AnekceeB Hukonai Eroposnu

HUccaenoBanue
CBOMCTB MHOKECTBA XaOTUUYECKHU NBIKYyIIUXcs B [IpocTpancTBe abCcomMOTHO

YHOPYIrux 4aCTHUILl pa3HbIX BCJIMYHH.

HccnenoBanue packpbIiBaeT YCTPONUCTBO IEMEHTAPHBIX YACTHI], aTOMOB U
J0CTOBEPHO 0€3 rOJIOBOKPYKUTEIHLHON MaTEMAaTUKU OOBSCHSET JaHHbBIE BCEX
M3BECTHBIX (PyHIaMEHTAJIbHBIX HAYYHBIX SKCIIEPUMEHTOB U HAOIIOIEHUI Ha OCHOBE
Xa0THUYECKH NBIXKYIuXca B [IpocTpaHcTBe aOCOMIOTHO YIPYTHUX YACTHUI] PA3HBIX
BEJINYH.

MpIcTb, 4TO BCS MaTepusi OKPYKAIOILIEro HAC MUPa COCTOUT U3 OUEHb
MaJICHbKHMX, COBEPIICHHO OJHOPOAHBIX YaCTHII CyIIECTBOBaJA €1I€ BO BpeMeHa
Coxpara. [Iperyiaraemoe nccienoBaHue MpeaCTaBIsAET MOMBITKY MOATBEP K IACHHS
(byHIaMEHTAIbHOCTH 3TOM MBICIIH.

Hccnenyem OKpy>Karollylo Hac cpeay MyTéM HEeTOCPeACTBEHHOTO, 3IPaBoOro
BOCTIPUSITHS U OCMBICTICHUS C II€TTbI0 YCTAHOBJICHUSI OCHOBHBIX, UCTHHHO
byHnnameHTanbHBIX (akTOpoB €€ cymecTBoBaHusA. Uto okpykaer Hac ? KoneuHo, B
nepByto ouepenb [IpocTpaHcTBO, B KOTOPOM MbI HAXOAUMCS U CBOOOHO COBEpIIAEM
nBmkeHus. Jlanee, B pe3yabTraTe COBEPIICHUS IBUKEHUS MBI OOHAPYKUBaeM
Hanmuuue B [IpocTpaHcTBe BCEBO3ZMOXKHBIX MaTepUaIbHBIX OOBEKTOB.
MarepuanabHbIil 00BEKT — 3TO TO, YTO MPETSTCTBYET COBEPUICHUIO CBOOOTHOTO
JBW)KEHUS JPYTUM MaTepUalbHBIM O0ObEKTaM, KOTOPBIMH MBI U CaMU SIBJISIEMCS.
Tonbko mocie coBepiIeHus JBUKEHUS, HETTOCPEICTBEHHBIM COIPUKOCHOBEHHEM MBI
MO’KEM YCTAaHOBUTH UCTUHY HAJIMYMs MaTepuaibHOro o0bekTa B [IpocTpaHcTBe;
BUJICHHEM WJTU CITyXOM BO3MOXHa JIo’kHast nHpopmarius. ClieqoBaTeNnbHo,
IBIDKEHHE MaTepPHAIbHBIX OOBEKTOB SBIAETCS HEOThEMIIEMBIM (DAKTOPOM HUCTHUHBI
ux Hamnuud B [Ipoctpanctse.

JlanpHenIee NCCIeA0BaHUE OKPYKAIOIIEH HAC CPENbI CBOIAUTCSA K
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uccinenosanuio [IpoctpancTBa, MaTepraIbHBIX OOBEKTOB U UX JABHIKEHUS, TO €CTh
OKpy’Karollasi Hac cpesia OCHoBaHa Ha pyHaamente [IpoctpancTBa, MaTepuu u eé
nerxeHus B [IpoctpaHcTBe.

be3 3Tux gakTopoB HEBO3MOKEH HH OJIMH YYAaCTOK BCETO OKPYKAIOIIETO HAC
mupa. Becenennast, Bce sIBI€HUS B HEM, MOKHO YBEPEHHO YTBEP)K/1aTh, OCHOBAHbI Ha
byHnamenTe 3Tux TpEéXx (HakTopoB.

OmnpenenuM U IpuMeM 3a OCHOBY MCCIIEI0BAaHUM NPU3HAKU (PAKTOPOB
[IpoctpancTBa, MaTepuu U IBUXKEHUS TAK K€ MyTEM 37]paBOr0 BOCIPUATHUS U
OCMBICTICHHS.

[IpocTpancTBO

[IpocTpancTBO — 3TO HEOOBSICHUMBIN (pakTOp ObITHSA. ICTHHHO OHO
BOCIIPUHUMAETCS TOJILKO BO3MOXKHOCTBIO CBOOOJIHO COBEpIIATh ABMXeHUs. B
COCTOSIHUU CBOOOTHOTO NBI>KEHUS B [IpocTpaHCTBE HAXOMATCS MAaTEPUU THTAHTCKUX
raJIaKTHK U 3JIEMEHTAPHBIX YacTHIl. J[151 BO3MOKHOCTH CBOOOAHOTO IBUKEHUS B
[IpocTpancTBE HEOOXOAUMO OTCYTCTBUE B HEM TOPMOKEHHSI, COMPOTUBIICHUS
JBIKEHUIO MaTE€PUU, TOATOMY MOKEM IPUHSTH, yTO npu3HakoM [IpocTpancTBa

ABJIICTCA OTCYTCTBUC B HEM KaKOT0-JIN0O CHIIOBOTO I[CﬁCTBPIH Ha MaTCpHIO.

Marepus

Marepusi — 3T0 Tak xe HeoObsICHUMBIH (akTop ObrTHsi. Ha ocHOBaHuu €€
BO3MOXKHOCTU O€CIpe/ieIbHOTO pa3/iejeHUs] MOXKHO 3aKJIIOUYUTh, YTO MaTepuasIbHbIM
OOBEKT COCTOUT U3 OYEHb OOJIBIIOT0 KOJTMYECTBA YPE3BBIYANHO MaJIbIX KPYITHHOK
marepu — yacTuil. Yactuna marepun — 3To 00bEMHBIN 00beKT B [IpocTpancTse,
4eM-TO OTVIMYAIOIIUICA OT HEr0 BHYTPEHHUM COJIEPKAHUEM — Maccou M.

dakTop MaTepUU-YaCTHUIBI CONEPkUT B cede u (aktop [IpocTpancTsa, no6o
yacTulla cymiectByeT B [IpocTpaHcTBe M 3aHMMAET ONpeIeEHHBINA €ro 00bEM.

HpI/IHI/IMa}I BO BHMMAHHUE TOJIBKO CaMO€ OYCBHAHOC, OCHOBHOC U 06HICC JJIs1 BCEX TCJI
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OKPY’KaroIIeN HAC Cpebl, MOXKHO IPHUHATH 3a OCHOBY. MEXKIY MaT€pUaIbHBIMU
YacTULIAMH, IOA00HO KaKk MEXAY OMJIbSIPAHBIMU IIapaMH, HET CUJI B3aUMHOTO
TATOTEHMS U OTTAJIKMBAHUSA HA PACCTOSIHUY; CUJIA B3AMMHO OTTAJIKUBAHUS BOZHUKAET
TOJIBKO B MOMEHT HUX CTOJIKHOBEHUS IPYT C IPYIOM, U3-3a YEro IPOUCXOAUT
VU3MEHEHHE CKOPOCTH U HAIIPABJICHUS UX JBUKEHUS.

JIns nagana uccnenosanus npumeM: [IpocTpaHCTBO NEPBUYHO COAEPKUT
JABMOKYIIMECS] XaOTUYHO 1Iapo00pa3Hble, a0COMOTHO YIPYTHUE U INaJKUE YACTULIbI
m,, My, My, M << M <<nm, Km,>>Km;>>Km,. Km - koimm4yecTBO 9acTuil B
[Ipoctpanctse. Bo BecenenHoli nepBUYHBIX IApOOOPa3HBIX YACTHI] HET, HO JUIS
DKCIIEPUMEHTAJIBHBIX U TEOPETUYECKUX UCCIIEN0BAHUN IIPUMEM UX CYLIECTBOBAHUE C
(byHIaMeHTaIbHBIMU MPU3HAKAMHU JIEMEHTAPHBIX YACTHI] — 3TO a0COTIOTHAS

B3anMMHas yIpyrocTtb, Macca ImM M ABHKCHUEC V.

JIBrxeHue

JIBmxenue comepkut B cede daktopsl [IpocTpancTBa  marepuu, nO0 OHO
MOKET UMETh MECTO TOJIBKO B [IpOCTpaHCTBE M €T0 HOCUTENIEM MOXKET OBITH TOJIBKO
Mmarepusi. Kaxxyimiicst BIIOJIHE TOHATHBIM B Halllel 0ObIICHHOM )HU3HHU (cpejie)
dakTop IBMKEHUS B KOCMUYECKOM [IpocTpaHCTBE M B MUKPOMUDPE HEOOBSICHUM.
JleficTBUTEIBHO, IPEICTAaBUM CEOS B POJIM YaCTHUIIbI, HE UMEIOIICH HUKAKOU
uHpopManuu 00 OKpyKaroIiel cpesie, 0 COOCTBEHHOM JIBU)KCHHUH, O IBHDKCHUHU U
CYIIIECTBOBAHUH JIPYTUX, OKPYXKaAIOMUX €€, yacTull. EnnHCTBeHHOM nHpOpMaIneH,
BOCIPUHUMAEMOM YaCTUIICH U3BHE, SIBISETCS MOCIEI0BaTeIbHOCTh COOBITUI
CTOJIKHOBEHUS €€ ¢ Apyrumu yactuamu. CiaenoBaresibHO, CyIlleCTBOBAHUE
MOCJIETIOBATEIBHOCTH COOBITUI CTOTKHOBEHUS YACTHIL SIBIISICTCS MMPU3HAKOM
JBW>KEHUsI MmaTtepuu B [IpocTpaHcTBe.

Harmme Bocipusitue dakropa IBUKEHUS TaK K€ CBSI3aHO C
IIOCJIEIOBATENLHOCTRIO cOOBITHI. ECiu HeT mocienoBaTeIbHOCTH COOBITHH,

HarmpuMcep, NoCia€a0BaTCIbHOCTH H3BMCHCHN A MECTOHAXOXKACHH 06’I)CKTa, KOTOpasd
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HaMU KaK-TO (PUKCUPYETCsI, TO MBI HE MOXKEM OTIPEIEIIUTh. IBMKETCS OOBEKT HIIN
HeT. [locnemoBarenbHOCTH k€ COOBITUH, co3/1aBaeMast ABMIKYIITUMUCS B
[IpocTpaHcTBE YaCTUIIAMHU, €CTh HE YTO UHOE, KaK BpeMs.

Bpems — 310 o11eHKa OTHUX COOBITHI KOJTMYECTBOM COBMECTHO

HaO0JIIOIaeMbIX, IIUKJIMYECKH MOBTOPSIOIIMXCS IPYTUX COOBITHUM.

Beunocth MaTCpur U ABUKCHUA.

MBI MOXEM JIETKO OCMBICIHTD, 4TO [IpOCTpaHCTBO HE MOXKET UCUE3HYTh WM
HOSIBUTHCS; OHO MOKET OBbITh TOJIBKO BEYHbIM. HECKOIbKO MHAYE HAllle MBIIUICHUE
10 OTHOLIEHHUIO K YAaCTULIAM MaTepuu U ux aBvxeHuro. Ho, ecim [IpoctpancTso He
OKa3bIBAET HUKAKOTO TOPMO3SLIETO NEUCTBUS ABUKCHUIO MAaTEPUN U YaCTULIbI
a0COJIIOTHO B3aMMHO YIPYTH, TO HU YACTHULIbl, HU UX JIBUJKEHUE HE MOTYT UCUE3HYTh,
HE MOT'YT MOSIBUTHCS, TO €CTh BEUHBI.

BeuHOCTh ABMKEHMS YaCTHUIL 3aKJI0YAECTCS B TOM, YTO CKOPOCTh YAAJIECHUS UX
JPyT OT Apyra MOoclie OTPaKeHUsI paBHA CKOPOCTH COMMKEHUST JIPYT K APYTY A0
CTOJIKHOBeHHUA. EciM 1Be yacTULbl My U M, IpH NPSMOM LIEHTPAJIBHOM YIape,
JBUTAsICh HABCTPEUY CO CKOpPOCTAMU Vi U V3, CTOIKHYJINUCH U OTPa3UIIMCh CO

ckopoctamMu Vi'u Vy', BEUHOCTH JABMKEHHS BBIPA3UTCS YPABHEHUEM

1V2=V21—V11 ( 1)

Bemuuuna (Vi-Vi') my npencrasisger co0oit uMynse J, IPUHATHIA YacTULER My
OT JICMCTBUS CHIIBI OTPAXKEHHUS. Ta ke CHJla OTPAKEHHS JECUCTBOBAJIA U HA YACTHILY

My , HO TOJIBKO B IMPOTUBOITIOJIO)KHOM HAIIPpaBJICHHUH, IIOOTOMY

(1\/— V]_l) m = (Vzl—VZ) m, (2)

Beunoe xaoTnueckoe JBUKeHUE YacTull B [I[pocTpaHCTBE NPUBOIUT K UX
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OECKOHEYHBIM CTONKHOBEHUSIM. CTOJIKHOBEHUS JacTull pa3HbIX BEJIIMYUH IIPHUBOIAT

cortacHo ( 2) k BbIpaBHUBaHHIO uX BeiqumuuH MV. [Toatomy,

B YPAaBHOBEIIEHHOM COCTOSSHUM MV 4acTull pa3HbIX BEMYUH PABHBHI. (3)

CocrosiHus MHOKecTBa yacTul B I[IpocTpancTBe

JIBM)KEHHME MHOKECTBA YaCTHUILl BO BCEBO3MOXKHBIX HAIIPABIICHUSIX,
CTOJIKHOBEHUS APYT C APYTOM IMPUBOIAT K TOMY, UTO OHU PACTIPENCIISITCA B
[IpocTpaHcTBE € ONPEAEIEHHOM IUNIOTHOCTHIO: PM, >> pm >> pmy. [Ipu sTom
BO3MOXXHOCTh CTOJIKHOBEHUH CO BCEX CTOPOH CTAHOBUTCS OJJMHAKOBOM, TO €CTh
CTAaHOBHUTCS CO BCEX CTOPOH OAMHAKOBOE JABJIECHUE — KOJUYECTBO CTOJIKHOBEHUM

3a eMHUILY BpemeHu. Eciu naBneHue ¢ Kako-1m00 CTOPOHBI MEHBIIE, YACTHIIbI

CMeElIaloTCs B 00111€ HAITPaBICHHOM JBUKEHUM P'M B 3Ty CTOPOHY JI0 TEX MOP
MIOKa OHO HE BBIPABHUTCS. B ypaBHOBEIIEHHOM COCTOSIHUM MHOXKECTBA YaCTHUIl B
[IpocTpaHcTBE HE CyIIECTBYET 00IIIe HATTPABICHHOE JBUKEHHUE, UTO MPEACTABISIET

JIBDKEHUE XAa0THUECKOE PM.

pxm —3TO COCTOSIHHUEC, KOIrAa KOJIMYCCTBO HACTHUIL, ABMKYIINXCA B
KaKoM-JT100 HaITpaBJICHUH, PABHO KOJIMYCCTBY YaCTHUI ABHMKYIIUXCS

BCTPCYHO UM M 3TO KOJUYCCTBO BO BCCX HAIIPABJIICHUAX OAUHAKOBO. ( 4 )

JlaBineHue MasibIX 4acTUll Ha KPYMHbIE APYT K APYTY.

Conmacuo (3 ) yacTHIBI MaJlOi MacChl HIMEIOT OOJIBIIYIO CKOPOCTh
JBYKCHUS. BobIliasi CKOpOCTh IBIKEHUS XapaKTePU3YET UX JTOTIOTHUTEIBHO TEM,
YTO OHU UMEIOT OOJIBIIIEEe PACCTOSTHIE CBOOOTHOTO JBMXKCHHSI. DTO €CTECTBEHHO,
UMes MCHBIIINK pa3Mep ¥ OOJIBIIYIO0 CKOPOCTh, MaJIbIe YAaCTHUIBI HMECIOT MECHBIITYIO
BO3MOXKHOCTH CTOJIKHOBEHHS M OOJBIITYI0 BO3MOKHOCTh TIPEOIO0TICHUS OOIBIIIETO

pacCTossHUsA OT CTOJIKHOBCHUA K CTOJIKHOBCHUIO, Lce.m. HOBTOMy

5



B [IpocTpancTse

o0nacTh, pa3Mep KOTOPOM HaMHOTO MeHbIIe LCB.M,, TyCTO nmepeyepKuBaeTcs
TPACKTOPUSAMHU JABUKEHUN YACTHUIL M, BO BCEBO3MOXHBIX HAMPABICHUSAX U

MOYTHU HE COAEPKUT CIy4asi CTOIKHOBEHUS UX APYT C APYroM 5)

Ha pucynke 1 n3o0paskeHbI 1B 9aCTUIILI M, , HAXOASIIUECS B 00JIACTH
cootBeTcTBYIOMICH yenoBusM (4 )u (5 ).Crpenkamu u300pa’keHbI HECKOJIBKO

Tp&CKTOpI/Iﬁ JABMIKEHUS YacTULl M, K O,Z[HOﬁ qacTuue e, N3-3a MMPpUCYTCTBUA BOIN3U

Puc. 1

Heé PYroi YacTUIlbl M, UMEET MECTO 3aTeHEHHBIN YUaCTOK MOBEPXHOCTH S , Ky/aa
paauanbHO K HEM ABMKYIIMECS YaCTULIBI M, HE MOMNAJaroT, BCIEICTBUE YETO OHA

HUCHBITBIBACT AABJICHUC B CTOPOHY BaTeHHIOI]_[eﬁ qaCTHIbI CHJION

F =8d (6)

d - naBjacHME HA SAMHHUILY IUIOIIAAN My pagralbHO JABIKYIIHUXCS K HEW 4acThil M.
O4eBUIHO, TAKOH e BEIMUMHBI CHITY UCTIBITHIBAET BTOPAsl YaCTULIA K TIEPBOIA.
EctecTBEeHHO, CTOJIKHOBEHHSI YACTHUIL MPOUCXOST HE TOJIHKO MO paJvaibHbIM
TPACKTOPHSIM, HO M IO BCEBO3MOKHBIM, TOJIKO OT HUX HE CO3AETCS 3aTCHEHUE U
CUJIa UX JIaBJICHUS] YPABHOBEIIIMBAETCH.

Yactunel M, moj AeiicTBHEM cuil F HauMHAIOT JBUTATHCA IPYT K APYTY.
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Ecin wacrora yaapoB yacTui; M, TpH HEMOIBUXKHOM COCTOSHUM M, Obuto f | TO
npu aBrkeHnn dactora f- Oymer Hroke, f < f | Tak Kak CTOJIKHOBEHUS IPOUCXOISAT
MIPU COIACHOM JIBMKEHUU. [loce CTOIKHOBEHHUS YaCTUIIBI My OTPA3ATCs U HAUHYT
YIAIATHCS APYT OT IpyTa, IPU 3TOM YacTOTa CTOJIKHOBEHUN C YacTULIAMHU M,
yBenuuuTcs, f 7> f | cToIKHOBEHUS MPOMCXOAAT IIPH BCTPEUHOM JBMKeHuH, f > f >
f~. Ummynbebl J,mpuoOpeTaeMble 4acTHIIaMUA M, Takke pasHsarcs: J >J > J.
BenencrBre 3TOoro cuiia 1aBiacHHS Y4acTUI] M, Ha My OyayT pa3HeiMu, F > F> F,
MOATOMY YaCTHUIIBI My TIOCHE OTPaKeHUsI OyIMyT TEPSITh CBOM CKOPOCTH OBICTpEe,
4eM MpUOOpeTany Py IBIKCHUH IPYT K APYTY U, HE TOCTUTHYB MPEKHETO
paccrosiHusa L Mexay HUMHU, HAUHYT BHOBB CONMKAThCs. B KOHEYHOM HTOTE
YaCTHIIBI CTAHYT HEPA3ITYIYHBIMH — COCTUHEHHBIMU, HO COBEPIIATH KOJIeOATEeIbHbBIE
JIBH>KEHUSI OTHOCUTEJIBHO JIPYT APYra CO CBOMCTBEHHBIMU UM CKOPOCTSAMHU , COTTIACHO
( 3)./laBienue yactuir M, Ha My Ha30BEM JaBieHHeM [IpocTpaHCTBa, a YACTHIIBI
M, — vactuuamu [IpocTtpaHncTaa.

JlaBneHre MaJIbIX 4acTHI] Ha 0oJiee KpYIHbIE APYT K APYTy MPOUCXOIUT U B
BO3/YIIIHOM CpeJie, YTO MOXKHO HAOII0MaTh TOMECTUB J[Ba BOJIOCKA
MEPIEHANKYIISIPHO IPYT K APYTY Ha HEOOIBIIOM paccTossHuu. Obmactu
MIEPECEKAIOIIMNXCS BOJIOCKOB MPEACTABIISIOT MO00Ke OJIU3KO PACIIONIOKEHHBIX
gacTuil. Ha HEKOTOPOM pacCTOSTHUM JIPYT OT JApyTa, OYEBUIHO OJIU3KOM K
PACCTOSTHUIO CBOOOTHOTO JABMIKEHHUSI YaCTHI] BO3/TyXa, BOJOCKHA UCIIBITHIBAIOT
JABJICHUE JIPYT K APYTY U COCTUHSIIOTCS.

CoBepIlIeHHO OYE€BUHO, BO3MOXKHOCTh COSMHEHUS YaCTUI] My 3HAYUTENIBHO
BBIIII€ BO3MOXHOCTH COEMHEHUSA YaCTUIl My M3-3a MEHBIIETO UX pa3Mepa
MIOTIEPEYHOTO CEYCHMSI, CO3/IAIOIIETO 3aTCHEHHE, U OOJBIIICH CKOPOCTH IBHKCHHUS.
[Toatomy B IIpocTpancTBe BHavane COEAUHSIOTCS yacTUll N . [locie coenunenus
JIBYX 4aCTHUIl BOBMOXHOCTb CO€TUHEHHUSI C HUMU TPEThEH YBEIMUUBAETCS, TaK KaK
YK€ JIB€ YaCTUIIBl CO3/IAt0T 3aTEHEHUE Ha TpeThel. [locie coenuuenns TpeTben
BO3MOYKHO MOCJIEYET COCAUHEHUE U YETBEPTOM, U TISITOM ...

IIo MEpEC YBCIMUYCHUS KOJIHMYECTBA YaCTHL] My B COCAUHCHHUHU YBCIMYHUBACTCA
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BO3MOXXHOCTb COEIMHEHHS C HUMU YacTHUL] N , TAK KAK CYMMapHO€ 3aTEHECHUE
COEIMHEHHBIX YacTUI] M, Ha My OyaeT gocTaTtodHbIM. [Ipou3oitaéT coenuHeHue ¢
COCTUHUBIIIMMHUCS YaCTHIIAMH M, MHOXKECTBA YacTHUI] My (pHC. 2), Ipexae yeM
COEMHUTCS CIIeyIoNast My, TaK KaK B OKPYKEHUU My 3HAYUTEILHO OOJIbIIE, YeM
M, . [oTHOCTB YacTuil My B 00pa30BaBIIEMCs CKOIIJIEHUU 110 Mepe yaaJeHUs OT
IIEHTPa YMEHBIAeTCsl 0OPaTHO MPOMOPITMOHAIIBHO KBaIpaTy PacCTOSHUSA,
BCJICZICTBHUE TaKOM k€ 3aKOHOMEPHOCTH CuJibl F , koTopas oueBuaHa u3 puc.l. [loxa

ararpaMMon M300pakeHO CKOIUICHHE YacTUIl — B IIEHTpe AApo (JacTibl M),

pmy

O

Puc. 2

BOKPYT si/jpa 000JI09Ka U3 4aCTHIl My . YaCTUIBI B CKOIJICHUH TaK K€ HAXOIATCS B
COCTOSIHUM XaOTHYECKOTO JABMIKCHHSI CO CBOMCTBEHHBIMH MM CKOPOCTSIMH COTJIACHO
(3),10 ecTh V>V >>V, .

OueBHUIHO, SIPO CKOTUICHHUS MCIBITHIBAET JaBJICHHUE YaCTHI] 000I0UYKH,
npudéM OOJIBIIIEe CO CTOPOHBI OOMBIIETO UX KOJHUYECTBA, YTO MPUBOIMT K
JIBMDKCHUIO CKOTIICHUS. I BBIACHEHHUS IPUUYMHBI PACCMOTPUM CJICIYIOIIEe: Ha PHC.
3 M300paXKeHbI YaCTUIBI My M M B KAYECTBE YaCTHII CKOILICHHUS, OHU
HEMOABIKHBI. [IpH ynape 4acTuilel M, C JIEBOM CTOPOHBI My TpHoOpeTaeT
ckopocTh ConmacHo ypaBHenuit (1) u (2): Vi=2mVe/(m,+m,), anpu
yaape ¢ mpaBoit V=4mm V! (m+my) (myetmy) .V, > V,,
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YTO MOJATBEPKAAETCS IKCIEPUMEHTAIBHO.
OKpy>KHOCTb BOKPYT siJIpa Ha pUC. 2 03HAYAET pa3Mep CKOIICHHUS, B Mpeeiax
KOTOPOT'0O CYIIECTBYET cuiia AaBieHus lIpocTpancTsa, noaaepxuBaromas
ONpeNeNEHHYIO NIOTHOCTh YacTUll My U M.
Ecnu BOAM3M cKOTUIEHMS TOSBUTCSI CBOOOIHAS YACTUIIA My, TO OHA 3aTEHUT
ero ot aasieHust [IpocTpaHCTBa CO CBOEW CTOPOHBI, YTO MPUBEAET K BBIXOAY My U3
000JI04KH B 3aTeHEHHOM YacTu. [Ipy 5TOM YyMEHBIIUTCS KOJIUYECTBO Ny B 000JI0UKE

C HpOTPIBOHOJ'IO)KHOfI CTOPOHBI, a MCKAY CKOILNICHUEM H np YBCIIMYUTCA, U3-3a

m, V, 2] m AV m
> @ o s
Puc. 3

Yero CKOIJIEHHWEe W My OyIyT HCIBITHIBATH JABJIEHUE APYT OT JIpyra, TO €CTh
MPOM3OUAET MX B3aUMHOE OTPAXEHUE. B 3TOM COCTOSHUM CKOTUICHUE TTOX0XKE
BO3/YIIHOMY IIapy ¢ 00pa3oBaBLIMMCS OTBEpCTHEM B obosiouke. [lap u my,
pazneTenuch Obl B IPOTUBOMOIOKHBIE IPYT OT Apyra CTOPOHBI H3-3a
BBIOPACHIBAEMOTO M3 PA3PYIICHHON YacT 000I0YKH BO3AyXa. B oTinmane ot
BO3IYIIIHOTO 1Iapa BBIXOJ YaCTHIL My U3 CKOIJICHUS B 3aT€HEHHOM YaCTH TMPUBOIUT
K UX MOMOJIHEHUIO U3 OKPY>KaIoIIel cpelibl B He 3aTeHEHHOW yacTu. OHU BXOJST B
CKOILUIEHHE C TOBBIIIEHHOM CKOPOCTHIO ABKEHHs Vi' BCIEACTBUE JABIEHUS
[IpocTpaHcTBa, MOITOMY 000JI0YKA OKA3bIBAETCS CMEIIEHHON B CTOPOHY 3aTC€HEHHOMN
CTOPOHHI 32 Mpeaenbl nposisneHus cwibl F, puc 4. Takoe COCTOSIHUE CKOTUICHUS
COXPAaHSETCS U MOCIE OTPAKEHUS, U3-3a UETO OHO IMPOJOJDKAET IBUKCHUE
(MHEPIIMOHHOE) B TOM K€ HAIPABJICHUH JIO0 CISAYIONICH BCTPEUN C JIPYrou
YAaCTHLENU MMy WIM CKOIUIEHHUEM, IPUUYEM CKOPOCTH ABHXKEHUS ONPEACIISIETCA
BEJIMYMHON «OTBEPCTHUS B 000JI0UYKE», 00pa30BaBIIETOCs OT 3aTE€HEHUSI YacTUled Np

NI CKOIIJICHHUCM.



Puc. 4

WTak, cBOICTBa CKOIIJICHHS B OCHOBE TaKHe K€, UTO U y paHee MPUHATHIX M,
M; 1 My CKOTUICHU ST MHEPIIUATBHBI B IBUKCHUH, TIPU CTOJIKHOBEHHUH JIPYT C APYTrOM
NPOSIBJISIFOT CBOMCTBA a0COIOTHOM YIPYTOCTH M TJIAJKOCTH ( MEXaHU3M HX
OTpaXEHUs UCKITIOYaeT BO3MOKHOCTh BOSHUKHOBEHHS BPAILIAIOIIETO MOMEHTA MPU
CKOJIB3SIINX- HEIICHTPAIbHBIX CTOJIKHOBEHUSX ) , [IOATOMY €CTh OCHOBaHHUE
3aKJTFOYUTH. CKOTUICHHE — 3TO YaCTHUIIA AIEMEHTapHasl, U3 TIOJOOHBIX COCTOUT BCS
MaTepusi OKpY>KaloIlero Hac Mupa.

