TBEPAI
THA

§ 16.1. XapakTepucTHKA TBEPIUX TiJ

Haii6inpm xapakTepHOI OCOOJIMBICTIO TBEPIUX TiJT € 30€peeHHs] HUMHU (QOpMH 1 00’ eMy.
Ile o3Hauae, M0 B TBEPAOMY CTaHI CKJIAJOBI YaCTHHKHM Tijla 3HAXOISTHCS HA TAKHUX BiICTaHIX
OJTHA BiJ] OJHOI, III0 CHJIM B3A€EMOZII MK HUMH JTy’K€ BEIUKI 1 TIEPEIIKO/PKAIOTE TIEPEMiIIICHHIO
OIHI€T YACTUHKHU BiTHOCHO 1HIIOI. BifcTaHp MiXK YacTHHKAMHU B TBEPAOMY TiJi CKIIagae HaOIw-
xeno 10™° a, To6TO TOpiBHIOE PO3MIpaM CaMOI YACTHHKH.

TBepai Tina moIsIOTH Ha aMOPQHI 1 KPUCTANIYHI, SIKI CYTTEBO BiPi3HAIOTHCS 32 CBOIMH
BJIACTHBOCTAMH. B aMophHOMY CTaHi YaCTHHKU TBEPAOTO Tijla 3HAXOSTHCS B HEBIOPSIKOBA-
Hill popmi, sika moniOHa 10 pinkoro ctany. THIIOBUMHE NpeaCTaBHUKaMU aMOP(GHHX Til € CMO-
JIM, TUTACTMAcH, TyMa, CKJIO TOIm[0. Pe4oBHHM TaKoTro THITY BeOyTh ceOe, K PiIUHA 3 aHOMaJIb-
HO BENMKOIO B’si3KicTio. IIpy miIBUIIEHH] TeMIepaTypy B’SI3KIiCTh IX IMOCTYIIOBO 3MEHIITY€THCS
1 BpemTi BOHM HaOyBalOTh BIACTHBOCTI PiIMHHU — TEKTH.

B xpucraniunux Tinax, Ha BIAMiHY BiJl aMOpP(HUX, YACTUHKN 3aKOHOMIPHO PO3MIIIYIOTHCS
B IIPOCTOPI B COTHI 1 THCSMYi aTOMHHUX OJMHHIb, YTBOPIOIOYH ITPOCTOPOBY KPHUCTAIIUHY TPATKY.
Omxe, B KPUCTANYHUX TiTaX iCHye CTpOra MOBTOPIOBAHICTH €IEMEHTIB CTPYKTypu (aTtoma,

Puc. 16.1

MOJICKYJIH, 10Ha), SIKa MOIIMPIOETHCS MPAKTHYHO HA HECKIHUCHHE YKCIIO MEPioIiB KPUCTAII THOT
rpatku. Ha puc. 16.1 naBeneno mpocropoBy kpucraniuny rpatky kam’siHoi comi (NaCl), ska
cknaaeThes i3 ionis Na * i iownis Cl ~ i ymakosky ionis Na i Cl ™ B Takiii rpaTii.

EnemeHT mpocTopoBOi TpaTky, OBTOPEHHSAM SIKOTO MOXKE OyTH 3allOBHEHHH Bech 00°e€M
TiJIa, HA3UBAIOTh eJIeMEHTAPHOI0 KoMipKolo. B sikocTi mpuknany Ha puc. 16.1 1 16.2 naBeneno
eneMenTapHi komipku kam’stHoT coi NaCl i anmasy BigmosiaHo.

OnHNM 13 BOXKIMBHX HACIIIKIB MPABUIIBHOTO MOPSIKY B PO3MIIIEHHI CTPYKTYPHHUX YAaCTHHOK
B KPUCTATIYHUX TBEPMX TiIAX € AHI30TPOMisA™ iX OCHOBHMX (Di3MMHMX BIACTHBOCTEN MAKPOCKO-
TYHOTO 3pa3ka. 3ayBaKUMO, 110 aMOpQHi Tia — 30TPOMHi.

Kpucraniuni Tina, sSKi MaroTh JpiOHOKPHUCTATIIYHY CTPYKTYPY, TOOTO CKJIaIaf0ThCS 3 BENUKOL
KUTBKOCTI APIOHIX KPUCTAIMKIB, IO 3POCIHCS MK COO0I0 XaOTHYHO, HA3MBAIOTHCS MOJTIKPHCTA-
JivHuMH 200 nojikpucragamu. OKpeMuH, BETUKNX PO3MIpPIB KPHCTANl HA3UBAIOTh MOHOKPHCTA-

* AHi30TpOmist — 3a/eXHICTh (I3UYHUX BIACTHBOCTEN MAaKpPOCKOMIYHOIO TLIA Bijl HATIPAMKY.
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16. Teepoi mina

JIoM. MOHOKpHCTaIN BEJIMKHUX PO3MIpiB OTPHMYIOTH IITYYHUM CIIOCOOOM 3a TOIOMOTOIO CIIEIli-
ITBHUX METONHK.

C
Puc. 16.2 Puc. 16.3

Kpucraniuni rpaTk po3pi3HSAIOTH 32 XapaKTepoM PO3MIIIEHHSI YaCTHHOK B IIPOCTOPI 1 32
B3a€MOJII€I0 MIXK YaCTHHKAaMH, SIKi yTBOPIOIOTH TBEP/E TLIO.

