XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 1 (10, 10, 10, 10)
1. IneanizoBaHi TEIUIOBI IBUT'YHH Ta XO0JIOAUIBHUKH. J[BUryH KapHo.
2. BinbHa eHepris Ta 11 3B’5130K 31 CTATUCTUYHOIO CYMOIO.
3. Po3rmisHbTE TIMOTETUUHUI aToOM, SIKMI Mae JuIe JIBa CTaHH: OCHOBHHM 3 HYJIbOBOIO
eHepriero Ta 30ymkeHuil 3 eHeprieto 2 eB. Hakpecnite rpagik cTaTUCTUYHOI CyMH AJIs
i€l cucteMH K QyHKIIT Temneparypu Ta yncensHo ouiHiTh 1 mpu T = 300 K, 3000 K, 30
000 K'1300 000 K.
4. 'Y TBepIOMy MOHOOKCH/I BYIJIEIt0 KoxkHA MoJiekyna CO Mae JBI MOXKJIUBI Opi€HTAIII1:

CO abo OC. Ilpumyckarouu, 1o Ii Opie€HTAIll € aOCOTIOTHO BUMAAKOBUMHU (1€ HE 30BCIM
BIPHO, ajie OJIM3BKO), OOYUCITIThH 3aJUIITKOBY €HTPOIIIIO MOJISi OKCHY BYTJICITIO.

3aTBep/keHO Ha 3acifaHHi kadeapu (i3MKM HeTpaaMUIHHUX EHEProTeXHOJOri Ta
(13

€KOJIOr1i MpoToKoa Ne BIJl ” 2021 p.
3aBiyBad Kadeapu O.I1. Kynuk
HiAUC
Ex3amenarop L.M. Mapy1ueHko
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XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 2 (10, 10, 10, 10)
1. BinpHa enepris ['i66ca B TepMOAHHAMMUIII.
2. CraTucTU4Ha CyMa 1 €Hepris KOJIMBaHb JJBOXaTOMOBOT MOJIEKYIIH.

3. OuiHiTh IMOBIPHICTH TOTO, III0 ATOM BOJHIO NMPHU KIMHATHIM Temreparypi nepedyBae B
OJJHOMY 31 CBOIX HepmuX 30y[UKEeHHX CTaHIB (BIAHOCHO WMOBIPHOCTI mepeOdyBaTH B
ocHOBHOMY cTaHi). He 3a0yBaiiTe BpaxoByBaTH BUpO/KeHHS. [loTiM TOBTOPITH
PO3paxyHOK JUIsl aToMa BojHIO B arMocgepi 3ipku yUMa, temneparypa MOBEpXHI SKOL
CTaHOBUTH Mpubin3Ho 9500 K.

4. Po3msHbBTE CUCTEMY 13 TPhOX HEPYXOMHX YAaCTHHOK, KOXKHA 3 SKMX Mae€ cmiH 1/2, i
KOKEH CITIH MOX€ BKazyBaTu abo “yropy”, abo “yHu3” (TOOTO, B3IOBX a00O HaBIPOTH
HanpsIMKy, BUOpaHOTO fK Bich z). KoXkHa yacTMHKa Ma€ MarHiTHUA MOMEHT { y3/10BX OCi
Z, KOJIM B1H CIIPSIMOBaHUM yropy, 1 — 4, KOJIU BiH cripsMoBaHuil yHU3. Cructema po3milieHa
y 30BHIIIHBOMY MartitHoMy noui H, mo copsmoBane B31oBx i€l oci z. [Ipumyctumo,
10 3arajibHa €Heprisi CUCTEMU Bioma 1 10piBHIOE —yu H. SIK1o 1ie €eMHa TOCTyIHA HaM
iHpoOpMaLlis, TO B IKOMY 13 CBOIX MIKPOCTaHIB 1 3 SIKOIO MOBIPHICTIO MOXe IepeOyBaTH
cucrema?

3arBep/keHO Ha 3acimaHdl kadeapu (I3UKK HETPAJUIIMHUX EHEPrOTEXHOJIOTIN Ta

€KOJIOTii mpoTOKOIT Ne BIL “ ” 2021 p.
3aBimyBau Kadenpu O.I1. Kynuk
i Armc
Ex3amenarop LM. Mapynienko

miamuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 3 (10, 10, 10, 10)
1. Ipyruii 3akoH TepMoanHaMiky y ¢popmyintoBaHHi KenbBiHa Ta oro Hacmiaku.
2. CraTucTUYHaA CyMa KaHOHIYHOTO aHCaMOIIs, cepeiHs eHepris Ta GiyKTyauii eHeprii.
3. Ilpunycrumo, 1o tunorpadiyHi NOMUIKH, JOMYIIEH] PU HAbOpi TEKCTY, TPAIUIAIOTHCS
MOBHICTIO BUMNaAKoBO. [Ipumyctumo, mo kuura Ha 600 ctopiHok Mmictuth 600 Takux
noMuIOK. OOGUUCIITh WMOBIPHOCTI: IO CTOpiHKa HE MICTHTh HMOMHJIOK; IO CTOpPIHKa

MICTHTH IIIOHAMMEHIIIE AB1 IIOMWIKA?

4. 3a 101OMOT010 SIKOO1aHIB OOYUCITUTH 3HAUCHHS BUPA3y:

oTr oS oT oS

op),\oav/), \ov/),\oP/,

3arBep/keHO Ha 3acimaHHi kKadenpu (I3WKU HETPAAMINIMHUX CHEPrOTEXHOJOTIH Ta

€KOJIOT1i MPOTOKOJI No Big ” 2021 p.
3aBigyBad kadenpu O.I1. Kynuk
i AHC
Ex3amenarop LM. Mapynienko

HiAIUC



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 4 (10, 10, 10, 10)
1. HynboBHii 3aKOH TEpMOAMHAMIKHU (TPaH3UTHUBHICTh TEIUIA).
2. PIBHSIHHS CTaHy iJ1eaJIbHOTO T'a3y B KAHOHIYHOMY aHCamOIIi.

3. Dapsunit 06’ext A 3 Temmneparypoto 7, = SO0K mnpuBenu y TemaoBHH KOHTAakT 3
xononHUM 00’ektoM B 3 Temmeparypoto Tp = 300 K. KimbkicTs Termna, mo mpoTsrom
TIEBHOTO Yacy nepeTikio Bix A no B, nopiearoe 1500 Ix. MoxxHa BBaXkaTH, 1110 Tia A Ta
B nocrarapo Benmki, MO0 iX Temmeparypu Maibke He 3MIHWIUCA. SK 3MIHSATBCS NpHU
IbOMY €HTpoIIii 00’ eKTiB A Ta B, a TaKoX 1X cymMapHa eHTpoIis?

4. BukopucToByrouM mepeTBopeHHs JlexaHnapa, naiiTe BU3HAUCHHS TEPMOAMHAMIYHUM
MOTEHITiajaM 1 BUBEITh yCl piBHAHHA MakcBea.

3aTBep/keHO Ha 3acimaHHi kadeapu (i3UKM HeTpaaMUIKHUX EHEProTEeXHOJOri Ta

€KOJIOT1i MpOTOKOJI No Bim “ ”? 2021 p.
3aBimyBau kadeapu O.I1. Kynuk
HiAIuc
Ex3amenarop LM. MapyuieHko

mianuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 5 (10, 10, 10, 10)
1. HabmmkeHHs Ta ieanizaiii TepMOAMHAMIKH.