YacTuiipl paBHBIX BETUYUH M , ABUTASICH CO CBOWCTBEHHBIMUA UM CKOPOCTSIMH,
CTAJIKUBAIOTCS APYT C IPYTOM TOJIKO BCTPEYHO. YacTUIIBI ¢ pa3HBIMH BETUYHMHAMU
CTAJIKMBAIOTCS KaK BCTPEYHO TaK U COMTACHO (IPU JBMIKCHUU B OJHOM
HarpasjieHuH). ConTacHbIe CTOJKHOBEHUS CO3/IAI0T Ha YACTHIIBI Pa3HOCTHOE
naienre PP, m3-3a 4ero 4acTuilel My, HE BOIIEAIINE B CKOIUICHHE, HO
HaXOMSIIKecs] BOTU3H HETO, UCTIBITHIBAIOT PA3HOCTHOE JaBJICHUE K CKOTUICHHUIO, a
YaCTHUIBI IM,, CTIEA0BATEIHHO, B IMIPOTHUBOIOJIIOKHYIO CTOPOHY. DTO €CTECTBEHHO,
TaK KaK CO CTOPOHBI CKOTUICHHSI COTJIACHOE CTOJIKHOBEHHE MMy ¢ M, MeHee
BO3MOXXHO. BereicTBiue BOZHUKHOBEHUS CHUTBI P BOMHM3M CKOTUICHN S, BOKPYT HETO,
oOpa3yeTcst BTOPOH CJI0H 000JI0YKY U3 YaCTUIl Ny , 3HAYUTEIHHO MPEBBITIAOIIHIA
10 pa3Mepy MepBhIid. P mo Mepe ymaneHus OT CKOIICHHs YObIBaeT 0OpaTHO
MIPOIIOPITMOHAIEHO PACCTOSHUIO, TaK KaK OHA BhI3BaHA HE SIPOM CKOTUICHHUSI, a
COCEJICTBYIOIIEH TUIOTHOCTHIO YACTHIL M.

Ha puc.5 n3006pakeHo CKOIIIEHUE C TOMOJIHUTEILHON 000I0UKON —

MYHKTHPHAsi OKPY>KHOCTb . JIOMOTHUTENbHYIO 000JI0UKY CKOIUIEHHUS Ha30BEM
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MoJIeM 4acTHuIlel, a P — cuioit 060co0IeHHs YacTUIl paBHBIX BEJTUYUH.

[Tosie yacTHIbl — HEYCTOMUYMBAs €€ NPUHAMIEHKHOCTh. MAKCUMAJIbHBIM €0 pa3sMep
B CBOOOJTHOM COCTOSIHMH YaCTHIIbI, MAJIBIN VI TTOJTHOE OTCYTCTBHE MPH €€
HaXOXX/JICHUU B T0JI€, 000JIOUKE WM SPE APYTrOil YaCTHUIIBI.

CkormieHue B iIpe MOXKET COAEPKaTh Pa3HOE KOJIMYECTBO YACTHIL My, YTO
ornpeaenseT ero Maccy M (M - Ui OTJIM4YrsT 0003HAYCHUST MACChI CKOTIJICHHS OT
MacChl IICPBUYHO MPUHATHIX YAaCTUI[ M ),1o3ToMy B IIpocTpaHCcTBE CO MHOKECTBOM
M BO3MOXKHA COBOKYITHOCTD . M, << M1 << M. C HOBOM COBOKYMNHOCTBIO YaCTHUL] M
MIPOU30UTYT TAKUE KE TPOIECCHI, KAKUE MPOUCXOAWIN ¢ M: 00pa3yeTcst MebIi psi

0oJiee KPYMHBIX YaCTHII, BILIOTH 10 3eKTpoHoB (D ) m mpotonoB (IT).

EctecTBeHHO, BO3MOXHO 00pa30BaHKME CKOILICHUS YaCTHUI] My U BOKPYT OTHOM
M, , CJIeAOBAaTEIbHO, M3 YacTHIl M,, My, M, 00pa3yeTcss MHOYKECTBO YaCTHII-
CKOTUTCHUH M141 , x1 — KOJIMYECTBO My B SIAPE. M11, M1z, M13 ...  COBOKYITHOCTB
gacTul ( My ,M11 1 M12) — A, aTakxke (My1, M2 1 M13) — B
IPEICTABIISIOT COBOKYITHOCTH, aHAJIOTHYHBIC M, , My , M ; C HUMU TakK ke
MPOM30MAYT MPOIeCChl 00pa30BaHMsI CKOIUIEHUI: B COBOKYMHOCTH A 00pa3yroTrcs
YJACTHIIBI M2x2 , x2 — KOJIMYECTBO M1 B SIZIPE ; B COBOKYITHOCTH B — "acTHIIBI
Mex6 ; k6 — KOJIMYECTBO M1 3B AJpe, TaOJMIIAa HIKE. B CBOIO odepens, B cpefe
MHOYKECTBA YACTHI] M1 1 , M2x2 , Mgxs COBOKYITHOCTH (M12,M21,M22) — C U
(M13, M1, Ms2) — D mpemocTaBisiioT BO3MOKHOCTh 00Pa30BaHHUsI HOBBIX €IIE
0oJ1ee KPYITHBIX YacTHIl : B COBOKYMHOCTH C 00pa3oBaHUE YACTHII M3x3 , x3 —
KOJIMYECTBO M2 B S/Ipe; B COBOKYMHOCTH D 00Opa3oBaHue YacTUIl M7y7, 7 —
KOJIMYECTBO Ms2 B siape. B Tabnwie nmpuBeneHa JanbHEHIIAs MOCIEI0BaTeIbHOCTh
nporecca yKpyImHEHHS YacTHIl IO 00pa30BaHus dJIeKTpoHa D U npoToHa I1;
YJaCTHIIbI, MOMEIIEHHBIC TIOJ] CTPEIIKOM, MPEACTABIIAIOT YacTUIlsl [IpocTpaHcTBa,
YJaCTHIIBI 1101 OykBOM O — 4acTHUIIbI 00OJIOUKH M ITOJISI, YACTHUIIbI o OyKBO# S —

YaCTHIBI Spa.
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— 0 A YacTuisl — O A YacTuisl
m,
mp

m m M1kl
Mz11 M1 Mo 2 M M1 M3 Mé «6
M1 .2 M1 1\ ) M3x3 M1 3 Me.1 Mse 2 M7x7
Ma2.2 M3.1 M3 My xa Ms.2 M7.1 M7.2 Mg k8
M3 Ma.1 Ma.2 Ms x5 M7.2 Mas.1 Msg.2 Mo k9
- +
My .2 M5 Ms2 2 Ms.2 Moz Mo 2 IT

Yacturpl M1 Co3Mar0T 3PPEKT OTPUIIATEIHHOTO 3apsiia AEKTPOHA ,

YACTHIIBI Mg - 3Q(MEKT MONOKUTEIBHOTO 3apsija MPOTOHA.

HWTak, mobas sneMeHTapHas 4acTuia Bo BeeneHHOI mpeacrasiser
CKOIUIEHUE 00Jiee MaJIBIX , TO €CTh KaXKJasi U3 HUX COCTOUT U3 HUCXOSIICH
ot [IpocTpaHcTBa cTyneHYarol 000IOYHOM MMOCIIENOBATEIFHOCTH YacTHII, pHC. ©.
Ha pucyHke cTpenku K OKpy>KHOCTSIM 000J104€K 0003HAYAIOT JaBIICHUE YKa3aHHBIX
YaCTHI], CO3IAIONINX COOTBETCTBYIOIINE CTyNeHIM AasneHue [IpocTpancTsa.
KonndectBo cTyneneit onpeneneHo (nanee) cylecTBOBaHHEM CKOIJICHUH TaJlakKTHK.
W3 0007109HO#1 TOCIIEA0BATETLHOCTH CIENYET: €CIIA CTYIICHb UCIIBITHIBACT
3aTeHeHne oT yacTull [IpocTpaHcTBa, TO €€ peakuus MmociIeI0BaTeNIbHO epenasres
Ha HIDKHHUE CTyrneHu. Harprmep, M1 .1 HCTIBITBIBAET 3aTEHEHUE OT YaCTHI
[TpocTpancTBa M, ¢ JIeBO#i (pHC.7) CTOPOHBI, YTO H300PAXKEHO PA3PHIBOM JIMHUU
00OJIOYKH M OTCYTCTBHEM CTPEIKHU M,. YaCTHIIBI M11 B My 1 HCIIBITHIBAIOT JABJICHUE
B CTOPOHY OT 3aTEHSIONIET0 00bEKTa, IOITOMY CMEIICHBI OTHOCUTENBHO Spa B 3Ty
CTOPOHY — M300paKeHO CMEIIEHHEM OKPY>KHOCTH 000JIOYKH OTHOCHUTEINIFHO SI/Ipa.
BceneactBue 3TOro 4acTriia Mz 1 UCTIBITHIBAET JABICHHUE B IPOTHBOTIOIIOKHYIO
CTOpOHY. 3areM, aHAJIOTUYHO, POUCXOJHUT CMEIIEHHE 000I0OYKH YACTHIIBI M3 1
OTHOCHUTEJIBHO SIpa M TakK jnanee. B utore a1nekTpoH D UCTBITHIBAET naBieHne +F°

B CTOPOHY OO0BEKTa, 3aTEHSIIOIIETO €ro OT YIapoB YacTUIl M, . Ha pucyHkax 6 u 7
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O0oouka

ms
Mi.1
5} m,
M1
mo my
Ms3.1
Mi.2 Mi.2
Ma.1
Moo Ma2.2

M3.2

Ma.2

MIOJISl YaCTHUI] HE U300paKEeHBDI.

m,

Mi.2

M2 .2

M3

Ma.2

Puc.7

Yem MeHbIIIE Macca YacTHIIbI, TEM OOJIbIIe CKOPOCTh e€ aBrokeHus ( 3 ), To

ects VM >> VM >>VMo 1>>VMs >>VMy 1 >>VM's; |, moaTomy pasmepsl (O)

HOJ'ICﬁ, COCTOsAIMX M3 OTHUX YaCTHII, COOTBETCTBYIOT UX CKOPOCTSIM.

Om>>0m11>>0M21>>0M31>>0M4 1 >>0Ms1 - ClieqoBaTeIbHO, YEM MEHBIIIE
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Macca 4acTHIlbl, TeM OOJIbIIIe OHA MPOCTPAHCTBEHHEE. B KOHEUHOM UTOTe camast
MaJiasi 4aCTHLA JOJDKHA npeBpatuthes B [IpoctpancTo. [IpocTpancTBO, KOHEUHO
K€ HEMIPephIBHO, HO KAKMM 00pa3oM, MoueMy OHO MPOSBISETCS CBOMCTBAMU
yactull ? Bo3MoxHO 10100HO, Kak HENpepbIBHAs I1aJb MOPs peodpasyercs B
BOJIHBI ? ? 7

O06omno4Has MOCIeq0BaATENbHOCTD CO31aET IEPEMEHHOE CTYIIEHYATOe
B3aUMOBJIMSIHUE JIEKTPOHOB B 3aBUCUMOCTHU OT PACCTOSIHUS MEXAY HUMM , pHC. 8.
[Tpu ux cOMM>KEeHUM IPYT K APYTY MPOUCXOTUT YBEIHMUCHUE 3aTCHEHHBIX
«OTBEpCTUI» B 000JI0UKAX YACTHI] MOCJIeN0BaTeIbHOCTU. BbIxo uactuly us3
000JIOUKM HAYMHAETCA TOT/A, KOT/Ia pa3Mep «OTBEPCTHUS» IOCTUTHET pa3Mepa
o0onoyHoi yactuiibl. KoHeuHO e, Ha 3aTeHeHHe BHAYalle pearupyeT HauMeHbIIast
4acTULA M1.1 — BO3HMKAeET cuia +F.”, 3aTeM yacTuia M, ; — BO3HHUKAET cuia -F° u
Tak jganee, puc.8.

AHaNOTMYHO 3JIEKTPOHY CYIIECTBOBAHUE NIPOTOHOB I1 ¢ Takou e CTpyKTypoun
Y IMarpaMMoOM CWJI B3aUMOBIIMSIHUSL OCHOBAHO Ha Hanu4uu B [IpocTpaHcTBe yacTuiy
COTJIaCHO paHee MpuBeneHHOM Tabnue. [Ipu B3auMOBIMSHUM 3JIEKTPOHA C
IPOTOHOM CWJIbl F y 31eKTpOHa BO3ZHHMKAIOT PaHbILE, YEM Y IPOTOHA, BCIEACTBUE

Toro, yro II>>D.

P +Fe

Fst

+h°

aF
- FGO

— Puc.8
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JIiist yrpoIieHus aajaee YacTUIbl 000JI0UKH MIPOTOHA Mg 1 0003HAYMM M , YACTHIIBI
000JIOYKH AIIEKTPOHA M57 — M. .

Tak kak M+ >> M., LcB.My << LcB.M., pazmep noJisi 3JIeKTpoHa O0bIIIE MO
MIPOTOHA, HO MeHee ycToinuuB. [Ipu cOnmKkeHnn 3IeKTPOHA U TPOTOHA IPYT K APYTY
MEX/y HUIMH OT JICHCTBUS Cliibl P 0Opa3yeTcst 30Ha pacCesiHHBIX (OTCYTCTBUS)
nojei (puc.9), B utore BosHukaroT cuibl +F'. Eciau cymma et +F' 1 +R°
JIOCTATOYHA JJIsl pa3roHa 3JIEKTPOHA ¥ MPOTOHA JAPYT K APYTY IS TPEOOTICHUS
cwtbl -F,”, TO 3JIEKTPOH ¥ MPOTOH CTAHOBSTCS HEPA3ITyUIHBIMH, COBEpIIIAs
OTHOCHUTEIHHO JIPYT ApPyTa KoJieOaTeIbHbIC ABUKCHUS TIOJ] IEUCTBUEM CHIT
+F° -F,° ; Takoe coenMHEHNE AIIEKTPOHA C TIPOTOHOM TIPECTaBIsIeT cOO0M aToM

BOJIOPO/IA.

Ecnn e HauanbpHasi CKOPOCTh COMMIKEHUS JIEKTPOHA C IPOTOHOM J1I0CTAaTOYHA
BBICOKA IS IIPEOIOJICHUS CUIIBI —F4° , TO 3NIEKTPOH U MPOTOH, COENUHUBIIUCH,
OynyT coBepllaTh KoneOaTeabHble JBUKEHHSI OTHOCUTEIBHO APYT APYyTra MOA
neiictBuem cun +R° -F ¢° mnpeacraenaTe coboii yactuily HeiTpoH, puc.10; 11.
Cy1ecTBoBaHuE BO BceaeHHOM CKOIUIEHU rajJakTUK CBUAETEIBCTBYET O TOM,
410 LCB.M, OOJIBIIE MEKIATAKTUYECKOTO PACCTOSHUS B UX CKOIUIEHUH, TaK YTO
AJIEKTPOH U MPOTOH M3-3a 3aTEHEHUS OT yAapOB YaCTHUL M, raJaKTUKON
UCHIBITBIBAIOT JABJICHUE K HEH, TO eCTh cuiia +F,° nmpencrapiseT cuiny B3auMHO

TATOTCHUA TIaJIaKTHUK, CHUJIa —on , CJICA0BATCIIbHO, — CHUJIY MX B3aUMHO
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orrankuBaHus. Jlanee, cuna +F° npeacrasnsier cuity B3aMMHO TSATOTCHHS 3BE3 B

rajaktuke, -F,° — cuiy ux BzaumMHo ottaynikuBanus. Cuna +Fs° npenacrabinset

_____________ Puc.11
IpaBUTAIMIO (B3aMMHO TATOTEHHUE) B Ipeleiax okoyio3Bé3mHoro [IpocTpaHcTia.

B HeliTpoHe 31eKTPOH U MPOTOH MOCTOSHHO HAXOJATCSI B COCTOSIHUU
KoJiebarenbHoro ABMxkeHus. JJonyctum, Ha puc.1031ekTpoH HAXOAUTCS HA
BO3MOXHO OJTM3KOM PacCTOSTHUM OT MPOTOHA, a Ha puc.11l Ha paccrosHuu, B
npenenax KOTOporo COBEPIIAIOTCS €ro KojedarenbHble IBIKeHus. B Hanbonee
OJIM3KOM PACCTOSIHUU JPYT OT Apyra 3JIEKTPOH HE UMEET MOJIs, MPOTOH HMEET
mainbiil pasmep. [lo mepe ynanenust Apyr oT Apyra 3JIEKTPOH U MPOTOH MPUOOPETAIOT
YaCTHIIBI TTOJIEH U3 OKPY’KAIOIIEH cpeibl, AOMYCTUM, 10 Pa3MEPOB, H300paKEHHBIX
Ha puc. 11,70 ecTh HEUTPOH BO30YkAAET IPUIUBHYIO BOJHY CPEIbl YACTHUII M- U M .
[Tpu cOmmxeHnn IPYT K APYTY AJIEKTPOH U MPOTOH TEPSIOT CBOM MOJIS IO BEIMYUH
puc.10,B030yx1ast OTIMBHYIO BOJIHY. TakuM 00pa3oM, CyIieCTBOBaHUE HEUTpOHA
COTIPOBOXK/IAETCS BO30YKIEHUEM M BOJIH ~pM+, MPUYEM B BOJIHE COCTABISIONIAS
~pM. OOJIBIIIE COCTABIISIIOIIENH ~PM:+ , TAK KaK Y JIEKTPOHA pa3Mep I0JIs1 MEHSETCS
Oosblie 4eM y MpoToHa, YacToTa BOJH KOHEYHO K€ 3HAUUTEIbHO BBIIIE YaCTOTHI
CBETOBBIX BOJIH. J[JIWHA BOJIHBI, BO3MOXHO, COU3MEpPUMA C JTTMHON BOJHBI
peHTreHOBCKUX Jyueid. ( Eciiu 0 MbI MOIIH yBUIETh HEUTPOH, TO BOCKIMKHYIIN OBI:
« OH ApIIHNT, OH XKUBOH ! » . Il03Ke BBISICHUTCSA, YTO M BCE aTOMBI JBIIIIAT, TOXKE
JKUBBIC ).

OO6pazoBaHue aTOMOB

Bonnbl HeTpoHa ~pM. U ~pM.: BIMSIOT HA CBOOOIHBIE AIIEKTPOHBI U
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npoToHbl. PaccMoTpuM pasznenbHO BAUSHUE ~PpM. U ~pM.. Ha puc.12 uzoOpaxken
Haxoasumicsa Boau3u Heiitpona H anektpon D . JlomyctuMm, Ha D BHavase
HaOexana oTiBHas (OT HEHTpPOHA) BOJIHA ~PM. B JIEBYIO €TO IOJIOBHHKY,
n300pakeHa CTpeiko Fi~, JIJmHa KOTOPOM O3HAdaeT, IOMYCTUM, €€ aMIUTUTYIHYIO
BenuuuHy, puc.12.1a. YacTuubl M. SBISIOTCS YacTUIIAMU OOOJIOYKH U TOJIS
AIEKTPOHA, MO3TOMY B JJIEKTPOHE BOJIHA paCHpOCTpaHsiercs. Tak Kak BOJIHA
COJIEPXKUT P M., OHa OKa3bIBaeT JaBiieHue F,~ Ha sapo. Jlanee, BoaHa HaOexama

B IIPABYIO TIOJIOBHHKY 3JIEKTpoHa, pruc.12.16. Cua BoHbI ( aMIuUTYy/Ia )B

IIPaBOM MOJIOBUHKE cJIadee, 4eM B JIEBOH, OHA JajIbIlie OT HEUTPOHA, U300paKEeHO
MYHKTUPHOM CTPEJKO#, 60see KopoTkoit uem F,~. YXopsias BoJHA HE OKa3bIBAET
TaBJIeHUS Ha saApo ekTpoHa. Ha puc.12.18 mpunmBHAs BOMHA B JIEBOM TOJOBUHE
AJICKTPOHA TaK)KE€ HE OKA3bIBAET JABJICHUS HA €ro SApO, a B MIPABOM MOJIOBUHKE,

puc.12.1r, okazbiBaer cunoit . R < K. Ha puc.12.2 oriuBHas BOJIHA ~pPM.

PM., 3 PM.+, D
(pm., I1) (pm., IT
H .
Q —>0 D
R
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Habexasna B JIEBYIO MTOJIOBUHKY IEKTPOHA. Tak KaK 4YacTULIbI M+ HE CBOMCTBEHHBI

ITOJIIO JJICKTPOHA, MPOUCXOAUT PACCCUBAHUC €TI0 ITOJIA CHJION 000CO0IeHMS qaCTulg

pa3Hbix BenuunH PP. Bo3nukaer cuna F;™. Bonna ~pM. otnuBHas puc.12.2 u

npuinuBHas puc.12.28 He AeWCTBYIOT Ha PO JIEKTPOHA, a BoiHa puc.12.2
pacceuBaer ero mnojie, Bo3Hukaer cmiia . R < F . Tak xak B BojiHe HEMTpOHA
~pMm. > ~pM: , R~ > K. Ha pucyHke nyHKTUpHAs CTpeiKa 03Ha4aeT BOJIHY,
CIUIOIIHAs — CHUJLY; €CJIM K€ BOJIHA OKa3bIBAeT JaBJICHUE, IyHKTHPHAs CTpENKa
orcyTcTByeT. KOHEUHO e BOJIHBI Ha pUC. 0, B BBI3bIBAIOT BOZHUKHOBEHUE MAJION
cuiibl F 13-3a HEKOTOPOTO YMEHBIIEHHSI IJIOTHOCTH 000JI0YKH, OHU HE N300paKEeHBDI.

BnusiHre BOSTHBI bIXaHKSI HEHTPOHA HA CBOOOIHBIN MPOTOH Takoe ke (Ha puc 12.1

Ha MMPOTOH HaberaeT ~pM., Ha puc.12.2 ~pm.). M3 paccMOTpEHHOTO CIIEAYyeT:

BOJIHA ~PM. OTTaJIKUBaeT ekrpon (-F.7, ), mpursarusaet npoton (+F.7);

BOJIHA ~pPM.: MPHUTATHBACT 3eKTpoH (+F.7, ), orTankuBaet nporton (-F. 7 ). (7)

B BosHe ApIxaHus HEUTpOHA MpeoliaiaeT COCTABISAIOMAs ~PM. .
CrnenoBarenbHO, C HUM MOXKET COCIMHUTHCS MPOTOH 3a cueT cun +F, +F°% , B
cymme npeojioneBaromux -F°, . [Ipoton Boita€r B 30Hy aeiictBus cun +F°, -F4°,
(BO3MOXKHO B 30HY cui +Fs°; —F¢%;) 1 OyzmeT coBepiiiath KojaeOaTeIbHbIC
JBKEHUS OTHOCUTEIHLHO HeWTpoHa . KoHewHo ke, KonedaThest OyaeT U HENTpOoH,
WX MAacChl TIOYTH OAHAKOBBI. COMMKEHHE MMPOTOHOB APYT K IPYTY CIIOCOOCTBYET
00pa3oBaHUIO UX 00IIIero moJist, pyc.13, BO3HUKAET MPUIUB PM+ K HUM, B KOTOPOM
9JIEKTPOH coriacHo (7) MCTIBITBIBACT JAaBJICHUE OT HUX. [IpH ynaieHuu IpoTOHOB
JPYT OT APYyra MPOUCXOAUT OTIUB PM:+ OT HUX, JIEKTPOH MPHU STOM UCTIBITHIBAET
JABJICHUE K HUM, TO €CTh AMEKTPOH TAKXKe KOJIeOJIeTCs. HO MPOTUBOMOJIOKHO, HE

CHUHXPOHHO, KoJieOaHusIM mpoToHOB. Coenuaenne-yactuity (H+IT) o6o3naunm Ni.

[Tpotonst B N; MOTYT HAXOIUTHCS B IByX BOZMOXKHBIX 30HAX JIEHCTBUS CHJT.
+F% RO w1 +R°, R’ . B mo060it 30H€ poToHkI OymyT APYT K Apyry OrKe,
4eM AIeKTPOH K HUM. [Ipr 00pazoBaHNM HEUTPOHA AIIEKTPOH Hadall UCIIBITHIBATh
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cuny +F°, Bcieactsue e€ 3areHenus oT [IpocTpancTBa IPOTOHOM, AOMYCTUM, Ha
paccrostauu L;. [IpoToH npu coemnHeHNN ¢ HEHTPOHOM Hadal UCTBIThIBaTh +F°%, Ha
paccrosiunu L, < L, Tak kKak M:> M., «OTBepCTUE» UIsI M: B 000JOYKE MPOTOHA
oOpa3yercst Ha O6osiee OTU3KOM paccTOsTHUH. V3-3a OIU30CTH MX TOJIS COIBIOTCS B
OJTHO YBEJIMYCHHOE TOJIE CHIION 000COOIEHMS YaCTHUI] paBHBIX BEJIMYMH, JIEKTPOH
e, HaXO/ISICh B UX I0JIe, 3HAUYUTENIbHO JUIINTCA 1o, puc. 13.

B 00bennHEHHOM TT0JIE IPOTOHOB JIEKTPOH, BO3MOXKHO, CTAHOBUTCS OOIIIM
U1 000UX, TO €CTh MOXKET HaXOIUTHCS B JII000H 001IaCTH BOKPYT HUX, IPUUYEM B
00J1acTH €ro HaxOoXKJEHUS T0JI€ MPOTOHOB YaCTUYHO PACCEUBACTCS , CIIEOBATEIBHO
N, OyzieT UCTIBITHIBATH aBJICHUE B CTOPOHY AJIEKTPOHA U JIBUTATHCSI B €TO CTOPOHY.
N1 MOXXHO M300pa3uTh C YCEUEHHBIM MOJIEM U 3JEKTPOHOM, TOMEIIEHHBIM B
yCceu€HHYI0 0071acTh, UMesl B BUY, BCE JKe, UTO MOCIECTHUI HAXOAUTCS B €0 ToJIe,
puc.14,0060504Ka U T0JIE AIAEKTPOHA JUIs YIIPOIIEHUS HE n300paskeHbl. M3 aTOro
cnemyet, Ni HE MOXKET HaXOJUTHCSI B COCTOSIHUU TTOKOS M3-3a HAIMYUS B HEM

9JICKTpOHA.

e Puc. 14

N; BO30Y>X/1atOT BOJIHBI ~PM+ >> ~pM. . ~PM.: OTTAIKHUBAIOT UX JAPYT OT APYyra, HO B
WX D3JIEKTPOHAX BO3HUKAIOT CHIIBbI+F,°, Ha OONBIIMX PACCTOSHUAX , OHM CMEIIAIOTCS
B CTOPOHY 3aT€HEHHUs , puc. 15, paccenBas noist Ni 1 BbI3bIBas UX IBHXKEHUE JPYT K
JPYTy 10 BO3SHUKHOBEHUS B MX MPOTOHAX cuil +F,°, , KOTOpbIE B CyMMe C paHee
puoOpeTEHHOM MHEPIMEH IBMKEHUs oOecTieuaT BXOXKECHNE B 30HY ICUCTBUS CUJI
+F°% -F4°, , 00pasyercs yacTuia-coequHeHne
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Puc. 15

NN = N. (8)

N, eCTeCTBEeHHO TaKUM k€ 00pa30M MOTYT COCIUHSITHCS APYT ¢ ApyroM u ¢ Ny ,
o0Opa3zyeTcs CKOIJIeHHE, €CTECTBEHHO, Iapoo0pa3Hoi (hopMbl ¢ 00pa30BaABIIUMUCS

BOKPYT HCTO O6I]_[I/IM YBCIIMYCHHBIM I10JICM PM-+

N, Ki+ N; K; . (9)

K - xommuectBo wactui. Crorutenns ( 8 )u (9 ) mpencTaBisioT sipa aTOMOB, OHU
BO30YXKIAIOT BOJHBI ~pM: >> ~pM., MOATOMY NPHOOPETAIOT AIIEKTPOHBI B CBOU
nonsi. [lo Mepe yBenmu4eHHs KOJMYECTBA AIEKTPOHOB B MOJIE aTOMA YMEHbBIIIAETCS
COCTAaBIIAIOMIAST ~PM. , yBelUuuBaeTcs ~pM.. C HACTYIUICHHEM PaBHOBECHS ~PM+ U
~pM. BXOJ 3JICKTPOHOB IpeKpamaercs. Sapo aroma mpruodOpeTaeT MO0CTaTOUYHO
OOJIBIITON pa3Mep IOJIT PM.; IJICKTPOHBI, BXOJSIINE B aTOM, OKa3bIBAIOTCS B €T0
noJie B TpE€X BO3MOXKHBIX 30HaX AeiictBus cun : +F°, -F°,, +K° -F°,, +F° -F¢’,.
PaccTosiHus 30H OT siipa OnpenessieTcs ero pa3MepoM, yeM OOoJbIle pasMep, TeM
nanpie. M3 30ou61 +F°, -F° 37€KTpOHBI MOTYT JIETKO TOKHHYTH aTOM — 3TO
cBoOOomHBIE AMeKTpoHbI CO. [IMOTHOCTH YacTHIl M+ MTOJIA aTOMa YBEJIMUMBACTCS TI0
Mepe MPUOTIKEHUS K SAPY, BCISICTBUE ITOTO pa3Mephl MOJIEH 3JIEKTPOHOB

MMPpONOPHUOHAIIBHBI pACCTOAHUIO OT AApad aTOMAa — UYCM OJIHOKe K AApy, TCM MCHbIIC
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pa3Mep. DIEKTPOHBI HE OKA3bIBAIOT JABJICHUE HA PO, HO YACTUYHO PACCEUBAIOT €r0
noJie. Eciii B kakoi-1100 CTOpOHE siipa OKakeTcsi O0Jiblliee KOJIMYECTBO
ANIEKTPOHOB, KOTOPBIE OOJBIIE PACCEIOT €ro MOoJe, TO AAPO OyNeT UCTIBITHIBAT
JTABJICHUE B CTOPOHY OOJBIIETO KOJIMYECTBA AIEKTPOHOB. DJIEKTPOHBI B MOJIE A/Ipa,
TaK ke, Kak B yactuue Ni , KoeOoTcsi He CHHXPOHHO € YaCTHUIIAMHU si/Ipa.

