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BBenenue

HeBo3MOKHO HE COTIIACUTBCS, UTO BPEMSI — 3TO MOCIIEI0BATEIIbHOCTh COOBITUH.
CoObITHs coznatoT nBmxkymuecs B [IpoctpancTBe MarepualibHble 0ObEKThI: OIUH
o6opot 3emun BokpyT CoJHIIA, OAWH TIEpUO KOJICOAHUST MassTHUKA YacOB, OJTUH ITUKJIT
OueHus cepaua, o1uH 000pOT NEKTPOHA BOKPYT siipa aroma. YacTh COOBITUS ~3TO TO
e BpeMs, TO €CTh CaMO JBM)KCHHE MaTepHAIbHBIX 00BEKTOB, B TOM YHCIIE U IBUKCHHE
(pacpocTpaHEHHE) CBETOBBIX BOJIH, €CTh HE YTO MHOE, KaK BpeMsl.

[IpocTpaHCTBO U ABM>KEHUE OOBEKTOB HEOTAEIUMBI IpyT OT Apyra. PacnpocTpanenue
K€ CBETOBBIX HJIM MHBIX BOJH JJaXKe B MeXrajiaktudeckom [Ipoctpanctse
CBUJIETENILCTBYET O MaTepuaibHOCTU camoro [IpoctpancTsa.

1o ananorum pacrnpocTpaHeHHs 3ByKOBBIX BOJIH B BO3IYIIHOM cpenie (cpene
Xa0TUYECKH JIBIKYIIUXCS YACTHUI-MOJIEKYJT Pa3HbIX BEJIMYNH) PACIIPOCTPAHCHHE
CBETOBBIX BOJIH B KOCMHUECKOM [IpocTpaHcTBE OUEBUAHO TaK e MPOUCXOTUT B CPEsIe
Xa0THUYECKH JIBIKYIIUXCS YaCTHII PA3HBIX BEJIMYUH, HO 3HAUUTEIIBHO O0Jiee MabIX,
YeM 3JIeKTPOH, BeIU4uH. 13 3TOro ciemnyeT BO3MOXXHOCTB, UTO U BECh OKPYKatOLIUN
Hac MHUpP CO BCEM €TI0 MHOT00Opa3ueM sIBJICHUN 00pa30BaH U3 ATUX YaCTHII.

Tpynno npencraButh [IpocTpaHCcTBO OECKOHEUHBIM, HO €ILIE TPYIHEE C KOHIIOM.
Koneuno xe, IIpocTpancTBO 6€CKOHEUHO U BEYHO: OHO HE MOYKET UCUE3HYTh, HE
MOTJIO NOSIBUTHCSA. TPYIHO Tak e MpeICTaBUTh, YTO OECUMCIIEHHOE MHOKECTBO
TaJIAKTUK MOSIBUIIOCH B pe3ynbrare «bombiioro B3peiBay Kakoro-To cryctka Marepuu
KaKUM-TO 00pa3oM MOSIBUBIIETOCS B HEKOTOPOM MaJioil 00acTu 6€CKOHEUHOTO U
BeyHOro [IpocrpancTaa.

CaepxniryOokue CHUMKU BceneHHON CBUAETEIBCTBYIOT O TOM, UTO YeM TIIyOxKe
3arsapIBaTh B HEE, TeM OO0JbIle 0OHAPYKUTCS MHOYKECTBO HOBBIX CBEPXTATEKUX
rasakTuk. [ToaTomy Oosiee peanbHO npeAcTaBieHue: Beenennas 6eCKkOHEYHA U BEUHA;

OHa BCCIJia CyHnieCTBOBAaIa U 6yz[eT CymcCTBOBAThH B Ha6J'IIOI[aeMOM B HACTOAIICC BPEM



COCTOSIHUHM U siBTIsieTCs cBorcTBOM [IpocTpancTBa. ['anakTuku He pa3deratorcs, MexIy
HUMHU (Tak e MEeXIy 3BE€31aMH) CYILIECTBYIOT CHJIbI B3aUMOTATOTEHUS U
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oTrrankuBaHusA. KpacHoe cmenieHne cBeTa TaIaKTUK SIBISETCS HE TOIBKO CIIEICTBUEM
yAAJIEeHUs UX OT HaC.

[Ipouutoe, HacTodiee u Oyayiiee BeeaeHHON — 3TO TajJaKTUKU € UX IUKIIOM KU3HU:
o0Opa3oBaHMe, POCT, YBETUUYECHHE TUIOTHOCTHU 3BE3/1 O BOSHUKHOBEHUS TOIBKO
B3aMMOOTTAJIKHBAIOIIUX CUJI ITOCIIE MHEPLIMOHHOTO CONMIKEHUs, B3pbIB, 00pa30oBaHUE
ra3oBO-NbIJIEBON TyMaHHOCTH. (O4€BHUIHO, 3BE3/IbI BHE TAJIAKTHK CYLIECTBOBATh HE
MOTYT). CIUpaJIEBUHOCTD U CILTIOCHYTOCTh PACTYILEN FaTaKTUKH CBUIETEIIbCTBYET O
TOM, 4TO B €€ 00pa30BaHUM y4acCTBYET OKpPY’Kalolllasi CpeJja — OHA BTEKAET B
ranakTuky. (CnupaneBuIHbIE TOTOKM 00pPa3yIOTCs TaK K€ Ha OBEPXHOCTU KUAKOCTH
npu e€ BTEKaHUU B OTBEPCTHUE, HAIIPUMEpP B BaHHE).

MBICib, 4TO BCsSl MaTepysi OKPYXKAIOLLIETO HAC MUPaA COCTOUT U3 OYEHb MAaJICHBKUX,
COBEPUIEHHO OJHOPOAHBIX YACTUYEK, CylIeCTBOBaNA €€ BO BpemeHa Cokpara, HO 10
HACTOSIIIETO BPEMEHH He Oblila MOATBEPKAeHa YOeAUTENbHBIMUA apTyMEHTAMHU.

[Ipennaraemoe ucciaenoBaHUE PACKPHIBAET UCTUHHYIO CIIPABEIJIMBOCTD 3TOW UJIEH.
BriBOIBI HCCIEN0BaHUSA TOATBEPIKIAOTCS CYLIECTBYIOIIEH PEAIIBHOCTEIO,
pe3yibraTaMy BCeX IKCIEPUMEHTAIbHBIX TAHHBIX 1 HAOIIOACHUN: 3aKOHOMEPHOCTH
JMHENYaToro CIeKTpa, SHEPreTUYECKUX YPOBHEW aToMa; abeppalus, MoJIspu3alys,
JIUCIIEPCHUs], IPEIIOMIIEHUE CBETA; CBEPXIIPOBOAUMOCTD, CBEPXTEKYUECTh U T. 1.
HccenenoBaHrneM BBISBISETCS HE TOJIBKO U3BECTHBIE 3aKOHOMEPHOCTH, HO U
HEHU3BECTHBIE U NX MEXAHW3Mbl BO3HUKHOBEHHMS: CUJI I'PABUTALMU, IEKTPUUYECKUX,
MarHUTHBIX; CHJI, JEHCTBYIOIINX B AJIEMEHTAPHBIX YACTULAX, aTOMaX; CUJI
B3aMMOBIIASHUS 3BE3/, TANAKTUK, CKOTUICHUM TaJIAKTUK; MEXaHU3M TOYEYHOTO
nposiBiienus (3ddext poTroHa) CBETOBOI BOJHBI; MaTepuaabHas CyIHOCTh dhdexTa
IEKTPUYECKUX 3aPANO0B, NIEKTPUIECKOTO U MArHUTHOT'O ITOJIEN.

BriBon uccnenosanus: [IpocTpaHcTBO - €AMHCTBEHHAS IEPBOOCHOBA
Bcenennoii. Bech okpyxaroniuii Hac MUp CO BCEM €ro MHOrooopasueM ¢hopM u

SABJICHUH - 3TO CBOMCTBO [IpocTpancTaa.



Uccnenosanue

@dyH1aMeHTalIbHbIE ()aKTOPHI CYIIECTBOBAHMS OKPY>KAIOIIEH HAC CPEbI.

Hcenmenyem OKpyX aroIyro Hac Cpeay MyTEM HEMOCPEICTBEHHOTO, 3PaBOIr0
BOCIIPUSATHUS U OCMBICIIEHUS C LIEJIbI0 YCTAHOBJIEHUSI OCHOBHBIX, UCTUHHO
(dyH1aMeHTaIBbHBIX (aKTOPOB €€ cymecTBoBaHus. Uto okpyxaet Hac ? KoneuHo, B
nepByro ouepeas [IpocTpancTBO, B KOTOPOM MBI HAXOAUMCS M CBOOOIHO COBEPILIAEM
naBukeHus. Jlanee, B pe3ysabTraTe COBEpIICHHUS JBUKEHNUS Mbl 0OHapYXHBaeM
Hanuure B [IpocTpaHcTBe BCEBO3MOXHBIX MaTEPUAIIBHBIX 00OBbEKTOB. MaTepHuaibHbIN
O00BEKT — 3TO TO, UTO MPENSATCTBYET COBEPILIEHUIO CBOOOHOTO JBUKEHUSI IPYTUM
MaTepualbHbIM O0bEKTaM, KOTOPBIMH MBI U caMu siBjsieMcsl. TOJIbKO mocie
COBEPILEHUS JBUKEHUS, HEMOCPEICTBEHHBIM COIPUKOCHOBEHUEM Mbl MOKEM
YCTaHOBUTH UCTUHY HAJIMUUs MarepuaibHOTroO 00bekTa B [IpocTpaHCcTBe; BUACHUEM
WJIM CIIyXOM BO3MOXKHA JIo)kHas nHpopmanus. CieoBaTesbHo, IBHKEHNE
MaTepuaIbHBIX OOBEKTOB SBISETCS HEOThEMIIEMbIM (PAKTOPOM MCTUHBI X HAJTUYMS B
IIpocTpanctse.

JlanpHelee UCCIeA0BAHUE OKPYIKAIOIIEH HAC CPENIbl CBOJUTCS K UCCIICIOBAHUIO
[TpocTpaHcTBa, MaTepuaIbHBIX OOBEKTOB U UX JIBUKEHHS, TO €CTh OKPY>Karolllasi Hac
cpena ocHoBaHa Ha ¢pyHaamente [IpocTpancTBa, MaTepuu U €€ JBUKEHUS B
[TpocTpancte. bes 3Tux pakTopoB HEBO3MOKEH HU OJIMH YYaCTOK BCETO
OKpYXKarolero Hac Mmupa. Becenennast, Bce sIBIEHUS B HEH, MOXKHO YBEPEHHO
YTBEPKJ1aTh, OCHOBAHbI HAa ()YHJIAMEHTE 3TUX TPEX (PaKTOPOB.

OmnpenenuM 1 IprMeM 3a OCHOBY HccieioBaHU npu3Haku (paxkropos [IpocTpancTsa,

MaTCprur U IBHKCHHA TAK KC HYTCM 3APaBOro BOCIIPUATHA U OCMBICJICHHU .



[IpoctpancTBO

[IpocTpaHCTBO — 3TO HEOOBSICHUMBIH PakTop ObITHA. ICTHHHO OHO
BOCTIPUHHMAETCS TOJILKO BO3MOKHOCTHIO CBOOOIHO COBEpIIIATh IBUKEHUS. B
COCTOSIHUU CBOOOAHOTO ABIKeHMs B [IpocTpaHcTBE HAXOAATCS MaTEPUU TUTAHTCKUX
TaJIaKTHUK 1 AJIEMEHTapHBIX YacTHIl. JIJi1 BO3MOKHOCTH CBOOOAHOTO JIBHKEHUS B
[IpocTpancTBe HEOOXOAUMO OTCYTCTBUE B HEM TOPMOXKEHHSI, COTTPOTHBIICHHS
JBUKCHUIO MAaTEPUH, TIO9TOMY MOKEM MPHUHSTH, YTO Tpu3HaKoM [IpocTpancTBa

SBJISIETCS OTCYTCTBUE B HEM KaKOTO-TMOO CHJIOBOTO JICUCTBUS Ha MAaTEPHIO.

Marepus

Marepust — 370 Takke HeoObsICHUMBIN (akTop ObiTust. Ha ocHOBaHuM €€
BO3MOXKHOCTHU OeCTpeIeIbHOTO Pa3eieHUs MOKHO 3aKIIOUUTh, UYTO MaTepUaIbHbBIN
00BEKT COCTOUT U3 OUYEHb OOJIBIIIOTO KOJIMYECTBA YPE3BHIYANHO MAJIBIX KPYITHHOK
MaTepuu — 4yacTull. Yacuua Matepun — 310 00bEMHBIN 00beKT B [IpocTpaHcTBe, UeM-
TO OTJIMYAIOLIUNCS OT HErO BHYTPEHHUM COAEPKAaHUEM — Maccou M.

dakTop MaTEpHH - YaCTUIIBI COAEPIKUT B cede u dakrop IIpocTpancTsa, n6o
yacTtula cyuiectByeT B [IpocTpaHCcTBe U 3aHMMAET OMPEIeIEHHBINA €T0 00bEM.
[TpuHUMas BO BHUMaHUE TOJIBKO CAaMO€ OUYE€BHIHOE, OCHOBHOE U 001IIee /ISl BCEX Tell
OKpY>KaroIlIeH HAC CPeIbl, MOKHO MPUHSATH 32 OCHOBY: MEXY MaTepUAIbHBIMU
YacTUIIAMH, TTOJJOOHO KaK MEXy OMIbSIPAHBIMU IIapaMH, HET CUJI B3AUMHOTO
TATOTEHUS U OTTAJIKWBAHUS HA PACCTOSIHUU; CHJIa B3aUMOOTTAJIKUBAHUSI BOZHUKAET
TOJILKO B MOMEHT X CTOJIKHOBEHHUSI APYT C APYTOM, U3-3a YETO TPOUCXOAUT U3MECHEHUE
CKOPOCTH U HAITPABIICHUS UX JIBUKECHUS.

JIns Havana uccnenoBanus npuMem: [IpocTpaHCTBO NEPBUYHO COAEPKHUT
JBIDKYIIHECS Xa0TUYHO IIapo0Opa3Hbie, aOCOMIOTHO YIPYTHe U IIAJKUE YaCTHUIIBI
m,, My, My; M, << My << mMy; Km,>> Km;>>Km,. Km - koau4ecTBo yacTuii B

[IpoctpanctBe. Bo BeenenHoM nepBUYHBIX MIAPOOOPA3HBIX YACTHUIL HET, HO IS
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9KCIICPUMCHTAJIbHBIX U TCOPCTUICCKHUX I/ICCJ'IeI[OBaHI/Iﬁ IMPUMEM UX CYHICCTBOBAHUEC C
q)YHIIaMeHTaHLHI)IMI/I IMPpU3HAKaMH 3JICMCHTAPHBIX YaCTULl — 9TO a0COJIFOTHAS

B3aMMOYIPYTOCTh, Macca U ABUKEHUE V.

JIBHKEHUE

JIBi>xkeHue coaepxuT B cede dakTopsl IIpocTpancTBa u Marepuu, 100 OHO MOXKET
UMETh MECTO TOJILKO B [IpocTpaHCTBE M €r0 HOCUTENEM MOXKET OBITh TOJILKO MAaTEepHs.
Kaxxymuiicst BIIOJIHE MOHATHBIM B Halllel 0OBIICHHOM XU3HU (cpene) GpakTop
JIBIKEHHS B KOcMHUecKoM [IpocTpaHCcTBe 1 B MEKPOMUPE HEOOBSICHHUM.
JlelicTBUTENBHO, IPEICTAaBUM CEOSI B POJIM YACTHUIIbI, HE UMEIOIIECH HUKaKOH
nHpopManu 00 OKpyXKaroIei cpeie, 0 COOCTBEHHOM JIBWKCHHUH, O JBHKCHUH H
CYIIIECTBOBAHMH JPYTHX, OKPYKAONIUX €€, yacTull. EMMHCTBeHHOM HH(pOpMaITUEH,
BOCIPUHUMAEMOMN YaCTHUIIEH U3BHE, SIBJISIETCS MOCJIEI0BATEILHOCTh COOBITHI
CTOJIKHOBEHUS €€ ¢ Apyrumu yacturamu. CiaeoBaresibHO, CYIII€CTBOBAHUE
MOCJIEA0BATEIILHOCTH COOBITUM CTOJTKHOBEHUS YaCTHIL SABJISIETCS MPU3HAKOM JBUKEHUS
marepud B [IpocTpaHcTBe.

Hamre Bocnipusitue pakTopa IBMXKEHHS TaK jK€ CBSA3AHO C MOCJIEN0BATEIILHOCTBIO
cooOnIiTuil. Ecniu HeT mociienoBaTeIbHOCTU COOBITH, HAIIPUMED, MOCIIEI0BATEILHOCTU
M3MEHEHHUS MECTOHAXOXKICHUS 00bEKTa, KOTOpasi HAMH KaK-TO (PUKCHUPYETCs, TO MBI HE
MOXXEM OTIPEJICTTUTD: IBHXKETCSI OOBEKT WIJIK HET.

[TocnenoBaTeIbHOCTD K€ COOBITHM, CO3/1aBacMast IBHXKYIIUMHUCS B
[IpocTpaHCTBE YacTULIAMU, €CTh HE UTO HHOE, KaK BpEMSI.

Bpemst — 310 o1ieHKa OTHUX COOBITHI KOJMYECTBOM COBMECTHO  HAOJI0AaeMBbIX,

IIUKJINYECKH TTOBTOPSIOIMXCS APYTUX COOBINH.

Beunocth MaTCpruun U ABUKCHUA.

MBI MOXKEM JIETKO OCMBICJIINTD, YTO HpOCTpaHCTBO HE MOXCT NCUC3HYTb UJIN
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MOSIBUTHCSI; OHO MOXKET OBITh TOJILKO BeYHBIM. HeckopKo MHa4Ye Hallle MBIIIUIEHUE 10
OTHOILICHHIO K YacTHUI[aM MaTepuu U ux asuwxeHuto. Ho, ecnu IIpoctpancTBo He
OKa3bIBAE€T HUKAKOTO TOPMO3SIIETO IEUCTBHS IBHX)KEHUIO MaT€puu U YaCTULIBI
a0COJIIOTHO B3aUMOYTIPYTH, TO HU YaCTHIIbl, HU UX JIBUJKEHUE HE MOTYT UCUE3HYTh,
HE MOT'YT MOSIBUTHCS, TO €CTh BEYHBI.

BeuHOCTh ABMKEHUS YaCTHUIL 3aKIIOYAETCS B TOM, UTO CKOPOCTh YIaJIEHUs UX
JpyT OT Ipyra Mocje OTPakKeHUsI paBHA CKOPOCTU COMMKEHUs APYT K APYTY [0
CTOJIKHOBeHUA. Eciu 1Be yacTuibl M; U my P OPSIMOM LEHTPaAIbHOM yaape,
JIBUTAsICh HABCTPEUY CO CKOpoCTSIMU Vi UV, , CTOIIKHYIUCH U OTPa3UIIUCh CO

1 1
ckopocTsMu Vi 1V, , BeUHOCTh JABMIKEHHUS BBIPA3UTCS YPaBHCHUEM
V:-V, =V, -Vy! (1)
1-V2= V3 -V
1 . . .
Bemuunna (Vi _ Vi) m; npencrasiser co00it HMITYIbC J, MPUHATBIA YacTHLICH My

OT ICMCTBUS CUJIBI OTPaXEHUS. Ta )Ke Cujla OTpa)KEHHUs! ACMCTBOBAJIA U HA YACTUILLY

M, , HO TOJBKO B MPOTHBOIOJIOXKHOM HAIIPaBICHUH, [IO3TOMY
1 _ 1
(Vl—Vl)ml—(Vg 'Vz)mz (2)
Beunoe xaotnueckoe ABmxkeHUE yacTull B [IpocTpaHcTBE IPUBOAUT K UX
OECKOHEYHBIM CTOJIKHOBEHUSIM APYT ¢ ApyroM. CTOIKHOBEHHUS YaCTHUI] pa3HbIX
BEJIMYMH MTPUBOJIUT cONIacHO ( 2) K BbhIpaBHMBaHUIO BeiawuuH VM. [losTomy,
B YPABHOBEIIEHHOM COCTOSHUM VM YacTHUIl pa3HbIX BETMYUH PaBHbI (3)

Coctosinus MHOXKecTBa yacTull B [IpocTpaHcTse.