2. CraTucTryHa cymMa BETUKOTO KaHOHIYHOTO aHcamOJIs, cepelHsl KiTbKiCTh YaCTUHOK Ta
(bykTyarii KUTbKOCT1 YaCTUHOK.

3. Kparuist Bonmu KOHJEHCYEThCSI Ha TBEpAiN MOBEpXHI. MaemMo Tpu MOBEPXHI PO3ALLY,
SKUM BIJITIIOB1JIAl0Th TPH CHJIM IOBEPXHEBOIO HATATY: S,,,, S, Ta S, € a - NOBITPs (air),
w - Boja (water), s - TBepaa moBepxHs (solid). OOYMCIITE KyT KOHTaKTa Kparil 3

MOBEPXHEIO Ta 3HAIIITh YMOBY CTBOPEHHS BOJISHOT IUTIBKY (TOBHE HAMOKAHHS).

4. Po3rmisiHbTE CHCTEMY 13 TPbOX HEPYXOMHX UYAaCTHHOK, KOXKHA 3 SIKMX Mae€ cmiH 1/2, 1
KOXKEH CIIH MOXKe BKasyBaru abo “yropy”, abo “yHu3” (ToOTO, B37OBX a00O HaBMPOTH
HanpsIMKy, BUOpaHOTo sIK BICh Z). KoXkHa 4acTHHKAa Ma€ MarHiTHUI MOMEHT j Y3JIOBX OCI
Z, KOJIU BiH CIIPSIMOBaHUM yropy, 1 — 4, KOJIU BiH clipsiMOBaHUM yHM3. CHcTeMa po3MillieHa
y 30BHINIHBOMY MarHiTHOMy moii H, mo crpsimoBane B310OBX Ii€i oci z. Bunmmith y
BUITISIAI TAaOMUIN BC1 MOXKIIMBI CTaHHU CHCTeMHU. [[JIst KOXKHOTO TaKOro MiKpOCTaHY BKaXiTh
3arajJbHUM MarHiTHUH MOMEHT 1 3arajibHy €HEprio, sIKI XapaKTepU3ylTh CUCTEMY
3arajiom (Uit KOMIakTHOCTI m = 1/2 MokHa mo3HadaTu mpocto sk “+7, am = — 1/2 sx

13 7,)

3arBep/keHO Ha 3acimaHHl kadeapu (I3UKU HETPAJUIINHUX EHEPrOTEeXHOJIOTIN Ta

€KOJIOT1i mpoTOKOJT Ne BII ” 2021 p.
3aBinyBau kadenpu O.I1. Kynuk
i Arme
Ex3amenarop LM. Mapyiienko

HiAIuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 6 (10, 10, 10, 10)
1. Mopnens napamarsetuka. KpaTtHicTb MakpocTaHy.
2. CraTucTHYHA CyMa 17IealIbHOTO Ta3y.

3. PosmmsHyTn ineanpHM# ra3 3 piBHAHHAM ctaHy PV = NkzT 1 mocriiiHOIO
ternoemHicTio Cy, = Nkza, ne a = const. 3Haiitu TemnoemHicts Cp, MOKa3aTH, IO AN
agiabaruaHoro mporecy VT® = const, i J0BeCTH, IO II€ CKBIBaJEHTHO YyMOBI
PV?7 = const, ney = Cp/Cy,.

4. Po3mIssHEMO YaCTHHKH, IO BUIPOMIHIOIOTHCS PAIOAKTHBHHUM JKEPEIIOM TPOTITOM
MEeBHOTO yacoBoro iHTepany t. (a) [lokaxiTs, mo imMoBipHicTs W(n) n po3mnauis, 110
BiOynucs 3a yac f, 3amaerbest posnoaiiom Ilyaccona. (b) Ilpumyctumo, mo cuia
PaZioaKTUBHOTO JHKepesia Taka, o CEPeIHs KiIbKICTh PO3MaliB Y XBHJIMHY JAOPiBHIOE 24,
Sxa WMOBIpHICTh OTpUMaHHS 1 po3nafiiB 3a 10 cekyna? OTpumaiiTe YUCIOBI 3HAYCHHS
JUTS BCIX LIMX 3HadeHb 7 Bixg 0 o 8.

3arBep/UKEHO Ha 3acimaHHi Kadenapu (Ii3WKM HETPATUIIMHUX EHEPrOTEXHOJIOTIN Ta
13
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3aBiqyBau kadempu O.I1. Kynuk
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XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 7 (10, 10, 10, 10)
1. Tperiit 3akoH TepmonuHamiku (popmymtoBanHs HepHera). JlarenTHe Temio.
2. ExBIBaJIEHTHICTh KAHOHIYHOTO Ta MIKPOKaHOHIYHOTO aHCaMOJIiB.

3. XonoaHi MIXK30psHI MOJIEKYJISIPHI XMapy 4acTo MICTATh MojeKyny uiaHoreny (CN), uui
nepii o6epTaibHi 30y/keHi cTaHn MatoTh eneprito 4,7 - 10% eB (paxyioun BiJ 0CHOBHOTO
ctany). HacnpaBai Takux 30y[)K€HUX CTaHIB TpH, BCl 3 OJHAKOBOIO eHepriero. Y 1941
polll OCHIIKEHHS CIEKTPY MOIIUHAHHS 30pPSHOTO CBITIA, MIO0 HPOXOAWTH Kpi3h IIi
MOJICKYJISIPDHI XMapH, MOKa3aju, 10 Ha KOXKHI JeciaTh Mojiekya CN, siki 3HaXOIAThCS B
OCHOBHOMY CTaHi, IpUOIHU3HO TPH 1HII 3HAXOASATHCS B TPHOX MEPIINUX 30yHKEHUX CTaHaX
(ToOTO B CepemHBOMY IO ONHIM y KOKHOMY 3 IuX cradiB). 1100 moscHuUTH 1i aaHi,
aCTPOHOMHU TPUITYCTHIIH, IO MOJIEKYIH MOXYTh NepeOyBaTH y TeIUIOBiM piBHOBa3i 3
SKHUMOCBH «PE3epByapoM» 3 UITKO BH3HAUYEHOIO TeMmmeparyporo. Yomy HOpIBHIOE I
TemMiieparypa’?

4. o6 mpuitHATH TapHy TeIuly BaHHY, BH 3Mmimanu 50 mitpiB raps4doi Boau 55°C 3 25
aiTpamu xonoaHoi Boau 10°C. CkUIbKM HOBOT €HTPOIIT BM CTBOPHIIN, 3MIILIABIIN BOTY?

3arBep/pkeHO Ha 3acimaHHi kKadenpu (I3WKU HETPAAMINIMHUX CHEPrOTEXHOJOTIH Ta

€KoJIOrii mpoToKoa No Bim “ ” 2021 p.
3aBigyBad kadempu O.I1. Kynuk
I IIHC
Ex3amenarop LM. Mapynienko

HiAIC



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 8 (10, 10, 10, 10)
1. Teopema KapHo 1 eheKTUBHICTH 00OPOTHOTO TETJIOBOTO JBUTYHA.
2. Benukuii KaHOHIYHHI TOTEHITIA.