ATOM nprOOpETAET AEKTPOHBI 10 YPABHOBEIIMBAHUS COCTABISIONIUX BOJIH
~pM: U ~PM., IPU KOTOPBIX CHJIbI IPUTSKEHUS U OTTAJIKMBAHUS Ha CBOOOIHBIE
ANIEKTPOHBI paBHbI. BO3MOXXHO /17151 MOJHOTO YpaBHOBEIIMBAHUS HEOOXOAHMMO
JOMOJIHUTENIBHO K UMEIOIIMMCS TOJIBKO MOJIOBUHA UJTM KaKas-TO YaCTh IEKTPOHA, HO
TaKOBBIX HET. [103TOMy aToM OKa3bIBaeTCsi C HEKOTOPHIM HEI000pOM Wi TiepebopoM
SMEKTPOHOB. B Takux cioyuasx atoM Bo30yxkaaeT B okpyxartoriee [IpoctpancTso

BOJIHBI ~pM* C HEKOTOPBIM MPEUMYIIECTBOM ~PM. WJIH ~PMs.

Cser

ATOMBI TOCTOSTHHO BO30Y>K/1al0T BOJIHBI B Ipoliecce apixanus. OqHako, B
HOPMAJIbHOM COCTOSIHUM OKPY>KaroL[1e HAC MPEIMEThI HE U3Iy4atoT CBET — BOJIHBI
JBIXaHHS aTOMOB HE BOCIPUHUMAIOTCS HallIUM 3peHueM. CBET U3J1y4aroT BEUIECTBA B
CHJIBHO Pa30rpeToM cOCTOsIHMU. B BeniecTrax, kpoMe 30HbI +F°, -F.°, B aTomax,
BCeraa uMeroTcst cBoOoHbIe 3MeKTpoHbl CO . [lo Mepe yBennueHus teMiepaTyphbl
MOBBIIIAETCA CKOPOCTh JBM)KEHHS Kak aTOMOB, Tak U C3J; Ipu ’TOM BO3MOXKHO UX
CTOJIKHOBEHHE C aTOMOM M BXO] B HETO. CBOOOAHBIN 3JEKTPOH MOXKET BONTH B aTOM
TOJIBKO CHHXPOHHO B COOTBETCTBHH C JIBIXaHUEM aTOMa, TO €CTh JIBUTasICh KaK U
AJIEKTPOHBI CAMOTO aTOMa B HamlpaBlIeHUH K sapy. [Ipu 3TOM 0T atoma uaer
OTJIMBHAs BOJIHA ~PM+, KOTOpas CO3Ma€T AaBieHue +F~, B AJIEKTPOHAX B CTOPOHY
UCTOYHHKA BOJIHBI, COIIACHO (7). CBOOOIHBIN 3JIEKTPOH JODKEH MMETh OOJIBIIYIO
CKOPOCTb JBMKECHHUS, YEM DJIEKTPOHBI aTOMa, HOO eMy HYKHO MpPOITH OoJbIiiee
paccrosiHue 1151 CHHXPOHHOTOo Bxoaa. Bxox CO B aToM conpoBoXaaeTcs
JOTIOJTHUTENIbHBIM BBITECHEHHEM TIOJIA SIIpa — YBEJIIMUEHUEM CUJIbl OTIIMBHOM BOJIHBI

~PM+ , HTO IPHUBOAHUT K YBCIIMUCHUIO CKOPOCTH JABUKCHHA IJICKTPOHOB aroMa a0
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Bemmunabl V2. Tlocne oTpaxeHus AEeKTpoHOB CO, nMest OONBIIYI0 CKOPOCTh, HO
MEHBIIIYIO, €M JI0 BXO/a, TOKHHET aToM. Yxon CD u3 aToMa NMpUBOIUT K
0CNabIEeHHIO IPUIMBHOM BOIHBI ~PM., YTO HECKOJIBKO YMEHBIIUT V', HO
HE MOJIHOCTHIO0, TaK Kak CD BOIIEs B aTOM ¢ OOJIBIITUM pa3MepOM OIS, TTOKHUIaeT
¢ MeHbIIMM (B moJie aroMa pasmep CD yMeHbIIaeTcs). DTO MPUBOAMUT K TOMY, UTO
BbI3BaHHAss CD OTJIMBHAS BOJHA OKa3bIBaeTCs 00OJIee CUIIBHOM, YeM MPHINBHAS.
WTak, cTeneHb yBEIMUEHUSI CKOPOCTHU JBUKCHHUS AJIEKTPOHOB aTOMa 3aBUCUT
OT CTCTICHH BBITECHEHUS OIS sIJIpa BXOAAIIHMM B atoM CD, KoTopast OnpeIesTuTcs
otHomreHueM (N +1) 1N ; N KoJMYECTBO MEKTPOHOB B atoMe. EcTecTBeHHO,
YBEJIMYCHUE CKOPOCTH JIBIKEHUS SJICKTPOHOB aTroMa OyJeT MPOUCXOAUTH U TIPH
cnemyronmx Bxogax-peixogax C3. Ob1ee mpupaiieHue CKOpOCTH ONPEISTUTCS
otHomieHneM (N +K) : N; K - KOJUYECTBO BX0O/A0B-BbIX0/10B CD. (Ha crenenn
BBITECHEHHUS TIOJIA S7Jpa OUYEBUIHO BIUSIOT B OCHOBHOM 3JICKTPOHBI BHEITHEH 30HHI,
npu Bxoje CO TOJIBKO BO BHENTHIOKO 30HY; €CJIM OHU €CTh U BO BHYTPEHHEH, TO
OYEBH/IHO U X HEKOTOPOE BIIHMSIHUE).

VYBeNM4YeHNe CKOPOCTEH IBIKEHHS 3JICKTPOHOB aTOMa OT BXOJIOB-BBIXOJIOB
CD mpHBOAWMT B KOHEYHOM HTOTE K MOHU3AIIUU aTOMa, IPH KOTOPOM OJIUH U3
AIIEKTPOHOB, MPUOOPETS CKOPOCTH V, , TOKUHET aTOM.

[To Mepe yBenMYeHUs CKOPOCTH JIBHIKCHHSI SJICKTPOHOB aTOMa YMEHBIIIAeTCsI
CpeIHSss TUIOTHOCTh YacTUIl M. B MX MOJISIX, TAK KaK OHU JAJBIIE YIAISIOTCS OT
s7pa, OOJbIlIe CTAHOBUTCS UX pasMmep (pa3mep oISt AJIEKTPOHOB MPOTIOPIIMOHAJICH
paccTosTHHIO OT siipa aroMa). CiieioBaTeIbHO, CPEAHSIS IUNIOTHOCTD TOJICH
3JICKTPOHOB OOPAaTHO MPOIMOPIMOHATbHA BemnurHe (N +K) : N.CpenHsis MIOTHOCTD
YaCTUI] M.+ TOJIS SIIpa aToMa TakyKe 00paTHO MPONOpIHOHAIbHA BenmunHe (N +K) @ N,

100 10 Mepe yBeIMUEHUS YNaJEHHOCTH SJIEKTPOHOB YBEIMYMBAETCSI €r0 pa3Mep.

[ToaTOMy cuila OTJIMBHOI BOJIHBI ~pM+ aroma Mpu Bxoze B Hero CD 3aBUCUT KakK OT
CpeIHEN IJIOTHOCTU PM. B MOJIAX IEKTPOHOB, TaK U OT CPEAHEN PM: B MOJIE S/1pa,

TO €CTh IponopuuoHansHa Benuuarne 1 : [ (N +x ) : n ]2 U3 storo cuenyer:
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V=¥ V,:[(n+k):n]>3

V — CKOPOCTb ABHUIKCHUA JJICKTPOHOB aTOMa IIOCJIE K cToJIKHOBeHui ¢ CO .

BzaumoBnusiHue aTOMOB, HMCBIINX CTOJIKHOBCHUA C CD.

ITo Mepe yBenrueHUs] CKOPOCTH ABMKEHHS] — aMIUTUTY/IbI KOJIeOaHHsI
3JIEKTPOHOB B aroMe (U3-3a BXOJOB-BBIX0J10B CD) yBEIUUMBACTCS COCTABIISIONIAS
~pM. ero BoiHbI. Ha puc.16 a n3o0paxeHs! 1Ba aToMa Ha PaCCTOSTHUU
B3aUMOBIHUSHUS UX BOJIH. 1oy aTOMOB ¢ OIMKHUX CTOPOH PacCesHbl, TOITOMY

UCIIBITBIBAIOT JIaBJIEHUE APYT K Apyry cuwiiamu +F'. OHu IBHXKYyTCS APYT K APYTy

6 Puc.16

70 CIUSIHMSL UX Tosel, puc.16 6. Bo3HukaeT CubHBINA NPUIUB YACTULl M+ B aTOMBbI
Y OJHOBPEMEHHO CHJIa B3AUMHO OTTAJIKMBaHUsA —F", HO aTOMBI ABMXKYTCS MOA
JNENUCTBUEM CHJI MHEPLUMH U +F1°; 10 BOSBHUKHOBEHUS B UX MPOTOHAX CHIIBI -F°; .
IIpu 3TOM 27EKTPOHBI M3-3a CHJIBHOM NPUJIMBHON BOJIHBI ~PM: BBITAJIKUBAKOTCS U3
aroMoB. Ilocie oTpakeHus y aToMOB BO3HUKAET OTIIMBHAS BOJIHA; OHU BHOBb
IpUOOPETAIOT YTEPSIHHBIE JIEKTPOHBI, IPUXOS B UCXOIHOE COCTOSIHUE, KaKoe ObLIO
J10 CTOJIKHOBEHUM ¢ CD. ~pM: OT CTOJKHOBEHHs aTOMOB HE BOCIpUHUMAaeMas
ONTHYECKUMHU YCTPOMCTBAMH, €€ JIMHA ONPEAEISIETCA CKOPOCTHIO CTOJIKHOBEHUS

aTOMOB: YeM OOJIbIIIe CKOPOCTBh, TEM KOpPOUYEC, YEM OoJIbIIIe pasHuIa KOJIMYCCTBa
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cToikHOBeHU ¢ CO U KOJTMYECTBO CTOJIKHOBEHUH, TeM OOJIbIIIEe CKOPOCTh

CTOJIKHOBCHM:, CJICA0OBATCIbHO YaCTOTA BOJHEBI IIPOMOpHIHOHAIbHA BEJIMYHNHEC

L(n):n]?- 1 ](n+x):n]?; k2 >K1.

[Ipu HabGeraHuu BOJHBI ~pPM; Ha aTOM BO3MOXKHO HAJIOKEHUE €€ MPUIIMBHON

( IO OTHOIIEHHIO K aTOMY ) BOJIHBI HA MPUJIMBHYIO BOJIHY JIBIXaHUSI aTOMA,
CyMMapHasi BOJIHa MOYKET BBITOJIKHYTh 3JIEKTPOH U3 aToMa — 3 (EKT IomnagaHus
¢oroHa. BoiHOBOE cOCTOSIHNE MUKPOMUpA MOX0XKE Ha IITOPMOBOE COCTOSTHUE MOPS
IIPU CUJIBHOM BETPE — TOUYEUYHBIE BOSHUKHOBEHUS BCIIEHEHHBIX BCILJIECKOB

(Ha3pIBacMbIC B HApojIe OapalikaMu), MoxXokue Ha 3PPeKT POoToOHA B MUKPOMHUPE.

B pacnpoctpaHeHun BOJIH ~PM.: YYAaCTBYIOT HE TOJIBKO YAaCTHUIIBI M , HO U

aTOMbI, OHM BO30YXKIAIOT UX, OHHU K€ M YYaCTBYIOT B UX paclnpocTpaHeHuu. BonHa
~PM. , Ha0beras Ha aToM, MPUBOUT €ro B KosiebarenbHOe BkeHue. Haxonsce B

Cpelie 4acTHI] M. , CBOMM JIBFDKCHHEM aTOM , €CTECTBEHHO, BO3OYIUT BOJHY ~PMs,
KOTOpas Jlajee IpuBenéT B KoJieOaHUE CIIEeMYIONTUE aTOMbI, 00pa3yeTcsi CBETOBAs
BOJIHA KOJICOJIOIIMXCSI aTOMOB, BOCIPMHUMAaeMasi ONTUYECKUMH YCTPOMCTBAMU.
BemectBa okpy»karoniei Hac cpeibl OTIAMYAIOTCS MACCaMM COJIEPKAIINXCS B
HUX aTOMOB U MTPEUMYIIECTBOM YaCTHUI] M. WIH M. MKy HUMH. Eciiu aTombI He
COJIEPKaT CBOOOAHBIX DJIEKTPOHOB , TO MEKY HUMHU MPEUMYILIECTBEHHAS! INIOTHOCTD
YaCTHUIl M; — BELIECTBO MJIOXON MPOBOJHUK IIEKTPUUECKOTO TOKA, XOPOLIU
MIPOBOJHUK CBETA U HA0OOPOT, €CITU MEXKAY aTOMaMU MTPEUMYIIECTBEHHAS TIIOTHOCTh
yacTuil M- . CKOPOCTh ABMKEHHS] aTOMOB 3aBUCHUT OT X MAacChl, 4eM OOJIbIIE Macca,
TE€M MEHBIIE CKOPOCTh. [[03TOMYy CKOPOCTh pacnpoCTpaHEHUsI CBETA B Pa3HBIX
cpenax paznuuHa. [Ipu Haberanum ¢ppoHTa CBeTa HAa MOBEPXHOCTDH BEILIECTBA B
aromMax BO3HMKaeT cuia +F~, oT npunuBHO# BonHbl, -F", oT oTnuBHON. CBOMM
JBM)KEHHUEM aTOM BO30YXJAeT B CpPeJie YaCTUI[ M: MOBTOPHYIO BOJHY, KOTOpas
HaOeraer Ha CJIEIYIOUIUI aToM U Tak janee. TakuM 00pa3oM B COCTABIISIOILYIO

CKOPOCTH pAaCOpOCTPAHEHUS CBETA BXOAUT M COCTABIISAIONIAsl CKOPOCTH ABUKEHUS
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aTOMOB, UTO MOATBEpKIaeTcs onbiToM A. ®u3o (1851r.).
Hamnpagpiienue Ha HICTOYHHMK CBETa — 3TO MEPIECHAUKYISP K (GPOHTY BOJIHBI,
TaK e, KaK HallpaBJICHWE K NCTOYHHUKY BOJIHBI HAa TIOBEPXHOCTH XKHIKOCTH. Ha
puc.17 a u300paxkeHo HaberaHWe CBETOBOW BOJHBI C BO3AYIIIHOM Cpelbl B BOJIHYIO, a
Ha pHUC. 0 — PacHIpOCTPaHECHUE BOJIHBI Yepe3 JIMH3Y.
3emJst, BCe IUIAHETHI M aCTEPOUIBI BpaliaroTcs BOKpyr ColtHIIa B OJHOM
HAIpaBJICHUH, U3 ATOTO CIICAYET OUCBUIHBIIM BBIBO, UYTO M HECYIIAsl CBET cpena

Bpaiaercsi BMecte ¢ HuMu. Ha puc.18 uzo0pakeHo pacnpocTpaHeHne BOJHBI

—
O Comnuiie
— A
B/ B>a
o}
0
Puc.17 Puc.18

~pM. OT 3BE3/lbl B OKOJIOCOTHEYHOM [IpocTpaHcTBe. 32 BpeMs HAXOXKACHUS B
OKOJI0COHEYHOM [IpocTpaHcTBe BOJIHA MOBOPAaYMBAETCS COIIACHO BpALIEHUS

Hecyllel BoiHy cpebl. Ha pucyHkax cruioniHasi CTpesika — UCTUHHOE HallpaBJIeHHe
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HA UCTOYHHK BOJIHBI, TyHKTUPHAS — KAXKYIIEECs, a U B — YIJIbI MEXKIY
VCTHHHBIM HAlpaBICHUEM Ha 3Be31y M KakymuMcsa. B-a=Wt =2V :C paauan.
W — yTJI0Bas CKOpOCTh BpamieHus 3emin; C — CKOpOCTh CBETa,;

t — Bpems 3a KOTOPOE BOJIHA NMPOXOAUT paccTosinue 2 R. R —paauyc opOuThI

3CMIJIN.

HOJ'I}IpI/I?)OBaHHBIC BOJIHBI ~PM+

["a3bl 1 KUAKOCTH B OKPYKAIOIIEH HAC CPENIE COCTOST TOJIBKO U3 MOJIEKYIT

— COEIMHEHUs ABYX UM Oosiee aroMoB. [107151 COeIMHUBIINXCS B MOJIEKYIly aTOMOB
CJIMBAIOTCS, YBEJIMUUBASCH, B 00111€ee noje , puc. 19 ,uto mpencrasiser nosie
MoJieKyibl. CBOOOMHBII aTOM B OKPY>KaIOIIEl Cpeie ABUKETCS ¢ OOJbIIIei
CKOPOCTBIO, YEM MOJIEKYIa. B MosieKyse aToMbl KOJIEOMI0TCS OTHOCUTENIBHO IPYT
apyra ¢ OONBIINMH, CBOMCTBEHHBIMU UM, CKOPOCTIMU. CKOPOCTD K€ IBUKEHUS
MOJIEKYJIbI MHOTOKPATHO HUXKE, ONPENAEIAETCS HEKOTOPOU Pa3HULIEW CKOPOCTEN
JBYOKEHHUS €r0 aTOMOB. Moriekyia, cojieprkalias iBa aToma, €CTECTBEHHO, UMEET
IPOJIOJITOBaTYIO (hopMmy:.

BounHbl cBeTa pacipoCTpaHsIOTCS B ra3ax M JKUAKOCTAX, CIE10BaTEIbHO

MOJIEKYJIbI TaK e, KaK U aToMbl, puc.16,MOryT BO30yK1aTh BOJIHBI ~PM: U

ABJIATBHCA YHAaCTHUKAMHU UX PaCIIPpOCTPaHCHUS. Bomnna ~PM+ BOBHHUKACT IIPHU

CTOJIKHOBCHHNH MOJICKYJI TaK JKC BCJIICACTBUC U3BMCHCHUS PAa3MCPOB UX MOJICH.
CronkHoBeHHE CBO6OI[HOFO QJICKTPOHA C MOHCKynOﬁ, C €TI0 BXOAOM-BbIXOAOM

N3 OJHOI0 €€ aromMa, CO?),Z[aéT YCIOBUEC IJIA CTOJIKHOBCHHUA MOJICKYJ APYT C APYIOM C

pa3HbIM KOJTMYECTBOM BXOJIOB-BBIX010B CD U3 HUX, MPU KOTOPOM BO30YKIAETCs

BOJIHA ~PM+. CTOoNnKHOBEHHE MOJICKYJI IPOUCXOAUT UX KOHIAMU — BOB6Y)KI[éHHI>IM

BXO/I0M-BbIX0/1oM CD aTOMOM OJTHOM MOJIEKYJIbI C HEBO30YXJICHHBIM aTOMOM APYTOH;

npu 3ToM popma ppoHTa BOIHBI ~pM.+ pUoOpeTaeT GopMy HUIUHAPA C
OKPYIIIEHHBIMH chepruuecKuMH KoHamu, puc. 20,4to co3naet addekr eé

NOJIIPU30BAaHHOCTH. [IMNIMHAPUYECKYIO YaCTh BOJHBI HA30BEM IOJISIPU30BAHHOM.
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Hanpapnenue Ha HCTOYHHUK BO30Y>KIACHHS BOJIH — 3TO MEPIEHIUKYISAP K
MOBEPXHOCTH €€ BOJIHBI. B citydae ceprueckoid BOJIHbI, KyAa MOXHO MMOABECTH
NEPHEHAUKYIISIP — TOYKA, B CIydae HMIMHAPUYECKON — npsimast iuHus. [TosTomy
nanee JiIsl pacCCMOTPEHUS PaclpOCTPaHEHUSs HUITUHAPUUYECKON BOJIHBI U300pa3uM e

B BHUJEC Hp)IMOﬁ JJMHUU — YCPTOYKH.

Bomnsl ~PM+ HEC BOCIIPUHUMAIOTCA OIITUYCCKHUMHA YCTpOﬁCTBaMH. Bonna

~pM., Ha0eras Ha MOJEKYJbI, IPUBOJUT UX B KojeOaHUE — BHAYaJe ABMXKEHUE
IPOTUB XOJ/la PaCIpOCTPAHEHHUS BOJIHBI, 3aTEM B 00paTHYIO CTOpOHY. Benencraue
ATOr0 OHM BO30YKJIatOT BOJHBI U TaK MPOIIECC PAaCHPOCTPaHsIETCA Jajee B

[TpocTpaHCTBO B BUJIE TOHKOW (COM3MEPUMON C pa3MepOM MOJIEKYJIbI) TUIOCKOCTH, B
KOTOPBIX MOJIEKYJIbI HAXOASITCS B COCTOSIHUM KOJICOAHUSI — TO BOJIHBI CBETa ~C.
BonHbl ~C BocpruHUMAKOTCS ONTHYECKUMU ycTpoiicTBaMu. Hanpasienue Ha

UCTOYHUK CBETA ~C — MEPIECHIUKYISP K OBEPXHOCTH (PPOHTA BOITHBI

PacnipocTpaneHue nojasipu30BaHHOM BOJIHBI ~PMs .

Ha puc. 21u3o0pakeHa B BUJI€ BEPTUKAJIBHON YEPTOUYKU MOJISPU30BAHHAS
BojHA 1 ,HaOeraromiast Ha PacHoOI0KEHHYIO MapaJuIeIbHO €l MPOI0JITOBATYIO
MOJIEKYJIy M1, BOJIHA IIOJTHOCTBIO BOCIIPUHUMAETCA €10. MoJieKyina, npuas B
Kose0aTeNbHOE ABMKEHUE, BO30YXKAAaeT BOJIHY 2, KOTOpasi TaK kK€ MOJHOCTHIO
BOCIIPUHMMAETCA MApAJLIEIBHO €M PaCIIOIOKEHHON MOJIEKYI0i My , 1 Tak nanee
B CJIy4ae MHOKECTBA [1apaJUICIIbHO PACIIONIOKEHHBIX MOJIEKYIL.

Ha puc. 22 nonsipuzoBannas BonHa 1 Haberaet Ha monepeyHo en
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PacCIONIOKEHHYIO MOJIEKYITy M (M300pak€H KPY>KKOM), BOJTHA HE MOJHOCTHIO
BOCIIPUHHUMAETCS €10, BO3MO)KHO JIUIITh YaCTUYHO, ITOATOMY MOJIEKYJIa BO3OYIHT
cnalyro mapayyienbHYIO eil BoaHy 2. BoHa ke 1 oueBHIHO pacmanéTcs Ha 1Be
YKOPOYEHHBIE BOIHBI 3 U 4, KOTOpBIE, Ha0eX)aB Ha CIEAYIOUTNE MTONEPEIHO UM
pacmonokeHHbIe MOJIEKYIIbl M, 1 M3, COBCEM HE3HAUMTENIBHO B3BOJIHYIOT HX U T€
HE BO30YIAT MOBTOPHYIO BOJIHY.

Ha puc. 23 nonspuszoBanHas BojaHa 1 HaberaeT Ha MOINEPEYHO €if
pacmoyoKeHHY 0 MOJIeKylry Mj . Tak ke , Kak B MpeAbIIyIIeM cliydae, MOJISKYJa
BO30yIUT c1abyro mapauiebHYO0 €l BOJHY 2,a BojHA 1 pacmajeTcs Ha JIBE
yKOpoueHHbIe 3 U 4, mapajuieibHble CIeAYIomeld MoeKyne Mp, KoTopasi TOJTHOCTHIO

BOCHPUMET BOJHBI 2, 3, 41 BO30yIUT OJIM3KYIO IO CUJIe BOJIHBI 1 BONHY 5.

1 M: 2 M 1 3 M 1 3 M, 5
My p o My
O o> —> 0 - >
2 2
o
Pl e
Puc. 21 Puc. 22 Puc. 23

O dexr Keppa. 1875r

M3BecTHO: B3BECH ITPOJOJITOBATHIX MaJbIX CEMSH B H30JIUPYIOLIEH KUAKOCTH
B AJIEKTPUYECKOM I10JI€ NapAJIIENbHBIX TUIACTUH PACIOIAratoTCs NEPIEHAUKYIIPHO K
HUM, IEMOHCTPUPYSI KaK-Obl CUJIOBBIE JIMHUHU.

VcTtuHHBIE TPUYUHBI TOJOOHOTO PaCcOI0KEHUS TPOAOITOBATHIX TEJIEL B
AIIEKTPUYECKOM MOJI€ PACCMOTPEHBI B pa3fiene « DIEKTPUUECKUN 3apsii U
aNeKTpUUecKoe nosie». IIpononroBarsie MOJIEKYIbI )KUIKOTO U30TPOITHOTO
JUDJIEKTPUKA B CUWJIBHOM OJJHOPOIHOM 3JIEKTPUYECKOM I10JI€ TAK 7K€ PACIoIararoTcs

NEPISHANKYIISIPHO K 00KJIaKaM TUIOCKOTO KOHIeHcaTopa. Bo3aMOXKHOCTH

pactpoCTpaHCHUA MTOJAAPHU30BAHHBIX BOJIH ~PM+ B ) KUJIKOCTHU ITPHU CUJIIbBHOM
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ANEKTPUYECKOM I10JI€ JIEMOHCTPHUPYETCA Ha pUC. 22,0TCYTCTBUU MO — puc. 23.

Oddextr 3eemana u [lltapka, 1896r

XKenesnsle CTpyKKH, MOMEUICHHbIE B MATHUTHOE TI0JI€, CO3AAI0T 3P HEKT
MarHUTHBIX CHJIOBBIX JIMHUHN, CM pazzien « DP¢PeKT MarHUTHBIX CHIJIOBBIX JIMHUHN ».
M3BecTHO: cTpenKa U3 HEMarHuTHOTO MaTepHuasia, IoMeuIéHHas B MarHUTHOE T10JIe,
MIOBOPAUMBAETCS MOMEPEK MOMI0CaM. JTO BBI3BAHO T€M, UTO HEMATHUTHBIE aTOMBI
UCTIBITHIBAIOT CUJTY BBITAJIKHUBAHMS U3 MATHUTHOTO TOJIS,, CM. pas3nerd « AToM B
MarHUTHOM I1oJie ». HeMarHuTHbIe MPOJ0IroBaThie MOJIEKYJIbI TaK JKe
pacrnionaratorcs nonepék nomatocaM. Ha puc. 24 n300paxEx nonoc MarHuTa, JTUHUA

— HamnpaBJIEHUS PACIIONOKEHUS CTpyxeK. [IpsMoyronbHUKaMu U300paKeHbI

SINE
+/ﬁ'\+

Puc. 24

HCMAarnuTHBIC IIPOJ0JITOBATHIC MOJICKYJILI.

Bo30yxneHne noasipu30BaHHbBIX BOJH ~PM+ MOJEKYIaMH MPOUCXOIUT MPU UX
CTOJIKHOBEHHH JPYT C IpyroM. HacTora BOJIH ONPEAEISIETCS CKOPOCTBIO UX
cToNKHOBEHHUS. [Tpu 3TOM, BO30YKIEHHBIE BXOIOM-BbIXOJJOM CO 1 HEBO30YKIEHHBIE
MOJIEKYJIbI B MATHUTHOM I10JIE€ UCIIBITHIBAIOT CHITY JIaBJICHUS I0JISI MATHUTA , IPUYEM
B IIPOTUBOIIOJIOKHBIE CTOPOHBI. [10e B30y 1EHHOTO aTOMa CTAHOBUTCS
npeodIaIaroM YaCTULIAMU M., TaK KaK 3JIEKTPOHBI YAAIAIOTCS OT siipa Ha
Ooubliiee pacCTOSHUE, YBEIMUMBAs pa3Mep CBOETO MoJist. ATOM CTaHOBUTCS Oosee
AIIEKTPOHHBIM, II03TOMY MOJIEKYJIa C TAKMM aTOMOM HCIIBITBIBAET CUJIy BTTMBAaHUS B

OoJiee CHIIbHOE TI0JI€ MarHUTa, MOJIEKyJa C HEeBO30YKIEHHBIM aTOMOM — CHITY
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BbITAJIKUBAaHHS. HpI/I 9TOM BO3MOJKHBI JIBa PAa3HbIX CiIydas CTOJIKHOBCHHA MOJICKYII,

Puc. 25

nepBbiil — puc. 25.Monekynbl 1 1 2 HaX0IATCs B MOJIE MATHUTA Pa3HOM CHIIBI,
n300pakeHbl PSMBIMU JTUHUSAMH Pa3HOM JAJIUHBL. ATOM MOJeKysbl 1 Bo30yx1€H
BXOJIOM-BBIX0ZI0M CD (S1p0 cCeporo 1BeTa), IOITOMY OH UCIBITHIBAET TATY B
CHJIBHOE TI0JI€ MarHUTa, MOJIeKyJa 2 UCTBITHIBAET CUITY BBITAJIKUBAHUA B OoJiee

cnaboe nosie. B utore MosieKyibl UCOBITBIBAIOT +F' — TIroTeHHe Ipyr K APYTY.

