CtatucrtunyHa ¢isuka i TepmoanHamika
3aBOaHHA Onaga NpakTuyHoi poboTtm 3 Temu Net:
MikpocTaHu i MakpOoCTaHu

3anaya 1.1 Slka IMOBIPHICTh BUKMHYTH 3arajioM 6 o4ok abo MeEHIIe 3a
JIOTIOMOTO0 TPHOX IMOCTUTPAHHUX KiCTOUOK?

3anauya 1.2 PosmisHbre Tpy, y AK1i OpOCarOTh MIICTh OHAKOBUX KICTOYOK.
CraH KICTOYKH, IO BiAMOBigae 6 O4ykaM, MM OyJIeMO Ha3WBaTH TYy30M.
3HaiiAITh UMOBIPHICTh OTPUMATHU: (@) PIBHO OUH Ty3; (b) mpuHaliMHI OqUH
Ty3; (C) pIBHO JIBa TY3HU.

3agaua 1.3 OGupaerbcs Bumaakoe yuciio Big 0 g0 1. Slka MMOBIpHICTH
TOTO, IO PIBHO IT'ATh 13 MOro MEpIIMX JACCATH JACCATKOBUX 3HAKIB
CKJIaIAfOThCA 13 MUdp MEHIe HiXK “577

3agaya 1.4 OOuucieHHS MOMEHTIB OIHOMIaJIBHOTO pPO3MoALTY (710
JEKIIIHHOTO MaTepiaty).

3anaya 1.5 OGuUUCIITH KITBKICTh MOXKIJIMBUX KOMOIHAIIH 3 M'SITH KapT y rpi
B MOKEP, PO3JIaHUX 3 KOJOIM, 0 ckianaeThes 3 52 kapt. ([lopsaok kapT B
KOMOiHaIll He Mae 3HaueHHs). KopomiBehbkuil uiell CKIIagaeTbes 3 I'SITH
HaWBHUIIUX KapT (Ty3, KOpOJb, KopojieBa, BajeT, 10) omniei (Oymab-sSKOi)
MacTi. SIka IMOBIPHICTb OTPUMATH KOPOIIBCHKUM (hIeI 3 TIepIoi crpoou?

3anauya 1.6. [Ipunycrtumo, o Bu neperopraere 20 ogHAKOBUX MOHET. (a)
CKUIBKM € MOXJIUBHUX pe3yabTariB (MikpocTaHiB)? (b) Slka WMOBIpHICTB
orpuManHs nocaigoBHocti HTHHTTTHTHHHTHHHHTHT (came B
TakoMy MopsAnKy)? (¢) Ska UMOBIPHICTh OTpuMaTu 12 opiiB Ta 8 peniok (y
OyIIb-SIK1i TOCTIJOBHOCTI)?



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHsa onga npakTUYHoI poboTu 3 Temun Ne2:
Posnogin lNyaccoHa i HopManbHWin po3nogin

3anaya 2.1 Ilpunycrtumo, mo TunorpadiyHi MOMUIKU, TONYIICHI MpHU
HAa0Op1 TEKCTY, TPAIUIAIOTHCS IOBHICTIO BHUIMAAKOBO. I[Ipumyctumo, 1110
kaura Ha 600 ctopiHok MmictuTh 600 Takux MOMIIIOK. Bukopucraiite
posnoain Ilyaccona mjsi oOuuMciaeHHS WMOBIPHOCTI: (@) IO CTOpiHKa HE
MICTUTh TTIOMUJIOK; (b) 1110 CTOpiHKA MICTUTH IIIOHANMEHIIIE TPU TTOMUJIKH.

3agaya 2.2 Meran BUNApOBYIOTh Y BakKyymi 3 rapsiyoi HUTKH. ATOMHU
MeTaly MOTPAIUISTIOTh Ha KBAPIIOBY IJIACTUHY Ha JIESKIM BiICTaH1 OAUH BiJ
OJTHOTO 1 YTBOPIOIOTh TaM TOHKY MeTasieBy IUIiBKY. L{s kBapiioBa miacTuHa
MNIATPUMYETHCS TPH HU3BKIA TeMmIlepaTypi, Tak M0 Oyab-SKUH aTrom
MeTaly, IO MOTpaIUisie Ha Hel, 3aJUIIa€ThCs Ha MICIIl KOHTakTy 0e3
nojaybIoi Mirpamii. MokHa BBaXkKaTH, IO aTOMH METajly 3 OJHAaKOBOIO
WMOBIPHICTIO TMOTPAIUIAIOTh Ha OyAb-SKUW €JIEMEHT IUIONI IJIACTHHHU.
SIKIO PO3IIANATH eIeMEHT IUIOIIi IIACTUHH po3MipoM b2 (ne b - miamerp
aToMa MeTajy), MOKaXiTh, 110 KIIbKICTh aTOMIB MeTally, HAKOITUUYECHUX Ha
I1{ TUIOIII, MAa€ PO3MOALIATHCS BIAMOBIIHO 10 po3noauty Ilyaccona.

[TpunycTuMO, IO BHUIAPOBYETHCS JIOCTAaTHHO METANy IS yTBOPCHHS
IUTIBKA CEPEIHhOI TOBIIMHH, IO BIAMOBIZAE 6 aroMHUM Iiapam. (a) fka
YyacTiHa TUIOIII TUIACTUHU B3arajii He mokputa metaiaom? (b) Ska yactuHa
MOKPUTa METAJICBUMH IIapaMy TOBIIUHOIO, BIJIMOBIHO, B 3 aTOMHU Ta B 6
aTOMIB?

3agaya 2.3 Monetry kuparoTh 400 paziB. 3HalIiTh WMOBIPHICTH
orpuMaHHs 215 opiiB (TiaKa3ka: BUKOPUCTOBYHTE HaOmmkeHHs ["aycca).

3agaua 2.4 ITepesipre Tounicts popmymu Cripminra N! =~ NVe™V4/2zxN

Ta InN!~ NIn N — N, BUKOPUCTOBYIOUM KHUIIIEHBKOBUM KaJIBKYJISATOD,
mst N = 1; 10; 100.



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBOaHHA Onaga NpakTuyHoi poboTtum 3 Temu Ne3:
Mopenb EnHwTENHA

3agauya 3.1 Jlns TtBepmoro Tina EiHmTElHa 3 KOXXHHUM 13 HaBEACHUX
Hkde 3HaueHb N 1 q: () N=3,g=4; (b)N=3,qg=35; (¢c) N=3,
q=6;(d)N=4,qg =3;(e) N=1, q - nosinsne; (f) N - noBinbHe, g = 1.
3anumiiTh yci MOXJIMBI MIKPOCTaHHM, MOpaxyiiTe iX Ta mepeBipTe
KOMO1HATOpHY opMyy:

(g+N-1)!
Q(N, g) = )
Na)="rw—g)

3agaya 3.1 OOuuCHITH KpaTHICTh MAKPOCTAHY TBEpAOro Tina EitHmTeiiHa
3 30 ocuwisitopamu ta 30 OAMHUIISIMU €HEeprii (He HaMmaraiTecs BUMKMCATH
BC1 MiKpocTaHu!).

