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IIpeaucnosue.

Hacrosmas paoTa oyia MeHs spiserca nepsoil mybnuxauueit. [Tostomy
XOUY €pasy OPWHECTH YHTATEIO CBOM UCKPEHHHME M3IBHHCHHA 33, BO3MOXHO,
HECKONbKO HEYAAUHYIO CTPYKTYPY H3710KCHHA MaTEPHANE U CTUIb.
Tlpennaraemas aBTOPOM MOJieNb MPOCTPAHCTBEHHON CTPYKTYphl MaTepun
BO3HMKJIA B 1997 rogy. OnHaKo Ha OCMBICIEHUE NOMYTIEHALIX Pe3ybTaTOB X
COMOCTAB/JEHHE C CYIUECTBYIOMUMM TEOPHAMH, a Takoke TIOATOTOBKA K
WZIaHWIo 3aHSUTH GoJlee Tpex JieT,

Her HyXZB! roROPHTH O BO3MOXHEIX TPOTHBOPEYMAX NpemiaracMol
aBTOPOM MOJCTH C OOMEeNpHHATLIMH CerofHA HayTHBRIMH BO33PESHUAMHU.
JlocTaTouHO CKa3aTh, YTO B OCHOBE €€ 3aJI0KEHO BTODXKEHHE B «CBATad
CBNTHIX» COBDEMEHHOW KBAHTOROM MEXaHUKM - UH3yHeHHe BHYTpeHHe#
CTPYKTYDEl _obnekta Teopud. [locnemuuii ABAAETCA MO CETOXHAMIHUM
npecTapneHUsAM Hermo3HaBacMeM. CBoiicTBa 06bexTOB TeopuM (KBaHTOBOIL
MEXAHMKM) IPOCTO NOCTYIIHPYIOTCS, 8 C TEYEHUEM BPEMEHH NPEBPAIAIOTCS
B gormarel. OfHako MHorue BHAHLIE yueHnle (JifHmTeits, boM u np.} He
OCTARIIM TOOWTOK AaTb  OOBACHEHHE  «KBAHTOBBIMY  HBJICHHAM
TIOCPECTBOM KJIACCHYECKOH MEXAHHKH.

B nacrosiee Bpema MHe H3BecTeH, RO KpaiiHei Mepe, ¢ JECSTOK UMEH
ABTOPOB, TaK WJIM HHA4e¢ IBITAIOMUXCA BHECTH CBOKO NENTY B YriyOneHHe
HalUX 3H3HWH O MHpE, B KOTOPOM Mhl XMBEM, NPELIOKHTh Ha Beeoblee
ofcyxnenre cBOM HIEH M koHuermmn. K coxaneHuro, «oduLmabHas»
HayKa He COTacHa BCEpbe3 oOCYXNaTh HiaeH, MIymMe Bpaspe3 ¢
ofmenpunaTeIMH  TeopusaMn. SI  uckpeHHe O6raropapeH  KOJUIEKTHBY
mjarenscTBa  «muroprall YPCC» 32 BOSMOXKHOCTE depe3 ITyGNUKalsa
TOJyuaTh WHGOPM2IUFIO O Pa3HLIX «HETPAZHULIMOHHEIX» IOJXONaX, a Takke
32 ROIMOXKHOCTH BBICKA3ATh CBOIO TOYKY 3PEHWS H NOMOMIG B MyGiHKamHA
paboTHL.

C yBaxesnueM,
asmop.



BBEJIEHUWE

B Hacrosinedt pabore peun nolifier o6 &TETEPHATHBHON TPaKTOBKE
(yHRAMCHTABHOM CTPYKTYPRl MaTepHH. AUIbTEDHaTHBHOM, B IEpBYIO
o4epenb, CYIECTBYIOIUUM R IUMPOKOH NPAKTHKE MOHATHAM O TaKHX
KaTeropusx KAK «IPOCTPAHCTBO», «BPEMA», «Maccay, «dIeKTpHUecKul
3apsify, TPABATAHUOHHBIE U INEKTPOMATHUTHEIE IO,

JUin Hadana CHMTAO CBOMM JONIOM OOBLSCHUTH: NOFeMYy Y aBTOpa
BO3HHKJIa MBICTh 3aHATECA ITOM TeMaTHKOM.

Ha mipoTsixeHMH NMPHMEPHO IECATKA JIET aBTOP HE MepecTaBall CAeIHTh
HE TO.IBKO 32 NOCIETHIMHE JOCTHXEHHAMH QYHIAMEHTATLHON QU3NKM, HO U
WMHTEPECOBANCA BOIPOCAMHE METOIONOTHM, A TAKKe UCTOPUH BO3HMKHOBEHMA
WM TIpPR3HAHMA HaydHOH OOWIECTBENHOCTRIO TeX WIHM WHRIX KOHIETIIHiA,
Mozenel, oTkpuITHiA. M BOT K kakiM BhIBOaM TIPHBENTH 3TH HAOIIOJCHUS:

1. 3a nocnemuue mprMepHO 200 ner HayuHas oOOILECTBEHHOCTh HIPOTb
3a0bu1a 0 TOM, 4yTO «duzuka = ¢uwiocopus + MareMaTnxa». YpoBeHb
dopMammzanpm, WnM abCTPaKTHOrO, HEOMpaBJAHHO Bo3poc. Pizuku
IIOCTENIEHHO nepecTaloT OniTh (U3MKaMi, OHM YX€ HE OIEPHPYIOT
OOIICIIOHATHRIMY (MaTcpHa/ibHbIMK), BEpHEE CKa’aTh, «HATJIAIHLIMA»
kateropwiMa. CMBIC [POLECCOB, CTPYKTYpY OOBEKTOB U  Apyrue
6a30BBIe, IO MHCHHIO &BTOPA, TMOBATHA TOJHOCTBIO  BBITECHHI
HENIOKMHHBIE ~ MareMaTudeckuii  anmmapar. B3tk xoms  Onl
feckoHeuHOMepHOe [MIE0EpTOBO MPOCTPAHCTBO, MCIOJAL3YS KOTOPOE
MOXHO NOCTATOYHO XOPOIUO OIMCATh NMOBEAEHHE MUKPO- (KBAHTOBBIX)
o6bexToB. Ho NMpu BEEIEHNMM NOJOOHLIX MOHATHE MbI OTKA3bIBA€MCA OT
NI03HABAEMOCTH camoro oOnekTa. KBanToBas Mexanuka (KM) npsamo Tax
U 2asrigeT. HeT cmnrcira yrayOuaThes ¥ Aaree B 3TOM BONPOCE, Tak Kak
mpumeporR GopMaTusaniu GU3WIECKHX ABTEHHIf Macca U O HMX JIeTKO
COCTaBHTh NpejcTaBnenve B [1,2,3,5,7 8].

2. IlpuuHaMu M3JOXKEHHOTO BHINE, Ha HAW B3TIBLL, ABISSTCH JAcOanaHC
MeXAY RBO3BMKHOBEHUEM YHIEMEHTANLHLX HIEH M COCTOSHHEM
3KCIIEPHMEHTATOPCKOA (TexHONIOrMIECKOH) u pacueTHoil
(MareMaTHuccKkoi) ©asamu, a TaioKe BOIPOC NOTPEOHOCTH 4EIOBETESCTBA
B TE€X WIM UHAIX 3HAHMAX HA TEKYIL{M MOMEHT BPEMEHH.

Hampymep, 31aHMe © KOPIYCKYISpHOM CTPYKTYpe MAaTepdH, o
CTaTHYECKOM  DBJEKTPHYECTBE CYLICCTBOBAIO Y JPEBHHMX TIPEKOB
HECKOIIBKO ThIcHY JieT Hazax., Ho ydenHe Tak W He 6bLIO co3JaHo,
IIOCKONBKY HHKTO He BHAen NOTpebHOCTH. 3aTto 3axkoH Apxumena M
reoMeTpus Tludaropa noNyunnd cuwibHEHEe pa3BUTHE, Tak kak ObUin
HeoOXOAMMBL Il CTPOMTENIbCTBA, COB3/IAHHA HACOCOB, KaTamy/bT,



7
Kopabnectpoennsa. KopnyckynspHas xe Teopus Oblia BO3pOXIEHA
TONLKO B 17 Bexe, HOCKONBKY XUMHS ObL1a BOCTPEO0BaHA JEIOBEKOM.

TTocmotpum [5]. Yro mpueeso k moasnenmo OTO m CTO
OnninTedina? Boree wem 30-neTHmif BakyyM ufeill, oO6bscHMOMMX
JaHHBIE OKCHOEPHMEHTOB, KOTOpbleé HE BIHCRIBATUCHE B PaMKH
cywecTBylomux Mopnene. IloueMy mpecnezosans Tamnes u
Konepuuka? Hx 3uaHus He GhUM BocTpeGoBaHbl. llo9eMy CKpOMHBIH
K€K MIATEHTHOrO 6I0pO Tak JIETkO CTAT 3HAMEHHT, KAR TIPOCTEHIIYIO N3
BO3MOXKHEIX [5] HHTepHpeTalio yike H3BECTHBIM Ipeobpa3oBaHMsM
Jlopermia? Ilpocto oH cHAN HanpspkeHme 30-J€eTHEro  xaoca
TEOPeTHIECKOH (PU3MXM CBOMMM HOBRIMH H, MOXHO CKa3aTh,
TpHEMIEMBIMHE Ha TOT MOMEHT (PyHXaMeHTaLHLIMH B3TTIAaMU,
OCHOBHBIM KPHUTCPHEM OUCHKH JHOOOH TeOopuH ABIAETCA B PABHOM
CTeNeHH €€ JKCHCPHMEHTANGHOE MOATBEPKICHHE W IIPSEMCTBEHHOCTD
paHee MOATBEPKACHHEIX W NEpeleAlMX B paspsa TPMBHAILHAIX TEOPAH
B KAYECTBE 9aCTHOTO ciryyas. [Ipu 3Tom mobast TeOpUS HAYHHAETCH C
BBEOEHMA HAYANBHBIX NOCTYNATOB, NOHATHM W, BO3MOXHO, OOBEKTOB
(MaTepHATLHRX OOBEKTOB) C NPHIHCHIBACMBIMY MM CBOHCTBaMM. 3TO H
camoe cnaboe Mecto moQoi Teopud wim mojemi. Ho naxe camble
APOCTHLIE KDUTHKH COINACHH C TEM, YTo De3 OTIMpaBHOH TOYKH HEJb3s
€O31aTh HU OHOK TEOpHH WIN MONEIH.

Hampumep, mpoTusHuxs TO [5] ykaswBaloT Ha HEBO3MOXHOCTDb
NEPEeHOCA CBOHCTB DJIEKTPOMAarHUTHOM BONHEI Ha JpyTHe BUJIRI
B3aHMOZACHCTBUH, a Take OrPaHMYEHHE B CAMHX MOCTyNarax. BawHeiM
SMEMEHTOM KPUTHKM TAIOKE SABJLIOTCA  HEKOTOphlE  pe3y.TbTaThl
SKCNEPUMEHTOB. 3aIUTHHKH, WM CTopoHRWkM, TO ommpatoTed Ha
No/AB/IAIONIee JHCHIO «HOJOXHTENBHBIX» PE3YNBTaTOB M, UYTO CaMoe
INABHOE, XOTA ¥ HE TPHBOAMMOES MMM Kak apryMeHT, Tak 3T0 Ha
npakTuKy. JfeHCTBUTENLHO, aTOMHBIE PEAKTOPhI pafoTAOT «KaK JaChL»,
CHEKTPOCKONHS JaeT RBEICOYAMIYIO TOYHOCTR, Ja3€phl W Masephl
CYHICCTBYIOT U T. 1. Bce BrImeckaszaHHoe MOXAO orHecTH U kK KM, me
TOJBKO k TO. Jns ofpmarend, nONL3yOWETOcs —ILIOZAMUI
LUBWIA3ALMM — TEXHONOTHIMH, INYGOKO Oe3paxiiMyHO, NMOYEMYy BPEMA
JKM3HM 94CTHIE YBEMYHBAETCA CO CKOPOCTBIO HBYDKCHHUA: MO MPH4MHE
«3aME/UICHHS BPEMEHM) f|_ 47 HIM 10 ApYToif IpHIKHE, HO C TeM XKe
JUTH [TOYTH ¢ TeM e 3PdexTom.

OTCyTCTBHE € SKCIEPHMEHTANLHOTO TNOLTBEPKICHHA HAIUTHUS
TPaBUTALMOHHEIX BOJH (npeickasaHHelx OTO) mnokxa uWe MMeer



npakTuyeckol ueHHOcTH. Takum 06paizoM, CylECTBYrOMIAs HA CErOdHA
curyamus B GynIaMEHTANBHOM (W3HKE BCEX (yCTPAUBAETY.

HUckmoueHrHeM 3Jech, TOXKATIYW, HYXHO CYHTaTh HCTOPHIO C
KBApKaMH, KOTOpble NMOABUIHCh «B IYTKY», a YTBEPAHINCE Beepbe3 [3].
Ho ongrte-Taky, MNOCKONBKY MPAKTHYECKas TONBb32 KBapKOB B
NOCTPOSHUY MYJNBTHILIETOB HacTHI[, TO H OTHOMCHHE K HHM BeChMa
«BOTbHOEY. Korma OTKPBITBIX «INEMEHTAPHBIX» dacTHL 6BUIO necsTka
aBa, 6buta HeoOXOmMMOCTs BCero B Tpex Buaax (u, d, s) ¢ HaIHIHeM
«ieToBOTO» 3apAAa. Ceifgac 3/g U3RECTHO OKOIO TPEX COTEH U Bollee m
kBapkor — mecTh (u, d, s, ¢, b, t) mnoc 3apsg mo «apoMary». Ho gto
OyleT ¢ pasBUTHEM YCKODHTEILHOW TEXHWKH Jajgee, YTO TIOSBHTCA B
KBaHTOBO# xpoMmoapHamuke (KX]]) HOBOro HHKOMY He H3BECTHO. ABRTOD
BO3JIEPXMHTCA 3AECHh OT H3JIOKEHNA NPUBETCTBYEMBIX Ha CErOIHA TEODPUiH,
OOBACHMIOMIX HATMYME 3JIEKTPHIECKOTO 3apffa M JApyrux 3apsioB,
BapHOHHLIX, NCIITOHHLIX, LIBETOBRIX M T. [., HA OCHOBE MATH- , BOCKMH- H
OIMHHAJUATAMEPHBIX mNpocTpadcTs. Kak 6el 3TH Teopum HH Obinm
KPacHBHI, X BceX 0ObelMHAET OTHO: OOBEKT HCCASOBAHKA JTO (BEINL B
cefe», OH He MO3HaBaeM BHYTpH. Ho 10 IOsBNEHUS KBAPKOB, IPOTOH
TOXE CYUMTAIICH «BEIIbio B cebey.

HsnomenHsie Bbllle cOOOpakeHWs TPHBOAAT K MEICIH O KpusHce
COBpEMEHHOH Hayku, YTO OTMEUYEHO aBTOpaMH (5, 6]. DfHmrTelH npeaswnen
3TOT KPU3MC €l B TOT MOMEHT, KOrja mpeAbiayliuil GeDT pazpemen npu
nomoiy ero TO 1 KM.

OMHmTeNH OLUT yBepeH B TOM, WTO «CBAILIEHHBIM rpaaib» (QUINKH —
OOBCIHHEHWE BCEX  YeThlpeX  (PYyHAAMEHTATLHBIX  B3aWMOHAEHCTRHH,
HaXOAUTCA B «HAMEM», DEATEHOM MHApe, @ HE B MHOTOMEpPHRIX
¢hopMaTM30BaHHBIX U abCTPAKTHRIX MATEMATHYECKHX HarpoMoxieHusx. B
ero mpeiIcTaBieHMM [1] Bce B3aMMOIEHCTBHA MOXHO OIUCATE JIOCTATOTHO
IIPOCTHIMK TIPOCTPAHCTREHHO-BPEMEHHBIMH coOTHOMEeHMIMH. Tlocaennue 35
NeT XM3IHHA OH TIOCBATII HOMBITKAM OIHCATh 3NIEMEHTAPHBIN 3NEKTPIIeCKIH
3apsia (933) "epe3 KpUBH3HY NPOCTPAHCTBA-BPEMCHM AHANOTH4HO CBOEMY
npencrasnesuio Maccel B OTO. Astop [4] Bolpaxkaer Bce ¢usudeckue
BEIHYMHB “€pe3 IPOCTPAHCTBEHHO-BpEMEHHBIE CooTHomeHus (EKCP -
Epnnan Kunematnyeckas Cucrema PasMepHoctel) — no cyTH, 3T0 pa3surue
uaefi Opoca gu DapruHM Ha COBPEMEHHOM YPOBHE M CBf3b C
DitHuTeiHOBCKMMY HaeaMHA. 1A Toro 4TO6H YKTAaTeNs MOr NpENCTaBHTH
cefe BakHedlUMe MOMEHTH M31aracMod HIDKE TEODMH, a IJiaBHOe
COMOCTABHTh C TPaJUIMOHHON KBAHTOBOMEXAHHUECKOH  TpaKTOBKOI
NoJyuyaeMble HaMH De3YJbTaThl, HEOOXOAMMO TIPMBECTH HEKOTOpbIE
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BRINEPKKH M3 []], xapakTepu3ywoiime BHyTpeHHHe nporuBopeuna KM, gro
COIPOBOXKIAIH €¢ CTAHORIEHUE B TEYEHHE NEPBOH NOTOBHHKI 20 BeKa.

OCHOBHBIE ITOHS'TUS U [IPOBNEMBI KBAHTOBOU MEXAHUKU
!. MarepyansHas Touka (MT).

Kak B xnaccuueckol, Tak ¥ B KBaHTOBOI MEXaHWKe 3JIEMEHTAPHbIM
obbexkTOM IByueHWs sRmgerca MT. OpHako 3T OOBEKTH KODEHHBIM
00pa3oM OTITHYAI0TCS APYT OT ApYTa.

MT wnaccuyeckoif MeXaHmKH HMEET TPH CTEMEHH CBOGOJHI,
a KBaHTOBOJ — 6eCKOHEUHOE THCITO cTencHelt cRo6oMb.

JT0T 00BbEeKT NposmigeT celd Kak EeuHBI B TPOCTPaHCTBEHHO-
BpeMeHHOM noxammaiud (X,Y,Z,T).

Marepnanban Todyka KM 1pH ABIDKERMM OIMUMCHIBACTCH BEKTOPOM
coCTosIHUA B OeckOHeTHOMepHOM I HilbGEPTOBOM NPOCTPAHCTRE.

Tax, npomsBoyibHad f(x) — ¢yHKUHA cOCTOsSHMA JIA GECKOHEYHOIO
Ha6opa k, npaHasnexauux [mbepToBy NPOCTPAaHCTBY:

F )= [exp(ike) f (k)k

ApU HOPMUPOBKE Ha O — Qynxumo Jlnpaxa.

[Ipu «u3mepeHun» mapaMeTpoB TBIDKEHUS TAKOW TOUKH MOXHO NHIb
FOBOPHTb O BEPOATHOCTH [IOJNYYEHWS TOTO WIM HHOrO pelynbrara. 10
CBOMCTBO JIEXKHT B OCHOBE 3HAMEHUTOrO MpHHLUKNa HeonpeacnennocTu (TTH)
I'efizeHOepra H €ro CYpPOroro MaTeMATHYECKOTO  JOKa3aTeNhCTRA.
B npusniyHolf hopme ITH BRIrIAnuT Tak:

(1) A p, Ax 2 h/ax, (2) AEAT>h/4T.

(1) macto TpakTyerca Kak 3aKOH COXpAHEHMA MOMEHTA MMIIYNhCA; & Takke
KaK HEBO3MOXHOCTh ¢ 6ECKOHETHOH TOTHOCTRIO OTIPEAEHHTh OAHOBPEMEHIIO
U MMITyI6C ¥ KoopauHaTel MT — undemepmunuim.

TpakToBka (2) 9acTO 3IBYYHT Tak: 3HEPIHA M BPEeMS XBAHTOBOTO NEpPExona
(HanpuMep, MITyYeHHe aToMa MPH NEPEXo/ax €).

2. HMupetepMuHn3M KBaHTOBOW MT.

KBaHTOBasi M¢XxaHMKa MOLYCKAEeT W3MEPEeHHE JUHODON U3 «DapHmIX»
BeNMYMH B OTACIHAHOCTH € HyJeBRIM pazbpocom (AP =0, Ax=0), wo
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HCKMIOMAET BO3MOKHOCTE M3MEpeHMA OOERX BeJIHYHH ¢ HYIEBhRIM
pazbpocom.

JleTepMWHMpPOBAHHOE COCTOSSHHE kBaHTOBOH MT HEBOIMOXHO «H3-32
RHECEHMs B COCTOSHHE OOBECKTA HEKOHTPOIMPYEMOrO BO3NCHCTBUA CaMHM
aKTOM WIMEPEHUS.

OU3MKK  KIACCHIeCKON TpagMuuH He NpPH3HABATM JOITYCTUMBIM
BBEJICHHE WHICTEPMUHA3MA «JI0 KpaiHed Mepe, Ha ¢YHIAMEHTATBHOM
YPOBHE 3JIeMEHTapHOro o6hexTa Teopum». A. JHHmTeHH: «Bor ve urpaer B
KOCTI.

Tak & 1935 roxy 3apoannacs Teopus P (SitHmrreitna — [Togomsckoro
— Po3ena), B nocneACTRUA pasBuTad BoMoM.

Cpazy xouy obpamume gnumarue yumamens na mpaxmoexy IHH &
cnyyae (2) u nepayio mpaxmosxy (1).

Ecnru yanyGaamuen 6 ewsod [1H, mo & abcmpaxmuoix nonsmudx [1],
OeticmaumenbHO UHOEMEepMURUIM Hamuyo, HO 8 moti dce [1] nodpobro
onuceiBaemcs usuveckuti cmecn (2) 63 NOHAMUA «HEONPeOeIeHHOCMby NO
omuowenuto x 7. To ecmb KM, nomyuue (1) u (2) uz odnux u mex e
NpednoCHUIOK, NOCPEOCMBOM 0OHOZ0 MAm/annapama  0aem RPUHYURUANLHO
0sa pasuvix obwscnenud. Poxyc 30ece 6 mom, umo ecau T —
HeonpedeaenHoCMs, a He ONUMEAbHOCIMb, MO OHO Modem Guimb
OMPUYAMEILRBIM, O 3O SHAYUM, 4O NPOYECC MOXCENM UOMU «8 RPOULIOEY,
Ymo 8 c8oK ouepednb, (ydem 3GBUCEMb OM NOIOUWEHUA WIN UITYNeHUs
anepauu. A aom 3mozo Ha npaxmuke ne Habriodaemcs!

3. DJnemenT huzuueckoii peanbhocTa (3PDP) 8 OI1P.

Ecima, HUueM He BO3MyMIast CHCTEMY, MOXHO NOCTOBEPHO NpeNcKa3aTh
qUCIIOBOE 3HAYCHHE OU3MYIECKON RENAIWHK, TO CymectByer OOP
COOTBETCTBYIOMIEH 3TOH BeJTUTMHE.

[To maeHmo DI1IP, KBaHTOBAA TEOPHA HE SRIAETCH IOIHOM.
TIpMHIAT IONTHOTEL; ‘

KakoB Obl HA OBUI CMBICH CNOBAa «IONHEIA), TPEACTARIACTCS
HEOOXOMAMBIM  Ha TOJNHYIO TEOPHI0 HANOKMTH CIEAYIOMUe YCIOBWA:
kakaet  O®P  o/KkeH  COOTBETCTRORATH  HEKOTOPOMY  HEYTO,
NPCACTABSIOLIEMY €F0 B TSOPHH.

Oumnaxko, npumep csoero saneHun IDP BIIP ({1] cip. 413) uznoxunu
KpaiiHe HeyladHO, UW3HAYQIbHO 34NOXKHB B TOPEINOCHLIKH HBIEHWA,
MpoTuBoOpeYamye npurimnaM KM.
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4. KBaHTOBOMEXaHMYECKME KOPPEAIMH A HecenapabensHoCcTs KBAHTOBh{X
CHCTEM.

Hecenapabenvrnocms — HEPa3pbiBHOCTb CBA3H MIOOOH 9aCTH CUCTEMbI
€O BCelt cueTemoit.

Koppe:asmu ¢BOHCTB yacTed CHCTEMBI B HEPa3pRIBHOM PACCMOTPEHHH
CHCTEMBbI B LEJOM M €CTh CJIeJCTBHE HecenapabembHOCTH. DKCTepUMeHTR

Tana 1P co cvHaMy | onspwsanvei onucansl B [1] c1p. 419 — 425,

5. Tocnenpwit 1 OTKpEITHIHA N0 cet aeHb Bonpoc SITP - tpeborarme
JIOKATIbHOCTH QUIHTECKON TEOPHH.

SDP, nokanu306GHHBIE 8 HeKOMOPOU oORACMU NPOCMPAHCMEA He
MOZYym 3asucemes om Cobuimuil (00CMOBEPHEIX UAU CAYHAUHBIX), KOMOPHEe
npoucxo0sm 8 opyeotl, docmamourno yoarnesnou obnacmu. Ioopobree — 8
nucsme Jiinuimeiina Bopuy [1] cmp. 426.

o Mrenmo Bopa, 370T Bompoc nexur gue xomnemenyuu KM, Taxum
o6pazoM, TOCHEMHAT KOHUENTYAThHAS ¥ MPHHIMITHATLHAS TPYAHOCTE KM —
3TO MpHpoza kBaHToBoM Koppemsmu ([ 1] crp. 433).

OTOT OTKPHITRIT BONMPOC 3acTaBUN (H3MKOB — CTOpPONHHWKOR OTIP —
HCKaTh TaK Ha3bIBAEMEIE «CKPHITHIE TApaMeTphl» KBaHTOBRIX cucTeM. [lo
MHEHHMIO IPHBCPXKEHIIEB KIAacCHHecKO TeOpHM, IOJDKHO CYIIECTBOBATh
HEYTO, YTO ONpelelseT, WIH €CIIU XOTUTe, YIPABIAET TPOLECCaMH.

Tema M uesk paboThL:

B 3axnwouenue 6800HOU wacmu noscHum yeab nacmosues pabomel.
Bmo coz0anue Guauueckoli Moden NPOCMPAHCIMEEHHON MONONOZKYECK Ol
cmpykmypet  Mamepuu, Cc60600HOU om upesMepHoU dopmanusayuu U
nOCMPOEHHOT 6 «NPUBLIYHOMY NPOCMPDARCMEEHHO-8PEMEHHOM KOHMUHYYME.
Oma Mmodenb He O0MICHA NPOMUBOPEUUMb DEIYTeMAMAaM IKCNEePUMENNOB,
npakmuxe u 30pagomy cmuicny. Ocobo HAOL ommemume, YUMo HACMORWAR
paboma He co303emcs «8 RPOMUBOBECY) KEAHMOBOU MeXanuKe uiu meopuu
OMHOCUMERbHOCMY, 4 NPU3BAHA B8ECMU MAMEPUAILHBIL HOCUMERb mex
abcmpaxmuelx C8OUCMS, YUMo NOAYHEHBL U NOOMEEPHCOENBL C ROMOWbIO SMUX
meopusi. [Monywaemvie namu pesyromambl OONNCHBE CO2NACOGHIEAMbCRE C
paxee npuobpemennmmu suanuamy. Beedenue mamepuanvuozo obvexma c
NO3KABAEMON BHYmMpEHHel CMPYKMYpOR U MeXaHuiMaMiu 6HYMpeHHux
NpoYeccos Npu NPUMEHERUU CYjECMEYIONe20 MAMeMamu4ecKo20 annapama
NO36ONAM 3HAYUMENBHO DACWLUPUMS KpYye pewaemelx 3aday & paMKax
cymecmayowux meopui.



TJIABA 1

Bsenenne coGcTBeRHBIX PU3HTIECKAX NONNTHI, 00LEKTOB H
onHcaHBe HX CROKCTB MOCPEACTBOM BBeAeHAS NOCTY/JIATOR
HJIH NPOBENCHHAA J0KA3ATEJIhCTR.

@ ~ CJIEACTBHE
Rem — noscueHue

1.1 ©Omueckas MatepranbHadg Touka (OMT).

OMT - dyHAaMeHTATEHBIA OOBEKT HeTHIPeXMEpHOIo HPOCTPaHCTBa-
spemeny (X, Y, Z, T), uMeromuif B 3TOM NIpPOCTPaHCTBE INECTb CTETEHEH
¢B00OALI: TP — JOCTYNATENBHO ABIOKEHMSA (X, ¥, Z) U TPH — BPAILATETLHOIO
(ry, Iy, T,), ¥Med B BHAY Pajuyc IUIOCKOH OPOHTEI BOKPYT COOTBCTCTRYIOWEH
OCH.

1.2 dMT umeer gBa «COCTOAHUAN:
gosmywentnoe (BOMT) u nesoamywennoe (HOMT).
BOMT onpenenserca EamHIHEM BpAATENHHOTO JBIbkeHnd OMT.
HOMT — BamarensHoe IBIDKEHHE OTCYTCTBYET.

1.3 Ipouecc — U3MEHEHHE TONOXEHMA YyHIAMEHTATLHOTO 0OBEKTa B
npocTpaHcTre W BpeMeny, R — yHxups mpouecca. @

1.4 Jio6as OMT xapakTepulyercs TONOKCHMEM pagUyc-BEKTOPA B
[IPOCTPRHCTBE 1 BPEMEHH, 3aBHCAMIErO T0 cBoel abCcoMOTHON BelmudHHe M
HalPABJIICHWIO OT (YHKIWMW, ONpelelTomei ABIKECHNE Havala M KOHUA
3TOro BEKTOpa B 3aBUCUMOCTH OT npucymmx PMT crenenei crobonp:

R = F(X, y! l$ r)u ry- Iz, t)

1.5 dpwxenne — STO INPOUECC HM3MEHEHUA MPOCTPaHCTBEHHOI
koopausathl R ot spemern. dR/dt sBnseTcs CKOPOCTBIO ABHAKEHHS H €rO
ompenensomuM paxtopoM. dR/dt # 0 — [BIDKedVe cylnecTyeT.
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1.6 Macca — s/eMEHT QM3HICCKOM DPEAIBHOCTH, COOTBETCTBYIOUIHIL
BpAIATEILHOH COCTARISIOIIE] IBYDKCHHIA MPA Ty # 0 WIH Iy # 0 A I, # 0.
Rem: B Teopum JiiHmmTedHa Maccel 0GBEKTOB SBIAIOTCA CIEACTBHEM
«HCKPUBIICHH» IPOCTPAHCTBA-Bpemcny. Halla MHTepupeTals HECKOIBKO
HHAA: Macca ecmb CredCcmaue Hauyus Henynesol (v = o) U He GeckoneyHol
(r #0) KpususHei OpOUMB 6pAWAMENVHOZD OBUNCCHUS PAadUYC-8eKMOpa,
onpedensioneco cocmonnue OMT & cucmeme ee cmeneneii ceobodw. Taxas
URMEPNPEMAYUSL («MACCHL» (MOYHEe, UHEDMHOU MACCH WIU SHEPZUN NOKOA)
nosgonsiem coeramop 861800, ¥MO 3MA GeUNUHA 8 0Dwem clyyae ReNsemcs
NCeBOOCKANRPOM, A HE UCUHHBIM CKANADOM KGK NPURSMO CHUmMams ceuxac.
B yenom, nposenenue maccel kax csoiicmaa xeanmosozo obvexma 8 nauiei
UHMEPNPEMAYUY UMeem CMbICA NPYU PAIMEPAX He MEHeE pasmMepos opbumbl
spawyenun  paduyc-eexmopa PMT u npu epemenax «uzMepeHun-
g3qumoleiicmeuny He menee CODCMBEHHOZO0 nepuodd. Imom hpuryun
xopowo coznacyemecs ¢ npedcmagnenuamu KM u, e wacmwocmu, I1H
Tedizenbepea,

1.7 HOMT ue uMmeer pasmepa (1, = 0, r,= 0, 1,= 0), clenoBaTeNLHO, He
HMeeT MAcehl (Mygy, = 0), 2 Takxe: B mOOOM, CxOJs YTONHO MajioM o06beMe
MPOCTPAHCTBA MOKET HAXOAHTRCA Heckoreyroe yucio HOMT.

1.8 BM®T nmeer pasmep (. # 0 wiH ry# 0 wid r, # 0), clegoBaTenbEo,
UMeeT MacCy, T.e. o6najgaeT WHepuMel X0oTa Gbl B OAHOH NIOCKOCTH
MIOCTYNATEILHOTO JBIDKEHHA. @

1.9 IocTymarenbHoe JBIDKEHHE — 3T0 1IPOIECC, XapaKTepHByIomuica;

%R(f(, F.7,1)%0

COOTRETCTREHHO, BPAIATENEHOE IBVKEHUE:
d
— R(r .7 t)# 0 o

d x30yalzs

1.10  Tpmuman noxanmsanud OMT.
Jhobas ®MT, kakoro «pasMepa» OBl OHa HM GbUIA, HE CONEPXNKHT APYTHX
OMT.

1.11 Jlpocipanctso — d¢u3udeckad KaTeropus, OIpeaesIOmAaN
«pazmep» mpouecca. R = F(x, y, z, 1y, 1y, 1,).
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1.12 BpemMs «t» - (Q¥3Mdeckad KaTeropus, OnpejeiLuomas
«IIPOACMKUTEEHOCTS» 1 HAIPARICHHE IIPOLIECCA B POCTPAHCTBE.

1.13 B ciryuae, xorna

- _
J‘ [%R(/\—} ,f,Z,rx,ry,rz,t)]dt:O, unTepBan BpeMeHH T xapakrepmsyert
0

NepHOIMYHOCTE Iporiecca R = F(x, Y, z, Iy, Iy, Iy, 1).
I
Rem:
Jlpyrumu crioamu, Bpemst T onpefiesier koopauHaty R(x, y, z, 1y, 1y, 1,,),
riae TpPOMCXOMHT 3aMbIKaHWe OpPOUTE pe3yNLTAPYIOMETO paIdyc-BeKTOpa
OMT.
Ortcloa MonyyHM JiBa KpaliHe BaXHbIX CICICTBIA
1.13.} HOMT — nenepnoanyHhi.
1.13.2 BOMT - nepHommunsL. q
H nanee BuIBOLI:
1.13.3 Macca BOMT konmdecTseHHO MOXeET ObiTh OmpeneneHa depes
TIEPHOIMIHOCTE IIpoLEcca. 5
Rem:
OJHO3RATHO MPOCIEKWUBAETCS CBAD ¢ npeacTapienusMu KM: hA/T = mc’.

(O]

1.14 HOMT sBasioTcs >TeMEHTapHLIME OBBEKTAMHM TIPOCTPAHCTRA-
BpeMEHH, 3 WX OeCKOHedHasi COBOKYIIHOCTh 0Opasyer MPOCTPAHCTBEHHO-
BPEMEHHYIO cpexy — 30Mp, OKPYyXaIUyld KoHeynoe uucio BOMT &

KOHeqHOM ofbeMe.

1.15 Tlpunimn naentRusoctn HOMT.
Bce HOMT npaeHTuyHb 1O CBOMM CBOMCTBAM, TOYHEE: KPOME OTCYTCTBHA
Maccel W pa3MepoB, ApyrvX cBoiicte y HOMT net. Coroxynnocts HOMT
obnazaeT CROMCTBAMHM BAKyyMa. @

1.16 M3 1.15 cnexyeT H3OTPOITHOCTE NIPOCTPAHCTBRA.

C
|
1.17 Cura F - ngunaMuveckuii ¢aktop BO3AEHCTBHA Ha

(hyHIaMeHTANLHEIH OOBEKT TEOPHH, CRA3AHHBIA C €ro MEPOﬁ HHEPTHOCTH
(Maccoif) ¥ M3MeHeHUeM CKOPOCTH Tekyumx nponeccos d°R/dt’. (11 3axow
HxeroToHa).
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1.18 Boapeiictue BHemHe# cwibl F Ha dyHnaMenTanbienf o0sekT B
TEYEHUE HEKOTOPOrO0 BPEMEHE i NPUBOAMT K IMOARIECHUIO HEKOTOPOTo
KONKUUYECTBa ABIKEHUS — NMIYNbea P. OaunM u3 onpeneasiomyx $GakTopos
3TOH BEJIMUMHK ABJISETCA CKOPOCTh NOCTYNATEILHOrO ABWwkeHud: V = dx/dt
+ dy/dt + dz/dt. B of1iem ciydae onepaTopsl CHILI U MMITYJhCa CBY3aHKI:

ﬁzg_(ﬁ), win  Goee mpocToff  cayvail ﬁ:di(ﬁ), urto A
t /]

PaBHOYCKOPEHHOT0 JBHYEHNAA JaeT CaMoe MPOCToE BrIpaxkeHue Ft = mV,

1.18.1 Jina 6eamaccoBuix ofbektoR THma HOMT, y KOTOPHX BEXTOp
coctonnma R(x, y, z, t), Takoe Bo3neiiCTBHE TOXE IpHUBENET K
NepeMEICHAIO ¢ HEKOTOPOM CKOPOCTRIO V = const.

HOMT =He o6manaioT «pasMepoM», MEccoil H HMIIyIBCOM.
OTcyICTBHE «pa3Mepas YyKa3biBaeT HAd OSCKOHEMHO Maloe BpeMA
BO3IEHCTBAA HAa Hee BHemHeHd cumel. P = 0 = mV = Ft rosopur 06
OTPAHHYEHHOCTH  BENHYMHEI  ckopocTH V. MpH  YCNOBHAX
m—0t->%GF £0,20.

HpyruMu cnoBamu, 6e3MaccoBEt OOBEKT MOX BO3EHCTBHEM
KOHECYHOMH BLiemTHEH CHITRI MCHOREHHO IPHOOPETAET HEKOTOPYIO CKOPOCTD
V ugarr-

Ycnoue koneynocta cuin: F(t)= Fy + At*dF/dt —» Fy, At—0
F = Mypur* AV ygue/dt, m—0, At—0, dV guer/dt —0o.

Bsudy udenmuunocmu ecex HOMT u nanuwus lim(m*dvid),, o
credyem esechiu nocmynam o6 O2PAHUMERUU CKOPOCMU Nepemeujenus
HDOMT nod eosdeiicmeuem xomneunoi enewneti cunm F(1) (3 dF/dt # oo
mo ecmb dF/dl — onpedenena).

Amy cxopocmsb nonoxcum paenoi ckopocmu ceema 6 sasyyme C.

1.19 Cnencrerem 1.18.1 sBugercs orpaHMyeHHE HA TPEXMEPHOC
spalileHHe (T, Ty, I;) BOMT no copoxynHoii ckopocTH V, = C, Tak kak B
AREpUHOHHOM (m # 0) 0GbekTe Npu BpaWICHWH 1O HEKOTOPOMY paadycy r
BOo3HHKaeT KonedHas cuma F,, (ueHTpoOexHas), CBA3aHHas ¢ MOMEHTOM
umnynsca mVr. A «nosepxHocTh» BOMT 1no pasee ykasaHHLIM
ONpEAENeHNAM «COCTOUT» M3 BGeckoHeunoro MHoxecTBa HOMT, kak U Bech
BHEHAU (oTAOCHTENEHO BOMT) 06BeM.
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1.20 B cwly H301PONHOCTA NpPOCTpaHcTsa Aii Jmobo BOMT
crpaBeinBo: C2 = Vyg® + Vye™ + Vaap's | Viepl = | Vsl = | Vil = C/43.

1.21 Bce BOMT tpexmepHsl o onpenenerio. Omuako, Hanuuve y
BOMT spamarensHerx crenernel cBOGOAR! NO3BONAET NPEAIOIOKHTD!

1.21,1 KonmeaHocTs obbema B oTcyrcTRHe HOMT «BHyTpH» MPHBOIUT
k Hamyumo y Jmoboit BOMT cobeteentioft abcomomnou cucmemer
xoopounam X, Y, Z, ozpanusennoii noeepxnocmslo epawenust (ry, 1y, ).
1.21.2 Tlowsrue xateropuu BpeMeHH BHytprn BOMT Hempremiemo,
Tak Kak HeT RWKaKHX TPOLECCOB.

1.21.3 Bpamenue r,y, Fy, ¥, HE3E8BHCHMO JAPYT OT Ipyra, paBHONPABHO
(B cmly H30IPONHOCTH), 2 TaKKEe Hayala STHX BEKTOPOB MOIYT
pacOoiiaraThed Kak B OIHOM TOYkKE CHMMETpUH, Tak M OHITh
TIPOCTPAHCTBEHHO pasfencHul. Tlocienuee SBISETCA JHUL QTCYTCTBHEM
3ampera Ha Hapylwesde cepudeckoli cummerpun BOMT. 310 MOXKEHO
HHTEPIPETUPOBATh M KaK paclieiieHde TpexmepHoro EBxaujosa
[POCTPAHCTBR Ha HBYMEPHOE M OJHOMEPHOE HAM TpU OAHOMEDHBLIX
COCTARTAIONMX B 06aCTH TPOCTPaHCTBEHHOH Nokamusauru BOMT. B
LIEITOM K€, Kak U 6bL10 cka3aHo B onpedenenusx, BOMT 1pexmepHa.

Qal

ABTOp OCO3HAET HEKOTOPYIO HEKOPPEXTHOCTE onpeeneHus BOMT kak
«TOYKU», MIOCKOJIBKY 3TOT 006bEKT UMEECT pa3sMep H ApyTHe, HeXapaKTepHbIe
LI TOYKH CBojicTBa. O7HAKO C)edyeT BCHOMHUTDL Takue IIOHATHA (HIWKH,
K4K «TOYeYHBIH 3apsg» WIM «TodedHad Macca». [Jo3ToMy amTOp cuuTaert
JonycTMOR Takyw TtepMuHoaormo. B «Teopermueckoit dmzuxe» JI. .
Jlaggay w1 E. M. Jlndbmwma, ToM 1 «Teopas moma» u III “KeanToBas
Mexannka” Broporo mimaHms (PHU3MATIH3 1963 r.), ykasHBaeTca Ha

HEOBXOTUMOCTE  OrpaHMYCHHA «P2a3MEPOB» YacTMLl — HCTOYHUKOB
JNeKTPOMArHUTHBIX Toflell BBHAY OrpaHAYEHHH JHEPru# M Maccsl (tom Il
ctp. 113).

B namel wArepnperapn BOMT — 310 HOCTarouHo Mamsit 1o
«pa3Mepam» OOLEKT -- HOCUTENE KBAHTA SHEPrUM M COOCTBEHHOTO MOMEHTa
UMITYNLCA.



17
TJABA II
H3ydeHne «MpocTPaRCTBEHHOH» CTPYKTYPbI H nponieccoB BOMT na
NMpeAMET ONMHCAHHS JICKTPOMArHHTHLIX CRO¥CTR BeEIECTBA.

Onpeneaenne: Onemenmaprou wacmuyei aamnemcs BOMT, cosoxynHocms
BOMT unu omoenvras spauyamenvHas cOCMaenRionas (COCmasarioyue) uz
Habopa (Tyy Ty Ty). .

1. PaccMorpum chepuueckn crMMerpHuRYi0 BOMT.

» Y

Puc. 2.1. LQesmpansno-cummenpunnas BOMT ¢ mpema epawyamenoHbimu
cmenenamu c60600¢t.
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Clbepmecxan CHMMCTpI/]}IBT 0]
C% = Vg  + Vg + Vs | Vgl =1 Vil = [ Vol = /435 [ 1] = [ 1| =

|rz|4r0‘

1) XYZ-- abcomoTHas cacTeMa koopamat BOMT:

2) 32 «DONONMTENBHOE» HANPABICHHE CKOPOCTH BPAINCHHA IIPUHATO
ABWXEHHE r; TI0 49acOBOM CTpelKe, €CNMM CMOTPETh HaBCTpedy
TIOJIOKHTENILHOMY HANPaBJICHAIO 1-0% aBCOMOTHOM OCH.

3) CrmomHo# JHHMEH M MYHKTHPOM BBHIAENEHBI YYACTKH ITOBEPXHOCTH
BOMT, rme NpoOMCXOIMT «3aMKHyToe» BpatleHne, OHO sBiseTcH
coBOKyITHEM BpaiieHueM BOMT Bokpyr Hekolt ocu p,, HanpasleHue
KOTOPOii COOTBETCTRYET TIPaBUITY GypaBuuka, a yros k HeabCOMOTHRIM
OCsIM éth ZpY = Ap,Z =0 =n/3.

4) Cucrtema KoomeHaTX Y' Z sensercs “ckonb3suiedl” Bo BpeMeHH. 3a

il
~

CdeT COBOKYIHOIO BpallUEHWA NPOUCXOIWT TpaucdopMamusi oceli

«cxonmsmeii» cuctemut: —» X — Y — 7 — X —> U Tak aanee.

3Had 9acTOTRI BPAUWICHHS MO COCTARJAIOMMM Iy, Iy, Iy, TEM He MCHee,

HEIL39 ONpE/leNIcHHO CKa3arh B KAKOM TNOJIOKEHWH CUCTEMa XY7

HaxOAHTCS OTHOCHTENILHO cHCTeMbl XYZ B JaHHBIH MOMEHT BPEMEHH.
Oonaxo na onpedenenniom unmepsane 6pemenu At MOINCHO

onpedeaenno ckazamo, ckonvko mpancghopmayuii (— X > Y > Z —

X —) Moxcem npouwsoumu. Hanpumep, npu At = T (T — nepuod

0D0POMA) MONCHO YMBEPXCOAMYb, YMO NPOUIOULEN OOUH NORHGLN YUKN

mpancopmayuii X->YoZ-5X )

Ecma (XY ,Z) OPTOrOHAJILHEI BCETHA, TO (Iy, Ty, I} [0 TOJOKEHHIO

KOHIIOB HAd TNOBEPXHOCTH BpALIEHWA HEONPEAENeHHh Ha BCEX

HHTEepBANAX [ICPHOLNYHOCTH:

L, =2nry, Ly =27ry, L, = 27tr,.

Boickazannvie eviue coobpaxcenus (nynxm 4 u 5) nozeonsiom coerams

6bIB00 O BO3MOMCHOCIU UCNOTIbI0GAHUS. HEKOMOPLIX OCHOGHBIX YPABHEHUI
mam/annapama KM oas onucanus BOMT, 6 mom uwucne u npedcmasnenue
dyuxyuu cocmosnus 8 8uoe:

7= % [expike) £ (k)ak

20e 1. — unmepaan nepuoduynocmu. A maxsce 8axcHbIE CIEOCHMBUA MAKO20
Mamemamuveckozo onucanwus — ITH Tetizenbepza. Xoms 8 Hauwiell
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UHMEPNpEMAYUY 3M0 COOMHOUIeHUE — 30KOH COXPAHEHUs MOMeHma

uMnyIbCd.

