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NPEANCNOBUE

B atoM u creayromeM Bbimyckax Bu6amnoreuxu
«KBaHT» penxosulerusi pemmia cejarb HOAAPOK YMTATEIAM: CO-
6patb BMecTe Bce ny6iukoBaBinecs: B « KBaHTte» cratbu ogHOro us
CaMbIX IIOCTOSIHHBIX U CaMBIX JTIOGHMbIX aBTOPOB — Moucesi Mcaako-
Buya KaraHosa.

Moucett MicaakoBuu KaraHoB — pU3NK-TEOPETUK, OLUH U3 APKUX
npezcTaBuTesiel mKosbl JlaHaay, crienHasucT B 06,1aCTH KBAHTOBOM
Teopuu TBepAoro Tesna. [JoKTOp (U3UKO-MaTeMaTHYECKUX HaYK,
npogeccop MI'Y umenu M.B.JloMoHOCOBa M IOYETHBIH HOKTOP
BpomsiaBcKOro TeXHOJIOTMYECKOTO YHUBEPCUTETAa. Y4YacTHUK Besu-
koit OrevyecTBeHHO#H BoiiHBI. B 1949 roay oxonunsn ¢pusmko-marema-
THYeCKHii paKyabTeT XapbKOBCKOIO FOCYAapCTBEHHOTO YHUBEPCUTE-
Ta, ¢ 1949 no 1970 rox pa6oran B YKpauHCKOM (PU3UKO-TEXHUYEC-
KOM MHCTUTYTe, a ¢ 1970 no 1994 rox — B VHcTuTyTe dusnyeckux
npo6sieM uMenu I1.JI.Kanuupi. OaHOBpEMEHHO MpeNOAaBal — CHa-
yasa B XapbKOBCKOM yYHUBepcuTeTe, notoM B MockoBckoM. Ceituac
xkuser B CIIIA.

1o 3ameyaresbHBIM Hay4yHBIM MOHOTrpadussM Mouces VcaakoBu-
4a (¢ COaBTOPaMH) BOCHMTHIBAJIOCH HECKOJIBKO OKOJIEHUH MOJIOMIBIX
(u3MKOB, a ero yIUBUTEIbHbIE HAYYHO-NIONY ISIPHBIE CTATbU U KHUTH
TIOMOTJIM MHOTMM HIKOJIbHMKAM BbIGpaTh CBOM JKU3HEHHBIH MyTb.

B 2011 rogy Mouceio VcaakoBuuy ucnosuunoch 90 jser, oaHako
OH IIPOJI0JIXKaeT aKTUBHO pa6otatb. Ero crarbs «Ilocrosinnas Ilnan-
Ka — CHMBOJI KBAaHTOBOrO BeKa» HAIlMCaHa COBCEM HENaBHO U Oyzer
BIepBble OMY6/IMKOBaHA BO BTOPOI YacTH IIpe/araeMoro BalleMy
BHUMaHUIO COOPHHKA.



O TPEHUN

B yem owmbka Apucrorens

Apucroreniss 06bIYHO BCIIOMHUHAIOT, YTOOBI MOKPUTH-
koBath. U To y Hero HenpaBuJbHO, 1 3T0. OCOGEHHO OCTAETCS My
B Kypce MeXaHuKd. Beab XOpoOIIO U3BECTHO, YTO CHUJIE IPONOPIHO-
HAJbHO YCKOpEHHe TeJa, a TeJso, IpeJoCTaBJEHHOe caMo cebe,
JBHIXKETCS1 C IIOCTOSTHHOH CKOPOCTbIO. A ApHCTOTeNb YTBEpXKIAJ
HeYTO APYroe: CKOPOCTb TeJia NPONOPLMOHAIbHA AeiicTByIoLIei Ha
Hero cusie. V1 eciv He NMpUKJIAABIBATbh CUJLY, TO TEJO OCTAHOBUTCS.
ITpaBaa, Ham Ka’kOAHEBHBIN ONBIT CKOPee MOATBEPXKIAET YTBEPXK-
nenust Apucrorens, yeM HploToHa, ABa 3aKkOHa KOTOPOro Ml cGop-
MyJMpOBasU Bblile. [lefiCTBUTENBHO, YTOGBI TEJIO ABUrajoCh, €ro
HaJ0 TOJIKaTh MJM TSAHYTb, T.e. IPUKJIAAbIBATD K HEMY CHUJY,
a Kak TOJIbKO IPHJIOXKEHHAsl CHJIa UCYe3aeT, TeJI0 OCTAaHABJIMBAETCS.
YTBepxaeHue APUCTOTEJIsI, Ha NIEPBbIi B3TJISLA, JY4ll€ COTJIacyeTcst
¢ HabjofaeMbIMU SBJEHUSMU, 4YeM 3aKOoHB HploToHa.
ITosTomy-To Tak TPYAHO OBLTIO GOPOTHCS C AaBTOPUTETOM ADHCTOTES.

Corsnacue Mexay Teopueit (3akoHamu HpioToHa) M 3KCHEpH-
MeHTOM (HaG/IIOfEHUSIMY 3a ABWXKYLMMHUCA TpeaMeTaMu) oGHapy-
JKUBaercs, ecau ydyectb cuibl TpeHusi. Koraa, kak kasanoch Apuc-
TOTEJIO, Ha TEJIO HUYTO He jAedcTByeT u mostomy (!) OHO ocraHaB-
JIMBAE€TCsl, Ha HEro B AeHCTBUTEJNBHOCTU AEHCTBYeT CUJia TpPEHHS,
KOTOpasi U TOPMO3WUT ABU-
JKeHUe.

Uto ke Takoe cujia Tpe-
Husi? KakoBa ee npupoaa?

Yarie Bcero Mbl BCIIOMH-
HaeM o Heil, usyyas paboty
MEXaHM3MOB, 3a/[yMbIBasICh
O CKOJIb)X€HUM CaHOK [0
CHEXXHOMY HACTY WJI JIOAKU
N0 BOZAHO# moBepxHOCTH. B
061X YepTaxX IOHATh, 4TO
IIPOMCXOAUT IIPU COIPUKOC-
HOBEHUU [BYX TeJ, HOXa-
JIy#, MOXHO.




TpeHue n atombl

Atombl conmpuxacalommxcst Ten (1ojo3beB M cHera
M/ TIOJINIMITHUKA W OGONMbBI) B3aUMOZEHCTBYIOT pyr ¢ apyrom.’
Ilpy ABHXKEHMM aTOMBI OJHOTO Teja MbITAIOTCA yBJeYb ATOMBI
apyroro. Ecin uM yznaercs aTo, TO OHO U3 HUX WM 06a pa3pylia-
10Tc. MBI roBopuM 06biyHO — crHpaioTcs. JlaBaiite, uTOGbI He
3aTPYAHSITb PACCMOTPEHHE, TPpeHe6pexeM crupanueM. I1pu He oueHb
6OMbIINX CKOPOCTSIX W JOCTATOYHO TBEPABIX JETANSX 3TO BIIOJIHE
nonycrumo. Mtak, aToMaM OAHOTO Teja He YIaeTcsl yBJ€Yb aTOMbI
Apyroro Teja. YTo ke Bce-TaKky NPOUCXOAUT? ATOMBI TBEPAOTO Tesia
(xpucrana) pacnosaraiorcs: B onpe/ieleHHbIX MO3MIHSIX B IOJI0XKe-
HUSIX paBHOBecus. IlpaBa, TEPMUH <«pacroJaraloTcsi» HECKOJIbKO
YCJIOBEH, TaK KaK aTOMBbI BCEe BPeMsl HaXOMSATCS B [ABHXKEHHHM: OHU
COBEPLIAIOT MaJible K0Je6aHUsI OKOJIO MOJIOXKEHUH paBHOBecusi. VH-
TEHCUBHOCTb 3TUX KoJeGaHuil ompejessieTcsi TeMmeparypoi. Yem
6o.1blie TeMIIEpaTypa, TeM GOJIblie SHEPIUsl M AMILIUTY 1 KOJIeGaHMi
aTOMOB. ATOMbBI KPHCTaJLTa B3aUMOJEHCTBYIOT APYT C ApyroM. Mame-
HeHUe [BMXXEHMsI OJHOTO aTOMa WJIM TPYIIbI aTOMOB IepefaeTcs
COCE/IHHMM.

Korza oxno Teno ABMXKETCS OTHOCHTENBHO APYroro, Kacasich
€ro, aTOMbI 3TUX TeJ «LEMISIOT> ¥ pacKayuBaloT Apyr aApyra. Ecau
He GOATHCS BYJbrapu3allii, TO ITOT MPOLECC MOXKHO NpPEACTABUTH
cebe Tak: 4YeJOBeK GEeXUT MHUMO BUCAIIMX PSAOM MasITHUKOB M
packauuBaer ux (puc.1). Van eme Jydmie: MasTHMKM CBSI3aHbI
MeX Ay coboii. KauHyB OAMH WM HECKOJbKO, 3aCTaBJISIIOT ABUIaTh-
csl Bce OCTaJIbHBIE.

Kone6anuss aToMOB, pacrnoJIOKEHHBIX Ha MOBEPXHOCTH TeJa,
NepeslaloTCsl aTOMaM, PacloJIOXeHHbIM B raybune. Ilepesaya aHep-
TUA OT TIOBEPXHOCTH B IJIyOUMHY TeJla — CJIOXKHBIM MpOIECC, He [0
KOHI[a HPOCJIe)XEHHBbI 10 ciX 110p (XOTs1 O61IME YepPTHI €10 MOHSTHI).
Ilytn mepenadn sHepruu CyIHeCTBEHHO 3aBUCSIT OT TOTO, YTO NpeJ-
cTaBjsieT co60i TBeppoe Teno. Hampumep, B Meramiax sHepruio
MOTYT YHOCHTb 3JeKTpoHbl. Ho, xakoB 6bI HM GbL1 IyTb OTBOAA
SHEPTHMHU OT NMOBEPXHOCTH, B KOHEYHOM CYETe TPEHHE OJHOIO TeJa O

! HeckoJtbKo TyMaHHOE CIOBO <«B3aHMOJEHCTBYIOT> 03HAYAET, YTO ATOMBI
1160 NPUTATUBAIOTCS APYT K APYTY, JU60 OTTANKMBAIOTCA. B jeiicTBUTEb-
HOCTH — W NIPUTATMBAIOTCS, M OTTAJKUBAIOTCSA. Baaiu nputsaruBaiorcs, a
BOJIM3M OTTaJIKMBAIOTCS. Hago Tonbko momuuth, 4To MacmTabbl B MHpe
aTOMOB — 3TO aHICTPEMbl (1A=10" CM) «Bpanmus o3Hayaer paccrosiHue
MHOTO Gonpine 1A, B61mM3u — nopsiaka 1A. IIpH COMPHKOCHOBEHNH ATOMbI
Pa3HBIX TeJ HaXOAATCA JPYr OT JApyra Ha pacCTOSHUAX, 3HAYMTEbHO
IpeBbINAIHX 1A.
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Puc 1

Jpyroe TNPHBOAMT K NOBBINIEHHIO TeMIlepatypbl. Kpome Toro, B
mpolecce TPEHUs MPOUCXOASAT U3MEHEHUS! CTPYKTYPbl TPYIIMXCS
nosepxHocTeil. VX HEO6XOANMO YYUTHIBAaTh IPU XKeJaHUH NOHATH
BCe SIBJICHWS, CONPOBOXAAIONMe Tpenue.2 OJHAKO, TOKa Mbl He
IBITAEMCS TIOCTPOUTD KOJIMYECTBEHHYIO TEOPHIO, HaM He 04eHb Ba)KHO
TOYHO 3HaTh, YTO TPOUCXOAMT B TBepAOM Tese. CylecTBeHHO
HOHATD: SHEPTHsl ABUXKYLIETOCS TeJIa YaCTHYHO TPATUTCS HA BO36YXK-
JieHue [BWKEHUs] aTOMHBIX YaCTHIl, U3 KOTOPBIX COCTOAT TBep/ble
TeJa.

MOo3KHO CKasaTh, YTO TPYIUHMECS TeJia «pab0TaloT», TOJbKO pabo-
Ta 3Ta [eJlaeTcsl BIYCTYI0 — HEPrUsl TPATHTCSI Ha HarpeB TeJa,
KOTOpOE Yalle BCero IMpUXOJUTCS MCKYCCTBEHHO oxJaxiath (ueso-
BEK KaMEeHHOTO BEKa, MPUBBIKIINWI AOObIBATb OTOHb TpPEHHEM, He
corsacuicst 6b1 ¢ Hamu). YeM Goibliie B3aMMHasi CKOPOCTb TeJ, TeM
6oJiblile SHEPIWM PACXOAyeTcss Ha PacKayky aTOMOB, 3HAYHUT, TeM
60JIb1IYI0 pa6oTy NMpousBoAAar Teja. C Apyroil CTOpOHbI, M3BECTHO,
yTO paboTa B efMHMILy BpeMeHH (MONIHOCTh) paBHA CHJIE, YMHOXEH-
HOM Ha CKOpOCTb. JTa CHJIa M eCTb CUJIa TPEeHHs.

2 HpOéJ'leMOf:l TPEHHUS 3aHATDHI KOJLJIEKTUBDBI YYE€HbIX, KOTOPbIM NPUXOAUT-
Csl IpMBJIEKATb CaMble COBPEMEHHbIE METOAbI MCCJIENOBAHUA H NOCJIEAHHUE
NpeACTaBJICHUA O ABUXKECHHUM aTOMHbBIX YaCTHIl B TBEPABIX TEJIaX.



Mb1 BecbMa (OpMaJIbHO «BBEJIM» CHIY Tpenusi. IIpaBza, momsl-
TaJINCh Pa3bsICHUTD ee NMPUPOLY.

MoHO, NOCTYNUTh W HECKOJbKO WHaye. BBIACHMTDH, Kakoe
KOJINYeCTBO UMITYJibca (KOJINYECTBO JBUXKEHHUS ) TEPSET ABHAKYIIEECs
TEJI0O B €AMHMIy BpPeMEHHM Ha BO30OyXX[eHue KoyieGaHWii aTOMOB.
CoryacHo 3akoHy HbloToHa M3MeHeHue uMITyJIbca TeJa B eMHMILY
BPEMEHHU PaBHO [eHCTBYIOIIEH Ha Hero cuje. JTO JaeT HaM BO3MOX-
HOCTb OnpezieIUTh cuity TpeHus. KoneuHo, o6a onpesieieHust npuBo-
JAT K OAHOMY ¥ TOMY K€ 3HAY€HMIO CHJIbI.

Curna TpeHus XapaKTepu3yeT B3aUMO/IEHCTBUE MEX/IY MaKPOCKO-
NIMYECKUMH TeJIaMH, U, XOT TPEHHe — Pe3yJIbTaT B3aMMOAEHCTBUS
OT/IeIbHbIX aTOMHBIX YaCTHUI[, CHJIa TPEHUS PA3UTEJIbHO OTJIHYAETCS
OT CHWJI, KOTOpbie [EHCTBYIOT MEX/y aTOMaMH U MOJIEKYJIaMH.
JleficTBUTEIbHO, CHJIBI, EHCTBYIOIHE MEX/Y aTOMAaMH U MOJIEKY.Ia-
MU, 3aBHCAT TOJBKO OT PacCTOSTHHSI MeXJy HHUMH, a CHJIa TPEHHUs
3aBHCHUT OT OTHOCHUTEJIbHOW cKopocTu Test. OHAKO CHJIa TPeHUs He
TOJIbKO 3THM OTJIMYAETCS OT CHJI B3aUMO/IEHCTBHS MEXKIY MUKPOCKO-
nu4yecKuMH TejJaMu. OHa 06/1aiaeT CBOHCTBOM, HAa3bIBAEMbIM Pa3HbI-
MM CJIOBaMH, CMBICJ KOTOPBIX OJHHAKOB:

HeobGpaTtumoctb, guccunaums, norepm

Ilon neiicTBueM cuJbl TpEHHsS TeJO BCer[a TepsieT
3HEPruio, BCETAa TOPMO3MTCS. JTO CBSI3aHO C TEM, YTO DHEPTHUS
JBIDKEHUS TeJsl TIPH TPEHUM PAaCXOAyeTcs Ha BO3GYKAEHWE JABUXKe-
HUSI aTOMHBIX 4acTHll. ATOMOB HeBOOGpasumo MHoro (B BOsmyxe

~10% vacruy B 1 cM®), IBWXKYTCS oHM GecniopsiiouHo. Ilepenan-

Hasi UM HeprHusi onpocTy paccensaercs (quccunupyercs, ot (ppan-
mysckoro dissiparer — paccenBaTh) MeXIy GECUMCIEHHBIMH aTO-
Mamu. HoBbie xo3sieBa 3Hepruum HenpepbiBHO OGMEHUBAIOTCH €l0
JIPYT C IPYTOM U BOBCE <HE CKJIOHHBI OT/aTb [{OJI'» MAaKpPOCKOIH-
yecKoMy Testy. OMUCAaHHBIN NPOIIECC eCTh, KOHEYHO, NIEPEXO0] KUHe-
THUYECKOH 3HEpruy B TEIUIOBYI0. MBI BHIUM, YTO 3TOT IPOIIECC
Heo6paTuM.

ITnonorBOpHBIit MeTOL 0006LIEHHST TOHATUH COCTOUT B TOM, YTO
OJIHO M3 OCHOBHBIX CBOMCTB, NIpUCYIIee JAaHHOMY MOHSTHUIO, TIPUHU-
MalT 3a €ro HOBOe onpezeseHue. Bocmosb3yemcss aTUM MeTonOM
7151 0600IIeHNsT TIOHSTUSI TpeHusl. BajkHeilliee cBOMCTBO TpeHwus,
KaKk Mbl BH/EJH, 3TO HeOOpaTHMOCTb, CBSI3aHHASI C IEPEXOIOM
SHEpruy yNOPSIAOYEHHOTO [BYXKEHUSl B Temuio. [Ipumem 3TO CBOM-
CTBO 3a ONpe/ieJiIeHHe U OTHbIHE 6yZeM MMEHOBATbh TPEHHEM BCSKHii
HeoOpaTUMBIil NPOIECC, CONPOBOXKAAIOUIMACS NMEPEXOJ0M 3HEPIUU
YIOPSIIOYEHHOTO [BIKEHHUSI B TeIJIO. Temepb MOXHO TOBOPHTH O
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TPEHHH BYX BCTPEYHBIX ITOTOKOB ra3a — OHM B3aMMHO TOPMO3STCS
U HarpeBaloTCs, O TPEHUU TBEPJOrO Teja O Ta3 M Tak JaJee.

A cuna tpenusi? OHa mno-mpekHeMy CONPOBOXJaeT MpoLecC
tpenusi. B camoM zieste, B poiiecce TpeHusI 9HEPTHs yIOPAL0YEHHOTO
JBIDKEHUS] YMEHDIIAETCSI, 3HAYMUT, YMEHBINAETCS U €T0 CKOPOCTb.
VIHBIMU CJIOBaMH, YCKOPEHHE HANPAaBJIEHO B CTOPOHY, HPOTHBOIO-
JIOKHYIO cKOpocTH Tesa. Bcnomuum Bropoit 3akon Hbiotona. Ine
€CTb yCKOPEHUE, TaM eCTb ¥ CHJIa. JTa CHJIa M ecTb cusa TpeHus. Ona
HanpaBpJieHa B CTOPOHY, IIPOTHUBOMOJIOKHYIO CKODOCTH, OHA BCErJa
TOPMO3HUT.

MNpocron ayyan

BriBarot ciryyau, Korza pacyer CUJIbl TDEHUS CPaBHU-
TEJIbHO MPOCT U He TpeGyeT IIy6OKOr0 NPOHUKHOBEHHS B TEOPHIO
tBepgoro Tesa. Ilycrb, Hampumep, TBEpPAOE TeJO JBUXKETCS 4yepes
JIOCTaTOYHO paspekeHHbiit ra3. Torga cuja TpeHHs: o6ycJIOBJIeHa
CTOJIKHOBEHUSIMM aTOMOB ra3a ¢ MOBEPXHOCTBIO TeJa.

IIpexxae yeM MPUCTYNUTD K pacyeTy CHJIbI TPEHHsI, PACCMOTPHUM
OT/IEJIbHBIA aKT CTOMKHOBeHUs. YacTuia ¢ UMIyibcoM P HaJaeT Ha
moBepxHOCTh Tesa. CTOJKHOBEHHEe aToMa C NMOBEPXHOCTDIO — CJIOXK-
Hoe co6bitue. IlomymaeM, 4YTO MOXeT NpOU30HTH. ATOM MOXeT
OCTaThCs Ha NOBEPXHOCTH (IPUIMIHYTH), MOXET TJIyGOKO NMPOHUK-
HyTb B TEJO, & MOXET M OTPa3UThbCs OT MOBepxXHOCTH Teja. Ilpu
orpaxxenur (Hac 6y/[eT MHTEPECOBATb MMEHHO 3TOT CJy4ai, Ml
JaJibllie O6bSCHUM TI0YEMY) TOKE BO3MOXKHBI PA3JIMYHbIE CUTYALUH.
Hanpumep, aToM MOXKeT HOHM30BAThCSI WM BBIGUTH aTOM C IOBEPX-
HOCTH, MOJIEKYJIa MOXKET PacHacTbCsl Ha COCTABJIAIONIME €€ aTOMbI U
Tak aajgee. Kopode roBopsi, BO3MOKHOCTEl MHOTO, HO Oy/AeM CYH-
TaTh, YTO aTOM HPOCTO OTPa3Wics, Kak Ms4 oT creHkd. He mua
YIpPOINEHUs, XOTS 3Ta CHUTyauus AEHCTBUTEJbHO INpOCTeHmias, a
HOTOMY, YTO B MOJABJISIONIEM GOJBIIMHCTBE CJAy4aeB NpU He CJIHII-
KOM GbICTPOM [BUXKEHHH TeJla Yepe3 ra3 MMEHHO 3TO U IMPOUCXOIUT
~ aroMbl NpOCTO OTpaxkaioTcsl (OTCKaKMBAIOT) OT IOBEPXHOCTH
tena.3 Bosee cioxuble curyanuu (BHEApEHHE aTOMOB B TBEPOE
TeJI0, HOHM3alMs U JpP.), KOHEYHO, TOXe HaGJII0aI0TCs U NOAPOGHO
uccienoBanbl. Kaxaplit 3 3TUX MPOLECCOB MIPOMCXOAUT C HANOGOJIb-
mieil BepOSITHOCTBIO TIPU olipejesieHHoit ckopoctu yactun. Hampu-
Mep, 4eM GoJIbllie CKOPOCTH YacTHll, TeM 6GOJbllle BEPOSITHOCTD TOTO,
4TO aTOM IPOHMKHET Ha CPaBHUTEJIBHO 6OJbLIYIO IJTyOMHY B TBEp-

3 K cuacTbio, OueHb PeJIKO MOJIEKY.Ibl BOJbI U3 BO3/yXa MPHJHMAIOT K
JeTsAIeMy camoJiery. FiHaue omacHOCTD OJleleHeHHst BO3poc.ia 6bI BO MHOTO
pas.



noe teso. Uto6bl IpeAcTaBUTh ce6e, 0 KaKUX CKOPOCTSX HUAET Pedb,
OTMETHM: aTOM KMCJIOPOZa, HaJIeTAIOIMi Ha IIOBEPXHOCTb TBEPAOTO
Tenra co ckopocteio 107 cM/c , TPOHMKaeT NPUGIM3UTENBHO Ha
10—12 aTOMHBIX paccTosiHMil B IJIy6MHY TBepaoro Teaa. 4 Cpeanss
TEIJIOBasi CKOPOCTb ¥ aTOMOB Ta3a C Maccoil m, KaK IOKa3bIBaeT

’kT
MOJIEKY JIADHO-KMHETUYECKasi TeopHusl ra3os, paBHa ,(— , TA€ T -
m

TeMneparypa B aOCOJIOTHbIX €AMHUIAX, a k — Tak HasbpIBaeMas
noctossHHasi DosbliMaHa, paBHast 1,4-103 IIx/ rpag. [lpu T =
=300 K (=27°C) cpeaHsss CKOpOCTb aToMa KHMCJODPOZA MEHbIIE
10° cm'c. Ecau Temo IOKOMTCA B rase, TO CPeHSAS CKODOCTb
CTOJIKHOBEHMII MOJIEKYJI Ta3a C MOBEPXHOCTBIO TeJsa NPHOIN3UTE -
HO COBHAJIaeT CO CpeAHeH TeIJIOBOH CKODOCTBIO; €CJH Ke Teso
JIBIDKETCS, TO oTJn4aercsi oT Hee. OfHAKO B TOM cJIyyae KOraa
CKOpDOCTb [BIDKYLIETOCS Teja Majla N0 CPaBHEHMIO CO CpefHei
TENJIoBOi cKOpocThio (HHKOrJa He CJeAyeT MPOXOAUTb MUMO YacT-
HBIX CJy4aeB, B KOTOPbIX MCCJEyeMbIil BONPOC BbITJSIAMT HPOILE),
CKOpOCTh CTOJIKHOBEHMSI IOYTH HE OTJIMYAETCA OT TeIJIOBOH, M
SHEPrMH aTOMA IONPOCTY HEJOCTATOYHO JJisi IPOHUKHOBEHHS BrIyOb
TBEPIOTO TeJa.

XoTs1 Mbl Ha3BaJHM CJIy4all OTpaKeHHS aTOMOB OT IIOBEPXHOCTH
TBEPAOTO TeJa NMPOCTEHIINM, HO U OH HYXKAaeTcsl B mosicHeHuu. U
aToM, u TeM 60Jiee TBEPIOE TEJIO — CIOXKHbIE CHUCTEMbI, COCTOSIIIINE U3
60.b11i0r0 Yyrcia yactuil. [Ipy oTpaskeHNH aToMa OT TOBEPXHOCTH TeJIa
YacTb €ro SHEPrMH MOXKET YUTH Ha TO, YTOGbI HECKOJIbKO M3MEHUTD
BHYTpPEHHee COCTOSTHUE aTOMa MJIM TBEPAOTO TeJia, ITONIPOCTY TOBODSI,
CABUHYTDb YaCTHIIbI, 3 KOTOPBIX COCTOSIT aTOM U TBepzoe Teso. Ecim
3TO IIPOU30LLIO, TO CTOJKHOBEHHE Ha3biBaeTcs HeynpyruM. Ecim e
HeT, To ynpyruMm. Kaxmoe croJKHOBeHHe 06J1aJaeT HEKOTOPOii
HeyNpYrocTbio, HO €CJIM YacTb JHEPTMH, ylieAllas Ha M3MEHeHHe
BHYTPEHHETO COCTOSIHUS CTaJKMBAIOIMXCsl 06bekToB (aTtoma, TBep-
JI0TO TeJjia), MaJia [10 CPaBHEHMIO C SHEPTHEl aTOMa, TO HEYIPYrOCThIO
MOJKHO TpeHe6peYb W CUMTaTh CTOJKHOBEHHE TIOJIHOCTHIO YIPYTHM.
Mm! 6yneM paccMaTpuBaThb MMEHHO TaKHe CTOJIKHOBEHHS.

Heckonbko cioB 0 Msaye

Moxxer ¥ nomxeH BOSHMKHYTb Bompoc: <«Ilouemy
Heynpyroctb Mana?» OTBeTHTb Ha Hero HempocTo. Pas6epeM He-
CKOJIbKO HOApOOHee OTCKOK MsiYa OT CTEHKH HJIHM, 4TO Ipolie, OT

4 KuneTuueckast sHeprus aToMa KHCJI0po/a TIp 3ToM paBHa 10 ksB (cM.
HUXKeE).
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nosa. Ecim cro/ikHOBeHHe ynpyro, TO Ms4, HAaYaBIIMH JABHXKEHHE C
HyJIEBOH CKOPOCTBIO, IOCJIe yaapa 06 TOJ MOANPHITHET HA BBICOTY,
¢ xotopoit ynan (Tpennem o Bo3ayx mpene6peraem). Ecim crosik-
HOBEHHE HEYNPYTo, TO MY He AOJETHT A0 HayalbHOH BBICOTHI.
OnpIT MOKa3bIBAET, YTO TBEPAbI, XOPOIIO HAAYTbIi, MY MpPbIraeT
XOpOoLIo, a MATKMHA — mroxo. VI 4To OT AepeBSHHOTO moJjia MsY
OTCKAaKMBAeT XOPOILIo, a OT HecKa — II0X0. Bce onpenesnsercs tem,
JIETKO MJIM TPYAHO CABHHYTb MOJIEKYJIbI MJIM aTOMBbI, M3 KOTOPBIX
COCTOSAT CTajJKMBaolinecs Teia (Ms4, NOJ), OTHOCHUTEJNbHO APYT
apyra. Ecim nerxko (HeHagyTblil Msi4, OTCKOK OT IecKa), TO COyAa-
peHMe HEYIpYTo, ecau TPyAHO, To — ynpyro. Kasanoce 6b1, momxk-
HO ObiThb MHave. Ecium TpyaHo cABMHYTH, TO Ha 3TO TPATHTCSH
6oJbllIasi YaCTb SHEPTHHU, eCJIU JIerko, To MeHbiasi. Toraa 6b110 6bi
Hao60pOT: MATKMH MSY HOANPBIrHBaJ Gbl Ha GOJIBIIYIO BBICOTY,
4yeM TBepAbli. XOTa HemocpeACTBeHHOe HAGJIOEHHE OTBEPraeT 3Ty
BO3MO>XHOCTb, MMEET CMBICJI IIPOBEPUTDH Ce6sI pacyeToM.

3aKoHbI COXpaHeHUs1 U HepaBeHCTBa

PaccMOTpUM CTOJIKHOBEHHE ABYX 3JIEMEHTAPHBIX Ya-
CTHIl B TOM CJly4yae, KOr/a OAHA M3 HMX Topa3jio TsKeJiell Apyroi.
HasbiBas yacTuily 3/71eMeHTapHOH, MBI YTBEDXK/aeM, YTO BHYTDEH-
Hee JBHXEHHME B YacTHIle OTCYTCTBYeT HJIM HE HrpaeT HUKaKON
poJiM B M3y4aeMOM siBJieHMH. Tak, 3eMJII0 MOXXHO ObLIO Gbl CYH-
TaTh 3JIEMEHTADHON 4YacTHLeH NpM M3yYyeHWM [ABWXKeHHs JIyHBI,
ecau 6bl He TIPUJIMBBI M OT/AMBBI, «OTCACHIBAIOIIME» €€ JHEPTHUIO.
JKecTkuii, Xopowo HagyTbIi, M4 BBICTYNAET B MPOLECCE CTOJIKHO-
BEHMsI KaK dJIEeMEHTapHasl 4acTHLA, a cJa6o HaAyThblii — KaK CJIOX-
HOe TeJio.

IIyctb Tsixenas yacTuna maccoif M [0 CTOJKHOBEHHSI MOKOMT-
csi. O6o3HayuM yepe3 P = mU HMMIYJIbC JIETKOH YACTHIBI A0 CTOJ-
KHOBeHMs. [I/Is1 OLlEHKH MMITyJIbCOB M SHEPIHil YaCTHUII IIOCJIE CTOJ-
KHOBEHHMS BOCINOJb3yeMCsl 3aKOHAMM COXDAaHEHUSI JHEPTHH M UM-
HyJbca.

ScHo, 4TO B pesyJbTaTe CTOJIKHOBEHHS! KMHETHYECKAS DHEPTHs
TSKEJIOH YacTHIIbI MOXKET TOJIbKO YBEINYUThCs (HATIOMHMM, YTO /10
CTOJIKHOBEHHSI OHA PAaBHsLIACh MyJii0). Tak Kak MojHass SHEPTHsi He
HU3MEHSETCs, TO KHHETHYeCKasi 3HEprusi JIErKOW 4YacTHIlbl, MOCJe
CTOJIKHOBEHHS YMEHDILIAETCsI, 3 BMECTE C Hell YMEHbIIAeTCsI CKOPOCTb
JIETKOH 4acTHIbI M BeJMYMHA ee MMIyJbca. [losToMy uameHeHue
MIMITY JIbCA JIETKOM YacTULbl AP = ' — ) He IPEBOCXOAUT IO BEIHYH-
He 2mo.

[IpuMennM Temepb 3aKOH cOXpaHeHUs ummyibca. OH yTBepxka-
€T, YTO U3MEHEHUS UMIYJbCOB AP U AP JIerKoi U TSKeJIOi 4acTHiy
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paBHbl [0 BeJHYHHE M MPOTUBOMOJOXHBI 10 HaNpPaBJEHHIO:
Ap=—-AP. C gpyroit CTOPOHbI, Tak KaK TspKejlas 4acTHIa MO
CTOJIKHOBEHHUSI TIOKOMJach, 10 Ap = AP =MV’ (V' — ckopocts
TSKEJION YaCTHIBI TIOC/e CTONKHOBeHus ). IlosTomy

m HMV'2 2m?® 5, 4m mo?

V's—v < —0 =——
M 2 M M 2
IJTO O3HAYaer, 4TO
MV? mov? s
2 2 T M

I/ITal(, OTHOLIEHHE 3HEPIuM, nepez[am-loﬁ TSDKEJIOW dacTuile, K
l'IepBOHa'-laJIbHOﬁ 9HEPTUH JIETKOM YacCTHI[bl HE MOXKET TNIPEBbICUTD

m
3HAYE€HHUA 4ﬁ . UeM TsKenee Teno, C KOTOPDbIM CTaJIKMBAeTCA

YaCcTHIIa, TEM MEHbIIE TIePEJaHHasT SHEPTHsl, TeM OJINXKe CTOJKHOBe-
HHE K YIPYToMy.

IIpn cronkHOBeHUM C TeJIOM GOJIBION Macchl TepefaHHasi eMy
sHeprusi oueHb Mana. Ho Bexp Macca — Mepa uHepimu. Teiso
6010 MacChl TPY/HO CABHHYTh.> TakuM 06pa3oM, TIPH CTOJIKHO-
BEHHUH C TEJIOM, KOTOPOE TPYAHO CABUHYTH, NEPEJAETCS Majas J0Jst
aHepruu. [loarBepaniocey Halle HaGIIOJEHNE HAJl OTCKOKOM Msva.

IIpountaB BHMMaTEJbHO MOCJAEHHE a63allbl, MOXKHO yOeIuThCs,
YTO, OTKA3aBUIMCh OT TOYHBIX COOTHOLIEHUI — PABEHCTB, Mbl CMOTJIH
noyTH 6e3 TPyZAa MOJIYYUTh CYLIECTBEHHbIE CBEIEHHMS O Mpolecce
CTOJIKHOBEHUS.

Teepaoe Teno C TOYKN 3peHus atoma

Tenepp BepHeMcs K CTOJIKHOBEHHUIO aTOMa C TBEPbIM
tesioM. IIpex e Bcero nmocrapaeMcsi MOHATD, TIOYEMy aToOM BeZeT cebs
Kak HamyTbiii (OKecTKuii, ynpyruit) Ms4, a He KaK MATKHMii, caa6o
HaJyThIil. XOpOIIO M3BECTHO, YTO 3JIEKTPOHbI B aTOMe HaXOJATCS B
Onpe/e/IeHHBIX (PMKCHPOBaHHBIX (Yamie rOBOPST, AUCKPETHBIX) CO-
CTOSIHMSIX, K2XK/IOMy M3 KOTOPBIX COOTBETCTBYET OIpesiesieHHast PHK-
cupoBaHHasi 3Heprus. Ho 3To o3Hauaer, 4rto, A/i1 TOro 4TOObI
M3MEHUTb BHYTPEHHEE COCTOSIHME aToMa ([IepEeBECTH 3JIEKTPOHBI WK
XOTs1 bl ONVH 37EKTPOH M3 OZHOTO COCTOSIHHS B APYroe), HyXHO
3aTpaTUTh JHEPIUIO, PABHYIO PAa3HOCTH 3HEPTHIi KOHEYHOro M Ha-
ganbHOro cocrosiunit (puc.2). Ecnn xunerwyeckas ameprust E, .,
aToMa rasa ropasjo MeHblile, YeM Pa3HOCTb SHEPTHIl JBYX 3JIEKTPOH-
HBIX COCTOSIHMII B aTOMe, T.€. eCJiH

E., <AE,

KUH —

5 OpHa ¥ Ta e cuIa, IPUIOKEHHAs K Te/laM C PasHoil Maccoil, mpuzaer
UM yCKOpDeHHsl, OGPaTHO TMPONOPIMOHANbHBIE MACCaM.
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TO aTOM OTPaXKAeTCs YNpyro, eMy mo- BosbysoenHoe
IPOCTY HE XBAaTa€T SHEPTHU [JIs1 BO3- COCTMOSHUE
6YKIeHUS] CBOMX 3JIEKTPOHOB U IIPUXO-

[UTCSI BECTH ce6si KaK 3JieMeHTapHas

gactuia.® Kak xe o6crour meso B
AeicTBuTeIbHOCTH? O6paTUMCA K LA~ (., o0

paM. Pasimune SHEPrUM AE MEXLY .y sy s emmm—
BO30Y>KZE€HHBIM COCTOSIHHEM M OCHOB-

HBIM COCTABJISIET HECKOJIbKO 3/I€KTpoH- /€ 2

BoJsbT. Korza peub mzer o TemsoBbix

CBOMCTBaX TeJI, HEPTHIO TENJIOBOrO ABW)KEHHSI aTOMOB IIPUHSITO
U3MepATH B KesibBUHAX.” Pa3ssnume sHepruu Mexay Bo30Yy>KIEHHBIM
COCTOSITHHEM M OCHOBHBIM COCTaBJISieT B TpaJyCHOM BbIPa)KEHHH
npumepro 10° K. B To e BpeMs TeMmepaTypa 3eMHBIX TIa3oB,
KOHEYHO, 3HauuTepHO Menpire 10° K. Hamia goraaka TIOATBEPIH-
Jlach — BCe JIeJI0 B COOTHOIIEHHU 3HEpPruii.

Mb1 paccMoOTpes BOTIPOC € TOYKH 3PEHUST COCTOSIHHSI aTOMa, HO
Be/lb aTOM MOXET IIOTPATUTD YaCTb SHEPTUH Ha BO3OYKIEHHE ABIKE-
HUS B TBepAoM Tesie. UTo KacaeTcsi BO3GYXJEHHS 3JIEKTPOHOB
BHYTPH aTOMOB, COCTaBJISIIOIIMX TBEPAOE TEJIO, TO K HUM MOJHOCTBIO
OTHOCHTCSI TOJIPKO YTO IIPOBEAEHHOE PpacCy>KAeHWe: He XBaTaeT
aHepruu. Ho atoM MoxeT kauHyTh aToM (MM aTOMBI) TBEPAOTO TEJIA
— 3aCTaBUTH ero Kosebarbcsi. OHAKO HAJO IOMHUTD, YTO ATOMBL B
TBEPAOM Tejie CBsi3aHbl APYr ¢ ApyroM (06 3TOM MbI TOBODHJIM
BHavyase). OuH aTOM CABHHYTDb HEJb3sl, MOXKHO BO3GYIUTDb B TeJie
KOJIJIEKTUBHOE [BH)KEHHWE aTOMOB, [ADYIMMH CJIOBaMHU, BO3GYyAUTb
3BYKOBYIO BOJIHY. JTOT IPOLIECC ¥ €CTh [JIaBHAs IPUYUHA HEYIIPYTO-
CTH CTOJIKHOBEHHSI aTOMOB C TBEP/IbIM TEJIOM, €CJIM aTOMBI [IAJ]AI0T Ha
NIOBEPXHOCTD TeJia C He CJIUIIKOM GosbIuMu ckopoctsimMu. OpHako,
KaK I10Ka3bIBaeT pacyeT, U3MeHeHHe SHePrUM aTOMa P 3TOM MaJIo.
B nannHOM ciyyae TBepAOe Tesl0 NpU B3aUMOJAEHCTBHM C aTOMOM
«BBICTYMaeT» KaK MaKPOCKONMYECKas CHCTEMAa — «TsDKesas Ha
nogbeM», a, KaKk Mbl yOe[AUIUCD BBILIE, 5TO OGCTOSATEIBCTBO obectie-
YUBaeT YNPYroCTb CTOJKHOBEHHUI.

[TpuBeseHHble Bbille, KOHEYHO, OYeHb IPUGIIMMKEHHbIE PACCyXK-
JleHUsl MO3BOJISIIOT OLEHUThb, O KAKUX CKOpOCTEil aTOMOB MOXHO
CYNTATh CTOJIKHOBeHUs ynpyrumu. [loka magaromuii aToM «Bocpu-
HHMaeT» TBep/Oe TeJIO KaK [esioe, M3MEHEHUe JHEPTUH NIPAKTHIECKU

6 Ec/ii BBI 3aiieTe B Marasus, B KOTOPOM CTOMMOCTb CAMOTO J€EILIEBOr0
npeaMeTa TPeBBIILAET CYMMY, UMEIOLIYIOCS B BAallMX KapMaHaX, TO «CTOJIK-
HOBEHHE» C MarasuHOM TIPOM30HAET «yNPyro» — C 4YeM 3alies, C TeM M
BBILIEJI.

T1K=14-102 [Ix =0,87-10* 5B .
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OTCYTCTBYET — M3MEHSIETCSI TOJIbKO HalpaB/leHHe MMILYJIbCa, a KOT/Aa
€ro SHEePrHHU XBaTaeT Ha TO, YTOObI BBIGUTb aTOM TBEPJOTO TeJa U3 €ro
PaBHOBECHOTO TOJIOXKEHHsI MM BO30OYIUTDb 3/IEKTPOHbI BHYTpH celst
WM B aTOMaxX TBEPAOrO TeJa, TOrJA CTOJKHOBEHHE CYIECTBEHHO
HeyTpyro.

Tak Kak NOTeHUHaNbHas SHEPTHsl B3aUMOAEHCTBHS aToMoB (Min
MOJIEKYJI) B TBEPOM TeJIe B pacyeTe Ha OJHY YacTHIly, KaK IpaBuIo,
MeHblIIe, YeM 3HEPTHUs BO30Y KeHHS 3J1€KTPOHOB B aTOME, TO KPUTH-
Yeckasi CKOpPOCTb ¥, (CKOpoCTb, Bblile KOTOPOH CTONKHOBEHHE
3aBEIOMO HEJIb3sl CUMTATD YIIPYTHM) ONPeeIsieTcst S3Heprueil CBA3MU.
Ho sHeprusi cBA3u aTOMOB B TBepioM Tejie paBHa (oueHb rpy6o)
KHHETUYECKO# SHEPrHU MOJIEKYJ NIPU TeMIlepaType IJIaB/IeHHs:

2
mv 3
—2— = Ean" .
IMoatomy

rJie M — Macca aToMa, CTaJKHBAIOIIEroCsi C TBEP/bIM TEJIOM.
Mo>KeT I0Ka3aTbCsl, YTO HAC CHJIBHO «YBEJIO» B CTOPOHY, YTO Mbl
3a6bL/IH, O YeM BEJIEM PasroBOp — O IPUPO/IE CHJI TPEHHs . ITO HE TaK.
JliMHHBIA PasroBOp O CTOJIKHOBEHMSX aTOMa C TBEP/JbIM TEJIOM HaM
Hy>€H, BO-TIEPBBIX, [JISI TOrO, YTOObI OODBACHMTb HMEHHO CHIY
tpennsi. Ho, moxkanyil, He MeHee BaXXHO H <«BO-BTOpbIX». Bo-
BTODBIX, 3TOT Pa3roBOP HY>KeH JIJI TOTO, YTOObI IOKA3aTh CJIOXKHOCTD
(usuyecKnx sBJIEHHI, Jake NPHUBBIYHBIX, AaXke, Ka3aaoCb Obl,
COBEPUIEHHO 3JIEMEHTAPHBIX. MOXHO 6bLIO, KOHEYHO, IIPOCTO CKa-
3aTh, 4TO aToM ynpyro (Mbl Teleph MOHUMAEM, YTO O3HAYaeT 3TOT
TEPMMH) OTPAXXAeTCs OT MOBEPXHOCTH TBepaoro Tejaa. Ho toraa u3
NOJIs1 3peHHs1 BbiMasa Obl CJIOXKHOCTb B3aMMOJEHCTBHSI aToMa ¢
MOBEPXHOCTBIO TBepAoro Teja. M, moxkauyil, rjaBHOE: CJIMIIKOM
YIIPOILIEHHOE TIpeJCTaBIeHHe MOXKET NpUBecTH Kk ommn6kam. Hanpu-
Mep, €CJIM TEJIO ABMXETCS Yepe3 ra3 ¢ 04eHb 60JIbIIOH CKOPOCTDIO, TO
COOTBETCTBEHHO BEJMKA M CKOPOCTb CTOJKHOBEHHMS aTOMOB C €ro
MOBePXHOCTBIO. TYT y>Xe He yYHTbIBaTb HEYNPYTOCTb HEJIb35.
IlpaBaa, K olieHKe «04YeHb GOJIBIION» HaJO MOAXOAUTb OCTOPOX-
Ho. HampuMep, peakTHBHBIH caMoJIeT, JIETSIHIA C OTPOMHOI CBepX-
3BYKOBO}1 CKOPOCTBIO Yepe3 atMocdepy, C TOUKH 3PEHHST CTOJIKHOBe-
HMI HaJIO CYMTATH JIETSIMM MeieHHO. PasHOOGpa3Hble CJI0XKHOCTH,
BO3HMKAIOHIKE IIPH CBEPX3BYKOBOM I10JieTe, 00y CJIOB/IEHbI OTHIOb He
XapaKTepPOM CTOJIKHOBEHHI MOJIEKYJI BO3lyXa C CaMOJIETOM, a MaK-
POCKONMYECKMMH TIPUYMHAMH — MMEHHO TeM OOGCTOSITENbCTBOM, YTO
CaMOJIET JIETUT ObICTpPee 3BYKa, NMEPETOHSS 3ByKOBble BOJIHbI, KOTO-
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pbie OH BO36YXXJaeT B BO3AyXe... BoT Temepp Mbl AefCTBUTENBHO
OTOLIJIH B CTOPOHY OT MHTEepeCcyIONero Hac MpeaMeTa.

Yemy e paBHa cuna TpeHus?

WTtak, BepHeMCA K pacyeTy CUJIbl TPEHHUS, AeHCTBYIO-
meil Ha Teso, ABMXKYIIEECS C OTHOCHTEJIbHO Mol CKOPOCTBIO #
yepe3 pa3peXeHHbIH ra3, TeMreparypa Kotoporo T'. Y 106Ho cuuTath
TeJI0 TIOKOSIIMMCS, a Ta3 ABHXKYIIUMCSI CO CKOPOCThIO —% . Boineaum
Ha TIOBEPXHOCTH Tesia GeCKOHeyHO Maiyio momaiky AS (puc.3).
M1y IbC MOJIEKYJIBI Ta3a, CTOJKHYBHIEHCS YIIPYTo C TeJIOM B TOYKe
HAa BbIJIeJIEHHO} TLIONIa/iKe, MU3MEHUTCS HA 2p, , TAE p, — IPOEKIHs
HMITY.JIbCA MOJIEKYJIbl HA HOPMaJIb K IIOBEPXHOCTH TeJia. JTO O3Hava-
€T, 4TO MOJIEKyJia ra3a IpH CTOJKHOBEHHHM C TEJOM OTZAET €My
MMITyJIbC, paBHbiil 2p, . Temeps HamIa 3a/jaya — TOACYUTATD MOJHBIH
HMITYJIbC, TIepelaBaeMblii Ta3oM TeJy B eAMHHMIYy Bpemenu. Vamene-
HHME MMITYJIbCA B €JUHULY Bpe-
MeHM M ecTb cuia (B JaHHOM
cJiydae AefiCTByIoIasi CO CTOPO-
HbI Ta3a Ha Teso). [l BbIYMC-
JIEHUsI TIOJTHOTO TIepeJaBaeMOro
HMITyJIbCa HaZo, BO-TIEPBBIX,
y4ecTb BCe MOJIEKYJIbl, Ma/Jaio-
e B €JUHUIYy BpPEMEHH Ha
JAHHYIO TJIOAJIKy, H, BO-BTO-
PbIX, IIPOCYMMHUPOBAThH TI0 BCEM
TLJTOLIAKAM .

[aBnenne rasa Ha IIOKOS-
IMyIOCs CTEHKy paBHo 1/3nmv?
rlie 7 — 4KCJI0 MOJIEKYJI rasa B
equHuLe o6beMa, m — Macca
MoNeKyJasl M v’ — cpenHee
apudMeTHYECKOe OT KBafipaToB  A/1C 3
ckopocreit Mosiexy1. Ecau Teno
nokourca (u = 0), yuciI0 yZapoB CIpaBa M CJieBa B CPEIHEM
O/IIHAKOBO, U MO3TOMY TeJly HUKAKOil HMITyJIbC He nepejaercs. Ilpu
u # 0 s10 He Tak. IIyctp Testo ABHXeTcs. B aTOM ciydae CKOpPOCTD
MOJIEKYJl, HAJIETAIONINX CIIepe/IH, Ha u 60JIblle, a CKOPOCTb MOJIEKY.T,
HaJleTalomMX c3aAu, Ha u Menbime. [losToMy Ha ydyacToK AS
JBUIKYUIENCS TIJIOCKOCTH AEHCTBYET CHila

F= (pcnepe;m - pc3a.au)AS =

Ap




3kT
Bcnomunas, 4ro v = ,|— , noayynM
m

F= %n\ISkTm uAS .

st Tea NPOU3BOJIbHOM (POPMBI MbI JOJDKHBI HOJIY4UTh (GOPMY.JIy
F =BSnJmkT u.

3aech S — mIomaAb NOBEPXHOCTH TesIa, a B — YuCIeHHbIH K03 du-
LUeHT, 3aBUCSIUA OT opmbl Tesa. OH yYUTBIBAaET, YTO Ha OJHU
YYaCTKH MOJIEKYJIbI TIONAJIAIOT EPHEHANUKYASIPHO K MOBEPXHOCTH, a
Ha Apyrue — IO0J YIJIOM.

Ecau Bocnosb3oBatbest 3akonom Kianeiipona pV = NkT (N =
= nV — NOJIHOE YKCJIO YACTHI[ Ta3a B 06beMe V), TO MOXKHO BbIPA3UTD
CHJIy TpeHHsI 4epe3 JaBjieHue p U Temneparypy T rasa:

,m
F, =BSp ﬁu.

[Mosyuusicsi ecrecTBeHHBI pe3yJbTaT: NpU (PUKCUPOBAHHBIX TEMIIE-
paType U CKODOCTH TeJla CHJia TPeHHsl TeM GoJiblie, yeM 6oJblie
JaBJIEHUE ra3a.

BA3KOCTL rasos

Mbi JOBOJIbHO MOAPOGHO OMKCAJIH, TIOYEMY TIPU ABU-
JKEHWH TeJsla Yepe3 ra3 Ha Hero JeiiCTByeT CHJIa — CHJIa TPeHHs. JTO
pe3yJIbTaT yAapOB OTAEJbHbIX MOJIEKYJI O IOBEPXHOCTb ABUXKYILETO-
cs tesna. [Ipu 3TOM MBI COBEpIIEHHO He MHTEPECOBAJNCH TEM, YTO
HPOUCXOJUT C Ta30M, C €r0 MOJIEKYJIaMH IIOCJI€ CTOJKHOBEHHS.
3agymaeMcsi HEHAJOJITO O CYAbOE MOJIEKYJ, CTOJKHYBUIMXCS C
TesqoM. SIcHO, 4TO ecou ObI MbI MMEJH BO3MOXKHOCTb H3MEDHUTD
CKOPOCTH BCEX CTOJKHYBIIUXCS C TEJIOM MOJIEKYJI, TO Y6eJUIHCH Obl,
4TO CpeJHsii CKOPOCTb HMX He paBHa Hy/o. MoJiekysbl IycTb
HE3HAYUTEJIbHO, HO YBJIEKAIOTCS JBHKYLIUMCS TEJIOM. A eCJIH H3Me-
PUTb CKODOCTH MOJIEKYJ BAAJU OT Teja, TO (B OTCYTCTBHE BeTpa,
KOHEYHO) HX CPEAHSSi CKOPOCTb paBHa Hymo. UyTb-4yTh APYTUMH
CJI0BaMy: BOJIM3H NMOBEPXHOCTH ABHIKYIIETOCS TeJla HMEeTCsl yIopsi-
JIOYeHHOe JBUXKEHME Ta3a, a BAATH OT Teja ero HeT. C ynopsiioyeH-
HBIM [BU)KEHHEM CBSI3aH HEKOTOpbIi umiysbc. Cioit ra3a BOIH3U
HOBEPXHOCTU TeJIa Ha3bIBAIOT IIOTPAHMYHBIM CJI0eM. MosekyJibl B
HOTPAHUYHOM CJIO€ Yallle CTAJIKUBAIOTCS C ABUXKYIIHMCS TEJIOM, YeM
OCTaJibHbie MOJIEKYJbI Taza. V3-3a 3TOro MX CpegHuii WUMITYJIbC
JOJDKeH 6bL1 Obl BO3pacTaTh, e€cJu Obl He ObLIO Tpollecca OTBOJA
UMITyJIbCA M3 MOTPAHUYHOro cjiosi. IloHSTH 3TOT mpolecc JieTko.
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MouJieKy Ibl Ta3a, yJieTalolye U3 MorpaHuYHOro €105, IPOCTO YHOCAT
¢ co6oit u3uIIeK UMIyibca. Baaau or Tesia oHU «pa36a3apHBaloT»>
€ro B MHOTOKPATHbBIX CTOJIKHOBEHUSIX C JPYTMMM MOJIEKYJIaMH WM B
CTOJIKHOBEHHUSAX C MOKOSIIUMUCS TEJIaMU.

Cnoco6HOCTb Trasa MepeHOCHTb HMMIIYJbC M3 OJHOTO MeCTa B
Jpyroe W, rJ1aBHOe, HEOOPATHMO PacTPaYMBaTh €r0 HOCUT Ha3BaHUe
BSI3KOCTH. BA3KOCTb ¥ TpeHHe Hepa3JyyyHbl. BA3KOCTb — HHTEpecHOe
sBJIeHHe, B KOTOPOM TJIaBHYIO POJIb UTPalOT CTOJIKHOBEHUSI MEXIy
MoJIeKyJ1aMU. Mbl MMH BOBCe IpeHeOperyy NpU BbIYUCIEHUN CHJIBI
TPEHMs, AeHCTByIOMmEH Ha JBUXYyIeecs TeJO CO CTOPOHbI rasa.

Mb! ipu 3ToM omm6amnck. Ho xak? IlpeyBenumyuiy niy 3aHu3nIN
cuity tpeHusi? Jlerko moHsTh, 4TO npeyBeuuun. [leficTBUTENBHO,
Mbl CYHTAJIM, 4YTO MOJIEKYJIa, CTOJKHYBUIUCb C TeJOM, O6O0Jblie
HUKOT/Ja K HEMy He BEDHETCSI U, CJIe[IoBaTesibHO, He OyIeT MMeTb
BO3MOXHOCTH <BEDHYTb» TeJly NOJyYeHHbIH y Hero ummyjbc. B
IEAICTBUTENIBHOCTH, €CJIM THIATEJIbHO MPOCJAEeIUTh 32 MHOTUMHU MOJie-
KyJIaMH, CTOJIKHYBIIMMUCSI C T€JIOM, TO Mbl YOEAUMCSI, YTO YacTb U3
HHX BO3Bpamuiaercs K Teuy (Iocjie CTOJKHOBEHUS C KaKOH-IH6O U3
MOJIEKYJI Ta3a), APYTHe OTAAI0T NPUOGPETEHHbINH OT Tesla WU3JIHILIEK
HMITyJIbCa CBOMM TApTHEPAM IO CTOJIKHOBEHHUSIM, a Te€ B CBOIO
ouepesib MOTYT CTOJIKHYTbCA € TesioM. CTporo roBopsi, B pe3yJjbTaTe
CTOJIKHOBEHUH MOJIEKYJ DY C APYroM INPOUCXOJUT YaCTHYHBIH
BO3BpaT UMITyJIbca TeJy, a 3HAYUT, TeJIO TepsieT MeHbIINi MMITyJIbC,
4YeM Mbl CYMTAJIH.

BoiBesienHast 3aech opMyJia IpUMEHUMA TOJIBKO K OYeHb pa3pe-
JKEHHBIM ra3aM, Y KOTOPBIX Cpe/iHee PacCTOSTHHE MEX/Y CTOJIKHOBe-
HMSIMH MOJIEKYJI 3HAaUMTeIbHO 60Jblile pa3MepoB Tesa. Ecim Bbruuc-
JIATb CUJIy TPEHMsI, NeHCTBYIOIIYI0 Ha IBIIMHKHN C pasMepaMH, He
TIPEBOCXO/ASAIMIMMYI HECKOJbKMX MUKDPOHOB, IO/ KaTeropuio paspe-
JKEHHbIX Ta30B MOJXKET MOJONTH M OKPYXKalollui Hac BO3AyX.



O MEXAHUKE APUCTOTENA

IIpounecc mo3HaHWsI TIPHPOABI HE OTPAHHYUBAETCS
CIIOKOHHBIM HaKoIUleHHeM (aKToB U (OPMYTHPOBKOM HAa UX OCHOBE
a6CoJTIOTHO TOYHBIX YTBEPXKIEHHU — 3aKoHOB npupoasl. ITo cioBam
Anpbepra JitHmTeliHa, «uAeT ApaMaTHyecKas 6oppba Mexay CTa-
PBIM U HOBBIM»>.

He caenyer, omHako, AyMaTh, YTO HOBBIE TEOPHH MOIMPOCTY
orMensiioT (HUCIIpoBepraoT) crapblie. Kak mpaBuiio, HOBasi TeOpHs
yKa3blBaeT CTapoil «ee MeCTO». YTBepXK/[eHHs, paHee Ka3aBLIHECS
a6COTIOTHBIMH, CIPaBe[JIUBBIMH BCETAa U Be3/e, KaK MOKa3bIBaeT
aHa/IU3 C NO3UIMH HOBOM TEOPUH, CIIPABE/JIMBbI JIMIIb B ONpe/eeH-
HBIX PaMKaX, OrPaHUYEHHBIX ONPEJETEHHbIMHU YCIOBHSIMH.

B obusacty, rae oHa cripaBe[IUBa, CTapasi TEOPHUS MO-NPEXKHEMY
xopoma. Muave 3aueM ee 6bLIO CO3/1aBaTh?

CpaBHUBasi MeXaHUKY APHCTOTeNA C MeXaHHKO#H HpioTOHA, MBI
MOKaXKeM, B KaKUX YCJIOBUSIX MEXAHUKA APHUCTOTeJNS — MpaBHJIbHAS
Teopusi. JTOT NIPHUMep IOMOXKET pa3o6paThbCsl, KaK COBEPILAETCs
HepexoJ OT HOBOM TEOPHH K CTapoi.

Fanunen n Apucrorensb

OnHuM U3 BBIAAIOMIMXCS 06pa3loB CMeJOi HayqHOH
KPHTHKH H B TO XXe BPeMs KJIaCCHYECKUM IPHUMEPOM <«MbICJIEHHOTO
3KCIIePHMEHTA» SIBJISIETCS
paccyxzaenue lamunes o
najaooiieM KaMHe. JTO pac-
Cy>K/IeHHe HallPaBJIeHO IPo-
TUB Te3uca APHCTOTeN O
IIPONOPLHOHATBHOCTH CHJIBI
U CKODOCTH H 3aKJII0YaeTcsi
B CJIEAYIOLIEM.

Ecan B3sTH 1Ba KaMHs,
O[IMH MoJierye, BTOPOH MO-
TsIKeJlee, U COPOCUTD UX C
6aliHu, TO COTJIACHO ApHuc-

CraThsi HamucaHa B COaB-
topctee ¢ I.4.Jlio6apckum.




toTeJno 6oJiee TsIKeIblii KaMeHb GyeT nafaTh ObICTpee, YeM JIETKUH,
TaK Kak Ha Hero JelictByer G0Jbuias cuaa. UYro xe, TyT Kak OyATO
HUYEro HeJeroro Her. Kaxapiit 13 Hac 3HaeT, YTO MeTaJJIHYecKast
MOHETa I1alaeT GBICTPEi, YeM MYHIHHKA.

Opnako Tanunedl npeasaraer: cOeIUHMM 3TH KaMHH JApPYT C
apyroM. Urto noayyurcs? Onsarb NOHATHO. BoJee Tsxeabld KaMeHb
6yzeT yCKOpsTb OoJjiee JIerkHii, a TOT B CBOIO ouepenb Oyner
TOPMO3UTb CBOEro KOMIIaHbOHa. Tak yTO coequHEeHHble BMeCTe [Ba
KaMHs1 GYAyT MaJaTb HECKOJBbKO ObICTpee, ueM IaJaeT cBOOOAHDBIH
JIETKMH KaMeHb, HO MeJJIeHHell, YeM najaet TsKeJblil kaMeHb. Bee
3TO BbITEKAET U3 Te3uca APHCTOTEJIsI U B TO JKe BpeMs! ... IPOTUBOpe-
YUT 3TOMY Te3ucy. B camoM zmese, coeariHeHHbIe BMeCTe [Ba KaMHs
MbI BIIPaBe pacCMaTpUBATh KaK OZAUH KaMeHb C BeCOM, PaBHbIM CyMMe
BECOB JIETKOTO ¥ TspKeJoro kamHeil. Tak kak Bec ABOHHOro KaMHs
60JIbllle BECA TSKEJIOr0 KaMHs, To oH (corsacHo Apucrortesno) Gyzaer
nazarb ObicTpee, YeM TsDKesbli KaMeHb. VTak, cienyst Apucroreio,
Mbl IPULIUIA K [ABYM B3aUMOHCKJIOYamomuM BbiBoZaM. Iloatomy
Te3UC APHCTOTEJNST HEBEPEH.

IymMaetcsi, yto xHUBOH ApHcTOTeNb cyMes Obl Bo3pasuTb Iamm-
seto. Ho I'anuuieii 60poJicst He IPOTUB XKUBOTO APUCTOTEJISA, a IPOTUB
MepTBOil OKOCTeHeBIllell JOrMbl, B KOTOPYIO 1[epKOBb IIpeBpaTHJa
yuenue Apucroresns. Y Tamusero ynanoch no6eauts aTy AOrMy.

HenpaBunbHbie Teopun

«Bcsikoe yrBepxkAeHUE TUOO HCTHHHO, 160 JIOXKHOY .
3J10, KOHEe4HO, BepHO. OfHAKO 3TO He Jy4lui cnocob Ki1accuduka-
uy yrBepxaenuii. IlogcHuM npumepom. [lonycTuM, Bbl HHTEpeCy-
eTech cBouM BecoM. Ilyctb Becnl mokasamu 57 kr 300 r. Osxavaer
JIM 3TO, YTO Ball Bec B TOYHOCTH paBeH 57 Kr 300 r ¥ HU OAHUM
MusMrpaMmMoM 6osibiie? Bpsix sm. CiefoBaTesIbHO, YTBepXAeHHE
«BauI Bec paBeH 57 kr 300 r» siBJsieTCsA He MCTUHHBIM, a JIO)KHDBIM.
TouHo Tak ke SIBISIOTCS JIOXKHBIMM YTBEDK/IEHUS: «Balll BEC PaBeH
2 xr» u <«Bam Bec paBeH 107 xr». IloaToMy, ecM Bbl IIpU3HaeTe
TOJIbKO OfIHy KJjaccudukamuio yrBepxaenuit (1u6o uctuna, 160
JIOXb) U B COOTBETCTBUM C ITHM NPHHUMAETE BO BHUMaHHE TOJIBKO
HCTHHHbIE YTBEPKAEHUSI, A JIOXKHbIe HTHOPUPYETe, TO, COMJIA C BECOB,
BBl POBHO HMYETO He y3HaeTe 0 CBoeM Bece. Boo6iie, Hy>KHO cka3atb,
4TO B COOTBETCTBHH C JKECTKOI CXeMOii «MCTHHA — JIOXb» MOYTH BCSI
NOCTYnaomast K BaM U3 BHelHero (M BHyTPEHHEro) Mupa uHpopMa-
uust 6ygetr BaMH OTGPaKOBBIBAaTbCHA, M BBl NMPAKTUYECKH HUYETO He
Gynere 3HAaTb O BHEIIHEM MHpe.

BeiBog M3 3TOrO TaKOB: NMPUOIMKEHHO NpPaBHJIbHbIE yTBEpXKe-
HMS WrpailoT B Hallleif )XM3HU ropasjo 6oJbIIyi0 poJb, YeM abco-
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JIOTHO MCTHHHBIE yTBEpXKAeHUus (MOCAEAHUX CAUIIKOM Majo). ITo
OTHOCHTCS M K HayKaM Boo6me, U K (puU3M4eCKHM TEOpUsAM B
yactHocTH. VIMeHHO mostoMy, Koria mocse paGor A.JiHmTedHa
BBISICHWIOCH, 4TO MexaHHMKa HbloToHa He a6COMIOTHO TOYHA, a
TOJbKO NPHUOMMKEHHO NpPaBHJIbHA, ee MOJe3Has pOJb B JKHU3HU
YeJI0OBEYeCTBA U B HayKe BO3POCJA, TaK KaK CTAJIO NMOHATHO, KOTAA
ee MOXXHO UM HYXXHO NPHMeHsAThb. IIpHO/IMKeHHO IpaBHJIbHbIE TEO-
pUM MMEIOT NPENMYIIECTBO [0 CPABHEHHIO C a6COJIIOTHO IPaBHJIb-
HBIMH: OIBIT HE MOXKET [OKa3aTb a6COJIOTHYIO NPaBHJIbHOCTD Ka-
Ko¥i-m60 Teopun. Beap Bce u3MepeHust AealoTcs JMIOb C HEKOTO-
poii creneHbio TOYHOCTH. TOJIBKO C HEKOTOPOH CTENEeHbIO TOYHOCTH
MOJKHO YCTAaHOBUTb 3KCIIEDMMEHTANBHO, YTO F = ma, 410 nepuoj

o l
KoseGanui MareMaTuyeckoro Masatauka I =2n [— wu t1.m. [lpu-
9

6MKEeHHAsA IIPAaBUJIBHOCTb TEOPHUU AOKaA3bIBAETCS ONBITOM, U NPH-

TOM OKOHYATEJIbHO.

Bcesikyio TeopHio, KOTOpasi IPH ONpeJeIeHHbIX YCIOBUAX SBJIS-
€TCs NPUGIMIKEHHO MPaBUJIbHOM, HA3BIBAIOT NMPABUJIbHON TEOpHEH.
IIpaBusbHOW TeopHel SIBJSIETCS, B 4aCTHOCTH, MexaHukKa Hbio-
TOHA.

MpbI nOKa)keM 31€Ch, YTO MEXaHUKA APHUCTOTEJIS — TOXKe IIPaBUIb-
Has Teopwsi, U o6CyauM ee CBsA3U ¢ MexaHukoil HpioTona.

YacTuua B BA3KOW XUAKOCTU

HauneM usganeka. PaccMoTpum ¢ mo3unuiit MexaHu-
ku HploTona ABM)KeHHe 4acTHIbI B HEMOABI)KHOMN BSI3KOH cpejie B
TOM CJIy4ae, KOr/a Ha YacTuily AeicTByer mocrosinuast cuia f. Jas
MPOCTOTHI OTPAHUYUMCS CJIyYaeM, KOr/a nepBOHavaibHasi CKOPOCTh
yacTUIbl Mapaienaba cuie f. Kpome cuibl f Ha yacTuily geiicTByer
cuJia TpeHus1. XOTs Mbl TOBOPUM <4acCTHIIa», IO CYTH Jies1a, peyb HAeT
0 MaKpOCKOIMHMYECKOM Teste. TepMuH «4acTHLas NPUMEHEH, YTOObI
MOAYEPKHYTh: MBI OyZleM paccMarpuBaTh TOJIBKO IOCTyNaTeJbHOE
JIBIDKEHHE Tesla KaK Iejoro. MaKpocKomu4yecKoe TesJ0 B JaHHOM
ciay4ae BeJeT cebst Kak aJieMeHTapHasi YacTHLA.
ITpu MasbIX CKOPOCTSIX CHJIa TPEHHS, KaK U3BECTHO, IIPOIOPLIMO-
HaJIbHA CKOPOCTH:

F,

Tp=ow,

YpaBHeHue ABHUXEHUS YaCTHULIDI 6y11eT HUMETb BU[
Ma=f-F,=f-av,

rae M — Macca yactuipl, a — ee yckopenue. CKOpoCTb, IPH KOTOPOi
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ciJ1a TPEHHs PaBHA [0 BeJWYHHE CHJE f, Urpaer 0co6yio posb. ITO
CKOpPOCTb PaBHOMEPHOTO /BIKeHus yacTuupbl. O603HauMM ee Yepes
v, - V13 paBencTBa f = 0w cnemyer
Y = —f‘ .
o

[IpH CKODOCTSIX, MEHDbIIMX U, CHJIA TPEHUS MeHbllle CHJbI f, H
4aCTHLA JBHXKETCS YCKOPEHHO.

Ecim cuna f, meiicTByouas Ha TeJo, paBHAa €AMHHUIE, CKOPOCTb
v, HOCHT ocofoe Ha3BaHMe — IIOABHXXHOCTb. BBemeM a1 Hee
crelnuabHyio 6YKBY u. SICHO, YTO pa3sMEpHOCTb ¥ TaKOBa:

cM c
(==t
C-AMH T

PaccMorpuM cHavasa ciyvaif, koraa f = 0, T.e. eqUHCTBEHHOMH
cunoi, AelCcTByIOUled Ha vacTuuy, gBisdercd cuna Tpenus. s
MIOBCEIHEBHOTO OMNbITa M3BECTHO, YTO CKOPOCTb TAaKOH 4acTHILbI BCE
BpeMsi GyAeT YMeHbIIATbCsA M B KOHIIE KOHIOB YacTHLIA OCTaHOBHT-
ca. IlepBas 4yacTb 3TOrO YTBEDXKJAEHHS BbITEKAaeT M M3 MEXaHHKH
Hblotona. B camom aene, OCKOsIbKY cusia (B JaHHOM ciyyae cHia
TPeHHs) HampaBJieHa IPOTUB CKOPOCTH, TO B Ty K€ CTODOHY Ha-
NpaBJIEHO M YCKODEHHE, a 3TO M O3HAYAeT, YTO CKOPOCTb 4aCTHIIbI
YMeHbIIaeTcs.

HackosbKo 6GbICTPO MPOTEKAET 3TOT MPOLECC M CKOJIDKO HYXKHO
JK/1aTh, TIOKA YACTHIA OCTAHOBUTCA ? AHA/IN3 JBHXKEHHUS YaCTHIIbI ITO],
BO3JEHCTBHEM CHJIbI TPEHHMSI NMPMBOAMT K NapajokcajibHoMy (Ha
TIePBbIii B3IJISA/) Pe3yJIbTaTy: 4acTHLa BOBce He octaHoBuTcs. IIpas-

[a, 3a BpeMs, paBHOE EIBZ, €e CKOpOoCTb OyAeT yMEeHbIIAaTbCs
B/IBOE 110 CPABHEHMIO C MPEAbLAYUINM 3HAaYEHHEM.

YTO 3HAUUT «OCTAHOBUTLCAN?

B neiicTBUTENBHOCTH HMUKAKOrO IMPOTUBOPEYHS MEXK-
Ay Teopueil ¥ ombiTOM HeT. [[JI ONpOBep)KeHMsI TEODHUH IKCIEpPH-
MEHTOM HeOo6X0AUMO, 4YTOObI PACXOXKAEHHe MeXIy HUMH ObLIo
MeHbllle MOTPENIHOCTH dKCIiepuMeHTa. B faHHOM ciydae 310 ycio-
BHe He BBITOJIHAETCS, TaK KaK IpeacKa3biBaeMasi TeopHell CKOpOCTb
HEOrpaHHYEHHO yObIBAET C TeYeHNeM BDEMEHH U HayMHas C HEKOTO-
POro MOMEHTa CTAaHOBUTCS MeHbIlle MOTPEIIHOCTH 3KCIIepPUMEHTA.
Ecau cocrosnue nokosi ¢ukcupoBath He BusyasibHO (Ha rias), a
HOJIb30BaThCS AOCTATOYHO TOYHBIMM MHCTDYMEHTAaMH, TO B CJydae
MUKPOCKOIMYECKOTO TeJjIa MOXKHO OOHApy>KHUTb XOPOIIO M3BECTHOE
6pPOYHOBCKOE ABH)KEHHE. DTO AEHCTBUTENBHO GY/ET ONPOBEPIKEHH-
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€M TEOPHMH, OZIHAKO B TAKOM ONPOBEP)KEHHH HET HUYETO YAUBUTEJID-
HOTO, TaK KaK C CaMOTO Hayajia Mbl YYUTBIBAJU TOJBKO CpeiHee
JIefiCTBHe YacTUI] OKPY>Kalollleil cpebl — HApUMeEp, MOJIEKYJI rasa.
EcrecTBeHHO, YTO OCHOBaHHAsI HA 3TOM IPEATOJIOKEHUH KapTHHA HE
OTpPaXKaeT CJy4ailHbIX YAapoB OTJEJbHBIX MOJIEKYJ O YacTHLY,
KoTopble Bce BMecTe (yCpeqHEHHbIE) ABIAIOTCH, KAaK Mbl 3HAeM,
NPUYMHOU TPEHHS.

CrenoBarenpro, Bonpoc: «CKOJIbBKO BpeMEHH IMPOMJET [0 OCTa-
HOBKH?» IIOCTaBJIEH HenpaBuJbHO. Ero ciieqyer 3aMeHHTH BOIPO-
coM: «Korga ckopocTh 4acTHIbI CTaHET HIPAKTHYECKH HEOTIMYHUMOIH
OT HYJISI?»

ITonsTHE «TIpaKTHYECKM HEOTJMYMMASI OT HyJII CKOPOCTb» HYX-
JaeTcs, pa3yMeercsi, B JasibHeiileil pacuudposke. B 3aBucumoctu
OT 1LleJIM, PaJii KOTOPOH HY>KHO OCTaHOBUTH Tesio (HanmpuMep, Kartep
y IIpHYaa, ¢ TeM 4YTOGbI MOXKHO ObLIO HAGPOCUTDH KAHAT HA KHEXTHI),
MNPaKTUYECKU PaBHAsl HYJIIO CKOPOCTb MOXET COCTaBJSTb OAHY CO-
TY10, TBICSTYHYIO MJIH, CKa)XKeM, MHJUIMOHHYIO YaCTb IIePBOHAYAJIbHON
cKopocTH. [1J1s1 onpesiesIeHHOCTH TIPUMEM, 4TO NMPAaKTUYeCKH HEOTJIH-
YHMMasi OT HyJIs1 CKOPOCTb COCTaBJIsIeT OHY THICSYHYIO J0JIIO IIePBO-

. M
HavyaJIbHON CKOPOCTH. Mub1 yXXe roBOpHUJIH, YTO 3a BpEM:A —In2
o

CKOpPOCTb YaCTHIbl YMEHbIIAETCA BJABOE. Ha3zoBem BE€JINYUHY

M .
= —In 2 nocrosinHoii BpeMeru. (ITy BeMYMHY HA3BIBAIOT BpEMe-
o

HeM CBOGOAHOrO npobera, ecjid peyb HJAET HE 0 MAKPOCKOINYECKOM
TeJie, a 06 aTOMHOi1 yactuue... Huyero He mozesaenib, 4acTo OqHY U
TY ke BEeJINYHHY B Pa3HbIX 06/1aCTAX (HGU3MKH MMEHYIOT II0-PA3HOMY. )
ITo npomecrsuu Bpemenu 10T ckopocTh yMeHbIIUTCS 6ojiee YeM B
210 = 1024 pa3a. Takum 06pa3oM, BpeMsi OCTAHOBKH PaBHO y/ecsi-
TePEHHO! MOCTOSIHHOH BpeMeHHU. EcaM cyuTath 4acTHily OCTAHOBUB-
1eiics JIMIIb TOTAA, KOT/Ja ee IepBOHavYaIbHast CKOPOCTb YMEHbLINT-
csl B MUJUIMOH Pa3, TO BpeMs OCTAaHOBKH YBEJHUYHUTCS] BCETO JIMIID
B/BOE, T.€. CTaHeT paBHbiM 20T .

BepHeMcs K OCHOBHOH 3alaye — K M3YYEHHIO ABUIKEHHS Tesa B
BAI3KOi1 cpejie oz AedicTBHEM MOCTOSIHHO# cuitbl f. B atoM cayuae,
KaK Mbl T'OBOPHJIM, OCOOYIO DOJIb MTPaeT CKOPOCTb ¥, TeJia, NpH

. 1
KOTOpOM CHJIa TPEHUA ABHOBEUINBAECT CUJI Yy = — . Ecimm
0 o

v > vy, 4acTHlla TOPMO3UTCS, €CJIH MEHbILEe — YCKOPSIETCS.

AHamm3 [BWKEHHUS 4YacTUIBI B BSI3KOH cpeae Moj AeHCTBHEM
HOCTOSIHHOH CHJIBI [ IIOKa3bIBAaeT, YTO Yepe3 BpPEMs, IPHUMEPHO
paBHoe 10T, CKOPOCTb YaCTHIIbI IPAKTHYECKU He GyIeT OTJINYaThCA
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1
oT 7y = -&-f . (Ecim paccmaTpuBaTh ABMXKEHHE YaCTULBI B CHCTEME

KOOpPAUHAT, Z[BPI)I(yI.I.IeﬁCﬂ OTHOCHUTEJIbHO CPEAbI CO CKOPOCTbIO Ty , TO

3TO YCJIOBME O3HAYaeT, 4To 3a BpeMst ~ 1t YacTHila OCTaHaBJIUBa-
ercs.)

Bce aBwkenne yn06HO pa3aeuTb Ha ABa dtana: nepsbiii (mepe-
XOJHBI PEXUM, €r0 AJIUTEJbHOCTh — HECKOJIbKO IIOCTOSTHHBIX BpeMe-
HH), BO BPEMS KOTOPOTO CKOPOCTb YacTHibl yBeJuuuBaercsa (B
HauyaJbHbIA MOMEHT 4acTHIia TIOKOMJIach), MPUOIMXKAACh K 3Hade-

HUIO U = A ; BTOpO# 3Tan (yCTaHOBUBIIMIACSA PEXHUM) — CKOPOCTD
o

i

YaCTULbl IPAKTHYECKH PaBHA Uy = — .
o

MexaHuka Apucrotensi Kak Hayka

Uccnenys nBuxeHue 4acTUnbl C NO3UIUI MEXaHUKH
HbroToHa, Mbl NPHHIIM K NOATBEPXKAEHHIO 3aKOHA APHCTOTEJIS:
CKOPOCTb IPONOPIIMOHA/IbHA NIPUIOXKEHHO# cuie! OnHaKO MbI HIOJTY-
41JIM HEYTO GoJiblliee, YeM IPOCTOe NOATBEPXKACHUE 3aKOHa APHCTO-
TeJisi. Mbl yBUJEIU ero NpUOIMXKEHHbIH XapaKTep: OH He ONPaBbl-
BA€TCsl B TeyeHMe MEePEXOHOTO peskuMa. [IIHTeIbHOCTb 3TOTO «He-
MPUSTHOTO» JJIsi CTODOHHMKOB MEXaHUKH ADHCTOTEJISI PeXXHMa OlIpe-

. . M
[eJsieTcs: TMOCTOSIHHOM BpeMeHu T, paBHoii —In2 . TloatoMy uem
o

MeHblIIe TIOCTOSTHHASI BpEMEHH, TeM HeCyllecTBeHHeH OTKJIOHEHUS OT
3akoHa Apucroresnss. MOXXHO cKa3aTh, YTO MEXaHMKa APHUCTOTeJS
eCTb TpefiesIbHBIN ciaydait Mexanuku HbloTOHa, KOraa MOCTOSHHaA
BpEMEHU CTPEMHTCSI K HYJIIO, WJIM, MHBIMH CJOBaMM, KOIJa Macca
TeJa MaJia, a CUJIa TPEHHS BeJIMKa.

Uro mpousoiimer, ecid Ha 4YacTHUIy B BSI3KOH cpeze Oyner
JIeiiCTBOBATb CUJIa MIEPEMEHHOM BeJIMYMHbI? MBI y)ke TOBOPHJIH, 4TO
CKOPOCTb YaCTHIbl IPUHUMAET COOTBETCTBYIOIEE JAHHOH cuJjie 3Ha-
4yeHue 4yepe3d BpeMsi, npumepHo paBHoe 1{0t. [loaTromMy B Kakablit
JIaHHBIA MOMEHT BpPEMEHHM CKOpPOCTb YacTHi(bl IIPUMEPHO paBHA

v(t)= é f(t—101), T.e. Gyner onpeneasTbcs 3HAYEHHEM CHJIBI B

MoMmeHT BpeMenu (t-10t). Orciona BbITeKaeT BTOpOe YCJIOBHE,
OrpaHHUYMBaIOllee TPUMEHUMOCTD MEXAHUKH APHUCTOTEJNSI: AEHCTBY-
IOII[asi HA YACTHUILY CUJIa, €CJIM OHA He TIOCTOSIHHA, 10JKHA U3MEHSITh-
Cs1 Me/IJIEHHO, HHBIMY CJIOBAaMH, €€ U3MEHEHHS 3a BpeMsi opsiika 101
JIOJDKHBI OBITh JOCTATOYHO MaJbIMH.
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CooTHolueHne HayK

Mb1 BuaMM, 4YTO MexaHuka Apucroress 06Jafaer
BCEMM CBONCTBaMM NpPaBUJIBHOK Kjaccuueckoit! c¢usmyeckoii Teo-
pHM; CyLIecTByeT o6JIacTb SIBJIEHHA, I/le TPUMEHUMa 3Ta TEOpHUsl,
U3BECTHbI YCJOBHUSI, OTPAaHUYMBAIOLIME €e MPUMEHUMOCTb. OcCTaHo-
BUMCSI Ha 3TOM Bompoce GoJee noapobno. Kaxkpas dusuueckas
TEopHsl ONEepUPYeT CBOUM HabopoM (PU3MYECKUX TOHSITHIM, KaxKaas
¢usnyeckast Teopusi O6BEKTUBHO CBSI3aHA C OMPEIEJEHHbIMH Mpe/-
CTaBJIEHUSIMM O NPOCTPAHCTBE U BPEMEHH, O XapaKTepe MPUYMHHO-
CTH, O MOJIHOM ONHCAHUM COCTOSIHUS (PM3UYECKOH CHCTEMBI.

OJHMM M3 OCHOBHBIX NMOHSTUN MexaHuku HbioTOHa, HECOMHEH-
HO, SIBJISIETCSl TIOHSITHE MAacChl. JTO IOHSITME YYXKIO MEXaHUKe
Apucrotens. 31eCb OCHOBHON XapaKTEPHCTUKOM TeJsa SIBASETCS €T
HOABIXKHOCTb. CBsi3aHHasi ¢ Hell NOCTOSIHHAsi BPEMEHH, MO CYTH
Jies1a, y)Ke BHE MEXaHUKY APUCTOTEJISI: OHA XapaKTEPU3YeT YCJIOBUS
HelpHUMEHVMOCTH aHTMYHON MEXaHWKH.

O6paruMcsi Tenepp K OYeHb Ba)KHOMY BOIIPOCY O COOTHOLIEHUH
KJIaCCHYeCKOH TEOpUM U TeopuH, ee 06006Iaomei.

Bce (v usuku, v matemaTnku, U gaxe Gpunocodsl) CTaIKUBa-
IOTCS C OYeHb TPYAHBIMY 33J]a4aMM IIPY U3yYEHUH 3TOTO CBOeoOpas-
HOro Bompoca. EcTeCTBEHHO 0XKHAATh, YTO Y€M <«IIPOIE» U MPUBbIY-
Hell CpaBHUBaeMble TEOPUH, TEM JIerde YCMOTPETh Te CBSI3U, KOTOpbIe
JUISL HUX XapakTepHbl. I103TOMy 3aMaH4YMBO MOAPOGHO PacCMOTPETh
caMyIo NPOCTYIO Napy TeOpUil: MexaHWKa ADUCTOTENSI — MEXaHUKa
HbpioTona.

PaccMoTpuM HeckoJibkO PyHIaMEHTAIBHBIX (PU3MYECKUX TIOHS-
TUIl B paMKaxX 3THX JABYX TEOPHIi.

CocrositHue cucrembl

IloHsiTHE COCTOSIHMSI CUCTEMBI HE CJIEAYET IIyTaTh C
ONMCaHUEM CUCTEMBI. Tak, HallpuMep, eCJIN MbI CKaXKeM, 4TO CUCTEMA
COCTOUT M3 JABYX LIApOB PafuyCcoM 7 U Maccoil M, CBSI3aHHbBIX APYT
C ApYyroM MpY>KMHOW, ecTecTBEHHasl JJUWHA KOTOpoi paBHa L, a
KECTKOCTb — R, TO M3 TAKOrO OMMCAHHs CHUCTEMbI HEJb3s CAENATh
BbIBOJI O MOJIOXKEHUHN M CKOPOCTH KaXK/JOro U3 IIapoB, O PACCTOSTHUU

1 [IpunaratespHOe «KJIaCCHYECKasi», €CJU OHO OTHOCHUTCS K (PU3HYECKOi
TEOPHH, UMeeT TOT XKe CMBICJI, YTO ¥ 3BYYHasl IPUCTABKA «3KC» Iepe/i CJIOBOM
«4eMITMOH»; OHO O3HA4aeT, YTO yXe CYLIeCTBYeT Gojiee TOYHAs TEOPUS C
6osiee IMPOKO# 00JIACTbIO NMPUMEHEHHsI, COAepXKaulasi B cebe «KJaccuyec-
KyI0» TEOPHIO.
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MeXAy HUMH, 06 yCKOpeHMHM MIapoB, B OOI[eM — O BCeX TeX
BeJIMUMHAX, KOTODbIE MEHSIIOTCSI ¢ TeyeHueM Bpemenu. Ilomo6Hble
pesinuunbl (6y€M MX Ha3bIBaTh EPEMEHHbIMHA TAPAMETPAMHU) MOTYT
HOCHUTb M ropasjo 6oJiee CJIOXKHBIA xapakTep. Tak, ecau CHCTeMOH
apiisercs: atMocdepa 3eMJiM, TO K YHCJIy NepeMeHHbIX apaMeTpoB
OTHOCHTCS ¥ TeMIeparypa Kak (pyHKIHsI BHICOTBI ¥ reorpaduyecKux
KOOPAVMHAT, ¥ CKOPOCTb BeTpa Kak (DYHKIMS OT 3THX Ke NepeMeH-
HBIX, ¥ MHOTO JPYT¥X IapaMeTpoB.

