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Opyaps Bnagumumposuu  LLnonbckuii  (1892—1975) — pokTop
(hM3MKO-MaTEMATUUECKUX HAyK, 3aCNY>KEHHbIi [esTenb Hayku wu
TexHNkn PCDCP, naypeat 'ocygapctBeHHoi npemun CCCP, Bbl-
Jaolwuiica gesiTeNnb HaykKWu, BepHblii nponaraHgUCT HayyHbIX 3Ha-
HUIA. OH OblN OAHUM M3 OCHOBATENEN >KypHana «Ycnexu usnde-
CKUX Hayk», a ¢ 1936 no 1975 r., ABNASACH IMlaBHLIM pejakTopoM,
BO3rnaBnsAn paboty >KypHana.

«ATOMHasa ¢msmka» . B. LLINONbCKOro nosb3yeTcs LmMpo-
KOA M3BECTHOCTbIO W 3ac/y>KeHHbIM YCNeXoMm BO MHOIMX cTpaHax,
nepesefeHa Ha AecATKU A13bIKOB MUpa, MO Held yuyunocb He OfHO
nokoneHue ¢usnMkos. 1 B HacTosilee BpeMs BO MHOIUX By3ax
KHUrn 3. B. LLINOMLCKOro UCnosb3yTCsl Kak OCHOBHbIE y4eOHble
noco6us Mo aToMHOW (hM3uKe.

C MOMeHTa BbIXOAa MEPBOr0 U3faHUA «ATOMHOW (OU3UKM»
npowno 6onee 65 neT, HO OHa He ycTapena W He notepsna cBoei
LEeHHOCTU. DTO 06bLACHAeTCA TeM, 4YTo . B. LLINonbcKwuii YpesBbl-
yaliHO TWATENbHO U KpUTUYecKn oTbupan MaTepuasn, NOCTOSHHO
nepepabaTbiBasi, OOHOBASIT U COBEPLUEHCTBOBA/T KHUTY.

3. B. LUnonbcknii 3aHMMasiCA BOMpPOCaMW CMEKTPOCKOMUM
M NPUMEHEHUS CNEKTPasibHbIX METoA0B B 6uOM3MKe U 6uK0-
XUMUWU, UCCNegoBan CMNeKTPbl MOrAOWEHUA U UCMYCKAHUA ClOX-
HbIX OpraHUYeckKux coeguHeHwnii. B 1952 r. 3. B. LUnonbckuii
(BMecTe C COTpYAHUKaMW) OTKpbIN KBaswWMuHeiiuaTble CreKTpbl
C/TOXKHBIX OpraHn4ecKux MOMEKY/T B CrneuuasibHbIX pacTBOPUTENSX
npu HMU3kux Temnepatypax (3gpdekr LLNOALCKOro).



NMPEJUCJOBHUE K IWECTOMY H3JAHHIO

IllecToe u3manue MepBOrO0 TOMA, II0 CPABHEHHMIO C NATHIM H3Ja-
HHMEM, BHIXOIHUT IOUTH 0Oe3 U3MeHeHHH: MaTepuasa AAaHHOTO ToMa 006-
pasyioT B OCHOBHOM BOHNPOCH HACTOJIbKO IPOYHO yCTAHOBMBLIMECH,
4T0 He ObIIO HeOGXONHMOCTH TOABEPraTh 3TOT MaTepHas CKOJbKO-
uubyap cyllecTBeHHO#i nepepaboTke. IIpu NOAroTOBKe K MeyaTH
HCIpaBJIeHbl 3aMeueHHble HeTOUHOCTH, NIPOH3BeAeHb HeGoJblINe CO-
kpauenusi. Oco6o ciefyeT OrOBOPHUTb ABa 06GCTOSITeNbCTBA. Bo-mep-
BBIX, Hapsily ¢ nocrosinHo#l IInanka h, Tam rie sTo ObLIO IleJeco-
o6pasHo, BBeleHA NMOCTOSIHHAA A = h/2m; BO-BTOPHIX, HECMOTPS Ha
TO, 4TO B GOJIbIIHHCTBE OTAEJNOB (H3HKH BBeJeHa MeXAyHapoaHas
cucrema exununl CH, B naHHOH KHHre, KaK W B IPeAIIECTBYIOMIHX
u3ganusax ee, coxpanena cucrema CI'C (TouHee —rayceoBa cucTe-
ma enuHun). [IpuypHa 3TOTO COCTOUT B TOM, YTO [Ji KBAaHTOBOH
mexanuku cucteMa CH He ToJbKO He HYXKHa, HO H KpalHe Heya00-
Ha. DTO 06CTOATENbCTBO CHelHasbHO mnoxuepkuBas A. 3oMmep-
(dhenba — HHAIHATOD BBENEHHS MEXIYHAPOAHOH CHCTEMBl B 3JIeK-
TPOJHHAMHUKE.

[Ipu moAroToBKe K I€YaTH 3TOr0 ToMa O6OJbIIYI0 MOMOILb OKa-
sasa mHe T. H. BosoTHukoBa, KOTOpO# 51 BhIpa)xaio 31ech HCKPeH-
HIOIO 6J1arOAapHOCTb.

3. Ulnoasorud
MockBa — ¥3koe, Hioab 1973 T.



U3 NMPEJHUCJIOBHA KO BTOPOMY U3JAHHIO

Co BpeMeHH BBIXOJa IEPBOr0 H3JaHUS 3TOH KHHUTH NPOILLJIO Yy¥Ke
yeThlpe rofa. B TeueHHe 3TOro mepHoja s HMeJ BO3MOXKHOCTb IpO-
BEpPHTb JOCTYMHOCTh H3JIOXKEHHS H I1eJ1eCO06Pa3HOCTh MOCTPOEHUS
KHHTH, TOJb3YsCh €10 B NpPernojaBaHUU B ABYX MOCKOBCKHX BBICIIHX
yueOHbIX 3aBeleHHsIX. LIeHHbIM MaTepHanoM [Js1 MeHs OblIH TakkKe
nHCcbMa yHuTaTese, YacTh KOTOPBHIX CAMOCTOSITEJBHO H3yyasa aTOM-
HyI0 (DH3HKY 1O 3TOH KHHIe WM CHCTEMAaTH3HpOBaJjla paHee NpHOO-
peTeHHble pa3po3HeHHble 3HaHHS. MTor Bcex 3THX HaAOMIOJEHUH OKa-
3aJ/iCsi B M0JIb3Y BHIOPAHHOTO XapaKTepa H3JIOXKEHHs W IIJIaHad KHHTH.
B uactHOCcTH, 061lee 006peHHe BbI3BAJIO NapaJlies]bHOe paccMoTpe-
HU€ 9KCIIEDUMEHTAJNbHOH U TEOPETHYECKOH CTOPOH BOIpOCa, a TaKXKe
BBeJlecHHe BCIIOMOTaTeJIbHBIX [VIaB WJH mnaparpadoB, H3Jararolux
HEKOTOpble HeoOXOJAHMble CBELEHHS H3 JPYTHX pa3fesoB TeOpeTH-
yeckod ¢(usuku. Bce 310 moOyAua0 MeHsI MOJHOCTBIO COXPAHUTh Xa-
pakTep KHHTH TaKXe H BO BTOPOM HM3ITAHHH.

Tem He MeHee KHHra INOJBEpIJiach BeCcbMa CYLIECTBEHHOH mepe-
paborke. Be3 mnpeyBennueHHss MOMXKHO CKa3aTb, YTO OHa B 3HAUH-
TeJbHOH CTeNeHH HamucaHa 3aHOBO. JI crapaJjicsi mpexkje BCero
YCTPaHHTb BCe 3aMeYeHHble HETOYHOCTH, HESICHOCTH H, IO BO3MOXK-
HOCTH He paclUupsisl COLepXKaHHs, CAeNaTh H3J0XKeHHe Oojee OTUeT-
auBbIM. Jlo6aBieHus, cleJiaHHble B IE€pPBOH MOJOBHHE KHHTH, NOYTH
HCKJIIOUHTEJILHO OTHOCATCS K 3KCIEPHMEHTaJbHbBIM OCHOBAaHHSM
aTOMHOH (H3HKH, TaK KaK H3JI0XKeHHe HEeKOTODbIX SKCIIEPHMCHTOB B
NMepBOM H3JaHHU MHE Telepb KaXeTCs UYpe3MepHO 3JeMeHTAapHBIM.
Kpome Toro, Heo6xofumMo OblIO0 NMOAPOGHEe OCBETHTb Te BONPOCHI,
KOTOpBHle 3a HCTEKUIMH MepHOA BBIABHHYTH CaMHM pa3BHUTHEM
HayKH.

Brixoasiuii ceffyac mepBhIfi TOM B OCHOBHOM MOCBSILEH 3KCIe-
pUMEHTAJIbHBIM OCHOBAHHSIM $IIEPHOH TEOPUH aTOMa M KBaHTOBOH
¢usuku. OH 3aKaHYHBAETCS PACCMOTPEHHEM BOJIHOBBIX CBOHCTB Ma-
TepUH, a B NOCJAeJHeH IJaBe, N0 NMPUMepPy NPeAbAyLIero U3qaHus,
ycraHaBnuBaercsi ypaBHeHue IlIpénunrepa u paccmatpuBaloTrcs ero
npocrefliie MPUMEHEHHSI — IOYTH HCKJIIOYHTENBHO K OXHOMEDPHBIM
3anauam. TakuM 06pa3om, 3TOT TOM NpPEACTaBiasfeT co00H AOBOJBHO
3aKOHUEHHOE 1leJioe W JJIsT HEKOTOPHIX KaTeropuil uuratesell MoKeT
HMeTb CaMOCTOSITe/IbHBI HHTEpecC.

9. Ulnoasckuii
Mocksa, 1948 r,



M3 NPEOUCIHOBUA K MEPBOMY HU3JAHHIO

CoBpeMeHHasi aToMHasi (HM3HKa MOKOMTCA Ha MPOYHOM (QyHZIa-
MEHTe TaK Ha3biBaeMOH «KJaccuueckoil ¢usnku». Desnamexnoi
Oblyia Obl MONBITKA YpasyMeTb YTO-1H00 B KBAaHTOBOH MeXaHHKe, He
HMesl JOCTaTOUHBIX CBeJeHull n3 Mexanukun Hbiorona m Jlarpanxa,
uin pasobpaTbCsi B BONPOCAX KBAHTOBOH TEOPHH H3JydeHHs, He Oy-
Jy4d 3HAKOMBIM C 3JIeKTpOMarHuTHO# TeopHeit Makcseasna — Jlo-
penna. C Apyroit CTOPOHBI, MaTeMaTHUeCKHE MeTO/bl KBAHTOBOH Me-
XaHHKH MIHPOKO HCIOJb3YIOT NPHEMBl, BbipaOoTaHHbIe NPU PCIICHHH
3ajay Teopud KosebGaHHH M Apyrux npobjeM KjaacCHYeCKOH Mare-
MaTuyeckoil (Gu3uku. XOTsl TeM CaMblM OYeHb ONpeleJeHHO HaMe-
yaercsi XapakTep MOATOTOBKH, HeOOXOAHUMOH AJsi CKOJIBKO-HHOYIb
Cepbe3HOro H3y4YeHHs: aTOMHOH (H3HKH, NPHXOAHTCS CUHTATBCS C
TeM, YTO B MOCTAHOBKE IpeNoJaBaHus TeopeTHYecKOH (PU3HKH U B
0COOEHHOCTH TEOPEeTHUECKOH MEXaHHKH 3TH NMOTPeOHOCTH aTOMHOH
(U3NKH HajieKo He BCerja YYHTHIBAIOTCH B JAOCTAaTOYHOH CTeMeHH.
st Toro 4To6hl 0 BO3MOXKHOCTH M36aBHTh UMTaTeNs OT HEOOXOLH-
MOCTH HABOJUTb CIPABKH B Pa3JIMUHBIX KHHIaX, B KOTOPHIX K TOMY
XKe TpebyeMoe HepedKO AdeTcsi He B TOM BHJE, B KAKOM 3TO HYXKHO
IJIs1 JaHHOTO cJydasi, B KHHUTe BBeJeHa [OBOJIbHO OOLIHPHAs MOArO-
ToBUTeJabHass rimaBa «CrTpoeHHe artoMa H Kjacchuueckas (u3uKay.
Hywmaercs, uto Asis GOJBLIMHCTBA YHTaTes el 3Ta ryaBa OyAeT OYeHb
noJie3Ha, Apyrue ke CMOTYT BOCIOJIb30BATbCH €10 AJISL CIPABOK.
KpoMe Toro, B MOACTPOYHBIX NpHMeYaHHSAX JaHbl CCLIIKH Ha Te py-
KOBOJCTBA, TJe MOXHO MOJNYYUTb OoJjiee MOAPOOHBIE CBeLEHHS MO
TOMY WJH MHOMY BOIIPOCY, 3HAKOMCTBO C KOTOPHIM HEOOXOANMO MJIs
MOHUMAHHUS TEKCTA KHHTH.

Hpyras oco6eHHOCTb KHUTH, HYXKJAAIOIlasics B CIENHAJbHONH Oro-
BOpPKe, COCTOUT B 00JIbLIOM BHHMAaHHM, KOTOpOe B HeH yHessercs
IKCINEPUMEHTY. 1 HHUTe He OrpaHHYMBAIOCH CXKaTo# (HOpPMYJHPOB-
KOH 2KCIIepUMEHTAJIbHbIX JAAHHBIX, KAK 3TO OOBIYHO JAesiaeTcsi B KHH-
rax Mmo TeopeTHUYeCKOH (H3HKe, HO ONHCBLIBAlO, KAKUM 006pa3oM 3TH
JlaHHble TOJIyueHbl, H Be3Je CTapaloch AAaTh MOHATHE O NOPSAKaXx
BEJIUYHH, C KOTODEIMH HPUXOAUTCA UMEThb JeJO.

Bosblive TpyAHOCTH NMPHILIOCH MPEOLOJETh B BhIGOpe U pacmpe-
nejseHud matepuasna, Kak H3BeCTHO, CpelH CHNELHAaJHCTOB HET efu-
HOO6pa3usi BO MHEHHSX 0 NMOBOAY HEOOXOJHMOCTH COXPAHEHUS CBfI-
340 H3JI0XKEHHS1 aTOMHOH (U3HUKH C HCTOPHYECKOH IOCJeNOBaTel]b-
HOCTbIO ee pa3BuTHs. Cpein TEOpPeTHKOB HOBOJIBHO PaclpoCTpaHeH
B3IVIAA, YTO NpH HU3JIOKEHHH KBAHTOBOH MEXaHHKH IesnecoobpasHo
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BOOGIIe OTKa3aThCsl OT UCTOPHUECKOH NOCIe10BATEIbHOCTH H CTPOUTD
3TO H3JI0KEeHHe YHCTO JIOTHUECKH, 0oJiee HJIM MeHee JorMaTHye-
CKHM myTeM. XOTs s W He CUMTalo, YTO B yUcOHOH KHHIE HOJIKHBI
OBITh NpeACTaBJEeHbl BCe JeTajJd Pa3BHTHS TEOPHH, B YACTHOCTH Ta-
KHe, KOTOpble yKe YTPaTH/IH aKTYaJbHBIH HHTepec,— HOJHBIH pas-
PBIB C HCTOpHEH MHe NpeACTaBJseTCs HENPaBHJIBHBIM, BO BCAKOM
caydae ¢ megaroruuecko# touxku 3penud. Ilostomy B raaBe VI, mo-
CBSIIEHHON H3JYUeHHIO a6COJIOTHO YEpHOTO TeJa, pasdbsiCHSIOTCSH
IPUYHHBL KaTacTpodsl kjaaccudeckoll Guduku Ha pybexe XIX u
XX BB, a B raaBe VIII pano kpatkoe u3snoxkeuuwe teopuu Dopa,
KOTOpas MOKa elile ocTaeTcsl (BMecTe ¢ BEKTOPHOH MOIEJbIO aToMa)
BaXKHbIM MOJCIOPbEM [JI1 IKCIEPHMEHTATOPAa, H YKA34HO, IIOUEMY
3Ta TeOpPHs OKaszajach HeCOCTOSITeIbHOH. § moJjaraio, 4To TOJBKO
TAKUM TyTeM MOXKHO YOe[HTb UHTaTe/sl B HeusbexcHocTu Toro pas-
pblBa C MNPHUBLIYHBIMH HPEACTABJECHHAMH, K KOTODOMY HPHBOIUT
KBAaHTOBasi MeXaHHKA.

HanoxKenne MHOruX BOIPOCOB aTOMHOH (H3HKH HEH3GEKHO Tpe-
OyeT NIpHUMEHEHUs T'DOMO3AKOTO MaTeMaTHUeCKOro ammapara. Bo-
IPEeKH YCTaHOBHBIIEMYCS 0ObIUAl0 — ONYCKATb BLIUKCJEHHS, 51 IIPH-
BOXKY MaTeMaTHUeCKHe BBIKJaAKH AOBOJbHO NMOAPOGHO. DTO BHI3HI-
BaeT HeOOXOAMMOCTb HYACTOTO NMOBTOPEHHS OJHHX H TeX XXe ¢pas
BpOZe «NOJACTaBUM», «npoauddepeHuupyemMs» H T. . U NPHULAET H3-
JIOXKEHHIO HECKOJIbKO HeYKMIOXHH xapaktep. OmnHako, aymas ipe-
XKJe Bcero o6 MHTepecax YMTaTessl, 1 CTIOKOHHO OTKa3ajcs OT upes-
MepHO# 3a60TH 06 H3SAILECTBE CTHJS.