6) Kak syano w3 puc. 2.1 ueHTpobexnnie cwisl Fy, Fy, F, coHanparyiens! ¢
COOTBETCTBYIOIMMY BEKTOPAMH, JBIKEHNE KOHLIOB KOTOPHIX 00pasyer
3aMKHYTYIO NIOBEPXHOCTb, OrpaHHuuBawLLyo 065eM BOMT. B kaxznoi
TOYKE TAKOH MOBEPXHOCTH S B HAMPARNEHHM | NEPIEHAMKYIAPHOM S (B;
L S) cymecTsyer B HekOTOpBIi MOMEHT Bpemenwm (At—0) cwra Fj,
IeUCTBYIOMAA KaK ARHAMMHMECKHI (akTop BO3ACHCTBHA Ha BHEIMHMH
06vem BOMT, 10 ecTb Ha okpyxatompe HOMT (Ha adup). B cuy
H3NOMKEHHRIX paHee IPHHLMIOS, JABIKeHWe pupa B HANpPaBlIeHUM 1
IIPOHCXOIUT CO CKOPOCTHIO Vg = C.

Y"
LA
. «* LA /C
OB
& .o
:l p 0 “—; &“
. L c C
- ! A
c N — —
O N\ E=0) =7(=T)
~./.. . |ri|=[‘0

Puc. 2.2. Bpayenue BOMT & nnockocmu L p,,

Iyuktprad crmpans Ha pHC. 2.2 — (PPOHT NOCTYNATENHEO
mexynxes HOMT - ¢ V4 = C. Vg, = const = C, 1, = const, o = const.

Ha vwreppane t € [0,T] fR(t) [= rg + Ct mma R(t) = 1y * (a()) ™™, rne
3HAK (MUHYCH» YKA3KIBACT HA DACKPYTKy CIMpaTH BO BPEMEHW npomus
BpAIUCHVA T;.

Bokpyr TpexmepHoi BOMT ofpasyercs, COOTBETCTBEHHO, 00BLeMHas
coupans. Ecnu cacrema koopmmHar XY TakoBa, 9To uwepes Touky O
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TIEPIIEHAMKYISPHO TTOCKOCTU IIPOXOJUT BEKTOP COBOKYTIHOTO BPAIIEHUs P,
TO V= C.
R{t) = ry * exp(k(t)ot) = r, + Ct, = Ct/ry — Geapa3mepHoe BpeMs
R{(t) =1y * (1+7).

AHAIOIMYHO TPMHIMITY TofireHca B BoJIHOBOIM onrake: kaxaas HOMT
NPOCTPAHCTBA, JO0 KOTOPOM Joen CcudpanbHuii ¢poHT, «nepemaeT»
nocTynaTensaoe IBwkenue nocaenyommm HOMT B Hanpasienan R(t).

7) Taxmm obpasoM, obvemubii cnupaivrori posm soamyiyenuni s¢gupa,

obpazosannviil 3a cuem epaujeRus paouyc-eekmopa BOMT, sensemes
UCOYHUKOM  uxopMayuu o npoyecce epawenus BOMT ons
OKpyHCAIOWUX  0DBEKmMOoS, ¥,  C1e006aMeNbHY,  URUYUAMODOM
gzaumodeiicmaui.
TlockonbKy HETB3s OJHO3HAYHO CKA3aTh KAKOE MONMKEHUE 32HMMAET
ri(t) B BOMT, o cyiyecmayem beckoneynoe MHOICECMBO CRUPAIbHBIX
¢ponmos HDOMT e uumepeane pasti noeopoma [0;27] ¢
aeposmrocmamu P, = 0, npu smom LP; = I npu i € [l.2), mo ecmp 1;
gcez0a Ina ¢ e [0;27].

8) JlaauM ompejecseHre NEKTPHIECKOro 3apaia H IEKTPOCTATHYECKOTO

MOJA.
a) DJeKTpudeckHii 38pAA — 3JEMEHT (HIAYECKOH peanbHOCTH,
OTIPEISTBIIONMH KONHIECTBEHHO HHTCHCHBHOCTE 3IEKTPOCTATHYECKOTO
noJs

6) uaexTpocTatuyeckoe (3/¢) none — HecKOHSIHEIN Habop 00bEMHbIX

COMpATBHEIX PPOHTOB mocTynarcisHoro gpwxeans HOMT (adupa) ©
(UKCMPOBAaHHOM  JUII  NAHHMX  CBOMCTB  CPElll  CKOPOCTHIO
pacnpoctpanchus C. Habop cnupansheix ¢pportop HOMT HaramHo
WLTIOCTPUPYET 3TeKTPOCTATHUECKOE [ONe B BHIE IPONOJTbHBIX BOJH,
OImicaHHEIX MaTemarauecku B « Teopuu nons» Jlanwmay — Jiupmumna na
crp. 151-152.

B) WCTouHMKOM 3/C TONS W, CNEIOBATENBHO, KOJMYECTBEHHON
XapaKTepuCTAKON  3IIEMEHTAPHOrO  3lekTpHdeckoro 3apsaa (393)
SBIAETCA MPOCTPAHCTBEHHO-BPEMEHHOE pachpe/ielieHne Bpamaronieica
(ueHTpo6ekHOM) CIIIM, BO3HMKAIOMEY TPH HalMYMM BpaIaTeabHOMN
ctenenu cBobonnl (W ctencuel cBobomsl) y PMT. To ects, 310 —
pacnpeliencHHas o NOBEPXHOCTH S, NEPNEHAHKYIIpHAA S B KX 0¥ ee
TOYKe, CpeIHECTAaTHCTHMEecKad No NepnoAy T BpameBRus pammyc-
BekTopa BOMT, crna <F>.



21

r) Hanpamnenmne BeXTopa COBOKYIHOTO RBpamleHMs (); OIpPENEIAETCH
HAIPaBIEHHEM V,, OTHOCHTEIBHO a0COMOTHOM CHCTEMBI KOOpAHHAT
X,Y.Z

P, — BPEMCHHO# BEKTOD, OIPEACIAET;

1) 3Hak 3/3apsna;

2) HanpaBieHue B HpOCTPAHCTBE «CTPE/B] BPCMEHW» UL KaXIOH
BOMT:;

3) IIpoexima eMMHUIHOrO BEKTOpa € || p, (npH |e] = 1) misn obbexta
Ha puc. 2.1 unw moGoit ero coctapspomedt (ry, Tr,, I,) Ha
UPOH3BOJEHOC  HAmpaBlleHWE  JBWKEHHA  BCETla  paBHA
1 cos8 = *1/2, To ectb «cnum». [locnenHee yrsepxueHue TaKke
XOpOILO COTNACYETCH ¢ IPENCTARICHUAMH KBAHTOBOM TeopHu. B
«KBantopoil Mexaumuxey, ToM I1I, cTp. 226 mokazaHo ommcaune
ANEKTPOHA B BHOE CIMHOPOB (TEH30pOR chHHA). [Ipasmio
KOMMYTallUM OIEpaTOpPOB CIMHA MNA «APOBOTO BOJIKA»;

oS, }= —iS, . 310 o3mayaer: «nOBOPOT BOKPYr ocH X +

TIOBOpPOT 1o ocA Y + ogHoBpeMeHHs!H nosopor XY B o6parHOM
HarnpaBJIeHHA = BpaeHue 1o ocH Z». O6paTHBMACH K PACYHKY
2.1, MBI JIETKO MOXKEM MPOBEPUTH 3TO MPABWIO, 0003HAYAB Ha
nioBepxrocTd BOMT mo6yro ToKy ¥ MpoBeAs 3TH oneparmn. B
pe3yIsTaTe TONYYHM TPaekTOpMO TOYKM B BHAE BBIMYKIOrO
TPEYTOTbHUKA — 3aMKHYyTO€ Bpamenue 1o Z. ITpu SecxoHeTHO
MAIBIX CMEINEHUAX OPOMCXOJUT BEIPOXACHUE TPAGKTOPUH
BpACHUA B TOYKY, 4YTO W YIOBIECTBOpSET NpaBUiaM
OlIEPATOPHOH anre6psi.

3n¢ce HeoOXOIMMO IOACHWTH B3aMMocBA3b 1—3. TlousTHe 3Haka
3/3apsia NOBONBHO abCTpaKTHO, HO YROOHO JUIA BOCTIPHATHA BBHIY
CNOXMBIOCHCcs Tpaaumwd. Hawbonee TOHATHEIM  0OBACHEHHEM
CIPUTSDKCHUA» H  «OTTAIKMBAHIA» 3apfOB  ABJIAETCA IpUMeEp,
onucaruhiii 8 [3] HA cTp. 48 - 50. B HalleM MOAMMAHWM 3/CTATHIECKOE
noJe ABNACTCH [MPOBOJHUKOM B3aMMOJEUCTBUIA, HO HE TIEPEHOCIHKOM,
TaK Kak o0pa3oBaHO «06e3MacCOBRIMH» HE NEPEHOCANIMMMA HEPrHH
komooxeHTaMH — HOMT (¢oron — nepeHocunk, obragaer SHepruel,
HMIOYJIbCOM M Maccoi, TO.TBKO HE Maccoi mokos).

OGpaTHBIIKCH K pUc. 2.3, BUAMM:
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Puc. 2.3. Bzaumooeticmeue anexmpuyeckux 3apaoos [3].

OIHOMMEHHEIE 3apsbl B3AaHMOACHCTBYIOT «(B JI06», & PA3HOUMEHHERIE C
o6paTHOH CTOPOHHEI.

B pamkax padqHOW TeopHH 3TOT MpolecC B3aUMONEHCTBUL MOXKHO
OGBACHHUTL [POTHBOIONQXKHHIM B MNPOCTPAHCTBE TEIEHWCM BPEMEHH B
mpoueccax BpauieHus p, BOMT BBHUAY pazHOHANPaBIERHOCTH CKOPOCTEH
BpallCHH.

Ilonoxum, uto ¢oron m3mydaercs BOMT (wactumeil) crporo B
HalpaBJICHAY €€ Py, 3 TIOTJIOMAETCA (HABCTPEYY».

Torma, vacruumt | ® 2, monafgas B mons apyr Ipyra, B3auMHO
OPHEHTHPYIOTCA COTIIACHO KX 3apAiaM (TIoMsAM).

PN
N ~,
TO- Oy Oz 50~

“MputaxeHue” “OTtTankusaHmne’
Puc. 2.4, Baaumodesicmaue nexmpuiecKux 3apaoos.

Bonee nonpobublit aHaH3 1.3 OpeACTOMT B CICTYIOMMX Pa3aeiax.
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Ongako yxe ceifuac O4eBHIHO, 4TO0 HaCTHHA O CTPYKType 6imM3kas K

m306paxeHHOM Ha puc. 2.1 (¢” A €") MOXET HMETh OPHEHTANMIO § = +1/2 Kk
HAlPaBJICHMIO ABIDKEHMS, B TO BpeMs KaK (pOTOH uMeeT Beeraa s = t1.

9

n) [lpuBoas c¢BouM UHTEpHpETaUMHM K TPaJMUHMOHHAIM, JaiauM
ONpEIe/IeHNs XapaKTEPHCTUKAM 3JIEKTPOCTATHYCCKOTO 1I0N:

1) Cunosvie aunuu 5/c noas - 370 BooOpakaeMble JMHUN JeHCTBUA
sapaga BOMT (ULS) ¥ nepneHnuKysspHO mepecekalolme
IKBUNOTEHIHATILHEIE TIOREPXHOCTH.

2) OxsunomenyuanoHuMu NOBEPXHOCMAMU SBIDTIOTCH
TEOMETpHYECKHe Mecta Touek, o0pa3oBaHHble KOHLAMM
feckoHeuHbIx MHOXeCTB BekTopoB R(T,) (pue. 2.2), rae
To = n*Ty, Tp — Monustit nepuog BOMT,

Jlerxo ybeauTnes, YTO IKBHNOTEHIHAIBLHBIE TOBEPXHOCTH
KBaHTOBaHE! 110 1. IIpu 3TOM deM Gonbme n (paccrodHue R,), a
P ~ R, , TeM 6amke OTHOMEHME Pp.t/ Py K SIAHNLE, TO ECTh
iy e o/ Pa) = 1.

Takum obpasoM, KBAHTOBAHHOCTh ToTemmana
(DHEPreTMAeCKkoM XApaKTEPUCTHKH J3/C  TTONA) 3HAYHTENHHO
TIPOSKIAETCH TONBKO HA «OIM3KAX) PACCTOSHUAX H
max(Pn1/Pn) = Po/Q; = 4T/ /3 = A/ro.
3aech A, — xomMumOHOoGckan OnruKa soanw obvekma (BOMT)
paouwyca ry. 3To cooTHOMERHE GYAET TIOMYIEHO HIDKE.

KpaltHe BaxkHWM 371eCh ABIACTCA M TOT (aKT, TT0 ML
[IOJIyMaeM TPOCTPAHCTBEHHOE KBAHTOBAHHE JJIEKTPUIECKOTO
OONA 3apsjia yXe Ha caMOM HAYAIBHOM 3Tare MCCIeNOBAHWH,
HCXOIA W3 €ro Tmpvpodbl, d& He [YTEM BBEJAECHMUA
JONOJIHHTEJhHBIX, TpeSyromux 0co60M NPOBEPKH NOCTYNATOB.

MarunTHoe noJje.

Ha porpocax KOMMYECTBEHHBIX OLEHOK MArHUTHBIX MONEH B 3TOM
pasxere Ml He OylzeM OCTaHABJMBATLCS, MOCKONBKY HIoke OyHeT dana
TaKasg OUeHKA YyXe [MOCNe KOJNHYECTBCHHBIX ONEHOK CTATWYECKOTO
3IEKTPUYECTBA. 3[eCh AOCTATOHHO MOACHATL NPHPOIY MarHeTMsma B
paMkax JaHBO# TOTIONOrHIeCKO MOIENH.

MarsutHOE nojie B HANIEM BAPHAKTE MMEET Ty K NPUPOAY, 970 U B
KTaccHueckolt, W B KBaHTOBOH  2IEKTPOAMHAMHAKE. OT0 H
[OCTYNATENFHOE JRIDKEHHE 3apHKEHBOW JacTHIMI (B HAIEM CIydac —
BOMT ¢ mHeckoMneHcHpoBanmsiM mnotokoM HOMT ¢ ee
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«TIOBEPXHOCTH»), @ TalKe Hammime COOCTBEHHOTO — BpAlIECHHUA
(COBOKYTIHOE BpallecAWe MO (,), KOTOPHIE BHOCAT WCKAKERHE B
chepudeckyto camMerpuio (oTHOcHTensHo T. O) cupanu R(t). Bektop
P, OTIpENECNsAET TONOXKEHWE MONOCOB COOCTBEHHOTO MAarHUTHOTO MMOJA
BOMT. O6a mnepeyMCICHHBIX (poflecca II0 CMBICLY BHOCHMAIX
CHMCKEKEHHH  3NEKTPOCTATHYECKOH cocTaBmsuoweid moma HOMT
COOTBETCTBYIOT XapaxtepucTikam: dE/3t  Tok cMemenus j.

Creoyem ocobo noduepxryme, ¥nmio puc. 2.4 cO3HamensHo ynpoues
onR  WWOCmMpAayuu — moOALKO  3/C  §3auUMOOeucmeuti, - npu
SACKMPOMASHUMHBIX (/M) 83auMoOelicmeusx OuHamuyeckuii gaxmop
oKa3bigaem 3HAYUMENbHOE ATUANUEC U B3AUMHBIE OPUCHMAYUU P, MOZYM
boimb cunono uckaxcenel. Heobxodumo maxowce ommemume, wmo u
anexmponeimpaibHiie 06bexnyt (Ckomnencuposanneie nomoxu HOMT)
MOZym obradamb COBCMBEHHBIM MAZHUMHBIM NONEM (MOMENIMOM), ecnu
cogoxynnoe epawyenue Me cxomnencuposaro. Taxoce xpaimne e8axcua
ouesuOHas 6 Haweld MoOeru 8iauMocessb cobcmaennon cmpeinv
8peMenu 0GbeKma u e20 MAZHUMHO20 MOMEHMA.

2. KojuyecTBeHHas OLUEHKA HHEPLIMOHHLIX CBOWCTR W JHHAMHIECKAX
xapakrepuctik BOMT.

B yayaze 3Toro pasjena JanuM cOGCTBEHHOE ONPEHCIEHHE TEPMUHY
(CKOPOCTB CBETa» Ha OCHOBAHMM H3J10XeHHbIX B I'mase ! mnocryiaros,
TIOHATHA W onpenercHuil,

B cospemennoit d¢uanke «C» Toke NOCTYNHPYETCS KaK Hekas
npegeibHan  MAKCHMaIbHAS CKOPOCTb [BWKEHHS MaTepHu, CKOPOCTh
PaCTIPOCTPAHEHUs INEKTPOMATHUTHOTO 0048 U, COOTBETCTBEHHO, ABHKEHHS
ero Hocurench — (OTOHOB; Kak CBOHCTBO BRKyyMma (C=\{ue, ) Kpome

TOI'0, M3BECTHO, YTO CHIBHBIE M Clabble B3aMMOAeHCTBUA HEPENAIOTCH €O
CKOpPOCTHIO NpakTMYecky paBHOM «C», ¢ 3TOH CKOPOCTBbIO JBIKYTCA
HeHTpHRO. B MaTepuanbueix MakpooObekrax ¢ nokazateneM n 1 «ckopocts
CBETa» YMCHBINACTCS B COOTBCTCTBYM CO CBOWCTBAMY BEIIECTBA ITOr0

ofbexta: C=.fl/u,eue. TE € U\ — IHOMEKTPUYECKA® U MarkuTHas

MPOHNHIAEMOCTH, ONPEACAAIONMTE N BelecTsa.
Takum 06pa3loM, «CKOPOCTh CBETa» KpaifHe BaXHAA M MAOroofpasHas
TIO CBOEH 3HawMMoOCTH B JMOOBIX mpoleccax BemudrHa. ONHAKO BCe ee
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oupeeNeHus CROAATCS K AOBONBHO Y3IKUM NOHATUAM, UPHUMEHUMBIM TOMBKO
JJIsSL ANEKTPOAUHAMHYECKAX POLIECCOB.

Hrak, NagyM CBOS ONIPENAENICHUE «(C):

«Cropocmb céema» — 3M0 MZHOBEHHAA CKOPOCMb NEPEMEUCHUN
HOMT 8 Hanpasienuu npwiodeHNOou X Hell KOHEMHOU BHeuwiHeu Cui,
HepasHou Hymio, Oeticmeyoweil na omy HOMT 6 meuenue npomexcymra
epeMenu t~»0. B cury ceoticme HOMT (m = 0) u t— 0, «ckopocmp
cBemay He 3aA8UCUM OM CKOPOCMU ROCMIYNAMEIbHOSO NePEMEUeHUs
paduyc-eekmapa BOMT — nocumens anewnell curet, mo ecmo He 3agucum
om cxopocmu camotl BOMT (ucmoynuxa wiu npueMnuxa).

HsmeperAad B HacTOAmIGE BpeMsi CKOPOCTL JIBWKEHHS (OTOHOB
{(pam10BONH) B BAKYyME COOTRETCTBYET HAIIEMY TIOHATHIO KCKOPOCTh CBETAY.

OjHako Halo MOHHMMATh RAXHYIO AeTank: Jio0ad u3MepAeMan CKOpocTh
R ~R,

ty—1
MyTH OT HUCTOYHHMKA [0 NPHEMHMKZ K Pa3HOCTH BPEMEHH MEXKNY aKTaMu
WANYdEeHUS ¥ TTOLTOIEHIA.

M AR ) FI

- >89

R4ty Ry,

- 3T0: (0 = , TO €CTb, KaK [OKA3aHO HA pHC. 2.5, 3TO OTHOLICHHE

Puc. 2.5. Cywynocms onpederenus cxopocmu ceema.

3HaumT, Ta «CKOPOCTh CBETa», O KOTOPOH CETOARS TOBOPAT (iraukw,
ARIFETCS HEKOM MHTEIPANIBHOM BENMMYHHOMN, 8 He MTHOBEHHOMH.

TloatoMy, ecii Ha myT™M AR BOSHMKHET MaTepHalbHBIH 06BEexkT c
HEKOTODLIMH CBOMCTBAMM £ #1,4 #1, TO «CKOPOCThL CBETa» OyneT MeHBINe
9eM B BakyyMme. 1103ToMy B cOBpeMeRHON (u3mke ecTh TIOHATHE HEKOTOPOH
M2KCHMAITBHO BO3IMOXXHOU CKOPOCTY ABHKEHV MATEPHI. (CKOPOCTH CRETA B
BaKyyMe», T0 €cTh C.

Arrop HacTosmel paboTul yTsepxnaet, yt0 C =2,99792. .. £10°* m/c
3T0 ¢ Xopolme#d TOYAOCTHIO, HMEHHO MTHOBeHHas ckopocts HOMT mpu
M3NOXEHHBIX BHIIE YCAOBUSX. IlpH (poOXoXzeHMHM TOTOKOB ((pOHIOR)
HOMT ugepes cpemsi © 1 > | MPOKMCXOIUT HX «B3ANMOJCHCTBHEY, @ TOYHEE
«HaokeHne», Ha GpoHTh, coznasaemMbie BOMT a1ix cpen. BOMT cpemsl,
romnajxad B 30Ay AeHCTBAA IPOXONANTHX depe3 cpeny dporTor HOMT (wnu —
Hojlett), pearupyioT IyTeM OPMEHTAINH COOTBETCTBYIOMMM 00pasoM CBOHX
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tpoHTOB (none#) K BOSMYIAOUIUM 33 CueT 0OMEHHOro (4epe3 BHPTYaIbHbIC
toToHkI) B3auMoneiicTBus. A mockoibky BOMT — uHepuvoHEEIe 00bEKTH
(m#0), TO pesybTUPyIOIUA (POHT pacnmpocTpaHAeTcd B Cpele Co
CKOpOCTbIO, MeHboiel, yem C B Bakyyme, XOTA JIBHKEHHE (pOHTOB
BXOJUIUMX B aHCaMOMe o1 kaxaoi BOMT He 3aBUCHMT OT CBOMCTB Cpeldbl B
HENOM M HApOUCXomUT co CKOpocTeio C. To ecTb, yMEHBIIEHHE CKOPOCTU
(OTOHOB B Cpele KaK IPOLECC HOCHT XOJUIEKTHBHMEN # WHEPIMOHHEII
xapaktep. Hanprumep, paspexeHHble cpelbl HE OKA3RIBAIOT 3HAUHTENBLHOIO
BIHAHUR Ha J106oe u3ydeHHe. A Takke, (QOTOHBI DPa3HBIX 4HaCTOT M
nonsiprlaLit No-pasHOMY pearupyloT Ha OJIHY M Ty XK€ Cpeay.

B nansueifmem Mu 6yneM onepupoBath ToTpko C B Bakyyme, onoras
HEKOTOPYI0 YRAIEHHOCTh pacCMaTpHBAEMEIX 00bekToB oT Apyrux. To ects,
JWHEA, CBASHBAIOMAA KA H3 B3aMMONEHCTBYIOIMMX OOLEKTOB,
NIpOXOJUT B Bakyyme — cpefe w3 ognmx H®MT. Cxopocte HOMT npa
YCIIOBHSAX ONpe/ie]icHAA NaWHOTO BLIMIe, paBHa M3BecTHoH C B Bakyyme.
Cropocmv cosoxynnozo epawyenus BOMT (em. 1.19) moxce pasna C 8

saxyyme.

2.1. Oupegenum Mepy uneptaocty BOMT,

Kak aBTop m yTBepaan paHee, Matemarvdeckumii anmapar KM
MPAMEHNUM K JAAHHON TOMONOTHUecKOW MOJelnH, BBHAY CBOMCTB panuyc-
BekTopos BOMT.

Pacemotpum TIH TeiizenGepra NpUMEHHTENBHO X BPAIIATE/IbHLIM
cTeneHaM cBoboan noxosuieica BOMT (pruc. 2.1).

AP.r. = hj4n S AP =mV,
AP)J‘;-:h/‘V[ JHRen =n =8 =, APyzmyVy
APr, = hf4x AP =m)V,

. h
Torma opn V. =V =V, =C/ . h=—— nomydaum ans Mep WHEpLHA
P LENERE e Py

3
A

(Macc) B COOTBETCTRYIOWMX TUIOCKOCTSAX BPAllEHAMS: m,=m, =m
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AP #F = Ap,r, + Ap,r, + Ap, 7,
OO6muit MOMEHT HMIYIBCA: [ = M * i, + M = i, + M * i,
hAnAn

=AP*F  coBmajseTc ochO O, .

27,2 25,2
‘APF IV, +m, V., +m YV, =mC

— CKOPOCTH COBOKYTTHOI'O BPAIIEHNA, OTCIOMA:
AP = mOC = h\/—/2ro = h\/—/47£7*0 M Torma

mg=m,=m,=m, =h\/3—/2r0(,'
Hpe}mmm)mm 4TO paccMarpuBaeMas crpykrypa BOMT (puc. 2.1) 3T0
37eKTPOH (TIO3UTPOR) C my,=m,

Torma r, = h~/3 /2m0C = 3,3442464 x107° (x).

B mamHOH WHTEpIIpeTalMM — 3TO W eCTh XdPaKTepHHIH pa3mep
3NEKTPOHA ([IO3UTPOHA), KOTOPLIY BIIOJIHE ONpeeNeH, a He «KIIAacCHIeCKui»,

cymectaytomuii B Buge (GOPMYIBL 1, :ez/(47rcom0C2), noNydaeMEilt W3
YCHOBMS ~ papeHCTBZ  OOMHOW  JHeprmM  my,C’ W OHEpruM

anextpoctatideckoro nons e’ /(47€,7,). Takoe npHpasHMBanue, Ha Ham

B3R, a6COMIOTHO HENPABOMEPHO, TAaK KaK 3JEKTPOH YJacTBYET HE TOJIBKO
B 3JIEKIDOMATHUTHBIX B3aNMOJCHCTBMAX, HO W, HampuaMep, B Caabhix.
(«Teopus noysy, crp, 113)

B npumemeHHBIX BbIlIe IPOCTHIX M OOMIEM3BECTHBIX COOTHOMIEHMNX

3AT0KEH GOTLITOA CMBICT;

1) Bo-nepsnix, $yHnameHTanrbbit obvext B Buge BOMT wmmeer
onpeJcNennbl cpefyit pasmep. He BakHO, MOXEM Mbl ero
UIMEPATE WHCTPYMEHTATBHO WM TONBKO TOCYUTATE HCXOOSA W3
KOCBEHHGLIX 3KCNEPHMEHTANBHBIX JAHHBIX.

2) Bo-sropeix, ueM MeHbme BOMT (qactvuia), TeM OHa WHEpPTHEe,
Gombine ee Macca.
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2.2. QupelenuM 4acTOTh! ¥ SHEPIUH BPAIICHUIA,
ueHTpobexubie cunnl  BOMT.

v,=v, =V, =V, [2m, =V, = C/(?.mo\/B_)

x x,y,z
(o.\' = w)' = a)z = 0)0 = C/("oﬁ)
CoBoKynHas 3seprid BpauleHus nopepxaocty BOMT:
E,=hv,=E, +E, +E,, rae no ananoruu ¢ reopeMamu Spendecra:

oE o0E oF
—===F; -—*=F,; -—*=F,
ar, ’ ar, ” dr,

— 3TO He HPOECKLHWH CUNLI Ha COOTBETCTBYIOIIYIO OCh, & CHJIBI

Topsko F

X042
UEHTPOOEXKHEE,  DNEpHeHIHKYJPHEIC  COOTBETCTBYIOIMM  OCAM M
HEPIEHIRKYIAPHLIE IOBEPXHOCTH BPALICHHA.

B cnyuwae, mokasanwom na puc. 2.1 K, F K, cymectnyor

OfIHOBPEMEHHO, TO €CTb Hem Hapyuterun ceepuseckot cummempuil
omuocumenvio mowky O, mo ecmv cmenenu cgobodbl ¥y, Ty, I, He
«omugennervly Opy2 om opya.

F.o=ma,=F =ma, =F =ma, =mya,,

my =3 /@r,C)a=V2[r,=C*/(3r,)
Toeews F,=F, =F, =F, =hC/@r’\3),

E,=[Fdr, E,=E =E =E,

Hrax:

AC WC Ay,

C2mA3 4mna3 2

EO

3aech Haslo 0C060 OTMETHTD TOT IaKT, YTO PABEHCTBO LUEHTPOOEKHEIX
ClN, SHEPruH BpaleHys H T. . paccMaTpuBaeTcy TJALKO 1o Moaymo. To
ecTh!
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aEp =iE + 0 FE +—2—)“E2=—8—E,:F,§
or, or., * ar, 7 or, 7,

d )

2 E =0"E =0

or, ” or, °

AHanorHYHO, ¥ UL QPYTHX cocTaBsomux (no Y,Z).

|,‘«‘ | = |;y| = |;=z ‘ =r,,HO F, £F, #7, - 6eposmuocmp CO8NAOCHUS IMUX
8exmopos pasnda Hyao!
WTak, nojnas sueprus noxosuuerica BOMT:
1
E,=hv, :Eh(v‘ +V,+V,)

V , — 2(p@eKTHBHAg YaCTOTa BpamleHHs 1ioBepxHOCTH BOMT co ckopocTeio

COBROKynHoro Bpawmenus C.
B c1ygae ¢TpyXTypH, H300paxeHHOH Ha puc. 2.1, e OTHOBPEMEHHO

Ar,r,, 7,

B 7, =1, =¥, =, — IO MOJyO:

:—VO

A Takxke Bceraa CHpaBCUTHBO KBAHTOBOMEXAHUIECKOE COOTHOINCHHE:

3

Trne v, = , JUISl ATIEKTPOHA:
47,

hv, =myC’

v, = 1,238%10%°(I'y)
B cHIYy OpPTOTOHAIBHOCTH MEPNEHIUKYISPOR K ILTOCKOCTAM BpaIeHHSA
BOMT:

3
M, = M7 MM =M =

TTpoeKIHi MOMEHTOB DM 3TOM A/, = M | =M,=M, :% -TH

Feiinenbepra.
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3. KomudecTBeHHas oUCHKA 3NEMEHTAPHOI'O
JNEKTPHICCKOTO 3apsaaa €.

Kak 610 CK33aHO paHee, UCTOUHUKOM S3JIEKTPOCTATHUECKOTO HOJA
BOMT sBnseTcs HecKOMNCHCHPOBAHHOE BpalleHHE PaauyCc-BEKTODOB

v ,Fy,Fz sroit BOMT 1, COOTBEICTBEHHO, OOpPa3OBaHME CHMPANbHBIX
06BeMHBIX (hpoHTOB HOMT BO «BHEITHEM) 06BEME, PACHPOCTPARAIOMINXCA
co cxopocTsio C H nepuopudHOCTsIO 1, . IIpN 3TOM LeHTpoGexXHbIe CHIEL,
HallpaBlleHHBIE BO «BHEIMHHMID 00beM, SRIAOTCS BEXTOpaMH JeiicTRid,

Ha4aJi0 KOTOPHIX COBMNAJAET C KOHLAMH 7., ¥, F.

x3 y*z

Ha noBepxHOCTH BOMT n
}_f'x y.o - OTOH TOBCPXHOCTH. Obpamum eHuManue, WMo npu udednsHow
2naokoul cpepuveckoii nogepxnocmu (puc. 2.1) F; #7,=0.

[Tycte QyHxuWs pacnpemencHAs 13(;7) BO «BHEUTHHID o0BeEM

OMMCHLIBACTCA IIOCKOH BOIHOMA e bpo#ny, Take kak B KM omicsBaerca
pacrpeneneHie MHOTHX JWHAMWIeCKHX TiepeMeHHsIX. B obmieM BHze:
y(r,t)y= Aexp[~i(Et — pr)/h]
TaxoW noxxop sBAMETCA BIONHE OOOCHOBAHHEIM BBUIY NPHMEHMMOCTH
matemaTtddeckoro amnapata KM x JaHHON Mogmend® IpH HECKOJIbLKO
OTIIMYHOM QUIMIECKOM CMBICIIE PE3YILTaTOB (cMOTpH LI 4,5 rinas 11).
VauTEBaS  NPOCTPAHCTBEHHO-BPEMEHHYI0 CTaOMIBHOCTH  00beKTa
(qJacTHIR), sBIMowerocs Iipocreimed Qopmoir BOMT, 710 ecth
«HEPA3IMEIBAEMOM)» B NUPOCTPAHCTBE H BPEMEHM, MOXKEM HpPEAIOIOKHTE

CTPOro nepuvduveckoe paclpeeneHue F.

To ects, E/h=aXk) =~ @, +(k —k,)do, | dk,, rae
ke (k,—€ky+€),e >0

TToatoMy nepefiieM kK CTAIIHOHAPHOMY BapPHaHTY:
BousoBo# BekTOp: k = p /i

y (r)= Aexplipr / h];

Pr = D,F,+ PyF, + DT,

V(r)= AeXpl (5,7, + B,7, + b))

Hpa.BOMepHO YICTIIOJT308aTh HOPMHPOBKY Ha UHTEPBAI NEPHUOINIHOCTH:
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A=JLLL, ,rnieuATepBaTb NIEPHOMMTHOCTH N0 CTENICHM CBOGOT L, :

L,=2ar; L, =2ar,;L, =2z,
VYUTRRAA PaBENCTRO WHTEPBAIOB TMEPHONMTIHOCTH B Ciygae puc. 2.1,
NOIYIHM:
4=(2 Itro)”’z

Cpengsa BeauudHA pacupegencHdold mo nosepxHoctd BOMT u
HarpapieHHON BO «BHEIMAM 06heM cWITLL (NpA T = £(1), I € [0,20) ):

(F)= Jw*Fyay,rae rer,).
v,

3mecs HeobXONUMO CAENATE OTCTYILIEHHE M MOACHHT: TOYEMY MA!
PacCMaTPHBAaEM CPEIHION CUITY, @ He APYTYIO KAKyH-JIHOO XapaKTEPACTHKY
— HEPHIO, MMITYJILC, MOMEHT HMDYJIbCA H T. 1.

Mbt XOTHM IIPOBECTH CpaBHEHHME ( F)V C KYJIOHOBCKO#L CIIIOR F,

«®Om3N HoBepxHOCTHY BOMT. .
_ . max _ 2 2 2 _ _
Bo-mepeux:  F" =q* [(4me,r, ), THe 4y =S§,- rmmomam
«chepery BOMT miav «mjolans MOBEPXHOCTH 3apsja», Tak kak BOMT ¢
HECKOMIICHCHPOBAHHAIM BPABICHHEM €CTh HCTOYHHK MOJA E= q N(4re, }'éz) ,

TO €CTh «3apsiay.
B aroM caysae F™ *S, =q*/ £, HekWl «noTeHiman ackctensy [4]

WIH «TIOTOK CHITED) INEXTpOcTaTHIECKoro nond E Ha cobcTeeHHsIi 3apan q.
Bo-RTOpRIX: Mo coBpeMeRHbLIM npeAcTaBiensM KD3JI, Bakyym umeer
CROMCTRO NMOJAPH3ALMY [T0 OTHOINEHHIO K 3apajgaM (3].
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Puc. 2.6. ITorspusayunr saxyyma.

310  cBOMCTBO  BakyyMa  MOXHO  MHTEpIIPETHPOBaTh  Kak
KOMIIeHCHUpYIOWMi o0beMHeili MOTOK chibl Ha BOMT, obnanaromyio
HeHy/eBLIM 3apAROM (HECKOMIIEHCHPOBAHHOS BDALLICHHS).

To ects, cripaBeAnuso;

g1, =|@ [=[(F)s,

(*) Xopomo COOTRETCTBYeT II0 CBOeH (opMe H3UYSCKOMY CMBICTY
JNEKTPUYECKOTO 3aPAAA M DJIEKTPOCTATHUECKOTO M0 B Hauleit MOJENH.

Hrak, mponosmkuM:
dV =2r%drd¢, npn 3TOM, cuMTas pacnpeneneHHe F HA «BHewmHuii
obheM V,
w0 r
V= J2r’drjwd: e T =1y, 6=2mv, =3V, .
. 0

Kak 0sLio paccanrano paree:

F=F(r)=F, =_”§.ﬁ; ¥ = r(1),1 € [0,00).

Y2 2
2r



T

(F)o = JW'F(r)u/*bz[ir adr:;.(}-‘)b =%

Fo

L 51 K
8”3 r3 2"21}3

B mTore nosmyunm:
nC 1
FY = ——— %— (l)
( )0 8.7[2 ‘/5 roz
(F), eymectyer Ha mo6oe Harpannexme pn ¢ € {0, 7]
U3 (*) u3BecTHO, UTO

gl = (s, =S

273

Ecin cuntats BOMT UCTOYHUKOM 3TSKTPOCTATUHECKOTO IOJIA, TO ECTh
«32pA/iOM», B COOTBETCTBHH C PHC. 2.1 MOXHO NMOJOXHTB, 4TO 7, = Ty 3mo

*(r, I )2~iz— )
q/70 580

cnpaseonueo, ecnu nosepxnocme BOMT cmabwivna na te [0,T], mo ecms
ry(¢) = const.
Torna, w3 (2) nony4nm:

4= \[ nCe, | hCe, \/2}:(,‘80 3)

273 Va3 V8223
Cripapxa m3 [1]:
C =2,99792%10%u/c
h=6,62618+107 JIxc* ¢
£, =~885419% 107 b/ m
e=~1,60219%107"° Kz

e2

a,=

Ane hC

~(137,0360411)™

Pacuergmno (3): ¢ =1,6038209%107° Kz

U3 (3) taxsxe cnexyer BakHsli BaBoA. ITockonbky e=,120d1(f£0 , TO
NOCTOAHHAA TOHKOH CTPYKTYpsl (BBOAMMAs B COBPEMEHHON (H3MKe B
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KauecI8e HEPACHETHOH MOCTYJIMPOBAHHOM BENHMHHEI) B HAWEA MOUESIHM
npuobpeTacT APKO BbIPAKERHLIN NreOMETpHYCCKUI CMbICA:

1
O =——
T 8xi3
[13.

=(136,75725)" . 4TO BCe-TAKY 3HAYUTENBHO OTIUYAETCH OT

Taxkum obpazom, Hawa Modens Odem GOIMONCHOCIMb YHCE 8 HYNe8OM
npubnawsicenuy  (ycrogue cmabwibHOocmu u  Cepuveckoi  cumMempuu
nogepxnocmu BOMT) meopemuyecku onpedenums semenmapruiil 3apao e,
noKA3aMb €20 HE3ABUCUMOCb OMt PAMEPOR U MACCH DYHOAMEHMATbHO20
obvexma wuccieoosanui, u doxazame, ymo O — ROCMOAHHAR MOHKOU
CIMPYKMypsl — paHee 6ce20a 680OUMAR KAK SKCNEPUMEHMANBHO ONPEOeTUMAR
eenuyuna, ecmv  umgapuawm  nawiezo  Eaxauoosa  mpexmeprnozo
npoCmpancmed, 3a6UCAIY AR MOTLKO OM €20 260MeMPUYECKUX Caoucma.

Kax pumHo 13 (2), 0TIMMHE G OT SKCOCPUMEHTAIHHOIO € U O ¢ O

Q. KpoeTes B cooTHOWERAH (7, /1)

Ecim npeanonoxwts, uyTo Ha murepBaie ! < [0,7] nosepxuocte BOMT
Ke@zucmaburona, T0 ecTh r(t) copepriaeT ciabnle koNeGaHAA BOKPYT HEKOETO

TeOMETPHYECKM CPEIHEro 7, , KOTOpef u sBufercs a¢dexTuBHOM

BCAMMMHON pAalHyca MOBEPXHOCTH «JNEKTPHUUECKOrO 3apaua» (TO ecTs,
ONpEAE/AET NOBEPXHOCTh UCTOMHMKA TO/AA), TO 1, ONMPENENaommi Mepy
uneptHocTh  BOMT  ycpemnemnyio mno wmutepsany (e[0,7), a,
CI1e10BaTENBHO, U MOJTHYIO dHEPTio, GymeT 3aBentoMo Gonbwme ¥, . Tlpu sToM

H3 MHOrOYHCIEHHRIX SKCNICPAMCHTOB fCHO, YTO HX OTHOWIEHHE TaioKe
IIOCTOSHHO BBIIY NNOCTOSLHCTBA €.

Takoe npemnonokexnue  abCOIOTHO  OPABOMEPHO, TakK  Kak
obuienspecTed  (PaKT HaTMYMA Y 3APAKEHHBIX YacYML  AHOMAanuif
coOCTBEHHWX MarHMTHEIX MOMEHTOB. Hampumep, ama anextpona B KDJ

Z)h . Ona yBssuBaercs [1-3.8] ¢ u:ufchnuem
m

BUpTYabHEIX KBAHTOR W COOTBETCTBYIOUICH BpeMennoit moTepedt macchi
(3Hepruw), a, CNeJoBaTeNbHO, C KPATKOBPEMEHHBIM POCTOM e/m.

Jnst Toro utofbl MPOBECTH JOTIOIHMTENILHOE YTOYHEHUE Q, wg a

CYLUECTBYET NONPABKA K (I, =

Takice IBUIarTbCs B HALNMX PACCYXKICHHAX NANBINE, HEOOXOIMMO, KaK YKE
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TOBOPHIOCE paHce, B KOHUe paziena | Hactoswedf raasbl, nate Goace
Hoapo6Hoe OnMcaHwe MArHWTHOIO M EKTPOMATHWTHOIO MO B pamxax
paccMaTpHBaeMoi MORENTH.

4. Marnvrurie ¥ 316KTPOMArHUTHEIE [10JIA.

4.1. MarHuTHoO¢ fiose.

Ecm o6GbeMHbilf crmpansheidi - ppont HOMT  pokpyr BOMT
OTpeNeNseT JNEKTPOCTATMIECKOE Tole, TO COGCTBEHROE COROKYITHOE
BpalieHue (BOKPYT J, — «BPCMCHHOM OCH») BHOCHT B 3ITOT (poHT
omnpefeneHHbie BUHTOBbIE MCKAKCHHA (WITH KUCKPHBIEHHS»). 3TOT mpouecc
oflycnapnuBaeT HanuuMe CobCmMEenHoz0 MazHumHozo noas  BOMT
(wacmuye).

cnemn cnomn
g (
/

Puc. 2.7. Cobecmaennoe mazuumnoe none BOMT.

Ha puc. 2.7 nokasann «exopasiuas»y B BOMT n «Bnxonsmasy U3 Hee
crmpay. 3Tu, No CyTH, GecKOHEUHBIE MHOXKECTBA CrApanel, 3anoaxsmome

AHAJIOTHYHO TIOMO £ BHelHUH 06beM, BHOCAT HCKKEHNA B caMo rione £ .

BenmuuHa 3THX MCKaKeHWNH W sBaseTcs noileM B, UacTMInl, WM
«cOOCTBEHHRIM MarHUTHEIM TIonieM» (CMIN). IMpr 3ToM, naxe y o6bekToB co
CKOMIEHCHPOBAHAKIM  DIEKTPHYECKMM 3apAfoM (BpailesHe CTeneneit
cBOOOXB! - r CKOMIIEHCUMPOBAHO) MOXET OLITh He CKOMNEHCHpPOBAHO
COBOKYIIHOE Bpalnewiue, TO ecTh yMethcd CMII npu oTcyTCTBHM 3apsaja.
HanpumMep, RelTpoH, HEHTPHHO, P HEHTPaNSHEIX ME3OHOB H GAPHOHOR.
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HanpasnemsocTs f, XapakrepH3yeT nonoxeHne nomocos N u S.

Cunosrle ‘i (CJT) CMIT «3anonsszo™ 06beM crmpany (pHc. 2.7) ¥
HADPABNEHs! N0 O, (HATPABIEHMe OTHOCHTENBHO) H «3AMBIKAIOTC» B
3aBHCHMOCTH OT CTIHpAJIH caM¥ Ha ce0s ik Ha GeckoHeTHOCTH. TINOTHOCTh

CJI onpenensetr ypoBeHb HaNPKEHHOCTH (MHOYKIMIO) TIONA Bmé, HHbMH

CIIOBAaMH, CYMIECTBYCT HEKMil TOK CMEICHUR | .

MaruutHoe nose d8uxCYyUezocs 3apsda 06yCIIOBICHO
JOIONHUTEALHRM NEHCTBHEM OTHOCHTENRHOTO JBIDKEHWA Ha (POHTH
HOMT Baoib HaupaBNeHHs IBWXEHUA ¥ NEPHIECHIMKYIAPHO OOLEMHBLM
CNHpAJAM IEKTPOCTATHIECKOTO MO,

Hamuuwe noctynatenwHoro  aBikenns BOMT  mpmBomur X
ACHMMETPHH ACKTPOCTATHUECKOro INOMA B HAMPARNEHWH IBIKEHHA, W
pa3HuX HampaByiennsx oT LM wactmiwl (touxs O BOMT) paccrosnns

MEXIy KBUIOTCHUHALIMH (7, —7, ;) OyAyT pasHeiMm, H rpamseHT (Vo)

noTeHnuasia Oyaer HampasheH MO0 HANPABJIEHHIO CKOPOCTH ABIKEHNA V.

»
e

emvAmERE ..,
on Rt 7O
~a,
- 2y

.. P=const
S,

™,
N,
.

ro™,
2\ ~
_/

v

D=const ¥0

awden
Pl e

Y
LY
[}
.
]
v
]
7
’
»
K
() rd

#
Ve,

-
-, -

~a,
e -
rrmieamar=t

Punc. 2.8, Jechopmayusn axeunomenyuanesi 3/c nons npu 08uNcenuu
UCMOYHUKA.

AHanoryMHO 3NEKTPOCTATHUECKOMY MO0 IICPHOAMYHOCTE 06OpOTa
paCIMpIOErocs BUHTOBOIO 00pa30BAaHUs NPH JBIDKCHHH OMpeHenseT
SKBUnoresumany A(1) BUXpeBoro MarHutHoro nond. Ilpm 3tom oveBMIHO,

uTO pajMyc BMHTAa 9Yepe3 och L (HampaBiicHHME TRIDKEHMS) OMPENEIAeTCs
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uepe3 r, | t. CHNOBLE IMHUK 3TONO [OJIS HAXONATCA «BHYTPW» CNHMpajH M

Ha sxeunotenuvane A(7),) 3aMbIKaioTCA Ha ceba.

