H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

PA3AEN - 2 BJIOK -6

B3AHMHBIE ITPEBPAIIIEHHUS XXHIKOCTEHN H I'A30B.
CBOHUCTBA TBEPABIX TEA

CopgepxkaHue OK Ne 8§
OK yuyebHUKa
Tema 1l OK-10.6.1 §70

1.McnapeHune n KoHaeHcauuA

2.HacblWweHHbIN nap

3.CBolicTBa HacblILLEHHOrO Nnapa

Tema 2 OK-10.6.2 §71
1.KvneHwne
2.0c0b6eHHOCTU KNAKOCTM NPU KUMEHUN

Tema 3 OK-10.6.3 §72

1.Bna*HOCTb BO3Ayxa

2.Mpunbopbl gNA U3IMEPEHMA BNAXKHOCTU

Tema 4 OK-10.6.4 §73

1.CBOMCTBa TBEPAbIX TEN

2.AHnsotponua. M3otponua

3.Bl/lp,bl KPUCTaNNYeCKNX peLLETOK

Tema 5 OK-10.6.5 | -----

1.0edopmaumns

2.3aKoH lyKa

3.narpamma pacTaKeHuin

Ypok ezaumoKkoHmpoansa «[loemopum meopuro» B3K-6

TpeHupoeoyHbie 3a0aHusa K b/IOKY-6 «®a3oebie nepexoodbl»

www.kormakov.ru Ctpanuna 1




H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

BJ/1OK -6 OK -10.6.1

B3AHMHBIE ITPEBPALIIEHUS XXHIKOCTEHN U I'A30B

>» UCMAPEHWUE
(co ceobodHol nosepxHocmu, rnpu Arb6oli memnepamype)

HUOKOCMb T=const 2as3

KOHAEHCALUA <

CkopocTtb poda #uokocmu lMpu ucnapeHue
ucnapeHus memnepamypel npoucxooum
3ageucum om om S nosepxHocmu noHuxy@ceHue T

om V 8030yxa

HacbiwWweHHbIM nap

(Hem pasHosecus) (OuHamuyeckoe pasHoesecue)

Map, Haxodawulica 8 OUHAMUYECKOM pasHo8ecuU co ceoeli HUOKOCMb!Io,
Ha3bl8aEeMCA HACLIW,eHHbIM

R CBoiicTBa HacbILWEHHOro napa
P 4 1-2 — HeHacbIWeHHbIU
3 2 2-3 - HacbIWeHHbIl
1
> V 3-4 - #cudkocmeo

1.PeanbHbll ra3 MOXKHO NepeBeCTU B XKUAKOCTb

2.Mpun T=const, n — He 3aBucunT oT V, cnea-Ho, uto P He 3aBUCUT OT V
( y4acmok 2-3, 3akoH bolina-Mapuomma He 8blnosnHaemcs)

3.Piac.napa 32BUCUT OT pOAa XKNUAKOCTU

4.Pyac.napa 32BMCUT OT TEMNEPATYPLI
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H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

ITosicHeHuss Kk OK-10.6.1

l.chapeHne H KOHAOCHCAIIHA

slBA€HHE TIepexo/ia BellecTBa B I1ap Ha3bIBAETCS nNapoobpasoeaHueMm.
[Tapoo6pa3oBaHue C OTKPBITOM IIOBEPXHOCTH HA3BIBAETCSI UCNApeHueMm,
IIPOMCXOIUT C IIOTAOIIEHUEM Q IIPHU ITOCTOSHHOU TeMIlepaType.

PacCMOTpPHM IPOLECC HCHAapeHHSs XHAKOcTeH. Tak ke Kak auddysud,
UCIIapeHHe ITPOUCXOAUT BCAEACTBUE HEIIPEPHIBHOTO XaOTHYECKOIO ABUIKEHUS
MOAEKYA KHUAKOCTH. Bcakass MoAeKyAa, ABUKYIIASICA U3 TAYOUHBI KHUIKOCTH K
€€ TIIOBEPXHOCTH, UCIILITHIBAET B IIOBEPXHOCTHOM CAO€ M[OEHUCTBHE CHABI,
HPENSTCTBYIOIIEH BBIPHIBAHUIO MOAEKYABI C IOBEPXHOCTU IKUIAKOCTH. YTOOBI
OPOUTHU CKBO3b ITOBEPXHOCTHBIN CAOHM, MOAEKYAA JOAYKHA 00AaIaTh JOCTATOYHOM
BEAMYMHONM KHWHETUYECKOH OHEPTUU [OAS COBepIIeHHs pPaboTbkl BBIXOAA C
IIOBEPXHOCTHU KUITKOCTH.

CKOpPOCTH MOAEKYA XKUIAKOCTHU, KaK U MOAEKYA rasa, pasaudHbl. 2KHIKOCTh
HNOKHUJAI0T Hamboaee '"ObICTphble' MOAEKYABI, BCAEICTBHE YEro CpeaHss
KUHETHUYeCKasd OHEPrus OCTaBIINXCA MOAEKYyA YMEHBIIAeTCs, 4YTO BeOeT K
IOHMKEHUIO TEMIIepaTyphbl XUAKOCTU. J[lad moamepkKaHUus IIOCTOSIHHOM
TEeMIIEePaTypPhl >KUAKOCTHU €l HEOOXOAHUMO COOOIIATh SHEPTHIO U3BHE, HAIIPUMED,
B BU/IE€ TEIAOTHI.

KoAndyecTBO TemAOTHI Q, HEOOXOAUMOE IAS IIPEBPAILIeHUS B Hap l1KT KHUIKOCTH

IpU  IIOCTOAHHOM  TeMIlepaType, Ha3bIBaeTcd  YyoesrbHOU  mensiomoul
napoobpazosaHusi.
L=—
m

[Tocae TOro Kak MOAEKyAd IKHAKOCTH II€PEMECTHAACh OT T'PaHHIIBI
IIOBEPXHOCTHOI'O CAOSI Ha paccTogHHe 0oablllee, dYeM paguyc MAeHCTBHUSA
MOAEKYAIPHBIX  CHA  JKHJKOCTH, OHa CTAHOBHUTCS MOAEKYAOH  mapa.
MoaeKyAasipHbIE CHABI, AEHCTBYIOT Ha CPaBHUTEABHO KOPOTKHUX PACCTOSHHUIX
(~10HM).

B pe3yAbTaTe XaoTHYECKOTO ABHXKEHUS HAJ ITOBEPXHOCTHIO JKUAKOCTH MOAEKYyAQ
napa, nornazgas B cepy AeHCTBUS MOAEKYASIPHBIX CHA, BHOBb BO3BpAalllaeTCs B
KUAKOCTB. DTOT IIPOIIECC HAa3bIBaeTCd KOHOeHcayuel.

[Ipu KoOHOeHcallMM Ilapa HEKOTOPOH MAacCChl BBIAEASIETCH CTOABKO 3HEPTUH,
CKOABKO 3aTpadrBaeTCs IIPU UCHAaPEHHUH KHUIKOCTH TAKOH K€ MacCChI.

HcoapeHue KUIKOCTH ITPOUCXOMAUT IIPU AKOOO#H Temriieparype. WHTEHCHBHOCTH
UCTIapeHUs 3aBUCHUT:

-om pooa xKuoKocmu

-om memnepamypbol

-om naow,adu nogepxHocmu

-om cKopocmu 8030YyulH020 NOMOKA.

EcamM KMOKOCTH HaAXOAUTCSI B OTKPBITOM COCYAE, TO MOAEKYA HCHIapPsSeTCs
OoAblIle, YeM KOHAEHCHPYETCH, U Macca KHUIKOCTHU YMEHBIIIaeTCs.
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H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

2.HachpIlleHHBIHA mIap.

[TycTh XKUAKOCTh HAXOAUTCS B 3aMKHYTOM COCYyZ€, U3 KOTOPOro OTKadaH BO3AyX.
B Havaare YUCAO MOAEKYA, UCIIAPUBIIUXCA U3 XKUAKOCTH, PACTET, HO YeM OOAbIIIe
YHCAO MOAEKYA T1apa, TeM OOABIIIEe MOAEKYA KOHIEHCUPYETCS.

B cay4dae, ecAn YHMCAO MOAEKYA I1apa BCE K€ YBEAHUYUBAETCH, I1ap, HaXOAdIuHcs
HaJ XKHUJKOCTbIO, HA3bIBAETCS HEHACLIUEHHBIM.

B caydae, Korza 4HCAO UCHAPSIONIMXCS U KOHAEHCUPYIOIIHUXCS 3a OOHO U TO K€
BpeMs MOAEKYA IIapa OOUHAKOBO, YHCAO MOAEKYA ITapa Hal KUIAKOCTbIO OymeT
ocTaBaTbCd IIOCTOSHHBIM. Takoe COCTOsSHME HasbIBAIOT OUHAMUUECKUM
pasHosecuem napa u KUOKoCcmu.

[Tap, HaxondIelica B AUHAMHUYECKOM PaBHOBECHU C XKHUIAKOCTHIO, HA3bIBAETCS
HAaCblUEeHHbIM.

HHuCAO MOAEKYA, IOKUHYBIIIHUX HHrCAO MOAEKYA, BEPHYBIIINXCA B
KHUAKOCTD 34 €I.BPEMEHHU KHUAKOCTD 334 €I.BPEMEHHU
100 -20
100 -35
100 -40
100 -100

JlaBA€HHEe HaCBILIEHHOrO mapa.

PaccMoTpuM, KakK 3aBHCHUT OaBA€HHE HACBLIINIEHHOTO IIapa OpPH HEU3MEHHOH
TeMIlepaType OT ero oorema.

Hccaenyemblii ra3 MOMEUIAIOT B OYE€Hb ITPOYHBIN MPO3padyHbI¥ IIUAUHIAP C IIOI-
BUIKHBIM IIOPIIHEM. TakK Kak IIPU CXKATHUU ra3 HarpeBaeTcd, TO OAd OTBoJA
TeIlAa U IOAAePKAaHUS TeMIIepaTyphl ra3a IIUAUHAP ITIOMEIIA0T B TEPMOCTAT.

B Hauaae ombITa JaBAEHHE Ta3a U3MEHSIETCS B COOTBETCTBUHU C 3aKOHOM Boiiasi-
Mapwuorta. Ha rpaduke 3ToT MOMEHT u306paskeH uszorepMmoii 1-2. Ho, HauynHaa
C HEKOTOPOro MoMeHTa (T.2) masbHeHIllee yMeHBIIIEHHE O0ObeMa rasza yxKe He
IIPUBOUT K YBEAUUEHUIO JTABACHUS.

B 3TOT MOMEHT MOXKHO 3aMETUTH IIOSIBAEHHE Ha IIOBEPXHOCTH CTEHOK ITUAMHIPA
KareAeK XUAKocTu. CAemoBaTEABHO, YaCTh rasa IIPEBPATUAACh B JKHUIKOCTH U
Teneph B IUAHMHAPE HAXOOSITCSA OJMHOBPEMEHHO KHUAKOCTD U ra3. [Ipu 3ToM ras u
JKUJIKOCTh HAaXOOATCH II0[ OJAWHAKOBBIM [JAaBA€HHUEM U HMEIOT OIHHAKOBYIO
TeMIeparypy, T.e. Ta3 U IKUAKOCTbh HAaXOOATCA B TEPMOIUHAMHYECKOM
paBHOBecuu. I[losmomy makoli ea3 HA3bLEAIOM HACLIULEHHbIM NAPOM C80ell
HKuoxKocmu.

JaapHelIIee cxKaTHe rasa IIPUBOAUT K YMEHBIIEHHIO €ro MacChl M K
YBEAMYEHHIO MAacChl KHUAKOCTH. [laBA€HHE TIPU 3TOM OCTAETCHd IIOCTOSHHBIM
(n306apa 2-3). HakoHell BeCch ra3 mpeBpPaTHUTCH B KHIKOCTb. [lOIBITKA CXKaTh
KHUJAKOCTb IPUBOAUT K TOMY, UTO JaBAE€HHE OUYEHb PE3KO BO3PACTAaET.
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/Hepexo;[ rasa B mHHKOCTLR

MOJICKYJSIPHOW TOYKH 3pCHUS 3 3
OOBSACHSICTCSI TEM, 4YTO MpH
cOMmMmKeHnn [ [ 1

JIOCTaTOYHOM

MOJIEKYI BCTYMAIOT B [ ! [ 3
JeHCTBUE CUJIBI UX B3aUMHOI'O |
OPUTSDKEHUS.. MOJEKyJbl Kak

OBl CIMIAIOTCS, W BEIIECTBO e
{
1
|
|

TIePEXOTUT B JKHIKOE

COCTOSIHUE. <

1 — 2 — HeHACBIIIEHHBIi Map

2 — 3 — HAaCBIIIEHHBIH Tap

L e

3 —4 - JKUAKOCTH

1.0mrcaHHBIM ONBIT M0 CKUKEHUIO rasda NOBOPHUT O TOM, YTO PEaAbHBIM ras
MO3KeT OBITH IIpPeBpAaIIeH B XKHUIKOCTh, YTO T'a3 U XKUAKOCTBH-9TO OBa COCTOSHUS
(nBe pasbl) OAHOTO U TOTO K€ BelecTBa.

B sTOM Hm 3aKAl04aeTCd OCHO6HOE OMmau4Yue PeasbHBIX I'a30B OT HAEaAbHOTIO,
KOTOPBIN Bcerza, IpU AIOOBIX JaBAEHHUSIX OCTAETCS I'a30M.

2 KoHIleHTpaluss MOAEKYA, &, CAEIOBATEABHO, U JaBA€HHE HACBIIIIEHHOI'o Iapa
HaJ Ucrapgronielicsa ;KUAKOCThI0 Ipu T=const He 3aBUCAT OT 00BEMA.
3.[laBAeHHE HACBIIIEHHOTO I1apa 3aBUCHUT OT poaa KUIKOCTH.

KuakocTb JdaBaenne Hac. mapa, JdaBaenune Hac. mapa, Temneparypa,
klla MM.PT.CT 0
C
Bona 1,2 17,5
Croupt 3,2 44 20
O¢up 38,7 437
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H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

B/10K -6 OK - 10.6.2

3aBHCHMOCTB JaBA€HHSI HACBILUIEHHOrO I1apa OT TeMIIlepaTypsbl
PA
AB—HacwiuwjeHHbIL rap - 3aKoH LLiaprs He ebirnonHaemca

BC — HeHacblweHHbIU nap - 3aKoH LLlapna ebinonHaemcsa

T

Ycnosusa nepexopa

HeHacblILweHHbIN nap HacbiweHHbIN nap
T vi Tl —

KHIIEHHE
-napoobpazosaHue co 8ce2o obvema HuOKoCMu npu onpeodeseHHoU memnepamype

1.NMysbipbkn (tT—P,,  T—-VT—-F4 1)

2.lUym (ny3sipbku nonaromcs)

3.Map
:::::::::::::::Q::::::::::::::::: 4. Xupkoctb KUNUT (P, = Peuewmemy)
''''''''''''''' O (6000 ~Popmy,=10°11a, P,,,=10°110, t,,,=100°C)

Ocob6eHHOCTU XXUAKOCTU NPU KUNEeHUU
1.Yem ebiwe P,,,,, mem ssbiwe t,,,
- naposoii Komesn Py, =1,6*10°Ma, t=200°C — 80da He kurum!
- A8MOKa8sbl (cmepunu3ayua MeduyUHCKUX UHCMpPYMeHmMos)
2. Yem meHbwie P,,,,,, mem Huxce t,,,
- omKayame 8030yX U 8004 KUNUM rpu KOMHam+ol memnepamype
- Ha ebicome 7134 m, tKun,=700C
3.Pa3znuvyue memnepamyp KuneHus ¥udKocmelii onpedensemcsa pasauyuem s P, .
- npu t=100°C - P,... 8006l = 760mMMm.pm.cm.,a pmymu — 0,28 mm.pm.cm.
- twnpmymu = 356,58°C
4.Temnepamypa KuneHus 3asucum om Haauvyusa npumeceli
- ecnu 800a codepxcum 40% conu, t,,, = 108°C
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ITosicHeHuss K OK-10.6.2
3aBHCHMOCTH JAaBA€HHE HACBIIIEHHOr'O Mapa OT TeMIepaTyphl

[Ipu yBeAMYEHUH TEMIEPATYPhbl M3 KUAKOCTH CTAHET UCHAPATHBCH OOABIIIEe
YHUCAO MOAEKYA. J[IUHaMUYECKOe paBHOBECHE HAPYIINUTLCA. KOHIIEHTpAIlUs
MOAEKyA I1apa OymeT pacTu, [OKa CHOBA HE YCTAHOBUTCS [IHHAMHYECKOE
paBHOBecue. CnedoeamensvHo, ¢ eo3pacmaHuem memnepamypst oaeneHue
HACLLUWEHHbLX NApoe yeenudueaemcsi.

