHBAGTCA Pas3juIde B3amMOZeii-
CTBUA 4TOMOB, 00pa3ylomux MOJIEKY1y, I B3amMOJeiCTBAA
MOJIEKYJI.

XrMHAKE TOKA3ald, 4T0 ATOMH CHEILIAIOTCA B MOJEGKYIY
¢ BIOJHE OIpefieeHHWM YNCIOM IPYraX aToMoB. Ecam
JiBa aToMa BOAOpOAa o0pasoBanm MOIEKYyNy, TO TpeTmid
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aTOM Y)Ke He IPHCOEJUHATCA K HEM. ATOM KHCIODPOAa B
pollé COeJWHEH C /IByMA aTOMaM¥ BOJODOAA M IPHCOeRH-
HATH K HEM eIie OfHMH HEBO3MOKHO.

Huuero mogoGHOro MH He HaXOQEM B MEKMOJIEKYJIAD-
goM BaamMmofeiictmm. IlpmranyB K ceGe ommoro cocepa,
MOJEKYJTa HE B KaKoil CTemeHM He TepAeT CBOeH «upHTA-
rareassoil cunsy. Iogxox cocemeit Gymer mpomexomuts 10
TeX HOp, IOKA XBAaTHT MecCTa.

Yro smaumr «xBatur Mectra»? Passe Momexyan — 3TO
qro-T0 Bpoje AGAok wmam saAmn? HoHeuno, B HEKOTOPOM
CMHIC/IE TaKOe CPaBHEHHE ONPABIAHO: MOJEKYJIH — (mam-
geckme Texa, obiafaomume ONMpPOJESeHHHMH (pa3MepaMm»
n «popmoii». PaBHOBeCHOE pacCTOAHME MEKAY MOIEKYIaMA
A €CTh HE YTO WHOe, KaK «Pa3MepH» MOJEKYII.

KAR BBITJIAIUT TEIJIOBOE IBUMEHHUE

BsamMmogeiicTsme MKy MOJEKYJaM#d MOJKET HMEThb
fosnblmee WaAM MeHbIIEe 3HAYCHHE B OKU3HH» MOJEKYJ.

Tpu cocTosHHA BelecTBa — razoo4pasHoe, ;KHAKOE H
TBEpJ0e — PA3NWMYAIOTCA OAHO OT JPYroro Toi pomnkbiwo,
KOTOPYI0O B HAX HIPaeT B3aEMOAEHCTBHE MOJIEKYI.

CaoBo «ras» mpmgymano ydeHsiMa. OHO IpomsBefeHO
OT IpPEYECKOro ClIOBa «Xaocy — GecnopsamoK.

N neficrBETensHO, razoofGpasHoe COCTOAHHE BeMECTBA
ABJIAETCA MPEMEPOM CYMECTBYOINEro B MPUPOAE HmOJHOTO,
COBepHIEHHOTO OecopsAfKa BO B3aMMHOM pPAaCIIOJOKEHAH
H ABmwKenmHm dactun. Her TaKoro MEKpPOCKOma, KOTOPHIH
H03BONAA GH YBHAETh NBI)KEHHE Ta3oBHIX MOJEKYa, HO,
HeCMOTPs HA 3TO, (HBHKE MOTYT [OCTATOYHO [EeTANABHO
OmMCAThH JKA3HL DTOr0 HEBAAEMOIO MHpA.

B xyGmueckom cantmMerpe BO3gyxa HpH HOPMAJBHBIX
ycnopmax (KOMHATHasA TeMIeparypa m arMocdepHoe maBie-
HUe) HAXONHATCA OTPOMHOE YHCIO MONEKYd, MIPHEMEPHO
2,5.10° (r. e. 25 MuanmapaoB MEIIAApAOB Momexkya). Ha
KQUKAYI0 MOJEKYNY HPHXOXHTCA obbeM 4-10-2° cm3, T. €.
KY0mK co cropoHo#t nmpumepHo 3,5 -10~7 cu=35 A. O,zmaxo
MOJIEKYJIB 09€Hb MAJIHI. Hanpmep, MOJIeKY:IBl KHCI0DOZia
B a30oTa — OCHOBHAA 4YacTh BO3AYXa — HMEIOT cpemmn
pasmep oxono 4 A.

Tarmm -o6pasom, cpennee paccToAHAe MEKAY MOJEKy-
Zamm B 10 pas Gonbme pasmepa MONEKYIH. A 5TO B CBOI
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oYepesb 03HAYALT, ITO cpenHmit 06HeM BO3AMyXa, HAa KOTO-
pHii HpEXONHTCHA OfHA MoJeKyxna, mpmmepHo B 1000 pas
6onpme oGpeMa CaMoOil MOJEKYHAH.

IIpencraseTe cebe POBHYIO IUIOMANKY, Ha KOTOpOil Gec-
DOpAKOYHO pasfpocaBsl MOHETKH, HpHYeM HA MJIOMAAb
B 1 M? mpmxogmTCs B CpefHEM CTO MOHETOK. JTO 3HAYMT
ofiHa-ABe MOHETKH HA CTPAHANY KHArW, KOTOPYI BHl 9~
taere. IIpubam3uTeABHO TAK jKe PEIKO PACHONOMKEHH ra-
30BHIE MOJIEKY.IHL.

Hasxnaa Monexyna rasa HaxXOTHTCA B COCTOSHUH He-
OpepHBHOTO TEINIOBOTO JBHIKEHUSI.

IlpoenenqmM 3a ommO# Mouekymoit. Bor oma crpemm-
TeNbHO ABEKETCA Kyna-To Bupaso. Ecam 6w Ha ee myTm
He BCTPETHJIOCH IPEmATCTBHM, TO MOJEKYJIA C TOH e CKO-
POCTHIO mpopoakana G CBOE ABHIKEHHe IO IPAMOY JIMHAH.
Ho myts Monexyan mepecekamoT ee (ecumcjieHHEE COCeJH.
CTOJIKHOBOHKH HEeMHHYEMBI, H MOJIEKYJHL pasneTalo'rcH,k
Kak fipa CTONKHYBMHXCA GmiamapfEnXx mapa. B rakyiwo
CTOPOHY OTCKOYHT Hama Moiekyaa? IIpmoGperer mnm more-
PAET 0Ha CBOIO. €KOPOCTH? Bce B0O3MOMKHO: Belb BCTPEYH
MOryT GHTH CaMhie PA3JIHYHHE. YJAapH BO3MOMKHH M CIe-
pefd H caafim, u CHpaBa W CleBa, H CAJbHHe m ciabhe,
fAcno, 910, mofBEpragch TAaKAM OECHMOPAROYHEM COYHa-
PeHHAM OpH 3STHX CIyYadlHHX BeTpedax, MOJNOKYHa, 3a
KOTOpO# ME HalmiofaeM, OyfeT MeTaTbCs BO BCe CTOPOHH
II0 COCYAY, B KOTODOM 3aK/JIIO9eH raa.

Karoit myrs ymaerca mojeryaaM rasa mpoGeskars Ges
CTONKHOBEHHA?

On 3aBECHT OT DPasMepoOB MOJEKYJA M OF HJOTHOCTH
rasa. Uem Gonbme pasMeph. MOJEKYN H YHCIO HX B CO-
cyne, TeM game oHH OynyT crankmsarhbesa. Cpemuas anmEa
yTH, npo6eraeM0ro Monexynoﬁ Ge3 coymapenms,— oHA
HasHBaeTcA cpejHedl Anmuoi mpoGera — papHA npm 06LIY-
Bhx yeaopmax 11:10-¢ cm=1100 A naa Momexyn Bofmo-
pora m 5-107¢ cM= =500 A npna Momexyx KHCJIOpOAa.
5.10~¢ cM — ABaAUATATHCAYHAA JONA MHJLIAMETpA, pac-
CTOAHEE 0YeHb MaJioe, HO 0 CPABHEHMUIO ¢ pasMepaMu MoJe-
KyJ oHO Jajnexo He Majo. IIpo6ery 5-10-% eM ama Moxexy-
JH RECIOPOLia COOTBETCTBYET B Macmrale y GCmiimapiHOTO
mapa paccrosiime B 10 M.

Crout o6paTHTh BHEMAaHH® HA OCOGEHHOCTH ABIKEHHA
MOJIeKYJ B CHIBHO paspe;KeHHOM rase (paxyyme). [Jlsm:xe-
HHe MOIEKYJ, «00pasylomdx BaKyyM», MeHAeT CBOii xa-
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paKTep, Korjma Anmaa co6OfHOro mpofera MONEKYIH CTa-
HOBHTCA Goabme pasMepoB COCYZAa, B KOTOPOM HAaXORHTCA
ra3. Toraa MOJIEKYJH pefKO CTalKmBAaIOTCA MeXAY coboil
# COBepIIAOT CBOe MyTemecTBHe NPAMKHMIA 3AT3aTaMd, yAa-
pAACh TO 00 OAHY, TO O IPYTYI0 CTEHKY COCYAa.

Kak Toabko uro GHIIO CKasaHO, B BO3AYXe IDPH arMo-
cpepHOM faBleHNH AymHa mpobera pasHa 5:10-¢ cm. Ecam
ysenmyuth ee B 107 pas, To oma cocraBmr 50 cM, T. e.
6ymer 3amerHo Goxbmie CpefHero mO pasMepaM COCYAA.
Iockonsky pnmea npobera o6parHO IpPOmOpPIEOHAIBHA
OJIOTHOCTH, a CIe0BATeIbHO, H [ABICHHIO, TO [ABJeHHE
1A 9TOrO KOMKHO cocTasaaTh 10~ 7 armocdepuoro mnm npa-
mepHO 10~ ¢ MM pT. CT.

lae Me:KInaHeTHO® HPOCTPAHCTBO HE ABJIAETCA COB-
ceM mycteiM. Ho OI0THOCTHL BemjecTBa B HeM COCTABJAET
oxkoxo 5-10-%4 r/ecm3. OcHOBHAS HomA MeKIIAHETHOTO
pelleCTBAa — ATOMapHWY BOMOpoA. B HacTosmee BpeMs
CYHMTAETCA, 9TO B KOCMOCE NPUXONMTCA IO HECKOJBRY
atoMoB Bogopoza Ha 1 cm®. Ecam yseamyarh MOJEKYIY
BOZIOPOZA [I0 PasMEPOB rOPOIIHMHK M MOMECTHTH TAKYI0 «MO-
nekyay» B Mockse, To ee Gammxaiimasg «KOCMHYECKag CO-
ceka» oxaskercsa B Tyae.

CrpoeHHe KEOKOCTH CYIMECTBEHHO OTIHIAETCA OT CTPO-
eHHS rasa, MOJEKYIH KOTOpOro HAXONATCA HajeKo OfHa
OT ApYroii W JMmb H3pPefAKa CTAAKHBAIOTCA. B skmmrocT:
MOJIEK YJIH IOCTOAHHO HAXOAATCSA B HemoCpeACTBeHHO G-
soctn. Momexyan S>KERKOCTH PACHONOMEHH, KaK RapTo-
penman B Memke. IlpaBga, ¢ ogHEM OTAMYMEM: MOJEKYJIH
)KEJKOCTH HAXOMATCA B COCTOSHHM HENpPePHBHOTO XAOTH-
9eCKOTO TemJI0BOTO ABMKeHHs. V3-3a GoJbmoil TECHOTH
OHH He MOTYT HePeJBHTATHCA TAK CBOGOKHO, KAK MOJEKYJIb
rasza. Kamgaa «romgerca» Bce BpeMs HOYTH HA OJHOM M TOM
e MeCTe B OKPY)KeHHH OJHUX H TeX K€ COCefieil W TOILKO
HOHEMHOT'Y IIepPEeMem[aeTcA 10 00beMy, 3aHATOMY >KHAKO-
cTpi0. Yem Golee BA3KaA SKEAKROCTH, TEM HTO IepeMEIIEHUe
memnenneir. Ho gase B Tanofi «mogBmKHONY EEHIKO-
CTH, Kark BOJa, MOJeKy.a CMecTHTCA Ha 3 A 3a TO BpeMs,
KOTOpOe HY}KHO razoBoii Moneryae fas mpoGera B 700 A.

CoBceM pemmTenbHO PACHPABAAIOTCA CHJIH B3aEMOKEH-
CTBHA MEKNY MOJEKYJaMH C HX TEINIOBHM ABIKeHDEM B
TBepANX Teaax. B TBepooM BemecTBe MOJERYJH HpPaKTH-
9€CKA BCe BpeMd HAXOMATCH B HEH3MEHHOM IIOJIOKCHHH-

emroBoe [BH)KEHHE CKA3HBAETCA TOABKO B TOM, 9YTO
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MOJIeKY/IH HeIIPePHBHO K01e6I0TCA OKO0JI0 HOJI0MKeHRH paB-
soBecuss. OTCYTCTBHEe CHCTEMATHYECKMX IepeMemeHmii Mo-
JIEKYJ B eCTh IPHIAHA TOr0, YTO MHI HAa3HBAEM TBEPAOCTHIO.
JleficTBETEIEHO, €CIM MOJIEKYJIH He MEHSIOT COCefei, TO
TeM Gosiee OCTAIOTCSI B HeW3MEHHOH CBS3H OfHA C APYyTroi
OTAEJNbHEE JacTd Teja. ’

CIHUMAEMOCTH TEJ ~

Kak powpeswe xammm OapaGamsaT oo Kpome, Tak
ObIOTCSI 0 CTEHKH COCyJa MOJeKyan rasa. Umeao armx
yAapoB OrpOMHO, W JEHCTBHE HMX, CIMBAfACh BOGIWHO, H
CO37aeT TO NaBJeHHE, KOTOPOe MOMKEeT ABHraTh HOPIIEHb
IBAraTesif, pasopBaTh CHApAA WAM HARYTh BO3JYIIHHIH
map. I'pag MoneryaspeHX ygapos — 3T0 arMocdepHoe
TaBJeHHAe, 5TO [aBJeHHEe, 3aCTABJMA0IMEe HPHTATh KPHIIKY
KHIAMEro 4aiiHWKa, 9TO CHJA, BHOPACHBANOIAA HYJII0 U3
BHHTOBKH.

G ueMm e cBs3aHo fasaenme rasa? flcHo, uro masienue
6ynmer Tem Gojbmie, 9eM CHJIbHEE yAap, HAHOCHMBLIA OFHOH
Mosekynoii. He mMenee oueBmano, uro mamienme Gyder 3a-
BECETh OT YHMCIa YAAPOB, HAHOCHMHX B CeKyHAy. Yem
6onbme MoOJeKyN B cocyne, TeM dame yRAapH, TeM Goiplne
paBnenme. 3HAYUT, OpPE/E BCEro [ABJIGHWe p [AHHOTO
rasa OpPONOPHUOHANBHO €r0 IJOTHOCTH.

Ecam macca rasa memamMenHa, To, yMeHbINAsA 00eM, MH
B COOTBETCTBYIOIEe YUCJIO PA3 YBEAMIMBAEM IJIOTHOCTD.
3dHaumr, gaBneHme rasa B TAKOM 3aKPHTOM cocyde Gymer
obparHO HmpomopruoHaNbHO 0GBeMy. Vam, mHHME ClIOBa-
MH, OPOH3BEeHHe HABJEHHA Ha 00BeM HOMKHO OHTH He-
A3MEHHBIM:

pV=const.

9T10T HPOCTOR 3aKOH GBI OTKPHT aHTIHACKEM QuaHKOM
Boiinem m ¢panmyackmm yuenkiM MapmortoM. 3axon
Boitna — MapuorTa — ofHB 113 TEPBHX KOJAIECTBEHHHIX
3aKOHOB B HCTOpHE (msmuecKoir Hayxkd. Pasymeercs, om
AMEeT MECTO IpH HEM3MEHHO ‘TeMmeparype.

ITo Mepe cmaTusa rasa ypasuenme Boiina — Mapmorra
BHIIONHAETCA Bce xy<e. Mouexkynn nmpebammKaoTes, B3a-
- MMOJSHCTBEE MEKAY HUMHW HAadWHAET CKA3HIBATLCA HA IO-
BelleHHE Taaa. : :
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. 3axon Boiia — MapuorTa capaBefiuB B TeX CAYIAAX,

KOrZla BMEIIATEJBCTBO CHJI B3aWMONEACTBHA B KH3Hb MO~
JIeKya rasa COBepIIeHHO He3aMeTHO. IloaToMy 0 3aKoHe
Boiina — Mapnorra roBOopAT Kak O 3aKOHe HHEEAJbHEX
rasos. .

HpnnaraTe.nmoe «afleaJbHHAY 3BYyIAT HECKOIBKO Ba-
6aBHO II0 OTHOIIEHWI0 K CHOBY «raay. Npeansunit' — aro
SHAYAT COBEDIICHHEI, TaKOH, 4To Jyume GHTEL He MOKET.

Yem mpome Mofenp mIM cXeMa, TeM HealbHEe OHa
nasa puamka. YIpOIAOTCA PAcdeTH, JErKEMA M FCHREIME
CTaHOBATCA O0bACHeHEWA ¢uamuecKmx nABieHnd. Tepmun
«AfleaIbHHA Ta3» OTHOCHTCH, K IIpocTeiimeii cxeMe rasa.
TloBeneame DOCTATOYHO pPa3peKEHHHX TasoB HPAKTHYCCKH
HEOTIMIAMO OT NOBENCHHA HACAIHHHX rasoB.

CoxnMaeMoOCTh KAJKOCTEH ropasfo MeHbINe, 9eM CIKH-
MaeMOCTb, Fa3oB. B JKHIKOCTH MOJEKYJIH y:Ke HaXOJATCA B
«conpurocHoBeHum». Cjkarme COCTOMT JHMIIb B yJydimie-
HAW (yIaKoBKH» MOJEKyJ, a OpH OYeHb GONbLIMHAX JaBie-
HAAX — B CIIPeCCOBKe camoit Moneryas. Hackoabsko cuan
OTTaNKWBAHUA 3aTPYHHAIOT C)KaThe >KHAKOCTH, BHAHC H3
ciexyiomux nmdp. IloBsmenme AaBieHAS OT OXHOME Mo
ABYX atMocdep Bieuer 3a coboii ymenpmenume ofneMa rasa
BABOG, B TO BpeMa Kak o00beM BOJH u3MeHAeTCA Ha
1/20 000, a pryrm — Bcero mra 1/250 000.

,T.[ame OTPOMHOE JlaBJeHMe Ha INIyOmHAX OKeaHa HeCHO-
co6HO ckonbko-HEOGYRb 3aMeTHO Ckarb Bomy. [ledicTmm-
TeNBHO, NaBIeHHE B ONHY atMocdepy coamaerca cromGou
BOZH B JecAth Merpos. JlaBiennme mop caoeM Boms B 10 Ku
pagao 1000 arMocdep. OGbeM BONH YMEHBLIIAETCA Ha
1000/20 000, 1. e. ma 1/20.

CrxmMaeMocTs TBEPAKX T€J MAJ0 OTINIAeTCH OT CiKH-
MaeMOCTH JKOTKOCTH. OTO H HOHATHO — B 060MX caydaax
MOJIEKYJH YsKe CONPHKACAOTCHA, B CKATH® MOeT OHITh
ROCTHTHYTO JHIIb 3a CYeT RajbHeHmero cOnmsxenus yixe
CIIBHO OTTATKHBaOMAXxcsa MoneKy:. CBepxBrcOKuMA AaB-
neamama.B 50—100 Thcau atmocdep. yaaeTca c:xaTh CTalb
ga 1/1000, cBmuen — ma 1/7 jomio oGbema. . .

‘W3 aTAx mpmMepoB BHAHO, 9TO B B6MHKX YCIOBHAX He
yAaerca CKoXbKO-HEGYAD SHa‘IETeJIBHO CKaTH  TBEPIOe
BeeCTBO.

Ho 'Bo Bcemennoii eé¢isp Téxad, ‘TN BEIECTBO CKATO
HeCpaBHEHHO CHAbHee. ACTPOHOMH OTKPHUIE CYIIeCTBO-
BaHWe -3Be3][, OJOTHOCTh BOMECTBA B KOTOPHIX NOXOAWT N0
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10¢ r/cm®. BmyTpum oTHX 3Bes] — MX HASHBAKT O0eJHMA
Kapaukame («Gelniey» — IO XapaKTepy CBOTHMOCTH, (Kap-
JAKEY — W3-32 OTHOCHTEJBHO MAJHX PasMepOB) — IONIK-
HO IOITOMY HMETh MECTO OrpoMHOe AaBjeHHe.

[TOBEPXHOCTHBIE CHJIbI

Mosxeo0 am BHATA cyxmMm u3 sogu? Homeuno, ansa sroro
HY’XKHO CMAa3aThCS HECMAYEBAIOMEMCA BOAOA BEIECTBOM.

Harpure namen mapagmaoM m omyctare B Bofy. Herna
BHL €r0 BHHETE, OKAJKEeTCsS, YTO BOAH HA HANBIE HeT, 6CIH
He CYHTAaTh ABYX-Tpex Kamemek. HeGoxnmoe ABm:xeHme —
A KaOmeabKH CTPAXABAIOTCH.

B aroM emyuae ropopAT: BOfA He cMauMBaeT mapadummH.
Pryrs memer ceba TakmM 06pasoM IO OTHOMEHHMIO HIOYTH
KO BCEM TBEDAHIM TenaM: PTYTh HE CMaudBaeT KOKY,
CTeRJO, [epeBo...

Bona 6onee xanpmsaa. Ona TeCHO JbHET K OTHAM TeJIaM
H cTapaeTcsi He CONPHKAacarbcsa ¢ ApyramME. Bopga He
CMAYMBAET ;KEPHHE MOBEPXHOCTH, HO XOPOIIO CMAYHBAET
umoToe cTekao. Boma cmaumeaer AepeBo, Gymary, mepcTh.

Ecam KaneabRy BOAH HAHECTH HA THCTOE CTEKJIO, TO
oHa pacredercs @ obpasyeT o4eHsr TOHKYIO ay:kumy. Ecam
TAKYI0 7K€ KANeAbRYy ONYCTHTh Ha mapaguH, TO 0HA TAK H
OCTAaHETCA KANEJBKOH mouTH cdepmuecKoi (OpME; IyTh
OpPUAABIeHHOH CHIOf TAKECTH. ‘

K BemectBaM, «mpHECTalomuM» HOYTH KO BCEM TeaaM,
otEOCATCA KepocwH. CTpeMsich pacTeuncsa IO CTEKJIY HIH
MeTaJTy, KepOCHH CIOCOGEH BEINON3aTh W3 IIIOXO 3aKPH-
TOr0 cocyfa. JIy;KEma HpPONHTOTO KepPOCHHA MOKeT Ha
JOJroe BpeMs OTPABHTH CYIMIECTBOBAHEE: KEPOCHH 3aXBa-
TAT GOJMLIIYI0 NOBEPXHOCTh, 3aI0JA3€T B IMeJNH, HPOHAKHET
B ozexxny. IloaroMy Tak TpyaHo m36aBHTECA OT €ro Majo-
OpPHATHOTO 3amaxa.

HecmaunpaEme Tenm MOKeT LPHBECTH K JIOGONKITHHM
saBneHnsAM. Bo3bMuATe HronKy, CMa;KbTe €e JKEPOM H aKKy-

aTHO HOMOKATe miamMs Ha Bopy. Mroaxa He yToHerT.

HAMATENHHO BCMATPHBASICH, MOKHO 3aMeTHTH, YTO HTOJ-
Ka IPOlaBIWBAET BOAY H CIOKOHXHO JeXHT B o6pa3oBas-
mefica noxbmake. OgHAKO JOCTATOYHO JETKOr0 HAKATHA,
E ETONKa mofifier Ko AHy. [J1a 5TOro HYsKHO, 9TOGH sHAUH-
TeJbHAA €e JacTh 0Ka3axach B BOJE.
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OT0 MHTEpPeCHOe CBOHCTBO HCHONb3YeTCHA HACCKOMHIMHE,
6mcTpo GeralomEME IO BONE, He 3aMOYMB JALOK.

CmaunBarme HCHONB3YeTCA NpPH (IOTANEOHHOM ©Gera-
menpn pyA. CaoBo «jnoramua» 3HAYHT <«BCIIBIBAHEe).
CymBoCTh ABJIGHHA COCTOHT B ciaegymomeM. Torko A3Mean-
4eHHYI0 DPYAY 3arpy:KaioT B 9aH ¢ BOKOH, TyAa KoGaBasmoT
He0OJBII0e KOJMIECTBO CHENHANBHOTO Macia, KOTOpoe
ROJKHO 00NajaTh CBOMCTBOM CMAYHBATHL KPYNHEKH HoO-
7e3HOr0 MCKOIAeMOTO M He CMAYHBATH KPYNMHKE (HYCTOH
HOpOoALD ' (TaK HAIHIBANT HEHYMKHY0 dYacTh PyAN). Hpm
nepeMeMEBAHNE KPYNBEKE IIOJE3HOr0 HCKOIaeMoro ofBo-
JaEMBAIOTCA MACAAHECTOR ILICHKOM,

B wepnyo Kamy us PYAH, BOAK W MAcia BIYBATs
Bo3yX. O0Opasyercs MHOMKECTBO MEIKEX IYSHDPBHKOB BO3-
Ayxa — mena. Ilysmporm Bosgyxa Bcnampaler. Ilpemecc
$roraunE 0¢HOBAR HA TOM, YTQ NOKPHITHE MaCAOM KpPYHRE-
KE HONAAWTCA 33 BO3NYHIHNS HYSHPREE. Kpymnni mysu-
POX BHEOCHT KPYOWHRY BBePX, KAaK BQ3AYMNH P,

Ilonesnoe mckomaeMoe MOPeXOAWT B HEHY Ha HOROPS-
Hocts. Ilycras mopopa oeraercs Ha gHe. IleHy chmmalor m
HaUpaBASOT B JanpEefmyn o6paGoTKy Ams moaydeHmA
TaX HA3HBAEMOTO «KOHIEHTPATA», KOTOPHE COHepKEE B
JIECATKH pa3 MEELHIYIO AOJIO ITYCTOH DOPOZHL.

Cuin cuemneHuss NoBePXHOCTeHl CHOCOGHM HADYIIATEH
YPaBHEBAHHEE KAKKOCTHE B coobmaomaxea cocysax. Capa-
BOIKBOCTL STOr0 OYEHb JETKO NPOBEPHTD.

Ecaz ToHeHbKyl (BONA MHIIAMETDA B [JHAMGTPE)
CTEKJIAHHYI0 TPYGOYKY ONYCTHETH B BORY, TO B HAPYMEHHO
3aKOHA ¢0oCIMaOIMEXCA COCY/IOB Boha B Helt GHeTpo HaTHeT
TNOMHEMATHCA BBEPX, ¥ YDPOBEHE € YCTAHOBHTCA OYIIEOT-
BeHHO BHIIE, YeM B MIH-
PoKoM cecyne (pme. 2.4).

Yro ;re mpomzommo?
Karme cmam ymepmmsa-
0T BeC NONHSBINEr0CA
croxba wmaxocra? Iloas-
6M DPOW3POTICH CHIAME
CECIIACHHA BOAKL CO CTOX-
oM.

Cuinl moBepxXHOCTEO-
FO CIeTJIeNNs OTYOTIMBO
OPOARIAOTCS AREIL TOT-
A9, ROFJa HHULHOCTDH HOR- Pxc. 2.4,
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HEMaeTcA B AOCTATOYHOTOHKHUX TpyGKax. UeM yixe TpyGou-
K4, TeM BHIIE IOTHEMAETCA HATKOCTD, TEM OTICTIIBEE ABJIE-
mme. Hasnarme 9THX IOBePXHOCTHHIX sSBIEeHRH CBA3AHO ¢ HA-
spanmeM Tpybodex. Hanax B Takoit Tpy6re mMmeer Amamerp,
A3MepAIMANACA NONAME MIILIAMETPA; TaKyl TPyORY Ha-
3HBAIOT KANMIAPHOR (9TO 3HAYAT B IIEPEBOMS: TOHKOI,
Kak Boaocy). flpneHme mombeMa KUAKOCTH B TOHKHX
TpyOGKaX HA3HBAeTCA KANMILIAPHOCTHIO.

Ha kakymo jke BHCOTY CHOCOGHH HORHATH KHAKOCTH
Kanmaaapane Tpy6ru? OxasmBaercs, B TpyGxe RAEaMETPOM
1 MM BoOfa momHEMaercsa Ha Bhicoty 1,5 MMm. Ilpm gmamerpe
0,01 MM BEHCOTA HOJBEMAa BO3PACTaeT BO CTOJNBLKO ke pas,
BO CKOJBKO YMEHBIIAJCA guaMeTp TPyOKm, T. e. Ko 15 cm.

Paaymeercs, mofbeM ;KEAKOCTH BO3MOKEH JHINL IPH
ycanosmm cmagsmBaHmsa. Herpymno moramarscs, 9ro pryTh
He GymeT MOJHAMATHCA B CTEeKIAHHEX TpyOGrax. Haobopor,
PTYTh B CTeRJIAHHHX TPy6Kax omyckaerca. PryTe Tak me
«TepOuT» COOPHKOCHOBEHHS CO CTEKJIOM, 9TO CTPEMHTCA
COKpATHTH OOIMyI0 IOBEPXHOCTH KO TOTO MHHEMYMa, KO-
TOPH# paspemaeT CHJIa TAKECTH.

CymecTByeT MHOKECTBO TE€J, KOTODHE HPONCTABJAIOT
co6oi1 HeuTo BpOAe CHCTeMHl ToHUaimmX Tpy6oK. B Takmx
Terax Bcerga HaGAOJATCHA KaOWAASpHEE ABICHWA.

I_Ienaa cmCreMa NIMHHHX KaHANOB H HOP HMEeTCA Y
pacrenmii m jepeBbeB. JlmaMeTpH 2THX KAaHAIOB MEHBIIO
cotmx fAoseir Mmanmmerpa. Bmarogapa sroMy Kammamsp-
Hble CHIH HOTHEMAIOT MOYBEHHYIO BTy HA 3HAUUTENBHYIO
BHICOTY W DPa3HOCAT BOLY HO TeNy PaCTeHMA.

Ouenp ynoOHas Bempb — IPOMOKaTeIbHAA GyMara. B
elesald KIAKCY, a Hafo mepeBepHYTh crpammmy. He
MOATH BeJb, IOKa Kisakca BhcoxHer! Beperca amcrmk
OpPOMOKATeNsHON GyMarm, KOHEI[ ero MOrPYKaeTcA B Kam-
0, @ dYepamaa OuCTpo beryr KBepxy HOPOTHB CHJH TH-
mecTa. o ‘ ‘

IIpomcxofuT THHHYHOe KammaaapHoe aBiaeHme. Ecam
paccMoTpeTs HPOMOKATENBHYI GyMary B MHKDOCKOI, TO
MO)XHO YBHJOTH €e CTPYKTYDY. Takas GyMara cocromT U3
gemnoTHOH ceTKH (GyMa)KHHX BONOKOH, 06pasyomux ApYyT
¢ APYIOM TOHKHME W NJAMHHHE KaHANH. JTH KaHAJAH H HI-
panT poiab KANMIIAPHHX TPYGOdeK.

Taras e cmCTeMa JIHHHEX HOp MIH KaHAKOB, 06pa-
30BAHHHIX BOJOKHAMH, HMEeTCH B ¢urmaax. To durmmio
nonnnmaeTca KBepxy KépocumH B jammax., C HOMOIBIO
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¢uTEAA MOKHO CO3[aTh
g cadoH, onycTHB GATHIDL
OJHEM KOHIOM B HEHoJ-
HHI CTaKaH JKAAKOCTH
TaK, YTO0H JPYTOi KOHeNn,
mepeBeIIdBamMuAics de-
pes 6opt, 6bi1 HExKE HmEp-
poro (pmc. 2.5).

B TtexHoamormm Kpa-
CHJILHOT'O IIPOH3BOJCTBA
TOKE YACTO HMCHOAB3YIOT
CcIOCOOHOCTH THAHEH 3a-
TATHBATL B ceba Kof-
KOCTh TOHKHMH KaHAJaMH, 00Pa30BaHHKMY HATAMH TKaHHM.

Ho Mu eme Hu4ero He CKAa3aJld 0 MOJEKYAAPHOM MeXa-
HHE3ME€ 3THX HHTEePeCHHX sABJEHMId.

Pasznu4ns B IOBEPXHOCTHHX CHJIAX IPEBOCXORHO 00BAC-
HAIOTCA MEKMOJIeKYJAAPHHIMA B3aEMOJCHCTBAAMA.

Kanna pryTn He pacTeKaercs mo CTeKay. JT0 IPOHC-
XOMHT IO TOH NpHYMHE, YTO JHEePrAsA BaamMOJeHCTBU
aTOMOB PTYTH MEKAY co0oi Gosbiue SHEPTAA CBA3W ATOMOB
crekna u prytu. Ilo 9Toil ke mpwumHe PTYTH HE NORHW-
MaeTca B Y3KAX KAOMJIAPAX.

C Bofoii aeno ob6crout unaue. OKazHBaeTCA, ITO ATOME!
BOZIOPOAa MOJIEKYJ BOJH OXOTHO NEIIAIOTCA 34 ATOMH
KHUCJI0POJa OKUCH KPeMHHSA, B3 KOTOPO# B OCHOBHOM COCTO-
HT CTeKJ10. MemMoJIeKynApHEe CHIN BOAa — CTEKJI0 6oxp-
me Me;XMONeKYJAAPHHX cua Boja — Boxa. lloaTomMy Bona
PacTeKaercsa 10 CTEKJY ¥ IORXHAMAETCA B CTEKASHHHX Ka-
oanaApax. :

IloBepxHOCTHLHE CHIH, BepHee dHeprmio cBA3m (raydm-
Ha AMH Ha pmc. 2.1), AusA pasHHX Hap BemeCTB MOKHO
H HSMepHTh, W BHYACAATE. PasroBop o ToM, KakK 3To Je-
n8eTca, 3aBed OH HAC CIMIMKOM JajieKo.

KPUCTAJIJIBI U UX ®OPMA

MHorme pymamT, 9TO KpPHUCTAJIAH — 9TO KPACHBHS,
peaxo Berpeuaromumeca Kamuau. OHm GHBalOT PasHHIX HBe-
TOB, OGHYHO HpO3pavYHHe H, 4TO CaMoOe 3aMedJarejbHOE,
obnamaror Kpacupoil npasmabHOM ¢opmoii. Yame Bcero
KPHCTA/LIH OPEOACTABAAIOT C060# MBOTOIDaHHAKHE, CTOPOHE!
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(rpaEm) mx umAeanbHO IUIOCKHe, pebpa CTPOro mpsAMEEe.
Omm pagylor 1783 4yfeCHO# Hrpo# CBeTa B I'PAHAX, YAH-
BHTEJBHOM NPABAIBHOCTHI0 CTPOEGHHA.

Ects cpeim HAX CKPOMHBIE KPHCTANJH KaMeHHOH Co-
i@ — IPHPOJHOTO XJOPHCTOTO HATpHA, T. €. o0KYHOH# mO-
BapeHHOHR conm. OHE BCTpealoTCA B IpPHEpPOAE B BHAE IpA-
MOYroAbHHX mapanienenaunefos mium Ky6mxos. IIpocras
dopMa B y KPHCTANIOB KaubIATA — IIPO3PAYHHX KOCO-
YLONBHHX HapainenennmenoB. Hyda cio:kHee KPHCTAIIH
KBaprma. ¥ KaKEOTO KPHCTAIIAKA MHOMECTBO TpaHei
pasHoif ¢opme, mepeceralmuxca mo peGpamM pasHOR
RIBHHL. -

OnHako KPHCTAIIH — COBCEM He MY3eHHAm pPegKOCTS.
Kpmcramas okpysxalor Hac HOBCIOAY. lmepasie Tena, mu3
KOTOPHX MH CTPOHM [0Ma WM fejaeM CTaHKH, BemecTBa,
KoTOpHe MH ynorpe6aseM B GHTy,— IIOYTH BCE OHH OT-
HOCATCHA K RKpucTasinaM. IlogeMy ke MHE 9TOTO He BHAMM?
Hemo B ToM, 9TO B IpupOfe peAKO IIOHANAIOTCA Tejia B BUJO
OTAeNBHHX OJWHOYHHIX KPHCTANIOB (Had, KAK TOBOPHAT,
MOHOKpHCTaNI0B). Uame BCero BEmECTBO BCTPEUAeTCA B
BHEE IPOYHO CIENHEBIIAXCA KPHCTANIHICCKHX 3€PHHIIEK
yiKe COBCEM MaJIoro pasMepa — MEHBbINe THCAYHOH [OIH
mmanamerpa. Takyio cTPyKTypy MOKHO yBHAETH UMb B
MHAKPOCKOII.

Tena, cocroAmue M3 KPHCTATIEICCKHX BePHHIMEK, HA-
3LIBAIOTCA MEJIKOKPUCTA/NIMYECKAMA, WIH IOJAKPHCTAJIH-
YeCKHEMH (¢HOJHM» — IO-TPEYECKH (MHOTO)).

Honedno, ¥ KpuCTaznaM Hag0 OTHECTA W MEAKOKDH-
cramiwiecKme Tena. Torga Oxaskercs, 49TO IOYTH BCe
OKpYy)Kalolfme HAC TBEpAHE Tejla — KpHUCTaIs. Ilecork m
T'PaHHT, Melb H ’Kelie30, CAJ0J, HPOHAIOMMUICA B anTeKe,
U KPACKH — BCE 3TO KPHCTAJIH.

EcTrs m mCKII0YEHAA; CTEKJIO M IIACTMACCH HE COCTOAT
H3 KPHCTALIEKOB. TakWe TBepAbie Teja HAa3HBAIOTCSA
aMoppHEEIMA.

Urak, ®m3ysaTh KpHCTAIJH — 3TO 3HAYAT H3YdYaTh
IOYTH BCe OKpY:Kalomume Hac Tena. II0HATHO, Kak 3TO
BajykHO.

OnmAroYHEe KPHECTAIIE CPA3Y ’Ke y3HAT IO OPABMIb-
HocTH (opm. Ilnockme rpanm m mpsaMeie pefpa ABIAITCA
XapaKTepHHM CBOHCTBOM KpPHCTANIA; HPABHIBHOCTH (op-
MH FeCOMHOHHO CBA3aHA C HIPABHJILHOCTHI0 BHYTDPEHHEro
CTpOCHNA KpHCTANLIa. ECIH RPACTALI B KAKOM-TO HAIPaB-
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JeHUE 0c060 BHITAHYJCA; 3HAYAT, W CTPOEHHE KpPHCTaNNa
B 3TOM HAmpapjeHAE KaKoe-TO 0coGeHHOe.

Ho npeacrassre cebe, 4T0 ma KpymmOTrO0 KpPHCTAJNA
HA CTAHKe M3rOTOBJEH Map. YAACTCA am co06pasuTh, 4TO
B PYKax y HaC KPHCTaJl, ¥ OTIMYHTH 3TOT MAP OT CTeK-
aaaEoro? IlockoNbKy pasHHe IpaHE KPHCTanna PasBHTH
B Pa3NHUHON CTENEHH, TO 3TO HABOMAT HA MHICIb O TOM,
9r0 ¥ (QE3mYecCKHEe CBOHETBA KpPHCTANIA HEOTMHAKOBH B
pasHHXx HampapiaeEmAX. CKazaBHOe OTHOCHTCA K IIPO¥HO-
CTH, 3JEKTPOIPOBOXHOCTH, a H BOOGHE KO MHOFAM CBOH-
cTBaM. IJTa 0COOEHHOCTH KPHACTANIA HAZHBACECA AHR30~
Tponmeil ero CBOHCTB. ARHM30TPONEHEIR — 9TO 3EHAYNT Pas-
HHA B PasHHX HampaBJeHUAX.

Kpucranae agmaorpomsn. Hanporus, amopdnne rena,
JEATKOCTA M Ta3H H30TPOIHH ((H30» — MO-IPEUCCKH «ORH-
HAKOBO», TPOIOCY — HANpaBleHAE), T. €. 061aTA0T OFH-
HaKOBHIMA CBOMCTBaMH B PasHHX HaRmpaBIcHEAX. AHH3e-
TPOMHA CBOHCTB H MHO3BOJAET Y3HATH, ABAACTCA JH
mpo3paunni GecopMeHHHI KycoueR BeIECTBa KPHCTak-
J0M HIMW HeT.

OrmpaBaMcA B MAHepPAJOrHUGCKHE My3e# ® BHEMA-
TeABHO PACCMOTPHEM Pa3HEE MOHOKPHUCTANEHICCKES 06-
pasIH KPACTANIOB OAHOTO W TOTO ke BemectTna. Bmoame
BO3MO’KHO, 4TO Ha cTeHAe GyIyT BHCTaBJEHH o6pasmu u
npasuabHO# m HempasmabHO# dopmm. Hemneroprie wpme-
TAIIH GYAYT BHTAARETH KaK
obnemkxm, npyrme OGyayT
amers 1—2 rpaEdm «HEHOp-
MalnpHOI0» PasBATHA.

Ot6epem m3 obmed Kyan
ofpasapl, KOTOpHE IIOKa-
KYTCA HaM HIEANBHHMHA, A
sapmcyem mnx. Hapruuka,
KOTOpas WOJYYATCA, HOKa-
saHa Ha pmc. 2.6. B wraue-
cTBe mpmMepa BHOpaH BCe
TOT xe KBapm. Y Ksapna,
KaKk @ y ApPyrgx KpHCTal-
JI0B, MOKET Pa3BHTHCH pas-
HOe 4YMCIO0 TpaHedl OAHOTO
«copra», a TaK:Ke pasHOe
9HECI0 CAMHX ¢COPTOB» rpa- |
He#f. Ilyctn BHemmee cxof- Pmc. 2.6,

e et o,
e e ©)
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¢TBO He Gpocaercs B Iiasa, BCe ke TAKHO KPHCTAIHKH
moxoskE APYT HA NPYra, Kaxk OnmsKme POJCTBEHHHKH, KAK
GaumsHenbl. B 9eM Ke 3aKJII0UaeTCA HX CXONCTBO?

Iocmorpure Ha puc. 2.6, rae maobpaskeH pAK KPHCTAI-
moB KBapna. Bce arm Kpucraniuku — GrmaKme «POACTBEH-
mpkmy. VIx Mo3KHO cHenaTs W coBceM OJUHAKOBHMH, CO-
mauoBHBAA IPAHE HA PA3IMIHYIO IMNIYGHHY HapasieabHO
caMuM cebe. Jlerko BmieTs, 9T0 TAKAM CIIOCOOOM, HAIpPH-
Mep, Kpucrana /] Mo;xer GHTH C/lelaH COBePHIEHHO TAKUM
e, Kak Kpuctana /. 310 BO3MOKHO IIOTOMY, 9TO YIJH
MeKAY CXOJACTBEHHHIMH TpPAaHAMH 0Gpa3NOB OfMHAKOBEHI,
ganpmMep, Meskny rpauamMa A u 5, b u B u 1. 1.

B sToM paBeHcTBe YrioB m 3aKiauaeTcA «ceMedHoe»
cxoncTBo KpucrannoB. IIpw comnmposmBanmA rpaHeli ma-
panienbHo caMuM cebe dopMa KpHcTanna M3MeHSAETCS, HO
YIIH MEXAY TPAaHAMHE COXDAHAIOT CBoe 3HAYeHHe.

IIpm pocre KpHCTania B 3aBECHMOCTH OT pAfa CHydaii-
HOCTeH# OFHA TrpaHA MOryT HOmacTb B YycioBHA Goxee
GnarompuATHEE, Apyrue B MeHee YyNOOHHE A YBeJlH-
9eHHSA CBOMX pasMepoB. DBHemHee CXOJCTBO BHIPOCIIEX
B Pa3HHX YCIOBAAX OQPAasmOB CTaHeT HE3aMETHHIM, HO
YIAH MeKAY CXOfCTBEHHHMH TI'DaHAMH BCeX KPHCTAJJIOB
H3y9aeMOro BemectBa GyRyT Bcerga opmuaxosn. Dopma
KpHACTaIda CAyYaidHa, a YK MeKAY IPAHAMH OTBE4aloT
(BH pmanpme moiiMeTe, IOYeMy) ero BHYTpPeHHed mpwu-
pore.

Ho mnaockorpannocTs He saABIfAETCA eNAECTBEHHHIM
CBOMCTBOM KPHCTAJIJIOB, KOTOpOe OTIMYIaeT WX OT Gecdop-
MenHHX Ten. Hpmcraanm o6nagaior cmMMmerpmeit. Cmeica
9TOr0 CNOBA JYyYme BCEero MH moiMeM HAa IpUMepax.

Ha pmc. 2.7 umsofpaena CKyasOTypa; mepel Hei
cront Gombmoe sepkano. B 3seprane Bo3HEKaeT oTpaie-
HHEEe, B TOYHOCTH NOBTOpAKIee npeaMer. CRYIBITOD MOMKET
H3rOTOBHTHL ABe QHIYpPH H pACIOJOKATH MX TAK JKe,
Kak GErypy m ee oTpaskeHme B 3epKane. JTa (IBOHHaA»
CKyabnTypa Gyner cEMMeTpruHO# PUrypoii — oHa cocTomt
#3 ABYX 8epKanbHO paBHHX 4dacteii. [Ipasasa gacts cryann-
TYpPH B TOYHOCTH COBIaJiaeT C OTPaKeHHeM JIeBOM 6e JacTH.
Taxkaa cmmMerpmuHaa ¢urypa o6Gaaaer BepTHKAJBHOI
IITOCKOCTBIO 3ePKaJbHON CHMMETPHH, KOTOpAaf IPOXONAT
mocepefimHe Me;kAy HuMu. IImocKoCTb cHMMeTpAm — MBIC-
leHHaA IJIOCKOCTh, HO MH ee OTYeT/]UBO ON[yI[aeM, pac-
CMaTpHBag CHMMETPHYHO IIOCTPOEHHOE TOJO.
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Puc. 2.7.

IInockocTrio cmMMerpmm 00afaloT Tejda JKABOTHHIX,
BePTHRAJABHYI0 ILIOCKOCTh BHEMHeH# CHMMETPHM MOKHO
NpPOBECTH depe3 deNoBeKa. B ;KMBOTHOM MHpe CEMMeTpHAA
OCYI[eCTBJIfACTCA NUINs NpubIE3UTeNbHO, Ja H BOOOme
AfeaNbHON CHUMMOTPHH B KH3HH He CyIECTByeT. Apxurek-
TOp MOKeT m306pa3uTh HA depTede MOM, COCTOAIAHA U3
ABYX HIealbHO CEMMeTpmduhix nonaosuH. Ho xorma mom
Gyaer mocTpoeH, Kak GH XOpoINO ero HU JieJald, BCerja
MOKHO HAWTH -PAasHULY B [BYX COOTBETCTBYIOIAX TACTAX
3NaHUA; CKa)keM, B OJHOM MeCTe eCTh TpemuHKa, a B
ApyroM — Her.

HamGonee TouHass CAMMOTpHA OCYIMECTBJIAETCA B MHpe
KPHCTAJIIO0B, HO H 3JleCh OHA HEHWAEANbHAA: HeBUIAMEIE
[J1a30M TpEIEHKH, NApPanmHE BCerjla [eJaioT paBHE®
rpaH® CjlerKa OTIAYHHIMHA JAPYr OT APYyra.

Ha puc. 2.8 nsoGpaskeHa Jerckas GymakHas BepTyI-
kKa. OHa TO}KEe CHMMeTPWYHA, HO IJIOCKOCTh CHMMETDHH de-
pe3 Hee IPCBECTH HeJb3A.
B 4em ke Torma sakiaioua-
eTcA CAMMeTpuA B3ToA ¢u-
rypkn? IIpes;xne Bcero cupo-
caM ceba 0 CHMMETPUIHHX
ee vactax. Croapko nx?
Ouesmano, wersipe. B uem
3aKAI09a6TCA HPABWIBHOCTD
B3aMMHOTO PpAaCHON0KeHHAsA
9TAX OfWHAKOBHX dacTei?
9To0 TaKyke HETPYJAHO 3aMe-
tate. IloBepreM BepTymiKy
Ha npAMoi yroa MpPOTHB Puc. 2.8,
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9acoBO# €TPeJNKH, T. e. Ha 1/4 okpy)xHOCTH: TOTHA KpHIO I
BCTAHET Ha TO MecTo, rie GHno Kpeuio 2, Kpeuio 2 — Ha
mecro 3, 3 — Ha Mecto 4 u 4 — Ha Mecto 1. HoBoe nomao-
yHeHHe HeOTIMIEMO oT nmpepngymero. IIpo rakyio ¢urypry
MH CKajKeM TaK: OHA 00JafaeT OChI0 CAMMETDHH, IOBODA
TOYHEe — OCBI0 CHMMETPHE 4-r0 HOpPAAKA, Tak KaK COBMe-
HIeHHEe NPOMCXOAET Iph IoBopote Ha 1/4 ORpy)KHOCTH.,

Nrar, ochb cuMMeTpEHm — 3TO TaKasd NIpAMas JHHAA,
IOBOPOTOM OKOJIO KOTOPOi Ha R0aI0 060POTa MOKHO mepe-
BeCTH TeJO B IIOJNOKeHHe, He OTIHIAMOE OT HCXOXHOTrO.
Iopagmok ocu (B HameM ciydae 4-ii) yKasHBaer, YTO TaKoe
copMemeHMe IPOACXOAAT Hpu mopopore Ha 1/4 orpym-
goctn. CaemosarenbHO, WeTHIPEMA HOCHEOBATEILHKEIMEA
IOBOPOTAMA MH BO3BpAIlaeMCA B HCXOAHOE IHOJIOKeHHe.

Berpeuaemea nu ME ¢ emmmeTpredt a06ero Tana B nap-
cree Kpucrannos? OumerT moxkassiBaer, 4TO HET.

B xpurcrannax M BeTpedaeMcA JIWIIS C OCAME CAMMeT-
puz 2-, 3-, 4- = 6-ro nopankos. M ato ne caywaitno. Kpn-
crannorpad)m HOKa3anam, 9TO 3TO CBABAHO ¢ BHYTPEHHHM
cTpoeEmeM Kpmcranaa. IToaToMy 49mcno pasipdgHEIX BUJOB
MM, KaK TOBOPAT, KIaCCOB CAMMETPHHU KPHCTANIOB OTHO-
CHTEIbHO HEBEJIWKO — OHO pPaBHO 32.

CTPOEHUE KPUCTAJIJIOB

Tlouemy Tak Kpacmsa, mpasmapHa (opMa Kpmcramma?
T'panm ero, GmecTamme ® poBHHE, BHTJIAJAT TaK, Kak
G6ynro On Haj KpmeTaanaoM mopaboTan MCKyCHEA muimdo-
Banbmuk. OThenbHHe YacTH KpHCTALIa HMOBTOPAIT APYE
Apyra, ofpasya KpacmByio cmMMerpmuHyio ¢urypy. Ira
HCKJIIOYATeIbHAS IPABMIBHOCTH KPHCTANNOB OHLIA 3HAs
KoMa yske miofaM apesnocrn. Ho mpencrapienns ApeBHnN
YUeHHX O KpPHCTAIAaX MaJ0 OTIMYAIACH OT CKA30K H
NeTeH]l, COYMHEHHHX IIOdTaMH, BOOOpA’KEHHEE KOTOPHX
6RO IIEHeHO KPAcoToil KpHCTanaoB. Bepmim, 9To Xpyc+
Tanb obpasyerca m3 JbAa, a aiMas — H3 Xpycransa. Hpmi
CTAJIBl HAJEJANHCh MHOKECTBOM TAMHCTBEHHHIX cnonc’mé
AcnensTs oT 0ose3Hedl, mPeNOXpPaHATHL OT AJa, BIMATH na
cynp0y deloBeKa...

B XVII—XVIII Berax moasBmiEch HepBHe nay'nmJ
BSIVIAAN HA IPHPOAY KPHCTAJLIOB. IIpencrasnenme o B
Raer puc. 2.9, samMCTBOBaHHHIT B3 KHmrm XVILI Beuai

1
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Pue. 2.9.

Ilo MHeHHIO ee aBTOpa, KPHCTAN] HOCTPOGH A3 Menb4ai-
MEX (KEPIAYEKOBY, INIOTHO MPHJIOKEHHNX APYT K APYrY.
dta MHCJIH NOBOJABHO ecTecTBeHHa. PazofbeM CHIBHEIM
yAapoOM KpHCTaAad KaabOHTa (yriaeKumciani kaappmit). On
pasieTHTCA HA KYCOYKH pasHod Beamumunl. PaccmarpmBas
HX BHHMATeJbHO, MBI OOHapy)XUM, 9YTO STH KYCKH HMEIOT
upaBHABHYI0 dopmy, BOONHe MOKEOHYI dopme GoabIOro
Kpucranna — ux popmrensn. Hasepmoe, paccyxigan ydge-
HH, # JaabHeiimee ApoGaeHWme KpHCTajana Oyder IpoHC-
XOAHTH TAKHEM jKe 00pa3oM, mOKa MH He Jo#IeM KO Mejb-
YaifiHero, HeBHAAMOrO IA330M KHPHHYAKA, IPeACTABIAI-
mero KPECTadJa NAHHOTO BemecTBAa. OTH KHPOUYHKHE TaR
MajH, 9YTO IOCTPOCHHEE W3 HHUX CTYHNeHYATHE IeCTHH-
Ip» — IPAHA KpPHCTANIA — KayKyTcA HaM Oe3yropms-
nenHo raagxkmmm. Hy, a mansme, dro ixe mpeacrasiser
coGoit aror «mocmemumity kmpumd? Ha taroir Bompoc yue-
HH{ TOT0 BPEMEHH OTBETHUTH He MOT.

«Hupnmanas» Teopua CTPOeHHAA KPHCTANIA IPHHECHA
Hayke Oonpmyio moan3y. OHa o0BACHEIA IPOHCXOKTAEHA
opAMHX pebep @ rpaHefl KpECTaMna: IPH POCTE KPHCTANIA
Of[HA KHPOAYAKE NOACTPAMBAIOTCA K [PyraM, H TIpaHb
pacrer mofoGHO cCTeHe Jl0Ma, BHIKJIAJHBaeMOil pyKamu
KaMeHITAKA.

Hrak, oTBeT Ha BOIpPOC O NIpHYEHE NPABUIBHOCTE H
KpacoTn (OpPMH KpHCTanaoB Geul faH y:ke nasuo. Ilpm-
YHHORK 3TOro OGCTOATENHCTBA ABAAETCA BHYTDEHHAA mHpa-
BUJIGHOCTh., A HpPaBMJIBHOCTH 3aKJII093eTCA B MHOTOKpAT-
HOM HOBTOPeHHH OJHHX H TeX jKe djIeMeHTapHHIX dacTeii.

IIpencrasbre coGe mapKoOBYIO pemeTKy, CAGAAHHYIO U3
OpyTheB PAasHOM NJAMHH ¥ PacHONO/KeHHHX Kak HONAaJo.
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Beso6pasnas kKaprmEa. Xopomas pemeTrKa IOCTPOeHA H3
OlMHAKOBHIX IPYThEB, PACHONOKEHHHX B NPABHIBHOM
IOCEXOBATEAPHOCTA HA ONMHAKOBHX pACCTOSHHAX OfUH
or mpyroro. Taryio ke caMomosTOpAMmMYyIOCA KapTAHY
MH HAaXOAEM B 000AX. 3/eCh DJIEMeHT DHCYHKAa — CKa-
;KeM, HReBOYKa, WIPalomas B MAY,-—- HOBTOPAETCH YiKe
He B OHOM HANPaBJeHAH, KaKk B HAapPKOBOH pemieTKe, a
BaIOJHAET IIOCKOCTH.

Karoe e oTHOmIeHHe MMeIOT IAapKOBAfg peINeTHA K
o6om k rpumcraany? Camoe mpamoe. Ilaprosas pemerra
COCTOMT H3 BBEHBEB, NOBTOPAIOMMUXCA BAOAL JHHUOM,
060m — W3 KapTHHOK, MOBTOPAIOIMUXCHA BAOAH IJIOCKOCTH,
a KpHCTaJJl — M3 PYNI aTOMOB, HOBTOPAIOMHXCA B IIPO-
crpancTBe. IloaToMy H TOBOPAT, YTO ATOMH KpHCTAMIa
06pagyioT NIpOCTPAHCTBEHHYI (WIH KPHCTALIHYIECKYIO)
pemeTKy.

Ham samo oGcynmuts pap metaneil, OTHOCAMAXCA K IIpo-
CTPAaHCTBEHHON pemerke, HO 4YTOOH He 3aTPYAHATH Xy-
HOKHHKA IIOCTPOEHMEM CIOKHHX OOBEMHHX pPHCYHKOB,
MH 00BACHEM TO, 9TO HaM HAf0, Ha IpEMepe KycKa oGoes.

Ha pmc. 2.10 BHjenes TOT HaEMeHLMAH KYCOK, Hpo-
CTHIM NePeKJaJHBaHAEM KOTOPOTO MO)KHO COCTABHTH BCE
06on. YToGH BHeNHTH TaKoi KYCOK, IpoBeneM H3 060t
TOYKH DHCYHKa, HAIpEIMe) U3 HeHTPA MAYAKA, ABe JHHHH,
coep;nnmomne BHODAHHHA MAYAK C ABYMA COCeTHUMH.

: q Ha oTtax JIuHHAX MOMKHO

DOCTPOHTH, KAaK 3TO BHIHO
Ha HalleM PHCYHKe, mapaj-
aenorpamM. Ilepernapssas
3TOT KyCO4YeK B Hampasie-
HOA OCHOBHHX HCXONHHX
JHHEEH, MOKHO COCTABATbH
BOCh PHCYHOK 060eB. ITOT
. HAUMEHBIIWA KYCOK MOYKeT
6t BHOpaH mO-pasHOMY:
73 PHCYHKA BEIHO, 9T0 MOK-
HO BHOpaTh HECKOJBKO pas-
HHX  OapaaaelorpaMMos,
KaK/IHM M8 KOTOPHX Cofiep-
sKET opEy ¢umrypry. Ilop-
YepKHeM, 9TO AJA HAC B
: | nanEOM ciydae Geapasmmu-

Pac. 2.10. Ho, Oyjmer nm ara ¢umrypxa
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nenofl BHYTDH BHEJEHHOro KYCKa WM pasfeneHHOH Ha
9aCcTH [HHAAMHA, OTPAHAYHBAIMUME STOT KyCOK.

'‘BEIO OH HeBepHHM IIOJIAraTh, 4T0, H3OTOBHB HOBTO-
pAIOIMYICA HAa 000AX QHTYPKY, XYHOKHHK MOKeT Cdh-
TaTh CBOK 3a/jaly OKOH4YeHHOH. IT0 Guuro GH Tak Jmmb
B TOM Caydae, eCJd cocTaBiieHme 000eB MOKHO OHLIO OH
IpOBECTH eJIMHCTBeHHKIM CHOCOGOM — IPHKJIA[LBAHHEM
K JAHHOMY KYCOYKY, cOflepsKameMy ofHY QHIYpKYy, ApY-
roro TAaKOro jKe, IAapajjenbHO CHABHHYTOTO.

Opuako Kpome 3TOro mpocreiimero cmoco6a ecTh eme
meCTHAANATh cHocoGoB 3amoaneHus 0060eB 3aKOHOMEPHO
HOBTOPAIIAMCA PECYHKOM, T. e. Bcero cymectsyer 17 ta-
OOB B3aHMHHX pacmonoeHm# (PUrypok Ha ITOCKOCTH.
Onm moxasanu Ha pmc. 2.11. B KawecTBe mosTOpaOmeEroca
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Puc. 2.12.

pHECYHKa 3fiech BHOpama Gomee mpocTas, HO, TaKk ke Kar
n ma puc. 2.10, nmmennasa cobcTBenHO# cuMMerpmm ¢m-
TYpKa. OIlI-IaKO COCTaBjIeHHHe H3 Hee Y30pH CHMMeT-
PUYHH, I BX PasiEide ONpeflelIAeTCA PA3ndImeM CAMMeT-
pEE PaCHONIOMeHHA QHIYPOK.

" Mu smgmM, 4ro, Hampumep, B HePBHX TpeX CIYdYaAX
PECYHOK He 0GiafiaeT 3epKAaJbHOM IJIOCKOCTHIO CHMMeET-
pEH — HeNb3sg IOCTABATh BePTHKAIbHOE 3ePKAI0 TaK,
g9ro6H OfHA 9aCTh pHEYHKa OBIa «OTpakeHAeM» APYroi
vyactu. Haoporus, B cay4aax 4 M 5 EMEOTCA IIOCKOCTH
cumMerpud. B eayuasx 8 m 9 MokHO «ycraHOBHTHY [iBa
P3aMMHO IEPIEHIMKYISPHHX 3epKana. B caygae 10 mme-
1oTCA ocH 4-ro HmOpsAfKa, MePHeHAUKYJIsAPHHE K depTeKY,
B cayuae 11 — oca 3-ro nmopsaka. B caywasx 13 m 15
mmelotrca ocu 6-ro mopsgka m T. I.

IlnockocT m oCM CHMMeTPpME HAIIHX PHCYHKOB BH-
€TyIAa0T He INOORWHOYKe, a HapallelbHEIMHA «ceMelicr-
paMpy. Eciam MH Hami® OfHY TOUKY, depes KOTOPYIO
MOKHO TPOBECTH OCh (MIH IJOCKOCTb) CHMMETPHH, TO
HafileM GHCTPO M COCENHIO W fajiee HA TaKOM Ke pac-
CTOAHHA TPETHI0 W YeTBEPTYIO W T. I. TOUKH, uepe3 KOTo-
phle IPOXOAAT TAKWe ke OCH (HIH IIOCKOCTH) CHMMETDHH.

17 THDOB c¢MMMeTpHE IIOCKOTO y30pa He HCYEPIHI-
BAIOT, KOHEUHO, BCEr0 Pa3HO0Gpas@sa ysopoB, GOOTaBisE-
MHX H3 OfHOM H TO#l ke (QHUIYPKH; XYAOKHEK JOJKeH
yKesaTh eme ONHO O00CTOATeNBLCTBO: KAaK PACHOJOKATH
¢urypry HO OTHONIEHHI0O K T'DAaHHYHHIM JHHAAM AdefiKmd.
Ha pme. 2.12 nokasanu nBa y3opa 06oeB ¢ TOif ;e HCXOJ-
HOit (uUrypKo#f, 0 pasNMYHO PACIONOKEHHOH IO OTHO-
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Pmc. 2.13.

meH®0 K 3eprazaM. OGa arm ysopa OTHOCATCA K Cay-
qal@ 8.

HKasxmoe Teno, B TOM uACie H KPHCTANN, COCTOHT M3
atomoB. IIpocThe BemiecTBA COCTOAT W3 OJMHAKOBHX aToO-
MOB, CJIOJKHHE — H3 aTOMOB [BYX WIA HECKOJBKHX COp-
toB. IlpenmomosxmM, uTo MBI MOruE GH B CBepPXMOMEEIA
MEKPOCKOI PacCMOTPeTh IIOBEPXHOCTh KPHCTALIA IIOBA-
PEeHHOH CONMHM ¥ YBHJETh HeHTPH aromoB. Pmc. 2.13 moxa-
BEIBAET, YTO ATOMBI PACIIOJIOKEHHE! BOJb TPAaHE KPHCTAILIA,
Kak y30p oGoes. Temeps BH yKe MoKeTe AErKO HOHATh,
Kak IIOCTPOeR Kpwcraxa. Hpmerann mpeficTaBiser coGoi
«apoctpaHcTBeEHEe 060m». IIpocTpancreenHsie, T. €. 00BEM-
HHe, & He IUIOCKHe 3JIeMeHTADHHEe AYCHKH — DTO (KEp-
WY@y, OTPUKJIAfHBAHAEM KOTOPHX APYr K APYry B IPOCT-
paHCTBE CTPOUTCA KPHCTAILI.

CKOIBKO j¢e CIoCo00B IOCTPOEHHA (HPOCTPAHCTBEH-
HHX 000eB» I3 3/IeMEHTAaPHHX KYCKOB? JTa CIOKHAA MaTe-
MaTA4YecKasd B3afada Owia pelleHa B KOHIE IPOILIOro
Bexa Enrpadom Cremanosmuem DepgoposrM. OH fmoxasau,
910 AO0KEH cymectBoBats 230 cmocoGoB mocTpoeHHs
KpHCTaJIa.

Bce cospeMenHbe fAaHHBEE O BHYTPeHHEM CTPOGHAH
KPHCTA/NIOB HOJYIeHH HpA IOMOMM pEeHTreHOCTPYKTYp-
HOTO aHanam3a, 0 KOTOPOM MH paccKakeM B KHUre 4.

CymecTByl0T HpPOCTHE KpPHCTANIH, IIOCTPOEHHHE H3
aTOMOB OZHOro copra. HampmMep, anMa3 — 3TO WHCTHIA
yraepon. Hpucranisi mosapeHHO# COME COCTOAT U3 MOHOB
IBYX COPTOB: HATPHUA U Xa0pa. Bomee cl10KHEIE KPHCTANIH
MOryT GHTH IOCTPOEHH M3 MOJIEKYJ], KOTODPHE B CBOIO Ode-
pefib COCTOAT M3 ATOMOB MHOTHX COPTOB.

47



-Oppake B KpHCTajAe BCErf8 MO/KHO BHJEIHTh HAH-
MeHBIIYI0 NOBTOPAKNIMYIOCA Ipynmy aroMop (B mpocreii-
meM caydae 270 OyferT OfiMH 4TOM), MHLIMH CJIOBaMH, 3Jje-
MEeHTapHYIO ‘AYeHKy.

Pasmepn saueiike MoryT OHTh BechbMa pasJMYHEIMA,
HamMenpmme paccTosgEUA Me:KAY COCeHHMH ysiaMu (Bep-
mMAHAaMA AYeAKM) BCTPEJAIOTCS Y NpOCTEHMMHEX KpHCTAI-
J0B, HOCTPOGHHHX M3 AaTOMOB OfHOro BHAa, HamGoanb-
mme — y CJOMHHX KpucTamloB Geaka. Paccrosamma ko-
nebasorcss 0T 2—3 10 HECKOJBKHX COT QHICTPeMoOB (CTO-
MIJUIHOHHHX J0Jlefi caHTAMeTpa).

Kpucrannmueckme pemerks odeHb pasnooGpassn. On-
HAaKO CBO#CTBa, O0mume 1A BCeX KPHCTAIIOB, Ge3ynpedHo
Oo0BACHAIOTEA PEmeTYaTHIM CTpPoeHmeM Kpmcraaaos. Ifpem-
Jle BCero HeTPYAHO HOHATH, 4TO HAEANbHO IIOCKHe Tpa-
HHE — 9TO ITOCKOCTH, NIPOXOAAINWe depe3 yaiH, B KOTO-
PHX cmgar aTtoMil. HO Y3J0BHX INOCKOCTedl MOMKHO
IIPOBECTH CKOJIBKO YTOJHO IIO CAMHIM PAa3IMIHKIM HAanpaplie-
nEaM. Hakwe jxe u3 3THX y310BHX HIOCKOCTEH OrpaHAYM-
BAalT BHpPOCHHHA KpHCTALI?

- O6paruM BHEMaHWe IIpeskfie BCero Ha ciaegylomee 06-
CTOATEeNLCTBO: pasHhle Y3MOBHE INIOCKOCTE W JIMAHEH 3a-
IOJHEHH yajaMH He OAMHAKOBO mI0THO. OmHT HOKasH-
BAeT, 4TO KPHUCTALI OrpaHeH IJIOCKOCTAMH, KOTODHE ryme
BCETO yCedaHH Y3j1aMHA, IJIOCKOCTH jKe IEePeceKaioTcsa IO
pebpamM, B cBOIO odYepenp HamGojee I'yCTO 3aCEeNeHHBIM y3-
JIaMu.

Puc. 2.14 maer Bmj KpmcramnEdYecKoid pemeTkEm nep-
NEeHAUKYAAPHO K ee IPAHM; MPOBEJEHH CJeJH HEKOTOPHIX
YBNOBHX IJIOCKOCTEH, HEPIEeHAMKYIAPHHX K dYepTemxy.

, N3 ckasanHOro sCHO, 4TO

y KpHCTalla MOTYT pas-
BATHCA [PAHM, NAPaJjielb-
HBI€ Y3JIOBRHIM IJIOCKOCTAM
I u 111, u me Gyner rpa-
- Hell, HapalaelbHHX PEAKO
. YCeAHHHIM y3JaM@d WJIOCKO-
cram I1.

B Bacrosmee Bpems ms-
BECTHO - CTPOGHH® MHOIMX
.. {..corern Kpmcramios. Paccka-
e ~—————J 3KeM IIpPO CTpOEHHMEe HmpocCTeii-

Pxuc. 2.14. ¢~ IHAX KPACTAJIJIOB- B NPEeK-

43




Puc. 2.15.

Je BCero Tex, KOTOpHE IOCTPOEHH HU8 AaTOMOB OTHOI'®
copra. .

HauGonee pacmpoctpaneEs Tpu Tuma pemerok. Onm
moxasani ma pmc. 2.15. ToukamMm maoGpakeHH HERTpH
aTOMOB; NUHMH, O0beUHAIIA® TOUKH, HE MMEIT pealb-
Horo cmucna. OHm mpoBefleHH AMMb IAA TOrO, 4YTOOH
cmesaTh 4mrareq0 0Oonee SACHHIM XapakTep OPOCTPaHCT-
BEHHOTO pACHOJOKEHHUA aTOMOB.

Pac. 2.15, a m 2.15, 6 m3ao6paxaior KyOmdeckume pe-
meTka. YrtoGH mnpefcTaBETH ceGe 3TH peHIeTKH sCHes,
poo0pasuTe, 4TO BH CIOKEIN HpOCTeHmMEM cHOCOGOM —
pebpo k peGpy, rpaEn K rpaEm — jAerckue Ky6ukd. Ecam
Temeph MEICJIEHHO pPAasMECTHTh TOYKH IO BepHIMHAM H
meHTpaM 00beMOoB Ky(0oB, TO BO3HAMKHeT Ky(mdJecKas pe-
meTKa, #3060 pakeHHas Ha JeBOoM pACyHKe. Takasa cTpyk-
Typa HasuBaercA KyGmuecKoll 00beMHONEHTDPHPOBAHHOM.
Ecam paaMecTuTh TOYKH IO BepmEHaM Ky06oB m B IeHT-
pax HX rpaHell, TO BOZHHMKHeT KyOHWYeckas peImeTa,
n3o6paskenHas Ha cpegHeM pucyHKe. OHa HasHBaercs
Ky0muecKodl rpaHemeHTPEPOBAHHOH. . . . . . . . .~ . .

Tperbs pemerxa (pmc. 2.15, 6) HasHBaeTCA NIOTHEH-
me# reKcarosaiabHOR (T. e. mecTmyroabHoi). UTo6H mo-
HATH TPOHCXOKICHEE HTOTO TEPMAHA U fICHEe MPE/ICTABUTH
ce6e pacmosioyKeHMe aTOMOB B 93TOH pemeTKe; BOZbMeM
6uanamapAHEe MAapH M HayHeM YKJIAJHBATh X KAK MOKHO
naotaee. IIpeskme Bcero cocTaBEM IVIOTHHE CROH — OH
BHTAAMAT TAK, KaK GETHapAHEe MapH, cOOpaHHHe «Tpe-
yroabEEKOM» mepef HauanoeM mrpH (pmc. 2.16). Ormermm,
410 'map ‘BHYTPH TPEYrOAbHHKA HMEET MECTb COLPHKACAIO-
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Puc. 2.16.

mMAuXCA ¢ HEM cocefiedl, W 9TH miecTh cocefell o6pasyioT
mecTEYroAsHEK. IIpomomKnaM yKiagKy HamoKeHHEM CI0OB
npyr Ha #Apyra. Ecam nomectmrs maphw ciegyromero
CIIOA HEUOCPeXCTBEHHO HAJ IMAPaMH NEPBOro ciIo0H, TO
TaKaa ynakoska Omuia 6u memaorHoit. Crapasce pasmec-
TATL B ompefeleHHOM 00beMe HawGoabmIee 4WCIO IHAPOB,
Mbl JOJKHEL IOJOKATH MAPH BTOPOrO CJIOA B JIYHKE Iep-
BOTrO, TPEThEro0 CI0A — B AYHKH BTOPOro # T. A. B rex-
CaroHaJAbHOH NAOTHeHMEH ymaKoBKe IHADH TPETHEro CI0A
pasMemeHH TaK, 4TO HEHTPH STAX MWIAPOB JeKaT HaJ NeHT-
paMH INapOB IIEPBOTO CJOA.

IlenTpsl aTOoMOB B TeKCArOHANBHOHE IIOTHeHmeH pe-
METKE PACHOJOKEeHH TAaK, KAK IEeHTPH NIapoB, IJIOTHO
YA0KeHHHKX ONWCAHHEM CIOCOG0M.

B ommcaEENX Tpex pemerTKax KPHCTANIA3YETCA MHO-
HECTBO JJIEMEHTOB:

TexcaromaavEas  NAOTHEH-

mas ymakoBka . . . . . Be, Co, Hf, Ti, Zn, Zr
Ky6uueckas rpaHeHeBTpuUpO-

pagHag . . ... ... . Al Cu Co, Fe, Au, Ge, Ni, Ti
Ky6uueckas 06-eMEOneHTpHA-

poaEEas . ., ... ... Cr, Fe, Li, Mo, Ta, Ti,U, V

W3 ppyrEx CrpyKTyp YHOMsAHeM JuHib HEMHOTHe.
Ha pmc. 2.17 maobpaxena crpykrypa anmasa. [as aroi
CTPYKTYPH XapakTepHO TO, 4TO aTOM YIJIepofa ajiMasa
mMeeT deTHpe Gamxaimuax cocefa. ‘ComocraBuM 5TO YHCIO
¢ COOTBOTCTBYIOIMWMA YHWCJIAMH ONHCAHHHX TOJBKO dYTO
Tpex Hambolee pacHmpocTpaHeHHHX CTpYKTyp. Hak Bmmmo
H3 DHCYHROB, B NJOTHEfimmel#l reKcaroHaJbHOH yHaKOBKe
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y rampgoro aromMa 12 Gamxaitmux cocemelt, CTONBKO ke
cocefieif y aroMoB, 06pasylmEx rpaHeqeHTPHPOBAHHYIO
KyOmuecKyI0o pemeTKy; B 00beMHOLNEHTPHEDOBAHHOH pe-
meTKe y Kaskgoro aroMa 8 cocepeii.

Heckonpko cnoB ckaxeM o rpagure, cTpoeHEe KOTO-
poro mokazaHo Ha pmc. 2.18. OcobemHoCTh 3TOH CTPYK-
Typn Opecaerca B rmasa. I'padmr cocTOHT m3 cmoeB aTo-
MOB, IpAYEM aTOMH OIHOrO CIOA CBABAHH MEMAY cool
cuIbHEe, 9eM aTOMHl COCEJHHX CJI0GB. JTO CBA3AHO C Be-
AMYMHOA MEKATOMHHX pACCTOAHHMA: PpACCTOAHHE MesKLy
COCelAAME B OJHOM c10e B 2,5 pasa MeHbIle KpaTdaimero
PACCTOSAHEA MEXKAY CIOAMH.