~——~— CopoxynHocTe A(t)

» D=const #0,71,

PHc. 2.9. Oxeunomenyuaiu MazRUmMHO20 NOAL QBUNCYIL20CA 3GPAOA.

R=Ct
— Z,-2 1

v,

A(t) — koHMYECKa® fIOBEPXHOCTh, COCTORIIAS W3 SKBHUITOTEHIWael
MarHHTHOTO TIONA (CHIIOBBIX JTHHUH 3aMKHYTBIX Ha cebst).

@ =arctg(V,/C) . Takum 06pa3oM, NIPH IBIKEHHH 3apPANa CYIIECTBYET

!

d = oF - oF
—(V@)=—#0; 1 g Tponopyuonaino = * |
9= Y
4.2 DIeKTPOMATHMTHOE TI0JE.
OnexypoMarmuthoe _mnone_ (OM) -~  ecTh  COBOKYNHOCTH

3JEKTPOCTATAYECKOTO B MATHMTHOTO MoJici, KOTOPEIE HMEIOT OJIHY MPUPONY.
OTH NONA HEepasphIBHO CBS3aHLI, XOTH MMCIOT MECTO B3aHMOACHCTBHY, IIE
OfHO M3 COCTARISIIOMMX BBHAY €€ CKOMIICHCHDOBAHHOCTH WM
OTHOCHTELHOM MANOCTH MOXHO NpeHeOpeusr WIM OHA caMa mo cebe
OTCYTCTBYET.

Kax u yreepxzaanocs Beime, M mone — 3T0 CBOETO poja NPOBOIAHUK
a/mM slauMoneiicTeuif. HasoBeM Mbl 3710 «3(HPOMY» HITH TO-COBPEMEHHOMY
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«BAKYYMOM» — 3T0 HE BaAKHO. JTO Cpella, B KOTOPOM NpOMCXOXUT
PACIPOCTPAHEHNE IIEPEHOCUMKOB /M B3aHMOACHCTBMIL [I€ OHM MOTYT
«CYIIGCTBOBATEY.

Hocurenem M B3aNMORCHCTBUH ABJVIETCA gpomor
(3NEKMPOMAZHUMHAR BONHA).

Puc. 2.10. DPomon (3/m 8onna)

H3obpazicenue 6 nnocxocmu pesyrsmupyouye2o sexmopa. ry;V, w =C

Mpeucrapum ce6e BOMT kax na puc. 2.1, HeHTp KOOPAKHAT KOTOPOi
JIBRXETCH cO CKOpOCTRIO =V — CKOPOCTh COBOKYNHOTO BpAICHWS WIH

«CKOPOCTB CBETa», B [LIOCKOCTH COBOKYIIHOIO BPALICHMA.
B peaynsrare TOTO, 910 B cucTeMe Touku O — mewrpa 7, - opbuTs! - -

CKOpPOCTb 060pOTa KOHLIA 7, HenimeHHA M paBHa C, obpasyetcs oOnemuan

BhI{TAHYTad «BOCBMEPKA» € LIEHTPOM B To9ke L
Ipy 3toM na puc. 2.10 MyHKTUPOM H30OpAXEH XOH «3ICPKATLHOFOY

’ ~
BEKTOpa 7, , KOTODBIU: Iro'l=|r0|. Ho o pmBwxerca B Hampan,ICHUH,

oOpaTHOM «XOZy BpPEMEHW» 1 M HAUPABICHVIO CKOPOCTH BpalEHMs
«0OBI9HOT0Y» BEKTOPA.

B pelymbrare, oOTHOCHTeNbHO TOUKH I uMeeM CHMMETPUYHYIO
CTPYKTYpPY. COCTOSLLYX0 H3 IBYX «3apAIOB» IIPOTMBONOJIOXKHOrO 3HAKA
(B LENOM OJNIEKTPOHSHTPANIBHYIO), HO CO CIIUHOM S| = | — gcezoda!, Tak Kak
00pasoBaHms +q ¥ —( HMEIOT IPOTHBONONOXKHBE BEKTOPA COBOKYITHOTO
Bpallenns J_, a caMo Takoe obpa3zoBaHUc (H3 ABYX () NOABIACTCS TOBKO B
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g’zﬁ]pmem p, HBIyHalomero obbekTa RHE 3aBACHMOCTH OT 3HaKa €ro
«3apspa». Torma 1pW  JBIKEHMH B ONHOM  HANpABJICHUM
s=85-5=12-(- 1/2) = | unw s = —] OpA ABIDKEHUN B POTUBOMONOKHYIO
cropoHy. [Tpoexumn coGCTBEHHRIX MATHUTHBIX MOMEHTOB CHCTEM +q H —(
CKIRTBBAIOTCA 110 MOXYJTO.

Bonnua (wim doToH) Kak 6kl COCTOMT M3 3NIEKTPOHA H [O3UTPOHA, HO C
HEKOTOPBIM HAPyLICHHWEM CHMMETDHM; 4YTO IIOXOXKE HAa THIIOTE3HL,
BHICKasauHble B [6]. [IpoaHamupyeM cBOHCTBA ANEKTPOMATHATHOH BOJNHAI

{¢poroHa).

1) Hepuox T =1, —t,, HONOXeHue ¥, 00 $hase OTIMYAETCA HA 27 .
'2) S=1.
3) Jmuaasonam A, = 4m, / 3 - nokaxem Hmxe.

'4) B 3apuCHMOCTH oT 3neprum (6e3 ydeTa BHEWHHMX (akTOpPORB)
L -

BO3MOXHEI C TOH MM FHOH BEPOATHOCTRIO MPOIECCH: ¥ ¢ e+¢e .
Touka I — 1eHTp «COTIACOBAHHOIDY» BO BPEMEEH U NMPOCTPEHCTBE
BpAINCHUA CHUCTEMBI (r,;r,]. [lpam B3ammoneicteuu ¢orona c
moObM MaTepuankHMM o6bekToM (apyrimu BOMT) Moxer
BO3HMKHYTL «aedopmaums» (7, # const) y ORHOH B3 yacTed,

. 9TO MPHUBEHET K paccoriacosaHHio Bpamenns B Touxe 1 To ects,
TIPH anpHOPHO TMOCTOSHHOW cxopoctv Bpameuma C, ¢asn
BektopoB  7,(1,);7,(t;) ne 6ymyr pammdatics wa 7Z. Torna
BO3MOXEH pacnag (OTOH4 HA JICNTOHB @) BHPTYaIbHBIA (C
OOCIEOYIOIMM CIIHSHAEM M COXPAaHEHWEM HA4aILHOM PHEPIUM);
6) paccesHve (ciusuue B oOWEM cnydae ¢ moTeped dHacTw
SHEPryH); B) MOTJONMeHUe (MONHas TEPeaana JIHEPrHu oObLeKTy,
(@HUMTWIAUESA» Ha o0bekte); r) poxaenne usactun (6es
TIOCHEAYIOMEro CANSHIA).

5) ®a3oBasg ckopocTh  (cxopocTh ofxona 7, ) BOJIHE «B CPETHEM

mo A » Beerya pasra C PR IBIDKEHAH B BaKyyMe.
6) HamvBe kpasw3aMKHyTOM TpackTOpHH [r,:r,] oOycmamimBaeT

KOPIYCKYIApHEIe ~ cBolcTBa  QoTtoHoB AV =m,C *=E

HANMYHE, COOTBETCTREHHO, MMAOYILCa P = Wk = m7C . Jddexr
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HAIMSMA 3aMKHYTLIX TpaeKTopuii panuyc-Bexkropos BOMT
(HanuHMe EPUOHHUYHOCTH) HA30BEM MACCOB0M nemiel.
7) Touka L[ (mpocTpaHCTBEHHO-BpeMEeHHON WEHTP CHMMETPHH
BOMHBI) HAXOAMTCA BCErda B «HACTOKLIEM) BpeMeRH. QOTOH Kak

6 «BMOpPOXEH» BO BpeMA. TpackTopus ¥, (CIUIOIIHAA JUTHUS)

JBAKETCA B HaNpasieHUd CTPeNk! BpPEMEHW, TO €CTb [0
HanpaBJieRWI0 ABIKeHUs $oroHa — B «Oyaywee». Ob6patHas
MOMYBOTHA ro' (TIYHKTHp) ABIDKETCS BCETAA B «TIPOLLTOEY, TO ECTh

HAa3a] OTHOCHTENBHO cTpenbl BpeMery. Hu 8 KoeM ciydae Hens3a
HHTEPIPETHPOBATE T0 Kak «(JOTOH nepeHocHT Bpems»! ABRTOD
cagract: «PDOTOH (INEKTPOMATHUTHAS BOIHA) [BHKETCH B

MpOCTpalcTae B TOH ToUke BpeMeHW T,, B KOTOPOH DPOXKAEH».

IIpu stOM  «ckopocts cBera»  (moroxor  HOMT)
npuobpeTaer emle CMBICH YHMBEPCANBHOIO IPOCTP2HCTBEHHO-
BPEMEHHOI0 HHBAapHAHTa, OTHOCHIENBHO KOTOPOrO KMYT BCE
npouecckl BOMT B npocTpancTBe H BO BDEMEHN.

OfHaxo, OTHOCUTEITEHO JIX caMO «TIPOCTPAHCTBO» H «BpeMA»?

B3gs  moboli  MarepuanbHei  O0O6BEKT M NpHITMCAaB  €ro
MIPOCTPAHCTBEHHON MPOTAMEHHOCTH €IVHWIHBIA pa3Mep, MOXHO W3MEPHTDb
moboit npyrofi B emWmmI@ax JTHHE nepsBoro. [lo cyTm, mMepeHws
«Pa3MEpOR» BCEX M3IBECTHRIX UENoBEKY O0OBEKTOB OMMMPAlOTCA Ha 3TANONHLIE
pasMepsl: JIMHEHMKA, JUTHHA BONHK KAakoro JHOO H3Jy4eHMs, IyTh,
TIPOXOAMMEIH CRETOM H TdK Jasee.

Bpems - ecrs mauTensHOCTL Npouecca. Hamure camoro mpouecca
noapazymeBaeT  o0f3areipHOe  Haduyde 00bEKTa, HHaue HeyeMy
BUIOU3MEBSATLCS.

YenoseuecTBO MEpAeT BpEMA AIHTENFHOCTAMU ITANOHHBIX HPOLECCOB,
foJiee WM MEHEe TOUHBIX: MANEHUE NISCKa, ABIDKCHHE MAITHUKA, KoncOaHusa
YaCTHIL, ABFUKEHUE CBETa M Tak Jajee.

Takum oOpazoM, HenoBeuecTBO CaMO HaBa3ajgo cebe WSO
OTHOCHTEMBHOCTH aOCOMOTHBIX, Ha MO B3rsaj, KaTeropwii. ABTOp JTOW
pabOoTHI CHHTAET, UTO OTHOCUTENbHLI He IPOCTPAHCTBO M BPEMs, @ NPOLECCHI,
B HEM HMEIOUTHE MECTO (TO €CTb MPOMCXOIANIME) TONBKO MPH HAIWIHK
obvexkToB. B IampHeiieM MBI TOKaXEM  HECOCTOATENBLHOCTH
OHHTEAHOBCKON TpakTorkM upeobpasosannii Jlopenna (J1-p*) Xak,
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_(HCKpHBIICHME» NPOCTPAHCTBA MIM «3aMejicHWe» BpeMeHW. B  mamem
JOHuUMaHWA — 210 JedopMalisi  [IPOCTPAHCTBEHHO-BPEMEHHBIX
XAPAKTEPUCTHX NPOLECCOB.

™

Obpazosanre 3/M BoaH (HOTOHOR),

~ HcrounnxoM obpa3oBanms (HOTOHOB Bceraa cnyxaT BOMT-uactvip
(B OTHENBHOCTH HMM B COBOKYIHOCTH). PaccMoTpuM cnydqait ommolt
€800OMHON, MONUpPOBaHHOW OT RHEMIHMX BO3NCHCTBIM 3apsKeHHOW

pennonokyM, 910 Mo kakoi-mbo DpHYMAE (HanpuMep, COHTAHHO)

TIDOUCXOIONT W3MEHEHWE paauyca 7, Ha HekoTopoe Ar, y HacTHun

(ma puc. 2.1) s TeueHue BpeMeHn 1T .

Vi -
’_.—-»-\\
S
\
\
\
' i
0O -
| >
5 ; 7p’t
/
/
/
/
~ ’,

Pue. 2.11. Cmpyxmypa «8» (R;R) — ghomon.

Odepupys  XaTeropusMHM, UPHMHATEIME B  HacToswmed  paborte,
OPOHCXOANT H3MEHEHNE:
1) maccet BOMT, crenosarensro, momio¥ sueprem; ecm Ar, 20,

i3

— T _<m,; mC*<mC’
2C(r, + Ary)

’ ’
TO i‘0~I’O+AI‘0 um, =
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2) Tlpoucxomur ysenuueHHe cOGCTBEHHOIO MArHWTHOTO ToNA {(€ro
JHEPTHM ¥ CUIOBLIX XAPAKTEPUCTHK). DTO CBH3AHO C TeM, UTO
V,p =C =const Tpn mobom paguyce BOMT, a sneMenTapHuii

3apAa € HE 3aBUCUT OT Pa3sMEpoB. 3Ba9uT BO3PacTacT MOMCHT
TOKa, onpenenmoumﬁ XapaKTEPUCTHKNU  MATrHWUTHOTO  ITOJIA

2
(= IL"). Qanee mvi noxasiceM, ¥mo npu asmom «nDOoMANCEHHOCHb
mokay (IL) coxpausemcs.

VYcnoBHEM CYINECTBORAHWS BCETO MATepHANLHOTO  ABJIAWTCA
3akorms CoxpaHeHus. Hanpumep, 3akoH cOXpaHeHHs d>HepruM. Ecim o He
GyJIeT BHINOMHATECA, TO MaTepHalbHhie OOBEKTHI HE CMOIYT CylIECTBOB2Th B
NPOCTPAHCTBE M BpeMeHM, a OyAyT HeonpeneieHbl WIM PAa3MBITEL 10 BCEM
napaMerTpaM, KOTOPbIMA Mbl ONEPYPYEM, JaBad MM XapakTepHCTHKY.

Takum o0O6pasoM, mis ypaBHOBELUMBAHWS MNpPOLIECCAa PachIPEHMS
1y =7, + Ar, =1, BeobxomUMO:
1) BO3HMKHOBCHWE BUPTYATRHOrO0 (WM HE BHPTYalbHOTO —

OTACHHBIIEIOCH HARCETHA) oGbexTa c 3Hepruei
E=m,C*-m|C*.
2) Ilossnenue «BOXPYI» pacmmpsoieiics BOMT

KOMITEHCHpYIOmero Bpamerns ¢pontoB HOMT sokpyr D, (c
o0paTHBEIM HaTpaBJICHHEM 175 ; ). Tlo cyTH, 3TO KOMHIEHCALMA pocTa

3HeprMd COGCTBEHHOTO MarHuTHOro mons (=~ JL®) — amnerue
CaMOMHITyKIIHH.

Ha puc. 2.11 1 w3 paHee n3BecTHBIX 1OJI0)KEHHI BUAHO

Vo=V ==Voilve|=Wa|=lPal=C
Harmuue V.}, :-—V‘; B EIMHCTBeHHO# @opMme (opburel pammyca R)

npEBeno Gbi K IMONHON 3KPAHUPOBKE HAYANBHOIG 3apaNa M, CIEIOBATEILHO,
X wecoxpanemuio >ueprmm wons Kynowa E, =e’/(47e,r,), opyewmu

crogamu, npugeno bul K HapywleHulo JNOKAIbHOZO 1AKONA COXPAHERURA
INNEKMPUHECKOZD 3apAoa.
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ITosToMy, And xoMICHcALHM pocta pa3Mepos BOMT Heobxoaumo
8 - mono6HOe ofpazoBahue, «BEITAIKMBAEMOE» BOMT — ucTO4HUKOM BO

BHEITHCE MPOCTPAHCTBO 110 HANpamIeHwio O, co ckopoctsio C.

Britankunanue o0ycrnoBNeHO HATWYHEM 3anpeTa Ha CymectBosanue BOMT
«BHYTpH» apyrux BOMT (BOMT — dyHnaMeHTalNbHELH OOReKT TEOPHH).
Pestomupya: ymenvuienue Maccer BOMT npusodum x wuznyuewuto

gomona ¢ E,=mC*~mC*=hv. Tlpu 37om cofcTRennad vacToTa

YaCTWIBI DAZAaeT, 2 MOMEHT COGCTBEHHOTO TOKa BOKPYT [, PpacTerT,

CIeNOBaTe/IbHO, PACTET COOCTBEHHLIH MATHUTHLIA MOMEHT. Tlo/mas >Heprus
3NEKTPOCTATAIECKOrO nons (Ky.JIOHOBCKAA) najaer obpaTHO
PONOPLHOHANLHO Pa3Mepy YacTHIW INPH IIOCTOSHCTRE 3apfAAa, SHEprus
co6cTBeHHOTO MarwuTHoro noss pacrer. Cymma Bcex SHepru#t (total) B
cHCTeMe HacTuia — HOTOH NOCTORHHA, TO E€CTh 2( E pum+E,) = const-

®

TIpn mormomenvn PoTOHA MK FIpY pacCesHUM ero ¢ ToTepeil JHeprun
MPOMCXOIAT 06paTHeii NMpouecc, TO €CTh YMEHbIEHAE paiMepor BOMT —
PHEMHIKA % POCT ETO MEDHl MHEPTHOCTH.

B ofoux ciywasx, neficTByeT TOKalbHbII 3aKOH COXPAHEHHA 3apana,
KOTOPbIH, Kak OYyHET NoKasaHo B CJedYyOMMX DPajfellax, MOXET ObITh
3aIHCan 9epe3 «ITPOTAKEHHOCTH TOKOB»:

Y UL, = UL) pyepers = €07151 = (IL) smgrpnas -
(1
Crenctpus:
l.  ®oToH — BCerna TpeXMEPHOE 00pa3oBaHye;
2. Ecmm moesepxdocth B®OMT nHecrabwinHa Ha  UHTEepBane
MEPHOTITHOCTH 110 BpeMeHH T, TO ecTh «KBa3HCTa0MIIbHAY,
T0, BO-TIEPBBIX: 32 cuer OTHOWEHNA
("q /ry) =cons{ # | MOXHO RHECTH MONPABKY K PACYCTy e, BBEMA

HEKHI «CKPHTHIN» TTapaMeTp KBa3MCTAOWIEHOCTH Ha MPOMEXYTKE
spemesu t =T,

¥, BoO-BTOpEX. murepmperamuda KDJI  aHomamm
COOCTBEHHOTO  MATHATHOTO  MOMEHTa  JIENTOHOB  yepes
(BpEMEHHYIO» HOTEPIO YacTH MAcChl (JHEPTMH) Ha CO3JdHHE
BHpTY&IRHOH InyOni B npoMexyrke BpeMend [0;T] ssasercs
OIpAaBIAHHON M B HALIEI MOLCITH,
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5. Vrounenue pacyeTHRIX 3HaucHH e B
Ha OCHOBE BBCJACHUA «CKXPBITOro NApamMeTpay.

Wnrak, ¢° /€, = 20,hC *#(r, /%), rae o, =1/(8723)
B uneansHoM (chepruueckom) npuOIVDKeHIH v, ==

IpennonoxuM, gTo nosepxHocts BOMT necrabunsua, T0 ects BOMT
«OKpYXKEHa» H3Iy4acMBbIMH M NOIVIOASMAIMU BUPTYaIbHLIMA YaCTHUAMM
3JICKTPOMArHMTHOH MpMPOARI C PAVIMIHBIMH MaccaMd H BpEMEHaMH
OKH3HW». YUAThBAas ~ CTAHOHADHOE  DpHODKEHUE, KOTOPOE  Mbl

UCNONB30BATH [IpH pacdeTe (F ) o Heo6XomMO gcpenHeHue MO TEPHOLY
BOMT (anextpona) T , =210,

Ilycts  «oputa» pammyc-Bextopa BOMT (puc. 2.1) Beunsaut
CXeMaTH4eCcKH kax Ha puc. 2.12.

Mu gonaraem, 4T0 gBIDKeHHMe KOHIA BekTopa BOMT He rmaxgkoe, a
cxaykoofpa3Hoe BBHIOY TOrO, QTO OTO JABMKEHUE SBIAETCS HE (MCTHHHO
BpaWaTeibHtM» a HabopoM MepHOAHYECKH MEPEMEHHBIX MOCTYNATEeJIbHBIX
ABiKeHui. JleHcTBHTENbHO, He BBLISKIBAGT COMHeHWA (akT, uTo Jnoboe
BpamaTeslbHOE ABIDKEHHE — 3T0 OeCKOHEIHHH Habop 6ECKOHEUHO ManniX
OTPe3KOB MOCTYNATENRHONO JBIDKEHMS II0 KacaTeJbHOW X HEKOTOpoH B
obmem cgepudeckoit opbure. B npeacrarnewau nanHoi moaeny BOMT
(VMeroUIas BpamaTeNsible COCTARASTIONINE ARIDKCHNA) UMEET, TeM He MeHee,
MOBEPXHOCTh «COCTOAIMYI0» H3 OeckoHeynoro umcia HOMT, kotoprie
MOryT JABWTAaThcs TONBKO TOCTYNATENBHO, ABTOp HacTosmel paboTh
CKIOHEH CHUTATh «BPAMCHME» KAK TAKOBOE HCKHUM FHIEIPAIbHLIM
OpOLIECCOM JBIDKEHWA, €CJIA TaK MOXKHO BHIPA3UTLCA, HEKUM OCOGBIM BHIAOM
NOCTYIaTebHOTO IBUDKEHMA. JIOMAHBIE TPAGKTOPHH YACTO HBITOTCH

NPYYHHOHA OTBEPKEHMS HOCH ONMCAHMA MMH (U3MYECKMX INPOLECCOB «C

xopny». OaHako, no3pomo cebe HaNOMHUTL AHATOTMYHEIH CK249K006pa3Hblil
MPOLIECC, XOPOLIO M3IBSCTHEIA Jawe UIKONBHMKAM. 3TO KB2HTOBLIE

koppensiuvy. CaMeli TIPOCTOM TpPHMEDP — €Ka9KOOGpa’HOE WIMEHEHue

nonspU3aun POTOHOB TPH MPOXOHACHVH MONSIPOUIA TTOJ NPAMBIM YIIOM K

€ro MNAOCKOCTH. W B3Th XOTH ObI «CTPAaHHO» COLACOBAHHOE IOBEACHHE
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CIMHOB COCTaBHBIX YacTel KBAHTOBOM CHCTEMEL Bee 3T u apyrue sddexrs
10 cux nop He vauum o6pacHennsa B KM n dpmuxe B nesiom.

BesycnoBHO, HacTosflias Mojendb Morna Ok BRIIVAACTE  Gonee

GTIPMBJIEKATENLHO», UCXONS W3 COBPEMEHHLIX IPEACTARNECHNH, H HAYEro NpH

3TOoM OBl He NOTEpAIa, €COM NMPEACTABUTH «IPOKAHUE» pagdyca B BHIE

kol Qywkimn. Hampumep, - r(r) =r, * exp[i(Q(r) + @)], rae mnocre
UPOCTON TPOLEAYPHl OCPENHEHUs MOTYdMM <r(t)) =r=r,*3, e

3 nekotopas xoucTauTa, Gonbmas 1.
Ho o6patiM BRMMaHWE, 9T0 BCe 0OMEHHEIE MPOLECCH] B COBpPEMEHHOM
(Qu3MKe, TaK WM HHage, ONMMHCKIBAIOTCA CKATKOOOPA3HAIMH QYHKILISMH.

Puc. 2.12.1. Tpaexmopus xonya paouyc-sexmopa BOMT.

v, - cpenHni reoMeTpAYecKmii panyc «opowThLy;

F,~ONpeleNnseT  CPCIHECTATHCTHUECKYIO —TpPaHWNY —MNOBEPXHOCTH, OT

KOTOPO#l PacipOCTPaHAETCA JNEKTPOMArHUTHOE NONE BO BHENIHMI 06bEM.
r(f) — TeKymm# (MruoBeBHbil) pamuyc BOMT.
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[Tepyox T, =2ar, /C — cpemmmii cTaTUCTHYECKWH NEPHOA BpALICHHA

BPMT nns Beex TeKymux U3MEHEHWH r(t).
Yron ¢ — bexuii «CKpHITLIA flApaMeTpy, CPeaHeCTaTUCTHIeCKul Mo BeeMy

nepuoAy BpalleHusi, ONpeaesieT HEOXHOPONHOCTh (HeCTaGWILHOCTE)
noBepxaoctd BOMT.

Puc. 2.12.2. Tpaexmopus xonya paduyc-éexmopa BOMT.

UIPHEH U
r———-”l—-)rmax

nociaugenue

—T sy
r ¥ ouin
oF .
Ha6op Tovex A u B, rize a_" = too ABIAETCA HCTOYHHKOM OCOOBBIX CROCTR
!

MaTepuH (mogpofHee O HMX MBI P2CCKAXXEM B pa3fieNax, [1OCBAMEHHBIX

I'pasuraipm).
WapecTHa CBA3b  MEHQLY  JNCGKTPOMATHATHBIMH M CHIILHBIMH

B3AMOACHCTBRAMY:
F,=2aF, » o6nactu pgeiictBua oboux BumoB cun L (mpu 3tom

E=[FdlwE, = 2aE,).
L
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VYV Hac npaKTHYeCKU TO XK€ COOTHOINEHWE MpH F, = hC s
4nr

00 LENPUHATAA ONCHXA.

Uneem: F, =20, =l<(rq/r0)2 *F .

Oneprus  CWILHOTO R3auMoneHcTsus £, = m,C? = ha ,» TO ecTh
cyliecTByeT CBA3b Maccel BOMT w pearsoft (WM  «3ddekThBHOMNY)
cOOCTBEHHON 4acTOThl, KOTOpas ONpEJEeNseTcs 4Yepes HeKit ry -
s¢ppexTvBHBIE  pamuyc BOMT, 3apegomo  Gonemmii  cpenmero
FeOMETPUIECKOTO F, .

HMmenno ot (1/r;) 3aBuckT Macca m,, KOTOPYHO Mel HaGmonaeM B

IKCTICPUMEHTAX H MOYKEM «B3RCHIHBATDY,
¥, = L/2n ,tae L - Bcs cyMMapHas JUTHHa TPAEcKTODHH I(t) 10 3aMBIKAHHUA

2ar
{maccosas nemns). U3 puc. 2.12 o4eBMAHO, ¥TO [, = 9_, CNeAOBATENLHO,
cos @
¥, =7,/C08¢.
Torpa:
. 2
a=0,*cos” @ 1)
Mycts 3HEPrus BHPTYAILHOTO KBaHTa, ONATH xe

CpEAHECTAaTUCTHIECKOTO, PABHA ho, a ero gactora paBra @ . OueBHjHO,
710 3¢p}peKTHBHAT YaCTOTA, ONMPEHCIHIIOMIAA MAcCy YACTHUR — HCTOIHUKA

37010 KBaHTa: (@, = &, — @, rAe (U, ~ CPennss MIHOBEHHBIX vactor ((1).
Torna, WCXONs W3 TpPOTIOPUACHAILHOCTH JHEPIMH 5M ¥  CHILHOTO
B3aMMOIEHCTARHA, NOTYIHM:

hwzx*hwpth(wq—w) &)

[MockoubKy Be3jie 34eCh (U MOXHO BRIpa3WTh 9€PE3 MACCY OJHO3HAYHO
(npsMasi UpONOPUHOHATLHOCTE), TO JIOTHYHO, ¥T0 R €CTh KOdPULHEHT
notepy Maccsl BOMT Ha M3iTydeRHe BAPTYATbHRIX KBAHTOB.

B pynesom mpubimmkennn KX =20 :

+, 3.

Torpa: w=
1+2¢
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Kak MBI yxke FOBODHIIH paHee, YBeNM4cHHe 1(t) MPUBOAMT K pocTy T(t)
M, CIEIOBATENbHO, K K3JYYCHHIO, 4 YMEHBINEHUE — K TOMIOWCHUKD. OTH
KosebaHna noBepxHOcTH BOMT pporcxoiaT BOKPYr HEKOCIO CpelHero

suaverms 7T, na murepsane /€ [0;T].

CJICJIOBaTCJH:HO, MOXHRO BBECTYM MATEMATHYCCKOE ONTPEACIICHME ¢ :

2o

6.1
1+2a €1

(02(0*%- (6), wmcyuerom (5.1): @=

U3 (4) u3pecto, 910 cos ¢ = @ ;
a,
o

B urore ¢ yuetom (5.1) u (6.1) nosyanm:

arccos ,ai =277 o, e a, = (8723
0

1+ 2¢x

Pewenne ypasnenus (7):

«=(137,0369)" =0,007297305

¢=0,04519

Tpw atom ¢ =g, (@, ) cosp =1,6021836% 107" Kn

VI3BecTHRI 3HA4YeHMs 3/3apAla M TOCTOAHHOH TOHKOH CIPYKTypsl [1] ¢

TOYHOCTEIO:
¢, =0,00729735x0,00000007

e, =(1,6021892+0,0000046) *10™° Kz

Takum o00pasoM, jpaxe HyjJeBOe IPHONMKEHUE AAE€T HAM XOPOWO
YTOYHEHHRIE PE3YIIBTATHI, & TAKOKE BEJHIMHY CKPBITOIO NapaMeTpa MaTepym
¢ . TlposeneM nabHelIee YTOTHEHHE.

Tt aToro Heo6xomMo B (5) BBecTH Gonee TOURBIH ko3dpuimeHt X .
A nMerHO: R =470, , T QU = —205——%(05/%)2 +o— .. pARES [3].
y/4

OToT psa NMoapoGHO ormicaH B [3] B NOXTBEPEACH IKCTHEPHMEHTAILHO, J[na
3IEKTPOHA OH CXOMUTCS k BenmdnHe paBHOM 0,00115965, u omuceBaeT OH
HH 9TO HHOE, KaK AHOMAIHIO COOCTBEHHOrO MarHWTHOTO MoMenTa B K3JI
W, Golee NMPOCTHIMU CIOBAMH, NIOTEPIO «(JOMM MACCH)» HA BBIIEICHHOE
HaIpaBlIeHHE 33 CUET M3TYYeHISI BEPTYILHLIX TACTHIL.
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B Hawed uHTepnpeTauny O ONpeaessieT enle H H3IMEeHeHHe paauyca
opburt BOMT Ha swidenennoe uanpaenenue. 47 — renecHeii yron, B

KOTOPOM TPOMCXOMAT TPOLECCH WIMYySEHHS/MOTIOUIEHHS BO BHEIIHEM

oObeMe.
B oanvuetiuem mor meopemunecku onpedenum 8 nawel modenu nepaviii

wien psda g, ¢ _
27
i a 1 o
A poka, gig yTOUHEHMA (,€,(f HCUOMLYEM (f ~ - ——%—_ H
R 2
2n 3 7
X =4n0,.
Tlomyanm:
2
o s 3 2%
arccos _ [— =4rx? n 3« >
qa
0 1+47x - *97
2 /4
Pemenmne:

@ =0,045122071
a =(137,0360667) " =0,007297349
)

e=1,6021885+10"° K

Ipuvevanue: B 1V tome «Teopermdeckoid dimuku»y («KsaHToBas
anexTpoavHamuka» B. b. bepecremanit, E. M. JIn¢pnmu, J1. I'l. IMaracsckmii,
Mocksa, 1989 r. mn. 3 «Hayka»n) ctp. 582 npuBogurcs 000OUICHHBIE
KO3 HIMEHT paUaOAHBIX NONPABOK (M WX PacueT) K MEKTPOHHLIM H
MIOOHHEIM MarHUTHRIM MOMEHTaM 117 BTOporo nopsanka mo & : 0,328 u 0.76
COOTBETCTBEHHO, PACCYUTAHHBIE [10 METO,1y YHUTAPHOCTH.
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Berrog:

AHanmupys MNONYYEHHBIE pPe3yibTaThl, MOXHO YTBEPXIaTh, 4TO
TIOCTOSAHHAS TOHKOHN CTPYKTYpPhR! (X M 3JIeMCHTapHBIl 3JeKTpUIeCKMii 3apian
[IONJAIOTCA  JOCTATOYHO  TOYHOMY  AHAIMTHYECKOMY pacueTy  Oe3
IIpUMEHERMs SKCIICPUMENTa JJI9 Ompejie/ieHns OOHO#f M3 3THX BEJIMYHH, TO
€CTb, MOTYT ObITh IIOCUHMTAHLL CAHOBPEMEHHO B HACTOAMIEH TONONOTHIECKOH
moneu.

HenocrarkoM AaBHOM MOJAENH ABIAETCA BCE-TakW TPHOIHIHTENLHEIN

xapaktep opMyn 7, =7, /cos ;o =, cos’ ¢, XOT H JOCTATOTHO

TOYHRIH € DPAKTH‘N:CKOﬁ TOYKA 3IpECHHA. Hetounoctd 3/1eCh MOABNSFOTCS
WCKIIOYMTEIIGHO  BBUY 33J0KEHHOM CUCTEMATHIECKOM MAOrpemHOCTH

TEOMETPHIECKOrO ONPENENIEHN 1, /ro =Cos¢.

OmHako, Ha Hall B3DIAA, O€3yCIOBHEIM DPEUMYIIECTBOM HRISCTCH
TEOPETHIECKOE ONMCAHHe MOCTONHHOR TOHKOHM CTPYKTYpHI Kak WHBapHaHTA
TpexMepHoro EBKINIOBa NPOCTPaHCTBA, ONPEfeNcHUE € Kak BIIONHE
pacueTHOro U HOCTOSHROI'O BO BPpeMEHH M IPOCTPAHCTBE I YAacTULL JEOORIX
pasmepoB u Macc ¢axropa. K IpedMymiecTBaM MOXHO OTHeCTH H
ofmpefieNcHHE (), KAk HEKOTOPOro JO CEro MOMEHTA HEW3BECTHOTO
napaMerpa.

Ecrmu mpyEATh 338 HCTHHAOE (TOYHOE) 3HaTeHHe & Tabmawroe (1], To:

@, =arccos | %2 =0,04512001

aD
6. CregcTBHS.
Panee DONy9eHO: F =2 hC | CnepoBaTelibio, 4( = E, Ay :
47, 2a

H3Becrro, m,C l=hv=hC/ A, ,roe A, — KOMIITOHOBCK2S! JUTWHA BOJTHBI.
myr,C/\3=h/2

- MPOEKIHA 1 HOMHEIH MOMEHT HMITYJIRCA.
mr,C =312

Torna cripaBenmHBO:
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0C2 :£¥_1_ _lzgzﬂ*E = elﬁ N
2 21 2« 8rae,r,
2
myr,C = e’V3 ;
8zoe,C
2
mytyClI3 == -
TOEC

IMockomsky E, = 2o

V3

BIZAMOJCHCTBHA, TO F = __l__ * mOC2 . B wTore momyauM:
~
D

+m,C* =20E,, TR¢ E, — IHEPIHA CHIBHOTO

Jlanee onpenenum maraerou bopa:
U, =eh/2mg;
3
o :i;rne =3,3442357 *10 7% (m); =
2r,C
= = er,C
B
IIpu 3mom wemxo npocaexcugaemcs gusunecxkuti cmuica (8 omauyue om
npunamozo [, = eh/2mg;).

=9,2740825 *10~2* (o / Tn)

Ilpoexyus cobecmeennozo MazHumHO20 MOMeHMA HA RPOU3BOALRYIO OCb
— ecmb npousgedenue 3apada Ka pacuyc opbumsl Ra CKOpPOCMb PAUerUs

no smoi opbume (CI3).

Ecnou ke seipasuth MarHerod Bopa uepes «ilaccHueckuid» panuyc
IEKTPOHA KAK ENMHCTBEHHBIY, W3BECTHMH Ha CerogHi, pa3Mep ¢C
ONpPEJIENEEHALIM  (PH3HIECKHM CMBLICJIOM (KOMITTOHOBCKXAA JUTHHA BOJIHEI
CBA3@HA C Maccoli, HO reoMeTPHYECKU He OOLACHNMAa B CYMICCTBYIOMAX
TEOpHAX), TO HE ACHO Kakoh (Qu3mueckuii cMbICH  TIPUNHCATh

noseisnomeMycs 8 gopmyne koappuumenty (27/a).
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2 2 2
Jlanee: mo’oC/‘/_=£ _°c__ ¢ {E&:LR’,;
EO

2 8naeC  8ra

1
Cme R, — conpoTHBIEeHHE Xona. Rh = 7_* R,: R, — CONpOTHRNIEHKE

L

BaKyyma.

KoMIToHOBCKAA AJTHHA BOJTHEL:

A = an r dm3agecKnii CMRICIT:

)
Paccmosnue, npoxodumoe KOHYOM pe3yIsmupyiomezo paouyc —
eexmopa BOMT npu cosoxynuom epawensu soxpye p, 3a nepuod T, .

Yeon npeyeccun cobcmaennozo opbumanvHoco Mmomenma BOMT:

2721, 3

= —= ®=£;
3

A, 2

sin @ =

Janee, el psa MONE3HBIX COOTHOLISHMIA:
e=gq,*cos g

_ 2,
a&=0,%cos” ¢,

2
" 144 N \/-3—
Moty = -’ﬂluoqz = 37[#092 0= /0—_;

o kY (74

h= 47[2\/5/1GC3 =R,qla* 87&'2\/§;

er,C eC 3mu, qf 24
U, = =——+——"07¢ =9 2740825 *10** (U / Tn).
’ ‘\/5- \/5 m,

HHTEpECHO Takke NpOoaHaNM3MPOBATL COOTHOWIEHWSA U3BECTHBIX
$yHIaMeHTATPHIX CUI (JHepTrUH) B COBMECTHOI O6NMACTH WX RIMSHMA - Ha
«nopepxHocT» BOMT.

1) Ilomsas sweprus £, , =m,C 2 coBokymnas JHCPIUs BpalllCHHH,
Wix «3Heprms cymectBoBaummy BOMT. Efi  cootsetctByer
IoNHadA cWia, AeificTByromas Ha BOMT co cropowsi «adupa» #
HaofopoT, «Ha >¢pup». F, =3F,, rae F, — cuia HAa oaHy

BpamarteNcHyr0  cremens  cBoboxel.  Ofmee  yckopenwe:
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a, =C 2/ ¥y, @ YCKODSHME B ONHON CTemeHd CBOGOMBL:

C2
a
0" 3ro
2) Omeprus CAIBHOTrO- B3aHMONCHCTBHA [ = _I_x m,C* = 1 E ,

NG

3
COOTRETCTBYIOINIA] CHIIA F. = hC 2 ﬁﬂg =F, J_ = Foy .
am? 3 NE)

3) OHeprHs W CHI2  3JeKTPOMATHUTHOTO  RW3AHMOJASHCTBHA:

Ee ZZT(;*mOCZ Z%Etol =2aEs;
F, =20aF =

J_ lDt
4)  Cna6oe B3aMMOENCTBHE MBI TIOKA HE PACCMATPHBAEM.
5) [paBHTaUMOHHOS BlaUMOIEHCTBHE:

. ml 3| _36( B Y
FG :(,~—2—: Mo =—2 :—2 3
7, 27 C C*\ 4ar,

G G !
:FG:3F*FS2_C4*FI;, O
3 G
F,="%_—— _xF?
@4 act ¢

®dopmysa (!) MMeer NOCICACTBRS OrPOMHOI BZXKHOCTH, IOCKOJbKY
yKa3bIBacT Ha TO, UTO OTHOmEHWE GHKBApaTa CKOPOCTH K IPABUTALMOHHON

HOCTOMHHOM (C“ / G) uMeeT pasMepHOcTh [H] — cwiel. 3To B ¢BOIO 0O9epes
3

naet paiMepHocTs G Kak . B pabore [4], Macca ¥MeeT pasMepHOCTE

K2*¢

M

2, 10 ecTs G cama no cebe GespasmepHas BemuuuHa. Chna NpH 3TOM
P

HMEET pasMepHOCTh OukBafpala CKOpocTH. Tak HashlBaeMmad, Enunas
Kunematuueckan Cracrema PasmepHocteii (EKCP) no3soisier BhpasuTh Bee

(H3HYECKHE BENWIUHBI B (METPAX — CEKYHIax».
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ArTop Hactosueldi paboThl cornaced ¢ [4] OTHOCHUTE/NLHO
GespazMepHOocT G M HAUIHYMA  (TEOMETPUUECKHMX» CBA3EH Mexny
pyHnameHTaneHIMH kotcTanTaMu ([4], cp. 15 —26). CoGcTREHHO roBOPA.
B HacToflledl paboTe BBIABAraeTCA KOHIEMMA «mpocToidy BceneHHo# ¢
«TIPOCTPAHCTBEHAOW» TONOIOrHYECKOit CTpYKTypoit marepuu, rae LT —
OCHOBHEIC H, BO3MOXHO, CAMHCTBEHHBIE (ByHIAMEHTANLHBIE XapaKTePUCTHKH
MPOLIECCOR, & Macca — JIMIIb HEKas MPOW3BOLAHAA XapaktepucTnka. OTimdue
noxxofioB ¢ [4] B ToM, uTo B NaHHOU padore He cTaBHTCA Dellb GOPMATERO
CTPYKTYPHPOBATh M3BECTHBIE BENTHIHHB! I0 GoJee MpOCTO# pasMepHOCTH, a
VMEHHO: HedopManLHo JIOKa3aTh COCTOATENHHOCTh THIIOTESBI
TOTIONOTAYECKO CTPYKTYPH MaTepHH depe3 BEIpakeHHe yriaMeRTalbHEIX
(IBHYECKHX KOHCTAHT WIM WX OTHOIMEHWH TIOCPEACTBOM  KOHCTAHT
MPOCTPAHCTREHHEX (MaTeMaTHdeckuX). ABTOpY NpHBEMHee paboTaTh B
cucteMe CH. Ojmako, ¢civ Teopus BEPHA, TO OHa TIOATBEPAMTCS B Toboi
KOPPEKTHOH CACTEME pasMepHOCTe.

3nece MBI OApPOOHO OCTAHOBWIMCL Ha IpaBHTalM, ocoboM Buuc
(GyHIAMEHTATRHBIX CHII, HA KOTOpbie, 0O MHEHIIO aBTopa |4] M MHOIMX
JPYrUX, «Mbl HE MOXKEM OKa3aTb HMKAaKoro Bnusuusy. B 3Toli pabote
SIBJICHUIO TPABHTALIM OyAyT NOCBSIIEHB! OTHEIbHbiE [NaBbl. OnHAKO Henb3A

6610 He OOpaTMTh BHMMaHWe Wa Hekylo cway F, =(C*/G, KOTOpYIO Mbl

OymeM Ha3BIBaTh «CBA3YIOMIEH» PyHAaMEeHTATLEHOH CIToif. 3neck Haxo ocobo
NOTIepKHYTh, uT0 B «Teopum mojsty (7] (ctp. 319 —-320) nmanHniit
KOO QULMEHT IPUBOINICHA KaK «IIOCTOSHHAA DUHINTEHHA® ¢ TOYHOCTBIO 10
nopsaka C U sABngeTcs pasMepHbIM kod(duimeHTOM B (hopMyae
rpaBuTalfonHoro monst. ILlutara Jlawpay: «Moxso nonoxuts k (G)
NPOM3BOJILHOMY 6€3pa3sMEepHOMy 4YHCIy, OAHAKO NPH JTOM ONPEACAUTCH
BRIGOp €HHMII H3MEPEHHS MAcChLy,
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Ha «noBepxnocTn» BOMT peficTRver 3JaKOH:

F =3F~*2- FG=3£;
SR IO
Fo= Bl Too2oulyy
42 F,° F, 4" F,
F :imz*_. i=F"“;
¢ R’ R

x

7. O630p 3JeKTpoIHHAMHYECKHX xapakTepucTuk BOMT,

Kax MBI YKE OITUCBIBAIIM paHEE, Tak Ha’hIBAEMEBIN KITACCHIECKHIT
paguyC 3JICKTPOH2 paCCUUTRIBACTCH UCXOAA H3:

e .
m,C*> =e@,, rne @, =———— — NOTEHLMAT Ha TIOBEPXHOCTH €.
Aze v,

I[Tpu sTOM 9, ¥MMeeT 3Hauenwe npumepno 511797,8 (B), To ecth, no
CYTH, ONpeaeAeT SHEPTHIO m()C2 3NEKTPOHA.
B nanHoi MOIETV TTOTEHIIMA!T HA TIOBEPXHOCTH 3MEKTPOHA:

C
P = —2— =% T _ 4305 3466 (B).
dmery, A3 Eh
A ToNMydeRHBIH BBINE (, — €CTh HEOOXOAMMBIA MHUHUMAIBHLI

IOTeHIIHA 3JIEKTPOMArHMTHOTO KRaHTa [UTH DOXKIEHMA € M3 3/M TIons.
-+

VyuteiRas napHoe poKAEHHE dacTHR {e,e), HeobxomuMm ¢,=2¢,, BO U

NOJTy4eHHBIH B PE3YAbTaTE POXKICHHA Maphl A@ = ¢, — (—¢,) =2¢,.

Torma: _Aﬁ:zﬂ:(a_ozz_a — MO CyTH, 3TO OTHOMICHUE — CBA3b
o 20, 9. 3
MeXKIY MICKTPOMArHHTHOM M TOJHON IHepruek oobekTa.
Takum 00pasoM, podcdenue aIneKMpPOH-ROIUMPOHHOU napsl  u3

SNEKMPOMAZHUMHOZ0 NONA CONPOBONXCOAEMEs CKAYKOOOPAZHBIM UIMEHEHUEM
HOMEHYUWILHOU IHEP2UU FMO20 NONSL NPONOPYUOHANLHO 20t/ NER
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MoOmHOCTL 3MEKTPOMArHUTHOrO 10J1A (hOTOHE) IPY POKAECHAM YACTHLL

o v
(e,e): W =2m,C? 4<£ rae A, =4ﬂ;mu :h—Ji
A, 3 2r,C
. 35C? . r2
IonyuuMm: W = 472 =2xI’R,,tae I ;R, - cobcTBeHHBI
y

3NERTpHIEcKHY TOK ANEKTPOHA (TOK BpAIEHHs) U CONPOTRRIICHHE X oA,

2 Al
3h02 = 2*—1 * ﬁi*lf = ]e :l ShaC =maC 20C ~=19,7965 (A)
4727'0 20 UEO 7 V 47[’[10 \ h'uo

B ormauue or mpuBoguMoi B {4] (M =1, xgr?) ¥ B HPYrHX
HCTOUHHUKAX, GopMyna NpoexIy cCOGCTBEHHOTO MATHHTHOTO MOMEHTA!