I[BI/I)KeHI/Ie MHOKXCCTBA YaCTHILl BO BCCBO3MOKHBIX HAIIPABJICHUAX,

CTOJIKHOBCHM: APYT € APYTOM IIPHUBOAUT K TOMY, UTO OHHU paCHIpPCACIIATCA B



[IpocTpancTBe ¢ ONpeAenEHHOMN INIOTHOCTBIO: PM, >>pmM>>pm,. [Ipu aToM
BO3MOXHOCTb B3aMOCTOJIKHOBEHUI CO BCEX CTOPOH CTAHOBUTCS OIMHAKOBOM, TO
€CTh CTAHOBUTCSI CO BCEX CTOPOH OAMHAKOBOE JAaBICHUE — KOJIUYECTBO
CTOJIKHOBEHHUI 3a eIMHUIlY BpeMeHH. Ecnu naBienue ¢ Kakoi-11ub0 CTOPOHBI
MEHBIIIE, YaCTUIIBI CMEIIAIOTCS B OOILIEHANPABICHHOM JIBIDKEHUM P M B 3Ty
CTOpPOHY /10 TE€X MOP MOKA OHO HE BBIPABHUTCS. B ypaBHOBEIIEHHOM COCTOSIHUH
MHOX€eCTBa yacTull B [IpocTpaHCcTBE HE CylIECTBYET 00IICHANIPABICHHOE ABUKEHUE,

qTO NpEACTaABICT ABMKCHUC XaOTHUCCKOC pXm,

pXm - OTO COCTOAHHC, KOIAa KOJMYCCTBO YaCTUI, ABMKYIIHUXCA B
KaKOM-JIH0O HaIIpaBJICHHUH, PABHO KOJIMYCCTBY YaCTHUL, ABUKYIIUXCA

BCTPCYHO UM U 3TO KOJIMYCCTBO BO BCCX HAIIPABJICHUAX OINMHAKOBO. ( 4 )

JlaBneHne MaJIbIX 4YacCTUL HA KPYyIIHBIE APYT K APYTY.

CornacHo (3 ) yacTulbl MaJioil Macchl UMEIOT OOJIBIIYIO CKOPOCTh
ABUKEHHUA. bonblas CKOpoCTh ABMKEHUS XapaKTEPU3yeT UX JONOTHUTEIBHO TEM,
YTO OHU UMEIOT OOJIbIIIee PACCTOSHUE CBOOOTHOTO ABMYKEHHUS. ITO €CTECTBEHHO,
uMesi MEHBIIUN pa3Mep U OONBIITYI0 CKOPOCTh, MaJIble YACTHIIBl MMEIOT MEHBIITYIO
BO3MOKHOCTb CTOJIKHOBEHUS M OOJIBIIYI0 BOBMOKHOCTh MPEOJOJICHUS OOJIBLIETO
pPacCTOSHUSI OT CTOJIKHOBEHUS K CTOJIKHOBeHHIO, LcB.m. Tloatomy
B [IpocTpancTse
o0nacTh, pa3Mep KOTOpOM HaMHOTo MeHbIle L.cB.m, , 'ycTo nepeuepKuBaeTcs
TPACKTOPHUSIMH JIBIKCHUH YaCTHI] M, BO BCEBO3MOXXHBIX HAMPABICHUSAX U

MOYTH HE COAEPIKUT CIIydyas CTOJKHOBEHUS UX APYT C IPYyroM (%)

Ha PHUCYHKC 1 I/1306pa)I(€HBI JABC 4aCTHUIBI My , HAXOAAIIHUECA B obnactu

cooTBeTcTBYIIEH yenoBusaM (4 ) u (5 ). Ctpenkamu n300paKeHbI HECKOIBKO



TPAEKTOPUIA TBUKEHUS YaCTHUI] M, K OHOM "acTuile my M3-3a mpucyTcTBus BOIM3U
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Puc. 1

He€ IPYrod YacTUIBI M, UMEET MECTO 3aTeHEHHBIN Y4acTOK IOBEPXHOCTH S; , Kyla
paguagbHO K HEM ABYKYIIMECS YaCTULIBI M, HE IIOINAJNAI0T, BCIEACTBUE YETO OHA

HCIIBITBIBACT JaBJICHUC B CTOPOHY 33T€H5[I-01H€ﬁ HJaCTUIbI CHUJIOU

F =S, d (6)

d - maBieHUe Ha eNUHUILY TUIOIIAAN My PaJUAIbHO IBUKYIIMXCS K HEH YacTHIl m, .
O4eBUHO, TaKOH K€ BEIMYMHBI CHITy HCIIBITBIBAET BTOPAs YaCTHUIIA K IIEPBOM.
EcTecTBeHHO, CTOJIKHOBEHHUS YAaCTHUI] IPOUCXOAT HE TOJIBKO MO PajHaIbHbIM
TPAEKTOPHSIM, HO U TI0O BCEBO3MOKHBIM, TOJIBKO OT HUX HE CO3/1aETCs 3aTCHEHUE U
CUJIa UX JAaBJICHHS YPaBHOBEIIMBAETCS.

Yactunpl m, moa AedcTBUEM CWJI F HauuHaIOT ABUTaThCs APYT K Apyry. Eciau
4acToTa yIapoB YacTUI[ M, MPHU HEMOABIKHOM COCTOSSHUU my Obuio f , TO mpu
nBrkeHuu yacrora f Oyzmer Huxe, f <f |, Tak Kak CTOJIKHOBEHUS IPOUCXOMST MPU
CONNIACHOM JIBM>KEHMH. [loce CTONKHOBEHUS YacTULBl M, OTPa3ATCAd U HAYHYT
YOQIATBCS APYT OT APyra, IPH 3TOM YacTOTa CTOJKHOBEHHUM C YaCTULIAMHU M,
yBemuuutcs, f*> f, CTONKHOBEHHUS MPOMCXOIAT TIPH BCTPpeUHOM aBmxenun, f >f >

f . Mmymbenl J, mproOpeTaeMble YacTHIIAMHU M, Takke pasHsarca: J' >J> 7.



BcenencTBue 3Toro cuia maBieHus 9acTHIl M, Ha my OymyT pa3HBIMH, F'>F>F,

MIOATOMY YaCTHLBI My MOCJIE OTPAXKEHUS OYAyT TEPATh CBOM CKOPOCTH OBICTpEE, UEM
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npuoOpeTaty Npu ABUKESHUU IPYT K JPYTY U, HE JOCTUTHYB MIPEKHETO PACCTOSHUS
L MexIy HUMHU, HAYHYT BHOBb COMIMKAThCA. B KOHEYHOM MTOre YacTUIIBI CTAHYT
HEPa3JIyYHBIMU - COCIMHEHHBIMU, HO COBEPIIIATh KOJIEOATEIbHBIC IBUKECHUS
OTHOCUTEJIBLHO JIPYT JPYyra CO CBOMCTBEHHBIMH UM CKOPOCTSIMHU , cortacHo ( 3 ).
JlaBiieHue yacThI] m, Ha M, Ha30BEM AaBiieHWEM [IpocTpaHcTBa, a yacTUBl M, -
yactuamu IIpoctpancrsa.

JlaBieHue MabIX 4acTHUIl Ha 60Jiee KPYIHbIE APYT K APYTY MPOUCXOAUT U B
BO3JIYIITHOM CpeJie, YTO MOXKHO HAOJIO/IaTh TOMECTHUB JBa BOJIOCKA MEPIECHIUKYISIPHO
JpyT K Apyry Ha HEOONbIIOM paccTosiHuU. O0IacTH epeceKaronXCsi BOJIOCKOB
MIPENICTABIIAIOT MOA00KE OJIM3KO PACTIOIOKEHHBIX YacTull. Ha HeKoTopoM paccTosiHUU
JPYT OT Jpyra, OYeBUAHO OJIM3KOM K PACCTOSTHUIO CBOOOTHOTO JABMKEHUS YaCTHI]
BO3/yXa, BOJIOCKH UCHBITHIBAIOT AABJICHUE APYT K APYTy U COCAUHSIOTCS.

CoBepHIEHHO OYEBHUIHO, BOBMOXHOCTh COCIMHEHUS YaCTUIl My 3HAYUTEIBHO
BBIIIIE BO3MOXHOCTH COCIMHEHUS YACTULl M; M3-3a MEHBILETO UX pa3Mepa
MOTIEPEYHOTO CEYEHUSI, CO3/IAIOIIECTO 3aTCHEHHE, U OOJIbIIIEH CKOPOCTH IBUYKCHHSI.
[Toatomy B [IpocTpancTBe BHAYane COSAUHSIOTCS YacTUIbl my . [locne coennuenus
JByX YaCTHUL] BO3MOXXHOCTb COCIMHEHNUSI C HUMH TPETHhEN YBEIMUNUBACTCS, TaK KaK
YK€ JIBE YaCTHUILIbI CO3/Iat0T 3aTCHEHNE HA TpeTher. [locie coequnenus TpeThen,
€CTECTBEHHO, MOCJIEAYET COEAUHEHNUE U YETBEPTOU, U MATOU ...

[To Mepe yBenMUYEHHS KOJIMYECTBA YACTUL] My B COCAVMHECHHU YBEINYHUBACTCS
BO3MOXXHOCTh CO€IUHEHUSI C HUMHU YaCTUI[ M; , TAK KAK CyMMAapHOE 3aTCHEHNE
COCMMHEHHBIX YaCTUIl M, HAa m; Oymer gqoctarouHbIM. [Ipon3oiaér coequuenue ¢
COEIMHUBIIUMUCS YaCTULIAMHU M, MHOKECTBA YaCTUIl m; (pUC. 2) IPEXKIE YeM
COCMHUTCS CIIeAyIoas My, TaK Kak B OKPYXKEHUU M 3HAYUTEIHHO OOJIBIIE YeM
M, . [moTHOCTH YacTuIl m; B 00pa30BaBIIEMCS CKOILICHUH IO MEpPEe YAICHHSI OT

[IEHTpa YMEHbIIAeTCcsl 0OPaTHO MPOIMOPIIMOHAIBHO KBaJIpaTy pacCTOSHUS.



BCJIEJICTBHUE TAKOM K€ 3aKOHOMEPHOCTH Cuilbl F , kKoTopast oueBuiHa u3 puc.l. Ilox

auarpaMMon M300pakeHO CKOTUICHUE YaCTHIl - B IIEHTPE PO (JaCTUIBI my ),
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Puc. 2

BOKPYT sijipa 000JI0UKa M3 YaCTHIl M;  YacTHIIBI B CKOIUICHUU TaK jK€ HAXOMATCS B
COCTOSTHMU XaOTHYECKOTO JBHIKCHHUSI CO CBOWCTBEHHBIMHU UM CKOPOCTSIMH COTJIACHO (
3), To ecThb V,>V>>V, .

OueBUIHO, SIPO CKOTUICHHSI UCIIBITHIBACT JIABJICHUE YACTHIl 000JI0YKH, TPUIEM
Ooutbliee Co CTOPOHBI OOJNIBIIETO UX KOJMYECTBA, YTO MPUBOIUT K JIBHYKEHUIO
ckoruteHus. /i BBISICHEHUS IPUYMHBI PACCMOTPHUM CIICAYIOIIEe: Ha puc. 3
N300paKeHBI YaCTHIIBI M, W M ; B KAUECTBE YACTHI CKOTUICHUS, OHM HETIOABMKHBI.
[Tpu ynape 4acTuIrsl m, € JI€BOM CTOPOHBI M, MPUOOPETAET CKOPOCTH COTIACHO
ypaBHeHuit (1) mu(2): V,=2myV,/(Mme+my), ampu yaape ¢ npaBoii
Vio=4momy Vo /(mg+tmy) (mey+tmy) .V, > V,,

YTO MOJATBEPKAACTCS IKCIIEPUMEHTAILHO C AaHAJIOTHYHO MOJBCIICHHBIMY IIAPaAMHU.

OKpY>KHOCTB BOKPYT siipa Ha puc.2 03Ha4YaeT pa3Mep CKOILJICHHUS, B PEIeIax
KOTOPOTO CYIIECTBYET cuia naBieHus [IpocTpancTsa, monaep kuBaromias
OIpeAeNEHHYIO TUIOTHOCT YaCTHI] M; M M.

Ecnu BONMM3M CKOIIEHHS TOSIBUTCS CBO60I(Ha$[ qacTuna my, TO OHa 3aTCHUT



ero ot AasineHus IIpocTpaHCTBa CO CBOEW CTOPOHBI, YTO MPUBEAET K BBIXOAY M; W3
000JI0YKH B 3aT€HEHHOM YacTh. [Ipy 3TOM yMEHBIIUTCA KOJIWYECTBO M; B 000I0YKE

C HpOTI/IBOHOJIO)I(HOfI CTOPOHEI, 4 MCIKAY CKOIIDICHUCM M My YBCIUMYHUTCA, U3-3a YCTO
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S © o < o
Puc. 3

CKOIUIEHHWE W My OydyT HUCIBITHIBATH JABJICHHUE JIPYT OT APYTa, TO €CTh MPOU30UIET
MX B3aUMOOTpakeHre. B 3TOM COCTOSHUM CKOIJICHHE MTOX0KE BO3YITHOMY IIapy C
oOpazoBaBiIMMcs oTBepcTreM B obosouke. llap u M, pasznerenucs Obl B
MIPOTUBOIIOJIOKHBIE IPYT OT Jpyra CTOPOHBI M3-3a BHIOPACHIBAEMOTO U3
pa3pyLIEHHON YacTh 000J0YKY BO3yXa. B oTiM4mMe oT BO3AYIIHOTO 1Iapa BBIXO
YaCTHI] My U3 CKOIUIEHUS B 3aTCHEHHOW YaCTH IIPUBOAUT K UX MOIIOJHEHHUIO U3
OKpY>KaroIlel Cpeabl B HE3aTCHEHHBIX YacTAX. OHU BXOIST B CKOILUICHUE C
MOBBIIIEHHON CKOPOCTBIO JIBUKEHHUS V,' BcnenctBue maBneHms [IpoctpancTsa,
MOATOMY 000JI0UKa OKa3bIBAETCSI CMEIIEHHON B CTOPOHY 3aT€HEHHOW CTOPOHBI 32
npeAesbl MposiBjeHus cuiibl F, puc 4. Takoe cOCTOSITHUE CKOTUUICHUSI COXPAHSIETCS U
MOCJIEe OTPAXKECHUSI, M3-3a YETO OHO MPOJOIIKAET ABMKCHHE (MHEPIIMOHHOE) B TOM K€
HAIIPABJIEHUH JIO CJICAYIOLIEH BCTPEUH C JAPYrOW YaCTUILIEM My WM CKOIUIEHUEM,
MPUYEM CKOPOCTh ABUKEHUSI ONPEIEIAETCS BETMYMHON «OTBEPCTHS B 000TI0UKEY,

o6pa3OBaBmeroc>1 OT 3aTCHCHUA LIElCTI/II_[eI‘/JI M, WU CKOIJICHUEM.




Puc. 4

WTak, cBOKCTBA CKOIUICHHS B OCHOBE TAKHUE )K€, YTO U y PaHEE NPHUHATHIX M,
M; 1 my CKOIJIEHUS UHEPLMOHHBI B JBUKCHUH, IIPU CTOJIKHOBEHHMH JIPYT C IPYTrOM
MPOSIBIISIIOT CBOMCTBA aOCONIIOTHOM YIPYTOCTH U IIAAKOCTH ( MEXaHU3M UX

OTPAKCHUS UCKIIIOIACT BOSMOKHOCTb BOBHMKHOBCHMA Bpallatoiero MOMCHTA IIPpH
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CKOJIB3SIIIIUX- HEIEHTPAJIbHBIX CTOJKHOBEHUSX ) , IO3TOMY €CTh OCHOBaHHE
3aKJIIOYUTh: CKOIUJICHHUE - 3TO YACTHUIIA JIEMEHTApHAs, U3 MOJT00HBIX COCTOUT BCA
MaTepusi OKPY>KarolIero Hac MUpa.

YacTuiisl paBHBIX BEJIMYMH M , IBUTASICh CO CBOMCTBEHHBIMH UM CKOPOCTSIMHU,
CTAJIKUBAIOTCS JPYT C JIPYTOM TOJIBKO BCTPEUHO. YacTHIIbI C pa3HBIMHU BEITMUMHAMHU
CTaJIKMBAIOTCS KaK BCTPEYHO TaK U COIIACHO (TIPU IBUKEHUU B OJTHOM
HanpasieHun). CornacHble CTOJKHOBEHUS CO3/Ial0T HAa YaCTHUIIBI PA3HOCTHOE
nasienue FP, u3-3a yero yacTHIsl My , HEBOILEAIINE B CKOIIEHUE, HO HAXOISAIIUECS
BOJIM3U HETO, UCTIBITHIBAIOT PA3HOCTHOE JIaBJICHUE K CKOIUJICHHUIO, @ YaCTHUIBI m,, ,
CJI€I0OBATENIbHO, B MMPOTUBOMOJIOKHYIO CTOPOHY. ITO €CTECTBEHHO, TaK KaK CO
CTOPOHBI CKOTUJICHUS COTJIaCHOE CTOJIKHOBEHHWE M; C M, MEHEE BO3MOXKHO.
Bcenencreue BOZHMKHOBEHUS CHBI F° BOIM3M CKOIUIEHHS, BOKPYT HETO, 00pasyeTcs
BTOPOH CJIOM 000J0YKH M3 YACTUIl My , 3HAYMTEIHHO MPEBBIMIAOITUI TT0 pa3Mepy
nepBeli. FP 110 Mepe ynaneHus oT CKOIUICHHs yObIBAET 0OPATHO MPOIOPIHOHAIEHO
PAcCTOSTHUIO, TaK KaK OHA BbI3BaHA HE SJIPOM CKOILICHHUS], @ COCEACTBYIOLIEH
IJIOTHOCTBIO YAaCTHI] M;.

Ha puc.5 n300pakxeHo CKOIJIEHUE ¢ JJOTOJHUTEIFHON 000JI0YKOM -
MyHKTUPHAsT OKPYKHOCTH . JIOTIOMHUTENBbHYIO0 000JI0YKY CKOIIJICHUSI HA30BEM
nojieM JacTuipl, a F’ - cuioil 000co0IEH s YaCTHI] PABHBIX BEIUYMH.

ITone wacTuiel - HEyCTOWUMBasA €€ MPUHAMICKHOCT: MAaKCUMAJIBHBIN €r0 pa3Mep B
CBOOOJTHOM COCTOSIHUHM YaCTHIIbI, MaJIbIM UM MOJTHOE OTCYTCTBHE MPH €€
HaxXOXJCHUH B I0JI€, 000JI0YKE WU SPE APYTrod YaCTHUIIBI.

CxoruieHue B AAPE MOKET COACPIKATH PA3HOC KOJIMICCTBO 4aCTUII My, YTO



ompezensieT ero Maccy M ( M - ISl OTIHYUSI 0003HAUYEHUS MAaCChl CKOTICHUS

OT MAcCChI IEPBUYHO MPUHSITHIX YACTUIl M ), T03ToMY B [IpocTpaHcTBe co
MHO>KECTBOM M BO3MOXHA COBOKYITHOCTb : M, << Mj << M. C HOBOH
COBOKYITHOCTBIO YAaCTHUI[ M MPOU30UIYT TAKUE K€ MPOIIECCHI, KAKUE TPOUCXOIUIHU C
m: oOpa3zyercs Lebli pajl 0osee KPYIMHbIX YaCTHUIl BIUIOTh JI0 3JIEKTPOHOB (D) U

npotoHoB (I1). 14

Cy1iecTBOBaHUE AIIEKTPOHOB, BO3MOXKHO, OCHOBAHO Ha HAJIUYWHU B
IIpocTpancTBe yacTuil: M, M., 3; M << M. <<3; Kwm >>Kwm>>K»s. Yactuna 3
MPEACTABIISET SAPO AIEKTPOHA, M. - COCTABJISAIOT €T0 O0O0JIOUKY U MOJIe, M -
yactulel IIpocTpaHcTaa.

