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TEPMOJAUHAMIKA)

HPUKJAIN 3ABJIAHb CEMECTPOBUX EK3AMEHIB

EK3AMEHALIMHUA BUIET (3ABJAHHST) Ne 1 (20, 10, 10)

dazoBuil mepexia raz-piavHa. AHani3 piBHSAHHA Ban-nep-Baanbca. ®a3oBa piBHOBara.
Koncrpykuis Makcseiia.

Ckopwucraiitecst TUM, 10 UIUTBHICTH CTaHIB € MOCTIHOW B d = 2 BUMipax, o0 mokas3aTH,
o KoHAeHcaiis boza-Elfnmrelina He BiI0OyBa€eThCsl HE3aJIGKHO BiJl TOTO, HACKIIIBKU
HU3BKOIO € TeMIIepaTypa.

[Tpumyctumo, 1mo tunorpadivHi MOMUIIKH, JOMYIIEH] IPH HAOOP1 TEKCTY, TPAIUISIOTHCS

MOBHICTIO BUNIaAKOBO. [Ipumyctumo, mo kaura Ha 800 ctopinok MicTuTh 800 Takux
noMuiIoK. OOYHCIITH KMOBIPHOCTI: 1110 CTOPIHKA HE MICTHTh IOMUJIOK; 1110 CTOPIHKA
MICTHUTH IITOHAMEHIIIE Bl HIOMUWIKHU?

EK3AMEHALIMHUI BUIET (3ABJAHHST) Ne 2 (20, 10, 10)

IneanbHuii ras. PiBHOpo3noain eneprii. Entpomnis 1 napagoke I'i66ca.

Kpamns Boau KOHAEHCYEThCS Ha TBEpAl MOBEpXHi. ICHYIOTh TpU MOBEPXHEBUX HAIPYTH, B
AKHX OepyTh Y4acTh Saw, Ssw 1 Ssa, A€ @, S 1 W BIAHOCATBCS A0 MOBITPS, TBEPAUX 1 BOIHUX
BiNOBIAHO. Po3paxyiTe KyT KOHTAKTy 1 3HAWIITh YMOBY JJIsl TOSIBU BOJHOI IUTIBKU (IIOBHE
3MOYYBaHHS).

[TapamarneTik MO)XKHa pO3IJISIaTH K CHUCTeMy CHiHiB. llpumycTUmo, 10 KOXKEH CHIH 3
OJTHAKOBOIO HMOBIPHICTIO MOXe OyTH Opi€eHTOBaHUi K “yropy”, Tak i “BHM3”. SIKIIIO 3arajoM
napamaraeTuk mictuth 2000 crmiHiB, YoMy JOpiBHIOE MMOBIpHICTh, 1m0 piBHO 1000 cmiHiB
Oyne opiernroBano Bropy i 1000 yuu3? A iMoBipHICTb, 110 piBHO 1100 yropy i 900 ynu3z?

EK3AMEHALIMHUI BUIET (3ABJAHHSI) Ne 3 (20, 10, 10)

@OTOHU SIK KBAHTOBUH ra3: BIIPOMIHIOBaHHSA YOPHOTO Tija i po3noin [lnanka.
TepmoauHaMiyHi BIaCTUBOCTI PO3/LTY MixK 1BOMa (pa3aMu onmHUCyrOThCs (PYHKIIEIO CTaHy, 110
HA3UBAETHCS MOBepxHEeBUM HaTsroM C. BusHauaeTbes B TepMiHaxX poOOTH, HEOOXIAHOT s
301IbILIeHH TUIOILI TOBepXHi Ha BennuuHy dA depe3 dW = SdA.

OOuucnith KkpatHicTh TBepaoro Tina Eixmreiina 3 10 ocummstopamu Ta 10 oguHUISIMEU

SHeprii.
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EK3AMEHALIMHUI BUIET (3ABJAHHS) Ne 4 (20, 10, 10)

IneanbHuii ra3 y BeIMKOMY KAHOHMYHOMY aHCamOi.
Slke HaMOLIBII 3arajbHE PIBHSAHHS CTaHY BIANOBIJA€ BHYTPIIIHIA €HEprii, fKa 3aleXUTh

TIBKH B1Jl TEMIIEpaTypu?

Hns cucremu ¢epmioniB npu Ttemneparypi 800 K oOumchith HMOBIpHICTh 3alHATTA
OJTHOYACTUHKOBOTO CTaHy, SIKIIIO MOTO eHeprist JopiBHIoe (a) Ha 1 eB meHme, Hixk U, (b) Ha
0.1 eB menme, Hix U, (c) nopiBHIOE 4, (d) Ha 0.1 eB Oinbiia, HiX K, (¢) Ha 1 eB Oinbina, Hik

U.