3agaua 3.3 Possaru 3 norapudmamu: (a) crpoctith Bupas e’ (to6ro,
3amuIIiTh el BUpa3 0e3 BUKOpuCTaHHA Jiorapudmis); (b) moBeaiTsh, 110
In(a + b) = (Ina) + (b/a), sxmo b K a; (c) mepeBipTe 3a JIOIMOMOTOIO
KHIIICHHKOBOTO KaJBKyJIATOpa TOYHICTHh po3kimamanas In(l + x) =~ x, ne
x| < 1, g x = 0.1 ix =0.01; (d) 3anuurite ynciao e!0” y dopmi 107,
TS IESTKOTO X.

3anaua 3.4 Po3misiHeMoO cucTteMy 3 JIBOX TBepaux Tin EitHmireitHa, A 1 B,
KOYKHE 3 SIKMX MICTUTh 10 oclMIATOPIB, 1 AK1 CyMapHO MICTATh 20 OIMHUIL
eneprii. [lpumyctumo, 1mo 11 TBEpAl Tijda cIa0KO B3aEMOMAIIOTh, a iX
3arajibHa eHeprig He3MiHHA. (a) CKUIbKM pI3HUX MaKpOCTaHIB JOCTYITHO
st 1i€i cuctemu? (b) CkibKM Pi3HUX MIKPOCTAHIB JOCTYIHO JUISl 1€l
cucteMu? (C) SKIIO NPUITYCTUTH, 11O L CUCTEMA 3HAXOAUTHCS B TEIUIOBIH
piBHOBa31, fKa HWMOBIPHICTh, IO BCS TEIUIOBA E€HEPris MICTUTHCS Y
tBepAaoMy TuTi? (d) Ska WMOBIpHICTh 3HAWTHU PIBHO MOJOBHUHY 3arajbHOl
€HEprii B OIHOMY 3 TBepAuX Tu1? (€) 3a SKUX 0OCTaBUH ISl CUCTEMa MOXKE
IPOSBIISITH HE3BOPOTHIO MOBEIIHKY?



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHsa onga npakTUYHoi poboTu 3 Temun Ne4:
EHTpONIia | opyrvin no4yaTok TepMoanHamikm

3anaya 4.1 BUKOpPUCTOBYWHTE METOAM LIBOTO PO3JAUTY, MO0 OTpUMAaTH
dbopmyny s KpaTHOCTI MakpocTaHy TBepaoro Tima ElHImTelHa Yy
rpaHuUIll “‘HU3BKOI Temreparypu’, ¢ <K N.

3anaua 4.2 CKUIbKH ICHYE MOXJIMBUX PO3KJIAIOK KOJOAW 3 52 rpajbHUX
kapt? (s mpocToTH po3misgaeMo TUIbKK MOPAJIOK KapT, HE3BAXKAIOUM Ha
Te, sIK BOHU mnepeBepHyTi). Ilpunyctumo, mo Bu mnounHaetre 3
B1JICOPTOBAHOI KOJOJAW 1 TIepeTacoByeTe il Oararopa3oBo, Tak, IO BCl
pO3KJIaJIKU CTalTh "noctynHuMu". Ckiulbku eHTpomii Bu mpu 1mpomy
crBopute? CBOIO BiAMNOBIAL BUPaA3iTh SK OE3PO3MIPHUM UYHUCIOM
(HexTytoun KoedimieHTOM kg), Tak 1 B omamHuigx Cl. Uum 3Hauna 1
EHTpPOIisl B MOPIBHSAHHI 3 EHTPOINIEI0, MOB'SI3aHOI0 3 YIHOPSIKYBaHHIM
TEIJIOBOI €HEPTii MK MOJIEKYJIaMH B KapTKax?

3anaya 4.3 PosmisiHeMo cuctemy JABOX TBepaux Tin ElHmTeliHa 3
N, =300, Ny =200 1 gq,,, =100 (ueit npuxian oOGroBoproBaBCs Ha
nexiii). OOYUCIUTH EHTPOMil0 HaMOUIbII KWMOBIPHOTO MAaKpOCTaHy Ta
HalMEHIII WMOBIPHOTO MAaKpOCTaHy. TakoX OOYMCIUTH EHTPOII0 Ha
BEJMKUX YacOBUX MaciiTabax, MPUIYCKalOuW, IO BC1 MIKPOCTAHU €
JOCTYITHHMH.



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHs onaga caMoCTINHOI po6oTn 3 Temu Net:
MikpocTaHu i MakpOoCTaHu

3anaya 1. Po3misiHeMO 0-4aCTUHKH, 1110 BUIIPOMIHIOIOTHCS PaAl0aKTUBHUM
JDKEpesIOM TMpOTATOM TMEBHOIO YacoBOro iHTepBaiy f. OCKUIbKU 0~
YACTUHKUA BUIPOMIHIOIOTHCS y BHUMIAIKOBI MOMEHTHU, WMOBIPHICTH, IO
NMOBIPHICTh PaJI0aKTUBHOTO pO3Maay B OyIb-IKOMY IHTEpBali 4dacy Af
aOCOJIIOTHO HE 3JIEKUTHh BiJl TOTO, IO BIJOYBA€THCS B 1HIII 1HTEPBAIU
yacy. [Ipunyctrmo, 1110 IHTEHCUBHICTh PalIOAKTUBHOTO JIXKEpeJia Taka, 1110
CepeliHs KUIbKICTh PO3MajliB Y XBUIMHY AOpiBHIOE 24. flka WMOBIPHICTh
oTpuManHs n po3naaiB 3a 10 cexkyna? OTpumanTe YUCIOBI 3HAYEHHS IS
BCIX IIJTUX 3Ha4eHb n1 Bia 0 10 8.