Bbi6epem Hekoropbiit ma6op x; (i = 1, 2, ...) mepeMeHHbIX
[MapaMeTpoB TaK, YTOGbl YAOBJIETBOPUTbL CJEAYIOUIMM JBYM YCJIO-
BUSIM:

1) mo6o¥i Ha6op 3HAYEHHH NApaMeTPOB X; MOXET OCYLIECTBUTD-
csl, T.e. CUCTEMY MOXXHO IIPMBECTH B COCTOSIHYE, B KOTOPOM KaXK/blil
U3 MapaMeTpoB X; NMPUHMMAET NpPeANHCAHHOEe 3HAYEHHE;

2) 3Hasi B HAYaJIbHbIA MOMEHT ¢ =t 3HaYeHWsI BCEX NapaMeTPOB
X; , MO>KHO BbIYHCJINTb MX 3HAYEHHUS B 060 MOCIEAYIONINHi MOMEHT
BpEMEHHU.

PaccMOTpyM npuMep — 3JIEKTPOH B OCTOSTHHOM 3JIEKTPOMAarHuT-
HoM moJie. /[y Toro 4To6bI omuMcaTh 3Ty CHCTEMY B MEXaHHKax
Hbiotona 1 JiiHIITelHA, HY>KHO, IOMUMO OIUCAHUS 3JIEKTPOMArHuT-
HOTO TOJIsI, YKa3aTh MacCy M 3apsi/l 9JEKTPOHA; B MEXaHHKe APHCTO-
TeJIs1 Hy>KHO 33/1aTh €ro IOJBH>KHOCTb.

Ionpob6yeM 3ajaTh COCTOSHHUE JEKTPOHA, YKa3aB IIPOM3BOJIbHO
€ro KOOpAMHATBI, CKOpPOCTh M Yyckopenue. Cpasy BHAHO, 4YTO B
paMKax MexaHWku HpIOTOHA COBOKYITHOCTb 3THX BEJIMYHMH HE TOAUT-
cs1 A 3ajiaHusl COCTOsiHUA. B caMoM zeste, 1oJioXKeHHe U CKOPOCTb
3JIEKTPOHA ONpeJessioT CHIY, AEHCTBYIOILYI0 HA HET0 CO CTOPOHBI
anexkTpoMaruuTHoro mouisi. CorjacHo Mexanuke Hbplotona cuia
ornpezesseT yCKOpeHue 3JeKTpoHa. IlosToMy yckopenue Hesb3si
3aJ]aBaTh POU3BOJIbHO U €r0 HAJO UCKJIOYUTH U3 Habopa mapamer-
POB, 33/IAI0IUX COCTOSIHUE 3JIEKTPOHA. B MexaHuke Apucrorens U3
3TOrO Habopa cJjenyeT UCKJIIOYUTh U CKOPOCTb, TaK Kak B paMKax
3TO TEOPHM CHJIA OJJHO3HAYHO ONpeJeJisieT CKOpocTb. MOXXHO JOoKa-
3aTb MaTeMaTUY€CKH, YTO, 3HAsI MIOJIOXKEHUE U CKOPOCTb 3JIEKTPOHA B
HayasIbHbIi MOMEHT BPEMEHH, MOXKHO BBIYHCJIUTD 3TH K€ BEJHYHHbBI
B J11060if MOCJEAYIONMii MOMEHT BpDEMEHH, OIUPAsICb HA BTOPOH
3akoH Hpiorona. TouHO Tak ke 3aKOH APHCTOTEJIs1 IT03BOJISIET HANTH
KOOPAMHATHI TOYKU B JIIO6OH MOMEHT BPEMEHH, €CJIM OHU U3BECTHBI
B HayasIbHbI MOMEHT.

Wrak, B Mexanuke HploTOHa cOCTOAHME CHCTEMBI 3aJaeTcs yKa-
3aHUEM IOJIOKEHUS] BCEX TOYEK CUCTEMBI M MX CKOPOCTEii.

B Mexanmke ApHCTOTENSI COCTOSIHME CHCTeMbl M3BECTHO, €CJIH
U3BECTHBI ITOJIO’KEHHUS BCEX €€ TOYEK.
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OmnucaHue CHCTEMBI COCTOMT M3 JBYX 4acTeii: ONHCaHWe BHell-
HMX YCJOBMi, B KOTOPBIX HaXOJMTCSI CHCTeMa, ¥ COGCTBEHHO OIHM-
canus cuctembl. IlepBasi yacTh OCyllecTB/sieTCs NyTeM 3afaHuUs
CWJI, AEACTBYIOMIMX HAa CHCTEMY CO CTODOHBI <BHELIHETO MHUPa».
3mech oTaMuMe MeXaHMKM ApHCTOTeNss OT MexaHuku HbioToHa
COCTOMT B TOM, YTO B TOCJIEJIHEN YYUTBHIBAIOTCS CHJIbI TPEHHUs, a B
1epBOii OHM He 3aMeyaloTcsi. Bropas 4acTp ONMCaHMs CHCTEMBI
COCTOMT B 3a/laHMM CWJI, C KOTOPBIMHM OT/JEJIbHbIE YaCTH CHCTEMBI
B3aHMOJIEHCTBYIOT APYT C APYTOM, U B 3ajaHuu Macc (B MexaHHKe
Hebiotona) mmn noasuxHocTell (B MexaHuKe ApHCTOTENs) KaxXoi
OT/AEJbHON YaCTH CHCTEMBI.

IoapiToXXMM CKasaHHOE: KaXkJoe U3 ABYX NOHATHI — OnMcaHue
CHCTEMbl M COCTOSIHHE CHCTEMbl — HMEET DPa3JNYHbI CMBICT B
MexaHuKe ApHCTOTesisi U B MexaHuKe HploToHa. 3aMeTuM, YTO IpH
nepexojie K KBaHTOBOM MeXaHHWKe 062 3TH TOHSITHSI MCIIBITBIBAIOT
OYepeIHOE U OY€EHb CEPbE3HOE H3MEHEHHE.

3aKOHbI COXpaHeHus

Xopomuio u3BecTHO, YTO B MexaHuke HbloToHa mMe-
10T MeCTO 3aKOHbI coxpaHeHusi. IIpoie Bcero oHu ¢opMyIHPYIOTCSA
IUIst 3aMKHYTO# cucteMbl. Tak HaspIBaeTcsi cHCTeMa Tes, KOTOpble
B3aUMOJEHCTBYIOT OPYr C APYrOM M He B3aUMOJEHCTBYIOT HHU C
KakuMH apyruMu TejamMu. CTpOro roBops, 3aMKHYTBIX CHCTEM B
IpUpoIe He CyIlecTByeT. I'paBUTAlIOHHOE M 3JIEKTPOMarHUTHOE
MOJIsI, TIOTOKH KOCMUYECKUX YaCTUI[ He MO3BOJSIOT «3aMKHYTbCS B
cebe» Kaxkoi-u6o cucteme Tea. CylecTBYIOT, OZHAKO, TIOYTH 3aM-
KHyTble cucTteMbl. Cuilbl, AeficTByIOIIMEe HA BXOASANINE B HUX Tesa
CO CTOPOHBI IIOCTODOHHHMX TeJ, O4YeHb MaJbl, H TaKHe CHCTEMbI
BeAyT ceOsi MOYTH HEOTJIMYMMO OT 3aMKHYTBIX cucTeM. Ilostomy
NIPEACTABJIAETCS] BAXKHBIM ITO3HAKOMHUTBCSI C OCHOBHBIMH CBOMCTBa-
MM 3aMKHYTBIX CHCTEM.

Oka3sbIBaeTcsi, YTO CeMb BEJIMYHMH — 3JHEPrHs CHCTEMbI, TPH
KOMIIOHEHTBI ee MMITYJIbCa ¥ TP KOMIIOHEHTBhI ee MOMEHTa KoJIuye-
CTBa [BMXKEHMSI — He U3MEHSIOTCS C TeueHueM BpeMeHH («CoxpaHs-
I0TCSI» ), €CJIM CHCTEMa 3aMKHYTa.

Jlerko HaiiTM 3aKOH COXpPaHEHHsI M B MeXaHHMKe ADHCTOTeJ.
PaccMoTpuM 111 3TOrO Kakylo-1M60 <«3aMKHYTYIO» CHCTEMY TeJl.
CJ10BO 3aMKHYTasi 3aKJIOYEHO B KaBBIYKH, TaK KaK C TOYKHM 3PEHUS
mexannku HploTOHa HM ofHa cucTeMa Tesl B MeXaHuKe ADHCTOTe st
He SIBJISIETCS 3aMKHYTOM — KaXkK/[0e TeJI0 B3aUMOAeHCTBYeT co cpeJoi,
OTBETCTBEHHOMH 3a CUJIy TpPeHHS.

Hycts 7 (t), % (t), ..., 7, (t) — paauycbi-BeKTOpBI Tea, 06pa3yo-
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MX <«3aMKHYTYyI0» cucreMy. IlocrponM BekTOp

1.
_ XA)
R=-1""1
P
i Oy
¥ HAa30BEM €r0 IVIaBHbIM BEKTOPOM CHUCTEMbI. l'[pez[JIaraeM YUTaTEJIIO
CaAMOCTOSATEJIbHO OOKa3aThb CJIe}.'[lel.[[l/Ie yTBep)KﬂeHHﬂ: 1) rJIaBHBIHA
BEKTOP «BaMKHyTOﬁ» CHUCTEMbDI COXPaHAETCA — HE U3MEHAETCA [¢0]
BpeMeHeM; 2) €CJIN Ha TeJia ﬂeﬁCTByIOT BHEIIIHUE CHJIbI, TO KOHEI]
rJIaBHOI'O BEKTOpaA CUCTEMDbI (Tenepb yme HeSaMKHyTOﬁ) JABUXETCS,
KaK TeJIO C IMMOABHUXXHOCTBIO

IO/l 1efiCTBHEM CyMMbI BHEIIIHUX CHJI, IPUJIOXKEHHbBIX K CHCTeMe. JTO
yTBEPX/leHHe HeTPY/HO JO0Ka3aTb, MOJb3YysCh «3aKOHOM ApPHCTOTe-
JisT» W OlIpelieJieHHeM TJIaBHOTO BEKTOPA CHCTEMBI.

Habniopasn 3a noXxaesow Kannen

Kak onpenenurb 3KCHEPUMEHTAJbHO IOCTOSHHYIO
BpeMenu? IlepBoe, 4TO IPUXOAUT B TOJIOBY, 3TO U3MEPHTh IPOJOJ-
JKUTEJIbHOCTb IEPEXOAHOTO pexxiMa. Bo MHOI'HX CJIyyasix 3TOT COBeT
oueHb 11ox. IlpeacraBbre cebe, 4YTO HaM HY>KHO H3MEPUTDb NIOCTOSH-
HyIO BpeMeHH JOX/JeBbIX Kamesb. /{1 HabMOJeHus MepexoJHOro
pexyMa IPUILIOCH ObI OAHATH HAaGJII0AaTe IS HA BBICOTY AO0K/AEBBIX
TY4 ¥ CHaOJMTh €ro TOHKOH amnmaparypoii, y/1aBJMBaioLield MOMEHT
o6pa3oBaHus JOXK/EBOI KallJii ¥ CIOCOGHOI He TIOTepSTH ee U3 BUAY,
TI0Ka OHA He CTaHeT MajaTh paBHOMepHo. ['opas/io npoiie U3MEPUTDH
CKOPOCTh KallJiu ¥y BOJM3Y MOBEPXHOCTH 3eMJIH:

a oTCI0/la HAWTH TMMOCTOAHHYIO BPEMEHHU!

=2,
%

Bbl, KOHEYHO, 06paTH/IM BHUMAHHKE: /i1 CHJIBI MbI BOCIIOJIb30Ba-
JIHCh BBIPAKEHUEM /ISl CHJIBI TSKECTH; KPOME TOrO, MbI MPEINOJIO-
WM, 4To BO/M3M 3eMi [BH)KEHHE YK€ yCTaHOBHMBINEEC. ITO
TNIPEANOOKEHHe HALJeXHUT HpoBeputb. OueHb HPOCTOH Croco6

Y3HaTb CKOPOCTb AOXAEBbIX KalleJib COCTOUT B HaOJIIO/ICHUH CJIEOB
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3THUX KalleJib, OCTaBJIAEMbIX Ha OKHAX ABIMIKYILErocs TpaMBasi. Ecim
CKOPOCTb TPaMBas, cKaxxeM, paBHa V = 20 kM /4, a cJieibl Kaneab
Ha CTEKJIE COCTABJIAIOT C BEPTUKAJIBIO YTOJI 3(° , TO CKOPOCTh KaleJb
paBHa

Vv

Uy = t230° = 34 xm/u = 9,4 M/c .

Ortciona ceyer, 4To HOCTOSIHHAsT BDEMEHM TIPMMEPHO PaBHA OJHOM
cexynze. IlyTs, npolifenHblii kanel B TeyeHue NEPEXOJHOrO PEXKHU-
Ma, IJMTEJbHOCTh KOTOPOTO MOXKHO IPHHATH paBHOi 5—10 ¢, He
npepbimaer noatoMy 50—100 M (MBI y4H, 4TO CKOPOCTb Kammu B
TIEPEXOTHOM pexKuMe He 60JIbIle yCTaHOBUBIIEHCS cKopocTu). To uto
[AJMHA TyTH B TIEPEXOJHOM PeKHUMe OKa3asach CTOJIb MaJioi, MOJ-
TBEPXKAAET Hamle NPeJIoJIOKEHHe: Kalljsd ABUXeTCA B6Iu3u
3emuu ¢ ycraHOBUBLIEHCS CKOpocThio. Ho K 3TOMy BBIBOAY MOXHO
npuiiTy u 6€3 BbIYUCIEHHH, HaGTI0ast 3a IOXKAEM U3 OTKPBITOrO OKHa
TPaMBas UJIH, ellle NPOoIe, 32 KOCHIM JOXEM.



SJIEKTPOH ABWXETCA C TPEHUEM

BeBepeHune

CJI0BO «TpeHHEe» HAIOMMHAET O JBHKYHIUXCSI HaCTIX
MallIMH, O CAHKaX, CKOJIb3SIIIUX [0 CHEXXHOMY HACTy, O METEODHUTE,
packaJisionieMcs Ipy npoJeTe yepe3 atMocdepy. B ofnux crydasx
6e3 TpeHUsI Hesb3s 0O0HUTHUCDH, B APYTrUX — AeJaloT BCe BO3MOXHOE,
yToOBI OT Hero u36aBUTbCs. C TpeHMeM NPUXOAMTCS CYUTATHCS
JIBDKHUKY-CJIAJIOMHCTY U UH)XE€HEepPY-KOHCTPYKTOPY; IOCKOJIb3HYB-
uiicsi MPOXOXKHIl CeTyeT Ha OTCYTCTBUE TpeHus, a (pusuku B
J1a60paTOPUSIX U3BICKUBAIOT CIIOCOGBI YMEHBIIEHUSI TPEHUST XOTs1 Obl
Ha nosu npouenTa. Ho, moxaiyi, k1o 661 HU AyMaJs O TPEHUH, BCeE
NPEACTABJSIOT cebe Kakoe-mu60 Makpockomuyeckoe Teqo (Hora,
KOJIECO, BMHT IapOX0/a), B3auMOEHCTBYIOLIEE CO CPEAON HJIHM C
JPYTUMH TeJIaMU.

A MO>KHO JI TOBOPUTb O TPEHHUHU MDY ABIKEHUH MUKPOCKOIIMYEC-
KOif 4acTHI(bl, HAPUMEP 3JIEKTPOHA?

B 3T0i1 cTaTbe MbI paCCMOTPUM ABHXKEHUE 3JIEKTPOHOB B METAJLIE.
V13BecTHO, YTO 3JIEKTPOHBI COBEPILIAIOT 6ECTIOPSA0OYHOE, XA0TUUECKOE
aBikeHue. Ho ecsim o MpOBOJHUKY MIET TOK, TO KPOME XaOTHYeC-
KOTO TEMJIOBOTO [BU)KEHHSI €CTb €llle W HalpaBJIEHHOE ABI)KEHHE
3JIEKTPOHOB.

QOueHb CJI0XKHO OIUCATh MOBeJEHHE Ka)XkKA0T0 3JIEKTPOHA B OT/AEb-
HocTu. [losToMy MbI 3aMme-
HUM JBO)KEHME BCEX YaCTHIL
HOTOKOM OAMHAKOBBIX «CPEel-
HMX» YaCTHUI], ABHKYILUXCS
B OZHOM HAIIPABJIEHNH C O H-
HaKOBBIMU CPEIHUMHU CKO-
pOCTAMH. ITO MOXHO Cle-
JlaTh, TaK KaK OpU BEKTOP-
HOM CJIOJKEHHH BCEX CKOPO-
CTeil CKOPOCTH XaOTU4ECKO-
TO [BUXKEHMUSI, HanpaBJieH-
Hbl€ B pa3Hble CTOPOHBI, JAIOT

CraTpsl HamucaHa B COaB-
Topcree ¢ I'.51./Tro6apckum




B CYMME€ HOJIb M OCTAIOTCA TOJbKO CKOPOCTH HallpaBJIEHHOI'O IBUXKEHUA
JJIEKTPOHOB I1IOJ, feicTBUeM JJIEKTPUYECKOIO TOKa. OKa3bIBaeTC${,
paccMaTpuBas IIOTOK <«CPEAHUX» 3JJIEKTPOHOB, MOXHO HE TOJIbKO
IIOHATDH TIPOLECCHI, MPOUCXOAsNIMe B MeETaj/ljlaX, HO U BBIBECTHU
IIpaBUJIbHbBIE CI)OpMyJ]bI, OIMChIBAIOIINE 3THU IPOLECCHI. KOHC‘IHO,
TaKO€ «yCp€JHEHHOE» pPaCCMOTPEHHE IPOIlle, YeM l'IOLlp06H08.

JNeKTPOHHbINA ras

To, yTo MeTa/IbI XOPOIIO NPOBOAST 3JEKTPUIECKUH
TOK, [ABHO IPUBEJO K MBICJIH, YTO B MeETaJule eCTb CBOGOIHbIE
3JIEKTPOHBI.

CB06OAHBIX 2/IEKTPOHOB MHOTO. B 01HOM Ky6udeckoM caHTHMET-
pe mMeTasia ux okoso 10%2-10% . Moxo6Ho MOJIeKyJiaM B rase, OHU
HaXOJAATCSA B HENMPEPbIBHOM ABWXXeHUH. Tak U roBOPAT: «3JIEKTPOH-
HbIi Ta3» UM <«I'a3 3JIEKTPOHOB IpoBoauMOCTH>. [IpaBaa, cBoiicTa
3TOrO rasa CyIIECTBEHHO OTJMYAIOTCS OT CBOMCTB OGBIYHBIX Ta30B.
OJIEKTPOHHBI Ta3 B MeTa/laX NOAYMHSETCS 3aKOHaM KBaHTOBOM
MexaHukH. M3 Bcex Heo6bIuHbIX (KBaHTOBBIX) CBOHCTB 3JIEKTPOHHO-
ro rasa Ajid Hac Ba)XHO OJHO: CPEIHsS CKOPOCTb XaOTHYECKOIO
JBUKEHHS 3JIEKTPOHOB B MeTaJlle €/1a60 3aBUCHUT OT TeMIIEPATypPHl 1
AJ151 GOJIBIIMHCTBA METAJLIOB IPHOIM3UTebHO paBHa (v) = 108 cm/c. !

«CpegHUIA» 3NeKTPOH

Ecnn nmo MerasuinueckoMy HpPOBOJHUKY TEYET TOK,
3HAYUT, K HEMY NPUJIOXKEHA Pa3HOCTb NOTEHI[MAJIOB, IIPHYEM MEXIY
TOKOM I 1 pasHOCTBIO IoTeHIManoB U cyliecTByer npocras nponop-

IMOHAJIbHOCTD:
U
I=—,
R
ITo — 3HaMeHHUTHIH 3akoH OMa.
Conporusjienre R NponopuuoHaibHO AJMHE NPOBOAHHKA L u

06paTHO MPONOPLMOHAIBHO IJIOIIA/IA €TO HOMEPEYHOro CeueHus S:

_pL

5
Koa¢uument mponopumonansHoctn p (yaenbHoe CONMpOTHBJIE-
HHe) 3aBHCHT TOJIBKO OT MaTepHaJa MPOBOHHUKA H OT TOTO, B KAKHX
YCJIOBHSIX 3TOT MPOBOAHHMK HaxoaHTcs (kaKoBa ero Temmepartypa,
Hanpumep). Beamunny 1/p 06braso 0o6o3Havaior 6yKBoit G . ITO —
yaeJbHas 3JIEKTPONPOBOAHOCTb. Ecim BBecTH Temeps IJIOTHOCTDH

! Peus uger o cpenneii KBaJIpaTHYHOH CKopocTH: (v) = Vo? ; uepra nax
v® 3/1ech M B anbHelieM 0603HAYAET Cpe/Hee apugMeTHYECKOEe 3HAYEHHE.
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~l<
3

. I
TOKa j = 3 1 HaNpPSKEHHOCTb 3JIeKTpudeckoro mois E =

3axoH OMa nepenuuiercs B guddepenuuansoit ¢opme:
j=cE. )

BesimuuHbl, BXoaamue B (1), He 3aBHCSAT OT TeOMETPUYECKHUX pas3Me-
poB TMpOBOAHMKA. HanpskeHHOCTb 37IeKTPUYECKOro IO M IUIOT-
HOCTb TOKa — BEKTOPBI.

Tak KaKk 3apsjl IIEPEHOCAT 3JMEKTPOHDI (3apsi] KaXA0TO 3J1eKTPO-
0 2. em3/?
Ha e = 4,8 -107'° anexrpocraruueckux equnu, 2 [e]=———),
c

TO MJIOTHOCTH TOKA MOXXHO BBIDA3UTb Yepe3 YHMCJIO 3JEKTPOHOB B
emunnne o6bema (7 = 102 cm™3) u cpennee apudmernyeckoe snave-
HHe X CKOPOCTH D :
j=env. 2)

ITo MeTa/uTy TeYeT TOK; UMEETCs HANPaBJIEHHbIH MOTOK 3J1eKTPOHOB;
§ — CKOpOCTb 3TOTO TOTOKa.

®opmyny (2) MOXKHO <IIPOYECTb» HECKOJIBKO MHAYe, He YUHTbI-
Bas XaOTHYECKOTO JBW)KEHUS 3JIEKTPOHOB. B kaxaoM Ky6uueckoM
CaHTUMeTpe MeTa/lIa €CTb 7 3JEeKTPOHOB, M BCE OHU JBUXKYTCSA CO
ckopocTbio ¥ . IToagMena 6ecropsiioyHO ABMXKYIIUXCS 3JIEKTPOHOB,
«CHOCHMBIX» 3JIEKTPUYECKUM IMOJIEM, OAMHAKOBO JBIDKYIIMMMCSH
«CPeHUMH» 3JIEKTPOHAMHU NPOU3BOAUTCS [JISI YIPOLIEHUS, YTOGBI
Jierye MCCJeN0BaTh CBOMCTBA NMPOBOHUKOB.

Co CTOpOHBI HPUJIOXKEHHOT0 K IPOBOJHUKY 3JIEKTPUYECKOTO
TOJI Ha 3JIEKTPOH JefCTBYET CUJIa, paBHas

F =¢E . 3)

Us dopmya (1), (2) u (3) crexyer, 4T0 CKOPOCTb «CpeJHET0»
9JIEKTPOHA MPONOPLUOHAJIbHA IPHUJIOKEHHOH Cuie:

5=—3 F )

T.€. «cpe,uﬂm‘/i» 9JIEKTPOH ABUXXETCA 110 3aKOHAaM MEXaHUKH ApP[CTO"
Tesis1. MexaHuka ApI/lCTOTeJIﬂ TIPABUJIbHO OITACBHIBAET IBUKEHHUE B TEX
Cayyasax, Korza TeJjio IBUXKETCA C TDEHUEM U ITPUJIOKEHHAA MTOCTOAH-
Has CuJjia ypaBHOBEIIIMBAETCA CHUJION TPEHHUs. CiieioBaTeJbHO, «cpen-
HUil» SJIEKTPOH IO JiefiCTBUEM 9JIEKTPHUYECKOro I10JIA ABUXKETCA 110
MeTaJlsly C TPEHUEM.

2 M1 B 5Toit cTaThe GyleM noab3oBaThes cucreMoii CT'CD, B KoTOpOI
€IMHMUIIBI 3JIEKTPUYECKUX BeJnuuH (3apsifa, TOKA, HANPSKEHHOCTe a/IeKT-
PHYECKOr0 ¥ MarHMTHOTO TIOJIEH) BHIPAXKAIOTCS YepPe3 MEXaHUYECKUE eUHH-
upr (cM, T, €).
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NMopBuXHOCTL

I'naBHas XapaKTepHCTHKA 4acTHI[ B MeXaHHKe ApHuc-
TOTeJIS. — UX MOJABHXHOCTb ¥, T.e. CKOPOCTb YaCTHIbI TIOJ BO3JEi-
crBueM eauHuyHOM cuabl. CormacHo ¢opmyne (4) HOABHXHOCTB
«cpeftHero» anekTpoHa paHa of(e’n). B orimume or cpeaHeii
CKOPOCTH, TIOIBUXHOCTb He 3aBHUCHT OT BeJHYMHBI NPHJIOXEHHOH
cuibl. IIpMHATO He MOABMKHOCTD BHIPAXKaTh yepe3 y/Ae IbHYIO dJeK-
TPOIPOBOJHOCTb, & HA060POT, YAEIbHYIO 3/1eKTPOIIPOBOJHOCTD BbI-
paxaTb 4epe3 MOABMKHOCTD:
o =ne’u. 5)

Mo>ker BOSHMKHYTDb BOIIPOC: 3a4eM O/JHy XapaKTepPHUCTHKY MeTaJl-
na (3/1EKTPONPOBOAHOCTb G ) BbIpaXKaThb 4yepe3 JiBe Jpyrue?

ITO J1e/aloT MOTOMY, YTO BEJMYMHDBI 72 M U OTpPeesioT pasniny-
Hble, MOXKHO CKa3aTb, HE3aBHCHMbIE XapaKTEPHCTHKH MeTallla.
Unco cBOGOAHBIX 3/1€KTPOHOB B eANHHULE 06BEMA 72 MPaKTUYeCKH He
U3MEHSIETCs C TEeMIepaTypoi, MaJlo 3aBUCHT OT COCTOSIHHMSI o6pasiia
JaHHOTO MeTasta (MOHOKPHCTAJUI MJIM TIOJMKPHCTAJLI, OYEHb YHC-
ThI WJIM ¢ HeGOJIBUINM KOJMYecTBOM TpuMeceir). IloaBmxHOCTD u
XapaKTepU3yeT CUJTy CONPOTHBJIEHUS CPe/Ibl IBUXKEHHUIO 3/IEKTPOHOB.
C u3MeHeHMeM TeMIepaTypbl OHa MOXeT HM3MEHHTbCS B COTHH,
TBICSTYM Pa3; 3HAYUTEJIbHO yBeTMYNBAETCS TOABHUKHOCTD PH OYHCT-
Ke MeTa/a OT npuMeceil. UHCJIO 3/IEKTPOHOB 7 ¥ MOABMXHOCTD U
AOIYCKAIOT HE3aBUCHMOE 3KCIIEPUMEHTAJIBHOE OIpe/ie/IeHueE.

Cuenyer nomuepkHyTb eije oAHO. BBeeHue NOABMKHOCTH 03Ha-
4aeT Olpe/Ie/IEHHOE TPOHUKHOBEHHE B IPHPO/IY 3JIEKTPONPOBOIHOC-
h: Qopmysna (5) uMeer MpaBO Ha CyIIECTBOBAHHE TOJIBKO B TOM
cly4yae, ecl¥ TOK IEPEHOCHTCA 3JeKTpoHaMH. Bcs coBokymHocTb
3KCNIEPHMEHTAJIbHBIX (DAKTOB MOATBEPKIAET TAKYIO TOUKY 3PEHHSI.

3ddexT Xonna

Ecsu mpoBoiiuK, Mo KOTOpoMy TedeT TOK, TOMECTUTD
B MarHuTHOe moie B TaK, KaK MOKA3aHO HA pPHCYHKe, TO B
HanpaB/IeHUM OCH ¥ BO3HMKAET Pa3sHOCTb IIOTEHLHAJIOB, MPONOPIH-
OHAJIbHasl BeJINYMHE TOKA M MaTHUTHOTO 10JIsi. JTO SIBJIEHHE Ha3bIBa-
erca apdexrom Xosa.
Ha snextpon, Haxomsmmiics B NpOBOAHMKE C TOKOM, KpoMe
CHJIbI, IHCTBYIOLIEH CO CTOPOHDI 3/IEKTPHYECKOTO OJIs, AeHCTBYeT
TaKkxe cuia JlopeHua, paBHas

e A e
F =-=vBsin (vB)
c
¥ HanpapJieHHas NEPNEHAUKYJSAPHO CKOPOCTH ¢ M MarHUTHOMY
noJjio B.
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Ha «cpeanuii» asek- 4
TPOH TaKXe aeicTByeT
cuia Jlopenuna, Bennuu-
Hy KOTOPOH MOXHO oOII-
peAesuTb, INOACTABUB
BMECTO CKOPOCTH U Cpef-
HIOIO CKOpOCTb O . B Ha-
1IeM NIpUMepe, COTJIACHO
dopmyne (2), v=7 | a

-~ en
sin(z?B):l (cm. pucy-

1ok ). Iloatomy
B e
nc
Iox AeficTBMeM 5TOM CHJIbI AEKTPOHBI JABUTATMCH GbI B HAIIDABJIE-
HuM ocu y. Ha caMoM e fese, Kak TOJbKO HEKOTOPOE YHCIO
3/IEKTPOHOB CKONMTCS Ha Kpalo ILIacTMHbI ([eTbca MM HeKyna),
BO3HUKHET 3JIEKTPHYECKOe ION€e, AEHCTBYIONlee B HAIPABJIEHHH,
MPOTHBONIONIOXKHOM cHie JIOpeHua, M HaKOTUIEHMe 3apSOB IIpe-
KPaTUTCS.

SIcHO, YTO yCTaHOBMBUIMMCSI ABW)XXEHME 3apsiioB GyaeT Toria,
Korzia

F=

eEy=F,

Hoacrasus crona suavenne F u3 ¢popmyst (6), monyuuM 3HaueHue
HaNpsHXEHHOCTH noJist XoJua:

E, =15 @)
nec

Mbr nosyumn 3uavenue nosist XoJ/1a, BO3HUKAIONIETO B IPOBOAHH-

Ke, TIOMENEHHOM B MarHUTHOE 10JIe B , KOT/Ja 10 HeMy TeYeT TOK C

T0THOCTBIO j. IIpu 3TOM MBI paccMaTpuBaIM TOJBKO <«CpegHHE»

OJIEKTPOHBI, JABHXKYIIHECS CO CPEAHEN CKOPOCTBIO.

IIpocroTa nosyyennoi (opMyJIbl JOIKHA HECKOJIbKO HACTOPO-
xuTh. BepHa i1 oHa Bceraa? He siBiisieTcst /iu ee IpoCTOTa Ci1eACTBY-
eM ynipomenHoro ( «ycpeaneHHoro» ) pacemotpenusi? K coxanenuo,
TIPUXO/IMTCS KOHCTATHPOBATh, YTO 3TO JEHCTBUTENBHO TaK. [10Ap06-
HOE, YYUTBIBAIOIIEE NABUKEHHE KaXKAOTO 3/IEKTPOHA PACCMOTpEHHE
HpUBOAUT K 6oJiee cJa0xHOi (opmyse, Ho (1 3TO AIA Hac BaxkHO!)
NOpANOK BeM4MHbI 10/ Xos1a Moayyurcst ToT xe. IlosTomy
npocrasi ¢opmy.a (7) NO3BOJSAET OUEHUTb YHCJIO CBOGOAHBIX IJIEK-
TPOHOB B e[MHMLE 06beMa: BEAb BCE BEJMYMHDBI, BXOASIIUE B 3Ty
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dopmyy, 3a uckiouenueM n (4uca YacTUI — HocuTeed 3apsaaa),
OIPEIEISIOTCS. AKCIIEPUMEHTAJIBHO.

Vi3MepeHHs1 TIOKa3bIBAIOT, YTO y XOPOUIMX METAJJIOB, KaK MbI U
TOBOPUJIM, 7 = 10*2 - 10% cm3. Ir0 03HAYaeT, YTO OT KaXKJIOro
aToMa MeTaJlJla OTOPBAJICS U CBOOOIHO ABUIKETCS IO KPUCTAJLIY 110
KpaiiHeil Mepe OJMH WM JaXKe HECKOJIbKO 3JIEKTPOHOB. 3Hasl YHCJIO
3JIEKTPOHOB B efiuHuIle 06beMa, MOXHO TOJCYUTATh HMOABUXKHOCTb
3JIEKTPOHOB B MeTaslie. Bo3abMeM U3 CIIpaBOYHMKA Y/I€IbHOE COIIPO-
TUBJIEHUE Memu P, (KaK NpaBuso, B CIPABOYHUKE HPUBOAUTCS
3HAYEHHUE YAEIbHOTO COPOTHBJIEHUS IPU KOMHATHOM TEMIIEPATYPE):

Pcu = 1,7-10° Om-cM = 1,8-1078 ¢.

He ynusasiitech, 4To pasMepHOCTb yAEJbHOTO CONPOTHUBJIEHUS —
cexyHga. IIpoBepbTe 3TO, BOCIOJIb30BAaBIIMCH BbIpaXKEHUEM [JISA
YAEJIbHOH 3/IEKTPONPOBOIHOCTU Yepe3 MOABHXKHOCTD.

Pasaesus ¢ = 1/p Ha ne®, HOJyYuM, YTO NOABHIKHOCTD 3JIEKTPO-
HOB B MeIy NPHGIH3MTENbHO paBHa 6-10'2 ¢/r . MHoro 3to WM
Masio? Ecsin cpaBHHBATH € MOABUMHOCTDHIO 3JIEKTPOHOB TO XKe Meau
Npu O4YeHb HU3KUX TeMIlepaTrypax, To Majo. IIpu TeMneparypax,
6/IM3KUX K a6COJIIOTHOMY HyJIIO, IOBU)KHOCTD B COTHH H THICSIYHU pa3
6osibiie. Eciiu cpaBHUBATh € MOABMXKHOCTHIO 3JIEKTPOHOB B IPYTHX
NPOBOAHMKAX, TO MHOTO. ODJIEKTPOHBI MeAM — OAHU U3 HauboJee
MOJBUKHBIX.

[1st Toro 4ToObI OLIYTUTH, YTO IpeACTaBisieT COOOM MOABUXK-
HOCTb, BBIYHCJIUTE CKOPOCTb «CPEAHEro» 3JIEKTPOHA, CKaXKeM, KOTAa
10 METaJLJIy TeYeT TOK, IJIOTHOCTb KOTOpPOro paBHa 1 A/ MM

Ecuiu BB He oIIMGIUCD TIPH PacyeTe, TO BaC, HABEPHOE, MTOPA3KIJIO,
KaK MaJia CPe/iHssl CKOPOCTb: MO/ AeUCTBUEM 3JIEKTPUYECKOTO HOJIS
3JIEKTPOHHBII Ta3 MEJIEHHO INePeMEMaeTCsl 10 NPOBOJHHKY. ITO
KOHEYHO, HY B KOeif Mepe He IPOTHBOPEYHUT YTBEPIKAEHHIO O TOM, YTO
CpeJHssl CKOPOCTb XaOTHYECKOTO [JBUXKEHHUS OYeHb BEJIMKA.

Bpemsi ceo6ogHoro npobera

Tot ¢axkr, YTo O IPOBOAHUKY TOJ AeiiCTBHEM MOCTO-
STHHOTO T10JIS TEYET HOCTOSIHHBINA TOK, MOKA3bIBAET, YTO 3JIEKTPOHBI,
npHOOpeTAONMe JHEPTHIO OT 3JIEKTPUYECKOTO IOJIS, OTJAIOT ee
meraty (toynee GbuIO Gbl CKA3aTh: KPHCTAJIMYECKOH pEUIETKE
MeTajIa); B MeTa/ule HIPU HNPOXOXKAEHUM TOKA BbIAEJNSAETCS TEILIO
(ero HasbIBAOT JKOYJIEBbIM). UTOGbI HE TPOTUBOPEYHTb paHee
BBICKA3aHHOMY YTBEPXKIEHHIO O CBOGOJE 3JIEKTPOHOB B METaJJIaX
(MBI ero ckopo npoBepuM!), TIPENOJIOKUM, UTO KaXKIblil 3/IEKTPOH
JBIDKETCSI B TEYEHHE BPeMEHH T MO AeHCTBUEM BHEIIHETo IOJs, a
MOTOM, B KOPOTKOM aKTe CTOJIKHOBEHMsI C YeM-TO, OTAAeT Impuobpe-
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TEHHYIO OT 3JIEKTPUYECKOTO 1osist 3Hepruio ( T — Bpems CBOGOAHOTO
npo6era anekTpona). Tak kak yckopenue 3/eKTpoHa paBHO eE m ,

TO IPHUPOCT CKOPOCTH 3a BPEMsST T paBeH — E, a Cpe}lHHﬁ TOK ('Z‘CT]:v3
m

2
i=""E. ®
m
CpasnuBas 3ty ¢opmyiy ¢ dopmyaamu (1) u (5), Haxoaum
p= _mT ;U= X )
ne’t m

ITO — OYeHb BaXxkHble popMyrbl. OHU CBA3BIBAIOT MAKPOCKOITHYECKHE
BeJIMYUHbI (yJ1e/IbHOE CONPOTHUB/IEHHE, TIOABUKHOCTD) C TApaMeTpa-
MH, XapaKTepU3YIOIIMMM J[BHKEHHE OTAEIbHbIX 3JIEKTpOHOB. He
HaJI0, TIPaBJa, 3a6bIBaTh, YTO T — TOXE CPEHss XapaKTePHCTHKA.

BMecro Bpemenu cBo6ogHOro mpo6era WHOrAa ya0GHO MOJIb30-
BaTbCsA MOHATHEM JIMHBI CBOGOIHOrO Tpobera:

I=(o)t, (10)
rae | — paccTosinue, KoTopoe NPOXoAUT (B CPeIHEM) SIEKTPOH MEKTY
JABYMSI CTOJIKHOBEHMAMH, (0) — CPENHSS CKOPOCTb XAOTHYECKOTO
ABHXKEHUSI IJIEKTPOHOB. [I/ii 2/IEKTPOHHOrO rasa, Kak Mbl yxe
TOBODHJIM, /U He 3aBMCHT OT TeMIepaTypbl M TeMIIEpaTypHble
3aBHCHMOCTH | M T COBHAJAIOT.

Tenepb mpoBepuM, MOXHO /M B JEeHCTBUTENTBHOCTH CYMTATDH
3JIEKTPOHBI MPOBOJUMOCTH CBOGOAHBIMU. Bbimle Mbl HoacYMTaIn
TIOJIBU>KHOCTD 3/1eKTPOHOB Meu. OHa oka3aach paBHoit 6 - 10!2 c/r.
Orcrona u u3 dopmyx (9) u (10) caepyer, uto

1=2-10"¢; 1=2-10 cM, 1)

Tak kKak m =102 r, a (v) =3-10° cem/c.

3Hayenust T 1 | NOIHOCTBIO IOATBEPXAIOT HAIlle IPe/CTABIEHHE
0 cBo6OJIe 3/IEKTPOHOB IIPOBOJIMMOCTH: MEX/y JABYMSI CTOTKHOBEHHU-
SMH 3/IKTPOH TIPOXOJUT PACCTOSHHME, B CTO Pa3 MPEBbIIIAOLIEE
pasMepn! atoMma! IIpH MOHWXKEHMM TeMIlePaTypbl 3/IEKTPONPOBO-
HOCTb METaJIJIOB BO3PACTa€eT, BO3PACTAET TOJIBUKHOCTD 3JIEKTPOHOB,
a C/Ie[oBaTe/IbHO, BO3PACTaeT U BpeMsi CBOGOHOrO mpobera — GoJiee
OTYETJINBO TIPOSIBJISETCS CBOGO/A 3JIeKTPOHA.

3 ®opmy.ty (8) MOxHO BbIBECTH 3HAUUTENbHO 6o.Tee akkypartso. ITocra-
paiiTech 3TO cJesaTb, PaCCMOTPEB IJMEKTPOHbI, MEpPeceKaoIlte MI0CKOCTb,
PaCro/IOKEHHYI0 NePIeHAUKYISPHO BeKTOpy E .
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MosKHO JI HETIOCPeJICTBEHHO U3MEPUTb BpEMsI CBOOOJHOrO MpPo-
6era 3/IeKTPOHOB T MJIM X JJMHY cBoGoaHoro mpobera [? OtBeyas
Ha 3TOT BOMPOC, Mbl He JIO/DKHBI 3a0bIBaTh, YTO B SKCIIEPUMEHTE MbI
BCerja HMeeM J[eJ0 CO BCEMU 3JIEKTPOHAMU Cpa3y — TMPOCTO C
o6pasiioM Metaia ([POBONOYKOM, MIacTHHKOHN). Mnu, ApyruMu
cJI0BaMM, CJIefUM 3a ABUXKEHHEM «CPEIHEro» 3JEeKTPOHA, MOAYUHS-
IOLIErocsl 3aKOHAM MEXaHMKM APHCTOTeJs.

TennonpoBOoAHOCTL

Mbr paccMoTpenn OJHY NPUYMHY, 3aCTaBJISIOLLYIO
JBUTaTbCsl «CPEIHUH» 3TEKTPOH, — AEHCTBUE TEKTPUYECKOTO MOJIS.
MOXXHO 3aCTaBUTb MABUTaTbCSl 3JIEKTPOHBI M IPYTHM CIIOCOGOM:
NO/UIEP>KUBaTh Ha KOHLIAX METAUIMYECKOro o6pasiia pasHOCTb TeM-
neparyp 1; —7T,. DJIEKTPOHbBI YCTPEMJISIIOTCSI OT TEMJIOrO KOHIA K
XOJIOMHOMY B TIONBITKE BBIPABHATH TEMMEPATypy — [0 MeTally
noTevyeT TOK. B pa3OMKHYTOM NPOBOJHMKE BO3HUKHET 3JIEKTPUYEC-
KO€ T0JIe, TPENSTCTBYIONIEE JBUKEHHIO 3IEKTPOHOB (B PA30MKHYTOM
npoBoaHuke j = 0), HO eC/IM MOAAEPKUBATb PA3HOCTb TEMIEPATYD,
TO Terio 6yJeT MepeTekaTh, U MEePEeHOCUTb ero GYAYT 3JIE€KTPOHBI.
IIpotuBopeunst B 3T0il (ppase uer: j = 0 o3HA4aer, YTO OT
XOJIOJHOTO U OT FOpSTYero KOHIIOB 06pa3lia ABUXKETCS C OANHAKOBOM
cpezHell CKOPOCTbIO OANHAKOBOE YHUCJIO 371eKTPpoHOB. Ho 06e rpymimbi
3JIEKTPOHOB HECYT Pa3/INuHble KOJNYECTBA TETJIOBOIl SHEPrUHU: IPyTI-
Ma, KoTopas ABUXETCA OT HarpeToro KOHLA, HeceT GOJblile Tera.
AHanu3 Tpoliecca NepeHoca TemJa 3J1eKTPOHAMM TIOKa3bIBAeT,
YTO K03(PHULMEHT TEMIONPOBOAHOCTH — KO3 PHIHEHT MPOIOPIIHO-

L-T,
L
CTbIO IIOTOKa TEIlJIa — PaBEH 4

K=%Cl(v), (12)

HAJIbHOCTH MEXKIY , tne L — amuHa MpOBOAHUKA, U TIJIOTHO-

rae C — TEIUIOEMKOCTh 3JIEKTPOHHOTO ra3a, KOTopas JHMHEHHO
3aBUCHT OT a6COIOTHOM TeMmepaTypbl (3T0 ellle OJHO MPOSBJIEHUE
KBAaHTOBBIX CBOHCTB rasa 5JEKTPOHOB MpoBoaumocth). W3 dopmyn
(12), (9) u (10) BuaHO, yTO0 W3 oTHOWeHus pK/T BbMAZAIOT

BEJIMYMHBI, 3aBUCSIYE OT TeMiepartypsl,’ T.e. pk T He 3aBHCHT OT

4 Mbl rOBOpHM TOJIBKO 06 3JIEKTPOHHO! HacTH KoddbHIMeHTa Tero-
1poBOAHOCTH. Temnso nepeHoCAT He TOJIbKO 3/1eKTPOHBI. Uepe3 AH3/IeKTPHK
(M30151TOP), B KOTOPOM HeT CBOGOAHBIX 3JIEKTPOHOB, TOXe PACIPOCTPaHS-
eTCs TeIl1o, MPaBAa Xy’ke, 4eM uepe3 MeTasll.

> HanoMHHUM elme pa3, 4To CpefHee KBaJAPAaTHYHOE 3HAYEHHe TerIOBOM
CKODOCTHU 3JIEKTPOHOB (0) He 3aBHCHT OT TEMIIEPATYPBI.
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TeMIepaTyphbl MeTaJla;
pK
= =const . (13)
T

Bosiee noapo6HOe paccMOTpeHMe MOKa3asio 6bl, YTO «KOHCTAHTA» He
3aBHCHUT JjaXke OT cOpTa MeTaJjiia. J1Jis1 BCeX MeTaJlJIOB OHA OJHA M Ta
xe. Dopmy.ta (13) 6bu1a noyyeHa Ha OCHOBAHUH aHAJIN3a JKCIepH-
MeHTaJIbHBIX (DaKTOB U HOCHT Ha3BaHHUe 3aKoHa Bumemana—dpaniia.
Ee BbIBOJ MIOKA3bIBAeT, YTO MbI IPABUJIbHO IOHUMAEM <«YCTPOMCTBO>
MeTaJ/Lia.

3aknioyeHue

SlcHo, uTO, 3aMEHUB XAOTHYECKH ABMXKYLIHECS JIeK-
TPOHBI OAWHAKOBBIMM <«CPEJHHMM» 3JIEKTPOHAMM, Mbl YIIPOCTHJIM
3a/a4y MCCJe0BaHMs CBOHCTB MeTasuia. Ho mpocrora He maercs
napoM. 3a Hee HaJI0 IJIATHTb. UeM ke MBI IJIATHM 3a 3Ty IpOCTOTY ?
Bo-nepBbix, TeM, 4TO He BCerja mosyuaeM TO4YHbIE (opMyJibl (Mbl
CIELMATBHO OTMETHJIM 3TO O6CTOSITEJICTBO IIOCJIE BHIBOAA (POPMYJIbI
nuist mosist Xosna). Bo-Brophix (M 3TO caMoe TJIaBHOE), OTKa3oM OT
yI/Iy6/ieHusl HalMX Npe/CTaBJeHuil. Mbl COIIaCHIMCh BBIPAXKaTb
CUJIy TPEHMSI «CPEJHEro» 3JIEKTPOHA Yepe3 IOJABUKHOCTb, BbIPa3H-
JI TIOABHMIXKHOCTh 4€pe3 CpejHee BpeMsi CBOGOAHOrO Ipo6era M...
OCTaHOBHMJINCb. OCTaHOBUJIMCh B MPOJBIKEHHH K GoJiee MOJHOMY
MOHUMAHUIO TIPOLECCOB, IIPOUCXOASIINX B METAJLIE TIPH TIPOXOXKIe-
HUM Yepe3 Hero 3JIeKTPHYECKOro Toka. VccienoBaHue moOBeaeHust
BCEX 3JIEKTPOHOB, MX B3aUMOJAEHCTBHS ¢ MOHAMHM KPUCTA/LJIMYECKOI
PELIEeTKH MeTaJljla MO3BOJIMJIO ObI HaM He TOJIbKO BBECTH TOJBHIK-
HOCTb M BpeMsi CBOGOAHOTO Tpo6Gera, HO W BBHIYMCJMTb 3TH BEJIMYHU-
Hbl. TeM caMbIM OmpesesnTb, KaK y/eJbHOE COMPOTHBJICHHE 3aBHU-
CHT OT TeMIEPaTypPhl.



SJIEKTPOH U3NYYAET ®OTOHDI

Knaccnyeckasn teopus nsnyyeHuvs

CyutecTBOBaHHE B IPUPOJE 3/IEKTPOMArHUTHOTO ITOJISA
— [JaBHO U XOPOIIO YCTaHOBJEHHbIH (pakT. 3apspkeHHas YacTHLA,
HoMellleHHasd B 3JIEKTPOMAarHUTHOE I0Jie, HAYHMHAeT JABUTATbCS yC-
KopeHHo. CJiejoBaTeIbHO, OHAa MCIIBITHIBAET BO3/EHUCTBHE CO CTOPO-
HbI 3JIeKTpoMaruuTHoro nouisi. Ilose, yckopsisi 3apsii, MPOU3BOAUT
HaJ HUM PaboTy, a CaMO TepsieT HEKOTOPOe KOJUYECTBO SHEPTUH —
nose cjabeer, T.e. JEHCTBYeT Ha eJUHUYHBIA 3aps C MeHblleH
cujoii. Hao6opot, ecvu moJie 3aMe/J1sieT 3apsi, OHO YCUJIMBAETCSI.
VHbIMU cJIOBaMH, K IlepBOHaYaJbHOMY MOJIO JO6aBJIsieTcsl HOBOE,
cosnaHHoe 3apsfoM. OciabreHne MOJSI TOXE MOXXHO DacCMaTpu-
BaTh KakK J00aBjieHHEe HOBOTO, CO3[JAHHOTO 3apsiIOM IOJisI, HO Ha-
IIpaBJieHHE [OIOJHUTEJbHOTO IOJI INPOTHBOIOJIOXHO HallpaBJe-
HMIO TTePBOHAYAJIBHOTO.

IKcIepyMeHTbl IIOKa3aju, YTO II0Jle, CO3JaBaeMoe 3apsiioM,
3aBHCUT OT BeJIMYMHBI 3apsfia M OT XapaKTepa €ro [JBMXKEHHS.
Ilpuynna, BbI3BaBLIAS [ABMXKEHHE 3apsiia, COBEPLIEHHO Hecylle-
cTBeHHa. J[J1 BbIYUCJIEHN 110JIS, CO3/1aBaeMOro JBIDKYLIMMCS 3apsi-
JIOM, HY>KHO pelunThb cucteMy quddepeHimanbubix ypasHennii (3o
M €CTb 3HAMEHUTbIE YPaBHEHHsSI MakcBesia).

s Hac ceiiyac BaxkeH caM (haKT: JBHXKYIIMHCS C yCKOpEHHEM
3apsI MOXKET U3MEHSITb SHep-
THI0 9J€KTPOMAarHUTHOTO
HOJIs. DTO SIBJIEHVE Ha3bIBA-
ercsin3aydyeHueM. OTMeTnM,
4YTO XOPOLIO U3BECTHBIN 3a-
ko Kysona, B cuiy xoro-
pOro IoJie HENOABH>XKHOTO
3apsaja MOXeT ObITb pa3 H
HaBcer/a MOACYUTAHO B JIIO-
6011 TOYKE IPOCTPAHCTBA, T10-
Ka3blBaeT, YTO HETOJBHXK-
HBIH 3apsij He usaydaer. B

G

Cratbg HanucaHa B COaB-
topcte ¢ I.51.JTi06apckum.




caMoM JieJie, TIoJle TAKOTO 3apsi/ia He U3MEHSIETCS C TeYeHHeM BPEMEHH,
T.€. HE U3MEHSETCS SHEpPIUsl MOJIS.

IIpoBesieM MBIC/IEHHDIN 5KcepUMeHT. Bo3bMeM HemOBHIKHBII
3aps/. 3aCTaBHM €ro ONUCaTh OKPY’KHOCTb, BEPHYTHCS B UCXOAHYIO
TOYKY M OCTAaHOBUTbCs. Kakoit 6yneT KapTHHA 3/1eKTPOMATrHUTHOTO
nosnsi? Ha nepBoM aTane, xorna 3apsii HETOABHXKEH, OH CO3/A€T
o6blYHee 3IEKTPOCTATHYECKOE TIole. B Teyenue BToporo stama co3aa-
€TCsl HEKOTOPOE JOTOJIHUTEIbHOe moJe. VicuesneT M OHO mocie
TOrO, KaK 3apsia ocranosutcsi? Her, ne ucuesner! Ho mosBoJisre,
Be/lb BOKPYT HEIIO/(BUKHOTO 3apsifia ToJIe IOJIKHO GbITh 3J1eKTPOCTa-
THyeckuM. Heysenu aTo HeBepHO?

BepHo, Ho He coBcem. Co3nianHOe Ha BTOPOM 3Talle JOTOIHATE b~
HOE 3JIEKTPOMArHUTHOE TOJie HauHeT Ne)OPMUPOBATHCS TaK, UTO
ClycTsi BpeMsi t TOC/He OCTAHOBKH
3apsa BHYTpM Iapa paamycoM ct
(¢ — ckopocTb CBeTa) YCTAaHOBUTCS
KyJioHOBckoe nosie (puc.1). Bue ato-
ro mapa nosie 6yJeT CyIIeCTBEHHO
OTJIMYAThCS OT KyJIOHOBCKOTO. MITaK,
T0JIe M3JIy4eHUst GbICTPO yAAMSIeTCs
OT TOTO MECTa, T/Jie OHO 6bLIO CO3/a-
HO, yCTymnas KyJIOHOBCKOMY HOJIO
BCe HOBBIE U HOBble 06JACTH ITIPO-
crpancTBa. IlomuepkHeM, 4TO 3TO
CBOMCTBO — «y6€eraTb» CO CKOPOCTBIO
CBeTa OT MecTa 3aposxaenus (1 yHo-
CUTb C COGOH BCIO TIOJIyYEHHYIO OT JBHXKYIUXCS 3aPSAI0B SHEPTHIO)
— ofliiee CBOWCTBO M3JTyYeHHs.

OtMeTnM OfiHO BaXKHOE O6CTOATENbCTBO. Tak Kak 3/eKTpoMar-
HATHOE TOJIe U3JyYeHHs] YHOCHUT C CO6OH BCIO TOJIyYEHHYIO OT
ABIDKYIIETOCS 3apsi/ia SHEPTHIO, TO IIOTHOCTb SHEPTUH TAKOTO MOJIS,
T.e. SHEPTHsl, NPUXOASAASACS HA eIMHHILy O6beMa, yMeHbIIAeTCs
06paTHO IPONOPLHUOHANBHO 06bEMY IAPOBOTO CJIOS, B KOTOPOM OHO
HaXofuTCst. JTOT 06beM MNpONOpIMOHAJEH KBaJpaTy paamyca.!
[ToaTOMY IIOTHOCTD SHEPTUHU TOJISI M3JTy4eHHsI OGPATHO TIPONOPIHU-
OHa/IbHA KBA/[PaTy PACCTOSTHUS OT MCTOYHMKA M3dydenus: (Hampu-
Mep, OT aHTEHHBI).

[170THOCTD SHEPrUM 3MEKTPOCTATHYECKOTO IOJISI TIPONOPIHMO-
HaJIbHA KBAJIPATy €ro HANpPSKEHHOCTH. B CBOIO ouepesnb, HanpsiKeH-

Puc. 1

1 HeiicTBUTEIBHO, 06bEM LIAPOBOTO CJIOST PaAUyCcoM R u ToNmMHOR AR
paBeH SAR = 4nR’AR (S - niowmanb NOBEPXHOCTH 1Iapa), MOCKOIbKY AR
MaJjIo o cpaBHeHuIO ¢ R.
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HOCTb 3JIEKTPOCTATUYECKOTO T0JIs1 0OPATHO MPONOPIHOHAIbHA KBaJl-
paTy pacCTOSIHUSI OT MCTOYHUKA. 3HAYMT, IJIOTHOCTh SHEPIUHU 3JIEK-
TPOCTATUYECKOTO MOJISI yObIBAET KaK YETBEPTAS CTENEHb PACCTOSIHUS,
T.e. FOpa3fo GbICTpee, YeM IUIOTHOCTb SHEPTHUH IIOJIS M3JIy4YeHHs.
ITHM U O06BSICHSIETCS, TIOYeMY JJISi PAJHOCBSI3H UCIIOJb3YIOTCS MMOJISI
U3JIyYeHUsI, 2 He 3JIEKTPOCTATUYECKHE MOJIS.

Kaxue >xe BoIHBI M3/Ty4yaeT 3apsKeHHAsl 4aCTULA, ABHKYIIASICS
¢ yckopenneM? Yactora M3Jy4eHHOH BOJIHBI 3aBUCHUT OT XapaKTepa
JABWDKEHUs YacTuibl. Ecm 4acTuia copepinaetr rapMOHHYECKHE KO-
Je6aHusi C 4acTOTOH Vg, TO M 4acTOTa M3AyYeHHBIX BOJH Gyner
paBHa Vg .

Kiaccuueckas anekrpoannaMuka (ypaBHenuss Makcpesiia) aaet
BO3MOXXHOCTb BBIYMCJIMTH WHTEHCUBHOCTb U3JIY4YEHHS, T.e. KOJUYeE-
CTBO 2HEPruHd, M3JIyYeHHOH 3a eqMHHUIy BpeMeHu. Tak, Hampumep,
MHTEHCHBHOCTb U3JIy4YeHHsl JBUKYIIETOCS C YCKOPEHUEM a 3apsija e
paBHa
_ 2e’a? 0

3c3

B cucreme CT'CO MHTEHCHMBHOCTH M3JyYEHHS] MOXKHO BBIYMCJMTD C
TOYHOCTBIO 10 Koa(pduuuenta 2,/3, ecad 3HaTh, OT 4Yero OHa
3aBUCHT. B 3TO#l cucTeMe Bce eMHMIIBI BBIPAKAIOTCSA 4Yepe3 TPU
OCHOBHbIE: JJUHBI, Macchl U BpeMeHu. (B CH OCHOBHBIX eIMHHIL
yeTblpe — J06ABJSIETCS elle eANHUIA cHJtbl ToKa. [loatoMy snekTpu-
YecKude eJUHMIbI HE BBIPAKAIOTCS Yepe3 MEXaHWYECKHe, U TakKoe
PacCMOTPEHHeE TPOBECTH Hesb3si.) BennuyvHa MHTEHCMBHOCTH U3JTy-
YeHUs] ONIpefiesisieTCsi 3apsioM e, HMMEIUUM pa3MepPHOCTH
(2 .eMm¥? . ¢1), ero YCKOpEeHHEeM a(cm . c-z) U CKOPOCTbBIO CBETa

C(CM~C_1). U3 3tMX BeIMYHH MOXKHO IIOCTPOUTH TOJIBKO OJHY

KOM6HHaIIPﬂO, HMEINYI0 Pa3MEPHOCTb MOITHOCTH (Spl‘ . C-i) , KOTO-

past npuBoaut K Bbipaxkenuto (1). Ionpo6yiite NpoBepUTh 3T0.

@opmyaa (1) nokassiBaeT, 4To 3apsl, ABMXKYIIMICA ¢ MOCTOSH-
Ho#t ckopoctbio (@ = 0), He u3myyaeT. ITOT e BHIBOK MOXHO
NOJIyYuTh U Gosiee mMpocThIM paccykaeHueM. [lokosmascs yactuua
He MOKET U3JIyYUTb 3/IEKTPOMArHUTHYIO BOJIHY, TaK KaK eif HeOTKy[a
B3ATb JAJIsA 3TOTO 3Hepru0. CiejoBaTeIbHO, U YaCTUIA, JIETSAIas ¢
MOCTOSIHHOR CKODOCTBIO O B IICTOTE, TOXKE HE MOXKET M3JIy4arb —
BeJib 10 NMPHHIMITY OTHOCUTEJbHOCTH [asuiess Bceraa MO>KHO BbiG-
paTb SKBHBAJIEHTHYIO CHCTEMY OTCYeTa, B KOTOPOM 3Ta YaCTHIA
TIOKOMTCSI.

Ectp eme oauH BaxkHBIH ci1yyail, KOrja JBHKYILMECS 3apsibl He
u3aydaior. PaccMOoTpuUM MOCTOAHHBIA TOK, TEKYIHI [TO0 KaKOMY-JI160
KPUBOJIMHEHHOMY KOHTYDY. VI3 akcniepyMeHTa U U3 TEOPHH XOPOLIO
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M3BECTHO, YTO TAKOM TOK CO3/aeT IIOCTOSIHHOE MATHUTHOE I0JIe, HO HE
u3ny4daeT. Ho Beb BCSKHI TOK eCTb ABMIKEHUE 3aPSIKEHHBIX YaCTHI.
Kax/ast U3 3THX 4aCTUI, KaK Mbl 3Hae€M, CO3/AET I10Jie U3JIyUEHHS.
[ToueMy ke aTu 3aps/ibl, B3siTble BMeCTe, He U3ay4aior? Oxa3biBaet-
cs1, IOJIsl U3JTyYEHHs, CO3/IaBaeMble Pa3HbIMH YaCTHLAMHU, KOMITEHCH-
PYIOT APYT JpyTa € TaKOH TOYHOCTbIO, YTO B pe3yJbTaTe OCTAETCS
YUCTO CTaTU4ecKoe Iojie. MOXKHO CYUTaTh, YTO B 3TOM CJydae
3apsiKEeHHble YacCTHILbI JBIDKYTCSI C OJUHAKOBOM MOCTOSIHHOM Cpefi-
Heil CKOPOCTbIO, U U3JIy4YeHUe OTCYTCTBYET.

C nomompio ypaBHeHu#t MakcBeJla MOKHO yCTaHOBUTb OOLINiA
(akT: ecau pacHojioKeHHe TOKOB M 3apsiioB B IIPOCTPAHCTBE He
3aBUCHUT OT BpEeMEHH, TO U3JIyYeHHEe OTCYTCTBYeET.

nnaHeTapHaﬂ Mopgesnb aToMa N nanyyeHune

BpeMeHHO HTHOPUPYS KBAHTOBYIO IIPUPOALY ATOMHBIX
4aCTHL, OIUIIEM A3bIKOM KJIAaCCUYECKOH (PU3MKHU MmpocTeHimuii aToM
— aToM BOAOPOJAA, COCTOAIIME H3
OJIHOTO TIPOTOHA M OJ[HOTO 3JIEKTPO-
Ha.

DJIEKTPOH BpallaeTcs BOKPYT
IPOTOHA [0 OKPYXXHOCTH PajIiyCoM
75 (puc.2), 2 Tax uro cuna mo?/rs
BBI3bIBAIOLIAS LIEHTPOCTPEMUTEIbHOE
yCKOpeHHUe, paBHa KyJIOHOBCKOH cuTe
nputsikenust e/r2 (m—Macca anex-
TpOHa):

mv® e’
—==
s 5 Puc. 2
Orciofa MOXHO BbIPa3UTb CKOPOCTb BpallleHHsl 3JIEKTPOHA:
2 e
V= —. 2)
mrg

CKOpOCTb JJIEKTPOHA TEM 6OJIbIIIe, 4YeM MEHbIIIEe PAaCCTOAHUE MEXIYy
HHAM U IIPOTOHOM.
Nonnas SHEPruA 3JEKTpOHa B aTOME BOAOpOJa — 3TO CyMMa €ro

. 1 e’ .
KnHeTH4YecKod sHepruu E_. = —mv® = —— W NOTEHLUAIbHOM
2 2 s
e
EIIOT =-—
s _ 2 o2 _ 2 .
2y 1 2rg°

2 75 — paauyc Tak Ha3biBaeMOH GOPOBCKOIl OpGHUTBI 3JIEKTPOHA.
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Kiaccuyeckasi ¢usuka He MOXKeT OOBSICHUTH TOT (PaKT, 4TO BCe
aTOMbl BOJIOPOJA UMEIOT OAMH U TOT JKe pa3Mep. MblI IOKa IPOCTO
NPUMEM, CYHTAs 3TO DKCIEPUMEHTAIBHBIM (DaKTOM, YTO Y BCEX
atoMoB Bozopoza 75 ~107'0 m .

IlenTpocTpeMuTeIbHOE YCKOPEHHE 3JIEKTPOHA IIPU ABUXKEHHH IO
OKPY>KHOCTH PaBHO

Ho Beap ecim 2J1eKTPOH JBUXETCSI C YCKODEHHEM, OH H3Jy4YaeT.
KakoBa HHTEHCHBHOCTb 3TOTO H3JIy4YeHHs, Maja OHA WUJIM BeJHKa?
Ouenum ee, nozactasus B Gopmy.ry (1) 3HaueHne ycKOpeHus a:
2
= 2°( e | 26"

3c3 | mn? 3c3m*d
XoTs1 Bce Beau4uHBI, BXOJSAIINE B 3Ty (HOPMYJy, U3BECTHbI U MbI
MOXEM BBIYUC/INTD, KAKOE KOJHUYECTBO SHEPIMH B CEKYH/Iy U3JIy4aeT
3JIEKTPOH, OTBET MaJIO 4YTO CKaXXeT, BeJb B MHPE aTOMOB TEPSAIOTCA
ob6biyHble mpencraBieHus. [loctynmum wmnave. BbramcauMm, kakyio
sHeprui0 AE TepsieT 3JIeKTPOH 3a BpeMsI OAHOTO 060pOTa BOKPYT

2nry |
saapa — 3a oquHd nepuoa T = —=2

v

2, 4m €

AE =T v ?r§/2m3/2c3 ’
[Ipeo6pasyeM 3TO BbIpaKeHHE K BUY
2 V2 o
8nf 1 e e

AE=—|——| —.
3|5 me 215

4)

2
. e
B s1oii opmyJie uieH P = F, xapaxkTepHasl «aTOMHasi» SHEPTUs
43

aJekTpoHa B aroMe. CuieoBaTesibHO, BCe OCTAjIbHbIE BEJUYUHBI,
Bxoasmue B ¢popmyay (4), n0mKHB 06pa3oBbIBATh Ge3pa3MEPHYIO
KoM6uHaiuoo. [leiicTBUTEIBHO, BEJIUYHMHA .«32/mc2 UMeeT pa3Mep-
HOCTDb JJuHbL. Ee Ha3bIBaIOT KJIAaCCUYECKUM PAJUYCOM 3JIEKTPOHA U
0603HAYAIOT 7, :

62
f,=—5=2510" M,
mc

Taxum o6pasom,

£z10—5,

E

a
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Mrtak, OpU KaXXJOM 060pOTe 3JEKTPOH TEpsSieT HUYTOXHYIO 4acTb
CBOEH 3HEPrUM — OAHY JecATUMUJUTMOHHYI0 aomo. IlocMorpuM Ha
3Ty BEJUYHMHY C ADYTOH TOYKH 3PEHUS.

INonpo6yeM OLEHUTD, CKOJIbKO BpEMEHHU «IIPOKUBET» aTOM, €CJIU
3JIEKTPOH 6yJIeT U3JIy4aTh 3JIEKTPOMArHUTHYIO SHEPIHIO aXKe TaKu-
MM MAJIbIMU TIOPLUSAMU. 32 OJJMH 060POT SHEPTHUsl 3JEKTPOHA YMEHb-
UTCS Ha BeauuuHy AE = 10'6Ea , U TIpU 3TOM paCCTOSTHUE OT
3JIEKTPOHA [I0 SIApa TOXKE YMEHBIIUTCS. A NMPUOIU3UTEIBHO 3a 108
060pOTOB 3JIEKTPOH BOBce cBajqutcsi Ha sapo! Ho omun o6opot
3JIEKTPOH COBEpILAET 3a

2nrs = :Z—W—'S—(rnrf,)l/2 ~10716 ¢,
v
CuieroBatesibHO, ecJiy Obl 3aKOHBI KJIACCHYECKOH MEXaHMKH M KJIac-
CHYECKOH 3JIEKTPOJMHAMUKY ObLIY CIIPaBE[JIMBbI B MUPE aTOMOB U
3JIEKTPOHOB, ATOMbI MOIJIM 6bI IPOCYLECTBOBATb HE 6osiee 1071 ¢.

10, NIOXKAIYH, OAHO U3 Hanboree KaTaCTPOUIECKUX PACXOXK/e-
HUI MEeXIy KJACCHYECKON TeOpHel M 3KCIEPHMEHTOM: <«BEYHbBIE»
aTOMBI OKa3aJIMCh MPEJEJbHO HEYyCTOHYHUBBIMHU.

CyuiecTByeT ellle OHO IPOTUBOPEYUE MEK/Y NITaHETapHOH Mojie-
JIbIO ATOMA U SKCTIEPUMEHTOM. JKCIIEPUMEHT [I0Ka3bIBAET, YTO aTOMbI
nay4ator (npaB/a, /st 5TOTO HAZIO UX NIPEBAPUTENBHO BO3OY IUTD,
T.e. II€peaTh UM HEKOTOPOE KOJIMYECTBO SHEPIUH) IEKTPOMArHUT-
HblEe BOJIHBI CTPOTO ofnpeaeseHHbIX uyactoT. Ha6op aTux wacror
ABJIAETCS CBOEO6PA3HO BU3UTHOM KapTOYKOH aToMa (Ha 3TOM OCHO-
BaH CNIEKTPAJIbHBIA aHAJU3).

C TOYKM 3pEHUsI IJIAHETAPHON MOJENH BO36Y>KJIEHHbIH aToM
OTJIMYAeTcsi OT HEeBO30Y>K/IEHHOrO TEM, YTO €ro SJIEKTPOH HMEET
HECKOJIbKO GOJIBIIYIO SHEPTHIO H, CJIeI0BaTeIbHO, 6oIbIIKi paauyc
op6uTHI 7; > 7 . B mpoliecce U3 Ty4eHusa pacCTOSIHUE OT 3JIEKTPOHA /IO
siipa TOCTENEHHO YMEHBLIAETCS IO BEJIUUUHDI 7 , IPU 3TOM Helpe-
pbiBHO uaMeHsietcs (yBesmumBaercs) yactora obpautenusi. CreoBa-
TEeJNbHO, CIIEKTP M3JYUYE€HHBIX YaCTOT JOJDKEH ObITb HENPEPBIBHBIM —
OT HAYaJIbHOW 4aCTOTBI 2

o [ ) 1
2ny |\ mn | 2mn
10 MaKCUMaJbHOU YaCTOTbI

1/2
v e2/1

2y |\ mrg | 2mrg

OG6bACHUTD UCTUHHBINA JUCKPETHDII CIIEKTP U3JTyYeHHUs aTOMOB KJIAC-
chyecKas IJIaHeTapHasi MozeJb He Moxet. /s o6bsICHEHUST BCEro
3TOro Heo6xoA¥Ma KBAHTOBasi MEXaHUKa.
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DNeKTPOH u3ny4aeT OTOHbI

Kak xe xBaHTOBas MeXaHHKa OGBACHSET, IOYEMY
3JIEKTPOH He IAJIaeT Ha SIAPO?

[Ipexxae Bcero ciaeayeT NOAYEPKHYTb, YTO AJSA OGDSICHEHMS
CBOMCTB MMKDOMHpa MPHILIOCh CO3JaTh NPHHLHMIIHMAJILHO HOBYIO
HayKy: IIOJNPaBUTb KJIACCHYECKYIO MEXAHHUKY TaK, YTOObI OHA 06bsC-
HsJIa CBOMCTBA aTOMOB M MOJIEKY.JT, OKa3aJI0Ch HEBO3MOXKHO. OCHOB-
Hasd HOBM3HA KBAaHTOBOW MeXaHMKHM — y4yeT €IWHCTBa BOJIHOBBIX U
KODIYCKYJISIPHBIX CBOHCTB MHKDOYACTHII.

CortlacHO cTPOruM BbIBOJaM KBAaHTOBON MEXAHUKH SHEPTHS 2JIEK-
TPOHA MOXXET IPUHUMATD He JIIOOble, a JIUIb JUCKPETHBIE 3HAYEHU.
3HayeHusl HEPTMU B aTOME BOJOPOa

2m°me? 1
Ey=-———,
h n
rne n = 1, 2, 3, ... Cpeau BCeX COCTOSIHHM 3JIEKTPOHAa B aTOMe

BOJIOPOZia €CTb OJHO OCO60€ COCTOSIHME — OCHOBHOE COCTOSIHHE C
HauMeHblle# sHeprueit. EMy coorBercTByer n = 1. DJIEKTPOH He
MOJXKET MMETb SHEpruio, MeHpmymo E; = —2n2me4/ h? . Stor 3amper
CBsI3aH C BOJIHOBbIMH CBOMCTBaMM 2JieKTpoHa. OH HACTOJIBKO CTPOT,
410 06ecreynBaeT 6ECKOHEYHOE BPEMS JKU3HH aToMa.

Wrtak, 2J€KTPOH B OCHOBHOM COCTOSIHUM HE H3JY4YaeT 3JEKTPO-
MarHuTHbIX BOMH (dpotonoB).3 Ecim ke 3/1€KTPOH HAXOLHUTCS B
OJHOM M3 BO36Y>KIEHHbIX coctosiuuii c n > 1 (n =2, 3, 4,...), on
MOJKET NEPEHTH B COCTOsIHME C 6oJiee HU3KOH SHEPrueil, M3Jyd4uB
3JIEKTPOMArHMTHYI0 BoJHY. Kak ¥ Bcsakuil mpoiiecc B mpHpose,
MIPOLIECC U3Iy4YeHHs OAYMHAETCS 3aKOHY COXpaHeHus aHepruu. Ero
JIETKO 3allMCaTh, €CJIM BOCIOJIb30BAaTbCS COOTHOIIEHHEM, CBS3bIBAIO-
HIMM YacTOTy 3JIEKTPOMAarHUTHOH BOJIHBI V c aHeprueil ¢oToHa:

E,-E,=hv, &)
tnen, ’ =1,2,3,...;n>n. Orcioga
E -E,
y=""n__""n
h
Jlns Bogopoaa
2mPmet (1 1
A% =~—-h3—(;;2——?) (6)

3 He Tonbko aToM BOOpOAa, HO M OGOH APYTOH aToM He U3JIy4yaeT
SHEPTHH, €CJIM OH HaXOJUTCS B OCHOBHOM COCTOSIHMH.
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@opmy.bt (5) u (6) onpeaensior ciextp (Ha60p) YACTOT, KOTOPbIE
MOXET M3JIy4YdTb WM MOIJIOTUTb aTOM BOAOPOJA.

KBaHTOBas MexaHMKa I103BOJISIET ONMPEIEJIUTh HE TOJIbKO CIHEKTP
YaCTOT U3JIy4Y€HHS Y IOTJIOIEHUS, HO U MIHTEHCHBHOCTD M3JIy4YeHHUs!.

@opMy bl KBaHTOBON MeXaHMKU 06.J1afaloT OJHOIH MHTEpPeCHOH
ocobenHocTbio. OHM HepexoasiT B (hOPMYJIbl KJIACCHUECKOH (busu-
KM, KOI/la «KBaHTOBOCTb» IpEHE6PEXHMO MaJa, T.e. KOrJa IBIXKe-
HHUE HOYTH Kjaccuieckoe. (910 BakHOe OGCTOSTENBCTBO IOJIyYUI0
Jaxke CIleliMajbHOe Ha3BaHWe — IIPUHIMI COOTBETCTBUs.) B pac-
CMaTpUBaeMOM HaMH CJydae MaJoCTb KBAaHTOBBIX 3¢eKTOB MposiB-
JII€TCA B TOM, UTO NP 3HAYEHUSX 7, CTPEMSIIUXCS K 6ECKOHEYHOC-
™, AE=FE,-E, {, crpeMurcsi K HyJio. Beap B Kiaccuueckoi
¢usuke sHeprus MoXeT UMeTb J060e 3HaueHue! Mbl mpuBesn
TOJIbKO OJIMH NIpUMep, HO Jo6ast (opMy/a KBAaHTOBOi MeXaHUKH
JIONyCKaeT NPOBEPKy INPHHIMIIOM CcOOTBeTcTBUs. Jlyuie cka3atb
uHave: Jo6aa ¢opMysa Kiaccuieckoil (HU3UKU eCTb IMpejlebHOoe
3HayeHue KBaHTOBOI ¢opMy.ibl. KBaHTOBas MexaHuUKa He OTMEHUJIA
KJIACCHUeCcKylo, a yKa3aJa eit ee Mecto (1 BecbMa II0YETHOE MECTO).
Knaccudeckas MexaHMKa CIIpaBe/lIMBa TOTZa, KOTAa MaJibl KBaHTO-
Bbie 3 deKTbl, U CHpaBeJIuBa C TOYHOCTbIO, KOTOPYIO JOMYCKAaeT
KBaHTOBasA MeXaHHUKa.

U3snyueHune yacTuubl, ABUXYLLEICA
€ NOCTOAAHHON CKOPOCTbIO

Jlo cux mop Mbl FOBOPHMJIM, YTO H3JIy4aeT TOJbKO
YacTHLa, IBIKYyIasics ¢ yckopenueM. Ho y atoro npaBuJia ecTb 0HO
HCKJIIOYeHHne. DJIeKTPOH, IBIKYLIMICS C TOCTOSIHHOM CKOPOCTbIO, HO
He B IyCTOTe, a B KaKkoH-1160 cpene, U3ay4aeT cBeT. ITOT apdekt
Ha3zblBaeTcsl u3/TyyeHueM BaBuioBa—Uepenkopa.

Ci0Ba «4epeHKOBCKOe M3JyveHue», «usiaydeHue UepeHKoBa»,
«3pdexr UepeHkoBa», HaBepHOe, HU3BECTHbI MHOrMM. VI MHorue
3HAIOT, YTO TaKOe U3/IyueHHe BO3HUKAeT, KOr/a 3apsiKeHHast 4acTHLa
JABHXKETCA CO CKOPOCTBbIO ¥, GOJIbllleil CKOPOCTH CBETa B Cpere,
oKpyKatomuledl yactuiy. CBepXCBeTOBOe H3/y4yeHHe GbLIO OTKPBITO
I1.A.YepenkoBbiM — yuyenukoMm C.M.BaBusoBa, a O6BACHUIN €ro
¢usnku-reopernku M.E.Tamm u VI.M.@pank. 3a sty pabory Ue-
penxoBy, Tammy u Dpanky 6bl1a npucyxaeHa HobGeneBckas npe-
must 1958 roga mo ¢usuke.

CKOpOCTb CBeTa B cpejie C OKa3aTe/eM IpeJaoMIenns Ve (& —
U2JIEKTPUYECKAsi IIPOHMIIAEMOCTb CPEIbl) paBHA U = c/ Je . Tlo-

CKOJIbKY € >1, CKOPOCTb CBeTa B Cpe/ie # MeHbIIe CKOPOCTH CBETa B
BaKkyyMe C. JTO Ho3BoJisieT Yactulie (HalpuMep, 3JIEKTPOHY) JIETeTh
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B cpeje co «CBerCBeTOBOﬁ» CKOPOCTbBIO V!

c
=u<v<c.
Je

YcioBre BO3HMKHOBEHMS YEPEHKOBCKOI'0 U3J/Iy4YEeHUA
4

N €))

3aMeyaTeJbHO TeM, YTO He COAEPXXHMT MocTosiHHo# IlmaHka. 310
o3Hayaer (IO INPMHLMUIY COOTBETCTBUS), YTO OHO MOXET G6bITb
MOJIy4eHO CPeJICTBAMH KAK KBAHTOBOM, TaK U KJIacCHYeCKOil PU3UKH.
VHTepecHO OTMETUTb, YTO KBAHTOBOE U KJIACCHYECKOE OIHCAHHS
addekra UepeHKOBaA IPUBOIST IPAKTHYECKU K OAMHAKOBBIM pe3Y.Jib-
tatraM. Ho MbI orpaHMYuMcsl TOJbKO KBAHTOBOW KapTHUHOM, TaK KakK
JUIST TIOJTHOM KJIacCHYecKoil Teopuu siBjieHusi YepeHKoBa HeO6X0AMM
CJIOKHBIH MaTeMaTHYeCcKuil amlmapar.

[Ipu aToM HaM NMOHAKOOGATCS AONOJHUTEIbHbIE CBefeHHs O ¢o-
TOHAX.

1. ®oroH 06s1a/1aeT He TOJIbKO ONpezieieHHOH 3Heprueil E, HO u
ornpeieleHHbIM uMIyabcoM p. HanpasiieHue uMmyibca MOXkeT O6bITh
mMo6bIM, a BEJTMYMHA OIIPE/IeJISIeTCSl JHEepPTUei:

Y
c

0>

2. DJIeKTPOMarHUTHOe TI0JIe B CpeJie C AN3JIeKTPHYECKOi OCTOSTH-
HOMi € Taxke CoCTOUT U3 PoTOHOB. (DOTOHBI B U3 TEKTPHKE OT/IHYA-
I0TCS1 OT (DOTOHOB B IYCTOTE TEM, YTO CBSI3b MEXKAY MX dHeprueil u
HMIIYJIbCOM COJAEPKUT JU3NEKTPHUECKYIO TIOCTOSTHHYIO € :

Je . 1

p=—E=-F,
4 u

c
E=p NS

Cas3pb MeX /Iy 9Heprueil ¥ 4acToToi y POTOHOB B cpejie TaKas Ke, KaKk

u y ¢dotoHoB B nycrorte: E =hv.

3. Jlio6oe B3auMmoneiicTBUe (POTOHOB C JAPYTUMH YacTHLAMH
NOAYMHSETCS] 3aKOHY COXPAaHEHUsI JHEPTMU M 3aKOHY COXPaHeHUs
HMILyJIbCa.

Tenepp paccMOTPUM 3JI€KTPOH, ABUXKYIIUHCS B Cpefie C TIOCTOSTH-
HOM cKopocThIO v. IIycTh B HEKOTOPBI MOMEHT BPEMEHHU OH U3Jy4aeT
¢oroH yactoThl V c uMIyJbcoM p. O603HAYNM HMITYJIbC 3JEKTPOHA
a0 usnydenuss P, a nocne — P’. Torna sHeprusi 3JeKTpoHa [0
usnysenus E = P?/(2m), a nocne usnyuenus — E* = P?/(2m). Tlo
3aKOHY COXDAHeHUsi MMIyabca, P =P —p, a 3aKOH COXpaHeHHs
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SHEPTUM MOXKHO 3aIHCaTh B BUE
p* p? oy
2m  2m e
[IpoBepuM, BCeTa JI MOKET BBINOJHATHCA 3TO PaBEHCTBO. BBenem
yroJa 6 Mexy HMIIYJIbCOM YacTHIbI [0 M3JyYeHHS ¥ MMITYJIbCOM
¢dorona. Kocunyc storo yria HaiifieM W3 3aKOHA COXPaHEHMs MM-
ITyJIbCa, 3aIlIMCAHHOTO B CKAJSPHON popMe:
P? =P?+p? - 2Ppcos®
(MBI BOCIIOJIB30Ba/IMCh TEOPEMOH KocuHycoB). Otciofa
¢ P_[e
2 2, 2 —|1 €
P -P°+p _«/E( 2me ]
2Pp v
. hv
T/le U — CKOPOCTb H3JTy4alomieif YyacTHLbl. BerioMuuM, uto p = —t.
CenoBarteJibHO, c

cosO =

’ (8)

pe _ hve
2mc  2mc*
IT0 — equHCTBeHHast Ge3pa3MepHast KOMOMHALUS NapaMeTpPOB B

dopmye (8), kyna Bxomut noctosinnas Ilnanka. OHa gaeT BO3MOX-
HOCTb OLIEHHTDb CTeNleHb KBAHTOBOCTH siBJIeHHs. J[Jii BUAMMOTrO cBeTa

v=10" ¢!, e>1, =107 .

2mc?

Ortcrona BUAHO, 4TO MblI, He JeJiast G0JIbLION OIMOKM, MOXKeM IIPOCTO
npeHe6pedb BTOPBIM CJIaraeMbiM B uncutesie ¢popMy.nt (8). ITosro-
My U KJIaCCHYEeCKOe PACCMOTPEHHE TIPUBOAMUT K IPABUJIbHOMY PE3YJib-
TaTy.

Tak kak cos® [O/KEH ObITh MEHbIIE €AWHMIIBI, Mbl MOXEM
BbiBecTH ycaoBue (7): umobvl uacmuyd, Aemawas ¢ NOCMOSAHHOU
CKOpPOCMb10, MOZAA UINYUAMb CBEMOBbIE BOIHBL, €€ CKOPOCMb 00X -
Ha npeeviuLams CKOPOCMsd céema & cpeode.

IlpuBeseHHoe paccyx/jeHue OGBSCHSIET, IOYEMY 3JEKTPOH CO

CKOpOCThIO ¥ < C/ \/E HE€ H3JIy4Ya€T U IMOYEMY KOHYC BO3MOXXHbIX

HarpasJieHnil u3nydenus (B caydae v > c/ Je) omnpezessiercs: ¢op-
mynoii (8). BbluncieHMe MHTEHCHMBHOCTH W3JyueHus YUepeHKOBa
3HAYUTE/IbHO CJIOXKHEE, U Mbl He 6YEM MM 3aHMMATbC.

Knaccuyeckuii cmpict ycaoust (7) oueHs npoct: Yactuia <y6e-
raer» OT CO3aHHOTO €I0 3JEKTPOMAarHUTHOTO I0Jist, KOTOPOE B BUJIE
BOJIH PacpOCTPaHSAETCS CAaMOCTOSITEJBHO.
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[Ipubmmxennoe (¢ KJIaCCMYECKOH TOYKM 3peHMS — TOYHOE)
PaBEHCTBO
cos®=—"— 9)
Ve
TIOKa3biBaeT HallpaBJIeHHe M3JIYYEHHBIX BOJIH.

Hoxymaem emre pas, Ha yeM ocHOBaHbl BbIBOA (popmyanl (9) u
yCJIOBHE YepeHKOBCKoro uainydenus (7). Bo-mepBbix, Ha 3akoHax
COXpaHeHMsi JHEPrMM M MMIyJbCa B IpOIECCe HM3/IyYeHUsi, BO-
BTOpBIX, Ha TOM, YTO 9Heprusi ()OTOHA M BEJMYMHA €r0 MMIIYJbCa
CBsI3aHbl JIMHEHHOH 3aBHCHMOCTBIO, M, HAKOHell, B-TPETbMX, Ha
MaJIoCTH KBaHTOBOM nonpaBku. Ecim 6bl peypb uuia He 06 3J€KTpo-
MarHMTHOH BOJIHE, a O 3BYKOBOi, TO BCE 3TH <BO-TIEPBbIX», «BO-
BTOPbIX» M <«B-TPETbUX» ObLIN Obl B TOYHOCTH BbINOJHEHbI. J[js1
3BYKOBOH BOJIHBI KBAaHT ee 9HEPrMd — (POHOH — M BEJIMYHMHA €ro
HMITYJIbCA CBA3aHbI JIMHEHHON 3aBHCHMOCTHIO

p=_E,
s
Tlie s — CKopocTb 3ByKa. Ho Tak kak CKOpOCTh 3BYKa 3HAYMTEJbHO
MeHbLIE CKOPOCTH CB€Ta, TO YCJIOBHME YEPEHKOBCKOTO H3JIyYeHHs
0 > s MOXET GbITb BIITOJIHEHO JaXKe IIPH ABUKEHHH MaK POCKOIMYec-
kux Ten. OIuH U3 TIPHMEPOB YePEHKOBCKOTO M3Jy4YeHHsl 3BYKa —
IWESIOK 6MYa, KOHUMK KOTOPOrO B YMeJIbIX pyKaxX JBHXKETCS CO
CBEPX3BYKOBO} CKOPOCTHIO.

