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Mpepucnoeue

Hacrosiiee nzganue npeacTaBisieT coOO0i MOJTHBIN COOPHUK 3amad K «DeitHMaHOB-
CKUM JIEKIIUSM TI0 (pU3NKe». DTOT COOPHUK OBLIT TTOATOTOBJIEH C MCIIONIb30BAHUEM TPEX
HWCTOYHUKOB: «3aJauyHrKa K HaudaJabHOU (pusuke» Jleiitona u Borra (DmucoH-Yacnu,
1969) u 1Byx ToMOB «3anauHnka K OeifHMaHOBCKUM JIEKIIUSM IO (DU3MKe», TTpeHa3Ha-
yeHHOTO [Tl KannbopHMiicKoTo TEXHOIOTHIeCKOTO MHCTUTYTA, COKpaiieHHO «Kantex»
(BnucoH-Yaciu, 1964—1965). VcxoaHblii 3a1auHUK ObLT 3HAYMTEIBHO MOIECPHU3UPO-
BaH: (DOPMYTMPOBKY U PEIlIeHUsI 3a1a4d ObLIM YTOUHEHBI ¥ UCTIPABIEHBI C UCIIOIb30Ba-
HUEM COBPEMEHHBIX eMMHUI] U3MEPEHUS, TOTIOJTHEHBI aKKYPAaTHBIMU PUCYHKAMU U TIOJT-
HOCTBIO Tiepe3arpykeHbl B porpamme «LATEX». 3amaun mig tomos 11 u 111 mexumit*
OBUTH TOTIOJTHEHBI HECKOJILKUMU HOBBIMU TIPOOJIEMaMU U TeTiepb TIPUBOISITCS C OTBETa-
MU/pelIeHUsIMUA, Yero He ObUIO B MPENbIIyIIUX M3NaHUsIX. B 3ToM m3maHum BriepBbIe
B OIHOI KHUTE TIPEJCTaBICHBI 33aul KO BCceM TpeM ToMaM «DeltHMaHOBCKUX JIEKITNA
1Mo ¢u3uKe», MpUIeM BIIEPBbIE BCE 3ala4M JaHbBI C TIIATETHHO MOATOTOBIEHHBIM KOM-
TJIEKTOM OTBETOB.
[My6rukyemble 3mech 3aMaun OaBajiMCh cTyneHTaMm Kantexa B KauecTBe 00s13aTesb-
HBIX TOMAIIHUX 3aJaHUil U KOHTPOJBHBIX pabOT B MPOTpaMMe BYXJIETHETO BBOIHOTO
Kypca ¢usuku B nepuon, kKorma Puyapn @eiitnman nperogaBan Tam ¢usuky (1961—
1964), 1 o3nHee — B TEYEHME ITOYTH IBYX IECATIIETHIA, Korna «DeiiHMaHOBCKIE JIEK-
vy o GU3MKe» UCIOIb30BAINCH B KayecTBe yueOHMKa. MHOTHE JTIoIM BHECTN CBOM
BKJIal B CO3[aHUE ITOTO COOpHUKA 3amad, uxX GaMWwINKM Bbl CMOXeTe HAWTH B CITUCKE
O6nmaromapHocTeli B pa3nene «BBemenue» k 3amadam s kaxmaoro Toma. Kpome toro, Ml
XOTeJ I ObI BBIPa3UTh OJ1aromapHOCTb:
— dakynpreTy HU3NKKM, MaTeMaTUKK U actpoHoMuu KanmbopHUIicKoro TexHoIo-
TMYECKOTO MHCTUTYTA, KOTOPBIN pa3pelvi HaM TTOATOTOBUTh 3Ty KHUTY W BKITIO-
YuTh ee B u3nanue «OeiTHMaHOBCKUX JIEKITUH 110 (hU3UKe HOBOTO THICSUEIIETHUS»;

— Poxycy ®@orty 3a BO3MOXHOCTb UCTIOJIb30BAHUS €T0 TETpaieil, COCTaBIeHHBIX 32
MHOTYE TOMIbI TIPeToiaBaHusI HadalbHOTO Kypca dusuku B Kanrexe;

— KOmxuny KoysHy 3a nipenocrapiicHUe peliieHuit 3agad K Tomam 11 u 111;

— Aapony LlummepMaHy 3a TIpOBEpKY TTPaBUJILHOCT BHOBb MOOABIEHHOTO MaTe-

puana u3 Kanrexa;

— Anamy KoxkpaHy 3a BHMMaTebHOe 00CYKIeHNEe T0T0BOpa Ha M3IaHNe STOW KHU-

ru ¢ uznareabcTBoM «Basic Books».