3anava 2. Hanumite gyskuiro Matlab, sika migpaxoBye cymy JOBIIBHOTO
YKMCIIa HE3aNCKHNUX BUMAJKOBUX 4uced nj | j = 1,.., N, ski 3 piBHOIO

WMOBIPHICTIO MOXYTh NMPUIMATH OAHE 3 ABYX 3HaueHb: 1 a0o 0. Hanuurite
ckpint B Matlab, skuil Bukinkae Moo (QyHKIII0 1 pa3iB 1 HAKPECIIOE
ricrorpaMmy OTpUMaHOi cymu. Takui cHocid0 OTpUMaHHS PO3MOJLTY
Ha3uBaeThcsi MeTogoM MonTe-Kapno. BukopucrtoBytoun BOyIOBaHI
dynkmii Matlab ans GiHoMianbHOTro 1 TraycoBOro (HOPMajabHOTO)
PO3MOLTY, HAKPECHITh OIHOMIAJbHHI 1 HOPMaJbHUN PO3MOALT MOBEPX
PO3MOJITY, OTPUMAHOr0 3a JiornoMororw Metojga Monte-Kaprio. ITindoepith
MIHIMaJIbHI 3HAYEHHsSI MapaMeTpiB, 3a SKUX BCl TPU KpPHUBI 1/€aIbHO
CITIBIA/Ial0Th.

3agaya 3. Ilpunycrtumo, mo Bu neperopraere 1000 monet. (a) Ska
nMoBipHicTh oTpuMaru piBHO 500 opmiB ta 500 pemok? (Pexomenpaartis:
CIOYATKy 3amuiliTh (opMyny s 3arajbHOi KIJIBKOCTI MOXJIMBUX
pesynbrariB. IloTiM, m00 Bu3HauuTh "KpaTHICTh" MakpocTany 500-500,
BUKOpPUCTOBYWTEe HaOmmkeHHsi CripiiHra. SIKIo y Bac € MOPOCYHYTHI
KaJbKyJIsATOp, SKUM poOuTh HaOmmxeHHs CripiaiHra HENoTpiOHUM,
IIOMHOXKTE BCl umciia B 1mii 3amadl Ha 10, 100 a6o 1000, moxu He cTaHe
HeoOxi1iHUM HaOnmxeHHs Cripminra.) (b) Slka HMOBIPHICTH OTpUMAaTH
piBHO 600 opmiB Ta 400 pemiok?

3amaua 4. BukopucTtoByiiTe KOMIT'IOTE€p, 100 BIATBOPUTH TaOIUIIO Ta
rpadik sl ABOX TBEpAUX Tin EilHIITENHA, 1110 3HAXOAATHCS Y TEILIOBOMY
KOHTAKTIl, SIKIIO KOXKHE 3 HHUX CKJIAJA€TbCs 13 TPbOX TapMOHIYHUX
OCHWJIATOPIB, & 3araJioM BOHU MICTSTh IIICTh OAWHULL €Heprii. Temep
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qaA

3p00ITh aHaAJOTiuyHy TaOMuIl0 Ta Tpadik IJs BUIAIKY, KOJIU CHCTEMa
CKJIATA€ThCA 3 ABOX TBepamx Tin EinHmTediHa A 1 B, mo 3Haxomarscs y
TEIJIOBOMY KOHTAakKTi, K0 A mictuth 200 ocruisatopis, B mictuts 100
OCITUJISITOPIB, a B Ii7IoMy B cucTeMi € 100 oquHuIls eHeprii (mogyManTe, sK
Kpallle MPEe3eHTYBAaTU OTPUMAaHI pe3yanaTH) 1 JmaiTe BIAMOBIAb Ha TakKi
NUTaHHS: a) SIKIIO MPUITYCTUTH, IO BCl MleOCTaHI/I OJTHAKOBO BIPOT1/IHI,
AKAA MaKpOCTaH € HaWOIIbII BIPOTIAHUM 1 qOMy ,Z[OplBHIOC roro
I/IMOBlpHICTI)? b) Skuii MakpocTaH € HaWMEHII BlpormHHM 1 4yomy
JOPIBHIOE MOTO MMOBIPHICTH? C) SIKIIO B MOYATKOBHI MOMEHT TiJI0 A Oyi10
HarpiTuMm, a Tijo B Oyo MakcuMaabHO OXOJIOMKEHE, K Oy/1e 3MIHIOBATHCS
SHTPOITISl CUCTEMHU T10 Mipi TOTO, SIK CUCTeMa HaOJIMKA€ThCs 10 PIBHOBArH,
1 YoMy JOpIBHIOE TTIOBHA 3MiHA EHTPOIIi CUCTEMH Y IbOMY TTpo1ieci?
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CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHsa onga npakTUYHoi poboTu 3 Temu Neb:
[[@a30Bi 3aKOHN TepMOOVNHaMIKN

3agaua 1. YacTKoB1 MOXigHI: BUSHAUYCHHS Ta MPUKJIAIA BUKOPUCTAHHSI.

3agaua 2. Atmocdepa ckinagaeTbes Ha 78,08% 3a 06¢csarom N» 1 Ha 20,95%
3 O. Po3paxyiiTe mapiiiaJibHUN THCK IIUX JBOX ra3iB.

3anaua 3. BukopucToBytoun HaOIMKEHHS 171€aJIbHOTO rasy, OLiHITh 3MIHY
noBHOi BHYTpimHbO1 eHeprii 1,001 Nz mpu p = 2,00 atm 1 T = 298,15 K,
AKIT0 Woro Temneparypy 30inbmutu Ha 10,0 K. SIka enepris 3Hag00UTHCS
st HarpiBadHs 1,00 monb N2 Big 0,0K g0 298K?

3agaua 4. [Ipu T = 300 K 1,00 mons CO; 3aiimae 00'em 1,50 1. OGuucCIiTh
THUCKH, 110 BU3HAYAIOTHCS PIBHSIHHSAM 1/I€JIbHOTO ra3y Ta piBHSIHHAM BaH-
nep-Baanbca.

3agaya S. OuiHITH KUIBKICTh MOJIEKYJ MOBITPS y KIMHATI CEPEeIHBOIO
pO3MIpYy.



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHsa onga npakTUYHoi poboTu 3 TemMun Ne6:
[lepwnin 3aKOH TEPMOANHAMIKN

3agnaya 1. Po3misiHyBIIM poOOTYy MPOTH MOBEPXHEBOTO HATATY MU
HECKIHYEHO MaJiil 3MiHI pajlycy Kpamuli BOAu pajiyca R, 3HAWAITH
PIZHULIIO MK 1i BHYTPIIIIHUM THCKOM 1 aTMOC(EepHUM TUCKOM. SKkoro Oyrie
BIJIMOBITHA PI3HULISI TUCKIB JIJI1 MIJIBHO1 OYy/IhOAITKu?

3agaua 2. Kparis Boau KOHJICHCY€EThCS Ha TBEPIii MoBepxHi. Maemo Tpu

MOBEPXHI PO3JIUTY, SIKUM BIJMOBIIAIOTh TPU CHUJIM TOBEPXHEBOTO HATATY:
Saws Syws T2 S, A€ a - TOBITPA (air), w - Boga (water), s - TBepJa IMOBEPXHs
(solid). OGuMCHITh KyT KOHTAKTa Kparii 3 TOBEPXHEIO Ta 3HANITh YMOBY

CTBOPEHHS BOJSHOI1 TJTIBKU (ITOBHE HAMOKAHHS ).