JIro6as JqacTuia BO Bcenennoi MNpcaAcCTaBJICT CKOIIJICHUC OoJiee MaIbIX

M9

O0oouka

0 Mio

M3
Mg Mg



M

My My
M
M3 M3
6
M M Puc.7
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YacTHII; CJIEIOBATENIbHO, KaX/1asi U3 HUX COCTOUT U3 HUCXosuel ot [IpocTpancTsa
CTYIIEHYaTOH 000JI0YHON MOCIIETOBATEIPHOCTH YACTHIIl, B TOM YHCIIC U MJICKTPOH,
Puc.6. Ha pucyHke cTpenku K OKpy>KHOCTSIM 000JI04eK 0003HAUaI0T JaBJICHUE
YKa3aHHBIX YaCTHUII, CO3JAI0IINX COOTBETCTBYIOIINUE CTYIICHSIM JaBICHHUE
[IpoctpanctBa. KomuuecTBo cTyneHen onpeaeneHo (J1anee) CyiecTBOBaHUEM
CKOIUICHUH TaiakTUK. Y3 0007109HO# MOCIeA0BaTeIbHOCTH CIEIYET: €CIIU CTYIeHb
WCITBITHIBACT 3aT€HEHUE OT yacTull [IpocTpaHcTBa, TO €€ peakmus MoCIe0BATCILHO
nepenaéTcsl Ha HIDKHUE CTyneHu. Hampumep, M7 HCTIBITRIBACT 3aTCHEHUE OT YACTHII
[IpocTpancTBa My € JIeBOH (pUcC.7) CTOPOHBI, YTO U300PAKEHO PA3PHIBOM JIMHUU
000JIOUKH ¥ OTCYTCTBHEM CTPEIIKH Mg, HaCTHIIBI M7 B Ms UCIIBITBIBAIOT JABJICHUE B
CTOPOHY OT 3aTEHSIIOIIETO OOBEKTA, TOITOMY CMEIIEHBI OTHOCUTENIBHO SIpa B 3Ty
CTOPOHY — HM300paXeHO CMEIIEHUEM OKPY>KHOCTH 00O0JIOUKH OTHOCUTENBHO sIpa.
BcnencTere 3Toro yacTuiia Ms UCIIBITHIBACT JIABJICHUE B IPOTHBOIIOJIOKHYIO CTOPOHY.
3areM, aHAJOTUYHO, TPOUCXOAUT CMEIIIEHNE 000T0YKH YaCTHUIIBI M3 OTHOCUTEIHHO
spa M Tak jganee. B urore aekTpoH D UCHBITHIBAET qaBieHue +F,° B cropony
00BEeKTa, 3aTEHSIOIIETO €r0 OT YAapOB YacTHUIl Mo . Ha pucyHkax 6 u 7 moss 4acTuil
HE N30paKCHBI.

Yem MEHbIIIE Macca YaCTHUIIbI, TEM OOJIbIIIE CKOPOCTh €€ IBMXKCHHMSI, COTIIacHO (
3), To ectb VMg>> VM>>VMs>>VMz>>VM>>VM. , mostomy pasmepst (O) mosen,
COCTOSIIUX U3 ITHX YACTHI], COOTBETCTBYIOT UX CKOPOCTSIM:

OMg>>0OMm7>>0OM5>>0Mz>>0M>>0OM.

CrnenoBarenbHO, 4€M MEHBIIE MAcCa YaCTHIIBI, TEM OOJIBIIIE OHA TPOCTPAHCTBEHHEE.

B xoHeyHOM HTOrE camas majas qacTula J0JDKHA IMPCBPATUTHCA B HpOCTpaHCTBO.



[IpocTpaHCTBO, KOHEUHO K€ HEMPEPHIBHO, HO KAKMM 00pa3oM, o4eMy OHO
MIPOSIBIIICTCS] CBOMCTBAMH YacTull ? Bo3aMOkHO, T0100HO Kak HEMpephIBHAS TJ1a/Ib
Mops TipeoOpaszyeTcs B BOJHBI ? 7 ?

OO6oJs104Has MOCIEA0BATENBHOCTh CO3AAET MEPEMEHHOE CTYIIEHYATOE
B3aMMOBIIUSIHUE 3JIEKTPOHOB B 3aBUCUMOCTH OT PACCTOSIHUSL ME¥Kly HUMH , PUC.8.
[Ipu ux cOMMKEeHUU APYT K APYTY NPOUCXOIUT YBEIHMUCHHUE 3aTCHEHHBIX
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«OTBEpCTHUI» B 000J0YKAX YaCTUIl MOCIEI0BaTeIbHOCTU. BbIxoa yacTun u3
000JI0YKH HAYMHAETCS TOT/Ia, KOTJIa pa3Mep «OTBEPCTHUS» JOCTUTHET pazmepa
00010uHOM yacTuibl. KOHEUHO ke, Ha 3aTeHEHNUE BHAYaJlle pearupyeT HauMeHbIIast
YacTHIa M; — BO3HHUKaeT cuia +F;”, 3areM yacTuia Ms - BO3HUKaeT cuia -F,° u tak
nanee, puc.S.

AHaJIOTUYHO 3JIEKTPOHY, BO3MOXHO, CyIIECTBOBaHUE MPOTOHOB I1 ¢ Takoi xe
CTPYKTYpPOH U AUArpamMMoil CUJI B3aUMOBJIUSHHUSI OCHOBAaHO HA HAJIUYUU B
[IpocTpancTBe yacTull M, My, I; M << M <<m; Km>>Kwm,>>Kmno; m:>wm.; nm>o.

IIpy B3aUMOBIIUSIHUH DJIEKTPOHA C IPOTOHOM CHIIBI F° y aiekTpoHa

BO3HHUKAIOT paHbIIE, YEM y IIPOTOHA, TAK KaK II > 0.
FO +F5O

+F3°

-F,°

Puc.8

Yactumpl M. co30a10T 3)(EKT MONOKUTEIBHOTO SJIEKTPUUECKOTO 3apsiaa



MPOTOHA, YaCTUIBI M. - 3 (EKT OTPUIATETIHLHOTO Y JIEKTPOHA.

Tak kak Mi > M., LcB.M: < LcB.M., pa3Mep mosst 3JIeKTpoHa O0JIbIIe OIS
IPOTOHA, HO MeHee ycToNuMB. [Ipu cONMKeHNM 37EKTPOHA U POTOHA APYT K IAPYTy
MEK/Ty HUMH OT JeiCTBUsI ciiibl F° oOpasyercst 30Ha pacCessHHbIX (OTCYTCTBHS)
nosneii (puc.9), B urore Boszuukaror cuibl +F'. Eciu cymma cun +F" u +F;°

JIOCTaTOYHA JJIsl pa3roHa 3JEKTPOHA U MIPOTOHYA APYT K APYTY AJIs MIPEOJOJICHUS
17

CHJIBI -F,™, TO BIIEKTOPOH U MPOTOH CTAHOBSITCS HEPA3IyYHBIMH, COBEPIIIAs
OTHOCHUTEJIBHO JPYT JIpyra KojieOareabHbIe JBUKEHUS O] IEHCTBUEM CUJT
+F3;°u -F,° ; Takoe coeaMHeHnE DIIEKTPOHA C TPOTOHOM IMIPEACTABISIET COOOH aToM

BOJIOpOA.

Puc.9

Ecnm sxe HauanmbHast CKOPOCTh COMMKEHUS JICKTPOHA C IPOTOHOM  JIOCTaTOYHA
BBICOKA JUISl IPEOIONEH s CUIIBI -F,° | TO SIEKTPOH U MPOTOH, COEMHUBILKCH, OYIyT
coBepIIaTh KojiebaTeIbHae ABUKEHUSI OTHOCUTEIIBHO JIPYT Apyra MoJ JeHCTIIBUEM
cun +Fs’ u -F ¢° nunpencrasnaTs co6oit yactuiy HelTpoH, puc. 10.

CymectBoBaHue Bo BeelleHHOM CKOTIEHUH TaJaKTUK CBUJIETEIILCTBYET O TOM,
910 LCB.Mjp OOJIbIIIE MEKTalaKTHIECKOTO PACCTOSHHUS B UX CKOIUICHHH, TaK YTO
ANEKTPOH W NPOTOH HU3-3a 3aTEHEHHUSI OT YIAPOB YaCTUL] Mjy TaJAKTUKOU

HCIBITHIBAKOT JAaBJICHUC K Heﬁ, TO €CTh CHJIA +F10 MNpCACTaBIIACT CUITY



B3aUMOTATOTEHUS TalaKTHK, cuna -F,° | clenoBarensHo, - Culy ux
B3aUMOOTTaNKMBaHus. Jlasee, cuna +F3° peacTaBIsSeT CHily B3aHMOTATOTEHHUS

. 0
3BC3/ B I'aJIAKTHKC, -F4 - CUJIY UX B3aUMOOTTAJIKUBAHUA. Cuna +F5O npcaAcCTaBJICT
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rpaBUTAIAIO B OKOJIO3BE3AHOM [IpocTpaHcTRe.

B HEHUTpOHE 3IIEKTPOH M MPOTOH MOCTOSSHHO HAXOAUTCS B COCTOSHUU
KoJie0aTeIpHOro ABMKeHUs. JlomycTuMm, Ha puc.10 37eKTpoH HaXOaUTCS Ha BO3MOXKHO
OJIM3KOM PacCTOSTHUU OT IPOTOHA, a Ha puc.l] Ha pccTossHMM, B TIpeiesiax KOTOPOTro
COBEpPIIAIOTCS €0 KoJjie0aTeIbHbIe ABMKEHUSI. B HanOIM3KoM pacCTOSIHUU APYT OT
Jpyra 3JIEKTPOH HE UMEET I0JIsI, TPOTOH MMEET Majibld pazMep. [1o mepe ynanenus
JIPYT OT JIpyTra 3JIEKTPOH U MPOTOH MPUOOPETAIOT YACTHUIILI MOJIEH U3 OKPYXKaIOIIeH
cpenpl, JOMYCTHM, JI0 pa3MepoB, H300paKEHHBIX Ha pHUC. 11, TO €CTh HEUTPOH
BO30Y’K/1aeT MPUJIMBHYIO BOJIHY CPEJIbl YaCTUI] M. U M.. [Ipu cOnmmxkeHuun apyr K
JPYTy JEKTPOH U MPOTOH TEPSAIOT CBOM TOJIS /10 BeJnuuH puc. 10, Bo30yxaas
OTJIMBHYIO BOJIHY. Takum 00pa3oM, CyIecTBOBaHUE HEHTPOHA COTIPOBOXKIACTCS
BO30Y)KJICHEM UM BOJIH ~PM=E, NpUUEM B BOJIHE COCTABJISIONIAS ~pM. OOJIbIIIE
COCTABJISIIOIIEH ~PM. , TaK KaK y DJIEKTPOHA pa3Mep OISl MEHSIETCS OOJIbIIIEe YeM y
npoToHa, Yactoa BOJH
KOHEYHO € 3HAUUTEJBHO BbIIIE€ U3BECTHBIX JI0 HACTOAIIETO BPEMEHU , JUIMHA BOJIHBI,
BO3MOOXKHO, COM3MepuMa ¢ pazmepamu D u I1.

( Ecniu 6 MBI MOTJIM YBUJIETh HEUTPOH, TO BOCKJIMKHYJIU Obl: « OH JBIIIUT, OH

kuBoi ! » . [Tozxe BBISICHUTCS, YTO U BCC aTOMBI ABIIIAT, TOXKC KUBBIC )

OO6pa3zoBaHue aTOMOB



BonHbl HEUTpOHA ~pM. U ~pPM, BIHSIOT Ha CBOOOJHBIC AIEKTPOHBI U
npoTOHbI. PaccMOTpUM pa3nienbHO BIUSHUE ~pM. U ~pM.. Ha puc.12 uzobpaxken
Haxonsmuiics BOmm3n HeidTporna H amekrpon O . JlomycTum, Ha D BHadase
HaOexala oTIMBHAsL (OT HEHTPOHA) BOJIHA ~PM. B JIEBYIO €rO MOJIOBUHKY,
H300pakeHo cTpenkoii Fi°, o3Hauarorieil e€ aMIUIMTYIHYIO BeJIM4HHY, puc.12.1a.
YacTuipl M. SBIIAIOTCS YACTHLIAMH OOOJIOYKH U MOJIA JIEKTPOHA, IO3TOMY B
AIIEKTPOHE BOJIHA pacCIpoOCTpaHseTcs. Tak Kak BOJHA CONEPKUT
oOIIeHANPaBIeHHOE BIKEHUE TaCTUI] M. , OHA OKa3bIBaeT JAaBieHue F1° Ha sapo.
Hanee, BojHa Habexxasa B PaByIo MOJIOBUHKY 3JI€KTpOHa, puc.12.16. Cuiia BoiHbI B
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MpaBoy MOJIOBUHKE clla0dee, 4eM B JIEBOM, OHA JaJIbIlIe OT HEUTPOHA, U300PaAXKEHO
MYHKTUPHOMN CTPENKOM, Oosiee KopoTkoi ueM F;°. Vxomsias BoMHA HE OKa3bIBacT
JABJICHU Ha sApo ekTpoHa. Ha puc.12.1B npuinBHaAsA BOoJHA B JIEBOM ITOJIOBUHE
AJIEKTPOHA TaK K€ HE OKAa3bIBAET JABJICHUS HA €T0 PO, a B IIPaBOil OJIOBUHKE,
puc.12.11, okaseiBaer cuioit F,°. F,” < F;°. Ha puc.12.2a ominBHast BOJHA ~PM.
Ha0eXxalia B JIEBYIO MOJOBUHKY 3JIEKTpOHA. Tak Kak 4YacTHUIIbl M HE CBOMCTBEHHBI

TIOJTFO AJICKTPOHA, MPOUCXOAUT PACCEUBAHKE €TO TOJISI CHIION 000CO0ICHUS YaCTHII

pasubix Benmund FP. Bo3nukaet cuna F3*. BomHa ~pM, ommBHas (puc.12.26) u

~pM., 3D ~pM4, O
(~pM+9 H ) (~pM-9 H )




: 0@
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Puc. 12

npwinBHas (puc.12.2B) He NEUCTBYIOT Ha PO AIIEKTPOHA, a BoJHA (puc.12.2T)
paccemBaer €ero moie, BosuukaeT cuna F4°. F,° < F3°. Tak kak B BOIHE HEHTpOHA
~pM. > ~pM. , F1” > F3° . Ha pucyHke myHKTHpHAs CTPEJIKa O3HAYacT BOJIHY,
CILJIOIIIHASl — CUJTY; €CJIM € BOJIHA OKa3bIBAET JIaBJICHUE, ITYHKTUPHAs CTPEJIKa
20

oTcyTcTBYeT. Heob603HaueHHBIE CIUTONIHBIE CTPEIIKH, O3HAYAIONTUE CHITY, MAJIBI TIO
BEJINYMHE U3-32 HE3HAYUTEIBLHOTO BIUSHUS YXOJISIIECH BOJTHBI.

KapTtuna BausiHUS BOJIHBI «JIbIXaHUS HEUTPOHA HA CBOOOHBIN MPOTOH TaKas
ke, puc.12. ( oTIMYKe , Ha MPOTOH BHAYaJie HAOETaeT BOJHA ~PM. ).

N3 paccMOTpEHHOTO ClieTyeT BBIBO:

BOJIHA ~PM. OTTAJKHUBACT 3JICKTPOH, ITPUTATUBACT IIPOTOH,

BOJIHA ~pM, IPUTITUBAET AEKTPOH, OTTAJIIKUBAET MPOTOH. (7)

B BosiHe nbIxaHust HEUTpoHA PeobIaaeT COCTABIISIONIAS ~PM. .
CrenoBaTellbHO, ¢ HUM MOXKET COEIUHUTRCSA IPOTOH 3a cuér cuin +F° u +F,° B
cymMMe TpeopoineBaonux -F,°. IIporod BOMAET B 30Hy aeiictBus cui +F3° u -F,°
(Bo3MOXHO B 30HY cuil +F5° 1 -Fg”) 1 Oyner cosepiars KojeGarebHbIe JBUKEHHS
OTHOCUTENHHO HeWTpoHa . Koneuno xe, 3anaromumu koinedbanue B (H+IT)

SBIISIFOTCS] IPOTOHBI (TSKEIOBECHI) BO30YXJAIOIUE BOJIHY ~pM. . [Ipubnmxasch

APYT K JPYTy OHU BO30YKJAIOT OTVIMBHYIO BOJIHY, B KOTOPOI 3JE€KTPOH COITIACHO



(7) ucnibIThIBaET AAaBICHUE K UICTOUHUKY BOJHBI U HAOOOPOT MpU MPUIUBHOM
BOJIHE, TO €CTh BCE OHM KOJIEOIIOTCSI CHHXPOHHO - OJTHOBPEMEHHO MPUOIIAKAIOTCS
IPYT K IpYTy, OMTHOBPEMEHHO yHAISIOTCS.

[Tpu 06pa30BaHUK HEHTPOHA BIEKTPOH HAavYajl UCTIBITHIBATH CHiy +F;°
BciencTue e€ 3areHeHus ot [IpoctpancTBa nporoHoM Ha pectosiHuud L. [Iporon
IIPU COEIMHEHUH ¢ HEWTPOHOM Hadaj MCIBITEIBATE +F;° Ha paccrosuuu L,. L,< Fy,
TaK KaKk M:> M. , KOTBEpCTHE» IJII M. B 000JIOYKE MPOTOHA 0OpaszyeTcs Ha Oojee
OJIM3KOM pACCTOSTHUMU.

B wactnue H-+II mpoTOH MOXET HaXOAUTHCS B IBYX BO3MOKHBIX 30HAX
neiictus cun F°: nepsas soma +Fy° -F,°, Bropas +Fs° -F¢°. B mo6oii 30He
IPOTOHBI OYIyT APYT K IpYry OJM>Ke, 4eM 3JIEKTPOH K HUM, IO BBIIIE YIIOMSHYTOM
npuunHe. M3-3a 0IM30CTH UX MOJS COIBIOTCA B OIHO YBEJIIMYEHHOE ToJie ( CHIION
000CcO0JIEHNsI YaCTULl PABHBIX BEJIMYMH), SJIEKTPOH K€, HaXO/SICh B UX MOJIE,
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JIINATCA 1OJs, puc. 13. Takue yacTUIbl MOTYT COCIMHATBHCA JPYT C APYTrOM
aHAJIOTMYHO My. Bo30yX1aeMble MU BOJHBI ~pM, OTTAKUBAIOT UX JAPYT OT JApyra,
HO cuibl +F° okassIBaroTCs 60JIee CUITBHBIMU M IaTbHOACHCTBYIOIIUMHI M3-32 UX
pa3MepoB; 00pa3yrOTCsl CKOTICHUS:

(H+T)K; . (8)

ITo mepe yBenuuenus pasmepa ckorienus: (H+11T) K; yBenuuunBaercs pacctosiHue
BO3HUKHOBEHHMs CHJI +F° B CBOGOIHBIX MPOTOHAX , TAK YTO OHHU TAK K€ MOTYT
coenunuthes ¢ ( HHIT ) Ky, mpeomones cuiy -F° BoiaH ~pMm., 00pasyroTcs
CKOILICHHUS

(H+II) K, +IIK,. (9)

K - konnuectBo yactuul. Crorienust ( 8 ) u (9 ) nmpeacTaBisioT siapa aToMOB. Sapo
BO30YXIA€T BOJHBI ~M+E; ~pM, >> ~pM., IO3TOMY IPUOOPETAET 3IEKTPOHHI . [1o
Mepe YBEJINYEHUS KOJIMYECTBA AIEKTPOHOB YMEHBIIIAETCS COCTABIIAIOIIAS ~PM,
yBenuuuBaercss ~pMm.. C HACTYIJIEHHEM PABHOBECHS BXOJ JIEKTPOHOB B aTOM

IpeKpaliaeTcs.