3. Po3misiHbTe mapamMarHeTik B 30BHIIIHBOMY MAarHiTHOMY IOJI, IO 3HAXOAWUTHCS Yy
MIKpPOKaHOHIYHOMY aHCaMOJll, sIK CHCTEMY JIBOX CTaHIB. SIK 3ajieXKUTh HOro eHTPOMis Bij
eHeprii? Sk 3ajexuTh HOro eHeprig BiA TeMmieparypu? 3HaWIITh TEIIOEMHICTh
napaMarHeTHKa.

4. Monekyna BoAM MOXe BIOpyBaTH pI3HUMHU CIOCOOaMH, aje HAWMPOCTIIIHK THI
BiOparii /Ui 30yKEeHHS — 1€ PeXHUM <«3THHAHHS», B SIKOMY aTOMH BOJIHIO PyXaroThCs
Ha3yCTpid 1 BIIIANSAIOTECS OIWH BiJl OMHOTO, ane 3B’s3ku HO HE pPO3TATYOTHCS.
KonuBaHHS B IIbOMY PEKUMI MPUOTU3HO TAPMOHIYHI, 3 9acTOTOIO 4,8 1013 o, Sk i s
Oy/b-SIKOTO KBAHTOBOTO TapMOHIYHOTO OCHWIIATOpA, piBHI eHeprii ctaHoBuAtsh (1/2)hf,
(B/2)hf, (5/2)hf 1 Tax nmam. XXomeH 3 WX PIiBHIB HE € BUPOMKEHUM. OOYHCIITH
WMOBIPHOCTI TOTO, 1[0 MOJIEKYJIa BOIU TiepeOyBae B OCHOBHOMY BiOpalliifHOMY CTaHi, B
nepuioMy 30y/UKEHOMY CTaHi Ta B Jpyromy 30y/UKEHOMY CTaHi, SIKIIO BOHA 3HAXOAUTHCS Y
piBHOBa31 3 pe3epByapom npu Temmneparypi 700 K.

3arBep/pkeHO Ha 3acimaHHi Kadenpu (QI3UKKM HETPAIUIIMHUX EHEProTeXHOJIOTIH Ta

€KOJIOT1i MpOTOKOJT No Bim “ ”? 2021 p.
3aBigyBau kadenpu O.I1. Kynuk
Hianuc
Ex3amenarop LM. Mapyuienko

MHIAIC



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWUM BUIET (3ABJIAHHS) Ne 9 (10, 10, 10, 10)
1. MikpocTaHu Ta MaKpOCTaHU: MPUKIAJH.
2. Po3nonin MakcBeia 3a MIBUIKOCTSIMH.

3. 3HalaiTh CTaTUCTMYHY CyMy Ta OTpPUMalTe pIBHSHHA CTaHy Ui 17€aJbHOro
yABTPAPENATUBICTCHKOTO Tra3zy 13 N MoJieKyl, eHeprisi SKuX JIopiBHIOE £ = pc, ne p -
IMITyJTbC YACTHHKH, a C - IIBUKICTh CBITIA.

4. Monekyna Boau MOXe BIOpyBaTH pI3HUMH CIOCOOaMH, aje HAWMPOCTIIIHK THI
BiOparii /Ui 30yKEeHHS — 1€ PeXHUM <«3THHAHHS», B SIKOMY aTOMH BOJIHIO PyXarThCs
HA3yCTpid 1 BIIIANSAIOTECS OIWH BiJl OMHOTO, ane 3B’s3ku HO HE pPO3TATYIOTHCS.
KonuBaHHS B IIbOMY pEKUMI MPUOIU3HO TAPMOHIYHI, 3 9acTOTOO 4,8 1013 o, Sk i s
Oy/b-SIKOTO KBAaHTOBOTO TapPMOHIYHOTO OCHWIIATOpA, piBHI eHeprii craHoBmAts (1/2)hf,
(3/2)hf, (5/2)hf i Tax nmam. XXomeH 3 1UX PIBHIB HE € BUPOMKEHUM. OOUYHCIITH
WMOBIPHOCTI TOTO, 1[0 MOJIEKYJIa BOIU TepeOyBae B OCHOBHOMY BiOpalliifHOMY CTaHi, B
nepuioMy 30y/UKEHOMY CTaHi Ta B Jpyromy 30y/UKEHOMY CTaHi, SIKIIO BOHA 3HAXOAUTHCS Y
piBHOBa31 3 pe3epByapom npu Temmneparypi 300 K.

3arBep/UKeHO Ha 3acimaHHl Kadenapu (I3WKM HETPAIWIIMHUX EHEPrOTEXHOJIOTIN Ta
[13
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XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJAHHS) Ne 10 (10, 10, 10, 10)
1. BunagkoBi OnykaHHS: OJHOBUMIpHA 3aa4a.
2. Earpomnis bonpimana 1 1pyruit 3aK0H TEPMOIMHAMIKH.

3. 3HaiiliTh CTAaTHCTUYHY CyMy Ta OTPUMAaNTE TEIUIOEMHICTh MJIsi OJHOBHMIPHOTO
171eaIbHOTO Ta3y 13 /N MOJIEKYII, 110 3HAXOASTHCS Y 30BHINIHBOMY MOTEHIIIAIFHOMY MOJI 1
MaroTh ramineronian H = p?/2m + Aq*, ne A = const.

4. Ha enmektpocraniii, mo BUpoOIse enekTpoeHepriio 3 noryxHictio 1 I'Bt (109 Br),
napoBi TypOiHM BOuWpaioTh mapy mnpu Ttemmeparypi 500°C, a BigmpaiboBaHE TEIUIO
BUKHUIA€ThCS Y HaBkonuinHe cepenopumie npu 20°C. SIka MakcHMajabHO MOMKJIHBA
epexTuBHICT wLi€i ycTaHoBku? [lpumyctumo, BH po3poOMIM HOBHH MaTepian s
BHUTOTOBJICHHSI TPyO 1 TypOiH, SKUH J103BOJISIE IMIABUIIMTH MaKCHUMAJIbHY TeMIIEpaTypy
napu 110 600°C. Ckinbku (mpuOIU3HO) Ipolledl MOXKHA 3apOOUTH 3a PiK, BCTAHOBHUBILU
CBOE€ TMOKpalleHe o0JIiaHaHHs, SKIO MPOJaBaTh JI0JaTKOBY €JIEKTPOCHEPrilo 3a 5 LEeHTIB
3a kutoBatr-roguny? (IIpunmyctumo, 1mo KUIBKICTh MaJiMBa, IO CIOXKHUBAETHCS HA 3aBOJII,
HE 3MIiHHUIACS.)

3aTBep/keHO Ha 3acimanHHi kadeapu (i3MKM HETpaaMUIKHUX EHEProTEeXHOJOri Ta

€KOJIOT1i MpOTOKOJ No Bim “ ”? 2021 p.
3aBimyBau kadeapu O.I1. Kynuk
HiAIuc
Ex3amenarop LM. MapyiieHko

mianuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJAHHS) Ne 11 (10, 10, 10, 10)
1. Ilepinii 3akoH TepMonuHaMiky. KBa3zicTaTuuHi npouecu.
2. PiBHOpO3MOA1I eHeprii.