Hanuume cna6o cBA3aHHEIX aTOMHEHIX CA0eB IPHBONAT
K TOMY, 9TO KPHCT&MIH rpaduTa Jerko pacIIemIsioTcs
BRoab 9TEX cioeB. IloaToMy TBepAEd rpadur MoKer cay-
JKATH CMa30YHHIM MAaTEPHAJOM B TeX CIHydasaX, KOrja He-
BO3MOKHO INIPHMEHATH CMA30YHEHE Maciaa,— HampuMmep,
OpE 0YeHb HHBKHX WM OYeHb BHICOKHX TeMIepaTypax.
T'padur — TBepAHil CMa30UYHHA MarepHal.

Tperne Me:xTy NBYMA TeJaMHU CBOAMTCSH, rpy6o rosopsa,
K TOMY, 9T0 MAKPOCKONMYeCKHe BHICTYIH OXHOTO Teja 3a-
mafial0T BO BIANEHE APYroro. YCHJIEe, JOCTATOYHOE AJA
Toro, 4To6H paclenaTh MAKPOCKONWYECKHH rpaduTOBEHIM
KPHCTAJ/IAK, MHOIO MEHBINE CHJ TPEHHSA, NOSTOMY HAlH-

Puc. 2.17. Puc. 2.18,
5



Puc. 2.19. Puc. 2.20.

age TpaguUTOBOA CMAaSKE 3HAYHTENBHO 00JeriaeT CKOJbiKe-
H7e 'OJHOTO Teaa IO APYroMy.

Becrkoneuno pasHooGpasHB CTPYKTYPH KPHCTANIOB
xaMudecKux coefmueHmii. HpaiiHuMmE — B CMEICIE pas3nd-
9ufi — OpEMepaMd MOTYT CJAYMKATb CTPYKTYPH KaMeHHOH
COllL W JIBYOKHCH YIiepofa, maofpaskenHte Ha puc. 2.19
z 2.20. ’

Kpucrannst xkamenunoit conm (pme. 2.19) cocroar m3
9epe/lyIomMuXCA BIONb oceil Ky0a aToMOB HaTPHA (MaJeHb-,
KHe TeMHHEe ImapH) m xjopa (Goablime CBeT.IHe IIaph).:
Kampuit aTtoM HaTpusa mMeeT MNECTh DPaBHOOTCTOSIIHX.
cocefieir spyroro copra. To ke oTHOCHTCA W K XJOpPY..
Ho rpe :xe Monexyaa xaopucroro Hatpusa® Ee Her; B Kpumc-,
Tajjae OTCYTCTBYeT He TOJBKO TPyIIa H3 OTHOTO aToMa
HaTpus W OJHOrO aTroMa XJopa, HO W Boobme Kakaa Osl
To HE GHUIO rpynma aTtoMoB He BEIessieTcA cBomM cOam-
JKOHHEM Ccpead HPYTHX. o .

Xnmmueckana ¢opmyna NaCl me maer HaM ocHOBaHmE
TOBOPHUTH, UTO (BEMECTBO HmocTPoeHO m3 Mosierya NaCb.

52



Xummueckasas ¢opMyia YKasHBAeT JHIIb, YTO BEIIECTBO
HOCTPOEHO M3 OREHAKOBOTO IACIA ATOMOB HATPHA M XJOpa.

Bompoc 0 CymecTBOBAaHHE MOJIEKYJ] y BeH[eCTBa pe-
maerca cTpyKTypoir. Ecim B He#l He Bhenserca rpynma
6AMBKUX AaTOMOB, TO MOJEKYJ HeT.

ancTaJm yraexkmcaoro rasa CO, (cyxoro JABKa, Ko-
TOPHIA Ne/KHT B AMEKAX y OPOAABINMI MODPOKEHOIo) —
npaMep MoaeryaapHoro kpmcramna (pme. 2.20). Henrpu
aTOMOB KHCaAOpoma m yraepoga moaekyas CO, pacmomo-
JKGHHL BRONH mpsAMoi amHmm (cM. puc. 2.2). Paccroanme
C—O pasmo 1,3 A, a paccroanme MeKIy aTroMaM@ KHCIO-
pozia CoceTHEX MoJeKym — okoxo 3 A. flcmo, uro mpm
TAKHX YCJIOBHAX MH CPa3y e «y3HaeM» MOIEKYJIY B KpHC-
rajuie.

MoneryaspHbe KPACTALIHN IPEACTABIAIT co6o# maor-
Hble YIAKOBKU MoneKyd. UToGH 3T0 BUAETH, Haxo oGpuco-
parh KOHTYPH MOJeKyl. JT0 u cAenano Ha pmc. 2.20.

Bce oprammueckwme BemecTBa AT MOJEKYJASAPHHE
kpucraans. Oprannyeckne MOJIeKyaH 329acTyI0 COfepPIKAT
MHOTHE JECATKH H COTHH aToMOB (4 O TaKmx, KOTOpHIe
COCTOAT M3 JECATKOB THICAY aTOMOB, MH IOTOBOPEM 0c060
B OoThenbHO# raase). MaoOpasurp mx ymakoBKRy rpadm-
9ecKH HeBo3MOkHO. IloaTOMy BEI MoKeTe yBHIETh B KHH-
rax pucyHku, mogobusie puc. 2.21. Monexyas aToro opra-
HAYECKOrO BEMm[ECTBA COCTABJIEHH M3 AaTOMOB YIJIepoja.
CrepsxeHbKH CHMBOJINBHPYIOT BalleHTHHe cBaAsH. Moue-
KyaH Kak On smcar B Bosgyxe. Ho He BephTe riasam
ceomM. YepTesx CHelaH TaKEM JIANIb JJA TOr0, 9rofM

Puc. 2.21.
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MOKHO GHLIO pacCMOTPOTh, KaK PAaCHOJIOMKEHBl MOJEKYhl
B KpmCTanie. JlIA IPOCTOTH aBTOPH PHCYHKA Jawke He
HW306pa3mAE aTOMOB BOJOPOAA, IPHCOSAWHEHHHX K BHEM-
HOM aToMaM yIjuepopa (BOpoueM, XHMHKH Tak MAeJalorT
ogeHb UacTo). TeM Goliee aBTOPH He COUNE HY)KHHIM (OKOH-
TYpHTBY MOJIEKyXy — mpmpaTe eil ¢opmy. Ecnm ato che-
7aTh, TO Mbl yBHfeAW OH, YTO NPHHIUN YHAKOBKH MOJe-
KyJl — KJII0Y K 3aMKy — paboraer B 3TOM caydae, Kak
A B JPYTEX eMy IOHOGHEIX.

MNOJINKPUCTAJIUIMYECKUAE BEIIECTBA

Mu ye rosopmam o ToM, 9T0 aMopdHBe Tela — BTO
PEAKOCTs B MHpE TBEPAHX Tex. BodbmmHCTBO OKpY:Kalo-
IZX HAC OPEIMETOB COCTOMT M3 MAJEHbKHX KpHCTalJImde-
CKOX 3epPHBINIEK, padMepaMH OKOIO OJHOHE THICAYHOR Aonm
MIJITEMETPA.

Eme B OpoIioM Beke 3epPHHCTO® CTPOEHHE METAJJIOB
60 o6Hapyskeno mecaegosarenaMd. Ilomor camuiit o6ba-
AniE Mukpockonm. Ilpmmiiocs TomBKO mpmcnoco6ETL ero
TaK, YTOOK BECTH PacCMOTPEHHE He «Ha HPOCBET», a HAa OT-
paxenne. Tak mocTymaiT W Cerofua. _

Kapruuka, KoTopas mpe/icTaBaAeTcA IIasy, MOKa3aHA
Ha pmrc. 2.22. 'panunn 3epHHmeK OGHYHO BHIHE COBEp-
meHHO oTderEBOo. Hak mpasuino, Ha HTUX MPAHENAX CKam-
QUBAIOTCA HPHEMECH.

Ot BeJMYHHH 3€PEH, OT TOrO, 4TO fENTaeTCA HA WX Ipa-
HHUNAX, OT OPHEHTALME 3ePeH 3aBUCAT B OTPOMHOI CTeleHN
cBoiicTsa Matepmana. Iloa-
ToMy OU3EKE DOTpPATHIN
O4YeHb MHOTO TPY[a Ha H3Y-
9eHUe OOMHKPHCTALIEIEC-
KHIX BemecTB. 10, 9TO KaiK-
HA0€ 3epHO FBAAETCA KpH-
CTAJIEKOM, GHLIIO KOKA3aHO
C IOMOIIBI0 PEHTIEHOCTPYK-
TYpPHOTO aHajam3a, O KOTO-
poM MH e obemanu pac-
CKa3aTh YATATEJNIO.

Bcearkas oGpaGotka Me-
g TAJIAa CKa3HBAETCA HA €ro
Prc. 2.22. sepHax. Bor mosnyden Kycok




JIATOTO MeTaNJIa: 3epPHA ero PacmonokeHH 0ecHOpANOYHO,
pasMep HX JX0oBOoAbHO BenmK. V3 Meramna fmemaioT mpo-
BOJNIORY, mporarmBaloT ee. Har segyr ce6s Ompm sTOM
kpmcramnmdeckme 3sepHa? Mcciemosanms mokxasanm, 4ToO

maMeHeHHe QOPMH TBEpHOrO Tela IpH IPOTATABABHE
mpOBOJOKA Him HpPE APYrod MeXxammdeckoir o6paboTe
BHI3LIBAET pasnpoﬁ.nenne KpHECTaanmieckux seped. Opmmo-
BPEMEHHO IIOfl AefCTBHEM MeXaHWYeCKHX CHJ B HX paclo-
N07KeHHH IOABAAETCHA HOKOTODHH MOPA0K. O KaKoM mo-
PALKe MOKeT mATH 37ech peds? Beanr obGmoMkm 3sepen co-
BepmenHO OecopMeHHEL

9ro BepHO, BHemHAA opMa 06IOMKA MOKeT OHThH Ka-
Ko# yrofHOo, HO 00JIOMOK KPHCTAJLIa €CTh BCE 3Ke KPHCTAJI:
aTOMH B er0 pelmeTKe YIAKOBAHH TAK jKe IPABHIBHO, KaK
H B XOpOImO OTrpaHeHHOM Kpucraiane. I1oaToMy B KakmoM
o6AaeMKe MOKHO YKa3aTh, KaK pacmojioyKeHa ero dJeMeH-
rapuas sueiika. [lo o6pabGoTkd AueilKm CTPOro yHmopsamo-
9eHH TOJABKO B HpefleaX KasKAOTO0 OTHEeAbHOr0 3epHa —
obmero mopanka oosraao Her. Ilocie ke o6paGoTkm 3epHA
BHICTPAaWBAOTCA TaK, 9TO B PACHOJO0)KEHWH UX A9eeK IIpo-
CTymaeT HEKOTOpHH o0mmii HmopANOK, HAa3HBAGMH TeK-
cTypoil; HanmpuMep, ANATOHANHN SAYeeK BCEX 3epeH YCTAHAaB-
NWBAIOTCA NPHMEPHO NApajiejnbHO HampaBieHmIO obpa-
GoTKH.

Prc. 2.23 nomoraer mOHATH, YTO TaKoe TEKCTypa. Pagn
TOYeK BHYTPH 3epeH CHMBOJU3HPYIOT ATOMHEE IIOCKOCTH.
Cnesa — TeKcrypa orcyrerByer. CmpaBa — IOPAIOK.

Pasimunsie Ban 06pa6oTku (Ipoxar, KOBKA, MPOTHK-
Ka) OPHEBOJAT K TEKCTYPaM pasiAMIHHX TumoB. B ogmmx
CIyd4asX 3epHA MOBOPAYMBAIOTCA TaK, YTO HX dJI€MEHTAp-
HHE S9eAKH BHCTPAHBAIOTCA
BlONL HampaBieHEA o6pa-
6oTKE gEWaroHansio, B ApYy-
rax caydaax—peGpoMm Kyba
Z 1. 1. YeM cosepmeHHee
OPOKAT WIH HPOTHAMKA, TeM
COBEepIIEHHE® H TEKCTYpa
KPHCTALJINIECKAX 3€PEH Me-
ranna. Hanmame TeKcTypH
OYeHb CHABHO BJAHsET HA
MexaHWYecKme CBOHCTBa HM3-
menms. HayueHme pacmoio-
KeHWA ¥ pPasMepoB KpH- - Pnc. 2.23.




CTAIMUeCKHX 3€PeH B METAJLIMYeCKHX M3JedHAX Ipo-
JAWI0 CBeT Ha CYIMHOCTh MeXaHmdecKoil oGpaboTkm Merai-
JIOB W YKa3axo, KaK cieflyeT IPaBHJIbHO BeCTH ee.

C nepecTpoiiKOi KpHCTAJNJIMYeCKUX 36pPEH CBA3aH N
Apyroil Ba)KHeHAMNA TeXHMYeCKHiA mponecc — omKur. Ecam
HAarpeBaTh TPOKATAaHHHEA HIM NPOTAHYTHE MeTan:, TO
npdE JOCTaTOYHO BHICOKOH TeMmepaType Ha4MHAETCA POCT
HOBHIX KPHCTQJIOB 3a CUeT CTaphx. B peaymbraTe oT:kmra
TOKCTypa IOCTeDeHHO Ppa3pymaeTcd; HOBHE KpPHCTAJJIH
pacnonaraioTtca Gecmopsmouno. Ilo Mepe mosnmenna Tem-
gepaTyps (mam TpPOCTO NPH YBeJHYeHHH [JIATEIbHOCTH
OTKATa) HOBHE 3€PHA PAaCTyT, CTaphie HCYe3al0T. 3epHA
MOTYT BHIPACTH [0 BHAUMEIX rinasoM pasMmepon. Omxmr pes-
KO MeHseT cpoiictBa Meranna. Merann craHoBmTCcA Oosiee
nAACTHYHHIM, MeHee TBepAHM. JTO IPOHMCXORHT IOTOMY,
970 3epHA CTAHOBATCA KpYyIHee M TEKCTypa HCYe3aer.



‘T'nasa 3
TEMIIEPATYPA

TEPMOMETP

Ecnm npmsectn B compmkoCHOBeHEHe JiBa Teja, Harpe-
THX II0-pasHOMY, To Goiee Harperoe OyAeT oXJasKmaThesd,
a xoJiofHOe cTaHer Temlee. IIpo Takme aBa Tesa rosopsr,
9T0 OHH OGMEHHBAITCA TEIIOM.

Kar yme rosopmiocs, Tenmoo6Men — 3T0 BHA mepe-
X0/la SHEeprum; MH Ha3kBaeM Golee ropgYEM TO TelO, KO-
TOpoe OTAaeT SHeprumio. MH OIyIaeM Tel0 TOPAYHEM,
€CJH OHO HArpeBaeT PYKY, T. . IepefaeT el DHePTHIo.
HaoGopor, ecam Teao omymmaercs XOIOMHHIM, TO 3TO
3HAYHT, OHO OTHAMAET 9HEPTAI0 y HAMero Teja.

IIpo Teao, KoTopoe oTmaer Temmno (T. e. IyTeM TemJo-
ofMeHa OTaeT 3HEPrHI), MH IOBOPHM: €ro TeMIeparypa
BEII® TeMIepaTypH TOr0 Texa, KOTOpoe 3almpaer 310
TeIIO.

Ha6aiomas 3a TeM, oxjayKgaeTcs WId HArPeBAeTCA HH-
TepecyIomuii HAc IpefMeT B IPECYTCTBHA TOr0 WJIH HHOTO
Tena, MH Haff[eM JJIA 9TOrO IpefiMeTa «CBOE MECTO» B DALY
HaTpeTHX TeX. TeMmeparypa — 9TO CBOErO poJa MeTKa,
YKaswBaomasd, A1A KaKAX TeJ HHTEPecyoImil Hac mpep-
Mer Oymer pmapwTeneM, a HAAA KaKAX — MOJydaTejeM
Tema.

Temneparypy mH3MepaoT TepMOMETpaMH.

B ocnoBy ycTpoiicTBa TEpMOMETPOB MOKHO IOJIOKHATH
HCOONH30BAHAE PABIMYHHX CBOACTB Ted, YYBCTBATENBHEIX
K TeMmeparype. Uame Bcero Ioab3yIOTCA CBOHCTBOM Tei
pacmupATHCA IPH INOBHIIGHUH TeMIepaTypH.

Ecam npum compmKocHOBEHHMH ¢ DPasHHMH HpefMeTaMm
Teno TepMoMerpa Oymer maMeHATH CBOi 00beM, 3TO 3HA-
9AT, 9TO Teja MMeET pasHylo TeMmeparypy. Horma ob6mem
Teja TepMoMeTpa 6onbime — TeMImepaTypa BhHIIIe; & KOrga
06’beM MeHBIIE — TeMIIepaTypa HHUKe.
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CaMmpie pasTU9HHE TeJa MOTYT CAYKHETh TOPMOMETPaMA:
o KEAKHE, KAK PTYTh WIA CHEPT, W TBEPHHEe — METaIlIH,
n razoobpasunie. Ho Benb pasHme Tena pacmmpAnTes
mo-pasHOMY, W DPTYTHHe, COAPTOBHE, Fa30BHE W IpoUme
rpagycH cosmajgats He Gygyr. HKomeumo, Bcerga MoxHo
OTMETHTH Ha BCEX TePMOMETpPAX JBe OCHOBHEIE TOUKE —
TEMIIEPATYPH TafgHHUA JNbJa W KHUIEHHA BORH. lloatomy
0 m 100 rpagycos Llenbcma Bce TepMOMeTpH BCerga moxa-
xyt ogmHarkoso. Ho me:xxny 0 m 100 rpanycamn tena 6ynyr
pacmupAThcs He ofmHakoBo. OgHO Teno GhCTpPo pacme-
paerca Me:xpy O m 50 rpagycamm pryTHOrO TepMOMeTpa
¥ MeJJIeHHO Ha BTOPO# YacTum 9TOro mHTEpBada, a Apy-
roe — Haobopor.

HsroroBEB TepMOMETPH € PAZHHMH PaCHBPSIOIAMECS
TeTaME, MH OOHapYKEM 3aMeTHHE PpacXOKIAEHHA B HUX
IOKa3aHHAX, HECMOTPA Ha TO, YTO B OCHOBHHIX TOYKax
noxkasarua Oyayr cosmagarb. BoJee Toro, BonsHOHR Tep-
MOMeTp IpHEBea OH Hac X TAKOMY OTKPHITHIO! €CJIA OXJaK-
JAEeHHOE /[0 HYJA TOX0 HOJIMKATH HAa SJNCKTPOMIATKY, TO.
€ro «BOJAHAA TeMIepaTypa» CHadana O majana, a mOTOM
pociaa. JT0 NPOMCXOABT HQ TOM UpHMYEHE, UTO BOJAA LpPH
HarpeBaHUM CHAYaJa YMEHBHIAOT CBOH 00beM H AW HOTOM
peer ce0s «HOpPManbHO», T. €., yBeAMYHBAeT 00hEM npu
HArpeBaHAH.

Mu BEgEM, 9T0 HeoOjyMaHEEI BHOOp BemIECTBA p;Jm
TepMOMETpa MO;KeT 3aBecTd Hac B Tymmk. Ho deM ke
TOra PYKOBOACTBOBATHCH NPH BHOOpE «IPaBAIBHOTON
trepmoMerpa? Haxoe Temo mpeanwnHo fns sToit memm?

O TaKEX mOEANBPHHX TEXaX MH YKe TOBOPMIH. IJTO
naeanbHHE Taskl. BsamMopeiicTBme 4acTHN y mAeadbHOrQ
rasa OTCYTCTBYeT, M, H3y4ad DPACIIEPeHE® HHeanbHOIG
rasa, MW H3y4aeM, KaK MEHAETCH [BHKCHHE ero MOJEeKYJ.
Wmenno mo 3TOl mpHumHe WMICAJIBHHIA Iras ABIAETCA HIEA
ANbLHEM TEJIOM JANA TepMOMerpa. X

1 peitcrBmTensHO, cpady Opocaercs B riasa, 910 ecad
BOJA paCmIApPAETCH HHade, YeM COHpPT, CHHPT — HMHAYE,
4eM CTeK/I0, CTeKN0 — HWHA4e, UeM jKeme30, TO BOJAOPOAs
KECIOpO]], a30T WA HI060# Apyroi rasz B COCTOAHOH pa:ﬂ
peXeHHd, KOTOPOTO NOCTATOUHO JIA TOro, 4ToGH 3acay
JKATh HasBaHWe HACANbHOTQ, PACIIUPAITCH OpH Harpe-
BaHWE B TOUYHOCTH OFHEAKOBO.

Taxum 06pagoM, oCHOBO! JAA OHIpefeIeHHA TeMnepa‘
TYPH B QUSHKe CAY:KET HIMEHOHHEE 00HeMa OmpeAeseHHOFd
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KOAMYECTBA HIEAJBHOr0 rasza. Paaymeercsd, BBHAY CHIIb-
pofl CKEMaeMOCTH ra3oB HaJ0 0COGEHHO THIATeJIbHO Cle-
JETH 32 TeM, YTOGH rasz HaXoZW/aCA IpH HOCTOAHHOM Jam-
JIeHHN.

Jdas Toro 9ro6H HpOrpajyupoBaTh ra3oBHH TepMoO-
MeTp, MBI JOJKHH TOYHO H3MEDHTH 00BEM B3fITOTO HAMH
raga npE 0°C u npm 100°C. Pasuocts o6beMoB Vo m V,
mu pasgenmM Ha 100 paBHHX wacrteii. [pyrmmua ciosamm,

6 1 |4 Vv
g3MeHeHne 00beMa rasa Ha T(T(')( 100 —YV,) B COOTBETCTBYET

onomy rpaaycy Lleascmsa (1°C).

Temeps mojokuM, WT0 HAII TOPMOMETP IOKa3bIBAaer
o6seM V. Kaxas rtemmeparypa t°C cooTBeTrcTByeT 3TOMYy
o6bemy? Herpyneo cooGpasurs, uTO ‘

o __ V—Vo toc—- V-VO
£C=pite 100, 7. e fl=gt e,

ITEM paBeHCTBOM RaiKAbH 06beM V MH OTHOCHM K TeMIre-
paTtype ! H mOJyJaeM Ty TeMIepaTypHYIO MKaxy *), Koro-
poit MONB3yOTCA B GHTY.

Ilpm yBeamuenmmm TemmepaTypsl o06beM rasa Heorpa-
HAYCHHO BO3DPACTaeT — HET HHUKAKOIO TEOPeTHIeCKOTro
nmpefena pocry Temmeparypu. Hamporms, Huskme (or-
punaTeasHsle B mKaxe llenbcEA) TeMIepaTypH HMEIOT
peged.

*) Hixana Leascus, B xotopoit 3a 0°C mpmHATa TeMmeparypa
TAOIEro JbJa, a-3a 100°C — TemMmeparypa KumeHHs BoAul (06e —
OpH HOPMAJBLHOM faBieHud 760 MM pr. cT.), 09eEb yno6Ha. Hecmor-
P4 HA 9TO, AHIVINYaHe H aMePUKAHIE I0JAb30BAMHACH IO CUX IIOP TAKOH
TeMIEPAaTyPHOR INKaJO#, KOTOpas Kajkercd HaM OYCHb CTPAHHOM.
Kax, mampumep, 6yZeT BOCUDHEHATA BaMH Takad (pasa M3 aEIImii-
cKoro pomaHa: «JIeTo cToANO HexapKoe, TeMmepaTypa Gaa 60—70
rpagycop»? Omeuatka? Her, mkana ®apemreiita (°F).

B Amrnmm temmeparypa pepko manaet Hmxe —20°C. ®apenreiit
monoGpas cMech JIBAA C COMbIO, MMEIOMYI0 OPUMEDHO TAKYI0 TeMme-
paTypy, W OpHHAJX 3Ty TeMuepatypy 3a EHyab. 3a 100 rpagycos
B 9TOii MKaNe GHIIa UPHHATA, IO CIOBAM aBTOPA, HOPMAaJIbHAS TOM-
neparypa dgedoBedeckoro Teia. OpHAKO A YCTAaHOBJIEHHSA 2Toi
Toukn (apeHreiT, BEPOATHO, NOJB3OBAJCA YCJIyraMM dYe/IOBEKa,
KoTOoporo ciaerxa Jamxopagmio. Cpegmeit HOpMaJbHOH TeMmepaType
HesoBeyeckoro Tesia B miKame (apemreiita coorsercrByer 98°F.

9TOM mKaje Boja 3amepsaer mpu --32°F, a kuumt mpm 212°F,
®opuyna mepexoga Gyner

£C= 93 (t—32) °F.
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JelicTBATOABHO, 9TO HPOM30HJeT IPA NOHAKEHAN TeM-
neparypn? PeanpHE ras B KOHIle KOHIOB IIPEBPATHTCA
B JKHAKOCTb, a OpH eme GonblleM CHHKeHHE TeMmoepa-
TypH 3aTBepfeer. MoleKyaH raza cobepyrcs B ManeHBKHE
o6wem. Ho wemy Gymer pameH stor 06BeM A Hamero
TepMOMeTpa, SallOJHEHHOTO HAeanbHEIM razoM? Ero moue-
KYJH He B3aHMOJIEHCTBYIOT MesKIy co6oil @ He mMeloT colCT-
BeHHOro o0meMa. 3HAYHT, NOHMKEHH® TeMIEpATypH OpH-
BelleT WAGANBHEI ra3 K HylesoMy o6nweMy. IlpuGamsurhca
OPAaKTHIECKH CKOJHh YTOAHO 6JM3K0 K MOBEJEHHIO, Xapak-
TepHOMY [JiA HAealbHOIo rasa, B JaHHOM CIydae K Hye-
BOMY 3HaYeHHI0 o0beMa, BmojHe BO3MoxkHO. [laa aToro
rasoBHil TepMOMeTp HaJO 3amoJHATH Bce Oonee m Goxee
pasperxeHHEIM razoM. IloaTomy Mbl He morpemmm NpOTHB
HCTHHH, CUHTAd HpeledbHO Manbil 00beM rasa paBHEM
HydI0.

Coriacuno mameii ¢opMmyne o0beMy, paBHOMY HYAIO,
COOTBETCTBYET caMad HW3Kad TeMmeparypa. dTa TeMmepa-
Typa u HassBaeTcsa abCONIOTHHIM HYJeM TeMIepaTypH.

Iaa rtoro uroGH ompenexmts NoaoKeHHe abcomioT-
Horo Hyisa Ha miane Ileabcmsa, B BHBeNeHHYI0 QopMyIy
TeMOepaTypH Hajxo NOACTABHTH 3Ha4YenHme o0beMa, paBHOE
rymo, V=0. Takum o6paszoM, TeMmepaTypa aGCONIOTHOTO
HYJA paBHA

___100v,
Vmo"‘vo )
OxasnBaercs, 9ra 3aMeyaTeJAbHasg TOYKA COOTBETCTBYET
temneparype upmmepro —273°C (roumee, —273,15°C).

Nrax, Her TeMnepaTyp HmKe aGCONIOTHOrO HYJAs; BeJb
OHI COOTBETCTBYIOT OTPHIATOXLHEIM o0beMaM rasa. [o-
popars O Gosee HE3KAX TeMHmeparypaXx G6ecCMHCIERHO.
Honyuurs TeMmeparyph HE:Ke 86COJIOTHOTO HYJAS TaK Ke
HOBO3MOKHO, KAaK H3TOTOBHTH NPOBOJIOKY C AMAMETPOM
MeHbIIe HYJIA.

Ipr aGconioTHOM HYyJE Tel0 HENE3A OXJANHTH, T. €.
HeXb3A OTHATH Yy Hero sHeprmw. VInmMm ciaopamu, mpH
a6CconOTHOM HYJIE Tela M JaCTHIH, B3 KOTOPHX OHH IOCT-
poeHH, o6xagaloT HamMeHbINedl BO3MOHOH DHEprmei.
310 osHavaer, 9To HpHE a06COMIOTHOM HYyJe KAHETHIECKAA
9HOPruA paBHA HYJIO, a DOTEHNHAIbEAA HMMEET HaMMEHb-
mee BOSMOKHO® BHAYCHHO,

Hockonsry abconoTHHIE HYAB €CTh caMafg HHIKAA TeM-
mepaTypa, T0 eCreCTBeHHO, 9T0 B ¢usHKe, 0co0eHHO B TeX
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ee paanenax, rje cimrypnpylo'r HE3KHE TeMIIepaTypH
nonb3yloTca abcomoTHol mKaznol TemmepaTyp, B KOTOpOit
oTCueT BefieTcA OoT abCoMOTHOTO Hyas. fcmo, uTO '

T e = (¢ +273) °C.

HKomuarHasa TeMmeparypa B aGCOMIOTHOR ITKaJIe COCTAaBIAET
oxomo 300 rpanmycos. A6comomyro MKAJIy TeMIeparyp
Ha3HBAOT Taxxke mianoit KenbsmEa — mo mMenm mapect-
goro amramiickoro yuenoro XIX mexa, m BMecro 06o3nage-
gua T, ymorpeGasior obosmauenme T K. '
QopMysna razoBoro TepMOMeTpa, OHNpefeJAIOMas TeM-
neparypy T’y Mosker GHTBH 3ammcaHa AnA aGCOMIOTHOH TeM-
nepaTypsl B BHJE
V— V0

T=100y + 273.
1001/0
Ionb3ysAck paBEHCTBOM ViV, = 273, npaxogEM K I1po-
00— "o
CTOMY pe3yabTary:
' I v
! MWV,

TaxkmM o6pazoM, abconioTHas TeMIeparypa HIPOCTO Hpo-
nopnmOHanbHA 00BEMY HAEaJbHOTO Trasa.

Tounne m3MepeHHsA TeMImepaTypH Tpe6yOT oT ¢mamKa
BCEBO3MOKHEIX yXWIIpPeHuil. B TOBOJIBHO MEPOKOM HHTep-
Bane TeMIepaTyp PTyTHHe, CIEDPTOBHe (mna Aprrukm) m
npyrEe TepMoMETPH TIPanyEPYIOTCA [0 rasoBOMY TepMo-
Merpy. OXHaKO ® OH HeNpHTojleH NpH TeMIepaTrypax,
BechMa Gamskmx K aGcomorHoMy Hymo (amke 0,7 K),
KOT[a BCe rashl, CKEKAIOTCA, a TAK)Ke NPH TeMOepaTypax
sume 600°C, xorma rass mpOHEKAT Yepes crekmo. Jlas
BHICOKEX W 0YeHb HHBKHX TEMIIEDPATyp HOAb3YIOTCH MHHIMHE
NPEHNEOAME H3MEPeHHus TeMIepaTyp.

Yro ke KacaeTcA HPAKTHIECKAX CIOCOGOR H3MepeHHA
TeMneparyps, TO HUX MHOMecTBO. DBoasmoe 3HaueHme
IMel0T HPEOOPH, OCHOBAHHHE HA BIEKTPHIECKHEX ABJIE-
musx. Cefiuac BaKHO BaNOMHHTH JHIIL OFHO: IPH JIOGHX
nsmepenmlx TeMIepaTyphl MH [OJJKHH OGHTH yBEPEHH, YTO
H3MEpAeMas BTHYAHA BIOJNHe COBUAMACT C TeM, UTO Haio
Ob maMépenme pacmmpeHEs paspeKeHHOTO rasa.

Bricokme TeMIepaTyph BO3HEKAIOT B HedaX M IoOpes-
kax. B komgmrepckmx meuax TeMmeparypa [OCTHIraer
220—280°C. Bomee BHCOKHe TeMIepATYDH 'IPUMEHAIOTCH
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B meramayprum: 900—1000°C pmaror saxanoumHe mHeum,,
1400—1500°C — wrysmeunrre. B cranennaBEHIBPHHX HeYax ;
tremneparypa aocreraer 2000°C. 1

PeKoOpAHO BHCOKHe HEYHHE TEMIepaTypH HOaYIaloT
¢ momomplo dexTpuieckoir gyrm (oxomo 5000°C). Ilmama
YT TNO3BONAET «PARCHPABHTHEA» € CAMBIMH TYIOIIABKEMH :
MeTalIaMH.

A KakoBa TeMIepaTypa HJaMeHE Ta30BOH TODeIKR?
Temneparypa BHYTpeHHEro roiy6oBaToro KOHyca ILaMeHn
scero qumb 300°C. Bo BHemHeM KoHyce TeMmeparypa Ho-
xonat o 1800°C. :

HecpaBHenHo Gonee BHICOKHE TEMIOOPATYDH BOSHEKAIOT:
npm B3phBe aroMuolt GomO6m. Ilo KocsenHEIM onemKkam,’
TeMIOepaTypa B NEHTPe B3PEBA JOCTArAeT MHOTHX MHUJIIHO-:
HOB TIpanycos. :

B camoe mociefHee BpeMs NpPeRUPHHATH NOOKTKE
OONYYHTh TAKHE CBEPXBHICOKUE TEMEOPATYPH B CIOIXANb-’
HHX J1a00paTOPHHX YCTaHOBKAX, HBrOTOBIAEMHX Y Hac
m 3a py6emxom. Ha xparuafimee MrHoBeHEe yAaBanoch [0-f
CTHTHYTh TEMHEDATYD B HECKONLKO MEJIIHOHOB IDafyCoB.|

CBepxBHICOKMe TeMIepaTypHl CYMECTBYIOT H B IpH=
poie, HO He Ha 3emie, a B APYTHX Teaax BcenemHoil.i
B memtpax 3Besn, B wacrHoctm Conmna, 'reMneparypaj'
ROCTAraeT MeCATKOB MUIAmOHOB rpaxycos. Itosepxmoct-
HH® K@ YJaCTKH 3Be3[l HMEI0T 3HAYKTENbHO 0olee HAZKYIH
TeMuoeparypy, He npesbimanomyio 20 000 rpagycos. Ilo§
sepxHocts Conmma Harpera Ao 6000 rpamycos.

i

TEOPUS UJEAJBHOTO TA3A

CpoiicTBa MAEaTBHOTO Ta3a, JABIIET0 BaM ONpeHeleHH
TeMOepaTyphsl, ouens npoctl. Ilpm mocrosmmot TeMnepag
Type peitcrByer saxom DBoitns — Mapumorra: mpomssened
HAe pV mpum maMeHeHHAX o0beMa WIM KaBICHMA OCTAOTCH
Heu3MeHHuM. Ilpm HeHm3MeHHOM JRaBleHHH coxpauxe'rcé
vactroe V/T, xak Om Hm MeEAnmch 00beM mAE TeMmepa
Typa. ITH [iBa 3aKOHa Jerxo o6megmemts. flcHO, wTO BH:
pamenme pV/T ocraerca TeM e Kak mpH mocToAEEON
TeMIlepaType, HO HaMeEgiomuxes ¥V ®m p, Tak B npu me:
CTOAHHOM JaBiAeHER, Ho MaMensiommxcsa V n T. Bupame:
mme pV/T ocraercs BOCTOABEKEM BPE HIMEHeHRN HE TOAM
Ro mo6oli maps, BO B OIHOBPEMENH® BCOX TPeX Beni;
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qua —p; V 1 T. 3akom
pV/T=const, xak roso-
PAT, OIIpefeNAeT ypaBHe-
HEE COCTOSAHHAA HIeajb-
HOTO Tasa.

WNpeansusid ras BHOG-
paH B KadecTBe TepMO-
MeTpa IOTOMY, 4TO TOJb-
KO ero CcBOiCTBa CBs3a-
HH C OfHAM IUIIL HBH-
yxeHmeM (Ho He ¢ B3ad-
MOJIeACTBHEM) MOJEeKYJ.

KaxoB e xapaxrep
CBSI3HE MEKAY ABH:KeHHEM
MONEKYl H® TeMOepary-
poit? [laa orBera Ha aTOT
BOIPOC HANI0 HAATH CBA3L

MeKIy JHAaBjeHHmeM rasa Pumc. 3.1.
B [OBH)KeHHEM B HeM
MOJIEK YJI.

B cdepmgeckom cocyfme pammyca R saraiogeno N Mo-
neryn rasa (pmc. 3.1). IlpocxeguM sa Kaxoit-1m6o Mome-
Kyqoil, HampEMep TO#, 9TO ABIKETCA B MAHHEI MOMEHT
cieBa HAIpaBo BHoaEL XOpAH AnmHO# [. Ha croakmose-
HEA MOJEKYJ o0pamaTh BHEMaHMe He GymeM: Takme BCTpe-
9 He CKasHBalTCA Ha HaBiaeHnu. Jlomeres X0 TpaHHIH
COCy/a, MOJIEKYJa YAApHTCA O CTEHKY H C TOH Ke CKo-
pocthio (yAap ympyrmii) moHeceTCs yKe B XPYroM Halpas-
neHnA. B mpeasne Takoe myremecTsHEe IO COCYAY MOINO GH
IPOAOJKATECA BeIHO. ECHM ¥ — CKOPOCTH MOJIEKYJH, TO
KaKAKHA ygap GymeT mpomCXoguth depes l/v Cexymm, T. e.
B CEKYHIY KakTasa MoleKky:xa yaapurca v/l pas. Henpepris-
Haa Apo6b ymapoB N MOJEKYJ CIHBAeTCA B efHHYI0 CHIY
aBIGHAA.

ITo 3arony HeioToHa CHi1a paBHa M3MEHEHHI0 AMIYJILCA
B equuuny speMend. OGosHauuM H3MeHeHme HMIYIbCA
Oopm KaskmoM ypaape uepes A, 3ro m3MeHeHme UPOMCXOIBT
v/l pas B ceKyupy. 3HAYHT, BKJIAJ B CAIY CO CTOPOHH Of-

HOji MoJeryan Gymer —Al- ‘v,

Ha puc. 3.1 nocTpoeHH BEeKTOPH EMIYILCOB 0 U HOCIE
Yhapa, a TaK:xe BeKTOp mpupamenua mMnyasca A. Wz mo-
No6WA BOBHHKIMIEX INIPH HOCTPOGHHH TPEYTrOJbHAKOB
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caenyer: A/l=mv/R. Bkaag B cHay €O CTOPOHH OJHOM
MOJICKYJH NpPAMET BHJ ) .
mv?
' R .
Tak Kak AnmHA XOpAH He Bomia B $opMymry, TO ACHO, YTO
MOJICKYJIHl, JIBHKYIIHECS 1O n060if xopAe, RAOT OXNMHA-
KOBHIA BKJajg B cmuy. HoHeuHo, msMeHeHme MMIyJabca
npa KocoM ypape Gymer MenbIme, HO 3aTO yJapH B 3TOM
caysae Gymyr game. Pacuer nokasam, 4ro oba sddexta
B TOYHOCTH KOMIEHCHDYIOTCA.
Tak xax B chepe N Monekya, TO CyMMapHas cCHJa
Gynmer paBHa »
. vagp
R L
raie U, — CPEHAA CKOPOCTb MOJEKYI.
JlaBnenme p rasa, paBHOe CmJe, JeJEHHOH HA IIIO-
magb cdepn 4nR2, Gyner paBHO

2 - Nmv?
Nmvg, P _ N mugp

P=gzam~ v

nR3

cn|a~w.a

rie V — obvem cdepsi.
Taxum oGpasoM,

1
pV= T Nmvg,.

910 ypasHerme Obino BmepBhie BHBeneHo Jlammmnom Bep-
pyana B 1738 r.

W3 ypaBHeHHsa COCTOAHMA np;ea.nbnoro rasa cuenona.rxo.
pV=const-T; n3 BHBEJIEHHOTO yDaBHeHHs BULUM, IT0 pV
nponopnnonanmo vip. Smaumt,

T~vly, B v~ VT,

T. €. CPe[iHAA CKOPOCTH MOJEKY]I HAeaTbHOrO rasa mpo-
HOPIMOHAJIFHA -KOPHIO KBaJ[DATHOMY H3 aGCOMOTHOH TeM-

Ilycrs Bemecrso npencrapiser coGoi cMech pda.nm—
pux Momexyia. Her am Takod ¢mamdecKoit BeadImHH, Xa-
pan'repnsylomei mmmenne, xoTopaa 6nina Ol OEHAKOBA
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AJIA BCEX 9THX MONEKYJ, HAIPAMED JJIA BOZOPOJa H KHCIO-
pona, HaXONAIMHUXCA NPH OJUHAKOBOH TeMmmeparype?

Mexanuka Raer OTBeT Ha 3TOT Bompoc. MokHO JOKa-
3aTh, YTO OJIMHAKOBHIMH Yy BCeX MOIEKYa GyayT cpeiHme
KHHETHIECKHe dHOPTrHH IOCTYNATe1bHOTO ABIKeHAA MUay/ 2.

JdT0 o3Hagaer, 4TO HPH AAHHOH TeMmeparype cpegHHe
KBaJPaTH CKOPOCTH MONEKYa OGpaTHO IpOmOPIHORAILHEL
Macce 9acTHIl:

I_)2 Ni Vop v 1
® Tm Yo T ya

Bepunemca Temeps X ypaBHeHHUIO pV==%va§,,. Tax
Kak IPH [aHHOH TEeMIIepaType BeJMYMHEI MU%, ONEHAKOBH
A BceX ras3oB, TO YACAO MoJeKyn N, 3aKJ0YeHHBIX
B JaHHOM o0bemMe V mpm ompefeNeHHHIX [JABICHHE p U
remuepatype 7, ofAHAKOBO [NA BCEX razoB. JTOT 3aMeua-
TeJBHHA 3aKOH ORI BHepBbie cHopMynmpoBaH ABOragpo.

Cronpko e Monexyn mpuxofgmrca Ha 1 cM®? Oxasu-
saerca, B 1 cM® mpu 0°C m 760 mMm pr. c1. Haxommrca
2,7+10'® Monexyn. Ito orpoMHoe gmcio. YToGH BH mo-
9yBCTBOBAJHN, CKOJb OHO BEJIWKO, NPHBEAEM TaKoif mpm-
Mmep. IlonoskmM, 4ro ras ymanserca w3 MaJeHBKOro COCY-
Iura oobeMoM 1 cM® ¢ Takoil CKOpPOCTHIO, 9TO B KaKAYIO
CeKYHAY yXOR®HT MmuauoH Moneryin. Herpymmo momcum-
TaTh, 4TO COCYH IOJHOCTHIO OCBOGORHTCA OT rasa depes
MWIIHOH Jiet!

3akon ABoragpo yKasHBaeT, 94TO IpH OIPOAeJECHHHIX
HaBjeHAW H TeMIOeparype OTHOMEHHE YHCIa MOJEKYJ
K 00beMy, B KOTOpOM OHE 3ariiouens, N/V, ects Benm-
4dHA, OJWHAKOBAsA HJA BCeX IasoB.

Taxk kak naorHocts rasa 9=ANm/V, To orHOmeHHe
T0THOCTell ra3oB PABHO OTHOIEHHI0 MX MOJEKYJIAPHHX
Mace:

0,1/, =m,/m,.

OtHOCHTEeNbHbIE MacCH MOJIEKYa MOTYT GHITH IOITOMY
VCTAaHOBIIGHH HPOCTHIM B3BEIIMBAHHEM ra3oo0pasHEIX Be-
mects. Takme a3MepeHAA CHIrPAIHE B CBOe BpeMA GoibIIyIo
poas B passmrmm xummd. V3 saxoma Aporajgpo caenyer
TaK:Ke, YTO [AAA MojA H060ro BeIIecTBa, HAaXOAAMErocs
B COCTOAHAM HIeanbnoro rasa, pV=kN,T, roe k — yum-
BepcanbHAafA HOCTOAHHAA (OHA HOCHT EMA 3aMe4YaTejbHOTO
Hemenxoro ¢umamka Jliogemra DBoasnmana), pasHas

3 Qusaka maa seex, xu. 2 . 65



4,38 40~ ope/K. Ilpoumssemenme R =¥kN, xnasﬂnam';
yHEBepCaABEOH rasoBoil HOCTOAHHOM. :
3aken WACAJBHOrO rasa B3aHECHBRIOT Y4CTO Kak

pV=pRT,

e | — KOJZYEeCTBO BEINecTBA, BEIPAKEHHOE B MOJAX.
910 ypaBHEHHe 9ACTO HMCHOJb3YeTCA HA HPAKTHKE.

CHOPOCTN MOJIERVYJ

Teopus yxassBaer, 4T0 OpH ORHOH TeMmepaTrype cpei-
Hre KUHeTHYeCKWe SHEPIHE MOJEKYN mug,/2 ommHaKOBHL.
Ilpr mameM ompeneneHuYM TeMHepaTypH 3Ta CPElHAS K-
HeTE9eCKaN DHEPrHs NOCTYNATeALHOIrO [ABHREHHA MOJje-
KYJ Tasa TPONOPUUCHANHHA abCONIOTHOH TeMIreparype.-
KoM6nuaupys ypamHemme HIeANLIOI0 ra3a H ypPaBHEHHe

Beprymwiun, nalimem
my? 3
(22, =4,

2

WaMmepeune TeMuepaTyps TepMOMETPOM, 3allOJHEHHBIM;
HAeaTbHEIM Ta30M, NPHEJAeT 3TOH Mepe IpPOCTOH CMBICK
TEMIepaTypa HPONOPHUOHANLHA CPOJHEMY 3HAYCHUIO anep-g
TAM TNOCTYHATENbHOIO [BM;ReHMN MojeRy:a. Ilockoaskyl
MEI )KEBeM B TPEXMEPHOM IpPOCTPAHCTBE, NPO TOYKY, ABH:
RYIMYIOCA Kak YTOAHO, MOKHO CKasaTh: OHA WIMEET TP
crenens cBOGogH. 3Haumr, HA OfHY Cremedb CcBOGOJ
aBmkymefica gacTunw npuxopmrca k7/2 sHeprmm. |

OnpenenEM CpefiHIOI CKOPOCTH MONEKYN KHCIODOX
IpN KOMHATHOH TeMueparype, KOTOPYIO MH sl KPYIJOr
cgera mpmmeM B 27°C=300 K. Macca onmoii Monery::
xucinopona pasga 32/(6-10%). Ilpoctoe BEHuECIeHme Hac
Ve, =4,8-10¢ cM/c, 1. 0. orOmO 500 M/c. Cymecrsenm
OnicTpee ABEHIKYTCA MOJERYIH Bogopoma. Mx macew B 1

pa3 Menbme # ckopoct:m B J 16=4 pasa Gonbme, T. el
OpH KOMHATHOWH TeMIeparype COCTABISIOT OKOJO 2 KM/c{
JlprreBeM, ¢ Karoii TeHNOBOH CKOPOCTHIO NBHIKETCA M
JeHBbRAsA, BHEAEMAs B MUKDPOCKen uvacTmuka. OOug

KOH W03BOJACT YBEAETh NHUIMHKY JABAMETPOM
4 smm (1074 cm). Macca Texoit 9aCTEHE HPH HIOTHOCT
Gam3KoR K enmamue, OyaeT 4TO-HHOYHH -OKoae 5-10-13
Has ee cropocTu BorvamM exono 0,5 cmfc. Heygasaren
Ho, UTO TaKOe [BI)KeHUE BHOJHO 3aMETHO.
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Cropoers 6poyHOBCKOTO EBEEHES TOPOUHEHH ¢ MAac-
eoit B 0,1 r 6yner ysxe Bcere ronnko 10-° em/c. Hemyn-
peHo, Wro MIF He BHAEM GDPOYHOBCKOTO ABHINCHEA TAKNX
gqacTun.

Mu resopmM o cpegamx exopoersx momerynm. Ho
Beflb HE BCe MOJIEKYIhl JBHIKYTCH C OJAHAKOBEIME CKODOC-
TAMA, KaKaA-TO JOldA MOJEKYJ JBUKeTCH OHCTpee,
a Kawas-To MelJeHHee. Bce 3T0, OKaJLBACTEA; MOIKHO
paccunrarh. IlpmBesieM TONBRO peayabTaTH.

Ifpu remmeparype oxemro 45°C, mampumMep, epenuas
€xopoeTh monexkyn asora pasEa 500 m/e, co ckopeeramm
or 300 no 700 m/ec pemmerca 59% wmonexyn. C ManmMn
exopocramMer — or O fo 100 m/e — psmkerca Bcero mummb
0,6% wmonexyn. BHCTPHX MONEKYJ €0 CKOPOCTAME CBHMIO
1000 m/c B rage Bcero ammsb 5,4% (cm. pume. 3.2).

Ocnopanme Kakmoro cronlmka pECYHEKA DOCTPOCHO
Ha HETEPBajge CKOpOETell, 0 KOTOPOM HEET pedys, a Hio-
manb IPONOPHEOHANBHA JIOJN€ MOJNEKY], CKOPOETH KOTo-
PHIX ZIe;KaT B ITOM HHTEPB&JIL.

Moxro paccumtaTh W pacHpefeiieHEe MOJEKYJa IO
Pa3HKM 3HAYCHAAM OBEDPPHE NOCTYHATENBLHOFQ [BHsKE-
HEA,

Ymcro MoaeKys, sHeprag KoTophx Gemee ueM B JiBa
pasa mpeBeexofAT cpemEwi0, yxe Memsme 10%. Hoaa
eme GoJiee «HEPruYHEIX» MOALKY] TaeT 0O Mepe yBejmde-
HUA 9HEPIEE BO BCE BOgpacTajomeil cremenmm. Tak, Mome-
KyJ, 9HepruA -KOTOPHX B 4 pasa Goabiue cpegueii,— BCEro
0,7%, B 8 pas Gonsme cpenmeit — 0,06.10-4%, B 16 paa
6onsme cpepmeir — 2-10-%%.
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JHepruA MOJIEKYAH KHCI0DPOAA, ABHKYMEHCA CO €Ko- -
pocteio 11 xm/c, pasna 23-10-22 spr. Cpeguas sHeprus
MOJIGKYJIH TpA KOMHATHOH TeMIepaType paBHa BCero
6:10-1¢ spr. Takmm oOpasom, sHeprus «oAMHHAALATHA-
KHJIOMETPOBOH MOJIEKYJH» Ho Kpaiimei Mepe B 500 pas
fosiblle SHEPTEA MOJEKYJH CO cpejHe#l cropocthio. He-
YAUBHTEIBHO, 9TO MOMA MOJIEKYJ] CO CKOPOCTAMHE BHIIe
11 M/c paBHa HeBOOOPAa3EMO MaJOMy YHCIYy — IOpPSAAKA
410—300,

Ho mouemy Hac 3amHTepecoBaiia ckopocth 11 xm/c?
B xmmre 1 MBI rOBOpHIE O TOM, 9TO OTOPBATHCA OT JeMim
MOTYT JHOIb T€Jia, HMEIOIMHE 3Ty CKOPOCTb. JHAYHT, 3a-
O6pasmuch Ha 6OJBHIyI0 BHICOTY, MOJEKYJH MOTYT IIOTe-
PATH CBA3b ¢ 3eMiedl W OTHPABHTHCA B FaleK0e MERIia-
HETHOe HyTeIIeCTBHe, HO [JIA 3TOro Hafo0 MMeTh CKOPOCTh
11 wm/c. Jons Takmx GBICTPHX MOJEKYJ, KaK MH BHIHM,
HACTONbKO HHUYTO}KHA, YTO OHACHOCTH IOTepH arMocdepst
3eMie He I'PO3AT Hake Uepe3 MEIAMAPAHL JeT.

Cxopoctb yxofa atmocdepsl HeoOHYallHO CHIBHO 3aBH-

. Mm
CHT OT I'DABUTAalHOHHOH DHEPIHHE y ——. Ecam cpepmuas

KEHETHIECKasaA SHEPrusi MOJEKYJBl BO MHOI'O pas MEHBINe,
IrPAaBOTANMOHHOA 9HEPr¥H, TO OTPHIB MOJEKYJ] HpaKTHue-
CKH HeBoaMo;keH. Ha mosepxnoctm JlyHH rpasmranmon-
Hag dmeprmsa B 20 pas MeHbme, 4T0 [aer [ JHEPrHH
«yGeragmsa» MONEKYJH KuCIopoja 3Hauenme 1,15.10-12
apr. Jro 3HadYeHWE IPEBHIMIaeT BeJUYMHY CpeqHed KuHe-
TAYECKOH SHeprum MOJeKVIH Bcero ammb B 20—25 pas.
Hons Monexyn, cuocoGHBX oTopsarbea oT JIyHm, pasua
10-17, 910 ysme cosceM He TO, 9T0 10~ 3%, ¥ mofcyer moKa-
3HIBAET, YTO BO3AyX OyAer MOBOABHO OHRICTPO YXOTUThH
¢ Jlyus B MeknianetHoe upocrpanctso. Heynusurensno,
gro Ha JlyHe HeT aTtMocdepsr.

TEIIJIOBOE PACHIMPEHUE

- Ecam Harperp Teio, TO ABHKEHH® aTOMOB (MOJIEKYJ)
G6ymer Gonee wurencmBHEIM. OHEH CTAaHYT pacTajJKABATh
Apyr Apyra m 3aiiMyT Gonbie MecTa. OTUM B 00BACHAETCH
‘XOpOmO W3BECTHHIH (aKT: IpPH HaArPEeBAHAM TBEPJEIe,
JKEKHe H ra3oo0pasHHe Tela PpacIIMPAIOTCA.

O TemmoBOM paCIIMpeHHM ra30B HOJAr0 TOBOPHTH HO
OPUXOIATCA: BEAb NPONOPIMOHANBHOCTh TeMIEPATypH
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o0beMy rasa Gruia HOJOKEHA B OCHOBY Hamelk TeMIeparyp-
HOH HIKaJH. )

N3 ¢opmyam V =21;% - T Mu BugmMm, yro o6BeM rasa
OpdA NOCTOSHHOM JNABJACHHA BO3PacTaeT NpPH HarpeBaHHH
na 1°C nma 1/273 gacts (1. e. Ha 0,0037) ero o6rema mpm
0°C {oro mosoKeHWe MHOr[Ja HA3HBAOT 3aKoHOM Ieii-
Jlioccaxra).

B o6munnix ycmoBmaAx, T. €. mpHm KOMHATHOH TeMmepa-
TYpe # HOPMallbHOM aTMoc()epHOM [aBiAeHUH, PACHIAPEHHE
GonpmpHCTBA KEHAKOCTEH pasa B JBa-TPH MeHbIIE pacuid-
peHHA rasoB.

Mu ysxe He pa3 rosopmiam 0 cBOeOGPa3HM PaCIIMPEHHSA
soanl. IIpm marpesanmm or 0 so 4°C o6beM BoAH yMeHH-
Maercas ¢ HarpepaHmeM. JTa OCOGEHHOCTH B pacHIApPeHHH
BOJH HIPAET KOJOCCAJIBHYI0 POJb B JKHSHH HA J3eMJe.
Ocenpio O Mepe OXIaKHEHHsA BOAH BePXHHE OCTHIBIIEE
CIOW CTaHOBATCA IUIOTHEE W morpys;kawoTcd Ha auo. Ha mx
MeCTO CHE3y mocrynaer Gonee Temnasa Boga. Ho Taxoe
OepeMeIIABAHAE HPOMCXOAHUT TOJABKO OO TeX HOp, HOKa
TemnepaTypa BoAn He monmauTcss Ko 4°C. Ilpm panbmeii-
meM MaJieHAN TeMOepaTypH BepXHHe CIOH y:Ke He GyayT
CKEMAThCA, 3HAUHMT, He OYAYT CTAaHOBHTHCA TAMeNee .
He CTaHYT omycraTecfl Ha fHo. Haumnas ¢ sroit remmepa-
TYpHI, BEDXHH CJIOH, IOCTENEHHO OXIaKMaACh, MOXOLAT
0 HyJAA TPafycoB W 3aMepaaer.

Tonbko 3Ta 0CO0EHHOCTH BOXH W HpPENATCTBYET HPO-
Mep3aHmI0 pek A0 fAua. Eecam 6ir Boma BApPYr morepsana
CBOIO 3aMeYaTeIbHYI0 0COGEHHOCTH, fae IpH CKPOMHOR
(aHTa3HM JerKo mpeAcTaBuTh cebe OeICTBEHHEIE IIOCHE/CT-
BHA DTOTO.

TemnoBoe pacmmpenme TBepAHX TeX CYIMECTBEHHO
MeHBOIe, deM TemJI0BOe pacmupeHme kmukrocreii. Ouo
B COTHH ¥ THCAYE pa3 MEHbIe PACIIAPEHAA Tas30B.

Bo MHOrEX ciydanax TemIoBO€ pACHIMpEHAE ABIACTCA
JocanHoif moMexod. Tar, W3MeHeHHme pasMepoB ABHIKY-
mMuXCA dacTell 7acoBOr0 MexaHmaMa € IepeMeHOH TeMie-
paryps mpmBeno Obl K M3MeHeHWI0 XOfa 49acoB, ecam OH
JJIA 9TAX TOHKHUX JeTajleil He IPUMEHANCA 0CO0H cas —
ZHBAD (MHBAPHAHTHHIA B IEPEBOJIe 03HAYAET HEM3MEHHHIH,
oTclofla W HasBaHHWe «mHBap»). EBap — cranb ¢ GombmmM
coflepKaHMeM HHUKeJA — IMAPOKO INIPEMEHSAETCA B HpH-
6opocrpoennn. CrepiieHs ®W3 HHBapa YAJIHHAETCA Wb
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Ha OJHY MIJIIHOHHYIO J0JI0 CBOSH [AJUHH OPH H3MEHOHHH
remuneparypu Ba 1°C.

Huurosxuo0e, Ka3zajioch 6u, TennoBoe pacmnpenne
TBEPHHIX TEJ MOKET IPHBECTH K CePhe3HKIM HOCTIE/[CTBHAM.,
Hdeno B TOM, YTO HeJerKO MeMIaTh TEIJIOBOMY pacmimpe-
HEIO TBEPAHX TedA W3-3a HX Mol CKEMaeMOCTH.

IIpz marpepasmz Ha 1°C craabHOTO CTepKHA €rO
JUIEHA BO3DACTAET BCETO HA OJHY CTOTHICAYHYMO, T. €. HA
HezaMerayio raasoM seamamay. Opmaxo, wrofum Bocmpe-
OATCTBOBATh DPACHIUPEHMIO W CKATh CTeP;KEeHb Ha OfHY
CTOTHICAYAYI0, Hy;KHA cuna B 20 xre ma 1 cmu® U sro
TOJABKO AJA TOro, YTOOH YHHUYTOMKHUTH HEACTBHE HMOBHIIIE-
HEA TeMmmeparypu Bcero ma 1°C!

Pacompamomue Ccoiabl, BOSHAKAOIMHE H3-34 TEOJIOBOLO
pacmupeHns, MOIYT HPABECTH K HOJOMKAaM H KaTacTpo-
daM, ecnim ¢ HEME He cUMTAThCHA. T1ak, 4T06H u30e:Kkatsh
JeHCTBHA 3THEX CHJI, PEJIbCH KEJICSHOLOPOKHOrO HOJIOTHA
yxaagusaior ¢ 3asopamm. O6 9TEHX CHgax OPBEXOTATCA
IOMHHUTH Ipd OOPAmMEHAN CO CTEKJAAHHOA HOCYAOH, KOTO-

paa JerKo0 TpeCHaeTCda IpU HEPABBOMEPHOM HArpeBaHuH. .

B uafoparopuoii mpaxrake moaTOMy' HOAB3YIOTCH JIHINEH-

HOii 9TOTQ HEJOCTATEA HOCYHOH K3 KBapHEBOr0 CTEKJA |

(unopaennit wBapm —— OKALH KPEMEHA, HAXO[AMANACA B
amopd;nou cocrosumm). TIpd ommom w Tom e ﬁarpene

MOIIHHE 6pycoxc YAJNHATEA Ha MWIIMMETP, a TAKOH Ke .
6pycox KBaplieBoro CTerjia HaMeHnT CBOIO INNHHY HA He- |
saMetHyI0 IiasoM Beamumiy 30—40 mxm. Pacmmpenwe .

KBaplia HACTOJBKO HHYTOXKHO, YT0 KBapHEBH# COCYZH -
MOKHO HarpeTh HA HECKONBKO COT IPAAyCOB, a HOTOM 633
onacenuii 6pocm'5 ero B XOJIOJHYIO BOLY.

TENJOEMKOCTb

BuyTpeERAA SHeprHA Tesa, PA3YMEETCS, BABHCHT OF -
Temmeparypel. Yem Goasme Hajp Harpers Teao, TeM:

' Gonpme wpebyercs sumeprma.  Ha marpes or T, mo T,°

K Teay Tpedyerca moAsecTd B. BHIE Telia DHEPIHIO Q,
paBHYIO.
Q=C(T,—T)).

3necs C — KosYPEIEEHT NPONOPIAOEANLHOCTH, KOTOPHIA .

)

i

HA3HBACTCA TOIIOEMKOCThIO: Tena. Ma QopMyam caemyer:

70

K



N

onpefeaeHne WOHATHA TemioeMroctTs: ‘C €CTh KOJIHIECTBO
Tenua, HeoGXOAUMOe i1 HOBHINEHNs Temuepatyps Ha 1°C.
TenmoeMKOCTh M CaMa B3ABHCHT OT TeMIEPATypHl: HAarpes
or 0 mo 1°C, mam or 100 ge 101°C, TpeGyer HecKOABKO
paBIHUEBIX KOJHYECTB TOIia.

Beawanan C orHOCAT OGHYHO K eAHUNE Macch W Ha-
3HBAOT yHeABHHIMH TemjioeMKocTamu. Torma mx obosna-
4al0T CTPOYHHME OyKBaMmu cC.

Hoawmgecrso renna, maymee Ha HarpeBaHmMe Tejda MacCH
m, 3anmmercs Qopmymnoi

szc(Tz“Tl)~

Mu B panpHedimeMm OymeM DONB30BATECA HOHATAEM
VACHbHOR TONAOEMKOETH, HO [ KDPATKOCTH TOBOPHUTH
0 TeINIOeMKOCTH Tex. Jlono/HATeN HEM CPHEHTHPOM BCETAA
GyfieT pasMepHOCTH BEAHIMHEL.

3uaqeEEsg  TEITOEMROCTE KONeOHI0TCH B  NOBOXBHO
mEpoOKAxX upefenax. PasyMeercs; TenmoeMKOCTH BOJLR
B KazopEAX Ha Tpagyc Lo onpefeienmio pasHa {.

Boanmmuerso Ten WMeeT TEHIOEMKOCTh MEHBINe, eMm
y Boma. Tax, y GonpmmHECTBA MAcedA, CHHPTOB W APYTAX
AmaKocTei renneemrocrn Ganaxa & 0,5 ran/(r -K). Keapn,
€TEKJIO, MeCOK mMelT TennoeMKocTs nopsagxa 0,2, Tenno~
eMKOCTL menesa m Memu — oxono 0,1 xaxn/(r-K). A ror
OpAMepH TEHJIO0EMKOCTeidl HEeKOTOPHIX TIa3oB: BOJOPOX —
3,4 wan/(r-K), Boamyx — 0,24 xan/(r-K).

TennoeMKoCTA BCEX TeN, KAK NPABHJIO, YMEeHBINAIOTCH
C mafieRMEM TeMIIePATyphl W OpPH TeMOeparypax, OAm3Kkmx
K abcomoTHOMY HYmI0, OPEHAMAT y GONBIBHCTBA Ten
BOYTOMKHHIE 3HaYeHBs. TaK, TENNOeMKOCTh MeJH IpH
remneparype 20 K pasna scero 0,0035; aro B mBagnars
Yernipe pasa MembIle, 9eM IPH KOMHATHOH TeMmeparype.

3paHue TEHIOEMKOCTEeHl MOKET NPATORETHCA [AA pe-
DIeHWsA (PASHMIHHIX 337189 O PAacHPeNeJeHAN Temja MeKAY
TenaMm.

Pagsruame Memgy TeIIOeMKOETAMH BOAM B IOYBH AB-
HIACTCA ‘OfHOH B3 NPHYEH, ONPEAEIADIINX PasHALY MEKIY
MOPCKEM B KONTHHEHTancomM KimmatoM. O6nanas mpa-
MepHO B IATH pas OoJbIlell TENIOEMKOCTHIO, YeM II0YBA,
BOJla MERNIEHHO BarpeBaeTcs W TaK K€ MEJNEeHHO OCTH-~
Baer.

JleroM BoOma B DpEMOpPCKNX paiioHaxX, BarpeBaschk
MOJIeBBee, UeM CymIa, OXJaMaer BO3IYX, & 3UAMON Tem-
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7Ioe MOpe. IIOCTEHEeBRO GCTHBAGT, OTXABAA TEINIO BO3AYXY
u cMsardas Mopos. Herpyauo mopcumrars, uro 1 M°. Mop-
cKoil Boim, oxaakgasach Ha 1°C, marpeer ma 1°C 3000 m*
Bo3ayxa. llosToMy B npmMmopckEmX paiioHax KosneGaHma
B TeMIEPaType W PAasHENA MEKAY TeMIepaTypoi 3EMH H
neTa MeHee 3HAYATENbHB, 9eM B KOHTHHEHTAIbHHIX.

TEIJIONIPOBOIHOCTD

Kasxamit mpenMeT MosHeT CAYIKHTH (MOCTHKOM», 110
KOTOPOMY Lepeiifier Temao oT Teja Gosee HArpeToro K Texy
MeHee HarperoMy.

TakaM MOCTHKOM fIBJIAETCHA, HAIPUMED, JafiHaA JIOJKKa,
ONymeHHAsA B CTAKaH C ropAdYmM uaeM. Merannmdeckme
HOpeAMeTH 0YeHb XOPOIO HpoBoAsaT Temno. HoHern nokkm
B CTaKaHe CTAHOBHTCA TEILNIBIM YsKe uepe3 CeKYHAY.

Ecam HYKHO NepeMemIABATh KaKyo-iub0 Tropsauyio
CMeCk, TO PYYKY y MEINAJIKHE HAAO CAeJaTh M3 JlepeBa Hiud
IJIaCTMACCH. TU TBepAsie Texa mposonar remito B 1000 pas
XysKe, UeM Metamiabl. MBI roBOpEMM <«IpOBORAT TeILIO»,
HO C TAKNM jKe YCIIEXOM MO;KHO OBLIO GBI CKa3aTh (IIPOBO-
mar xouaon». Honeuno, cBoiicTBa Tella He M3MEHAIOTCA OT
TOr0, B KaKYI0 CTOPOHY MAET 10 HEMY LOTOK Temia. B Mo-
PO3HBie HHA MH OCTeperaeMcs Ha YJAHIe NPHATParmBaThCA
TOJIOi PYKO# K Merajniy, Ho 6e3 omackm OepeMcs 3a Hepe-
BAHHYIO PYIKY.

K nnoxmm mpoBoaHuKaMm Temna — HX TaKyKe HA3HIBAIOT
TeNJIOM30JATOPAMH — OTHOCATCH JE€pPeB0, KHEPIHY, CTeK-
10, nnactMaccsl. VI3 3Tmx Marepmasios [enaoT CTEHH [0~
MOB, Heueil M XOJOAMILHUKOB.

H xopommM mnposoguukaM OTHOCATCA BCE METAJIHL
HamnywmmMe OpOBORHMKAMH ABAAIOICA Medh W cepeG-
PO — OHH.NPOBOJAT TEIJIO B BA Pa3a JAydlile, YeM Kegeso.

HKoueuno, «MocTAKOMY ANA mMEpexofa Temaa MOKeT CIy-
KATH HE TOJABKO TBepAoe Tej0. HRUAKOCTH TOME NMPOBOAAT
TEIIO, HO MHOIO Xyse, 4eM Meraunsl. Ilo Temnomposox-
HOCTH METaJJBl IPeBOCXONAT TBEPALE M JKHAAKHE HEMEeTaJ-
nYecKWe Tela B COTHH pas.

Yro6H ©mOKa3aTh MJIOXYI0 TEIJIOHPOBORHOCTL BOMH,
IenaioT Takoil omulT. B mpoGmpke ¢ Bomoil 3aKpenasioT
Ha JHe KYCO4YeK JbJa, a BepX HPOOUPKH MOJOTPeBAIOT Ha
razopofl ropejxe — BONA HAYAHAET KUNETH, & Jief] eme B
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He AyMaeT TaaTsb. Ecau 6 npobupka 6nuia 6es BOGH m H3
MeTajljla, TO KycodeK JbAa Hauax OH TaATh IOYTH CPasy
xxe. Boma mpoBomnt Temmo mpuMepHO B ABECTH pa3s Xy:xe,
9eM Mefb.
. T'agsr mpoBomAT Tennmo B JecATKE pa3 Xyske, 4eM KOH-
NEHCHDOBAHHHE HEMETANNWIeCKHe Tena. TemnompoBof-
HocTh Bo3nyxa B 20 000 pa3 MeHsme TemionposogHOCTH
Mefu.

IIroxasa TemronpoOBOAHOCT: TrasoB MO3BOJSAET B3ATH
B PYKY KYCOK CyXO0ro abfa, TeMmeparypa koroporo —78°C,
7 Ja’Ke feprkath HA JANOHH KAILIIO )KUJKOLO a30Ta, MMelo-
mero temunepa1ypy —196°C. Ecam me c)xmMars maabliaMa
BTH XOJOfHHEIE Tesna, TO «oxkora» He Gymer. Ilemo sarmio-
4aeTcA B TOM, 9TO IPY OYeHb DHEPTHMYHOM KWIEHHW Kamjif
JREAKOCTH HJIA KYCOK TBEpAOro Tejla MOKPHIBAETCHA «Ia-
poBoit pybamkoii» m ofpasoBaBmUiicA CIOH rasa CIYIKHT
TEIION30JIATOPOM. :

Coeponfanbaoe COCTOAHME IKMAKOCTH — TAaK HA3H-
BAETCA COCTOSIHEE, IIPH KOTOPOM KAIAM OKYTAaHbL MapoM,—
ofpasyerca B TOM ciiydae, ©CJIH BOJAa IONaJaeT Ha OYEHb
ropagyo cxosoponky. Hamna kmmaTka, nomaBmas Ha
NaJ[0Hb, CUJIBHO O0KHIaeT PyKy, XOTsA PasHOCTH TeMuepa-
TYp KHOATKA W 4YeJI0BEYECKOrO Tela MEHLIIEe PazHOCTH
TeMIeparyp PYKE H JKUAKOro Bo3nyxa. Pyka xomommee
Kamium KANOATKA, TelA0 YXOAWT OT Kaljid, KUIeHde IIpe-
KpamaeTcs M maposasg py0amKa He o0pasyercA.

HerpynaHo coof6pasarb, 9TO CAMHM IYYIAM H30J5TO0-
POM TeIjia SIBISETCS BAKyyM — mycrora. B mycrore Her
EePeHOCUMKOB TeIllla, W TEILIONPOBOTHOCTL OyHeT Had-
MeHbIIei.

3maunr, ecnim MB XOTEM CO3JATH TENJIOBYIO 3aIATY,
CIOPATATH TEIJIOe OT XOJOTHOTO HJIH XOJOJHOEe OT TeIIoro,
TO Jiydme BCEero COOPYRHTh 0GON0YKY ¢ ABOHHEIMHA CTEH-
KaM# ¥ BHKAaYarTh BO3AyX H3 IPOCTPAHCTBA MEXKIY CTeH-
kama. Ilpm aT0M MH cTanK@BaeMcs €O caedymoImuM J1060-
OHITHEIM 00cTofiTeNncTBOM. Ecnm mo Mepe paspeskeHEs
rasa CJegETh 33 M3MEHEHHEM ero TeIJIONpPOBOJHOCTH, TO
MH OGHApY;KAM, YTO BIIOTH O TOTO MOMEHTa, KOIJa JaB-
JIeHWe [OCTHraeT HEeCKOJbKAX MHAJIIWMETPOB pTYTHOIO
cronba, TeIJIONPOBOXHOCTh NPAKTHIECKH He MeHsAeTcs
¥ JUmb OpA Hepexofe K Oonee BHICOKOMY BaKyyMy Hamm
OKHIaHHA ONPABALIBAIOTCA — TEILIONPOBOTHOCTH DE3KO
majaer.
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B uem ixe nemo? )

Jlasa Toro 4ro6H MOHATEH BTO ABJIEHHW®, HANO0 MOmpobo-
BaTh HATIAMHO IPECTAaBATL cefe, B ueM B3aKII0IAeTCA
fABJEHHAE IepeHoca Telia B rase.

Ilepefaua Temna OT HAarpeToro MecTa B XOJOXHEIE IPO-
WCXOAHT LyTeM Nepefady’ dHEePrum OT OJHOH MOJEKYJIEI
K cocenueii. I[forATHO, 910 coymapeHms OHCTPHX MOJGKYJ
¢ MEJJIeHHHMH O0GBIYHO HPHEBOJAT K YCKOPEHNI0 MeJIeHHEX
MONIEKYJ W 3aMe[JIeHuI0 GHCTPHX. A 9TO W 03HaYaeT, 4To
ropsUee MeCTO CTaHeT XOJOfHEE, a XOJNORHOE HATPEeTCH.

Hax ke CKasHBaeTCH YMEHLINECHHE JABJEHHA HA mepe-
fnauge temna? Tak Kak yMeHbIIeHme JaBJICHUA INOHDIKAT
IJIOTHOCTD, YMEHBINUTCHA H YHACJHO BCTpPed GHICTPHX MoJe-
KYJa ¢ MeIJIeHHHIME, IpPH KOTOPHIX IPOMCXORHUT mepefada
sueprum. JT0 yMeHpmAano 6 TemacmposomuHocts. OnHako,
¢ JApPYroi CTOpPOHH, YMEHbIIEHHE [ABICHASA HPHUBOJAT
K yBelIm4eHUI0O JJMHH CBOGOZHOro mnpobera MONEKYI,
KOTOpHe, TAKEM 00pa3oM, IEPeHOCAT Temao Ha 6Oapmme
paccrofnmaA, a 3T0 CHOCOGCTBYeT YBeIHMYeHHIO TEeImIOHmpo-
sogHocte. Pacuer moxaamsaer, urto o6a adexra ypasHO-
BeNABAITCA, W CHOCOOHOCTh K Iepefade Tomjia He MEHA-
OTCA HEKOTOPOe BpeMs HpH OTKAUKe BOBHYXa.

Tak Gymer mo Tex mop, mOKa BaKYyM He CTaHeT Ha-
CTONBKO BHAYHMTEJNbHHM, 9T0 AumHA npobera -cpasHAETCA
C paccTogHWeM MeKIy CTeHKaMm CcocyAa. Temepp Hanab-
Hefimee NOHWIKEHMe JaBIeHHUsl YKe He MOJKET H3MEHMTH
JIAHE Ipo0era MONERYA, «GoaTa0muXCAa» MEMAY CTeH-
KaMA|, HajleHEe IIOTHOCTH He (YPABHOBEMWBAETCAY M
TOILIONPOBOZHOCTH GHICTPO IAZaeT MPOHOPUHMOHAILHO HAAB-
IEeHAI0, KOXOHA [0 HAYTOKHBIX 3HAUYEHHH O MOCTUKEHHH
BHICOKOro BaKyyma. Ha npmMenenum BaKyyMa M OCHO-
BaHO ycTpoiicTBo TepMmocoB. TepMoch ouens pacmpocrpa-
TIeHH, OHH IPUMEHAITCA He TONbKO JA XPAHEHHd rops-
Yeil m XONONHOH OUIMu, HO E B HayKe # TexHwKe. B aroM
caydae @X Ha3HBAOT, 0 WMeHH W300perareis, COCyAaMu
Jploapa. B Takmx cocypax (uHorga @X mpOCTO HAIHBAKOT
AbI0OapaMd) IepeBO3AT KEAKHE BO3AYX, a30T, KHCIOPOA.
ITosse Mu pacckasxeM, KakmM oGpasoM 5Td rasdbi nOJAy-
YalTCA B JKUAKOM coctosHUHA *).