3agaua 3. V cBiTi “BenuKUX’ T JOMIHYIOUOIO CHJIOKO € rpaBiTalliiiHa
cuia, a s “Manux’ TUT JOMIHYIOYOIO CTa€ CUJia TTOBEPXHEBOTO HATSTY.
IIpu kiMHaTHIN TeMmmneparypi, MOBEPXHEBUU HATAT BOJAU JOPIBHIOE
Sy ~ 7 x 1072 H/M. OIiHiTh THIIOBi PO3MipH Kparuli BOIH, 10 PO3IiIAIOT
“BenuKky” Ta “Manmy’”’ moBeniHKy? HaBemiTh Kiibka MPHUKIIAIB CUTYaIliH,
KOJIM TaKa IIKaja po3MipiB CTa€ BaXKIUBOIO.

3anaya 4. VaBiTh co0i1 remiil y MuIiHApI 3 MOYaTKOBUM 00'eMoMm 1 miTp Ta
MOYAaTKOBUM THCKOM 1 arMm. SIKUMOCh YMHOM T PO3MIUPIOETHCS 10
KIHIIEBOTO 00'eMy 3 JITpH, MPUYOMY TaK, 110 WOTO THUCK 3pOCTAE TMPSMO
IPOMOPIIAHO 10 Horo o0'emy. (a) HamamroiiTe rpadik 3aeKHOCTI TUCKY
BiJl 00csry 1poro mpoiiecy. (b) Po3paxyiite poboTy, BUKOHAHY HaJ Tra3oM
1] Yac bOTo MPOIIECy, MPUMYCKAIOYH, 0 HISKUX “1HIINX" BUJIB POOOTH
He BifOyBaeTbes. (¢) Po3paxyiiTe 3MiHYy BMICTY €HEpTii B Telii mij yac
poro mpoiecy. (d) Po3paxyiiTe KUIbKICTh TeIUIa, JOJAHOTO 10 refito abo
BiIIOpAaHOTO BiJ HBOTO MiJ 4Yac IOro mporecy. (¢) Onuinith, MO BU
MOXeTe 3poOuTH, 00 BHKIMKATH IIJABUINEHHS THUCKY I dYac
PO3IIUPEHHS TEIIIO.

3amaua S. 3actocyBaBmu TUck 200 atM, BU MOXKETE CTHUCHYTH BOAY J10
99% 1ii 3BHUaitHOTO 00CATY. 300pa3iTh Iei mporec (He OOOB'SI3KOBO Yy
Mmaciitabil) Ha PV-miarpami Ta o1iHiTh poOOTY, HEOOXIAHY Il CTUCHEHHS
JiTpa BOJY Ha 110 BeIUYUHY. UM 3AMBYBaB Bac pe3yyibrar?



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBOaHHA Onaga NpakTuyHoi poboTtun 3 Temu Ne7:
KBazicTtaTtu4Hi npouecu

3agaya 1. Orpumaru Bupasu Ajis poOOTH, 110 BUKOHYETHCS Ta3oM, 1
TEIJIOTH, TIepeJIaHOil ra3y B X0/l 130XOPUYHOTO MPOIIECY.

3anaya 2. OTtpumaru BUpa3u AJis poOOTH, 110 BUKOHYETHCS Ta3oM, 1
TEIJIOTH, TIepeJIaHoi ra3y B X0/l 1300apUIHOTO MIPOIIECY.

3anaya 3. Orpumaru Bupasu Ajis poOOTH, 110 BUKOHYETHCS Ta3oM, 1
TEIJIOTH, TIePEJIaHOoi a3y B XO/I1 130TEPMIYHOTO MIPOIIECY.

3anaya 4. OTtpumaru BUpa3u AJis poOOTH, 110 BUKOHYETHCS Ta3oM, 1
TEIJIOTH, TIepeIaHoil ra3y B X0/l a1labaTHIHOTO MIPOIIECY.

3anauya S. Hanucatu dhopmyny st eneMeHTapHoi poootu OW npocTopoBo
OJHOPIAHOTO €JIEMEHTa TMPYKHOTO CepeloBHINa, IMOB'I3aHOI 3 HOro
MO3/IOBXHBOI JiehopmaIli€ro.

3anaya 6. BusecTu Bupasu ajig eleMEHTapHOI poOOTH OAMHUIIL 00'eMy O
w = OW/V 130TponHOro AiejeKTpuKa, BUOUPaIOYM B SIKOCTI 30BHIIIHBOTO
napamMeTrpa a iHAYKIIIO D, moaspusamito P 1 HampyXeHICTh
€JIEKTPOCTATUYHOIO 1o E.

3anaya 7. Otrpumaru BuUpa3 sl poOOTH OAMHUIN 00'€MY 130TPOITHOIO
MarHeTHKa, BBa)Xal4YMW 30BHINMIHIM NapaMeTpoM I1HAYKHOio B,
HaMarHiueHicTb M abo Hampy»KeHiCTh MarHiTHOTO ToJtst H.



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHsa onga npakTUYHoi poboTn 3 TemMu Ne8:
EekTnBHICTb TENIOBMX OBUMYHIB

3agaya 1. Enextpocranuisa BupoOnse 1 I'Bt enektpoeneprii 3
koedimieHToM KopucHoi aii 40% (TUMOBUM JUIsl CyYaCHUX BYTUJIBHUX
CJEKTPOCTaHIll). (a) 3 SKOK MBHUAKICTIO Il €JIeKTPOCTAHIlS BUKHUIAE
BiZIlIpallbOBaHe TeMIO B HaBKojuimHe cepenoBuiie? (b) Cmouarky
NPUITYCTUMO, IO XOJIOAHUM PE3epByapoM Jid IIi€1 CTaHIlli € pidka,
IBUAKICTh Teuli sfKoi crtaHoBuTh 100 M3/c. Ha CKIIBKH MIABUILIUTHCS
temmneparypa piuku? (c) [llod yHUKHYTH Takoro "TEmI0BOTo 3a0pyIHeHHS"
pIUKH, 3aBOJI MOYKHa OyJi0 O OXOJIOMKYBAaTH 3a PaxyHOK BHUITAPOBYBaHHS
plukoBOi Boau (II€ JOpOXKYUe, ajie B JCAKHX paloHaxX € EeKOJOT14HO
KpaumM). 3 SKOI IIBUJIKICTIO MOBHHHA BHUIApoByBaTucs Bopa? Sky
YJaCTKy pIUYKH HEOOX1JHO BUIIApOBYBaTU?