SIapo aroMa COCTOMT B OCHOBHOM K3 IIPOTOHOB, II0O3TOMY OHO IIPUOOpETAET
JI0CTATOYHO OOJIBIION pa3Mep MOJIsL; 3JIEKTPOHBI, BXOIAIIUE B aTOM, OKa3bIBAIOTCS B
€ro 10JIe, B TPEX BO3MOKHBIX 30Hax aeiicteus cun F° . +F° -F,°,  +F3° -F,°
+F5° -Fg’. U3 30mb1 +F1° -F,° 5I€KTPOHBI MOTYT JIETKO IIOKUHYTh aTOM - 3TO
CBOOOIHBIE DIIEKTPOHBI. [IJIOTHOCTH YaCTHIL M, IIOJISt aTOMA YBEIMYUBAETCS 10 MEPE
IPUOIMKEHUS K APy, BCAEACTBHE 3TOI0 pasMepPhI IOJIEH JIEKTPOHOB
IPOMOPLUOHAILHEI PACCTOSHHUIO OT sApa aroMa. DIEKTPOHBI HE OKa3bIBAIOT
JaBJIEHUE HA PO, HO YaCTHYHO PACCEUBAIOT €ro MoJe. Eciu B Kakoii-nmmbo cTopoHe
A7pa OKaXeTcst OOIIBbILEE KOIMUECTBO DIIEKTPOHOB, KOTOPLIE OOJIBIIE PACCEIOT €EI0
T0JIE, TO SAPO OYIET UCIILITHIBATE JABJIEHUE B CTOPOHY OOJBILETO KOIHYECTBA
SIEKTPOHOB. B 30HaX BO3MOXKHO TOIBKO OIPEAEIEHHOE KOJINYECTBO dIEKTPOHOB,
10100HO TOMY, KaK Ha IOBEPXHOCTH OOJIBIIOIO MIapa MOXXHO Pa3MECTHTH LIAPEI
MEHBLIETO pazMepa. ATOM PHOOPETAET HIEKTPOHLI 0 YPABHOBEIIMBAHHS

22
COCTABJISIONIMX BOJH ~PMy U ~PM., IIPH STOM BO3MOKHO IS TIOJTHOTO
YPaBHOBEIIUBAHUS HEOOXOAUMO JOMOIHUTENLHO K UMEFOLIUMCS TOILKO ITOJIOBUHA
WY KaKasg-TO YacTh DJIEKTPOHA, HO TAKOBBIX HET. [109TOMY aTOM OKa3bIBAETCS C
HEKOTOPBIM HEZOOOPOM HIIH I1EPE0OPOM DIEKTPOHOB. B Takux ciaydasx arom
U3JIydaeT B OKpyxKaromiee IIpocTpaHcTBO BOIHEI ~pME € IIPEUMYLIECTBOM ~PM.
U ~pM,. KOIMYECTBO 3JIEKTPOHOB B aTOME MOXKET ObITh HE PABHLIM KOJIHUECTBY
IPOTOHOB B SIZIPE.

Cser

ATOMBI IOCTOSTHHO BO30YKJIalOT BOJIHBI ~pM% B MPOLECCE JbIXaHUS.
OnHako, B HOPMaJIbHOM COCTOSIHUM OKPY>KarOLIUe HAC MPEAMETHI HE U3JIy4ar0T
cBeT. Cle10BaTeNbHO, BOJIHBI IBIXAHUS aTOMOB HE BOCIIPUHUMAIOTCS HAILIUM
3pEHHEM, BBICOKA UX YacToTa. CBET M3Iy4aroT BELIECTBA B CUIIBHO Pa30rpeTOM
COCTOSIHM (B HUX BCETJIa UMEIOTCSI CBOOOHBIE ANeKTpoHbI) . [1o Mepe
YBEJIUYEHHUs TEMIIEPATYPhI MIOBBIIIAECTCS CKOPOCTh ABUKEHUS KaK aTOMOB, TaK U

CBO6OI[HBIX SJICKTPOHOB; ITPX 3TOM BO3MOKHO CTOJIKHOBCHHC 3JICKPOHA C aTOMOM U



BX0J1 B Hero. CBOOOIHBIIH 3EKTPOH MOXKET BOUTH B aTOM TOJILKO CHHXPOHHO B
COOTBETCTBHH C JBIXaHHEM aTOMa, TO €CTh JBUTASICh KaK M AJIEKTPOHBI CAMOTO aToMa
B HanpasJeHUH K sJipy. [Ipu 3ToM OT aTroMa UAET OTIIMBHAS BOJIHA ~PM., KOTOpas
co3maér masineHre F° B aJeKTpoHE B CTOPOHY MCTOYHHUKA BOJHBI, coraacHo (7).
CBobOoanbIil 211ekTpoH ( gasiee CO ) HOIKEH UMETh OOJIBIIYIO0 CKOPOCTh IBUKEHMUS,
YeM JJIEKTPOHBI aTOMa, MO0 €My HYKHO MPONTH OOJIbIIee PACCTOSIHUE JIsI
CUHXPOHHOTO BXoja. Bxox CO B aTOM cONpOBOXK1a€TCsl TONOIHUTEIBHBIM
BBITECHEHHUEM TOJIS S,APA - YBEIIMUEHUEM CHUJIbI OTIIMBHOM BOJIHBI ~pM , YTO
TIPUBOIHT K YBETHUCHHIO CKOPOCTH ABIIKCHHS IEKTPOHOB aTOMA 10 BeTHInHE! V.
[Tocne orpaxenus 31eKTpoHOB, CO, uMest OOJBIIYI0 CKOPOCTh, HO MEHBIIYIO, YEM JI0
BXO0/1a, HOKUHET atoM. ¥Yxo1 CD u3 aTomMa NPUBOJIUT K OCIA0ICHUIO IPUIUBHON
BOJHBI ~PM; , 9T0 yMEHBIIAT V', HO HE IOHOCTBIO, TAK KAK MEKTPOHBI aTOMA,

IPUOOPEBIIN OOJBIIYI0 CKOPOCTb, YAAISIIOTCS HA OOJIBIIIEE PACCTOSTHUE OT Sapa ,
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YCUIIUBASI 3TUM MPWIKBHYIO BOJHY ~PM., KOTOpas co31acT CHiy F° B aJieKTpOHax B
CTOpOHY OT fipa aroma. Mtak, CTeneHb yBEJINYEHNS CKOPOCTH JBUKEHUS
AIIEKTPOHOB aTOMa 3aBHCHUT OT CTEIEHH BBITECHEHUS TOJIS Spa BXOIALIUM B aTOM
CDO, xoropas onpenenurcs oTHoIeHneM (n+1) : n; n - KOJIMYECTBO IEKTPOHOB B
arome. EcTecTBEHHO, YBETUUEHUE CKOPOCTH JIBMKEHHUSI 3JIEKTPOHOB atoMa OyaeT
MIPOUCXOANTD U MPH CIEAYIOUIMX BXoaax-Beixogax CO. O6uiee npupalieHue
CKOpPOCTH OINPEAEIIUTCS OTHOLIEHWEM (N +K):1Nn; K - KOJIMYECTBO BXOAOB-BBIXO/I0B
CD. Ha crenenb BBITECHEHUS MOJIS SApa OUEBUIHO BIMSIOT B OCHOBHOM 3JIEKTPOHBI
BHEILIHEN 30HBI, TpU Bxoae CO TOJIBKO BO BHEIIHIOIO 30HY; €CJIM OHU €CTh U BO
BHYTPEHHEH, TO BO3MOYKHO M X HEKOTOPOE BIIUSHHUE.

VYBenuueHne CKOpoCTel IBUKEHUS 3JIEKTPOHOB aTOMa OT BXOZOB-BBIXOZOB
CD mpuBOAMT K MOHU3ALIMU aTOMa, TPU KOTOPOM OJIMH U3 AJIEKTPOHOB, MPUOOPEBIIIH
CKOpPOCTh V,;, MOKMHET aTOM. BBIXOJ OJJHOTO 3JE€KTPOHA MPUBOAUT K HEKOTOPOMY
CHUKEHHUIO CKOPOCTEN OCTaIbHBIX U3-3a2 BOSHUKHOBEHMS MPUIMBHON BOJHBI ~pM. ,

9TO UCKIIIOYACT BO3MOKHOCTD BbIX0O/ld U3 aTOMa Cpa3y HCCKOJIbKHUX 3JICKTPOHOB.



[To Mepe yBenu4YeHUs CKOPOCTHU ABUKEHHUSI JIEKTPOHOB aTOMa YMEHbBIIIAETCSA
CpeIHssl IJIOTHOCTh YaCTHUI[ M. B MX MOJSX, TAK KAK OHU JaJbIIE YIAISIOTCS OT
a1ipa, OOJbIlle CTAHOBUTCA UX pa3Mep (pa3Mep MoJis AIEKTPOHOB MPOMOPLIHUOHATICH
PAcCTOSHHUIO OT sigpa aroma). CienoBaTenbHO, CPENHSS INIOTHOCTD MOJIEH 3JIEKTPOHOB
00paTHO MPOIOPIIMOHAbHA BeIMUMHE (N + K) : n. CpenHss IIOTHOCTh YaCcTHI] M+
noJisl siJjpa aTroMa Takke 0OpaTHO MPOMOPIIMOHANIbHA BeJIYuHE (N + K) : n, 10O 1o
Mepe yBeJINYEHUs yIalEHHOCTH JIEKTPOHOB YBEIMUHUBAETCS €ro pasmep. [loatomy

CHMJIa OTJIMBHOM BOJIHBI NPMi dTOMa IIpHU BXOAC B HCTO CD 3aBHUCHT Kak OT cpenHeﬁ

INIOTHOCTH PM. B HOJIAX 3JICKTPOHOB , TAK U OT CpGI[HCﬁ pPM+ B IIOJIC sAApa, TO €CTb

nporopuuoHatsHa Benmanae 1 [ (N +x):n]? M3 storo ciaexyer:
V=V,- V,:[(n+k):n]?.

V — CKOpOCTh JIBHKEHUS AIEKTPOHOB aTOMa MOCJI€ K CTOJKHOBEeHH ¢ CD .
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BzanMoBausiHME aTOMOB, MMEBIINX CTOIKHOBEHHUS ¢ CD.

Ha puc.14 a uzo0paxeHsl JBa aToMa Ha pacCTOSTHUU B3aUMOBIIUSIHUSI UX BOJIH.

H3-3a TOI'0, YTO aTOMBI U3J1Y4arOT BOJIHBI C IIPCUMYIICCTBOM ~PM. HX I1OJIA

paccesiHbl ¢ OMmKHUX CTOpOoH. [lo Mepe yBennueHus: CpeaAHEro PacCTOSTHHUS



AJIEKTPOHOB OT spa UX COCTABIALIAs ~PM. YBEJIUYUBAETCS , ~PM. > ~PM; . ATOMBI
UCTIBITHIBAIOT CHITBI +F" M IBMKYTCSI PYT K APYTY IO CIUSHUS MX MOJIeH, puc.14 0.
Bo3HuKaeT CUIbHBINA IPUIIMB YaCTHUIL M; B aTOMBI M OHOBPEMEHHO CUJa
B3auMOOTTaNKuBauusi —F". TIpu 3TOM 3IIEKTPOHBI W3-3a CHJIBHOU MPHIMBHON
BOJIHBI ~PM; BBIXOIAT U3 aroMOB. [locie oTpakeHus: y aTOMOB BO3HMKAET OTIIMBHAs
BOJIHA; OHU BHOBB MPUOOPETAIOT YTEPSIHHBIE 3JIEKTPOHBI, IPUXO/ISI B HCXOHOE
COCTOSIHHE, KaKoe ObLIO 10 cTOIKHOBEHUH ¢ CO. JlrHa BOJIHBI ONIpeesieTcs
CKOPOCTBIO CTOJIKHOBEHUS aTOMOB, YeM OOJIbIIIE CKOPOCTh, TEM KOPOTYE; UEM
00JIbIIIE pa3HUIIA KOTMYECTBA CTONKHOBEHUH ¢ CD U 4yem Oosbllle y HUX
KOJIMYECTBO CTOJIKHOBEHHH, TEM OOJIbIlIE CKOPOCTh CTOJIKHOBEHUS, CIIEI0BATEIIBHO

4aCTOTa BOJIHLBI ITPOIIOPIHMOHAIbHA BCJIMYMHC

L:[(n+x):n]?-1:(n+x):n]%; & >x .

[Tpu Haberanuu BOJIHBI ~PM. Ha aTOM BO3MOXKHO HAJIOKEHUE €€ MPUITHBHOM
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( 1O OTHOILIEHUIO K aTOMY ) BOJIHBI Ha MPUJIMBHYIO BOJIHY JIbIXaHUS aTOMA.
CymmapHasi BOJTHA MOKET BBITOJIKHYTh 3JIEKTPOH U3 aroMa — 3P(EKT MmonagaHus
(doToHa. BomHOBOE COCTOSIHHE MUKPOMUPA MOX0KE HA IITOPMOBOE COCTOSIHHE MOPS
IIPU CUIIBHOM BETPE — TOYECUHBIC BO3SHUKHOBEHUS BCIIEHEHHBIX BCILIECKOB

(Ha3pIBaeMbIC B HApOJIe OaparikaMiu), moxoxkue Ha 3gphexT GoToHa B MUKPOMHUPE.
B pacnpoctpaHeHuM BOJIH ~PM. YYaCTBYIOT HE TOJBKO YaCTHUIbI M. , HO U
aTOMBI; OHU BO30YXKJAIOT MX, OHU K€ U y4aCTBYIOT B MX pacrnpocTpaHeHuu. BoiaHa

~pM. , Haberas Ha aToM, IPUBOJUT €T0 B KojiebarenbHoe nBrkeHne. Haxomsicr B

cpele yacTull M+ , CBOMM JBU)KEHHUEM aTOM , €CTECTBEHHO, BO3OYKJIUT BOJIHY ~PM,
KOTOpasi 1ajiee MpuBEeAET B KoyieOaHue CISNYIONUH aToM — 00pa3yeTcsi CBeTOBast
BOJIHA, BOCIIPUHUMAEMasi ONTUYECKUMHU YCTPOMCTBAMH.

BemecTBa okpyKaro1ieil Hac cpebl OTIMYAOTCS MacCaMU COJEPKAILUXCS B

HHUX aTOMOB U IMIPCUMYIICCTBOM HaCTUI[ M. HMJIM M; MCXKAY HUMMH. Ecau atromel He



cofiepat CBOOOIHBIX AIEKTPOHOB , TO MEKAY HUMU MPEUMYIIECTBEHHAs TUIOTHOCTD
YaCTHUIl My ~ BELIECTBO IJIOXOW MPOBOAHUK IEKTPUUECKOTO TOKA, XOPOIIMHI
IPOBOJHUK CBETA U HA0OOPOT, €CIIM MEX/y aTOMaMHU [IPEUMYIIECTBEHHASI IJIOTHOCTb
gactull M. CKOpOCTh IBH)KEHHUSI aTOMOB 3aBHCHUT OT UX MAacChl; 4eM OOJIbIIe Macca,
TE€M MEHBIIIE CKOPOCTh. 1103TOMY CKOPOCTB paclpoOCTpaHEHMs CBETA B Pa3HBIX CpeAax
paznuuHa. [Ipu Haberanuu ppoHTa cBETa Ha MOBEPXHOCTH BEILIECTBA B aTOMax
BO3HMKaeT cuiia F° Tak ke, Kak 3T0 ObLIO ¢ IMPOTOHOM, prc.12.1a. CBoum
NEPEABUKEHUEM aTOM BO30YXA€T B CPEJIE YaCTUL[ M, BOJIHY, KOTOpas HaOeraeT Ha
CJIEIyIOIIUI aToM M Tak Aanee. TakuM 00pa3oM B COCTABISIONLYIO CKOPOCTH
PacIpOCTPAHEHMS CBETA BXOJUT U COCTABIISIIONIAS] CKOPOCTH JBHKEHUS aTOMA.
Hanpapnenue Ha HCTOYHUK CBETa — 3TO MEPHEHIUKYISAP K PPOHTY BOJIHBI, TaK

e, KaK HalpaBJIeHUE K HICTOYHUKY BOJIHBI HA IIOBEPXHOCTH )XuakocTh. Ha puc.15 a
n300paxeHo HaberaHue CBETOBOM BOJIHBI C BO3AYIIHOM Cpeibl B BOJHYIO, a Ha pUc.0
pacnpocTpaHeHHEe BOJIHBI Yepe3 JIMH3Y. CIUIONMHAs CTpENKa — UCTUHHOE

HaIlpaBJICHHE Ha UICTOYHUK CBETA, IyHKTHUpPHAs — Kaxyieecs. Ha puc.16
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Puc.15 Puc.16

N300pakeHO pacpoCTpaHEHHE CBETOBOM BOJIHBI 3BE3/bl B OKOJIO3BE3ITHOM
IIpocTpaHCcTBE - CBETOHECYILEN Cpele, KOTopas Bpamaercs Bokpyr ConHua,
HaIpaBJICHUE BPALLEHUS U CKOPOCTh BOBMOXKHA TaKas )K€, Kakas y IJIaHeT. 3a BpeMs
HaxXOXKJICHUs B OKOJIO3BE3AHOM [IpocTpaHCTBE CBETOBASI BOJIHA IOBOPAYUBACTCS
COITIACHO BpAILICHUS CBETOHECYLIEN cpeapl. Ha prcyHke CruiomHbie CTpenku —
VCTUHHOE HalpaBJICHNUE HA 3BE3/y, IyHKTUPHBIC — KaKYLIUECA, a U B - YIVIbI
MEX/1y UICTUHHBIM HaIlpaBJICHUEM Ha 3Be31y U Kaxyummcs. B-a=wt=2V:C
pannuaH. w - YIJIOBasi CKOpOCTh BpameHus 3emiy; C - CKOpoCTb CBeTa; t - Bpems,

3a KOTOpPOE€ CBET MPOXOAUT pacctosinue 2 P. P -paauyc opOUTHI 3eMIIH.
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[Tonspuzanus BOIH ~pM.

["a3b1 ¥ KMAKOCTH B OKPYKAIOIIEN HAC CPEAE COCTOAT TOJIBKO U3 MOJIEKY
— coequHeHus OBYyX uin Oosiee atoMoB.[1osist coeIMHUBIINXCS B MOJIEKYJTY aTOMOB
CJIMBAIOTCS, YBEJIIMUMBASCh, B 00IIIeE 1MoIe, puc. 17 , 4To MPEACTaBIsACT MOJIe
MosieKysbl. CBOOOBIN aTOM JIJIsl OKPY>KArOIIEH Cpeibl ONaceH h3-3a OOJIBIION ero
CKOpPOCTH JBWXEHHS. B MoJekysne aToMbl KOEOIIOTCS OTHOCUTENBLHO APYT ApyTa ¢
TEMHU K€, CBOMCTBEHHBIMH UM, CKOPOCTAMU. CKOPOCTH K€ ABHKEHUS MOJICKYJIbI
MHOTOKPATHO HUXE, ONPEAEISIETCS] HEKOTOPOU pa3HULIEM CKOPOCTEN ABUKEHUS €T0
atoMOB. Moutekyna, coaepxamias 1Ba aToMa €CTECTBEHHO UMEET MPOAOJTOBaTYO
dhopmy.

Bomnsl cBeTa pacupoCTPaAHAOTCA B Iadax U JKUAKOCTAX, CJIICAOBATCIIBHO

MOJICKYJIbI TaK JX€, KaK 1 aTOMBbI, pI/IC.14, MOI'yT B036y}K,IIaTB BOJIHBI ~PM+ U ABJEATBCA



YYaCTHUKAaMU UX paclpocTpaHeHus. BoiHa ~pM, BO3HUKAET IPHU CTOJIKHOBEHUHU
MOJIEKYIT TaK K€ B CJIEACTBUM U3MEHEHUS Pa3MEPOB UX IOJIEH.