Kpucraniuni rpatku MokHa Kaacu(ikyBaTH 3a BiIHOCHOIO JOBXKHHOIO pedep elleMEeHTapHNX
KOMIpOK 1 32 KyTaMu OISl BEpILIMH eJIeMEeHTapHOI KOMipKH. MOXIuBI ciM, BIIMIHHHX 33 T€OMeT-
Ppi€ro, eEMEHTAPHUX KOMIPOK, & 3HAYUTh CIM KPUCTAIIYHUX cUCTeM (CHHroHiif). [To3HaunmMo tpu
pebpa eneMeHTapHHX KOMIpOK uepes a, b, i ¢, a Tpu Kytu 6isis 1i BepiuuH wepes o, B iy, sAK moka-
3aHO JUI KyOiuHOi crcTeMH Ha puc. 16.3. 3HaueHHS IuX mapaMeTpiB Ul CEMH KPHUCTaJiqHUX
cHcTeM HaBeseHi B Tabum. 16.1; BixmoBinHi eneMeHTapHi KOMipKH 300pakeHi Ha puc. 16.4.

Ci . Tabmuug 16.1
iM MOXJIMBUX KPHCTAIIYHHX CHCTEM

Cricrema I[OBxclfHa Kpucranorpadiuni Tpricnazm

oceii KyTH
Ky6iuna a=b=c a=f=y=90° NacCl, Cu
TerparonaipHa a=b;c a=p=y=90° SnO,, Sn (6ixe)
Pomb6iuna a,b;c a=pB=y=90° K5SOy, 1,
Pomboenpuyna, o o o .
260 TpUrOHATbHA a=b=c a=p=y#90 Al,Os, As, Bi
MoHOKTiHHA a,b;c azp=y=90° S
Tpukninaa a,b;c a#zB#£y#90° K,CI,0,
I'ekcaronaneHa a=b:c a=p=90°; C (rpaoir)
y = 120°

Konu By3/in"™ po3MillleHi y BEpIIMHAX TPATKH, TO BOHA HA3MBAETHCS MPUMITHBHOIO P Ta R
(puc. 16.4). -

V MOHOKITIHHIM i poMOidHill cucTeMax, KpiM IpUMITUBHOI, € 6a3omenTpoBana rpatka (C).
V miii rpaTni By3id, KpiM BEPILIHH, PO3MIIIEHI B IIEHTPax JBOX MPOTWICKHHUX TPaHEH.

VY poMOiuHiii, TeTparoHanbHil Ta KyOiuHill crcTemMax iCHYIOTh 00’ €MHOILeHTPOBaHI rpaT-
ku (D). Y Hux By3H, KpiM BepIlvH, pO3MILICH] B IIEHTPi IPATKU.

Kpim toro, y pom6iuniii Ta KybiuHiii cucremax € iie rpaHenentpoBaui rpatku (F). B ta-
KHX IpaTKax BY3JIM PO3MIIIIEHI y BEpIIMHAX 1 B IIEHTP1 KOXKHOI TpaHi.

* Micrs, ie 3HaXOAAThCSA YACTHHKM B KPUCTAIIIYHIM IPaTIli, HA3HBAIOTH BY3JIAMH.
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8 16.2 Cunu 38 ’s13Ky 6 meepoux KpUCMAaIiyHux minax

KyGiuna

Tetpa-
TOHaJbHA

PombGiuna

TpuronansHa
(pomGo-
epUYHa)

MoHoKTiHHA

TpukiHHA b

I'excaronanbHa

Puc. 16.4

§ 16.2. Cum 3B’513KY B TBEPAUX KPUCTATIYHHX Tiax

3a xapakTepoM B3aeMOil MiXK YACTHHKAaMH, TOOTO 32 THUITOM 3B’SI3KY MK HAMH, PO3PI3HSIOTh
YOTHPH THITH KPUCTAJIIYHUX TiJI. i0HHI, aTOMHI, MeTaTi4Hi i MOJIeKY.JISIPHI.

Tonni kpucTamm. Y By3nax KpUCTaJIIYHOI TPATKH 10HHUX KPHCTANIIB 3HAXOIATHCS TTO3UTHUBHI 1
HETaTUBHI 10HH, SIKI BTPUMYIOTBCSI Pa30M CHJIAMH €JICKTPOCTATHYHOIO MPUTATaHHS. Takuii 38’ s30K
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16. Teepoi mina

Ha3MBAIOTh IOHHUM 200 reTeponoIsApHUM. [OHHNMIA 3B 530K € TUITOBUM TSI HEOPTaHIYHHUX CIIONYK.

loHHMIt 3B’430K 1OCUTH CHIIBHUHA. BiH CTAaHOBHTH BENWYMHY HOPSIKY 10° JIK/MOIb. IIpo
BEJIMKY MIIIHICTh I0HHOTO 3B’3KY CBIIYMTH MaJIMi KOE(DIIIEHT TEIUIOBOTO PO3LIMPEHHS Ta BHU-
COKa TeMIlepaTypa IUiaBjieHHs. [OHHI KpHUCTaIN BOJIOIIOTH MAJIOIO EIEKTPOIPOBIIHICTIO PH HHU3b-
KUX TeMIIepaTypax, JOOPOK 10HHOIO eJIEKTPOIPOBITHICTIO TIPA BUCOKHX TEMIIEPaTypax i CHILHIM
MIOTJIMHAHHSM 1H(QPaYepBOHOr0 BUIIPOMIHIOBaHHS. B SIKOCTI IPHKIIay 10HHOTO KPHUCTaa MOXKe
CITY’KUTH KaMm’siHa Cijlb, B sAKili mosutuBHi ionu Hatpito (Na *) i meratusni ionu xmopy (Cl°)
YTBOPIOIOTH HPOCTY KyOiuHy rpatky (puc. 16.1).