M ~;* L*dml=y,, TR 4m — nIOWANs MOBCPXHOCTH
S

OXBAUEHHON TOKOM, K03(pdHUMeHT 1/3 yKaisBacT HA CYIIECTBOBAHHE TpPEX
OpTOTOHANHHKIX OCeH KOOp/ITHAT, PaBHOMPABHEIX Mexdy cobod, TO ecTh
COCTaBRNAOMMUX M Ha omHo Hampab:aende. [Ipwsomwmas B [4] dopmyna
ONMCHIBACT MOMERT IUIOCKOTC TOKd, a TOK 7o NoBepXHOCTH oOBeMRBol
YacTHIB He TEYET 110 [IOCKOMY BHTKY!

JlellcTBHTENEHO, TOACTABKE B HAMYy GOpMYNy BMECTO CIWIIBI Toka I ero
BRIPAJKCHHE Yepe3 pa3Mep HaCTHILIbL, IOy duM:

4z [3haC  eCr,
M =—xp,* ==
3 Amuy, A3
6:47:)k 3he - PadCe,
V3 V4mu,C

TlonHEI! MArdUTHRIA MOMEHT:

4n 3
tot :F*Iera :‘ub\ﬁ =1 A1, =erC-
J
3neck ¥ fanee MBI He BHOCHM TIONPABKY HA aHOMANHIO0 MArHHTHOIO
MomeHTa texTpora k1, = u, (1+¢a,).

T1o mocaequuM GOPMyaaM MOXHO CIENATh PAM NIOREIHBIX BLIBOLOB:

M
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1) A =eC —  NPOMAJNCEHHOCMb  INEKMPUHECKO20  MOXA

N

yacmuywl (BOMT) ecmv senuvuna nOCMOARHAA U HeuIMennan 6

omcymcemeue gneuttux gpaxmopos. Ananozuuno [4].

Taxum obpazom, MoJcHo chopmyaupoeams:

Z(j,{c ), = const — -«rokansntiti» 3axon Coxpawenus 3apada 6
i

cucmeme us BOMT.

Z(I/L)j =) — obwuit 3axon Coxpanenus 3apsda.

1

2)  Pamayc anekrpoua: Macca 3JieKTpoHa:
= ro ﬂb _3’1_19_.’ )ne :’no = h i :£
4nhaC dmy, (R, 24,

ITo EKCP [4], nmpou3BeJeHne moTeHnmnana ([p1= Bo-:bm—”"#»ﬁ)

“
—~

Ha JTHHEeWREIT pasMep MepHOTHYTHOCTH (MeTp) €CTh PACXON MACChi

(xx/c).
V Hac: /g, - @*R — E+S, rae E — HampmKERHOCT 5/C 107K,
S — nmromaps mnosepxHoctH cdephl pagmyca R, Torma
Q* R'*q JEEN E*S*q = IT = const, Il — norenuman aeicTBUAL.
¢ A =11 /e G _2a,
oy =11,/ &; @, NEN

Torna:

Hamenenue moxa maccel Ha evlOeieNHoe HaAnpasienue (nwanpasenenue
OsuxceHus  (POMOHQA)  ApU  NpOYecce  PONCOEHUR  wacmuy  u3

SNEKMPOMACHUMHO20 ROAR .

2
¢0ro _ Hl :i, npu 3mom Ee(R:Z,):e—z__a_*moC")A

oA I, 21 ' Ame, A, 27

-+

ApyrsMu cioBaMH, NpH flepexofe Y —> ¢+ ¢ pacxol Macchl Ha
BBLIEIEHHOC HANpaBJIeHHe MeHseTcs (B NepBOM MpUO.IIDKEHWM) KaK /27 ,
yto npuMepro paBHo 0,001161409. bonee TOYHO, KOHEUHO, HCIIOL3IOBATH
m3sectHelif w3 K3/ psn no cremensM (q/n), Tak Kak caM (OTOH He

SBIACTCA YCTOWIHBBIM HA MAILIX TIPOMEXYTKAX NPOCTPAHCTBA-BPEMEHM H
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CIYXHT HCTOYHHKOM BHDTYANLHBIX YacTHI 3HEPrMM BhICIUMX INOPAIKOB
[3,8]. :
TakuM o6pasoM, mnpeoOpasoRaHMe 3IEKTPOMATHUTHON OSHEpPrHH B
MaTepHiIc B OOMEM cilyuae CONPOBOXKIAETCA NaJeHHeM TIOTeHLHana
(MOITHOCTH TOXA) HOCHTEIS SHEPIMH TIONA B 2¢r/+f3 Pa3s H NALEHHEM TOKa
MAacchl Ha MEpBOHAYalsHOE (BhlACNCHHOE) HampaBiexue B 0,00115965 pas
(IpuMepRO B 2 /271 pag).

4  u, =p(l+e,)0, ~a/2n0 - BINAHHME OCTATOMHOIO» TOKA
MacCH
em,C*
I, =ev,=—2"—=19,7965( A),

T,=1/v, =8,0932993*10 "' (¢);
A, =CT, =41, /43 = 2,2463064 x10 ™2 (m);

m():I &

et =héy V. ;

Keanm npomsasxcennocmu moxa (1) = eC= 4,8032456 x10~! (Am)

cognadaem ¢ ananouvnou eexuwunon [4] (cmp. 42, 69). Ceasy maccw ¢
h

~2

moKkoM uepe3 xosphduyuenm k, = 4,6013184%107* (k2/4) maxoice

cosnadaem no cunieny ¢ norodiceruamu EKCP. no omnunaemcs no senuyune
(kggep = 4,900778833% 107 (x2/A)).
3ta pasHYlla COCTARIMET BEIWIMHY, TOYHO PABHYHO (1/20:2 ), TO ecTh

uprMepHo 9389,43828. A ara Bemwuuna 8 EKCP ects nocrosunas [Tnarnka h
([4] ctp. 68).
B HameM cirygae nepeBomHOM K03bdMIMEHT Mexay Maccol W cuioit

2;0 , e @, ~2,067834%107"° (B6) — xmaur

Cco6CTBEHHOIO TOKA: k, =

MAarHUTHOTO HOTOKA.
Brime H3oXeHHBIE pacuerb. HEOOXOAMMO JONONHUTL PACCMOTPEHHEM
SEKTPOHMHAMMYECKMX XAPAKTEPUCTUK MPENCTABMTE)IN ANPOHOB — IPOTOHA.
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m, =1,67265%107 (k2);
I,=m,/k, =~36350,953(4);

L, M3 _ecy3

- v
2mpL 471’1},

~1,821332%107" (m);

2

C
M = %* 1,%4m, = bl 2 Uy = 5,0508282% 107 (Jorc / Tn);

P 3 Jg

Taxum o06pa3oM, TPOTOH B COCTOAHHH CHEPUICCKOH CHMMETPHH
061agaer cOOCTBGHHEIM MarHMTHBIM MOMEHTOM, DaBHEIM SAEPHOMY
MArHeToHy. 3JTO MPUBOAMT K MBICHH, HTO B CBA3aHHOM COCTOSHMH
{HanpuMep, RHYTPH ffipa) 6apioHE! (R 001EM CIYYAe - aupOHKI) BETYT ceba
xak chepuuecku cumMerpwinsie BOMT (puc. 2.1). Onwako, mia
crOGOHOrO TPOTOHA 11, / f1,, = 2,792848...

OT10T 3QPEKT HeNMb3s 0OBbACHATD KAK HEKYHO AHOMEUIMIO 32 CHET NOTEpH
Maccsl Ha BWpTyansHOe H3nyueHmne (OTOHOB Kak Oblno co chepHdecku-
cuMmMeTpuaHLIMA BOMT (THna 3nekTpoHa).

B pamkax paccMaTpuBaeMO¥ HEAMY MOJEITH, IPE/IIIONAraeTCs ONHCanye
TaKOro poja 0GbekToB ¢ ydeToM nyHkra |.21 Tmasel 1. IIpeononazaemes
QOIMONCHOCMb ~ DACWENIEHUS  6PAAMENbHBIX  cmeneHeu 806006 Y
AMANCENBLX ) HACTNUY. To ecms Y wacmuybl UMeemcst CUCTEMA OMIYENRCHHUX

spawamensubix cmeneneil c6o600b6 (OBCC), 20e [7";;7),;17,] UCX00sM He u3

00HOU MouKU (mouku cihepuyeckon cummempuu).
B creqyromeMm pasgene nposeneM adanms ceoiicte OBCC Ha mpemmer
OIMHCaHUA CBONCTB «KBAPKOBY.
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8. Monens BOMT, o6pa3oBaHHbIX
coBMecTHBIM BpaineayeM OBCC.
ComocTaBneHne ¢ MOJEIbiO KBAPKOB.

OGocHoranue ypdexTa APOGULIX 39 pAN0B.

- T
(F), = [y F(ryw *2r2dr [ wdr
7o 0
Kak Buno 43 paee noayqessoro F, = F, = F, = F, = hC/(2"oz\/§)

3
" =20
0,==0,

“~

Oro cnpasegnuso mns BMOMT, uMeiowmeil HCTUHHO TpPEXMEpHYIO
CTPYKTYPY, TO €CTh OfHOBpeMeHHoe r, #0;r, #0;7, #0; B TOUKe

cheprueckoit cummeTpun O (prc. 2.1).
Ecrm e JONyCTHTH pacHICIVIEHWE TaKOH TPEXMEpHOH CHCTeMEI,

HanpuMep Ha JBYMepHyo [r,;r,] W omomepuyto [7,], To momywmM
BO®MT Bnaa puc, 2.13.

Z

I

» X

<

Puc. 2.13. OBCC BOMT
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[TomyuaeM cHCTEMY HE € OZHMM LCHTPOM BpallleHES, 2 C JBYMA B

Toukax O u O, 10 ects cucrema BOMT Ha puc. 2.13. coctouT B3 1BYX
OBCC.

ITpu 31ToM kaxxnoe m3 o6pasoBanuii 6yaeTt BecTH ce64 XaK TPeXMEPHOE.

Hanpumep, [r,;r,] Gyaer ¥METh BPAMIATENIbHYIO CTENeHb CBOGO/EI BOKPYT

ocH Y, COTJIaCOBAHHYIO 110 CBOEMY BpAIlEHHIO C BpauleHueM 1o ocaM X | Z,
TO €CTh npenc'ranmnn B TPEXMEPHOM TPOCTPAHCTBE  CUCTEMY

=r,|- [r,] B cBo ouepene Tarxe Oyser MMeTh

z|-

[roryr i =1
BpallaTe/IbHBIE CTEIIEHHU 050601151 no ocsM X A Z, COrlacOBaHHeE C
HpameHuem no ocH Y: [r) :lry'. Pasmuua taxo BOMT u

,, y,
WCTHHHO TPEXMEPHOH B TOM, 9TO He CymIeCTRyeT y [7,;r,] cwmi F, a
[r,] ®Her cHn F_;F,. To ects, Ipu HANWYUK, B TIPHHUHIE TPEXMEPHOIO

8paldeHus, CcucTeMa  UeHTpoGexHmx cun and  kaxgon OBCC
COOTBETCTBEHHO IBYMEpPHa WIH OXHOMepHa. [IpuMedarenbHO, UYTO CITHH
Takoi cucTeMer weswtit: s = X 1/2 % 172, nockonsky kaxzaas OBCC nMeer
cruH 1/2 o Monymo.

B uenoM cracteMa Ha pHc. 2.13 Gyzer BecTH cebs Kak TpeXMEpHAs, HO
He ABIATHCH CHePHIECKH CHMMETPHIHOM.

Bpaulerue «xonem» (OBCC) xpoMe cobecmeennozo GyneT wMets
COCTaBBIOMIYI0 BOKPYT obGmero LIM Ha orpeske OO’. OueBHAHO, YTO 3TOT
OpoLecCe BHECET GONBIIME MCKAKEHHS B CODCTBCHHBIA MArHHTHBIA MOMEHT
Takoh BOMT B ommaue o1 chepuHyYECKHU-CHMMETPHYHOHA. 3TO ABIACTCA
NPWIUHOK, Ha Hawl B3rAl, OONGINNX OTINYHA BEIMYAHEl MATHWTHOTO
MOMEHTa HEHWTPOHA MM [POTOHA OT SASPHOIOC MATHETOHA, KOINAa HYKJIOHH
HAXOAATCA BHE A1pa. TO Xe MOXKHO ¢ YBEPEHHOCTBIO YTBEPIKAATD M O IPYFHX
TSHKEIAIX YaCcTHUAX, MMEIOMAX 3HadATeNbHY0 acmmerpmio OBCC. A sor
«CITHHY, JBAMIOLYCcA BeKTOpHOM cyMmoit ciiHop OBCC Bcerna neumsti win
noayuensiii. Papaycst OBCC MoryT OBITh OJMHAKOBBIME WM OTITHYATHCS.
CrnenoBaTesibHO, «Macchl» OTAENBHBIX cTeneHel crobomml xaxaoH w3 OBCC
BOMT ™oryT 6eiTe omtnunnl. Hambonee YCTOHYMBBEIM (IONTOXHBYIIHM)
BOMT gomxHo, Ha Ham B3rNsA, COOTBETCTBOBATh PABEHCTBO PaAMycOB (WTH
ux GmzocTs mo Monysro) A Beex OBCC, obpasyrommx ee. Takas BOMT
GymeT moxoka Ha cucTeMy kecTkmx BamoB. [ns puc. 2.13. 3to Oyaer

. — ’ — —_ :
BHITJIATETh Kak: _iry = g —|"y|~|’z|’ a OBCC [r;r]m [r)]
ABJIAIOTCH  B32HMHO coraacomaHHniMu  («cHcrema OBCC  aBcomorro
COrJIaCOBAHAY).
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CpenmHecTaTucTHYeCKad CHIa HA ONHO M3 TpeX PaBHONPABHAIX

HanpaslieHMH 1ns cAcTemsl [r;r,]  pasHa -%Fo(ro), a 49acToTa
3

2

Yo, = gw , =@, — B CWIy PpaBHONPABHOCTH (M30TPOMHOCTH

mpocTpaHcTBa). g CHCTeMH [ry] Mo TEM JKe MNpUYHHAM:
1 1 @,

F(r))==Fy(r,);’0 =—w,=-—". Tloncrasup >Td JaHHbEe B
3 » 372

YpaBHEHHE CpefiHelf pacipeielIeHHON CHITBI (F )0 , TIOJTYYNM:

4
(F)oxz =2F, *gao;
C y4€TOM NONPABKH &y — O .

1
(F)oy =2F, *;ao;

C opHO# CTOPOHBI Pe3yNBTAT MOXKHO UHTEPIPETHPOBATh HA OCHOBAHHH
ypaBHeHust (2), TONOKMB g =e =const, TIO0 TOCTOAHHAS TOHKOM

cTpykTyphl pu Hanwas OBCC BOMT moxer mpHHUMATh 3HaueHus 1/9 u
4/9 ot u3BeCTHOM (X .

Apyras uaTepnperanys: npummcats OBCC ¢ pasMepHocTaMu «1» M
«2» cooTBEeTCTBYIOMME 3apsianl (1/3)e m (2/3)e.

IlockonbKy 3NEKTPOMATHHUTHBIE TIONA TPEXMEPHB! M, COOTBETCTBEHHO
[EPEHOCUHKNA B3aUMOACHCTBHN, POTOHR U 3/M BOJHBI, TOXKE TPEXMEPHEI, TO
NpaBWIkHEe BHOPATh BTOPYIO MHTEPIPETALHIO:

ITpu nwaruuuu y BOMT OBCC suympu maxou BOMT cywecmsyiom
8paAIOMUECR  MONONOZUYECKUE CIDYKIMYDY,  NPOCMPAHCMBENHC
pazdenennvie Mexcoy cobosi u umeiowyue OpoOBHRU (RO OMHOWEHUIO K
«INEMEHMAPHOMY») dReKmpuyeckusi 3apso, pagHviit no modymo (2/3)e wi
(1/3)e. B yeaom BOMT scezoa mpexmepna u ee 3apsd kpames e, aubo pasen
wymo. B npuewiunoi mepmunonozuu smu obpazoeanus bydem cuumame
«Keapramu». H3 xeapxoa cocmosm adpoHbl (Me3oHe u3 08yx, bapuonvl u3
mpex). Taxum obpasom, adponss — BOMT ¢ asno  ewipadcennvim
pacyenienuem epawamenpvbix cmeneres ceoboow (nanusuem OBCC).

Bufop Mexay ITHMM MHTEpIpPETAUMSIMH HE CTONb BAKEH, TIOCKOJbKY
BOMT pbicTynaeT Kak eadHBIM TpeXMEPHBIH 00BEKT MPAKTHYECKH BO BCEX

3

B3aumonecTBuaX. Eif MOKHO MPHIHMCATD CBS3h 1 = ——, CIIEIOBATENILHO,
2rC
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4 Hekuit XapakTepHhl#t pasMep. Kak Obino moxasaHo Ha IpuMepe IPOTOHA,
3Ta CBA3b XOPOIIO XapaKTepH3yeT €ro B Ka4eCTBe COCTABHOM 9acTH fapa —
HYKJIOH, HaXoAsuDfics B COCTOSHMM OM3KOM K HCTHHHO TpPeXMEpHOMY
(pacuer A u,). B cBOOOAHOM COCTOSHUM MarsMTHEIH MOMENT IpOTOHA

NpUHWMAET 3HAa9eHWe NpuMEpHo B 2,792848 pa3 Gomkme anepHOTO
MarneTona (HelTpona - TIpAMEpHO B —1,91...), 910 KOCBEHHO
TIOATBEPKAAET PABOMEPHOCT MpemioxkernHoit Monemu OBCC.

Taxoit ToaxoA K XBAapkoBOW MoOJENW TO3BOJNAET M3IGABHTBCA OT
wuainHel  GopMamM3amH  QM3IMKM YACTHML M [O3BOMMT  H3ydaTh
BHYTPEHHIOI0 CTPYKTYPY CYOaTOMHBIX OOBEKTOB. DTO IO3BOIHT 32MEHUTD
MaJIONOHATHRE «LBETY M «ApOMAaT», «(CTPAHHOCTBY, «IIPENeCcTIb» W
«04apOBaHYC» HA BIIONHE KOHKPETHbIE (PU3IHYCCKUE TIOHATHY, BBECTH BIIOJIHE
OTIpEJeMbIE 3IEMEHTR (PU3NYECKOH peaTbHOCTH.

CKONbKO BCEro MOKET OhiTh KBapPKOB B Hallei MOIEH?

1) Hanpimep, 3apsanl +1/3;+2/3€ 0a10T 2 Dapsl KRapk — aHTHKBapK.

2) YV HHX BO3MOXHBl CHCGAYIONIME OCEBRIC  OpHEHTALMM:

[r.1.Ir).0n] mms q = (13)e, m [r;r hlr;7)0r,s%,] Am
g = (2/3)e. To ecTb BCETO MO TPH BapMaHTa Ha KKAbI KBApK WIH
AHTHKBApK.

3) BO3MOXHO «CMEIIEHUE» KaXIOro KBapka (aHTHKBAPKa) U3 DyHKTA
(2) no omHoi N3 Tpex ocedt BOMT X,Y,Z ot uentpa B Touxe Q.
Takum obpa3oM, momyyaeM eine TO TpU CTENeéHH CBOOOAH
«BHyTpm» BOMT.

Taxvm o6pa3oM, MBI MMeeM JBa BHJ2 KBa3HTACTHI (-aHTHYACTHL) C
UIECTBHO NOIONHWTCILHBIMA (BHYTPEHHNMH) CTENEHAMH CBOOOIRL TPH
BpALIATENMLHBIX ¥ TP [TOCTYATEIBHAIX.

Bcero xomaectso cocrosamit: N =2 x 3 x 3 = 18 Bapwarmit.

)

Ha ceromns H3BecTHO: [fﬁl ﬁl
J

b
[_ ~  LIECT  KB2PKOB,
INE )

COOTBETCTBYIOLLMX TPEM CEMEHCTRAM JEIITOHORB: £ il z
Ve VAU } VT

To ects, HA ceroans B QyHaaMeHTaNbHOH (H3KKe C yJ4eTOM Tpex

«LBETOBY» M JBYX «apoMaTOB» U MpPH TpeX «CeMEHCTBAX» CYINECTBYET TAKKE

(8 cocTosumit {3].
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JlenTolsl, B HAWEM NPCACTABICHUE (C HEKOTOPO OroBOpKOif),
SRMSIOTCH CHEPHUSCKH CHMMETPHUHEMA BOMT (uMes B BUAY 3apsuKEHHBIC
NEITTOHBI €, (,7 ). OroBopka COCTOMT B TOM, 9TO [l,T «HE COBCEMY
cepHuecKkn CHMMETPHIHHL. BepoATHO, V JTHX YacTHL MMEEeT MeCTO
«BENOJIH0e» NPOCTpaHcTBeHHoe pazencaue OBCC, vo O’ (umm O’ u O”)
He BLIXOIST 3a NPEIENLl MOBEPXHOCTH Paifyca r ¢ HEHTPOM B Touke O
(puc. 2.14).
To ectb, A,T — Hexoe NOIPAHAYHOE COCTOSHUE JENTOHA, KOTHA OHHA

CTelleHb BpamarenbHoi cBofombl s A WM gBe LA T eme «He

OTAENHIIHCH» NOTHOCTAIO.

Y

Puc, 2.14. OBCC U,T - renmonos.

IIpumedarensantii pakr. UccnenoBanss MarduTHBIX CBOHCTB MIOOHOB
Tokasamm  OONBUIYHd, HEXENH Yy DOIEKTpOHA, BENWYHHY aAHOMATHM
cOOCTBEHBOIO MarHHUTHOTO MoMeHTa. CoBpeMeHHas ¢uauka (KOJ)
o0BgcHAET 3T0 GonbImel 3Reprielt BO3MyImeHHA BaKyyMa BONM3H MIOOHA,

TTO MPUBOMNT K YBETWYEHHIO BKIAAA B &, TIPONECCOB M3NTydeHHS BLICIIECTO
niopaaka |3,8].

Ha wnawm psrmm, pan @, (ero CTpyKTypa H  Kod(HIMEHTHI)
OMpeACISIOT CaMy (r , BEPHEE e€ NIONPABKY K ¢, B CHEPHIECKOM BapHaHTe
BOMT uepes cxpuitnii napamerp ¢ . Ecnu OpeAnonoxurk, YTO 320aHHOE

aR Y MIOOHZ OTJAUYACTCH OT DIJICKTPOHHOIO, TO CJICACTBHEM 3T0r0 Gy)IBT
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pa3NMUKE TIOCTOSHHBIX TOHKOR CTPYKTYpPH, 1160 OTIMUMe SNEKTPAYECKHX
3apA008 MIOOHA OT deKTpoHa. Ham e M3BecTHa ToXIecTBEHHOCTE 3apsAAoB

qacTHI JE060ro copta 10 10™° No OTHOMEHMWO K &. 3Hat & = e /(2RCE,),

MOXHO MPEITIONOKAT: 06 ommiGoTHOCTH ONpeNeNeHNs NPAYUHBL OTIIHIHS
aHoMamuif coOCTBEHHBIX MAarHWTHBIX MOMEHTOB [UIfi Pa3HBIX JENTOHOB B
KDJI. Meno B TOM, 9TO xg8awmoean 31exmpoOuHamuxd HE YINUTHBAET
npouecch  «cr1aboro» B3aUMOAZCHCTBHA, B KOTOPHIX, B OTJINIHE OT
3NeKTPOHOB, MIOOHK MpHiHMaOT Gonee akTHBHOE ydactHe. To ects KOJ
«0OBACHICT» MOTEPIO YAaCTH MACChl MIOOHOM Ha BRIIENICHHOE HampaBleHHe
TOJ6KO YBEIHYCHUEM BEPOATHOCTY U3ITyHeHWA Gollee THXEIBIX 4acTHI TOH
KE (ONIEKTPOMATHHUTHOH Opupoasl» (3] WIM BIWAHHEM PaiHBEIX «BHIOB
BAKyyMa». MIOOHHOTO HMH JJIEKTpoHHOro |[8]. A 7 - Bakyym BooOme
BHINANIAET W3 PACCMOTPEHHMA BBUIY HEOMICHIBaCMOCTH B pamkax KOJI.
ApTOp Hacrogmelt paboTsl cunTaeT Takof NOAX0J] HE BIIONIHE KOPPEKTHRIM.
Tak KaKk B MNpOLECCE CyLISCTBOBAHMN MIOOHA  MOTYT MMETE MECTO
(BO3MOXHO, pJaKe HeHaOmOJaeMmle SKCOCPUMCHTANBHO)  IPOLECCH
CIIOHTAHHOTO KPATKOBPEMEHHOTO Pacnana MiOOHa:

T [e+ v, )+ vV, S u
Jpyrumu cnosamy, Hamaaue OBCC ni «cnaGoroy OBCC np}momrr K

UCKAKEHMIO COOCTBCHHOTO MArHHTHOTO MOMEHTR.
OKCTIEPHMERTATRHO ONpPENCHeHHIH 4, MOXKeT GMTh JOCTOBEPHO

omucad 8 KOJ[ ¢ TOYHOCTBIO [A0 RIMSHUA [POLECCOB «CTAbOrox
B3aHUMOJENCTBYA.
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CunpHoe 1 cnaboe B3aAMOACHCTBUS,

1. «CuneHOE» B3aUMOEWCTBHE OOYCIOBNICHO LEHTPOOEKHBIMH CHjaMU
BOMT no cremeHaM CBOOOJRI BpaINeHAs [rx;ry;rz]. Ttostomy,

CNENCTBHE CANLHOTO B3aUMOJAEHCTBHA KBAPKOB — 3TO ABIDKEHHE OpOHUT
BpamcHUA TNepICHAUKYISpHO cofcTBeRAoMy MoMeHTy (puc. 2.15).

Y

A

Puc. 2.15. Ilepemenerue eumia ¥, npu Hanusuu COCMAgIAIUUX OBUHCEHUA
no X u Y 86138GHO « CUTBHBIM ) 83AUMOOEICMEUEM.

2. «Cmaboey» m3ammofelicTBHe 0OGYCIOBIEHO AeHcTBAEM Ha i‘; (puc. 2.15)

BJIOJIb OCH Z, TO €CTh HEPIEHIMKYISPHO (KSAEPHBIMY MK (CUALHBIMY)
LEHTPOGCKHEIM CHIIAM K NAPALIENbHO COOCTREHHOMY MEXAHWUCCKOMY
MOMEHTY. HEpLIMOHHOCTL 3TOrO Iponecca 0YSHbL Malla 10 CPaBHEHHMIO
¢ «canbHBIMY). Ho HampariieHHOCTE 04€HS APKO BHIpaXeHa, HAIIPUMED —
ock Z. Takum obpasoM, oOdYeHb Mala BEPOATHOCTL TAKOIO
TIepeMelieHHA. JT0 MOXHO HHTEPIIPETHPOBAaTh KaK 0U€Hh MAIOE BPEMSA
oOMeHa KBAHTOM NEWCTBHs MO CPABHEHWIO ¢ COOCTBEHHBIM MEPHOAOM
BpAlleHNA, 4 9TO IIPHBEJET K HEOOXOAUMOCTH COPa3MEPHOCTH BPEMERH
o0MecHa u mepuosa (coGCTBeHHOR 9acToTsl) 3T0ro kBasra. [Tocaenxee
RJ€YET 3a cobol ero MaccuBHOCTH (W *:Z°).

Oba 3Tu Buga B32aUMONEHCTBMH HMEIOT «IIEPEHOCIHKOB», KOTODBIE
TOXE JOIDKHM «cocrofrsy u3 OBCC (KBapKoB), IOCKOIBKY 32KOHBI
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coxpaHeHust (B TOM 4uCjle NPOTSLKEHHOCTH TOKA HA JAHHOE HAMpaBICHUE)
Tpebyior KOMIIGHCAlUHA CIOHTAHHRIX Win HHHUMUPOBAHHALIX
TOTIONIOTHYECKHX BO3MYMIEHUMH. 3HAYHT, CTPYKTypa HOCHTENA JOJDKHA
COOTBETCTROBATh 3adayaM. 10 ecTh, BOSMYINEHHE B N-MEPHOW CHCTEME
DOKHO ObITh CKOMICHCHPOBAHO N-MEPHBLIM TiepeHocuukeM. [Ipm 3ToM B
uesnoM, Bce BOMT B ¢cBoSoaHOM cOCTOAHUN TPEXMEPHBI.

Jlarro mmpoko M3BecTeH [1,23] cmekTp Me30HOB, B TOM WdicCile
Jti;ﬂo- NEPEHOCTMKA ANEpHBIX (CIILHBIX) R3auMofelictemd, W*;Z° —
TPOMEXXYTOYHRIE  BEKTOPHRIE  GO30HK,  MEPEHOCUUKH cJ1abbIx
B32MMO/ICHCTBMM.

3aBpcuMOCTh Ha BHYTPEHHEM YpOBHE o00OMX BHIOB CWl  OT
nenTpobexusx cin Bpamierna OBCC maerT BO3MOKHOCTh O0bEAHHHT HX B
ogHy Kareropmio. [IpH 3TOM DBNEKTPOMArHWTHBIE CHIBL, ABIAACH
IAMbHOJCHCTBYIOMMMHE, TEM HE MEHee, Taloke HMEIOT B cBoel ocHoBe
pacmpeleIeHHYI0 BO BHEHMIHMI 06BheM NEHTpOOCKHYIO CHIy M obuiee
HckakeHHe  (porroB HOMT 1o  HampaBieHWO,  OapaLneibHO
MEXAHHIECKOr0 MOMEHTa (MarHuTHyl0 cocrabsoulyo). Orcioa, cuibHOe
B3aMMOMCHCTBHE MOXHO C HEKOTOPLIM HNONYIIEHWEM Ha3BaTh fdephotl
(eHympenneil) anexmpocmamuxoi, a cnaboe — AO0epHBIM (GHYMpeHHUM)
Maznemuamom. B LEIOM JKe STH B3aNMOACHCTBHA MPEACTABRAIOT JDnekmpo-
Crabo-Cunvroe (3CC) — g3aumooeticmesue.

HejiTpuno.

Ecmu crpyktypa ¢OTOHOB, >NEKTPOMATHWTHRIX BOJH, aJPOHOB N
3aPOKEHHBIX IENTOHOB CTAHOBUTCA TIOCTENEHHO #CHA, TO, YTO TaKoe
HEUTPHHO, B yeM TPMUHHA €r0 «HEOORIYHBIX» CBONCTB?

Kak w3Bectno, 370 ocoOuiii BHA NENTOHA, ¢ OYEHL Manoi Maccoi™®,
CKOPOCTBIO IBWXKeHWA OMM3KO% K CKOPOCTH CBeTa (MM CBEeTOBOHM)*, Beeraa

uMeer crmH s, =—1/2;s; =1/2. HeliTpuHO yuacTByeT Tombko B c1abhix

B3aHMOACHCTBMSAX.

*  Uro xacaercs Macchl ¥ CKOPOCTH HEHTPHHO, TO, MO COBPEMEHHEIM
onchkaM, ckopocts 6muska k C, a MACCH pavuIMYHEIX COPTOB
HElTPUHO pa3Hhie M 3HAYMTEABHO MEHBIIE MAcC 3apPKEHHBIX
JIeITOHOB COOTBeTCIBYIomero cemeilictea [1,2,3]. Hanuuue xe
CTPOr0 OpHCHTHPOBAaHHOIO CIMHA — 5T0, TAK Ha3bBaeMad,
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«CITUPATBHOCTE»Y REHTPUHO lv 5 = F1 =25, ueM weHTpHHO ¥

OTAMYAETCH OT 3HTUHEHTPUHO.

HeiiTpnHO B faHHOH MojeaH.

Ecnu nocMotpeTs Ha pHC. 2. 14, T0 BUAHO, 4TO 5 POMECCOB fL~ — ¢

He0OXoMHM «TIpOCTO» NapauIebHMH NepeHoc KONTbIa BPAlleHus ¢ MEHTPOM
B Touke O’ B nenTp O. Takoit HepeHOC BOIMOMKEH, €CNH Koabiy O’ TPHAATH
HMITYJIBC M0 oci X B HanpasieHuH Touxu O.

Tlpy 3TOM MBI yKC TOBODWIM BhLIME, YTO M3MCHEHWE BO BPEMEHH
BpamarensHoro newkeaus BOPMT npu nepememeHdud B IMPOCTPAHCTBE C
HEKOTOPBIM YCKOPEHHEM (HAIMHME CUJIBI) JOJHKHO ObiTh CKOMIIEHCHPOBAHO
COOTBETCTBYIONIMMYA  BpaineHusmMd apyrux BOMT, xoropeie MoryT
obpaioBateca. MCTOMHMKOM I3THX KoMmnencHpywmmx BOMT smusercs
TiepBHyHasd, BosMymiennas BOMT (mnygenne dotoron). TakuM obpasoM, B
3TOM caydae (puc. 2.14) B oTmmuue or puc. 2.11 momxeH o6pazoBarbes
OQHOMEPHRIH ITPOCTPAHCTBEHHBIA RUXPE.

cnupane S

L)

(\ AT
\ 7' A
S=-V2 f)d 5=]/2 H rX‘I

— 1 — H _ X

] L] >

C JswxeHnve H —P E 0:
1 Y
) A

[
LY

Puc. 2.16. O6pasveanue neimpuno (aHmuneiimpuno) npu OURAMUYECKOM
cmetyenuu oonomepnoii OBCC soons eexmopa cobemeenno2o
MEXaHUYeCcK020 MOMerma.

H3obpasxcennas Ha puc. 2.16 «cmipaib 0TAauM» «S» HE HMEET MEPbI
HHEPTHOCTH B HalpaslicHUM ABiKeHHA (6e3nHEPIOHHA NOJOOHO $OTOHY),
ClIEN0BATENbHO, HBIDKETCA €O CKOPOCTBIO JUHAMHYECKOIo (CWIOBOIO)
nswkenus HOMT — co ckopocteio cBeTa. Kpome TOro, 10T 06BCKT HC
HMeeT pachpeieliehns ueHTpoOEIKHO# critbl cBoei enuncTsennori OBCC Bo



69
BHCMRUK oO0beM, 3HAYHT, 3MeKTpoHeifrpaneH. IIpoexiws cnuHa Bcerna
pasna 1/2 no MOgYMO, 3aBUCHT TOJLKO OT HANPABICHHA KOMICHCUPYIOIHEro
TOKa Ha HAIpPABJICHHE UMITYJECA OTAAYM. To €CTh OTIMUME cOUpaliei MOXeT
OBITH TONBKO B OTHOM: «JIEBRIM BMHT) WIN «paBsiif BUHT. Taxum obpaiowm,
00BeKT «S» ecTh HeHTPUHO (AHTUHEHTPHHO),

OTCYTCTEBHE MEPRI HHEPTHOCTH B HANPABACHUM JBUMXKEHMA HE TOROPHT
o6 orcytctBHM Macewl. Heittpuno ofnanaer Mepod MHepTHOCTH B
HAMPARIEHUAX NEPNCHIMKYNAPHO BEKTOPY CKOPOCTH B MEXaHHIEeCKOro
(MarHATHOTO) MOMCEHTa, Ha HHAX OK43hBaCT RIMAHAE @ TCpaBHTAIMSA
(OTKJIOHEHVE NMy4Yka). 3AeCh YMECTAO BCIIOMHWTH O HAmel WHTEphpeTalMu
MaCcCHI Kax TICEBOCKANApa.

Od4eBRAHO, YTO HEUTPHHO — TIPOOYKT MAEHCTBHS BHYTDEHHETO
marneTuaMa (cnaberx cun). BepostHocTs B3auMomeHcraus HEHTPHHO ©
REIIECTBOM KpaiHe Mana. OTOT (AKT JNerK0 TOHATh Ha Kad€CTBEHHOM
YPOBHE B paMkaX JaHuHo#l Mogend. Cmipans «S» «B3aUMOINEHCTBYET» C
OBCC apyrux BOMT Tonbko MyTeM HRlIOXEHUS CBOETO0 KPYTOBOIO TOKa Ka
Tok 3T0#t OBCC. BepoaTHOCTE HANOXECHUA TOKOB 3aBUCHT OT YIja MEXTy
MoMeHTaMH TokoB HeliTpHHO # OBCC (ipu 71 /2 BepoATHOCTHL Rysepas). To
ecTs, (mpn rpamenn OBCC ¢ okonoceeToBoit cxopocThio BHyTpH BOMT)
— oT mnepuona obopoTa caMoro HeHTpPHHO OTHOCHTeNsHO neproaa OBCC
(BpeMsL B3aHMOZCHCTBHA ONPEICNACTCA M3MEHEHWEM YIiia B3aMMHOM
OPHEHTAIIUH TOKOB -- CMEMICHHEM (ashl).

SOmu csoticmsa netimpuro obycnasnueaiom 8viCOKYI0 Celexmuerocmp
UX 83aUMOOUCMBUA C 8eUWeCMBOM.

Orcropa JOTUYHO [PEMIONOKHATh, YTO HEHTPHHO BBICOKHX 3HEPrui
HMMET 60NbHINE CeHeHus (BEPOATHOCTH) B3AUMOIEYICTBHA C OXHOTHIHLIMU
BOMT.

Mbe Be caysaHo ®a puc.  2.16. 0003HaUMAW  pagHycH

NEPEMEINAIOIIETOC RUTKA YEpe3 7, H r: . Kax u3BecTHO U3 BKCHEPHMEHTA,
pacuan MiooHa ufieT Kak Oul B J[Ba 3Tana: i~ — f+vu;f - £7+Ve .

Bnonxe BEpOATHO, YTO, B COOTBETCTERUM C IIPEJCTABICHHOH MOJENbIO,
Ha puc. 2.16 mobpakeHa CTPYKTypa MIOOHHOrO HE{TDHHO WIH «HEHTpHHO

OTJaYM».
3NEKTPOHHOE XK€ HEHTPHHO, CKOPEE BCEro, 3T0 MPOAYXT HIMEHOHHS

pajMyc-BeKTOpa ¥, =F, A0  HEKOTOPOro  r, =7, =r, = r,=r,

BpAlATENbHLIX CTENEReHl CROGOABI B CHCTCME To9kH O [ry;rz], TO ecTs,
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npusenela Beceit BOMT B cdepudeckn CHMMETPHYHOE COCTOSHME
(puc. 2.17).

sho

~—l>

[lBnxeHune C

UMnNYNLC.
orgawm P

Puc. 2.17. Obpazosanue Hedmpuno (aHmunetimpuro) npu npugeoeruy
OBCC k cgpepuvecxoit cummempuu.

IpeanononuM, 910 1PH 7, =¥ =r, =7, =1, =F, UPOHCXOLAT

W3IydeHde B  IanpaBIeHUM Mx Ha puc. 2.17. Torma, wnmeeM
c

KOMIICHCHPYIOWIMIA  [POCTPAHCTBCHHMN — BHXPb s=1/2, 10 ecTb
3NEKTPOHHOE AHTHHEHTPHHO.

r; MOXeT ObiTb Kak 6OjibIe, TaK B MEHbIle 7,. OT 3TOTO 3aBMCHT

HAPABNEHAE BPANICHUS ¥ HANPABIEHHE HATY4EHHS, TO eCTh V HIH V .

ITpouecc pacnaga Ta0HOB: T - (37L'T +v,

TIpu 3TOM npotiecce, RO3MOXHO POXIEHHE PA/ia CTPYKTYP, NIOXOXKHX Ha
puc. 2.13 3a cuet Gonbmoit 3aeprax TaoHa. Jis Toro aTobhl Gonee yrepeHo
rOBOPHTB O CTPYKTYPE TAOHHOTO HEWTPHAO, HeoOXoaumMo Hosee AeTanbHOE
w3ydenne mMonenn BOMT.

Asrop Hacrosmed paboThl CYMTAaeT, YTO BCE BHABI HEHIPUHO
OAYHAKOBBI 10 CBOEH CTPYKTYPE, HO OTIHY2IOTICA MO SHEPTHy 0bpa3oBaHys
(moaTH kak (GOTOHLI), KOTOPAsE ONPENECIAETCH COPTOM JIENTOHA - UCTOIHMKA,
a rakke — npomeccoM ofpasosanus. ONXHAKO, IPUIMUHA MX IIOABIEHHA OJHA
-~ A3MCHEHHE MCXaHMiecKoro (MarHWTHOTO) MoMedTa oxHomepHod OBCC
BHyTpH BOMT.
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ITocTaHOBKA 3RARYH KOJANYECTBEHNOM
OLeHKH NHTEHCHBHOCTH cI1aforo

B3aAMOEH CTBMS.

Mo wawmM paccyxIeHdsM, CTAHOBHTCI BALHO, 4T0 Cciabhie
B3aUMOACHCTBAA (a2 HEHTPHHO Y4acTBYIOT TOJBKO B HHX) IPHBOAAT K
M2MEHEHUSIM MEXaHNYECKOTO W MarHuTHOro Momeutos BOMT (vactmy). To
€CTh, B MEPBYI0 Odepe b OHH BIWAIOT HA MArHMTHEIC CBOMCTBZ OOBEKTOB.
Taroke Jnofofi ©3 Tpex panec NEPEUNCICHHLIX BHJIOB CHJI MOXET
HHWLIMHPOBATh ApyTue, BXoismme B equuoe DCC — p3amMojneticrepe. Ha
NpHMEpE REHTPAHO HAMM MMOKA3aH CMBIC] BBICOKOW CENEKTWBEOCTH CaOBIX
CWJI U Ka4eCTBEHHO MOACHEHA HW3KAd MX MHTEHCHRHOCTH, A 3HAYAT BRICOKMIL
YPOBEHE (IyKTyalif SHepTHM M KOpOTKOAeHCTBWE. [IPEeroNoRHTENLHO,
KONUYECTBEHHYI0 OLEHKY cnaGhix CH1 Hajo0 WCKaTk B MarHMTHOM
COCT2BAIOIEH 06IMero B3aUMOnCHCTBHA.

JcHCTBHTENRHO, CHila IPHTSKEHUS OJHOMMEHHBIX 3apAloB ¢,;q, [2]:

2
:&*q’—q’:/— *F ; r2ie, uexoga w3 prc. 2.13 [y| = 00", 2 V ~ ckopocts

" 4z I3

OTHOCHTETBHOTO nnmxem, q,(0)= %g; q, )= Ee .

3
W3secTHo B OTHOWEHUE 3ne!<'rpocramliec1(oﬁ CHWibl OTTANKHBAHRUA C
. F 2
MATHUTHON CHIOA NPUTDKEHAA ONHOMMEHHBIX 3apANOB: _M::V_Z. Mu
C

e
3HaeM, 9T0 AlA Hekoroperx BOMT (papuychl Bcex OBCC paRHBI MEXITy
ccboit - Meracrabunbhsle BMMT) opburer OBCC ¢ g, u g,
OPTOTOHANBHEL. 3TO O3HAYaeT, UTO MEKTPOCTATHIECKOTO B32HMOZeHCTBUSA
BHYTpU BOMT wmexay ¢,.q, Her. Ho MarHWTHOE HCKaxeHHe moneh
HOMT-¢poATOR  CymECTRYeT W ABISETCA NPHIAHONM BHYTPEHHETO

MarfaHuTHOIO B3aUMOIECTBHA.
BKCIEPUMEHTANTBHO W3BECTHO, 970 OCpefHEeH|oe 10 GuIBINOMY THCIy

omuros  cootHomemuc E, /E ~qa, ~10"° — nocrosmnas cnaGoro

B3aMMONICHCTEIA (OTHOIMEHHE MHTEHCHBHOCTH Cllaboro K HHTEHCHBHOCTH
CUJILHOTO B32UMOeHCTBYI). H3 paHee NOJIY4EeHHOTO

E,(E =20, =(685) "
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Temeps, mojaras IpEpoIy cJA6Oro B3aWMOLEHACTBMA MATHUTHOM
(BHYTPEHHHA MArHETH3M) MOXHO ONPEREAnTD ( F, = F ) ApHbIN3NTeIbHYIO
CpEAnIoI0 ckopocTs, V kBapkoB Ha yaactke OO’ (puce. 2.13) as kakoit ubo
9aCTHIEI ¢ M3BECTHBIMK JKCIIEPHMEHTAIBHO MApaMeTpaMu (Macca, JHEpTrHS,
BpEMS JKH3HM M T. 7.). OTO MO3BOIAT B KAKAOM CIIydae ONPEHENHTH
nuHeiinbie pasMeps Mexgy OBCC, UX CkOPOCTH BpamueHus BOKpYT obiuero
1TM 1 MarHuTHEIE MOMEHTRI cocTaBHBIX BOMT.

B paHHOM pa3feile aBTOP He UPETCHAYET HA WHCTUHHOCTB BCEX
noaoxeHud Momeiu. OJHAKO HacTamBaeT HA TOM, YTO DTa MOJENL MOXKeT
HedopmankHO OOBACHUTE (aKTh, KOTOPHE HEOOBACHUMBI COBPeMEHHON
Hayko# ¢ MO3WLAA MPOCTBIX M MOHATHBIX KaTerophi. B paznene 8 I'nasbi 11
IPEMATOKEHA KOHUENTyalbHasd CTPYKTYpa KBapkoB, TTO3BOJAIOLIAN HA
cy0aTOMHOM  ypOBHe BBECTH TIOHATME  «Pa3sMEpa»  4acTHIl KAk
«MPOTAKERHOCTH Npollecca BpalleHUA». OTO, Ha Hawl B3risl, OTKPHIBAET
BO3MOXHOCT: HO3IHABAEMOCTA CyO0ATOMHOro MHUpa W HaMmedaer MNyTH
HaTBHEUIIINX HCCIe [OBAHUHH. Beaycnorno, 1A TNIOATREPKIEHHA
(oTIpOBEpXKEHISA) JAHHOM KOHIENIIMM WM €€ COCTaBHBIX  JacTei
Heo0XoMMO:

1. Ha ocHOBaHHM HWBJIOKEHHOW BbIe KOHNEINIMH TIOCTPOHTH
TOHONOrMYeckue MOJE/NM W3BECTHBIX Ha CErofHA KBAapKOR M
JCHITOHOB.