.................................................

Puc. 26

Ha puc. 26 monexynsr 1 u 2 HaxomsTCsl B TAKOM K€ MAarHUTHOM TIOJI€ pa3HOM CHJTBI.
ATOM MOJIEKYITBI 2 BO30YKIEH BXOJOM-BBIX0A0M U3 Hero CO, mMoATOMY OH

HCHBITBIBAET TATOTEHHE B O0Jiee CUIILHOE I10JIC, a MOJICKYJIa 1 ucneITRIBACT cniny

BbITAJIKMBaHUA B Oosiee crnaboe nose. B urore Monexynbl UCHBITHIBAIOT -F*  —
nasieHue apyr ot Apyra. Cunbl +F' BO3HUKAIOT B CHJIBHOM TOJI€ MAarHUTa, B 30HE
A,B30He b onM cnabwr. Cvtbl 2F" B 30HE A €CTECTBEHHO BIHUSIOT Ha CKOPOCTH
CTOJIKHOBEHHUS MOJIEKYJT, BI3BAHHBIX Pa3HbIM KOJIMYECTBOM BXOJ0B-BhIX0J0B CO 13
HUX, YTO U IPUBOJIUT K Pa3HBIM YacTOTaM BO30yXIaeMbIX UMU BOJH. B 30He b
MarHUTHOTO TOJISI MOJIEKYJIBI BO30YXIAIOT BOJIHBI 0€3 BIMSIHUS HA HUX MarHUTHBIX

CHIJI. I/ITOF, HCTOYHUK CBCTA, HOMCH.IéHHLIﬁ MCXKAY IMOJIOCAMU JJICKTPOMArHuTa,

uairydaet 9actothl fir fo u fr. BomHbl, n3mydaembie MoeKynamMu u3 30Hb1 b
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MOJIIPU30BAHbBI BEPTUKAILHO, TTO3TOMY TPpH HAOJIONEHNH X (Ha pUCYHKE CBEPXY)
B/10J1b HANPAaBJICHUS MAarHUTHOTO MOJSl CUJIbHOM 30HBI, HE BUJIHBI.
Od4eBuHO, MATHUTHOE TTOJI€ 3€MJTH CO3MaET TAKUM K€ 00pa3oM CBEPXTOHKYIO

CTPYKTYpPY CHEKTPaIbHBIX JTUHUM.

Bpamenue nossspu3oBaHHON BOJH ~PMs..

J. Aparo, 1811r. D¢ dexr Dapanes.

Bonna ~pM. , HaOerasi Ha MOJIEKYITy, IPUBOJIUT €€ B KoJieOaTeIbHOE JBUKEHUE.
KonebarensHoe ke TBUKEHNE MOJICKYIIBI COMIPOBOXKIAETCS BO30YKICHUEM €10
BTOPUYHOW BOJHBI ~pM. . ECIM MoJIeKyna mpogoaroBarasi ¥ Ipou301LIo €€
NIepeMEeIICHIE, BTOpUYHAS BOJHA Oy/IET MOJISIPU30BAHHON, TO €CTh (DPOHT BOJTHBI
Oynetr uMeTh (opMy MIIIMHIPA. MOJIEKYIBI, COCTOSIIINE U3 HECKOJIIBKUX aTOMOB,

MOTYT UMETh IPOAOITOBATO-KpYyUeHYI0 hopmy, puc. 27.Takue MOJIEKYIbl TPH

Puc. 27

Kos1€0aHUU BO30YKAa€T BTOPUYHBIE BOJHBI HECKOJIBKO TOBEPHYTHIE COIIACHO
HaIpasJIeHUs €€ KPYYCHOCTH.

IIpononrosarele HEMAarHUTHBIE MOJIEKY/Ibl B MAIHUTHOM I10JI€ PACIIOIaratoTcs
nonepéex nomnroca. [Toaromy, pacpocTpaHsromascs BA0Jb MOIK0CA MOIAPU30BaAHHAS

BOJIHA B CPCJC MMPOAOJIIOBATO-KPYUCHBIX MOJICKYJI BpalacTCA.

31



dortosnexkrpuueckuit 3pdext

BonHbl ~pM. BO30YX1al0TCSl CTATKUBAIOUTUMUCS aTOMaMH, HIMEBILIUMU
CTOJIKHOBEHHUS C CBOOOIHBIMHU JIEKTpOHaMH, puc. 16.BHauane cOmmxenne atomoB
IPOUCXOAUT MOJ AaBjieHueM cuil +F' | puc. a, €eCTECTBEHHO ITPU 3TOM
npuodpetaeTcs HekoTopast uaepuus. [locie cnusHus ux nosuei, puc. 6, BO3HUKAeT
+F'u +F° B mpotoHax artomoB. [lanbHelimee cOMMKeHHE MPOAOIKAETCS MO
nasieHueM +F°; ¥ nHepuuM 10 BOZHUKHOBeHUs cui -F°; . Ilo mepe conmxenus
aTOMOB YBEJIMYMBACTCS pa3Mep UX OOIIETO MO A0 ONpPENeICHHON BETUUNHBI,
COOTBETCTBYIOLIEH PACCTOSHUIO MEX/y aTOMaMU, P KOTOPOM BO3HUKAIOT CHJIBI
.’ . YBenuuenue o01ero nosist — 3To NpuiauBHas BojaHa. [locie BO3HUKHOBEHUS
cun -F,°, aTOMBI OTpa)kaloTcsl, pacCceuBasi CBOU IMOJISl O HOPMAJIBHBIX Pa3MEPOB U
BO30Yy’KJ1asl OIMBHYIO BOJIHY. JJIMHBI IPUJIMBHOM U OTJIMBHOM BOJIH 3aBUCST OT
CKOPOCTHU COMMKEHUS U yIAJIEHUS APYT OT APYyra CTAIKUBAIOIIMXCS] AaTOMOB.
KonnuecTBo ke 4acTil M+ , IpUOOPETAEMBIX M PACCENBAEMBIX CTOIKHYBIIUMHUCS
aTOMaMH, OJJMHAKOBO — ONPEIENISAETCS PACCTOSTHUEM MEXIY SApaMU aTOMOB, IIPU
KOTOPOM BO3HHUKAIOT CHIIBI -F°; . [Io3TOMY cria-aMIInTya BOJIH MPU Pa3HbIX
CKOPOCTSIX CTOJIKHOBEHHUS aTOMOB pasnuuHa. Ha puc.28 kpuBbie AMTMHHON 1

KOpOTKOﬁ OTJIMBHBIX BOJIH COBMCIIICHEI..

Puc. 28
[Tnomann S, orpaHrdeHHBIE KPUBBIMU BOJIH, OJTMHAKOBBI, TAK YTO M KOJIMYECTBO

JaCTull M+ B HUX OAMHAKOBO.

[Tpu HaOeraHuu BOJIHBI ~PM. Ha aTOM NPUJIMBHAS e€ cocTaBisomas (s
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aroMa OTJIMBHAsI) CO3MAET JaBIIEHUE Ha €ro AIIEKTPOH K Spy , puc.29, oTuBHAS —
oT supa, puc.30,CKOpOCTb BBITAJIKUBAHUS €CTECTBEHHO MTPONIOPLIMOHAIBHA CUIIE-

AMILIMTYAC BOJIHBI, TO €CTh CKOPOCTDb BbUICTA 3JICKTPOHA NPOINMOPIHOHAJIbHA YaCTOTC

BOJIHBI ~PM+

Puc.29

Puc.30 e

HOI‘JIOIHCHI/IC CBCTOBBIX BOJIH aTOMaMH

CBeToBbIE BOJIHBI 00OPa3yIOTCS IIPU CTOJIKHOBEHUU aTOMOB C Pa3HBIMH
CTETeHSIMU BO30YXKJICHHS, B TOM YHCII€ BO30YXIEHHOTO C HEBO30YK/I€HHBIM. ATOM
NIEPEXOJIUT B BO3OYKICHHOE COCTOsTHUE (YCHIIEHHOE JIbIXaHHUE) MOCIIEe BXOIa-BbIX0/Ia
13 Hero cBoOOHOTO AekTpoHa CO. CTeneHb BO30YKECHUS 3aBUCUT OT KOJIMYECTBA
BXOA0B-BBIX00B CD — yeM 00:blIle KOJIMYECTBO, TEM OOJIbIIIE CTENEHD, TEM
OO0MBIIIe COCTABISIONMIAS PM. OTHOCHUTEILHO PM.+ B BOJIHE JbIXaHUs aToma. [[nmHa
BOJIHBI OTIPEACISIETCS CKOPOCTHIO CTOJIKHOBEHUSI aTOMOB — 4Ye€M OO0JIbIlIe PA3HOCTh
CTeneHel BO30YKICHMS, TEM OOJIbIIIE CKOPOCTh, TEM KOpOUYE BOJIHA.

I/IBBeCTHO, IOITIOIICHUE CBECTOBBLIX BOJIH aTOMaMU Ha6J'HOI[aeTC$I Ipu
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00JIly4eHHH Ta3a CBETOM YIbTpaduoneToBoii 001acTu, BOJIHBI KOTOPOIl 00Ja1at0T

OoJbIIel PHEPTrUel, MOTYIIEH yIaaIuTh AMEKTPOH U3 aToMa. Panee BBISCHUIIM, PUC.

12, BonHa ~pM, OKa3bIBAIOT JABJICHUE HA AJIEKTPOH C MPEUMYIIECTBOM Ha
nputsbkenue. [loatomy, npu o01yyeHUHU ra3a CBETOM YIbTpaduoIeToBOM 001acTH,
yAaJIEHHBIE U3 aTOMOB 3JIEKTPOHBI U CBOOOIHBIE CD YCKOPAIOTCS B IBUKEHHH,
IPUBOAS K UX BO3MOKHOCTSIM BXOJIOB-BBIXOIOB M3 aTOMOB. Tak B ra3e o0pasyeTcs
MHOKECTBO aTOMOB C Pa3HBIMH CTETIEHSIMU BO30YKACHUS, KOTOpbIE OymyT
CTaJIKUBATbCA IPYT C APYTOM U 00pa30BbIBATH BOJIHBI CBETA BCEX BO3MOXHBIX JIJIHH.
PaccMOTpHUM CTONKHOBEHHE BOJIHBI CBETA C BO30YKAAIOIIMMU BOJIHY aTOMaMH.
CronkHyBILIMECS aTOMbl BHaYaJie MPUOOPETAIOT U3 OKPYKAIOIIEH Cpeiibl YACTHUIII M,
oOpasyeTcst ux obiiee yBeauueHHoe mnose. [Ipu 3ToM BO3HUKAET Moy BOJTHA  PMa,
pacnpoctpanstoniasics B [IpoctpanctBo. O603HAUMM 3Ty MOITY BOJIHY 3HAKOM
MHUHYC BCJIEJICTBHE MPOTUBOIIOIOKHOTO HAITPABJIECHUS ABUKEHUS pPM+ HAIIPABIECHUIO
pacrpocTpaHeHus oy BosHbl. [locie oTpaxeHust arToMoB UX oO1iee mosne
paccenBaeTcs B OKPYKAIOIIYIO Cpely, BOSHUKAET MOy BOJIHA, HAIIpaBJICHUE
JBUKEHUS PM: KOTOPOM COITIACHO C HaIlpaBJICHUEM PACIPOCTPAHEHUS BOJIHBI,
0003HaunM e€ 3HakoM 1uitoc. Ha puc.31a nzobpaxeHa BojiHa CBETa, COCTOALIAS U3

MOJIy BOJIH - M + , HaOerarolas Ha CTAIKUBaroIuecs aroMbl A; 1 A, . [lomy BoJIHBI

____________ b D T Aty oAz
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Puc.31
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M300pa)KeHBI MYHKTUPHBIMU CTPEJIKAMH, YKa3bIBAIOIIMMHU HAITPaBICHUS
JIBIDKCHHS B HUX PM., OOIIast IJIMHA CTPEJIOK, TOMYCTUM, PaBHA JJTUHE BOJHBI.

Ha puc. 6 orpunarensHas moiy BojiHa Habexana B 0071aCTh CTOJIKHYBIIUXCS

................... t s> Q<_

Puc.32

aTOMOB, KOTOpbIE IPUOOPETAIOT YACTULBI M+ U3 OKPYKAIOILEH Cpelibl, N300pakeHO
CIUIOIIHBIMU CTpenKamHu. [[JinHa oy BOJIHBI, BO30YK/1aeMOil aToMaMu, 10ILyCTUM
paBHa JIJIMHE HAaOeKaBIIEH MOy BOJIHBI, TO3TOMY AJUHBI CTPEIOK H300paskEeHBI
paBHbIMU. Ha purc.31 B cBeTOBast BojiHA B 00J1aCTH OTPA3UBILIUXCS aTOMOB,
paccenBaroIIMX YaCTULIbI M+ B OKPY’KaIOLIYI0 cpedy. B obmacTsax BcTpedHbIx
JBY)KEHUN YaCTHUIl €CTECTBEHHO CUJIa BOJIH 3HAYUTENbHO ocialnsercs. B urore,
HIOCJIE TAaKOro HaOeraHusi CBETOBOM BOJIHBI HA CTAJIKMBAIOIIMECS aTOMBI, JaJIee B
[IpocTpaHCcTBO pacnpocTpaHsAeTCs TONBKO OTpULIATENbHAS IOy BOJIHA,
BO30Yy>KJI€HHAsI aTOMaMHU.

Ha puc. 32a cBeroBasi BOJIHA MOJIHOCTBIO B 00JIACTH CTOJIKHYBIIHXCS aTOMOB,
IIPU 3TOM OHA COOTBETCTBYET MPUOOPETEHUIO aTOMaMH YaCTUI[ M: U3 OKpY’Karolei
cpenbl U nornomaercsa uMu. Ilocne orpaxenus aromos B IIpoctpancTBo
pacmpoCTpaHsAeTCs TOIBKO MOJOKUTENbHAs MOy BOJIHA, BO30YKIEHHAsI aTOMaMH,

puc. 6.
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Jla3epHbIi W31ydaresb CBETOBBIX BOJIH,

(hOTOMFOMUHECIICHITHS.

JlelicTBHE JTa3€pHOTO U3JIy4YaTessi CBETOBBIX BOJIH OCHOBAHO HA SIBJICHUU
doroapdekra. B MOMeHT 00IyUeHnsT aKTUBHOM cpeibl (KprcTajia pyOrHa Win
KaKoro-Jim00 ra3a) MOITHBIM CBETOBBIM UMITYJIBCOM K3 €€ aTOMOB BBIPBIBAIOTCS
aMeKTpoHsl. [Ipu motepe ameKkTpoHa aToM MpUOOPETAET U3 OKPYKAIOIICH Cpebl
YACTUIIBI M+ , IOATOMY 00pa3yeTcsi TOK YaCTHUIl M+ U3 OKPYXKAIOIEH Cpellbl K aToMaM
aKTUBHOM CPEIIbI, TO €CTh 00Pa3yIOTCs OTPUIIATEIHHBIC MOy BOJHBI CBETA OT
MHOXECTBA aTOMOB OJJHOBpEMEHHO. [ToTepsBIIHii 3IeKTPOH aTOM IPUOOPETAET €To
BHOBB, IIPX 3TOM OH PacCEUBAET YaCTHUILbl M+ B OKPYXKAIOLIYIO cpeny — 00pas3yrorcs
MIOJIOKUTETLHBIC TTOTY BOJIHBI CBETA OT TUX aTOMOB OHOBpeMeHHO. Cymma Bcex
OTPUIIATEIBHBIX U MOJIOKUTEIBHBIX MOy BOJIH, BO30YKIEHHBIX OJJHOBPEMEHHO
aTroMaMy aKTUBHOM Cpejibl, MPEACTABISET JIa3epHOE U3IIyYeHHUE CBETA.

JIJ1st BBIpBIBAHUS AJIEKTPOHA U3 aTOMa JJIMHA BOJHBI 00 Ty4aloIero CBeTa
JI0JKHA OBITH OJM3KOM JUTMHE BOJIHBI bIXaHUs aroMa. [Ipu »ToM BoTHa cBeTa
JIOJKHA OKa3aThCsl B 00JIACTH aTOMa B MOMEHT €T0 B[0Xa, KOTJa €T0 3JIEKTPOHBI
YAQISIOTCS OT Apa, a IAPO MPUOOPETAET U3 OKPYKAIOIICH CPEIbl YACTHIIBI My ,
puc.33. AToM proOpeTaeT yTePSHHBIN MEKTPOH CHHXPOHHO C €ro JbixaHueM (BO
BpEeMsI BBIJIOXA), KOTJIa €T0 AJIEKTPOHBI IBIDKYTCS K SIPY, @ SIPO pacCeHBacT

YaCTHULI M+ B OKPYKAIOLIYIO CpPENLY.

Puc. 33
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YacToTa BOJIHBI AbIXaHUS aTOMAa — B MpEJIeNIaX YacTOThl TaMMa-Iy4yeid, OHA He
BUJIHA. YacToTa ke BO30YXI€HHBIX BOJIH, BEI3BAHHBIX BBIXOJIOM-BXOIOM U3 aTOMOB
AIIEKTPOHOB, 3HAYUTEIHLHO HUKE YaCTOThl raMMa-JIy4yei, 3TO 4acToTa CBETa
(hOTOTIOMUHECIICHITUH.

IToBbIlIIeHHAs TEMIIEpaTypa BEIIeCTBAa 03HAYAET MOBHIIIIEHHYIO CKOPOCTh
JBUKEHUS ero aToMOoB. [ToBbIllIeHHAs: CKOPOCTh aTOMa — 3TO, €CTECTBEHHO, U
MOBBIIIIEHHAS CKOPOCTH JIBMXKEHUS €r0 YaCTHII sJipa U AIEKTPOHOB 1oJis. Eciu BoiHa
00 Ty4aroIero CBeTa 0Ka3blBaeTCsl B 00JIACTA aTOMa KOT/Ia €r0 AJICKTPOHBI YIASIOTCS
OT si/ipa C MOBBIIIEHHONW CKOPOCTHIO U3-3a TEMIIEPATYPhl, TO U BBIXOJ SJIEKTPOHA U3
aToMa MPOU30MIET C IOBBIIIIECHHON CKOPOCTHIO, TO €CTh YAaCTOTa JIIOMUHECIIEHIIUH

OyZeT MOBBIIICHHON IO OTHOIICHUIO K YaCTOTE OOJIy4aroIero CBeTa.

HOJIHpI/IBaI_II/IH CB€Ta —C

BosnHa cBeTa o OTHOIIECHHUIO K Ha0EeTameMy 00beKTy COIEPKUT MOy BOJIHBI
OTIMBHYIO ( B TIPOTHUBOIOJIOKHYIO CTOPOHY PACIPOCTPAHEHUS BOJIHBI) U MPUINBHYIO
(B cTOpOHY pacrpocTpaHEHHs) COCTABIISAIONINE OOIIe HAIIPABJICHHOTO JBUKCHUS
mosekyn (atomoB) cpenbl. Ha puc. 34 u3o0paxensl BoyiHbI cBeTa Biu B,
pacIpoCTpaHSIONIMECS B YKa3aHHBIX CTPEJIKAMH HAMPABICHUSAX; IPSIMbIEC TUHUU
0003HaYaIOT BUJ C TOPIIA HA INTIOCKOCTh MAKCUMAJILHOM CHUTBI BOJIHBI, CTPEIIKUA B HUX
— HarnpaBJIeHUE JBWXEHU YyacTull. B MecTax nepeceueHus miockocreit BoiaH Bi u
B>, BeIIETIEHHBIE KPYTOM, HAMPABJICHUS BWKEHUS YACTHI] YaCTUYHO COBIAAAIOT, B
HUX 00pa3yrOTCs TOJIOCHI YBEITMUCHHOUW CHUJTBI BOJTHBI. B MecTax ke, OKpaIIeHHbIX
CepbIM KpYyIroM, HalpapjIeHUs: YaCTUYHO BCTPEUHBI, B HUX 00pa3yloTCsl MOJIO0CHI
YMEHBIIEHHOW CUJIbI BOJIHBI. Pacman cBETOBOM BOJIHBI HA CBETOBBIE MOJIOCHI
npescTaBisieT nojsipu3aiuio cBera . Bomna B, npencrasnsier dparMeHT mnaaaroiiero

Ha OTpaXKalol[ylo MOBEPXHOCTH JIyya cBeTa, B, — (parMeHT oTpakeHHOTO.
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Bl\ /Bz Puc. 34

Jucniepcus ceera

WTak, MOJIEKYJIbI SIBJISIOTCS HE TOJILKO BO3OYAUTEISIMUA CBETOBBIX BOJIH , HO U
X HOCHUTEJSIMH, YTO TIOATBEPKIAeTCS U3BECTHRIM onbiToM A. ®u3o, 1851
HaGexaB Ha MOJIeKyITy , BOJIHA ~M. OKa3bIBacT Ha He€ JaBJeHUE, IPUBOAS €€ B
JBIDKEeHHE. ECTEeCTBEHHO, YeM JIOJIbIIIE ITTUTCS 3TO JaBJIEHUE, TEM OOJIBIIYIO
CKOpPOCTh OHa MpruoOpeTaeT . BOHBI Majioi 4aCTOTHI OKAa3bIBAIOT JABJICHHUE HA
MOJIEKYJTy OoJiee JJIUTEIbHOE BPEMSsl, YEM BOITHBI OOJBIIECH YaCTOTHI.
CrnenoBarenbHO, BOJIHBI MAJIOW YaCTOTHI PUBOAST MOJIEKYTY B KojieOaTeIpHOe
JBUOKEeHUE ¢ Oonbleil ckopocThio. [To3ToMy, BONHBI Maioi 4aCTOTHI
pacIpoCTPaHSIOTCS B Cpejie ¢ OOJIBIIIEH CKOPOCThIO, BOJIHBI e OOJIbIIeH YaCTOThl —
C MEHbIIIEH, YTO MPUBOJUT B KOHEYHOM UTOTE K IUCIEPCUU CBETA MPU €0
nepexojie, HalpuMep, U3 BO3AYIIHOM CPebl B CTEKIIO U HA00OpOT. B siBneHuun
JIMCTIEPCUN UMEET 3HAYEHUE COM3BMEPUMOCTh JJIMHBI BOJIHBI C pa3MEPOM MOJIEKYJIbI,
aToMma.

Ecnu BemecTBo COCTOUT U3 YEPEAYIOIMIMXCS MOJIEKYJT Pa3HbIX BEJIMYMH |,
HaIpUMep, KPUCTAJUT, TO MPU HAaOETaHWH Ha €T0 MMOBEPXHOCTH (DPOHTA BOJHBI IO

YIJIOM JIETKO OOBSICHUTH IBOWHOE JTYUYEIPEIIOMIICHHE.
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Pedpakunsa — orkinonenue ceera BOmu3u CONHEYHOTO AHUCKA

Ha puc. 35u300paxxeno ComHiie ¢ okonoconHedHbiM [IpoctpanctBom —
MYHKTUPHAs! OKPYXHOCTB, B IIPeJIesiaX KOTOPOTO CYIIECTBYET YBEIMUEHHE Macc
qacTHIl 1o Mepe mpudimxenus K COIHILY, 4TO 3aKOHOMEPHO B MPUPOJIE CKOTICHHIA.
B oxonoconneunoe [IpoctpancTBo HaberaeT PpoOHT BOMHBI A OT 3B€3/IbI U BHIXOIUT
3a ero npeneibl — A'. HanpaBiieHue Ha HCTOYHHK CBETA — 3TO MEPIIEHTUKYIISAP K
¢ponty BonHbl. KpuBas crutomisas auaus ot A 10 A' — 9T0 JIMHKUS BUAKMOTO
HaIpaBlIeHus Ha 3Be31y. @poHTHI BOJH A u A’ mapasuiesnbHel.

[To Mepe yBenMueHHs] MacChl YaCTHUI] HECYIEH CBET Cpe/ibl yMEHbIIAeTCS
CKOPOCTb pacpOCTPAaHEHUs CBETA, IO3TOMY ITPOUCXOAUT IOCTENEHHOE €T0

MPEIOMIICHHE B OTJIMYME OT PE3KOro Nepexoa U3 OJHOM cpebl B Ipyryto, puc. 17a.
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Cser BO Bceenennon

Bonnbl cBeTa BO30YyKal0TCSl CTAIKMBAIOIIMMUCS aTOMaMHK, MOJIEKYJIaMHU.
Bo30yxneHre npoucxoauT M3-3a U3MEHEHUS PACCTOSIHUSI MEXKAY HUMU B Mpeaenax
B3aMMHOTO CIIMSHUS UX TOJIeH, COJEpIKalllMX YacTUllbl M+ . BoiHa cBerta 3a
npeziesiaMyd aTOMOB PacpOCTPaHSIETCS cO CKOpocThio C B Cpefie YacTHll M. TakK ke
U3-32 U3MEHEHHS PACCTOSHUS MEXIy HUMH B IpeieiaxX B3aMMHOTO CIUSHUS UX
nosieit ( pa3Mepsl OJeH YacTUI] M+ B CBOOOJHOM COCTOSTHHU, B KOCMUYECKOM
[IpocTpaHCTBE, 3HAUNTENHLHO OOJbIIE 1MOJIeH aToMOB ). ClleIoBaTeIbHO, YACTHIIBI My
BO30YX/1at0T BOJIHBI B CPEJIE YACTUIl Mg , IBJSIOLIMXCS YaCTULIAMU UX 000JIOUEK U
noJiei. CKOpOCTh IBUKEHUS YACTHUI Mg1 3HAUUTEIBHO BBIIIE CKOPOCTU M. ,
MIOATOMY U CKOPOCTh PaclpOCTPAHEHHUs BOJH B cpefie yacTull Mg 1 ( Ci) 3HAUUTENHLHO
BBIIIIE CKOPOCTH PAaCIpOCTPAaHEHHUsI BOJH B Cpelie 4acTull M. . B cBoro ouepenp,
YaCTULIBI Mg 1 BO30YXKIAIOT BOJHBI B CPEJIE YACTHUI[ M7.1, CKOPOCTh PACIIPOCTPaHEHUS
BOJTH KOTOpBIX emé oonbie ( C, ). Takum ke 00pa3oM , CONIacCHO 000JI0THOM
MOCJIEIOBATEIbHOCTH, YACTHUIIbI M71 BO30YXIAIOT BOJIHBI B CPEIE YACTHUI] Mg 1 ,
CKOpPOCTb pacnpocTpaHeHus: BOJH KoTopeix Cz >> C,. Jlanee, comniacHo
000JIOYHOM MOCJIEeI0BATEIbBHOCTH, BOJIHBI BO30YXAAIOTCA U B CPEJle YACTHUI] Mi.o
(Cs4) ,u Bcpeae wactry My Cs5>>Cy>>C3>>C>>Ci>>C .

B mpupone ckorsiennii 3aKkoHOMEpPHO yBETMYEHHE BETUYUH M YacTHIL 10
Mepe NpUOIMKEHUs K UX HEHTPY, OHO CYIIECTBYET B OK0JI03BE3AHOM [IpocTpaHCcTBE
U B OKOJIO rajaktuueckoM. B Tabnune 1 npuBeneHa BO3MOXKHAs MOCIEI0BATEIbHOCTD
YKpyIHEeHus yacTuil oT [IpocTpancTBa Mexay ckoruieHussMu ranaktuk ( MCkI ) mo
okot03Bé31H0ro0 ( 3B ). 3a npeaenamu ckorieHui ragakTik (MCkI') yacTuib M, ,
M1 , M2 00pa3yloT YacTHUIBI M1, KOTOpbie BTekatoT B CkI™ . B CkI" wactuupr My 1,
M12, M13 OOpPa3ylOT YACTHUIIbI Mexs , BTEKAIOIINE B MEKTATAKTUYECKOE
[IpoctpanctBo MI' u nanee comiacHo TabIuIIE.

Brekanue Hecyen CBET cpepl B TAIAKTUKY OYEBUIAHO CO3MAET KPACHOE

CMeIlleHHUE €€ cBeTA.

