CtatucrtunyHa ¢isuka i TepmoanHamika

Po3pin 1: Bctyn oo tennoBoi Qi3nkn

3apgadvi go Temn Nel: MikpocTaHu i MakpocTaHu

3anauya 1.1. SIxa IMOBIPHICTh BUKUHYTH 3arajoM 6 o4ok abo MeHIe 3a
JOTIOMOTOI0 TPHhOX MIOCTUTPAHHUX KICTOYOK?

3anauya 1.2. PosmisabTe TpYy, Y SIKii OpOCarOTh HIICTh OJHAKOBUX KICTOYOK.
CraH KICTOYKH, IO BIJMOBiAae 6 oykam, MM OydeMO Ha3UBATH TY30M.
3HalAITh KMOBIPHICTH OTPUMATH:

(a) piBHO OAMH TY3;
(b) mpuHaiiMH1 OJTUH TY3;
(c) piBHO I1Ba TY3H.

3anaua 1.3. OOupaetbest Bunmaakose unciio Big 0 mo 1. SIka WMOBIPHICTH
TOTO, IO PIBHO II'STh 13 MOro MEPIIUX JECATH JSCATKOBUX 3HAKIB
CKJIQJIAt0ThCs 13 UG P MEHIIe HixK 577

3agaua 1.4. [Ipunyctumo, 110 BU MEPETOPTAETE YOTUPU YECHUX MOHETH.
J11st K0’KHOT MOHETH OyZeMo TTO3Ha4YaTh CTaH repobom yropy, To0To “open”,
sk H (head), a ctan rep6om yuu3, To0T0 “pemiky”, ax T (tail).

(d) CxmamiTe mepernik ycCiX MOXJIMBUX pe3ylbTaTiB 1 3aluIliTh iX Yy
Ta0IUIIIO.

(¢) CxkmamiTh mepesik yciX MOXJIMBUX "MakpocTaHiB" Ta ix
NMOBIPHOCTEH.

(f) OGuucaiTh KpaTHICTh KOXHOTO MAaKpOCTaHy 3a JOMOMOTOIO
KOMOIHATOPUKHU, 1 TeEpeBIpTe, YU BIAMOBIAAIOTH 11 PE3yJIbTaTH
pe3ynbraraM MiIpaxyHKy “rpy0oi cunm’.

3apaua 1.5. IIpunyctumo, mo Bu neperopraere 20 OAHAKOBUX MOHET.

(a) CkUIbKH € MOXKJIMBUX PE3YJIbTATIB (MIKPOCTaHIB)?



(b) Slxa fimoBipHicTh oTpuManHHs nociaigoBHocti HTHHTTTHTHHHTHH
HHTHT (came B TakomMy HOPSJIKY)?

(c) Sxa iimoBIpHICT, oTpumaru 12 opmB Ta 8 pemok (y Oyab-sKii
MO CJI1IOBHOCTI)?

3agava 1.6. [Ipunyctumo, mo Bu neperopraere 50 OAHAKOBUX MOHET.
(a) CK1IbKH € MOXJIMBUX PE3YNbTATIB (MIKPOCTAHIB)?

(b) Ckinbku € criocoOiB OTpUMaTH PiBHO 25 OpiiiB Ta 25 pemiok?

(c) Slxa WMOBIPHICTh OTPUMATH PiBHO 25 OpiiB Ta 25 peniok?

(d) Sxa iimoBipHICcTh oTpumMaru piBHO 30 op:iB Ta 20 peniok?

(e) Sxa iiMoBIpHICTH oTpuMaru piBHO 40 op:i Ta 10 pemiok?

(f) Sxa iimoBipHICTh OTpuMaru SO OpIIiB 1 BIACYTHICTh PEIIOK?

(g) HakpecniTh rpadik KIMOBIPHOCTI OTPUMaHHS N OPJIiB AK (PYHKIIIT N.

3agaua 1.7. OOGUKCHITh KUIBKICTh MOXKJIMBUX KOMOIHAIIA 3 M'STH KapT y
rpl B MOKEP, PO3JaHUX 3 KOJOJM, IO cKiamaerbes 3 52 kapt. (Ilopsgok
KapT B KOMOIHaIlli He Mae 3HaueHHs ). KopomiBcbkuid uienn ckiagaeTbes 3
n'aTH HAWBUIUX KapT (Ty3, KOpoJib, Koposiesa, BaieT, 10) oxuiei (Oymb-
AKOi) MacTi. SIlka WMOBIPHICTh OTPUMATH KOPOIIBCHKHUU (el 3 mepiioi
cripo6u?

3amaua 1.8. V Bac € KiIbka «TPUCTOPOHHIX» TpajibHUX KICTOK, TOOTO
TaKuX, 1[0 MPHU iX KUJIAHHI MOXE BUIACTH CTOPOHA 3 OAHIEI0, ABOMA a00
TpbOMa KpamkamH. 3a JIONOMOIOK0 IIMX KICTOK MOXHa I'pard y TPU TpHU:
“Knacuyna”, “bo3onu" 1 “®epmionn”. Y koxkeH Xija OyJb-iKOi 3 IUX 1TOp
rpaBellb KUAA€ KICTKU OJHY 3a OJIHOK, «IEPEKUIAI0UN», S[KIIO TOTO
BUMAaraloTh MpaBujia, MOKM HE BUKJE J03BOJICHA KOMOIHamisg. Y rpi
“Kiacuyna” no3BosieH1 Oyfb-sk1 koMOiHalli. Y rpi “bo3onn” xomOiHalis
BBA)XAETHCSI JIO3BOJICHOIO TIIBKM B TOMY BHIAJKY, SKIIO YHUCIO, IO
BUIIAJIO, HE MEHIIIE 3a momnepeaHe. Y rpi “@epMioHH” J103BOJICHI TIIbKH
Takl KOMOiHallii, B SKHX HACTYIHE YHCJIO CTPOro OUIbIIE IMOIEPEIHbOTO.
Ha pucynky 3o00paxkeHa TaOIMIg J103BOJCHMX KOMOIHAIIA JJIs JIBOX
kicTok. Taki mpaBuia KUJAHHS KOCTEW aHAJIOTIYHI MpaBUJIaM KBaHTOBOI
CTaTUCTUKH YaCTUHOK.



(a) Hexail KICTKH «4Y€CHI»: KOKHE YHMCJIO BHUIIaJa€e piBHO B 1/3 BUIIaJKIB.
Axka ¥imMoBipHiCT P(4) TOro, mo mnpu KUJaHHI JIBOX KICTOK B Ipl
“bo3onn” y cymi Bunaze 4? A y rpi “®@epmionn”?

(b) SAxmo mMu Tenep KUIAEMO TPU «TPUCTOPOHHD» KICTKH 3a MpaBUIIAMU
rpu “@epMiOHM”’, YOMY JOPIBHIOE IMOBIpHICTH P(6) TOTO, 1110 B CyMI
Bunajge 6? (BkaziBka: 3BEpHITh yBary Ha Te, IO MOPAIIO€ MPUHIIMUI
3a00poHu: y Ipi “DepMioHn” 3a00pOHEH1 KOMOIHAIlli, B IKUX Ha Oy/b-
SIKMX JIBOX KICTKaX BHUIIaJal0Th OJIHAKOB1 YKCJIA).

(c) V ckinbku pa3iB MMOBIPHICTh BUKUHYTHU

TPUILIET (TPH OJHAKOBUX YMCJIA) IPU KHUJAHHI 314 |5 |6
TPhOX KICTOK 3a mpaBwiamMud rpu “bozoHu” %
NiIBUIIYETHCS B NOPIBHAHHI 3 TPOIO Ez 31 4 15
“Knacuyna”? Jlns noBuUibHOTO M, y CKUIBKH 12|34
pasiB MiJBUIILYETHCS UMOBIPHICTE M-KpaTHOTO

MyJIBTHIIETa (Ha BCIX KICTKaX - OJHAKOBE 1 2 3
YKCJI0) MPH KUAaHHI M KicTOK? Roll #1

3agaua 1.9. Po3misiHeMo cuctemy 13 TphOX HEPYXOMUX YACTHUHOK, KOXKHA 3
SIKMX Mae€ CITiH 1/2, 1 Ko’KeH CIIIH MOKe BKa3yBaTu abo “yropy”’, abo “yHus”
(To0TO, B3/IOBXK a00 HABIPOTH HANPSIMKY, BUOpaHOTO sIK Bich Z). KoxkHa
YaCTUHKA Ma€ MarHiTHUH MOMEHT {4 Y3/I0BXK OCl Z, KOJIU BiH COPSIMOBaHUM
yropy, 1 —j, KOJIW BIH copsiMOBaHUW yHH3. CucTeMa po3MillleHa Yy
30BHIIIHROMY MarHiTHoMy noiii H, 1o cnpsimoBane B3A0BXK 1ii€1 OCi Z.