Camo cobo#i pasymeeTcs,, UTO HET HHKAaKO# BO3MOMKHOCTH — Ja
¥ OblI0 Gbl MeJaroruyecku rpy6o omubGOYHLIM — MPHBOAUTL BCE BhI-
YhcIeHUsT TOJHOCThIO. Ha posio uuTartesiss ocraercs AOCTATOYHOE
KOJIHYUeCTBO pPaboThl, HO CTYAEHTHl CTApLIMX KYPCOB HMEIOT YXKe
ONBIT B HM3YYeHWH TNOHOOHBIX KHHI' W 3HAIOT, UTO HX HeOBXOIHMMO
YUTATh ¢ KapaHJalloM B pykaXx. Bmpouem, XOpoiuo H3BeCTHO, 4TO
riaaBHas TPYLHOCTb AJisl HAUWHAIOLIErO H3YueHHe KBAaHTOBOH (H3H-
KH — He B MaTeMaTHKe, a B CaMOM CYLIeCTBe NpeaMeTa: B KpauHeM
cBOeoOpa3Hu 3aKOHOB AIBJEHUH, NPOTEKAUINX B MUKPOCKOIMHIECKUX
CHCTeMaX, B HX HeOOLIYHOCTH M OTCYTCTBHH HarJsigHocTH. 9 cra-
paJjcs moMOUYb YHTATEJIO NMYTEM PACCMOTPEHHS KOHKPETHBIX IpHMe-
POB, HJJIIOCTPALMH M YMCJAOBBHIX AAHHBIX H He XaJjeJa TPyJa Ha To,
qTo6Bl cHenaTh H3JOXKEHHe MAKCUMaJbHO OTYET/JHBBIM, HAaCKOJBKO
3TO AONYyCKaeTcs CYILECTBOM Jefa H MOUMH COGCTBEHHBIMH BO3-
MOXHOCTSIMH.

Pasymeercs1, s majnexk OT MBICJAH, YTO MHE YJaJOCh MPeOJOJIETh
BCe AMJaKTHYECKHe, JOTHUecKHe W MaTeMaTHUYeCKHe TPYLHOCTH, KO-
TOpble 3HAYMUTENbHO YCYryO0J/isilOTCS HOBH3HOH NpeaMera u OTCYT-
CTBHEM VyiKe CJOXKHBIIHXCH 3J0POBBIX NEIArOrHUECKHX TpaUIni.
3a Bce yKa3aHHs OTHOCHTEJNbHO KeJlaTeJIbHBIX YJAYUIIeHHH s 6ymy
NOSTOMY OYeHb HMPU3HATEJIEH.

Mockza, 1944 r. 3. Ulnoasckuil
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§ 1. OTKpbITHE 3JEKTPOHA

OTKpbITHE JHCKPETHOH CTPYKTYPbI 3JeKTPHUECKHX 3aPs10B ObLIO
cllenaHO KaK BBIBOJ M3 3aKoHOB ®apajes 00 aaexkrposuse. Hamo-
MHHUM XOJ pacCyXieHui, NpuBeAIUil K 3TOMY OTKPHITHIO.

W3 sakonoB @apajes cjaenyer, YTO e€CJAd NPOMYyCKaTb OJHO H TO
)Ke KOJHYECTBO 3JEKTpPHUeCTBA yepe3 passHyHble 3JEKTPOJHTHI, TO
KOJIMYeCTBa BelllecTBa, BhIAeNsieMble B PacTBOPax OMHOBAJIEHTHBIX
HOHOB, GyyT NPOMOPIHOHANBHB ATOMHBIM MaccaM HOHOB. Eciu 310
KOJIMYECTBO 3JIEKTPUUECTBA KaK pa3 TaKOBO, UTO OHO BbIJEJSIeT OAHH
rpaMM-aTOM ONpeJeseHHBIX HOHOB (T.e. KOJHMYeCTBO I'DaMMOB Be-
llecTBa, paBHOe ero aToMHOi macce, Hanpumep 107,88 r cepebpa,
35,45 r xy0pa ¥ T. I.), TO B JIOOOM IPYroM 3/IeKTPOJIUTE, COJAepKa-
1eM OJHOBaJIeHTHble HOHbI, OHO BBIAGIHUT TOXKE€ OJHH IPaMM-aToM
HoHOB. Tak Kak 3JMeKTPHYECKHI TOK B 3JEKTPOJHTe O0yCJOBJeH
JBHKeHHEeM HOHOB, TO Mbl MOXKeM (OpMyJHPOBATb yCTAHOBJEHHBIA
(akT, yTBepxKAasi, YTO OJHH I'PaMM-aTOM JIOOBIX OJHOBaJIEHTHBIX
HOHOB HeceT ¢ cO0O0 BcCerja OJHO M TO Ke KOJHUECTBO 3JIEKTPH-
YeCTBa, BHE 3aBHCHMOCTH OT IPHPOJABI 3THX HOHOB. DTO KOJIHUECTBO
3JeKTpHuecTBa, HasbiBaeMoe unciaoM Papages F, pasHo 96 491 Kua
win  2,892-10'4  aBCoOMIOTHBIX 3JEKTpOCTaTHUYeCKHX eduHHl. Ec-
JH Temepb IIPONYCKaTb TOK dYepe3 pacTBOPHl [IBYXBAJEHTHBIX
HIOHOB, TO OKa3biBaercsi, 4TO OLHH (apajeeB 3apsji NePeHOCHTCH
IIOJIOBUHOH TpaMM-aToMa J[BYXBaJEHTHOTO HOHa, a B TPEXBAJIEHT-
HBIX 3JEKTPOJHMTAaX — ONHOH TPeTblo rpaMM-aToMa, WJIH, MHaye ro-
BOpS, ONMH TPaMM-aTOM JBYXBaJeHTHBIX HOHOB HeceT C Cco0o#
yABOEHHbI (hapajeeB 3apsl, a OAHH IPAMM-aTOM TPEXBaJEHTHBIX
HOHOB — yTpoenHblil. Tak KakK, ¢ APyroil CTOPOHEI, N0 3aKOHY ABo-
ragpo OQHH rPaMM-aTOM JOGOTO BEUIeCTBA BCErja CONEPIKHT ONHO
1 TO Ke KOJHMYECTBO yacTull Ny U TaK Kak MBI ¢ MOJHBIM OCHOBa-
HUeM MOXKeM IPeINOJNOKHTb, YTO Bech 3apsj, MepeHoCHMblil OJTHUM
rpaMM-aTOMOM, PABHOMEPHO pacmpesesercs Ha Bce 3TH N YacTu,
TO 3apsj, MePEHOCHMBbIl KaXIblM OJHOBa/JEHTHBIM HOHOM, Oyjer
MMeTb COBEpLIEHHO ONMpe/e/IeHHYI0 BEJHYUHY e, PaBHYIO

e= F/NA, (1 .l)
3apdan, HepeHOCHMbIP’I KazKJIbIM JIBYXBaJIeHTHBIM HOHOM, 6yﬂ.eT
% — 2F /N,



14 FN. 1. 9NIEKTPOH, Er0 3APA4 U MACCA

u 8006111.8 k-BaJIEeHTHBIM HOHOM
ke = kF[N .

Hrak, Mb BHAHUM, YTO pasjiMYHble HOHBI MOTYT HECTH Ha cebe
3aps/Jbl, paBHble e, 2e, 3e, ..., HO He BCTPEYAIOTCHA HOHHI C 3apsaioM,
paBHbIM 1,5¢ unu 2,5e. Orciofa U cjaelyeT BBIBOJ, C OCOOEHHOM OT-
4eTJIHBOCThIO cOpMyaHpOBaHHBIH ['enbMrosblueM B pedH, IPOH3HE-
ceHHoll B uectb Papagmesi: «Eciu Mbl mpuHMMaeM CyleCTBOBaHHE
aTOMOB 3JIEMEHTOB, TO MBI He MOKeM H30exaTb H JAaJjbHellIero
CJIEACTBHUS, — YTO U 3JEKTPHUECTBO, KAK IOJIOKHTEJNbHOE, TakK H
OTPHLIATEJbHOE, pa3/ieleH0 Ha ONpeJeJeHHble 3JeMeHTapHble KOJH-
4eCTBa, KOTOpbIEe BEAYT Cce0s, KAK aTOMBI 3JIEKTPHUECTBAY.

Oco6eHHO CYLIECTBEHHYI0 pOJIb B MO3HAHHH ATOMHCTHUYECKOH
HPUPOJbl JEKTPHUECTBA CHIrPa/Jo H3yueHHEe NMPOXOKIEHHS 3JeKTPH-
YyecTBa B rasax. B wacTHOCTH, HCCJeOBaHUE paspsifia B pas3pekeH-
HbIX ra3ax M HM3ydyeHHe CBOACTB BO3HHUKAIOUIMX NMPH 3TOM KaTOMHBIX
Jyuyell MOKa3aju, UYTO aTOMbl OTPHIUATENBHOIO 3/EKTPHYeCTBA MO-
ryT OBITb JIETKO NOJNYYEHLl B CBOOOJHOM COCTOSIHHMH, HE CBSI3aHHBIMH
¢ OOBLIYHBIMH aTOMaMH BelecTBa. 3a 3TUMH aTOMaMH OTPHLATEJb-
HOTO 39JIEKTPUYECTBA HCTOPHUECKH YTBEPAHJIOCH Ha3BaHHE 3JIeK-
TPOHOB,

§ 2. Onpepenenue 3apsiaa 3JeKTPoHa

[IpsiMoe NOKa3aTelbCTBO AHCKPETHOCTH 3JEKTPHUECKHX 3apsAJ0B
U [epBble TOYHbIE ONpe/e/eHHs BeJHUYHHBI 3apsja 3JeKTPOHA IyTeM
HaXOX/IEHHS 3apsOB OTAEJIbHBIX YACTHL, OBLIH BHIMOJHEHB Muimu-
keHoM B 1911 r. *). Onpenenenue 3apsiga 3J1eKTPOHOB, 0CcBOOOK 1ae-
MbIX geficrBuem cBera (¢doToaddexT), MO MeTOLy, AHAJOTHUHOMY
merony Munaukena, G6wvuto BbmosiHeHo B 1918 r. A. &. Hodde.

DKCIepUMEHTAbHBI MeTOJ, NpUMeHeHHBHH MusankeHoMm, 3a-
KJIOYaJicsi B HENOCPELCTBEHHOM H3MEepeHHH 3apsija 0O4eHb MaJjeHb-
KHX Kamejnek Machaa. [IpeacraBum cefe Takyio KamneJlbKy Mexkay 006-
KJaJKaMH TOPH30OHTAJbHO PACIONOXKEHHOro KoHAeHcaTopa. Ecin Ha
[JIACTHHBE KOHJEHCAaTopa He HAJIOXKEHO IoJie, TO Kamasa OyaeT CBO-
601HO majaThb. BeaelcTBHe MaJsbix pa3MepoB Kamiasg OyneT naaaTb
paBHOMEpHO, TaK KaK ee BeC mg yPaBHOBEIIMBAETCSl CHJIOH compo-
THBJICHHS BO3JyXa, paBHOH mo 3axkoHy Crokca

F = 6nnav,, (2.1)

rje Ug — CKOPOCTb NaleHHsd, 1) — KO03()(QHUIUHEHT BHYTPECHHEro Tpe-
HHs BO3AyXa U a — PaAHyC Kamih. YCI0BHE

mg = 6an,av (2.2)

*) B roc/efHHe roAbl ONEITH, NPEACTABISIOIHE cO6Oil COBPEMEHHYIO MOAHGDH-
£ALHI0 ONBITOB MUJUIHKEHA, TIPOBOASATCS C IeJbl0 0GHApYKEHHy KBApKOB — YaCTHI
¢ APOGHHIMHU 3JeKTpHUeCKHMH 3apafamu. ([Tpun. ped.)



§ 2. ONPEAE/NIEHUNE 3APSIJA S/IEKTPOHA 15

JaeT BO3MOXKHOCTb BBIUMCJHTH pafuyc kKamiad. B camom pnene, o6o-
3HAYUM ILJIOTHOCTb BElIeCTBa KaIlJiM yepe3 o, IJIOTHOCTb BO3JAyXa
uepes p. Toraa, mpuHuMasi BO BHHMaHHe, UTO Ha IIAPHK C BECOM

mg = 4/3na30g, najamollui B BO3AyXe, AeHCTBYeT MO 3aKOHY Apxu-
MeJa ellle CMJa, HANpaBJeHHas BBepX W paBHas */snadpg, MB MO-
¥eM Iepenucath paBeHCTBO (2.2) B BHIE

im0 (0 — p) g = 6rnavy,

OTKyza
3 0¥l
R CICEDT =9

[TpencraBum cebe Temepb, YTO HA IJIACTHHBI KOHIEHCAaTopa Ha-
JIOKeHa PasHOCTh MOTEHIHAJOB, BeJIHUHHA M HalpaBJeHHe KOTOPOH
nono6paHbl TakK, YTOGBI Kameabka IIOJ AeHCTBHEM 3JIeKTPHUECKOTO
moJjisi mojHHMasach BBepxX. O6o3Hayasi yepe3 vr CKOPOCTb 3TOTO
noJabeMa, KOTOPHI, KaK M TajeHue, O6yAeT NPOUCXOAUTb paBHOMep-
HO, Mbl MOXKeM HamucaTb

&e — mg = 6nnavg, (2.4)
rge & — HaNPSIKEHHOCTb I0JsT BHYTPH KOHAeHcatopa. M3 (2.2) m

(2.4) monyuaem
6nna

(vg + vg),

HJIM, 3AMEHHB HEJOCTYIHbIH HeMOCPeACTBEHHOMY H3MEPEeHHI0 paiyc
KaIlIi @ ero BhipaxkeHueM (2.3) uepes vug,
o'

e=9 V'éé,—g",,—z( 0+ vg). 2.5)

Houusys BO3AyX MeK/1y NJIacTHHAMH KOHJeHcaTopa (Hampumep,
IIpY MOMOUIH DPEHTTeHOBCKUX Jydedl), MOXKHO H3MEHHTb 3apsil Kar-
au. Ecam npu 3TOM BeNHMUHMHY HANPSKEHHOCTH TMOJISI OCTABHUTh
npeKHeil, TO CKOPOCTb KalJH H3MEHHTCS H CTAHET DAaBHOM Uf; MbI
1MeeM

°l2
= n
& =9 V2”g};‘_g—vzg—vz("g+v's)-

KoMGuuupyst 370 BhipaxeHue ¢ (2.5), Haiinem
— o IZn /2
Ae:e—-—el=9 '\/2W(E é). (26)

M3MeHs1s1 HeCKOJMIBKO pa3 3apsifi, MOXKHO ¢ OJHOH M TOH e KameH
Ipou3BecTy 60JbLIOE YHCJAO H3MEPEHHI.



16 FN. 1. 9NIEKTPOH, Er0 3APA4 U MACCA

§ 3. MNpakTuyeckoe ocymecrBienne onsita Musaukena

TwarenbHo oTwIH(OBaHHBIE IJIACTHHE KOHAeHCaTopa P; u Py
(puc. 1) ynHep:KHMBAIOTCS HA OMPENEJIEHHOM PaCCTOSIHHM TOYHO Ia-
paJjiie/IbHO APYT APYTy NpPH TIOMOIUH H3OJMHPYIOUIel Npokaaiku JJ.
Bepxusig nnactuna P umeer B cepennHe orBepcrie O, uepes KOTO-
poe BHYTPb KOHJEHCATOpa IMOoNa aioT HCIBITYeMble KameJabKH Macha,

pacnbl/IsseMoro NpH HOMOILH

nyJbBepH3aTopa B IHJIHHAD
0 C. HsBecTHo, uTO mpu pac-
MblJIEHHH  KUAKOCTel obpa-
: ‘ y  BYIOLLHECS KaIlli HecyT SJeK-
il a &/ TPHUECKUH 3apsi, TakK uTO
J$ L >>/  BHYTpb KOHJeHcaTopa Ioma-
f 2 £ JAIOT yIKe 3apsiKeHHble Kall-
au. Hepes okowko F; Kanesib-
Ka ocBellaercs OOBIYHO CBe-

7] =y

TOM JAyru; HaOJlofeHHe Ke
Puc. 1. Cxema kongeHcaropa Mumm-  BeJETCS IPH MOMOIIH MHKpPO-
KeHa. ckomna yepes okowko Fj. Tak
Kak HabJrofeHne NMPOUCXOLUT
B HalpaBJIeHHH, MEPNEeHAUKYASIPHOM K OCBelllalollleMy MyuKy CBeTa,
To BbiOpaHHas KameJbKa B IIOJIe 3pEHHsi MHKPOCKONA BHJHA, Kak
sipKasi 3Be3Jl0YKa Ha TeMHOM (oHe (KaK B YJbTPaMHKPOCKOIE).
Okno Fy cnyXHT AJS1 BBIXOAA IydKa CBeTa, TaK Kak, MOIVIOIIAsCh
CTEHKaMH KaMephbl, CBeT BbI3BaJ Obl BHYTpPH Hee HepaBHOMEpPHOE Ha-
rpeBaHue M IIOTOKH BO3JAyxa, Meularmoliue HabmopeHusMm. Yepes To
e OKOIIKO Fy BHYTpb KOHAEHCATOpa MOTYT OBITb NMPONYIIEHbl PEeHT-
reHOBCKHE JIYy4H, CO3[alolllie HOHH3aLHI0 BO3AyXa, B pe3yJbTaTe
KOTOPOH 3apsijl KaleJqbKH MOXKeT ObITh H3MeHeH. IlosHas cxema
ycTaHOBKH Mu/IIHKeHa TpHBeJeHa Ha PHUC. 2.