3. IIpu nyxe BUCOKUX TeMIepaTypax (K y Ayke paHHboMy BcecBiTi) mpoTOH 1 HEUTPOH
MOXKHA PO3IJISIIATH SIK JIBA PI3HUX CTaHU OJHIET 1 Ti€l ) YACTUHKH, SKa HA3HBAETHCS
«HYyKJIOHOMY. (Peakii, 1110 nepeTBOPIOIOTh NPOTOH B HEHTPOH, a00 HABNAKU, BUMAararoTh
MOTIMHAHHS €JIEKTPOHA, TO3UTPOHA ab0 HEUTPUHO, aje BCl Il YACTHHKHA MAarOTh
TEHJIEHIIII0 OyTH Jy)Ke MOUIMPEHUMHU IPH JIOCUTh BHCOKUX TemIeparypax). OCKUIbKU
Maca HeiiTpoHa Buma HiK y npotona Ha 2,3 - 1073 xr, iforo eHepris BuIIa Ha IO
pi3HHIIO Mac, MOMHOXeHY Ha . OTxe, NPUIYCTUMO, IO B AKHIICh TyKe paHHil dac
HYKJIOHH IepeOyBalu B TEIUIOBii piBHOBa3i 3 pemtoro Beecsity npu Temneparypi 10M'K.
SIKy 4acTKy HYKJIOHIB y TOH Yac CTAHOBMJIM MPOTOHHU, a IKYy — HEUTPOHU?

4. OOGUUCHITh KPATHICTH MAaKpPOCTaHy TBepaoro Tina Elnmreitna 3 30 ocnunsTopamMu ta
30 OIMHHUIISIMU SHEPTIi.

3arBep/UKCHO Ha 3acimaHHl Kadenapu (Ii3WKM HETPAIMIIMHWX EHEPrOTEXHOJIOTIH Ta
13

€KOJIOTii IpOoTOKOIT No BiJ ”? 2021 p.
3aBimyBau kadeapu O.I1. Kynuk
HiAIIC
Ex3amenarop LM. Mapyiienko

i Armc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJIAHHS) Ne 12 (10, 10, 10, 10)
1. Mognens TBepaoro Tina Eitnmreiina. Kpatnicte MakpocTany.
2. ExcTeHCUBHI Ta IHTEHCHUBHI BETUYHMHU.

3. 3HaliTH pIBHAHHA CTaHy, BKJIIOYAIOYM JpYruid BipiasibHUM KoeQilieHT, i rasza
HEB3a€EMOJIII0YMX TBEPIUX AUCKIB pajiyca 7y/2 y ABOXBUMIPHOMY IIPOCTOPI.

4. Momnekyna BOOM MOXe BIOpyBaTH pI3HUMH CHoco0amu, ajie HAWTPOCTIIIMKA THIT
BiOpamii s 30y/UKeHHS — 1€ PeKUM «3THHAHHS», B SIKOMY aTOMH BOJHIO PYyXarOThCS
Ha3yCcTpiu 1 BIANANAIOTBCS ONUH BiJ OAHOro, ane 3B’s3ku HO He pPO3TATYIOTHCA.
KonuBaHHS B IIbOMY pEKUMI MPUOTU3ZHO TAPMOHIYHI, 3 4acTOTOO 4,8 - 1013 I, Sk i s
Oy/b-SIKOTO KBAaHTOBOTO TapMOHIYHOTO OCLWIATOpA, piBHI eHeprii craHoBmAts (1/2)hf,
(B/2)hf, (5/2)hf 1 tak nmami. XKomeH 3 mMX PIBHIB HE € BHPOMKEHUM. OOYHCIITH
WMOBIPHOCTI TOTO, 110 MOJIEKyJa Boau NepeOyBae B OCHOBHOMY BiOpaliliHOMY CTaHi, B
nepuioMy 30y/UKEHOMY CTaHi Ta B Jpyromy 30y/KEHOMY CTaHi, SIKIIO BOHA 3HAXOAUTHCS Y
piBHOBa31 3 pe3epByapoM npu Temneparypi 700 K.

3aTBep/keHO Ha 3acizaHHi kKadeapu (i3MKM HeTpaaMUIKHUX EHEProTeXHOJOri Ta
(13

€KO0JIOrii mpoToKoa Ne BIJl ”? 2021 p.
3aBimyBau kadeapu O.I1. Kynuk
HiAIUC
Ex3amenarop L.M. Mapy1eHko

IANC



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJAHHS) Ne 13 (10, 10, 10, 10)
1. IlenTpanpHa rpaHM4YHA TEOpPEMA.
2. CratuctryHa CyMa Ta 3arajibHe piBH}IHHSI CTaHYy KJIAaCUYHOTI'O Hei,[[eaJ'IBHOFO rasy.

3. Po3misHyBIIM pOOOTY MO HECKIHYEHO Maiii 3MiHI pajilycy chepuyHOi Kparuli BOIU
paniyca R, BUKOHaHy TIPOTH CHJI MOBEPXHEBOTO HATATY, MOKA3aTH, IO THUCK BCEPEIUHI
Kparuti Oyne OUTbIIMM HIDK 30BHIIHINA (armMocdepHmii) TUck Ha 2S/R, ne S - cuia
MIOBEPXHEBOIO HATsAHy Kpamii. YoMy JOpIBHIOE THUCK MOBITPSI BCEPEAMHI MHUIIbHOL
OynpOamku panaiyca R?

4. PosrnsiHbTE cUcTEMY 13 ABOX TBepAuX Tin EifHmTelHA, A 1 B, KOXKHE 3 SKUX MicTUTh 10
OCHWJIATOPIB, 1 sIKi cymapHO Mictath 20 ogmHuie eneprii. [Ipumyctumo, mo i TBepai
TiJa 3HAXONATHCA B TEIUIOBOMY KOHTakTi (Cl1aOKO B3a€MOJIIOTH), a 1X 3arajbHa €Hepris
HeaMiHHa. CKITbKM PI3HUX MaKpOCTaHIB AOCTYIHO s i€l cuctemMu? CKUTBKH Pi3HUX
MIKPOCTaHIB JOCTYNMHO [Uisl wi€i cucteMu? 3a sSKUX OOCTaBMH Il CHCTEMa MOXeE
MPOSIBIIATH HE3BOPOTHIO MOBEIIHKY ?

3arBep/keHO Ha 3acimaHHi kKadenpu (I3WKU HETPAAMINIMHUX CHEPrOTEXHOJOTIH Ta

€KOJIOrii mpoToKoa No Bim “ ” 2021 p.
3aBigyBau kadenpu O.I1. Kynuk
I IIHC
Ex3amenarop LM. Mapynienko

HiAnuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWI BUIET (3ABJIAHHS) Ne 14 (10, 10, 10, 10)
1. Po3nogin ITyaccona.
2. KanoHiyHuii anHcamOib: (i3WYHUN 3MICT Ta YMOBH 3aCTOCOBHOCTI.

3. Posmsanytu mnpouec Jlxoyns-Tomcona. 3Haiitm koediuieHT JIxoyns-Tomcona
Uy = (0T/0P)y six dyskuito remneparypu T, 06’emy V, termnoemuocti Cp 1 KoedilieHTy
TeroBoro posmupenHs a = (1/V)(0V/0T )p. Yomy nopiHioe koedimient J[xoyns-
TomcoHna 1 igeanbHOTO razy?

