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MPEAONCNOBWME

B TeueHme psga nocnefHUX neT MHOro pa6oT 1 nccnefgosBaHmini B 06-
nactm u3snKm 6b110 MOCBSALLEHO BOMpocamM MPOUCXOXKAEHUS N 3BONOLUN
MaTepuun u BceneHHOA.

HacToliunBble MONbITKU MNPOHUKHYTb B TalHbl POXXAEHUS MaTepumn
npmBenu K co3gaHunio psga Teopuii, onncbiBaroWMX NPoLUioe, HacTosLee n
6yayuiee BceneHHOA.

Xopowo m3BecTHa TakK Ha3blBaeMas Teopusa “bonblioro B3pbiBa”,
KOTOpas He NuLlIeHa HEeKOTOpOi MPOTUBOPEYUBOCTU M MOTOMY SABASeTCS
06BbEKTOM KPUTUKN.

B HacTosAwel paboTe genaetcs NoONbITKA NOCTPOUTb KOCTAK 6yay-
el Teopmn. 34eCb N3N0XKEHbl OCHOBHbIE MPUHLMUIbI N MON0XXEHUS, NO3BO-
naluwmre No-HOBOMY MOCMOTPETb Ha NPO6aeMy PoOXKAEHUSA MaTepun N 06b-
ACHUTb MHOIME N3BECTHble PU3NYHECKNE ABNEHUS C APYTUX MO3ULNNA.

OCHOBHOI 3apaveii Npy 3TOM MOCTPOEHUU 6bINO0 CTPEMNEHUNE K CO-
XPaHeHU0 PU3NYECKON HarnagHOCTU.

NaBHbIM NOGYANTENbHLIM MOTMBOM K HamnucaHui 3ToW paboTbl
6b111 N0AbI MHOFONETHUX pa3MbILLNEHNIA Hag NpobneMon poxxaeHus Bcee-
NIEHHOW N CO3HaHWe TOro, YTO Helb3sd 06bATbL HEOOBATHOE M NOTOMY AaH-
Has Teopusa He MOXKeT ObITb 3aBepLUeHa B OAMHOYKY.

MoCKONbKY aBTOP CTPEMU/ICA U3NTOXKUTb TONbKO K/HOYEBbIE MOMIOXKe-
HUS Teopuwu, TO GONLLUMHCTBO pasfefnoB MMEKT YNCTO parMeHTapHbIN
XapakTep 1 Hy>XJarTcsa B fanbHeleM TBOPYECKOM pa3BUTUN.

ABTOp BblpakaeT rnybokyw 6narogapHocTb PyTHepy A.®. - 3a
pasBuTMe maTemaTudyeckmx acnekrtos B 8§ 2, 5, 6.8, 6.15, 6.18, 6.19, 6.20,
6.21; bataHoBy A.C. - 3a ochopmneHune rpacuyeckon yactm pabotbl; HIMK
“BazanbT” U 3eMCcKOMy 6aHKy r. Camapsbl - 3a y4acTue B huHaHCUpPOBaHUM
paboThl.

ABTOp CTPEMMUCA M3N0XKUTbL MaTepuan B MonynspHom gopme, 4TO-
6bl LUMPOKWIA KPYTr ynTaTene mMor rnoHATb IU3NYECKMe acneKTbl npeana-
raemMbiX OCHOB HOBOW Teopumn “PoXKaeHne 1 3BOOLMA MaTepun” .

BmecTe c Tem, cnegyeT OTMeTUTb, UTO HOBble NpPeAcTaBieHUss MHOTNX

PU3NYECKNX MPOLLECCOB [AOMKHbI 3aMHTepecoBaTb M crneunanncTtoB B 06-
nacTtumn uUsnku.



I. BBEAEHUNE

CoBpeMeHHasi TeopeTuyeckas uamKa cTpagaeT OTCYTCTBUMEM Ha-
rMsSAHOCTUN OMNUCbIBAEMbIX siBNeHWIA. B ee 0OCHOBe 3a/i0)KeH psf NocTynaTos,
M3 KOTOPbIX W BbITEKAET OMNMUCaAHME TOFO WAM UHOFO SIBNEHUS. [NaBHOW
Lenb0 npeacTtaBnsgemMoil paboTbl SABASETCA BO3BpaT K HarnsagHocTu npu
onmncaHun OmU3nYecKnUx NpPoLeccoB, HE3aBMCMMO OT TOr0, MOXKEM 11 Mbl Ha
npakTuKe NPOBOAUNTL MPSIMblE NN KOCBEHHble HA6MIOAEHNSA MUKPO U MaK-
pomupa. HarnagHocTb No3BONsieT Ha NO60M YpOBHE MOAENN, HE3aBMCMMO
OT MacwTabHoro pakTopa MCMonb30BaTb 3aKOHbl KNAacCMUECKOW OU3NKWU,
BblENASA MeCTO NMPUMEHUMOCTM KaXKAolM M3 COBpPEMEeHHbIX BeTBel TeopeTu-
YecKol (hn3nKn, B TOM YMUC/Ie U KBAHTOBOW TEOPUN.

MN3yuyas paboTy, Heob6xoaMmo 3abbiTb BCe YCTOsIBLUMECS MpeacTaBne-
HUS N faXke Te pe3ynbTaTbl, KOTOPble MOMyYeHbl HernocpeacTBEHHbIMU W3-
MepeHUAMMN.

Hanpumep, pe3ynbTaTbl HAbNOAEHUI NOKa3bIiBalOT, YTO A/IMHA CBe-
TOBOV BO/MHbI MPU ABWXEHUN OT YAaneHHbIX rafaktuk K 3emne yBenmym-
BaeTcs. COBpeMEHHbIe Teopun, 6asnpysicb Ha adochekTe Jonnepa, TPaKTyoT
3TO sIBNEHME KaK pacwunpeHne BceneHHol. CornacHo >e manaraembiM
34ecb NpeAcTaBNeHUAM AaHHOE siBNeHWe ecTb pe3ynbTaT COBEpPLUEHHO ApYy-
roro acpdpekTa, Ha3BaHHOI0 Kak MHUMbIA AOMNEPOBCKUIA.

B ocHOBe npeacTaBnsgemMoit paboTbl NEXXUT NPeANoNodXKeHNe, 4TO Npu
POXXAEHNN 3NeMEeHTaPHOM YacTuLbl, COCTaBAAOLWEN “KNPNUUYMK” MaTepun,
npoTeKalwT npocTelillne guandeckne MNpPOLIeCChbl, onpeaensieMble CTPOro
OrpaHMYeHHbIM KOMMNYECTBOM MPOCTEWLLNX (aAKTOPOB. VIMEHHO 3TUMMU
06CTOATENBCTBAMUM U OOBSCHSIETCA 60MbLLI0E KONMNMYECTBO POXKAEHHOW ma-
Tepun.

OCHOBHOI »e npeanocbINKoW npeanaraemoii Teopun sIBNsieTcs
npeanonoXXeHne, YTo Korga-to 6eCKOHeYHo gaBHO, abCONOTHO HUYEro He

6b1N10, YeM UCKNOYHaeTCs BOMpoOC, a 4To 6b1n0 A0 3Toro.



MaTepusa ecTb B3siTas B3aliMbl Y MNpOCTPaHCTBa W 3aKOHCEPBUPO-
BaHHas KMHETUYECKas aHeprus.

Taknm o06pa3omM, 3Heprus N Macca - CUHOHMUMBbI.

Ecnn BbICBO60AUTL 3HEpruio, o6pasyloLLyo mMaTeputo, TO MaTepus
ncYye3HeT. TONIbKO BO3MOXXHOCTb UCHE3HOBEHUS MaTEPUN MOXKET AoNycKaTb
M ee NOsIBNEHME, T.e. BPEMEHHYIO KOHCEPBALMIO KMHETUYECKOW 3Heprum B
ManblXx o6bemMax MpocTpaHcTBa. B 3TOM acrekTe 3aKOH COXpPaHEHUs 3Hep-
rmu cnegyeTt BOCMPUHMMAThL KaK BEPOSAATHOCTHbIM. Mpyn Manbix NAOTHOCTAX
MaTepuun OH NPaKTUYeCKU BbINOMHSAETCS.

MocKoNbKY BOKPYT 3aKOHCEPBUPOBAHHOW B BUAE MaTepun aHeprum
o6pasyeTcs rpaBUTaLLMOHHOE MOMe - MNaBHbI Nepexos OT Harnpsi>)KeHHOoMN
YacTu MPOCTpPaHCTBa K MeHee Hamnpsi>KeHHOM, TO eAUHCTBEHHbIA TUMN BOJH,
KOTOpPble MOTYT BO3MYLLLATb MPOCTPAHCTBO N TeEM CaMbliM PacnpPOCTPaHSATb-
Csl OTHOCUTE/NIbHO Hero, A0o/MKeH MMeTb Ty >Xe Mpupoay, YTo U rpaBuTaLu-
OHHOe none. TakMm o06pa3oM, egUHCTBEHHbIMW BOAHaMW, pacnpocTpa-
HAILWNMNCA OTHOCUTENbHO MPOCTPAHCTBA, SABASAKOTCA rpaBUTALUOHHbIE
BOJ/IHbI, MMeEKOLLMe CKOPOCTbL C . Bce M3BECTHblE YeTblpe OCHOBHbIE B3aMMO-
OelicTBUA ecTb MWL pa3Hble DOPMbl NPOSIBNEHUS FTPABUTALLMOHHOIO B3a-
MMOAENCTBUA.

Pab6oTa nocTpoeHa He Ha KPUTUKE CYLLECTBYIOLWNX NPeAcTaBNeHUi 0
MaTtepumn, a Ha MoMbITKE MocnefoBaTeNbHOr0 BOCMNPOU3BeAEHUS ABMEHUNA,
NneXkalmx B OCHOBE 3apOoXKAeHUs1 U AanbHellero ycnoxxHeHuss matepun. Ha
paHHell cTagnn Mbl MOXXEM OMUPATHLCA TONLKO Ha UHTYMUUKO. Joka3aTe/b-
CTBOM MPaBU/IbHOCTU Ha4asbHbIX MPOLLECCOB SABASETCHA MONyYeHUe pesylb-
TaToB, OMUCbIBaLLWMX Habnogaembie SBNEHUS MUKPO UM  MaKpoMupa.
MIMEHHO CXOAMMOCTb HabnogaeMblX pe3ynbTaToOB C AaHHbIMU TEOPUU SB-
nsieTcA foKaslaTeNbCTBOM CMpaBeA/IMBOCTU NocnefHeN.

A Tenepb Bam Heo6xoAMMO 3anacTUCb TepreHWEM U He MblTaTbCs

KPUTUKOBaTbL paboTy, He oUMTaB ee [0 KOHLA.
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2 AHANN3 NHTEP®EPOMETPA
MAWKE/IbCOHA - MOPA

AHannay akKcrnepuMeHToB MalikenbcoHa-MopaM 1 ycoBepLLEeHCTBO-
BaHWIO CO34aHHOM0 UMW MHTepgepoMeTpa MOCBSLLEHO GecUMC/IeHHOe MHO-
>KecTBO paboT [1]. HuxKe aHann3npyeTcsi faHHbIi TUN MHTepdepomMeTpa C
no3vuMnM BOMHOBOW TEOPUM CBETA M HaINUMA HENOABMXKHOIO Mpo-
cTpaHcTBa. B OoCcHOBe MpefnaraeMoro aHanusa feXkaT U3BEeCTHbIe MOoMoXKe-
HUS: YacToTa MMMYNLCOB V U3NyyaTensi U CKOPOCTb CBETA C HEe 3aBUCSIT OT
CKOPOCTU ABMXKEHMUSI UCTOYHMKA, (PPOHT BO/HbI OT KaXXAoro OTAEeNbHOro

uMmnynbca B NO60M (PUKCUPOBaHHbLIN MOMEHT BpemeHU ! npeacTasnser
coboii cipepy. Torga AnvHa BOAHbI J1 N0 HanpaBneHUO eAVHUYHOIO BeK-

Topa [1 oT wanyuaTensi, ABVM>KYLLErOCs CO CKOPOCTbIO V, OMMCbIBaeTcs

ynuTkown Mackansa [2]:
%
N =na\— cosp),
C

roe /1 - E -ANVHa BOAHbI Npn v = 0;  (p= (V, A)
\'

OnpegennM MrHOBEHHbIE 3HAaueHWUs uuceNl BOMAH B ABYX B3aMMHO
nepreHANKYNApHbIX Nnedyax uHtepdepomeTpa (puc; 1). be3 orpaHuyeHus
06LLLHOCTM MOXHO MPUHATHL, UTO MUCTOYHUK CBETa S pacrnofioXkeH Ha Ha-
KnoHHo nnactuHe P B Touke O. Ecnn Tenepb /- paccTosiHMe MeXKay Tou-

koii O n 3epkanom Mi, TO MCKOMOe 3Ha4dYeHWe Ymcna BOMH B NapannefibHOM

nneye HaxognTca Kak



Puc. 1 Cxema nHTeptepomeTpa MarikenbcoHa-Mopnu



NN, 4TO TO >Ke,
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370, MO CyTW, COBMNafaeT C M3BECTHbIM COOTBETCTBYIOLLIMM pPe3ynbTaToMm
LL-

Onpepensia MrHOBEHHOE 3HaYeHMe YMcna BOMH B NMeprneHanKyAsipHOM
nneye 4ANHONM /, 3aMeTUM, YTO 3ano/iHeHWe ero BoJHaMM NPOU30LLO0 Npu
OBV>KEHUM HaKNoHHOro sepkana Ha ydyactke O\O (ueHTpbl cchep, 3anon-
HAawWwmnx BonH Haxogatcsa Ha O\O), a Bbixog 3TUX BOMH 6yAeT MPOMCXO-
anTb Ha ydactke OOb . Mo3ToMy, KpOMe M3MeHeHMUs1 A/VHbI BOMHbI, CO-
rnacHo NpuBegeHHOMY Bbille ypaBHeHUo YNUTKK MNackans, cneayeTt yyecTb
yron onTu4yeckoi aGeppauun a , onpegensiemMblii COrnacHO COOTHOLLEHUO
2]

%

sina=—.
C

Ho, nockonebky <p= 90° - a ,l0 gns nagalollero Ha 3epkano fyya gnnHa

BO/IHbI onpegenAaeTcAa Kak
A—An 1-—cos(90° - a)
C

WA, 4TO TOXKeE,

Ona oTpaxenHoro nayya p= -(90° - a) u no-npexxHemy

N=nq1-4)-



Toraa yucno BOMH B MeprnieHAMKYNSPHOM Mede MHTepdepomeTpa Haxo-

ANTCA KakK

CpaeHuBas N n u N Lnonyuaem, uTo nNpu noBopoTe nHTepdepomeTpa Ha
N 60 yron, MrHOBEHHble 3HAYEHUSI YMCEN BOMH B Mjeyax He MeHsTCs,
T.e. U3MeHeHNe UHTeP(EePEHLIMOHHOM KapTMHbI Ha 3KpaHe He Mpou3ongeT,
a NoToMy 3KCMepuMeHTbl, MPOBOAUMbIE HA UHTepdepoMeTpax Tuna Maii-
KenbCOHa-Mopau He MOryT HU AoKa3aTb, HW OMPOBEPTrHYTb KOHLLEMLUIO
HEenoABMXXHOIo NPOCTPaHCTBA.

Hwuyke npepgnaraetcsa Mofens MHTepdepomMeTpa, MOCTPOEHHOro Mo
opyromy npuHumny. MNycTe ABa obnagarownx BbICOKOM CTEMeHb MOHO-
XPOMaTUYHOCTM N MPOCTPAHCTBEHHOM KOrepeHTHOCTU UCTOYHMKA pacno-
NOXXeHbl Ha OAHOW MPSMON C 3KpPaHOM Ha paccTosHuu / opyr oT gpyra.
Torga npu HanpaBneHUN BeKTopa CKopocTu V, coBnajarollem C Hanpas-
NleHneM 3TO NPSAMON, N MOBOpPOTe nHTepepomeTpa Ha 180° nHTepdepeH-

LMOHHaA KapTuHa N3MeEHNTCA COornacHo COOTHOLWLIEHWIO

21-
&N = £—
v 2
"oO-T)
C

uTo NMpu opbuTanbHoi ckopocTn 3emnn V =30 Kv/c, 6a30B0i AnnHe 1=3 m

n J10= 610-7m (3T napaMeTpbl COOTBETCTBYIOT SKCMEPUMEHTY Maikenb-

coHa-Mopnn) gaet AN « 1000. CTonbKo >e pa3 npu NoBopoTe uHTepde-
pomeTpa Ha 180° MeHseTCcA NHTepepPeHLMOHHAA KapTUHa.
OT0 N03BONSAET MPOBECTU 3KCMEepUMeHT B AuarnasoHe pajuoBOIH,

pacnonarag UCTOYHUKU 1N MPUEMHUK PASVNOBOH HA MOBEPXHOCTU 3eMN.



3. MATEPNA - POPMA CYLWLECTBOBAHWVA SHEPTI MW

MOHATUA BpPeMeHW, MPOCTPAHCTBA U MaTepuun SBASIIOTCS OCHOBOMO-
narawuMMmm B COBPEMEHHOWN (U3MKe U HalleM MpeAcTaBfeHUN O BO3HUK-
HOBEHUWN N Pa3BUTUM OKPY>Kalolllero mupa. Humke genaetcst nonbiTKa gaTb
HayanbHble CBeAeHUst 06 3TUX MOHSATUSAX, COBEPLUEHHO OT/IMYHbIE OT W3-
BECTHbIX.

OAHUM 13 OCHOBHbIX acneKTOB AAaHHOro npeacTaBleHUs siBnseTcs
npeanonoXeHune, 4YTo mMaTepusi - 3To popma CylLecTBOBaHUA aHepruu. Mo-

3TOMY W3BECTHOE B CreLuanbHOM TeoOpUN OTHOCUTENLHOCTM COOTHOLLIEHUE
EO= 1022, rae O - macca nokosilieiicss M aTepuanbHoO TOYKU, C - CKO-

POCTb CBeéTa B BaKyyMe, €CTb BblpaKeHue 3Heprunm B pa3HbIX egunHuuax

N3MepeHuns.

Takum o6pasomM, MHOXUTens (2 BbICTynaeT Kak KoaguUUeHT
NnpPonopLuoHanbHOCTU, CBA3bIBaOLWIWIA ABe pas3nnyHblie eauHULbl U3Mepe-
HUS 3aHeprmMu. PacnpocTpaHWUM gaHHOoe MPeAnonoXXeHMe Ha 3aBUCUMOCTb
KWHETUYECKOW 3HEepPrmn maTtepuanbHOW TOYKWM OT CKopocTu. CornacHo
M3BECTHbIM MpeAcTaBNeHUsIM KNacCU4YecKor hU3nKKU npupallileHne KNHeTn-

yeckoim QHEepPrmm onpegensaeTca Kak

HO, MOCKO/bKY YyBelnyeHUe CKOPOCTM MNPUBOAUT K W3MEHEeHUH

aHeprun Ha BenmumHy AIEK, a yBennueHue sHeprum paBHOCUNBHO M3Me-

HEHWUIO MacCbl Ha BeNUUUHY A /1T = /C2, TO cymMMapHoe M3MeHeHne

aHeprun 6yaeT BblpaXkaTbCsA pPsAAoOM (rpauyeckoe M306parkeHMe 3TOro

paga npeacrasneHo Ha puc. 2)

JEK- AEK+AZEK+ &IEK+...+AIEK+...,
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/ KpnAo6/P /sc?,5 CoomgerncmSy/'O/// /7e/>6'v/M
TpeM yneHam psaga.
< /Cpugaj?4 - onucb/6aeT cymmy psiga

Puc. 2. Mpadmueckoe n3o6parkeHne 3aBUCUMOCTH

QHEepPrmm oT CKopocTn

11



roe

NiAe v2 EQ2
ilal'e 2 5c2
V2 v
A,Et = AEI =
2c2 4c4’’
V2
AEV=[.£, _Ewe6
2c2 8c6’
£, =1 V2 ey
o 2c2 2 c2

CyMMuUpoBaHue 3TOro psga Aaet
AE,, = N|£*

N e2

WK, YTO TO >Ke,

TY
AEA(: — 5-5—, (3.2)
2. —
c
4YTO PpaBHOCWU/IbHO
AEK=~"Y ~, (3.3)
2Cc -V

Mpu Manbix Vv, V « C , COOTHOWeHWe (3.2) MepexoAuT B Knaccuueckoe

nr TY .
= —Z— | NpU CKOPOCTAX >Ke, CTPEMSALLMXCA K CKOPOCTWN cBeTa B Ba-

KyyMe, OHO nepexoaunT B PENATUBUCTCKOE
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AOEKk= T1TC2=EO. (3.4)
OcTaHOBUMCSH, B CU/Y €ro BaXKHOCTU, Ha BbiBOAEe COOTHOLLEeHUA (3.2)
B AndpdepeHumanbHom opme. 4N KNHETUYECKBN 3HEPTMN MaTepuanbHoOMn
TOUYKWN, XapaKTepusylolled ee CBA3b C BHELUHVM, OKPY>XalwLliuM MUPOM

(NpocTpaHCTBOM) UMeeM:

T\2
=-T"
oTKyga
V2
dEk=— dm+ T\dv. (3.5)
Ho cornacHo N3N10>KEHHOMY BblLlIe
E
T=—F, (3.6)
c

rae E - nonHas sHeprus, coctasnaoowas gaHHyo MaTepuanbHyo TOUKY:
E=E,+E,+E,. (3.7)
3aeck: EC- cBAzaHHble KMHeTUYeCKas 1 NoTeHUnansHas aHeprum maTtepum,
o6pasytolleil AaHHY0 MaTepuanbHyl TOYKY, MpyU Vv = O OTHOCMTE/NbHO
npoctpaHcTea; E - BHyTpeHHsin noTeHumanbHasi aHeprusi B3anmMOAeii-

CTBMSI vacTul, obpasyluwmx matepuio, npu V =0 OTHOCUTENbHO Mpo-
cTpaHcTBa.

O603HauYNM
En=Ec+En. (3.8)
Ecnn He npoucxoaAuT o6MeHa yacTuuamMu MexXay maTepuanbHom
TOUKOW M ApYyrMmMu obbekTamu npocTtpaHcTea, To EO - Bennumna nocto-

AHHaA. Torga
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E = EO+EK, (3.9)

raoe £ onpefensieTcsl CKOPOCTbIO MaTtepuanbHOl Touku. B cooTBETCTBUMU

c(3.9)
T= -2-2 *n (3.10)
c2
n noTomy
dEk
dm= —7~. (3.11)
c

CornacHo (3.10) u (3.11) ansa (3.5) nonyyaem:

dEk_ Y2dEU 1 EBE (y p 12

NN, 4TO TO >Ke,

v2.JT Ea+E K
@- —™NdEkK = - v orfv. (3.13)

Paspgensasa B gpndpdepeHymanbHoM ypaBHeHUU (3.13) nepemMeHHble, Ha-

X0AVNM:
vdv
dEk (02

2c2

VIHTerpupoBaHue 3TOro ypaBHeHUs AaeT:
EO+Ek= N 1~, (3.14)

2c2

rae A - npounsBo/sibHaA NMNOCToOAHHAaA.

Ho npu v = O umeem E k=0 n noatomy A = EO, B cuny vero (3.14)

14



npnHMMaeT BNA:

£O0+£t=-74 -, (3.15)

Lo

WU, 4YTO TO >Ke,

E=-—-- V- P-16)
HakoHey, 13 (3.15) nonyyaem:
ol
Ek= -N I£ (3.17)

4yTO coBNajaeT C NpUBeAEHHbLIM Bblllle pe3y/ibTaToM. Ecnm NonoXXunTb

En
LL||>:~T= (3_18)
C
TO Ek=1TO0— U, -. (3.19)
1- —y
2c

C apyroii cTopoHbl, pasgenus (3.16) Ha c2, HaWgem:

T= UbYy-. (3.20)
N
158
|_|OCKOﬂbe CcornacHo coBpemMeHHbIM npeacrtaBieHNAM O<v< , TO
T0<T<2TO. (3.21)

N3 (3.2) nnn, uto ToxKe (3.19), BbITEKaEeT, UTO 3HePrus, obpasytouias marte-
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puto, AomKHa aBuratbcss co ckopocThio V = C. Tofbko B 3TOM cry4yae

nony4yaeTtcd npakTn4yeckKu npoBepeHHoOe COOTHOoLEHUE

b =
Macchl MOKOSl, KaK TakKoBOM, T.e. COOTBeTCTBYIOLWEeN caydato E -Q HeT un
6bITb HE MOXKET. Ecnn Korpga-To, 6ECKOHEYHO AaBHO, HNYEro He 6bl1/10, TO U
celivac 6bITb HE MOXeT B CMbIC/ie TOF0, YTO MOr/N0 6bl CylLecTBOBaThL 6e3
[OBWKEHMS. Bca oKpyykawollaa Hac maTepust ecTb (hopma CyLiecTBOBaHUSA

B351TOW B3aliMbl y MPOCTPaAHCTBA 3HEPTUN.
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4. MPOBJTIEMA PASMEPHOCTWU

Onupasicb Ha pasgen 3, B KOTOPOM YKasblBanocb, YTO 3HEPrus u
Macca CUMHOHWMbI, UCKIOYUM Pa3MepHOCTb Macchl, MOCKO/JbKY B OAHOM
cUCTEME eAUHUL, OAHA M Ta >e (M3nyecKas XapakKTepucTuka He MOXKET
MMeTb ABe pasnyHble pasMepHocTU (ans cuctemMbl CU 3TO AXKOYNb U KU-
norpamm). Ana AMHaMMUYeCKMX MPOLIECCOB Pa3MepHOCTb CUMbl HAXOAUTCS

N3 COOTHOLWUEHUNA!

rape dX - gudpdepenuman nytn, a AdEK - guddepeHuman kunHeTnueckoii

3Heprun. B cucteme CW 3Ta BennymHa numeeT pasmMepHOCTb ,q)K/M:H.

C Apyroii CTOPOHbI, COrNacHO 3aKOHY BCEMUPHOIO TATOTEHUS
(4.2)
YuunTbiBas, 4To Macca eCTb CUHOHUM 3Hepruu, nonyuynm ans (4.2)

(4.3)

roe GO=G /C4 umeet pasmepHocTbs H 1 Ho ecim npuHATL KO3hPULMEHT
NPOMOPLMOHANLHOCTU B 3aKOHEe BCEMUPHOIO TArOTeHUs 6e3pas3MepHoi

BEIMYNHOW, YNCIEHHO paBHOVI GO,TO nonyyeHHasa BeiMynHa

(4.4)

6yaeT uMeTb pa3MepHOCTb H2 Ha3oBeM 3Ty BeMUYUHY B3auMOAENCTBUEM.
B3aumogeiicTBue noapasymMeBaeT fAelicTBUe ABYX Ten ApYyr Ha gpyra, a He
cuny, AeACTBYIOLLYO Ha OfHO M3 Ten. B3aumopgeiicTBue - 3TO XapaKTepu-

CTnKa I'IOTeHU.l/Ia]'IbHOVI QHEeprmn, 4YnUCneHHo paBHaA COOTBETCTByPOLLI.eI‘/JI
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XapaKTepucTuke (cune) ANs KUHETUYECKOW 3Heprun. Bnaropgapsa aToW
BE/IMYMNHE MOXXHO Pas3MynuTb MMeloLLMe pa3Hblii Pn3nyecknii cMbicn KUHe-
TUYECKYID W TMOTEeHUMaNnbHYK 3Hepruu, nofnyvawlime Tenepb COOTBET-
CTBEHHO pa3mMepHoOcTM HM n H2v, 1 BblpasnTb 3neKTpUYecKue, TernnoBble
M Apyr ve usnyeckmne BeMUNHbI Yepe3 OCHOBHbIE eANHNLbI HOBOW CUCTEMBbI
M3MepeHUS, NMPUHSB B KauecTBe TaAKOBbIX C, M, H.

3peck: cekyHpa (C) - eAMHULLA U3MEPEHUS BpeMeHU, MeTp (M) - egMHuua
M3MepPEHNS PaccTosAHUA, a HbOTOH (H) - eauHMUA N3MepeHns CUnbl, YuUC-

NIeHHO paBHas cune B 1 HbIOTOH B cucteme CU.
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5 NMPEOBPA3OBAHNME OCHOBHbLIX SAKOHOB
MEXAHWUKN C YHETOM C/TINMAHNA
MOHATUNN MACCbI 1 QHEPT U

M3 paHee BbIBeeHHOro COOTHOLLEHUA AN KNHETNYECKOM Heprnn

MaTepmaanoﬁ yactuupbl, HaXOAHLLI.eVICH B MOMEHT BpeMEHN t BTOUke . 1n

dx

nMetoLleli CKopocTb V = —
dt

Haxognm:

(0 \
dEk = —mWTr— : (5.1)

o-")2
B mexaHMKe 3TO U3MeHeHMEe KUHETUYECKOI QHEeprmm ceAs3aHoO C npu-

noxkeHvem cunsl F (X) , nepemewatoei yactuyy Ha paccrosinve dx:

dEk = F(x)dx. (5.2)

MpupaBHuBasa (5.1) n (5.2), Haxognm:

dv
moV —
F(x) = - ft-. (5.3)
Ho
dv _d\ dt _ dv
dx dt dx dt
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dv

mo-~r
M noTomy m =-—-— (5.4)
TakKak T = — , TO (5.4) MO>XXHO 3anuncaTb B BUIe:
1-"y
2c2
dv
F(t)=m—4L-. (5.5)
1-~y
2c2

CnepoBaTtenbHO, BTOpOﬁ 3aKOH HblOTOHa MOXXeT MPUHATbL WU3BECTHYHO

opmynmpoBky F = Ta, ecnn NonoXkunTb

dv
0o=-~n - (5.6)
1 _
2c2
Takum o6pasom,
a=-— (57
l_ *
2c2

dv

Mpu Manbix V (aKTUYeCKM Mbl UMEEM [eNo C KNacCUYECKMM 3aKo-

HOM MeXaHMKW, MOCKONbKY MNOMpPaBOYHbIn KoahdnymeHt (1 - ECJZ_) 2B

(5.4) mano otanyaeTca oT eanHuubl. U3 (5.4) cnegyet
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a0 = ——————- L. (5.8)

3TO0 03HayaeT, YTO MpU MNPUNOXKEHUN MOCTOSAHHOWM CUMbl HavYanbHoe
yckopeHue 00 ymeHbLUIaeTCcs N0 Mepe yBeMUYEHUS CKOPOCTU.

Mpn oTKase oT NOHATUSA MacCbl MeeM:

FQ -5 )22

®

EO
Ccopmynnpyem Tenepb MepBblli 3aKOH HbloTOHa. Ero HoBas Tpak-
ToBKa uUmMmeeT BUA: “Teno HaxogmUTCA B COCTOSAHUM MOKOSA NN PaBHOMEPHO-
ro NPsSMoNNHERHOro ABWXKeHWS, NoOKa M NOCKO/bKY Ha Hero He AelcTByeT
BHELLIHAA CU/la M ero CKOPOCTb MeHbLLIe CKOpPOCTU cBeTa”.
UTo KacaeTcsa TpeTbero 3akoHa HblOTOHaA, TO ero hopmMynmpoBKa He

N3MEHAETCA, eCNN OH KacaeTcsa B3aVIMO,CI,eﬁCTBI/IF| ABYX Ten.