*) Beaxuii, kTo BEAeA 6annoHL U3 TEPMOCOB, 3aMeval, 4T0 y
HEX BCeT/ia mocepeOpeHHLIe cTeBKu. A moyeMy? Jleno B ToM, ¥To TOn-
AONPOBONHOCTh, O KOTOPOA Mbl TOBOPWJIM,— HE €{MHCTBeHHH CHO-
cob mepesaum Temia. Cymecrsyer eme Jpyroit cumocol mepejauu, o
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KOHBEKI[HSI

Ho ecnm Boga Taroit minoxoif mpoBogHMK Temwaa, TO Kak
;e OHA Harpesaerca B daiinmke? Bosayx eme xy:xe mpo-
BOJAWUT TemO; TOIZJA HEHNOHATHO, IMOYEMY BO BCeX 4YacTAX
KOMHATH 3HMOHf YCTAaHABIAMBAGTCA OJMHAKOBAA TeMIEpa-
TYpA.

Bopa B gaiiEmKe GRICTPO 3aKEmaer W3-3a 3eMHOrO IIpPH-
takenda. Huxeme ciaom BoAgM, HarpeBasch, pacmmpsa-
I0TCA, CTAHOBATCA JieTde W DONHHMAIOTCA KBepxy, a Ha HX
MeCTO IOCTyHaeT XOJOFHAsA BORA. BHeTphii Harpes mpo-
WCXOMUT NUIb OJaroffaps KOHBeKHHH (JATHHCKO@ CJOBO,
osHaualomee «mepeMemmBadme»). Harpers Bopy B waii-
HAKe, HAXOAAMEMCA B Me;KIUIAHETHOH paxere, Gymer He
TAK-TO JIErKo. )

Eme 06 ogHOM ciyuae KOHBEKIHH BOJH, He Ha3HBasg
9TOTO C/I0BA, ME FOBOPAIZ HOCKOJLKO paHbIIe, OGBACHAA,
mo4eMy, PeKH He IIpoMep3alT I0 KHA.

ITowemy Oarapem IEHTPaJLHOIO OTOIJIGHAA IIOMe-
mamoTcAd y moda, a (OPTOYKE [enaloTcA B BepXHEH d9acTh
oxkna? Ilomanyit, ynoGuee Gnisio On OTKPHBATH POPTOUKY,
ecan On oHa Opura BHH3Y, a Garaped, 9TO0H He MEIIAIHCH,
OBUIO0 OB HEINOXO IOMECTHTH IOJ IIOTOJIKOM.

Ecam 0 MH mOCIymaadch TAKAX COBETOB, TO GHCTpO
Oxl 00HADYKIJIM, YTO KOMHATa He mporpesaeTcsa GaTapeeit
¥ He IPOBETPHBAETCA NPH OTKPHTOH (oprouke.

C Bo3gyxoM B KOMHATE IIPOMCXOIAT TO 3Ke CaMoe, ITO
7 ¢ Bopoit B waiinmre. Horga Garapes meATPaNBHOTO OTOI-
JNeHHA BKJIKYAETCA, BOZAYX B HIDKHHX CJI0AX KOMHATH
HaymHaeT HarpesaThcsi. OH pacmmpsAeTcs, CTAHOBHTCA
lleruye W mORHUMAaercs KBepXy, K moroary. Ha ero mecto
-OpEXOFAT Gojee TsKeNb® CIOL XOJONHOTO BO3XYXa.
W oum, marpeBmuch, yXogAT K motoary. TaxmM oGpazom
B KOMHAT® BO3HHKAeT HEIPePHIBHOE TeUYeHHe BO3AYyXa —
TENJ0r0 CHU3Y BBEPX H XOIOJHOro csepxy BHE3. OTKpH-
Basg (opTouKy amMOH, MH BOYCKAEM B KOMHATY IOTOK
xomonuoro Bo3nyxa. OH TaA/Kelee KOMHATHOTO W HAET
BHO3, BBITECHAA TeILIHIA BO3AYX, KOTOPHI MNOAHAMAETCH
KBEpXY W yXoxuT B (OPTOUKY.

KOTOPOi# MH TIOTOBOPAM B [PYTroii KHUT®,— TAK HA3HBAOMOE M3Iy-
genne. B 0OHYHHX yca0BHAX OH ropasfo ciaabee, 9eM TIIOIPOBOA-
HOCTb, HO BCA 7K@ BIOAHe 3amereH. JJas ociiaG/eRdA HAAYICHHA B
IpoH3BOZMTCA cepefpeHHe CTEHOK TepMoca. .
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KepocuuoBasi 1aMna Xopomo pasropaeTcs JIHMb TOrjia,
Korfa Ha mee HaJeTo BHCOKoOe cTekio. He ciaefyer xyMars,
YTO CTEKJIO HYKHO TOJBKO AJsA 3aIHTH IJIaMEHH OT BeTpa.
" B camyio TAXYI0 IOrofy APKOCTH CBeTa CPasy BO3pacTa-
eT, KaK TOJNBKO HAa JaMIly HAJeT0 CTeKa0. Poxb CcTeraa
COCTOHT B TOM, 9TO OHO YCHAMBAeT HPHTOK BO3AYXa K ILIa-
MeHH — CO03JjaeT TAry. JTO HPOMCXONHUT IO TOH mpHYmMHe,
YTO BO3AYyX BHYTPH CTeKJa, OOENHEHHHA KHCIOPOXOM,
3aTpadeHHHM HAa TropeHue, OHICTpO HarpeBaeTcd H HIET
KBepXy, a Ha ero MecTO HOCTYNaeT YHCTHIA XOJOJHHA BO3-
AyX 4depe3 OTBePCTHAA, CHeJaHHLE B IoOpeJKe JaMIHL.

YeM BHIme CTEKN0, TeM jnamMma OyfgeT Jaydme TOpers.
HeiticteuTenbuo, GHCTpOTa, ¢ KOTOPOH YCTPEMIseTCs XO-
JIORHBIA BO3KYX B TOPEJKY JiaMIbl, 3aBHCHT OT pasHOCTH
B Bece HarpeToro croiba BO3AyXa B JaMIe W XOJOKHOIO
BOayxa pHe jgaMnou. UYeM Bume croal BO3XYyXa, TeM
6onbme OyHeT 3Ta pPasHOCTb Beca, a ¢ Hed ®W GHCTpOTA
TepeMeNIABAHUA.

IToatroMy m 3aBoickme Tpy6H menaioT BHCOKAMH. [[as
8aBOACKUX TONOK HY)eH 0CO0EHHO CHIBHKI HIPATOK BO3-
Ayxa, Hy;kHa xopomasa tara. OHa m Jocruraercs Graro-
Japsa BHCOKHEM TpyOaM.

OTcyTcTBHE KOHBEKIHH B JIMIICHHOM TAMKECTH paKere
He IO3BOJIAT MOJH30BATHCA CHHIKAME, JaMIaMH A Ta3o-
BHIMH TOpeJKAaMH: NPOAYKTH CrOpaHAsA 3afymar IIaMA.

Boaayx — mmoxoit mpoBogHmK; mpm ero IIOMOIXH MBI
MOJKeM COXPAHATH TEm10, HO C OJHAM YCIOBHEM: €CJIH MEI
n30eKMM KOHBEKIMA — IepeMemIEBAHMA TeNmJoro W XO-
JIOMHOrO BO3JYXa,— KOTOpPafg CBOANT HA HET TEIJIOHW30JA-
THOHHBIE CBOHMCTBA BO3NyXa.

YcrpaneHne KOHBEKUWH JHOCTHIAeTCA NPAMeHEHHeM
PasHOro pona HOPHCTHX H BOJOKHACTHX Ted. BByrpm ra-
KOX TeJ BO3NYyXy TPyRHO ABATAThCA. Bce monobHue Tesa
X0pomHa KaK TeIIOH30JIATOPH TOJIBKO Gmaromaps cmocol-
HOCTH YHAEP)KUBATH CIOH BO3AyXa. 1emIompoBOAHOCTD :Ke
CaM#X BeImEeCTB BOJOKHA MU CTEHOK IOP MO:KeT OHITh He
OYeHb MAaJOMH.

Xopoma my6a #3 rycroro Mexa, COfep:Kauiero Kak
MO3KHO 60JIpIIIe BOJIOKOH; rara4mié myX IO3BOJIsAET W3IOTOB-
JNATH TEINHE CHANbHEE MOMKH BECOM MeHbINe HOJYKH-
JIOrpaMMa M3-3a8 MCKJIIOYATENbHOA TOHMHH CBOHX BOJIOKOH.
TonkmaorpaMma aTOro myxa MOTYT «3afiepyKaTbh CTOIBKO
JKe BO3JLyXa, CKOJBKO JECATOK KWJIOTPAaMMOB BaTHHA.
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JnA yMeHbIIeHAA KOHBEKIHD [eJal0T ABOHAHEIE PAMEL.
Bosgyx Mme:xay cTeknaMm He y9acTByeT B HepeMeIIABAHUA
BO3JYIIHHX CJI0€B, NPONCXONAMEM B KOMHATe.

HaoGopot, Bcaxoe ABHKeHHe BO3AyXa yCAIHBAET Iepe-
MemiMBaH@e W YyBeldYABaeT Hepenauy Ttemna. VmeHnHo
m03TOMY, KOTAA HaM HYKHO, 4YTOGH TeILIO YXOLWJIO0 IIO-
ObICTpee, MH O0OMaxMBaeMCsl BeepOM HJH BKJIIOYaeM BeH-
tanaTop. Ho ecnm Temmeparypa Bo3gyXxa BHIIE TeMIepa-
TYpH HaImero Tena, TO HepPeMelMIEBaHHe IPHBOLAT K 06-
pPAaTHOMY pe3ynbTary, H BeTep OMYI[aeTcA, Kak ropsadee
IEIXaHHe. :

3amaua mapoBOoro KOTIA COCTOHT B TOM, YTOOH Kak
MO;KHO GHICTpee HmOJYYaTh HArpeTHH [0 HYKHOH TeMumepa-
TypH map. EcTecTBeHHOH KOHBEKIHW B IOJe TAMKECTH AIA
9TOro cosepmeHHO Hefocratogno. Ilosromy cosmanme WH-
TeHCHBHOH NHWPKYJIANUE BOAH © Ilapa, IpHUBOAAMeH
K IepeMeImMBAHMIO TEIIBIX M XOJOJHEIX CIIO€B, ABIAETCA
OJIHOi1 M3 OCHOBHHIX 33/{ad IPA KOHCTPYHPOBAHHH IAPOBHIX
KOTJIOB.



I'naBsa 4
COCTOAHNUA BEIIECTBA

JKEJE3HLBIN ITAP U TBEPIBIN BO3AVX

He mpaspa nw — crpammoe coueranme caos? Onsaxe
3TO BOBCE HE UenyXa: B 3eJIe3Bslii Hap, ¥ TBepAHA BO3AYX
CYHmeCTBYIOT B NpHpoOje, HO TOABKO He HpH OOHYHHX ycC-
JIOBHESAX.

O xaxmx me ycnosuax mier pess? Cocrognne Bemectsa
onpefenseTcs ABYMS 00CTOATeNLETBAME: TeMIePaTypod
JaBICHEEM.

Hama >«u3Ap npoTeKaeT B OTHOCHTENBHO MAJO MEeHIA0-
IMEXcA yonoBWAX. JlaBreHme BO3fyxa Koxebiaercs B mpe-
Jileax HeCKOJBKHX HPOIEHTOB OKOJIO ONHOH aTMoCQepH;
TeMmepaTypa BO3AyXa, CKaskeM, B paiione Mecksn jexur
B maTepsare or —30 mo +30°C; B abcomiorHOH mKaie
TeMuepaTyp, B KOTODOil 3a HyJb HPHHATA CaMasd HHU3Kas
Bo3MOkHAA Temneparypa (—273°C), aror uuTepBanm Gyger
BHTIAJeTs MeHee BHymmTenbHo: 240—300 K, gro raxmxe
cocrasnaer scero +10% or cpepEelt BesuaEHMN.

Bronme ecrecTBeHHO, 9TO MEI IPHABHKJHE K DTHM OOHIY-
HHIM YCJIOBUAM H IO3TOMY, TOBOPA HPOCThIE HCTHHH BPOJe:
«@KeNe30 — TBEepHOe Tej0, BO3AYX — ras» @ T. A., MH 3a-
OmBaeM JO00AaBUTH: «IPH HOPMAJBHBIX YCAOBHAXD.

Ecnm HarpesaTth xesie30, OHO CHAYalia pacOIaBUTCH,
a moToM ucmapmarcsa. Ecnm BO3TYX OXJAMAATH, TO OH CHA-
Yajla IPEBPATATCA B IKHAKOCTH, 2 3aTeM 3aTBEpAeeT.

Jlaske ecam 9mTaTenb W HE BCTPEUAJICH HEUKOTZA C jKe-
JIESHHIM DApOM U TBEPAWM BO3AYXOM, OH, BODOATHO, Ge3
TPYAA MOBEPHT, UTO JI0G0e BEIECTBO M3MEHEeHUEeM TeMIe-
PATYpH MOKHO HOAYYaTh W B TBEPAOM, H B. JKHIKOM, U
B ra3006pasHOM COCTOSIHHSIX, HOJH, KAaK eme IOBOpPAT,
B TBEPHOH, JKHAKOH# mam razoo6pasHoit ¢asax.

IlopepuTs B 970 MErKo mMOTOMY, UTO ONHO BEH[ECTBO, 0e3
KOTOPOTo KU3Hb Ha 3emae Obliaa Grl HOBO3MOMKHON, KaK-
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JHi HAOAOfax B B BAZE T'a3a, I KAaK ;KAAKOCTh, B B BHARO
TBepRoro Tena. Peup mumer, KoHedHo, 0 BOfE.

Ilpm kakmX ke yCJIOBUAX HPOMCXONAT HpeBPAMEHHS
BemeCcTBa U3 OJHOr0 COCTOAHHS B Apyroe?

RUIEHUE

Ecim omycTurs TepMoMeTp B BOLY, KOTOpag HAJHTA
B YalHHEK, BKJIIOYHUTH BJIeKTPOILIMTKY U CIAEHHTH 33 PTYTHIO
TepMOMeTpa, TO MH YBHAUM Cjelylomee: IIOYTH €pasy e
ypoBeHb pryTH momoaser ksepxy. Bor yme 90, 95, nako-
gen 100°C. Bopga saxkumaer, ¥ OJHOBPeMEHHO NpEKpa-
maeTcs moxkeM prytd. Bola Kdmmt y;Ke MHOTO MUHYT,
HO ypoBeHb pTyTH He mamersercA. Iloka BcAa Boma He BH-
KOIAT, TeMOoepatypa me maMeHumrcs (pue. 4.1).

Ha uro ke mper Temno, ecam TeMmeparypa BOAR! He
merserca? Orper ouesmuen. IIpomecc mpeppameBds BOJLI
B map Tpebyer sHeprud.

CpapHuM 9Heprmio rpaMma BOAH H TrpaMMa o0pasoBas-
merocd w3 Hee mapa. MoseKyAbH Hapa pPacUOJOHKEHsl
Jajpme ofHa OT fpyroii, uyeM MoxeKky:nl Bomw. Ilomsario,
9TO M3-38 DTOr0 HOTEHIEAJbIIasi pHeprms Bogu OyACT OT-
IA9aTHCA OT MOTeHIHAaJbHOH DHEpPrmy mapa.

Hereunmansuas speprud JIPUTATHBAIONIAXCA YACTHI]
YMEHBIIAeTCA ¢ AX cOamre-
ameM. IlosroMy sHepras
napa 6onbine sHeprng BOoAH,
H OpeBpamieHue BoAW B 1ap
TpebyeT sHeprm#m. ITOT - H3- |
OHITOK DHEPrum H CoolmaeT-
CAl BSAGKTPONAMTIKOE DOAE,
Kunsame B uvadirmxe.

JHeprus, HymHaa JaA
mpenpaienys BOAW B Hap,
HA3HIBAETCA TEWJOTOH MC-
mapenus. J[aa mnpespame-
BAA 1 r Bogw B map Tpeby- :
erca 539 kaa (aro mudpa mna |
remueparypu 100°C). ,

Ecan 539 kaa mper Ha - +
1 r, 10 Ba 1 MoOAL BOZH Oy- . i
Jer aarpaueHo 18:539 = Puc, 4.1,

KWNEHKWE
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= 9700 xan. Taxoe KoImueCTBO Temla HaNO sa'rpamu
HAa Pa3phiB MERMOJEKYJIADPHHX CBA3eM.

Mosxuo cpaBH#Th 5Ty Imdpy ¢ BeamumHoir paGoTw,
Heo6XoAMOit s paspHBa BHYTPUMONEKYJIAPHHX CBfA-
sefi. lasa Toro 4toGe 1 Mons BOAAHOro mapa pacmenuTh
va aromsl, TpeGyercsa okoso 220 000 kax, T. e. B 25 pas
Gonpnie sHeprmu. ITO HEMOCPENCTBEHHO [[OKA3HIBAET Clia-
60CTE CHJI, CBA3HBAKIIAX MOJEKYIH ApPYr ¢ APYroM, Ho
CPaBHEHHIO C CHJIaMH, CTATMBAIOIEMA ATOMEL B MOJIEKYIY.

3ABUCHMOCTD TEMIIEPATYPI)I KUIIEHNA
OT NABJIEHUA

Temueparypa xummeHus Bopm pasna 100°C; Mosxmo mo-
AyMaTh, 9TO 9TO HEOTHEMJIEMOE CBOMCTBO BOJM, UTO BOJA,
rle 661 W B KAaKAX .yCJIOBUAX OHA HU HAaXOAMIACh, BCErja
6yner kmmers unpm 100°C.

Ho aro ne Tak, m 06 3TOM HpEKPACHO OCBEXOMJICHEHI
JKATeIM BHICOKOTOPHHIX CEJIEHMIl.

B6nusn Bepmmun Janbpyca mMeeTca AOMEK A TY-
pucros u Hayunas craanus. Hopaukm unorna yameasiores,
«KaK TPYAHO CBApHThL AANO B KANATKEY WJIH (HOYEMY
KHOATOK He OOkuraer». B srux ycnoBmAX ®WM yKasm-
BAOT, 9TO BOJA KHIHT Ha Bepmmue Inslpyca yike mpu
82°C.

B uem sxe TyT meno? Haxoii ¢usmueckuit daxtop BMe-
TIMBAaeTCA B ABNeHUe KuneHnsa? Hakoe sHaueHHe mMeeT BH-
coTa HaJ ypoBHEM Mopda?

JraM  ¢uamuecKkEM (QaKTOpOM ABIACTCA HaBJIEHEE,
TedicTBylomee Ha HOBEPXHOCTh JKUAKOCTH. He HysXHO
3abupaThcs Ha BEePIIHHY TOpH, YTOOB npo;sepn’rr, copa-
BEJINBOCTH CKa3aHHOTO.

IloMemaa mojorpesaeMyio BOJY 0N KOJOKOX H Ha-
HaumBagd WA BHKaYuBadg OTTYAAa BO3LYX, MOKHO Y0e-
JBTHCS, 9TO TeMIepaTrypa KHIEeHUsA pacTeT UpPW BO3pacTa-
HAM [aBJeHAA W NaJaeT HPA €ro yMeHbIICHHH.

Bopa kanut npu 100°C ToabK0 IpE OmpeaeseHHOM AaB-
aeamm — 760 MM pr. cr. (miam 1 atm).

Kpusasg teMmepaTypH KAmeHHs B 3aBHCHMOCTH OT
RaBieHuA NokasaHa Ha pmc. 4.2. Ha sepmmne JasGpyca
nAasneHme pasHO 0,5 aT™, DTOMY JaBJEHWI0 M COOTBETCT-
ByeT TeMmeparypa kumenms 82°C.
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Puc. 4.2.

A Bor Bogoit, kunamei npr 10—15 MM pT. €T., MOKHO
OCBEKHTBCA B KapKyio morony. Ilpm srom pasneHmm TeM-
meparypa kummeHusa ymajger mgo 10—15°C.

MOKHO MONIY4HTE Aajie (KHIATOKY, MMEOIuUR TeMue-
parypy samepaaomeit Bofn. [id 3T0oro mpuaercsa CHH3HTH
JaBnenme 10 4,6 MM pT. CT.

Harepecuyo KaprHHy MOKHO Hafalogars, eciam IHO-
MECTHTh OTKPHITHH COCYX ¢ BOJOH IIOX KOJNOKOA H OTKAUHl-
Bath Bo3nyXx. OTKauka 3acTaBHT BOAY 3aKHWIETh, HO KHIE-
HEe TpebyeT Temna. BaaTs ero neorkyaa, m Bofe mpALETCA
0TAATHL CBOI0 DHeprmmo. TeMneparypa Kumsameil BORK Hay-
HET HAafaTh, HO TAK KAaK OTKAYKa IPOROIIKAETCHA, TO IIa-
Aaer @ pasjienme. IlosToMy KHMOEHWe He IPEeKPATHTCH,
Bofia GyJger mpOJOKATH OXJAMKIATHCA W B KOHIE KOHIIOB
3aMep3HeT. "

Takoe KuDeHAe XOJOAHON BOAB HPOUCXORUT HE TOJIBKO
Opu OTKauke Boafyxa. HampmMmep, mpum spameHmum rpel-
HOro KopabeJbHOT0 BUHTA AaBJleHHE B OHCTPO [BHKYIIEMCHA
OKOJI0 METaJNIAYeCKO IOBEPXHOCTH CJ0€ BONE CHJIBHO
mafaer @ BOKA B TOM CJO€ 3aKMOAET, T. €. B Heil IOAB-
AAIOTCA MHOTOYACHAECHHbIC HANOJHEHHBIE NMapOM IY3HPBHKM.
310 sABlNeHWMe HA3HBAeTCA KasuTammeir (0T JTATHHCKOro
ciaoBa cavitas — IOJOCTE).

CHmKaa JaBjeHHe, MB IIOHEKAeM TeMIeparypy Kmme-
HEA. A yseamumBas ero? I'pagmk, mopmoOHENT HameMmy,
otBedaeT Ha 3TOT Bompoc. Jlamnenme B 15 atM Moxer 3a-
AepsKaTh KHIEHWe BOXHI, 0HO HauHercs ToabKo mpm 200°C,
g nasiesue B 80 aTM 3acTaBUT BOAY 33aKUNETH AWIb npn

00°C.
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Hrax, oHpeHe/icHHOMY BHEITHEMY [ABICHEO COOTBET-
cTByeT ompefieJieHHAA TeMmepatypa kKunemms. Ho sto yr-
Bep;K/IeHHe MO)KHO W (IepPEeBEPHYTHY, CKA3aB TaK: Ka[Iol
TeMIepaType KHIEeHUSI BOAK COOTBETCTBYET CBOE OIpeje-
JeHHOe JaBjeHme. JTO NaBjeHHe HAsKBAaeTCA YIPYTOCTHIO
mapa.

Kpueas, m3o0paanmas TeMOepaTypy KHOEHAS B 3a-
BHCHMOCTH OT JABJGHHAS, ABIAETCA OJHOBPEMEHEO M KpH-
BOHi YIODYrocTH Hapa B 3aBHCAMOCTH OT TEMIEpPaTypH.

[{udps, manecenHre Ha TpaduK TeMIepPATYPH KHIEHUA
(mim wa rpadEK ympyrectm mapa), HOKAasHBAoT, 4TO YI-
PYTOCTh mapa MEHSETCA OYeHb PE3KO C H3MEHEHHEM TeM-
neparyps. [Ipm 0°C (t. e. 273 K) ympyrocrs mapa pasna
4,6 MM pr. cr., mpr 100°C (373 K) oma pasma 760 mm
PT. CT., T. €. Bospacraer B 165 pas. IIpm nmosumennn Tem-
neparypu Basoe (or 0°C, r.e. 273 K, mo 273°C, 1.e.
546 K) ympyrocts mapa Boaspacraer ¢ 4,06 MM pr. CT.
mogra ao 60 arM, T.e. mpmuepuo B 10 000 pas.

IlooToMy, HampoTuBs, TeMuepaTypa KHUIIGHUS MEHAETCH
¢ JaBJIEHWEM NOBOIBHO MeneHHO. Ilpm usMeHemWEm Has-
aeunsa sasoe ot 0,5 atM mo 1 arM TeMmeparypa KmmeHms
sospactaer ot 82°C (355 K) mo 100°C (373 K) u upm m3-
Mereamd BgBoe or 1 mo 2 arm — or 100°C (373 K) mo
120°C (393 K).

Ta e KpEBasg, KOTOPYI MH ceiilYac paccMaTpuBaeM,
yupasiaser w Koujencanueil (crymensed) mapa B BOAY.

IlpeBpatuts map B BoAy Mosine Jubo CiRaTmeM, AB0O
OXJI8K/ICEIeM.

Har Bo BpeMs KuUNEHHWA, TAK A B OPOIECce KOHZEHCA-
NuE TOYKA HE CJBAHETCA C KPHBOH, IOKAa IpeBpalmenie
napa B BORY HJHE BOJH B AP HE 3AKOHYHTCH NOAHOCTHIO.
970 MO:kHO cHOPMYyNMPOBATE €Ie M TaK: B YCJOBHAX HA-
meil KpHBO ¥ TONBKO HPHE JTHX YCHOBHAX BO3MOKHO
COCYIIeCTBOBaHZe KEJKOCTH u mapa. Ecam npm aroM He
OOABOJZUTH U HE OTHHMATEH TeIJla, TO KOJHYECTBA HApa .M
JKEJKOCTA B BaKPHTOM cocylle GYAYyT OCTaBaThCA HEH3-
menanMA. IIpo Takwe map ¥ KEAKOCTH TOBOPAT, 9TO OHH
HAXOMATCHA .B PABHOBECHH, ¥ Iap, HAXOAAIENACA B PABHO-
BECHH CO CBOell ;RWIKOCTbI0, HA3HBAIT HACHIEHEEM.

Kpupas KumeHEA ¥ KOHJCHCAWEAM WMeeT, KaK ML BH-
@M, -€Ie OJJEH CMEICJ: 2T0 KPEBas DABHOBECHS YKBAROCTH
u napa. Hpusag paBHoBecHsa [eSqaT HOJie AHATPAMME Ha
ABe uacTH. Baeso m BBepx (K GoabmuM TeMmepaTypaM
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» MeHbIIEM JABJCHTAM) pacuono;kena obIacTB yCTOHYIM-
BOTO COCTOSAHHA Hapa. Brnpaso m BEma — ofnacth yeroit-
YHBOT'0 COCTOSTHUS KITKOCTH.

Kpupas paBHOBecHA Dap — KHIKOCTH, T. €. KpHBag
3aBUCHMOCTH TEMIEPATYyPH KHOOHHA' OT JaBIEHUA WA,
YTO TO Ke CaMoe, YUPYTOCTA napa OT TEMIEPATYDHI,
DPUMEPHO OHUHAKOBA AJNA BCeX KHUAKocTed.. B omamx ciry-
9afgX M3MEHEeHWme MOjKeT OhITh HEeCKOJBKRO 6Goxee peskmM,
B APYTHX — HECKOABKO Gonee MeJJIeHHLEIM, HO BCerfa
Yupyrocrs mapa GHCTPO pacTeT ¢ yBeJIMUYEHHmEM TeMiepa-
TYPHI.

Vixe MHOro pas MH IONE30BAaAWECh CIOBAMHW (ras3) H
«erapy.- 3TM [Ba ClOBAa [OBONBHO papHOmpasmel. MokHO
CKa3aTh: BOMISTHOH ras ecTh Dap BOAH, Ta3 KHCHOPOX €CTh
map KHECIODOAHOH skmakrocTn. Bce ke npm mOTb30BaHER
9TAME JBYMSA CIOBAMH CJOKHJIACH HEKOTOpas HIPHBHYKA.
Tak Kak MH IPHEBHKJIHE K ONPEAENEHHOMY OTHOCHTEJBLHO
HeGONBIIOMY HHTEPBAJY TeMOepaTryp, TO CIOBO «ras»
MH DOpBEMeHsieM OOKWYHO K TEM BemEeCcTBaM, YHPYrocTh
mapa KOTOPHX HpH OGRMHEIX TeMOepaTrypaxX BHING aTMOC-
giepuoro pasnenmsa. Hanporus, o mape Mm rosopum,
KOTa OpW KOMHATHOR TeMIlepaType W J[aBJICHHE aTMOC-
¢epu BemecTBO Goiee YCTOHYABO B BEAE IKOJKOCTH.

HUCIIAPEHHRE

Kanenme — Guerpmit mpomecc, w OT KUnAmeid BOAH
88 KOPOTKWI CPOK He OCTaeTcA W CJelta, OHA IpeBpamaeTca
B map.

Ho ects m apyroe sipiende OPeEpAIIeHAsS BONE AAT
Apyro#l jkERKocTH B Dap — 310 wenapenme. Mcemaperme
OpoHCXoAMT mpm JaioGoil reMmeparype BHe 3aBHCEMOCTH
OT JaBJICHHSA, KOTOPOe B OOKYHEIX YCJIOBHAX Beerga Gam3sKo
K 760- MM pr. cr. Mcnaperne, B ornmume oT RUnenus,—
ouenb Mefnenumii mpomecc. @raxom ¢ ojerosoHOM, KO-
TOPEIT MH 3a0HIW 3aKPHTH, OKa’KeTCA HYCTHIM deped
PeeKONBKO pmelf; Gonsme BpeMenm wmpocronT Onionme
¢ BOROH, HO PAHO WAM IO3THO W OHO OKAKETCHA CYXHM.

B npomecce mcmapeHma GONBMYI0 pONb WTpaerT BO3-
nyx. Cam no cefe on He memaer Bofe memapaTbesa. Hax
TOJBKO MH OTKPOEM IOBEPXHOCTb JKHIKOCTA, MOJEK YJIbr
BO#H HAYHYT DePeXogmTh B Onmrafimmit caoil Bo3nyxa.
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Inoraocts mapa B a10M ciroe Gyser GHICTPO pacTd; depes
HeGoabmIO# CPOK JlaBjieHHe Iapa CTaHeT PAaBHBIM YOpY-
rOCTH, XapaKTepHO#l [asa teMmepaTyps cpeisl. IIpm osrom
yupyroctb mapa Gyger B TOYHOCTH TaxkOd ke, KaK M Ipu
OTCYTCTBHH BO3[yXa.

Ilepexox mapa B BO3AyX He osHauaeT, KOHEYHO, BO3-
pacranna fnasiaenma. OOmee nasieHue B IpOCTPAHCTBO
Hajl BOJAHOA TIOBEPXHOCTHIO HE BO3PACTaeT, yBeIUIH-
BaeTCA JWHIb NOJNS B DTOM JaBJeHHA, KOTOpYIo Geper Ha
ce0s1 map, W COOTBETCTBEHHO YMEHBUIAETCA HOJA BO3AYXa,
KOTODHII BHTECHAETCH HapOM.

Haj ropofl mMeeTca map, mepeMemIaHHBIA ¢ BO3TYXOM,
BBHIIIE HaXONATCA cjom Bo3nyxa Ge3 mapa. OHE HeMAHYeMO
6yayr mepememmBatbesi. Bomanoit map Gymer senpephBHO
mepexon®Th B 60jiee BHCOKME CIOHM, a Ha €ro0 MECTO B HHMK-
HEll ciaoil GyAeT mocTymath BO3AYX, He CONepsRaIqumit
Mosneryn Bogel. IloaTomy B GnmskaitmeM K Bome caoe 6yIyT
BCe BpeMA OCBOOOKMATBCA MeCTa JHJIA HOBHX MOJEKYJI
Bofbl. Bofa Gyfer HempepeiBHO UCHAPATHCHA, MOFNEPKH-
Bafg JlaBienHe BOAAHOTO Iapa Y IOBEPXHOCTH pPaBHHIM
yupyrocra, @ mponecc Gymer npomoaKaTbCA A0 TeX HOp,
IIOKA BOAa He HCHAPHUTCA MOJHOCTHIO.

M3 Bavamau ¢ mpumepa ¢ OeKOIOHOM H Bofoit. Xopomo
HM3BECTHO, YTO OHH HCHAPAIOTCA C PpasHON OHICTPOTOM.
Nckmountensno GHCTPO yieryddmsBaercst agup, HOBONBHO
6HICTPO — COWPT W MHOro MemjeHnee — Boga. Mu cpasy
moiiMeM, B 4eM TYT H€J0, eCilim HaiileM B CIpaBoOYHUKE 3HA-
YeHHA YOPYTOCTH LApOB STAX KUJIKOCTEH, CKayKeM, mpud
KOMHaTHOA Temmeparype. Bor arm madpsr: sdmp — 437
MM pT. CT., CHEDT — 44,5 MM pT. cT. ¥ Bojga — 17,5 MM
PT. CT.

Yem Gonblie yupyrocth, TeM GOnbine mapa B IpHJerawo-
meM CJI0e BO3NYyXa W TeM GHICTpee >KHIKOCTh HCHAPAETCH.
Mz 3HaeM, 9TO yOpyrocTs mapa Bo3pacraer ¢ HOBHIICHEEM
TeMuepaTyph. IIOHATHO, IoOYeMYy CKOpPOCTh HCHAPEHHSA
YBeNIMIHBACTCA LPH HATpPeBe.

Ha cropocts mcmapeHHs MO;KHO NOBIHATH €IMe B APY-
ruM cnocoGom. Ecam Mel XOTHM HOMOYL HCHAPEHHIO, Halo
GLICTPee YBOAWUTH AP OT ;KMAKOCTH, T. €. YCKODHTH Ilepe-
MelInBaHUe BO3Ayxa. VIMeHHO II09TOMY HCHAPEHHE CHILHO
ycropsiercsi oOmyBanumeM skmprocTE. Boma, xora m obaa-
JlaeT OTHOCHTEJHHO HeGOJBIOH YOPYroCcThi0 mapa, mc4es-
HeT J0BOJBHO OBICTPO, ecjim GJIO/Iie IMOCTABUTH HA BETPY.
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Ilonatno moastoMy, modeMy nsoBew, BHmeAmuA us
BOJIHI, OIMYIaeT XONOX Ha BeTpy. Berep yckopser mepeme-
muBaHWe BO3AyXa € IAapOM H, 3HAYAT, YOHCTpAeT mcmape-
HEe, a TemJO AJMA HCHAPEHHS BHHYIKIEHO OTAATH TEXO0
9esI0BEKa.

CaMouyBCcTBHE 9el0BEKA 3aBHCAT OT TOrO, MHOrO /IR
MaJjio BONAHBIX IAapOB HaXOAWTCA B Boamyxe. U cyxoit m
BIQ)KHHH BOBJYX HONPAATHH. DBiaKHOCTD CuHTaercsd
HOpMaJbHOM, Korfga oHa pasHa 60%. 9ro 3maumr, uTO
NII0THOCTh BOJgHOro mapa cocrasiaser 60% or miaormo-
CTH BOASHOrO HACHIIEHHOrO Iapa IpH TOH e TeMme-
patype.

Ecnm BIa;KHEI BO3IYX 0XJAaKAAaTh, TO B KOHI[e KOHI{OB
JiaBjieHNe BOAAHKX IIapoB B HeM CPAaBHAETCHA C YIPYTOCTHIO
nmapa mpm stoil TeMneparype. Ilap cramer HachmeHHEIM H
opu JaisHefmeM HOHIKEHAH TeMIepaTypH HAYHET KOH-
NEeHCHPOBATHCA B BOAY. ¥ TPEHHAA POCA, YBIAKHAOIAS
TpPaBy M JHCTHs, HMOABJIAETCSH KaK pa3 Gnarogaps TakoMy
SIBJICHUIO.

Ipn 20°C numoTHOCTS HACHIMEHHHX IIapOB BOOH —
oroao 0,00002 r/cM®. Mm Gygem ce6a XOpomo 9yBCTBO-
Bars, €CAm B BO3JyXe HaxoAmrTcsA BoAAHBIX mapos 60%
OT DTOro 4YHCIa — 3HAYAT, JAMEL HEeMHOro Gojee OXHOHK
CTOTHICAYHO# monE rpamma B 1 cm3.

Xoth 31a mudpa @ Mama, HO AAA KOMHATH OHA npune-
JeT K BHYIIATeJNBHKM KojamdecTsaM napa. Herpynano mon-
CYATaTh, 4TO B KOMHATe CPeJHHX DPasMepoOB C IIOMANBIO
12 M2 7 BHICOTOH 3 M MOKeT «YMECTUTLCAY B BH/AE HACHIIEH-
HOrO Iapa OKOJO KHJIOIpDaMMa BOJHL.

" 3Hagd@T, ecim IIOTHO BAKPHTh TAKYI0 KOMHATY K
HOCTaBHTH OTKPHTYIO GOUKY € BOMOi, TO MCIAPATCA JHTD
BOIHI, KaKoBa OH Hu OHIa eMKOCTh GOUKH.

HNaTepecHO cpaBHATH 3TOT PE3yJbTAT M BONE C COOT-
percTBYlomuMu mupamu mia pryra. Ilpm Toit xe Temme-
parype B 20°C minoTHOCTH HACHIMIEHHOTO Hapa PTYTH —
10— r/cM®.

B kxomuare, 0 KOTOpOil TONBKO 4TO IIIa pPedb, yMec-
tarca He Gonee 1 r mapos pryra.

Hcrarm romops, pryTHBe Hapsl OY€Hb SJIOBATH, H
1 r pTyTHHX mapoB MOKET Cephe3HO MOBPENHTH 3TOPOBBIO °
ao6oro wemosexa. PaGoras co pryThiO, Balo CIENHTH,
9T100Hl [a’ke caMadg MaleHbKas KamerpKa PTYTH He Npo-
AAIaCH.
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KPUTHYECKAA TEMIEPATYPA

Hax npeBpaTmTh ras B KEAKOCTE? ['padux Kunemmsa
oTsesaeT HA 3TOT Bompoc. IlpeBparuTh ras B KEHOKOCTH
MO)KHO, IE60 yMEHbIIAasA TeMmepaTrypy, ambo yBenmumBas
naBjienne.

B XIX Bexe LOBHIIEHNe NABICHEA NPEACTABAAIOCH
sajiagueii Goiee JieTKOH#, 4eM IIOHMKOHHE TeMOepaTyphL.
B mauaJe 9TOro CTOJETHS BEAMKOMY AHTJIAACKOMY QU3HKY
Muxaunny -Papafeo yaajaoch c;KaTh rase [0 3HAYCHAN yn-
PYroCTE DapoB U TAKAM CHOCOG0M IPEBPATHTH B 3KALKOCTH
MHOrO r'a3oB (XJ0p, YTJIEKHCIHIT ras u Ap.).

Opmaxo HEKOTODHEe rassl — BOJOPOX, asoOT, KHCJO-
POX — HEKAK He NOAAABAJIUCh CxHukeHmI0. CKOABKO HH
yBeIMYMBAJIE [aBjeHZe, OHW HE UPEBPAMAANCH B SKM-
nocts. MokHO GHAO HOAYMaTh, UTO KUCIOPOA d JpYTHe
rassl He MOTyT Ourh kparEMu. MXx mpmumeamny k mcTmH-
HHM, WM OOCTOAHHKIM, razaM.

. Ha camom xe pmene Heyfgagam Oblim BHI3BaHL HEIOHH-
MafgmeM OJHOr0 BAKHOTO O00GCTOATENLCTBA.

PaccmorpuM sxmfKoCTh M map, HAXOAMUECA B PaBHO-
BeCHH, U MOJYMAaeM, 470 MPOMCXOAHT ¢ HAMH IIPH BO3pAac-
TAHHA TEMUOEPaTypH KHOEHWS H, PAa3yMeeTcsd, COOTBETCT-
ByIOI[EM BO3pacraHmd faBiaeHusa. Vpaue rosops, mpeicra-
BEM ce0e, 9TO TOYKA Ha rpadmke KUOEHHA ABUEETCA BIOID
KpuBoi BBepx. flcHO, 9T0 JKEAKOCTH HPH NOBHIIPHAHA TEM-
HepaTypH PacIiMpseIcA M INIOTHOCTb 66 Hajaer. Yro ke
Kacaercs HApa, TO YBOIWYeHAe TeMIePaTypH KHNEHWs,
pasyMeercs, CHOCOGCTBYeT ero PacIIEpeRdio, HO, KaK MK
Ve TOBOPHIMW, AABIeHAC HACKINEHHOrO IIapa PAacTeT 3Ha-
qATeibHO GHCTpee, ueM TeMmmeparypa kKunesda. [losromy
IJIOTHOCTh Hapa He majaer, a, HaoGopor, GHCTPO pacrer
¢ yBeaWueHWEM TeMOEPATYDH KUOEHHs.

IlockoabKY HJIOTHOCTH KHAKOCTH IIafiaer, a ILIOTHOCTS
mapa pacrer, TO, ABHFafiCh «BBEPX» II0 KPHBOH KuUNeHWs,
MH HeMHHYeMO Jo0epeMcsi [0 TAaKOH TOYRH, B KOTOpOHd
IJIOTHOCTH KEAKOCTH W Hapa cpasuaiorea (pmc. 4.3).

B aT0it saMeuaTenbHO# TOUKE, KOTOPAsA HASLIBAETCH
KPHTHIECKOH, KpuBasA Kumenusa obpuBaercsa. Tak xax Bce
pasnEqEs Me:KAY rPasoM H KHJKOCTHIO CBA3AHH ¢ pasHALeR
B OJOTHOCTH, TO B KPETHYECKOH TOUYKe CBOUCTBA JKAAKOCTH
# ras3a CTAHOBATCA OfmHaKoBhMu, [l KaxIoro semecTsa
CyImecTBYeT CBOSI KDHTHYECKAasA TeMHeparypa # CBoe KpH-
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THYeCKoe paBaewie. Tax,
JJIA BOJEl KPATHIECKAA TOG-
Xa COOTBETCTBYET TeMIepa-
rype 374°C m [paBieHHIO
218,5 arm.

Eenu c:xmMarth ras, TeM-
mepaTypa KOTOPOro BIKe
KpHETHIECKOH, TO IpOIECcC
ero cxargd w3obpasdresa '
CTpeiKoO#i, Iepecexaomen ) 4‘777
KpuBYIO KuneHus (puc. 4.4).
910 3HaYAT, 9TO B MOMEHT
HOCTH;KEHUs [aBIeHNA, PaB-
HOro ympyroctm mapa (T0g-
Ka YepecedeBHA CTPEJKH € KPHBOW KHIIEHHA), ras Hay-
HET KOHJEHCHPOBATLCH B KEAKOCTH. Eenm GH HAm cocyn
6H1 IPO3pavHEM, TO B 3TOT MOMEHT MH ypHjgeaw OH Ha-
4310 0o6pa3cBaHAA CHOA SKUAKOCTH Ha AHe cocyfda. Ilpm
HEN3MEeHHOM JaBICHUH CXO# KEAKOCTH Oyjer pacTH, HOKa,
HaKOHeIl, BeCh ra3 He IPEeBPATATCA B KERKOCTH. Jlamn-
Heiinree cykarme moTpedyer yike yBeXmYeHHs [[aBJICHHA.

- CopepmenBo mHave oGCTOMT feNO HPH C:RATHM Ta3a,
reMueparypa KOTopore Bume Kpartwueexoi. IIpomecc
©KATHA ONATH-TAKH MOKHO W3006paswTh B BHIE CTPEIKH,
wnyme cuady ssepx. Ho rteneps ora crpenxa me mepece-
KaeT KpUBYIO KANEHAs. JHAUAT, NPH CHRATHA Bap He GyHer
KOHIEHCHPOBATbCA, a OymeT NWMmMb HEOPEPHEBHO YILIOT-
HATHCA. .

Ilpu TemMnmeparype BHIIe KPUTHYECKOH HEBO3MOKHO
CYHIeCTBOBAHHME KUAKOCTH W rasa, HOEACHHHX FpaHUIeR
pasneaa. Ilpm cyxatmm xo mebwx maoTHOCTEH HOX mOpHI-
HeMm OyleT HaXOAWTRCA OKHOPONHOE BEMECTEO, W TPYIHO
€Ka3aTh, KOTHAA €ro MOKHO HA3BATh FABOM, a KOrja —
JRUAKOCTBIO.

Hannuse KpwIruuecKoidl TOUKE IOKA3HBAET, 9TO MEKIY
JKEJIKUM ¥ Ta3000pa3HHM COCTOSIHAEM HET HPAHIUIAAJIb-
#oro pasnmuns. Ha nepsmii sarasp Morio Ger moKasarscs,
9T0 TAKOF0 HPAHIHOAATLHOTO PAAAYAS HET TOIBKO
B TOM CIydYae, KOTa peub T O TeMOmeparypax BHme
KpHETHYECKO#. IT0, ofHaKo, He Tak. CymecTBOBaHWE KpH-
THYECKOH TOYKH YKAZMBaeT HA BOSMOMKHOCTH IpeBpa-
MEeHNA JKEAKOCTA — CaMOH HACTOAMEN MEIKOCTH, KOTO-
PYIO MOKHO HAJAUTH B CTaKad — B rasoo6pasnoe cocrosnue
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0es BcAKOro momofmsa K-
HeHud. )

Takoit myTp mpeBpaumie-
HAf NOKasaH Ha pHC. 4.4.
Hpecruxkom ormeuena 3ase-
IoMad SKHEIKOCTh. Ecam He-
MHOTO IIOHW3UTH [aBJIEHHE
(cTpenra BHHE3), oHa 3aKu-
OAT, 3aKANET OHA E B TOM
o >T| cayuae, ecim HEMHOro mHo-
) The BBICHATH TEMIIEPATY Y (CTped-

Prc. 4.4. Ka Bmpaso). Ho mu mocry-
nuMm cosceM unaue. Coke
MeM JKHKOCTh BECHMAa CHJbBHO, [0 [aBJEHHS BHINEe KpPH-
Tageckoro. Toura, maoGpakaiomas COCTOAHAE SKHTKOCTH,
OOifieT BePTEKAJNBHO BBEPX. 3aTeM IOJOTpeeM sKATKOCTh —
3TOT mpouecc u300pasuTCA ropu3oHTa bHON JuHmed. Te-
mmepb, mOCJe TOr0 KaK Mh OYYTHIUCH mpaBee KPHTHYECKOR
TeMOepaTyphl, HOHHBUM JaBjeHune A0 HCxofHoro. Ecam
Temepb YMEHBIIUTHL TEMIEPATYPY, TO MOKHO MHOJYYHTH
caMbiil HaCTOANIEH map, KOTOPHIH MOr OHTH HOJYYeH u3
3TOM :KuUAKOCTE Gojee NPOCTHIM H KOPOTKUM IyTeM.

TaxuM o6pasoM, Bcerga BO3MOKHO, H3MEHAA [aBJIeHHE
O TeMueparypy B 0O0XOf, KDATHYECKOH TOUKM, HONYYATH
Iap myTeM HEempepHBHOIO IEPEeXOfia eTo M3 KUAKOCTH HiH
JKEAKOCTh M3 Iapa. TaKodl HempepHBHHIA IEPeXOX HeE
TpebyeT KUNEHHs WIH KOHJEHCAUHH.

Pannse HOUBITKE CIKUKEHHMA TAKEX Ta30B, KaK KHCJIO-
poi, a3oT, BOTOPOR, HOTOMY W OHIE HeyHXAadYHE, 9TO He
OHLJIO M3BECTHO O CYMECTBOBAHHE KPHTHYECKOH TeMmepa-
TYpH. ¥ O9THX rasoB KPHTHYECKHWE TeMIepaTyph OYeHb
pm3Kme: y asora —147°C, y xmcaopoga —119°C, y Bomo-
poma —240°C, nnm 33 K. PexopacMenoM sBaseTcsa refu,
ero KpmTHYeCKas TemmepaTypa pasHa 4,3 K. IlpeBpatuts
3THE rasel B JKMAKOCTH MOIKHO JIHING OXHHM CHOCOGOM —
HAI0 CHASATH HX TEMOEPaTypy HIKE YKA3aHHOM.

3

| % S

X
KUZKOCTD

[NOJIYUEHUE HU3KUX TEMIIEPATYP

CymecTBeHHOr0 YMEHBINEHHS TeMIepPaTyPH MOMHO J10-
CTHrHYTh pasuniMu cnocoGamu. Ho maes Bcex cmoco6oB ox-
Ha W Ta jKe: HAJ0 3aCTABHTH T€JI0, KOTOPOE MK XOTHM OXJia-
OUTh, 3aTPATATH CBOI0 BHYTDPEHHIOI SHEPTHIO.
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‘Hax ;xe s10 cgexars? Opnn m3 cnoco60B — 3aCTaBUTH
JKEAKOCTh KHMIeTh, He HOABOAA Temsa uspHe. asa sroro,
KaK MH 3HaeM, HAJ0 YMEHBIIUTH NABJIEHHE — CBECTH €ro
K B3HAYeHHI0 YUPYrocTE mapa. Temio, pacxogyemoe Ha
Kamenue, GyAeT 3aEMCTBOBAHO M3 JKHAKOCTH M TeMIepa-,
Typa ’KEAKOCTA M Iapa, a BMeCTe C Hell ® yIpyrocTh mapa
6ynyr nanars. IloaroMmy, 41000 KEIEHEE He IPEKPamAaIoCch
H IPORCXOAMI0 moGHICTpee, N3 COCYLA C JKUIKOCTHIO HAJ0
HEIIPDePHBHO OTKAYHBATH BO3AYX.

Opmako mamendio TeMIepaTyps HPE 3TOM Ipomecce
HacTyHmaeT Ipefiesi: yHPyrocTh mapa CTAHOBUTCA B KOHIE
KOHIIOB COBEPHIEHHO HE3HAYMTENHHOH, W HYMKHOE IaBJeHAe
HEe CMOI'YT CO3/aTh /la’ke CaMble CHJIbHbIe OTKAYHBAIOIAe
HACOCHL.

s Toro 4To0H OPOROKUTE HOHM/KEHAE TeMIePaTyPhI,
MOKHO, OXJIQK[afA Iras IOJY4YEeHHOH KUAKOCTHIO, IIPEeBpa-
TATEL U €70 B JKANKOCTh ¢ 6ojiee HA3KOH TeMImepaTypoil KH-
HOeHH.

Temeps nmpomecc OTKAYKHE MO;KHO HOBTOPHTH CO BTOPHIM
BelleCTBOM W TAKEM o00pa3oM mONydYdaTh Gojee HHU3KHE
TeMumepaTypsl. B ciaydae Heo6XommMOCTH TaKo# «KacKa-
OHEIA» METOX MONYYeHHA HHUBKMX TeMIOeparyp MOKHO
IPOIIIATE.

Nmenno TakaM o6pasoM H HOCTYIaJil B KOHIE HPOIN-
JIOTO BEKa; CHKM;KeHWEe TIas0oB INPOUZBOIAIHA CTYHEHAMH:
OCNe0BATEeNbHO NPEeBPAINAIHE B KHJKOCTh DTHJIEH, KHAC-
I0pOfI, a30T, BOJAOPOJ — BEMIECTBA C TeMIEpaTypaMH K-
negma —103, —183, —196 u —253°C. Pacmonarasa kupg-
KAM BOTOPOIOM, MOKHO MOAYUYHTH H CAMYI0 HA3KOKHAMAINYIO
wagrocTs — reqmit (—269°C). Cocen «cieBa» momorai
HOJYYHTH CoCela «CIIpaBay.

Kacraggomy Metony oxaakjedus G6e3 Majoro cTo
aer. B 1877 r. stEM MerojoM Ohul DodaydeH IRANKHA
BO3AYX.

B 1884—1885 rr. Buepssie GblJ HOAYYEH ;RUAKHN BOXO~
pon. Haxonen, eme uepe3 pgeapuats JeT OHIa B3ATa Lo-
caeguas Kpenocts: B 1908 r. Kamepnuur-Onnecom Bropo-
ne Jleinese B Iosnnampmm Guinm mpeBpalmeH B JKHAKOCTH
FeJuii — BemecTBO C CaMOll HH3KON KPHTHYECKOH TeMmepa-
rypoii. Henasuo Own otmeuen 70-netHuit lo6mieii atoro
Ba}KHOTO HAYYHOTO JOCTH;KEHHA.

Hoarue rogm Jlefienckas naGopaTopusa Oblna egm-
CTBeHHOH «HH3KOTeMIepaTypHoil» JjaGoparopmeit. Temeps
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e BO BCEX CTPaHaX CYMECTBYIOT JIECATKE TaKuX yaGopa-
TOpHil, HE TOBOPA YKe O 3aBOJAX, MPOHIBOTANAX SKHN-
Kgil BOSAYX, a30T, KHCJIOPOJ W TeiBl A TEXHAYECKHX
HeaeH.

HKacrkapmnuii meToj DOXYYeHHs HE3KAX TEMIOEpaTyp
vemepLr DPEMeHAeTCA peiko. B TexmmuyecKHx ycTaHOBKax
Jeusi NOBH/KOHHEA TeMOepaTypH NPHMEeHSI0T APpYrod cuocol
NOHU/KEHHS BHYTpDeEHeH SHEPIME rasa: 3acTaBlIAlOT ras
GricTpo PacHHpsTECA W WPOMSBORHTE paGory sa cuer
BHYTpeHHel 3Heprud.

Ecam, mampmMep, CKaTHH [0 HECKORBKEHX a'mocd)ep
BO3yX IFYyCTATH B PACHIMPHTENB, TO' NPE COBOPIICHHH Pa-
6oTH mepeMeIneENs NOPITHA MAM BPAMeudsa TYpOHHL BO3-
AYX TaK PESKO OXJIAHUTCHA, YTO HPEBPATHTCA B KHLKOCTD.
¥raexdcnstd ras, ecam ero GHCTPO BHITYCTHTL W3 Oad-
NO0HA, TAK PESKO OXJAKAAETCH, UTO Ha JOTY NpeBpaulaeTcs
B «aem». )

Hunkme rasm HaxofAT MEpPOKOe INPAMEHEHWe B TEX-
puke. jHuaxmit xmcxopop ynorpeGmsercs BO B3PHBHOM
TeXHHKe, KAK KOMIOHEHT TOIJIEBHON €MECH B PEaKTHBHHIX
ABHETaTeNIAX.

Cixmxenne BO3[lyXa HCHONb3YETCS B TeXHHKE NJA pas-
JIeIOHUsA COCTABJIAIOMEX BO3AYX Ta3o0B.

B passmusmx obnactax rexmmxm Tpebyerca BecTH pa-
Gory npm TemmepaType uaKere sosgyxa. Ho mna mmormx
¢fusmyecKuX MCCAENOBAHEN 3TA TEMIEPATYPA HEZOCTATOTHO
Hm3Ka. JlefictemTensHo, ecau nepesectd rpanycs Leancus
B aGCORIOTHY0 MKaxy, TO MH YBERUM, 4T0 TEMOepaTypa
MUOKOr0 BO3AYXa — 3To mpmMepHo 1/3 eor wommartHOI
remmepatypui. I'opasno Gonee waTepecHH 115 $ManmKE «BoO-
ROPOJHHE» TEeMHEepaTypH, T.e. TEMIEPATYPH HOPAAKA
14—20 K, m B ocoGeHHOCTH «reimeBHE» TeMIEpPaTypHL.
CaMasn Hu3Kafd TeMIOepaTypa, DOJYJYFOMAACA IPH OTKAUKE
mugxoro reamsa, sto 0,7 K.

OusukaM yganech @ ropasno Gmmxe. nofe#ta K a6co-
AI0THOMY HyIlo. B Hacrosimee RpeMs IOIIYYEHH TeMIepa-
TYpH, Dpesmmalomze alcodOTHHEA HYIb BCET0 JANIb
Ha HEeCKOJbKO THCAYHHIX gone#t rpagyca. Ommaxe srm
CBEPXHABKHE TEMIEPATYPH UOAYYAOT cnocobamm, He MO~
¥O3KEMH Ha Te, YTO MBI OLNHACAJIH BHIIe.

B mocaenmrme ropm ¢usmka HESKEX TeMOepaTyp IOpo-
HENa CHEHUWANLEYI OTPACHb NPOMHIUIOHHOCTH, SZHATYIO
EPOM3BOACTBOM anN&PATYpH, NO3BONALMEHd moXAepKu-
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BAaTh IIpH Temumepatype, OamsKoii k abCONIOTHOMY HYJIO,
Gonpmme oGbembl; paspaboTaHm CuHIOBHE Kabeam, TOKO-
HPOBOJiAMEe MAHH KOTOPHX pafoTaior mpd TeMmepaType
menee 10 K.

NEPEOXJIAJRIEHHBIA AP M IEPETPETAS
JKUTKOCTD

IIpm nepexome TeMuepaTypH KHNeHZA AP JO/DKEH KOH-
AGHCHPOBATHCH, OpPeBpamiaThCA B IKAAKOCTE. Oxmaxo,
OKA3LIBAETCHA, €CJAH [Ap He COIPUKACAETCA C MULKOCTHIO
¥ eCJiE map 0YeHb UMCTHIA, TO YHAETCA HOJYYIATH Hepecx-
JQK[EHHENM WA NePecHUIEHHKE map — map, KOTOPOMY
JABHO CJIEAOBAJO OHl yiKe CTATH IKHEMKOCTHIO.

Mepechmennsit map odens Heycrodums. Muorza mo-
CTAaTOYHO TOJYKAa EjE GpomeHHO# B IPOCTPAHCTBE Hapa
KPYNAHKHA, YTOOH 3am03faBmas KOHJeHCAIHWd HAvajlach.

OnuT mOKasHBAET, 4T0 CTrymEHHe MOJEKYJa mapa pea-
Ko ofjerdaercs BHeCeHHEM B Hap MeJKAX HHOPOXHEHIX
gacren. B nuaRHOM BO3RyXe mepecHINeHAe BOASHOTO Hapa
ne npomcxoxmr. MoRHO BHBBaTH RoIAencanuio KiaybGamm
apiMa. Bemb OBIM COCTOMT 13 MENKWMX TBEPHHX 9acTHYEK.
IMonamas s map, 5TE YacTAuKm coOHPAIOT OKOJO cebs Mo-
JIeKYJH, CTAHOBATCA IEHTPAMH KONAeHCANAH.

Nrax,- X0TA ¥ HOYCTOHUEBO, AP MOMET CYIECTBOBATH
B 00JacTH TeMuepaTyp, OPECHOCOGACHHOH A GKHE3HUD
ATKOCTH.

A MOMeT nE JKHAKOCTD Ha TOX Ke YCHOBHAX GKHETHY
B obmactn mapa? MNmagwe rosops, MOEHO Jm meperpetsb
HHATKOCTH!

OxasuBaerca, MoikHo. Haa storo mysuo mo0uThes,
9100H MOJIEKYJIH KUJKOCTE HE OTPHBAJACH OT €@ HOBepX-
HocTd. PajmrannHoe CpPelCcTBO — JHMKBHAMPOBATH CBO-
6opHY® HOBEPXHOCTH, T. . HOMECTHTDH KHAKOCTH B TaKoOi
cocyi, TAe oHa Onna 6H csKaTa cO BCEX CTOPOH TBEPAHIMA
creEKaMm. Taxmm cmocofoM yhaaerca AOCTHTHYTH Iepe-
rpesa mOpPsSAKAa HECKOAbBKHAX rPajycoB, T. €. YBeCTH TOUKY,
H300pAHAOMYI0 COCTOSHEE KEAKOCTeH, BOPaBoO OT KpH-
Boit Kmmenma (puc. 4.4).

Ileperpes — 3To CABEr KEAKOCTE B of0JacTh napa,
H03TOMY Leperpepa ;KEAKOCTH MOKHO NOOCHTECA KaK IIOA-
BOJOM TeHda, TAK W yMEHLIICHHAEM JaBJeHHA.

.



MocaenszM cmocoGoM MoKHO ROOHTHCA YAMBHUTEb-
HOro pesynnrata. Boma mum gpyrad >KamKocTh, TIATENb-
HO 0CBOOO)KIEHHAs OT PACTBODPEHHBIX ra3oB (3T0 HEIETKO
cienarth), IOMEIAaeTcs B COCYJA, C IIOPHIHEM, HOXONAMWM
A0 TOBePXHOCTH KEAKocTW. Cocyn W HOPHIEHbL JOJKHEL
CMAYMBATHCA JKHAKOCTHIO. Eciam Temeph TAHYTH HOpMmEHH
Ha cebs, To BOJa, CuelJieHHAsA ¢ JHOM IOPHIHA, HOCTEAyeT
3a aEM. Ho cioii Bogw, ynenusmuiics 3a mopmedb, NOTHA-
HeT 3a co0O# caeyomMi CI0# BOAHI, BTOT CIOH MOTAHET
HEKeNeKamuid,— B pesyjbrare KUAKOCTb PacTAHETCA.

B xoume KoHIoOB cT0A0 BOXH pasopBeTcH (HMEHHO
cton0 BOAE, a HE BOJA OTOPBETCA OT MOPIIHA), HO IPO-
H30HeT 9TO TOrNA, KOIJa CHAa Ha eJUHUNY WJIOIManH Joi-
HeT 0 KEeCATKOB KmiaorpamMmoB. [{pyraMu ciroBamm, B KAj-
KOCTH CO3[aeTcd OTPHIATENbHOE [aBjieHAe B MECATKH aT-
Mocdep.

VYike mpu MaJHX IOJOKATENBHHX JABICHUAX YCTOHIH-
BHIM ABJIAETCA Dapoo0pa3Hoe COCTOAHTE BemecTsa. A jKuA-
KOCTb MOJKHO J[OBECTH N0 OTPHUIATENLHOTO [aBjeHAA.
Bonee sapxoro mnpumepa «meperpesa» He HpPHIYMaemb.

IJIABJIEHUE

Her Taxoro TBepmoro Tena, KoTopoe CKONBKO YIONHO
TIPOTABOCTOANO OH HOBHIIEHAI0 TeMmepaTypu. Pamo mam
LO3IHO TBEPHBIA KYCOYEK HPEBPAINAETCA B IKUAKOCTD;
mpaBjia, B HEKOTOPHX CIydasX HaM He yjaacrces aobparscsa
RO TOMIEPATYPH NJIABJIEHASA — MOKET NPOM30ATH XUMH-
YecKoe PpasioKeHHe.

Ilo Mepe BoO3pacTaHHA TeMIEpPATYPH MOJEKYJIH [BH-
KyTca Bce wuHTeHcusHee. Hakosenm, HacTymaeT TaKoi
MOMEHT, KOrj{a IOAJieP;KaHue MOPALKA CPEid CHABHO «pac-
KagaBIIAXCAY» MONEKYJ CTAHOBHTCH HEBO3MOKHHIM. Tmep-
moe teso maasurcsa. CaMoil BEICOKOH TemmepaTypoil mias-
nennsa obmamaer soxbPpam: 3380°C. 3omoro mnaasmresa
npm 1063°C, menezo — npu 1539°C. Bupouewm, ects 7 aer-
KoIJIaBKUE METaJUIH. PTyTh, KaK XOpPOIO H3BECTHO, IJa-
paTca y:e npm temmeparype —39°C. OpraEmueckme Be-
mecTBa He MMEIOT BHCOKHX TeMmeparyp maasiaends. Had-
rtaqune nnasmrea opm 80°C, tonxyon — mpm —94,5°C.

MNamepnts TeMmmepaTypy IJIaBIeHHA Teda, B ocoben-
HOCTH €CJIM OHO INABATCA B MHTEpBaNe TeMOepaTyp, Ko-
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TOPHE N3MEepAIOT OGLITHBIM T
TePMOMETpPOM, COBCEM He- :
Tpyauo. CosceM He o6s3a- Ty === -
TeJIBHO CIIeIUTH IJIa3aMH 3a -
onassamuMca TeaoM. [locra- &

TOYHO CMOTPETh HA PTYTHHIH S

cronbux TepMomerpa. Iloka &
mjiaBjJieHHe He Ha4YajoCh, &
TeMIepaTypa Tela pacTer
(puc. 4.5). Kark Toanko t
IIaBJIeHWE HAYWHAETCA, HO- m1
BHIOICHHE TEMIIEPATyPhl Ipe- Puc. 4.5.

Kpamaercsa, U TeMOepaTypa

OCTaHeTCHA HEM3MEHHOH, IOKA Hpolecc HIaBJeHWA He 3a-
KOHYHTCH TIOJHOCTHIO.

KHak u mpespamieHne ;KAZKOCTA B Omap, OpeBpamieHEe
TBEPAOTO TeJa B KUAKOCTh Tpebyer Temma. Heobxommmas
AJIA 3TOTO TEIVIOTA HABLIBAETCA CKPHLITOM TEIIOTOH IIaB-
aennsa. Hampumep, niaBieHAe oaHOro KUIOrpaMMa JbJa
tpebyer 80 rxai.

Jlex orHOCcEmTCA K uwmcay Ten, obnamammux 6ombIIOH
rennorod miuasiaenusa. Ilmasienwe nmnpa Tpebyer, Hampu-
Mep, B 10 pas Goapmme sHepruu, YeMm IJIaBJIEHHE TAKOH ke
MaccH csuHna. Pasymeercs, peus uzer o caMoM nuiaBieHHAN,
MBI 3ech He FOBOPHM, 4TO [0 Havaja HJIABJICHHUA CBHHIA
ero Hajfo Harpets o +327°C. Msz-3a Oosbmmoil TemsoTH
mnaBieHHus JbJa 3aMelisercsa Tasuue cuera. Ilpexcraspre
cebe, uTo TemjaoTa miaaBieHHaA Gouia 6 B 10 pas Mensire.
Torga BeceHHme maBOJKM NPUBOXMIM OBl €KErOJHO K He-
BooGpasuMuIM OefCTBHAM.

Hrax, Temmora miasieHds NbAa BeJAMKa, HO OHA jKe H
Maja, ecld ee CDaBHATH ¢ Y/edbHOH TemaI0ToH mapoobpa-
sopanua B 540 kran/kr (B ceMp pas menpme). Bupouem,
3T0 pa3iuuYAe COBEPINEHHO ecTecTBenHo. IlepeBona Kumj-
KOCTh B IIap, MBI JOJJKHBl OTOPBATH MOJIEKYJB ONHY OT
Apyro#i, a OpW ONABJIGHNM HAM HPAXONUTCHA JUIIb Pa3py-
HIATH HOPANOK B PACIOJO/KEHWA MOJNEKYJ, OCTaBHB HX
[OYTH Ha TeX ke paccToAHmax. fcHo, 4To BO BTODPOM CJy-
gae tpe0yerca MeHbme paGoTH.

Hanuuue ompeneneHHONl TOYKE IIABJIeHUA €CTh Bask-
HHi IpA3HAK KpWCTadaudecKuX BemecTB. VIMeHHO mno
3TOMY HOPU3HAKY WX JIETKO OTIAMYATH OT APYTAX TBEPABIX
Tela, HasHBaeMHX aMmoppubiMm miam cTekjamu. Crekma
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BCTPEYAIOTC KaK CPefE HeOPTaHHYeCKWX, TAK U Cpoim
oprarmgecxnx pemects. OKOHHEE CTeKIa KeNAIOTCR OOBIT-
HO U3 CHIZKATOB HATPHUA W KaJBIHS; Ha IHCHMEHHKH CTOX
KJagyT 9acTO OPTaHMYECKOe CTEKJIO (6ro HABHIBAIOT EINE
IIEKCATIAc).

Amopdsrie BemecTsa B IPOTHBONONOKHOCTL KPHCTAll-
JaM He WUMEIOT ONpENEJeHHOH TeMIepATYpPH NJIABJICHHA.
Crexno He muaBurTcH, a pasmsrdaerca. llpm marpesammm
KYCOK CTEKJa CHAYalla CTAHOBHTCH W3 TBEPIOTO MATKEM,
€ro JIETKO MOMKHO THYTh MJM PacTArMBaTh; HpH Gojee BH-
COKo# TeMIepaType KyCOK HAUMHAeT UBMEHATH CBOI0 GopMy
noj fieiicTereM cobcTeennoi TsaiKecTH. Ilo Mepe marpesanas
rycras Bs3Kas Macca CTeKJa npwHAMaeT OpMy TOTO CO-
cylia, B KOTOPOM OBO JIe/KHT. JTa Macca ¢HaZala rycra,
RaK MeJ]l, IOTOM — KaK CMeTaBa W, HaKOHEN, CTAHOBHTCH
WOYTH TAKOH jKe MaNOBA3KO# JKEIKOCTHIO, Kak Boma. Ilpm
BCEM JKeJIAHME MGl He MOKeM 3/leCh YKasaTh ompemel]eHHoR
TeMOepaTyph Hepexoa TBePAOro Tela B xmuaKoe. Hpramnw
3TOr0 JIEIKAT B KOPEHHOM OTINYHA CTPOCHHST E€TEKEA OT
CTPOeHHs KpHCTajiAdeckux Tei. Hak roBopaaech BhIe,
aTroMs B aMOpPHBIX Telax PpacuojojkeHH OGecnopsaAnocwHO.
Crexsia 0 €TPOGHUIO HATOMAHAIOT KEAKOCTA. YIKe B TBEp-
HAOM CTEeKJe MOJIGKYJH PacmoJioMeHH GecEopamouno. JHA-
9MT, HOBHMICHAE TEMIEPaTypH CTeKNa JEML YBEJAMIHBAET
pa3max KojieGaunii ero MOJIEKYJ, Ka€T EM IOCTEIEHHO BCO
66npmy0 m Génbmyo csoGomy mepememennds. IlosTomy
CTeRNO PasMATYEETCA IIOCTeNeHHO ¥ He o0Hapy:KEBaet
Pe3KOr0 Hepexofia «TBEPAOe» — OKAIKOEe», XaPAKTEPHOTO
JUiA IIePexXOfa OT PACIOJOKEHHsA MOJEKYJI B €TPOTOM Ho-
pAlxe K GecHOpANOYHOMY pPacCIOJOKEHHIO.

Korpa peusr muia o KpuBell Kmmemws, M PacCKa3alm,
YT0 KAAKOCTH B HAD MOTYT, XOTH H B HEYCTORIABOM CO-
CTOAHNH, KUThL B YYKHX OOXacTAX — Hap MOKHO mepe-
OXJAUTh B HEPEBECTH BJIEBO OT KPHBOX KHNCHUA, KBJ-
KOCTh — HeperpeTs ® OTTAHYTH BIPABO OT 9TOH KPHBOIA.

Bo3MoKEH W aHANOrUYHHE SBJERHA B ciaydae Kpm-
cramna ¢ sxmpkocThe? OKaswiBaercs, aHalNOTEA TYT Be-
noAHaA. '

Ecxa Barpers KpuCTald, T0 OH HaYHOT HISBHTHCA IPA
¢BOeli Temmeparype miasnenus. Ileperpers KpucTann: He
yracrca. HampoTds, oxmasRpgas KEAKOCTh, MOMKHO, LM
BPEEATH HEKOTOPHIE MEPHl, CPABHHTENBLHO JIETKO IIpo-
C€KOYHTH) TOMUEPATYPY NNABIEHHA. B BEKOTOPHX KumiKe-
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CTAX YAaercy MAGCTUTHYTH -0ONBIIEX HepedXJamAcHa.
Ecrp paske Taxkme >KMOKOCTH, KOTOPHe JIETKO IEpeoXxia-
AETH, a TPYAHO 3aCTABHTH KpHCTanamsosarbcd. 1o mepe
OXJIQKCHAs TAKOM KANKOCTE OHA CTRHOBHICA Bce Ooies
BASKOH H HAKOHeN B3aTBEPJeBaeT, He KPHCTANLIU3YACH.
TakoBO CTEKZO.

Mosxro mepeoxsagurs u Bofy. Hameask:m tymama mo-
TyT He 3aMep3aTh Aake IPH CUJIBEHX Moposax. Fcam B
HepeoxXJarKAeHHYI0 KHJKOCTh OpOCHTL KPHCTAJIHK Be-
IMEecTBa — 3aTPaBKy, TO HEMEAJeHHO HAYHETCA KPHCTAA-
AU3andA,

Haxonen, Bo MHOrEX ciIy3asx 3ajepmapmafcs KpH-
CTAINU3aNHAA MOMKET HAYATECH OT BCTPACKHA WM OT JPYTHEX
Ccaydaiiunx coOpirmit. JssecrHo, Hampmmep, ITO KpPUCTAN-
augeckufl rampepmH OB BIepBHe NOJYdYeH HPH TPaHC-
mOPTEPOBEE Ho uenednoit gopore. Crenaa nocue ZOIToro
CTOSIHHA MOTYT HA4aTh KPHACTAJJIN30BATLCA (PACCTORIOBLI-
BaTbCH, WAH (3APYXaTH», KAK FOBOPAT B TOXHMEKE).

KAK BBIPACTUTDH KPUCTAJJ

ITourm n0600 BEAECTBO MOJKeT UPH M3BECTHHIX YCJIOBH-
AX FaTh KpAcTauan. Hpacramns mexBEe HOJyUMTH ©3
pacTBopa AW H3 PAacHAABA JAHHOTO BEIIECTBA, & TAKK®
H3 ere mapos (HAIPHMED, IePHHE POMGOBUIHKE KPHCTAJN-
Jisl HOJIA JIOTKO BEIAAAIOr W3 €ro Napos OPH HOPMATHHOM
AaBjieHHE (83 NPOMEKYTOUHOTO IEePexofia B IRUJKOE CO-
CTGSHES).

Haunure pacTBopATH B BOJE CTONOBYH COJb A Caxap.
IIpa xomparmoit Temmeparype (20°C) B cymeere pacTso-
PETH B TPaHEHOM cTaKaH® ToabkO0 70 r conn. Janpaeiimme
AobaBKA CONME PACTBOPATLCA He OYAYT H yAATYTCA Ha JHe
8 Bujie ocagka. PactBop, B KoTopoM jambHeiimero pacTso-
peHud yKe He IPOHMCXOJAT, HA3HBACTCH HACHIIEHHHIM.
Ecam mamenmTh TemMmepaTypy, TO H3MEHHTCA H CTENEHb
PacTBOPEMOCTH BemecTsa. Bcem Xopomo H3BeCTHO, 4UTO
6GoupMEHCTBO BEIIECTB IOPA¥as BOAA pPacTBOPSAET SHAYM-
TeAbBO Jerie, YeM XOojHAad.

IIpencrassze cobe Temeps, 4TO BH OPATOTOBRNHE HACH-
mMesAH# pacrBop, CKaxeM, caxapa HpH tTemueparype 30°C
B HaumHaeTe oxamxgarh ere no 20°C. IIpam 30°C mm cmo-
raz pacreopms B 100 r segm 223 r-caxapa, opu 20°C pac-
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tBopsiercsa 205 r. Torga mpm oxnaxpenum or 30 mo 20°C
18 r oRaKyTCA «IMIIHEME» H, KaK TOBOPAT, BHIAAyT W3
pacteopa. Atak, ogun n3 BOSMOIKHEIX CIOCOG0B NOJNyIeHIS
KPHCTAJIJ0B COCTOMT B OXJQKACHHE HACHIIEHHOIO pac-
TBODA.