3anaya 2. 3anponoOHOBaHO BUKOPHCTOBYBATH TEIUIOBHM I'PAaJi€HT OKEaHy
JUTsl TIPUBEICHHS B JIiI0 TEIUIOBOro ABUTyHA. [IpumycTumo, 1m0 B IEBHOMY
MICIIl TeMIepaTypa BOAM Ha MOBEpPXHI okeaHy nopiBHIoe 22°C, a Ha JHI
okeany - 4°C. (a) Axuit makcumansHo MoxiauBuii KKJ[ aBuryna, mio
mparroe Mk UMU aBoMa Temmneparypamu? (b) SAkmo asuryHn Bupooise 1
I'BT enektpoeHeprii, To skuii MiHIMaJIbHUN 00'€eM BOIM BiH TOBHUHEH
nepepooATH (BIIOMpaTH TEIIO) 32 KOXKHY CEKYHIY?

3anaya 3. Ouinutu MakcuMalbHO MoxiauBuii KKJ[ mobyToBoro
KoHAUIlIOHEepa. BukopuctoBylTe OyAb-sKlI NPUWHSATHI 3HAYCHHS
TeMIieparyp B pe3epByapi.

3anauya 4. [Ipunyctumo, 110 TEIUIO BUTIKAE 13 KyXOHHOTO XOJIOAMIbHUKA 13
cepeanboto mBuAKICTIO 300 BT. Ilpumyckarouu, 10 XOJOAUIBHUK
171eallbHUM, Ky MOTYKHICTh BIH IOBUHEH 3a0UPATH 13 MEPEKi?

3anauya S. TennoBuii Hacoc - 1€ €IEKTPUUYHUN NMPUCTPIN, SIKUNA OOIrpiBae
Oy/iBIIIO, TEPEKAYYIOUM TEII0 3 XOJOJHOI BYIHINl BcepeauHy. [Hmmmu
CJIOBaMH, 1€ T€ K caMe, IO 1 XOJOIUIBHUK, ajie HOTO METOI0 € HarpiBaHHS
rapsiaoro pe3epByapy, a He OXOJIOIKEHHS XOJIO0HOTO pe3epByapy (Xxo4a BiH
poouTh 1 Te, 1 1HIIE). BU3HaumMo HACTyIHI CTaHAAPTHI CUMBOJIH, 5K 3a
JIOMOBJICHICTIO BBaXKalOThCSl JTOAATHUMH: Tn = TeMmIieparypa BcepeauHi
oymiemi; Te = Temneparypa 330BHI; Qn = TeIio, 3akadaHe B OyIiBIiO 3a 1



neHb; Qc = Temno, 3a0paHe 330BHI 3a 1 geHb; W = eJeKTpuuHa €Hepris,
BUKOpPHCTaHa TEIVIOBUM HAcCOCOM 3a 1 JCHb.

(a) IoscHiTh, YoMy "koedimient edexruBHocti" (KK]) mnst temioBoro
Hacocy mMae Bu3HauaTucs K Qn/W.

(b) Ske cmiBBimHOmEHHS MDK Qn, Qc Ta W MaeTbcs Ha yBasl Mif
eHepro3oepexxeHHsAM? Uu 103BONUTH 3aKOH 30€pEKECHHSI €HEPTil 3poOUTH
KKJI 6iapmmm 3a 17?

(c) BuxopucroByroun Apyruili 3aKOH TEPMOAMHAMIKH, BUBEMITH BEPXHIO
rpanutito s KK/ Bukitouno 3 Touku 30py temneparyp Thi Te.

(d) IosicHITh, YOMY TEIJIOBUN HACOC € KpAIMM 3a €JIEKTPUYHY IIi4, sKa
IIPOCTO MEPETBOPIOE CIIEKTPUYHY POOOTY O€3MOCepeIHhO B TEILIO (3p00ITh
JIeSIK1 YMCEeIIbH1 OIIHKH).



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHsa onga npakTUYHoi poboTu 3 Temu Ne9:
BioHoweHHa MakcBenna. AgiabatnyHuin npouec.

3anauya 1. BukopucTtoByrouu nepeTBopeHHs Jlexanapa, naiite BU3HAYCHHS
TEPMOJMHAMIYHUM MOTEHI[iajaM 1 BUBEAITh yCl piBHSHHS MakcBea.

3agaua 2. J[oBeiTh TOTOXKHICTD:

aS| S +as oV
oT lp  oTlv  ovir oTlp

3anaua 3. Posmisnbre igeanbHuil ra3 3 piBHAHHAM ctanHy PV = NkgT 1
nocriiiHoro temnoeMuicTio Cy, = Nkga, e a - AesKe 4ucio.

(a) ITokaxite, mo Cp = Nkg(a + 1).
(b) ITokaxits, mo enrporis S = Nkglog(V/N) + Nkza log T + const.

(c) IMokaxite, mo mia agiadbarnaHoro mporecy (dS = 0) BHUKOHYIOTHCS
piBasHHA V1% = consti PV’ = const, ne y = Cp/Cy,.



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHs ana npakTu4Hoi poboTu 3 Temu Ne10:
[Mpouec [>xoyna-ToMmcoHa. PiBHSIHHA CTaHy.

3agauya 1. Posmiansre mporec Jxoyns-ToMcoHa (TakoX BIIOMHM SK
nporec Jxoynsa-KenbBiHa), mpu SKOMY a3 il 1€ 30BHIIIHBOTO THCKY
IPOCOYYETHCS Yepe3 MOPUCTUil 6ap’ep.

(a) IToxaxiTs, mo entansnis H = E 4+ PV 306epiraerscs.

oT
(b) 3maiinite koediumienT Jxoynsa-TomcoHa p;r = <0_P

nT,V,C LY
Bin T,V,Crrac=— | — | .
SR v\er),

> K (QYHKIIIIO
H

(¢) OOUMCIITE §4 ;7 A1 10€ANBHOTO Tasy.

3amaya 2. PiBHSHHS CTaHy Hakjajgae OOMEXEHHS Ha 3alIeKHICTh
BHYTPIIIHBO1 €HEPTrii CUCTEMH Bif 11 TEPMOAUHAMIYHUX KOOPIUHAT.

(a) BukopuctoByroun dE = TdS — PdV, nokaxiTh, 10 PIBHSHHS CTaHy
17IeaJIbHOTO Tra3y rapaHTye, 110 HOro BHYTpPIllHS eHepria £ moxe
3QJICKUTH JIMIIE BT Temneparypu 1.

(b) Axoro Oyne HaOIBbII 3arajdbHa ¢GopMa pIBHAHHS CTaHy IS
TEPMOJMHAMIYHOI CUCTEMH, BHYTPIIIHS €HEPTisl SKOT 3aJICKUTH JIUIIIE
B1JI TeMIIepaTypu?