2. TlocTpouTh TONOJOTHYECKHE MOJENM YACTHI[ HA OCHOBC I'UIIOTE3bl
06 OBCC.

3. Co3marp MaTemaTwMECKMil amiapaT Aia  Haubornee  TOUHOrO
OIMCAHM BHYTpeHHe# cTpykTyphl o6bextoB (BOMT) u ommcanua
YKE gepe’ HHX «BHEIIHMX» HaOmogaeMblx B DKCIEPUMEHTax
CBOCTR,

CoIOCTaBHTh AaHHbIE PACUETOB ¢ DKCIEPUMEHTOM.

5. [Hats TIPOTHO3bl MO HEKOTOPEIM, HC BBLIABICHHBIM, cBOMicTBAM H
qacTHUAM (€CIH TAKOBbIE GYAYT OOHapyXeHbl TEOPeTHUECKH) M
JKCIEPUMEHTAIILHO MPOBEPUTH 3TH ITPOrHO3bIL.

Onnako CTONs OIpOMHEIN 06bEM paboT BRIXOJMT 32 PaMKH
KOHLIENTyabHOH MOIEITH, M3NI0MNEHHON B HacTosmed pabore. I'1aBHOe 316Ch
6rino - BHIMTH M3-TIOJ BITHMAHMA MarteMatwdeckoil dopmamniamm K3]1,
KAJl, KX]I. IockonsKy IyTh pasBUTHS 3THX TEOPHMIi JIEKHT B IIOCKOCTH
YCHOXHECHHH, a He IIOMCKA OOBACHEHHMS HACH3YICHHEIX ABJICHHH B TeX
«M3MEPEHHS, B KOTOPbIX Mbi JKUBEM.

»




7
9. BriBoaw! no [naBe 1L

B nacroameli rnaBe GRUIH NONYYEHs! CIEAYIOMME PE3YNBTATHE

1.

Jaro o6BscHEHHe NOHATHAM «pPa3MEPa» MUKPOOOBEKTOB, OKa3aH
¢du3HMecKM CMEICT W €ro CBA3W C Maccoit H KAMITTOHOBCKO#H
ATMHOR BONHEIL, TO €CTh, OTYACTH MOSCHEH CMBICH KOPIYCKYISDHO-
BOJIHOBOT'O TyalMu3Ma.

OrmcaHa CTpyKTypa cy6aTOMARX 00bEKTOB MAaTEpHAILHOTO MHApa.
Jlano onpenenenne «3QHpa» H OIMMCAH CMEBICI AIEKTPOMATHHTHEIX
noNe#t ¥ ux HocHureded. OnucaH MexaHu3M H3NySeHEs (QOTOHOB
9acTHIAMH.

TeopeTHdecku pPacCUMTAHEL TOCTOAHHAS TOHKON CTPYKTYDHI,
J/leMEHTapHBIY dnexTpudeckmii 3apan. [Ipw 3TOM mokasaHo, 9TO
HOOCTOSHHAS TOHKOR CTPYKTYPhl — HEKWH MHBAPHANT TPEXMEPHOIO
EBKiMoBa mTpOCTPaHCTBA. 10 €cTh, ONpeAeclicHa TIPUIHHA
COOTHOIIEHUS AACPHEIX M ONEKTPOMArHWTHRIX CHWI  ucpes
[POCTPAHC TBEHHLIC TADAMETHI.

OnpescieH CKPRITHIf NAapaMeTp HEYCTOMYMBOCTH MOBEPXHOCTEH
gyacTvll. [IpefnonokeHO HamHdue «OCOORX» TOYEK HA MX
NOBEePXHOCTH — auwanor mied Ywnepa, Xokwnra, lllemGepra o
«TOTIONIOTHYECKO»  (3epHACTON) CTPYKType MpDCTPAHCTBA M
BpEMEHH.

Ornpepenen kBaHT NPOTAHKEHHOCTH TOKA. YCTaHORIEHA CBSA3b CHIIK
BHYTPEHHET0 JIEKTPHYCSCKOIO TOKA JaCTHILL € MX MacCOH.

Jann ONpenencHUs «CHIILHOMYY, «cnaboMy» %}
«3MEXTPOMArHUTHOMY» B3aUMOLENCTBHAM, OMHCAHKI HX (aKTOPhI
nedficreEA  (CWILI) MW TIOKazaHa OONIHOCTE HX  IIPHUPOAHI
MPOUCXOKICHHS.

JlaHo oTAcaHHE KBapKoB H JOKa3aH TeopeTHdeck 3ddekT
«IPOOHEND) 33PRAUB.

Iloryuen psag TONE3HBIX COOTHOIIEHWH W ONPEHNENCHO
COOTHOIICHHME BCEX M3IBECTHAIX (PYHAAMEHTAILHBIX CAI Ha
«TOBEPXHOCTW» dacTulpl. [loyueHa 3aBACHMOCTb CHIBL OT
6uxBagpara CKOpPOCTH.
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I'napa IIL
OcHOBBI cOGcTBEHHOI
«Cnemuansioll Teopnn OTHocHTeIbHOCTH TTponeccory
NpHMEHHTENLHO K Moesin BOMT.,

Kak 6b110 paHee Cka3aHo, NOHATHA «UCKPHBIEHHA» MPOCTPAHCTBA WITH
BpeMeHH aBTOPOM I28HHOM paGoTs! BOCTIPHHHMAETCS TOWE KakK M3MULIHAS
dopManmu3auus. OTHOCHTENBHMBIMU, [0 HAUIEMY MHEHHIO, ABJAIOTCA
MpOLEcch!, a He ¢aMo TPOCTPaACcTBO W BpeMs. [loapobuo Bo3HMKkaiomue
MPOTHROPETHS M3TOKEHH B [5].

CymecTByromas Ha CETOAHA B KagecTBe Helrpepekaemolt mcTuHK CTO
DiirnITeliHa JOBOJBHO JOCTOBEPHO OMMMCHIBAET MHOTHE TIPOLECCH B sfepHol
omsuxe, ¢usmke HacTHi ¥ Tak Aanee. OIHAKO, KaK OTMEUEHO aBTOPOM [5],
JUIA ONACAHWS OSTUX TIPOLECCOB MOTYT OBITH NpeMTOKEHH U JpyrHe
METOIHKH, KpoMe BBEIEHMA IIOCTY/IMPOBaHHOTO HHBaPHAHTA
(As)2 = (Ax)2 + (Ay)2 +(Az)2 - (CAt)z, ¥ ApyIHe, HOCTATOYHO JIOTHMYAbIE,
00BbACHEHHA.

Ilpepnaras cBol MOJEAb CTPOSHHN MaTepul B HacTosmiell pabore,
asTop ce ppocto obf3aH Math XOTA — Obl KAYECTBEHHYXO HIH HPHMEDHYIO
KO.IMMECTBEHHYK0  OUEHKY OCHOBHHIM  H3BECTHBIM  PENATHBHUCTCKMM
sexramM. Hnaue TPyAHO TOBOPUTH O KOHKYPEHTOCHIOCOOHOCTH IaHHOM
MOZENH N0 OTHOMEHHIO K CYLIECTBYIOMMM. B 3TOH riaBe Mbl QrpaHHYHMCH
PacCMOTpeHUEM [PAMOIHHeWHoro IswkeRus BOMT ¢  moctosnHok
CKOPOCTLIO.
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1. Hocrynarenshoe nBrxenite BOMT — yacThubl

¢ V = const OTHOCHTEILHO DOKOAWErocs Ha6moga're.nﬂ.

Y' Y!

A 4
Altio B rizm A=B=C,

} Sl Py S

s .
’ pe \[=0

i ! (St =
0; { 0O I
a =. ]

Y “ Q J

o/ ‘\‘ :e )

S g YA

O

Puc. 3.1. Bpawyenue paduyc-aexmopa BOMT 8 npoexyuu Ha n1ockocme
dsudcenun oonomepnoit OBCC.

Jns mpocTOTHl ¥ HArMAMHOCTH Ha puc. 3.1 H300paKEHO «IIOCKOe»
IBIDKeHHE panuyc-Bexktopa BOMT. Kax m3BEeCTHO M3 NPEABIAYILEro, BEKTOD
cocTosHua B 06meM Buge R = fix, y,z, 1y, Iy, I, t).

V6pa U3 paccMOTpeH#s Z W, COOTBETCTBEHHO, Iy, Ty - BpaIlCHMA:
R =1(x, y, 1, t).

Bpamenvie koHUa paguyc-Bektopa BOMT npoucXOmHT Bcerda ¢
MOCTOAHHOH CKOPOCTHLIO 'V,‘i =C/ ﬁ B IpOEeXUAN HA JMO0O0e BHIIENCHHOE

HarpasieHue. IIpH 9TOM COBOKyIHAA CKOpOCTH BPAINEHUS TAKKE HEAIMEHHA
u pasHa C i1 TpexmepHoit BOMT.
3azaB HEKOTOPYIO CKOPOCTB MOCTYNAreNbHOrO MBWKEHHa V), B

HEKOTOpOM HANpaRIeHMW, BhIOPaHHOM IIPOMIBOIBLHO, MEI MOXEM PaIOKHTh
€¢ B TPeXMEPHOM JM3OTPOIIHOM IPOCTPAHCTBE HA TPH OPTOTOHATHHRIX,

PABHBIX TIO MOJY)TO BEXTOPA IVLN _=.|ﬁo i / 3=1,.
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Taxum obpatoM, mnONOCXHB 3a HampasneHue X* HanpaBlicHHe
MIHOBEHHOH CKOpOCTH V= COnst, MBI MOXEM CKa3aTh, YIO0 B 3TOM

HanpaBle€HHU MIHOBEHHAd CKOPOCTh COBOKYIIHOTO BpAINCHHS IOBEPXHOCTH
BOMT pasha C.

B cnydae wuyneroW cropoct ¥V, (cocToslHME IIOKOA), KaxAad

OT/ICIbHAA CTENEHL BPAlIATENbLHOM CBOOOMLI CepUdecKd CHMMETpHYHOH
BOMT mnm «xombnoy OBCC chepuueckun mecumMmerpuyHoit BOMT B
NPOEKUMH Ha  COOCTBEHHYIO IUIOCKOCTh  BpAlllCHHd  IIPEJICTABIIET
OKPYXXHOCTh COOTRETCTBYIONIETO paiuyca I (Ge3 ydeTa durykryauwii mo ¢ ).
3T0 XOpOIO BHAHO W3 pUC. 3.1.

Ilocmynamenshoe  Oauxcenue BOMT ¢ DO:const\\z?'_L X

(v, :const;”X ‘), 8 mevenue epemenu T, npueedemi K nepeMeujenuio

nauana eexmopa xaxozo - mubo OBCC-sumwxa T.,, 6 npoexyuu Ha
nnockocme cgoe20 épawyenus Ha paccmosnue s=uv,T,, obwezo yenmpa
epawyenwi na S=V,T, no ocu X". Ilycms 3a 8pema T, sexmop odnozo
eumxa cosepuiaem o0urn obopom na 2z (mo ecmo T, — nepuod Hexomopoii

ooHomepHoil OBCC). Tozda pezynomupyrowas npoekyus KOHyd 3>mozo
BEKMOPA HA MNAOCKOCMb COBCMBEHHOZO GDAUEHUS MOXNCE pasHa S, a

nepemeuyenue KORYA COBOKYNHOZ0 8eKmMopa 6000b OCu X 6yoem pasro S.
JTBmkeHne koI panHyc-BeKTOpa Ha puc. 3.1 mpu v, # 0= consd| X'»
wiockocti X Y MOKHO ommicaTs Kax LMEnomy:
¥ =rcos(w,t) "
X' = rysin(@yt) + vyt )

pu stom [ /V,, =T, tae L, =27r, — IMHa OKpY)XHOCTH pajuyca

For Iy = 2 _ COOTBETCTBYIOLIMIH HACTOTE BPALIEHHA NEPHOL.
w(!

OHEBHITHO, HTO B TUIOCKOCTH Bpainerns A geaxenus X Y’ obpasyercs
nepeceweHne TPaeKTOpuit P HEKOTOPBIX YIIaX (yf, u Wy, B T09ke C,.
Yaurniean, 910 cos(@,f, ) = cos(271 ~ @, f, ) , nonysum
L+t =15t =T, -1,
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3mo nepecevenue zo8opum o6 obpazosanuu HOBVU (NOCMORMHOU RO
pasmepy npu NOCMOAKRHOU CKOPOCMY) «MACCO80u Nemiuy, mo ecms HO8OU
sppexmusnoi  OnumenvHOCMU  npoyecca u €20 NPOCMPARCMBENHOU
HDOMANCEHHOCINU.
o Nr?
[Ipm 31oM 3ddexTuBHui mepron Bpamenma B mockoctd X Y
(suytpu newmn) T =T —2f,. J1A KOTHYCCTBEHHbIX OLEHOK 3aBUCHMOCTEN
PENATUBHCTCKONA MeXaHnkn (*) He OAXOINT:

lzl_gﬁ_:sin(a)‘,t,) B= sin(aJotl); e ,B=29—=|—3L
T, T, f -y, Ve C
/ A

—1.; 20e {,=4C,=C,B Ha puc. 3.1
L, 7,

To ects, pemIeHHs cHCTEMEL (*) DAIOT TOMBKO KAaUeCTBEHHBIW XapaKrep
omucanus. Hampumep, mpn =0, @, =0=1,=7T=T,, a mupnm

Bl (v, >V, =C/ V3): w,t, > x. Tlocnemnee — o3uauaer, 910

T—0;/—->0 u m—oo, T0 ectTe BOMT BHPOXKEAETCA B TOUKYy C
HYJIeBBIMH pa3MepaMH, HO ¢ GeckoHewHOH 9acTOTOl BpamieHus.

HauGonee ymoOHBIM HaM UPEACTABAACTCA IMArpaMMHBIN  Croco6
NpecTaBIeHNS ABUKeHUs (qnarpamma L — X°).

X’ — HanpaBneHue MOCTYNATENBHOTO XBIDKeHHS (yTh s mo X°).

L - mepeMemieHHe KOHLA BEKTOPa 7 B TPOUECCE LMKIOHAHOTO

ppamenms OBCC.

[una nepemewyenun — 3mo cyMMa OnUH 6CeX Y4ACMKO8 MPAEKmMOopul
Kouya paduyc-sexmopa & npomedxcymxe [A;B] (puc. 3.1).
Hympy (Oaurna nymu) — smo Onuna sexmopa, coedunsrowe2o mouxu A u B.
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=T,

Puc.3.2. Juacpamma L—X'. Uy #0 = const" X’

Ly — semmuuna nocTonnyast s kakuod BOMT. Ly =V, T,
U3 pHc. 3.1. NiepeMeleHHe KOHIIa pasnyc-BeKTopa:
A-B=4->C ->C,>C —>B.
[A—>C,+C, = B]y =5, =,T,
[4— Bly =5y =0,T, }
Ipu stom: [C), — C, - () =0.
Takum obpaszom, / = |C = C,—=C ,‘ — eCTb MCKOMas HOBas MaccoBas

[Tpoekuus na X {

1e114 (TO €CTb HOBLIA MHTEpBAN NEPHOJMUHOCTH 3aMKHYTOTO Bp2aiUeHMA
BOMT B BbIACIEHHOM HATIPaBACHHH).
| ~ OTHOCHTEJIbROC 3aMKHYTOE Ha lepuose 7, nepeMemeHHE.

s v, =0: L, =1, £Ly=0.

Onpenemm £ :
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Sy _ VTy Vo/ﬁ _

siny=-*%= = — =
L, V,T, /3
y = arcsin

B

Torma, /= L,*cosy= Li=cos(arcsin By=1-* (0.
0

Dopmyna (1) momHocThio cootserctyer CTO Dimmretina (L, —

aHanor MpOCTPaHCTBEHHOPO MHBAPHaHTa As ), OJHAKO, OTPAKAET HECKONBKO
HHYIO CyTb. B TOM umclle, Hu NPHUYNHOMN, HW CNEICTBHEM SToM GOPMYITEI He
ABJISETCA  OPENENTbHOCTE  CKopocTd Boobme. B HameM  ciyuae
B=1,1V,, =V,/C. To ects, ckopocme nocmynamensnozo deusxcenus

06bexma,  NOAYHEHHAs 8  pe3yibmame  GHEWHEe20  OUHAMUYECKO20
8030¢eticmeust Ha e20 BPMT, ne moocem npegoiuamv uau Gvimb pasHout
cxopocmu co6okyninozo epawjenus  BOMT, komopas u pasna cxopocmi
cgema 8 8axyyme.

CnencrsueM (1) smiuaercs yMeHbmeHve 3(GOCKTHBHOIO pamsyca
MaccoBO# NETIH (NPOCTPAHCTBEHHON POTDKEHHOCTH MPOLECCA 3aMKHYTOTO
spaiesna BOMT):

mf3

r=ryx4fl-B%, 20e 2mr’=1, 2ar, = L,;T0rNa pK m':2 'C
r
yBenyuurca Macca BOMT:

m=—"Tr _ Q).

[pn sToM crmepyeT noHMMarh, 4ro (1) HEe O03HAYAET «COKpALNCHYE)
JMHeHHOro pasMepa B HANPARISHHH ABIDKEHUA Kak y DiHmTeita, a TOBOPHT
O COKpOWEHUU NPOCIMPANCMEEHRO-8DEMENHOU NPOMANCEHROCMU NPOYecca
3amKHYmozo epawjerust BOMT.

JedicTBuTeNbHo, (2) AOIKHO TOBOPUTE O TOM, UTO IpH o6mes
CUPABEUTHBOCTH MPVHIMMA JyanwsMa J11 MHKPOOGBEKTOB, TO €CTh
hv=hA/C=h/T=mC? ¢ poctoM Macchl (YMEHBIICHHEM [ITHHLI BOJNHEI
’L ), ¥T0 HAXOAWTCH B OJMHOM cooTReTcTBAH ¢ CTO, A0IDKEH YMEHEIIUTHCS

neprosa BpameHus BOMT. B gamem ciiygae DpU IOCTOSHCTBE CKOPOCTH
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Bpalielns BOMT. pasuoit C: T =1/C=L,/C*1-p*>. Otcioma
TIOTYTHM:

T =T, #41-f° 3)-

To ecTh mpoueccsl «BHYTpu» YacTHubl, MMes B BMAY €€ BpameHue,
_ Lo
J1-82

Tipoanammzupyem (1), (2), (3) B uemax oObACHEHMA 3TOro
PaCXOKACHHS.

JOMAHBL yCKOpATECA»' A 1o CTO — HaobopoT: 7 =

(1) Bce 3kcriepUMeHTanbHBIE JAaHWBIE 10 MPOBEPKE  3TOTO
COOTHOMICHHA CROAWINCH K OIPENENEHUI0 KOMITTOHOBCKOH JUTRHBI

BO/MHBLL YacTHll. B dameu ciydae lc' =A% V- B ? — 310 Hexuii

HMHTerpanLuLii Mokasare.Jb BpallEHHA. 31eCh Mbl IOJY4HM NOJIHOE
cosnajenue ¢ CTO. B 1onmo;IHeEHHE, MbI MOXKEM MOCUHTATH CUIE K
TouKy «cmemenus ¢azey C (@, = @yl,)R ONpEIENHT, B
npuHimne, hopmy dyHaaMeHTaIbHOTO obbekTa!

(2) DKCHepHMEHTH ¢ YCKOpeHIILIMH JacTHUaMM B GONBINOM CHEKTPE
CKOpOCTeH CRUAETEILCTBYIOT O WpaRoMmepHocTH (2). 3aech Myl
TAKKe [IONHOCTLI0 WMeeM «dmciennoe» cosmagerue ¢ CTO.
TIpuuunoii ke drtoro 3d@ekra Mbl  CYNTaEM He  HEKWe
dopMam3oBaHHbIE «UCKPUBIEHHA», a caMy npupoay BOMT n
cBoiicTBa npoctpadctsa, rae BOMT — 310 copoxynHocts DDP
(3meMeHTOB (PI3AYEecKoil peansHOCTU) NPOIIECCOB, MPOTEKAOLIX
B IIPOCTPAHCTBE.

(3) Bece JKCIUCPHMEHTHI mno onpeaelcHHIO 3aBUCUMOCTH
7(f) CBOIMIHCE  UCKTIOYMTENBHO K W3MEPEeHUI0  npoberos

HeCcTabMIbHBIX YaCTHL IPH Pa3HBIX CKOPOCTAX HX ABiDkeHud. To
€CTh, M0 CYTH. KOCBEHHO MHIMEPASOCh WX «BPEMS IKU3HUD,
DKcnepuMeHThl, KaK Obil0 MNPUHATO CHUMTATh, TNOATBEPIAIH
N0.10XeHHA ¥ BeiBoab CTO.

31eck He JMIIAWM OYAeT HATOMIIMTL DPACCYKJACHMA aBTopa 5SToH
padoThl O CavOHaBA3LIBEZHWH NOHATAA OTHOCUTENBHOCTH abCOoMOTHEIX
kareropuii. Kax MOXHO TOROPHTH OO0 OTHOCUTENGHOCTH TEUCHHS BpEMENM
TOTLKO Ha OCHOBAHWHM 3aMelUIeHds npollecca pacmapa’? Cosnageuue
YHCJICHITRIX 3HAYEHVH WM Jdke (YHKIHOHANBHBIX 3aBUCAMOCTEH 3TOro
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Iponecca ¢ HolydeHHnMHA cooTHowermamMu CTO He j1aetT HMKakoro mpasa
(TONBKO Kak THIOTE3Y) pacHpOCTPAHATH NOHATHE «3aMeNICHUE pacTajiay o
NOHATHA «3ameiende BpeMenw»! BoT B (3), Ha Haml B3MIAO M KpOETCH
ocnonnas ommbOka CTO. O6patusimcs k #/T = m(C 2, crTaHoBHTCA
NOHATHO, YTO B CYLIECTBYIOLIEH MHTEPTIPETANHN O «(3aMeNJICHUW» BPEMEHH
coxepxutcs npotuBopeune ¢ KM. TeM He MeHee, STOT NMapajoKC MOKET
ObITH LOCTATOYHO HPOCTO OOBACHEH C TIOMOULLIO JAHHOH MOJENHU.
Ob6parueuvch kK rtaape 1l nacromueii paboThl, yBHOHM, 4YTO pacman
gacTvl Bsi3biBaeTes cmemeHueM WX OBCC OTHOCHUTENIBHO HAYaNbLHOrO
noyiokeHns. U3 3KCTICPAMEHTOR e TOTHO H3IBECTHO, UTO BPEMs KH3HH
YaCTHI[ 3HAYNTENLIO MTPEBLIMAET WX COOCTBEHHBIE TIEPHOILI BPALIEHUA JaXKE
imi pe30HAHCOB (s COBpEMEHHOM HHTepIIpeTauu
T, MHo20 bonvue TL = %-) Torna TIPaBOMCPHO NMPEANONOXNTH, 9TO
CYUIECTBYIOT Hekme necrabummupyromue (akTopsl (Cwin), HUMEOIMe
CBOHCTBO HAKAIUIMBATLCA 3a MEPHOJ XU3HK 4acTWLbl, TO €CTh 33 BpeMs
CywecTBoBaHMA 3Toro cocrosHus OBCC. M, xorza Takod daxrop
TIPCBRILIAET CTaOMIMIHpYIONDI, a4 NOcHefHud ecTs LCHTPOGExXHAA Cuia
(«CHIIbHBIE» CHIIBI), TO HACTHLA BHAOM3IMEHACTCS (pa3pyluaeTcs).
[Mepuon (Bpems) *u3HM YacTHIBL 7, = NT,, e 7, — cobCTBeHHBINX

nepuos BpameHHA (MAacCoBaf METIM R COCTOSHUM NMOKOS). N — KOIWYECTBO
[MKJIOB BpameHHA A0 pacliafa.
«Pazpymaoniuity ¥MIyIC;

[ ‘V - o~ -

P:ZP, :IO*Zth =T,NF, =F,7,=F]T,.
) )

3necs Fq,— 3NEMEnTapHas (Ha OAHH 000poT) AecTalimmHpyIomas

Cilla, KOTOpas NOCTOAHHA JUIA KAXJOH  YacTHLSI ‘Fql =AE/L,,
OUpeJensiomas JHEPrH0 BOIMYIICHHS OpOMTEl  pajMyC-BEXTOpa Ha
unrepsane 7, npu V, = 0(coctosnue nokos). AE*7, ~h.

F, — cTafunusupyomas (nentpobexas) cuma.

Takym  oOpasoM, 414 nOKosErocs QyHoaMeHTanbHOro O6hEKTa:

Ty = NOTO, 20e No = FL / Fq: .

Torma mpy nocTynaTeNsHOM JBWKEHHE ¢ IOCTOSHHON CKOPOCTRIO:
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F.(r)= —=> F/(rY=F (r)* % ~ crabunusupyrommii gakTop

pacTer.
AFE ]
—_ .
L, V= ,32
3aece AE =const, a | yka3bmaeT #a TO, 970 AcCTAGUIMINDYIOMAs CHIa
neiicTBYeT Ha 3¢p¢eKTHBHOM NPOCTPAHCTBEHHO-BPEMEHAHOM WHTEpBAIE
[;T’]. Dpyremm cnosamu, BOMT xax 3amkuymstii MpoCMpaHCMBERHO-
spemerinoll npoyecc, onpedensemuiii nabopom 3DP, cywecmsyem ne na
acem unmepaare T, .
" N, ,
=—=0—, rne N’'— 9nAcno IMKIOB C NepHOAOM 7

F;; V1-57

10 pacliajfia YacTHlbl, 2 BPEMA XXHIHU 77 = N T

Tlpu aToM, AecTabunMsMpyOIIas cuja F,=AE/]=

Torpa N’ =

NI, %

J-B -5

IMomyuennas dopMyna (4) H1 B KOEM CIIyYae He OTPaXKaeT «3aMelIeHHS
BpPEeMEHH» BHYTpH 00bexta, a roBOpHT 00 W3MeHeHMM OanaHCa MEXTy
cTabWIMBNPYIOIIMMA W [ecTabunu3MpYIOLIMMA TIpoLeccaMH. HisMeneHue
3TOro GanaHca SBIACTCS CNeICTBHEM H3IMEHEHHA UHTEpBANa NMepHOIMIHOCTH
3aMKHYTOI0 BPAINCHHs OTHOCHTENBLHO HEMOABIDKHOTO0 COCTONHHS.

(4).

2. Dddexr Jonsepa.

Jins paccMorpenms omworo W3 wanbonee BaxHEX 3ekToB,
ABJLUOIIMXCH 10  MHeHHIO  OombluyHCcTBA  QUIHKOB,  IPSAMBIM
JOKa3aTenbeTBoM crpaBemympocTy nosoxennit CTO — sddexra Jlonnepa,
MPOAHATH3IUPYEM BaDHAHT C IOXOSLIMMCH NPHEMHMKOM I1 M jsimkymmmes
HUCTOYHAKOM M B TOMHOCTM KaK OKA3aHo B [2].
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-
»

Puc. 3.3. 3gpgpexm Honnepa.

He npusons srigosa CTO no Dinwredny: 4'= 4 212080 30y
,fl—/i’z
HabmonaeTca KIaccHaccKul  (npomonbHuli) s>ddext |t fcos®, wHa
KOTOPOM HeT Hy&KIbl OCTaHABNUBATECA MOOPOOHO, H PENATHBHCTCKMI
(nomepeaHsiii), KOTOpbI He06X0AUMO NPOAHATAINPOBATD.

Jdeno B TOoM, uTo no wuHrepnperamd CTO, nonepeunsni ¢dekr
Homnepa (HeoObACHUMBIA B KlIaccHIECKOH (pH3HKE) — 3TO Pe3ynbTar
yBeIMYEHAs BpeMeHM KoncGanuii Boauw T, TO €CTh, Tak HasmiBacMoeE,
«3aMeIEHNE) BPEMEHH.

Kax Mbl rOBOPIIM B IPeARIAYILEM PA3Aeie, 3TO YTBEDKACHHE BCTYNAeT
B TIPOTHBODeUHE (HECMOTPS Ha NPaBWIbHLIA KOAKHUECTBEHHbIH Pe3yIbTaT) C
KsantoBo#t Mexanuxoil.

Heticteurensio: AFAT =h u mipu AT T MPOUCXONUT AEi, roe

AE=hC/2, 10 ects AT. Ho AE=AmC? u nps moboit ckopocT
OBIXEHAs V TIPUpOCT Macchl BCeraa Gonsie Hynd. To ecTh POCT Macchl

YACTHI] UCTOYHKKA TIPOTIOPIMOHANLHO | / Jl ~ * HODKeH NPUBOMMTL K Gonee

HECTKOMY CNEeKTPY, To ecTe AE JomxHOo pactu. ONATE BCKPHIBAETCA
eHyTpeniHee npotuBopedne CTO: pocT Macchl ¥ pocT TepHona
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OTHOCMTENBHO OJHOIO U TOro xe Habmogarema! A m MPONOPUHOHATHLHO
/1

llonpobyem  paspemurs 3toT mnapagoke CTO 8  padHo
KBa3MKJIACCHYECKON MOIENH,

HanomuuM:

1) ®oTon - 3T0 AByxBekTOpHas BOMT, nemxyimastcs co CKOPOCTHIO
auHamugecxoro ABikerma HOMT pasnoii C, mMeromas TOuKy
JNRHeRHON CHMMETPHE B HaNpaBlIeHHH ABMWKEHUA 1], OTHOCHTEIBHO
KOTOPO¥ BpamieHHEe REKTOPOB 7 ;7 COTIACOBAHHO IO Pa3HOCTH (a3

Ha 71 (puc. 2.10).

2) B mponecce o6pa3oBanus GOTOHA OPOHCXOAUT 3apoxeHne obeux
MONYBOITH OJHOBPEMEHHO H3 TOukd cummerpuu I, W unponecc
3aHHMaeT RpeMs, paBHoe rieproay dotona (puc. 2.11).

Taxwm 06pa3oM, OTHOCHTENBHO HOXOMMErocs Habmopatens nponecc

BpalleHus BEKTOPOR r;F % 3apoxgaromerocs Gotoya Ha uxrepsane [0;T]

TpeAcTaBieH B Brae naockoik OBCC ananormgdo mswkymelics BOMT
TP /R TYTIETO PA3MENA.

Yl
A
;o" a .~~
S V#0
H = } —m> 1
: ; > X
\ J,o”
rio N "’: r(T)’
y
P et
PR
4 pJ
8 V0
1 K —— |y
@ :
o~ s
L = 4
\h.-_ ._,f' VBP

Puc. 3.4. ITpoyecc gpopmupoeanus OBCC ¢pomona npu dsuicywemen
Ucmoynuxe.
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[Mo awanormu ¢ puc. 3.1: [IJ'=0vT . B momeHr BpemeHu t = T
TIPORCXOJHT «OTPHIB» (OTOHA OT HCTOUHHKA M €r0 «CaMOCTOSTENbHOEY
NePeMENIeHHE B MPOCTPAHCTBE CO CKOPOCTEI0 C B HEKOTOPOM HalpaBlicHUN
R. Tipu >ToM panuyc-BeKTOp paBeH |? | nepuon T, mHA BOIHBI
A nponopiponankya r © Tak ganee. [{eHTp CHMMETPIM B MOMEHT «OTpHIRAY
HaxomMtcs B Touke 1I’, cMeileHHO OTHOCHTENLHO HadaisHol 1] ma
paccrosume [JI] = yT B Hanpasienun U .
AHanorudHo puc. 3.2 MsI MOXeM TOCTPOUTh IHarpaMMy cMemeHuid
g doToHa.

A,

L=

D = const
A *

el

Puc. 3.5. Juazpamma cmewyenuti 6 Sepghexme JJonnepa.

3meck A - TOuKa «OTphBa» (M3Uydermsi) (oroHa, A’ - TOUKa
«enusHuA» (mormoweHys) dorona. Ilpouece R(v, =0;v, =v#0)— 310

3epKaNLABIH TPOLECC 10 OTHOMERMO K HATYIEHINO, TO ECTh NOTJIOIEHHE.
OTamugem 3.5 ot 3.2 swnsercs T0, YT0 ATHHA BONHBI POTOHA B CUCTEME

OTCUeTa, CBY3aHHON C IBIDKYMIMMCA HCTOMHHKOM (TO €CTh TPaeKTOPHA



$6
Fy(();7,(f)) obpasyer jmoifHylo Maccoyilo neTno. CrefoBaresbHO,

npoexums [ = A, —EIPHEZNE y p Ha HarpaBiewve X' pasra Hymo. A
npoexuns [: [/ = | TPy p] =0T .

Otciona Mel onpeseisiem HaoGopor A, 3 «mabmomacmoi» A | 1o ecTh

HMeeM kak Onl «obparaslii» npouecc.

sinW=p8; A, =A%cosW =A#1-B2 =
Hrax, y)
=S A=—==, mo ecmv A=2A,f(f)
,/1— B .

B pesynomame nonyuen «nonepeunstiiy sgpgpexm Honrepa. Bepnee e2o
nazgame «bazoswimy. Ilockonexy smom >ggpexm e cuny mpexmepnocmu
DOMOHA He 3a8UCUM OM HARPAGTEHUA CKOPOCMU UCTOYHUK &/ NPUSMHUKA.

llpy smom 8axwcho  nonumams, uymo K020d Mbl  2080pUM
«OINHOCUMENBHOE OBUNCEHUEY, ABMOP UMEem & 8udy NpOYecc OBUNCEHIS
OMHOCUMENBHO MOYKU —«OMpHEay Wi «CRIHUR» (omona, d He

OMHOCUMENbHO KAKO20-MO UCMONHUKA Wi npuemiuka. Eciu no eexkmopy R
Hem maxoswviX, 3mo He O3Hauaem omcymcemeue pgexma. (Ousuveckuil
3aKOK CYuecmeyem GHE 3a8UCUMOCIIN OM HAWMX 3HAHUH O HeM — Mo ecmb
HE OORNCHO Orimb  3aBUCUMOCINY  MEXCOY QUINYECKOU  PedlbHOCmbIO
Hpoyecca U HANUMUEM UAU OMCYMCMEUEM UHPOPMAWUU O HeM Ha

nexomapom Oemexmope). Bonee moezo, cxopocme U  gcezda (o
ONpedeneHUI) «APOXooUm» Yepes moyky A (mo ace u 8 OMHOMERUN MOYKU
HOZNOW eHUR).

Hpononeeeii  spdexkr Momiepa Havu obbacHgeTcs ¢ 9uCTO
KIACCHMECKMX roimipmi. Hanvuwe Ha Hampaplemde R HekoTOpoi
warygensot Bommet A (A=A, f(f)) ¥ cxopoctM wcTOYHHKA
Vipg =V *cos®, 20e V =v* /3 npusoaut K TUHEHHOMY
UIMEHEHMIO [UIHHBL BOJHBL B Ipoliecce HOPMHUPOBAHHA (PACTATHBAHHE WU
CXarue):

A=A+ AL AA=Vy, *T(A); T(A)=2/C;

A=At AB8%cos®@=A(1% Scos®); mo ecnv A'=A*q(p)
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Toraa B uesoM Npy HAIOKEHHH IBYX 3thdexToB:

+
K=lyx f(Byrq) = Ay s LSO
J1-87

3nech Takxke a6COJNFOTHO HEBAKHO HanWdue wiy orcyrctane /L A -
3T0 0GBbEKTHRHAA PEANTHHOCTD, CRA32HAAA ¢ OTHOCHTENBHOMK CKOPOCTBIO BYX
B3aiMOIEHCTBYIOMMX OGBEKTOR, TOUKH W3MYJEHUA X TOIKY NOTIOMEHUA.

Pasnuya ¢ CTO OSiimumeiina cocmoum & mom, 4MO NPusuHot
spgpexma f( ) aswiemcn ne «3amednenuer epemMenu, a usuiecKue SHoaHe

no3HABAEMble CEOUCTMBA Mamepuy, OOBVACHUMYIE Yepe3 2eOMempuieckyio (8
Eexnt0080M  mpexmepromM  NpOCMPARCMBE)  MPEXMEDHYIO  CIDYKMYDY
dynoamenmarouvix obvexmos — Qusuneckux Mamepuansnoix Tovex.

3. Boana ae Bpoiias.

O0uyit BuA ROJHB! TAPMOHMMECKMX KoNebaHMit B yHHBEpCaIbHOM

2 )

ypaBHeHUY [ensMromsna: v2d(r, f)—- L 9°®(rn) = (). PemenueM TaKoro
v o’

YpaBueHHs SBNSETCA byHRIIA COCTOSHUSA CHCTEMBI:

®O(r,t) =D, expl —i(wr - k7 + -

B nopunipme, u ypasumennn Makceana @ yparnenwe Ilpepunrepa
ABJLTIOTCS YACTHRIMM CITYYasMM YHUBEPCATBHOIO YPaBHEHWA TAPMOHMHECKHX
KoJ1e6angiL.

Peuienwe ypasyenus [lpenunrepa:

Yr,t)= Aexp[—%(Et — p7)] = Aexp[ —i(wrt _E;)]_

Camo ypasuenme lllpepunrepa — 3To ypasHeume [eneMronbLa s
BoJHu! ge bpofuts. Ecnu obpatdteca K 1], CTaueT nodATHO, YTO, HECMOTPA
Ha crporoe ciencrsde ypaBHenmsa «llly m «I», cama dopma pemerss
d3HaYanbHo OBUla [OCTYAWpOBaBa e bpolinem ucxoas u3 GusHueckaX
coobpaxeHui, K TONLKO MOCAe 000CHOBAHA MATEMATHIECKH,

Jdns Hayaja paccMOTPUM uacTHel ciydad pewenmus «I'» Buma

b =D exp(—iat).
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I'padmueckoe u3oOpakeHHe TOr0 pelieHds NPHBENCHO Ha pHC. 3.0 B

BHJE TPACKTOPHY RPAIIAIOMETOCH BEKTOPA 7, npu Vf =const .

V4

r'y

~al

PHc. 3.6. [Tpoexyus r(t) na evidenenroe nanpasnenue X '

exp( ~iwr) = cos( @t) —i*sin( w¢). Takum o6pa3oM, 310 pelenue
COOTBETCTBYET BpamcHMIO BekTOpa Oe3 cMeenns ¢ashi, TO £CTh 3aMLIKAHKE
opbutei  Ha ce0s  OpPOMCXONMT Ha  MHTEpBAIE  IEPUOAMYHOCTH

T,: (ﬁlw = const - IMeeM nneannhyto kpyrosywo opbury OBCC.
«
/

B cayvae, xorjaa mmeetr mMecto Hedysesod mmmnynne BOMT, 1o ectn
CKOPOCTb TNOCTYNATeNILHOTO, HANpHMEp, JABMKEHUS] HE pPaRHa HyMo,
aprYMEHT B OKCIOHeHTe (YHKUMH COCTOAHHA IpHOOpeTaeT BHK

—i(wt — k¥ ). Torna, aHanOr¥MHO NpERBLIDYWIMM paspeiaM Tnase 11,
rpadaeckM pemenveM Wi QYHKIOMH r(t) OyneT yukaouoda (puc. 3.7).
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Z
A
x.rg(.o.)..tu-___ I(2m)
i' - LY 9"'0
0 l‘ ‘t L’ ]
— ; > X
3 :
;
T\‘.’. "/

Puc. 3.7. Ilpoexyus r(t) na émdenennoe nanpaanenue X

Py

h) To e W .B OTHONIEHWH ABYX

Ve=0#0= Pp=md; k, =
TPYIHX COCTABIAOLIMX AMITY1bCA.
Paxioxum exp[—i(ax - kF)] = cos(ax — k7) —i *sin(ax — k7).
yautnisas  P(t) =P, xexp(—iex), nomyaum F(r;f)=D(r)* exp(il??) ,
4TO, KaK Mbl W YK23aJW panee, ecTb BoiHa ne bpoiingd. Ho B Taxoif 3ammcn

MPONECC [BIDKEHHMA MOXHO WHTEpPIPETUPOBATh Kak HWIOWKEHHE Ha
3NIEKTPOMarHUTHO-IONOGHYI0 RONHY (Bpamende camoit BOMT) ponHs!

cMmemeHys daskl BOMT exp(iEF).
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Ab= \Ixuz 10 1V‘

] t —— VBP= T;

I
L=l

P\-.—-/

T=TVi-

A=T>T,
8| =uT,

Pnc. 3.8. Tpaexmopus paduyc-sexmopa OBCC BOMT & npoyecce
NOCMYNAMETLHOZ0 OBUNCEHUR ¢ NOCIMOSHHOU CKOPOCMbIO 8 npoexyuu na X'
(lInockan cocmasnarwan eonns: de bpoins.)

KomMenTtapuif x pdc. 3.8:

T,—~ mexywee epems;
1. |7, — nepuod eonner bpoins;

t,2T,. Ap(r,)=A@(T,)=27~ ycrosue nepuoduunocmu

sonnvt  Bpoina.

A(o:Z(n—l)yo+y,,; A :27/0*54; n22;

0
g

sin 1, -1
2. ﬁ:_ZO_; Yo =@ty T, =nly—t, =T ot

T-=% Io

. ] Y, 1 2
S S LI B £ S Py
=7, =T, I:n 2-‘{270 2] B :|
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7, - ZT,,T Tyt

’ Iy 2%,
. C _
{Ale=21-% V,p*fzr—n,,*}:_ U O e
_CT, . Y
L= A] =2 Ay| s 206 D] = A T2
\: o] _\/g Z c(,)| coe e(n)| 35% 2},07

4. Boana de Bpoiing adoumusna’ To ecmv, Oruia a0THbl pASHA CyMMe ONUH
eoan Komnmona wa nepuode cdeuza ¢pase BOMT (OBCC) A@ =21 . [Jns

cocmasHbix 00beKmMos (GMoMO8, MONEKYA u Mmax oanee, CoCmoawux u3 boree
wem 00HoU BDPMT, Oeiicmgyem npaeuno croxcenun BOMHOBBIX 8eKMOpPOS

“bm -2 , MAK Kax ycnosuem nepuodq «cocmasnoiy» eomuul de Bpouns
/15(1)
AeREMCR cymMmapnblil cogue paszvt cucmembl BOMT:

(A¢7)co,,¥, = %; (A(a)j =27 014 8cex wacmeil j.

Brisos GopMyIT CBS3H:

7, — Bpems, 3a KOTOPOE HAKOMHMTCA CMeMeHne (aski pPaaAyc-8eKTopa

OBCC BOMT na ZA({) = 277 . 310 Bpemst Oy1eM CUNTATE NEPUOOOM BONKb

de Bpotinn. (Takke, Kax i panee: v ="V, -.|V|/J§ uV, = =C/+3.)
Vcnosre nocTosHCTBa (hasbl BONHEL Ae bpoiina:
—EF=2ﬂ~A¢=(o:const , o
Et — p¥ = h * const ,TOTHA
- pry=E~pTa0; = 7= 2 me” _C
dt dt dt mV vV
B cury ¢=0;t=T, (3uauyenne }a3bl 3a NEPHOA) HOMYAUM;
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nC

wc]; _kcjb :0’ rae mc = 2

c

27
ko= T KoMironoBCcKHe 4acToTa

BOJIHOBOH BEKTOP.

1

Torga: % —% =0 = A, =CT, - onuna éoamwi de Bpoitn.

VcnosueM cMemenus a3t wa 27 (HyneBad TOUKa OTCHETa) CO
CKOpOCTBIO V Ha WHTepBaie nepwomminoctn A, sensercs: 1, =4 /V -

nonunii oGopor. .

CnezgoBatenbHo, AMuHA BOJHE! J¢ Bpoiiisg ARIKYIMEHCA paBHOMEPHO H
npaMonuHeiiHo BOMT cBf3ana ¢ IMHON €€ KOMNOTOHOBCKOM BOJIHEI

(3/M - nof06HOMN) Yepe3 COOTHOMIEHHE: /11) :i; 20e ﬁ:izz.
Vap C
IlpuBons K KOMITOHOBCKOH BONHE B COCTOAHMM nNoxoa BOMT,

HOTYYAM COOTHOIMCHHUA:

A=l BT =
myC

- 32

Ab:L; —1 /lb:,lo*i
mV Yo

OTrcrona BUWIHO, YTO:

1) B mpoiecce SpIKeH s 9aCTHUA «Pa3Ma3anay B IPOCTPAHCTBE.

2) BonHa ne Bpoia — 10 BonHa $azn yacTuupl (BOMT). Dra Bonna
UMEET He OJNEKTPOMAarHUTHYI0 TPHPOIY, He HeCer 3HEprum,
CIeI0BaTebHO, HEOTPBIBHA OT caMOM HYacTHIl, (asoBas CKOPOCTs
peerga seime C, a rpynmoBas MeHbIe. B waweu Modenu, aoana «B»
ecmy gonHoobpasznoe uckwicenue Gponmos HOMT, pacxodsmuxcs
om Oeuacywenica BOMT wiu yenout cosoxynnocmu O8UNCYyuguxcs
BOMT. DOmo ucxasicenue nocum «gasosvitiy xapaxmep u
MAKCUMaIbio, COOMBENICMEEHHO. NPU CMewjehuu hazn na yeon

if_, Ymo uxmepnpemupyemcs OaHHOU meopueii 6eCbMa N02UYHO,

max kax HOMT - nora ecmv NPOGOOKUK INEKMPOMAZHUMHBIX
g3aumooeticmeauii. Ilpu 3mom He 6adiCHO, 3apadcer 0bvexm Wiy Hem,
max Kax Hy1eeas HanpAXCEHHOCMb RONS (3AeKmpoCmamuseckozo



93
UAU MASHUMHO20) 3MO He €20 OMCYymcmeue, a Nuutb — ROMKAA
xomnencayus  nomoxos  HOMT  «scmpeynomu».  Taxoe
onpefieNieHue BONHEL i@ Bpoiing moABOLNT MAaTEPHATLHYIO OCHOBY
non Habmonaemele 3ddexTsl. B kBaHTOBOM MeXaHuke BoaHa «B»
ToXe BocapuHUMaeTcs kak DDP, HO HeT 00bACHEHUS ee MPHPOILL.

B KM Bonna «B» 4acTo MHTEpNpeTHpyeTca KaK  BOJHA
«PAcIpeNesIeHUs» TacTHIki B NPOCTPaHCTBE, TO €CTh OTPAXAEEST «THIOTHOCTh
BEPOATHOCTH® OOHApyKCHMSA WaCTAILI B TOW WM wWHOH ofnacTh
TIPOCTPAHCTBA N0 HANMPARJICHMIO ABIDKCHHS.