ATOMHI KpHCTAJIH, SIK BKa3ye 1 cama Ha3Ba, 00yIOBaHi i3 aToMiB. ATOMHI 200 TOMEOTOApHi
TPaTKN YTBOPIOIOTHCS 32 HASBHICTIO TAK 3BAHOTO FOMEOMNOJIAPHOI0 200 KOBAJIEHTHOI'0 3B’ SI3KY.

KoanenTHuit (260 rOMEOIOISIpHIIA) XIMIYHHMI 3BSI30K BUHUKAE MiJK IBOMa aTOMaMH 32 Paxy-
HOK YTBOPEHHSI CHIIbHOI TapH BAJICHTHUX €JIEKTPOHIB 10 OTHOMY BiJl KOXKHOr0 atoMa. Takum 3B’s-
3KOM, HaIllpUKIIaJ, 3B’s13aHi aToMH B Montekynax Hp, Ny, O, Tomo. TumoBumu Kprctazamu 3 KoBa-
JICHTHUM 3B’SI3KOM € aiMas, Tpadit, cyabgix IMHKY, cipka. [lo HUX Haye)kaTh 1 HaIliBIIPOBITHUKH.
YV By3J1aX KPUCTATIYHOI IPATKU TAKUX KPUCTAIIB PO3MIIIIEHI HEHTpaTbHI aTOMU.

KoBaneHTHnmit 3B’5130K 3apasy IPOCTOTH MPOLTIOCTPYEMO Ha TPHKIIAJ MOJEKYIH BOIHIO Hp,
sIKa € OZIHIEIO 13 HAUTIPOCTIIINX MOJIEKYI. MoJIeKysa BOJHIO CKJIAIa€ThCs i3 ABOX MPOTOHIB 1 IBOX
erektpois (puc. 16.5).

IMporonu Ha puc. 16.5 no3Havei mitepamu a i b, a enexrponn — mudpamu 1 i 2. B nanmii mo-
MEHT 4acy BiZICTaHb I MiXK aTOMaMH BOJHIO Taka, III0 aTOMU MOXKHa BBa)KaTH 130160BaHUMHU. [Ipu

3MEHIIIECHH] BIJICTaHi [ CTYIIHb MEPEKPUTTS €IeK-

1
3 TPOHHHUX XMAPHHOK aTOMiB 301IBIIYETHCSI, TOOTO
301IBIIYEThCST IMOBIPHICTH MEPEXOy EIEeKTpOHA
@ r @ 10 “qymorq" nporona (smpa). Moxaa 36J‘II/I3.I/ITI/I
> o ATOMH HACTUIBKH, [0 FOBOPHTH PO HATEKHICTH
eNIeKTpOoHa 1 IPOTOHY a 1 eNeKTpoHa 2 — POTOHY
b, Brpayac 3micr. B upoMy BHIIaAKy BUHHKAE HO-

BUIl CTaH, B SIKOMY OOW/IBa €IEKTPOHU HAJIEXKATh
OJTHOYACHO OOMIBOM TIPOTOHaM. TaKi eIeKTPOHH
Puc. 16.5 HA3WBAIOTh YCyCHUIbHCHUMH. [Ipu yCycIiibHEeHHI
CIIEKTPOHIB BiZIOYBA€THCS BTATYBAHHS CICKTPOHHUX XMAPHUHOK B TIPOCTIP MK aTOMaMH, JIe CIIeK-
TPOHHA T'yCTHHA Oy/ie OiibIia Hixk 00m3y siypa (puc. 16.6).
TlosiBa cTaHy 3 ITiIBUIICHOO TYCTHHOIO €JIGKTPOHHOI XMApHUHKH B MDKSICPHOMY IIPOCTOPI BUK-
JIMKA€ 3MCHITICHHS CHEPTil CHCTEMH 1 IPU3BOAUTH IO BHHUKHEHHS CHT IPUTSTAHHS MK SIIpaMH.

a b a \. b

Puc. 16.6 Puc. 16.7

KoBaneHnTHuii 3B’ 130k BHHUKA€ BHACIIIOK 0OMIHY aTOMaMU €JICKTPOHAMH i MAa€ KBAHTOBY
npupoxy. Cuim Takoro xapakTepy Ha3WBaIOTHCSI OOMiHHMMM CHJIaMHU, a X eHepris — o0MiH-
HOIO eHeprie€ro.

Jns yrBoperHs: Monekynu H, opieHTamis CIiHiB YCYCHUTFHEHUX €NEKTPOHIB ITOBUHHA OY-
TH aHTHIapaneibta (puc. 16.6), B IpOTHBHOMY BHIAAKY €JIEKTPOHHI XMapHHKH aTOMIB OYIyTh
BiIITOBXYBATHCS 1 MOJIEKy/1a He BHHUKHE (puc. 16.7).

