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Hint 2

Hpy3bst!

B kagectBe Broporo Xwunta Ilstoro Dmmsoma Cenpmoro Cezona Kybka JIOU mbr He Oymem
npejjararb BaM AJIbTepHATUBHYIO 3a1ady. 9710 coorBercrByer [IpaBmiram KybOka m makcn-
MaJIbHO IPaBMJILHO B KOHTeKcTe Ilgroro Dumsona, rie Mbl cTaBUM cebe Iejib O3HAKOMHUTH
V4YacTHUKOB ¢ KAKMM-TO HHTEPECHBIM sIBJICHHEM WA 00JIaCTbIO (DUBUKH.

Bwmecto AnbrepHaTUBHOI 3a/1a91 MBI TIPEJIIOKUM BaM OTBETHI Ha YIIPAXKHEHWS, KOTOPhIE OBLITH
B CAMOM JIN30/e, a TaKKe MPEJJIOKIM HECKOJIBKO JIOMOJTHUTEIbHBIX YIIPaXKHEeHH, KOTOPbIe
TaKzKe MOTYT OKa3aThCs BaM IOJIE3HDI i pereans OCHOBHOM 3a/1a4H.

OTBeThl Ha yOpaKHEHUS

1. ¥Yopaxkaenue. Cunrasi, 9T0 BUINMBIA IHATA30H 9JIEKTPOMATHUTHOTO U3JTyY€HUsT JIEKHAT
B naTepBasie oT 400 HM 10 750 HM, HalTUTE IMAIA30H SHEPIUA, KOTOPBIM MOT'YT 00J1a/1aTh
KBAHTBI CBETA BUIUMOTO JTUATIa30HA.

Otger: no dhopmyse E = hv nonydaem auanason suepruit ot 2.648 - 1071 JTx (1.66 3B)
70 4.965 - 107 Tk (3.1 3B).

2. Ynpaxknenue. Vcrnombs3ys npaBuio KBanToBanust bopa—3oMMepdensbia MoKayKnuTe, ITo

L =nh/(2m).

Otrser: [lpu JBrKeHHU MO OKPY?KHOCTH MOJIYJIb MOMEHTA HUMILYJIbCa (MMILYJIbC TIep-
HeHUKY/Isper pajuycy) L = pR, a npasuio KBantoBanusi Bopa-3ommepderbia Jaér
21 Rp = nh, otxyna L = nh/(27).

3. Yupaxkuenwue. [lornpodyiiTe 00bACHUTD, MOYEMY B TOTEHIIUAIBHYIO sIMY TMPUTATHBACTCS
JIOTIOJTHUTETHHO TOJIBKO OJIMH SJIEKTPOH, a He JIBa, TPU WU OOJIbIIIE.

Pekomengariusi: ecii Bbl IPABUIbHO OLEHWIM CyMMAapHBIH 3apsii TPYOKH U3 HOHOB,
KOTOPBIIT oOpa3yeTcsl 1ocjie IPOoJIéTa 3JIeKTPOHA, TO CTAHOBUTCA IOHSTHO, IIOYEMY B KY-
IIEPOBCKOI ape UMEHHO JIBa JIEKTPOHA.

4. Yupaxkuenue. PaccmarpuBas sHepruio Kak (QyHKIIHAIO [TapaMeTpa Mopsijika 1), Koaddu-
[IUEHTHI KOTOPOI 3aBUCAT OT TeMIIepaTypbl oOpasta 1, uccieayire KOIUIecTBO BO3MOXK-
HBIX HOJIOXKEHUN PaBHOBeECUA JIJIdd JaHHOI'O BbIpazK€HUA B 3aBUCHUMOCTHU OT 3HaKa KO9(1)—
dunmenTos o u .