OpgHako aTa 3aBHCHMOCTB, HaligeHHad AKCIIEPHMEHTAABHO, HE ABAAETCA IIPAMO
HpOHOpI_[I/IOHaABHOfI, KaK y UICaAbHOI'O rasa.

C yBeandeHHEM TeMIlepaTypbl OJaBA€HHE HACBIIIIEHHOTO IIapa pacTeT ObICTpee,
4eM y UIeasbHOro rasa (yuacmok AB). B 0CHOBHOM yBEAWYEHHE NABAECHUS IIPU
[IOBBIIIIEHUH TEMIIEPaTypPhl onpeneadeTcs HUMEHHO YBEAUYEHUEM
KOHIIEHTpPAIIUU.

Korma BCca XHAKOCTb HCHAPUTCd, IIap IIPH [OaAbHEHIIEM HarpeBaHUH

IepecTaHeT OBITH HACBIIIIEHHBIM M €0 JaBA€HUE IIPU IIOCTOSTHHOM o0beMe OyneT
BO3pacTaThb IIPSIMO IIPOIIOPIIMOHAABHO abCOAIOTHOH TeMIiepartype (yuacmox BC).

Y

Q N s TAyxca

3akoH ]_Hap.]'lﬂ HC BBIIIOJIHACTCS, T.K. UBMCHACTCA KOHICHTpAUA MOJICKYIIL.

Yuacrok BC — HeHachIIIEHHBI ap

——————————————— Hem nyscu
Q A L L L L L L L s

Pl

3akon [llapsst BeITOTHSETCSI.

www.kormakov.ru Ctpanuua 7



H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

HenachIrieHHBIN 1ap MOKHO TE€OPETHYECKH OIHUCHIBATH C IIOMOIIBIO YPaBHEHHUS
COCTOSHUS UeaAbHOI0 ra3a IpU OOBIYHBIX AT PEAABHBIX I'a30B OrPaHUYEHUIX:
JaBA€HUE I1apa IOAYKHO OBITH HE CAMIIIKOM BEAUKO (IpaKTudecku p < (100-107)
[Ta), a ero Temnepatypa BbIIIIe HEKOTOPOTO OIIPEAEACHHOTO OAT KasKIIOTO
BeIlleCTBAa 3HAYEHUS.

K HachbIIleHHOMY I1apy Tak:Ke MOKHO IIPHUOAMKEHHO ITPUMEHITh 3aKOHbI
HUIIeaAbHOTO rasa.

Hap MOICHO nepesecmu U3 HEHACbIUEHHO20 6 HaCblweHHbllZ.' YMeEHRbUIUB 05'b€M, NOHU3UB
memnepamypy (nomeiom cmeKia, CmeHbl 6 BAHHOL KOMHAME U mn)

U3 nacviuyennozo 6 HeHACbIUEeHHbI MOJCHO Nepesecmi. Y8eaudus 00vem, nogblCUs
memnepamypy.

KpuTH4YecKasa TeMieparypa.

OnbITHI, aHAAOTUYHBIE OITMCAHHOMY BBIIIIE, BIIEPBbIEe OBIAM IIPOBEAEHBI B KOHIIE
XVIII B. roananackum ydeHbIM BaH Mapymom. Ban Mapywm, ripoBoad OIIBITHI C
aMMHAaKOM, OOHApPYKHA, 4YTO IIpU AaBaeHuu B 7atMm (1 atrMm.=105 [la), ammuak
IIEPEXOAUT B XKHUIKOE COCTOSHHUE.

[locae ombITOB BaH Mapyma MHOTHE YyY€HBIE MIPEAIIPUHHUMAAN IIOIBITKHU
IpPEeBPaATUTH ra3bl B XKHUJIKOE COCTOSHHUE.

Ocob6enHo OoabmInx ycrexoB noctur Papazneii. OH nepBbIM M3 yUEHBIX CTaA HE
TOABKO CXKHXKAaTh Ta3, HO U OAHOBPEMEHHO OXAAXKIAThH €ro. OTUM CII0COOOM
dapaneii mepeBeA B JKHIKOE COCTOSTHHE OOABIIIMHCTBO U3 U3BECTHBIX B TO BPEMS
rasos.

OnmHaKO eMy He YAaAOCh IIEPEBECTU B JKUIKOE COCTOSHHE - 8000p00, KUCAOPOO,
asom, OKucCb yenepooa, MemaH, 2euil

OTU rasnpl ObIAU HA3BaHBI "@euHbIMU 2a3amil”.

Anaam3upysa oneltel  Papanea, [ UN.MemgeaeceB B 1860r. BrIcKazaa
IPEAIIOAOKEHHE,  YTO  KaxK/J0€  BEIIeCTBO  XapaKTepHU3yeTCd  CTPOro
OIIpeNeA€HHOH TeMIIepaTypoH, BBIIIIE KOTOPOH 3TO BELIECTBO IIPU AIOOOM
JaBA€HUH MOXKET HaXOJIUTHCH TOABKO B ra3000pa3HOM COCTOSHUHU.

Oty TeMnepatypy MeHaeaeeB Ha3Baa Kpumuueckou memnepamypoul.

IIpu T = Tkp. ncye3aroT pa3Andud B (PU3NYECKUX CBOHMCTBAX MEXKAY KHUIKOCTBIO
U HACBIIIIEHHBIM I1apPOM.

[Ipu T = TKp. IAOTHOCTBH HACBIIIIEHHOT'O I1apa U AaBA€HHWE HACBIIIEHHOro Iapa
CTaHOBHATCS MaKCHUMAaABHBIMH, a MAOTHOCTD XKHUJAKOCTU MUHHUMaABHOH.

C pocToMm TeMIlepaTypbl YMEHBIIIAeTCs yAeAbHAs TEIA0Ta Hapoodpa3oBaHus L, a
IPU KPUTUYECKOH TeMIIepaType OHa paBHA HYAIO.

Ecau T > Tkp., TO ra3 HeAb3sl OOpPATUTh B JKUJKOCTD IIPU AFOOOM JaBACHUH.

Tarxum obpaszom, 2a3 obpawiaemes 8 xkuokocmo, ecau T < TKp. u nosviuwaemces
oassieHue.
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H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

MeHaeaeeB MPEOITIOAOKHUA, YTO JIAS CKUIKEHUS "BEYHBIX I'a30B" UX HEOOXOIUMO
oxAaKaaTh OO TeMIlepaTyphbl, KoTopad ObIra Obl HUKE KPUTHUYECKOMU, a 3aTeM
cXKaThb.

W petictBUTEABHO, B 1869r. B pe3yAbTaTe HCCAELOBAHUMN aHTAUMCKOTO Y4E€HOTO
T.OHAproca IpearnoAoKeHUE MTOATBEPAUAOCE.

Yxe B 1877r. 3TUM IIyTeM OBIAM CIKHZKEHBI KHCAOPO, a30T, YTAEKHCABIHA ras, B
1898r. ObIA CKUKEH BOAOPON U, HakoHell, B 1908r. ObIA ITOAYYEH B XKUIKOM
COCTOSIHUH IIOCAEIHUM - TeAUH.

Heymaua dapanesa O6biaa cBg3aHa C TEM, YTO B TO BpeMs ellle He ObIAM U3BECTHBI
CITOCOOBI TAYOOKOTO OXAQXKAEHUS ra30B.

Kuneunue

ITo MEPE YBEAHWYECHHA TEMIIEPATYPBI 2KHUIAKOCTH HHTEHCHBHOCTHL HCIIApPE€HUA
YBEAUYHUBACTCH. HaKOHeL[ JKHUOKOCTh HAYHMHAET KHUIIETE.

[Ipr kuneHHWH 0O BceMy OOBEMY 3KHAKOCTH 00pasyroTcd IIy3bIPBKU I1apa,
KOTOpBbIE BCIIABIBAIOT Ha [TIOBEPXHOCTb.

TemniepaTypa KHUIIEHUS IIPU 3TOM OCTAETCS ITOCTOSHHOU.
BobisicHum ycnosust, npu Komopblx HaUUHaemest KuneHue.

B xxuagkocTu Bcerma IIPUCYTCTBYIOT paCTBOPE€HHBIE I'a3kl.

HapBI KHUOKOCTHU, KOTOPBIE TAKXKE€ HaAXOAATCA BHYTPH IIY3BIPBKOB, ABAAIOTCA
HaCBIINICHHBIMH.

C YBEAUYEHHUEM TEMIIEPATYPhI AaBA€HHE HACBIIIICHHBIX IIapOB BO3pacTacT, U
IIY3BIPBEKH YBEAUYHUBAIOTCA B pa3MeEpax.

[loa pedcTBHEM BBITAAKHMBAIOIIEN CHABI OHH BCIIABIBAIOT BBepX. [locrurada
CBOOOMHON ITOBEPXHOCTHU BOJBI, IIy3bIPBKHU AOHAIOTCA U BBIOpPACHIBAIOT
colepKalluicsa B HHUX IIap B BO3AyX. OTOT IIPOLIECC COIIPOBOXKIAETCH IIIyMOM.

Hy3preK Inapa MOXKET pacCTHu, Korga AOJaBA€HHE HACBIILICHHOI'O I1Iapa BHYTPH
IIPEBOCXOOAUT NABACHHE B XKHJIKOCTH.

Kunenue ZKHUIOKOCTH Ha4YMHAETCA IIpu TEMIIEpPATYPE, Korga AOaBA€HHE
HAaCBIIIIECHHOTO I1apa B IIY3bIPhKAaX PAaBHO BHEIIHEMY AABACHUIO.

Hanpumep, naa Boas! npu 1000 C, Pu.m.=105 [Ta, Patm=105 I1a.

Yem bosbuie sHewHee dassieHue, mem govlule memnepamypa KuneHusl.

l.Tak IpHU OaBAEHHH B HapoBoM KoTae 1,6¥106 Ila Boma He KHUIHUT U IIpHU
TeMmneparype 2000 C.

2.B MEOUIIMHCKHUX VYYPEKIACHUAX KHIIEHHE BOAbBI B T€CPMETHYCCKH 3aKPBITBIX
CoCydaxX ITPOUCXOOUT IIPHU IIOBBEIIIIEHHOM JAaBACHHH.
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H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

Takue cocyapl Ha3bIBAIOT AaBTOKAABBbI, NPHMEHHAIOT HX [OAd CTEPHUAHU3AIIUU
XUPYPTUUECKUX UHCTPYMEHTOB U T.II.

Haobopom, ymeHbvuias dasieHue, Mbl NOHUXAEM memnepamypy KUneHusl.

l.oTKayuBasi BO3AyX HACOCOM MO3KHO 3aCTaBUTh KUIIETh BOAY IIPU KOMHATHOM
TeMIIepaType.

2.mpu mogbeMe B TOpPBl aTMocepHOe MOaBACHHE YMEHBIIaeTCs, I03TOMY
YMEHBIIIaeTCd TeMIIepaTypa KUIIEHUS.

[Tuk AenuHa Ha [Tamupe umeet BrIcOTy 7134 M U TaM TeMIlepaTypa KHUIIEHUd
cocraBageT 700 C.

PasHble sxuokocmu umerom pasjsiuuHble memnepamypvl KUNEHUsL.

Camag HHU3Kadg TeMIlepaTrypa - oKkuokuu 2eauti - 4,215 K
- 8000p0o0 Kunum npu 20 K
- Kucsopoo - npu 90 K
-okene3o - npu 3145 K

Pazauuane TEMIIEpPATYP KHUIICHHUA JKUOKOCTEM OIIPEOEAAETCA PA3AUIHNEM B
JaBA€HHUHU UX HACBIIIEHHBIX IIapOB.

Yem evbluue oassieHue HACbLWEHHO20 napa, mem HUXe memnepamypa KuneHusl.

Hanpumep, Boaa - txun.=100°C, a PH.m.=760MM.pT.CT.
PTYTh -tkun.=357° C, a PH.1.=0,88MM.pT.CT.

Ileperperas 3XKHAKOCTD

[Ty3b1pbKH, OOpa3yroluecs IPU KUIIEHUH XKUIKOCTH, AeTde BCEro BO3HUKAIOT Ha
IIy3bIpbKax BO3yXa HAW APYTHUX I'a30B, OOBIYHO IIPHUCYTCTBYIONIUX B KUIKOCTH.
Takne my3bIPPKH-LIEHTPBl KHUIIEHUA - 4Yallle BCEro IIPHAHIIAIOT K CTEHKaM
cocyzna, [I03TOMY KHIIEHHE PAHBIIIE HAYUHAETCS Y CTEHOK.

Ho ecam XuUAKOCTH CBOOOIHA OT ra3oB, TO 00pa3oBaHUE B Hell IIy3bIPHKOB IIapa
3aTpynHeHo. Takyr IKHUOKOCTH MOXKHO IIeperpeTb, T.€. HarpeTrb BbIIIe
TeMIlepaTypbl KUIIEHUd 0e3 TOro, YToObI OHAa BCKUIIEAA.

Ecan B Takylo MEPETPETYIO XKUAKOCTh BBECTH HHYTOXKHOE KOAMYECTBO ra3a HUAU
TBEPABIX YaCTH4YEK, K IIOBEPXHOCTH KOTOPBIX I[IPHAMII BO3AyX, TO OHAa

MTI'HOBEHHO M O4YC€Hb 6ypHO 3aKHIIHUT.

TeMrIepaTypa KHUIOKOCTH IIPHU 3TOM IIadacT A0 TEMIIEPATYPhI KUIICHHA.
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BAAXKHOCTB BO3AYXA
- co0epxaHue 800AH020 napa 8 ammocgepe(1%)
1rop—4,25* 10" 1

1.NapuyunanbHoe pasneHue (P) — dasneHue, Komopoe rnpouseodusn bbl 8o0aHoOU nap
npu omcymcmaeuu ocmasbHbIX 20308.

2.A6con0THaA BAAXKHOCTb — [10KA3bI8AEM KOAUYECMB0 B00AHO20 nNapa 8 ed. obvema
(m.e.nnomHocme 8005H020 rnapa)

m KI'

P=V i

3.0THOCUTEeNbHAA BAAXKHOCTb — 8€/1UYUHA, pasHAs omHoweHuro P npu 0aHHOU
memnepamype, K 0a6/eHU HaCblueHHO020 rnapa Py
npu mod 3e memmnepamype

P
© =~ «100% =2 ., 100%
Py unu ¢ o

4.TouKa pocbl (t,) — memnepamypa, npu komopol 8odaHol nap cmaHosumcA
HACbIWEHHbIM
Ecanut=t,, mo KoHOeHcauusa napos (mymaH, poca)

Mpumep: tyo.0, =25°C — P, = 3,17*10°Ma (mabnuya)
thocor = 10°C - P, = 1,22*10° Ma (mabauya)
_L22+107Ma b0 sou
$=317+10%ma - 0T
5.Mpubopbl AnAa onpegeneHna BNaXKHOCTH I
1.f'vrpomeTp BONIOCHOM () 4
2.TurpomeTp JlambpexTa (t,, @) Aty

3.McuxpomeTp (rp.»ncuxpua» - xonoa,) cyxoli 8/1aXMcHblli
mabauya

6.Cy6beKTuBHOE oLyL,eHue BAAXKHOCTU Ye/I0BEKOM

Cyxo Hopma Bna)Ho
<40% 40 - 60% > 60%
7.Y4eT u ucnonb3osaHue
1.Noropa. 2. Camouyscteue. 3.My3eun. 4. }u3Hb pacTeHui
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ITosicneHuss K OK-10.6.3
1.BoasHou nap B armocdepe

B Bo3myxe Bcerma ecTh BoasHoM map (~1%).0OH oOpasyercda B pe3yabTaTe
UCIIapeHUsI BOAbl C ITOBEPXHOCTU MOpel, OKeaHOB, 03ep, peK. B TedeHme roma
obpasyerca 4,25*1014 .