EK3AMEHALIMHUA BUIET (3ABJAHHS) Ne 5 (20, 10, 10)

[epmmii 3akoH TepMoaUHAMIKH. TepMoauHaMiuHI cHiIM 1 KoopauHatu. DyHKIIT BIATYKY 1
CHJIOB1 KOHCTAHTH.
YacTuHKa, 0 PyXaEeThes B OJHOMY BHMIpi, Mae raminsronian H = p?/2m + Aq*. TTokaxirts,

10 TEIUIOEMHICTh Juia Tasy N Takux yacTuHOK JopiBHIOe Cy = 3Nkg/4. IloscHiTh, YoMy
TEIUIOEMHICTh OJIHAKOBa HE3aJIeKHO BiJ] TOTO, YM PO3PI3HAIOTHCS YACTUHKU abo He
BiJIPI3HSIOTHCA.

OOuucniTh KpaTHICTH TBepaoro Tina EiHmTeliHa 3 25 ocumistopaMu Ta 25 OJUHUISIMHU
SHeprii.

EK3AMEHALIMHUA BUIET (3ABJAHHS) Ne 6 (20, 10, 10)

IneanbHuit Gpepmi-ras 3a HU3bKOI TemmepaTypu. TerIoeMHICTh METaIB.
VY CBITI «BEIMKHUX» TiJ IpaBiTallis € JOMIHYIOYOK CHIJIOIO, TOAL SIK Ha «MaJIUX» BiICTaHAIX

BXJIUBIIINI BIUTUB MOBEPXHEBOT0 HATATY. [Ipy KiMHATHIH TemIiepaTypi MIOBEpXHEBUN HATSAT
BOJIHU JOPiBHIOE S, = 7 x 1072 Hm !, Ouinith TMIOBHUIT MacTa® JOBKUHU, SKUH BiJOKPEMITIOE
«BEJIMKI» Ta «MaJl» moBeniHku. J{aiiTe KijbKa MPUKIAIIB TOTO, € 11€ BAXKIIHUBO.

Mertas BUNIapOBYIOTh Y BaKyyMi 3 rapsiuoi HUTKA. ATOMU MeTaly MOTPAIUISIOTh Ha KBAPLIOBY
IUIACTUHY Ha JAEAKii BiAcTaHi 1 yTBOPIOIOTH TaM TOHKY MeTajeBy IUTBKY. Ll kBapruosa
IUTACTUHA MIATPUMYETHCS PU HU3BKINA TeMIeparypi, Tak 1m0 OyAb-sKUHA aTOM MeTaily, 110
NOTpaIUIsie Ha Hel, 3acTpsrae Ha Micii yJaapy 0e3 mojanbiioi Mirpaiii. MokHa BBa)XaTH, 110
aTOMH METajJy 3 OJHAKOBOI WMOBIPHICTIO MOTPAIUISAIOTH Ha OyAb-SKWN €JIeMEHT IUIOIIi
mwIacTuHK po3mipom b? (e b - miamerp atoma Mertany). IIpHIyCTUMO, IO BUIIAPOBYETHCS
JOCTaTHBO METaJy JJIsl YTBOPEHHS IUTIBKM CEpEeHbOI TOBIIUHM, 110 BIANOBITAE 8 aTOMHUM
mapam. fIka yacTWHa IUIONI MJIACTUHU B3araji He MOKpuTa MetanoM? Slka yacTHHa MOKpUTa
METaJICBUMH LIIapaMH TOBIIMHOIO BiAMOBIIHO 4 aTOMH Ta 8 aTOMH.

EK3AMEHALIMHUA BUIET (3ABJAHHSI) Ne 7 (20, 10, 10)

IneanbHuit 003e-ra3 3a BUCOKUX Temreparyp. PIBHIHHS cTaHy.

PiBHsiHHS cTaHy oOOMexye (opMy BHYTPIIIHBOI €HEprii, SIK y HACTYNHUX MPUKIAAAX.
[Tounnaroun 3 dE = TdS — PdV, nokaxemo, mo piBusHHs crany PV = NkgT, nacnpasnai
o3Hauae, 110 E Moxe 3anexxatu TUiekH Big T.



Morekysa Boau MOke BIOpyBaTH pi3HUMHM CIIOCOOaMH, aje HAMMpOCTIIUM TUIIOM BiOparii
s 30y/KEeHHS € peXuM '"3TUHaHHA", TpU SIKOMY aTOMU BOJHIO CONMXKAIOThCA Ta
BiIIaNsArOThCs, ane 3B's3ku HO He po3Taryrorees. KonuBaHHS B IbOMY peXuUMi MPUOIU3HO
rapMoniuHi, 3 yactororo 4,8x10'° Tu. Sk i aust Gyab-KOTO KBAHTOBOIO TAPMOHIYHOTO
ocLUIATOpA, PiBHI eHeprii ckinamnarTs ~ (1/2)hf, ~ (3/2)hf, i T.1. XKozaen i3 nux piBHIB HE €
BUpOKeHUM. OOUHUCIiTE HMOBIPHICTH NepeOyBaHHS MOJEKYJIH BOIAM Y CBOEMY CTaHi Ta B
KO)KHOMY 3 TEpIIMX JBOX 30y/KEHHX CTaHiB, MPUIYCKAIOYH, II0 BOHA 3HAXOJIUTHCS B
piBHOBa3i 3 pe3epByapom npu 700 K (MoxiuBo, y napoBiit TypOiHi).