4 3005 Z_



6. PO KOEHVE MATEPNWU

6.1. BO3HMKHOBEHME HaNps>XeHHOCTW NpPOoCTpaHCcTBa

MpennonoXkmm, 4To 6eCKOHEYHO AABHO abCoOMOTHO HUYEro He Obl-
no. 3TUM UCKNKYaeTca BO3HUMKHOBEHME Bonpoca: “UTo 6bino paHbLue?”
Ho nbiTaTbCa caenaTb YTO-TO M3 HUYEro, NO KpariHeli Mepe, HEKOPPEKTHO.
O4yeBUAHO, 4YTO, ECIN KOrga-To, 6eCKOHEYHO AaBHO, HMYEero He 6b1N0, TO U
celiyac 6bITb He MOXET B CMbIC/le TOF0, YTO MOT/10 6bl CylWecTBOBaTb caMo
no cebe, 6e3 ABwKeHMA. OgHako: “YTo Takoe abCONKOTHO HUYEro Her?
Beab “HMYero” He MOXXeT UMETb FpaHuL,, He MOXKET ABUraTbca”.

OTOo 6eCKOHeuUHblli 06BbeM - HEMOABMXKHOE MPOCTPAHCTBO, MOTEHLMU-
anbHasi aHeprnsa KoToporo B Nt060 TOUKe paBHa HYNHO.

B cuny 6eCKOHeYHOCTU NPOCTPaAHCTBA U KOHEYHOro 3HadeHUsa CKO-
pOCTM pacnpocTpaHeHUS BO3MYLLEHUI B HEM Heu3b6e>XHO BO3HMKHOBeHWE
Hanps>KeHHOCTU B KOHEYHbIX ero obbemax, T.e. OTK/JOHeHMe noTeHuuanb-
HOM 3HEpPrnm OT HYNEeBOro YPOBHA. B cuny To >Ke KOHEYHOCTU CKOPOCTU
pacnpocTpaHeHUs N 60ro BO3MYLLEHUSA (CUTHana) OTHOCUTENbHO NPO-
CTpaHcTBa 3TN (hayKTyauuun He NMKBUAUPYIOTCA MTHOBEHHO, a AoCcTurarT
XOTH U CKOMlb YFOAHO Manoro, HoO KOHEYHOro 3HadyeHusi. 3TO elle He aei-
CTBME, He [ABWKeHWe, a NNWb BO3MOXXHOCTb [ehCTBMA, Npeanocbiika K
POXKAEHUNIO OBWKEHMA. OTa BO3HUKLIAA HaNPS>XXeHHOCTb MpocTpaHcTBa
eCTb HWYTO MHOE KaK MoTeHuManbHasa 3HEeprus Hanps>XeHHOCTU Mpo-
cTpaHcTBa - rpaBuTauloOHHOE Mnone.

BO3HMKLLIAA Hanps>XeHHOCTb B laHHOM 06beme fedhopmMmpyeT cocel-
HIOIO 06nacTb MPOCTPaAHCTBA, CO374aBasi B Hell HaNPs>KeHHOCTb 06paTHOro
3Haka. Bpemsi cyulecTBoBaHWS 3TOW HaMpPs>XeHHOCTM 00YCNOBNEHO CKO-
POCTbIO pacrnpocTpaHeHUs BO3MYLLUEHUA. B cuny Toro, 4to macca u aHep-
rms 04HO U TO >Ke, MOCNeAHAs, KaK U nepsasi, o6nagaeT CBOMCTBOM MHep-
LMOHHOCTU. [M03TOMY MPU YMEHbLUEHUN BO3HMKLUEr0 3Ha4YeHUSA OTK/IOHe-
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HUA MOTEHUWanbHOW 3HEepPruu A0 HYNeBOro YPOBHS HaMNpsH>XeHHOCTb He
ncyeszaeT, a NULWb W3MEHSIET 3HAK Ha MPOTMBOMOMOXKHbINA. YMeEHbLUeHVe
Hanps>XeHHOCTU 06paTHOro 3HakKa CHoBa MPUBOAUT NMLLUb K CMEHe ee 3Ha-
Ka. TeM camMbiM pa3 BO3HWKLLEE OTK/IOHEHWE MPOCTPaHCTBa OT paBHOBEC-
HOT0 COCTOSIHUA MpeBpalaeTcs B UCTOUHUK cnabblx chepnyeckux rpaBu-
TauMOHHbIX BOMH (prc.3). Mpu KaXKAo CMeHe 3HaKa Hamnpsi)XeHHOCTU B
cocelHEM 06beMe BO3HUKaeT MOMOBMHA Nepuoga cdepuyeckoil rpaBuTa-
LLMOHHOW BOJIHbI.

[ABU>KeHMe 3TOW BOMHbI OMNpeAensieTcs CKOPOCTbH pacnpocTpaHeHUs fae-
dopMaymm Ha cocefHUIi 06beM MnpocTpaHcTBa. BonblLuas >ke MpoAomKU-
TENbHOCTb €e >XXM3HU obecrneymBaeTCsa ABUXKEHMEM C HEMpPepbIBHOW CMeHOM
3HaKa HanpsbkeHHocTu. lMpu 3ToM 4Yem 6onblle abCcoNOTHOe 3HauveHue
HanpsH>KeHHOCTU B AaHHOW 061acTy NPocTpaHCcTBa, TeM 6biCTpee NPOMCXO-
ONT ee YMeHbLUeHNe U, B CUTY WMHEPLMUOHHOCTU MpoLecca U3MEHEHUS Ha-

NPA>XXEeHHOCTUN, CMEeHa ee 3HaKa.

6.2. HakonneHne NOTEHUNa/IbHOW SHEPrun

B HeorpaHM4yeHHOM MPOCTPAHCTBE BO3HMKAET GECKOHEUYHO 60/blLloe
KOMMYeCTBO UCTOYHUMKOB rpaBUTALMOHHbLIX BOMH. MHOrokpaTHOe Hano-
YKEHUE N31yYaeMbiX UMW BONH NPUBOAUT K YBENUYEHUIO aMMAUTYAbl.

MpuHUMN cyrnepno3nLn B Ha4YanbHOW CTaguMN HAKOMNEHUS MOTEH-
unanbHoW aHeprum (“packadykm npocTpaHcTBa”) B CUNY HEGONbLIONO KO-
NMyecTBa rpaBMUTaLMOHHbIX BONH Pe3KO OrpaHuU4YvBaeT BO3MOXXHOCTb WX
B3aMMHOTO ralleHus.

CnepoBaTe/lbHO, B Ha4anbHOM cTaAnunM HaKOMAeHUs MoTeHUManbHoM
3HEepPrnm BEPOSAATHOCTb B3aMMHOIO0 ralleHMs HUYTOXHO Mana U B fanbHel-
LeM, MO Mepe YBeNUYeHUs1 KONMMYECTBA BOMH W CTeMeHW “packayku npo-
cTpaHcTBa”, ocTaeTcsl 4OCTATOYHO Masoi.

Mpouecc “packaykym nNpocTpaHcTBa” (HaKOMNeHUS MNOTeHLMaNbHON
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G'. Ho/fppxreHrtocsrfb

L - pacc/notfHtsf3

Puc. 3. BO3HUKHOBeEHUE rpaBUTaLMOHHbIX BOJH
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3Heprunmn) ABAAETCA caMbiM AINTENbHbLIM 3Tarom 3apoXaeHns matepun. [o
MOMEHTAa Meproro OTKIOHEHMSA MPOCTPaHCTBA OT PaBHOBECHOI0 COCTOSAHUA
MOXXHO YTBep>AaTb, YTO abCONOTHO HMYEro He 6b110. C 3TOr0 >Xe MOMEH-
Ta HauMHaeTcs aTtan “packayku”, KOTOPbI ANUACA 6ECKOHEYHO A0NT0, YTO
06yCcnoBNEHO TeM, YTO MNOMHOCTbIO PaBHOBECHOe COCTOSAHME B MPUHLIMME He
MOXXeT cyulecTBoBaTb. B cuny AgnnTenbHoOCTM 3TOro npolecca CTeneHb
“packadykm npocTpaHcTBa” MPUMEPHO OAMHAaKOBa BO BCeM 6eCKOHEeYHOM
ero obbeme. Ho BenuMHa “packaykum MpocTpaHcTBa”, TOUHee YpPOBEHb
NIOKaNbHOM Hanps>XeHHOCTU, He MOXeT 6bITb GecnpenenbHor. O4YeBUAHO,
4YTO CyLLEeCcTBYeT NpefefibHO AOMNYCTUMOE ero 3HadyeHue, KoTopoe 06ycnos-
NEeHOo cBoMCcTBaMKM caMoro rnpocTpaHcTBa U NpeBblLLEHNE KOTOPOTO A0MKHO
NnPMBECTU K Ka4yeCTBEHHO HOBOMY SIB/IEHWUIO, HanpaBNeHHOMY Ha BblpaBHU-

BaHMNe Hanpsa>XeHHOCTU.

6.3. PoXKAeHWNE 3neMeHTapHbIX YacTuly,

OfHoW 13 Haubonee BEPOATHbIX MPUUYUH PE3KOro YBeNNYEHUSA am-
NANTYAbl rPaBUTALWMOHHOM BOMIHbI (0KanbHOW Hanps>XeHHOCTU Mpo-
CTpaHCTBa) SABNSAETCA Ha/lloXXeHWe ABYX (PPOHTOB CHEPUYECKMX CUHYCOU-
AanbHbIX BOMH, ABWKYLLMXCA HaBCTpeyy APYr Apyry n obpasytowmnx ayeii-
KW NNOCKUX CTOAYNX BOJH, pasMepbl KOTOPbIX MOTYT M3MePATLCA COTHAMM
CBETOBbIX /IeT. AHa/IOTMYHOe sIB/IeHNe MOXKHO HabnoaaTh Mpu HanoXXeHUmn
ABYX (DPOHTOB CUHYCcOMAANbHbIX BOMH, ABMXKYLLMXCA MO CTPyHe C NpoTu-
BOMOJ/IOXKHbIX €e KOHL0B (puc.4).

Mpu HanoXXeHUM rpaBUTaUMOHHBIX BOAH (puc.5) B  Toukax
1,3,5...,2n-1,... Kaxkable nonanepmoga 3HaK Hanps>XXeHHOCTU TakXXe usmMme-
HSeTCA Ha MPOTUBOMONOXHbLIA, a B Toukax 2,4,6,...2M,... HaNps>XeHHOCTb
rpaBMTaLMOHHOIO MOJIA He U3MeHSEeTCA.

YABOeHME 3Ha4YeHUs aMMInTyAbl, a, cfefoBaTe/lbHO, U HanpsiKeH-

HOCTUN MOXXEeT NpPpuBECTN K MNpeBbILLEHNIO A0MNYCTUMOIpP 3HadYeHUA HanpsA-
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Puc. 5. PoXxgeHne KNHeTUYeCKOW aHeprnm
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>KEHHOCTU, 06yCcnoBNeHHOro CBOWCTBaAMW caMoro npocTpaHcTBa. Bcneact-
BME 3TOro B TOYKe 5 MpocTpaHCTBa, rAe Hanps>KeHHOCTb MpeBbicuia Aony-
CTMMOe 3HaueHue, NPon30iaeT CMeLLeHVE NOTEHLMANLHOM 3HeEPrumM none-
peK BO/MHbI, B HanpaBleHUU rpaguveHTa - BeKTopa MaKCUMManbHOW Hanps-
>KeHHOCTU (puc.56), BbI3BAHHOE CTPEM/EHWEM MPOCTPaAHCTBA K paBHOBe-
cuto. Mpuy 3TOM poXKAaeTcs ABMKEHMe - NpeobpasoBaHMe nMoTeHUManbHoM
3HEePrnm Hanps>KeHHOCTU MPOCTPaHCTBa B KMHETUYECKYIO 3HEPTUIO0 ee ne-
pemelyeHUsi. CMmelleHVe MOTEHLUMaNbHOW 3HepruM B CTOPOHY rpagueHTa
HanpsPKeHHOCTN B TouKe 5 NpmBOAUT K elwe 60MblUeMY YBEIMYEHUIO Ha-
NPS>KEHHOCTU MeXKay 3TOW TOYKOM 5 1 Toukon 9 (puc. 5B), UTO BbI3biBaeT
BCTPeYHOe CMellleHWe NOTEHLMAaNbHOW 3Heprun B To4ke 9 B HamnnaBneHUn
rpagmneHTa Hamnpsh>keHHOCTU B Touke 9. CMelleHUsi MOTeHLUMalbHOW 3Hep-
rmm B Toukax 5 1 9 HapyLwalT paBHoBecue Mexxay napamm To4ek (5,1) n
(9,13), BbI3bIBasi CMeLLEHUS B MPOTMBOMOJIOXKHbIE CTOPOHbI. CMeLleHune
3Heprnm B TOYKe 5 MNOCKOW cTosiUell BOMHbI HapyllaeT paBHOBecue U B
cocefjHMX TOYKax 3TOM MNOCKOW BOMHbI, Bbi3biBas NaBUHOO6Gpa3Hblie Mpo-
LlecCbl HapyLUeHUs paBHOBECUSA N CMELLLEeHNS MOTEHLMANbHO SHEPTUn.

[anbHelilwee pa3BuTME NpoLecca BCTPEYHbIX CMELLEHWIA aHeprui n3
Toyek 51 9 nokasaHo Ha puc. 5r. MNpouecc npeacrTasnsaeT coboii nepebpoc
3Hepruu nonepek BOJHbI - NP0o60i NpocTpaHcTBa.

Mpn BHMMaTENbEHOM pacCMOTPeHUM Mpouecc nepebpoca 3Heprum
pasbuBaeTCs Ha MHOrOKpaTHO MOBTOPAKOLWMECA 3Tanbl, COCTOSALULME U3
OBYyX nocnefoBaTenbHbIX a3 ABMKeHUS. B nepBoii chase npoucxoanT cme-
LieHVe 3Heprnm nonepek BOJIHbI, YTO Pe3KO YMeHbLUAaeT Harnps>KeHHOCTb B
30He CMeLeHUs A0 HyNneBoro 3HayeHus. Ho B cuny MHepUMOHHOCTY N0 60-
ro npouecca Hanps>XeHHOCTb, MPOCKaKMBas Hy/neBOe 3HadeHue, NLb Me-
HSIeT CBOI 3HaK Ha NPOTUBOMONOXHbIV. MpY 3TOM KMHETUYeCKas 3Heprus
npo6os npeobpasyeTcd BO (PPOHT BTOPUYHOW rpaBUTALMOHHOW BOHbI

O4YeHb Manoi ANNHbI, YTO ABNSETCA BTOPOIA dpa3on aTana.
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M3MeHeHMe 3HaKa Hanpsi)KeHHOCTN BO (DPOHTE BTOPUYHOW BOJIHbI U
npeBbillEHME AO0NYCTUMOr0 3HaYeHUs Harps>XeHHOCTU NPUBOAUT KO BTO-
puYyHOMY NpPo60OI NPOCTPaHCTBA MO HamnMpaBfEHMIO TpagMeHTa HanpsiKeH-
HOCTU. 3TOT HenpepbIBHbLIA Nepexos oT Npo6os K BonHe M obecneymBaeT
HernpepbIBHOCTb ABVKEHUS.

B cuny HapylleHus paBHOBecusi 60nbLIOE KOAMYecTBO 06paso-
BaBLUNXCA HUUYTOXHO ManbiX MpPob6oeB, ABWKYLLNXCSA MOMepeK BOJIHbI MO
rpagveHTy Hanpsi)XeHHOCTU B HanpaBleHUW TO4YKU 9, cnmBaeTcs MeXay
coboin, npmnobpeTas (hopmy HenpepbIBHO Cy>Xatowlencsa Tpy6Kn, cocTosiwen
13 YepeayroLLUXCSA NPO6OEB U KOMbLEBbIX PPOHTOB BTOPUUHbIX BOIH CO BCe
60nee ymeHbLUAOLWENCS 4NNHOM BOMHBI. [JaHHaa hopma CymMMapHOro npo-
6051 06ycnoBAeHa Oro MMHUMabLHOV NnoLwazbo NOBEPXHOCTN.

Mpu BcTpeye ABYX MOTOKOB 3HEPIUU, UCXOASLLUX U3 To4eK 5 m 9
(pnc.54), He NPONCXOANT UX B3aMMHas KOMMEeHcaLus, MOCKO/bKY CMeLLeHMne
B TOUKe 5 Hauyanocb HeCcKOoNbKO paHbllue. MOTOK M3 TOUKM 5 NpoHMKaeT
BHYTPb BCTPEYHOro NoToKa 13 Touku 9. NMpn B3anMHOM MNPOHUKHOBEHUN
rpagveHT HanpsHKeHHOCTU U3MEHSIET CBOe HanpaBfieHVWe B CTOPOHY Mo-
BEPXHOCTel Tpy6OK, MMeLWMX MaKCUManbHy HanpsikeHHocTb. Mo rpa-
OVEHTY Harpsi>)XeHHOCTU U3MEHSIETCS U HanpaBneHne ABUXEHUSI B CTOPOHY
rnoBepxHoOCTel TPYy6OK C MocneyrouiMmM nonapHbIM CIMSAHMEM MPO60eB.

DHeprusa Kaxkgoro npo6os MHOrFOKpaTHO YyBenM4MBaeTcs Mo Mepe
noaxoja MNocnefyloLIMX KofbLeBbiX NMPob6oeB, cokpalias AMHbI BTOPUY-
HbIX BOJIH M HECKO/IbKO YBeNU4nBas A/ NHbl y4acTKOB Npo6oeB. TeM caMbIM
YMeHbLUAeTCA pagnyc OKPY>XHOCTK, obpasytoLen Top, NOBEPXHOCTb KOTO-
poro no Mepe yBelNYEHUS ANMH Y4acTKOB Mpo6oeB MepexoauT B Herpe-
pPbIBHbIA NPO60OM - 3aKOHCEPBUPOBAHHYH KUHETUYECKYID 3Hepruto, mnon-
HOCTbIO OTOPBAHHYK OT MPOCTPaHCTBA.

Mpu cmeHe pasbl CTOSAYel BONHbI CTEKAHME 3HEpPruu npekpaliaeTcs

(pnc.5e). Mpu BTOpUYHOM cMeHe a3 C [OCTATOYHO 6ONbLION BeposAT-
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HOCTbIO MPOLLECC MOBTOPSIETCA, YTO MPeBpallLaeT siueiiKy CTOSUMX BOMAH B
WCTOUHUK TaKUX TOPOB - 3/1EMEHTAPHbIX 4acTul, SBASIOLWMUXCS OCHOBOW
MaTepum.

daKTUYEeCKN KaxK[as Takas yacTuua ecTb HM UYTO MHOe, KaK B3sTas
B3aliMbl Y NMpocTpaHCcTBa 3Heprus. OHa MOXKeT 6biTb 06pas3oBaHa B N0 6bIX
YCNoBUAX, Korga Hanps>XeHHOCTb MPOCTpaHCTBa MpeBbllaeT A0NyCcTUMOe
3HaueHne N npeacTaBnsieT co60ii CTPYKTYPHO YCTOMUYMBLIN aneMeHT. Ma-

pamMeTpbl 3TOro aneMeHTa 6yayT NPUBEAEHbI HUXKE.

6.4. paBUTaLMOHHasA cuna

O6pa3oBaBlUasics 4yacTuua, MmMerollas qopmy Topa, mnocie yMeHb-
LWEHUSA HaNPS>XeHHOCTU B FPaBMUTaLLMOHHOM BOMHE [0 AOMNYCTUMOro 3Hauye-

HUA N NpeKpaweHnNa CTeKaHnAa 3HeEPrmn, okKasblBaeTcsA CMeu.l'eHHOVI no ocun

/ BnNpaBo (puc.5X) - B CTOPOHY BCTPEYHOro npobosi, 4To 06bACHAETCA
HEeKOTOpbIM 3ana3fblBaHMEM ero OTHOCUTE/IbHO NepBoHavYasbHOro Npobos.
Mpn 3TOM yYacTuua oKasbiBaeTCs B TOUYKe MPOCTPAHCTBA, rAe HamnpsKeH-
HOCTb W yAenbHas NoTeHuManbHas sHeprus NpocTpaHcTBa HepaBHOMEpPHbI
no ee 06beMy, UTO APU CNOXKEHUU MOTEHLMANLHOW 3Heprum gedopmaunm
npocTpaHcTBa C 3Hepruein, obpasyrolleil YacTuuly, co3faeT HeypaBHOBe-
LLEHHYI 3Hepruto (Maccy), KoTopas nopg AercTBUEM LLEHTPOOGEXXHOI cunbl
BbiBOpa4nBaHUAa Topa 6yaeT cMmelaTb 4YacTuly B CTOPOHY rpagumeHTa Ha-
NMPsHKeHHOCTU Mnonsi. 3TO M ecTb rpaBuUTaLMOHHAsA cuna (BO3MOXXHO pac-
CMOTpeHMe npoLecca Kak M3MeHeHVe HanpaBieHns Mpo6os No rpagueHTy
Hanps>XeHHOCTU, aHanornM4yHo npoLeccy obpasoBaHUA 3neMeHTapHOM yac-
Tuubl). YacTuue: 6e3pa3nMyHo, YeM CO34aHO rpaBMUTaLMOHHOE Mofe - Mac-
COln (3Heprmein) Nan rpaBUTaLMOHHOW BOMHOW. BennumHa rpaBuTauWOH-
HO CUMbl 3aBUCUT TONbKO OT HEPABHOMEPHOCTU HaMpPS>KEHHOCTU rpaBu-

TauMOHHOro Mons B 06bemMe, 3aHMMaeMOM YacTuueil B AaHHbIA MOMEHT

30



BPEMEHMU.

[JaHHOe fAABNeHMEe MOXXHO CpaBHUTb, HanpuMep, CO CKaTbiBaloLWMMCA
Mo CKJ/OHY oOBpara LapoM, XapaKTepUCTUKU [ABMDKEHUSI KOTOPOro npu
3aflaHHbIX HaydalbHbIX YCNOBUSAX 3aBUCAT TONbKO OT BEIUYUHbI YK/OHA
oBpara B AaHHOW TOYKe N He 3aBUCAT OT MapameTpoB Mocneayrouimx To-
yeK, Hanpumep, oT rNybuHbI oBpara.

NTak, BNOAHe AOMYCTUMO, YTO rpaBUTaLMOHHaAs cuna - 3TO He-
ypaBHOBELLEHHAA 4YacTb LEHTPOGEXXHOW cunbl, co3faBaeMast [ABVDKEHUEM
Hapy>XHo 060104KMN Topa.

Myctb W ® oTKNOHEeHMe yAenbHOW MOTeHUMaNbHOW SHEpPrumM npo-

CTpaHcTBa B JlaHHO TouKe X, onpeaensieMoi Kak

W (X) =WOs in ", (6.1)
A
roe X - AnviHaA rpaBUTaLMOHHOM BOMHbI;

WO- makcnmanbHoe 3HadeHue y,qeanoﬁ I'IOTeHLI,I/IaJ'IbHOﬁ aHeprmnn

B BonHe, W0O>0.

Ha anameTpe 4acTuubl 2r M3MeHeHWe YAeNbHOW MNOTeHLUanbHOM

QHeprnm npeacrtaBndeTCca Kak

. 2Ir(n'+ 2n) . 2K0C
NXX = >0 SIN—- - —SIn
X

NN, YUTO TO XKe.

..2nr 2nr
Mockonbky F« X, To SM——>»
N

n noTomy
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1nr 2a(x +r1)
AW»W O Ccos (6.2)
n n
OTO M3MEHeHVe yaenbHOW MoTeHUManbHOW 3Hepruu, Kak 6bifo oT-
Me4yeHO Bbllle, CKNaAblBaeTcs C 3Hepruen, obpasyloweil anemMeHTapHYto
yactuyy, 1 SBNSeTCA TOW HeypaBHOBELUEHHOW aHeprmei (Maccoi), koTopas

CO34aeT LEHTPOBEXKHYIO CU/Y, CMELLAoLLY0 3Ty 4acTuly B CTOPOHY Mak-

CUMaNbHOW MONOXKUTENbHOW HaMpPs>XeHHOCTU.
V2
MocKonbKy LeHTpo6eXkHas cuna ectb F = T — wunB Hawem cnyvae
r
VvV = C,rae C - CKOpPOCTb CBeTa B BaKyyme, TO 3HaudeHue rpaBuUTaLMOHHOM

CUNbl HAXoAnNTCA KakK

> (6.3)

raoe A/V - HeypaBHOBelLLeHHas macca (3Heprus) Ha AMKMeTpe YacTuubl. Ho

(6.4)

roe K - KO3hUUMEHT, 3aBUCAWMIA OT OpMeHTaUUU YacTuubl B MpoO-
cTpaHcTBe, O<£<1. Ansa 601bLIOr0 KOAMYECTBA 4YacTUL, MOXXHO MPUHSATb
fc=const.

CornacHo (6.3) npu ycnosusax (6.2) n (6.4) nony4vyaem:

TakoBa rpaBuTalMOHHAas CuWia, Bbl3BaHHAA HEPaBHOMEPHOCTLIO
rpaBMTaLMOHHOIO Mo B 06beMe, KOTOPbIM 3aHMMaeT vyactuua. Jns KoH-
rnomepaTta N uacTuy o6uwjas rpaBmMTalmoHHas cuna, ¢ KOTopoi nose Aei-
CTBYET Ha KOHI/OMepart, Mojy4yaeTcs B pesynbTaTe CyMMUPOBaHUS BCEX

rpaBUTaLMOHHbLIX CUN, ,D,eﬁCTByPOLLI.I/IX Ha KaXkayro vactuuy. Ecnm pasmepsbl
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KOHrnomeparta 3Ha4YnTebHO MeHbLUE ONMNHbI BOJ/IHbI, /« A , TO

| 2n 2n(x +r)
Fg* KNWO— cos— A —-- , (6.6)
roe N ——, TO-wmacca (aHeprus) yactuubl, M - Mmacca kKoHrnomepara.

TO

Takasi TpakTOBKa rpaBUTALWNOHHOW CUNbl OOGBACHSAET CMeLleHne
9M1eKTPOHOB (NPOTOHOB) B MY4YHOCTU, Ob6pa3oBaHHble WHTepdepeHLUnen
3N1eKTPOMarHUTHbIX BOJIH, MEPEHOCALLNX 3TN YacTULbl, NOCAe UX MPOXOXK-
LEHNA Yepe3 0TBEPCTUSA, pasmepbl N PacCTOAHUE MEXXAY KOTOpPbIMU COM3Me-
pUMBbI C AAVHOW BOMHbI. DTUM U 06bACHAETCA 3dhheKT nepepacnpeneneHus
YyacTuy B MYYHOCTU UHTepdepPeHLMOHHOM KapTuUHbl. MpeanonoxkeHue Jyun
ne Bpoiins 0 HanMuMKM BONHOBbIX CBOMCTB Y YacTul, MPUHLUMNANBHO He-
BepHo. Bonee TOro, MameHeHMeM pacCTOSAHUS MeXAy ABYMS ManbiMW OT-
BEPCTMSAMU MOXXHO MPSIMbIM CNOCO60M OMNpefenuTb padMepbl NyYHOCTEN, B
KOTOPbIX ABMKYTCS YacTULbI.

PaccmoTpuMm Tenepb rpaBuTaLVMOHHOE B3aMMOAeiCcTBME TOUYEUHbIX
macc. Macca T, BHeceHHas B TOuky A npocTpaHCTBa, Bbi3blBaeT Aedop-
MaL Mo NPOCTPaHCTBa KakK B caMoli Touke A, TaK 1 B ee OKpPeCcTHoCcTU. [e-
hopmauLma pacnpocTpaHsieTcss oT ToukM A Nno BceM HamnpaeneHUsIM CO CKO-
pocTbio C. VIHTerpanbHoe 3HayeHWe HarpsH>KeHHOCTU, Bbi3BaHHOW aedop-

MaLuei npocTpaHcTBa, Ha N 60k cdepe paguyca R ¢ ueHTpom B Touke A

eCTb Be/lM4YMHa NnocTtossHHasa: £o=const. Ho Torga NAOTHOCTb Harnpsi>XeH-

Ed

HOCTW 6yaeT o6paTHO NponopuMoHanbHa nnowaan cgepsl: E ® \
49-A2

C apyroii ctopoHbl, EO nponopuvoHansHa macce T, Bbi3BaBLueid
HanpsikeHHocTb EO= KT. Torga E =
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Ecnn Ha paccmaTpuBaemoii cgepe HaxoAUTCA Apyras maTtepuanbHas

Touka maccoii LN, To cuna pgeiictBua T Ha Mi 6yaeT nponopunoHansHa

NAOTHOCTU HanpskeHHocTn E v macce T1: F—EN\\ n notomy

KT L,
4nR1

Mbl npuwnn K 3aKOHy BCEMUPHOTO TAroTeHuA, rae G = — -
An

OTMeTUM, UTO MaKCMMa/lbHas HaNpPs>XeHHOCTb COOTBETCTBYET TOUKE
A, v notomy macca [T\nog geiticteuem cunbl F 6yaeT gBuratbcsa B CTOPO-
HY MaKCMManbHOWM Hamnps>KeHHOCTM, T.e. MO HanpaeneHWto K Touke A,
co3faBasi BUAMMOCTb B3aMMHOMO MPUTSXKEHUS caMUX MaTepuanbHbIX TO-

Yek.

6.5. O6pa3oBaHue LiernoyeK 3/1eMeHTapHbIX YacTULL, - (QOTOHOB

O6pasoBaBLUMeCs YacTulbl NoA AeACTBMEM TPaBUTALMOHHOW CUbI
rnepeMeLLLaloTCs B MNOCKOCTb MaKCUManbHOW HaMpsi>KeHHOCTU BOMHbI. OKa-
3aBLUNCb B MJIOCKOCTU BO/HbI, OHU COXPaHSAIOT ABe CTeNeHn cBo6oAbl N nofj
AeicTBMEM 06LLEero rpaBUTaLMOHHOIO MONA CTATMBAOTCA K LEHTPY AYeiKn
CTOSlUMX BONH. Hamnb6osnee HeypaBHOBELUEHHbIe YacCTULbl, PACMON0XKEHHbIE
Ha nepudepmun sYeiku, UMetloT 6Gonbllee YCKOPeHUe. [BUXKEHVE POXKAeH-
HbIX YacTuL, NPAKTUYECKN He CBS3aHO C MPOCTPaAHCTBOM, TaK KaK HeBO3-
MYyLLLeHHO€e MPOCTPAHCTBO, KakK y>Ke 0TMeuasnoch Bbille, eCTb HNUTO. YacTu-
ua - 9To ABUXKEHNE S3HEPIUN MO 3aMKHYTOW TPaeKToOpUM 1 napameTpbl 3T0-
ro ABWXKEHUs cnefyeT paccMaTpuBaTb TONbKO OTHOCUTENbHO 3TOM Tpaek-
Topuun. OfHaKo, Haxogsck B onpeaeneHHoOM o06beMe NMPOCTPaHCTBa, YacTu-
LUa BbI3blBAET HAMPsH>KEHHOCTb B OKPECTHOCTM 3Toro o6bema, KoTopas
yMeHbLLIAeTCs NMPONopLUMOHaNbHO KBapaTy pacCToSHUS.