Maiixa A. Tommaub n Pydoavg Ighatighgpep

N3narenu «DeiiHMaHOBCKUX JIEKIUI 10 (pr3MKe HOBOTO ThICSYEICTHSI»
Hexabpp 2013

* Peyb unmeT 06 OpUIrMHAIBHOM M3IAHUU B TPEX TOMaX.
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ToM | (BbinyCckn 1-2)

e CoBpeEMEHHasa Hayka O npupoae ® 3aKOHbl MEXaAHUKU
¢ [IpocTpaHCcTBO ® Bpemsa e [IBnxeHne

ToM |l (BbinyCkn 3—4)

* I3nyyeHne ® BonHbl ® KBaHThI

e KnHeTuka e TennoTa ® 3ByK






BBepeHue

JlaHHble 3a7jaun MIpeAHa3HaYaIiCh aBTOPaMH JUIsl UCIIOIb30BaHUs BMECTE C TO-
MoM | «DeifHMaHOBCKHX JIEKIUI 10 (QU3MKe» B TEUeHHE IEPBOrO Tojia M3yUeHHUs
BBOJHOTO Kypca ¢pu3uku B KannpopHUHCKOM TEXHOIOTHYECKOM HHCTUTYTE, HOITOMY
OHH pacIoIOKEHbI B TOM K€ MOPSIJIKE, YTO ¥ TEMBbI, Ipe/icTaBlIeHHbIC B DeiiHMaHOB-
ckux nekmusax. [1o kaxmoit Teme (M B COOTBETCTBYIOIIEH IJIaBe) 3a0adH MOAPA3IEIIs-
FOTCS Ha KaTerOpUU B 3aBUCUMOCTH OT CTENICHH UX 0000IIEHHOCTH WM TPYIHOCTH.
CHayasna JaroTcs J0Ka3aTelbCTBa I 0000IEHH s, 3aTeM IIPOCThIE 3aa4H, 3aJa4H
HPOMEXYTOYHON CIOKHOCTU M HAKOHEIl 3a/1a4l MOBBIIICHHON CI0KHOCTU. OOBIYHO
JI0Ka3aTeIbCTBa U 0000IICHNS TOMOTHSIOT IUCKYCCHH, JaBaeMble B DefHMaHOBCKIX
JEKIMAX; UX PE3YyNIbTaThl CTYACHTHI JOJIKHBI [IOHUMATh U MCIIOIb30BaTh B JallbHEH-
meM. CpenHUe CTYACHTBHI HE JOJDKHBI MCIBITHIBATh KAaKUX-JIMOO TPYJHOCTEH NpHU
PEIICHUN MPOCTHIX 3a/lad; OHM TAKXKE JIOJDKHBI B COCTOSIHUM JIOCTATOYHO OBICTPO
CIIPABIATBCS C PEIIeHHEeM OOJBIIMHCTBA 334 IIPOMEKYTOUHOHN CIOKHOCTH (Ha pe-
MIEHHE KaXKI0U TaKOH 3313491, BO3MOXHO, rotpedyercst 10-20 mun). bornee cioxxHbIe
3a1a4u 00BIYHO TPeOyroT U Oosee MIyOOKOro (PU3N4ECKoro MOHMMAaHUS WK Ooliee
MIUPOKOTo ocMbIcieHus. x pemienue OyeT NpeacTaBisTh HHTEPEC IIaBHBIM 00pa-
30M JUTs1 HauboJjiee CHIIBHBIX CTYAEHTOB.

MHorue 11011 BHECIIU CBOM BKIJIaJ U KPUTUYECKYIO OLICHKY B OTJIEJIbHBIC 3a/1a-
4yi. 3HaYMUTENIbHOE YHCIIO 33a7a4 Obu1o coctasieHo P. b. JleiitoHoM B cOOTBETCTBUM
¢ opuruHaabHbIM QEeHHMaHOBCKUM KypCOM JIEKLUH 10 (r3uKe; HeKOTOpble U3 HUX
B3ATHI U3 obmmpHoro coopauka ®ocrepa CTpoHTA € €ro pa3perIeHns; LEeNbIi P
3ana4 Obw1 agantuposad P. E. @orrom Ha 6a3e sK3aMEHAI[IOHHOTO MaTepHaa, uc-
10JIb3yEMOT0 BO BBOIHOM Kypce. MHOTMM aBTOpaM 3ajay, Kak M3BECTHBIM, TaK U
HEU3BECTHBIM, MBI BBIPA)KaeM CBOIO HCKPEHHIOIO OJ1arofapHOCTb.