OT KoAMYecTBa BOAAHOTO IIapa, COAEpPIKAaIlerocd B BO3AyXe, 3aBHUCHUT IIOTOAA,
CaMOYyBCTBHE YEAOBEKA, KU3Hb PACTEHHM, COXPaHHOCTb TEXHUYECKHX
00BbeKTOB. IlepemellieHre BO3AYIIHBIX MAacC IIPUBOAUT K TOMY, UTO B OIHHUX
MecTax Hallled ITAaHeThl UCIIapeHue ITpeobAamaeT HaQ KOHAEHCAIIUENM, B APYTHUX
Haob0POoT.

BoosiHoll nap, codepxauwieticst 8 8030yxe, 00blUHO s8/151emeCsi HEHACLLULEHHBIM.

Ecau ObI BomgsiHO#M nap - ObIA HaCBIIIEHHBIM, TO IIOBEPXHOCTH 3€MAM M BCE Ha
Hel ObIAO OBl IOKPBITO KalleAbKAMHU KHUIKOCTH U HUKOT/IA He BBICHIXAAO.

UeM masbllle BOASHBIE IIapbl, cojAepzKalluecd B BO3AyXE, HAXOASITCI OT
HAaCBILIEHUS, T€M, BO3AyX CYIIIE.

CooeprkaHue 80051H020 napa 8 8030yxe - HA3bl8AEMCSL 8/LAXKHOCMbIO 8030YXA.

KoanuyecTBO BOAsgHOro mnapa B BO3AyX€ MOXHO BBIPa3UTh IIPU IIOMOIIH
CAEOYIOIINX BEAUYHH.

2.1'IapuuaA5Hoe AaBACHHE BOASHOI'O Imapa

ATMocdepHBIH BO3AyX IIpeacTaBageT coboil cMech pa3AHYHBIX Ta30B U BOASHOTO
napa. Kaxpapii u3 ras3oB BHOCHUT CBOM BKA3[ B CyMMapHOe€ [daBACHUE,
IIPOU3BOANMOE BO3IYXOM.

ﬂaBAeHI/Ie, KOTOPO€ IIPOMU3BOOAHUA OBI BOJISTHOM rmap, €ecan ObI BCe OCTaAbHBIE T'a3bl
OTCYTCTBOBaAH, HA3bIBA€TCd ITapIIHAABHBIM JaBACHHUEM (.P)

3.A0coAIOTHAasI BAAXXHOCTD

AOCOAIOTHas BAQXKHOCTH BO3[QyXa MOKA3bIBAET KOAHMYECTBO BOIAAHOIO IIapa B
eaVHUIIE O0BEMA.

m Ke

PV

m.e. NJIOMHOCMb 80051HO20 napa npu OaHHOU memnepamype.
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4.0THOCHTEABHAA BAAXHOCTBH

[lo mapumasbHOMY [OaBA€HHIO BOAGHOIO IIapa €IIe HEeAb3s CYyOUTb O TOM,
HaCKOABKO BOJSIHOU Iap JaA€K OT HACHIIIEHUS.

[ToaTOMy BBOOAT BEAUYHHY, [I0KA3bIBAIOIIYI0 HACKOABKO BOASHOM I1ap JAaA€K OT
HaCBIIIIEHUS -0MHOCUMENbHYIO 8IAXKHOCMb.

OmrocumenvHoll 8/1aKHOCMbIO 8030Yyxa P Ha3bIBAETCd BEAMYHHA, paBHAd
OTHOLIIEHUIO [aplHaAbHOI'O [aBA€HHsS P BoasgHOro Iiapa, IIpH OaHHOU
TeMIlIepaType, K AaBA€CHUIO PH HaCBIIIEHHOTO I1apa IIpH TOM Ke TeMIlepaTrype,
BBIPa’KEHHOMY B %.

P

H

pRT p RT puRT p o
= —_— — = = — - = — %
Ecau P " ,mo P " ; Py " 1) o 100%

p
@ =—x100%
H
T.€. OTHOCUTEABHAS BAAXKHOCTH 3TO OTHOIIIEHHE ITAOTHOCTH BOALAHOTO IIapa IIpU
OAHHOU TEMIIEpaType K IIAOTHOCTH HACBIIIEHHOTO IIapa IIpU TOM K€
TEMIIEpaAType.

5.Touka pochl

OxaazkeHUe rapa IpU IIOCTOSHHOM JaBACHHE PAHO HUAU IIO3MHO IPEBPATHUT €TO
B HaCBIIIIeHHBIH.

Temnepatypy, @HpHU KOTOpPOH BOAIHONM Iap CTAHOBUTCS HACHIIIEHHBIM,
Ha3vbleaemesi mouKoil pocsL.

HpI/I OXAQKIOEHHNHU BO3AyXa A0 TOYKH POCBI HAYHMHAETCA KOHIACHCAIIHA IIapOB:
IIOABAAETCA TyMaH, poca.

Touka pocChl XapakKTepH3yeT BAaXKHOCTh BO3Ayxa, T.K. OHa II03BOASIET
OIIPENEAUTD IIAPLIAaAbBHOE JAaBA€HHUE B OTHOCHUTEABHYIO BAQXKHOCTb.

Ecau Touka pochI tp U3BECTHA, TO TEM CAMBIM H3BECTHO ITapIlMaAbHOE AaBACHUE
(cm.rpacduk Pi). ETo MOKHO HAUTH C IIOMOIIBIO TAOAUIIBI.

[aBaeHne HacbpIlleHHOTO Itapa (cM.rpacduk PoO)COOTBETCTBYIOIIEE TeMIlIEpaType
t1, MOXKHO OIIPEIEAUTD 110 TabAUIIE.
Hanmpumep:

taosayxa = 25°C Py =3,17*10° ITa (110 Ta611.)
tooew =10°C Py =1,22*10° ITa (rio Tabu.)

1,22 * 103I1a

= 2 4100% = 409
317+ 10°Ta * 100% = 40%

%
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6.IIpuGOpPHI AAA ONpeAEeA€HHS BAAXKHOCTH BO3AyXA.

a.BOAOCHOH THIr'poMeTp. ‘ )

OcHOBHag 4acTh npudbopa - 06e3:KUPEHHBIH YeAOBEYECKUH

BoaocC (B), obaamarorii CioCOOHOCTBIO VAAUHATHCS IPU ~

YBEAMYEHHUH OTHOCHUTEABPHOM BAAXKHOCTH Bo3ayxa. Boaoc (B) /—\

HaBUT Ha poAUK (P) u gepkutcd B HATIHYTOM COCTOSTHUU c

rpy3ukoM M. [Ipu u3MeHEHUN BAQXKHOCTU MEHSETCS JAWHA p

BOAOCA, POAHK BpalljaeTcd U ABUKET cTpeaKy (C). < I
oM

O0.rurpomeTp AamOpexTa.

OCHOBHO}# YaCTBIO SIBASIETCSI METAAAMYECKUM cocy B popMe

LIUAMHPA, OCh KOTOPOTO 3aHUMAET TOPU30HTAABHOE IToAOKeHHe. OHA CTOPOHA

LIUAMHIPA CAEAAHO CHAPYXKHU OaecTsIei. BHyTpb

IIUAMHPA BXOIUT TPyOKa, KOTOpasi IPUCOEIUHSIETCS 5 [
oca

K KaKOMY-AH00 BO3IyXOHaAyBHOMY YCTPOHCTRBY,
HaIIpUMeEp, K PE3NHOBOM rpyuie. BHyTps HuAMHApPA
HaAUBaIOT 3QUP.

[IponyBas yepes 3pup BO3AYX, YCKOPSIOT IIPOIIECC UCIIapEeHUS.
Hcnapgasice, apup oxaazkaaeTcsd U oxaaxkaaeT HUANHAP. Korma
TeEMIIepaTypa LIUAUHIPA CTAHOBUTCS PaBHOM TeMIIepaType
TOYKH POCHI, €TI0 ITOBEPXHOCTSH "3arioreBaeT” [lag U3MepeHUs
TEMIIEpPATyphbl BHYTPh MUAWHAPA BCTABAFIOT TEPMOMETP.

coxeds  dnaxcrie
B.IICHXpOMETP (OT I'PEYECKOT0 "IICUXpHUa"-XOAO)

[IcuxpoMeTp COCTOUT U3 ABYX TEPMOMETPOB, IIIaPUK OLHOTO
U3 HUX OOMOTaH TKAHbIO, HUXKHUH KOHIIBI KOTOPOM OMyIIEeHbI
B COCYy[ C AUCTHUAAUPOBAHHOMN BONOH. CyXOH TEPMOMETP
PETHUCTPHUPYET TEMIIEPATYPY BO3AyXa, a BAQXKHBIN
TeMIlepaTypy ucnapgmouleiica Boapl. YeM cyiiie Bo3ayX
(T.e.MeHBbIIIe OTHOCUTEABHAs BAAKHOCTD), TEM UHTEHCHUBHEE
ucriapsiercd Boza. Pa3HOCTE MOKa3aHUM CyXOTro U BAAXKHOT'O
TE€PMOMETPOB 3aBUCHUT OT OTHOCUTEABHOU BAAQXKHOCTHU BO3ayxXa. 3Has 3Ty
PAa3HOCTH OIIPENEASIIOT OTHOCUTEABHYIO BAQYKHOCTD 10 IICUXPOMETPUIECKOMU
TabAUILE.
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7.3HayeHHEe BAAXKHOCTH

a.JlAsl XOPOIIIETO CaMOYYBCTBHUL U 3I0POBbsl HEOOXOAMMO, YTOObI OTHOCUTEAbHAS
BAQXKHOCTB ObIaa B npeneaax oT 40 mo 60%. OgHako B HAIIMX AOMAaX M IIIKOAAX
B 3MMHHE MECHdIlbl OTHOCHUTEABHAsS BAAXKHOCTH YacTo He IpeBblmiaer 10 uman
20%. Takue ycAOBUL BBI3BIBAIOT OBICTPOE HCIIapeHHE U BBICBIXaHWE CAU3UCTOH
000A0YKHM HOCa, TOPTaHU, AETKHX, 4YTO MIPHUBOOUT K IIPOCTYAHBIM U IPYTHUM
3aboaeBaHUaM. [loaToMy B 3uMHee BpeMs HEOOXOOMMO yBAAXKHATH BO3AyX B
JKHABIX [TOMEIIEHHUSIX C IIOMOIIIBIO CIIEIIMAABHBIX IIPUCIIOCOOACHUH (HampuMmep, C
IIOMOIIIBIO ITOPUCTBIX YBAQKHUTEAEH).

0.60ABIIIOE 3HAYEHHE HMEEeT 3HaHHE BAAQXKHOCTH B METEOPOAOTHH [IAS
IpeAcKaszaHud M[orofabl. XOoTd KOAWYECTBO BOAAHOTO IIapa B aTmocdepe
HEBEAUKO, POAb €ro B aTMOC(EpHBIX SIBACHUAX 3HAYUTEAbHA. KoHmeHcarus
BOJASHOIO IIapa IIPUBOOUT K 00Opa3oBaHHUI0O O0AAKOB U  IIOCAEAYIOIIEMY
BBITAIEHUIO 0CaAKOB. [Ipm 3TOM BbIAeAsieTCsl OOABIIIOE KOAMYECTBO TEIIAOTHI.
HcnnapeHue Boabl COITPOBOXKIAETCS, HA000OPOT, ITOTAOIIIEHUEM TEIIAOTHI.

B.B TKAaIlKOM, KOHIUTEPCKOM H APYTHUX IIPOU3BOACTBAX [OA HOPMAABHOTO
Te4YeHHUd IIpoliecca HeoOxoauMa onpeaeAeHHas BAAKHOCTb.

r.XpaHeHHe T[IPOU3BEAEHUN UCKyCcCTBA W KHHUI TpedyeT moanep:KaHUs
BAIKHOCTH BO3[ayxa Ha HeoOXoauMoM ypoBHe. [loaToMy Ha creHax B 3THX
IIOMEIIEHUSIX MOXKHO YBUAETDH IICUXPOMETPBHI.
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ﬂOl’IOAHKTeAI:HBIi;I MaTEpHaA

1.Ilosepxnocmu Hcuoxocmu
2.1losepxnocmuuiu ciou

3.Cuna nogepxHocmuo2o HamsHCeHus
4.Paboma cunbl n08epXHOCMHO20 HAMAINCEHUS
5.Cobcmeennas popma sxcuokocmu
6.Cmauueanue

7.3nauenue cmauueanue

8. Kanunnsapuvie aenenus

9.Yuem cmauueanusn 6 npupooe u mexnuxe

1.IToBepXHOCTH KUIAKOCTH

KuakocT 3aHUMAIOT IPOMEXYTOUHOE MOJIOKEHNE MEXAY razaMu U TBepApIMu Tenamu. Jlo 30-
X TO/IOB HAILIEr0 CTOJETUSl CUUTAIOCh, YTO JKUAKOCTH IO CBOEH CTPYKType HOJOOHBI ra3am, U
OTJIIMYAIOTCSI OT HUX JIMIIb MEHBIIMMHU PACCTOSIHUSMU MEXIY YaCTHIIAMU M OOJBIIUMH CHIIAMHU
B3aUMOJCHCTBUSI.

Haubonee xapakTepHbIM CBOMCTBOM KUAKOTO COCTOSIHHS SIBJSICTCSI HAJIMYHE PE3KOW TpaHHIIbI,
pazzensonen KUAKOCTb U €€ map.

[ToBepXHOCTHBIN CIION MPEACTaBIseT COOOM Mepexo]l OT KUAKOCTH K mapy. OH OTiau4aeTcs
0COOBIMHU CBOMCTBAMH.

1./letn xopomio 3HAKOT, YTO "KyIMYHUKHU'" MOKHO MOCTPOUTH TOJIBKO M3 MOKpoOro necka. Cyxue
MECYMHKM HE MPHUCTAIOT APYr K Apyry. He mpucraroT Apyr K Opyry MECYHMHKH, LETUKOM
MOTPYKEHHBIE B BOIY.
2.Korna Bo BpeMsi KyIlaHbs UEJIOBEK OKYHETCS C FOJIOBOM B BOAY, €r0 BOJIOCHI PACXOJATCA B BOJIE
BO BC€ CTOPOHBI, HO CTOUT BBICYHYTh TOJIOBY U3 BOJIbI, KaK BOJIOCHI TOTYAC JISATYT HA TOJOBE
CIUMIINMUCS CIOSMH.

2.I1oBepXHOCTHBIN CJ10¥

Ha KaXKIAYHO MOJICKYITY KHUAKOCTU HeﬁCTBYIOT CHUJIbI TIPUTAKCHHA K OKpPYKaroluM ¢c¢
MOJICKYJIaM, YIAJICHHBIM OT HEC Ha paCCTOSAHHUEC IMMOPAAKA 10 aM.

Paccmotpum monekyny My, pacrionoxeHHY0 BHYTpU
#KuAKocTH. Co BCEX CTOPOH ATY MOJIEKYILY OKPY>KAIOT
TAaKHEC K€ MOJICKYJIbI U CUJIbI IPUTSIKCHUSA YPAaBHOBCIIN -
BaroTcs. Paccmorpum mMosekyny Mp, HaXOAsIIyro Ha
MOBEPXHOCTH KXKUIKOCTH.