3T0 U ecTb CO34aBaeMoe YacTuLeil rpaBUTaLMOHHOE Nofe - Hanps-
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XXEHHOCTb He MOXXeT nepemMeLlarbCa OTHOCUTENbLHO MPOCTPaAHCTBA, a /INLLb
MeHSIeT CBOK BENUYMHY MPU CMeLLeHNN YacTuubl. JJaHHOe siBleHue aHano-
rMYHO LWapy, ABWKYyLLeMyca no 6aTyTy - wap ABUraetcs, ceTka 6aTtyTa
HenoABm>KHa, a gedhopMaumsa ceTKM nepemMeLLaeTcs BMecTe ¢ Lwapom. BHOBb
poXKAeHHaa JacTuua, yBnekaemasi BONHOM, ABUXKETCA CO CKOPOCTbIO C OT-
HOCUTEeNbHO NpocTpaHcTBa. MNMpu 3ToM B 06beMax, MOKMHYTbIX YacTuLen, B
CUNYy NHEPLUOHHOCTU NPU BblpaBHUBaHWM A0 HYNEeBOro 3Ha4YeHWsA Hanps-
XKEHHOCTb “MpPOCKaKuBaeT” 3TO 3HAYEHME, U3MEHAS 3HAK Ha NPOTUBOMO-
NOXHbIN, 06pa3ys 3a yYacTuuen wneind yepepyrowmxca Ny4yHocTeil n Bna-
OVH (pnc.6) (aHanormnyHbIv Wwneid MOXXHO HabnwgaTb U Ha 6aTyTe Npu
6bICTPOM cKaTbiBaHUM wWwapa). Hanuuue pgaHHoro wnerda npu crtarnea-
HUW YacTuy o6LMM rpaBUTaLMOHHbLIM MOEM NPUBOAUT K 06pa3oBaHuio 1
uenoyek vactuuy. Kakgaa nocnegyouias dactmua, nonajas B Lwend
npeabiaywmx, ycunmBaeT ero U yseinunBaeT BepoOATHOCTb 3axBaTa mnochne-
aywowmnx (puc.7). Ana paspbiBa LENOYKM 3eMEHTapHbIX YacTul, HeobXo-
OMMO BHelLUHee rpaBuUTaLWOHHOe Mofne, rpagmMeHT KOTOporo 6onblie rpa-
OVeHTa rpaBUTaLMOHHOIO Nons, o6paszoBaHHOro LWNeidom. ITO Lenoyka,
cocTosilaa U3 Leforo Yymcna aneMeHTapHbIX YacTul, ecTb HNUTO MHOE Kak
oToH. [lpouecc yaIMHEHUA LEenoYeK 3nemMeHTapHbIX YacTuuy, npoTekaeT
CaMOMpPOU3BONbLHO C YMeHbLUEHVWEM 3HTPOMUWU, WUCKAKYas, TeM cambliM,
“TennoBylo CMepTb”.

Kak cnegyeT M3 nM3no>eHHoro, oToH o6nagaeT mMaccoi Mokos, Ho
He ob6nagaeT cocTosHMEM NOKoA. [lpu NoNbITKE 3aMeaneHus LLenoyvkm
Linend nyyHocTer 1M BNaguH ncyesaeT, M NOTOMY (POTOH pacnagaeTcsa Ha
oTAeNbHble 3feMeHTapHble YacTuubl 1 601ee KOPOTKME Lenu.

DneMeHTapHble YacTulbl U UX LLENOYKU - (DOTOHbI, HE CBA3aHHbIE C
NPOCTPAaHCTBOM, YBMIEKAKTCA rpaBUTalMOHHbIMN BOIHAMU N MEePEHOCATCS
CO CKOpPOCTbIO C pacnpocTpaHeHUs BO3MYLLEHUSA CamMoro npocTpaHcTBa.

paBUTaLMOHHbIE BO/HbLI, NepeHoCcALMe 3NeMeHTapHble YacTuubl 1 CbOTO-
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Yy Puc.'6. LIJne|7|¥b Ny4YHOCTEN /a ABMKYLUNACA YacTuuen
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Puc. 7. lWneiid ny4yHoOCTEN 3a LLeNOYKOWM ABMKYLLUXCSA YacTul,
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Hbl, OyfeM Ha3biBaTb 3MEKTPOMArHUTHbIMU. 3TN OOBLACHAETCA KOPMYCKY-
NSAPHO-BOJTHOBOM Ayann3M 3/1eKTPOMarHUTHLIX BOMH. B 0AHMX fBMeHMsX
y4acTBYeT BOJSIHA, B APYrUX - MEpeHOCHMble el LieNOUKM 31eMeHTapHbIX
yacTuL - POTOHBI.

6.6. O6bpasoBaHue 3/1eKTPOHa

BblILLe Mbl FOBOPWUAN, YTO Y 3/IEMEHTAPHbIX YacTuL, U (POTOHOB - Lie-
MOYeK YacTuL, OCTaloTCA ABe CTeneHW cBoOOAb! B MAOCKOCTM 3fieKTpoMar-
HUTHOW BOMHbI, B KOTOPOI rpagMeHT HampsXKeHHOCTN MOCTOSHHBINA, a
BE/IMYMHA HAMPSHKEHHOCTU MakcuManbHas. [1o3ToMy npu  ABMKEHUM
MMEETCA [OCTaTOYHO 60/bluas BEPOSATHOCTb MPOXOXKAEHMS LEMOYKM 3fie-
MEHTapHbIX YacTWL, Ha OYeHb 6/IM3KOM PacCTOSHMM OT BCTPEYHbIX YacTuL,
He BXOAALMX B Lenoyku. [py 3TOM B Clyyae NPOXOXAEHWUS NePBOWA YacTu-
Libl LLeMoYKM OT BCTPEYHOM Ha PacCTOSHMM, MPEBbILIAOLEM FpaBUTaLUOH-
HbI/ pagnyc, Lenoyka nnllib N3MEHWUT CBOE HanpasfeHne [BVKEHNS B rpa-
BUTALMOHHOM M0/fie BCTPEYHON YacTuubl. BennumHa OTKIOHEHUs Tem
60/bLLE, YeM MeHbLLIE YKa3aHHOe pacCcTOsIHME.

OfiHaKo, ecfin paccTOsHME MepBOM YaCcTULLbI LIEMNOYKM OT BCTPEUHON
YyacTULLbl MeHbLLE rpaBUTaLMOHHOIO paguyca (puc.Ba), To nepeas yactuua
noA felicTBMEM FPaBUTALUOHHOW CU/bl, HANpaB/ieHWe KOTOPO coBnajaeT
C rpaiMeHTOM rpaBMTaLMOHHOIO MOAA BCTPEUHOI YacTULbl, CTA/IKMBAETCS
C Hell (puc. 86). CnmsHWe ABYX 4YacTul, NPUBOAWT K paspyLUeHuto obpa-
3YIOLWNX UX TOPOB, YACTUYHOW AHHUTUAAUMM KUHETUYECKOW 3Heprum u
HenpepbIBHOMY YA/IMHEHNIO TPYO6OK TOPOB B 06e CTOPOHLI (puc. 86), T.e.
BbIGPOCY sHeprum, 06pasytoLLeli ase YacTuLbl, B BUAE YETbIPEX HEUTPUHO.
OueBMAHO, UTO 3Heprus - macca (POTOHHOrO HEMTPUMHO He MpeBbilaeT
MOSIOBMHbI 3HEPTMM - MacChl, 06pasytoLLeli aneMeHTapHble YacTuLbl. Bbl-
6poc 3Heprumn B BUAE HEMTPUHO M3 06bEMA CTONKHOBEHWS [ABYX YacTuL
npeBpawaeT rpaBUTaLMOHHOE M0fe, 0OpPa30BaHHOE BOKPYT CTONKHYB-
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Puc. 8. O6pa3oBaHue 3/1EKTPOHA
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LUMXCS YaCTuUL, B OCLUNNATOP FPaBUTALMOHHBIX BOSH.

Mpu 3TOM neproj KonebaHWsi KaXAoin TOUYKM 0BYCNOBMEH Hanpsi-
YKEHHOCTbH) MPOCTPAHCTBA B HEl, B CUNY YEro CMeHa 3HaKa HarpshKeH-
HOCTW B LIEHTPaNbHOW 4acTu OCLMANATOpa NPOM30M4eT paHbLle, 4YeM Ha
ero nepudepun (puc. 88), 06pasys ChepryecKyto 30Hy MaKCMManbHON Ha-
MPsYKEHHOCTU, 3HAK KOTOPOA MPOTMBOMOMOXEH 3HAKY HaNpPsHKEHHOCTU
LUeHTpa ocumnnatopa. Monafas B 3Ty 30HY, NOCMeAytoLLMe YacTuLbl Lie-
MOYKW BbIHYX/EHbI, KaK B TYHHeNe, ABUraTbCs N0 3aMKHYTOR TpaekTopuu,
VMetoLLEl onpesenieHHYo A/IMHY, 06YCMOB/IEHHYIO 3HEPTUel ocLuansaTopa.
Ecnu uenoyka vMeeT SOCTATOUHYIO [ANIMHY A8 MOJTHOTO 3ano/IHEHNS YKa-
3aHHOI 3aMKHYTOW TpaeKTopuu, TO nepBas ee yacTuua (Mo OTHOLLEHUHO K
MCXOMAHOI Lenoyke - BTOpast), ABWXKYLLAscs B “TyHHene”, nonagaet B
Lwneiid My4HOCTW 3a LIEMOYKONA, 06pasys 3aMKHYTYH CTPYKTypy. [Buxe-
HWe 3M1IEMEHTAPHbIX YacTUL, N0 3aMKHYTOI TPAeKTOPMU MHOFOKPAaTHO YCu-
NUBaeT aMnNUTYLy KonebaHUin nepeMeLLaroLLmXcs no KosbLy My4YHOCTER r
BMajuH, TeM CaMbIM COKpaLLas paccTosHMe MeXay HUMU U YMeHbLUas gua-
METP BHOBb 06pa30BaHHON YCTONUNBOW CTPYKTYPb! 3NEKTPOHA.

[BvXeHne nocnegytolmMx 4acTuy, B MYYHOCTAX NPeabIayLIMX ecTb
HUYTO WMHOE, KakK CW/IbHOE B3aMMOAENCTBME, B OCHOBE KOTOPOrO NIEXMUT
rpaBUTaLMOHHOE B3aMMOAENCTBME YAaCcTUL, C FpaBUTALMOHHbLIM MONEM
My4YHOCTENA.

[BKeHMe YacTuL, N0 3aMKHYTOW TPaeKTOpuMW NpeBpalLaeT BHOBb
06pa3oBaHHYHO CTPYKTYPY B IOBYLLKY AN 3N1eMEHTapHbIX YacTuLl, o6pasys
MarHMTHOE nose 3M1eKTPoHa (puc. 8r).

Ecnv gnMHa Lenoyku MeHblle Heo6XoAMMOR ans obpas3oBaHus
3M1EKTPOHa, TO, BpawWwasch No “TYHHe/0”, Lenovka 31eMeHTapHbIX YacTul
Mo KacaTeNbHOM MOKWMAAET OCUMNNATOP MOC/Te CMEHbl 3HaKa HanpsKeH-
HOCTU “TyHHena”.

Ecnm xe AnvHa Uenoyku 6onblie HeobXoAanMoin ana obpasoBaHUs
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3M1EKTPOHA, TO MPOMCXOAWUT aHHUTUAALUMS MEPBOA “NULLIHEA” YacTULbl C
nepBoil yacTuueli 06pa3oBaBLUErocs KosbLa, YTO NPUBOAUT K BO3HUKHO-
BEHMIO HOBOFO ocuMNnsTopa. B pesynbTaTe 3aMKHYTOe KO/bLO OT6Opachl-
BAeTCA B CTOPOHY, a OCTaBLUaACA YacTb LIEMOYKM ABUXKETCA MO “TyHHenNo”
B NMPOTUBOMO/IOXKHOM HanpaeneHUW, 06pasyst MO3UTPOH, €Cn fAMHA 3TOA
OCTaBLUElCA YacTN JOCTaTO4Ha.

6.7. OCHOBHbIe NapameTpbl 3/1EMEHTaPHO YacTULbI.

HeKOTOpre XapPaKTEPUCTUKUN /IEKTPOHaA

AMepUKaHCKUMM yuyeHbIMK A.T1eH3nacom 1 P.YuncoHom B 1965 T. ¢
MOMOLLbH PYNOPHOI aHTEHHBI 6bII0 06HAPYXXEHO PaBHOMEPHO pacnpeje-
NeHHoe Mo HebecHOM ctepe Tak HasbiBaEMOE PE/IMKTOBOE M3/ydeHue, CO0T-
BETCTBYIOLLEE MO UHTEHCUBHOCTU TEMSI0BOMY W3/Ty4YeHUIO abCOMOTHO Yep-
HOro Tena npu Temnepatype okono 3 K.

PennKToBOBOE M3/yYeHUe hakTUYEeCKM onpeaenseT NI0THOCTL 3Hep-
FMN 3NeKTPOMArHUTHOTO M3/TyuyeHNs BO BceneHHONM, a Takke MIOTHOCTb
yncna (hoTOHOB - 0K0Mo 400 B 1CM3 4TO MO COBPEMEHHbLIM MPeACTaBEHN-
am [3] cooTBeTcTByeT 0,25 3B/cM3 Torga Ha OAuMH (POTOH MPUXOAUTCS B
cpegHem 10 2K, uTo cooTBeTcTBYeT Macce 1,1110 Pkr.

Mcxoasa 13 HOBbLIX NPeACTaBNeHWIA, PESIMKTOBOE U3NyYeHWe - 3TO NO-
TOK e[JUHUYHbIX 3/IEMEHTAPHbIX YacTuL, KOTOPbIA 6blN POXAEH W BbIHECEH
M3 fiYeeK CTOAYMX BOJH, He BOLUEALUMX B Kakue-TO 6ofiee KpynHble, CO-
CTOALLME U3 HUX CTPYKTYPbI - (DOTOHbI, 31EKTPOHbI, NO3UTPOHLI U T.4. OT-
METWM, UTO Ha3BaHMe “PENVMKTOBOE” B MPUHLMME COOTBETCTBYET AENCTBU-
TEeNbHOCTW, T.K. 3TO NepBoe U3Ny4veHne B MpoLecce 06pa3oBaHUA MaTepuu,
XOT$ 3TW NPOLIECCHI NPOTEKAKOT U B HACTOSALLEE BPEMS.

OnpegenuM Maccy 3/1eMeHTapHON YacTuLbl, NCX0AA M3 3aKOHa CMeLLEeHUs

BuHa [3], yTBep>KaaroLer o, 4To gnnHa BonHbl JTTY1 |, Ha KOTOpylo npuxo-
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ANTCS MaKCUMyM 3HEprum B CMEKTPE PaBHOBECHOIO W3My4eHUs, 06pPaTHO
nponopuuoHanbHa abcontoTHol Temnepatype T M3NyYatoLLEero Tena:

roe £5=2,898-10 3 M-K - nocTtosHHad BuHa. CornacHo 3ToMy 3aKOHY Ans

T « bK nmeem: Xnax ~ 10~3 M, YTO COOTBETCTBYET YacToTe

= ——«3- 101 ry
ATax

N 3Hepruun KBaHTa (371eMeHTapHOM YacTuLbl)
E = Jlv = 6,6624¢ 10-343-1011= 2-KI'2 px.
B eguHmuax maccbl 310 6yger T0=2,22-10-39 Kr, 4TO nNpakTn4e-
CKVM COOTBETCTBYET COBPEMEHHbIM MpPeACTaBNeHMsAM. [MOCKO/bKY 3iemMeH-

TapHbl€ YacCTuLlbl, BbIHECEHHbIE BOJIHOW, UMEIOT CKOpOCTb C, TO cornacHo
M3M10)KEHHbIM BblILLE pe3ynbTaTaM 3TO €CTb YBOEHHAA Macca MOKoA.

Tak Kak macca nokos afekTpoHa Te= 9,11-10-31 kr, a 31eKTpPoH

npeacTaB/seT co60l 3aMKHYTYH LIEMOYKY 371EMEHTAPHbIX YacTuL, ABUXY-
LLIMXCS CO CKOPOCTbIO C MO KOJbLIEBOW OpGUTE, TO UMC/IO 3M1EMEHTapPHbIX
YacTmL, 13 KOTOPbIX COCTOMT 3/IEKTPOH, UMEET NOPSAOK

Ar=— =4,MO08.
T0

CToMb 60/bLIOE KOMMYECTBO YacTyL, UMetoLX (opMy Topa, CBOAUT A0
MUHUMYMa BISHWE pa3HOHanpaBieHHoe ™ oceli Topa, T.e. TeX Hanpas/e-
HWIA, KOTOPbIE COXPaHAITCA YacTMLAMMW B pe3ynbTaTe NpeLeccuy Ha Bech
nepuos, Nx XKnsHu.

MpeanonoXumM, 4To Npu 06pa3oBaHWMM 3/1EMEHTAPHOM YacTULbl B
npoLiecce HempepbIBHOM MOAMUTKMA 3Heprueli KoNbLEeBbIX NPO60eB, U3 KO-
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TOPbIX COCTaBNEHa NOBEPXHOCTb TOPA, A/MHA BOSHbI MPO6GOEB HENPEPLIBHO
YMeHbLUaeTcs. 3TO MPUBOAMT K YMEHbLUEHWHD paguyca I obpasyroLlei
Topa. Mpy 3TOM OTAe/bHble NPO6OV NEPexoasT B eANHbLIA HenpepbIBHbI
Npo6oii, a NoTeHLManbHas 3Heprus MOSIHOCTLID NPeobpasyeTcs B KMHETU-
YECKYIO SHepruio ABMXKeHWs, 06pasyroLLyt0 MoBepxHocTb Topa. O6paso-
BaHHaa YacTuLa NPOCTPaHCTBa MOSIHOCTHIO OTPbIBAETCS OT NMPOCTPaHCTBA.

[JanbHeliwas cTabubHOCTL YacTuULbl ONpeaenseTcs pasmepamu To-
pa (puc. 9), Npn KOTOPbIX

dFg > dF . (6.7)
3neck: dFY - auddepeHuman rpaBuTaLMOHHOI CUAbl AS 3NeMeHTa Topa

maccoii dWb,
,» m'dm'n
dF, iIG-~ 1 -m 68>
KH
a dF - auddepeHuman LEHTPOGEXKHOI CU/bI 3TOTO 3NIEMEHTA,

dF = a2 6.9)
r

M3 (6.7), (6.8) n (6.9) BbiTeKaeT, 4To

Ho RH> 2r . CnegoatentHo,

Gﬂt > EI > 4r.
C r

JTO 03HAYaET, YTO HaMBO/MbLLEE 3HAYEHME T, MPU KOTOPOM ellle Co-
XpaHSeTCs CTabUNbHOCTb YacTHLbl, ONPeensieTcs Kak
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#H

Puc. 9. CeyeHuie 3neMeHTapHOR YacTuLbl

Puc. 10. PacueTHas cxema B3aMMOAENCTBUS
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YTO COOTBETCTBYET 3HaYeHuto nopsaka 8-1067m.
MpaKThyeckn BCA 3aKOHCEPBMPOBAHHAA KWHETUYECKas 3Heprus
3M1IEMEHTAPHOM YaCcTULbl HAXOAUTCS BHYTPWU TPaBUTALMOHHOIO paguyca,

7??

SBNSSACH “YepHOii AbIPOIA” (pasymeeTcsi, €Cc CTabUNbHOCTb YacTULbl He

onpegendeTca KAKUMN-TO NHbIMU CbVISVILIeCKI/IMI/I FIB]'IGHVIHMVI).

6.8. OCHOBHbIe NapameTpbl 31IEKTPOHA

Kak 6bI1/10 yKa3aHo, 31eKTPOH NpeAcTaBNseT co60i BpaLatoLLyHCs
MO KPYroBOW TPAeKTOPUN LiEMOYKY 3/1EMEHTAPHBIX YacTuL,. Yncno yactuu,
06pa3yowmnx 3NeKTpPoH, mmeeT nopsgok N=4,1-108 [MockonbkKy paguyc
4acTuL, N0 CPaBHEHWIO C ANAMETPOM MX TPAEKTOPUM OYeHb Man, TO 3Mek-
TPOH MOXHO paccmaTpuBaTh KaK BpalLatoLLeecss KOMbLO M3 TOYeUHbIX
macc. HanpasneHwve BpalleHns Ko/bLa onpejenseT CrnuH anekTpoHa. Pac-
CMOTPUM aTOM, MOr/MOWatoLLMin (M3NyYatoLLMiA) SN1EKTPOMArHUTHYO SHEp-
FMI0 4acTOTON V .

V3MeHeHVe MOTEeHUMaNbHOW 3HEPrMn Npu Mepexofe C OAHON Ha
JPYryto cTaumoHapHyto opbuTy 3/1IeEKTPOHA B aTOMe OnpefensieTcs Kak

DWW 2-W,=hv ,
rae h - noctosHHas MnaHKa.

C [Jpyroil CTOpOHbI, MPOeKLUMs Ha ocb Ox AudihepeHUMana cusbl
rPaBMTALMOHHOIO B3aVMMO/ENCTBUS OAHOWN 3M1EMEHTAPHOW YacTMLibl Mac-

coii T'Ii ¢ Mmaccoii M, pacnpefeneHHol no Konbly paauyca I (puc. 10), Ha-

XO0ANTCA N3 COOTHOLLEHNA



rae w =01 X r

1 1 R2
dM _ Mdl _ Md<p
2nr In
dl = rd<p ,
R2=x2+r2,
X X
cosa =—=
X2+r2
Takum o0bpasom,
miMxdv
2n{x —+r)
1 NoToMy
B B T[Mx
FX_de’_G_(x'+r2)”3’2 (6.11)
Ho d(AW) = -Fx(x)dx ,
B COOTBETCTBUM C YEM
(Xr+ry
(6.12)

lim GMmM'0 GMthy g MmO
b—>+00 ){im"'rZ

Mpy MOrNOLEHNN 31EKTPOHOM OAHOM 3/1EMEHTAPHOIN YacTuLbl B CEKYHAY
(v =1) umeem cornacHo (6.12)

AW =hl =G-1J5Me
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4TO faeT paguyc 3NeKTpoHa
r=GmoH =2-10"46m. (6.13)
n-1

[Mpn nornoweHnn 3M1eKTPOMarHUTHOrO W3NyyYeHus yactoTou Vv

cnegyeT nonoxnts V -N, rge N - KOAMYecTBO MOMOLWEHHBLIX 31EMEH-
TapHbIX YaCTUL, B CEKYHAY.

3AeCb U HWXKe NOof NOrNoLWeHNeM 3/1eMeHTapPHbIX YacTuL, MOHUMaET-
CA UX Mepexop Ha opbuTa/ibHYI0 TPAeKTOPMIO BOKPYT KO/bLia 3/1EKTPOHA C
OAHOBPEMEHHBIM YPABHOBELLUVMBAHUEM FPABUTALMOHHbIX CUJL.

OpfHako 3(peKTMBHbIE pasMepbl 3MEKTPOHOB OMNPeaenstoTCs pasme-
paMun pacxogsLLMXcs MyYHOCTER, 06pa3oBaHHbIX UHTepgepeHLUmeli rpaBu-
TaUMOHHbIX BOMH (puc.11), COMPOBOXAAIOLIMX KAXKAYH 37EMEHTapPHYHO
yacTuLy, ABWDKYLLYIOCS MO KOMbLEBOW TpaekTopuu, paguyc KOTOPOR u
6bI1 OMpeAesneH Bbille.

3Has KOMMYeCcTBO 4acTul, 06pasyloLLMX 3/EKTPOH, OMpefenvm
CpefiHee paccTosHME MEXAY YacTULLaMm

/= ANL « 3,06-10'%4Mm.

Ho nocKonbKy aneMeHTapHas yacTuLa UMeeT AnameTp nopsiaka
=1610'66m, TO lid-1,95102.

9TO 03HayaeT, YTO MaTepus 3HauYMTENbHO Gonee MycTas, YeM 3TO
npeacTaBnseTcs.

MpuBeAEHHBIN BbILLIE NPOLECC 3N1EKTPOMArHATHOTO B3aMMOAEWCTBIA
npeacTaBnseT coboii rpaBMTaLMOHHOE B3aMOAEICTBME 3/1EKTPOHA C 3fe-
MEHTapHbIMI YacTWLaMMW C MOT/IOLEHNEM NOCNeAHUX NepBbIM. B pesyb-
TaTe 3TOr0 MpoLecca macca 3MeKTPOHA BO3pacTaeT OT YBENUYEHUS €ro
KWHETUYECKO 3HEPTUM U OT MOF/OLEHNS UM YacTuL, (TEOPETUYECKN He-
OrpaHWYeHHO), YTO UM Hab/MOAAeTCs B COBPEMEHHbBIX YCKOPUTENSX.
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Puc. 11. KopoHa pacxofswmxcs ny4yHocTei
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6.9. DneKTpUYecKoe N MarHMTHbIE MO/SA

Ecnv npefnonoXuTb, UYTO HanpaBfieHHbIA MOTOK 3/1eMEHTapHbIX
yacTuL, HanpumMep, BblIBPaCbIBAEMbIA U3 AYEKM CTOAUNX FPaBUTALMOHHBIX
BOJIH, €CTb 3/1eKTPUYECKOE “Nose”, TO ABMXKEeHMe 3TUX YaCTUL, N0 3aMKHY-
TOW TpaeKTOpUM 06pasyeT MarHUTHoe “none”. Hayano obpasoBaHUs mar-
HUTHOIO NONS 3N1eKTPOHa (NO3MTPOHA) NPOUCXOAW0 B MpoLecce PopmMu-
pPOBaHUA 3MeKTpoHa (MO3UTPOHA), MOKa elle He OblNa OKOHYaTebHO
chopMMpoBaHa KOpPOHa PacxofALMXcsi My4YHOCTEN, CO34aBaeMbIX UHTEP-
thepeHUMe rpaBUTALMOHHBIX BOSH  OT 3/1eMEHTapHbIX YacTul, COCTaB-
NAKLWMX JaHHYIO 3aMKHYTYIO LIENOYKy. 3amMeTM, YTO A1l OKOHYaTe/bHO-
ro o6pasoBaHns KOPOHbLI HEOOXOAMMbI COTHU UK, BO3MOXHO faxe, ThiCsa-
4yn 060pPOTOB KOMbLIEBOI LIENOYKM YACTUL, OTHOCUTENIbHO ee LieHTpa. Opu-
eHTaUuA HanpaefieHUs MarHWUTHOrO MO OTHOCWUTE/IbHO Harpas/eHus
[BVDKEHWS YaCTWL, B 3aMKHYTOW LieNoYKe ONpeaensiiacb ee MosoXKeHnem
OTHOCUTESIbHO 3/1EKTPUYECKOro Nos (MOTOKA 3MeMEHTapHbIX YacTuu), rae
OHa (hopmupoBanach. YacTuupl, Nonagas B rpaBuTalMoHHOe nose gop-
MUPYIOLLLEr0 3NEKTPOHA (NO3UTPOHA), ABVXKYTCA MO 3aMKHYTbIM TPAEKTO-
pPUAM, NPOXOAALLMM Yepe3 OTBEPCTUE KOMbLEBOM LENoYKn. B aTom e Ha-
NpaBneHUN [BWXYTCA W Leidbl NyYHOCTER aTUX yactuy. Takum o6pa-
30M, CU/IOBbIE IMHUM MArHUTHOrO MoNs ecTb He abCTPaKTHOe NpefcTaB/e-
HVe, NPUHATOE AN ero BOCMPUSATUS, a PeaslbHO CYLLEeCTBYIOWMIA NOTOK
3MEMEHTapHbIX YacTWL, C COMPOBOXAAIOLMMU UX LUeAdaMy NyYHOCTENR,
OBVXKYLLMXCA MO 3aMKHYTbIM — TpaekTopusam. Hanps>keHHOCTb  LuneidoB
MYyYHOCTEM 4acTuL, CO34AOLLMX MArHWTHOE Mose, MPeBOCXOAUT Hanps-
YKEHHOCTb KOPOHbI PacXofsaLmxcsa ny4yHocTel, nosyyvaeMblX Npu nHTepde-
PEHUMW TpaBMTALMOHHBLIX BO™ yvacTul, 06pa3yroLMX 3aMKHYTYHO Lenb
3MEeKTPOHa WM No3uTpoHa (puc. 11). 9To Mo3BONSET B Aa/bHeLLEM, T.e.
nocne NosHOro 06pa3oBaHNA KOPOHbI PaCXOAALUMXCA MYYHOCTER, NPoAos-
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XWUTb OPMUPOBaHME MArHUTHOMO MOANA 3/1eKTPOHA (NO3UTPOHA) TOMbKO B
HanpaB/feHUN [BVDKEHUS MEPBbIX YaCTWL, CO3AAlOLMX MarHWTHOe Mofe.
YacTuupbl, nogxogsawye no ApyrM HanpasfeHUsM, B3aUMOJAEACTBYS C
KOPOHOW pacxofaLLMXcs Ny4YHOCTER, 3MEHAT CBOM TPAEKTOPMM U He ByayT
y4acTBOBaTb B 06pa3oBaHMM MarHUTHOrO Nons.

B 3ak/0ueHe 0TMETUM, YTO HaaMuMe KOPOHbI PACXOAALLMXCS MyY-
HOCTei, 00pa30BaHHON WHTEpPthepeHUMEN FpaBUMTALMOHHBIX BOMH, CRe-
JYHOLMX 33 3/1EMEHTapHbIMU YacTUL,aMu B /1060 3aMKHYTOW CTPYKTYpE,
He JONyCKaeT CTO/IKHOBEHUS CaMUX 3/IEMEHTAPHbIX YacTul, 06pasyHoLmX
3TV CTPYKTYpbl. KOPOHbI pacxofawmxcsa ny4yHoCTeld 0TOpachbiBaloT CTPYK-
Typbl Apyr OoT Apyra, obecneumBas nx yrnpyroe CTO/IKHOBEHUE, €CNN 3Hep-
r1s CTOMIKHOBEHMWS He MPEBbILLIAET HEKOTOPOrO OMpesesieHHOro 3HaueHus.

6.10. MoHATWe 3apaga. DNeKTPOMarHATHOE B3anMOJECTBME.

GHEKTpOMaFHVITH ble o6naka

BO3HMKLLMIA 3M1EKTPOH CyLUECTBYET B peaibHOM MNPOCTPaHCTBE C
Xa0TUYECKUMMU MOTOKAMM 3/1eMEHTAPHBIX YacTuWL, YTO MPUBOANT K UX B3a-
MMOJENCTBMIO C KOPOHOM PacXogalimMxcs nyyHOCTeld paBHOMEPHO CO BCEX
CTOPOH. VIHTEHCMBHOCTb MPOLIECCOB COYAApEeHUid 3/1EMEHTAPHbIX YacTuL, C
KOPOHOW pacxXofsaLmnxcs Ny4HOCTeR (3NeKTPOHa, MPOTOHA U T.4.) U rpaBu-
TaLUWOHHOr0 B3aUMOENCTBUA YaCTUL, U CTPYKTYpbl, 00YCNOBMEHHAs ee
3 eKTUBHOM NNOLaaL0, XapakTepusyeT eAvHUYHBIA 3apsg. [osTomy
3apsf KBaHTYETCSA U He MOXET ObITb APOGHbIM.