OTBeT: 3/1¢Ch CChLIKA Ha IpadUuuecKuil KaJIbKyJIaTOP, IJIe Bbl MOYXKETE CaMOCTOATETHHO
YCTAHOBHUTb COOTBETCTBHE MEXKJIY 3HAKOM (v, 3 ¥ KOJUYIECTBOM JIOKAJIHHBIX MHUHUMYMOB.
Bceero BosmoxKHBI 4 cirydasi:

(a) a> 0,5 > 0 - napaboJia YeTBEPTO CTEIEHN C OJHUM JIOKAJIbHBIM MUHIUMYMOM. JlaH-
HBII TTOTEHIIMAJT COOTBETCTBYET OOBIYHOM haze ¢ mapamerpoMm ropsiaka 7 = (.


https://www.desmos.com/calculator/hs7xkeoxwi

(b) a < 0,8 > 0 - HOTEHIMAJ TUITA «MEKCHKAHCKOI MUISIIbI», B HEM JIBA JIOKAJIbHBIX M-
HuMyMa ¢ 1) # 0. DTOT OTEeHIMAaI COOTBETCTBYET YIOPSIOUEHHOI (ha3e mocie mepe-
XO71a.

(¢) @>0,8 <0 - noreHmasn, UMEIONMHA OJUH JIOKAJIbHBIH MUHUMYM W JIBa JIOKAJIHHBIX
MaKCUMyMa, OJITHAKO B HEM CHCTEMa MOXKET UMETh HeOI'PAaHMYIEHHYIO OTPHUIIATETh-
HYIO SHEPIUIO, YTO IMPUBOIUT K 1) — 00. JlanHoe cjiejicTBUE He ABJIAETCA CBOWCTBOM
peasibHbIX (PU3UIECKUX CUCTEM.

(d) @« <0,8<0 - nepesepuyras napabosia. He siBjisiercsi peajucTHIHON MOJENBIO 110
NpUIHHAM aHAJOTUIHBIM ITPOILION CHUTYaIINH.

5. Yupaxkuenune. Kakoit 3nax y kosddunuentos a(7T") u f(T') npu temiieparypax BbIIIe
KPUTHYECKOH, KOIIa 0Opaser MOKeT HAXOIUTHCA TOJIBKO B COCTOSHUN OOBIMHOIO ITPOBO/I-
HUKa U JIDYTUX PABHOBECHBIX COCTOAHUIT OBITH HE MOYKET.

OtBerT: cM. nporuioe yiupaxkaeaue o > 0,3 > 0.

6. Yupaxkuenue. Kakoii 3uak y xosdpdunuenros (1) u S(T") upu Temieparypax HUKe
KPUTUYECKOI.

OrtBet: cm. mporioe yrpaxuerune o < 0,3 > 0.
7. YrnpakKHeHHue. YCTaHOBUTE CBA3b MapaMeTpa €, C SHePTrueil MarHuTHOTO TOJIS.

OTBeT: D710 sHEPTHUS KPUTUIECKOI'O MATHUTHOTO ITOJIsA IIPU HYJIEBOI TeMIIepaType, B3sTast
co 3HaKOM MuHYC £ = —B2(0)/2p0.

HoBbie ynpaknenust

He 6uiaroapure. Xetst—Bo3moskio; BbtH-He-€o0Hpasieb:

Yupaxkaeane 1. Mex 1y 1ByMs aToMaM# B MOJIEKYJIe JEHCTBYIOT YIIPYTHUE CUJIbI TPUTAZKEHUS
(cuter xummdeckoit cBsizn). Kosdbdurment yrnpyroctu (5. Ilomaras, 1ro mMacca mepBoro aroma
M 3HaUUTETHHO TPEBOCXOUT MacCy m BTOPOTO aTOMa, OIIPEJIEINTe, UCIOIb3ys IPaBUIa KBaH-
toBanusg Bopa-3ommepdernbia, pa3peliennble 3HaYenns KoaebaTeIbHO SHEPTUU MOJIEKYJTBI.

Yupaxkuenune 2. OneHure JIMHY KOT'€PEHTHOCTH 3J€KTPOHOB, BCTYIAIOIINX B 0Opa3oBaHUe
KYIIEPOBCKUX IIap, UCIOJIb3ysd METOJ pa3MEpPHOCTEH, CUuTast OMPeIesIsONIIMEI IapaMeTpaMu
nocrosiaayto [lnanka h, mocrosanyio Boibumana kg, ckopoctu @epmut vp (M. OCHOBHOI TEKCT
3aJ1a4M), a TakyKe Temieparypy dasosoro nepexoja T..