M3mepenne cKOpPOCTH MajfeHHss WJIH NMOAbEMa KamleJbKH IPOH3-
BOJAMJIOCH IIyTeM OINpelesNeHHss NPOMEXYTKa BpeMeHH, HeoOXOIH-
MOTO /151 MPOXOMKAEHUS MEXKAY ABYMS HHTSMH, PACHOJONKEHHBIMH
B (pOKaNbHOI MJOCKOCTH MHKDPOCKONA; 3a Mepy CKOpPocTH 6paJjach
o6paTHas BeJHYHHA 3TOr0 NPOMeXYyTKa BpeMeHH. B Tabauue I npu-
BeJleHO HECKOJbKO pe3ynabTaTtoB uaMepenuii Munaukena. CorsacHo
(2.6) usMeHeHHe BeJMUYHMHBI 3apsija NpH Nepe3apsiike NOJKHO ObITh
NPONIOPUHOHANBHO PAasHOCTH cKopoctell v, — 0. Ecam ara pas-
HOCTb OKaXKeTCsl LeJbIM KPaTHBIM OJHOH W TOH Ke BeJUYHHE, TO
MOXKHO yTBEpzKAaTh, YTO H3MEHEHHe 3apsfa MPOHCXOAUT He Hempe-
PBIBHO, @ KOHEUHBLIMH IOpuuaAMH. HeTBepThill ¥ NATHI CTOJOLB Ta6-
JHIBl TIOKa3bIBAIOT, YTO 3TO HMEEeT MeCTO Ha caMOM jeJse: C TOY-
HOCTBIO [0 HECKOJbKHX €IHHMIL B NSATOM 3HAKe 3apsii M3MeHsSeTcs
na 6, 7, 1, ... enMHHL, NMpHUeM caMa eIMHHIA TNepe3apsiiku (ms-
THI cTONGen TabJHIbLI) MMeeT NMOCTOSTHHOe 3HaueHue (B Ipejaenax
OWKOKH ONbITA).
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®opmyna (2.5) nokasbiBaer, 4yTo abCOJIOTHAs BeJIHYHHA 3apsia
KalJu J0JkKHa ObiTh NMPONOPLUHOHAIbHA CyMMe Ug + Ur (LIecTol

. B=/ racogy

c

T
Fr

o LI'M——— _QE_f—_

Puc. 2. Cxema ycTaHoBKH MUJUIMKEHA: @ — HCTOYHHK CBeTa; @, d — GHIBTPH AJs

MOTJIONIEHHsT TEMJOBHIX Jyueil; P3P, — koujpeHcatop; AD — myabBepHsarop nJs

nmoJyueHHst kamesek macaa; G — MacasHas BaHHa (TepMocrat); B — GaTapes;
M — MaHOMeTpP; R — peHTreHoBckas TpyOka.

cronben Tabaunel). Ecan aTH cyMMBl OKaxXyTcss KPATHBIMH OJHOH H
TOH K€ BeJHYHHE, TO 3TO O3HAYaeT, UYTO 3apsj CKJAaAbIBAeTCs H3

Ta6anma I
O6part- PasHocTb
Bpew | spoun | spenen Omocuremitan | YRS, i
noj’beMa| noxbeMa “‘::%"é;“é“‘ 2;&-’}’{0 2;’,},2;‘;? BpeMen | Uneso |  BenmunHa
B ozex- | B axex- | SR | mepesapsiaxn | MAACHMA |NMHUL|  eAMHHIL
tone | mone | paaxn fsapmr| 1 ¢ 1 R ST
tp, 1 1 1 Ku n’ _n/‘ —1—_—1_-) _IT+_. _L(.L-’.—_l_)
- 7._-_1_ tE E tg ) tp n tg tp
E E E .
80,708 0,01236 0,09655 | 18 0,005366
0,03234 6 0,005390 +6
22,375 0,04470 0,12887 |24 0,005371
0,03751 7 0.005358 -7
140,565 [ 0,00719 0,09138 | 17 0,005375
0,005348 | 1 0,005348 +1
79,600 | 0,01254 0,09673 | 18 0,005374
0,01616 3 0,005387 +3
34 785 0,02870 0,11289 |21 0,005376

*) Cpennee fg = 11,880, rie fg — BpemMs NMajeHHd B MOJe CHIbI TIKECTH.
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nucKpeTHhix enunul. CeapMOi W BOCBMOH CTOJMOLLI IOKA3LIBAIOT,
4TO W 3TO MMeeT MecTO B JeficTBuTenbHOCcTH, HakoHel, u3 cpasHe-
HHsl ISATOIO U BOCBMOTO CTOJAOLOB BHAHO, UTO €ANHHIIA Nepe3apsiaKu
W eIHHHIA 3apsiia MexkAy cofoil coBINaAaloT, ONSATH-TAKH C TOYHO-
CTBIO IO HECKOJBKHMX €IHHHI B OSITOM 3Hake. TakuM oOpasoM, aHa-
JU3 TabJaulbl JaerT MHOJHOE H HENOCPeACTBeHHOe AOKAa3aTeJbCTBO
JHCKPETHOH IMpPHPOJALl JEKTPHUECKOTO 3aPAa — aTOMHCTHKH 3J/eK-
TPHYECKHX SIBJIEHHH.

Jlas Tounoro ompeneseHusi abCOMIOTHOH BeJAHYHHBL 3apsja 3JeK-
TPOHA B YHCJA, NOJyYeHHbIE NPU MOMOILH (opMyanl (2.5), Heo6xo-
JHMO BHECTH CYyIlecTBEHHYIO HompaBKy. B camom Jese, 0Kas3asoch,
UTO €CJIM ONpelensiTh 3apsj KalleJeK pas3/JHuyHOro pajuyca, TO NpH
yMEHbIIEHHH TOCJIEIHero BHaYaJjie MOJydyaloTcs IOCTOSIHHbIE 3Haue-
HHS e, HO JJsi OUeHb MaJieHbKHX Kalejek e OBICTPO BO3pacTaer ¢
yMeHplieHHeM paanyca. Takum 06pasom, BHIXOJHUT, YTO 3aPd/l 3JeK-
TPOHA He HMeeT NOCTOSHHOTO 3HA4YeHHs, 4 MOXKET 3aBHCeTh OT pPas-
MEpOB Kame/JbKH. :

Munnuker o0bSICHHA 3TOT SBHO HeCOOOPA3HBIH pe3y/bTaT TeM,
yto 3akK0H CTOKca Hejb3s NMPHUMEHATh K JBHXKEHHIO OUCHb MaJeHb-
KHX kanenek. JleficTBHTeabHO, 3aKOH CTOKCa BBIBOAUTCA B NPEATO-
JIOXKEHMH, YTO JABHIKYyIleecs TeJO HMMeeT (QOpMy Llapa M 4YTO Cpela,
B KOTOPO# IIPOMCXOJHUT JBHXKeHHe,— HenpeprniBHa. [Tocaeanee mpea-
MOJIOKEHHEe 3aBeIOMO He ONpaBJblBaeTcs, KOTJAa NPH JABHUKEHHH B
rase pasMmepbl KaleJbKH CTAHOBSITCS CPaBHUMBIMH €O CpelHel IJIH-
HOll cBOGOAHOrO mpobera rasoBbIX MoJiekyJa. Takum o6pas3om, OT-
HolWleHHe A/a cpeiHefl nauHB cBOGOAHOrO mpobera K paimycy Kal-
JH MOXKeT CJYXKHTb KpPHTepHeM MPHMEHHMOCTH MJH HeNpHMEHH-
MocTH 3akoHa Croxca: €ciH 3TO OTHolleHue MaJgo (A/a < 1), 10
3akoH CTOKCAa NMPUMEHATb MOXKHO, B NPOTHBOMOJOXKHOM cCjaydae —
3akoH CTOKCA HENPHMEHHM.

HOas toro 4yTo0Bl yuecTh OTCTYNJeHHs oT 3akoHa CTokca H/s
oueHb MaJeHLKMX Kalesek, OblIO NPe/JiOXKeHO NOJL30BAaThCsl BMe-
cto (2.1) crenyollMM HCOPaBJEHHBIM BbIpayKeHHEM JI/Isi CTOKCOBOM

CHJHL
Snnavg

F=—, (3.1
1+A%

rine A — HexoTopas mocTosiHHAs. Kak BHAHO, 3TO BEIpaiKeHHe MO-
A
cTpoeno Tak, uto npu A - = 0 ono nepexoaut B popmyay Crokca

(2.1). Tlpu moMowu 3Tl HCHPaBIEHHOH (HOPMYJB Mbl NOJNyYaeMm
AJsi aBCOJIIOTHOU BeJHYMHBI 3apsjia BMecTo (2.5) ciueayioliee BH-
paxenue: .
o 9VZ an'l  (vp+o,) 3.9)
00— 1 1 ET .
(c—p)tg" g(1+/{i)/ :
a
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Uro6p HaiiTH abCOMIOTHYIO BeJHUYHHY 3apsijia No 3Toi Qopmyae,
Hajo 3HaTb nocrosgudyw A. OnHako MujlIMKeH [OKa3alj, KakHM
06pasoM MOXKHO HaiTH HCTHHHYIO BeJHYMHY 3apsiia, He npuberas
K OIPENeNeHUI0 ITOH MOCTOSAHHOM.

U3 conocraBaenuss ¢opmya (2.5) u (3.2) nerko HafiTH OTHOWIE-
HHe BeJUYHMHLI €y K 3apsly, BLIUHCACHHOMY 0€3 NIONPaBKU:

Lo 1 .

N AT
HJIH

' (1+45)=e"

Ho aauna csobomnoro mpobera A 0o0paTHO HPONOPUHOHAJIbHA JaB-
JIEHHIO ra3a p, H03TOMY

et (1 + Bjpa)=¢*, (3.3)

rae B — HekoTOpast HOBasl OCTOsIHHAS.
Ecau usMeHsTh JaBJeHHe p W JUISl KaxKAOro sHaueHus AaBjeHHs
BEIUHCJATD KAXKYULYIOCS BeJIMYHHY 3apsija e (6e3 IONpaBKH), TO
corjacuo Qopmyae (3.3)
Mexay €’ u 1/pa pomxuna 78
UMeTb MeCTO JHHeHHas 3a-
BHCHMOCTb. 7|
[Tpu sTOM, TaK Kax 4/eH
B/pa B dopmyae (3.3) ur-
paer poJib MaJoH mompas-
KH, TO B KauecTBe pajuy-
ca KalJHd @ MOXHO B3ATb
BeJMUHHY, BbuHCAseMylo &
[0 HeHCIpaBJeHHOH Qop-
mysae Crtokca [cM. hopmyary i
(2.3)]. B camom Aene, KOH- 0 om0 w3 400 5w

70 /

6% -8

cradgra B, corsiacHO H3Me- Upa
perusaM Muanukena, pasHa
Puc. 3.
B =0,000617,
ecIM p H3MEPeHO B CAaHTHMETPax PTYTHOro crojiba U a—B caH-
THMeTpax.

Puc. 3, rie Ha och aGCuHCC .OTJIOXKeHH 3HaueHus 1/pa, a Ha ocu
OpAUHAT eh . 108, nokasniBaer, uto Tpebyemas popmyJon (3.3) sau-
HelHass 3aBUCHMOCTb CyLECTBYeT B JEHUCTBUTENbHOCTH,

[Tonaras B dopmyae (3.3) 1/p =0 uau a = oo, T. e. NepPexoas
K npelelbHOMY ciaIyuaio, Korfa 3akoH Crokca A0/KeH OBITh Crpa-
BelsiuB (PafHyC YacTHLE 6eCKOHEYHO BEJHK no cpaBHeHmo CO cpes-

Hell aauHON cBoOogHoro mpobera), HaiaeM el'=ep» uIM e = e
Takum o6pasoM, A8 HAXOKIAEHHs HCTHHHOrO 3HauyeHHs 3apsifa
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3JIGKTPOHA €p JOCTATOYHO 3KCTPANOJIHPOBATL NPsIMyr0 A0 Nepecede-
HHUS ee C OCbIO OpAMHAT.

Ha puc. 4 npuBeleHbl YeTbipe NpsiMble, MOCTPOCHHBIE TAKUM 2Ke
crnoco6oM /s YaCTHIL Pas3JjUUHON MPHPOAB: /| — KaleJbKu MacJa
B BO3ayXxe, [/ —kameqbkH Macia B Bogopoxe, [/] — kaneabku
pTyTH B BO3nyxe, /V —uacTuubl weJsnaka B Bosayxe. Bce uerbipe

: npsiMble IiepecekalT OChb Op-

80 /4 yi4 7 /AHHAT B OJHOJ TOUKe: 3apsl
3JIeKTPOHA He 3aBHCHT HH OT

//1,7 HIPHUPOJbl YACTHI, HH OT NPH-
> poJBl rasa, ©OKpyKalollero

? YaCTHLHL.
OnpiTel MuannkeHa ume-

75
I0T 0OJbllIOe IPHHUHUIHAJD-
HOE€ 3HayeHHe, TaK KaK OHH C

65 A/ MOJIHOH OYEeBHJAHOCTHIO JOKa-
/ ' 3LIBAIOT aTOMHCTHUYECKYIO

HIPUPOIY 3JEKTPHUECKOTO 3a-

SO0 305 wg sw Pana. Uro xe Kacaercs aGeo-

1z JIOTHOTO 3HAYeHHs e, TO, KakK

BUAHO u3 ¢opmyas (3.2),

Puc. 4. TOYHOCTb €ro OIpe/eseHud Cy-

U[eCTBEHHO 3aBHCUT OT TOYHO-

CTH ompejeseHHst Ko3(dGHIHeHTa BHYTPEHHEro TPEHUS BO3dyXa 1.

Cpensee 3 HOBBIX HauboJsiee TOUHBIX M3MEPEHHH HaeT AJs 1 BeJH-

gquHy 1 == 1832-10-7. C 3TuM 3HauyeHHeM 1 A/ 3apsAja 3JEKTPOHA

noayuaercs e = 4,805-10-1° CI'C3. Ognako Hanbosnee TOUHOe 3HA-

yeHHe 3apsila JEeKTPOHA IOJYYaeTCsl KOCBEHHBIM IyTeM — IIPH

noMouy abCOJIOTHBIX H3MEPeHHH JJIMHBI BOJIHBI PEHTI€HOBCKHX
ayueit (cm. §§ 37, 38).

Ynpaxuenus: 1. Kakyoo pasHOCTb NOTEHIIMAJOB HYXKHO HAJ/IOXKHUTh Ha
NJaCTHHBl KOHAEHCATOpPa, PAacCTOsIHHE MekKAy KOTOPHIMH DaBHO 5 MM, IJsi TOTO
uT06bl YPaBHOBECHTh MACJSIHYIO Kalle/bKy, HECyIlyio 3apsji, PaBHblil 5 sapsamam
snexTpona? Macca kamiu pasHa 3,119-10-13 r. (Otser: 19,2 B.)

2. BbIUMCANTL CKOPOCTh MajeHHs KalJH Mmacaa mioTHocTeio 0,98 ¢ paauycom
10—% cM B Bo3ayxe npu gasicHun 760 mm pT. cr. KosdduiueHt BHyTpeHHero Tpe-
Hust Bosayxa 0,0001832. (Orser: 0,0117 cum/c.)

3. Pasnocth norteHuuanos B 31,5 B, mprioxkeHHas K MJacTHHaM KOHJeHCa-
TOpa, OTCTOSUIHM Ha 1 CM, 3aCTaB/fAET 3apsKEHHYI0 KalJio Macja ABHrarhCsl
BBepx co ckopoctoio 10 nesenuii B 10 ¢ (50 menenmit = 1 mm). CKopocTb majenHst
nox geiicTBHeM cHabl TsikectH — 10 gesenuit B 100 c¢. KosdhduunueHT BHYTPEHHEr0
tpenus Boaxyxa 0,00018. ITaorrocts kammi 0,9. [absiende Bosayxa 760 mu pT. CT.
CKOJIbKO 3JIeKTPOHOB HeceT Kamis? (OTger: olHH.)