Kpome Toro, MbI canTaem, 4To paboTa emie JajieKka oT 3aBepuieHus. Ocraercs
HaJIeAThCA, YTO C TEYCHHEM BPEMEHM aBTOPBI WK JIpyrue npenojasarenu Kanrexa
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Oy/lyT COBEPILEHCTBOBATh HACTOALIMI MaTepuall U J00aBIATh HOBBIC 33/1a4U U 00b-
SICHEHHSI, YTOOBI B KOHEUHOM HTOT'€ CO3/1aTh BCEOOBEMITIONIYIO KHUTY-CaMOY4HUTENb,
IOJIE3HOCTH KOTOPOH MOTJIa OBl BEITH JTAJIEKO 32 T€ PAMKH, B KOTOPBIX OHA IIEPBOHA-

YHaJlbHO CO31aBaliaChb.

Pobepm b. Jleiimon n Poxyc E. @oem



Maea 1
ATOMBI B ABN)XEHUU

CM. «@eliHMaHOBCKHUe JeKuuu no pusuxe»”, T. I, ri1. 1-3
b 9

HpI/I AHAJIM3C CIICAYIOIIUX 3a4a4 YUTATCIIIO CICAYCT IMOJIb30BATHCA TEMH HIACAMU,
KOTOPBIC OIMUMCAaHBI B 3TUX IJIaBaX, a TAKXXE CBOUM COOCTBCHHBIM OITBITOM U Boo6pa—
JkeHueM. B GonbmmmHCTBE 3aJa4 IpHu UX PCHICHUN HE O)KUAACTCH IMMOJYUCHUS TOUYHBIX
KOJIMYCCTBEHHLIX PE3YyJIbTATOB.

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

Ecnu tenno siBasiercs MCpOfI MOJICKYJIAPHOTO ABHXKCHUS, TO B YEM pa3HHULIA
MEXAY TCIJIbIM HEIIOABUXHBIM 0eicOOIbHBIM MSYHKOM U XOJIOOAHBIM, HO ObI-
CTPO ABMIXKXYIIHUMCH MSTIHKOM ?

Ecau atombl BceX 00BEKTOB HaxXo4daTCd B HENPEPBIBHOM JIBHXKCHHWU, TO KaK
MOXET COXPAHATHCA MOCTOSIHHAA d)opMa JTHIOOBIX 06T>CKTOB, HalpuMep, TaKux
KaK OTIICYaTKH Ha OKAMCHEIIOCTIX?

OObACHUTE Ka4eCTBEHHO, IOUEMY U KaK TPEHHE B JBIKYILECHCS MAIIHE BbI-
pabarbiBaeT Temao. OObSICHUTE TAKXKe, €CIIU CMOXETE, II0UeEMy TEIlIO He MO-
KET MPOU3BOAUTH JBIXKCHUE B 0OPATHOM IIpOLIECCE.

XUMUKH 0OHAPY>KUITH, YTO MOJIEKYJIbI KaydyKa COCTOSAT U3 JUIMHHBIX TTEepeKpe-
[IMBAIOMINXCS eToYek aToMoB. OOBSCHUTE, TIOUEMY NIPU PACTSHKCHUH PE3H-
HOBas JICHTA HarpeBaeTcsl.

Uro Oymer ¢ pe3WHOBO JICHTOH, yAepKUBAIOIIEH JaHHBIA BeC, €CIH €€ Ha-
rpetb? (UTOOBI OTBETHTH HA BOMPOC, MOMBITANTECH CENAaTh ITO.)

MosxeTe 1 BBl OOBSCHHUTH, II0YEMY HET KPHCTAJJIOB, UMEIOIIUX (OpMy Ipa-
BUWIBHOTO TATHYronbHUKa? (TpeyrosbHUKH, KBaJpaTbl M IIECTHYTOJbHUKU
SIBJISIFOTCSL PACIIPOCTPaHEHHBIMU (JOPMaMU B MUPE KPHCTAILIOB.)

Bam naHo 6osbII0€ KOJIMUECTBO CTAIbHBIX MIAPUKOB OJMHAKOBOIO AUAMETPa
d v KOHTeiHep u3BecTHOro oObema V. Kaxplii rabaput 3Toro KoHTelHepa
HAMHOI'O IIPEBOCXOMUT AuaMeTp Imapuka. Kakoe Hanbombliee KOIHYECTBO
LIapUKOB /N MOKET TIOMECTUTBCS B KOHTElHepe?