YepeHKoBCKOe M3JIyYeHVe CBETa HAILIO BaXXHOE NMpPHMEHEHHe B
aKcnepumenTtanabHoil ¢usuke. Ho ato — oraenbHas 6osblias u
MHTepecHas TeMa. [17is1 Hac, oXauryit, BaXKHee TO, YTO YEePEHKOBCKOe
H3JIyYeHue — o4eHb oblee siBIeHue. Beerpa, korna yactuna aBuxKeT-
Cs1 CO CKOPOCTBIO, MpeBbINIAIoNIell CKOPOCTb BOJIH B [JaHHO# cpeze,
OHa HM3JIy4aer.






Jlangay BolsIo BO MHOTHe Hay4Hble TeDMUHBL: 3aTyxaHue Jlannay u
ypoBuu Jlanpay, nuamarHetusam Jlanmay u ypasuenust Jlanpay —
JIndumna, xkputepuii cBepxtekydyectd Jlanmay, teopusi pa3oBbIx
nepexofoB Broporo poxa Jlanmay, ocob6enHoctu Jlanmay, teopus
Depmu-xuakoctu Jlannay u ypaBHenue I'mus6ypra — Jlangay... A
Beab Jlanmay He mpou3BoauJI (pH3NUECKNX H3MEPEHHUH, He paboTall C
npu6opamMu B J1aGOPAaTOPHH, a TOJIBKO, KaK OH CaM FOBODHJI, <IIHCAJI
Ha GOyMmare c¢opmysbi>. OH ObLT OXHUM H3 BEJIHKUX (PU3UKOB-
TeOpeTHKOB XX CTOJIETHS.

Crnoco6Hoctr JlaHxay MposiBHJINCH O4eHb paHO. OH roBOPHII, YTO
He [TOMHUT ce6s1 He yMelouM AuddepeHIpoBaTh U HHTETPUPOBATh.
Yeroipraanata et (8 1922 roay) on moctymun B BakuHckmit
YHHUBEPCUTET, Ije YYHJICS OJHOBPEMEHHO Ha ABYX (baKysbTeTax —
(pusuKo-MaTeMaTHYECKOM U XMMHYECKOM; CEMHALIATH JIET 3aKOHYHJI
¢usnueckoe oraenenre JIeHNHrpaACcKoro yHuBepcurera, KyAa nepe-
Bescs B 1924 roay (xumuyeckoe 06pa3oBaHUe OH He CTaJ MPOAOJ-
3aTh); BOCEMHAANATH JIET ONMyGJIMKOBaJ CBOIO MEPBYIO paboty —
TEOPHMIO MHTEHCHBHOCTH B CNIEKTPAaX ABYXaTOMHBIX Mosiekya (oHa
nox HoMepoM 1 Bxoaut B «Co6panue tpyaoss JI.[{.Jlanaay). ITorom
— acrnupaHTypa B JIeHUHrpaZicKoM (PU3UKO-TeXHHYECKOM UHCTUTYTE;
B 1929-30 romax — mOJyTOparoAW4Hasi MOe3[JKa 3a TPaHMIY: B
Hanmio, Aurmmio u IlIBeitnapuio. «Hau6Gosiee BakKHbIM JJIS1 HETO
6110 npeboiBanme B Konenrarene, rae B IHCTUTYTe TeopeTHuecKoi
¢usuxu y Beauxoro Husmsca Bopa cobupaich pHU3HKH-TEOPETHKH
co Bceil EBporsl 1 Ha pyKoBoAUMBIX BOpPOM 3HaMeHHTBIX ceMHHapax
06CYX/JaJICh BCe OCHOBHBIE BOMPOCHI TEOPETHYECKOH (PHU3MKH TOTO
BpeMeHH. JTa HayyHas atMocdepa, ycuiauBaeMast 0O6asiHHEM CaMOH
JnyHocTd bopa, okasana pemalomee BinsiHHe Ha (U3HYECKOe
MupoBo33penue JipBa [laBugoBuya, u B JajibHeilieM OH Bceraa
cuntan cebs yyenukoM Husbca Bopa. Emie nBa pasa oH mocetun
Komenraren: B 1933 u 1934 rogax.»!

Tpuxnant bop npuesxan B Coserckuit Cowo3. Berpeuu u gosrue
6ecenpl ¢ Jlangay Bxoquiu B 06s13aTesIbHYIO NMPOTPaMMy MpeGpIBa-
Hus bopa B Haiueit ctpaHe. Ilocrennuit pa3 bop u Jlanaay Bctpeya-
sch B 1961 rony B Mockse. OHU NPUHSIM y4acTHe B TPAAUIHOH-
HOM npasaHuke ¢u3nkoB MockoBckoro yHuBepcutera «/lHe Apxu-
MezAas.

B 1932 roay Jlanpay mnepeedxaer B XapbKoB. 34ecb OH —
JBa/IIIaTHYETBIPEXJIETHHHA — BO3IJIABJIsIET TEOPETUYECKUI OTAEs HO-
BOr0 Y KPaHHCKOTO (PH3HKO-TEXHUYECKOTO HHCTUTYTA U OJHOBPEMEH-

! Y3 crateu E.M.JTudumna, HaneyaTaHHOii B KauecTBe MPHIOKEHNS B
«Co6panuu tpyaos> JI.[.Jlangay (M.: Hayka, 1969).
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bop n JlaHpay Ha «/[]He Apxumesga»

HO 3aBeayeT Kadeapoil TeopeTuyeckoii pusvky Ha HU3UKO-MEXaHHU-
yeckoM (pakyJibTere XapbKOBCKOrO MEXaHNKO-MAIIHHOCTPOUTEIbHO-
ro MHCTUTYTa, a ¢ 1935 roxa 3aBeayer kadenpoii obmeli ¢pusnuky B
XapbkosckoM yHuBepcurere. C Bechnl 1937 ropa Jlanaay B Mockse
— 3aBeflyeT TeopeTUuecKuM oTAesoM Mucrutyta dusmieckux mpo-
6JieM, He3sazouaro o storo cosganHoro II.JI.Kanuunei. 3xecr oH
OCTaBajICsi O KOHIA >XU3HU. MHCTUTYT (usnueckux npobieM u
(purypanbHo, U pakTUUECKU MHOTHE TOABI GbLJI €70 POJHBIM JOMOM.
Ha oanoMm u3 3maHuii MHCTUTYTa — MeMOpHAJIbHAst 0CKa: «3/€ech C
1937 roma mo 1968 rom »xusn u paGoTan KpymHedmuit pusux
axagemuk Jles [laBugoBuy Jlanaay». OKHa CerogHsIIIHETO TEOPETH-
YeCKOro OT/esla UHCTUTYTa, MEXAY KOTOPBIMU HOMeIeHa MEeMOpH-
ajibHasi JOCKa, COCEACTBYIOT C OKHAMU €r0 KBapTUPhI. 3/€Ch HATUCA-
bl (coBmectHo ¢ E.M.JIubmunem) ocHosHbie kuuru «Kypca reope-
THyeckoii pusukus . B MHctutyTe husnueckux npobiem B 1941 roxy
II0CTPOEHA TEOPUS CBEPXTEKYYeCTH TeJIHsi — UCKJIIOYUTEIbHO UHTe-
pecHoro sBaeHus, otkpbitoro B 1938 roxy I1.JI. Kanuneii.

Opsasxapl (B KOHILIE NATANECATHIX TOOB) s cmpocun y Jlbea
Hasugosuua: «Kakyio cBoio pa6ory Bel cuuraere syumeii?»> Ort-
Ber: «Teopuio cBepxtekyuectu remusi. Ee 1o cux mop MHorue He
HOHMMAIOT» .

Hayuynoe TtBopuectBo JI.[l.Jlanmay GecrpeneAaeHTHO 1O CBOed
pore. OHO OXBATBHIBAET BCIO TEOPETHYECKYIO (PU3UKY OT IMAPOAU-
HaMMKHU JI0 KBAaHTOBO# Teopuu noJisti. Ham Bek — Bek CHenuain3anum.
Her yuenbIx, 0AMHAKOBO X0OPOIIO Pa36GMPAIOIUXCs BO Beell (PH3UKe.
Jlanaay, mo-BuauMoMy, Gbl1 HOC/EAHMM (DU3MKOM-3HIIUKJIONEINC-
ToM. Ero yuyeHukaMu cHuTaioT ce6si ¥ TEOPETHUKH, 3aHMMAIOIMECS
dusukoit TBEpAOro Tena, W acTPOPUIMKH, U CHENUATUCTbI IO
3JieMeHTapHbIM YacTuuaM. VIX HayuHble IyTH Pa3oULINCh YK€ IpU
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sxu3nu Jlangay, Ho oH — uX Yuuresb —
o0beUHT BceX. Bce OHM Kakiblii
yeTBepr B 11 yacoB yrpa co6upauch B
Wucruryte ¢usmyeckux npobsreM Ha
sHamenuToM Jlanmayckom ceMuHape.
He TosbKO MOCKBHYM, HO M XapbKOB-
YyaHe, JIEHMHTPAAUbI, (U3NKH-Teope-
tuky u3 Kuesa, T6umucu...
CeMHHap, KOTOPbIM PYKOBOJUJI
Jlanpay, BolzeT B MCTOPHIO TeOpeTH-
yeckoit ¢usuxu. Ha ero 3acemanusix
€03/]aBajIoCh, CTPOMJIOCH TO, YTO HAa-
3pIBaloT «IukoJsioi Jlammay». 3mecw
MOJKHO GbIJIO BBICTYIIUTH C PaGOTOH U3
mo60oii 061acTu TeopeTuyeckoil pusu-
ku. VI He mpocTo BBICTYNHTb, HO H
MOJIYYUTh KBaJHU(UIMPOBAHHBIN CO-
BeT /1160 BO BpPeMsi [0KJaja, Jubo A0
— TIpY NIpeABapUTETbHOM 06CY XK IEHUH
YHCTHTYT duismdeckix c Jlanpay. Ha cemunape napuia nos-
npo6nem. Cemmmap Jlangay ~ 1251 AEMOKPATHYHOCTD. Jle [laBuno-
BUY CHAEJ CIMHOH K ayAuUTOpHH, B
NepBOM PsILY, M XOTS JOKJIaJ4UK, KaK PaBHJIO, 0OpaIlajics Heroc-
peACTBeHHO K HeMy, oH He Obun IlpeacenaresmeM, Kyparopom —
HMKAKO# TOPXKECTBEHHOCTH, BaXKHOCTH (B [€Hb MATHAECATUIETHS
Jlanpay A.M.1lanbHUKOB Ha3BaJs €ro «CaMbiM He Ba’KHbIM YeJIOBe-
KOM» , KAKOro OH 3HaJ1) . Kaxk bt Mor npepBarh J0KJIa19uKa, Tpebys
Pa3bsICHEHUS WJIM BbICKa3bIBasi CBOe Heoo6peHue. JTOH BO3MOXKHO-
CTbIO Tosb30BaJicst U Jlanmay. [lokJjagpiBaTh B Takoil OGCTaHOBKE,
€CTEeCTBEHHO, OblyIo TpyAHO. Ec/im BBIACHAIACH HECOCTOSTEIBHOCTD
paboThl MM AOKJIAMYMK HE MOT OGDBSICHUTH CYLIECTBA /€Ja, OH
6€3)KaJIOCTHO JIMIIAJCS c1oBa. HO HAZ0 IOMHUTD: NPHYMHON TaKOM
«XKeCTKOCTH» 6bLII0 6eCKOMIIPOMICCHOE OTHOIIeHHe Jlanaay K HayKe.
IIpaBuIbHOCTD MJIM HENPAaBUJIBHOCTh DPE3yJbTaTa HE 3aBUCHUT OT
TOTO, MOJIy4eH OH GJIM3KUM APYTOM HJI COBEPUIEHHO MOCTOPOHHUM.
Jlannay Hepeako 3amuinas AOKJAJAYMKA OT HANAJOK CJyllaTesei.
Yacrto MoxHO 6b110 yeabiiaTh: «IlocynraeM nassiie, aBTop 06biy-
HO GbIBaeT Mpas».

* * *

Teoperuueckast ¢pu3uka UccaeLyeT NMPUPOLY METOAaMU MaTeMa-
tuku. Jlangay npuzaaBan Gosiblioe 3HayeHHe yMeHWI0 (u3mKa-
TeopeTHKa BJIAJEeTh MaTeMaTHYecKoi TexHukoi. CreneHb BiafeHus
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JI0JDKHA OBITh TaKO#H, YTOOB! MaTeMaTUYECKHE 3aTPYJHEHHS He OTBJIe-
KaJIi OT (PU3NYECKUX TPYAHOCTeH 3a/1a4H, a MpeoioJIeHHe MaTeMaTH-
yeCKUX TPYAHOCTEH He CTaHOBMJIOCH Gbl camorenbio. «Haunnatp
HAJ0 C MATEMAaTHKH, KOTOpasi, Kak Bbl 3HaeTe, sIBJIS€TCA OCHOBOM
pamreil Hayku... Mimefite B Buzy, 4To moj 3HaHHEM MaTeMaTHUKH MbI
[OHHUMaeM He BCSIYECKHE TEOPEMBI, a YMEHHE PeajibHO Ha NPAKTHKe
MHTETPMPOBATh, PELIATh B KBAApPaTypaX OGbIKHOBEHHbIE u(depeH-
[[MaJIbHbIE YPABHEHNS U T.[4.» WJHK: «...TEOPETHKY B IIEPBYIO I'0JIOBY
Heo6X0AuMO 3HaHWe MaTeMaTHKH. IIpM 3TOM HyYXHBI He BCAKHME
TEOPEMbI CYIECTBOBAHMsI, Ha KOTOpBle TaK INEApbl MaTeMaTUKH, a
MaTeMaTHYeCKasi TEXHUKA, T.€. YMEHHe pellaTh KOHKPETHbIE MaTeMa-
TUYECKHE 3aJayM... B KauecTBe MeTola M3y4YeHHS] MOTY TOJIbKO
MOAYEPKHYTh, YTO HEOGXOAMMO CaMOMy IPOM3BECTH BCE BBIYMCIIE-
HMS, a HE TPEeJOCTaBJIATh X aBTOpaM YMTaeMblx Bamu kHur». 3to
— purarel w3 muceM JI./[.Jlangay MOJOABIM JIOASM, yBJIEYEHHBIM
TeopeTHYecKol ¢u3uKkoi u obparusimMcs k Jlanpay ¢ mpocbh6oit
NIOMOYb pa306paThCs, KaK OBJaJeTh ocHoBaMu Hayku. Jles /laBumo-
BMY BCErja OTBEYAJI Ha MOAOGHBIE MICHMA, €CJIM YyBCTBOBAJI HCKPEH-
Hee yKeJIaHMe aBTOPA NMMChMa CEPhE3HO 3aHMMaTbcs Haykoil. [lnchMa
JI.JI. comepar He TOJBKO TOYHBIE COBETHI H YKa3aHMs MOJIOJbIM
KOPPECIOH/AEHTaM, HO ¥ IPOCTBIE CJIOBA MONEPKKH, CTOJIb BaXKHbIE
B HayaJie IIyTH, LIyT/JMBBIE, HO BeCbMa HyXHble 3aMedyanus: «Mnoc-
TpaHHbIE A3bIKH, YBbI, HeoOxoxnMbl. He 3a6bIBaiiTe, 4TO A5 yCBO-
€HMsl MX, HECOMHEHHO, He HY>XHO O0COGBIX CHOCOGHOCTEH, IIOCKOJIbKY
AHTJIMACKHAM $I3bIKOM HEIJIOXO BJIAfEIOT M OYeHb TYIblE aHIIMYa-
He...» «BOSITBCS MeHsI He CTOMT — 5l BOBCE HE Kycaioch»,2 M TYT XKe
— [pUrJalleHue 3B0HUTD «Jyyie Bcero ot 9.30 o 10.30 yTpa, xorza
s MOYTH BCErJa A0Ma, HO MOXKHO M B JioGoe apyroe BpeMs... S
nposksaMenyio Bac u mam BaM mporpamMmy AnA AajibHe#IIero
OGyYeHHsI» .

Jles [laBMOBMY YacTO TOBOPHJ O CTMMYJIaX HAyYHOIO TBOpYe-
crBa. MoJ10710it HayYHbI# paGOTHHUK He JOJKEH CTABHTb ce6e 11eIbi0
OTKPBITHE HOBBIX 3aKOHOB: «T0JIbKO He cTapaiiTech pellaTb HUKAKMX
npo6aeM. Hano npocto pa3o6partscsi, a peiieHne mpo6JieMbl IPUX0-
aut camo». [lonnmanne HU3NKK ABJIEHHS, IPUXO/AIIEe B MIPOLECCE

2 Hemmnee 3ameyanse: o JlaH[ay XOu/a C/1aBa Pe3KOro, HPOHHYHOTO,
OCTPOYMHOTO, B KAKOM-TO CMbICJIe 6e3KaocTHOro cobeceannka. He crecHs-
SICb, OH TOBODHJI BCe, YTO AyMaer o pa6ote. HepepHas pa6ora Moria 6uiTb
HasBaHa 4ylbio, narosorueil. Ha ero xabunere B XapbKOBCKOM MHCTHTYTe
BHcena Tabanuka «JI.[.Jlanaay. OcropoxkHo — kycaercs!»> Becnomaanoctb
KPUTHKM TOJHOCTbIO MCKyNaJach HayYHOH GeCIpHCTPAacTHOCTBIO, MCKPEH-
Hell PajoCTbIO, KOTJa KTO-TO NOJY4aJ HETPHBHAJIbHbIN, HHTEPECHLIH pe-
3yJIbTAT, KeJaHHEM IIOMOYb ITPEONOJIETh TPYAHOCTH.
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€)Xe{HEBHOM, Ka3aJoch 6bl PyTUHHOH, pa6oTbl, JOCTABJISET PaJOCTb
¥ yIOBJIETBOPEHHE, OKyMalolie 6eCKOHEYHOe HAaIPsKEHHE, TpeGyio-
Hieecst JJisl pellieHus1 AeHCTBUTEIbHO UHTEPECHOH 3a/lauH.

Bce, kto o6mascs ¢ JI.[I., mopaxkajuch ero HeocjabeBalonieMy ¢
ToflaMH WHTEepecy K pa3sHOOOpa3HbIM 3ajayaM, KOTOpble CTaBUT U
peuaer ¢usuka. OH pasroBapuBaJ O HayKe C COTHAMHU (PU3HUKOB.
OHu paccKasbiBajM €My O CaMbIX Pa3JIMYHBIX PaG0TaxX, pasJMYHbIX
10 TPYAHOCTH, IO TIyGHHE, N0 3HAYMTENbHOCTH, PaGOTax, OTHOCS-
IIAXCS K CAMbIM Pa3HbIM OGbEKTAM — K TBEP/bIM TeJIaM M 3JIeMEHTap-
HBIM YaCTHI[aM, K 3Be3faM M razaM. Jlio6as pa6oTa mpeacTaBisiia
JUISI HEro HWHTEpeC, €CJM YAOBJIETBOPSiJIa NPOCTOMY IPUHIIMITY:
pa6oTa [0/KHA Pa3bsICHITh YTO-TO HETMIOHATHOe. beckoHeuHo pa3bsic-
HSIIOMUMCSI U GECKOHEYHO CTaBSIIIMM HOBBIE 3araJlkM — TaKMM BOC-
npuHuMas Mup Jlaaay. Y Hero mo cymecTBy € JETCTBa IOSIBUJTIOCDH
OMIyILEHHEe KPacoThl Hayku o npupoje. «OH pacckasbiBaJl O3/HEE,
kak B To Bpemsi (eMy 6buio Torga 16 Jiet) oH GblLi1 NOTpsiCEH
HEBEPOSTHON KpacoToit o6uieil Teopuu oTHOCUTeNbHOCTH... OH pac-
CKa3bIBaJ TakXKe 06 3KCTase, B KOTODbIil NPUBEJIO €ro M3y4YeHue
crateii I'eiisen6epra u IllpeawHrepa, 03HaMeHOBAaBUIMX DPOXKJEHUE
HOBO# KBaHTOBO# MexaHHKH... OHM JaJi eMy He TOJIbKO HacJaxje-
HUE MCTUHHON HAay4YHON KpacoTod, HO M OCTPOE€ OILIYHIEHWE CHJIbI
Y€JIOBEYECKOTO TEeHUSI, BEeJIMYalIiuM TPUYM(OM KOTOPOTO SIBJISIETCS
TO, 4TO YeJIOBEK CITIOCOGEH MOHSTD BEIIH, KOTOPBIE OH y>Ke He B CHJIaX
B0O6pPa3uTh»3 . DTy MbIC/b (Ue0BEK CIOCOGEH MOHATD TO, UTO HE B
cuJIaX BOOGpa3uTh!) OH IPOHEC YEPE3 BCIO JKU3HD.

3aHATOCTD peaJbHBIMM HAay4yHbIMM 3a7a4aMu fAesajia Jlangay
COBEpILIEHHO HEUYBCTBUTEIbHBIM K MOJIHbBIM YBJIEUEHHSIM YUTATEIIbC-
KOH ayAWTOPUHU: K CHEXHOMY YeJIOBEKY, TEJIEMAaTHH, JIeTAIONIUM
TapeJkaM u T. 1. [lo0GHbIE yBJIEYEHHS] OH CUMTAJ CyeBEpHEM H
octpo BbicMenBas. Ero pasapakanud GOJNTOBHSI U BEPXOIJISIACTBO,
KOTOpble, KaK MPAaBUJIO, COMPOBOXKAAJH TOMBITKY PEIIEHHS] «TauH-
CTBEHHBbIX» npobseM. OAHAXK/bl, TPOUYNUTAB HOMYJISIPHYIO CTAaThIO O
HaBUTAIIHOHHOM YCTPOMCTBE ITHIL, 51 TONbITAJICS TIOTOBOPUTD Ha 3Ty
TeMy ¢ Jlanaay. OH A0BOJIbHO PaBHOJAYUTHO OTHECCSI K MOMM CJIOBaM,
CKa3aB, 4YTO, MPEX/e YeM PACCY’KAaThb O MPABUJIbHOCTH UJIM HEMpa-
BUJIBHOCTH T€X WJIM APYTHX THIIOTE3, HAJI0 TO3HAKOMUTHCS C pobJie-
MOif 1O CymecTBy, a He M3 BTOpPbIX pyK. Bckope u3 XypHasa
«IIpupona» s1 y3HaJ, 4TO pe3yJIbTaThl ONBITOB, KOTOPblE 06CYXK/IaJ
aBTOp MOIMYJISIPHOM KHWUTH, OMPOBEPTHYTHI.

He nyxno amymartb, yro JlaHgay Obl1 <«HayYHbIM CyXapems,
LEJIUKOM TIOTPY>KEHHbIM B TeopeTHueckyio ¢pusuky. Kpyr unrepecos

3 E.M.JIudpumn. Mpuioxenne B «Co6panuu Tpynoss> JI.[I./lanaay.
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JIvBa [laBuaoBuya BHe pu3nku 6ol o4eHb MINAPoK. OH 0YeHb TG
1 XOPOIIO 3HAJI HCTOPHIO, YaCTO MOPaXKasl 3HAKOMCTBOM C IIOJPOGHO-
CTSIMHM HCTOPHYECKNX COOBITHIi; €r0 MHTEPEeCOBaIN BCE BUAbI HCKYC-
crBa (paBia, 3a MCKJIIOYEHNEM MY3bIKH), OH OYE€Hb MHOTO YHMTaT,
3HAJI Ha NMaMATb ¥ XOPOWIO JEeKJaMHpOBaJ MacCy CTUXOB. [Ipy3bs
noapa3uuBaan Jlanaay, rosopsi, 4to y Hero HHQAHTHIbHBIA BKYC.
Ou mo6un [Ipaiizepa 6obure Xemunryasi. EMy HpaBuuch 6bIToBbIE
apambl B Teatpe. Ho... Korzaa Jlep [laBugosud ycJblimas BrepBbie
0/IHO U3 HanboJiee riry6oknx ¢purocodckux cruxorsopennit Ilacrep-
naka — ero «I'ammeras» («[ya 3atux. S Bbles Ha MOAMOCTKH.
[IpucIOHSACh K JBEpPHOMY KOCSIKY, S JIOBJIO B JaJ€KOM OTrOJIOCKE,
YTO CJIy4HTCSl Ha MOEM BEKY...»), OH He MOT C HMM paccrarbes. Tyt
K€ BBITAll[MJl 3allUCHYIO KHIDKKY M aKKypaTHBIM OGUCEDHBIM IOYep-
koM nepenucan «lamieras.

* %k *

Ecan 651 He panusis cmeptd (B 1962 roay Jles [laBuaosuy Homan
B aBTOMOGHJIbHYIO KaTacTpody, B 60pb6e 3a €ro >KU3Hb IPHHAMAJIN
yyactie $U3NKKA GYKBAJbHO BCETO MHPA; IOCJE 3TOrO OH IPOXKHJI
ele 1IeCTb JIET, HO K Hay4YHOW pa6oTe TaK M He CMOT BEPHYTHCS),
Jlangay MoOXKHO O6blIO OBl CYMTAThb CYACTJIMBBIM yesnoBekoM. OH
TIOJTyYMJI IPU3HAHKE [TPH JKU3HH. Ero mo6mim u 6eCKOHEYHO yBaXKa-
i ydyennku. OH nosb3oBajcs BceoGuedl momyJsipHOCTbIO. Ero
ny6/IM4HbIe BHICTYIJIEHUS IIPOXOANIN B IIEPENOTHEHHDBIX ayIUTOPH-
SIX ¥ BCETAa CONPOBOXKAATNCH YCIIEXOM.

AxkazeMuK, jaypeat JIeHMHCKO¥ nipeMu, TpHXKAbI Jaypeat [ocy-
JAapctBeHHpIx npeMuii, T'epoit Conmasmcrmyeckoro Tpyma — Tak
OTMETHJIa €0 JesITeIbHOCTD Halla cTpaHa. He 6pu10 HegocTatka U B
MOYETHBIX Harpajax u3 Apyrux crpad. B 1951 roxy on 6n11 n3bpan
uyeHoM [laTckoii, a B 1956 rogy — Hugepnanackoit akajeMun Hayk.
B 1959 roxy oH cran unenom Bpuranckoro ¢usmdeckoro obuiecTsa,
a B 1960 rony — nHocrpanubiM 4ieHoM Jlonaonckoro Koposeckoro
obmectsa. B ToM sxe rogy on 6bu1 u3bpan B HarmoHambhyio
akagemmio Hayk CIIIA m AMepuKaHCKy0 aKaJeMHI0O HayK M WC-
KycctB. B 1960 roxy Jlanmay Oblna mpucyxaeHa npemus .
Jlongona (CIIIA) n memamp umenn Makca Ilnanka (OPT) w,
HakoHell, B 1962 rogy «3a IMOHEpCKHE HCCJIEJOBAHUS B TEOPUH
KOH/IEHCHPOBAaHHOTO COCTOSIHMSI MAaTepHH, B OCOOEHHOCTH >KHIAKOTO
reaus» — Ho6eseBckast npemus no ¢usmuke.

Caenannoe Jlanaay uMmeer Helpexo/sllee 3HAYEHHE M OCTAHETCS
HaBcer/Ja B HaykKe.



MHOIro nnn MANo?

(PaccyxpeHus ¢pusuka-TeopeTuka o Yncnax)

OnHaxxabl 5 3a4yMaJsiCsi, CKOJIBKO KHUT 4eJIOBEK MO-
JKeT MPOYMTaTh 3a XHU3Hb. OueHws s 370 4ucao Tak. CkaxeM,
gesioBek yutaeT 60 jet. B roxy 52 negenu. Ilyctb B Hezlemo yesoBek
TMPOYUTHIBAET [Be KHUTH. 3Hauut, okojo 100 B rox. Wrtoro —
npuMepHo 6000 KHUT 32 KM3Hb. ITO YMCJIO, He 06CYXAasi, KAK OHO
MOJIyYMJIOCh, S Ha3BaJl pasHbIM JoAsaM. «Tak majol» — ckasamu
oanu. «Heysxenm tak MHoro?!» — yausuiucs apyrue. U g nogyman:
B HaC HET 3alpOrpaMMHPOBAHHOH YYyBCTBEHHOM OIIEHKHM YHCell.
TosibKO cpaBHMBAsI OZHO YHCJIO C APYTHM, TONBKO TPUIABAsT YUCITY
OTpe/ie/IEHHbIA CMBICJI, Mbl OLIYIIAeM €ro BeJnduHy. UKCJI0 MpoyH-
TaHHbIX KHWUT, KOHEYHO, MEET BIIOJIHE ONpeeIeHHbIH cMbIc (3To He
npocto 6esbiMsiHEble 6000), HO ouyTUTb ero (OLEHHTDb, CKa3aTh —
MHOTO 3TO MJIH Maji0) MOXET TOJbKO TOT, KTO CyMeeT noao6patb
cpaBHenue. Hanpumep, 3aayMaBIich: «A CKOJIBKO KHUT B HEAEJIO
(Mecsiny, rox, ...) yuTao A?»...
®usyuka MMeeT [eJ0 C MWMEHOBaHHbIMH BeJWunMHaAMH. Jlo6as
¢busnyeckas BeIMYHHA UMeeT pa3MePHOCTb. CyIeCTBYeT CleLnalb-
Hblii paszies1 PU3MKH, U3Y4AIOLMI IPUHIMIBI Pa3MEPHOCTH, CHUCTe-
Mbl €/IMHWIl, STAJOHBI STHX €AWHMI] M T.J. [lOJKEH IpHU3HaAThCS,
BCETJla 3TOT pas3fieNl QU3MKM MHE Kas3ajcs JOCTATOYHO CKYYHBIM.
Mosxer 6bITh, H3-3a TOTO, YTO U3 HEI'O MHOTO ¢akTOB HaZIO AEpPKATH
B IOJIOBE: KaK CBSI3aHbI MEXAY CO60H JXKOYJIb M 3PT, YEM OTJIMYAETCS
- . 3PCTEA OT raycca, CKOJIBKO
KYJIOHOB B eIUHUIIE 3apsijia
no cucreme CI'C u 1.4. u
t.n. Ho, xax Hu rpycrHo,
6€3 3TOro 060UTUCH HeJIb3s.
Ilpuxomutcsi, nepexoas ot
O/IHMX 3HAYEHUH K APyTHM,
BBIPAXKaTb UX B OMpeE/Ie/IeH-
HBIX €JUHHUIIAX, U IPUTOM B
oauHakoBbIX. CpaBHMBas
MarHUTHOE II0Jie, CO3JaH-
HO€ CBEPXIIPOBOJSIIUM CO-
JIEHOMZOM, C MarHUTHBIM
nojseM 3eMad, o6a MO
HaJl0 BBIPa3uTb B OAHUX




eJMHUIIAX: B Tayccax WJH B
recJaX — 6e3pas3udHO, OTHO-
[IeHHe T0Jiei OT 5TOrO He 3aBH-
cuT. A Belb UMEHHO OTHOLIE-
pust QU3MYECKUX BETMYMH HaM,
KaK TPAaBUJIO, M BaXXHBI, TaK
xak uMenHo ouu (6e3pasmep-
Hible OTHOIIEHHS) ONpPEAESIOT
10, 4TO (PUBUKHU JIOOSAT Ha3bl-
paTh «(PU3NKOM ABJIEHUS> . DTy MbICJIb MBI Pa30BbeM HIDKe, a ceifyac
ellle HECKOJIBKO CJIOB O Pa3MepHBIX BEIMYHHAX.

3a/lyMbIBAJIMCh JIH BB O TOM, TI0YeMY BCe DU3NYECKHE BETUHHDI
MOTYT GBITb BBIPa)KeHbI Yepe3 eMHHLBI ATHbI (CAaHTHMETP), BpeMe-
nu (cexynay) u Maccoi (rpamm)?! D10 oTHOCHTCS M K 3MeKTpHYec-
KUM, ¥ K MATHUTHBIM, ¥ K TEILJIOBbIM, ¥ K ONTHYECKHM BeJMUMHAM.
B ¢u3KKe HeT BeJMYMH, KOTOPbIE HeJb3s GbLIO OB 3aliCaTh Yepe3
caHTHMeTp, ceKyHmy u rpamM. OTBeT Ha BONpOC, IOuYEMYy Bce
(pu3MIECKHEe BETWYMHBI BBIPAXKAIOTCS Yepe3 IPaMM, CAHTHUMETP H
CeKyHJy, MOXET TOKa3aTbCsl HEOXKUJAHHbIM. /€0 B TOM, 4TO 5TO
CBsi3aHO C onpeiesienneM Gusnkyu. OU3UKA 3aHAMAETCS TEMH sBJIe-
HUSIMH, KOTOpbIE MOTYT OBITb OIWMCAHBI C IIOMOIIbIO CAHTHMETPA,
cexyH/bl ¥ rpamMma. CaHTHMETP M CEeKyHJa Hy)XHbI JUIA ONHCAHUS
JBIKEHUsI B IpocTpaHcTBe (KuHEMaTHKa), a rpaMM HeoGXOIUM JUIs
CBSI3¥ HTOTO JBIKEHHUS C CHJIOH, BhI3biBatomel Arxkenne (IMHAMU-
ka). BenomunTe, uTo No 3aKkoHy HblOTOHA cula paBHa yCKOPEHHIO,
YMHOXeHHOMY Ha Maccy. KOHeYHO, CyIeCTBYeT MHOXECTBO SBJie-
HUH, KOTOpbIE MbI HEe MOXEM OIMCaTb C IOMOIIBbI0 (PU3UYECKHX
BesunH. HanmpuMep, Bce, YTO OTHOCHTCS K Pa3BUTHIO YeJIOBEYECKO-
ro obuecTBa — K HCTOPMH, SKOHOMHKE U T.II. VcciienoBanue sTUX
ABJIeHHH, TpeGyollee HHOTA CIOXKHBIX MATEMAaTHYECKHX METOJOB,
He TpuHALTEXUT (usuke. I KoHeuHO, (PU3MKa HE HCUEPIBIBAETCS
usMepennsaMu. DyHIAMEHTAIbHYIO POJIb B Heil HrpaloT NpeACTaBJie-
HUs1, [OJIOKEHNUS, 3aKOHbI, HHOT/IA BbIPasKEHHbIE B BH/le MATeMaTH-
YecKMX ypaBHEHHMH, a MHOT/Ja OrpaHMYMBAIOLIMeECs CIOBECHOH (op-
My.JIMpOBKOil. BOT ApKHMil IpMMep: BCe Tejia COCTOAT M3 MOJIEKY,

! Crarpst Hammcana B cucteme emuiniy CI'C (canTumerp — rpamm —
cekyHzaa). B mkosie aTy cHCTeMy yXKe JaBHO He M3Y4alOT, OJHAaKO Npodec-
CUOHa/IbHbIe (PU3HKM OGBIYHO MOJIb3YIOTCA HMeHHO eio (a He 3HaKoMoit
uikosibhrkaM CU). Jlesio B ToM, 4TO IIPH HANMCaHNU (POPMYJI B 3TOM cUCTeMe
€/IMHMIL TIOABJISTIONECS B HUX KO3 HUIMEHTbI UMEIOT SACHBIA (PU3MUecKuit
cmbicsi. TTogymaB, pefakiysi He PelIMIach NepeBoaUTh GOpMyIibl CTATbH B
CHU, Tak Kax NPy STOM apoMaT HacToseil GU3NKH, BEIOWIHit OT CTaTbH, ObLI
6b1 GesposppatHo yTepsH. (ITpum. peo.)
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MOJIEKYJIBI — U3 aTOMOB, aTOMbI — U3 f/iep ¥ 3JIeKTPOHOB, a Agpa —
13 MPOTOHOB U HelTpoHOB. B aToit ppase — orpomuast uadopmaus,
KOHIIEHTpAIMsi MHOTOBEKOBOTO M3y4YEHHs MPUPOJbI, U3yYEHHUA, OC-
HOBaHHOTO HAa M3MEPEHWH BeJuuuH, Kotopble (Bce!) Moryr GbITh
BbIpa’keHbl Yepe3 CaHTHMETD, CEeKyHIy ¥ IpaMM.

K ocHOBHBIM 3aKOHaM NpPHPOJbI, HECOMHEHHO, CJIEyeT OTHECTH
3aKOHBI coxpaHeHusi. Kpome xopollno M3BeCTHBIX — 3aKOHOB COXpa-
HEH¥s1 9HEpTHM M UMIIyJIbCa — CYIIECTBYIOT M 6oJiee 3K30THYECKHe.
Hanpumep, 3akoH coxpaHeHus: GapHOHHOTO 3ap4/ja, YTBEpXKAalo-
mui, 4YTO YMCJIO YaCTHI] THNA IPOTOH UM HEHTPOH He U3MEHSeTCs
TNpU B3aMMozelCTBHY Mexay dactunamu.? Vi apyroit mpuMep:
COCTOSIHYIE aTOMHBIX M CyGAaTOMHBIX YaCTHI[ XapaKTepH3YeTCsl HEKO-
TOpOH BeJIMYMHOH, KOTOPYIO Ha3bIBAIOT BOIHOBOH ¢yHKIimei. Yamie
BCero ee 0603HAYAIOT rpedeckoii 6ykBoit Y . BosHoBast GyHKIusS W
— (yHkius koopauHathl 7 . Tak Kak Bce TOYKH IyCTOTO MPOCTPaH-
CTBa 5KBHMBAJIEHTHBI, TO JIOGYIO TOYKY MOXHO H36paTh 3a Hayajo
koopaunat. Tak Bot, pynkmus W (7), cormacHo ypaBHEHUMAM KBaH-
TOBOI MEXaHUKH, MOXeT ObITb JIM60 YeTHOH, 60 HEeYeTHOI:

ma6o y(-7)=w(7),

mabo ¥ (-7)=-y(7),

HpuYeM, 4TO Obl C YAaCTUIEH HU MPOMCXOAUJIO, 3TO CBOHCTBO BOJIHO-
Boil (DYHKLNM COXpaHseTcs. [0BOPST, YTO CyLIECTBYET 3aKOH COXpa-
HeHusi yeTHocTH. Ecim y wacTuubl yeTHast BoJHOBast QyHKUUS, TO
TAaKOW 4YacTHIle MOXKHO IPHIKCATh YETHOCTb +1, €cau BOJIHOBas
¢ynkums HewerHass — 10 —1. Kpome Toro, BosHOBast (pyHKIus
HECKOJIbKMX He B3aMMOJEHCTBYIOHIIMX [JPYT C APYTOM YacCTHUI] €CTb
NpOU3BeieHHE BOJIHOBBIX (PYHKIHMI OTAEJbHBIX YaCTHI[, a €€ 4eT-
HOCTb — IPOU3BEeJleHNE YETHOCTEH OTAEJbHBIX YaCTHI. ITO JaeT
BO3MOKHOCTb OGOGIIMTb 3aKOH COXPaHEHHWs YETHOCTH Ha BeChbMa
cJI0kHble caydan. HampuMmep: crajJKkuBaloTcs ABe YaCTHIBI — YeTHAs
U He4yeTHasi, a B pe3yJibTaTe POXKAIOTCA HOBbIE YaCTHIbI; €CJIU MX
ZIBe, TO OfHA U3 HUX JOJIXKHA GbITh YETHOM, a ApyTasi HEYETHOI, a ecJIu
TPH, TO BCE OHHM MOTYT ObITb HedeTHbIMH. [[JIST Hac BaXKHO: COXPaHS-
ercs 6e3pa3MepHoe yucao +1 mwim —1.

Ho nnsa npoBepku Takoro # NoZ0GHBIX YTBEPXKAEHUI HEOOXOH-
Mbl u3MepeHus. [[Js 3TOro YTO-TO [OJIKHO JBUTATbCS 3a CYET
JEWCTBHS Ha 3TO «YTO-TO» KAKMX-TO CHJI. U MbI ONSITh IPUXOLUM K
(u3nyeckuM BeJIMUHHAM, PA3MEPHOCTb KOTOPBIX MOXKET GBITh CBEJie-

2 AHTHMACTHI[AM TIPHMINCHIBAETCS GAPHOHHBI 3PS IPOTHBOIIOIOXKHO-
ro 3Haka. Tak, y NpoTOHa W HeiTpoHa GapHOHHbIA 3apsiy paseH 1, y
AHTHUNPOTOHA M AHTHMHEHTPOHA OH paBeH —1.
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Ha K CaHTUMETPY, CeKyHJe, rpaMMy. 51 oueHb He xoTes 6bl, YTOOBI
MeHsI BOCIIDMHSLIM KaK «Bpara» Ge3pa3MepHbIX uuces. Hao6Goport:
oJIHA M3 3a/a4 3TOH cTaTbu — y6eauTb YHMTaTeJs B MOJb3e M JaXke
HEeO6X0AUMOCTH Ge3pasMepHBIX KOMOMHALMI pa3MEPHBIX BEJIUYUH.
Bosiee TOro, HCTUHHO Ge3pa3MepHble YHCJA, T.e. He SBJAIOLIMECS
KOMOMHALUSIME Pa3MEPHBIX BEJMYMH, TOXKE YacTO BCTPEYAIOTCS B
¢usuxe. Tpyano Halitn GopMyibl, B KOTOPbIe He BXOASIT TPAHCIIEH-
JIEHTHDBIE YHCJIa e M T, He TOBOPSI y>Ke MPOCTO O CaMbIX Pa3/IMYHbIX
YHCJIEHHBIX MHOXMTEJISIX, UMEIOUMXCs B 1060 dopmye.

BepheMcsa k ¢du3MyeckuM BeJMYMHAM, OGJIANAIOIUM TOH MU
MHOI pasMepHOCTbIO 3aJa4ya Gpu3nyecKkoit TeopHu — CBSA3aTh Pa3/iny-
Hble (PU3NYECKUe BETMYNHBI COOTHOIIEHHSIMM, KOTOPBIE JOMYCKAOT
JKCIlepUMEHTAIbHYIO TIpoBepKy. HarmpyuMep, xesast mpoBepuTsb, Kak
U3MeHAeTCs CO BpeMeHeM IyCTh S, IPOXOAMMBIH YacTHLEH, ABIXKY-
1ulefics ¢ MOCTOSIHHBIM YCKOPEHHEM d, MBI JOJDKHBI CDAaBHUTb CBOU
uaMepeHusi ¢ popmyoii

2
s(t)=opt + 2 =gt 14 2L |, (1)
2 200

TAe v, — HayaJbHasdg CKOPOCTb YaCTHULbI. JDTO — OYeHb MPOCTast
¢dopmyna. Ho u ona (kax Bce hopmy bt B pusmke!) TpeGyer, 4To6bI
BCe BXO/IsIIHe B Hee BeJJMYMHBI MMeJIU COOTBETCTBYIOIINE pPa3MePHO-
CTH: €CJIM S U3MepsieTCs B CAaHTHMeTpax, a ¢ — B CeKyHJaX, TO v, —
BcM/cHa—B CM/ ¢? . Ho mycTb MBI XOTHM He TOJIbKO TIPOBEPUTD
3Ty (opMyJy, HO M BBISICHUTb, KaK CKa3bIBaeTCsl Ha XapakTepe
JBHXXEHHUs] YacTHUbI yckopeHue. [l1g atoro yao6Ha Bropasi dopMa
3amucu (Koraa vyt Mbl BBIHECH 3a CKOOKH). VI3 Hee BUAHO: CHavasa
(11pu t < 2v,/a ) poJb yCKOpeHHs! He3HAYUTETbHA — YaCTHIIA TIPAK-
THYECKH ABUXKETCS C MOCTOSHHOM CKOPOCTBIO ¥y, 3aTo moToM (mpu
t > 2vy/a ) 4yactuua <«3a6biBaer», Kaxkas y Hee Gblia HayaJbHAs
CKOPOCTb, — ee JBW)KeHue ompezessercs yckopenueM. Kak Buaure,
HeJIb3s1 O/IHO3HAYHO OTBETHTDb Ha BOIIPOC, GOJIBIIOE WM MajeHbKOe
yckopenue y yactuibl. OTBET 3aBUCUT OT TOTO, KAKOH 3TaTl ABUXKEHUST
Hac MHTepecyeT. A BbISICHHJIM MBI 3TO, CDaBHUB C eMHM1LelH 6e3pa3-
MepHoe otromenne at’/(2u,t) = at/(2v, ). Crporo roBopst, oT6pack-
Basg NepBOe MJIM BTOPOE CJjlaraeMoe, HaJlo ObLI0 GBI yYECTb, C KaKoii
TOYHOCTBIO M3MepseT NPOHEHHBIH MyTh Hall NPUOOP, U pa3pelnThb
ce6e TpeHeGperaTb COOTBETCTBYIOIIMM CJIATAEMBIM TOJBKO B TOM
Cllyyae, eC/Ii OHO OKQXKETCsI MeHbllle OTHOCHTEIbHOH OLIMOKH U3Me-
penusi. Mbl 60.1bilie He 6y/1eM BAaBaTbCS B IOJOGHBIE TOHKOCTH, XOTS
OHHY OYEHb BAXKHBI JUISI aHAJIN3A IKCIIEPHMEHTOB.

IIpu pemienuyu peasibHBIX 3a/Ja4 Mbl 4acCTO JOJDKHBI YIPOIIATh —
6e3 3TOro MOMPOCTY 3a/auyy PELINTb HEMb3s. YTpOIeHHe BCeria
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OCHOBAaHO Ha INPEHEeOGPEXXEHNH MaJbIMM YJEHAaMU 10 CPAaBHEHMIO C
6oubinmu. Ho 47151 TOro 4To6b! YTO-TO OTGPOCUTD, HAI0 IPOU3BECTH
CpPaBHEHME YJIEHOB, 2 CPABHUBATh MOXKHO TOJIBKO BEJIMYMHBI OJHOI
pasmepHocTu. CkasaHHoe ¢popmyupyer nepsoe (OCHOBHOE) MpaBH-
JIO TIOJIb30BaHUSI pa3MEpPHbIMHU BeandynHamMu. MHorue ¢U3UKH Tak
6OSITCS 3TO NPABUJIO HAPYIINTD, YTO, HAYMHAS PELIATh 334a4y, Cpasy
06e3pa3MepUBaIOT BXOJSIINE B Hee BEJIMYMHBI.

BepreMcst K ABUXKEHMIO YacCTHIIBI C TIOCTOSIHHBIM YCKODEHHEM.
[laBaiiTe BpeMsi 6yzeM H3MepsTb B €AUHUIAX 20,/a, T.e. BBEAEM

BMeCTO BpeMeHH ¢ «6eapasmepHoe Bpemsi» T = at/(2vy), a mpoiizen-
HBIi Ty Th — B €IMHMLAX 207 /a, T.e. BBeneM «6e3pa3MepHYIO ITHHY >
c= as/ (203). Toraa dopmyaa (1) mpenensHo ynpocTurcs:

c=1(1+1). (2)

Ilepexon ot dopmy.st (1) k popmyie (2) u HasbiBaeTcs 06e3pa3me-
puBanueM. [IpenMyIecTBO TAKOTO NOAX0/1a OYEBH/IHO: U3YYUB 3aBH-
CUMOCTD G OT T, Mbl y3HaeM, KaK ABIKETCS 4acTHLa C JIOGbIM
IIOCTOSIHHBIM YCKODEHMEM, KaKyl0 Gbl HA4YaJbHYIO CKOPOCTb OHA HH
nMesa.

Hazo npyu3HaThCsi: B CJIOKHBIX CJIy4asix HE BCETJA PEKOMEHAYIOT
o6e3pa3mepuBarb GOPMYJIBI, TaK KaK, MPOBEPAS PA3MEPHOCTb 00 U
nOCAe BBIYWCJIEHHUS], JIETKO HaliTH OMHUOKYy Wi y6equTbCsi, YTO
BBIYHCJIEHHE, TI0-BUANMOMY, NPOJEIAHO NPABHJIBHO.

[list Toro yTo6bl cOPMYIUPOBATH €IllE OJHO MPABUIIO, KOTOPOE
Heo6X0MMO YYMTBIBATH IIPU YIPOILEHUSIX, OCHOBAHHBIX Ha Cylle-
crBoBaHun B (opmyse (B ypaBHEHHM) Majoil BEJMYHMHBI, UyTb
ycaoxuuM (opmyay (1), cuutasi, yto B MOMEHT BpeMeHu t = 0 Tesio

HaXO0JMnJIOCh B TOYKE C KOOp}IHHaTOﬁ So:
2

at
S(t)=30+vot+7, (1’)
Tenepp paccrosinue 6yzeM M3MepsTb B €AUHULIAX Sy, 2 BPEMs — B
equHUNAx Sy/v, . Toraa
c=1+1+er?, (2)
rae €= as / (203) — 6e3pasMepHasi BeJHYMHA.

IIpexxne Bcero o6paTuM BHUMaHWE Ha TO, 4YTO, U36EpH MbI
NpeXXHWe eAUHUIIBI JJI1 BDEMEHM U DACCTOSHHSI, MbI MOJYYUIH GbI
ZIPYroe ypaBHEHUE:

c=0p+1(1+1),
¢ Apyroit 6e3pa3MepHOll BeJMYUHOH GOy = as, / (203), BXO/sIEl B
dopmyry. Yoke aT0T hakT JOCTOMH MOLYEPKUBAHMS: KaK MIPABHUIIO,
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eCcTb pasHble CIoco6bl 06Ge3pas- Y
MEepUBaHUsI, ¥ HY>XHO BbI6uparp 1256#12035%
TOT, KOTOpBIit ynobuee. Mrak,
nycTb 6e3pasMepHas BeTUYMHA N
¢ B ypaBHenuu ( 2') oueHb Mana g./ !

(e < 1); Hy, ckaxeM, € ~107 %,
WM 1 Toro MeHoie. Ha Muny-
TOYKY IIpeJcTaBbTe cebe, YTO €
CTOUT MHOXHUTEJIEM He TIepe] T° ,
a mepes KaKoi-HUOYIb CJI0XKHOH
(pyHK1HMel «6e3pa3MepHOro Bpe-
meHu» 1. Ckoup ynpocTHjIach
6b1 (opMyJia, ecau 6bl, BOCIIONb30BABIIUCH TeM, YTO BEJUYUHA €
MaJia, Mbl OTGPOCHJIH cJlaraeMoe, cofepxailee € . Ho Mbl noHMMaeM
(BepryBumch ot (2') x (2)), uto Ay 3TOTO HYXHO 6bLIO 6Gb
MOJIHOCTBIO TIpeHe6peyb YCKOpeHueM, UJH, B 6osiee OGIINX TEPMH-
Hax, IpeHe6peub crienu@uuecKUMH 4YepTaMy U3Yy4aeMoro [BUXKe-
uusi.> VIMeHHO 3TOro jeJsath Hesb3si! BouinBaTh BOLy M3 BaHHOYKHU
Ha/I0 OCTOPOXXHO — MOXKHO BBITIJIECHY Th KyIalomierocs B Heif pe6eHoy-
Ka.

Jlo cux mop Mbl MMeJH [IeJI0 C U3BECTHBIM 3aKOHOM JBIMKEHUS U
MaHUITy TUPOBAJIHN BXOASIUMH B (JOPMYJy U3BECTHBIMH BeJHYMHA-
mu. Temepp mogyMaeM o 3HAYUTEJbHO GoJiee CJIOKHOH Ipo6.eMe.
[laBaiite MbICJIEHHO IlepeHeceMcsi B [JOKBaHTOBYIO 3py. OTbITb
Pesepdopaa nmokasasu: Bo-NiepBbIX, aTOM — CJIOXKHAsI CHCTEMa, Macca
aToMa COCpefloTO4YeHa B €ro IIOJIOKUTEJbHO 3apsKEHHOM Sifipe,
npuveM Macca siipa M B ThICSTYM pa3 IPeBbIIIAeT MacCy OTPUIATe Ib-
HO 3apsSIKEHHOTO 3JIEKTPOHa m (3/IEKTPOH yKe OTKPBIT, U 3apsif ero
u3MepeH, OH paBeH €= -4,8-107'" ep. zapsiga CICo =
=-1,6-10"" Kn); BO-BTODBIX, BHYTpH aromMa (Ha paccTOSHHSX
~1A=10"8 cm) neiictByer 3akoH KyJiona.

Wrak, Mbl 3HaeM, 4TO BHYTPH aTOMa, COCTOSIIETO M3 TSXKEJIOro
siipa — MIPOTOHA M JIETKOTO 3JIEKTPOHA, [UJIS1 [IPOCTOThI OTPAaHUIUMCS

3 He roeopio yxe 0 (opMajbHOi HENpaBUIbHOCTH MpPEHEOPEsKEHHUs
craraeMbiM €1’ TpM GoJbmiMX 3HaueHusx T. JlyMaio, 3TO COBepIieHHO
nousTHO. U BCe xke: €T’ CTAHOBHMTCS MOPSAKA €IUHHIb! MM GOJIbIIE TOJIBKO
npu t21/Je. DTo Bpems cTpeMHTCS K GECKOHeYHOCTH, Korma € —0.
IIpeacraBum ce6e, 4TO Mbl HM3y4YaeM HEKUil NpOLECC, KOTOPBIA [JIUTCS
HeGOIbIIOe KOHEYHOe BPeMs, a BBISCHHJIOCH, YTO CJIAaraeMoe €1 JOCTHraeT
3HaYeHHs eJMHMLBI TOTAa, KOTAA Hall MPOIECC yxKe AABHO 3aKOHYHJICH.
KoneuHo, B 3TOM ciyyae 6e3 3a3peHHsi COBECTH 3TO C/IaraeMoe MOXKHO
OIYCTHUTb.
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aToMOM BOJOpPOAa, JAeiicTByeT 3akoH Kysona. Kpome Toro, ussecto
(6bLJ10 M3BECTHO M B IOKBAHTOBYIO 3py!), 4TO BCe aTOMBI BOAOPOAA
OJMHAKOBBI, T.€. UMeIOT ognHaKoBbie pasmepst (~ 107 cM). O6o-
3HA4YMM pa3Mep aToMa BOJAOpOJa depe3 @, U NOCTapaeMcs HOHSTD!
novyemy d, ~ 108 cm? Jlnst sTOrO BBIpPA3UM d, 4epe3 XapakTepuc-
THUKU COCTaBHBIX YacTell aToMa — 3apsii € U MacChbl 3JIEKTPOHA M U
nporoHa M. Maccy NporoHa, HO-BUAMMOMY, MOXKHO HCKJIIOYHTD,
CYMTas1, YTO IIPOTOH MIOKOMTCS, a 3JEKTPOH JBUXKETCHA BOKPYT Hero (B
JEACTBUTENIBHOCTH 06Ge YaCTHIbI JABMXKYTCS BOKPYT OOLIEro LeHTpa
Macc, HO IOMPaBKH, CBsi3aHHbIE C 3TUM, BecbMa MaJibl). OcrawoTcs
BeJmuuHbl m U e. Ho Jierko mposeputb (mposepbTe!), 4TO M3 HUX
HEJIb351 «IIOCTPOUTb» KOMOMHALIMIO Pa3MEPHOCTH [JIMHBI.

BeiBox TakoB: kjaaccudyeckass ¢uU3MKA He MOXKET YCTAHOBHTD
«IIpupoay» pa3mepoB aroMma. K atoMy, B HacTosilllee BpeMsi XOPOLIO
H3BECTHOMY, BBIBO/LY MOKHO IIPHITH U JPYTUMH Ny TsiMu. U u3Becren
«BbIXOJI M3 TOJIOKeHUsi». Ero obecrieynsia KBAaHTOBasI, MJIM aTOMHAs,
MexaHMKa. He BXoauT B Hallly 3a/layy paccKasblBaThb O KBAaHTOBOM
MeXaHUKe B 3TOH craThbe. HaloOMHUM TOJIbKO, YTO KBAHTOBasl MeXa-
HHKa BBeJla B (PM3HKYy HOBYIO MUPOBYIO KOHCTAHTY — MOCTOSIHHYIO
Mnanka h~1072r. CM2/c , W BepHeMcsA K aroMy Bojaopoxa. B
HallleM paclopspKEeHUM Terepb TPU BEJMYMHBI M, € U A, a U3 HUX

JIEFKO TOCTPOUTDH BEJIMYUHY DPA3MEPHOCTUA AJIMHBI:
2

a4y =2 0,410 cu. (3)
me
Mpb1 6e3 OroBOpOK HPHUPABHSIM BbIBEJEHHYI0 KOMOHHALMIO Pa3Mepy
4y, TaK KaK C XOpoliedl TOYHOCTbIO OHA AEHCTBUTEJbHO pPaBHA
pa3Mepy atoMa BOAODOJA.

Tenepb HeCKOJbKO cepbe3Hee 3aJyMaeMcsi O JIOTHKe BbIBOJA
¢dopmysst (3). He pewass 3ajaum, He 3aayMblBasiCb Haj TeM,
KaKMMH y[PaBHEHUSMHU ONHUCHIBAeTCA JBIDKEHHE 3JIEKTPOHA B aToMe,
TOJIbKO 3Hasi, Kakue Besnuunbl (4, e, ki, m) MOJKHBI BXOMUTH B
HEM3BECTHOE ypaBHEHHEe, Mbl pelllaeMCsl CeslaTh BBIBOA, 3apHKCH-
posaunbiil opmyoii (3). Kakue y Hac A 3TOro ocHoBaHuUs?

SIcHo, 4YTO ypaBHeHMe, KOTOpOe HaM HPHUAETCS pellath s
ornpefie/ieHHs pa3Mepa aToMa, 6yAeT COlepKaTh B BULE HEU3BECTHOI
BeIMYMHBI X 6e3pasMepHyio 4 koM6unammio, T.e. x = aome2 / m, a
BEJIMYMHA X JOJ/DKHa OBITb HaliieHa IyTeM pelIeHHs KaKOro-To

4 Ckosbko-HM6Y b C10XKHAS (DYHKIMS, APrYMEHT KOTOPOi — pasMepHast
BeJIMYMHA, BooGme GeccMmbicieHHas Beulb. Beab, kKak npaBuiio, GyHKuus

x 12,13
sagaerca psagom. Hanpumep, e =1+x+§x +6x +... A ckJaabiBaTh
MOXXHO TOJIbKO BEJMYMHbBI OHOH pa3MepHOCTH.
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ypaBHeHusi, ckaxeM f(x)=0. Ho oTkyxa y Hac yBepeHHOCTb, 4TO
KOPeHb 3TOTO ypaBHEHMs MNopsiaka eAuHMIbI? Beabp serko cebe
NpeACTaBUTb, YTO X, — KOpeHb ypaBHeHMS f(x,)=0 — Kakoe-
6y ib OTPOMHOE MJIH, HA060POT, OY€eHb MajieHbKOe YHC/IO0. A TOTAa
ay = xohz/ (mez) Ju60 3HAYUTESBHO 6OJIbile, JHGO 3HAYMTEJHHO
MeHbllle HCTHHHBIX Pa3MEPOB aTOMa; T.€., MOMPOCTY TOBOPSI, HUYETO
0 pa3Mepe aTtoMa Mbl CKa3aTb He MOXeM. 3Jecb HaC BbIPYYaioT
MHTYULMSI, TPUBBIYKA, ONBIT. B 6OJIBIIMHCTBE CJIydyaeB HCKOMBII
KOpEHb YPaBHEHHs JeHCTBUTEIbHO OKA3bIBAETCS NIOPSIAKA €AUHUIIBI,
¥ TOTJA HAaIllM COOOPa’KEeHUsI, OCHOBAHHbIE HA aHAJIN3€e Pa3MEPHOCTH,
MOATBEPKAAOTCS TOYHBIM PACUETOM.

Ho 6biBaer u uHaue.

B Moeii npakTike BcTpeTuiIcs Takoi ciaydail. C MOMM yuuTesieM
N.M.JTudummiieM MbI TeOpPETHYECKH HMCCJIEOBATM CBOICTBa Belle-
CTBa, B KOTOPOM NPOMCXOJAT JeJIEHHs] PaJHOAKTHBHbIX siztep (CBOM-
CTBa TEIJIOBBLIEJISIOMNX 3JIEMEHTOB peakTopa). JTO HempocTast
3a/1a4a — BBISICHUTD KaK BJIMSIOT HA CBOMCTBA TeJla IPOUCXOJSIHE B
neM (B ciyyailHBIX MecTaX, B CJIy4aiiHble MOMEHTBI BpeMeHwu!)
paauoaKkTHBHbIe pacnaibsl. Ho okasajoch, 4TO, 3Hasi 3HEPruio,
KOTOPYIO HECYT OCKOJIKH sI/Iep, MOXKHO BOCHOJIb30BaThCSI COOOpaXxe-
HUSIMM Pa3MEPHOCTH U OLUEHHUTh ([IPUKHMHYTb) PE3YJIbTAT CPABHHU-
TEJIbHO HpocTo. VIHTyMIMs NOACKa3asia, YTO pe3yJbTaT CJeayeT
NIPOBEPHUTH TOYHBIM pacyetoM. OKa3asioch, TOYHOE 3HAUEHHE OTIHYaA-
erca oT oueHKH (MPUKHAKU) MHOXKUTEJEM (21t)'5 =107 (). 4
AyMalo, 4TO ecJiM 6bl TOYHbIH pacueT GbLI 60Jiee CJIOKEH, YeM 3TO
6bUI0 B [€ACTBUTENBHOCTH, M HaM MPHUILIOCh ObI OrPAaHHUYHTHCS
OlIEHKaMH, TO Mbl B KOHIIe KOHILOB Hamu 6bi (M Ge3 pacuera)
MHOJXKUTEJb (211:)—5 — BeJb €T0 NOsIBJIEHWE OTHIOb HE CIYYailHOCTb. ..

A BoT Apyro# — nporuBonosoXxHbii — npuMep. U.M.JIudmun u
A.B.Iloropenos (Bo 3Haete A.B.IloropenoBa kak aBTopa y4e6HHKa
U KHHT TO0 TEOMETPUM) HCCJIEJOBAIM 3aKOHOMEDHOCTH MAEJIEHUS
TSIXKEJIbIX siiep. AHAJIOTHS C KAlJISIMU OObIYHO#M XUAKOCTH U co06pa-
JKeHUsI Pa3MEePHOCTH ITOMOTJIA CPABHUTEJIBHO IPOCTO PELIUTD 3a1a4y
U TOJIyYHUTb OTBET C TOYHOCTBIO [0 6GEe3pa3MepHOTO MHOXKHTEJIS.
ABTOpaM XOTeJIOCh AyMaTh, YTO HEM3BECTHBIN Ge3pa3MepHbI MHO-
xKuTeab 6;1u30Kk K eaunuie (Hackosbko s momuio, V.M. Iudmmig
6b11 B 3TOM yBepen). A.B.Iloropesios CKOHCTpyHpOBas Clielfalib-
HbIii IpPHGOpP, MO3BOJISIOMUIA C MOMOHIBIO «OGBIYHOMY >KUAKOCTH
U3MEPUTh Ty BEJMYHHY, KOTOPYIO OLleHWJM TeopeTnyeckd. Oka3za-
JIOCh, YTO MCKOMBIH MHOXuTenb pasen 1,1 (1).

Yro cremyer u3 3TMX ABYX IpumepoB? Tosbko To, YTO HaXoO
TIPOSIBJIATH OCTOPOKHOCTb IPH OIEHKaX, OCHOBAaHHBIX Ha CooGpa-
KEHHSIX pasMEpPHOCTH. IIPOABJSATL OCTOPOXKHOCTb, HO HM B KOEM
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cjlyyae He OTKa3bIBaTbCsI OT METOAOB, OCHOBaHHBIX Ha 3THX COOG6-
PaXKEHUSAX.

Korzna peub uzger 06 o6macti pu3uKH, 3aHUMAIOIIENCS TAaKUMU
SIBJICHUSIMH, [JIs1 TIOHUMAHUSI KOTOPBIX AOCTATOYHO HCIOJIb30BaTh
U3BECTHbIE 3aKOHBI MPUPOABI (T.e. OHM OMMCHIBAIOTCS C HEOGXOU-
MO} TOYHOCTBIO U3BECTHBIMU YPABHEHUSIMA), METO/bI PA3MEPHOCTH
CJTy>KaT HaBOASALIMMU COOOpa)KeHHSMH, moacnopbeM uHTyuiuu. C
60JIbIIMMH UJIM MEHBUIUMH TPYAHOCTSIMH MOXKHO TPOM3BECTH COOT-
BETCTBYIOIIMH pacyeT W TNOJYyYUTb TOuHbIA OTBeT. Coo6paxkeHust
PasMepHOCTH NPUOGPETAIOT 0COGYIO POJib, KOrAa (PU3HK BHIXOAUT B
HEMO3HaHHYI0 006JIacTb, KOrJa HeT CTPOTUX YpaBHEHHH, Ha KOTO-
pble MOKHO OIlepeTbCs, U MOXKHO TOJIbKO NIPUKM/IbIBATD, OLIEHUBATD
U yrajibiBaTh. JTa AESTEIbHOCTb (PU3UKOB-TEOPETUKOB TPeGyeT 0COo-
60ro 4yTbsi, OCHOBAaHHOIO Ha IJyOOKOM 3HAHHM BCell CTPYKTYpbI
(u3uKy, Ha NMOHMMAHUU TOTO, YTO MOXKHO TIOABEPraTb COMHEHHIO
(mepecMoTpy), a uTO He3biGJeMO, OTKa3 OT 4ero paspymaer (6yk-
BaJIbHO) Bce 3faHde usuku. Hayka sHauuTesbHO GoJiee KOHCep-
BaTHBHA, 4YeM KaXeTCs TeM, KTO CMOTPUT Ha Hee CO CTOPOHBbI H
BOCXHUILAETCA ee yCIleXaMH, KTO CYHTAeT, YTO HayKa BCEe MOXET U
yro el Bce moctynHo. Hayka omMchiBaeT peasibHO CyIIeCTBYIO{Hii
Mup, ynpaBiseMbiii peajbHO CYILECTBYIOIMMH 3aKOHAMH. IJTH
3aKOHbI HayKa IOCTENIeHHO, B MYYMTEJbHbIX TOUCKAX MOCTUTaeT.
INocTpoenue soruyecku HETIPOTUBOPEYUBOI KapTUHBI Mupa — CToJIb
CJIO’KHAsI 32/1a4a, YTO HAJIO C TPETIETHOH OCTOPOXKHOCTHIO OTHOCHTD-
€A K KaXAOH fAeranu 3TOH KapTHHBI, HENpPECTaHHO 3ajaBasi cebe
BOIIPOC: He Hapyuly JId sl YTO-TO BO BCeW KapTUHeE, eCJId TPearoJio-
XKy HEYTO HOBOe, Heo6xoaumoe (KaKk MHe KaXeTCsi) st 06bsICHe-
HHUSl KaKoro-1o ¢axra?

A1 noxnuMalo, 4To MocseAHUN a63aill BHITJSIAUT COBEPLIEHHO a6CT-
pakTHbBIM. M Bce ke He XO4y NPUBOAWTH TIPUMEPHI — TJIABHBIM
06pa3oM IOTOMY, YTO He YYBCTBYIO ce6si CIEHaJMCTOM B TOM
(usuke, U3 KOTOPOIl 3TH HPUMEPHI CJAEAOBAJO Obl Yeplarb: U3
(u3uKN 3/1eMeHTAapHBIX YaCTUL, M3 KOCMOJOTHH. XOYy TOJIBKO
o6paTuTh BHUMaHHe Ha ciexpyiomee. OAHY U Ty >Ke PasMEPHOCTb
HMEIOT COBEPLIEHHO pa3JUYHble BEJUYHHBI: PACCTOSIHHE MEXIY
Mocksoii 1 Hpio-VlopkoM u pasMep atoMa Bogoposa, BpeMsi o6pa-
menusi Hentyna Bokpyr CosHua M nepuoj KoJie6aHuii aTOMOB B
MoOJIeKyJle BOAOPOJa, Macca IPOTOHA U Macca 3JIEKTPOHA M T.J. | T.II.
— IPUMEPbI MOXKHO MHOXHUTD [0 GeckoHeuHocTH. Pasnesns pasmep-
HYIO BEeJMYMHY Ha BEJIMYUHY TOH K€ PasMEPHOCTH, MbI MOJIYYUM
6e3pa3aMepHOe YHCI0. MOXXHO 33/1aTh BOIPOC: TOYEMY TOJYYUIIOCH
HMEHHO 3TO 4YMCJIO, a He Kakoe-HUOyab apyroe? SlcHo, 4TO Tak Kak
YHCJIO OTHOLLEHUI 6ECKOHEYHO, TO M YKCJIO BOTIPOCOB TOXKe 6eCKOHeY-
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Ho. Hago 1 Bce ux 3agaBatp?
W HY>KHO I Ha HUX OTBEYaTh?
OTBeT f2€eT TOJIbKO ONbIT. OnbIT
OT/AEJIbHOTO YeJIOBEKA M OMbIT
Bceil ¢pusuku. B xozme passu-
TSI HAYKM TIepeyeHb BONPOCOB
N3MEHSIETCSI BMECTE C TIEPEYHEM
OTBETOB HA HUX, IPUYEM, ECTE- 4/

CTBEHHO, BOIPOChI HECKONBKO ’z/ Vi

ONEPEXXAIOT OTBETHI, MPaBAA,

onepexaloT He CJIMIIKOM 3HAaYUTeJbHO. [le0 B TOM, YTO NpPaBUJIbHO
chopMyJIIPOBaHHBIA BOIPOC, KaK MpPaBMJIO, HECeT B cebe OTBeET.
WHoraa BONpOC BBHITJISIAUT COBEPIIEHHO HEBUHHBIM, a OTBET HA HETO
o4eHb cJioxkeH. HYero yx npoine: noyeMy OTHOIIEHHE MAcChl ITPOTOHA
M, k macce anekTpoHa m, pasHo 1838? A oTBeT Ha 3TOT BOHpOC,
HaCKOJIbKO s 3Halo, He u3BecTeH. m Apyroe 3HaMeHNTOE YHCIIO —
TaK Ha3blBaeMas NOCTOSIHHASI TOHKOH CTPYKTYpbI

ITocTOsIHHYI0 TOHKOH CTPYKTYpPBI TaK M HasbIBalOT — OJHa CTO
Tpuauath cenpmast! ITouemy 1,137 — coBpemenHas Hayka gaxe He
¢opmyaupyer. Ho ucnonb3yer o MHorokparho. OTHOCHTE/IbHAS
Manocts 3apsiaa (e* = hc/137 < hc ) npuBoAUT GYKBAIbHO K 6€CKO-
HEYHOMY YHCJIY CJIeCTBHH.

Yucna 137 u tem 6osee 1838 — 3HaunTeIBHO GOJIBILE €IUHUIIBI.
MoryTr 71 OHM OBITb CJIEACTBHEM TEOPUH, KOPHEM KaKOro-au6o
ypaBHEeHHsI? A Belb MOXKHO yKa3aTb IPUMEP, KOTOPBIH MPUBOAUT K
6YKBaJIbHO aCTPOHOMHMYECKOMY yuCy. OTHOLIEHHE CHJIbI BJIEKTPO-
CTaTUYECKOr0 OTTAJKUBAHHUS APYT OT APYyra JABYX MPOTOHOB K CHJIE

TPaBUTALIHOHHOTO NPUTSDKEHUS] MEXKAY HUMHU: e2/ (M ,Z,G) , KOHEYHO,

6espasmepHoe uync0. Ono pasto 10%® (1). Pemas kaxoe ypaBHeHHUe,
MOKHO HaJiesITbCs MOJIyYUTh Takoe (paHTacTuveckoe uncio? Ceityac
Nle1aeTCs TONbITKA TOCTPOUTH cynepdH3uKy, 06beJHHSIONYIO BCE
B3aMMOJIEHCTBUA Mexxay duactunamu. Ilo-Buammomy, oHa — 3ra
Gyaylnas HayKa — [JOJIKHA <BbIJATh» B BU/IE OTBETA 3TO IPAHIHUO3HOE
4ncyio. BoaMoxHO, npaBaa, B 3TOM He Gy1eT HUYEro YAUBUTEIbHOIO:
npocro (?!) uckomoil BeqMuMHOM GyNET HE CaMO OTHOIIEHHE, a,
ckaxem, Inln (e2 (MIEG) = 4,4 . Ho 310 yxe He coo6pakeHue, a
(anTasupoBanme... A s XoTeJ 6bl MPEAOCTEPEYDb YHATATENSA OT pas-
JIMYHDBIX HEONIPABJAHHBIX CPABHEHHIi BEJIMUUH OJHOI pasMEPHOCTH U
O6Hapy>KeHHsI KAKUX-TO MHCTHYECKMX COOTHomeHu#. ITombiTka oT-
BETUTb Ha BONPOC, YeMy AOJDKHO ObITb PAaBHO TO WM [JPYroe
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OTHOIIIEHHE [IByX Pa3MepHbIX (t)HBH‘leCKI/IX BeJIMYMH, JO/DKHA OCHO-
BbIBaTbCA Ha I‘JIy6OKOM 3HaHUMM IpeaMeTa. Oaapetme 3/1eCb He
TMOMOXKET — MOBEpHLTE MHe!

* k *

ST paccyX/eHHus] TPYAHO 3aKOHUMTb. B mo6oii o61acT cBoel
fesTesbHOCTH (usnK (i TEOPETHK, ¥ SKCIIEPHMEHTATOP) CTAJIKHBA-
ercsi ¢ unciaamu. OJHUMH OH [JOJDKEH BOCIOJIb30BAaTbCS, Apyrue
JIOJDKEH OIpee/uTh. Bcrpedasch ¢ 4uc/iaMyu BCerja U Besje, OH
IPUBbIKAET K HUM ¥ 4aCTO MOJIb3yeTCsl MMH, He 3a/yMbIBasiCh, OTKY/1a
OHU BO3HMKJIH, TIOYEMY OHH TaKHe, a He Apyrue. ITO 03HAYaeT, YTo
OH — (QHM3MK — XOpOIIO 3HAeT CBOW 06JaCTb, YTO y HEro ecTb
MHTYHIHMS, YTO OH YMeeT IOYTH 6eCCO3HATeIbHO BbIGPATh U3 (PU3HKH
(13 OrPOMHOTO 3aMaca HaKOILJIEHHOTO B Heii 3HAHUs) HMEHHO TO, YTO
HY’XHO JI/Isi IOHMMaHUsI u3ydaeMoro sisjenus. Ho eciu ero crpo-
CHTb, OYeMy OH OTGPOCHII BCe CTaJIbHOE, OH 3a/{yMaeTCs H, apeyMen-
mupys YMCJaMH, MOKAXET, YTO OTOPOLIEHHOe He JOJ/DKHO MrpaTb
cymiecTBenHo# posu. VHorna on ommbaercs. W ecim om6ka He
TPUBHAJIbHA, TO MOHHMaHHe OMIMOKM, JMKBUJAUHUS TPOTHBOPEUUS
MOJKeT TIPUBECTH K OTKPHITHIO... O6 5TOM CTOMT NOMEYTaTh. ..



B3rnfaHyB HA TEPMOMETP...

OpaHaxAbl yTPOM 5 TMOYYBCTBOBAJ, YTO B KBapTHpeE
X0JIOIHee, 4eM 0ObIYHO. B3riisiHyB Ha TepMOMeTp, yBUAET: AeHCTBH-
TeJibHO, BMecTO npuBbIYHBIX 20 °C 6b110 19 °C. IloceroBaB Ha
HeCTabMJIbHOCTb KOMMYHAJIbHBIX CJIy>O6, cobpajics U ToLieJ Ha
pa6oty. B Merpo Mbic/b BepHyJach K NMOKa3aHHIO TEPMOMETPA, M
BO3HUKJIO OLLYII[EHHE, YTO YTO-TO TYT HE TaK...
Temneparypa — Mepa TeNJIOBOTO ABUXKeHHsI MoJieKyJ. CpeaHss
SHEPIUs TEIJIOBOTO [BHXXEHHUsI MOJIEKYJbl (CKa’KeM, MOJIEKYJ Tra-

3a B BO3/AyXe, 3alOJHAIIIEM KOMHATy) paBHa ng, rae
k=14-10"" apr/rpai — nocrosinnHasi Bosbumana, a T2eMnepaTy-
py, TpaBja, HaJo u3MepsATb He B rpaaycax llenbcusi, a mo a6co-
JIOTHOH IKaje — mKajJe KesJbBuHHA, CABUHYTOH OTHOCHUTEJBHO
mkaJbl Heabcust Ha —273,16 °C . [Ipyrumu cJioBaMu, TeMIeparypa
B Moelt kBaptupe 6bl1a okosio 300 K. U s nouyecmeosan namene-

Hue temneparypol AT mnopsaka %)—T, T.€. OIIYTHJI, YTO SHEPIUs

TEIJIOBOrO ABUXKEHHS MoJieKyJ uaMeHuaach Ha 0,3%! Boxee Toro,
6e3 KaKUX-JU60 CJOXHBIX NPHOOPOB, € MOMOMUIBIO NMPOCTOrO Ha-
CTEHHOTO TepMOMeTpa $s1 NPOBEPUJI CBOE OINYINEHHE — USMEPUTL
(pakt usmenenusi Ha 0,3% SHEpruM TEMJOBOrO [ABUIXKEHHS MOJie-
KyJ... ¥ MeHS Jaxke MeJbKHyJa
ropfiast MbICJIb 06 3BOJIIOLMH, CO-
3/aBIllell CTOJIb YyBCTBUTEJIbHBIE
MEXaHU3Mbl OILLYIIIEHHs TeMIlepa-
Typbl. XOpOIIO M3BECTHO, KaKUM
Ba)KHbIM MapaMeTpoM [UJIsl JKH-
BbIX OPraHU3MOB SIBJISIETCSI TEM-
neparypa: HM3MEHEHUE TeMIepa-
Typbl Tesa 4esnoBeka Ha 1 rpa-
Iyc — mpu3Hak 60jie3HH, a MH-
TepBaJl JOMYyCTHMOIO U3MeHEeHUs
TeMneparypbl Teina — MeHee 10
rpagycoB. EcTecTBeHHO, omry-
IaTh TEMIIEPATypy >KHBOMY Opra-
HU3My HeoOXOAMMO O4YeHb TOY-
Ho... Ho kakum o6pasom?




IMoackaskoil MHe TOCJyKUJI BCE TOT XKe HACTEHHBIH TepMOMET.
ITosToMy pa36epeMcsi cHauyana ¢ HUM. Kak HaMm ynaercss M3MepuUTh
H3MEHEHHE TeEMITEpaTypbl Ha 1 rpagyc, a MeIMIMHCKUM TEPMOMETPOM
— Ha 0,1 rpaagyca? VaMepuresieM CJIy>KUT U3MeHeHHe 00beMa XKUJI-
xocty (Ansi onpejeneHHOCTH — pPTyTH). Ilpu MOBBILIEHMH W/
NOHMXEHNH TEMIIEPaTyphl ee 06beM V usMmensiercss Ha AV, npudem

él/v—=0c-AT.

MHoxuTeIb o HOCHT Ha3BaHUE K03(p(UIIMEHTa TeIJIOBOrO Paciliy-
penusi. Ilo nopsiaKy BeJMYMHBI OH COCTaBJISAET 103 -107 K1

«YBugerb» AV/V ~ 10™ ynaercs TONBKO C MOMOWIBIO NPOCTOTO
IpHeMa — «3arHaB» PTyTb B TOHKUiA Kamusap. Torna AV =s-Al,
rae s — IJIOLIaAb CeYeHMsI Kaluiapa, a

Al=Ka~AT
s

— U3MeHEHHe BbICOTHI CTOJI6MKa pTyTU. C/ies1aB s JOCTaTOYHO MaJIbiM,
MOXHO JOOMTbCA HEOOXOAMMOTo paspeillenusi. Kanuiangp ciayxur
ycunumenem.Ecmu V ~ 1 CMB, TO, 1/ TOrO YTOOBI TIpU. O - AT ~ 107
nosyuutb Al ~1 MM = 0,1 cM, Hafio UMEeTb KaNUJLIAP C IJIOMIAAbIO

cevenus s =107 cm?. Ouens MPOCTON yCHJIUTEJIb!

Paszo6paBuiuch ¢ TePMOMETPOM, IepeiiieM K )XMBOMY OPTraHu3My .
Yro B HEM CJayXUT ycuiuTenaeMm? Onpenessiomas pojib TEMIEPATY-
Pbl B )KH3HEHHO BaXKHBIX IPOIECCAaX CBSI3aHA C TeM, 4To ckopoctu W
60JIbIIMHCTBA XMMUYECKMX peakiuil (6e3 KOTOPBIX XU3HD Gblia 6bl
HEBO3MOXKHA) 3aBHCSIT OT TEMIIEPATYPbI O4€HDb PE3KO — IT0 IKCIIOHEH-
IMaJIbHOMY 3aKOHY:

W ~ e_U/ (kT) |

Besnuuna U, HOcAlllas Ha3BaHWE SHEPrUM aKTUBALMH, AJIA KaKa0H
peaKuuy cBosi, HO, KaK npaBuio, U 3HauuTe ibHO npeBbinaet kT He
CJIMIIKOM YTJIy6JIsisich U He 3arJIsiiblBas B CIIPABOYHMKH, 51 PacCyX-
Jaj Tak. X¥MMHYEeCKHe PeaKki[iy — 3TO BCera NepecTpoiiKa 3/1eKTPOH-
HbIX cocTosHui. Hanpumep, coeautnenue atomoB Na u Cl B Mosexy-
a1y NaCl npoucxomut tak: arom Na oraaer astektpoH atomy Cl. Honbr
Na* u Cl° npuraruBamoTCs APYr K APYTY M CO3JAIOT MOJIEKYTY
NaCl, Ho a;iekTpons! B MoJiekyJie NaCl pacripesesieHbl BOKPYT siiep
He Tak, KaK B atoMax Na u Cl. [lsis1 uaMepeHusi sHepruM 3/1eKTPOHOB
B aTOMeE CO3/[aHa CIelUabHasK IIIKaJa SHEPrUuil — 3JIeKTPOH-BOJIbT, a
1 3B = 1,6-10" apr. Tak BOT, XapakTepHOe 3Ha4Y€HHE IHEPrHH
aktuBauuu U nopsigka 1 2B.
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OrHocuTeIbHOE M3MEHeHHe CKOPOCTH XHUMHYECKOH peakuyy
AW/W npu uaMenennn temnepatypsl T Ha Bemuunny AT TakoBo:!

IIpu AT T =1 300 oTHOCHTe/NbHOE U3MEHEHHE CKOPOCTH XMMHYEC-
koit peakuun AW/W =1/10, T.e. BnonHe ourytumo. YcuiurenaeMm

cyxuT MHOXHTeb U/(kT). Cyaa mo HammMM OUIyIIEHHSIM, OH
«paboTaeT» oueHb HaJeXxHO. Ilo-BHAMMOMY, 3TO CBSI3aHO C TeM,
4TO B OPraHM3Me MpPOTEKaeT OYeHb MHOI'O PA3JMYHBIX XMMHYECKHX
peaximii 1 Bce oHM (O/DKHBI GbITh!) TIIATENBHO COTTACOBAHBI. ..

WTak, Bpose 6B 51 MOHAN U ycnokouics... OfHAKO TOABUIACH
HoBas Mbicyb. IToka 51 He pa3oGpascs (kOHEYHO, OueHb PHGIHKeH-
HO M TIOBEPXHOCTHO) B MEXaHH3Max yCHJIEHHsl, i YAUBISICA TOMY,
YTO MOTY OYYBCTBOBATb M Ipe/IeJIbHO IPOCTO N3MEPHUTh OTHOCHTEJIb-
HOE M3MEHEHME TEeIVIOBOH SHEPTrHMM MOJIEKYJbl, MPHOJU3UTENHHO
pasHoe 1,/300. Ho Bezap B fefiCTBUTENBHOCTH peyub UAET 06 U3MeHe-
HMM SHEPrHM He OAHOH MOJIeKyJbl, a Bcex MoJjieKya. OTHouieHue
AT/T paBHO OTHOCHTENBHOMY H3MEHEHHMIO SHEPTHH Ta3a, e€CJH ero
TemIepaTypa M3MeHHJIach Ha BenmuuHy AT . Hosas mbicab dop-
MyJIMPOBasach Tak: KaKOBO @6COII0MHOe 3HAUEHNE N3MEHEHHS SHED-
THH Ta3a P U3MEHEHHH eTo TeMIepaTypsl Ha rpaayc? 51, koHeuwo,
TIOHMMAaJI, YTO OTBETUTD Ha 3TOT BOIIPOC OYEHb JIETKO — MEXAHMYECKUH
SKBMBAJIEHT TemJja u3BecteH. Ho MHe XOTesoch MOMYy4YHTh 3MOLKO-
Ha/lbHO OKDalI€HHBIH OTBET, YTOObI TOYUYBCTBOBATH, MHOTO 3TO UK
Maso. M Torzaa g pemms noacyuTaTh, KaKyio Maccy MOYKHO MOAHATD,
CKa)keM, Ha BbICOTY £ = 1 M 3a cuer sHeprum, TpeGylomeics a1
HarpeBaHus BOo3ZyXa Ha 1 rpaJyc B XOpOLIO M30JMPOBAHHOM TIOMe-
leHny pasMepoM 4 Mx5 Mx5 M =100 m>. TIpu6mmxennsiii pac-
4eT OYeHb NPOCT. JHEPTHsl ra3a paBHa

3
E =_NkT
2 b

! Berwuuna W (T +AT) nponopuuoHasibha
U U

_2(1_A_T)
e R(T+AT) _ e KT(1+AT/T) _ e KTV T

’

NI03TOMY
U AT

W(T+AT)=W(T).eE'T__~.W(T)(1 EAT)’

+ —

kKT T
ecmn U ~AT/ (sz) < 1. BoinuceiBasi Npu6THIKEHHbIE PaBEHCTBA, 51 IPEATIO-
Jlaralo y 4MrareJisi yMeHHe oO6palliaThbCsl C MaJbIMH BEJTHYMHAMH.
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rae N — 4uCJIO YacTHI] Ta3a, a U3MEHEHHe 3HEpPruu paBHO

AE:%Nk.AT.