Yupaxkuenue 3. Boymsu remiepaTypbl IJIaBICHAs K130 KPUCTAIN3YeTCsI B 00 bEMHOIIEH-
TPUPOBAHHYIO KyOMIECKYTO PEMETKY (9JIeMEeHTapHBIH Ky0 ¢ HOHAMU B Y3J1aX C JOIOJHATETbHBIM
HOHOM B II€HTpE) U3 I'PAHEIeHTPUPOBAHHOI PENETKH (dJIeMeHTapHbI KyO ¢ HOHAME B y3JaX C
JIOTIOJTHUTEIbHBIMI MOHAMU B KazKJI0il rpati Ky6a), NPUIEM TOCTOSHHAST PEIETKH N3MEeHsIeTsI
B 0,85 pa3. Bo cKo/JIbKO pa3 u3aMeHdeTcsd IPHU 9TOM IJIOTHOCTH Keje3a’

Yupaxkxuenune 4. Ha BepTuka/JibHO PACIIONIOKEHHOE XKECTKOE KOJIBIO pajuyca R Hajera Oycun-
ka Maccoii m. KoJibIlo npuBouTCs BO BpallleHne ¢ YIJIOBOW CKOPOCTHIO {2 BOKPYT BEPTHKAJIb-
Hoit ocu. IIpesicraBbre BO3MOXKHBIE BapHAHTHI TPadUKOB 3aBUCAMOCTH F(p) — 9acTh MOJTHON
SHEPrun OYCHHKH, KOTOPasi 3aBUCUT OT IEHTPATBHOIO yIiia ¢ (yKa3bIBAIOIIEro Ha IOJOXKEHIe
OYCHHKHI OTHOCHTEJILHO €€ IOJIOXKEHUST B HUKHEHl TOUKHU KOJIbIA), B 3aBUCHMOCTU OT YaCTOTHI



(). YkaxkuTe, Ipu Kakoil yacTore {2 MPOUCXOIUT CYIIECTBEHHOE N3MEHEHHe 3TOM 3aBUCUMOCTH.
YckopeHne cBOOOHOTO MAJEHU ¢ .

Yupaxkuenune 5. /usjiekrpudecknit (heppoOMarHUTHBIN KPUCTAJT UMEET JIBA OCHOBHBIX BKJIa-
JIa B TEINIOEMKOCTD: OT KOJIeDAHUI PEeIIEéTKA U OT B3aMMOJIEHCTBUA MArHUTHBIX MOMEHTOB. U3
TEOpUU TBEPJIOTO Teja U3BECTHO, 4TO 00a BKJIaJa MMEIOT CTEINEHHOW XapaKTep 3aBUCUMOCTHU
OT TeMIIEPaTyPhl, MPUYIEM CTEIIeHN OTJIMYAIOTCA B JiBa pasa. Huke mpejcraBiena Taduma c
JIAHHBIMU TEIIOEMKOCTH 2KeJie30-UTTpreBoro rpanata or temmeparypbl C(T'). Ucnonb3ys stu
J@HHBIE W OIINCAaB TOPSIJIOK JIENCTBUI, OIPE/Ie/INTe TTOKa3aTe Il CTEIIEHN.

Tabmura 1: DrcrepuMeHTAIbBHbIE 3HATEHNST TEIIOEMKOCTH 00pasIia KeJIe30-UTPUEeBOro TpaHaTa

T (K) C (Ox/(n*-K))

1,5605 13,187
1,6917 15,994
1,8171 19,030
1,9385 22,343
2,0565 25,584
2,1717 29,041
2,2842 32,801
2,3945 36,810
2,5028 41,021
2,5654 43,706
2,6684 48,014
2,7700 52,716
2,8699 57,067
2,9686 62,221
3,0659 67,143
3,1619 72,333
3,2568 77,300
3,3506 83,179
3,4433 88,879
3,5350 94,831
3,6258 100,831
3,7157 107,211
3,8047 113,703
3,8929 119,911
3,9803 126,555
4,0670 133,926
4,1530 140,428
4,2383 147,529
4,3229 155,522
4,3634 159,028

Yupaxxueaune 6. Vcxoas u3 snepreTudeckux cooOparKeHMit — BBITOJBI POCTa HOBOI (hassbl,
OIEHNTE KPUTUIECKUI pasMep Iy3bIPbKa IMapa B meperpeToil KmkocTu. Canraiite 3a/IaHHBIME
BHEIITHEE JIABJICHUE Ppyemn, JABJICHUE HACBIIIEHHOTO TAPA Pyac, KOIPMUIIMEHT TOBEPXHOCTHOI'O
HaTAXKEHUS 0.