Cran i-i1 yaCTUHKM MOX€e OyTH 3afjaHWii 11 MAarHITHUM KBAaHTOBUM YKMCJIOM
m;, sike MOe npuiiMaTH ABa 3HadyeHHs m; = = 1/2. Cran Bciei cuctemu
3alaHNil, SIKINO 3aJaHl 3HAYEHHS TPbOX KBAHTOBUX YHCEI My, Mo, M3 .
YactuHka Mae eHeprito —uH , xonmu Ti CHIH COPSIMOBaHWiA Yropy, Ta
eHeprito yH, Konu ii CriH CIpSIMOBAHUIA YHU3.

(a) BunumiTh y Burmigal TaOiMIl BCl MOXJMBI CTaHW cucTeMu. st
KOXHOTO TAaKOro MIKPOCTAaHY BKaXIiThb 3arajlbHUM MArHiTHAA MOMEHT 1
3arajibHy €HEeprilo, $Ki XapakTepu3ylTb CUCTEMY B UJIoMy. (3amis
CKOpOYeHHsT 3anucy m = 1/2 MoOKHa TMO3HAYaTH MPOCTO 5K
m=—1/2 - gk “-").

29

+°, a

(b) ITpunycTumo, 110 3arajbHa €HEPrisi CUCTEMHU BifjloMa 1 IOpiBHIOE — u H.
Akmo ue eamHa JgocTynmHa HaMm iH(gopmalis, TO B SKOMY 13 CBOiX
MIKPOCTaHiB 1 3 KOO IMOBIPHICTIO MOXE NepedyBaTu cuctema’?



3apgadi oo temn Ne2: Bunagkosi 6/1ykKaHHS

3anaya 2.1. Po3misiHeMo 3ajauy mpo BHUIIAJIKOBY XOAy 3 p = ¢ 1 Hexau

m = n; — n, MO3Ha4a€ CyMapHe 3MillleHHs Ipasopyd. llicig 3arampHOi

KUTBKOCTI /N KPOKIB OOYHMCIITh TaKi CEpPEeIH] 3HAUYCHHS: 11, m?, m3im*.

3amaua 2.2. J[Boe m'dHUX MOYMHAIOTH CBIA NUISAX 13 MOYATKy BIUIIKY,
KO’KE€H 3 HUX Ma€ PiBHY WMOBIPHICTh 3pOOUTH KPOK BIIIBO a0O BIPABO IO
oci x. 3HalAITh UMOBIPHICTh TOTO, LII0 BOHU 3HOBY 3yCTPiHYThCS Micis N
KpokiB. IloTpiOHO JOMYCTUTH, IO YOJOBIKK POOJISTH CBOi KPOKHU
onHovacHo. (Moxke OyTH KOpUCHUM BpaxyBaTH iX BIIHOCHUM pyX.)

3amauya 2.3. Biporiadicte W(n), mo mnofis, M0 XapaKTepU3yETbCS
AMOBIpHICTIO p, TparuisieTbcss n pasziB 'y N BUNPOOYyBaHHSX, SK OyJ0
MOKa3aHO, BU3HAYAETHCS O1HOMIAIbHUM PO3TOIITIOM,

!

B n!(N;n)!pn(l_p)N_n'

W(n)

PozmsHemo cutyaiiiro, Kojii KMOBIpHICTB moaii p mana (p < 1),an <« N.
(3ayBaxxumo, 1o sikmo N Benuke, W(n) crae myxe mamum, Ko n — N
yepe3 MaiicTh ¢akropa p”, xomu p <K 1. Orxe, W(n) crnpasai momiTHa
nuiie toai, ko n <K N.) Tomi MokHA 3pOoOUTH KijbKa HAOIMKEHb, 1100
3Bectu W(n) mo 611bir npoctoi hopmu.

(a) BukopucToBytoun pesynptatr In(l —p)~ —p, mokaxiTh, M0
(1 -p)N" x e

(b) IToxaxits, mo N!/(N —n)! ~ N".

n

(c) IMokaxite, mo W(n) 3Bomuthes mo W(n) = —'e_ﬂ, ne A=Np -
n!
cepeaHs KiabKicTh nmofin. Ile HazuBaeTbcs posnoaiiom Ilyaccona.

3anaua 2.4. PosmsabTe po3noain [lyaccona.



N
(d) ITokaxiTh, 1110 BiH HOPMOBAaHHI Ha OJWHMITIO, TOOTO IO Z W =1.
n=0
(cyMy MO)XKHA TIOIIMPUTH HA HECKIHYEHHICTh, OCKUIbKH W(n) myxe
MaJia, Ko n > N.)

(e) OGumcniTh cepeane i1 1is po3noainy Ilyaccona.

(f) O6Guucmits aucmepcito (An)? = (n — i1)? mis posnoxiny Ilyaccona.

3apaua 2.5. Ilpunyctumo, mo TunorpadiyHi MOMWIKH, AOMYLIEHI MPHU
HAa0Op1 TEKCTY, TPAIUISIIOTHCS TOBHICTIO BHUIAAKOBO. IIpumyctumo, 110
kaura Ha 600 cropinok Mmictuth 600 Takux momuiok. Bukopucraiite
posnozain Ilyaccona s o0uncieHHs WUMOBIPHOCTI:

(a) 110 CTOpIHKA HE MICTUTh ITOMUJIOK;
(b) 1o cropiHka MICTUTh IITOHAWMEHIIIE TPY MTOMUJIKH.

3anaya 2.6. Po3misiHeMO YaCTUHKH, 10 BUIMPOMIHIOIOTHCS PaAl0OaKTUBHUM
JHKEPESIOM TIPOTATOM MEBHOTO YacOBOTO iHTEpBaly f. MoKHA ySBUTH, 1110
1[el YacOBMM 1HTEpBaJ CHiJl PO3AUIMTH Ha 0araro HEBEJIUKHX 1HTEpPBAIIB
noBkuHU Af. OCKITBKH Q— YaCTUHKH BHUIIPOMIHIOIOTHCS Y BHUITQJKOBI
MOMEHTH, UMOBIPHICTb, 1110 IMOBIPHICTh PaIIOAKTUBHOTO po3naay B Oyib-
SKOMYy 1HTepBami Yacy A¢ aOCOMIOTHO HE 3ajJieKUTh BIJI TOro, IO
B1I0yBa€ThbCsl B 1HINI 1HTEpBaidu 4acy. KpiM Toro, MoxHa ysIBUTH, IO
iHTepBan Af BUOpaH JOCTaTHHO MayIMM, 1100 HMOBIpHICTP BHHUKHCHHS
OupIIe OMHOTO po3manay 3a yac At Oyna mayxe majoro. Ile o3Hagae, mo
icCHye nesika WMOBIPHICT p, IO OAWH po3maj sapa BigOyBcs 3a yac At
(mpu p < 1, ockinbku At OyB 00paHWil ITOCUTh MamuM), a 1 —p - 1e
HMOBIPHICTB, 110 PO3MAaJ 3a L€k 1HTepBa yacy He BiIOyBcs. KoxkeH Takuit
4aCOBUM TMPOMIKOK Af TMOTIM MOXE pPO3MISAATUCS SK He3aJexKHe
BUMPOOYBaHHS, 1 y MIACYMKY MPOTITroM 4acy t Bimoymocs N = t/At takux
BUMPOOYBaHb.

(a) IlokaxiTe, mo iMoBipHICT W(n) n po3nazais, 1o BiaOyaucs 3a yac f,
3anaeThes posnozaiiom [yaccona.

(b) ITpumyctumo, mo cuiia paaioaKTUBHOTO JHKEpena Taka, IO CepeaHs
KUIBKICTh pPO3MaAiB Yy XBWIMHY JAOpiBHIOE 24. Slka WMOBIPHICTD
oTpuMaHHs n po3naaiB 3a 10 cexkynn? OTpumaiTe 4MCIIOBI 3HAYCHHS
JUTA BCIX 11X 3HaueHb 7 B1g 0 1o 8.