Yucao 4acTHI( ra3a B IOMELIEHUH ONPEAETUTh HeCH0XKHO. Kaxapli
MOJb raza IpDH HOPMaJbHbIX YCJOBHUSX 3aHHMaeT 06beM
Vo=224n1=22/4- 1073 M3; 3HAYUT, B TIOMEIEHHH COAEPKUTCS
100/ (2,4 . 10‘3) ~5-10% Moueil. A UHCIIO MOJIEKY] B KAXJIOM MOJie
(uncso Asoraapo) ato Ny =6- 102 moap~!. 3uauut, B HOMeEEHAH
N =3-10” monexyn, u AE =6- 10'" 5pr. Teneps BbrumCIHM HCKO-
Myio Maccy 1o dopmysie AE = Mgh u nomyunm M =6 - 108 r, wm
6 Toun(!). OTBer 3acTaBWJ ME€HsS TPWKAbl NPOBEPUTb pacyer.
IloBepuB B MPaBMJIbHOCTD OTBETA, SI BCIOMHMJ U OOBIYHO HE 3aTpa-
[MBalOMIME CO3HAHWE TIPHU3BIBBI C TesJedKpaHa O6epedb TENIO, H
HEIAaBHO YCJIbIMIAHHOE B HAYYHO-TIOMYJIIPHOM ¢uibMe «/Ku3Hb Ha
3eMiie» yTBepXKAeHHe, YTO GOMDBIIYI0 4YacTb NOTPe6/seMOH MUK
TENJIOKPOBHbIE XUBOTHBIE TPATAT HA NOJIEPXKaHHUE B TeJie MOCTOSIH-
Ho#t Temmepatypbl. Telsio — goporoe yA0BOJbCTBHE!

Npumeuyanue

To, 4YTO BBl MPOYJH A0 3TOTO MOMEHTA, MOXHO
CYMTaTb CJIerKa OPraHW30BaHHBIM IPU HANHMCAHUM MOTOKOM CO3Ha-
HHSI: AyMaJl, IPHKUABIBAJI, IPAKTUYECKH BCE BbIK/IAIKU IPOU3BOIUI
B yMe. Hanucas u mepeyuTaB, s1 MOAyMas: HIKOJbHHMKOB, KaK MHe
KaXKeTCsl, 4yaCTO OTIyTrMBaeT OT (PM3MKH OLIyIEHHEe TOTO, YTO OHa
(¢pusuka) — Ha6op pa3HOOGPA3HBIX, HA INEPBbIN B3IJIAX He CBI3aH-
HbIX, (PDAKTOB, BEJIMYHUH, COOTHOLIEHH). A 51 «BbIBAIM/I» Ha HUX €Ille
HECKOJIbKO. I MHe 3aXO0TeJIoCh JJOBECTH IO CO3HAHHSI YHTaTe el elne
O[IHy Ba)XKHYIO, Ha MOU B3TJISI, MbICJIb.

CoBpeMeHHas ¢pU3HKa TakK IIyGOKO IPOHUKJIA B CYTb Belilel, YyTo
OHa MOJKET OLIEHWTb, a BO MHOTHX CJIy4asiX ¥ TOYHO BBIYHMCJIMTD IO
cyTH GeCKOHEYHOe YHCJIO0 Pa3HOOOPa3HbIX MapaMeTpOB, IOCTOSH-
HBIX, BCEr0 TOTO, YTO BXOJMJIO B HAayKy Ha pa3HbIX 3Tallax ee
passuTua (4acTo B BU/E BEeJUYMH, JOOBITHIX M3 ombiTa). [Ipu aToM
JUIS PACYETOB JOCTATOYHO UCIOJIb30BAaTh BCETO HECKOJIbKO 3HaY€HUH
¢usnyecKnX BeJMYMH, HOCSIIUX BBICOKOE UM MHMDOBBIX KOHCTaHT.
Jrto 3apsix anektpoHa e =1,6- 107! ex. sapsga CI'CH, macchl
3JIEKTPOHA M IIPOTOHA M, = 10 ru m, = 1,67 107 r, mocrosH-

07% spr-c (HU3MKH, KaK IPABHJIO, IOCTOSTH-

Hag [Inauka h = 6,6 -1
Hoi#i [1naHKa HasbIBaOT BeuuuHy h = hf(2n) = 107 3pr-c), cko-
pocth ceeta ¢ =~ 3-10'" cm/c. Tosbko BayMaiitech: Bce BeTUMHHDI,
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KOTOpBIE MOXKHO M3MEPHUTb, 3aHMMAsCh MaKPOCKOMHUYeCKOi (usm-
KOH,“ B NPHHIMIIE MOTYT GbITh BbIpaXKE€Hbl 4yepe3 ISITb MHUPOBBIX
xoncTaHT! Takue pacueTsi noTy4uu axe crieliajJbHOEe Ha3BaHUE —
pacyeThl U3 epBHIX MPUHIMIOB. KOHEYHO, OTHIOAD He BCEr/a TeOpHst
CTOJIb AETAJIbHO pa3paboTaHa, YTO MOLOOHBIN pacyeT ¢ HeO6XOAUMON
TOYHOCTBIO YAA€TCsA JOBECTH A0 KOHLA ([03TOMy MBI M TOBODHM <B
npuHiune»). Ho coBepuIeHHO SICHO, YTO PacyeT BO3MOXKEH U HET
HMKAKMX OCHOBaHHUIl OKUAATH, YTO MbI CTOJKHEMCS C IPUHLUINATb-
HO Hepa3pelnMoil 3a7aveii.

Bce ynoMsnyTbie B 3TO#i cTaTbe pU3NYECKHE BEJMYUHBI, 3Ha4e-
HMS KOTOPBIX aBTOp JIN6O NMOMHMJ, JiM60 6pasl M3 CIpPAaBOYHHKA,
MOTYT GbITh TIOJIyYeHbl KaK Pe3yJIbTaT pacyeTa U3 NePBbIX NPUHIM-
noB. Mbl mompo6yeM 3TO NOKa3aTh Ha IPUMepe JBYX BeJIUYUH:
sHeprum aktuBauuu U u koaddulineHTa TenJIoBoro paciiupeHust o .
IIpu 3TOM MBI He 6yJeM AOXOJAMTb JO OCHOB, CYHTas, YTO pa3Mep
aToMa @ 3aBeZOMO MOXXHO BBIPa3UTh 4epe3 Nepedyuc/IeHHbie BbIle
MHpOBblEe KOHCTaHTBHl. Hampumep, pa3Mep aTtoMa BoJopoAa —
ay = hz/ (meez). O6 5TOM MOXKHO NPOYECThb B JIIOOOH NOMYJISIPHOM
KHI)KKe, M3JIaraionieil KBaHTOBYIO MEXaHHKY.

Haunem ¢ snepruu aktuBanuyu U. Tak kak Mbl He Ipe/iosaraeM
CTPOMTb TEOPHIO CKOPOCTEH XUMUYECKUX PEAKIMH, a TOJIDKO XOTHUM
MIPOIEMOHCTPUPOBATh, KaK BBIPAXKAIOTCSI MHTEPECYIOUINE HAC BeJsu-
YMHBI Yepe3 MUPOBbie KOHCTAHTBI, TO Mbl OTPaHUYMMCS PacyeToM
JHEpPruy MOHU3anuy atoMa Bogopoga U, , T.e. OTBETUM Ha BOIPOC,
CKOJIbKO SHEPTMM HAJO0 NOTPATUTH, YTOOGbI OTOPBATH 3JEKTPOH OT
MIPOTOHA.

JHeprus 3JeKTPOHA B aTOMe BOJOPOAa paBHa

E= mp’ e’
2 a’
o m,0*fa=é*/a® , r.e. m©*[2=e*/(2a), n, cnenosarennro,
2
e
T 2

(uageiocp, 514 paBercTBa noHsTHH?). [loacTaBuB 3HaveHne @ = @y ,

MOy YHM

m,e’

2n?

Upon = ~13,6 5B .

2 OrpanmyeHue MaKpOCKOTIHYECKoi ¢usuKoil He cayuaitno. Hanpumep,
Mbl HE YMeeM NOKa BbIYHCJISTh MACChl 3IeMEHTApHbIX YaCTHLl — Pa3HOO6pa3-
HBIX Me30HOB, apoHoB u T.4. (cM. kaury JI.B.Oxyns « afy...Z »; Bbimyck
45 cepuu «Bu6moteuxa «Ksant»).
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SHeprusi, KOTOPYIO HaJJ0 3aTPATUTb HA IIEPECTPOIKY 3JEKTPOHHBIX
COCTOSIHMH, Kak mpaBuiio, Menbiue U, . . IlosToMy Mbl IpH ollEeHKe
OTHOCHTEJIbHOTO U3MEHEHUSI CKOPOCTH XMMHUYECKHX PeaKlMil MpUHS-
m U ~13B.

Pacuer koaddunmenTa TEmgIOBOro paciupeHusi cjoxHee. OH
Tpe6yeT 3HAHUSI CTPOEHHUST TOTO TeJsla, KOTOPOe HUCHBIThIBAET PACIIU-
penne. HaM mpuzercst orpaHMYUTBCS NPOCTEHIINM MOAXOAO0M, Y4HU-
THIBAIOHIMM TJIABHOE — TO, YTO TEILIOBOE PACIIMPEHHE 3TO Pe3yJIbTaT
3aBHCHMOCTH CPEHETO PABHOBECHOTO PACCTOSIHHUSI MeXAy YacTHIla-
MU OT TeMIepaTyphbl.

Urak, /1Be 4acTHIbl B TeJ€ HAXOAATCS Ha paccrosiunu d + x (t)
IpYT OT Apyra, mpuueM d — pacCTosiHMEe MeXAy HHUMH, Korja TH
yacTuib! okoaTcs (pu a6CoIOTHOM HyJie Temiepatypbi), a x (t) —
5T0 MrHOBeHHOe (B MOMEHT BpEMEHM ) OTKJOHEHHE YaCTHIbI OT
nosoxeHus papHoBecus. Cuna F, neficTByiomas Ha 4aCTHIy, Hano-
MMHaeT yIpYTylo CUIy, JeHCTBYIOIYIO Ha IPY3HK, NPUBSI3aHHbIH K
Npy>KUHe, — OHA MPONOPILMOHAJbHA OTKJIOHEHHUIO YaCTHIIbI OT NOJIO-
xenus paHoBecus: F = —x-x(t). Ho cpeanss cuna F (3a focra-
TOYHO 60JIBIION IPOMEXKYTOK BPEMEHU ) I0/DKHA 6bITh PaBHa Hymo.3

A 310 03Hauaet, 4To U x(t)=0, T.e. Cpe/Hee PacCTOSHUE MEXIY
YaCTUIIaMM PABHO d U He 3aBMCHUT OT KOJIeGaHUS aTOMOB H, CJie[J0Ba-
TEJIbHO, OT TeMIlepaTypbl. JTOT pe3yJbTaT HAa HAYYHOM XKaproHe
3BYYUT TaK: 2APMOHUYECKOe NPubIuXeHue He MOXem Onucamo
menJi060e pacwuperue meJ.

Mbi npuBesn 3TO CTPOroe Hay4YHOE yTBEPXKAEHUE, YTOOBI TIOSIBU-
JIOCh CJIOBO <«IpubmnkeHue». Jleso B TOM, YTO BbIpaXKe€HHe JIsI
CHJIbI, KOTOPBIM MBI N0J1Ib30BAJINCh, IpubnxkenHoe. Ilonpo6yem ero
YTOYHUTb — Y4eCTb He/MHeHHble Mo cMelieHnio x (t) c.araembie:

F=-x-x(t)+B-22(t)+...
Teopusi, ocHOBaHHas Ha 3Toil (opMy.Jie UM Ha NMOAOOGHBIX (opMy-
JIaX, HOCUT Ha3BaHUE aHTapMOHUYECKOH, a KoadduiueHT B Hasbl-
BalOT aHTapMOHUYeCKUM KoaddunmertoM. 13 stoii popmy.ibl cnemy-
€T, 4YTO X = ;xz , T.€.

ﬂz(d+f)3—d3 3x _ 36;5

Vv d? d dx

(x03ppuumeHT 3 MOABUICS U3-32 TOTO, YTO TEJIO MOKET PACIIUPATH-

3 Ecau 6b1 Cpeansas CuJja F 6bl1a oTM4HA OT HYJis1, TO YaCTHIbI TeJa
JAOJIXKHDbI 6bL1H Gbl MoJI ee BO3/IEHCTBHEM KyJa-TO InepeMeiaTbCcs.
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csl 10 TpeM HampasjeHusM). B aroiit dopmyse V — o6beM Tesa npu
T = 0 K. Urak, 4To6bl 32aKOHYMTH paCyeT, Mbl [OJDKHBI YMETb
BBIYHC/IATD Bemaunbl (B, K u x2 (t). Haunem c nocaeanero. Tak
KaK aHTapMOHHMYecKoe ciaraemoe Px’ — Majias mompaska (ee
[PUILLIOCh BKJIIOYHTh B BBIPAJKEHUE JJIsI CHJIBL TOJbKO IIOTOMY, YTO
6€3 Hee OTBET OKa3aJiCsl Gbl PABHBIM HYJIIO), TO MOKHO CYHTATh, YTO
[OTeHIWANbHASA JHEPrHs [BWKEHHS €CTb K- X° (t)/2, a IoJiHad
3HEprus paBHA
"2 2
M(x') xx
b=— —"—+—.
2 2
Ho B cpeiHeM KHHETHYeCKast (M (x') /2) ¥ [IOTEHI{HAIbHAS (m2/2)
sHepruu paBHbl. [ToaTomy
2=1%.
X

A cpenHsist sHeprusi Kose6atesbHOro ABuxeHus ectb RT.4 Urak,

aV_ 3

Vv dd
OcTtasioch HAay4YUTHCS BBIYUCJATD MHOMKHTEJND 3[3/ . Koneuno,
HMEHHO 3TO — caMas CJIOXKHas 4YacTb 3ajayu. Ho u ee MblI npesiesibHO
yrpoctuM (X0Ts axke IIPH TaKOM CHOCOGE W3JIOKEHNsI BAM HPHAETCS
B OJHOM MECTe MOMPOCTY NOBEPUTD aBTOPY).

ITyctp MBI MMeeM JeJI0 C HOHaMH, 3aps/bl KOTOPbIX +e U —e U
PacCTOSIHHE MeXAY KOTOpbhIMU 7. Mexxay HoHaMu JAeiicTByeT cuJa
3/IEKTPOCTATHYECKOrO IPHTsDKeHus, paBHas e2/r? . Ho a1a cuia He
MOXeT ObITb eMHCTBEHHOH — HOJ AeHCTBHEM TAaKOH CHUJIbI HOHBI
ynany 6e1 apyr Ha apyra. Korga onu caumkoM 6Ju3k0 HpHGIIIKa-
I0TCS IPYT K APYTY, OHHM OTTAJIKMBAIOTCSl, IPUYeM 3aKOH OTTaJIKMBa-
HHS MOXeT ObITh BBIACHEH C IIOMOIIbBIO ypaBHEHMH KBaHTOBOH
MeXaHUKH.

W 3mecp MBI MOJOMIIM K TOMY MECTY, TAe YMTATeJIO IPHUAETCS
JoBepuThcst aBTOpy. CHa B3aUMOAEHCTBUSA MeX Iy HOHaMM paBHa

e A

T2 rlO

kT .

F =

]
4 CpaBHme C 3HEprueu ikT JAJIA 4YaCTUIbl B ra3e: 4YaCTHULa c306ozma,
T.€. NOTEHLIHAJIbHAsA 3HEPIrUsl €€ paBHa HYJIIO, [I03TOMY Ha KaXXAYIO0 CTENEHb

1 .
cBoGoapl «npuxoautcsi» —kT , a He kT. Creneneil cBo6oapl Tpu. Ho tpu
CTereHd CBOOGOABI Mbl YK€ YUJIU.
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Tpu 7 = d cuna gomkHa 6biTh paBHa Hysmo. Ilostomy A = d%?, u
OKOHYAaTeJIbHO
e? e
F==-—%.
rtoor
ToncTasuB clona r =d + x, pa3noxuM F N0 CTeNeHsIM x, OTPaHUYHB-
IINCh ABYMA NepBbIMH cilaraeMbiMu. Koadduinent npu x gaet Ham
3HaYeHMe BeJMYMHBI K, a Npu x> — 3Havenue P . IIposenaiire,
NOXKaJIy#HCTa, 3TH BBIYHCJIEHUS CAMOCTOATEILHO, H BbI YOEAUTECH, UTO
AV _3-52 kdT T _3-52kd
Vo 64 &’ 64 ¢

Paccrosanne Mexxay atomamu d mpuGIM3UTENPHO PaBHO pa3Mepy

atoMa: d ~a =~ 3-10"8 ¢cMm =3 A, u, noacrasnsis 3navenusi k, e u d,
HOJIyYuM
a~5-10" rpag!

[ocMoTpuTe Tabauipl, ¥ Bbl y6enuTech, 4T0 NONy4YeHHast Hamu (1Ipu
CTOJIb YIPOIIEHHOM PAaCCMOTPEHHH) OLIEHKA COBCEM HEILIOXA.

Hy Bor, 310, noxxasnyii, yxe coBceM Bce. OTMETUM TOJIbKO, YTO
HOPAAOK BeJMYHHbI KO3(pHlleHTa TeNJ0BOTO PAaCUIMPEHHs O, Mbl
MorJM Obl M yrajaTb. BsrisHute Ha mocijenHion (opMyJry A
AV/V . V13 Hee BUAHO, 4TO 6e3pasmeproe otHouieHue AV 'V npu6m-
3UTEJIbHO PABHO OTHOLIEHHMIO TEILIOBOH 3Hepruu (B pacyere Ha OfHY
yactuiy) kT K SHepruu cBsisu Mexay uactunamu (3zech ~ e2,d ).
Ortciozna BbIBOA: YeM 6oJiee CHIIBHO CBSI3aHbl MOJIEKYJIBI B TeJlE, TEM
MEHbIIE y HUX KO3((PUIMEHT TENI0BOro pacIIMpeHHs. JTy 3aKOHO-
MEPHOCTb JIETKO YCMOTPeTb M3 TaGJMI[, B KOTOPbIX Hapsiy CO
3HAYEHHSIMH O IPUBEJEHbI TEMIEPATyPbl IJIABJIEHHS /IS TBEPABIX
TeJ WM TeMIepaTypnl KulleHus Ans xuaxocreir. Ho, xoneuwno,
noJ06HOe yTBEPXK/IeHHe He eCTh 3aKOH IpHpo/s!. V13 Hero BO3MOXHbBI
HCKJIIOYEHHH. ..



MACbMA O ®U3UKE

Pedaxyus xypnara «Keanms noryuaem maccy nucem
C CamoviMu pasHviMu 6onpocamu. Mo cmapaemcs omeeuams Kaxaoomy
Hawemy uwumamento. Ho ecmv maxue, MoxHo ckazamo, 2a06anvHble
80NPOCHL, HA KOMOPble MPYOHO OmEemMUMd 8 UHOUBUOYANLHOM NUCLME.
B xaxux uanpaeienusx paszsusaemcs cospemennas usuxa? Yem
3anumaromca yuenvle 6 usuveckux uncmumymax? Kax cmamo ¢usu-
xom?.. B omeem na maxue nucoma moL HAYUHAEM CE200HA HOBBLE YUK
nybauxayuti, KOmopviii MOXKHO Yca06HO Hazeamv «ITucoma o pusuxes.
Cxoavro 6ydem smux nucem — noxaxem 6ydyuwee. Dusuxa HeobvikHO-
6EHHO MHOZOAUKA, U NOYMU He CYwecmeyem YueHvlX, OOUHAKOBO
X0powo pasbuparuuxca 80 6cex ee 06aacmax. A 603IMOXHO, UX U 806Ce
nem. Du3uK, CAYUAiHO 3azanyewull Ha <He C8010»> KOHGepenyulo, Kax
npaeuno, He mMHOz0 nowumaem. I10IMOMY NUCOMA HAWUM YUMAMENAM
6ydym nucamv pasuvie asmopvi.. H M. nocmapaemcs npusiexamo
Hacmoawux npogeccuonanos, umobvi bl NOAYUAIU OMEEMbL, UMO
HA3bI8AEMCS, U3 NEPEYIX PYK.

Aemop nepeozo nucvma — uzsecmnwvili pusux- meopemux, KpynHoil
cneyuaaucm 6 obaacmu usuxu meepdozo meaa, 00kmop ¢usuxo-
Mamemamuueckux Hayx, npogeccop Mouceii Hcaaxosuu Kazanos.
IIpedocmasasem emy ca080.

HDoporon konnera!

lymaro, s Mory Tak obpaTtuthbcest K yutaremo. JKyp-
Has «KBaHT», Kak NpaBUJIO, YUTAIOT T€, KTO pelIX CTaTh HGU3NKOM
uu MareMaTukoM. S ob6pamaioch K TeM, KTo B 6yAylieM BUAUT ce6si
(pusuxom.

He 3Hato, 3aHuMascst M KTo-HUOYAb aHAIM30M BbIGOpA Cliely-
ampHocTi. KoHeyHo, KaskAblii B3pOC/IBI YeOBEK IIOMHMT, Kak
CKJIAIIBAJIACh €ro XKU3Hb U TOYEMY OH CTas (DU3MKOM, WUJIM MHXKe-
HepoM, uiu paGouyuM... IlomHio u s. B Hamell ceMbe He ObLIO
npejacraButesieil Tounbix Hayk. Ho 6buio Muoro kuur. VI g paHo
Hayasl YyuTaTb HAy4YHO- TOMYJISIPHYIO JUTepatypy mo ¢usuxe. Te-
nepb MHe SICHO: MoHMMaJ si Maio (0COGEHHO TIPH NEPBOM 3HAKOM-
CTBE C HOBOM — TOrJa — KBaHTOBOH (u3ukoit). Ho 6bui0 ouryie-
HY€ KAKOro-TO yJAMBHUTEJBHOTO TPUKJIOYEHHsI, y9acTHe B KOTOPOM
npunumaiot Pesepdopa, bop, Iiinmireiin, leiisen6epr, IIpexun-
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rep...— INepeXXuBaHUEe OTBOAMJIO
oco6oe MeCTO «Cymep3Be3faM»,
aKTepbl BTOPOTO psSiia yXKe He
ocrass ciefa. Y eciau B ipu-
KJIIOYeHYeCKOM (uibMe BOCXH-
1[aeT yMeHUe BCKOYUTb Ha KOHS
C MeCTa WJIM, MTHOBEHHO BbITa-
IIMB IHCTOJIET, METKO MOPa3UTh
IPOTHBHHKA, TO B HAYYHBIX TIPH-
K/JIIOYEHUSIX MeHs BOCXUILaJa
yAMBUTEJbHASI CHJIa yMa, CIIO-
COGHOCTb BBIHTH 32 paMKH CTa-
PBIX TEOpHH, NOCTPOUTH HOBYIO
cucTeMy IIPeACTaBJIEHUi, ajek-
BaTHYIO HOBbIM 9KCIIEPUMEHTAJIb-
HpIM pgaHHbIM. Hago aymarts,
KHUTH, KOTODbIE Sl YMTaJ, ObLIM XOPOIIO HATIMCAHbI, IIOTOMY YTO S
nons1 (a BO3MOXKHO, MHE CETOfHs KaXeTCs, YTO 51 TOTAA TIOHSI):
3aMeHa (pyHIaMEHTAJIbHON TEOpUH, NPEKPACHO OMMCHIBAIOMEH Or-
POMHYIO COBOKYIHOCTb (DaKTOB, HOBOIi TeOpHeil — TOJBKO NMOTOMY,
4TO CTapasi C Y€M-TO He CIPABJIAETCS,~ MyYUTEJIbHO TPYJAHOE JEeJIO.
Benb B Hac/iencTBO oCTalOTCS BCe paHee M3BECTHbIE (DAKThI, ¥ OHU
TIO-TIPEXKHEMY TPeOYIOT OGbACHEHHUS. ..

Bor xakue npo6sieMbl BOJHOBAJIM MeHs, KOTAa Sl TIPMHUMA
pellleHye CTaTb PU3MKOM.

Uro Takoe u3uKa, YeM peasbHO 3aHMUMAIOTCA (PU3UKU — 06 ITOM
B KHHUraX, KOTOpbIE d 4YMTaJ, HUYero He TroBOpWoCh. MHorzaa
YIOMMHA/IMCh Ha3BaHMsl HAYYHBIX YUPEXKAEHHH, B KOTOPbIX pa6oTa-
JIM «Cynep3Besapl»: MoHgoBckas sa6oparopusi B Kem6pumxe, co-
3nanHbli A5 Bopa uncrutyT B Konewrarese. .. Koneuno, g snai, uro
B Coerckom Co1o3e ecTb Hay4YHbIE HHCTUTYThI, B KOTOPBIX paboTaioT
Gbusnky, 3Hai, ur.e. Ppusnyeckne uin GU3NKO-MeXaHUYECKHe, (pu-
3MKO-MaTeMaTnyeckue ¢axy./bTeThl, rae o6ydyaioT Gyaymux pusu-
koB. UeMy ¥ Kak — 06 3TOM HHMKOT/IA He TOBOPMJIOCh. ..

O60 Bcem 3TOM 5 IyMaJl, pelIuB pacckasatb 6yaymum GpusnuKam,
4TO U3 Ce6s NMpEICTaB/IAeT HAyKa, KOTOPOH OHM COBMPAIOTCS cebst
HocBATUTH. PacckasaTh, 10 BO3MOXKHOCTH, 6e3 DOMaHTHKH, 6e3
TIpEyBEJMYEHHH, HO He TIBITAsICh BBITJISAETh 6E3pPas/IMYHbIM OGbeK-
THUBHBIM KOMMeHTaTopoM. Bbi6paB cmenuaspHocTh, s B Heill He
TOJIbKO HE Pa304apoBaJiCsl, HO TI0-HACTOsLIEMY TIoJI06u.I ee. Y1 cBo1O
J1060Bb He COOMPAIOCH CKPBIBATb.

YYERBIA |
';"‘.;?Jv~45

Ha BbICTaBKe COBPEMEHHOM
CKYILMTYPbI
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* ¥ ¥

Od¢unmanbHoe onpesenenne pusnku Takoso: «...Hayka, usyya-
I0Last TIPOCTeMINe U BMECTE C TeM Han6oJiee o611ie 3aKOHOMEPHOCTH
SIBJIEHMH IIPMPOJBI, CBOMCTBAa M CTPOEHHE MaTepHH M 3aKOHBbI ee
memkennsi» (BC3, 1.27, ¢.337). KoHeuno, 4To6bl HANOJHHUTb 3TO
onpejesieHHe KOHKDETHBIM COJEepXXaHWEM, Hal0 [JOINOJHHTb €ro,
yKa3aB, YTO 3HAYMT <IIPOCTeiilliNie X BMecTe ¢ TeM Haubosee obiue
3aKOHOMEDHOCTH» SIBJIEHHS, [a W HEIIOXO Gbl OOBSICHUTb, 4YTO
JIBUOKETCSI, Belb MaTepusi — MOHSITHE CTOJIb BCEOObEMITIOILEE. ..

dusuka BocpuHUMaeTcst BeeMu (M caMUMH (DU3MKaMH, U Y9EHbI-
MH JPYTHX CIELHATbHOCTEH) KaK (yHIaMEHTATbHAS HAYKa, JIEXKa-
1ast B OCHOBE BCEX IPYTHX €CTECTBEHHO-HAayuHbIX quctmminn. ! A ee
KOHKDETHOE CoJep KaHue 3aBHUCUT OT YPOBHsI HaluX 3HaHuii. Ceroa-
HS 06 BEKTaMH HCCJIEA0BATEIbCKOM AESTENBHOCTH, KOTOPYIO TPUHSITO
OTHOCHTb K (DU3WKe, SIBJISIOTCS W MeJIbYailliie YacTHIbl BelIeCTBa
(BILIOTH JI0 KBApKOB), U KOHAEHCUPOBAHHbBIE TeJIa, M YAAJIEHHbIE OT
HAaC Ha THICSYM CBETOBBIX JIET TAWHCTBEHHBIE KBa3apbl, © — CaMoe
yauBHUTEJbHOE — MHp B 1IeJIOM, B €ro pa3BUTHH OT MOMEHTa
BoJibioro B3pbiBa 10 COBPEMEHHOCTH; (PU3MKa U3YyYaeT U OObEKTHI,
KOTOpbIEe Ha CETOAHSILIHUN JeHb OHA MPeAToaraeT 6ecCTpyKTYPHbI-
Mu (3JIEKTPOHBI, MIOOHBI, HEHTPHHO. ..), H HAU6OJIEE CIOXKHO OPTaHH-
30BaHHYI0 MaTEpPHI0 — MO3T, B [AESITEJbHOCTH KOTOPOTO HMEHHO
(pusuKH OGHApPY>XMJIN MHOTO HE M3BECTHBIX OmosoraM (akToB, a
rJ1aBHOE, TIPUBHECH B MCCJeJOBaHHe CBOM creuudunyeckue pusu-
YECKHe METOJBI...

VMenno pa3Hoo6pa3ue 06beKTOB HCCIIEA0BAaHUS IPUBEJIO K (pak-
THYECKOMY pas3fieieHHI0 (PU3UKH HAa CPaBHHUTEJbHO DPa300IIeHHble
HAYKH, KaX/asi 13 KOTOPHIX HMeeT Hab0p OCHOBHBIX IIpe/iCcTaB/IeHHI
U Mojesiedl, CBOH, MHOrAAa O4YeHb H3OUIPEHHBIH, MaTeMaTHYeCKHH
anmapar, CBOM anpoOHpPOBaHHbIE MPAKTHKOH 3KCIEepHMeHTa/IbHble
Meroauku. U Bce xe, mpu BceM MHOroo6pa3ny 0O6bEKTOB HCCIeA0Ba-
HUsA BceX (PM3MKOB MOXKHO pasjeJuTh Ha ABa kiacca (orpsiaa,
ceMeliCTBa — MPMMEHHMMO JI060€ U3 MOAOGHBIX CJIOB):

(pM3HKOB-TEOPETHKOB M (PH3NKOB-IKCIIEPUMEHTATOPOB.

Yro pemaior (pU3NKH-3KCIIEPHMEHTATOPbI, HaBepHOe, 6oJjiee HJIH

MeHee noHsiTHO. Ho ato mucbMo — o ¢u3nkax-TeopeTuxax.
Dusuku-reopetnku udy4aior IIpupoay ¢ nmomombio MaTeMaTH-

YeCKHMX METOAOB MCCJEJOBaHHWSA. OMHINTEHH CYMTA] BejIudaiiiiei

! TIpekpacHbiii o6pasen WIYTOYHOTO onpefeNeHus (QUIMKH Oas
Ilxeit Opup: «®Dusuka — 3T0 TO, 4eM 3aHuMaiotca usukus. Ecim
BAYMaTbCsl, 3TO — COAepXaTelbHOe yTBEPXKAEeHHe. ..
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3arajIkod TO, YTO MareMaTHKa — CO3/JaHHE YeJIOBEYEeCKOro yma —
NMpUMeHUMa IMpH onucanuu siBieHuit [Ipupoasi. He yray6sssice B
pa3MbIIIJIEHUs] HAJ| 3TOi 3araikoi, TMpHUMeM KaK OO6IeU3BEeCTHbIIH
(akt: Ppusnyeckue siBieHMst MOTYT ObITb OIMCAHbI MATEMATUYECKUMH
YPaBHEHHUSIMH, PEIleHUs] KOTOPbIX MMEIOT NPeJCKA3aTebHYI0 CUITY.
Bor 4t0 310 3HauuT. HEeBO3MOXKHO Harepes BbIBECTH BCE MATEMATH-
YeCKHE COOTHOUIEHHSI, KOTOPbIE MOTYT IOHAZ06UTHCS IPU ONMUCAHUH
(pusnueckux apiennii. Ousukn-reopetuxu (B JAaHHOM Ciyyae pedb
UJET O TeHusIX) (OPMYTUPYIOT OCHOBHbIE yPABHEHHUS, IPUYEM OHH
¢opMyMpYIOTCS B cTOJIb 0611eil ¢hopMe, YTO NPUMEHUMbI MPAKTHU-
4eCKU B 6ECKOHEYHOM KOJIMYECTBeE CIyYaeB. B npouecce noctuxxeHus
3aKOHOB INPUPOZbl OCHOBHble YpaBHEHHs! U3MeHsiuch. Dopmy.u-
POBKa HOBBIX YPaBHEHUIH OTKDbIBa€T HOBYIO 310Xy B (pU3HUKe.
CoBpemenHast ¢u3uka Havanach (B XVII Beke) ¢ popMyauposku
HploToHOM OCHOBHBIX ypaBHeHHit Mexanuku. B XIX Bexe MakcBen
chopMyIMpOBas ypaBHeHHs 3JleKTpoMarHetiama. [pocyiexxusas myThb
OCHOBHbBIX ypaBHEHUH, Ha10 Ha3BaTh uMeHa A.JiiHwTeiina, H.Bopa,
d.UIpenunrepa, B.leiizen6epra u I1.[Jupaka. JiiHmreitn copmy-
JIMPOBAJ ypaBHEHUsI MEXaHUKH, IO3BOJISIOLIME HCCJIE0BATD [BHIKE-
HUSI CO CKOPOCTSIMM, OJIM3KMMH K CKOPDOCTM CBETa, U IOCTPOUJI
teopuio rpaBuraiuu. bop, llpeauurep, leiizen6epr u Jupak cosna-
JIM KBaHTOBYI0 (MJIM BOJIHOBYIO) MEXaHUKY.

OrkpbiTHe, HPOPMYIHPOBKA HOBBIX YPaBHEHUN HE UCYEPIBIBAET
nesiteJibHOCTH (U3MKa-TeopeTuka. Bosee Toro, noxasistiollee 60b-
IIMHCTBO (PU3UKOB- TEOPETUKOB HE NPETEH/IYET HA NIEPECMOTP CYyIile-
CTBYIOLIMX OCHOBHbIX ypaBHeHWil (4uTaii: OCHOBHBIX NpeICTaBJe-
HHUi1), a JIOBOJIbCTBYETCSl PEUIEHHEM 3a7a4 Ha OCHOBE 3TUX ypaBHe-
Huil. [J1aros «Z10BOJIbCTBOBaTbCSI» He HeceT Ha ceGe KaKOro-iu6o
YHUYHKUTEIBHOTO CMBbICJIA.

3anayu B TeopeTHYeCKON (PU3UKe BOSHUKAIOT ABYMSI CIOCO6GaMHU.

IlepBbrit crioco6. JxcnepuMeHT OGHAPYKUBAET HEYTO TAKOE, YTO
UMEHYIOT HOBbIM SIBJIEHHEM WJIH CBOMCTBOM. BbiGop ciioBa (siBsieHue,
CBOMCTBO) 3aBMCHT OT OLLYILIEHHsI BaXXHOCTH 06HapyxenHoro. Wuor-
Jla 9KCIePUMEHTATOP, XOPOLIO IOHUMAsl MPUPOLY OOGHAPYXKEHHOro

2 Y1o6bI MOMH4EPKHYTh BAXKHOCTb OTKPHITHA HOBBIX ypAaBHEHHI, pHBe-
JIeM LHUTaTy U3 Kypca JIeKUMH 3aMeyaresbHOro (bM3MKa-TeOpeTHKA U BEJHKO-
senHoro negarora P.@eiinMana: «B ucropuu yenosevecta (ec/u mocMot-
peTb Ha Hee, CKaXKeM, Yepe3 AECSATh THICSY JIET) CaMbiM 3HAYMTEJbHbIM
co6pituem XIX croserusi, HECOMHEHHO, OyAeT OTKpbITHE MaKCBeLIOM
3aKOHOB 3J1eKTpoauHaMuKku. Ha ¢oHe 3TOro Ba’KHOro Hay4HOTO OTKPBITHS
TpaXkK[AaHCKas BOWHA B AMepHKe B TOM JKe [AeCATUIETHH OyIET BBIIJIALETH
MeJIKMM NPOBUHIMAJIbHBIM NpoucuiectBueM». («DelHMAHOBCKUE JIEKIHH
no ¢usukes, ToMm 5 — M.: Mup, 1966.)
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gBJIEHHSI, CAMOCTOSITE/IBHO JJaeT
[OJIHYI0 MHTEPIPETALUIO TOTO,
yto OH o6HapyxuJ. Ho yame,
fJake 3Hasi B OOIIMX YepTax,
yeM 06y CJIOBJIEHO OTKPBITOE UM
gABJIEHUME, OH HE MOXET, HC-
M0/Ib3ysl U3BECTHBIE ypaBHe-
uust (IIPeACTaBIEHNS ), BBIYMC-
JIMTh HEOOXOJUMBIE [1151 0ObsIC-
HEHUSA BEJIMYHUHBI M/ UJIH COOT-
HOUIIeHMs. Bbrumcienus Tpe-
6y10T crielagncTa — pu3MKa-

TeopeThka. Bosmoxuo, utO — leHepan ocobeHHo xoren bbi no-
Jaxe INPH JAeTaJbHOM M TOA- cMoTpeTs, kKak boMbapanpyIOT aTOM-
POGHOM M3YyYEHMH OTKPbITOTO Hble 84pa

SBJIEHUS €TO NIPHPOAA He CTa-

HOBMTCS sicHee. BbisicHeHWe NIPMPOABI SIBJIEHUS, T.e. BBISICHEHHE,
KaKMMHM U3 OCHOBHBIX ypaBHEHWH (DU3UKH [JO/DKHO IOJIb30BATbCA
JUIs1 O6BACHEHMsI,~ OJHA M3 BaXKHEHIINX 3aJa4, peliaeMbIX (pu3uKa-
MH-TEOpETUKAaMHU. DBbiBaeT, YTO OT BO3HMKHOBEHHMS 3afa4yH IO ee
PEILIEHUs IIPOXOAUT MHOTO JIET, IPUYEM IKCIIEPUMEHT BCe 3TO BpeMs
[no6GaBiisieT HOBble CBe€HUS O6 OTKPBITOM SIBIEHHM, a Teopus,
PasBUBAsICh, CKPBITBIM 00pPa30oM MOATOTABJMBaeT ce6sl K pellleHUIo
3agaun. CBepX1npoBoAMMOCTb 6bliIa OTKpHITa B 1911 roay, a nomyuu-
J1a o6bsicHeHue B 1956. Copok msATh JieT MOHAZOOUIOCH [JIS BBISCHE-
HUS TIPUPOABI 3TOr0 YAUBUTEIBHOTO sBIeHUA. [IpuueM o6bsicHeHHe
He 3aTPOHYJIO OCHOBHBIX ypaBHeHUil pusuku. OHO 6bLIO HaliieHo B
npeJesiaX CyHIECTBOBABLIMX IpeJCTaB/IeHHH.

Bropoii crioco6. Jloruka pa3sBuTHs KaKoii-11m60 06/1acTH GUHKH
HOJCKAa3bIBA€T BO3MOXKHOCTb PacyeTa sIBJIEHUS WJIM CBOHCTBA, KOTO-
pble paHbliie 60 He MOAJaBAIUCh PacyeTy, JU60 He NpeJCTaBIAIN
naTepeca (Haxoqu/IKCh BHE 101 3peHus ¢pusukoB). Ocoboe MeCTo
cpeay 3THX 3aj1a¥ 3aHMMAIOT 3a/1a4H, PellieHUs] KOTOPbIX COBepIleH-
CTBYIOT MaTeMaTHYeCKHii anmapar Teopuu. Boo6ie Mesxxay MaTeMa-
THKO# M TeOpeTMYeCKON (PU3UKOIi CyIecTByeT HempocTas cBA3b. Bo
MHOTHMX CJIy4asx (pU3MK- TEOPETHK HCHOJIb3yeT FOTOBbIH MaTeMaTH-
YecKWil anmapart, o6HApY>XUB NPeJBapHTe/IbHO, YTO COPMYIHPO-
BaHHas MM 33j1a4a PUHAJIEXHT KJIACCy 3a/a4, U3y4eHHbIX MaTeMa-
tTukamu. Ho Hepeako ¢usMK-TeopeTHK, COPMy/IMPOBaB, KaK eMy
Ipe/CTaBJISIeTCsA, CTPOro U MOJIHO (PU3HYeCKyI0 3a4a4y, OGHAPYXKH-
BaeT, YTO MaTeMaTHKY MOAOGHBIX 33/la4 He peliajM BOBCE WJIN MM
(MaTeMaTHKaM) M3BECTHA TOJIbKO NPHMHIWUIMAJbHAS Pa3spelIUMOCTh
nofo6HbIX 3afady, a HE MeTOoJ MOJyYeHusi pemeHus. Torga 3a
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— Tbl 4T0-HMbY AL 4yBCTBYeLb, NAN0YKa?

CO3/aHue MeToJa NPUXOAUTCS NPHHUMATHCS (PU3NKY-TEOPETHKY...
Ipu TakoM (kak B 9TOM nHUCbME) a6CTPAKTHOM M3JIOXKEHMH BCeE
BBITJISIAMT CJMLIKOM «Pa3JIoXKeHHBIM M0 ToJIoYKaM» . B feiicTBuTe b
HOCTH 4Yallle BCETO CUTYyallusl IIPOMEXXYTOYHAs: B MaTeMaTHKe, BPOZe
6bl, €CTb HYXXHbI MeTOX, HO OH YyTb-UyThb HE€ IOJXOJMT, €ro
Tpe6yeTcsi HEMHOTO YCOBEPILEHCTBOBaTh. A HeGOJIbIIOE YCOBEPIIEH-
CTBOBaHHME 060PAYNBAETCSI CJIOXHOH, Tpebylollei 6GoJIbIIOro Hanpsi-
JKEeHUs] yMa pPaboToli.

Yamge Bcero mepBble CBOM pa6oThl Gyayinue (pru3nKU-TEOPETHKH
JenaloT noJ PyKoBoACTBOM. OmnbiTHBIH (DU3MK-TEOPETHK BCerzaa
HUMEET «Ha NpuMeTe» JUO0 KOHKPETHbIE 33/1a4M, KOTOPBIE, KaK eMy
KaXkeTcsl, CJefyeT pelmTb, Ju60 06;1acTh (PU3NKM, NMO3HAKOMMB-
IINCh C KOTOPOi, MOJIOROH (DU3UK-TEOPETHK CMOXeT Halith cebe
NOCUJIbHYIO 3aa4y. B atoit ¢ppase BaxkHO OTMETUTD CJIOBa «TIOCHJIb-
Hasl 3ajjaya». XOpOIIU# Nefaror Bcerja npeacTaBisier cebe, KaKkou
CJIOXKHOCTH 3aJjadyy MOXKHO [aTh y4YEeHHUKY... I Xopouio noMHio To
cBoe cocrosinue (B KOHIE O6yueHHsi B YHHMBEpPCHTETE), KOTAA BCe
3a/laud, Ka3ajloch, JEJISITCSl Ha [IBAa KJacca: pelleHHbIEe ¥ Hepellae-
Mble. I 1o cux mop 6JarojapeH CBOMM YYMTEJSIM, C TIOMOILIbIO
KOTOPBIX TOHSLJI, YTO U3 HEPEIIEHHbIX 33/1a4 MOXeT ObITb BblJ€JIEH
TOZIKJIACC PeIlaeMbIX 3aJay.

Koneuno, pa6ora ¢pusnka-TeopeTrKa COCTOUT B PEIEHHH 3a/a4,
T.e. B TIOJIyYeHUH OTBeTa, pe3dyJibTata. Ho pajoctb gocraBisieT He
TOJIbKO pe3yJibTaT — uTor pa6orsi. CaM MpoIiecc peuieHusi, Npeoo-
JIeHVe BO3HMKAIOLIUX BO BpeMs pelLIeHUs1 TPYAHOCTeH, 006X0j HX,
3HAKOMCTBO C HOBbIMH METO/IaMH, OBJIaJIEHHE UMH — BCE 3TO JAOCTaB-
JisleT PafioCTh...

Xouercs npegocrepeyb 6yayero ¢pusnka-reopernka. Oaus Moit
ZPYT — O4YeHb ONbITHBIA W TAJIAHT/IUBbIH (PU3MK-TEOPETHK — CKa3al,
YTO TJIaBHOE KayecTBO, KOTOPBIM [JOJKEH 00/aaath (pU3UK-Teope-
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THK,~ ONTHMH3M, Bepa B TO, 4YTO OTBET MOJyYMTb ynactcs. B
npouecce paGoTsl 3Ta Bepa mNpesneJbHO KOHKpeTusupyercs. Hazmo
HAJIESATbCS: BCE, YTO HA/IO, B3aMMHO YHUUYTOXKUTCA TIPU NIPUBEIEHUH
10JIOGHBIX YJIEHOB, APAa3UTHIECKUE OCOOEHHOCTH COKPATATCSA U T. /.,
u 1.n. Ho (1 B aToM — mpemymnpexzeHne!) Hesb3s IPHHUMATh
KelaeMoe 3a JIefCTBUTEIbHOE: HeJb3sl 3apaHee OTOGpachiBaTh CJiara-
eMbl€, IOTOMY YTO OHU JOJIXKHbI B3aUMHO YHUYTOXXUTHCSI, COKpALIATh
napasuTHYecKue 0COGEHHOCTH M BOOOle paspemath ce6e NeiCTBO-
BaTh He TaK, KaK Ha OGbIMHONH KOHTPOJIbHON MJI [IPH PELIEHUH 33724
u3 3ajaynuka. Hao ¢ mepBbIX caMOCTOSITEJIbHBIX PabOT BOCIIMTBI-
Batb B ce6e Ipee/bHbiii KPUTHIM3M. ABTOD — CaMblil CTpOTrHii
KPMTHK CBoeil pa6ortel. Hajmo Bcersa NMOMHMTB: TOJTyYasi HOBBIA
pe3yJbTaT, HEOGXOAUMO OGPECTH YBEPEHHOCTD B €r0 TIPABAUJIBHOCTH.
OrcyTcTBHe ToToBOrO (KaK B 3a7a4HMKe) OTBETA 3aCTaBJIAET CO3/la-
BaTh CHelaJbHble METOAbI IIPOBEPKHU ITOJYYEHHOIO pe3yJ/IbTaTa.

Boubmioe MecTo B ku3HU (HU3NKA- TEOPETUKA CETONHSA 3aHUMAaeT
IBM. Ho ato — oTAe/bHas TeMa.

B sakiioueHue — 0 TOM, Ie y4aTcsi «Ha (PU3NKa-TEOPETHKa».
[IpakTHyYecKH BO BceX KPYIHBIX YHUBEPCHTETaX CTPaHbl, a TaKXKe B
MOCKOBCKOM (PH3MKO-TEXHUYECKOM MHCTUTYTe, B MOCKOBCKOM HH-
KeHepHo-(pu3nyeckoM MHcTUTyTe. B JleHUHrpajacKOM IIOJIMTEXHH-
4eCKOM MHCTHTYTe, HAPUMED, Ha HHXKeHepHO-(pu3nyecKoM daKy.1b-
TeTe ecTb CIlelMaJIbHbie TPYIIbI, B KOTOPHIX TOTOBAT (PUM3HKOB-
TEOPETUKOB. BpI60p CrielinaJbHOCTH MPOMCXOAUT, KaK MPaBUJIO, Ha
3-M Kypce, a nepBble ABa-ABa C IIOJOBHHOI rofa 6yayuue GU3UKU-
SKCIIEPUMEHTATOPbI ¥ (PU3NKU-TEOPETHKH yyaTcsi BMecTe. Tex, KTo
paHo (c mepBbIX MecsAleB y4eGbl) cAesal BbIGOp, PEIIMB CTaTb
(pU3NKOM-TEOPETHKOM, IOZICTEPETAET ONACHOCTb: CYMTasl, 4TO [JIaB-
Hoe /19 HHX MaTeMaTHKa, OHM <«He 3aMedvaioT» oOueil Gusuku —
Kypca, BBOASILErO cTyJeHTa B Mup ¢usuxu... Hano noMHuTs: cTath
XOpomKM (PU3UKOM-TEOPETUKOM MOXKHO TOJDBKO XOPOLIO 3Hasl M
TIOHMMAasA He TOJbKO MaTeMaTuky (Ge3 Hee, KOHEYHO, HeJb3sl 06OM-
THCb!), HO ¥ PUBKKY, C M3yYEHHEM KOTOPOH Y MHOTHX NIKOJbHMKOB
M CTY[EHTOB IIepBbIX KyPCOB BO3HMKAIOT TpyAHocTd. I XoTen
HalMcaThb <«[I0YEMY-TO BO3HHMKAIOT TPYAHOCTH», HO NOYYBCTBOBAJ B
«1oyeMy-1o» asnpib. O6uiast ¢pusuka — TpyAHeHIMH IpeaMeT U
[UJIs TIPETIOIABAHuUsA, U A/ YCBOEHHS.



ANOJNIOrMa ®n3nNkKun

HyxHo mu ¢usuky 3amuuiats? Ot Koro? It BoOn-
pOCbl, HaBepHOe, Cpa3y BO3HHKAOT IPHM B3IVIsgJe Ha Ha3BaHUe
cratbu. OO61Ien3BeCcTHA, HaNpuMep, 3anmTa (PU3UKOB OT OGBHHEHHUS
B OTKDBITHH crioco6a MaccoBoro yHmytoxenus. He 06 atom moiizer
3gech peub. Dusmka, Oyayuyd HMCTOYHMKOM W€l U TEXHOJOTHH,
UCIIOJIb3yeMbIX B MH)KEHEPHOU NTPAKTHKe, BOCIPUHUMAETCSI MHOTHMHU
KaK IIpu3eMJIeHHasd HayKa, TeXHUYecKast AUCIHUIINHA, SKOGbI 6e31y-
XOBHas Mo caMoi CcBoei cyTu. Bor or arToit Touku 3peHus xouercs
3alUTUTb (DU3UKY.

TpyzHo maTh Bcex ycTpauBalomiee onpezesesue gyxosHocta. Ho
MHe KaXXeTCsI HeCOMHEHHDIM, 4TO B HETO BXOJUT HHTEPEC YETIOBEKA K
OKPY’KaIOI[EMy ero MUDY He TOJIbKO KaK K yZOOGHO! MJIN HeYIO0GHOM
cpeze obuTtanusi. TpynHO Ha3BaThb JYXOBHbIM YeJOBEKa, He 3aMeva-
IOLIET0 KPacoThl Nei3axka, 6e3pa3/IMYHOro K BOCXOJaM U 3aKaTaM, He
HMHTEPECYIOIEerocs MUPOM JKUBOTHBIX U PACTEHUIl, He MCIBITHIBAIO-
1[ero MOYTUTEIBHOTO YAUBJIEHHUS Nepel (paHTaCTUYECKUM <«YCTPOii-
CTBOM» JIIOOOTO YTOJIKA XKUBOMH
NPUPOABL. Y AMBJIEHUE, UCIIbI-
ThIBa€MO€ YeJOBEKOM IpHU
B3IJIS1ie HAa OKPY’KAIONIYO NIpH-
POAY, €CTeCTBEHHO NPeBpaIia-
€TCS B JIIOGONBITCTBO, a Pa3BH-
Toe 06y4YeHreM U YTEeHHeM — B
JI0603HATEIBHOCTD.

KoneuHo, y pa3HbIX Jozeit
JII0603HATEIbHOCTD OCTaHABJIH-
BaeTcs Ha pa3HOM YDOBHe IO-
3HaHusA. Beisicusiercs, uro, asis
TOTO YTOODI OTBETUTb HA <«HET-
CKHe» BOIIPOCHI «IOYEMYy?» U
«KaK?», HeOOXOAUMO CO3JaTb
IJIy60KHe TEOPHH, IPOBECTH OT-
POMHOE YHCJIO TOHKHUX 3KCIle-
pumenToB. Ilocrenenso, nepe-
XOZis OT IIPOCTOr0 HaGJIIOAEHHST
K (puKCalMy CTPOTHX De3yJib-
TaTOB 3KCIEPHMEHTOB, a B 1aJIb-




HeilllleM Bce IIy6XKe NPOHWKas B CyTb Belleil, YeJOBEK MOCTUTaeT
cTPYKTypy Mupa, HauHHaeT HOHUMATh ABHKYII[HE CHJIbI TPUPOAHBIX
JBJIEHUH.

B yruy6;neHnu mpotiecca Mo3HaHUsI TAUTCSl ONMACHOCTb. JI1o6oBa-
HU€ COJIHEYHBIM 3aKaTOM, €ro BOCIIPOM3BEJEHHE Ha XOJICTE BOCIPH-
HIMAETCS KaK JyXOBHAs esITeJbHOCTb,! a BbISICHEHME CHEKTpab-
HOTO COCTaBa COJIHEYHOTO CBETa, MCCJEJOBaHHE MEXaHU3MOB M3Jy-
yeHNS CBETOBbIX KBAHTOB MHOTMM KaXXeTCsl CKYYHBIM, Y3KO IpO-
(becCHOHAIbHBIM 3aHATHEM, TPeOyIOIMM 3HAHUSA KOHKDETHBIX Me-
TOMOB — NMPaBHJ PaboThl ¢ (opMyIaMU MM ¢ npubopamu. KoHeu-
HO, K MCCJIeJOBAaHMIO sIBJIEHHI OKpYyXalomero Hac Mupa Heo6Xxoau-
MO TIOAXOAUTb NPOGEeCCHOHANIBHO — 3HATh HpaBuja pabotsl ¢ ¢op-
MyJaMH M npu6opamu. [IMI€TaHTCTBO M BEPXOIJIAACTBO OCOOEHHO
HETEPIMMBI B TeX HayKaX, KOTOpble MMEIOT CJIOXKHBIH ammapar u
uHCTpyMeHTapuidl. EcTb, onHako, cBoeo6pa3Hoe aHaJIEKTHYECKOE
[POTUBOpEYHE MeXAY INPOCTOTOH HamboJsiee TIyOOKHX BOMNPOCOB,
KOTOpble CTaBUT mepea Hamu lIpupoaa, M CJIOXHOCTBIO CIIOCOGOB
oTBeTa Ha HuMX. WHorma uesoBex, 3austbiii (mpodeccronanbHo!)
HCCJIEJOBAaHUEM OIPEJEJEeHHOrO Kpyra siBJIEHWi, He BUIMT CBSI3H
3TUX ABJIEHHH C yCTpoicTBOM Mupa, Ha OLIyIaer, Yyro ero pa6ora
BHOCHUT JONOJIHMTe]bHbI Ma3oK B Kapruny Mupa. [laxke B atoM
(110 CyTH OrOpYMTENBHOM) CJiydae si Gbl He OGBHHHUII STOTO YesIOBe-
ka B 6e31yXOBHOCTH. BrnoJne Mory ce6e mnpeacTtaBUTb, YTO OH
(3TOT THHOTETHYECKUA <«NPH3EMJIEHHBIR> HCCJEA0BaTENb) Ge3qHy
SMOLMH — a He MbIcjell — MOTpaTHJI Ha pa3paboTKy MeTOJOB
BBIYMCJIEHHUS] UJIM U3MEPEHMS.

Ha namsaru Moero nokosieHusi ¢Gpu3MKoB — KaTactpoda, Mpouso-
weamas ¢ JI.[[.Jlanaay.2 Cnacenublii BpauaMy U (pHU3MKaMH TOCJTE
aBTOMOOMJIbHO# aBapuu, JleB /[aBuIOBHY He BEpHYJICSI K HAay4HOH
AesitesprocTy. IIposxkuu JI.[[. nocsie katacTpodbl LIECTb JIET, pas-
roBapMBaBIIMe C HUM MHOTOKPAaTHO yGeXXIaJuCh, YTO Yy HEro co-
XpaHWJIach NaMsTb, YTO OH CHOCOOEH Ha TOHKHE OLIEHKU YyXKOH
JesITeIbHOCTH, HO paboTarb Kak (pu3uK-TeopeTHK OH He Mor. Bpa-

! KoHeuHo, TOJbKO B TOM CJIy4aeM, €CM B TeH3aX HPUBHECEHO
yeJioBeyeckoe OTHOLIEeHHe K TOMY, YTO BHAUT XyJOXHHK.

2 nymaio, HeT HeoGXOAMMOCTH TIPEICTABIATh YMTATENIAM aKaJeMHKa,
naypeara HoGenesckoii u Jlennnckoii npemuit JI.[[.JTangay (1908-1968).
JI.AA. — ognn u3 kpynHeimyux ¢$u3MKoB-TeopeTHkoB XX BeKa, CHUCKaBIINI
ceGe c/laBy HE TOJIBKO CBOMMH HAay4YHBIMH Pe3yJIbTaTaMH, HO M 3aMeyaTeJb-
HoOl MHOrotoMHoil MoHorpacduelt «Kypc Teopernueckoit ¢pusuku», no KoTo-
POil yuMJIMCh M y4aTcsi MHOTHE TOKOJIeHHs (PM3MKOB-TEOPETHKOB, a TaKXe
CO3aHHeM OJHOW M3 HauGoJiee 3HAMEHUTBbIX M AKTHUBHBIX LIKOJ (pH3UKOB-
TEOPETHKOB.
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YH YTBEPXAAMH, YTO 3TO — IOCJEJACTBHE TPAaBMATHYECKOTO OTKJIIO-
4yeHUs1 TOH 06JIaCTH MO3ra, KOTOpasi OTBETCTBEHHA 33 SMOLIHOHAJIb-
HyI0 cdepy...

Eme oaun mpuMep, Ha HepBBIA B3IJISIA AajMeKuil OT IpeIbIAy-
mero. OgHaXkabl Ha YueHoM coBere MHcTUTyTa (PU3MUECKHX MPO-
61em (Teneps uncturyT Hocut ums Iletpa Jleonnaosuua Kanuipr:
torga I1.JI. 611 >xuB u Bex CoBeT, 0 KOTOPOM HJET peub) BHICTY-
mun SIko Bopucosuu 3esbnoBuu’ u Bbickaszan (He MOMH, 1O
KaKoMy MOBOAy) o6uive MBICIHM O NpHpoZie TBopuecTBa. OCHOBHASA
MBICJIb CBOJWJIACh K TOMY, YTO JIOGO3HATENBHOCTb — OJHA U3
noTpe6HOCTeil yenoBeka. Hayka — cnoco6 yaoBsieTBopeHUs! 3TOM
norpe6HOCTH. V1 ee HEO6XOAMMO YAOBIETBOPSITH, KaK HOTPEGHOCTD
B MIHIIe, ofeXzAe U T.M. Peub, Kaxercs, mia o (puUHAHCHMPOBAHUH
dynnamentanbHoil Hayku. Iloatomy S1.B. moguepkuBan He mpak-
THYECKYIO L{EHHOCTb pe3yJ/IbTaTOB HAay4YHOH /JesITeJIbHOCTH, 4 MMEH-
HO YZOBJIETBOPEHME MOTPEGHOCTH uesoBeKa (uesioBeuecTBa) B 3HA-
HUH. MHe BBICTYIUIEHHE OYEeHb MOHPABUJIOCH (MOITOMY M 3amoM-
Hun). Kak Bcsikoe MHTEpeCHOE BBICTYILIEHHE, €r0 aKTHBHO 06CYy-
Aanu He Toabko Ha CoBerte, HO U mocsie. CHIbHOe BIlevaT/ieHHe Ha
MEeHsI POM3BEJH CJI0BA OJHOIO MOJIOAOTO TAJIAHT/INBOrO (bU3UKa-
teoperrka. OH He To uTO6HI He coryamascs ¢ S.5. Ho npusnasan-
Cs, YTO KOTAA OH 3aHAT BBIYMCJEHWSMH, TO JIIOOO3HATENBHOCTb,
JKeJlaHWe TOJIyYMTb OTBET Ha BOIPOC, KOTOPBI NpUBEJ K MOCTa-
HOBKe 33/Ja4d, He UrpaeT GoJbLION POJHM, BoJHyeT (Xouercs cka-
3aTh, BAOXHOBJISIET — TaK sI €ro MOHSUI) CaM TPOLECC BbIYUC/ICHHS,
PajoCcTh OT yAMBUTEIbHOH TapMOHHMH, KOTOpas OUIYLIAETCS B MPO-
LleCCe MCIOJIb30BaHUsI CTPOTMX MaTeMaTW4ecKMX mpaBui. U, Mo-
eT ObIThb, JIMIIb MOACO3HATEIBHOE OUIyIeHWe TOTO, YTO BBIYUCJIE-
HHe ¥MeeT OTHOLIeHMe K peanusiM npupoibl. [lo/oKeH HpU3HATHCH,
YTO CJIOBa 3TOTO MOJIOJOro (pu3MKa COOTBETCTBYIOT U MOEMY OTHO-
IIeHNI0 K pyTuHHOMy (Ka3anoch Gbl) MpOLECCY MOJyd4eHHs OTBe-
Ta...
Xouercs, 4To6bI YHTaTe Ib-HECTIELMATNCT HMEJL B BHLY 3Ty CTOPO-
Hy pa6oTbl pusuka u, AyMaio, JO60ro HayyHoro pa6otauka. EcTb
3aTaCKaHHOE, HO TOYHO OTpa’kalollee CyTb jieJla CJIOBO — TBOPYECTBO.
Hayunas pa6ora — tBopuectBo. TBopuecTBo B J11060M BHJE UeTOBe-

341.B.3embaosny (1914-1987) — TanaHT/ MBI # HEOGHIYAMHO IPOLYK-
THUBHbIH (U3NK-TeopeTHK. EMy npHHa/exaT BbIAAIOLINECS JOCTHXKEHHS B
(usmke ropennst u pusMKe 31€MEHTAPHBIX YACTHII, ACTPOPHU3KMKE M KOCMO-
soruu. Bmecre ¢ A./l.CaxaposbiM 1 10.5.XaputoHoM npuHuMan ydactie B
CO3/IaHHMH COBETCKOTO aTOMHOTO Opy»xusi. AkajaeMuk, Tpywxasl I'epoit Coum-
anucTuyeckoro Tpyaa.
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yeCKO# NeATEIbHOCTH BbI3bIBaeT BAOXHOBeHME. M 310 mpespamaer
J€SITEIBHOCTb HAYYHBIX PAaGOTHUKOB B AYXOBHYIO...

U Bce xe. Ectb nponecc — TBopuecTBO U €CTb pesyJbrar. TyT,
xa3aJ10chb Gbl, LyXOBHOCTb He mpu yeM. IlouyuuB pesyJbrar (u3me-
pUB WM BBIYMCJMB YTO-TO), MBI Y3HAUM TO, YTO OGBEKTMBHO
cymectByeT. M, xaKk yBepeHO GOJIbLIMHCTBO Hay4YHbIX PaGOTHHKOB,
cyleCTByeT BHe W HE3aBHCHMO OT Hallero Co3HaHus. Vimeer sm
caM pe3yJbTaT HAy4yHOH [esTeJbHOCTH KaKoe-JH6O OTHOLIeHHe K
ayxosHoctu? S ysepen, uto ma. M momnpo6yio o6ocHOBaTb CBOIO
yBEPEHHOCTb. [IjI1 3TOTO Hy>XHO MNOCTaparbCs ITIOHATb IPOLECC
AOCTIDKEHUsT ycrpoiictBa Mupa. amekuMm ot (U3UKM JIIOAAM MO-
KeT T0Ka3aTbCs, YTO OH HAIOMMHAeT pa3rajibIBaHHe T0JIOBOJIOMKH.
3HaeTe, €CTb TaKue TOJIOBOJIOMKHU: HAeTCs IIapUK WM KyOHK,
cOCTOsIIIIME M3 OTAEJIbHBIX HENpaBUJbHOH (opmbl KycoukoB. Hazno
yMerb mapuk (uam Ky6uk) pasoGpaTb M COOpPATh M3 ITHX KyCOU-
koB. IIpy mombITKaxX pasrafiki rOJIOBOJIOMKY OYEeHb BaXKHO TO, YTO
3Haelllb — pelleHue ectb. Ente: pa3zo6paB rosIOBOJIOMKY Ha 4acTH,
yBepeH, YTO YacTH HefesMMbl. V1 HaKoHell, BCeraa U3BECTHbI Mpa-
BiJIa c60pku. OHM — Kak 3aKOHbBI IPUPOAbI, €CJIU CPABHUTD pasra-
JbIBaHUe TOJIOBOJIOMOK C TIpolieccoM mo3HaHHMd. Tak BOT o npasu-
JlaX COOpDKHU: anpuUOpU U3BECTHO, YTO OHU ecTb. Obmue s Bcex
TOJIOBOJIOMOK — HeJIb3sl THYTb, NpHJjarath cuiy u T.n. M Bnosxe
KOHKDETHBIE, [JIs1 KaXXA0# IOJIOBOJIOMKHM CBOH, MOPSIAOK Pa36opKH
¥ TOPSAOK COOPKH.

A Tenepb BepHeMcsa K Mupy. Iloxany#, dusuku naBHo y6enu-
JIUCb, YTO Bce u3 uero-to coctout. Ho u3 wero? CymecTtByer Ju
npezen pasjoxuMoctu? Korma s# yumsics B yHMBepcUTeTe, BCe
6o yBepeHbl (M Hac 3TOMy yYW/IM), YTO BCE IIOCTPOEHO M3
3/IEKTPOHOB, TPOTOHOB U HEWTPOHOB, M AJSI 3TUX <«KHUpIHYeH»
MMPO3[aHHsI CO3JAJIM CHEeLUabHbI TEDMUH — 3JleMeHTapHble yac-
Tuipl. IToTOM «2JleMeHTapHbIe» YacTHLIBI MOCHINAMUCh, KaK U3 pora
usobuuda. Uto Hu TOx, To HOBas yactuua. Mx kiaccudunuposa-
JIM, pacnpefe/isild NO CeMeiCTBaM, YyCTaHaBJWBAJIH pa3HoOOpas-
Hble COOTHOLIEHHSI U... TIOHSAJIH, YTO BCE <«3JIeMEHTapHble» YaCTHUIIbI
HeJOoCTaToOYHO djeMeHTapHbl. «IlosBuiuCh», Tenepb yxke TOJbKO B
pabotax (U3UKOB-TEOPETUKOB, HOBbIE NIPETEHJEHTHI Ha POJIb «KUP-
nuyeit> MUpO3JaHUSI — KBapKU, YAUBHTEJbHOE CO3[aHUE YeJOBe-
4ecKOro yMa, wactuubl ¢ 3apsaoM 1,/3 u 2/3 OT 3/7€KTPOHHOIO
3apsAa, YacTHIBI, KOTOPbIX HUKTO He BHUJeJ BHE GBIBIIUX dJIeMeH-
TapHBIX YaCTHI[, HO B PEaJbHOCTH CYIECTBOBAHMSI KOTOPBIX, MOXa-
JIy#l, HUKTO He COMHEBAeTCs. ..

B xoHTekcTe TOro, 0 YeM s NUIIY, AJIE MEHS BaXKHO CJeELYIO-
Hee: KBapKM — TOPOXKIEHHE YeJIOBEYECKOrO yMa, HeO6XOoauMoe
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ZUIs1 IOCTPOEHHSI CTPOIHOM, HENPOTUBOPEYHUBOM U KPAaCHBOM KapTH-
Hbl Mupa.4

OcTraHOBHMCS Ha My TH yray6JieHus BHYTPb MeJbYaNIINX 4aCTHI]
BellleCTBAa M 3aJyMaeMcsi HaJ TeM, KaK M3 HHX CTPOHTCSI BEChb
OKpy>Xaroluii Hac Mup M, KOHEYHO, MbI CaMH.

OpxHo He6Ge3bIHTEPECHOE HA6MOeHHE. YTiIyOsieHue B CTPYKTYPY
«3JIEMEHTapHbIX» YaCTHIl He 3aCTaBHJIO HAaC IMEPECMOTPETb CBOH
B3IJISIABI HAa CTPOEHHE KPUCTAJLIOB, HE H3MEHHJIO HAIIMX IPEACTaB-
JIEeHHH O NpHUpPO/ie MarHeTH3Ma MJIM CBepXIpoBoAuMocTU. B ¢usnke
CyllecTByeT cBoeo6pa3Hasi HepapXM4HOCTb. [IpiTasich MOHATH CBOI-
CTBa MaKPOCKOIUYECKHX OObEKTOB, HET HEOGXOAUMOCTH JOGUPATHCS
«0 camoii cytu». Cienyer BoBpeMsi ocTaHOBHUThCsS. Hampumep,
BBISICHSISI TIDHPOZY 3JIEKTPOIPOBOAHOCTH M TEMJIONPOBOAHOCTH Me-
TAJUIOB, He CJieyeT 33yMbIBaTbCSI O CTPOEHHH SIiEP TEX ATOMOB, U3
KOTOPBIX MeTaJlI NocTpoeH. MlepapXH4HOCTh, KOHEYHO, OYEHb MTOMO-
raer ¥, B 4YaCTHOCTH, OGECIeYMBaeT KOHCEPBATHBHOCTH (coxpaH-
HOCTb) JOGBITHIX HayKOH pe3ysbTaToB. JlefiCTBUTEIbHO, €C/il Obl He
HepapXM4YHOCTh, TO JIO60E IPOABHXKEHHE BIepel Tpe6oBaso G6bl
KODEHHO# IepecTpoiiku Bcero 3xanus ¢pusuku. Ilo cyru ato o3Hava-
JIO 6bl HEBO3MOXHOCTb [BH)KEHHMS BIEepPel B IO3HAaHHH CBOMHCTB
Ipuponsr.”

WTtak, BepHeMCsl K MOCTPOeHHI0 Mupa (tesn Hamero Mupa) us
MeJsib4aliiIuX yacTHll BemectBa. — Hy, 3To yk TOYHO KOHCTPYKTOP!
OrpoMHBIi, CJIOXKHBIH, HO BCe XK€ KOHCTPYKTOp. — Takoe MHeHue
4acTO NPUXOAMTCS CJIBINIATh, K COXKAJIEHWIO, HE TOJIbKO OT JIOAEH,
JaeKuX oT PU3MKH, HO U OT (pu3ukoB. OCOGEHHO YaCTO, ECJIH 3TH

4 Botocb, B aToii cTaThe He yAaCTCS CKOJIbKO-HUGY b IOAPOGHO OGCYAUTH
BaXKHYIO JIIS1 HAlllero paccKasa TeMy: «IJCTETHKA M HayKas». X04Yercst TOJIbKO
OoTMeTUTb [Ba o6cTositesiberBa. IlepBoe. B olleHKax Hay4yHOW KpacoThl
yueHble 6oJiee eJHbI, YeM B olleHKe 6bIToBOM Kpacotbl. U BTopoe. ITo Kakoi-
TO TAaUHCTBEHHO! IPHYHHE KPACHBBIN Pe3yJbTaT PEAKO GbIBAET HENMPABHJIb-
HbiM. Ecau 6bl 51 Gbul BepylomuM, TO TOAyMasa Gbl, YTO 3CTETHYECKHE
kpurepun y T'ocnoga Bora u ydenbix cosnagaior. Mam gaxe tak: Tocnogp
CHabGaMJ yYeHbIX 3CTETHYECKMMM KDHUTEPUSIMH, 4TOGBI UM Jierye GbLIo
OpHEHTHPOBATbCsl CPeJiM Hay4yHbIX pe3yJbraToB. HaBepHoe, 4to6el mocie-
Ano10 ¢ppasy NpOM3HECTH HCKPEHHE, HaZO GbITb IJIyGOKO BEPYIOIIUM Yes0-
BEKOM.

5 He crouT m 06 3TOM 3ayMaTbCsi TBOPLAM IEPECTPOHKH HAIIETO
obmecrBa? Kak 6bi10 6bI XOpolio, ecau Gbi B pe3yJibTaTe NEPECTPORKH
BO3HHKJIO OOLIECTBO, XXKM3HEIESATEJIbHOCTb CTPYKTYD KOTOPOTO HE 3aBHCHT
UM XOTS 6bl MaJIO 3aBUCHT OT HOBALMi, POMCXOASIINX B MOJUTHYECKUX,
UIe0JIOTMYECKUX M APYruX cepax. [axe nmoMedrarb 06 3TOM U TO MPUATHO!
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¢du3uky 3aauMMaloTcs GU3NKOIL deMeHTapHbIX YacTul. M Bce ke ¢
3THM CYXX/JeHUeM s B KOpHe He COTJIaceH.

He cornacen notomy, 4To /iJis1 JOCTHXKEHUS TIOHUMAHUS CTPOEHUS
u ycTpoiictBa Mupa Belnieii u e Hesib3st cpOpMy/IMpOBaTh IPaBUIIA,
NPUTOJHbIE JIJIs1 BCeX CIy4aeB >Ku3HM. IIpoliecc nocTpoeHus, KoHey-
HO ’Xe, TBOpUecKHii mpouecc. Msl yse roBopuin 06 aroM. Ho zeso
He TOJIbKO B TOM, 4TO IPUXOJUTCSI, IPEOLO0IEBast TPYAHOCTH, UCIIOJb-
30BaTh BCe CBOU MHTEJUIEKTyasbHble ciocoOHOCTH. I1aBHBIM 06pa-
30M JIEJIO B TOM, 4TO IIPUXOMTCS CO3/aBaTh, TBOPUTH Te€ CYLIHOCTH,
13 KOTOPBIX, COOCTBEHHO TOBOpsi, U CTPOUTCS Mup co BceM Gorat-
CTBOM €r0 CBOWCTB.

Boioch, untatenp mopyMaer, 4yTo eMy Mopodar rosioBy. «Bexmp
peyb HJIeT 0 cTpoeHnH Mupa U3 3/1eKTPOHOB, IIPOTOHOB U HEHTPOHOB,
— CKakeT OH. — 3aueM >Ke CO3/IaBaTh ellle KaKhue-T0 «CyLUIHOCTU»? A
3aTeM, 4TO UHA4Ye HUYero Hesb3sl NoHATb. CaMblil mpocToit mpuMep.
Viccnenys cBoicTBa TBepABIX Tej, Mbl OOHAPY>KUBaeM, YTO TBep/bie
TeJIa OueHb [IOXOXKH Ha... rasnl. « EpyHza kakas-10», — 3aMeTUT Jaxe
HECKOJIbKO OGM)KEHHO 4uTaresib. — Belb ra3 — COBOKYNHOCTb IOYTH
HEB3aMMO/IEHCTBYIOIIMX YACTHI[, a TBEPIOE TEJO COCTOMT U3 CUJIBHO
B3aUMO/IEACTBYIONMX YacTuil. UToObl pa3fesuTb TBEPAOE TEIO Ha
YacTH, HAJ0 TOTPATUTh HEMAJO 3HEPTHH. A BbI TOBODHUTE, YTO
TBEP/OE TEJIO MOX0XKe Ha ra3 yactui». «Ho s u He roBopui npo ras
uacmuy», — BO3pasuT aBTOp. U meiicTBUTEIBHO, TBEPJOE TEJIO BeAeT
ce6st KaK ra3 He YacTHL, a Kea3uuacmuy ® — GpoHOHOB, crennambHO
BBEJIEHHBIX CYI[HOCTEH, MO3BOJISIONMX HOHSITH CBOWCTBA MaKPOCKO-
nu4eckux Tesa. KoHeYyHO, MOXKHO JOJr0 CHOPUTDb, ecmb i (POHOHBI
UMM OHM 66e¢deHbl. KOHEYHO, OHM eCTb, HO He KaK CTPYKTypHble
enuHUIbl BelllecTBa. He U3 HUX COCTOMT TBep/oe Teso, a U3 aTOMOB
WA MOJIeKyJ, a GbIBaeT M U3 HOHOB pa3Hbix 3HakoB. Ho uto6bI
HOHSATD, KaK JBMXKYTCS aTOMHbIE YaCTUIIbI, IPUIILTOCH BBECTH (POHO-
HbI, T.e. BbISICHMTb (yBH/IeTb, TIOYYBCTBOBaTb, Yrajarb), 4TO ABH-
XYTCS aTOMHbIe YacTHI(bI TaK, GYATO TeJO COCTOMT HE U3 aTOMOB
(MoJsieKkyJs1, HOHOB), a, TIOBTODMM, M3 KBa3W4acTHI — (pOHOHOB. A
BBeJsl (POHOHBI, YAAJIOCH IOJYyYUTh GECKOHEYHOE YHCJIO CIEACTBUH,
noATBepXkAaloumx ¢akr cyuecrBoBaHust ¢oHOHOB. TBepaoe Teso
IOPOBOJMT TEILIO TaK, KaK NPOBOAMT Teluio ra3 ¢pononos. Y morio-
mlaer 3ByK Tak, Kak norsomaer ra3 ¢oHonos. W tax najee u ToMy
NOfOGHOe. ..

6 Kpasu... (or nar. quasi — kak 6yaTo, AKOOGBI) — NpPHCTaBKa,
COOTBETCTBYIOLIasi MO 3HAYEHWMIO CJIOBAM <«MHHUMBbIil», <«HE HACTOSAIIMH»,
HanmpuMep: KBa3WHAYYHbIH, KBa3uy4yeHblH. B ¢u3uke cl0BO «KBa3myacTu-
1[a» He HeceT Ha ce6e YHHUYMXMTEIbHOTO CMBICHA.
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31ecb He MECTO IEPEYUCJIEHUSIM U TMOAPOOGHBIM ONMHCAHMSAM.
XoueTcs MOTYEPKHYTh: (POHOHBI — TBOPEHHE yMa, OHU <«CO3JaHbI»
JIJIS1 TIOHUMaHMUsI, OHU — Pe3yJIbTaT AyXOBHOH JeSATEeJbHOCTH YesioBe-
Ka, ero tBopuyecTBa. KoHeYHO, MOXHO CKa3aTb W HHaue: (PU3HMKH
yBUZEIN U pacuudpoBany, Kak JBUXYTCS aTOMHbIE YacTHIbI B
TBepaoM tesie. Ho 4To yok 3aBeJoMO 1y XOBHas 1eATeIbHOCTb, TaK 3TO
CO3/JaHue HOBBIX CJIOB, 3 3HAYUT, ¥ HOBBIX MOHATHH. [l onmucaHus
JBVKEHHSI aTOMHBIX YaCTHI[ NMPHIIOCh NPHAyMaTb HOBbIE CJIOBa:
KBa3M4acCTUIIbI, (JOHOHDBI, MATHOHBI... — CJIOBA, KOTOPbIX He ObLIO B
JIOKBaHTOBOH (U3UKe TBEPJOro TeJa.

O6BbeKTHBHOCTb CYLIECTBOBAHUSI MATEPHH YAaCTO <«IOKa3bIBAIOT»
dakrom cymectBoBanusi IIpupoabl — B ee OYeHb IOXOXKeH Ha
cerogHsIIHIO ¢opMe — 10 HOsIBJIeHUs Ha 3eMJle 4yejoBeka. MHe,
JIOJDKEH MPU3HATHCS, NMOAOGHOE YTBEPXKAEHHE KaKeTcs yOeAuTesb-
HbIM. Wu, TouHee, He CTOJIBKO JIOTMYECKU YOeqUTeNbHbIM, CKOJIb-
KO COOTBETCTBYIOLIMM MoeMy Bocnpustuio IIpuposbl 3BOJIOHHOHH-
pyolleif U B pe3yJibTaTe 9BOJIOUMH COTBOPUBINEH AyMalollee Cy-
LIIECTBO — YeJIOBEKa, CIIOCOGHOTrO MOCTHYb (IIOCTUraTh) YCTPOKHCTBO
ITpupospi.

IIpoiecc MOCTHXKEHHUA OKa3aJiCsA HEOObMAHHO TPYAHBIM, HEOObI-
yallHO MpPOAYKTHBHbIM M (3TO — rJIaBHOE, YTO sI XOYy CKa3aTb)
HeoObIYaifHO TECHO CBA3aHHBIM C CaMUM IPOIECCOM Mbicau. B
[Ipuposie, B CBOCTBaX MaTEPHH Y€JIOBEK OTKPBIBAeT TO, uTo (Ka3a-
JIoCh 6bi!) €cTh TOJIBKO NMPOAYKT, PE3YJbTAT JEATENbHOCTH YeJIOBE-
YeCcKOro Mo3ra, Ipedx/ie BCcero — JIOruky. MareMaTuka ecTb MaTepu-
anm3oBanHas joruka. [louemy Ilpuposa moguunsercs MaTeMaTHyec-
KuM 3akoHaM? [ToyeMy oHa onuCBIBaeTCs JOCTYIIHBIMU Y€JI0BEYECKO-
My yMy 3akoHamu? OmnsTb xo4ercsi (B MOMCKaX YIOTHOrO OTBETa)
NpUGETHYTh K PEJIUrMO3HOMY MHPOBO33DEHHIO M, Kak 6bl o6paTuB
BCIO TIOCTaHOBKY BONpoca, cka3arb: <«lIpupoma cosmanHa Takoi,
YTOG6BI GBITH NOCTHXXUMOM YeJIOBEYECKHM YMOM...»

S1 He 3HaI0 OTBeTOB Ha 3TH Bompochl. M, HaBepHOe, He yMei0
CJIMIIKOM cTporo ux ¢opmysuposarts. 5 He ¢unocod.

B pasHoe BpeMs1, B pasHble NIEPHO/ABI )KU3HH K 3TUM BOIIPOCaM Y
MeHs1 ecTb U GbLIo pasHoe orHoureHue. He Bcerda oHu MeHs
BOJIHOBaJIM. 3aHATHIN pellleHHeM KOHKDETHBIX 3a/ad4, S NPOCTO He
3aMeqaJ, YTO MOJOGHbIE BOIPOCH CYIecTBYIOT. BcTperuBuiuch ¢
HUMM B CTaThsx KhaccukoB (Jiimmreitna, Bopa, Ulpemusrepa,
nosauee leiisen6epra), s OTHOCHJICA K HMM C MOYTEHHEM, He
JIOMYCKAIOLIUM «BMellaTe/lbcTBa». Ho mocTeneHHo, He mepecTaBast
3aHUMATBCS BIIOJIHE KOHKPETHOH BbIYMCJIMTENBHON AESTebHOCTHIO
(pusuka-Teopernka, OGHAPY>KUJI, YTO MEHSI BOJHYIOT o61iyie npobie-
Mbl, YTO UHTEPECHBI HE TOJBKO BIIOJIHE OINpefeJeHHbIe Pe3yJIbTaThi
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TEOPUM WJIM DKCIEPMMEHTa, HO M TO, KaKOe MeCTO 3aHMMaloT 3TU
pe3yJIbTaTbl B TOM, 4YTO NPHHATO HA3bIBaTh HayYHON KapTUHOI
Mupa. U, 6osee Toro, BO3HHUKJA NOTPEGHOCTb 06AyMaTh, B KAKOM
COOTHOIIEHHH ¢ MMpOM HaxoauTcs HayyHas KapTHHa Mupa.

He mnbiTasch nepekBanuUIMPOBATHCS B NPOPECCHOHAIBHOTO
¢unocoda, A Hamucan HECKOIbKO CTaTell M OAHY HeGOJbUIYIO
6pouniopy. Ho Hu pa3y g He BbicKasaJcs CTOJb OIPEJEJEHHO, KaK
3/leChb, He BbIpa3uJI cBoell yBepeHHocTH, uTo Hayka — ofiHa 13 cTopoH
JyXOBHOH XM3HM dejoBedecTBa. UTO HEBO3MOXKHO €€ CBECTH K
[0JIE3HOH [JI1 Pa3BUTHsI NPOU3BOAUTEJNbHBIX CHJ [ESITeJbHOCTH
yesoBeka. V paxe K yIOBJETBOPEHMIO JIIOO03HATENBHOCTH KakK
’KM3HEHHO BaXXHOi nmotpe6HOCTH Jmofieii. UTo HeT HM OHOTO CKOJIb-
KO-HHOYAb Ba’KHOTO HAyYHOTO pe3yJ/bTaTa, B KOTOpbIH He Oblia Obl
BJIOXKEHA YaCTHIIA AyIId YesoBeueckoil. M1 xouy nmoBTOpuUTS ellje pa3.
YacTHlla AYIOHM BJIOKEHA HE TOJBKO B IPOIECC JOObIBAHHUS MCTHHBI,
HO U B caMy HcTHHy. Hayka ecTb B KaKOM-TO CMbIC/le pe3yJIbTaT
ouesioBeyenusi Ilpupoasl. CiioBa, MOHATHSA, COOTHOLIEHUSI — 3TO TO,
yem Hagesnua IIpupony venosek. Eciu XyAoXKHMK IMOKa3al JIOAAM
BHEINHIOID KpacoTy Mmupa, TO y4YeHbI BCKDbLI CyIeCTBOBaHHUE
BHYTpeHHeil HHTeJIJIEKTYaJIbHOI KPacCOThI, Npex/ie BCero IpOosIBJIso-
Ieicsl B T03HaBaeMOCTH 3aKoHOB IIpupoasl, B yAMBUTEIbHOM MHO-
roo6pa3uy MpOSIBJIEHUH CPABHHUTEJBHO NPOCTO (POPMYJIHPYEMBIX
OCHOBHBIX 32KOHOB, YNIPAB/ISIIOUIMX JABHXKEHHEM MaTepHUH.

...3axXO0TeJIOCh MHE MOAEJHUTHCSI 3TUMH MBIC/SIME C MOJIOJbIMH
JIIOAbMH, TaK KaK 3aMeTHJI yTpaTy POMaHTHYECKOTO OTHOIIEHHS K
Hayxke, 1 oco6enno — k ¢usnke.



N3 XN3HN ®U3NKOB N DU3NKKN

(06 oaHo# 3uMHe# LWIKONe NO TeOpeTUHECKON
pusuxe)

Ha rpannne mexay ITosbmeii u Uexuneli, B HeBbICO-
KHX TOpaX, pacro/IOXuJ/Ics He6O0JIbIIOH YIOTHBIH KypOPTHbIH Topo-
nok Kynosa 3apyii. «3apyit» no-nosibCKu — POJHMK, HCTOYHMK. B
cepenuHe ¢eBpajigd IPONLIOTO TOAa OAWH U3 OTeJieil ropoaka —
«I'Bapex»! — samonmumm He oTapiXapomue, a GUIMKM M3 MHOTHX
cTpaH Mupa: u3 EBpomnsl, AMepuKH, oauH PU3NK NpHeXa Aaxe U3
Adpuxu — u3 IOxHno- Adppukanckoit Peciy6mxu. B Kynosy 3apyi
OHU TpUexasu Ha 29-10 3MMHIO0 HIKOJIY 110 TEOPETHYECKOH (usuKe.
BHymmuTebHbIi HOMep NOKa3biBaeT, YTO WIKOJBI TPAJHIMOHHBI.
WnctutyT Teoperudeckoil ¢u3nku BpoiiaBckoro yHuBepcuTeTa C
1963 roaa exxeronHo npoBoAMT 3UMHHME WIKOIbI. BbL1 oauH mpomyck
= B 1982 roay. OH 6bL1 BbI3BaH BOEHHDBIM TOJIOXKEHHEM, OObSIBJIEH-
HbM B [losbiiie B momsiTKe
COXPaHUTb KOMMYHHUCTHYEC-
xuit pexxum. [lo atoro roga
MectoM npoBeaenus IIkon
6bu1a He Kynosa 3apyit, a
APYroil KypopTHbIA (JIbIK-
HBI) TOPONIOK B Topax —
Kapmnauy. ITostomy ¢pusuxn
Ho npuBbYKe U 3Ty (29-10)
IlIxony HasbiBasu <«Kap-
mays.