C Opyroi CTOpOoHbI, 3/1eMeHTapHbIe YacTULLbl SABASKOTCS 0OMEHHbLIMU
yacTMLaMn 3M1eKTPOMarHUTHOMO B3aMMOZENCTBUA MEXAY ABYMS CTPYKTY-
pamu.

Cunbl OTTa/IKMBaHMS ABYX OAHOMMEHHbIX 3apsif40B B MPUPOLEe He
CyLlecTBYeT. BuaumocTb OTTafIKMBaHUS [BYX OAHOMMEHHbIX 3apsif0B CO3-
[aeTca B3aMMHbIM 3KpaHMPOBaHMEM  OMPeAeneHHOro HanpasfeHws 06-
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MEHHbIX MPOLECCOB KO/IbLEBbIX CTPYKTYP C MPOCTPAHCTBOM.

Ho Takoe 06bACHEHME 3apsja B HACTOsILLEe BPEMS HE MOXET YETKO
OT/IMYNTL NONOXKMTENbHbIE U OTpULATENbHbIe 3apagbl Apyr oT gpyra. Mo-
3TOMY BO3HMKAeT MOTPe6HOCTb BEPHYTLCA K MOMEHTY 06pa3oBaHuWs ane-
MEHTapHbIX YacTul,. B npuHLMME Mb. COBEPLLEHHO MPOU3BO/ILHO MPUHAN
YPOBEHb NepenanpsHKeHHOCTM NPOCTPaHCTBA, MPUBOAALLMIA K ero Npoboto,
MONOXMUTE/bHBIM. BO3MOXHO, UTO OrpaHuW4veHue no npegenbHo Jdonyctu-
MOMY 3HAYEeHUIO MepenanpsHKEHHOCTW MPOCTPAHCTBA MMEET U HanpsKeH-
HOCTb MPOTWMBOMOJIOXHOIO 3HaKa. STO [OMKHO MpUBECTU K nepebpocy
3HEpruM MOMNoeK rpaBMUTaLMOHHOI BOSIHbI U B MPOTMBOMO/OXHON ee (ha-
3e, a C/1el0BaTE/IbHO 1 K POXKAEHUIO YacTuLbl C OTpULATENIbHON rpaBuTa-
LIMOHHON Maccoii, BOKPYr KOTOPOI 006pa3yeTca rpaBMTaLVOHHOE MOfe,
TakXXe MMetoLLiee 06paTHbINA 3HaK.

Ecnv npegnonoxumTb, YTO M3 OAHOFO TUMA 3MEMEHTAapPHbIX YacTuy
06pasoBancs 3NeKTPOH, a U3 ApYroro NpPoToH, TO NpW CONVXKEHUN OAHOU-
MEHHO 3apsHXKEHHbIX CTPYKTYP FPafueHT HanpshkeHHOCTW Ha MpsIMOiA, coe-
OVHSAIOWERA 3TW CTPYKTYpbl, 6YAeT MWHWMaIbHbIM, UTO MNPUBOAUT K
YMEHbLUEHNKO 06MEHHbIX NMPOLIECCOB B YKa3aHHOM 30He U, KaK CNeAcTBue, K
OTTaIKMBAHUIO YacTu, (puc. 12a).

Mpu cONMMKEHUN 3NEKTPOHA M NPOTOHA FPAAMEHT HanpPsXKEHHOCTH
Ha NPAMONA, COEAVHSIOLLEN 3TW CTPYKTYpbI, OyAeT MakCuMabHbIM. 103TOo-
My npeo6nagaHne 06MeHHbIX NPOLLeCCOB ByAeT MMeTb MECTO B 3TOW 30He.
YacTuubl B 3TOI 30HE CTAHOBATCS OOMEHHLIMMW, MHOTOKPATHO Y4acTBYS B
aKTax WX rpaBUTALMOHHOIO B3aMMOAENCTBMSA C CaMUMKU CTPYKTYpamu
(puic. 126).

[lns onpoBepXeHWs 3TON BeCbMa COMHUTENBbHOM rMnoTe3bl HeobXo-
OVMO NOATBEPLAUTL, YTO 3MEKTPOH MMEET rpaBUTaLMOHHYIO0 Maccy U rpa-
BUTALMOHHOE MOJEe TOMO Xe 3HaKa, YTO 1 NPOTOH.

B HacTosiLLee BpeMsi OTHOLLEHWE MHEPLMOHHOM MacChl K rpaBuTaLm-
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Puc. 12. T'mnoTesa aneKTPOMarHMTHOIO B3aMMOAEACTBIS
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OHHOW M / M G n3MepeHo Ans pasHbIX BELLEeCTB C OYeHb BbICOKOW TOY-

HOCTbIO, U B Npefenax TOYHOCTM 3kcnepumMeHTta (10X1) 310 OTHOLIEHMe
0Ka3aiocb OJMHAKOBbLIM /151 BCEX BELLECTB.

3TO faeT OCHOBaHME CYMTaThb, YTO AN 3MEKTPUYECKN HEWTPabHbIX
BELLECTB, MNOCKOJIbKY YMC/MO NPOTOHOB B HUX TOYHO PABHO YUCIY 3/M1EKTPO-
HOB, rpaBuUTaLMOHHAA N MHEPLMOHHAA MacChbl OJMHAKOBBI.

Wcxops U3 nprBefeHHON Bbille rMnoTesbl, HEOO6X0AMMO NMOBTOPUTL
3KCMEPUMEHT MO MOATBEPXKAEHWIO MPUHLNMA SKBUBASIEHTHOCTU, KOTOPbIN,
KCTaTW, CAYXWT OTNpPaBHOM TOYKOW OOLLEl TEOPUM OTHOCUTENbHOCTM
AiHWTeliHa.

Ho B 0T/IMuMe OT NPOBEAEHHOr0 paHee JKCrepuMeHTa Heo6Xo4MMO
MEHSATb He BELLeCTBO, U3 KOTOPOro M3rOTOB/IEH MafATHUK, @ 3HAK 3/IEKTPU-
YeCKOoro 3apsja MasTHMKa.

N306bITOK 3M1EKTPOHOB B MasTHWKE, eCM UX rpaBMTaLMOHHOE nose
MMeeT 06paTHbIV 3HaK rPaBUTaLMOHHOMY MO MPOTOHOB, @, 3HAYUT, U
3emnn (MOCKOMbKY rpaBUTaLMOHHAs Macca MPOTOHOB OnpefensieT 3HaK
CYMMapHOro rpaBuTaLMoHHOro nons 3emnu), 6yaeT yBennumBaTh UHepLUu-
OHHYIO Maccy MasTHMKa W YMeHbLIaTb ero rpaBuUTaLMoOHHYI0 Maccy, yBe-
NNYMBas TeEM CaMbIM MEPUOA KONlebaHUn MasTHUKa.

Ecnu rpaBuTaLMOHHOE NoJie MPOTOHA U 3/IEKTPOHA UMEKT OfUH U
TOT X€ 3HaK, TO WM30bITOYHOE KONMYECTBO 3/1EKTPOHOB B MasiTHUKE He
[O/MKHO MeHATL ero neprog KonebaHii, NOCKONbKY Ha OAHY U TY ke Befn-
YMHY YBEIMYMBAKOTCA Ero MHEPLIMOHHASA 1 TPaBUTALMOHHASA MACChI.

B cniyyae M3roTtoBneHUs MasTHMKA B BUAe MO0 cdepbl U3 antomu-
HUS, UMEIOLWEro 7 TSHKENbIX YacTuL, Ha OfLUH 3MEKTPOH MPOBOAUMOCTHU,
M3MeHeHWe nepunopaa KonebaHunii MasTHUKa npu u3bbiTke B 0,0001% anek-
TPOHOB MPOBOAMMOCTM MO CPaBHEHUIO C UX HepocTaTkom B 0,0001% co-

CTaBndgeT
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4TO CnefyeT U3 U3BECTHOrO COOTHOLLEHWS A1 Mepuoja KonebaHuidi masTt-

HUKa

3pgeck: L - gnnHa HMTK maaTHuKa (1 m);
g - YyCKOpeHUe CBOBOAHOM0 MafeHus:;
M - MHepLMOHHaa Macca;
Ma- rpaBuTaLMOHHasA Macca;
MP - macca NnpoToHa;
Me- macca anekTpoHa.

Vi3mepeHne nepuoga KonebaHUs MasiTHMKa B BOCbMOM 3HaKe Mpwu
JOCTUXXMUMOW TOYHOCTU MPOBeAeHUs aKcrnepumenTa 4o 1010no3BonnT noa-
TBEPAUTb WK ONPOBEPTHYTb MPEAMNONOXKEHNE O HANMMYMKN 06paTHBIX rpa-
BMTALMOHHBIX MOMei, 06pa3oBaHHbIX 3EKTPOHOM WKW NPOTOHOM. [lpw
0TpULIATENBHOM pPe3yNnbTaTe 3KCMEPUMEHTa MOA 3M1EKTPOMArHMTHbIM B3a-
MMOJEACTBMEM CMeayeT MOHMMATb COBOKYMHOCTb OAMHOYHbIX FpaBUTaLM-
OHHbIX B3aMMOAENCTBUIA 0OMEHHbLIX 3/IEMEHTAPHBIX YacTuL, U paccmaTpu-
BAeMbIX 3aPSHKEHHbIX CTPYKTYP, HO BCE PacCMOTPEHHbIE aBTOPOM MeXxa-
HM3Mbl 3TOF0 B3aMMOAENCTBMS He ybeauTesibHbl U B [JaHHON paboTe He
npueBoasTCS.

MpoaHann3npyeM MpPOLIECChI, NPOMCXOASALLME B MAOCKUX 3MEKTPO-
MarHWTHbIX BOJ/IHaX, PACXOASALLMXCA OT SYENKM CTOSUMX BOJH B 06e CTOpO-
Hbl. YMpyroe coygapeHue 3MeKTPOHOB MOXKET MPUBECTM K 3aMeANeHMI0
CKOPOCTW OAHOr0 U3 HAUX OTHOCUTENIbHO MPOCTPAHCTBA, T.6. ABVKEHUIO €ro
nonepeK 3/EeKTPOMAarHNTHbIX BOMH. Takum 06pa3oMm, ykasaHHble 31eKTPo-
Hbl NONaJatoT B MOTOK 3/1EMEHTAPHbIX YacTuL,, NePeHOCUMbIX 3STUMW BON-
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HaMu - “3neKTpuyeckoe none”.

HanpaBneHHoe nocnefoBate/isHoe MOr/OWEHNe 3/1eKTPOHOM  3fle-
MEHTAPHbIX YacTuL, 3M1IEKTPUYECKOr0 MO NPUBOAMT K Aa/lbHeiLLeMy Top-
MOXEHWI0 3M1eKTPOHA OTHOCWUTENIbHO MPOCTPaHCTBa. [paBUTaLMOHHbIE
CWUNbI, CTATMBAKOLLME 06/1aK0 TaKUX 3/1EKTPOHOB MNPU Ha/MyMM NPOTOHOB,
npeBpaLlalWwnx 061aKko B 3MEKTPUYECKM HEMTpanbHyto nnasMy, obecne-
YMBAOT MX ABMXKEHME K 0BLLEMY LIEHTPY CO CKOPOCTbIO V .

3T0 ABWXKeHWe 3apsfa MOMepeK 3/eKTPUYECKOro nons npuBOANUT K
BO3HUKHOBEHWIO CW/Ibl, HarpaBieHHOW MeprneHAMKYNSPHO BEKTOPY CKO-
pocTn V, YTO NPUBOAUT K 3aKPYYMBAHUIO TPAEKTOPUU [ABUDKEHWUS 3/EK-
TPOHOB, T.e. 3IEKTPOHHOIO 06n1aka. Kak creflyeT 13 U3fI0OXKEHHOro, 3fieK-
TPOHHbIE 06/1aKa, Pacno/IOKEHHbIE MO Pa3Hble CTOPOHbI OT A4YeiiKM CTOos-
4MX BOJIH, 3aKPY4MBAKOTCA B NPOTUBOMNO/OXHbIE CTOPOHBI.

6.11. O6pa3oBaHMe NPOTOHA.

MpoToHHble 06n1aka

BO3HVKHOBEHME 3NEKTPOHA SBUIOCL NPEANOCHITKON K hopMmpoBa-
HUIO 60nee KPYMHbIX KOHTIOMEePaToB 3/1eMeHTapHbIX YacTuy,. Mpu 3Tom
Hanbonee BeposTHas YCToiuMBas CTPYKTypa BHOBb CO3JaBaeMOro KOH-
rnomepata npeAcTaBnseT coboli 3aMKHYTOe KOMbLO 3/1EKTPOHa, 06MOTaH-
HOE CrMpanbio B BUAE LIENOYKM U3 3f1IeMeHTapHbIX YacTuu,. Mpouecc o6pa-
30BaHMS TaKOM CTPYKTYpbl MOXHO WNHOCTPUPOBaTh CriefytolumM obpa-
30M.

MycTb B HeMpepblBHOM OOMEHHOM MpoLuecce 37EeKTPOHa U Mpo-
CTPaHCTBa B KO/bLO 3/1eKTPOHA NOMnajaeT OuYeHb A/IMHHAA Lernoyka ane-
MEHTapHbIX YacTuL, UAylas B HarpaBleHWW MPOTUB ABVDKEHUS 3/1EMEH-
TapHbIX YacTML, 06pa3yrLLMX MarHUTHOE NOMe AaHHOW CTPYKTYpbl. Ecnm
3TOT JOTOH MonagaeT B 061acTb MeXAy 3aMKHYTOI LIENOYKONA, 06pasyto-
LLeiA caM 3MEKTPOH, M CTaLMOHapHbIMM OpBUTaMM YacTul, 06pasyrLLMX
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MarHUTHOE MNose, TO KOHyca BOSIH YacTUL, MarHUTHOrO MNofis NPYXKUMaroT
(hOTOH K 3aMKHYTOMY KO/bLY 3/1eKTpoHa. OflHaKo KOHyCa BOSIH OT 4acTu,
KO/fibLa CTpeMsiTCA 0TOPOCUTL (DOTOH K nepudiepui, B cuiy Yero obpasyet-
€ Topoo6pasHbIil NABNPUHT 41 (OTOHA, rae AeACTBMS YKa3aHHbIX KOHY-
COB BOSIH B3aMMHO YpaBHOBeLUMBAKOTCA. BHyTpy 3TOro TOpoo6GpasHOro
nabupunHTa Nnpomcxoaut “Hamoka” (hOTOHa Ha KOfbLO 3M1EKTPOHa, Onpe-
[enss TeM caMbIM XapakKTepUCTUKM BHOBb CO3/1aBaeMOli CTPYKTYpbI.

Cnupanu HaMOTKW, B3aMMOZENCTBYS MeXay COB0M, yBenmumBaloT ee
lar 1 cokpawlalT TeM CambIM KO/NMYECTBO BUTKOB. [locne 3anofiHeHus
BCEI cnupanu npy AOCTaTOMHO AMHHOM (POTOHE MPOUCXOAUT “OTceyka”
OCTaBLLENCS YacTU NYTEM aHHUTUAALMK ABYX 3/1EMEHTAPHBIX YacTuLL.

B3aumogeicTere Mexay BUTKamy NoyYeHHOM Cnnpasiv NPpUBOANT K
OKOHYaTe/IbHOMY BblPaBHMBAHUIO LUara, a MHOrOKpaTHOE MNPOXOXKAeHWe
3/1EMEHTAPHbIX YaCcTUL, B MyYHOCTAX MpefplayLyX YacTul, no 3aMKHYTOW
CNVpann yBeNNYMBAET HaMpsXKeHWEe B 3TUX MYYHOCTAX, NPUBOAA K COKpa-
LLEHNIO BPEMEHWN W3MEHEHUS 3HaKa HamnpsXKeHHOCTU W, KakK CnefcTsuve, K
YMeHbLLEHWIO AuaMeTpa BUTKOB crnvpanu. [pu 3TOM Cuibl OTTankMBaHus
MeXzy BUTKamu YBeNMUYMBAKOT AMaMeTp KOMblia 3/1eKTPOHA, Ha KOTOpbIii
“HamoTaHa” cnupasb.

O6pasyoLLanca KOpoHa pacxXofalimxcs My4YHOCTeR 3/eMeHTapHbIX
YyacTul, cnupasm oTopacbiBaeT YacTuubl MEPBUYHOINO MarHUTHOrO MNONSA
3NeKTpoHa. BHOBb 06pasytoLeecs MarHUTHOE Mosie XapakTepusyeTcs Ha-
MpaBfieHNEM [BWKEHUS CNYPain, Y NOTOMY 3HaK 3/1EKTPUYECKOro 3apsja
MPOTMBOMO/OXEH NCXOAHOMY.

Bo3HuKLWaa cTabunibHas CTPYKTypa eCTb HUYTO MHOE, KaK MPOTOH.
O6pa3oBaHMe aHaNOrM4YHON CTPYKTYpbl Ha 6ase MO3UTPOHA MPUBOLAMT K
(hOpMMPOBAHUIO aHTMNPOTOHA.

Mpy CTONKHOBEHUM 06PA30BABLUMXCH MPOTOHOB MPOUCXOAUT WX
Ja/lbHelillee TOPMOXEHME W 3aKpyuMBaHWe TPAeKTOpUM [ABWXKEHWUS MNpo-
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TOHHbIX 06/1aKOB. DTOT MPOLECC aHAIOrMYeH COOTBETCTBYHOLLEMY NpOLieC-
Cy [ANd 9NeKTPOHHbIX 06nakoB. OfHaKO Hanpas/jeHWe BpaLleHus
(3aKpyTKM) NPOTOHHOrO 06nakKa NPOTMBOMNOMOXHO HanpaB/EHNIO BpaLLe-
HWSI COOTBETCTBYHOLLErO 3/IEKTPOHHOrO 0611aKa B CUy MPOTMBOMOMOX-
HOCTW 3HaKa 3apafa, a CTereHb MPOTEKaHUS 3HAUYMTENbHO Bbille B CUY
3HaUNTENLHO 60/bLUE MAcChbl NPOTOHA MO CPaBHEHWIO C MacCOi 3/1eKTpo-
Ha.

Mpoueccbl TOPMOXEHUS U 3aKPYTKU 3MEKTPOHHbLIX Y MPOTOHHbIX
06/1aK0OB NPOMCXOAAT 40 MOMEHTa 06pa30BaHMsA U3 HUX aTOMOB BOAOPOAA.
JNeKTpOMarHMTHOe U3/yyeHre BOAOPOLHOro o6naka no3sosseT o6Hapy-
XWUTb MNOSTYYeHHbIA 00beKT ¢ 3emnu. [eicTBUTENbHO, 3arnagbiBas Ha 10
MWNMAPA0B NIET B NPOLUOe, Ha “Kpato” BUAMMOI BceneHHoW Mbl Habno-
[laeM pagnoncTOYHUKKM, UMetoLpe opmy “rancTyk-6abouka”, Hanpumep,
3C236,[4], NpoTsKEHHOCTbIO A0 20 MUINIMOHOB CBETOBbLIX SIET.

3T0 ¥ eCTb UCMYCKaeMble 13 AYEEK CTOAUMX FPaBUTALMOHHbLIX BOSH
3/1eKTPOMArHNTHbIe BOJIHbI, B KOTOPbIX Y& 06pa3oBajMCb BOAOPOAHbIE
obnaka. MIMEHHO C 3TOr0 MOMEHTa MOXHO HabnaaTb KOHMUrypauuto
06beKTa, (MONbITKA 3arisHyTb B 60/1ee 0TAaNEHHOE MPOLLIOE HU K YeMy He
npuBegdeT). EcTecTBeHHO, YTO HabntodaTens, Haxomsawmiics B [anakTuke,
06pa3oBaBLLEACA 13 3TOF0 06bEKTa, YBUAMT, HabMoaas ceitvac 3a Hallei
ranakTUKon MneyHblii NyTb, TAKON e 06bEKT “rancTyk-6abouka” ¢ LeH-
TPOM, PacnosfioXXeHHbIM MEXAY Hallel ranakTukoi u obpa3oBaHHOW BMeC-
Te C Hell U3 OAHOW AYelikn CTOSUMX BOMH FafakTMKoin M31, Hocsilel Ha-
3BaHMe “Bonbluoli TymaHHOCTM B CO3Be3aMM AHAPOMEBI”.

PenMKTOBOE M3/TyYeHUEe, KaK Y)Ke OTMeYasioCb BbIlle, €CTb MOTOK
3/1eMEHTAPHbIX YaCTUL, BbIHECEHHBLIX M3 SUENKM CTOAYMX BOJSIH, HO He BO-
Weawmnx B 06pa3oBaHMe CAOXKHBLIX CTPYKTYp. Mbl Habnogaem Ty 4acTb
€ro, BbIHOC KOTOPOI MPOUCXOAUT B Hally CTOPOHY W MO KOTOPOM HeBO3-
MOXHO OMNpeaenuTb KOHUIYpaLnio n3yyaroLlero o6bLekTa.
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6.12. MexaHun3M ynpyroro CTO/IKHOBEHWSA CTPYKTYP

AHannsnpys npoLeccsl, NPONCXoasLLMe B KaXKAO0W rpaBnTaLMOHHOW
BO/SIHE, MUCXOAALLEN M3 AYEKM CTOSYMX BOJSH, Mbl MOMYUYUM YeTblpe CcTa-
6UNbHbIE CTPYKTYpbI: 60nee BEpOATHbIE - 3/IEKTPOH M NPOTOH - U MeHee
BEPOATHbIE - MO3UTPOH M aHTUMPOTOH. 3TW CTPYKTYPbl MMEKOT [iBe CTene-
HW cBO6GOAbI U MOA AeACTBMEM OOLLEro rpaBMTaLMOHHOIO MOMs Mnepeme-
LLAOTCS K ero LEHTPY, He BbIXOAS M3 MAOCKOCTU BOJHbI, B KOTOPOW OHWU
06pa3oBaHbl.

PaccMOTpVM MpOLECChI, UMEIoLLMe MECTO NPU CTO/IKHOBEHWWN YyKa-
3aHHbIX Bbllle CTPYKTYp. Kaxgas CTpyKTypa, Kak OTMeuanochb paHee,
MMeeT KOPOHY PacXofALLMXCs MYYHOCTEN, ABNAIOLLYIOCA pe3ynbTaToM WH-
TepdepeHUMN TPaBUTALMOHHO BOMHBI OT [ABVXEHWS 31IEMEHTapPHbIX Yac-
TUL, 06pasytoLLMX 3Ty CTPYKTYPY.

Mpy COAMKEHUN CTPYKTYP MPOMCXOLMT B3aMMHOE MPOHWKHOBEHME
KOPOH PacXofsLmMXcs NyyHOCTeA. B cuny npuHUMna cyneprnosunummn, UH-
Tepheprpyscb, KOPOHbI NPOXOAAT APYT Yepe3 Apyra, He YMeHbLUIas cpefHe-
r0 YPOBHS HaNPSHXXEHHOCTW ny4HocTeid. [Mpu panbHeiwwem CcOAMKeHUN
CTPYKTYP NPOMUCXOAUT B3aMMHOE NMPOHUKHOBEHMWE 3/IeMEHTapHbIX YacTuL,
06pasytowmnx ofHy CTPYKTYPY, B KOPOHY PacxOfALMXcs ny4yHOCTen apy-
roin. Ans noHWMaHua 3TOro SB/EHMS PacCMOTPUM MPOXOXAEHWE OfHOM
3/1eMEHTAPHON YacTULbl Yepe3 PacxofsLiMecs MyYHOCTM KOPOHbL. [Mpwu
nonagaHnm YacTuLbl B MyYHOCTb Ha Hee AeliCTBYeT rpaBMTaLMOHHas cuna,
Hanpas/eHHas No rpagveHTy HampsHKeHHOCTW myyHocTu. Mog AeiicTeuem
CW/Ibl CKOPOCTb 4acTULbl BO3PAcTaeT, HECKONbKO MPEeBOCXOAA CKOPOCTb
ceeta . OfHako rpaBMTaLMOHHOE MO/e CamMOl YacTULbl ABUraeTca co
cKopocTbio v < C, YTo NPMBOAUT K rPaBUTaLMOHHOMY TOPMOXEHUIO Yac-
TUL bl COGCTBEHHbIM rPaBUTALMOHHbLIM MOJIEM.

B cuny n3noxeHHOro pesynbTupytowas ciuna, AencTBytoLlas Ha yac-
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TULy, NPeACTaBNAeTCA KakK PasHOCTb YKa3aHHbIX Bblle FPaBUTALMOHHbIX
cun. 03TOMY KMHETWUYECKON 3HEPrW, NOYYEHHOW NPy ABMKEHNN YacTm-
Ubl B 30HY MaKCMMa/bHOW HampsXKeHHOCTW AaHHOW My4HOCTW, T.e. K ee
LeHTPY, OyAeT HefOCTaTOYHO A/ BbIXOAA YaCTWUbl M3 3TOW My4HOCTW.
N5 nepexofa B CreaytoLLyo MyYyHOCTb YacTMLa U3PacXoAyeT YacTb CO6-
CTBEHHOI KWHETUYECKOW 3HEepPrum nocTyrnaTeNbHOro ABWXKeHus. [locne
OCTaHOBKM YacTULbl B 0YEpeAHOl MyYHOCTM YacTumua BOyfeT BbiHECEHA 3a
npeaesibl KOPOHbI PaCXOASLLMXCS MYYHOCTEN.

MoCKONbKY BCe CTPYKTYpbl 06pa3oBaHbl 13 3/1eMEHTapHbIX YacTuL,
MEXaHW3M UX YMpPyroro CTONIKHOBEHMUS! aHa/I0rNYEH.

6.13. Ob6pa3oBaHue HeliTpoHa. Cnaboe B3aMMOAENCTBIE

[Be cTabunbHble CTPYKTYpPbl - 3N1eKTPOH W MPOTOH, o6nagatoLive
NMPOTUBONONOXHbLIMW 3NEKTPUYECKNMU 3apsfamMi, eCTECTBEHHO CTPeMATCS
06beANHNTLCA B OfHY YCTOMYMBYHO, SMEKTPUYECKN HeNTpanbHyto. OpHol
TaKOM CTPYKTYpOl $BAsSieTCA aTOM BOAOPOAa, B KOTOPOM 3M1€KTPOH
BCNEACTBME 3M1EKTPOMArHUTHOIO B3aMMOAENCTBUS NPUTATMBAETCA K Mpo-
TOHY, HO KOPOHa MY4YHOCTEl NOCNegHero He AaeT UM NOAOWTM ApYyr K Apy-
ry 6nmke onpeaeneHHOro pacctosHus. Mogpo6Hee npouecc 06pasoBaHus
aToMa Bofopofa 6yfeT NpoaHaM3MpoBaH B fajibHenLLIeMm.

3/ecb paccmaTpuBaeTcs fiBfieHWe, NpyY KOTOPOM 3/1EKTPOH, 061ajas
HEKOTOPOI Hava/lbHOW CKOPOCTbO, MPOHMKaeT BHYTPb OMNpeAeneHHOM
30Hbl KOPOHbI pacxogawmxcsa nNy4YHoCTel NPOTOHa, NOMYYeHHOW B pe3ynb-
TaTe MHTEpMEepeHLUN BO™ OT ABMXKYLLMXCS 3/1EMEHTapPHbIX YacTul, 06pa-
3YHOLWMUX NPOTOH, Ha pacCTosHME, NPU KOTOPOM CW/a 3/1EKTPOMArHMTHOrO
B3aMMOAENCTBUA MPUTSHKEHUS 3MIEKTPOHA M MPOTOHA HE MEHbLUE CUSbl
BbITA/IKUBAHUA  3MEMEHTAPHbIX YacTul, 006pasyloLWnxX cam 3NeKTPOH
(puc. 13).

CyMMapHOe [e/CTBME YKa3aHHbIX CWUM B HACTOSILLEe BPEMS MPUHU
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Puc. 13. Cxema 06pa3oBaHus HelATpoHa
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MatoT 3a “cnaboe B3ammogeiicTeme”. OTCIOAA BbITEKAET, YTO paccmaTpu-
BaTb Claboe B3aMMO/ENCTBME KaK OTAE/bHbINA BU B3aMMOAEACTBMS HeLle-
NecoobpasHo. OHO CKNaabIBaeTCs U3 3NEKTPOMArHUTHOIO B3aUMOZeRCTBIS
CTPYKTYP W YMNpyroro B3ayMOAEWCTBMA 3M1EMEHTapPHbIX 4YacTWL, OAHOM
CTPYKTYPbl C KOPOHOI pacXofsLmMXCcs MyYHOCTER ApYyroli CTPYKTYpbI.

MonyyeHHas B pe3ybTaTe ONMCaHHOIO B3aMMOLECTBMS 3N1eKTPOHa
M MPOTOHA 06beAMHEHHAsA CTPYKTYpPa, COCTOALLas M3 MPOTOHA, 3/1EKTPOHA,
3HEprysl KOTOPbIX YBENNYMBAETCA B pe3y/ibTaTe B3aMMHOIO YCUIEHWS Ha-
NPsYXEHHOCTU rPaBUTALMOHHBLIX MNoMei M Aeopmauum COCTaBASHOLLMX
CTPYKTYP, ¥ 3anepTbiX B ONPeAeNieHHON MeXy HMK 30He 0OMEHHbIX Yac-
TUL, CTb HAYTO MHOE, KaK HeMTPOH. OTCYTCTBME 30HbI 3aXBaTa 0OMEHHbIX
yacTuL, T.e. 30HbI, B KOTOPOW HarnpasneHne ABWKEHWUS NMy4HOCTel NpoTu-
BOMOJIOXHO Hanpas/eHNo NoaxoAa O6MeHHbIX YacTul, Aenaet 3Ty 00b-
eOVHEHHYIO CTPYKTYPY BHELUHE 3/1IeKTPUYECKN HelTpanbHol. OfHako
BHYTPEHHEE 3/1eKTPOMar HUTHOE B3aMMOZENCTBIE MPK 3TOM COXPaHseTCS.
Kak u3BecTHO, mepuof monypacnaja CBOOOAHOr0 HeMTPOHA COCTaBseT
npumepHo 1000 cekyHa. Ecnu 3a 3TO Bpems HEWTPOH He MonafeT B orpa-
HUYEHHYIO MO pa3MepaM 30HY MOBbLILIEHHOV HANPSHXKeHHOCTU Npo-
CTPaHCTBa, HampuMep, B LUNEAd Ny4yHOCTel ABVMKYLLEACA TSHXKENOW CTPYK-
Typbl - MPOTOHA, TO OH BC/IEACTBME PE30HAHCHON packauyky MOXET pac-
MeTbCA Ha NPOTOH, 3MEKTPOH U KBaHT 3Hepruu. Ecnm npu pacnage Heid-
TPOHa 3/M1EKTPOH, Tepss CBOe MarHUTHOe Mose, BbiOpacbiBaeTCs vepes OT-
BEpPCTVE B NMPOTOHE, TO MPY HOBOM 06pa30BaHUM MArHUTHOIO MOAS WK
BOCCTaHaB/IMBAETCA Hanpas/ieHWe MarHUTHOrO Moss, a, CnefoBaTeslbHo, U
3HaK 3apsfa UM HanpasfieHWe MarHWTHOTO MO/ MEHSeTCsS Ha MPOTUBO-
MONOXHOe, YTO NPUBOAMT K 06pa30BaHMIO MO3UTPOHA.