Mo:xno noc'rynmr, u mHave. [IparoTossTe HacHIMEHHBIR
PAacTBOp COJMH H OCTAaBBTe €r0 B OTKPHTOM CTaKane. Yepes
HEKOTOpOe BpeMs BH OOHApPY)RUTE IOABICHHE KPHCTAJIH-
xoB. Ilouemy omm oGpasoBasmcs? BumMaremsnoe mHaGmaio-
JieHHe IOKaYKeT, 9TO ONHOBPEMEHHO ¢ 00pa30BaHHeM Kpu-
CTAJIJIOB HPOH30IIIO0 €Ie OAHO H3MEHEHWEe — yMeHBIIH-
JI0Ch KONMWYeCTBO Boxhl. Boja mcmapmiach, m B pacTBope
0Ka3axoch «rumuee» semectso. Vtak, Apyroit BoaMomHbIR
cnoco6 o6pazoBaHmA KPHCTANIOB — 3TO ncnapelme pac-
TBODA.

Kak e mpomcxommr o6pa3oBaHEe KpPHCTAJNIOB U3
pacTsopa?

M= ckasanm, 9T0 RPHCTANIL (BHIIAAIOTY U3 PACTBOPA;
Haf0 JH 9TO IOHEMATh TaK, YTO HENENI0 KpHUCTANAjia HE
6EL7T0, 2 B OGHO KaK0e-TO MCHOBEHHE OH Cpady BAPYL BOa3-
mak? Her, nemo oGcromt me rak: Kpmerajusl pactyr. He
YAaeTcsd, pa3yMmeercs, OOHapY;KHThH I1a30M CaMhie HAa4alb-
HEIe MOMeHTH pocta. CHavasa meMHOrmE M3 (GeCHOPAXOIHO
JABIKYIIEXCA MOJEKYJ MIH AaTOMOB PaCTBOPEHHOTO Bemie-
cTBa COOHpAIOTCA B TOM IPHUMEPHO IOPsAKE, KOTODHIi
HY)XeH #AJaa o0pasoBaHmA KPHUCTALINIECKOH pemeTKH:.
Takyio rpynny aToMoB WM MOJERYN HAasHBAOT 3apo-
ABITIEM.

OnuT moxassiBaeT, 4To 3apoAHIME dame o0pasynTcs
IpHM HANAYHE B PACTBOpPe KAKHX-1uG0 MOCTOPOHHHX Meldb-
gajimux neamAOK. Beero GmicTpee W Jerde KpmcTainmaa-
1WA HAYAHAETCA TOTAA, KOrla B HACHIIEHHHI PpacTBOp
DOMEm@aeTcss MaleHbKHH KpHCTajan-3aTpaBka. Ilpm srom
BHIZIEJICHAE W3 PAacTBOpA TBEPAOro BemecTBa OyAeT 3akiio-
9aThCA He B 00pa30BaHMH HOBEIX KDHCTANIHKOB, a B POCTE
3aTpaBKHM.

Poct sapopgmma He oTaM4aercs, KOHEYHO, OT pOCTa
saTpasKku. CMBEICJ MCIOJNBb30BAHHA 3aTPABKH COCTOHUT B TOM,
9TO OHA «OTTATHBAET» HA Ce6s BLIAENAIOMEeCH BEMIECTBO H
OpenATCTBYyeT, TaKUM oGpa3oM, ofHOBpeMeHHOMY olpaso-
BaHm0 GoapmIOro Ymciaa sapojnmeil. Ecau jxe 3apopwmel
o0pasyerca MHOro, T0 OHE OYAYT Memarp APYr ApPYry Hpu
pocTe W He MO3BOJAT HAM HMOJYYHTh KPYIHBIE KPHCTAJLIH.
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Puc. 4.6.

Hak pacmpefiessiorcs Ha MOBEPXHOCTHE 3apOAHIIA IOP-
1MA aTOMOB WJIH MOJEKYJ, BHIACJIAIOMEXCA A3 pacrsopa’

OmsiT mOKa3BIBaeT, YTO POCT 3aPOMAHIIA WM 3aTPABKH
3aRJI049aeTcd Kak OH B IepeMelleHNE rpaHell Iapasiexsb-
HO camMEM cefe B HANOPABIGHNU, UEPHEHAHKYJITPHOM K
rpaun. [Ipm sToM yriast Me;kAy rpaHsAMHA OCTAIOTCA IOCTOAH-
HEIME (MH y;Ke 3HaeM, 4TO DOCTOAHCTBO YI0B — BayKHeH-
Muii TpU3HAK KPHUCTAJJIA, BHTEKAIOMHNA U3 €ro pemeriaTo-
TO CTpoOeHusA). )

Ha pmc. 4.6 mamm BeTpeualompmecs O4YEpPTAHAA Tpex
KPHCTAJJI0OB OTHOTO W TOTO jKe BemecTBa IPH HMX POCTe.
IHopoGnsie xapTuHH MOMKHO HAOMOJATh B MAKPOCKOI.
B cayuae, m3o6pakeHHOM clieBa, 9UCIO TpaHeil BO BpeMs
pocta coxpansercsa. Cpeaumit pmcynok Kaet IHpEMep Io-
AIBJIeHUA HOBOIl rpaHm (BBepXY cIipaBa) W CHOBA ee MCYe3-
HOBEHHS. «

Odgens BajKHO OTMETHTH, YTO CKOPOCTH POCTa TpaHei,
T. €. CKOPOCTH IIepeMeNIeHEd UX HapalenbHo caMmM cebe,
HeOXMHAKoBAa y pasHbix rpaseit. llpm stoM «3apactarom
(ncYe3a0T) EMEHHO Te TPaHH, KOTOPhie IIE€PEeMEemaloTCs
pcero GRICTpee, HAIPUMeD JeBasg HAKHAA IPaHb HA CPeTHEM
prncynre. HaoGopor, MepseHHo pacrymme rpaHH OKAa3H-
BAIOTCA CaMBIMH IIMPOKEME, KaKk rosopsar, Hambomxee pas-
DBHTBHIMA.

Oco0eHH0 0TIeTIAMBO 3TO BITHO HA HOCJIE[HOM PHCYHKS.
Becpopmenunit oGiomor npumobperaer Ty ke ¢opmy,
YTO W Jpyrme KpUCTAJNJIH, HMEHHO H3-33 aHHE30TPONEN
CKOPOCTE pocTa. BmoaHe oupeneneHHwe TPaHA pa3BH-
BAJOTCA 33 CUeT APYTHX BCEro CHIbHee I IPUAAIOT KPHCTAI-
a1y ¢opMy, cBOHCTBEHHYIO BceM 00pasraM 3TOro BeIIecTBa.
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OueHp Kpacupble IepexofHBe (POPME HabJIONATCA

B TOM cJydae, KOTJa B KadecTBe 3aTpaBKm Oepercs map,
a pacTBOp ILONEPEMEHHO CJerka OXJaKJgaeTcA W Harpe-
paercsa. llpM wmarpepaums pacTBOp CTAHOBATCH HEHACH-
MeHNHM, A UieT YacTHYHOe pacTeopenme sarpasBkd. Ox-
NasieHAe BEJeT K HACHIEHMI0 PacTBOPA U POCTY 3aTPar-
k. Ho Moserymbl ocefamT OpPA STOM HDO-HHOMY, Kak
fn oTHABas mpegUOYTeHME HEKOTOPHIM MectaM. Bemectso,
TaKAM 00pasoM, NEPEHOCHTCA ¢ OJHNMX MeCT Imapa Ha
Bpyrue.
- Cpauajia Ha MOBEPXHOCTH INApa HOABIAIOTCA MAaJIeHb-
Kue rpann B opMe KPYKKOB. HpyKu HOcTemeHHO yBe-
NUYABAIOTCH H, CONPMKACANCH APYT ¢ APYTOM, CIABAIOTCHA
o npavum pedpam. Illap npespamaercs B MHOTOrpaHHHK.
3aTeM ofiHE rpaHH oO0TrOHIOT JpyTHe, 4acTh IpaHeil 3apac-
TaeT, W KPHCTANLJ TpuobpeTaeT cBOHCTBEHHYIO eMy opMy
(pmc. 4.7).

Ilpm maGmofeRum 3a POCTOM KPHCTAJIOB HOpPaXKaeT
OCHOBHAfL 0CO0GHHOCTH PpOCTAa — NApaJLIeJIbHOE HepeMe-
meuue rpaneit. Ilomryuaerca Tak, 49TO BRFENAIOMEECA Be-
IeCTBO 3aCTPAamBaeT TPaHb CJAOSAME: IOKA OJWH CIO# He
HOCTPOeH, CIEAYIOmMMI CTPOMTHCA HE HaYHHAET.

Ha puc. 4.8 moxasama «HegoCTPOGHHAs» YIaKOBKA
aroMoB. B kaxoM @3 0003HaYenHHX GYKBaM¥W IOJIOKeHHR
npoynee Bcero OyHeT ylAep:KEBAThCA HOBHI aToM, WpH-
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Puc. 4.8.

cTpomBIECH K Kpmeranay? Bes comuenus, B 4, Tak Kak
3Aech OH MCILITHBAET DPUTSIKCHUE COCEAell ¢ TPeX CTOPOH,
Toraa Kak B B — ¢ aByx, a B B — ToabKO € 0AHOH CTO-
ponmn. Itooromy cnavana pocrpausaercs CToJOHK, 3aTeM BCA
IIOCKOCTh ¥ TOJBKO TOTOM HAYMHAETCA YRJIAAKA. HOBOM
IJIOCKOCTH.

B uenoM psne caysaes wpacranas ofpasywrtcs us
paciiaBiiennoi Maccel — u3 pacuaasa. B mpupoge aro
COBEPIAETCs B OrPOMAKX MacmTabax: U3 OTHEHHOH MarMu’
BOBHUKIN 6a3anbTel, FPaHUTH B MHOTHEe APYLHe TOpUHE
OOPOJIL.

Haunem mnarpeBatr Kakoe-vubyAb KpuUCTANIAICCKOE
BemecTr0, BHanpumep Kamenuyio coab. Lo 804°C kpucran-
JMKA KaMeHEOR coal GYAYT Majo UsMeHgThCsi: OHU JHIND
HEe3NaYATeAbHO PACUPAIOTCS, W BEHIECTBO OCTAETCH TBEp-
Eum. Mamepmrens TemMmeparyphi, NOMemEnRHbLIE B COCYA
¢ BEIECTBOM, NOKA3LIBAGT HEHPEPLIBHLIA POCT TeMmepaTy-
pwt mpu narpesaumu. Hpu 804°C mm obGmapyskum cpasy
ABAa HeBHIX, CBA3AHHHIX MemAy cof0#l sABJEHuA: BEmEcTBO
HaYHeT LJABRTHCH, W NOJABEM TCMIEPATYPh IPEOCTAHO-
surcs. Iloka Bce BemiecTBO He HPEBPATHTCA B IKOJKOCTh
TeunepaTypa He H3MEHWTCs; JajJibHeHBRY NORbEM TeMie-
PaTypH — 9TO YyiKe LarpesaHue KuAKocTH: Bce Kpmeral-
JIAYCCKME BOIICCTBA MMEIOT OLPEAETCHIYI0 TeMIepaTypy
unapaenua. Jleg mnaasurea wpm- 0°C, sxese3o — mpu:
1527°C, pryts — mpu —39°C u t. 8.

Kak Mut ysxe 3HaeM, B KaiK0M KPHCTAJIMKE aTOMEI
BAH-MOJEKYJK BeHIeCTBa 00Pa3yioT yHNopajio¥eBHYI0 yHa-
KOBKY N COBEPIIAIOT - Majbie KoxeGaHma OKONO CBOBX
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CpemHEX HOTOHKeHN. ITo Mepe HArpeBaHHA Telaa CRKOPOCTh
KOMeOTIOMUXCsA UACTHII BO3DACTaeT BMeCTe C pasMaxoM
KoneGanmii. DTO YBEIWUeHHE CKOPOCTH JBI/KEHHA YaCTHI]
¢ BO3PACTARHHEM TeMIEPaTypPH COCTABJIAET OHH W3 OCHOB-
HBIX 33KOHOB IIPHPOJEI, KOTOPHIH OTHOCHTCHA K BEMECTBY
B mI060M COCTOAHHM — TBEPJOM, SKEAKOM HJIH TIa3000-
pasHoOM.

Horna mocTHrHyTa ONpefeNieHHast, JOCTATOYHO BHICOKAA
TeMOoepaTypa KpucTalia, Koje0aHHA ero d9acTdI CTaHO-
BATCA CTOJb DHEPTUIHBLIMA, UTO AKKYPATHOE DPacCIoo;Ke-
HAE 9YacTHl] CTAHOBUTCH HEBO3MOMKHBRIM — KPHCTAJI Ija-
Batca. C HavaioM NJaBJeHHA NOABOAMMOE TEIJIO WeT
yiKe He HAa yBeJWYeHHe CKOPOCTH YaCTHL|, a HA pPa3pymenue
KpHCTanIu4eeKoil pemerku. IloatoMy momsem Temmepaty-
psl mpuoctaHaBiausaerca. llociepyiomee HarpeBamme —
3T0 YBEJIHUYEHHE CKOPOCTH TaCTHI[ KUIKOCTH.

B wuntepecyromem HaC caydae KPHCTaIA3AUUH U3
pacmiaBa BBHINMICONMCAHHBIE ABJeHHUA HA0IW0ORANTCA B 06-
PaTHOM HOpAAKE: IO Mepe OXJAKRIEHHS FKALKOCTH ee
YacTUIH 3aMeIAI0T CBOe XaOTHYECKOe JBM)KeHHe, HpH
AOCTMKEHUHU OIpeesieHHoN, 0CTaTOYHO HUSKO# TeMmepa-
TYPH CKOPOCTH YaCTHI[ YK€ CTOJh Maja, UTO HEKOTOphHIe
M3 HAX 0Of ReifiCTBHEM CHUJ NPUTAMKEHHA HAYAHAKT IPH-
CTpamBaThcAd OMHA K ApYroil, o0pasys KpHCTaaandYecKHe
sapopmma. [loka Bce BemecTBO He 3akpucTamaW3yercs,
TeMIepaTypa OCTaeTCsi HOCTOSHHOR. JTa Temmepatypa,
KaK OpaBWio, Ta jKe, UT0 B TeMOEpPaTrypa IJIaBlIeHHA.

Ecam me mpmuuMaTth cHenmanbHBIX Mep, TO KpUCTal-
IA3alHA U3 PacliiaBa HAIHETCA CPa3dy BO MHOTHX MeCTax.
Hpucrannmkn OynyT pacTE B BUAE NPAaBUJIBHBIX, CBOMCT-
BEHHEIX UM MHOTOIDAHHUKOB COBEPHIEHHO TaK jKe, KaK MHl
370 onuckBasiu Bhme. OmHako cBOGONHKEIA POCT IPOXOJ-
FKAETCH HENOJT0: YBENWIMBAACH, KPHUCTAIIUKH HAaTaJKA-
BAIOTCA JAPYT Ha APYyra, B MECTaX COIPHKOCHOBEHHA POCT
mpeKpamaercd, W 3aTBepiesliee TEJI0 NOJYYaeT 3epHHC-
Toe crpoenme. Hakpgoe 3epHO — 3TO OTHENBHHE KpHC-
TANIAK, KOTOPOMY He Y[aJdoch HPHHATH CBOEN NpPaBHIb-
HO# (POpMEL.

B 3aBmcMMOCTH OT MHOrMX YCJOBHWiA, W Ipeie BCEro
oT OBICTPOTH OXJAKJAEHAA, TBEPIAOe TEJI0 MOKeT 00JajfaTh
Gonee mam MeHee KPYOHBIMH 3ePHAMH: UeM MeJJIeHHee
oXJa’K[eHme, TeM KpynHee 3epHa. Pasmepn 3epeH Kpmc-
TaIJAAYECKAX TeJ K0Je0AI0OTCH OT MHJUIMOHHOM [JOMW CaH-
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THMETPAa [0 HECKOJbKUX MHIMMeTpoB. B GomsmmmcTae
cIydaeB 3epHUCTOe KPHUCTAJINIECKOe CTPOEHHE MGHKHO
na0aiofatb B MEKpocKon. Teepasie Tena 0oGHYHO HMEROT
TIMEHHO TaKoe MEJKOKPHCTaJINYecKoe CTPOEHHe.

Jlasa TeXHMKH HpeNCTaBAgeT OYeHb GOJBIION HHTEpeC
npounece 3acTeiBaHEA MeTannos. CoGHTHA, mpoHCcXoadmue
OPH JATHE W IPH 3aCTHBAHUH MeTajjia B opMax, QUanKm
HCCJAE[OBAJN UYPE3BHYANHO [EeTATBHO.

Boasme#t wacThio mpm 3aTBEepREBAHUM PACTYT NPeBO-
noX00HNEe MOHOKPWCTANNNKHA, HOCANIME HA3BaHHE JEHA-
puros. B mHHX caydasx AeHAPUTH OPHEHTHPOBAHH Kak
momajo, B APYTUX CjAydasX — IapajjienbHO APYr APYry.

Ha puc. 4.9 norasaum cragam pocta OJHOTO MEHAPHTA.
Ilpu TaxoMm moBefieHMH HEHAPHT MOKET 3apacTH IpeMe,
9eM OH BCTPETATCA C JPYrAM aHaJOTHIHEM. Torma B
OTJIMBKE MH He Hai@feM fenapurtos. CoOHTHA MOrYyT pasBH-
BATHCA W HHAYe: NEHAPHTH MOLYT BCTPETHTHCA M IpoOpac-
TaTh APYT B [Apyra (BEeTKA OXHOTO B MPOMEKYTKHE MEXKIY
BETKaMH JIPYroro), HoKa OHH em[e «MOJOMEI.

Takmm o6pasoM, MOryT BOBHAKHYTH OTJIMBKH, 3epHA
KOTOPHIX (HOKaszamHble Ha puc. 2.22) o6nafaloT caMoi pas-
AUUHOE CTPYKTYypoii. A 0T xapaKTepa 3TOH CTPYKTYphl
CYHmECTBEHHO BaBHCAT CBOMCTBA METAJJIOB. ¥ HPaBIATH
OBeJEeHAEM MeTaJia NPH 3aTBEpP/EBAHUA MOYKHO, MeHAA
CKOPOCTD OXJIAJKJIEHHA H CHCTEMY OTBOJA TeIa.

Temeps moroBopmM 0 TOM, KaK BRPACTHTH KPYIHHIR
O/{HHOUHHIA KpHcTana. flcHo, uro Tpebyercss NPHHATH
MepH K TOMY, 9T00B KpPHCTaiJ POC W3 OJHOTO MecTa.
A ecam yx HadYaj0 pacTH HECKOJBKO KPACTAIJINKOB, TO

Puc. 4.9.
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BO BCAKOM CJIydae HafO CAeJATh TakK, Y100k YCIOBUA POCTA
6HIM GIAaTONPUATHH JBIIB JJIA OJHOr0 U3 HEX.

Bor, manpEMep, Kak NOCTyHaoT OPW BHPAIUBAHUR
KPHCTAJJOB JIETKONJIABKAX MerajinoB. Merann pacmias-
JIAIOT B CTEKJIAHHON MPoGHEpKe ¢ OTTAHYTHM KoHmoM. IIpo-
OUpKy, LOfBEMEHHYI0O HA HATH BHYTPA BOPTHKAJILHON
UUINHIPEYECKON edH, Me[JIeHHO omycKraoT sEN3. OTTARY-
TR KOHEN NOCTENeHHO BHIXONUT W3 HEYA W OXJAaKAAETCH.
Haumpaerca  xpucrannmsanms. Cuavana oGpasyertcs
HECKOJBKO KPHUCTAJLIAKOB, HO T€, KOTOpPHE pPacTyT BGOK,
YOHEPATCA B CTEHKY HpPoOHPKHE M POCT. HX BaMEMJIAETCA.
B 61aronpuATHHX YCIOBESX OKQ’KETCA JUML TOT KPHCTAJ-
JBK, KOTODHU pacTer BAQAb OCH NPOGHDPKH, T. €. B TIy0H
pacuiaasa. Ilo mMepe onyckamus npoGUpKA HOBHE. HOPIEA
pacmiaBa, momajiaomye B 06jacTh HA3KHUX TeMIeparyp,
OynyT «OUTaTh» BTOT ENMHCTBEHHHH Kpuctama. Ilosromy
¥3 BCeX KPHCTAIIWKOB BEUKHEBAeT OH QNHH;.II0 Mepe omy-
.CKaHAs1 NPOOHPKA OH HPOROIIKAET PACTH BAOJIL €e OCH.
B KoHIe KOHMOB BeCh PacHiIaBIEHHR METAJJI 3aCTHBAET
B BHUJe ONHHOYHOTO KPHCTAJIA.

Ta e mpes JIKUT B OCHOBE BHPANWBAHHAA TYTOmIaB-
KAX KpHCTA/LIoB py6mHa. Menkuii mOpPOIMOK BemecTsna
CHILIIOT CTpYyeil wepe3 miaaMsa. IlopommeKY mpH 3TOM mia- .
BATCA; KPOMEYHHE KAOAW Hafal0T HA TYTOIIaBKYIO HOA-
CTaBKY OY€HbL Majiofl IIomajyn, o0pa3ys MHOMKECTBO KpH-
crannukon. Ilpm panspHeiimieM majieHEdAA Kaledh Ha HOJ-
CTaBKY BCE KPHACTAJIAKA PACTYT, HO OMATH-TAKH BHPaCTaET
IWmMbL TOT M3 HEX, KOTODHHA HaXofuTCA B Hambojee BH-
TONHOM IOJIO}KeHAH JJA «OpHeMa» .INajAloMuX Kamenh.

s wero ske HYMHH “PYNHEE KPHCTAJIH?

B kpynHHX OAFHOYHHX KpHCTANIaX JacTO HYmMFawTCH '
IPOMHIIEHNOCTh W HayKa. Doinmoe 3HaueHWe NJAA TeX-
HEKN WMET KPHCTAJJIH CEerHETOBOM COJH HM KBapla,
oGiajaromume 3aMedaTelbHEIM CBOMCTBOM IIPeobpa3oBhi-
BaTh MeXaHmYecKHe JeldcTBHs (HAmpEMep, JaBJEHWEe) B
9JIeKTpAIeCKOe HaNpPAKeHHne.

Onruyeckas TPOMBIIEHHOCTH .HYKAAeTCA B KPYIHEIX
KpHCTaIax KajdblUTa, KaMEHHOH coiud, QI00pHTa ® [p.

Iia 9acopoil .NPOMBIMINIEHHOCTH HY;RHH KPHCTAJIEL
pyOmHOB, Cand®EpoB W HEKOTOPHX [PYTHX AParomeHHBIX
xamueii. Jlexo B TOM, 9TO OTNEABHHE MO BHMKHLIE TACTH
OOHIKHOBOHHHX dYacoB pexawt B-gac o 20.000 xoneGanmii.
Taxaa Gonsmaa Harpyska mpepbaBisier HeOGHYARHO BH-
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COKHe TPeGOBaHUA: K. -Ka4ecTBY KONYAKOB OCel M rommmm-.
nuKoB. Mcrupaume Gyger HaAMEHBIITIM, KOTA3 HOAMMI-
HEKOM [ Konumka- ocm jwamerpom 0,07—0,15 MM cary-
yxar py6un mim cangump. MckycerBennsie KpUCTAIIEL STHX
BemecTs 09eHDH NPOYHEL H-09€Hb MAJO0 HCTUPAIOTCA: CTRIIBIO:
3aMedarenbHO, UTO HCKYCCTBEHHLI® KAMIM . OKa3biBAIOTCHA
OpA 5TOM JyYiie TAKHX ;Ke IPHPORHEIX KaMHei.

Onmako Ham(osbInee- 3HAYEHHE AJA NPOMEIILICHHOCTH
AMEeT BHIPAIUBAHEE MOHOKDHECT3JJIOB IOJYHPOBOAHH-
KOB — KPEMHHsI ¥ TepMaHHms.

BJIUAHUE JABJEHUHA HA TEMIIEPATYPY
IJIABJIEHUA

Ecan u3MeHnTH 1aBACHEE, TO IBMEHATCH M TEMHEDATY Pa
mnapiaenus. G Taxeil. ke 3aKOHOMEPHOCTHIO MBI .BCTpeda~
NHCH, KOTJa rOBOPHENA o Kunendw. Yem Goapnie gasienne,
TeM BHIIE TeMOepaTypa. KmmeHmsa. Haxk mpasmio, 2To
BepHo ® A nnasiaenms. Opmako mMeercs . HeGosmmoe
YACHO BEMIECTB, KOTOpHE BeAyT ce0si AaHOMANBHO: UX. TeM-
meparypa IJIABJIEHAH YMEHLINAeTCA C YBOJIAYCHHEM JaB-
JneHnA.

Heno 8 ToM, 9T0 mopasaAimee GONBMUHCTBO TBEPIAKIX
TeJ IIIOTHEe CBORX ;KEAKocTell. Mckaiouenne n3 -sToro npa-
BHJIA. COCTaBAAIOT KaK pas Te BeIMEecTBA, TeMIeparypa.
TIJAABIEHAH KOTODHX M3MEHAETCA IIPU HMSMEHeHHH jlaBie-
HASA He COBCOM 00wYHO, Hampumep. Boxa. Jlex. serde Bomw,
H:TeMHePaATYypa NJIaBIGHAs Jba DOHMKAETCS DpH BO3pac-
TAHWHM. JABJCHUAA..

Caatme cmocoGersyer- o0pasopanmio Gojiee MIOTHOTO
cocToAnusn. Eciax TBepaoe Teno- OIOTHEe - JKALKOTO, TO
CHKATHE MOMOTAET 3aTBEPEBAHAIO. I MeNaeT ILIABJICHUIO.
Ho: ecnm . nnasnenne 3aTpyAHAETCA CIKATHAM, TO. 3TO- 3HA-
YAT, YTO: BEHIECTEO OCTAETCs TBEPAHIM, TOTKA KaK pPaHbie
NpH 3T0# TemMuepaType OHO y)Ke IAABAIOCH OH, T. e. mpH
YBEAWYOHUA [ABJCHHAA  TeMIEPATypa IIABJCHHSI pacTer.
B anoManbnOoM caydae. AUIKOCTH MJIGTHE®: TBEPHOLO. TEla,,
¥ - JaBJIeHHe [OMOraer oGpasoBaHUI0 JKHJKOCTH, T. €.
NOAKAET . TeMEEPATYPY  IAABICHAA.

Bamauune papjenns Ha. TeMIEpPATypy IJaBAEHUA MHOTO
MeHBIIe ARAJORHRHOTO 3(deKTa NIA KUNeHAA. Y BeJIRTeHAe
naBienns. Gonee wem ma:;100-krc/cM? nonmmaer Temmepa-
TYpy nuaasienma abjga na 1°C.
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[louemy ke KOHBKH CKOJB3AT TOJBKO HO JBLY, HO HE
0o C¢TOJb ke IJIaJKOMYy mapKeTy? Bmpaumo, eqWHCTBEHHOE
oO0bsicHeHHe — 3T0 o0pasoBaHme BOIBI, KOTOpAsg CMAa3H-
BaeT KoHeK. UTo0b IOHATHL BO3HUKIIEE IPOTHBOPEUHE,
HY’KHO BCIOMHHATH CJEAYIOMee: TYIHEe KOHBKH CKOJB3HAT
oo JIBAY 09eHb II0X0. HOHBKE Ham0 3aTOYHTH, YTO0H OHHU
pesanz sexn. B sTtoM ciaywae Ha nej faBUT AAMIb OCTPHE
KPOMKH KOHBbKAa. [laBiennma Ha Jef MOCTUralT [ECATKOB
THICAY aTMOC(ep, Jefl Bce-TaKH IJIABHTCH.

VICIAPEHUWE TBEPJBIX TEJI

Horga roBopAT «BemecTBO HCHAPAETCA», TO OOHYHO
moJpa3yMeBalT, 4T0 HCOapsAeTcs KEAKocTb. Ho Tsepane
TeJia TOKe MOryT mcnaparbesa. WHorna mcoapeHne TBepabix
TeJl Ha3HBAIOT BO3TOHKOM.

Wcnapsaomummess TBepANM TeJOM ABIAGTCA, HAIPHMEP,
Hagramma. Hadranmu nnasmtcsa npm 80°C, a mcmapserca
OpE KOMHATHOX Temmeparype. VMenno ato cBoiicTBO Had-
TAQJWHA H I03BOJIAET IPHMEHATH €ro AJA HucTpebaenms
MOJIH.

MexoBaa my6a, 3achimanHasg Ha@TaIAHOM, IPOIHTH-
Baerca mapamMm HadrammHa W co3maer atMocdepy, Ko-
TOPY MOIb He BHHOCHT. Besikoe nmaxmymiee TBepEoe Belme-
CTBO BOSTOHAETCA B 3HAUMTENBHOW cTemend. Bexp samax
CO30AeTCA MOJIeKYJAaMHA, OTOPBABIIMMECA OT BemEecTsa o
mocTErmuME Hamero Hoca. OpgHako Gojiee 9aCTH CiayuaH,
KOT[Ia BemeCTBO BO3TOHAETCA B HE3HAYATEJBHOHW CTelleHd,
WHOIZla B TaKoil, KOTOpasg He MOKeT OBITH OO0HAapy:KeHa
Ha)ke QUEeHDH TIMATENbHHIMH WCCAefOBAaHAAMA. B mpmmmumme
moGoe TBepoe BemecTBo (EMEHHO Ji00oe, Jare 3Kene3o
il Mepip) memapsieTcsa. Ecam Mbi He oOHapy:KEBaeM BO3-
FOHKH, TO 9TO 3HAYAT JIAIIG, YTO IJIOTHOCTH HACHIIAIONIETr0
papa o4eHb HE3HAYHTEJBHA.

Moxuo y0eqaThCs B TOM, 9TO PAM BEMECTB, AMEOIMAX
OCTpHI# 3amax IpPm KOMHATHOH# TeMmMmeparype, TepseT ero
IpH HHU3KOH.

IInoTHOCTD HACHIEHHOTO Iapa, HAXOXAINEIOCA B paB-
HOBECHH C TBEPHLIM TeJoM, OBICTPO PacCTeT ¢ yBEJHICHHEM
TeMuepaTypu. ITO IOBEJeHWe Mbl HPOHIAIIOCTPHPOBAIA
KPHBOH i Ibjia, DoKa3auHo# Ha puc. 4.10. [Ipaspa, aex
HE DaxHer...
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CymecTBeHHO yBONMYATh IUIOTHOCTH HACHIIEHHOTO
mapa TBEPAOro Tejia B GOJBIIMHCTBE CJIYy9aes HEIAb3A IO
IpOCTOl OpWYWHE — BEMECTBO DAHBOI® PACILIABATCA.

Ucnapsiercs m jgea. 910 XO0pOmO 3HAKT JOMAIIHHAe
XO03sIHKHA, KOTOPHIE B MOPO3H BHBEIIABAIOT CYIMIATL MOKPOE
Genve. Boma cmawana samepsaer, a 3aTeM Jie] HCHapAeET-
csl, B Gejpe OKa3BIBAETCH CYXHUM.

TPOUHAA TOUKA

Nrak, aMe0TCcA yCi0BEA, IPA KOTOPHX HAp, JKEAKOCTD
A KPHCTALI MOTYT HONapHO CYIMECTBOBATH B PaBHOBECHH.
MoryT in HaXOAHUTHCS B PAaBHOBECHH BCE TPU COCTOAHHA?
Takas TouKa HA [gmarpaMMe [aBlIeHHMe — TeMOepaTypa
cymecTByer, ee HadmBalor Tpoiimoit. 'me oma mHaxommrcsa?

Ecnm moMecTHTh B 3aKPHTHIE COCY[ IpH HyJe Tpagy-
COB BOAY C IJIABAIOMEM JBIOM, TO B CBOGOLHOE IPOCTPaH-
CTBO HAYHYT IOCTYIATh BOAAHHE (X «Ieanke») maps. [lpm
JaBjieHNE mapos 4,6 MM pT. CT. HMCIapeHHe HmPEKpaTHTCA,
¥ HAYHOTCA HACHmeHme. Temepb TpH ¢asu — Jem, Boga
n nap — OYAYT B COCTOSHEA PaBHOBECHA. ITO H eCTh TPOii-
Hasg TOYKA.
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CooTHOmeHNA ME/KAY pPAa3iIWYHBIMA COCTOAHHSAMHE Ha-
THAJHO W OTYETIMBO IIOKA3LIBAET AHATPAMMA JJIA BOJH,
ngo0parkeHuas Ha pmc. 4.11.

Taxylo nmarpaMmy MOKHO HOCTPOMTH AJs Ji000TO0 Teaa.

Hpusrre Ha pEcyHKe HaM 3HAKOMEI — 9TO KPHBHE paB-
HOBeCHA MEKAY JBbIOM H HAapoM, JbAOM H BOLOH, BOROM
n napom. [lo Beprmkanm, Kak oOLIMHO, OTKIAfEBAETCS
FiaBlicHAe, IO TOPM30HTAIA — TeMIEepaTypa.

Tpm KpmBHe HepeceKaloTcsi B TPONHON TOYKE M JNEJIAT
fE@arpaMMy Ha TpH 00JacTH — ;KESHEHHHS IPACTPAHCTBA
UB/id, BOAH W BOOAHOTO mapa.

JlmarpaMma COCTOSHMs — 3TO C;KAaTHE CIPaBOYHHK.

Ee mear — pmaTk 0TBeT Ha BOHpPOC, KaKoe COCTOSHHE Tela
YCTOHINBO NPH TAKOM-TO JABIEHVA H TAKOH-TO Temmepa-
Type.
" Etam B ycaoBus «ieBoit 001acTH» IOMECTATH BONY AIHA
¥ap, TO OHA. CTAHYT JbioM. Ecam B «HmKHIOO 061acTh»
BHECTH. ’KEFKOCTR WA TBEpAQe TEN0, TO HOJYYHTCA Tap.
B: «upaBait o6nactmy map GyAeT KOHJEHCHPOBATHCH, & Jel
TAABUTHCA, )

JmarpaMma cymecTBOBaHMWS (ja3 HO3BOJAET CPasy e
"OTRETHTH, 9YTO MPOHM30M/ET C BeMECTBOM IPH HATPeBaHUH
manm gpu c;karad. Harpesanme npn HemaMenHOM faBleHAN
m3o0pasuTcd Ha [UarpaMMe TOPH30OHTAJNIBHON JWMEHHEH.
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Bpoap 5Tol JMHEAW CJI€BA HALPABO JABMMKETCA TOUKA, H300~
pajkalomasi COCTOSHHe Teja.

Ha pucyHke M300pasieHH fiBé TAKUe JUHHUH, OfHA W3
HOAX — DTO HAIPEBAHME DU HOPMAJILHOM JlaBieHud. Jlaums
ne;kET BHme TpoitHo# Toukm. IlosTroMy oma mepeceger
CHAUaJila KPHBYI0 NJAaBIGHHWS, a 3aTeM, 3a HPeAeNaMH
gepTeKa, ¥ KPHBYIO HcmapeH:mA. Jleg Ipm HOpMaJabHOM
faBiaeHHWE pacmiapmTcsa mpu temmeparype 0°C, a obpaso-
paBmasgca Boja sakmmuT mpu 100°C.

WNnaue Gyger o6cTOATH QOO JasA NbAA, HarpeBaeMoOro
Opu OdYeHb HEGOJBIIOM [ABJIEHHH, CKaykeM, JyTh HIDKe
5 MM pr. cr. Ilpomecc HarpeBamusi m3o0pasmrca IHHHAEH,
gaymei HmKe TpoiiHO# Toukm. Kpupme IjapieHdda H
KHIIeHUA He IepeceKaiorca sTod aunmeil. Ilpm takoM He-
SHAYHTEJHHOM [ABJIGHHH HarpeBaln¢ NOp@BEReT K Hemo-
CPEeACTBeHHOMY IePeXoAy JIbfa B map.

Ha pmc. 4.12 sra e amarpaMva IOKA3HBaeT, KaKoe
MHTEpPECHOe ABJEHEEe NPOH20iifler UPH CKATAH BOJAHOTO .
napa B COCTOSIHHE, HOMPYeHHOM HA PHCYHKe KPECTHKOM.
CHavama map mpeBpaTATCA B JIeH, a 3aTeM PACIIABHTCA.
Pucynox nmo3soisieT TyT jKe CKazaTh, OPH KaKOM [aBICHHAA
HAYHETCA POCT KPUCTANNA H KOT/a NPOM30ier miaBieHne.

JlmarpaMMH COCTOAHHUSA BCEX BEMIECTB IOXOKH OJHA Ha
Apyryo. Beapmue, ¢ JKATeACKOH TOYKY 3PEHEs, PABTHIUS
BO3HEKAIOT W3-32 TOTO, UTO MECTO HAXOKIEHWSA TPOHHOIL
TOYKM Ha JHarpaMMe MO)KeT OHTh y PasHEX BEMIECTB CAMBIM
Pa3IAIHEIM.

Begp MH cymecTsyeM BOIH3H «HOPMAJLHBIX yc.nonnn»,.
T. €. mpeskfe BCero mpH JaBjeHun, GIM3KOM K OIHOH aTMo-
cepe. Kax pacmonosxena Tpoiimasg TouKa BemecTBa IO
OTHOIMEHHIO K JWHEA HOP-
MaxbHOTO faBuenma — mus | PA
HAC 0YeHB .CYIIeCTBEHHO.

Ecam paBnemue B Tpoii-
HOH TOYKe MeHbIE AaTMo-
cdepuore, To. AIA HAC, HKH-
BYMHX B (HOPMAaJbHHX» yC-
JIOBHAX, BOIIECTBO OTHOCHT-
ca K naasamumca. Ilpm
HOBHIUICHHH  TEMIEPATYPH
OHO CHAYajia IpeBpamaeTcsa
B JKHAKOCTH, a IOTOM 3aKu-
naert. Pac. 4.42.

A; ‘BOTA
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B of6paTHOM cly4ae — KOTAa JaBJeHWEe B TPOiHOI
TOYKe BHIIE aTMOCPEPHOr0 — MH [pA HATPEBAHAH He
YBHUAAM JKHIKOCTH, TBEPHOE BemecTBO GymeT HPAMO IIpe-
BpamaTthcsa B map. Tak Beger cebGa «cyxoit aen», YT0 09€Hb
yHoOHO s IPOAABIOB MOpPOKeHoro. BpruKeTH MOpPOMKEHO-
TO MOMKHO NEPEKJAfibiBaTh KYCKAMH «CYXOro AbJia» H He
6oATHCA IPH 3TOM, 4TO MOpO}KeHOe cTaHer MOKpHIM. «Cy-
XO0# jemn» — a10 TBEpAHi yriexmcarit ras CO,. Tpoitnas
TOYKA 3TOT0 BemecTsa Ae:xdT npu 73 atMm. [losroMy mpm
Harpesanmm TBepporo CO, Touka, m3o6paskalomas ero
COCTOsIHEE, [BEJKETCA II0 TOPH30HTANH, NepeceKalomei
TOJBKO JIHIIL KPABYIO ECHAPEHHAA TBEPROTO Tejia (Tak ke,
Kak H s OGHYHOrO Iba IPH AABIGHAA OKOIO O MM
PT. cT.). -

Mu y:ke pacckaszaid YHTATENI0, KAKAM 00pa3oM ompe-
JIeNACTCA OJIMH TPajiyC TeMIePaTypPH 1O MKaje Heabbuna,
unm, Kak Tpedyer ceityac rosopurh cucrema CH,— opmm
xenppEH. OnHako peYp MUIA O NPHHIAIE ONpeReJeHWs
Temneparyph. He BCe HHCTHTYTH MeTpoJorum o6aafaioT
HeanbHHIMA Tra3oBuiME TepMoMerpamu. [loatomMy mkany
TeMIepaTypsl CTPOAT C IOMOINGI0 (WKCHPOBAHHHIX IpH-
POoi TOYEK PABHOBECHA MEK/y Pa3HRIMH COCTOAHEAME
BemecTsa.

Ocofyo poap mpu 3TOM WrpaeT TPoiHAS TOUKA BOJIH.
T'panyc HKenwnsmma ompemeasior ceivac kak 273,16-10
4YacTh TEPMOAMHAMMYECKOA TeMIEpaTyph TPOHHOH TOUKHA
BO#e. TpoiiHassh TOYKA KHCIOpPOfAa HNPHHATA PpPABHOR
54,361 K. Temmeparypa 3aTsepiieBaHWs 30J10Ta IOJOKEHA
pasuoit 1337,58 K. Ilonsaysach sTHMM pemepHEIMH TOY-
KaMd, MOYKHO TOYHO OTIpPajyHpoBaTh JW060# TepMoMerp.

OOHN U TE IHE ATOMBI, HO... PASHLIE
KPHUCTAJLJIBI

Yepuuid MaTOBH# MArKail rpaguT, KOTOPHIM MH NH-
meM, W OnecTAmuii NpPO3pavHLIl, TBEpPAHH, peRYmMHN
CTEKJI0 ajIMa3 IMOCTPOCHH U3 ONHAX W TEX jKe aTOMOB yrIJie-
pona. Ilouemy e Tak pasamuHH CBOiCTBA 9THX JIBYX
OJAMHAKOBHX II0 COCTaBY BEINECTB?

Bcoomunre pemeTky ciaouncroro rpadumra, RasKAbd aToM
KOTOpOro mMeeT Tpex OamRalmuX cocefieil, W pemeTKy
anMasa, aToM KOTOPOTO HMMeeT 4eTHpex Ommmaimax co-
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cegeil. Ha stoM mopumepe OT9eTNIHBO BUANO, 9TO CBOMCTRA
KPUMCTAJJIOB ONPEAENAIOTCA B3AaMMHBIM PACIOI0:KeHHeM
aToMoB. M3 rpadura fenaloT OTHEYNOpPHEIE THIIHU, BHIEp-
JRUBAOINUe TeMIePaTypy O ABYX-TPeX THCAY TPafycos, a
ammMas ropur npm temmeparype seime 700°C; maotmocts
aamasa 3,9, a rpagura — 2,3; rpaguT NPOBOIUT ITEKTPH-
4eCcKMiA TOK, aIMa3 — He IPOBOAHT, W T. H.

dtoit 0c00EHHOCTHIO JABATH pasHhe KPHCTAIIB 06-
nagaer He TOAbKO yraepox. Ilournm kaskmpil XmMMEdYecKwmit
3JEMEHT, ¥ He TOJBKO 3;JIeMEHT, HO U J000e XMMHYecKoe
BEMIeCTBO, MOKET CYINECTBOBATH B HECKOJBKHUX pPa3HOBHJ-
HOCTAX. JI3BeCTHO mMeCTh PABHOBHAHOCTEH IBAA, JAEBATH
pPasHOBHAHOCTEH CepHl, 9eTHpe pPa3noBHAHOCTH sKelesa.

ObGcy:kmad gmarpaMMy COCTOSHHA, MHB HE TOBOPHIHN
0 Pa3HHX THNAX KPHCTAJJIOB H [APHCOBAJIA EIHHYI0 00-
aacTh TBeproro Texa. A arta o6aacTh 1A O0YeHb MHOTHX
BEMECTB JeNNTCA HA YYACTKHE, KA’KIbIA W3 KOTOPHX COOT-
BETCTBYET ONPENeJIEHHOMY «COPTY» TBEpAOro Teja HJH,
KaK roBOPAT, OMpellejeHHO#l TBepnoil dase (ompexesenHox
KPHCTAJIIMYeCKOR MOJH$HKanmn).

Kaszmas xpucranamueckas ¢asa mMeer CBOIO 00JacTh
YCTOHYHBOIO COCTOAHHA, OIPAHNYEHHYIO OIpeJeeHHbIM
HHTEPBAJIOM AaBIeHUH H TeMImepaTyp. 3aKOHH HpeBpamie-
HUSA OHOW KPHCTAJJINYeCKOH Pa3HOBHJHOCTH B APYIyH —
TaKHe jKe, KaK 3aKOHH IJIaBJeHHWS W HCIAPEHHS.

Jlns KaKmoro JaBJeHAA MO'KHO yKasaTh TeMIOeparypy,
OpU KOTOpo# ofa THIa KpuCTaiioB GYAyT MHUPHO COCyHe-
CTBOBAThH. KCJIM NOBHCHTH TEMIEpaTypy, KPUCTAMI OTHOTO
BHa GyjeT npeBpamaThCA B KPECTALI BTOpOro Bufa. Ecan
IIOHUBUTH TEMIEPATypy, TO Ipou3oifeT ofpaTHoe mpespa-
LIeHHe.

Uro6s mpu HOPMaJBHOM JABIEHUHE KpacHasg cepa mpe-
BPaTHNach B JKEITYI0, Hy:mHaA Temmepatypa Hmxe 110°C.
Beimme sTofi TemMmepaTyphl, BOMIOTH [0 TOYKHE IJIABJEHHA,
YCTOHYHMB HOPAJOK PACHONOKEHUA ATOMOB, CBONCTBEHHHIA
KpacHoii cepe. Temmeparypa mnapmaer,— Konebamua aro-
MOB yMeHpmaloTcs, H, Haumaaa co 110°C, npmpona
Haxoautr Oosee ymoOHBIA IOPAMOK pACHOJOMKEHHA aTo-
MoB. Ilpomcxopur mpeBpamenme OfHOTO KpPHCTadIa B
APYyToi.

IllecTm pasHBIM aAbgaM HHKTO He IPH[YMHIBAJ Ha3Ba-
HEd. Tak ¥ roopsr: Jex OoguWH, Jef, ABa, ..., JeJ CeMb.
Kax jxe cemp, ecim Bcero mects pasHoBmpgHocteit? [lemo
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B TOM, YTo JeJi 9eTHPe NpPH NOBTOPHHX ONMEITAX He 00HA-
PYIKeH.

Ecam c:xoMaTs BOQY TPH TeMIepaType OKOJNO HYJs,
To npu fasienn: okoiao 2000 arM obpasyercA nex HATH,
a npm jaBiaeHn: okono 6000 atM — ;ex mecrs. .

Jlen nBa m neq TPH yCTOWYMBH Ipu TeMIepaTypax HUKe
HYJA TPajfycoB.

Jlen ceMp — rops4mit Jex; OH BO3HHKAET NPH CKATHA
ropsageil Bomsl 1o AaBueHmit okoxo 20 000 atm.

Bce npmm, kpoMe ob6ngHOrO, TA)Kedee BORH. Jlef,
nonydaromuiic NP HOPMAaJdbHHX YCIOBHAX, Befer ceba
AHOMaNbHO; HA00OPOT, Jiel, HONYYeHHHH HOPH YCIOBHAX,
OTAWYHKX OT HOPMHI, BefieT ce6sA HOPMalbHO.

Mu roBopmM, 4T0 KajKIoil KpPHCTAANMYECKOH Mopmudm-
Kanue CBOMCTBEHHA OIpefeaeHHas o0gacTh CYMECTBOBA-
nua. Ho ecam Tak, To kKakmMm sxe o6pa3zoM CymMeECTBYIOT
NpA OAMHAKOBHX YCHOBHAX TpadHUT ® amMas?

Takoe «Ge3saKkoHme» B MHpe KPHACTAJIOB BCTPEUAETCHA
OYeHb 9acTO. YMEHHUe JKUTb B «AYKHAX» YCIOBHAX A KpH-
CTaJLI0B ABAAETCHA TOYTH NpasBmioM. Ecnm nna mepesoxa
mapa MM JKANKOCTA B UYy:Kme 006/acTd Cym{ecTBOBaHUA
NPUXONETCA HPHOEraTh K pAa3JHYHBEIM YXUOIPEHHAM, TO
KpHUCTaNd, HANPOTHB, MOYTH HEUKOTJA He YHaeTca 3a-
CT4BATh OCTATECA B TPAHUIAX, OTBEIEHHHX emy IIpH-
poxoii.

IeperpeBn m mepeoxja’kJeHns KPHUCTALIOB 00BACHA-
10TCA TPYZHOCTHIO IPeo0pa3oBaHusa OJHOTO HOPANIKA B APY-
Toil B ycaoBmax KpaitHeit Tecuorn. fHeamrasa cepa pomx-
ra npm 95,5°C npespamarscs B KpacHylo. Ilpm Gomee
mIl MeHee GHICTPOM HATPeBAHAN MHEl (IPOCKOYHMY 3TY
TOYKY IpeBpAalleHHA W JOBENeM TeMIepaTypy A0 TOYKH
naasnenns cepsr 113°C.

Hcrmnnyo TemmepaTypy IpeBpamieHAss DPOINE BCETro
0GHADY/KHTH MPH CONPHKOCHOBEHIH KPHUCTAIIHKOB. Ecan
UX TECHO BAJIOKHTH OJIMH HA XPYIOil W MON/IEPHKUBATH TeM-
meparypy 96°C, to smearmit 6yne1~ ChelleH KPaCHHM, a
upnr 95°C sxenTHil HOTIOTHT KpacHK#A. B oraugme or nepe-
XOJla «KPACTAN — KAMKOCTHY HPEBPAINEHAsA «KPUCTAN —
KPUCTAJLNY 3aMeDP/KEBAIOTCA OOBYHO KAK IPHA- MEPEOXJIark-
JIeHUdA, TAK ¥ IPHW Ieperpese.

B HeKOTOPHX cayuasxX Mbl EMeeM [eJO -C TAKEMH CO-
C€TOSHUAME BEIECTBA, KOTOPHM 0B IOJArakoch JKUTH COB-
ceM Ipm ApPYrAX TeMoeparypax.
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Beisioe 0710BO [0/)KHO HPEBPATHTHCA B CEPOe HPH ma-
nennm temuepatype fo +13°C. Mu oGnumo mMeeM neno
¢ GelEIM 0J0BOM W 3HaeM, 9TO 3HMOH ¢ HAM HHYero He Je-
naerca. OHO IPEBOCXONHO BHIAEP/KEBACT NEPEOXNAKIOHHA
B 20—30 rpagycoB. OnHako B yCIOBHAX CYpOBO# 3MMH
Gemoe oJoBo npespamaercs B cepoe. Heamamme sroro
dakra OHIO OgHEM M3 ODCTOATENBCTB, NOTYOMBIIMX BKC-
negurnio Crorra Ha IOsmmmit momioc (1912 r.). Mwmpakoe
TONJIZBO, B3fTOE SKCHERHIIHeli, HAXONAIOCHh B COCYAaX,
magHHEHX ojopoM. Ilpm Gonpmmx Xxoaopmax Gesoe 0JI0BO
OpeBpaTHIOCh B CEPHE MOPOMOK — COCYAH pPacHasIHCh,
u romauBo BEuIMIOch. Hemapom mosiBnenme cepux maTen
Ha 0eJoM 0JI0Be HA3HBAIOT OJIOBAHHON TyMOI.

Tax ke, Kak # B CiIy4ae cepsl, Geyioe 0J10B0 MOsKeT GHTE
mpeBpamleHO B Cepoe Ipm TeMmeparype Iyrh mmke 13°C,
€CJIH TOJNBKO HAa OJIOBAHHHIA IpefMeT HOIAfeT KPONIeUHas
KPYUHHKA Cepoil PasHOBHIHOCTH.

CymecTBoBaHA® HEeCKONBKAX PasHOBAKHOCTERE OfHOrO
Z TOTO Ke BEIECTBA M 33a/IeP/KKH B NX B3aAMHHX IIpeBpa-
meHnAX WMelOT OrPOMHOEe 3Ha49eHWe JJIA TeXHEKH.

IIpn KoMHaTHO# TeMmepaType aTOMH jKelesa o0pasyoT
KyOmuecKy0 00beMHONEHTPAPOBAHAYI0 PemeTKy, B KOTO-
poil aToMH 3aHAMAIOT MecTa II0 BepHMIMHAM I B IIEHTpe Ky6a.
Kasxpnriit atom umeer 8 coceneir. Ilpa Bricoxoit remmeparype
aToOMH jkene3a oGpasyiorT Gojee MIOTHYIO «YyHaKOBKY» —
KaKIei arom mMeer 12 coceneir. #Heaeso ¢ gmemom coce-
Ae#l 8 — MArKoe, Reneso ¢ gucaoM cocefelt 12 — teppoe.
OxasniBaeTcsi, MOKHO IIOJYYATH >Keje30 BTOPOrO THIA
Ipu KOMHATHO® TeMmeparype. ITOT coco0 — 3aKajdKa —
MAPOKO HpPUMeHSETcH B MeTaJIypréd.

ITpomssoamrca 3akajka BeCbMa .IIPOCTO — METAJIW-
9eCKHil mpefiMeT pacKaasiOT JOKpacHa, a 3aTeM OpocaioT
B BoAy uam B Macyao. Oxnakiense mpoucXofuT Tak GHCTPO,
9TO IpeBpameHWe CTPYKTYPH, YCTOMYMBO# IPH BHICOKOH
TeMIlepaType, He ychesaer mpoumsoiiTe. Takmm oGpasom,
BHICOKOTEMIEPaTypHasaA CTPYKTypa OyAeT HeOTrPaHTIEHHO
JOIr0 CyMeCTBOBATh B HECBOMCTBEHHHX 6 YCIOBHAX:
IepeKPHUCTANN3ANAA B YCTOMIMBYIO CTPYKTYPY HOeT Ha-
CTOJABKO Me[JIeHHO, YTO HPaKTEIeCKM He3aMeTHA.

ToBopsa o 3araKe sKelne3a, M5l OHIIN He BIONHES TOTIHH.
3akanAoT cTanb, T. e. jKeNe30, COfepKamee JOMH HpO-
meHTa yruepofia. Hanmume coBceM MaikX mpmMecei yrie-
pozja 3ajep;kUBaeT IpeBpameHue TBePHOTO eje3a B MAT-
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KOe W II03BOJIAET IIPOH3BO-
OATH 3aKaJKy. UTo e Ka-
caercsa COBCeM THCTOIO JKe-
ne3a, TO ero 3aKaJHMTh He
yraercsi — IpeBpalleHHe
CTPYKTYPH yCIEBaeT IPOH-
30UTH f[ake IpPH CaMOM pes-
KOM OXJIQK/(eHHAU.

B zaBmemmocTE OT BHAA
| AmarpaMMH COCTOSIHAA, Me-
L___0 1000 3000 5000 T, K| HAA [aBleHUe WJIH TeMIe-

Pue. 4.13. paTypy, HOCTHraIOT TeX HJIH

HHEX HpeBpamieHHi.

Msuorme npespameHas KpHcraaia B Kpucrania Habmio-
MAlTCA OPH H3MEHEeHHM OJHOTO JUAMb JaBieHEs. Tarmm
cnoco6oM OHI moaydeH dYepHH docdop.

IIpesparuTs rpaduT B a1Ma3 yAaa0Ch, JAME ACTIONB3Y
OJHOBPEMEHHO W BHICOKYIO TeMmeparypy, # Goxbmmoe
nasnenne. Ha pmc. 4.13 moxasama nmarpaMMa COCTOAHHSA
yraepopa. Ilpu faBieHHAX HmKe JeCATH THCAY aTMocdep
n npu Temneparypax mMensme 4000 K ycroitamBoit Moxudm-
ranmeit asnaerca rpagmr. Taxam oGpasoM, anMma3 KUBET

«IY;KHX» YCJOBHAX, IOdTOMy ero 0Oes ocoboro Tpyaa
MOKHO npespaTuTh B rpagmr. Ho mpakTmueckuil mHTEpec
npescTaBiser obpaTHan 3afada. OcymecTBHTH IpeBpamie-
mHe rpaduTa B aIMa3 He yRaeTcsA OfHUM JHIIb HOBHIIIEHAEM
napirennsa. Da3zoBoe IpeBpamieHne B TBEPAOM COCTOSHHE

ujeT, BHUAUMO, dYepecdyp MejieHHo. Bupy amarpaMmu
COCTOAHMA IOJCKA3HBAeT IPaBAJbHO® pelleHre: yBesn-
9UTH JaBJEHEE W OJHOBPEMEHHO HATPeTb. Torpa mbr moay-
ggM (HpaBHA yroa KHArpaMMH) pacHiaBJeHIH yTaepon.
Oxnampgad ero OpE BHCOKOM NaBJIEHHHA, MBI JOJKHKEL IO-
macTb B 06iacTh aiMasa.

TIpakTHYeCKas BO3MOMKHOCTD mOZ0GHOrO Ipotecca Gbia
mokasana B 1955 ., a B HACTOAMee BpeMH npoGieMa cud-
TaeTCA TeXHAYECKHA DemeHHOH.

£
10°
10
10¢
10?
10*
10

VIUBUTEJBHAA MUIKOCTH

Ecan noHmxaTs TeMIepaTypy Tesaa, To PaHO WJIH IO3THO
OHO 3aTBepfeer W HpmobpeTeT KPHCTAIIAYECKYIO CTPYK-
Typy. IIpE sTOM Ge3pasimuno, IPW KAKOM NaBJEHAH IIPO-
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HCXONHT OXJa<eHHe. JT0 OOCTOATENECTBO KaXKOTCA Co-
BEpIICHHO €CTeCTBEHHHIM M NOHATHHIM C TOYKH 3PeHHSA 3a-
KOHOB (H3HKM, C HKOTODHIMH MHl YiKe HO3HAKOMHJINCH.
IeiicTBATENBHO, MOHUKAA TeMIEPaTypy, MBI yMeHbIIaeMm
‘AHTeHCHBHOCTH TEILIOBOrO JBH:KeHHs. Horja JBHiKeHnwme
MOJeKyJ CTaHeT HAaCTOJBKO ¢JAOHIM, UTO yiKe IepecTaHeT
MeniaTh CHJIaM B3aUMOJEHACTBHA MEXJY HEMH, MOJEKYJIH
BHICTPOATCA B AKKyPaTHOM IOpAfKe — 06pasylT Kpmc-
rana. JlanpHeiimee oxaa;kneHme 3a6epeT OT MOJIEKYJ BCIO
BHEPI'UI0 UX ABU/KEHWsA, M IPH aGCONIOTHOM HYJe BemecTBo
HOJKHO CYIIeCTBOBATh B BHAE NIOKOAMMXCA MOJEKYIH,
PACIOJIOKEHHEIX B OPABHJIBHYIO PpemleTKy.

OnmniT IOKA3HIBAET, 9TO TAKEM 06pa3oM BegyT ceGA Bce
pemecTsa. Bcee, KPOME OJIHOT0-€e/IUHCTBEHHOr0: TAKAM «ypo—
AOM» ABJIAETCA TeNHid.

Hexotopsie cBeienns o renun MBI yike coodmunm 9nTa-
reqo. lenuit sBNAeTcA PeKOPACMEHOM IO 3HAYEHMIO CBOeld
KpHTHYeCKo# TeMmepaTyph. Hm ofHo BemecTBo He mMeerT
KPUTHUeCKO# Temmepatypsl Gosiee HE3Koit, deM 4,3 K.
Opnaxo cam mo cefe 3TOT peKopj He o3Hadaer gero-iuGo
ynusurensHoro. IlopasmrensHo fgpyroe: oxjampas rendi
HIie KPUTHYECKOH TeMHepaTypH, [0o0PaBIINCH NpPAKTHIE-
CK¥ 10 abCoJIOTHOro HYJA, ME He IOJYYHM TBEPHOTO re-
ausa. Teauit ocraerca ;KugKUM # mpu abCONIOTHOM HYIIe.

IoBenenue resms coBepuIeHHO He O0'BACHHMO C TOYKHU
3DeHNs N3J0KeHHHX HAMMA 32KOHOB JBIKEHHA N ABIAETCH
OJIHEM H3 IPH3HAKOB OTDAHMUEHHOH TOJIHOCTH TAKHX 3aKO-
HOB NPHPOAH, KOTOPHE KAa3alNCh YHWBEPCAJBHHIMH.

Ecau reno sxupKoe, TO ero aToMbl HaXOJATCA B [BUsE-
Hnn. Ho Begp, oxiapms Temo [o abCoJIIOTHOTO HYJA, MBI
OTHSAJIN y HEro BCIO DHEPIUI0 ABWKeHHs. IIpuxoaurca mpm-
31aTh, 4TO y reJlWs HMeeTcAd TaKasd JHepPrus [BIKEHUSA,
KOTOpas He MoKeT OBITh OTHATA. JTO 3aKIIOUEHHE HECOB-
MeCTHMO ¢ MEeXaHHKOH, KOTOPOH MBI 3aHHMMAJNCh OO CHX
mop. CornacHo 9T0it H3y9eHHOH HaMO MeXaHHKe, JBHKe-
HEe TeJla BCerJa MOKHO 3aTOPMO3UTH A0 IIOJHOH OCTAHOB-
KM, OTHSIB ¥ HEro BCI0 KHHETHIECKYIO 9HEPTHUIO; TaKKe T0U-
HO MOJKHO TPEKpPaTHTh [BH;KeHHe MOJIeKysa, oro0pas
Y HEX 3HePTHI0 IPA CTOJTKHOBEIHH CO CTeHKAMH OXJasK-
zaemMoro cocyma. [ms renmsa Takag MeXaHHKa SBHO He
OOAXO/NT.

«CTpanHoe» moBejeHWe Treids HABIAETCA YHKa3aHUEM
Ha (aKT OTPOMHON BayKHOCTH. MHE BIepBEIe BCTDETHIINCH
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¢ HEBO3MO;KIOCTHI0 NPHAMeHEHAA B MAPE® aTOMOB OCHOBHBIX
3aKOHOB MEXaHWKH, YCTAHOBJEHHHX HENOCPEACTBEHHLIM
H3yYeHneM [BUKeHHS BH[EMHEX TeJ,— 3aKOIOB, Ka3aB-
muxcs He3nbaeMuM QyHAaMenToM (QU3AKH.

Tor ¢arT, uto mpm aGCOMOTHOM HYJe rejAll «OTKA3H-
BaeTCsA» KPUCTA/IN30BAThCH, HHKAKAM cHoco0oM HeNnh3a
NPAMAPHATH ¢ MEXaHHKO#, KOTOPYI0 ME H3y4ajHE [0 CHX
nop. IlpormBopeume, ¢ KOTOPHM MH BCTpeTHIHCH BHEp-
BHe,— NeNOAYNHEHNWE MUDPA ATOMOB BAKOHAM MeXaHAKH —
aMmE NepBoe 3BeHO B LENH eIme 6o.nee OCTPHX W PE3KHX’
EpOTHEBOpeYHil B (u3MKe.

OTH HPOTEBOPEYHs IPHEBORAT K HeoOXONEMOCTH mepe-
CMOTpa OCHOB MeXaHWKA aToMHOro Mmpa. Ilepecmorp
BTOT OYeHb IAYOOK M NPMBOAMT K A3MEHEHHIO BCEr0 HAIIEro
HOHUMAHHSA HTPHEPOSH. )

HeolxoamMocTs KOPeHHOr'o NEpPeCMOTPa MOXaHNKH
aTOMHOTO MHpa He O03HAYAeT, YTO HAJ0 HIOCTABHTH KPeCT
Ha H3yYeHHHX HAMH 3aKOHAX MeXaOWKH. Bmuto 6u He-
CIpaBeIMBO 3aCTABJAATH UYATATENA HM3yYaTh HEHYKHEIE
semu. Crapas MexaHMKa IOJHOCTBIO COPaBe[IABA B MHpe
Gombmux Tea. Yike W 9TOTO JOCTATOYHO JJIA TOTO, YTOOHI
OTHOCATECA K COOTBETCTBYIOINEM TiaBaM (H3HKHA C IIOJ-
HEiM yBaykenmem. OfHAKO Ba)KHO H TO, 9TO DPAJ 3aKOHOB
«CTapoil» MEXaHWKH IepeXOfuT B (HOBYIo» MexaHHKY. Cio-
KA OTHOCHTCH, B YaCTHOCTH, 3aKOH COXPAHEHHA SIepPrum.

Hananume «meoTHEMaeMOir» npu abCOIIOTHOM HYJle DHEP-
I'mA He ABIAETCA 0COOHM cBoiicrsoM renmsa. Oxasusaercs,
«HyJIeBAs» SHEPrus WMeeTcA Y BceX BEMIeCTB.

ToiibKo y reaus 3TOH HEPrAW OKA3HBAETCA JOCTATOTHO
Ajag TOro, 4rofH moMemmaTh aToMaM O0pasoBaTh IPABHJIL-
HYI0 KPHCTaIJIMIECKYI0 pe-

B fxrefen? MeTKy.

KPHCTATIS “He HAJI0 AyMaTh, 9TO Ie-
4o} JAuf He MOYKeT HAXOMHTHCA
oL -B KPHECTAJIAIECKOM COCTO-

‘ Y xnmkvi el | EEE [Mas xpEcTannmsamum
201 HADKN with TeJHdA HafO JWIIb HOBHICHATH
10|FETH ?h JaBjleHEe LPHAMEPHO  fI0

I ]

\ ) 25 arm. OxmaxneHde, mpo-

— .____;g_'_fg;;
BOJAMO® IpHA (0JIee BHCOKOM
o1 2 ‘3 4 SR JaBlIeHAHW, IpUBemeT K 00-
Pa30BAHHIO TBEPAOrO KpPWC-

Prc. 4.14. TAJJIAYECKOIO reamsa ¢ CO-
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pepmenRHo o6uYEHME cBoficToamu. Tenuit o6pasyer xy6m-
4eCKyl0 I'PaHeleHTPAPOBAHHYIO pPemeTKy. :

Ha puc. 4.14 mokasana AmarpaMMa COCTOSIHEA TeImA.
Ona pe3xo 0TIAYAeTCA OT JHATPAMM BCEX OCTAABHBIX Be-
mecTB OTCYTCTBAEM TpoiiHOl Toukn. Hpusrie maapieHns u
KHMeHHA He IepeceraloTcd. :

U eme ogua 0co0EHIOCTh UMEETCA Y 3TOH yHHKaJAbHOH
AMATPaMMBI COCTOSHHAMA: CYMECTBYIOT /iBE PasHbe TeJineBbhie
JKARKOCTH. B dem uX pasandue — BHl y3HaeTe 9yTh HO3jKe
(ctp. 142).



I'maBsa 5
PACTBOPHI

YTO TAKOE PACTBOP

Ecnu moconats GynboH W pasMmemaTh JOKKOHK, TO He
OCTaHeTCH M ciaefoB cond. He ciaexyer gymaTs, 910 Kpy-
OAHOK COJH IPOCTO He BHAHO HEBOOPY:KEHHHIM TJa30M.
Hpucraanuka conu HuKakmM cmocoGoM He yhactes o0Ha-
PY/KATH Ho TO# NpWYWHe, YTO OHA PACTBOPHIUCH. Ecim
monGaBuTh B OyJNBOH Iepla, TO PacTBOpa He IMOJYIMTCH.
MoskHO mepeMemmBaTL GYIBOH XOTH CYTHKAME — KpolIed-
HEle 9epHble KPYIHHKA He MCYE3HYT.

Ho wuro smaumr — «BemecTBO pactBopmiocky? Bens
aTOMBI MJIA MOJIEKYJH, 3 KOTOPOrO OHO IIOCTPOEHO, He
MoTryT mponacth Gecciaeguo? Koneuso, uer, oHE-E He Ipo-
mapaor. Ilpm pacrBopenum mcuesaer NIuUmMB KPyNHHKA
BeIIECTBA, KPUCTANIHAK,, CKOIJIEHEE MOJIEKYJI OfHOIO COpTa.
Pacrsopenne cOCTOHT B TaKOM mEpEeMEMHUBAHUE YACTHL
CMECH, IIPH KOTOPOM MOJIEKYJHl OHOTO BEIl[eCTBA pacmpe-
ReAIOTCA MEKLY MoJeKymaMu ppyroro. Pactsop — 310
cMeCh MOJIEKYJ HJIHM aTOMOB Pa3HHIX BEHIECTB.

PactBop MoserT copmep:kaTh pasimuHEE KOJIMYECTBA
pacrBopeHHOTO BemectBa. CocTaB pacTBOpa XapaKTepH-
3yeTcs ero KOHIEHTpAanHeil, HanpuMep, OTHOIIEHNEM JUCIa
IPaMMOB pPacTBOPEHHOrO BelIeCTBA K UHCJHY JAMTPOB pac-
-TBOPA.

Ilo mepe moGaBiieHms pacTBOPSAEMOr0 BeMIECTBA KOH-
IeHTpaIusA pacTBopa pacrer, HoO He GecupepenbHo. Pano
HJIM TO3[HO PACcTBOP CTAHOBHTCSH HACHIMEHHBIM W IEPeCTaeT
«onpuHEAMATH B cebs» pacTeopsaemoe BemectBo. HoHmenr-
pandsa HaCHINEHHOTO pPacTBOPa, T. €. (HpefeiabHas» KOH-
OeHTPAHAs PpacTBOPA, HABHBAETCH PacTBOPHMOCTHIO.

Y uBATENbHO MHOTO CaXapa MOKHO PACTBOPHUTE B TOPA-
qeit Boe. IIpm temmeparype 80°C moammil cTakaH BOAH
npmmer Ge3 octaTka 720 r caxapa. ITOT HACHIEHHKHA pac-
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TBOp OyjieT TYCTBIM M BA3KMM, DOBapa HAa3HBAIOT €r0 ca-
xapHeM cmponoM. Mel npmsenm nua caxapa mmdpy Aaa
TrpaHeHOro CTaKaHa, eMKOCTH KoToporo 0,2 1. 3Ha4nT, KOH-
meaTpanusa caxapa B Bome mpm 80°C pasmserca 3600 r/n
(amTaercda: «rpaMM Ha JHTDY).

PacTBopAMOCTh HEKOTOPHX BEINECTB CHJILHO 3aBHCHT
or rtemmeparypsl. IIpm wkommarmoit temmeparype (20°C)
pacTBopmMocTh caxapa B Bofe nagaer o 2000 r/a. Hanpo-
THB, pacTBOPHMOCTH COJH COBEPINEHHO HE3HAYHUTENHHO
MeHMeTCHA ¢ M3MEHEHHEM TeMIepaTypH.

Caxap @ COJh XOPOINO pPacTBOPAIOTCA B Bofe. A BoOT
HaQTaJHH B BOJie HPAKTHUECKH HepacTsopmM. Pasnmunnie
BEMeCTBA B Pa3NHYHEIX PACTBOPUTENAX PACTBOPAIOTCA
coBepmenHo pa3amuHo. IloBTOpEM eme pas, 4TO B OYEHD
MHOrAX CJIyIasiXx PacTBOPaMHd MOJB3YIOTCA /s BHIPAIABA-
HAA MOHOKpHCTaNi0B. Kcium momsecnurs B HacCHIIEHHBIH
pPacTBOp MaJIeHBKHH KPHCTAJIIMK PACTBOPEHHOTO BeINecT-
Ba, TO IO Mepe HCOAPEHHS pPACTBOPHUTENSI PACTBOPEHHOEe
BeIecTBO 6yJeT BHICAKABATHCSA Ha HOBEPXHOCTHA TOTO KpH-
craxnmra. Ilpm atom Modekyas! 6yayT coGiIi0faTh CTPOrMin
IOPAJIOK, U B pe3yabTaTe MaleHbKHA KPUCTAIAK IpPeBpa-
TuTCH B 0OJNBIIOH, OCTABAsACh MOHOKPHCTAJIIOM.

PACTBOPEI HUJTKOCTEN U TA30B

Mo:xHO TH PacTBOPHTH KHIKOCTh B UAKoctH? Pasy-
Meercda, MoxkHo. Hanpmmep, Borka — a0 pactsop cmmpra
B BOfie (@MU, eCIH YyroaHo, BOAL B COMPTE,— CMOTPA 9ero
Gonpme). Bojika — HacToAmmit pacTBOpP, MOJEKYJH BOMNHI
¥ CIWPTa MOAHOCTHIO IepeMeIlaH:L B Heil.

OpHarko He Bcerjja IpA CMEHIGHNH [BYX JKAIKOCTeR
DOJAyYATCA TaKoil pesyibTar. '

IlompoGyiite momnuTs K BOme KepocmH. HukakmM me-
peMemmBaHAEeM He YHACTCA HONYYHATH OJHOPORHEIA pac-
TBODP, 3TO TaK ke (e3HafesKHO, KaK PACTBOPATH Iepel B
cyne. Hak TolpKO mepeMemimBaHme IPEKPAIaeTCA, MKH[-
KOCTH pacmoJiaTanTcA cloAMd: 0ojee TaKedas BOHa —
BHE3Yy, 0ojiee nerkmii KepocmH — Hasepxy. KepocmH c
BOJIO# W CHEPT C BOOH — CHCTEMH, IPOTUBOIOJIOKHEE IO
CBOiCTBAM pPacTBOPHMOCTH.

OpHako mMeOTCH W IPOMEKYTOUHBIE caydad. Eciam
cMemaTth 3QEp ¢ BOJO#, TO MH OTYETVIHBO YBHAUM B COCYJie
gBa cnod. Ha mepswl#l B3rJA; MOKeT IOKAa3aThCA, UTO
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cBepxy adup, a BEE3Y Boga. Ha camoM ke fese m HIKHHAR
4 BEPXHHI CJIOH ABIAIOTCA PAaCTBOPaMH: BHH3Y — BOAA,
B KOTOpPOi PacTBOPHJIACh HacTh 3pmpa (KOHOeHTpanmsA 25.1
apmpa Ha JHTP BOAH), a HaBepxy — aQHEP, B KOTOPOM
mMeeTCs 3aMeTHOe KoJjmdectBo Boaw (60 r/m).

Teneps momaTEpecyeMcsa pactsopamm rasos. fcmo, dro
BCE Ta3sl PACTBOPAIOTCS APYT B APYre B HEOrPAHAYCHHEHIX
KoamgecTBaX. JlBa rasa Bcerga HepeMEemMBAIOTCA TaK,
9TO MOJEKYJH OJHOI0 HPOHMKAIT MEKAY MOJEKYJIaMH
apyroro. Begb Momexyan rasos MajJo B3aEMOAEHCTBYIOT
BpYT ¢ KPYFOM, M KaKIH# ras Befer cefa B UPACYTCTBHA
APYIroro rasa, B HEKOTOPOM CMEHCIe He oGpamas «BHEMa-
HAA» HAa CBOErO COKETEJA.

T'asm moryr pactBopsarees m B mumgroctax. Opmaro
yie He B JIOOGHX KOJMYeCTBAX, & B OIDAaHWYEHHHIX, HE
OTIHIASICh B TOM OTHONIEHEA OT TBEPAHX BemecTB. llpm
3TOM pasHEe Ta3H PAaCTBOPAIOTCA JO-PA3HOMY, U PasiImdms
9TE MOryT OHTH .04eHb Goapmmumu. B Bose MokHO pacTso-
PATL OTPOMHEE KOJIAYECTBA aMMHEaKa (HA HOJICTaKaHa Xo-
JaopHO# BoAs — okouo 100 r), Goibmme KOJAUSCTBA CEPO-
BOLOPOJia B YTJEKHCJIOTH. B HEe3HAUYATEAHOM KOINHYECTBO
pactBopEME B Bofe kmcaopon m asor (0,07 m 0,03 r ma
JaaTp X0i0AHOR Boxkl). TakmM o6pasoM, B AuTpe XOMO[HONA
BOJEL HAXOQHUTCA BCETO JIAIMb OK0J0 COTOM IPaMMa BO3AYyXa.
OgHako W 3T0 MaJIeHbKOe KOJAMIeCTBO HMTpaeT 00JBIIYIO
poab B KA3EE HA Jemiae — BeAb PACTBOPEHHHM B Boje
KHCJIOPOAOM BO3AyXa AHIIAT PHIGH.