N
AN

e?.1p®

§ 4. JiBuxeHHe 3JEKTPOHA B 3JEKTPHYECKOM H MArHMUTHOM MOJSAX

Hapsily c 3apsiaoM OCHOBHOH KOHCTaHTOH, XapakTepusyolleil
3JIEKTPOH, SIBJISETCS ero Macca. JTa Macca OdYeHb MaJsa, uro cie-
LyeT XOTsl 6B U3 TOro, 4TO NpPH HaG/II0eHUsIX B KOHAeHcaTope Mui-
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JHKeHa [0Tepsl WJAH NpHOOpeTeHHe HeCKOJbKHX 3JIEKTPOHOB IIPH
nepe3apsiike He OKasblBaeT 3aMeTHOIO BJMsHMs HA CKOPOCTb Haje-
HHSl YaCTHLBL, XOoTs mo Qopmysae (2.2) CKOPOCTb PaBHOMEPHOrO
najieHus NpPONOpLHOHAAbHA Macce. Hanuuume uHEPTHON MacCel y
3JIeKTPOHA CKa3bIBaercs, OJHAKO, B TeX CJAyyasix, KOIJa 3JIEKTPOHY
coobliaercsi yCKOpeHHe MOJ HeHCTBHEeM 3JeKTPHUeCKOro HWJH Mar-
guTHOTO moJsi. IloaTOMy BCe METOABl ONpede/eHHS MacChl 3JIeK-
TpOHA OCHOBAHBl HA H3YyYEHUH €ro JABHIKEHHS B 3JIEKTPHUECKHX H
MAarHUTHHIX MNOJAX, W Hamla Oaukaiilias 3ajzaya 3akJloyaercss B
TOM, YTO6BI PACCMOTPETh BJAHMSHHE TOFO H JAPYroro nojefi Ha JBHKe-
HUE 3JeKTPOHA.

Kak usBectHo *), cusia, AeHCTByIOILas CO CTOPOHBI 3JeKTpoMar-
HHTHOTO IIOJIsi Ha 4YacTHLY, Hecyllylo 3apsl e (Tak HasbiBaeMmas
cusia JlopeHua), Belpazkaercss GpopMynon

F=e€ + %[VJ‘L]. (4.1)

31ech mepBHIH YJIeH MPeACTaBJserT CHJIY, AEHCTBYIOULYI0 CO CTO-
POHBI 3JIEKTPHUYECKOTO MOJsI, BTOPOH — CO CTOPOHBI MarHHTHOrO **).
[Tpenmonaraercsi, 4To 3apsiJ e BbipakeH B 3/JeKTPOCTATHYECKOH CH-
creMe eauHul. JlaJbHelilive pacCy:KAeHHsl Mbl IpOBeleM MJf IO-
JIOXKHTEJNBHO 3apsiKEHHOH 4YacTHIbl, OJHAKO OHH NPHMEHHMbl H K
JIBUKEHHIO OTPHULATENBHO 3apsiKeHHBIX wactHl. Hamgo rtosibko mo-
MHHTb, KOTJa pedb HJeT 00 3JeKTPOHe, YTO OH HECEeT OTPHIlaTe/ib-
HBIH 3apsii ¥ HampaBJ/leHHe ero OTKJOHeHHs Bcerja OydeT NPOTHBO-
IOJIOXKHO HAaNpaBJeHHUIO OTKJIOHEHHs MOJOKHUTENbHO 3apsiKeHHOM
JaCTHUILBI.

CoraacHo BTropoMmy 3akoHy HeloToHa, cuna F paBHa mpoussefe-

HUIO MacChl m Ha YCKOPEeHHe V:
F =mv. (4.1)
[NpupaBuuBas npasble yactu (4.1) u (4.17), monyyaem

mv = e§ + = [vi]. (4.2)

PaccMoTpuM Tenepb OTHENbHO AefCTBHE 3JEKTPHUECKOro H Mar-
HuTHOro noJeit. Iloanaras B (4.2) &= 0, nosyuaem

mv==[v]. (4.3)

OueHb YacTo MPU PACCMOTPEHHH JBHKEHHs 3apsla B MarHHTHOM
noJjie MOJIb3YIOTCS 3JMEKTPOMArHUTHOH cHcTeMOH eauHuu. Toraa

*) Cwm., nanpumep, Tamm M. E. OCHOBBl TEODHH 3JeKTpHYeCTBa, 9-e H3M. —

M.: Hayka, 1976.
**) B panbHelilleM Mbl OyleM MHOTZA Ha3blBaTh CHJION JIOpeHIa BTOPOH uJseH

dopmuanl (4.1). cBI3aHHBII ¢ MarHUTHBIM TIOJIEM.
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(4.3) nmpuHuMaeT BHUL
mv = e [vil],
OTKyZAa
M e
=—[va]. (4.4)
‘Tak Kak cuJja, AefCTBYIOIlAsl CO CTOPOHbl MArHUTHOrO MOJsI, BHIPa-

JKaeTcsi BEKTOPHBIM Npou3BelleHHeM, TO Tpu BekTopa M, v, F o6pa-
3yIOT IPaBOBHHTOBYIO cHcTeMy (pHC. 5).

Z

Puc. 5. Puc. 6. Monoxurenabto 3aps-
JK€HHasag 4YacTHIa B MAarHuT-
HOM [1o0J1e.

BekropHoe ypaBHeHHe (4.4) 3KBHBAJEHTHO C/AEAYIOLIHM TpeM
CKaJ/IIPHBIM YPaBHEHHSIM:

dv e
U =y (vy%z -_ Uz%y):

dt

dv e

dty =" (vz%x - vx%z)r (4-4’)
dv,

2= (0,56, — 0,965).

WHTerpupoBaHHe 5TOH CHCTeMbl YPaBHEHHH B OOJLLIMHCTBE CJIYy-
yaep MNpejAcTaB/sieT CcOOOH TPYAHYI0 MaTeMaTHYECKYK 3ajauy.
Pemwenne ee ais psiga ciaydaeB 6bu10 paHo C. A. Borycaasckuw.
Mbl paccMOTPUM NPOCTeHINHH CJydai, yCJIOBHS KOTOPOTO, OAHAKO,
OTBEUAIOT OOGLIYHOH NOCTAHOBKE JaOOPATOPHBIX 3KCIEPHMEHTOB, H
He OyxeM 3aHHMATbCs BBIYHC/IEHHEM TPAEKTODHH, a HAHAEM JIHIIb
BEJHYKMHY OTKJIOHEHHS MapaJ/e/bHOro Mydyka 3apsiKeHHBIX YacTHL,
B MarHuTHoM mnoJe. [Ipeanosoxum, 4to B MOMeHT f==0 CKOpOCTb
YyacTHUBl HampaBJjeHa Mo OCH X, T.e. 4To npu t=0 vx =0, vy =
= v, = 0. OTHOCHTE/JbHO MArHUTHOTO NOJS Mbl MOJOXHM, UTO OHO
MOCTOSIHHO BO BPeMeHH, HalmpaBJeHO [0 OCH y, HO, BOOGILE roBOpH,
HEOJHOPOJHO, T. €. MOXKeT GHITb 3aNnucaHo Kak 6 = J6(x). Takum
o6pasoM, Hx =, =0, #, = 4 (x) = 6. onycruMm, 4ro mnoJe
neiictyer Ha nporsikennn OA = x (puc. 6) u 4TO Ha PACCTOSHHH
OB =, Boo6we rosops, He paBaoM OA, momeliaercs ¢Jyopecuu-
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pYIOLHH 3KPaH, Ha KOTOPOM NPOHM3BOJAHTCS H3MEPEHHe OTKJIOHEHHS.
Tak Kak IoJle Ha BCeM INPOTSIXKeHHH HalpaBJieHO IO OCH Y, TO CO-
crapasiomas cuinl Fy = e(v.d6x — U.d#6.) paBHa Hymo (v, = 0),
W [BHXKEHHe IPOHCXOJHUT B IJIOCKOCTH x2. IlockoabKy Hac HHTepe-
cyeT OTKJOHEHHe YaCTHIBl 2 NPH X == [, a He ee TPAEKTODPHS, MHI
BOCIIOJIb3yeMCSI TOJIbKO TpeTbUM M3 ypaBHeHuH (4.4"). Ecau oTkJo-

HeHHe MaJio, TO C TOYHOCTbIO OO BE€JHYHH BTOPOro mnopsgaka maJo-
dx

CTH MOXKHO Ha BCe€M IMNPOTHAXKEHHU NYTH IOJOXKHUTb U=Ux=—d-t—;

JIeACTBUTEJIBHO,
o=yeF = L+ G T =t (5) 4 ]~

UHTepecyolllee Hac TpeTbe M3 ypaBHeHHH (4.47), oueBHIHO, Aaer

d?z e dx
@ = ar %% (4.5)

TaK KaK BTOPOH YJIeH CIpaBa paBeH HYJIIO.
d d
Hanee, npuHHMasi BO BHHMAaHHe, UTO —r =gy’ MH Mo-
)XeM mnepenucartb (4.5) B Buze
A (dz dxy dr e dx
dx dt dt — m dt
dx
TIpon3Boasi COKpallleHHe H 3aMEHHB CHOBAa —r 4Yepe3 v, TOJYYHM
dz e
)=
Hutepecyoliee Hac OTK/IOHEHHe 2 Mbl HaliieM OTCIOZA ABYKpAT-

HbIM HHTerpHpoBaHHeM. IlepBoe uHTerpupoBaHue B mpexpenax ot 0
10 x Jaer.

X

dz
=\
0

Bropoe uHTerpHpoBaHHe OT HyJis 00 [ (paccTosHHE OT HayaJja moJs
IO 3KpaHa) Aaer

1 X
z=7n€;deS%d§.
0 0

BHIMOMHUM HHTErpUPOBAaHHE IO YaCTSM, MoJaras u=S9€€d§ U
0

dv = dx; noJ1y4uM

=_"_{z Sl;;g dx—-Sl%xdx}:Tn% S%(z—x)dx. (4.6)
0
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B sT0#1 hopmyse uHTErpan

l
A———S%(l——x)dx (4.7)
0

ecTb, OUEBHIHO, TIOCTOSIHHAS MPHGOpPaA, TAK KAK ero BeJHYHHA 3aBH-
CHT TOJIbKO OT HAMpPSI?KEHHOCTH MOJsI 6 U PacCTOsiHHs [ OT MecTa
BXOJa 3JIEKTPOHOB M0 3dKpaHa. [loap3ysce o6o3HaueHuem (4.7), Ha-
X0IUM
e
2=A—. (4.8)
mo
B uacrtHOCTH, ecau mosie OAHOPOAHO (H8 = const) u mpocru-
paetcss oTr x=0 00 x=a, a B HHTepBale OT ¥x=a 0O X =1
# =0, 10

a
Haxkonen, eciu 3KpaH pacrno/ioxkeH BIJOTHYIO Y KOHLA NOJIOCOB
MarHuTa, T0 l =a u
A=2L
-2 7
B onHOpomHOM moOJie, HANpPaBJECHHOM MOPNEHAHKYJASIPHO K CKO-

pOCTH, JIErKO HaHTH U TPAEKTOPHIO YacTHIHEL. B camMoM pese, Tak Kak
z cuna JlopeHua Bcerfa mepHeHIUKYJSP-

Ha K V, TO OHa MeHseT TOJbKO Hampas-
JIeHHe CKOpPOCTH, HO He ee BeJHYHHY; IO-
. z 9TOMY 3JeKTpOH OyaeT JBHraTbcsi IO
OKDY2KHOCTH, pafiiyc KOTOPOH p MblI Haii-
TITL LRI JIeM, IpHUpaBHHBasg JIOPEHLOBY CHJY
/ ev#B 1eHTPOOEKHOH CHile HHEepLHUH:
g x mo?
eV = ,
(s e
,++.:.z'++, OTKYyJa o 1
= — 4.9)
Puc. 7. Tlonoxureasto 3aps- Y . 7" (4.
JKeHHasl 4YacTHIla B 3JIEKTPO-
CTaTHYECKOM TIoJIe. Boiuncaum Tenepb OTKJIOHEHHE 3apsi-

JKeHHOH YAaCTHIIEI B IIONEPEeYHOM 3JeK-
TpocTaTHueckoM TmoJse. IIycTb TO-TpexHeMy CKOPOCTb YaCTHILbI
B MOMEHT BXOfa ee B MNPOCTPAHCTBO MeXJAy IJaCTHHAMH KOH-
geHcatopa OyleT HampaB/JeHa IO OCH X, a IOJie KOHAeHcaTopa
HanpaBJleHO 10 OCH 2. Bce ocTa/bHblE YCJIOBHS MBI COXpaHsieM
npexkunmu (puc. 7). Tak kak # =0, To (4.2) naer

mv = eg,
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[TpunuMasi Bo BHUMaHHe, 4T0 &x =&y =0, &, =&, nonyuaeM
cjeAylollie TPH CKaNAPHBIX ypaBHEHHUS:

d’x
dt?

2 2
=0, mﬂ=0, md—z=eé”.

m ae ar

Ins ManablX OTKJIOHEHHH, KaK M paHblle, MOXKHO NPHO/IHKEHHO
dx
NOJOXKHUTb, UTO BCE€ BPEMSAU =-ET, H OJis1 BBIUHCJAECHHSI OTKJIOHEHHS
BOCIIOJIL30BATbCA TOJBKO TPETbUM YPABHEHHEM

d?z

m
3ameuas, 4TO
d'z _ d (i«z) =4 (dz dey dx o d%2
dt — dt \dt )~ dx \dx dt dat — 7 dx??
MBI MOKeM mepenucatb ypaBHenHe (4.10) B Buze
d?z e_o

dx? ~ mo?

HuTerpupys ABa pas3a, COBePLIEHHO TaK XKe, KaK M paHblile, HaxXo-
AUM

muo?

1 x 1
z=—€-—§dx§ é’dg:LOS(l-—x)éfdx,

ujy, obo3nauas

L
S(t—x)gdx=3
0

(npuueM B, Kak ¥ paHee BBeAeHHas moctosiHHas A, GyIeT IOCTOSH-
HOH npubopa), umeeM

z2=B—. (4.11)

B uyacTHOCTH, eCJH [JHHA IVIAaCTHH KOHJeHcaTopa paBHa b H
moJie oAHOpOAHO (& == const), To HemocpeACTBeHHOe HHTErPHPOBA-
HHe JaeT

B=b(1— %)5’,

gnunpu [ =25
B=2&. (4.12)
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§ 5. nekTPOH B NPOAOJIbHOM 3JEKTPOCTATHYUECKOM MOJIE

PaccMoTpuM, HaKOHell, IBHMKEHHE 3JIEKTPOHA B 3JI€KTPOCTATHUE-
CKOM T0Jie, COBNAJAOIeM C HalpaBJeHHeM ABHIKeHHs. IIycTb 3TO
Oyner HanpabaeHue ocH x. Toraa & =&, & = &, =0. Cka-
JISDHOE ypaBHeHHe ABHXKEHHS

d?x
m "d—tr[ =e& (5.1)
dx
MBI NE€pEnuIeM, 3aMeHasa e uepes v, B BUze
dv

YmuoxkuMm obe yacta (5.1°) Ha v u, 3aMeyas1, 4TO

o do 14
dt — 2 dt

NOJIyYUM
d ( mov?
i (57) —e&v. (5.2)
Ecau 0603HauuTh NOTEHLHAJ 3/IeKTPHUECKOTO IOJS 4Yepes @, TO
E=8,=— 2 IToaTomy
* dx ’
— 49 dx _  dg
Fv=—r ar
u (5.2) nmpUHHMaer BUJ
4 ( mo? e 22
dt 2 dt
HIH .
d ( mv
(5 +ee)=0,
OTKyZa

—’3’—2‘-’-2— + e = const. (5.3)

Ypasuenue (5.3) BbIpaxkaer 3aKOH COXPaHEHHs SHEPruH, Tak
KaK e( eCTb NOTeHIHaJ/JibHas 3HEPrusl 3apsijia e B TOYKe TOJS C I10-
TeHUHaMOM @. Ecau 3apsiy nepemeniaercss H3 TOYKH C NOTEHIHANOM
@1 B TOYKY C IOTEHLHAJIOM Qg U @ — @2 = V, TO

mvg mv%

2 2

=e(p— q)=eV.
Ilpu v; = 0 umeem

e eV (5.4)
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OG6LIYHO PasHOCTb MOTEHIHANOB H3MEpSieTCs B BOJIbTAX; B TAaKOM
cayyae

o 549

B atoMHO#l (H3HKEe SHEPrHIO OYeHb YACTO BHIPAXKAIOT B 3JEKTPOH-
BosibTax: 1 3B ecThb Ta 3Heprus, KOTOPyK NpHOOpeTaeT SJIEKTPOH,
npoGerasi yCKOpSIIOLIYI0 pasHocTb norexuuanos B 1 B. M3 (5.4')
nosyyaeM
4,80-10710.1

— L 10-12
360 ==1,60- 107" apr.

1 3JIeKTPOHBOJIBT ==

Oueprus B | 3B, paccuurannas Ha N =6,023-10% (1 MoJb) 37eK-
TPOHOB, paBHA

1 3jexTpoHBOMBT + MOJIb =9,64 - 10! 3pr - Mosb™! =

= 2,304 - 10* xan - mMospb~ ! =

= 23,04 kkaJ - MoJb~ L.