3agaua 2.7. Meran BUMApOBYIOTh y BaKyyMl 3 rapsdoi HUTKA. ATOMH
MeTaly NOTPAIUISIIOTh HA KBAPIIOBY IJIACTUHY Ha JIESIKIN B1ICTaH1 OJUH BiJ
OJIHOTO 1 YTBOPIOIOTh TaM TOHKY METaJIeBy ILTIBKY. L5 kBapiioBa miactuHa
NIITPUMY€ETHCS MPU HU3BKIA TeMmIleparypi, Tak MO OyAb-SKUH arom
MeTaly, 10 MNOTPAIUIsiE Ha HEi, 3aJUIIAE€ThCS HA MICI[I KOHTakTy Oe3
nofayibInoi Mirpamii. MoxkHa BBaXaTH, 10 aTOMU METajly 3 OJHAKOBOIO
WMOBIPHICTIO TMOTPAIUIAIOTh Ha OyAb-SKUW €JIEMEHT IUIOINIl IJIACTHHHU.
SIKIO PO3IIAAATH eIeMEHT ILIOIi IIaCTUHH po3MmipoM b2 (ne b - miamerp
aToMa MeTajy), MOKaXITh, 110 KUJIBKICTh aTOMIB METaJly, HAKOITMYEHUX Ha
I1H U011, Ma€ PO3MOALISATHUCS BIAMOBIIHO 10 po3noauty Ilyaccona.

[TpunyctumMo, 10 BUNAPOBYETHCA JOCTATHHO METANy JJIsI YTBOPEHHS
IUTIBKU CEPEIHbOT TOBIIMHH, 1110 BiAMIOBIJIa€ 6 aTOMHUM IlIapaM.

(a) Slka yacTiHa IIOIII IJIACTUHM B3araji HE ITOKpPUTa METAJIOM?

(b) Slka yacThHA MOKpUTA METAJEBUMM IIapaMHu TOBIIMHOIO, BiAMOBIIHO,
B 3 aromu Ta B 6 aTOMIB?

3amaua 2.8. Monekyna B ra3i pyXxaeTbcs MiX 3ITKHEHHSIMM Ha OJIHAKOBI
BIJICTaH1 3 OJHAKOBOIO MMOBIPHICTIO B Oynb-sikoMy Hampsmky. [licis N

31TKHEHb, SIKUM Oy/ie CepeIHbO-KBaJIpaTUYHE MEePEMIIICHHS R? MOJICKYJT!
B1J1 11 HOYATKOBOI MO3UIIII?

3agaua 2.9. Jlo pesuctopa R MIAKIIOYEHO aKyMYJISITOp 3 3arajbHOIO
Hanpyrow V, BHACIIIOK YOTO B [IbOMY PE3UCTOPI PO3CIFOETHCS MOTYKHICTh
P = V?/R. Cama Garapes ckiafaetbes 3 N OKpeMHX €JIEMEHTIB, 3'€ JHAHHX
NOCHIAOBHO, TaK M0 V IPOCTO JOPIBHIOE CYyMI €IEKTPUYHUX HAIPYT V YCIX
nux eneMeHTiB. OnHak OaTapes BK€ CTapa, TaK IO HE BCl €JIEMEHTH
3HaXOMAThCS Yy O€3J0raHHOMY CTaHl, TOOTO ICHY€ MHMOBIPHICTH p, IO
Hanpyra OyJlb-KOr0 OKpPEMOI'O €JIEMEHTA Ma€ CBOE HOPMaJIbHE 3HAUYCHHS V,
1 ¥WMOBIpHICTH | — p, mo Hampyra Oyab-SKOTO OKPEMOTO €JIeMEeHTa
nopiBHIOE HYM0. OKpeMi €JIeMEeHTH CTaTUCTUYHO HE 3aJieaTh OJWH BiJl
OJTHOTO. 3a IIUX YMOB OOUYHCIITh CEPEIHIO MOTYXHICTh P, 110 PO3CIFOETHCS
B PE3UCTOP1, BUPA3UBIIN PE3YJbTAT SIK CMIBBIIHOLIEHHS MIX N, v 1 p.

3agaya 2.10. PosrsitHemo N nomiOHUX aHTEH, [0 BUIIPOMIHIOIOTH J1HINHHO
MOJISIPU30BAaHE €ICKTPOMArHiTHE BUIIPOMIHIOBAHHS 3 JOBXKHHOIO XBHII A 1
IIBHUJIKICTIO ¢. AHTEHHM pO3TaIllOBaHI B3JOBXK OCI X Ha BIJICTaHl A OIHA Bif
onHoi. Ha oci x Ha BenuKii BiACTaHi BijJl aHTEH 3HAXOJIUThCA CIIOCTEpiray.



Konu opgHa aHTeHa BUIIPOMIHIOE, CIOCTEpIrady BUMIPIOE 1HTEHCUBHICTh
(TOOTO CepeHI0 aMILIITYly €IEKTPUIHOTO 1oJis) 1.

(a) SIkimio BCl aHTEHH OTPUMYIOTh OJHAKOBY (pa3zy Bij OJIHOTO I'eHeparopa
qacToTH v = c/A, skow Oyae 3arajbHa I1HTEHCHBHICTH, IO
BUMIPIOETHCS CTIOCTEPIrauem?

(b) Akmio Bci aHTEHM BHUIIPOMIHIOIOTH 3 OJIHAKOBOI YaCTOTOIO U = C/A,
aje 3 TOBHICTIO BUIMAJKOBUMHU (azaMu, sKOW Oyae cepeaHs
IHTEHCUBHICTh, 110 BUMIpIOEThCA cnoctepiradem? (Iligkaska:
NPEACTABUTH aMIUTITYAd BEKTOpaMU 1 BHBECTU CIIOCTEPEKYBaHY
IHTEHCHUBHICTbD 13 OTPUMAaHOI aMILIITY/IH.)

3agaya 2.11. PajiosokalliiiHi CHUTHaJIM HEIIOJAABHO OylIu BIJIOUTI BIJ
miaHetu Benepa. IlpumnycTuMo, 1m0 B TakoMy EKCIIEPUMEHTI IMITYJIbC
€JICKTPOMArHiTHOTO BUIIPOMIHIOBAHHSI TPUBAIICTIO T HAIMPABISIETHCS BiJ
3emni 1o Benepu. Uepes yac ¢ (1o BIANOBiAa€ 4acy, HEOOXITHOMY IS
TOro, moO0 CBITIO mpoiuuio Big 3emial 1o BeHepu 1 3HOBY Haszan)
npuiiMaroya aHTEHa Ha 3€MJll BMHUKaeThcss Ha yac 7. Ilicias 1mporo
MOBEpPHEHE BIIJIYHHS MOBUHHO OyTH 3apeecTpOBaHE HaA JIYUIbHUKY
3aMucy, PO3MINIEHOMY Ha BHXOJl €JIEKTPOHHOrO OOJagHAHHS 3a
NPUKMMAaIBHOI AHTEHOMO, SIK JYXKE CIA0KUI CUTHAJ IEBHOI aMILITYIU d,.
AJtle KOJIMBaJbHUI BUITAJAKOBUN CUTHAJ (Yepe3 HEMUHYY1 KOJUBAHHS OIS
BUMPOMIHIOBAHHSI Y KOCMIYHOMY IMPOCTOPl Ta Yepe3 KOJUBAHHS CTPYMY,
AK1 3aBXKJH ICHYIOTh Y CaMOMY YYTJIMBOMY NpUMMalbHOMY OOJIa{HAHHI)
TAKOXK PEECTPYETbCS SK CHUTHAJI aMIUNTYyAM @, Ha BUMIPIOBAJIbHOMY
npwiaai. TakuM 4uHOM, II€H BUMIPIOBAY PEECTPYE 3arajibHy aMmILTITYydy
a=a,+a,.

HesBaxaroun Ha Te, 1m0 cepenHe 3HadeHHA d, = 0, OCKUIBKH a, 3
OJIHAKOBOIO MMOBIPHICTIO MOXK€ OyTH SIK TO3UTUBHUM, TaK 1 HEraTUBHUM,
ICHy€ 3Ha4HAa MMOBIPHICTH TOTO, LIO d, HalOyBa€ 3HAYEHb, IO 3HAYHO
IIEPEBUINYIOTh ¢, ; TOOTO, CEpPENHE-KBAaJPATUYHE 3HAYCHHS AaMILITYAH

(a?)'? moxe GyTH 3HAYHO GiMBIIMM, HiXX CHTHAI @, IO MH HAMAraeMocs

3apeecTpyBard. Ilpumycrumo, 110 (a,f)l/ 2 = 1000 a,. Toml uykryamii
CUTHAJY @, CTBOPIOIOTH (POHOBUI “IIyM”, IIO POOUTH CIIOCTEPEKEHHS 32
NOTPIOHUM €XOCUTHAJIOM IO CYyT1 HEMOXKIIMBHUM.