Toni6arM yrHOM MOXKHA COO1 YSBHUTH 3B 530K aTOMIB B aTOMHHX TpaTKaxX. THIIOBHM MpHKIIa-
JIOM KOBAJICHTHOTO 3B’SI3KY € 3B’S130K aTOMIB BYIJICIIO B KPHCTANL alIMa3y, B SKOMY KOKHIH aTOM
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8 16.2 Cunu 38 ’s13Ky 6 meepoux KpUCMArIYHUX minax

YTBOPIOE YOTHPHU KOBAJICHTHI 3B’SI3KH, BIIAI0UN JUTS YCYCIUIBHEHHS KOYKHOMY 13 HUX OJIWH i3 CBOIX
BQJICHTHHUX EJICKTPOHIB, OAEP)KYIOUH JPYIHil EIeKTPOH
Bin cycigaboro atoma (puc. 16.8). To KoBaJeHTHUX KpH-
cramiB BimHocsThCs KpemHii (Si), repmaniit (Ge), cipe

011oBo (o — Sn) Ta psyx cionyk BeO, GaCs roro.
/ \ KoBatlenTHMii 3B’ 130K TOCTaTHHO CHJIBHUM, 1110 CBIJ-
YUTH TIPO BEJIMKY €HEprito 3B’3Ky. [ KpucraiB 3 Ko-
BAJICHTHHM 3B’3KOM XapaKTepHi BUCOKAa MEXaHIIHA Mill-
HICTB, TBEpAICTH 1 BUCOKA TeMIeparypa ruiasieHHs. Ko-
\ / BAJICHTHHH 3B’S30K XapaKTEPH3YETHCS SBHO BUPAKEHOIO
BJIACTHBICTIO HAIPABJIECHOCTI, III0 3yMOBJIEHO OCOOJMBIC-

TIO PO3MO/ALTY €IEKTPOHHOI TYCTHHH aTOMIB.
Kpucranis 3 4ncTo KOBaIGHTHHM 3B’S13KOM Hebararo.

Metaniuni kpucraiau. [y MeTaniyaux aToMiB xa-
Puc. 16.8 PaKTEpHNM € HEBEJMKA KUTBKICTh Y HUX BaJICHTHHX €JIEK-
TPOHIB, SIKi MalOTh Mayly eHeprito ioHizamii. Tomy, npn
YTBOpPEHHI METAIIYHUX KPHUCTAJIB i3 Ta30BOI a00 piakoi (a3 Bci aToMu B MeTaI BiIaloTh “B KOJIEK-
THUBHE KOPUCTYBAaHHS CBOI BAJIEHTHI EIICKTPOHH i aTOMH IEPETBOPIOIOTHCS B ITO3UTUBHO 3apsi-
JUKEHI 10HH. B pe3ynbpTati BCi BaJIeHTHI eNeKTPOHH MPHUOIM3HO PIBHOMIPHO PO3IIOJIUIEH] B TPO-
CTOpi Mi>K aTOMHHMH OCTOBaMH 1 MOJKYTh “BUIbHO” pyXaTHcs 1Mo Kpuctamiuiii rpari (puc. 16.9).
XaoTnyHN# pyx “BINBHUX” €JIEKTPOHIB B MEPIIOMY HAONMKEHHI Haraxye pyx MOJEKYI iaeab-
®- HOro ra3zy. ToMy CyKynHiCTh “BUIBHHX €JIEKTpO-
@ @ @ @ @ @ HIiB B METaJli 9aCTO HAa3MBAIOTh “eJIeKTPOHHUM ra-
-— o- o- 30M” 1 TIpH PO3paxyHKax /10 HHOTO 3aCTOCOBYIOTH

o- o- o (bopMme, OTPUMaH JUI i/I€alIbHOTO Tasy.

@ @ @ @ @ @ XiMIUHHH 3B 530K y METaJIaX 3yMOBIIFOETCS CH-

°- o- °- o- lavm B3aeM0giI €JIEKTPOHHOTO Ta3y 3 MO3UTHBHO 3a-

o- PSIKEHIMH 10HaMH, 0 3HAXOJIITHCS Y BY3JaxX KpH-

@ @ @ @ @ @ cramyvHOl TpaTku. EHepris MeraniqHoro 3B’SI3KY

o- 0- 3HAYHO MCHIIA, HiXK Y KOBAJICHTHHUX 1 10HHUX KpH-

Puc. 16.9 cramniB. [linTBepIKEHHSIM LILOI?O €'6iJ.ILH_I HI/I?LKa

TeMIIepaTypa IIaBJICHHS METATIB, HDK I0HHHX 1 KO-

BQJICHTHHUX KPHCTaIiB. HasBHICTE BHCOKOI KOHIIEHTpAITi BUTbHIUX (KOJEKTHBI30BAHHX) EJIEKTPOHIB
3YMOBJIIO€ BUCOKY €IICKTPOIPOBITHICTE 1 TEIUIONPOBITHICTh METATIB.

MonekyasapHi KpucTaiau. Y By3laxX KPUCTAJIIYHOI TPaTKU MOJICKYJIIPHUX KPHCTAJIIB 3Ha-
XOJISATBhCS CTiHKi, IEBHIM YHHOM OpPi€HTOBaHI MOJICKYINH, SIKi Y BY3JIaX TPATKA BTPUMYIOTHCS
JIOCTATHHO CITAa0KMMHU BaH-JIep-BaajlbCOBUMH cuiiaMu. [Iprpoaa mux cuitr 3BOIUTHCS 10 B3aEMO-
I MK MOJISKYIISIpHUME AUTONAME. [IprukiagaMu MONEKYISPHIX KPUCTAIIB € Jil, HadTaiH,
TBEPIIHi1 a30T i OUTBINICTh OPTaHIYHUX CIONYK.

Ban-niep-BaanbcoBi crii € CIaOKUMA CHIIaMH. TOMY BOHH JIETKO PYHHYIOTHCS TEIUIOBHM
PYXOM 1, SIK HACTITOK, MOJIEKYJISIPHI KPHCTAJIN MalOTh HA3bKY TEMIIEpATypy IUIaBICHHS.

B Ta6mumi 16.2 HaBeeHI OCHOBHI XapaKTEPUCTUKH YOTHPHOX THITIB KPUCTAIIIB.