CronkHOBeHHE CBOOOJHOIO JIEKTPOHA C MOJIEKYIIOH, C €ro BX0JIOM-BbIXO10M
13 OJTHOTO €r0 aToMa, CO31aET YCIOBHE Ul CTOJIKHOBEHUS MOJIEKYII APYT C IPYIOM C
pa3HbIM KOJIMYECTBOM BXO/I0B-BbIX0A0B CO U3 HUX, IPU KOTOPOM BO30YKJ1aeTCs
BOJIHA ~PM.. CTOJIKHOBEHHE MOJIEKYII IPOUCXOAUT UX KOHI[AMU, BO30YKIEHHBIM,
BXOJIOM-BbIX0JI0M C3), aTOMOM OJIHOI MOJIEKYJIbI C HEBO30Y>K/IEHHBIM aTOMOM JPYTOM,
pu 3ToM GopMa GpoHTA BOIHBI ~PM., puodpeTaet GopMy HMIUHAPA C
OKpPYIJIEHHBIMU C(PepUUECKUMHU KOHLIAMU, puc. 18, uTo co3naet adexr eé
MOJIAPU30BAHHOCTHU. [ [UAMHAPHUYECKYIO YaCTh BOJIHBI HA30BEM MOJISIPU30BAHHOM.
HanpapneHnue Ha HCTOYHUK BO30YXACHUSI BOJIH — 3TO NEPIEHIUKYIISIP K
MOBEPXHOCTHU €€ BOJHBL. B ciydae chepuueckoit BOJIHBI, Kyla MOKHO ITO/IBECTU
NEePHEHANKYISP — TOYKA, B CIIy4ae HHJIMHAPUYECKON — npsiMas nuHus. [loatomy
aasiee JJi1 pacCMOTPEHHUS PACTIPOCTPaHEHUS IIMIIMHAPUYECKONW BOJIHBI U300pa3uM e

B BUAC HpHMOﬁ JIMHUU — YCPTOYKH.
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Puc. 18

BoiiHBI ~pM; HE BOCIIPMHUMAIOTCS] ONTUYECKUMU YCTpOrCTBaMU. BosHa ke

~PM4 HaOeras Ha CICAYIOMKUEC MOJICKYIIBI, CcO374a€T HAa HUX BHA4aJje JaBJICHUE 110

XOJly pacTpoCTpaHEHUs 3aTeM B 00paTHYIO CTOPOHY. BeiencTsue 3toro atu
MOJIEKYJIbI BO30YK/Iat0T CBOM BOJHBI U TaK MPOLECC PAaCHpOCTpaHsAETCs Jajiee B

IPOCTPAHCTBO B BUJIE TOHKOKOM (COM3MEPUMOI C pa3MepOM MOJIEKYIIbl) TUIOCKOCTH, B

KOTOPBIX MOJICKYJIbI HAXOJATCA B COCTOSHUU KoJe0aHus — 3TO CBETOBBIE BOJHEI ~C.



BomnHb! ~C BOCIIpUHUMAIOTCS ONITUYECKUMU ycTporicTBamu. Hanpeienne na

HCTOYHHUK CBCTA ~C — OTO ICPICHAUKYIIAP K ITIOBCPXHOCTHU q)pOHTa BOJIHBI~C .

PacnipocTpanene noiasipu30BaHHOW BOJTHBI ~PMs .

Ha puc. 19 uzbpaxena mnomnsipu3oBaHHas BoiHa | (1300pakeHa B BUE
BEPTUKAIBHON YEPTOUKH ), HAOeTaromas Ha PacloyOKEHHYIO MapalIeIbHO el
IIPOAOJITOBaTyto MoJiekyiy M;. Ha0GexaBiiu Ha MoJIeKyi1y, BOJIHA ITOJHOCTBIO
BOCIIpUHUMAETCA €10. MoJieKyia, Ipuas B KoieOareabHOe IBHKEHHE, BO30YKIAET
BOJIHY 2, KOTOpasi Tak e MOJHOCTBIO BOCIIPUHUMAETCS MapalIEIbHO €1
PACIIONOKEHHON MOJIEKYI0M M, M Tak J1ajee B cilydae MHOKECTBA MTapaJIENbHO
PACIOJIOKEHHBIX MOJIEKYIL.

Ha puc. 20 nonsipuzoBanHas BojHa 1 HaOeraet Ha MonepeyHo e
PacCIoNOXKEHHYI0 MOJIeKylly M; (1300paxk€H Kpy>kkoMm). HabexxaBim Ha MOJIEKYITY,

OHAa HC IMOJHOCTBIO BOCIIPHUHHUMACTCA MOHGKYHOﬁ, BO3MOKHO JIMIIb 4YaCTUYHO,
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MOATOMY MOJIEKYJIa BO30YXIUT ci1a0yro napajieibHyo el BoiaHy 2. BonHa xe 1
OYEBUJTHO paCIaETcs Ha JBE YKOPOUCHHBIEC BOIHBI 3 U 4, KOTOpbIE, HAOEKaBIIK Ha
CIEAYIOIINE ONIEPEYHO UM PACTIOJIOKEHHBIE MOJIEKYbl M, 1 M3, coBceM
HE3HAYUTEIHHO B3BOJIHYIOT UX M T€ HE BO3OYIST MOBTOPHYIO BOJIHY.

Ha puc. 21 nonsipuzoBanHas BosiHa 1 HaberaeT Ha MOMepeyHo e
pacnoJioKeHHYI0 Mosiekyily Mj . Tak ke , Kak B IpelbIAylIeM ciiydyae, MOJeKya
BO30YXIUT CcJIalyto MmapajuiesibHyIO €l BOJIHY 2, a BOJIHA | pacmajgercs Ha JBe
YKOpOU€HHbIE 3 1 4, napajuieNbHble CleAyomei Moaekyae M,, KoTopasi HOJTHOCTBIO

BOCIIPUHUMET BOJIHBI 2, 3, 4 11 BO30YXAUT OJU3KYIO MO CUJIE BOJIHBI 1 BONHY 5.

1 M; 2 M, 1 3 M, 1 3 M, 5
M; I% o MJ{%
O o> —> O *

> o -



4 M; 4
Puc. 19 Puc. 20 Puc. 21

Oddexr Keppa. 1875

U3 yT-Ie6HI/IKOB (1)I/I3I/IKI/I HN3BCCTHO: B3BCCh ITPOAOJTOBATBIX MAJIBIX CCMSH B
H3OJIpr}OHICI>'I KUAKOCTHU B IJICKTPHUYICCKOM II0JIC ITapaJUICIbHBIX IINIACTHH
paciojararoTCs NCPrCHAUKY/IPHO K HUM, ACMOHCTPUPYA KaK-Obl CHJIOBBIC JTUHMU.
HctunHbie IMIPUYNHBI HOI[O6HOFO PACIIOJIOKCHHA IMTPOAOJIIOBATHIX TCJICIT B
QJIICKTPHUYICCKOM II0JIC paCCMOTPCHEI B pa3aciIC « SHGKTpI/I‘{CCKI/Iﬁ 3apiaa u
QJICKTPUICCKOC I10JICH. HpOI[OJ'IFOBaTble MOJICKYJIBI JKUAKOTO U30TPOITHOTO
AUDBJICKTPUKA B CHJIBHOM OAHOPOJAHOM 3JICKTPHYCCKOM II0JIC TAK JKC paCIIoIararoTcsa

MICPCIICHAUKYJIIPHO K O6KJIaI[KaM IIJIOCKOI'O KOHACHCATOopa. Bo3MoxxHOCTB
pacupoCTpaHCHUA ITOJAPU30BAHHBIX BOJIH ~PM+ B JKUAKOCTH IIPU CUJIBHOM

AIIEKTPUYECKOM I0JIE IEeMOHCTpUpYyeTcs Ha puc. 20, OTCYTCTBUU MOAsT — puc. 21.
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Oddextr 3eemana u [lltapka, 1896 r

N3 yueOHUKOB (pU3HKHU U3BECTHO: CTpEJIKa U3 HEMarHUTHOTO MaTrepuara,
ITIOMELIEHHAs] B MArHUTHOE I10JI€ [IOBOPAYUBAETCS NONEPEK €0 CUIIOBBIM JIMHUSAM.
DTO BBI3BAHO TEM, YTO HEHAMArHUYHMBAIOIIHUECS aTOMBI UCIIBITHIBAIOT CHITY
BBITAJIKMBAHMSI U3 MATHUTHOTO TIOJIs, CM. pas/en aToM B MarHuTHoM modie. [logo6Ho
CTPEJKE U3 HEMAarHUTHOTO MaTepuaia HEHaMarHM4MBarOIUECs TPOAOJITOBAThIE
MOJIEKYJIbl B MATHUTHOM I10JI€ TaK K€ PacIioararoTcs MONepEK €€ «CUI0BbIM

muHusAM». Ha puc. 22 n300pax€H Moyroc MarHuTa, KOpOTKUMU JTHHUSIMA —

Bﬂ_N B
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Puc. 22
PaCIIONIOXKEHUS METAJUIMYECKUX CTPYIKEK, «KMAaTHUTHBIX CUJIOBBIX JIMHUIY. [[TuHa
JIUHUM TOITYCTUM COOTBETCTBYET UX cuie. [IpsMoyroasHuKaMu n300pakeHbl

IIPOJIOJITOBATHIE MOJIEKYJIBI.
Bo30yxaeHue nossipu30BaHHbIX BOJIH ~PM. MOJIEKYJIaMU IPOUCXOAUT MPU UX

CTOJIKHOBEHHUH JIPYT ¢ APYroM. YacToTa BOJIH ONPENEIIAETCS CKOPOCTHIO UX
ctonkHOBeHUs. [Ipu 3TOM, BO30Y)IEHHBIE BXOJOM-BbIX00M CD U HEBO30Y X IEHHbIE
MOJIEKYJIbl B MATHUTHOM I10JI€ UCIIBITHIBAIOT CUILY JABJICHUS MOJII MAarHUTA , IPUYEM
B IMPOTUBOIMOJIOKHBIE CTOPOHBI. [loie BO30YKIEHHOTO aToMa CTAHOBUTCS

peodIa oMM YaCTUIIAMU M. , TaK KaK JIEKTPOHBI YIAISIIOTCS OT sipa Ha
OoJIbIlIee PACCTOSIHHE, YBEIMUMBAS pa3MepP CBOETO MMOJIst. ATOM CTaHOBUTCS OoJiee
ANEKTPOHHBIM, TOATOMY MOJIEKYJIA C TAKUM aTOMOM HCTIBITHIBAET CHITY BTATUBAHUS B
0oJiee CHIIbHOE TI0JIe MarHUTa, MOJIEKyJia C HEBO30Y K IEHHBIM aTOMOM — CHITY

BbITAJIKUBAaHH. HpI/I 9TOM BO3MOJKHEI IBA pa3HbIX CIy4dasa CTOJIKHOBCHUA MOJICKYII,

31

Puc. 23

nepBblii- puc. 23. Monekynbl 1 1 2 HaXoaATCs B MOJI€ MarHUTa Pa3HOW CHJIBI,
M300paKeHbIE MPSIMBIMU JTUHUSMU Pa3HOM JJIUHBI. ATOM MOJEKY/bI 1 BO30YKIEH
BXOJIOM-BbIX0/10M CD (SIp0 CHHETO 1[BETA), TOATOMY MOJIEKYyJIa 1 MCTIBITHIBACT TATY B

CHUJIBHOC I10JIC MarHruTa, MOJICKYJIa KC 2 UCTIBITBIBACT CUJIY BBITAJIKUBAHUA B oone

c1000€ 1oJIe, MOJIEKYJIBI MCIIBITHIBAIOT +F" | maBiieHue Opyr K apyry.
2 2




Puc. 24

Ha puc. 24 monekynbl 1 1 2 HaXOAATCST B TAKOM € MAarHUTHOM I10JI€ Pa3HOU CHUJIBI,
aToM MOJIEKYJIbI 2 BO30YXAEH OT BX0/a-BbIxo/1a U3 Hero COD, mo3TOMy MOJIeKya

HUCIIBITBIBACT JAaBJICHHUC B 0oJiee CHIILHOE I10JIC, a MOJICKYJIa 1 — CUJIy BBITAJIKUBAHUWA

B Oouiee cinaboe mose. MosieKyisl HCIBITEIBAOT -F* |, naBienue apyr ot apyra. Cuisl

+F" u -F" BO3HMKAIOT B CHUIBHOM I10JIE MATHUTA, B 30HE A, B 30H¢ b OHU ci1a0Bbl.
DTH CHUJIBI €CTECTBEHHO BIIUSIOT Ha CKOPOCTH CTOJIKHOBEHUS MOJIEKYII, BEI3BAHHBIX
Pa3HBIM KOJIIMYECTBOM BXOM0B-BEIX0AB C M3 HMX, YTO U MPUBOIUT K PA3HBIM
4acTOTaM BO30YKIaeMBIX UMHU BOJIH. B 30He B MarHUTHOTO 1OJISI MOJIEKYIIBI

BO30Y K/JAI0T BOJIHBI O€3 BIUSAHUSA HA HUX MATHUTHBIX CHIL

WTor, HICTOYHMK CBETa, TOMEIIEHHBIN MEXTY MOTIOCAMH 3JIEKTPOMATrHUTA, U3ITy4aeT
vyactotel f.r,fo u fr. BonHsl, u3nydaeMblie MoIeKyIaMu U3 30HbI b
NOJIIPU30BaHbl BEPTUKAIBHO, TO3TOMY MPU HAOIIOAEHUH UX (Ha pUCYHKE CBEPXY)
B/I0JIb HAIIPABJICHUSI MATHUTHOTO MOJISi CUJIHOM 30HBI, HCUE3at0T.
32
CoBepileHHO 0UeBUHO, MAaTHUTHOE T0JIe 3eMJTU CO3aET TAKUM k€ 00pa3oM

CBEPXTOHKYIO CTPKTYPY CIEKTPAJIbHBIX JIMHUU.

[Tonsapuszanus ceera

CaeT nmpeacTaBisieT co00i BOTHOBOM MPOIIECC, aHAIOTUYHBIN TIPOIIECCY
pacnpocTpaHeHus 3Byka. BoiHa cBeTa coepKUT NpUIMBHYIO ( B CTOPOHY
pacrpoCTpaHeHHs BOJIHBI) U OTJIUMBHYIO (B TPOTUBOMOJIOKHYIO CTOPOHY)
COCTaBJISAIOIIME OOIICHAIPABICHHOTO JBMKEHUS YaCTHIl CBeTOHeCyIIen cpenbl. Ha
puc. 25 nzo0paxeHsl BOIHbI cBeTa By u B, , pacnpocrpanstomuecs B yka3aHHbIX
CTpEeJIKaMU HalpaBICHUSX; IPSIMbIE JIMHUU 0003HAYAIOT BUJ C TOPIA HA MJIOCKOCTh

MaKCHUMaJbHOM CHUJIbI BOJIHBI, CTPCJIKHM B HUX - HAIIPABJICHHUC ABMIKCHUA YaCTHII. B



MECTax MepeceyeHus INI0CKOCTeN BOJIH By u By, OKpaleHHbIX KpaCHBIM KPyTOM,
HaIpaBJICHUS IBH>KEHHSI YACTULl YAaCTHYHO COBMAJAIOT, B HUX 00pa3ylOTCs IOJIOCHI
YBEJIMYECHHOM CUJIBI BOJIHBL. B MecTax ke, OKpallleHHbIX CHHUM KPYTOM, HallpaBJICHMS
YaCTUYHO BCTPEUHBI, B HUX 00pa3yIOTCs MOJIOCH YMEHBIICHHOM CUiTbl BOJIHBL. Pacman
CBETOBOM IIJIOCKOCTH HA CBETOBBIE IIOJIOCHI IPEACTABIISIET IOJSIPU3ALUIO CBETA ~C.
[Tonssp30BaHHOCTB CBETOBBIX JIy4Y€ll ONPENEsIIOTCS aHaim3aropamu A u A,. Bonna
B; npencrasnser ¢pparMeHT MaJaoIEro Ha OTpakarollylo HOBEPXHOCTh JIyda CBETA,

B, - dparmeHT oTpakEHHOTO

S~

B
N Ay

Puc. 25
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Hucnepcus ceera

NTak, MOJIEKYJIBI SIBISIIOTCS] HE TOJILKO BO3OYAUTEISIMUA CBETOBBIX BOJIH , HO U
UX HOCHUTEJSIMH, YTO MOATBEPKIAETCS U3BECTHBIM onbIToM A. @u3o, 1851 1.
HaGexaBim Ha MOJIEKYTy , BOJIHA ~M. OKa3bIBaeT Ha He€ JaBJICHHUE, IPUBOJIA €€ B
JBIDKEHHE. ECTECTBEHHO, YeM JIOJIbIIIE JITTUTCS 9TO JaBJCHUE, TEM OOJIBIIYIO
CKOpOCTb OHa MpuoOpeTaeT . BomHbl Majoi 4acTOTHI OKa3bIBAIOT AABIICHUE HA

MOJICKYITY Ooinee AJIUTCIIbHOC BPEMs, YEM BOJIHBI OOJIBIIICH YaCTOTEI. CJIC,Z[OB&TCJ'IBHO,



BOJIHBI MaJIOW YacCTOTHI IPUBOJAT MOJIEKY/TY B KoJieOaTenbHOE ABMKEHUE C OOJbIIeH
CKOpOCTBIO. [103TOMY, BOJHBI MAJIOW YAaCTOTHI PACIIPOCTPAHSIOTCS B CPELIE €
OoJbIIEH CKOPOCTHIO, BOJIHBI K€ OOJIBLIEH YAaCTOTHI - C MEHBIIEH, YTO IPUBOAMT B
KOHEYHOM HTOT€ K JUCIIEPCUH CBETA IIPU €T0 NEPEXOE U3 BO3AYIIHOW CPEIbI B
CTEKJIO U HA00OPOT.

Ecnu BemecTBo COCTOUT U3 YEPEAYIOIINUXCS MOJIEKYJI PA3HBIX BEJINYUH —
KpPHUCTAaJ, TO IPU HaOETaHUU Ha €T0 IOBEPXHOCTh ()POHTA BOJHBI MO YITIOM JIETKO

OOBSICHUTD I[BOﬁHOC JYyUYCIIPCIOMIICHUC.

DIIEKTPUYECKUH 3apsij] U JJIEKTPUUECKOE MOJIE

DJIEKTPOH SBJISIETCSI HOCUTEJIEM AJIEKTPUUECKOTO 3apsifa. Bee anekTpuyeckue
SIBJICHUSI OCHOBAHbI B HAJIMYHUH B BEIIECTBAX CBOOOIHBIX AIEKTPOHOB CO n
BO30Y)KJICHUM UMH BOJIH ~PM., IPEACTABIISIONINX ICKTPUUECKOE TOJIE.

B BemecTBax okpyskaroliei Hac cpe/bl BCeryia UMEIOTCS B OOJIbIIIEM WUITH
MEHBIITHEM KOJIMUYECTBE CBOOOIHBIC AMEKTPOHBI . B HeKoTOphIX BemecTBax CO MoryT
HaXOJUTHCS B TIOJIE aTOMOB B 30He jeiicTBus cun +F,° -F,° | B 1pyrux - Ha
MMOBEPXHOCTHU BEIIECTBA.

ATOMBI BEIIIECTBA B MPOIIECCe AbIXaHUs BO30YX Aat0T BOJIHBI ~ pM= . [lof
BIMSIHUEM ATHX BOJIH BO30YX1atoT BOHEI ~pM. U CD. BojgHa ~pMm. oTTankuBaeT
ANMEKTPOH, M03TOMY CD HCHBITHIBAIOT B3aUMOOTTAIKUBAIOIINE CUIIBI
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B3aumosiusaue et c CD u6es CD.

Ha puc.26 a nBa mapa He 3apsKeHbI , TO €CTh HE UMEIOT CBOOOTHBIX
AIIEKTPOHOB, CJIEI0BATENHbHO, BO30YK/1al0T MPEUMYIIIECTBEHHO BOJHBI ~pM, ,
KOTOPBIC OTTAJIKMBAIOT aTOMbI (M300paKE€HbI C CMEIIEHHBIMU TOJISIMU) COCEIHETO
mapa. B urtore mapsl B3auMOOTTaJIKMBaIOTCS. ( BiausiHre BOJIH Ha aTOM Takoe ke,
Kakoe Ha MpoToH, puc 12 ). Ha puc.26.6 mapsl 3apsiyKeHbl, BO30YXKIAIOT

MIPEUMYILECTBEHHO BOJIHBI ~PM. , KOTOpbIe nepememarT CD coCeqHero mapa Bo



BHEIITHHE CTOPOHBI . [Ipy 3TOM OISt aTOMOB HECKOJIBKO PACCESTHBI CO CTOPOHBI
CBOOOTHBIX JIEKTPOHOB, IIaphl B3aMMOOTTANKKBatOTCs. Ha puc 26 B onuH 1map
3apsiKeH, Apyroi He 3apspkeH; CO cMeméH B CTOPOHY He3apsHKeHHOTO Iapa, Mo
JICHCTBHEM €r0 BOJIH ~PM. PaCCEsHBI ITOJISI aTOMOB 00OUX IIAPOB C BHYTPECHHEH
CTOPOHBI, B MTOTE IIAphl B3aMMOIPHUTATUBAIOTCS. MeKue MpoIoIroBaThie TebIla
(ceMeHa) , HaxoAITMeCs B TOJIE PACIIPOCTPAHECHHS BOIH ~pM+ , co3aatoT AhdexT
AIIEKTPUUECKUX CHJIOBBIX TUHUHN. Ha prc.27 BOmm3u 3apsprkeHHOoro mapa ( 0003HaueH
CD ) HaxoAATCs MPOONTOBATHIE TEIbIA; H3MEHEHHSI, POUCIIC/IIINIE B TEIbIIAX,
n300pakeHbl. B pe3ynprare BOZHUKIIMX CHIT TEbIla COSAUHSTCS B IIETIOYKY 110
paauanbHOM TuHUU K 1mapy. Ha puc.28 mp HezapshkeH, Bo30yxkaaeT
MPEUMYIIIECTBEHHO BOJHBI ~PM. TIPUTATHBAIOIINAE IEKTPOHBI, OTTAIKHBAIOIIHE
aToMbl. B pe3ynbraTe BO3HUKIIINX CHJI B aTOMax TEJbIla TaK JK€ COSTUHSITCS B
[ENOYKY paJMalIbHO K Mapy. ATOM B OTJAJIEHHOH OT Iapa KOHIIE Telblla
WCTIBITHIBACT JJABJICHUE BOJIH ~PM. U PaCCEMBAHUE MOl BOTHOH ~pM. 3JIEKTPOHA
COCeIHero Tenplia. Tenblia He 3apsKeHbl, B HUX KonudecTBo CO HE3HAYUTENBHO,

IIO3TOMY HX paCCCUBAHUC ITI0JIA aTOMa COCCAHCTO TCIIblld TAKKC HC3HAYHUTCIIBHO.