* «DeiiHMaHOBCKME JIEKIIMK 10 (pusuke» (mamee — «JIeKUnM»), Ha KOTOPBIE HAIOTCSI

CCBUIKM B IAHHOM 3afauyHuKe, — TpexTroMHoe u3znanue «The Feynman Lectures on Physics»,
KOTOpOE B PYCCKOM IepeBojie ObUIO BHIMYIIEHO u3nateibcTBOM «ACT» B 1mIecTH TOMax B
2018—2021 rr. Hymepauus riaB B pyCCKOM IepeBojie (M B NMEpeusnaHusX) CoOXpaHeHa. —
Tlpumeu. peo.
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1.8.

1.9.

1.10.

1.11.

1.12.

1.13.

Kax 10mKHO H3MEHATHCS aBIeHKe ra3a P B 3aBUCHMOCTH OT YKCJIa aTOMOB /1
B eJIMHUIIE 00beMa U OT cpeHeil ckopoctu atoMoB (v)? (JlomkHO naBieHue
P ObITh NPONOPLUUOHATBHBIM 77 W/HUIK (V) TMO0 3Ta 3aBUCUMOCTb OT 77 U (0)
OTJIMYACTCSI OT JTUHESHHOI?)

B 00BIYHBIX YCIOBUAX BO3AYX HMeEET IIOTHOCTE okono 0,001 r/cm?, B To Bpe-
Msl KaK JKHJIKHH BO3IyX UMEET IIOTHOCTE okoso 1,0 r/cm3.

(a) OrueHnte KOIMYECTBO MOIEKY B 1 cM3 0OBIYHOTO BO3IYXa 71 ; H KUIKOTO
BO31yXa 71, .

(6) OueHnTe Maccy MOJICKYIIbI BO3IyXa 1.

(6) Ouenure cpemHee pacCTOSIHME /, KOTOPOE MOJIEKyJa BO3IyXa JIOJDKHA
HpOﬁTI/I MEXKAY CTOJIKHOBCHHUAMU IMPU HOPMAJIBHBIX TEMIIEPATypeC U OaB-
nennu (HT: 20 °C ipu 1 at™). DTO paccTOsIHUE HA3BIBACTCS OIUHOU CBO-
0600H020 npobeza.

(2) Mo xakoro ocraToyHOro AapieHus P HEOOXOAMMO OTKa4aTh BaKyyMHYIO
CHCTEMY Ul TOTO, YTOOBI JUIMHA CBOOOIHOTO MTpodera MoJIeKyIl B Hell co-
craBisiia 1 M.

VHTeHCHBHOCTh KOJUTMMHPOBAHHOTO TIapajIebHOrO Iydka aTOMOB Ka-
st cHokaetcst Ha 3,0 % B cioe aprona TommuHON 1,0 MM mpu 1aBleHUN
6,0 - 10~* MM pT. cT. Paccunraiite 5 peKTHBHYIO ILIOIIAAh MULICHA 4 Ha OUH
aTOM aproHa.

HccenenoBanus aupakivy PeHTIEHOBCKUX JIydeil TOKa3bIBaIOT, YTO KPUCTAJI-
61 NaCl umeroT ky6uueckyio pemterky ¢ paccrosuuem 2,820 A mexy 6mu-
XKaWmmMu cocensimu. Haliaure mo Tabiauiam mioTHOCTb, a TAKXKe MOJIIPHYIO
maccy NaCl u paccuuraiite uncio Asoraapo N ,. (3To onun u3 Hanbonee T04-
HBIX SKCIIEPUMEHTAIbHBIX METOZI0B OlpesieNeHus uuicna Asoraapo N ,.)

BonteyT u Pezepdhopa oOHapyKIIH, YTO pajuii B pABHOBECHHU C POILYKTAMHU
ero pacnaza npou3soaut 13,6 - 100 atomoB renus B ceKyHIy Ha rpaMm pajius.
OHu TaKxke ycTaHOBUIH, 9To pacnan 192 mr paaus npoussoaut 0,0824 Mm?
renust B IeHb Npu cTaHaapTHbIX Temmeparype u nasnenun (CT/: 0 °C npu
1 atm). Mcnonp3yiiTe 3TH AaHHBIE U1 pacyeTa:

(@) uncna atomoB remus Ny, B 1 cm? rasa npu CT/L;
(6) umcma Aporagpo N, .
Cewuika: Boltwood and Rutherford, Phil. Mag. 22, 586 (1911).