Ecan usBectna SHEprus 3JEKTPOHOB, BhHIpaxKeHHas B 3JIEKTPOH-

BOJIbTAX, TO CKOPOCTb ¥ B CM/C MOXHO HENOCPEACTBEHHO BHIYHCJIHUTH
us (5.4):

e V

v=A/— x5 =593 10" 4/V (BosbT) cm/e. (5.5)

§ 6. OkcnepuMeHTaNbHbIE METONBI ONpeENENeHHs YNeNbHOFO 3apsiia

B ocHOBe sKCIepHMEHTaNbHBIX METOJOB OINpEeseHus e/m Je-
KaT Pe3ysbTaTHl HCC/IEJOBAHUSA JBHIKeHHs 3JIEKTPOHA B 3JIEKTpHUE-
CKHX M MarHHTHBIX NOJISIX, BBIIIOJIHEHHOTO HAMH B NPEAIIECTBYIOUINX
JAByX naparpadax.

HeoGxonumo, oanako, HMeTh B BHAY, UTO Kak B CJIyuae 3JeKTpH-
4eCKOro, TaK W B CJyyae MarHUTHOTO IOJsS OTKJOHEHHE B IOIepey-
HOM IOJIe 3aBHUCHT He TOJIbKO OT €/fM, HO H OT v: MarHuTHOEe OTKJIO-
HeHHe oNpejeJsieTcsi (HAaKTOPOM e/mu, a 3JeKTPHIECKOe — (HaKTOPOM
e/mu®, TIo3TOMy ONBIT C OTKJOHeHHeM B KaKOM-THGO OJHOM TMOJe
elle He 1aeT BO3MOXKHOCTH HAHTH e/m.

B nepBbix paGoTax OGHIYHO MOC/IEIOBATENLHO H3MEPSJIH OTKJIO-
HEHUEe B TOM M JPYroM INOJISIX W W3 1ABYX ypaBHeHui# (4.8) u (4.11)
Cpasy BBIYHCISAIA e/m ¥ v. [IpH 3TOM NyYKH 3JEKTPOHOB OCYILECT-
BJISIJINCh B BHJE KATOAHBIX JyueH B TPyOKax C Pa3pekeHHBIMH ra-
3aMH (ZaBJieHHe MOPsNKa HECKONbKHX COTHIX MM PT. cT.). Passutne
TEXHHKH TOJIyUeHHS] BaKyyMa 3a ITOCJeHHe AeCATHJETHS I03BOJseT
TNIpOM3BOAHTL 3TH H3MepeHHs B GoJjiee ONpejeJeHHBIX H JIyylle KOH-
TPOJIHPYEMBIX ycnoBHAX. Ha puc. 8 mpeicraBiiena cxeMa coBpeMeH-
HOTO mpHGopa Ans ompeleseHus: e/m u v. HakanuBaeMblli KaTox K,
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TOMelleHHbI B TPYOKY, OTKauaHHYIO IO mpefjeJa, JomyCcKaeMoro co-
BPEMEHHOH TEeXHHKOH BakyyMa, SIBJsercss OOGHJbHBIM HCTOUYHHKOM
3JIEKTPOHOB, TH 3/1€KTPOHBI YCKOPAIOTCs GaTapeedl By, MOMOKHATEb-
HBIfl TOJIIOC KOTOPOH MPHCOENMHEH K MeTaJJIM4eCKOH IJIacTHHKe
(amony) A, B ueHTpe KOTOPOH HMeeTcs OTBepCTHE. DJIeKTPOHHI,
npoule/ilike yepe3 3TO OTBEPCTHe, ABUrasfcCh NPSMOJHHENHO, AAIOT
Ha cTeHKe TPY6Ku S, NMOKPHITOH (JIyOpPeCUUPYIOIIUM BelleCTBOM,
CBETJI0e MSITHHILIKO F, PACHOJIOXeHHOe IPOTHB OTBEPCTHS B aHOAE A.

=i

4

Puc. 8. CxeMa MeToJa ONpeNeseHHsl yIeJbHOTO 3apsifa MO OTKJOHEHHIO B 3JEK-
TPUYECKOM H MAarHHTHOM TOJSX,

Ha nytun Mexay A u F 31eKTPOHBI MPOXOAAT MeXAy TMJIaCTHHAMH
kougencatopa CD, K KOTODHIM MOXKeT GOBITh TPHJIOKEHO HampsiKe-
Hie oT GaTapen Bp. Eciin BKIIOUMTb 6aTtapeio Bj, TO MyYOK 3/1€KTpO-
HOB OTKJOHSIETCS 3JIEKTPHUECKHM I0JieM, BO3HHUKAIOIIHM MeXAy
IJ1aCTHHAMH, ¥ NMATHHILIKO MepeMeliaeTcs B mojoxenne F'.

CoszaBasi MexJy MJacTHHaMH KoHJeHcatopa CD Takke H Ol-
HODOJHOE MAaTHHTHOE MOJje, MePIEeHAUKYJSAPHOe K IJIOCKOCTH 4ep-
Texka (Ha PUCYHKE [IOKA3aHO TOUKAMH), MOXKHO BbI3BaTbh OTKJIOHEHHE
NSITHBIILKA B TOM K€ HJIHM B 06paTHOM HampaBJeHHH. Ecin uaMepuThb
06a OTKJOHEHHs, TO NPH MoMmoiny ypaBHeHn# (4.8) u (4.11) MOXKHO
BBLIUHC/IHTL €/m ¥ v. [IpaKTuueckd ynoGHee MPOCTO CKOMIEHCHPO-
BaTh MATHUTHBIM IIOJIeM NEPBOHAyYaJbHOE 3JIEKTPOCTaTHYeCKoe OT-
KJOHEeHHe. B 3TOM caydyae HeOOXOAMMble H3MEPEHHSI CBOAATCA K TOY-
HOMY OTpe/eJieHHI0 HaNmpsKeHHocTel 060uX noJiell — 9J1eKTPUUeCKO-
ro ¥ MarHATHOTO.

Kaxk cka3aHO BhIllIe, HadaJbHble CKOPOCTH 3JIEKTPOHOB, 0CcBO60XK-
JaeMBIX H3 TOpsYero KaTtoja, Massl. Hampumep, eCiu KaToOAOM Cay-
JUT BOJb(GPaMoBas crnupanb, Harperas 10 2400 K, To Bcero Juuwb
0,1 % 31eKTPOHOB 00JafaioT sHeprueil, npeBocxonsmedt 1,42 ajex-
tpouBoabta, u 0,0001 % — smepruei, npeBocxoasuiefi 2,85 3Jek-
TpOHBOJbTA. EC/IH MO3TOMY YCKOpsollee IoJe He CIHIIKOM cnabo,
TO MOMKHO CUHTAThb C AOCTATOYHOH TOYHOCThIO, UTO HauajbHasg CKO-
pocTb CCBOGOXKAaeMbIX 3JIEKTPOHOB paBHa HYJIO. IlycTb pasHoCTb
IIOTeHIHAJI0B MexAy KaTOJAOM H aHOLOM (Hampumep, Mexay KuA
Ha puc. 8) pasia V Boabr. Torla OKOHuaTENbHYIO CKOPOCTR
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3/J1eKTPOHOB MBIl HAXOAHM H3 YpaBHEHHA

muo? eV ’
[Tostomy, sHas V, MBI yKe 3HaeM H CKOPOCTb 3JIEKTPOHOB. ITO
0CcBOGOKAaeT HAC OT HEOOXOAHMMOCTH HCIOJNb30BATh W 3JEKTpHUE-
CKOe, 1 MarHHTHOe OTKJOHeHHe MJIsi HaxoxiAeHus e/m u v. Jocra-
TOYHO BOCHOJbL30BaThesl JHOO 32JEKTPUUECKHM, JHO0 MAarHATHHIM
110JIeM; BTOPOe ypaBHeHHe Bcerja jgaer gopmyna (5.47).

B caemyromux maparpadax Mbl IpHBeAeM H3 GOJbLIOTO YHC/A
COBpPEMeHHbIX METOJOB ONpe/le/leHHsl YAeNbHOro 3apsiia [Ba Hau-
GoJee XapakTepHBIX. B MepBOM NpHMEHSETCA 3JEKTPHYECKOe IoJe,
BO BTOPOM — MarHHTHOE.

§ 7. Onpenenenne yaeJbHOro 3apsaia 3JeKTpoHa
N0 METOJY JBYX KOHAEHCATOPOB

OZHUM H3 CaMBIX TOYHBIX COBPEMEHHBIX METOJOB OIpejeseHHs
OTHOLIEHHs e/m SIBJISeTCsl METOJ ABYX KOHAEHCATOPOB. DJIEKTPOHHI
or HuTY Hakajsa F (puc. 9) yckopsiroTcss HoJeM MexXAy KaTtogoM F
u aHogoMm A. ITpoias yepes oTBepcTHe B anoje A u auadparmy Dy,

)4
7 4
F i f p
== :

Puc. 9. Cxema merona omnpeje/ieHHust yJIeJbHOro 3apsiia TMPH MOMOIIH JABYX KOH-
JEHCaTOPOB.

NYyYOK 3JeKTPOHOB IoNajaeT B NepBHIH KoHAeHcaTtop K, Ha KOTO-
pHil Hak/JaAbIBaeTcsl IepeMeHHas pPa3HOCTh IOTEHI[HAJNOB OT BHI-
cokKouacToTHoro reseparopa B. Ilox BausiHHEM 3TOrO IepPeMEHHOro
MOJIsl TEePUOAMYECKH HM3MEHSeTCs HampaBJeHHe Nydyka, H, BOOGHIe
roBOps, IYYOK 3afep:KHBaeTcsl 3KkpaHoM Pj. ToJbKo Te 2JeKTPOHH,
KOTOpHIe IIPOJIETAIOT Yepe3 KoHJAeHcaTop K, B MOMEHT, KOrja KpH-
Basl MoTeHuHua/j a NPOXOAUT 4vepe3 Hysab (puc. 10), okasmiBaiores
CIOCOOHBIMK MPOHTH 4epe3 Majioe OTBepcTHe Dy B 3Kpane Py dTu
3JIEKTPOHB NONAJAI0T 34TeM B KOHAeHcaTop Ki, NpPUCOCLHHEHHLIH
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K TOMy e reHepatopy, uto B Ki, BciencTBHe yero nojs B 06OMX

KOHJEHCAaTOopax BCerjla HaxXoAATca B OJAHHAKOBOKH ¢ase. Takum 06-

pasoM, ABa pasa B TeueHHMe KaxkJIOro mepuoja B KoujaeHncatrop Kp

[IONAafaioT 3JEKTPOHBl H OTKJIOHAIOTCA B 0OJbLIeH HJINW MEHbIIEH

CTelleHH BBePX MJHM BHH3 B 3aBHCHMOCTH OT (asml res€eparopa B

MOMEHT NPOXOXKJIEHHs JeKTPOHOB uepe3 Koujencatop Kp. Herpyn-

1O yGeMUThCS B TOM, UTO HMEETCsl TOJIbKO /Ba CHMMeETPHYHBIX Ha-

IpaBJICHHSl, B KOTOPBHIX MOIYT

12 OTKJIOHHTbCH ~ 3JIEKTPOHBI  IIPH

IIPOXOXK/IEHHH Yepe3 BTOPOH KOH-

4/ nencatop Ko, Ecan, nHampumep,

q A £ TpPOMEXYTOK BpeMeHH, Heo0XO0-

JUMBIH 3JIEKTPOHY, 4TOOBI NPO-

r JIETeTh OT KOHJeHcatopa K; 10

KoHZeHcaTopa K, paBeH [ =

Puc. 10. = OA (puc. 10), T0 BO BTOpPOM

KOoHJleHcaTope Ky OIHH 3JIeKTPO-

#HBl  3acTanyr noreHunan AB = 4V, a Jpyrie — noTeHuuan

A’B’ = —V,. Tlosatomy Ha dayopecuupyiouiemM sKpaHe S NoOABATCA
JiBa CHMMETPHUYHO pacnoyoXKeHHbIX NMATHA.

BapbHupyst CKOPOCTb 3JIEKTPOHOB H3MeHeHHeM YCKODSAIOLIEro mo-
TeHIHAaJa, MOXKHO NOOHMTHCS TOro, 4ToObl BpeMs f; CHeJaJoCh paB-
HBIM nosynepuony renepartopa T/2 unn Boobuie nT/2. Tlpu sToMm
YCJOBHH 3JIEKTPOHB NPOJIETAT U BTOPOH KOHAEHCATOD Ge3 OTKJOHe-
HHs, U JBa NTHA Ha (uayopecHUpylOLIeM 3KpaHe COJNBIOTCS B OJHO.
Ecau paccrosiine Mexay Ki u Ky paBHO [, a yactora reHeparopa
f, TO CKOPOCTb TaKHX 3JEKTPOHOB GyAeTr

v=2I/T =2If
uau, BooOlue,
v =2I/nT = 2If/n. (7.1)
C npyro# cTOpOHH,
eV = mv?/2, (5.4)

rie V — yCKOPAIOWME TMOTeHIHNAJ, TPHJIOKEHHb Mexay F n A.
Us (7.1) u (5.4) mosnyyaem

2 of2/2
='§7= nf2V : (7.2)

e

m

Bospliioe IPEHMYILECTBO MeTOJa JBYX KOHAEHCAaTOPOB COCTOHUT

B TOM, 4TO OH SIBJISIETCSl CBOETO pOJa «HYJIeBHIM» METOAOM H HE
Tpebyer HHKAaKHX H3MepeHHil OTKJIOHEeHHs, OGBIUHO CBA3aHHBIX C
TPYAHO YCTPAHHMBIMH OLIHOKAMH. Benuyuna yaenbHOro 3apsia,
noJyueHHas TakuM cnoco0oM, Tocle BHECEHHS BCeX MOMpPaBOK



§8. METO[, POKYCNPOBKWM MPOAOJ/IbHbIM MATHUTHbLIM MOJIEM 31

paBHa *)

7%:0]%0i&%wy1Weﬁmu~Fﬂ

§ 8. OnpenesieHue yaeJbHOro 3apsija 3JeKTpOHA
no MeToAy HOKYCHPOBKM NMPOJOJbHLIM MATrHMUTHBIM MOJEM

Jpyroii TOYHBI# MeTOJ OmpejeseHUs e/m CBSI3aH C INpUMeHe-
HHEM NPOAOJBbHOTO MarHUTHOTO MOJS.

PaccmoTpum mpesk/Je Bcero JeficTBHe MarHMTHOIO MOJIsl Ha pac-
XOISIIIHACS NY40K 3JEKTPOHOB, BBIXOAALIMHA H3 OLHOH TOYKH (OT-
Bepctust auadparmbl). Cuia, AefcTBylollass HA 3JEKTPOH CO CTO-
pPOHBI MArHUTHOTO NOJs, paBHa (IpeANoJaraercs, 4To e BEIPaxKeHO
B 2JIEKTPOMATHUTHBIX eJHHHIIaX)

F =e[vi].

Ecau 3/exTpoH JieTUT NOA yryioM a, He paBHeIM 0 uaum 90°, x Ha-
NpaBJIeHHI0 MAaTHHTHBIX CHJIOBBIX JIHHHH, TO €ro CKOPOCTb MOXKHO
PasJIOKUTh HA JBE KOMIIOHEHTHI: INPOJOJBHYI0 U; H IONEePeyHYIo
Up:

v=vcosa, v,=0vsina. (8.1)

PaccMoTpuM BiHSIHME MAarHUTHOIO IOJIS HA KaxkAyl0 H3 3THX
KOMIIOHEHT OTHAeJbHO. Ha 321eKkTpoH, JeTAnHi NepneHIUKYJISIPHO
K IOJIIO CO CKOPOCTBIO Up, HelcTByeT cuaa Fy = ev,#4. Tak Kak
cuaa F, Be3sle nepneHANKY/IAPHA K Up, TO JEKTPOH ONHLIET OKPYXK-
HOCTb, PaAHYC KOTOPOH MbI HaljeMm, npupaBHAB F, 1eHTpOOeKHOH

CHJIe HHEPIUH:
2

mvo
ev 6 = ,
0
OTKyZAa
vp e W
ST BTw
m

BpeMsi f, Heo6XOZHMOE AJIsl TOTO, YTOOB! 3JEKTPOH ONHCAJ HOJ-
HYIO OKPY2KHOCTb, OyJaer

2np 27
= = . (8.2)
Yo e
w 76

*) B COOTBETCTBHH C HCTOPHYECKH YCTAHOBHBLIEHCS IPAKTHKOH MBI BHIpaxaeM
yHeabHbl 3apsin sjekTpoHa e/m B eannumax CITCM (e.m.u), Toraa Kax 3apsn
3J1eKTPOHAa e o6buHO BhlpaxkaeTcs B eaumnunmax CI'CI (e.s.u). B rex cayuasx,
Korjga ofe BeJHUHHB € M e/m BXOAAT B (OPMYJbl B KaKHX-HHOYAb KOMGHHALHX,
BMeCTO e/m caenyer mHcath e/mc.
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OkasbiBaercsi, CcJaeJ0BaTENbHO, UTO ¢ He 3aBHCHUT OT pajuyca p-
Takum o6pasoM, eciH INPeACTaBHTb ceGe HeCKOJbKO 3JIEKTPOHOB,
OJIHOBPEMEHHO BBIXOJSIIUX H3 OHHOH TOUKHM C PA3JIHUYHBIMH CKOPO-
CTSMH U,, MEPNEHAUKYJISPHBIMU K &6, TO BCe 3TH 3JIEKTPOHBI, OIH-
caB OKPYKHOCTH pAa3JHYHOrO pajuyca, OJLHOBPEMEHHO BEepHYTCs
B HMCXOJHYI0 TOYKYy. DTO NOKasaHO Ha puc. 11 cnpapa, rae usobpa-
JKeHbl NPOEKUHH NMyTeH 3JeKTPOHOB, 00J1afAIOIIUX Pa3JIHYHBIMU CO-
CTaBJSIONIUMH CKOPOCTH Up, HA IJIOCKOCTb, NEPIeHIHKYJASPHYIO K
HanpaBJ/IeHHI0O MATHUTHOTO MOJIS.