Hacamkinenp, 3ayBa)xiumMo, 1110 IPAKTHYHO HEMA€ PEUOBHH, SIKi O XapaKTepH3yBaIUCS TUTBKU
OITHIM THIIOM 3B’s13Ky. B KpucTamiuHux rpaTkax OLTBIIOCTI PEYOBHH OHOYACHO JIOTH Pi3Hi TH-
U 3B°5I3KY, aJie OJIMH i3 HUX Moxe OyTw momiHyrounM. Hampukian, y rpadiTi 0JHOYacHO 0T
TPH THIH 3B’S3KY. KOBAJICHTHUI 1 METAJIEBUI B MEXaX OJHOIO APy, a MiXK IIapaMH TIOTh CHITH

Ban-gep-Baanbca. VsBieHHs po CKIIAIOBI 3B’ 3Ky B IESIKUX COJSX Cpibira HaBe#eHO B TaOIH-
m 16.3.
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16. Teepoi mina

Tunym KkprcTaniqHuX TBEPAKX Til Tabmus 16.2
YacTuHKH, SIK1 ..
Cuny, fKi J110Th B .
Tun xpucramy YTBOPIOIOTH . BrractuBocri
KpHCTai
rpaTky
Tonnwmii Ionn Enexrpocratuuna Bucoka temneparypa
B3aeEMOIis TUIABJICHHS, XPYIIKICTh
ATtoMHMH ATtomu, abo KoBanenTHi 3B’s13k1 Jyxe BUCOKa Temmepa-
(kOBaJICHTHU) TpynH aTOMiB Typa IUIaBJICHHS, JTyXe
BHCOKa TBEPAICTh
Meraniyauii [MozuTrBHI [Mputaranss mix TeMnepatypa InaBiIeHHS
ioHu €JIEKTPOHHHM Ta30M 1 1 TBEpICTh 3MIHIOFOTHCS
MO3UTHBHUMH 10HAMH B IIMPOKNX Mexax. Bu-
COKi €JIeKTpO- 1 Terwio-
TIPOBI/HICTH
MonexynspHuii Monekynu Ban-nep-Baansca, Hwuspka Temneparypa
JIUTIOJb-JIMTIOBHI IUTABJICHHS, HU3bKa
TBEPAICTh
Tab6mmms 16.3
BincoTok 3B’s13Ky
Cnonyxka .
KOBaJICHTHOT'O 10HHOTO
AgF 10 90
Ag Cl 24 76
Ag Br 26 74
Agl 46 54

§ 16.3. Tenm10€MHICTh TBEPIAUX TiJI

Oco0MBICTIO TBEPJIOTO TiJIa, HA BIAMIHY BiJl ra3y i piIyvHH, € Te, 10 HOro aTOMU KOJIMBAIOTHCS
OLIS TIOJIOXKEHb PIBHOBArd y By3JaX KpUCTaIiyHOI rpaTky. KoxHMiT aToM MoXe He3alle)kKHO KOJH-
BaTHCs B TPHOX B3aEMHO IEPIEHIMKYISPHAX HAIPSIMKaX, SBJISTIOYMCH BiTHOCHO IIbOTO HANPSIMKY
JIHIHHIM OCIIITSITOPOM.

[Ipu migBeAeHHI TEIUIOTH IO Tilia BOHA BUTPAYAETHCsS HA 30UTBIICHHS CHEPTii KOIHWBAaHB
OCLIWJIATOPIB, SIKa CKIIQJAETHCS 13 KIHETHYHOI 1 MoTeHIiabHOi eHeprii. OCKIJIbKY 1Ii KOJWBAHHA
TapMOHIYHI, TO KIHETHYHA CHEPrisl KOJMBaHb OCHWIISATOPIB AOPIBHIOE iX ITOTEHINAIBHIN eHeprii.
Toni, 3riTHO 3 33aKOHOM PO3IOLTY €HEPTii TETUIOBOTO PyXy 3a CTYIIEHSIMH BUTLHOCTI KOXKHHUH OC-
IUIIATOP BOJIOMIE CHEPTIET0

W =W, +W, =%kT +%kT=kT. (16.1)

SAxmmio Tio ckmamaetses i3 Ny aToMiB, TO HOTO ITOBHA BHYTPIIITHS €HEpTist Oy/Ie TOPiBHIOBATH
W =3N kT =3RT, (16.2)
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8 16.3 Tenroemuicmo meepoux miin

ne Na — amcinio ABoraapo, R = Nk — yHiBepcanbha razoBa crana, 4ucio 3 — 03HAYAE YKCIIO
CTyTIeHIB BUTbHOCTI. Tomi

Cy = (—)V =3R = 25 oic /(K - monv). (16.3)

Omxe, MOJISIPHA TEIUIOEMHICTH TBEPINX TiJI He 3aJI€KUTH Hi BiJl IPUPOIH Tija, Hi Bix TeM-
nepaTypH i € 0THAKOBOIO ISl Beix T [le TBep/pKeHHS HA3UBAETHCS 3aKOHOM Jlros10HTa i ITi.

3akoHn J{rosonra i [1Ti HaOMIDKEHO BUKOHYETHCS JUT OaraTboX TBEPAMX T IIPH TEMIEpaTy=
pax, OIM3BKHX JI0 KIMHATHOI Ta BUMX. OHAK, TIPH HU3BKUX TEMIIEPATypax TEIUIOEMHICTh BCIiX
TBEPIUX TUT MBHUIKO 3MCHIIYETHCS, TPSIMYIOUH J0 HYIS MPH aO0COTFOTHOMY HYJ TEMIICPaTypH.
Ha puc. 16.10 HaBenena excriepiMeHTalIbHa KPHUBa 3aJISKHOCTI TerutoeMHocTi Cy Bt TeMIiepary-
pu 1 migi i ceuHIEo. Omke, 3akoH drononra i I1ti Ha mocmifi He MiATBEPDKYETHCS i HE TOsIC-
HIOE TEMITEPATYPHOI 3aJISKHOCTI TETDIOEMHOCTI.