Yem Gounine jasieHme rasa, TeM OOJbIIe €r0 PACTBO-
PHTCA B JKAAKOCTA. ECIH K0JAYeCTBO pacTBOPEHHOIO rasa
He 0YeHb BEIHMKO, TO MOKJY HHM H JIaBJCHEEM -Ta3a Haj
HOBEPXBOCTBI0 IKHAKOCTH HMEeTCA IpAMad IPOIOPIHEO-
HAJILHOCTD.

Kro He moaydasn yROBOABCTBEA OT XOJOJHOE Tasmpo-
BaHHOI BOJH, Tak xopomro yroxswomei xaxmy! Ilomy-
gende TA3EPOBAHHOM BOJE BO3MOKHO (iarofapsa saBucH-
MOCTH KOJHMYecTBA pACTBOPEHHOTO Trasa OT [aBJeHUA.
Vrnexucnani ras saroHAIT B BOAY IO fAaBiaeHmeM (u3
6a1/10HOB, KOTOPHIe MMEIOTCA Y KasKZOT0 KHOCKA, e mpo-
Aal0T rasEpoBaHEYI0 BoAy). Horpa Bopy manmpaior B cra-
KaH, flaBJIcHAE HafaeT 10 aTMOCHOPHOro M BOKA BHIESET
IAIIHAA» Ta3 B BHUJE -MY3RPLKOB.

VYunreiBaa nomo6mHe 3(QeKTH, BOJ0JA30B HEAb3A
GBICTPO TOJHEMATD B3 BOJIH Ha noBepxHocTh. Ilof Gompmmm
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RaBleHUeM Ha ray0HHe B KPOBW BOJONA3a pPacTBOPAETCA
JOTIONHATEIPHO® KOJW4eCTBO BO3Ryxa. Ilpm moxneme nas-
JeHne Najaer, BO3JYX HAaTIMHACT BHGNATHCA B BHAE Iy-
SEPHKOB W MOKeT 3aKYNOPATH KPOBEHOCHHIE COCYHHL.

TBEPIABIE PACTBOPLIL:

B ;RABHN" CIOBO «PacTBOPY IPHMEHAWT K IKAXKOCTAM.
OnuaKo CYINECTBYIOT W’ TBEPJRHE: CMECH; aTOMH: WIH MoJe-
KyJIH KOTOPHX OfHOpoAHo mepememansi. Ho Kak moayqurs
TBepsie pacTsophi?’ Ilpm momMomu  nmecrEka m- cTymKRE HX
ge moxydmmb. IosroMy cMemuBaromuecs BemecTBa HAO
cHAvYalJa CAeNdTh KAJKMMH, T: €. PAaCIJaBUThL, IMOTOM' CMe-
maTh UAKOCTE A IATB CMECH 3aTBep/eTh. MOKHO mOCTY-
DATh W MHAYe — PACTBOPHTH [[BA BEmECTBA, KOTOPHE MH
XOTHM ' CMemIaTh, B Kakoi-muGo: KAJKOCTH, a 3aTeM YiKe
BHIIAPATH PacTBOPHTENb. TaKkAMA cmoco6aMm MOr'yT IIOTY-
YATHCA TBEPHHE pacTBopsi. MoTyT moaydmThos, HO OOBIY-
HO He Ionyvaiorcsa. TBepAnie PacTBOPH — 3TO DPEIKOCTH.
Ecan B conenyio Boy OpOCHTH KYCOK caxapa, OH IPEBOC-
XOJHO pacTBOpHWTCA. BHmapum: BOAY; Ha- jHe dalmIKA 00-
Hapy)KaTcsa Mejbuaiiime KPUCTAJLJNHEKH COJIH H Caxapa.
Conp ¢ caxapoM HE HAalT TBEPAHX PpPacTBOPOB.

MokHO pacmiaBATH B ONHOM THATJE KaAMUiz C BHCMY-
toM. ITocie oxnasKmeHHS MBI YBAZAM B MAKDOCKOL CMECh
KPACTAJIUKOB KaJMUsaA H BHCMYyTa. BumcmMyr m kagmmid
To)Ke He 00pasyioT TBEPHHX PacTBOPOB.

Heo6xogaMuIM; XoTA M He JOCTATOYHKIM, YCJIOBHEM
BOSHAKHOBEHHs TBEPAHX pacTBOPOB sBisfercA: 0nm30CTH
MOJIEKYJI HIIA aTOMOB CMEIIMBANMMXCA BEHmIeCTB 10 dopme
u- pasmMepam: B atoM ciaydae: HpE 3aMePBAHHH: CMECH. 06-
pasyeTcs OJJEH COPT KPUOTAIJZHKOB. Y-3JH PEUIETKE KaiK-
JIoTo KpHcTaiia oGkvHo  6ecCIOPHIOTHO 3aCeIeHH aTOMAMH
(MomexynaMm) pasHEIX COpPTOB.

Conassr Merasimop, mMeomue OOJBIIOe TeXHAYEEKOE
3Ha4YeHMe, 3aYacTyl0 OPERCTABIAKT co00il TBepAHEe pac-
TBOPH. PacTsopenmem: HeGOABINOTO KOAMYIECTBA HIPUMECH
MOJKHO PesKO-HE3MeHHTH CBOfoTBa Merasiia. fproit mmiro-
cTpanueil- 3TOro ABIACTCH OJYHEHHES OFHOTO W3 Hambojee
PacIpocTPAHEOHHLIX- B TEXHUKE MATEPH AJI0OB — CTAJH;, IpeJ-
CTaBJTIONel  coG0i  TBePXHIA* PacTBOD- MAJHX KOJTHYECTB
yraepona — mepanxa- 0;53- Becoporo: NpomeHTa (ONHH aTOM
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yriuepofa Ha 40 aToMOB rKenie3a) — B KeJe3e, HPAIEM aTo-
MH yriepofa 0OecIOPAJOYHO BHEIPEHH MEHKAY ATOMaMHd
menesa.

B :xenese pacTBOpseTcs AWML HeGOJBIIOE THCJIO aToO-
MoB yriaeposa. OgHaKO HEKOTOpHle TBEpPAbie PACTBOPH 00-
pasyloTcsa IpH CMeIIeHHH BeHecTB B JIOGHX IPONOPNHAX.
[IpumepoM MOKeT CAYKHTH CHJAB 30J0TO0 — Menb. Kpmuc-
TAJJIBl 30J0TA H MeRW HMEIOT pEMeTKY OXUHAKOBOIO
THIa — KYOHYeCKYyI0 TpaHeleHTPHEpoBaHHYI0. Takylo e
pemieTRy HMeeT COJaB MeAu ¢ 3o0JoToM. Ilpencrasienme
0 CTPYKType cCILIaBa €O BCe YyBeIWIEBAOMEACA [0leit
MeIM MH HOXYyYAM, ecad Oy[eM MHCJEHHO YIAJIATh H3
peHieTKH aTOMH 30JI0Ta M 3aMEHATh HX AaTOMaMH MeJW.
IIpm sToM 3aMeHA mpOUCXOZET GECHOPANOIHO, ATOMBH MR
pacnpeaenanTca B o0meM Kak IONaJio IO y3JaM PeHIeTKR.
CnnaBH Menm ¢ 30J0TOM MOKHO HasBaTh PacTBOPAMH 3a-
MemeHNd, a CTaib ABIAAETCA PACTBOPOM HHOr0 THOA —
pacTBOpOM BHELPEHHS.

B mnopaBusiomieM ke GOJBMUHCTBE CIYIa€B TBEPKRX
PacTBOPOB He BO3HHKAET, H, KAK TOBOPHJOCH BHIIIE, HOC-
Jie 3aCTHIBAHHA MBI MOMEM YBHJETh B MEKPOCKON, 9TO Be-
IMECTBO COCTOHT M3 CMECH MEJKHX KDUCTAJIJIUKOB 000mX
BEIecTB.

KAKR 3AMEP3AIOT PACTBOPEI

Ecnm oxaamurs pacTBop Kakoii-iuGo coam B BOHEe, TO
ofHapYKATCA, ITO TeMIepaTypa 3aMep3aHHs HOHH3WJIACH.
Hyas rpagycos npoiifen, a 3aTBepesanne He IPOACXORMUT.
ToapKko mpm TeMmepaType Ha HECKOJBKO TPAfyCcoB HHIK®
HyJfl B JKEZKOCTH HOABATCA KPHCTQNIMKH. ITO KpHACTAJ-
JMKHN 9HCTOTO JbRA, B TBEPLOM JBJE COJb He PACTBOPAETCA.

TemmepaTypa 3aMepsaHusa B3aBHCHT OT KOHIEHTPAmun
pacTBopa. YBeJAWuHBAasg KOHIEHTPAIMIO pACTBOpA, M
OymeM ymeHBHmATh TemmepaTypy kpucrainusanua. Camyio
HU3KYIO TeMIepaTypy 3aMepaaHums HMeeT HACHINeHHBIN
pacteop. IlonmixeHne TeMmeparypsl 3aMep3aHmsA PacTBOpa
coBCeM He Malloe: TaK, HACHIIIEHHHH pacTBOP HOBapeHHOH
conm B Boje 3amepaner npu —21°C. Ilpa momomu npyrux
coJieli MOKHO HOOHMTbCA eme 00JbIIero NOHHMKeHHA TeM-
nepaTypH; XJOPHCTHIH KaJabOWil, HanpaAMep, IMO3BOJAET
AOBECTH TeMITepaTypy saTmepieBands pactsopa Ao —d5°C.

120



PaccmoTpuM Temeps, Kak HAeT HPOIECC 3aMepP3aHHA.
Ilocne TOTO0 KAk H3 pacTBOpa BHIOAAYT NIepPBhie KPHCTAJ-
AUKA JbJa, KPEmOoCTh pacTBOpa yBeNUYATCA. Temeps
OTHOCHTEJIBHOE YMCJO IY)KHX MOJEKYJ BO3pacTeT, HOMeXHd
mponeccy KpPHCTANIM3AOMU BOABl TaKike yBEJINMdaTcA, H
teMmepaTrypa 3aMmep3aHma ymageT. Ecam He nmomm:KaTh
TeMOepaTypy jajee, TO KPHCTAJJIH3ANHS OCTAHOBHTCH.

Ilpn fanpHelmeM DOHWKEHWH TEMIEPATYPhl KPUCTa-
JUKE BO#bl (pacTBOPHTENA) NIPOJOKAIOT BHIEIATHCA.
Haxone1, pacTBOp CTaHOBATCA HachmeHHbM. Jlanpaeiimee
oforamieHne pacTBOPa PACTBOPEHHHIM BEI[ECTBOM CTAHO-
BHTCA HEBO3MOJKHEIM, M PacTBOP 3acTHBAET Cpasy, HpAUEM
ecid PacCMOTPeTh B MHKPOCKOI 3aMep3myI0 CMeCh, TO
MOKHO YBHMETh, 9TO OHA COCTOHT M3 KPHCTANJIMKOB JIhHAA
M KPHUCTAJIAKOB COJIH.

TaxuM o6pasoM, pacTBOP 3aMep3aeT He TaK, Kak Ipo-
cTas JKAAKOCTh. Ilpomecc 3aMepsaHms pacTAriuBaerca Ha
0onbmoi TeMIOepaTypHBIA HHTEPBAI. ~

Uro monyudrcs, ecqd ImOCHOATH KaKyO-HHOYAL obie-
[IeHeBITYI0 MOBEPXHOCTH coabio? OTBET Ha BOIPOC XOPOILIO
H3BECTeH NBOPHHKAM: KaK TOJBKO COJb HPURET B CONPH-
KOCHOBEHHE CO JBJOM, Je HauHeT TadTh. UTo0H ABIEeHHE
HMEN0 MeCTO, HY;KHO, KOHEYHO, 4dYTOOH TeMmmepaTtypa
3aMep3aHUsA HACHIIEHHOTO pacTBOpPa coju OHJA HIKe
TeMIepaTypsl Bo3ayxa. Ecam 3T0 yci0BHe BHIIIOINEHO, TO
CMECH Jie] — COJIb HaXOAUTCA B UY;KOA 0071aCTH COCTOAHAA,
a IMEHHO B 00J1aCTH yCTOMYMBOro CYIECTBOBAHUA PacTBO-
pa. IToaTomy cMmech Jibfa ¢ Conbio m GymeT IpeBpamaThca
B PacTBOD, T. €. jJex GyNeT IMIaBHTECH, a CONb PACTBOPATD-
csa B ofpasyiomeiica Bofe. B Konne Koumos nn6o Bech Jex
pacraer, nufo ofGpasyerca pacTBOp TaKO#l KOHLEHTpaUud,
TeMIOepaTypa 3aMep3aHHs KOTODOr0 paBHA TeMuepaTtype
Cpefibl.

Inomans peopuka B 100 M2 mokpsITa JeAAHOH KoOp-
Ko#t 8 1 cM — 3T0 yme He Malo abja, okodo 1 1. Ilogcan-
TaeM, CKOJIBKO COJIM HYIKHO [AJf OYHCTKH J(BOPA, €CJIH TEM-
nepatrypa —3°C. Taxoi TemmepaTypoll KPHCTALIH3AIME
(TagHEs) o6najjaeT PacTBOP COJA C KOHIEHTpanuei 45 r/i.
ITpamepro 1 1 Bomm cooTsercTByer 1 Kr nbga. 3Hauwr,
nas tagadA 1 1 asga npu —3°C Hy:kHO 45 Kr comn. IIpax-
THYeCKH HOJIB3YIOTCA ropasf0 MEHBITHMH KOJHYeCTBAMH,
TaK Kak He [o0MBalTCA IMOJHOTO TaAHUA BCEro
Jbjga.
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Hpr cMemenwm: THAR- ¢ CONBIO- JOK- IIABHATCA, 8 COJMb
pacrBopserea B-.Bofile. He Ha nnasnenwe HY;KHO TEINIO, H
nef 3a0uUpaeT eT0 y CBGSro OKpy:xenms. Taxumm oGpasom,
I06aBIIeHRe CONW KO JLNY. HPUBOMAT K. IIOHMKOHEAIO TeMIe-
parypu.

Msr: mpEBBIKIE ceiizac moKymark Qgabpmumoe MopoHe-
nee. PaHrme MOpOsKeHOe FOTOBHIH IOM&; W DA 3TOM POED
XOAOAWIHHAKA UIPAaJa CMeeh JbJa:C COJBHIO.

KUNIEHNE PACTBOPOB

flrenwe Kumemms: pacTBOPOS- MMEET: MHOTO OGIIEro ¢
ABICHWEM 3aMEP3AHEI.

Hanwame pacTBopeHHOro BemecTBa 33TPYAHAET KPHC~
ranamsanno: Ilo TeMm jke caMBIM DPHYMEAM : PACTBOPEHHOE
BEUIECTBO 3aTPY[MHACT . KuHeHue. B ofoux. ciydasx uy-
KHe MOJIEKYJIB KaK O .60pIoTcs 38 COXPaneHEe KaK MOKHO
6ounee pasGasienmoro pacrsopa. WnmiMu.caosamu, gymue
MOJIeKYJIH CTAGHIU3EPYIOT. COCTOSIHAE. OCHOBHOTO BEMEcT-
Ba (T. e. CHOCOOCTBYIT €ro CYIECTBOBARHWIO), KOTOPOE
MOMET HMX PacTBOPRATD.

HosToMy. ysxme MOy MEIHAIT: HAKKOCTH KPHC-
TAJIAN306BATHCSE, 4 3HAYET, NOHE/KAIT TEMOeparypy. Kpuc-
TAAIUSANHEA. TOWRO TaK. Ke UIYIKEE MOJOKYIH MEHIAT
JREAKOCTH KUNETH, a- 3HAWAT, NOBHINAIOT €6 TeMIepaTypy:
KOANCHHA, :

JlroGonrTRO, 9TO f0 M3BECTHHIX. IPEfEN0B KOHIEEHTpa-
nenA (IJs He 0YeHb- KPEHKUX- PACTBOPOB). KAK . IOHIGKOHME
TeMOepaTypPhl: KPRETAJLIA3ABAN. DACTBOPA, TAK ¥:IOBHITE-
HAS TEMIEePaTyph KUNOHRAS: HACKOJBKO He: 33BUCAT ' OT
CBOMCTB . PAaCTBOPEEHOFO  BEINECTBA , . & QX POREIAIOTCSE , JIBIFD
KOJIMIeCTBOM €r0 MOJEKyJ. JTO MHTepecHOe 0GCTOSToNb-
CTBO HCHONB3YETCA- A5l OHPEeNeNCHHs. MOIEKYJIAPHOA
MACCH: PacTBOPAEMOro. semecrna. llemaerca sto mpum me-
MO :3aMOTTENbHOM (OPMYIIH - (MK He: MOYKEM 3RECH HPH-
BECTH €€); ROTOpas- CBASHIBAET N3MOHEHES - TOMIepPaTyPhl
3aMepP3ansst AN . KENEHAsT:C. RONTIeCTBOM: MOTIORYJL: B €Nu-
Bane o0beMa . pacTsopa- (M- ¢ TOUAOTOR NNABICHEA WM
KEDesns).

TeMmmepaTypa KupeHWsS BONH NOBHINAETCH>pasa B:Tpd
MeHBIDE, TeM: IOBIKAeTCH TeMIEpaTypa ee 3aMepP3aHHA.
Tax, MopcKaa Bofa, cofepskamas npumepao 3,0% coxeit,
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gmeeT TOIKY Kumenws 100,6°C, s 1o Bpema kak Temmepa-
Typa ee 3aMep3aHMA HmoHmKaerca Ha 2°C.

Ecam ofiHa KHAKOCT: KAOAT Npr 60j€0 BHICOKOH TeMm-
pepaType, 9eM jpyras, To (IpE TOH jKe TeMmmeparype)
yOpyrocTh ee mapa MeHbme. 3HAYHT, YHPYTOCTh mapa
pacTBOpa MeHBINe YHPYrOCTH Iapa THCTOTO PACTBOPHTEI.

O pasamaEM MO)KHO CYIHUTH IO CIEAYIOMUM nEdpam:
ynpyrocrs Bofianoro napa upu 20°C pasra 17,5 MM pr. cT.,
yIpyrocTh IHapa HaCHIOIEHHOIO PacTBOPa MOBapPEHHOH COMH
npE Toii e Temmeparype — 13,2 MM pr. crT.

Ilap.c yEpyrocTsio 15 MM pr. ¢T., HeBACHIEHHHA IIA
BOJH, Oy/ieT HepeCHIIeH JJiA HACHIIeHHOT0 PacTBOpa COJH.
B mpucyrcTemE Takoro pactsopa map HaUHET KOHAEHCH-
poBaThcHA M IEPeXORHTh B pacTBop. Pazymeercs, sabupars
BOJIAHOH map ®3 Bo3Ayxa OyHeT He TOIBKO pacTBOp oI,
HO M COJIb B HOpOmKe. Beab mepsas jxe KameabKa BOJH,
BLOABmas Ha COJMb, PACTBOPHT €€ B CO3JACT HACHIEHHEI
pacTBop.

BcachiBame cOJBI0 BORAHOTO Iapa M3 BO3XYXa HpPH-
BOJHUT K TOMY, UTO COJIb CTRHOBHTCS CHPO#. ITO XOpOIIO
3HAKOMO X03fAliKaM ® [oCTaBageTr MM oropueHms. Ho sro
siBJleHne NOHWKEHHA YIPYTOCTH mapa HajJ PacTBOPOM HpH-
HOCHT H NO0JIb3Y: OHO HCIOJB3YETCA [JA CYHNIKH BO3RYXa
B nabopaTtopHoit mpaxrtmke. Bosgyx mpomyckaior dwepes
XJOPUCTHHA KaXbmuil, KOTOPHH ABIAETCS PEKOPACMEHOM
mo 3a0mpaHuUIo .Bjar® M3 -Bo3Ayxa. Ecim y HACHIEHHOTO
pacTBopa ImOBapeHHOH coJE yHpyrocth mapa 13,2 mM pr.
CT., TO y XJOpPHCTOro Kaabmas oHa 9,6 MM pr. c1. Mo
TAKOT0 3HAYEHHA VUANET YIPYrOCTh BOAMHOTO Hapa HpH
TIPONYCKAHWHE .er0 9Yepes JOCTATOYHOE KOJXYECTBO XJIOPH-
croro kaxbpnma (1 Kr koToporo «sMemaer» B ce6s mpmmep-
HO 1 Kr BOAH). TO HUITOMKHAS BIAKHOCTH, H BOBAYX MO-
JHET CUATATBCA CYXHEM.

KAK .OYMIIAIOT RULKOCTU OT NMPUMECEN

OnamM w3 BaKHeAmHX CHOCOGOB OUMCTKE RHJKOCTEH
OT mpmMecell aBiserca mmeperomka. JHmgKOCTL KmmaTAT
U HATPABIAIOT HAp B xojofmibHEuK. [Ipm oxnaxxnennn map
ONATL MPEBPAMIACTCA B KHIKOCTh, HO 3Ta KAAKOCTH GyHer
YHOIe HCXOXHOM.

IIpm momomuy meperonxu erko m36aBUTHCA OT TBEPAKIX
BeIIeCTB, PACTBOPEHHHX B JKUAKOCTH. Moiexyasl Tarumx
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BEIeCTB IPAKTHUYECKH OTCYTCTBYIOT B mape. JTHAM CIIOCO-
oM TOJNYYAIOT AUCTUIIHPOBAHHYI0 BOAY — COBEPINEHHO
0e3BKYCHYI0 YHCTYIO0 BORY, JHINEHHYI0 MUHEPAJLHHX HpHU-
Meceit.

OpHako, mCIONIB3YA WCHAPEHHE, MOKHO M36aBHTHCH H
OT KUJKHX IpuMecell W Pa3fgesdTh CMeCh, COCTOANIYIO H3
nByx mam Gouee rkmprocteit. IIpm sToM moamsymores TeMm,
9TO [Be }KHUAKOCTH, o0pa3ylomue cMech, KAIAT He ONMHA-
KOBO.

IHocmorpuM, Kak OymeT ceGs BeCTH IPH KUIEHAN CMeCh
JIBYX JKHAKOCTeil, Hampmmep CMeChb BORH W 3THUJIOBOTO
COHpTa, B3ATEHIX B paBHHX npomopruax (50-rpagycmas
BOJIKA).

IIpm HopManbHOM JaBleHNN Bofa sakwmaer upm 100°C,
a cmmpr mpm 78°C. CMmeck, 0 KOTOpO# HAeT pedsh, 3aKHIAT
npu OPOMEXKYTOUHOH TeMmepartype, passoit 81,2°C. Coupr
KANAT Jerde, MOTOMY YIPYToCTb ero mapa Goabme, u npn
ACXOHOM HATHIECATHIIPOIEHTHOM COCTaBEe CMecH HepBas
mopnusa napa Gymer copepmarts 80% cumpra.

IoayueHnylo mopumio mapa MOJKHO OTBECTH B XO0JO-
IUIbHEK U HOJNYYATH JKHAKOCTH, 000TalIeHHYI0 CHWPTOM.
Hanee ator mpouecc Mo;xHO moBTOPAThL. OJHAKO ACHO, 9TO
OPAaKTAKY Takoii cmoco0 He YCTPOUT — Befb C KaKno#
ToCJaeRyIomed MeperoHKoi GyNeT moJydaThCAa BCe MEHbINe
pemecTsa. UToGel Takoii morepm He ObIO, NAA Telnei
OYHMCTKH NPHMEHAITCA TAaK HAa3hBaeMEE PEKTHOUKAIMOH-
HEe (T. €. OYUCTUTEIBHEE) KOJOHKH.

Mpes ycTpoiicTBa 3TOro WHTEpPeCHOro ammapara 3a-
Kiaogaerca B caegyiomem. Ilpencrasmm cefe BepTHKAIL-
HYI0O KOJNIOHKY, B HIUKHEH 9acTH KOTOPOX HaXORATCA JKAN-
Kafg cMech. K HH3Y KOJOHKH HIOJBOJHTCA TEIJIO, BBEPXY
npom3Bogurcs oxJakpenne. Ilap, ofpasyomumiics upnm
KUIEHWW, NOJHUMAeTCA KBepXy H KOHAeHCHpyercd; o6-
pa3oBaBIIaACA JKHAKOCTh cTexaeT BHHM3. Ilpm Hemamen-
HOM LO/[BOJIe Temja K HU3Yy W OTBOJe Temja CBepXY B 3a-
KPHTO# KOJOHKe YCTaHOBATCA BCTPEUHBIE HMOTOKH Iapa,
AAYDero KBEPXY, W JKUAKOCTH, CTEKAIOmeHd BHU3.

OcraHoBUM CBOE BHHMaHHWe HA KaKOM-JHEGO TOPW30H-
TAaNbHOM CEICHHH KOJOHKH. Uepes 5To cedeHme >KUAKOCTD
OPOXOAWT BHW3, a Hap MOJHAMAETCs, HPH 3TOM HH OJHO
W3 BEMECTB, BXONSIHX B COCTAB JKHAKOH cMecH, He 3a-
nepskmpaerca. Ecau peunr maeT o KOJOHKE, 3aMOJHEHHOR
CMechi0 CIWPTA M BOJH, TO KOJAWYECTBA COHpPTA, HPOXOAA-
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nero BHU3 BBEDX, TaK Ke
KaK KOJIHYECTBA BOABI, IPO-
xonAmedl BHA3 H BBepx, Oy-
gyt paBHH. Tak Kak BHH3
mheT JKEAKOCTh, a BBEPX
map, TO BTO 3HAYAT, YTO HA
o060t BBICOTE KOJOHKH CO-
¢TaB KUAKOCTH H COCTaB Ia-
pa OJMHAKOBHL.

Kak Toapko 9T0 GBHLIO
BHACHEHO, PABHOBECHE KU~
KOCTH M Mapa CMecH JABYX
pemecTs TpebyeT, HAIPOTHUB,
Pa3HOTO COCTaBA MRUAKOH M
mapooGpassoit ¢as. Ilosro-
My Ha 1060 BHCOTEe KOJOH-
KU OPOHCXONUT IpeBpaimie-
HEE KUAKOCTH B Iap H mapa
B JKUIKOCTSH. IIpH aToM KoH-
JCHCHUPYETCHA BBHICOKOKMIIA-
mas 4acTh CMECH, a U3 HKUJ-
KOCTH B DHap NEPeXOfuT
HH3KOKHIAMAA COCTABIAIO- Puc. 5.1.
mas.

ITosToMy upymuit BBepx NOTOK mapa Gyger Kak OH 3a-
6MpaTh CO BCEX BHICOT KEU3KOKHUIAINYIO COCTABJIAINLYIO,
a CTeKAIUil BHU3 IOTOK KUJKOCTHA GyHeT HenpepHBHO
oforamaTeCA BHCOKOKEOAmeH vacthio. CocTaB cMmecm Ha
KaJKJZ0f BHICOTE YCTAHOBUTCH PA3JAHYHGIA: 9eM BHIIE, TeM
GoJrpime IPONEHT HU3KOKUOAMEH cocTaBiaomeii. B mueane
HaBepxy OyHeT cjoif YUCTOW HU3KOKUIAUIEH COCTABIAIO-
meld, a BHA3Y — CIOH YHCTOH BHICOKOKHIIAMEIA.

Tenepr Hamo, TONBKO 110 BO3MOMHOCTH MEJJIEHHO, UTO-
68 He. HAPpYmMHTL 0OGPHUCOBAHHOW HACANBHON KapTHHEHI,
oT6MpaTh BeeCcTBa, HUBKOKUNANIEE — CBEPXY, a BHICOKO-
KHAOAMEe — CHH3Y.

Jas Toro 4rofH NpakTMYeCKH OCYMECTBHTH pasfele-
HHe, NJ¥ PeKTU(HKAaIHo, Haf0 faTh BO3MOMKHOCTh BCTpPeU-
HEIM NOTOKAM Iapa M JKUJKOCTH KaK CJeXyeT ImepeMemn-
BarneA. s aToil menu MOTOKM KMIKOCTH W Iapa 3afmep-
FHMBAIOT IPH IOMOINA TApeJOK, PAcIOJIOKEeHHHIX OJHa Hajx
Apyroit m coobmaromuxca cameHbME TpyOkamm. C mepe-
TMOJHeHHOH TaPeAKH KHEJKOCTH MOKET CTEKATh HA HIKHE®
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crynenbxd. Ilap, mpymuit Beepx 6HcTpryM norokom (0,3—
1 m/c), npophBaercA 4epe3 TOHKHE cioil »xupkoctm. Cxe-
Ma KOJOHKH IIOKa3aHa Ha puc. 3.1.

He Bcerpa ypmaeTcs OYHCTATH KEAKOCTH HOJHOCTHIO.
Hexoropre cMecm 06IafaOT «HENPUATHHIM® CBOWCTBOM:
OpH oIpefeJIeHHOM™ COCTaBe CMeCH COOTHOIIEHHe KOMIO-
HEHT WCHAPAIOIMUXCA MOJEKYJ TAKOE jKe, YTO U COOTHO-
HIeHHe KOMIOHERT B )KAAKOH cMecH. B arom cayuae, pasy-
MeeTcs, JajJbHeWMAas OINUCTKA OHNECANHHIM. cocofoM cra-
HOBHTCH HeBo3Mokno#l. Takosa cmecs, comepsxaman 96 % -
compra u 4% Bopmp: OHa [aer map TAKOrO ’Ke COCTaBa.
Ilostomy 96%-Huf cOHPT — caMwil JYYMHAEHR, KOTO I
MO’KHO HOJYYATH METO[OM NCHapeHHs.

Pextndnranma (uam pucTmIAn®A) JKATKOCTEH AB-
JAsgeTcA Ba)KHEHITNM IPOIECCOM B XUMHUUECKOH TEXII0Jo-
run. Ilpm nomomy pextuduranuu Ko6nBAOT, HAHPHMED,
Genamn m3 HedyTH.

JlroGonnTtHO, uT0 peKTNdUKAnWA aABaAerca Banbonee
nemesnM cnocoGoM noJyuends kKuaciaopopa. Hna aroro,’
pasyMeetcs, Haj0 NPEJBapHTENBHO HEPEBECTH BO3XYX B
JKUIKOE COCTOsILEE, IOCJE Yero MOMKHO peKTmduKxanmei
pasjesuTs €ro Ha MOYTH YACTHE a30T ¥ KHACAOPOH,.

OUYMNCTKA TBEPIBLIX TEI

Ha ckagHke ¢ XMMHYeCKHM BeImECTBOM, KaK IpaBHO,
MOKHO YBHJIETH PSIIOM ¢ XHMHYECKEM Ha3BaHHeM: Takme
6YKBH: ¢4.», «Y. [l a.» HJIU «cH. 1.». Iramu GyksBamm
YCJIOBHO OTMEYAIOT CTENEHb YMCTOTH BEMEcTBa: «d4.» O3HA-,
93eT BechMa HeGONBIMY CTENeHhL YUCTOTH — B BEHIECTBE, |
BO3MOIKHO, €CTh npuMecH nopanka 1%; «a. 1. a.» — Beme-’
CTBO «YACTOE [JIA AaHAIM3a» — comep:KuT He Oomee He-|
CKOJBKUX JECHATHIX HPONEHTA IIPHEMECEH; «CI. 9.» — CIEK-i
TPANBbHO YHCTOE BEIECTBO — HOJYYUTh HEJErKO, CIeKT-'
paubHEi ananu3 oGHAPY/KUBAET THICAYHKE JIONH IHPAMECH.!
Hapnnes «co. 4.» mo3BoiiseT HafeATbCH, YTO0 BEMIECTBO:
0 CBOEHl WHWCTOTe XapaKTepm3yeTcs IO KpaiiHeir wMmepe
«4eTHPHMA AeBATKAMH», T. €. UTO COJeP/KaHHe  OCHOBHOTO!
semecTsa He Menee 99,99%.

"~ TlorpefHOCTF B YHCTHIX TBEDPJHX. BEMECTBAX BECHM
BenuKa. Haa MHOrmx ¢usmdecKHEX CBOMCTB BPeHE! THICHT
EHE [0JIA- NPOHEHTa IpmMecell, a B ogHOH: cIeNEanbHO
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3ajiage, qpeanm‘l'aﬁﬂo UHTePECyomeil COBPEMEHHYIO Tex-
HOKY, @ HMEHHO B 3ajave NOJYYeHMA NOJYIPOBOLHUKO-
BHX MATEDHAJOB, TEeXHUKH TPeOYIOT UYACTOTH B CEMb
HeBSATOK.

910 3HAYAT, 9TO PeHIeHHMI0 HIVKCHePHHX 337aY Memia-
eT OFH HeHYKHHI aTOM HA [JeCATHh MUIMOHOB HY;KHEIX!
Jlna momyuenus TAKAX CBEPXWACTHIX MATEpHaJoB mpuGe-
raloT K CHEHUAJbHHM METOdaM.

CpepxuncTHe repMa#fil B KpeMHu# (3TO W eCTh rJaB-
HHe IPEACTaBATeNN NOJYIPOBOAHHKOBHX MATEPHAJIOB)
MOKHO IOJY9ATh MEJJIEHHHM BHTATHBAHHEM pPacTyIIEro
KpHECTanIa U3 pacmnasa. K mosepxHocTH pacmiaBieHHOTO
KpeMHUs1 (HJIH TepMaHMA) HOJBOAAT CTeP:KeHb, HA KOHIE
KOTOPOro YKpeImIeH 3aTPaBOYHHI KpHCTAMLI. 3aTeM Ha-
YUHAIOT MEJJ6HHO DOJHUMATH CTEPKEHB; BHUIE3AMUIA U3
pacmiaBa KpHECTana oGpa3yeTcs aToMaMu OCHOBHOIO Be-
IIECTBA, ATOMH HPHUMECH OCTAlTCA B pacILiaBe.

Bonee mupoxoe mpnMeHeHNe NOJYYMJ METO] TaK HA-

3biBaeMOil 30HHOM niaBKH. V3 ounmmaemoro asieMeHTa mpw-
TOTOBJIAETCA HPYTOK IPOM3BOALHOM HJUHH JUAMETPOM
B HECKOIBbKO MmITEMeTpoB. Brnoas mpyrka mepeMemaer-
cA OXBATHBAWMAs ero MaJeHbKag NHIMHAPHYIECKAA
nevys. :
Temmepatypa meum pfocraTouHa Ui NJaBieHHA, O
YIaCTOK MeTajlia, HaXONAMMUACH BHYTPY HEYH, TLIABATCH.
Takum 0oGpasoM, BIONL CTEPIKHA IEPEIBUTACTCA MaJICHb-
Kasd 30HA PacIIaBJeHHOTO METaJija. '

AToMH npEMecH O0HIYHO 3HAYATENHHO JIErde PacTBO-
PAIOTCA B JKHNKOCTH, 9eM B TBepaoM rene. Ilosromy ma
I'PaHANe PACIIABIEHHEON 30HH AaTOMH NPAMECH M3 TRePHHX
Y9aCTKOB IePexXofiAT B PaCILIABJIGHHYI0 30HY H HE HEepexo-
Aar ofparmo. Ilepepsmraroomascs pacniaBieHEHas 30HA
Kak Oul Tammr aTOMH OpEMecH BMecte ¢ pacmiasom. Ilpm
o0paTHOM XOfi¢ IedYb BHKJIOUAETCH W ONePAIEsA IPOTAC-
KABaHWA pACONABJCHHOH# BOHH Yepe3 IPYTOK MeTajia
MHOTOKpaTHO moBTOpsercd. Ilocde pocraTouHoro wmcsaa
OUKACB OCTaeTCA JUWIIp OTHUINTH 3arpAsSHEHHHH KoHer|
upyrka. CeepXumcThie MaTepHAdH HONYIAOT B BaKyyMe
UM B atMocdepe MHEPTHOTO rasa.

Mpu Gonbmoit mome wyskEX aTOMOB OYHCTKY IPOH3BO-
RAT OPYI'MMA METO[laMH, SOHHYM MIABKY H BHTAIHBAHHE
KpHcTa/uia W3 pacijaBa OPUMEHAIOT JHMb AIA OKOHYA-
TEeNbHOH OYMCTKE MaTtepHaia.
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AIICOPBIIMA

Tasn pegKko pacTBOPAIOTCA B TBEPAHX Telax, T. e.
pefKo OPOHMKAKT BHYTPh KPHCTAIIOB. 3aTO CYIECTBYET
HHO# C10CcO6 HmOTJIOMEHHsA ra3oB TBEepPAsME TenaMd. Moue-
KyJdH Ta3a CKalIABAalOTCA HA IOBEPXHOCTH TBEPHAOTO
Tena — BTO cBoeo0pa3Hoe IPHUINIAHAE HASKBAETCS aAcop6-
nueit *). Wrax, agcop6ums mpOHCXORHT TOrjia, KOINa MO-
JIeKyJia He MOKeT IPOHMKHYTH BHYTpb Tena, HO 3aTO yC-
DemHo LEemIAeTcd 33 ero IOBePXHOCTE.

Ancop6upoBaTeCa — 3TO 3HAUAT MOIMOMATHCA IIO-
BepxuocThio. Ho pasBe MokeT Takoe ABIEHHE HIPATh
CKOJBKO-HUOYNb 3HAYMTEABHYI poab? Bens cmoit Tonmm-
HO# B OFHY MOJEKYJNYy, HaHeCEHHHI Ha caMuil Kpyunmi
npenmer, GyfAeT BeCHTh HHYTOKHBIE JOJM TpaMMa.

ITopcunraem. Ilnomans HeGOMBmMON MONEKYIBI — UTO-
a6y okomo 10 A2, 1. e. 10~!% cm?. 3naumr, Ha 1 cM?
ymecrarea 103 monekyn. Takoe KOIHMIecTBO MONEKYI,
cKajeM, Boxel Becur Hemuoro, 3-10-% r. Jlaxe Ha KBaj-
paTHOM Metpe paamecturcss Bcero 0,0003 r Boper.

3aMeTHple KOJEYECTBA BemecTBa 06pa3yloTcA Ha MO-
BEPXHOCTAX B COTHH KBampatHmx Merpos. Ha 100 m?
npuxonurca yxe 0,03 r soger (10 2! monerya).

Ho passe MBI cTaIKOBaeMCA € TAKMMU 3HAIHTOAbHHIMA
noBepxHOCTAMH B JaGoparopuoit mpaxtuke? OpHako He-
TPYAHO €006pPa3uTh, YTO HHOTJA COBCEM MAaseHbKHe Teua,
yMeHbIIAIOMMECA Ha KOHLe YailHOl J0/KeYKH, AMEeIOT OTPOM-
HLIE MOBEPXHOCTH B COTHH KBAJPaTHBIX METPOB.

Ky6uk co cropomnoit B 1 cM Meer mIomanb DI0BePXHOCTH
6 cm2. Pa3pesem KyGuk Ha 8 paBHEIX KyGHKOB CO CTOpO-
ot 0,5 cM. Manesbkue KyOMKM MMEIOT rpaHM ITOMIANBIO
0,25 cm?. Beero rakux rpaneir 6x8=48. Ux o6masa mno-
majps pasua 12 cm?. IloBepxmocTs yaBommack.

Wrak, BcaKoe pasfipoGiaeHHe Teia YBETMYHBAET €TO
nopepxHOCTh. PasgpoGum Temeps KyOuk co croponoi 1 cm
Ha vacTmdkm pasmepoM B 1 muxpomerp: 1 Mrm=10"* cm,
3HagnT, Gonpmoii Ky6uk pasobberca nHa 10'2 wactun. Hasx-
Rasg gactHuKa (IJA DPOCTOTH JONMYCTHM, 9TO W OHa Ky0m-
weckas) mMeer miomanb 6 Mrm?, 1. e. 6.10% cm2. OGmasn
mromags gactun pasHa 6-104 cm?, 1. e. 6 M2. A gpobnenne
10 MEAKDPOMETpa COBCeM He ABJIACTCHA IIPefielioM.

*) He caexyer nyraTh afcopOuuio ¢ abcopbmniieii, KoTopas 03mas
YaeT TPOCTO HOIVIOMEHHe,
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Booxee nomaTHO, WTo yhenbHas mWOBEPXHOCTH (T. e.
TI0BEPXHOCTH OJ{HOTO IPaMMa BemECTBA) MOKET BHIPA’KaTh-
ca orpoMHEME Uudpamu. Oma GuicTpo pacter mo Mepe
M3MeNbUeHAA BEIEeCTBA — Beb MOBEPXHOCTh 3epPHHIIKA
yMEeHBIIaeTCsA NPONOPLUHMOHANBHO KBAJpary pasMepa, a
YECJO0 3€PeH B eIWHHANE 00beMa pacTeT MPONOpIHOHAIBHO
ry06y pasmepa. I'pavm BOAH, HanuTO#i HA AHO CTaKaHa,
AMeeT MOBEPXHOCTh B HECKOJNBKO KBAAPATHHX CAHTAMET-
pos. Tor ke rpaMM BOAH B BHJE NOKHEBHX Kallelb YiKe
6yAeT WMeTh IOBePXHOCTh, HM3MepAeMYI0 JeCATKAMm KBa-
APAaTHHX CAHTEMETPOB. A ONMH rpaMM KameieK TyMaHa
nMeeT IOBePXHOCTh B HECKONBKO COT KBAJ[PATHHX METPOB.

Ecam pasgpobute yroab (IeM Mejbue, TeM JIydyie), TO
oH cmocofeH amxcop0mpoBaTh aMMHAK, YIVIEKHCIOTY, MHO-
rue ANOBHTHE raszh. JTO IOCIefHee CBOMCTBO ofecmeumio
yrao OpuMeHeHHe B NPOTEBOrase. YTrodb APOGHTCA 0CO-
6eHHO XOpOINO, M JHHeHHHIE Pa3MEpPH €ro YacTHI MOTYT
ObiTh JOBEleHH O JecATKa aHrcTpeMm. Ilostomy onumH
rpaMM CHeNUANLHOTO YA MMeeT IOBePXHOCTH B HOCKOJB-
KO COT KBaZlpaTHHX MeTpoB. [IpormBoras ¢ yrmem cmoco-
GeH LOTJIOTHTH JECATKH JAATPOB rasa.

Ancop0uusa mMEPOKO MCHONB3YeTCA B XHMHYECKOH Ipo-
memuieHHocTd. MoOnekynul pasnamuHLIX rasos, afcoplm-
PyACh Ha HOBEPXHOCTH, HPMXOIAT B TECHOE CONPHKOCHO-
BeHHE OfHA € [PYToil m jerde BCTYmAlOT B XAMHYECKHe pe-
aKnmy.

Ilns ycKOpeHHs XMMHYECKHX IPOLECCOB YacTo HC-
HOJb3YIOT KaK YIrogb, TaK U MeJKO pasnpo0ieHHEe
MEeTaJIIH — HEKelb, Melb @ Jpyrue.

BemectBa, yckopsAmomume XAMHYeCKYI0 pearnuio, Ha-
3HBAIOTCA KaTaJHA3aTOPaMA.

0CMOC

Cpefiz KABOTHHX TKaHe#d ecTh CBoeoOpa3HbIe IIIEHKH,
KoTophie 00samaT cHocoGHOCTHI0 HPONYCKATh depe3 cebs
MOJIEKYJAH BOJH, OCTAaBasACh HEIPOHAMAEMBIMEU IS MOJIe-
Ky pPacTBOPEHHHIX B BOJI€ BEmECTB.

CpoiicTBa 5THX IUVIEHOK ABJIAIOTCA NpPHIMHOA ¢u3nd-
9eCKAX ABJCHHUH, HOCAMAX Ha3BAHHE OCMOTHYECKHX (WMIH
IpocTo ocMoca).

IIpencrassTe cebe, aTo Takas HonymnpoHHIaeMas Iepe-
roOpofiKa JeIHT Ha [Be YaCcTH TPYOKY, H3TOTOBIEHHYIO B
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dopme mepesepuyroii Gyknm II. B omso komero TpyGrm
HaNHBAeTCA pacTBOpP, a4 B JPYroe KOJEHO — BOJa MIH
npyroi pacrBopmrens. Hanmums B o6a KoleHa ofmHAKOBOE
KOJWYECTBO JKUIKOCTeH, MH C YRHABIGHHEM YCTAHOBHM,
970 OPH pPABEHCTBe ypOBHedl paBHOBecmsi HeT. Yepes Ko-
POTKOE BpEMA KHAKOCTH YCTAHABIHMBAIOTCSA HA DAasHBIX
yposasax. Ilpm 3ToM moBHmaeTcs ypOBEHb B TOM KOJeHe,
rae HaXORHTCA pacTBOp. Bopa, orfleseHHas OT pacTBopa
IOTYyIPOHUIAEMOl NIePeropoIKoH, CTpeMuTca pasGaBHUTH
pactBop. JTO ABJEeHHWEe W HOCHT HA3BaHHE OCMOCA, a pas-
HOCTH BHEICOT HA3HBAEeTCA OCMOTHYECKHM JaBJIeHHEM.

B d4eM ke IpmumHA, BEHI3HBAIIAA OCMOTHIECKOE [[aBJIe-
Hne? B mpaBoM ronese cocyma (pmc. 5.2) jaBneHzme ocymie-
CTBJAAETCSI OfHOI jmmb BOXOH. B sneBoM KosneHe mosHOe
JlaBJIeHAe CKJANEIBAETCA M3 [ABICHHsA BOXH H J[aBICHHA
pacTBopeEHOro Bemecrsa. o coolmeHne OTKPEITO TOJIBKO
JJIS BOIH, W paBHOBECWE IPH HATHIHE HOJYNPOHHIAEMOR
HeperopofKE yCTaHABIUBAETCA He TOrAa, KOTAA [JaBieHHE
cupaBa paBHO DOAHOMY [ABJEHHIO CI€Ba, a TOrKa, KOTHa
HaBleHAe YECTOH BOXH DPaBHO (BONAHOMY H0Je JAaBiIeHUA
pacrBopa. BosHumkajomas pasHAIa IOJHKHX NaBJEHHEA . pas-
Ha [[aBJEHHI0 PAaCTBOPEHHOrO BEIECTBA.

10T mM30BITOK MaBJIeHHs M €CTh OCMOTHYIECKOe JaBJe-
Hme. Hax mOKashBaloT OmBITHL W pacdeT, OCMOTHIECKO®
HaBJIeHWE PaBHACTCA JABIEHMIO «Ta3a», COCTOAINEr 0 B3 PacT-
BOPEHHOI0 BEIECTBA, 3aHM-

T O g S fOTsS TV
A SO TeXEY] Malomero TOT ke o00beM.

HeymusmrennHo 1oaToMy,
9T0 OCMOTHUECKOS JaBJIeHde
E3MEpPAeTCA BHYMIATENLHEHI-
mu gucrama. Ocmormueckoe
IaBjeHWe, BO3HUKAWIMEe B
1 a1 BogW mpH pacTBOpeHUH
20 r caxapa, ypaBHOBeCHJIO
Obt cToaG BOOH BEICOTOH B
14 m.

Prckys Boabyauts y um-
TaTels HeOPHATHEE BOCIO-
MuHAHAA, pazbepeM Temeps,
KaKk CBA3aHO C OCMOTHYEC-
KHAM [aBJIeHAEM CaabuTenb-

- HOe JIeHCTBHE PaCTBOPOB He-
Prc. 5.2. KoTOpHX comeid. CTeHKHA Ka-
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meYHAMKa IOJYIPOHAIlaeMH A pARa pacTtBopoB. Ecum
CONb Yepe3 CTEHKH KHUNIeYHMKA He IPOXOJHT (TaKoBa Iia-
yGepoBa colb), TO B KHIIEYHHAKE BOBHHKAET OCMOTHYEC-
KOe JaBlieHHe, KOTOpOe OTCACHIBAeT BOXY Yepe3 TKaHH
73 OPraHm3Ma B KHIICYHHK.

ITogemy ouens coneHas Bofa He yroaser :kaxau? Oxa-
3HIBAETCA, H B 9TOM BHHOBATO OCMOTHYECKOE JaBJICHUE.
Iloukn He MOTYT BHEJATH MOYY C OCMOTHYECKHM [aBJjie-
HUeM, KoTopoe Gosblne, YeM NaBJeHNE B THAHAX OPraHM3-
ma. lloatomy oprammaM, monyumsmimii CONMEHYI0 MOPCKYIO
BOAY, He TOJIBKO HE OTHAeT e TKaHeBHIM ;KHJAKOCTAM, HO,
HAOPOTHB, BHIleJfAET C MOYOH BOAY, OTHATYIO y TKaHeH.
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Tnasa 6 _
MOJIEKYJIAPHAA MEXAHUKA

CHJIBI TPEHUA

Mu He B mepBHi pa3 rosopmm o Tpenmm. M mpasna,
KaKk MORHO OBLTO, paccKasHBasg O ABH)KeHHM, OODOHTHCH
6es ynommHanusa o Tpenmm? I[lourm nioGoe mBW;KeHHWE OK-
py)Kalomux Hac Ted compoBo)kmaerca TpenmeM. Ocranas-
JIMBaeTCA AaBTOMOOHAB, Yy KOTOPOr0 BOJATENH BHIKIIOTHI
MOTOpP, OCTAaHABJIHMBAETCA IOCJIe MHOTHX KoaeGaHHA MaAT-
HOK, MeJJIeHHO NOrpy;kaerci B 0aHKY € HORCOJHEIHBIM
MacgoM OpomeHHHH TyKa MaIeHBKHUH MeTalImYecKHi ma-
puk. YTo sacraBifer Tena, ABMKYIHECS IO MOBEPXHOCTH,
OCTAaHABIMBATHECA, B UeM NPHYMHA MEJJIEHHOTO NaJeHAA
mapuka B Macie? Msl oTBeyaeM: 3TO CH/IHW TPEHHA, BO3-
HOKAOI¥e NP [BHMKEHUZ OJHUX TeJ BJOJhL HOBEPXHOCTH
IpYrux._

Ho cunsl TpeHEA BOSHHKAIT HE TONBKO IPH JBHIKEHEH.

BaM, BaBepHOE, IPUXOMUJIOCH DEpefBHraTh MeGeib B
KomHare. Bw sHaere, Kak TPYAHO CABUHYTE C MECTA TAKE-
awii mxad. Cmiaa, npormBofelicTByOmMasg STOMY YCHIHIO,
HA3HBAETCA CHJIOH TPEHHS NOKOA.

Cuinl TpeHHS BO3HWKAKOT W KOTHA MH [BATAEM Ipef-
MeT, W KOrjla Mh KaTAM ero. JT0 [(Ba HECKOJBLKO OTIHY-
HEX (msmdeckmx spienma. [lostomy pasnamwalor TpeHme
CKONIbjKeHHA W TPeHHe KaueHMsA. TpeHHe KaueHHs B [e-
CATKHE Pa3 MeHBIIE TPEHHS CKOJb/KEHHA. .

HKoneuHo, B HEKOTODHX CIydYasfXx W CKOJB}KEHHE IIPO-
nexonutr ¢ Gonpmoit jgerkocthio. CaHKH JIETKO CKOIB3AT
0 CHEry, a KOHBKH 0O IBAYy — H eme Jjerde.

OT KaKm\X e DPAYAH -3aBUCAT CHAL TPEHHA?

Cuna TpeHHA MeKIY TBEDAHIMH TEJaMH MAaj0 3ABHCHT
OT CKODOCTH [BHKeHHA H IPONOPHAOHAIBHA BeECy Tela.
Ecnm Bec Tena BO3pacTeT BABOE, TO CABEHYTH €T0 C MeCTa
u TamuTh Gyfier BABOe TpyAHee. M BHpasmiInch He BIOJ-
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He TOYHO, BajKeH HE CTOJIBKO BEC, CKOJBKO CHJIA, IPHIKAMA-
0mMasa Texo K mosBepxHocTH. Ecim Teno jerkoe, HO Mm
KpeNKo HaJaBHJW HA Hero pyKoil, TO, KOHEYHO, ITO CKa-
werca Ha cmne Tpenma. Ecam obo3maunts cumny, HpHMAKH-
Majomyio Teno K moBepxHocth (6onbimell 4acTeio 3TO BeEC),
sepes P, 10 ana cany tpenma F,, Gymer cmpasefamsa ra-
Kag mpocras dopMmyna:

F,,—kP.

A Kak jKe YUHTHBAIOTCA CBOHCTBA IIOBEPXHOCTE[H?
Benp xopomo m3BeCTHO, YTO OJHH W T€ yKe CAHH Ha TeX Ke
[ON03bAX CKOJNB3AT COBCEM IMO-Pa3HOMY, CMOTPA LO TOMY,
00UTH II0N03bS KEeNe30M HIM HET. JTH CBOMCTBA YUYHTH-
paloTca Kosdppmumentom mpomopumonaiabmoct® k. OB Ha-
36IBaeTCA KO3QPUIEEHTOM TpeHnd.

Kos¢¢punment Tpenma meransna mo [epeBy paseH Y/,.
CnBuBEYTH JeKAamylo Ha [AePEBAHHOM TIJAAJKOM CTOJNE Me-
TAJIJINYECKYI0 IJHTY Maccoil B 2 Kr YHAcTCA JHIIL CHJIOH
B 1 kre.

A BoT KO9(QENAEHT TPEHAA CTAIHA IO JBLAY PABEH BCEro
arms 0,027. Ty e mamry, aeamyo Ha JbRY, yAACTCA
CABHHYTH cHa0#, pasHoit Bcero gumb 0,054 Kre.

Oppa ®3 paHHAX NOOHTOK CHHU3UTH Kodddmmment
TPeHAA CKONbKeHHs m3obpakeHa Ha (parMeHTe pocuucm
B ETHOETCKOA TrpolHmIE, AaTHpyeMOM IpUGIM3ATENBHO
1650 r. go u. 5. (pmc. 6.1). Pa6 aver macao mox mom03BA
caHell, Beaymax OONBIIYI0 CTaTYIo.

Ilnomans mopepxHOCTH HE BXOAAT B IPHBEAEHHYIO
dopMyny: cana TpeHHA He 3aBHCAT OT INIOM[aJH IIOBEPX-
HOCTH COUNPHKOCHOBeHHsA Tpymuxca ten. Hymxua ommma-
KOBag Cmia, 9T00H CABHHYTh C MECTa MW TAMMUTL ¢ He-
M3MEHHOH CKOPOCTbI0 IIMPOKHH JHUCT CTaJd BECOM B KH-
JOrpaMM M KHJIOFPAaMMOBYIO THPIO, OINHPAINYIOCA Ha
TIIOBEPXHOCTH JHIIH MaAOA ILIOMIANBIO.

W eme onxo 3aMeuanme 0 cHiax TPeHHA IIPA CKOJIbKe-
Hon. CABAHYTH TeJO C MECTA HECKOABKO TPYZHEe, 4eM Ta-
MMTH: CAJNA TPEHHUA, OPeOfoiieBagMasa B IepBOe MIHOBEHHE
OBM;KeHOA (TpeHHe IOKOs), 0OoJpme NOCHeAYIOIuX 3HA-
genmii cmisl Tpenus Ha 20—30%.

Yro MOKHO CKasarh O CH/Ie TPEHHWS OpPHA KadeHHH, Ha-
npuMep iaA xKoxeca? Haxk m TpeHme CKo/b)KeHHA, OHA TeM
6onpme, weMm Goapme cwia, OPHEKAMAOMAs KOJECO K
nosepxnoctd. Hpome TOro, cmia TpPeHHA Ka1eHHA 00-
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PaTHO NpPONOPHEOHAJbBHA pagHyCcy Kodeca. 910 W mo-
HATHO: 9eM GoubIme K01eCo, TeM MeHbIIee 3HAUCHM® MMEIoT
AJA Hero HePOBHOCTH NOBEPXHOCTH, O KOTOPOi OHO Ka-
TUTCA.

Ecnm cpasHEBaTh CHIH, KOTOpHe mpmxommres Ipe-
0710NeBaTh, 3aCTABIAS TeNO CKOJB3UTH M KATUTHCH, TO
pasHANA IONydaeTcs OYeHb BHymHTeabHas. Hampumep,
q1o0B TAHYTH IO ac}aibTy CTANBHYI0 GOJBAaHKY MacCoi
B 1 1, Hy)HO npuaoxnTs cuay B8 200 Krc — Ha 2T0 cmo-
cOOHBI JHUIb aTideTHl. A KATHTh Ha TejIesKKe 3TY sKe 00J-
BAHKY CMOKeT 1 pefeHoK, i 9TOro HyKHa cmia He Gojee
10 xre.

Hemynpeno, 49ro Tpenme KadeHWs «moGemauio» TpeHme
cronbskeHHEs. HepgapoM denoBedecTBO yike oueHb HaBHO
mepennio Ha KOJEeCHHH TpaHCHopT.

3aMeHa O03beB KOJECAMA emle He eCTh MoIHAas nofefa
Hal TpeHWeM CKOJbeHHs. BeIb Kojeco HAMO0 HACAAHTH
Ha ocb. Ha mepBhii B3riAg HEBO3MOYKHO M30eKaTh TpeHHA
ocell 0 mogmUUHUKA. Tak AyMaim HAa HPOTSKEHHH BEKOB
¥ CTAapajnCh YMEHbIIATH TPEHWE CKOJIOKEHUA B MONIAI-
HOKAaX JWIOb Pa3NNYHHMO CMA3KaMHU. ¥ CJIYrd, OKasHBae-
Mble CMasKoil, HeMajible — TPEHHE CKOJNbKEHUA YMeHb-
maercs B 8—10 pas. Ho gase u mpm cMaske TpeHHe CKOJIb-
JKEHHWA B 0YeHb MHOTHX CAYYaAX CTONb 3HAYATENBHO, 4TO
oGxonuTcsa 4pesMepHo Hoporo. B KoHme mpommoro Bexa
370 0GCTOATENBCTBO CANBHO TOPMO3HMIIO TEXHHIECKOE pas-
Burne. Torma m BOSHWKJA 3aMedaTenbHas HfesA 3aMeHUTh
B NOANIATHAKAX TPeHHE CKONBL/KEHHA TPEHHEM KadeHHs.
ATy 3aMeHy OCYIIeCTBJAET MIapAKOBHIA HONMHUIHAK. Merk-
Ay OCbI0 W BTYJIKO# momectmiu mapmid. Ilpm Bpamenmm
K0JIeca MaPAKA HOKATAINCh
IO BTYJKe, & 0Ch — II0 Iia-
puram. Ha pme. 6.2 noxasa-
HO YCTPOMCTBO BTOr0 Mexa-
HE3Ma. TakmM cnocofoMm
TPeHHE CKOJb}eHuA OBLIO
3aMEHEHO TPeHMeM KadeHu .
Cunsl TpeHns yMEHBIIHIHECH
OpH 5TOM B [ECATKH pas.

Pons mommunuwros xa-
9YeHWA B COBpEMEHHOH Tex-
HHOKe TPYAHO NEpeoleHNuTb. :
Ux penaror ¢ mapnkamu, ¢ Puc. 6.2.
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NANAHAPAYECKAME POJHKAMA, C KOHHIECKUME DPONAKAMH.
TakuMu DOSMNUIEVKAMU CHAaGeHH BCe MAIAHK, 0oJbnine
u Manse. CymecTBYOT mapHKOBbE HNOAMANHUKHA DasMe-
poM B MEJIEMETD; HeKOTOPHE IONMIANHUKE AiA Gonbmmx
MamuH BecaT Gojee Tonun. Ulapmkm 1A DOAIIAIHAKOB
(BB WX BHEJH, KOHEYHO, B BUTPUHAX CIENMANbHHX Mara-
3WHOB) HPOM3BONAT CAMBIX PA3JIHYHEIX JHaMEeTPOB — OT
Joneii MAJIEMETpa A0 HECKOJIbKHX CAHTHMETPOB.

BA3KOE TPEHHME B HUJKOCTAX M T'A3AX

Ilo cux mop MH TOBOPHIH O «CYXOM» TpeHHUH, T. €. O
TPeHUHW, BO3HHUKAWOIEM NOPH CODPUKOCHOBEHHH TBEPIHX
npenmeros. Ho m mnmasawomume, @ jeraiompe Teja TaKKe
HOABEPKEHHl NeHCTBHIO CHJI TpeHHmA. MeHAeTCA HCTOYHHK
TPEHHA — CYyX0e TPeHMe 3aMEHAETCHA (MOKDBIM).

ConpoTuBiieHWe, KOTOPOE WMCHLITHIBAET [BEKYIIeeCA B
BOfle HAM BO3[AyXe Teno, IMONIAHAETCA HHHM 3aKOHO-
MEpHOCTAM, CYNECTBEHHO OTIMYHHIM OT 3aKOHOB CYXOro
TPEHHUsA, O KOTOPHIX MBI I'OBOPHJM BBIIIE.

IlpaBurna moBefeHHA KUJKOCTE W rasa B OTHONIEHOH
TpeHHAA He pasnmyanTca. lloaToMy BCe CKasaHHOe HHIKe
OTHOCHTCSI B PABHOM CTENEHH W K MKAMKOCTAM, W K rasaM.
Ecam Mel gis Kpatkoctd GyfeM roBoputh HAMKE O WKHJ-
KOCTH», CKAa3aHHOE GyIeT OTHOCHTHCA B PAaBHOM CTENEHH M
K TrasaM.

Onmo v3 oTIAYAA (MOKDPOTO» TPEHMS OT CYXOro 3aKJIo-
9aeTcd B OTCYTCTBHHA TPEHHA IOKOA — CABHHYTH C MecTa
BUCAMMA B BOJe HWJIH BO3AYyXe IpeIMeT MOKHO, BooOme
TOBOps, CKONb YrofHo Majoit cmmoii. Yto ke KacaeTcs
CHIIH TPeHUs, HCOHTHBAEMOM ABMKYIMHEMCA TEIOM, TO OHA
38BHCAT OT CKODOCTH [BH;KeHHA, 0T GOpPMH A pa3MepoB
TeJa W OT CBOHCTB ;KuAKocTH (rasza). Vsyuenme ABmixeHHsA
TeJ B KHIKOCTAX W rasax I0OKasajo, 94TO HET eIHHOro 3a-
KOHa [Jd «MOKpOTO» TPeHHs, a MMEIOTCA [Ba PA3HHIX 3a-
KOHA: OLMH — BEPHEIA IpH MaJbX, a ApYroit — npu 6ous-
OIEX CKOPOCTAX [BW)KeHWA. Hamnmume HBYX 3aKOHOB 03-
Hadaer, YTO OpH 0OJBMAX M MaJBIX CKOPOCTAX ABHMEHHHA
TBEPAHX TeNl B KEJAKOCTAX U rasax o0TeKaH®We cpeJoil ABH-
Mymerocs B Hefl Tejla MPOHCXOJUT IO-PABHOMY. -

IIpm MamHX CKOPOCTAX JBHIKEHHA CHIA COMPOTHBICHHS
IPAMO OPONOPIHOHANBHA CKOPOCTH ABHKEHHWA H pasMepy
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Tena:
F~vL.

Kak. Haf0 HDoHUMaTh HPOHOPIHMOHAIBHOCTH pasMepy,
ecqH HE CKasaHo, o Kakod d¢opMe Tena mmer peus? IT0
3HAYAT, 9TO IJAA ABYX Ted, BlUOJIHe HOTOGHHX IO (opMe
(1. e. TAaKWX, BCe DAa3MepHl KOTODHX HAXONATCA B OfU-
HAKOBOM OTHONIEHHH), CHJH CONPOTHUBIEHHA OTHOCATCH
TaK ke, KaK JIMHEAHbIE pasMephl Tel.

BennmudHa CODPOTHBIEHHS B OrPOMHON CTelleHW 3a-
BHCHT OT CBO#icTB skupKoctn. CpaBHUBasg CHJIH TPeHHA,
KOTOpHIE HCIHTHBAIOT ONAHAKOBHE NPEAMETH , JBIKYIAECH
¢ OMHAKOBHIMH CKOPOCTSAMH B Da3HHIX CpefaX, YBUIUM,
9TO TeJla HCOBITHBAIOT TeM GONbIIYI0 CHIY CONPOTHBICHUSA,
yeM 0oyee rycTOH, WM, Kak TOBOPAT, 4eM Goiee BA3KOi
6ymer cpena. IloaToMy TpeHme, 0 KOTOPOM HWAET peub, yMe-
CTHO Ha3BaTh BA3KUM TpeHmeM. Bmosie HOHATHO, 9TO BO3-
AyX CO3[aeT He3HAUMTENbHOE BS3KOE TpeHHe, IPHMEpPHO
pa3 B 60 mennme, wem Bopma. HumakocTu Moryr OGHTH «He-
" IyCTHE», KaK BOJla, ¥ OYeHDb BA3KWE, KAK CMETaHa WU Mef.

O cremeny BABKOCTH KHAKOCTH MOKHO CYAETH Ju00 IO
OBICTpPOTE maJeHWs1 B Hell TBepAHX Tes, au60 mo Gncrpote
BHIIMBAHUA KHAKOCTA H3 OTBEPCTHIA.

Bona Bhsibetcs m3 HOJ-AHTPOBOA BOPOHKH 3a HECKONb-
Ko cekyHfA. Ouellb BA3KaA KEAKOCTH OyHeT BHTEKATh U3
Hee gacam#, a TO W AHAME. MoKHO mpHBecTH mpuMmep ©
eme Oouyiee BABKUX xmAKoctedd. I'eostorm obGpaTunu BHEMa-
HAe, 9TO B KpaTepe HEKOTOPHX BYIKAaHOB Ha BHYTPEHHHX
CKJIOHAX B CKOIUIGHUAX JIaBbl BCTPEYAIOTCS MapPOBUAHEIE
Kyckd. Ha mepseiii B3riAfx CoBepHIeHHO HEHNOHATHO, KaK
BHYTpH KpaTepa MoOr o6pasoBaTbCA TaKOd map 43 NaBH.
J10 HEIIOHATHO, €CJ1d TOBOPHATH O JIaBe KaK O TBEPHOM TeJe.
Ecnm me maBa BefieT cefd Kak KHAKOCTh, TO OHA OyHer
BBITEKATh W3 BOPOHKM KpaTepa KaIIAMH, KaK ® Jjiobas
Apyras skmprocth. Ho Tonbko ofgna Kamas o6pasyercs
He 32 JT0JII0 CEKYH[H, a 3a jecaruaerns. Korma xamas cra-
HEeT OYeHb THAKEJOH, OHA OTOPBETCA W (KamHeT» HA [HO
KpaTepa ByJKaHa.

U3 storo mpmMepa sicHO, 49TO He CiACAYeT CTaBAThH Ha
OMHY JIOCKYy HacTosiue TBEp/IHe Tesa N aMOpQHEE Teja,
KOTOpHIE, KaK MBI 3HaeM, MHOro 0olee IOXOKH HAa KHI-
KOCTh, 9eM Ha Kpmcrajau. JlJaBa — Kak pa3 rTakoe aMopd-
Hoe Teno. OHO KajKeTCA TBepPALIM, HO HA CaMOM Jejie 3TO
OYeHL BABKasg MHIKOCTD,
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HKax Bsl mymaere, cypryd — TBeppoe teno? Bospmure
aBe mpoOKHW, MONOMKHTe MX HA JHO OBYX dYameK. B ofHY
HagefiTe KaKyo-HAOYAh pacmiasieHHyio Coab (Hampmmep,
CeNuTpy — ee JIerko A0CTaTh), & B APYryI0 YamKy ¢ mpob-
Kol HasmefiTe cypryd. OGe ;KUAKOCTH 3aCTHIHYT M MOrpeGyT
npobxu. Ilocraspre 5TM wamku B mkad m Hagoaro 3a6ynbTe
o Hpx. Yepes HeCKONBKO MECAHEB BB YBHINTE Pa3HALY
Meny cyprydom m conbio. IIpoGra, saburas coasio, mo-
npeskHeMy OyJeT IOKOHTbCA Ha OHe cocyma. A mpoOKa,.
3aJUTaA CyprydoM, oxkaskercs HaBepxy. Hak ke s10 mpo-
mzomio? OdeHp npocro: mpofKa BCIIBUIA COBCEM Tau,j
KaK oHa BCIJIKBaeT B Boje. PasHumnma nwms BO BpeMeHH:
KOrfa CHJB BS3KOI0 TPEHHMA Majb, NPoOKAa BCHJKBAET
BBEPX MTHOBEHHO, 8 B O4eHb BA3KHX JKUIKOCTAX BCILIH-
BaHAe UPOJOJIKAETCA MeCAIaMH.

CHJIBI CONIPOTUBJIEHNA IIPU BOJIBHINX
CHOPOCTHAX

Ho Bepuemcs ® 3akoHaM «Mokporo» Tpennmsa. Kar e
BHACHUIM, NPA MaJbIX CKOPOCTSAX CONPOTHBJICHOE 3aBUCAT
OT BA3KOCTH JRHMKOCTH, CKOPOCTH [BU)KEHUS W JUHe-
HHIX pas3MepoB Tela. PaccMoTpuaM Temeph 3aKOHH TpEeHHA
opu Gonbmmx cropoctsx. Ho mpemxpge Hamo ckasarth, Ka-
KHe CKOpOCTH CYATaTh MAJBIMH, a KaKhe OOJbIIHMH.
Hac nutepecyer He aGcoa0THAS BenTWIAHA CKOPOCTH, a TO, |
ABIACTCA JNH CKOPOCTh JIOCTATOYHO MAJNOH, YTOGH BHIOM-|
HAJNCA PACCMOTPEHHHI BHIOIE 33KOH BASKOTO TPEHMA.

OxaspiBaercsi, HeNb3si HA3BATh TAKOE IHCJIO METPOB B
CeKyHAY, uTo0H BO BCeX CIy9adX HpPH MEHbMAX CKOPOC-
TAX OpiiE OPUMEHUMB 3aKOHK BA3KOr0 TpeHmsa. I paHmma
OpuMeHEeHHs1 A3YIeHHOTO HAMA 3aKOHA 3aBHCHT OT pasMe-
POB Tela H OT CTEeNEHH BASKOCTH M HIOTHOCTH KHKOCTIH.

Ilns BO3gyXa «MAajbIMA» ABIAIOTCA CKOPOCTH MEHBLINO

75
Q’T— cM/c,
IJsg BOOABI — MEHbIIE
0,05
7 cM/ce,
a JJd BA3KUX HCHI[KOCTGﬁ, BpoOae rycroro Mega,— MeHLI]]e!
‘ 100
—L—' Cl\r[/c‘.
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Taxum 00pasoM, K BO3AYXY U OCOOEHHO K BOAE 3aKOHEI
BA3KOT0 TPEHHA MAaJI0 NPEMEHEMH: [ake IPH MAJAHIX CKO-
pocTAX, MOPAMIKA 1 cum/c, oHm GyAyT rogATHCH JWMIMb A
KpOITEYHHX TeJl MHJIEMETPOBOTO pasMepa. ConporzBie-
gpe, WCIBITHBAEMOE HHDAIOIMUM B BOLY dYeNOBeKOM, HH
B KAKOH CTeNmeHH He NOTYMHAETCH 3aKOHY BA3KOI'O TPEHHA.

Uem e O0BACHHUTDH, 9T0 IPH H3MEHEHUH CKODOCTH Me-
HseTcA 3aKOH compoTmBieHmsa cpefu? Ilpuumas mago mc-
KaTh B M3MeHEHUH XapaKTepa o0TeKaHHA KAJKOCTHIO IBH-
xymerocs B Hem tena. Ha puc. 6.3 msoGpaskens asa kpy-
FOBHIX IHJIUHAPA, ABMKYIHUXCA B JKEAKOCTH (0Ch IUAHHM-
pa HepHeHJHKYJIAPHA K gepresxy). [Ipm Megnennom pgBm-
JKeHHWH JKENKOCTh INIaBHO O0TeKaeT ABWKYIEACS npen-
MeT — CHJIa COIPOTHUBICHHA, KOTOPYI0O €My IpPUXOIHUTCA
npeooneBaTh, ecTh cuia BsasKoro Tpenma (pme. 6.3, a).
[Ipm Gosxbmofl CKOPOCTH IO3aJH ABMKYIIETOCH TeJa BO3-
HUKAeT CIOKHOe 3alyTaHHOe [BHKEHWe JKHNKOCTH
(pme. 6.3, 6). B munrocTH TO DOABIAKTCA, TO IPONALAIOT
pasnmdHble CTPYHKE, OB 006pasyioT mpuIyAnmBhe Qury-
pHI, Koabla, Bexpr. Hapra-
Ha CTPYeK BCe BpeMsd MeHA-
ercs. IloaBnenne 3TOTO BH-
)KeHHIs, Ha3bIBAEMOro Typ-
OyJeHTHDIM, B KOPHe MEHAET
3aKOH CONpPOTHBIEHUA.

TypGysaentHoe  COmpo-
THBJICHHE 3aBHCHT OT CKO-
pOCTH W Pa3MepOB IpeMeTa
coBceM HMHade, UeM Bsi3KoOe:
OHO IPONOPIAOHANBHO KBa-
ApaTy CKOPOCTH H KBajpaTy
JIAHEHHHX pasMepos. Bas-
KOCTh JKHIKOCTH HPH 3TOM
JBAKEHUHE IepeeTaeT BIpaTh
CYMIECTBEHHYIO POJb; OIpe-
HenAnmuM CBOHCTBOM CTa-
HOBATCA €€ ILIOTHOCTDH, IpH-
4eM CHJIA COI'POTHBJICHHA
HponoOpnEOHAJbHA NEpBOi
CTelleHN IJIOTHOCTH KHATKO-
crm (rasa). Takmm o6pa-
3oM, axa cmam F 1ypby-
JEHTHOTO  CONpPOTHBICHEA

139



cupaseganBa dopMyna
F~pvL?,

rge U — CKOpOCTh JBmeHmA, L — nuHelinne pasmeps
mpeaMeTa I p — INIOTHOCTH cpefnl. UmcaoBoii Ko3dduna-
¢HT NpPONOPIHOHAJABHOCTH, KOTOPHIA MH He HANHCAJH,
EMeeT pa3JmJHble 3HAYCHHUSA B 3aBECAMOCTA 0T QOPMH Teia.

OBTEHAEMASfI ®OPMA

JiBm:xeRne B BO3[qyXe, KAK MHE F'OBODHJA BHIOE, TOYTH
BCerjia «ORICTpOE», T. €. OCHOBHYI0O pOJb Hrpaet Typby-
JeHTHOEe, a He Bf3Koe comporasienme. TypGyneaTHoe
COIPOTHBJEHHWE HCIHTLIBAIOT CaMOJETH, NTAMNH, Hapa-
moTHcTH. Ecan wenosex nmagaer s Bosfyxe ez mapammora,
TO Uepe3 HEKOTOpPOe BpeMs OH HAYMHAeT NajJaTh paBHO-
MepHO (CHJIA CONpOTHBJICHHs YpaBHOBENHBAeT BeC), HO
C BechbMa 3HAYHTENBHOH CKOpOCThIO, mopsAfka o0 m/c.
PackpriBanne napamiota DpPEBOJAHT K pPe3KOMY 3aMejie-
HAI0 NajleHAs — TOT jKe BeC YPaBHOBEMHBAETCH Temephb
CONpOTHBJIEHMEM KYIOJa Napamiora. Tak Kak cmia Co-
IIPOTHBICHUA NPONOPIMOHANBHA CKOPOCTH [BHIKEHHSA B
pasMepy majaomero mpeiMeTa B ORWHAKOBOH CTemeHwm,
TO CKOpPOCTH YIAJeT BO CTOJNIBKO pas, BO CKOJBKO H3Me-
HATCS JHMHeHHBle pasMeps Dajaiomero Texa. Jlmamerp
mapamioTa OKOJo 7 M, «IHaMeTp» deJioBeKa OKO0J0 ONHOTO
merpa. Ckopocts nanenua ymenpmaercst 1o 7 m/c. G takoit
CKOPOCTHI0O MOKHO 0@30aCHO IPH3eMIIHTHCH.