Puc. 11. Cxema MeToAa onpeje/ieHHs yAeJbHOTO 3apsifia ¢ IOMOIIBIO IPOAOJBHOIO
MAarHHTHOIO MOJIS.

Ha NpoOAOJIbHYIO KOMIIOHEHTY CKOPOCTH MAarHuTHOE II0Jie HEe OKa-
3bIBaeT BJIHSIHUA. HOSTOMy 3a IIPOMEXYTOK BPEMEHH t 3JICKTPOHBL
NpOABUHYTCA BHOJb OCH COJi€eHOHZA, co3jaroulero IioJne, Ha pac-
CTOsdHHE

270 cos o

[ =t =220C0SC (8.3)

Lo
m
Ecau yron o maj, 10 cos o & 1, u (8.3) npuHUMAaeT BHJ,

[ = eQ;rw ,
—_ 8
m

(8.4)

T. €. BCe 3JIEKTPOHBI, BBEUIETAIOLINE H3 OTBepCcTHS AHadparMbl ¢ OX-
HOH M TOH Xe abCOJIIOTHOH BEJHYHMHOH CKOPOCTH U, 32 IPOMEXKYTOK
BpPEMEHH, B TeueHHe KOTOPOrO MPOEKLHM 3THX 3JIEKTPOHOB Ha ILJIO-
CKOCTb, TEPIEHAUKYNSIPHYI0O K OCH COJIEHOHJA, ONHKCHIBAIOT IIOJIHYIO
OKPY2KHOCTb, IIPOJBUTAIOTCSI BJIOJIb OCH COJIEHOHJA Ha OJHO H TO Xe
paccrosinue [. Orcrofia cieflyeT, 4TO PacXOAsILIUACA NMydOK 3JEKTPO-
HOB OJIMHAKOBOH 3HEPTHH MOJ AeHCTBHEM INPOJOJBHOIO MarHHTHOrO
nosisi cOKyCHPYeTCsl Ha PacCTOSIHHH .

Arto ¢Gokycupylollee AeHCTBHE CONEHOHA U JIEXHUT B OCHOBE Me-
TOJa MpPOLOJBLHOIO MATHHUTHOrO MHOJSl. DJEKTPOHbI, BHIXOAfIIHME H3
oTBepcTHsl Auadparmpl S (puc. 11) u pasBepHyTble NPEABAPUTEIbHO
B pacXOAsliuiicss My4OK NMepeMeHHBIM 3/1eKTPHUeCKHM IojeMm &, MO-
HajaiT BHYTpb cosieHouza. [Toabupasi COOTBETCTBYIOLLYIO BEIHUHHY
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HaNpsKEHHOCTH N0J5 J, MOXKHO J06HTBCS TOro, YTOObI MyYOK 3JI€K-
TpOHOB (DOKYCHPOBAJICS KaK pa3 y NMPOTHBONOJIONKHOTO K AHadparme
KOHLIA COJIEHOMJa, rle MNoMelleH dJyopecuupyoluil skpaH. 3Has
Heo6XOAUMOE M1 3TOrO IMOJie, MOXKHO ceHuac e BBIYHCJIUTL e/m.
IeficTBuTeNbHO, U3 (8.4) HaxoAUM

!
0= — 8.

[TojcTaBass 3TO BbIpaXKeHHe JJsi CKODOCTH B ypaBHeHHe 3HEpPruu

2
- =eV, (5.4)
JIETKO IIOJIYUHM \
8n?V
- =S .5

pGS}’JIbTaT HSMepeHI/Iﬁ, BBIIIOJIHEHHBIX 3TUM METOIAOM, TAKOB:
—r%—=(1,7586 +0,0023) - 107 e. m. u.-r"L

Haunb6oJsiee TOuHOE 3HaueHHE YAEeJbHOrO 3apsijia 3JIEKTPOHA, MOy~
UYEeHHOE B pe3yJabTare Kpl/ITI/I‘{eCKOﬁ OLl€HKH HSMGPCHHﬁ, BbIIIOJITHEH=
HBIX Pa3JUYHBIMH METOJaMH, €CTb

£ = (1,7588047 £ 0,0000049) - 107 e. m. u.-r™%  (8.6)

CpaBHHM Telepb Maccy 3JeKTPOHa C MacCoi BOAOPOJHOro aroma.
JIJ151 5TOTO HYXHO MpexK/]e BCero HalTH BeJHUYMHY e/, T. €. OTHO-
lIeHHe 3apsija 3JEeKTPOHA K Macce aToMa BOA0poAa. JIerko BHIETD,
YTO 3TO MOCJEJHee OTHOIIEHHe PaBHO OTHoLIeHMIO uyHcia Papajes
F k atomHo#l Macce Bomopoxa 'H. [leficTBHTesnbHO, Tak Kak F =
= Nae (Na— nocrosinnas Asoragpo) u 'H = Nmu, 10 F/'H =
= e/my. V3 Tounbix uamepenuil F u 'H noayuaercs

e —
o =9573,5 e. m. u.-r"%, (8.7)
KomGunupys (8.6) u (8.7), naxomum
my
— = 1837,5.
m

Hrak, macca snexkTposa B 1837,5 pasa MeHbllie MacCh BOJOPOA-
HOTO aToma.

§ 9. PoKkycupOBKa U MOHOXpPOMATH3aLHS
MYYKOB 3aPsiKEHHbIX YaCTHIL

PaccMoTpuM 3zech NMOMYyTHO METOABI MOJYYeHHs NMYYKOB YaACTHIL
IOCTOSIHHON CKOPOCTH (MOHOXpOMaTH3alusi, (GHJAbTPEI CKOpOCTeH) H
MeToAB (POKYCHPOBKH MYYKOB 3apsIKEHHBIX YacTHI., 3HAKOMCTBO
C 9THMH MeTOJaMH NMOHAA0OHTCA HaM B AaJjibHeHlIeM.
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Camblfi mpocTofl GUABTP CKOpOCTEll yCTpPOeH TaK: NMy4oK 3aps-
KEHHLIX 4acTHIL NPONYCKaeTcs OJHOBPEMEHHO Yepe3 3JeKTPHUeCKoe
H MAarHuTHOE [OJs, HalpaBJeHHble NePNeHJUKYISPHO APYT K APYTy
H NPHTOM TakK, YTO OHH JAaI0T OTKJOHEHHS B IPOTHBOIOJNOKHBIX
HallpaBJCHHAX.

Ha pue. 12 maranTHOe rojle HanpaBJieHO NEPNEHAHKYJSPHO K
IJIOCKOCTH YepTerxa H AeHCTBYeT Ha INOJOXKHTENbHO 3apsKeHHYIO
YACTHIY € CHJIOH evd$, jexalled B IVIOCKOCTH ueprexa. B 1ol ke

3 o BA

Puc. 12. Cxema duabrpa ckopocteii 3a-  Puc. 13, ®okycuposka nonepeu-
PAYMKEHHBIX YACTHIL HbIM  OJHOPOJHBIM  MAarHHTHBIM
noJieM.

[IJIOCKOCTH JIGXKHT U cula ed, ¢ KOTOpoil neficTByeT Ha 3apsj 3JeK-
TpHUeCKOe IoJe KoHAeHcaTopa AB. Ecan BHOpaTh HampaBieHHe
noJjefl Tak, 4ToObl o0e cH/IB OBIJIH HalpaBJeHbl B HPOTHBOIOJOK-
Hble CTOPOHBI, TO pe3yJabTHpylowias cuia Oyaer evdb—e&. Tlop
BJHSIHHEM 3TOH CHJIB HacTHILA ABHIKETCH, BOOOGILe roBoOpsl, MO KpH-
BOH C pajamycoM KPHMBH3HH p. IlpupaBHHBas cuiay, AeHCTBYIOLLYIO
Ha YacTHUIy, LeHTPoOeXKHOH CHJle HHEPIHH, ToNydyaeM

0 — oF — "’:2. 4 ©.1)

OquI/IJlHO, 4TO Yepe3 KOHACHCATOp HpOﬁHYT TOJIBKO YacCTHIbI, CKO-
pPOCTbL KOTOPHIX TAKOBa, YTO 00e CHJBI evd6 u ed ApYr Apyra cKOM-
neHcupyior. B atom caydae

ev —e&=0 n v=_~&/78. 9.2)

YacTHIp €O CKOPOCTSMH, He YJIOBJETBOPSAIOLIHMH COOTHOUIEHHIO
(9.2), 6yayT HpUTAHYTH IJIACTHHAMH KOHAEHCATOpPa M yAaJeHHl M3
[Iy4Ka, HJH, BO BCAKOM cJydae, 3alep:kaHbl gumapparmoit D.

Jlns GOKyCHPOBKY UaCTHIL OU€Hb YacTO MOJIb3YIOTCH AeHCTBHEM
OJIHOPOJAHOFO MOMNEepPeyHOro MarHUTHOTO MOJA.

IlycTb ucTOYHHK yactul Haxoautces B S (pue. 13) u mycTs Bee
YaCTHIB XapaKTepu3yloTcsl OAHOH ¥ TOH Ke BeJHUHHOH mu/e. Ua-
CTHIA, BLINIETAIOlAas BEPTUKAJ/IBHO BBEPX, ONHIIET IOJYOKDPYXKHOCThb
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nnamerpom SA =2 -ei% = 2p; KaKasa-HuOyap Apyras yacTHIa, BHI-

Jeraiollas MOJ YIJIOM o K NepBOH, TeM e PaJHycOM OIHMIIET AYyry
Kpyra, KoTopas mepeceuer npsmyio SA B Touke B. Jlerko BHIET,

qTo
AB=2p (1 — cos a).

Ecau yroa o AOCTaTOYHO MaJj, TO MOXKHO BOCIOJb30BATbCS Pasiio-
’eHHeM KOCHHyca B CTeNeHHOH psij cos o = 1—a?/2 ... u B34Tb
TOJIBKO IIepBbie JiBa 4jeHa; Torjaa

AB = pa?.

Hanpuwmep, ecin p =5 cM, o =3°= 0,05, To AB =1,25-10"2 cm.
OueBH/HO, YTO BCe YACTHI(BI, HANPABJEHHS KOTOPHIX NpPH BblJeTe H3
S JexaT B Npelejax yria o, OMHCaB COOTBETCTBYIOULYIO Ayry, Ie-
pecekyr SA mexny A u B. Iloatomy, ecin
HCTOUHHKOM S CJIYXKHUT HleJb, Yepe3 KOTOPYIO
NpoXoAaT yactuue, To AB Oynper «u3obpa-
JKeHHeM» 3TOH LIeJH B BHAE Y3KOH JIMHHH,
nonepeyHoe OJHOPOAHOE MAarHMTHOe IO
JeHCcTByeT, TakuM Oo0Opas3oM, KaK UHJIHHIPH-
yeckas JIMH3a.

Jpyrofi THI GHUALTPOB, MONYYHBLIMK B IIO- E:Céa;;‘:;}x Honoxteis-
clefiHee BpeMs WIHPOKOE DACHPOCTPAHEHHE, 13 g pagpamshom siek-
OCHOBAH Ha JEHCTBHH DPAAHAJBHOIO 3JIEKTPH-  TPHYECKOM IOJIe IHJIHH-
YeCKOro MOJisi B IMJIHHIDHUECKOM KOHJEHCA-  APHUECKOrO KOHJeHCa-
tope. PaccMoTpuM uacTHIy C 3apsiioM e, IO- Topa.
najapllyo B IUJIHHAPHYECKHH KOHIEHCATOp
(puc. 14). OueBHAHO, 4TO YacTHIA GecHpeNsTCTBEHHO MPOMJET ye-
pe3 KOHIEeHcaTop B TOM cJyyae, ecjid [eHCTByloliasi Ha Hee CO
CTOPOHBI 1OJIsi cHla e OyleT paBHa LEHTPOGEKHON CHJle HHEPLHH!

muv?
e = —.
Y
B HUIMHAPHYECKOM KOHJAeHcaTope mnojie objajgaer pannasbHOH
CHMMeTpuel, U IOTOMY

CriefoBaTesIbHO, YCJIOBHe OeCHpensiTCTBEHHOrO MNPOXOXKIEHHS yac-
THIbl Yepe3 KOHAeHcaTop Oyler :

av mu?
e—&—p—— T (9.3)

Beipaxas KHHETHYECKYIO SHEPrHIO muv?/2 depe3 ycKopsoWuHA mo-
Tennuan: mv? = 2eVo, u pasjienss nepeMeHHble B ypaBHenuu (9.3),
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HOJTYUHM

Q

do 1
> W, av.

ITonaras paauycel BHelIHeH M BHyTpeHHell 00K/1aJOK paBHBIMHU
COOTBETCTBEHHO Py H Qi, NOTEHIHAJ] BHeUIHed OOKJIaIKH — paBHBIM
Vi, a BHyTpeHHe#l — paBHBIM 0 M HHTErpDHDYsl IPH 3THX YCJIOBHSX,
[IOJIYYHM

05 Vi

dp 1

S Y v, S dV’
) 0

01

OTKY 14
Ve=2V,In % (9.4)
MEBI BUANM, TaKUM 006pasoM, 4To KaxKaoH Pa3HOCTH HNOTEHIHAJNOB

Vx Ha oOknalKax KOHIEHCATOpa COOTBETCTBYET SHEPIrUs 3JEKTPO-
HOB eV, Ipyu KOTOPOH OHH MOTYT NPOHTH Yepe3 KOHAEHCaTop.

s s R s

Puc. 15. Llumunnpuyecknii KongencaTop Kak ¢puasTp ckopocrefl. (Crpenkamu o6o-
3HAYeHB! CHJOBHIE JIHHHH 3JIEKTPHUECKOTrO IOJIs; CpaBa Ha rpaQuke n — yucjo ya-
CTHI, U — HX CKOPOCTb.)

Ha pue. 15 nsobpaxena cxema JeH#CTBHS IUJHHAPHYECKOrO KOH-
JeHcaTopa Kak (uibTpa CKOPOCTeH. BuaHo, uTo ecsm uepes mesn
B noctynmaer my4yoK 3JIEKTPOHOB, CKOPOCTH KOTOPHIX JEXaT B WH-
TepBaje v &= Av, To Yepes wesnb By NPOAAYT SJEKTPOHEI CO CKOPO-
CTSIMH, JleXKallMMH B Gojiee Y3KOM HHTepBaste Uzé&. B mnpasoi
Y4acTH pHCYHKa [aHO rpaduyeckoe H306paKeHHe paclpeieseHUs

3/IeKTPOHOB N0 CKOPOCTAM A0 (GHJAbTPALMU H IOCJe Hee (3alUTPH-
XOBaHHAsl YacTh).
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HaunGosiee 3ameuaTtejbHass OCOGEHHOCTb paccMaTpHBaeMoOro
¢GuabTPa COCTOHT B TOM, 4TO OH O0JafaeT cHOCOOHOCTbIO (OKYCH-
poBaTh pacxoasueca nyukn. O3 u Poxancknii nokasaau teope-
THUECKHM pacueToM H IMOATBEPAIJIN 3YKCIEPHMEHTaJbHO, YTO pac-
XONSIUUICA TYyYOK, BBIXO-
nAmuil H3 wmead S, BHOBb
doxycupyercs, OIHCaB B
OHUJIHHADHYECKOM KOHJEH-
catope  Ayry 1/4/2 =
= 127° 17’ (puc. 16).

Takum obpasoM, panu-
aJibHOE 3JIEKTPHYecKoe Io-
Jie HUJIHHAPHYECKOTO KOH-

JieHcaropa neficTByeT Ha  Puc. 16. @okycupyoulee AeHCTBHe pajHalb-
pacxoﬂ;{muﬁcﬂ IIOTOK 3a- HOIr'o 3JEeKTPHYECKOr'o IOJIA: A — UCTOYHHK 3a-

_ psiKeHHBIX uacTHu; B — ¢dapagees HHIHHAD;
pSKEHHbIX 4aCTHI COBEp Cy, Cy — ny1aCTHHB LH/JIHHAPHYECKOTO KOHJIEH-
LICHHO TakK e, KakK IoIe- catopa; S, Sy — IIeJH.

peuyHOoe OJHOPOJHOE Mar-
HHTHOe IoJie. B HEKOTOPBIX OTHOLIEHUSX, OAHAKO, IPHMEHEHHe dJIeK-
TPUUYECKOTO TOJIsi BMECTO MAarHHTHOTO MPeJCTAaB/IsIeT NPEeHMyIIecTBa.
Hanpumep, mnpum IOMOLIH 3KPaHOB TOpasio Jierde OrPaHHYHUTh
JIEKTPHUUYECKOE 110JIe, YeM MarHUTHOE.