Cv Caunenn 3akon /lromonra i [ITi € HaciigKOM piBHOMIpHO-
N R ety T'O PO3MOLUTY €HEprii 3a CTYNEHIAMH BUTBHOCTI. Tomy
Miz BiXWIIeHHs 3aKkoHy Jromonrra i IIti Bifg maHuX, OTpH-

MaHUX E€KCIEPUMEHTAILHO IPH HU3BKUX TEMIIEpaTy-
pax, O4YEBUIHO € CBiIUCHHSM, IO TiMOTe3a Mpo pPiB-
HOMIpHHIT PO3MOJIT €HEprii 3a CTyNEeHsIMH BIJIBHOCTI
€ HabmmxeHoto. CriocTepexyBaHy Ha JOCTI/I TeMIle-
0 paTypHY 3aJeXHICTh TEIUTIOEMHOCTI MOXKHA ITOSICHATH
T Ha oCHOBi KBAHTOBO-MEXaHIUHHUX YSBJICHb.

Puc. 16.10 A. EFHIITENH 3aMpOIOHYBAB PO3IIIANATH KOKHHI
aTOM SIK TAPMOHIYHHI OCIUIISITOD, SIKOMY BIIACTHBI JIH-

IIIe CTPOTo TEBHI IMCKPETHI 3HAYEHHs eHeprii, ToOTo

W = nhv, (16.4)

e N — Oyme-saxe 1ine gucimo, h = 6,62 10 Ik - ¢ — crana IlnaHKa, v — 9acTOTa KOJIHBAHHS
ocumsitopa. Tofli cepeHs eHeprisi KOJIMBAIFHOTO PYXY aTOMa JOPIBHIOE

W= v (16.5)

hv
ekl —1
Tyt uncno 3 o3HaYae YUCIIO CTYIEHIB BITBHOCTI. SIKIIO TBepe Tijo ckiamaeTbes 3 Np aTomis,
TO H1Or0 eHepris 10piBHIOBATHME

W = 3[;1‘/&. (16.6)
ekT —1
Tomi
hv
C, = (—)V =3N kw, (16.7)
(ek —1)?
abo

" iomonr TLJL (1785 — 1938) — dpariyspkuii dizux i XiMik.
ITri A.TT. (1791 — 1820) — ¢paniy3bKuii Gi3uk.
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hv
(hv /KT)%ekT

Cy =3R———— (16.8)
(e"T -1)?

Ipu Bucokmx temmnepatypax (KT >>hv) dopmyrna (16.8) meperBoproeTscs B hopmyiry
(16.3), TobTo Cy = 3R (3axon romonra i IIti), a mpu T = 0 TEIUIOEMHICTH JOPIBHIOE HYIIO, Y
IIOBHIN BIAITOBIAHOCTI 3 JOCBIIOM.

8§ 16.4. IlnaBjieHHs, KpucTajiizamisi, cyosxiManisi

TBepai Tina, K BioMo, 30epiraioTs cBoro hopmy i 00’eM. AToMH 200 MOJIEKYIH, IO 3Ha-
XOJSATBCS Y BY3JIaX KPHCTAJI4HOI I'PaTKH, 3/1MCHIOIOTh KOJIMBAaHHS HaBKOJO CBOIX IOJIOKEHb
piHoBaru. Ilpm HarpiBaHHI TBEpJOro Tija aMIUNTyJa KOJIMBAaHb ATOMIB 30LIBLIYETHCS, IO
TIPU3BOJNTE JIO TTOCTA0JICHHS MIXKATOMHHUX 3B’ SI3KiB 1, SIK HACTIIOK, 10 PyHHYBaHHS KPUCTAIIY-
HOI IpaTK, TOOTO BiAOYBAETHCSI MPOIIEC ILIaBJIeHHs (IEpeXisl Bijl TBEPIOro CTaHy IO PiAKOro).
TemmepaTypa, npu SKii BiOyBaeThCs el ITepexif], Ha3UBA€THCS TeMIePaTyPOIO MJIABJIEHHS .
HesBakaroun Ha Te, 10 TUIO OTPUMYE TEIUIOTY, TEMIIEpaTypa, IPH SKii TiIO MIaBUTHCS, 3aJIU-
IIA€THCS CTAJIOKO JIOTH, TIOKH TIJIO MTOBHICTIO HE IEPETBOPHUTHCS B pinnHy. OTXe, MIIaBICHHS —
e piBHOBaKHUI (ha30BHil TEpeXi] TBEpIOro KPUCTAIIYHOrO Tiia B piikumii cran (TBepie Ti-
70 — piANHA), KU CYIPOBOMKYETHCS MOTTIMHAHHSM TeIuioTH. Hexail KibKiCTh TEIUTOTH, SKa
HeoOXiJJHa JUTS TUTABJICHHS Tija Macoro M, pisHa Q. Tomi