EK3AMEHALIMHUI BUIET (3ABJAHHS) Ne 8 (20, 10, 10)

Kanoniunmii ancam6nbs. CratuctuuHa cyma. Emnepris 1 duykryanii. TepmoauHamiuyHa
IpaHMLIS.

BirnepiBchKkuii KpucTal - 11e TPUKYTHA PEIIiTKA €IEKTPOHIB B ABOBUMIPHIN TUIONIUHI.
[To310BXHI KOJIMBAIbHI MOJU KpUCTaa € 6030HAMHU 3 AUCIIEPCIHHUM CITiBBITHOLICHHSAM

w = (aVk)E. JloBecTtn, 110 32 HU3LKUX TEMIIEPATYP Li MOJIU JAIOTH BHECOK B
TEIUIOEMHICTB, 10 MacTabyeTbes ik C~T4.

OOumcniTh KpaTHicTh TBepaoro Tuta Einmreidina 3 10 ocumnstopamu Ta 10 onuHHIAMU

SHeprii.

EK3AMEHALIMHUA BUIET (3ABJAHHSI) Ne 9 (20, 10, 10)

3araibHe pIBHSHHS CTaHy KJIACHYHOTO HeijeanpbHOro rasy. PiBHsHHsA crany Ban-mep-
Baanbca: HaOmkeHHS 1 QiI3UIHUNA 3MICT.

Ckopwucraiitecst TUM, 10 UIUTBHICTH CTaHIB € MOCTIHOW B d = 2 BUMipax, o0 mokas3aTH,
o KoHAeHcais bo3za-Eifnmirelina He BiI0OyBa€eThCsl HE3aIGKHO BiJl TOTO, HACKIIIBKU
HU3BKOIO € TEMIIEpaTypa.

MerTai BUNIapOBYIOTh Y BAKyyMi 3 Tapssd0i HUTKUA. ATOMU MeTaly NOTPAIUIIIOTh Ha KBAPIIOBY

IUIACTUHY Ha JEAKii BiAcTaHi 1 yTBOPIOIOTH TaM TOHKY MeTajeBy IUTiBKYy. Ll kBaprosa
IUTACTUHA MIATPUMYETHCS PU HU3BKIA TeMIeparypi, Tak 1m0 OyAb-sKUHA aTOM MeTaly, 110
NOTpaIUIsie Ha Hel, 3acTpsrae Ha Micii yJaapy 0e3 mojanbiioi Mirpaiii. MokHa BBa)XaTH, 110
aTOMH METajy 3 OJHAKOBOI WMOBIPHICTIO MOTPAIUISAIOTh Ha OyAb-SKUN €JIeMEHT IUIOIIi
wiacTuHu po3mipom b? (e b - miamerp atroma metany). IIpumycTuMo, 1110 BUIIAPOBYETHCSA
JOCTaTHbO METaJy JJIsl YTBOPEHHS IUTIBKM CEpeHbOI TOBIIUHM, IO BIANOBITAE€ 8§ aTOMHUM
mapam. fIka yacTHHa IUIONI MJIACTUHYU B3araji He MOKpuTa MetanoMm? fSlka yacTHHa MOKpUTa
METaJICBUMH LIIapaMH TOBIUHOIO BiJNOBITHO 4 aTOMU Ta 8§ aTOMU?

EK3AMEHAIIMHUN BUIET (3ABJAHHST) Ne 10 (20, 10, 10)

HabGmwkennss 1o piBHoBaru. TepMoauMHaAMIYHI MOTEHIAIW: EHTaJbIs, BUIbHA EHEPIis
I'enbpmroneia ta I'100ca, Benukuii norenmian. ExcrencusHicTs. Bignomnenas Makcseina.
Po3rnsHyTH ynpTpapensTuBicTChKUM ra3 N YaCTHHOK, 1O MiHOPSAKOBY€ETHCS HACTYITHOMY

CHIBBIIHOIIEHHIO MK eHeprieil Ta immynbcom: E = pc, ne ¢ - MIBHIKICTH CBITIIA.
(YabpTpapensaTuBiCTCHKMI O3Hayae, 1o pc >»> mc?, ne m - Maca YacTUHKH). 3HAWTH
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CTaTUCTUYHY CyMy 1 JIOBECTH, IO YJIbTPAPEISATUBICTCBKUI Ta3 MiAKOPSETHCS 3aKOHY
ineanpHoro razy PV = NkgT.
[Tpumyctumo, mo tunorpadiyHi NOMUIIKH, JOMYyIIEHI NMpH HAOOpi TEKCTY, TPAIIISIOTHCS
MOBHICTIO BHUMAakoBo. I[Ipumyctumo, mo kaura Ha 800 ctopiHok wmictuth 800 Takux
noMuiIoK. OGUUCTITh IMOBIPHOCTI: 110 CTOPIHKA HE MICTUTH MOMUJIOK; 1110 CTOPIHKA MICTHTb
IIOHAMMEHIIIe Bl MOMUIKN?