6.14. CunbHOe B3aIMOAECTBME 1 06pa3oBaHue Aaep

Kak yKa3blBasiocb Bbille, MpU ABUMXEHUW 3/IEMEHTapPHbIX YacTuL n
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06pa30BaHHbIX U3 HUX CTPYKTYP BCMEACTBME WMHEPLMOHHOCTU npouecca
N3MEHEHUS HanpPsHXXeHHOCTU NPOCTPaHCTBa N0 TPaeKTOpUX ABMXKEHUS 06-
pasyeTcs el nepeMeLLatoLLyXca 3a HAMK MyYHOCTER, T.e. 30H MOBbI-
LUEHHOM HanpsXXeHHOCTW. YacTuua - NPOTOH WU HEMTPOH, nonasLwlas B
OAHY M3 BMKaLLMX ABWKYLLMXCA MyYHOCTENM, KoTopas obpa3oBaHa nep-
BOHa4a/IbHOMN TSHXXeNol yvacTuueid, nof AefCTBUEM FpaBUTALMOHHBLIX CU
YBNEKaeTCA BCNed NepBoid U He MOXET HU NPUOAN3UTLCA K HEl, HU OTop-
BaTbCA OT Hee 6e3 AOMONHUTENbHbIX BHELUHWUX BO3AENCTBUIA.

Mpu 3TOM rpaBUTALMOHHAA CUMA HampaB/eHa K LeHTPY Ny4HOCTM
No rpagueHTy HanpsHXKeHHOCTW MPOCTPaHCTBa W, CMefoBaTeNbHO, rFpaBu-
TalUMOHHOE B3aVMOLECTBME OCYLLECTBASETCS C CaMOI NYyYHOCTLIO, & He C
nepBoli MCXOLHON TAXENON YacTULeid, B pe3ynbTaTe [ABVKEHUS KOTOPOI
3Ta Ny4YyHocTb 06pa3oBanach.

Mpwn 3TOM, ecny NepBoii YacCTuLeld Bbln HEMTPOH, TO BEPOSTHOCTb
3anoNHeHns ABWKYLLEIC BCes 3a HUM NYYHOCTW ONpeaensieTcst KOHLEHT-
pauueil NPOTOHOB W HETPOHOB MO TPAEKTOPUW ABMXKEHWS 3TOM0 Havaib-
HOro HeinTpoHa. Ecnu ke MCXOAHOM MAK nocnefHein B LEMOYKE YacTuULIel
OKasancs NPOTOH, TO B CWAY 3/1EKTPOMArHUTHOIO OTTanKUBaHMA OLHOU-
MEHHbIX 3apsf0B 32 HAM MOXET BCTaTb B MYyYHOCTb TONbKO HEATPOH. Ho-
Bbl MPOTOH MOX: T BCTaTb BC/Ie] TO/IbKO 3a HETPOHOM.

MonagaHue YacTuubl B LEAd Ny4yHOCTel NpeapblayLlei YacTuubl
o6pasyeT AOCTaTOMHO CTabWbHYO Lienoydky. OnucaHHbI npoLece, Kak u
obpasoBaHMe i 'MOYEK U3 3/1EMEHTAPHbIX YacTuL, - POTOHOB, MPOTEKAeT B
KOCMMYECKOM MPOCTPAHCTBE CaMONPOU3BO/bHO C YMEHbLUEHUEM SHTPOMMWU.
Mpy MHOrOKPaTHOM YMPYroM CTONKHOBEHWM MEPBOIA YacTWLbl 3BEHa Lie-
MOYKU C APYrUMU CTPYKTYpamm, COCTOALLMMU U3 TSHKENbIX YacTULL, UMeeT-
€Sl BEPOATHOCTb M3MEHEHWS TpaeKTopuM Takum 06pas3om, 4YTo nepsas uac-
TULUa nonageT B OAHY U3 NyYHOCTel Wwnelidha cBoeld e Lenoykun. INpu aTom
TPAeKTOPUA ABMXKEHWS LIENOYKM 3aMbIKAETCsi, B CU/ly Yero MHOMOKpaTHO
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YBE/IMUMBAETCA HAMPSHKEHHOCTb MYYHOCTER, PacMOOKEHHbIX Ha 3TOiA
3aMKHYTOI TpaeKTopuu, YTO B CBOK O4epedb MPUBOAMT K YMEHbLUEHUIO
AuameTpa TPaeKTopun.

YKa3aHHbI1 MPOLECC €CTb HU YTO MHOE, KaK CUbHOE B3aMMOAEii-
cteve. Mpy nonagaHUM OAMHOYHON TSHKEMON YaCTULbl B COBCTBEHHbIN
XBOCT [BVXKYLLMXCA 38 HEei nyyHoCcTen (ans 06pa3oBaHUS 3aMKHYTOM Tpa-
eKTOPMU YacTuLa [OMKHaA, MO-BUAUMOMY, NONacTb B HE MeHee, YeM YeT-
BEPTYIO MO CYHETY MYYHOCTb) MaKCUMa/IbHbIA FPagueHT HanpPsXeHHOCTH B
MYYHOCTN HELOCTATOUEH A/ KOMMEeHcaUum LeHTPOOEXHOM cunbl 1 yaep-
XaHua 4acTuUbl Ha 3aMKHYTOl TpaekTopuu. 1o3ToMy BHOBb 06paso-
BaBLUAACA CTPYKTypa MrHOBEHHO pacnajaeTcs. [ns co3fjaHus HOBOW CTa-
OGWNBLHOW CTPYKTYpbl HeobX0AUMA LienoyKa, CocTosAwas XoTa 6bl U3 ABYX
TSXKENbIX YacTul,. B aTOM cnydae YyacTuUbl LeNOYKM, MHOMOKPaTHO NpoXo-
[ M0 3aMKHYTbIM TPaeKTOpWsiM, MOryT 06pa30BbIBaTb CTPYKTYpy, 06na-
[AtOLLYI0 3HAUMTENBHON CTabUIbHOCTLIO.

Tak Lenoyka, CoCToALas U3 NPOTOHA, HEATPOHA U HECKONbKUX MyC-
ThbIX NMy4YHOCTEN 06pa3yeT A4po AelTepus, U3 MPOTOHA, ABYX HEMTPOHOB K
NYCTOW NYYHOCTU - AP0 TPUTUSA. 3aMETWM, YTO BEPOSTHOCTb HAXOXAEHUA
B LIENOYKe NOAPAL TPeX HEWTPOHOB HUYUTOXHO Mana, B CWUly WX Masoi
KOHLEHTpaL 1 B NpoCTpaHCTBe.

Lienouka 13 AByX NMPOTOHOB, OAHOrO HEWTPOHA W MYCTON My4YHOCTU

o6pasyeT n3oton renms \H e, a uenouyka 13 Byx NPOTOHOB U [BYX Heii-

TPOHOB NMpMBOANT K BOSHUKHOBEHWUIO TENnA \He.

Ecnm KonmnyecTBO YacTuL, B UCXOAHON Lienoyke 6osibLie KOMYeCcTBa
My4yHoCTeld 3aMKHYTOV TPaeKTopMK, TO Mepsasi U Mocneaytolas YacTuupl
NCXOAHOW LEMOYKM BbITONKHYT JIMLIHUE YacTULbl U3 MPUGIMKAOLLMXCS
3aHATbIX MYyYHOCTENA.

K0nMYecTBO TsXeNbIX YacTUL, B 06pa3yHoLLEeics 3aMKHYTOI Lienoyke
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- SiApPe NEerknx 3NeMeHTOB - OMNPeAenseTcs BEPOATHOCTAMU: 06pa3oBaHuUs
LlenoYyeK onpefeneHHoN 4/IMHbI, 3aMblKaHUS Ha CBOHD OMpPeAEesieHHY nyu-
HOCTb M nonafgaHus B Weid) cBOMX My4yHOCTel npu 6GOMbLLIOM paguyce
KPVBW3HbLI 06pasyoLLEeincs KpMBOMHERHOW TpaeKTopum.

MosiBNeHMe 3aMKHYTbIX Lieneid U3 TSKeNbIX 3NEMEHTOB, T.e. a4ep Nner-

KWX 3M1EMEHTOB, NPUBOANT K 06pa3oBaHni0 BTOPUYHBIX KOMel, Lienw - saep
6osee THKENbIX XUMUYECKNX 3/IEMEHTOB.

Mpu 06pa3oBaHNN Ha BOAOPOAHO-TENNEBOM KOJ/IbLie BTOPUYHOIO
KO/bLa M3 OfHOV TSXKENOM YacTuLbl NOYYeHHas CTPYKTypa HecTabubHa
- pacnazaetcs npu obpasoBaHuK. MprmepamMmn TakMX CTPYKTYpP SBASHOTCS

Ad, \He, \bl . O6pa3oBaHne nepBuYHbIX BOAOPOAHO-TENMEBbIX KOMeL

YBE/INYMBAET BEPOATHOCTb BO3HWMKHOBEHUS MOCMEAYHOLMX 3BEHLEB SAEP-
HbIX Leneii. Mpn 3ToM Yem 60/bLIe NOPSLKOBbLIA HOMEP XMMMWYECKOTO 3/e-
MeHTa, Tem 6oee CNOXHa KOH(Urypawms ero aapa.

B npuHuMne B cBO6OAHbLIE NMYYHOCTU, COCEACTBYHOLLME C MYYHOCTS-
MU, Tfe HAX0AATCA MPOTOHbI, MOTYT NONACTb 371EKTPOHLI. [pn 3TOM Manble
PacCTOAHUA MeXAy 3TUMK MYYHOCTAMU NPUBOAAT K NPaKTUYECKW NOMHOW
NOKaNM3aLnmn BHELLUHErO 31EKTPUYECKOro Monis. ATa napa B sgpe BOCNpu-
HVMMAaEeTCA KaK HeTPOH.

Takum 06pa3oM, CUNIbHOE B3aMMOAEICTBIE 3TO eCTb rpaBMTaLMOH-
HOe B3aMOAENCTBUE YacTuMLbl (CTPYKTYPbI) C HAMPSHXKEHHOCTHLIO MYYHOCTH,
B KOTOPOW OHa pacnonoxeHa. OHO NeXXMT B OCHOBE 06pa3oBaHUA (OTO-
HOB, 3/1EKTPOHOB, MPOTOHOB U SIAEP.

6.15. MpuHUMNbI 06pa30BaHMA KOH(UIypaumm
A0ep XMMUYECKMX 31EMEHTOB

[N onucaHus BCeil COBOKYMHOCTU CYLLIECTBYIOLLMX Siaep Heo6xoau-
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MO 3a/10)XUTb HEKOTOPbIE OCHOBHbIE MPUHLMMNbI UX NOCTPOEHUS.

1 /Moboe A4po cocTOUT He 6onee, YeM M3 NATU PasIUYHbIX BUAOB
KOfeL,, COCTaBMAIOWMX efMHYIO LeMnb. B OCHOBE NpefnofiokeHus O cylle-
CTBOBaHMM 3TUX TWUMOB KOJEL, 3a/100KEHbI 3/IEKTPOHHbIE YPOBHU XUMUYe-
CKMX 3/IEMEHTOB.

2. BopopogHo-renimeBoe KOMbLO COCTOUT M3 YETbIpex My4YHOCTEN K
MOXeT 06pa30BbIBaTLCA NPU MOMaAaHUN LeMOYKM M3 NPOTOHOB U HETPO-
HOB B MarHWTHOe Mofie OAHOr0 MPOTOHA C OTCEYKOW TSKENbIX 4YacTuL,
HaxogsLmxcs B NATON U NOCNeAYHOWMX MYUYHOCTAX. Takoe ke KOMbLo U3
yeTbIpex My4YHOCTel 06pasyeTca Npu nonagaHumM LEenoykyu U3 NPOTOHOB U
HEeNTPOHOB B BOAOPOAHO-TeN1eBOe KOJbLO, €ClIN MEePBOM YacTULIER B Le-
MOYKe ABMAETCA HENTPOH.

3. Mpw nonagaHny B BOAOPOAHO-TeNIMEBOE KOJIbLIO BTOPOIA LIEMOYKM,
Yy KOTOPOWA MepBbIM ABWMXKETCA MPOTOH, 06pa3yeTcs BTOPOU TUM Konbua, y
KOTOPOro BCNeACTBUE 31EKTPOMArHUTHOrO OTTaIKMBaHUA [ABUXKEHWe Npo-
NCX0AUT NO 6onee BbITAHYTOW opbUTe. 3TO KOMLLO cofepXuUT 12 nyyHo-
CTeil. Bce Tsxe/ble YaCTWLbl, PacrofoXeHHbIe B TPMHAALATON 1 nocne-
AYIOLUMX MYYHOCTAX 3TOW BTOPO# LEENOYKM, OTCEKAKOTCS.

4. Mpu nonagaHny BO BTOPOI TMUN KONbLa, HaXoAAWuiica B cpegHel
YyacTu AAepHON Lenu, TpeTbeid LenoyKs, HauMHatowWencs ¢ HeiiTpoHa, 06-
pasyeTcs KONbLO M3 ABajuaTh Ny4YHOCTEN.

5. Ecnn e npu yoK uax NyHKTa 4 Llenoyka Hal Hanacb C NpoTo-
Ha, TO B CUNY 3NEKTPOMArbATHOr0 OTTa/fIKMBaHMUS, KOMbLO 3aMKHeTCs C
[BajUaTbi0 BOCEMbIO MYYHOCTAMM. TSHKENble YacTuLbl, PacronoXeHHble B
ABajuaTb AeBATON M NOCMeAYyOLWMX MYYHOCTAX 3TOW LenoYku, OTCeKarT-
cA.

6. VimMetoTcs Konbla, KOTOpble coaepXaT OT ABYX [0 YeTblpex Held-
TPOHOB. pu 0AHOM HEMTPOHE, KaK M MPOTOHE, B KOJbLE OHO pa3pyLuaeT-
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ca npu obpasoBaHmK. Moatomy sigpo \H He Bpallaetcs B wnelice CBONX

My4yHOCTER, a NpeACTaBNseT coboii NPOTOH. MATLIA 1 NOCNeAyHOLWMA Heil-
TPOHbI OTCEKAKTCA YNPYruM CTOIKHOBEHWEM C MePBbIMU HeMTpoHamu. B
MPUHLMMNE MOryT CyLLecTBOBaTb KOMblia U U3 ABafLaT HEATPOHOB (CM.
npesAnonoXeHue 4), HO BEPOATHOCTb 06pa30BaHMA CaMOIA LLeNOYKM TO/bKO
13 20 1 601ee HeMTPOHOB NPAKTMUECKN paBHa HyO.

7. B agepHbIX KOMbLax, Kak NpaBuIo, HEWTPOHOB He MeHee NOJ0BU-
Hbl OT O6LUEro Ymcna TSHKENbIX YacTuL, MOCKObKY Mpy 06pa3oBaHunK Le-
MOYKW B CUY 3NEKTPOMArHUTHOTO OTTaNKMBAHWS 32 MPOTOHOM He MOXeT
CTaTb BTOPOW MPOTOH, a 3anofHEHUe MY4YHOCTW 3a HEMTPOHOM KMeeT
UMCTO BEPOATHOCTHbLIN XapakTep. HekoTopble My4nocTy Konew, He 3anosn-
HEeHbI BOOOLLE TSHKE/bIMU YacTuLaMu. VX ycroBHO Byaem HasbiBaTb Ablpa-
MuW. B ablpy B 11060/ MOMEHT MOXET NOMNacTb KakK 3M1EKTPOH, TaK NPOTOH U
HEMTPOH, UMELOLLME LOCTATOUHYHO KMHETUYECKYHO SHEPTU0 Ans Npeofone-
HWS1 KOPOHbI PaCXOAALLMXCSA MyYHOCTel agpa.

8. Kaxpoe NMpOTOHHO-HEMTPOHHOE KOMbLO €CTb ABWXEHWE MPOTO-
HOB, MMEHLLMX MONOXKMUTENbHBINA 3apsafg, YTO NPUBOAUT K BO3HWKHOBEHMIO
KO/bLEBOro ToKa. Mo3ToMy Kaxjoe Takoe KOMbLO NpeacTaBnseT coboii
MarHMTHYO NOBYLUKY. MarHWTHOe Mofie /OBYLUKM 06pa3yeTcs MOTOKOM
3N1EMEHTapPHbIX YacTul,. B 3TOM MOTOKe OT Mo/ca K MOMKCY ABUXKYTCS
3NEKTPOHbI, MPUHAANEXaLLMe 3NEKTPOHHOW 060/104Ke aToma. Kaxaplii
3/1eKTPOH 060/0YKM CBSI3aH C COOTBETCTBYHOLMM MPOTOHOM SIAEPHOr0
Konbua. COBOKyMHas KOH(MIypaLus 060104eK BCEX AAEPHBIX KOMeL, onpe-
JensieT XMMUYECKMEe CBOMCTBA XMMUYECKOTO 3n1eMeHTa. ornoweHmne anek-
TPOHAMW KBAHTOB 3HEPrWW, T.€. LENOYEK 3M1EMEHTApPHbIX YacTuL, NepeBo-
AT UX Ha Gonee yfaneHHble 0poUTbI MO CPABHEHWIO C APYTUMU 31EKTPO-
Hamu 3TOro AAepPHOro Kosbla. Mpy NOrNOWEeHW KBaHTa 3Hepruu, npe-
BbILLIAIOLLLEr0 3HEPrV0 MOHM3ALMMN COOTBETCTBYHOLLErO 3/1EKTPOHA, Npouc-
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XoAnT “BbIpbIB” €ro 13 atomMa, T.e. ero MoHu3auus.

3 M3N0XEHHOTO CriedyeT, YTo Tak Has3blBaeMble 3/1eKTPOHHbIE CO-
CTOAAHWUSA 06YCNOB/EHbI COOTBETCTBYIOLLMM AAEPHLIM KOMbLOM, B MarHuT-
HOM M0JIe KOTOPOr0 HaXOAWUTCA 3NMEKTPOH.

Onuvpascb Ha W3M0XKEHHbIE Bbille NPWUHLMILI, NOCTPOUM OCHOBHbIE
(pvc. 14) n BepOATHOCTHbIE (puc. 15) KOHGMrypauum aaep XMMUYECKUX ane-

MEHTOB.

6.16. OCHOBHbIe 3Tarbl Pa3BMTUS MaTepun

Elle pa3 BepHeMCa K fYelike CTOAYMX BOMH U pacCMOTPUM TpaHC-
(hopMaLmio MaTepun, poxaaeMoli B 06bekTax Tuna “rancTyk-6abouka”.
Becb npoLiecc yCN0BHO MOXHO pa3buTb Ha CrefytoLLme OCHOBHbIE 3Tarbl.

1. BcTpeya ABYyX KOTepPeHTHbIX CUHYCOMAaNbHLIX rpaBUTaLUOHHBLIX
BOJIH MPOTSXXEHHOCTLIO MO HECKO/IbKO MU/IIMOHOB CBETOBLIX fIET U 06pa-
30BaHMWe A4eeK CTOAUUX BOJH.

2. HanpshKeHHOCTb B Aueiike CTOAUMX BOIU, 06pas3yembIX Mpu BCTpe-
ye ABYX rpaBMTaLMOHHBIX BOSIH, MOXET NPeBbICUTb JONYCTUMOE 3Ha4YeHUe,
onpefensieMoe CBONCTBaMU NPOCTPAHCTBaA, YTO MPUBOAMT K Mpob6oto - ne-
pebpocy 3Heprum nonepek BOSIHbI, HarnpaBNeHHOMY Ha BblpaBHUBaHWE
HanpsbkeHHOe™ npocTpaHCTBa (B C/lyvae HEKOrepeHTHOCTU BOJH, BOOOLLE
roBops, MNpoLecc WAEHTUYEH, OfHAKO MepeHanpsbkeHWe MpoCTpaHCTBa
NPOMCXOANT He B KaXKAO0M BonHe). B cuny Tpybuatoi hopMbl 1 Hanuums
BCTPEYHOro npobos NpPOMCXOAUT KOHCepBauus KWHETUYECKON 3SHeprum
[BVKEHUSA, 06pa3ytoLLeil 060104KY 31eMEHTapPHON YacTullbl, B BUAE TOpa.

3. BbHOC B MNpOTUBOMOJIOXHbLIE CTOPOHbI [BYX MOTOKOB POX-
[AKLLmMXCa 3MeMeHTapHbIX YacTuL, MPOLIeAIIMMI Yepes fiueliky rpaBuTa-
LUMOHHbLIMW BOTHaMK, T.e. 06pa30BaHNe 3/1eKTPOMArHUTHbIX BOJIH - FpaBu-
TalMOHHbIX BOJH, NEPEHOCALLMX 31EMEHTAPHbIE YaCTULbI.

4. CTArMBaHWe 3MEMEHTapPHbIX YacTul, OOLMM TFpPaBUTaLUOHHbIM
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4.
5.

Puc. 14. OCHOBHbIe KOHUIypaumn aaep XMMNUYECKUX 3/1EMEHTOB
YCnoBHble 0603HAYEHUS:

- KonbLo Tvna | ¢ 4-nyyHocTamn (B 2-X M/IOCKOCTAX);

- Konbuo tuna Il ¢ 12-ny4Hoctamu;

- KonbLo Tvna Il B KOHUe uenu (3anosiHAeTCA Mo Mepe Bo3pacTaHus
NOPSALKOBOro HOMepa 3/1EMeHTa, OCTUrasd MOIHOrO 3aro/IHeHUA y
VWHEPTHBLIX ra3oB; Y 3/1IeMEHTOB, PacnosIoXKeHHbIX B Havase rnepuoja,
OTCYTCTBYET);

- Konbuo Tuna I ¢ 20-ny4yHocTAMM;

- Ko/ibLo TUNa 1V ¢ 28-nyyHocTAMN.

3amedvaHusa. 1 CTpyKTypa afep XMMUYecKuX anemMeHToB ¢ 89 no 102 nobpaxeHa B

BUe NPOCTPAHCTBEHHOW KOH(MIypaumm ¢ y4eToM CU OTTaIKMBaHWUSA
NPOTOHOB B AApe (CTPYKTYPb! OCTa/IbHbIX AP AaHbl CXEMaTUYECKWN).

2. NMonoxkeHne anemeHTa 103 B KOHLe paga “AKTUHUABLI” COMHUTENBLHO,
60/1ee BEPOATHO, YTO C HEFr0 HAUMHAETCS CMeayHoLLiA Nepruog.



nosiem K 06LLeMy LIEHTPY B MIOCKOCTU KaX0W 3/1eKTPOMarHUTHO BO/HbI,
obpa3oBaHMe LEeNoYeK 3NeMeHTapHbIX YacTul, - POTOHOB, a 3aTem 6Gonee
C/TOXHbIX CTPYKTYP - 3/IEKTPOHOB, MPOTOHOB U T.4. - 3aMKHYTbIX LieNoyeK
3/1eMEHTAPHbIX YacTUL, C KOPOHaMy pacxogslimxcs My4HocTeid, o6na-
JatoLLUX 3MEKTPUYECKUM 3apSa0M.

5. YMeHblUeHVe Mpu YNpyrom COyAapeHWn CKOPOCTM CMOXHbIX
CTPYKTYP OTHOCUTENIbHO 3/1EKTPOMarHUTHbIX BOMH, MPUBOASLLEE K UX B3a-
MMOJENCTBUIO C 3M1EMEHTapPHbIMM YacTuLaMu, MNepeHOCUMbIMK BOJSIHAMMU,
4YTO NPUBOAUT K AasIbHelLLeMY YMEHbLLEHUIO CKOPOCTH.

Ha aTom 3Tane pa3BuTMS MaTepuu NPV CTOMKHOBEHWM CTPYKTYP,
BO-NepPBbIX, POXKAAIOTCS A4pa BOAOPOLHO-TENMEBO FPynMbl, a BO-BTOPbIX,
BO3HMKAeT COOCTBEHHOE 3/1EKTPOMArHUTHOE U3Ny4yeHne 06pa30BaBLUMXCS
3N1eMEeHTOB  (3/M1EKTPOHbI  3aXBaTbIBAKOTCA MarHWTHLIM OMEM KaXAoro
AAEPHOM0 KONbLA, NPUYEM KaXKAbIA 3/1EKTPOH C MOMOLLbH0 OOMEHHbIX Yac-
TUL, B3aMOAENCTBYET C MPOTOHOM iIePHON0 KOJbLa, TEM CambIM KOMnYe-
CTBO MPOTOHOB B AAePHbIX KOJMbLax OnpeaensieT KOMNMYeCTBO 3/1eKTPOHOB
XVMUYECKOTO 3/1IeMEHTa M KOH(UIypaumio UX TPaeKTOpPWUiA ABWXKEeHUS -
3/1IEKTPOHbI He BpaLlalTCcs, a ABWXKYTCS OT MOMca K MOAKCY KaXAoro
AAEPHOro KonbLa), N0 KOTOPOMY, Noc/e AOCTUXKEHWUS UM 3eM/In, Mbl MONY-
yaem WHQopMaLMio 0 XapaKTepucTuKax obpasytoulerocsd obbvekta. Mep-
BbIMM TaKMMMN 0OBbEKTaMMW Ha Kpato BUAMMOI BceneHHol ABNAIOTCS 06beK-
Tbl TMNa “ranctyk-6a6ouka”. MonbITKN 3arnsiHyTb B 6Gosnee OTAaneHHoe
npownoe (cBbiwe 10 MUNAMAPLOB NeT Ha3af) He MOTYT yBeHYaTbCa ycre-
XOM, NMOCKO/IbKY Ha 60/iee paHHeil cTaany pasBuMTUS MaTepus He U3nyyaet
3MeKTPOMarHMTHbIe BO/MHbI, a BceneHHast B rnobanbHOM MacwiTabe cTa-
LMOHapHa, 6eCKOHeYHa 1 paBHOMepHa.

6. DNeKTpOMarHWTHbIe BOJHbI, NPOLLEALLIVE Yepes AYeliky, UMetoLL e
Temnepatypy nopsgka 3K v BocnpuHUMaeMble HaMW Kak PeMKTOBOe W3-
Ny4yeHmne, NepeHoCsT, KaK y)Ke 0TMeYanoch, 3NeMeHTapHbIe YacTuLbl, KOTO-
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pble NPV NOT/IOLLEHNN TOPMO3ST 3apsHKEHHbIE CTPYKTYpbI [3].

C [Opyroii CTOPOHbI, OAHOBPEMEHHOE CTATMBAHWE 3aPSHKEHHbIX
CTPYKTYP OOLMM TpaBUTALMOHHBLIM MOMEM MNPUBOAMT K [BVKEHWIO WX
nepneHANKYNSPHO BEKTOPY CKOPOCTU MOTOKA 3/1IEMEHTapHbIX YacTul, T.e.
K BO3HUKHOBEHWIO CW/bl, 3aKpyumBaloLLeil 0bpasytoLLeecs ranakTnyeckoe
06/1aK0. 3TOT NPOLIECC MMEeT MeCTo A0 Tex Mop, NOKa CKOPOCTb ABUXEHUS
3apPSHKEHHbIX CTPYKTYP YMEHbLUUTCA A0 3Ha4yeHus, COOTBETCTBYHOLLErO
HW3KOTEMMEPATYPHOI Nna3me, Nnocse Yero HauHeTcs 06pasoBaHNe aTOMOB
BOJOPOLHO-reNIMeBOM rpynmbl.

TakuMm 06pa3oM, U3 OHOW AYENKWM CTOAYMX BOSIH BO3HUKAKOT ABa
BOZLOPOLHO-TeNMeBbIX ranakTUyYecknx 06/1aka, KOTopble 3aKpyuuBalTCs B
MPOTUBOMO/OXHbIE CTOPOHBI.

7. CTarneaHue ranakTuyeckux 061aKoB O6LMM FpaBUTALUOHHLIM
MosieM NPUBOAMT K MOBbLILLEHUIO UX MAOTHOCTM, COKPALLEHNIO [KUHCOBOM
[UTMHBI 1 NOCTENEHHO (hparMeHTaLun A0 NPOTO3Be3AHbIX 061akoB. Ob6pa-
30BaHVe W 3BO/MOLMS 3Be3f W MNaHeT B 3aBMCMMOCTM OT UX MacChbl NOA-
PO6HO BYAYT onucaHbl HUXe.

BMmecTe ¢ TeM, HEOOX0OLMMO OTMETUTL, YTO Ha 3TOM 3Tane pasBUTUA
mMaTepun NPOVCXOANT TOPMOXEHME FalakTUYECKUX 06/1aKoB Mof BO3fel-
CTBMEM ABYX (haKTOPOB:

a. 3/IEKTPOMAarHUTHOrO m3nyyeHus ( B TeMIOBOM AManasoHe), NCXOo-
JALLEro n3 fueliky CTOSUMX BOIH 40 MCYE3HOBEHUS 3TOF0 UCTOYHMKA, T.€.
AYENKN CTOSYMX BOJH;

6. 00LLUEero rpaBMTaLMOHHOrO Mons, 06pa3oBaHHONO AaHHOW Napoit
ranaktuk. pu sTomM cKOpocTb pa3beraHusi raakTuK yMeHblUaeTcs Ao
HYNs, NOC/e Yero Ha4MHaeTCs BCTPEUHOE ABWXKEHWe, NpuBoALLee K Mnpo-
XOX[JEHWIO FanakTUYeCcKMX 0671akoB Apyr Yepes apyra. B ntore gsmdxeHue
ranakTuK NPUHUMaET KonebaTesbHbIN XapakTep.

Moapo6HO 3TOT 3Tan pasBUTUSA MaTepun BYLET ONUcaH HIDKe.
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8. MockonbKy KonebaTenbHbIA NPOLECC MPOMCXOAMT B MOTOKE KOC-
MWYECKUX Nlyyeld, NPoLIeCC BOSHUKHOBEHMS KOTOPbIX OMUCHIBAETCS HUXE, TO
nepuoj KonebaHuii GyaeT NocTeneHHO YMeHbLUIATLCSA, MOKa rafakTuyeckne
obnaka He COMbHOTCA B OAHO 06LLEe CO BCTPEUHbIM BpalleHueM Ux dpar-
MeHTOB. [pu 3TOM B CUy MPUMEPHOr0 paBeHCTBA MOAy/eli MOMEHTOB
KONMYeCcTBa BPALLEHUS] CAMBLUMXCA Map ranakTUK CyMMapHOe 3HauyeHue
MOMeHTa 6yAeT paBHO Hy/O, YTO NPMBOAUT K BO3SHWKHOBEHWIO €MHOr0
06bEKTa, B KOTOPbI CTAMMBAOTCA BCE 3BE3/bl 00EUX ranakTuK B eauHyHo
Maccy, B LEHTpe KOTOpOoi B cuiy 6OMbLLIOWA MAOTHOCTA MPOUCXOAUT pas-
pyLUeHMe 3neMeHTapHbIX YacTul, U BbIHOC BbICBOOOX/JAeMOW 3Heprum B
BU/IE HEMTPMHO B KOCMUYECKOE MPOCTPAHCTBO. MpPoMcXoanT HeorpaHuyeH-
HOe paccpefoToYeHMe KUHETMYECKON 3HEPrvK, 06pasylolei anemeHTap-
Hble YaCTULbl, B MPOCTPAHCTBE, YTO (PaKTUYECKM O3Ha4aeT BO3BpaT Mpo-
CTPaHCTBY B3ATOW B3aliMbl Y HEr0 3HEPrMn Npu 06pa3oBaHMK 3NeMeHTap-
HbIX YacTWL,. DTOT MPOLECC NPOAO/MKAETCS [0 TeX Nop, Moka OT [ByX ra-
NAaKTUYEeCKMX 06/1aKOB He OCTAHeTCs Macca, He MpeBblllaloLlas TPex Cos-
HEUHbIX.