L-Q (16.8)
m

HA3UBAIOTh MUTOMOI0 TEIUIOTOK IUIABJEeHHs. [IMTOMa TeIuioTa IDTaBICHHS — I TaKa Kilb-
KIiCTh TEIJI0TH, KA HEOOXiIHA JJIf MepeTBOPEHHSI OMMHUII MACH PEYOBHHH B piquHy 0e3
3MIiHU TeMmepaTypu. 3aICKUTh MUTOMA TEIUIOTA TUIABJIICHHS TLTBKH BiJ MPUPOIN PEUOBHHU.
OuHUIICI0 BUMIPIOBAHHS ITUTOMOI TETDIOTH TUIaBiieHHS € J[K/Kr. Tak, HanpuKIiIa:, It IepeTBO-
pennst 1 xr oy nipu O °C y Boxty mpu Tiii ske TemnepaTypi HeoOXiaHo 3atpatutu 333,7 K/DK/KT.
B tabmumi 16.4 HaBeneHa Temriepatypa IUIaBJICHHS i MATOMA TEIUIOTA TUIABJICHHS TS TCSKIX

PCUYOBHH.
Tabmung 16.4

PeuoBuna T °C L, x/{orc/xe
Amominii 660,1 397,1
Benzon 5,53 128,1
Bonma 0,00 333,7
Bonens -259,2 58,6
ninepun 18,4 201,1
3130 yucre 1535 2771
30510TO 1063 65,7
Mins 1083 205
Pryth -38,87 11,8
Cpibio 960,8 104,5
uak 4195 111
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8 16.5. [Jiaepama cmany

Kpucramizauist — nporiec, 3B0pOTHHMIA IIIaBIeHHIO. BoHa BiIOyBa€eThCst IpH Til ske TeMIeparypi,
1o i rutaBiennst. [Ipy kpuctamizanii BUBUIBHSETHCS TEIUIOTA, SKa JOPIBHIOE TEIUIOTI, OTPUMAHOI IIPH
twraBnienHi. Ha puc. 16.11 HaBeneHO KpHBi KIHETHKH HArpiBaHHS 1 OXOJIOMKECHHSI KPUCTAJIIYHOTO
TBEPJIOTO TiNIA.

[Lnapnenns P s Kpucrauisaris

L2 eN3 AT TRy I,

Tsepna Tsepna
baza ¢aza
2 + o 2
piauHa plauHa 1 ’

I I

I (]

I 1

I I

I [}

I I

I I

. I I
Pignna : + :
I 1

I I

I 1

I I

I 1

I )

~1
N

Ts. Yac Ts.

¢asa baza

Puc. 16.11

Sk BuaHo i3 puc. 16.11, crioyaTky Temreparypa TBEpAOTO Tila 3pOCTae, a MOTIM, JOCITHYBIIN
3HayeHHs T = T, , 3aJIMIIA€THCS CTAIO0 10 THX Hip, OKK HE PO3IUIaBUThCS BCsl pedoBHHA. [licis
TOTO TeMIIEpaTypa 3HOBY MOYMHAE ITiIBUIITYBATHCSL.

Ilpu octHraHHi TemIepaTypa pedoBUHH OyJle 3HWKYBATUCA i, TOCATHYBIIM 3Ha4eHHs T = T,
PO3IIOYHETHCS TPOIIeC KPUCTai3allil 1 MiClIs TOTo, SIK BiH 3aKIHYUTHCS, TEMIeparypa Oyzae 3Ho-
BY 3HIDKYBATHCS, aJie TeTep y>Ke TBEPJIOro Tija.

I3 puc. 16.11 BuaHO, 1m0 NpH KpHUCTAi3aLi 1 IUIaBIEHH] TBepAa 1 pifka (a3 iCHyIOTh OTHO-
YacHO 1 KOHTaKTYIOTb MiX CO00I0.

B miporieci niaBieHHs €HEPrist BUTPAYA€ThCsl HA PyHHYBAHHS KPUCTAJIYHOI TPATKH 1 IEPEXOIUTh
Y BHYTPIIIIHIO €HEprio pedoBrUHU. LI eHeprist BUMIpIOETHCS TETNI0TOor0 Q1) Y KpHCTATi3aLiii BUALIS-
€TBCSI TAKOXK CHEPTis, SIKa BUMIPIOETRCSI TEIDIOTOIO KpUCTaIi3allii Qo 1, sk BimmideHo Buie, Q; = Q,.

OpHOYACHO 3 KpUCTATI3aMi€ro 1 TUIaBICHHIM BiI0yBa€eThCs 3MiHa 00’ €My a, 3HAUNTBh, 1 Tyc-
TUHH. ['ycTHHA OLTBIIOCTI PEYOBHH TIPH IUIABJICHHI 3MEHIIYETHCS, a TIPH KpUCTaizarii 3011b-
IIyeThCS. BUKITIOUEHHS CKiIajae TUTBKM BOJA, TYCTHHA SIKOI IPH KpHCTalli3allii 3MEHIIIYEThCS
npubnu3HO Ha 9 %, ToMy JIij IU1aBa€e Ha BOII.

TBepae Tizo MOXXe YTBOPUTHCS HE TIJbKH HIISIXOM KpHCTadi3amlii piJuHH, ajue i IUIIXOM
KOH/eHcallii ra3y (mapu) B KpPUCTall, OMUHYBLIN PiaKy a3y, i, HABIAKH, IPH HArpiBaHHI TBep-
JIOTO TiJIa TIPH BiTIOBITHOMY THCKY BOHO HE TUTABHUTHCS, a BiZjpa3y, MUHYBIIH PiIKWUHA CTaH, Te-
pexoanTh B Tazonofionuii cran. Ilepexia peyoBHHM 3 TBEPIOrO CTaHy B ra3onoiiOHMA, MUHA-
F0UM PIAKANA CTaH, HA3UBAETHCA CyOaiMani€ero.