“P(!')
Ae/2 s ;
5 .
)
;"6/ 4 Ag* 3/4
L8 24
0 Af2 | Ae

Puc. 3.9. Boana oe Bpoius.

B naxHOW MOZENH «TAOTHOCTh BEPOSTHOCTH» TPHOOpETaET CMBICH
cedeHHs B3amMojeficTBmss C JpyryMM oObextaMH  (WM(PPAKIHOHKOK
pemeTkod, YacTHUaMH KpHCTAIIOB M T. 1.). [loHATHE «OGHApYXWThH
YACTHITYY, IO CYTH, €CTh TIOHATHE (BCTYIATH BO B3aMMOJICHCTBHE C Heily.
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O4eBMIHO, YTO CEUEHHE BIAWMONEHCTBUS, IIPONOPLMOHAIBHOIO
KBafpaTy MoHyJis pyHKIMKM COCTOAHM, BYIeT MAKCHMAILHO TIDH:

A(ozi%[zn;l }ne Z

L. =i'1—”[2n+]}ne z

2 2

3gece W Janiee noj «B3auMOjelCTRMEM» NOHMMaeTcd abCcomOTHO
yNpyroe CToNKHOBEHHE C APYrHM 00BLeKToM. BiusHue naibHONCHCTBYROLIMX
(3/M) CHI KCKITFOYAETCS M3 PACCMOTPEHMA, YTOOLI BEILIEHHTh TOJTEKO 3PheEKT
BOJIHOBHIX B3aMMOJIEHCTBUA.

Cewenve B3avMogeiicaus ¢ =~ AR °, rae R — mpoekmus Rekropa
cMelneHust $asbl Ha IUIOCKOCTh BaauMofekcTems (L V).

TR’

AP

Puc. 3.10. Ceuenue e3aumodeticmeus deuxcyuetica BOMT.

R =7 #sin(A@), A - yron cmewenus dassi; & =~ -2 *sin* (A@) .
I[Iycts B dopmyne pewierns ypasHenus «lll» (popmyna Bonuet ne Bpoiing)
r# At #T,, Torna:



ot ~k7F=2n-A@ =2x —kF #0;
(IE? ~kF )= Ap - cmewenue Qaset obopoma F(t) BOMT

o =2x ~Ap; mozda :

ot + (k' - k)¥ =21 = const ;

B —k=Ak=—""-="0C 22
c* A 2

B nawem He)OPMAIBLHOM NpENCTARIEHHH, MOJIOKEHHE BEKTOpa CABMUIa
(askl OnpeneNdeT MPUOPUTETHOE HANPABJIEHHe B3amMoneicTsHia. To ects,
ecim  BOMT nokoMrcs, TO HuKakoe #H3 OEeCKOHEYHOTO MHOXeCTBa
HATIPaB;IeHUH He BHIJIEJICEHO B NPHOPHTET, BCE OHK PABHONMPABHBI U MEXITY
HUMU HeT pacipefeNeHds. OTO MNONOXKEHHE COBEPHIEHHO HE 3ampelnaer
UMETH COCTOSHHE IIOKOA CBOOOAHOMY (rMy0HMHa NOTEHUMATHHON MBI
Hy/Iepasl, pa3Mep TOTERIHANLHON MK OeckoHeueH) Mukpoobwekty. Ecmm
xe BOMT npmkercd, To cymecTByer ¥ cIBHT (asel. Ha wuHTepmane

nepememenus A,;7, oH paBeH 27 .

R =7, *sin(A@) =F, *sin(Ak *1);
! =Vt —mexywas roopounama;

R =7, *sin(Ak *Vt) = 7, *sin %51
b

s (27w
ycrogue Maxcumyma |R|: sm[l—l W: ko
/
310 JaeT yxe paHee p3BecTHEIH U3 KBantoBoil MexaHwku pesynsrar:

| =4 A, (2n+] 1

, =T —=| ——— | n€ Z — 3TO UyTH BONHEI FIOTHOCTH BEPOSTHOCTH.
2 J

TaknM o06pajoM, Y4WTHIBAA, YTO HHTEHCWBHOCTh B3aWMOIEHCTRUI

2
OHPEACIACTCA CEYECHUEM O = I\P , TO Ha OCHOBe npeacTannexud o HPMT-

NOJX, BOIHMKACT €mMe oauH (QIMNYECKUH CMBICI BOJHEI ne bpoins -
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FCOMETPHYECKOE pacCnpeNeHeHde II0 HAMPABICHHUIO JBIKEHHA BEKTOPA

caura gasst BOMT.
OcHoBHo#t HeonpenenerHocTeld BOMT mpp HenyseBo#f CkopocTH
ABMKEHHS SFRIAETCS ee «Pa3MalzaHHOCThY MO TpaekTopun. Ha mpotsixenun

ydactka A, MBI MOXeM FOBODHTb JIHIIE O TOM, 9TO A@ =27, HO B KaKoM
HaYILHOM TIONI0XeRWH Onin BexTop BOMT He MoXEM, ToO ecTh, He 3aaHa

HataisHas ¢asa 6. Tor ke NOMXON HAMM ObUI MCTIONB3OBAH M OPU
olucanud BOMT B cocTosmuu mokos.

TTo3toMy, mamMepuTh A, JacTUIl WIH MX COBOKYTHOCTCH MOXKHO TOIBKO,

BHECH ONPERETEHHOCTS B HAYATBHYO Pazy ¢ TyreM (UKCALHM HCTOTHRKA R
IH(PaKIMOHHOM PEIETKA, a TAIOKe PETYINPYS HOJOKEHME SKpaHa.

S = EE W W W O,
i

Puc. 3.11. Hamepenue onunn s8onnet de bpoina.

IlomyyeHHue «TOXIECTBA» C KBAHTOBOU MEXAHMKON OTHOCHTEILHO
BOAH ne bpoiumd, BO-NEpBHIX, NOATBEPKIAOT OTCYTCTBHE pa3HOITACHH
MeXNy ZaHHOM MOJENsl0 M 3KCHEepHUMEHTOM, BO-BTODRIX, jafor Bonee, no
MHEHUIO aBTOPA, «PUIHTHOE) OMUCAHME ABNEHHH, MOCKOMLKY MOXYYSHBI M3
MATEPUATBHAIX (HE MATEMATHYECKHUX) IPEANOCHLIOK.

Ilpu V = 0 cywecTByeT HEONPEAeNEHHOCT A, — 00 . ABTOp CHMTAET,
YTO ITO HE €CThb 3anpeT Ha COCTONHUE Nokoa (cBoboanoH) HacTibl. Tak kak,
V = ( mokeT ObITE ¥ OTHOCUTENBHO dero-mbo. IpocTo, Kak yxke OwLIo
CKka3aHO BHIOE, B OSTOM Cllydae BCE HANpABICHHA B2aMMoaelcTBHA
PABHOIPABHEL U MO KakIOMY OJMHAKOBOE CEYEHME. DTO KOPESHHOE OTIIHTHE
oT TpaktoBkd 3TEX 3dpekroB KM. YV BOMT Bcerma cymecrTryer
coBCTBENHOE BpamIaTeNbHOE ABMAKenKe, TO ecth £ 0.
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3jiecy OueHb CYMIECTBEHHL] HAIIM paccyXeHHA 00 HHIeTepMUHIIMC
BONHBI e Bpoiist no 110N0XKEHMIO «Hauana»y M «KOoHNa». ECiH rmonoxurs
«HAYaJ0» BOJIHBI Ha i-M YJacCTKe KakK Moxa3aHo Ha puc. 3.8, To «xawano» i+!
y4JacTKa COBIAJIET € «KOHLOM» i-ro U Tak janee. Ho xorja HadaibHas dasa
sextopa r BOMT mnoBroputcsa? Uepes ckonbko ywacTikoB? Oxa3miBaercs,

ecnd TpuUMeHuTs mpeobpaiosamne bBepHymm X, =2X, *{modl},
U3BECTHOE W3 (paKTannHON (UMY, TO MOMywAM: ) depes lelioe UHCIo
nepuonos BonH A¢ bpolina npu /, /1, € R ; 2) Hukorja He NIOBTOPHTCA ¥Ipu

1,/] ¢ R. YactHuM caywaem sBusioTes | m 0.5, xoraa mpomecc Gyner

9eTHO-TIEPHONYECKYIM ¥ HEYEeTHO-TIEpHOAMIeCKMM. Bo BTOpOM cCirywae
MOBTOPAEMOCTH «PE3YMLTATa» HET, TO eCTh pachpelieleHHe XaoTHIeCKoe.
3TH paccyAJICHKA OUeHb OII3KU IO CROEMY CMBICITY BRICKA3AHHBIM B paboTe
H. Tipuroxkuna «Bpems, Xa0c, KBAHTY OTHOCHTEJbHO MOHATUA «KBAHTOBBLIN
Xaoc» ¥ MBYYacMBIM ABJCHMAM HeoOpatumocTu. OpnHako, nojapoGhoe
PaccMOTPEHHE 3TOr0 BONMpPOCA BRIXOJAMT 33 PaMKH JaHHOM paboTel, xak u
riusnue CPT — ofpamenvif i — QyHKIMY Ha 06paTIMOCTE IIPOLECCOB.

IlpeoGpasosanpe BosH ae bpoiund B
ANEKTPOMATHHTHOE H3YIEHHE.

Kax yxe OpUT0 CKaszaHo padee, BomHa «b» He aBisierca cama mno cebe
MaTepHATEHRIM OOBEKTOM, a JIMING HEKAM paclpeneNieBHEM MapaMeTpOB
JBWXYIIENCA YacTWIL! W PpAcIpelefieHHHM 110 NEpHOLY 3TOH BOIHEI
ncxaxketeM HOMT - nons. TIpimackBaeMbiét el AMITYTHC H 3HEPrus
AULTIOTCA 3REPrUeit U UMIyIscoM ABKymedcs BOMT (qacTsl) wm Hx
COBOKYTTHOCTY. OTa 0COOEHHOCTE JIKHT B OCHOBE PUHIIMITA CYTIEPIIO3NIMHK
BonH ne Bpoina, 9To ofecneunnaeT HATRINAE, HAPUMED, SAUHOMH BOXHbI «by
y aTOMOB, MOJEKYJI M OPYTHX «COCTaBHbIX» o6bekroB. JimuHa BomHel «B»
MOCTOAHHA BO BPEMEHHM MNP¥ TOCTOAHHOM CKOpPOCTHM QBIKECHMA, ITOT
YacTHRI clydali IOCTYNAaTesIbHOrO IBIDKECHWS MBI M PAaccMaTpUBacM B
Hawel TeopuH. (Omo He @ Koell mepe He 2080PUM O €e 02DAHUHEHHOCMU.
VYexopennoe npsuonuneiinoe u KpugosuHeninoe OBUNCEHU YACMUY, 8 MOM
quCHle 3apANCEHHBIX, MOJCHO QOCMAMOYHO JE2KO ONUCAMb 8 paMKax
npednazaeMoil MOOeRU CO GCeMU pensimueucmcKumy  pgexmamu U
obocuosarueM UyNeRus. Mo XOpoulo BUOHO U3 OOHOIRAHHO BbIBEOCHNBIX
npeobpazosanuti Jlopenya.) OOHaKo, ¥3BeCTHO ¥ HE BbI3HIBACT COMHEHWIA

T0T (aKT, YT0 MPH TOPMOXKEHUHM, HANPUMEP, iﬂi’ Gonbwe Hynda (UmHa

dr
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BOJIHbl DacTer) H UPH JTOM TOPMO3AMAS HYacTUIA HXTydaeT KBAHTbI
3JIEKTPOMArHATHOTO nons (GOToHK, paanoBONHEE). H3BECTHH HE TONLKO
dQdeKTh HINYYSHHS 3aPAKEHHBIX YACTHH, HO W HEHTpATOB M JaKe
Makpockomieckux Ten (3ddexkr VHpy). 31eck, palymeeTcs, HET HHYEro
HeoOBMHOTO: KMHETHHECKad DHEPrHs NMEPEXOUT B SHEPrHI0 H3TyueHus, B

NAHHOW MOJENH B3AWMOICHCTBHE 0OBEKTA C HEM-TTAGO - 3TO WIMEHEHUE ‘Fo‘

BO BpEMEHH, YTO M MPUBOIMT, KAK yXe H3BECTHO, K OOpa3’OBaHMIO
OOMEHHOrO WIIM «CBOGOAHOrO» KBAaHTA. OTOT K€ YPOUECC MOXKHO
HHTEPIPETHPOBATEL H KAK M3MEHEHHE JUTMHBI BOJIHEI «By,
Wrak, npurmmeM BoimHaM «By» XapakTepUCTHKH MaTepuanbHOro
15 h
obbekra-nocwrens: E, =2 29e P =mV;l, =——.
2m mV

2
Tlpy TOpMOMCHHH TWacTUNH: AFK = fgb = ff_fr = ,’:
m
& — xoaddurment noTepH sHeprum <1.
h B’ h
=63 * ; @0e Ay =
T fi g e

BOJIHBI B COCTOAHHHU TTOKOS.

AF — KOMITTOHOBCKaA IJiHHA

C
AE = h:{— ,THE A~ WIMHA BONHBI 3/M H3JyYeHHS.
i
Orcioma, 4epea INOTEPKd SHEPTUM TpH TOPMOKCHEM & MONYdHM
COOTHOIEHHE MEXTY INIMHAMA BOJH «B» 1 3NeKTPOMarHUTHOTO H3JTYUEHHs:

2

A, zf_ﬂ*ﬂ , TO €CTh TpH TOJNHOI TIOTEPH 3HEPrUM (OCTAHOBKA

YACTUILRI);

min
S
T1pn >ToM cniparewmso AET, = h, rae T, — MepuoI BOJHLI M3TyICHHA.
Hsmenenne paauyc-sexktopor opbur OBCC Tpexmeprofi BOMT:

¥y ¥y » H3MEHeHKe IHepruM dacTuel (BOMT): AE = EC* (m—m,) .

+4,.
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Ipr & =1:
-1
AE:@; L’_L :h£ = A{:ﬁ* -—17——,1_ , moz20a:
2 re o r ). A By o
-1
a2 L Uy 2w By B L
NEY v, Ty Ak, 2 2 Ty ¥

3neck AkD — 3T0 He M3MCHCHME BOJHOBOTO BEKTOpa BOMHLE ne Bpoiiis

newkymelics dactuunl (BOMT), a wuavmewenue eonnosozo sexmopa
KOMRMOKROBCKO BOJIHBI, MO eCMmb COOCMBEHHO20 80MH08020 wucha BOMT g
mpexmepHoM npocmparcmee. OTHAM TNPOCTRIM COOTHOIIEGHHEM [10KA3aHa
CBA3b COOGCTBEHHOTO BOMHOBONO YHCNa oObekTa (Bomuml KoMrmmora) ¢

2n
BOJHOBEIM GHUCIIOM /’Lb =" ABNXEHHUA 3TOM0 006heKTa.
Ak

OcTtaerca 00aBHTH, 4TO €C/IX C TOPMO3HBIM HITYdEHHEM 3apIKEHHBIX
YaCTHI[ BCE MpEfeIbHO MOHATHO (YTO KACACTCH MEXAHH3IMA H TIPHIMHBI
HCOYCKaHUA KBAaHT2 TPUMEHUTENIEHO K HAamel Mopeiu), TO W3NYYeHHe
HEUTpamoB — JTO npoliecc 3HAIUTENsHO Gonee cnoxHuifl, HauneM ¢ Toro,
YTO NOpaKTHIeCKH Bece HeHTpam (kpoMe caMux (OTOHOB M HeHTpHHO,
KOTOpBIE «HE TOPMO3IATCH», TO €CTh He MMEIOT TPOM3BOTHOM CKOPOCTH TIO
BpeMEHH) «COCTOAT» U3 3apANIOR (KPATHEIX WK APOOHBIX K INEMEHTAPHOMY).
CreoraTe/IbHO, TpaHCGOpMAIHs DJHEprHW INPH TOPMOXCHHH MOXET B
06ImIeM CITyqae WATH CIIETYIOMMMY KaHATAMK:

1) BHyTpernee nmepepacnupeeneHde dHepruu 6e3 MITy4eHus (3aBUCHT

OT 3HEPTAH YPOBHEH). ‘
2) DNeKTpOMATHUTHOE M3dydeHue (3aBHCHT oT (1)).
3) CoBMecTHOE pacnpeneneHue 3Heprum no Kkaranam (1) u (2).

IDPENOJIOXKEHUA

Annenusn «CBCPXTECKYYECTH», «CBEPXTIPOBOIUMOCTHY
H aHOMAJILHOI'0 TEeIL10- H MACCOIICPeHOCA.

XKunkwif reavit-4.

3TH ABIACHUA alipHOpPHO BO3MOXHBI B CpeAc TOJIBKO B OTCYTCTBUE
JIa.ﬂLHOHeI‘/'ICTB}’IOl]IIID( CRJI A NpHA MX HEIHATHTEIALHOM RIMAHWH. 310
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YCIOBHE  IPOJMKTOBAHO HCODXOIMMOCTBKO OTCYTCTBMA  JKCCHITALAA
3HEPrUn.
Hrak, paccCMOTpHM CHayana XXuJkvi reymi - 4.
1) Momnekynbl (aTOMBI) abCOMOTHO HEMTPANBHLI, HET IHOJAPUIALMH,
TIPUCYTCTBYIOT TOTBKO YUPYI'He CTOIKHOBEHMS.
2) Jnna BodH ne Bpoiigd MONEKY] COM3MEPHMA WA OPEBRILACT
MEXMOJIEKYJIpHLIE pacCTOSHUA.

TIpu Temnepatype T = 2,17 K:

2
(Ep)=Lf—=2x, x=138%10" Joe/K
He 2m 2 H H)

h

A, Y= ———==89%107"

<b> 3mkT : "

(V)= %zns mlc = (B)=386%10"

</1'"‘">-~4,6 MM —  DAOUOBONHYL

JU1a cpaBHeHus, 1AHHa BONHEI PE.TMKTOBONO w3aydeHus npu T nopaaka
2 K coctaBnser 4,425 MM.

PacnipemeneHne  aroMOB TEIMA [0 JHEPrHHE  COOTBETCTBYET
MaKCBEIUIOBCKOMY. DTO O3HAYAET, YTO YacTh AaTOMOBR MMEET IIMHEI BOIH «Bb»
3HAYHTEILHO MPEBRIMAIONIMX CPEAHKME M MNpPEeBbINIAOMMX MEXATOMHBIE
paccrosama (A, 2 d, = \[l/_n ).

3T0 MOXET NPUBOAUTE K 6CCIPENATCTBEHHOMY DPOHAKHOBECHHIO TAKHX
YacTHI( 9epel TONIMY BellecTBa 6e3 T0TepH SHEPTHH, TO ¢CTh B OTCYTCTBHE
BA3ZKOCTU. DTO ABNAETCS (PU3HICCKON OCHOBOIM SIBIICHUS «CBEPXMEKYHECTNU Y.

Tpn 3TOM caMa cpefa, COCTONAMAN M3 ATOMOB € PAsHLIMK, B TOM YHCHE C
«KOPOTKUMM» BoNHAMH «B», IId HEKOTOPOro KONMYECTBa COGCTBEHHBIX
yacTH OyHeT mpeacTaBnATh co6oil Hexyro 0oObeMHYHO AHOPAKLUHOHHYIO
pelieTky. A 510 MPUBEAET K HAINYMIO B KUAKOM Trendn o0beMHoH
nHTepQepeHiM BONH A€ BpoiIis R, . COOTBETCTBEHHO, K AHOMAIBHAIM
YBEIMYEHVSIM/YMEHbIIEHHAM IUIOTHOCTH BelnecTBa No ofbeMy, TO €CTb
BO3HUKHET cmosiuas soana maccer (CBM).

I'osopsi s3pikoM KM B HekoTopbix o00nacTax TpOCTPAHCTBA,
3aMONIHEHHOTO TAKOW JXHMIKOCTBIO: JHOMAILHO Go3pacmaem uny ybvieaem
NIOMHOCMb BEPOAMHOCIIL OBHADYICEHUR AIMOMOB 2enUN.
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B pamxax Hameit monenM: @ nexomopuix obaacmsx npocmpancmea
AHOMATOHO YBenuduBacmcs Wil YMEHLUIAEMCA ceNeHue 83aumolelicmsus
amomos. [I0CKONbKy O TUIOTHOCTH BELIECTBA MBI CYIWM 10 ETO KOANYECTBY B
HEKOTOpOM 00BbeME, a KONMYECTBO ONpPERENAETCH  MCKITIOUHTENLHO
BlauMozelcTerieM ¢ TNpubopoM (BecaMu) WIH ¢ OPYTHMH YacTHUAMH
(poronamu — mpE omTHyeckoM 3amepe), To TepmMuH CBM, xota W He
OTpakaeT B [OMHOM Mepe PeallbHOCTh TONMOKCHHS ATOMOB B HEKOTOPOH
KOOPIMHATHOM CeTKS, HO [aeéT BO3MOXHOCTh HArAJHOTO OTOOpaxenus, B
TOM THCIIE, pe3yAbTaTOR IKCNIEPAMEHTA,

Kak Obiio0 NMOka3ano BRITIE, 334 CUET CTONKHOBEHMIT JBIDKYTIMXCS
OOBEKTOB, MOXKET BO3HMKATE JIEKTPOMAIRUTHOE W3IydeHme. Ero MoxHO

MHTEpNIDETHPOBATE M Kak TpaHcQopmammo [A4, —™222% 5 ] 1. Takum

00pa3oM, BHYTpM CpeJibl MOXET BO3HVIKHYTDH JIEKTPOMArHUTHOE HIYIEHHC.
OTta 3JHEprus C pasHLIMM BEPOATHOCTHRIME kOX()OUIEHTaAMH MOXKET:
JMCCUNMPOBATL B TEILI0 (BHYTPEHHIOI JHEPIHIO), NEPEBORHTH ATOMbI
(MONIeKynbl) Cpefibl B BO3OYMNEHHOE COCTOAHME (3ABUCMT OT DHEPIAM
YPOBHEH, TO €CTh OT BEIECTBA CPEJihl), MOKHHAYTH 00beM B BHIE JTYTHCTOH
snepra (3¢dext YHpy), nepenars CROW SHEPIHIO APYTOMY OOBEKTY CPEIIhl
Ha HEKOTOPOM YIalcHMY OT MECT2 NepBUIHOM TpaHcdopmampu (mpouecc
(A4 —2E=5 A1), Hocnednuii xanan mpancgopmayuu snepzuu Modxcem

npugecmu x cumyayuu #a puc. 3.12,

veomeﬁmne V )\‘5 ‘S _X g-’v 7\45 BoyiedcTane
——— TeND, SBYKN T,
V=C

Puc, 3.12, Anomansuviii menno-, macconepenoc.

Ilpomecc  [A, — T2 5 4 1+[4, —=F* 5 4,] wm Gonee
MHOFOCTYNEHYATRIE  MOXET TpPHRECTH K  aHOMANRHO  BRICTpOMY
PACTPOCTPaHEHHIO, @ BEPHEE CKa3aTh «TEPEHOCY Cpeloify», Mexasuueckux
(38YK) U mennogux a0IMyuenul.

B OTCYTCTBME BHEIHEro BO3ACHCTBMA OPOLECCH MBIYYCHWA U
HOMNOINEHHS B CPCAE  MMEXT MECTO, BBHAY HANVYHMA XaOTHYECKOro
IBIDKEHNS IpH HeHyneBodl Temneparype. Takum ofpasoM, 3bdekr
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obpazosatina CBM B rejud 310 B €CTh HEKOE HU3IIEE COCTONHHE BEIIECTBa,
KOrja yCTaHARIWBACTCHA PABHOBECUE HA 3alaHHOM YPOBHE JHEPTUH MEXITY
4kTiBHO IUdparupyIomedt (CBepXTeKyqeii) KOMMOHEHTOH M U3TydeHHeM B
nporeccax [A, — TP ] (4[4 e, 4 Y. Bosmoswo, CBM —

3TO KBA3WYACTHULIBI (TT2KETH BOJTH ae Bpoiins), kotropre Oosiee M3BECTHBI Kak
«HOHOHYBLY.

KpHuctajuiHaeckue CTpYKTYpHI.

B KpHCTALMYECKMX CTPYKTypax <CO CBf3aHHLIMH aTOMaMH
(MoneKynaMy Wi HOHaMH) peIleTKH JJIEKTPOHHAA TemIleparypa fopsaxa
T, =(3-5)*1 0* K . TakM 06pazom, ImHa romus «By anexrpoHa

A =6%107°Mm=3l/n, n ~— xonyempaym uacmuy pewsemxu.
Ilpn  Maccax W  TEMIEpaTypax HOHOB DELIETKH  [OPAKa

m, =50 ae. T,=(10-100)K wMeeM 2, =(1-0,3)*10"°x. To ects A4,
OpANKa Pa3MEPOB CAMOTO ATOMA PEIIETKH.

HuTEeHCUBHOE PacCEHBAHHE 3JICKTPOHOB NMPOBOJAHMOCTH H 11I0TCPA UMM
3HCPIUM IPOUCXOTHT 34 CHET:

1) TemnoBuie koneGanua pelUeTKH.

2) Paccestne Ha A, .

IMoaToMy, HawiIydmas NPOBOAUMOCTh MaTepHala JOCTHTAeTCs IpH
MOHIDKEHHH TEMTIEPATYPhl, HO NPW STOM CHH3Y CYIIECTBYET OrpaHHueHHe

RAs kaxgoro marepuana A, <D, (D, — pasmep aroma pemerku). Hnare,

JJIMHHBIE BOJNHEl CTPYKTYPHBIX 4acTHi OyayT BHOCHTL GOMbinoll Biam B
paccesiHue 3AEeKTPOHOB.
Baxuoe nabmoneHye:

] <Te>z <T’>>f \/E — 3aBHCHMOCTH 3JIEKTPOHHOH ¥ HOHMOl
m!

TEMIIEPATYp Marepuana. HpocnexcmaaeTcsl CBA3b C U3OTOITMYECCKHM

3¢)$eKTOM Y CREPXIIPOBOIHUKOB (];p — m,'” 3.

2) a7, =3%10°K;£=0,0039 = (A™)=320 um, To ecms
OKOJO | MHKPOHA.
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B KPHCTALIMYECKAX CTPYKTYPAaX NONARNCHHC PACCESHHS JICKTPOHOB
Ha uactEuax pewerkd npu A, =D, A4, <D, peiusaer sddexr

CBEDXTEKYJECTH 3apAJIOB, KOTOPbIf B MOHOKPUCTALIAX, BBHIY uX
QHUROTPOITAH, MOXET ORITh TaKKe CYIECTBEHHO aHU3OTPOTICH.
Ieperoc Tenna B 3TOM cifygae (MAacCHI-WMITYNIbCa) TAKKE MOXET UMETh

AHOMATLHYIO COCTABNSIOMyHO: [A, —TOROMOne 5 3 (4[]  Yoormee 4 3.
Eciiu ciekTp MANYYCHHA HE COBIANAET ¢ SHEPTHAMH TIEPEXONOR B HACTHIAX
PEIIETKH, TO MATEPHAN K OTACIBHLIE €10 IPOCTPAHCTBEHHBIE YACTH MOTYT
mepefiTy B PEKEM  CBOJHOBOAZ» VI LMKIMIECKOTO  Mporiecca

oo [ A, —Teeaesnr_y 1 H[A, —222 5 4, | ..., The TIPOLecCHl NOTTOMERNUS

BO.TH WIYT I[PEUMYIIECTBEHHO Ha CBOOONHEIX AMEKTPOHAX MPOBOIMMOCTH.

KoMnToHoBCKOe yIIMpeHWe CHEKTPa CO3NACT CHWKEHME CpefHeit
SHEPrMM JJIEKTPOHOB [0 TPOBONHMKY ¥ HarpeB aTOMOB PEWIETKH, 5TO
ompeneNsier KBA3UCONMPOTMBIIEHHE, NaieHWe NOTeHUHana. Ilo MHeHMro
apTOpa, He TONLKO KOHLIGHTPAIMA HOocuTeNell TOKA, ATOMOB pELIETKH H
TeMIepaTypa ONpeleNsioT KadeCTBO CBEPXTPOBOINHNKA, HO M (PopMa Adeex
pelIeTky, 9To MPEAnoIaranocs [1], o Tak 10 XoHU2 A He OLUIO BRISBIEHO.

M3 paHee pacCUMTaHHBIX XapaKTEPHCTHK BOMH Je bpoina n
«TOPMO3HOIro» W3JlydeHMs  BMOHO, HTO (e IWHITTHETID) fIporecc
[A, — 2 3 A, +H[A, —2E 5 4, ] npu kosdduimerte nepesaun
sueprin £ =(0,1-1) min GIM3KO K TOMY TIO ITOPAAKY BEITFMMHEIL, HAET HPH
TNOCPEXHUIECTRE INEKTPOMATHUTHON BONHEI ETHHOH OKOMO | MKM g
Pa3HBIX CPENHMX MACC YACTHIN PEHICTKH H Temrepatryp. Takod MexaHusM
Oepeflayn uMmynhLca W IHepruum (Oe3 moTepsh) aBTOp CUMTAET aHAJIOroM
KYHepoackou napwl.

TIpuMeyaTeibHO, 9T0 XOpOIME IPOBOAHMKH HE MOIYT OHITL
CBEPXIIPOBOJHHKAMH. 3T0 CBSI33HO C BHICOKOH KOHLEHTpauueH >NeKTPOHOB
npoBoauMocTH. Tlpy HeusOexHo Gonbmoil B 3TOM Clygae UHTEHCHBHOCTH
TOPMO3HOTO  WINY4YEHH? BO3HHKAOT MHO20QOMOHHBle  BO3MYLICHAA
ofonouek aTOMOB pemeTKH, UTO Bieuer 3a cobolt 6e3B03BPaTHYIO MOTEPIO
JHeprus HocHTelAmMA Toka, Ilmoxue npoBomHuxkH — HaobOpoT, uMerOT
HU3KYIO TUIOTHOCTH CBOOOIHHIX 3IEKTpOHOB. 3TO OOBACHAET, [0 MHEHHIO
aBTOpa, CBEPXTIPOBOIMMOCTD IUIOXAX IPOBOJRHKOB H OTCYTCTBUE TAKOBOH Y
XOPOUIHX H IMENTOYHRIX METAIOB.

«JIBIpOTHBIH» YIEpEHOC TOKa B CBEPXMPOBOJHUKAX OOYCNOBICH
TiepeTeKaHHeM «cNabo CBA3AHHBIX)» AIEKTPOHOR yepes sIeiKu KprcTaia,

To ecTb, CBEPXIIPOBOJHMOCTE MOKET OHTL IBYX BHAOB;
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1. E,=U,+E_, 20 - cBoGonHbiii >ieKTpOH. Onexmpounan
nposoduMocmp.

2. E,=U,+E_, <0 — cemaudeii 3nex1poH. [Juipounan
npOBOOUMOCTb.

OT1 3TOr0 3aBMCHT 3HAK HOCHTENA 3apsAxa, 3HaK napamerpa Xosa, HO
MATCPHANLHBIA HOCHTEN6 TOKA — 3TO ABKKYLUMECS YIIOPSUIOYEHO 3CKTPOHRI.
CucreMa (2 «e» + ¢$OTOH) €CThb MATEpPHAIBHLIH (akTop Mpouecca
[A, TRt 5 R ]| A~ ], 3To MH  yke  HaiBauu

kynepoeckol napoii. KBaHTOBOMEXAHWUECKUI CMBICT 3TOro o0pa3oBaHus —
6030H. Maremaruaeckas WHTEPNpETALHA CBEPXTEKYdECTH %
CBEPXNPOBOAMMOCTH — 3T0 Bo3se-koHaencaiys, To €CTh CobMpanue vacTau
(6030HOB) Ha HA3WEM YPOBHE 3HEPrUM TpK cofmonenyy Tipurivna Ilaymu.
B HamleM NOHMMEHNM, HAITO HE NPOTHBOpEMT  oOGpa3oBarMIo
HMHTEpQEPCHIMOHHETX MPOCTPAHCTREHHBIX KapTHH BONHAMH «by depMuoHoR
(37ICKTpOHOB)  AHATOTHMYHO TreMmo. B  PaBHOBECHOM COCTOSHUM  3TH
06pa3zoBaHHA MMEIOT CMBICH KAHATOB CBEPXIIPOBOUMOCTH.

B coBpemernoift KM Npyinjiocs BRECTH MOAENL INEKTPOHHOR mapel,
9T00h MONYHUTL KBAZMUACTHLY C LEILIM COMHOM W 06ocrOBath >ddexr,
NOCTPOMR [0J HEr0 MareMaTHIecKylo MOAENb. PasMep KyNepoBCKOW Naphl
ONpCIENEH  TOJNLKO IKCHEPHMEHTAIBHO (Okono | MKM) UM pa3HBIX
Marepuanos! Hama Moaens TeopeTH4eckH HpeackaskiBacT CpelHui pasMep
Taxo# napw, CTaBd €r0 B 3aBACHMOCTB OT XapakTEpHCTHK MaTepHaia,

paBoyeii TeMnepaTyph | <g’> KaK apaMeTpa PaccesHus.

Hcxoma H3 BbIIIECKA3aHHOTO, MOXKHO CaENarhb PAN  HHTEPECHRIX
BhIBONOB. Ecrm PACcCMOTPCHRHEIC 'HIIOTE3bl OKAKYTCSH ((X(HBHCCHOCOGH]:!MH»,
2 IKCNCPUMEHTANLHO IIPOBEPUTD 3TH NOJIOKEHKA A0CTATOIHO MPOCTO, TO!

I. Tlpoueccs Bwia A, ¢> A, B renuu 03HZ4AOT MOTSHLMATLHYIO

RBO3MOIKHOCThL TIONYYEHHA 3NEKTPOMAarHATHBIX BONH H3 3BYKA,
Mexagmdeckoro  Bo3felcTBus H Temwia B ILTeHKax
KOHJEHCUpOBaHHbNIX  cped. HMmu  obparsbiit  npouecc. B
OPAKTHYECCKOM IIPUMEHCHUM — 3TO «XONOAHBIY CBETHIBHHMK WIH
Jlaxe Masep, aKyCTHYIecKad aHTeHHa, TPaHCHOpMaTop SHEPrUH.

2. Tlpoweccw smna A, > A, 8 KPHCTALMMECKMX CTPYKTypax

MI03BONAT TIOHATHL BAUSHUE Pa3MepoB sHeikn KpucTanna B Apyrux
CBOHCTB Ha CBEPXIPOROAMMOCTh. 2T0 RACT . BOIMOMXHOCTh
yBenuueHAd  3PPEKTHBHOCTH  TEXHOIOTHIECKOTO  Ipoliecca
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mrotopreHus CI1 ¢ 3agandrmd  caoficteamu. Kpome Toro,
BOIMOXHO UTOIydeHWE HAIYICHUA  CBEPXMPOBONHHMKOB  [PU
NPONyCKAHWH TOKA MNH IIPY MHOM RBO3NSHCTBHH B AMANa30HE OT
HHDpakpacHoro no ynsTpadHoaeroporo. IIpaKTHaeckd 310 1€ XKe
aKyCTRYECKHME 2HTEHHRI, JIA3EPEI M TaK janee.

Boeiroast no Tnase 111,

B I'mase Il mporeneH aHanmm3 OCHOBHBIX pesynsTatoR CTO wm
npefiioxeHo cobcTBeHHoe MX 0OOCHOBaHMe MW TpakTOBKa B paMKax
u3ydyaeMoi MORENHM CIPYyKTyphl MaTepud. B pesynerare monlyueHO
COOTBCTCTBHE DEISTHBHCTCKMX IIONPAaBOK Ha MACCY, IIMHY, WMITYJNbC,
SHEPIUI0, IMUHy BOMHE! B 3ddekre [loruiepa. OTREPrHYTO YTBEpHACHUE
CTO o «oxamy OpPOCTPaHCTBA B HANPABICHWM JBWKEHHA H O
«3aMEJICHVM» BPEMEHH B ABMKYIIEHics MHEDLUHMANBHOM cucTeMe oTcHera.
ITpennoxexa c¢Bosi TpakToBKa JlopeHu-daxtopa B HENOM U €ro BIASHUA HA
BpEMA XW3HA HecTaOAIbHRIX FaCTHLL.

B xoHne rnasml mccnenoBaHa CyThb BONA 1€ Bpoiing ABWKyIMXCS
yactru. [laHO MaTepHanviCTHYecKoe TONKOBaHuE MPOLIECCOB, CBA3AHHBIX C
BomHamu «bB». TlokasaHo cooTBeTCTBHE MexOy COOCTBEHHOX BONHOIM
{KOMITTOHOBCKOHR) HacTHI ¥ ROJTHOY €€ ABIDKEHHS (BONHE e Bpoiun), Takum
00pazoM, OKOHUaTeNIbHO CHOPMHpOBaHZ HEPOPMANBHAA  TPAKTOBKA
KOPITYCKYNIApHO-BOTHOBOTO ~ Oyam3Ma MukpooObekTo. B padjene
«MPefHONOKEHUA» DOMEMEHs THIOTE3bl, I[IPOHCTEKAOMME U3 paHee
BHIBEICHHLIX B paMKax MOJIEITM COOTBETCTBHI. YaCTHYHO 3TM IMNOTE3HI
HMEIOT SKCTIEPAMEHTAIBHOE TOATREPX/IEHWE, HO IIPH 3TOM WM COCTARJIMIOT
OTPOMHYI0O KOHKypEHNMI0 cymecTayioume kormermmmwm (Teopus nap,
mganpuvep). OAnako, TpH BCEX BHAMMBIX HEIOCTATKAX, I'MIOTe3a CBA3H
SNEKTPOHHOMA 11dpbl TOPMO3HAIM (IOTOHOM Yepe3 TNpolece TpaHchopMaruy
SHEPTHH K3 BOIH «b» B 3NEXTPOMArHMTHYIO TO3BOMSET (II0KA) KA9ECTBEHHO
000CHOBaTh ABJICHHE BBICOKOTEMNEPATYPHOH CBEPXHPOBOMIMMOCTH M
aHOMaILHEIX OPOLECCOB TEILIO-Macco-EPeHoca, IO B COBPEMEHHOMN
¢$u3vike eme He cACNARO.
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[CJIABA IV
I'paButanus BOMT.

3akoH BeemupHOro TAroTeRHs W3BECTEH OYEHH ZABHO, M 34 ITO BpPeMA
He TIpeTeprIe] HUKAKUX U3MEHEHHH,

mm,
F;,z =G )‘2

, THE M ;m, Macchl 0O6LEKTOB, T — PACCTOAHME MEXAY MX

ueHTpaMu Macc, G — KOHCTaHTa CBS3HM, MM «TIOCTOSHHEAA TATOTCHIN.

Ha mpoishkeHyu NpakTUICCKM ABYXCOT [ef HE OHJIO JaHO HUKAKOTO
obbacHenus d1oro 3ddeKra ¢ TOHKH 3PCHMI NpUYMH. Mi3BeCcTHO IMmMB, 9TO
Tesla, ofnajaioue Maccoli (Bxnoyas GoToHsL), MpUTArHBatOTCA. IIpH 3TOM
U3 OMbITA M3BECTHO, HTO HPUTArMBAOTCA OHU BCETHA.

BnepBble 3T0 sRAEHUE NOAYHWIO TOIKOBaHUE kak d¢upHOe. Macchl, o
MHEHUIO YHeHBIX (BIUIOTh IO KOHIA 19 Beka), MMEIOT CBOHCTBO YBJIEKaThb
HEKYIO TPOCTPAHCTBEHHYIO cyOcTaHumio — 3dup. Ho pan skcrepHMeHTOR ¢
pacnpoCTpaHeHUEM  DNEKTPOMATHATHONO HMAYYEHASA Jal  JOCTATOYHO
OpPOTHUBOPETMBEIE PE3YIIBTATH], KOTOphle (MM3WKH TOTO BPeMEHH Tak ¥ He
CMOTIIY OOBSACHATE OJTHO3HATHO.

B mocnencTeMM «BaKyyM 3HanMiD» OBIN 3allONHEH HOBOW TEOpHEH —
OTO, senmomeiics o0obmeHHIM BapuanToM CTO, XOTOpasA 3a MATE JIET 40
3TOTO MOJNHOCTBIO PaspylmHiida KOHIETIBO «3¢upa». BajoBRIM NPHHIHMITOM
CTO smiserca oTka3 or d(upa kak Takororo. OJHAKO, KOIMIECTBEHHAN
dopMa ONpeseNeHns BaXHEHINEro 3IeMeHTa TEOpHM ~ MHBapHanTa As,
octanack B ¢QopMe JIopeHla, NPUHATOH NOCIETHHM HCXoaf M3
npeaCTaBIeHUHE O «HEyBIeKaeMOMy TenaMmu ddupe [S]. B Toii xe pabote [5]
apTopoM npuBoamtea Tpaxtoska OTO rpaBMTalMM KaK «HMCKPMBICHHS»
MPOCTPaHCTBA ¥ YKa3bIBAeTCS HECOCTOATEMBHOCTh JIOFMYECKOH Lenouku
paccyxnenui OHHmTeHHa.

ABTOp HacTosmeid paGoTel we OyJaeT ANABATECA B NOAPOOHOCTH
kputika OTO croponHuxamy s¢pupoauHamuuyeckod wmonemm. Jobarum
NHIE To, 9T0 caM JHMHINTEHH B Nponecce pasBUTHS CBOMX HAeH H paboTni o
yHUpVKaLHK B3aHMOAEHCTBHI TipHmIeN K BHEOAY 0 HEOOXOAAMOCTH
BRE/IEHAA B TECOPHIO IOHATHS HEKOU «CpEeMbI», IAe ITH B3aNMOAEHCTBHA
NOKILI  pacnpocTpaHATeCH. Cerofns Takad «cpefia» W3BECTHa TION
Ha3BAHHEM  «BAKYyM», KOTOPOMY  TIPMOMCBHIBAIOTCS  OMpENENneHHbIe
dusvieckue cBoiicTBa. O 3TOM Mbl Y)K€ rOBOPHIH B MPEABIAYIIMX TIaBax.

B nmaHHO# paboTe aBTOp NMpPHACPKMBACTCH CBOEH TOYKM 3peHwa Ha
pacnpocTpaHeHue B3aHMOAEHCTBI ~ 310 nepemeledne ¢porTos HOMT ¢
ollpeieIeHHbIMM CBOACTBAMY (CM. IaBy I).



107

B pa6ote [4] arTop mpuxoauT K BhIBOAY 0 GespasmepHocTH G M
pasmeprocTh cibl [u'/c*]. B rmase II panuoii pabornl BOIHHK2ET Takas
ke MbiCIb Ha OCHOBAHHA TOIYueHHs $OPMYITHI «CBA3YIOmEH) CHIb

4

F=c [Tpu 5TOM MOKa3LIBAETCA, 9TO pasMepHocTs G [m® /c? / k2. Kak
G

X

paHee ¥ YTBepXIanock, Macca — 3mo PP BOMT, xkomopas onpedennemcs
HanuuueM nNepROOUNHOCIY Npoyeccd 6DMYEHUs U, COOMBEHmCMEEHHO,
Kpuausnou opbumel.

[loaToMy, kak ¥ y asTopa [4], BO3ZHMKaeT mues Oe3pazMepHOCTH
nocToaHRoi TAroTeHHMA. [IpH 3ToM B HacTosmedt paboTe CHCTeMa eIHMHHL
CH, a ue EXCP.

ABTOp [4] ®BBOZWT TNOHATHe «TPaBUTAIMONHOI» Macchl, HMerolnei
CBA3b C AHEPTHON depes MHOxUTens 4 1G . Tlonoxus npu 3toM 471G = 1

W BHPA3MB Macchl B pa3MeppocTsX [’ /c’], Tomydaetr opMyay
mm,

4ar?

TIOJIXOIOM 3aKII0TAeTCA B TOM, 910 aBTOp AanHOY paboTel cautaeTt, 110 G -
370 «(yRIameHNTaTLHAA KOHCTawTa ortHomeHHy (®KO). PKO -- smo
KOHCManma, onpedensiowas OmHOUleHue OOHUX U mex e (axmopos
Oelicmeun (cun, 3Hepeudi u max Oaree) paznuunow npupodu. Ilpavepom
®KO momer cIyxuibk (¢ — NOCTOSHHAA TOHKOM CTPYKTYPHEI (OTHOLIEHHE
CWIOBLIX/3HEPIreTHIECKHX (AKTOPOB  CMNBHOTO M JIEKTPOMATHMTHOTO
BlaumoeicTBulf). Takum ofpaioM, kakoBa Gnl HU ObUla CHCTEMA EIMHUL
(ec;v oHa koppektHa), PKO ocTaloTcs HEU3BMEHHBIMH BO BCEX CHCTEMax

Hame wHecormacHe ¢ TakuM

IPaBWTALMOHAON cumbl:  F , =

uznaecknx Beawund. Koderawtsl €;0;C5€,; ,, @ T. O. MOTYT MMETh

pasHbIe YHCIICHHRIE 3HATEHHS B Pa3HLIX CHCTEMaX pa3MepHOCTEN.

Hanpumep, B HEKOTOPO# CHCTEME MOMKHO NOJIOXWTE CKOPOCTh CRETA PaBHOR

|, HO TpH 3TOM (X ocTanetrcs nmpeMepHo 0,00729735 kak u B CH.
OrHocurensAo G IPAaBOMEPHOCTE TAkoro MPeATIONOXEHHS BHAHA U3

TIONMy4eHHBIX paHee COOTHOMEHAH QyHaaMeHTansHeX cun (rasa IT). Takum

06pa3oM, B paMkax fipeanaraeMol KoHUeniy G, kKak ¥ & SBIACTCA HEKAM

TPOCTPAHCTREHHBIM MHBAPUAHTOM.

Hrak, paccMOTpHM SIBTICHHE TpaByTaIMN ¢ HammXx,
«3upommmamudeckmy (HOMT) nosumwit. /s atoro ofpaTuMes K puc.
2.12. W moxpo0HO TPOZAHATH3MPYEM TPENNONAracMylo «MIEPOXOBATYIO»
CTPYKTYpY «II0OBEPXROCTY» TIPOM3BOIRHOH BOMT.
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HOMT

Puc. 4.1. «lllepoxosaman» cmpyxmypa «nosepxiocmuy BOMT.