Temaruka Illkon oxsa-
TbIBaeT BCIO COBPEMEHHYIO
¢usuky. Kaxapiii roa ma-
Tepuajbl odyepennoit IlIko-
bt (JIeK1MH, BBICTYTLIEHHS )
ny6JIMKYyIOTCSl B BUJle KHH-
ru. Jlucras BbITyINeHHbIE TOMA, [I€PETCTbIBaeIlIb HCTOPHIO TIOCIEBO-
enHoii ¢pusukn. Kak npasuio, kaxgas IlIkosa nocssimena oaHoi —
AByM npoGiemam. B a1oii IlIkosie riaBHoe MecTo 3anuMasi OHOHBI,
XOTsI 3aMeTHas YacThb JIeKIUi 6blyIa IIOCBSIEHa MOAHBIM B [IOCJICAHHE

! Tounoe sHauenne coBa IBapek MHe He yAanoch y3Hatb. Uro-TO
CBSI3aHHOE C TOPHSIKaMH.
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rO/Ibl CHCTEMaM C HU3KOH Pa3MEpHOCTDBIO: IBYyMEPHOMY M OTHOMEPHO-
My 3JIEKTPOHHBIM ra3aM.

Hecko/bKO pa3bsCHSAIOIMX CJIOB.

DoHOHBI — KBaHTbI KOJIe6aHHii aTOMOB B TBEPJBIX Teslax. TemnJo-
BO€ JBMXXEHHE aTOMOB B TBEPJOM TeJle OCYIIECTBJIAETCS B BU/IE BOJH
KoJle6aHMii, a BOJIHA OYeHb HANOMUHAET KBAaHTOBYIO YacTully. Ksan-
Thl Takux KoseGanuii HaspiBaior poHOHamu. Cydbduxc «OH»
NOoJYEpKHUBaeT TPHUHAIEXKHOCTb K KJaccy vacTul. Bcmomuwure:
31ektpOH, nporOH, neitrpOH... Kopesb — «doH» — 03Hayaer no-
rpedeckH 3ByK. DoOHOH — «yacTuua 3Byka». [IpaBaa, yame poHOHbBI
HA3bIBAIOT HE YACTHMI[aMHM, a KBasudacTMUamu (IOYTH YacTHUAMH,
axo6br yactuiiamu). Bee ke (PoHOH cylecTByeT TOJBKO B TBEPAOM
TeJie, B CBOOOJHOE MPOCTPAHCTBO €T0 He BBIMYCTHIIb.

Vntepec k ¢oHOHAM He YAMBUTENEH: OHH €CTb B KaXKAOM
(6yxBanpHo) TBepAOM Teste. WX uucio TeM GoJblie, 4eM Bblile
teMmepatypa. OHH — TJIaBHBIH NEPEHOCYHUK TellJIa B TBEPJAOM TeJle H,
BoOGILEe, OTBETCTBEHHBI 332 MHOTHE CBOMCTBa TBepAbIX Tesa. Bor
HEeCKOJIbKO 3arafoyHasi ¢pa3a: TEIIOEMKOCTb TBEPJOTO Teja — 3TO
TEIJIOeMKOCTh ra3a (oHOHOB. Moxer ObiTh, OHAa IIOMOXKET MOHSTDH
unrtepec ¢HU3UKOB K cBoiictBaM poHOHOB. CTOMHT ele J06aBUTH, YTO
B TOCJIelHEe BPeMs JEJIAIOTCS TIONBITKY YTHJIN3HPOBATh HAIIM 3Ha-
HUs 0 (POHOHAX — CO3AATh MPUOOPHI, B KOTOPBIX AKTUBHBIM 3JIEMEH-
TOM CJIy>aT (POHOHBI.

CioBa «ABYMEpHBIi ra3», «<OAHOMEPHBIii ra3» MOIyT MOKa3aTbCs
0 MeHblleil Mepe cTpaHHbIMH. KTO He 3HaeT, YTO Hall MHD
TpEXMepeH, a ra3 HaJo COAepXaTb B TPEXMEPHOM coOcCyAe, T.e.
cocyze, UMeOLIeM [JIMHY, IIMPHUHY M BBICOTY, MHa4ye aTOMbI rasa
pasJieTsATCSl BO BCE CTOPOHBI U HcciefoBarb Gyner Hedero. IIpaBaa,
B/APYT NPUXOJMT Ha YM Halia arMocdepa, CHUJION TSYKECTH IpHKaTas
Kk moBepxHocTn 3emym. Ecim 3a6piTh 0 masekoil moHocdepe, TO
BbicoTa arMocdepbl Hax 3emieit Bcero 100—200 kM, a paauyc 3eMman
6400 kM. ATMocdepa Hal TOBEPXHOCTHIO 3eMJIH — HEIlJIoXasi MOJeJlb
JByMEpHOTro ra3a. /|ByMepHbIi M OJHOMEDHbII Ta3bl 9JIEKTPOHOB Ha
HOBEPXHOCTH ¥ BHYTPH TBEPAOrO TeJa CO3AAIOTCS MO TOMY >Ke
NPUHILHILY, TIO KOTOPOMY cylecTByeT atMocepa. Koneuno, BMecTo
CHJIBI TSKECTH JEHCTBYIOT dJIeKTpHiecKue cuibl. OHU He O3BOJISAIOT
3JIEKTPOHAM YHANATHCS OT IOBEPXHOCTH TeJla HJIHU OT OIpe/eeHHOH
HOBEPXHOCTH BHYTPH TeJja, paspeliasi UM CBOOGOHO JBUTaThCs BAOJIb
1n0BepxHOCTH (ILJIOCKOCTH) MJIM [aXK€ TOJBKO BJOJb CIELHAJbHO
co3aaHHOro KaHasa. Hernioxue Mosesin AByMEPHOTO H OJJHOMEPHOIO
ra3oB 3JIEKTPOHOB — MeTaJUIMYecKasl IJIEHKA M, COOTBETCTBEHHO,
NpOBOJIOKA. Bbl 3HaeTe, KOHEYHO, YTO B MeTalie €CTb CBOGOAHbBIE
3eKTpOHbI. UTOGBI 3/1EKTPOHBI B METAJJIMYECKOH IJIeHKe HJIH B
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TIPOBOJIOKE MOTJIM CYUTATbhCS JBYMEPHBIM WJIM OJHOMEDHBIM Ira3oM,
TOJIIMHA TUIEHKH WM TPOBOJIOKM JOKHa GBITH OKOJO JeCATH
anrcrpem (1A =10 cm).

JIByMepHbIif 1 OJTHOMEPHBII1 3JIEKTPOHHbBIE Ta3bl HAJO CIIEINAb-
HO co3naBatb. Co3iaBaTh, a JIMIIb IOTOM M3y4YaTb MX CBOWCTBA.
HHTtepec k HuM (PU3MKOB — KaK Obl peakuus Ha 3alPOCHI IPAKTHKH.
[leno B TOM, 4TO OHM — O6dA3aTesibHble aTPHOYTHl COBPEMEHHBIX
HOJIyIIPOBOJHUKOBBIX npubopoB. HanpuMep, TpaH3uCTOp BBINOJIHS-
€T CBOIO POJib B BallleM PaJHONPHEMHHKE HJIH TeJEeBH30pE TOJBKO
HOTOMY, YTO B HEM €CTb JBYMEDHBIN 2JIEKTDOHHBIH Tra3.

JlexTopsl Teneps peKo HoJib3yiorcs: qockoii. [Ipasaa, B nekiu-
onHoM 3aze IlIkoussl nocka 6bl1a. Besnas. Ha nelt n3penka nucaim,
nucasn ¢iomacrepamu. HanycanHoe JIerko CTUPaJIoCh MaTepyaToi
noayueykoii. Pyku He naykauch MeJioM, a JIEKTOP TOCJIe JIEKIUH He
6bL1 TMoXoXk Ha MykoMoJa. Ha Illkosny Jjiekropn! mpuexaim co
CrelyaIbHO 3aroTOBJIEHHBIMH TIeHKaMu. To, yTo Ha HUX u3o6pake-
HO, TPOEKTOp <«IlepeHeceT» Ha 3KpaH. IIpoekrop MomHbli. Her
Heo6XxoauMOCTH TyuwuTh cBer. Ha muenkax ¢opMyJibl, PHCYHKH,
MHOrZa Aaxke TeKCT. Ec/M JieKuus mocBsillieHa HEeCKOJIbKUM BOIIPO-
caM, 06si3aTeJIbHO NepBasi TJIEHKa — orJiaBjieHue. Bo3aMoxHO, KTO-TO
M3 Bac yxe GbIBaJ Ha JIEKIMSIX, Tle BMeCTO rpudesIbHON JOCKU —
MpoeKTop?

Bo BpeMs oHOl M3 JIEKIHIi JIEKTODP CJIY4aifHO OKa3aJICcs Ha My TH
HOTOKA CBeTa U3 IIPOEKTOpa, U Ha ero py6alike MOsSBUJICS KPAaCHUBBIi
MHOTOL[BETHBIH y30p. S, Kak W, HaBepHOe, ApYrHe CJyIIaTeJH,
noaymasn: Ha 3toi [IIxosie HEO6BIYHO MHOTO KPacHMBOrO HMJLIIOCTPA-
THBHOTO MaTepuaja. [lejo B ToM, 4TO (PM3NKH HAyYHJINCh BUAETDH
¢oHonbl. HaBepHoe, c1oBa «BuzeTh (DOHOHBI» HAIO OBLIO B3SATH B
KaBbIYKH. BuauM Mbl, KoHeuHO, He caM# (DOHOHBI, a pe3yJIbTaT UX
BO3/IECTBUSA Ha perucrpupymomue npubopsl, nocie o6paboTKH H
pacum¢ppoBKE H306pakeHHBId Ha AuCILIee KoMmbiotepa. UTo6bi
KpacuBble KapTHHKH, KOTOpBIE, MOXAJIyd, COCTABJSIOT TJIABHOE
coJiepXaHue 3TOH CTaTby, ObLIM TOHSITHBI, NIPUAETCS CKa3aTh He-
CKOJIbKO CJIOB O TOM, 4YTO Mbl XOTHUM YBHJETb.

Haunem uspanexa.

OHepruio CBOGOAHOI YaCTHULBI € MOXKHO BBIpaXKaTb KaK yepes
ckopocts 9 (g =mo?/2), Tak M uepes uMmyIBC ﬁ(s = p? /(2m))
VMnyspc ¥ CKOpPOCTH CBSI3aHBI TAaKUM IIPOCTBIM COOTHOIIEHUEM
(p=md ), 4t0 Kaxkercss 6e3pa3IMYHbIM, KaKyI0 U3 STUX BEJMYHMH
HCT0JIb30BaTh. K TOMY >xe BEKTOpPHI P M O HMEIOT OJWHAKOBbIE

HalpaBJIEHUA. OTMCTHM, 4YTO BO BC€ 3TH COOTHOLIECHUA BXOAUT BCETO
OAVH ITapaMeTp 4YaCTHUIbl — €€ Macca m.
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DoHOH — He 06bIYHast YacTHIA, a KBa3uyacTuna. MOHOH ABHKET-
csl B KPHCTaJlJle, M Ha ero CBOIMCTBaxX CKa3bIBa€TCsl HEU3OTPOITHOCTD
KPHMCTaJlIa, T.€. HEPAaBHONPABHOCTb Pa3/MYHbIX HanpasieHnd (iy-
cTO€ MPOCTPAHCTBO, KOHEYHO, U30TPOoMHO) . HaM BaskHsI ceifyac 1Be
oco6eHHocTH (POHOHOB. Bo-mepBbix, 9HEprusi (POHOHOB 3aBHCHT He
TOJIKO OT BEeJHYHMHBI UMITYJIbCa, HO M OT €ro HanpaBjeHus. Bropoe
CBOHMCTBO TECHO CBsi3aHO ¢ mepBbiM. OKa3bIBaeTCs, HMMILYJbC H
CKOPOCTb (POHOHA MOTYT HE COBIAJaTh IO HAMPABJIEHHIO.2

O6¢cyauM, KakuM 06pa3oM MOXKHO ONUCATh 3aBUCHMOCTDb 3HEPTHU
¢oHOHa OT ero uMmyJbca. IMeHHO 9Ta 3aBUCHMOCTb IIPE/CTaBJIsET
¢yHIaMeHTa/IbHbI HHTEpeC NpPH U3y4YeHHH CBOHCTB (poHOHOB. Tak
KaK OHa MOXXET GbITb OYeHb CJIOXHOW (B3IJIIHHTE Ha WILTIOCTpa-
nuu!), TO OYEHb BaXKHO MMETh HAIJIAHBIH CNOCOG ee OMMCaHW.
IMocrynuM ciexyomuM o6pa3oM. BeemxeM HOBOe TpexMepHOe IpO-
cTpaHcTBo. YTOOBI OT/IMYaTh OT OGBIYHOTO, HA30BEM €ro P -Mpo-
crpaHcTtBoM (a OGBIYHOE MPOCTPAHCTBO OyfeM HHOIAA Ha3bIBaTh
7 -mpocTpaHcTBOM). IIOCTPOMM [€KapTOBY CHCTEMY KOOPJHMHAT, HA
OCSIX KOTOpOil 6yneM OTKJAAbIBaTh MPOEKIUH BeKTopa p. ITO
MIPOCTPAHCTBO ¥ 3Ta KOOPAUHATHAS CUCTEMa yIO0OHBI JJis1 H300parke-
HUSI 3aBUCHMOCTH 3HEPTUHM YACTHIbI OT HAIIPABJIEHUSI €e MMITYJIbCa.
Y 10611, €CIM PUCOBATh MOBEPXHOCTH paBHOIi aHepruu (u3o0aHepre-
THYECKHE TOBEPXHOCTH). A YTOGbI YBHAETb, YTO MPOMCXOMUT IPH
HU3MEeHEHUHU JHEPTUH, PUCYIOT HECKOJIBKO
KapTHUHOK, [UIsl pasHbix €. Hampumep,
17151 CBOGOIHBIX YaCTHI{ N309HEPreTHYeC-
KHe TMOBEPXHOCTH — cdepbl paJnycoM
pe =2me (puc.1).

O6parute BHHUMaHHE Ha CTPEJIKH,
HapHCOBaHHbIe B pa3HBIX TOYKax cde-
PBl. OTH CTPeJKH H300pa’kaloT HAIPaB-
JieHne ckopocTH yactui. OHM HampasJie-
HBI 10 paUyCy, T.€. TapaJijiebHbI COOT-
BETCTBYIOILEMY BEKTOPY P . A MOXHO Jit P,
HATH HaNpaBJIeHHe CKOPOCTH B CIYYAC  p 1 g ovuze coobogmbix
(OHOHOB, KOT/1a M309HEPreTHIECKAs! 10~ 307y, OBEPXHOCTS Pas-
BEPXHOCTb HMeET BECbMA CIOXKHYIO DOP- o473 sHepmm B mMiysibCHOM
My ? OxkasbiBaercsi, MoXkHO. OGiiiee nipa- P -npocTparcrse — cpepa.
BUJIO, BEpPHOE KaK JJIsl YaCTHLl, TaK U JUIL  CTPE/Ikv, HOPMAJlbHbIE K 110-
KBa3M4aCTHIl, 3aKJIOYAETCs] B CIEAYIO- BEPXHOCTH, — CKOPOCTU 4a-
1ieM: BEKTOp CKODOCTHM HampaBjeH mo ¢74U

P

2 KoneuHo, 1711 POHOHOB He JefiCTBYeT O6bIaHOE OTpe/iesieHne § = md .
K coxaseHuro, Mbl He MOXeEM 3/IeCb JJaTb CTPOTHX ONpejeeHuH.
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HOpMaJIi K M303HEPreTUYecKoil NMOBEPXHOCTH, MPOBEIEHHOH uepe3
JaHHYIO TOYKY p -IIPOCTPAHCTBa. JIErKo MOHATDH, YTO eC/M MOBepX-
HOCTb paBHOH 3Hepruum uMeeT (GOpPMY, OTJIMYHYIO OT cepbl, TO
HampaBJieHHe U MOXET He COBMajfaTh ¢ HampaBjeHueM p.3 OtMe-
TUM TaK)Xe, YTO, NOCTPOUB H309HEPreTHYECKUE MOBEPXHOCTH AJIS
PasHpIX €, MOXKHO ONpEAEHUTb U BEJUYUHY CKOPOCTH (POHOHOB B
KaxJ0oH Touke p- mpoctpaHctBa (T.e. BBIYUC/UTD JJHHY <«CTpe-
JIOK»); O/{HaKO, OGDSCHSTH 9TO MPABHUJIO Mbl 3/1€Ch He GyaeM.
Boiacnutb, kak sHeprusi GOHOHA 3aBUCUT OT UMITYJIbCA, HJIH, YTO
3KBHMBAJIEHTHO, TTOJIyYUTh U306pakeHHe H309HEPTETHYECKUX TIOBEPX-
HOCTeHl — 3TO U O3Ha4yaeT <«yBuzAeTb (oHOHBI>. Kak ke MOXKHO
U3BJIEYb TaKyl0o UHGOPMALMIO U3 PE3YJIbTATOB SKCIIEPUMEHTA?
IIpencraBum ceGe Takoe HECKOIBKO CTPaH-
Hoe ycTpoicTBO (OHO M306PaKEHO HA PUCYHKE
2): U3 UeHTpa BO BCE CTOPOHbI BBLIETAIOT
YacTUIBl C OAHOM M TOH >Ke SHeprueit u,
ZoJsiereB 0 c(pepruyecKoro sKpaHa, OCTABJISIOT
Ha HEM CBO# cJieji, CKa)KeM TEMHOE MATHBIIIKO.
Yro MBI YBHAMM Ha 9KpaHe Yepe3 JOCTATOYHO
60J1b11I0} TTPOMEKYTOK Bpemenu? Eciu Bo Bce
CTOPOHBI YaCTHUIIBI JIETST C OAMHAKOBOI MHTEH-
Puc.2. lpncrocobne- CHBHOCTBIO, TO, €CTECTBEHHO, BeCh 9KPaH OKa-
Hue, nozsonswouee KETCA OMHOPOLHO TEMHBIM.
yBuUREeTb, M0 Kakum I10 «Ecim...» HYXXIA€TCA B pa3bACHEHUH.
HarpassieHnam sbite- VIcTodyHMKM dacTuy ObIBaloT pasubie. Jlerko
TalOT 4acTyLbl M3 TO- TIPEACTAaBUTH ce6e NYUIKY, KOTOPAs CTPEJISIET C
YEHHOIO UCTOYHMKE  omnpeAeJ/IEHHON CKOPOCTHIO BO BIIOJIHE OMpe/e-
JIEHHOM HarmnpasJieHu#. Ecsu yacTtuipl — aJek-
TPOHbI MJIM MOHBI, TO TaK U TOBOPST — 3JIEKTPOHHAS WJIM HOHHAS
nymka. Takie HCTOYHUKH Mbl paccMaTpuBaTh He GyleM.
VcTouHuKkH, 0 KOTOPBIX HJET PEYb 3/€Ch, HA30BEM TEILJIOBBIMH.
I'naBHOE B ycTpoiicTBe HCTOYHHMKA — MasieHbKasi 06J1acTh, Harperas
10 BbICOKO} TeMnepaTtypbl. B HaleM ciiyuae, HapiuMep, 9T0 MaJieHb-
KUl IapHK, ¢ HOBEPXHOCTH KOTOPOIO BBLIETAIOT «IOpSUME» YacTH-
upl. EcTecTBeHHO, YHCIO YaCTHUL, BHIIETAIOMMX B JJAHHOM HallpaBJie-
HWM, HE 3aBHCUT OT HampasBJjeHus. Vrtak, B 9TOM ciiyyae, KaK Mbl
CKasaju, Becb 9KpaH Oy/AeT OJHOPOJAHO TEMHbBIM. 3alOMHHUM 3TO U
BepHeMcsl K (PoHOHaM.

JKpan

3 O6patute BuuManHe: cKOpOCTb § Kak Gbl CBA3bIBAET JBa MPOCTPaH-
cTBa. BeKTOp CKOpPOCTH OpTOroHa/leH NOBEPXHOCTH DAaBHOH 3HEPIUHM B
P -TIPOCTpPaHCTBe U onpelessieT ABWXKeHne dactuupl (¢doHona) B 7 -mpo-
CTPaHCTBe.
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ToBopsi 0 POHOHHOM HCTOYHHMKE, CJAEAYET ObITb Gosiee aKKypart-
ppiM. UTo nomkHa o3Hauath ¢pasa «(DOHOHBI JIETAT BO BCEX
panpaBieHHsax»? OkKasbpIBaeTcsl, OHa ONHMCHIBAET CHTYallMIO He B
06BIYHOM, a B P -TipocTpaHcTBe. BoJjiee TOYHO, HE CKOPOCTH BbLIETA-
oluX (JOHOHOB, a UX HMIYJIbCBHI UMEIOT COBEPIIEHHO IIPOU3BOJIbHbIE
HATPABJEHUA. A KaK e pasieraiorcsi (POHOHbI B OOBIYHOM,
# -mpoctpancTBe? UTo MBI yBUAMM Ha HalleM BooGpaxkaeMoM cde-
prueckoM skpane? OTBET 3aBHCHT OT TOrO, Kakyio (opmy mMeer
I0BEPXHOCTb PaBHO# sHepruu B P -npoctpaHcTBe. HamomuuM, yro
pce BbLIETaonue (POHOHBI UMEIOT OAMHAKOBYIO SHEPIHIO.

Yro6bl MOHATH, KAK KAPTHHKA, MOJyYaeMas Ha 5KpaHe, 3aBUCHUT
oT GOPMBI H305HEPreTHYECKOil MOBEPXHOCTH, PACCMOTPUM /JBa IIPO-
CTBIX MOJIEJIbHBIX TpuMepa. [laBaiite 111 Hayaia IPEANOJIOXKHM, YTO
[I0BEPXHOCTb PAaBHOM 3Hepruu B P -npoctpaHcTse — Ky6 (puc.3,a).
[IycTb B LIEHTpe HALIEro yCTPOHCTBAa MMEETCS TENJIOBOW MCTOYHHUK

a) pA

/T

P

Px
Puc.3. Ecm Bbl M303HEPreTN4eckas oBEPXHOCTL (POHOHOB uMesa Gopmy
ky6a (3), TO YacTHLbl N3 TOYEHHOIo UCTOYHIKA NeTeny Bbl 110 WecTH Ha-
IPABNIEHUAM U OCTABAIANN HA 3Kpate WecTb Toqex (6)

STMX CTpPaHHBIX <«Ky6HYeCcKMX» (DOHOHOB. IJTO TO-TIpEXHEMY —
ropsuuil MapHK, HO UCIYCKAET OH He OGbIYHbIE YACTHIIbI, 3 «KyOH-
veckue» (poHOHbI. OHM JIETAT TaK, KaK UM MOJIOXEHO, — 10 Hanpas-
JIEHHIO CKOPOCTH, KOTOpasi BCerJa OPTOTOHa/bHA MIOBEPXHOCTH paB-
Holi sHeprum (kakoBa 6bl HM 6biTa (OpMa 3TOH NOBEPXHOCTH).
3HayuT, CKOPOCTb «Ky6M4YecKNX» (POHOHOB HampaBJieHa 10 OTHOMY
M3 HIeCTH HalpaBJeHHil — OPTOroHAJbHO rpaHaM Ky6a. Ky6 Haxo-
IUTCA B P -TIPOCTPAHCTBE, HO CKOPOCTH U — BO BIOJIHE PEATHHOM
7 -mpocrpanctBe (cM. cHocky 3). TakuM 06pasoM, OT HCTOYHHKA
(ropsiyero mapuka) «Ky6udeckue» (HOHOHBI 6yAYT JIeTETb II0 HIECTH
Pa3IMYHBIM HAIpPaBJEHUsM, U 3HAYUT, B JAHHOM CJy4yae Ha sKpaHe
Gyner Bcero 6 Touex (puc.3,6).

VCAOKHHM CBS3b MEXIy SHepruedl M MMIyJabcoM (POHOHOB.
[IpencTtaBuM cebe, YTO N303HEPTETHYECKAS TIOBEPXHOCTD — LUJIMHAD
co criaxxeHHbiMH Topiamu (puc.4,a). Kak BuaHo, HOHOHBI JIeTAT BO
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BCE CTOPOHbI, HO Ha 9KBAaTOP 9KpaHa JIETUT MHOTO (DOHOHOB, a BO BCE
OCTaJIbHble TOYKH Maso. Ec/i moteMHeHMe 9KpaHa IPONOPLUOHAb-
HO YHCJTy NONABIIMX Ha 9KpaH ()OHOHOB, TO HA CJIeTKa OTEMHEBLIEM
(oHe MbI yBHAMM TeMHYIO JMHHUIO 9KBaTopa (puc.4,6). llects Touek

Puc4. Ecm 6bi n303HepreTuyeckas oBEPXHOCTL Bbila UMIMHAPOM (3), TO
U3 TOYEYHOIO NCTOYHMKE GPOHOHBI SIETE/N Obl TOSILKO B HAMPAB/IEHUN IKBA-
TOpa chepuyeckoro kpara (6)

B IEPBOM CJIyyae ¥ TeMHas JIMHUS Ha 6oJiee CBETIOM (pOHE BO BTOPOM
ciydae — cBoeoGpa3Hble MOPTPeThl (HOHOHOB.

Takux NpocThIX 3aBMCHUMOCTeH 3HepruM (POHOHA OT KOMIIOHEHT
€ro UMITyJbca, KaK Mbl NpHAYMaad, KoHeyHo, He ObiBaer. Her
6OJIBIINX IUVIOCKUX YYAaCTKOB Ha IOBEPXHOCTSIX INOCTOSIHHOH 3Hep-
TUM, OTKyZa Bce (JOHOHBI JIETAT B OJHY TOYKY Ha 9KpaHe, HET CTPOro
MUJINHAPUYECKUX YYACTKOB, cJiel (POHOHOB C KOTOPBIX BbLIEJISET
JIMHHUIO Ha 3KpaHe. OJHAKO eCTb MajJeHbKUE YYaCTKM YILIOIEHHS,
€CThb YYaCTKM, KOTOpble GJM3KH K IMIuHApaM. Bce aro gmenaer
KapTHUHBI Ha 9KpaHe oyeHb caokHbIMU. Ha pucynkax 5, 6 nokasaso,
KaKue KapTUHKM TI0JIy4aloTcs B ciyyae Kpuctawios repmanus (Ge)
u apcennaa raums (GaAs). PUCYHKH clenan KOMIBIOTED <IIOA
pyKoBoACTBOM» acmnupaHTa MHcTuTyTa Teopermueckoil ¢u3MKU
Bpouiasckoro ynupepcurera Boitiexa Tanpun.4 Pacumdposbisas
UX, YAA€eTCS yCTAHOBUTD, KaK BBITJISAST HOBEPXHOCTH PABHOM 3HEp-
run. Ha pucynke 7 nao6pa’keHbl U303HEPreTHYECKUE TTOBEPXHOCTH
(onoHOB ABYX THIOB B KpucTaite GaAs. OHM NOJTydeHbI SITOHCKHU-
mu ¢usnkamu C.Tamypoit u T.Xapapoit. [lns cpaBHeHus, Ha

4 Hayunts KOMIIbIOTED PHCOBATb COBCEM HENpPOCTO. 3ajiaya «06ydeHHs
KOMIIbIOTEpa» OKa3asach HACTOJIBKO CJIOXHOHM, uyTo Boiiuex He cmor 06oii-
THCD Ge3 nomoun. Ha noMompb eMy npuies y4eHHK MPEATIOCTEHEro Kacca
Jmues (Toxe Bo Bpounase) Jyka Karek.
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Puc5 Pesynbrar @okycuposku @o- — Pucé. To Xxe 410 Ha pucyHke 5, HO
HOHOB B repMaHum. besibie smHum —  [J19 KpUCTaNIa apceHnaa ravms
MecTa, kyga rionano 6ossue Bcero

@POHOHOB

X
Ay

et

Puc.7. M303HepreTnyeckme roBepxHoCcTV 4ByYX BULAOB (OHOHOB B KPUCTasl-
J1e apceHvaa ramms

] 7T ALY

1
1

u

Puc.8. U3o3Heprervyeckue noBepXHOCT (POHOHOB B KPUCTasIIIE MEAMN
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pucyHKe 8 BbI MOXeTe 10JI060BaThCSI HA U309HEPreTHIECKUE TIOBED-
XHOCTH (POHOHOB JJIs1. .. OObIYHO Mezu (/17151 Tpex pasHBIX 3HAYEHHI
SHEPruM), MOJIyYeHHbIE COTPYAHNKOM UHCTUTYTa PUSHIECKHX TIPO-
6mem PAH A.C.CeMeHOBbBIM.

Iuks seximit ogHoro u3 yyactHukos Illkossr — mpodeccopa u3
IOAP A.T.JBepn Tak u HaspiBasIcsi «M306paskenune poroHOB>. OH
co6paJt ¥ MPOKOMMEHTHPOBAJ OTPOMHBIiT 3KCTIEpHMEHTAIbHbIA MaTe-
pHau.

SIsnenue, kotopoMy Ha IIIkoJie 6O yAeIeHO TaKk MHOTO BpeMe-
HH, Ha3bIBalOT (POKycHpoBKoil ¢(oHOHOB. CioBa «(OKYCHPOBKa
¢oHOHOB> MOTYT NMpPUBECTH K HeJopasyMeHuio. Huxakux mpucmo-
co6JieHni 1151 GOKYCHPOBKH IOTOKa (poHOHOB He co3paercs. Jlyyie
6b1710 661 TOBOPUTH O caMOGoOKycHpoBKe. IHTEHCMBHOCTb MOTOKa
(pOHOHOB B pa3HbIX HANpaBJEHHAX Pa3/InyHA Kak cjeAcTBUe (popMbl
M303HEPreTHYeCKON NOBEPXHOCTH (POHOHOB, a OHHU (3TH MOBEPXHOC-
TH) O4€Hb BbI4ypHBI. [[03TOMy M KapTHHKH, KOTOpbIe H306paXKkaioT
HU3MEPEHHYIO MJIH BBIYMCJIEHHYIO MHHTEHCHBHOCTD IOTOKOB (POHOHOB B
pa3HbIX HANpPaBJIEHUSX, CTOJb HETPUBHAJIBHBI.

MsbI MOYTH HUYEro He CKasaju O (haKTUYECKOHl KOHCTPYKIHH
«yCTpOMCTB» , TO3BOJISIIOINX YBUAETb (POHOHBI; HE PAaCCKa3aH, KakK
yCTpOeHbl MCTOYHUK (POHOHOB M ux gerextop (akpan). ITO He
BXOAUT B Hamry 3ajga4dy. U na IlIkoJie 06 3TOM NOYTH He TOBOPHJIH.
Benp Illkosa — mo Teopermyeckoit ¢usuke. OTMETUM TOJBKO:
«ycTpoiicTBa» pa3HooOpasHbl. MHOraa mctouHuKoM ¢OHOHOB CJIy-
SKHT MaJIeHbKO€ ISTHBILNIKO HA METAJJINYECKOll IJIeHKe, pa30rpeToi
JIy4OM Jia3epa, a JETEKTOPOM — CBEPXIPOBOAsAIIas npoposodka. Ho
BCer/la IJIaBHBII 3JIEMEHT «yCTPOICTBa» — HECOMHEHHO CaM HCCJIeAy-
€MbIii KPHCTJL, B KOTOPOM POXJAIOTCS U cyliecTByloT (T.e. ABH-
KyTca) ¢oHOHbI. MICTOYHHK (POHOHOB, KaK MPABUJIO, PACIOJIONKEH
Ha OJHOI CTOpOHE KPUCTAJIJIMYECKON IIACTHHBI, a JEeTeKTOp — Ha
apyroit. Kpuctamn moskeH GbITh TakHM COBEPILIEHHBIM, YTOOBI
(oHOHBI He MMeJIM Ha CBOEM MyTH HMKAKMX HPENsTCTBUIl H Hemoc-
PEACTBEHHO M3 HCTOYHMKA MOMajaiu Ha fAerekrop. Kak mymm — B
neab. X Tak M HaswiBaloT — Gasmctudeckumu. VHaue He Gyzer
H3BECTHO, OTKyZJa OHH TpHJIETENH, KAaKOH YYaCTOK ITOBEPXHOCTH
paBHO# aHepruyu npexacrapiastior. [Io atToMHbIM MaciiTabaM poHOHAM
OT HCTOYHHKA JI0 JETEKTOpA HaJ0 NPOJeraTb OTPOMHOE PAcCTOSIHHUE
— HeckoJbKo MuwutuMeTpoB. Ha cBoeM myTu onu Berpetsit 6osiee 10
MMJIJIMOHOB aTOMHBIX IIockocTell. K cyacTbio, ec/im B KpucTasie HeT
HUKAaKuX AedexToB (4y)KepOAHBIX aTOMOB M,/ MJM HApylUIeHMH B
PAacOJIOXKEHNH CBOMX COGCTBEHHBIX aTOMOB) M €CJHM K TOMY 3Ke
aTOMBI KPUCTAJLTA KOJIEGIIIOTCSI He CJMIIKOM MHTEHCHUBHO, TO (DOHOH
MPOJIETHT 3TOT <OTPOMHbBIf» MyTb, Kak IyJsl B IycTore — 6e3
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BaJIach C MOMOMIBIO OCTPOYMHO# U UAEHHO npocToit MeToauku. Koraa
B/I0JIb IOBEPXHOCTH ABUKETCSI (POHOH, TO MOBEPXHOCTH KOJIE6IeTcs,
U eCld Ha Hee YTO-TO IIOJIOKHUTh, KOJIEGJIONIAsICSI MOBEPXHOCTD
MOJXET 9T0 4TO-TO c6pocutb. ABTOphl (A Koomenckuit, A.A.Mas-
HeB u3 VucTutyTta obmieit pusuku PAH)® mochimanm moBepxXHOCTH
Si u GaAs yactuniamu Al,O3; auaMerpom 1—2 MUKpPOHA — 3aIlbLINIIN
ee. Ha pucynke 9 npusesena ¢ororpadust 3anbiieHHbIX TOBEPXHO-
cTel 1mocJie BO30YKIeHHsI MOBEpXHOCTHBIX (poHOHOB. TeMmHble 06.1a-
cty Ha ¢oTorpadpuy — yYaCTKH, OYHUILIEHHbIE OT MUKPOYACTHIL.

dokycupoBka (oHOHOB He ciyyaiiHo oxHa u3 TeM kol Ee
TeopeTHYECKUMH acIleKTaMy 3aHuMaloTcs B MHcTutyTe Teopernyec-
KO# ¢u3uku BpoiuiaBckoro yHuBepcurera.

S He co6uparoCch paccKasbiBaTh O BCEX JIEKIHSIX, MTPOYUTAHHBIX
Ha Illkone, uim jgake UX IepeyuciasiTb. MHe XOdYeTcsl, YTOGHI
YMTATeNb, YUTas CTATIO U PA3IJIsAbIBast KADTUHKH, IOBEPHII, YTO Ha
Ilxose 6p110 uHTEpecHo. U mextopam, u ciaymarensM. Oco6eHHO
€CJIM y4YeCTb, 4TO, IIPOYHTAB JIEKIHIO, JIEKTOP CTAHOBUJICS CJIyIIATe-
seMm. O6craHoBka Ha Illkore cBoGogHas. Kaxkasiii Moxer 3amaTb
BOIIPOC, He 6osich nepe6uTh JeKTopa. HemocpeacTBeHHO BO BpeMst
JIEKIIUM MOXXET Ja)ke BO3HUKHYTH AUCKyccusi. Onesxja y4acTHUKOB
MOA4YepKUBaeT JeMOKPAaTHYHOCTh 06cTaHOBKU. OduimaibHbie KOC-
TIOMBI U TAJICTYKH ObLIM HAAEThI TOJbKO Ha BpeMs Gankera. OznHa u3
tpaauiuit IlIkoJpl — KocTep, 3KCKYPCHH IO OKpecTHOCTsIM; B Kapma-
ue (6b1710) — KaTaHue Ha TOPHBIX Jbbkax. Ho, moxanyit, uHTepecHee
HE TEPeYUCsATh paspJedeHus (OHH eCThb Ha BCeX KOH(EPEHLHX,
IIKOJIAX, Che3/aX), a PaccKasaTh O AEHCTBUTENBHO CHenupUIeCKOi
TPaAUIMU Kapnaiyckux mkoyg — o Kunpeprapreune. [la, o gerckoM
cage (Kindergarten no-memeuxu — nerckuit caa). Tak HaspIBaOT
uaymyio napamienbHo Illkosre Teopernueckoii pusuku cryneHyec-
Ky Illxosy, opraHusyeMyio ajist ce6si CTyAeHTaMd (PU3MIECKOro
¢axyprera BpounaBckoro yuusepcutera. B Kungepraprene te xe
JIEKTOPBI, 4TO U BO B3pocoii [lIkose. TospKo JIEKIMKA UM IPUXOIUT-
Cs1 YUTaTh, YYUTbIBasl yPOBEHDb 3HAHUII CBOUX CJyLIaTeseil. A cTyJeH-
ThI U3 NIEPBBIX PYK Y3HAIOT HOBOCTH TOM HAyKH, KOTOPOii OHU PEeLIHJIN
HOCBSITUTH CBOIO XKM3Hb.

5 A.A.MasHeB BBICTYIMI HAa WIKOJME CO CTEHAOBBIM (IIOCTEpCKHM)
nokaanoM. Ecrb Takas ¢opMa [qokJiaZa: aBTOp BbIBEUIMBAET Ha CTEHE
maakatr (POSTER) ¢ kpaTkuM cofepxaHHeM fOKJajia M, CTOS OKOJO
CTeHZa, OTBEYaeT Ha BOSHUKaloluMe Bornpochl. Jloknan A.A.MasHesa BbI3Bas
JKHBOM MHTEPEC yYaCTHMKOB LIKOJIBI.



BOKPYT LLAPUKA

Wcropuna 3apaum — ppeBHas n Hosas

Kaxxzas 60J1ee mim MeHee MHTEpecHast 3a/1a4a UMeeT
cBoto cyab6y. WHorga pelmBimii 3aqady Jaxke IJIOXO 3HaeT ee
cyas6y. Hanpumep, BCIIOMHHAeTCS WMCTODUS peIIeHMS 3aJadyu
W.E.Tammom u Y1.M.DpaHKOM 0 4ePEHKOBCKOM u3ydenun. Hecom-
HeHHO, HM OHH, HU II.A.UepeHKOB He 3HaaH, YTO HEOGXOIMMbIE
¢opMyIbl yke ObLIM BBIBEJEHBI — 3aJ0Jr0 JO TOrO, KaK GbLIO
OTKPBITO U3JIyYEHHE 3aPAA0M, ABUKYIIUMCS CO CBEPXCBETOBON CKO-
poctbio. Boisenennt O.Xesucaiinom eme B XIX Beke. ITo XeBucaii-
Ay, 3apsii ABUXKETCSA CO CKOPOCTbIO, 6OJIblieif CKOPOCTH CBeTa B
nycrote. OH He 3HaJl, YTO HUYTO He MOXKET JABUTaThCsl CO CKOPOCTBIO,
IPEBBINIAIONIEN CKOPOCTb CBETA B IIYCTOTE: TEOPUS OTHOCHTEIbHOCTH
elle He Oblra cosgaHa. B Tteopum Tamma u Dpanka, Kak ¥ B
aKcnepuMenTax YUepeHKOBa, 3JIEKTPOH /[BHXKETCSI CO CKOPOCTBIO,
TpEBBIIAIOIIEH CKOPOCTh CBETA B CpeZie, & OHA MEHbIIE CKOPOCTH
cBeTa B IyCToTe. 3aBepIMjach cyAb6a 3afauM 06 M3JIydeHUH
YaCTHULBI, ABUKYLIEHCA CO CKOPOCTBIO, GOJIBLIEH CKOPOCTH CBETa B
cpene, npucyxaenueM B 1958 rony I1.A.Yepenkosy, U.E.Tammy u
W.M.Dpanky HobeneBckoit npemun 1o ¢usuke.

MpbIC/Ib 0 YEPEHKOBCKOM M3JIyYeHHH, BO3MOXKHO, TIPUIILIA MHE B
TOJIOBY MOTOMY, YTO 3ajada, O KOTOPOH NOMIET peyb, BBHIACHSET,
CKOJIBKO M KaK M3JIy4aeT... IpaB/ia, He YacTHLA, a INapuK, Mafaio-
IMH Ha TTOBEPXHOCTD YIpy-
roro moJynpocrpasctsa. Y
He 9JIEKTPOMArHUTHYIO SHEP-
TUI0, a 3ByKOBYIO.

B 1949 rogy Wnbs Mu-
xaiyoBuy Jluummi — 3Ha-
MEHUTBIH yKe Toraa Ppusuk-
TEOPETUK — C(POPMYJIHPOBAJT
3aady: Ha NOJIyPOCTPaH-
CTBO, 3aHATOE YIIPYToii cpe-
J0ii, MajaeT UIapyK U ynpy-
ro orpaxkaercs. CiyoBo «ym-
pyrass» IO OTHOIIEHWIO K
Cpefie ¥ CJIOBO «YNPYTro» 1o
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OTHOLIEHUIO K OTPa’KEHHIO UMEIOT PAa3HbIi CMbICJ. YTIpyras cpeaa —
3TO TesI0, B KOTOPOM JedOpMali NOAYMHSIOTCS yPaBHEHUAM JIM-
HeliHOll Teopuu ymnpyroctd, T.e. oHM (aedopManuu) MPOMOPIHUO-
HaJIbHbl HaNPSDKEHUsIM — JeHcTByeT 3akOH I'yka. MOXHO cKa3aTb
HHaye: ynpyras cpesia — 3T0 TeJIO, IO KOTOPOMY PacIpOCTPaHSIOTCSA
ynpyrue BoyHbl (B 4acTHOCTH, 0GbruHbIE 3ByKOBbIE BOJIHBI). OTpa-
JKeHHe HasblBaeTCA YNPYrMM, €CJIM OTpakalollleecsl TeJIO He TepseT
IPU OTPAKEHUU DHEPTHHU.

IoBropio ¢dopMysMpOBKY 3aJauyd ¥ NPOJOJDKY: Ha YNPYryio
cpeny nafaeT WIapuK M ynpyro orpaxkaercsi. CKOJIBKO 3Hepruu
LIApUK TepsieT Ha BO3GYXXIEHHWE B MOJYMPOCTPAHCTBE 3BYKOBBIX
BosiH? Ha nepBblii B3riisig, 6eCCMbICJIEHHBIH BONPOC: €CJM YHPYTo
OTPaXXAEeTCsl, TO HUYEro He BO36GYXKAAeT, TaK KAaK Ha BO36GYKIeHHe
3BYKOBBIX BOJIH HA/IO0 MOTPATUTh KaKyIO-TO 3HEPTUIO. JHAUYHT, OTpa-
xxenue He ynpyroe. [IpaBunbho: ¢dopmysmpoBka He crpora. OHa
CKa3aHa Ha Teop(U3UIECKOM CJIEHTe, KOTOPbIl K OKOHYaHHIO yHHU-
BepcuTeTa (pusUK-TeopeTUK nonumaer. Crapsiuil 3aga4dy npeamno-
JIaTaet, 4YTO Ha HU3Jy4YeHHe MIADHK TEPSIeT MAJNyl0 HacTb CBOeMH
sHepruu. [loatoMy B mepBOM, WM, HABEpHOe, JIy4yllle CKa3aTh, B
HYJIEBOM NIPUOJIIKEHHH OTPaXKEHHUE YIIPYTo, a HAJI0, YTOYHUB peliie-
HHMe, HaliTH, KaKyl0 4acTb CBOEH SHEpPTUH IIAPUK BCE-TAKU TepsieT.
Beap 5iCHO: CTOJIKHYBIIUCDH C TeJIOM, B KOTOPOM MOTYT PaclpocTpa-
HSITBCSI 3ByKOBbI€ BOJIHBI, IIADUK HECOMHEHHO MX BO30YIHT.

51 BMecre co cBouM KoJueroii (06a TOIBKO OKOHYMIM YHUBEPCH-
TET) MONbITAJUCh 3334y PEIIMTh, HO He pelMad. XOTS B OOIIUX
YyepraxX 3HaJIHU, Kak ee pematb. M1.M.JIucdumi B Te roabt 3aHuMasncs
KJIacCOM 3a/1ay, /ISl PElIEHUsI KOTOPBIX HA/I0 ObLIO 3HATH PEAKIHIO
YIIPYIoro Tejia Ha GECKOHEYHO KOPOTKHil, HO GECKOHEYHO CHJIbHBbIMH
yZAap — O TaKoi peaKklMH FOBOPSIT, YTO OHA ONHUCHIBaeTcs (hyHKUUeEH
I'puna. Kak uckarp ¢yskimio I'puHa ynpyroro nosynpocrpaHcTsa,
MbI 3HaM u3 pa6or VI.M.JIudpumuua, a crenoBaresbHO, HE JOKHO
6bLJI0 GBITh IPUHIIUITUAIBHBIX TPYAHOCTEN (M He GBLIO AEHCTBUTE b~
HoO!) MpH pemeHuy TOCTaBAEHHOM 3a1aun. Y Bce e OHa He 6bLia
penreHa. 3ajaya OKa3ajlachb CJOXHOH. /leJo B TOM, 4TO B yIpyrom
TeJie MOXeT PacIpPOCTPAHATHCSI HECKOJIbKO THUIIOB 3BYKOBBIX BOJIH:
npooJbHbie (BOJIHBI CXKATUS ¥ Pa3peXkenus), nonepeynbie (BOIHbI
CBUra) ¥ MOBEPXHOCTHbIE BOJIHBI, KOTOPbIE GeryT no rpanuue (ux
aMILIUTY/Aa SKCIIOHEHIIMAJIbHO 3aTyXaeT ¢ yAaJleHHeM OT MOBEPXHO-
cti). I10 eme He Bce. CymECTBYIOT M KOMGUHMPOBAHHbBIE BOJIHBI.
OHH COCTOST YaCTUYHO U3 ITOBEPXHOCTHBIX BOJIH, a YaCTUYHO M3
00beMHBIX. Bee 3TH BOJIHBI BO36Y KJAIOTCS, KOIZA YTO-TO yAAPSIET 10
MIOBEPXHOCTH TeJla. 3apaHee Hesb3sl CKa3aTh, BOJHBI KaKOrO THIIA
YHOCSIT 6OJIblile S3HEPrud. 3HAHHE METOJa pellleHUs ObIIO, KOHEYHO,
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Heo6X0uMO, HO HemoctaTouHo. OTBET Ha MOCTaBJIEHHbIH BOMPOC
MOTJIO IaTh TOJbKO peiieHue. A OHO He GbLIO MOJyYeHO.

Hepemennast 3amaua MHolo Bpojge Oblia 3abbiTa: NOSIBHJIUCH
Jpyrue 3a/laui, COBCEM B JApyroil 06/1acTH TeopeTHuecKoil (pusuky.
Ho okasamnoch, 4to 3agaua o 1apuke He coBceM 3albITa...

Teoperuku xadenpsi pusuku HU3KUX TemnepaTyp MI'Y fomKHbI
u3y4arb Teopuio ynpyrocru. Jymasi o ToM, Kakylo 3aady B3STb JJIs
KypcoBoit paGoTsl 10 Teopuu ynpyroct# Mapuse Jlurtunckoit (o
CeKpeTy: OHa — MOsl BHy4Ka), sl BCIOMHMJ HEPELIeHHYIO 3a/aqy M
nocoBeToBaJl MapuHe pemuTh 3a7a4y 6osiee 4YeM COpOKaJleTHei
nasHocti. Bouio ato B 1992 rogy. Eme onna (ceMeitHas) meras.
Matp Mapunbl, Most goub VinHa KaranoBa — HayuHbIN COTpyAHHK
Hucruryra dusuky BbICOKMX AaBjeHni Pocculickoil akageMun Hayk
— CHElMaJMCT TO TeOpud ynpyrocrtu. EcTectBeHHO, peleHueM
3aJauy O MaJeHUU HMIapUKa Ha MOBEPXHOCTDb TBEpAOro Teja MapuHa
u MHHa 3aHsAIHCh BMecTe.

Koneuno, co BceMH TPYAHOCTSIMM, O KOTOPBIX 5 TOBODHJI, OHHU
CTOJIKHYJIMCh HeMezteHHO. Ho, Hafo oraarb UM [OJKHOE, CpaBHU-
TEJbHO JIETKO MX Npeoosiefd. XBaTUIO TEPIEHUs, YCHIYUBOCTH,
aKKypaTHOCTU — HeO6XOJMMbIX KaueCTB [IPU peliieHuH Jr060ii JoCTa-
TOYHO CJIOXKHOHM 3azauy. Boslee cepbe3HBIMU OKa3aaHCh OCJIOXKHe-
HMS, CBsI3aHHble He C TPOMO3AKOCTbIO 3azaud. HyxHo Koe-uto
pa3bsICHUTb, HUCHOJb3YsS MO HeO6X0aUMOCTH MpodecCHOHaTbHbIE
tTepMuHbl. Pelnats 3amauy yao6Ho MetogoM Dypbe. ITO 03Ha4yaer
BOCHOJIb30BaTbCA TeM, YTO JII0OYI0 QYHKIIUIO BpEMEHH MOXHO Pa3Jio-
JKUTb Ha CYMMY FrapMOHMYeCKUX (PYHKIMH — Ha CyMMy KoJie6aHu# C
onpejeleHHbIMUA 4YacTOTaMU. Toraa ynpomnaercs MaTeMarudeckKast
cropoHa 3azauu. Ho, k coxameHuio, ycjoxHsercs: ¢puspyeckas.
Kouse6anue c onpezereHHOM 4aCTOTOM CTAllMOHAPHO, T.€. OHO OMUChI-
BaeT TaKoe JBH)XXeHHe, KOTOPOe He TOJIbKO eCThb, HO U BCerAa ObliIo U
Bcerga Oyzer. Tojbko cyMMa KosieGaHUH omuchiBaeT NpaBHJIbHOE
TIOBeJieHNe BO BPeMeHHU: KoJieGaHUe B KaKOH-TO TOYKe Tesla HauHHa-
€eTcsl B oNlpe/ieJIeHHbI MOMEHT BpeMeHHU, KOT/ia BOJIHa IOUAET [0 3TO’
Touku. /[0 TOro Kak B JaHHYIO TOYKY Joi/eT caMasi 6bICTpasi U3 BOJIH,
B 3TOH TOYKe HU4Yero He KoJse6iercs. IlokasaTh, 4TO MoOJyueHHOe
pellleHHe YAOBJIETBOPSIET ITOMY CBOMCTBY, OKa3aJOCh BECbMa CJIOXK-
HBIM [€JIOM, OTPe6OBaIO NMPEKPACHOTO BJIAJieHUsI MaTeMaTH4eCKUM
anmapaTroM, MHOTOMY Hay4WJO aBTODOB.

HWrak, nocrpoeHa ¢yHkuusa I'puna. Tenepp Hafo NOHATH, Kak
HPOUCXOAUT OTPaXkeHUe MAJAIOIIEro Ha MOBEPXHOCTD TeJia IapuKa.
B yactHocTH, KaK Je(pOPMHUPYIOTCS TOBEPXHOCTH CONPHKACAIOLINXCS
ten. Takyiwo 3amady (ecrecTBeHHO, 6e3 yueTa BO36GyKAEHHOTO 3BYKa
— HyseBoe npu6auxenue!) pewmn Tenpux Tepi eme B 1882 roxy
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(BOT KaKyl0 JAPEBHIO HCTOPHIO MMeeT 5Ta 3ajaya). [{Js pemeHds
HHTepecyIolleil Hac 3aa4y Halo ObLIO 3HAaTh, KaKasl CHJIa AefCTBYeT
B KaXK/Iblii MOMEHT BpEMEHHU B NPOLIECCE CTOJKHOBEHHS — IIOKa TeJsa
conpukacaorcsi. [l 3anaqu ['epua BbipaxkeHue 15l CUJIBI — IIPOMe-
KyTo4HbIH pe3yabTar. OH umeercsa. W s 3amauu 0 Bo36ykaeHUN
3ByKa BbIpa)X€HHe [JIS CHUJIbI — TOXKE IPOMEXXYTOYHBIH Pe3yJIbTaT.
3Hasi CHJIy, MOXHO BOCIIOJIb30BaThCsi MeTooM Dypbe, U T.1.
3anaya 6bLIa IMOJHOCTBIO PELleHa.

Kak Bcsikas cozmepikaTesbHasi 3aja4a, 3a/aya O LIapHKe CTaja
paspacTaTbCsl, COCTaBHJIa MaTepual He TOJbKO KypCOBOH, HO H
JIMILIOMHOM pa6oThbl (BHICOKO OLIEHEHHOM KOMHCCHEN ); B ZIByX CTaTb-
sX B eBpolnelickoM xypHase «Physics Letters» ymectuioch Tobko
KpaTKoe U3JIOKeHHe pe3yJIbTaTOB.

Koraa samaya Oblia penieHa, s o4eHb o6pajgoBaics. Byarto
BBINOJHUI A0JT. IlycTh He 51 peuni 3amauy. Ho, HaBepHoe, st Mory
CYHMTaTh, YTO B pellleHHH eCcTb U Mos 3aciyra. O6pagoBaBUIMCD, S,
€CTECTBEHHO, pa3HbIM oM (KoJLIeraM, KOHEYHO) paccKasbiBall,
KaKyl0 MHTEPECHYIO 3ajlauyy pEIlMJHd MOHU /04b M BHyuka (kak He
noxsactarb?!). OTHomeHue 6b110 pasHoe. HekoTopble CKeNTUYECKH
crnpamuBanu: «Heyxenu sta 3a1aua He 6bL1a pelieHa paHbine?» Te,
KTO IIPE/CTaBJISI, KAaKUe TPYAHOCTH GbLIN MTPEOI0IEHDI, TI03/[PaBJIsi-
. K pagocts aBTOpOB, GBIJIO BBICKA3aHO HAMEPEHHE BKJIIOYHMTDH MX
pe3yJbTaT B yueOHHK Teopuu ynpyroctu. CoBceM HEOXXKHIAaHHas
peaxiusi 6p11a y A.JO.I'poc6epra. OH aymas Haj moxosxei 3aaveit,
<IIOJTy4HJsI» ee OT Toro ke Miubm MuxaiisoBuda, XoTs 3aHUMAJICS
COBCeM /Ipyro# 061acTbi0 (PU3NKH.

Emy - cioBo.

CTepXXHU-NPYXUHKWY, NOIUMEPbl N METEOPUTbI'

Uro obuiero Mexxay yJapoM METEOPUTa O TOBEPX-
HOCTb MJIaHETbI, CTOJIKHOBEHHEM GUJIbSIDHBIX HIAPOB U KOMITbIOTED-
HbIM pacyeToOM JBHXKEHHS JJMHHOH NOJMMEPHON MOJIEKYJIbI BPOJe
JAHK? Huuero. Iloutu HMuero.

Ho Bor rogy B 1978 Ha TeopeTtnyeckoM cemunape Ha ¢usdake
MTI'Y o6cysxaascst Takoit BOIPOC: KaK MPEACTABUTDb ce6e JBHXKEHHUE
JUIMHHOM MOJIMMepHOH Henu? [[BH)KeHHE 3TO OY€eHb CJIOKHOE, TIOTO-
MY YTO Lie[THasi MOJIEKyJIa IOJIUMepa, M0J00HAsT MUKPOCKOITUYECKON
BEPEBKE UJIM 4YepBsKYy, MOABEpP)KeHa XAaOTHYECKMM yJapaM ApYrux
OKDYXAIOIMX MOJIeKYyJ, H 32 CYeT 3THX YAApOB OHA XUTPOYMHO
M3BUBAeTCA U 3amyTbhiBaeTcss. HUKTO B Ty OpY TOJIKOM He mpe/cTaB-
JISLI cebe, KaK 5TO NPOMCXOJHT, U, YTO ellie Xy>Ke, He ObLIO BUIHO

! Sra yactb craTthu Hamucana A.JO.Tpoc6eproM.



Pa3yMHOrO0 HOJAX0/a, YTOObI IOACTYMUTHCS K 3TOH 3aaye. XOTENIOCh
6b1 yBUIETb 3TO ABWXeHue. HarnsigHas kapTuHa Morja Gbl IIOMOYb
¢usnyeckod untyunuu. Ho Momekyssl, gaxe caMble 6OJblIHe,
CJIMUIKOM MaJibl, U YBU/AETb UX Hesb3si. A KOCBEHHbIE SKCIIEPUMEH-
TaJIbHble METO/bI PETHCTPALIMY ABUKEHHSI TIOJTMMEPHDIX Liereii CJI0X-
Hbl ¥ O4YeHb He HarysiAHbl. Uto mesaTh?

IIpuMepHO B TO ke BpeMsi pa3BUTHE BbIYHUCJMTEIbHOH TeXHUKH
C/leJIajio OCYIIeCTBUMOU aMGUIIMO3HYIO HAel0, Ha3bIBaeMyIO Telepb
«METOJ; MOJIeKyJisipHO# auHamuku». CyTb HIeH O4YeHb IIPOCTA.
MouJieky.ibl BellieCTBa B CBOUX JBH)KEHHUSIX , HCCOMHEHHO, TO{YUHSIIOT-
Cs 3aKOHAM CaMOi OOBIYHOM «IIIKOJIbHON» KJACCHYeCKOH MeXaHWKH
— 3akoHaM HbiotoHa. Heub3s su mpocro «B J106» pemiatbh [Jist
MOJIEKYJI HbIOTOHOBCKME YpaBHeHUsi [BUXXeHusi? B koHie KOHIOB,
Be/lb HUKTO He yausJsiercs (B Halle BPeMsi; PaHbIIE eIle KaK yIuB-
JISUIMCh! ) BO3MOYKHOCTH PACCYMTATD [BUKEHHUE TLJIAHET HJIH, CKaXKeM,
HCKYCCTBEHHOHM MeXILIaHeTHOU craHuuy, Jetsmeii k IOnurepy.

A MoJiekyJibl 4yeM Xy>ke? MosekyJibl, IpaBia, B3aUMOJEHCTBYIOT
He IIOCPEACTBOM TSITOTEHUs, a MHAye, HO 3TO He BHOCHUT OOJIbLIMX
sarpyaHenuii. [Ipo6iieMa c MosiekyjaMH B TOM, YTO UX Ge3yMHO
MHoro. Ho ecsiu B3aTh MasieHbKMIi KyCOK BeLIECTBa, CKakeM MoJie-
kyJ 30, ¥ OoYeHb MOINHBIA KOMIBIOTEP, TO... MOXHO IONPOOOBATH.

OrtBriekasich, ckaxem, 4to ceituac (B 1994 roxy) MonekyaspHo-
JUHAMH4YeCcKUe pacyeTsl — OIHU U3 CaMbIX TpeGOBaTeIbHBIX NOTPe6H-
TeJiell peKOpAHBIX cynepkoMibioTepoB. KosimyecTBo yacTui B o6beMe
MO/ie/TUpYyeMOii sT4eiiKy JOBEJEHO 1O MHOTHX COTEH. .. M BCE Xe caMble
HHTepecHble Belly eilie HegocTynubl. (Bcerma kaxercs, 4to camoe-
camoe HezocTymHo.) Ho 210 ceifuac. A Torza, modtH ABALATH JIET
TOMY Ha3al, H/est MOJIEKYJISIPHOI AUHAMUKH Obljla BHOBE, a YX 3aTest
IDUMEHUTb MOJIEKYJISIPHYIO JMHAMMKY K HMOJMMEPHOM LEeNOYKe — U
MOJABHO.

HoBu3Ha y4acTHHKOB TOif AUCKYCCHM He OTIyrHBaja, a NMpHUBJe-
Kaja. IaBHbIM felicTBylommM JjunoM Obl1 Miabs MuxaiioBny
JInpunn. IToMuMo cBoMX HAy4HBIH 3acCAyr W MHOTOYHMCJIEHHBIX
3Banuii, Vbt MuxaitsloBu4 NpOM3BOIU/T HEU3TJIAAUMOE BlieyatJie-
HHe, [a)Ke Ha Jo/eil He IOHMMABIIUX CYTH /iejla, CBOUM HEHCCSKa-
eMbIM IOHOUIECKUM OSHTY3Ma3MOM KO BCEMY COJAEPXKATeJbHOMY H
HoBoMy. Uzest caenath JBH)KeHMe IOJMMEPHOHN LEMOYKH BUAUMBIM
Ha sKpaHe KommbioTepa Vibe MuxaiinoBudy noHpaBmjiach, U OH
3aropesica. UTO 3HAYUT «3aropesicsi»? IJTO He 3HAYUT — CTaJ
pasJaBaTh IOPyYEHHs] U YKA3aHHUs, 3TO 3HAUMT — CTaJ caM AyMarb
HaJ po6.ieMoii no cymtectBy. Wl cpasy ciesasicst caMbIM XKeJIaHHBIM
cobeceHUKOM JIJIs CIIELUAIHCTOB, H60 HEME/IeHHO Halllesi Ty CaMyIo
TOYKY, I/J€ y CIELHATHCTOB IOHUMaHUS He ObLIO, a ObliH pa3Hble
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MHEeHUs U pasHoriacusi. Ho Hayka — He OIMTHKA; B HayKe €CJIH €CTh

JBa PasHbIX MHEHHsS, TO OJHO M3 HMX HempaBuibHO. Miu o6a

HenpaBuJIbHbL. Vlau (camoe uHTEpecHOe) 06a MOTYT GbITh IIPaBUJIb-
HbI, HO B Pa3HbIX ClydasXx.

Bompoc, Bbi3biBaBUIMH pa3-

HOTJIacHsl, 3aKJII0YaJICs B CJIeAY-

romeM. Ha pucynke uso6paxe-

Ha HOpocTeiliiass MOJeNb HOJH-

MepHOit MoJteKyJIbI-Lienouky. Uro

3/leCb M306PaXKAIOT YEPTOYKH — KEeCTKHe CTePKEeHbKM WJIH yNpYyTHue

npykuHku? Kakast Moiesb, cTepKeHbKOBas MJIM NPY>KUHHas, Npa-
BUJIbHEE, MPOIIE U Jyyllie?

B crepxeHbKOBOW MOJeNH, €CAM OJHO 3BEHO 3aKPENHuTb, TO
coceJiHee CMOYET JIBUTaThcsl TOJIbKO 10 cepe paguycom [, rae | —
JAnuHa crepxenbKa. [loaToMy moJsioxkeHue KaXJOTro 3BeHa 3aJaeTcs
He TpeMsi KOOpAUHATAaMU X, Y, Z, @ TOJbKO JByMs yrjaMu Harpas-
nenusi cesisu. CoOTBETCTBEHHO, y Lemu U3 N 3BeHbeB CTemeHei
cBoGoabl nosyyaerca He 3N, a 2N + 1 (nopymaiite, noyemy +1).
3HauuT, MOXHO B3ATb GoJbliee N IpPU TeX e BO3MOXKHOCTSX
KOMIIbIOTEpa.

C apyroit CTOpOHBI, B NPYXUHHOH MOJ€/NN CKOPOCTH 3BE€HbEB
HE3aBUCHUMBI JPYT OT [pYyra, a B CTEP)KEHbKOBOH OHM OrpaHUYEHbI
JKECTKOCTBIO CTep)KeHbKOB. OTHOCUTE/IbHAsl CKOPOCTD ABYX COCEIHUX
3BeHbeB (T.e. BEKTOpHAs PasHOCTb MX CKOPOCTe#l) AO/KHA ObITh
nepreHuKyJISIpHa COeAUHSIIONEMY UX cTepskeHbKy. Takoe orpanu-
YeHHE MMPHBOAUT K OYEHb CJOXXHOMY M BbIYyDHOMY Xapakrepy
JVHAMUKHU.

V3y4eHue cTep>KeHbKOBOI MOZIe/IN 0Ka3a/10Ch HeOObIYaHO UHTe-
PECHBIM C TEOPETHUYECKO#l TOYKM 3peHusi, MOoTpe60BaB KpacuBOH
MaTeMaTUKU. BbISCHUIOCH, YTO JBWKEHHE LieNMH U3 JKECTKHX CTep-
JKEHbKOB HY’KHO HPEACTaBJ/ISATh cebe KaK JBUXKEHUE TOUYKHU B MHOTO-
MEPHOM NPOCTPAHCTBE C HEEBKJIMIOBOM HCKPHBJIEHHO!H reoMeTpUen.
IT0 CTan0 HAaNOMHUHATH OGILIYI0 TEOPUIO OTHOCUTEJbHOCTH. A Bce
Teopetuku TpenerHo Jo6saT OTO.

B yBieueHun MateMaTuyeckuMu kpacotamu u asastorusivu ¢ OTO
BCErJa €cTb OMACHOCTb — 3a0bITh UCXOJAHYIO 3a/iady; TaK, HMYTHHUK
MOXET yBJI€UbCSI C60POM TPUGOB U ATOA B NPHAOPOKHOM JleCy H
3a6bIThb O Lesu myremecTsusi. [loatoMy — 6/mke K Jiesy: Kakas xe
MO/IeJb, CTEP’KEHbKOBAs WM MPY>KUHHASA, 60JIblle U JIyYllie COOTBeT-
crByeT peasbHocTH? Kak HU CTpaHHO, TPY/JHO CKa3aTb.

IIpo6iemMa B TOM, 4TO KaX/ioe 3BEHO peaJbHOrO MOJHUMeEpa,
0COGEHHO GHOJIOTHYECKOTO, 3TO CJI0KHOE XMMHYECKOe COOpyKeHHe
U3 JIeCATKOB aTOMOB. BeccMbIC/IeHHO 3arpyKaTth U 6€3 TOro orpaHu-
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YeHHbIE BO3MOXXHOCTH KOMIIbIOTEpA MEJIKUMHU OTHOCUTEJIbHBIMU /[BU-
KEHMSIMU ¥ KOJTe6aHNSIMH 3TUX aTOMOB, TeM 6oJiee YTO 3TH ABVDKEHHUS
NOAYMHSIOTCA KBaHTOBON MeXaHuKe. AHAJJOTMYHO, KOT/1a Bbl 3aBA3bI-
BaeTe OGOTHHOYHBIN IMHYPOK, TO NPOCTO 3aCOBBIBa€Te KOHYMK B
neTeJbKy, a He AyMaeTe 06 atomax. [Ipn MoaesnpoBaHuy GOJIBIINX
HOJIMMEPHBIX MOJIEKYJI TOXe MOJIe3HO AyMaTh He 06 aTOMax, a 0 yeM-
TO BpOAEe <«KOHYUKOB» M «IIETEJIEK». HOE)TOMy 3BE€HbA-IIAaPDUKHU B
Hallell MpoCToil MoJeu moJuMepHOM nenu (CM. PUCYHOK) — He
aTOMBI, a CKOpee YHCTO MCKYCCTBEHHbIE BOOGPaXKaeMble YaCTHIIBI,
cIy>Kanme Kaxk Gbl IpeJCTaBUTEISIMU CPa3y HECKOAbKUX (/M MHO-
rux) atoMoB. KBasuuacTuupl, eci Bbl 3HaeTe aTo cjoBo. Tak uto
c/ieJiaTb MPaBUJIbHYIO MO/IEJIb CBSI3U HEMPOCTO.

CroBoM, 6bL1 opraHu3oBaH cemuHap. [Ipuriacuiu cneuuasuc-
toB. CHavasa BBICTYIIHJI CTOPOHHUK CTEP>KE€HbKOBO#l Mojean —
¢usux u3 Xapokona. [1oToM faH CI0BO MPEACTABUTENIO «TIPYKUH-
HOI» TOYKM 3peHUSI — «BBIYHCJIUTEJbHOMY MaTeMaTHKy» u3 Ilymm-
HO. B uToOre crajo sicHo, YTO BONPOC ynUpaeTcsi B MPOTHBOpPEYHeE:
€CJIM JKEeCTKOCTh MPY>KMHKU R KaK yroiHO BeJMKa, HO KOHEYHa, TO,
COIJIaCHO TeOpeMe O PaBHOPACIpe/IeJieHHH 3HEPruy, B TETJIOBOM
paBHOBecuM ee KosieGaHUsi HECYT B cpenHeM suepruio kgl , rae kg
— nocrosinHas bosnbumana, T — a6cosiotHast Temneparypa. U ato He
3aBHCHUT OT KOHKPETHOTO 3HAYEHUsT BEJTMYMHBI XKecTKocTH k. Ecuu ke
MPY>KAHKA «OXKECTOYAETCS» IO CTEPIKEHDKA, T.€. BeJIMUYnHA Rk CTaHO-
BUTCSI GECKOHEYHOM, TO 3HEPTHs KOJIe6aHMii BAPYT UCYe3aeT: JIUHBI
CTep>KeHbKOB HEM3MEHHBI, KosiebaHuii HeT, aHepruu Het. Wiu, ecim
UATH B PYTYIO CTOPOHY, OT CTEP>KEHbKOB K MPY>XUHKaM, U COBCEM
4yTh-YyTh «Pa3MSIYUTb» CTEPXKEHBKH, T.€. B3SITb OYEHb MAJIEHBKOE,
HO Bce >Xe He COBCeM HyJieBoe 3HadeHue 151 1,/ k, To reomeTpuyecku
TOYTH HUYEro HE U3MEHUTCS, a SHEPTETUIECKH CUTYALMsI N3MEHUTCS
a6COJIIOTHO paJuKanbHO. (DU3UYECKH 3TO CTPAHHO U HeJIero.

Hago ckasarp, Uiape MuxaiioBudy He MOHamo6uI0Ch MHOTO
BpeMeHH, 4T0ObI 06bsICHUTD npotuBopeure. HyXHO o6paTHTh npH-
CTaJIbHOE BHUMaHHe Ha 6e300M/Hble CJI0Ba «B TEIJIOBOM PaBHOBe-
cuu» B (HOPMYJIMPOBKE TEOPEMBI O paBHOpacmpejejennn. B caMom
Jlesie, B PaBHOBECHM Ha KaXAYIO CTeNeHb CBOOOABI B CpeAHEM
npuxoantcs sHeprus 1/2k; T . HanpuMep, eciim peusb MWAET O KOJe-
6aHMsIX, TO yAApbl APYTHX aTOMOB M MOJIEKYJ MOTYT Kak Iiepeja-
BaTh 3HEPruio, Bo36yXxaas KojeOGaHWs, TaK U 3a6HpaTh 3HEPTHIO,
4T0 BefeT k uacTudHoMy saryxanmio. (IIpenctaBbre cebe, ckaxeM,

2 KpanuduuupopaHubiil pU3UK CKaXKeT, YTO MPOTHBODEUUE YCTPAHSET-
Cs1 KBAHTOBOW MeXaHUKOH. ITO TaK [/ peajbHbIX (PUBUYECKUX CTePIKEHb-
KOB 4 NpyXuHOK. Ho peyb HM/IET HE O HUX, a O MOJENH, KOTOpasi «XXHBET»
TOJIbKO BHYTPH KOMIIbIOTEPa U HHYETrO O KBAaHTOBOIl MEXAHHKE «HE 3HAET».
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MasITHUKH IOAyMaiiTe — KaK peaju3yloTcs o6e Ha3BaHHbIe BO3MOX-
Hoctu.) Ecim ammimTyzna xosiebGaHuit Mana, To IpH yAape Hau6o-
Jilee BepOSITHO TOJy4yutb 3Hepruio. Ecim, Hao6opor, aMmiiuTyaa
BeJIKa, TO HauboJiee BEPOSITHO 3HEPTHI0 OTAaTh. B urore ammim-
TyAa KoJie6aHWil yCTaHaBJIMBAeTCs TaKOH, YTOObI B CPEJAHEM OTHAa-
BaTh U TOJyYaTb OJUHAKOBOE KOJIMYECTBO 3HEPTHMH. JTa aMILIUTY-
Ja ¥ OTBeyYaeT TEILIOBOM sHepruu Kosebanuii, paBuoit kgT .

ITpeactaBuM cebe Telepb, YTO NPYXKHUHKA odyeHb xecTkas. Ilpu
O/IHOM yJape Iiepe/iaya S3HEPTUHM — B OJIHY CTOPOHY WJIA B IPYTyIO —
6ynet MasnenbKoii. CooTBeTCTBEHHO, 06MeH SHeprHel Mexay KoJeba-
HMEM M OCTA/IbHBIM TEILIOBBIM pe3epByapoM OyJeT odeHb MeJlJIeH-
HbiM. Ha ycraHOB/IeHUe TENIOBOTO paBHOBeCHs IOTpebyeTcs OYeHb
MHOTO BpeMeHH. BOT Kak paspelnaeTcsl IpOoTHBOpeYHe: ecau Koad-
(unuent k oyenp GOJIBLIIONH, TO PYXXWUHHAsT MOJEJb B CaMOM JeJie
O4YeHb TOX0XKAa Ha CTEPXKEHbKOBYIO, TaK KaK Mbl MOXKeM M He
JOXIATbCSl YCTAHOBJIEHUS TEILJIOBOTO PaBHOBECHS.

3T0 IpOCTOE 3aMeYaHue, C TOYKY 3peHHs] IPaKTUIeCKOH MOJIEKY-
JIAPHOM WHAMUWKH, pa3pelnyio Bonpoc. [leso B TOM, YTO METOAOM
MOJIEKYJIIPHON JUHAMHKN MOKHO aHaJIM3MPOBATh JBHXKEHUE MOJe-
KyJI TOJIbKO Ha OYeHb OTPaHUYEHHOM OTpe3Ke BpeMeHH, 1 CBA3aHO 3TO
He TOJIBKO C OrPaHUYeHHOCTBIO BO3MOKHOCTE!! JII060T0 KOMIIbIOTEpa,
HO ¥ C TIPMHIMIHAJIBHON O0COGEHHOCTbIO AMHAMHMKM — Heu36eKHble
oun6kyu (HaTpuMep, OKPYTJIEHHE YHCET B KOMIIBIOTEPE) He KOMIIEH-
CUpYIOT JpYT Apyra, a HaKallAMBaoTCS. MOIIHOCTH KOMIbBIOTEPOB
Bospocu B 10° pas, a JOCTynHOe BpeMsl — Bcero B 5 pa3. Iloatomy
peasibHO B X0O/Ie «MAIIHHHOTO 3KCIIEPUMEHTay XKeCTKHe NIPYKUHKU He
yCIeBalOT PaCKayaTbCsl U BeAYT ce6sl HEOTIMYUMO OT CTEPXEHbKOB.
CoBpeMeHHbIe IPOTPaMMBbI HCIIOIb3YIOT U CTEPXKEHbKH, U IPYKUHKH
— B pa3HbIX COYETAHMAX, B 3aBHCHMOCTH OT LieJI HCCJENOBAHUS.

MHe e X04eTcs1 BepHYTbCS HEHAIONro K 3allOMHUBLIEMYCS MHE
ceMuHapy. B kakoii-To MOMeHT peub 3a1L1a 0 Bo36yxKaeHHH Koseba-
HUIi IpH yAape xecTKuX Tes. «/laBaiite, — ckasan Wb Muxaiiio-
BUY, — PAacCMOTPUM NPOCTEHIIYIO 3a[a4y TaKOTO poja: CTOJKHOBe-
HHe JBYX YIPYTHX IIapoOB».

Bomnpoc, koraa oH po3ByyaJl, TOKa3aJjcs MHe Yapylollle HHTepec-
HbIM ¥ KpacWBBIM: /IBa Ilapa CTOJKHYJIHCb W pa3jeTe]HCh, HO
KasKablit BO3GYIMII ¥ OCTaBUJI B APYTOM YIpYTrHe KoJie6aHus; CKOJIb-
KO HEepPTuM YHOCHUT 3TOT 3BYK?

Ilpuns nomo#, s HOCMOTpes, YTO CcOOOIiaeT MO 3TOMY IIOBO-
oy «bubnuss teopermyeckoit ¢usuku — kypc JI.[.Jlanmay wu
E.M.JIu¢pmuna. B tome 7 («Teopus ynpyroctu») pasbupaercs
cosgannas I'.Tepuem B 1882 roay teopust yaapa. Teopus Iepua
OYeHb KPacHBasi U B CBOEH OCHOBe J0BOJIbHO mpocTass. OHa Mo3BO-

108



JIIE€T BBIYUCJIMTD BPEMsSI COyJAapeHusi, T.€. BPEMs, B TE4EHUE KOTOPO-
TO CTOJIKHYBIIMECS IIapbl OCTAIOTCSI B KOHTaKTe [0 pasjiera, HO O
3BYKE — <«HM 3ByKa». 3arJisiHyB BIOCJEACTBUU B HECKOJIbKO APYTHX
KHUT, s He HallleJ YNOMHHAHUE O BO3OYXIEHUM 3ByKa HMUIe.
Huxkak He MOr HOHSITH, TOYEMY TaK: HEY>KeJIM HUKOMY 3a CTO JIET He
IPUXOIUJ B TOJIOBY TaKoOi ecrecTBeHHbIH Bompoc? M.M.J/Iudumig
3HaJT 06 3To¥ 3agade u panpine. Ho pelnenue ee u3BeCTHO He ObLIO.

Kcraru, nmeitasicb HaliTH YTO-TO O BO30Y KAEHUH 3BYKa YAApOM, S
PBLJICS] B KHUTaX 110 TEXHUYECKOI MexaHuke. Moxer 6bITh, Ka3aJ10Ch
MHE, WHXXEHEpbl AyMaju, CKakeM, 00 yxape dYacreil OT6OHHOrO
Mmosiotka. Okasanoch, 6ojiee MJIOAOTBOPHBI ObLIM Obl MOMCKH B
JIMTEpaType 110 aCTPOHOMUMU: JIIOAM WHTEPECOBAINCH BO3OYKAEHUEM
yIpyrux BoJH (KOTOpbIE B 3TOM CJiy4ae Ha3bIBAIOTCH CEHCMUYECKHU-
MH) TIPU yAape METEOpHTA O IIaHeTy. [LJist MeHs 3TO — ypok: Gpu3ux
JOJKEH MBICJUTh HIHPOKO.

IIpaBaa, MeTEOPHUT OT MJIAHETBI HE OTCKAKUBAET, T.€. 3TOT yAap
cosceM He ynpyruii. Ckopee, 3T0 moxosxe Ha npuiunanue. Ho Bce xe.

Koraa craso sicHO, 4TO OTBET Ha BONPOC O BO30YXXAEHUM 3BYKa B
JIUTEpPAType He HalTH, s MOMbITAJCS CaM Ka4eCTBEHHO OLEHUTb
3HEPruUI0 3BYKOBBIX BOJIH. U Ty OIIEHKY, YTO y MeHS NOJIy4MJIach, 51
Ja)ke BKJIOYUI B CBOIO cTaThio misa «Ksanta». (Peus uzer o crathe
«IloBecTb 0 TOM, KaK CTOJIKHYJIMCh /1Ba 1Iapa, WM UTo Takoe MaJblii
napamerp» — npur. ped.) Ho «KBaHT» — 04eHb XOPOLIUA JKypHAII:
XOTSI OTBET U3BECTEH HE GbLJ, B PEAAKIUUN OOHAPYKHJHU OLIMOKY B
MOMX DacCyX/EHHSX ¥ BbIGPOCHJIM OLUEHKY u3 ctathu (3a 4TO 1,
KOHEYHO, O4Y€Hb 6JIarofiapeH: 4To CAesiasi OUIMOKY — CTBIIHO, HO GbLIO
6b1 GECKOHEYHO XysKe, ec/iu Gbl oHa Gblia omy6iukoBaHal).

Wrtak, Mos Jin4Hasi UCTOPHS C HIAapUKOM Hadastach B 1978 roay.
MHe moc4acT/IMBUJIOCH 3a 3TH TOAbI BCTPEYaThbCsl U TOBOPUTb CO
MHOTUMH XopoiuMu ¢pusukaMu. B 60/1b1IMHCTBE CiIyyaes pedb 1IL1a,
KOHEYHO, O COBCEM JAPYruX BellaX, HO U O UIapUKe JOBOJUJIOCDH
ynoMuHatb. Bee corsamanuce, 4To fa — 3aa4a KpacuBasi, HO HUKTO
HUYero He 3uaJl. Tak pouIo MHOro BpeMeHH 6e3 BCSKOro mporpec-
ca. Uepes 15 Jiet, B 1993 roay, Boiiia Most cTaThs B « KBaHTe» — 6e3
omu6ku, HO u 6e3 orBeta. U Hazo ke 6bITh TAaKOMY COBIAJICHUIO —
yepe3 CUMTAHHBIE MeCSIbl MOCJEe 3TOrO s Y3HAI0 M3 pasroBopa ¢
M.U.KaranoBbiM, uTO 3a1a4a — penieHa! Tosbko yto. Pesynbrars
K TOMy MOMEHTY elle JaXKe He yCIIeJIU TOSIBUTHCS B IEYaTH.

Heuyero u roBoputb, si OblJ 3aMHTEPECOBAHHBIM YHUTATEJEM H
«usydareseM» pa6or V.M.Karawosoii u M.JI.JIuTuHCKOH, XOTS
peliajgy OHU BCE )K€ He COBCEM Ty 33/1a4y: HE O CTOJIKHOBEHUH [BYX
OMHAKOBBIX LIApOB, a 00 yJape MaJeHbKOro IIapuka 06 OuYeHb
60.1b11I0M, T.€. PaKTHIECKH 06 YIPYroe MoAynpocTpaHcTBo (Kak He
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BCIIOMHHTb OMNSATh NPO METEOPUT W miaHery). Ho saro mus aroit

337124 JaHO KOPPEKTHOE KOJIMYECTBEHHOE pelienne. Pazo6paBiich

B HeM, Y/JaJ0Ch IPOaHAIM3UPOBaTh U UCXOAHYI0 ([J1s1 MeHs1) 3aiady

0 IBYX IIApUKaX — XOTb U KaYeCTBEHHO, HO BIIOJHE y6eIHTebHO.
O6 3TOM — HHUXKeE.

CKONbKO Xe 3Heprun yHocmT 3ByK? 3

OJHO W3 MHTEPECHDbIX 3aHSTUH (U3MKA-TEOPETHKA
TaKoe: KOrJa pellieHa 33/1a4a, M0JIe3HO Monpo6oBaTh MOHATb OTBET
U/WIA XOJ PpelleHHs] «Ha MajbllaX», B MNPOCTbIX (U3NYECKUX
TepMuHax. Kak roBopsiT TEOpeTHKU HA CBOEM MPOdecCHOHATbHOM
JKaproHe, <«BbIICHUTb (U3MKY 3afaud». Mbl pacckaxeM BaM, Kak
3TO JejiaeTcs B CJiyyae C
mwapukoM. HanomuumM, kKak
OHa 6bLTa pellleHa: CHavasa
Obljla «MOCTPOEHa» (PYyHK-
uusa [puna (omsaTb cJeHr:
KOHEYHO, HUKTO HUYEro He
CTPOUT, a BbIBOJUT HEO6X0-
nuMyo GopMyJiy), T.e. BbI-
SICHEHO, KaKue BOJIHBI C Ka-
KOl aMIIUTy 10U BO36Y K Aa-
I0TCSI B YHOPYIOM TeJjie IOJ
BO3/IeCTBUEM KOJIeOIIONIE-
\ rocsi ¢ IPOM3BOJIbHOI 4acTo-
3 TOH (® TOYEYHOrO UCTOUHU-
Ka Ha MOBEPXHOCTH TeJia.
JroMy mnocBsiieHa mnepBasi u3 AByx pabor V.M.KaraHoBoil u
M.JI.JTutusckoit. IToToM 6b1JI0 MCTIO/Ib30BAHO BbIPasKeHHE JJIsI CUJIbI,
paccuutannoe I'.TepueM. C ero noMolpio BbISICHHJIM, KaKOBa CHUJIa
BO3/IEUCTBUSI «TOYEYHOTO HCTOYHWKA» HA MPOU3BOJIbBHOM YacToTe.
Ocranacb MareMaTuKa: co6paTh (IIpOCyMMHpOBaTh) pPe3yJIbTaTbl
[EMCTBHSI ICTOYHUKOB CO BCEMU YaCTOTAMH, T.€. IPOUHTErPHPOBATDH
1O BceM yacTtoTaM. Ec/ii «TOYeyHbIH UCTOYHHK» Ha KaKOH-TO YyacToTe
OCOGEHHO aKTHWBEH, TO, BBIJEJUB €€, MOXXHO, HaBEpHOe, IOHSTH
npoucxogsiee 6e3 caoxubix pacyetos. OkasbiBaercsa (M 3T0 npes-
CTaBJISIETCS €CTECTBEHHDBIM ), BbIIE€JEHHBIH UCTOYHUK — 3TO UCTOYHUK
C 4YacToToii, 6JIM3KOii O6paTHOMY BpeMeHH, O6O3HAYMM ero T,
CTOJIKHOBEHUSI MEXX/y LIAPUKOM M IOJIy[IPOCTPAHCTBOM:
1

T

Wppin ~

! 3ra yacrb crarbu Hammcana B coastoperse ¢ A.JO.Tpoc6eprom.
110



Tenepb HaNOMHKXM OCHOBHOII pe3y bTaT Teopuu 'epia: BpeMsi CTONIK-
HOBEHHUA [BYyX IIApOB MOXXHO OLEHUTDb 10 (opMyJie

4/5
T~ Ro-554/5 =§(£)Vs =£(2)/ , )
s\v vls
rae R — paamyc mapa, v — ero ckopocTb /10 y/Japa, S — CKOPOCTb 3ByKa
B MaTepuae. IIoHATHO, 4TO Takoro ke HOPSIAKA U BpPeMsI COy JapeHHs
mapHKa ¢ 04eHb GoabuINM TesoM (¢ MOJIYIPOCTPAHCTBOM).

Mb1 HamepenHo mpeicTaBuan ¢opmyay Iepua (1) B Tpex mate-
MaTHYeCK! KBHBAJEHTHbIX BHAax. /leso B ToM, 4YTO 3Ta ¢opmy.a
CrpaBe/IuBa TOJIbKO IPH YCJIOBHH, YTO CKOPOCTb IIApHKa U 3HaYM-
TeJIbHO MeHblIlle CKOPOCTH 3ByKa s. IIpu aToM nosy4aetcsi, 4To BpemMs
coyAapeHus: ropa3fo 6osblle R/s, 4TO eCTb BpeMsl IIPOXOKIEHUS
3ByKa CKBO3b LIap, ¥ ropa3jo MeHblre R /v, T.e. BpEMEHH, 32 KOTOPOe
caM LIap NMPOXOJAUT IyThb MOPSIAKA €r0 COOCTBEHHOIO pa3Mepa.