PesynbTupyromas cuiia NpUTSKEHUS 3TOU MOJIEKYJIbI
K MOJIEKYJIaM T1apa MEHbIIIE PE3YJIbTUPYIOLIEN CUJIBI €€
MPUTSHKEHUST K MOJIEKYJIaM >KUAKOCTU. biaromapsi 3ToMy MOSIBISETCS PaBHOICHCTBYIOIIAS CHIIA,
HaIlpaBJIEHHAs BHYTPb )KUIAKOCTH, T.€. MOJIEKYJIA CTPEMUTCS YUTH BHYTPb KUJIKOCTH.
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[ToBEepXHOCTHBIM CIOM >KUAKOCTH HAMOMHUHAET PACTAHYTYIO YIPYTylo IUIeHKY. [Ipuuunoi
TAKOTO CBOMCTBA - SIBIIIETCSI TO, YTO MOJIEKYJIBI B MMOBEPXHOCTHOM CIJIO€ KMAKOCTH O0JIafaroT
JOTIOTHUTEILHON SHEPrUei 10 CPaBHEHUIO C MOJIEKYJIaMU BHYTPH YKHJIKOCTH.

1.Ecnu ne3Bue OpUTBBI aKKypaTHO MOJIOKUTH Ha BOAY, TO MOBEPXHOCTHBIM CJION MPOTHETCS, HO
HE MOTOHET.
2.A ecnu BCIOMHUTb, KaK IPHITal0T BOJOMEPKHU MO MOBEPXHOCTU BOJBI.

CTpeMJ'ICHI/Ie KHUIKOCTH YMCHBIINTE CBOIO CBO6OI[HYIO IMOBEPXHOCTH XOPOUIO ITPOABJIACTCA B
Pa3JIMYHBIX ABJICHUAX U OIIbITAX.

1. ITpexxne Bcero, 06 3TOM roBOPUT miapooOpazHas GopMa, KOTOPYIO IPUHAUMAIOT MaJICHbKHE
KaIUTH KHUJIKOCTH.

a.KaneubKu pmymu Ha 20pU30HMAlbHOU NOBEPXHOCMU,

0.xanau 800bl HA PACKANEHHOU Naume,

8.KANu 800bl HA NBLILHOU 00pO2e.

2.Ecnu Ha CTeKJISIHHON TpyOKe Mpu pas3jiaMbIBAaHUHM 00pa30BajICsi OCTPbIH 3y0el, TO €ro JIErKo
MOYKHO OIJIaBUTb, T.€. CJ€NaTh KPYTJIbIM, Pa3MITrYMB CTEKJIO HA IUIAMEHH.

3.Cuj1a NOBEPXHOCTHOI0 HATSAKEHUSA

CBolicTBO KHUIAKOCTU COKpalaThCAa, MOXHO OOBSACHUTH HAJTUUHEM CUJI, CTPEMALINXCA COKPATUTDH
9Ty MMOBCPXHOCTD.

Cwiibl, JAEUCTBYIOIIME B TOPU3OHTAJIBHOM TIUIOCKOCTH, KaK OBl CTATHBAIOT TOBEPXHOCTh
JKUJKOCTU. ODTU CWIbl JEUCTBYIOT BJOJb IOBEPXHOCTH JKUJIKOCTU U CTPEMATCS COKPATUTh
NOBEPXHOCTh JKUJIKOCTH A0 MHHMMYMa. Omu Cuibl HA3bIBAIOMCA CULAMU NOBEPXHOCHIHOZ0
Hamscenuss. PaccMOTpUM OJIMH U3 CIIOCOOOB U3MEPEHUs CHIT TOBEPXHOCTHOTO HATSXKEHUSI.

Ecnu onmycTUTh B MBUIBHYIO BOJlY IIPOBOJIOYHBIM KapKac, -_—
M300paX€HHBIN Ha PUC., TO BBIHYB €r0 U3 BOJbI, JIETKO
3aMETUTh, YTO BEPXHsA 4aCTh KapKaca 3aTsgHyTa
MBUIBHOU IJIEHKON. ECiM MOTAHYTH 32 MOABUKHYIO

cTOpoHY AB 3T0i1 pamMKu BHU3, TO IJIEHKA
pacTsHETCs, a €CIIU MOJBUKHYIO CTOPOHY OTITYCTHTb,
TO IJIEHKA COKPATHUTCA.

[1nenka, oOpa3oBaBIascsi Ha paMKe, TPEACTABIISIET CIIOM Fy

—

KUJKOCTU U UMEET JIB€ CBOOOIHBIE ITOBEPXHOCTH (PHC.CIIpaBa) . Fy
O0603HaunM CcHITy, TEHCTBYIOIIYIO Ha MOABUKHYIO CTOPOHY
KapKaca CO CTOPOHBI IOBEPXHOCTHOro cios, 4yepe3 F. Torma o6mas cuia MOBEPXHOCTHOTO
HATSHDKEHHUST 00OUX TOBEPXHOCTHBIX ciioeB OyneT paBHa 2F. E€ MOXHO ypaBHOBECHUTH CHIION
ynpyroctu Fi mpyXuHbBI THHaAMOMETpa.

/F1/

2F:—F1 _)F:T

Ecnu B3aTH MpOBOJIOKY B /1Ba pa3a OoJIbIle JJIUHBI, TO 3HAYCHHUE CHJIBI TTIOBEPXHOCTHOTO
HATSDKEHUS OKAYXKETCS BABOE OOJIBIIIE.
OtHomenne F, K [HE €CTh BEIMYMHA ITOCTOSIHHAS.
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DTy BeNMYUHY Ha3bIBAIOT KOIPPuUYUeHmMoM H08EPXHOCMHO20 HAMANCEHUSL.

Fuam. H

a:l M

KoadduimeHT moBepXHOCTHOTO HATSDKEHUS Pa3IMyueH JJIs pa3HbIX KUIAKOCTEH U 3aBUCUT OT
TeMIEepaTyphl.

OO6b19HO KOA(PPHUIHMEHT MOBEPXHOCTHOTO HATSHKEHUSI YMEHBILIACTCS C BO3pACTaHUEM
TEeMIIEpaTyphbl M 00paIaeTcs B HyJb IPU KPUTUYECKOW TEMIIepaType, Korjaa Mcue3aeT pa3indne
MEXY )KUIKOCTBIO U €€ HACHIIIEHHBIM ITapOM.

OnbIT TOKa3bIBaCT, YTO CHJIA TOBEPXHOCTHOTO HATSKCHHS, HECMOTPS Ha YBEIMYECHUE
HOBEPXHOCTH, ocTaercsi mocrosHHOH. Cwmna Fu., oaHa M Ta ke mpu J000M 3HAYEHUH
nepeMeIeHHs TePEKIIanHBL.

OTUM MOBEPXHOCTH KUAKOCTH OTIMYACTCS OT YIPYTUX, HAIPUMED, PE3MHOBBIX IIJICHOK, TI0 Mepe
PACTSDKEHHSI KOTOPBIX YBEIHMYMBACTCS PACCTOSHUE MEXIY MOJIEKYJaMH BJIOJb MOBEPXHOCTH M
ynpyras cuia Bo3pacTtaeT. [IoBepXHOCTHBIH ci1oii He 001a1aeT yIpyruMHU CBOMCTBAMHU.

4.Pa6ora, coBepuiaemMasi CHJI0# MOBEPXHOCTHOI0 HATSIZKEH M

BepHemcs Kk pUCYHKY.
Cuia NOBEpXHOCTHOIO HATSHXKEHHUsI, HAIIPABJICHHAs BBEPX, PaBHA

F =0 21 (I — wupuna pamxu)

2l — 6epeTc51 INOTOMY, YTO CHJIBI IMOBCPXHOCTHOI'O HATIKCHUA HeﬁCTBYIOT ¢ obenx CTOpPOH
IJICHKH.

[Tpu cokpaleHuH TUIGHKH CoBepIaeTcs padboTa
AA = FAh, noF = o2l
mozoa A = F2lAh,

Ho 2lAh = AS — usmenenue niowaou nOBEPXHOCHMHO20 HAMSIHCEHUSL

Cne0oeamesibHo A = oS,
AA

U o=—
AS
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5.Co0cTBeHHast popMa KHIAKOCTH
Tlouemy srcuokocme npunumaem gopmy wapa?

PaccmoTpuM JABMKEHHE XKUAKOCTU TMOJA JEHCTBHEM TOJBKO CHIIBI TSDKECTH. Bce dvacTuilsl
KUJKOCTU JABMXKYTCSI C OJIUHAKOBBIM YCKOPEHHUEM, a CJIEJOBATEIbHO C OJUHAKOBOW CKOPOCTBIO.
[ToaToMy paccTOsSTHUS MEXIYy YacTHIIAMU KUJKOCTU HE MEHSIOTCS, W >KUJIKOCTh HAXOJUTCS B
He1e(hOPMUPOBAHHOM COCTOSTHHUH. T.€., €CIIHM Ha )KUKOCTh ACUCTBYET OJHA JIHMIIb CHJIA TSKECTH,
TO OoHa Ha (OPMY >KUIKOCTH He BiuseT. JlelicTBUE e MOJIEKYJISPHBIX CHUJI MPUBOIUT K
COKpAILIEHUIO TIOBEPXHOCTH, U CBOOOIHO Majaroas KUIKOCTh MpuHuMaeT Gopmy mapa. Takyto
bopMy KuAKOCTU HAOIIOIATH KOCMOHABTHI.

[lapoBast ¢opma-3TO U ecTh COOCTBEHHas (hopMa KHMIKOCTHU, KOTOPYIO OHAa NMPUHUMAET MOJ
JEHCTBUEM MEKMOJICKYIISIPHBIX CHUIIL.

Touemy srcuokocmo 6cecoa npunumaem gpopmy cocyoa?

Ha xxupakocts B cocyne, KpoMe CHJIbI TSKECTH JIEUCTBYET CUila peakluu onopbl. Kax bl cioit
JKUJKOCTU SIBJIIETCS. OMOPOW JUJISl BBIIIENIEKALIETO CJ0s, MO3TOMY OH JEHCTBYET C CHIION
peakUMy Ha BBIIIEISKAIIUN CIIOW, T.e.CcO3JaeT AaBlieHWE HAa Hero. Takum oOpa3oMm, BHYTpHU
KUJKOCTU CO3AaeTCs AaBieHUe (THIPOCTATHUECKOE), MAKCUMAIbHOE Y HUYKHETO CIIOSI.

ITo 3akony Ilackansa naBieHue B )KMAKOCTH HA JTAHHOM BBICOTE OJMHAKOBO BO BCEX TOYKaX, a
3HAYUT, IO BCEM HAIIPABJICHUSIM.

Tlouemy srcuokocmuv na onope pacmexaemcs?

Cuibl  THAPOCTATHYECKOTO JIABJICHUS, JCHCTBYIONIME B TOPHU3OHTAIILHOM HAINpaBJICHUH,
NPUBOIAT K ee pacTekaHuro. [lo 3Toll mpuyMHE KUAKOCTH HA ONOpe He MMeeT chepudecKon
(bopMBI.

Ecnu kamnst maneHpkasi, cuiaa TshkecTH Maia. [lodTomy Mama W cuiia peakiuu OHOpbI, H
THJIPOCTATUYECKOE JaBJICHHE B Karule. 3HAYMT, Majbl U CHJIBI JIaBJICHHS, BBI3BIBAIOIINE €€
pacrekanue. [To3ToMy Kariu pocel, pTyTH, IPaKTHYECKU C(HEepHUUHBI.

Kaxkog srce munumanvuwiti paouyc xaniu?
[ToreHunanpHast SHEPrus Karju paBHa
E, =mgh = pVgr,
rae V — obvem wapa,
P — NIOMHOCMb HCUOKOCMU,

h =r - evicoma uermpa msascecmu Kanjiu HAO OI’ZOPOZZ.

4 4
V= 37 r3 umE, = gnr4

[ToBepxHOCTHAs SHEPIUs 3TON KAl paBHA
E, =05, S= 47TT'2,E2 = 4mr?
Paccunraem paanyc karim, Ipu KOTOPOM BKJIaJl 00OMX BUOB SHEPTUU OJUHAKOB

4
E{ = E,,unu §7rpgr,<4 = 4mor?

30
PY

T, =

www.kormakov.ru Ctpanuna 19



H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

Mpg1 BUAMM, 9TO I, 3aBUCUT OT CBOMCTB CaMOM KHUAKOCTH M OT YCKOPEHHs CBOOOHOTO TaACHHUS.
PaccuntaeMm 3HaueHHe paguyca IS Kalljid BOAbI, HAXOIAIIEHCS Ha OTIOPE B 36MHBIX YCIOBUSIX

o=173x 10‘2@, i
M

r.=4,7+103m ~5mum

Kammu, y KoTopsIxX paanyc MeHbIe 5 MM, OyayT uMeTh popmy, OIH3KyI0 K c(heprudecKoi, U TeM

TOYHEC, UEM pa;u/lyc Kalrljii MCHBIIIC.

Kamm, uMeromasa pagnyc paBHBIfI 5 MM 6yz[eT HECKOJIBKO CINIIOMICHA, TaK KaK ITPH 3TOM BKJIaJQ

06OI/IX BHUI0OB 3Hepr1/m OJWHAKOB.

M
g =98—

6.CmauuBanue

PaccmoTtpuM psiz siBJICHUHN B TIOBEPXHOCTHOM CJIOE KUAKOCTH HAa TPAaHULE C TBEPIBIM TEIIOM.
[ToBceqHEBHBIN ONMBIT yOEXKIaeT, YTO KAl BOJbI PACTEKAETCS 110 YUCTON MOBEPXHOCTH CTOJA,
HO HE PacTeKaeTcs Ha )KUPHOHU MOBEPXHOCTH, @ UMEET (POpPMY IMOUTH MPABUIILHOTO HIapa.

B IIEPBOM CJIyda€ roBopsiT, 4TO BOAa CMAYMBACT ITOBEPXHOCTH, @ BO BTOPOM - HC CMAaUMBaACT.

Cmauusanue - SABJICHHUC, BO3HHKAIOMICC BCJIICACTBHC B3aHUMOJICHCTBHS MOJICKYJI XHUIAKOCTH C
MOJICKYJIaMH TBEPAbIX TCJII W IMPUBOAAIICC K HCKPUBJICHHIKO TIIOBEPXHOCTU IKUAKOCTU Y
IMMOBEPXHOCTHU TBEPAOIO TCIA.

dopma HOBEPXHOCTHU 3aBUCHT OT TOTO, KAKUE CHIIBI IPUTSHKEHUS OOJIbIIIE:
1 . MeXJy MOJIEKYJIaMH XKHUJIKOCTH U TBEPAOTO Tela WK
2 . MEKy MOJIEKYJIaMH CaMOM JKUJIKOCTH.

B NEPBOM Cliydac XKHUJIKOCTb CMadHBaroIias, BO BTOPOM - JKUIAKOCTb HE CMa4YUMBACT TBEPAYIO
MMOBCPXHOCTh.

(CHHI-OHIGHHOCTI) KallCJIbKH XUAKOCTHU - PE3YJbTaT IlefICTBHﬂ CHJI TSXKCCTH H BSaHMOIIGfICTBHH
MOJICKYJI JKUAKOCTU C MOJICKYJIaMU TBEPAOT'O Tena).

9/ > g

S

ATt et 7

Mepoit cmaunBaHusl SBISETCS yron 6 MexIy CMadyrMBaeMoOW MOBEPXHOCTHIO M KacaTeNbHOH K
MOBEPXHOCTH KUJIKOCTH. DTOT YrOJ HAa3bIBAIOT Ve loM CMAYUBAHUS.

Ecimn 6 - ocTpslil - cMauMBaHue,

eciu 6 - Tymoi — HecMauuBaHUE,

eci 6 = 0° - monHOE cMauMBaHMeE,

ecin 0 =180° -nonHOe HecMaunBaHue.
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7.3HadyeHe CMAaYNBAHUSA
SIBneHre cMayMBaHWE U HECMAYMBaHMS UMEET BAXKHOE 3HAYCHHUE B OBITY M TEXHHUKE.

1. Xopouiee cMayrBaHUE HEOOXOAMMO MPHU KpalIeHUH, CTUPKE, 00paboTKe poToMaTepraos.

2 . Ecnu Obl Bofia HE cMauuBaia MOBEPXHOCTh HAIIETO Teja, ObUT Obl OeCroie3eH My, KylaHue,
a mpoliecc yMbIBaHUS ObLII ObI BO3MOKEH TOJIBKO B IPUCYTCTBUU MOIOIIUX CPE/ICTB.