EK3AMEHAIIMHUA BUIET (3ABJJAHHS) Ne 11 (20, 10, 10)

EXBiBaJI€HTHICTh KAHOHIYHOTO 1 MIKPOKAHOHIYHOT'O aHCAMOJIiB.

Po3rnsHyTH BUIIPOMIHIOBaHHS YOpHOTO Tisa ipu Temnepatypi T sk ra3 gotonis. Ilokasaruy,
10 cepeaHe unucio GpoTonis pocte sk T3. YoMy nopiBHIOE cepens eHepris GpoTona?
3HalTH HaltO1IBII HMOBIPHY €HEpriio (GoToHa.

Po3rnsiHeMO 4YacCTHHKHM, IO BUAUISIOTHCS PaliOaKTUBHUM JIKEPEIOM IPOTSATOM IEBHOTO

yacoBoro iHTepBaiy t. [IpumycTumo, 110 aKTHBHICTh PaJiOaKTUBHOIO JKEpena Taka, 110
cepeliHs KUIbKICTh pO3MaJiB B XBHJIUHY AOpiBHIOE 36. SIka HMOBIpHICTH OTPHMaHHS n
po3nani 3a 15 cekynn? OTpumaiite YUCIIOBI 3HAYSHHS IS BCIX [IIMX 3Ha4eHb n Big 0 g0 8.

EK3AMEHAIIMHUN BUIET (3ABJAHHST) Ne 12 (20, 10, 10)

Hpyruii 3akon Tepmoaunamiku. Teopema Kapno. Teopema Kiaysiyca i enTpormis.
BirnepiBchKkuii KpucTal - 11e TPUKYTHA PEIIiTKA €JIEKTPOHIB B ABOBUMIPHIN TUIONIUHI.
[To310BXHI KOJIMBAIBbHI MOJIU KpUCTaJa € 6030HAMHU 3 AUCIIEPCIHHUM CITiBBITHOLICHHAM

w = (aVk)E. JloBectn, 1110 32 HU3BKUX TEMIIEPATYP Li MOJIU JAIOTH BHECOK B
TEIJIOEMHICTB, 0 MacmTabyeTbest ik C~T4.
[TapamarsueTik MO)XKHa pO3IJISIaTH K CHUCTeMy CHiHiB. llpumycTUmo, 10 KOXKEH CHIiH 3

OJTHAKOBOIO HMOBIPHICTIO MOXe OyTH Opi€EHTOBaHUi 5K “yropy”, Tak i “BHM3”. SIKIIIO 3arajoM
napamaraeTuk mictuth 2000 cmiHiB, YoMy JOpiBHIOE MMOBIpHICTH, 10 piBHO 1000 cmiHiB
Oyne opierroBano Bropy i 1000 yuu3? A iMoBipHICTb, 1110 piBHO 1100 yropy i 900 ynu3z?

EK3AMEHAIIMHUA BUIET (3ABJAHHST) Ne 13 (20, 10, 10)

Mognens Jlebas: GpoHonu. TennoeMHICTh TBEPIUX TiII.
3HalTH EHTPOIIO 1/1ealIbHOTO OTHOATOMHOTO ra3y (popmyna Cakypa-Terpoza) 1 mokasaru,

110 EHTPOIIisl He EKCTEHCHUBHA, SKIIIO HE BPaXxOBYBAaTH HEPO3PI3HEHICTh aTOMIB (TOOTO, SIKIIO
He BpaxoByBartu ¢aktop N!).

VSBITh 4YaCTHHKY, SIKa MOXKe IepeOyBaTu JIHMIIEe y TPhOX CTaHax, 3 eHepriamu -0,05 eB, 0 Ta
0,05 eB. Llg yacTuHKa 3HaXOAUTHCS B piBHOBA3i 3 pesepByapoM npu 300 K. (a) OGuuchits
¢byHkuio posnoainy s i€l yactku. (0) OOumcniTh HMOBIpHICTH mNepeOyBaHHS i€l
YaCTUHKU B KOXKHOMY 3 TpPbhOX CTaHiB. (B) OCKIJIbKM HYJbOBAa TOYKA JJISI BUMIpIOBaHHSA
SHepriii 10BIbHA, MU MOTJIM O TaK caMO CKa3aTH, 1110 €Heprii TpbOX CTaHiB JOPiBHIOIOTH 0, +
0,05 eB 1 +0,10 eB BignosigHo. [ToBTOpiTH YacTHHM (a) 1 (0), BUKOPUCTOBYIOUH IIi LUDPH.
[TosICHITB, 10 3MIHIOETHCS, a IO Hi.
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EK3AMEHAIIMHUN BUIET (3ABJAHHST) Ne 14 (20, 10, 10)

Kpusi cniBicHyBanHsi. MetactabineHi ctanu. PiBusuus Knaysiyca-Knaneiipona. Kputnuna
touka. OaykTyauii B KpUTUYHINA TOYIII.