K nacogy——

§ 10. 3aBMCHMOCTb MacCChl 3JEKTPOHA OT €ro CKOPOCTH

[Ipr CKOpPOCTSIX 3JIEKTPOHOB, OJHM3KHX K CKOPOCTH cBera, oOHa-
PYKHBAETCsi 3aBUCHMOCTb Macchl OT ckopocTu. [lepBoe skcnepumeH-
TaJbHOE JOKAa3aTeJbCTBO 3TOro BaxKHefmero (Gaxkra NPHHAMIEKUT
Kaydmany, paGora koroporo Obina onybiukoBana B 1901 r, T. e.
ellle 3a YeTbipe rofa /A0 MHOSIBJIEHHs] TEOPHH OTHOCHTEJNbHOCTH, CO-
rJIacHO KOTOPOH Jio6asi Macca, He3aBHCHMO OT TOrO, HeCeT JIH OHa
5JIEKTPUUECKUH 3apsii W/IH HeT, NOJKHA 3aBHCETb OT CKOPOCTH IIO
popmyJe *)

)
m=——,
AT —=v?/c?

rge ¢— ckopocth cBera B mycrore. Xors pabora Kaypmana B Ha-
CTOsILI[€E BPEMsi HMEET TOJbKO HCTOPHUYECKHH HHTepec, MBI MO3HAKO-
MHUMCSI C Heell ero MeToJa, TaK KakK 3Ta HJes NOJydYHja IIHPOKHE
IpUMEHEHHs] B ONBITAX C 3apsKeHHBIMH uacTulamHu. B wyacraocry,
Ha aHAJOTMYHOM IIPHHIIMIIE OCHOBaH «Mmeron mapabosa» k. JLx.
Tomcona (§ 13), BnepBble MPUMEHEHHBIH /15 ONPEEIEHHs HCTHH-
HBIX MacC aTOMOB.

Cyuisocts MeToAa KaydmaHa cOCTOHT B TOM, UYTO 3JI€KTPOHBI
IPONYyCKaITCs OLHOBPEMEHHO uepe3 MONEepedyHble 3/JEKTPHUECKOe H

*) CM. cuocky na ctp. 204—205. (/1pum. ped.)
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MAarHUTHOE TIOJISi, PAaclOJOKEHHble INapaJjjenbHo HIH aHTHIAapan-
JieJIbHO, TaK 4TO OTKJOHEHHs B TOM H JPYroM MHOJAX NepleHAHKy-
JSIPHBL Apyr K apyry. IlapassenbHbl#i Iyuyok 3JeKTPOHOB, 0GJja-
JalolUX OJHOH U TOH 3Ke CKOPOCTbIO, IPOXOAUT MEXKAY NJacTHHAMH
KOHJeHCcaTopa, B MPOCTPAHCT-
BE MEXJAY KOTOPHIMH BO30YXK-
JICHO TaK)Ke W MarHHTHOe I0-
ge (puc. 17). Hanpasienus
moJjiefl ToKasaHbl Ha pHCyHKe
crpeakamMu. OTKJIOHeHHe B
3JIEKTPUUECKOM T1osie Oyper
HalpaBJeHO BIPaBO M PaBHO,
Hanpumep, OA = x; OTKJO-
HeHve B MATHHTHOM IoJje Oy-
JleT HampaBJeHOo BBEpPX H paB-
Puc. 17. daexTpoHs B nomepeunom sqex- . HO, HANPHMED, OB = z (cie-
TPHUECKOM H MAarHuTHOM TIIOJIfAX. AyeT IIOMHHTb, UYTO 3JCKTPO-
HbI HECYyT OTpHLATeJbHBIH
3apsil; MOTOMY OTKJIOHEHHS NOJOXKHTENbHO 3aPsAXKEHHBIX YacTHI
Oblip GBI, COOTBETCTBEHHO, BJeBO M BHU3). Dopmyan § 4 parwor

z=A-—, (4.8)
x=B—S5, (4.11)

rie A u B —nocrostnible npubopa. Bee anexTpoHbl, HMelllde IO-
CTOSIHHYIO CKOpPOCTb, OYyAYT NOMNajaTh MNocje IPOXOXKAEHUSA 4Yepes
06a moas B Touky C ¢oromnacTuHku. [Iycth Tenepb My40K HeOAHO-
pPOJeH H CONEPIKHUT 3JEKTPOHB BCEBO3MOXKHBIX CKOopocted. B atom
cayuae cjaelbl 3JEKTPOHOB Ha (POTOMJIACTHHKE PAaCHOJOXKATCA MO
HEeKOTOPOH KpHBOH, (GOPMY KOTOPOH MBI HafiieM, HCK/IIOUHB U3 (4.8)
i (4.11) ckopoctb v. BosBeas mepBoe W3 HUX B KBaapaT H pas-

AeJIHB Ha BTOpOE, noJjaydaemM
2 AZ
_— (10.1)

(]

Ecau e/m 10CTOSIHHO H, C/e/l0BaTe/bHO,

A? e
B = K == const,

10
2’ = Kx, (10.2)

M HCKOMasi KpuBas J0JKHA OBITh OTPe3KoM napabodnl. Ilepekniouas
9JEKTPHUYECKOE T10JIe TO B OJHY, TO-B APYTYIO CTOPOHY, IIPH HEH3MEeH-
HOM HanpaBJeRHH MarHUTHOTO MOJIS MBI AOJKHE OBIIH OBl OJYYHTD
JiBa oTpe3ka napaboJbl, pacnoJoXKeHHHX TaK, 4To ofuiell KacaTesb-
1oit ux B Touxke O cayxuT ock 2 (puc. 18,a). B onwirax Kaypmana,
BHIOJIHEHHEIX € TAaKHM pAaCIoJoXKeHHeM M C NpenaparoM paidd
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B KauecTBE HCTOUHHKA 3JIEKTPOHOB, OOHAPYXKHJIOCh, YTO OTPE3KH
KPUBBIX, IIOJIYUEHHBIE B Pe3yJbTaTe ONbITA, He ABJAIOTCS OTPe3KaMH
napa6osbl. Yixe 310 nokasniBaer, uto e/m B (10.1) He ocraercs
[IOCTOSIHHBIM, T. €. 4TO Macca. 3aBHCHT oT ckopoctu. Ha puc. 18,6
cXeMaTHYeCKH MpeacTaB/eH Bul Go-
torpaduu, mnomydenHoit Kayopma- Z
nom. IIsiTHO, BBLI3BaHHOE HEOTKJIO-
HSIeMbIMH B MArHUTHOM M 3JI€KTPH-
YeCcKOM MOJAX y-JydaMH -pajus,
(huKCHpyeT  HAyaJo  KOOPJHHAT.
BuAHO, 0JHAKO, 4TO OTPe3KH Kpu- & =&
BLIX He JIOXOIST IO Hauaja Koop- 4
IMHAT, HECMOTPS Ha TO, 4TO B Iyd- @

K€ MPHCYTCTBOBAJH 3JEKTPOHBI CO Puc. 18.
CKOPOCTSIMH, MaJ/o OTJIHYalOLlHMH-

csl OT CKOPOCTH cBera. BHIHO TakiKe, YTO KacaTelibHble, POBEJCH-
HBle K TPOJOJIKeHHsIM 000uX oTpe3koB B Touke O, He COBHAAAIOT
C OCbIO 2, HO 00pa3yloT ¢ Hell yroJ o, OTJIHUHEIL OT HyJas. [Tostomy
z/x uMeeT KoHeuHoe 3HaueHne npn z=0, a cJelOBaTeJbHO,
22

2 o
=% 2=0. Takue dororpadux MO3BOJSIOT HafiTH e/m Ans pas-

JIMUHBIX CKOPOCTEH 3JIeKTPOHOB, KakoBa Obl HU Oblia (hopMa C/IeoB.
B camom jesie, H3MEPHUB KOOPAMHATHI KaKOH-IHOO TOUKH KPHUBOH,
MOKHO BBIYHUCJHUTB €/m U v NPH IOMOIILH
¢dopmya (4.8) u (4.11). Beuny toro, uto

Taoanuma II

cJlefbl, TOJyYaeMble Ha (OTOMIACTHHKE,
JIOBOJIHO DPa3MBITH, GOJBLIOH TOUHOCTH v, eMfc N m‘:’/l’ln_'r_,
TakKue H3MepeHHs JaTb He MOTYT; OJ-
HAKO OHM KaueCTBEHHO IOKAa3biBaIOT 936 1010 131107
BHE BCSIKOIO COMHEHHS$, YTO Macca BO3- 259 - 1010 0,97 - 107
pacraer co ckopocTblo. Hampumep, 2,83.10!0 0,63 - 107
Kaydman mosyuus ciefylollne pe3yJib-

tathl (cm. Taba. II).

I KOJIMUeCTBEHHOrD yCTAHOBJIEHHsSI BHAA 3aBHCHMOCTH MacCCHI
OT CKOPOCTH TOYHOCTb ombiTa KaydpmaHna HemocraTouHa.

B To Bpemsi, KOria OH NPOH3BOAWJ CBOM ONBITHI, Pedyb MOLJa
HATH O BHIOOpe Mexnay AByMsi dopmysaamu *): 1) dopmysoit Abpa-
rama, B OCHOBe BBLIBOJA KOTOPOH JieXXaJso TpeAcTaBjeHue 00 3Jek-
TPOHE KaK O XKeCTKOM H HeC:KHMaeMOM LIapHKe:

_ 31 (14p>,  1+8B »
m-m0~452( % lnl_ﬂ——l),

u 2) dopmyaoit Jloperna
— . Mo S
m=—r= = (ﬁ . ),

*) 3pmecs peub HAeT (DaKTHUECKH o dopMyaax [Js Tak Ha3biBaeMoH «momeped-
Hell» maccel. ([Tpun. ped.)
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oTBeyalollell NpeAcCTaBIeHHI0 00 3JeKTPOHE, CKHUMAIIIEMCs 10 Ha-
NpaBJEHUIO [ABHXKEHHs;, MOcJaelHsis (QopMyJa BbHITEKaeT TakKikKe H3
TEOPHH OTHOCHTEJNbHOCTH. BBHAY OOJBIIOH NPHHIUNHAJbHOH BaX-
HOCTH pelleHHsl BOIPOCa O TOM, Kakas M3 3THX JABYX (opmyJ Jyulue
COOTBETCTBYeT AeHCTBUTENbHOCTH, 3a paboroii Kaydmana mocseno-
BaJ MJIMHHBIA Psii APYrHX paboT W BO3HHKJIA mojeMuka. [Ipuumna
3TOr0 3aKJIYaeTcsi B HCKJIOUYUTENbHOH TPYAHOCTH COOTBETCTBYIO-
IUX DKCIHEPUMEHTOB M MaJiofl pasHHIEe B UYHCJICHHBIX NAHHBIX, Aa-
BaeMblXx 06enMH (POpMyJaMH.

He ocranaBnuBasicb Ha HCTOPHHM BOIPOCA, MBI PacCMOTPHM
TOJIBKO Pe3yJbTaThl MOCJAeAHHX paboT, B KOTOPBIX Y4YTEHH BCE BO3-
pakeHus, CIeslaHHbIE MO MOBOJY IPEIIIEeCTBYIOLIUX HCCIELOBAHU.
B ombitax Tpukkepa O6blia HCIOJNb30BaHa CXeMa, MpeLJioXKeHHAs
[1. JI. Kanuue# ans aHanu3a 3JeKTPOHOB Mo cKopocTsiM. CxeMa 3Ta
10 CYLIECTBY NIpeJCTaBysieT co60i «(hoKaTbHBIE MOHOXPOMATOP» AJIS
3JIEKTPOHOB, aHAJOTMYHBIH MOHOXpPOMAaTOpaM TOrO e Ha3BaHHS,
NpUMeHsIEMBIM [JIS MOHOXpoMaTH3auuu cBeTa. Puc. 19,a noscuser

Puc. 19. a) «®okasbHbill MOHOXpOMaTOp» AJsi cBera. 6) CxeMa onbiTa Kamuuer —
TpHkKepa.

JIeHCTBHe 3TOr0O MOHOXpPOMAaTopa B ONTHYECKOM cayuae. Pacxons-
mHica Ny4oK Jydyeidl OT HCTOUHHMKA cBeTa S NPOXOAUT uepes JIHH3Y L,
nepea KOTOPOH IOMellleHa KosblleBass aunadparma AB. Hasnauenune
5TO# AuadparMbl COCTOHT B TOM, 4TOObl yOMpaTh mapakcHaJbHbIE
JYYH W OCTaBJATb Jy4H, Najamolide Ha Kpas JHH3b, T. €. pac-
XOAsllHecs MOJ JOCTATOYHO GOJBIIHM yryoM. BeseacTBue xpomartu-
yeckoli abGeppaiyd JIHH3BI JYYH C PA3JHYHBIMH JAJIMHAMH BOJIH ¢o-
KYCHPYIOTCSI B Pas3jIMuHBIX TOUYKax ONTHYecko# ocu S/, S”, §7,.:
KOPOTKOBOJIHOBBIE JIy4d (POKYyCHPYIOTCS OJIMXKe K JIHMH3E, IJHHHOBOJI-
HOBHIe — Jlajblile oT Hee. Ilepememnas aunadpparmy C, MOXHO BHI-
IlyCKaTh U3 €e OTBEPCTHS Jy4H JIIOOOH HJHHLI BOJHHL.

B merome Kamuusl — Tpukkepa posb JHH3B BHINOJIHSAET MPO-
J0JIbHOE MarHUTHOE TMoJie ¢ OCeBOH cuMMeTpHefi, T. e. coseHoun. Co-
JEHOUJ B HAHHOM CJyuae SIBJisseTCs JJIHHHOH MarHuTHOH JIHH3OH.
Kak mbl Bugesu B § 8, 2/1eKTpOHB (DOKYCHPYIOTCA TaKOH JIMH30M
Ha pacCTOsiHHU [, paBHOM

[ — 27v cos o ) (8.3)

2
m



§10. 3ABUCUMOCTb MACCHI 3/IEKTPOHA OT EFO CKOPOCTU 41

[Tpu 3ajaHHLIX J6 U o paccTosiHHe [ 3aBHCHT OT v U e/m. Cxema
«(pOKaJIBHOTO MOHOXpOMATOpa» [Jif 3JeKTPOHOB H3o0paxkeHa Ha
puc. 19,6. Pacxonaiufics nyyok 3JIEKTPOHOB OT HCTOYHHKA S, KO-
TOPBIM CJYKHJ PafHOaKTHBHBIN NMpenapar, HCNyCKaBIIAH J1€KTPOHbI
co ckopoctamu 1o f§ == 0,8, npoxoAnJ yepe3 KOJbLEBYIO Auadparmy
AB u ¢doxycnpoBaJscsi mpoioJbHBIM MAarHUTHBIM TOJIEM COJIEHOHJA.
ITpu 5TOM, KaK H B C/Iydae ONTHYECKOH JIMH3bI, 3JEKTPOHBI C Pa3JHU-
HBIMH CKOPOCTSAMH (POKYCHPOBAJHCh B DA3HBIX MECTAX OITHYECKOH
ocd. F— cBUHIOBLIH GJIOK AJs1 3aILUTH OT HMONMAjaHUs PEHTTEeHOB-
CKHX Jyuell, BO3HHUKAIOIIUX HPHU TOPMOMKEHHH 3JIEKTPOHOB B JHa-
odparmax. duadparmy D moxHO Oblto 3apsiKarh a0 5000 B n
TeM CcaMbIM YCKOPATb HJIH 3aMEANsTb 3JEKTpoHHl. [Ipu cko-
poct P ==0,8, KOTOpO# COOTBETCTByeT YCKOPSAIOWHK{ NOTEHIHA]
340,5-10% B, ornowenue m/mo no dopmy.e Jlopenua — ditnmirefina
paBHo 1,666. Msmenenne yckopstoulero noresunana sa 5000 B Boi-
3bIBaeT H3MeHeHHe Macchl Bcero Ha 0,06 9%, aro jgexur 3a npefe-
jgamu omu6ok onwbita. [lostomy mojse B 5000 B 3amerno yckopsier
HJIA TOPMO3HT 3JEKTPOHBI, HO HPaKTHUECKH He H3MEHSIET HX MacChl.
Hs popmyas (8.3) caenyer, uto uaMeHeHHe CKOPOCTH Ha Ay cMe-
ulaer QoOKyc Ha
__2mAvcosa

Al = p
— 6
m

3nas Av u 6 u usmepsia Al, MOXKHO BHIUHCJINTD BEJWYHHY e/m IJs
JAaHHOH CKOPOCTH.