3 1HIIOTO OOKY, MPUITYCTUMO, 110 N TaKuxX paioNOKaIlIMHUX IMITYJIbCIB
HAJICHJAOTHCS TOCIIJOBHO, a IIOBHI aMIUIITyAud a , 310paHi Ha



3aMUCyBaJIbHOMY amapari MICHs KOXKHOTO IMIYJbCY, CKIAIYIOThCA J10
B1IOOpaXE€HHSI Ha JIYUIbHUKY. TOAl OTpUMaHa aMIUIITy/la TOBUHHA MaTH
BHIJISL A =_AS + A,, ae A, aBisge OO0 PE3YNIBTYIOUY aMILTITYLy IIyMy (3
A,=0),1A =A, npencrasisge cod00 OTpUMaHy aMILITYIy €XOCUTHAIY.

: : : : : -2
Ckinbku iMmymbciB motpi6uo Bimmpasutu 10 (A, )2, mo6 exocurmam
MO>KHA OYyJ10 BUSIBUTH?

3apadi oo temun Ne3: LleHTpanbHa rpaHnyHa TeopemMa

3agaua 3.1. Mouetry kuparoth 400 pasziB. 3HalIiTh WMOBIPHICTH
oTpuMaHHs 215 opiiB (TiKa3Kka: BUKOPUCTOBYWTE HaOMkeHHs ["aycca).

3agaua 3.2. [Ipunnyctumo, mo Bu neperopraere 1000 MOHET.

(a) Ska iiMoBipHICTBL oTpuMaTu piBHO 500 opJiB Ta 500 pemok?
(ITipkazka. CoyaTKy 3anviiTh (popmyJty JiJisl 3arajibHOT KIJIBKOCTI
MOXKJIMBUX pe3ynbTaTiB. [10TiM, 11100 BUBHAUYUTH “KPaTHICTD"
makpocTtany 500-500, BukopucroByiite HaOmKeHHs Cripmidra. SAkio
y Bac € MPOCYHYTUI KAJIbKYJISITOP, SIKUI pOOUTH JIOJJATKOBE
HaOmsKeHHs1 CTipJiiHra HeMmoTPiIOHWM, IOMHOXKTE BCl YMCJIA B i
3agadl Ha 10, 100 a60 1000, moku He cTaHe HEOOXITHUM HAOIMKEHHS
CripuniHra.)

(b) dxa iimoBipHicTh oTpuMaTtu piBHO 600 opais Ta 400 pemiok?

3agmaya 3.3. HeoOxigHo mnpokyiactu HaOlp Tene@oHHUX JiHINA, 100
s'eqHatT Micto A 3 mictom B. VYV wmicti A € 2000 TemedoniB. Sxmio
KOX)KHOMY 3 TeJle(OHHMX KOpUCTYyBadiB A rapaHTyBaT MUTTEBHUH JTOCTYI
JUTSL 3IMCHEHHS NI3BIHKIB Ha cTaHIlito B, 3Hagooutbes 2000 tenedoHHMX
HiH1A. Ane Oyno O JOCUTh €KCTpaBaraHTHO 1 HeeekTuBHO. [Ipumycrtumo,
0 B HaW3alHATINIY TOAWHY JHS KOXXKEH a0OHEHT B A BuMarae, B
cepeaHboMy, Telne(OHHOTO 3B’SI3Ky 3 B TPOTITOM JBOX XBWJIMH, 1 Il
TeJeQOHHI J3BIHKM 3J1MCHIOIOTHCS BUIAJKOBUM YHUHOM. 3HAWAITH
MIHIMaQJIbHY KUTBKICTH M TenedOHHUX JIiHIHN, sIKI TOTPIOHO MPOKIACTH BiJ
A 1o B TakuM 4nHOM, 11100 y Yac mik He Oinbiie Hixk 1 % aboHEHTIB MicTa
A He 3MIr OTpUMaTH HeralHui noctym 10 TenedoHHOi JiHIT 10 B.
(ITimka3ka: BUKOPUCTOBYHTE HOPMAJIbHUMN PO3IMOIL.)



3agmauya 3.4. PosrmsaHeMo ras N, HEB3a€EMOAIIOYHMX MOJIEKYJN, IO
3HaxXoguThcad y eMHocTi o0'emoM V. Cdokycyiite yBary Ha Oynb-sKii
gyacTuHl V 1IbOTO KOHTEWHEpa 1 MO3HAUTE€ KIIbKICTh MOJEKYN, IO
3HaXONAThCS y Wil 4vactuHi, sk N. KoxkHa Mojekylia 3 OZHAKOBOIO
WMOBIPHICTIO MOK€ OyTH po3TailloBaHa B OyJb-SKOMY MICIl KOHTEUHEpa;
OT>X€, UMOBIPHICTh TOTO, 110 JJaHA MOJIEKYyJa PO3TalllOoBaHa caMe B 00’ eMi
V, npocto nopiBHioe V/V,,.

(a) Sxe cepemne uncno N MojeKysl, po3TalloBaHuX B 06’ emi V? Bupasith
CBOIO BIJIOBIIb B TepMiHax Ny, Vyta V.

(b) 3Haiinite BimHOCHY aucnepcito (N - N )2/N2 KUIBKOCT1 MOJIEKYI,
po3ramoBaHux B 00’emi V. Bupaszite cBowo BianoBigs uepe3 N, V ta

Vo
(c) Sxoro Oyne BinnoBine Ha nutaHHs (b), skmo V <K V,?

(d) Sxe 3HaueHHs Mae mpuitMaty aucnepcis (N — N )2, sixmo V — Vy? Un
30iraeThecs BIAMOBIAL HA TUTaHHA (b) 3 MM OYIKyBaHHSIM?

3anaua 3.5. [Ipunyctumo, mo B momepenHii 3agadi o6'em V Takui, 110
0 < V/Vy < 1. SIka AMOBIpPHICTb TOrO, IO KUIBKICTb MOJIEKY] y LIbOMY
00’ eMi 3HaX0AUTHCS MK N 1 N + dN?

3agaua 3.6. Po3misHbTE YACTHHKH 1JI€AUTBHOTO Ta3y, SIKi pO3MOIUISIOTHCS
MK JABOMa BijCIKamMu 3 00’emamu VA 1 VB. Skmo 3aransHuii 00'em V =

VA + VB, Mu, odeBugHO, MaeMO UMOBIpHICTh P = VA/V 3HailTu okpemy
YaCTUHKY Yy BIACIKY A, 1 iiMoBipHIicTh | - P 3Halitu ii y Biaciky B. Hac
I[IKaBUTh PO3MOALT HMOBIPHOCTEN 3HAXOMKEHHS N 13 N YaCTMHOK Y BIJICIKY
A, axmo Bigomo P.

(a) Hamumnts ¢dynkiro Matlab, sika migpaxoBye cymy JOBUIBHOTO YHCIa
HE3aJIOKHNX BHIAIKOBHX 4HCel 1j | ] = 1,..., N, sIKi MOXYTb IpuiiMaTy
JuIe ofiHe 3 ABYX 3Ha4yeHb: 1 abo 0 (3 imoBipHicTiO P(1) =P, P(0) =1 -
P). Hanumite ckpint B Matlab, sikuii Bukiiukae 1o gyHkiito 7 pasis
(mms P = 0.5) 1 Hakpecitoe ricTorpaMy oTpuMaHoi cyMu. Takuii crocio
OTPUMAHHS PO3MOJLITY Ha3uBaeThCcsi MeToioM MonTte-Kapiio.

(b) BuxopucroBytoun BOymoBaH1 ¢yHkiii Matlab mnst GiHOMianbsHOTO 1
raycoBoro (HOpPMajbHOTO) PO3MOJILIY, HAKpPECHiTh OiHOMIAJbHUN 1



HOPMaJIbHUM PO3MOIIT MOBEPX PO3IMOALLY, OTPUMAHOTO 32 JIOTIOMOIOI0
MeTona Monte-Kapio.

(¢) 3amycrtith mporpamy Matlab 13 3amaui 3.6, BUKOPHUCTOBYIOYH PSiT
BUNPOOYBaHb 1, 10 MPU3BOIAATH JO PO3YMHOI TOYHOCTI PE3YJIbTATIB
merony Moute-Kapio, 1151 HaCTymHUX BUIIA/IKIB:

1) N=10,V, =0.5 MM
1) N =30,V, =0.85 mmZ
iii) N =150, V, = 0.03 mm2.

[IpoxoMeHTylTe 3rogy MiX Teopi€ro Ta ekcnepumentom Mounte-Kapio, a
TaKoXX TOYHICTh HaOMWKeHHs po3noainy [aycca. VYV Bcix Bumagkax
3arajibHuil 00cAr V ctaHOBUTH 1 MM3.