Yro nmpoucxout 3a BpeMst T? CHayajia IIApUK «BAABJIMBAETCA»
C pa3roHa B MaTepHaJl yHPYToro Teja, a 3aTeM Pa3BUBILIHECS B TeJe
yNpyTHe CHJIbI OTOPACchIBAIOT MIApUK o6paTHO. MOXKHO cKa3aTh, 4TO
IIaPHK 3aCTaBJIsIeT YaCTHIBI TeJla B MECTe YAapa COBEPLINTD 32 BPEMSI
T NOJIOBHHY KOJie6GaTeIbHOTO IMKJIa. 3HAYUT, epHOA BO30YKIEH-
HOTO 3BYKa JJ0/I)KeH GbITb PUMepPHO 27T, ero yactota v ~ 1/(2t). 1o
1 eCTb BblJleJIEHHas1 YacTOTa, KOTOPYIO MOJKHO YBHJETb B HACTOSIIIEM
MaTeMaTH4YecKOM pelieHHH 3a1aun. COOTBETCTBYIOIMIAS JA/IMHA BOJIHBI

MPUMEPHO paBHA
1/5
x~st~R(i) . )
v

Yao6Ho mpuberHyTh K aHaJIOTMM C 3jeKkTpoguHamukoil. Ecin
uMeeTcs KoseGmomuiicss aunosb (Hanpumep, ABa 3apaga +q M —q
KOJIEGIIOTCS APYT OTHOCUTENBHO APYTa), TO, KaK HAMMCAHO B y4e6-
HHUKaX, MOI[HOCTb M3Jy4aeMOH 3JIeKTPOMarHMTHOH BOJIHBI NPONOP-
[HOHAJbHA YETBEPTON CTEMEHHM YacTOThbl U MO MOPSIAKY BEJHMYMHbBI
naetcst popMyJion esRS/ A, mme A — ATMHA M3ayYaeMoM BOJIHBI, S
— ee CKOpOCTb, R — pa3Mep M3Jyyaresst, € — €ro XapakTepHas
sHeprusi. VzydyeHne 3ByKa NOAYMHSIETCS TEM K€ BOJTHOBBIM 3aKOHO-
MepHOCTsIM. SIcHO, YTO B HameM ciay4ae s, R 1 A COXpaHSIOT CBOil
cMbica. UTo e Kacaetcsi €, TO B D/IEKTPOJMHAMHKE € ~ G- /R
(Ky/IOHOBCKAsi 9Heprus), a B HALIEM CJIy4ae € ~ My’ , Tie m — Macca
mapyka. Tak Kak Hall u3jIydaTesb paboTaeT BCero MoJNepUOAa, TO
OH yclieBaeT U3JIyYUTb SHEPTui0 A€ ~ (88R3/ 7»4)1: ~ aR3/ A? . Taknm
06pa3oM, 1pH yAape iapa 0 60JIbLIOE TeJIO B 3TO TEJIO YXOANUT B BU/IE
3ByKa SHEprus

Ae ~ e(R/AY ~ mo? (ofs)"° .
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JT0 U ecTb OCHOBHOI1 pe3yabraT M.M.Karanosoit 1 M.JI.JIutunc-
KOH.
Ecin pesyJjbrar nepemnucarb B Buze

£~ 23/5
€ S '

TO MOJKHO CKa3aTb, KaKylO YaCcTb CBOeil 9Hepruy IIapHK TepsieT Ha
B036y>K/leHHe 3ByKa. JTa OlleHKa OODBSICHSIET, TIOYeMY BCe pacCMOT-
peHue U Jaxke Bcs Teopust I'epiia cripaBeiJIMBbI TOJIBKO B TOM CJIy4ae,
€C/IM CKOPOCTb LIapyKa ¥ 3HAYNTeIbHO MeHblle CKOPOCTH 3ByKa §
(nanpumep, A5 cTamd s ~ 5000 M,/¢). VlHade npeanosioxxeHne o
TOM, 4TO HEYIPYroCTb OTPaXKeHHUs] Maja, OblIO 6bl OLIMOOYHDIM.

TouHblii pe3y/ibTaT BKJIIOYAET ellfe HECKOJIbKO HHTePEeCHbIX AeTa-
Jieii. Bo-nepBbiX, YnCIeHHbIH K03(pdUIMEHT, 3aBUCSIIMIA OT OTHOILIE-
HMS CKOPOCTeHl IIPOJOJIbHOTO M IONEpevyHOoro 3ByKa. Bo-BTopblX,
pacnpezieieHie dHePrMH Ag MeXXAy Pa3HbIMHM COPTaMH 3BYKOBBIX
BOJIH: KaK IIPaBUJIO, HaHOOJIbIIASK SHEPTHs yXOJAUT OT MeCTa CTOJIK-
HOBEHHsI B BU/IE BOJIH IOBEPXHOCTHBIX (II0X0Ke, 3TO HEGE3bIHTEPEC-
HO /ISl M3yYaIOUMX Y/aPhl NAJAI0NIMX METEOPHTOB...). Ho nsioMuH-
Ka pe3yJbTaTa — KPacHUBBIN CBOell HeOOLIYHOCTBIO IIOKa3areb 3,/ 3.

Iox xoHell BepHeMCs HEHAIOJITO K ABYM OAMHAKOBBIM LIApUKaM.
Tax kak Mbl paccMaTpuBaeM Me/JIeHHbIH yaap, IpH KOTOPOM ¥ < S,
10, cornacHo Qopmye (2), A > R: AnMHA BOJHbI MHOTO GOJIblie
pa3Mepa IIapHKa, U Takasi BOJIHA BHYTpb IIapHKa He OYEHb-TO U
«BJie3eT» . BoJiee TOUHO: BBIHY’X/alOIee JBIXKEHHE OTHOTO ILapa 110
OTHOLIEHMIO K IPYTOMY OuYeHb Me/lIeHHOe, TaK KaK BpeMs coy/Jape-
HHUS ropa3fo GoJjblie IepHoja COGCTBEHHBIX KoJiebaHMil Iiapa
(1> Rss). O6 310l cuTyalMy IPUHATO TOBOPUTH KakK 06 annabaru-
4YecKo#, M B TaKOM CJIydae

15
Ae = gexp|—a T - me? exp —[3(9) ,
Rs s

rae o ¥  — HEKOTOpble YMCJa NOPSIAKA efNHHUIbI. Takoil OTBer.

Mbl noHMMaeM, YTO Halll YUTaTeJb MOXKET He 3HaTh (POPMYJIy
MOIIHOCTH AMIIOTBHOTO U3JIy4YeHHs] WM KaK IPOMCXOAUT BO30OYXKe-
HMe B a/iuaGaTHYeCKUX YCJIOBUSAX. B npuHuune, u 310 MOXHO 6bLIO
6b1 onpo6oBath 00bSICHUTH 31eMeHTapHO. Ho Bo-niepBbIX, yKe He B
3TOi cTarbe. A BO-BTOPBIX, CTOMT JM? Mbl OT AymM XejaeM
YHUTaTe/sIM OCBOMTb 3T M APYyTHE BElM Bcepbe3, YTOObI NMOJTYyYUThb
BO3MOXXHOCTb Y4aCTBOBaTb B YBJIEKAaTeJbHEHIINX NPUKJIIOYEHUSIX —
BpO/ie TeX, KOTOpble GbL/IM Y HAC «BOKPYT LIAPUKA».



KAK YCTPOEHbI METAJUIbI?

Ioceswaemcs Have Muxaiinoeuuy JTuguuyy

B sBape 1997 roga Wibe Muxaiinosuuy JIngmuiy
ucnoJHuIoch 6b1 80 sier. OH He JOXKHUJ 10 3TOTO BO3pacTa, yias u3s
xku3nu B 1982 roxy. Ilpuumuna — 6osieanb cepaua. [Tomusit Mibio
MuxaiijloBH4Ya He TOJbKO 6/IM3KHe eMy JIOAM: POJACTBEHHUKH, APY-
3bsi, yueHHKH. OH OCTaBMJI 3aMeTHBIH cjiell B HayKe, KOTODPO#
aKTHBHO 3aHHMaJcs ¢ 18-seTHero Bo3pacra 6YKBaJIbHO [0 IOCJEA-
HHUX /IHEH CBOei XKH3HH.

Axanemuk V. M.JIudmui; 6611 BHIAAOIMMCS YYEHbIM — (PHu3u-
KOM-TEOPETHKOM C MMPOBbIM MMeHeM. Ero 3aciyru npusHaBaiu He
TOJIbKO B Halleil CTpaHe: eMy NPHCYXX/AajaH IPECTHXKHbIE MeXIyHa-
poaHble mpeMud M u3bpanu B HamuoHanbHYIO akafeMHIO HAyK
CIIA.

Korma ymep JI./I.Jlangay (1968 r.), I1.JI.Kanuua npuraacui
N.M./Iudpmuia Bo3riaBuTh orAes WHcturyTa (PU3MYECKUX IIPO-
6nem (teneps on Hocut ums I1.JI. Kamuust). o sToro ox pa6oran B
XapbKoBe, PYKOBOJAWJI OIHUM u3 TeopeTuyeckux otaesnoB Y DTU
(YxpauHCKOro (HU3MKO-TEXHHYECKOTO MHCTUTYTA) U Kadeapoii cra-
THCTUYECKO# (PU3NUKHU M TepMOJHHAMUKU XapbKOBCKOTO YHHBEPCHUTE-
ta. Teoperuyeckum orzenoMm HHcrutyra ¢u3nueckux mpo6ieM
N.M.JIudmui pykoBoau 14 siet, ¥ Bce 3TH FObI OH HE TOJIBKO BeJl
Hay4uHyI0 pa6oTy, HO U IpenojasaJ, 6bL1 IpodeccopoM PU3HUECKO-
ro ¢axysabrera MoCKOBC-
KOTo yHHBepcurera. MHO-
THe aKTHBHO pa6oTaioliue
CHEeIHaIHCThl N0 TEOPHH
TBEpJOr0 Tesla IOJIyYUIIH
CBOIO CHEIMAJbHOCTb TI0J
pykoBoactBoM Wiapu Mu-
xainoBuva. Bce o xopo-
1110 TIOMHSAT CBOETO YUHUTeJIs
— 3aMeyaTesIbHOTO YYeHOTOo
1 O4Y€Hb XOPOIIETO YeJIoBe-
Ka, TOpAATCSI CBOeH IpH-
HazuexHoctbio K Illkose
Wnbu Muxaitnosuya JIng-
NI,




Herpyano namucatp 6uorpacduio yyeHoro. Poauscs.., yuuni-
cd.., 3alMTHJ KaHAMAATCKYIO, MOTOM AOKTOPCKYIO JUCCEpTallMH,
paboTan B TAKHX-TO HayYHbIX YUPEXIeHHAX, OblI U36paH B TaKue-
TO akageMuu Hayk... Ho Benb yyeHOro xapakTepusyeT ero Hayuy-
Has JIesITeIbHOCTh — TO, 4TO OH czenaia. Cuenan nepsbiM. Ha uro-
TO OTKPbLJ IJia3a JIOASM, YTO-TO OODBSCHUJ, YTO-TO IpeACKasal.
ITH «YTO-TO» PACKPBITb OYEHb TPYAHO. Bemp yuensiit (0coGeHHO B
Hall¥ [HU) He HauuHaeT Ha mnycroM Mecrte. [[ns TOro 4To6bBI
HOHATb CIEJAHHOE MM, HA/MO 3HaTh, YTO GbLIO CleJaHO [0 HEro.
Kpome Toro, Hao yMeTb NOHATb, KaK OBLIO CAEIAHO <«YTO-TO»,
WHaYe HEBO3MOXKHO OLIEHHTb CHeJaHHyI0 pa6oTy. A s 3TOro B
JAHHOM CJIyYae HaJ0 BJaJleTb annapaTtoM TEOPeTHYecKOH (pU3MKH,
KOTOPbIM, CTOMT NOA4YepKHYTb, Wibsi MuxaiinoBuy Birajgesn Mac-
TEPCKH.

IToxoxe, 03HAaKOMHUTH ¢ Hay4HbIMH pocTibkenusmMu VI.M.JIud-
muna He ¢usnka HeBo3MOXxHO. Ilo-HacrosuieMy aelcTBHTEIBHO
HeBo3MOoxxHO. Ouenb 3TO MeHs1 oropyaer. Bcio cBolo HaydHyiO
#u3nb (10 1982 r.) s pa6oTan o HENOCPEICTBEHHBIM PYKOBOZ-
crBoM Wb MuxaiisioBuya, MHOTO ¢ HUIM pasroBapuBaJj, yYUJICA Y
HEro — B CaMOM HENOCPEeACTBEHHOM CMbICse 3Toro cjoBa. Heyske-
JI, PAcCKa3bIBasi O CBOEM Yy4MTeJle, s IOJIKEH OTPaHHYUTHCS JIMIIb
yrBepskaenueM, yro VI.M.Jludbuminn — 3aMeyaTenbHbIH YyYeHBI,
yTBEPXKIEHUEM, KOTOPOMY YHTaTeJb MOUKEH BEPUTh Ha CJIOBO?!
MHe xouyercst XOTb YyTb-4yTb NMPUOTKPHITH, YeM 3aHuMascss Wiabs
MuxaiiloBUY ¥ K YeMy NPHUBENH 3TH 3aHATHA. Cpasy OroBOpIOChH:
s1 BbIOpaJ OAHYy W3 TeM ero TBopuectBa. Tem 6bu1o MHoro. Tak
MHOTO, YTO €ro MOTJIM Gbl OGBUHUTH B TOM, YTO OH Pa36pachIBaJIC.
Ho B ka)/10if U3 TeM OH NOJIyYHJI CTOJIb CYIIECTBEHHbIE Pe3yJbTa-
TBI, YTO rOBOPAT Apyroe: pa6orsi VI.M.J/Ilu¢pmuna u paborsl ero
VUYEHHKOB OKa3aJ{ CYLIeCTBEHHoe Bo3/eiicTBHe Ha (popMupOBaHHUe
BCell TEOPHH KOH/IEHCHPOBAHHOTO COCTOSIHUS BeIl[eCTBa — OTPOMHOM
o6J1acTH COBpeMeHHOW (PU3UKHM — U NEPEeyMC/SIIOT pa3JjuyHble Ha-
NpaBJieHHs, B KOTOPbIX BKJAJ OCOOEHHO BakeH. B mepeuucJieHuu
3aMeTHOe MeCTO 3aHUMAET IJEKMPOHHASL Meopus Memainos, T.e.
HayKa, IPU3BaHHAasA OODSICHUTh CBONCTBA METAJLIOB.

Bor o Heii u noiizer peus. !

! WnrepecHbiit u XuBOil pacckas o pa6oTe cemMuHapa Mo Qu3uKe
T0JIMMEPOB, KOTOPbIM pykoBoaua W.M.JIudumu, 06 0CO6EHHOCTSIX TBOP-
yeckoro Meroga Unbu MuxaiijloBuya MOXKHO HaliTH B IpeAblAyIlel cTaTbe
«Boxkpyr mapuka>. (ITpum. peo.)
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DNneKkTpoHbl B MeTanne: Ksasmmmnynbc
M nosepxHoctb ®epmn

B Hauasie Beka 6bLJI0 IOHATO, YTO CIIOCOOHOCTb METAaJI-
JIOB TIPOBOJIUTh TOK CBfI3aHA C CYLIECTBOBAHUEM B HUX CBOOGOJHBIX
2/1eKTPOHOB. OTKy/a oHH 6epyTCs, OHSTD He CJI0KHO. IIpu KoHAeH-
callii aTOMOB MeTaJ/ljia B TBEP/IOE TEJIO AaTOMbl HOHH3YIOTCS: BaJIEHT-
Hbl€ 3JIEKTPOHBI MOKUAAIOT CBOUX «X035I€B» U ABWXXYTCS B 3JIEKTPH-
4eCKOM TI0JIe, CO3/IaBaeMOM MOJIOXKUTETBHO 3aPS>KEHHBIMH HOHAMH.
KoHeuHo, ecsiu 6bl He ObLIO 3JIEKTPOHOB, HOHbl HE MOTJH Obl
ylep>KaTbCs Ha CBOMX MECTaX U pa3JieTeJuCh Obl, Be/lb OHH OTTaJIKH-~
BAIOTCSI APYT OT Apyra. DJEKTPOHbI UX yAEP)XUBAIOT OT 3TOTO — B
1iesioM MeTaJsul HelitpasieH. Hentoxoit o6pas: HOHHas KpUcCTaIndec-
Kasi pelleTKa, MOTPY>XEHHasi B 3JIEKTPOHHBIA Ta3, COCTOSIIUN U3
ObIBIIMX BAJIEHTHBIX 3JIEKTPOHOB.

«C TOYKM 3peHus’» HOHOB, ra3 He IJIOTEH: Ha KaXKAbI HOH
HPUXOIUTCS CTOJIBKO 3JIEKTPOHOB, CKOJIBKO ObLJIO y aToOMa MeTaJjljia
BaJIEHTHBIX 3JIEKTPoHOB (myctb ux 2z; z = 1, 2, 3...). Ho ¢ Hamei,
4eJIOBEYEeCKOH, TOYKY 3PEHUs, ra3 oueHb IJoTeH. Pasmep stueiiku
KPUCTAJLJIa TAKOB:

0=a=(3-101) v = 27.10% w® . (1)
[J1s1 TpOCTOTBI MBI CYUTAEM STYEHKY KPUCTaJLIa Ky6GUKOM CO CTOPOHOM
a=3A. TakoB NPaBUJIbHBIN, HM3BECTHBI U3 3KCIEPUMEHTOB HU
NOATBEPXKAAaeMbIi TeopHel, pa3Mep sYeiiKH KpUCTAJIOB MHOTUX
MeTta/ioB. [IpubmkeHHO, KOHEYHO. B 1eHCTBUTENBHOCTH pa3Mephl
KPHCTAJJINYECKUX sTUeeK GOJIbIIMHCTBA METAJIJIOB U3BECTHBI C 60JIb-
1o TOYHOCTBIO. [17I0THOCTD 271EKTPOHHOTO rasa (YUCI0 SIEKTPOHOB
B eaiuHUIE 06bEMA) PaBHA
2~ Z10% M, @
a> 27
Jlnst cpaBHEHUS: TJIOTHOCTb BO3AYXa Mgy, ~ 2 10% M3 . Ormune
OT peasibHOro rasa (TOro ske BO3[yXa) €elie B TOM, YTO 3JIEKTPOH B
3600 pa3 jierye MOJIEKYJIbI CAaMOTO JIETKOTO Ta3a U3 cocTaBa BO3/IyXa
— BojopoJa. Macca 3JiIeKTpoHa m = 107 xr.

Wrak, cBo6oHbIE 3JIEKTPOHBI B MeTaJlle — O4YEeHb ILIOTHBINA ra3
oyeHp Jierkux yactui. K uemy s Bemy? Ceilyac CTaHeT SICHBIM.
[TosiBUTCST HECKOJIBKO CTPAHHOE CJIOBOCOYETAHHE — KBAHMOGHLI 2A3.
IMosiBuTCSI, HO Yepe3 HECKOJIBbKO CTPOK.

DJIEKTPOHHYIO TEOPHIO METAJJIOB Ha OCHOBE INPE/CTaBJIEHUA O
CBOGOIHBIX JIEKTPOHAX, KaK y>Ke YIIOMHHAJOCh, NbITAUCh CO3/1aTh
eme B Hayajse Beka. OCHOBBI 3TOH TEOpHM 3aJI0XKWJ BeJIUKHH
rojanacknii pusuk Xeuapuk Autod Jlopenn (1853-1928). Bwi,
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nyMmaiw, 3Haete 310 uMs. (IIpeo6pa3oBaHus, HCNOAb3yeMbIe B TEOPUH
OTHOCHUTEJIbHOCTH JiHIITel{Ha, Ha3bIBAlOT npeoGpasoBaHusamMu Jlo-
petiia. Ho 31ech peusb uzer He 0 Hux.) JIopeHIly yaanoCh MHOIHe
CBOWCTBA METAJIJIOB HEMJIOXO OOBSCHUTb, UCXOAS U3 IMPEIIOI0XKe-
HHSI, YTO B MeTa/lIaX eCcTb 2d3 3d1ekmporos. CBOHCTBa rasoB B Te
roabl 6bLIA XOPONIO M3BECTHBI. JTH 3HAHUS HCNOJb30Baj JlopeHi
JUIs1 OGbSICHEHHS CBOMCTB MeTaslioB. 1 B KAKOM-TO CMBICJIE 3TO eMy
yaasoch. IlpaBia, OCTaBajMCh CTPaHHBIE HeJOPa3yMeHHMs: CBO6GO-
Hble 37eKTpOHbI (Mbl B HaJibHeliieM X Gy1eM Ha3bIBATh HJIEKTPOHA-
MH TPOBOJIMMOCTH — [0 HMX [JIaBHOM (yHKUHH), OGBSICHUBLINE
3JIEKTPONPOBOAHOCTD U Ja’Ke TaKOe HeIPOCTOe CBOMCTBO KaK TepMoO-
3JIEKTPUYECTBO, He OGHApYKUBaJU ce6sl B TEIVIOBBIX CBOICTBax
Merasia. Knaccuueckas ¢pusuka yTBepiKIaeT, YTO CYIIECTBYeT 3a-
KOH pPaBHOpACIIpe/Ie/IEHHSI: B CPEJHEM Ha KaXK/IYyIO CTeNeHb CBOGObI
npuxomutcsi (1/2) kT suepruu (k=1,38-10"2 [Ix /K — nocrosan-
Hasi Bosbumana, T — TemnepaTypa B aGCOJIOTHBIX rpagycax). Eciu
B 1M MeTanna COEPKUTCS 7 3J1eKTPOHOB mpoBoauMocTd (CM.
dhopmyay (2)), To NIOTHOCTH BHYTPEHHEN SHEPIUM METAJLIA JOJIXKHA
ObITH Ha (3/2) nkT GoJbllle TIOTHOCTH SHEPTHH AUdJeKTpuKa (u30-
JIITOpa), B KOTOPOM HET CBOGOIHBIX 3JIEKTPOHOB. ECTh HameXHbIe
METO/Ibl U3MePEHUs BHYTPEHHE! 3HEPTUH, HO NOYEMY-TO JIEKTPOHBI
MPOBOAUMOCTH cebsi He OOHApyXMBAlOT — BHYTPEHHHE 3HEPTUH
[IU3JIEKTPUKOB U METAJIJIOB TIpaKTUYecKu He oTymyaiorcs. Ilpasaa,
U3MepEHHUs IPOU3BOIUIUCH PU OGbIYHBIX (KOMHATHBIX ) TEMIIEPATY-
pax.2 C 3Toif TPyAHOCTBIO CPaBHHUTEJIBHO JIETKO CIPABUJIHCh, KOT/IA
6bLIO MOHATO, YTO HE TOJIbKO 3JIEKTPOHBI B ATOME, HO U CBOGO/HbIE
3JIEKTPOHBl — ra3 3JIEKTPOHOB IPOBOAUMOCTH — HAJI0 ONMCHIBATDH,
UCIOJIb3ysl KBAHTOBBIE TIpe/cTaBieHus. «Bcerna?» — MoXXeT crpo-
CUTH HeTepheuBbIi untatesib. Koneuno, net! Toraa, koraa ycioBus
JKM3HM 9JIEKTPOHA, KaK uJeHa KOLJIeKTHBa (B KJACCHYECKOM rase),
BCTYNAIOT B POTHBOPEYHUE C MOJOKEHUSIMA KBAHTOBON (DU3MKH.

HagepHoe, Bce 3HaiOT, YyTO OxHa U3 (PyHAAMEHTAJbHBIX 4YepT
KBaHTOBO-MEeXaHMYECKOIO ONUCAHUS ABUXXEHUS YaCTHI{ — COOTHOLIE-
HHe HeollpeJeIeHHOCTeMH

ApAx > h, 3

2 O BHyTpeHHell SHEpTHH CyAAT IO M3MEPEHHIO TeIIOeMKOCTH. IIpu
koMHaTHbIX Temmneparypax (T ~ 300 K ) Bce TBepable TeJia MMEIOT MOJISIP-
HYIO TEIJIOEMKOCTD, paBHYI0 3R, rie R — yHuBepcasibHasi ra30Basi HOCTOSH-
Hast (3akon [Miosionra u [ltn). Ecim 6bl 2/1€KTPOHDBI IPOBOJUMOCTH [IPOSIB-
JsM cebs Kak cBOGOAHDbIE, TO TemnoeMKocTh Meraiia (Hampumep, Na)
JIo/DKHA Gbl1a Gbl MPEBBICHTD TEMJIOEMKOCTb JH3JIeKTPHKOB B 1,5 pasa. He
3aMETUTb TaKOEe OTJHMYHE HEBO3MOXHO.
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rae Ap — Heonpeueneﬂﬂocm uMIyJbca, AX — HeoIpe/eJeHHOCTb
KOOPIUHATHI, a h ~ 107* [Ix - ¢ — 3HaMenuTas nocrosinnas Ilnanka
(6e3 Hee He OGXOANTCS HU OJHA KBAaHTOBO-MEXaHUYECKas (opMyJia).
B rase, rae B 1M° COAEpXKUTCSL 1N 4acTUI, Ha KaXKAYI0 YaCTUILY
npuxoauTcst 06beM nopsaaka 1/n, 1.e. Ax ~ n”/3. Cnenosarensto,
Ap 2 ;m1/3_ {151 NpUMEHUMOCTH K.1ACCUUeCK020 ONMCAHUSI HEOOXOAM-
MO, 4TOOBI MMITYJIbC 3JIEKTPOHA p GbL1 BEJUMK IO CPABHEHUIO C €ro
HeonpeeneHHocTsi0 Ap (p > Ap). CoriacHo 3aKOHy PaBHOPAcH-
peselieHusi, B raze CPeAHUN uMiyabc p ~ VmkT . CnenosatesbHo,
ra3 MOXHO CUUTATh KJIACCUYECKUM, €CJIH
W23
km =T @

MHoxutenn tuma 1,/2 omylleHbl, NPU OLEHKaX 3TO JOMYCTUMO.
[oacraBuB B nocjeaHio GopMyJly YUCHIa, C YAUBJIEHUEM oéﬂapy-
UM, 4TO KOMHATHasl TeMNepaTypa SHaUMTENbHO Hike KBaHTOBOIA:
T, ~10° K . Unaue roBOp#, IIPaK-
mqecxn BCerfa JIO6OH MeTanmu- ;) fA
yecKuil o6pasel] COAEPXUT KEaH-
moevil za3.

Kak nposiBIsIIOTCSI KBaHTOBbie
CBOICTBa 3JIEKTPOHOB B CBOMCTBax
ra3a 3JeKTPOHOB IPOBOAMMOCTH?
ITocmorpure Ha pucynok 1. Ha
HEM CXeMaTHYeCKH MOKa3aHO pac-
npeJieIeHye IO SHEPTHsIM 3JIEKTPO-
HOB KJlaccuyeckoro (@) u KBaHTO-
Boro (6) razoB. MoxHo cKa3aTb u
UHaYe: Ha PUCYHKe d TPUBEAEHO
pacrpe/esieHue YaCTHIL 110 SHEPTH-
amupu T > T, , a Ha puCyHKe 6 —
mpu T =0unpu T <« T, . (Ilpu-
4YYHA pPa3/Iuyusi — B IPUHIIUIIE 3aIl-
pera ITaysu, 3anpeuatonieM 60ee
4eM OHOMY 3JIEKTPOHY HaXOAUTb- _
Cs1 B OZHOM W TOM K€ COCTOSIHUH. &r €
Mbi orpaHnYMBaeMcst TOJIBKO yIo-

MHMHaHHEM: HEBO3MOXKHO BCe 06bsiC- BYHKUIN PACTIDELEREHIS NEKT-
HUTb B OJHOM CTaTbe.) [POHOB 10 SHEDIVIAM: 8) QyHKUMS

KBantoBoe pacnpesienenue Ya-  pacnpegeneqms Makceenna—
crunl mo sHepruaM npu T = 0 pomymara, 6) pyrkuyms pacrpe-
TOJyYnsIo HasBaHue hepMUEBCKO  generms Qepmm—Lupaka (npu
CTyNIeHbKH, a SHEPrui0 €, HUXKE T=0unT< 7;8)

T >

"oy

6)f“

Puc.l. Knaccnveckas v KBaHTOBas
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KOTOPOH BCe COCTOSIHUSI 3aHSITBI, a Bbllleé KOTOPOW CBOGOIHBI,
Ha3biBaloT 3Heprueil Mepmu. TouHblit pacyer MOKa3bIBAET, YTO

3 2
F =(z—::-) %— . (5)

Buato, 4To 1o MopsiAKy BeJMYNHDI €5 = RT. MOXKHO MCIONB30BaTh

6oslee HarJIsHOe reoMeTpHyecKoe IipeAcTaBjenne — npu T = 0
3aHATHI BCe coCTOstHUs BHYTpH Mepmu-cdepsr (puc.2) paauycom

pi+pl+pl = \2me, . (6)

B TemnsioBoM aBMXKEHUU npu T=#0 IIPUHUMAIOT y4YaCTHE TOJIBKO Te

T
3JIEKTPOHBI, Y KOTOPbIX JHeprus nopsiaka €. Mx mano: ~n— -
P:

3HAYUTEJIbHO MEHbIlle, YeM BCeX CBO-
6oxHbIX 3yekTpoHOB. IloaTomy-To
OHH U He OGHapy>XXUBAIOT ce6si B
TEIJIOBBIX cBoiicTBax. U B mpoBoau-
MOCTH MeTajlla, KaK OKa3bIBaercs,
TIPUHUMAIOT YYacTHe TOJIbKO Te dJIeK-
TPOHBI, 9HEPTHsI KOTOPHIX paBHa Ep
(roBOPST, YTO OHM <«PACTIOJIOKEHDI»
Ha ®epmu-cepe). MOXKHO BbIBECTH
dopMysly A/ yAeNbHOH 3JEKTPO-

MPOBOJHOCTH MeETaJLa:
Puc2 lpyn T = 0 3/1eKTPOHaMm S.e?l
33r0NHeHa cepa paauycom = ——F%‘gv
PE = [2me F 127°h

Px

)

rae Sg = 41tp%- — mronragp Depmu-
cdepsl, a | — gimrHa cBOGOJHOTO Mpo6era 3JIeKTPOHA MPOBOIUMOCTH,
T.€. CPeIHee PACCTOSIHNE MEXY ABYMS CTOJIKHOBEHUSIMH 3JIEKTPOHA.
B pusnne npoGera [ «cripsiTaHbl» BCE MEXaHU3MBI, OrPAHUYUBAIOLINE
cBOGO/Y 3JIEKTPOHA K OGBSICHSIIONIHE TIPUPOLY conpoTHBJIeHus (yae/b-
HOE conpoTuBieHue p =1/G).

Hcnionb3ysi ipecTaB/ieHE O KBAHTOBOM Ia3e 3JIEKTPOHOB IPOBO-
JUMOCTH, CTPOMJIACH SJIEKTPOHHAS Teopusi MeTa/LIoB. KoHeuHo, nipu
3TOM HEBO3MOHO GBLIIO OTPAaHUYHTHCS KBAHTOBBIM ONHCAHHEM JIMLIb
anektpoHoB. HanpuMep, Heo6x0auMO ObLIO IEPECMOTPETH OITMCAHKE
Kole6aHU# HOHOB KPHCTAJUIMYECKOM peureTku. B pe3ysbrare B
TEOPUH TBEPAOTO Tejia W, B YAaCTHOCTH, B 3JIEKTPOHHOH TEOpHH
METaJJIOB TIOSIBUIIHCH ¢hoHonb,. Ha 3TOM aTane pa3BUTHS 3JIEKTPOH-
HOM TEeOpMHM METaJJIOB, €CTeCTBEHHO, OCTaBAJINCh OeJible NATHA,
HOCTEeNeHHo 3anoHsBLIecsi. OyeHb 6OJIBIIYIO YBEPEHHOCTD B Ipa-
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BUJIBHOCTH NIPE/JCTABJIEHUH O NIPUPOJE METAUINYECKOTO COCTOSTHUS
IPUHECJIO IOHUMaHHUe npupoas ceepxnposogumoctd ([Ix. Bapaus,
JI.Kynep, /ix.IlIpuddep, 1957 r.).

Ecnu npocmoTpeth crapbie yue6HukH M MoHOrpaduu 10 3JIEKT-
POHHOU TEOpDUHM META/JIOB, TO BHUAHO, YTO, BBbIAEJSAA MeTasJbl U3
JAPYruX TBEPABIX TeJI, aBTOPbI 0ObSCHSIJIM CBOMCTBAa MeTasljla BOOG-
1re, a He KOHKPETHO MeJy, CBUHLA Wi juTuA. [elicTBUTebHO, Y
6cex MeTaJLlJIOB MHOTO o01ux cBoMcTB. IT0X0)KH TenioBble CBOMCTBA,
MOX0Xe BeleT ce6s1 COmpOTHBJEHUE C U3MEHEHHEM TeMIIepaTyphbl.
ITpuMepoB MOxHO puUBecTH MHOTO. HO OCTENIEHHO HAKAILTMBAJIUCD
SKCIIEPUMEHTA/IbHbIE JaHHbIE, KOTOpPbIe C OYEBUIHOCTBIO IIOKA3bIBa-
JIK: pa3Hble METAJLIbl BeAyT ce0si I10-Pa3HOMY B OAMHAKOBBIX YCJIO-
BusiX. OCo6eHHO pe3Ko CBOUCTBA METAJLIIOB OTJIMYAIOTCS IIPH HU3KUX
TeMIepaTypax, 6JM3KHX K aGCOTIOTHOMY HYJIIO, U B CDaBHUTEJbHO
CHJIIbHOM MarHuTHoM mojie. Ha pucynke 3 mpuBezeHbl mpuUMEpHI,
JIEMOHCTPUPYIOLINE 3TH OTJIHYHS.

B yem npuunHa pa3inuus CBOMCTB pasHbIX MeTa/uioB? KoHeuHo,
NPHYMH MHOTO, HO HECOMHEHHO Cpei HUX eCTh IJiaBHasA. U riaBHas
— B BuAe nosepxrocmu Depmu. IDIEKTPOH, OTOPBABIIMHCH OT

Puc.3. UsmeHerme conporvsieHns
Merasia — 0J10Bd, CBMHLA M Tasl-
JIMA COOTBETCTBEHHO — Py f1omMe-
LeHnn ero B MarHuTHoe rone (8
3aBUCUMOCTH OT YI71a MEXAY KPHC-
TA/VINHECKINMU OCAMU M MArHNUTHBIM
ronem,)
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«CBOEr0» aTOMa B KPUCTAJLIE, ABUXKETCS B IEPUOAUYECKOM I0JIE CHJI
uonoB. Kak 6bino mokasano (@.Bmox, JI.Bpusmosn, 1928 r.),
KBaHTOBOE [BIDKEHUE 3JIEKTPOHA B IIEPHOJUYECKOM II0JIE€ CUJI OYeHb
HANOMUHAET ABUXKEHUE 3JIEKTPOHA B IycToM mpoctpaHcTse. Cocros-
HHe€ ABXEHUSI 3JIEKTPOHA MOXKHO XapaKTepH30BaTh BEKTOPOM, OY€Hb
TIOXOKMM Ha MMITYJIbC, €T0 HA3bIBAIOT KBA3UMMIYJIbcoM.> OH «Iipe-
BPAlIAeTCA» B UMILYJIbC, €CJIH NEPHOAUYECKYI0 CHIY YCTPEMHTb K
Hymo. Mbl ero no-mpexxnemy Gyaem o6osHayaTh GykBoit p (kax
UMIYJIbC). JHEpPTUsi 3eKTpoHa — (YHKIHUS KBazuuMnysabca p. U
MO’KHO TOBODHUTb O MpPOCMpancmee K6d3uumnyascoé (Kak Mbl yke
rOBOPHJIM 06 UMIYJIbCHOM HPOCTPAHCTBE — CM. PUCYHOK 2 U hopMy-
ay (6)). Baxublii (hakT: IPOCTPAHCTBO KBA3WHMITYIbCOB IIePHOANY-
HO, NPHYEM eC/Id KPUCTAJLJIMYECKasl siueiika — KyO6uKk c pe6pamu,
PaBHbIMU d, TO siYelKa NPOCTPAHCTBA KBA3WMMIIYJIbCOB — KYOMK C

pe6paMu, paBHbIMU - Kax 651 onyckasi nocrosiunyio Ilnanka 7,

TPOCTPAHCTBO KBAa3WUMIYJIbCOB 4YaCTO Ha3bIBAIOT o6pamubm npo-
CMpancmeom.

3aBHCHMOCTD 3HEPruM OT KBa3UUMIIYJIbCOB MOXKHO H306pa>KaTb B
BHUJE M303HEpPreTHYeCKMX mNoBepxHocTedl (moBepXHOCTEH paBHOMN
SHeprun). JHeprus — nepuoauYecKast (PYHKIMs KBa3HMMITYJbCa.
HOSTOMy A nsoépamemm M803Hepremqecxoﬁ TIOBEPXHOCTHU MOXK-
HO OrpaHU4YUTbCSA 0111'{0171 AYerKoi 06paTHOF0 TIPOCTPAHCTBA, a MOX-
HO PpHCOBATb €€ BO BCEM IIPOCTPAHCTBE (ero TOrJAa Ha3bIBAIOT
PACHIMPEHHBIM, BeAb OJHON sUelKU doCmamouno).

Cpeml H303HEPreTUYCCKUX IIOBerHOCTeﬁ €CTb OJHa — BblJI€JICH~
Hasi. Jto — mnoBepxHOcTb Depmu. OHa COOTBETCTBYET 3JHEPruu
@epMu € = € :

e(P)=¢r. ®

VMenHO Ha Heil U BOKPYT 3TOi NOBEPXHOCTH HAXOASATCS 3JIEKTPOHDI,
Wrpaole BaXXHYI0 POJib B CBOUCTBaX MeTAJIJIOB.

MeTannbl OTAIMYAIOTCA APYr OT Apyra TeMm, 4To
Yy HUX pa3sHble nosepxHoctn ®epmun

IIpexxge 4eM NO3HAKOMHUTLCSI C TeM, KaK y3HaJH,
KaKoBbl MoBepxHocTH DepMu pasHbIX METAJIOB, M KaKylo poJb B
THpoliecce IOHUMAaHUs YCTPOHCTBA METALJIOB Chirpaiy pa6orbl Uibu

3 Korga yacTuna JBHXKeTCs MOJ{ eiCTBMEM TIEPHOAMYECKOH CHIIBI, TO,
XOTS1 OOGBIYHbIH HMMIYJIbC HE COXPAaHSIETCs, CYLIECTBYeT COXPaHSIOUHHCS
BEKTOp — KBa3sMUMILyJbC. VIMEHHO MOTOMY, 4TO OH coxpaHsercs (kak
SHEpPrysi), OH MOXET CJIY>KMTb [UISi XapaKTEPUCTHKH JBHIKEHHUSI.
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Muxaitnosuya JIndmmuia u ero yyeHHKoB, IOCMOTPHUTE Ha TaGJIHILY.
B Hell co6paHbl CBEJEHHSI O TOM, YEM IIOXOXH U YEM OTIMYAIOTCS
9JIEKTPOHBI B CBOGOJHOM OT CHJI IPOCTPAHCTBE U B IEPHOAUYECKOM
T10JI€ CHJI HOHOB KPHCTAJIMYECKON PEMIETKH.

ITpo6eMa «ycrpoiicTBay MaKPOCKOIMYECKHX, B YACTHOCTH TBEP-
JbIX, TeJ HuHTepecoBasa M.M.JImpummua ¢ caMoro Hayana ero
Hay4HOH AesATeJbHOCTH. VIHTepechl ero B 60JIbHION Mepe COCpeno-
TAUMBAJMCh HA pEHIEHUH <«06paTHbIX» 3a7a4. OH HEOAHOKPATHO
3ayMbBIBAJICSI, HEJIb3sl JIM 10 3KCIIEPHMEHTAIbHBIM JAHHbIM BBISIC-

Tabruya

DJIEKTPOH

B CBOGOAHOM

B KpHCTaJLlIe
TPOCTPaHCTBE

COCTOAHHNE XapaKTEepHU3yETCA

ummnyascom (p) | kBasuuMnyabcom (p)

sueprus ()
e =p¥(2m) e=¢(p) — mepnoguueckas pyHKHA
P KBa3HMMILYJIbCa
cxopocth ()
N - . d - -
E 5B .3

YPaBHEHUA ABHXXCHUA

M3MEHEHHE MMILyJIbCa
B €IMHHILY BpEMEHH

D
pasHo cune F (3akon
HpioToHa)

-

_g

’

F

dt
& 1
ez ™

H3MEHEHHEe KBAa3HHMIYJIbCA B €MHHUILY
o

BpEMeHH paBHO BHemHeit cue F™ (B

=

F™ ne Bxogut negnommecxaﬂ cHiIa

HOHOB KPHCTAJLIa

i 1 ) ( 1 ) o%(p)
B —) fe .
d 2z (m‘ w kTR \m*,” Bp.op,

3aKOHBI COXpaHEHU 3HEPIrMH U HMMIIYJbCA (KBaSHHMHyJIbca)

ABYX 3JIEKTPOHOB

—_ ! ’
g te; =g teg

- - =, >,
prtpP=pitp;

- - -, -, - -
p1+tp,=p;+p,+K,rae K — oamn u3
TIepHO/IOB TIPOCTPAHCTBA KBa3HUMILY.Ib-
CoB
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HHTb, KaK ABUXKYTCS aTOMbI U DJIEKTPOHbI B TBEpAOM Tejie. Y HEro
ectb HebosbIIas 3aMeTka «O KOJIe6aHUAX pesISTUBUCTCKUX YacTHIY
B CWJIbHBIX moJisix». OHa ony6JmkoBaHa B [lokyiamax Akaaemuu
nayk CCCP B 1948 roay. (3amerku B [lokjagax cOAepXKaT He
6oJiee yeTbIpex cTpaHuil.) B 3aMeTke BbISCHSETCS, KaK 110 3aBHCH-
MOCTH TepUOfa KosieGaHUuil YacTHLbI OT SHEPTUH OIpeAEeJUTh MPOo-
(usib MOTEHUNAJIBHON SIMBI, B KOTOPOH 4acTUIla COBEPHIAET IEpHO-
nuueckoe asuwxenue. Iloxoxe, aTo — mpeareya pa6oT ¢ pelleHHEM
«06paTHbIX» 3a4a4. A B 1954 roay Wibst Muxaitiosuu chopmy-
JIMPOBAJL AJITOPUTM, MO3BOJSIONIMI MO TEMIOBbIM CBOMCTBaM TBED-
IbIX TeJ MOJYYUTb CPAaBHHUTEJbHO MOAPOOHYIO XapaKTEPHCTUKY
KoJie6aTe/IbHOTO SHEPreTUYEeCKOro CIeKTpa TBepAbIX Ted. Ero me-
TOJA CYHIECTBEHHO [AOIOJIHSIET IMMPOKO NPUMEHSEMbIil METOA Ompe-
JieJIeHUsT KOJIEOATEIbHOTO CIIEKTPA 110 HEYIIPYTOMY pacCesHHIO Hei-
TpoHOB KpucTaaiamu.? Onmako 5TOT MeToj MPUHLMIKANBHO He
MPUMEHMM [JIs1 UCCJIEOBAHUS XapaKTepa ABHXEHHS 3JIEKTPOHOB
merasuia. K cuactpio, B ciiydae 3JIeKTPOHOB €CTb BaXKHOe o6Jerda-
1o1ee OGCTOSITEILCTBO: HAC MHTEPECYIOT He BCe 3JIEKTPOHbI, a JMIIb
Te, SHEPrHsA KOTOpbIX paBHa sHeprun Depmu uimm 61M3Ka eil. A
3TO 3HAYUT, YTO MBI JOJDKHBI YMETb ONpesessitb PopMy IOBEPXHO-
cru Mepmu (cm. (8)) u ckopocTu 3JeKTPOHOB, uMelomux hepMu-
eBcKy10 aHepruio. Kak obparun BauManue Vibg Muxaiinobuy, Ha
[IOMOLIb NPHUXOAST CBOWCTBAa METAJUIOB B MarHHUTHOM IIOJie IIDH
HU3KHUX TeMIlepaTypax.

Iocne nepsbix pa6ot (OAHY M3 HUX S IOCTAPAIOCh CXEMATHYeC-
KH H3JIO)KUTb) BO3HMKJIO HallpaBJieHUe B HCCIIEJOBAHUSIX MeTal-
JIOB, OPMEHTHpPOBaHHOe Ha u3ydyeHue nosepxhHocTedi Mepmu. Bce
OHH MOCTPOEHBI [0 TAaKOMY NPHMHUMILY: eCJid NoBepxHOCTb Mepmu
006J1a/1aeT TaKUM-TO CBOHCTBOM, TO Ha6JIOAAETCS TAKOE-TO SABJICHHE.
ITo uzpee, AOJDKHBI UCIOJIB30BATbCS MOAOOHBIE PaBOThI «B 06paT-
HOM MOpsiAKe»: HAOJIONAETCs TaKoe-TO ABJIEHUE, 3HAYMT, NOBEpX-
Hocth DepMu o61agaeT TakuM-To cBoiicTBoM. Ha HayuHoM crenre
3TOT NOJAXO0J UMEHOBAJICS CREKMPOCKONULECKUMU B03MONKHOCTRAMU
MemoOa. MHorosleTHre UCCIeOBaHUs MHOTUX (PU3MKOB B Pa3HbIX
CTpaHaX NpUBeJd K TOMY, 4TO NoBepxHocTH (DepMU NPaKTUYECKH
BCeX MeTaJUloB u3BecTHbl. Ha pucyHke 4 mpuBeneHbl NpUMepHI
nosepxuocteit Mepmu. O6paTuTe BHUMaHuE, CKOJIb OHU HEIPOCTHI.
Tonbko MeTa/ubl epBoi rpynisl Tabauipl Mengeseesa (ee neBoi

4 TIpontetas yepe3 KpHCTa//, HEHTPOH MOXET «KauyHYTb» aTOMbl KPHC-
tasna. IIpH STOM TepsieT HEMHOrO 3HEPTMH M M3MEHsSET HalpaBJIeHHe
nBuKeHust. [1o 3TUM AaHHBIM ONpeJessiioT, KaK «KayaloTCs» — KOJIeGJIIoTCH
aTOMbI KpHCTAJLIA.
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Puc4. lNosepxroctu Qepmu. a)
LYEIOYHBIX MeTaIoB (6rm3km K
cgpepam), 6) 30078, 8) cBMHUA

IIOJIOBUHBI) HMeloT noBepxHocTH MDepmu, Guskue K cdepam —
noBepxHocTsiM DepMu CBOGOTHBIX 371eKTPOHOB. J[a U y HUX He Bce
TaK MPOCTO: Macca 3JeKTpoHa m* (ee BHIMUCISIOT MO OTHOLIEHUIO
pr/vr, the pp — pamuyc Depmu-chepbl, a v — CKOPOCTb
(pepMHEBCKUX 3JIEKTPOHOB) OTJMYAETCSI OT MAacChl 3JEKTPOHA B
nyctoM npocrpatcte (Hanpumep, y Jutus m” = 2,3m, ).

Onpezenenue nosepxHocTeit DepMu He Bcerza, ecTeCTBEHHO,
HIJIO 10 TAaKOW NPSIMOJIMHEHHOM cxeMe: 3KCIEepPUMEHTaJbHOe CBOMH-
ctB0 — ¢opMa MOBepXHOCTU. IIpuBiIeKaIuch NOSBUBIIHECS BO
BTOpo#i moJsioBuHe XX Beka pacyeTHble METOAbI — BBIYHCJIEHHE
3aBHCHMOCTH 3HEPTMH 3JIEKTPOHA OT KBAa3HMMILYJIbCa C MCIOJIb30-
BaHWeM G6ojiee WX MeHee aJeKBaTHOH MoJeJH B3aUMOJeHCTBUS
3JIEKTPOHOB C WOHAMU U APYT C JPYroM. YcoBeplleHCTBOBaHHe
pacyeTHbIX METOJOB B pe3yJibTaTe NOsiBJEHUsT BCe 6ojiee «yMHbBIX»
9BM nosBosisiio (M MO3BOJISIET) MCMOJb30BATh BCe Gosee aJleKBaT-
Hble MOJIEJIH.
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Kak nocrpoutb nosepxHocTtb Pepmu?®

Tenepp (noutn B 3aKjioueHne) — OGELIAHHBIA pac-
CKa3 O TOM, KaK CBOWCTBA MeTajlla B MarHMUTHOM IIOJie IIOMOTaioT
«TIOCTPOUTh» NoBepXHOCTh MepMu. OueHb BaXKHO AJIs1 AaIbHEHIIETO
MOHATH CJIEAYIOIIEe: CXOACTBO MEX/Y 3JeKTPOHOM B KPHCTaJLIE H
5/1EKTPOHOM B IyCTOM MPOCTPAHCTBe CTOJb BeJuko (cM. Tabmuiy),
YTO TMO3BOJSIET KEAUUMNYALC CHUMAMb HACMOAUUM UMNYLCOM.
It0 ouenb 4eTKO moHuMas M.M.JIudumi 1 o6pamaJjcs ¢ 3JeKTpo-
HOM B KPHCTAJLJIe, KaK C «OOBIYHbIM»> 3JIEKTPOHOM. TO/NBKO HEprus
TAKOrO 3JIeKTPOHa — nepuojindeckas dynkuus umMnyanca. M sce. Ito
JlaeT BO3MOXXHOCTb CTPOMTb MEXaHHKY TaKO# 4acTHIIbI [0 XODPOIIO
M3BeCTHbIM NpaBuiaM. HamnpuMep, B MarHUTHOM Nosle B Ha 371€KT-
POH, ABWKYIIMIACS CO CKOPOCTBIO U, AeHcTByeT cuia JlopeHua

Fn= e[b’ﬁ] i

3nak [] o3HauaeT eexmopHoe npoussedenue: [&b] — BEKTOp,
OPTOTOHAJIBHBIN BeKTOpaM @ # b ¥ paBHBIi 110 BetunHe absin 0, ,
rae 0,, — yrox Mexay Bektopamu d@ H b . Tak BOT, OT/IMYME CHJIBI
Jlopenua B ciyyae 3JeKTpOHa B KpucTajne oT cujbl Jlopenua B
IyCTOM MPOCTPAHCTBE TOJBKO B TOM, YTO O # P ,a 0 =§§ (cMm.

m
Ta61muy). CJIeIlOBaTeJIbHO, JABW)XEHHE 3JIEKTPOHA B MeTaJlje, IIOMe-

II€EHHOM B MarHuTHOE I10JI€, ONMCBIBAETCA CJIEAYIOIMMMH YPAaBHEHU-

SAMHU:
N
E—G[Z)B], v——'g, (9a)
dr
= =7. 96
20 (96)

W3 3Tux ypaBHEHU# ciemyeT psx (paxToB.

ITpu ABMXKEHUM 3JIEKTPOHA B MAarHUTHOM IIOJIE COXPAHSIOTCS €ro
SHEPIHsl € M MPOEKLHs MMILYy/IbCa Ha MarHUTHOe nosie pp . Cieno-
BaTeJIbHO, TPAEKTOPHSI 3JEKTPOHA B IIPOCTPAHCTBE MMILYJIbCOB €CTb
IJIOCKasl KpHUBasi, IoJydaeMasi IiepecedeHHeM TIOBEPXHOCTH
€(p) = const mocKoCTBIO P = const . B xoopaMHATHOM NPOCTpaH-
CTBE MPOEKLMSI TPAEKTOPMM Ha IJIOCKOCTD, MEPIEeHANKYIAPHYIO
MarHUTHOMY TIOJIIO B, mosyyaercsl U3 TpaeKTOpHH B IIPOCTPAHCTBE

5 B 3Toit 4aCTH CTaTbH PaCCKa3bIBAETCS O HEKOTOPBIX OPUTHHAIBHBIX
pesyapratax U.M.JIndmuua. Ona 6oJee TpyaHa A1 BOCIPUATHSI, HO €CJIH
BbI 3aTpaTUTE HEOGXOAUMBIE YCHUIHSI M pa36epeTech B OCHOBHBIX MAEAX, TO
Gyzere BO3HArpaXk/JeHbl: ey OueHb IIy60oKHe M KpacuBbie!
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MMILYIbCOB IIOBOPOTOM Ha 90° u u3aMeHeHueM MacuITaba C TOMOLIbIO

1
_— 6
MHOXKUTEIS /B (puc.5).

6) YA 3) B

x, Yy

PUC5. TpaekTopus INIeKTPOHA: a) B NPOCTPAaHCTBE UMITY/IbCOB, 6) B koopan-
HATHOM FPOCTPAHCTBE (TOYHEE — POEKUMS TPAEKTOPMUU Ha M/I0CKOCTb, 1EP-
NEHAUKYTIAPHYIO MarHUTHOMY [O/MO). Ha caMOM fene /1eKTPOH ABUXETCS
o crvpam (8)

PacckasbiBasi 0 [BIDKEHHU 3JIEKTPOHA MPOBOJMMOCTH B MarHUT-
HOM TI0JIe U JOH/S 0 3TOT0 MeCTa, S TOHSLJI, YTO HNPUAETCS 4acTb
BBIYMCJIEHUI TIPOIYCTUTD: OHU TPEGYIOT 60Jiee cepbe3HOi MaTeMaTH-
YeCKOW MOATOTOBKH OT YMUTATess, YeM Ta, KOTOPOH, KaK MPUHSITO
cuuTath, yntaresapb «KBanras obmnagaer. [IpuBeny pesysbrar. Ilepu-
o/1 o6palieHusl 3JeKTPOHA IIPOBOIUMOCTH 10 3aMKHYTOH TPaeKTOpUU
B MAarHUTHOM TOJie PaBeH

2nm" . _10S(g pg)
Tg="——r, m=——""52 (10)
le| B 2n ot
3necs S =S(g, pg) — muomanp, onucaHHasi TpaeKTOpUel B IPO-
CTPaHCTBE UMITYJ/IbCOB. BennuuHa m” MMeeT pasMEPHOCTb MacChl U
Ha3bIBaeTcsi Ighghexmuenoti maccoi 6 maznumuom noae. [lymaio,
BbIpa)keHHe A5 m’ MOxeT yauBuTh. Ho mocMOTpUM, KaK BBITJISIUT

aTa pOpMy.1a 1151 31eKTPOHA BHE KPHCTAJLIA, Y KOTOPOTO € = p° / (2m)

U, clefioBatenbto, pi = 2me - py, S(& pg) = n(2m£ - pf,). Orcio-

6 Jlnst nOKa3aTesbCTBA TOTO, YTO € M pg — TOCTOSIHHBIE, JOCTATOYHO
YMHOXHTD ypaBHeHue apmxennus (9a) Ha & (momyumM €= const ) U B3ATH
ero mpoekuuio Ha B (monyumm pp =const ). ITogobue TpaekTOpHii —

. dr dp
CAICACTBHE OPTOTOHANBHOCTH 3 =—- M d_’t’ Takasi OpPTOTOHAJbHOCTb B
KaX/Iblif MOMEHT BpEMEHH BO3MOXHA, €CJIH TPAeKTOPHH TIOAOGHBI ¥ MOBEp-
HyTbl Ha 90° [PYr OTHOCUTENbHO Apyra (CKOpOCTM HalpaBJeHbl TIO Kaca-
TENbHBIM K TPAEKTOPHUSIM).
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na u u3 onpeneneHus m' umeeM m’ = m(!) — BbIpaxkeHue AJsA
3¢ deKTUBHOI Macchl MPOILJIO NPOBEPKY MPENETbHBIM NIEPEXOL0M.

Mosker (M DO/KEH) BOBHMKHYTh €CTECTBEHHBIH BONPOC: IIOYEMY
Mbl He YYUTbIBaeM KBAaHTOBaHUS JABM)KEHHUS JIEKTPOHA 110 3aMKHYTOH
op6ure? [lo/kubl yuutoiBaTh. Ho ecim aMHa TpaekTopuu 3Hayu-
TEJIbHO INPEBBIIIAET JJIMHY BOJIHBI 1€ Bpoitns asnekrpona h/pp, To
PACCTOSTHUSI MEX/Y AUCKPETHBIMM KBAaHTOBAHHBIMHM YPOBHSIMU HED-
TUU MaJibl ¥ NpeHe6pekeHre KBAHTOBaHUEM C GOJIbIIONH TOYHOCTHIO
ONpaBIaHo.

MHorue cBOICTBa MeTaJJIOB UCCJIe/JOBaHbl HA OCHOBAaHUH KJIaCCH-
YeCKOTO MPHOJMKEHUS, T.€. MO CYIECTBY Ha OCHOBaHUM TeX ¢op-
MYJI, KOTOpbIE MbI 3€Cb BBIMHMCATH. 3aKOHHOCTb TaKOrO HOAXOAa
HOATBEPKIAETCS OLEHKOM. [/ IPOCTOTHI TPOBEEM ee, CYUTAS, YTO

TPaeKTOpUsl — OKpYXHOCTb. Ee paauyc pasen Bg—, U yCJOBHE,
e

paspemianlee HUCIOJb30BaTh Kaaccuieckylo (a HE KBAHTOBYIO)
MEXaHMKY, MOXHO 3allucaTh TakK:

Pr >>i, (1
eB  pr
Ho p% m~€p, a ehfm=| — MarHUTHbIiI MOMEHT 3JIEKTPOHA.

DJIEKTPOH MMEET He TOJIbKO 3apsii, HO U 006JaZiaeT MarHUTHBIM
MOMEHTOM, T.€. CO3aeT BOKPYT ceOsl He TOJBKO 3JEeKTPUYeCKOe, HO
U MarHUTHOe TmoJjie. BesnynHa MarHMUTHOTO MOMEHTA 3JIEKTPOHA
n~10" JIx/Tn. DTo — oveHb MajeHbKHil MaCHUTHbI MOMEHT
(MaruuTHBIH MOMeHT 1 cM? OGBIYHOTO MArHWTa MPHGIH3HTEHHO B
102! pa3 60JbllE), HO 3TO BE/Ib MAaTHUTHBIA MOMEHT OJ[HOTO 3JIEKT-
pona. Toraa ycaoBue (11) nepenuceiBaercs B Buje

UB < gf . 12)

A Tak Kak €p ~ 1071 JIx, To 510 03HayaeT, uto B < 10% Tu. ITpu
BCeX MpPHUMEHsSIeMbIX B (PU3UYECKUX OSKCIIEPUMEHTaX MarHUTHBIX
noJsix yejosus (11), (12) BeimosHenb.

Ho gns toro, o 4yeM pedyp moiizer HuXke, HEO6XOJUMO Y4ecThb
HMMEHHO KBAaHTOBAaHHUE JABM)KEHUS 3JIEKTPOHA B MarHUTHOM noJe. [lisa
3TOr0 MbI BOCIOJIb3yeMcsl (popMyJioil, nocryupoBanHoit Humbcom
BopoM, korza o nbiTajcs 0O6bSICHUTb CTPYKTYPY CIEKTpa aTOMOB:

€,.1 — €, = hw, n — nesple yncaa > 1, (13)
2
rae = T KpYyTOBasi 4aCTOTa KJIaCCHYeCKOTo aBxkeHus. Korga

B
6bL1a CO31aHa JIOTUYECKH HENPOTUBOPEYHNBasA KBaHTOBasd ME€XaHHUKa

(3.UIpenunrep, B.Teitzen6epr), ycaosue (13) 6bur0 cTporo mo.ry-
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YeHO B TOil TJlaBe KBAaHTOBOH MeXaHHKH, KOTopas Oblia HasBaHa
Keasuxaaccuueckoe npubruxenue.
Urak, u3 (13) u (10) crexyer (Ae =g, —€, ), 4TO

As%—f? =lﬁ-k21tm* =2nhle| B, wm AS =2nh|e|B,
m

S(e,pp) =21th|e|B(n+—;—), n — uesnle yucaa > 1. (14)

MBI BOCTIOJIb30BAIMCh TeM, YTO Ag TIpH 72 >> 1 3HAUMTEJbHO MeHblIlle
£, al/2npunucaau, 4To6bl pe3yIbTaT TOYHEe COrIacoBaJIcs ¢ 60ee
cTporoil Teopueii (ee Mbl yNOMsiHYIH). YCJOBHE KG8AHMOBAHUS
naowadeii (14) snepsbie 6bi10 BbiBeaeHOo Mbeil MuxaiinoBuuem
Jlupmunem B 1950 roay u Hocur ero umsi.” @opmyJie (14) MoxHO
NpUAATh APYToi BUA, €CJIN OT TPAEKTOPUH B UMITYJIbCHOM IIPOCTPaH-
CTBe MepeiTH K MPOEKIUH TPAeKTOPHU B KOOPAMHATHOM MPOCTPAH-
CTBe Ha IJIOCKOCTb, NMEPIeHANKYJISIPHYIO MarHUTHOMY moJio. Ilio-

aab S, , KOTOPYIO OKPY>KaeT NPOeKIUs TPAeKTOPHHU, eCThb (;E] S,

u B4

2Th 1
BS, =2 n+=|,
s=5(+3) "

n — nessle yucaa > 1. (15)

Ho npousBenenue «MaraiutHoe Hoje X
TUIOIA/Ib» €CThb [IOTOK MarHMUTHOTO ITOJIAL.
Ycnosue (15) o3Hayaer: 3J€KTPOH ABH-
XeTcsl 10 TPAeKTOPHM, OXBaThIBalOLlei \-
TI0JTyLiesI0e YMCJIO KBAaHTOB IIOTOKA Mar- P,

2nh
HutHoro nosst ¥, = —- . [loguepkuem:
e
He MIOTOK MarHUTHOIO 10JIsI KBaHTyercst, Pz

a TpaeKTopuA IOACTpauBaeTCs NoJ Be-
JIMYUHY IOTOKa TakK, 4YTO

_ 1 Puc 6. KaHToBaHHbIE TPAEKTO-
P =Py (” + —) ) (16) vt Ha rioBepxHocTn Depmu.

Bbinenieribl 1paekTopim, KOTo-
Ha pucynke 6 u306paXkeHbl KBaHTO-  pue okpyXaloT SKCTPEMATb-
BaHHBIE TPAEKTOPUM Ha IIOBEPXHOCTH Hpie (0 pg ) naowanm

7 Yacro rosopar <ycnosue Jiudumma—Oncarepas. JI.Oncarep (1903
1976, HoGeneBckas npemusi o xumuu 1968 r.) BbIBEI ee HE3aBUCHMO H YYTh
nozxe (1952 r.).
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®@epmu (IOBEPXHOCTb NMPOCTO NpHAyMaHa). Euie 0fHO yTBepxie-
HHME, KOTOPOE IPHUJIETCs NPHHATH Ha Bepy (kaxercs MoCaelHee).
Cpeny KBaHTOBaHHBIX 3HAYEHHUH IJIOIAAN CyLieCTBEHHDI JJI JaJib-
Heli1ero Te, KOTOPbIM Ha NMOBepXHOCTH (DepMU COOTBETCTBYET JKCT-
peMyM 10 pp (MaKCHMyM WM MHHUMYM — HE TaK BaXKHO; JIMIIb bl

= =0).
opp

Tenepp o6patuMca K PUCYHKY 7, B3SITOMY U3 3KCIIEPUMEHTAllb-
HbIXx pa6or. Ha HeM nso6pa’keHa 3aBUCHMOCTb MarHHUTHOH BOCIIpH-

a)

Puc.7. 3aBHCUMOCTb MAarH1THOM BOCIIDUUMYNBOCTA OT BEJTNYMHBI MarHuT-
HOro nosis: a) Ana pexns, 6) ana cepebpa

MMYUBOCTH MOHOKPHUCTaLIOB penus (a) u cepe6pa (6) or MarHuTHO-
ro noJssi. O6paTuTh BHUMaHKNe HAJ0 Ha TO, YTO KpUBas, u3obpaxa-
IOIasi 3Ty 3aBUCHMOCTb, OCYUAUpyem. 3aBUCHMOCTb CHSITa IpPHU
TeMneparype, 6/u3Koi K ab6comoTHoMy HyJo. Ocuuinupyiolas
3aBHCHMOCTb MarHUTHOTO MOMEHTA U/ WJIM MaTHUTHOH BOCIIPUUMYH-
BOCTH OT MarHUTHOTO TOJIsSI HOCUT Ha3BaHue 3 dekra Je [aasa — Ban
Anbdena. OcumnsuuonHble 3heKTbl XapaKTepHbl MPaKTHYECKU
J71s1 BceX MeTasuioB. [L1s1 uX Ha6JII0ieHUst Hy KHbI XOpOIlHe, YHCTbIe
MOHOKDHCTaJLJIBI MeTaJsljla, HU3Kasi TeMIIepaTypa U JOCTaTOYHO CUJIb-
HOe MarHUTHOe 1oJie, YyToGbl Besnunna WB npesbnuana kT, ocraBa-
sICb MaJIOH 10 CPaBHEHMIO C Ef .

B yem npuynHa ocuMIAINY, T.e. NEPUOAUIECKON 3aBUCHMOCTH
OT MarHUTHOTO 10Jis1 B? B noBropsieMocTy cUTyallu IpU U3MEHEHNH
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3HaYE€HHUA l Ha BEJINY znlelh
B UHY ToF

o extr
MaJIbHOM TI0 pp IJIOIIAAUA CEYEeHHUS IOBEPXHOCTH (DepMPl. Hepenn-

uteM ycnosue (14) Tax:

, rae SF, ~— sHauenme skcrpe-

i__21th|e|(n+_1_)
Bi Sg(tr 2 ’
1 2mhle| 1
—=—F|n+tl+|.
B2 Sextr 2

IlepBast cuTyalust OTJIMYAETCS OT BTOPOH TOMBKO TeM, 4TO B [IEPBOM
c/iydae ¢ sHeprueil MepMu COBNALAeT n-il ypOBeHb, a BO BTOPOM —
(n+1)-it. Ho n — Bce paBHO OueHb GOJIBIIOE YHCTO, H3MEHEHHE HA
€/IMHHIly HOMEPA YPOBHSI MaJo 4TO MeHsieT. B pesysbrate — mosTo-
peHue, OCUM/LTAIHMH. BbIuTsi N3 BTOPOTO ypaBHEHUS NIEPBOE, 10Ty 4a-
€M Nepuod OCUUNNAYUOHHOU 3ABUCUMOCTNY:

1 2mhle|

A= F 7)

extr

Mosmas Teopus sddekra ae laaza — Ban Asbdena nHa ocHoBe
910# popmyibi 6bima mocrpoena M.M.Jlnudiumuem u ero yueHuKom
A.M.Kocesnuem (rorma acnmpantom) B 1953 romy. OcnoBHOe
AoctouHcTBO (hopmy.br (17) B TOM, 4TO OHa 6blma moayyeHa Ge3
MPEATIONIOKEHUSA O XapaKTepe 3aBUCHMOCTH JHEPTUM 3JIEKTPOHA OT
ummysbca. CiiefoBaTeIbHO, OHAa TOAMTCS JJsA JIO60r0 MeTalla C
nosepxHocTbi0 Mepmu J1060it popmel. Bosee Toro, ona maer Bo3-
MOXHOCTb DelIaTb OGPaTHYIO 3aJady — M0 SKCIEPHUMEHTATbHBIM
JAaHHBIM, TI0 OCUMJUIALKMOHHDbIM KPUBbIM OIpeessiTh (JOPMY NOBEPX-
Hocti Depmu (06 3TOM 4yTh HEXKE).

Teoputo sdpdexra ne Taaza — Ban Anbdena a1d CBOGOAHBIX
3JIEKTPOHOB, T.€. 2J€KTPOHOB B CBOGOZHOM OT CHJI IIPOCTPAHCTBE,
nocrpoun JI. [[.Jlanzay B 30-x rogax. Ho ero pa6ora He Morsia 6bITh
ony6MKOBaHa, Tak Kak JIaHAay B 9TO BpeMsi GbLT pelpecCHpOBaH
(He3aKOHHO, KaK I10TOM BBISICHUIIOCH). B akcriepuMenTanbHoil pa6o-
Te, nocesieHHON a¢ddekty ae T'aaza — Ban AsbgeHa B BucMyTe
([.1llen6epr), Boimeureii B AHrny, pesyJibTarhl JIaHAay U3T0KUIT
ero Apyr — ¢wusuk-reoperuk P.Ilajiepic, k aToMy BpeMenu Gexas-
umii u3 pamnctkoi TepManuu u xuBiuil B Anrauu. Tak B ucTOpHIO
HayKH BILIETAETCA UCTOPHS CTPAH M HApPOAOB, YacTo, K COXAJIEHHUIO,
Tparuyeckasi.

s cBo6oaubIX 271ekTpoHOB hopmyna (17) cogepuT mIoT-
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y/3
HOCTb 5JIEKTPOHOB 7, , TIOCKOJIBKY Sk, = npZ, Pr = 21th(§2) :

8r
1 ll (8 Y° 2 1
A—=—A |22} =20
B 1c(21th)(3n) h (3n2n)273 ’ (18)

Korza cymectsoBaa ToJbKO 3Ta (hopMy.ia st OObACHEHHS OCLHII-
JISILMOHHBIX 3 deKTOB, TO Ka3aJ0Ch, YTO OCLHJIIAIMOHHbIE addex-
ThI MOYKHO HaGJI0/IaTh JIMIIb B TAKMX K30TMYECKUX MeETa/l1aX, Kak
BUCMYT. [leJ0 B TOM, YTO Y BHCMYTa aHOMAJbHO MaJO 3JIEKTPOHOB

MPOBOAMMOCTH U MO3TOMY IME€pHOA AE JAOCTAaTOYHO BEJIMK, T.€.

Ha6mogaeM. Pa6ora .M. JIudpmmia u A.M.Kocepuda Bce <«1ocTa-

BUJIA HA MECTO»: TIOBepXHOCTH DepMU META/LJIOB CJIOXKHBI, IPAKTH-
yecku Bce moBepxHoctn (DepMu 06J1afal0T MajbIMM CEYEHHMSIMH C
skcTpeMaibibiMu (0 pp) MiIomazsAMu. BarisHuTe eme pas Ha
pHUCyHOK 4!

Kak e ucrnosb3osatb dopmyry (17) st onpesesiennst Gopmbl
noBepxHocTd @epmMu? BcnoMHUM, 4TO NEPHOA OIpENEJISieTCs TJIO-
IafIbl0 CEYEHHUsI, MPOBEOEHHOZO NEPNEHOUKYNAPHO MAZHUMHOMY
noso. IloBopayuBasi KpUCTA/UT M M3Mepss MEPHOAbI, 2 3HAYHMT, U
IAOmAaA cedeHuit nmoBepxHoctH DepMH, MMEIOIIHE SKCTPEMYM IO
Pp» MBI MOXEM <IIPOLLyNaTh» BCIO moBepxHocTb. M.M.JIn¢umi
BMecTe ¢ u3BecTHbIM reomeTpoM A.B.IloropesnosbiM jake BbIBeJH
CHenManbHyio $GopMyJIy, AAIOIYI0 BO3MOXHOCTD MO YIJIOBOH 3aBH-
CHMOCTH TIEpHMOJa OCIMJUISIMA IOCTPOUTb NOBepxHOCTb (Depmu
(1954 r.). .

VKke TOBOPHJIOCH, YTO B HACTOsIIee BpeMsl M3BECTHBI OBEPXHO-
cru ®epmu 6oabmmHCTBa MeTasioB. Hanboubnryio ungopmauuio o
noBepxHocTaX (DepMH MOJYYHIH M3 CPAaBHEHHS SKCIIEDHMMEHTAJIb-
HBIX JAHHBIX MO OCUMJUISLMOHHBIM 3ddekTaM ¢ PopMyioid, KOTO-
pyio Bbiean Wibs Muxaiinosuy JIndpumn 1 ApHosba MapkoBuy
Kocesunu.



MPOCTO ®U3UKA

HymMato, y kKaxaoro ¢pusnKa KpOME CBOEH eCTb ellie 1o
KpaiiHeil Mepe aiBe (bH3UKH: 4y Kda — Ta, KOTOPOI POdECCHOHATBHO
3aHUMAIOTCA Jpyrue (PU3MKM U C pe3ysjbTaTaMH KOTOPOW O4YEHb
MHTEPECHO NO3HAKOMHTbCA XOTs Obl HOBEPXHOCTHO I10 H3JI0XKEHHUIO B
HayYHO-TIOMYJISIPHBIX JKypHaJaXx M KHHUIrax, W mpocmo ¢pusuxa, c
KOTOPO#H CTa/JIKMBAEUIbCS COBCEM HEOXKUIAHHO: YUTAs O YEM-TO, He
HaNpSAMYIO CBSI3aHHOM € (DU3MKOM, WK HAGII04ast YTO-JIM60.

BombmutcTBO PU3UKOB yBEPEHDI, YTO OKPYIKAOMIAA UX AEHCTBH-
TeJIbHOCTb — pa60Ta MAIllMH i MEXAHU3MOB, SIBJIEHHS HIPHPO/BI U T.II.
~ MOXET ObITb OOBACHEHA M IOHSTA Ha OCHOBe (pusuku. Koneuno,
TOJIbKO TO, YTO HAaXOAUTCA B 06JACTH ee mpuMeHHMOCTH. Peub He
UJET O [yXOBHBIX JBM)KEHUAX, O )KU3HH OGIIECTBA X MHOTOM JIPYTOM,
BO3MOXHO, 60Jlee MHTEPECHOM, YeM TO, B YEM MBITAETCS Pa306paThCs
(usuxa.

O «mpocro ¢u3sKKe» BCIOMHUHAIOT, MHE KaXKeTcs, Hedacto. EcTb
¢usuku, KoTOpbIe He JIOGAT 33yMBIBATHCA O CAYYaiiHO Ha6JIofae-
MbIX fBJIEHMSIX, OTBEYaTb Ha BO3HUKUINE <«H3 XXM3HH» BONPOCHI.
Onnaxzpl A 3anan cBOeMy KOJLIEre — IPeKpacHoMy (usuky —
BOIIPOC:

— IloyeMy xunAmuii Ha rasoBOil IJINTe YAHHUK OKyTbIBaeTCA
napoM IocJjie TOro, Kak ra3 BBIKJIIOYEH?

OH, DpakTHYECKH He
CJIbIIIA BOIIPOCA, CKa3aJl pas-
ZpakeHHO:

— He mo6ui0 kyxoHHOR
usuku! [na Hero u aus
MHOTHX <«IIpOCTO (PU3HKa» —
KyxoHHas ¢pusuka. 1M srta
CTaTbs, CKOpEe BCEro, He Io-
HPaBHUTCSL.

* * *

Bonpocht «u3 xusHu»
BO3HHKAIOT, KaK IIPaBHJIO,
COBEPIIEHHO CTIOHTAHHO, HO
BO3HUKHYB, 4Yalle BCETO
(npusHaioch) 3a6bIBAOTCA.
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Ho ecnn He 3a6biBaioTcs, TO B IIpoLEecce OTBeTa Ha HUX «o0pacra-
I0T» Pa3HOOGPA3HBIMU OTBETBJIEHHSIMM M MHOTJA 3aCTaBJISIOT OGLy-
MBIBAaTb BIOJIHE JIIOGONBITHBIE BEIH. JTa CTaThsl — INOINBITKA HEpe-
HECTH Ha 6yMary NOTOK CO3HAaHMsS, BO3HUKUIMI M3 ABYX HCTOYHH-
koB. He Hazo nymartb, 4to, 3a7aB ceGe BOIpOCHI, I Hayaj pasny-
MbIBaTh HajJl OTBETaMH HJIM OGLyMbIBAaTb 3aTPOHYTBbIE IIPOGJIEMBI.
ITH cepbe3Hble CJI0BA ILIOXO ONMCHIBAIOT TO, YTO MPOMUCXOAUJIO.
Tounee ckasaTb Tak: 3a/1aB ce6Ge BOIIPOCHI, si YaCTO JIOBMJI ceOsl Ha
TOM, 4TO MBICJIEHHO BO3BpAINAIOCh K HUM, HO YacTO YyTb <«IIPOMa-
3bIBaio», ¥ BO3HUKaeT OJM3KHUH BOIPOC — MBICJIb IEIJISIETCS 3a
MBICJIb.

* ok ok

C uero HauasoCh?

Korga 3umoit B Coegunensbix IlltaTax 06bABJSIOT IPOTHO3
T1oToABI, TO, COOOIAsI O TeMIiepaType 3aBTpaliHero Axs (1o Hempu-
BBIYHOM i Hac wKaje (Dapenreiita), yacTo A06GaBJSIOT: <A C
y4YeToM BeTpa TeMieparypa 6yJeT...» — M Ha3bIBAlOT COBCEM IIyTalo-
1ee 3HaueHHe. KoHeyHo, MBI XOpOILII0 3HaeM, YTO Ha BETPY XOJIOAHEE.
Bosxukim aBa Bompoca:

Ilouemy MbI olLiylaeM Ha BeTPY BO3AyX 60Jjiee XOJIOLHBIM?

Kak oneHuTb poJib BeTpa B TEIJIOBBIX IIpoIeccax?

Wrak, nepBblil HCTOYHHK BOIIPOCOB — CBOAKA CHHONTHKA (IpakTu-
4eCKH eXeJHeBHast). BTopoil HCTOUHMK CBSI3aH C HeJJaBHUM II0JIETOM
aMepHKaHCKOTO KOCMHYECKOro Kopa6Jisi MHOrOPasoBOTO HCIOJIb30-
BaHMsI /Il PEMOHTa BHE3EMHOTO TeJieckomna « Xa66s». CyiecTBoBa-
HHe 3TOro (PaHTaCTHYECKOro pHOOPa Ha OKOJI03eMHOMN OpOHUTE CTOJIb
HMHTEPECHO, 4TO IPHUCJIYLIMBAEHIbCS KO BCEMY, YTO COOGIIAIOT O
nojere Kk HeMy. Cpelu CKa3aHHOTO ObLIO COOOGIIEHHE O TOM, UYTO
OCHOBHbI€ TIOBPEXK/JIEHUSI BO3HUKJHU U3-32 CJIOXHOTO TEIJIOBOTO pe-
JKHUMa: TeJIeCKoll To HarpeBaeTcst CoJIHIIEM, TO OXJIaXK/aeTcsi, KOrjia
nonajaer B TeHb 3eMJyH. B maHHOM ciyyae BOmpoc MOXeT GbITb
cTporo copMyJIMpoBaH B Buze 3a1auyu: «Harperas no onpeaesie-
Hoit Temnieparypsl (iyctb Ty ) muacTuHa TosmuHOM 2d Tomajaer B
HEOCBellleHHYI0 06J1acTh KOCMHYeCKOro npocrpadctBa. Kak 6bicTpo
OHa OXJIAJIUTCS?»

Boxkpyr atux AByX npo6sieM KpyTUuch Mo Mbicau. Ho korza s
PelIn, YTO XO4y PaccKa3aTb O CBOMX Da3MbIILJIEHHSIX B JKypHaJje
«KBaHT», TO OHs/I: HEO6XOAMMO CHAYAIA «OTCTYHHUTb» H NOAEIUTh-
CS C YATATEJNsIMH TeM, B KaKHX TEPMHMHAX s Pa3MbILLISI, KaKUMH
TIOHSITUSIMU OIlePUPOBAJL.
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* * ¥

Tennoma, kak Bbl, KOHEYHO, 3Haere, HeMpocToe sABJjenue. Te-
Tepb, KOr/la aTOMHOE CTPOEHHE TeJl XOPOIIO H3BECTHO, MO/ TEIIOTOH
MbI TIOHMMA€eM SHEPIMIO XaOTHYECKOTO ABIKEHHS aTOMHBIX U Cy6a-
TOMHBIX YacTHIl B TeJie. UeM HHTEHCHBHEE OHH IBUXYTCSI, TEM Terliee
— GoJblie TerioThi. Mepoii Tenotsl H36paHa memnepamypa. Mot
Gynem o6o3Hauatb ee 6ykBoi T. [l Hee BbIGpaHa CrelHa/bHAs
WKana u3MepeHumii — rpaaycel (a5 pusmyeckux uesel HauGosee
yIo6HbI a6comoTHbIe rpaychl — rpaxychl Kenbsuna, K). Ho nenath
3TO He 06s3aTEJbHO, TAaK KaK [0 CBOEMY CMBICTy TeMIiepaTypa
61M3Ka cpeqHeidl SHEPTMHM € XAOTHMYECKOro ABMXKeHWsi dactuil (B
pacueTe Ha ofHy Yactuily). Tak, cpefHsisi SHEPrusi HOCTYNATeIbHOTO
JBW)KEHUSI YACTHI(BI KJIACCHYECKOTO MHEaJbHOTO Ta3a paBHa €=
= (3/2)kT, rne k=14-10"% Ix/K — mocrosinHast BosbiMana.
Temnepatypy Aaxe MOXHO (HO HEYZOGHO IPAaKTHYECKH) U3MEDPSTH B
SHepreTHMYeCKUX eAuHuLax (HanpuMep, B IXKOYJIAX).

Temnepartypa, Kak Mepa TeIJIOThI, BbIOpaHa HeoObIYaifHO yAauHO.
B Ka)/I0M Tesie TEIIOBOE ABW)KeHHE cBoe (M3- 32 PasHOro COCTaBa
xoTs 6b1). OaHO TeJo He Oxoke Ha aApyroe. Ho, He 3agyMbiBasich
0 TOM, KaK YCTPOEHbI Tejla, Mbl YBEpPEHbI: €CJIH [IEPBOE TEJIO HMMeeT
Temmnepatypy 6osee Bbicokyio, yeM Bropoe (T >7T,), To npu ux
COIPUKOCHOBEHUH TePBOe TeJlo 6y IeT OXJIaXKAaThCsA, a BTOPOE Harpe-
BaTbCA — JIO TEX ITIOP, MOKA UX TEMIIEPATYPbI He BbIpoBHAOTCA. 1lpH
JTOM €CJIM TeJia pa3Hble, TO JHEPTHM TENJIOBOTO JBHUXKEHHSA B 9THX
Tenax (<«TENnoTbi») GYAYT Pas3JIMYHBI.

B caydae koraa Tesio Harpeto HEOJHOPOAHO, B HEM BO3HHKAET
notok Tenaa ([OTOK 3HEPTMH), HANpPABJEHHbIH OT ropsiyeil yactu
tena K xosnoaHou. I[IoTok cTpeMHTCS BBIPOBHATb TEMIIEPATYpPbI.
Yaaercsa 310 €My WJM HET, 3aBHCHT OT NOCTaHOBKM 3ajzaud. Ha
pucyHkax 1 u 2 cxeMaTHyecKu N306pakeHbl iBe CUTyalus. B nepsoM
cllyuyae B KOHEYHOM MTOTE TEMIIEPATYPA Tesa BCIOAY CTAHET OfHOH M
TOii e M PaBHOM TeMIlepaType >KHAKOCTH, OKpYyXXalolieil Teno. Bo

o0 o
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BTOPOM CJIy4ae HOTOK TeIlJIa B CTepyHe 6yJeT CyIecTBOBaTh 0 TEX
nop, moka GyAeT NOAJEepPKUBATHCA Pa3HOCTb TEMIIEPATYP MEXAY
KOHI]aMHU CTEPIKHA.

Kak e omucatp OXJiakJAeHHe WM Pa3orpeB TeJ HE TOJHKO Ha
cJoBax, HO B KoanyectBeHHO? Dusnku XVII-XVIII Bexos npuny-
MaJii CIeIMaJbHYyI0 KUAKOCTb — ¢uiorucTon. [ne Ttemiee, TaMm ee
6oJ1b1le, e XoJ0aHee — MeHblle. TeyeHue (IOrHCTOHA 06€CTIEYMBAET
BHIDABHMBAHHE TEMIIEPATYD M ApYrHe TeIIoBble sBIeHMsA. Eme
A.JlaByasve (1743-1794) nokasan, uto ¢uorncron — uKuHs.
DuKiysa-To PUKLKSL, HO TOPOANIIA HCIIONb3YeMYIO M CETOJHSA TEPMH-
HoJioruio. BepauTtecs k npeapiayieMy absany. Beap ecim meuem, to
SKUJIKOCTh, HaBepHOEe? BbISICHUIOCH, BIIPOYEM, UTO MeUb MOXem He
moavko xudxocmy. IIOHATHIO <«INOTOK TemJa» MOXKHO IIPHIAATb
BIIOJIHE OINPEAE/IEHHbIA KOJINYECTBEHHbIH CMBICJ, He BCIOMMHAS O
¢JioTUCTOHE.