4. Po3rIsiHEMO MapaMarHeTHK 3 ABOMA CTaHaMH, B skoMy € 102° eeMeHTapHHX JUTOiB,
13 3araJIbHOK €HEpri€r, M0 JOPIBHIOE HYJII, TaK IO PIBHO TIOJOBHWHA JUIIONIB
CTIPSIMOBaHI Bropy, a MojoBUHA - yHU3. CKUIBKH MIKPOCTaHIB € "MOCTyMHUMHU" Ui L€l
cuctemu? IlpumycTrMo, 10 MIKpOCTaH IIi€l CHCTEMH 3MIHIOETHCS MUIBSPI pasiB 3a
cexyHay. CKUIbKM MIKpOCTaHiB “‘nepenpoOye” cucrema 3a 15 MinbspaiB pokiB (Bik
Bcecaity)?

3arBep/UKeHO Ha 3acimaHHi Kadenapu (Ii3WKM HETPAIWIIMHUX EHEPrOTEXHOJIOTIN Ta
13

€KOJIOTii IpOoTOKOIT No BiJ ” 2021 p.
3aBiqyBau kadeapu O.I1. Kynuk
MHIiAIC
Ex3amenarop LM. Mapyiienko
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XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJIAHHS) Ne 15 (10, 10, 10, 10)
1. HabnmkeHHs 10 piBHOBAru i TepMOAMHAMIUHI TOTEHITIATH.
2. MikpokaHOHIYHUN aHCaMOJIb: (PI3UYHUHN 3MICT Ta YMOBH 3aCTOCOBHOCTI.

3. Po3misiHyTH OIHOpIAHY CyMilll IHEPTHMX MOHOATOMHMX iJ€aJbHUX Tra3iB IpHU
aOcomoTHill Temneparypi 7'y koHTeliHepi 00°ema V, 1ie v; - KUIbKICTh MOJIB i-TO Tasy, a k
- KUTBKICTh Ta3iB pi3HOTO TUIy y cyMmim. OOYUCTITh CTaTUCTHYHY CYMYy 1 3HAWIITh
PIBHSHHS CTaHy JUis cyMmimi rasziB. SIK MOB’f3aH THCK CyMillli ra3iB 3 NapuiajJbHUMHU
THCKaMH Ta3iB, 0 BXOJATh y CyMiI?

4. J1ns OJHOTO BEJIMKOTO IapaMarHeTHKa 3 IBOMa CTaHaMHM (DyHKIIisi KpaTHOCTI Mae Jyxke
piskuit nik npu (npubnuzuo) Ny = N/2. Bukopucrosyiite Habmmwkents Cripiinra, mo6

OLIIHUTHU BUCOTY MIKYy Yy (PYHKIII{ KpaTHOCTI.

3arBep/keHO Ha 3acimaHHi Kadenpu (I3WKH HETPAAMINIMHUX CHEPrOTEXHOJOTIN Ta

€KoJIOrii mpoToKoa No Bim “ ” 2021 p.
3aBigyBad kadempu O.I1. Kynuk
i AIHC
Ex3amenarop LM. Mapyiienko

HiAIUc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJIAHHS) Ne 16 (10, 10, 10, 10)
1. IleperBopenns Jlexxanpa 1 BinHomeHHS MakcBesia.
2. TennoeMHICTh IBOXaTOMOBOTI'O ra3y 1 3aMOpO3Ka CTYIEHIB CBOOOIH.

3. OauH OIT KOMII'IOTEPHOT am’ATi - 1e AesIKUi Qi3ndHuil 00’ €KT, 110 MOXKe NepedyBaTu
B OJTHOMY 13 JIBOX PO3PI3HEHHUX CTaHIB, ki M1 MokeMo Ha3uBaTu 0 ta 1. OnuH OaiT - 11e
BiciM OiTiB, ouH KinoOauT - e 1024 (=210) OGaiit, omuH MerabaiT - e 1024 ximobaiir, a
onuH rirabat - me 1024 wmerabaiit. [IpumyctuMo, MO Baml KOMITIOTEp 3THpae abo
nepe3anucye oAMH rirabait iHdopmalii, He 3aJUIIAIOYN HISKUX JaHUX Mpo 1H(pOpMallito,
1o Oyna 3anucana. (a) [1osicHITE, 4OMy B IbOMY TIPOIIECT CTBOPIOETHCS JIesika MiHIMaIbHA
KUTBKICTh €HTPOMII, 1 OOYHMCIITh, CKIIBKH CaMe €HTPOIii CTBOPIOETHCS Y IIbOMY MPOLECI.
(b) Sxmo us eHTpomis 3KUIAETHCS y HABKOJUIIHE CEPEJOBMILE IPU KIMHATHIN
TeMIIeparypi, CKUIbKU TeIUIa IpU [bOMY BUALISAEThCA? UM MOXKHA Ha3BaTU L0 KUIBKICTh
TEIIa 3HA4YHOI0?

4. 3a ntonoMoroo siIk0O61aH1B OOUMCIIUTH 3HAYEHHS BUPa3y:
oT oS oT oS

op) \ov/), \ov),\or/,

3aTBep/keHO Ha 3acizaHHi kadeapu (i3MKM HeTpaaMUIMHUX EHEProTeXHOJOri Ta
(13

€KOJIOT1i MPOTOKOJT No BIJT ” 2021 p.
3aBimyBau kadeapu O.I1. Kynuk
HiAUC
Ex3amenarop [.M. MapyuieHko

miamuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMHWM BUIET (3ABJIAHHS) Ne 17 (10, 10, 10, 10)
1. Teopema Knay3siyca i TepMoIuHaMiuyHe BU3HAYE€HHS €HTPOMII.
2. CrarucTiuHa cyma 1 eHepris o0epTaHHs JJBOXaTOMOBOI MOJIEKYIIH.

3. Meran BUNapoOBYIOTh Y BakyyMi 3 raps4oi HUTKH. ATOMU MeTajy HOTPaIUISIOTh Ha
KBapLOBY IUIACTUHY Ha JEdKifd BIACTaHI OJWH BiJ OJHOTO 1 YTBOPIOIOTH TaM TOHKY
MeTaJieBy IUTiBKY. Lls1 KBaplioBa Iu1acTHHA MiITPUMYETHCS MIPU HU3bKIN Temreparypi, Tak
10 Oy/b-IKUM aToOM METaily, 10 MOTparuisie Ha Hel, 3aJUIIaEThCsl Ha MICI[I KOHTaKTy 0e3
nofaneiIol Mmirpamii. MoxkHa BBaXkaTd, 110 aTOMU MeTally 3 OJHAKOBOIO MMOBIPHICTIO
NOTPAIUISIIOTh Ha Oyab-sIKMM edeMeHT Iionll MmiacTuHu. KinbkocTi aromis, 110
NOTPAIUISIIOTh Ha KBAPIOBY IUIACTHHY, AOCTaTHBO Il YTBOPEHHS IUTIBKH 3 CEPEAHbOIO
TOBILMHOIO B 6 aTOMHMX IIapiB. SKa yacTiHa IJIOLI IJIACTUHU Oy/e B3arajii He MOKpHUTa
MeTasioM? Ska yacTMHA MOKPHUTA METAJEBUM IIapOM TOBILMHOIO, BiAMNOBIAHO, B 3 aTOMuU
Ta B 6 aTOMiB?