Hapgo crasats, uro 3aava yseluv1eHHSA COIPOTHBIACHHASA
pemiaeTcA 3HA4YMTeNbHO Jerue, deM obpaTHas 3ajgaga.
YMeHBIINTE CONPOTHBJIEHHE ABTOMOOHMII0 W CaMOJeTy Co
CTOPOHH BO3JyXa WJIHM NOJBORHOH JOLKe CO CTOPOHH
BOIK — Ba’KHeHIIWe H HeJerKWe TeXHWYeCKHe 3aaud.

OxasmnBaercs, 4To, mameHAA POPMY Tesa, MOIKHO YMEBB-
mats Typ6ynaeHTHOE CONpOTHBAEHMe BO MHOro pa3. Jua
9TOro HAJ0 CBECTH K MHHAMYMY TYpOYyJneHTHoe JBHKOHHe,
ABIAIONIEECS] HCTOYHHKOM CONPOTHBIEHHA. ITO [0CTH-
raercs NDpHAAHEEM NPEIMOTY CHEeUAILHOH, KaK TOBOPAT,
obreraeMolr GopMEI.

Haraa e ¢dopma samasercss B 9TOM CMEICJIe Hamuyd-
meit? Ha nepswniit B3araaf Kaskercs, 9T0 Teay HaLO0 MPHAATH
Takylo ¢opMmy, urofb Bmeped ABHEranoch ocrpme. Takoe
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ocTpHe, KaK Kaskercd, KO-
;kHO ¢ HamboupmmM ycne- | ’ IABYEHUE
XOM «pacceKarp» BO3AYX.
Ho, oka3nBaercd, BaKHO He
pacceKaTh BO3JYX, a Kak
MOKHO MEHBIIE IIOTPEBO-
AT ero, 9To0H OH OuYEHb
mnaBHO 00TeKan mpeaMer.
HaunyamaM npoduneM gsu-
HKYINETOCA B JKUAKOCTH MJIH
rase Teaa siBasercs dopma,
Tynas CHepeflm M o0cTpas
czanu *). llpm stoM sxmp-
KOCTh IJIaBHO CTEKAaeT ¢ OcC-
TpAsA, B TypOyleHTHOE ABH-
7eHHE CBOJUTCS K MHUHAMY-
my. Hm B koem cayuae
Helb3sl HAIPABJIATH OCTpHE
YIJH BIEPENR, TAK KaK OCT-
puA BH3HBAOT o0pazoBaHWe TYpOYJEHTHOrO [BHKe-
HEA.

OGteraemas dopMa KpHIa caMojieTa CO3[[aeT HE TOJIb-
KO HauMeHbIIee CONPOTABICHNAE BMKEHUIO, HO U Hanboab-
myKo OOABEMHYI0 CHIY, Korfa o0TeKaeMag HOBEPXHOCThH
CTOHMT HAKJOHHO BBepX K Hampasienmio Apm:xeHds. OGTe-
Kaf KpPBIJIO, BO3JYX [aBAT Ha Hero B OCHOBHOM B Hampas-
JeHUH, NePHEeHAUKYIAPHOM K ero miaockoctu (pzc. 6.4).
ITonaTHO, YTO [ HAK/IOHHOTO KPHJIA 3TA CHJIA Hampasie-
Ha BBEpX.

C BospacranmeM yraa mompemHas cmiaa pacter. Ho
paccy:;xeHre, OCHOBaHHOe HA OJHUX JHINL reoMeTpHde-
CKEX coo0paKeHHAX, HpuBenso OH HaC K HEBEPHOMY BH-
BOLY, 4TO 4YeM GoJbIme yroJ K HaIPaBJICHHIO [BHKEHHSA,
teM ayume. Ha camom e flee mo Mepe yBenu4eHHA yriaa
m1aBHoe O0TeKaHHe INIOCKOCTH BCE 3aTPYAHAETCA, a IpH
HEeKOTOpPOM 3HAYeHHWH YIrjia, Kak dT0 HJIJIOCTPHEpPYET
prc. 6.5, BosHEmKaeT cuabHaA TypGYIEHTHOCTH; CONPOTHB-
JleHHMe JBHKEHHI0 PE3KO BO3pacTaer, W MOABEeMHas CHIA
majaer.

G

=2

*) OcTpre HOCH y JOJOK M MOPCKHX CYHAOB HYMKHH JUISA €pa3-
pesaBMA» BOJH, T. €. JIMIOL TOrJAa, KOTZA [BH;KEHUE HNPOMCXOMUT IO
TIOBEPXHOCTH.
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NCYE3HOBEHUE BA3HOCTH

Ouensp uacTo, 00BACHAA KaKoe-HHOYIb ABJICHHE HIH
omychBasd OOBEfleHAe TeX WJF WHBIX TeJ, MH CCHJIAeMCH
Ha 3HAKOMHI® IOpuMepH. Brmonme mOHATHO, TOBOPHAM MHI,
9T0 3TOT HpEAMeT ABUIKETCA KaKEM-TO o6pasoM, Belb
Apyrue Tena JBIKYTCA MO TeM jKe npaBmiaM. Boxabmeit
9aCcThI0 BCETA YJOBIETBOpsieT 00BACHEHME, KOTOPOE CBO-
OAT HOBOE K TOMY, 9TO HaM YK€ BCTPEYAJOCh B KH3HM.
IloaToMy ME He HCOHTHIBaJH 0COOLIX TpPYyHAHOCTEl, 00BAC-
HAd YATATENI0 3aKOHH, IO KOTOPHIM HABEJKYTCH JKHIKO-
CTH, — BeAb KaKIBIA BEJEN, KaK TeYeT BOAA, B 3aKOHH 3TOT0
IBUKEHHUA Ka)KYTCA BIOJIHE eCTeCTBEHHEIMH.

OpHako eCThb OfHA COBEPIIEHHO YMHBHTENLHAS IKUM-
KOCTh, KOTOpas He IO0XO0Ka HHE HAa KAaKHe Npyrue KATKO-
CTH, ¥ JBHKETCA OHA IO 0COOBIM, TOJIBKO €f CBOMCTBEHHEIM
3aKOHaM. ITO KHAKHA reauid.

Ms yiKe TOBOpWIH, YTO JKHANKAA TIeqHi COXpaHAeTCS
Kak JKEJKOCTH IpH TeMIepaType BIJIOTH A0 aGCOMIOTHOTO
ayna. Onnaro rexamit suime 2 K (tounee, 2,19 K) m rennit
HHAJKE TOH TEMIepaTypsl — 3TO COBCEM pasHEe KHAKOCTH.
Brime gByX IpagycoB CBOMCTBA rejidA HEYEM HE BEAENAIOT
ero cpegnm Rpyrmx skmpakocreit. Hmxe sToil TeMmeparyp
rejmii CTAHOBUTCA UYHAECHOH KHAKOCTBIO. UymecHEBIA re-
amit masusawT reameM II.

Camoe mopasurenbHOe cBoiictBo remmsa II — aro or-
kporrag I JI. KHammmeit 8 1938 r. cBepxTerydects, I. e.
IOJNHOE OTCYTCTBHE BASKOCTH.

[dna HabaiofeHHA CBEPXTEKY4EeCTH U3TOTOBIAAETCA CO-
Cy[, B JHE KOTOPOTO HMeeTcsi O4YeHb Y3KaA mejb — IOn-
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puHO# BCcero aumb B HoiMuKpoHa. OGHLYHAA JKUAKOCTH
OYTH He IPOCAUYMBAETCA CKBO3b TAKYI0 H@JIb; TaK BeIeT
ceba m renmit upm temoeparype sume 2,19 K. Ho enma
TONBKO TemmepaTypa ctaHoBmTcd Hmke 2,19 K, ckopocts
BHITEKAHNA reJdsA CKAaYKOM BO3pacTaeT IO Kpaiineii Mepe
B THCATE pa3. Yepes ronuafimmit 3a3op resnmit I1 sriTexaer
MOYTH MTHOBEHHO, T.€. IOJHOCTHIO TepsAeT BA3KOCTh.
CpepXTeKyuecTh TeJHA DPHBOJHT K eme (osee CTpaHuoMy
asnennio. 'enmit I1 cnocoben cam «BHesaTh» M3 crakana
unm opobupkm, Kyma oH mHamat. IIpobupry ¢ remmem II
nOoMemaloT B Abloape Hax renmeBol BamHOU. «Hum ¢ Toro
HA C Cero» reJHil IOTHAMAETCA IO CTeHKe IpoGWMpKA B
BHJ€ TOHUalmeidl COBepIIEHHO He3aMETHOH IJIEHKA W Iie-
peTeKaeT depe3 Kpaii; ¢ /OHHIOKA NPOOHPKH KaNaioT
KaILIH.

Hange BcooMHATH, 9ro Giaaromaps KaNWUIAPHBIM CH-
aM, 0 KOTOPHX TrOBOPHJIOCH Ha CTp. 36, MOJEKYNH BCA-
Ko#l KMIKOCTH, CMayuBalomei#i CTeHKY cocyma, B30mpa-
10TCA BBepPX IO 3TOf CTeHKe W 00pa3yloT Ha Heil TOHUaii-
my[o NJIeHKY, IMApPHHA KoTopoii mMeeT mopsamok 10-° cu.
Jra mIeHOYKa He3aMeTHa JJIs IJiasa, fa u BooOme HEYeM
ce0Aa He MpoABAAET RS OOKRYHOHW BSIBKOM IKHIKOCTH.

Haprmea coBeplIeHHO MeHAETCH, €CJIA MBI HMeeM [eso
¢ JHUINEHHHIM BA3KOCTH resimeM. Bels yskas mens ne Me-
MAaeT ABH/KEHMIO CBEPXTEKYHero resMs, a TOHKAA MOBepX-
HOCTHAsl INIEHKA — BCe PABHO YTO Y3Kas MeEJib. JInmenHan
BABKOCTH KHKOCTh TedeT ToHYaimmMm cioeM. Uepes
06opT cTakaHa WJIHW OpPOOMPKH HOBEPXHOCTHAS ILIEHKA 06-
pasyer cmdoH, 0 KOTOPOMY TFejlHil IEpenmBaercd depes
Kpail cocyna.

TlonsaTHO, 9T0 y 00BYHOM ;KAAKOCTA MH He HabuawomaeMm
Huuero noxokero. Ilpm wopmanbpno#t BA3KOCTH «poOG-
pathes» depe3 CHPOH HUUTOKHON TONIMHUHH KATKOCTH
OPaKTHMIECKE He MOKeT. Tarkoe ABMKEHHE HACTOIBKO MeJ-
JIEHHO, 4YT0 IepeTeKaHhe [JIAA0CHh OH MHUJITHOHH JeT.

Nrax, remnit 11 nnmen scsakoi saskoctan. Kasanocs 6w,
0TCIONIa C KeJIE3HOH JIOTMKOM ClefyeT BHIBOJ, 9TO TBEpHoe
TEJIO0 J[OJKHO B TAKOM JKHIKOCTH ABAraTthbca 0e3 TpeHms.
ITomecTuM B REAKEA renmil GHCK HA HATH HA 3aKPYTHM
auTe. IlpenmoctaBus cBoGomy STOMY HeCIOKHOMY IIpH-
cooco0JIeHnIo, MBI CO3aNM HEYTO Bpojle MAATHAKA — HUTh
¢ aucKoM Oymer Kone6aThCsi W NEPHOANIECKE 3aKpydnd-
BaTeCA TO B OFHY, TO B APYryio cropony. Ecim Tpenusa
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HET, TO MH JOJIKHH O}KWAATH, 9T0 JUCK 6yner KouaeGaTbca
BeyHo. OpHako nmuero nopoGuoro. Yepes cpaBHETeNHHO
KOPOTKOE BpeMs, IPAMEPHO TAKOE ke, KaK | JIJi 0OLIIHOTO
HopManbpHOro rexmsa I (T.e. reims npm Temmeparype
sume 2,19 H), muck ocramasameaerca. Yrto 3a crpan-
HocTh? BhiTekas uepes mens, reiuii sener ce0sa Kak JRWM-
KOCTH 0e3 BASKOCTH, a IO OTHONMIGHHWI0 K [BHKYI(AMCH
B HeM TejaM BefieT ce0s Kak OOBIYHAA BA3ZKAA IKHAOKOCTS.
Bor 310 Yy HelicTBETENBHO COBEpIIEHHO Heoﬁmmo i
HEIMOHATHO.

Hawum ocraercs Teneps BCIOMHHATH CKa3aHHOE IO HOBONY
caMoro QakTa, YTO reJimii He 3aTBePAEBAET BILIOTH M0 al-
COJIIOTHOTO HYNA. Benp feno maer o HempHrogHOCTH HpH-
BHYHKIX HaM NpeICTaBjeHHd o ABMkeHmH. Ecam remmi
«HE3aKOHHO» OCTAJICA JKHAKAM, TO HAN0 JH YAABAATHCH
0e33aKOHHOMY MOBEJCHHIO 3TOM KUIKOCTH.

IlonsaTe moBefeHHME JKHEAKOTO TENHA MOKHO TOJBKO C
TOUKH 3pEHWs1 HOBHX IPEACTABICHHHA O JBMKEHHH, KOTO-
pHe NOoNydYm/iH HasBaHme KBaHTOBo# MexaHukm. Ilommira-
eMca fgarh camoe o0mee HPENCTABJIEHHE O TOM, KaK KBaH-
TOBAas MeXaHWKAa OO0DACHAET HOBelCHHE IKHIKOTO rejius.

HpantoBas MexaHmKa — O49€Hb XUTpadA E TPYAHAS JJis
NOHAMAHUA TeOPHHA, U IYCTh YNTATE]Hh HE YAHBJAAETCA, 9TO
o0bsAACHEHHe BHIJIANHT eme Gojee CTPaHHHM, 4eM CaMH
asaenma. OKaswBaeTcsa, KKLAsA YaCTHANA SKUGKOTO TejHs
y9acTByeT ONHOBPEMEHHO B IBYX ABHKEHHWAX: ONHO JBH-
;KeHme CBepXTeKyduee, He CBA3aHHOE C BA3BKOCTHIO, a APY-
roe — oGbIYHOE.

T'eanit I1 Bepmer ceGa TakuM o6paszoM, Kak 6ynaTo Gel od
COCTOHT U3 CMECH ABYX JKHAKOCTel, ABM;KYMHUXCS COBEp-
MEeHHO HEe3aBUCHMO «OfHA depe3 Apyryio». OnHa ;KEAKOCTH -
HOpDMaJibHA IO TOBEJEHHIO, T. €. 00jagaer OGHYHOM BA3-
KOCTBIO, Jpyrag COCTaBHag dYacTh SBIAETCA CBEPXTe-
Ry4qeit.

Korzia reamit Teuer 4epes meab HIX IEPETEKAaeT Uepes
Kpai crakaHa, MH HalmiomaeM 3QdeKT cBepXTeKydeCcTH.
A npu KonebaHWMW NWCKaA, MOTPY’KEHHOTO B rejimii, 0oCTa-
HaBjIMBAlOmee IUCK TpeHHEe co3faercs Giarogapa Tomy,
9T0 B HOPMAJIBHOH YacTH TeJHs TpeHHe [HCKA Hem3-
6esxHO.

CroocobHOCTL y4acTBOBATHh B ABYX Pa3HHIX JBMIKEHHAX
IOPOKIAeT W COBEPHIEHHO HEOGHIYHEIE TEIIONPOBORAIIAS
cpoiicta requs. Har yme ropopmiocs, skufKocTu BooGmie
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JOBOJIBHO ILIOXO IMPOBONAT TEILI0. 110J00HO OOBITHEIM KHA-
KoctaM Befier ce6a m reamii I. Horma e npomexopmr
npespamernse B renmii II, Tenmompomommocts ero Bo3-
pacTaeT IpAMepHO B Mminmaph pas. TaxmMm o6pasom,
rermii 11 mposogmT Temmo ayyme, 4eM camble JydmHe
OOnYHEEe NPOBOAHAKE TelllIa — TAKWe, Kak MeOb ©
cepebpo.

Heno B ToM, 9TO CBEpPXTEKyUee IBHKEHHE TeJIUs B epe-
gave Temna He ywactsyer. Ilostomy, xorma B remmm 1l
€CTh Hepemaj TeMIEpParyp, TO BO3HAKAIOT [ABA TEUYCHHSA,
WAyOine B HPOTHRONOJOKHHX HaOpPaBJEHHAX, W OJHO U3
HAX — HOpPMaJbHOe — HeceT ¢ coGoil Temino. Jto coBep-
MIeHHO He MOX0sKe Ha 00HYHYI0 TeIIONPOBOLHOCTE. B 06H3-
HO#l JKHJKOCTH TeIIO IepefaeTcs yHapaMH MOJEKYJ.
B renmn 11 temimo Tewer BMecte ¢ 06HYHOH WACTBIO renmd,
TeUeT, KaK JKUAKOCTh. BoT yik 37leCh TepMEHE «IIOTOK Temaa»
ompaBjlaH HOJHOCTBIO. Takoil cmoco6 mepenaum Temiaa u
OpPABOANT K OTPOMHOM TEIJIOUIPOBOIHOCTH.

970 00'bACHEHWE TEIJIONPOBOMHOCTH IeAUA MOMKeT Ho-
Ka3aThCs HAaCTOJBKO CTPAHHKM, YTO BH OTKa;KETECh B HETO
noseputs. Ho B CIpaBeqimBOCTH CKa3aHHOI'0 MOKHO y6e-
JATBCS HEIOCPE[CTBEHHO Ha CleAylomeM IpoCTOM IO

' cBOe#l mmee oOmHITE.

B Bamme ¢ ;KWAKEM renmeM HaXOQUTCA AhI0OAp, TAKKe
moJIHOCTRI0 3amoiaHeHHHE reamem. Cocyn coofmiaercs ¢
BAaHHON KaOWIIAPHEIM OTpocTKOoM. [enmii BHyTpm cocyha
HarpeBaeTcA 3JEKTPUYECKOH COMPANbio, TEIJO He Iepe-
XORUT K OKPY/KaloOmEeMy TeJHI0, TaK KaK CTeHKH COCyda
He nepefaioT TEILIO.

Hanporns ranmanapHo# TpyGKM HaXOMMTCA KPHLIHII-
KO, IOJ{BeIIEHHOe HA TOHKON HWTH. Ecaw Temmao Teuer Kak
MKUKOCT, TO OHO JOJIKHO HOBEPHYTHh KPHIHKIIKO. VIMeH-
HO 970 ¥ mpoucxofaT. Ilpm sToM KomHMYecTBO reimA B €O-
cyne He mamenserca. Hak ke OOBACHATH 3TO IyHECHOE
ABiesme? JIHIIb eTHHCTBEHHHIM CHOCOGOM: HIpM HArpesa-
HAN BO3HHKAeT NOTOK HOPMAaJBHOH YacTH KEAKOCTH OT
HArperoro Mecra K XOJOJHOMY M NOTOK CBepXTeKydeit
gacta B ofparHyio cropony. HoamdecTso renma B Kamgoi
TOYKE He MEHAETCHA, HO TaK KaK BMECTe ¢ IIePEeHOCOM TeIlia
JBHKETCS HOpPMAJbHAfg YacTh JKEAKOCTH, TO KPHJIHIIKO
TIOBOpauYMBAETCA Gaarofapsa BA3KOMY TPeHHIO 3TOH wacTH
A OCTAaeTCA OTKJIOHEHHHM CTOJBKO BPEMEHH, CKOJBKO
OPOROJIKAETCH HArpeB. :
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N3 Toro, 910 CBepXTeKyuee ABH)KEHHe HE NOPEHOCHT
Temwna, caefyer m Apyrodl BuBoj. Brme rosopmaock o
«mepenonsaHuUm» rexns depes Kpali crakana. Ho «aesaer»
H3 CTAKAHA CBEPXTEKYdYasa 9acTh, & OCTAETCA HOPMANLHAA.
Tem10 ¢BA3aHO TOJbBKO ¢ HOPMAJBHOH JacThio rejusA, OHO
He COHPOBOKAAET <BHLIE3AIOMIYIO» CBEPXTEKYIYIO WACTh.
3maunT, MO Mepe <BEUIE3AHHA» TeJIHA H3 COCyAa OFHO
¥ TO ke Temao OyHeT NPEXONHUTHCA HA BCe MeHbHIPE KO-
JIZ9EeCTBO TeNHUA — OCTAIIMAACA B COCyAe renmit TOJKeH
HArpeBarhesa. JTO IeCTBATeNbHO HAGIIOAAeTCA P OIEITE.

Macchr reiimsa, CBA3aHHEE C CBEPXTEKYIAM U HOpMAJb-
HEIM [[BIDKeHOeM, He ofuHAKOBH. OTHOMEHHe HX 3aBHCHT
oT TeMueparyps. UeM HE;Ke TeMmeparypa, TeM Goiabime
cBepXTeKydas 49acTh MaccH rexama. Ilpm abconroTHOM Hyme
BeCh TeJiEii CTAHOBHTCA CBepXTeKydumM. Ilo Mepe moBhimme-
HESI TeMOepaTyps Bce GObmMAsA 9ACTh TreidsA HAYMHAET
BecTH ce0m HopMaibHO m mpm Temmeparype 2,19 K Becs
relgif CTAaHOBHTCA HOPMANbHEM, npmobperaer CBOiCTBA
OGBIYHOHN KHTKOCTH.

Ho y unmtatens yske BepTATCA HA A3HIKE BOIPOCH: 4TO
Je 9TO 33 CBePXTEKYUHH TeJuil, KAK MOKeT YacTHHA KHJ-
KOCTH YdYacTBOBATH ONHOBPEMEHHO B JOBYX HABIKEHHAX,
Kak o0bpacHET, caM ¢QaKT JBYX [ABWKeHHN OFHOH dHac-
Tuge?.. K coanemuio, Mu BHHYKEIEHE OCTaBHTh 37eCh
Bce 3TH BompocH Oes orsera. Teopma reamsa Il cammxom
clokHa, ®W 4TOGH ee HOHATH, HANO 3HATH O4YeHb MHOIO.

IJIACTUYHOCTD

Yupyrocrb — 370 COOCOGHOCTL TelJa BOCCTAHABIHBATH
cBof0 ¢opMy HoCIe TOro, KaK CHJIa Imepecraya AeNCTBOBATE.
Ecnm K MeTpoBOi CTanbHOH# IPOBOJOKE ¢ HONEPEIHEIM Ce-
yegmeM B 1 MM? IIOEBECHTh KHJIOTPAMMOBYI0 THpIO, TO
OpoBOJOKA pactaneTcs. PactsixeHme He3HAYHTENBHO,
Bcero nmmb 0,5 MM, HO ero HeTpyAHO 3aMeTHTh. Eciam rapio
CHATH, TO IPOBOJIOKA COKpaTHTCA HA Te ke 0,5 MM, m MeTKa
BEepHETCA B TIpekHee Hmoixoxkenme. Tarasg medopmanus o
Ha3BIBAETCA ynpyroi.

3aMeTEM, YTO HpPOBONOKA ceueHmeM B 1 MM2 mop, feili-
creueM cunel B 1 Krc m mposomora cevenmeM B 1 cM2 mofg
neiictemem cunm B 100 Kre maxomarca, Kak rosopAT, B
OMHAKOBEIX YCJOBHAX MeXxaHmuecKoro HampsxeHusa. Ilo-
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3TOMY IOBeJeHHe MaTepuaia BCErja HaXO ONUCHBATH, YKa-
3uBasg He cmay (4To GecHpeaMeTHO, ecaWm CedYeHHEe Teaa
HEeH3BECTHO), a HANIPAKeHHE, T. €. CHAY, HPAXOAAMYIOCH
Ha eguHuny naomagn. OGLIHbE Tela — MeTaJIH, CTeKJIO0,
KaMHH — MOKHO YHOPYrO pacTAHYTh B JydmieM ClIydae
BCEro JHMb HAa HECKOABKO IpPONEHTOB. BupaommMmumcs
yOpYIUME CBOHicTBaMm ofixajgaer pesmua. Peammy MoixHO
yupyro pacTAHYTh He HECKOJBKO COT IPOLEHTOB (T. e.
cHenaTh ee BABOE I BTPoe (oJIbIIe IepBOHAYaIbHOM JINHH),
a OTHYCTHB TAKOH PEe3sHHOBHU IMAYp, MHE YBHAAMM, 9TO OH
BEDHETCA B HCXONHOE COCTOAHHE.

Bce Ges mcrurouenna tena uon AelicTBmeM He(oabIIEX
cua BefyT ceba ympyro. Ompaxo mpefen ympyromy mo-
BeJeHMI0 HACTYHaeT y OfHHUX Teld PAaHbIIe, y APYTHEX 3Ha-
YHETENBHO Ho3:ke. Hampmmep, y TaKHX MATKHEX METaJlioOB,
KaK CBHHeI, Opefe] YUPYTOCTH HACTYHAET y:Ke, eCAH HmOf-
BECHTh K KOHHY IPOBOJOKH MUJIIUMETPOBOIO CEYCHHA
rpys 0,2—0,3 krc. ¥V Taxdmx TBepAHX MAaTepHANOB, Kak
CTaJib, 8ToT Ipefex npumepHo B 100 pas peime, T. e. nesKAT
oKemo 25 Krc.

IIo orEOmeHmi0 K GonbmmM CHJIaM, IPEBOCXONAIIAM
mpefes yOpyrocT:, pasHhe Tejla MOKHO Irpy6o pasmeanth
Ha [Ba Kjacca — TaKEe, KaK. CTEKNO, T. €. XPYIOKHe, M
TaKHWe, KaK IJHHA, T. €. IIACTAIHHIE.

Ecnm mpmxkars majeny X KyCKy IJWHH, OH OCTaBHT
OTHEYaTOK, B TOYHOCTH HepPefalomuail faske CJAOKHEE 3aBH-
TYmKN PHECYHKA KO;kA. MomoTok, ecaim mM yHaputs IO
KYCKY MATKOIO jK€Je3a MW CBAHIIA, OCTABAT YETKHUH CIef.
Bosgeiicteusa Her, a gedopMamma ocTaNach — ee Hash-
BalOT HJacTAYecKodl mmm ocratouHoii. Taxmx ocTatouHHIX
CJIe0B HE yRAcTCsA IOMYYHATH HA CTEKJE: eCaAm YIOPCTBO-
BAaTh B 3TOM HaMepeHHHW, TO cTeKao paspymmrcs. Croxn
’Ke XPYOKHA HEKOTOpHE MeTalas W CILIABH, HAIpHMep
gyryd. jKenesnoe Befpo mof yAapoM MOIOTA CHOIIOMUATCA,
a GYryHHHA KOoTenoK packoxerca. O mpounocT:m xpynkmx
TeJl MO;KHO CYAHTh Io ciaenyommM nmdppam. UroGs mpes-
PATHTHL B IOPONIOK KYCOK 9yryHa, Hafo HefCTBOBATH C CH-
noit oxosno 50—80 Krc Ha KBafpaTHHE MAIIAMETpP HOBEpPX-
Boctu. [as wumpomua sra mudpa magaer go 1,5—3 kre.

Kax m Bcakas kaaccupuxanms, neneHEe TeJq HA XpyI-
KHe ¥ IJIacTUYHEE B OCTaTOYHOM cTeneHn ycaosHO. Ilpesx-
lle BCero XpynKoe HPH MAajoil TeMIepaType TeI0 MOMKET
CTaTh NJIACTHIHHM npu 0(osee BHCOKHX TeMmepaTypax.
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Crekyi0 MOMKHO HPEBOCXOAHO 00pabarhBaTh, KAaK IJIAC-
THYeCKHA MaTepmall, eclH HarpeTh ero /0 TeMIEpaTypH B
HECKOJABKO COT I'PafycoB. ’

MsaArkue MeTaJJIH, KaK CBHHEN, MO/KHO KOBAaTb XOJIOA-
HEIMH, HO TBEpJHE MeTa/JIH NONJAIOTCA KOBKE JAINL B
CHJBHO HArperoM, pacKaieHHoM Bufe. Ilosnmenme TeM-
mepaTypH PesKko yBeIWYnBaeT IJIACTHUECKHE CBOMCTBA Ma-
TepHAJIOB.

Ojnoii m3 CymeCTBEHHHX OCO0EHHOCTel METallI0B,
KOTOpHE CAenaJd X He3aMeHMMHIMH KOHCTDPYKIIHOHHBIMH
MeTepUaaMd, ABJISAETCA HX TBEPAOCTh IPH KOMHATHHIX
TeMuepaTypax @ IIAaCTAYHOCT: OPH BHICOKHX: pacKaleH-
HEIM METaJIJIaM JIETKO MOKHO IpHAATh TpebyeMyio dgopmy,
a Ipd KOMHATHO# TeMIepaType M3MEHHTH 3Ty QOpMY MOK-
HO JHUIIb 09€HbL 3HAUATEJHHEMHE CHIAMH.

CymecTBeHHOE BIHAHEe HA MEXaHWIECKHe CBOfCTBA
OKa3HBaeT BHYTpeHHee CTpoeHHe Marepmana. lloHaTHO,
9TO TPEIEHK H HYCTOTH 0CAabaA0T BEAEMYHI IPOYHOCTh
PeJia W [ieNanT ero 0osee XPYynKHM.

3ameuarTensHa CHOCOOHOCTH IjacTH4eCKH pgedopMm-
PyeMux Tea yupouHAThCA. OFAHOYHHIA KPHUCTAAN Me-
TaJIIa, TOJBKO YTO BHIPOCIIHH W3 PAaCIjiaBa, 0YeHbL MATOK.
Hpucrannsm MHOTEX MeTanjoB HACTOABKO MATKH, YTO HX
JIETKO COrHYTh HAJBUAMH, HO ... PA3OTHYTH TAKO# KpH-
crann #e ygactcesa. Ilpouwsomno ynpounenme. Temeps aToT
ofpasen yRacTCA NIACTHYECKH AePOPMHPOBATEH JAWEL CY-
mecTBenHO Goapmei cuimoii. OxaspiBaercs, HIACTAIHOCTH
€CTh He TOJBKO CBOMCTBO MaTepmaja, HO W CBOHCTBO 00-
paboTkm. :

IloueMy wWHCTpPYMEHT TOTOBAT He JHTHEM MeTajja, a
Kkopkoii? IlpmumHa monsaTHA: Meraina,. moABeprmuics KOB-
Ke (An® mPOKAaTy, WIH DPOTSAKKE), MHOT'O IpPOYHEee JNHETOrO.
Cxonpko OH HEH KOBAaTh METAJNJ, MK He CyMeeM HOTHATH
ero HpPOYHOCTH BHIIe HEKOTOPOTO IIpefiena, KOTODHIA
Ha3KBaWOT TpefenoM Texydectm. i cramm 3TOT mpemen
neskur B maTepBase 30—50 wrc/mm2.

Idra nudpa osmagaer caenyiomee. Ecam na mposonoky
MHJIJIAMETPOBOI'O CeUeHHA MOJBECATH MYKOBYIO TAPIO (HU:xKe
Opefena), TO NPOBOJOKA HAYHET PACTATMBATHCH H OFHO-
BpEMEeHHO. ympouHaThcA. Iloaromy pacrsaxkeHme GmICTpO
IpeKpaTHTCA — THPA OyleT CHOKOHHO BHCETH HA MHpPo-
posoke. Ecam ke Ha Takod mpoBOIOKE NMOABECHTH NBYX-
TPeXImyA0BYI0 TEPIO (BEIIIE mpefiesia TeKY4ecTH), TO KapTuHa
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Gymer uhon. Ilpusoausa Oyaer HEUPEPHIBHO THHYTHCS
(teus), moxa me pasopserca. Eme pas momgepkueM, d9TO
MeXaHAYeCcKoe IHOBEJIeHHe TeJa ONpefeNseTcs He CHIOM,
a HanpsenneM. IIpoBosnoka ceuenmem B 100 MrM? Gymer
Teub mof peitctemeM rpysa 30—50 10~¢ re, 1. 6. 3—5 re.

JUCJIORALIINN

JloraamBars, 9TO mIacTEUecKas nedopMamua— gBie-
Hoe, EMeIoNmee OrPOMHOE 3HAUYeHHE A NPAKTHKH, 3HAUAT
JOMATHCA B OTKPHITYIO iBeph. HoBKa, mramMmoska, mouy-
YeHAe METAIIMYeCKAX JMCTOB, BHTATHBAHHE HPOBOJOK —
BCE 9TO ABJEHUA, HMEIOIAE OTHY NIPAPOAY.

Me mudero He Morim 6B IOHATH B IJIACTHYECKOH Aedop-
Malu®, ecau OB CUUTAIM, 9YTO KPHCTAIIUTH, H3 KOTOPHX
TIOCTPOEH METAJLN, ABIAKTCA HAeaNbHHMA OCKOJKAaMA IIpo-
CTPAHCTBEHHHIX DEIIeTOK.

Teopnsi MexaHMIECKUX CBOUCTB HAEANBHOIO KPHCTAIIA
Guina co3maHa eme B Hauaje Hamero Beka. OHa pacxopm-
Jach € ONBITOM OpHMepHO B THCAYY pas. Ecam 6 Kpm-
crans GBI BfeaqbHEM, TO €70 IPOYHOCTh HA PA3PHB JOIK-
Ha Ohura OB GHTH Ha MHOT'O IOPAJKOB BHIIE HaluaofaeMoi
7 miactmieckas mgedopmanusa TpeboBasa OH OIPOMHEBIX
yennnit,

T'unoress sapopmauce paHee, YeM HAKONMIACH GAKTH.
WeccnemopatensaM GHIIO 0OYeBATHO, YTO EMHCTBEHHHIM BEI-
XO/IOM, HO3BOJAKIIUM OPEMHDPATH TEOPHI0 U HPAKTHKY,
ABJIsieTCA KOIYHmeHWe O HANAYAA Y KPACTAINIATOB Aedex-
tos. Ho, xoneuno, o xapaxkTepe aTux ged)eKTOB MOKHO GELIO
JejaTh CaMile pasjguIHEe IpefmoioskeHms. Jlmmb Torxa,
Korjia QE3uKHE BOOPYKAANCH TOHUAHIMIAME METOLaME HCCIe-
JOBAaHAA CTPOEHWS BEMECTBA, KAPTHHA CTANA IPOACHATHCA.
Oxazanoch, 4T0 HAEANbHHI KYCOK pemeTkE: (610K) mMeeT
pasMeps NOpPsAAKAa HECKOIbKHEX MIIJIHAOHHHX H0Jel caHTH-
MeTpa. Bioku mezopmedTHpOBAaHN B IpefeiaX CeKYHI HIH
MUHYT JYI'H.

K xommy pBaguarex rofos CKONEJIOCH MHOTO (aKToB,
KOTOPHE NPUBEIA K BAYKHOMY YTBEPIKIEHXIO, YTO TTaBHHM
(XxoTa u He exmHCTBeHHEIM) JePEKTOM pealbHOrO KpPHCTAJ-
ja ABIAETCA 3aKOHOMEpPHOE CMelleHHe, HOJYyYHBINEEe Ha-
3BaHme Amciaoraumd. [lpocras AECIOKanuA MIIIOCTPHDY-
ercsa MomensHEM puc. 6.6. Hax pumaTe, CymBocTh MefeKTa
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3aKJI0YAEeTCsA B TOM, 4TO B KPHCTAJJE CYMECTBYIOT MeCcTa,
cojiepyKamue KaKk GH OfHY INIIHIOO» aTOMHYIO MIOCKOCTH.
Mitpnxosas nEHHUA B cepenEHe KpmcTajina Ha puc. 6.6,a
pasnenser fBa Omoxka. Bepxuas wacts KpmeTania cikaTa, a
HIKHAA — pacTAHyTa. J(Eciaoxkammsa GHICTPO pacCacH-
BaeTcsda, KakK 9To IIOKa3aHo HA puc. 6.6, 6, n306pamammeM
BUJ Ha JIEBHA PUCYHOK «CBEPXY».

Jdpyrme pucioKammm, KOTOpHE YacTo BCTPEYAIOTCA
B KpHCTaNJIaX, HA3HBATCA COEPadbHHME. VX cXxeMm
moxasaHH Ha puc. 6.7. 3gecs pemerka pasbmra Ha B2 Gio0-
Ka, OfMH M3 KOTOPHX CBOEl 4acThi0 KaK OH COCKOJB3HYI
Ha OIMH HepHOJ| IO OTHOEHMIO K coceqremy. HanGoasmue
HCKaKeHUA COoCcpefloTodeHbl 0Kono ocu. O06mactb, IpEMbI-
Kalomas K 5Toil 0CH, B Ha3HBAETCA CHAPAIBHOM JHCKJIOKAa-
ueH.

Me1 ryume moiiMeM, B 94eM CYMHOCTh MCKAKEHUA, 6CHH
pPacCMOTPEM CXeMy Ha TOM jJKe PHCYHKe, H300parKaioimyo
ABe cOCefHHEe ATOMHHIE INIOCKOCTHA IO OJHY H APYIYIO CTO-
poHy miuockoctm paspesa (pume. 6.7, 6). Ilo oTHOmeHmIO
K TpexMepHOMY DPHCYHKY 3TO BHR Ha IJIOCKOCTH CIIpaBa.
Ocp cnmpanbHOil AACIOKAMUH Ta 3Ke, 9TO H HA TPEXMepPHOM
pucyake. CHOTOWHHEIME JWUHEAMA @NOKa3aHa IJIOCKOCTh
IpaBoro, NYHKTEPHEIMH — JeBoro Gnoxa. UepHEe TOYRH
pacmoIoKeHH K gmTarenio Gamke, geM Genste. Hax smgHO
W3 cXeMBI, COMpPajdbHAsl JUCHOKAHA LPeNCcTaBiaser coboi
AHOM THO WMCKaKeHWsi, OTIMYHEIA OT mpocroro. Jlmmmero
pAna atoMoB 3nech Her. MckasxeHme coctomT B TOM, 9TO
BOJIM3M OCH AMCIOKAIMA AaTOMHBI® PANE MEHAIT CBOMX
Gamxaitmmx cocefieif, a MMeHHO m3rmbaTCA W NOXpaBHA-
BAlOTCA K COCERAM, HAXOJAMUMCH 3TaXKOM HEGKe.
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Pume. 6.7.

Ilowemy oTa nmcIOKamusa HA3HBAETCA CHOHEPATbHOM?
IlpencraBbre ceGe, uTo BH IIaraere mo aroMam (IpexBapu-
TeJIbHO YMEHBIIMBIINCH 0 CyGaTOMHOTO pasMepa) W HOCTa-
BUIH Tepex co0oil meas o0o#TH KPYroM 0OCh JACIOKAIMH.
Herpyrao BmAeTs, 4TO, Hauap CBOE NYTEIIECTBHE C CaMol
HURHeHl NI0CKOCTH, BH Iocie Kaskgoro oGopora Oymere
[ONAafiaTh 3TA)KOM BHIUIE M B KOHIE KOHIOB BHIieTe Ha

" BEPXHIOI0 TOBEPXHOCTh KPHCTAJAA TAK, KAK eciHm OH BH
ILIH 10 CUEpanbHo# NecTrnne. Ha wamem prcyHEke mogbeM
CHE3y HPOHCXONHWJA HPOTHB 4acoBoit cTpeaku. Ecam 6o
cpasar 610KoB GBI 06 PAaTHEIM, TO IyTEUIECTBHE IPOUCK OLATO
6B IO YaCOBOH CTpeaKe.

Temeps MH HOXONILIE K OTBETY HA BOHPOC O TOM, KakK
OPOMCXORUT miacrHieckas RedopManuas.

IIpegmonoxuM, 4TO MH XOTAM CABHHYTh BePXHIOIO HOJI0-
BEHKY KPHCTAJJ1a 110 OTHOUIGHUIO K HUKHEH HA OIHO MEjK-
aToMHOe paccrosame. Bhl BmimTe, 9TO JAA 9TOTO HPHAETCA
DepeKaTuTh APYT Yepes APYyra Bce PAXH aTOMOB, PacloJo-
JKeHHHe B IocKocte casura. CopepmienHO mHaYe OGCTOMT
Jelo Tpu HeACTBUH CHJH CABHra Ha KPHCTANI C AUCIO-
Kanmeit. ‘

Ha pue. 6.8 nokazana niorEas yonakoBka mapos (Ioxa-
3aHH TOJABKO KpaiiHme mapsl aTOMHHIX pPAJOB), CofiepiKa-
mas mpocTyl AucKiokaumo. Haumem casmrate BOopaso
BepXHUH GJIOK MO OTHONIEHHIO K HmkHeMY. UTo6nl nerue
OO0 paso6paThCsA B NPOHCXONAMEM, MH IOMETHJIN IIAphI
nudppaMm; mapH CKaTOr0 CJIOA IOMEeYeHH NHEPpaMm Co
mrpuxaMd. B Kaxoii-T0 MCXOAHHA MOMEHT «TpemmHa»
Onta mexpy panamum 2 m 3; cyxaThMu OHIE panw 2 m 3'.
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Puc. 6.8.

Kax Tonpko mopeiictayer cuna, papg 2 CIBHHETCH B Tpe-
muuy; Temeps wap 3’ MOKeT «B3JOXHYTH CBOGOTHO», 3aTO
npafercs cxarscss mapy I’. Uro ke mpomsomso? Bes
AMCKNOKAIAA NepeBWHYIACh BJEBO, U ee IBmKeHHe Oyner
TaKEM 3Ke 06pasoM IPOROIHKATHCA [0 TeX IOp, HOKa AHCI0-
Kauds He «BHigeT» ®3 Kpucrauaa. Pesyabrarom OGyger
COBHI HA Of(AH PAJ ATOMOB, T. €. TAKOH K€ pPe3yJabTaT,
Kak OpHA CABHIe HAEAIBHOIO KpHCTAILIA.

He npmxoamrtcsi [oKaseBaTh, 4T0 JANCKJIOKANMOHHKEIH
casur TpeGyer HaMHOro MeHbIell .cuasl. B mepsoM cayzae
Haj[0 INPeOROIeTh B3aUMOfEACTBHEG MeXAy aroMaMm —
mepeKaTHTh BCe ATOMHEIE PAMBI; BO BTOPOM Ciy4ae B Kark-
ABH MOMEHT MEePeKaTHBAeTCsA JHIML ORHWH-dHCTBeHHHIR
pAA aTOMOB. .

IIpounocts Kpucrasia B mpepmoxokenuu cisara Ges
HannMumA AUCKJIOKANUi B CTo pas3 Goablue 3HaYeHEA HPOU-
HocTu, HabmionaeMoil Ha OmHTE.

Opnaxo BosHMKaeT- ciegyiomas Tpyaunocts. Hak aro
ACHO N3 PHCYHKA, NPHJIOKEHHAs CHJIa (BHILOHAET) JUCIO-
KauHIo 03 KPUCTAAAa. SHAYMAT, IO Mepe yBeIMIEHHS CTEIIs-
HA fedopManuu KpHCTANI JOMKEH CTAHOBATHCA BCE IPOU-
Hee H, HAKOHel, KOrja HOC/IefHAA W3 AECAOKaunmit OGymer
yAajeHa, KPHCTAJI ROJKEH [OCTHYb, COIMACHO TEOpPHUH,
OPOYHOCTH, HPAMEPHO B CTO pa3 Gosibleil HPOIHOCTH HAL-
anbHOr0 HpaBMIbHOrO Kpucraiana. Kpuerana geficrarens-
HO YIPOYHAETCA IO Mepe yBeaudeHus cTenenu gedopmanuun,
HO Jajexo He B-cTo pa3. Cmacaor mojoKeHHEe CHApAIbHEE
pacnoxkagme. OxaswBaercs (HO 3/eCh IUTATedb NOJIKEH
NOBEPHTHL HAM HA CJIOBO, TAK KaK OY€Hb TPYAHO HILIIOCTPH-
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poBaTh 3TO ‘IepTeH(OM), cnnpa.nbume JAUCKJIOKAIMX HEe TaK-TO
IPOCTO «BHTHATHY M3 Kpmcranna. Hpome Toro, casur kpm-
CTajia MOKeT IPOHCXOJUThL C NOMOUIBI0 JIHCIOKAIMA
o6omx tmmos. Teopmsa fucroKanwmit yHOBIETBOPHTENbHO
00bsicHACT OCOOEHHOCTH ABNEHHA CABHTA KpHCTaLIHYe-
CKmX ILnoCcKocredl. [IpmxeHme Gecmopsaka BHOAL KpH-
cTajna — BOT YTO TaKoe C COBPEMEHHONW TOYKHM 3peHHs
npeicrasiser Co6oii maacTmaeckas AedopManEA Kpu-
CTanJoOB.

TBEPIOCTD

IIpounocts ®m TBepmocTs He mAYT APYr ¢ Apyrom o6
pyKry. BepeBounmii KaHaT, T0CKYT cyKHA, NIeJKOBag HATH
MoryT obnajarh BechbMa GONBMION NPOYHOCTHI0 — HYIKHO
SHAYHTENbHOE HAIpPs)KeHHe, 4To0H pasopsaTth ux. Pasy-
MeeTcs, HAKTO He CKajKeT, 9T0 BEPEBKA M CYKHO — TBEp-
Avie Marepuansl. M HaoGopoT, IpoYHOCTh CTEKIA HEBENNKA,
a CTeKJ0 — TBepAHil MaTepHaJ.

Ilonatne TBepHOCTH, KOTOPHM IONB3YIOTCA B TeXHUKe,
3aMMCTBOBAHO W3 ;KHTefiCKod mpakTmku. TBepmocTb — 3TO
npormpofeiictene BHempeHumio. Teso TBepmoe, eciad ero
TPYAHO Ipollapamarb, TPYAHO OCTABATh Ha HEM OTIEYA-
ToK. OmpefiefieHHs 9TM MOT'YT IOKa3aThCA WHTATETIO0 He-
CKONBKO TyMaHHHMH. MH IpHBHKIE K TOMY, 4TO0 (uam-
4ecKoe MOHATHE BHIpakaioT umcaoM. Hax jxe 310 cmeaarts
B OTHOIIEHHAA TBEPROCTH?

Opau BechMa KyCTapHBIA, HO B TO K€ BpeMs IpaKTH-
9eCKH IIOJIE3HHH CIOCO6 yiKe MABHO HCIOJNb3YeTCA MEHe-
pororamu. JlecsATs ompefeeHHEIX MEHEPAJAOB PacHoiaraoT
B psap. llepsrM crout amMas, 3a HEM CieyeT KOPYHI,
Janee — TONA3, KBapI, IOJEBOl MNAaT, aHaTHT, INIABUKO-
BEIA IIIAT, M3BeCTKOBHIA MInar, FEOC W TaabK. Pax momo6-
paH caefgyiommMm o0pasoM: aiMas OCTaBjifAeT IapPANUHY
Ha BCeX MAHEpakaX, HO HA OXWH W3 JTUX MUHEPAIOB, He
MO)eT mpomapamaTh ajMas. JTo H 3HAYMAT, 9YTO aJMas
caMHuii TBepAEiA MuHepaa. TBepaoCTh anMasa OLEHHBAETCS
gucaoM 10. Caenyomuii B pAxy 3a aIMa3oM KOPYHA TBepie
BCeX [PYIAX HEKECTOAMHUX MHEHEPAIOB— KOPYHJ MOKeT
mx pponapanarts. Hopyuzy mpmcBamBaoT UHCIO TBEPAOCTH
9. Yncna 8, 7 m 6 mpmcBOEHH COOTBETCTBEHHO TOIa3y,
KBapuy H OOJEBOMY IIIOary Ha TeX Ke OCHOBaHMAX.
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Kasenmii ma smx TBepske (T. €. MOKeT HAHECTH IApANMAHY),
YeM BCe HIKECTOALIME MUHEpAJH, W MArde (CaM MOMKer
6HTH MpoIapalaH) MEHePAJOB, HMeIOMEX GOnbmme IACAA
tBeprocts. CaMHil MATKEA MuHepajJ — TadbK — HMeeT
OfHY e[[HHHIY TBEPHOCTH.

«/13Meperme» (npnxop;n'rca 5T0 CJ10BO GpaTh B KABHIIKH)
TBEPACCTA NPH MOMOIM STOH IDKAAH 3aKJI0YaeTcsa B Ha-
XOJK/IeHHH MeCTa HMHTEepecyiomero Hac MUHepaia B PARY
HAeCATH BHOpPAHHHX CTAHIAPTOB.

Ecau Hen3BeCTHEI MUHe paj MOKHO IPolapanaTh KBap-
meM, HO caM OH OCTaBJseT NAapalmHy Ha I0JIEeBOM IIATE,
TO €ro TBepHoCTH pasHA 6,5.

Merannosens nonbsylores ApyruM crocoGoM ompenene-
sas tBephoctd. Crampmaprroit cmmoit (o6namo 3000 krc)
OpE IOMON(A CTaJbHOTO MAapuKa fuaMeTpoM B 1 cM Ha mCHH-
TyeMOM MaTepmaje jenaerca BmATEHA. Pagmyc o6paso-
BaBIIEACA AMKH IPUHAMAETCA 84 IUCIO TBEPHOCTH.

TrepAocTs MO OTHOMEHHI0 K NADANAHMIO H TBEPAOCTH
1O OTHONIEHHIO K BAABIUBAHHUIO He 0053aTENBHO COYETAIOT-
csi, W OfMH MAaTepHAJ MOKET OKA3AThCA TBEP;Ke APYTOro
Ipy ACOHTAHUE Ha Dapanman@e, HO MAIrdYe npn HCIHNTAHAR
Ha BAABJIUBAHHE.

TaxuM oGpa3oM, HeT YHHBEPCANBHOTO OHATAA TBEPHO-
cTH, He 3aBucamero or cmoco6a mamepenma. Ilonarme
TBEPHAOCTH OTHOCHTCH TI03TOMY K TeXHHYECKAM, HO He K fu-
SWUYECKAM HOHATHAM.

3BYHOBBIE KOJEBAHUA U BOJIHEI

Mu y:xe coolIiim 9mTaTe/l0 MHOTO CBEIEHHI O Koiie-
6anmax. Hakx Koaebnerca MaATHHK, MapHK HA NPY’KHHKe,
KaKOBH 3aKOHOMEPHOCTH KONe0aHHA CTPYHH — 3THM BOI-
pocam Ohiia HOCBAIEHA OfiHA U3 riaaB KHer:m 1. M He roso-
PIIH 0 TOM, YTO IPOMCXONHT B BO3LYXe MIH APYroi cpene,
KOTJIa HAXONADIEECHA B Hell Telo CoBepimaer KonebGaHms,
He BuisbiBaer comHenms, 4uTO cpefa He MOMeT OCTaThCA
pasHopymHOi K KoneGammam. HoxeGmommitca mpemMer
TOJIKAET BO3/yX, CMem[aeT JacTUIH BOBJyXa M3 TeX II0JIO-
JKeHHii, B KOTOPHX OHHE Haxofgmaumeh panee. IlomsATHO Tak-
e, 9TO JIeJI0 HE MO:KeT OrpaHmIdThCA BJIUSHUEM JIAIb HA
6nu3snekammii caoil Bosgyxa. Temo coxxmer Oamxairmmit
. cJIO#, 9TOT CJIOH JaBUT HA CAeNyIONHUil — M TAK CIOH 3a
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Cl0eM, YacTHIa 32 YaCTHIEd HPHBOAUTCA B [BHKEHWe
BeChb OKpykaomumii Bo3gyx. Mm rosopmm, uro BO3IyX
npmnien B KonebaTenbHOe COCTOAHME HJIH YTO B BO3TyXe
NPOUCXOAAT 3BYKOBBE KojaeGaHHA.

Mu HasmBaeM Koie0aHASA Cpefbl 3BYKOBEIMH, HO 3TO
He 3HAYAT, YTO BCe 3BYKOBHE KOAEOAHHS MH CIBIIIM.
®H3uKa D0Jb3yeTCA NOHATHEM 3BYKOBHIX KoseGaHmil B 6o-
llee IHAPOKOM cMbiciae. Haxkue 3BYKOBHIe KojgeGaHWs MEH
casmuM — 06 dToM OyHeT pacCKasaHo HHKe.

Peus mmer o BO3myxe JHIIL MOTOMY, UTO 3BYK Tame
BCero mepemaercA depe3 Bo3ayx. Ho, pasymeerca, mer
HIKaKEX O0COOBIX CBOMCTB y BO3AyXa, 4ToOH 3a HUM OKa-
3a70Ch MOHONOJBHOE IIPABO COBEPIIATh 3BYKOBHIE Koaela-
HuA. 3BYKOBHe Kone0aHHs BOBHHKAlT B mo6oit cpefe,
CoCO0HOR CKEMATHCH, & TAK KaK HEC:KUMAII[HXCA Tel
B NIpPHpOxe HET, TO, 3HAYMAT, YACTHIH JI060ro Marepuaja
MOTYT OKa3aThCS B 9THX YCJIOBAAX. Y UeHHE 0 TAKHX KOJe-
GanmAX OOLYHO HA3HBAT AKYCTHKOM. )

Ilpm 3ByKOBHIX KOneGaHHAX Kakias YaCTHIA BO3AyXa
B CpPeJIHEM OCTAeTCsA Ha MeCTe — OHA COBEPINAET JHIMb KOJe-
GaHuA OKOJIO NOJIOMKEHHs paBHOBecHA. B caMoMm mpocreii-
meM ClIydYae YaCTHIA BO3AyXa MOKeT COBEpPmATh TapMo-
HAYeCKoe KojiebaHue, KOTOPOe, KaK MK IOMHHM, HPOHCXO-
AWT IO 3aKOHY cuHyca. Taxkoe Kone0aHHe XapaKkTepu3yeTca
MaKCAMANbHEIM CMEI[eHAEM OT IOJO}KeHHA paBHOBeCHsa —
aMINTATYAO# ¥ DHepHONOM KojebaHHA, T. €. BpeMeHeM,
3aTpauABaeMHM Ha COBepIICHUE MONHOro KojebaHms.

Jns ommcaHms CBOHCTB 3BYKOBHIX Koje0aumit dame
TOJb3YIOTCS NOHATAEM YaCTOTH KoJe6aHus, HeKeJH IepHo-
goM. Yactrora v=1/T ectp Benmumua, o6paTHas mEPHONY.
Epnumuna vactotsr — ofpatHaa cekyuma (c~!), opgHAKO
Takoe CIOBO HE pACHpPOCTPaHeHO. IO0BOPAT — CeKYHHA
B Munyc mepsoit cremenn mam repn (I'm). Ecam wacrtora
KoneGanma pasHa 100 ¢™!, To 3TO 3HAuUMT, 4TO 3a OXHY
CeKyHy "acTuna Bosxyxa cosepmut 100 monsEx Komeba-
muii. Tak Kak B PusEKe BechbMa YacTO IPUXONHTCH HMETh
JleJI0 C YacToTaMu, KOTOphe BO MHOro pa3 6oiabme repua,
TO HMEIT INAPOKOe NpPHMeHeHWe eIWHHIE KHIOorepn
(1 ¥Ty=103 T'n) u merarepn (1 MT'y=10¢ I'm). :

[Tpwm npoxosx/ieHnn PaBHOBECHOI'O HOJI0KEHAA CKOPOCTH
KoneOmiomelica 4acTHIH MaKcHMaabHa. Hamporms, B Io-
JI0}KeHUAX KpAafHAX CMemeHWi#t CKOpPOCTh 4YaCTHIIHI, €C-
TECTBeHHO, PaBHAETCA HYJI0. MHl yiKke roBopHin, 94T0 ecld
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Ppe. 6.9.

cMeleHAe 9acTHIB NOTIAHAETCH 33KOHY I'4pMOHHIECKOIO
KoaeGanus, To U W3MeHEHHe CKOPOCTH KoxeGamma caefyer
TOMYy € 3aKoHY. Ecim 0603HaYATh aMOIATYAY CMeIeHHA
qepes So, 4 AMILTUTYRY CKOPOCTH 9ePe3 Uy, T0 Uo=_27Sy/ T mim
vo==21vS,. I'poMKmil pasroBop HpEBOJHT YaCTHUIL BO3AYXa
B Koje6anue ¢ AMIUIATYAOH CMENIEHHWs BCEro JWMb B He-
CKOJBKO MWIIHOHHHX MHOJeH CaHTEMETpa. AMIOIMTYRHOe
3uadenme ckopoctu Gyder enmumHod mopsara 0,02 cm/c.

Hpyras saskaaa ¢usndeckas sennunHa, Kounebaomancsa
BMECTe CO CMEMICHHEM W CKOPOCTHIO YACTHUIH,— 3TO M30H-
TOYHOE [aBJCHNE, HA3HBAGMOE TAK:K® 3BYKOBHIM. JBYKOBOE
RoJieGanue BO3yXa COCTOUT B IIEPAOAMIECKOM IePeXOBaHAN
CHKATHA W pa3pe)keHUA B KaKEOH TOYKe cpenkl. JlaBienme
Bo3ayxa B 1i000M MecTe To GoJblie, TO MEHbINE KaBJeHHA,
KOTOpOe GBIIO MPH OTCYTCTBHHM 3BYKa. OTOT M30HTOK (Bam
He/(0CTATOK) HABJCHHA W HA3HBAETCA 3BYKOBHIM. 3BYKOBOE
JaBIeHHe COCTaBJigeT COBCeM HeGONbIIYI0 MO0 HOPMAJb-
HOro JaBjieHHA BO3Ayxa. Has namero mpmMmepa — TpoM-
KH#l pasroBop — aMIUIATY[a 3BYKOBOTO JAaBiaenus Oyner
paBHA IPEMEPHO MHJJIMOHHOM HoJe atMoceph. 3BYKOBOe
IaBjieHAE OPSAMO NPOMOPHHUOHANBHO CKOPOCTH KoaeOaHus
qaCTHIE, NPUYEM OTHOINEHM® 3THX (HU3WYECKAX BeJHINH
3aBHCHT TONBKO OT cBOMCTB cpeani. Haunpmmep, 3ByKoBoMYy
IaBleHHI0O B BO3AyXe B 1 nuH/CM? COOTBETCTBYET CKOPOCTH
koxnebanma 0,025 cm/c.

Crpyna, KoJe06no0mascsa 1m0 3aKOHY CHHYCA, IPHEBOJHAT
U 9acTHUHN BO3JyXa B rapMoHmdeckoe KoneGaume. lymu
¥ My3HKanbHHEE aKKOPAH OPABONAT K 3HAUUTeabHO Golee
caomuoit kapruse. Ha puc. 6.9 noxaszana sammer 3BYKO-
BHIX KoneGaHuii, a EMEHHO 3BYKOBOI'O JaBJEHHA B 3aBHCH-
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Puc. 6.10.

MOCTH OT BpeMeHH. Ta KPHBaA MaJ0 HOX0Ka HA CHHYCOH-
ny. OxasnBaercs, OLHAKO, 9TO JI000€ CKOJIDb YrOOHO CJIOMK-
Hoe KoneGaHMe MOKeT OHITh IIPEJCTABICGHO KAK pe3yabTaTr
HAJIO0{eHUA ONHOH Ha APYryio 00JbIOro Ymcaa CHHYCOHJ
C pa3HHIMH AMIIHTYAAMHE H IaCTOTaMA. JTH IPOCTEIE KOje-
0aHMA, KaK TOBOPAT, COCTABJAIOT CIEKTDP CIOKHOIO KOJe-
Ganma. J{nsa mpocToro mpamMepa Takoe caokeHHe KojeGa-
HOii moxasaHo ma pme. 6.10.

Ecnm 6B 3BYK pacmpocTpaHAJNCHs MTHOBEHHO, TO BCE
YacTHIH BO3AyXa Kodebanmch OB, Kak ogua. Ho 3Byk
pacupocTpansgercs He MTHOBEHHO, ¥ o00BEeMH BO3gyXa,
Jexamue HA JEHAN PacHpPOCTPAHEHHA, IPAXONAT B ABIie-
HEe [0 o4epefin, KaKk 0K NOAXBATHBAIOTCA BONHOM, HAymen
oT mCTOYHHKA. TaK ke TOYHO mENKa JIE/KAT COOKOWHO HA
BOJie IO TeX IIOP, MOKA KPYroBhle BOJIAHEE BOJXHH 0T Gpo-
TIEHHOI'0 KaMeIlKa He IONXBAaTAT €e W He IIPHBEfYT B Koje-
Gaume.

OcTtaHoBEM Hallle BHHMAaHWe Ha OJHON Koaebiromeiics
YacTHNE H CPaBHUM ee INOBeJleHHe C [BMKEHUEeM NPYIrux
9acTHI[, JeKaluX Ha TOH e JIMHUA pacupocTpaHeHHuA
aByka. Cocemuad uacTmma mpHAeT B Koje0aHHEe HEMHOTO
mo3sKe, CIeAyIOmasa — eme Ho3e. JamasfgsiBandme Gymer
HapacTaTs, NOKa, HAKOHeI], Mbl He BCTPETEMCA C YacCTHIeH,
OTCTaBmiel Ha IeJIHI MEPHON W II03TOMY Koae(jalomelics
B TakT ¢ mcxoxHO#. Tar orcTaBmuil Ha HEAKA Kpyr Heynad-

157



HHIi 6eryH MokeT NPOMTH JWHAI (UHAIMA OJHOBDEMEHHO
¢ mufepoM. Ha KaKoM jke pacCTOAHAM BCTPETHM MH TOUKY,
Xonebaiomyoca B Takr ¢ mcxopuoii? Herpymmo cooGpa-
BHTD, 9TO 3TO PACCTOAHME A pPaBHO IPOU3BEJCHAI0 CKOPOCTH
pacnpocTpaHeHHsl 3BYKa ¢ Ha mepuof KoaeGaumsa I. Pac-
CcTOfHHEe A HA3HBAETCH MJIHMHOM BOJHBEI:

A=cT.

Yepes npoMeKyTKE A MH Gy/ieM BCTpedaTh Koaebaiomuecs
B TaKT TOYKH. T0YKH, Haxomammecs Ha paccToaHHHA A/2,
6yayT COBepmIATH ABH;KEHHE OJHA X0 OTHOMEHHIO K JPY-
TOH, KaK DOpemMer, KojaefaommiicA NepHeHANKYIAPHO
K 36PKaNy, II0 OTHOIEHHIO K CBOEMY HM300parKeHHI0.

Ecam m3o6pasnTh cMemeHme (HJIA CKOPOCTH, HMJH 3BY-
KOBOE [JaBlieHHE) BCeX TOUEK, JIEKAMUX Ha JUHHA PACIpo-
CTpaHEHUA TapMOHMYECKOrO 3BYKa, TO WOJNYUHTCA OHATH
CHHYCOHAA.

He caepyer myTtath rpa¢ukm BOJHOBOrO ABMIKEHHA H
rKonebanuit. Puc. 6.11 u 6.12 ouens moxoxm,; HO HA mEPBOM
II0 TOPH3OHTAJBHOM OCH OTJIOMKEHO PACCTOAHHME, a Ha BTO-
pom — Bpemsa. Opgmn pucyHox mnpeAcrasageT coGoil Bpe-
MEHHYIO PasBePTKY KoJe0aHHA, a APYrodl — MrHOBEHHYIO
«pororpadmioy BoauH. U3 comocraBieHds 5THX PHCYHKOB
BHJHO, 9TO AJAWHA BOJHH MOieT GHTH Ha3BaHA TaKKe ee
IPOCTPAHCTBEHHHM HePHOXOM: poab I BO BpeMeHH WMIpaeT
B IPOCTPAHCTBE BeNHIUHA A.

Ha prcyuxe 3ByroBofi BOUHS CMeIMEHAA IaCTUIEL OTIIO-
JKeHEl 0 BePTHKAJH, 2 HANPABICHEEM PaCHpPOCTpaHEHUA
BOJIHBI, BOJIL KOTOPOT'O OTCYHTHIBAETCA DACCTOAHME, SB-
JfeTCA TOPH30HTANb. JTO MOKET HABECTH HA HEBEPHYIO

an ap

2 T

Puc. 6.11, Pre. 6.12.
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MBICIB, 9TO YaCTHOH CMEMAIOTCA NepHeHARKYJIAPHO K
HANPaBJIEHAI0 DPAaCIPOCTPAaHEHHA BOJAHH. B HAeiicTBHTEND-
HOCTH 9YacTHIH BO3IyXa BCerfa KoneGalTCA BAONL Ha-
mpasJieHdsl PacIpOCTPAHEHUs 3Byka. Takas BOJNHA HAasH-
BaeTCA IPOXOJBHOM.

Ceer pacmpocTpaHseTcA HECDABHEHHO OLiCTpee, dYeM
3BYK,— IPaKTHIeCKH MTHOBeHHO. I'poM m Moamms mpomc-
XONAT B ONHMH M TOT K6 MOMEHT, HO MOJHHIO MH BHAUM B
MOMEHT €€ BOBHUKHOBEHHA, a8 3BYK I'POMa MOXOQHAT [0 HAC
€O CKOPOCTHIO IPEMEPHO ONMH KHJOMETDP 32 TPH CeKYHJH
(ckopocTn 3ByKa B Boamyxe cocrasaser 330 m/c). 3HaumT,
KOIfla CJBIIEH IPOM, OIACHOCTH YAapa MOJHHH YKe MHHO-
BaJa.

3Had CKOPOCTh PACHPOCTPAHEHHA 3BYKa, OGEIYHO MOKHO
OIpE/IeNATH, KAK JaJIeK0 IPoxoauT rposa. Ecinm ot MoMenTa
BCOHIIKD MOJHHME J0 packaTa rpoma mpomio 12 ¢, sma-
quT, TpO3a OT HaC 3a 4 KM.

Cropocts 3ByKa B rasaX HpHMEDPHO paBHa cpefuein
CKOPOCTH ABHKEHAA MoneKkya rasa. OHa Takke 3aBHCHT
OT IVIOTHOCTH T'a3a H NPONOPHNHEOHANBHA KODHIO KBajpart-
HOMY m3 aGCOMIOTHOH TeMumepaTyphl. FHAZKOCTE NpOBORAT
3BYK GbiCTpee, deM rassl. B Bome 3BYK pacumpocTpaHseTcs
co ckopocrhio 1450 M/c, T. e. B 4,5 pasa GricTpee, UeM B BO3-
gyxe. Eme Gonbme CKOpocTh 3ByKa B TBEPIHX Telax, Ha-
npuMep, B jkesnese — oxosno 6000 m/c.

Horpa 3ByK mepexofuT u3 OGHOH CPeH B APYIYi0, Me-
HAETCA CKOPOCTh ero pacnpocTpadenns. Ho ogroBpemenno
OpOMCXOQUT H APYroe MHTEPECHOE SBJICHHE® — YACTAIHOS
OTpasieHHe 3BYKa OT IPAHAIB Me;KAY ABYMs cpefamu. Ha-
Kafd [o/ig 3BYKA OTPA3UTCH — DTO 3aBUCHT IIaBHEIM o6pa-
30M OT COOTHOIEHOSA IIIOTHOCTeH. B cayuae mageHns spyKa
W3 BO3yXa Ha TBEpAble WIH JKAJKHEe HOBEPXHOCTH HIH,
Hao60poT, W3 WIOTHHX Cpefl B BO3NYX 3BYK OTpaKaercd
Io4TH MONHOCTH0. KHorma 3ByK momajaeT B BOAY U3 BO3IY-
Xa uam, Hao60poT, U3 BOJH B BO3AYX, TO BO BTOPYIO CPeAy
npoxonut Beero aumb 1/1000 cuasr 3syka. Ecam o6e cpepsr
NJIOTHBIE, TO OTHONIEHH® ME;KAY HPOXOJAMHAM H OTpPaikeH-
HBEIM 3YKOM MoskeT ObITh W HeBeamko. Hanpmmep, m3 Bogs
B CTanb unw m3 craad B Bomy upoiger 13%, a orpasmres
87% sByka.

flsnenme oTpaskeHHA 3ByKa MHPOKO IPAMEHSAETCHA B Ha-
puranup. Ha HeM 0CHOBaHO yeTpoRcTBO NpubOpA A H3Me-
penns rayG@HB — 3X0J0Ta. ¥ OfHoOro Gopra kopabis mof
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BOIOH HOMENIAIOT WCTOYHHK 3Byka (pmc. 6.13). Orpusm-
CTHI 3BYK CO3[a€T 3BYKOBHE JY4H, KOTOpHE mpobepyrcsa
CKBO3b BOAAHYIO TOJIMY KO JHY MOpPS MU PEKH, OTPA3ATCH
OT [IHAa, ¥ 9aCTh 3BYKa BepHETCA Ha KOpalub, Ifie ee yiIaBid-
BAOT YYBCTBHTEJbHHE npubopH. TouHee JacH YHKaKYT,
CKOJIBKO BPEMEHH IOHAJ00HI0CH 3BYKY Ha 3TO TyTeNIeCT-
Bue. CropocTs 3Byka B BOJAE H3BECTHA, ¥ HPOCTHM BHYH-
CJI6HHEM MOKHO HOJYYUTh TOYHHEE CBEJIeHAA 0 riybuHe.

Hanpasnsas 3Byk He BHHA3, a BOEpeX HJIHM B CTOPOHH,
MO?KHO IPH €ro IOMONIH OIPEJIUTh, HET JIU 0K0JI0 Kopabas
ONIaCHHX MORBOTHHX CKaJl WM IIy0OKO HOrpy’KeHHHX B
Bony aiicbepros.

Bee gacTunsr Bo3gyxa, OKpY:xaiomero 3ByYamiee TeJO,
HaXOATCA B COCTOAHMM KoneGanmsa. Hak MH BHACHHIH
B KHAre 1, KoneGaiomasicsa mo 3aKOHY CHHYCA MaTepHaIb-
Has TOuKa o6yajfaer ONpefeIeHHON H HeM3MEHHOH IONHOM
9Hepruei. .

Korma xonebaiomasica Todka HPOXORHT TOJIOKEHHE
paBHOBecHsI, CKOpPOCTh ee MakcmMajbHAa. Tak wak cmeme-

i T
COPMEMHMK oo

"\‘Vf\

Puc. 6.13.
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HHAE TOUKH B 3TO MI'HOBEHUE PABHHCTCH HYJ, 1V BOH oHEp-
rofg CBOAMICH K KAHETHYECKOi:

mv?dal(c
—

CremosaTenbHO, HOJIHAA 3SHEPrasA OPONOPHNUOHAILHA
KBaipary aMIVIATYJHOTO 3HAYEHHA CKOPOCTH KojieGaHHUA.

JTo BepHO W [AJA 9aCTHI[ BO3AyXa, Koaebaommxcsa B
3BykoBoit BonHe. OpHako gacTmna BO3JyXa — 3TO HEUTO
reonpenenensoe. [1oaToMy sHeprmio 3ByKa OTHOCAT K efH-
nune o0beMa. JTY BEJMYUHY MOKHO HA3BaTh IJIOTHOCTHIO
3BYKOBO#l DHEPrHH.

Tax wxak Macca efHHHWIOH o00beMa eCTh IJIOTHOCTH Q,
TO IUJIOTHOCTH 3BYKOBOH DHEpPrud

_ PVhak
==

Mu rosopmiin BHIe eme o0 OfHON BaskHOM PA3AYECKOT
BeJMYMHe, CoBepmIalome# Kosne0aHMs IO 3aKOHY CHHYycCA
C TOH ’Ke 9acTOTO#, ITO W CKOPOCTh. ITO — 3BYKOBOE WA
n36biTouHOe faBienne. Tak Kak JTH BENHYUHE IIPOIOP-
HMOHAJBHH, TO MOMKHO CKasaTh, 9TO IJIOTHOCTH SHEPTAR
OpONOPIHOHAIBHA KBAapaTy aMINIATYAHOTrO 3HAYEHUA 3BY-
KOBOr'O [ aBlICHNOA.

AMnimTya CKOpOCTH 3BYKOBOrO KoneGaHAA IpH rpoM-
KoM pasrosope pasHserca 0,02 cm/c. 1 cM® Boamyxa BecHt
okoxo 0,001 r. Takum oGpaaoM OJIOTHOCTH YHEPTHUH PaBHA-
ercA

5 10-2.(0,02)2 spr/cM” 2.10- apr/cM®.

IIycts kosmeGaerca ucrounuk 3syka. OH maydaer 3By-
KOBYI0 DHEPIHIO B OKpYy:Kalomuail BO3AYX. JHeprua Kak Ou
«redeT» OT 3Byyamiero tena. Uepes KaskAymo IUIOMAOKYs
PacHONOKeHHYI0 NEePHeHANKYAAPHO K JUHAHM pPaclpocTpa-
HEHHUSA 3BYKAa, 32 CEKYHAY IPOTEKAaeT ONpPENeJeHHOe KOoJH-
9eCTBO DHEPrHH. JTa BeJIMIHHA HA3HIBAETCS MOTOKOM dHEp-
ruE, OpomeAmAM depes miaomaaky. Ecam, kpoMme TOrO,
B3ATa IIomanka B 1 cM?, T0 mpoTeximee KOJIUIECTBO BHEP-
TON HA3HBAKT WHTEHCHBHOCTHIO- 3BYKOBOW BOJIHH.

Herpynuo suaers, uTo mHTeHCHBHOCTb 3BYKa I paBHa
O POW3BEeHAIO IFIOTHOCTA dHEPrud W Ha CKOPOCTh 3BYKA C.
lpencrasuM nmnuagpuk BHCOTOH 1 CM W NIOMAaABIO OCHO-
BavuA 1 cM?, ofpasyomme KOTOPOro IapajlejbHH Ham-
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paBieHHI0 pacmpocrpaBenms 3Byka. Copmep:kamascs BHYyT-
PE TaKOTrO NUIHHAPA SHeprua w OyHeT MOAHOCTHI0 HOKH-
Rartb ero uepe3 Bpems 1/c. Takmm oGpasoM, gepes eEHMIY
. w

IOMa/H 32 eUHUIY BPEMeHHE NpOfNeT SHePras 7, T. e.
wc. IHeprus Kak OB caMa JBIDKETCA CO CKOPOCTHIO 3BYKa.

IIpm rpomMKoOM pasrosope MHTEHCHBHOCTL 3BYKa BOJIH3H
cobecemHAKOB GyJeT IPEMEPHO paBHA (ME BOCHOJB3YeMCA
9ACHO0M, HOJYYeHHHIM BHIIE)

2.10-7.3-10¢=0,006 »pr/(cm?-c).

CJABIMMMBIN M HECJBIIUMBI 3BYKU

Haxwue sxe 38ByKkoBHE Kone6anAsA BOCIPHHAMAIOTCA deJ10-
BekoM Ha cryx? OxaspiBaercs, yXo CmocoGHO BOCHPHHH-
Marh JAMb KoneGaHHA, Je;Kamne IPAMEPHO B MHTepBaje
or 20 go 20 000 I'. 3syKHE ¢ 6oBINOH YACTOTOI MBI HABHIBA-
(M BHICOKHMH, C MaJo# 9acTOTOM — HHU3KHAMH.