40



3B M3B I 1510 Ckl' MCkTD
F +K° -R* +R° - +R°

Mg 2 M7.2 Ms 2 M1 3 m. m
Mo 1 Mg 1 M7.1 Me 1 M2 m
Mo 2 Mg 2 M7.2 Ms 2 Mi3 m
I1 Mg 9 Mgks M7 k7 Mé x6 M1k

C << C; << Cp << (03 << Q4 << (s

3aBHCHUMOCTH CKOPOCTH paCHpOCTPAHCHUA BOJH OT UX CHJIbI

W3BecTHO, mpy pUOIMKEHUH K HETIOIBUKHOMY HaOIIOIaTeo OBICTPO
JBIDKYILETOCS] HICTOYHHKA 3ByKa €r0 YaCTOTa KaKeTCsl BHICOKOM, a IPU y/laJeHUH —
Hu3koi, ap ekt omnepa. [Ipu 6onee BHUMATENTbHOM BOCIIPUITHH YacTOTa
NpUOIKAIOIIETOCS NCTOUHUKA YBEIUYMBACTCS, YIAISIOMIET0Cs — YMEHBIIIAETCS.
3TO BBI3BAHO TE€M, UTO CKOPOCTH PACIPOCTPAHEHHUS BOJH 110 MEPE UX YCHIICHUS
YBEJIIMYUBAETCSI, 10 MEPE OCIIA0IEHUS] — YMEHBIIIAeTCsl. 3BYK pacipOCTPaHIETCS
B Cpejie, cozieprkalield MHO)KECTBO YacTHI] , MKy KOTOPBIMHU CYIIECTBYIOT CHIIBI
B3aMMHO OTTAJIKMBAaHUs ( BOJIHAMU JIBIXaHUS ) HA PACCTOSHIH, YCUITHBAIOIIHECS 10
Mepe MpHOMKEHUS UX APYT K APYTy. AMILTUTYa KOieOaHusl 4acTUIl B BOJTHE
orpesessieT e€ CUITy, OHa TakK >ke OIpeelsieT MOy b 00BEMHOM yIPyroCcTH Cpeibl
— 4eM OoJIbllle aMILTUTY/a , TEM OOJIbIlIe BETMUYNHA MOTYIIS.

N3BecTHO, CKOPOCTh pacpOCTPAaHEHHS BOJH B YIPYTOW Cpesie mpsMo
HPONOPLHOHATIFHA KOPHIO KBAJAPATHOMY M3 OTHOIICHUS MOAYJS 00bEMHON
YIPYTOCTH K IJIOTHOCTH CPEbI.

3aBUCUMOCTb CKOPOCTH PacpOCTPaHEHUS BOJIH OT UX CUJIBI MOXKHO
IPOBEPUTH Ha ycTaHOBKe puc.36 ,rae /I - iunamuk, M - mukpodos, ['U - reneparop
uMnynbcoB, O - ociumnorpad, P — pesuctop. Ha puc. 37 —ocuumiorpamma

umnyascoB 'Y ¢ unrepBaiom T u umnynbsca ot MukpodoHa, t — Bpems
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MPOXO0XKICHUS 3BYKOBOTO UMITYJIbCA OT JUHAMHUKA 10 MUKpodoHa. YacTora
reHepaTopa UMIyIbCOB M YaCTOTa Pa3BEPTKHU ocuiorpada J0IKHbI ObITH B
npenenax 50T . OgeBuaHO, MpUPOAA PACHPOCTPAHEHUS CBETOBBIX BOJIH
aHaJIOTMYHA MPUPOJE PACIPOCTPAHEHUS 3BYKOBBIX, TO €CTh KPACHOE CMEIICHHUE
CBETa raJIaKTUK BBI3BAHO TaK K€ YMEHBIIIEHUEM CKOPOCTH PACIPOCTPAHEHUS

BCJIICOCTBUC ocJiabJIeHUs UX CHJIBI — YeM JaJIbIIC raJaKTHKa, TEM OoJIbIIIE KpaCHOC

CMEIICHUE.
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ONEeKTPUUECKUI 3apsA]l U AIEKTPUUYECKOE T0JIe

DJICKTPOH SBIIIETCS HOCUTEIIEM JJICKTPHUYECKOTO 3apsaa. Bee anmekrpuueckue
SIBJICHUSI OCHOBAHBI B HAJIMYHUH B BEIIECTBAX CBOOOTHBIX AMEKTPOHOB CO u
BO30YXJICHIUU UMHU BOJTH ~PM. , IPEJCTABISIONINX IEKTPUIECKOE TIOJIE.

B BelecTBax OKpy Karolel Hac Cpeibl BCerja UMEIOTCs B OONIbIIIeM HITH
MEHBIIIEM KOJTMYECTBE CBOOOHBIC AMEKTPOHHI . B HekoTophIX BemecTBax CO Moryt
HaxXOJMUThCA B T0JIe aTOMOB B 30HE JeicTBus cun +FH° -F.° | B npyrux — Ha
TTOBEPXHOCTH BEIIECTBA.

ATOMBI BENIECTBA B TIPOIIECCE ABIXaHMsI BO30YKIat0T BOHBI ~pMmt . [Ton
BJIMSTHUEM DTHX BOJIH BO30Y)KJIarOT BOJTHEI ~pM. ¥ CD. BomHa ~pM. OTTaJIKMBaeT

9JICKTPOH, ITO3TOMY CD UCHBITBIBAIOT B3aMMHO OTTAJIKMBAIOIIMEC CHUJIBI

B3aumosmusane texxc CO u 6e3 CD.

Ha puc.38a nBa mapa He 3apsoKeHBI , TO €CTh HE HMEIOT CBOOOTHBIX
AIIEKTPOHOB, CIIEA0BATENLHO, BO30YK/IAI0T MPEUMYIIIECTBEHHO BOJIHBI ~PMs
KOTOPBIE OTTAIKUBAIOT aTOMBI (M300pakeHbl C CMEMIEHHBIMU TIOJISIMU) COCETHETO
mrapa. B urore mapsl B3anMHO OTTaNKuBaroTcs. ( BiusHue BOJH Ha aTOM Takoe
e, Kakoe Ha npoToH, puc 12 ). Ha puc.386 miapel 3apsokeHbl, BO30YKIAIOT
IPEUMYIIECTBEHHO BOJIHBI ~PM. , KOTOpBIE nepementator CO cocenHero mapa Bo
BHEIIHUE CTOPOHHI . [Ipy 3TOM 1MOJISE aTOMOB HECKOJIBLKO PacCestHbl CO CTOPOHBI
CBOOOIHBIX JIEKTPOHOB, Iaphl B3aMMHO OTTaJIKuBaroTcs. Ha puc 38 B oquH map
3apsiKeH, Apyrod He 3apspkeH; CO cMeléH B CTOPOHY He3apsKEHHOTO 1iapa, oA
JICHCTBHEM €T0 BOJH ~PM. PACCESHBI MOJIsI aTOMOB 000MX IIApOB C BHYTPEHHEH
CTOPOHBI, B MTOTE MIAPhI B3aUMHO MPUTATUBAIOTCS. MeTKHue Mpo0JIroBaThie
Tenbla (ceMeHa) , HaXOsIIUeCs B TI0JIe PACIIPOCTPAHEHUS BOJIH ~PM. HITH ~PMs,
co31at0T 3PP EKT MEKTPUUSCKUX CUITOBBIX JTHMM. Ha prc.39 BOmm3u 3apsiKeHHOTO
mrapa ( 06o3HadeH CD ) HaXOATCS MPOIOJITOBATHIE TEIbIA; U3MEHEHHUS,
MIPOUCIIEIINE B
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TebIaX, N300pakeHbl. B pe3ynbrare BOSHUKIIINX CHJI TEJIbIla COSAMHSITCS B
HETMOYKY MO paguagbHON JUHUHU K 1m1apy. Ha puc.40map He 3apsikeH, BO30yXaaeT
MPEUMYIIECTBEHHO BOJIHBl ~PM.  IPUTSITUBAIOIINE 3JIEKTPOHBI, OTTAJIKUBAIOIINE
aToMbl. B pe3ynbrare BOSHUKIIIMX CUJI B aTOMaX TeJblla TaK e COSAUHATCS B
IETIOYKY paJIualibHO K IIapy. ATOM B OTIaJ€HHOM OT I1apa KOHIIE TeJblia
UCIIBITHIBAET JABJICHUE BOJH ~PM: WM PACCEUMBAHUE MOJIS BOJTHOM ~pM. JIIEKTPOHA
coceaHero Telblia. Tenblia He 3apsiKeHbl, B HUX KoiaumdecTBo CD He3HAYUTENBHO,

IMO9TOMY HX PACCCUBAHHUC ITOJIA aTOMa COCCIHETO TCJIbllAd TAK K€ HC3HAYUTCIIBLHO.

-0 @0 @
§) B

Puc. 38

Puc.39

Puc. 40

MarsutHOoe one

MarsuTHoO€E noJje BO3HHUKACT, HAITPUMED, IIPH JICKTPHICCKOM TOKC B
MMPOBOAHUKE — ABUKCHHH 3JICKTPOHOB, COACPIKAIINX B CBOEM MOJIC YACTHUIIBI M. . N3-
3a HAJIM4YMA B Opr}KaIOH_ICﬁ Ccpeac pm. , TOK B IIPOBOJHUKE IIPUBOAUT K
BO3HUKHOBCHHUIO IMOITYTHOI'O C HUM 061116 HaIpaBJICHHOI'O JIBHMKCHUS pM , CHJIa

KOTOPOTI'0, KOHCYHO K€, 10 MCPC yAAJICHUA OT IIPOBOAHNKA ITOCTCIICHHO Y6BIBaeT.
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Oo6nacts [IpocTpancTra, conepxarias nuddepeHian oo1Ie HarpaBIeHHOTO

JBWKEHMs yacTull M. , (p'M. ) , mpencrapiser co60il MArHUTHOE TIOJIE.
DNEeKTpOH B MATHUTHOM IIOJI€.

Ha puc.41snexTpoH O HaxXxoAMTCS B MArHUTHOM I10JI€ TPOBOJIHUKA C TOKOM,
n300pakEHHOM CTPEJIKOH, YKa3bIBAIOLIEH HallpaBlIEHUE JBHKEHUS dJIEKTPOHOB. Ha
PUCYHKE IPUBEJEHA TaK JKe AruarpaMmma cuibl p” M. . Tak Kak ¢ OJHOI CTOPOHBI
3JIEKTPOHA CHJIa P'M. | OOoIbIlie, BOKPYT €ro sapa BOSHUK BUXPH (OOOJIOYKH U TIOJIs),
p°M. 3 , HaIpaBJICHUE BPAIICHUS KOTOPOTO COIVIACHO OOJBINEH criie PM.1. DIeKTpoH
UCTIBITHIBACT JABJICHHE CO CTOPOHBI BCTPEYHBIX TOKOB P°M.3 M P'M. | , CTOPOHBI
OO0JIBILIETO0 XaOTUYECKOIO ABMIKEHUS YaCTUL[ M., CO CTOPOHBI MEHBIIEH CKOPOCTH
OOTeKaHUs AApa YaCTHIIAMUA M. B CTOPOHY OOJIbIIeH (IaBiIeHUe, ITOXOKee

BO3HUKHOBCHHIO TIOABEMHOM CHIIbI KPbLIa CaMOJIETa).

Ha mMecTe HaxXoXIeHHS SJIEKTPOHA B IOJIE MPOBOJHUKA C TOKOM pM.I < p°M. 3

IIOTOMY, YTO BO3HMKILINK BUXPb YCHUIIMBAECTCS OKPYKAKOLIEH CPEAOU YaCTHL] M. .
YacTuipl M. UMEIOT OOJBIION pa3Mep Mo, 3TO ONMPEAEISICT BRICOKYIO CTEIIEHb UX
cxuMaemocTu. Ha puc. 42a u3zo0pakeHbl 4acTUIl M. Ha pacCTOSHUM Hadaja
B3aMMOJICHCTBUS UX TIOJIEH, Ha pUC 0 — Ha PacCTOSTHUU Havajla B3auMOACHCTBUS

06os0uek . OObeUHUBIIIEECS T10JI€ HE M300pakeHO.
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Bce wacTuipl ucnbiThiBaroT cuiay +F (maBnenue [IpocTpaHcTBa HA YaCTHIBI
JPYT K JPYTY ), B TOM YHCJIC M YaCTHIIBI M. . 3-3a OOJIBIINX pa3MepoB IOJIeH OHU
HAXOIATCS B HEKOTOPOH CTETICHHU CHKATHs, TOATOMY OJIHOBPEMEHHO C CHIIoi +F
ucneIThiBatoT -F". [lox nerictsueM +F onu conmxkarorcs . Creneds COMMKEHUS
3aBHCHT KaK OT CWJIbI +F, Tak 1 OT BpeMeHH, B T€YCHHE KOTOPOTO OHA JCHCTBYET .
Eciu yacTuIel IBHXKYTCS BCTPEYHO 110 IMapajuIeIbHBIM TPACKTOPHUSIM, TO BpeMsI
nectBus +F kparkoBpemMeHHa, 4aCTUIIBI MOTYT HE YCIIETh CKOJIBKO-HHUOYIb
cOomm3uThes . Eciu ke OHU ABMKYTCS COTIACHO T10 TTapaJUIeIbHBIM TPACKTOPHSIM, TO
BpeMs neicTBus +F niuTcs Gombliiee Bpemst, 9acTUIIB MOTYT cOMu3nuThes. [ToaTomy
IIpU BOZHUKHOBEHUH OOIIIe HAIIPABICHHOTO JBMKCHHUS ( TOKA ) YACTHI] IPOUCXOIUT
TIOTIEPEYHOE €T0 CXKATHE , TPH MPEKPAIICHUH — ITONIEPEUYHOE PACIIUPEHUE CHIION
-F". Bo3HMKHOBEHHE TOKA YaCTHUII TPUBOJIUT TaK K€ K TOMY, YTO, HE YIaCTBYIOIIAs B
HEM, HO OJIM3KO HAXOJSINASACS, YACTHUIIA, HAPABICHUE JBMKEHUS KOTOPOU
COBMIaJacT C HAIpaBJICHUEM TOKA, HCIIBITHIBACT JIaBJIeHUE K HeMy. Ecin ke
HANPABIICHUE BIKEHUS HE COBMAIACT , BCTPEYHO TOKY, TO UCIIHITHIBACT JIaBJICHUE B
MIPOTHUBOMOJIOKHYIO CTOPOHY, TaK KaK B MPOTHBOIIOJIOKHOU CTOPOHE OOJIBIIIE
COTJIACHO C HEH JBWKYIITUXCS YaCTHUI] B CPEJIe XaOTHUCCKH JBHIKYIIMXCS YaCTHI
OKpYykarorei cpensl. Bc€ 3To mporcxonut u3-3a O00sbiero BpeMeHu aeicteus +F
Ha TapaJiIeIbHO JBIKYIIUECS YaCTHUIIBI U MEHBIIICTO BPEMCHHM JIaBJICHUS Ha

napaJui€jibHO, HO BCTPCUHO ABMXKYITHECCA YaCTHUIIBI. Takum 06pa30M CJICAYCT BBIBO.
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YJacTUlla UCTIBIThIBAET AaBinenue +F [IpoctpancTBa B Ty CTOpOHY, B KOTOPOIi OOJIbIIIEe
U OnMrKe K HEll YacTHlbl, HAIIpaBJIeHNUE JBUKEHNS KOTOPBIX COBIA/AIOT C €€
HaIpPAaBJICHUEM; YAaCTULA UCIIBITHIBAET OTTAJIIKMBAKOLIEE NaBieHue -F" ¢ Toit
CTOPOHBI, B KOTOPOi1 OoJIblIe U ONIMKE IBUKYLIUECS BCTPEUHO el yacTulpsl. [1pu
BO3HUKHOBEHHUM BUXPS 3JIEKTPOHA YaCTULBI M. OKPY’KAIOLIEH Cpe/bl, HAIIPaBICHUS
JBMKEHUS KOTOPBIX COIVIACHO HAMPABIEHUIO JBUKEHUS YACTHUL] BUXPA,
BrasnkuBatorcs [IpoctpancTBom B Buxph. [Iponcxoaur ycunenue Buxps , €ro pasmep
CTaHOBUTCA OOJBIIMM pa3Mepa Moist AeKTpoHa. [Ipu 3ToM B BUXpe y4acTBYIOT B
OCHOBHOM YacCTHUILbl OKPYKAIOIIEH Cpebl, KOTOPHIE BIETAIOT B BUXPb, 3aTEM
BbUIETAIOT. TakuM 00pa3oM, OKpYy:Karollas Cpea XaOTUUECKH JBUKYIIUXCS 4aCTULL
CHOCOOCTBYET BOSHUKHOBEHUIO U YCHIICHUIO BUXpA . Tak Kak mapajuieabHO
JBYOKYIIMECS YaCTULBI UCIIBITHIBAIOT 1aBieHUE +F Ipyr Kk Apyry, pasmep BUXps
AJIEKTPOHA UMEET HE MIapo00pa3Hyto (popMy, a CIUIFOCHYTYIO, KaKyl0 UMEIOT
CIUPAJIEBUIHBIE TAITAKTHKHU.

DNEeKTPOH B MATHUTHOM I10JI€ UCIIBITHIBAET 1aBJICHUE B CTOPOHY OOJIbILIEH
CHJIBI MATHUTHOTO T0J1s1, Ha puc.41l B cTOpoHy npoBoAHHKA ¢ TOKOM. C OmmKHEHN K
NPOBOJHUKY CTOPOHBI Spa HANPABICHUS PM.I W p°M.3 COBIAIAIOT, C
IPOTUBOIIOJIOKHOM BCTPEUHBI, TaM OOJIbLIE XaOTUYECKOIO ABM)KEHUS YaCTHUL,

Ooubliie 1aBIeHUE HA SIPO.

HpOTOH B MAaramTHOM IIOJIC.

Ha pexe BOnmu3u Oepera, re 13 BOJIbl BBICTYIAET CTBOJI AEPEBA, MOXKHO
HAOJI0ATh BpallleHNue BOMIBI BOKPYT CTBOJA. HampasiieHue BpareHus 3a1aét ObICTPO
TeKyImas 9actb peku ( cepenuna ). [IpudnHa BpaleHus BIIOJHE OYCBHU/IHA.

[Tono6HOE MPOUCXOAUT U B MAarHUTHOM ToJie. Eciii B MarHuTHOM mosne, puc.43,
HAXOJUTCS MPOTOH, C OJTHOW CTOPOHBI KOTOPOTO P 'M. | CHIJIBHEE, YeM C APYToi, TO
BOKPYT HEro BO3HUKAET BUXPh P°M. 1 0€3 ydacTusi B HEM €ro 4acTHI] 000JIOUKH U

nosisi. Ha ctopoHe BCTpEYHBIX TOKOB pM.I U P°M.T1 OOJIbIlIE XaOTHYECKOTO
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ABMKCHUS YaCTHUI[ M. , IIOOTOMY IIOJIC IIPOTOHA PACCEAHO ; IPOTOH UCIBITHIBACT

JaBJICHUC F's CTOpPOHY MEHBIIICH CHJIbI p M. i, Ha BBIXO/ U3 MAaIrHUTHOTI'O ITOJIA.

/\ ,.,«"p M.a_- -------- "‘»,‘
R \] /\
pwmi AA S pMmi Co,.4 =R
—>e A Aoiti O
‘ v pMmii ‘ ; pMI
pOM_i;[ """""""""" pOMLII I_ ________________ ﬁOM-a
Puc. 43 Puc. 44

ATOM B MarHUTHOM MOJIE

Jl7is1 BOBHUKHOBEHUSI W CYIIECTBOBAHUS BHXPSI YacCTHII M. HEOOXOIMMO:
Hanmaue B [IpocTpaHCTBE XaOTHYECKH IBIKYIIUXCS YACTHI] M. JIOCTaTOYHOM
TUIOTHOCTH; B IIEHTPE BUXPS TOJDKHA HAXOAUTHCS HE POHUIAEMAst JJIS YACTHUI[ M.
cpena; BUXPh JTOJKEH 3aMBIKaThCs BO BpallleHUH. 13 3TOoro oueBuIHO, BUXPh
AIIEKTPOHA, HAXOAIIETOCS B 30HE OOJIBIION MIIOTHOCTH MPOTOHHOTO TTOJIS,
BO3HUKHYTH HE MOXKET. BUXph MOXET BO3HUKHYTH TOJIBKO Y CBOOOIHBIX 3JIEKTPOHOB
C3. Atom 6e3 CD B MarHMUTHOM MOJie TO00E€H MPOTOHY, puc. 43. AToM ,
CoZiepIKaInid CBOOOHBIN AMEKTPOH B 30He +F° -F.° u Haxomsmuiicss B MarHUTHOM
noJie, u3o00paxxén Ha puc.44.Ob6pazoBaBuuiics BUxpb C3 crnocoOCTBYET YCUIICHUIO
BUXpS aToMa p°M.a. ATOM, COAEpKamuié B CBOEM TOJi€ CBOOOMHBIN AIIEKTPOH,
HaMarHW9IMBACTCS M UCIIBITHIBACT JiaBicHHe F' B CTOPOHY OOJIBIICH CHIIBI P M.I.

Jlnis ompeneneHust HarpaBiIeHus cuiibl F' B aToMe MOXKHO HCTIONB30BaTh
yrpoIeHHoe n300paxenue, puc. 45,rme atoM n300pakeH 0e3 Mmojsi — TOYKa , BOKPYT
HETO BUXPh p°M.a, 00pa30BaBLIMICS B MATHUTHOM II0JIE p'M. — CTPEIKH P M.
pasHol JUHBL. P' BO3HUKAeT Ha CTOPOHE BCTPEYHBIX TOKOB p°M.a M P 'M.I .

BemecTBo, cocTosiee 3 HAMarHUTUBIIIUXCSI ATOMOB, TPEACTABISIET COOOM
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ecrectBeHHbId MarHUT N (puc. 46 ),c cyMMapHBIM BHXPEM BCEX €ro aTOMOB.

pmi p°M.a pM

Puc. 45

HpOBOI[HI/IK C TOKOM B MaroHuTHOM II0JIC

Ha puc.46 a n300pakéH NpOBOJHUK C TOKOM, HAXOASIIMNCS B [I0JI€ MATHUTA
N (uunuHOp, n300paxkeén Topuom ). B mpoBomHuke nzoopaxens! atom u CO,
IIPEACTABIAIOIIMMN TOK B YKa3aHHOM CTPEJIKOW HAIlpaBJIeHUU. BoKkpyr aroma u
CD BO3HMKIM BUXPH, HABEAEHHBIE M10JIEM MarHuTa. JJIEKTPOH UCIBITHIBAET

JABJICHUE B CTOPOHY OOJBIIIEH CHIIBI MATHUTHOTO TIOJIS, TTIOATOMY H300paxEH Ha

Puc. 46

cTOpoHe MarHuTa. [I[pOBOTHUK UCTIBITHIBACT JIABJICHUE B ATY KE CTOPOHY, B CTOPOHY
OosbIel cuiibl MarHuTHOTO noJist. Ha prc.46 6 n300pakéH MpoBOAHUK C TOKOM B
TOM K€ ToJie MarHuTa. [I[poBogHNK B KOHIIE b MOAKITIOYEH K MUHYCY UCTOUYHHKA TOKA

Yyepe3 MIAPHUPHBIA KOHTAKT, 8 B KOHIE A — CKOJb3SIIUM KOHTAKTOM Y€pe3
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npoBoasmid Tok kosbLo C k mmocy. [IpoBonnuk Ab nox neiictBueM cuiel F*
BpAILlaeTCs 110 YaCOBOM CTPEJIKE, YTO MOATBEPAKAAET OTCYTCTBUE KaK TAKOBBIX
MarHUTHBIX CHJIOBBIX JIMHUHM, KOO MPHU UX HATMYUU MPOBOJHUK JOKEH ObLT OBl
OCTAaHOBUTBCS B MOJIOKEHUH, IPU KOTOPOM MAarHUTHBIE CUJIOBBIC JIMHUY MarHuTa u

IMPOBOAHUKA C TOKOM MOTJIN OBI COMKHYTbLCA.

O} dexT MarHUTHBIX CHUIIOBBIX JIMHUAN

Puc.47

Ha puc.47 u3zo6paxén maraut S-N, BOIM3M HETo MEJIKHE MPOI0ITOBaThIe
TebIa U3 HAMAarHUYMBAIOMIETOCS MeTalla. Tenblla HAMarHUTHINCh, UX CBOOOTHBIE
AIIEKTPOHBI IEPEMECTHITUCH B CTOPOHY OOJBINIEH CHIIBI MATHUTHOTO TIOJISI , BOSHUKJIH
cwibl P! B atomax, Tenblia COeTUHIIINCH B 1IeNoYKy. COBEPIIEHHO OUYEBUTHO,
BO3MOJKHBIE COCETHHE IETIOYKH OYyT UCTIBITHIBATh B3aMMHO OTTAJIKHUBAIOIINE CUIIBI

U pa3oiiyTcsi BeepoM, coznaBas 3(h(HEeKT MarHUTHBIX CUJIOBBIX JTUHUH.

DneKTpoMarHuTHast UHAYKIUS

Bo3HUKHOBEHHE TOKA B IPOBOJHUKE MPUBOJUT K BOZHUKHOBEHHIO ITOMTYTHOTO
00I1Ie HAITPABIICHHOTO JBMKCHUS YacTHII M. (P™M. ) B OKPYXKAlOIIeH MPOBOTHUK
cpene. [locnennee npuBOAUT K MONEPEYHOMY CHKATUIO PM., U OHO, ECTECTBEHHO, HE
MOXKET MPOUCXOAUTH MTOCTOSIHHO, @ TOJIBKO 10 ONPENEIEHHON INIOTHOCTU U BO BPEMSI
HapacTtaHus Toka. Ha puc.48a nBa mapasuiensHO pacronoKeHHbIe TPOBOAHNKA 1 1
2. B nposogHuke 1 TeuéT HapacTaromuii Tok. B okpyxkaromieil cpesie BosHukaer p' .,

H3-3a 4Cro nNporucCxoauT 3aBUXPCHUC roJieH CBO60I[HBIX SJICKTPOHOB COCCHETO
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NPOBOJHUKA ¥ OTHOBPEMEHHO TOMEPEYHOE cxKarue PM. (M300paKeHO CTpelTKaMu

K IIPOBOTHHKY 1), KOTOpOE MPOHMU3BIBAET IOJIE AIEKTPOHA IPOBOTHIKA 2, BBI3BIBAS
ero JBMKEHHE — TOK B MPOTHUBOMNOJI0KHOM TOKY 1 HanpasneHuu. Ha puc.6 Tok B
npoBogHUKE 1 yObIBaeT, MPOUCXOIUT MONEPEYHOE PACILIUPEHUE P M. , KOTOPOE
BBI3BIBAET TOK B POBOIHMUKE 2 B COMMIACHOM TOKy 1 Hanpasnenuu. [Ipogonbsroe p’m.
U TIONIEPEYHOE PM. MPEACTABISAIOT COOOM HE UTO HMHOE, KaK 3JEKTPOMArHUTHYIO
BOJIHY, KOTOpas pacupocTpanutcs ganee B IIpocrpancTso.

AHaNOrnyHOE NPOUCXOIUT B MPOBOJAHUKE, HAMOTAHHOM HAa MATHUTOIIPOBO,
puc.49a. B npoBopHUKE TEUET HAPACTAOIINH TOK |, BOSHHKAET BUXPh P°M. BOKPYT
Y BHYTPHU MarHUTOIPOBOJA U OJHOBPEMEHHO €ro cxatue. M3 okpyxaromen cpeasl
YaCTULBl M. BTEKAlOT B MArHUTOIPOBOJ . [Ipy 3TOM 21€KTPOHBI IPOBOJHUKA
VCTIBITHIBAIOT JIaBJICHHE TIPOTHB Toka 1. Ha puc. 6 TOK B pOBOJHUKE YOBIBAET,
IIPOUCXOINT PACIIMPEHUE BUXPS, JICKTPOH UCIBITHIBACT JABJICHUE B ITOAJIECPKKY

yOBIBAIOIIEMY TOKY.
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MarsuTtHoOeE mojie MarHuTa

Boxkpyr Bcex aTOMOB MarHuTa CymecTBYIOT BUXPH, BO BHYTPEHHHUX €T0
00JIaCTAX Ka3aJ0Ch Obl TOJDKHO MPUBECTU K UX B3aUMHOM KOMIIEHCALIUN —
OTCYTCTBUHM CyMMapHOTo BUXpsA. OTHAKO CyMMapHBIN BUXPh CYLIECTBYET U BO
BHYTpEHHEH o0nacTi Onaroaapsi 4acTUIAM M. OKpY>Karolei cpebl, O0mbIIon
UX MPOHMKAIOMIEH CTOCOOHOCTH M OOJIBIIOTO PACCTOSHHS CBOOOTHOTO IBHKESHHUS.
Buxpb MarauTa BO3HMKAaeT BOKPYT LIEHTpa O0IIel MacChl BEIIECTBA, YCHIINBACTCS
Y TIOJICP)KMBACTCS YaCTUIIAMU M. OKpYy»Karote cpenbl. Ha puc. S0uzo0pakena
AMarpamMMa CHJIbl MAarHUTHOTO ToJist (00IIe HAIPaBICHHOTO JABMKEHUS YacTHUI] M. ) Ha

ocu X MUWIMHAPUYICCKOIO Maruura.

pM

Puc. 50

C neBoli U MpaBoOi CTOPOHBI MATHUTA U300PAKEHBI CTPEIIKH, YKa3bIBAIOIIUE
HANPABJICHUE BXOJa YaCTHUIl M. OKPYXKAIOIIEH CPeIbl B MATHUT U B €TO TOJIE.
[TonoGHas nuarpaMmma Ha Bcex ocsix B npeaenax 360 . Haubonpias BerurHa p M.
B MarHuTe 1o ero nepumetpy. M3-3a Haauams 00IIero BUXps MarHuTa U BUXPS
aroma B TIOCJIETHUX BO3HUKaIOT cuiibl ' | puc. 53a.