OOYHMCIUTH CTATUCTHYHY CYMYy CUCTEMH, 1110 CKJIAAA€ThCs 3 N OJTHAKOBUX OAHOBUMIPHUX
HEB3a€EMOJIIIOUMX OCIMIIATOPIB 13 BIACHOIO YaCTOTOIO (. 3HAUTH BHYTPIIIHIO EHEPrilo i
TEIUIOEMHICTh TaKO1 CUCTEMH.

Mertas BUNIapOBYIOTh Y BaKyyMi 3 rapsiuoi HUTKA. ATOMU MeTaly MOTPAIUISIOTh Ha KBAPLIOBY
IUIACTUHY Ha JAEsAKii BiAcTaHi 1 yTBOPIOIOTH TaM TOHKY MeTajeBy IUTiBKY. Ll kBapuosa
IUTACTUHA MIATPUMYETHCS PU HU3BKIA TeMIieparypi, Tak 1m0 OyAb-sKUHA aTOM MeTaly, 110
NOTpaIUIsie Ha Hel, 3acTpsrae Ha Micli yJaapy 0e3 mojanbiioi Mirpaiii. MokHa BBa)XaTH, 110
aTOMH METajy 3 OJHAKOBOI WMOBIPHICTIO MOTPAIUISAIOTh Ha OyAb-SKUN €JIeMEHT IUIOIIi
wiacTuHu po3mipom b? (e b - miamerp atroma metany). IIpumycTuMo, 1110 BUIIAPOBYETHCSA
JOCTaTHbO METaJy JJIsl YTBOPEHHS IUTIBKM CEpeHbOI TOBIIMHM, 11O BIANOBITAE 5 aTOMHUM
mapam. fIka yacTHHa IUIONI TJIACTUHU B3araji He MOKpuTa MetanoM? fSlka yacTHHa MOKpUTa
METaJICeBUMH LIIapaMH TOBIUHOIO BiJMOBITHO 3 aTOMU Ta 6 aTOMuU?

EK3AMEHAIIMHUA BUIET (3ABJAHHST) Ne 15 (20, 10, 10)

Bipianbne posknananas. MixmosekyssipHa B3aemofis. CTaTUCTHYHA cyMmMa HeiJeallbHOTO
rasy.

Hocnimpkytoun Bapianii B E, F, H1 G (BHyTpilHS eHepris, BilbHA €Hepris, eHTaJbIIis 1 BUTbHA
eHepria [160ca), BUBECTH YOTHPH pi3HI CIIBBIJHOLIEHHS MakcBeia A YacTKOBHX
noxigaux S, P, T 1 V (entpormis, TUCK, TemrepaTypa i 00’em).

[TapamarsneTik MOXKHa pO3IJISIATH K CHUCTeMy CHiHiB. llpumycTUmo, 10 KOXEH CHIiH 3
OJTHAKOBOIO HMOBIPHICTIO MOXe OyTH Opi€EHTOBaHUi 5K “yropy”, Tak i “BHM3”. SIKIIIO 3arajoM
napamaraeTik Mictutb 1000 criHiB, YoMy AOPiIBHIOE MMOBIPHICTB, 1110 piBHO 500 criHiB Oyxae
opierroBano Bropy i 500 yuu3? A iiMoBipHicTb, 110 piBHO 600 yropy i 400 ynu3?

EK3AMEHAIIMHUA BUIET (3ABJAHHS) Ne 16 (20, 10, 10)

Boze-ra3 3a Hu3bKux Temneparyp. Husbko-temneparypHe piBHSHHS CTaHY.
Kpamns Boau KOHAEHCYEThCS Ha TBEpAl MOBEpXHi. ICHYIOTh TpU MOBEPXHEBUX HANPYTH, B

AKHX OepyTh Y4acTh Saw, Ssw 1 Ssa, A€ @, S 1 W BIAHOCSTBCS A0 MOBITPS, TBEPAUX 1 BOIHHUX
BiANOBIAHO. Po3paxyiiTe KyT KOHTAKTy 1 3HAWIITh YMOBY JJIsl TOSIBU BOJHOI IUTIBKU (ITOBHE
3MOYYBaHHS).

[TapamarsneTik MOXKHa pO3IJISIATH K CHUCTeMy CHiHiB. llpumycTUMo, 110 KOXEH CHIiH 3
OJTHAKOBOIO HMOBIPHICTIO MOXe OyTH Opi€EHTOBaHUI 5K “yropy”, Tak i “BHM3”. SIKIIIO 3arajoM
napamaraeTik Mictuth 800 criHiB, YOMY AOPIBHIOE HMOBIPHICTSD, 1110 piBHO 400 criHiB Oyxae
opierroBano Bropy i 400 yuu3? A iiMoBipHicTb, 110 piBHO 500 yropy i 300 ynu3z?