(c) Ilokaxits, mo mnusa ra3a Ban-gep-Baanbca TEmIOEMHICTH 3aJIeKUThH
nuie Bix Temneparypu, Cy, = Cy(T).



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHAa Oas NpakTuyHoi poboTtn 3 Temum Neld:
EHTpONIS

3anaua 1. [Ipunyctumo, Bu HarpiBaete yamnky Boau macoro 200 r Big 20°C
1o 100°C. Ha ckinbku 301IbITUTRCA 11 €HTPOTTis?

3apaua 2. lapsiumii 06’ext A 3 Temmeparyporo 1, = S00K mpusenu y
TEIUIOBUM KOHTAKT 3 XOJOAHUM 00’ ekToM B 3 Temmneparyporo 1p = 300 K.
KinpkicTh Temma, 0 MPOTATOM MEBHOTO 4Yacy MEpeTikio Bix A 1o B,
nopieaioe 1500 /. MokHa BBaxkaTH, 110 TiJla A Ta B JOCTaTHBO BEIHKI,
o0 iX TeMmepaTrypu Maibke He 3MIHWIUCS. SIK 3MIHATBCS IPU LBOMY
eHTporii 00’ekTiB A Ta B, a TakoX iX cymapHa eHTpOITis?

3agaua 3. KyOik nboxy 3 Mmacorw 30 1, mo mae temmneparypy 0°C,
3QIMIIAIM Ha KyXOHHOMY CTOJIl, JI€ BIH IOCTYNOBO TaHe. Temreparypa
kyxHi 25°C. (a) OOuucnith 3MiHY €HTpomii KyOIKy JIbOAY, KOJIU BIH
nepeTBoproeThes 'y Boay mnpu Temmeparypi 0°C. (b) OOuucniTh 3MiHY
EHTPOIIi BOJH, 110 3’SIBUJIACS MICIS TOTO, SIK KYOIK JIbOJy pO3TaHyB, KOJIU
ii Temmneparypa 3pocna Big 0°C mo 25°C. (¢) OO4YUCHITH TOBHY 3MIHY
EHTPOINI KyXHlI y IIbOMY MpOIECi, BIiJ TaHEHHA KyOika JbOAYy J0
BCTAHOBJICHHSI TEPMOJMHAMIYHOI PIBHOBArd 3 BOJAOIO, IO 3AJIMIIMIACH
nicig Hboro. (d) OOuucniTh MOBHY 3MIHY eHTporii BcecBiTy B 1boMy
npoieci. Yu Oyie moBHa 3MiHA MO3UTHUBHOIO, HETATUBHOIO a00 HyjlIeM? Uu
B1/ITIOB1/1a€ OTPUMaHa BiAMOBiAb BalllUM OY1KYBaHHSIM?

3agaya 4. Koau CoHile 3HAXOAUTHCS BHCOKO Yy HeOl, BOHO Ja€ y
cepenuboMy npubauzHo 1000 BT eHeprii Ha KOKHHMII KBaJpaTHUWA METP
3emni. Temneparypa noepxHi Conus gopiBHioe 6000 K, a Temneparypa
3emMHOi noBepxHi - mpuoiu3no 300 K. (a) OuiHiTh €HTPOITIO, 0 KOXHUN
PIK CTBOPIOETHCSI COHIIEM 3aBJSKU MOTPAIUISIHHIO COHSYHUX MPOMIHIB Ha
KBaJpaTHUi MeTp 3eMHOi moBepxHi. (b) Ilpumyctumo, mo Ha UBOMY
KBaJpaTHOMY METPi 3€MHOI MOBEPXHI BU BUPOUIYETE Tpamy. JlexTo mMoxe
CTBEPJI)KYBaTH, IO PICT TpaBU (K 1 Oyab-IKOi 1HIIOI KHUBOI 1CTOTH)
MOPYIIY€E NPYrUid 3aKOH TEPMOJMHAMIKM, TOMY IO MPHU IBOMY XiMidHI
€JIEMEHTH CTBOPIOIOTh OUIBII OpPraHi3oBaHI CTPYKTYpPHU 3 MEHIIOK
CHTPOITI€I0. SIK BU 3MOXKETE Ha 1I€ BiAMIOBICTH?



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHs onaa NpakTU4Hoi poboTu 3 Temu Nei2:
BukopucrtaHHa sikobiaHiB B TepMoanHamMmuL

Teopernuni Binomocti 1. BusHaueHHs sikoOiaHa, WOTO BJIACTHMBOCTI Ta
MPUKIJIAJAN BUKOPUCTAHHS B TEPMOIUHAMIIII.

3anaua 1. 3'sacyBaru, sk 3MIHIOETBCS €HTPOIIISI OTHOPIAHOI CUCTEMHU TPH Ti
KBa31CTaTUYHOMY PO3IIUPEHHI MPH TMOCTIMHOMY THCKY. UM 3alIeKHUTh
XapakTep 3MIHHM EHTpoOMii BiAg KoedillleHTa TEIJIOBOTO PO3IIUPECHHS

1 [ oV
a=—[—) 2
V(dT)
p

3amaua 2. TepMoauHaMIYHA CUCTEMA PO3IIUPIOETHCS TAKUM YMHOM, IO 1l
eHepris U 3anuinaeTscsi MOCTIHHOIO. SIK 3MIHIOETHCA MPHU LBOMY
Temneparypa cucteMu? Yu Oyje Takuid mpoiec 000poTHUM ?

Teopernuni BinomocTi 2. MHEMOHIYHE MPABUIIO JIsS 3araM'siTOBYBaHHS
BUpa3iB AudepeHIialiB TepMOAMHAMIYHUX TmoTeHmianiB (Makc boph,
1929).



CtatucrtunyHa ¢isuka i TepmoanHamika

3aBOaHHAa O CaMOCTiNHOI poboTu 3 Temu Ne2:
TepMmoamnamika

3agaya 1. Ha enexrtpocraHilii, 1m0 BHUPOOISE EIESKTPOCHEPrio 3
noryxHictio 1 I'Bt (10° Bt), mapoBi TypOiHu BOHMpaOTh mHapy Mpu
temmeparypi 500°C, a BigmpaliboBaHe TEIUIO BUKHAAETHCS Y HABKOJHUIITHE
cepenosuie npu 20°C. (a) SIxka MakcUMaIbHO MOXKJIMBA €()EKTUBHICTD ITI€T
yctaHoBku? (b) Ilpunmyctumo, BU po3poOWiaM HOBUK Marepian s
BUTOTOBJIEHHS TPYyO 1 TypOiH, SIKUH JTO3BOJISIE€ MiJABUIIUTH MAKCUMAIIbHY
temrneparypy napu a0 600°C. Ckinpku (ImpuOSM3HO) TpOIIEH MOXKHA
3apoOUTH 3a PIK, BCTAHOBUBIIM CBOE MOKpalleHE OOJIaJ[HaHHS, SKIIO
IpOJAaBaTH JIOATKOBY €JIEKTPOEHEPTIIO 3a 5 ILIEHTIB 3a KIJIOBaT-roJuHYy?
(ITpunmyctrmMo, 10 KIIBKICTh MajvBa, IO CIOXUBAETHCS Ha 3aBOAl, HE
3MIHMJIACS. )

3anaua 2. [llo0 npuitHATH TapHy Temly BaHHY, BU 3Mimann 50 JiTpiB
rapsgoi Boau 55°C 3 25 mitpamu xojomHoi Boau 10°C. CKIIbKHM HOBOI
€HTPOIIi1 BU CTBOPUIIM, 3MIILIABIINA BOLY?