4. 'Y TBepIOMYy MOHOOKCH/I BYIJIEIt0 KoxkHA MoJiekyna CO Mae JBI MOXKJTUBI Opi€HTAIII1:

CO a6o OC. Ilpumyckarouu, 1o Ii Opie€HTAII] € aOCOTIOTHO BUMAJIKOBUMHU (1€ HE 30BCIM
BIpHO, ajie OJIM3BKO), OOUUCITITh 3aJUIITKOBY €HTPOIIIIO MOJIS OKCHY BYTJICITIO.

3arBep/keHO Ha 3acimaHHl kadenpu (I3UKU HETPAJUIINHUX EHEPrOTeXHOJIOTIN Ta

€KOJIOT1i mpoTOKOJT Ne BII ” 2021 p.
3aBinyBau Kadenpu O.I1. Kynuk
i AIHC
Ex3amenarop LM. Mapynienko

Hianuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJIAHHS) Ne 18 (10, 10, 10, 10)
1. @yHKIIT BIATYKY Ta CUJIOBI KOHCTAHTH TEPMOIUHAMIKH.
2. BipianbHe po3kiananss. PiBHsHHS Ban-nep-Baansca.

3. Konu CoHiie 3HaXOAUTHCSI BUCOKO y HEO1, BOHO Ja€e y cepeiHboMy npuoimmuzao 1000 Bt
eHeprii Ha KOKHUU KBajapaTHuM meTp 3emii. Temmeparypa moBepxHi COHIS TOPIBHIOE
6000 K, a temneparypa 3emMHoi noBepxHi - npuOiu3zHo 300 K. OuiHiTe €HTpomito, 110
KOXKHUI pIK CTBOPIOETHCA COHIIEM 3aBISKHM MOTPAIUISIHHIO COHSYHMX IPOMIHIB Ha
KBaJpaTHUH MeTp 3eMHOI noBepxHi. Ilpumyctumo, 1Mo Ha BOMY KBaJpaTHOMY MeTpi
3eMHOI MMOBEpXHI BU BHpolyere TpaBy. [Ipu pocti TpaBu (sik 1 Oyib-KOi 1HIIOT XKUBOL
ICTOTH) XIMIYHI €JIEMEHTH CTBOPIOIOTh OUIBII OPraHi3oBaHi CTPYKTYPH 3 MEHIIOIO
eHTpomniero. Uu nopyurye 1e Apyruii 3akoH TepMoAruHaMiku? Binqnosiab apryMeHTyiTe.

4. BukopucTOBYIOUM TIEpETBOpPEHHs JlexaHapa, gaiiTe BU3HAYEHHS TEPMOAMHAMIYHUM
MOTEeHIIiajaM 1 BUBEITh ycCi piBHIHHA MakcBeia.

3arBep/keHO Ha 3acimaHHl kadenpu (I3UKU HETPAJUIINHUX EHEPrOTeXHOJIOTIN Ta

€KOJIOT1i mpoTOKOJT Ne BII ” 2021 p.
3aBinyBau Kadenpu O.I1. Kynuk
i AIHC
Ex3amenarop LM. Mapyiienko

HiAnuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMHWI BUIET (3ABJIAHHS) Ne 19 (10, 10, 10, 10)
1. ®opmynipoBka Teopemu Kiaysiyca Ta ii Hacmiaku.

2. Temmeparypa 1 TEIUIOEMHICTh B MIKpPOKaHOHIYHOMY aHcamOmi. TepmoanHamiuHa
CTaOLIbHICTB.

3. VaBiTh c001 4aCTUHKY, 10 MOXKE MepedyBaTH JIMIIE B TPbOX CTaHax 3 eHeprismu -0,05
eB, 01 +0,05 eB, BignosigHo. L{g yacTuHKa 3HAXOAUTHCS B PIBHOBA31 3 pe3epBYapoM MpU
300 K. OOGuucniTh CTaTUCTUYHY CyMmMy sl Iii€i gacTUHKU. OOUMCIITH WMOBIPHICTH
3HAaXO/DKEHHS YaCTMHKU B KO)KHOMY 13 TPhOX CTaHiB.

4. Po3misHbTe cucTeMy 13 ABOX TBepaux Tin EifHmireidina, A 1 B, 1m0 3HAXOASTHCS B
TEIUIOBOMY KOHTaKTi (CllaOKO B3a€MOJIIOThH), a iX 3arajibHa €Hepris He3MiHHA, AKIIO0 A
mictuth 200 ocumiaropiB, B mictuts 100 ocumisitopis, a B niyiomy B cuctemi € 100
OJMHUIIL €Heprii. SIKIIO0 MPUMYCTUTH, IO BCI MIKPOCTaHH OJHAKOBO BIPOTiAHI, SKHUU
MakpoCTaH € HaWOUIbII BIPOTITHUM 1 YOMY JIOPIBHIOE HOro WMOBIpHICTB? Skuii
MaKpOCTaH € HaliMEeHIII BIpOT1JHUM 1 YOMY JIOPIBHIOE HOTO HMOBIPHICTH?

3arBep/pkeHO Ha 3acimaHHi Kadenpu (QI3UKKM  HETPAIUIIMHUX EHEPrOTEXHOJIOTIN Ta

€KOJIOT1i mpoTOKOJT Ne ;71 ” 2021 p.
3aBigyBad kadempu O.I1. Kynuk
i IIHC
Ex3amenarop LM. Mapyiienko

HiAnuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWI BUIET (3ABJAHHS) Ne 20 (10, 10, 10, 10)
1. EHTanemnis sk TepMOAMHAMIYHUN TOTEHITIaN.
2. Knacuyna cratuctuyHa cyma (CTaTUCTUYHUH 1HTETpa).

3. Y cBiTiI “Benukux” TN JOMIHYIOYOK CHJIOIO € TpaBiTalliifHa cuia, a s “Manux’ Til
JIOMIHYIOUOIO CTa€ CHJIa MOBEpXHeBOro HartAry. llpum kimMHaTHIA Temmeparypi,
MOBEPXHEBUI HATAT BOAU AOPIBHIOE Sy & 7 X 102 H/M. OwiHiTh THIOBI PO3MipH Kparuti
BOIY, IO PO3AUIAIOTH “BeNuKy” Ta ‘“Manmy” moBediHKy? HaBeniTe KijbKa NPHUKIAIIB
CHUTYaIIi¥, KOJIM TaKa IIIKaJia po3MipiB CTa€ Ba)KIUBOIO.

4. Po3missHEMO YaCTHHKH, II0 BUIPOMIHIOIOTHCS PaIiOaKTUBHHUM JKEPENIOM MPOTIToM
MEBHOTO 4YacoBoro intepsaiy f. (a) [lokaxite, mo ¥moBipHicT W(n) n posmaais, Mo
BimOynmucst 3a 4vac t, 3amaetbcs posmoniioMm I[lyaccona. (b) Ilpumyctumo, mo cuma
PaioaKTHBHOTO JDKEpesia Taka, M0 CepeiHs KUTbKICTh pO3MaliB y XBUIMHY JTOPIBHIOE 24.
Ska WMOBIpHICTH OTpuMaHHS 1 po3maniB 3a 10 cexkyna? OTpumaiTe YUCIOBI 3HAYEHHS
IUTS BCIX LIMX 3HadeHb 7 Big 0 1o 8.