EK3AMEHAIIMHUN BUIET (3ABJAHHST) Ne 17 (20, 10, 10)

Bo3ze-eltHmTeiHIBChKa KOHIEHCALS.
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PosrnsHyTH kiacuunuil i1eanbHuii ra3 3 pisHaHHAM ctany PV = NkgT i nocriiiHoro
teroeMHicTio Cv = Nkpa 11 geskux o. BukopucTtoByiite TepMoIuHaMiyHi TOTOXKHOCTI,
mo0 nokazaty, o Cp = Nkg (o + 1), 1 mo enrpomnis gopisaioe S = Nkg log(V/N) + Nkga
logT + const. Busnaute, mo s agiabaruanoro mpotecy (dS = 0) VT*= const, 1o
ekBiBasieHTHO PV = const, ne v = Cp/Cv.

OOuucniTh KpaTHiCTh TBepaoro Tina EiHmreiina 3 15 ocumnstopamu Ta 15 oguHUISIMEU
SHeprii.

EK3AMEHAIIMHUA BUIET (3ABZJAHHST) Ne 18 (20, 10, 10)

Bupomkennii Tuck. bini kapnuku 1 rpanuis Yanapacekapa.
VY CBITI «BEIMKHUX» TiJ IpaBiTallis € JOMIHYIOYOK CHJIOIO, TOAL SIK Ha «MaJIUX» BIICTaHSIX

BXJIUBIIINI BIUTUB TOBEPXHEBOT0 HATATY. [Ipy KiMHATHIH TemIiepaTypi MOBEpXHEBUN HATSAT
BOJIHU JOPiBHIOE So = 7 X 1072 Hm !, Ouinith TMIOBHUI MaciTab JOBKUHU, SKUH BiJOKPEMITIOE
«BEIMKI» Ta «Maii» moBeaiHku. [laiiTe KiibKka MPUKIAAIB TOTO, 1€ 1€ BAXKIUBO.

Hns cucremu ¢epmioniB npu Ttemneparypi 800 K oOumchith HMOBIpHICTh 3alHATTA
OJTHOYACTUHKOBOTO CTaHy, SIKIIIO MOTO eHepris JopiBHIoe (a) Ha 1 eB meHe, Hixk U, (b) Ha
0.1 eB menme, Hix K, (c) nopiBHIOE 4, (d) Ha 0.1 eB Oinbiia, HiX K, (¢) Ha 1 eB OinbIna, Hik

U.

EK3AMEHAIIMHUN BUIET (3ABJAHHST) Ne 19 (20, 10, 10)

®otonu: 3akoH Lltedana-bonpiMana, THCK BUIIPOMIHIOBAaHHS, EHTPOIIIA 1 TETIJIOEMHICTb.
PosrnsHyTH KinacuyHMi ineanbHUi Ta3 3 piBHsAHHAM ctany PV = NkgT 1 mocriiiHOIO

teroeMHicTio Cy = Nkpa ans gesxkux o. BUKopucToByiiTe TepMOIUHAMIYHI TOTOXHOCTI,
mo0 nokasary, mo Cp = Nksg (o + 1), 1 o entpomnis gopiBHioe S = Nkg log(V/N) + Nkga logT
+ const. Buznaure, 1o /uis agiabaruynoro npouecy (dS = 0) VT*= const, 1110 €KBIBaJIEHTHO
PV" = const, ne y = Cp/Cy.

Po3rnsHeMO 4YaCTHHKHM, IO BUAUISIOTHCS PaliOaKTUBHUM JIKEPEJIOM IPOTATOM IEBHOTO
yacoBoro iHTepBaiy t. [IpumycTumo, 10 aKTHBHICTh PaJiOaKTUBHOIO JKEpena Taka, 110
cepeliHs KUIbKICTh pO3MaJiB B XBHJIMHY AOpPiBHIOE 36. SIka HMOBIpHICTH OTPHMaHHS n
po3mnanis 3a 15 cekynn? OTpumaiite YuCIIOBI 3HAYSHHS IS BCIX [IIMX 3Ha4eHb n Big 0 g0 8.

EK3AMEHAIIMHUA BUIET (3ABZAHHST) Ne 20 (20, 10, 10)

Bupomxenuit @epmi-ras i nosepxus depmi.

ITokaxiTk, 10 AJIs BaH-Aep-BaalibcoBOro ra3zy Cv € QyHKII€I0 TUIBKU TeMIIEpaTypu.

Mertas BUNIapOBYIOTh Y BaKyyMi 3 rapsiuoi HUTKA. ATOMU MeTaly MOTPAIUISIOTh Ha KBAPLIOBY
IUIACTUHY Ha JAEsAKii BiAcTaHi 1 yTBOPIOIOTH TaM TOHKY MeTajeBy IUIBKY. Ll kBaprosa
IUTACTUHA MIATPUMYETHCS PU HU3BKINA TeMIieparypi, Tak 1m0 OyAb-sKUHA aTOM MeTaly, 110
NOTpaIUIsie Ha Hel, 3acTpsrae Ha Micii yJaapy 0e3 mojanbiioi Mirpaiii. MokHa BBa)XaTH, 110
aTOMH METajy 3 OJHAKOBOI WMOBIPHICTIO MOTPAIUISAIOTH Ha OyAb-SKUN €JIeMEHT IUIOIIi
mwIacTuHK po3mipom b? (e b - miamerp atoma Mertany). IIpHIyCTUMO, IO BUIIAPOBYETHCS
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JOCTaTHBO METaJy JJIsl YTBOPEHHS IUTIBKM CEpEeHbOI TOBIIUHM, IO BIANOBITAE 5 aTOMHUM
mapam. fIka yacTHHa IUIONI TJIACTUHU B3araji He MOKpuTa MetanoM? fSlka yacTHHa MOKpUTa
METaJICeBUMH LIIapaMH TOBIUHOIO BiJMOBITHO 3 aTOMU Ta 6 aTOMU?