Puc.. 26
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Puc.27




Puc. 28

MarsutHoe noie

MarauTHoe 1mose BO3HUKAET, HalpuMep, IIPH JIECKTPUIECKOM TOKE B
IPOBOTHUKE — JIBIKEHUH ICKTPOHOB, COJEPIKAIINX B CBOEM ITOJIE YACTHUIII M. . W3-
3a HIMYMsA B OKpyktomeM [IpocTpaHCcTBe pM. , TOK B TPOBOIHUKE IPUBOIUT K
BO3HMKHOBEHUIO MTOMyTHOTO C HUM OOIIEHAITPABICHHOTO ABHUKCHUS YaCTHI] M.
okpyxkatomiero [IpocTpaHcTBa, criia KOTOPOTO, KOHEYHO K€, TI0 MEpe YIAJICHUS OT
MIPOBOHUKA TTOCTETICHHO YOBIBACT.

Oo6nacts [IpocTpancTBa, conepkaias nuddepeHunan ooeHanpaBIeHHOTO

/ o
ABHI)KCHUS 4aCTHUL, P M. , IIPCACTABIIACT 000l MarHUTHOE TOJIE.

GHCKTPOH B MaroHuTHOM IIOJIC.

Ha puc.29 snektpon D HaxoaUTCSd B MArHUTHOM ITOJIE TPOBOJIHUKA C TOKOM,
M300paKEHHOM CTPEIIKOM, YKa3bIBAIOIICH HAMpaBIeHUE ABUKECHHS dJIEKTpoHOB. Ha
PUCYHKE IIPUBEICHA TAK XK€ AuarpaMma cuiibl p M. . Tak Kak C OJHOW CTOPOHBI
AJIEKTPOHA CHJIa P M. I OOJbIlle, BOKPYT €ro sjipa BOBHUK BHXPh (00OJIOYKH U MOJIS),
p°M.5 , HarpaBJIEHHE BPAILECHUS KOTOPOTO COIVIACHO OOJbIIEH cHile PM.i. DJIEKTPOH
UCIILITHIBAET JABICHHUE CO CTOPOHBI BCTPEYHBIX TOKOB P°M.3 M P M. i , CTOPOHEI
OOJIBIIIET0 Xa0TUYECKOTO IBUKEHUS YACTUIl M., CO CTOPOHBI MEHBIIIEH CKOPOCTH
oOTeKaHus siApa YaCTUIIAMU M. B CTOPOHY OoJiblieH (J1aBlieHHE, TTOX0XKEe

BO3HUKHOBEHUIO MOIBEMHON CHUJTBI KPbLIa CaMOJIOETA).
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Puc. 29

Ha mecTe HaXOKIeHHsI SJICKTPOHA B MOJI€ IPOBOJHHAKA C TOKOM P M. I < p°M. 2
IIOTOMY, YTO BO3HUKIINI BUXPh YCUIMBAETCS OKPYXKAIOIIEH Cpeoil 4acTul] M..
YacTuupl M. UMEIOT OOJBIION pa3Mep MoJisd, 3TO ONPEAEISIET BEICOKYIO CTENIEHb X
cxnumaeMoctu. Ha puc. 30 a n3006pa>keHbl 4acTUIBI M. Ha PAcCTOSHUU Hayasia
B3aMMOJICHCTBUS UX IOJIEH, HA pUC O - Ha PACCTOSIHUM Hayaja B3auMOJCHCTBUS

o6omouek . (OObeaeHUBIIIEECS TI0JIE HE N300paKEHO).

L Max L mun
...................................... a 0
Puc. 30

Bce vactunipl ucneiteiBatot cuiy +F ( maBnenue [IpocTpancTBa Ha YaCTHUITBI
JPYT K IPYTY ), B TOM YHUCJIE U YacTUIbl M.. M3-3a GoNbIINX pa3MepoB Mojiei OHU
HAXOJATCSl B HEKOTOPOW CTENEHH CKaTHsl, TO3TOMY OAHOBPEMEHHO ¢ +F
ucneiteiBaror -F" . [Tox neiictBuem +F onu cOommxkarorcs . CreneHp COMMKEHUS
3aBUCHUT KaK OT CHJIbI +F, TaK U OT BpeMEHHM, B TEYEHUE KOTOPOTO OHA JEHCTBYET .
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Ecnu yacTuibl ABMXKYTCS BCTPEYHO MO MapajuiesIbHbIM TPACKTOPHUSM, TO BpEMSI
neiictBust +F kpaTkoBpeMeHHa, YaCTHIIBI MOTYT HE YCIETh CKOJIbKO-HUOYb
comu3uThes . Eciam jxe OHM ABMXKYTCS COIVIACHO MO MapalijieNIbHbIM TPASKTOPHUSIM, TO
BpeMs aeictBua +F nnurtces Gonbliee Bpemsi, 4yacTuilbl MOTYT cOnmu3uthbes. [loaTomy
[IPY BOBHUKHOBEHUHU OOIICHANIPABICHHOTO JBUXEHUS ( TOKA ) YACTHI] POUCXOIUT

MOIIEPEYHOE €r0 CIKATHE , IPH MPEKPAIICHUH - TIONIEPEUHOe pacupeHne cuaon -F.



BoO3HMKHOBEHHE TOKA YaCTHL] IPUBOJUT TAK K€ K TOMY, YTO, HEy4aCTBYIOIas B HEM,
HO OJIM3KO HAXOASIIAsCs, YaCTUIA, HAIIPABJICHUE IBIKEHUSI KOTOPOU COBMAaaeT C
HaIpaBJICHUEM TOKA, UCIIBITBIBACT AABJICHHUE K HEMY. Eciin e HanpaBiieHHUEe JBUKEHUSA
HE COBIIAIAET , BCTPEYHO TOKY, TO UCIIBITHIBAET AABICHUE B MPOTHUIIONIOKHYIO CTOPOHY,
TaK KaK B IPOTUBOIIOJIOKHOW CTOPOHE OOJIBIIIE COMIACHO C HEH BMKYIIHUXCS YACTHIL
B CPEZI€ XaOTUYECKU JIBWKYIIMXCS YaCTUL] OKpYXKarollen cpeasl. Be€ 3To mpoucxoaur
n3-3a OOJIBILIETr0 BpeMEHHU JeicTBUA +F Ha mapamienbHO ABMKYIIMECS YaCTULBI U
MEHBIIEr0 BPEMEHU JABJICHHSI HA I1APAJUIEIIbHO, HO BCTPEYHO ABUKYIIHAECS YaCTHILIBI.
TakuMm 00pa3zom cienyeT BBIBOJ: YAaCTUIA UCHBITHIBAET AaBienue +F [IpocTpancTsa B
Ty CTOPOHY, B KOTOPOi1 O0Jibllie U OJIMKE K HEH YaCTHIIbI, HAIIPABJICHUE JBUKEHUS
KOTOPBIX COBIAAAIOT ¢ €€ HAIIPaBICHUEM; YaCTULIA UCIIBITHIBAECT OTTAJIKUBAIOLLICE
naBjieHue -F" ¢ TOM CTOPOHBI, B KOTOPO# OOJIBINE U OIMIKE ABHKYIIHECS BCTPEUTHO €if
yacTuUbl. [Ipy BO3ZHMKHOBEHUM BUXPS JIEKTPOHA YACTULBI M. OKPYXKAIOLIEH CPEnbl,
HaIIpaBJICHUN IBUKEHUS KOTOPBIX COMIACHO HAIIPABICHUIO JBUKEHUS YaCTUL BUXPS,
BTaJIKMBarOTCA [IpocTpancTBoM B BUXpB. [Iporcxonut ycunenne BUXps , €ro pasmep
CTaHOBUTCA OOJBIIUM pa3Mepa MoJist AeKTpoHa. [Ipu 3ToM B BUXpe y4acTBYIOT B
OCHOBHOM YacCTHULBI OKPYXAIOIIEH Cpesibl, KOTOPBIE BIETAIOT B BUXPb, 3aTEM
BbUIETaIOT. TakuM 00pazoM, OKpyKarolias cpesia XaOTUYECKH JBUKYIINXCS YaCTHUI]
CHOCOOCTBYET BOBHUKHOBEHHUIO U YCUJICHUIO BUXps . Tak Kak mapaienbHO
JBUKYIIMECS YaCTULIBl MCHBITHIBAIOT AaBieHue +F qpyr K Apyry, pazMep BUXPs
AIIEKTPOHA UMEET HE Mapoo0pa3Hyo PopMy, aCIUIIOCHYTYIO, KAKyl0 UMEIOT
CIIMPAJICBU/IHBIC TAJJAKTHUKHU.

DNEKTPOH B MAarHUTHOM T0JI€ UCIIBITHIBAET AABJICHHE B CTOPOHY OOJBIIEH CHUITBI
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MarHUTHOTO 1oJisl, Ha puc.30 B CTOPOHY IPOBOAHMKA C TOKOM. C ONMKHEH K
IIPOBOJIHUKY CTOPOHBI Sipa HAMpaBICHUS P M.I W p°M. 9 COBIAHAIOT, C
MIPOTUBOIOJIOKHON BCTPEUHBI, TaM OOJIbIIE Xa0TUYECKOTO ABMXKEHUS YaCTHLL,

OoJibllle JaBJIEHUE HA SIPO.

HpOTOH B MaroHMuTHOM IIOJIC.



Ha peke B 6mu3u Gepera, rie 13 Bobl BEICTYIIAET CTBOJI A€pEBa, MOKHO
HaOJI0AaTh BpallleHue BOJIbI BOKPYT cTBojia. Hanpapnenue BpamieHus 3a1aét ObICTPO
TeKyllas 4acTh peku ( cepeanna ). [IpuunHa BpameHus BIIOJIHE OYEBUIHA.

[Tono6HOE MPOUCXOAUT ¥ B MAarHUTHOM TioJie. Ecniu B MarauTHOM mosne, puc.31,
HAXOJIUTCS MPOTOH, C OTHOW CTOPOHBI KOTOPOTO P M. I CHJIbHEE, YeM C JPYroM, TO
BOKPYT HETO BO3HHUKAET BUXPh P°M. I 0€3 yJacTHs B HEM €r0 4acTHIl 00O0JIOYKH U
moitsi. Ha cTopoHe BCTpEYHBIX TOKOB PM.i M p°M.II GOJIbIIE XaOTHYECKOTO
JBUKEHUS YaCTHI] M. , [IO3TOMY I0JI€ IPOTOHA PACCESHO ; IPOTOH HCIBITHIBAET

nasyieHue F" B CTOpOHY MeHbIIE# CHIBI p M. i, Ha BBIXOJ W3 MarHUTHOTO ITOJIS.

Puc. 31 Puc. 32 R P M.a

ATOM B MarHUTHOM TI0JI€
J1J1st BOSHUKHOBEHHMSI M CYIIECTBOBAHUS BUXPS YaCTHI] M. HEOOXOIMMO:
Hanuure B [IpocTpaHcTBe XaOTUYECKH IBIDKYIIMXCS YaCTHUI] M. JIOCTaTOYHOM
MJIOTHOCTH; B IIGHTPE BUXPSI IOJDKHA HAXOAUTHCSI HEPOHUIIAEMast JIsl YaCTUIl M.
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cpena; BUXPh JOJDKEH 3aMBIKAaThCS BO BpalieHud. M3 3T0ro 04eBUIHO, BUXPh
AIIEKTPOHA, HAXOJAIIETOCS B 30HE OOJIBIION TUIOTHOCTH TPOTOHHOTO TIOJIA,
BO3HHMKHYTh HE MOXET. BUXpbh MOKET BO3HHMKHYTH TOJIEKO Y CBOOOHBIX AJICKTPOHOB
CD. Atom 6e3 CO B MarHuTHOM ToJie TI0J00€H MPOTOHY, puc. 31. Atom ,
COZIEPIKALIMI CBOOOIHBIN 37€KTPOH B 30He +F1° -F»° M HaxomsImuiicss B MAarHUTHOM

nojie, n300paxkéx Ha puc.32. O6pazoBapmuiics BUxpb CO CrMOCOOCTBYET YCHUICHUIO



BUXpS aTOMa p°M.a. ATOM, COAEpIKAIllHii B CBOEM IOJIE CBOOOIHBIC SICKTPOHBHI,

HaMarHM4YMBACTCS U UCTIBITHIBACT JaBlicHie F' B CTOPOHY O0JbIel CHITBI PM .

Marsur.

BemiecTBo, cocrosiiiee U3 aToMOB, cofepkaiiux B cBoéM mnose CO , B
MarHUTHOM IT0JIC HAMAarHUYMBaceTCsA. BOKPYT BceX ero aroMOB BO3HUKAIOT BUXPH,
oOpa3zyeTcs cyMMapHOE€ MarHUTHOE TToJie. Takoe BemecTBO-TIPeAMET MPEACTABISICT
co00l MarHuT, HapUMEP, KoMIacHas cTpenka. Ha puc.33 oHa m300pakeHa B BHUIE

( CILTOIIHOM ) CTPENIKH , HAXOASIIEHCs B I0JIC MPOBIHUKA C

Puc. 33

TOKOM, U300pa’KEHHOM B MOMEPEYHOM CEUEHUH - OKPYKHOCTh CO 3HAKOM MHUHYC,
O3HAYaloIIUM, YTO JIEKTPOHBI YAAISIOTCS B IPOBOJHUK. Ha koMnacHoOM cTpenke
M300pa)KeHbl TPU aTomMa Co 3HakaMu + U -. [[mroc-IBHKEeHHE YacTUI] M. K HaM,

MHHYC - OT Hac, TO €CTh 0003HAYaIOT HAIMUKE Y HUX Buxpen. (Peakiys aroMoB Ha
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(v M (v
nevicteue F° omnpenensercsa peakunueit ero CO ). M3-3a Hanmuuuu Ha MeCTe
HaXO0XJECHUS KOMITACHOU CTPEJIKM MarHUTHOTO MOJIs MPOBOJHUKA C TOKOM, BOKPYT HEE
oOpazyeTcs HaBeJIEHHBIN BUXPb, 0003HAUCHHBIM KPYITHBIMM 3HaKaMu + U - . JIroObIe

OTKJIOHEHHUS KOMIACHOM CTpeNKu ( MyHKTUPHbIE N300paKeHUs ) MPUBOMAST K



BO3HHMKHOBCHUIO CHUJI FM, MMOoBOpaYuBaIIUX CTPCIIKY B HCXOAHOC ITOJIOKCHUC.

Ha puc.34 a u300pax€H NpoOBOAHUK C TOKOM, HAXOJAIIUICS B 1tosie MarHuTa N
(mmmuHIp, n300paxkEH TopioM ). B mpoBonHuke nzobpaxens atoM u CO,
IIPEACTABISIOIINI TOK B YKa3aHHOM CTPEJIKOW HANPABICHUH.

Boxkpyr atoma n CO BO3HUKIIM BUXPH, HABEAEHHBIE TIOJIEM MarHUTa. JNEKTPOH
UCIBITHIBAET JABJICHHUE B CTOPOHY OOJIBIIECH CUIIBI MATHUTHOTO T0JIS, TO3TOMY
M300pak€H Ha CTOpOHE MarHuTa. [I[poOBOJHUK UCTIBITHIBAET IaBJICHUE B ATY XKe
CTOPOHY, B CTOPOHY OOJIbINeH CHUIbl MarHUTHOTO 1mojist. Ha puc.34 6 nzo0paxén
IIPOBOJAHUK C TOKOM B TOM € I0jie MarHuTta. [I[poBogHUK B KOHIE b MOIKIIFOUEH K
MUHYCY UCTOYHHKA TOKA Yepe3 IIAPHUPHBIA KOHTAKT, a B KOHIIE A - CKOJIb3SIIUM
KOHTaKTOM 4epe3 Tokonpooasiiee koublo C k mirocy, IIposogauk Ab nox

nercTBrEM CHIBI F" BpalaeTcs 1o 4acoBOii CTPEIIKE.
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Ha puc.35 u3o0paxén maraut S-N, BOIM3U HETO MEJIKUE TIPOI0ITOBATHIE
TeNbIla U3 HAMAarHMYMBAIOIIErocs MeTaia. Tenplia HAMarHUTUJINCh, UX CBOOOHBIE

QJICKTPOHBI ICPEMCCTHIIMCH B CTOPOHY OOJIBIIIEH CHJIBI MAarHUTHOTIO MOJIS , BOBHHUKJIN



cuiasl F' B aToMax, B UTOTE TEJNbIA COSTUHSIOTCS B 1eN0uKy. COBEPIIEHHO OYEBHIHO,
BO3MOYKHBIE COCEJTHUE 1IETTOYKH OyAyT UCTIBITHIBATh B3aMMOOTTAJIKUBAIOIIUE CUIIBI U

pazoiayTcs BeepoM, cosniaBast 3pPeKT MarHUTHBIX CHIIOBBIX JTUHUMH.

SHGKTPOME[FHI/ITHa}I HHAYKOUA

Bo3HUKHOBEHHE TOKAa B IPOBOJHUKE MPUBOJIUT K BOHUKHOBEHUIO MOIYTHOTO
0OLIEHANPABICHHOTO ABMKEHUS YaCTHI] M. ( P M. ) B OKPY’KarOIlIEM IMPOBOJHUK
IIpocTpanctse. [locieqHee NpUBOAUT K NONEPEYHOMY CHKATUIO P M. H OHO,
€CTECTBEHHO, HE MOKET IIPOUCXOINUTD ITOCTOSIHHO, & TOJIBKO JI0 ONPENEIEHHON
IJIOTHOCTH M BO BpeMs HapacTtaHus Toka. Ha puc.36 a nBa mapaminensHO
pacnoJIo’KeHHbIE MpoBOAHKKA 1 1 2. B nmpoBogHuKe | Teuér HapacTarouuil TOK, B
okpyxaronieM [IpocTpaHcTBe, Clle10BaTENbHO, BOZHUKAET p/ M., H3-3a YE€ro
MPOUCXOJUT 3aBUXPEHUE T0JIEH CBOOOIHBIX AJIEKTPOHOB COCEIHETO IMIPOBOIHUKA U
OJHOBPEMEHHO IONEPEYHOE CKaTHE P M., (M300paKeHO CTpEIKaMH K IPOBOJHUKY 1),
KOTOPOE MPOHMU3BIBAET MOJI€ 3JIEKTPOHA MPOBOJHUKA 2, BHI3bIBAsI B HEM TOK B
IIPOTUBOIIOJIIOKHOM TOKY 1 Hampasienuu. Ha puc.0 Tok B npoBogHuke 1 yObIBaer,
MIPOUCXOAMT MOMEPEUHOE PACIIMPEHUE P M. , KOTOPOE BBI3bIBAET TOK B MPOBOJHUKE 2
B COIMIacHOM TOKy 1 Hampasnenuu. [IpogonsHoe p/ M. U TIONIEPEYHOE P M.
MPECTABISIIOT COOON HE UTO MHOE, KaK 3JIEKTPOMArHUTHYIO BOJIHY, KOTOPast
pacrtpoctpanutcs aainee B [IpoctpaHcTBo.