Marsut, HarpuMmep NpSMOYToJIbHOU (opMmbl , puc.51a , MOKHO H300pa3uTh B
BUJIE TIPSIMOYTOJIbHUKA — PAMKH , puc. 516. Ecnu MarauT okaxeTcs B MoJIe JPyroro
MarHuTa, TO BOKPYT €ro aroMoB 00pa3yroTcsi HaBei¢HHbIe Buxpu. Ha puc. 52

H306pa)KCHI)I B BUAC PaMOK JiBa MaromrTa, pacCiioJOXCHHBIC B3aUMHO
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nepreHauKysipHo. Ha ctopoHax paMok ToukamMu U300pa>keHbl aTOMbI, BOKPYT HUX
HaBeIEHHbIE BUXPU OT I0JI COCEHEr0 Maruurta. P Bo3HMKaeT Ha CTOpOHE
BCTPEUYHBIX p'M. MarHuTa u HaBeAEHHOro BUXps. Ha cTopoHax, rae och HaBeIEHHOIO
BUXps aToMa MapajjiesibHa p' M. Maruuta, P' He Bo3HuKaeT. B nzobpaxénnom
IIOJIOKEHUN MAarHUThI HE UCIIBITBIBAIOT B3aUMHOI'O IPUTSKEHUS, UCIIBITBIBAIOT

TOJIBKO B3AUMHO Pa3BOpaAYUBaAOIIMC CHUJIbI.
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Puc. 52
Cuny F' uCTIBITBIBAIOT HE TOJIBKO aTOMBI, HAXOISIIUECS IO IIEPUMETPY, HO H

aToOMbI, HAXOSIIMECs] BO BHYTPEHHUX ero obnactsax. P nelicTByeT B CTOpOHY

OOJbILEH CUITBI P'M. O paguaIbHOM JTMHUU, U YeM OJIMKE K IEPUMETPY, TEM C
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OOMBIIEH CUITON — MPONMOPIIUOHATBHO CHJIE P M. Ha MECTE HAXOXKJEHUS aToMa.

Ha puc. 53a uzo0paxensl cuiibl P, qelicTByIOIIME TOIBKO Ha aTOMBI,
HaxonAIuecs mo nepumeTpy marauta. Cymmaphas cuia F*, neficTByromue Ha Bce
aToMbl B HampamieHuu K, mpomoprmoHanbHA MIOMAAN S, CyMMapHas CUiia B
HampaBiaeHuu F" mponopimonaneHa mwiomaam S, puc. 536 . Kpussie pm. —

CHJIa O6I]_Ie HAITPpaBJICHHOI'O JABMXCHUA YaCTUI M. IIOJIA MAaIrHUTAa Ha OCHU X.

S> S

Puc. 53
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KpuBas pM.I — amarpamMma CwIbl 0Ol HAIPABICHHOTO JIBIKESHUS YaCTUI] M. HA
ocu X TOKa |, MPOTEKAOIIETO B MPOBOIHUKE, HAXOSIIETOCS BOJIM3M MarHuTa.

p M. HakKJIaJBIBAETCs Ha IOJIC MAarHWTAa — 00pa3yeTcs CyMMapHoe Tojie, puc. 53B,
HapyIIaroIiee CAMMETPHIO TTOJISI MATHUTA TaK 9TO S > S, UTO PUBOIUT K

JAAaBJICHUIO MAaIrHUTa B CTOPOHY IIPOBOJHHUKA C TOKOM.

MarsuTt B MarHUTHOM I10JI€ IMPOBOAHNKA C TOKOM

A—A
" F

Puc. 54

Ha puc. 54u300pakeH MarHuT, HAXOAIIMNCSA B MATHUTHOM T10JI€ IPOBOTHUKA
C TOKOM — OKPY>KHOCTh CO 3HaKOM MUHYC, 03HAYAIOIUM, 4TO TOK (JJICKTPOHBHI)
TEUeT OT Hac. MarHuT n300pakeH B BHJIC IPSIMOYTOJIBHUKA CO 3HAKAMU TUTIOC U
MHHYC, 03HAYaIOIIMMHU HAIIPABJICHUE BPALICHHUS BUXPS P°M. , IBUKCHUE P M. —
MHUHYC OT Hac, ILTIOC K HaM. BokpyT atoMoB MarauTa (M300paKeHbI TOIBKO Ha
BEPTUKAJIBHBIX JIMHUSX CeUCHUS] A — A) BO3HUKJIM BUXPH, HABEJICHHBIC TI0JIEM
NPOBOIHUKA C TOKOM, U CHJIbI P, aHaJIOrMYHbIE pACCMOTPEHHBIM Ha pUCYHKE 52.
MarHuT UCTIBITHIBACT PA3BOPAYUBAOIIYIO CHITY JIO TE€X TOP, ITOKa TIOCKOCTh

cedyeHust A — A He CTaHeT NMPOJI0JIbHO NEPHEHAUKYISIPHON OCH TPOBOIHUKA.
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Cnabo HaMaroHmn4muBarOmeeCAa B CCTBO B MArHUTHOM II0JIC.

Ha puc. 55u306paxeHo cn1abo HaMarHHYMBAOLIEECs BELLECTBO, HAXOASALIEECs]
B I10JI€ BHEIIHErO MaruuTa. Bokpyr BeniecTsa u ero arToMoB BO3HUKIIA BUXPH P°M. ,
n300pakeHbl MYHKTUPHBIMU cTpeikamMu. Hax pucyHkoMm n3o0pakeHa yrnpouieHHast
qyarpamMma CHJIbl p'M. Ha Ocu A-A BeIecTsa.

Boxkpyr aroma, cogepxaliero cBOOOIHBIN MEKTPOH, HaXOIALIETOCs B
MarHMTHOM I10JI€, BO3HUKAET IOCTaTOYHO CHUJIbHBIN BUXPb p°M. . CTeneHp

CBO6OI[HOCTI/I SQJICKTPOHA ONPCACIACTCA INIOTHOCTBIO ITOJIA A/[pa aTOMa Ha MCCTC

p M-

Puc.55

HaXO0XKACHUS WIEKTPOHA. ECTECTBEHHO CYIIECTBYIOT aTOMBI, B KOTOPBIX JIEKTPOHBI
HAXOJATCS B 30HE CPEAHEN CBOOO/IBI, BOKPYT HUX U CJIEI0BATENBHO BOKPYT aTOMOB
MOTYT BO3HUKATh HE OYEHb CUJIbHBIE BUXPHU P°M. , TO €CTh BEIIECTBO CJIa00
HaMarHu4MuBacTCH.

W3 pucyHka o4eBUAHO, c1a00 HaMarHUYMBAIOIIEeCs BEIIeCTBO B MATHUTHOM
I10JIE C)KUMACTCA- YIUIOTHSETCS, IIPU 9TOM €TI0 TeEMIIEpaTypa yBEIUYUBAETCs; BHE

IIOJIA INIOTHOCTH BCIICCTBA BOCCTAHABIIMBACTCA — TCMIICpATypa YMCHLIIACTCA.
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ConpoTuBIEHUE TEKTPUIECKOMY TOKY.

[Ipu ABM>KEHUM 3JEKTPOHA B MPOBOJIHUKE MPOUCXOJUT €r0 CTOJIKHOBEHUE C
atoMoM, (ero BXOJ] M BBIXOJ] U3 aTOMa ), YTO MPEJCTABISIET COMPOTHBICHHUE €TO
IIPOABMIKECHUIO U IPUBOJUT K YBEJIMUYECHUIO CKOPOCTH JIBU’KEHHS aTOMA, TO €CTh
HarpeBy MPOBOJIHUKA. BX0My 3/eKTpoHa B aTOM CIIOCOOCTBYIOT €T0
IIPEUMYILECTBEHHBIEC BOJIHBI ~PM.., BOJIHBI ~pM. OTTAJIKMBAIOT IEKTPOH.
BemecTBo, aTOMBI KOTOPOTO U31y4Yat0T MPEUMYILIECTBEHHO ~PM+, OKA3bIBAET

OoJIBIIIOE COIIPOTHUBJIICHUEC DJICKTPUYCCKOMY TOKY, BCIICCTBO C aTOMaMH,

W3ITyYaOIIMMH MPEUMYIIIECTBEHHO BOJIHBI ~PM., SIBIISIOTCSI XOPOIITUMH
MIPOBOAHUKAMH TOKA.

CHITbHO OXJIAXKIEHHOE BEIICCTBO XapaKTEPH3YeTCsl MAJIOH CKOPOCTHIO
JBYKEHUST aTOMOB. [Ipr 3TOM atoMbl 00JIbIIIE COMMKAOTCS APYT K APYTY, YTO
MIPUBOJIUT K YBEIMYCHUIO U YIDIOTHEHHIO MX TToyiel. Eciu cTonkHOBEHUE aTtoma ¢
JPYTHUM aTOMOM COBIIAJIO C €r0 BIOXOM, TO IIPHJIMBHAS BOJTHA ~PM.: MOXET
OKa3aThCs JOCTATOYHO CUJILHOM, YTOO BBITOJIKHYTH JICKTPOHBI U3 30HBI ICUCT-
Bus cun +F° -F,° Bo BHemHIow0 300y +FR° -F°. 910 mpuBoaut k emi€ 6011b-
1Iel TPUIMBHON BOJTHE ~PM: K 3TOMY aTOMYy M OHa MOXKET CITOCOOCTBOBAThH K
BO3HUKHOBEHUIO CHJILHOW MPUIMBHOM BOJIHEI B IPYTOM aTOME U TIEPEXO]T €TO
AJIEKTPOHOB M3 BHYTPEHHEH 30HBI BO BHEITHIOK. ITOT MPOIIECC MPOU30HAET
JAaBUHOOOPA3HO BO BCEX aTOMax CHJIBHO OXJIKIEHHOTO BEIIECTBA — MEPEXO]]
BEIIECTBA B CBEPXIIPOBOJISINIEE COCTOSTHHE. Tak KaK 3JIEKTPOHBI aTOMOB
OKa3bIBAIOTCS BO BHEIITHUX 30HAX, aTOMBI OyAYyT U3JIy4aTh MPEUMYIICCTBEHHO
BOJIHBI ~PM. W SIBJISTHCS OTJIMYHBIMU MTPOBOJHUKAMH TOKa. CHia TbIXaHUS
aToma 1o Mepe OXJIAXKICHUS , CCTECTBEHHO, CJIabeeT; CIIa0bIMU CTAHOBSTCS U
BOJIHBI ~pM.. CUuTaBIIAsCS IO HACTOSIIETO BPEMEHH BO3MOXXHOCTh
CYIIIECTBOBaHMS OECKOHEYHO JI0JTOE BPEMS MHIYIIMPOBAHHOTO TOKA B KOJIBIIEC U3
MeTaJlia, HaXoAsIIerocs B cBepxnpososiieM coctosuuu ( Kommuns, 1957r.), He

pcajibHa. B KOJIbLIC TEUYET TOK TOJILKO B MOMEHT WHAYIOHUPOBAHUA, 3aTCM OH
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MIPEKpaIIaeTcsi, Kak U B JF0OOM MPOBOJHUKE, HO OCTAETCSI BO3HUKIIEE
MarHUTHOE I0JIE — BHUXPb, YEMY CITOCOOCTBYET OKpYKAIOIIas Cpea XaOTUUECKU
JBIDKYIIMXCS YACTUI[ M. U HEMPOHHUIIAeMasi JJIsl HUX CpeJla CBEPX OXJIAXKIEHHOTO
BenlecTtBa. Ha puc. 56a wu300paxeHbl 3TO KOJIBLO U HaJ HUM IIap M3 METaslia
B CBEPXMPOBOJAIIEM COCTOSIHUH. BOKpYT KOJibIla MAarHUTHOE T10JI€ — BUXPb,

0003HaueH 3HAKaMU IUTIOC U MUHYC. BHYTpH KoJblla BpallieHHe BUXPS,

a Puc. 56 6 e

€CTECTBEHHO, IPOTUBOIOJIOKHO BHEITHEMY. BOKpYT 11apa HaBeieH BUXPb
MarHATHBIM IT0JIEM KOJIbIla. MEX Ty MapoM M KOJILIIOM MAarHUTHOTO oISt ( BUXPS )
HET, TaM Xa0TUYECKOE ABMKEHHUE YAaCTHL] M., U3-32 BCTPEUHBIX BUXPEH 11apa U
BHYTPEHHEHN 30HBI KOJIbLIA . DJIEKTPOHBI B aTOMax KOJIbLla U IIapa CMECTUIINCH B
CTOPOHY OT 3TOM 30HBI; HIAP U KOJIBLO UCIBITHIBAIOT B3AUMHO OTTAJIKUBAIOIIUE CUJIBI.

Ha puc. 6 maraut (M300pax€éH TOPIIOM ) HAXOIUTCS HaJl OPYCKOM M3 MeTajlia
B CBEPXIIPOBOJIAIIEM COCTOSIHUU. BUXpbh MarHuTa 0XBaTbiBaeT OpYCOK, MpeBparias
€r0 B MarHuT TOM 7K€ MOJIIPHOCTH, MO3TOMY HCHBITHIBAIOT B3aUMHO OTTAJIKHABAIOLINE
CHUJIBL.

I[BI/DKCHI/IC QJICKTPOHA B MAIrHUTHOM I10JIC

Yactumamu M. , SBISIONIMMUCS YacTUIIAMHU OOOJIOUKH U TMOJISI JIEKTPOHOB,
T'YCTO 3aIOJIHEHBI BCSI OKPYKAIOIasi HAC Cpelia M BCe MaTepHaIbHbIe 0OBEKTHI. JTa

cpena mogoOHa BO3AYIIHOM, OTHOCUTENBHO HEe€ JBIKYTCS MaTepHraibHbIe OOBEKTHI,
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B TOM YMCJIC U 3JICKTPOHBI. MaTCpI/IaJ'IBHLIC OOBCKTHI JJIA HEE — A0CTAaTO4YHO PCAKOC
CKOIINICHUEC DJICKTPOHOB U ITPOTOHOB. I[J'IH ABMIKYHICTOCA 3JICKTPOHA OTHOCHUTCIIBHO

3TOH cpeabl, puc.57 a — 3TO ABMKEHUE-TOK Cpelibl OTHOCUTEIBHO HETO, pHC. 0.

9 V \K """""""" p'M_
O——> o)

Puc. 57

Ha pucynke 58 nu306paxxén npoBoguHuk Ab, ¢ anexkTpoHoM 3, ABMXKYIIUICS B
YKa3aHHOM CTPEJIKON HalpaBJICHUH B MATHUTHOM TIOJI€ MarHUTA, U300pasKeHHOM
KPY>KKOM — BUJ C TOpLIa Ha CEBEPHBIN TUItOC. [I[yHKTHpHAs OKPYKHOCTH CO
CTPEJIKOM — HaIIPaBJICHUE BPAICHUS BUXPS MArHUTa, COMIACHO YaCOBOM CTPEJIKE.
[Ipn HaXOXKAEHUH MNPOBOJHMKA B JIEBOM MOJOBUHE MOJISI MATHUTA, BOKPYT AJIEKTPOHA
BO3HHUKAET BUXPb POTUB YACOBOW CTPEIIKE — DJIEKTPOH HCIIBITHIBAET JABJICHUE B
CTOPOHY KOHI[a A MPOBOJHHKA, CO CTOPOHBI BCTPEYHBIX TOKOB €0 BUXPAa U P'M.
cpensl. [Ipy ABM)KEHNH NPOBOAHUKA B IIPABOM MOJIOBUHE MAarHUTa, BOKPYT 3JEKTPOHA
BUXPb COXPAHSAETCS B TOM K€ HANPABICHUU — AJIEKTPOH UCIIBITHIBAET JABJICHUE B

Ty 7K€ CTOPOHY, K KOHILY A IPOBOJHUKA.
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W3 paccCMOTPEHHOTO OYEBHIHA BO3MOXKHAS TpAeKTOpHs (M3BECTHAS) JIBHIKESHUS
CBOOOIHOTO (BHE MPOBOIHUKA) AIEKTPOHA B MATHUTHOM T10J1e. BOKpyT npoToHa,
HaAXOSAIIETOCS B MArHUTHOM I10JI€, TaK e 00pa3yeTcsi BUXph. Tak Kak 000JI09Ka U
10JIe MPOTOHA U3 YACTHI] M+ , BUXPh 00pa3yeTcsi BOKpYT ero noJisi. Eciu 61 mpoToH
HAXOJMJICSI HA MECTE DJICKTPOHA B JICBOM MOJIOBUHE 1MOJIsi MarHuTa (puc. 58),Ho BHE
IPOBOJTHUKA U JIBUTAJICS B TOM K€ HAIIPaBJIICHUH, TO €r0 COCTOSTHUE OBLTO OBl TAKUM,
kakoe Ha puc. 59.[IpoTOH UCTIBITHIBA OB 1aBJICHUE B MPOTUBOIIOIOKHOM, YEM

9JICKTPOH, HAIIPABJICHUU.

BzaumoBnusHue IMPOBOAHUKOB C TOKOM.

Ha puc.60 n306pakeHsl 1Ba napaiieabHO PACcONOKEHHBIX MTPOBOIHUKA 1 U

2 , 10 KOTOPBIM TEUET TOK B yKa3aHHOM CTpPEJIKOW HampasieHUH. Bokpyr

;:";A. 6] pM. I 'A‘

Puc. 60
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AIIEKTPOHOB M aTOMOB BUXPHU HE 00Pa3yIOTCS — aTOM HAXOAWTCS B TIOJIE PaBHOU
CHUJIbI TOKA P'M., @ DJIEKTPOHBI CAMH CO3JaI0T MarHUTHOE I10JIE , IIPU 3TOM
CMEIIAIOTCS B CTOPOHY COCETHETO MPOBOAHUKA, B CTOPOHY O0JIee CHIIBHOTO TOKa
P'M. . ATOMBI UCTIBITBIBAIOT IABJICHUE B CTOPOHY AJIEKTPOHOB.

Ha puc. 618 Tex e NpoBOJHUKAX TEUET TOK B IPOTUBOIMOJIOKHBIX
HaIIPABJICHUAX, JIEKTPOHBI COCETHUX MPOBOIHUKOB MCIBITHIBAIOT JABJICHHUS B

IIPOTUBOIIOJIOKHBIC APYT OT ApyTra CTOPOHLI, TAK KaK MCXKY IMMPOBOAHUKAMU

Puc. 61

HaIpaBJICHUs ABH)KCHHSA P M. BCTPCUYHBI, COS,Z[aéTC}I HX XaOTHYCCKOC IBUKCHHUC.

BemiecTBo

Mexny aromaMu, MOJIEKYJIaMH CYLIECTBYIOT B3aUMOBIIUSIHUS KaK BOJIHAMU
~pm+, puc. 16,Tak u cuiiaMmu F°, BO3HUKAIOIMMHU B UX TPOTOHAX U 3JIEKTPOHAX.
HawuOorbiiee BIMSHUE OKa3bIBAIOT dJICKTPOHBI (OHHM paHbIIC pearupyroT Ha
3aTCHEHHE), aTOMBI JIBIDKYTCS B CTOPOHY OOJIbIIIero uX KomuvecTra. [lo mepe

npUOIMXKEHHSI AaTOMOB JIPYT K JPYTY UX 3JEKTPOHBI EPEMEIIAOTCS B Ty UM UHYIO

CTOPOHY OTHOCHUTEJIBHO SAEp, CO3/1aBasi CUIIbI B3aMMOBIIUSHUS aTOMOB +F*,
aHajoruuneie puc. 8,0t +H* no -F¢' . Hanpumep, npu Bo3HukHOBeHHu cui +F°, B

9JICKTpOHAax cOMM3UBIINXCS aTOMOB, 3JICKTPOHLI CMCIIAOTCA BO BHYTPCHHHE
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CTOPOHBI — aTOMBI UCTIBITBIBAIOT +F1* . [Ipy Bo3HMKHOBEHUU cuil —F°, , aTOMBI
OTTAJIKUBAOTCA APYT OT Apyra cuinoi -F,* u tak nanee.

OueBuaHO, o AeUCTBUEM crl F' aTOMBI MOTYT COEAUHUTHCS APYT C APYIOM,
o0pa3ysi MOJIEKYILY, B KOTOPOI aTOMbl MOTYT HaXOJUTHCS B 30HaX JEHUCTBUS CUII

+F' F¢ nwmn +R' -F¢' B 3aBUCHMMOCTH OT CKOPOCTH X CTOJKHOBEHUS.
B3anmoBnusiHuE MOJIEKYI, O4EBUIHO, ONIpeesieTcs cumamu +F" |

quarpaMMa KOTOPBIX Takke mojoOHa auarpamme cui +F°, puc. 8.

CoenuHuBIIMECS MOJIEKYIbI, HaXOsAIMECs B 30HE ercTBus cunn +R" -,
MPEACTABISAIOT OYEBU/IHO KHUIKOCTh, a HAXOAAIIMEeCs B 30He aeicTtBus +H"  -Fg"

— TBEp0E BeleCcTBO. B MoJieKysie aTOMBI HAaXOAATCS B KOJIEOATEIbHOM COCTOSHUU
OTHOCHUTEIHLHO JIPYT APYyTa, CIEN0BATEIHHO, MOJICKYIIBI U3Ty4atOT BOJTHBI ~PM;
OKa3bIBaIOIIME B3aUMHO OTTalIkuBaroliee aeicteue -F.~. [loatomy st coequHeHus
MoJeKyn cunamu +F' M HeoOxoaumo npeononeBats ..

ATOMBI, MOJIEKYJIBI B BEIIECTBE MOCTOSTHHO HAXOSTCS B COCTOSTHUHT
NBIDKEeHMS. HampaBieHre JIBHXKEHMS 3aJIal0T UX 3JIEKTPOHBI. DJIEKTPOH B aTOME
CMEIAeTCs B Ty CTOPOHY, OTKyAa UAET HAUMEHBIIICH CUITbI U3TYICHUE BOJH ~PM. .
ATOM ABWKETCS B 3Ty CTOPOHY JI0 T€X TIOP, TTOKA HE M3MEHUTCS CTOPOHA

HAUMEHBIIIEH CHJIbI ~PM., 1 TaK IIOCTOAHHO.

Bo3Mo:xHOCTB CymcCTBOBaHUS BCIICCTBA

ComnacHO 000J049HOM MOCIEN0BATENIBHOCTH CYILIECTBOBAHUE HJIEKTPOHOB
00513aHO HAJIMYMIO YACTHUL] IPOCTPAHCTBA. Ma2, M32, M22, M1.1, Mo; HX OTCYTCTBUE
IIPUBOJMT K pacnany 3JE€KTPOHOB. AHAJIOTUYHO, OYEBHUIHO, U Y IPOTOHOB.
EctecTBeHHO, B LIECHTpaIbHOM YacT OOJIBLION MAcChl BEIECTBA OIPAaHUYEH TOCTYI
yactul [IpocTpaHcTBa K 21€KTpOHAM U MPOTOHAM, TaM IIPOUCXOAUT UX pacmna,
TIOATOMY W3 TIIyOWH 3BE3/ U TUTAHET yeT 3(QUPHBIIH-KOCMIUYECKU BeTep (M3BECTHBIN
KPAaCHBIM CMEIIIEHHEM CBETa B TPAaBUTALIMOHHOM I10JIE 3€MJTH) B MEKTATaKTHIECKOEe

[TpoctpanctBo, Bo3moxHO U B [IpocTpanctBo mexay CkI . Takum o6pa3om Bo
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Bcenennoii mpoucxoaut kpyroo6opot. B mexranakruueckom IIpoctpanctse
NEPBUYHBIE MaJIblE€ YACTHULIbI, COEIUHSSACH B CTPYKTYpPHBIE CKOIUIEHUS, PUC.D,
YKPYIHSIIOTCSL ¥ BTEKAIOT B TAIAKTUKY; 00pa3yroTCsl 31€KTPOHBI, IPOTOHBI, HEHTPOHHI,
aTOMBI, MOJIEKYJIbI, BEIIECTBO, 3BE3/BI.

3aKOHOMEPHOCTb YMEHBIUICHUS BEJIMYMH M YacTHI] 10 MEpE YIAJIECHUS OT
3BE3/1bl, TAJIAKTUKH CO3AET YCIOBUs OTCYTCTBUS BO3MOXXHOCTH CYLIECTBOBAHUS
BELIECTBA B MEK3BE3IHOM, MeKranaktuieckoM [IpoctpancTse. s cymecTBOBaHUS
3NIEKTPOHA, HApUMEP B Mek3Be31HOM [IpocTpaHcTBe, HEOOXOAUMBI YaCTHUIIBI M2
JOCTaTOYHOM TUNIOTHOCTHIO. BO3MOXKHO, TOCTarouHas MX IIOTHOCTh o0Opa3yercs

TOJIBKO B OKOJIOBBéB,Z[HOM HpOCTpaHCTBC.

CBepXTeKyUYeCTh

DNEeKTPOH B aTOME MEPEMEIAETCsl B CTOPOHY, OTKyJa UAET Oonee cinabas cuiia
U3ITy4eHUs BOJH ~pM.. CBepX OXJIAKIEHHBIN aTOM U3JIy4aeT BOJHBI ~pM. ci1aboi
CUJIbI, MO3TOMY B OKPYXAIOIIMX €T0 HE OXJIAKIEHHBIX aTOMAX AJIEKTPOHBI
CMENIaloTCs B €ro cTopoHy. Eciu cBepx oxnakaéHHas KUIKOCTh HAXOJUTCS B
COCYyJIe U3 He OXJIaXAEHHOTO BEIECTBA, TO €€ aTOMbI OyAYyT UCIIBITHIBATH BIUSHUE
BOJIH ~PM. U OT HECKOJIHKO OTIaJIEHHBIX aTOMOB BEIIECTBA, PUC.62,9TO MPUBOAUT K
(BTSITMBAHMIO) TEUH JKUIKOCTH IO CTEHKE COCY/IA.

bru3ko cOnmmM3uBIIMECS aTOMBI )KUIKOCTH U BEIIECTBA B3aMMHO
OTTAJIKUBAIOTCSI — BJIEKTPOHBI CMEIIIAIOTCS B TPOTHUBOIOJIOKHBIE CTOPOHBI U3-32

BO3HHKHOBCHHA B HUX CHIJI —on .

Puc. 62
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JIBMKEHHUE B Ta30BOM Cpe/ie IIEKTPOHA, YCKOPSAEMOT'0 3JEKTPUUYECKUM MOJIEM

Omeit JI. ®panka u I'. I'epra 1913r.

CBOOOTHBIN JIEKTPOH B 3JIEKTPUIESCKOM I0JIE€ IBIKETCS yCKopeHHo. Ha puc.
63, B ra3oBoi cpejie Ha paccTosHMHM 5 L co3gaéres anekTpuyeckoe moje
10 5 B. CepbIMu KpyramMu 0003Ha4€HBI aTOMBI Ta3a, IOMAaHHBIMU CTPEJIKaMu —
TPACKTOPUU JBUKEHUS DIIEKTPOHOB. /[BMXKYIINKCS 3JIEKTPOH IPU ONPEACIEHHON
CKOPOCTH, JOMYCTUM V1, MOXKET CTOJIKHYTHCSI C aTOMOM , BOUTH U BBINTH U3 HETO
(aToM MOXeT coaepKaTh TOJIBKO OMPEACIIEHHOES HX KOJIHYECTBO ), IPU MEHBIIIHX KE
CKOPOCTAX HE CTaJKUBAETCs, 00XOMUT ero. JlomycTuM: 3leKTpOoH NpuoOpeTaeT
ckopocTh ViHa pacctosuuu 5 L nmpu Hanpsokenuu 1B, ( puc. a ), IpU HANPSKSHUH 2
B — Ha pacctosiHnu 4 L, (puc. 6 ), npu HanpspkeHun 3 B — Ha paccrostaud 3 L,
(puc. B ), npu HanpsbkeHud 4 B — Ha pacctosiHuu 2L (puc. r), Ipu HanpsHKEHUH 5 B

— Ha paccrossauu 1 L (puc. 1 ). Ha pucyHke NyHKTUPHBIC JTMHUU TPASKTOPHIA

o I 7 S c YR ;
82 g ® Qa __________ o ~Q
C T ~Q @ Q.
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ABWIKCHUA DJICKTPOHOB O3HAYAIOT ABUKCHHUC C MCHBIIICﬁ, qeM V1 CKOPOCTBHO,

CINIOIIHBIC JIMHUHN — ABHXXCHHC C OoJbIIICH CKOPOCTBIO.

I[BI/DKCHI/IC aroMa B MarHuTHOM IIOJIC

OmneiT O. HTepua u B. I'epnaxa, 1921r.

B BemecTBax OKpy Karoiei Hac CpeIbl BCeria UMEIOTCsI CBOOOTHbBIE
AIIEKTPOHBI, KOTOPbIE HAXOASTCS BHE MOJII aTOMOB, HO HaXOASTCS BOJIM3U HUX
noj AercTBueM cuiibl +F°. PaHee BBISICHUIIM, HE HAMAarHUYMBAIOIIUECS
aTOMbI UCIIBITBIBAIOT JABJICHUE B CTOPOHY MEHBIIEH CHJIbI MATHUTHOTO TOJIA
HaMarHM4YUBaroIuecs (MMEIe CBOOOTHBIC JICKTPOHBI) — B CTOPOHY OOJIbIIEH
cuibl. B oneite O. lllTepHa oHM aTOMBI BBIJIETAH U3 CEPEOPSHOTO IIaprKa C

CBO6OI[HLIM SJICKTPOHOM, APYIrue 663, IMO3TOMY OTKIIOHAJIHUCH B Pa3HbIC CTOPOHBI.