3apgadi po temn Ne4: Mopgenb EnHwTenHa

3agaya 4.1. /{ns tBepaoro Ttina EiHIITEMHAa 3 KOXXHHUM 13 HaBEIACHUX
HIK4Ye 3HaYeHb N 1 q:

(a) N=3,q =4 (AN=4,qg=3;
(b) N=3,q =5; (e) N =1, g - noBinbHe;
(c) N=3,q =6; (f) N - noBinbeHE, g = 1;
3aMUIIITh YC1 MOXIJIHUBI MIKPOCTaHU, MOpaxyuTe iX Ta TmepeBipTe
. (g+N-1)!
koMOiHaTopHy Qopmymy: (N, g) = :
q!(N—¢g)!

3anaua 4.2. O64YHUCHITH KPaTHICTh MAaKpOCTaHy TBEpOro Tuia EitHmTeiina
3 30 ocumrsitopamu ta 30 oguHUIIIMU eHeprii (He HamaralTecs BUMHCATH
BC1 MiKpocTaHu!).

3anaua 4.3. J{na tBepmoro tina ElHInTelHAa 3 4OTMpMa OCUUIISATOpPAMHU
(N = 4) 1 nBoMa OIUHUIIMU €HEPrii (¢ = 2) mo3HauTe KOXKHUN MOKIUBUI
MIKPOCTaH y BHUIJISI Cepii TOYOK 1 BEPTUKATBbHUX JIIHIN, K 11€ pOOUTHCS B
JIEKIIIT.



3amaua 4.5. BukopucrtoByiiTe KoMm’totep, 100 BIATBOPUTU TAOIUIIO Ta
rpadik s ABOX TBepAuXx Tuia EWHIITEHHA, KOXKHE 3 SAKUX MICTUTh TPHU
TapMOHIYHI OCIWJISITOPH - 3arajioM IIICTh OAUHUIIb €HEPTIi.

[TotimM 3MiHITE TaOnuLO Ta rpadik, MO0 MOKa3aTH BUIMAAOK, KOJIU OIHE
TBepJie Tio ElHIITENiHa MICTUTh IIICTh TaPMOHIYHUX OCHUJIATOPIB, a
1HII€ - YOTHPU TapMOHIYHI OCHUISATOPHU (3arajibHa KIJBKICTH
CHEPreTUYHUX OJIMHUIb BCE 1IE JOPIBHIOE IIECTH).

(a) SIKIIO OPUITYCTUTH, IO BCI MIKPOCTAaHHW OJHAKOBO BipOT1/IHI, SKHi
MaKpOCTaH € HailiAbIl BIPOTIAHUM, 1 4YOMY JOPIBHIOE HOro
WMOBIPHICTH?

(b) Sxuii MakpocTaH € HaWMEHII BIPOTIAHUM 1 YOMY JOPIBHIOE MOTrO
WMOBIPHICTH?

3amaua 4.6. BukopucToByiiTe KOMIT'IOTE€p, 1100 CTBOPUTH TAONUIIO Ta
rpadik (SK y 3amadi 4.5) [Jisl BUMAJKY, KOJIU CUCTEMA CKIIAJIAEThCA 3 JIBOX
TBepauX Tin EiHimTeiHa A 1 B, siki c1aOko B3a€MOIIOTH OJHE 3 OJIHUM,
sakimo A mictuth 200 ocuunstopiB, B mictute 100 ocruisaropiB, a B
nimomy B cuctemi € 100 oguHuUIlb eHeprii.

(a) Sxuii MakpocTaH € HaWOUIBII BIPOTIJHUM, 1 YOMY JIOPIBHIOE MOTrO
WMOBIPHICTB?

(b) SAxuii MakpocTaH € HaWMEHII BIPOTIAHUM 1 YOMY JOPIBHIOE MOTO
WMOBIPHICTB?

3amaua 4.7. BukopucToByiTE€ KOMITIOTE€p, 1100 CTBOPUTH TAOIUIIO Ta
rpadik 7 ABOX B3a€EMOJIIIOYMX MapaMAarHeTUKIB 3 JIBOMAa CTaHAMU, KOXKEH
3 sikuX MICTUTH 100 eeMeHTapHUX MarHiTHUX JUIOJIB.

3a "onuHUIIO" eHeprii Bi3bMITh KUIbKICTh, HEOOXIAHY JJIsi IEPErOPTAHHS
OJIHOTO JUMOJISA 31 cTaHy "Bropy" (mapajeiabHO 30BHIIIHBOMY IIOJIIO) 10
ctany "BHU3" (aHTUIApaieIbHO 30BHIIIHBOMY IOJIO).

[Tpunmyctumo, 110 3arajbHa KUIBKICTh OJIMHUIIb €HEPTil BIIHOCHO CTaHy 3
yCiMa IUMOJISIMH, CIIPSIMOBAaHUMU Bropy, A0piBHIOE 80; 110 EHEPTiI0 MOXKHA
OyJIb-IKUM YHMHOM PO3MOAUIMTH MIXK IBOMA MapaMarHeTUKAMH.

(a) Sxuii MakpocTaH € HaWOUIBII BIPOTIJHUM, 1 YOMY JIOPIBHIOE MOTO
WMOBIPHICTH?



(b) Sxuii MakpocTaH € HaWMEHII BIPOTIAHUM 1 YOMY JOPIBHIOE MHOTrO
WMOBIPHICTB?

3anaua 4.8. OyHKIis HaTypalbHOTO Jorapudmy In BU3HAYa€THCS TaK, 110
e™* = x 14 GyIB-AKOTO JOIATHOTO YHCIA X.

(a) Hakpecnith rpadik QpyHKIIi1 HATypaJIbHOTO Jorapudpmy;

b) Mosenits Totoskuocti Inab =Ina+1Inbilna’ =blna;
(b) A

(¢) Hosenith, mo — In x = 1/x;
dx
(d) BuBenite kopucHe HaOmmwkeHHs In(l 4+ x) ~ x, mo pgilicHe npu
| x| << 1. BUKOpHCTOBYHTE KaJbKYJISATOpP MJIsg IEPEBIPKH TOYHOCTI
poro Haommxkenus wig x = 0.1 1x = 0.01.

3anaua 4.9. Po3aru 3 norapudmamu:

alnb

(a) CopocTtiTh BUpa3 e (To0TO, 3amumiTh Led BuUpa3 0Oe3

BUKOPUCTAHHS JIorapudMiB);

(b) Ilpunyctumo, mo b <K a. Hosexits, mo In(a + b) = (Ina) + (b/a)
(migka3ka: 3acTocyiTe HaOmKeHHS 13 myHkTa (d) mMomnepeaHboro
3aBIaHHS);

1

. 23 .
(¢) 3amumits uncio e y popmi 10¥, 115 gesKoro X.

3anaua 4.10. BuxopucToByHTE KHIIEHBKOBUNU KaJbKYJISITOp, 100
nepeBiputu ToYHICTh HabOmmwkeHHs Cripmiara gus N =50 . Takox
nepesipte TouHicTh popmynu In N! =~ N In N — N.

3anaua 4.11. [Tpunyctumo, mo Bu neperopraere 1000 MoHET.

(a) Axa ¥mMoBipHICT, oTpumaru piBHO 500 opmiB Ta 500 pemok?
(ITigka3ka: crodarky 3amuimiTh (GOpMyNy i 3arajbHOi KiJIbKOCTI
MOXJUBUX pe3yabrariB. IloTiM, mo0 BuU3HAYUTH "KpaTHICTBH"
makpoctany 500-500, BukopuctoByiite HabmmxeHHs Cripainra. Ko
y Bac € TMPOCYHYTUH KaJbKyIsATOp, SKUM pOOUTH H0JaTKOBE
HaOmwkeHHs: CTipiiHra HEmoTpiOHMM, MOMHOXTE BCl YHCiIa B IIH



3amadl Ha 10, 100 a6o 1000, moku He cTaHe HEOOXITHUM HaOJIMKEHHS
Cripminra.)

(b) Sxa iimoBipHicTh oTpumMaru piBHO 600 opiiB Ta 400 periok?

3apadi go temn Ne5: Tennosa piBHoBara

3anauya 5.1. PosmisHemo cuctemy 3 ABOX TBepaux Tin EitHmireitHa, A 1 B,
KOXKHE 3 SIKUX MICTUTH 10 OCHMIISITOPIB, 1 IK1 CyMapHO MICTITh 20 OJUHUITH
eneprii. [lpumyctumo, 1o 11 TBEpAl Tida cIa0KO B3aEMOMAIIOTh, a iX
3arajibHa €Hepris He3MiHHA.

(a) CkiabKH pi3HUX MaKpOCTaHIB JOCTYITHO JJIS 1€ cCUCTEMU?
(b) Ckinbku pi3HUX MIKPOCTaHIB JOCTYITHO JUIS I1€1 CUCTEMM?