6.17. ObpasoBaHe rafakTuK.
PoxxaeHwve 1 3BonoLmMA 38e34

Kak oTmeyanocb Bbllle, B ABe MPOTUBOMNOMOXKHbLIE CTOPOHbI OT
AYENKN CTOAUYMX BOSH, FAe Mepuovyeckn NPOMCXOAMT NaBUHOOBGpPa3HbIl
Npo6oil NPOCTPAHCTBA, BbIHOCATCS MOTOKU POXKAAIOLLMXCA 371EMEHTAPHbIX
yactuy,. O6pasyroLmecs B 3TUX NOTOKaxX B MOCKOCTU BOJSIH LIEMOYKK Ta-
KX YacTuL, (POTOHbI) U 3aMKHYTbIE CTPYKTYpPbI U3 HUX, 06nagaroLine 3a-
PAAOM (3M1EKTPOHBI, NPOTOHLI U T.4.), CTATMBAIOTCSA 0OLWMM FpaBUTaLMOH-
HbIM MONeM K OO6LIeMY TpaBUTALUOHHOMY LEHTPY. 3TW 3apsHKEHHbIE
CTPYKTYpbl NpPW YNpyrom CTONIKHOBEHWUW MexXay CO60/ MOryT 3ameninuTb
CBOK) CKOPOCTb OTHOCWUTENIbHO 3M1EKTPOMArHUTHbLIX BOJH, B KOTOPbIX OHU
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06pa3oBaHbl, OKa3aBLUMCb TEM CaMbIM B “3/1EKTPUYECKOM NOAe” - NOTOKe
aneMeHTapHbIX YacTuy,. Cuna, AeNCTBYIOLAA Ha ABMKYLLMECS 3apSHKEHHbIE
yacTuLbl SO 06pa30BaHNsA U3 HUX HEMTPa/IbHBIX aTOMOB, YTO CTaHOBUTCSH
BO3MOXHbIM NPU CHUXEHUW UX CKOPOCTU OTHOCWUTE/IbHO NMPOCTPaHCTBA [0
3HayeHmMs, COOTBETCTBYHOLLEro Havyany 06pa3oBaHUs HU3KOTEMNepPaTypHOW
nnasmbl, NPUBOANT K CNUPaNbHOMY 3aKpyuMBaHWUIO TPAEKTOPUM BCEX 3a-
PSYKEHHBIX CTPYKTYP 060MX ranakTmyeckux 06/1akoB rno 06e CTOPOHbI OT
AYelKN CTOAUYMX BOJH. 3aKpy4umBaHWe rasakTMYeckux 06/1aK0B MPoUCXo-
AWUT B NPOTUBOMOMOXHbLIE CTOPOHbI. OTWM 06BLEKTbI “rancTyk-6abouka”,
Hanpumep, paguoncTodHuk 3C236, MpoTSXeHHOCTbH A0 20 MWIMOHOB
CBETOBLIX JIET, Mbl HaONO4AEM Ha Kpalo BUAMMOIA BceneHHoi, kak bbl 3a-
rnagbisas B npoLusioe Ha 10 MMAMapaoB et Hasag,

Kaxfoe ranaktnyeckoe 061ako BCeACTBME HEPABHOMEPHOCTU rpa-
BUTALMOHHBIX CUN MOABEPXKEHO (hparMeHTaLmun. Pa3Mepbl 06pasyoLmnxcs
thparMeHTOB OMNPeaenstoTca MKUHCOBOW AnvHOM (k. kuHc, 1902 r.).
[JanbHelwee CTArMBaHMe Kaxoro (parMeHTa MPUBOAWUT K YBEIMYEHWHO
ero MNAOTHOCTU, YMEHBLLEHWIO PKNHCOBOW A/IMHBI U AanbHeliLleit hparmMeH-
Tauum o 3Be3fHbIX 06/1aK0B PasIMUHOW NPOTHKEHHOCTM.

Mocnenytowas 3BoMOLMSA 3Be34HbIX 06/1aK0B CBA3aHa C MX MaCcCO.

L Mpn Macce o6naka, MeHblueldi 1,2 maccbl ConHua Mc, gdanbHei
LLlee CTATMBaHUE ero O6LUMM rpaBUTALMOHHBIM NOMEM NPUBOAMT K COKpa-
LEeHU0 A/IMHBbI CBOOOAHOrO npobera aTOMOB BOAOPOAA M refnsd U NOBbI-
LUEeHNIO TeMnepaTypbl. HapacTalollee yMeHbLUIEHME MPO3payYHOCTL 06nakKa
3aTpyfHAET BbIHOC Tenna B CWIy ABWXKEHWS (POTOHOB MO TPaeKTopuw,
NpeACTaBALLEA TOMAHYHO JIMHWIO.

Mocne cTarmBaHms o6naka 40 pasMepoB, KOrAa HauMHaeTCs UHTEH-
CMBHOE W3/lyYyeHUe C ero LIapoBOW MOBEPXHOCTM, MOTOK (DOTOHOB BO3-
pacTaeT W, BCMEACTBUE 3MEKTPOMArHUTHOIO B3aUMOZENCTBUSA C 3/1EKTPO-
HaMW MeX3Be3[HOro rasa, NPUTArMBaeT 3TOT ra3 K W3Ny4aroLein Tenno
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noBepxHocTU. OTMETVM, YTO AaBfieHue cBeTa (3M1eKTPOMAarHUTHOIO M3ny-
YeHWs) Ha NOBEPXHOCTb MakpoTena roBOpUT /UL O TOM, YTO Pe3ynbTu-
pytoLas aByx cui, AelCTBYHOLLMX Ha YKa3aHHYH MOBEPXHOCTb, - AaBMeHue
rpaBUTaLMOHHONM BOJSHbI U NPUTSXKEHMS CBETOM, HANpumMep, 3MeKTPOHOB, -
Hanpas/ieHa B CTOPOHY GOMbLUEA CWfbl, @ UMEHHO, FPaBUTaLMOHHOW BOSI-
Hbl.

KrHeTnyeckas aHeprus nafatoLlero Ha NnoBepXHOCTb 3BE3fbl MEeX-
3BE3HOr0 rasa NPUBOAMT K AOMOSHUTENbHOMY ee pasorpesy. OTOT Mpo-
LlecC MpofoskaeTcs [0 TexX Mop, Nnoka CKOPOCTb MajalolimMx aTOMOB He
OygeT fLOCTAaTOYHOM Ans 06pa30BaHMA M3 HUX M/1a3Mbl, YTO CBA3aHO C Mo-
Tepeii 31eKTPOHOB M BO3HUKHOBEHMEM LIEMOYEK TSHXKENbIX YacTuL, UHULMK-
pyoLWUX TepMOsLepHbIe peakL My Ha NOBEPXHOCTU 3Be3fbl, KOTOpPble Npu-
BOAAT K LONOSHUTENILHOMY pa3orpeBy. Ha 3Toii paHHel cTagmu popmmpo-
BaHMA 3Be3[bl JO MOMEHTa OYMCTKN MEX3BE3AHOro0 NPOCTpaHCTBa OT rasa,
Mbl MOXXEM BOCMPUHMMATL 3Ty 3Be34y KakK MOCTOSHHO AeNCTBYHOLLMIA Gap-
cTep, 6o B 3TOT NEPUOS, BeNMKa A0S TOPMO3HOIO PEHTIEHOBCKOro M3fy-
yeHus. Tlocne OUYMUCTKM OKPYXKAIOLLEro 38e3y NMPOCTPAHCTBA OT MEX3Be3[-
HOro rasa favMHa ceBo6ogHoro npobera POTOHA MOXET COCTaBASATb MUIN-
ap/Abl CBETOBbLIX NeT. Ecnu e Ha CBOEM MyTW (DOTOHbI BCTPEYAKOT 3/1eMeH-
TapHble YacTuUbl, TO MOryT 06pa3oBaThCA 3aMKHYTble CTPYKTYpbl TUMa
3MEKTPOHa, a 3aTeM W MPOTOHa, aHaIorMYHO MPoLeccam, OMnMCcaHHbIM pa-
Hee. Heo6X04MMO OTMETUTb, YTO MpY 06pa3oBaHUM 3aMKHYTBIX CTPYKTYp
13 (POTOHOB, ABVXYLLUMXCSA CO CKOPOCTbIO C, KNHETUYECKAA 3HEPrMs UX Mno-
CTYNaTe/IbHOM0 [BWXEHUS MePeXOAWT B KMHETUYECKYH) 3HEpruto Bpalla-
TENIbHOrO [ABWXXEHWUS 3M1eMEHTAPHbIX YacTUL, MO 3aMKHYTOW TpaekTopuw,
npeobpasyscb Takum 00pa3oM BO BHYTPEHHIOKD 3Hepruto matepun. Bos-
HWKaeT CTPYKTypa, HenoABWXHas OTHOCWUTENbHO MNPOCTpaHCTB. [locre-
AytoLlee JOMOMHUTENbHOE MOr/oWeHne eto (hOTOHOB “NpUTArMBaeT” BO3-
HUKLLIYIO CTPYKTYPY K UCTOYHMKY W3/y4YeHWUs ()OTOHOB, CO3faBas He Bpa-
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Loy Csl OTHOCUTENIbHO NPOCTPAHCTBa KOPOHY KOCMUYECKMX fyyeil 3Toro
BpaLlatoLLLeroca 0THOCUTE/IbHO MPOCTPAHCTBA MCTOUYHUKA.

Hanpumep, ecin nnoTHOCTb CONHEYHOM KOPOHbI Ha PaccTOAHUU
150 MWAANOHOB KWJIOMETPOB, T.e. Ha MOBEPXHOCTW 3eM/W, COCTaBnseT
npumepHo 1-2% ot 100 TskefbIX YacTul, Ha 1 CM2B CekyHay', YTO U Ha-
6nogaeTcsa Hamu, TO Ha camoii moBepxHOCTM CoOnHUa 3Ta BenMyMHa fo-
cTuraet 1,68-1064actumu/cm2c.

B cnyyae yMeHbLUEHNS UHTEHCUBHOCTW M3/TyYeHUs OAHHOW 3Be3fbl
OHa TepsieT KOPOHY CBOMX flydyeld, TaK Kak TpaeKTopuu 4acTuy, obpasyto-
L MX KOCMUYECKUE Nyun, ByayT CKOPPEKTMPOBaHbI APYTMMU UCTOYHMKaMM
(3Be3pamn) Ha cebsl. MageHne CTATMBAEMOro MeX3Be34HOro rasa u noToka
KOCMUYECKMX flyyeli Ha BpaLLatoLLytOCs MOBEPXHOCTb 3Be3[bl HEMPEPbLIBHO
TOPMO3UT ee BpalleHne. STM MOXHO OOBACHWTb TOT (PaKT, YTO XOTA B
ConHue cocpeaoToueHo 98% maccbl COMHEYHON CUCTEMbI, MOMEHT KO/U-
yecTBa ABWKEHWA B 60/bLUeli CBOE YaCTM OTHOCMTCA K NaaHeTaMm.

MOTOK KOCMMYECKMX Mydyeid, najarolimii Ha noBgmiocTh 3Be3fpl,
NoLAepXXMBaeT TEPMOSAEPHBIA CUHTE3 U MPOA/ISET TEM CaMbIM BPEMS XKN3-
HW 3TOW 3Be3abl (BPeMS CBETUMOCTM). YKasaHHbI TepMOSAEPHbIA CUHTE3
NPUBOANT K 06pa30BaHUNI0 TSXKEMbIX SAEP XUMNYECKMX 3/1EMEHTOB.

Ha onpegeneHHoli CTagum Matepus 13 ra3oo6pasHOro COCTOSIHMA
nepexoauT B xuakoe. [danbHeiwve TepMosifepHble peakumm u obpasoBa-
HMEe XMMUYECKNX COEAMHEHWIA NPUBOAMT K 00pa30BaHLLO Ha MOBEPXHOCTH
3Be3/bl YYaCTKOB, MOKPbITbIX KOPKOW HaxXoAALWMXCA B TBEpPLO (hase Tyro-
NNaBKUX COESUHEHWIA, KOTOPble 4O AOCTWMXKEHWS ONpefeneHHOW TOMLWMHbI
YLEPKMBAKOTCS Ha MOBEPXHOCTUN XUAKOI (hasbl.

Ecnm rpaBuMTauMOHHAs cwuia CTaHOBWUTCA 60fMbLUe CUMbl NOBepX-
HOCTHOIO0 HaTSHXKEHWs, yAepXXMBatoLLeli KOPKY Ha MOBEPXHOCTW, TO OHa
TOHeT, hopmMupys 94p0 38e34bl.

Mpy 06pa3oBaHUN XUMWYECKMX COEAVUHEHWIA, MIOTHOCTb KOTOPbIX
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MeHbLLIE MIOTHOCTU XUAKOA (hasbl, opMupyeTcs TBepAas MOBEPXHOCTb
3Be3fbl, KOTOpas He TOHeT. [pn 3TOM 3Be3fa Pe3ko COKpallaeT 3/1eKTpo-
MarHWTHOe U3/y4eHne, TepsSieT CBOK KOPOHY KOCMWUYECKMX Ny4eld U npe-
BpalLaeTcsl CHayana B KpacHylo 3Be3fdy, a 3aTeM B MnnaHeTy. Korga 370
npon3oinaet ¢ CoMHLEM, XXM3Hb Ha 3eM/e CTaHET HEBO3MOXXHOIA.

2. Mpn Macce NpoTo3Be34HOr0 06s1aka B gnanasoHe (1,2 Mc, 3 Mc)
B LiEHTpe ero BO3HMKAIOT [JaB/eHNs, MpeBbILLaloLLiMe AOMYCTMMbIE 3Haue-
HWS CWUA B3aUMHOTO OTTAIKMBAHWS KOPOH PACXOASALLMXCS MYYHOCTEN XM-
MWYECKMX 3M1EMEHTOB. [103TOMY 3M1EeKTPOHbI BAAB/IMBAKOTCA B MYy4YHOCTM
NPOTOHOB U sdep U30TOMOB BOAOPOAA W renus, obpasys HEMTPOHbI, MK
BblA4aB/MBAKOTCA Ha MOBEPXHOCTb 3Be3Abl.  BHeWHWI 3apsafj ucuesaer,
0CTaeTCA NWLLb BHYTPEHHWIA 3apsd. aeT obpasoBaHMe HEATPOHHOW 3BE3-
abl. Mpy 3TOM NPOLO/MKAOLLEECs CTArMBaHME MEX3BE3A4HOro rasa K no-
BEPXHOCTM 3Be3bl U NPEBPALLEHNE er0 B HETPOHHOE BELLECTBO Mpekpa-
LaeTcsA, Korga ynpyroe OTTalKMBaHWE KOPOH PacXOAsLUXCS My4HOCTel
XMMWNYECKUX 3/1EMEHTOB OYAET AOCTATOUHbIM A1 UX COXPaHEHNS.

Mocne 3TOro atana Ha4yHeTCs HaKoMeHWe NOTeHLNa/IbHOM 3Heprum
CXKaTus rasa Haj MOBEPXHOCTLIO HEMTPOHHOIO Aapa 38e3/pbl.

Korga noTok CTArMBaeMOro K rMoBepXHOCTU MEX3BE34HOr0 rasa co-
KpaTUTCs HAcTOA: KO, YTO 3TO BHELUHEE [aBNeHNe CTaHET MeHblue faB/e-
HWS1 CO CTOPOHbI HEMTPOHHOrO fApa, NPOM30AET B3PbIBOOOPA3HLIA pas-
6poc rasa OT NMOBEPXHOCTN HEMTPOHHOI 3Be3Apbl.

Ecnn ckopocTb pa3bpoca rasa MeHbLUe MepBOi KOCMUYECKON CKO-
POCTN 471 AaHHOR 3Be34bl, TO Yepe3 KOPOTKWIA MPOMEXYTOK BPEMEHM OH
Ha4yHeT CHOBAa MajaTb Ha ee MOBEPXHOCTb, MpeBpallas 3Ty 3Be3dy B Me-
proanyeckn gencTeytowmii bapctep. Ecnm ckopocTb pa3bpoca rasa 60/b-
LLe MEepBOM, HO MeHblUe BTOPO/ KOCMWYECKOM, TO ra3 BO3BpallaeTcs Ha
MOBEPXHOCTb HEWTPOHHOI 3Be3/bl B TeUeHMEe AOCTATOYHO 6OMbLIOFC Mpo-
MeXyTka BpemeHn. ObpasyeTcs 6apcTep, MHTEHCUBHOCTL PEHTIEHOBCKOMO
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M3NyYeHUss KOTOPOro Masio MeHSIETCH BO BpeMeHW. B cnyuae, Korfa cko-
pocTb pasbpoca rasa 60sblle BTOPO KOCMUYECKOMW, MeX3Be3qHOe Bellle-
CTBO TepseTcsA 3Be3[0i M obpasyeTcs My/bcap - GbICTPO BpaLlaroLLascs
HelTpOHHasA 3Be3da, Nepuof BpalleHUs KOTOPOI COCTaBnseT 40NN CeKyH-
[bl N CTabUNeH BO BPEMEHM.

3. Ecnn macca 38e34bl 60/bLUe TPEX COMHEUHbIX Macc, TO AaB/ieHne B
LeHTpe 3Be3Abl OYAeT HaCTOMbKO BE/IMKO, YTO KOPOHbI MYy4YHOCTEl BOKPYT
OCHOBHbIX 3aMKHYTbIX LIeMOYeK 3/1EKTPOHOB 1 MPOTOHOB He MOTYT NpensT-
CTBOBaTb CO/WDKEHWMIO 3TUX Lenodek. py MepeceyeHn TpaekTopuidi n3
TaKMX LEenoveK MPOUCXOAWT YacTUYHAs aHHUIMAALKUS 06pasyroLux 3Tu
LIENOYKN 3NEMEHTaPHbIX YacTuL, PaspyLLEHNe 3aMKHYTbIX KOMeL, 1 BbIHOC
3HEPrn B BUAE 3NMEKTPOHHOIO ¥ MPOTOHHOIO HEMTPUHO U3 LIEHTpa 3Be3-
Obl. OTOT NpoLEeCC pa3pyLUeHNst CMOXHBIX CTPYKTYp GyfeT NMpoAo/mKaTbes
[0 Tex Mnop, MoKa OCTaBLUAsACA Macca 3Be3fbl He CTaHeT paBHOWN onpefe-
NEHHOMY 3HauveHuto (npumepHo 3 Mc). Torga BHellHee [gaBneHue Gyget
YPaBHOBELLEHO YMPYroCTbi) KOPOHbI PacXOAALMXCS MyYHOCTER 371eKTPOo-
HOB M MPOTOHOB. [anbHelillas cyab6a 3TOl 3Be3dbl - MPeBpalleHue ee,
CKOpee BCEro, B KPaCHbIA rMraHT.

6.18. O nepurofe B3aMMHbIX KonebaHuiA MapHbIX ranakTuk

Byzem paccmaTpuBaTb rafakTUKM Kak TOYEYHble Macchl, 4TO crpa-
BE[l/IMBO, €C/IN PACCTOSIHUE MEXAY FanakTUKamy 3HAUUTeNbHO GOsblie UX
MPOTSHKEHHOCTKW. TycTb m\-nn-m - mMacca KaAoi ranaktuku, X - pac-
CTOSIHME KXAO0W U3 ranakTuk Jo obuiero ueHTpa Macc. Torga rpasuta-
LIMOHHas cuna onpeaensieTcs Kak

Tl
F=+G—j , (6.14)
4x

rae G - rpaBuMTalMoHHas noctosHHas, (7=6,67-10 " HmZkr2
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3pecb: 3HakuM (-) 1 (+) COOTBETCTBYIOT MpPaBOil W NEBO ranakTukam
(puc. 16).

Ho F =T1/"~~ wunotomy x" =HFG-"V . O60o3Haune A = —Gm |,
dt2 4x2 4

nony4nm auddepeHumanbHoe ypaBHeHe BTOPOro nopagka

i A
X" =F-N-
I

peLLiaemMoe METOAOM MOHWXEHUS nopaaka: ecnm X' = v, rae V - CKOpoCTb,

d\
TO . =V— W MNOTOMY

dv A
dx X

Pa3genss B (6.15) nepeMeHHbIe U UHTErpupys, NOYUnUMm:

!
y2 X

Takum 06pa3omM, CKOPOCTY MepeMeLLieHNs ranakTUK onpeaenstoTcs Kak
y=+72(C .+ . (6.16)

3aechb: 3HaK nepep KOpHeM onpeaensieTcs 3HakoM V - HanpasfieHWem ABu-
YEHWS, a 3HaK MOA KOPHEM OMpefensieTcs 3HaKOM X - PacnofioKeHuem
ranakTuku (puc. 16).

B fanbHeiiliem ans ynpoLleHus BocmpusTis nonaraeM X >Qv >0 yTo,

OfIHaKO, He YNpoLlaeT 06LHOCTM MoyYaeMblX pPesynbTaToB. MOCKObKY

dx
V= F , TO cornacHo (6.15) nmeem:
t
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Puc. 16. CKOpOCTb ranakTuk Kak QyHKLmMsS UX
B3aMMHOI0 PacrosioXeHus

T

HOV*6/x /30 0HO6t
N HEWTPOHOB U 3NEKTPOHOB

\ // yf '\lal'rl\gprgn'lf'vépclfllblx

\ / ! AN yacTuy- <pOTOHb/

MMOTOK MeHTpPO -
A>0B, OPOTOHOEé N ue-

\ noyekl ninx) oppa
306OHHbLLIlB)CC%£TI7-
- "BeHHOTO 3npk/n/>o-

\ MarHuTHOro n3ny-
YyeKunsa.

Puc. 17. KonoHa KOCMUYECKKX Myyeit
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f-K® -

0TKyga
t+C2=— j=|"x(C,x +A)+A <p(x)j", (6.17)
C,V2 \
rae
1 IA+CIX ¢ A~
rOTCfg
fct -C,x
<p(x) = (6.18)
Na +C{x - y/C*
1 n a &-vy ’ C’ >0,
Z\Q ®A+C,x + -\JC\X
" t+C2=-J-x32 C =0. (6.19)
J 3\A

MpoaHann3nMpyem NonyyeHHble pesynbTaThbl.

MycTb npu  X=Xo CKOPOCTb TanakTUKW OMnpegenseTca Kak

v(*Q =vO.

: A
CornacHo (6.16) nmeewm: AL AN 1C,, oTKyga

6.20
1 2 Ml (620

B CUJTY Yero
v(*) = 2A +V --i-)) (6.21)
vV 2 T

Kak yxe oTMeuanoch Bbllle, 3HakoMm Ci onpefensieTcs xapakTtep 3a-
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byfem HasblBaTb 3HayeHue V, cooteercTBytollee CT1=0, KpuTuue-

CKVM 3Ha4eHVeM CKOPOCTM.
B cuny (6.20) nmeem:

" (6.22)
y "= -

B T0 ke Bpems cornacHo (6.21)

T X

otkyga npu Ci< 0, T.e. npu |v|<Vv
x A
0

3T0 03HAYaeT, YTo B 3TOM C/lyyae Mbl UMeEM Ko/ebaTenlbHOe fBuKe-
HUWe ranakTuk.
Mpy 3TOM HanGoNbLUEe PacCTOSHUE MEXAY ranakTukamu onpefe-

NAeTcAa Kak

2L = (6.23)

CornacHo (6.17) (aHanormyHo (6.19)) umeem: C2=-/(x 0) + X),

roe

myJx(Cvx +A) + A<p(x)j, C, *0,
Cc,\Vvz2
I(*)=

LLI*TM C‘_a



Torpa
t(x) =/(X)- /10 0)+T0. (6.24)

Mepuog konebaHusa ansa cnydas konebnowwmxca ranaktuk (Ci<0)
MOXeT BbITb ONpeaesnieH Kak

ro=4[I(L)-1(0)],
nnu B cuny (6.24)
r =4[/(i)-/(0)] <6.25)

Ho cornacHo (6.18) f(JL) =0 ,a

1o = 1im Aizarctg. A TCX AT

= lim — j=arctge - % o

COo 1 2 -C, qfqiji

1 NOTOMY
HIL 629
(—C,)3I‘| I

MoacTtasnss BmecTo J1 1 Ci nx 3Ha4YeHUs:
A=G—, C,=--G T

OKOHYaTe/IbHO HaxoanM:

T = ——”—fi(ffflﬁl'- @-27)

Ecnm C, >0, 4To COOTBETCTBYET V>Vrp, TO Mbl UMEEM MOJE/b

pacxogaileiics napbl rafakTuk.
PaccMOTpMM  U3NOXKEHHbIE pesynbTaTbl Ha MNpuUMepe ranakTuk
“MneyHblin NyTb - Bonbllas TyMaHHOCTb B co3Be3aun AHapomeabl M31”.
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Onupascb Ha COBPEMEHHbIE AaHHble 0 Maccax pacCMaTpUBaeMbIX FafakTuk
(nopsgka 100 munnuapgoB macc COMHUA) M PacCTOSHUM MEXAY HUMM
(nopsigka 2 MUNIMOHOB CBETOBbLIX fIET - C YY4ETOM MHUMOTO [OMN/IEPOBCKOro
apekTa-(CM. HIKE)), HaXOAMM KPUTMYECKYIO CKOPOCTb pasberaHus ra-

NaKTUK B AaHHbIA MOMEHT BpeMeHu: v Kp=37,55 Km/c. 9TO 03HaYaeT, 4To

€C/N CKOPOCTb pas3beraHnsa ranakTuMK He MeHblle v = 2vXp = 75,1 Km/c, TO

[aHHas napa ranakTuk OyaeT HenpepbIBHO pacxopsiuelica. Ecnm e cko-
POCTb pasberaHusi ranakTMK mMeHblue 75,1 KM/C, TO Mbl UIMeeM MOfENb KO-
NebnoLLeiics napbl rafakTL.

Mogenb HenpepbIBHO PaCXOAAWMXCA TanakTUK Aas paccMartpu-
BAeMOI Mapbl ManoBepoATHA, MOCKOMLKY (POPMUPOBaHME Napbl MPOXOAUT
TPW OCHOBHbIX 3Tana:

- BbIHOC 3/1EMEHTAPHbIX YacTWL, U3 fYeliKM CTOAYMX BOSIH CO CKO-
POCTbIO CBeTa U 06pa3oBaHue 3MEKTPUUECKU 3apSXKEHHBIA CTPYKTYpP B
MI0CKOCTU BOJH;

- TOPMOXXEHMWE MPU MOTJIOWEHUN 3/IEMEHTAPHbIX YacTuLl, BbIHOCU-
MbIX W3 AYEKM CTOSUUX BOJSH, 3MEKTPUYECKM 3apsXKEHHbLIX CTPYKTYp C
MOHVXXEHMEM MX CKOPOCTY [0 3HAa4YeHMs,, COOTBETCTBYIOLLEr0 HU3KOTeMe-
paTypHOi Nnas3we;

- TOPMOXeHMe 06pa3oBaBLLeiica napbl BOAOPOLHO-Te/IMeBbIX 06na-
KOB UX 06LMM rpaBuTaLMOHHbIM NofieM (06bEKT “rancTyk-6abouka™) npu

nX parmeHTaLun.
CornacHo (6.27) MMHUManbHbIA Nepuog, KonebaHMin COOTBETCTBYET

HyHEBOVI CKOPOCTWN ABWMXEHUA TalaKTUK OTHOCUTENBHO ApYyr Apyra B AaH-

HbIA MOMEHT BPEMEHN:
Trm =2yf27r(GmytnxIn . (6.28)

[ns paccmaTpyBaeMoii mapbl MUHUMaSIbHOE 3HauyeHVe Mepuoja

84



paBHO 25 Muninnapaam fet.

YuuTblBas, 4TO Npy 06pa3oBaHnM ranakTUK B NepBOil YeTBepTYH ne-
profja ABVXEHME MaTepun B OCHOBHOM MPOUCXOAMIO CO CKOPOCTLIO CBETA,
a 3aTeM OblfI0 Pe3KO 3aTOPMOXEHO, TO MO BPEMEHW 3Ta YeTBEPTb Mepuoga
thopMMpoBaHMA Napbl 4OMKHa Oblna 3aBepLUNTLCS 38 HECKONbKO MWUANO-
HOB NeT. HaumHasi co BTOPON YeTBepTW Nepuofa, AanbHeillne 3aKOHbI
[BWKEHMS ranakTUK ONUCbIBAKOTCA MOMYUYEHHbLIMU Bbile COOTHOLLEHUAMMU.
Torpa ranakTukyM MneyHblil nyTb U M31 HaxogsTcs B KOHLE TPETbE UK
Hauyane 4eTBepTOlM YETBEPTU Nepuoga KonebaHus, T.e. , MO KpaliHel mepe,
OfMH pa3 [aHHble ranakTuyeckmne obnaka NpoLN Apyr Yepes gpyra, 4To
NOATBEPXKAAETCA HA/IMYMEM KOMET C CU/IbHO BbITAHYTbIMWU TPaeKTOPUAMMU,
KOTOpble MOrnn obpasoBaTbCa MPU NPOXOXAEHWUW APYT Yepe3 Apyra Bpa-
LaloLLMXCa B NPOTUBONONOXHbIE CTOPOHbI FalaKTUYECKUX 06/1aKOB.

6.19. O6pa3oBaHNe KOCMUYECKUX Tyyeit

Kak yKa3blBafioCb Bbllle, B 3/1EKTPOMArHUTHbIX BOMHAX, W3Y-
YaeMbIX SYEMKON CToAUMX BOMH (06BEKT “rancTyk-6abouyka”), obpasoBa-
NCb fapa BOLOPOLHO-TeNIMEBON TPYNMbl M YAaCTUYHO Aapa AnTusa, bepun-
nus, 6opa. Mocne HelTpanmn3aLmm - 3aN0NHEHUS 3NIEKTPOHHBLIX OpoUT, T.€.
WCK/OYEHUS CUN OTTA/IKUBaHUS Afep, YKa3aHHble XUMWYECKWE 3/1eMEHTI
CTArMBAKOTCA OOLUMM rpaBUTaLUOHHBLIM MO/EM B [Ba ranakTU4eckux o06-
naka, BpaLlaroLMXCs B MPOTUBOMOMOXHbLIE CTOPOHbI B 3M1EKTPUYECKNX
nosnsiX, Co34aBaeMbIX AYENKO CTOSYMX BOSTH.

HepaBHOMEPHOCTL pacnpefenieHns ra3oo6pasHoro BellecTBa B ra-
NAaKTUYECKOM 06naKke MpUBOAUT K HEPaBHOMEPHOCTU TFpaBUTaLMOHHbIX
BOJIH B OTAE/IbHBIX 0ObEMAax WM pacnafy ranakTmyeckoro obnaka Ha OT-
[e/bHble ()parmMeHTbl, NOCNEAYIOLLEE CKaTUE KOTOPbIX BEAET K MOBbILLEHNHD
TeMnepaTtypbl U, Kak CMeACTBUE, K POXKAEHMIO MEPBUYHBIX 3BE34,

MoBbILLEHWE TeMMepaTypbl 38€34bl MPUBOANT K 3/1eKTPOMarHUTHOMY
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M3NYYEHNIO BO BCEM ero criekTpe. Ho, Kak 0TMeyasnoch BbilLe, 3/1eKTpomMar-
HUTHas BO/MIHA €CTb BOJIHA rpaBUTALMOHHAA, MepeHOoCALas OTAe/bHble
3NleMeHTapHble YacTULbl U LEENOYKN U3 HUX.