Kakme ke NAMHB BOJH COOTBETCTBYIOT INpeledbHHM
CABIMEMEIM gacToTaM? Tak Kak CKOPOCTH 3ByKa IpPUMEPHO
pasaa 300 m/c, 10 mo dopmyne A=cT=c/v maxogEM, 9TO
ANMHH CIHIMEMHX 3BYKOBHIX BOJNH JI;KaT B Ipefenax oT
15 M #aa caMBbiX HUSKEX TOHOB 70 1,5 CM I CaMHX BH-
COKHX.

Karum ke 06pa3oM MBl «CAHIIEM» 3TH KoneGaHma?

Pa6ora mamero opraHa cayxa J0 CHX IOP He BHACHEHA
7o KoHna. Jlexo B ToM, 9TO BO BHYTpPeHHeM yxe (B yamT-
Ke — KaHayie JIAHON HeCKONBKO CAHTHMETPOB, 3aMOJHEH-
HOM JKHIKOCTHIO) HMEETCH HEeCKOJBKO THICSY YYBCTBHUTEIH-
HHIX HePBOB, CHOCOGHHX BOCHPHHHMATH 3BYKOBHE Kojeba-
HESA, Oepefapomuaecs B YAUTKY U3 Bo3Ayxa depe3 Oapaban-
HYI0 DePemoHKy. B 3aBHCHMOCTH OT 4acTOTH TOHA CHIbLHEe
BCEro KoJe6Jercss Ta WAH HHASA JaCTh YIUTKA. XOTA 4yB-
CTBUTEJbHEE HEPBH pPACIOJOMEHH BIOJAb YIHTKHE TaK
9acTo, 4T0 Bo30GysKHaeTcAa cpasdy GoJbInoe mx IHCIO, Yelo-
BeK (U )KMBOTHHIE) CI0CO0eH — 0COGEHHO B eTCTBE — pas-
JAYATH W3MEHEHWA 4YacTOTH HA HUYTO/RHHE (THCAYHBIE)
ee nonu. HakuMm o6pasoM 3170 IPOMCXOJAT, 0 CHX HOP TOYHO
He mM3BeCTHO. fICHO TONBKO, 9TO BasKHeHmylo poab 3xech
WArpaer aHANM3 B MO3TY pasfpajKeHHd, OPEXOJANIUX OT

| MHOKecTBa OTHeAbHHX HepsoB. [lpanymars Mexanmaeckyio
. MOJieJib, KOTOPasi — IPH TOHX e KOHCTPYKIMH — CTOJb e
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XOpomo pasamyaia OH JaCTOTY 3ByKa, KaK H yXO dejoBe-
Ka, NOKa eme He YAAI0Ch.

Yacrora ssyka B 20 000 'y asaserca nmpenenoM, suime
KOTOpPOTO UeJI0OBEIECKOE YXO HE BOCHPEHEMAET MeXaHmde-
ckme KonebaHma cpefbl. PasnmunmMm cmocofaMm MOMKHO
coanaTe KoneGaHEA Gojee BHICOKON YaCTOTH, 9ENIOBEK HX
He YCJABMAT, HO HpHGOPH CMOryT 3ammcaTts. Bmpouem,
He TOJBKO NpuOopH PEKCHpYIoT Takue KojneGanma. Muornme
JKIBOTHEIE, HAIIPDEME P JeTYY:Ae MEIIHA, M9e/5l, KATH ¥ JeJb-
¢uuH (Kax BUAHO, [IeJ0 He B pasMepax ;KABOTO CYIIeCTBa),
cI0COGHH BOCIHPHHAMATH MeXaHmYeCcKHe KoaefaHmda ¢ da-
croroii Bmrors Ao 100 000 I'n,.

Ceitgac yraeTca moxy4aTh KoaeGaHmd ¢ YaCTOTOH BOJIOTH
mo mMmianmappga repn. Taxwe xone6anmmsa, xoTd OHEH W He-
CJIBIIMAME, Ha3HIBAIOT YABTPAa3BYKOBHMH, 4To6H HOATBEp-
AATH OX POACTBEHHOCTH 3BYKY. ¥ ABTPasBYyKH HamGOJBIIAX
94CTOT HOJAY9Yal0T IPM HOMOI(M KBAPIEBHX ILIACTHHOK.
Tarme NJIaCTAHK BHIPE3aIOTCA A3 MOHOK PACTAJJIOB KBapLa.



’nasa 7
INPEBPAIIEHUA MOJIERY/JI

XAMUYECKUE PEAKIUU

ODnsnxa asaserca PyHIaAMEHTOM BCETO eCTECTBO3HAHMA.
Hosromy otHeanTs PUBMKY OT XUMHUM, FE€OJOTHA, METEOPO-
aornu, OMOJIOTHY H T. . COBeDIIEHHO HEBO3MOKHO. Bexn oc-
HOBHBIE 3aKOHHE OPUPOLBl OTHOCATCA K HpeaMmery (M3mKd.
Yuenne o CTpoeHAM BEmECTBA TAKKE HEOT'HEMJIEMasA IIaBa
¢msuxm. He caydaiino manmmcans KHUTH [O] Ha3BaHHAMHA:
reonoraueckas ¢ms@ka, OmojormuecKas ¢@amka, XHEMH-
geckaa (mamka, cTpoumrenbHas ¢msmka @ 1. A. Tar uro
CKa3aTh HECKOJBKO CJI0B 0 XMMHAYECKAX PEAKIHAX B DTOH
KHHATe, TPAKTYIome# 06 OCHOBHHX BaKOHAX upnpolm O6ymer
BIIOJIHE YMECTHO.

Ctporo ropops, XaMus HAYMHAETCHA TaM, T MOJEKYIa
pasnaMbIBaeTC Ha 9acTH, WM TaM, TJe U3 ABYX MOJEKYI
ofpasyercs offHa, MW B CJayIae, KOIfA U3 ABYX CTOJKHYB-
MUXCA MOJERyln 00pasyiorcs ase npyrme. Ecim B mauame
U KOHIe ABJCHHS MHl CTAJKABAEMCA C TeM, 9T0 XUMAYeCKH
COCTaB TeJ, YYaCTBYOIAX B COOHTHY, H3MEHHJICHA — 3HA-
9QT, OPOM3OMIIA PEAKIHA.

XpMudeckme peaKnum MOTYT HPOMCXONATH «CaMHE IO
cebe», T. e. Omarofaps NBHIKEHHAM MOJIEKYJ, CBOMCTBEH-
HHM JaHHOi TeMmepaType. Tak, 9acTo roBOPAT: «BEmECTBO
pasnaraercs». 9TO 03HAUaeT, YTO BHYTPEHHME KouaebaHms
aTOMOB MOJIEKYJIK IPUBOJAT K TOMY, 9TO CBASH MEKIY aTo-
MaM# DPa3pHBAIOTCHA — MOJEKYyJla Das3BaIMBAETCH.

Yame BCEro XMMUYECKAA PeaKIusA SABIAETCA Pe3yiibTa-
TOM BCTpEYE MoieKyJ. Merann mpop:kasea. 910 xuMuge-
CKasA peaKNusA: BCTPETHIHCh ATOM METaJna C MOJEKYJoi
Boil — ofpasoBanack OKHCh. Bpocmim B crakaH BOLH
MENOTKY JMMOHHOM KMCIOTH U /0euKy cofnl. Haumnaer-
ca Gypuoe o6pasoBaHme NIy3HpPHKOB rasa. B pesyabrare
BCTpeUM dTUX ABYX MOJEKYJ] HOJIyYHJIACH HOBEE BEIeCTBA
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oot Tan OVILINERT KOATONOTH o

& B TOM THCIC yracnmes
BEIIEJAIOTCA U3 BOJHI.
Wrar, caMonpomsBOJNIBHBI Pa3Bas MOJIEKYJIH H CTOJK-

HOBEHHA MOJEKYJ — BOT JBé HPHYAHH XHMHYECKOH pe-
aKIHMd.

Ho peaxnumu Moryr GHITH BH3BAaHH W APYrAMHE OPHYA-
uama. B ¢ pmocamoit paccMarpumBaeTe KOCTIOM, KOTOpPHIH
mo0mHBaa ¢ BaM# Ha lore. Marepwan BHIBEN, BHITOpE.
Tox meficTBAEM CONHEYHHX JyvUeil MPOU3O0NLI0 XAMHIECKOE
npespameHne KpacK’, KOTOPOoi GhlJ BHKpAmeH MaTepHad.

Peaxuum, mpoucxofAmme mojx AefCTBHEM CBeTa, Ha3H-
paloTc ¢Qoroxummueckumu. HWccnegosaTtenro Hago Tma-
TEIBHO IPOBOAUTH COOTBETCTBYIOMAE OILITH, 4TOGH He
cBaguTh B OfHY KydYy HarpeBaHWe, NPOMCXONsAMEe IOX
feiicTBEeM cBeTa (OHO IPWBOLHT K YBEJAWYCHUIO KAHeTHYE-'
CKOHl DHePTHH [BHKEHHA MOJEKYJ, U YAapH MEKAY HUMHA
O6ynyT Gosree gacTHiMu E Gonee CUABHEIMNY), ¢ HEIOCPENCTBEH-
HEIM JleficTBHEM CBeTa, KOTOPOE COCTOUT B TOM, 4TO YacTHIA
cBeTa — (OTOH — «pBET» XHMHWIECKHE CBS3H.

Ilom pefictemeM cBeTa IPOMCXOMUT IEHb XAMHUYECKHEX
peaKnmii, HpPOTeKaeMHX B 3eJEeHHX pPAacTeHHMAX, Ha3HBae-
Mag forocmHTe3oM. Biaromapa ¢oroxmmMmuecKoMy mpeBpa-
' MEHFI0, NPOUCXONAIMEMY B PAacTeHHAX, OCYMECTBAAETCA
TOT BeAMKHEA KPYroBopoT yraepona, 6e3 Koroporo He GHIIO
6n1 >KB3HA.

Paspris xuMmyecKnx CBsi3ell, CONPOBOKAAIOMMIACA pa3-
JAYHBIMA XAMOYECKEME pEaKnuAMY, MOT'YT OPOH3BOAHTH
A JpyrEe BHEPrUYHbE HYaCTHNb — DJEKTPOHH, DPOTOHH
aT. ..

XuMuieckad peaxkumsa MOKET HATH Kak ¢ MOTIOMEeHAeM
TewJIa, TAK ® C BoJeleHmeM Temia. UTo 3T0 3HAYHT HA
assxe Monckyn? Ecam nerpermimcs iBe MelIeHHHe MoJe-
KyJH, a U3 HAX 00pasoBajiuch e GHICTpHE, TO, 3HAYMOT,
TEILIO BHAEJAHI0Ch. Bein ME 3HaeM, UTO yBeIHUeHAe TeMIe-
paTypsl SKBHBAJEHTHO YOHCTpeHHIO MoaeKyld. K Takmm
PeaKnuaM OTHOCATCA TOPeHHe WM B3PHIB, O KOTOPHX MH HO-
TOBOpHM MyTh HEGKE.

Tenepp HaM HaJO mEepeBECTH HA A3LIK MOJIEKYI CKOPOCTH
peaxnmit. IIpesocxomHo W3BECTHO, YTO €CTh PEAKIHUU, KOTO-
phie DPOACXONAT B MTHOBEHHE OKa (B3PHB), a €CTh PeaKIH,
KoTopeie mporexaior rofgamm. IlomoskmMm, 9TO OHATH-TAKH
peys HAeT O TAKHX pPEAKUHAX, B KOTOPHX CTAJKHBAIOTCA
ABe MOJIeKYJIH, a m3 HEX ofpaayiorcs Ase Apyrue. Ciaexyio-
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mee IpeAmoJIOKeHHe HoX0xe Ha mpasny. Bo-mepsux, cy-
ImecTBeHHA Ta SHEPrUA CTOJKHOBEHHS, KOTOPOM HOCTATOYHO
Ans TOTO, 9TOOH IIPOM30INE] PAa3IoM MOJIEKYJ W MX mepe-
CTpOIKA; BO-BTOPHX, BAKHO M APyroe: mOf IOOHM yr-
JMOM aTakd WM JAOb [OJ HEKOTOPHMHE JOJIKHH BCTpe-
THTHCA MOJEKYJH, 9TOOH peakOEs IpoH30INIA.

MusuMmanbHas dHEPras, HeobXoXUMAas AJIA TOTO, YTOGH
peaknusa npomia, HOCAT HAa3BaHWE SHEPrUM AKTHBALIMH.
Ona urpaer OCHOBHYIO pONb B XOJi¢ PEAKIHH, HO BCE K He
HY;KHO 3a6HBaTh H BTOpPOX (PaKTOpP — OO «yHA4HHIX»
coyRapeHHUHl YacTun ¢ AAaHHO# dHeprHei.

XuMUYeCKYI0 pearumio, WAYMYIO C BEIEJGHHEM Tem-
713, MOMKHO MOJEJHPOBATH KAPTUHKOM, IPHBENEHHOH Ha
puc. 7.1. IllapEk BRATHBAeTCA Ha TOpPKY, HEPEBATABAET
49epe3 Gapbep M CKaTHBaeTCsA BHHU3. I1ocKONBKY HavanbHEIR
YPOBEHD BHIIIe KOHETHOT0, TO dHEPIHHA MOTPATHTCA MEHbIIe,
9eM BHIIEAHTCA.

Jta Mofenb HAMIAAHO MIIIOCTPApPYET IPAUAHY pe3KOi
33BHCUMOCTE CKOPOCTH peaKHuE OT TeMmepaTypu. Eciam
TeMmepaTypa Malla, TO «CKOpOCTH IIapa» HeFOCTATOYHA,
y1o6H 3abpathesas Ha ropy. Ilo Mepe pocta Temmeparypm
Bce Gosee m Gonee GyAeT pPacTW YUCIO IMAPHKOB, KOTODHE
6ynyr mepemMaxmBaTth depe3 ropry. Cropocts XxmMHdecKuX
peakuuii O9YeHL CHJIBHO 3aBHCAT OT TeMumepaTyph. Haxk
OpaBuio, NoBHMeHue Temueparypsl Ha 10 rpagycos ysean-
9ABAET CKOPOCTh peaknmud B 2—4 pasa. Ecam cropocTs
PeaKIuH YBeJIHIMBACTCA, CKa)KeM, B 3 pPasa OPH IOBHIIe-
HEA TeMumepatyph Ha 10 rpamycoB, TO DOBHHIEHHe TeMIle-
parypu na 100 rpagycoe maer yseamuenume B 3'°~60 000
pas, Ha 200 rpagycor — yxe B 32°a04-10%, a ma 500 rpa-

JHEPIHA
AKTHBALUN

BHBESUBILASCA
JHERIUA

Pnc. 7.1,
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nycoB — B 3%, T . e. npumepno B 10*4 paz. HeynuBureanHo,
9TO0 PEAKLHA, KOTOPasA HAET ¢ HOPMAJIbHOH CKOPOCTHIO HPH
remneparype 500°C, mpm KoMHaTHO} TeMmepatype He
opomCcXoaAT BooGme. i

T'OPEHHUE U B3PHBIB

Hns Toro wroGH HA49amoch TOpeHHe, HAJO, KAaK H3-
BECTHO, IIOJIHECTA K ropiodeMy IpeJMeTy FOPAMYI0 CIHY-
ky. Ho 7 comuka me 3axmraercs cama, el HaJgo YHPKHYTH
o KopoOry. TarkmMm obpasoM, ans Toro 4ro0H HAYAIACH
TaKasg XAMHEYECKAasA PeaKndas, HeoGXONEMO IpefBapHTeNlb-
pgoe Harpesanme. Ilof:kmranme cosgaer B HaYaJBHEHE MO-
MEHT Heo0XONmMyI0 AJA peakDWE TeMmeparypy. Janpme
BHICOKYI0 TeMIepaTypy HONJIeP;KABAET Y:Ke TeImao, Ko-
TOpOE BEIIEJAETCS OPH PEaKIum.

HavanpBmil MeCTHHE HOZOrpeB [OJMKeH OHTH HOCTa-
TOYEH JJaA TOro, 4ro0H BHIlelleHHe Temaa HOPH peaKHd
DPEBHIIAJIO0 TEIJIOOTHAYY B OKPY;KAIIMYI0 XOJOAHYIO Cpe-
‘py. lloaToMy Kakmas peaknmsa mMeeT CBOIO, KaK TOBODAT,
TeMIepaTypy BocmiaMeHeHHA. I'opeHnme HAaumHAETCH, TOJIb-
KO eCIM HaYaJbHafg TeMIepaTypa BEINE TEMIEPATypPH
BocIIaMeHeHHsi. HampmMmep, TeMmeparypa BoOCIIaMeHe-
Haa pepesa 610°C; Gensmra — oromo 200°C, Geaoro
docdopa — 50°C.

Topenme npom, yrna wnm HeTH — 3TO XHMHUECKAs
PeaKOHusd COEJHHEHHS STHX BEmECTB C KHCIOPONOM BO3-
nyxa. IlostoMy rtakas peaknmsa uAeT ¢ IOBEPXHOCTH:
II0OKa He BBHII'ODHT BHEIONHUHA CIOH, clegylommil He MOM<eT
OPAHATH yYaCTHE B TOPEHHH. ITHM H O0DBACHAETCA OTHO-
CHTeNbHasg MeJJIeHHOCTh ropeHms. B cmpasemnmsocTm
CKa3aHHOTO HeTPyAHo yOemmThCA Ha HpakTEKe. Ecam
pPasMenb9aTh ropioduee, TO CKOPOCTh FOPEHHA MOMKHO 3HA-
9HTENbHO YBOAHYATH. [liig 9TOH AWM BO MHOrHX TEYHHIX
YCTpPOHiCTBAX NIPOH3BOTUTCS PACHEIIEHHE YIIA B TONKAX.

Tar e pasMenbuyaeTcs M CMEIABAETCA C BO3TYXOM
TOIVIMBO B MUIHHApPE MoTopa. I'opioumMm B MoTOpe CHy:KaT
He yrojhb, a 0oJiee CIOKHHE BelMeCcTBa, HampuMmep, OeH-
ama. Mosexyna oxTama, BXOAAMEro B COCTAB STOrO Be-
mectsa (puc. 7.2 cieBa), COCTOHT M3 8 aTOMOB yriepoaa
zm 18 aroMoB BONOpONa, COEAMHEHHHX TaK, KaK MOKAa3aHO
Ha pmcynke. Ilpm ropenmm sTa MOJEKyJa IOZBEpPraeTcA
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yAapaM KHACJIODPOAHHX MojeKkyin. Berpedun ¢ Monerymamm
KHUCAO0POJa paspymaiT Mojeryay orrama. Cuisi, coemmasi-
I0le B MOJICKYJle OKTaHA OfWH WJIHM ABA aToMa yIVIEpOXa C
aToMOM BOAOPOLa, & TAK}Ke CHJEI, COEAUHAIONMIE ABA ATOMA
KHCJOPOa B MOJNEKYJNY RHCJIOpONa, He MOIYT HIpPOTHBO-
CT0ATH GoJiee CHIBHOMY, KaK TOBOPAT XUMHKH, «CPOICTBY»
Me:KIy arOMaMH KHCIOpOHAA, ¢ OfHOM CTOPOHH, M aTOMaMd
yriepoja u Bogopoga — ¢ apyroii. Iloaromy crapsie cBsisn
MeKIy aToMaMu, MOJIEKYJ HapyHIAloTCA, aTOMH Heperpym-
OAPOBHIBAIOTCA W CO3MAIOT HOBHE Moiekynu. Hax moxa-
3HIBAET PHC. 7.2 CIpaBa, HOBRIMH MOJEKYJaMu — IIPO-
IYKTaMHA TOpeHWss — W B 3TOM CJlyuae ABIAITCA yrie-
KHECAbA ras u Bofa. Boga mpm atoM ofpasyercsa B dopme
mapa.

CosepmeHHo wHave OGCTOUT JEJI0 B TOM CAydYae, KOTHA
BO3AyIIHAA arMocdepa He HY;KHA, & BCe Heobxoaumoe His
peaKumu CONep/KUTCA BHYTpH BemecTBa. IIpmmepoM Ta-
KOTO BemecTBa ABJIAETCA CMeCh BOJOPOa C KHCIOPOXOM
(ee HasbiBaloT rpeMyduM raszoMm). Pearmma mpmer He ¢ mo-
BEPXHOCTH, a MPOMCXOLET BHYTPH BemecTtBa. B oramume
OT cinydYas TrOpeHHs BCA 9Heprus, ofpasylomascsa Npd
peakKlum, OTHAETCH IOYTHM MIHOBEHHO, BCJEICTBHE 3TOTO
Pe3KO MOBHIMIAETCS NABJCGHWE M IPOECXOfAT B3pHB. I'pe-
My4Yuil ra3 He FOpPHAT, a B3PLIBAETCH.
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 ATak, BapHBUaTOE BEMECTBO OMMKHO COMEPIKATE BHYTPU
ce6s1 aTOME HIA MONEKYJIH, HY;KHbIe AN peakymd. [lousr-
HO, 9TO MOXHO IPHIOTOBHTH B3PHBAIOH{HECHA Ia30BhIe CMe-
cu. CymectByloT u TBepibie B3phBUaThe Bemectsa. Oum
ABAAIOTCA B3PHBUYATHIMA HMEHHO IOTOMY, YTO B HX COCTAaB
BXOIAT BCe aTOME, HeOOXONMMEIe Aisl XMMNUECKOH peax-
I7H, Jamei TEImIO W CBET.

XuMAdecKkan peakiusa, IPOHACXOJANIAsA IPU B3PHIBE, —
3TO peaKuUs pacmaja, PacImielIeHHs MOJeKYJh HA YacTH.
Ha pme. 7.3 moxasana A nprMepa B3PHBHAA PEAKIHAA —
pacmenjien@e HAa YacTH MOJCKyanl HmrTporaunepuna. Hax
BUJIHO Ha TIPABOH JACTH CXEMEl, B3 HCXONHOH MOJieKynbl 00-
pasyTCa MOJEKYJH YrIEKHCJIOro rasa, BOJLI, a3oTa.
B cocraBe OpPOAYKTOB peakimuyu ME HaxoXuM OGHITHBIC
NpPOAYKTH TOPEeHHSA, HO rOopeHHe Ipom3omao 0e3 ydacTud
MOJIEKYJ KHCJIOpOofa BO3fyXa — Bce HeoOXxoguMble JJiA
TOpPEeHHA aTOMEI COMEPIKATCA BHYTDPH MOJEKYJH HHTPOLTH-
nepuHa.

Kaxk pacupocTpaHseTca B3phiB 110 B3PHIBIATOMY BelIeCT-
By, HanpuMep rpeMydemy rasy? Horga momskuraoT B3phIB-
4aToe BeMIeCTBO, BO3HHKAeT MeCTHBI Harpes. Peaxrmms
mpomcxogut B HarperoM o0beme. Ho mpu peaxmum Buife-
AAeTCA Tenjio, KOTOpPOoe HmyTeM Temjionepefadd IIepeXOoquT
B COCeHHE CJIOH CMECH. JTOr0 Telja JOCTATOYHO JJIA TOrO,
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9T00H W B COCeJHEM CJIOe HPOW30mIia peaknus. BHOBB
BHJeJIUBIIEECH TEeNJI0 IOCTYIHT B CIEAYIOIAE CIOH rpe-
Mydero rasa, # Tak ¢O CKOPOCTBHIO, CBA3aHHOH ¢ mepenadeit
Temaa, peaKlWs PacCHpPOCTPAHAETCH IO BCEMY BEIMECTBY.
Cropocts Takoii mepemaum — mopsara 20—30 m/c. Pasy-
Meercs, 9To o9eHb GrHCTpo. MeTpoBas Tpy6GKa ¢ razoM B3pH-
paercsa 3a 1/20 ¢, T. e. mOYTH MTHOBEHHO, B TO BpeMA Kak
CKOpOCTh TOpeHHA JPOB MM KYCKOB yrieidl, mpomcxopis-
Mero ¢ NOBEPXHOCTH, a He B 00'beMe, M3MEPAETCA CAHTHME-
TpaME B MHHYTY, T. 6. B HECKOJBKO THCAY pas MeHbIe,

TeM He MeHee MOKXHO Ha3BaTh B 3TOT B3PHB MeJIICHHEIM,
TaK KaK BO3MOKEH [JPYroil B3pHE, B cOTHH pa3 Gonee GHCT-
pHii, 9eM ommCaHHBIH.

Buctpuit B3puB BH3HBaeTcs ymapHoi BonHo#i. Ecam
B KaKOM-1HGO CJ0€ BEmecTBA PEe3KO IOBHIIAETCH JaBjie-
HHE, TO OT 3TOr0 MeCTa HayHeT PacHPOCTPAHATHCA (GPOHT
NOBHIIEHHOro faBiaeHus. B »sToM cayuae m rosopar ol
yAapHEO# BojmHE. JTa BOJHA HPUBOAHUT K 3HAYATENLHOMY
CKauYKy TeMmepaTypsl, KOTOpHi ImepeJaeTcs OT CJIoA K
caow. IloBhimenme TeMuepaTypsl HaeT- Hauala0 B3PHBHOM
peaKmum, a B3PHB HPUBOJAT K IIOBHINEHUIO AaBIeHHSA M
moJfiep/KMBaeT YRAPHYI0 BOAHY, MHTEHCHBHOCTH KOTOpOM
mHaye ObicTpo majana OH IO Mepe ee pacupoCTpaHEHUA.
TaxuMm o6pasoM, yrapHas BOJHA BH3HBAET B3PHB, a B3PLIB
B CBOI0O OYepelb NONJEPKABAET YAAapHYI0 BOJIHY.

Onwucanesii HaMu B3pHB HasuBaercd neronamueit. Tax
Kak JeTOHAmUA PacHpoCTPaHAETCA IO BEMECTBY €O CKOPO-
CTAMHA yjapHO# BojHH (mopsafka 1 kM/c), To oHa AeicTBH-
TeJIBHO OHICTpee «MeJJIeHHOTO» B3PHBA B COTHH Das.

Haxme sxe BemecTsa B3pHBAIOTCA «MENJIEHHO», 4 KaKHe
«6ercTpoy? Tak crasuTh BOIpPOC HENb3A: OFHO U TO jKe BemIe-
CTBO, HAXOJAIEECA B PA3HHIX YCIOBHAX, MOKET M B3pH-
BATHhCHA (MEJIJIEHHO» W JIeTOHHPOBATh, & B HEKOTOPHIX CIYy-
4aAX «Me[JAeHHHI» B3DPHB HNEPEXONHT B HETOHAIHIO.

Hexroropre BemecTsa, HampuMep HORHUCTHIH a30T, B3PH-
BAIOTCSI OT IPHKOCHOBEHAS COJIOMHUHKH, OT HeGOJABMOro Ha-
rpeBaHns, OT CBeTOBOX Bemeimikn. Takoe B3apEIBIAaTOE Bele-
CTBO, KaK TPOTHH, He B3PHIBAETCH, €CIAA ero ypOHHUTH, JIaKe
€CJIE er0 IPOCTPENHTh U3 BUHTOBKH. [las B3puBa Tpebyercs
cmibHaA yRapHasA BOJHA.

CymecTByIoT BemecTBa, eme MeHee TyBCTBHTEILHHE K
BHEIIHAM BO3fedcTBHAM. ¥Y00puTeabHAA cMech aMMUad-
HOH CEJIMTPH ¥ CEPHOKHCIOr0 aMMOHHMJ He CYHTAJIach
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B3PHIBUATOH M0 TPArmd4CCKOTO caydasd, IPOHCHIENEro B
1921 r. na meMenmkoM XmMmm3eckoM 3aBofe B Ommay. [laa
apoGaenns ciaesxapmreica cmecn TaM GHLT MPAMEHEH B3PHB-
goii cmoco6. B pesyabsraTe Ha BO3NYX B3adeTeNH CKIaj U
Bech 3aBof. B HecuacThe Henb3d GHLIIO yIpPEKATh MEMKEHeE-
POB 3aBOfja: IPHMEPHO ABAJLATh THICAY HOAPHBOB MPOMIIO
HOPMAJBHO W JHWIOb OfMH DPas CO3NANWCh ycaoBmsa, Gia-
TONPHUATHHE A HeTOHALNWH.

Bemectsa, KoTOpHE B3PHBAIOTCA JHING IO HeHCTBHEM
yOapHO# BOJHH, a IPA OOBIYHHX YCJHOBHAX YCTOHYABO CY-
mMecTBYIOT ¥ Jaxke He (oATCA OrHA, BechbMa YMOOHB 1A
TeXHAKZ B3PHIBHOTO Jielia. Takde BemecTBa MOKHO HpPOW3-
BOJUTH M XPaHATH B Gonbmux xonmaectsax. OmHako aas
IpHBEEHAA JTHX HWHEPTHHX B3PHIBUATHIX BEIIECTB B Jeii-
CTBHE HYKHH 3aYAHATENH HJH, KAK TOBOPAT, HHAMUATOPH
B3peiBa. Taxkme WHHOUAPYIOm@e B3PHIBHBIE BEMIECTBA CO-
BepIIeHHO HeoOXOOWME KaK MCTOYHMKHA YIAPHHX BOJH.

IlpavMepoM MHANUAPYIOMHAX BEINECTB MOTYT CJAYKHUTH
asdj[ CBUHIA WJIH rpeMydas PTyTh. ECAM KPYNWHKY Tako-
r'0 BEM[ECTBA MOJOKATH HA JAUCT KECTH M IOJKETb, TO HPO-
WCXOJHT B3PHB, NpobrBaomuil B ;kecTd orBepcrue. Bapus
TaKUX BEMECTB B MIOOHX YCHOBHAX JETOHAIMOHHEIA.

Ecnm seMuoro asmpa CBHHOA HOMECTHTH HA 3aPAN BTO-
pUYHOro B3DPHBUATOrO BENECTBA M LOAMKEYb, TO B3PHIB
WHANEATOpPA JaeT YHAPHYIO BOJHY, JOCTATOUHYIO AIA je-
TOHAI[MH BTOPUYHOTO B3pHBYATOrO BemecTsa. Ha npakruke
B3PHIB MOPOM3BONUTCA NPH IOMOMA KaNCIOJIA-HETOHATOpa
(1—2 r pummuupyomero BemecTsa). Hamcwoas Moxer GuTh
NOOeH HA PACCTOAHHM, HANPUMeDP IPHA MOMOINHA [JIMH-
HOro maypa (6EKGOPOB LIHYD); HCXONAMAA OT KaIlCIOJA
yIapHasdg BOJHA B30PBET BTOPHYHOE B3PHBYATOE BEINECTBO.

B page ciy4aes TexHUKe HaZ0o OPOTHCH ¢ IETOHALAOH-
HHIMU SIBJIEHHAMH. B JBHratene aBTOMOOMJIBHOTO MOTOpA
B OOBYHBIX YCJOBHAX HIPOUCXONUT (MEJNJIEHHBIA B3DPbHIBY
cMecu GensmHa ¢ Bo3gyxoM. OmHaKO WHOrIa BO3HHKAET U
HeToHANAA. YJAapHHE BOJHE B MOTOpe KakK CHCTeMaTHde-
CKOe sIBJICHHE COBEPHIEHHO HEeONYCTHMH, TaK KaK IOf HX
JIeACTBHEM CTeHKH OEIMHJPOB MoOTOpa OHICTPO BHHALYT u3
cTpoOs. .

Ins GopubH ¢ meromammeil B ABATaTeNAX Hamo anGo
NPAMEHATH CHeNHaJbHEH GeH3WH (TaK HAa3HIBAE€MBIH (eH3HH
¢ BEICOKHM OKTaHOBHIM 9¥CJIOM), TH00 HogMemuBaTh B Gen-
3WH Cliel[HaJbHbIe BEIeCTBa — AHTHIETOHATODH, HE JAl0-
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mn6 passupaipeA YAAPHOH BOAHG. O[HUM Hs Paciipoc:pu-
HeHHHIX QHTPJETOHATOPOB ABJIAETCA TETPAdTHIACBHHEN
(TAC). 3To BemecTBO OYEHD ANOBHTO, M MHCTPYRIMSA Ipe-
pynpesxgaer modepoB o HEOOXOAAMOCTH OCTOPOKHO obpa-
mMAaThCH ¢ TaKEM OEH3WHOM.

Heronamum HyxHO m36eraTh IpH. KOHCTPYMPOBAHEER
apTUAIepHACKOr0 OpyAEA. YJapHHE BOJHH He NOIKHH
06pa30BHBATECA BHYTPH CTBOJIA IPH BHCTpEaE, B MPOTHB-
HOM CJydae OpyAme BHIifieT W3 CTpOA.

JOIBUTATEJIN, PABOTAIONIUE 3A CYET
INPEBPAIIEHUA MOJIERVY.JI

Yenosexk, sxupymuit B XX BeKe, IPABHK N0JL30BATHCH
pasHOOOPA3HEIME [BHTATENsAMM, BHIOJIHAIIMHUMA 3a HErO
pabory, yrecATepAIONEMA €ro CHJIHL.

B camom mpocteiimeM ciydae OKasHBAeTCH BHIOJHHEIM
TIPeBPaTHTh MEXaHMYECKYIO SHEPrHI0 B MEXAaHHIECKYIO JKe,
HO ppyroro popa. CraskeM, 3aCTaBHTh BeTep HMJIA IOTOK
BOJB BpAamaTh MEJIBHAYHOE KOJECO. ‘

Ha rmpposieKkTpocraHnmAX DpPOmECC IpPeBpaIeHHsN
SHEepPIUHA BOJAHOTO IOTOKA B KPYTOBOE [BWKEHHE TYpPOHHLI
ABIACTCA IPOMEKYTOUHHM. TypOmnHa NPUBOSAT B ABIKE-
HHOe 3JeKTPUYeCKYI0 MaImmHYy, Kortopas pgaer Tok. Ho o
TAKOM NIpeo6pa3oBaHAW JHEPTHH pPeIh BIEPENH.

¥Yxomar B mnpomusoe mnapoBsie pasAratend. Illaposos
cTan MyseiiHOH pegxocTbio. CammkoM y:x HuU3KHiA y Tem-
70BOif MAamMHHE KO9PYHIMEHT N0Je3HOro HAeHCTBHA.

. JT0 He 3HAYHT, 9TO BHIILIA U3 yHOTpeOJeHHA MAPOBHE
Typ6usnsl. Ho m TaM mpespamenne sneprum pacmmpsiome-
"roca mapa B MEXaHUWYECKOe [JBH/KEHHE KoJieca ABISETCH
INOb IPOMEXYTOUHRIM »dTamoM. Homeunmasa meap — 3TO
moJryYeHue 9JIEKTPOIHEPTHH.

Yro ke KacaeTcAa CaMOJETOB U aBTOMOGHIIEH, TO 3acTa-
BJIATH X ABHraThcA ¢ IIOMOIIbI0 IAaPOBOTO KOTJA MIH Ta-
poBOil TYPOHHK ABHO HE MMEET CMHICJIA: CIAIIKOM BEJIHK
6ynmer cyMMapHHH Bec JBAraTels @ HarpeBaTels B mepe-
cdeTe HAa ONHY JOMAJWHYIO CHIY.

Ho moxHO m36aBETECA OT IIOCTOPOHHEr0 HATPEBATENA.
B rasosoit Typ6mHe paGoumM TeNOM HENOCPEICTBEHHO sIB-
JNAIOTCA pacKajeHHHe NPOXYKTH CropaHWs BHCOKROTEIIO-
TBODHOTO TOLJIMBA. B 3THEX ABATATENAX YENOBEK MCIIONB-
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3yeT XUMHUYECKHE DEAKIMH, T. €. NPEeBPameHua MOJNeKyJ,
I TOAyYeHHsS DHePIHH. DTHM ONPENENAIOTCA W BasKHHE
gpeuMyIiecTBa ra3oBoil TypOmHH Iepep mapoBoit, m 60ab-
mEe TeXHHYecKHe TPYJHOCTH, CBA3aHHHE ¢ ofecmeuyeHHmEM
ee HANEKHON pPabOTHL.

IIpemMymecTBa OUeBHAHH: KaMepa CrOPaHHA JJA CHKH-
TaHHUA TOIJIMBA MMEET MaJhle pa3MepH W MOKeT OHTh pas-
MemeHa Hof KOKYXoM TypOHHEI, a IPOAYKTH CrOpaHus
ropodeil cMecm, cocTosameil, HaIpUMep, U3 PACILUICHHOTO
KepocmHa W KHCJO0POfa, HMEIOT TeMueparypy, HefoCATa-
eMyio nas mapa. TennoBoi#l moTox, ofpasyomuiica B KaMe-
pe CTOpaHHA ra3oBoii TypOWHEI, 09eHhL MHTEHCHBEH, 4TO
IaeT BO3MOMKHOCTH HONYYHTh BHICOKHHA K. II. .

Ho s1i npeumymecTBa 060paunBaioTes 0 HEOCTATKAMH.
CranpEne nomaTkm TypOmHH paGoTalOT B CTPyAX rasa,
mMeromux Temueparypy Ao 1200°C n mem3Ge;kHO HaCHIIEH-
HHX MHAKDPOCKOOWYECKHMH 30JbHBIMA YaCTHHAMH. JIETKO
cebe IpenCcTaBHTH, KaKWe BHICOKHE TPeGOBaHWA HPHXOLUT-
cA OPeIbABIATh K MaTepHajaM, U3 KOTODHX H3TOTOBJIAIOT
rasoBee TypOHMHH. .

IIpm mommiTKe ke CKOHCTPYHpPOBaTH ra3oBYI0 TypOHHY
MomHoCThI0 okoa0 200 J. €. gaA JerkoBoro aBTOMOGHIA
OpPAOIIOCH CTOJKHYTHECA C COBCEM YiKe CBOeoOpasHOM
TPyQHOCTBIO: TypOmHa mOJydYanach CTOJb MAJBIX pas-
MepoB, UTO OOHIYHEIE MH}KEHEPHEIC PENICHHS W NPUBHIYHLIE
'MaTEepHAJH M BOBCE OTKA3adHCh CAyHuTh. OgHAKO Tex-
HAYeCKHE TPYAHOCTH YiKe mpeogoiesaiotcsa. llepsoie as-
TOMOGHIA ¢ Tra3oBHIMA TypOWHAMH CO3JAHEI, HO TPYA-
HO CKa3aTh, OyAyT im oHm mMeTh Gynymee.

Jlerde okazanoch MCHONB30BaTh Ta3oBYl0 TYpOHHY Ha
eJIe3HOJOPOIKHOM TPaHCHOpPTE. JIOKOMOTHBH C Ta30BEIMHA
Typ6mHaME — rasoTyp0oBO3H — yiKe IOJYYAIH MOpaBa
rpasKJaHCTBA.

Ho mmpoxyio fopory rasopoii Typ6uHe IpoJ0XKHAIA COB-
ceM [pyrHe IBHraTelNH, B KOTOPHX razosas TypOHHA ABIA-
erca XOoTdA HW HeoOXOmmMo#, HO MONUMHEHHOH cOCTaBHOIM
4qacthio. Peup mpuer o TypGopeaKTHBHOM IBHrareje — OC-
HOBHOM B HACTOAMEe BpeMs THIE BATaTe]A B PeaKTHBHOM
aBHEANAN.

Ilpunmn peaxTwsHOTO fBHraTend KpailHe IIpOCT.
B mpounoit KaMepe CropaHHA CKHETaeTcs ropiodas CMech;
HOPOIYKTH CropaHHS, HMEONHEe 4Ype3BHMAitHO 6oaBIIyIo
cxopocts (3000 M/c mpm C:KETAaHAA BOJOPONA B KHCJIODPOJE,
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Vewdont Hithemman it

ot

HECKOJBKO MEeHbIIe A APYIMX BUAOB TONIEBA), BHIGpa-
CHBAIOTCS Yepe3 MIaBHO PAaCIIHPAIOIEECs COIIO B CTOPOHY
I POTABOMOJIOKHYIO ABMKEHHIO. J[ake CPABHHETEJIBHO He-
Gospmue KOAMYECTBA NIPOAYKTOB CLOPAHAA HpPA TAKHX
CKODOCTAX YHOCAT ®3 [BATaTeNsl GOJBIIOA HMMIYIBC.

C co3gaHmeM peaKTHBHHX ABHraTesiell JIOAY IOJNYYHIH
PeasBHYI0 BO3MOKHOCTH OCYINECTBUTH IOJETH MEMRIY
OaaHeTaMH.

Boabmoe pacnpocTpaHeHme NONYYHAN JKHANKOCTHHIE
peaxtusubie fpmratenn (M{PJIl). B xamepy cropamma ra-
KOro [BHIraTelsA BIOPHCKHUBAIT ONPENENCeHHEE IIOPIHA
TOIIMBA (HampuAMep, OTANOBMI CHHEPT) A OKMCJIATENA
(o0ngHo mmpkmi Kucaopon). Cmech cropaer, cospmapas
TAry. B BbICOTHHIX pakeTax Tmma V-2 TAra mMeeT Beln-
amry mopanka 15 Tc. B paxery sanmsaerca 8,5 T Tonamsa
¥ OKHUCIHTEJNSI, KOTophle cropaioT 3a 1,5 Muu. Ita madps
mocratogno kpacuopeumsh. sHPJl memecooGpasubl ToibKo
IJiA MoJieToB HA Gojbmme BHICOTH MJW 3a HpPeJelsl 3eMHOM
atMmocdepn. He mmeer cMuicna 3anmBaTh B camolieT, mpej-
Ha3HAYCHHKIH [JIA IIOJETOB B HIKHHX CJIOAX aTMocgeps
(mo 20 M), rpe AOCTaTOYHO KHECJIOpPONA, GonblIne Koamue-
CTBa CHENUWAJBHOTO OKHCIHTEeNsA. Ho TOrmga BO3HHMKAET
opo6ieMa HarHeTaHAA B KaMepy CropaHEA T'POMATHBIX
KOJIHYeCTB BO3TyXa, HEOOXONMMEIX [I7Isi HHTEHCHBHOTO Tope-
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gnsa. Pemaerca sra mpoG-
jeMa eCTeCTBeHHO: YacTh
PHEPTHHA ra30Boi CTPYH, CO3-
NAHHOH B KaMepe CropaHms#,
oTOupaercA Jid BpameHus
MOITHOIO KOMIIpeccopa, Ha-
THeTAOMero BO3AYX B Ka-
Mepy.

Mu ye rosopunm, mpm
IIOMOIIA KAKOTO ABHTATENA
MOKHO COBEPIHTHL pabory
3a CUeT PHEPTHu CTPYH pac-
KaJeHHHIX TIa30B,— KOHEY
HO, 9TO rasoBas TypOuHa.
Bes cuereMa  HaseiBaeTca
TypOOPEAKTHBHBIM JIBHraTe-
aem (TP) (pme. 7.4). Otm Puc. 75
IBHTaTe/IM He HMEIT KOH- ue. {.o.

KYPeHTOB mpm mojerax co ckopoctamM:m orT 800 mo
1200 kMm/4.

Hdna momeroB Ha Gospiume PacCTOAHHA CO CKOPOCTBIO
600—800 km/u ma Bamy TP]] ycramasauBaoT [omoiHH-
TeJbHO OGHIYHEIY aBUANMOHHHEIA BHHT. IT0 — TypGOBHHTO-
Boil peaxrmBuHil aBurarens (TBPII). Ilpm cropocrax mo-
nera okono 2000 KM/ mam Gojee HAmop paspHBaEMOTo
caMoJIeTOM BO3AYXa HACTOJNBKO CHJIEH, 9TO HYKJA B KOM-
mpeccope ormafaer. Toraa, ecTecTseHHO, He HYKHA W ra-
soag TypOuna. [[Bmrarens npespamaercs B TpyGy mepe-
MEHHOTO CEeYeHUsA, B CTPOTO OIPENeNeilHOM MecTe KOTOpOoi
HPOUCXORMT CrOPaHUe TONJUBA. JTO UPAMOTOUHHIA BO3-
AymHo-peaxTuBHH asararens (IIBPI). fAcno, wro IIBP]]
He MOJKeT IIOTHATH CaMoOleT C 36eMIH, OH CTAHOBHTCA
paboToCIOCOGHEIM JIHIOp IPH OTEHBb BHICOKOM CROPOCTH
moJera.

IIpn momeTax Ha MajHX CKOPOCTAX PEAKTHBHEE JBU-
raTeJm COBepUIeHHO Herenecoo0pasHs m3-3a GOJBIIAX
PacXofi0B TOPIOUEro.

IIpr gBmxenmn nmo 3emie, Boje WIA B BO3AYXE CO CHO-
pocramu or 0 1o 500 KM/9 BepHO CaIy:KaT deJ0BeKy IOPIIHe-
BHE [[BATAaTeJd BHYTPEHHEro CropaHns, GeH3MHOBHE HJIH
nusenpHble. B cooTBeTCTBEA ¢ HasBaHHEM IVIABHOM JaCTHIO
TAKOr0 [BHraTesid ABIAAETCH NHIAHAD, BHYTPH KOTOPOIO
nepeMemaeTcAa mopmieHb. Bo3sparHo-mocTynaTensHoe ABH-
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TRCHES TOPOIHA HPeo0Pasyeicn BU BPALATEADHUE ABUAEHIES
BaJA IpA MOOMOIM MMATYHHO-KPMBOUIMIHON  CHUCTEMEl
(pmc. 7.5).

JBm:KeHEe MOPIIHSA DEPEaeTcsa 4epes maTyH HA KPHUBO-
AN, ABIANIMUAACA YacThI0 KOJEeHYaTOro pana. [IBmwxenHme
KpHBOIINIA W BHI3KIBAeT BpameHme Bana. Haobopor, ecam
NPOKPYIHMBATh KOJIGHYATHA BaJl, TO 9TO BHI30BET KadaHHE
HIATYHOB W CMeNIeHHe NOPIHEe# BHYTPA NHIMHAPOB.

Hunmagp OGeHsmHOBOrO JBHraTensa CcHaGykeH JBYMSA
KJalaHAMH, OJHMH M3 KOTOPHX IpefHA3HAYEeH A BIYCKa
roproueii cmecm, a [APYroil [Jif BHIYCKA OTpPaGoOTaHHHX
rasos. [as toro wro6m aBmratens Hadada paGoraTte, ero
HaJi0 NPOKPYTATH, UCIOJB3YA SHEPrUI0 KAKOTO-IHGO Io-
CTOPOHHEr0 HCTOYHHKA. IlycTh B Kakoii-ro MOMHT HOp-
meHbp Iomes BHHE3, a BOYCKHON Kiamad OTKPHT. B mum-
JUHP BCACHBAETCA CMeCh PACHEIICHHOro (GeH3WHA W BO3-
Ayxa. Bnyckwo#t knamam cGIOKEpPOBAaH C BajlOM [BHTa-
TeJA TaKmM 00pa3oM, YTO 3aKPHBAEeTCA B TOT MOMEHT,
KOrjfia MOpIIeHbL [OCTATraeT KpaiiHero HIHKHEr0 MHOJIO-
JKeHHS.

IIpm pansHejimeM npoKpyINBAHEE Baja MOPHICHHL HAOT
BBEPX. ABTOMATHYeCKMA HPHBOJ KJIAIaHOB [JePHKHT HX
B Te4eHHe 3TOTO XO[a 3aKPHTHIMHA, HO3TOMY ropIodas cMech
c:xmmaercs. Horma mopmeHn HaXoAWTCA B BePXHEM IOJIO-
KeHHH, CKaTad CMECh 3a/KBIraeTcs SIEKTPHUECKOH HCK-
poit, IpocKakWBAlOmeld MEKAY 3NeKTPOJaMH 3amanbHOR
cBevn. ‘ .
CMech BCOHIXHBAET, pacIMpPHIOIAECH NPOLYKTH TOpe-
HEA paoTaioT, ¢ CHI0H MOCHAaA NOpMeHb BHU3. Ban nsm-
rarejd IOJYYaeT MOIMHKEIA TOJNYOK, MaXOBHK, CHNAMUNA Ha
BaJly, 3alacaer 3HAYHTEIbHYI0 KEHETHIECKYIO DHEPruo. 3a
CYeT 9TOU HHEepPruu MPOUCXOAAT BCE TPH MOCHEAYIOUNX TOJ-
TOTOBUTEJBHEIX TAKTa: CHAYAJA BHIYCK, KOrfa BHIYCK-
HOH RJIamaH OTKDHT, a DOPIMEeHb HJET BBEPX, BHTAJKH-
Basfg oTpa0oTaEHHEe rassl N3 NANAHAPA, DOTOM — H3BECT-
HHE Y)Ke HaM BCACHBAHWE W CKaTHe, B3aT€M — HOBAA
BCIBIOIKA. » .

Ilsurarens 3apaGorai.

Bensnuopsie ABHMrarenm WMEOT MONIHOCTH OT JoJjel
nomaguHod cmian Ko 4000 a. ¢., k. o. 0.— o 40%, Bec Ha
nomagmayo cany — g0 300 rc. ITEMA XOpPOMHAME IOKAa3a-
TeJAMHA OGBACHAETCA UX MHAPOKOE IPHEMEHEHHEe B aBTOMO-
6mnsax @ camoserax. -
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KakmM 06pa3soM MOMKHO HOBLICHTH K. II. /. GEH3HHOBO-
ro npsuratensa? [aBHBA OyTh — DOBHINEHHE CTEIEHH
cHRATHA.

Ecau cMech C/KaTh IepeA BOCIJIAMEHEHHEM CHJBHEE,
To ee TeMmepaTtypa Gymer Bhime. A modeMy BayKHO HOBHI-
cath Temmepatypy? Jleno B TOM, 9TO MOMKHO CTPOTO JOKa-
3aTh ([l0OKa3aTeIbCTBO TIpPOMO3JKoe HW HEHWHTEpecHoe, a
OOTOMY MHl €ro OIyCTHM; UYHATATeJb HEOJHOKPATHO IpH-
3HBAETCA HAMH KOe-Korja BePUTh aBTOpPaM Ha CJIOBO), 4TO
MaKCHMa/bHOe 3HaYeHue K. m. A. pasuo 1—7 /T, rpe T —
remmeparypa paGousro terma, a T, — Témmeparypa oEpy-
matoliied Cpejivt. CO CPeion Mol HUYEIO LOfGiialb HE MOKEM,
a BOT TeMmepatypy pabodero fTeja CTPeMHMCA BO BCeX
caydYadgx yBeamumth BO3MokHO Goabime. Ho (ma, K co-
FKANEHNI0, eCTh «HO») CHJIBHO C}KaTad CMeCh HETOHHPYET
(cM. crp. 171). PaGoumii xom npmoGperaeT xapakrep
CHANLHOTO B3pHIBA, KOTOPHHA MOKeT NIOBpPEIUThL [BHTa-
Telb.

TlpuxopnTcsa IPAHAMATE CHENAANBHEE MePHl, yMEHbIIA-
joImme JeTOHAIMOHHEE CBOWCTBA GeH3WHA, a 3TO CHIBHO
ynoposkaetr w 0es TOro He [eIleBOe TOILIMBO.

HpoGaessl HoBHINeHHs TemMmeparypsl mpn pabodem
X0fie, YCTpaHeHHAs NETOHAUE W YJeNIeBIeHAA TOIIHBA
yaUHO pelIeHH B [E3eJbHOM ABHTaTele.

Iazenbunit IBUraTenp 00 KOHCTPYKIMH OYeHb HAIO-
MHHaeT OEH3WHOBHIA, HO paccimTaH Ha (osee jemeBse H
HH3KOKAYeCTBEHHKE HPOXYKTH IepPeroHKH HepTH, deM
feHsnH.

Iloksn mauMHAETCA C BCACHBAHHA B IWINHADP YHCTOTO
BO3AyXa. 3aTeM BO3NYX C/KEMAeTCsA IOPIMHEM NpHMEPHO
mo 20 atm,

Jlo6AThCA TAKOrO CHJIBHOTO CHKATHA, NPOKPyYABAA
IBATaTeXh PYKoil, Obiio GH ogeHp TpyaHo. Iloatomy nm-
3eJh 3aMyCKAOT CONHANBHEM IYCKOBLHIM MOTOPOM, OGHYHO
GeH3MHOBHIM, HJIM C}KATHIM BO3IYXOM.

IIpu cuabHOM CHKATHH TEMIIEpaTypa BO3AYXa B UIMH/-
pe IOJHMMAETCA HACTONBKO, YTO CTAHOBATCA J0CTATOYHOH
Ias BocmaaMeHeHHs ropiodeil cMecr. Ho kak Bmycrars ee
R TWAWHIID, T7ie JIOCTATHYTO BHICOKOe Napnenwe? Brnyckuoi
KJamaH 3ech He roguTca. Ero 3aMeHAIOT GopcyHKoil, uepes
KDOomegyHoe oTBepcThe Hﬂl"HeTa]ODIeﬁ TOIIJIUBRO R IY‘HJIHH,H‘p.
Ono RocmiamMeHgeTcs 110 Mepe NMOCTYIIeHus, 4eM yeTpaHd-
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eTCH OMACHOCTH AETOHALEH, CYIMecTBeHHAA MiIA GeHsmHO-
BOTCG JBUTATelA.

YcerpaHerne ONAacHOCTHE JETOHAINA MO3BOJSET CTPOUTh
TEXOXOJHEE Cy[OBRE [H3eJA HA MHOTO THICAY NOMajH-
Hux cuia. OHHA, ecTecTBeHHO, NPEOGPETAIOT BeChbMAa 3HAYM-
TeJbHBIE PasMepsl, HO OCTAIOTCA KOMIAKTHEe arperata ms
OapoBOr0 KOTJ& M TYpOHWHH.

Cynma, cHaGaeHHbE [M3€JLHEIME JBATaTeNsMH, 6e3
ocoboif JTOrmKM Ha3HBAWOTCA B Halleldl JmTepaType Tem-
J0XO0aMH.

Hopabas, Ha KoTOpOM MEKAY Au3ejeM H BHHTOM CTOAT
reHepaTop @ MOTOP HOCTOAHHOTO TOKA, HA3EIBAIOT «IM3€J]b-
BIEKTPOXOMY.

Jln3eibHEE TOKOMOTHBH — TEIJIOBO3H, ITHPOKO BHEN-
pAeMsle ceifuac Ha sKeNe3HHX JOoporax,— DOCTPOEHHI Mo TO#
JKe cXeMe, MOITOMY HX MOMKHO HA3HIBATH «IH3ENb3TEKTPO-
BO3aMm».

Ilopmuessie ABUraTenm BHYTPEHHETO CropaHHs, pac-
CMOTpPEHHHI® HAaMH B IIOCAEJHIOI OYeperb, 3aMMCTBOBAJH
OCHOBHHE KOHCTPYKTHBHHI® 3JeMEHTH — IWJIHHAP, MIOp-
IIeHb, DOJy9YeHHE BPAMATeNbHOTO [ABIKEHHA IPH IOMOIIA
MaTYHHO-KPABONIMIIHOTO MeXaHA3Ma — Y HOCTENeHHO CXO-
AAmei# ceiivac co cuens Daposoit MamwmHu. [lapoBywo Mma-
MEHY MOKHO OHTO GH HAa3BaTh (IOPITHEBHM JBHUIaTeleM
BHEWIHEro cropasusy. VIMeHHO 3TO coYeTaHme rPOMO3IKOTO
IIapoBOro KOTJA C He MeHee I'POMO3JIKOIL crcTeMoit npeoGpa-
30BaHAs MOCTYHNATEJNbHOI'0 ABIKEHHA BO BpPamaTeSbHOE
OBIKEHHE JHINaeT HapoBYI0 MAmEHY BO3MOKHOCTH yC-
IeIHO KOHKYpPHpPoBaTh ¢ Gollee COBPEMEHHBIMH JIBHTa-
TeJAMH.

CoBpeMeHHBIE TIAPOBHE MAIIMHE MMEKIOT K. I. . OKOJO
10%. CuaTme ceifidac ¢ MPOM3BOCTBA NAPOBO3H BHIIYCKA-
am B TpyOy Ge3 BcaAKoOR moab3m mo 95% cyxmraemoro mMm
TONNABA.

IJTOT (PEKOPAHO» HHEBKHE K. I. . OOBACHAETCA HEH3-
GeKHBIM YXy/IEHHEM CBOMCTB MAPOBOTO KOT/Ia, IpefHa-
3HAUYeHHOTO [/ YCTAaHOBKH Ha IIapOBO3e, O CPABHEHHIO
CO CTAIMOHAPHBIM HAPOBHIM KOTJIOM.

Ilouemy ke mapoBEle MAWAHH B T€YEHUE CTOJIH [OITO-
IO BpEMEHN HMeJIM TaKoe MHUpPOKoe MpHMeHeHHe Ha TPAHC-
nopTte?

Kpome mpmsep)xeHHOCTE K HPUBHYHKEIM pEMEHEAM, HI-
pajio poab m TO 0GCTOATONBLCTBO, 4TO lapoBasdA MallMHA
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EMeeT OYeHb XOpOMYI0 TATOBYI0 XAaPAKTEePHCTHKY: BeIb
yem ¢ Gospmiedl cUI0#l CONPOTHBIAETCA HAarpysKa nepeMe-
[MeHHI0 NOPIIHA, TeM ¢ Ooabmel curoit JaBHT Ha HEro map,
T. €. BpAamAKMAA MOMEHT, pa3BHBaeMHiH mapoBoli Ma-
MAHO#, BO3pacTaeT B TPYAHHX YCIOBHUAX, YTO W BA)KHO Ha
rpaucnopre. Ho, pasymeercsa, orcyTcTBHe AJaA mapoBoil
MamaHH HeoOXO[JUMOCTHE B CJOKHOA CHCTEMe IepeMeHHHX
mepefiad K BefAyIIUM OCAM HHU B Koeil Mepe He HCKyHaeT ee
KOPEHHOI'0 OOPOKA — HA3KOTO K. . J.

ITEM ® 00bACHAETCH BHTeCHeHHe NapOBOA MAIIMHH
[PYTAME ABHTATEIAMH.

T*



I''masa 8
3AKOHbI TEPMOJANHAMUKN

COXPAHEHWE OSHEPTUMN HA A3BIKE
MOJIERY/JI

3aKOHH TePMOMMHAMHAKA OTHOCATCHA K 9YHMCJIY BEJHKAX
3aKOHOB HIpPWpPOAb. Takmx 3akoHOB HemHOro. Ux MomHO
nepecunTaTh IO DANBNaM OJHOE pPYKH.

OcHoBHaAg 1neab Haym, E B TOM 4HCie, KOHEYHO,
$UBUKM, COCTOMT B IIOMCKAaX LPaBMJ, 3aKOHOMEPHOCTEH,
o0IHX 3aKOHOB, BEIHKAX 3aKOHOB, KOTOPHM HOXYMHAETCH
npupoja. ITOT HOMCK HAYMHAETCA C HAOJIO[eHHSA NIH
axcnepumenta. IlostoMy Mm rosopmM, uT0 BCe HamHd
3HAHMA HOCAT DMIMPHYECKMH (ODEITHHIA) Xapaxrtep. 3a
gabuaopernaMu caefyer nomck o0oOmenmit. Ilytem mHa-
CTOMYUBOTO0 TPYAa, pa3MHIILIEHUH, BHYACACHHWHA H 03a-
peHuMs HaXOHATCA B3aKOHH mpupoxsl. Ilocie artoro cae-
AyeT TpeTHH JTal: CTPOrmil JIOTMYECKW BEHIBOJ W3 JTHUX
o0muX 3aKOHOB CJEACTBHH W 9YACTHHX 3aKOHOB, KOTOpPHE
Moryt OHITh IpOBepPEHH HAa ombeite. B 3TOM, KeTaTm To-
BOpSA, W COCTOMT o0bsicHeHwe spaeHmA. O6GBLACHATE —
3TO 3HAYHT IOJBECTH 9YacTHOe Ioj obimee.

Pasymeercs, MeuToit Haykm sBisercA CBeJeHEe 3a-
KOHOB K MMHHMMAJNBHOMY 9uciy nocrtynaroB. Ousukm me-
YCTaHHO HIIYT. TAKHE BO3MOKHOCTH, CTapaloTCA B He-
CKOJTBKHX CTPOKaX B5JEraHTHHIMH (GopMydaMu BLIPA3HThH
BCI0 CyMMY HAamuX 3HaHmil o mpupope. IlpmmepHo TpH-
auatk ger Anpbepr JAHmMTEHH DHTANCA OOBEJUHUTH 3a-
KOHH TIpPAaBUTALAOHHOTO W DHJIEKTPOMaTHATHOIO MoJeil.
Ypactes JAE JOCTHTHYTH 2TOM Ueau, MOKaskeT Gymymee.

UYro sxe sT0 3a 3aKoHH TepMoauHaMuKkn? K paTkoe ompe-
HelleHue, KaK OPaBHJIO, CTPajaeT HETOYHOCThI0. Ho, nmosxa-
nyil, GAMiKe BCEro K CYTH jeia MBl OKajkeMcd, eclad CKa-
AHeM, YTo TepMOJMHAMHOKA €CTh YUYeHWEe 0 IpaBUjiax,
COrjacHO KoTopeiM Tena o6MeHmBawrcs sHepraei. Omxnako
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CBEeIEHHAA ¢ 3aKoHAX (WamW, KAK WX HHOIJA HA3HBAaIOT,
Havajsax) TepMOIMHAMAKHM MO3BOJSIT Y3Ke CTPOTro JOTH-
4ecKMM (MaTeMaTHIeCKHM) HyTeM HAUTH CBA3M MEKIY
TENJOBHIMM W MEeXaHWIeCKIMH CBOHCTBAMHA TeJ, pa3pemaior
yCTAHOBHTH pAJ BasKHEHIINX 3aKOHOMepHOCTEH, Kaca-
IOMHAXCA W3MEHEeHHMA COCTOSHHUA Tex. Tak 9T0, moKanyi,
maubojiee TOYHBHIM OIpefeseHHeM »JToil HHTepecylomen
Hac riaBsl QusEKM Oyper TpuemanbHas $pasa: TePMONH-
HaMHKAa — DTO COBOKYIOHOCTh 3HAHUH, KOTOPHE CIERYIOT
g3 HepBOT0 M BTOPOro HAYaJd TepMOINMHAMHOKH.

Moprpoe wanane TepMormHEaMERT GLINO 220MCAHO B KPAT-
o - - P AR - e e mn enmame Jh A
KON 1 BbIpASUIENbHON YOPME €1e TOTha, KOTAa WHSHRA
mpefuoynrand e [OBOPHATH O MOJEKyJiax. 1aKoTo THAOA

¢opMynmporku (KoTopeie He TpeOyIOT OT HAC «3ale3aThy
BOBHYTpPb Tella) HOCAT Ha3BaHme (EHOMEHOJOTHYECKHUX,
T. €., B TOYHOM IePeBoJie, «OTHOCAIMMUXCA K ABIeHnoy. Ilep-
BOE HAYaJ0 TePMOJMHAMHOKA SIBAAETCA HEKOTOPHIM YTOY-
HEeHHEeM W paclIMpeHHeM B3aKOHA COXPAHEHHA DHEPrud.

Mu ycraHoBmiM, 4To Tena 061afaloT KAHETAYECKOH H
OOTeHHMAJBHON 9HEPrEAME W 49T0 B 3aMKHYTOH CHCTEMe
CyMMa 3THX DHEPruil — HOJHAg SHePI¥A — HE MOKeT HA

HCMe3aTL, n@ OoABIATHECA. QHS}')FHH coxpapdgercd.

Ecau He rosoputh 0 BWwKeHHE nebecHsx Texa, To, IO-
Maayid, MomHO Oes NIpeyBeJudeHMs CKasaTh, 4YTO HET
TaKHX fABJeHUH, B KOTOPHIX MeXaHWueckoe JBUienme He
COMPOBOMAAIOCh Obl HArpeBaHHmeM WIN OXJarKJAeHueM
oKpyxamonux te. Horga reso 6iarogaps TpeHWIO 0CTaHO-
BOJOCH, €r0 KWIeTHUECKAS JHEPTruA HAa IepBHE B3raAf
npomana. OpmHako »To JWmmb na uepswi# Barasg. Ha
caMoM jKe Jiejle MOMKHO JOKa3aTh, 9TO COXDAHEHHEe MMeeT
MecTo ¢ abCcoJOTHON TOYHOCTHIO: MexawWpuecKad SHeprug
Tela ymJia Ha Harpes cpefst. Ho 4To 3T0 3HAUAT Ha A3HIKE
Mojekya? A BOT YTo: KUMHeTHYeCKas DdHEPrus Teja mepe-
maa B KUHeTHIeCKYI0 DHEPIHI0 MOJEKYJa CpPefibl.

Hy xopomo, a 4t0o IpOoHCXOQAT B TOM Clyuae, €CJIH MBI
B cTynke ToxueMm Jjed? Tepmomerp Bce BpeMA IOKa3biBaer
Hyas. Kazanocs 68, Mexarmueckas snepras ucuesna. Kyna
JKe oHa Hesach B aToM caydae? I spech oTBeT HaM fAceH:
JeJl TPeBPaTHICA B BOJY. 3HAUMT, MEXaHNIECKAS dHEPrus
HOmTa HA DA3PHIB CRAREH MEWYy MONEKYNAMW, WAMOHW-
Jach BHYTpeHHAA aHeprud Mojekyad. Hampuii pas, Korma
MLT 2aMeUae UTO MeXaTmuecKAfl AReNTud Ted ueYelna,

........... 5 Xal

To Ge3 Tpysia o6HAPYIKIBAEM, YTO DTO HAM TOJNFKO KAMETCA,
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a Ha caMOM [ele MeXaHWUecKas DHHEDPIHs Iepemia BO
BHYTPEHHIOI SHEPTHIO Tell.

B 3aMKHYTOH cHCTeMe OJHM Tela MOTYT TepATh, a ApPY-
rime — npuobperaTh BHYTpeHHII bsHeprmio. Ho cymma
BHYTpeHHell DHEPIUH BCeX Tel, CoKeHHaA ¢ MeXaHWIecKol
JHepTHe#, oCTaercd IOCTOAHHONW 1A NAHHOH CHCTEMBEI.

Teneps ocTaBUM MEXaHUYECKYIO 9HepTHIO 663 BHUMAHHSA.
PaccmorpuM pnBa MoMenTa BpeMeHH. B mepBbiii MOMEHT
Teja NOKOMJINCH, MOTOM IPOMCXOJUAE KAKHME-TO COOHTHSA,
a Temeph TeJa CHOBA HOKOATCS. MBI yBepeHH B TOM, 4TO
BHYTDEHHAS 9HEPrHA BCeX Tell, BXOJHBIIAX B CHCTEMY,
ocranach HemameHHoH. Ho omum Tesna morepsan:m sHepruio,
gpyrue npumolbpenn. 3T0 MOTIO HPOH30MTH ABYMSA OYTAMH.
JIn6o ofHO Texo cOBePIEIO HAf APYTUM MeXaHHYECKYIO
pabory (momycTEM, CKal0 ero MM PacTAHYI0), Au6o ofHO
TeN0 mepefajno APYroMy TeILIo.

TlepBoe Havaso TePMOOMHAMEKE YTBEPKIAET: M3MeHe-
HOe BHYTPEHHe#l DHEPTHH Tejia PABHO CyMMe coolmeHHo#
eMy paGoTBl W IepefaHHOI'0 eMy TeIna.

Tenno # pabora ABAAOTCA ABYMS pa3nuuHbBIMA dopMa-
MH, B KOTOPHX DHEPTAsi MOMKET HePefaBaThCA OT OJHOTO
Tena k ppyromy. Ilepegaua Temna mpomcxomgur Gecmops-
mouHbIME ypapamd Mosekryxa. Ilepegaua Mexammdeckoi
9HEPIWH COCTOUT B TOM, UTO MOJEKYJIH OJHOTO Tela CTPOii-
HO, JBHUrasch «(MIEPEHraM|», HepefaloT CBOIO HHEPIHI0
ApyromMy Temy.

KAK TIPEBPATUTDH TENJO B PABOTY

B sToM 3arosoBKe MH HECKOJBKO HEGpEKHO HOJAB3Y-
eMcs ceifgac CI0BOM «Temiao». KHak ToabKo 9ro GHIIO CKa-
34HO, TEIJIO ecTh opMa mepexadd sxepram. [losTomy mpa-
BuJbHEe GBII0 OB MOCTABHTH BOIIPOC TAK: KAK IPEBPATHTH
TeILNIOBYIO 9HEPruio, T. €. KNHETHYECKYI0 DHEPTHIO [BUKe-
Hus Moiekyn, B paGory. Ho cnomo «remnoy mpussiusoe,
KpaTKoe ® BhipasuTenbnoe. Haneemcs, yro umratens He
CMYTHUT, €CAH MH OyAeM IOJb30BATHCA M B TOM CMBICTE,
KOTOPHIA cefizac ORI TOYHO OIIpefieseH.

Tenna Boxkpyr Hac He 3aHEMaTh ¢TaTh. Ho, yBH, BCA
5Ta 9HEPrHUsA ABIKEHHsA MOJEKYJ COBEPIIeHHO (ecIosie3Ha:
oHa He MoKeT GHITh mpespamena B pabory. Taxyw suep-
THI0 HUKAK HEJIb3f HPUIHACHUTH K HAINMM JHEPreTHYeCKHM
sanacam. PasGepemca B atom.
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OTKIOHEHHHH OT NONOYKEeHHs PABHOBECHA MAATHEK
PAHO WM IO3[HO OCTAHOBHUTCH; SAUYI[EHHOE OT PYKH KoJle-
€O IIEPEeBEPHYTOTO BeJOCHIENA CHENAeT MHOTO 060POTOB, HO
B KOHIle KOHI[0B TO3Ke IpeKparut apm:xenme. Her mcriio-
9YeHHsA W3 BA)KHOIO 3aKOHA: BCE OKPYIKAlOmMUe HAC Teja,
IBIKYIIEeCs CAMONPOHW3BOJBHO, B KOHIE KOHIOB OCTaHO-
parcsa *).

Ecam mmelotcss nBa Tena — Harperoe @ XonopHOe, TO
Tenno GymeT mepemaBaThCs OT IEPBOrO KO BTOPOMY [0 TeX
nop, HOKa TeMnepaTypH He ypapHaTcA. Torga renmomnepe-
Ja49a IPeKPaTATCA, COCTOAHHASA Tell IePecTAHyT U3MeHATHCA.
YcTaHOBATCA TEIIOBOE pPaBHOBECHE,

Her raxoro saBneHms, Ipm KOTOPOM Tela CaMONpPOHM3-
BOJIbHO BHIXOJHUIHX OH M3 COCTOAHAA paBHOBecua. He moxxer
OLITH TAKOTO ciaydas, 4rofB KOJeco, cUpAmee Ha OCH,
HadaJIo O BepTeThca camo 1o ceGe. He OnipaeT m TaK, 4To6H
Harpenach caMa mo cebe CTOAMAA HA CTOJe YSPHHIbHHUIA.

CrpemiieHme K paBHOBECHIO 03HA9AeT, YTO y COOHTHI
IMeeTCA eCTeCTBEHHH XOJ! TeNJo0 IEPEXONAT OT IropAdero
TeJa K XOJOJHOMY, HO He MOKeT CaMOIPOM3BOJIBHO mepeii-
“TH OT XOJIOJHOTO TejJa K TopAIeMy.

Mexanngeckaa DHeprAs KolneGnIOMErocs MasATHHKA
GJarofapa CONPOTHBICHHIO BO3AyXa W TPEHUIO B HOfBece
nepeiiger B Tenno. OgHAKO HA OPA KAKHUX YCIOBHAX MasfgT-
HOK He HAYHET PACKAYMBAThCA 3a CYET TEHJa, MMEIOMErocs
B OKpyKamomei cpege. Teaa IPUXOTAT B COCTOAHAE PABHO-
BeCHA, HO CAMOIIPOM3BOJABHO BHIATH M3 HEr0 He MOTYT.

JTOT 3aKOH HPHUPONH CPa3y e IOKA3LIBAET, KaKad
9acTh HAXOQAMEACH BOKPYT HAC DHEPTHHU coBeplueHHo Gec-
TM0JIe3HA. ITO DHEPTHSA TEILIOBOTO JBHMIKEHHS MOJEKYN TeX
TeJ, KOTOPHEe HAXONATCA B COCTOAHUM paBHoBecHd. Taxme
Tesa He CHOCOGHHI MPEeBPATHTH CBOIO YHEPTHI0 B MeXaHMUe-
CKoe [IBUKenme.

dta wacTh smeprmu orpomua. IlomcumraeM BeqHIMHY
3To# «MepTRoit» sHeprmd. Ecaw mommswmth TemmepaTypy
Ha 1 rpamgyc, To KuiorpaMM 3eMJIH, HMEIOHMHA TemoeM-
kocts 0,2 kkaa/kr, morepser 0,2 kram. OTHOCHTETBHO
unebonbpmas mudpa. Onmaxko DPUKHHEM, KAKY0 JHEPTHIO
Mb1 moaygnam G, ecnm GH yHaxoch OXJ8AUTH BCEro JHUNIb
HAa OfHMH IPajyC TaKoe BEImECTBO B Macce 3eMHOro mapa,

*) 3gech, pasyMeeTcs, H6 UMEIOTCA B BHJy PaBHOMEDHOE IIOCTY-
TmaTeqpHOE HNBIDKeHHE M paBHOMEeDHOE BpamleHMe W30JHPOBAHHON
CHCTeMH T€J KaK IedoTo.
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pasroit 6-10%* kr. YMHOKag, MH HOJNYIHM TPAHARO3HYIO
madpy: 1,2-10* xkam. UYro6Ge BLI MOridm HpPEACTABHTH
5Ty BEAWUYHMHY, CKa’KeM TYT jKe, 9TO B HACTOAIee BpPeMA
sHepras, BHpabaTHBaeMas €XerojHO 3JEKTPOCTAHIEAME
Bcero mumpa, pasaa 10'2—10'® Kram, T. e. B MHIIHADH
pas MeHbINE.

He npnxopatcs yRuBaaThCA, 970 moR00HOr0 poja pac-
99TH JEACTBYIOT THOHOTAYOCKH HA MAJOCBeTymEX H306pe-
raresieii. MH rosopuim paHbOe O HONEITKAX IOCTPOSHUA
BEUHOr0 HBATATENA («mepmeTyyM MoOHJE»), CO3[AI0IMero
paGory u3 mmdero. Omepmpys monokeHEAME QUBHKH, BH-
TeRAIONIMMHA U3 3aKOHA COXPAHEHWs DHEPrUd, HEBO3MOMKHO
OLPOBEPTHYTHh 3TOT 3aKOH CO3JAHHEM BEYHOT'O JBUTATENs
(remeps MH Ha30BeM ero BeYHHM [BHTATENEM IEPBOTO
poza).