(¢c) SIkmo NPUMYCTUTH, IO I CUCTEMa 3HAXOAUTHCS B TEIUIOBIH
pIBHOBA31, sIka MMOBIPHICTb, III0 BCSA TEIUIOBA €HEPTist MICTUTHCS Y
TBEPJOMY TiJ11?

(d) Slxa WMOBIPHICTH 3HANTH PIBHO IMOJOBUHY 3arajibHOi €HEPTii B OJHOMY
3 TBEPAUX Ti?

(e) 3a sKux OOCTaBUH ISl CHCTEMa MOXE MPOSBISTA HE3BOPOTHIO
MTOBE/IIHKY ?

3agauya 5.2. BUKOpHUCTOBYHTE METOAM IHOTO PO3ALTY, IIOO0 OTpUMaTH
dbopmyny I KpaTHOCTI MakpocTaHy TBepaoro Tima ElHImTelHa Yy
rpaHulll “HU3BKOI TeMreparypu’, g << N.

3amaua 5.3. BuxopucroByiite HaOmmxeHHs CripiiHra, 100 3HaUTH
npubau3Hy (Gopmyay Uil KpaTHOCTI MapaMarHeTuka 3 JBOMa CTaHaMH.
Cupoctite 1w d¢opmyny B rpanuni Ny < N, mob6 orpumaru
Q ~ (Ne/lN i)Nl. [leit pe3ynabTar MOBUHEH BUMNISIAATH AY>KE MOIIOHHM J0

BaIllOi BIAMOBIAI Ha 3aBaaHHsA 3.17; MOSCHITH, YOMY Il JIBI CUCTEMH, Y
PO3MISIHYTUX TPAHMIIX, TIO CYT1 OJTHAKOBI.

3anaua 5.4. BukopucroByiite HabnuxeHnHsa CripiiHra, o0 moka3aru, 110
KpaTHICTh TBepAOro Tuia EitHmTeitHa 115 Oyab-sIKUX BEJIMKUX 3Ha4eHb N 1
g TpUOIU3HO JOPIBHIOE:



g+N\?[(qg+N\"

q N
\/27q(q + N)/N

Q(N, q) =

KBagparHuMm kopiHEM y 3HAMEHHUKY YacTO MOXXKHA 3HEXTYBaTH, ajie¢ B
nesikux 3amadax BiH morpiOeH. (Iligkaska: crodaTky MOKaXIiTh, IO

N + N)!
Q= 4 ) . He nextyiite \/ 27z N y popmymni Cripiinra).
q+N g!N!

3anaua 5.5. [lpunyctumo, 10 BamM MOTPIOHO 3MEHIIUTH MaJIOHOK (JUB.
HUXK4YE), MOKM BCS TOPU30HTAJbHA IIIKajJa HE BIMIIETHCS HAa CTOPIHKY.
Hackinbku mupokum OyB Ou mik?

3agaua 5.6. I{g 3amava mae anbTepHATUBHUN MIAXIA JO OLIHKH IIUPUHU
nmiky (QyHKIIT KpaTHOCTI JIS CHUCTEMH JIBOX BEJMKUX TBEPAUX T
Eiinimreiina.

(a) PosmmsaHemMo aBa 0OgHAKOBHUX TBEpAMX TiMa EifHINTENHA, KOKHE 3 SIKHUX
CKJIaAa€eTbCsl 3 N OCHUIIATOPIB, B TEIJIOBOMY KOHTAKTI OFHE 3 OJHHUM.
[Ipunmyctumo, 110 3arajbHa KIIbKICTh EHEPreTUYHHUX OJUHUIL Y
o0’eqHaHii cuctemi cTaHOBUTH 2N . CKIIBKM PI3HUX MaKpOCTaHIB
(TOOTO, MOXKJIMBUX 3HAUYE€Hb 3arajibHOI €HEPTii B MEPIIOMY TBEPIOMY
T1J11) 1ICHYE€ JJ1s 11i€l 00'emHaHO1 cucTemMu?

(b) BuxopuctoByiite pesynbrar 3amadi 5.4, mo0 3HAWTH TPUOIM3HHUI
BUpA3 JJI 3arajibHO1 KIJIBKOCTI MIKPOCTaHIB sl 00’ € JHAHOI CUCTEMH.
(ITimka3ka: TpakTyWTe 00’€IHAHy CHCTEMY SK €IuUHE TBEpAE TIIO
Eitnmreiina. He Bimkupailite dakTopiB "Benukux'" dYHCeN, OCKIJIbBKH
BaM 3pEINTOI0 JOBEACTHCS PO3AUIMTH JiBa "Myke BeIUKuX' dYuCia,

MaiiKe PIBHUX OJIHE OMHOMY. BiamoBijb: QN /A/87N.)

(¢) Haitbinpin BipoOTiIHUM MaKpOCTaHOM ISl I1€1 CUCTEMU € (3BUYAKHO)
TOU, B SIKOMY €HEPTisl PO3MOAUIAETHCS OTHAKOBO M1k JIBOMa TBEPIUMHU
TimaMu. BukopucToByiiTe pe3ynbrar 3aBaaHHsA 5.4, 1m00 3HAWTH
NpUOMM3HUN BHUpa3 Uil KPaTHOCTI IOTO MakpocTaHy. (Biamoims:
2*N(4zN).

(d) Bu mokere oTpumaru NMpUOIU3HE YSABICHHS MPO «PI3KICTh» (YHKIIIT
KpaTHOCTI, SKIO MOPIBHATH Bamil BiamoBimi Ha mutaHHg (b) 1 (c).
BiamoBiger Ha (C) BKasye BaM BHUCOTY MiKy, a BiamnoBiab Ha (b) -



3arajpHy IUIOMIY IMiA yciM rpadikoM. Sk ayxke rpyoe HaOIMKEHHS
ysBITh, 110 (opma BEPIIMHUA MNPSAMOKYTHA. Y IbOMY BHIAJIKY,
HacCKUIbKM BOHa Oyja O mupokorw? Slka yacThHa 13 3arajbHOl
KIJTBKOCTI MaKpOCTaHIB Ma€ JIOCTaTHhO BEJIMKI WMOBIPHOCTI? OLIHITH
IIF0 YACTHHY YMCEIbHO s BUmaaky N = 1073,

3agaua 5.7. Po3rissHEMO NapaMarHeTHK 3 JBOMa CTaHaMH, B skomy € 1023
€JIEMEHTApPHUX JUIIONIB, 13 3aTAJIbHOIO €HEPri€l0, 0 JOPIBHIOE HYIIO, TAK
10 PIBHO MOJIOBMHA JIUIIOJIB CIIPSIMOBAH1 Bropy, a NMOJIOBUHA - YHU3.

(a) CkinbKu MIKpOCTaHIB € "qocTynmHUMU" 118 11€T cucTEMU?

(b) IIpunycTumo, 110 MIKPOCTaH II1€1 CUCTEMHU 3MIHIOETHCSI MUIBSIPJ pa3iB
3a cekyHay. CKUIBKM MIKPOCTaHIB Hapaxy€ CHCTeMa 3a JIeCATh
MUIBSIPJIIB POKIB (BIK BcecBiTy)?

(c) Uum mpaBWIBLHO CKa3aTH, 1110, SKIIO BU OyJeTe YeKaTh JIOCUThH JIOBTO,
CUCTEMa 3 4YacoM I00yBa€ y KOXXKHOMY '"HOCTYNMHOMY" MIKpOCTaH1?
[TosicHITh CBOK BIANOBIAL Ta OOTOBOPITH 3HAYEHHS CJIOBa
“IMOCTYyITHUN .

3agaya S.8. /Ins OomHOTO BEIMKOTO IApaMarHeTUKAa 3 JBOMA CTaHAMU
(byHK11Is KPATHOCTI Ma€ JiyKe pi3Kuid ik npu (mpudnuszno) N; = N/2.

(a) BukopuctoByiiTe HaOmmkeHHs: CTipiiHra, mo0 OLUIHUTH BUCOTY MIKY Y
GbyHKIIT KpaTHOCTI.

(b) BuxopuctoByiliTe METOIUKH IILOTO PO3ALTY, 00 oTpuMaTu GHOpMyTy
yHkuii KpaTHOCTI B paioHi Ky sK QyHKuipo x =N, — (N/2).
ITepeBipTe, uun BiAMOBIA€ Baia popMyra Ballloi BIAMOBI/II HA TUTAHHS
(a) y pa3si, ko x = 0.

(¢) Hackinbku mupokuii mik y QyHKIIii KpaTHOCTI?