3agaua 3. 3a 1omoMoror AKo0i1aHiB OOUUCIUTH 3HAUCHHS BUPA3y:

(@), (&), (@),(&),



CtatucrtunyHa ¢isuka i TepmoanHamika
JopnaTtkoBi 3agavi 3a po3aisiom 2:

3anaua 1. JloBeniTh €KBIBaJCHTHICTh TEMIIEPATYpPHOI IIKAIW 17€aJTbHOTO
razy ® 1 TepMOIMHAMIYHOI TeMIIepaTypHOi MMKaimu 1, BUKOHYIOUH ITUKII
Kapno nana igeanpHOro rasy. PiBHAHHSA cCTaHy 1J€ajJbHOTO Tas3y
PV = Nkg0, 1 lioro eHepris 3aJIeXuTh JUIIE B TemnepaTypu O, ane BU
HE MOXKETe IpHUIycKaTH, o £ o« ©. Bu Mmoxere ckopuctarucs HaCTYITHUM
anroputMoM: (a) OOumcautu 00MIH TemwioM Oy 1 Oy sk QyHKOIi
Temneparyp O, O, 1 BigHomeHHs 00’ eMiB. (b) OOUUCIUTH BIJHOIICHHS
00’eMiB mpu ajgiadbatuaHOoMy Tporieci sk ¢yHkiiro ©. (c) [Tokasaru, mo

3anauya 5. Skuit 00'eM OTHOTO MOJIA MOBITPSI MPU KIMHATHIN TemImeparypi
Ta TUCKY | atm?



CratnctunyHa disuka i
TepmMmoauHamika

Po3pnin Il

Teopis aHcamoOniB



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHs onasa caMoCTiNHOI po6oTun 3 Temu Ne13:
MikpoKaHOHIYHNK aHcaMbib

3anaya 1. Po3misiHbTe ra3 KJIaCUYHUX OCHUJISITOPIB Y MIKPOKAHOHIYHOMY
aHcaMOIi. 3HaAITh HOTO EHTPOMIIO K PYHKIIIIO TeMiiepaTypu. OOUHCIITH
TEIJIOEMHICTD Ta3y.

3anaua 2. Po3missHbTe ra3 KBAHTOBUX OCHMIISTOPIB Y MIKPOKAaHOHIYHOMY
ancamOmi. Sk 3anmexxuth Horo eHepris Biag Temmeparypu? OOUHCIITH
TEIJIOEMHICTD Ta3y.



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHs onaga caMoCTiNHOI po6oTun 3 Temu Ne14:
KaHOHI4YHMIN aHCcamMbib

BupaBa. BuBectu po3noain HWMOBIPHOCTI CHUCTEMH IO JOCTYIHUM
MIKpOCTaHaM y KaHOHIYHOMY aHcaMOJli, pO3IJIAJAal0ud BiJHOIICHHS
HMOBIpHOCTEH IBOX JOBUIBHUX MIKPOCTaHIB.

3agaua 1. Po3rigHeMo TINOTETHYHUN aTOM, SKUM Mae€ JIMIIE IBAa CTAaHH:
OCHOBHHMH 3 HYJbOBOIO €HEpri€lo Ta 30yMKeHuil 3 eHeprieio 2 eB.
Hakpecnite rpadik CTaTUCTUYHOI CyMH IJiA Il€1 CUCTeMHU SK (QyHKIIT
TeMmrneparypu Ta uucenbHo omiHiTh ii mpu T = 300 K, 3000 K, 30 000 K 1
300 000 K.

3agaya 2. VaBiTh coOl YAaCTHHKY, 110 MOXE IepedyBaTd JUIIE B TPHOX
cranax 3 eHeprisimu -0,05 eB, 0 1 +0,05 eB. Lls yacTuHKa 3HAXOAUTHCS B
piBHOBA31 3 pe3epByapoM npu 300 K.

(a) O6uncHTh QYHKITIIO PO3MOALUTY JJIS 111€1 YaCTUHKHU.

(b) OGuucHITE UMOBIPHICTh 3HAXOJKEHHSI YACTUHKU B KOXKHOMY 13 TPHOX
CTaHIB.

(¢) OckuIbKHM HYJIbOBA TOYKA JJIsI BUMIPIOBAHHS €HEPTii € JOBIJIBLHOIO, MU
MOXXEMO TaKO)X CKa3aTd, IO €Heprii TpbOX CTaHIB JOPiBHIOIOTH 0,
+0,05 eB ta +0,10 eB BignmomimnHo. IloBTopith uwactuau (a) 1 (b),
BUKOPUCTOBYIOUH I1i uKcia. [10sICHITB, 1110 3MIHIOETHCS, a 10 Hi.

3agauya 3. OuiHITh WMOBIPHICTH TOTO, III0O aTOM BOJHIO NMPU KIMHATHIMN
TeMmreparypl nepedyBae B OJHOMY 31 CBOiX MepHIUX 30yHKEHUX CTaHIB
(BIIHOCHO MMOBIPHOCTI TepeOyBaTH B OCHOBHOMY cTaHi). He 3a0yBaiite
BpaxoByBaTH BUPOKEHHS. [loTiM MOBTOpITH PO3paxyHOK Jisi aroMa
BOnHIO B arMocdepi 3ipku yUMa, Temrepatypa OBEpXHI1 sIKOi CTAHOBUTH
npuoau3zHo 9500 K.



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBaaHHs onasa caMocCTiNHOI po6oTn 3 Temu Ne15:
Benvkunin KaHoHIYHNUK aHCcamMbiib

BupaBa. BuBectu po3noain HWMOBIPHOCTI CHUCTEMH IO JOCTYIHUM
MIKpOCTaHaM y BEJIUKOMY KaHOHIYHOMY aHcaMOJli, pO3riasgarodu
BIIHOIIICHHS UMOBIPHOCTEH ABOX JOBUILHUX MIKPOCTAHIB.