Poasneii o6Hapyxui, uro 0,81 Mr 0JIMBKOBOTO Maciia Ha IIOBEPXHOCTH BOJIbI 00-
pa3yeT MOHOMOJIEKYJISIpHBIN ci1oi 84 cM B auamerpe. Kakoe B pe3ynprare mo-
JTy4aeTcs 3Ha4eHHUe Yuciaa ABoraapo N, B IPEANONOKEHUH, YTO XUMHYECKast
(bopmyna onvBKOBOro Macja umeeT npubausurensubii Bua H(CH,), COOH
u GopMy B BUJIE TMHEHHOM 1enouky npu riotHoctr 0,8 r/em3?

Cewuika: Rayleigh, Proc.Roy.Soc. 47, 364 (1890).
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1.14.

1.15.

1.16.

IIpumepno B 1860 r. MakcBesu1 nokasal, 4To BI3KOCTh ra3a 3ajaercs Gopmy-
Jo#

n= %pv&

e p — IUIOTHOCTB Ta3a, U — CPeIHsIsl CKOPOCTh U ¢ — CPeIHsIs JJIMHA CBO-
O6omaoro mpobera monekyn raza. Kak panee Obuto mokazaHo MakcBeuioM,
Cpe,[(HSIS[ JIHA CB06OIIHOFO pobera MOJIEKYIT ra3a onpenessercs GopmyItoi
=1/(N2nN,o ?), re 6 — 5 (EKTUBHBIN TUAMETP MOJIEKYJIBL.

Jlommmu (1865) HCIIOJIH30BAaJl I3MEPEHHOE 3HAYeHNE 1), p (Ta3a) u p (TBepHO-
rO Tela) ¥ BMecTe ¢ JKoysieM paccyuTal v Ui ONpeAeneHns N, — KOMIecTsa
mosekyn B 1 cm? rasa npu CT/I. OH npeanonoxmiI, 4To MOJIeKyIIBI SIBIISTIOTCS
TBepABIMH chepamH, TUNIOTHO YIaKOBAaHHBIMH B TBepaoM Tene. [Ipu yciosuwy,
gron =2,0 - 10-*rem ! ¢! qna Bosmyxa mpu CIT, p (xkuaxoctu) ~ 1,0 r/em3,
p (raza) = 1,0 - 1073 r/cm3 m v = 500 M/c, paccunTaiite N,.

TTonublil BOABI CTakaH OCTABHJIM CTOSATh HAa MOJOKOHHUKE PACKPBITOIO OKHA
rae-to B Kanupopuuu.

(a) Kax BbI gymaete, CKOIBKO BpeMeHHM 1 MOTpeOyeTcst ATt TOTo, YTOObI BoAa
TIOJTHOCTBIO MCTIApHIIACh U3 3TOTO CTakaHa?

(6) Ckosbko MoJeKys J ¢ OIHOrO KBaJpaTHOIO CaHTHMETPA HMOBEPXHOCTU
BOJIbI B CTAKaHEe MOIJIO IOKUHYTh 3TOT CTaKaH BOJbI 3@ CEKYHIY IIPH TaKoH
CKOpPOCTH HcHapeHus?

(6) Kparko oOBsICHUTE CBSI3b, €CITHM TAaKOBAasI IMEETCS, MKy BAIlIIM OTBETOM
Ha BoTIpocC (@) TaHHOH 3a/1a41 M CPeTHEH HOPMOU BBITTAZCHHS OCAIKOB 110
Becel 3emite.

B maneo3oiickyio 3py Kamuisl mociaeoOeIeHHOro JIMBHS yIaja Ha 3eMII0 U
OCTaBMJIa Ha HeW OTIeYaToK, KOTOPBIH MOKe OBUI B XOAE PACKOIOK TOOBIT
CTPaJalOLINM OT JKapbl U JKaX bl CTyAeHTOM-reosoroM. Ocymas cBoio ¢usry,
OTOT CTYACHT OT HCYEIO ACJaTh MPUKHUABIBACT, CKOJIBKO MOJICKYJ BOIBI N u3
9TOH ApeBHEN NOKIEBOH Kariu OH TOJIBKO 4TO BN Ouenure N, HCIoONb3ys
TOJIBKO U3BECTHBIE BaM AaHHbIe. (Caemnaiite pa3yMHbIe TPEANOI0KEHUS OTHO-
CUTEJIBHO HEOOXOIMMOCTH HH(OPMAIIUH, KOTOPO BBl HE 00JaaeTe.)