3. CkienBaHue JEPEBSHHBIX, KOXKAHBIX, PE3UHOBBIX U JIp. MAaTEPUAJIOB.

4.Co CBOWCTBOM CMayMBaHHUs CBs3aHa Tmakika. UToOBI pacIjiaBIE€HHBIH NPUIIOH XOPOIIO
pacTekaicss Ha IOBEPXHOCTH METAJUIMYECKUX MPEAMETOB WU NPWIMNAT K HHUM, HaJI0 3TH
MOBEPXHOCTU OYUCTHUTH OT JKUPA, MbLIH.

5. OnoBSIHHBIM IPUIIOEM XOPOLIO MASITh I€TATU U3 ME/IH, JIATYHU U Jp.

Ho amtomunuit He cMaunBaeTcs 3TuM npumnoeM. [ToaToMy 11t maiku amiOMUHUEBBIX

U3JIeIIUI IPUMEHSIOT IIPUIION U3 aJTIOMUHMS U KPEMHUS.

8.KanuinsipHble siBJIeHUSA

W ckpuBIIEHHYIO TOBEPXHOCTH JKUJIKOCTU BOJIM3H TPAHUIIBI €€ COITPUKOCHOBEHUS C TBEPABIM
TEJIOM Ha3bIBAIOT MeHUcKkom (OT TPEUecKOro ciioBa "MeHuckoc"- momymecsir). OcoOeHHO
XOpOIIIO HAOTIOIaeTCsl UCKPUBJICHHE MEHUCKA )KHIKOCTH B TOHKHUX TPYOKax, Ha3bIBAE€MBIX
kamusipamu ("'Kanuiuisap''-BoJioc).

[log KanwISpHBIMH SBJICHUSMH ITOHUMAIOT TOABEM WM OIyCKaHHE >XHIKOCTH B Y3KHX
TpyOKax-Kanmuisipax.

CmauuBaroias >kUJIKOCTh OJHUMAETCA 10 Kanwuisipy. [Ipu 3ToMm, ueM MeHblIe paanyc TpyOoKkH,
TEM Ha OOJIBLIYIO BBICOTY OHA IOJAHUMAETCH.

B xamwmispax HM30THYTYIO IIOBEPXHOCTH JKHJIKOCTH IIpHM IIOJIHOM HECMAYMBAHUU MOXKHO
HPUHATH 3a nonychepy, paanyc KOTOpoi I.

Bronb rpaHuibl MOBEPXHOCTHOTO CIIOSl, UMEIOLIEH (OpMYy OKPYKHOCTHU, Ha CTEHKH TPYOKHU
JIEHCTBYET CUJIA IIOBEPXHOCTHOI'O HATS)KEHUS HAIPABIICHHAs BHU3.

ITo Il - 3akony HeroToHa Takas ke cuiia MO0 MOJAYJII JEHCTBYET Ha JKHUAKOCTH CO CTOPOHBI
CTEHOK TPYOKH BBEpX. DTa CHUJIa ¥ 3aCTABIISICT KUIKOCTh MOAHUMATHCS.
F =o0l,(l =2nr);F = 20nr
[TogHsTHE )XUAKOCTH MPEKPAITACTCS, KOT/Ia CHUJIa YPABHOBECUTHCS CHIION TSKECTH.
_ _ 2
mg = pgr = pgnr

20mr = pghmr?
20

pgr
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KunakocTb, He cMauMBaloIasi CTEHKU Kamuuisipa (Hap.pTyTh) OMyCKaeTcs HIKE YPOBHS
KUAKOCTH. [ TyOMHA omycKaHUs OIpenesseTcs TOH e GopMyIIoi.

0/1 < 0,1, 134 40/3
h,
b, > hy by >,
Moo Vul&f(ue /—/ecmcxvu/o.//cﬂz

Ecnu moBEepXHOCTh KUAKOCTHM HE IUIOCKAs, a HMCKPHUBIIECHHAsA, TO CHJIbI ITOBEPXHOCTHOI'O
HATSDKEHMsI CO3Jal0T JIOMOJHUTENIBHOE JIaBICHUE Ha JKUIKOCTh, KOTOpOe NpuOaBiseTcs K
JIABJICHUIO, C KOTOPBIM ITOBEPXHOCTHBIM CIIOM JEHCTBYET HAa OCTAJIBHYIO MAacCy >KHUIKOCTH.
JloGaBoyHOE [JaBiieHUE, BbBI3BAHHOE KPHUBHU3HOM IOBEPXHOCTU SKUIKOCTH, OINpeaesseTcs
dbopmynoii Jlamnaca.

R,
20e Ri u Ry — paouycel kpususnvl 08yx 83aUMHO NEePNeHOUKYIAPHLIX CeYeHUll NOBEPXHOCMU
HCUOKOCIU (3HAK «+» - OJIs BBINYKI020 MEHUCKA, 3HAK «-» O/ 602HYMO20 MEHUCKA.

1
Ap = iO'(R—1+

AP
AP

P P
CYMMapHOC JAaBJICHUE B TOYKaxX An A/ paBHO COOTBETCTBCHHO

Py=Py+AP; P, = Py—AP

20e AP — nannacosckoe unu kanuniapHoe oasienue
P — oasnenue nosepxnocmuozco cnos

B tom cnyuae, xorga R = Ry = R (chepuueckast moBepxnocts) AP = —
4o

R

m.K. nonas cgpepa umeem 08e NOBEPXHOCMU — GHEUHIOIO U GHYMPEHHIOIO.

o o 20
J1st ToHKOCTEHHOM ool cdepsl (my3sipsi) AP = 2 - =
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9.3HavyeHHe KANMMJVISIPHOCTH

Tena, ITPOHU3AaHHBIC OOJIBIIIMM YMCIOM TOHKHX KaHaJIOB, aKTHUBHO BIIMTBIBAIOT B ce0s BOAY H
APYruc )XKUJKOCTU - TOJIBKO HCO6XOI[I/IMO, YTOOBI JKUIKOCTb CMauuBaJjia MIOBECPXHOCTH 3TUX TCII.

1.llpoHuKkHOBEHHE BJard H3 TOYBBI B pAcTeHMs, CTEONM M JIUCTh OOYCJIOBIEHO
KamwuisipHOCThIO. [lo KamwuisipaM MOYBBI TOJAHMMAETCS BOJAA W3 TIIYOMHBI CJIOEB B
MOBEPXHOCTHBIN CIIOM. YMEHbIask JUaMeTp MOYBEHHbBIX KalUJUIIPOB MyTEM YIUIOTHEHUS TTOYBBI
MO>XHO YCHJIUTh MPUTOK BOJBI K TOBEPXHOCTU MOYBBI, U 3TUM YCKOPUTH BBHICYIIMBAHUE TTOUBBI.
Hao0opoT, pa3pbIxisisi MOBEPXHOCTh MOYBHI M paspylias TEM CaMbIM CHUCTEMY MOYBEHHBIX
KaMmUIIPOB, MOXHO 3aJiepKaTh MPUTOK BOJABI K 30HE HCIAPEHUS U 3aMEUINTh BBICYIINBAaHUE
MOYBHI.

2.[1poecc KpoBOOOpaIIEHUSI TaKKe CBSA3aH C KaNWUIIPHOCTHIO. KpoBEeHOCHBIE COCY/IBI
SBJISIFOTCSL KaMJLUIIPaMHU.

3.Ha siBieHne KanmUISIpHOCTH OCHOBAHO MCIOJIb30BaHUE TPOMOKATEIbHON OyMaru, moJI0TeHIIA.
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H.A.KopmakoB
BJ/1OK -6 OK-10.6.4
CBOMCTBA TBEPABIX TEA
[ TBEPADIE ]
KPUCTANNJTUMECKUE AMOPO®HDIE
CMeKs10, AHMaps,6emoH, rnaacmmaccsi
CeBouctBa
1.Hem Kpucmann.cmpykmypebl
MoHoKpucTanbl Monukpucrannbl 2. «BAUNCHUL» MOPAOOK

memasnel,
caxap-pagpuHao,
rnosapeHHas cosb

Keapu, aamas3

AHuzomponus N3omponus
3a8UCUMOCMb (hU3UYECKUX 00uHakKosble us.
ceolicme om 8bI6PAHHO20 ceolicmea rno ecem
8 Kpucmassae HanpaeneHus  HanpassaeHUaMm

(2pacpum, caroda) (2a3bl, wudokocmu)

CBouncrBa

1.MTpasunbHaA kpucmanau4vyeckasa popma
2. «/lanbHUl NnopsaooK»

3.0npedeneHHas T nnasneHus
4.lTocmoaHcmeo y2noe mexcoy pebpamu

Buabl KpUCTaNZIMMECKUX peLlIeTOK

-amomHesle (aamas)

- UoHHsbIe (NaCl)

- memarnnuyeckue (Cu)
-MoseKynapHole (néo)

3.13o0mporniHsl
4.He umerom nocm. T nnasneHusa

5.Mpu nosbiweHuu T — «meKym»
6.llpu HU3Kux T — ce-8a ma.mesn
7.Mpu ebicokux T — ce-8a HUOK.
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ITosicHeHuss Kk OK-10.6.4

TBepmoe COCTOSHME BEIIECTBA XapaKTEPU3yeTCs HAAUYHUEM IIOCTOSTHHOM (DOPMBI
u obwema. B duszmke mnom TBepALIMH TeAaMH [IOAPA3yMEBAIOT BEIECTBA,
KOTOPBIX HMEETCSI KPUCTAAANYIECKOE CTPOECHUE.

1. KpucrasaH4YeCKHeE TeAa

B 3aBHCHMOCTH OT CTPYKTYPBI PA3AHYAIOT TeAd KPUCTAAAHMYECKHE U aMOpP(HEIE.
Kpucrasamueckre Teaa XapaKTepHU3YIOTCS IIPABHABHBIM  PACIIOAOKEHUEM
aTOMOB, MOAEKyA U HOHOB, COBEpPIIAIONINX KoAebaTeAbHOEe [OBUXKEHUE
OTHOCHUTEABLHO ITOAOXKEHUS PABHOBECHSI.

A KpUCTAaAAMYECKHX TE€A, XapaKTePeH "MaAbHUM HOPANOK', T.€. IIpaBHAbHALA
IIOBTOPSIEMOCTDb IIOAOKEHHH V3A0B KpPUCTAAAWYECKOH pelIeTKH Ha AIOBIX
PaCCTOSAHUSX B KPHUCTAAAE.

Kpucraaanyeckre Teaa HMEIOT OIPENECACHHYIO TeEMIEpaTypy IIAABACHUS,
HEHW3MEHHYIO IIPH [TIOCTOSHHOM JaBACHUH.

CyuiecTBEHHBIM BHEIIHUM I[IPHU3HAKOM AIOOOrO KpHCTasra B IIPUPOIHBIX
YCAOBHUSAX CAYKHT €ro IIpaBUAbHadg ¢opMa. Bce BbI BHUOEAHM TeOMETPUYECKU
IIpaBUABHBIE y30pbI, oO0pas3yeMble KpPHUCTAAAMKaMH AbJa Ha IIOBEPXHOCTH
OKOHHBIX CT€KOA, U ITpaBUABHBIE (POPMBI CHEKUHOK.

Aerko oOHapyKUTH NIPABUABHYIO (POPMY KPHUCTAAAOB [IOBAPEHHOM COAM, TOPHOTO
XpycTaad U Op.

PaccmaTtpuBag oTaeAbHBIE KPHUCTAAABI, MOKHO YOE€QUTHCS, YTO OHU OTPaAHUYEHBI
IIAOCKUMH KaK Obl IIAN(QOBAaHHBIMH TpPaHAMH B BHAE I[IPAaBHABHBIX
MHOTOYTOABHUKOB.

Kpucrasabl 0[HOTO M TOTO BEIECTBA MOTYT UMETh Pa3AUYHYIO (POopMy, TaK KaK
OHA 3aBUCHUT OT YCAOBUH uX obOpasoBaHUsS. OHHM MOTYT OTAUYATHBCS U IIBETOM.
H3BecTHO, HaOpUMeEpP, UYTO KPHUCTAAABI KBapla ObIBalOT OeClBETHBIMH,
PO30BBIMHU, YEPHBIMH, (PHUOAETOBBIMH, TEMHO-BUIITHEBBIMH, 30AOTHCTBHIMHU.
OmgHaKO OAS KPHCTAAAOB KaXKIOTO BEIECTBA XapPAKTEPHO IIOCTOSHCTBO YTAOB
MeKIy UX peOpaMHu U COOTBETCTBEHHO MEXKIy UX TPaHIMU.

Tak, KpUCTaAABI TIOBAPEHHOH COAM BCTpeYaroT B BHE KyOOB, IIapaAAeIIHUIIeIOB
UAM IIPU3M U JaXKe TeA HEIIPaBUABHOM (pOpMBbI, HO BCEr/a B BEPIINHE KaK/IO0TO
KpPHUCTaAAA CXOASTCS TPU pedpa, o0pasyromniue MexKay COO0M IpsIMbIe YTABIL.

I/I3M€pI/IB, YTABI MEXAY BCEMHU T'PaHAMH HEHN3BECTHOIO KpHCTaaAa, MOXHO IIO
CIIEIIMAABHOMY KaTaAOTy OIIPEACEAUTDH, KPHUCTAAA KAKOI'0O BEIIIECTBA NCCACAYETCH.

OCHOBBI KPHUCTAAAOXHMHYECKOI'0 aHaAu3a, T.e. Ccriocoba oIpeneAecHUS
XUMHYECKOTO COCTaBa BeIIeCTBa I10 (pOpMe €r0 KPHUCTAAAOB (10 3HAYEHHUIO YTAOB
MeXIy TpaHaMmu) paszpaboras pycckuil ydensii E.C.demopor (1853-1919).0H
IIPOMU3BEA MHOXKECTBO KpPHCTaAAOTPaAPUUECKUX H3MEPEHUH M [oKa3aa ,49TO
MOZKET CYLIECTBOBATH TOABKO 230 KPHCTAAAOB.
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Z.MOHOKPKCTaAABI H IIOAHKPHCTAAABI

Monokpucmannel - 3T0 OAWHOYHBIE KPUCTAAABI. TakKOBBI, HAIIpUMeEP, KYCOYKH
caxapa B caxapHOM KYyCKe, KyCOYKU COAW, KPUCTaAABI KBaplia, aaMasa U T.1. B
OPYTHUX CAydasX TeAa COCTOAT U3 MHOXKECTBa CPOCHIMXCS MeXKIy CcoboH
KPUCTAAABIL.

[IpuMepoOM MOZKET CAYKHUTBH "MOPO3HBIE y30pbl' Ha OKHAaxX, y30pbl IIMHKa Ha
OLIMHKOBAHHOM XKeAe3e, caxap-padpuHall, ToBapeHHasa COAb U IIp.

KpI/ICTaAAI/I‘ICCKOC CTPOEHHUE HMEIOT BCE€E METAAABI B TBEPAOM COCTOAHHH.
KpI/ICTaAAbI HEKOTOPBhIX M3 HUX MOZXKHO YBHUIAETH NJAKE€ HEBOOPYXKECHHBIM I'Aa30M,
HaIIpuUMEP, BHHUMATCABHO ITPHCMOTPEBIIINCE K HU3AOMY 4YyryHa HAHU 3aKaA€HHOM
CTaAH.

Teao, cocrodlee N3 MHOXKECTBA OECHOPSA0YHO PACIOAOKEHHBIX MEAKUX
KPUCTAAAOB, HA3BIBAIOT IIOAUKPHUCTAAANYECKUM UAH NOJAUKPUCTATIOM.

Takum o6pa30M , ece memaJsijiol ABJIAI0OMCS nosiuKpucmasiiuvecCKumu
seuiecmeamu.

3.AHH3O0TPOINIHSA KPHCTaAAOB

HpaBI/IABHaSI BHEIITHAA (bopMa HE€ CaMO€ T'AaBHOE€ CA€ACTBHE YIIOPAOOYEHHOTIO
CTPOCHULA KPHUCTAAAOB.