3anaya 1. XopolmuM MNPUKIAIOM, IO LTIOCTPYE BUKOPUCTAHHS (PAKTOPIB
['166ca, € 3aTi30BMICHMN KHCHEBUU TPAHCIOPT y KPOBI MOJIEKYIOHO
reMorio0iHy, sKa Ma€ YOTHPH aJACOpOIIHI KOMIPKHM, KOXHA 3 SKHUX
MICTUTH 10H Fe2*, oToueHui pi3HUMH 1HIIUMU aTomMamMu. KokHa KoMmipka
MOJKE TepEeHOCUTH oAHy MoJekymy Oa. Jlms MPOCTOTH B SKOCTI CUCTEMU
BI3bMEMO JIMIIIE OJHY 3 YOTHPBHOX KOMIpOK 1 TMPHUIYCTHMO, IO BOHA
MOBHICTIO HE3aJIeKHA Bija 1HMIUX TpboX. (a) [lpumycTumMo, 1Mo KUCEHb €
€IMHOIO0 MOJIEKYJIOH0, SIKa MOYKE 3aiHATH KOMipKy. ToJli cucTemMa Mae JIiie
JBa MOXJIMBHMX CTaHU: HE3aWHATUN 1 3aiHATHH. BizbMeMo eHeprii 1mmx
nBox ctaHiB piBHUMH 0 1 &, mpuuomy € = 0.7 eB. SIxka iWMOBIpHICTD, 1110
noOJM3y JIETeHIB KOMipKa 3aiHsATa MoJiekynor KkucHio? (b) Temep
OPUIYCTUMO, MI0 Yy JETreHsIX MPUCYTHS TaKOX Jesgka KUIbKICTh
MOHOOKCHJy BYIVICIIO, SKHH TaKOXK MOXe aJcopOyBaTHCs KOMipKOIO
MOJICKYJIU TeMorIoOiHy. Temep KoMipka Ma€ TpU CTaHU: HE3aWHATHH,
3aiiHsATUH Monekynoro O 1 3aiiHsaTuil Monekynoto CO. Skoro Tenep Oyne
HMOBIPHICTbD, 1110 TTOOJIM3Y JIETEHIB KOMIpKa 3aifHATa MOJIEKYJI0K KUCHIO?

Bunpaga. JloBecTu, 10 cepeHs €Hepris y KaHOHIYHOMY aHcaMOJIi MOXe

Oyt obuncieHa sk (E) = — 7 In Z, ne Z - craructuyHa cyma.

3agmauya 2. [lpu ayxe BHCOKMX Temmeparypax (SK y AyX e paHHbOMY
BcecBiTi) npoTOH 1 HEHTPOH MOXKHA PO3MVISAJIATH SIK JIBa PI3HUX CTaHU
OJIHI€T 1 Ti€l X YACTUHKHU, SKa HA3MBAETHCS «HYKIOHOM». (Peakii, 1o
NEPETBOPIOIOTH MTPOTOH B HEUTPOH, a00 HABIIAKW, BUMAraloTh MOTJTMHAHHS
CJIEKTPOHA, TO3UTpPOHA ab0 HEWTPUHO, ajie BCl Il YACTMHKH MaloTh
TEHCHITII0 OyTH AyXe MOMTUPEHUMH MPU JOCUTH BUCOKUX TeMIIepaTypax).
Ockinpkn Maca HeiiTpoHa BHINa HiK y mporona Ha 2,3 - 10730 kr, jioro
GHepris BHINA HAa IO PIi3HHIIO Mac, IOMHOXEHY Ha c”. OTxe,
OPUIYCTUMO, 10 B SIKMHCH Jy>)K€ paHHIA Yac HYKJIOHU MepedyBaiv B
TeIIOBil piBHOBa3i 3 pemToro Bcecsity mpm Temmeparypi 10 K. Sy

YaCTKy HYKJIOHIB y TOM Yac CTAaHOBWJIM MPOTOHHU, a Ky — HEUTPOHU?



CtatucrtunyHa ¢isuka i TepmoanHamika
3aBOaHHAa a9 CaMOCTiNHOI poboTu 3 Temu Ne23:
Teopist aHcambniB

3anaya 1. Po3misiHbTe MapaMarHeTiK B 30BHINIHBOMY Mar”iTHOMY MOJI,
110 3HAXOJIUTHCS Y MIKPOKaHOHIYHOMY aHCaMOIi, SIK CUCTEMY JBOX CTaHIB.
Sk 3anexxuTh WOro EHTPOMis BiJ eHeprii? SIK 3aj1eXuTh MOro eHepris Bij
Temrepatypu? 3HaUIITh TETUIOEMHICTh MapaMarHeTHKA.

3anaya 2. Monekyna Boau Moke BiOpyBaTH pPI3HMMHU cIliocoO0amu, ale
HAUMPOCTIIIUN TUT BIOpallii 1jis 30y/PKeHHS — 11€ PEeKUM «3THHAHHS», B
SKOMY aTOMH BOJIHIO PYXalOThCA Ha3yCcTpid 1 BIAAAISIOTHCS OAWH BIJ
oxHoro, ane 3B’s3ku HO He po3TaryroThes. KonmmBaHHS B 1IbOMY peXHMI
npuOIM3HO TapMOHiuHi, 3 yactotoro 4,8 - 10! T, Sk i ans Gyap-sKoro
KBaHTOBOTO TapMOHIYHOTO OCHUJISATOPA, PiBHI eHeprii cTaHOBIATE (1/2)Af,
(3/2)hf, (5/2)hf 1 Tak nam. JKomeH 3 uX piBHIB HE € BUPOKCHHM.

(a) O6uucCHiITE WMOBIPHICTH TOrO, IO MOJEKyJda BOAU TiepeOyBae B
OCHOBHOMY BiOpalliiHOMy CTaHI 1 B KOXXHOMY 3 TEpIIUX JIBOX
30yJIKEHUX CTaHIB, MPUITYCKAIOUH, 1110 BOHA 3HAXOJIUTHCSl Y PIBHOBA31 3
pe3epByapoM (ckaximo, armocdeporo) mnpu Ttemmeparypi 300 K.
(ITinkazka: OOuucHiTh 7, AOJNAKOYM TNeEplIl KiIbKa KOe()illi€HTIB
BonbiimaHa, 10kH pelita He CTaHe HE3HAYHOIO. )

(b) IIoBTOpITH PO3paxyHOK JUIi MOJICKYJM BOAH, IO 3HAXOIUTHCA B
piBHOBAa31 3 pe3epByapom npu 700 K (MokIrBO, y TapoBiil TypOiHi).