Taxryio jxe omMuOKY COBEpIIAIOT B HECKOJABKO Gojiee XH-
TpoyMHubie M306peTaTens, KOTOPHE CO3AAIOT KOHCTPYKIHE
ABUraTenel, OPOM3BOAAMMX MeXaHWUYECKOoe NBIKEHHe 3a
cUeT OJHOTO JUMb OXJAKIEHUA CPeNBl. ITOT, YBH, HEOCY-
ImMEeCTBUMHIA JBATATEIb HA3HIBAIOT BEYHHIM JBUraTelieM BTO-
poro poaa. WM 3specy coBepmaercs jormueckas ommubKa,
IOCKOJIBKY H300peraTenb OCHOBHIBAETCA Ha 3aKOHAX (PH3H-
KH, ABJAOIEXCA CAEHCTBHEM 3aKOHA O CTPEMJIEHHM BCEX
TeJ K COCTOAHMIO PABHOBECHA, W HPH HOMOINM STHX 3aKO-
HOB IHTAETCs ONPOBEPrHYTH OCHOBAHHA, Ha KOTOPHX OHH
BWRIATCA.

WNrak, ogHAM JHMBL OTHATHEM TEWJA Yy CPelbl HeJb3fd
mpom3secTd pabGory. Ipyramm cioBaMu, cEcTeMa Tell, Ha-
XOJAIMUXCA B PABHOBECHH [IPYT ¢ APYrOM, SHEPreTHIECKH
GeciioHa.

3HaunT, AaA HomyueHHAA PaboTH HeoGXommMO Hpe)Kpe
BCEro HaHTH Tesja, He HAXO[ANMECH B PABHOBECHH CO CBO-
HMHE cocenAMH. TOJBKO Torfja yHacTcsi OCYIIECTBHThL HpO-
mecc mepexofia TeIia 0T OJHOrO Teaa K IPpYroMy Wil Ipes-
pPAHIeHHA Temja B MEXAaHAYECKYI0 DHEPIHIO.

Cospanme mOTOKAa 3Heprum — BOT HeOOXonmMMOE YCJO-
BHe nonyuenus paGoru. Ha «nyTm» 5T0ro moToka BO3MOKHO
npespamende »Heprum Tea B paGory. Iloaromy K smep-
TeTHYeCKHM 3amacaM, MOJIe3HBIM NjiA Jiofell, oTHOCHTCH
SHEPrus AHIIG TeX Tes, KOTOPHE He HaXONATCA B PaBHO- -
BeCHH ¢ OKpYrKalomeit Cpefoi.

3aKOH, KOTODHT MBI Da3bACHHIA — HEBO3MOKHOCTH
CO371aHUA BEYHOTO JBHTaTelsA BTOPOTO POJa,— HA3HBAETCA
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BTOPHM HadaioM TepMopuuaMukd. IToka mer ero BEIpasmian
B BEfe (eHOMEHOJOTHMYECKOT0 mpasumia. Ho Tak Kak Mbl
3HaeM, 9TO TeJa MOCTPOEHH U3 MOJIEKYJI, I 3HaeM, 9T0 BHYT-
PeHHAA SHEPTUA eCTh CyMMa KHHETHUECKOH M HOTEHIWAJb-
HOH SHEPrHW MOJIEKYJ, TO HAM HE 0YEHL ACHO, C 4€T0 HTO
BAPYI HOABHICA KAKOA-TO «HOmOJHHUTENBLHHH» 3aKOH.
Ilogemy 3axoHa COXpaHeHHA dHEPra:, cHopMyIHPOBAHHO-
ro [JA MOJEKyJ, Hef0CTaToYHO, 4TOOH pa3o6paTbca BO
BCEX NPHUPONHHX SABIECHHAAX?

HKopoue rosopst, HanpammBaeTcsA BOOPOC: &, COGCTBEHHO
TOBOpsA, OYeMY MOJEKyaH BedyT cebs Tak, 9T0, Ipejno-
CTaBJICHHHE caMu cefe, CTPeMATCA K PABHOBECHIO?

SHTPOIINA

Bonpoc ator oueHs Bajken u umHTepeceH. UToGH oTBe-
THTH Ha Hero, NPHMETCHA HAYATh H3AJEKa.

OO6nigeHHbe, 9aCTO BCTPEIAMINECA CAYyYal HIPOACXONAT
Ha Ka:KAOM TIary, oRm BepoATHH. Haunporms, HeBeposT-
HBIMH CJIYYafAMH CUHTAIOT COOHTHA, KOTOpHE IIPOU3ONLIH
Grarogaps pelKOMY CTEYeHHIO 0GCTOATENBLCTB. )

HeseposTaoe coGstue He TpeGyer mpospieHAsA KaKHX
61 TO HE GHIJIO CBEPXBECTECTBEHHHX CHI. B meM HeT Hu4ero
HEBO3MO;KHOTO, HHYEro IPOTHBOpeYamero saKoHaM MpH-
poasi. 1 Bce sie BO MHOrMX CIydasiX MH COBEDPIIEHHO yOen-
HEeHH B TOM, YTO HEBEPOATHOE NPAKTHYECKH TOMKIAECTBEHHO
HEBO3MOKHOMY.

Paccmorpmre BhMrpumuyn Tabauny morepenm. Ilop-
cumraiite, CKONBKO OHJIETOB MMEIOT HoMepa, KOTODHe 3a-
KaHumBawTcA mudpoit 4, mam 5, waa 6. Bu HUCKONBKO He
yAHBHTECH, KOrjga Haiimere, 4To Kaykgoi uudpe CcOOT-
BeTCTBYeT NpPHEMEPHO [ecATas 4YacTh BHEUIPABIIAX 00-
JATATAA.

Hy, a Mo:xeT GHTb, 9TO0H OBIETOB C HOMEpaMH, 3aKaH-
gupaomuMuca uEdpoi 5, Onno 6 He ofgHA AecATaA, a
omHa maTaa uacTh? ManoseposaTHo, cKaskere BH. Hy, a
TaKk, YTOOH I0JIOBHHA BHATpPaBmAX OmieToB MMeNa TaK@e
Homepa? Her, 370 coBepmeHHO HEBEPOATHO..., & 3HAUHT,
¥ HEBO3MOKHO.

PasMpimusia Haj TeM, Kakme e YCAOBAA HYKHHI, 9TOOH
coGpiTHe GHJIO0 BEPOATHHIM, MH IPHXONEM K CJERAYIOIEMY
BHBOJY: BEPOATHOCTH COGHTHA 3aBHCHT OT YHCJIA CIOCO-
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60B, KOTOPEIMHE OHO MO’KeT GHTh ocymiecTBieHO. Yem Goxnb-
me 9dcyao cmoco6oB, TeM dame OymeT IPOMCXOMATH TAKO®
coGHITHE.

TouHee, BEpOATHOCTh €CTh OTHONMIEHWE YHCIA CHOCOGOB
oCyImecTRJIEHHS JAHHOTO cOOHTHA K 9ACHy CHOCO00B 0Cy-
IMeCTBJICHAA BCEX BO3MOKHBIX COOHITHIA.

Hapumarte nudpsr or 0 po 9 Ha gecATH KapTOHHHX
KPYIKKaX, MOJOKATe AX B MemodeK. Temepb BHTacKABAaii-
Te KPYKOK, 3aMedaiiTe HOMEp, a KPYKOK Kiaaure o6paTHo.
9T0 0YeHL MOXO3KE HA POBHTPHIN JoTeper. MoKHO ¢ yBe-
PEHHOCTBIO CKa3aTh, UTO ONHY W TY jKe LEPPY BH HE BHTHA-
HeTe MOAPAM, CKayKkeM, 7 pas, Aa)Ke eCJIM MOCBATATE 3TOMY
CKYYHOMY 3aHATHIO neaui seyep. Ilouemy? BuirackmBanme
ceMH OJWHAKOBHX IEPP — 2TO OfHO coOHITHE, OCYINECTB-
JsAeMoe Bcero necAThI0 cuocobamm (7 Hyneid, 7 eaunwmi,
7 nBoek u 7. 0.). A Bcero ectb 107 B0O3MoOKHOCTe BHTAIATH
ceMb KpYKKoB. I103TOMY BEDPOATHOCTH BHITAMATEH HMOAPAN
ceMb KPY/KKOB ¢ ogumHaKOBHIME Imdppamm pasma 10/107=
=10"%, T. e. Bcero ofHO# MHEIJINOHHOH.

Ecan macHOarh B AmAYeK YepHHE W Oeible 3ePHHMKE
7 DepeMelnaTh HX JOIATKOH, TO 09eHb CKOPO 3epHA pacmpe-
IeNATCA PABHOMEPHO O BCeMY AIMUIKY. 3aUepIHYB HaynRa-
9y ropcTh 3epeH, MH HalifeM B Helt IPUMEPHO OMHAKOBOE
qmrcyo Genslx w YepHHX 3epHHmeK. CKOMbKO OB MBI HH me-
peMemABaNM WX, pe3yaspTaT Oy[eT BCe BPEeMA TeM jKe —
pPaBHOMEPHOCTHL coxpandrca. Ho moueMy He mpoMCXOAHT
pasmenenua 3epen? IloweMy moarmM nepememmsaHueM He
yAacTcAa 3arHaTh 4EepHBIE 3epHA KBEpXY, a Oensie KHuU3y?
M 3mecw Bce meno B BepostHOocTH. Takoe cocroanme, mpm
KOTOPOM 3epHa pacupefeieHs GecIopAL0YHO, T. €. YepHHIe
n Gensle paBHOMEPHO mepeMeNIaHs, MOeT OHTEH OCYIIecT-
BJIEHO OTPOMHEIM MHOKECTBOM CIOCO00B W, ClefoBaTellb-
HO, o0sapmaer camoit Goapmoil BeposTHOCTHIO. Hamporms,
TaKoe COCTOAHHE, IPA KOTOPOM BCe (elibie 3epHA HABEPXY,
a YepHHe BHUBY, 6[UHCTBEHHO. [109TOMY BEpOATHOCTH €ro
OCYIECTBIGHHA HOYTOKHO Malja.

OT 3epHHIIEK B MEIOYKe MH JIETKO IepeiifeM K MoJe-
KyJaM, U3 KOTOPHX mocTpoeHH Tesa. Ilopemenme Monerysn
OOMUYMHAETCA CIy4al. IT0 0COGEHHO SPKO BUAHO HA IpH-
Mepe rasoB. Hax Mel 3HaeM, MOJieKyJsl rasa Gecnopsanod-
HO CTAaAKUBAIOTCA, ABIKYTCA BO BCeX BO3MOKHEIX HaIpaB-
JeHnAX TO C OJHOM, TO ¢ APYroil CKOPOCTHIO. ITO BEIHOO
TeNioBOe NBUWKEHAE HEIPEePHBHO HEPEeTACOBHIBAET - MOJIe-
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KyJBl, mepeMelIMBaeT HX TaK, KaK 9TO JenaeT JOIaTKa C
3CPHHIIKAME B SIMUKE.

Homuata, B KOTOPO#l MH HaXOAHMMCSH, 3aI0JTHEHA BO3-
nyxoM. IToueMy B Karoi-1H60 MOMEHT He MOSKET CAYIATHCA
TaK, 9T0 MOJIEKYJbl U3 HMKHEH MOJIOBUHEl KOMHATH Ilepeii-
IYT B BEPXHIO MOJOBAHY — moj moTosok? Takoil mpo-
1[eCC He HEBO3MOKEH — OH 0YeHb HesepoaTeH. Ho 4ro
3HAYUT 049eHh HeBepoATen! Ecam Gur Takoe asienue Gbuio
Jae B MOULTHAPJ Pa3 MeHee BePOATHO, 4eM GecoopAfodIHoe
pacupefeneHne MOJNEKYJ, TO BCe-TAKH KTO-HHOYIb CMoOr
6n ero mosmpatbea. MoskeT GEITH, MBI W JOKAEMCH TAKOTO
SIBJICHHA?

Pacuer moka3eiBaeT, UTO0 TaKoe COGHITHE BCTPEUALTCA
zana cocyna o6beMoM 1 cM® ofHO Ha 1(30000000000000000000 1g 3
Bpsap nm crout menats pasnnume MEKIY CHOBAMH (KpaitHe
HeBepoATHOE» U (HEBO3MO3KHOe». Begp uncio, Koropoe
HaOHCaHO, HeBOOGPAsHMO OTPOMHO; €CIM €ro HOAeIHTh Ha
9HCIO0 aTOMOB He TOJBKO HA 3€MHOM mape, HO M BO BCei
COJTHEYHOH cmcTeMe, TO OHO BCEe pPABHO OCTAHETCH Or-
POMHBIM.

Kaxoe sxe Gymer cocroanme Monexyn rasa? HamGoiee
BeposaTHOoe. A Hambosee BepoOATHHIM Oyner cocrogmme,
ocymecTsuMoe HamboJNbIIEM 9uCAOM CHOCO00B, T. e. Gec-
IOPAKOYHOE paclpefeneHne MOJEKYJ, IPA KOTOPOM MMeeT-
CA IPHMEPHO OAMHAKOBOE IHCJIO0 MOJEKYJ, ABHMKYMHXCA
BIPaBO W BJIeBO, BBEPX W BHH3, IPA KOTOPOM B KaiKIOM
o0beMe HAXONHTCH OJMHAKOBOE YHCJIO MOJEKYJ, OMHMHAKO-
BasA fojiA OHICTPHX W MEIJEHHEIX MOJEKYJ B BEpXHEH m
HImKHeH gacTax cocyna. Jlwo6oe oTkioneHne oT Takoro Oec-
IOpAJIKa, T. €. OT paBHOMepHOro W GecIOPAXOYHOTO mepe-
MEIIMBAHAA MOJEKYN H0 MecTaM M mO CKOPOCTAM, CBA3aHO
¢ yMeHbIIeHHEM BepPOATHOCTH, HIM, KOpPoUe, HpeaCcTaBisgeT
co0oi1 HeBepOATHOE COOBITHE.

Hanporus, aBneHnsa, cBsA3aHHHE ¢ IOepeMeNINBAaHUeM,
¢ cosgaHueM GeCHOpANKA W3 HOPsAKA, YBEJHIABAIOT BEPO-
ATHOCTH COCTOAHHA. OJTH ABIEHHAA W OYAYT ONpPENenATh
ecTecTBeHHHIH Xof cOOBITHA. 3aKOH 0 HEBO3MOAHOCTA BEU-
HOTO [BUTATENA BTOPOr0 Poja, 3aKOH O CTPEMJIEHHH BCEX
Tea K PaBHOBECHOMY COCTOAHMIO, LOJNYydaeT CBoe obbAcHe-
Hume. IloueMy MexaHmYeCKoe [BUWKeHWe HIEPEXOJHT B Ted-
aosoe? Jla moToMy, 9T0 MeXaHHYECKOE ABUKEHUE YHOPAMo-
49eHo, a Temiosoe Gecuopapmouno. Ilepexox or mopsaxka
K QecmopafnKy IOBHITAET BEPOATHOCTh COCTOAHHA.
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Beamamuy, XapakTepusylOMYyio CTemeHh NOPAAKA U
cBA3aHHYIO mpocToit PopMynoit ¢ umcaoM cmoco6oB co3na-
HHS COCTOAHUA, QU3NKH Hassamu sHTpomued. DopMyin
npaBOANTH He OyJeM, CKaeM JMmb, 9To YeM Gonbme Be-
POATHOCTh, TeM Goibme u PHTPONHA.

3akoH DOpHPOAB, KOTOPHIE Mu ceifyac obcyxpuaem,
FOBODHT: BCE €CTECTBEHHHIE IIPOIECCH HPOHCXOJAT TakK,
9TO BEPOATHOCTH COCTOAHUA BoapacraeT. lpyrmmu crosa-
MH TOT »Ke 33aKOH NPHPOAH (OpMynupyercs Kak BaKOoH
BO3pacTaHUs SHTPOOUM.

SaroH _BOSPACTANHA OSUTPONHE — pajKHedmAH 33HOH
HpHpO}IH 1(13 HEro BRITEKAELT, B 4aCTHOCTY, 1 HEBUSMUMHUUTD
HOCTPOGHUsI BEYHOrO ABHMraTelsi BTOPOO poja, MaAn, 9ro
TO Ke caMoe, yTBep:ileHUe, 9TO HPefOoCTABJICHHBIE CaMHA
cefe Tena CTPEMATCA K PABHOBECHIO. 3aKOH BO3PacTAHUA
SHTPONRHU SABJIAETCA TEM jKe BTOPHIM Ha4aJOM TePMOJHHA-
vuxu., Pasnmume gopManbHoe, a COfeprraHme To 3Ke. A ca-
Moe TJIaBHOE: MH Jajd BTOPOMY HAdajdy TepMOAWHAMIKHO
TPAaKTOBKY Ha fA3EIKE MOJIEKYJI.

B nexotopoMm cMmricie o6beIEHEHNE 3THX ABYX 3aKOHOB
noj OfHY WIANKY HE BIOJHE yAaYHO. 3aKOH COXPaHeHWA
DHEPIHE — 3aKoH abeommoTrmii. UTO jKe HacacTesa SAaKcHa
BO3pPACTaHHA HHTPONEHW, TO, KAaK CIEAyeT H3 CKa3aHHOro
BHIIE, OH IPUMEHHAM JIUMb K fiocTaToyHo Goasmomy cobpa-
HEI0 YACTHI, @ JUIA OTAENBHBIX MOJEKYJ ero mpocro He-
BO3MOMKHO CPOPMYIHMPOBATE.

Cratmcruaecknit (370 H 0603HAYaeT OTHOCAMANCA K
GoabmoMy COOpaHMIO YACTAI]) XapaKTep BTOPOTO Hadaxa
TePMOJMHAMAKY HHUCKOJBKO He NPUHMKAET €ro 3HAUCHHs.
3aKOH BO3pacTaHUsA PHTPONAN IPERONIpE/esAeT HANpaBie-
HHEe TPOIEeccoB. B aTOM CMEICIE DHTPONMI0 MOKHO HA3BaTh
IUPEKTOPOM-PACIOPAANTEeM HNPHPOAHHX GoraTcTs, a-
DHEPIHUA CAYKHT y Hee GYyXraiTepoM.

QOIYRTYAIIUN

Urtak, caMOIIpOM3BOJIBHEE IPOIECCH BEIYT CHCTEMY K
naubosee BEPOATHOMY COCTOSHHIO — K BO3PAaCTAaHUIO DH-
Tpongu. [locne TOro Raw SUTPONHA CHCTCMLI CTAla MaK-
CHMAJbHOM, HACTymaeT pPaBHOBECHE.

Ho 3710 BoneC nC 05ImATaeT, "ITC MONOXRYJE! IDHEXONAT B

coCTORHHe nouncA. B YTPH CHECTOM BAST OI.°T
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yu3Hb. IlosTOMY, CTpOrO roBops, ji06oe PrsmIecKOe TEmIo
Ka’KIoe MTHOBEHHE <«IepecTaer GHITh caMuM co0oil», B3a-
HMHOE PacIOJIOKeHHe . MOJEKYJ B Kajkjoe HOCaeqyIiomee
MTHOBEHWE He TaKoe, Kak B mpefnpaymee. TakuM oGpasom,
3HAUeHHAsA BCeX (H3HYeCKHX BEIUYMH COXPAHATCH «B
cpegHeM», OHH He CTPOr0 pPaBHH CBOHM HAm0OJiee BEPOAT-
HHM 3HaYeHHsM, a KoneGuiorca oxono umx. OTKRaoHeHme
OT PaBHOBOCHHIX Hamboiee BEPOATHHX 3HAYeHWH Ha3HBa-
etesa payxryanued. Beanunas pasuex Gaykryanmit Kpaii-
He mesmaunrenpHul. Yem Gonpme Benumumna QuyKTyamum,
T€M OHA MeHee BEpOsTHA.

CpenHee 3naueHme oTHOCHTENbHOH (uyRTyammm, T. e.
JA0nM MHTePecyImei Hac PU3nYecKod BEAMYUHBI, HA KOTO-
pyio 9Ta BeJHYAHA MOMKeT WM3MEHUTHCA Onarojapsa Temmno-
BHM Xa0THYeCKHM ABH;KEHUsIM MOJIEKYJ, MOKeT GHITH IpH-
MepHO mpefcTaBaeno Buipaxcenmem 1/ N, rme N — umc-
710 MOJIEKYJ M3y49aeMoro Teja AW ero ydactka. TaxkmM o0-
pasom, AYKTyauunm 3aMeTHH [RJA CACTeM, COCTOAIHUX H3
ge60JIBINOro Ymela MOJIEKYJd, W COBCEM HE3aMeTHH JJIs
GospmAX TeN, COAepIKAMHAX MHAANHApAH MHIJIAAPIOB
MOJIERYJI. _

@opmyna 1/} N noxassiBaer, 4T0 B OfHOM Kybmde-
CKOM CaHTHMeTpe ra3a MIA0THOCTH, JaBIeHHe, TEMIOPaTypa,
a Tar:Ke J100He [pyrae cBoACTBA MOTYT MEHATHLCSA HA HOJIO
1/)/3-10%, 1. e. npmmepuo B mnpegemax 10-2%. Taxue
daykTyauumm CIEmMKOM MaJbl, 9TOOH MOHO 6HlIO OOGHa-
py#nTh mx omntoM. OpHako coBceM mHade 0GCTOMT [eJI0
B oOGneMe Kybmueckoro mmrpomerpa. 3aeck N=3.10" a
¢aykryangn OyAayT AOCTHraTh H3MEPHEMbIX BEIHYAH IO-
PANKa y)Ke COTHIX MO0JeHd HmpoIeHTA.

@aykryanma npeacraBiaseT coboit «<HeHOPMAJBHOE)Y AB-
JeHH® B TOM CMEICJIE, 9T0 OHA HPHBOXAT K HepexomxaM oOT
Gosee BEPOATHOTO COCTOAHHA K MeHee BepoATHOMY. Bo
BpeMa QIYKTyanum TeIJIO IEePexXofAT OT XOJO[HOTO TeJja
K ropaueMy, HAapymaercs DaBHOMEepHOe pacmpeiesieHne
MOJIEKYJ, BOBHHKAET YHOPSANOYEeHHOE [BUIKEHHe.

Mosker 6BITh, Ha 3THX HAPYIMEHAAX YAACTCA MOCTPOHUTH
BEYHHIH ABHTraTedb BTOPOro pona?

Mpencrapmm cebe, HanpuMep, KpOmeYHYIO TYpPOHHKY,
Haxofsmylocs B paspeskennoM rase. Hennssa am ycrpouts
Tag, YTOOH 5TAa MaJeHpKas MallMHA OTKIMKAlach Ha BCe
$aykryamum Kakoro-nEGo opHoro nampasienua? Hampm-
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Mep, moBopadmBajiach Oml, ecam Ow 9HCIO MONERYJ, Je-
TAMEAX BIPABO, CTAHOBHJIOCH (0JIbIIE UHCIA MOJIEKYH, ABHA-
;xymumxcs BiaeBo. Taxme MajeHbKHE TONYKA MOMKHO OBLiIO
Gul CKJIAABBATh, H B KOHIE KOHI[OB COBepmEJIach OH pa-
Gora. IIpuHOAEN HEeBO3MOKHOCTH BEYHOTO ABUraTelsA BTO-
poro pofia Obix OB OIPOBEPrHYT. ‘

Ho, yBn, nogo6Hoe yCTpOWCTBO HPHHIHENHUAJILHO He-
po3moxxHo. IlompoGuoe paccMoTpenme, yUATHBalOMee, 9TO
Typ6uEKa mUMeeT CBOM COOCTBeHHBIE (QUIYKTyamum, TeMm
66abIITe, YeM MeHbIIe ee pasMepH, HOKA3KBaeT, 9T0 PIyK-
Tyanum BOoOIe He MOT'YT HpPOMBBECTH KaKylo OH TO HH
6r10 paGory. XoTA HapymeHHsA CTPEMICHHAS K PaBHOBe-
CHI0 BO3HEKAKWT 0ecnpephHBHO BOKPYT HaC, OHE He MOTYT
M3MEHUTL HEYMOJHMMOr0 XOofa (U3WYeCKMX INPOIECCOB B
CTOPOHY, YBEINIABAIOIYI0O BEPOATHOCTH COCTOSHHA, T. €.
SHTPOUHIO.

KTO OTKPBLI 3AKOHBI TEPMOJUHAMUKU

37ech HeIb3A OTPAHHYATHECA OJHHM MMEHEM. ¥ BTOPOTO
Havajla TePMOJDHAMHKH €CTh CBOSI MCTOPHA.

U spech, Tax ke KaK B HCTOPHM [EPBOTO HAYaja Tep-
MOJUHAMHKY, B OEPBYIO 0Yepelib NOJUKHO OHITH YIOMAHYTO
umsa Ppannysa Cagm Hapmo. B-1824 r. on magan na csom
cpexcTBa DmEeYATHHA TPyA mof HaspanmeM «PasMmmiennms
0 mBmKymeil cmae orusa». B atoit paGore BmepBHE OHIIO
yKa3aHHe, 4TO TEIIO HE MOMKeT IepeXOQuTh OT XO0JOIHOro
Tesaa K TemyoMy Ges saTpatsl paborsl. KapHo nokasan tak-
Ke, YT0 MAaKCHIMAaJbHEI K03QUIueHT n01e3HOr0 AefCTBHA
TeNJ0BOH MAamMWHE ONpEAEeNsieTc IUIIb PAa3HOCTBIO TeM-
OepaTyp HarpeBaTelld M OXJMTAOINEH Cpemsl.

Tonbko nocme cmeprn Kapuo B 1832 r. ma a1y pabory
ofparmne pHMManme apyrme ¢uamkm. OgHAKO OHa MAJo
mOBIWANA Ha JajbHeiillee pa3BUTAEe HAYKH ®3-3a TOrO,
970 Bee coumHenne Hapro ObliI0 IOCTPOEHO HA IPHBHAHHUE
HEpa3pymUMOT0 W HECO3XaBAEMOro «BEIECTBA» — TEILIO-
poxa. .

Toasko mocae pabor Maitepa, [l;xoyns u leasmMroasna,
YCTaHOBMBIIAX 3aKOH PKBHBAJEHTHOCTH TEIJIa W PaboTH,
BenuKuii BeMmenkmit ¢usmr Pymonndp Haaysmyc (1822—
1888) upmmea ko BTOpOMY Hadaly TePMOAWHAMHUKHA H
MaremaTmyeck:n cdopmynmposan ero. Haaysmyc BBex
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PYJOJIB® KIAY3HYC (1822—1888) — ewdawwuiica ne-
meyruil pusuk-meopemur. Kaaysuye enepsvie wemrko copmyiuposas
emopoti saakon mepmodunamuru: ¢ 1850 ¢.— 6 sude nosoxcenun o He-
603MOJNCHOCTLU CAMONPOU3EOALHOL nepedawl, mensomu om Gosee Zo-
400K1020 mesa K Goaee mensomy, a 6 1865 2.— ¢ nomowblo 66edennozo
uMm sce nonamus snmponuu. Odnum us nepstix Kaaysuyc obpamuaca
K 60npocam 0 Menioemkocml MHOZOAMOMHBE 24308 U Mensonposod-
Hocmu zazos. Pabomw Kaaysuyca no Kunemuueckoli meopuu 2asoe
cnoco6ecmeogasu pd3eumulo CMAMUCMUYeckur npedcmasseruii o gu-
suveckux npoyeccax. Kaaysuycy npunadaescum pad unmepechuz
Pabom no sAeKMPUNECKEUM U MAZHUMHBM SE6ACHUAM.



B PacCMOTPeHHWe JHTDONMIO M IOKa3ald, 9TO CYIMHOCTDb
BTOpOTO HAaYajla TEPMOJMHAMAKE CBOJUTCA K HeH30erKHOMY
pocTy SHTDOIEE BO BCEX PealbHEIX IPOIEcCax.

Bropoe HaYano TePpMOJMHAMUKH II03BOJAET CPOPMYJIn-
poBaTh PsA OOmMMX 3aKOHOB, KOTODHIM JOJHH HOAYH-
HATHCA BCe TeJa, Kak OH oHm Hu GuiE noctpoens. OfHaKO
0CTaeTcA eme BONPOC, KAK HAHTH CBA3h MEKAY CTPOEHHEM
tena | ero ceoiicteamu? Ha stoT Bompoc oTseuaer o6aacthb
¢n3uKHE, KOoTOpas HA3HBAeTCA CTATHCTAYECKOH (UIMKOI.

flcHo, 9TO UpM mopcyeTe PU3NYECKHX BEJHUYHMH, OIMUCHI-
BAWMUX CMCTEMY , CUCTORINY 0 M8 MUILIIAAPAOB MlJnapAOB
9aCTUIl, COBEPIIEHHO HEeOOXO0JWM HOBHIE moxxoi. Bexs
Obliio OBl GECCMBICJIGHHO, HE POBOPSA yKe O TOM, 4T0 H ab-
COJIIOTHO HEBO3MOMKHO, CJERHTHh 3a IBI/KEHHAMH BCeX
9acTUI, M ONUCHBATL 3TO ABMKEHHE C HOMOIMBLIO (GOPMYJ
mexaunku. OnHaKO WMEHHO 5TO OIPOMHOE KOJHYECTBO
4acTHI] M03BOJIAET IPAMEHATH K H3YICHNAIO TeJ HOBHIE, «CTa-
THCTAYECKHE» METOHH. ITH METOJH IIMPOKO NCHOIb3YIOT
nonsATae BepoATHOCTH COOHTHA. OCHOBH CTATACTHICCKOR
¢usurm ORI B3aNOKeHB 3aMEYaTeNbHBHIM aBCTPHACKAM
¢usurom Jlogsurom Boapnmanom (1844—1906). B cepunm
pabor BonbnMaH noKasan, KaKUM 00pasoM yKasaHHASA HPO-
rpaMma Moj;KeT GBITh OCYMIeCTBJEHA AJs Ta3oB.

B 1877 r. normyecKknM 3aBePINOHHEM ATHX HCCIEHOBA-
HU# SIBMJIOCH JaHHOE BOJBIMAHOM CTaTHCTHYECKOE HCTOJ-
KoBaHHE BTOPOro Hauana tepMopmuamuku. Qopmyaa, cBs-
3HBAIOMIAast YHTPOINIO M BEPOSATHOCTH COCTOAHHA CUCTEMEI,
BEHICEUEHA HA NAMATHWKe DBoJabnMaHy.

Tpyaso mnepeoueHuTh HayYHHH moasur Boawnnmana,
HANIE[UIEr0o B TEOPeTHYECKOH (H3MKe COBEPIIEHHO HOBHIE
nyta. Uccnegosanmsa Boapimana moiseprajuch Oph ero
YKU3HE HAaCMEITKAM CO CTOPOHH KOHCePBATHBHON HEMEHKOR
npodeccypH: B TO BpeMs aTOMHHE X MOJIEKYJAsSPHBIE Hpefi-
CTaBJeHUsl CYATANNCH MHOIMMYM HAWBHHIMHM W HeHAYIHHIMH.
BoabuMaH MOKOHYMI KA3HL caMoyOmiicTBOM, m 00CTaHORB-
Ka, HECOMHEHHO, ChiIrpajia B 9TOM JAjeKO He IOCJEeAHIO
poab.

3nanme CTaTHCTAYECKOH PW3WKM OblI0 B 3MAYNTENbHOA
CTeNeHA 3aBePIICHO TPY/aM# BHIAIOMIEI0CH aMEePHKaHCKOTO
¢usuka [yxosaiim Yunmapia IT'm66ca (1839—4503). T'ub6e
00o6mua Metonsl BoapIMaHa H IOKasaJg, KakuM o0pasoM
MOKHO PacOpOCTPAHHTD CTATECTHYECKHH HOLXORK Ha BCE
Tesa. ‘
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Tocaennas pa6ora 'mG6ca BrimuIa B CBET yiKe B Hadale
XX pexa. Ouens CKpoMHRIt mccaemoBaTenb, 1 HGGC meda-
Tajl CBOM TPYHAH B M3BECTHAX He(OJBIIOr0 HPOBHHIHUANb-
noro yumpepcurera. [Ipomno mopspeunoe ymeao mxeT, HOKa
ero 3aMeuaTelbHbIe MCCHAENOBAHHA CHENANUCH H3BECTHHIMU
BceM QusmKaM.

Cratactaueckass ¢r3aKa nmoxaswBaer IyTh, CIEAYA IO
KOTOPOMY MOKHO BBIYHCIHTH CBOMCTBA T€N, COCTOAMMX H3
JAHHOr0 KOJmWIecTBa JYacTun. Hoxedio, He caefyeT AyMaTh,
9TO 3TH MeTORH pacyera Bcevorymd. Ecam xapaxrtep IBH-
JKOHNA aTOMOB B T6J6 OIEHD CAGIKEH, KaK 5TO WMEST MECTO
B JRUKOCTAX, TO PealbHOe BHIIUCJIEHA® CTAHOBUTCH HPaK-
THIECKHW HeOCyIeCTBUMEIM.



IT'maBa 9
BOJIBHIVE MOJIERYJIBI

HEIIOYKN ATOMOB

C mpupoAHBHIMHA BEIECTBAMH, COCTOAIWMEA N3 AJIMHHBIX
MOJIEKYJI, B KOTOPHIX ATOMH CBA3aHH Hamofo0ume 3BeHBEB
HeNoYKHM, XHEMUKE H TeXHOJOIH HMENHd €0 HaBHO. 3a
opuMepaM® [ajieKo XOAUThH He Hafo: CTOJAb DPacupocTpa-
HeHHHIC BemecTBa, KaK KaydyK, LeJuIi0jio3a, (eJIoK mped-
CTaBAAIT COGOH Ieno4edHHe MOJIEKYJH, COCTOAINUE U3
MHOTHX THICAY aToM0B, CTPYKTYpHHE IPeCTABICHEAA O Ta-
KAX MOJIEKYyJaX BOSHHKJIH W PA3BWJIACH B JBAfUATHX I0-
[eX, KOrJd XMMUKHE HAYYHMJIHCH TOTOBUTH MX B jJabopaTo-
pun. .
OpguuM ©3 HepPBHX INAroB B NOJYYEHHA BEMIECTB, IO-
CTPOGHHHX W3 [JAUHHHX MOJEKYJ], OHI0 CO3faHAEe HCKYC-
CTBEHHOT0 KaydyyKa. JTa BeamKojemnas pabora Oma BhI-
monmena B 1926 r. coserckum xmmmroM Cepreem Bacmabe-
puaeM JleGeneBnM. 3afada MONYYEHHASA KAYIyKa, KOTOPHIH
6v11 ocTpO HEOOXOMUM [JIA MBrOTOBJIEHUA aBTOMOGHIBHBIX
muH (pe3uHa Befb TOTOBHTCS M3 Kaydyka), Obima mpo-
AMKTOBAHA TeM, 4YTO OpHpogHoro kKayuyka B Colose mHe
HMeeTcH.

B 0pasmabCcKHX KYHIVIAX PACTET [EPEeBO TeBesa, HcC-
TOYAIOMmee JAaTeKC — MJIEUHHIH COK, B3BeCch Kayuyka. Wm-
HefnE Jejaju W3 KaydyKa MAYA, HOJB30BAJIUCH MM JJIA
cosgaamss o6yed. Ho s 1839 r. espomeiinn mHayumamces
Byaxauwsuposarp kKayuyK. IIpm o6palorke kKayuyka ce-
poiil BMeCTO JWMIKOr0 W TEKYdYero KayiyKa NOIydajach
3JIacTHYHAA Pe3HWHa.

Cunauama ee morpeGiaenme Owo meGoabmuMm. Ceftuac
9Yel0BEeYECTBY HYKHH MUJJIMOHBL TOHH KaydyKa B TOf.
Teres pacter TompKO B Tpommueckmx aecax. Tak dro,
€cl’ 0cBOGOKAATECA OT HMIOPTa; TO HAfO0 TOTOBHTH Kay-
9YK Ha 3aBOJAX.
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Ins sroro TpeGyercsi, KOHEYHO, 3HATH, 4TO 3KE TAKOE
rayayk. K mauvaay pabor JleGemeBa xmMuueckas gopmyna
Kaydyka Obura m3BecTHa. Bor oHa:

/CHg—CHg CH,—CH, /CHz—CHg y
AN N N
C=C{I C=CH C=CcHh
({ / 4
H, CH; CHg

Hapucopannaa 3fech IemouKa He EMeeT HH Hadajaa, HE
KoHNa. ME BAAM, YTO MOJEKYJIH HOCTPOCHH U3 ONHHAKO-
BHIX 3BeHbeB. [loaTOMy MoOxHO KOpoTKO 3ammears Gopmyry
Kay9IyKa B TaKOM BHJE:
[ &, ]

Umecno n mocrTAraeT MHOTHX THCHY. [[IHHHEE MOIEKYIH,
TMOCTPOCHHKE W3 IIOBTOPAIMAXCH 3BeHLEB, NOJYIHAN Ha3-
BaHHE HOJUMEPOB.

Temeps B TeXHHKe M TeKCTHJIBHOR IPOMHIILIEHHOCTH
HMeIOT mHApodaiimee PpacHpOCTPAHEHME OYEHbL GOJbINOe
YHCJI0 CHHTETHYECKHX mmojmmepoB. K HuUM oTHocATCs mei-
J0H, HOJUATHJEH, KAaUOPOH, HOJUIPONNJIEH, NOJAXJIOPBH-
HWJ B MHOTHE [pyrme.

Han6onee mpocto mocTpoeHa MOJeRyJa MOJADTANIEHA.
Memoukn u3 3TOor0 MaTepmaja IeKAT Temeph B AIMUKAX
KYXOHHOIO CTOJa B KasKmoil Keaprupe. Ecam mpepnemsuo
BHITAHYTH MOJEKYJNY MNOJHITHJIEHA, TO OHA OYAET HMETh
Buji, moKasanmnit mHa puc. 9.1. Kar smgure, ¢usukm cy-
MeJId OUPEeIATh PACCTOAHUA MEMLY ATOMaMU B YTIJIH MEJK-
Iy BQJEHTHHIMA CBA3SMH.

Puc. 9.1..
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JlnuaHbIe MOJEKYJIH He 06A3aTeIbHO COCTOAT A3 MOBTO-
PAIOMUXCSA 3BEHBEB, T. €. HE MOTYT OHTH IIPeJCTaBJEHHI
dopmyanoit Takoil, KaK pIA KaydyKa. XMMHKA HayIEIECH
(KOHCTPYMPOBATH? MOJEKYJH, IOCTPOCHHHE U3 ABYX WX
Gonee pasHHX 3BEHHEB H CJELYIOIHE APYT 3a APYLOM Kak
B mopAAKe, TaK 1 B Gecopsnke. Ecan aTi 3Benbs yepenyor-
¢ B ONPENeJeHHOM NODPSAAKe, CKajKeM, [0 CXeMe

ABABABABAB,

TO TaKyl0 MOJIGKYJIYy HA3HBAIOT PEryJaspHHM OOJAMEpPOM.
Ho gacro M BmMeeM [eJi0 ¢ MONEKYJaMH, TIe HET TaKo#
3aKOHOMepHOCcTH ciegoBaHus. Momeryny

ABBABAAABBBBABABAABBA

Ha3HBAIOT HEPEryJAPHEIM HOOIAMEPOM.

EcTecTBeHHYW0 MOJEKyNy OelKka Tak/Ke HA3HBAKOT TO-
ammepoM. Benku moctpoenst m3 20 KycOUYKOB pasHOTO COp-
Ta. OTH KYCOYKH HAa3bBAOTCA AMHHOKHCJIOTHRIMEA OCTAT-
KaMHd.

Mesxay MosieKyJjamMu GeJIKOB M CHHTETHYECKHMA MOJie-
KyJaMHd, DOCTPOEHHHIMH M3 HECKOJNbKAX KYCOYKOB, pac-
HOJIOKEHHHX B OecnopspKe, EMeETCS OfHO CYIECTBEHHOE
pasnuume. B Kycke cmHTeTHYeCKOro moimMepa HET ABYX
OJMHAKOBHIX MOJIeKyJ. Becnopsyiognoe caemosanme Kycou-
KOB, U3 KOTOPHIX COCTOHT HENOYeYHAA MOJIEKyJa, B ONHOM
MOJIeKyJie — OfHO, a B Apyrofl — spyroe. B GoapmmucT-
Be CIydYaes 370 OGCTOATENHCTBO BJIMAET OTPHIATENBHO HA
cpoiicTsa moamMepa. Pa3 MoneKynm HENOXOKH ApPYyr HA
Apyra, TO OHH He MOTYT XOpomo ymakoBaThcs. M3 tarkmx
MOJIEKY]l B NPHHIUIE HEJIb3s HOCTPOUTH HIEaNBHEHN Kpuc-
Taji. BemecTBa 9TOT0 THIIa XapaKTePABYIOT «CTEHEHBIO
KPHCTANIATHOCTHY.

B mocnegHme [eCATHIETHs XEMOKH HAYIWIAHCH CTPO-
UTh peryJispHble IOIEMEPH, W IPOMHIIIEHHOCTH HOJY-
49@a B CBOE PacHOpsKeHHe MHOTO HOBHIX IIEHHEIX MaTe-
puanos.

Yro jKe KacaeTcsi HPEPOAHHX GeIKOB ompenesieHHOro
copra (crax<eM, reMorio0mHa GHKa), TO HX MOJEKYJIH XOTh
A DOCTPOeHH (ecnopA0uHo, HO OHE BCe ofmHAaKoBEe. Mo-
neKyny GellKa JAHHOTO COPTA MOMKHO CPaBHHTH CO CTPAHH-
nelt kKumra: GYKBH CIEIYIOT APYT 3a APYTOM B CIydaiHOM,
HO BIOJHE OIIpefejeHHOM mopsfake. Bce mouekyam Ges-
Ka — 3T0 KONAU OfHOE W TOH ’Ke CTPAHHIH.
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TNBKOCTb MOJIERYJI

JIAAERYI0 MONEKYJIY MOKHO CPaBHETH ¢ penbcoM. Ha
mianne 0,4 MM ymecrates 10° atomos. Ilomepedntie pasme-
PH MOJIEKYJH! HONBATHIEHA — 4TO-HEGYAh oKoNo 3—4 A.
Tak 9TO AAMHA MOJEKYJH 00Jbile ee MOmePeYHOro ceue-
HASA B COTHH THCAY pa3. Tak KaK pesbC EMeeT TONMUHY
okosio 10 cM, TO 3pHTeNLHEM 06pa3oM JINHHOR MOJIEKYIIH
6yaer peasc gameodt 10 K.

10 He BHAYHT, KOHEUHO, YTO HE NPHXOAUTHECA HMETh
NIeT0 ¢ KODOTKHMA MoJexkyviamd. BooGme, ecim He mpm-

a

OATL CHOQIAJLILIX MCP, TC B ICONIEMEPHOM EBOIMeCTBS MH

RafifcM MoJerynul pasnofl ANMHELN — OT TAaKHMYX, KOTOpHe
COCTOAT W3 HECKOJLKUX 3BEHbEB, 0 TAKHUX, KOTOPHE HmO-
CTPOEHH! U3 THICAY 3BEHBEB.

Wrak, nameHas Mojekyjaa moxo)xka Ha peasc. Iloxoxa,
HO He coBceM. Pesibc cOrHYTh TPYAHO, & ANWHHAA MOJIEKYIa
ruerca jgerko. I'mGKOCTH MaKpPOMOJIEKYJIH He HOXOMa Ha
rubKkocTs mBoBoro mpyTa. OHa BO3HMKaeT m3-3a 0CO0OH

Puc. 9.2.



¢IIOCOGHOCTH BCEX MOJIEKYJ: OHA UaCTh MOJEKYJH MOKeT
BPAMAThCA OKOJIO PYTO# 9acTH, €CIA OHA COEJIAHEHBI CBA -
37MM, KOTOPHE XHMHKHA HA3KBAIOT OJHHADHHIMO (OJHOBA-
nentEbME). HeTpynHo coo6pasuTh, 910 Grarogaps aToMy
CBOMCTBY NOJAMEPHHIE MOJEKYJIH MOTYT OPHHATH CaMEe
mprayaausiie opmel. Ha puc. 9.2 moxaszana moyens rubroit
MOJEKYJH B TpPeX HOMOMeHuHAX. Ecadm Monexkyma miaBaer
B pacTBOpe, TO OHA GoJbINedl 9acThIO CBOPAUMBALTCA B
HIYOOK.

Pacraskenne pe3mHOBOro IDHypa npomcXonmt Gaaro-
mapa pasBopoTaM MoJeKyd. Tak 9To yHOpYyrocTh HOJHMe-
POB HMeeT COBCEM ADPYI'yH HOPHPORY, 9eM YIPYIOCTh Me-
Tann0B. Ecid pacTAHYTHA WHYpP OTHYCTHTh, TO OH COKpAa-
TATCSA. SHAYAT, MOJIEKYJA CTPEMUTCA W3 THHEHHOH (OopME
mepeiitn B Ka1yGKooOpasuyw. B wem mpmumua? Ux Moryr
OHTE ABe. Bo-mepBhIX, MOKHO TOMYCTHTH, 9TO COCTOAHUE
kay6Ka sHeprermuecK® 6osee BHITOJHO; BO-BTOPHX, MOKHO
OpeqnoNoKATh, 9YTO CBOpPAuMBaHHe CONEHCTByeT Bo3pac-
TaHMio ’HTponnd. ViTak, Kakoii 3aKOH TepMOJUHAMHEKH KO-
MaHIyeT JTHM TmoBeieHmeM: nepewiit mam Bropoir? Hagmo
nymath, 910 06a. Ho Gea comumenmsa cocrosEEe KIyOka
BHTOJHO W C TOYKH 3peHHs sHrpounu. Bexs depemosanme
ATOMOB MOJIEKYJh, CBEpHYTOi B KiyOok, Goiee Gecmops-
A09HO, 9e€M B BBITAHYTOH MoJaeKyse. A M 3HaeM, 9To Oec-
HOPAZOK W SHTPONHUA HAXORATCA B GIM3KOM pOXCTBE.

Yro ke KacaeTcs BHHIPHINA B JHEPTrdd, TO OH HPOUC-
XO[AT 3a CUeT IVIOTHOX YHAKOBKE ATOMOB, COCTABJIAIOIIHNX
nojmMepHyl0 MoineKkyny. CBopadmBaHWe MOJNEKYJIH B CHU-
panb Wil KIyGOK DPONCXOMAT TaKuM 00pa3oM, 4ToGH GHIIO0
ofecmeueH0 MAKCHMAJIBHOE YACIO0 KOHTAKTOB MEKIAY Ba-
JIEHTHO HE CBSBAHHBLIMA aTOMaMH.

JUPEKTOP-PACIIOPATUTEJIb RJIETHU

Bce ;xmBOe COCTOHT M3 KiIeTOK. Bce KIeTKu mMeT Af-
pa. Bo Bcex spgpax mMeroTca 0COGHE HOAMMEPHBIE MOJe-
KYJBl, KOTOpDHIe MO/KHO OHJO OB HAa3BATh (AJEPHHIMMY.
Ho pycckoe mpmaarateapHoe He B XORY. ITH MOJEKYJIH
HOCAT HasBaHWe HYKJIeHHOBHX KuciaoT. Cpemm HEX ecTh
-BHAMEHATOCTH. JHAMEHATHE HYKJIEMHOBHE KHCJIOTH Ha-
CTOJIBKO XOPOIIO M3BECTHH, 9TO WX COKPAIEHHEE TpPex-
Oyxsennnie camsonni PHHK (pmGomykinemHoBas KmcsoTa)
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1 THK (nesorcmpmGoByKIemHOBAs KUCIOTA) MOYKHO BCTpe-
THTH Ha CTPAHMLAX POMAHOB H HOBecTei.

CynepaBesfoil cpefim MaxpOMOIEKysa ABJIAETCA MoJe-
kyaa JHK. Ilpuamna ToMy ciaegyiomad: sTa ImOJuIMepHas
' MOJleKyJla OTBEYAeT 3a POCT opraHmsMa, m6o — mpasaa C
nomompio Moxexyn PHH — ¢aGpuryer Genxm; momexyna
JHH secer B ceGe KofoBY0 3ammch NPU3HAKOB, OMHO3HAY-
HO xapakTepm3ylomux opranusM. Wammm crosamm, [JHH
OTBETCTBEHHA 3a IEpefiady HACJEJCTBEHHOCTH OT pOLUTe-
Je# K mHOTOMKaM.

Yro ke cofoil mpeAcTaBAAIOT MOJEKYJIH STAX IIOJHMMe-
poB? YmopsAjoueHH NHM 3BEHbH, COCTABIAIOMIE MOJEKY-
ny, Bad pacHoJoyKeHH B Gecmopsaxe? eno oGeromT cie-
pyromuM obpasoM. Opmuounas Moxmeryana JIHHK upep-
cTaBaser coboil memb, xpeGeT KOTOpPOH WMeeT OXHY H Ty
e CTpyKTypy niaa Monexyn HHHK pasumx opranmsmos.
K xpeGTy mnemm npncoeIWHeHH dYeTbpe Pa3HEIX MOJEKY-
an. JiBe u3 Hmx moGoabpme pasMepoM, ABe NPyTHe B JBa
pasa Menbmie. ATOMEI, COCTaBJIANIIAE OCHOBHYIO LEIb MoO-
JIEKYJAE, PacOOJOKeHH YHOPAROIEHO, a BOT IHCTOUKIY,
OpucoeRHEHHEE K BeTKe, CJAEAYIOT PYr 3a Apyrom 0es
BeaKoro nopaAnaka. OfgHako 3aMeuaTeNbHHM U BaKHeHmAM
06CTOATENLCTBOM ABAsAETCA TO, 410 Bee Moierynsr JJHH
OJIHOTO WHAHBHAAYYMA TOKIECTBEHHH M HEIIOXOKU (B OTHO-
MEeHAHR CJIENOBAHUA «IMCTOYKOBY) HA MOJEKYIH JpYyroi
oco0m JasKe TOro sKe BHUAA.

Vmenno u3-3a pasnmuna B Monerkynax [JHHK ormirgaror-
CA APYT OT APYra Bce JIORH, Bee NbBH, Bee Gepesnt. OTam-
YalOTCA HE TOJBKO IO JTOi IpWUYWHE, HO TJABHHM 05pasoM
EMeHHO H3-3a TOr0, YTO IACTOUKE» CIERYIOT APYT 3a Apy-
TOM B Pa3HOM IOpAJKeE.

Opmnounas Moneryaa JIHK npencrasasier coGoit cum-
paas. Ho B sifpax KieTKHW 5TH MOJEKYJHI CILIETAIOTCA MO-
mapHO B ABOMHYI0 cmmpanb. ATOMH [BOWHOA cOoEpain
IJIOTHO YIAKOBAHH W 00Pas3yOT 0YeHb [JIBHHYIO KECTKYIO
MoJeKyNy, KOTOpas IepeceKaeT Bce IoJjie 3PeHHA DIEK-
TPOHHOr0 MHKPOCKOTA.

Omnpepenenne cTpykTyps Monexyas JJHHK 6bu1o npoms-
BeleH0 HA OCHOBAHHE XWMHYECKHX CBEJleHHmi O HyKJenHo-
BHIX KHCJIOTaX, 3HAHOA IPABUJ CBOPAUMBAHNA B yNAaKOBRU
MOJIeKyJ, KoTophie TpeGyloT Co3TaHHMA KaK MokHO Gonee
WIOTHOH YIAaKOBKK aTOMOB, 4 TaKie pe3yJnTaTOB PeHTre-
HOCTPYKTYpPHOTO 3HAJIM3A.
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To, aro monekyaa JHK o6Gpasyer nBoitnylo cumpans,
[03BOIAIO CPa3y e NpPelJioKUTh THIOTe3y O mepefade
nacaeacTBenHocT. Ilpm menenmn kaerox monexynm [JHK
«popuTenei» pasBopaumBalTCs W Hopaa Moaekyna JJHK
«HACJeJHAKA» CTPOMTCA M3 OTPE3KOB ABYX PasHEX MoJe-
xkya THK «orma» m «MaTepm». Itu orpeskn monexya JHK
H UT'PAOT POlb T€HOB, B CYMIECTBOBAHHM KOTOPHX MHOTHE
Gmosora GHIM yBepeHH elme 3aj{0Jr0 [0 TOro, KOTAa cTala
SCHOR MOJIEKYJAsApHas CTPYKTypa HOCUTeJeH HacjaelCTBeH-
HOCTH.

Pa6ora momerynrnt JHK — pmpextopa-pacnopsapatens
MHE3HEHHHX [POIECCOB — B HACTOANIEE BpeMs -H3BECTHA
BO BCeX [leTaJfX W ONMCAHA B COTHAX HAYUHHIX, HAyYHO-
HONYJAAPHKX W y4eOHHIX KHUT. :

TJIOBYJAPHBIE KPUCTAJLJIBL

CoocoGHoCTh CBOpAauUMBATECS B KiayOOK, miam, Kak da-
CTO TOBOPAT, B T100yiy, CBOACTBEHHA MHOTEM MOJIEKYJaM.
Ouenr akKypaTHHE B BIOJHE TOJIECTBEHHEE APYI APYTY
raobyas co3galT MoxeKyas Geaka. TyT ecTh ofHa ToHKan
npmanHa. [lexo B ToM, 9TO MoJeKyia Genka Comep:KHUT da-
CTH, KOTODHE IOGAT» BOXY, M TaKAe KYCOYKH, KOTOpPHe
OTHOCATCA K BOJe OTPRIaTeqpHo. Hycoukm, He g06amue
BONy, Ha3HBAT rARpodo6HEMA. CBOpauMBaHEe MOJEKYJIH
Genxa MUKTyercA ONHHM CTPeMJEGHHEM: BCce THAPOQoGHEe
"YacTH JOJKHBI COPATAaThCA BHYTPH riioGynan. ViMenHo ato
H OPHUBOAMT K TOMY, 4UTO
B pacTBOpe OeaKa miaasa-
0T rao0yisl, HOXOMKHe
ApYT Ha Apyra, Kak Gams-
Hensl. Benkossie rio6yiast
Gonee mam MeHee mapo-
o6pasnsl. 'mobyna mme-
et pasamep 100—300 A,
TAaK YTO YBHUJETh ee
B BJIEKTPOHHHH MHKpO-
CKOIl COBCEM HeTPYHHO.
IlepBrie smekTpomHOME-
KPOCKOIIMYECKHe KaPTHH-
KH TAO0YNAPHEIX  KpH-
CTANJOB OBIH ImMONTyYeHEl




HECKONIBKO [ECATKOB JieT TOMY Hasaj, KOTJAAa TeXHHKA
9JMEKTPOHHOM MHKpOCKONHE OmIAa eme CoBceM ciaaloi.
Ha pmc. 9.3 npusemena Ttakag Qororpadma gas Bupyca
tabaunoit mMo3auknm. Bupyc mocaosxmee Geaka, Ho [Jas
RATIOCTPAIAY Hamell MBICAA — CTpeMJaeHHs OmoJorumyec-
KHUX T100yJ1 PACHONOKATECHA C BHCOKHM HOPAAKOM — 3TOT
OpEMep BHOJHE MORXOMLHT.

Ho mouemy aBTOpH He HPHBOJAT KapTHHH GeJKOBOTO
rprcramia? [leno Bor B ueM. BesikoBhIe KPUCTANIB HBAAIOT-
csl KpACTA/IaMy coBepmenno HeoObunuMu. OHH cofepsrar
orpoMemit mpoueHT Boanl (muorga go 90%). 9ro menaer
HX CBEMKY B 9JeKTPOHHOM MHKPOCKONE HeBO3MOKHOM.
HecnepoBanme GenKOBEIX KPHCTAIIOB MOJKIIO NPOH3BO-
AMTh, JUMb MAHAOYJIAPYS UMHA B pacTBope. ToHiocenbKas
KONGOYKA COMAEPKHT PACTBOP H MOHOKPHCTANLI Oeira.
I9ToT 06BEKT MOJKHO M3yYaTh BCEMH (U3HYECKHMH METOA-
ME, B TOM 9YHCJE€ H C HOMOIMbI0 PEHTTEHOCTPYKTYPHO-
ro aHaJM3a, O KOTOPOM MH YiKe HEOJHOKPATHO YIOMH-
Hand.

Hecmotpss Ha OrpoMHOE KOAMYECTBO BOJH — CaMOi
OOBIKHOBEHHOM BOJbI, HAYYTh HE OTAWIAIOMENCH OT BOJO-
IPOBOJHON,— IIOOYNsAPHEE MONEKYNH O0EJKOB pacmolo-
’KEHHl B COBEDIIEHHO CTPOTOM mopsjfke. Ix opmenTanus K
oCAM KpHCTAJja OJUHAKOBA JJISi BCeX MOJeKyln. A To,
9TO CaMA MOJIEKYJbl TOKIECTBEHHH, MH YK€ CKazamm
BHIIE. JTOT HPEBOCXOJHEI HOPAJOK HO3BOJIAET OHPEHeIUTh
CTPYKTYpPy OenKoBO# MoideKyan. 3amada aTa OYeHb HeJer-
Kag, m mccaenoBatens llepyTuw, KOTOpHiA eme B Hadanje
MIeCTHIECATHX TOMOB MEPBHI B MAPE O PEEJNI CTPYKTYPY
Genxa (sT0 6mIT reMorioOmH), MOJY4YHJ 3a CBOW pabory
HoGenesckyio mpemmio.

B macTosmee BpeMsa H3BeCTHA CTPYKTYPa OKOJIO COTHHA
Genxosrix MoJieKyn. PaGora mpoposmsxaercs. Bcero B xm-
BOM OPraHH3Me HMeeTCA OKOJO JeCATKA THICAY PasJHIHBIX
GenxoB. OT TOro, KaK OHH CBEPHYTH M B KaKOM HIOPAJKe
CJAEAYIOT APYT 38 APYTOM Pa3Hbie AMUHOKKCIOTHHE OCTATKH,
3aBHCHT JEATEJBHOCTH JKEBOro oprann3Ma. Her coMuenns,
4910 paboTa o0 ONPEAEeNeHAI0 CTPYKTYPH OeJKOBHIX MOjIe-
Ky Gyner IpofoisKaThCA O TeX IOp, MOKa He Oyner moy-
YeHa MOJHAs SCHOCTH B OTHONIEHMH BCEX MNECATH THICAY
COPTOB MOJIEKYJ, OIpefelAnMAX ;KU3HEHHbIe IPOIECCH.

Ha puc. 9.3 Mb mpusenn gororpaduio OfHOTO H3 BH-
pycos. O cTpyKType 3To# 9acTuilsl, HoMKaxyii, crouT cKa-
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3aTh HECKOJBKO CIOB, TAK KaK BEPYCH — 3TO Ipocreiimume
(GKZBEIE» YACTHITHL. Onn OpefcTaBIAT co6oil KOMIIeKCH
Genxop ® HyKJIemHOBHX Kmciaor. Camm ke Genxm m Hy-
KJIeMHOBHE KHCJIOTH OTHOCAT K OMoopraHmYecKHM Mole-
KkyaxaM. HasBath »TH MOJNEKYJH GKEBHMMY OO GH
HEeBEPHO.

BenoK B HYKJEMHOBas KHCI0Ta KOMOMHMPYWOTCSA B BH-
pyce Tak, 9To6H ra06yab 3amAMans HYKIeMHOBYIO Kn-
caioTy. 3Ta 3aIUTA MOMKET OCYMECTBIATECA IBYMA CIOCO-
Gamu. JInGo raoGyns oOpasyoT HONKE HEJIWHAD, BHYTPH
KOTOPOTO IPAYETCA HYKJIEeMHOBAA KHCJIOTA, Jr6O riao6y s
COCTABJIAIOT IOJNHIA MAap, a HYKJIEeMHOBAs KHUCJIOTA pacmo-
jaraeTcs BHYTPH IOJOCTH.

Haxosn pasmepn Bupycos? Bor, ckameM, BHpyC Ta-
Gaunoii Mosamku. Ero mrmma 3000 A, BHEIIHAN THaMeTp
170 A, nmamerp kamaia 80 A. B mmpyc mxommr 2140 Mo-
JeKkyn Genka.

ITopakaeT ACKIANYHATENbHAA YHOPALOYCHHOCTDH PACIo-
Jn0:xeHnsa MojeKkyn Geaka, o6pasyromux 060J0YKy BHpPY-
ca. Bce OenkoBhle MOJIEKYJH CBEPHYTH B rao0ymn abco-
JIOTHO ToKNecTBeHHHM oGpazoM. Crporo 3axKoHOMepHa
U yuakoBKa rioly.

Ceprueckne BUPyCH GAM3KHM K mapy mo cBoeit Gopme.
OpgHako Ha caMOM fiejie HPefCTaBIAIT c000d BHICOKOCHM-
MeTPHYHHE MHOTOTDAHHWKHN, H3BECTHHIE TI'eOMeTpaM IOf
Ha3BAHUEM HKOCA3[POB.

TpyaHO mEepeoUeHHTHh 3HAUEHWE AJIA HAYKH CTPYKTYD-
HHX HCCAeNOBAaHUI HPOCTEAMUX KABHIX BEIECTB JJIA. MO-
JI010l HayKH — MoOJeKyJaspHo# Gmosormu.

IMAYKN MOJIERYJI

Ecau MoneKyas MOryT XOpoImo ymaKoBaThCsa, Oymaydum
MpeeJbHO PACTAHYTH, TO TBEDPAbH NOJMMEPHEIA MaTepHas
Mo;KkeT 06pasoBaTh Pa3HHE JOBOJLHO CHOMHBIE CTPYKTYPHI,
obnamamomme, OJHAKO, ONHAM 00muUM CBoHCTBOM. B Tolt
HIY MHOA CTEeIleHH B TBEPAOM Tejie GYAYyT PHCYTCTBOBATH
y4acTKHE, B KOTOPHX MOJEKYIH NPAMHKAIOT APYT K APYTY,

Kaxk KapaHjalid B Hadke.
' B sasmcmmocTm oT TOro, KaKOB B Teje HMPONUEHT TAaKHX
NA9eYHKHX yYaCTKOB, & TaKKe CMOTPA II0 TOMY, CKOJIb aKKy-
PaTHO ymaKoBAHK MOJEKYJH, COCTABAAIIIHE NaYeUHRA
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Y9acTOK, HOJAEMEp MOKeT 00JjafaTh TeM HJIH HHHIM «IIPO-
HEHTOM KPUCTANIAYHOCTHY. BONBMINHCTBO MOAAMEPOB IPO-
THBATCA IPOCTON KiacCAPUKANMA TBEPALIX TeJ HA aMopd-
Hele B KPUCTAJJINYECKHe. Y AMBHTENHLHOTO B 3TOM HHYEro
" HeT, IOCKOJBKY peub HAeT o6 OrpoMHHX, Aa eme BAo6a-
BOK 4aIle BCeTO HeoJMHAKOBHIX MOJIEKYJIax. ¥ OOpPsAmOYeH-
Hble (¢KPUCTAJIINYECKHE») YIaCTKA B IOJHMEPAX MOMKHO
rpy6o pasbuTh Ha TPH Kjacca: HAaUKH, cepoNUTH M KPHC-
TalJIbl HM3 CKJIAAHBAMIIAXCA MOJEKYI.

TunwaHass MHKPOCTPYKTypa IOJEMepa IOKAa3aHa Ha
puc. 9.4. 910 ¢orocuEmMox ¢ ysenmuenmem B 400 pas,
CHeMaHHMA ¢ INIEHKHA HOJADPOIAJEeHA. 3Be3no00pa3Hke
¢urypka — 3To CBOEro pofa KpucTanautTh. V3« merrtpa
3BE30OYKE NPH OXJAKAECHHHA IOJHMEpPa HATAJICA pOCT
ceponmra. 3aTeM cepOARTH BCTPETHIECH H IOITOMY He
nprobpean maeanbHO# cepryecKoir GopMH (ecam yraercs
Haba0aTh 32 POCTOM OTHENBHOTO CHEPONHTa, TO NeHCTBH-
TeJbHO BUAMIIL AP, TAK YTO HA3BAHMAE «CHEPOIAT» BIIOTHE
onmpasfaso). BHyTpE cdeposnTa AIHHHEE MOJEKYJIH yIIo-
jkeHBl focTaTouHo akkyparHo. Ckopee Bcero, cdepomamt
MOKHO MpEe[CTaBHTh cefe KaK AaKKyPaTHO CIOKeHHHIH
raHat. Posb KaHaTa urpaer mauka Mojeryna. Takmm oGpa-
30M, CBOCH NAMHHOH OCHI0O MOJIEKYJIH PacHIOJIOMKeHHl Iep-
NeHAUKYJAApHO K pammycy cdepoamra. Ha roii xe ¢oro-
rpagum MH BHAEM IIaCTHYHbe yTacTkH. BoaMmoxHO, 3TO
MauKd MOJIEKYH, a MoOKeT OhTh, M KPHCTAJJIH H3 CKJIa-

Puc. 9.4.
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neBaommxca Mojdexyn. CymecTBoBaHme HOZOGHBIX KpH-
CTANNOB ABJAETCS HHTEPECHKIM W [OCTOBEPHHIM (aKTOM,
OTHOCAIAMCA K CTPYKTIype JHHEHHHIX IOJUMEpOB.
JsagmaTts JeT Hasan ObLIO cenaHo Ciaeywilee 3aMme-
gaTtenbHoe OTKpHTHE. M3 pacTBopa Gnuinm BHIEJNEHH KpH-
CTAJJUKHN PA3IMIHHEX HOANMMepHHIX Bemects. Mccienosa-
Tenu ObIM TOPAKeHH TeM, YTO TAKHUE jKe KPHUCTAJIAKH,
IOBEPXHOCTH KOTOPHIX MOXO0KHW HA COUPAJbHYIO JECTHHLY,
BHPACTal¥W M3 PACTBOPOB DPa3iWyHLIX mapadmuos. B uem
Ke IpUYANA HTOTG COWPANBHOTO POCTA KPHUCTANJIOB, Ha-

AFTXTFOTNATITAT MANITITIT MO ¥ TNIXrTTA TOYTN 7
OOMIIUQICHICTO POSYALTATLI TPYA2 ECKRYCUOTe NOUEHTepa

{puc. §.5)°

Tosopss 0 pocre Kpucrasua Ha crp. 95, mel o0ownn
opuo obcroarennscTso. IlpencraBum cebe, ato cTposAmasncs
IJIOCKOCTh KPMCTaJa 3adodHeHa aromamu. Torpa ue octa-
eTcA MecT, KOTOphle IPHUTATHBAJAA OH ATOMH JOCTATOYHO
cunbHO. MoOMKHO TOACYNTATH, 9TO IO TAKOH CXxeme poOCT
FOTKEH HATH CO CKOPOCTAMH, B HEMBICIHMOE YHCIO Das
MEHBIIAMH, 4eM CKOpPOCTH® pocta, HabmopaeMse B EeiCT-
BHTEJBHOCTH. DBHIX0 M3 MOJNOMKEHHMA [AaeT Hajmque CIN-
paNbHEIX RHCJHORAN@i B KpHctasae. Ecam ects cum-
pasibHaA [HCIACKANEA, TC UAPAMMEBanuLE Tpaud WHET Ta-
KuM 00pasoM, UYTO CTYIEHBKHM, Ha KOTOPHX arToMam
BLITOAHO 3aHATH MECTO, HOKorna we sapactyr. Qusmkm
" = \Z""’“"\,‘j 06Jerdenno B3A0XHYIH, KOI-
= 1 /QZI , / Ja Onim o0Hapy:KeHH chu-
Z : [ 49 panbubie gucaokauwu. Mm
'y CTaJN NOHATHH BEJMYHAHHI
CKopocTeil pocTa W cTaJjaa
OYEeBUIHOA CYTh KapTHHOK,
IO0GHBIX IPUBEICHHON BHI-
nie ans napadmua. Tarme
CHUpaJbHEe TUPAMULKH Ha-
fM07a0TCA O4EHb YacTo, W
B TOM, 9TO OHH CYIIECTBY-
10T, HET HWYEro yAUBATEIb-
Horo. Her yamemresnHOrO,
ecnd peyb HAET O KpH-
CTaJNaxX, NOCTPOEHHHX W3
Manmx Moxexyx. Jua rta-
KHX KpPHCTAJIN0B OOBACHE-

n ’
Pac. 9.5. ume HPOXOAWT. pasMep Mo-

JCIYJL!, BRICOTa CTYHCHDBKH,
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TOJIIMHA KPHUCTANAJIa — BCe 3TH HaHHEE HEe IPOTHBOpe-
9aT JpyT ApYry.

Ho, ofmapymuB TaKy e KapTHHKY AJA IOJAMEpa,
MH CTaJKHBaeMC C HOBHM gBieHneM. Jlemo B ToM, 9TO
ToAm@Ha caoes mojmsdmpa pasHa 100—120 A, a pumHa
moneryan pasua 6000 A. Haxoit ;xe BEBOX MOMHO Che-
aare us stux uudp? Jla Bcero ammp ofmH — B HTAX KpHC-
TAJUIAKAX MOJEKYJH CHRJIafHBaoTcd. ['m6KOCTL Mojeryn
II03BOJIAET UM H30THYTHCA Ge3 Tpyna, W IOITOMY OCTAeTCH
JHIb Pa3AyMHBaTh (PasAyMbIBaHAE NMPOROKAETCA H /10
CHX IIop), KaKas U3 Tpex Mojeleit, HoKazaHHLIX Ha puc. 9.6,
ayume. Pasnmume MeK[Iy HUMH, KOHEYHO, BTOPOCTENEH-
Hoe... Bupouem, cnemmanmer obmpurca. «Kaxk ke Bropoc-
TeIIEHHOE,— CKaKeT OH,— HA BEDXHEM CHAMKE MOJICKYJIH
3armbaioTcA, KaK OOmajio, MUHYA Onmuafmmx cocened,
Ha BTOPO#l MOMENH OPM CBOPAYUBAHUU MOJIEKYJA CTAHO-
BHTCH cocegKoil camoil cebe. Pasnmume mempmy BTopoil m
TpeTheil MOIeTBI0 3AKII0UAETCH B TOM, 9TO HA CPeHEM PHCYH-
Ke IOBePXHOCTh KPHCTaaa 6ojiee riafgKas, 9eM Ha HEKHEM),




Coeq@anamcT HPaB: XapaKkTep YKIAJKHA DOJAMEPHBIX
MOJEKYJ HMeeT HMCKIIOYATENbHO BAJKHOE 3HAYEHHEe W Kap-
IAHAJABHEM 00pasoM BJMAeT Ha CBOMCTBAa BemecTBa.
XoTa IOJMSTHJIEH, HEAJIOH W Jpyrme MAaTepHajibl CHH-
Te3WpPOBAHH BIEPBHE HECKOJHKO [ECATKOB JIeT Hasaf,
p3ydYeHue UX HAJMOJNEKYJIAPHOH CTPYKTYPH H HCCIe[0Ba-
HEe OPHEMOB, 3aCTABIAOIINX MOJEKYJIH YHOAKOBHBATHCA
pasHbIM o6pasoM, BefeTCA W CeHYac MHOTHMH HCCJe-
JOBATEJISAMH.

MBIIIEYHOE COHPAIIEHUE

Mu 3aKkomdEM pasroBop O GOJNBIIMX MOJEKYJax pac-
CMOTpPeHHeM OJHOT0 W3 IPEMepoB, NOKAa3HBAOIMHUX, Kak
paboTalT MaKPOMOJEKYJH B KABOM OpraHd@3Me.

Buonora cumrtaidm cBoeil 3afiaueii 0OBACHHTH COOTBET-
cTeEe (OPMH SKHBHX OPraHOB — Hampmmep, GOpMH pyKH
HIA JECTA AepeBa — (QYHKIUAM BTHX OPraHOB.
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Qusukn, pemmEBIIEe HCHOAL30BATH METOIH ICCIEOBa-
HUAA CTPOeHWA BEMECTBA H 3aKOHH NPUPOIHI AJMA A3YIeHHSA
IpONEeCccoB, HPOTEKAIAX B JKUBKIX OPraHA3MAaX, CTPEMAT-
CA NOHATH KHU3Hb HA MOJeKyJaApHoM yposee. CTpyKTypa
TKaHeil MokeT OBITH Cerof{HA WMCCJEN0oBaHA BeChMa HeTalb-
Ho. Ilocte ycTaHOBNEHHA CTPYKTYPH CTRHOBUTCH BO3MOJK-
HBIM IPARYMATH MOJENH OMOJOTHYeCKHX COGHITHIA.

HocTaTouHO CYMECTBEHHEIME ABIAIOTCA YCIEXH B CO3-
JAHAH TEOPHH MBIIIEYHOr'0 COKPAMEHMsA. BOJOKHO MBIMI-
Il COCTOHNT M3 ABYX THIOB HHATe#i: TOHKHX H TOJCTHX
(puc. 9.7, a). ToncTsie HATH COCTOAT U3 GETKOBHIX MOIEKYII,
HaseiBaeMbx - MEHO3nHOM. Dmsmkm ycramosmam, d9To Mone-
KyJa MHO3HHAa mMeeT GOpMYy HajI0UKH, 3aKaHYABAIOmeicd
yTonmenneM. B TONCTO# HETH MONEKYNH CXOJATCA XBO-
cramm B nenrpe (pmc. 9.7, 8). Touxue HuTE cocTosT U3
aKTUHA, CTPYKTYPa KOTOPOT'0 HAIIOMUHAET [Be HATOYKH Gyc,
KoTophie 00pasyIoT {BoiiHYI0 cuEpans. Cokpamenne 3aKII0-
4aeTcs B TOM, YTO TOJCTHE HATH BIBHIAIOTCA B TOHKHE.

JleTamn sToro MexaHW3Ma M3BECTHHI, HO MBI He MOKeM
Ha HHEX ocTaHaBnmBaThcsi. CHIHAM K COKpAmEeHHIo Hmopa-
eTcA HepBHBIM EMIYJabcoM. Ero mpmxopx ocBoGokmaer arto-
MH KaJbIHA, KOTOPHE TEPEXOHAT OT ONHONH YACTH HHTH
K fpyroii. B pesynpraTe MOJIEKYJIE IOBOPAYHBAIOTCA APYT
K Jpyry Tak, 9T0 CTAHOBHTCH DHEPreTHYeCKH BHITOTHLIM
BJBIIKEHHe ONHOHM rpeGeHKHE MOJEKYJI B APYrylo.

CxeMH, DOKasaHHHIE HA PHCYHKe, OCHOBHIBAIOTCA HA
9JIEKTPOHHO-MAKPOCKONAYECKAX CHEMKax. IlpuMepHbii
BHJl TaKOI'0 CHEMKA IoKa3aH Ha pHc. 9.7, 6. OparuHanu
HECPaBHEHHO JydYIle.

Boiocs, uro sra cTpaHMma gaer ciaboe mpejpcraBiende
0 JIeTAJIBHOCTH, ¢ KOTOPO# M3y4eH MEXaHM3M MYCKYJIbHOTO
corpamenusa. Ho My w XoTennm JAmb OXHOTO — 3aWHTEpe-
coBaTh udTarens. PaccMaTpuBaiiTe 3Ty HmOCAERHION CTpa-
HANYy KHATH, IOCBAMEHHON MOJIEKYJaM, Kak 3afABKY Ha
JeTanbHHHA pasroBop 0 GHOJOrHIecKol Pu3nKe, KOTOPHIH —
MH HajbeMCsi — CHel@aJHcT B 06JacTH MOJeKyIAPHOR
6nodu3WKE moOBEET B OJHOM H3 MOCJEIYIONHEX BHIIYCKOB
«Dusmkm naa Bcex».
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