[AaBHOE-3TO 3aBHUCHUMOCTH (PHU3HMYECKHX CBOMCTB, TaKHX KaK CKOPOCTb
pacrpocTpaHeHHd cBeTa, KOIPPUITUEHT TEMAOIIPOBOAHOCTH, MOAYAb YIIPYTOCTH
U Ap. OT BEIOPAHHOI'O B KPHCTAAAE HAIIPABACHUSI.

Takoe sBA€HHE HaszvlBaemcsi aHuzomponueil.(rp.CAOBO:"aHU30C" -HEpPaBHBIN,
«TPOIIOC» -HAIIPaBAEHUE).

TeAa, CBOMCTBa KOTOPBIX OOHMHAKOBEI IIO BCEM HAIIPABACHHAM, HA3bIBANOMCS
U30OMpOnHouIMU.

AHH30TPOIIHS IPOABASIETCH TOABKO B MOHOKpPHCTaarax. PaccMoTpuM B KadyecTBe
IIpuMepa CTPOEeHHE KpHucTassa rpadurta. ATOMBI YyTrA€poda B 3TOM KPHCTAAAE
pacroaararoTcss B IIAOCKOCTSIX, KOTOpPbIE HaxXoodTcd MApyr OT J[Apyra Ha
HEKOTOPOM OIIPEAEACHHOM pPAaCCTOSAHHE MEXKAY aTOMaMH, PACIOAOXKEHHBIMH B
OMHOM IAOCKOCTH, MEHBIIIE PACCTOAHUA MEXKAY IIAOCKOCTAMH; 3HAYUT, U CHABI
B3aUMOAEUCTBUA MEXKAY aTOMaMU, A€XKAIIIUMH B OJHOM IIAOCKOCTH, OOABIIIE CHA
B3aUMOAEUCTBUSA MEKAYy aToMaMH Pa3AHYHBIX ITAOCKOocTed. [ToaTomy Opocaercsa
B Traasa pas3audyHad MeXaHH4YecKas IIPOYHOCTh KpHCTasra II0  BCEM
HanpaBAeHUAM. Ecan mompoboBaTh caoMaTh IpudeAb KapaHgalla, TO HyKHO
IIPUAOKUTE ycuame. Ho Korma MBI mOuIIeM KapaHAAIIOM, TO IIPOUCXOAUT
paccaoeHue rpadouTa U TOHKHE CAOU I'paduTa OCTAIOTCS Ha Oymare.
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PaccmoTpuMm  Temepp = IIOAHMKPHCTAAA. Kaxkapiii HU3  MOHOKPHCTAAAOB
AHU3O0TPOIIEH, HO T.K. KPHUCTAAAMKH OPUEHTHPOBAHBI XaOTHYECKH, TO B IIEAOM
IIOAUKPHUCTAAAUYIECKOE TEAO SIBASIETCS U30TPOITHBIM.

I/I3OTpOHHBIMI/I ABAAIOTCH ra3bl, OOABIITMHCTBO }KI/IILKOCTCI\/'I, METAAABI.

[IIupokoe MNpPHMEHEHHE B COBPEMEHHOH (PHU3NKE U TEXHUKE IIOAYYUAU
MOHOKPHCTAAABI. [IOoYTH BCe IIOAYIPOBOAHHUKOBBIE IIPUOOPHI IIPEACTABATIOT
coOOlf  MOHOKPHCTAAABI  CO  CIEIMaAbHO  BBEAEHHBIMHU  IIPUMECIMU,
COOOIIIAIOIIMMHY UM T€ UAU HHbIe CBOHCTBA.

Bo3Hukimaga B IIOCA€OAHHE I'OAbl HOBad OTpPAaACAb 3ACKTPOHHKH - MOAECKYyAdpPHad
QACKTPOHHKA- OCHOBBIBACTCA Ha CO3JaHHH B MOHOKPHCTAAAE IIPH €r0
BBIPpAIIIMBAHHUH Y9aCTKOB C PAa3ANYHBIMHU CBOfICTBaMI/I, CO4Y€TaHUE€ KOTOPBIX OAa€ET
MHOTHE yY3ABbI OACKTPOHHBIX CXEM U HAaZKE IIEABIEC CXEMBI.

KpyniHBIE KpHUCTaAABI B IIPHPOE BCTpPEYarOTCs O4YeHb penko. [lorpebHOCTH
IIPOMBIIIIA€EHHOCTH, HayKH M TEXHHUKE B KpPHUCTaAAaX BEAWKA, OHH HaxXoOdaT
IINPOKOE INPHMEHEHHE B pPagUOTEXHUKE, OITHKE U Ap. Hampumep, KpucTaaabl
pPyOMHA HCIIOAB3YIOTCH B KBAaHTOBBIX I'€HEpaTopax CBeETa - Aa3epax, C IIOMOIIBIO
KPUCTAAAOB CETHETOBOM COAM IIOAYYAIOT YABTPA3BYKOBBIE KOAEOAHUS.

B HacTosIee BpeMs HCKYCCTBEHHO HM3TOTABAMBAIOTCS MOHOKPHUCTAAABI MHOTHX
BEIIIECTB: KBaplla, aaMasa, KOpyHaa, pyowmHa u ap. YToObI BBIPACTHUTH
KPUCTAAABI, HYXKHBI 0COObIe ycAOBUdA. Hampumep, [OAsS TOAyYEHUs aaMasa
Tpedyercs naBaeHue 104 MIIA u Tremneparypa 2000°C.

4.AmopdHEIE Teaa.

AmopdHBIE Teaa He 00AamaroT KPHUCTAAAMYECKOM CTpPyKTypoi. Ilo cBoemy
CTPOEHHIO aMOpgHbIe Teaa OAU3KH K IKUAKOCTAM. OTAMYAsCh OT HHUX AUWIID
MEHBIIMMH PACCTOSHUSIMH MEXAYy MOAEKyAaMU ¢ OOABIIUMHU CHAAMU
MOAEKYASIPHOTO IIPUTAXKEHUL.

AmopdHbBIE Teaa He 00AaJaIOT OIPENEACHHOH TeMIIepaTypod IIAaBA€HUS, a
IIEPEXOAAT B XKHUAKOE COCTOAHHUE IIyTEM IIOCTEIIEHHOIO Pa3MATr4eHHUH.

AmopdHbIE Teaa - H30TPOIHBI. [Ipm HU3KOH Temmeparype aMopdgHBIE Teaa
HaAIlOMHHAIOT I10 CBOMM CBOMCTBaM TBepAble Teaa. Ho 1o Mepe ITOBBIIIEHUS
TeMIIepaTyphbl IIOCTEIIEHHO pPa3MAT4aroTCsd M HX CBOMCTBAa MPHOAMIKAIOTCH K
CBOMCTBaM KHUIKOCTel.

Ecau paccMmaTpuBaTh HEKOTOPBIM aToM aMOpdHOr0o Teaa KakK IeHTPaAbHBIH, TO
Oamkaiinre K HeEMy aTOMBbI OyOyT pacroAaraTbCd B ONPEAEeACHHOM ITOPsSAKe, HO
II0 ME€pe yAaA€HHd OT 'LIEHTPAABHOI'O" aToMa 3TOT MNOPSAO0K HapyllaeTcsd, U
pacrioArokeHHEe aTOMOB OyAeT pa3AUYHBIM, T.€. CAYYalHBIM.
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B aMop(HBIX TearaxX B OTAHYHE OT KPUCTAAAMYECKUX CYIIECTBYET 'OAMKHUHI
IOPAI0K"' BO B3aUMHOM PAaCIIOAOKEHUH COCETHUX aTOMOB.

K aMmopdHBIM TeaaM OTKOCSITCSI CTEKAO, IIAACTMACChI, OETOH, CMOABI U T.[I.

B Tabauiiax TeMmIiepaTyp [AABAEHUS pPAa3AMYHBIX BEIIECTB BbI He Halzere
TEMIIEPATYP TAABACHHUS 3THUX BEIIECTB.

Peskoe oTAnyne MeXaHUYECKHUX CBOHUCTB aMOP(HOI0 U KPUCTAAAHMYECKOTO TeAd
(Harrpumep, rpacduTa U asmaza) OOBSICHAETCS TEM, YTO HUX KPUCTAAAUYECKHE
PEeLlIeTKH HMEIOT Pas3HOC CTPOEHUE, a CHUABI CLEINAEHUS MEXKIY MOAEKyAaMU
3aBHUCAT OT B3aMHOTO PACIIOAOKEHHUS MOAEKYA.

[Ipr MemAeHHOM OXA@IKIEHUM ZKHIKOTO MeTasra obpasyeTcss KpPHCTaAAMYecKas
CTPYKTYypa IIPHU MTHOBEHHOM OXAAKJIEHHUH - aMop(Had.

S5.THNBI KPHCTAAAHYECKHX pellIeTOK

B Tex caydasx, Korga TeMIlepaTypa Teaa TaKoBa, YTO CpeOHsd KUHEeTHYecKas
SHEPTHUd COCTABAAIOIIMX €ro aTOMOB (MOAEKYA) MEHBIIE IIOTE€HIIMAABHOH
SHEPruU UX B3aUMOAEHCTBUs, 00pa3yIOTCd KPUCTAAABIL.

KpI/ICTaAAOM Ha3bpIBAIOT OOJHOPOOHOE TEAO, B KOTOPOM aTOMBI HAKM MOAEKYABI
PAacCIIOAOZKEHEI B ITPOCTPAHCTBE YIIOPAOOYIEHHO.

B KPUCTAAAMYECKUX  TeAaX  PAaClIOAOXKEHHE  aTOMOB  COOTBETCTBYET
MHHHUMaABHOMY 3HAQYE€HUIO IOTEHIIMAABHON 3HEPTHH.

OTO gBAdETCI YCAOBHEM YCTOMYHUBOI'O paBHOBeCHs. B 3aBucumMocTtH 0T
XapakTepa CHA B3aUMOAEUCTBUA U IIPUPOAbI YaCTHUI], HAXOOAIIUXCH B y3Aax
KPHUCTAAAUYECKON pPELIETKH, pasAHuYaloT dYeTbIpe THIIA KPUCTAAAMYECKUX
PEILETOK.

A.AmomHble Kpucmasiol.

B y3aax KpuUCTasAM4eCKON pPEIIEeTKH HaXOOdTCS HEUTpasbHBIE aTOMBbI. Mexmy
HUMH CYIIECTBy€T CBf3b, HMEIOIIAd OJACKTPHUYECKHH XapakTep. OTa CB43b
OCYIIIECTBALETCH SACKTPOHHBIMU IIapaMM, IPUYEM OT KaxKIOr0 aroMa B HEH
y4acTBYET TOABKO II0 OJHOMY O3AEKTPOHY. UHCAO CBA3€HM OIIPEAEAIETCH €rO0
BaA€HTHOCTBHIO. BelllectBa ¢ aTOMHOM KPUCTAAAUYECKOH pelreTkoid Hauboaee
IIPOYHBI, OTAMYAIOTCS OOABIION TBEPAOCTHIO U TYyTOIIAABKOCTHIO.

[IpyMepaMu aTOMHBIX KPHCTAAAOB SBASIIOTCA aaMas, rpaduT, epMaHuR u
KPEMHUMU.

B. HoHHble kpucmanel.

B y3aax KpHCT&AAH‘ICCKOﬁ PELIETKHU 3THUX KPHUCTAAAOB HAXOOATCA HMOHBI PA3HBIX
3HAKOB. CB4a3b MEXKIY HHUMH O6yCAOBA€Ha QACKTPHUYIECKUMHU CHAAMH
B3aHMOJIENCTBUS MEXKAY PAa3HOMMEHHBIMHY MOHaMMU.

Kpucrasnabl C HMOHHOM pENmIeTKOH 00AamaroT 3HAYHUTEABHOM ITPOYHOCTEHIO.
[IprMepoM MOHHOM PELIETKU CAYKHUT KpUcTasa KaMeHHoU coau NaCl
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B.Memainuueckue kpucmasanst.

B y3aax KpUCTaAAMYECKOH peIleTKH HaXOASaTCS ITOAOXKUTEABHBIE NOHBI METaAAQ,
MeXIy  KOTOPBIMHU  [OBUKYTCS  CBOOOJAHBIE  BAEKTPOHBI, 00pa3yrolne
SAEKTPOHHBIY ra3. CBA3b B MeETaAAMYECKHX KpHCTassaxX obecredyuBaeTcs
CHAQMU TIPUTSKEHUS MEXKAY I[OAOKUTEABHBIMH HOHaMH, HaXOASIIUMUCH B
y3AaxX pPEeIIeTKH, UM OTPHUIATEABHBIM JAEKTPOHHBIM TIa30M. OTH CHABI
IIPUTSIKEHUS YpPaBHOBEUINBAIOTCS CHAAMH OTTAAKHUBAHHUY, [AeHCTBYIOUIUMH
MEeXNy OOHOUMEHHBIMHM HoHaMu. [Ipu 3ToM HabaromaeTcd ycToHdHuBad
KOH(UTYpaIus.

Haanyne cBOOOOHBIX 9AEKTPOHOB B MeTasAe OOECIIedHBaeT XOPOIIYVI0 SAEKTPO-
IIPOBOHOCTDH U TEIIAOIIPOBOAHOCTD 3TUX BEIIIECTB.

I'.MonexynspHule kpucmasnol.

B y3Aaax KPUCTAAANYECKOH peLIeTKHU IIOMEIIAI0TCS MOAEKYABI,
OPHEHTHUPOBAHHbBIE OIIPENEACHHBIM o0Opa3oM. Mekay MoaeKyaaMu OeHCTBYIOT
CHUABI TPUTSAKEHHUd, XapaKTepHble [Ad B3aUMOIAEHCTBHUS MoAekyA. K
MOAEKYASIPHBIM KpPHCTaAAaM OTHOCHATCS HadTaAWH, TapaduH, CyXoH A€, Ae.
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ITosacHeHuss kK OK-10.6.5

1.IloBeoeHnue KprICTaAAK‘-IeCKOi;I PELUETKH IIPH BHEIIHEM BOSAeﬁCTBKK

Kaxknag yacThiia B KpPHCTaAA€ (MOAEKyAa, aTOM HAM HOH) HaxXOOUTCd B
OIIPEICACHHOM IIOAOXKEHHM PaBHOBECHHI, B KOTOPOM CHABI OTTAAKUBAaHUA U
IPUTHIKEHUd, [AeHCTBYIOIIME Ha HEE CO CTOPOHBI JAPYTHUX  YacTHIl,
COCTaBAGIOIIUX KPUCTAAA, PABHBL.

Ho ecamn kakas-TO BHENIHAd cHAA (MAM [Apyroe BHEIIHee BO3AeHCTBHE THIIA
HarpeBaHUSI HAU OXA&XKIEHHd) CABHUHET YaCTHIy HEMHOIO B CTOPOHY OT €€
IIOAOXKEHHsS PaBHOBECHUS, TO cpady XKe KakKad-Aubo N3 5TUX CHA [IPEBBICUT
OCTaAbHBIE.

Ecau, Hampumep, TeAO pacTATHBATh, TO PACCTOSHHUS MeXKIy dYacTHUIIaMU
KpUCTaAAd YBEAMYHBAIOTCH; IIPU OTOM CHABI IIPUTIKEHHS HAYUHAIOT
IPEBBINIATH CHUABI OTTAAKHMBAHUS M CTPEMSTCH BEPHYTH YACTHUIBI B IIpeXKHEe
IIOAOXKEHUE paBHOBecUs (puc.l).

HaobopoT, ecan Teao CKHUMaTh U TEM CaMbIM COAMIKATH aTOMBI HAM MOAEKYABI
KpUCTaaAd, TO HAYHYT IIpeobAaziaTh CHABI OTTAaAKHUBAHUS, CTPEMSIIUECS
BEPHYTH YaCTHUIIbI B I€EPBOHAYAABHOE IIOAOXKEHHE PaBHOBECHUS (puc.2).

F_ Pu( 2
A h VB
| - o~
iPEs £
] / A —TA ’/'
D2 A=t |
D, 1764 » e 2 i -
421
D — = -
Poc. 1 "D Flcd

HabAromaTh 1 HEIoCpeaCTBEHHO U3MEPATh CHABI, JAEHCTBYIOIME Ha OTHOEAbHBIE
MOAEKYABI, aTOMBI UAU UOHBI, HEAB3S.