PaccmotpuM 3seMeHT o6bema AV B Tese, KOTOpbIi Majl B
CPaBHEHHWHM C pa3MepaMyl Tesia, HO B HeM JIOCTaTOYHO MHOIO aTOMOB
(monexyn). Ecnin uamensiercs temneparypa T aToro sneMeHTa o6be-
Ma, TO M3MEHSETCS M KOJIMYECTBO TEIJIOTHI B HeM (T.e. M3MeHseTCS
€ro BHYTpEHHsis 3Heprusi). V3MeHeHue KosmyecTBa Temotei AW
MoxkHo 3anucathb B Buge AVCAT , rae C — mensoemxocmo € JMHHULBI
o6beMa TeJa, T.€. BeJIMYHHA, MMEIoIIasl IPOCTON PU3MYECKHi CMBICIT:
OHa paBHA M3MEHEHHUIO TETJIOTHI eJMHHIb O6beMa TeJia [IPU U3MEHE-
HUM TeMIlepaTypbl Ha ofuH rpaayc. Ilycts B anemente o6bema AV
Her mcroyHmka Temna.! Ecim koimyectBo Tensna W B aieMeHTe
o6beMa U3MEHSIETCS, TO B OTCYTCTBHE HCTOYHHKA TEILJIa 3TO BO3MOXK-
HO TOJIKO 32 CYET TOTO, YTO OHO JIM60 BHOCUTCS (BTEKAET) B 3/IEMEHT
o6beMa, JTM60 BHIHOCUTCS (BBITEKAET) U3 HETO, a TOYHEe: ¥ BHOCHTCS
(BTexaer), u BoiHOCHTCA (BbITEKaET). VIMEHHO 3TOT NPOLIECC OMKCHI-
BaeT niomuocmes nomoxa menad. O6o3HauuM ee 6yksoit q. ILiot-
HOCTb TIOTOKA TeIIa — BEKTOp, [O3TOMY, 3Has G, MBI 3HaeM He

! Mosxer moka3aTbcsl, YTO 3TO M3MMINHASA (pasa: Kak BHYTPH Tela
MOXeT GUTh MCTOYHUK Tersa? Jlerko nmpuBecTH NMpHMephl, MOKa3bIBAOIIKE,
4TO 3TO BO3MOXKHO. HampuMep, ecaM 1Mo MeTa IMYecKOH MPOBOJIOKE TeYeT
37EKTPUYECKUH TOK, ILJIOTHOCTD KOTOPOIO j, TO B KaXKAOM €JMHUYHOM
aJieMeHTe 06beMa B €AMHUILy BPEMEHU BbIAE/AETCS TEIIO, paBHOE pj?, rae
p — ymeJbHOE CONpOTHBJIEeHUe MeTana. [pyroi mpuMep: Ha CTEKJSIHHYIO
IUIaCTHHY MajaeT CBeT, KOTOPBIA YaCTHYHO MOTJIOMAeTCA TJIACTHHOH. UeM
Jajbliie OT MCTOYHMKA CBeTa B IUIy6b IUIACTHUHBI, TeM MHTEHCHBHOCTb CBETA
menbute. Kyaa aesaercst sHeprisi CBETOBbIX KBaHTOB IpU 3ToM? B koHeuHoM
HTOTe OHAa TPATHTCs Ha Pa3orpeB IIACTMHBI. B kaxaoM aseMeHTe o6beMa
MJIACTHHBI BbIAE/seTCS Temao. VICTOUHMK Temsa TeM MOlIHee, 4YeM GoJiblie
K09 GUUMEHT TOTJIOLIEHHs] 1 YeM MHTEHCHBHee CBETOBOH TOTOK.
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TOJIbKO KaKOBa BEJIMYMHA MOTOKA, HO U Ky/a OH HaNnpaBJIEH. Pa:mep-

HOCTb IIJIOTHOCTH TIOTOKA TeMJia eCTb II)K/ (M2 .c) ). BocnoJsib3oBas-
IINCh BBITHCAHHON PasMEPHOCTHIO, HETPYAHO JaTh CJIOBECHOE OIpe-
JeJleHne TIOTHOCTH noToKa Terna (caenaiite 9T0 CaMOCTOSTENBHO).

YT06bl MOTOK TENJIa, OMMUCHIBAEMBIA BEKTOPOM § , 06ecHevHBall
H3MEHEHHE CO BpeMeHeM Temneparypsl T a/ieMeHTa o6beMa AV, OH
JIOJKEH TIOAYMHATHCS ONpeAeeHHOMY cooTHomeHuo. s npocro-
Thl PacCMOTPMM HEOJHOPOAHO Harpetblii crepxkeHb. lamenenue
KOJIMYECTBa TeIl1a B CJIOE TOJIIIUHON 2Ax , cepeJMHa KOTOPOTO UMeET
KOOpDAMHATY X, 3a BpeMsi At OIpefe/sieTCs KOJMYECTBOM TelJa,
IIPOTEKAIOIIEro Yepe3 FPaHuIbl CJIOS:

CAT -2SAx = g, (x — Ax)SAt — g, (x + Ax) SAt
(S — ceuene ctrepxkns). OTCIOAA N0JyYaeM HCKOMOE COOTHOIIEHHE:

A AT
e 1

Ax At’
T/le MHIEKC «X» yKasblBaeT, YTO IOTOK TelJIa HalpaBJjieH BAOJIb OCH
x. Taxum 06pa3oM, CKOPOCTb U3MEHEHHUsI TEMIIEPATY PbI CO BPeMeHeM
ONpe/ieIIeTCsA CKOPOCThIO U3MEHEHHSI IVIOTHOCTH I0TOKA TeJIa BIOJIb
crepxus ( Ag, [Ax Ha3bBalOT zpaduenmom q, BAOJb ocH x). Ecn
g, He 3aBucHT o1 x, To T = const (CKOIbKO TeIIa BTEKAET, CTOJIbKO
Y BBITEKAET).

Pasencrso (1) — 3amuch 3akoHa coxpaHeHHsi. B JaHHOM ciyuae
- tena. Tlogo6Hble paBeHCTBa BeTpeyarotcs Yacro. Ilycrs, Hampu-
Mep, YaCTHIbI KaKOTO-TO COPTa PACTBOPEHBI B XXHUAKOCTH HJIH B
tBepaoM Tee (ceityac HeBaxkHO). KOHUEHTpamuio pacTBODEHHBIX
yactun (ux 4ucao B enuHune o6veMa) oGosHauuM n. Toraa, ecam
KOHIIEHTpAIUs HEOJHOPOAHA BAOJb OCH X, TO

& o )

Ax At’
rae j, — TJIOTHOCTb MOTOKAa YaCTHI[ BAOJb OCH x (pa3sMepHOCTH:
[n]=1/M3, [j.]= 1/(M2 ~c) ). PasencrBa (1) u (1) — eme ne
ypaBhenusi. Ha/o BbIICHMTb, OT 4Y€ro 3aBHUCAT ¢, M J,, TOTAA,
BO3MO>HO, OHH TIPEBPATATCS B ypaBHeHUs1. BbiBaert, 4To NpUXoanTCs
BBITHCHIBATD HE OJHO, a HECKOJbKO ypaBHEHHH, 4YTOGbI HMeTb
BO3MOXXHOCTDb OIKMCATh IEPEHOC TeIIa U,/ M BelecTBa.

K BbIACHEHHMIO TOrO, KaK BO3HHKAeT NOTOK TelJa H OT 4ero
3aBMCHT ¢, TTOZ0i1AeM (HEHOMEHOJIOTHYECKH, T.€. Ha STOM 3Talle MbI He
6yaeM MHTEPECOBATbCS MEXAHU3MOM TEPEHOCA TeIla.

Ecau teMnepatypa ogHopoaHa (T.e. He 3aBUCHT OT KOODAMHAT),
TO TEIJIONEPEHOC OTCYTCTBYeT. EcTecTBeHHOM Mepoil HEOXHOPOAHO-
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CTH TEMIIEPATYPBI MOXKET CJIYXXUTb IpajueHT temuepatypsl AT/Ax .
Pa3yMHO NIpeJIosIoXKUTD, YTO
AT

qx’:_aeA“x‘ (2)

Msi heHOMeHOJIOTNYECKH BBeIH KO3 IUIHEHT — K0Ippuyuenm
menionpoeooHocmu &, Pa3MEPHOCTD €T0 JIETKO YCTaHOBUTD CPaBHe-
nuem ¢ pasmepuoctoio q: [&]=x/(K-M-c). 3uak munyc B
Boipakennu (2) HamucaH AJs T0ro, YTo6bl KO3 (OHUIMEHT TENIONPO-
BOJAHOCTH ObLT TOJIOKUTETbHBIM — BeAb IOTOK TENJa TeYeT OT
ropsiYero KOHIA Teja K XOJIOJHOMY .

Ecnu B3sTH NpOM3BOAHYI0O MO X OT NpaBOH M JIeBOil yacreit
ypasnenus (2), To ¢ oMolpio BbipaxkeHus: (1) MOKHO HCKIIOYMTD
q, - Honyuennoe ypasHenne misi T (ero Ha3blBalOT ypaBHEHHEM
TEMJIONPOBOJAHOCTH) MMEET CJEAYIOIIMI CMBICI: CKOPOCTb M3MEHe-
HHSI TEMIIEPATYPbI CO BPEMEHEM IPONOPLMOHANbHA 8MOpPOli TIPOU3-
BOJIHOH OT TeMIlepaTyphbi 1o koopauHare. Koadduiment nponopuu-
OHaJbHOCTH ¥ = 2/C Ha3bIBAIOT MEMNEPAMYPONPOEOOHOCTIBIO.

He npuBsekast kKakux-1160 IpeACTaBIeHH O MeEXaHH3Me Iepe-
HOCa Tema, MoXHO (Hy>KHO) 06paTHTh BHMMaHHE Ha TO, YTO €CJIH
TEIJIO IPOXOAUT Yepe3 I'PAaHUIY ABYX CPel, TO HA ZPAHUYE NOJAKHbI
ObITH BBINOJHEHBI [Ba YCJOBHS, O3HAYAIOMINe HEIPEPBIBHOCTD TIPO-
Ilecca MepeHoca TelJia U3 OAHON CpeAbl B APYIyIo:

T =T, ‘391A—ﬂ='392£2‘
Ax Ax
(och x HampaBJieHa NEPHEHANKYJISIPHO IPaHULE CPen).

Yro6bl NMOHSATP MEXaHW3M IlepeHoca TeIJla, PacCMOTPUM [Ba
CYILECTBEHHO pa3HBIX CJIyvas:

~ MepeHoC Temna o TBEPAOMY Tey, HO He 1o MeTasury (gasbiie
GyZieT TIOHSATHO, TI0YEMY MbI MCKJIOUYMJIH METAJLN);

— HepeHoC Telljla ra3oM, CKaXkeM 10 BO3AyXy B HalleH KoMHare
WM Ha yJuie, uiM B nose (BCIIOMHHM o BeTpe).

B meepdom mene HEOXHOPOAHOCTb TEMNEPATyPbI O3HAYAET, UTO
TaM, IJie TeMIeparypa Bbie, aTtoMbl (MOJIEKYJbI), M3 KOTOPBIX
COCTOHT TeJIo, KoJIe6IIOTCs1 6oJiee HMHTEHCUBHO, a TaM, Te TeMIepa-
Typa HHXXe, — MeHee UHTEHCHBHO. /[yMalo, HUKOTO He yIUBMT, €CJIH
TO K€ CaMOE s CKaXKy MHaue: mam, z0e memnepamypa eviuie, Ucao
¢hononos 6 edunuye obsema 6oavue, uem mam, z0e memnepamypa
Huxe.

2 DoHOH — KBAHT 3BYKOBbIX BOJH (TaK ke, Kak (POTOH — KBaHT
3JIEKTPOMArHUTHBIX BosH). (ITpum. ped.)

136



TennonposoaHocTd — 310 OTOK (POHOHOB U3 GOJIEE TOPSIYUX MECT
B 6osiee xomoxnbie. Hao moguepkHyTh, YTO YacTHIIbl, U3 KOTOPBIX
TIIOCTPOEHO TEJIO, He mepeMemaioTcst. Eciu He mpuGerath K Tped-
CTaBJIEHHUIO O (POHOHAX, TO HAZO GbLT0 6bI PaCCMOTPETh B3aHMOZEH-
CTBHE MEX/y YaCTHIaMH, 6/1aroJapsi KOTOPOMY MHTEHCHUBHO KOJIEG-
JIOUIMECA YACTHUIBI BOBJIEKAIOT B CBOE JBI)KEHHE COCEHHE YACTHUIIBI,
a Te CBOMX coce/ieil — TaK TeIlIo mepeMelraercst 1o texy. Ha sisbike
(boHOHOB BCe 3HAYHTENBHO HarJIIIHEE.

(DOHOHDI JIBUTAIOTCS XAOTHYECKH, OY€Hb YaCTO CTAJKUBAIOTCS C
Pa3/TMYHBIMH TIPENSTCTBUSIMU: C TPAHULIAMU KPUCTAJLIUTOB, € JUCJIO-
KallMsIMH, IpYr C ApyroM. Mepoil X CBOGOIHOTO TepeMelleHust
CJIyXKHUT OUHA c80600H020 npobeza | — cpejHee pacCTOSHAE MEXKITY
CTONKHOBeHHsAMHU. ['eoMeTpuyecKue IpeACTaBIEHUS MOTYT MOMOYb
BBIYMCJIUTD TIOTOK TeIlJIa, EPEHOCHMbIH (DOHOHAMH, NIPH 3a]aHHOM
CKOPOCTH M3MEHEHHsI TeMIIepaTypbl, a TeM caMbiM — Ko3(duumeHt
TEMJIONIPOBOAHOCTH:

e =Cli. 3)

3aecb C — TO-TIpEXXHEMY TeIJIOEMKOCTb €IMHUIbI 00beMa, HO
TnosiBUJIach ¥ HoBasi GykBa (fa eme ¢ 4eproit) #. ITo — CpeaHss
(10atoMy ¢ yepToit) ckopocTb HoHOHOB. (DOHOHBI — KBAaHTBI 3BYKO-
Boji sHepruu. CpeaHsist CKOPOCTb (POHOHOB IOPSLAKA CKOPOCTH 3BYKa
u B TBEP/IOM TeJle.

Ciaenyer o6paTuTh BHUMaHUE Ha TO, YTO KO3(M@HULUHUEHT TENJIO-
nposoaHoctH B ¢opMysie (3) COCTOMT M3 Tpex COMHOMKHTEJeii:
(pOHOHHOI TeINI0eMKOCTH, AJMHBI CBOGOAHOTO mpobGera (hOHOHOB,
CKOpocTH (poHOHOB. I1epBbIit COMHOKHUTE/Ib YKA3bIBAET, YTO MEPEHO-
CHTCS, BTOPOH — Ha KaKOe PaCcCTOSTHUE, TPETHIl — € KaKoit CKOPOCTDIO.
Tax ycrpoeHbl MHOrHe KHHETHYeCKHEe KO3(PDHUIMEHTDI.

Dopmysa A1 &, Kak U GOJBIIMHCTBO (HOpMYJT 3TOH CTaThby,
HpeTeH/yeT Ha IIPaBUIbHOCTD N0 NOPAOKY 8EUUUHDbL, YTO TIOLUEPKH-
BaeT 3HaYOK « = » BMECTO 3HaKa PaBEHCTBA.

B zase cymectByoT 1Ba MexaHu3Ma nepeHoca tera. a3 orim-
4aeTcsl TeM, YTO B HEM Hapsilly ¢ XaoTHuecKuM (TEIJIoBbIM) ABMXKe-
HHMEM YaCTHI[ BO3MOXXHO YIIOPSI/IOYEHHOE JBIDKEHHE B BUE Halpas-
JIEHHOTO NTOTOKA YacTHll. B roToke cpexHsisi CKOPOCTb YaCTHIL OTJIHY-
Ha or Hyas (T #0). Takoil moTok, eciu TemIepaTypa B rase
HEOJHOPO/IHA, TIepeHocHT Ter1o. Ilogo6Horo MexaHu3Ma, ecTecTBeH-
Ho, HeT B TBepaoM Teste. Eciu B cpentem ras nokourcs (7 =0 ), 1o
B pe3yJbTaTe CTOJKHOBEHHMH 4acTul] 60Jiee HHTEHCUBHOE XaOTHYeC-
Koe (TerJIoBoe) JBUKEHHE PACIIPOCTPAHSIETCS 10 Tady — IIEPEHOCHT-
sl TeT10. ITOT MEXaHM3M TIOXO0X Ha MIepeHOC Tellla B TBEPIOM TeJle.
Tonbko BBOAMTD (DOHOHBI HET HEOOXOAMMOCTH: IIEPEHOC TeIlIa
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OCYHIECTBJISIIOT CaMH 4acTHIbI ra3a. Koaddumuent nepeHoca terna
BbIpaXkaeTcsi (POPMYJIOif, aHAJIOTHIHOMN MpeAbIAYIIEi:

Ho 3aecb C — TeIIOEMKOCTb eMHMIbI o6beMa rasa, | — cpegHsis
JUIMHA CBOGOHOrO Ipo6era YacTHIb rasa, a o = ,/kT/m — cpegHsis
CKOPOCTb XaOTHYECKOTO IBHXKEHHSI YaCTHLL, [/Ie M — Macca OTAEJIbHO
YaCTHIIBI.

YTo6BI HECKOJIBKO NEPEGHTD TSXKEJIOBECHOE H3JI0KEHHE IIPOCTOro
BONpOCA, CKaXeM: CleudGpUIeCKH Ta3oBblii MEXaHM3M IEpeHoca
Tella — TMONPOCTY IepeMelIMBaHHe, YTO OCOGEHHO OYEBHUIHO, €CJIH
yrnopsiioyensoe (HETEIJIOBOe) ABMKEHHE Ta3a MUKJIMYHO.

Tenepp, HaBepHOe, SICHO, NOYEMY Mbl MCKJIIOYMJIHM METAJLIbI,
OIMCBIBAsI TEIJIONPOBOAHOCTh TBEPABIX TEJI: B META/LIaX €CTh CBO-
6oxHble 371eKTPOHBI (2a3 EKTPOHOB). DJIEKTPOHBI HE MPOCTO MPH-
HHMMAIOT y4YacTHe B TEIJIONPOBOAHOCTH. VIX ABUMKEHHME — 21aeHblil
Mexanusm menaonpogodnocmu memaina. 1103ToMy HaJO yTOYHHUTD,
KaK JBIDKYTCS, CO3JaBasl IOTOK TeIJIa, 3JeKTPOHBI. IlepeHoc Teria
3JIEKTPOHAMH HAa3BIBAETCSl TEIIONPOBOAHOCTBIO, €CJIH IUIOTHOCTD
TOKa B MeTajllle paBHa HYJIO, T.€. OTCYTCTBYET YIOPSAOYEHHOE
JBIDKEHHE 3JIEKTPOHOB.

IlepeHoc Temja 3/1eKTPUYECKUM TOKOM H BO3HHKHOBEHHE TOKa
(MM Pa3HOCTH NMOTEHLHMATIOB) MO/ BO3/IEHCTBHEM IPAlHEHTa TeMIIe-
paTyphl — BCe 3TH SIBJIEHMS HOCAT 06o6LIaioliee Ha3BaHUE MEPMO-
anexmpuyeckux agrenuii. Oco6eHHO 6OJbLIYIO POJb OHH MIPAIOT B
HOJTYyNIPOBO/IHUKAX , 3HAUYHTEIBHO 60JIee YYBCTBUTEbHBIX K TEMIIEPA-
TYype, YeM METaJLIbl.

* k%

Tenepb MOXXHO NBITATBCSI OTBEYATb HAa BONPOCHI, NPHBJIEKIIHE
Moe BHMMaHMe U IOCJIy>KMBIIME MOBOJOM K HAaIlMCAHUIO CTAaTbH.

HayneM ¢ Hamux ormgynieHuit.

JlOTPOHYBIINCH 0 TOPSTYETO MJIM XOJIOJHOTO TIPEAMETa, CEB B
BaHHy C Tropsdeif uiu TemJoif BOZON, OKYHYBLINCH B MOpe, MbI
JIOBOJIbHO TOYHO ONpeJeisieM TeMIlepaTypy TOro, C YeM CONpHKaca-
ercss Haule Tejo. Ha BeTpy MbI yacto ommGaeMcsi: B XOJIOQHBIi
BETPEHBIi IeHb BO3KYX HaM KaxxeTcs 60Jiee XOMOAHBIM, YeM MOKa3bl-
Baer TepMoMeTp (3TO M YYMTBIBAIOT CHHONTHUKH). UTO Ke MbI
YyBCTBY€EM, €CJIH HE TeMIlepaTypy OKpyxarouieii cpeasi? He BxaBa-
SICb B MEXaHU3M olyuieHus (s B 3TOM He pa3Gupaioch), ¢ 6OJIbIIOH
Jofneil yBEePEeHHOCTH MOXKHO CKas3aTh: Mbl OLIYLIAeM H3MeHeHue
TEMJ00TBO/Ia HJIM TENJIONPHTOKA 10 CPAaBHEHMIO C OObIYHbIM. Mexay
MPOYMM, TIPH OFHOH ¥ TOl 5Ke JOCTATOYHO BBICOKOH TeMneparype (HO
He TaKoiH, YTOOBbI OGXKEYbCs, IKCIEPUMEHTHPYS) METAJJ KaXKeTcs
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3HAYUTEJBHO ropsidee, yeM, CKaKeM, AePeBO. A XOJOIHBbIH MeTaLl
KaXXeTcs X0JIOAHee JepeBa. TenIonpoBOAHOCTb METAJLIA 3HAYMTEIb-
HO 60JIblIIe TEMJIOPOBOLHOCTH JepeBa. A B BO3ZyXe...

JlaBajiTe cpaBHMM IepeHOC TelJa 3a CYeT BeTpa, T.e. 3a CYeT
YIOPSIA0YEHHOTO NIepEMEIIIEHUS YACTHI] I'a3a, C HacTosIel Tenonpo-
BoAHOCTBIO. IlycTh ckopocth BeTpa ecTb o, . IlioTHocTh moToKa
Tells1a, IepeHOCHMOTro BETPOM, MO TOPSIAAKY BeJH4uHb paBHa W, ,
rae W — KOJMYeCTBO TEIJIOBOH 3HEpruM B eAuHMIe ofbeMa rasa
(C = AW/AT —nomuwnre?). CpaBHuBass Wo, ¢ ILIOTHOCTBIO IIOTOKA
teria u3 Bblpaxenuit (2) u (3'), BuAUM, YTO NPH PaBEHCTBe
IJIOTHOCTEH IIOTOKOB CKOPOCTD BETPA A0JKHA ObITh PABHOH BEJIMYHHE

C _|AT

2 =le |

O1ieHKa CKOPOCTH U3MEHEHHs TeMmepatypsl ipocta: AT/Ax = 8T/L ,
rae 8T — pasHocTs Temmepatyp Ha paccrosiuu L; C/W = 1T (cm.
onpenesienue TemaoeMKocty). Vtak,

_p 13T
o=vTT

Bousbiast 3T0 CKOpOCTb WM MajieHbKasi? EcTecTBeHHO mMOCYUTaTh
ee m1a Bosayxa. Maccel Mosniekyn N, u O, (OCHOBHBIX COCTaBJm—
IOIKX Bo3ayxa) 6iusku. IIpuMeM ux paBHbIMH M =6 - 10728 xr.

Torma
7 ~\/7 10VT (m/c).

Jsmna cBo6oxHOro npobera ! yactuiy rasa teM 60JIbllIe, YeM MeHbIe
pasMep MOJIEKYJI Ta3a U MeHbIIIe YHCJIO MOJIEKYJ B eAMHUIE 06beMa
n. HeTpyaHo oneHuThb:

= na2

’

~ ] —-

TAe a — pa3Mep MoJeKyJIbl (Kak IPaBUJIO, 3TO HECKOJIBKO aHICTPEM,
T.e. ~107' M). B rase npu HODMaAbHBIX YCAOBHUAX

n = p/(kT) ~ 10® /M3 . Orcioma [ ~10 M. Ocraercs BHGpaTh
ouerky ans OT/L. KoHeuHo, OlEHKa CYIIECTBEHHO 3aBHCUT OT
KOHKDETHBIX YCJIOBM: B KOMHaTe mepemnaja Ttemmepatypsl B 1°C
6bIBaET Ha PacCTOSIHMA METPOB, a BOKPYT yejioBedeckoro tena (c
Temnepatypoil ~ 37 °C ) ectb ToHkuit caoit (~1 MM), B KOTOpOM
[IPOUCXONT U3MEHEHUE TEMIIEPATyPhbl MHOT/IA HA AECSTKH IPalyCoB.

IIpu caMbIx ONTUMHCTHYECKHX OieHkax — npu o7 ~1°C,
L~3 M — cKopocTh mepeHoca Tellja 10 KOMHATe COCTaBJISIET
ur ~ 107 ™ /c. Peanpnble BeTepku, KOTOpble AYIOT B KOMHATe,
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€CJIM OHa He IJIOTHO 3aKyIOpeHa, MMEIOT 3HAYMUTEJIbHO OOJBIIYIO
CKOPOCTb, H, CJIE[IOBATEJbHO, TJIABHBIN MEXAaHM3M IEePEHOCa TelJia —
JBIDKEHUE BO3AyXa. JTO, HOXKAIyH, ObIJIO U TaK OYEBHIHO: KTO He
3HAEeT, YTO MOXKHO BBICTYAUTb KOMHATY, HEIJIOTHO MPHKPBIB (POPTOY-
Ky. A Korza «pa6oTaeT» MCKJIIOYMTE/IbHO TEILIONPOBOAHOCTD (1II0TO-
KOB BO3/(yXa HeT, (DOPTOYKA IIJIOTHO 3aKPhITa), TO B KOMHATE IIPU TOU
ke paboTe OTOIIEHHS OYEHD TEILIO.

Wrtak, TemIonpoBOAHOCTb — MEJIEHHBI IpOIlECC, YTO U He
yAUBUTEJIbHO: YaCTHLbI ABMXKYTCS XaOTHYECKHM M JMIIb GJaromaps
MHOTOKPATHBIM CJIy4YallHbIM CTOJIKHOBEHMSIM M3 TEILIOH 006JacTh
HOMAfAlT B XosogHylo. He TO 4YTO mpM HampaBJeHHOM IOTOKE
YacTHll, KOTJla OHM ABHXKYTCS Kak Obl opranu3oBaHHo. KoneuHo, B
MIOTOKE OHU ABHIXKYTCS XaOTHYECKH, HO B CPEIHEM — 6Ce, KaK 00Hd,
€O CKOPOCTbIO, 3HAUUTENbHO, KaK MPABUJIO, NPEBBIIAIONIEH U .

[ina tennoo6MeHa Ha NOBEPDXHOCTH TeJia 4YeJIOBEKAa, KOTJa
0T ~10°C u L ~1 MM, ISl CKOPOCTH TIEPEHOCA TEIIa TI0Jy4aeM
ur ~1 M/c. CropocTb He6OJIbIIOTO BeTpa v, =2 —4 M/ C HEHaM-
HOTO TIpeBBIMIAaeT CKOPOCTb Uy . Tak IoyeMy ke Ha BeTpy HaM
CTaHOBUTCSI 3aMETHO XoJiofHee? Buaumo, npu aHaMHM3e HaIIUX
OINYINEHWH BAXKHYIO POJib UTPAIOT KaKue-TO HE yYTEHHble HaMH
¢axropsl. Ilpexxne Bcero, B BETPEHYIO NMOTOAY 3aMETHO BO3PACTaET
MHTEHCUBHOCTb MCIAPEHUs] BJark C MOBEPXHOCTH TeJa, YTO, ecTe-
CTBEHHO, OXJIaXxaaeT Koxxy. KpoMe Toro, BeTep cayBaeT TenJiblii cJI0i
BO3/IyXa, KOTODBIi B OTCYTCTBHE BETPa OKPY>KAET KOXY U 3aMETHO
3amequisieT niporiecc ternsioo6MeHa (3a cuer yBenuyenus L).

* %k ¥

Ho mortok cosHaHus MOKa He IO3BOJIET ITEPEHTH K «KOCMUYeC-
Koii» TeMe. Bcrmomuusnach oxHa u3 3agau II.JI.Kamuupl, xotopyio
(xaK ¥ MHOTHE [pyTHE) OH MpEJIaTall MOCTYNAIMAM B ACHUPAHTY-
py. 3ana4a ¢popMyMPyeTcs 4yTh UTPHBO, HO NPEJIECTD ee, KOHEYHO,
B usuke gesa. Yto6b! chopMyupoBath 3asady Kamuisl, BepHeMcs
K ypaBHEHHUSIM, OIMCBIBAIOIIUM 3aKOHbI COXPAaHEHUS: TeIlJIa — ypaB-
Henue (1), yactun — ypasrenue (1). Ilocnennee ypaBHEHHE ONUCHI-
BaeT JBH)KEHUE DACTBOPEHHBIX B CpeZe 4y’KepoaHbIX Yactui. Eciu
HUKaKKe MeXaHU4YecKHe CUJIbI Ha YacTHIbI He IefiCTBYIOT, TO U3MeHe-
HHE 4YUCJIa YacTUIl B dJeMeHTe o6beMa AV CBSI3aHO TOJIBKO C
<«XeJlaHMeM» OJHOPOJHO paclpezesuTbesi o Teay. Ilostomy

- An ,
Jx =D (2)
(MblI, KaK U paHbllle, CYUTAEM, YTO KOHIIEHTPALMUS N 32BUCUT TOJIBKO
OT KOOPAMHATHI X). MBI clieUuaibHO He NPUCBOWIM 3TOMY ypaBHe-
HUIO HOBBIH HOMep, YTOObI IOAYEPKHYTDb €TI0 CXOACTBO C yDAaBHEHHEM
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(2) (amanoruuno cxoacrsy mexay ypashewmsmu (1) u (1)).
Koagduiment nponopumonansrocte D Mexay An/Ax u miotHoc-
THIO TOTOKA YaCTHIL j, HasbIBaeTcs K03gduyuenmom ouggysuu.

Ypasuenust (1) u (2') onucwiBaor auddysuio — ciydaiiHoe
6Jy’KlaHHE PAaCTBOPEHHBIX B TeJie 4acCTHIl, KOTOpPOe HPHBOIHUT K
JBU)KEHHIO TTPOTHB I'PAJWEHTa UX TLIOTHOCTU: YAaCTHIBI B CpeJHEM
JBUXKYTCS TYZa, T/le uX MeHblue. Eciu B TeJie ecTb Harperast 06J1acTh
(B Hell Temieparypa Gosiblue, YeM BO BCEM Tese) WiM 06JACTb C
60JbLION KOHIEHTPAlMEd DPaCTBOPEHHBIX YaCTHL[, TO IOCTEHNEHHO
terio (Temmepatypa) M,/ WM 4acTUIbl 6y/AyT PaCHpOCTPAHATHCS 110
Bcemy Teay. Ml3-3a Toro 4ro 510 CuydvaiiHeiii npomecc (kxaxjaoe
€JMHUYHOE IEPEMElIEHNEe IPOMCXOAUT B CJAYYAHOM HallpaBJieHUH
Ha BeauyuHy nopsiaxa [), muddysus, Kak U TENIONPOBOAHOCTS,
Me/teHHbii nponecc. Oco6eHHo MeteHHO Auddy3ust MTPOUCXOAUT
B TBED/IOM TeJIe, T/ie /IS TIepeMELeHNs] U3 OHOH MO3HUMH B APYTYIO
YaCTHIA J0JKHA MIPEOOJIETh MOTEHIUAIBHBIN 6apbep.

Pa3 ypaBHeHus, ONMHUCHIBAIOIIME TEIJIONPOBOAHOCTD H auddy-
3MI0, OJMHAKOBbI, TO AOJKHBI GbITb (M €CTh) O6LINE YePThI y STHX
spienuil. Hanpumep, o6a a1u sBienns o6jaagaot mo6onsitHbiM (1
OYeHb BaKHbIM) CBOMCTBOM n0006usi, KOTOpoe Mbl cHOpMyIHpyeM
Ha IpUMepe TerionpoBoaHocTH. IlycTb pa3Hbie YacTH TeJa ¢ Xapax-
TEPHBIM pasMepoM L HaxXO[SATCS B HaYaJbHbIH MOMEHT IIPH Pa3JiMy-
HbIX TeMieparypax. Kak oleHuTb xapakTepHoe BpeMsi T, 32 KOTOpOe
TeMIepaTypbl NPaKTHYECKH BHIPOBHSIOTCS (PasHOCTh TeMIIEpaTyp
YMEHBIIMTCS. B HECKOJIbKO pa3)? OKa3biBaeTcsi, 3TO BpeMsl 3aBUCUT
or L u ot koadduunenTta temneparyponpopoasocta ¥ = &/C :

2
=L @
X
AHasnoruyHo, s npouecca auddysun
12
T=—. &
D 4)

B camom fese, MJIOTHOCTD NOTOKA OLEeHHBaeTcs Kak ¢, ~ &AT/L,
JUISL TPAJMeHTa TOAyuaeM OUEHKY Aq,/Ax ~q,/L ~ zAT/I*, a
CKOPOCTb U3MEHEHHUS TEMIIEPaTypbl ouennBaeM Kak AT/At ~ AT/t .
U3 ypasuenns (1) momyyaem

AT AT I
C—-~&—,u1~—.
T L x
OkasbiBaeTcs, ecii NepedTH K 6e3pa3MepHbIM KOOpAHHATE U
BpeMeHH, caenaB 3aMeHy t' =t/t u x’=x/L, To B ypaBHEHWsX
TenJIonpoBoAHoCTH U Auddy3un ucyesaiotr koadpduuyenter X u D
(ecnim T m L ceszanbl cootHowenusmu (4) wm (4°)), u atn
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ypaBHEHMsI TPUOOPETAIOT aGcomoTHO oauuHakosbiit Bua! Ilpu atom
€CJIM YBeJIMYUTD B b pa3 pocTpaHCTBEHHDIH MaciiTa6, TO BpEMEHHOM
MacmiTa6 Hajio yBeIMYMTb B b pa3 — B 9TOM M 3aK.TI0YaeTCs TIoo6He.

* ok k¥

Tenepp — 3amava Kammnpi. 3a ctosioM [ocTaToyHO 6GOJIBIIOrO
Ka6unera cugut npodeccop. /IBepb oTKpbiTa. B sABepb 3axoguT
CTyA€HTKa JJIs cAauu sk3aMena. CTosAmuii paaoM ¢ Helt HEIPEMEHHO
yJIOBMJI Gbl 3allaX AyXOB, KOTOPBIMU OHA TMOJIb3yeTCs. YBU/EB, UTO
npodeccop YTO-TO YHUTAET, CTyJeHTKA CMYLIEHHO OCTAaHABJIMBAETCS U
CTOUT B OXHMJAHWUM TOTO, 4YTO Ipodeccop MNOAHMMET TOJIOBY |
npuracuT ee K crouay. CrpaiBaercs, Yepe3 Kakoe BpeMs ipodec-
COp NOAHMMET rOJIOBY, TIOYYBCTBOBAaB 3amax AyxoB? Bor u Bce.

I1.J1.Kanuma, naBas 3aja4d, pa3pelas I0JIb30BaThCs YeM yroj-
HO: B pacropsDKEHMM 3K3aMeHyioulerocsi 6olia 6u6moreka Mncru-
TyTa (pusuyeckux npobseM. /laske COBETOBATHCA MOXKHO GbLJIO C KEM
yroaHo, Kpome cBoero Gyayuiero pykoBoautessi (mO-BUAMMOMY,
I1.JI. cyuran, yro OyAymui acnupaHT AOJDKEH IOKasaTb yMeHMe
noJjy4aTh MHGOPMALMIO, HAXOAUTb €e, a Y CBOEr0 PyKOBOAUTEJS
HOJIyYUTh KOHCYJIBTAIMIO JIErde JIETKOTO).

Ira 3aa4ya — C TOABOXOM. MHOTMM KaXKeTcsl, YTO peyb HAET O
mnbdysun. W cparommit sk3aMeH IIBITAJICA Pas3biCKaTb 3HayYeHMe
koapunmenta auddysuu B BO3AyXe TAXKEJIbIX MOJeKyn (MMEHHO
OHM OTBETCTBEHHbBI 3a apoMaTt). B jieficTBUTEIBHOCTH, BpEMsi, KOTO-
pO€e HY>KHO TSDKEJIbIM MOJIEKyJIaM, YTOObI OOHApYKHUTb ce6si OKOJIO
npocdeccopa, onpexessieTcsi ABHXEHHEM BO3AyXa B KabuHeTe —
KoHeeKmuaHbviMu nomoxamu. V1 ipaBuiIbHOE pelleHye 3aJaud Hauu-
HAeTCs C BBISICHEHUS YCJIOBUI B KaOMHeTe: OTKPBITHI JIM OKHA — €CJIA
J€eJI0 TIPOMCXOJNUT JIETOM, BKJIIOYEHBI JM 6araped — eCJad 3MMOIi.
VHpIMM CJIOBaMM, HAJO BBISICHMUTb, KaKOBa IPHUYMHA JBIKEHUS
BO3/(yXa, OLEHUTb CKOPOCTD [BI)KEHUSI, a BPeMs yKe olpefessgeTcs
TPUBHAJIBHO: 3HAsl 3Ty CKOPOCTb M PACCTOSIHME OT CTOJIa IO ABEPHU.

Jlymaro, 4To ckasaHHOe panblie (npaBza, o0 epeHoce TeIlIa, a He
0 1uddy3un) o6bACHSAET, OYEMY HY>XHO B STOM CJIyYae PeliaTh
3agady He o Auddys3uu, a 0 JBUXKEHNH Bo3Ayxa (Ha y4EHOM s3bIKe
— 3ajavy rasoamHamuru): Anddysus ToXe MeLIEHHBIH IIPOLECC —
KaK U TeIJIONIPOBOJHOCTD.

* ok k

Teneppb, MOXO0XXe, MOXXHO IIEPEXOAUTb K Harperoif IjiacTuHe B
KocMoce. MTak, B KOCMHYECKOM IIPOCTDAHCTBE, BHE BO3ZAe€iHCTBUA
ucroynukos Temia (CosHia, HanpuMep) OKasajach ILIACTUHA, Ha-
rperas go temneparypsl T . Kak 6ynmeT npoucxoautb ee oxJaxkae-
HUe?
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Ilepsoe, 4TO 3acTaBisieT 3ajyMaTbCsl, 3TO OTCYTCTBHE Mepeaaio-
11et cpe/ibl BOKPYT IVIACTHHBL, T.€. CPe/lbl, KOTOPasi MOTJIa Obl YHECTH
TEILIO OT ILTACTHHBI. TO, YTO MBI 06CY>KJa/Id paHbIE, CBOAHJIOCH K
PACTEKaHHIO TeILIa, T.e. K BOBJEYEHHIO B TEIJOBOE [IBHXXEHHE
«HOBBIX» YYaCTKOB Tesia (TBEPAOro, XMAKOTO WM ra3006pasHoOro).
Ho Benp Temepp BOKpyr macTudb! HeT Hudero. O KakoM Terie
MOXXHO TOBOPHTb? Bompoc mpaBuJIbHDBIA, H OTBET Ha HErO €CTb:
oxaax0eHue Hazpemo NAIACMUNBL NPOUCXO0UM 3a CUEm USYUEHUS
€10 INEKMPOMAZHUMMHBLX BONH.

Orkyna aieKTpoMarHUTHbIE BOJHbI? Beap Her, Bpozie, HHKaKoro
HCTOYHMKA 3JIeKTpoMarHuTHoro noJis. [locieHee — HeBepHO. ATOMBI
¥ MOJIEKYJIbI COCTOST U3 3apsKEHHBIX YacTull. Bo36ysxaasice 3a cuer
TEINJIOBOTO [[BM>KEHHSI, OHH UMEIOT BO3MOXXHOCTD, Tepexo/isi B GoJiee
HHM3KO€e 9HepreTHYEeCKOe COCTOSIHHE, HCIYCTHTb (POTOHBI — U3IY4UTD
3JIEeKTPOMarHuTHble BOJMHBI. IIpu 060 TeMilepaType B Tese €CTb
¢dotonbl. VX BKJIa] B TEIIOBYIO SHEprHIO Teaa (B Temio) npene6pe-
>KHMO MaJI IT0 CPAaBHEHHIO C BKJIAJI0OM, HallpuMep, (JOHOHOB; HACTOJIb-
KO MaJl, YTO He CJieJlyeT er0 YYMThIBATh IIPH BHIYHCJICHHH TEIJIOEM-
KoctH Testa. Ho TOJIbKO ()OTOHBI MOTYT YHECTH JHEPIHIO Tesa, eCJu
OHO HaXoAHUTCs B IycroTe. VIMeHHO u3iyyenue (pOTOHOB onpeenser
3/1ech MOTOK Temaa. KosnyecTBO H3Iy4eHHOro U3 TeJjia Telljla O4eHb
Pe3KO 3aBHCHT OT TeMIepatypsl: g, = 6T*, rae ¢ — mocTosHHas
Credana — BospiMana, koaddunuent, Hocsuuii uMs AByX (usu-
KOB, c(OpMy.THPOBaBIIHX 3aKoH uaayyenus (Vosed Credan, 1835-
1893; Jlioasur BosbimaH, 1844—1906; mepBbrit — SKCIIEPUMEHTATOP,

BTOpO# — Teopernk). Ee 3nauenue mopsaka 6-1078 BT/ (M2 -K“).
Cwubica 310 BenmuuHbl Bbisichua Makc [lnank (emy npuHamiesxxur
BBeJleHHe MOCTOSTHHOH h =1,1- 10734 I - ¢, 3HaMeHyIOlIee HayajIo
kBaHTOBOM pesostouuu). Cormacuo Ilnanky,
_ 2nF!
15¢% (2nn)”
rae ¢ — ckopoctb cBera.® KoHeuHo, pasaymbiBast 06 ocrbiBalomieit
nnacrtuHe, st 3Hasn ¢opmyay Ilnanka. OxHO M3 OGCTOSITENBCTB,

3 Crporo rosopsi, K03)pHUIMEHT G OMMCHIBAET H3TyYeHHe a6COJTIOTHO
YepHOTro TeJa, XOpolleif MOAEJbI0 KOTOPOTO SIBJISETCS HEGOJIbIIOE OTBEp-
CTHe, CBs3bIBaiOllee IOJIOCTb B Tesie ¢ BHemiHMM MupoM. OtBepcrHe Bce
TIOTJIONIAeT, HHYEro He OTpaXkast. ITO — ONpe/eJisolIlee CBOHCTBO aGCOMOTHO
4epHOro Tesa. [lisi peasbHBIX TeJ B KOI(PDHUUMEHT G HALO BBECTH MHOXH-
TeJIb, KOTOPbIA Ha3biBalOT K03 duimentoM cepoctu. IIpu ypoBHe TOYHOCTH
HaIINX OLEHOK €r0 MOXHO He YYMTBIBaTh. B Haie Bpemst Tepmun «k03pdu-
LMEHT CEPOCTH» YaCTO MCIIOJIb30BAJCS /IS IIYTOK, HE BCeraa 6e306HaHbIX.
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KOTOpOE IIPUBEJIO MEHs, B KOHEUHOM UTOTE, K JKEeJIAHUIO HAIIMCATD 3Ty
CTaTblO, — «II€pecedeHHe» KBAHTOBOTO U KJIACCHMYECKOrO MOAXO/0B.
YpaBHeHUe TENJIONPOBOAHOCTU MOXKET GBITh BHIBEAEHO 6€3 MPUBJIE-
YeHMs KBAaHTOBOH MEXaHUKU U B HETO BXOAST BEJMYUHbBI, UMEIONINE
HPO3payHbIil KJaccuyecKuil (HEKBAHTOBBIA) CMBICJ, a TPaHUYHOE
yCJIOBHE — B CJIyuae OCTbIBaHMsI B IIyCTOTE — HeJb3si cpopMyIMpo-
BaTb, He IIPUBJIEKas KBAaHTOBOM MexaHuku. OO6parure BHUMaHHE:
ecJM YCTPeMHUTb TocTosiHHylo Ilnanka # x Hymio (Tak 06GbIYHO
COBEPUIAIOT IIEPEX0/ OT KBAHTOBBIX (POPMyJI K KJIACCHMYECKUM), TO
nocrosinHag CredaHa — BosbuMana o6patutcsi B 6€CKOHEYHOCTb.
MHe mnokasanoch HHTEPECHBIM paccKasaTb, Kak IEPEIUIeTaloTCs
KJIaCCMYEeCKHUe U KBaHTOBble (DOPMYJIbL.

* k ¥

Jlasxe ecsiM IJIACTUHY 3aMEHHTh GECKOHEYHO MPOTSIXKEHHBIM CJIO-
eM TommuuHON 2d, TOYHO pemuTh 3agady Hempocro. Ho MHoroe
MOXHO BBISICHUTb PacCy>X/asi, a He peluas.

HauneM ¢ oveHb TOHKOH IJIACTMHBI, TAaKOH TOHKOM, 4TO MOKHO
CUMTaThb TeMIlepaTypy B CJIO€ He 3aBHUCAIIEed OT KOOPAWHATBHI X.
OxnaxieHue NIaCTUHBI IPOUCXOAUT, KaK Mbl CKa3aJiH, W3-3a U3JIy-
yenusa. Toraa

CdA—t=—0'T4, npuueMm mpu t =0 T =T,.

Herpyano y6eautscst (ToMy, KTO yMeeT UHTerpupoBath u guddepen-
LMPOBATh), YTO PENIEHUE ITOTO yPABHEHUS TAKOBO:

Cd

L , The ty = =3
M+, 30Ty

CorsacHo mocnexueit ¢hopMmyJie, miaactuia GyaeT oCcTbIBaTh 6ECKO-
HEYHO JI0JITO: TOJIbKO IIPU ¢ — oo TeMmeparypa T o6paTUTCs B HOJIb.
Ho, HaBepHO€, HUKTO He yIMBUTCS, €CJIM 32 BPEMsI OXJIAXKAEHUS Loy,
NOPUHATD BEJIMYUHY &, . Tak Kak H3BECTEH BECh PEXKUM OXJIAXK/EHHS,
TO MOXXHO YTOUHMTDb BPeMs OXJIaXK/JEeHHsI, 32/laB BOIIPOC, HAIPUMED,
TaK: 3a KaKoe BpeMsl TeMIlepaTypa IJIaCTUHbI u3MeHUTCsl Basoe? 1o
opmysie nMeem

toxa = Tt
(t,x, B ceMb pa3 Goublie, yeM t, (!) — HaAO 6bITb OCTOPOXKHBIM,
AeJIasi OUEHKHU).
B ToJICTOH 1IaCTHHE OXJIaXK/EHHE OrPAHUYEHO HE CTOJIbKO U3JTy-
YeHHEM, CKOJIbKO TEIUIONPOBOAHOCTBIO: TEILIO 0JKHO «106paThCs»

[0 TpaHuLbl, 4TOGbI WU3Jay4uTbesi. Iloatomy ¢, ~ Cdz/ae (cm.
dopmyay (4)).
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Koneuno, He06x0AMMO YyTOUHUTD CJIOBA <TOHKAs» U <«TOJCTAsI»
MJIACTHHKA (cbnsmca TpeGyeTr Gosiee CTPOTOTO CJIOBOYNOTpe6eHus,
4eM 06bIYHas 6bITOBast peyb). Ipy6yio OlleHKY XapaKTEPHO# BeTuYu-
HbI d,,  , C KOTOPOI HA0 CPaBHUBATH TOJIIMHY TIACTHHBI d, MOKHO

xap
clenathb, IPUPaBHSB f,,, B ABYX NpeEIE/]bHbIX CAyYasX:

'OXJT

-z
xap 6T03
TakuM o6pasom,
ﬂ——, ecmn d < dxap,
P 3o7;
OXJ1 2
—C—g—, ecin  d > dy,,

Kak Mb! Buzienu, k03 buineHT TeNIONPOBOIHOCTH & COLEPIKUT
MHOXHTeJIEM JJiHY npo6Gera GOHOHOB [, T.e.

dyp ~ 14

’

rae A — 6e3pa3aMepHbINl MHOXHUTE b, PaBHbIH CiI/ (0'7},3) . Herpyaso
y6enuTbcsi, 4TO A BcerJa 3HAYMTEJNbHO INPEBOCXOJUT €NUHHMILY,
T03TOMY XapaKTepHAasi TOMILUMHA [1aCTHHBI dy,;, BO MHOTO Pa3 IIPEBbI-
maeT JuHy npo6era /. 3To — ZOBOJIbHO BaXKHOE 3aMeYaHue, TaK KaKk
Hamo ObLIO y6eAuTbCss B TOM, YTO MbI HE BBIILIM 32 IpeIeJibl
MaKpOCKONUYeCKO# (PU3UKHU.

Ecau 6b1 MbI pemasu NpUKJIAAHYIO 3a7adyy, TO BCe BEJIMYMHDI,
KOTOPBIMH OINEPHPOBAJIM, Mbl B3siJIH Obl U3 CIIPAaBOYHHMKA [JISI TOTO
MaTepuasa, U3 KOTOPOTO c/leJlaHa nyactuHa (ckaxkeM, JeTalb Tejie-
ckona «Xa66i») M, TOYHO PEUIMB ypPaBHEHHE TENJIOMPOBOJHOCTH,
Halm 6bl TeMIepaTypHblii pexxuM usgenusi. Ckopee Bcero, npu-
mIoch Gbl yyecTb OcBellleHue muiactuHbl Jdyyamu CosiHIa, HajeHue
Ha TJIaCTMHY MUKpoYacTull (IIPU CTOJIKHOBEHUHM BbIJIEJISETCS TEILIO)
u T1.11. Takue pacueTsl He BXOAAT B Haury 3agady. OTMETHM TOJIBKO,
4ro MHOXMTeN b A 1pu T; — 0 He cTpemMuTca k 6eckoHeyHocTH. [leso
B TOM, YTO NPH HU3KHX TeMIepaTypax TemnoeMkocTs C nponopuu-
oHanbHa T; M TeMIlepaTypa BOBCE BbINAjaeT U3 OTBeTa.

* %k *
Ecim Yy 4uTaTtesis 3Ta CTaTbsl ﬂpO6leI/IT WA YKPEINUT UHTEPEC K

¢usuke, o6bsicHsIONIEH 6ECKOHEYHOE YUCJIO SIBJIEHUH, C KOTOPbIMHU
HaC CTAJKUBAET XXU3Hb, aBTOP OyAET BIOJHE YJOBJETBOPEH.



3AKOHbl COXPAHEHUA NOMOTAIOT
NOHATb ®UIUYECKUE ABJIEHUA

IToceawaemcs 90-1emuro useecmueiiurezo usuxa-meope-
muxa nauwezo cmonemus Jlvea /lasudosuya Jlanday.

HagepHoe, y MHOTHUX YUTaTe 1€}l CyHIeCTBOBaHHE 3aKOHOB COXPa-
HEHHUS! BbI3bIBAET HEKWil IMOYTUTEJbHBII TpeleT: HEeYTO 3allpeleHo.
He T0 4T06BI KTO-TO HE pa3pelli, a B AeHCTBUTEIbHOCTU He MoXem
6uimob, He npoucxooum.

Korzma st pemusi Hanucarb 3Ty CTarhblo, I€pBOe, YTO IPUILIO B
TOJIOBY, JaXKke Iepe]] MbBICJEHHBIM B30POM BO3HUK HEKHMH DUCYHOK
(HaBepHOe, W3 IIKOJBHOrO yde6HUKa (GU3UKM) — 3TO TOpKA C
CaHKaMH, TOTOBBIMHU CIycTHTbCsi. CaHKU IIDH CIIyCKe JOJIXKHBI IIpe-
oosetb noabeM (puc.1). Y MbICIb: CAaHKH HAO TIOCTABUTH HECKOJIb-
KO BBIIIE — HAJO, YTOOBI XBaTHJ/IO S3HEPTUY IpeojoJeTb nogbeM. U
Heo6XO0MMO Y4eCTb 9HEPIHIO, KOTOPasi M3-3a TPEHUs IPEBPATHTCS B
TEIJIO — MoTepsiercsl... BCnOMHMJMCh M Kakue-TO HHbIEe CJIydaw,
KOI'/Ia aHAJIN3 3aKOHOB COXPAHEeHNs IPUBOAUT K MeHee TPHBUAJIbHBIM
BBIBOJIAM.

HeoxxHIaHHO BBIIIBLI U3 NAMSATH PAacCcKa3 3HAKOMOro (pusMka.
Ero mpuriacuiaM Ha IOCT 3aBeyIOLIETO TEOPeTUYECKUM OTEJIOM
Hekoero HUMU, umeBmiero orHomenue K BOGHHOMY BeAOMCTBY. Uto
YAUBHIJIO: OOeIlay BBICOKYIO 3apILIaTy, CBOGOIHBIA DEXUM eMy
CaMOMY M €T0 COTPY/JHUKAM U
DU 3TOM TPe6OBAJU TOJBKO
OJIHOTO — MOCEIIeHHUs 3ace/1a-
HUIl TeXHUYeCKOro CoBeTa.
Moii 3HaKOMbIi He BbLIEP-
KaJl U crpocu: «3aueM s
BaM HyxeH?» IlocienoBan
HeoxxuAaHHbIH oTBeT: «Ham
HeOOXOJMM 4eJIOBEK, KOTO-
PBIif 3HaeT 3aKOHbBI COXpaHe-
HUSI>...

B sroii cTatbe 6yzert npu-
Be/IeHO HECKOJIbKO ITPHMePOB
— CJIEICTBHIi U3 3aKOHOB CO-
XPaHeHHsI 9HePTUH U UMITY JIb-
ca. BoJbIIMHCTBO SIBJIEHMIA,
0 KOTODBIX NOUJIET peyb, OT-
HocsATCsl K (u3uKe KOHIEH-
CUPOBAHHOTO COCTOSIHHSI Be-
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mecrBa {k Makpodusuxe). He-
KOTOpbIE M3 HMX HMEIOT HEIOC-
PEe/CTBEHHOE OTHOLIIEHHE K pa6o-
tam JI.[l.Jlangay, koropomy B
1962 roay 6b11a npucyxaesa Ho-
6eseBcKasi TIpeMMsi 1O (U3MKE
«3a TIHOHEPCKHE MCCJIeJOBAHUS
10 TEOpPHMH KOHAEHCHPOBAHHBIX
cpea, 0COGEHHO SKHJIKOTO TeTHsT» .

Haunem Mbl, ipaBza, U3zfazneka — ¢ 3ala4u 06 YyIPYroM CTOJIKHO-
BEHHHU YaCTHII.

Puc.l CaHku He [OCTUrHYT BEpLUM-
Hbl XOJIMA, €N UX HAYallbHAsA CKO-
POCTb PaBHA HYJIO

CTonKkHoBeHue ABYX 4YacTuL, pa3HbiX Macc

Ci0Bo «4acTuLia» He JO/DKHO HAaCTOPaXkKMBaThb, BbI-
3bIBasi aCCOLMALMYU C IPOTOHAMM, HEHTPOHAMH, ME3OHAMU U MHOTH-
MM JPYTMMH TIPEJCTAaBUTEISIMM TOTO, YTO IO TPAAULIUU TPHHSTO
Ha3bIBATb MUPOM 3JIEMEHTAPHBIX YacTUIl (XOTs AMUTET «3JeMeHTap-
HBIf», TIOXOXeE, BECbMa ycTapen). B HalmieM KOHTeKCTe dacTuia —
HIapHK, KOTOPbIH MOXeT ToJIbKo nepeMeniarbcsi. Hanpumep, B HeM
He MOTYT BO36y/JaThCs 3BYKOBbIe KoJe6aHus. !

Ilo-MoeMy, cTOJIKHOBeHHE ABYX IIapoB M3y4aloT B 1koje. He
6yzneM pacCcMaTpUBaTh Pa3Hble CJIy4Yau, a OrPAHNYMMCS TPOCTEMIINM:
yacTulia Maccoit M mokouresd, a
Ha Hee CO CKOPOCTbIO U Hajlera- m v,
eT yactuna mMaccoi m. Uro npo- (QO—p-----
U30iJeT B pe3y/bTaTe CTOJKHO-

BEHMsI, €CJIM CTOJKHOBEHME JIO-  Pucl JloboBoe CTONKHOBEHME Yac-
6oBoe? ScHo, yTO MOCTE ynapa My

o6e YacCTUIIBl JBUXYTCSI BJOJIb

ocu x (puc.2), a 0 TOM, 4TO CKOPOCTH M HMITYJIbCHI — BEKTOPHI,
MOXHO He gyMaTb. O603HAYMM BEJIMYMHDBI, OTHOCSLIMECS K YacTHUIle
€ Maccoil m 1ocJjie CTOJKHOBEHUSI MaJbIMU 6YKBaMH: U — CKOPOCTb,
p = mv — UMIyJbC, a K yactuie ¢ Maccoit M — Goapuwmmu: V —
ckopocTh, P — uMnyJibc. 3anuiieM 3aKOHbI COXPAHEHUS] UMITYJIbCA!

myy = mv+ MV €))

M

X

1 3Hepruu:
myg _mv®  MV? @
2 2 2
PemyB cucreMy ypaBHeHHit OTHOCHTE/IbHO cCKopocTeit v u V, MblI 6ce

! CM. cratbio «Bokpyr mapukas>. (ITpum. ped.)
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6y 1eM 3HATb O IBHXKEHUH YaCTHI{ OCJIE CTOJIKHOBEeHUs.2 BbipaXkeHust
st v 1 V o4eHb MPOCTHI H HATJISAAHBL
_2Mpy, V= 2muy, ' A3)
m+M m+M

Ilpu M = m Haseralomasi 4aCTUIa BeCh CBOH HMMILYJIbC Nepefaer
CTOsIIIelf YacTHIle ¥ OCTAaHABJIMBAETCS, a CTOSIBLIASK JIETHT CO CKOPO-
cmeio vy (V= 1y, v=0).

Yro6bl 9Ta 3ajaya He OCTAJIACh JIMIIb MPUMEPOM H3 LIKOJIbHOM
du3NKH, NpUAAAMM TMOJYYeHHbIM (POpMYyJaM HECKOJIbKO APYroi

V=7

Bua. Ecmn € = mTvg uE= % — JHEPTUH YaCTHUILIbI C MAaccoi m 0
U 1OCJIe CTOJIKHOBEHHUS, a Py = mMyy U P = MU — €€ UMIIYJIbChbl, TO
Ae  4M/m
g—m, rae Ae=¢e-—g,
Ap 2M/[m @
%=—m, rne Ap=p-p,.

Ilycts Macca M nokosiuieiics K0 CTOJIKHOBEHHUS YaCTHIbI 3HAYUTE/Ib-
HO NIPEBOCXOJMT Maccy m HajeTaioueil Ha Hee YactTuupl (M > m ).
Torza

Ae m Ap
24l w1 2P
<1, ) (6))

€ Po
CyioBaMH: JierKasi 4aCcTHIIA NIPH CTOJKHOBEHUU C TSDKeEJIOH, Cylile-
CTBEHHO M3MEHsIsl CBOI MUMITYJIbC, TOYTU He u3MeHsieT sHepruu. Ha
HAYYHOM >KaproOHe: CTOJIKHOBEHME JIETKOH YaCTHLbI C TSDKeJIOi
xeazuynpyzo (OYTH YyHPYTro; YIPYroe CTOJIKHOBEHHE — CTOJIKHOBE-
HHUe 6e3 Tepefiadi SHEPTHHU, KakK Mpu M — ).

Tenepb MOKHO PACCMOTPETh HHTEPECHYIO, HAa MO¥i B3TJIAIA, 3aa4y
u3 makpodusuku. IIpencraBuM cebe sIUK, HATIOJHEHHBIH rasoM
Tsxenbix yactul (¢ Maccoit M). OHH, KOHEYHO, JBUXKYTCS, KaK UM
TIOJIOXKEHO: €CJIM TemIepatypa rasa T, To cpeiHsisi BeJIMYUHA CKOPO-

g
CTH 4aCTHUI] paBHa VT = M , rae kB — IIOCTOSTHHAA BOJIbHMaHa

(CKOpOCTh TeM MEHbINE, 4€M TsDKEJEH dYacTHibi). B 3TOT smmk
«BIPbICKUBAIOTCS» CTPYH rasa Jierkux yactui (¢ Maccoit m < M),
NpUYEM 3HEpTUsl ABWKEHHsI YacTHI[ B CTPYSIX B pacyeTe Ha OJAHY
4acTUIy € 6OJIbIlie IHEPTUH TEIJIOBOTO JBMXKEHUS TSKEJIbIX YACTHIL
ksT . (3mecp € — He 9HEprUsl TEMJIOBOTO JBUXKEHMUSI: BCE YaCTULIBI,

2 TpuBHanbHOe pelrenne v =1v,, V = 0 onyctum. OHO O3HauaeT, YTO
CTOJIKHOBEHHE HE COCTOSTIOCH.
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BO3MOXHO, MMEIOT OJHy M Ty Xe CKOPOCTb Uy, a 8———0- )

«BnpbicHy 1> razoBble cTpyH U 3aKpbLIH AIMK. Llesb: nsqub, 41O
6y/eT IPOUCXOAUTD JaJIblIe.

Yro6b1 6B110 TIpOIIE paccykAaTh, 6YAEM CYUTATh, YTO COAEPIKHU-
MO€ SIIUKA TIOJHOCTHIO OTTOPOKEHO OT BHENIHero MHUpa, a 4YHUCJIOo
«BIPbICHYTBIX» JIETKMX YacTHI[ PaBHO YHCIy Tspkenbix. Ha ato
yciaoBue obpatute 0oco60e BHHMaHMe, YUTasl TNOCJEAHHE ab3albl
3TOro pas/esia.

Jlerkne yacTHIibl CTAJKMBAIOTCS C TSXKEJIBIMU M IPYT C APYTOM.
ITpu cTOJIKHOBEHUH APYT C JPYrOM OHH OGMEHUBAIOTCS SHEPTUSIMHA U
uMnyJabcaMu. Ecim 6bl TsKEJBIX yacTHI[ He ObLIO BOBCe, B rase
JIETKHX YacTHI] yCTaHOBUJIOCH 6bi PaBHOBECHOE paclipefiesieHue,
npuyeM TeMIepaTypa ra3a COOTBETCTBOBaJA Gbl SHEPTUM [BYKEHHUS
4acTull B CTpyax. Ecau nosHbii cyMMapHbiii MMIyJIbC 4acTHI[ BO
BCEX CTPYSIX He OBbLT PaBeH HYJIIO NPU <«BIPbICKAUBAHWH», TO OH
o6paTuTCd B HOJb 3a CYET CTOJKHOBeHWit (B TOM uMcie U CO
cTeHKaMmu). Bpems, KoTopoe mpoiizer mocje BHPbICKMBAHHS 0
YCTaHOBJIEHUS PpaBHOBECHs, HA3bIBAETCS BPEMEHEM PEeAAKCAUUU.
O6o3HayuM ero 6yKBoii T.

UYro 6yneT NpOMCXOAMTDb, €CJIM B SIIUKE €CTh TsAXeJble 4acTH-
npi? CTankuBasichb ¢ HMMH, JIETKHME YacTHUUbI GYAYT CyUIECTBEHHO
U3MEHATb CBOH MMIyJbc. TsKesble YacTHIBI TPH STOM TMOYTH
HUYEr0 He <«IMOYYBCTBYIOT» — HX CKOPOCTb TOCJIE€ CTOJKHOBEHHUS
npaxkTidecku He usMeHutcst (cM. dopmysst (3)). OaHako Jerkum
YacTUIaM /IS IOTEPH MOJHOTO MMIYJIbCA YXKe HeT HeOOXOAMMOCTH
aoJetatb 10 creHoK. Jlaxe ecim sumuK GecKOHEYHO GOJIBINOH,
TIOCTENEeHHO /[BI)KEHHME CTPyH NpPEeKpaTUTCSA, W JIeTKME YacTHIIbI
6ynyT ABUraTbcs 6ecHOPSIIOYHO. DTO O3HAYAET, YTO CyMMApPHBIH
MMITYJIbC Ta3a JIeTKUX 4YacTHI o6paTuicsi B Hosib. BpeMsi, KoTtopoe
A/ 3TOTO HEO6XOAMMO, HA3bIBAETCSI 8PEMEHEM PeaKCAyuu uUM-
nyavca. O603HAYNM €ro TaK: T,

CTOJIKHOBEHHUS C TSXKEJBIMH qacmuamn KakK Mbl 3HaeM, [IOYTH He
U3MEHSIOT SHEPTMM JIETKMX YacTHIL[, T.€. OHU NOYTH He INepeaaroT
CBOIO SHEPTHUIO TsDKeJIbIM yacTHIaM. [1oaToMy mpouecc pejakcanuu
B rase Jlerkux 4actui Oyaer uatu Tak. Beictpo, 3a Bpems T,
06paTuTCS B HOJIb CyMMApHBbIil MMITYJIbC JIETKUX YACTHII. BbICTpO B
rase JIETKMX YacCTHL[ YCTAHOBUTCS DAaBHOBECHOE paclipe/ieJieHHe Mo
aHeprusiM (3a cYeT CTOJIKHOBEHMi Jxerxnx YacTHL JPYT C APYroM),
BpeMs 9TOTO Tpollecca Ha30BeM T,, .5 MHbIMH C/I0BaMH, 33 BpeMsi

3 Munexc «BH» — COKpalIEHHe C/IOBA «BHYTPEHHEE>.
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T,, B rase JIETKHX YaCTHUIl yCTaHOBUTCA Temmepatypa T, cOOTBeT-
CTBYIOILIAsi SHEPTHH JIETKUX YacTHI B cTpyax. [lo HameMy npeamnosio-
xenuto T, >T , rne T — TeMneparypa Tskesblx dactuil. Ilorom
ME/IJIEHHO, 33 CYET KBa3UYNPYTHX CTOJKHOBEHUI MEXAY JETKUMU U
TSIKEJIBIMU 4acTHI[aMH, OYA€eT UATH NpOllecC BbIpaBHUBAHUS TeMIIe-
paTyp B CMeCH ABYX Ia30B. B KoHIle KOHIIOB yCTaHOBUTCS eIMHas
temneparypa. Ha ato nonazo6urcs speMsi T, , 3Ha4MTEIbHO PEBOC-
xozsimee T, U Ty,. OHO Ha3bIBAETCS peMeHEM IHEPzemUuecKol
peaaxcayuu.

[epeunTaiiTe HanMMCaHHOE ¥ Bbl y6eAUTeChb, YTO OMMUCAHHBIN
«CIleHapHii» pelaKCall¥ CMeCH Ta3oB OCHOBaH Ha ¢opmyiax (5) —
CJIE[ICTBUAX 3aKOHOB cOxpaHeHust npu M > m . Ho npu 4eM 3aech
TBEPJIOE TEJIO, €CJIM pedb 1A O ras3ax?

ITycTth jilerKue 4acTUIbI — 3TO 3JIEKTPOHDI, a TSXKeJIble — NPUMECH
B TOJIyIPOBOHHKE. SICHO, 4TO paccesiHUe 3JIeKTPOHOB Ha IIPUMECHX,
KOTOpbIE B TBICSIYM pa3 TsXKesiee 3JIEKTPOHOB, NPOUCXOAUT nOYMu
Ynpye0, v peaKcalus B NOJYIPOBOAHUKAX NPOUCXOMUT NPUOIH3U-
TEJIbHO TaK, KaK Mbl ONHUCAJH BbilIe.

B ¢usuke NosynpoBOAHUKOB CYLIECTBYET IIeJIblii pa3fiesi, HOCA-
1Ml Ha3BaHUe zopsuue d1eKmponsl. Topsyne OHU TMOTOMY, YTO UX
TEMNepaTypbl BbILNIE, YEM TEMIIEPATypa HMOHOB KPHCTALINYECKOMH
peutetku. Tenepb Mbl 3HaeM, nodeMy 310 Bo3MoOxxHO. [lonumanue
CBOMCTB rOpPsTYMX 3JIEKTPOHOB Ba)KHO NPY IMPAKTHYECKOM HCIIOJIb30-
BaHUM TIOJyPOBOJHUKOB, a TaKXXe NPU pelleHUH 3aJad (U3UKU
HOJyIPOBOJIHUKOB — AKTHUBHO pa3BuBamwlleiics o6jacTu (U3UKU
TBEpPAOrO TeJa.

M B ¢u3uke miasMbl, Begb IJIa3Ma 3TO CMeChb 3JEKTPOHOB W
HOHOB, IOHUMAaHHKE TIOYTH YOPYTOTO XapakTepa CTOJKHOBEHUH 3J1eK-
TPOHOB C MOHAMH TOXKe HEOOXOAMMO.

Tak pelieHre IPOCTOi UIKOJIbHOHN 3a/1a4X O CTOJIKHOBEHUH JBYX
MIADMKOB Pa3HbIX MACC OKa3bIBAETCS N0JIE3HbIM B CaMbIX Pa3/IMYHbIX
o6actsax gusnku. 3ametuMm (TPYLHO YAEPHKATbCS): IIa3Ma — caMoe
pacnpocTpaHEHHOe COCTOSIHUE BellecTBa Bo BcesienHOiA.

YacTuubl-BOSIHbI, BOAHbI-4aCTULLbI

B kiaccuueckoit (noxkBaHTOBOW) (u3UKe OnMCaHMe
HOYTH JIIO60TO SIBJEHHMS TPeGOBAJIO BHIGODA «UCHOJHUTENSI»: JUO0
yacTuua, Ju6o BojHa. OKa3a10Ch, MOHATHSI «4aCTULA» U <«BOJIHA»
He MCKJII0YAIOT APYT Apyra. MUKPOYaCTHIbI HHOTA BeAyT ce6sl Kak
BOJIHBI, a BOJIHBI 06jajaoT cBoiicrBamu yactui. COBOKYNHOCTD
CBOJCTB, U3 KOTOPBIX O{HH Ha/I0 OIIMCBIBATD C MOMOLIbIO KOPIYCKY.I,
a Ipyrue — ¢ TOMOMIBIO BOJIH, HOJIyYHJIM Ha3BaHHe KOPIYCKYJIIDHO-
BOJIHOBOTO Ayaju3Ma. «IlepeBogoM» ¢ KOPIYCKYJIAIPHOTO A3bIKa Ha
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BOJIHOBOH CJIy>kaT coOTHomeHUs Je Bpoiis
p=hk, e=ho. (6)

3nech p M_€ — MMIYJbC M SHEPIUSl — XapPaKTEPUCTHKH JABHXKEHUS
YacTUIIbI; K U ® — BOJHOBOW BEKTOP ¢ M YaCTOTa — XapaKTEPUCTUKU
BOJIHBI, /i — 3HamenuTasa moctosiHuas Ilmanxa (7 =10"* Ik -c).
Cootnourenus e Bpoiisis (6) MOTyT CIry>kuTb U 711 «TIepeBoia»
C BOJHOBOTO s3blKa Ha KODPIYCKYJISIDHBIH: [AJISI 3TOTO MX HAaJo
MpoYecTb clipaBa HajeBo. KaxXJoi BOJHE MOXXHO IIOCTaBUTh B
COOTBETCTBME yYacTHIly. HacTo IpH 3TOM roBOpST HE <YaCTHIy», a
x6a3uuacmuyy (TIOYTH, He COBCEM YaCTHILy), TEM CAMbIM HOAYEPKH-
Basg, 4YTO BCE K€ 3TO HE HACTOsINIAas YaCTHIA, a KBAaHT — TOPIHA
9HEPrHH BOJIHBI, paBHast i . KBaHT aekTpoMaruuTHoit (cBETOBOI)
SHEpruM — KBa3W4acTHia )omor, KBaHT 3ByKOBOM 3HEPIuu — (hoHOH.
Beensa kBasuyacTuibl, JIETKO MOJb30BaTbCSI 3aKOHAMH COXpaHe-
HH{ SHEPTr'UH U UMITYJIbCA He TOJbKO IPH CTOJKHOBEHUSX YaCTHI], HO
U B TOM ciyyae, Korja B
«peakuun» NPUHUMAKLT [
y4actie BosHbl. IIpocreii-
mui npuMep — ¢GoToadh-
¢exr. CBeToBast BoJHa, Na-
Jaoias Ha IIOBEPXHOCTb
MeTaJlJIa, BbIOUBAET U3 HETO
ajekTpoHsl. PucyHok 3 no- |
Ka3bIBaeT, KaK 3TO IPOMC- —E
XOAUT: TOTJIOTUB (DOTOH, 3anoanennvie
3JIEKTPOH IIPEO0JIEBAET I10- IACKMPOHHBLE
TEHIMaJbHBIH 6apbep, KO- ' o YposHu

TOpbIN NI€PKUT €T0 BHYTPU  pyc 3 forporus goror ¢ sHepruei ho,
MeTajila. 3aKOH COXpaHe- 2/1eKTPOH rokugaeT metan, A — pabora
HUSl SHEPTUM B 9TOM CIYYA€  BoIXOAa3, T.e. HANMEHBLUIAS SHEPIVS, KOTO-
0COGEHHO TIPOCT: PYIO HALO 3aTPaTTL, YTOOb! «BLITALUYNTS »
JIEKTPOH 13 METANT
€=h0)—A. (7) S/1EKTP 3 Merasi/ia

OH yTBEpXKAA€T, YTO JHEPTHsi 3JEKTPOHA JIMHEHHO 3aBUCHT OT
vactoTbl. YpapHenue (7) Ha3blBalOT COOTHOIIEHWEM JWHMIITEHHA.
JiiHiuTeH nEepBbIM puMeHU moHsTHE (oToHa (KBaHTa CBeTa) K
dotoaddexTy 1 TeM 06BSCHIT IKCIIEPUMEHTATbHBIE (DAKTHI, B KODHE
NPOTHBOpPEYNBILINE KIaccuieckoii ¢pusnke. Vimmyibc dorona B atoMm
CJIy4ae MOJKHO He YYUTBIBATh, TaK Kak OH oyeHb MaJ ( ik = hwy/'c , rae

4 . 2n
BoJHOBO# BeKTOp paBeH 1O MOAYIO k = 5 TRe A — nJMHA BOJIHBI,

a HampaBJ/IEH 110 HalpaBJ/IEHUIO PACNPOCTPaHEHUsI BOJIHBI.
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C — CKOpOCTb CBETa) M BOCIIPUHMMAETCS BCEM META/IMYECKUM
06pas3iioM, a He OJHUM 3JIEKTPOHOM.

Ceifyac, Korja KBaHTOBO-MeXaHUYECKUE NPEICTABJIEHHS TIPOYHO
BOILLTH HE TOJbKO B CO3HaHHE NPOGECCHOHAJIOB, HO U BCEX, HHTEPE-
cyoomuxcs (U3NKOH, TPYAHO ceGe MpPeACTABUTh 3HAUYEHHE PaGOTbHI
JitnmteiiHa 1o Teopuu ¢oroaddexra. [ Hac riaaBHOe, YTO
COCTaBWJIO CJIaBy JDHHIITEHHA, — 3TO CO3JaHUE UM TEOPHH OTHOCH-
TeJbHOCTH, W3MEHUBLIEH HAIUM NpeJCTaBJEHUSI O MPOCTPAHCTBE U
Bpemenn. HaBepHoe, 111 MHOTUX 6y/JeT HEOXKMJAAHHOCTHIO Y3HATD,
yro HoGesteBckyio npeMuio DHHINTEIH MOJYYH «3a BakKHble Gu3u-
KO-MaTeMaTH4YeCKHe HCCIe0BaHHsI, OCOGEHHO 32 OTKPbITHE 3aKOHOB
doroanekTpuyeckoro agddexras. Ito mpousomrto B 1921 roay,
KOT/la ¥ CcriendajbHasi, 1 OOLIast TEOPHSI OTHOCUTEJBHOCTH GbLIH yKe
CPaBHHUTEJIbHO JABHO MOCTPOEHBI.

d¢pdext KomnroHa

SIBieHUe paccesHUSA 3JEKTPOMATHUTHBIX BOJIH 3JEKT-
POHAMH C M3MEHEHNEM [JIMHbI BOJIHbI HA3BaHO B 9ECTb OTKPHIBILETO
3TO sIBJIEHHe aMepuKaHckoro yuenoro A.Komnrona (Ho6eneBckas
npemus 1927 r.).

CorlacHO BOJIHOBBIM MPE/ICTABJIEHUSM, 3JEKTPOMATrHUTHAS BOJI-
Ha, YaCTOTa KOTOPOH ), 3aCTABJISET SJIEKTPOH KOJe6aThCs C TOi ke
vactoroii. Kose6isich, 3/1eKTPOH H3/TyYaeT, eCTECTBEHHO, 3JEKTPO-
MarHuTHbIE BOJIHbI TOH YacTOThI, ¢ KOTOPOH OH Kome6sercss. 1o u
€CTh paccesiHHasi BOJIHAa. TeM caMbIM, YacTOTa PacCesHHOH BOJIHbI
COBIIA/Ia€T € YaCTOTOH MAfaloulell HA 3JEKTPOH BOJIHDI.

O/HaKo, ec/Ii PacCMOTPETb PACCEsTHUE KaK CTOJIKHOBeHHe (oTo-
Ha C 3JIEKTPOHOM U y4eCTb, YTO (OTOH O6JIaJjaeT 3Heprueid hw Hu
uMnysbcoM hwfc (cm. dopmyast (6)), To 3 3aKOHOB COXpaHEHHS
HEMe/JIEHHO CJIEAYeT, YTO YacToTa (POTOHA MOJIKHA TIPH PACCESHUM
yMeHbInaThesi (a AJIMHA BOJIHBI yBeJIM4MBaThesi). [leficTBHTENbHO,
TIOCKOJIbKY 3JIEKTPOH NIPUXOAUT B JBUKEHHE, €T0 SHEPTHS YBEIUYH-
BaeTcs, a Heprus (POTOHA JOJKHA YMEHbIIATbCA (Ha BEJMYMHY
NPHOGPETEHHO} /IEKTPOHOM KMHETHYECKOH 3Hepruu). 3amicaB 3a-
KOHBI COXPaHEHHs] SHEPTHH U MMILYJIbCA, MOXKHO TIOTyYHTb

N-n=2"(1_coso), 8)
m,c

rae A u A - JJIMHbI BOJIH CB€Ta 10 ¥ MOCJIe pacCeaHus, m, — Macca
3JIEKTpOHA, a 0 — yroJ paccessHu:.

Besuuny 2mi/(m,c) HasbIBAIOT KOMNTOHOBCKOM JIMHOM BOHBI
anextpona. Ona pasua 2,4 -107'? M. D10 ouenp ManeHbkas Beun-
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Ha. SIcHO, 4TO OTHOCHTenbHOE M3MeHeHHe BOJHBI AA/A 3aMeTHO
TOJIbKO B CJIy4Yae o4eHb KOPOTKuX BoJH. IToaromy Komnron-adpdexr
dakTHyecky Ha6mOfaeTcs NpPH PACCESTHHM PEHTTeHOBCKOTO H
Y -usnyqenwii. BoiBos popmyint (8) — mpoctoe ynpaxkuenue. Y 106-
HO CYUTaTb, YTO 3JIEKTPOH, C KOTOPBHIM CTaJKHBaeTcsi (POTOH, IOKO-
uTcs. OJHAaKO, yYNTbIBAsI, YTO SHEPTUYHBIA (HDOTOH MOXKET 3aCTaBUTh
3JIEKTPOH JABUTaThCS AOCTATOYHO GBICTPO, HAJ0 MCIOJIb30BATh peJisi-
THUBUCTCKYIO CBSI3b MEXAy OHeprueil M HMIIyJIbCOM 3JIeKTPOHA
(e =ymic* + p*c?)

Mbi HacToitunBO pekoMengyeM BoiBectH (opmyay (8). Corsacue
3KCIIePUMEHTATIbHO HAGJIONeHHbIX (DAaKTOB UMEHHO C 3TOH (opMy-
JIOH GBLTO NEePBbIM HEIOCPEACTBEHHBIM IOKA3aTeIbCTBOM KOPIYCKY-
JISIPHBIX CBOFCTB 3JIEKTPOMAarHUTHBIX BOJIH, BO3MOXXHOCTH BBEJEHUS
<HACTOsIILeH» YacTHIbl — (DOMOHA C TIOJATAIOIIUMHUCS YacTHIle
sHepruedt u ummnysscom (1922 r.). Bamux 3HaHui y>ke AOCTATOYHO,
4TOObI BBIBECTH TaKyIo BaxXHYI0 (opmy.y!

Yacruubl U3Ny4aloT BONHbDbI

Jlo cux mop, roBops O CTOJIKHOBEHMSX, Mbl paccMart-
PUBAJIM UCMUHHOE CTOJKHOBEHHE: N0 COOBITHSI M IIOCJEe COGBITHSI
CYIeCTBYIOT fABe dYacTwipl. Hu THm dYacTui[, HM HX YHCJIO He
MeHsvch. Ho B (pu3¥ke TepMHUHOM «CTOJIKHOBEHHE» YaCTO MOJIb3Y-
I0TCs1 BecbMa cBoGoaHo. Hanpumep, Ha atoM Hastetaet ¢oron (oron
CTAJIKUBAETCs ¢ aTOMOM). B pesyaibrate cmoaxHoeenus GpoToH Bosce
hcye3aeT, a aTOM IlePeXOAUT B BO3OyXKAeHHoe cocTosiHue. Mim
CTQJIKMBAIOTCS IOH U 3JIeKTPOH. Pe3yibTaT CTOJKHOBEHUS — MOsIBJIE-
HHe HeiiTpajbHOro atoMa. IIpumepnl JIerKO YMHOXHTb.

A moxer sm ajeMeHTapHas dactuia (B JaHHOM CJIydYae 3T0 —
6ecCTPYKTypHasi 4YaCcTHIIA, OHAa MOXeT TOJbKO IlepeMellaTbcsl B
MPOCTPAHCTBE), CTOJKHYBLIUCH C (POTOHOM MM KaKOH-HHUOYIb APY-
roi KBa3uyacTHullel, «IIPOrJoTuTb» ee? Vau: Moxer Jin 31eMeHTap-
Hasl YaCTHIA «POAUTb» KaKyl0-1H60 M3 KBasMYacTUI[? ITOT BOIPOC
MOJXKHO 33/IaThb Ha «BOJIHOBOM $I3bIKe»: MOXKET JIM YacTHI[a, ABUTaI0-
H[AsACSI C TOCTOSHHOH CKOPOCTbIO, M3JIy4uTb BOJHY (IIpH Takoi
¢opMyIHpoBKe He 06s13aTeIbHO HCIIOIb30BaTh TEPMUH «CTOJKHOBe-
Hue»)?

OgHo oflee 3aMeyaHue. JJeMeHTapHbie TPOIECChI O6PATUMBI.
Yro 3t0 o3Havaer? B manHOM ciyyae ciefylomee: eciM 4acTHLa
MOXET <IIPOIJIOTUTb> KBAa3HYACTHUIy, TO MOXET ee U <«POAUTb».
JocratouHo wucceqoBaTh OAWH M3 IIPOIECCOB: JIMOO PpOXKIeHUe
KBasuyacTUilbl (M3Jy4eH#e BOJHBI), JH6O MOTJIOIeHAe KBA3HYACTH-
upl. OcTaHoBUMcs Ha poxaennu (M3aydenuu).

153



Jlymato, HE y KOTO He BbI3OBYT COMHEHMil ypaBHEHUsl, KOTOpble
6yayT ceityac IpexbsiBJIeHbL:

p=p+hk, e(p)=e(p)+ho(k). (9)
Ha Bcskuit cnyqaifl BCe XK€ CKaXXeM CJIOBaMM. 4YacTulla, UMIIYJIbC
KOTOPO# P, a 9HEpIUA € = e(p) POX/a€T KBa3H4YaCTHILy ~ H3JTy4aer
BOJIHY C BOJIHOBbIM BEKTOPOM k uvacroroit ® (® — QyHKuMs k).
3Jto C06bITI/Ie MOXeET HpOPlSOl/lTI/l, €CJIM 3aKOHbI COXPpaHEHUS (ypaBHe-
uust (9)) Bomoansgotcs. VIX Mbl ¥ JOJDKHBI IIPOAHAIM3UPOBATH.
KOHC‘[HO, AJI1 TOro 4yTOObI UMETH BO3MOXXHOCTb TIIpOaHAIU3NPO-
BaTh ypaBHenus (9), He06X0OAMMO 3HATh 3aBUCUMOCTH BXO/SIIMX B

HEX (QYHKIMIA OT MX apryMeHToB. MHOro MHTEPECHOTO U Ba)XKHOIO

MOXXHO 06Hapy>1<mb, He BbIXO0/J4 32 IpeAeJibl IPOCThIX COOTHOIIEHUIH
2

e=2  w=uk. (10)
2m
Bbl, HazeloCh, MOHMMAaeTe, YTO MEePBOE PABEHCTBO TOXK/ECTBEHHO
mo L
60J1ee IPUBBIYHOMY € = " (cm. (2)), Tak kak p =mD (m— macca

uaJTyyaiomei yactuisl). Bropoe paBeHCTBO MOXKET OTHOCHUTBCS U K
¢orony (torma u — ckopocTb cBera), u K (ponony (rorma u -
CKOPOCTb 3BYKa).
VITak, MMIIYJIbC YACTHIBI TIOCJE W3JIydeHus P MOXHO BOBCE
MCKJIIOYATD! .
2 5
k .p_ = (_p_h_kl + h(o(k‘ ) .
2m 2m
Ortciofia, yYuThIBasi, YTO CKAJSIPHOE IpOU3Be-
—»  /ICHWE [IByX BEKTOPOB P U k ects f)E = pkcos9,

P rge @ —yroaMexmy aTumu Bektopamu (puc.4),
Puc4. HanpasnerHne

nMeeM

nonera KBasm4aciu- 2.2

usi (yron @ ) orcum- hpkcos® _ . o(k)+ E_k_

THIBAETCA OT UM- m 2m

nynsca yacysl p M )
hk

kcos@ = k+—
vkcos® = w(k) S

Ycnosue U3JIy4eHUsA CBOOAUTCA K YTBEPIKAEHHUIO, YTO COS 0 He 1O/KEH
10 MOAYJIIO MpeBbIMIATh €ANHUILLY, T.€.

o(k) | 7

—1<cos®= +—=51, (11)

Ycnosue (11) Mpl B3 B paMKy HecnpocTa. O6¢ykaenue ero —
[JIaBHOE COJEP’KaHHe OCTAaBILIEHCS 4acTH CTaTbH.
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Knaccuueckwin npegen.
WUsnyuyenne Basunosa-YepeHkosa

Ycaosue (11) pomyckaeT mepexoj K KJacCHYECKOH
¢dusuke (npene6pesxenne KBaHTOBbIMH 3(ddeKkTaMu): AJs 3TOTO
npocro(!) Hamo noyoxkuts A = 0 . KoHeuHo, notoM Hazmo y6eauThes,
4TO JejiaTh 3TO Jo3BojeHo (cM. Hke). Torga ycaoBue M3TydeHUs
BBITJISITUT COBCEM IPOCTO:

v>%=%, (12)

3nech U3 — asoBas ckopocTb BOJHBI. HacTHIla CIOCO6HA H3/Ty4HUTD
BOJIHYy, €CJId €e CKOPOCTb IpeBbIIIaeT (Ha30BYI0 CKOPOCTb 3TOH
BOJIHBI.

B 1934 roay acnupant C.V.BaBusosa II.A.UepeHkoB 06Hapy-
XKHJI HeoObIyHOe M3TydyeHHe. OKa3aoch, 3/IEKTPOHBI, JeTsIide de-
pe3 BelleCTBO CO CBEPXCBETOBOI CKOPOCTBIO, M3JIydaloT cBeT. Teo-
PMIO 3TOTO H3JIy4YeHWs, INOJyUMBIIETO Ha3BaHHE YePEHKOBCKOTO,
nocrpouau U.E.Tamm u U.M.®pauk B 1937 rony (Ho6eneBckas
npemusi 1958 r. «3a oTkpbiTHE M 06bsicHenue addexTa BaBuioBa—
Yepenkosa» npucysxkaena Tammy, ®paHky u UepeHKOBY).

Kak wu3BecTHO, CKOpOCTb CBeTa B IyCTOTe € — IpefesbHast
CKODOCTb [ABMIKEHUS] MAaTePHAJIbHBIX TeJI, 3/1eCb YacTHUIIbl He MOTYT
JIeTETh CO CKOPOCTbIO, Goubieil ¢. Co ceepxceemosoli CKOPOCTbIO
OHM MOTYT JIETETH JIMLIb B cpede, TAe CKOPOCTb CBETa Y MeHblle
CKOPOCTH CBETa B IIyCTOTe.