Paccesinue pentrenoBckux syueid. dpdext Komnrona, 1923r.

PenTrenoBckue (JIy4w ) BOJHBI BOHUKAIOT IIPH CKOPOCTHOM CTOJIKHOBEHUH
CBOOOMIHBIX JIeKTpoHOB CD ¢ BemecTtBoM. B cBoOomHOM coctosinuu CD UMEIoT
MaKCHUMaJIbHBIN pa3mep nosist. [Ipy CTOJTKHOBEHUHU € BEIIECTBOM OH BXOJISIT B HETO U
3HAYNATEIHHO ( BO3MOXKHO TIOJTHOCTBIO ) TEPSIOT CBOE IOJIE, BO30YXK/1ash OTIIMBHYIO
nojty BoJHy ~pM.. CD B BellleCTBE B3aUMHO OTTAJIKUBAIOTCS, [IOATOMY IOCJIE€ BXOJa
B BEII[ECTBO BBHITAJIKMWBAIOTCS M3 HETO U BHOBH MIPHUOOPETAIOT MAKCUMAIILHBIN pa3Mep
0J1s1, BO30YK1asi MPUJIMBHYIO MOy BOJIHY ~pM. . OTJIMBHAS U IPWJIMBHAS TIOTTY
BOJIHBI TIPEJICTABIISIOT PEHTI€HOBCKYIO BOJHY. BOJTHBI AeKTpHUECKOTro MoJis
MIPEICTABIISIOT TaK K€ ~PM. , HO BO30YK/IeHHbBIE 0€3 BX0/Ia-BbIX0/1a U3 BEIIECTBA,
no3Tomy ciabee. PeHTreHOBCKasi BOJIHA ~pM. , HA0EKaB B BEIIECTBO U OKA3aBIINCH B
obnacTy OMKaKIIero K Kparo atoMa, puc. 640, BEITATKUBAET €ro AIEKTPOH U3

BCIICCTBA , pUC. a. (pM OKa3bIBACT HaA 3JICKTPOH AABJICHNC B CTOPOHY
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o0IIIe HAMPaBIIEHHOTO JBMKEHUS ). DJIEKTPOH, OKA3aBIINCh B MEHEE TUIOTHOM cpefe
YAaCTHUIL M+ , IPUOOPETAET U3 OKPYXKAIOIIEH CPelibl YACTULIBI M. , YBEJIMUYUBAS
pa3Mep MoJsl U CO3/1aBasi STUM MPUIMBHYIO MOJIy BOJIHY ~PM.. 3aT€M 3JIEKTPOH
BHOBb IIPHOOPETAETCSA aTOMOM, BXOJIUT B BEIIECTBO U OKAa3aBILIKCh B 00Jiee MJIOTHOM
Cpelle YacTHI] M: , PACCEMBAET YaCTHUIIbI CBOETO MOJIsl, BO30YX/1ast OTJIMBHYIO MOTY
BOJIHY ~pM.. LIeHTp nprJIMBHOM NOJTy BOJIHBI OKa3bIBAETCS BHE BEILIECTBA, A LEHTP
OTJIMBHOW — BHYTPH BEILIECTBA.

CoBeplileHHO 0Y€BUTHO, AJIMHA BOJHBI, BO30YKIaeMasi 3JIEKTPOHOM pa3inyHa

B 3aBUCUMOCTH OT ymiia HaOmronenus a, L,> L, , mpuuem pasnocts Lo- L,

Puc. 64

COMIaCHO PUCYHKY , YBEITMUMBAETCS MPOMOPIMOHANIbHO yriiy a ot O° go 180 .

s Li=2L % a/180

Okcnepument K. Jleuccona u JI. Ixepmepa. 1927r.

Raccesnue QJICKTPOHOB MOHOKPHUCTAJIJIOM HHUKEJISA>

B paznene «Paccesnue peHTreHOBCKHX Jydeit, ¢ ekt Komnrona» onucan

MCXaHU3M BO3HUKHOBCHHA BOJIH ~PM. , HA3BAHHBIX B COBpCMCHHOﬁ (1)I/ISI/IKC

PCHTICHOBCKHMMU JIy4YaMH, COINIACHO AAHHOI'O UCCIICAOBAHUA — BOJIHBI CUJIBHOTO
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ANIEKTPUUECKOTO ToJIst. J[J1s MOsICHEHUST ATOTO MeXaHu3Ma Ha puc.65a, 0, B
MIOCIIEI0BATENIEHO H300paskeH 3TOT Mmpotecc. Jis yrnpoieHus n300pakeHbl TOIBKO
nosycdepsl (MOIYyOKPYKHOCTH) (PPOHTOB BOJIH, €CTECTBEHHO OHU CHEPUIECKHE.

BoJHBI 37IEKTpUYECKOTO TOJISl OKa3bIBAIOT JIABJICHHE B CTOPOHY MX
pacmipoCTpaHeHUs Ha 3JIEKTPOHBI, COTJIACHO 7, TIOATOMY B JIEKTPUYECKOM TIOJIE
AIIEKTPOHBI IBIKYTCS YCKOPEHHO. [Ipy IBMKEHUH B Ta30BOM Cpezie MPOUCXOIAT UX
CTOJIKHOBEHHS C aTOMaMH, B TOM YHCJIE BXOJI-BBIXOJ U3 HUX IMOJT00HO
pPaccMOTpPEHHOMY Ha puc.63.

ITo cytu skcniepument K. JleBuccona u JI. /[>xepmepa npeacrapisieT
skcniepumeHT JI. ®panxko u I'. ['epria, Tonbko B chepuueckux ppoHTax

-

T

Q: |

Bonna omiiBHas 0 Bonna npunusHas

Puc 65
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AIIEKTPUYECKOTO MO U Pa3HOM €ro 4acToThl ~pM. . M3 skcriepuMeHTa 04eBUIHO
3aBUCUMOCTb PACCEMBAHUS CTAJIKUBAOIINXCSA C MOHOKPUCTAIJIOM HUKEIIS
AIIEKTPOHOB OT UX cKOpocTH. [To Mepe yBennyeHus: CKOPOCTH AIIEKTPOHBI IITy0xkKe
BXOJISIT B KPUCTAJI 3aTATMBasi BpEMS UX BbIXOJIa U3 HETO, BCIEICTBHUE 3TOTO
NPWJIMBHAS MOy BOJHA 3aa3bIBAET OT OTIMBHOM, JIMHA BOJHBI YBEITUYHBAETCH,
a160 BOOOIIE HApyIaeTCs EIOCTHOCTD BOIHBI, KaK TAKOBOM, UTO IPUBOIUT K

YMCHBHICHNUIO MTHTCHCHUBHOCTH 3JICKTPOHHOI'O ITYy4YKa B IIPUCMHUKE.

3akoH ABOTaApPO

[Ipomecc CTOMKHOBEHUS-OTPAKEHUS MOJICKYJT OTIIMYAETCS OT MpoIiecca
CTOJIKHOBEHHUS-OTPAKCHUS SJICMEHTAPHBIX YaCTHIl. MOJIEKYJIbI HCITBITHIBAIOT
B3aMMOBIIUSIHIE WX BOJIHAMH JIbIXaHUS HAa 3HAYUTEITHHOM PACCTOSIHUU JIPYT OT APYTa.
Eciu coctaB BOJTH MOJIEKYJT Ha COJICP)KAaHUE B HUX COCTABJISIONINX PM+ U PM.
OJMHAKOB, TO BOJIHBI OKA3bIBAIOT HAa HUX TOJILKO B3aMMHO OTTAJIKUBAIOIIEE IEHCTBHE,
YCHJIMBAIOIIEECS TT0 MEPE MPUOIMIKEHUS APYT K APYTy. ATOMBI B MOJIEKYJIE HE
COJZIEPIKaT B CBOEM IT0JIC AJICKTPOHBI, OHU TIEPEXOAAT B MX 00IIIee YBEIMICHHOE TTOJIC
— M0JIe MOJIeKYJIbl. MoJieKkyna, TaK e Kak U aToOM, IBHKETCSI B CTOPOHY OOJIBIIIETO
KOJTUYECTBA AJIEKTPOHOB B €€ T0JI€, B CTOPOHY MEHBIIEH TUIOTHOCTH YaCTHUIT M .
Anpa aromoB coctosT u3 yactull, Ny u N, , uX KojaebaHust BO30YXKIal0T BOJIHBI ,
KOTOPBIE OTIPECIISIIOT SJHEPTETHIECKOE COCTOSTHIE MOJICKYJIbl — CHJTY BOJTH ~PM; .
DTH BOJHBI B3aUMHO IPOHU3BIBAIOT sJIpa aTOMOB COCETHUX MOJIEKYII, IPHBOIS K
BBIpaBHUBAHUIO CUIIbI KosteOanuit ux yactui] Ny u N,. Takum obpazom
BBIPABHUBAETCS SHEPTETUYECKOE COCTOSTHAE BCEX aTOMOB COCETHUX MOJICKYIL.

Bo BpeMms Boxa, B ipoliecce IbIXaHus, aTOM MIPHOOPETACT YaCTUIIBI M+ C
MOBBINIICHHO! CKOpOCThIO Vi (M3-3a gaBiienus [IpocTtpaHcTBa), IpH BBIIOXE TEPSET
CO CKOPOCTHIO V, BCIIEACTBUE 3TOTO aTOM, B KOHEYHOM UTOTE MOJICKYJIa UCTIHITHIBACT
naBjieHue F co cTopoHbI OOJBIIEH TUIOTHOCTH €€ Mo, F nelicTByeT Ha MOJICKYITbI

pa3HbIX Macc ¢ OJIMHAKOBOU CHJION, MPONOPLUHUOHAIBHOM BeinunHe Vi- V , mo3Tomy
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MOJIEKYJIbl MEHBIIIEH MACChl MPHUOOPETAIOT OOMIBIIYI0 CKOPOCTh JIBUKECHHUS, YEM
MOJIEKYJbI OONBILEN MacChl, TO €CTh SHEPTETUUECKOE COCTOSIHUE MOJIEKYJ

OIIpCACIIACT CKOPOCTh NX ABHIKCHUA — KHHCTUYCCKYIO SHCPTHUIO.

PannoaktuBHbIN anbha-pacman

CornacHo 8 oOpazoBaBuieecs ckorieHrne N, UMEIT CUMMETPUUHYIO

KOMITIOHOBKY YaCTHII U IIPCACTABIIAACT HC UTO MHOC, KaK aJ'II)(ba-‘{aCTI/IHy. Omna

MOJKET MPUOOPECTHU ANEKTPOHBI B TI0JIE U MPEBPATUTHCS B aTOM renus, puc. 66.Ha
PUCYHKE M300paKeHBI AJIEKTPOHBI, HAXOMSIIHUECS, TOMyCTHM, B 30HE JIEHCTBYIOITNX
B HUX cun —F¢’, +F’, OT 3aTeHeHus anbga-yactuieil. B mone BOIM3U MPOTOHOB
AIIEKTPOHBI TaK K€ MOTYT HAXOAUThCS B 30HE AecTBUsS ux cui —F¢°, +F°, ot
3aTE€HEHUS MMPOTOHOM, M3-32 HAXOXKJEHUS B TFIOTHOM PM. UX TTOJISI OTCYTCTBYIOT.
Yactuuibl N; u N, B sipe aToMa HaxoaaTcs B Kojie0aTeIbHOM
JBI>KEHUHM OTHOCHUTENIBHO JIPYT JApyra, IpuyeM He XaOTUYHO, a CHHXPOHHO —
OTHOBPEMEHHO YIAJISIOTCS IPYT OT APyTa, OMHOBPEMEHHO commxkatorcs. [Ipu
OJTHOBPEMEHHOM YIQJICHUH JAPYT O Apyra IMPOUCXOJIUT pacCeUBaHUE IMOJIsI aToMa B
okpyxatoriee [IpocTpaHcTBO — 3TO BBIJIOX aToMa, MPU OJHOBPEMEHHOM COIMKCHUH

— mnpuoOpeTreHue nojisi — BAOX .HacTora 3TUX KojaeOaHWil — YacToTa JIbIXaHUS
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aroMa, B IpejesiaxX 4aCcTOThl raMMa-JIy4eil.

B uactumax N;u N, Taxke npoucxoisaT KojieOaHHs U OYEBHIHO CUHXPOHHO
C IBIXaHWEM aromMa. B HOpMabHOM COCTOSIHMM CHJIa BOJIH JBIXaHHS aroma cliadas,
HO TIPH €T0 BO30YXKJIEHUH, HAIIPUMED, MPHU BBIXOE YACTHUIILI U3 JIpa, YCUIUBASTCS.

AMIuMTy1a KosieOaHusl YacTHIl B sIIpe aToMa pa3Has. AMIUIMTY/Ia YacTHII,
HAXOAIIMXCS B IICHTPE s/ipa OyAeT MEHBIIICH, YEM Y YACTHUI] HAXOISAIIUXCS B
nepudepun, HanbobIIas y KpaiHUX. B ieHTpe siapa KOHEUHO ke OyayT B OCHOBHOM
YacTULIbl, HaxXoasMecs B 30Hax -F¢°;, +F°; , kpaitnue — B 3onax -F°, +F° .B
MPOILIECCE BBIJIOXA aToMa SIAPO B3AyBaeTcs, ero kpatHsas yactuua N miam N, MoxkeT
OKazarbcs B 30He -F°; , Tak Kak 3a BpeMsl IBHKEHUS ¢ OOJIBIIICH aMILIUTYI0M OHa
pHOOpETAET NOMOJHUTEIHLHO HHEPITHIO. B 3TO 30HE y €ro 3JeKTpoHa MOXKET
BO3HUKHYTh cuia —F,°, (puc. 67 )u OH mMepeMeCTUTCS B CTOPOHY OT sApa, YTo
YBEJIMYUT BhITAJIKMBAKOIIYI0 cuily Ha N. Ha pucyHke ropu3oHTaabHBIMU
MYHKTUPHBIMU JIMHUSIMU BbIJIEJIEHBI 30HbI AecTBUs cuin P, 1 P, 1 UX BeJIMYUHbI

B HI/I(I)an CO 3HaKaMu + U -, O3HAYarOIUMHU IMPUTAKCHUE WJIW OTTAJIKUBAHHEC OT

30Ha 1 213 4 5
Cuma F° -10 -6 -5 -7 -6
P, fR | 2 || v R
F, +F° | 8 k0 +4 RS2 e, | +1 --------- + F1°3 ----------
3oHa s1pa N . .
2 | @ @ O
PMs [ > e
Puc. 67

aapa. BenmuunHbl B3ATHI NPOU3BONBHO | -8, +4, -2, +1 npuyem ams yrnpoueHus

70



OAWHAKOBBI IJIs1 IPOTOHA U JJIA 3JICKTPOHA C YUCTOM UX YMCHBIICHUA I10 MEPC

YAAJICHHUA OT AsApa B COOTBETCTBUU C HHanaMMOﬁ 8.

BepTukanbHBIMU CIUTONTHBIMY JIMHUSIME BBIJICJICHBI 30HBI, T1I€ POUCXOIUT
cymmupoBanue cui F°, u P, . B 3one 1 cymma cun -F,°, u +°, pasna-10,
ona BeITankuBaeT N, mimu N, u3 siapa. [lanee, B mporiecce ABMKCHUS YaCTHIIHI,
MIPOUCXOMST U3MEHEHUSI CyMMapHBIX CHJI, YKa3aHbl Ha puCyHKe. B 30He 5 uacTuma
MOKHUIAeT SAPO MPH JACUCTBUN HA HEE CHIIBI PABHOM -6, ONIpeIesroIell CKOPOCTh
ee BhUIETA U3 aTOMaA.

Brrxon wactuiel N U3 siapa atoma HapyIaeT ypaBHOBEIIIEHHOE €T0 COCTOSIHUE,
NIPUBOJIS K BOSMYIIICHHOMY COCTOSTHHUIO, TIPY ATOM SIIPO BO30YK/IaeT BOJTHBI OOJBIIICH
CHWJIBI B TIPE/IeNIaX YacTOThl TaMMa-JIydei.

Bo Bpems Broxa atoma, 35ekTpoH dyacTuilsl N; , Bomieniei B 300y 4, MOXET

OTJIETIUTHCS OT HEE MOJ JIEUCTBUEM OTPULIATEIBLHOM MOy BOJIHBI ~pPM: , TAK KAK OHA
OKa3bIBACT JABJICHUE HA ITPOTOHBI B CTOPOHY sipa, a Ha IEKTPOH — OT siapa. Jlanee
Niu D pasnenbHO BBIXOAAT U3 aroma, Ni 0ueBHAHO pacrajeTcs Ha JABa IMIPOTOHA.
Bo Bpemst Bnoxa atoma 31ekTpoHbl yacTuilsl N2, Boiieauiei B 300y 4, He
MOTYT IMOKMHYTh €€, OHU HaXOMAsTCs B O0Jiee TUIOTHOM Cpeie PM+ , UEM Y YACTHUIIbI

N, .

Pe3onancHOE n3nyuyeHne raMma-iryden sapom aroma

Dddext Méccbayapa

Yacrora konedbanuii Nou N; ( 1anee 9acTuIisl) B siape aToMa 3aBUCUT OT MX
TEMIIEPaTypPhl, TO €CTh OT UX CKOPOCTH ABUKCHUS. YaCTHUIIHI B siIpE JBMKYTCS
KoJie0aTeIbHO B MpeeiaX BO3HUKAIOMUX B HUX cuil -F° u +F . Ux komebGanue

ITOX0’KE Ha KojieOaHue nmagaromero € HeKOTOPOﬁ BBICOTBI HAa IMTOBCPXHOCTH CTOJIA
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ynpyroro mapuka. [Tociae kaxa0ro oTpakeHus: OT CTOJIa CKOPOCTh IapUKa
YMEHBIIAETCS U YaCTOTa €ro Kojieoanus yBenuunpaeTcsi. CKOpOCTb K€ YaCTHUIl HE
MEHSIETCS, OHU a0COIOTHO YIPYTH, TO3TOMY M YaCTOTa KOJIeOaHUsI HE YMEHBIIIAETCH.
YMEHBIIUTh UX CKOPOCTH JABHKEHUS MOYXKHO YMEHBILIUB TEMIIEPATYypPy BEIIECTBA.
JUis pe30HaHCHOTO U3JIy4Y€HUs raMMa-Iydyel siIpoM aToMa He00X0IMMO
PaBEHCTBO YacTOT OOIYYArOMIETO Jyda ¢ YaCTOTOM KOieOaHus 4acTull siapa —
4aCcTOTOM JIbIXaHUs aroMa. ECiiM 4acTOThl HECKOJIBKO OTJIMYAIOTCS, U3JIyuyeHUe OyaerT,
HO c1a00e M MMETh 4acTOTy ONM3KYIO K YacToTe AbixaHud. [lpu 3aHmkeHHON
YacTOTE U3JTy4aeMOro Jy4a MO OTHOIIECHHUIO K 00Iy4aeMOMY, MOJKHO TIOHU3UTH
TEMIIEPaTypy BEIIECTBA, YTO OBBICUT YACTOTYy KOJIEOAHUN YacTULl Apa , IpU

KOTOPOU HACTYNUT PE30HAHCHOE U3TYyUEHHUE.

DddexT Bo30YKIeHUs BOJIH Pa3HOU JJIMHBI SIPOM aroma

Snpo aroma npeacTaBisier co00U MapooOpa3HOe CKOIUIEHUE MHOXKECTBA
gactull N, 1 N; , HaXoasIIMXCs B Mpe/eiax B3auMoBusiHus cuiiamu +F°, u -F.7.
YacTuiipl, €CTEeCTBEHHO, YITAKOBBIBAIOTCS CIIOSIMU, TIOOOHO IIapo00pa3Hoit
YITaKOBKHU OWJIBSIP/IHBIX IIAPOB C YBEJIMYCHUEM X BO3MOXKHOTO KOJIMYECTBA OT CJIOS
K cJI0t0. BO BHYTPEHHHUX CJI0SIX PACIIONOKATCS, KOHEYHO )K€, YACTHIIBI CUITAMHU
B3auUMOBIHSIHES -F¢’;, +F%; , B ClIeAyIOmMuUX CI0SX YaCTHIIBI CHIIAMHU
B3auMoBnusHUS —F,°; +F°; . HacTuIsl B siipe HAXOIATCS B COCTOSTHUM MTOCTOSIHHOTO
CHHXPOHHOTO KOJIeOATeIbHOTO JBUKCHUS — OJTHOBPEMEHHO YIAJISFOTCS IPYT O
Jpyra, OMHOBPEMEHHO CONMKAIOTCS — SIIPO B3AYBAETCSI-Pa3nyBacTCs — BBIOX-
B/IOX aroMa. [Ipu 3TOM aMIuTyIa KojeOaHUi YacTUIl pa3Has , 4eM OJIM)Ke 4acTHIa K
Kparo CKOILICHHMsI, TEM OOJIbIIE aMIUINTYIa. B HOpMaTbHOM COCTOSIHHH SIIIPO
BO30y»/1aeT ciiadble BOJHBI ~pM* C 4acTOTOW B MpeeiaX YaCTOThI FaMMa-JTydei.

Ecmu atom noxBeprest Bxoay-Beixony C3, TO €ro spo MepexoauT B

B036}’)KI[CHH06 COCTOAHHC, TO €CTh YCUJIMBACTCA €I0 KOJIe6aHI/Ie, YCHUIINBAIOTCA U
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BOJIHBI ~pM#* , IpU4eM Kaxaast yactuia N U ux 3JeKTpOHbI BO30YXKAAIOT CBOIO
BOJIHY, IPY 3TOM LEHTPHI NPUIUBHON U OTJIMBHOW BOJIH OKa3bIBAIOTCS CMELIEHHBIMU
OTHOCHUTEIHLHO JPYT APyTa U TeM OOJIbIIE, UeM OJIMKE YacTHIlA K Kpato CKOTUICHHS.
Ha puc. 68Hna pagnanbHoii ntuHuu R siapa , 1omycTuM, B TOUKax MepeceueHust
BEPTUKAIBHBIX JJUHUN HA pacCTOSIHUM L, APYT OT Jpyra HaxOAWIUCh YaCTHULIBI B
MOMEHT BJI0Xa aTOMa, PACCTOSIHUUA COOTBETCTBYIOIIEH BOZHUKHOBEHHIO CUT —F¢’;
win -F4°; . B Toukax xe nepeceyeHus: BEpTUKAIbHBIX JIMHUMA C PACCTOSHUSIMH L,
JpYT OT JIpyra, JOMYCTUM, YaCTHUIbl HAXOJAWJIUCh B MOMEHT BbIJIOXa aTOMA,

PACCTOSIHMM COOTBETCTBYIOIIEH BOSHUKHOBEHUIO cuil +F°, niu +F°; .

Puc. 68

Snpo Ha paccrosHUsX L1 €ro yacTuil NpuoOpeTaroT U3 OKPYKAIOLIEH Cpe/ibl
YBEJIMYEHHOE T0JIE PM. — BJIOX aTOMa, Ha pacCcTosAHUsX L, paccenBaer nojae —
BbIZIOX aroma. BoiHbl ~pM., Bo30ykaeHHbIe aiekTpoHamMu B N, 1 N;  Tak ke
OKa3bIBAIOTCSI C CMEILIEHHBIMU LIEHTPaMH NPUIMBHON U OTIIMBHOM MOy BOJIH 11O
BBIIIIE OOPUCOBAHHOMN MPUUYNHE.

Bo30y>keHHbIe YacTUIlaMU Pa3HbBIX CJIOEB BOJIHBI OYyT BOCIIPUHUMATHCSA

PErUCTPUPYIOLIUM YCTPOUCTBOM BOJIHAMH Pa3HOM JUIMHBI B 3aBUCUMOCTH OT yIJla
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BOCHPUATHUSA, CM. pUC.64.

JHonyctum, Ha puc. 68 ,B mepBom cioe ot 1enTpa O e Ny, BO
BTOPOM M TPETHEM CJIOSAX TI0 BOCEMb, B U€TBEPTOM cJioe ofauH Ni, Ipu 5TOM B
pentreHoBckoM criekTpe B cepusix K L M N, Oynyt nuHum B konuuecTse 2, 8, 8, 1
COOTBETCTBEHHO.

Bennunna cmenienrs neHTpOB IPWIMBHOM U OTJIMBHOM I1OJTy BOJIH,
BO30Y’K/1a€MbIX YaCTHIIAMH, 3aBUCUT OT KOJIMYECTBa clioeB. Bo30yxaeHHoe
COCTOSIHHE s7Ipa OT BXoma-Bbixona CD 13 aToMa MpOSIBIIIETCS] BOSHUKHOBEHUEM CHUTBI

-F, pacrankuBatomieit wacturpl. Ha puc. 69a mu300pakeHo sapo aromMa coCTosIee

F R
O<

_FGOH _F _FGOH
IS

o
Puc. 69

TOJILKO M3 JIBYX YaCTHIl B MOMEHT BA0Xa. JlomycTuM, 4TO B ’TOT MOMEHT aTOM
noziBepres Bxoay-Boixoay CO, BClIeICTBUE Y€T0 BO3HMKIIA cuia -F , moj neiicTBueM
KOTOPOH YaCTHIIBI PA3ABUHYIUCH OTHOCUTEIHLHOTO MEPBOHAYAILHOTO TIOJIOKEHUS Ha
paccrosiaue L.

Ha puc. 696 n3o0pakeHo sapo atoma, COASPIKaIIEro ABa CJIOSI YaCTHII.
[Tocne BO3HUKHOBEHHUSI CUJIbI -F YaCTHIIBI IEPBOTO CJIOS Pa3IBUHYIIHCH
OTHOCUTEJILHO MEPBOHAYAIILHOTO TIOJIOKEHHU Ha paccTosiHue L, L< L;, Tak kak
Macca YacTHI] MOJISIKAIUX Pa3IBUTAHUIO YBEINYMIACh. JlanpHeiinee yBeanueHne

KOJIMYECTBA CJIOCB COBECPIICHHO OYCBUAHO IIPUBCACT K CIIC 6OJ'II>IIICMy YMCHBIICHUIO
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BEJTMYMHBI L, TO €CTh YMEHBIIICHUIO JIMH BOJH CIEKTpa.

L=v t, V—CKOpPOCTh pacXOXKJICHHS YacCTHUI[ , | —BpeMs pacXoKICHHUS.
EcTtecTBeHHO CKOPOCTH V 00paTHO MPONMOPIIUOHATBFHA KOJTUYECTBY YACTHIL B SIpe —
uX o0IIei Macce, BpeMs 1 Tak ke oOpaTHO IIPOITOPIMOHANIbHA 00IIel Macce
yactui siapa. CiaenoBaTelbHO YMEHBIIICHUE JUTMH BOJIH CIIEKTpa 00paTHO
MIPOITOPIIMOHAIILHO KBaIpaTy MOPSIKOBOTO HOMEpPA 3JIEMEHTA B TEPUOTUICCKOM
tabimuie Menneneena.

L=1:M?

Jucnepcust BoJH B AMGPaKIUOHHOMN penieTke

[Tpu npoxoxxaernn (HpoHTA BOJIHBI Yepes Audpakiunonnyro pemretky ([ ) ona

pacmanaercs Ha pparmeHnTsl. Ha puc. 70u300pakeHo IpoxoxkaeHUE Yepes Hee

A L,
B [ ] I—l
a — — —
5L
Al
B! —— — E—
Puc. 70

¢dponta ( A ) mmmaHOM BoiHbI ( Lo ) n dhponTa (b ) kopotkoii ( L) . OTHOIICHHE

mmHbl ppoHTa ( L3 ) B pparmenTe k muymmHe BONHEI L onpenenseT cTeneHp
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ocJ1a0IeHUs CHUJIBI BOJIHBI — YE€M MEHBIIIC BEIMYMHA OTHOIICHHA, TEM OoJIbIIIE
ocJiabieHue. CKOpOCTI) pacupoCTpaHCHUA BOJIHBI 3aBUCHUT OT €€ CHUJIbI, IIOOTOMY
IMOCJIC TIPOXOKACHUS JIydd CBCTA UCPC3 HAKIIOHHO K HCMY PACITIOJIOKCHHYIO

TU(GPaKIMOHHYIO PEIIETKY MPOUCXOAUT IUCTIEPCHSI.