MosToMy ra3, OCTaBLUMIACA B MEX3BE34HOM MPOCTPAHCTBE, MNpu
3/1eKTPOMArHMTHOM B3aVMOAEACTBUU, T.e. MOT/OWEHUN LIEMOYeK 3/1eMeH-
TapHbIX YacTuL, - POTOHOB, CTArMBAETCH B HAMPaBMEHUU MOTOLWEHNS -
MCTOYHWMKA 3NEKTPOMArHUTHOIO U3NyYeHNS.

CnefoBaTefibHO, BECb MEX3BE3[HbI ra3 pa3roHAeTCcs B CTOPOHY UC-
TOYHMKA 3M1EKTPOMArHUTHOIO U3/YyUYeHNs. ITO 03HAYAeT, UTO MPU KXK0M
MOrNoLeHNN (HOTOHA TPAEKTOPUSA ABMXKEHUS MEX3BE3AHOr0 rasa Koppek-
TUPYEeTCA N0 HanpaBNeHUIO Ha M3nydaTtenb. [Burasch Bce ¢ 60/bLUel CKO-
POCTbIO B HampaBfeHUM WUCTOYHMKA 3MEKTPOMArHWTHbLIX BOJH, LUeAd
CnefytoLmxX 3a TSXKebIMU YaCcTULaMK NYYHOCTER 3anoHAeTCs BCe HOBLIMU
NPOTOHAMW Y HEATPOHAMW.

MOTOK TSXKeNbIX YacTuL, B OCHOBHOM MPOTOHOB, U LIENOYEK U3 HUX
N ecTb “KocMuyeckme nyun” (puc. 17).

3TN NOTOKM C 6OMbLLOKA CKOPOCTbH 6OMGapANPYIOT MOBEPXHOCTb
3Be3, NOLAEP>KUBas TepMOSJepHbIe PeakLMn Ha UX NOBEPXHOCTU.

O6pa3oBaHMe KOCMUYECKUX flyuyeli KBaHTaMW 3HEPrun, M3MyUeHHbI-
MM C NOBEPXHOCTel 38e3/, MPUBOAMIIOCH BbILLE.

OnwuLeM MexaH13M KOPPeKLMI TPaeKTOPMU KOCMUYECKMX fTyyeid 13-
NnyyaTensimy 371eKTPOMarHUTHbIX BOJH. Mcnyckaemble C NOBEPXHOCTU 3BE3-
Abl (ConHua) (oTOHbI ABMXKYTCS B KOCMUYECKOM NPOCTPaHCTBE MO paguny-
CY-BEKTOPY W B3aMMOZENCTBYIOT C rpaBUTaLUOHHBIMW NOASMU MPOTOHOB,
BCTPEYAIOLLMXCA Ha MyTW UX ABWXEHUS. MexaHu3M efMHUYHOro B3auMo-
[IeACTBNSA 3NEMEHTAPHON YaCTULLbl U MarHUTHO NOBYLLIKW OMMUCaH BblLLE.

PaccmoTpyMM aHafiorMyHoe B3auMOfEWCTBME MPOTOHA C M 3/1eMeH-
TapHbIMK YacTuuamu. CornacHo n.6.8 cvna B3aMMOLENCTBUSA 3NeMeHTap-
HOM YacTuMLbl U CTPYKTYPbI, UMEOLLER (hopMy KONbLa paguyca r, B JaHHOM
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cnyyae NPOTOHa, UMEET BUA;

MycTb B Ha4yaNbHOM COCTOSIHUM MPOTOH 06nagaeT ckopocTbio V0=0 u
COOTBETCTBEHHO MMeeT Maccy M p(t

B pe3ynbTaTe B3aMO/ENCTBUS C NEPBOI YaCTULIEI 1 ee MOT/IOLLEHNS
Macca yCKopsieMoro NpoToHa CTaHOBUTCS PaBHOIA

(6.29)
rae

(6.30)

- NOTeHUMaNbHAsA 3HEPTUs B3aUMO/EACTBUSA 3IEMEHTAPHO YacTuLbl, 4BU-
XYLLECS CO CKOPOCTbIO CBETa C U MMetoLleil maccy T 0=2,22-10D kr, ¢

NMPOTOHOM.
BwmecTe ¢ Tem, cornacHo n.6.2

(6.31)

rae Vv, - CKOpoCTb MPOTOHA Moc/e MOrfoweHns nepsoi Yactuusl. Mpu-
paBHuBas (6.30) u (6.31), Haxogum B cuny (6.29):

(6.32)

rae
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Ecnu npoucxoauT npoLecc NOr/OLeHNs NocnesoBaTeNbHO N ane-
MEeHTapHbIX YacTuL, TO Mo aHanoruu c (6.31) Meem:

Mriv2 M,,,,Vl
AXq= 2 2
2-— 2-—
c2 c2
aw2=Mg3 . Me)2
2 -— 2- —

c2 c2

aw M, VZ% Mﬁmﬂ;ﬁl

3 V|-| 2 VM-l‘
c ¢’
oTKyfa
" 2 M
Y K* :é/V ______ L (6.34)
c c?
roe
M pKk —M +TO+AMAKY . (6.35)

Ecnmn, Kak yxxe oTmeuvanocb, npuHatb v0=0, To (6.34) npuHumaeT



CornacHo (6.35) nmeem:
My =(1+A)MpO+T1/

MR=1+A)Mp+w' =(1+A)2MPO+ L+ A TN+ 1"

Mp=@1+A)Mfl + T =(1+A) MO+ (1+A)1TNh+
+Q1+ALWL +T7,

(1+)-1

1 notomy B cuiny (6.36)

EQLW=—n(1+A)I M@+ M- A 1eAyn  (637)
mW A A '

K=1 'v_ynt L
"3
C apyroii CTopoHbl, Mo aHanoruu ¢ (6.30) nveem:
AW,1 = &0 2¥h |
w, =nrm, ,
B CUJTy Yero
f.AWI =Act M rt,, . (6.38)
K=1 K=1
Ho:
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Mp=0+A)M@POD+m'=(1 +A)M@PD+ mo >
Mpl = (1+A) M@D+(I +A)m'0+m'0=
:(1+A)2Mpo+(|+A)2'|

Mp3=(1+AyM p0+(1+A)2T'+(1 +A L, +Tb=

A o
M find)=(1+A T IM gg+ (1+f) L
1 NOTOMY
>I§—1M ,, KM - +O +4 +—K1+f|r:]|+
C o+
rmo J1 n
cra)-1+.& ot H)
A A J1 (1 -0

YT

Torpga cornacHo (6.38) nmeem:

A

(6.39)

MpupaBHuBas (6.37) n (6.39), HaxoguMm :
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Wl
A A (1+A)n’
oTKyfa
vV, =C-
[MA+& -~ (@+A) "]+[1-0+AT W * + - < M
@+A)"
(6.40)

B yacTHocTY, npuHas Ip = [e=3,2-1046 M, Nony4mm:

V. =3813-10'2m/c, v, =7,625-10'2v/c .

6.20. ObpazoBaHMe KOPOHbI KOCMUYECKMX STyueli
(06w cryyain)

CornacHo (6.40) {vn} - BoO3pacTarow,as MOCNeA0BaTe/IbHOCTb,

v0=0 u H%v - C. 970 o03HayaeT, 4To (6.40) onMCbIBAET yBENNYEHME

CKOPOCTU MarHMTHOM NOBYLUKM (3MEKTPOHa, NpoToHa) oT 0 A0 Makcu-
Ma/lbHO BO3MOXHOM0 3Ha4YeHUsA C B CTOPOHY U3nyyatens.

Mpn 3TOM Heob6X0AMMO OTMETWTb Crefytollee BaXkHeillee 06CTOS-
TenbcTBO. Jll06as Topoobpa3Has uvacTuua, 3NneMeHTapHas unu ¢ 6Gonee
CMIOXKHOW CTPYKTYPOM, HaxoAuTcs B 30HE MaKCUMalbHOro noTeHumana
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HanpPsHXKEHHOCTM COBCTBEHHOMO rpaBUTaLMOHHOIO nons. Mpu nonagaHum
YacTuLbl B HEPAaBHOMEPHOE BHELLHee rpaBUTaLMOHHOE MoJse YacTuua cme-
LAeTCs M3 3TOW 30HbI NOA AEACTBMEM FPaBUTALMOHHON CUAbI B HanpaB/e-
HWUW YBENNYEHWS NOTEHLMaNa BHELUHErO MO/, NOAy4Yas YCKOPEHue B yKa-
3aHHOM HanpaBfeHUWU. 3TUM 0OBLACHAETCA UCKPUBEHNE TPAeKTOPUM CBe-
Ta, NepecekatoLero rpaBMTauMoHHoe nose 60nbwMX Macc (3se3g). Mocne
NpeKpaLleHns AelicTBMA BHELUHUX CWA YacTuLa BO3BpaLLaeTcsa no Hamnpas-
NEHNIO TpafMeHTa NoTeHUMana HanmpsXXeHHOCTU COBCTBEHHOrO rpaBuTa-
LIMOHHOTO NONS B 30HY MaKCMMa/IbHOr0 MOTeHLMana HanpsiXXeHHOCTH.
PaccmoTpyM B3aMMOAENCTBME MarHUTHOW NOBYLLKW, ABMXYILLIEACS B

NMPOM3BONBHOM HanpaBneHWM C HayanbHOW ckopocThto VvO,|v0J<c, ¢

3M1EMEHTAPHBIMM YacTULLAMM, ABWXKYLLMMUCS OT M3nyyaTens. 3akoH Bee-
MUPHOTO TArOTEHUS C YUYETOM BHECEHHBIX M3MEHEHWIA AN MAKPOTeN B BEK-

TOPHOW (hopMe MOXET BbITb 3anuncaH B BULE:

(6.41)

roe R - paguyc-BekTop MexXmy Maccamu no HanpasneHuto ot tn0k M 0.
B paccmaTpuBaemoin Mmogenu
R =(x-vQOcosa)i +0>-vQsina)j , (6.42)

A
roe: t - spems, a = (0x, v0) ,

R - iJ(x-vlcosa)2+ (y- vOsina)2, (6.43)
n3nyyaTesb NpeanonaraeTcs nexauym Ha ocu O X .

.. C Apyroii CTOpPOHbI, KaK Y& 0TMEYasioch BhILLIE,

(6.44)
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B Hawem cnyyae

3=~ (6.45)
lMockonbKy

M b: - M 0-2 ’
1-
2
TO cornacHo (6.41), (6.44) v (6.45) vmeem:
ijf 1 dR n T[IM) R

(B_V>2 « 1~~
2c 2cl

MpupaBHuBas B (6.46) npoekuun Ha oct OX M Oy W NOMHS NPK 3TOM,

uTo
dR _dXxr dy -
dt2 dt2 dt2~
noay4nm
1 dX G e X-vjcosa
dt2 [(a- vlcosa)2+ (j-v OfFsina)2]32
- _ (6.47)
1 dy y - v0'sina
=-Qmo . ;
dt2 [(a- vO@cosa) +(j-v Osina) ]

2c
MycTb /T - paccTosHWE B MOMEHT BPEMEHU t MeXay ABYMs 06beKTa-
MW, KOTAa OAUH CTOWT, a ApYroit ABWMKETCA NPOTUB ock OX CO CKOPOCTbHO
c. Ec.ni »e nepBblil MIMeeT CKOPOCTb

\ =vJ +vyl , (6.48)
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rae
vx =v0cosa,
vy =vO0sina,
a BTOPOW NO-NpeXKHeMy ABMXKETCH CO CKOPOCTbIO C, TO €CTECTBEHHO UCKATb
peLleHne BTOPOro ypaBHeHUs cuctembl (6.47) B BUAE:
_V=vlsina. (6.49)

Toraa nepsoe Ant(epeHLIMaIbHOE YPaBHEHNE NPUHMAET BUL;

L9 G e e (650)
1 v dt (x-v 0Otcosa)
27
Monoxum
a, = - vlzcosa . (6.51)
[NockonbKy
dr _dXx,
dt2 dt2
TO Ana (6.50) nonyyaem:
1 OIZ(L=—Gm’—7 . (6.52)
,_ VA dt2 ° X2
2@
MMonaraem
dx,
Vv, = dtL
Torga

di _ dv] _ dv dx]_ dv]
dt2 dt  dx{ dt 1dx]

BwmecTe ¢ Tem,
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rae B cuny (6.49)
d
& _ vO0sina |,
dt

a B cuny (6.51)
dx
— =v, +v0cosa .
dt
Tenepb (6.52) npuHMMaeT BUg;
i
) L=-Gm~”-T . (6.53)
v25|n£a (v,+vA0Qosa)2 1rfx, X
i
2c2 2c
OnddepeHumanbHoe ypaBHeHMe (6.53) onucbiBaeT rpaBuTaLlMoHHOE
B3aMMOAENCTBUE ABYX TOUEUHbIX Macc. B cnydae e, Korga ojHa n3 Macc
pacnpefeneHa no KonbLy paguyca I, TO, KaK ye 0TMeyasioch Bbillie, Npo-
eKUMs CUMbl B3aMMOAEACTBMA 3MEMEHTAPHOM YacTuLbl U HEMOABUXKHOM

KO/bLIEeBOV CTPYKTYpPbI OMpeaenseTcs Kak

(6.54)

PaccmMOTpUM Ternepb ABWKYLLEECS KOMbLO paguyca [ Maccoit

eTca nmapannesnbHoii nnockoct Oyz (B cuny npeueccun). TMycTb mnoc-
KOCTb KO/bLLa MEET CKOPOCTb, ONpefensieMyto cornacHo (6.48)
V=\xi +\yj = {vx,v>0} . (6.55)

Torpa ans anemeHTa dl KonbLa B MH060I (HMKCMPOBaHHbIA MOMEHT BpeEME-
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HUY t (puc. 10) nonyyaem:

M =-ol! Ll u. (6.56)
2nrR1

roe

dl = rd(p,

R =a,/ +(rcos<p-vlsma)j +rsin<p-k ,
xl=x-v0sina,

R = i +r2~2rvQsina cos<p+vjr2sin2a .

3 (6.56) nmeem:

dp Gm[M[d(p a,
2n (a,2+r2+ \@2sin2a-2rv0asina cos<p3R’
Gm'OMgd(p rcos<p-9Qsina
y 2n (a2+r2+\]t2sin2a - 2rv0tsinacos<p)y2’
N GmOMNd<p rs\n<p
2 n (a2+r2+v~2sin

(6.57)
WHTerpmposaHme no f) B npesenax ot 0 4o 2n , BO-NepBbIX NOKa-

3bIlBa€T, YTO, KaK U CneayeTt oXXmaatb, F2 =0 Npn BCEX 3HAYEHUAX Napa-
METPOB. Ll,anee OCTaHOBMMCA Ha YaCTHOM C/lyYae a =0. Tor,u,a
F =
(a, +r Yy (6.58)
Fy=0.

Takum 06pa3oM, Mo CyTW Aena 3TOT YacCTHbI Clyyaidt NpUBOANT K
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pe3ynbTaty, aHanornyHomy (6.54).
OcTaHoBMMCS Tenepb Ha 06LLeM crydae. Vimeem:

dep _e* d(p r* <
Jo (a- bcos<p)yi ~ (a-bc.os<p)m ¢° (a+hbcos<p)y2

C apyroii cTopoHbl, cornacHo [5 (cm. 2575(3,4))]:

{]-I-(a_-bcros<p'jB7l_: -(a_-b)/{!l_a_ﬂg E(8,p) (a>b>0,0<<p<n),

f d<p = 2 2 sinp
J (a+PUoRemMAR  (A=b)48%th 9% a2-62 vyjatbcostp '

3neck:

_ 1P <K=arcsm ,V(a+b/2/(l-cos<,\p)

\a+b”’ \  2{a-bcos(p)
E(<p,K) - anamnT1yecKuii MHTErpasa BTOPOro pofa.

Viccnegyemomy cnyvato cooTBeTcTBYeT a>b>0. [1oCKONbKY Mpu 3TOM
Ed,k) =0, TO

f2x kP = 4 2b
# (a-bcos<p)31l (a-b)yfa+tb 2\a+b

(a-b)y/a+b ya+b >
A . o
rae E(A:) = E(—,K) - NonHbI snAnMNTUYECKNIA MHTErpan BTOPOro poja.

Janee nmveewm:

p2*  cos<pdp __ap* d(p 1 post d(p
° (a-bcos<p)32 b™ (a-bcos<p)y2 b~° (a-bcos<p)m
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Ho
J ¥t d(p (1l asfp @t d<p

0 (a-brerup)i? b (a-beoskp)3A2 ® (a+bcostp)m ’
BwmecTe ¢ Tem, cornacHo [5 (cm.2571(4,5)]

fdp ., = ?=F(@S,p) (a>b>Q O<(p<7t),
Jya-bcos<p blatb

[ 1 du =-r-==T F(2~’P) (a>b>0, 0<<p<n),
J .yjatbcosp yjatb "2

roe F((p, K) -3nAMnTUYeCcKnii MHTerpan nepeoro poja.
WcenegyemoMmy  cnyyato, Kak yke OTMeyanocb, COOTBETCTBYET
a>b>0.

Mockonbky npn atom F(0,k) =0, To

&  cos<pdp 4a !/ 2b

# (a-bcos<p)vl b(a-b)yla+b \a +b

thja+b * W TH

T
roe K (k) = F(—,k) - nonHbIA 3nAMNTUYECKWIA MHTerpan NnepBoro poja.

Tenepb B cooTBeTCTBUM C (6.59) 1 (6.60) Nnonyyaem:

. ny sma
2CTIM xAL2 I—*— . L
X? +(r +vQlsinal)2
Fx = F—m - (6.61)
n[xf + (r-vQ|sinal)2].J.x2+ (r+vO0f|sinal)2
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Gm'oM | rvltsina

;rv0/|sinal.d.x;2+ (r + vOf|sinal)2 \ x\ +(r+v,f|sinal)2

rvinfsina

K (2 :

S kI
'n.,2+(/-+v{|sinal)2

(6.62)

B vacTHoCcTK, nockonbky E(0) = g K(0) = 72—t TOo npu sina =0 nony-
yaem (6.58).

UT06bI He 3aTeHATb (hM3MYECKME OCHOBbI Aa/lbHEWLLIEro paccMoTpe-
HWSA, NpoaHa/IM3MpyeM YKasaHHbIA 4YacTHbIA Ciyyald, AN KOTOPOro
sina =0,Te.a-0wwmn.

O6wwii cnyyaid OMUCHLIBAET 3aXBaT YYXKUX MarHWUTHBLIX JIOBYLLEK
(3NeKTPOHOB, MPOTOHOB) MOTOKOM 3/71EMEHTaPHbIX YacTul, ((hOTOHOB), UC-
MYCKaeMbIX C MOBEPXHOCTM 3Be3[bl, B TO BPeMsl, KaK aHa/M3npyemMblid YacT-
HbI cfydyall ONMCbIBaET BO3BPaT Ha MOBEPXHOCTb 3Be3fbl 3/1EKTPOHA -
MPOTOHA, POXAEHHOIO M3 COOGCTBEHHON LIEMOYKM 3/1EMEHTAPHbIX YacTwuL,
NPU CTONIKHOBEHWM NEPBOI 3/1EMEHTAPHON YacTULb! LENOYKM C MOCTOPOH-
He 1 UX aHHUTUnALMeld ¢ obpasoBaHMeM ocuminaTopa. locnegHee Bbl-
3BaHO CTPEM/IEHMEM MPOCTPAHCTBA K PABHOBECMIO, T.€. K CHWKEHWIO Ha-
NPSHXKEHHOCTM rpaBMTALMOHHOIO MO/ MOCAe NCHE3HOBEHWS B3aMMHO pas-
PYLLEHHbIX YaCTUL, C BLIHOCOM 3HEPIrUK B BUAE HOTOHHbIX HENTpUHO. Mo-
CKOJIbKY B LIEHTPE aHHUIUAALMM YKa3aHHbIX ABYX YaCTUL, HanpsXXeHHOCTb
rpaBUTaLMOHHOrO MO/ MakCUMa/lbHa, TO U CMeHa 3HaKa HanpsXXeHHOCTH
NPOMCXOAMT 34eCb BbICTpee, YeM B OKpYXaloleM 00beMe, UTO Bbl3bIBaeT
BO3HUKHOBEHME 00/1aCTU MaKCUMa/IbHOW Hanps>KeHHOCTW, OrpaHUYeHHO
KOHLEHTPMYECKM pacxogawmmMmucs cepamu. Mo aToin o6nactm un ycTpem-
NAOTCA BTOPas W MOCNefytoLMe 3neMeHTapHble 4acTuubl YNOMSHYTOM
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BblLLIE LIEMOYKM, YeM 1 06ECreUmBaeTCA NOCTOSHCTBO (TapupoBKa) pagmyca
3/1EKTPOHOB.

B npouecce o6pa3oBaHMs 3aMKHYTOIR CTPYKTYpbl (3N1EKTPOHA, Npo-
TOHA) KUHETUYeCKas 3Heprus nocTynaTeNnbHOro ABMDKEHWS LieroYKu afe-
MeHTapHbIX YacTuL, ((poToHa) NpeobpasyeTcs BO BpallaTeNbHOE ABVKEHME
LIeNoYKM MO 3aMKHYTOl TpaekTopuu. POTOH OCTaHaB/IMBAaeTCA OTHOCU-
Te/lbHO MPOCTPAHCTBA, @ ero KUHETUYeCKast S3Heprus CTaHOBUTCA BHYTPEH-
Hell aHepruein matepum.

MTak, paccMoTpum cnyyain BosspaTa (vO0=0) Ha MOBEpXHOCTb

3Be3/bl LEMOYKM 3/IEMEHTAPHbIX YacTHLL, HO YXKe B BU/E 3aMKHYTO CTPYK-
TYpbl, UIN 3aXBaTa Yy>Koli CTPYKTYpbI, ABUXKYLLelics no ocn OX.

B cOOTBETCTBUN C N3NOXEHHLIM BbILLIE IMEEM:

1 (y.xyp)2
2cr

WU, YTO TO e,

WHTerpupys audpepeHumansHoe ypasHeHue (6.63), Haxogum:

rge Cl- npom3BonbHaA NOCTOAHHAS.

Tak Kak npu X, —» 00 umeem v —» 0, T0 Ci=0 1 notomy
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MoTeHUMMpYS, HAXOANM:

g 2e2 1+ -

1
1— =exp GMo (6.65)
2¢ 1- Ixf+r1;

v c-Jl;
Mpwn cpaBHUTENBHO ManblX 3HaYeHNsAX VcornacHo (6.64) nmeem:

1
viv+v0~Gmo0 (6.66)
yjxt+r

Ecnu, B yactHoctn v0O= 0, TO

v2« Gm'
nix2+r2

Torpa
Gm'M'

1= (6.67)

r=n 2
A 2[yX: y

o~V

YTO MOMHOCTLIO COBMAAAET C MPMBEAEHHBLIM BbIlLE Pe3yNbTaToM, Ecnm xe

v B0, TO COOTBETCTBYHOLLWIA pe3ynbTaT ByAeT UMeTb BUA;

A 2 -V =
A 1Y 25 ]

(6.68)
= M[{Gm" 1, voJGm; L \i +v0
r V r 2

3[ecb BePXHWIA 3HaK COPTBETCTBYET @ = 0, a HMXKHUIA a =1 .



BwmecTe ¢ TeM cneayeT oTMeTuTb, 4To (6.68), Kak 1 (6.67), aBnsetcs
AUWb NPUGAVKEHHBIM pPe3ynbTaToM, CMpaBeAnvBbIM ANs MasiblX 3Haude-
HUIAV. TO4YHble 3HAYEHMS] KMHETMYECKON 3HEPrum MarHWTHOW NOBYLUKU
MOXXHO NOMYy4YnUTb NnLb 13 (6.65).

6.21. MHUMbI fONNEPOBCKUI 3ptheKT
KpacHoe cmeLLeHme

Mcxoaa 13 U3NoXEHHOro Bblille, NPUXOAMM K BbiBOLY, YTO BceneH-
Haa B rno6anbHblX MaclwTabax CTalMoHapHa, Torja Kak OTHOCUTeNbHOoe
[BVDKEHME POACTBEHHbIX FaiakTuK, T.e. POXAEHHbLIX B OHOW siYeiike CTOS-
UMX BOJH, CYLLECTBYET 1 HOCUT KosiebaTeNbHbIli XapakTep.

Ho 3TO Kak 6bl NPOTUBOPEUUT HabNIOLEHMAM, COMIAaCHO KOTOPbIM
MPOMCXOAMT KPacHOe CMeLLeHWe, CBUAETeNbCTBYIOWEee O pasberaHumn ra-
NaKTUK, CKOPOCTb KOTOPbLIX A1 Hanbonee yAaneHHbIX U3 HUX AOCTUraeT
MOMI0BUHBI CKOPOCTY CBETA.

OfHaKo faHHble HabnaeHNs 0OBSACHSAKTCA TeM, YTO (DOTOHbI, Kak
OTAe/IbHble MaTepuasibHble 00bEKTHI, ABUrasiCb B MEXMNAaHETHOW ranakTu-
UEeCKoli cpefe, B3aMMOLECTBYHOT C rpaBMTaLUOHHBIMU MOMSMU FaNakTuK.
Mpy 3TOM rpaBUTaLMOHHAA CUMa, MPUIOXKEHHas K BawkalieMy no oT-
HOLLEHMIO K FanakTuke (Mav Apyromy matepuanbHOMY O0ObeKTy) (hOTOHY
60nbLUe, YeM K MocnepytoLlemy. 3Ta pasHOCTb CWU MOCTOSIHHO YBEUYU-
BaeT paccTosHue Mexay (oTtoHamu. [aHHOe fBfleHue Ha30BEM MHUMbIM
[0NNIepOBCKUM 3(PEKTOM.

BbiBegeM auddepeHUMansHOe ypaBHEHWE ANS M3MEHEHWUSt A/WHbI
BO/IHbI M0/, BO3AENCTBMEM NPUTHKEHMA Maccbl M. Ecim T - macca (hoToHa,
TO CWa B3aMOAENCTBNSA MeXAy Maccamy T 1 M, Haxogsawuymuncsa Ha pac-

CTOSIHUM X AiPYT OT ipyra, onpeaenseTcs Kak
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. NTM
t\N=0—r =m
X
C apyroli CTOpPOHbI, NPX AOCTAaTOYHO HEBbLICOKOM CKOPOCTU TOPMOXEHMS

(ycKkopeHwus) oToHa

F - Tax
1 noTomy
, TM
ma-G—r-. (6.69)
nr

Cnepgytowmin 3a nepsbiM Ha paccTosiHum A = A(/) oT Hero BTOpoi (hOTOH

NMeeT YCKopeHue a2. ina Hero cooTeeTcTBYyloLee (6.69) ypaBHEHME MMeeT

BUA;

BolunTas (6.69)u3 (6.70), nonyymm

T(a2- a,)=GmM[-— -— . (6.71)
(x+4) n

Ho

dtl ‘ dt2
roe L - pacctosiH/e mexgay usnyyarenem (OTOHOB M UX MPUEMHUKOM B
MOMEHT U3/yYeHus.
Moatomy

ﬂ, = a = - 7 [ ]
1 dt
Torpa (6.71) npyHUMaeT Bug
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d2A n 2XA + A2
M .

m—r-=GmM— r. (6.72)
dt X2(x +A)2
MockonbKy A « X ,to (6.72) MOXHO 3anmcaTh Kak:
T—r-= é\G mﬁ'@r ,
dt Xb
WK, YTO TO XKe,
d2A A
, =2GM — . (6.73)
dt x3
L —x
MocKonbKy t « -------- , TO (6.73) NpeobpasyeTcs K BUAY:
c
= (6.74)
AX X
roe
A=2GM/c2.

TakoBO AuddepeHUnanbHOe ypaBHEHUE AN U3MEHEHUS AJ/IMHbI BOSHbI B
3aBMCMMOCTM OT PACCTOAHMA X IO MPUEMHMKA U3NYYeHWs, UMEOLLero mac-
cy M.

OO6LLee peLleHre 3Toro AndhepeHUmanbHOrO YpaBHEHUS eCTb

A(x) =C,n/xl,(2) -) + C2VxK, (2) -) , (6.75)
VX VX

roe /,(z) n A'(z) - mogmduumpoBaHHble PyHKLMK Beccens nepesoro no-

psigka, Ci 1 Cb- NPOM3BO/IbHbIE MOCTOSIHHbIE.
MocKoMbKy AN ranakTUYecKMX 06BLEKTOB L O4YeHb BENMKO, T.e. YWCIO

n
z = 2J— BecbMa Mano, a yHkuma KxXz) c yMeHblUEHWEM I HeorpaHu-
VL
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yeHHo Bo3pacTaeT (K {(z) » 4, To Cr=0 n, cnegosatenLHo,
z

X(x) =C,4x1xq(2"™) . (6.76)
Ho npu TOM e YCNOBUM OTHOCUTENIbHO Z = nMmeem:
11(2 w ' ®mecte ¢ TeM>PU x=" na™8 Bo/fHbI A paBHa Ha-

X
YyasibHOMY 3HaveHuto X0, uTo gaeT C, vi~-A= X0, oTkyga C, = \
Torpa
nxy=n~/1,(2")

lMocKOoNbKY ranaktnyeckume 06beKTbl He ABAANTCA cocpefoToYeHHbIMN

mMaccamu, TO [N1f NPUeMHUKa u3nyyeHns xo0» A. Torga z0 =2

Mano u Ans HaxoxaeHus 14z0) MOXHO BOCMO/b30BaTbCS Pa3fOXKEHUEM B

CTeneHHo pag;
W =%+ b
B cuny yero (6.77) NpUHMMaET BUL;
A*0)* A 01+ "-) (6.78)

O

MockonbKy cornacHo agekty donnepa
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n=n,(1+-),
C

TO MHUMaA CKOPOCTb NepemMeLleHna n3ny4vaTtena 6y,qu onpeaenaTbCAa Kak

V=Cc—
8
WK, YTO TO Xe,
n
VvV =C----- . (6.79)
2*0
C apyroii CTOPOHbI, COrnacHo 3ABMHY Xa66ny n MuntoHy XbHOMacoHy
v=L H, (680)
roe H - noctosHHas Xa66na. CpaBHeHue (6.79) u (6.80) gaeT, uTo
Ac
H--—r = (6-81)
2x@L

PaccmMoTpMM Temepb B KayecTBe MpuMepa mnapy ranakTuk
“MneyHblii NyTb - Bonblwas TymMaHHOCTb B C03Be3ann AHapomeabl M31”,
npeHebperaa Apyrumun (U3NYeCKMMU MpoLeccaMu, KpoOMe paccMmartpu-
BAeMOro 34ecb, BMAIOLMMUN HA BEIMYMHY KPACHOTO CMELLIEHNS.