Kak rokasano Ha pHc. 4.1, MepneHIUKyIIpHO NOBepXHocTH BOMT
pacnpocrpansercs notox HOMT co cxopoctamu C, xotopsiii obpasyeTcs 3a
CueT HEHTPOOEKHEBIX cW! npH Bpamenud 1(t). Ilosepxnocts BOMT
HEOIHOPONHA W COlepXHUT GecKoHeUuHOoe uHCI0 0coORIX Toyek A m A’, rae
MPOMCXOAUT HTOM TPaeKTOpHH r(1), Kak ObLI0 1T0Ka3aHo paHee, TOoN ymoM
¢ =~ 0,04512 pagnaH.

Bo Bcex TOYKAX, KAK W B TOYKAX «IUIARHEIX» YJacTKOB OpOUTEHI, KOHEL
Beklopa #(¢) mpebhBaet HeckoHenHO Manoe BpeMs, ¢ — (. Ho, B oTanane

OT (IUIZBHBIX» YIaCTKOB OPOMTEI BEKTOpa, B 0COOBIX TOYKAX Pe3KO MEHAETCS

(# — 0) panHaTbHad COCTABNSIOLIAS CUIBI: _BL —co! _a_}.'_

bl
ot |, e
Vyursibag cBofictsa HOMT # ycioBusA WX JABMXEHMs (CM. FMaBy ),
MOXEM C/IENaTh BLIBOIG!:
1. B Toukax A’ ofpasyercs kouyc OeckoHedHo manoro obbema
(JIMHKIR), TIO KOTOPOMY ckopocTh BuieHHAs HOMT ot mosepxnocTu
HCOTIPENE/ICHNA U, BO3MOXKHO, GECKOHETHa.

—> 400 .
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2. B rouxax A ofpasyerca KOHYC ¢ YIIOM MeXay 06pasylommMe 2¢,
roe  cxopocth apwxenms HOMT k  moBepxHocTw — Takke
HEONpefiesieHHa H, BO3MOXHO, OeckoHedHa X0TH Ol NO OCH KOHYCa.

3. Hampasnenne cxopocreit HOMT «x» HIM «OT» [OBEPXHOCTH
3aBHCHT OT HANPABIEHWS CUILI, 3 T4 B CBOIO O4e€pelas B 0COOBIX
TOYKAX 38BHCHT OT -3IHAKA IPOW3BOAHOW B OSTOH TOHuKe «X»:

. ,rae F, — orpauuyena.

oF
F =F, +t—
X [ at

X

Konye «K» nazoeem «cnenvim Konycom».

TpeanonoxuM, 910 Ha obpasyrowux / koHyca «K» cymecTByet Hekoe
norpaxuugoe cocrosHHe motoka HOMT x mnoeepxnoctu BOMT. 3to
MOXHO NPEINONOKHTE HCXOAA M3 HEKOTOPON NOrpaHHYHON BEIHYHHEI

oF
TIPOW3BOXHOH —{ , KoTopas yXXe paBHa «MHAYC 6ECKOHEYHOCTH», @ CHJA B
l

pafuallbHOM HANPABICHHY OrPpaHUHCHA, HO YIKC OTPHUATEIbHA

F()=F, +taa—}: =F, <0, mo ecmv F, —0 "cresa", To €cTh

1

F
F,— _,19_ “cnesa” -
at |,
Bosnukaer HeompeaeneHrocts: Ft = mV grs HOMT na rpamme [
crenioro  koHyca «K», 1he F—>0, t—>50, m—>0. Torna
F
V= 1im[~i] -
m m—0,F —0,1—0

IIpentionoxnm, 910 Ha rpaHmue koayca «K» / cymectsyer Taxo#
npenen. U B 3TOM NOrpaHATHOM COCTOARRHA /= V) — ckopocTh «06paTHOro»

Toka HOMT - Hexas orpaHiMedHas BelddvHa, KoTopas He pasHa C mo
OTPC/CACKAIO, & MOXKET [(IPUHHMATh, B NpHHIENe, JIo0nle 3HAYEHHA,
HMeercs BBUIY «Heaunamuueckoe apuxeHiey HOMT (cuna BHemHero
BO3JSHCTBHS CTPEMHUTCS K HY.II0).

TIpesnoIoKHM T2JOKE, 4TO CKOPOCTh «BTATrHBaHmA» ddpupa (HOMT)
onpenenseT CHIOBoH (akrop cOGCTBEHHOro IPaBHTALMOHHONO IPHTAKEHHA
BOMT. To ects:
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Tena (obvexmuij, nonadaowue 6 caenoti xomyc Opyzozo obwexma,
NpUMAUBAIOMCA K HEMY CO CKOpoCcmbio, cmpemauetica k V, — ckopocmu
deuxcenus >¢pupa no oOp@YIOWUM Crenozo KOoHycd, 3asucaujeti om
paccmosnus mexcoy obvexmamu. Ilpu smom V =V docmuscum & deyx
cryyaax: aubo macca «npums2ueaemo20» obvekma pasHa Hymw, aubo
o6vexm ¢ HeHYNegol MAcColl HAYUHAEm UCHLIMBIBANb NPUMAIICEHUE C OHEHb
bomvwozo  paccmosnui  (npumszusaemcs  «u3  GECKOHENHOCMU»  Ho
paccmosnui).

Hamm paccykuennas o J, Ha N3HHKIH MOMEHT KaCalOTCsi TOABKO
co0cTBeHHOro rpaBUTamoHHoro mons BMMT BOnmm opOHTH camoro
o0neKTa, a Talke ero RO3JCHCYBMA Ha caM werounnk. Mrak, ganmm
onpe/IeNeHHe «TPaBHTALHOKHOMY> TIONIO BOMT.

TI'pasumayuonuvim nonem BOMT sisnsemca nomoxk eexmopa cropocmu
I70 nedunamuvecxkozo (F — 0) Osuxcenuns HOMT x nosepxuocmu smot

BOMT, pacnpederennblii 60 eHeWRUT 06BeM 1O NOBEPXHOCMAM KOHYCO8
osuxcenus (2¢ ) 8 0cobLIX MOUKAX MpaeKMopuL paduyc-gexmopa.

C y9eToM paHee HM3IOKEHHBIX No3Mumil no cunosoMy dakTopy
TPABHTALMOHHOTO TONA, CHI3 JAeHCTBHA COOCTBEHHOTO [PaBHTAIMOHHOTO
nons Ha BOMT:

2
m
4 _ _ 0
VO _FG —G*—z— )]
Y

VYauThiBag, uTo 00bekTrl, He 00MafaomuAe Maccoll, npy NoMajaHuH B

ToJNie CKOpOCTel HeaHMHaMuaeckoro awkeHus d¢upa (HOMT), yrnekatoTca

3THM JIBWKEHHEM CO CKOpPOCTBIO J =V, (3aBucAmed oT KOOPAMHATRL M

MAacChl HCTO‘IHI/[Ka), MOXHO OUCHUTh BIHAHWUC COOCTBEHHOTO  MOJIS VO Ha

ero HCTOUHHK — BOMT. H3 knaccugeckoii dmukn (Mexannku HylotoHa)
H3BECTHO, 9TO:

: Mm
m—=ma=G ——, rie V eCcTb nepsas KOCMU4ecKas CKopoCTh
r ¥
V, — ycloBHe CTalMORapHOH KpyromoM OpOHMTEI «CIyTHUKa» BOKPYT
Tena M.

B npuvenervm x BOMT, mpennonoxum. 910 V, Ha opbure r, ecTh
CKOPOCTE «CMEIIEHNS» MACChl OTHOCHTENBHO «MAaccoobpasyrolero» XoHua
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BeKTOp2 7 (!), BpaUIatOIIerocs ¢ HekoTopol 06beMHON DEpHOIUYHOCTHIO

(resrys7sT) -

2 2
Hmeewm: m()i:(;in_@. (2)
A I

Uz (1) u (2), 3amenss macey BOMT ee BupaxeHueM uepe3 paiudyc,
TIOJTYYNM:

V-JG*—IT*[TZ‘/_] =1, h‘/_ 4G

%o 3)

f 13 h«f
20 G

U3 (3) cnenyet otHowmenue: V, =V *4G @)

Jns HarnsnHOCTH NMpeicTasiequs (4) npuBeaeM puc. 4.2 ¢ YkazaHHeM
HHTEPECYIOLIMX HAC CKOPOCTEH.

0]

Puc. 4.2 Omnowenue cxopocmeii V, u V.
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r(t)— Tekymmit paguyc op6utes BOMT;

r, — cpeanmit reoMeTpudecknlt pannyc BOMT;

¥, — CpPEOHECTATHUCTHYECKMH panuyc (Onpenestolyit Maccy);
A —ocobas Touka OpOHTEL #(7);

B - mpoexuus A Ha 7, - op6UTY N0 OCH neiicTRus Hons V), (R):
V,, — norpasuayas MrropenHas ckopocts HOMT b Touke A;

V, — ckopocTs «CMEIEHUS) MACCHL.

Bnuswue V, wal/:

Ipr B nenom wOCTOSHHON ckopoct Bpamenns BOMT «C», mog
BO3JICHCTBAEM TMOToka >(Wpa B 0COOBIX TOYkax A €O CKOPOCTBIOV,
HANpaBJCHHOH NOJA HEKOTOPhIM YTIOM K [oBepxHocTH 310ii BOMT,
BO3HMKAET «CMCIIEHHE» MacCh 1o opbure r(¢) (B cpenHeMm r,) co

CKOPOCTHIO V| OTHOCHTENBHO KOHIA BekTopa 7(f) (B cpemwem 7). Takoit

TIONXOA BHAMTCA OVPAaBAaHHBIM BBHIY CBOMCTB «moBepxHOocT» BOMT,
npencTapnstome codoit 6eckoneqnoe MuoxkecTBo HOMT (cm. rmasm I, 11).
TepMuH «cMeIeH’e Macchl» NPK ITOM NPHOGPETaeT CMBICK HEKOTOPOTO
OTKIOHEHWs _TPAcKTOPMH BPAIUCHAN BEKTOpa 7(f) OT «3aNaHHOION
HauaIbHBLIM HampasneHnueM ¥ ¢dasoft B pesynsrare HosmieHms y HOMT,
MPUHAVTEXANTX IOBEPXHOCTH, COCTABNMOMmEd CKOPOCTH Bpamenna V| B

HEKOTOPOM HalpaBIEHAH TIO KacaTelbHOH K 3T0il IOBEPXHOCTH.
Hrak: ’

1. Tpoekmws ¥, wa ock nefictama R: V, =V, *cosp, tie V,
OMpEAENAeT «CKOPOCTHOM Hagop» VB TOYKE pPCatbHOH OpOHYEI
rit).

2. Tlpoexums V, Ha peansHyio opouTy 7(1):

Ve

o = VR *Sing = VO *COS (P * sin ¢ — ONPEACIACT ((C.KOpOCTHOﬁ

Hanop» V,, Ha opOuTy r(t) w3 TOUKH A.
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3. Tlpoexuus «CKOPOCTHOrO HANOPa» ¢ PEANTBHOW OpOUTHI F(7) Ha

«MaccoonpeACIIAFOUYION» r(] !
Vo, =V " *COSQ =V, ¥COSP*Sin@P*Ccos Q-
r(

4. Pacnpepeneure Bextopa 7(f) mo opfure BOMT 7, kak paHee

ropopuiock B ruasax | u I, Ha mHTepBaie Bpemenu T (WHTepBan

HEPUMOTHIHOCTH) HOCHUT Xapaktep ¢ — dynxmum Jldpaka ¢ YTROBRIME
HHTEPBANAMH TIEPHOMIHOCTHA N0 OCsM BpamleHus X, Y, Z paBHLIM
n=1L, b TakiM ofpa3oM, pachpeneneHyas 10 TIOREPXHOCTH

o6vema BOMT 3a moansrl epaon o6opoTa, CKOPOCTE «CMEMEHUR)

—l—=|l/m‘*(2,-;y"’2, NpH HOPMUPOBKE Ha
JLLL

HHTEpBAL ICPHOIHYHOCTH BPpALICHUA.

MACCEL |Vl‘:‘V01|*

B pe3yabrare NOMydnM:

V, =V, xcos@=sinp*cos o2z )" (5.1)
WIA:

(5-2)

3

Kl_:l_.*sin 24)*003 Q¥
Ve 2 87

ConoctasmR (5.2) u (4), NONyduM dIuCiIeHHOe¢ 3Haueude G B
HHTEPNpeTaHy OpeIaracMoi MOJENH:

PR 4 4
G = Sin 2(p*co: 2¢ (6)
10247
IMpu m3sectroM @ = 0,045120 monyqmv:

G =6,6722196 *107"" (emanuu)

2

Tlo [2]: G =(6,672£0,004)%10™" [ H? }
K2

VuuThiBAS padee cIellaHHOe IPEANONONEHHMEe O COOTBETCTBHH
2

pasmeprocreil  (mogobHo [4]) [ﬂ%} = (eIMHMLA), MOXXEM IPOBECTH
K2
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CpaBHEHUE TNOIYYCHHOH BEJMUHHB € Ta0MMYHBIM (SKCNEPUMCHTAITbHLIM)
3HAYECHMEM.

OrtHocurembuas norpemsocts G ,,, = 615 10 -6, B namem

G-

Clly4a€ OTHOCHTEIBHOE OTKIIOHEHHE OT Gexp: G = % =26,7%10°.

TJaBHEIM  NpeMMYIMECTBOM MNosyueHHOH dopmyan (6) sBIsAETCA
HEIKCHEPUMENTAbHAA ONPEACIYMOCTD IOCTOAHHOM TATOTCHHA H €€ CBA3b C
MOpPOCTPAHCTBEHHBIMU KOHCTAHTaMH I, TIA€ (¢ ~ CKPBLITMIH napameTp
necTabunbHoCTH 110BepxHOCTH BOMT (ee TOMONMOrmieckod CTPYKTYpHI).
OTBEHAKOMIMIA TAIOKE 32 HEKOTOpble BAXHBIC JJCKTPOMarHUTHbE d(dekThl.
Orcriona  cesA3p TpaBUTAUMM H  JICKTPOMAarHeTH3Ma depes CBOWCTRA
npoctpafcTea (77 ) m cBolictBa Matepui (¢ ). XoTa 06a sBICHUS MMEIOT
pasHsle Nposeiermd, obOmel y HuX sgBuseTcs NPWIHHA. NepuoduyecKoe
spawenue BOMT.

Iporenem anamms cesseif SICKTPOMATHUTHOTO M TPABATALMOHHOTO
B3aumMoericTauii BOMT ¢ coOCTBEHARIMU TIO.TAMU:

3G 2 2 !
F; :F“—*F‘ ; F =20+ F, =2q,*F,*cos” ¢, 20e a, =(87: «/5} .

TOraa.
_sin"2p%cos®y (F, Y (sin?2pxcos’p F, Y
¢ 16384 '° C? 1287° ct)’ (7).
2
20e e=ﬁ€q2
Ame,r,

Eme opuo Beipaxenwe mix G B OpeacTarieHMM,  YTO
a=a,*cos’@:

2
G=3*[%] #5in* o % cos* p;

(8)

v

2
a . .
G =3*[—*sm2¢>*c052q0] ;
T

2

3a
= 4]Z‘G =
4 % ¥4

*sin’ 2¢;

L
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Nonctapus Teneps G B (3), MOoNyduM CKOPOCTH HEIMHAMHYECKOTO
npixenua HOMT s6nusu ocoboit Touxu BOMT opbets! 7, :

sin 29 [30h3

Vy= ®
. I 16 #C
Orcrona, 4epes r, = L‘E— TIOJyIMM CBS3b CKOPOCTH V/, € Maccoit
2m,C
BOMT:

aC\E

Ve =m, *xsin 2¢ * ,|]——— (10
0 0 @ 3% )

B nandoM citygae Macca paBHA Macce [OKOs, HO B ODWmEM ciyTae
IIPOYICXOIUT YMHOXEHHE HA COOTBETCTBYIONIY ) PEISTUBUCTCKYIO NONPABKY.

Panee B rnase Il aBTOp ye mOKa3an CBAShH [PABMTALMOHHBIX CH C
APYTMMU QYHIAMEHTAILHRIMH CHIIAMH: CHIIBHBIMY M 3CKTPOMAIHHTHAIMH.

Tenepr, ke ymanocs, no HalleMy MHEHMIO, [OJTBEPIOUATH
OPeNflOOXKEHHE O CBA3M KOHCTAHT (YHIAMCHTAIBHBIX B3aUMOIEHCTBHIA
MeXRy coboit HCKMOYHTENLHO FEpes NPOCTPAHCTBEHHAIE (IEOMETPYYECKHE)
KOHCTaHTH! (71 ) M CBOWCTBA MaTepHH, 3ANOKEHHEIE B JIAHHON KOHIEIUY B

€¢ CTPYKType. ITO XOPOLIO BUIHO U3 TIOMYyICHHbIX PopMyi (6 — 10).

He nuwnum 6ydem ewe paz omwemume, 4Mo OR8 CPABHUMENLHO20
aHaIu3a 3aumModeticmauii 1 OnpedeneHus KoHcmawm 6 Oawnon pabome
paccmampusanuce  axmopel  Oeticmeus cobCmeenH020 ROAA HA cam
ucmounux. Asmop Oannoli pabomer naswleaem maxoe 83aumodencmeue
«qucmoimy (6y06 mo zpasumayuonmoe, cwtbhoe u m. 0.), mo ecmv be3
BNUAHUS SHEULHUX (DAKMOPOB, KOMOPHIE MOZYM MONLKO YCNOXCHUMb 6a308bie
VDABHEHURA, HO. ECMECMmBEHHO, He OKAdCym GMUAHWA HaA pe3ynbmam -
A CHUR MUPOBBIX KOHCIAHM.
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BuiBogei no Laase 1V.

B HacTosme#t riaBe orsepraetca kxouuenuma OTO o npupone
TpaBUTalMM Kak pe3yibTaTa MCKPUBNEHUA TPOCTPaHCTBa-BpeMeHu. Ha
OCHOBe cOBCTBEHHOM, IO CYTH, 3GHPOIWHAMAIESCKON KOHILIMIUM MOTyueHa
CBS3b  TIpaBUTALMOHHON MNOCTOAHHOA (G € JMEKTPOMArHUTHAIMU
TIOCTOSHHBIMM W CBOMCTBAMH TpeXMepHOTr0 EBKIMEOBa MPOCTPAHCTHA.
Takum oOpazoM, ycraHoBieHa (C Y4eTOM MpeabUTyMX (JIaB) CBA3b
TPaBUTALAM ¢ APYTHMH TpeMd (cnabLiM, CIIBHBIM, 3JEKTPOMArHUTHGIM)
byHIaMeHTATBHBIME ~ R3amMofelicTRuaMn.  [lomydeHHOe Ha  OCHOBE
npeuiaraeMoit Mopemm 3HadeHme G Xopomio CoOTiacyetrcs ¢ JAaHHBIMH
skcriepumerTa. [1pd 3ToM cama nocTosHHad G OnpeeIuMa TeOpeTHIECKH.
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I'JIABA V
CpaBUTaLHs MAKPOOGHLEKTOB.

B rmase IV 7teopermuecku (¢ pacdetoMm G) Omna nomydeHa
MakcUMajibHasd IepBas KocMHJeckas CKOpPOCTh AN (yHIAMEHTANBHOro
obbekTa TeOpHMH, OfNajgaroulero MacCoi, KOTopas ecThb CKOpOCTb
«CMELIECHHMA» Macchl. A TakKe I0JydeHa MaKCHMaltHas CKOpPOCTh dupa
(HOMT) B6mIM3K NOBEPXHOCTH 3TOro obbekTa no ofpa3yrompM «caenoro»
koHyca «Xn.

MaxkpoTena, cCocTosIMue W2 OTPOMHOTO KOJMWUECTBA TaKRX OOBEKTOB —
BOMT, 06napaioT COOTBETCTBYIOMEN CKOPOCTBIO «BTATHBaHUA» 3¢upa,

NOIYHHEHIION B CHITY ¢¢ pachpeieeHHOCTH NPHHIMITY CYTIEPIIO3HIHY,

Puc. 5.1, Ipasumayuonnoe none maxpoobvexma maccoii M.

B nmaunoM cnywae Ha puc. 5.0 BUAHZ CBA3b YCKOPEHUA CBOGOAHOrO
nMajfieHua u ckopoctd V,(R). JlamiM onpesieneHue YCKOPEHUIo cBOGOAHOTO

NaIeHHA [I0CPEACTBOM SPHPOIMHAMMIECKIUX NPEACTABICHAN O IPABUTALMM.

Yckopenue cgo600n020 nadenus — ecmv yCKopenue HeOUHaAMUuYecKo2o
nomoxa HOMT e cmopory Lenmpa Macc zpasumupyiowezo obvexma, unu —
6 CMOpoHy o0coboil mouku nogepxHocmu yHoamenmanbnozo obvexma
(BOMT).



s
l.

Cynepno3nuus MakcMManbHON Neproid KOCMHYIECKOH CKOPOCTH:

Tl anextpora: pow = [ _y 34824107 (M/C);

%

Ton 3emmt (M =58%10™ (x2), R =~6,3*10°(m)):

n =,fGﬂ =V *JM’“ =7,9 10" (M/c).
R mR

I 0BOpA ol YCKOPEHNU ¢poboHoro mageHus a;, Halo nOHUMarh, 410

BHyrpd BOMT ero He cymecrsyeT, HO BHYTPH MakpoTen d,

MOAYMAEHHOE 32KOHY CYNepmo3MLMy, cyuwecTByeT U B [[M HucxommT no
HyJ4.

a:GﬂzziK = dV, =G-‘Z2*dt, 20e dt = dR, TOraa MnoayYyum
R a R v,
popmyny npumaxcenus: V,dV, = GM R (1.
[4) a RZ

To ects, ¢ yueTom ckasamyoro B riame 1V: Ecau obvexm maccos m
Raxooumcs Ha GECKOREUHO BONbUIOM PACCMOAHUY Om 06bexma MAccol
M u pasmepom R, mo 6 omcymemsue snewunux 8030eticmauti 06vexm «m»
6yoem dsuzambca K «M» co ckopocmelo emazuganui Qpupa obvexmom

«M» (V).

v ax vy 2 e -

g ey j anx M

[ Vv, =—> =JGyfdr=G—A£ = ¥ =‘ﬂ2° =7,.
5 2 . R R

V, — BTOpas KOCMM4ECKAs CKOPOCTb (B [JaHHOM CiydYae —
MakCUMalTbHasA CKOpPOCTh «BTATHRZHH® ddupa).
Jns 3emim oma cocrarmer ¥, = 11.180 m/c. D10 xe 3HaueHue nis

CKOPOCTH 3(DHPa y MOBEPXHOCTH 3eMIH T0JIyIeHo y asTopa [3].
Jna BOMT, nanpyuMep, 3N€KTpoOHa

'’
Vo =V, =4/G—= 4,717 #1072 (m/c).
ry

Taxum obpa3oM, cynepnosuyus cxopocmeil «8mazusanus, >upa
8BIUIU NOBEPXHOCIY MAKPOMEL HA NPUMEDE 3eMAU:
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pme = e M’O sy2JG = ,, =11.180 (we)

3. Takum 06pas’om, MHOKHTENH 4/ WG OTP&XAET NIPHHITHIT CYTIEPHO3UITAH
V, - monst (TpaBUTAIMOHHOTO TOIN) MAKPOOOBEKTA, COCTOSIIErO H3

v 3

MHoxecTBa BOMT. 3amernM, urto \)2\/6 =(@xz)?, a 3o ecrs
KBafipaT Ko3(h@UuMEeHTA HOPMHPOBKH HA MHTEPBAN ICPUOIMYHOCTH IO
YOIy B TpPeXMEPHOM [POCTPaHCTBE. Puauveckuil cMmwicn 3mMo20
KOdhhuynenma, no MHewul» asmopa, 3aKTONAEMCT 8 MWIOMHOCMY
6epOSIMHOCIU COBNAOECHUS NQ HANPAGReHuwIo paouyc-eekmopos BOMT,
COCMAsnRIoWUX Maccy Maxpoobvexma.

Bosiee TOYHO 4/24/(G MOXHO TNPEICTABUTH 33 CYET BBEACHHSA
SMITMPHYECKOH NONPABKY:

2
(cos(rrza’))l, 20e o' =2na,, o, z———{—\ Foe—n

N,

@2r)’ cos( Tla )

Qp — onpeaenser norepio Macckl BOMT na prigenernroe HanparieHue
(T'naea IT).

B pesynsTare nomyqaum:
G = (JE *(2r)’ * cos»(2ft36rk)71 ~6,6723272 «107" (em.).

[NonpaBounniit kKoadmment

e B ITaHHOM CJiy4ae BBCICH
cos(7“a’)
OPOH3BONBHO, HO €CNIM TPUUATE BO BHAMAHAC HOJMYICHHYIO B

HpelbAyINeH rnaBe CBA3b Mexidy G H NOCTOaHHON TOHKOH CTPYKTYphl
Q:

2
-¥sin’ 29, 20e 9= f(a,)=q(a’=27,), 70

BBeJIeHre TTO00H0H TONpaBKy YK€ HE KaxeTcs HaJyMaHHOM.
JIc#CTBHTENBHO:
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! =gin 2@ * aﬁ‘
V2« @x) * cos(27e,) 4z’

20e —ai—cosqu' a __1_
: B

0

Torna:

aﬁ 0052(0 . \/5 -3/2 1
—— = [——=*——=(27) " *cosp*—.
ar 8x23 4rx 2

OTKyAa HOTy4¥M IPUONH3NTENLHOE BHIPAKEHUE BBSACHHOM NOMPaBKY;

V2

(2z)*"? *sin2@*cosg

cos(2m’ay) =

Pacaer npapoil wactu faer 0,997419648 nmpu ¢ = 0,045120. Pacuer
nepoli wact daer 0,997415385 mpn @, = 0,00115965. Taxum

ofpasom, nonpasouuslii kosppmument |/ cos(27r3ak) xopomo
ONMCHIBACT  (INEKTPOMATHUTHYIO»  (PAAUALMOHHYIO) [ONIDPAaBKY Ha
pacnpenenenue V), - nons Makporesn (OTKIOHeRue V), okono 0,000005).

Takmm  obpa3zoM, MOXHO TOBOPDHTE O ¢ce  OJHOM
«(ITPOCTPAHCTBEHHO-MATEPHAITRHOM) COOTHOMIEHHM:

cos(2m’ e, ) xcos@*sin2¢ | @)

o) Jory

Ilo cBoeH 3HauuMoOcTH (2) ABAAETCA, IO MHEHMIO AaBTOpA,
CBA3YIOTIAM 3BEHOM MEXAY HOPMUDOBOYHHIM MHOXHTEIeM O —
¢yHkimm Jivpaka H peanbRbIME  (PU3HUECKHMH  BeTWYMHAMH, TeM
CaMbIM, OTYaCTH, IPHJABas ONepalHaM MaTeMaTHyeckoro arnapara KM
(hA3HIECKHH CMBICIL.
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BaxHO OTMETHTE TOT ¢aKT, 4TO Hamlia MOJETb NOKA3RIBAET, B
OPHHLMIIE, OTCYTCTBUE AcACTBHA NpUHIHI CYNEpnoO3UIUH
FPaBUTALMOHHBIX MOJIEH (R TPROWIMOHHOM NOHMMARHM) U1 MaKpoTel
(cocTaBHBIX TE). MBI paccMOTPENU TONBKO JBA NPEAENbHBIX Cayyas: BOMT
— DJNeMEHTapHBII OObeKT, rie IPaBUTALMOHHOE TONiEe MONHOCThIO
HMHJIECTEPMHHHPOBAHHO, ¥ MAKpOTEJo, T MOXHO TPOBECTH YCPENHEHRHE YO
BCEMY aACaMOMO Ha BCe HaNpaBneHUA Kak pasHonpasksie, B OTO momxoa
rounksrii! B «Teopym nons» Ha crp.319 — 320, 328, 365 mpubefeHH TOYHLIE
dopMyTbl NPaBUTALMOHHBIX NONEH B TEH30PHOM Buje. MhI NpHBEdeM 3AeCh
JHIb [B€ IPHHUMTHMATGHEIE [N HAMEero fIOBECTBOBAHMA LUTAaThl
aBTOPHTETHLIX y4eHHIX. 1) «HeuHeHHOCTD PABHTAMONHLIX NoNel roBOPHT
0 HECHpaBEeLMMBOCTH [ HWX TNPHHIMNA cynepnodmm», 2) «B
CTaUMOHAPHOM I'PaBHTAHVOHHOM TIOJie HA YACTHIYY NelCTBYET «XOpHOMCOBa
ci:ia» rionobHas cHie BpalCHHAA TEN.

Mu nogydaeM TO JKE TOJKOBAaRME SBIICHMA, HO NPH IPYTHX
UpEANOCsUIKaX. A MMEHHO, rpaBUTamus — He HCKPHBIIGHHE TPOCTPAHCTRR, 2
uckaxkeune nons ckopocreit HOMT (memumaMumeckoe). [Ipu 3ToM Haymmane
Maccel (BoofOlue romopd, HHEPTHOH) €cTh TIpAYAHA RO3ZHHKHOBEHHSA
rpaBuTalMyM. HemocTaTkoM HacTOSmMero moaxoja ARISETCH OTCYTCTBHE
MaT/anmapara, Cie0BaTelIbHO, TOYHBIX pelcHui. ONHaKo, Kak ¥ B CIydae ¢
KM, apTop mpepmoiaraeT BO3MOXKHOCTE YaCTHMHOIO HCHOJE3IOBAHHUA
anmapara OTO, 2aMEeHMB NOHSMTHE KPHBUIHA MPOCTPAHCTBA-BPEMEHH
MCKQKEHUEM [TOJIA CKOPOCTER.

BI:-IBOQI:I H CJICACTRHS 110 rnaBe V.

W3 Bhllle NOJYYSHHBIX COOTHOMIEHWIM BHMIHO, YTO CKOPOCTh
He[IMHAMWYECKOTO NBIDKeRus 5Sdupa BOMM3A MHKDOOOBEKTOB MOXET

nocrurats C /G TPY CKOPOCTH «CMemeHus» Macch paBHoH C. BGmsy
TIOBEPXHOCTH MaKpOTeNl IIpeBOCXoadTh (ITpR Nepsoit kocMmeckot — C)

CKOPOCTb CBETa B ﬁ pa3. Xota B DaHHOH MOAeN# CTPYKTYDhI MaTepHH
HAYTO HE orpasnyuBacy CKOpPOCTh «HEAHHAMMKYIECKOIO» (CPU]a

F
HEONpeAENEeHHA: —a-— —> 00 BHYTPH «C/IENOro» kouyca) Auxkernus HOMT
t

U 3THMH BEIIHYMHAMH. BO3MOXHO, 3TO ¥ eCTh Mpy4MHa MTHOBEHHOrO
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NEHCTBHS IPABHTALIMA MEXIY TENaMH (HeT 3aNa3jbIBAIOMMX NOTeHLMATIOB).

Oumako, Ha rpanvie kxomyca «K» dTa ckopocts orpauuuena C/VJG mm
B®MT, Tak Kak CKOPOCTh «CMELICHWH» MACChl HC MOXET NPEBRILATL 10
MOIymo ckopocrh Bpamienus BOMT, pasuyrwo C. 3asucamoctk V oT

paccTofiHUA (4TO TOKAa3aHO [JI1 MakpoTeNn yepe3 YCKOpeHHe cBOOOJHOTO
najeHus) TNO3BONAET IMPEANONOKUTE HANAYME HEKHMX «KOJUIGKTHBHEIX)»
CBOMCTR 3(QHpa anaNTOCHYHLIX BSIKOCTH, CRI3AHHOW C WIBECTHBIMHK
CBOHCTBAaMH BAKYyyMa (IMINICKTPHYECCKOW H MArHUTHOM IMPOHWIAEMOCTHIO,
HarprMep), HO CHITbHO OTIMYAIONIHXCSA OT TAKHX K€ XapaKTepHCTHK rasos.

Orpasudenne CKOPOCTH «CMEIleHHA» Maccw s BOMT (nmepBoi
XOCMMYECKOIM):

c=lcT - Gh‘ﬁ2 = ;b=1/Gh‘/§z1,50385*10“M, o
7 207 2C

AB/AETCH OTPAHMYCHUEM pa3Mepa HacTHIl BEWIECTBA. ™" = Jﬁ ¥R, TRC
2

R, - [UTAHKOBCKHH panuyc.

CobcrseHnnit nepuon takoii BOMT:

w A 2
= =2 =3,63943%10 % ¢ rae T,,— MIaHKOBCKOE
[4] C‘\/_ \/‘ l pl
BpeMs.

Macca BOMT: Ay = 1’%‘@ = 1}% * M, =2,02576344%10 ke, T1

M p; — IL1BHKOBCKas MAcca.

Ilo cyTa 7™ ; 7™ ; MP™ MOXHO CUMTATh OTPAHHYEHUAMH N0 Pa3MePy

H 3Heprun BOMT B coctosHuM 110k0f, MPH YCIOBHH, 9TO MPOCTPAHCTBO
TpexmepHoe EBkimuoBo. JpyruMu cloBaMM; aBTOp CYMTAet, 9T0 3TU
napamcrpsi ABIAIOTCA TpefeioM crabuishoctH BOMT, no goctibkeHuy
xotopeix BOMT He Moxer 6onee KOINIAICWPOBATH W PACUIMPAETCH C
poxzenreM HOBEDX BOMT Goabinnx pazMepoB ¥ MeHbOIUX Macc. [Ipx sToM
BO3MOXHBI HE TOJIbKO IMPOLIECCH PACIIEIUIEHMA BpAILATCHBHBIX CTEREHEH
caobompl (oOpasoBanne cmoGopubix OBCC — kBapkoB), HO M MOXET
MPOMCXOAUTh  HapyeHWe  CAMMETpWMM  MExXJy  BemecTBOM U
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arrrvsewectBoM [3]. Mockomsky BOMT ™ ;7.™; M ™ Re manydaer, T0
na Hee pacnpoctpasserca Obuui 3axon Coxpanenun 3apsda: Y IL=0.

JUia MakpoTes ycnosueM HeoOpaTuMore KoJLanca SRISETCS PABCHCTBO
BTOpOH KOCMUYECKOM CKOPOCTU (CKOPOCTH «BTATMBAHMAY 3¢HPa) CKOPOCTH
cBCTa B BaKyyMe. B 3TOM ciiydae Te.10 He MOXET M3TyyaTh IHEPTUIO U TEPATH
maccy. To ects, Bce H3ayueHHe ymaeKaeTcs OOPaTHEIM MOTOKOM 3dupa K
Tenmy. IlpenenomM Kouialica 3T0ro Tejia TEOPETHYECKH ABIAETCH IINOTHOCTD,

cooTseTcTByIOmas Tely B3 BOMT ¢ papamerpamu r™™; 7™, Mo . B sroM

cayqae:
. (96 3

P = M (3% 2 ey )= 1,433 410% k2 / 1°.

W emie omHo BaxxHoe cneactsue. Ecau npeononoxcums Ranudue
anomanuu 8 pacnpedenenuu V, - nons 8 maxpoobvexkme (npeobnadaiouas
opuenmayua r(t) - eexkmopo8 BOMT mena) 8 nexomopom npuopumemnom
Hanpaenenuu, mo 3¢pexm zpasumayuu MOXCEm CMAML  CYUECMESHHO
anusomponuwiM. IOmo npusedem, npuHuUMAas 60 eHumawue ] 3axow
Hviomona, x nosenenuio nexou cunbl, YCKOpRIOweld Meno — UCMOYHUX
anuzomporuu. B cymme  (unmezpanvno)  ghaxmope  Oeticmeus
ZPABUMAYUOKHOZ0 NONR He WIMEHAICS, HO PASHOCMY cKOpoCcmei (2paduenm

VE, ND NOBEPXHOCMY) NPUBLOEM K HATUNING «OBUNCYWY ey CUTN.
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TJABA VI
I'AnoTe3a nPRPOALI CHJ1 HHEPIHH.
unotean: 6e3nnepunonnoro nepementenus BOMT
H MaKpooOheKTOR.

1. Tpuposa cvi nHepLUm.

VunTteiBas RamyudMe y OOBEKTOB ¢ HEHYJEBOM Maccolf DIFOPEI
pacnipeneneHHoN CKOPOCTH «BTATMBAHKA» (TOTNOMEHMA) 3pupa V, , MOKHO

. . dav
OPERIONOKUTh, YTO OpH BO3JEHCTBHM Ha HETO HEKOTOPOM CUILL f = M ——

dt
BO3HUKaET épemennan aruiomponust 1M0JA cxopocreﬁ VD , Takas, 910 IIpH

)

JIMHEHHOM pasMepe Tella B HAIPARNEHHH JeHCTBIA BHEMEHEH CHulbl L :

— = i(leOD = —..F"ﬁ’.”_‘i. To ecTs, Li(@
M at dt t M dr

3TO 3QHMpHOE YCKOpeHMe, Bo3AeHCTByIONmee Ha Teno Maccolf M B o6parHoM

BHEIHEH CHJTE HaMpaBJTeUUH.

Vo

2. Bpamenne Tesia Maccoi m BOXpYT Macchl M.

Tlpn BpameHdu m BOKPyr M wuMeeTcs vacTAYHAS HIM HOJHAas

KOMIICHCAUMA TIPABUTALUOHHON CHIK [OPHTHKEHHA MEKIDy TelaMH
2

[EHTpobGekHOH cHnoif F = }rw =m— (V — He npeBhlnaer nepBoii
R

KocMudecKolt ckopocTi). [Ipy IpeBbILIEHHH CKOPOCTH CREPX 0GO3HATEHHOI0
npejena 6p6uTa, KaK H3BECTHO, IEPEXOIHT B 3IUTHIC M Aanee B napadoiy.
B 5toM cny9ae [pERNONAraeTcs HANMYHE NPOCMPAHCMEEHHOU

anusomponuu V, — nons o6nekTa m, TakuM 06pa3oM, 4TO KOMNEHCHPYIOWAA
1PaBHTALMIO CHTA:

F oy = [L(V|Vo|),’]4, rie L — juHeimnii pasmMep Tema m B
HampaBlcHMM NEHCTBUA TPaRBATALMOHHON CHABI B3aMMONEUCTEHS M W m.

3aecs (V |Vo |), — COOTBETCTBYIOUIAS HPOCMPAHCMEEHHAL QHUIOMPONUI

7
¥, - mons.
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3. Be3uuepuuosHOE NepeMENISHHE TEN.

Beuny npeanonoxenuit (1) 1 (2) MOXHO ciesaTh ClIeRytOuMii BRIBOA,
Ecmn xaumm-mabo ofpazoM  co3naTh aHMsoTpomdio mons V) B

COCTOSHUH TIOKOS WJIH JBWKEHHA C TOCTOSHHOH CKOPOCTBIO, TO

BO3HMKAIOMAd HOCKOMIICHCHPOBAHHAS Ciia B HAMPARNCHHH OT VO(max) K
I/'

O(min)
ocymecTaiseTca 6e3 BO3AeHCTBIA BHEIMHUX CHI JI000# mpupomsl. To ecTs,
80Q3HUKAEM 6e3unepquouuoe nepmewenue:

M ‘;_V = (L %V |V0 |/ )° — popmyna 6e3WHEPLIMOHAOTO ABIDKEHHUA.
t .

OpYBOOUT X YCKOPSHMIO camoro obbexra. Ilpu 3TOM yckOpeHHe

Bolee ynmpomeHHO (JTMHEHHBIH Ciryuai aHM30TPOIMK) s puc. 6.1:

*Mdd_l:':(Vo(max) _V}_(VO(mh) +V)d' *)

V)mx < V)mln F=M'dV/ijf’

Puc. 6.1. lIpocmpancmeennan anuzomponus Vi - noas.

lonoxus Ams npocToThl BeMECNeWA V= 0 B (*) u V), =V,,
[10Jly4rM pelmenue ypasrenna (*) mia nepemenHod x =V, [V 22 (ycmosue
YCKOPEHHS ):
z_ _ 3

x2 2(x-1) _ exp 2V, .1 |

x*—4(x—-1) M

3T0 pemeHse [OBOPHT 0 TOM, KaKyrO CKOpocTh Teno M mpuo6perer mpu
HaYabHOM aHW30TPONMH V), KOTOpas pelakcHpyeT N0 Mepe yckopeHus M:

(min) (max)

V>V, mput —>oo.
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30ece oueHb GANCHO MO, WMO Npu DEIUHEPYUOHHOM YCKOpEHuu,
803MOICHO, Hem 3anpemd HA npegwiiierue CKOPOCMU C8ema, Max KdK
npoucxodum napamnensnuiii neperoc paduyc-sekmopos BOMT mera. a wHe

pensimusucmckoe Osudcenue. V, 6HymMpu «clenblx» KOHYCO8 He umeem
02panuyeHui.

«danTazUpy» B NPAKTHIECKON INIOCKOCTH, TIPETIONONKAM, 9T0 KaK-TO
yaaertcs TIOJUICP)KHBATE KBA3UCTAIFOHAPHYIO AHU30TPONHIO
(V0 — V)= const . Torna NoNnyIuTcs PABHOYCKOPEHHOE NBIKCHUE.

I'unoTeTH9eck  NPEATIONOXKHM  HAIHYHE  «COHAMpPaBRICHHON»
anusoTponuy ¥ - smopu (puc. 6.2). Takas cuTyaums, no Hamed MoRens,

MOKET BOSHHKHYTE: a) y ABYXBEKTOPHBIX BOMT (doroHoB); 6) y OGBIIHBIX
BOMT win MakpoTeT B SOMbOGIX 110 BEMHAUHE BHEITHUX TPABUTALMOHHEIX

TOJIAX.

V, F=M-aVidt
02 > >

Puc. 6.2. llpocmpancmeennas anusomponus V- nons.

TOI‘Jla ypaBHeHHe (*) TpanchopMupyeTcs:

M = (Vm -V T (Voz V )4 (**).

Monoxws s upocToTsl ananmsa Vi, = 0 : pemewue ang x =V, /V 6yner

he=(vo g5 aregleli- V2t el

HutepecHo OTMETHTS, 9T0 OpH 0bkX V, Kpome, B obLiem cirydae
V =V, =V,,, ycxopenue Henysepoe. Bii peleHns Takke BieyeT 3a co6oi

OUCHb HHTCDECHBIC CAENCTBUA.



127
Hanpumep:
x=l = KQ]L ¥t = I épemsa ompuyamenvro
M 2

1]
x=1/2 = %{‘—*t=—l,860368761 8PEMA  OMPUYAMERLHO
3
x=18475 = —A%*t=0 8peMa  pAGHO HYMO

V3
x=2 = ﬁ*t=0,325322571 8pDEMSL  NOROINCUMENLHO

Ha ocnosanuu pewenusi  (**) MOXCHO cOenamb He  MeHee
danmacmuseckuli 66800 0 GOIMONCHOCHIU nepemetyeruss 00vbexmos 60
gpemenu.

BbiBoab1 mo raaBe VI,

Ora HeOompmaf TI7laBa COCTOMT W3, OYKBaILHO, (PaHTACTHIECKMX
NPEATIONOKEHHIM, CBIARHLIX ¢ MPEXBIAYIMMH BBBOIAMH, MOJYydeHHBIMH
6ollee WM MeEHee KOPPEKTHO, TONLRKO Ha YpOBHE WHTYHIMH. Ee Hemb3s
paccMaTpuBaTh B KOHTEKCTE HU T0 4TO «Ge30roBOpOYHON) HO3HLMU aBTOpa
HacTosued paGoTH, HO Naxe B KauecTBe ob6x3arennHoro U Habmomaemoro
CBO}iCTBa MATEPHHM, 32JI0XKCHHOI'O PacCMATPHBACMOM 318Ch MOACIBIO.

ABTOp OpH3HAET IMIATKOCTH CBOCH IMNOTE3Rl OTHOCHTICHNBHO HPHPOILI
rpaBdTalyM U NOCHERHUX, CBA3AHHKIX ¢ Helt, npeauonoxerwii. OxKako, Ha
Hall B3NN, TOBOPUTE O MOJIHON «HEHAYYHOCTHY AAHHOIO NOXXONA HEJB3SL,
["1aBHEIMH apryMeHTaMH «3ay» B MOJIk3Yy TAKOW rHIIOTE3b! 3/1€Ch ABJISIOTCS:

1) Hamuine Macchl IKCMEPHMEHTANLHBIX AAHHBIX W HAOMOACHHM,
FOBOPAIIMX 06 OTCYTCTBMH  «3aIa3fhIBAOLMX» NOTEHLHANIOB
IPaBATALMOHHOTO B3aUMONEHCTBUA, M, KaK CIEICTBHE 5TOrO,
NIPEBRIEHHE CKOPOCTH PACIPOCTPAHEHHsT 3TOTO B3auMoaeicTsus,
3HAYUTEIBHO (Ha MHOTO TIOPAAKOB) CKOPOCTH CBETA B BaKyyme. 5]

2) Hamrme MHOTHX CBAOETENHCTB 00 AHOMATLHLIX SBICHMSX |
(deHOMeHAX, HEOOBACHUMAEIX B PaMKAX CyUIECTBYIONIMX TeOpMit H, B
OCHOBHOM, MPOTHBOPETAHIVIX WX MOJIOKERHAM.

Conepxumoe maBet V1 OhUl0 BHHECEHO B OTHENBHRIM  paszen,

ITOCKONIbKY aBTOp CYWTAET HeOOXOMWMBIM OTAEnsATHL Gonee 06OCHOBaHHBIE
TIOJIOXKEHUA CBOE TeopuM OT MeHee OOOCHOBAHAMWX, YTOOH BO3MOXHBIC
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oMOKI MM HEBEPHbIE JOTMHECKHE NOCTPOCHMA HE BIILUIM HA MHEHUE O
Gonee 3APaBHIX pACCYXIEHUSX, KOTOphie MOIYT OBITH WCHOJL3OBAHKL IS
bonee neransHo#t npopaGoTkH TeOpHM GQYHIAMEHTANBHOH CTPYKTYpbi
Mmarepud.  OjHaxo ykazaTb Ha IOJOOHBIE  «(gaHTACTHUECKHEY
NpeanoioxkeHust 610 HEOOXOAMMO. ITO CBA3AHO C TEM, YTO B paMKax 3Toi
TEOpHM HET NPHAIMIIHANBHOTO, TIOCTYNMPOB2HHOrO  3ampera  Ha
nepeMemenne 00BEKTOB CO CBEPXCBETOBRIMH CKOPOCTAMM W, B 00LLEM, HET
HH OHOTO dPryMeHTa [TPOTHB BO3MOKHOCTH IPH ONPEAENEHHBIX YCTOBUIX
(IycTh Aake MalOBEPOATHBIX) KMOBOPOTA CTPEINLI BPEMEHH» BCIATH AW €ro
«CKa4Kka» BUepel B HEKOTOPHIX NOKAIBHKX 0061acTsax wupoctpaHctsa. B
JIAaHHOM Cly9qae aBTOp NMpOCTO NOSTHOCTBIO MCMONBL3YET «cBOGONY» AaHHOH
MOJENH BBUJy OTCYICTBHS  OIPaHWYeHHH Ha paHee «3anpeliernbies»
ARJICHMS.
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TJABA VII.
Hapymenne cumMerpuii.