Yupaxkuaeaune 7. [[okaxkure, 9T0 PN JIBUKEHUH 3JIEKTPOHA B OJIHOPOIHOM MAarHUTHOM IIOJIE
0 OKPYKHOCTU OCTaETCd WHBAPUAHTHON Besm4nna L + %, rjge L - 9T0 MOMEHT UMITYJIbCa,
97IEKTPOHA OTHOCUTEIHHO OCH, TIEPIIEHIUKYIAPHOI IVIOCKOCTHU BpaleHns, P - moTok MaramTHOTO
I0JIsT Yepe3 KPYT, [ePeceKarolnii TpaeKTopuio 3jieKTpona. [lomn mHBaprmanTHOCTHIO TOHUMAETCS
HE3aBUCUMOCTH YKA3aHHOI'O BBIPAXKEHUs OT TOJIOYKEHUS JIEKTPOHA Ha €ro TPAeKTOPUH.

Yupaxkuenune 8. Vcciienyiite rpadudeckn, Ipyu KaAKUX 3HAYEHUAX SHEPIUH MMOJTHON £ crryTHUK
00J1a/1a€T BO3MOYKHOCTBIO TIOKHHYTH I'PABUTAIIMOHHOE T10JI€ TTPUTATUBAIONIETO TIEHTPA.

Yupakaenue 9. J[InHABIN TMIKHID U3 cBepXIpoBogHuKa II poja, nmeroriero suadeHne mep-
BOro Kpurudeckoro nojis B, = 0,04 T, nomemator Bo BHentHee MarauTHoe 11oJie 0,05 T, npn
KOTOPOM 3KPaHUPYIOIIHEe TOKNA CIIOCOOHBI CO3/IaBaTh MAarHUTHOE II0JI€ B JIBa pa3a MEHbIIIee, YeM
B.,. Onenure 1pu 3ToM cpejiHee PaccTOSHIE MeXK/1y BUXpAME AOGPUKOCOBa.

Yupaxkaenue 10. Ha i miockoil moBepxXHOCTBIO IMPOBOJHMKA Ha PACCTOSHUHU h OT He€ HaxXo-
JIATCS TOYETHBIN 3apsi (.

1. TlocTrpoiiTe m306parkenue 3apsijia.

2. Haiiyiure cuy B3anMoJIeficTBUSA 3apsijia U €ro n300pazkKeHusl.
3. Banurmmre SHEPruio B3aUMOJICHCTBUS 3aPsI0B.
4

HO,ZLyMafITe KaK IIPpaBUJIbHO B34Tb IIPOU3BO/JHYIO OT dHEPI'UU BBaHMO,ILefICTBI/IH, YTOOBI I10-
JIYIUTD IIPpaBUJIbHOE BbIPazKCHUE IJId CHUJIbI BSaHMO,ZLeﬁCTBHH 3apAaa0B.

Yupaxkaenue 11. Ha1 mtockoit moBepXHOCTBIO CBEPXIIPOBOJIHUKA | pojia mmapaJsiiesbHO 3Toit
MMOBEPXHOCTH TIOJIBEIICH TOHKWUI TMPAMOJIUHENRHDIN ITPOBOJI Ha paccTosdnuu h ot miockoctu. [lo
MIPOBOJIY TEYET TMOCTOAHHBIN TOK [. HailiTn JmHENHYIO TJIOTHOCTH CBEPXITPOBOJIAIIETO TOKA 1,
TEKYIIETO TI0 TIOBEPXHOCTH CBEPXITPOBOTHUAKA.