AHaJIOTMYHOE POUCXOIUT B MPOBOJHUKE, HAMOTAHHOM Ha MarHUTOIIPOBO/,
puc.37 a. B npoBomHuKe TEUET HAPACTAIOIINI TOK |, BO3HHKAET BUXPh P°M. BOKPYT
Y BHYTPHU MAarHUTOIIPOBOJIA U OHOBPEMEHHO €0 CxaTue. M3 okpyx arolien cpeibl
YacTHUIbl M. BTEKalOT B MArHUTONPOBOJ . [Ipu 3TOM 31€KTPOHBI IPOBOJAHMKA
UCTIBITHIBAIOT JIABJICHUE MPOTUB TOKa I. Ha prc.0 TOK B MPOBOIHUKE YOBIBACT,

42
IIPOUCXOAMUT PACUIUPEHHUE BUXPS, JJIEKTPOH UCIBITHIBAET AABJICHHUE B MOMJIEPKKY

yOBIBaIOIIEMY TOKY



| |
1
2 O —0 )
a 3] Puc. 36

Puc. 37

ConpoTuBieHUE IEKTPUUECKOMY TOKY.

[Ipu nBM>KEHUM 3JIEKTPOHA B IPOBOJHUKE MPOUCXOAUT €TI0 CTOJIKHOBEHUE C

aToMoM, ( €ro BXOJ U BBIXOJ M3 aTOMa ), YTO IPEJCTABIISAET CONPOTUBICHUE €T
MPOJABUKEHUIO U MTPUBOJUT K YBEIMUYEHUIO CKOPOCTHU ABUKEHUS aTOMa, TO €CTh
HarpeBy IPOBOJIHMKA. BXoly aneKTpoHa B aTOM CIIOCOOCTBYIOT €T0
MPEUMYILECTBEHHBIE BOIHBI ~PM., BOJHBI ~PM. OTTAJIKUBAIOT AJIEKTPOH.
BeliecTBO, aTOMBI KOTOPOTO U3Ty4atOT IPEUMYIECTBEHHO ~PM.,
OKa3bIBa€T OOJIBIIOE COMPOTUBIICHUE IIEKTPUUECKOMY TOKY; BEIIECTBO C aTOMaMH,
M3IIyYAIOIIMMHU TPEUMYIIECTBEHHO BOJIHBI ~PM., SBJISIOTCS XOPOIIUMHU
MPOBOJHUKAMHU TOKA.

CHITBHO OXJIKIEHHOE BEIIECTBO XapaKTEPU3YETC MAJION CKOPOCTHIO

JBIKEHUS aTOMOB. [Ipu 5TOM aTroMbl O60JIbIIIE COMMKAIOTCS IPYT K APYTY, 4TO
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MIPUBOAUT K YBEJIUYEHHUIO U YIUIOTHEHUIO UX noJiel. Eciau cTolkHOBEHUE aToMa ¢
JPYTUM aTOMOM COBHAJIO C €r0 BJOXOM, TO IPWJIMBHAS BOJIHA ~PM: MOXET
0Ka3aThCs JJOCTATOYHO CUJILHOW, YTOO BBITOJIKHYTb JIEKTPOHBI U3 30HBI
nevictBus cun +F3° -F,° Bo BHemmHio 300y +F;° -F,°. D10 mpuBoauT K emié
0O0JIbIIIeH MPUITMBHOM BOJHE ~PM, K 3TOMY aTOMYy M OHa MOXXET CIIOCOOCTBOBATH
K BO3HUKHOBEHHUIO CUJIIbHOM IPUJIMBHOM BOJIHBI B IPYTOM aTOME U MEPEXO]] €TO
AJIIEKTPOHOB U3 BHYTPEHHEHN 30HBI BO BHEIIIHIOK. DTOT MPOLECC MPU30UAET
JABUHOOOPA3HO BO BCEX aTOMAX CUJIBHO OXJIAXIEHHOTO BEUIECTBA — MEPEXO]]
BEILIECTBA B CBEPXIIPOBOJISAIICE COCTOSIHUE. Tak Kak 3JIeKTPOHBI aTOMOB
OKa3bIBAIOTCSI BO BHEITHUX 30HAX, aTOMbI OYyT U3y4aTh MPEUMYIIIECTBEHHO
BOJIHBl ~pM. U SIBIIITHCS OTJIMYHBIMU NMPOBOJHUKAMHU TOKA. Cuia AbIXaHUs
aToMa o Mepe OXJIAXICHUS , ECTECTBEHHO, Cl1a0eeT; ClIaOdbIMU CTAaHOBATCS U
BOJIHBI ~PM. . CuunrtaBmasics 10 HaCTOSIIIIETO BPEMEHH BO3MOKHOCTh
CYIIIECTBOBaHMS OECKOHEYHO JI0T0€ BpEMSI MHAYIIMPOBAHHOTO TOKA B KOJIBIIEC U3
MeTaJlla, HaxosIIerocsi B cBepxmpoBosiieM coctosiuuu ( Komnuns, 1957 1), He
peanibHa. B KoJiblie TEUET TOK TOJIBKO B MOMEHT UHAYLIMPOBAHUS, 3aTEM OH
MpeKpaIaeTcs, Kak u B JJIOOOM MPOBOJHUKE, HO OCTAETCSl BO3HUKIIIEE MAarHUTHOE
T0JIE - BUXPb, YEMY CIIOCOOCTBYET OKPYKAIOIIAs Cpe/la XaOTUUECKH JIBHKYIIIUXCS
YacTUIl M. W HENPOHHUIAeMas JJIsl HUX Cpella CBEpXOXIaxAEHHOro BeuecTra. Ha
puc. 38 a u300pa)KeHbl 3TO KOJIBIIO U HAJl HUM IIIap W3 MeTajula B
CBEPXITPOBOJIAILIEM

COCTOSIHUHU. BOKpYT KOJIblla MArHUTHOE MOJIe-BUXPb, 0003HAYEHO 3HAKAMHU TUTIOC U




a Puc. 38 0
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MuHyc, BHyTpu konbia BUXph, ciaboe, BpalleHHe, €CTeCTBEHHO, TPOTUBOIOIOKHO
COCTOSIHMM. BOKpYT KO/blla MarHUTHOE T10J1€ — BUXPh , 0003HAYEHO 3HAKaMU IUIIOC U
MUHYC. BHyTpu Kojbla BUXph ciabee, BpallleHUe, €CTECTBEHHO, IPOTUBOIOIOAKHO
BHEIIHEMY. BOKpyT mapa HaBeleH BUXpb MATHUTHBIM TIOJIEM Kosibla. Mexay mapom
Y KOJIBIIOM MAarHUTHOT'O TOJIs ( BUXPS ) HET, TaM XaOTHUYECKOE JIBUKEHHUE YaCTHIl M.,
M3-3a BCTPEYHBIX BUXPEU 1Iapa U BHYTPEHHEHN 30HBI KOJIbLA . DIEKTPOHBI B aTOMax
KOJIBLIA U 11apa CMECTUIIMCH B CTOPOHY OT 3TOM 30HBI; I1ap U KOJIbLO UCIIBITHIBAIOT
B3aMMOOTTaJIKUBaoIue cuibl. Ha puc. 6 MarHuT (1300paxeEéH TOPLIOM ) HAXOAUTCS
HaJ OpyCKOM U3 MeTajlla B CBEPXIIPOBOSIIEM COCTOSSHUU. BUXpbh Maruura
OXBaTbIBaeT OpPYCOK, IPEBPALLAsi €r0 B MArHUT TOU e MOJISIPHOCTH, TOITOMY

HUCIIBITBIBAOT B3aUMOOTTAJIKHUBAIOIINUEC CUJIBL.

I[BI/I)KGHI/IG QJICKTPOHA B MAIrHUTHOM IIOJIC

Yactumamu M. , SBISIONTAMUCS YaCTUIIAMH 000JIOYKH U TIOJIS DJICKTPOHOB,
T'YCTO 3aIOJHEHBI BCE OKpY’Karollee Hac MPOCTPAHCTBO M BCE MaTepHalIbHbBIC
00BEKTHI. DTa cpea nogoOHa BO3AYIIHONW, OTHOCUTEIBLHO HEE MOTYT JIBUTAThCS
MaTepHalIbHbIe 00BEKTHI, B TOM YHCJIE M 3JICKTPOHBI. MaTepraibHbIe OOBEKTHI IS
He€ — JIOCTAaTOYHO PEAKOE CKOIUICHHE JISKTPOHOB M IMPOTOHOB. {7151 ABIOKYyIIIErOCsS
AIIEKTPOHA OTHOCUTENBHO 3TOM CpeAbl, PUC.39 a — 3TO IBUIKEHHE-TOK CPEJIbI

OTHOCHUTEJIBLHO HETO, pHC. 0.

) V G
o— > o

Puc. 39

Ha pucynke 40 n300paxxéH npoBogHuK Ab (c aieKTpoHOM D), IBIKYIIUKCS B



MarHMTHOM T10JIe MarHuTa (M300pakeH KPy>KKOM — BUJ C TOpIa Ha CEBEPHBIN
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nomtoc). [lyHKTHUpHas OKPY>KHOCTb CO CTPEJIKOM — HaIpaBJI€HUE BpAICHUS BUXPSI
MAarHuTa, COIJIaCHO YaCOBOM CTPEJIKE, HUKE MPUBEACHA JUAarpaMma CUiabl TOKa P M. .
IIpn HaxOKAE€HUM IPOBOJHMKA B JIEBOU ITOJIOBUHE IIOJISI MATHUTA, BOKPYT AJIEKTPOHA
BO3ZHHMKAET BUXPb (IIPOTUB YACOBOU CTPEJIKE) — JEKTPOH HCIIBITHIBAET JABJICHUE B
CTOpPOHY KOHIIa A MPOBOJIHMKA, CO CTPOHBI BCTPEYHBIX TOKOB €ro BUXpa U cpeabl. [lpu
HAaX0)KJICHUH ITPOBOJHUKA B ITPABOl IOJIOBUHE MarHuTa, BOKPYT IEKTPOHA
BO3ZHHMKAET BUXPH (IO YACOBOM CTPEJIKE) — 3JIEKTPOH MCIBITHIBAET JABICHUE TaK K€

B CTOPOHY KOHIIA A IIPOBOAHUKA, CO CTOPOHBI BCTPCUHBIX TOKOB BUXPA U CPCABI

Puc. 40

N3 paccMOTpEHHOTO OYEBU]IHA BOBMOXKHASI TPAEKTOPUS (M3BECTHAS) IBUXKEHUS
cBOOOIHOTO (BHE MTPOBOJHNKA) DJIEKTPOHA B MATHUTHOM TIOJIE.

Bokpyr npotoHa, HaXoAsSIErocss B MAarHUTHOM I10JI€, TaK ke o0pasyeTcs
BUXpb. Tak kKak 000JI0YKa U 10JI€ MPOTOHA U3 YACTULl M+ , BUXPb 00pa3yeTCsi BOKPYT

ero mojist. Ecnu 0 IMPOTOH HaXOAWJICA Ha MCCTC JJICKTPOHA B JICBOM MOJOBUHE TOJISI



MarHuta (puc. 40), HO BHE IPOBOJHUKA U JBUTAJICA B TOM € HANIPABJIECHUHU, TO €TO
cocTostHie ObLTO ObI TaKUM, Kak Ha puc. 41. [IpoToH ucnbinbiBan Obl 1aBJICHHUE B
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Puc. 41

IIPOTHUBOIIOJIOKHOM, YCM JJICKTPOH, HAIIPABJICHHH.

BzaumoBnusiHue IIPOBOAHUKOB C TOKOM.

Ha puc.42 u3o0pakeHbl ABa NapajuieIbHO PACIIOI0KEHHbBIX MPOBOAHUKA 1 1 2 ,

10 KOTOPBIM TEUET TOK (PIIEKTPOHOB) B YKA3aHOM CTPEJIKOM HarpaBieHuu. Bokpyr

Puc. 42
AIICKTPOHOB ¥ aTOMOB BUXPHU HE 00pa3yIOTCS — aTOM HaxOAMTCS B TIOJIe paBHOU
CHJIBI TOKA P M., a DJICKTPOHBI CAMH CO3al0T MarHUTHOE II0JIE , IIPH 3TOM
CMEMIAIOTCS B CTOPOHY COCEIHEro MPOBOJIHKKA, B CTOPOHY 00JIee CHIIBHOTO TOKa
P M. . ATOMBI UCTIBITBIBAIOT JaBJICHUE B CTOPOHY DJICKTPOHOB.
Ha puc. 43 B Tex ke MPOBOJHUKAX TEKYT TOK B MPOTHBOIMOIOKHBIX

HaITpaBJICHUAX, SJIKTPOHBI COCCAHUX IIPOBOAHMKOB UCIBLITBIBAIOT JABJICHUA B



IMPOTUBOITIOJIOKHBIC JIPYT” OT Apyra CTOPOHBI, TAK KaK MCKIY IMMPOBOAHUKAMU
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Puc. 43

HaIpaBJICHUA ABWIKCHHA p_M_ BCTPCYHEI, COSI[aéTCH HX XaOTHYCCKOC ABMIKCHUC.

BemecTBo

Mexy atomaMu, MOJIEKYJIaMH CYIIIECTBYIOT B3aUMOBJIUSHUS KaK BOJTHAMU
~pMm+, puc. 14, Tak u cunamu F°, Bo3HHUKarOIUME B dieKTpoHax. ITo Mepe

MPUOIMKEHHS aTOMOB JIPYT K JPYTY WX 3JIEKTPOHBI IEPEMEIIAIOTCS B Ty UM UHYIO

CTOPOHY OTHOCUTEIILHO sep, CO34aBas CHIIbI B3aUMOBIIUSHKUS aTOMOB *+F*

aHajioruunele puc. 8, ot +F,* 10 -F¢" . Hanpumep, npu Bo3HukHOBEHUM cr +F°
AJIEKTPOHBI B COJIM3UBIIUXCS aTOMaX CMEIIAIOTCS BO BHYTPEHHUE CTOPOHBI
(OTHOCHTENILHO X SIIEP), aTOMBI UCIBITHIBAIOT +F1" - maBienue apyr k apyry. I[lpu
BO3HMKHOBEHHUH CHJI -F,° , aTOMBI OTTAJIKUBAIOTCS JAPYT OT Apyra cuioi -F," u tak
nanee.

OueBHIHO, MO IeHCTBHEM CHII F* aTOMBI MOT'YT COEMHUTRCS APYT C IPYTOM,
00pa3syst MOJIEKYITY, B KOTOPO aTOMBI MOT'YT HAXOAUTHCS B 30HAX AeHCTBUs cui +F3°

u-F;* mm +Fs" 1 -Fg" B 3aBUCHMOCTH OT CKOPOCTH UX CTOJKHOBEHHSI.

B3auMoBIHMsIHHE MOJIEKYIT, O4EBUIHO, ONpenesieTcs cuamu +F " | nnarpamma

KOTOPBIX TaK e Mmojo0Ha auarpamme cui +F°, puc. 8.



CoeMHUBIINECS MOJIEKYJIBI, HAXOSIIUECS B 30HE AeHCTBUSA cul +F3" 1

-F4" | IpeCTaBISIOT OYEBUIHO KHUIKOCTh, @ HAXOASIIMECS B 30HE acicTBusS +F5" 1
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-F¢" -TBEpMOE BemiecTBO. B MoIeKyIie aTOMbI HAXOAATCS B KOIEOATETBHOM COCTOSTHUN
OTHOCHUTENBHO APYT IPYra, CIEA0BATEIbHO, MOJEKYJbl U3Ty4atOT BOJIHBI ~M, ,
OKa3bIBAIONINE B3aUMOOTTANIKMBatomiee aericteue -F . [loatomy miis coequaeHus
MOJIEKyYIT crtamu £F" M HeoOX0aMMO TpeoosieBars -F, KOTopbie TeM CHIIbHEE,
4yeM OO0JIbIlIe aMIUTATY/Aa KoJieOaH!s aTOMOB ~ BBIILIE€ TEMIIEPATypa MOJIEKYIIbI.

ATOMBI, MOJIEKYJIBI B BEILIECTBE MOCTOSSTHHO HAXOJATCS B COCTOSIHUM JIBMOKCHHS.
HampaBnenue IBHKEHUS 3a1al0T UX AIEKTPOHBI. DJIEKTPOH B aTOME CMELIAETCS B TY
CTOPOHY, OTKYJa UAET HAMMEHBIIEH CUIIbI U3yYE€HUE BOJIH ~PM.. ATOM JBUKETCS B
3Ty CTOPOHY JI0 TE€X 0P, IIOKa HE U3MEHUTCS CTOPOHA HAMMEHBUIEH CUIIBI ~PM., U TaK
ITIOCTOSIHHO.

Bo3moxxHOCTH CylmI€CTBOBaHMA BCIICCTBA

CornacHo 000J104HOM MOCIEN0BAaTENbHOCTH CYILIECTBOBAHUE 3JIEKTPOHOB
00513aHO HAJTMYMIO YACTHI] POCTPAHCTBA: M, Mp, Mg, Mg, Mg, Mjg; HX OTCYTCTBHUE
IIPUBOAMT K PACIaly dJIEKTPOHOB. AHAJIOTUYHO, OYEBUIHO, U 'y IIPOTOHOB.
EcTtecTBeHHO, B 1IeHTpaIbHON YacTH OOJIBIIION MAacChl BEIIECTBA OTPAaHUYEH JOCTYI
yactul [IpocTpaHcTBa K 21EKTPOHAM U MPOTOHAM, TaM IIPOMCXOJUT UX pacnas,
MO3TOMY U3 INTYOMH 3BE3/ U IUIAHET AyeT KOCMUYECKUN BeTep (M3BECTHBIN KPacHBIM
CMELIEHUEM CBETA B IPABUTALMOHHOM I10JI€ 3EMJIM) B MEKTATaKTUIECKOE
[IpocTtpanctBo. Takum 00pa3oM Bo BeeneHHO#M mpoucxoauT Kpyroo6opot. B
MEKraJlakTu4ecKoM [IpocTpaHcTBe NepBUYHBIE MaJIbIE YACTHULIBI, COEAUHSSACH B
CTPYKTYpHBIE CKOIJICHHUS, PUC.5, YKPYIHSIOTCS U BTEKAIOT B TAJIAKTUKY; 00pa3yroTcst
AIIEKTPOHBI, POTOHBI, HEUTPOHBI, ATOMBI, MOJIEKYJIbI, BELIECTBO, 3BE3/IBI.

3aKOHOMEPHOCTh YMEHBIIEHUS BEIMYMH M YacTHUL IO MEpEe yAAIECHHS OT
3BE3/1bl, TAJIAKTUKH CO3AAET YCIOBUS OTCYTCTBUSI BOBMOKHOCTH CYIIECTBOBAHUS

BEILIECTBA B MEXK3BE3HOM, MeXranakTuyeckoM IIpocrpanctse. [l cyiecTBOBaHUsA



ANIeKTpoHA HeoOxomuMo Hainwaue B [IpocTpaHCTBE 4acTHII M JOCTATOYHOM
IJIOTHOCTU. BO3MOXKHO, 1O0CTaTOYHAsI UX TUIOTHOCTh O0Opa3yeTcs TOJIBKO B
okos103BE3AHOM [IpocTpancTse.
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CBepXxTeKy4ecTh

DNEeKTPOH B aTOME NIEpeMeIaeTCsl B CTOPOHY, OTKyAa UIET Oonee cinabasi cuiia
U3IIydeHHs BOJH ~pM. . CBEpXOXJIaXIEHHBIN aTOM U3y4aeT BOJIHBI ~pM. CJIa00i
CWJIBI, TIO3TOMY B OKPY’KAIOIIHUX €r0 HEOXJIAKIEHHBIX aTOMax 3JEKTPOHbI
CMEUIAIOTCS B €ro CTOpoHy. Ecin cBepxoxiiaxaéHHas KUIKOCTb HAXOAUTCS B COCYJIE
13 HEOXJIAXAEHHOTO BEIECTBA, TO €€ aTOMbI OyAyT UCIIBITHIBATH BIUSHUE BOJIH ~PM.
Y OT HECKOJIBKO OTJaJIEHHBIX aTOMOB BEUIECTBA, puc.44, YTO MPUBOIUT K
(BTSITMUBAHUIO) TEYH KUIKOCTHU MO CTEHKE COCY/Ia.

bnu3ko cOnuM3uBIIMECS aTOMBI )KHJIKOCTH U BEIIECTBA B3aMMOOTTAIKUBAOTCS

— OJICKTPOHBI CMCHIAIOTCA B ITPOTBOIIOJIOZKHBIC CTOPOHEIL.