Crabple B3aUMOAeHCTRYSA, KAK MK YK€ U YKa3hIBAIM, B HaLIEH MOJEIH
AMEIOT MpPUPONY «BHYTPEHHEro» MarHeTusma. CleOBATENLHO, HMEIOT
HaMpaBlIeHHBIH (BEKTOPHRIN) XapakTep AefcTBUd.

Hapymenne 3epkaibhoii cumMerpuu (pacnan Co®’) ¢ Toukw apenns
yIKE CaMHX TpPENoChUIOK HAmel# MONENd MOXHO OOBACHUTL OTIHYUEM
«IIEBOTO» M KIPABOTO)» [ITA «9aCTHUI W «AHTAYACTHO). KaBBIUKM yKa3hBAIOT
Ha YCIIOBHOCTh TIOHATHH. Tak Kak BekTOpa «aGCOMOTHOro» BpEMeHR O if

3THX 00BEKTOB pa3HOHAIPARICHK. VIHEIMH CIIOBAMH, KAXIRIH SNIEKTPOH €CTh
kak 6b IO3MTPOH «B OpomuioM» MW Haodopor. Ha ocobemmoctrd TeuecHus
BpeMEHH M1 YACTHLl M AaHTHYacTHIl o6paiuanocs BHUMAHME W3BECTHHIX
dm3ukoB [3] ¥ Hamie MpeATIONIOKEHHE 3aech — He Oonbluoe HoBwecTso. Ho,
KpOMe HapyIIeHHs 3€pKANbHOM cHMMeTpun (00HApyxeHHOH B ci1abbix
B3aUMOACHCTBHAX), BRITeKaOmMeH yxe w3 cTpykTypsl BOMT, B HagambHBIX
TIoNOXeHUAX Gollee HUUETro He 3AI0XEHO.

Hapymenve CP — cummerpuu (C —3apsaioBoe conpskenue, P -
ofpalienye O KMOYJIbCY) M CHMMETPHM MEKIy BEIECTBOM M
AHTUBCIICCTBOM, COOTBETCTBEHHO, HAJI0 HCKATh, KK yka3iaHO B [3], Ha Gonee
paHHMX CTagusax pa3suTuds  Beemennoit. Ecmm HWexomuts M3 Moeimw
Bossmoro Baprsa (BB).

B nannoi#t Mogenu noHsTHe «BB» MOXHO BBECTH Ha PyHIAMEHTATBHOM
YpOBHE - BOMT, KOraa ee NpeacnbHLIE TIapameTphi;
M, R,,T,,E, =10 5B (I'masa V). Taxum 06pazoM, Mbl He TOBOPHM O

HexoTOpoM BB BceneHHOH B 1IEJIOM, @ TOBODHEM O HEXOTOPOM JOKaIbHOM
o0BeKTe, HaUpHMEp, COCTABHOM JacTHM  «4epHOM  JWpL»  HIA
komtancupyomeii BOMT. Takne o06bekThl 00pa3yioTcs W MPeKpaIIaoT CBOE
CYIIECTBOBAHME W B HAmle BPEMS, a He Ha paHHMX CTaquaX BceleHHOd B
ueitoM. HanprMep, B3phBAIOMMECH «YESPHBIE JLIPED) ABBHOTCA ACTOTHMKOM
BewtecTRa Juis BeesterHo#t. B HMX Toxke noipken Habmonatses pucbanaHc ¢
AHTHUBEIIECTBOM.

B sro#f curyamuu (I'maBa V) npoctpancTBeHHas crpykrypa BOMT
6eicTpo TpaHcthopMupyercs (paspywaercs). IIpencTaBuM, 4ro y 3TOrO
coctosHust BOMT ecth cOBOKyIHAs HAIPAaBRIEHHOCTE ,25r . Ilpn 3T0M BOMT

HAYHHACT «H3Ny4daTby (I)OTOHLI, mo ecms, GKIOYAeMCst MEXAHUIM
Jloxaneroz0 3axona Coxpawenus Onexmpuuecxozo 3apsda (JI3C33) npu
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Vo <C, Koz0a Keanm nons Moxcem «Omopeamvcsy Om UCMOYHUKA

(BOMT).

M 2
V,=C=4/G—L = R =~l—*4JG*3h—2

R T C 4C
Y/

R, =5,257 107" (m); M, =5793 *107" (x2); E, = 3%10%(I5B)
Takum ob6pazom, Ha HauankHOM 3Tane (OPMHPOBAHHA YACTHI B
SHEPTeTHIECKAX TIpefieNax HpHMEPHO 0T E| ~10" 3B (nmpesen cxarvs

BOMT) no £, ~3%10"“I»B (Bepxumit mpeaes 3NEKTPOMATHUTHOIO

B3aNMOJelcTBUs), IIpoMcXoguT oOpajoBanre GeieNTOHHON MarepHU.
Pacmupenne OBCC - BUTKOB KOMNEBCHpYETCs OOpa3OBAHHEM MHOXECTBA
TaKHX K€ BUTKOB IIPH BBUNOJHCHMA 3aKOHOB COXPAHEHMA DJHEPrud
MC?*=C?*+* Zm, M CyMMapHOH OPOTsHKEHHOCTH TOKA fo/’io = Z iiﬂ,, .
Tocneanee onpenesnsieT 3aKOH COXPAMEHWs 3MEeKTPUYECKOro 3apama |
o0ImyI0 HarpaBjIeHHOCTh Hpolecca paclIMpeHus HAYATLHONO COCTOSHHUA BO
BpemeHM. Flpu 3TOM BO3HHKAET Mepexoc MO SNEKTPOMATHUTHOMY IONIO Y
poxgalommxes BOMT (OBCC). Ilepexoc — BoBce He O3Hadaer
HCCOXPAHEHME IEKTPHIESCKOTO 3apAaa. DTO FOBOPHT O TOM, 9TO KOJIMIECTBO
vactii (BOMT mm OBCC) c 3apsgom «=» Gymer crporo paBHO
KOJIMUECTBY € 3apAJIOM «—», HO 3TH YaCTHOE B CILTy [OCIEROBATE.ILHOCTH
TpoHecca pacmmpeRns OyAyT OTTHIHE [0 Macce W pasmepy. A 9To
03Ha92eT, 9T0 IIOJIHbIE SHEPrUM AMCKTPOCTATHUECKOTO U MATHUTHOTO NOJNEH
y HHX Oymyr oTmmdarbcs. TO €CTh: «TKENHIE» M (UIETKHE» NPOLYKTH
pacrniaga 6yayT HMETh pasHkle 3HaKK 3/3apsaga.

Hns curyaimm Ha puc. 7.1 gedctsyer Obwui 3axon Coxpanenus
Onexmpuueckozo 3apada (03C33). To ects Z(I,{)Wu = 0. Omamem

npo1ecc pa(;mnpe}ma OBCC. -
Tpu R — R, + AR = rosmukaeT Hekast 3meprus AmC?, Koropas

KOMIICHCHpYeTca o6pasosanmem BHTKa R m'C? = Am(C?. Bpamenme
OBCC R’ of6patHo R T©TO HanpaBjieHWIO B CIJy COXPAHEHHA
npoTsmkeHHocTH Toka (puc. 2.11). Omnuype B TOM, YTO HE MPOMCXOAWT
obpazoBaHus 8 - MONOOHOM CTPYKTYph! ((oTOHA). R’ TAKKE HCOKTHIBACT
2HANOTHYHOE PACUIMPEHHE.
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."'.“-»-\’\ \"A
./ R ‘\D’
K4 \
k4 \
! \
I AR
' /
\ /
A v
N, /
Noo Lol

Puc. 7.1. Pacuupenue OBCC & besgpomonnom ( E = Eq ) sapuanme.

MpeacraBuM ceGe Ha wHTepBale [F,; E ] menb Takux MHOTOKPATHRIX

pacmupenmii. Toraa, kaxoeo 6bt nu Gbli0 HAUARBHOE BPAUEHUE NEPBUNHOZO
OBCC R, 00 nexomopozo nocaeonezo axma 6e3pOmoRRo20 paculypenus

bydem obpazosaro maxoe xonutecmao emopuynvix OBCC, ymo cymmapmerii
3/3aps0 na npedene E<E, 6ydem wuynesetm (O3C33). Ha wuHTEpBamte

sveprufi [Eq;E ] roBopuTh 00 34€KTPHYECKOM 3apfile GecCMEICTEHHO

BBHIy onpenejieHHOM B riaBe 1l nactosmelf paboThl ero npupoms ¥
du3M4ecKoIo CMEICIA. 38TO 3TO NOHATHE Ha TAKOM HHTEPBAIEC 3HEPruii
MOXXHO 3aAMCHWTb «IPOTAHKEHHOCTBIO TOKA.

Takum oOpa3om, B KOHEYHOM WTOre WIpM Iepexome X (OTOHHOMY
MEXaHH3MY paciHpeHns Gonee «TaxersMu» octaryTes OBCC w BOMT,

KOTOpPBIC uMemm H aBJICHHOCTDH 0 NEPBUYHOIO obbexra
T

My, Ry, T,, E, ~10"°IsB.

BtroueHue 3NEKTPOMATHATHOTO MeXaHI3Ma (dotorHOrO0)
pacUIMpEeHHA O3HAYAeT OTHAEJICHHE 3TOro BHAA B3aWMOAEHCTBHA OT CNabhIX U
CHUNTLHBIX CHWJI, @8 TAKXKe MOABJIEHUE NAJIBHOAEHCTBHR, KOTIa AMHAMHYecKas
(paBHas C) coctarmmomad ckopoctw HPMT npesanmupyer Han
HemHaMIgeckod. CoBpeMeHHad (M3AKa ONpPERENAeT HAYalo HapyoIeHus

CHMMETPHH BelIecTBa-aHTHBEMIECTBA MOpARKOM dSHepri#i 10 TIdB  m
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TPaKTYeT 3TOT IpoUecC HapyImEeHWEM 3aKOHA COXPaHEHM «OapHOHHOro»
aapana: g+q — X —/ +g§ — 13 IBYX KBapKOB TONy4a€TCH aHTHKBAPK W
amTHnenTo. X - JacTHUa — 3TO JenToKBapk [3].

ARTOp, TIPaKTWueCKyW, PAsjCNseT 3Ty TOWKY 3PEHMS C OTOBOPKOW Ha
CUET CTPYKTYPH! YAcTHI{ H MEXaHW3Ma B3aWMOJCHCTBHH, M3NOXECHHHX B
I'nage II HacTostmei paGoTHI.

Tlo mepe pacmupenus oO6BbekTOB (WAF «OCThIBaHHA» — BB) Goaee
wierkee» OBCC ofpasyior chepuaccku cumMetpraneie BOMT, Gosee
«TSDKEIBIE» — KBa3HCHMMETpHMHEIE. A € YJETOM 3apfflOBOTO pa3jeleHMs
(IETKUX» ¥ (TEKEMbIX» KOMIOOHEHT MATepUy H BOIHMKACT BhIIUE YKA3aHHKIH
nepexoc B MEKTPOMATHHMTHOM Nose dactdn (aHTuuacrun). To ecms, Ha
smane  E<E, (exmouenuns  Jloxanenozo  3axonwa  Coxpanenus

Onexmpuvecxozo 3apada (J13C33) — Gomonnuii  mexanuasm) 6Goinee
2
e .
maicenvie 06pa30eanun umeron GonvuLio IHEP2UID E, =——— u Menvuauti
AZEyr,
er,C

Mazrumnuid Momenm M =

\/5 .

B coBpeMeHHBIX YCKOPHTENAX 3HEPrHMM OTPAHWYUBAIOTCH IIOPAIKAMH
1000-10000 I'3B. ITo3ToMy HabmOAAIOTCS MPOLECCHI POKACHUA AP YACTHLL-
aHTHYacTHL, 6€3 HApymEHWs CHMMETDHM MEXIy BCIECTBOM M
auTHRemeCTBOM. Taxike MPakTHYeCKH He HAOMOMaeMEl UM OTAEILHBIE
CBOOOIHBIC KBAPKW, M TpPOLECCHl HADYIIEHWA 3aKOHa COXPaHEHHA
«BapuoHHoro» umncia. OgHako NOWCKHM YacTHl| BRICOKMX 3Hepryii B
KOCMHYECKOM M3TyHdCHUH MPOJOTKAIOTCS .

Taxum obpazom, zpagumayuorHo-cxicamumi 0o npedera o0bexm npu
pacuupenuu  AGRSemcs  UCMOYHUKOM acumMmempuu  eewjecmsa  u
anmuseuecmaa. Ilpu 3mom aeiecmeom cuumaemcs
nenpoanrnuzunuposaswan BOMT, ne aersiowyaica pomonom.

OmHMM U3 TNaBHBIX BONPOCOB INPH ONPCAC/ICHMM UPUYMH 3TOH
2CHMMETPHA — 3TO ONPECIECHUE PA3HULBI MEXIY KOJM4ECTBOM BeUECTBA U
anTuBsemectsa. IIpeuIoknm CBOXO METOAMKY OLICHKY ITOrO COOTHOLICHWA.

I'paBuTanuonnas Cuia, acicTBylomas Ha caM OOBEKT — HMCTOYHMK:
2

s =G

= Mad,- 3mecs  G,=GM/R; ~>p,R,, T p, -

2
Y

«TUIOTHOCTB» 00BEKTA,
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A
Qy =——
dt
cBo60AHOrO NafeHyA Ha ero HOBEPXHOCTHL.

TakuM oOpasoM, B Clly NpeANIONAaraeMod TPHPOAB  SBICHHA
acCHMMETDHY, ONpPEACTHM €€ KOJMUYECTBCHHYI0 XapaKTePHCTHKY Kak:
OMHOWEHUE DasHUYbl MEXCOY KORUNECHIBOM Bewjecmea y aumueenjecmsa,
NSHAMANLHO 8O3HUKAIOWezo npu pacuiupenuu BOMT ¢ npeoenvrbimu
napamempamu, K KORUMECTEY Geujecmed NPUMEPHO DAagHO OMHOULEHUIO
Koaudecmea bapuonos k Koawdecmay omonos [3]: wnu omuouteruio
CPEOHEz0 8eCOB020 ZpASUMAYUOHHO20 NOMEHYUARa JenmoHa K maxou dce
senunyMe adPoRa (ocmamouHsili agphexm).

To ects. ON = N,-N, ~ <a‘"> ~ (pr}, )
N, (a0a)  (pr),

B o603pumoit BceneHwoif npeobnajalommyMH afpOHAMH  SBIIOTCSA
MPOTOHE! H HEHTPOHKL, a JIEIITOHAMM — J1€KTPOHLL. Toraa:
3
’
SN =~ 2| =l 836,35)“3 ~1,61%107'°, a 3ra BenMdMHA XOPOIIO

7,

FPaBHTALOHOHHKIY NOTEHIMAT o0BeKTa M YCKOpEHHe

SIHCHIBACTCS B W3BECTHOE COOTHOMIEHHE TUCIIa 6apHOHOR K YHMCIY (POTOHOB
B0 Beenmennon (10 7'° =10 7% ) [3].

IMocaenHuit peayTbTaT Taxke TOBOPUT B TONL3Y MpejutaracMoit Mojaem
HapymeHws cummerpud. HecMoTps HAa BecbMa mpHOIM3MTCNBHBEIA XapaKrep
KOIIMYECTBEHHBIX OLCHOK, OHH B LIEJICM COBNANAIOT C M3BECTHBIMH NAHHBIMHU
H NOAJAIOTCA JIOTHIECKOMY OOBACHEHMIO B paMkax MpemlaraeMol Mofend

CTPYKTYPHI MaTepUH.
ME  CO3HATENLHO HE  YHOMSHYIH  OOAPOOHO  BpEMEHHYIO

COCTaB/MOMYI0 npouecca obpawenus T. Kak mssectHo w3 KM Jlanpay —
Jupumua (c1p. 249, 391) y°® =" Tombko B Ciydae OTCYTCTBHS
cOOCTBEHHOIO MarHUTHOTO MOMeEHTA. UTOOBI M3 YaCTHIW «MOYHUTb»
aHTHMYacTHIy HeoOxommMo: 1) cMenuTs 3Hak 3apsga (C — onepamus),
2) noBepHYTh BeKTOp MMIIyahca (P — omepaims); 3) CMEHMTH HampaBJcHHE
npemenn (T — obpamenwe). B Hamelt MogenH (3) — 3T0 cMeHa HarpaRReHUs
BEKTOpa p_, KOTOpas CleyeT aRTOMATHIECKHU ¢ C — Onepatned 3apsanoBoro
conmpspkens. Paree ykalanHas B3aMMOCBA3L BEKTOpa COOCTBeMHOro

BpEMEHM W MAraMTHONO MOMEHTa IIPOCHEXHMBACTCA M B  BOMpocax
COXpaHeHUA/HApYHICHAA CUMMETPHIA,
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Herpyaso rmpeactaButs cebe  «TpacKTOpUiO»  pasuyc-BeKTOpa
COBOKYNHOro BpameHuwss B®MT 1npu mnocTymarensHOM aBMXKSHMM Ha
HEKOTOPOM yHacTke myTH. Ecmiz Mbl 3aX0THM o6paTHTh POLEce BCMATD (kKak
pU [EPEMOTKE KMHOMIEHKM), TO KPOME MPIJIOKEHUA OOPATHOTO MMITY/IhCa
k BOMT naMm notpeGyeTcs 3aKpyTHTE €€ B 0GpaTHYXO CTOPOHY MO BEKTODY
P, TO ecTh cneniath anTH-BOMT. A 3T0 npuBeaeT K HapYUICHAIO 3aKOHOB

COXpaHeHVsi MOMEHTa UMITyJIbea, 3apAada, sHepruu, Takum obpasoM, B Hatmeit
MOZeOM YyXe Ha CcaMOM (YHAAMEHTaILHOM YPOBHE  «3al0okKeHa»
HeoGpaTHMOCTE TIPOLIECCOB BO BPEMEHH W TIDH 2TOM CHMMETDHS YacTHU W
antHiacTHH B CPT — omeparmsax. OOGpaTHMOCTh MPOLECCOB IRIDKEHHA
SBASIETCA Y Hac 4YacTHLIM ClyyaeM, Xak M HapyuleHHe CHMMETpHIi,
BO3HHKAIONIEE B COCTOAHUHM CMEHbl MEXaHI3MA B3aUMOEHCTBHH,



SAKJIIOYEHHE.

B Hactosmedi  paGore  6BbUIa  pacCMOTpeHa  KORLEMIUS
NpPOCTPAHCTBEHHON Tomonorwdeckol CTPYKTYpsl Matepuu Ha  Oase
TpeXMepHOro EBKIHIZOBa NpOCTpaHCTBA. BHUIM JaHBl XapaKTEPHUCTHKH
qersipeM (yHIAMEHTAIBHEIM BHAaM R3aumMoneicTeuit: cunbHOro, cimaboro,
3JIEKTPOMATHUTHOrO M TIPaBUTAIMOAHOro. Y JABYX TOCHEAHUX Obina
TO/IPOGHEIM 06paz0M NPoOaHATM3APORaHA CTPYKTYpa nmonelf U ux Qu3uIeckas
NpUpoja, a TAKKE BLIYWCIEHK KOHCTAHTHRf B3auMojelcteus. B rmape I
nposefieHo o6ocHoBauue 3bdekTa APOOHBIX 3apATOB M MOCTPOEHBI OCHOBE!
COOCTREHHOH KOHNENITME CTPYKTYpPH CyO0aTOMHBIX YaCTHMI, @ TAaKXKE B
paMkax IMPOCTEIX KBA3UKIACCHUIECKUX MpeJCTaBleHMH TeOpeTUIECKH
NOYyYeHR ¥ 0OBACHEHE! 3Q)(EKTH, paHee ONUChIBAEMEIE TONBKO KBAHTOBOM
Teopueil. B TOM duciie, BOXKHBIMH JOCTHKEHHAMH ABIITIOTCA: TeOpeTHIeCKi
pacder IIOCTOSHRON TOHKOH CTPYKTYPh M OITACAaHWe ee¢ (H3HIECKOro
CMBICJ14, OIPE/ICIIEHIE JIEMEHTAPHOrG NEKTPHYECKOr0 3apsind, GraHdeckuil
CMBICTI ¥ HOBOE BEIDAKCHHME I COOCTBEHHRIX MATHUTHRIX MOMEHTOB
KBZHTOBRIX OOBEKTOB, HOMydYeHA CBAb MOHATMA pasMepa M JUTHHBI BOJHEI
Komirrona s wactan. B raasax I — V upenanoxena Monens o6benvHeHN
(YHIAMEHTANBHRIX  B3aHMONEHCTBHM, a4 TJIaBHOe, TpaBMTAllMH H
JJIEKTPOMArHeTu3Ma, HA  OCHOBE  TOJYYEHHBIX  IIPOCTPaHCTBEHHO-
MaTepHMaTbHEIX COOTHOWeEHHH. B rmaee VI BeickasaHa rumoTtesa o
BO3MOXKHOCTH 6e3uHePLUOHHOr0 TepeMemIeHHs MaTepHHl co
CBEPXCBETOBRIMH CKOPOCTAMU H O IIepeMemeHHN 00BEKTOB MaTepHaIbHOTO
Mifpa BO Bpemenu. B rimage VII nam anamws BORMOMXHRIX NPHYEH (B pamMKax
KOHUE (MK HacToAmel paboThl) AApYRICHAS CAMMETPHN MeXAYy BEMECTBOM
M aHTUBEIICCTEROM Ha paHHMX CTagnaX passHTus Bceemenno#t. Ha
npoTsikeHMH  Bcel  paGoTel  ObUta ompoGoBaHA MONENh  (TIPOCTOTOY
reOMETPRYECKOTO NPEACTABICHNS CTPYKTYPEl MaTepHANhHEX o6bekToB. Ha
OCHOBaHHM 3ToM MofenH B riaBe 111 6rUIa BRIABAHYTa COOBCTBEHHAN TEOpHSA
otHocHTe 1bHOCTH (Cremmanbaas Teopus OtrHocuTenbHoctd [Iponeccos),
KOTOpas MO3BOJSET IIOMYdHTh MHOTHE pPEIATHBHCTCKHE O(@eKTn I3
u3BecTHHIX padee no CTO, HO IpH 3TOM cBOGOIHA OT JOTMBI 06 OTCYTCTBUM
3¢upa ¥ HEUPEOJOMMOCTH CKOPOCTH CBETa. 1aM Xe H3ydeHO [OHATHE
«BOJIHEL e Bpolms», mpefnoxkeHa HOBas TPAKTOBKA (PM3HYECKOTO CMBICHIA
JT0TO O00BEKTa M IOMY4YEeHH KONHYECTBCHHLIE OLECHKM €ro OCHOBHRX
xapaktepucTuk, Takmm oOpa3oM, MNOKa3aHO BHUTONHEHHE DNPHHLMNA
KOpNYCKYJUIPHO-BOJIHOBOIO JyallH3Ma MHKpPOoOBEKTOB ©6€3 npuMeHeHHs
0a30BLIX TOHATHI KBAaHTOBON MeXaHHKH. A TaKKe, Ha OCHOBAHHUH
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COGCTBEHHOTO MpeACTaRICHHA O Qu3Mdeckol npupose BoH «B» crenan pa
ApPAKTUGECKUX INPEIIONOKEHHH, MNPUTOMHBIX MUIA 3KCNEPAMEHTATLHOM
NIPOBEPKU U, B CITy4Yae MOATBEPXACHHUA, VT TEXHONOTUYECKOTO IPUMEHEHHS.
Hony4enn! cienyouine KOJIHYECTREHHBIC PEIVILTATSI:

L.

2.

3.

10.
11.

Payuyc a1eKTpoHa (M): 7, ~ 3,344 %107,

KomnToHoBCKas AIMHA BONTHEI NEKTPOHA: ] = ar, v,

V3

ITocTosmuan ToHkOH CTPYKTYpR! B CTallHOHapHOM HPHGIVKEHUM:

1
Ry
(ragkoif) HOBEPXHOCTH YaCTHI, KOIGOUIMEHT MPOCTPAHCTBERHO-
BPEMEHHOIO  pacTpelceNeHus CWILHBEIX (AICpPHBIX) CWI  Ha
TIOBEPXHOCTH 4YacTHil B0 BHEMHHN 00BeM; ko>)PUIMERT cBs3u
IMEKTPOSACPHRIX CHIL,

[TocTosHnad ToHKOM CTPYKTYPHI (peansBas):
1
137,0360667
DJeMEHTaPHRIA 2NEKTPHYCCKUH 3apAA B CTALHOHAPHOM (11284KOM)

mpubmmxer (Kn): g, =.Jo, *2ke,C ~1,6038209%107,
OneMeHTapHbIl  3JekTpuyeckA  3apsn  (peambneii)  (Ki):
e=gq,%cos@=.Ja*2he,C ~1,6021885%107".

CKpHITHI MaTepHATLHEL MapaMeTp: ¢ = (0,04512001.
CooTHOIMeHHUE TIONTHOM U 3JIEKTPOS/ICPHOH SHEPriTy

¢byHIaMeHTATEHOTO 00BeKTa:

NA) 3

m,C* = E, «,/_-—-*E = .
8roe,r,

Marreton Bopa (Iw/Tn): U, = % ~9,2740825%107* -

— ¢wsWTecKYit CMEICI; B OPUOIDKEHMH CTaOWILHOR

o=0a,%cos’ p=

(¥BEHYECKI# CMBICH: NIPOM3BEICHNE 3apPAAa HA CKOPOCTH BPALIERMH
Ha paanyc OpOUTH BpAlIeHHs Ha BRIZEICHHOE HANpaBIcHUE.

BenyuuHa yHVBepcanbHo# ceasyromedt cuwmi (H): F, =C* /G .
CoOTHOIIEHHE NEKTPOSACPHBIX H TPaBHTALMOHHBIX CHA  Ha
«TIOBSPXHOCTH» YaCTHLL:
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F? ks F,
= g :3.—~.;
Fo =3 F,’ FF
poo 3 L Fl wm K 3R
G - 4a 2 FI s F‘e 4&2 F; 2
F _ szl A FG =P‘tot~
¢~ F Fu F
12. CobcTaenHbId 3NeKTpHIecKu TOK JNEKTPOHA (A):
2C
1, =m,C =~ 19,7965 .
Ho

13. Bropoit ¢usuueckuit cMbicn Marnetona Bopa: 4, :%* 1, *4;;-,«02 —

TIpou3BenieHye CHIbl cOGCTBEHHOro TOKa Ha IUIOWANb OXBadeHHOM
UM TIOBEPXHOCTH Ha BBIIEICHHOE HANpaBIeHWE B TPEXMEPHOM
HIpOCTPAHCTBE.

14. KBaHT «IpoTAHXEAHOCTH TOKa» (AM):
(ILY=(1,A,)=eC =~ 4,803233%107".

15. Koa¢pduimeHT CBA3H Macchl W CWIBl  COOCTBEHHOro TOKa

h
sneMenTaprolt gactuust (ki/A): k =—— = 4,6013184*107.

eC
16. OTHOmEHMe pacxona (Toka) MAcChl Ha BRIAENICHHOS HANPaBJIeHHE B
TIponecce poxaenus map ANEKTPOH-TIOZUTPOH w3
3MEXTPOMArHATHOrO NOJNs; IepBeit KOX(PPHIMEHT aHOMANIM
cOOCTBEHHOTO MarHUTHOTO MOMEHTa 3NEKTPOHA;

(24

— M, = Ug| 1+ i\] — nepeas paduayuorHas nonpasxa.
27 2
17. DNekTprdeckue 3apams ksapkos (€): +1/3;32/3.
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18, YcTanoBIeHEl PEIATHBACTCKHE COOTHOICHMS;

m=—"1__,
Ji-8%

T=T,\1- B> — nepuoduunocms npoyeccos;

7 :
r=—22— ~ gpemn "JicusHu" yacmuy,

J1-
1+ f*cos®

Sppexm Jlonnepa: '{z’lof(ﬂ)Q(ﬁ)=/107.

19. IomyaeHBI COOTHOITEHHA A BOMH jie Bpoiinsg:

ho=d 1= BT A=
m

C i 2
°1 7 ;AT =‘E* b -
h _p2
y=— = A, =4 x—F—
* my L p
20, I'paRHTalHOHHA TOCTOSHHAA G TEOPETHIECKH:
.4 4 2
. sin"2¢*cos” @ a . a4 4
G=——————"=3— | #sin" @*cos” @;
10247° [7[ ] ¢ #
a Y Hw M
G =3 — | *sin* 20~ 6,6722196 *107"'| —-= - =1)
4z K2 K2*C
Puspuecknit cMeicn G —  DPOCTPAHCTBEHHO-MATepUATLHAA

KOHCTaHTa (Kak M &), onpeerrmomas s ¢ynIaMEeHTaNsHEIX
00BEKTOB MaTEepHH OTHOWMCHUE OWKBANpPaTOR MAKCUMAIBHBIX
mepro M BTOpo# KkocMuYeckoll CKOpPOCTH; Wwiu: OHKBaIpaToB
CKOpOCTed CMEINEHMA MACCH ¥ BTATUBAHKA 3upa.

21. lpuHupn CynepnosHIME IPABMTAIIHOHHOTO B3aWMOACHCTBHA %

MakpooGsexToB: G2 ~ (2] — 6e3 yuera anexrpomarmTHOi
1IOUPABKH.
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22.CBm3b  KOd(DHIMEATa HOPMHUPOBKH Ha O — PYHKIWIO Jnpaka
(MPOCTPAHCTBEHHBIH TTapaMeTp) ¢ MaTepHAILBEIMM TIapaMeTpaMHu:
cos27 a, Jx cos @ %sin 3
‘ ( 25 22N - ay™.

23. IlpenenbHrle NapaMeTPLl YACTHIL:

r3

¥y = GF = ],50385*10-351\4 5

o Ao
T = —%==3,63943 %10 “¢;
0 Cc\3
wp= < PCV3 ) 02576344 104k

2G
E, =1,138%10'"° I»B; npu 3T0M TIpeesbHas IUIOTHOCTE BELIECTBa:

Pouse = 1,433 % 10% k2 / m>.

24. BepxHuii npeaen 3HEpIuH JOeHCTBIA MexXaHu3IMa
3ICKTPOMATHUTHEIX CHIL: E =~ 3] 0'“IB.

25. lucGamanc BemecTBa W aHTHBEMecTBa MpH Hapymennn CPT —
cummerpun: N = 1,61%107"°,

BesycioeHo, B HacTosmielt pabore NHO-IpeXHEMY OCTAETCA MHOTO
«6eLIX MATEH» W JO KOHHA He OOBACHEHHBIX W CTPOTO HE JIOKAa3aHHBIX
Te3ncoB. OTCYTCTRYET 9eTKO CHOPMMPOBaHHbLIH MaTeMaTHMECKUil ammapar.
OunHako, neJib, NoCTaBIeHHas B Havasie paboThl. JOCTUTHYTA.

IMpemaraeMad KOHUIIMA  ApOCMPAHCMBERHOU — MONOAOUYECKOU
cmpyxkmypyw Mameput He TPOTHBOPEYUT OCHOBHKIM JOCTOBEPHO U3BECTHEIM
dUsUTeCKHM peanisAM, NMPH 3TOM OCTaBaACh CBOOOHOH OT OOJNBIIAHCTBA
ITOCTYNTHPOBAHHBIX COBPEMEHHBIMH TEOPHAMH 13alpeToB MW JHANCHHOMN
BPEIHOMN. ¢ TOUKY 3peHUA TI03HABAEMOCTH MHpa, (POPMATHIAIH.

Tesuc mozHaBaeMOCTH, Kak aBTOP CTHMTAECT, AOKA3aHHKIN B HACTOAMICH
pabore, MO3BONACT B AATHHENMNEM COBEPIIECHCTROBATE NPESTIOKEHHYIO 31ECh
MOIE:T6, BHOCS HM3MEHCHMS ¥ JIONOJHCHWS I@PH HEW3MEHHOH obwei
KOHLICTIIIMH ¥ «[IPHBA3sieasy K Helt MatemaTrdeckuil anmapar KM.

[1aBHBIM JOCTIDKEHHEM JAHHOTC MPEACTABICHAS CIPYKTYPH MaTepum
ABIACTCS OOHapy)XEHHE CBSSH DJICKTPOSACPHEIX M IDABHTAIMOHHBIX CHI H
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BO3MOXHOCTh TEOPETHYECKOTO pacdera (YHHAMEHTATBHAIX TIOCTOSHHBIX
ITUX B3aUMOACHCTBRI, a TaloKe MIEMEHTaPHOIO 3ap4a, Yero A0 CHX Iop He
CACJIAHO B CYIIECTBYIONINX «(XPECTOMATMHHLIXY (OOMENPURATHIX) TEOPUsX.
Bregenne «mmosHaBaemoro» o6neKTa TEOpPMH B KBAHTOBYI0 MEXaHHKY
MIO3BONTMT, IO HameMmy ITlyOOKoMy YOexxmeHuio, He TONBKO OOBACHUTH
(N3HMUECKYIO CYLITHOCTS H3BECTHBIX, HO TaK A0 KORL@ W HE TIOHATBIX, CEOWCTB
MATEpHM, HO H JAACT BO3MOKHOCTh M3y4ath (QOHApYXKUTh) A0 CHX 0OP
HEM3BECTHLIE CBOMCTRA.

Bce 370 103BOAAET HAJIEATHCA Ha KUIHECTIOCOBHOCTL 3TON KOHIIENIMH,
e  JaTpneiinee  pasBMTHE 1,  BO3MOXHO,  3KCNEPUMEHTANILHOE
TIOATBEPKICHUE.
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Jiutepatypa,

«AtoMHas ¢umsmka». Marsees A. K., Mocksa, Bricman mxona,
1989 r. BBK 22.38 M33 YJIK 539.1

«Kypc ®muxmny. Jetnad A. A., Asopckuti b. M. Mocksa, Buicaras
wkona, 1989 r. BBK 22.3 2138 VIIK 53.

«DyHaaMeHTaNbHAY CTPYKTypa Matepuu». llon penaxumeii J. M.
Mulvey. Cyxanos A. JI. Mocksa, MHUP, 1984 . BEK 22.382 ®©9%4
VK 539.1.

«du3vgeckas KapTAHA MWpa B pasMepHocTH «JmHa-BpeMs»».
Yyen A. C. Mocksa, Canrer, 1999 r. BBK 30.10 + 22.33 485 YIK
530.1.02 + 53.081.

«Kputudeckmit amanm3s  OCHOR TEOPHH  OTHOCHTENBLHOCTHY.
Amoxosckii B A. Xyxoscknit, «Iletury, 1996 r. VK 530.1 A96.
«Konnemmsa exvmmoii ¢puznkuy». [letpocsn B. C. Mocksa, Buicas
mkona, 1991 r. BEK 22.3 I131 YK 53.

«Teopernueckas usukan JI. [ Jlanmay, E. M. Jlupmuu, tom II,
I1I. DUSMATI U3, Mocksa, 1963 r., 530.1 JI22 VJIK 530.145.
«Teopernyeckas dusuka» B. b Bepecreuxwii, E. M. Jludnrm, JI. I1.
Turaencknii, ToM TV «KsaxToBas snexTponuHaMmuka», «Haykay,
Mocksa 1989 r., BBK 22.3{ J122 Y]JIK 530.1{075.8)



Crexmmaxosuy Eprenuii Muxaiiopuy

NPOCTPAHCTBEHHAA (TOITOJIONMYECKASA)
CTPYKTYPA MATEPUU

Cepus «Relata Refero»

H3narenscrso «duropuat YPCCs. 113208, v. Mockra, ya. Yepranowekast, 1. 2/11, k. m.
Jhnemzus B Ne 03216 or 10.11.2000 1. Nuruennueckaih ceprudukar 12 BLUYCK KIWKFOLN
nponyruye Ne 77.011.8.953.11.270.3.99 or 30.03.99 r. TMoymmcano x uesarn 15.08.2001 1.
Dopmar 60xR4/16 Tupax 540 3x3. Tleg. ;1. 9.

Otnedatatio » QOO0 -Ucrpas. 162250, Bogoroackast o6, r. Xaponcx, yr. Teprreda, 18/)
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HN3aareanctso YPCC
CTICUHATHAHPYETCA HA BhIMYCKE y4edIoN 1 NayyHOoH JIUTEpaTypel, B TOM HUCTE
MoHOTpaduit, XypHanoB, TPYIOB YJyeubx PoccHiickolt AxanemMum Hayk,
HAyIRO-UCCIEN0BATECKUX HHCTATYTOD M YYEGHKIX 34BeNEHRH.

YeaxaeMblie uaTaTe ! YBaxaembie aBTOpbI!
OCHOBKLIRAAICh HA NIMPOKOM W TLTOAOTBOPHOM COTPYIHHYeCTBE ¢ PoccuiickuM
GolzoM GYNIaMEBTAILHEX HCCICAVBAHKIE H POCCHRCKUM TVMAHHTAPILIM HAVIHAIM
thotizom, MBI npeanaraeM aBTOPAM CBOM YCITYTH HA BLWITOANLIX YKOHOMHYECKHX YCJIOBHAX.
[Mpu sToM MK GepeM Ha cefs Bclo paBoTy WO MONTOTOBKE M3AAHHS — OT HaGopa,
PETAKTUPORAHUA M REPCTKH 10 THPAXHPOBAHUSL W PACTIPOCTPAHEHMUA.

Cpe;u HeJABHO BHIUEMIIAX KHUT MBI IIpeuiaraeM BaM crietyiouide.

3sepes I'. 1. Ouzuga Ge3 Mexannkn HboToHA 1 Oe3 Teopun Diinmredna,
Pybaxoe B. A. Knaceryeckne kaabpoBoyHsie mos.

fetizenbepe B. Iabpannste Tpynel. Cepun «Knaccuku vaykms.

Tub6op M. Xa0C ¥ UETErPHPYEMOCTh B HesIHEHAOR IHHAMAKE.

ApHoas0 B. H. MaTeMaTHYECKHE METOb] KJI2CCHYECEOH MEXAHAKA.

Kononaesa H. I1., ITonvs B. H. KannbpoBodrbie noad.

Doeaune B., Fneeav A., Qaiicmeas P. PAIAKA NPOULCCOB IBONEOIME,
Keacuuxos H. A. Monexkyaspuaa us3nka.

Koacnuxos M. A. Tepmonndamuka.

Hvimveg FO. I1. BoaMOXHOCTS. DJIeMEATHI TEOPUH H MPHMEHEHHA.

Savceonvy 1. 3. IuddepeHunanpHoie YPABHEHAA M BAPHANHOHHOE HCIMCITERME.
Tnedenxo B. B. Kype Teopra seposTHocTel, 7-¢ A3M., RCUPABI.

Foposios A. A. Teopus seposTHOCTEH.

Jlyoposun b. A., Hosuxoe C. IT., Pomenko A. T. ConpeMennad reoMeTpua. T. 1-3.
Maauneyxcuii I. I Xaoc. Crpykrypsl. Borancymrebabili 9RCIepUMEHT.

Manuneyrcuii I. I, Homanos A. 5. CoBpeMeHable IPoSIEMBl HEJIRREHTON JuHA~
MHKR.

Cypdun B.T. PoRknenne 3sesx.

Hemxecuy B. B. OCROBb! MEXAHAKA CIUTOMHbIX CPEA.

Buavip @. XK. OcHOBBI HHU3AKN CBEPXNPOBOAHAKOR,

Bunegh @. XK. Jlora4ecKan CTPYKTYPA JACTHOH TeOPHY OTHOCHTEJILHOCTH.
ITenpoys P. HoBoe MbllLIeHHEe AMIIEpATOPA.

{(anuua C. I1., Kypowmoe C. 11., Masuneyxui I I. CHHEPreTHKa H 1uPOrHO3BI
oynymero.

Tlpuecoxcun ., Cmenzepc H. Bpemsi. Xaoc. KBant.

Hpuzoxcun H., Cmenzepc H. TTopaaok U3 xa0ca.

T ITo Bcem sonpocam Bri M-oxere oﬁpnmci K HAM: ‘
| mea./daxc (095) 135—44—23, mes. 135-42~46 Hanarexrscreo YPCC
1 WIR atexmponnoi nowmoii urss@urss.ro. !
Hloannii xatasor m3pammi npescTasien Hayunan u yueGuan
B Hnmepnem-seazasune: hitp:/ furss.ru Aumepamypa
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Hsnareascreo YPCC

Mpencrannser Bam cBoH Jyymve KAWrH:

Tabop M.
X20C H HHTErPUPYEMOCTb B Hejauneduod aMnamuke.

Hacrosmas MoHOrpagust SBTSICTCA OIJHAM H3 KAacCHUCC-
KHX 0630pOB MO Xaocy. ABTOP MPOBOAMT YUTATEIR OT Tpa-
AMITHOHHBIX KYPCOB TIO ZMQMpPCPCHUMANBHAIY YDABHCHY -
SM W KIACCHUCCKOH MCXAMMKe K HmeTpO Pa3sBURAKLHMCH
obaacriy HEJIMHEHHON DBAMMKW B X40Ca, TIPCACTAR IS
MPH ITOM «CTApPhle» M «HOBhIe» MOHATHA € CIMIHON ToY-
H : KM 3peHHs. B KHIIC yIayHO COYETACTCH OIHOBPCMCHHOC
HHTETPHEYEMOCT PaccMOTpeHHC apobacM HenMHCHHON TMHAMUKM M Xaoca
B HENHHEAHOH ¢ QAHOU CTOPOHB, ¥ AOPOLOB METCCPHPYEMOCTH UWHA-
AAHAMHKE MMYECKUX CHCTEM C APYFOfi cTOPORBL Boiblrve BMuManse
VACTHETCR X40CY B TAMWIBTOHOBRIX CUCTCMAX, AOKA3LIBA-
I0TCH BIAUMOCBA3U MCXIY KA8CCURNECKHMM XAa0COM M CO-
OTECTCTBYIOWNM KBAHTOBOMCXaHM'ICCKUM TIOBCACHUEM CH-
CTCM, 2 TAKKC HM3Y9alOTCH MHTCTPUPYCMEBIC YPABHCHMH, 067gidioUIle COTATOHHBIMH
pewennsiMy. Matepyan uanaractest ¢ WCMOAB30BAHUCM COPPEMEHHBIX ICOMCTPHYCCKIX
¥ AHZTHTUTECKIX MCTONOR,

JInst CTYACHTOB MATEMATHYECKMX, (PUAMHECKHX M UHXEHCPHRIX CICIHANBHOCTE . 4 TAKXE
BCEX, NMHTCPECYIOIMXCH NPORIEMAMM X40Cd B AMHAMUYECKHX CUCTCMAX.

Boapuyx A. K., JTawxo M. H., Iaiit 4. T., Inaoeaw I'. IT. Awrunemnanosus. T. 1-5.
Kpacrnos M. JI. u dp. Bes Buiciuas maTemaruka. T. 1--6.

Xyxapes A. C. u dp. 3anaun NOBLIMEHHON CIOXKHOCTH B Kypee obweil (hu3mxm.
2-e uan. ucnp.

Uleneses A. B. Omrrara. [oToBMMCA K dK3aMeHaM, 3a9€TaM, KOL10KBUYMAM.,
Koaoxonve H. B., Kyeyos E. A. u dp. 3aa29A 00 MATEMATHYSCKHM METORIM
Gu3nku.

Kpacnos M. JI., Kucenes A. H., Maxapernxo I. H. C60pHMKH 3am3u ¢ noxpo6-
HBIMH PEIICHUAMMU:

BexTopHbiii agaign3. HurerpainHble ypaBHewus., BapHALMOHHOC HCYHCIEHHE.
Ofriknosennste AutdepeHnAamhlbie yparvenus, DynEuun ROMILIEKCAOTO IIC-
pemennoro. Onepaunonnoe acyncicrne. Teopus ycrokuusocTy.

HawM KHUrM MONIHO NPHOGPECTN B MarasumHax:
H3RATENALLTRO | «Budawo-fashyrs (o. Siydmna, yn. Macwamas, 6. Tea. (085) 925-2457)

aMocuamOuii RoM NHN: (W, ApSarcean, yn. Hoswill ApGar, B, Ten. (095) 203-8242)

YPCC «f\OM KaysHO-TeXmYECHOR N (lesswickn 1., 40, Ten. (U85) 137-0633)
«Ro uim ha Conene= (4. Coson, flemmrpancus np., 78/1. Ten. (095) 152-6381)
(095) 135-42-46, | «flow aenosoh wiwmi» (4. MOAETAPLNAS, YA. MapuoucToras, 0. Ten, (035) 270-5421)
(095) 135- “23 «MeiL-maT. MTYn (M. Yunaeponter, Bopodsenad repes, [IC MTY. Ten. (095) 239-1263)
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B nac'ronmeii paﬁcn'e OPEAJIOKena KON - npoer-
- pancreennoii (mnonomqecmﬁ) cTpyKTyphl Marepin. Ocnopnas
HIes — HATHMHC Y BCEX MATEPHAILALIX 00LEKTOB MHKPOMHDA
NPOCTPARCTBEHHON CTPYKTYPhI, KOTOpas # ABJIsSeTCH NPHIAROH-
BCEX HX. €BOHCTB: MACCHI, MOMEHTA WMNOY/ILCA, CONHA, 3JCKT-
'pnllecleom 3apajia, VPABHTANHORHOFO B3aAMMOACHCTBHS ® Tax
- ‘naaee; TlpocTpancTso # Bpems B Naunoii pabore spaajores 06-
_pasyonmmu marepuio saementamu. Ipu srom CHCTOTHHKOM
BCEX BLIIIE DEPeYncIenubix H APYIHX CBOHCTB MATEPHE SBISIOT-
o5 npncrpancmuno—npeuennm npoueccu, HA3LIBACMBIC B Pa-
Gore AABUACHHEM. : ol ‘ i
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