EK3AMEHAIIMHUN BUIET (3ABJJAHHST) Ne 21 (20, 10, 10)

Mopnens Einmreiina. Cuctemu 31 B3aemogiero. Benuki cucremu. KpatHicTs MakpocTaHy.
Pi3kicTh (hyHKIIT KpaTHOCTI.

N He3aJIe)KHUX KIIACHYHUX YaCTHHOK PyXaroThcs B OAHOMIpHOMY cerMenTi Mk q =01q=L.
Bu3HavyaioTh pIBHAHHS CTaHy CHUCTEMH 3 YPaxyBaHHSM HACTYHMHOI'O OJHOYACTHYHOTO
ramineroniana: H=p?/2m — aln(q/Lo), &> 0. Y HaBeleHOMY BHIIIE BUPOKEHHI 0 € MOCTIHHOIO,
mo nae cuiay noreHmiany V (q) = —aln(q/Lo) 1 Lo - xapakTepHuii macmtad TOBXUHH.
Bu3HaunTy THCK U1 Ay’Ke HU3bKUX TeMIepaTyp.

[TapamarueTik MO)XKHa pO3IJISIaTH K CHUCTeMy CHiHiB. llpumycTUmo, 10 KOXEH CHIiH 3
OJTHAKOBOIO HMOBIPHICTIO MOXe OyTH Opi€HTOBaHUH 5K “yropy”, Tak i “BHM3”. SIKIIIO 3arajoM
napamaraeTHk Mictuth 800 criHiB, YOMY AOPIBHIOE HMOBIPHICTS, 1110 piBHO 400 cmiHiB Oyxae
opienroBano Bropy i 400 yau3? A iiMoBipHicTb, o piBHO 500 yropy i 300 ynu3z?

EK3AMEHAIIMHUA BUIET (3ABJAHHST) Ne 22 (20, 10, 10)

TennoeMHICTh ABOXaTOMOBOIO KBAHTOBOI'O 11€aJIbHOTO ra3a.
Touka 3 Macor m pyXaeTbcs B3IOBXK OCI X MiJ JI€0 KOHCEPBATUBHOI CUJIM 3 HACTYIHHM

HOTEHIIAJIOM 3 MO3UTUBHOIO NOCTiHHOI0 a: V(x) = (1/2)mw?(q+a)? sxmo q < -a, V(x) = 0 g0
-a<q<aiV(x)=(1/2)mo*(q-a)* ko q = a. Konu cucrema KOHTaKTy€ 3 pe3epByapoM IIpu
temnepatypi T, 3HaWIITh CTATUCTUYHY CYMY 1 CEpPEIHIO €HEPTiIO.

[TapamarneTik MO)XKHa pO3IJISIATH K CHUCTeMy CHiHiB. lIpumycTUMo, 10 KOXEH CHIH 3
OJTHAKOBOIO HMOBIPHICTIO MOXe OyTH Opi€HTOBaHUI 5K “yropy”, Tak i “BHM3”. SIKIIIO 3arajoM
napamaraeTik Mictutb 1000 criHiB, YoMy AOPiIBHIOE MMOBIPHICTB, 1110 piBHO 500 criHiB Oyxae
opierroBano Bropy i 500 yau3? A iiMoBipHicTb, 110 piBHO 600 yropy i 400 ynu3?

EK3AMEHAIIMHUN BUIET (3ABJAHHST) Ne 23 (20, 10, 10)

MikpokanoHniuynuii ancam6ib. EnTtpomis bonbimana. Jlpyruil 3akoH TEpMOJIMHAMIKH.
Temmnepatypa 1 TEIIOEMHICTb.
3HalTH Ipyruil BipiadbHUNA KOe]ILi€HT I ra3y HEB3a€MOIIIOUNX TBEPIUX JAHUCKIB 3

paniycom 1,/2 B IBOBUMIPHOMY IIPOCTOPI.