Puc. 44

Cset BO Beenennoit

Bonnbl cBeTa BO30YKIal0TCS CTATIKUBAIIUMUCS aTOMaMH, MOJIEKYJIaMHU.
Bo30yknenre mpoucxoauT M3-3a U3MEHEHUS PACCTOSTHHSI MEX]Ty HUIMU B TIpeiesiax
B3aUMOCHHSHUS X nojieil. BonHa cBeTa 3a npenenaMu aTOMOB PacipoOCTPaHSIETCA B
Cpe/ie YacTHl] M. TaK K€ M3-3a W3MEHEHHUS PACCTOSHUS MEXIY HUMU B Mpeeax

B3aMMOCTUSHUS UX MOJEH (pa3Mepbl MOJIe YaCTHIl My 3HAYUTEIBHO OOJIbIIE TOJIEH



aromoB ). ClienoBaTenbHO, YaCTUIBI M. BO30YXJArOT BOJIHBI B CPEE YACTHI[ M ,
ABJISIOLIUXCS YacTULIAMU X 000s10uek U mojeil. CKOpoCTh IBMKEHUS YaCTHIl M

SHAYUTCIJIbHO BBIIIC CKOPOCTU My , IIOOTOMY U CKOPOCTD PACIIPOCTPAHCHUSA BOJIH B

51
CpeJie YacTUIl M; 3HAYUTEJIBHO BBIIIE CKOPOCTH PACIPOCTPAHEHHUS BOJIH B Cpesie
JacTHI] M. . B CBOIO odepenn, 9acTuIlbl M; BO30YXKIAIOT BOJHEI B CPEJIC YACTHI] M3,
CKOpPOCTh PAcTIpOCTPaHEHUS BOJIH KOTOPHIX emi¢ Oompiie. Takum sxke 0OpazoM ,
COTJIACHO 00O0JIOYHOM MOCJIEIOBATEIbHOCTH, BOJIHBI BO30Y)K/IAIOTCSl B CPEJIC YACTHI]
U Ms U My. B mpupose ckomieHns 3aKOHOMEPHO YBEIMYCHUE BETMYUH M YaCTHII
0 Mepe MPUOIUKEHUS K €r0 IEHTPY, OHO CYIIECTBYET B OKOJIO3BEZTHOM
[IpocTpaHcTBe U B OKOJIOTaJIakTHUecKoM. B Tabnuiie 1 mpuBeeHa BO3MOXXHas
MOCJICIOBATEIPHOCTh YKPYITHEHHUS YaCTHI] OT MeXrajakThudeckoro [IpocpancTsa 10
0K0J103BE31HOTO (3B). 3a mpeaenamu ckorieHus rajakTuk (CkI') yacTuipl Mg , Mg ,
Mo 00pa3yloT 4acTuily My, KOTopble BrekatoT B Ckl. B ramakruueckom
[IpocTpaHCTBE YacTUIIBI Mg M7 Mg 00pa3yloT Ms , BTEKAIOIINUE B TaJJaKTUKU U TaK
nanee coryiacHo tadmuiie. Brexkanue cBeToHecyIel cpenbl B TATAKTUKY CO3/1aéT
KpacHoe cMeleHue e€ cBeTa. Uem mainblie rajakThKa, TeM OOJIbIIe KpacHOe
CMEIIEHHE, TaK ke, KaK y 3ByKa — 4eM JIaJIbIlIe HCTOYHHK YIAJISIONIETOCs 3ByKa, TEM
HIDKE €TO YacTOTa BCICACTBUE YMEHBIIICHHUSI CKOPOCTH PaclpOCTPaHEHHUS BOJH 110

Mepe OCIa0JICHUS UX CUJIbI

3B I I CxkI' CkT

+F50 _F40 +F30 _F20 +F10

M My Mg Mg Mio
M1 M3 M5 M7 Mg
M M2 My Mg Mg
M+ M1 M3 Ms M7

C<< C1<< Cy << (C3 << Cy

I[BI/I)KGHI/IC B Ta30BOU Cpeac SJICKTPOHA, YCKOPACMOI'O JICKTPUUCCKHUM ITOJIEM



Onpit /. @panka u I I'epua 1913 .

CBOOOIHBIH 3IIEKTPOH B 3JIEKTPUUECKOM I10JI€ IBUXKETCSL yecKkopeHHo. Ha puc.

45, B ra3oBOM cpefie Ha paccTOsIHUU 5 L co3MaéTcst 3eKTPUUECKOE T10JIe
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10 5 B. [omyObiMu kpyramu 0003HaYEHBI aTOMBI Ta3a, JOMaHHBIMU CTPETKAMU -
TPAEKTOPHUM JBUKEHHSI AJIEKTPOHOB. J[BIKYILUICS JIEKTPOH MIPU ONPEAEIIEHHOM
CKOPOCTH, AOMYCTHM Vi, MOXKET CTOJIKHYTBCSI C aTOMOM , BOMTH M BBIMTH U3 HETO (
aTOM MOJKET COJEPKATh TOJIBKO OMPENETEHHOE UX KOJIMYECTBO ), IPU MEHBIINX KE
CKOPOCTSIX HE CTaJKUBAeTCs, 00XOAUT ero. JlomycTuM: 3JIeKTpOH MpHoOpeTaeT
ckopocThb V1 Ha paccTosgHud S5 L nipu Hanpsbxkenuu 1 B, ( puC. a ), IpU HANIPSKEHUH 2
B - Ha pacctostHuu 4 L, ( puc.6 ), npu HanpsbkeHuu 3 B - Ha pacctosiHuu 3 L ( puc. B
), IPH HaMpsKeHUU 4 B — Ha paccTosiauu 2L (puc. T), npu HanpsHKeHuu 5 B
— Ha paccrostaud 1 L ( puc.n ). Ha pucynke myHKTUpPHBIE JIMHUH TPAEKTOPHIA
JBUKEHUS JIEKTPOHOB 03HAYAIOT JIBM)KEHUE C MEHbIIEH, yeM V) CKOpOCThIO,

CITOIIHBIC ITNMHHH - IBHXKCHHC C OOJIBIICH CKOPOCTBIO.




Puc. 45
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]_IBI/I)KCHI/IG aroMa B MaroHuTHOM IIOJIC

OmneiT O. lltepna u B. I'epnaxa, 1921 .

B BemiecTBax okpy»Karoiiei Hac Cpelibl BCerja MMEIOTCs CBOOOTHBIE
AJIEKTPOHBI, KOTOPBIE HAXOAATCA BHE 000JI0YKH aTOMOB, HO HAXOJATCSl BOJIM3U HUX
1o AercTBreM cuibl +F;°. PaHee BBISCHUIIN, HEHAMATHUYHBAFOIIHECS
aTOMBI MCIIBITHIBAIOT JABJICHUE B CTOPOHY MEHBIIEH CUJIbI MATHUTHOTO MOJI
HaMarHUYUBIOIIUECS , UMEIOIIUE CBOOOIbIE AJIEKTPOHBI, - B CTOPOHY OOJIbIIIEH CHUJIBI.
B omeite O. llITepHa oHU aTOMBI BBUIETAITN U3 CEPEOPSTHHOTO MIAPUKA IIEKTPOHOM,

C CBOOOTHBIMAJIEKTPOHO, JIpyrue 0e3, MOITOMY OTKJIOHSUIMCH B PA3HBIE CTOPOHBI

Paccessnue pentrenoBckux sydeit. b dext Kommnrona, 1923 r.

PenTreHoBckue ( JIydd ) BOJTHBI BOSHHKAIOT MPU CKOPOCTHOM CTOJIKHOBCHHH
cBOOOMHBIX J1eKTpoHOB ( CD ) ¢ BemectBoM. B cBoOGogHOM cocTossHEE CO MMEIOT
MaKCHMAaJIBHBIN pa3mep moss. [Ipu CTOJKHOBEHHH C BEIIECTBOM OHH BXOIST B HETO U
3HAYUTEIHHO ( BO3MOXKHO TIOJTHOCTBIO ) TEPSIFOT CBOE 1M0JIe, BO30YXKasi OTIMBHYIO
BOJHY ~pM . CD B BellecTBe B3aMMOOTTAIKUBAIOTCS, IOITOMY I1OCIIE BXO/AA B
BEIIIECTBO BBHITAIKHWBAIOTCS M3 HETO M BHOBH IPHUOOPETAIOT MAaKCUMAJILHBIN pa3Mep
oI, BO30yKAas IPUINBHYIO BOJIHY ~PM_ .

[IpunuBHast ( B CTOPOHY paclpoCTPaHEHUs ) PEHTTCHOBCKAsl BOJIHA ~PM
Ha0erast Ha BEIIECTBO, BHITAJKMBAST €0 aTOM A M3 BEIIECTBA; €ro0 AICKTPOHBI,
OKa3aBIIMCh B MEHEE IUIOTHOU CPENe YaCTHI] M. , MPUOOPETAIOT U3 OKPYKAFOIIICH

cpeabl HaCTULBI M, YBCIMYHBAA PasMCp IOJA U CO34aBast 9TUM IIPUIHMBHYIO BOJIHY



~pPM.. HpI/I HaOeraHuy OTJIMBHOM BOJIHBI aTOM BTaJIKMBAaETCS B BCIICCTBO, €I'0
QJICKTPOHBI, OKa3aBIINChH B OoJee MI0THOM cpeac 4aCcTul M. , paCCCUBAIOT YaCTHUIIbI

CBOETO 107151, BO30YKJjasi OTIMBHYIO BOJHY ~pM . LIeHTp NpUIMBHOI BOJIHBI aTOMA
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OKa3bIBACTCS BHE BEIIECTBA, 4 HEHTP OTJIMBHOM — BHYTPHU BELIECTBA, PUC.SS.
CoBepIlIeHHO OUEBHJIHO, JITTMHA BOJIHBI, BO30YK/1aeMasi aTOMOM pa3jiMyHa B

3aBHCHMOCTH OT yIyia HaOmronenus, L,> L.

Puc. 46

Ly

3aBUCUMOCTb CKOPOCTH PACIPOCTPAHEHHUS BOJIH OT UX CUJIBI

N3BecTHO, py PUOIMHKEHUH K HETIOJBUKHOMY HAOIIOATEII0 OBICTPO
JABUKYIIETOCS] HCTOYHUKA 3ByKa €T0 YacTOTa Ka)KETCsl BBICOKOM, a MPH YIaJeHUH —
Hu3koi, Dpdext Homnepa. [Ipu 6onee BHUMATEIHHOM BOCIPUSATUN YacTOTa
NPUOITMKAIOLIETOCS HCTOUHUKA YBETUMUUBACTCS, YAASIOMIETOCs - YMEHbIIAeTCsl. ITO
BBI3BaHO TE€M, YTO CKOPOCTH PACIIPOCTPAHEHHSI BOJIH MO MEPE MX yCUIICHUS
YBEJIMYUBAETCS, 10 MEPE OCIIA0IEHUS - YMEHbBILIACTCS.

3BYK pactpOCTpaHSETCS B CPeJe, COAePIKAIIEH MHOKECTBO YACTHIL , MEKIY



KOTOPBIMH CYILIECTBYIOT CHJIbl B3aUMOOTTAJIKMBAHUS HA PACCTOSIHUM,
YCUWJIMBAIOLIUECA 110 MEPE MPUOIMKEHUS UX IPYT K APYTY. AMIUIMTYA KOJeOaHUs
YaCTHUIL B BOJIHE OIIPENETSET €€ CUILY, OHA TaK >K€ ONPEAeseT MOAY/Ib 00OBEMHON
YIOPYTOCTH CPEbI - 4eM OOJIbIIE aMIUIMTY/A , TEM OOJIbIIIE BETUYHMHA MOIYJIS.

N3 yueOHUKOB (pU3HKH U3BECTHO, CKOPOCTh PACIIPOCTPAHEHUS BOJIH B YIIPYTOn

Cpcac IpAMO IIpOoIopuruoOHalIbHa KOPHIO KBAAPATHOMY U3 OTHOIICHUA MOIYIIA
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00BEMHOM YIIPYTOCTH K TUIOTHOCTH CPEIBI.
3aBUCHUMOCTb CKOPOCTH PACIPOCTPAHEHHUS BOJIH OT UX CUJIbI MOKHO IIPOBEPUTH HA
yctaHoBke puc.47 , tae Ml - aunamuk, M - mukpodon, ['U - reneparop ummynscos, O
- ocuunorpad, P — pesucrop. Ha puc. uzo0paxena ocuunorpamma uMiyibcoB ['U ¢
uHTepBaioM T U UMyJibca OT MUKPOOHA, t — BpeMs IPOXOKEHHUS 3ByKOBOTO
MMITYJIbCa OT IMHaHaMKKa 10 MukpodoHa. YacTora reHepaTtopa UMITYJIbCOB U
4yacToTa pa3BEPTKU ocuuiorpada A0HKHBI ObITh B ipeAenax S0 ri.
OueBHUIHO, TPUPOJA PACTPOCTPAHEHHUS CBETOBBIX BOJH aHAJIOTUYHA ITPUPOIE
pacnpoCTpaHEHUs 3ByKOBBIX BOJIH, TO €CTh KPACHOE CMEILIEHUE CBETA TaJJaKTUK
BBI3BAHO TaK K€ YMEHBILIEHUEM CKOPOCTH PACHpPOCTPAHEHHUS BCIIEICTBUEC

0CJIa0JIEHUS UX CUJIBI.
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Puc. 47 L




Puc. 48
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Bpanienne nossipu30BaHHON BOJIH ~PM..

. Aparo, 1811 . Oddext Dapanes.

BomnHa ~pM. , Haberast Ha MOJICKYITY, OKa3bIBET Ha HEE TaBJICHUE, YTO TIPUBOIUT
K ¢ IepeMeIeHIIO0, IBMKECHUIO B HAITPaBJICHUH JTaBIICHUS BOJIHBIL. [lepemerenue e
MOJIEKYJIBI COTIPOBOXKIAETCS BO30YKIECHUEM €10 BTOPUYHOM BOJIHBI ~pM. . Eciin
MOJIEKYJIa POOITOBATAs U MIPOU3OILIO €€ TOTePEUHOe MepEMEICHNE, BTOpUYHAS
BOJIHA OyZIeT MOJIAPU30BAHHOM, TO €CTh (DPOHT BOJHBI Oyz1eT UMETh (HOpMy CEUEHOTO
nornojaM uInHApa. MoneKybl, COCTOAIINE U3 HECKOJIBKUX aTOMOB, MOTYT UMETh

MPOJIOJITOBATO-KpYy4YEHYIO (hopMmy, puc. 49. Takue MONEKYIIbI PU TBUKEHUU TIO]T

Puc. 49

AAaBJICHUEM BOJIHBI HCCKOJIBKO ITIOBOPAYMBAIOTCA COINIACHO HAITPABJICHUA e€



Kpyu€HocTu. Bo30Oyx1€HHas €10 BTOpUUHAsi BOJTHA ~PM, MTOTy4aeTCsl HTOBEPHYTOIA.
[IpomonroBareie MOJIEKYJIBI B MATHUTHOM I10JI€ PACIIOJIATAl0TCS MTONEPEK €T0

«CUJIOBBIM JIMHUAMY. [I03TOMY, pacnpocTpaHsomascs BA0Ib Moy (MarHUTHBIM

CUJIOBBIM JIMHUSIM) TIOJIIPU30BaHHAs BOJIHA B CPEIE MPOA0ITOBATO-KPYUEHBIX

MOJICKYJ Bpal1acTCA.
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Anbba-pacnag v TyHHEIbHBINA 3 EKT

CornacHo 7 oopazoBasiiuecs ckorienus (H + 1) 2 umeror cuMMeTpuyHyto

KOMITOHOBKY 4acTHII, puc. 50, M03TOMY MPENCTABIAIOT cO00M 000CcO0IeHHbIE anbda-

gacTuIlbl. OHU MOTYT COEIUHSATHCS APYT C APYTroM Mogo0Ho My . M3-3a ux 60abImmx
o 0

pasmepoB cwia F nocrarouna, uro6 cymmupysich cuiiamu +F;- u +F3” ipeononeTs

B3aMMOOTTAJIKUBAIOIINC CHUJIbI -on n -F40 , BOBHHKAIOIIHC B IIPOTOHAX. qaCTI/IHI)I

COCUHATCS U OyIyT COBEpIaTh KojebareapbHae ABUKECHHUS OTHOCUTEIBHO JIPYT Ipyra
B nipenenax +Fs° u -Fg°. Ckorutenus anbda-4acTHIl 3aTeM COSTUHSATCS ¢ MHOKECTBOM
MPOTOHOB U MPEJCTABIATH si[pa aTOMOB, B TOM YHKCJIE SIAPA PAIMOAKTUBHBIX BEIIICCTB.
Kakas nmpuunHa crioco6¢TByeT pacmany sapa ? Anbga-4acTHIlbl yaepKUBaTCs
B si/Ipe aToMa cwioi F, cieoBaTeibHO MPUYUHON paciajia siBisieTcs ociiadneHue e
CHUJIBI, TO €CTh YMEHBIIICHUE YacCTOThI yaapoB vyacTull [IpocTpancTsa, coznaroniux F.
OrpannumnBath q0ocTyn YacTull [IpocTpaHcTBa MOTYT OKPYXAIOIINE UX MPOTOHBI.

O‘{CBI/II[HO CKOIINICHUE MHOXKCECTBA aﬂb(i)a-‘laCTI/IH IMPONCXOANJIO 10 CKOINICHHA BOKPYT



HUX IIPOTHOB.

Aub(ha-4acTUIBl, HAXOMSICH B 30HE JeicTBUs cuit +Fs° u -Fg°, konebimores ¢

OOJIBIIION CKOPOCTHIO — PHEPTrUeH, paBHOM nmpumepHo 25 M»aB. [lpu BeIxoze U3 sapa

OHH TEPSIOT CKOPOCTh — 3HEPTruio 110 4,18 MaB Ha npeomonenne cuin +F3° u +F,°.

OraBiieHue

Brenenue

UccnenoBanue GpyHgameHTaIbHOX (GAKTOPOB OKPYXKAIOIIEH HAC CPEIbI
IIpocTpancTBO

Marepus

JIBukeHue

BeuHoCTh natepuu u ABMKEHUS

Cocrosinne MHO)kecTBa yacTull B [IpoctpancTse

JlaBneHre MalbIX YacTUI] HAa KPYIHBIE APYT K APYTY

O6pazoBaHue aTOMOB

Cser

BzauMoBiIusiHME aTOMOB, UMEBIIINX CTOIKHOBeHMS ¢ CO

[Tonsipu3zanmst BOJHBI ~PM.

27

PacnipocTpaneHue moasipu30BaHHBIX BOJH ~PM.
Oddext Keppa, 1875 1.
Dddexr 3eemana u lllrepna, 1896 1.

ITonspuzanus ceera ~c

Hucniepcus cBeTa ~C
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DNEKTPUYECKU 3aps U ANEKTPUUYECKOE T0JIe
BzanmopeiictBue ten ¢ CO u 6e3 CO
MarHuTtHoe 10Jie

DNEKTPOH B MAarHUTHOM MOJIE

IIpoTOH B MarHUTHOM T10OJI€

Marsur

DONEeKTpOMarHuTHasT UHAYKIUS

ConpoTUBJIEHUE ANEKTPUUECKOMY TOKY

JIBU>KEHHE 3JIEKTPOHA B MAarHUTHOM T10JI€

B3aumoBnusiHue MPOBOTHUKOB C TOKOM

BemectBo

B03MOXXHOCTB CyIlIECTBOBAaHHS BELIECTBA

CBepXTEeKyUJeCTh

Cset B0 Bcenennoit

JIBI>KEHME B TA30BOM Cpejie DIEKTPOHA, YCKOPSIEMOTO DJIEKTPUUECKUM
nioseM, onbIT [[. @panka u I'. T'epia, 1932 1.

JIB>keHHe atoma B MarHUTHOM 1iosie, onbIT O. [ltepHa u B. I'epnaxa,
1913 r.

Paccestnue pentreHoBckux styueit, s dext Kommrona, 1923 r.
3aBUCUMOCTb CKOPOCTH PACIPOCTPAHEHHUS BOJH OT X CHUJIbI
Bpatienue mnossspru30BaHHON BOJHBI ~PM.

Anbda-pacnag v TyHHEIbHBINA YD DHEKT
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