Ecnu npuHATh, 4To Bonbliaa TyMaHHOCTL B C03Be3AMM AHLpOMe/bl
HEMoABWM)XHA OTHOCUTENbHO Hac, TO corfacHo (6.81) 3Has MOCTOSIHHYHO
Xabbna, nonyyaem X0=74 CBETOBbIX rofa.

OTcloga creflyeT, 4TO ecnu peasibHO POTOHLI MPOXOANAT Ha paccTos-
HWUW OT LeHTpa Macc Hallel ManakTUKM MeHbLUEM, YeM 74 CBETOBbLIX roja,
TO Npu ABMXeHUM M3L1 B CTOPOHY 3em/n Mbl BCe PaBHO HabNKOAaeM, UTO

OHa ABWXKETCA OT Hac.
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7. MPUMEHEHWME HOBOW TEOPUIW A1A
OBBbACHEHUA HEKOTOPbLIX N3BECTHbIX
ABMTEHUW ®U3NKW

7.1. O6BbACHEHME HEKOTOPbIX SABMIEHWI MMKPOMUPA

BcAkasa Teopusi, ecnn OHa NpeTeHAyeT Ha MOLMMHHO HayuHYHo,
[lO/KHa cogepXXaTb B cebe Kak 3/1eMeHTbl abCOMOTHOrO (NOSTHOMO) 3HaHMS,
T.6. He MPOTMBOPEYUTb OCHOBHbLIM 3aKOHAaM K/1aCCUYECKON (U3MNKK, Tak U
3M1eMeHTbI 3HaHWSA 0THOCMTENBLHOrO, TPebyHoLLMe faNbHEALero TBOPUeCKo-
ro pa3BUTUSA N YTOUHEHNUS.

Hwxe fenaetca NonbiTka Aatb eCTeCTBEHHOe 0ObACHEHWE HEKOTO-
pbIM ABNEHUSM MUKPOMMPA C NO3MLWUIA NpeanaraemMoii Teopun B CambIX
06LNX YepTax. T

B 1924 r. pe Bpoiinb BbiABUHYA TMNOTE3Y O CYLLECTBOBAHUM BOJTHO-
BbIX CBOMCTB Y BCEX YaCTULL.

XapaKTepucTUKKN BOJH, CBA3AHHBIX C YacTULAMU COrnacHo, Jliyun ae

Bpoiinto 4omKHbI ONPeaensaTbCa Yepes UX 3Hepruto E n umnynsc P :

A_ h . V= E
P T\~ h
B gasibHelileM B OMbITax, NPOBOAMMBIX C HANPaBAEHHbIMU Ny4YKaMu
3/1IEKTPOHOB 6biNM 06HapYXXeHbl Y HUX BOSHOBbIE CBOWCTBA, Hampumep,
Andpakumsa 1 nHTepdepeHLmns.
3Tum Oblna NoATBEPXKAEHa rvnoTesa ge Bpoina o Hanmmumm aByx
CYLLIHOCTEN Y YaCTuML, KOPNYCKYNSPHOWA W BOMHOBOW.
C Lpyroii CTOpPOHbI, B HEKOTOPbIX CyYasx 3n1eKTpoMarHuTHas Bofi-
Ha NposBAsSET KOPMYCKY/spHbIe CBOMCTBA YacCTuWL, Hanpumep, Korga oHa
BbI3bIBAET (DOTOINEKTPUYUECKUIA SDGEKT.

Takoli KOpMyCKyNsipHO-BOMHOBOW  flyasM3M  3/1eKTPOMarHUTHbIX
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BO/IH OOBACHSETCA Ha OCHOBAHWM Npef/iaraeMoil Teopuu Tem, YTO 3/ieK-
TPOMarHUTHasa BOJIHA - 3TO FPaBUTALUOHHAS BOJSIHA, NEPEHOCALLAs YacTu-
Ubl U Lenoyku u3 HUX. MoaTomy B 0fHMX MpoLeccax OHa MpOsiBASET BON-
HOBble CBOMCTBA (MHTepepeHUUs), B [APYIrMX - KOPNYCKYNspHble

(choToathhekT).

Kak n3BecTHO, (hoTo3(htheKT HabnoaaeTcs TONbKO Npu 06yYeHNUm

CBETOM C yacToToii V> VKp, rae vrip - KoMTUYECKas YacToTa, HasbiBaemast

KpacHoW rpaHuuen gotoaddekta. C 4aCcTOTON 31EKTPOMArHUTHOW BO/HbI
CBfi3aHa [/IMHa NEPEeHOCUMbIX €0 LIEMOYEK 1, e OHa He JOCTaTOYHa, TO
thoToahhekT HabnoaaTbCA He OyaeT, HE3aBUCUMO OT MHTEHCMBHOCTU CBe-
Ta.

C no3nLMii TeOpMM MOXKHO 0OBACHUTL KapTUHY, HabN04aeMYH NpK
MHTepthepeHLMN 3MEKTPOHOB. DNEKTPOHbI CMELLAKOTCA B IMHWKN MYYHOCTEN
NHTep(hepeHUMOHHOW KapTWHbI, 06pa3oBaHHOW WHTepdepeHLmMel LUNei-
(hOB NYYHOCTEl, COMPOBOXAAOLLMX KXKAYIO YacTuLy.

OCTaHOBMMCS Ha HEKOTOPbIX acrekTax CTpoeHust aToma. CorfacHo
COBPEMEHHbIM KBaHTOBO-MEXaHUYeCKUM MpPeACTaBNeHUAM, 3/71EKTPOHbI B
aToMax XMMWYECKMX 3/1IEMEHTOB pacrofiaraloTcs Ha onpefesieHHbIX YPoB-
HSAX, XapakTepu3yeMbIX OnpefefieHHbIM HabopOM KBaHTOBbIX uwucen. B
CBeTe AaHHOW TeOpMU 3NEKTPOHHLIA YPOBEHb 0GBACHAETCS KOH(UIypaLm-
el fagep XMMUYeCcKnX aneMeHToB. Kaxablii ypoBeHb COOTBETCTBYET onpefe-
NEeHHOMY TUMNY AAEPHON0 KO/bLa, & KaXKAbIA 3N1eKTPOH CBS3aH C MOMOLLGHO
06MEHHBIX YacTuL, ¢ onpeseneHHbIM NPOTOHOM.

B MeTas1nax, MMeoLLMX KPUCT/IINYECKOe CTPOEHNE, 3M1EKTPOHLI ca-
MU ABASIOTCA OOMEHHbIMK YacTULaMMU MeXay aToMaMu KPUCTaN/IM4eckoi
peLleTKmn (3NeKTPOHbI 3aMeLLEHNS).

MosBMBLLMECS TaKMM 06pa3oM CBOGOAHbIE, HE CBA3aHHbIE C aTOMOM,

INEKTPOHbI B MeTa/laX BbITECHAKOTCA Ha MOBEPXHOCTb MaKpOTe/ia, CTaHO-
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BACb 3/IEKTPOHAMV MPOBOAMMOCTW. HanpaBneHHOe ABUXKEHWE 3N1eKTPOHOB
NPOBOAMMOCTU NOJ AECTBUEM BCTPEYHOrO NOTOKA 3/1EMEHTaPHbIX YacTuL,
N eCTb 3/1EKTPUYECKNIA TOK B MPOBOAHUKAX.

B 3akntoueHne XoTenocb 6bl OTMETUTDL eLle 0AMH 3MEKT NErko 06b-
SCHUMbIA C NO3NLUNK AAHOW Teopun, a, UMEHHO, 3PMEKT caMOyNN0THEHUS
Na3epHOro nyya. YNJOTHEHME flyya NPOUCXOAWT BCMEACTBME TOrO, YTO
NMOTOK Mocnegytolmx (HOTOHOB CMeWaeTcd B LWIeAd  Ny4yHOCTM
npeablgywyx. o 3Toi NpuyKHe NasepHbIi yd He pacCcenBaeTcs Ha 3Ha-
UMTENbHbLIX PACCTOSIHUSAX. .

7.2. FnobanbHas TEKTOHMKA NUTOCKHEPHbIX NANT

B HacTofLlei rnaBe paccMaTpyUBaeTCs 3BOMOLMA MNNaHET, B 4acT-
HOCTW 3eMAK1, U yCTaHaB/MBAETCA CBA3b MPOTEKALWMX NpyY 3TOM npoLec-
COB 1 SIBNEHWIA C BHELLHUMW KOCMUYECKMMM (haKTOpamu.

3Bontoums nnaHeT, B OT/IMYME OT 3BOMIOLMM 3BE3[, ONUCAHHON B
npeablayLWwmx rnasax, NpoTekaeT B6AM3M 6OMbLIMX NO pasMepy KoCcMude-
CKMX OOBLEKTOB - 3Be3d. ITO 06CTOATENbCTBO HaKMaAblBaeT HEKOTOpble
0COBEHHOCTM Ha NPOLECC UX (hOPMUPOBAHUSA.

B npomexyToK BpemeHu, NpejLIecTBYOWMA Neprogy 06pa3oBaHus
TEMHbIX MATEH Ha MOBEPXHOCTW MnaHeTbl (3emnu), T.e. HOPMMPOBaHMIO
f4pa, BCe NPOLLECChl MPOTEKaIM aHa/IOMMYHO 3BE34HbIM.

Ha aToii cTaguu aBonoumm 3emns Oblnia eLle 4OCTaTOMHO ropsva U
obnagana cobCTBEHHOW KOPOHO KOCMMYECKMX NyYeld, KOTopble, 6oMbap-
AUpYys NOBEPXHOCTb, TOPMO3W/N ee BpallleHWe, NMoNyYeHHOe KOrAa-To npu
3aKpy4MBaHUW 1 YNIOTHEHUM 06/1aKa, U3 KOTOPOro oHa 06pa3oBanach.

TopMo3siliee AeACTBNE KOCMUYECKMX Ny4yeil COBCTBEHHON KOPOHbI
MOCTENEHHO CHWKANO YINIOBYHO CKOPOCTb 3eMnu, JOBeAs ee NpakTUYecKm
[0 Hyns.

K 3TOMy BpemeHU B BEPXHMX CMOSIX MOBEPXHOCTW 3eM/n B pe3y/bTa-
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Te 4ePHbIX N XMMWUYECKMX peakuuii HaYMHAKOT NOABNSATLCA Haubosee Ty-
ronjaBKue 3NeMEeHTbl U UX COeAMHEHUS (CUMKaTbI), YAebHbIA BEC KOTO-
pbIX MeHbLUE, YeM YaefbHbIA BEC XUAKOW (ha3bl, T.e. HAUYMHAETCA npoLuecc
thopMmnpoBaHUS 3eMHOI Kopbl. pu 3Tom 06pa3oBaHue TBepaol hasbl
MPOMCXOAUN0 CHayana Ha HeOCBELLEHHOW 4acTu 3eMnn, T.K. TemnepaTtypa
Tam 6blna 3HAUYMTE/IbHO HIDKE.

Takum 06pa3om, MepBoii 0bpasoBanacb MaTEPMKOBas YaCTb NUTO-
cepbl, MOKPbIBLLAS BCIO He OCBeLleHHYt0 COMHLEM MOJSIOBUHY 3eMHOr0
Lwapa.

Hun3kas TennonpoBOAHOCTb nuTOCepbl U OTCYTCTBME MPUTOKA
CO/THEYHOW 3HEPruM NPUBENO K PE3KOMY CHWKEHWMIO TeMrepaTypbl Ha He-
OCBELLEHHON CTOPOHE 3eM/IM U KOHAEHCAUUM Ha Hel MHOIMUX XUMUYECKUX
COeIMHEHWIA C HW3KOI TemnepaTypoi (ha30BbIX MEPEXOAOB, HampuMep,
BOJb!, KMCNOpPOAa, a3oTa. JTOT Npouecc NpoTekan OTHOCUTENBHO KOPOT-
KO€e Bpems, YTO [asio BO3MOXHOCTb COXPaHWTb 3TW 3/1eMEHTLI U COefuHe-
HUS B YMCTOM BMe 3@ CYET TOr0, YTO TOMLKO HE3HauuUTeNbHas MX YacTb
ycnena BCTYNUTb B XMMUYECKME peakuumn. VI3 HUX BNOCNeACTBUM CHOPMM-
poBanacb aTtMocgepa 3emu.

Hanuuwne TBepaoi cthepnyeckoii MOBEPXHOCTU U He NIOTHON aTMo-
cthepbl Npy 0pOUTANLHOM [ABUXEHWUM 3eMIU B MOTOKE CO/IHEYHOW KOPOHBI
KOCMUYECKMNX flyUeil 1 CTArMBaeMOoro K noBepxHoctu Co/HLa MeX3Be3aHo-
ro rasa npuBeno K BO3HUKHOBEHWK) MOMEHTA CW/bl, MPUIOXEHHOTO K /n-
Tocepe (puc. 18). ITOT MOMEHT NPSMO NPOMOPLUOHANEH naoLasmM none-
PeyHOro ceyeHus 3emau, paguycy 3emnu, yAenbHOMY AaBfieHW0 MOTOoKa
KOCMUYECKMX Nyyelt 1 06paTHO MPOMOPLMOHANEH CpefHeli CKOpoCTH Koc-
MWYECKMX SIyHeil U CTAMBAEMOr0 MEeX3BE34HOro rasa.

Hannume mMomMeHTa NPUBOAUT CHavasa K NOCTENEeHHOMY MOBOPOTY
HEOCBELLEHHON YacTn nuTocepbl B HanpaBneHUM ABVXKEHWS 3eMan Mo
opbute BoKpyr ConHua, a 3aTeM M K BpaLLeHWH0 C YI/I0BOM CKOPOCThLHO,
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AneKTpoHarHc/T#oe

mnsnyyeHune ConHua

®poHT 601HG/
AMpxTpowoz\His/rworo c/3nyneHc/sa

3emnd

3eMnn

I A*
yMKY)
®poHT BONH&/ xodMuvecxt/x uf</t/?&

CoyHe/HOA KOpOHa Hoc/ucn/eckc/x
Nlinein

JTan - AfoAtet//n ct/yrs/j co3po So&nre/c/
anek/r?/°o/yorHc//7>Hr>/m n3nmeHc/*/ ConHyo

Mkn - momé&*///r? cisj?t>/ cosganoenr*>/n
ConHeuHoI XO/OOHON *-OCNTE/*IE>CKE/Xn M e 1A

Puc. 18. Cxema 06pa3oBaHmMsi BHELUHErO MOMEHTA CU/bI

15-3005 111



HECKO/bKO MPEeBbILLAIOLLEN ee TenepeLLHee 3HaYeHVe.

Bo3HMKHOBEHMe MOMeHTa (puc. 18) 06ycnoBneHO TeM, YTO MONOBU-
Ha 3eMHOMl ciepbl, 06paLleHHas B CTOPOHY OpOUTaNbHOrO ABWMXKEHUS, 3a-
XBaTbIBaeT 6OMbLUMIA NOTOK KOCMUYECKUX Nlyyeld U CTArMBAEMOro rasa 3a
CYeT TOro, YTO 3a BpPems NMPOXOXAEHWUS (PPOHTOM BOJHbI U3/yYeHUs pac-
CTOAHUSA OT TOYKM KacaHusa cdepbl 40 MHUM OpOWTLI, paBHOTO R, 3emns
ycneeaeT  MepeMecTuTbcd MO  opbUTe Ha  PaccTosiHue, paBHOE

Al. (A/=640m). MoaTomy cuna gaBneHUs OT NOTOKa fyyeld, Npuno-

XKEHHast K MOMoBMHE 3eMnn; 06paLleHHON B CTOPOHY ee OpOMTanbHOro
[BVDKEHUS, He YpPaBHOBELUMBAETCA CUJIOWA, MPUIOXKEHHOW K NPOTUBOMO-
NOXXKHOIA ee CTOPOHE.

B pesynbTaTte nosiBneHUs MOMEHTa CU/bl OT AE/CTBUS KOCMUUECKMX
Nyyeid N CTATMBAEMOIO MEX3BE34HOr0 rasa MpoMCXOAUT paspbiB 3eMHOIA
Kopbl, 06pa30BaHHON Ha HEOCBELLEHHOW CTOPOHe 3em/un, BCMEACTBUE ee
HeA0CTaTOYHOI NPOYHOCTU. V3 3TUX 0TAEMBLUMXCS KYCKOB 1 OyaeT o6pa-
30BaHa BMOCMeACTBUM MaTEPVKOBaAs YacTb MIaHETHI.

B xoge panbHeiwein asontouuy 3emnam BCAeACTBUE MOCTEMEHHOrO
MOHWKEHMS TeMMNepaTypbl MPONCXOAWIO 3aTBEPAEBaHME OCTa/IbHOM YacTy
ee MOBEPXHOCTV C 06pa3oBaHMEM OKeaHU4ecKoin nutoctepbl. K aTomy
BPEMEHUN MaTepuKN, 06pa30oBaHHbIe B NMPeALLIECTBYIOLLMIA NepUos 13 0CKos-
KOB NINTOC(EPbI HEOCBELLEHHOM YacTu 3emun, pakTUYeCcKn NpeKpaTumn
CBOI1 Apelith 1 3aHANW NOMIOXKEHNE, COOTBETCTBYHOLLIEE COBPEMEHHOMY.

"nobanbHble MPOLECCHI, CBS3aHHbIE C 06pa30BaHMEM 3eMHOI KOpbI,
MPONCXOAUNN C MOMEHTa 06pa3oBaHNs TBEpPLOi (hasbl U MPOACIHKAKTCA
Mo HaCTOSLLEe BPEMSI.

CrefyeT OTMETWTb, YTO MOTOK KOCMWYECKUX fTyYeit, Nafatolmnx Ha
3em/110, 40 HaCTOALLEr0 BPEMEHW NMPUBOAUT K MPOTEKAHWIO TEPMOSIAEPHbIX
peakunii CUHTe3a TSHKe/bIX 3/IEMEHTOB Ha ee MOBEPXHOCTM 1 B aTMOCHepe.
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Mpy 3TOM BHOBbL 06pa30BaHHble XMMUYECKME 31EMEHTbI, Najas Ha 3emio,
06pa3yroT 0cafouHbIe NOPOAbI.

[JanbHeiiwasn sgonouns 3eMam NPponCxoauna creLyroLmM o6pasom.
O6pa3oBaHue nMTOCHepbl Ha BCEM MOBEPXHOCTM 3eM/M NOCAYXMWIO Mpu-
UMHOI BO3HWKHOBEHMSI MOMEHTA CWU/bl, 06YC/I0BNEHHOTO AENCTBMEM Ha ee
MOBEPXHOCTb MOTOKA COMHEYHONO 3/IEKTPOMArHUTHOIO M3nyyeHus. Mexa-
HW3M €ro BO3HWMKHOBEHUS HE OT/IMYAETCA OT MeXaHW3Ma BO3HWKHOBEHMS
MOMEHTa, BbI3BAaHHOTO AE/CTBIEM CO/THEYHOI KOPOHbI KOCMUYECKUX JTyYel,
T.e. 00BbACHAETCA OpOUTAIbHLIM ABVXXEHUEM 3EMIN.

BenmumHy 3T0ro MOMeHTa MOXHO OMpeSennTb U3 COOTHOLLEHNS:

M &P SR —,
C

rge: P - yfenbHOe faBneHve CoMHeYHoro ceeta, P=4-10-6Na,

S - nnowaab NonepeyHoro ceueHms 3emu,

R -paguyc 3emnun, R « 6400 Kw,
V- opbuTanbHasa ckopoctb 3emim, V « 30 KM/C,
C - CKOpOoCTb cBeTa, c=3105km/c.
B HacTosLee BpeMsi 3HAUYEHME MOMEHTA PaBHO:
M=3,25-101 H-Mm.
MOMEHT OT CO/THEYHOrO 3/1IeKTPOMArHUTHOIO M3/yYeHusl, Kak BULHO
13 puc. 18, HanpaefeH HaBCTPeYY MOMEHTY OT CO/IHEYHON KOPOHbLI KOCMU-
YeCKMX Nly4eil 1 NOTOMY OKa3blBaeT TOPMO3sillee AeliCTBME Ha BpalleHue
3emau. HaumHas ¢ aTama 3BOMOLUMM, KOTAa MOSBUIOCH AelCTBUE TOPMO-
3ALLEero MOMEHTa, KOMIMYECTBO CTATMBAEMOr0 MEX3BE34HOro rasa B 0KoJo-
CO/IHEYHOM MPOCTPAHCTBE HEMPEPbLIBHO YMEHbLUANO0Ch, B pPe3y/ibTaTe Yero
TaKXXe YMeHbLIanacb WHTEHCMBHOCTb COSIHEYHOM KOPOHbI KOCMUYECKUX
Ny4eid. ITO NPUBENO K TOMY, YTO B HACTOALLEE BPEMS TOPMO3ALLMIA MOMEHT
OT 3/IEKTPOMArHMTHOro u3nyuyeHns CofiHUA MHOTOKPATHO MNPeBOCXOAUT
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MOMEHT OT CO/THEYHOIN KOPOHbI KOCMUYECKUX flyYeld.

Takum 006pa3oM, Mbl NOAOLUM K BOMPOCY O BO3HWKHOBEHUW Mar-
HUTHOrO nons 3emnu. TOPMOXEHME 3eMHOIN KOpbl, K KOTOPOW MPUIOXKeH
TOPMO3ALMIA MOMEHT, MO OTHOLUEHWUIO K SAPY MPUBOAUT K MOSBNEHMIO
Pa3HOCTM YIN0BbIX CKOPOCTEN KOpbl W figpa. ATOT 3hheKT 1 NPUBOANT K
06pa3oBaHMI0 MarHMTHOrO Nos 3eMan.

B npouecce 3BONIOLMN COMHEYHOW CUCTEMbI NOJ, BANSHUEM FpaBUTa-
LIMOHHBIX CUN OpOUTBI BCEX MAHET BOblNn NPUBELEHbI B OAHY MOCKOCTb.

Ecnu npefcTtaBuUTb Hally MNaHeTy Kak MacCUBHOE CUMMETPUYHOE
Teno, BpallaroLLieecs BOKPYr COGCTBEHHOW OCU CUMMETPUM, TO Mbl MOXEM
paccmaTpmBaTh 3eMI0 Kak rpockon. COBMECTHOe [elicTBue rpaBmuTaLm-
OHHOI  CWbl M CWUA, BbI3BAHHLIX  TMPOCKOMMYECKUM  3(PEKTOM
(rMpocKoNUYecKnX cus), NPUBeNo K TOMy, YTO MOCNe NpuBeAeHUs opouT
BCeX MJIaHeT B OfAHY MJIOCKOCTb OCb BpalleHus 3eM/M 0Kasanacb Hak/o-
HEHHOM K MA0CKOCTY op6uThl Nog yriom 21°.

HaknoH ocu BpalleHus 1 feicTBre TOPMO3ALLEro MOMeHTa NpuBo-
OUT K BO3HWKHOBEHWIO [JOMOJIHUTENLHON CWSbI, CTPEMSLLENCA OTK/IOHUTb
0Cb BpaLLeHna 3emn 0T NePBOHaYa/IbHOIO MOJIOXEHNS, UTO KaK U3BECTHO,
NPUBOAMT K NpeLeccun ocv BpaweHus 3emnm (rupockona). Mpeueccus
COMPOBOX/AETCA TaK e HyTauueid - KonebaHnsMN OCK BpaLleHus B Bep-
TUKaNbHOW MNIOCKOCTM (34€Chb: MAOCKOCTU, MEPreHAUKYNSPHOM K maoc-
KOCTW OpOUTHI 1 BCE BPEMS NMOBOPaYMBatoLLEeica B CTOPOHY npeLieccrupoBa-
HUS).

3TN, Kazanocb Obl He3HauWTeNbHbIE, APDEKTLI NPUBENN K BO3HUK-
HOBEHWMIO CWUJI, CTPEMALUMXCH MEPEMECTUTL 3EMHYI0O KOPY OTHOCUTESIbHO
NnontocoB 3eMsn.

Mpn COBMECTHOM [e/CTBUM BCEX NEPEYUCNEHHbIX Bbille (PaKTOpPOB,
TO OfHW, TO ApYrue y4yacTKW 3eMHOW KOpbl B reosiormyeckmx maclutabax
BpEMeHV NepemMeLLainCb B HanpaBieHUN CEBEPHBIX M FOXKHBIX LUMPOT.
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Paccypgas Takum 06pa3om, Mbl NOAOLLIN K OOBSCHEHWIO CYLLLECTBO-
BaHWSA B [ANEKOM MPOLLIOM TaK Ha3blBAEMbIX JIEAHUKOBbLIX MEepuUoO0B.
VIMeHHO Takoe nepemeLleHre TO OAHKX, TO APYrMX YYaCTKOB 3eMHOM Kopbl
B CTOPOHY MOJIOCOB U MPUBOAUIO K Pe3KOMY MOXO0SI0AaHUI0 Ha HUX, U
YKV3Hb B 3TUX YCNOBMSAX CTaHOBMMACb HEBO3MOXKHA.

Takoe yTBepXZeHWe CHMMaeT BOMPOC O rN06a/1bHOM fie[HUKOBOM
nepvoge, T.e. O4HOBPEMEHHOrO MOXO/M0AaHUA Ha BCeld MnaHeTe cpasy Hu-
Korga He 6b1n0.

Pe3ynbTaTbl re0N0rmyecknux packonok rno3BonsoT YTBEPKAATb, YTO
B HEKOTOPbIX MeCTax /lefJHMKOBbIA Nepnoj HacTynan HeCKOMbKO pas, T.e.
3TW YYaCTKM 3eMHOI KOPbl MHOTOKPATHO CMELLaINCh B CTOPOHY CEBEPHOIO
NN K0XKHOTO MOJIHOCOB.

VIHTepecHO OTMETUTb, YTO EC/IN Ha KXKHOM U CEBEPHOM Mostocax
OKas3bIBaKOTCA MaTepuku, To 06pa3oBaHWe MaTePUKOBOTO /ibfja NPUBOAMUT
K MOHWKEHMIO YPOBHSA MMPOBOr0 OKeaHa W, KaK CNneAcTsue, K YMEHbLUEHNIO
YPOBHA aTMOCHepHbIX OCaAKOB M, HA0OOPOT, KOrfga Ha Mnoscax OKasbl-
BAlOTCA Y4YacCTKM KOpbl, MpUHaANeXallue OoKeaHMYeCKol nuTocgepe, To
BCNeACTBUE APeiidhoB NbA0B B CTOPOHY 3KBATOPa U WX TasHUSA NPOUCXOANT
MNOBbILLEHVE YPOBHA MUPOBOI0 OKeaHa.

3TN npoueccbl HOCAT rNO6anbHbLIN XapakTep WM 4OBOJSIbHO XOPOLLO
accoumMupyroTca ¢ ApeBHUMMW GMOeCKUMKM nereHgamm o “BceMmpHoi 3a-
cyxe” n “BcemupHOM notone”. NMoacumTaHo, Hanpumep, YTO ecnu pacTo-
NUTL ABYXKWUIOMETPOBYIO TOMLWY NbAa Ha AHTapKTUAE, TO YPOBEHb MUPO-
BOr0 OKeaHa NoAHMMETCA Ha 60 M, T.e. HACTYNMT “BceMupHbIA noTon”.

B 370 CBA3M YMECTHO HaMOMHUTb YMTATENO eLle OAHY fereHay o
CYLLECTBOBaHMM KOrJa-To, B O4YeHb OTAafleHHOEe BpeMsi, TakK Ha3blBaeMoid,
“ATnaHTUAbI”, KOTOpas NoToM KyAa-To ucyesna. Bo3MOXKHO OHa Mo npu-
YMHaM, OMUCaHHbLIM BbilLie, NepemMecTnnach K HXHOMY Moftocy, B pesyb-
TaTe Yero n obpasosasacb AHTapKTUAA, HO XW3Hb Ha Hell cTana HeBo3-
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MOXHa.

B 3akntoueHne X0Tenocb Gbl OCTAHOBMTHLCS ELLe Ha OHOM SIBNEHWN,
CBSI3aHHOM C MepeMeLLieHNeM 3eMHOI KOpbI 1 (HOPMOIA 3eMHOT0 Wwapa, T.K.,
Ha Hall B3r/isf, 3To NpeacTaBnseT 60/bLLOV NPaKTUYECKUIA MHTEpEC.

Kak M3BECTHO, 3eMHOI LLap MMEET He COBCEM Kpyrayt gopmy, a
NpeACcTaBNseT cO60M 3NMNCONS BPaLLEHMS, T.€. MPUMNOCHYT CO CTOPOHbI
nontocoB. Takas (hopma 06YCNOBMEHA HAIMUMEM LIEHTPOBEXHbBIX CUJI, BO3-
HUKAIOLLMX MPW BpaLLeHMn 3eMv BOKPYT CBOeli OCK.

CnepgoBaTenbHO, paguyc 3eMnu, ecvi MbIC/IEHHO ee paspe3aTb Mepu-
AVIOHA/bHOW MMIOCKOCTbIO, HE SIBMSIETCS BEMMYMHOM MOCTOSIHHOW. OH no-
CTENeHHO YBENMYMBAETCS OT CEBEPHOrO MoMca K 3KBaTopy W [Janee
YMEHbLLAETCS 0T 3KBATOPA K KXKHOMY MOJHOCY.

Mbl 3HaeM Terepb, YTO 3eMHas Kopa nof Ae/icTBMEM 3/eKTpoMar-
HUTHOTO M3nyyeHns ConHLA MOXET NepeMeLLaThesi, 0 YeM BblNo CKa3aHo
Bbille. KcTaTu, ONbITHLIM NyTeM Gbl10 0GHAPYXKEHO [ABVKEHNE HEKOTOPbIX
MaTepuKoB. MpeAcTaBUM Cebe, UTO TakKOe MepeMelleHre Hayanoch B Ha-
NpaBNeHNN yBeNMUeHUs paguyca 3emnn. MNpu 3ToM NOBEPXHOCTb YBENYM-
BaeTCA 1 MPOUCXOAWT PaspbiB 3eMHOM KOpbl B Hanbonee cnabblx 30HaXx,
TaK Ha3blBa€MbIX PUXTOBbIX 30HaX. B 3TV pa3pbiBbl 3eMHOI KOPbI YCTPEM-
NSETCA U3 Heap 3eMM XUAKas NaBa W 3acTblBaeT B HUX. [0 opueHTayuu
KPUCTaNMYECKUX CTPYKTYP NaBbl MOXHO OMPeAenuTb HarnpaBieHue mar-
HUTHOTO MONS B MOMEHT KpUCTannmM3auun. B Kakoii-T0 MOMEHT BpeMeHM
HayanoChb [BVKEHME 3TUX YYaCTKOB KOPbl B CTOPOHY YMEHbLUEHUS paju-
yca. MoBepXHOCTb ECTECTBEHHO NPU 3TOM CTPEMUTCS YMEHbLUKUTbLCS. B Kope
MOSIBNAKOTCA HapacTatoT HarpshkeHWsi caBura. MOCKO/bKY 3acTbIBLUYHO
naBy BblfaBWTb HEBO3MOXHO, TO MPOWCXOAWT CABWT OTAENbHbLIX C0EB
3eMHOI KOpbl, TaK Ha3biBae€MbIX IMTOCHEPHBIX MAUT, OTHOCUTENLHO APYT
apyra. TaknMm 06pa3oM, BOSHUKHOBEHWSI 3eMETPSICEHWIA CBS3aHO C 3NeK-

TPOMarHUTHbLIM K3nyyeHrem ConHua.
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