3arBep/keHO Ha 3acimaHHi kKadenpu (I3MKU HETPAAWINIMHUX EHEPrOTEXHOJOTIH Ta

€KOJIOT1i MpOTOKOJT No Big ” 2021 p.
3aBigyBau kadenpu O.I1. Kynuk
I IHC
Ex3amenarop LM. Mapyienko

HiAIC



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMHWM BUIET (3ABJAHHS) Ne 21 (10, 10, 10, 10)
1. HopmansHuit po3nozin (po3noain [aycca).
2. Enrpomnis Ta napajokc ['i66c¢a.

3. Po3misHbTE ra3 KJIACMUYHUX OCHWIATOPIB y MIKPOKaHOHIYHOMY aHcamOidi. 3HainiTh
HOro eHTPOIIIO K (YHKIIII0 TeMIeparypy. BusHauTe TEI0eMHICTb rasy.

4. Po3rIsiHEMO NapaMarHeTHK 3 JBOMA CTaHaMH, B skoMy € 10?° eeMeHTapHuX JuIoiB,
13 3araJIbHOI €HEpri€lo, M0 JOPIBHIOE HYJII0, TaK IO PIBHO TIOJOBHMHA JUIIOJIB
CIPSIMOBaH1 Bropy, a MoJOBUHA - YHU3. CKUIBKM MIKPOCTaHIB € "NOCTYMHUMH" Ui L€l
cucremu? llpumycTumMo, IO MIKpOCTaH II€] CUCTEMH 3MIHIOETHCS MUIBSAPHA pasiB 3a
cekyHay. CKUIBKM MIKpOCTaHiB “nepenpoOye” cucrema 3a 15 MuIbSpaiB pokKiB (Bik
Bcecsity)?

3arBep/keHO Ha 3acimaHHi kKadenpu (I3WKU HETPAAMINIMHUX CHEPrOTEXHOJOTIH Ta

€KOJIOT1i mpoTOKOJT Ne ;71 ” 2021 p.
3aBigyBad kadempu O.I1. Kynuk
i IIHC
Ex3amenarop LM. Mapyiienko

Hiamnuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJAHHS) Ne 22 (10, 10, 10, 10)
1. CepenHe 3HaueHHs Ta AUCHEPCis HA MPUKIIAA1I G1HOMIaJIbHOTO PO3MOALTY.
2. CraructiuHa cyma: ii pi3WYHUN 3MICT Ta MaTEMaTHU4YH1 BIACTHUBOCTI.

3. Ky6ik nbony 3 macoro 30 1, mo mae temneparypy 0°C, 3anuImiag Ha KyXOHHOMY CTOJI,
Jie BiH MOCTyMnoBo TaHe. Temmeparypa kyxHi 25°C. (a) O64ucaiTh 3MiHY €HTpoIii KyOiKy
JbOAY, KOJM BIH MEPeTBOPIOEThCS y Boxy npu Temneparypi 0°C. (b) OOuucnith 3MiHY
€HTpOIIii BOJH, 110 3’ sIBUJIACS MICIs TOTo, K KyOiK b0y po3TaHyB, KOJIH ii Temmeparypa
3pocna Bixg 0°C go 25°C. (c) O6unciiTh MOBHY 3MiHY E€HTPOIi KyXHi y IIbOMY TpOIIEci,
BiJl TAaHEHHS KyOiKka JIbOAY O BCTAHOBJICHHS TEPMOAMHAMIYHOI piBHOBArd 3 BOJOIO, IO
3aymummiack micnisg Heoro. (d) OOumcniTe MOBHY 3MiHY eHTpomii BcecBity B mpomy
poIIeci.

4. OOGUUCHITh KPATHICTH MAaKPOCTaHy TBepaoro Tina Elnmreitna 3 30 ocuunsTopamMu ta
30 OIMHHUIISIMU SHEPTIi.

3arBep/keHO Ha 3acimaHHi kKadenpu (I3WKU HETPAAMINIMHUX CHEPrOTEXHOJOTIH Ta

€KOJIOrii mpoToKoa No Bim “ ” 2021 p.
3aBigyBau kadenpu O.I1. Kynuk
I IIHC
Ex3amenarop LM. Mapynienko

HiAnuc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMHWI BUIET (3ABJAHHS) Ne 23 (10, 10, 10, 10)
1. Ipyruii 3akoH TepMoanHaMiku y ¢popmyiatoBaHHi Kiay3siyca Ta ioro Haciigku.
2. PIBHSIHHSA CTaHy iJJeaJIbHOTO Ta3y y BEIMKOMY KaHOHIYHOMY aHCaMOJIi.

3. SIk 3MIHIOETBCS EHTPOIIS CUCTEMU HpU ii KBa3iCTaTUYHOMY pPO3LIUPEHHI NpHU
nocTiitHOMy THUCKY? Uu 3aleXuTh XapakTep 3MIHM €HTpOMii BiJ Koe(illl€eHTa TEIIOBOTO
posumpenns, @ = (1/V)(0V/0T)p?

4. Momnekyna BOOM MOXe BIOpyBaTH pI3HUMH CHoco0amu, ajie HAUTPOCTIIIMKA THIT
BiOpamii s 30y/UKeHHS — 1€ PeKUM «3THMHAHHS», B SIKOMY aTOMH BOJAHIO PYyXarOThCS
Ha3yCcTpiu 1 BIANANAIOTBCS ONUH BiJ OAHOro, ane 3B’s3ku HO He pO3TATYIOTHCA.
KonuBaHHS B IIbOMY pEKUMI MPUOTU3ZHO TAPMOHIYHI, 3 4acToTOO 4,8 - 1013 I, Sk i s
OyZb-SIKOTO KBAaHTOBOTO TapMOHIYHOTO OCIHJISTOpA, PiBHI eHeprii craHoBiATh (1/2)Af,
(B/2)hf, (5/2)hf 1 tak nmami. XKomeH 3 HMX PIBHIB HE € BHPOMKEHHM. OOYHCIITH
WMOBIPHOCTI TOTO, 110 MOJIEKyja Boau NepeOyBae B OCHOBHOMY BiOpaliliHOMY CTaHi, B
nepuioMy 30y/UKEHOMY CTaHi Ta B Jpyromy 30y/KEHOMY CTaHi, SIKIIO BOHA 3HAXOAUTHCS Y
piBHOBa31 3 pezepByapoM npu Temneparypi 300 K.

3aTBep/keHO Ha 3acifaHHi kadeapu (i3MKM HeTpaaMUIKHUX EHEProTeXHOJOri Ta
(13 2

€KO0JIOrii mpoToKoa Ne BIJl 2021 p.
3aBimyBau kadeapu O.I1. Kynuk
HiAIuc
Ex3amenarop L.M. Mapy1eHko

IAINC



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJAHHS) Ne 24 (10, 10, 10, 10)
1. BinsHa enepris ['enpmromnsia.
2. Earpomnis I'i66ca Ta eHTpoMmist KAHOHIYHOTO aHCaMOJIs.
3. VaBiTh c001 YaCTHHKY, 1110 MOXKE NepedyBaTu JIMILE B TPhOX CTaHax 3 eHeprisimu 0 eB,
+0,05 eB Ta +0,10 eB, BianoBigHo. L{g yacTHHKa 3HAXOAUTHCS B PIBHOBA31 3 pe3€pByapoM
npu 300 K. OGuuCHiTh CTaTUCTUYHY CyMy Ui Li€l yacTUHKU. OOUYMCHITh HMOBIPHICThH

3HAXO/PKEHHS YaCTUHKU B KOXKHOMY 13 TPbOX CTaHiB.