Kpucranizamnis i3 ra3ornoaiOHOro cTaHy Ta cyOmiMalis TakoX BiIOyBarOThCs IPH NIEBHiH cTa-
Jif TeMIeparypi i CynmpoBOMKYIOThCS BHALTCHHIM (DM KPHUCTANi3allii) abo morimuHaHisM (pH
cyOuimMarii) TeIIoTH, sIKa JOPIBHIOE CYMi TEIUIOT IUIABIICHHS Ta BUNIAPOBYBaHH:. [INTOMA TEILIo-
Ta cyOmiMarii € BeIM4WHA, sSKa JOPIBHIOE KUIBKOCTI TEIUIOTH, HEOOXiTHOI Ui TepeTBOPCHHS
OJMHUIII MAaCH TBEPZAOTO Tijla B Iapy 3 TAKOI caMoro TeMIepaTyporo. Terurora cybmimarii 1opis-
HIOE€ TEIUIOTI KOHIEHCAaLIi].

§ 16.5. liarpama crany

Sk moka3aHo BUIIE, Oymb-sKa PEUOBMHA, 3AJISKHO Bif 30BHIIIHIX YMOB, i HacaMmepen Bij
THCKY 1 TeMITepaTypHt, MOXe TepedyBaTi B TBEpAOMY, piakomy abo razomonioHomy craHax. To-
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MYy JUIsl KO>KHOI pEeYOBHHH MOJKHA ITOOYIyBaTH TakK 3BaHy Aiarpamy ctaHy abo ¢a3oBy aiarpa-
My B KoopauHaTax P — T, 3a sIKOIO JIETKO BHU3HAYUTH, B SIKOMY CTaHi IepedyBaTUMe pedoBHHA 1
110 3 HEIO0 CTAHETBhCS 33 THX YW 1HIMX YMOB. J1s1 OUIBIIOCTI PEYOBHH Jjarpama cTaHy Ma€ BUI-
ns111, 300paskenuii Ha puc. 16.12. ['onoBHOIO 0COOIMBICTIO TiarpaMu CTaHy € Tak 3BaHa MOTPiiiHa
Touka (Touka R). B miii TouLi 3HAXOAATHCS B PIBHOBA3i OIHOYACHO Ta3, piauHa i TBepaa ¢asa.
[MoTpitinii TOUI BimMOBiTae meBHa Temmeparypa Tr i TuCK Pr. Hampukian, 1y BOAM THCK i TeM-
mepatypa MOTpiitHOI TOYKM BimmoBigHO piBHI PR =6 [la i Tg = 0,01 °C, mns ByriaekucioTu
Pr=5,16" 10° Ila, Ty =-56,55 °C. KpuBa MR € kpuBow cyoaimanii. [Ipu BimoBitaux 3HaYe-

HHAX P 1 T 3AiHCHIOETECS TIepeXi]] ra3 — TBEepIe Ti-
Kpuruuna touka 50 (i HaBIaku), MUHAIOYH piakuit cTan. B Toukax
K KpuBoi MR CHiBiCHYIOTH Ta3 1 TBepze TiJIO B piB-
HOBa3i.

Kpusa RK Bigninse ra3 Bia piguHH, TOOTO €
KPHBOIO Iepexoiy rasy B pimuny (i HaBraku). B
Toukax KpuBoi RK rasoBa (ha3a i pimvHa CHiBiCHY-
10Th B piBHOBa31. KprBa piBHOBaru ras — pifnHa 3a-
KIHUY€eTbCS B To4Mi K, Ky Ha3MBalOTh KPUTHYHOIO
TO4KOI0. B Toumni K 3HMKae BiIMIHHICTD MK piay-
HOo 1 razom. TemmepaTypa, sika BifTOBiTa€E KpH-

T Tip T TUYHIH TOUIll, HA3UBAETHCS KPUTHYHOK) TeMIIepa-
Puc. 16.12 Typow T, Bnme KPUTHUYHOI TEMIIEPAaTypH Iepe-
TBOPHTH Ta3 B PIIMHY HEMOXJIMBO.

Kpusa RN Bimmisste tBepe Tino Bin piaupHu, TOOTO € KPHBOIO HEPEXO/y Tina B piauny (i HaB-
naxu). B toukax kpuBoi RN TBepa i pifka hasa criBiCHyIOTh B piBHOBa3I.

Kpuri MR, RK i RN Bu3Ha49aroTh Tak 3BaHi (a30Bi MepexoaH, SKi MOXKHA 3/IIIICHIOBATH TIPH
CTIIOMy THCKY, 3MIHIOIOYHM TEMIIepaTypy, i, HaBIAKH, MpPU CTaJiii TEeMIepaTypi, 3MIHIOIOUH
THUCK. 3a3BH4Yal, B 3araJlbHOMY BHIIa/IKy MOXHA 3MIHIOBaTH O0OW/BA MTApaMeTpH.

JiarpaMu cTaHIB pealbHUX PEUOBHH, 5K MPABMIIO, CKIIAIHIMI, HiXK HaBEJCHA BUIIIE iarpa-
ma (puc. 16.12). Yumano xiMivHO OZHOPIAHUX PEUYOBHH MAIOTh KiJIbKa TBEPIOTUILHUX (a3, sKi
BiJIPI3HSIOTHCSI KPHCTAIIYHOIO OyI0BOIO, MAarHITHUMHU a00 €IEKTPUYHUMH BiIacTUBOCTSIMH. 11le
CKJIaJIHINII JiarpaMu CTaHiB PEYOBUHH, SKi € CYMIIIIIIIO KUTBKOX COPTIB aTOMIB 200 MOJIEKYT.
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