Ho ecau BHENIHHE CHABI CMEIIAIOT KOHEYHYIO YaCTh TeAd, U3MEHss ero opMy U
pa3Mmepsl (T.e. BBI3BIBAs Ae(opMaIliio TeAa), TO U IIPOTUBOAEHUCTBYIOIINE WM
BHYTPEHHUE CHABI (M3BECTHBIE KaK CHABI YIIPYTOCTH) OyAyT OEeHCTBOBATH Ha TY
K€ YacCThb TeAa, CTPEMSICb AWKBUAUPOBATH BBI3BAHHOE BHEUIHUMHU CHAAMU
U3MeHEeHHe ero (OpPMBbI UAU Pa3MepPOB.

[Ipu pacyere KOHCTPYKIIMH MAaIllMH, CTAHKOB, Pa3AMYHBIX COOPYXKEHUHU, IIpHU
06paboTKe pa3AHYHBIX MaTepPHUAAOB BasKHO 3HATDH, KaK OyZaeT AeddOpMHUPOBATHCI
Ta UAU WHas JeTaAb IIo[ AEHCTBHEM CHA, IIPHU KaKHX YCAOBHULAX ee aecopmaniud
He OyZeT BAUSTH Ha paboTy MAIIWHBI B IIEAOM, IIPU KAKUX Harpy3Kax HaCTYIIUT
paspylleHue aeTasu U T.[.

I/I3y‘{eHI/IeM 9THUX BaXHBIX [JAd TEXHHUKH BOIIPOCOB 3aHHMAalTCd MHOTHUEC
TEXHHUYIECCKHE HaYKH: COIIPOTHUBACHHE MaTEpPHUAAOB, JETanHu MalItuH Hu
MEXaHHU3MOB, MaT€PUAAOBEICHHUE U T./.

PaCCMOTpI/IM AHUIIIBb HEKOTOPBIE OCHOBEI YI€HHA O }quf)OpMaL[I/IHX TEA.
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2.Bunsr nedpopmauni

HenedopMmupyeMbIx TeA B IIPUPOAE HE CYLIECTBYeT. B To Ke BpeMs YacTo
HPUXOAUTCS UMETHb OEAO CO CTOAb MAaAbIMH AeopMalUsIMH, YTO HUX TPYIHO
OOHAPYKUTE.

Hampumep, ecan HacTynuTh Ha KHPIHWY, TO €ro BHICOTA YMEHBITUTHCS
npuMepHo Ha 1/20000cm. IIpum Takoit mnedopManmuu COCEAHHUE AaTOMBI
cOamKaroTcd npuMepHo Ha 2*¥10-14 cwm!

CpeILI/I /:[ecbopMaLmﬁ, BO3HHUKAKONIINX B TBEPABIX TE€AAX, MOXKHO BBIACAUTH IIATH
OCHOBHBLIX BHOOB: PACTdXXE€HHE, CXaTue, CABUT, KPYYECHHE U u3rub.

JAs neMoHCTpanu 3TUX BUAOB AedopMaliuii MOXKHO

BOCIIOAB30BaThCSI MOIEABIO, COCTOLIIEH U3 HECKOAD- / ’
KHUX JIEPEBSIHHBIX [IAACTUH, CKPEIIA€HHBIX IIPYyKUHaAMY 1 T /

(o) £~ vJ
(puc.3).Kaxknaga naacTuHa n3ob6paskaeT cAOH -

aTOMOB (MOAEKYA) B KPUCTAAANYECKOM PEIIETKE,
IPY>KUHBI MOJEAUPYIOT AeHCTBHUE CHA CBA3H. =

p

{4 1 W
—-«thqhqh
'\\\‘\

N\

a.pacmsikerue (coxamue)

[Tpu nedopmariuu cxkatus (puc.4)
U PaCTsKeHUs (PUC.S) MAACTHUHBI
OCTaIOTCH ITapasA€AbHBIMU APYT

K IPYTy U PACCTOSTHUA MEXIy Kaskaoh puc.4
Iapo¥ COCEenHUX MAACTHUH U3MEHIETCS

Ha OOHY U Ty K€ BEAUYUHY.

Puc.5
Takoro Buma medOpMaIlHI0 HCIIBITBIBAIOT TPOCHI, KAHATHI, LIEMTH B ITOIBEMHBIX
YCTPOMCTBAX, CTIXKKU MEKIYy BaroHaMH, CTPYHbI My3bIKaAbHBIX HHCTPYMEHTOB.
C3kaTHIO ITOABEPTAIOTCS KOAOHHBI, CT€HbI U (PyHAAMEHTHI 3IaHUH.

6.0egpopmayus cosuea.

JedopMmaliyio caBUra MOXKHO ITOAYYHUTb,

cMellad BEPXHIOKO IIAACTHHY I1apasA€ABHO

camMmoii cebe U yaepKUBasd HUXKHIOIO HETIOABUKHOM.
[Ipu 5TOM BCE IMAACTUHBI CMECTATCH TaK, 4TO
pPacCTOAHUA MEXAY HUMHU OCTAHYTCH HEU3MEHHBIMHU. Puc.6
(puc.6).Ilpu nedpopmaninu caBUra He IIPOUCXOAUT U3MEHEHHUE oObeMa Teaa.

Hedopmaliuio CaABUTa HUCIIBITBIBAIOT 3aKACIIKM W OOATBI, COEIUHSIIOIIIHE
MeTarAMdecKHe KOHCTPYKIuU. CaBur Ha OOABIIHNE YTABI MOXKET IIPUBECTH K
paspyLIeHUIO TeAa - Cpeay.

Cpe3 mIpoucxXoouT Npu padoTe HOKHULY, 3y0HrAa, 3yObeB ITHABI.
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8.0egpopmayusi KpYyueHusl.

[edopmaliyio KpydeHHs MOKHO HabAIOIaTh
IIpU IIOBOPOTE BEPXHEN ITAACTUHBI MOZIEAU
BOKPYT BEPTUKAABHOM ocH (puc.7).Ilpu sTom
paccTogHUsS MeXAy NMAaTHHAMU He MEHSIOTCH,
HO TOYKH IIAACTHUH, paHEEe A€XKaBIIIUE Ha OJHOU
IpsSMOM, CMENIAIOTCHI B CTOPOHY APYT OT ApyTa. Puc.7

[edopmaniy KpydeHHs BO3HHKAIOT IIpU 3aBUHYMBAHUU raek, npu pabore
BaAOB MAalllUH, ITPU CBEPAEHUU U T.II.

2.0ecpopmayus uzesuba.

[edopmarliyio u3ruba MOKHO HabAIOOATD, 7 F
3aKpEenuB OOWH KOHEIl OaAKH, a K JPYTOMY I
IOABECUB I'py3 (puc.8). Mau u3rub MoxKHO ¢ e
CMO/IE€AUPOBATDH C IIOMOIIBIO CTEPKHS,

OIMH KOHEI] KOTOPOTro 3aKpPEIIA€H, a Ha ApyroH puc.8
JOEeUCTByeT cuAa (pUC.8),MAN C IIOMOIIBIO

cTep:KH4, 06a KOHIIa KOTOPOTO 3aKPENAEHHI, /

a HarpysKa IIPHUAOXKEHA K €ro cepenuHe (puc.9). /A

[Ipu m3rube BBIMIYKABIE YaCTH TEA BCETIA //1‘ h"~‘;;;::::-—‘
PacCTITUBAIOTCS, a BOTHYTBIE - C3KMMAIOTCs, T.€.

aedpopmMaliysa u3ruda CBoAUTCH K aedopMaliusaM puc.9
PACTSIKEHHUsT U CXKaTusd, NPUYEM CpPeOHHE CAOU CTEP:KHHA IIPAKTUYECKH He

nePOpPMUPYIOTCH.

TakuM 00pa3oM, HaaW4dHe CpeaHEro (HEHTPAABHOI'O) CAOd IHIPaAKTUYECKH He
BAULET Ha COIPOTUBASIEMOCTH Te€Ad HU3THOYy U €r0 MOXKHO BBIOPOCUTH U TAKUM
06pa3oM YMEHBIIIUTE MacCy TeAa.

3aMeHa CIIAOLIHBIX CTepXKHeM U OpyckoB Tpybamm u 6askaMH, y KOTOPBIX
4aCTUYHO YOAAE€H CPEOHUM CAOH, MAET 3KOHOMHUIO MaTepuasa U 3HAYUTEABHO
CHUIKaeT MacCy KOHCTPYKLUI 0e3 yXyAIleHUs HUX MeXaHW4YeCKUX CBOHCTB. B
pe3yAbTaTe MOAUTEABHOM 93BOAIOIIMM KOCTH JKHBOTHBIX, IITHI[ U YeAOBeKa
npuobpean TpybuaToe cTpoeHHe. Takoe Ke CTPOEHHE HMEIOT TaK:Ke B CTeOAU
HEKOTOPBIX pacTeHu# (6aMOyK, TPOCTHHUK U [P.).

[Iporu6 Oaaku 3aBUCHUT OT (QoOpMbI cedeHus 0Oaaku. OmHaKO "yeMIIHOHOM"
craHeT 0Oaaka B Buae TpyObl. Hampumep, TpyOKa C BHEIIHUM pPaguyCcoOM
H=1,2cm u BHyTpeHHHM h = 0,75cM mnporubaercss Tak Ke, KakK CIAOIIHOU
OpPyCOK KBaapaTHOI'O CEYeHUS CO CTOPOHOM a=2cM. A Beob KOAHYECTBO
MaTepHuaasa, IOIIelllee Ha TaKyio TPyOky B 1,5 pasa MeHbIlle, 4eM Ha OpPyCOK
TOH K€ NAUHEI.

Ha MHOrmx pgetaasdx MalllMH, HaIpUMep, Ky30B aBTOMOOHAS, OeAaroT pedpa
KECTKOCTH.

N3 paccMoTpeHHBIX AedopMalliii OCHOBHBIMU SIBASIIOTCS PaCTsSKE€HHE U CABUT,
a aBe Opyrue - KpydeHue W U3THUO - CBOAATCHA K HHUM. B OOABIIIMHCTBE CAyYaeB
Ha T[pakKTHKe HaOAIOOAIOTCS KOMOMHAIIMH OTHX [OPOCTEHIIINX BHUIOB
necdopMaliiii ¥ pasgeAeHue UX YHUCTO YCAOBHOE.

www.kormakov.ru Ctpanuua 33



H.A.KopmakoB ®a3o0Bble nepexo/ bl 10 knacc

3.MexaHHYEeCKHe CBOHCTBa TBepAbIX TeA. 3aKoH 'yka

[Ipu meicTBUM BHENIHEM CHABI (OePOPMHUPYIOIIEN CHABI) TEAO YIOAUHSETCS Ha
BeAndHnHy Al, KOTOPYI0 HA3BIBAIOT AOCONMHOMHBIM YONAUHEHUEM.
H3mensas 1ePOPMUPYIOIIYIO CHAY MOIKHO 00HAPYKUTH IPSIMO
POIIOPIIMOHAABHYIO 3aBHUCHUMOCTb MEXKAY abOCOAIOTHBIM YIOAMHEHHEM U
aepOopMUPYIOLIEH CUAOH:

Al ~F

EcAn MNOBTOPUTH ONIBITBI C YHOPYTHMH TE€AaMU pPa3HOM [OAWHBI, TO MO3IKHO
O0HaApPYKUTH IIPAMO ITPOIIOPIIMOHAABHYIO 3aBUCHUMOCTH MEIXKIY a0COAIOTHBIM
YIOAUHEHUEM U II€PBOHAYAABHOM OAWHOM:

Al ~1

Temepb MOXKHO B34Tb T€Aa TaKOH K€ JAWHBI, HO CAOK€HHBIMH B/IBOE€, BTPOE, UTO
PaBHOCHABHO  YBEAWYEHHIO IIAOIIAAU IIOIIEPEYHOro cedeHUd B 2 uMAM 3 pasa.
[Ipu 3TOM MOXKHO OOHapPYKUTHb O0PATHO IIPOIIOPIIMOHAABHYIO 3aBUCHMOCTD

Me3KAy abCOAIOTHBIM YOAMHEHHEM U ITAOLIAABLIO IIOTIEPEYHOr0 CEeYEHHUS:
Al !
S
M HakoHeIl, OCTaAOCh IIPOBECTH OIBITHI C TE€AAMH H3 Pa3HOIO MaTepHhasa IIpHU
IIPOYUX PABHBIX YCAOBUSAX, U OOHAPYKUTH 3aBHCHMOCTH MeEXKIy abCOAIOTHBIM
VOAMHEHHEM U BEAWYHHOH XapaKTepH3yIoIleH yIIpyrHe CBOMCTBA MaTepHaAa.
OTy BeAMduHy Ha3bIBalOT mooysiem FOnza (E).

Al !
E

OG’I:GI[I/IHI/IB PE3YABTATEI ITPOAECAAHHBIX OIIBITOB, MOXKHO 3allkCaThb.

Al Fl
SE

[ag miepexoga OT 3HaAKa ITPOMOPIIMOHAABHOCTH K 3HAKYy paBEHCTBAa HA/I0 BBECTH
KOO(PPHUIIUEHT IIPOIIOPIIMOHAABHOCTH. OIHAKO, €CAM [OAS HU3MEPEHHd BCeX
BEAWYUH, BXOAAIIUX B POPMYAY, MBI OyZeM HNPUMEHATH €IUHHUIILI OMHON M TOH
K€ CHCTEMBI, TO 3TOT KO3(PUIIMEHT OyaeT paBeH E€OWHHIIBI U MOXKHO TOTIa

3arucarhb:
Fl

Al = —
SE

OTa 3aBUCHUMOCTB ObIAa ycTaHOBAeHA B 1660r. aHramiickum pusdukoM P.I'ykom u
HOCUT HaszBaHUe 3akoHa [ yKa.
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Hedopmariinm, HOQINHSIONIMECT 3aKOHY ['yKa, Ha3bIBAIOTCS YNnpyaumu.
XapakTepHbIM IMPU3HAKOM YHOPYrux aedopMalllii SBAFETCS TO, YTO IIOCAE
CHATHSA Harpy3KH TeAO dYepe3 HEKOTOPOe BpeMs BOCCTaHABAWBAaeT CBOIO
IIepBOHAYAABHYIO (POPMY U Pa3MepEI.

Takoro Tuna pedopMalld HCHOBITBIBAIOT pPe3UHOo8ble WHYPbL, NPYIKUHDL,
cmasbHble WapuKU NPpU CMOAKHO8EHUU.

[edopmaliy, KOTOphble HE HMCYEe3al0T IIOCAE€ IIPEKpallleHUs AeMCTBUA BHENTHUX
CHA, Ha3bIBAIOTCS IMAACTHYECKUMU. [laacTudeckyro nedopManuio HCIILITHIBAIOT
IIAACTHAWH, TAHA, BOCK, CBHHEIL.

CymHOCTh, YHIPYTHX U HEYIPYyrux naedopManuii TBepAOro Teaa OOBACHUTH
caenyromiM  obpasom. B cayuae ymopyro# agedopmainiuu  IIPOUCXOAUT
HEe3Ha4YUTEeAbHOE U3MeHEeHHE (POPMBI 9AEMEHTAPHBIX dueeK KpHucTtassa (puc.10).

[Ipy o>TOM H3MEHEHHE PACCTOSHUH

MEXAy y3AaMH TaKOBO, YTO OHO HeE
IIPUBOAUT K HAapPYIIECHUIO PaBHOBECUI
CHA B3aUMOIEHCTBHUS.

*—O

qacTHUll B Kpucraase. Kaxxnasa gacrtuna
PEILETKU OCTAETCHd B OKPYKEHHUU IIPEKHUX puc.10
cBoux "cocenert".MI3aMeHeHUE PaCCTOIHUNU

MeX/Iy YacTHUIlaMHU IPUBOAUT K BO3HUKHOBEHHIO CHA

YIIPYTOCTH, BOCCTAHaBAUBAIOIIEH IIepBOHAYaABHYIO (hopMYy
U pa3Mephbl TeAa IIOCAE€ CHSITHS HArpy3KH.