(d) ITpunycrtumo, mo Bu neperopHere 1 000 000 mouer. Uu Oynu © BU
3nuBoBaH1, orpuMaBiii 501 000 opais 1 499 000 pemok? Yu Oynu 6
BU 3auBoBaHi, orpuMaBiid 510 000 opaiB ta 490 000 pemiok?
ITosiCHITE B1ATIOB1/Ib.



Po3pain 2: TepmoagnHamika

3apgadi 0o temn Ne6: OCHOBHI 3aKOHW TepMOaNHaMIKK

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

3agaua 2. Kparis Boau KOHJICHCY€EThCSI Ha TBEP/Ii MoBepxHi. MaeMo Tpu
MOBEPXHI PO3JILTY, SIKUM BIJMOBIIAIOTh TPU CHUJIM TOBEPXHEBOTO HATATY:
Saw s TA S, € a - NOBITPA (air), w - Boga (water), s - TBepJa IOBEPXHs
(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.
IIpy kiMHaTHIN TeMmmneparypi, MOBEPXHEBUUM HATAT BOJAU JOPIBHIOE
Sy ~ 7 x 1072 H/M. OIiHiTh THIIOBi PO3MipH Kparuli BOIH, 10 PO3IiIAIOTH
“BenuKky” Ta “Mamy’”’ moBeiHKy? HaBemiTh Kiibka MPHUKIIAJIB CUTYaIliH,
KOJIM TaKa IlKaja po3MipiB CTa€ BaXKIUBOIO.

3anaua 4. JloBeniTh €KBIBaJCHTHICTh TEMIIEPATYPHOI IIKAIU 17€aJTbHOTO
razy ® 1 TepMOIMHAMIYHOI TEeMIIepaTypHOi MmKaiu 1, BUKOHYIOUH ITUKII
Kapuo nns imeanpHoro rasy. PiBHAHHS cCTaHy i1€aJbHOTO Tasy
PV = Nkg0, 1 lioro eHepris 3aJIeXuTh JUIIE Bl TemnepaTypu O, ane BU
HE MOXKETe IpUMycKaTH, o £ o« ©. Bu Moxere ckopuctarucs HaCTYITHUM
QJITOPUTMOM.

(a) O6uucautu oOMIH TemnoM Qy 1 Oy Ak ¢QyHKIT Of, Of 1
BIIHOIIIEHHIMHU 00’ €MIB.

(b) O6uucnauTH BIAHOIICHHS O0’€MIB TPHU aJ1adaTUYHOMY IMPOIEC 5K
dysKIio O.

(c) Hoxazary, mo Qy/Qr = Oy /0.



3agadi oo temn Ne7: TepMmognHaMiyHi NoTeHuUianu

3agaua 1. JloBeaiTh HACTYMHI TOTOXHOCTI.

(a) BukopucrtoByrouun mnepeTBopeHHs Jlexxanapa, naiiTe BHU3HAUYCHHS
TepMOJAMHAMIYHUM TOTEHIIiajIaM 1 BUBEIITh PiBHSIHHS MakcBesia.

(b) loBeniTh TOTOXKHICTD:

aS| S +aS oV
oT lp  oTlv  ovir oTlp

(c¢) JloBeniTh TOTOXKHICTD:

oP oT 1% B
oT lv ovip oPlr

3anaua 2. PosmisiHbre ra3 ¢ PikcOBaHOIO KUIBKICTIO MoJieKysn. Ham Bijomi
excriepuMeHTanbHo Cp 1 Cy. JloBeniTs, 1mo:

) Cp— C Tav oP
1 — =T—| -—| .
Y A P Al
 0F oP
) —| =T—| —P.
ov It oT v
... OF oV %)%
m) —| =—-T—| —P—| .
oP 't oT 'p oP \'t
. 0G 0%P
v) —| =T—=]| .
ov Ir oT? ly
0Cp 0’V
V) —| =-T—| .
oP It oT? 1p

3anaua 3. Posmisnbre igeanbHuil ra3 3 piBHSHHAIM ctaHy PV = NkgT i
nocriiiHoro temnoeMuictio Cy, = Nkga, e a - AesKe 4ucio.

(a) Ioxaxits, mo Cp = Nkg(a + 1).

(b) Ilokaxite, mwo enrpomnist S = Nkglog(V/IN) 4+ Nkgza log T + const.



(c) TlokaxiTe, mo mas amiabarmunoro mporecy (dS = 0) BHKOHYIOTHCS
piBHsHHS VT? = const 1 PV? = const, ne y = Cp/Cy,.

3apgadi oo Temn Ne8: PiBHSIHHS CcTaHy

3anaya 1. Posmisnbre mponec Jkoyns-TomcoHa (Takok BITOMHUH SK
npouiec Jxoynsa-KenbBiHa), mpu sSIKOMY ra3 Mij €10 30BHIIIHHOTO TUCKY
IPOCOYYETHCS Yepe3 MOPUCTUl Oap’ep.

(a) Ilokaxirts, mo entansmis H = E + PV 30epiraernces.
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(b) 3maiinite koediumienT Jxoyna-Tomcona p;r = <6_P
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(c) OOuUuCHITH f4;7 AJIS 11€aTBHOTO rasy.

3ajgaya 2. PiBHSIHHA CTaHy Hakjiajgae OOMEXEHHS Ha 3aJeKHICTh
BHYTPIIIHBOT €HEPrii CUCTEMH B1JI ii TEPMOJUHAMIYHUX KOOPIUHAT.

(a) BuxopuctoBytoun dE = TdS — PdV, nokaxith, 10 PIBHSHHSA CTaHY
i7IealbHOTO Ta3y TapaHTye, 10 MOro BHYTPINIHA eHeprias £ moxe
3aJIeXKUTH JIMIIIE BiJl Temmeparypu 7.

(b) SAxoro Oyae HalOlnbm 3arajbHa ¢Gopma PIBHAHHS CTaHy IS
TEPMOJAVMHAMIYHOI CUCTEMU, BHYTPIIIHS €HEPTis AKOI 3aJICKUTh JIUIIE
B1J] TEMIiepaTypu?

(c) Ilokaxite, mo s raza Ban-nep-Baanabca TEIIOEMHICTH 3aJ1€KUTh
nuie Bix Temneparypu, Cy, = Cy(T).

3apgadi oo Temn N29: MatemaTunyHi MeToan TEPMOONHAMIKN

3amaua 1. SIki BiacTUBOCTI SKOOIaHIB MEPETBOPIOIOTH 1X HA MOTY>KHUI
IHCTPYMEHT MaTeMaTUYHOTO JIOCIiKEHHS TEPMOAMHAMIYHUX CUCTEM?

3amaua 2. 3'sacyBaru, sSIK 3MIHIOETHCSI EHTPOIIISI OHOPITHOI CUCTEMHU TPH 11
KBa31CTATUYHOMY PO3UIMPEHHI MPHU TMOCTIMHOMY THUCKY. UM 3alIeKUTh



XapakTep 3MIHM EHTpomii BiJg Koe(illleHTa TEIJIOBOrO PO3UIUPECHHS
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3anaua 3. TepmoauHaMiuHa CUCTEMA PO3UIUPIOETHCS TAKUM YMHOM, IO 1i
eHepris U 3anumaerscs MOCTIMHOW. SK 3MIHIOETHCA MPU LBOMY
Temrneparypa cuctemu? Uu Oyzne Takuii mporiec 000poTHUM ?

3anaua 4. TepmoauHaMiuHa CUCTEMA PO3LIUPIOETHCS TAKUM YMHOM, IO 1i
eHepriss U 3anuinaerbcsi MOCTIHHOK. SIK 3MIHIOETBCA TMPU LIBOMY THCK
cuctemu? Skoro Oyzae BIAMOBIAb JJIs 1/I€IBHOTO Tazy?

3apgadi go temn Ne10: EHTponRia

3amaua 1. lapsunit 06’ext A 3 Temmneparyporo 1, = S00K npusenu y
TEIJIOBUM KOHTAKT 3 XOJOAHUM 00’ ekToM B 3 Temmneparyporo 15 = 300 K.
KinpkicTh Temia, 10 MPOTATOM MEBHOTO 4Yacy MEpeTikio Bix A 1o B,
nopieaioe 1500 /. MokHa BBaxkaTH, 110 Tijla A Ta B 1OCTaTHBO BENHKI,
o0 iX TeMmepaTrypu Maibke He 3MIHWIUCI. SIK 3MIHATBCS TMPU LBOMY
eHTporii 00’ekTiB A Ta B, a TakoX iX cymapHa eHTpOITis?