4. JInst OHOTO BEJIMKOIO MapaMarHeTHKa 3 IBoMa cTaHaMH (DYHKI[iSl KpaTHOCTI Ma€ JyXe
piskuit nik npu (npubnuszno) Ny = N/2. Buxopucrtoyiite Habmmwkenns Cripiinra, mo6

OLIIHUTH BUCOTY MIKY Yy (YHKIII{ KpaTHOCTI.

3arBep/UKeHO Ha 3acimaHHl kKadenapu (I3WKM  HETPAIWIIMHUX EHEPrOTEXHOJIOTIN Ta

€KOJIOTii mpoTOKOIT No BT “ ” 2021 p.
3aBiqyBau kadenpu O.I1. Kynuk
minmc
Ex3amenarop LM. Mapyiienko

I AIHC



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJAHHS) Ne 25 (10, 10, 10, 10)
1. biHOMianbHMIA PO3MOALI.
2. TepMonuHaMiuyHe BU3HAYEHHS TeMIIEpaTypH 1 MOTIK TeIua.

3. Po3misiHbTE ra3 KBAaHTOBUX OCLUJIATOPIB Y MIKPOKaHOHIYHOMY aHcaMOi. SIK 3anexuTh
1oro eHepris BiJ Temneparypu? BuszHauTe TENI0€MHICTD Tasy.

4. Ha enexrpocTaniii, o BUpoOIsie enekrpoeHeprito 3 noryxkHictio 1 I'Bt (109 Br),
napoBi TypOiHM BOuparoTe mapy npu Temmeparypi 500°C, a BigmpaiboBaHe TEIUIO
BUKHUJAE€ThCS Yy HaBKoNMIIHE cepenoBuiie npu 20°C. SIka MakcHMMajibHO MOKIHMBA
edekTuBHICTh I1i€l ycTaHoBku? [Ipumyctumo, Bu po3poOMIM HOBWI Marepian Ais
BHUTOTOBJICHHSI TPyO 1 TypOiH, SIKHUH [103BOJISIE€ MIABUIIMTH MaKCHUMAJIbHY TeMIEparypy
napu 10 600°C. Ckinbku (mpuOIM3HO) rpoleil MoXHa 3apOOUTH 3a piK, BCTAHOBHMBILHU
CBOE€ TOKpalleHe o0JIaiHaHH, SKIO MPOJaBaTh 10JaTKOBY €JIEKTPOEHEPrilo 3a 5 LEHTIB
3a kinoBar-rogunHy? ([IpumycTumo, mo KidbKiCTh IMAuBa, IO CIIOKUBAETHCS HA 3aBOJI,
HE 3MiHHWIACS.)

3arBep/UKCHO Ha 3acimaHHl Kadenapu (Ii3WKM HETPAIMIIMHWX EHEPrOTEXHOJIOTIH Ta
13

€KOJIOTii IpOoTOKOIT No BiJ ”? 2021 p.
3aBimyBau kadeapu O.I1. Kynuk
HiAIIC
Ex3amenarop LM. Mapyiienko

i Armc



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopma HaBYaHHS JCHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOgI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJAHHS) Ne 26 (10, 10, 10, 10)
1. Hacniaku TpeThoro 3akOHy TEPMOIUHAMIKH.
2. Benukuii kaHOHIYHMIA aHCaMOJIb: (P13UYHUIA 3MICT Ta YMOBH 3aCTOCOBHOCTI.
3. Tloxaszaru, mo i3 piBHAHHA cTaHy PV = NkgT cninye, mo E = E(T). 3naiitn
HaWOLIBIN 3arabHy (opMy PIBHSHHS CTaHy, NPU SKOMY €HEPTis 3aJICKHUTh JIMIIE Bif

temneparypu, E = E(T).

4. o6 mpuiiHATH TapHy TEIUTy BaHHY, BU 3Mimanu 50 mitpiB rapsdoi Bogu 55°C 3 25
nitpamu xonoaHoi Boau 10°C. CKiIbKM HOBOI €HTPOIIi BU CTBOPHIIH, 3MIIIIABIITN BOTY?

3arBep/keHO Ha 3acimaHHi kKadenpu (GI3WKU HETPAAWINIMHUX EHEPrOTEXHOJOTIN Ta

€KOJIOT1i MpOTOKOJT No Big ” 2021 p.
3aBigyBau kadenpu O.I1. Kynuk
I AHC
Ex3amenarop LM. Mapy1ienko

HiAIC



XapkiBcbkuil HanioHanbHUi yHiBepceutet iMeni B.H. Kapa3sina

®daxynbTeT HHI xoMn’1oTepHOi i3UKH Ta €HEPreTUKU

CroemiansHicTs 105 — npukiagda ¢i3uka 1 HaHOMaTepiain

Cemectp 7
dopmMa HaBYAHHS JICHHA
PiBenb BHIIOT OCBiTH (OCBITHRO-KBaTi(piKaIliiiHUI piBEeHB): OakaiaBp

Hagpuannha ,Z[I/ICLII/IHJ'IiHaZ CraructuyHa g11i31/11<a Ta Te[ZMOQI/IHaMiKa

EK3AMEHAIIMTHWM BUIET (3ABJAHHS) Ne 27 (10, 10, 10, 10)
1. IlpaBuiio a3 ['i66ca.
2. CratucTyHa cymMa KBaHTOBOI CUCTEMH (ONepaTopHe BU3HAYCHHS).

3. OuiHiTh IMOBIPHICTH TOTO, III0 ATOM BOJHIO NMPHU KIMHATHIM Temreparypi nepedyBae B
OJJHOMY 31 CBOIX HepmuX 30y[UKEeHHX CTaHIB (BIAHOCHO WMOBIPHOCTI mepeOdyBaTH B
ocHOBHOMY cTaHi). He 3a0yBaiiTe BpaxoByBaTH BUpO/KeHHS. [loTiM TOBTOPITH
PO3paxyHOK JUIsl aToMa BojHIO B arMocgepi 3ipku yUMa, temneparypa MOBEpXHI SKOL
CTaHOBUTH Mpubin3Ho 9500 K.

4. PosrnsiHbTe cucTeMy i3 ABOX TBepAuX Tin EifHimnTeitHa, A 1 B, koxkHe 3 SKuX MicTuTh 10
OCLMJIATOPIB, 1 sKI cymMapHO MicTaTh 20 oguHuip eneprii. I[lpumycrtumo, mo i TBepai
TiJa 3HAXONIATHCA B TEIUIOBOMY KOHTakKTi (Cl1a0KO B3a€MOJIIIOTH), a iX 3arajbHa €Hepris
He3MiHHA. CKIUJIbKM PI3HUX MaKpOCTaHIB AOCTYIHO ajs i€l cucteMu? CKUIBKH Pi3HUX
MIKPOCTAaHIB JOCTYNHO JUIsl L€l cucteMu? 3a sKUX OOCTaBMH Il CHCTEMa MOXeE
MIPOSIBIIATH HE3BOPOTHIO MOBEIIHKY?

3aTBep/keHO Ha 3acizaHHi kadeapu (i3MKM HeTpaaMUIMHUX EHEProTeXHOJOri Ta
(13

€KOJIOrii mMpoToKoa Ne BIJl ” 2021 p.
3aBimyBau kadeapu O.I1. Kynuk
HiAIUC
Ex3amenarop L.M. Mapy1eHko

IAINC