I[porniecc oOpa3oBaHus siIpa aToma

B mpouecce obpazoBanus sinpa — coeaunenus yactull, Ni u N, nmelicTByror

cunel: £F°, , £F°, ; +F' u -F,". Yactums! B mporiecce AbIxanusi BO30YKIaI0T BOJTHBI
~pMt C IPEUMYIIECTBOM ~PM: , IO3TOMY MCHBITHIBAIOT B3AUMHO OTTAJIKUBAIOIILE
cuibl -F,”, posABIIAIONIMECS HA JOCTATOYHO OONBIIUX PACCTOSHUAX /10
BO3HUKHOBEHUS B HUX cHJl +F°; , HO B UX 3NIeKTpoHaxX cuibl +F°, BO3HUKAIOT
paHbIle, Ha erie OONBINX PACCTOSHUAX. IIEKTPOHBI B UX MOJISIX CMEIAIOTCS B
CTOpPOHY 3aT€HEHHUs, BOZHUKAET cwiia +F' | mpuHyxaaroomas K ABUKESHUIO
CONMM3MBIIMXCS YaCTHIL ApYyT K Apyry (puc. 15) 10 Bo3HUKHOBEHUs B HUX CHl +F°; .
Cymma cun +F' u +FR°, moryt npeononets -F.°; , Tak 4YTO YaCTHUILIBI COEAUHATCS U
OydyT coBepIlaTh KojieOaTeNbHbIe ABMKEHUS Ha CpeJHEM paccTosiHuu L, apyr ot
Jpyra B npeaenax aeucrsus cui +F°, u -F4°; . Jlanee, ¢ 1BymMsi cO€AMHUBIIUMUCS
AHAJIOTMYHBIM 00Pa30M COEIUHSATCS CICIYIOIINE , CKAarTuBasch ciaoeM (chepoit)
BOKpYT HUX (LeHTpa cdephl) Ha paccTossHuU Ly > L, , Tak Kak B HUX 3aTCHEHUE
co3/maeTcs AByMs 4acTHIlaMu, Ha OosbiieM pacctossaud. [Ipu noctmwkenunn K = 8
— KOJIMYECTBO YacCTHII B CJIO€, YCTAHOBUTCSI PABHOBECHOE COCTOSIHUE , puc. /1,
YaCTHIIBI PACTIONIATAIOTCS B yIVIaxX KyOa Ha paBHBIX PACCTOSHUIX L, Kak OT MeHTpa,
TaK U OT COCEIHUX, TAKOE€ BO3MOKHO TOJIKO MPU BOCHMU YacTHUlIax B ciioe . PaBHoe
PACCTOSIHME MEXK/ly YaCTULIaMHU O3HA4aeT PAaBHOE BOJIHOBOE PACCTOSHUE MEXKIY
HUMH, TO €CTh MEXTY HUMU YKJIaJbIBAETCA PABHOE KOJIUYECTBO BOJIH, YTO
CrocoOCTBYET PE30HAHCHOMY BO30YK/IEHUIO BOJIH YACTUIIAMHU CJIOS U sI/Ipa.

JIBe yacTHIIbl B LIEHTPE SApa HAXOASATCS B COCTOSIHUM KoJieOaHUs

OTHOCHUTEJLHO JPYT Apyra — BO30Y>KIEHUU BOJIH. DTHU BOJHBI TPUBOJIAT B
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Ls

Puc. 71

KOJI€0ATENbHOE [BUKEHUE M YACTHIBI , HAXOMAIIMECS B CIIOE, ONHOBPEMEHHOTO
yIaJ€HHs OT LIEHTPA, OJHOBPEMEHHOIO IIPUOIMKEHHs K HeHTpy. [Ipu 5ToM
IPOMCXOIUT U3MEHEHHE PACCTOSHUS MEKILY HUMM, 9TO IPHBOIHUT TAKKE K
BO30YKIEHUIO MMH BOJIH, TaK YTO CKOIIEHHE HAXOOMTCS B COCTOSHUM CHHXPOHHOIO
KoJIe0anus — BO30YXKIEHUH BOJIH, COMPOBOKIAEMOE MPHOOPETEHUEM YACTHI] M.
M3 OKPY/KAIOIIEN CPEMIbI, 3aTEM UX PACCEMBAHUEM — 3TO JIBIXAHUE CKOILICHUS.

Wrak, yacTHIbI B CKOIUIEHWH B BUJIE Ky0a yIEpKUBAIOTCS Ha PABHBIX
PaCCTOSIHUAX PABEHCTBOM JEHCTBYIOMIUX MEXKTy HUMU cutl +P, u -7,

EcTecTBEHHO ¢ 06pa30BaBIIMMCS CKOIIEHHEM C OJHHUM CIIOEM MOTYT
COENIUHATHCS CIEAYIOLINE YACTHIBI , IPpU 3ToM 3ateHenue (3'%) B Hux Gymer
CO3/1aBaThCsl IECATHIO YAaCTUL[AMU, TaK YTO UX PacCTOSIHUSA OT neHTpa L, > L;.
BHOBb COEIMHUBIINECS YACTHIIBI TAK JK€ 00Pa3yIoT paBHOBECHOE COCTOSHUE,
aHAJIOTHYHOE MIPEBIAYIIEMY B BUJIE Ky0a, puc. 72 —3TO CKOIUIEHHE CO BTOPHIM
CIIOEM.

JlanbHelilee cCOeIMHEHNE YACTHIL ¢ CKOIJIEHUEM IIPOUCXOAUT MX 3aTEHEHUEM
(3'®) BOCEMHAAUATHIO YACTHIAMH, TIO3TOMY cyMMa cul +P' u +F°, Bo3HuKaeT Ha
OOJIBILIEM PACCTOSHUU U MOKET Pa30rHAThH YACTHILY TAK, YTO OHA MOXKET MPOCKOYUTh
-F.°, 30mb1 3'® 1 BoiiTH B 30HY 3'° Broporo cnos. HekoTopele 4acTuIbl, HeE
IIPUOGPETS TOCTATOYHYIO CKOPOCTH JUIS IPEOAONEHUs 4%, , MOTYT OCTAThCS B 30HE

38— o510 TpeTHii ol , ero paccrosHue or nentpa Lz > L,. Bo Bropom ke cioe
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KOJIMICCTBO YaCTUI MOKCT YBCIMYIUTHCA 10 IPEACIIBHOIO BOCCMHAILATH, ITPpH

KOTOPOM CJIOM TIpeNICTaBIsAeT chepy, BO3MOKHO, C MATUYTOJIbHBIMU TPAHIMH, B yIjIax

D O

Puc. 72
KOTOPOM HaXOAATCS YaCTULBI. boabIIero KoJm4uecTBa 4aCTULl BTOPOU CIION IPUHSATH
HE MOXKET, TaK KaK JOCTaTOYHO CUJIbHBIMU CTAHOBATCS CUJIBI -+ U M3-3a paBHO
OJM3KOTO PACCTOSHUSA MEXAY HUMH.

AHaNIOrMYHBIM 00pa30M NPOUCXOANT JaJIbHENIIEE YBEIUUEHUE CKOIUIEHHS 10
00pa30BaHMs M3BECTHBIX TPETHETO CJIOS C MPEAEIBbHO BO3MOKHBIMU TPUALIATHIO
JByMsI YaCTULIAMH B CJIO€ U JIaJie€ YETBEPTOTO, MATOT0, IECTOI0 — CONIACHO HBIHE
CYILLECTBYIOILLEH TEOPUN PACIIPENEIICHUS NIEKTPOHOB B aroMax. CONIacHO AaHHOTO
UCCIIEZI0BAHUS PACCMOTPEHHOE CKOIUIEHHE — 3TO SAPO aToMa.

Bce vacTuip! B siipe aroma Bo30yKAat0T B OCHOBHOM BOJIHBI ~PMs+ , OT
KOTOPBIX BO3HUKAIOT CHJIbI F~. DTH CHJIBI OT YaCTHULL CIIOEB, HAIPABJIECHHBIE K
LEHTPY A1pa, CYMMUPYSCh YCUJINBAIOTCS, HAIIPABIEHHBIE K€ OT LIEHTpa —
pacceuBarorcs. [1o Mepe yBenMueHns: KOJIMYecTBa CI0EB SAApPa, CUJIbI HAIIPaBICHHBIC
K LEHTPY 3HAYUTEIBHO YCUIMBAIOTCA, YTO IPUBOJIUT K IIEPEXOY YACTHULL
BHYTPEHHHUX CJIOE€B U3 30HbI B3auMOBIusAHuA F4°y  +F°, B 30ny F¢'n  +F°y.

ATOM C BOCEMBIO YaCTHLIAMH BO BHEIIIHEM CJIO€ s1/Ipa SIBISAETCS HHEPTHBIM, TaK

KaK YaCTHI[bl BHEIIHETO CJIOS Pa3MEIICHbI OTHOCUTEIBHO JIPYT Apyra U LEeHTpa sapa
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Ha PaBHBIX PACCTOAHUAX, YTO CO3AACT YCIOBUA B036Y)KI[6HI/I$I UM CHUJIBHBIX BOJIH

JBIXaHUS ~PM+ U IPUOOPETEHUS aTOMOM TUIOTHON YITAaKOBKHU CJIOS SJIEKTPOHOB,
UCKJIFOUAIOIIE BO3MOXKHOCTh UX CMEIICHHSI B KaKyI0 JTHOO CTOPOHY.

Brrsicaum npudnHy Bo30yKIeHUS ClIa0bIX BOJIH ~PM: aTOMOM Ha IpUMeEpe
sIpa KUCIOPOa, Y KOTOPOTO BO BHEHIHEM CJIO€ IIECTh YAaCTHI] BIIOJIHE
CUMMETPUYHBIM UX pacnojokeHueM, puc. /3.1leHTpanbHas yactTula sAapa,

HaXOZSAIIASACS 3a YACTHUIIEH cIos1, N300pakeHa KPYKKOM.

Bung A

Puc.73

C
Cl

~
|

Puc. 74

Paccrosinus C gactuil ci0s OT EHTpa AApa He paBHA paccTosiHUIO D Mexay
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JacTUI[aMU B ciioe. B ciydae B3moxa sjipa n3MeHEeHUe PacCTOSHUN YacTHI] OT IIEHTpa
¥ OTHOCHUTENLHO IPYT apyra taxxke pasanussl, D'-D > C'-C, puc.74 Yacrora
BOJIHBI, BO30Y’K/1aeMasi 4aCTUIIaMU TTPU U3MEHEHUH PACCTOSTHUSI MEXKTy HUMU
OTIPENIETISIETCSI CKOPOCTHIO UX JIBUYKCHHSI K CKOPOCTBIO PACIIPOCTPAHEHUS BOJTHHBI.
CrnemoBarenbHO YacTUIIBI BO3OYKIAOT BOJHBI, COEPIKAIIUE IBE HATIOKHBIITHECS
94acTOThI, OHU €CTECTBEHHO ci1adee, YeM BOJIHBI O€3 HaKIaIKh — B CJI0€ C BOCEMbIO
JaCTUIIAMH, B 3Ta CJIA00CTh YBEIIMUUBAETCS TI0 MEPE YMEHBIIICHHUS KOJTMYECTBa
YaCTHI] BO BHEIIHEM cJioe. YacCTHIThI BHEIITHETO CJI0si Hanbosiee OJIM3KU K

OKpY>KaoIIeH cpejie, MO3TOMY UX BOJHBI ONPEIETSIOT B3AUMOBIUSIHUE aTOMOB.
[Ipouiecc oOpazoBaHUs MOJIEKYI.

OO6pazoBasiirecs siipa aTOMOB BO30YKJAIOT MPEUMYILIECTBEHHO BOJIHBI ~PM: ,
HO3TOMY IPUOOPETAIOT 3IEKTPOHBI B CBOE MOJIE 1O YPAaBHOBEUINBAHUS
COCTABIISIIOIIUX ~PM+ U ~PM., IPU KOTOPOM BXOJI AJIEKTPOHOB MPEKPAILLIAETCSI.
PaccTosiHue 31eKTPOHOB OT $Apa 3aBUCUT OT €r0 MacChl — 4YeM OOJIbIlIe Macca, TeM
Jayblle, a KOJIMYECTBO 3aBUCUT OT CHJIBI ~pPM+ — 4€M OO0JIbIlIe CUIIa, TEM OOJIbIIE.
SAnpo ¢ BOCEMBIO YAaCTUIIAMU BO BHEIITHEM CJI0€ 003aBOAUTCS] HAMOOIBIIITM
KOJINYECTBOM 3JIEKTPOHOB, 00pa3yIOIIUM IJIOTHO (B perenax paBeHcTBa cuil -+ u
+F°, ) 3anonHeHHY0 cepy BOKPYT SApa; AP0 C MEHBIIUM KOJINYECTBOM
003aBOANTCA C HEAOCTATOUHBIM KOJIMYECTBOM JUIsI 00pa30BaHUS 3alI0JTHEHHON
c¢epsl. [loaTOMy npu cOIMKEHNN aTOMOB C HE MOJIHOCTBIO 3aII0JIHEHHBIMU
SNIEKTPOHHBIMH c(pepaMu UX NIEKTPOHBI CMEIAIOTCS B CTOPOHY 3aTCHEHUS,
BO3HUKaeT cuiia +F' | aTombl cONMMKaroTCs 10 BOSHUKHOBEHMSI B HUX cuil +F*
KOTOpBIE COBMECTHO IPE010IeBatoT -, , BO3MOXKHO U -F4* — aToMbl COETUHSIOTCH,
coBeplas Koyie0aTeNbHbIe ABMKEHUS B ipenenax -F* +F* |, wim B npenenax -F¢*
+Fs" . ATOMBI C TUIOTHO 3alI0JTHEHHBIMU AJIEKTPOHHBIMU cpepaMu TaKuM 00pa3oM He
COEIUHSIOTCS , U0O UX CPEPbl CMECTUTHCS B KaKyI0 TUOO CTOPOHY HE MOTYT.

[Tocne coenuueHus AByX aTOMOB 00pa3yeTcst ux o0IIee yBEIUUYEHHOE MOJIe

80



pPM: ¥ BO30YXIalOTCsl BOJHBI ~pM; 00Jiee HU3KOM 4acTOTHI (4eM 4acToTa siipa) u3-3a
KOJIeOaHUsI aTOMOB OTHOCUTENBHO JIPYT Apyra. BonHbI ~pM, HU3KOW YaCTOTHI
CO3/IAI0T Ha CIIEAYIOIIUN aTOM OTTaJIKuBaroniee Aeicteue -F, . BoiHbl BbICOKOI
~F,~ 4acToThl MOTYT AEMCTBOBATH OTTAJIKMBAIOIIIE HA YACTHUILy MaJIOTO pa3Mepa, Ha
YyacTUIly OOJIBIIETO pa3Mepa He MOTYT. Pasmep yacTuIlbl JoJkeH ObITh B IIpeenax
JUIMHBI BOJIHBL. B TpeTheM aroMe KOHEYHO e IEKTPOHBI CMECTITCSI B CTOPOHY JIBYX
COEIMHUBIIMXCS aTOMOB, U B HEM BO3HUKHET cuiia +F' | HO Ha Hero OyaeT
neiicTBoBaTh -k, YTO MOXKeT MpeBbICUTh +F' 1 coequHeHne TpeThero aroMa He
npou3o0iineT. BoiHbl ~pM+ HU3KOM YaCTOTHI OT IBYX COCIUHUBIIHMXCS YaCTHUI]
pPacIpoCTPaHSIOTCS B OKpYXKarolllee MPOCTPAHCTBO HE BO BCEX HAMPABICHUSX C

OJMHAKOBOH CHJIOW, pHC. /S PM+' > ~pM. , ciefoBarensHo u ;' > -F,7 .

Puc. 75
[ToaTOMy € KpailHUM aTOMOM, IIPH YCIOBHUH 4TO -F,~ okaxketcst meHsblie +F' | Tpetuit
aToOM MOYKET COEAMHUTBCS CO CTOPOHBI MEHBIIEH cuibl - .
Ha puc. 76 u3o0paxena Mosekysa Boaopoaa BOimm3u atoma A O0bIIei

Macchel. B anekTpoHax BoaOpoAa BOZHUKIM +Fi°, U OHU CMECTUIIUCH B CTOPOHY

Puc.76
3aTeHsroIIero aroMa. [1osre MoJIeKyIbl Ha CTOPOHAX HAXOXK/ICHUS YIEKTPOHOB
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paccesiHO, TaK YTO OHA JBUKETCS] B CTOPOHY A 710 BOBHUKHOBEHHUSI B €€ MPOTOHAX
cun +F°; . I1o mepe npubnuxeHuss Kk A oHa BXOJUT B 30HY 0oJiee CUIIbHBIX BOJIH
€ro JIBIXaHUsI, YTO MPUBOIUT MPOTOHBI K KOJICOAHUSIM U BO30YKIESHUIO BOJTH
yacToTol Apixanus A . [Ipu 3ToM Mex 1y aToMaMH MOJIEKYJIBI BO3HUKAET CHJIA
-k~ , KoTOpas pa3fenuT MOJIEKYITy Ha JiBa aToMa BoJopoa. Pa3nenuBiiuiics atom,
non naenenuem cun +F°, u +F' | npeogonesaert -F,°, , Bo3MoxkHO U -F4°; 1
COEIMHUTCS ¢ A, coBeplias kosieOaHus B npezenax aeicTsus cun -k +k*, wim B
npenenax cun -F,; +F . Tak kak sgpo atoma Bojjopoga — MPOTOH, TO €0 YacToTa
KoJieOaHus OyJeT paBHOW YacTOTE ABIXaHUS A, IPU STOM OH OyJeT UCTIBITHIBATH U
NENUCTBOBaTh CUJION -F,~ Ha YacTUIIbI BHEUIHETO clios siapa A. BeneacTBue 3Toro
aToM BOJIOPOJIa YCTAHOBUTCSI HAIPOTUB MECTA HEAOCTAIOMIEH YacTUllbI ciios . Eciamn
PO A BO BHEUIHEM CJIO€ COJIEPKUT CEMb YaCTHII, TO BOAOPO/I , BO30YK/1ast BOJTHBI
TOM K€ YaCTOThI, yCHIIMBACT UCXOAAIINE OT A BOJHBI. A mpuoOpeTaeT
JOTIOJTHUTEIIBHO AJICEKTPOHBI, KOTOPBIE 00pa3yIoT MJIOTHO YIIAaKOBAaHHYIO chepy
BOKpYT Hero. Tak 4To BTOpOW aroM BOJOPOJA HE COEAUHUTHCS C A.

[Tomo6HOE MPON30iAET U ¢ aTOMaMH, BO BHEITHEM CJIOE SAEp KOTOPhIX 6, 5, 4
YaCTHI] , COSAMHUBIIUMUCS ¢ 2, 3, 4aTOMaMu BOIOPOa COOTBETCTBEHHO.

Ha puc. 77u306paxkeHo coequHenue aroma Hatpus H ¢ Monexymnoit Boab B.

Oxoo atoma kuciopozaa (0oJbIIoi KpyT) pacIoIoKeHBI IBa aT0Ma BOAOPO/Ia

Puc. 77
HAIPOTHUB JBYX OTCYTCTBYIOIIUX YACTHUI] BHEITHETO CJIOA SAapa, BHYTPU Kpyra — JBE
YaCTHIIBI CJ10s1. YaCTHUIIBI SITIEp MCIBITHIBAIOT CHIIBI -, (EIMHCTBEHHAS YacTHIIA

HaTpus CMCIIICHA B CTOPOHY OT aroMa BOI[BI) B TOM YHMCJIC U ITPOTOH aTOMa BOJAOPOJA.

82



ATOM BOZIOpO/A, OKA3aBIIHNICS B 30HE CUIIHHBIX BOJIH ~F,~ , BRITAIKUBAETCS U3
coequHenust H u B, n300paxeHo CTPEKo.

Wrak, aToM, comepskalinii BO BHEIITHEM CJIO€ siipa MEHEe BOCbMH YacCTHIl, HE
yCTOMYMB, BO30YKaeT OoJiee ciiadble BOJIHBI ~PM. , IPHUOOpPETAET MEHbBIIICE
KOJIMYECTBO JIEKTPOHOB B CBOE I0JI€, KOTOPBIE MEPEMENIAIOTCS B CTOPOHY JIPYTOro
COM3MBIIIETOCS aTOMa U TMPHUBOSAT K UX COCTUHEHUIO — O0PA30BAHUIO MOJICKYIIBI.
Monekyna HauMHaeT BO30yxaTh 0oJiee CUIIbHBIE ~pM. , IPUOOpeTaeT
JOTIOTHUTEINIBHO AJIEKTPOHBI B O0IIIEE /711 aTOMOB TI0JI€ M CTAHOBUTCS JJOCTATOYHO
YCTOWYHBBIM.

Ha puc. 78 uzobpaxena mosekyna kucinopona MK, cnesa ot Hee atoMm A, a

copasa MoJekyaa Bogopoaa MB. Onektponsl A cmectunuce B ctopony MK, A

A MK MB
a
§) Puc. 78

ucnbiTeiBaeT cuiiel +F' k MK u -F.” ot Hee. +F' < -F,7, Tak kak MK B0o30yxmaet
CWJIbHBIE ~pM. , TO3TOMY A He MoxeT coennHuThbest ¢ MK. Monekyna Bogopoa
BO30Y’K/1aeT MPEUMYILIECTBEHHO ~PM. , TOATOMY OHA CKJIOHHA COSIUHATHCS C

aroMaMM 1 MOJICKYJIaMH, BCICACTBUC YE€Ir0o BCTPEUACTCA B IIPpUPOAC JIMIIL B
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HE3HAUYUTEIbHBIX KOJIMYECTBAX, B OCHOBHOM B BEPXHHX CJIOsiX aTMoc(epsl. MB
pacceuBaet nosie MK Ha cropone 6omee cinaboit ~pM: , Tak 4TO aTOM KUCJIOPOJa U

MB ucneiteiBatoT +F' apyr k apyry u coenunsiores, puc. 6. [locne coenunenus

aroma kucioposa ¢ MB — o6pa3oBaHusi MOJIEKYJIbI BOJbI, YCHIIUBAETCS €€ ~PM. ,
PUOOPETAIOTCS JOTIOTHUTEIIBHO AJIEKTPOHBI, MOJIEKYJIa CTAHOBHUTCS I0CTATOYHO

YCTOMYMBOM, BTOPOU K€ ATOM OTAEIISIETCS .

MarautHoe noste ConHia

[IpocTpaHCTBO COAEPKUT MHOKECTBO BCEBO3MOKHBIX YACTHII, B TOM YHCIIE U
M., IMEIOIUX CBOMCTBO 00Pa30BHIBATh BUXPU BOKPYT 00Jiee KPYITHBIX,
HEMPOHUIIAEMBIX JJIS1 HUX, YACTHII, YTO MPUBEJIO OYEBUTHO K BOZHUKHOBEHUIO
BUXps-BpalleHus: p°M. BOKpyT CoJiHIIa, MPEACTaBIAIONIErO €r0 MArHUTHOE MOJIE .

[110THOCTH MOTOKA P'M. BO BpanieHu Bokpyr CoJiHIa, €CTECTBEHHO, [0 Mepe
YIAJIEHUs OT HETO YOBIBAET, TO €CTh UMEET MECTO P'M. , BCIEACTBHE STOIO BOKPYT
IUTAHET BO3HUKAIOT HaBEICHHBIC BUXPH (MAarHUTHBIC 1TOJISA), HAPABJICHUS BpallleHUs
KOTOPBIX COITIaCHBI CTOPOHE OOJIbIIeH cuilbl p M. . Bo3HUKIIIME BUXpH, paHee
YCTAaHOBWJIN, YCUIIMBAKOTCA OKPYXKAIOIIEH Cpenor JacTull M. . JJisi BOSHUKHOBEHUS
JOCTaTOYHO CHUJIBHOTO MarHUTHOTO TIOJIS TIAHETH HEOOX0IUMO HAJIMYNE B HEU
JIOCTaTOYHO OOJIBIION MAcChl BEIIECTBA U3 HaMarHu4YMBaromuxcst aromos. Ha puc.79
n3o0paxkeHa 3emiist ¢ (HaBeCHHBIM MarHUTHBIM mosieM COJIHITa) BUXpEM —
NYHKTUPHAsI OKPY>KHOCTb CO CTPEJIKOH, YKa3bIBaloLIeH HamnpasieHue BpauieHus. Ha
n3o0paxxennu 3emin (B Ha ceBepHbIi momoc N) cTpenka Vi — HanpaieHHE ¢
JBIKEHUS, V, — HalpaBJIeHUE BPaAlIEHUs BOKPYT CBOEH OCH.

JlyHna HaxoauTcs O BIUSIHUEM JIBYX MarHUTHbIX noseit: ConHua u 3emiiu,
HA PUCYHKE N300PaKEHBI IBa BUXPs, BO30YKJICHHBIC UX MOJISIMHU, OHH BCTPEUYHBI.
CuJia MAarHUTHOTO MOJISL TYHBI ONPEACIISIETCS PA3HOCTHIO CUJT BUXPEH, HAaBEJEHHBIX

ComnHieM u 3eMiiei.
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Q Connue /\ /\ 2 3emuist JIyHa\{_‘/\a}\

Puc. 79
BocTouno-3amnannbiii 3 dexr

N3BecTHO, KOCMUYECKHUE JTy4H, Taaromue nu3 Mmuposoro IlpocrpancTsa,
VCTIBITBIBAIOT OTKJIOHEHHE B MATHUTHOM 110J1€ 3€MIIH: TIOJIOKUTEIbHBIC YaCTHIIH,
BXOJISIIIIME B MX COCTaB, OTKJIOHSIOTCS K BOCTOKY, a OTpULIATeIbHbIE — K 3amany. Ha
puc. 80u300paxkeHsl 371eKTpoH O U npoToH I1, magaromye B MAarHUTHOM I10JIE

3emud , U300paKEHHOM IMYHKTUPHOM AYTOBOM CTPEJIKOM; HANpaBJICHUE JTBUKEHUS

Puc. 80

yactull — ctpenku V. Bokpyr O u Il HaBeneHbl BUXpH p°M. MATHUTHBIM TOJIEM
3eMuTi; U3MEHEHHS MPOMCIIEAININE B X 000JI0Y9Kax H300paKeHBI, B UTOTE (C yIETOM

s dekra pruc. 56) MPOTOH UCIIBLITHIBAET IaBJICHHE Ha BOCTOK, ICKTPOH — Ha 3amaj.

85



N3nyuyenne BaBuioBa-Uepenkosa

W3BecTHO, 00MydeHne )KUIKOCTH IEKTPOHAMH PaJHMOAKTUBHOTO pachaaa
BBI3bIBAET BEChMa cllaboe BUANMOE ee cBeueHue. [Ipu qoctatouHoi ckopocTu
JBUKEHUS DIIEKTPOH MOKET BOMTH UM BBIUTU U3 aroMa. Bxoj a1ekTpoHa B aToM
COITPOBOYXK/IAETCS YACTHYHBIM BBITECHEHHEM (PacCEMBAHHUEM) TIOJIS SiApa PM+ U3
aroma. CTerneHb BRITECHEHUS OIpeeliseTcs Benmuunnoi (N+1) @ N, N —komu4uecTBo
SNIEKTPOHOB B 000JI0YKE aToMa. BBIX0J] 371€KTpOHa U3 aTOMa COMPOBOXKAAETCS
npUOOpETEHNEM aTOMOM YTEPSHHOM IIIOTHOCTH pM+ MO siapa. PaccenBanue-
npuOOpeTeHHE pM. IPEJCTABIISET CBETOBYIO BOJHY. ECTECTBEHHO, CHla 3TOI BOJHBI
JOCTATOYHO ci1abasi 0 CPAaBHEHHIO C BOJIHAMHU, BO30YKJa€MbIMU CTATKUBAIOITIMHUCS

aroMaMu.

Bpamenue nepurenus Mepkypus

N3BecTHO BpalieHue nepuresns Mepkypusi — cMeleHue O0JbIIoN MoIyoCcH
e€ JUTMIITUYECKONH OpOUTHI — MEJJICHHOE BpatieHue BOKpyr CoHIIa ¢ TeYCHHEM
BPEMEHHU. ITO CUUTAIIOCH J0Ka3aTeabCcTBOM cipaBemauBoctu OTO DiHIITEeiHA Ha
OCHOBE 3/IpaBO HE BOCIIPMHUMAEMbBIX U OCMBICIUBAEMbIX YPABHEHUN KPUBU3HBI
MIPOCTPAHCTBEHHO-BPEMEHHOTO KOHTUHYYMa BOTH3U OOJBIION MaCCHI.

Bpamenue nepurenvst Mepkypust sIBAS€TCS CIEICTBUEM CHUJIbI TATOTEHUS, YTO
MOJITBEPIKIACTCS CIICAYIOIINM 3JIEMEHTAPHBIM dKcTiepuMeHToM, puc. 81.)Kene3npiii
HIapyK MOABEIIEH HA HUTU HAJl MOI0COM MarHuTta. Eciu mapuk npuBecTy B
JBHYKCHHE TOJYKOM F HeCKOJIbKO B CTOpOHE (KaK H300pakeHO Ha PUCYHKE) OT OCH
MarHuTa, MapuK HAYMHAET JIBUXKCHUE MO SJUTMITUYECKON TPAEKTOPUU BOKPYT
noyiroca Maruuta. C TedeHueM BpeMeHH 00JIblas MOJIyoCh OPOUTHI BpAIIIAETCs B TOM
e, YKa3aHHOM MYHKTUPHOM CTPEJIKOM, HalIPaBJIEHUH; CKOPOCTh BpaIllcHUs

IPONOPIMOHATIbHA BEJIMYMHE OTHOLICHHSI OOJBIION OTYOCH OPOUTHI K MAJIOM.
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Ecnmu mapuk 3aMEHUTh MAarHUTOM, POTUBOIIOIOKHBIM MOFOCOM SK N |

HaITpaBJICHUEC BPAICHUA COXPAHACTCA.

Puc. 81

Ecnu sxe maraut noasecuts noitocoM N k N, HarpaBieHue BpalieHus: O0IbIIOoHN

IMoJIyoCH 6y,Z[CT IMPOTHUBOIIOJIOKHBIM.
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