[Ipu Heympyro#t medopmaiiiy MIPOUCXOOUT 3HAYHUTEABHOE
HCKaK€HHE SAEMEHTAPHBIX dY€€K, OOHU SYEHKH CKOAB3AT

OTHOCHUTEABHO APYTUX. HapyiiaeTcs CBa3b MeEXAY YacTUIIaMU.
l
Tak KakK BeAWdHHbI I, S, u E 1A JaHHOTO TeAa MTOCTOAHHBI, TO U APOOh s TOZKE
1
nocrostHHa. O003HAYUB ee dyepes ~ » TOTZa TIOAY<IHM

|AL| 1E
Tk
T.€. abCOAIOTHOE YIOAWHEHHE CTEPXKHA IIpH VIPYrUx AedopMaliydax IIPSIMO
IPOHOPIIMOHAABHO Ae(POPMUPYIOIIEH CHAE.

Mooyne [IOHea xapaxmepu3yem CONPOTHBASEMOCTb MaTepHasa yIPyroi
aecpopMaliii pacTIazKeHUs AU CKaTHUd. [Jas OOABIIIMHCTBA MaTePHUaAOB MOAYAb
FOHra ompeneseH 3KcnepUMeHTaABHO. YeM 0Ooabliie MoayAb FOHra, TeM MeHbIIle
nepopMUpPYeTCd CTEPKEHD ITPU ITPOYNX PABHBIX YCAOBUIX.
[TepenuineM mocaeqHee YpaBHEHHE B CAEAYIOIIEM BHE:

F |AlE

S l
B AeBo#l yacTH MBI BHAUM OTHOILIEHHE MOAYAS CHABI yrpyroctu F k niowadu

nonepeuHo2o ceueHuss S mena. Oma eeAUUUHA NOAYUUNAA HA38AHUE —
MmexaHuuecKoe HanpsioKeHue, Komopasi. — xapakmepusyem cocmosiHue
oehopMuUpo8aHHO20 mesa.
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F
—=0
S ALl
. Al
B IIpaBOX YaCTHu — 0003HAYUM OTHOIIIEHHE — = & M HA30BEM OMHOCUMEbHbIM

1
yonuHeHuem.B pe3yAbTaTe IMOAYIHM CAEAYIOLIEe:

og=/¢/ E
Ota apyras 3anuchk 3akKoHa ['yKa, KoTopas YUTaeTCs TaK:

Ilpu MaANbIX degpopmayusix MmexaHuuecKoe HanpsioKeHue
NPSIMONPONOPUUOHASIEHO OMHOCUMENbHOMY YONUHEHUTO.

OTHOCUTEARHOE YOAWHEHHE B (pOpMyA€ B3STO II0 MOAYAIO, TaK KakK 3aKOH ['yka
COpaBeIAUB KaK OAd OepopMally PACTAKEHHs, TaK U OAd aedpopMariuu
CIKaTHsl.

4.[[HarpamMMa pacTAKEHHSI
3aBHCHUMOCTE OTHOCHUTEABHOTO yIOAWHEHHs 0o0paslia OT IIPHAOXKEHHOTO K HEMY
HaIlpAXKEHUA dBASETCA OOHOM M3 BasKHEHIIIHNX XapaKTEPHCTHK MEXaHHUYECKHUX

CBOMCTB TBEPABIX TEA.

paduueckoe wn3zobpazkeHHe OSTOM 3aBUCHMOCTH HAa3bIBAETCS OUArPaMMOM
pacTsIKeHUs.

[Tpu HEGOABIIIUX HAIPSIKEHUIX O Lo vy mar Siazian sy
OTHOCHTEABHOE YIAMHEHHE =
[IPSIMO ITPOIIOPIIMOHAABHO 1 ek - 2 S
HaIPSIXKEHUIO, a [TOCAE CHSTHS e — =%

HArpy3KHU pasMepPbI TeAa Cnl — /A

IIOAHOCTBIO BOCCTAHABAUBAIOTCS.

Takas mecpopMalivs U HA3bIBAETCS -
ynpyeoti. meHHO mas ororo ydactka | © é

U ClIpaBeIAUB 3aKoH ['yka.
MakcuMaabHOE HAMPSIKEHUE On , IIPU KOTOpPOM mecopMalius eIlle OCTaEeTCH
YIIPYTro#, Ha3bIBAETCS Npeoesiom nponopyuoHateHocmu (m.A).

Ecan emre yBeanymBaTh Harpy3Ky, TO AedopMaliysd CTAHOBUTCS HEAWHEWHOH,
HaAIIpsIsKeHHUe IIepecTaeT OBITH IIPSIMO IIPOIIOPIIMOHAABHBIM OTHOCHUTEABHOMY
yasuHeHH1o. TeM He MeHee, IIPU HEOOABIINX HEAWHEHHBIX AedopMaliigx I10CAE
CHATHA Harpy3Ku (popma B pa3Mepbl Teaa MPaAKTHUYECKH BOCCTAHABAUBAIOTCS
(yuacmox AB). MakcuMaAbHOE HaMpsXKEHHE, IIPU KOTOPOM €Ille HE BO3HUKAIOT
3aMeTHbIe OCTaTO4YHble AeopMaliii, HAa3bIBAIOT MIPEAEAOM YIIPYTOCTH Oymn..
[IpeneA ynmpyrocTu IpeBbIIIAET IPEAEA IMPOIIOPIIMOHAABHOCTU AHUIIL Ha COThHIE
JIOAY ITPOIIEHTA.

[Ipr HaIpaKeHUIX, MNPEBBIIIAIONINX IIpPeaeA YIIPYTOCTH Oyx ,00paserr mocae
CHATHS Harpy3KH HE BOCCTaHAaBAMBAaeT CBOIO (POPMYy HAU II€epBOHAYaAbHBIE
pasMephl.

Takue mecpopManii Ha3bIBAIOT OCMAMOUHBIMU UNU NIACMUYECKUMU (Yuacmokr
BC). Ha »3toM yuacTtke pgedopMmaliygd IOIPOUCXOAUT HE IMIPOIIOPILIMOHAABHO
YBEANYEHUIO HAIIPSIKEHUS.
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Ha ropuzontassHOM yuacmkxe CZ martepuaa "reder'-aedopMaliiid Bo3pacTaeT
IIpU HEU3MEHHOM HalpsaxKeHuu. HampaskeHue, OpH KOTOPOM MaTepHaa
"TedeT",Ha3bIBAIOT IIPEAEAOM TEKYYECTH Or.

Ecan cHATp HaIpgKeHHe C TeAa, TO €ro pasMepbl He OyayT paBHBI
nepBoHa4YaAbHBIM. Pa3rpy3ka nzobpazkaeTcss MIyHKTUPHON KPUBOH.
Marepraabl, y KOTOPBIX obaacTh Tekydectu CJZ 3HaYuTeAbHa, MOTYT 06e3
pa3pylleHus BbIAEPKUBATL Ooabline pgedopmaryu. Takwme MaTepHasbl
Ha3bIBaIOT nlacmuuHbimMu. IIAaCTUYHEI - IAACTHAWUH, M€b, 30A0TO.

Ecan ke 06AacTh TEKy4eCTH IIOYTH OTCYTCTBYET, TO MaTepHaa 0e3 pa3pylleHUs
MOKET BBIAEePKUBATh AUIIL Heboapllne pgedopManuu. Takue MaTepuasbl
Ha3bIBAIOT Xxpynkumu. Hanpumep, crekao, KUpHIUY, OETOH, UyTYH.

[asnee c yBeandeHHmeM gaedopMallly KpHBasg HaIPsSKEHUH Bo3pacTraeT U
pocturaer Touyku E. 3areM HampsikeHHe OBICTpO crHagaeT U obpasery
paspyiaercsa B Touke K. Pa3pbIB IIPOMCXOOUT IIOCAE€ TOrO, KaK HaIIpsKeHUe
JOCTUTaeT MaKCUMAaABHOT'O 3HA4YEHUS Orp, HA3bIBAEMOI'0O npedesiom NpouHOCmu.

[ass Toro 4YTOOBI MAIIWHBI, Pa3AHWYHbIE COOPYKEHUS, 31aHHd, MOCTBI OBbIAM
HAIEXXHBIMH, IIPU UX NPOEKTHPOBAHUN HEOOXOAMMO YUYHUTHIBATH HEOOXOIUMBIH
3arrac npoyHocTH. O4YEeBHUOHO, YTO BCE OTH COOPYKEHUS MOAXKHBI paboTaTh B
obaacTH yrIpyrux nedopmarui.

5.TenaoBoe pacUIHPpEHHE TBEPABIX TE€A H JKHIAKOCTH

[Ipy [OOBBINIEHHH TeMIepaTypbl AWHEHHBIEe pa3Mepbl TBEPABIX  TeEA
YBEAUYUBAIOTCS, & IIPU IIOHWKEHWUH - YMEHBIIIAIOTCS.
YBeAndyeHUe AMHEWHBIX pasMEpoOB TeAa M €ro O0beMa Ha3bIBAeTCHd Menjo8bim
pacuiupeHuem.
[Ipu HarpeBaHUU TBEPAOrO TeAd YBEAUYUBAIOTCS CPEIHUE PACCTOSHUS MEXKIY
aroMaMH, T.K. C POCTOM TeMIepaTypbl Bo3pacTaeT aMIIAUTyaa KoAeOaHui
aTOMOB OKOAO TIIOAOXKEHUM paBHOBECHUS, YTO U IPHUBOAUT K YBEAHYECHHIO
pa3MepoB TeA.
AVHeWHOe TEeIIAOBOE€  pacCIIMpeHHe XapaKTepHu3yeTCs  memnepamypHuim
K09ghpuyueHmom AUHEHO20 PACULUPEHUSL.
[Ipm HarpeBaHHUH TBEPIAOTO TEAA €ro AHWHEHHBbIe pa3Mmepbl | U3MEHSAIOTCHd II0
3aKOHY.
l=1y(1+ aAT)

rae [y —auretiHblll pasmep mena npu 273 K,

AT =T — To — usmeHeHue memnepamypslL meaa NPu e2o Ha2pesaHuu om

To=273K 0o T,
a - Koagppuyuerm nuHeliHo2o pacuiupeHust, K.

HpI/I Harp€éBaHHH TBEPAOI'O TE€AA €ro oopeM V usMmeHseTcd 110 3aKOHY

V =Vo(1+ BAT)
rne Vo - 06bem mena npu 273 K,
B - KoagppuyueHm obvemHo20 pacuiupeHus
Mexxny @ u 8 cylIecTByeT COOTHOIIIEHHE

B=3a(mxV=I0D3)
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[Ipr HarpeBaHHM KUIAKOCTH BO3pacTaeT CpeaHds KHHEeTHYecKas JSHEepTud
XaOTHYECKOTO [IBHXKEHUS €€ MOAEKyA. OJTO IMPUBOAUT K YBEAHUYEHUIO
PaCCTOSHUS MEXIY MOAEKYAaMH, a CA€IOBATEABHO, U K YBEAHUEHHIO oObeMa.

TemaoBoe pacHIMpeHHEe 3KHUAKOCTEH, KaK M TBEPAbIX TEA, XapaKTepHU3yeTcCs
TeMIIepaTypHBIM K03(PUIIMEHTOM O0BEMHOTO paciiupeHus. O0beM KUIKOCTH
IIPU HarpeBaHUU OIIpPeAeAdeTCd 10 PopMyAe

V =Vy,(1+ BAT)

2KUIKOCTH pacHIupSIOTCd IPU HarpeBaHUM OoAbllle, yeM TBepable Teaa. OmHa
U3 KUOKOCTEH — 800a - IIpPeACTaBAseT UCKAIoueHHe. OKas3bIBaeTCsI, YTO BOAA B
uHTepBase TeMmmneparyp ot O mo 49C mpu HarpeBaHUM CXKUMAaETCd, a IIpHU
OXAaZKIOEHUHU paclInupsiercs. Boma mMeeT HaMOOABIIYIO TTAOTHOCTD ITpu 4°C. 310
00BbsICHSIETCS 0COOEHHOCTMHU CTPOEHUI KPUCTAAANYECKOU pEeIleTKHU AbJa.

Kak mpu HarpeBaHHUHU, TaK U IIPU OXAAKIAEHUU BOABI, B3ATOH npu 4°C, ee oOobem
BO3pacTaeT, a IIAOTHOCTb YMeEHbIIaeTcd. ITOM O0COOEHHOCTBIO TEIMAOBOTO
pacimupeHus BOIBI OOBACHSETCA TOT (aKT, YTO BOMIOEMBI 3UMOH He
OpoMep3aroT A0 AHA. [Ipu oxaazkKaeHWH, II0OKa TeMIlepaTypa OBEPXHOCTHOTO
cros He pocturHeT 49C, MAOTHOCTBH TEHAOH BOAbI HUIKE XOAOOHOM, IIO3TOMY
TeriAas BoJa IIOAHUMAaeTCsl BBEPX, a XOAOHAS OIIyCKaeTCcs BHU3.
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BJIOK -6 B3K-6
MNosTopum Teopuio!
B3avmHbie npespalieHunn )KMAKOCTeﬁ U ra3os.

CBoiCTBa TBEPADIX TEN
1.Ymo Hassieaemcsa ucnapeHuem u KoHoeHcayueli? Kak npoucxodum ucnapeHue?
Ymo mMoxcHO cKkazames 0 memnepamype rnpu ucnapeHuu?
2.0m 4e20 3a8UcCUM CKOPOCMb UCnapeHusA?
3.Kakoli nap Ha3bi8aemcs HACbIU,eHHbIM?
4.0nuwume MexaHu3M rnpespawieHus napa 8 uokocms. lMpusedume rnpu smom
3a8ucumocme 0asseHusA om ob6véma.
5.Kakosebl ceolicmea HacbiweHHO20 napa?
6.Kak MoxHO nepesecmu HacbiWeHHbIl nap 8 HeHacbiWeHHbIlU u Haobopom?
7.Kakoli npouecc Hazbigaemca kuneHuem? Kakoswel npusHaKu KurneHusa? lpu Kakom
ycn08uU ¥UOKOCMb KUNUM?
8.Ymo moxHO cKazames 0 memmnepamype KureHus 8 3a8ucumocmu om 0aeneHuaA?
9.Moyemy pasHble X UGKOCMU UMEOM pasHyo memmnepamypy KuneHua? 3asucum au
memnepamypa KuneHus om npumeceii?
10.Ymo Ha3biearom 8aaxHOCMbI0 8030yxa?
11.Ymo Hasbiearom napyuanbHeIM 0asneHuUem?
12.Ymo Ha3sisarom abcontomHol 8naxHOCMbHO?
13.Ymo Ha3biearom omHocumesibHOU 8AAXCHOCMbIO?
14.Ymo Ha3siearom mo4kol pocsi? [1pu KAKOM yciosuu nosasaaomca mymaH, poca?
15.PacKaxcume 06 ycmpolicmee 2uzpomempa Jlambpexma.
16.Pacckaxcume 06 ycmpolicmee ncuxpomempa.
17.Ha Kakue 08a suda moxcHo pazbume meepobie mena?
18.Kakue mena HA3b18aIOM AMOPEGHbLIMU, YMO K HUM OMHOCUMCHA, KAKUMU
ceolicmeamu oHU obaadarom?
19.Ymo makoe aHU30Mponus, KAKUM 8euw,ecmeam OHa npucyue?
20. Ymo makoe uzomponuu, KAKUM 8ewecmsam oHa npucyue?
21.Kakumu ceolicmeamu obaadarom kpucmannu4yeckue mena?
22.Budbl KpUCMQAAAu4ecKux pewemox.
23.Ymo Hazbiearom degopmayueli?
24.Budel 0egpopmayul, Kakue demasu ucnbiMsl8ardm asmu euodbl?
25.Ymo Ha3blieaemca omHocumenbHoIM yOaUHEeHUEM ?
26.Ymo Ha3bleaemca mexaHU4YecKUM HanpsameHuem?
27.3aKoH lyKa.
28.Auazpamma pacmsaxceHud.
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