3agaua 2. KyOik nbogy 3 Mmacorw 30 1, mo mae temmneparypy 0°C,
3UIMIIAIYM Ha KyXOHHOMY CTOJI, JI€ BIH NOCTYMOBO TaHe. TemrepaTrypa
kyxHi 25°C.

(a) OGuucHiTh 3MIHY €HTpOIi KyOIKY JIbOTy, KOJIU BIH IEPETBOPIOETHCS Y
Boay npu temrmeparypi 0°C.

(b) OGuucHiTh 3MiHY €HTPOMIi BOJH, IO 3’SBWJIACS MICIA TOTO, SK KyOIK
KOy PO3TaHyB, KOJIM 1i TeMneparypa 3pocia Bijg 0°C go 25°C.

(c) OOGumucHiTh TOBHY 3MIHY EHTPOMIi KyXHI y I[bOMY MpOIECi, BIJ
TaHEHHS KyOika JIbOAY J0 BCTAHOBJICHHS TEPMOJMHAMIYHOT PIBHOBATrH
3 BOJIOIO, 1[0 3aJIMIIMJIACH ITICIISI HEOTO.

(d) OGuucniTe MOBHY 3MiHy eHTporii BececBiTy B 1ibomy mpornieci. Yu Oyze
MOBHA 3MiHA TMO3WTHBHOIO, HETaTUBHOIO abo HyineM? Uwu BiamoBigae
OTpHMaHa BIAMOBIIb BAIlTUM OYIKYBaHHSM?



3agaya 3. Koau CoHIile 3HaXOAUTHCS BHCOKO Yy HeOl, BOHO Ja€ y
cepenuboMy npubnuzHo 1000 BT eHeprii Ha KOKHHMI KBaJpaTHUUA METP
3emni. Temneparypa noepxHi Conus gopiBHioe 6000 K, a Temneparypa
3eMHOI oBepxHi - npubauzHo 300 K.

(a) OWiHITH EHTPOMiI, IO KOXXHHUM PiK CTBOPIOETHCS COHIIEM 3aBISKH
MOTPAIUISIHHIO COHSYHUX IPOMIHIB Ha KBaJIpaTHUH METp 3€MHOI1
MIOBEPXHI.

(b) ITpunyctumo, 110 Ha ILOMY KBaJpaTHOMY METP1 3€MHOI MOBEPXHI BU
BUPOILIYETE TpaBy. [[exTo MOXe CTBEpJKyBaTH, IO PICT TpaBU (K 1
Oynb-AKOi 1HIIOI XHUBOi 1CTOTH) MNOpPyUIye APYrudl 3aKOH
TEPMOJAUHAMIKHA, TOMY IO TIPU IIbOMY XIMIUHI €IE€MEHTH CTBOPIOIOTH
O1JIBIII OpraHi30BaHi CTPYKTYPH 3 MEHIIOIO EHTPOMIEI0. SIK BU 3MOXKETE
Ha II€ BIAMOBICTU?

3agaua 4. OnuH 61T KOMIT FOTEPHOI IMaM’SIT1 - 1€ JeIKUM (H13UYHUN 00’ €KT,
0 MOXK€ MepedyBaTh B OAHOMY 13 JIBOX PO3PI3HEHUX CTaHIB, Kl MU
Mokemo HaszuBatH 0 Ta 1. OguH OailT - 11e BiciM O1TIB, OJMH KIJIOOAMT - I1e
1024 (=210) Gaiit, oquH Meradair - e 1024 k1100aiT, a OMH TirabauT - 1e
1024 mera0aiir.

(a) IlpunycTtumo, 10 Ball KOMII'IOTEp 3THpae abo Iepe3amnucye OJINH
rirabaT iHdopmalili, He 3aJUIIA0YX HISKUX JJaHUX PO 1H(OpMAIIiio,
mo Oyna 3anucaHa. [1osiCHITH, YOMY B LIbOMY MPOILIECI CTBOPIOETHCS
Jesika MiHIMajJbHa KUIBKICTh €HTpPOINi, 1 OOYHCIITh, CKIJIBKH came
CHTPOITi1 CTBOPIOETHCA Y IIbOMY ITPOIIECI.

(b) SAxmo ust eHTpomisi 3KUJAETHCS Yy HABKOJIUIIHE CEPEAOBUIIE IPHU
KIMHATHIN TeMnepaTypi, CKUIbKH TEIUIa IPU 1IbOMY BUAUISIEThCS? Un
MOKHA Ha3BaTU L0 KUJIBKICTh TEIJIa 3HAYHOIO?

3aBOaHHSa O caMoCTINHOI poboTin

3agaya 1. Ha enexkrtpocraHilii, o BHUPOOISE €IESKTPOCHEPrio 3
noryxHictio 1 I'Bt (10° Bt), mapoBi TypOiHu BOHMpaOTh mHapy Ipu
temmeparypi 500°C, a BigmpaliboBaHe TEIUIO BUKUAAETHCS Y HABKOJHUIITHE
cepenosuie npu 20°C. a) SIxka MakCUMaJIbHO MOXJIMBA €(PEKTUBHICTD ITI€T
yctaHoBku? 0) IlpumyctumMo, BU pPO3poOMIM HOBUM Marepian s
BUTOTOBJIEHHS TPYyO 1 TypOiH, SIKUH JTO3BOJISIE€ MiJABUIIUTH MAKCUMAIIbHY



temrneparypy napu a0 600°C. Ckinbku (IpuOSM3HO) TpPOIIEH MOXKHA
3apoOMTH 3a PIK, BCTAHOBUBIIM CBO€ IOKpallleHe OOJIaJlHAHHS, SIKIIO
poJIaBaTy JIOJATKOBY EJIEKTPOEHEPril0 3a 5 ILEHTIB 3a KIJIOBaT-TOAUHY?
(ITpunmycTMoO, 10 KUIBKICTh TMaJIMBa, IO CHOKHUBAETHCS HA 3aBOJI1, HE
3MIHMJIACS. )

3agaua 2. BukopuctoByrouu nepetBopeHHs JIexxaHipa, 1ante BU3HAYCHHS
TEPMOJMHAMIYHUM IOTEHIIIa]aM 1 BUBE/IITh yC1 PiBHSIHHS MakcBeria.

3amauya 3. PosrmisiHbTe ra3 ¢ (PIKCOBAHOIO KIJBKICTIO MOJEKYII.
BukopucrtoBytoun piBHsIHHA MakcBeia, I0BeIiTh HACTYITHI TOTOXXHOCTI:
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3agaua 4. 3a 10MOMOror0 AKOO01aHIB OOUYMCIUTH 3HAUCHHS BUPA3y:

(0T> (05) <0T> (85)
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3anauya S. VY TBepoMy MOHOOKCH/II BYIIEII0 KoxkHA Mosiekya CO mae aBi
Mol opieHtanii: CO a6o OC. Ilpumyckarouu, 1o Il OpieHTaIlli €

aOCOJIIOTHO BUIAJKOBUMU (1€ HE 30BCIM BIPHO, aje OJU3HKO), OOUHCIITH
3QJIMIIIKOBY €HTPOIIII0 MOJISI OKCUAY BYIJIEIIIO.

3anaua 6. lllo0 npuitHATH TapHy Temly BaHHY, BU 3Mimanu 50 JITPiB
rapstaoi Bomu 55°C 3 25 mitpamu xonoaHoi Boau 10°C. CkiabKH HOBOI
EHTPOIII1 BU CTBOPHUJIM, 3MIIIABIIHA BOTY?



Po3pin 3: Teopis aHcamb6niB

3agadi gnga npakTu4yHoro 3aHaTTa Neld:

3anaya 1. Po3misiHbTE MapaMarHeTiK B 30BHINIHBOMY Mar”iTHOMY MO,
10 3HAXOAUTHCSA Y MIKPOKAHOHIYHOMY aHcaMOJIi, sIK CUCTEMY JBOX CTaHIB.
Sk 3a1eXUTh WOr0 EHTpOMis Bif eHeprii? SK 3aJeKUTh HOTO €HEepTis Bijl
Temriepatypu? 3HaNUIITh TETUIOEMHICTh MapaMarHeTHKA.

3anaya 2. Po3misiHbTe ra3 KJIaCUMYHUX OCIHUJISITOPIB Y MIKPOKAHOHIYHOMY
aHcaMOui. 3HalIITh MOTO EHTPOMIit0 K (QyHKIIIO0 Temneparypu. Buznaure
TEIJIOEMHICTD Ta3y.

3anaua 3. Po3misHbTe ra3 KBAHTOBUX OCHIJISTOPIB Y MIKPOKAaHOHIYHOMY
aHcaMOIi. Sk 3a7eXuTh HOro eHEepris BiJl TeMIeparypu?