Morekysa Bou MOKe BIOpyBaTH pi3HUMHM CIIOCOOaMH, aje HAMMpOCTIIIUM TUIIOM BiOparii
s 30y/KEeHHS € peXuM '"3TUHaHHA", TpU SIKOMY aTOMU BOJHIO CONMXKAIOThCA Ta
BiIIaNsAr0ThCs, ane 3B's3ku HO He po3Taryrorees. KonuBaHHS B IbOMY peXuUMi MPUOIU3HO
rapMoHiuHi, 3 yactororo 4,8x10'° Tu. Sk i aus Oyab-KOrO KBAHTOBOIO TAPMOHIYHOTO
ocuUIATOpa, piBHI eHeprii ckinamxarTs ~ (1/2)hf, ~ (3/2)hf, i T.1. XKozaen i3 nux piBHIB HE €
BUpOKeHUM. OOUHUCIiTh HMOBIPHICTH NepeOyBaHHS MOJEKYJIH BOAM Y CBOEMY CTaHi Ta B
KO)KHOMY 3 TEpIIMX JBOX 30y/KEHHX CTaHiB, NMPHUIYCKAIOYH, II0 BOHA 3HAXOJIUTHCS B
piBHOBa3i 3 pe3epByapom nipu 700 K (MoxiuBo, y napoBiit TypOiHi).
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EK3AMEHAIIMHUN BUIET (3ABIAHHST) Ne 24 (20, 10, 10)

TemnoemMHICTh 003€-CHHINTEHHIBCHKOTO KOHICHCATY.

TepmoauHaMiyHi BIACTUBOCTI PO3JALTY MK ABOMA (azaMH OMUCYIOThCs (DYHKIIIEIO CTaHy,
1110 Ha3UBA€ETHCS NMOBEpXxHEBUM HaTsroMm C. BuznauaeTbes B TepMiHax poOOTH, HEOOX1THOT
1151 301IBIIEHHS TUTOIi ToBepxHi Ha BennuuHy dA uepe3 dW = SdA. Posrnsnaroun
BUKOHaHY poOOTY MPOTH MOBEPXHEBOI'0 HATATY B HECKIHUCHHO MaJIOMy paJiiyci, OKa3arHu,
110 TUCK BCepeauHi chepuyHOi Kparii Boau pajaiycoMm R Ginblie, HiXK 30BHIIIHINA THCK, Ha
2S/R. SIxuii TUCK MOBITPs BcepeauHi MIIbHOT OynpOaniku paaiycom R?

OOumcniTh KpaTHiCTh TBepaoro Tuia EifHmrelHa 3 25 ocumisTopaMu Ta 25 OJUHHLSAMU
SHeprii.

EK3AMEHAIIMHUN BUIET (3ABJAHHST) Ne 25 (20, 10, 10)

I'a3 pepmioniB y marniTHOoMy nodi. [lapamarnerusm Ilayii.
Po3rnsaatoun BUKOHAHY pOoOOTY MPOTH OBEPXHEBOI'O HATATY B HECKIHUEHHO MaJlOMy

paniyci, moKas3arty, 110 TUCK BCepeanHi ChepruuHoi Kparuli Boau paaiycoM R Oinbie, Hix
30BHIIIHIN TUCK, Ha 2S/R. SIkuil THCK MOBITPs BcepenHi MUIIBHOI OynbOamku pagiycom R?
VSBITh YaCTUHKY, SIKa MOXKe IepeOyBaTu JHIIE y TPhOX CTaHax, 3 eHepriamu -0,05 eB, 0 Ta
0,05 eB. Llg yacTuHKa 3HaXOAUTHCS B piBHOBA3i 3 pesepByapoM npu 300 K. (a) OGuuchits
¢byHkuio posnoainy s 1iei yactku. (0) OOumcniTh HMOBIpHICTH mNepeOyBaHHS i€l
YACTUHKM B KOXKHOMY 3 TpPbhOX CTaHiB. (B) OCKIJIBKM HYJbOBAa TOYKA JJISI BUMIpIOBaHHSA
SHepriii 10BUIbHA, MU MOTJIM O TaK caMO CKa3aTH, 1110 €Heprii TpbOX CTaHiB JOPiBHIOIOTH 0, +
0,05 eB 1 +0,10 eB BignosigHo. [ToBTOpiTH YacTHHM (a) 1 (0), BUKOPUCTOBYIOUH IIi LUDPH.
[TosICHITB, 10 3MIHIOETHCS, a IO Hi.

EK3AMEHAIIMHUA BUIET (3ABZIAHHST) Ne 26 (20, 10, 10)

Binbna enepris. XiMmiuyHui moTeHmian. Benukuii kaHOHIYHMK aHcamOnb. Benmukuit
KaHOHIYHMI noTeHIiajn. EKcTeHCHBHI Ta IHTEHCHBHI NTapaMeTpH.

IneanbHuUit ra3 4aCTUHOK 3 Macoro m pu Temneparypi T nepeGyBae y CHIIOBOMY IOJI,
MOTEHIIIHA eHepris sikoro Mae Burisia: U(x) = AX", 3 mocTiiiHOI0 A 1 n > (. 3HaiiTu
Cepe/IHIO MOTEHIIIHY eHEeprilo Ha O/IHY YaCTUHKY. SIKoto OyJie cepeHs MOTEeHIiHA eHepris
OJHi€] YACTUHKY B ra3i B OJJHOPIIHOMY IpaBiTalliiHOMy 1oJIi?

OOuucniTh KpaTHiCTh TBepaoro Tina EiHmreilina 3 15 ocummstopamu Ta 15 oguHUISIMEU
SHeprii.