IIpoBepuM, MOXXHO /U 6BIJIO MpeHeOpeYb BTOPBIM CJIAraeMbIM B
npaBoii yactu ycsiosusi (11). CuutaeM: v=c, m=m, — Macca

27
3JIEKTPOHA, k = N (3mech A — AJIMHA BOJIHBI M3JIy4€HHOTO CBETA);

h

AJA OT6pOIJ.IeHHOI‘O YJIEHa TII0JIyYaeM mch’ T.€. 0T6pome1-moe
e

cJlaraeMoe eCTb OTHOIEHNEe KOMITTOHOBCKOI JJIMHBI BOJIHBI K AJMHE
BoJiHbI cBeTa. Ho, kak MbI y>ke 3HaeM, 3TO OTHOLIeHHE OYeHb MaJlo
st BuauMoro csera. IIpeHe6pexenue onpaBaaHo.

Hagno ckasatpb, TeopHsi 4epeHKOBCKOTO U3JIy4eHUs CTPOU/IACh U
O6bIYHO CTPOMTCS Ha OCHOBE KJIacCHYecKoro (HEKBaHTOBOrO) pac-
cMoTpenus. BoiBo ycsoBust uanydenust (12) npoime, eCiu HCIOb-
30BaThb KBAaHTOBBIH IOIXOJ.

Tskesoe Temo, IMyJisi, CaMOJIET, PaKeTa He MOTYT JIeTeTb CO
CBEpXCBETOBOl cKopocThio (BO3MOXHO, TIOKa). A BOT CO CBEPX3BY-
KoBoit yxe moryT. B ycmoBum (11) B ciiyuae MaKpOCKOIMYECKOTO
TeJla BTOPHIM CJIaTaeMbIM 3aBEIOMO MOXKHO IpeHe6peub: OHO CTOJIb
MaJio, YTO O HeM IIONPOCTY He CTOUT TOBOPUTH. MbI NMPUXOAUM K
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€CTECTBEHHOMY BBIBOZY: €CJIM TeJIO JIETUT CO CKOPOCTbIO, NMPEBbINIa-
Iolieil CKOPOCTh 3BYKa B BO34yXe, TO OHO M3JIy4yaeT 3BYKOBbIE
posHbl. O caMoJieTe B TaKMX CJIy4asX TOBOPSIT, YTO OH IPEOAOJEN
3ByKOBO# G6apbep. IJTOT DaKT MOXKHO 3aCBHIETENbCTBOBATH Ha
3eMJje: 10 3eMJH JOXOAUT <«IaKeT» BOJH, HCIYLIEHHbIX CaMoJe-
toM. YacTo 3TO NPUBOAUT K TOMY, YTO B OKHaX JOMOB Jpe6esxaT
CTeKJla, a WHOTAA U BbINAAAIOT.

JneKTpoHbI MeTanna -
npuUYMHa 3aTyxaHus 3ByKa

Bos6yauts 3ByK B MeTallle Tpoliie IPOCTOro: HanpH-
Mep, MOXHO CTYKHYTb 110 €r0 HOBEPXHOCTH — HOGEXKHUT CTYCTOK BOJH
OT TOBEpXHOCTH B Iiay6unHy. Ecau Mbl XOoTUM BO36YAMTb 3BYK
olpe/Ie/IEHHOM YacTOThbl, HALO K MOBEPXHOCTH MeTaJlla NPHJIOKHTD
HCTOYHUK 3BYKa; OGBIYHO UCTIOJb3YIOT KBapll, KOTOPBIH KoJje6ercs
110/] BO3/IEHCTBUEM 3JIEKTPOMArHUTHBIX U3JTy4YeHHit.

Wrtak, no Merawry Gexur 3BykoBasi BosiHa. IlocremeHHO oOHa
3aryxaer. To paccTosiHUEe, Ha KOTOPOM €€ aMILIUTY/]a YMEHDIIUTCS B €
pas, HasblBaeTcsl 0AuHol 3amyxanus. Ee MOXHO M3MepHTb, 4TO M
JieaeTcst € 6OJBINOM TOYHOCTDIO B CAMBIX Pa3/IMYHbIX YCIOBHAX: H3Me-
HSIOT TEeMIIEpaTypy MeTa/ula, BHOCSAT MeTall B MarHUTHOE IO,
3aCTaBJIAIOT [IEPERTH B CBEPXIPOBO/SILIEE COCTOSTHUE U T.[., U T.I. 3a-
4eM Hy>KHbI [OI0GHBIE 3KCIIEPHMEHTBI? 3aTeM, YTO JJIMHA 3aTyXaHus
OYEeHb YYBCTBUTEbHA K «yCTPOMCTBY» MeTaslIa. A 3HaTb, KaK <yCTpO-
€H» MeTaUl, BXXKHO. [[yMalo, 3TOT TE3UC He BbI3OBET BO3PAXKEHUH.

3ByK B TBEPAOM TeJe — BOJHA KOJe6aHUH aTOMHBIX YaCTHUIL
OTHOCHTEJIBHO MX IOJIOXKEHWH paBHOBecHs. B Merale aToMHble
YaCTUIbl — UOHbI, OKPY>KEHHbIE «Ta30M» 371eKTPOHOB. Ilpunumalor
JIM y4acTHe 3JEKTPOHBI B 3BYKOBbIX KoseGanusx? [la. Vonnl u
3JIEKTPOHBI KOJIEGIIOTCS TaK, YTO PaBHOBECHE MeXIYy HUMH NpaKTH-
YECKH HE HapyIaeTcsl: KaKIbI 3/eMeHT o6beMa MeTalla OCTaeTCs
HIPH 3TOM HEHTPAJIbHBIM.

AkycTudeckue CBOMCTBA 3JIEKTPOHHBIX IIPOBOAHHMKOB — BakKHas
U UHTepecHas IJlaBa KBaHTOBOH ¢wusuku TBepporo Ttena. O Heit
XOTeJIoCh GbI pPaccKa3aThb MOAPOGHO OTAENbHO. 3[eChb Mbl OTBETUM
JIIIb HA OMH BONPOC: IPUHUMAIOT 3JIEKTPOHBI yYacTHe B MOTJIONIe-
HUY 3ByKa MeTayioM wid Her? Otser: npunuMaiotr. 11 6osee Toro:
IIpM HU3KUX TEMIepaTypax ¥ JOCTATOYHO BBICOKOH dacToTe 3ByKa
(korga OH yXe He 3BYK, a yJbTPa3ByK) 3JEKTPOHbI — IJIaBHbIE
TIOIJIOTUTEN 3BYKOBBIX BOJIH. B JaHHOM cJyyae JIydilie TOBOPHTb —
¢oHOHOB.

Ecmu ycnosue (11) onpenessier BO3MOXKHOCTb TOTJIONIEHHs (o-
HOHa a/ekTpoHoM, To ®(R)=uk, rae u — ckopoctb 3Byka. Torma
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ycaosue (11) npunuMaer BuA

1<coso=24+ "2 <y 13)

2muv
I/le U 4 m — CKOPOCTb H Macca 3JeKTPOHa. MaKCHMaJIbHasi CKOPOCTb
3JIEKTPOHOB B MeTa/utax (Tak HasbiBaeMasi (GePMHEBCKasi CKOPOCTD)

0 «3eMHBIM» MacuiTabaM Besuka S: o = 10° M/c,T.e. u<<v.ITO0

— BaxkHbIit (akT. 3anomuuM ero. Temepb OLlEHUM KBaHTOBOE CJiara-

ho u c
— . CkopocTh 3ByKa B
2mu? v P Y

metamnax mopsaka (2-5)-10° m/c. IoatoMy ans dactor
0 <10 ¢! KBaHTOBBIH u/eH Mak IO CPaBHEHHIO C OTHOLIEHHEM
u/v. 3Ha4uT, IJIs1 OGBIYHOTO 3BYKa M AaXKe YJIbTPa3ByKa KBaHTOBOE
cnaraeMoe (omsTh!) O4eHb Mano. A TaK KaK CKOPOCTb 3JIEKTPOHA
3HAYUTEJbHO IPEBBINIAET CKOPOCTb 3BYKA, TO 3JIEKTPOH «JETKO»
norsontaet ¢oHoH. Ciie1oBaTesibHO, U3y4Yas NOTJIONIEHHEe 3ByKa, Mbl
MOXKEM Y3HaTh 06 3JIEKTPOHaX MHOTO HHTEPECHOTO.

emoe. YI06HO ero mepemucarb Tak:

3aryxaxue Jlanpay

He npaBuTCcs MHe Ha3BaHHe 3TOro pasjena. TouHee,
IaBHO He HPaBUTCSI Ha3BaHHe SBJEHMS, KOTOpO€ TaK Ha3BaHO.
OC06eHHO TPYCTHO OHO 3BYYAJIO B T€ LIECTDb JIET ITOCJIE aBTOMOGHJIb-
Hoit Kartactpodppt (1962 r.), B pe3ysbpTaTe KOTOPOH IIECTb JIET
saTyxana >xusub Jlanmay. Ho Huuero He momumewms. J3sik (B
JIaHHOM CJTy4ae — Hay4YHasi TEDMUHOJIOTUSI) 3aKPENMJI TAKOE HauMe-
HOBaHHe.

Mnasma yxe ynoMMHamach B crathe. [lnasma — HeliTpanbHas (B
CPEIHEM) CMECh 3apsDKEHHBIX YacTUL PasHbIX 3HakoB. Hampumep,
MOJIOKUTEJbHBIX HOHOB WM OTPHULATEJbHBIX 3JeKTpoHoB. Ho Ham
NPU/IETCS TIO3HAKOMHTBCSA C ellle OJAHUM TEPMHHOM: 6eCCMOAKHOBU-
meavHas TAa3Ma. JTOT TEPDMHH HE O3HAYAeT, YTO YaCTHIL(bl MJIa3Mbl
HHKOTZIa He CTaJKUBaloTCcs. BeccToJKHOBUTE/IbHOMH M1a3My Ha3biBa-
10T TOrja, KOria CTOJKHOBEHHSI MOXHO He y4uHuThiBaTb. Hampumep,
€CJM BpEMS MeXIy CTOJKHOBEHMSIMH 3HAYUTEJbHO 6OJIbIe, UeM
MEepPHO/ TeX TI0Jielf, TIOBeJeH)e KOTOPBIX B IJIa3Me MbI H3ydaeM.

Jlna ommcaHua CBOMCTB 6ECCTOJKHOBMTEIBHOM IJIa3Mbl GbLIH
copmympoBadbl B 1938 roay cmeunasbeble ypaBHeHus. OHu
TOJTYYHJIH HMs CBOErO CO3/aTesisi — UX HasblBalOT ypaBHEHHAMH
BuracoBa 6 . Xota yacTuist (110 Ipe/nooKeH1io) He CTAIKMBAIOTCS,

5 Cwm. cratbio «Kak ycrpoennt Metainpi?» (ITpum. ped.)
6 A.A.Bnacos nomyuun Jlenutckyio npemuto 1970 roxa 3a uuka pa6ot
1o IIa3Me.
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HeJIb3s1 CYUTATh, YTO OHU HE B3aMMOJEHCTBYIOT. DJIEKTPOMArHUTHOE
[OJIe 3aBUCHUT OT JBM)KEHHMS 3apsDKEHHbIX YacTHll, a caMo IIoJie
B/IMSIET Ha MX [BIDKEHHE: BO3HUKAET CBOeoOpasHasi 3aBUCHMOCTDb
BCEX OT BCEX — KOJIJIEKTUBHOE B3aMMOJIEUCTBUE 3aPSI)KEHHBIX YaCTHII
MeXIy cO60i. JTH ypaBHEHHSI OKAa3aJHCh BaXKHbIM IIOMOIIHMKOM B
OrpOMHOM uucye 334a4 ¢usuku naa3Mpl. C UX NOMOIIBIO MOXHO
6b1710 ObI PACCYUTHIBATD MHOTOE: OT 3JIEKTPOHHbBIX IPUGOPOB, COCTAB-
HbIM 3JIEMEHTOM KOTODBIX CJYXKUT 3JIEKTPOHHO-MOHHBII IIYYOK, J0
cBOMCTB noHoCc(eppl miu Mexraaaktadeckoro raza. Ho... obparure
BHMMaHNe Ha 4vacTully «6bi». /leso B TOM, YTO NpPH IOJy4YEHUH
pelileHHii BO3HMKaa Gosibinas TpyAHOCTh. OKa3a10Ch: 31€KTpOoMAar-
HHTHDIE BOJIHbI C BOJIHOBbIM BEKTOPOM R U YacTOTOH  TaKUMH, YTO
o=Fk0,rne 0 — CKOPOCTb KAKOH-JIMGO M3 YACTHII MJIa3Mbl, OMTUCATh
HEBO3MOJXKHO, HJIH, TOYHEE, IPUXO/IMJIOCH UCII0/Ib30BaTh UCKYCCTBEH-
HbI{, He ONpaBAAHHbIH (PU3NYECKOH NPUPOLOH MaTeMaTHYECKUii
npueM (PU3MKH-TEOPETUKM ITOTO OYEHD HE JOGAT!).

Yacruupl B 1a3Me, Kak B JIO60M rase, ABMXKYTCS XaOTHYECKH C
CaMbIMM Pa3JIMYHBIMH CKOPOCTSIMH. PacrpenesnieHne 10 CKOPOCTSIM
3aBUCUT OT TEMIIEPATYPbl: B YACTHOCTH, YeM IJIa3Ma ropsyeii, TeM
CpenHsisi CKOpOCTb 4acTHil Gosbiie. B odyeHb XosioaHO# miasMe,
OTIMCHIBAEMON KBAaHTOBBIMHU 3aKOHAM#, CKOPOCTH 3JIEKTPOHOB OT'pa-
HuyeHbl pepMueBCKoit ckopocTbio (cM. mpeapiaymmit pasaen). Ot-
cIo/la SICHO, YTO TIOJIb30BaThCsl ypaBHeHUsIMM BiacoBa, He BHecsl B
HHUX KaKyIO-TO HOBYIO (pM3MYECKYIO HAEI0, €CJIU He HEBO3MOXHO, TO
oueHb Heyq06HO. Kak TonbKO BcTpeuaeTcs BOMHA, XapaKTePUCTUKH
kotopoit (® ¥ k) yAOBAETBOPAIOT yCJOBHIO

®=k7, (14)

aMIUINTYy TaKO# BOJIHBI MbI pacCYuTaTh He MoxxeM. Wn, npyriumu
CI0OBaMH: Mbl He yMeeM DAacCYMThIBaThb TaKue BOJHBI, (a3oBas
CKOPOCTb KOTOPBIX MeHbIIle CKOPOCTH KaKOi-/TM60 U3 YaCTHII I/Ia3MBbl.

Hosyio ¢usuyeckyto uzaelo B ¢usuky mia3Mbl BHec Jlangay B
cBoeit pabore 1946 rona. Ee, kak 60bIIMHCTBO TeOP(U3UIECKUX
paboT, HEBO3MOXXHO H3JIOXKHUTb, OTPAaHMYMBASICh T€MH CKPOMHBIMU
3HaHMAMH, KOTOPDbIMH HaM NPHXOAUTCA AOBOJIbCTBOBaThbcsA. Ho mo-
HATb (PU3HNYECKYIO NIPUPOAY IPOUCXOASIIETO B GECCTOJKHOBHUTED-
HOM IJIa3Me MOXHO.

[laBajiTe NPOKBaHTyeM BOJIHY IIOJII M HOCMOTDHUM, MOXET JIH
«(poTOH» NOTJIOTUTHCS YacTUIaMH NIa3Mbl. [[J1 BBISICHEHHS 3TOTO,
Kak Mbl 3HaeM, HaJ0 IOCMOTpeTb, YAOBJETBOPSIOTCS JIM 3aKOHbI
COXpaHeHHs] 3HepruM ¥ uMIyJbca. CBeleHHble BMeCTe, OHM 3alld-
HIYTCS TaK:

e(p)+ho = s(ﬁ+hE).
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IIpu pacuere 31eKTpoMarHUTHOTO 1101 HA/IO YYATHIBATH B3aHMOZEIi-
CTBME C HUM 6Cex 4acTull. JTO O3HAYAET, YTO PacyeT Mpe/ro/araeT
CyMMHpOBaHHe 10 BceM yacTuiaM (MHTETPHPOBAaHHE IO BCEM HMM-
nynbcam). IToatoMy 6e3pa3mudHO, BO3MOXKHOCTH KaKOH YaCTHIbI
paccMarpuBath. [laBaiite 3aiiMeMcsl 4aCTHL[AMH, HMIIYJIbC KOTOPBIX

~_ ~  hk
paBeH p' =p+ 5 Toraa ypaBHeHMe, ONMHMCbIBalolllee 3aKOHbI CO-

XpaHEHHd, OKa3bIBAETCSI CHMMETPUYHDIM:

hk _ hk
el p+— |-€|p—— |[=ho. 15
Pt P-5 (15)
P -
Tak kak €=+—, a 2 =5, 10 u3 (15) cnenyer ycaosue (14).
2m m

Urtak, ycnosue (14) — ycnoBHe BO3MOXKHOCTH MOTJIOIIEHUS]
«otonar. / TIor/omenne T0MKHO IPUBOIUTD K 3aTyXaHUIO 3JI€K-
TPOMarHUTHOH BOJIHBI C MapaMeTpaMH, YAOBJETBOPSIIOUIMMHU YCJIO-
Buio (14). AnmapaT TeopeTH4ecKoi (PM3MKA MO3BOASAET BHIYUCIUTD
koadduuvent 3aryxanusi. Ero u HaspiBaloT 3aTyxanueM Jlanaay.

Bo MHoOrmx ciydasx saryxanue Jlanaay — BaXKHBI MeXaHH3M,
OTPaHMYMBAIIIMH AMIUIMTYAY 3JEeKTpOMarHuTHoro mnojsi. Vuorzaa
y4YeT ero HeoOXOAWM AJIi HaBeAEHWs MOpSIAKAa B TEOPETHYECKUX
ypaBHeHusaXx. V1 To U apyroe BecbMa BaskHO.

O6paTuTe BHUMaHHE, YTO MOIJIONIEHWE 3BYKA 3JIEKTPOHAMHU Me-
TaJl1a, OMMCAaHHOE B MPEAbIAYIIEM pa3fieie, 10 CyTH [eja, IposiBJe-
HHUe 3aTyxaHusi JlaHzay mpu B3aMMofeiCTBHM 3BYKOBOI BOJIHBI C
3JIEKTPOHAMH NPOBOAMMOCTH. [loJKeH cka3aTb, 3TO He cpa3y GbLIO
TIOHSITO.

Kputepui cBepxTeky4yectu

1998 rox MOXHO cyuTaTh IOGUJIEHHBIM HE TOJbBKO
HOTOMY, YTO OTMevaeTcs: AeBsiHoctosiete Jlanpay. [llectbaecsr et
Ha3az [letp JleonngoBuy Kamnmiia OTKpbLT CBEPXTEKYYECTh — CIIOCOG-
HOCTb JKMJKOTO TeJusi npu Temnepatypax Humxke 2,19 K (remwmit I1)
1poTeKath 6e3 BSI3KOCTH Yepe3 TOHKHE Kamuuisipsl. OOGHapykeHue
JIBHOKEHUST KUIKOCTH 6€3 TPEHHUs, a TaKXKe [MOHUMaHWe TOro, 4YTO B
TeJIMH TIPH HU3KUX TEMIEepPATypax BO3MOXKHO JBAa THIA JABUXKEHHS:
o6brunoe (HOpMasibHOE, KaK TOBOPAT) M CBEPXTEKydYee, TO3BOJISAET
O6DSICHATh G6OJIbIIOE YHC/IO yAMBHTEIbHBIX CBOMCTB reaust («3a

7 CioBo «Q)OTO}D) B34ATO B KaBbIYKH, TaK KaK pedyb HIAET He o6
SJIeKTPOMal'HP!THOﬁ BOJIHE B BaKyyMe. KBaamlacmny B ILJIa3M€ Ha3bIBAIOT
MJI2a3MOHOM.
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OTKPbITHA B 06JacT (U3MKM HU3KMX Temmeparyp» I[1.JI.Kanuua
yaoctoen Ho6enebckoit npemun 1978 r.).

B 1941 roay JI.[l.Jlanaay mOCTPOMJI TEOPHUIO CBEPXTEKYYECTH.
OnHO U3 OCHOBHBIX HOJIOXKEHHH 3TOl TEOPHU — Kpumepui ceepxme-
Kyuecmu, O KOTOPOM MbI TIOCTApaeMCs paccKa3aTb, MHCHOJIb3Ys
3aKOHbI COXPaHEHHSI.

3azyMaeMcsi, 4TO O3HAYAeT meuenue 6e3 mpenus? 3To O3HaYaeT,
YTO SHEPIHUs yNOPSAAOYEHHOTO ABUXKEHHSI )KUAKOCTH HE EPEXOUT B
TelJIo, He pacCceMBaeTcsl — 3HAYMT, JBIDKEHHE HE TOPDMO3MTCH, He
3aTyxaer.

TennoBoe ABIKEHHE — 3TO GECHIOPSIAOYHOE JBMKEHWE ATOMOB,
MOJIeKyJl. B pa3HBIX arperaTtHbIX COCTOSIHHSIX ATOMHBIE YaCTHIIbI
ABUXYTCS TO-Pa3HOMY: B TBEPABIX TeJaX KOJIEGIIOTCSi BOKPYT CBO-
UX TOJOXKEHUH DaBHOBECHs, B ra3aX [ABHXKYTCA KaK CBOGOJHbIE
YaCTULbI, M3pelKa CTaJKUBasCh C ce6e nomOOHBIM. B 06bIyHOIL
JKHJIKOCTH TENJIOBOE JBIKEHHE YACTUL| CJIOXKHO: OHHU U KOJIEGIIIOTCH,
U TepeMellaloTca B NMPOCTPAHCTBe Ha Gojbluue paccrosiius. Ho B
requu 11, B reun npu Temneparype uuke 2,19 K, curyauus unas.
Ilepexon B cBepXTeKyyee COCTOsSIHME O3HAYAET BO3HMKHOBEHHE CBOE-
06pa3HOro KOJIEKTUBHOTO COCTOSIHHSI BCEX ATOMOB TeJiMsA. ATOMBI
rejisi B 9TOM HOBOM COCTOSTHUM He MOTYT [JBHUraThCsl HE3aBHCHMO
Apyr oT apyra. EnuHCTBEHHOE JOCTYnHOEe UM ABWXKEHHME NpECTaB-
JIieT CO60H 3ByKOBble BOJIHBI. 3BYKOBbIE BOJIHbI, KAK MBI 3HaeM,
MOXXHO NpoKBaHTOBaTh. Tak BBoAsITCS (poHoHbI. Eciin HaM u3BeCTHa
3aBUCHMOCTb YaCTOThl ® 3BYKOBOH BOJIHBI OT BOJIHOBOTO BEKTODa

k, 10, TeM cambIM, M3BECTHA 3aBMCHMMOCTb SHEprMd (POHOHA € OT
€ro UMIyJbca p:

e=¢(p). (16)

Tak xax renmit M30TpOIEH, HEPIUs HE 3aBMCHUT OT HampaBJIEHHs
HMIIyJIbCA, A 3aBUCHUT TOJHKO OT €r0 BEJIUYMHBI.

Tenepb TennoBoe ABMXKeHMe B reJiMM NPH HU3KOH TeMmepaType
HOJIyYaeT HarjsgHoe NpejCTaBjeHHe: npu Temmneparype T #0 B
Macce reJivs «pacTBOpeH» ra3 (poHoHoB. UeM TeMniepaTypa BbIllE, TEM
doHoHOB Gousbiie. Hageioch, Bbl HOHMMAaeTe, YTO CKA3aHHOE —
yAOOGHBIN, HarsAHbIM 06pa3. He 6oaee Toro. Ho 1 He MeHee, Tak Kaxk,
HCTIOJIb3Ysl 3TO TpPeJCTABJEHHE, MOXKHO BbIYUCJIMTH 3aBUCHMOCTD
Pa3JIMYHbIX XapaKTEPUCTHUK IeJIMsl OT TEMIIEPATYPHI U BBIACHUTD, KaK
3aBMCHT 3Heprusl (POHOHA OT UMIIYJIbCA, T.€. MOCTPOMTH (PYHKUMIO
(16). Ona nokasana Ha pucynke 5. Hamo moguepkuyTb, 4TO
3aBHCHUMOCTb € OT p mpu p — 0 usBecTHa Gblia ANPHOPH: MaJIblil
UMITYJIbC COOTBETCTBYET MaJIOMy BOJIHOBOMY BEKTODY R H, CJI€0Ba-
TeJIbHO, 60.1b10# AmHe Bostubl A (k=2n/A ). Honpu A > a, rae
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a — MeXaTOMHOe paccTosiHue, ©4
BOJIHA, O KOTOpOii naeT peyb,
— OObIYHasl 3BYyKOBas BOJIHA.
CKopOCTb ee XOpOILO U3BECT-
Ha: u=240 Mm/c, u

eE=up . u7”n

IIpu ummysabcax, GJU3KUX K
MMHHMYMY 3HEpruH,

£;~_A+(l)_2_£9_)_’ szO’

* Puc.5. 3aBrcumocTs 3Heprm GOHOHa

B re/mm [l or umnyssca. B ormever-
(18)  wosi rouke (mpu p = p* ) npsmas, npo-
e po/h=19-10° M~ BELIEHHAA M3 HAYaNa KoopaMHAT, Ka-
. ' caercq kpmuBos € =€
A=87K, m' =016my, P ()

(my, — Macca atoma resmsi).

3HayeHus: mapameTpoB py, A u m' nogo6paHbl Tak, YTOGHI
HaWJIy4lIuM 06pa3oM ONUCATh TeMIlepaTypHble 3aBUCHMOCTH Xapak-
TepucTUK rejust II. Dty 3HayeHus yaasoch MOATBEPAUTDb HENOCPE-
CTBEHHO NPOBEPKOii, «1octpous» Qynkuuio (16). U B atoM nomor-
JI 3aKOHBI coxpaHenus. MccienoBain Heynpyroe paccestHue Heiir-
POHOB TesueM B6JH3M a6COMIOTHOrO HyJist Temmeparypol (1961—
1964 rr.). Heynpyroe paccesnue — 9TO paccesiHue, IPH KOTOPOM
HeiitpoH Tepsier (uam npuoGperaer) sHepruio. OcTaHOBHMCS Ha
paccesiHiU C NOTepeil SHepru.

Ha yT0 HeiiTpoH pacxoayer 3Hepruio, npoJjeras yepes requii? Ha
«poxaeHne» ¢GoHOHA. 3HAYUT, COTJIACHO 3aKOHAM COXpaHEHHUs,

E(P)=E(P)+e(p), P=P+p,
uamn
e(P-P)=E(P)-E(P). (19)
3neco P u E (75) — MMILYJIbC U SHEPTUsl HEUTPOHA 00 paccesiHusl,

_ —\ PpP? —

P u E(?) — mnocae. Tak kak E(P)=T' a P=mD
mH

(m, — macca HeHTpOHa), TO, 3Hast CKOPOCTb PACCEUBAEMBIX HEWT-

POHOB U H3MEPUB CKOPOCTb HeﬁTPOHa, pacCesaHHOro nojx omnpeae-

JICHHbIM YTJIOM 0, MOXHO OnpeAe/IMTb U BEJIUYUHY |P—ﬁ7

= \/ P?+ P2 —2PP’cos®, U pasHOCTb JHeprMH HEHTPOHOB, pPaB-
Hylo 3Hepruu ¢oHoHa. M3mepennsa c 60JblIOH TOYHOCTHIO NOA-
TBEPAU/IM HalJleHHble 3HAYEHHMs.
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Temnepb ecTb BO3MOXKHOCTb C(HOPMYJIMPOBATh KPUTEPHI CBEpXTe-
KydecTd. MbI TmoKaxkeM, 4To BUJ 3aBucumoctd € = g(p) (dopmyna
16), n306pa’keHHON Ha PHUCYHKE 5, CBUETENbCTBYET: €CIIH CKOPOCTD
TeYeHUs XHUIKOTO Tejusl MeHbllle HEKOTOPOro KpUTHYECKOro 3Hade-
HUSL Oy, , TO IIPH B3aHMO/IECTBUU CO CTEHKOI KAIMILISIPa B XKHMAKO-
CTH HE MOXXET «3apOAUThCsI» (POHOH. A 3TO O3HA4aeT, YTO SHEPrusi
[IBVKEHUS )KM/IKOCTH He MOKET IIPeBPaTUTbCS B TEMJIOBYIO SHEPTHIO.
CrenoBarenbHo, NpH ¥ < Uy, XUAKUHA reuil TeueT 6e3 TpeHus —
OCYILECTBJISIETCS CBEPXTEKYYeCTb.

ITycTb Mo kanuIIApy CO CKOPOCTBIO —¥ TeYeT TreJiuil IpH TeMIe-
parype T < 2,19 K. Ilepeiizem B cucTeMy KOOpAMHAT, B KOTOpPOW
reJIMid TMOKOMUTCS; KalWIAD ABMXKETCS OTHOCHTENIbHO Tesusl Co
ckopoctbio O . [Ipearnonoxum, uto «poduicsa» ¢onon (Mbl HalineMm
yCJIOBHE, KOT/Ja TAaKOil Ipolecc BO3MOXKeH). B aToM ciryyae go/KHBI
ObITb BBITOTHEHDBI 3aKOHbI COXPaHEHHs

p*_p? -
m=m+€(P),P=P’+ﬁ, (20)

rae P = M©? — uMnynbc Kanwuisipa, M — ero Macca, OCTajbHbIE
o6o3Havyenus npexkuue. [loacraBum BMecto P’ ero sHaueHue, BO3Be-
ZleM B KBAa/IpaT U IOJIyYNM

P =¢(p). 21)
Mb1 or6pocusu KBaapaTWyHbIil 1Mo p uieH. OH Tak Maj, 4YTO €ro
MOXHO 6GbLTO 6bI HEe yNOMHHATh: BeAb M — Macca Kamuispa, a
sueprusi €(p), ¢ KOTOPOI HA/O CPABHHUTb 3TO CJIATAEMOE, — 3Heprus
001020 (OHOHA.

PasenctBo (21) Moxer GbiTh BBINOJHEHO, €CJAM CYIIECTBYET
HarpaBJieHHe — yroJ O, Kyaa Gy[deT ABUTaTbCS <«DPOAMBIIMHCS>
¢oHoH:

e(p)

pv
CrepoBaTesIbHO, CKOPOCTb 0 JOJDKHA NMPEBOCXOAUTh MUHUMAJIBHOE
3Hauenue €/p. Takum 06pa3oM, GOHOH MOKET «POAUTHCSA», €CIH

e(p)

cos0 =

v > min——= |
P
U HE MOXET «POAUTHCS», €C/IH
. €
v< mmﬁ ,
p
HHBIMH CJIOBaMH,
. €
Vgp = mln——(—&)- . (22)
P
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e(p)

Ecin min——= =0, To HuKaKoii CBEPXTEKYYECTH HET: NpPH J0o6oi

CKOPOCTH TEYeHUS] SHeprusi TedeHHs NPEBPAIlaeTcsl B TEIJIOBYIO.
Ecmn 0, # 0, To mpn v < 0, KMAKOCTb TeYET 6€3 TPEHUS: FHEPTUsi
TEYEHHUs He MOJKeT IIPEBPATUTHCS B TEILJIO.

Herpyano y6emurbesi, uto 3aBucuMOCTb € = €(p), uzobpaxen-
Has Ha PUCYHKeE 5, IPUBOIMT K Uy, # 0. 3Hauenue vy, Jerko Haiitn
rpapuyecKu: OHO OINpesieJIsieTCsi TeM 3HAUYeHHeM p = p*, IIPH KOTO-
POM KacaTeJsibHas K KpuBoii € = €(p), Kak MOKa3aHO Ha PUCYHKeE 5,
ecTb IpsiMasi, BbINIEAUIAsl M3 Hayana KoopauHat (Te, KTO yMelor
muddepeHIupoBaTh, JIETKO MOTYT B 9TOM yGEAUTHCS).

3asucumoctb € =€(p) HasbIBAIOT CIEKTpoM resusi. Kpurepuii
cBepxXTeKydectd JlaH#ay yTBep:KAaeT, YTO XXHIKOCTb MOXKET GbITb
cBepXTeKyyeil, ec/H ee CHEKTP YJOBJETBODPSET YCJIOBHIO
minip) # 0 . IroT KpuTepHit MOKeT GBITh IPUMEHEH HE TOJIBKO K
renmo.pHanpnmep, OH CbITPaJl BaXKHYIO POJIb B IOHUMAHHH NIPUPOJBI
CBEPXIIPOBOAUMOCTH.

Hapmo npusHatbcsi, 4TO TPYAHO ZOCTUYD 3HAYEHHST KPUTHYECKON
CKODOCTH, BbIYMCJIEHHO# 10 popmyie (22), — ee 3HaYeHHe IOPsAAKA
60 M/c. O6blYHO cBepXTeKydee [BHXKEHHE <«CPbIBaeTCsS» H3-3a
BO3HUKHOBEHHUsI TypOYJIEHTHOCTH — 3aBUXDEHUIl, KOTOpble CPaBHU-
TEeJbHO JIETKO NOSIBJISIIOTCA B OTCYTCTBHe BA3KocTH. Ho ecim 6br

min £2)

6bL1 PaBEH HYJIIO, TO HU IpH KaKoH CKOPOCTH HEBO3MOXXHO

p
6bLJI0 OBl CBEPXTEKYUee TeYeHHUE.

3akno4yeHue

Cpenn nopapkxos, Bpyuenunix JI./[.J/langay B neHp
ero nsruaecsitnyerust B 1958 roay, 6bimn «Cxpuxkanu»: [Be Mpa-
MOpHbIE JIOCKHM, Ha KOTOPBIX BOCIpou3BedeHbl 3anosenu Jlanpay —
necsath (Kak TOJIOKEHO 3amMoBefsaM) KJacCuuecKuX ¢GopMyJi, BbiBe-
nennbix Jlanpay. Ix or umenn MIHcTuTyTa aTOMHOH 3HEpruM noja-
pun w6ussipy akagemuk Mcaak Koncranrtunoswy Kuxoun. Cpeau
3amnoBeiell o HOMepoM 7 — 3HaKOMast HaM KpuBasi U popMy.JIbI, ee
OTUCHIBAIOIIHE.



CBEPX...

51 mo6m0 YuTaTh CIOBapH W 3HUMKJIoNeaud. Bcerga
Hai{ielb MHOTO HHTEPECHOTO, [a)ke KOT/a MePeIUCThIBAaellb IHIUK-
Joneaw4yecKoe U3JaHue, oTBeyaoliee TBoeH mpodeccuu.

JlBa roga Ha3aj MPOM3OIILIO BaXHOe COObITHE B HAYYHOH
KyJIbTYPHOI XKM3HU PoccHu: BBIXOZIOM B CBET NMATOTO TOMA 3aBePLIM-
Joch usganue «Dusnyeckoi sunukaoneauu> (ri. pea. A.M.IIpoxo-
poB, M.: Bombmas Poccuiickas suiukaonenus). Ha usnanue scex
HSATH TOMOB Yo 6osee 10 sieT: mepsbiii ToM Boimen B 1988 roay.
OHUMKTONeAUYeCKHe U3JaHUS TaKOi MOIHOTHI (11T TOMOB!) BBIXO-
JAT pefKo, nmpeabiAyiiee 6bLTO ocyrecTBaeHo 6osee 20 et Ha3ax.
Iloxoxe, mocennee usnanue «Duanyeckoii sHMKIONEAUH> — DI
— OyAeT CIYXHTb U TeM M3 MOMX CETOJHSIIHHUX YUTaTeseil, KTO
BbI6epeT cBoeii mpodeccueit ¢usuky. Ho u ceiiyac, yBepeH, Bam
6yeT HHTEPECHO IpoYecTb MHOTHe cTaThu U3 3. [Ipasaa, mpuner-
cs1 OMYCKaTh MOAPOGHOCTH — MX HMOHHMaHHE TpeGyeT 3HAYUTEJHHO
6OJIbIIMX 3HAHMIM, YEM BbI MMeeTe ceiyac.

ITepesmcroiBas 4-it ToM DI, eime A0 TOro Kak y MeHS MOSIBUJI-
csi 5-ff, 1 o6paTH/ BHMMaHMe Ha TO, KaKoMy OOJIBLIOMY YHCJY
¢usnyeckux TepMuHOB npucBoeH «TuTys1» CBEPX. MHe 3axore-
JIOCh Ha CTPaHHUIAX XypHana «KBaHT» mogenutbcs cBouM Habmo-
JIEHHeM U, KpOMe TOro, paccKa3aTb, YTO «CKPbIBAETCS» 3a HEKOTO-
PbIMU M3 TepMUHOB. S y>ke 6bLIO B3sJICS 32 [€JI0, HO YBH/EJ, 4TO
B pslle CJIy4aeB aBTOPHI
cTaTeif OTCBLIAIOT MEHS K
CTaTbsIM, KOTOpbIE TOJDKHBI
66T B 5-M TOoMe (HHuero
He NOofiesIaenib, SHIUKJIONe-
JIMHU CTPOSITCS CTPOTO IO aJl-
¢daBuTHOMY TpUHUMMIY).
Tenepp 5-ff ToM y MeHs
€CTb, M 5 MOTy OCyIle-
CTBUTb CBOE JKEJIaHKE.

Wrak, nepeyeHb cJioB,
HAYMHAOIUXCS CJIOTOM
«CBEpX», OTKPBIBAET Tep-
MUH «CBEPXBBICOKHE 4aCTO-
o> (1.4, c.421). CootBeT-




CTBYIOIIAsI CTaThsi 3aHMMaeT BCero 4YeTbipe CTpoku. IlpuBemem ee
TIOJTHOCTBIO:

«Csepxsoicokue yactorsl (CBU) — o61acTh pagmoyacToT OT
300 MTIu mo 300 ITu, oxBaThiBaOIIast AEUUMETPOBbIE BOJHBI, CaH-
THMETPOBbIE BOJHBI ¥ MM/LTUMETPOBbIE BOJHBI (CM. Paouogonvt)» .

CioBo «Paduogonnvi» HaleyaTaHO KypCHBOM. JTO O3HAYaer,
yT10o B DI ecTb cTaThs ¢ TaKUM Ha3BaHHeM. /leficTBUTEIBHO, B 3TOM
>Xe ToMe Ha cTpaHulle 213 Takas ctaThst ecTb. KpoMe mctopuueckoit
cripaBku! , OHa COEPXUT ABE TaGHIIBI, IO3BOISIONINE O3HAKOMUTD-
Cs C TIPUHATOH TepMMHOJIOTHEH, y3HaTh, KaKue BOJHbI UMEHYIOT
JUIMHHBIMM, KaKue CpeJHUMH, KODOTKUMM U T.[.

A1 nacuuran 30 crareit, Ha3BaHWe KOTOPBIX HAYMHAETCA CO
«cBepX...» OTHOCATCS OHU K CaMbIM Da3HbIM pasjesaM (U3UKH.
OpHako ecsM yesoBeKa, WHTEpeCYIOmerocsi (pu3MKOM, MOMPOCUTH
Ha3BaTh CJIOBA, HAYMHAIOIIUECS CO CJIOTa «CBEPX», IIOYTH HABEPHSIKA
OH Ha30BeT CBEPXIIPOBOJMMOCTD U CBepXTeKydecTb. V1 fgelicTBuTE N b-
HO, cBepxmnpoBoauMocT B (DI noCBsIEHO LIeCTh CTaTel, a CBEPX-
TEKY4eCTH — TPU. DTO HEey JUBUTEIBHO: CBEPXIIPOBOJUMOCTD M CBEPX-
TEKy4ecTb, TTOXKaIyil, Hanbojiee UHTEPECHbIE KBAHTOBbIE MAKPOCKO-
HUYecKue siBJIEHUsI.

ITocse OTKpPHITUS CBEPXNPOBOAHUKOB, CBEPXNPOBOAUMOCTh B
KOTODbIX He MCYe3aeT IPU TOBBILMIEHMM TEMIIEPATypbl BILIOTh [0
T=100 K (ux Ha3sbIBalOT BBICOKOTEMIIEDATYPHBIMH CBEPXIIPOBOJ-
HUKaMM 2 ), TIOSIBMIACh HANEXJAa HA TEXHHYECKOe HCIIOMb30BAHHE
cBepxnpoBoauMoctu: B DI ectb ctathu «CBepXNPOBOJHUKOBbIE
TIPUEMHUKU U3JaydeHusi» u «CBepxmnpoBogsamuii Maruut». CBepx-
HPOBO/ISII{ e MAaTHUTBI CTAIM HIMPOKO PACIPOCTPAHEHHBIMHU UCTOY-

! B ucropuueckoii crpaske e damuman: I.Tepir, B ONbITaX KOTOPOro
preppbie (1888) 6bLiu MOJIyYeHDbI 3JEKTPOMArHUTHBIE BOJIHBI C [JIMHOM
BOJIHBI )\ B HECKOJIbKO AecsiTKOB caHTuMeTpoB, U A.C.ITomoB, KoTOpbIi
prepssie (1895-99) npuMeHHJ 3JEKTPOMAarHWUTHBIE KOJEGaHHS C
A =10>-2-10* cM a1a ocymecTBIeH S 6eCIPOBOIOYHOMN CBSA3M HA PACCTO-
sauuu. @amuinu Mapkonu, B 1897 roau nosyyuBiiero nateHT Ha usobpere-
HMe paauo, B cTaTbe HeT. IIonoB ke CBOe OTKPBITHE HE NMATEHTOBAJL.

2 Cratbs O BHICOKOTEMIIEPATYPHBIX cBepxipoponukax (BTCII) naspa-
Ha B @I rak: «OKcHaHble BBICOKOTEMIIEPATYDHBIE CBEPXIPOBOXHUKHS.
HasBanue noguepkuBaeT XMMHYECKUH COCTaB COEMHEHHUH, KOTOpble HMEIOT
aHOMaJIbHO BBICOKME KpHTHYeCKHe TeMrepartypbl. OfHaKo, ckopee BCero,
TaKoe Ha3BaHWe MO3BOJHJIO BKIIOYMTH B DI HEOOXOOMMYIO CTaTbhio yKe
TOCJIe TOTO, KaK BbILIEJ] U3 NeyaTy 1-# ToM, KyZia OHa JOJIKHa Gbla IONacTb,
ecsm 6bi HasbiBasach BTCII. Koraa okcuaHbie coeiMHEHNS] «OOHApY KUY
cBoM cBepxmnpopozsamue ceoiictBa (1986), moarotoBka k nmeyatu 1-ro TomMa
yXke OblIa 3aKOHYEHA.
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HHUKAaMHM MarHUTHOTO MOJISI, BO BCSIKOM cJy4yae — B (pU3HYECKUX
J1a60paTOPHUSAX.

CraThH-CITyTHUKH OCHOBHO# cTaThbil «CBEPXTEKYYeCTb», YBEPEH,
y MHOTHX (M HE TOJIPKO y HaYMHAIOIMX (PU3UKOB) BHI3OBYT y/MBIIE-
Hue. OgHa HasbpiBaeTcst « CBepXTeKy4ast MOJIe/Ib siApay, a JApyras —
«CBepxTekyyecTb aTOMHBIX si/iep» . OKa3bIBaeTcsi, B aTOMHBIX SIAPax
cpeaHUX M GOJIBIIMX Pa3sMepOB «/BH)KEHHE HEHTPOHOB U IIPOTOHOB

. aHAJOTHMYHO BIKEHHIO 3JIEKTPOHOB B CBEPXIPOBOJHUKAX», a
CBEPXIPOBOAUMOCTD — 3TO CBEPXTEKYYeCTh 3apsKEHHOMH JKUIKOCTH.
Orcioaa n Ha3Banue. [lo-MoeMy, BecbMa JI060TIBITHBIH (PaKT: 06Dsic-
HeHHe CBOIMCTB CyOMHKPOCKOIINYECKUX CI'YCTKOB IIPOTOHOB U HENTPO-
HOB TpeGyeT TIPUBJIEYEHHSI TPEJCTABIEHUN, HUCIOIb3yeMbIX IPH
U3yYeHUH OGDHEKTOB MaKPOCKONMYECKOH (PM3UKU — METaNJIOB M
SKUAKOTO TeJus.

MHorue crarbil U3 pacCMaTpPUBAaEeMOro HaMH LMKJA MOCBSLIEHBI
paznodu3nKe, B YaCTHOCTH CBEPXHU3KOYACTOTHBIM (MJIM CBepx-
JUIMHHBIM) BOJIHaM, 4actorsl KoTopbix ot 3 10 30 k['u (auHbl BOMH
or 10 go 100 km). B crarbe «PaguoBO/IHBI» CKa3aHO, YT.e. TaKXKe
AnanasoH Kpaiine Huskux dacror (KHY) ¢ yacroramu B ThiCSIYy pas
Menbitte: ot 3 go 30 I

Crartps «CBepXHU3KOYaCTOTHbIE PAJMOBOJIHbI» IPHUBJEKJIA MOE
BHUMaHHE IIOTOMY, YTO «DPacIpOCTPaHEHHEe PAJUOBOJIH CBEPXHH3-
xoyacrorioro (CHY) auanasona mpoMCXOMT B BOJHOBOJHOM Ka-
Hajle, OTPAaHU4YEHHOM IOBEPXHOCTbI0O 3eMJIM U HHUXKHEH KPOMKOit
HoHocdepsl, BbICOTa KOTOPOH B 3aBUCHMOCTH OT BPEMEHH CYTOK U
reodu3nyeckux ycioBuit uaMensiercsi or 60 1o 90 kM». YBepeH,
Bbl YK€ 3HaeTe O CYIIEeCTBOBaHHHM MOHOCGEpPHl — CJIOS HOHU30BaH-
HBIX Ta30B B BepxHeil yactu atMocepnl. Bo 2-M tome DI ectpb
6osbiasi cratbst «Monocdepa» 1 He6OMbIIASA CIIENUAIbHAS CTATbSA
«Monocdepubiii BOTHOBOJ», yIOMAHYTbIA Bbine. M3 HUX MOXHO
MOYEPIIHYTh MHOTO HMHTEpecHbIX cBeleHuit. U emle ogHy craTbio
PEKOMEHAYI0 TIOCMOTPETb, €CJU BaCc 3aMHTEPECOBAJa POJib HOHO-
cdeppl B pacipocTpaHeHHH paauoBoiH: «CBepxJaibHee pacupoct-
paHeHHe paAMOBOH». KcTaTH, OHa TOXKe NPUHAJIEKUT K «CBEPX».
MHe xaxkercs, peKOMeH/lyeMble CTaTbil yKe AOCTyuHbI BaM. IIpas-
Jla, HA0 HAy4YHTbCA YUTATh NOJOOHBIE CTAThH: 3AIIOMHHATH yTBEP-
XKIeHUs ¥ (aKTbl U OTKJIa/AbIBaTh Ha Gyiylee CTPOTOe UX OGbSC-
HeHHe.

B GosbuiMHCTBe cTaTeil TEpMUH «CBEPX» MMEET CMBICJ KOJMYe-
CTBEHHOTO CPaBHEHHS: He4yTO GoJibliiee 4ero- To o6sryHoro. Hampu-
Mep, CBEPXU3JTy4YeHHe, CBEPXMHIKEKIHs, CBEPXJIIOMHUHECUEHIUSA M
1.1 [Toxanyi, ToJIbKO CBEpXTeKyuyecTb U CBEPXIPOBOAUMOCTb 060-
3HA4al0T KayeCTBEHHO HOBble siBjeHus. OJHaKo He Hajlo 3a6piBaTh
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CTapylo UCTHHY: KOJIMYECTBO NEPEXOAUT B KauecTBO. XapaKTepHble
NIPMMEPBI: CBEPX3BYKOBOE T€YEHUE M CBEPXCBETOBAsI CKOPOCTb.

CBepx3BYKOBOMY TeyeHHIO IIOCBsALleHa O6OJbLIASI CTaTbs, 4TO
HeyIUBUTEJIbHO, TaK KaK <«C M3yUYeHHEM CBEpX3BYKOBOTO TeYeHMs
CBSI3aH DPAJ BOXHBIX MPAKTHYECKUX IPpOoO6JeM, BOZHUKAIOUIMX DU
CO3JAaHUM CaMOJIETOB, PaKeT, CHAPSZOB CO CBEPX3BYKOBOI CKOpPOC-
TBIO II0JIETA...». B nMpoLUTUPOBaHHOH CTaTbe MHOTO CXeM, ITO3BOJIS-
IOIMX TOHSATh OCHOBHbIE YTBEPXAEHMs CTaTbU M, HaIlpUMep, yCBO-
UTb, KAKOBA a3POJIMHAMHYECKH COBeplIeHHast (T.e. Co3aaioIast OTHO-
CHTEJIbHO MaJloe CONMpOTHBJeHUE) (POPMa Tesla NPH CBEPX3BYKOBON
CKODOCTH €TO JBHMKEHHUS.

YBuaeB cTathio «CBepPXCBETOBAsI CKOPOCTb», 51 IOJAYMAJl, YTO OHA
6yeT MOCBsIeHa ABIXKEHHUIO 3apPsIKEHHOM YaCcTUIIbI CO CKOPOCTbIO,
npeBbIlIaloONIiell CKOPOCTb CBeTa B Cpejle U paBHOH ¢/m, rae ¢ —
CKOpOCTb CBeTa B BaKyyMe, a # — II0Ka3aTeJb IIPeJIOMJIEHUS CPeabl,
B IIMPOKOM [HalNa3oHe MJMH BOJIH IpeBBINAONMHA enqununy. Kak
M3BECTHO, TaKoe [BMXKEHHE COIPOBOXKJAETCS] H3JIy4YeHHEM CBeTa,
Ha3biBaeMbIM H3;ydyenneM Yepenkosa — BaeuioBa. B koHue cTatbu
«CBepxcBeTOBasi CKOPOCTb» JEHCTBUTEJIBHO €CTh CChIJIKA Ha CTaThIO
c Ha3BaHueM «YepenkoBa— Basuiosa usiyuenne> (oHa omy6JuKo-
BaHa B 5-M TOME).

HauneM untaThb cTaThio: «CBepXCBETOBasi CKOPOCTb — CKOPOCTD,
IIPEeBBIIAIONIAs CKOPOCTD cBeTa. COrIACHO OMHOCUMENbHOCU Meo-
puu 3, nepenaua JIOGHIX CHTHAJIOB U JBHXKEHHE MATEPHATHHBIX Tel
He MOXeT IPOMCXOAUTH CO CKOPOCTbIO, 60JIbliieli CKODOCTU CBeTa B
BakyyMe ¢. OznHako...» Pa3bscHennIo, noueMy MOTyT CyIIeCTBOBATb
JBIDKEHHUS CO CKOPOCTSAIMH, GOJIBIUIUMY C, U KAaKOBBI OHH, TIOCBSIIEHA
CTaThsl.

Bor mpocroii npumep (on B3aT u3 obcyxmaemoit cratem). C
IIOMOILBIO BPAIIAIONIENHCS HMEKTPOHHOH mymku (T.e. MCTOYHHKA
3JIEKTPOHOB) MOXKHO 3aCTaBUTD BPAILATHCSA 3J1€KTPOHHBI J1y4. Ecam
0Cb BpallleHHs OKPY>KUTb 9KPAHOM, pearupyloluM Ha NaJalolui Ha
HETO 3JIEKTPOHHBIHA Jiy4, To nsaTHO (ciien Jyya) GyaeT JABUraThCs 10
3KpaHy co ckopoctbio RQ, rme R — paccrosiHue OT 3JIeKTPOHHOH
IYWKU JO 9KpaHa, a £ — yrjoBasl CKOpOCTb Bpalllenuss. Huuto He
MellaeT IATHY ABUTaTbCs IO 3KpaHy GbicTpee ckopocTH cBeTa. Ho
[IpY ABMKEHUU TISTHA 110 9KpaHy He IepeHOCUTCs HM MH(opManus o

3 HameuaTaHsl 3TH C/IOBa KypCHBOM, 3HA4HMT, €CTb CTaThsi C TAKHM
Ha3BaHHeM. VIMEHHO «OTHOCHTEIbHOCTH TEOPHsI», 3 HE «TEOPHUSI OTHOCUTEIb-
HocTH». CjioBa mepecTaB/ieHbl, YTOOBI He GBLIO CJIMLIKOM MHOTO CTarteit,
HaYMHAIOIMXCS CIOBOM «Teopusi». KpoMe Toro, xoTs mopsizok cioB MeHee
TIPMBBIYEH, HO 3aTO COZEPSKATebHOE CJIOBO CTOMUT Ha MEPBOM MeCTe.
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COCTOSIHMM 9KpaHa, HU 3Heprus BAOJb 3KpaHa. JHeprus 1 uHdopma-
LS O COCTOSIHMM 3JIEKTPOHHOM IYLIKY IIEPEHOCUTCSI 3JeKTPOHAMHU
BOJb MyYKa, U, ECTECTBEHHO, CKOPOCTb TlepeHoca (CKOpOCTb 3JEK-
TPOHOB B ITy4Ke) He MOXKET IIPEBOCXOIUTH CKOPOCTD CBETA B BAKyyMe.

[IstHa Ha 5KpaHe MOTYT ObITh MCTOUHMKAMHU CBeTa. JTO O3HaYa-
€T, YTO MOKHO CO3aTh UCTOYHUKH CBeTa, ABUXKYILIHECS CO CKOpPOC-
TbIO, GOJIbIIEH CKOPOCTH CBeTa B BaKyyMe. MOXHO, KOHEYHO,
o6oiiTich 6Ge3 3JEKTPOHHOTO IyYKa: PacloOJIOXKUTh BOJb JIMHHU
JIAMIIOYKH M JIOTOBOPHUTBHCSI 3aXKUTATh UX MOCJIEAOBATEJbHO B TAKOM
TeMmme, 4TOObI MCTOYHHK cBeTa (3aK)KEHHasi JIaMIIOYKa) nepeMe-
LIaJICS 110 JIMHUU CO CKOPOCTBIO, 6osbuieit ¢. iHTepdeperHnontas
KapTHHA, BO3HMKAIOMAsl IIPY 3TOM, OYEHb MHTEPECHA U TIIATEJIbHO
HCCJIeIOBAHA YYEHBIMHU.

Eue npuMeps! ABMKEHUS CO CBEPXCBETOBOH CKOPOCTBIO.

Ecnu crenky Tpy6Gbl He MOTJIONIAIOT U HE MPONYCKAIOT 3JIEKTPO-
MATHUTHbIE BOJIHBI (HanpuMep, cleJaHbl U3 CBEPXTIPOBOJHMKA), TO
TaKyio TpyOy Ha3bIBalOT BOJHOBOAOM. BosHOBOX — 06si3aTesbHBIN
anemedT CBU-npu6opos. C moMo1pio BOJHOBOIOB MOKHO 3JIEKTPO-
MarHUTHYIO 3HEpPrui0 HanpaB/ATh Kyna HykHo. Ham npexcrout
HOHSITh, YeM 3JIEKTPOMarHUTHbIE BOJIHBI B BOJTHOBOZE OTJIMYAIOTCS OT
3JIEKTPOMAarHUTHBIX BOJIH B CBOOGOJHOM IIPOCTPAHCTBE H, CaMoe
IJIaBHOE, C KaKOH CKOPOCTBIO OHM JBHXKYTCSI.

L4 oTBeTa Ha 3TH BONIPOCHI IIPUAETCS] IO3HAKOMHTBCS C XapaK-
Tepuctukamu BosiH. IIpusararesibHOe «371eKTPOMAarHUTHBIX» OMyIe-
HO He ciyyaiiHo. To, 4TO 6ydeT cka3aHO, OTHOCHUTCS K JIOOBIM
BOJIHaM, WU, 60Jiee TOPIKECTBEHHO, K JIIOObIM BOJTHOBBIM [IPOLIECCAM.

Bpl, HaBepHOe, 3HaeTe, 4yTO JI06Aass BOJIHA XapaKTepU3yeTCs
4acToTOH, 0603HAYUM ee rpeyeckoil 6yKBOH ®, U JJIMHOI BOJHBI A
(onsTh BbIGpaHa rpeveckasi 6yksa). UacToTa ONUCHIBAET H3MEHEHHE
BO BPEMEHH, a JJIMHA BOJHBI — B MPOCTPAHCTBE.

Ecnu ecth BosiHa, TO 3TO BOJIHA <4ErO-TO», T.€. «4YTO-TO» COBEP-
maeT BOJHOBoe aBuxeHue. Hanpumep, B BosiHE Ha NOBEPXHOCTH
BOZABI B BoJoeMe ABWXYTCs (BOJHOOGPa3HO) MOJIEKYJbl BOabl. B
HMHTEPECYIOIlEeM Hac CJiyyae 3JIEKTPOMAarHUTHBIX BOJIH BOJIHOBOE
JBY>KEHUE COBEPLIAIOT HANIPSKEHHOCTD 3JIEKTPHYECKOTO ¥ MHAYKIIHS
MarHUTHOTO mosied. B 3JIleKTpPOMarHMTHBIX BOJIHAX 3HEPTHUS BCe
BpEMSI «IIePEKAYUBAETCSI» U3 3JIEKTPHUYECKOTO IMOJISI B MAarHUTHOE U
06paTHO, NO3TOMY BOJIHBI U Ha3bIBAIOTCS 3JIEKTPOMArHUTHBIMH.

st BosHbl m060i mpupoasl npocTeiimasi ¢opMa 3aBUCUMOCTH
«YEro-TO» OT KOOPAMHAT U BPEMEHU MMEET BUJ

‘P(F,t)=Acos(mt—l€?)EAcos<p, 1)
rie BemunHa @ = of — k7 (31€ch yHKIMS BpeMeHH ¢ 1 paguyca-
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BEKTOpa 7 ) HasbiBaercs (pa3oil. Bei6pana ona Tak, yto @ =0 1pu
t=0u 7 =0 (Bbi6op 3aBuCHT OT y106cTBa). Bektop k HasbiBaOT
BOJIHOBBIM BEKTOPOM, OH HANPaBJIEH B CTOPOHY DacHpOCTPaHEHMS
BostHbl (Tyna, Kyna BosHa 6exut). Ecii BBIGpaTh HanpassieHHe OCH
X BIIOJIb 3TOTO BEKTOPA, TO 3aBUCMMOCTD (ha3bl OT KOOPJMHAT 3aMETHO
YIPOCTHTCS:

o=t -kx . (2)

IIpu n3MeHeHMH KOODAMHATHL X HA JJIMHBI BOJHY A 3HAYEHHE «4Yero-
TO» BOBCE He JJOIKHO M3Me-
nutbes (puc.1). 1o sna- t\ t+ At
4uT, uTO (paza MeHseTCs Ha 7
2n . CnenoBaresibHO, AJIM-
Ha BOJIHOBOTO BEKTODA PaB-
Ha k=2m/\.

3amerum, popmy.st (1)
u (2) onmuchIBaIOT 3aBHCH-
MOCTb <«4ero-to» Bo BceM MG 1
npoctpasctse. IIpocreiiinasi BoJiHa 3am0/IHsIeT co60i Bce MPOCTpaH-
cTBO. 3axyMaiitech, KaK TPYJAHO ObLJIO TIOBEPUTD, YTO CBET PacHpO-
CTpaHsieTCs1 B BUZIE BOJIH...

Ecmm 3aduxcuposarb Bpems (¢ = &) ) u sHauenue daspl (¢ = @, ),
TO HOJYYHM

= ‘%;(“’to - @)

NIPY NIPOM3BOJIbHBIX 3HAYEHUSX KOODAUHAT ¥ U 2. [Ipyrumu cioBamu,
BO BCE€H IJIOCKOCTH

A
=2 (ot —
* 21t(0) (p)

¢asa ogna u Ta xe. Ee Tak ¥ Ha3bIBAIOT IJIOCKOCTBIO paBHOl (hasbl,
a BOJIHY HasbIBalOT MJIocKoi. Tak kak BoJIHa MMeeT BIOJIHE ONpesie-
JIEHHYIO 4acTOTy, K ee HaMMEHOBAHMIO JOGABJISIOT IPUJIaraTeJbHOe
«MOHOXpoMaTHyeckasi». Boumbl (1) u (2) — miockue MOHOXpOMAaTH-
YecKHe BOJIHBI.

Tenepnr «ocBo6oauM» BpeMsi, a a3y 6yneM <Aep:KaTb» PaBHOM
©o . Torma

= 2 (0t 90). 3)

Mp! BUAUM, YTO IJIOCKOCTb PaBHO# (hassl mepeMentaeTcsi co CKOpo-
cTbio, paBHoii Aw/(2T). Ee naswiBaioT ha3oBoii ckopocTbio. MTax,
®

Upas = (4)

€CTb CKOPOCTb pacrpocTpaHeHusi ¢a3bl BOJIHBI.
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3agyMaeMcs: MOXKET JM IJIOCKAas MOHOXPOMATHYECKasl BOJHa
NEepPEeHOCUTb CUTHAJIBl U,/ UM SHEPIHIO M3 OJHOH TOYKU MPOCTPaH-
cTBa B Jpyryio? Boioch, MHOTMM BOIPOC IIOKaXETCs CTPAHHBIM: BCe
3HAIOT, YTO OCHOBHYIO MH(OpMALMIO HaM NPUHOCAT PAJANOBOJIHBI, a
TeJIEBU30D WM PaJUONPHEMHHUK UX JIMLIb PacliugpoBbIBAIOT, Je/as
nHGOPMaIMIO JOCTYIHON OpraHaM YyBCTB — 3PEHMIO, CJAYXY.

W Bce >xe mpaBuUJIbHBIN OTBET Ha 3ajaHHbIA Bompoc: Her! Iloc-
Kasi MOHOXpOMaTWyecKasl BOJHA IepeHOCUTb HY SHEPruio, HM Ka-
KOii-m6o curHan He Moxer. COIJIacHO OINpeaeJeHHIo, OHa He
TOJIbKO 3aIIOJIHSAET BCe IPOCTPAHCTBO, HO U BCET/JA €0 3aloJHAIa ’
6yner Bcerna 3amonnsts (popmysa (1) cnpasesnuBa He TOJBKO
npu J060M 3HaY€HMH KOODAMHATbl, HO U IIPH JIO60M 3HAYEHHH
BPEMEHN).

IlepeHOCHTD CHT'HAJIbI ¥ SHEPIUIO MOTYT TOJbBKO GoJiee C0KHbIE
o6pasoBanus u3 BouH. Hanpumep, nakerst (rpymnmsi) Bosn (puc.2).

/‘ﬂ"\
/ \
AT
/ \
/ \
/
/ \
N\ My . .
"\\[ y’ t o, ®
\ //
/

W\

ITaxer Hazo co3aaTh TakK, YTOGHI OH GbLI B MPOCTPAHCTBE OrPaHUYEH.
Toraa, nepemeniasich B IpOCTPAHCTBE, MaKeT BOJIH Gy/I€T NEPEHOCUTD
uHdopmMaruio u sHepruio. CKopocTb pacnpoCcTpaHeHHs aKeTa BOJIH
He Bcerja cosnajaer ¢ (pasoBoil CKOPOCTBIO BOJIHBL. MOXHO IOKa-
3aTh, YTO CKOPOCTb PacIpOCTPAHEHWs MaKeTa, WM IPYIIIbI, BOJH
paBHa

Puc. 2

_do
qu_—d_k-

Ee Tax u HaspiBaloT rpymmnoBoii ckopoctbio. a3oBas CKOPOCTb
MOXeET ObITb CKOJNb YTOZHO GOJBIION M, TEM CaMbIM, CJYXHTb
MPUMEPOM CBEPXCBETOBOM cKopocTH. I'pymmoBasi ke CKOpoCTh, B
COTJIacM C TEeOpMEH OTHOCHTEJbHOCTH, HE MOXKET MPEBbILIATh CKO-
poctb cBera B mycrore (U, <c).
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lna 3/1eKTPOMAarHATHBIX BOJH B IIyCTOTE CYLIECTBYET HPOCTOE
COOTHOLIEHHE, CBSI3BIBAIOIIEE YACTOTY () U BOJHOBON BEKTOp k :

w=ck, (6)

rae, NOBTOpuM, ¢ = 299792458 M /¢ — CKOPOCTD CBeTa B IIyCTOTE, OHA
u3 yHAaMeHTanbHBIX (PU3HYECKUX KOHCTAHT (3HayeHUE B3ATO M3
crarbu «DyHraMeHTa/bHBIE (DU3HYECKHE KOHCTAHTBI» ). DopMy.ibl
(4)—(6) nokasbiBatot, 4To B mycToTe (ha30Basi ¥ IPYNIOBasi CKOPOCTH
3/IEKTPOMAarHUTHBIX BOJIH COBNAJAIOT: 06€ PaBHBI C.

CooTtHourenne (6) CTONb IPUBBIYHO, YTO S €70 HA3BAJ IPOCTHIM
cooTHolleHueM. HayuHoe OTKpbITHE NIpeBpauaeT Yya0 B TPUBHAb-
HOCTb — 3Ta MBICJb NpuHaaiexxut JitHimreiny. CootHowmenue (6)
OTKpbL1 Beaukuit /[>x. Makcse, copMy1upoBaB CBOU 3HAMEHUTDIE
ypaBHenusi (ypaBHeHuss MakcBessa) 37€KTPOMarHMTHOTO TOJS.
IIpuyeM xoHCTaHTa ¢ NOSIBUJIACh B ypaBHeHMsiX MakcBesiia He Kak
CKOpOCTb CBETa, a KakK BEJHYMHA, BXOASIAS B COOTHOLIEHHS,
CBSI3bIBAIOIINE U3MEHEHHE MAaTHUTHOTO HOJIS1 C U3BMEHEHHEM 3JIEKTPHU-
4ecKoro ¥ Hao6opoT. Ee BeIMYHMHY MOXKHO ONpPEAEIUTb HE3AaBUCUMO
OT ONTHYECKUX U3MEPEeHMii: HanpuMep, N0 BO3HUKAOMEH Pa3HOCTH
NOTEHI[MAN0B IIPH IlepeceYeHuH IPOBOJAHUKOM JIMHUI MarHUTHOM
HHYKLUH.

He6onbimoe orcrymienne (a K BoJHaM B BOJHOBOJAE Mbl e€llie
BepHeMcs).

Korza cBer pacnpocrpaHsiercst B Ipo3payHoii cpese, COOTHOLIE-
Hie (6) HECKOJIBKO YCJIOKHSETCS:

o==Fk. 7
n

BesnnuuHy n Mbl y’ke YIOMHHAIM: 3TO MOKa3aTeJb MPEIOMJIEHHS.
ITouemy o Tak HasbiBaercsi? [ToToMy 4TO OT HEro 3aBUCHT MpeJIOM-
JieHHe CBeTa Ha rpaHHuile AByX cpe. HaBepHoe, Bce BbI IOMHUTE OIIBIT
HploToHa, noka3aBiiero, 4To COJHEYHbIH CBET MPeJCTaB/ISAET COGOM
cMech pa3HbIX 1[BeTOB. ONbIT NPOJEMOHCTPHUPOBAJI HE TOJIBKO TO, YTO
COJIHEYHBIH CBET COCTOUT U3 Pa3/IMYHBIX I[BETOB, HO M TO, YTO KaXKIAbII
U3 HHUX NpeJIOMJISAeTCS IO0-CBOeMy. JTO O3HA4aeT, YTO MOKa3aTelib
NpeJOMJIEHUS 3aBHCUT OT IIBETa, T.e. OT YacCTOTHI. IIOKa3aTesb
npesoMeHusi n ectb GyHkuus yactorsl (7 =n(w)).

Panee sanucanubie ¢opmyst (4)—(7) maioT BO3MOXKHOCTb BbI-
YHCIUTh (DA30BYIO U IPYIIOBYIO0 CKOPOCTH:

C C

u¢a3 == urp =—(1n. (8)
n+o

do
IIpeacraBbre cebe HpU3NKA-TEOPETHKA, KOTOPDIH 3HAET TEOPUIO OTHO-
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CUTEJIbHOCTH Y TIO3TOMY YBEPEH, YTO IPYINIOBasi CKOPOCTh HE A0JIKHA
TIPEBOCXOMUTh CKOPOCTh cBeTa B mycToTe (%, <¢ ). OH BrepBbie
BbiBea (popmyay (8), CMOTPHT Ha Hee M HeJOYMEBaeT: YTO MOXET
3aCTaBUTh (PYHKIHOHANBHYIO 3aBUCHMOCTb IIOKA3aTeJisl IIPeJOMJie-
HHUS1 MO6GOTO TeJIa OT YaCTOThI YAOBJIETBOPSTH CTPAHHOMY HEPABEHCTBY

n
+0Zl>1,
n mdm y €))

ITO — OJWH U3 TeX BOIPOCOB, OTBET HAa KOTOPBIl MOXET A0GABUTDH
YBaXkKeHUsI K TeOPETHUeCcKoH (u3mKe.

Oxka3sbiBaeTcst, He ipuberast H1 K KaKUM MOJEJbHbIM cooOpaske-
HUAM, T.e. He Jeslasg HUKaKMX IPEANOJOXEHUNH O CTPOeHUH Tesa,
MO>XKHO JIOKa3aTh, 4T0 HepaBeHCTBO (9) Bcerna cnpaseauso. JlocTa-
TOYHO OIEpeThCcs JUIIb Ha JBa (PyHIaMEHTaJbHBIX NPUHIMIA. Ha
TIPUHIIMII IPUYMHHOCTY ¥ Ha TIPUHLUI, YTBEPXKAAOMINHA HEBO3MOXK-
HOCTb CO3JaHMsI BE€YHOrO JABUraTeJid BTOPOro pofa. Mbl Hapo4YHO
cOpMyYTMPOBAH 3TH IPUHLHAIIBI CTOJb a6CTPAKTHO, YTOGBI HOAYED-
KHYTb MX o6mHOCcTb. KoHeuHo, X0Tesoch 6b IPOAEMOHCTPUPOBATD,
KaK OHH IO3BOJIAIIOT YyCTAHOBUTH CTPOrOe MaTeMaTHYecKOe HepaBeH-
cTBO. K coxanennio, 3To 0TBJIEKJIO 6bI HAC OT OCHOBHOM TEMBI CTaThH,
HO BCE )K€ 4yTb KOHKPETU3HDYEM.

IIpuHIMI MPUYUHHOCTH TpeGyeT, YTOObl peaKius (PU3HYECKOTOo
Tesa B J060i MOMEHT BpEMEHH ¢ 3aBHceJia OT BO3AEHCTBHUI Ha Teso,
IIPOM3BOIMMBIX B MOMEHT BpeMeHH ¢ v ipu t; <t (10 MoMeHTa ¢,
a He mocJsie). 3amnper CyllecTBOBaHMsl BEYHOTO JABHMraTe/is BTOPOTO
poJa B AaHHOM CJlyyae O3HayaeT, YTO 3JIEKTPOMArHUTHasl BOJIHA,
PacIpoCTpaHAIIAsACsa B PaBHOBECHOH cpefe, 3aTyXaerT, T.€. TepsieT
CBOIO 3HEPrHIO, a He NpHOOpeTaeT ee (COBETYIO TMOAYMAaTh, Kak B
IPOTHBHOM CJTy4ae MOKHO 6bLIO Obl IOCTPOMTD BEYHbIH JBUraTeIb).

Ecnn noxasartens npenommnenus n > 1, To o6e ckopoctu (u
(asoBas, 1 rpymNoOBasi) MEHbIIE C, a €CIM 3aBUCHMOCTD TIOKA3aTeJis
TIPEJIOMJIEHHs OT YaCTOThI HECYIIECTBEHHA (T.€. MOKHO CUHTATh, YTO
n = const), TO

c
Upas =Up == <C.
n
B cratbe «CBepxcBeroBast ckopocTb» (0 KOTOPOH, 51 6010Ch, BbI yxKe
3a6blJN) IPUBOIUTCS TIPUMEP, KOraa Upas > C, A Uy, < : «IIpumep
TaKO# Cpe/ibl — NOJIHOCTHIO MOHU30BaHHAs N1d3Ma !, y KOTOpoi
4mNe?
n’=1-—", (10)
mo

4 Kypcus, nanoMunaio, o3Hauaet, 4t0 B DD MOXKHO [IPOYMTATh CTaThIO
o masMe. Ctarbs 6osiblliast, a C/IEAOM 32 Hell MAYT elle HECKOIbKO CTaTel,
B Ha3BaHWM KOTOPBIX OCHOBHOE CJIOBO — IJIa3Ma.
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re e H m — 3apsAj # Macca 3JIEKTPOHa, a N - mwioTHOCTB 3JIEKTPOHOB

B miasMe». Yacrora @ Go.ibliie BEJHYHHBI @, = ,/«mNez/m , Ha3bl-

BaeMoii n1a3MeHHoi yacroroii. CienosareibHO, 7 < 1. 3aMeTHM, YTO
npH M < M, NMOKa3aTeJb NPEJOMJIEHNS — MHUMAasl BeJIMYMHA: BOJIHA
HE PacHpOCTPaHSETCA.

Ucnoab3ys 3anucanHbie Bbilie GoOpPMyJIbl, JIETKO MOXYYHTD (AJIs
©® > O, ) KPaCHBOE COOTHOLIEHHE

u¢aaurp=c2- (11)
TMoacka3ka: ygo6HO HCXOAMTb M3 BBHIPAXKEHUH, NPUTOAHBIX NPH
TIPOM3BOJIbHOM 3aBucuMocTd 7 = n(®). Cormacho popmy.e (8),

C
u =
q)asurp nz + 1(Dd_nz
2 do

Moxcrapus 3uavenue (10) aas n?, y6emumcss B cipaBeTMBOCTH
dopmyant (11).

Tenepb BepHEMCS K BOJHOBOJAM.

ITnockast BosHa B BOJIHOBOZE «HE moMerjaercsi». MOXHO ckKa-
3aTb, YTO B IONBITKE «IIOMECTHUTBCS» BOJHBI OTPAXKAIOTCA OT CTEHOK
BOJHOBoZia. VHTepdepupys, Najaomue ¥ OTPAXKEHHbIE BOJIHbI
CO3/1AI0T BIIOJIHE ONpE/IEJIEHHYI0 CTPYKTypy. B mJIOCKOCTH ceduenus
BOJIHOBOJZIa BOJIHA HUKY/a He 6exuT. Ee Tak ¥ Ha3bIBaloT — CTOSYEH.
Bexur BoJIHa BIOJIb OCH BOJHOBOJA, KOTOPYIO MbI TIPUMEM 32 OCb Z.
®a3a Geryuieit BIOJIb OCH BOJHOBOZA BOJHBI MaJiO Y€M OTJIMYAETCs
oT ¢a3bl TIOCKO# MOHOXpOMaTHyYecKoit BoJHbl (cM. dopmy.ty (2)):

o=0t—-kz, k=k,. (12)

Ho Bce xe orimuaercsa. B ¢opmyne (2) k — Moxysis BOJHOBOTO
BEKTOpa, T.€. €ro IOJHasl AJuHa. VIMEHHO 3Ta BeJIMYHWHA BXOAHUT B
dopmyay (7), cBA3BIBAIONYI0 YACTOTY C BOJHOBBIM BEKTOPOM. B
dopmysie (12) k — numb IpPOEKIMsi BOJHOBOTO BEKTOpa Ha OCb
BOJIHOBOZIa. MOy Ib BOTHOBOTO BEKTOpA [0JIXKEH BKJIIOYATh U IOIIe-
peunbie (OTHOCHTEIBHO OCH) KOMIIOHEHTHI BEKTOpAa k, MO3TOMY
CBSI3b MEXAY ® M k B JaHHOM CJIy4ae CJIOXKHee:

w=cyR2+k, k=k,. (13)

3necb k, — NPOEKIMs BEKTOpa k Ha IOTEPEYHOE CedeHHe BOIHOBO-
[la, OHA 3aBHUCHT OT BeJIMYMHBI 1 (POPMbI CeueHHst BOIHOBoga. Eciu
BOJIHOBOZ CO3[aH [ABYMsI MIaPaJLIEbHbIMU HEAIbHO OTPAXKAIOIIUMHA
TLIOCKOCTSIMH, TO k, = (2] +1)7t/(2d) , tnel=0, 1,... — neabie unca,
a 2d — paccTosiHue MeXKIy MIOCKOCTSIMU, 06Pa30BaBUIMMHU BOJTHOBO.
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OO6paTuTe BHUMaHKeE, YTO R, B HOJIb He OOpallaeTcs, U NpH KaXKAoi
(opme BoIHOBOAA CylECTBYeT Habop 3HaUeHHH R, , KOTOpbIE OIpe-
neasiioT opMy CTOSTYed BOJIHBI B IONEPEYHOM CEYEHUH BOJHOBOJA.
Bo Bcex ciydasx B Ha6ope orcyrcTByer Hoab (k; #0), Tak Kak
NJIOCKasi BOJIHA «HE MOMELIAeTCsl» B BOJHOBOA.

3Has 3aBHCHUMOCTb YaCTOTHI OT BOJIHOBOTO BekTopa (13), HeTpya-
HO BBIYMCJHMTDH (pa30BYI0 M IPYNIOBYI0O CKOPOCTH BOJIHBI B BOJIHO-
BOZE!

2.2
c ck

Uppy = === W U, =C,[1-—+ . (14)
e 1_.6_2_”i o’

0)2

®a3o0Basi CKOPOCTb BOJHBI B BOJHOBOJE Bceraa 6oJibllie CKOPOCTH
cBeTa B IYCTOTe ¢, a IPYMIOBas, Kak el I0/I0)KeHO, BCeTia MeHblle
¢. Coorxomenne (11) cHoBa crpaBeAIuBO.

O6paruTe, noxajyicra, BHUMaHie Ha BaXKHbIi (pakT: 10 BOJHO-
BOAY MOTYT PacHpPOCTPAHSATHCS He JI0Oble BOIHBI. BOJHBI JO/KHBI
HMeTb YacTOTy, NpeBbllaoLIyIo ¢k, . CIMIIKOM AJIMHHBIE BOJHBI He
MOTyT «I0A06paThy cebe HEOGXOAUMYIO CTOSYYIO BOJIHY, OHM OYyK-
BaJIbHO HE ITOMEIIAIOTCSI B BOJHOBOJE.

Eme oaxo (nocneaHee) otcrymnieHne.

Bei, yBepeH, ciabiianu o cootHouleHusix Jlym ame DBpoiias,
CBSI3bIBAIOIINX KOPILyCKYJISIPHbIE M BOJIHOBbIE IIpe/ICTaBJICHHS:

e=he, p=hk, (15)

rjle € — 3Heprysi YaCTHIIbl, P — ee MMITYIbC (KOMTMYECTBO ABMXKEHHS ),
h — 3HameHnwuTasi nocrosinHas [1nanka.’ Bocnosib30BaBIIMCH COOTHO-
wenusMu e Bpoitns, sanmuem 3asucumocts (13) B Kopryckyisip-
HBIX TEPMUHAX:
hk
e=mict +cp?, m =—L. (16)
c
Ecsn BoHa pacnipocTpansieTcst B mycrote, To u3 dopmy.a (6) u (15)

5 41 monwitancs B DI Haiitu cTaThio 0 cooTHomenusx Jyu ne Bpoitns.
51 uckan «ae Bpoiias cooTHomEHUs»>, OTGPOCUJ 4acTUIY <«/€», A06aBUI
uma. K cuyactbio, B 5-M ToMe ectb IIpeamernblit yka3aresb. [IpoHukHUTECH
yBakeHHeM: OH 3aHMMaeT 65 cTpaHHUL, HameyaTaH y6OpUCTbIM MIpUPTOM B
yeTblpe KOJIOHKH. IIpenMeTHbIi ykasaTesib IO3BOJIMJ He IepeJMCTbIBATh
pasHble TOMa, MbITasICh 6e3yCNEeNIHO OThICKATh Heo6XoaMMoe cJioBo. [Ipoun-
TaTb 0 cooTtHomeHusx JIyn ne Bpoitnsa MoxHo B cratbe «KopmyckysipHo-
BOJIHOBOH Ayam3m». MHe kaxercsi, Hegoctatok D3I — orcyrcTBue Vimen-
HOTO yKa3aTeJs.
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CJIeyeT PaBEeHCTBO
E=cp. un

IIpu3Haloch: 3TO OTCTYIMJIEHME HAMHUCAHO He JJISI TOTOo, YTOOBI
HeYTo pa3bsicHUTb. OHO Mpu3BaHO 3aMHTepecoBaTh. IloaToMy He
CEepAUTECDH, €CJIH KOe-4TO ITOKAKETCS «B3SIThIM C MoTojKas. U emne.
OG6patuTte BHEMaHHe: Jajbllie HEKOTOpBIe CJoBa 6yAyT HanedaTaHbl
KypcuBoM. Bl yske 3HaeTe, 4TO TaKUM TEPMHUHAM HOCBSIIEHbl B DI
oraesnbHble ctaTbi. Ho B 3TOM pasjene KypcuB O3HauyaeT HEUTO
6oJiblliee — 51 COBETYIO OGPAaTHTbCS K 3THUM CTaTbsIM. Temepb MOXKHO
IPOOJIXKATb.

Mopmysa (17) onucbiBaeT 3aBUCUMOCTb SHEPTUH (POMOHA OT €r0
uMmnysabca B mycrote. A ¢opmyna (16) ommchiBaeT 3aBHCHMOCTH
sHepruu ¢oroHa He B BakyyMe, a B BosHOBoJe. (DoTOH — KBaHT
3JIEKTPOMArHMTHOHM SHEPTUH, YaCcTHUIIA, KOPIYCKYJa, WM, KaK IpHU-
HSTO TOBOPHTD, K8a3uudacmuya (noutH, siko6b yacruna). Moron —
YacTHIla B TOM CMBbICJIE, YTO SHEprusi 3JIeKTPOMArHUTHOTO MOJIS
YaCTOTOM ® eCTh CyMMa MOpPLUI SHEPIHM BEJHMYHHOH 7M. DHEPruu
3JIEKTPOMArHUTHOTO TIOJISI, MeHbIlel Aw, He ObIBaer.

3amerum, y ¢oroHa B Bakyyme ecit p = 0, on € = 0. O
YJacTHllaX, 06JaJAI0MUX TaKUM CBOHMCTBOM, FOBOPSAT, YTO HX Macca
paBHa HyJI0. TakuX YacTHI{ HEMAJIO: KpPOMe (POTOHOB, €CTb HECKOJIb-
KO BHUZOB HelimpuHo U Pa3uyHble SK30THYECKHe YaCTHLbI, OTKPbI-
ThbI€ B MOCJIEJHHE AECATHIETHS IIPU UCCJIEJOBAHUH CBOICTB J/1eMEH-
MAapHbIX Yacmuy.

¥ ¢doToHa B BOJIHOBOAE, KaK HH CTPAHHO, Macca OTJHYHA OT HyJISL.
KoHneuno, nmo cpaBHEHHIO C 3JIEKTPOHHOH Maccoif MJIM C Maccoi
Kakoii-mm6o apyroii Gosnee TsKeaOH 4vacTuubl Macca ¢oTOHa B
BOJIHOBOJE oueHb Majna. Ho Bce ke oTimyHa oT Hyss!

Y6enutbcst B ToM, uto Macca ¢otoHa B BosHOBoZe (MBI ee
0603HaYMIN M, ) OYeHb Masa, HeCJOXHO. M3 Tabimupbl B cTaThe
«DyHnpameHTa bHble (DU3NYECKHE KOHCTAHTBI»> MOXHO HaliTH BCe
BEJIMYUHBI, OTHOCSIIHECS] K DJEMEHTApDHBIM YaCTHIIAM, M IIOCTOSIH-
Hyio Ilnanka k. ina pacuera mpumem k, =1/R, rae R — paauyc
BosIHOBOAA. Kak Bel BUMTE, yTOUHATD 3HAYeHHEe k, M JaKe yKasbl-
BaTh, YeMy paBeH DAJUyC BOJHOBOAA, HET HEOOXOAMMOCTHU: IIpU
JMI060M pa3yMHOM 3HaYeHHHM PaJiyca BOJHOBOAA Macca (HOTOHA B
BOJIHOBOJE BO MHOTO Pa3 MeHbIIle MaCChl 3JIEKTPOHA.

®opmyaa (16), ecau B Hell 3amenuts m, Ha m, u dopmy.aa (17)
— obe pesnsruBuctckue. OHM — CJIEACTBHE MeXaHHMKH OifHuiTeiiHa
(reopun otHOocHTenbHOCTH). B Kiaccuueckoif Mexanuke HbiotoHa
HeT YacTHIl ¢ HyJeBoil Maccoii. Mexanuka HpioToHa — npeaesbHbIi
cayyaii MexaHuku OiiHiuTeiiHa. [IpuMeHuMa oHa mMpH MajibIX HM-
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MyJbcax, T.e. IpH p < mc . Yalle 310 HepaBeHCTBO (HOPMYTUPYIOT
KaK NPU3HAHHE TOTO, YTO CKOPOCTDb YACTHUIIbI V MaJja MO CPaBHEHUIO
co ckopocTbio cBeta (v < ¢).

B mexanuke HpioTOHa KMHETHYECKYIO SHEPIHIO &, NIPHHITO
OTCYUTBIBATh OT HyJIsl, CUMTasi, 4To €., = 0 mpu p = 0. ITosTomy,
JeJiasi IPOM3BECTH Ipe/ie/IbHBII Iepexo/l K KJacCH4eCKOMY BbIpaske-
HUIO /U1 KHHeTHYecKoil sHepruu, Hajao B ¢opmyse (16) mpexae
BCETO CJIeBa U CIIPaBa BbIYECTb MC° — 3HEPIHIO NOKOM:

€y = E—mMC% = ,/mzc" +c’p? —mc? .

JIOMHOXHB M DPa3/ejuB IPaBylO 4acTb Ha \/m2c4 +c’p? 4+ mc?
BOCIIOJIb30BaBUIMCD ajrebpandeckoii popMy o A pa3HOCTH KBaj-
patoB M MOJOXUB B 3HameHatese p = 0 (p < mc), momyunm
NPUBBIYHOE BbIpaXKeHHe

8Kl’[l‘l 2m 2

@opmyant (15) u (16) — npeABECTHHKH K6AHMOBOTU MEXAHUKU.

On¥ chirpaiu BaxHyio poJb: ioMorau O.1lIpeaunrepy chopmymu-

poBath cBoe 3HameHnuToe ypaBHenue (ypasHenue IlIpeaunrepa) —

MaTeMaTHYeCKyl0 OCHOBY KBaHTOBO MexaHuKH (paHbllle ee Ha3biBa-
JI BOJIHOBO#M MexaHuKoii). Ho 310 — yXe coBceM Apyras TeMa...
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