Mamepenus Tpukkepa mokasaJsu, YTO IPH CKOPOCTAX BJEKTPOHOB
BIJIOTh 10 0,8 CKOPOCTH CBeTa H3MEHEHHE MacChl CO CKOPOCTBIO clie-
ayer ¢opmyie Jlopenua — dfinirrefina ¢ Tounoctoio 1—2 9%, toraga
KaK pasHuUa MexX1y pesyJbTaTaMmi, faBaeMbIMH (opMmynamu Abpa-
rama u Jlopenna — Jun-
wTeiiHa, COCTaBjseT IpH g
3THX yCJa0BHAX 0KoJa0 5 %. e l

Ipyroit meron ompeme- /}* l“j\‘
JIEHHS 3aBUCHMOCTH MacCCHhl s, s 7
OT CKOpOCTH Obl1 HpHMe- A

wen Ilanom wu Cnuccom

(1938 r.). Maes atoro me- Puc. 20. Cxema onmita Llara n Cnncca.
TOJIa COCTOUT B CJIERYIOILEM.

[ycts B A (puc. 20) pacrosoxeH HCTOUHHK 3JeKTPOHOB. Eciu
uMeeTcs OMHOPORHOE MarHUTHOE ToJe J6, NepneHIUKYAAPHOE K IIO-
CKOCTH PHCYHKA, TO IeJH S; U So BEIAEAAT U3 Iy4YKa Te 3JEeKTPOHH,
CKOPOCTH KOTOPHIX YAOBJIETBOPSAIOT YC/I0BHIO

—”’éi — evdt, (10.3)

rjie 0 — pajuyc KPUBU3HH TPAaEKTOPHH, ONpelessseMOll pacloyioxe-
HueM mener Sy, Sy, Si. DJIEKTPOHBI, NpoLIeAUIne yeped liead S; H
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Sy, monagaor 3ateM B KouaeHcatop C. BBuay HaJHuus MArHHTHOTO
0Jisl, TMEPHEeHAUKYJASPHOTO K 3JIEKTPHUECKOMY, 3TOT KOHAEHCATOp
cayxur ¢uabTpom (cM. § 9), KOTOpHII NPOU3BOAUT GoJiee TOUHYIO
MOHOXPOMAaTH3aIUIO CKOpocTell 3JeKTpoHOB. B G pacmoJioxkeH Boc-
HNpUHUMAIOMUA NPU6Op, IPU NMOMOIIM KOTOPOro MOXKHO CYMTATb OT-
JeJIbHBIE 3JIEKTPOHBI, NpOIIeflllie Yyepe3 BCe IeaH H KOHJAEHCaTop.
OnbIT COCTOMT B TOM, UTO NPH AAHHOH BeJHYHHE MAarHUTHOTO NOJS
noAGHpAIOT pasHOCTb NOTEHLHAJOB Ha IJIAaCTHHAX KOHJAEHcaTopa
TaK, YTOOBI YHCJIO 3JIEKTPOHOB, PETHCTPUPYEMBIX cueTuyukoM G, GBLIO
MakCHMaJbHBIM. Eciin & — HanpsiXKeHHOCTb TNOJI B KOHAEHCATOpE,
TO coryiacHo popmyJie (9.2) uepe3 Hero NpoHIYT TOJIbKO T€ JIEKTPO-
HBI, CKOPOCTH KOTOPBIX yIOBJIETBOPSIIOT TpeOOBaHHIO

0= 9.2)
KomG6uunpys sty ¢opmyay c (10.3), nonyuaem
&
%—_— T (10.4)

Onwitel Ilana u Coucca, Tak e Kak U onbiTel Kanuust — Tpuk-
Kepa *) MmoKas3ajH, 4TO PACXOXKAEHHEe MEeXJy pe3yabTaTaMH, BBIYHC-
JeHHbIMH 10 GopwmyJie JlopeHna — DHHIITeHA, H pe3yabTaTaMH K-
cnepumenta He npeBocxoAaT 1,56 % s ckopocrefl 3/1€KTPOHOB
p = 0,745.

B Hacrosiiiiee BpeMsi BOIPOC O 3aBHCHMOCTH Macchl OBICTPO JBH-
JKYILAXCS YacTHI OT CKOPOCTH NPHOOpe] OrpOMHOEe TeXHHYeCKoe
3HAUYeHHe, TaK KaK caMblil GaKT 3aBUCHUMOCTH MacChl OT CKOPOCTH H
dopMysa, KOTOpPOH KOJHYECTBEHHO BBHIPAXKaeTcs 3Ta 3aBHCHMOCTbD,
Jle)XaT B OCHOBE COBPEMEHHBIX IMKJIHUECKHX YCKOpUTeJeH 3jeMeH-
TapHBIX YaCTHI, NPEJACTABAAIOIINX cO00l IpaHHO3HbIe TEXHHYECKHE
coopyXeHHs. B HHX ycKOpsieMble YacTHIIbI NPOGEraioT 1o Kpyry pa-
muycoM no 100 mMeTpoB M NMPHOGPETAIOT SHEPTHH NMOPSAJAKA JIECSITKOB
MHJIJIHAPAOB 3JIeKTPOHBOJBT. IIpn pacuere 3THX MAIIHH OCHOBHYIO
pOJIb MrpaeT 3aBHCHMOCTb MacChl OT CKOPOCTH **), H caMOe HHYTOX-
HOe OTCTYIJIEHHe OT HCNoJb3yeMol dopmyanl JlopeHna — DiHmres-
Ha NpHBeJO Obl K MOJHOH HEBO3MOXKHOCTH PaGoTHl MalHHBL. TakuM
o6pasoM, B AaHHOe BpeMs 3Ta ()opMysa JOJXKHA CUMTATHCS MOA-
TBEDXJIEHHOH BO BCeM HHTepBaJie JOCTYNHBIX CKOPOCTeH.

*) U3 Gosee MO3JHHX YNOMsSIHEM oONbITH Mefiepa u [p., BHIIOJHEHHBIE B
1963 r. (I[Tpum. ped.)
*%) CM., OflHaKO, CHOCKY Ha cTp. 204—205. ([Tpum. ped.)
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§ 11. Beepnenue

[Ipeabiayiias riaBa Oblia NOCBsIIEHA 3JEKTPOHY KaK ONHOH H3
BaXKHEHIIMX 3JeMEeHTapHbIX 4acTull. Mbl paccMoTpesin JOKasaTelb-
CTBa peasbHOCTH 3JIEKTPOHA, a TaK¥Ke HENOCPEACTBEHHbIE Olpeese-
HHsI BEJHYMHBI €ro 3apsijila  Macchl. B HacTosled riaBe Mbl nepe-
XOJHM K PacCMOTPEHHIO aToMOB BellectBa. JlokazarTe/nbCTBa peallb-
HOCTH 4TOMOB XOPOLIO H3BECTHBI H3 3JIEMEHTapHBIX KypCOB (H3UKH
¥ XHMHH, II09TOMY MBI He Gy/leM OCTaHaBJIHMBATbCsl HA HHX H cocpe-
IOTOYMM BHHMAaHME NpeXJe BCero Ha BaXKHeHINed XapakTepHCTHKe
aTomMa— €ro macce.

B XHMHM OGBLIYHO MOJIb3YIOTCSI He aOCOMIOTHBIMHM, @ OTHOCHTEJIb-
HHIMH AaTOMHBIMH MaccaMu HJIH AaTOMHBIMM BecaMH, MNpHYeM 3a
ycloBHYIO enununy Oepercsa 1/12 Maccnl aroma H3oTOma yrJe-
poza !2C. OmnpejesieHHe aTOMHBIX Macc MPOU3BOAMTCS C MAKPOCKO-
NHYECKUMH KOJHYeCTBAMH BelllecTBA NPH MOCPEACTBE XHMHYECKHX
aHaau30B. IloJyuaeMble TaKHM TyTeM UYHCJIa HMEIOT OrpOMHOe
NpaKTHYECKO 3HAUeHHe H JIeXaT B OCHOBE BCeX XHMHYECKHX pac-
yetoB. ECJM NPEAIOJOXKHUTb, KaK 3TO H [eJ1aJ0Ch A0 CPaBHUTENbHO
He/laBHero BPEMEHH, UTO BCe aTOMBI JaHHOTO 3JIEMEHTa MMEIOT OJH-
HAKOBYIO Maccy, TO, OJb3ysiCh 3aKOHOM ABOrajpo, coriacHo KOTO-
POMY B OJHOM MoJe JII0GOro BelllecTBa COAEPIKHTCS ONHO H TO XKe
KOJIMIECTBO MOJIEKYJ, MOXKHO IPH IIOMOIIM XHMHYECKOH aTOMHOH
Macchl BHIUHCJAHUTh U aGCOJIOTHYIO Maccy aToMa.

B sToii riaBe Mbl YBHAHM, OJHAKO, YTO XHMHYECKHE aTOMHbIE
Macchl He Jal0T BO3MOXKHOCTH BHIUHCJSATh a6COJIOTHble MacChl aTo-
MoB. TeM He MeHee HCTOPHUECKII 3HaHHE XHMHYECKHX aTOMHBIX Mace
6blJIO0 BaXKHO He TOJBKO C IPAaKTHYECKOH TOYKH 3DeHHs, HO H IIO-
TOMY, YTO ¢ MX IOMOLIbIO Gbla OTKPHITA BaxHeHIllas 3aKOHOMeEp-
HOCTb, CBSI3bIBAIOIAsi aTOMbl Pa3/IMYHBIX JEMEHTOB MeXJ1y c000io.
drta 3aKOHOMEPHOCTb NPOSIBJSETCS B NEPHOAHYECKOH CHCTEME 3Jie-
mentoB . M. MenjeneeBa, ¢ pacCMOTPEHUsI KOTOPOH Mbl M HauHeM
STy TJIaBy.

§ 12. MNepuonuueckas cucrema anemenroB JL. U. Menpeneea

K cepenure XIX B. 6bI0 OTKPHITO 06OJbILOE KOJHYECTBO XH-
MHYECKHX 3JIeMEHTOB, H, €CTeCTBEHHO, BO3HHK BOIPOC — CBSI3aHBbI
JM 3TH 3JIeMeHThl Kak-HHOYAb MexAy cOo60H HJIH HX CBOHCTBA
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COBEPUIEHHO CyYafiHBl U He 3aBHUCAT APYr oT Apyra. Pasnuunble ya-
CTHble 3aKOHOMEPHOCTH GBIIM OTKPHITH CPAaBHHTE/IbHO PAHO, HO TOJb-
ko JI. Y. MeHeieeBy ynaJoch BIepBble HaATH OOLLIHH 3aKOH, CBA3bI-
BAIOUIUA BCe 3JIEMEHTHl B €IMHYIO CHCTEMY, KOTOpas sIBJseTCs Hau-
6osiee SIPKHM BBIpaxK€HHeM OGILIHOCTH B CTPOEHHH aToMOB. [l/1s1 TOro
4yTOGBl MPaBHJIbHO OLEHHTb IeHHAJJbHYI0 HHTYHIHIO, Gjaroxaps Ko-
TOpoH MeHze/eeB OTKPBLLI CBOIO CHCTEMY, HEOOXOAMMO HaNOMHHTb
HEKOTOpble ()aKTHI.

[TepBas Tabauua 6bi1a omy6GaukoBana MenneneeBbiM B 1869 r.
K aTOomMy BpemeHH OblIO H3BeCTHO OKoJio 63 3neMmeHToB. OpHaKo
IPH PACIOJIONKEHHH HX B CHCTEMY BBISICHHJIOCh, UTO TOJBKO 35 3Je-
MEHTOB MOXKHO Da3MeCTHTb YBEPEHHO B COOTBETCTBHH C HX aTOM-
HBIMH MaccaMu. [TosoxkeHue 8 371eMeHTOB BBI3BIBAJIO HeLOYMEHHE.
Hamnpuwmep, 65110 HenousitHo, nouemy Zn, Cd n Hg nomagpator B ox-
uy rpynny ¢ Mg, Ca, Sr, Ba; eule GoJbllee HeJJOyMeHHe BBI3bIBAJO
nomellende Mn B oxuy rpymmny c rajoresamu (1. e. B VII rpynmy
nepHofHyeckoll cucrembl). Hakonen, nns ocraiapHbx 20 agemeH-
ToB MeHzeseeBy NPHILJIOCH H3MEHHTb JHOO HX aTOMHBIE Macchl,
an60 mopsifok ciaenoBaHusi. Hepelako aTu nM3MeHeHHs OBLIM BecbMa
CYyLIeCTBEHHBIMH: TaK, HallpuMep, aTOMHasi Macca IEepusi CUuTanach
paBHO# 92; MeHIesneeB mpunucan emMy atomMHyio maccy 138 (cospe-
MenHoe 3Hauenue 140,12); aToMHble MacChl TOpPHS W ypaHa, IO
JaHHbIM TOT'O XXe BpeMeHH, Obin coorBercTBeHHO 116 m 120. Men-
JleJieeB Xe ykKasaJ, YTO 3TH aTOMHble MacChl JOJIXKHBI ObITh 232 H
240. HakoHen, nekotropble MecTa B Tabuaune MeHzeneeB ocTaBuJ my-
CTBIMH, YKa3aB Ha TO, YTO 3TH MeCTa AOJKHBl OBITh 3aHATHl elle He
OTKPBITHIMH 3JIeMeHTaMH. B uaeTHOCTH, OH IpencKasas CyIlecTBO-
BaHHUE TPEX JIEMEHTOB, KOTOPble OH Ha3BaJ 3KabopoM, 3KaaJIOMHU-
HHEM W KaCHJHIFEM, U ONHca/J HX cBoHcTBa. Beckope mocse 3TOro,
B 1875 r., GBI OTKPBIT 3JEMEHT, Ha3BaHHBIH rajiueM. MeHgesneeB
TOTYacC Xe yKasaJ Ha TO, YTO TFa/JIufl H eCTb NpeACKa3aHHBIH HM
9KAaJIOMHHHI M 4TO OH HOJXKEH HMeTh aTOMHYIO Maccy okoJio 68,
miotHocTh 6,0—5,9 u atomubll o6beM 11,5, Ha camom gese atowm-
Has Macca rajjiks okasaJjach paBHO# 69,7, mroTHocTh 5,96 U aTom-
Held 06bem 11,7,

OcHoBHo#l ¢akTt, u3 koroporo ucxoxun . M. MenneneeB mpwu
MOCTPOEHHH CHCTEMBI 3JIEMEHTOB, COCTOUT B TOM, YTO €CJIH PacIoJio-
KUTb 3JIEMEHTHl B TNOPSAKE BO3pacTaHus aTOMHBIX Macc, TO 3Je-
MEHTB C aHaJOTHYHBIMH CBOHCTBAMH II€PHOJHYECKH MOBTOPSIOTCS.
Hcxons U3 3TOro, eMy yAaJoch MOCTPOHTb «eCTECTBEHHYIO CHCTEMY
3JIeMEHTOB», KOTOpasl OKa3aJjach MPaBHJIbHOH, HECMOTPS HA TO, YTO
aToMHas Macca, KakK BBHISICHHJIOCH BIOCJEACTBHH, HE MOXKET CUH-
TaTbCsl KOHCTAHTOH, OLHO3HAUHO ONpeAeNsIollell HHAUBHAYAJIbHBIE
cBoiicTBa atoma. [leCTBUTE/NBHO, HHXKE Mbl YBHIHUM, YTO CYLIEeCTBY-
I0T BeIleCTBAa, KOTOPble B XMMHUYECKOM OTHOIUEHHH BelyT celsl mpak-
THYECKH OJMHAKOBBIM 06pa3oM, HeCMOTpPSI Ha TO, YTO HX aTOMHBIE
MacCh pas3/iuyHEL. Takue BelllecTBa HA3bIBAIOT 430TONAMU, TaK Kak
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BCJEACTBHE HX XHUMHYECKOH TOXKIECTBEHHOCTH HX HEeoOXOIHMO MO-
MellaTh Ha OJHO M TO XK€ MeCTO B NepHOJHuUeCKOH cucreme (CJI0OBO
«H30TONBl» B OyKBAJbHOM II€PEBOJE C TPEUECKOrO O3HAUYAET «3aHH-
Malolliie OJHO H TO Ke MecTO»). XHMHUYECKHe 3JIEMEHTHl Ha CaMOM
nese ABJSIOTCS CMECSIMH H30TOINOB, a HX AaTOMHBIE MAacChl, OIpe- .
IessieMble OOBIYHBIMH ~XHMHYECKHMH METOJAMH, — CPEAHUMH U3
aTOMHBIX Macc Bcex o0pasyrollux ux udoronos. Hapsay ¢ atromamuy,
06/ al0IMMH O4YeHb OJIM3KHUMH CBOHCTBAMH IPH Pa3JUYHBIX aTOM-
HBIX Maccax, CyLIeCTBYIOT TakKe aTOMBI, 06/1aJalollHe Pas3JuIHbBIMU
CBOACTBAMH INPH OAMHAKOBBIX ATOMHBIX Maccax (u3obapwl).

Hecmorps Ha atu ¢akrsl, co3nannas . M. MenzneneeBbM mepu-
OllMUecKasi CHCTeMa 3JIeMEHTOB SIBJISIETCS NPABUJBHOH U ee ClelnyeT
MO3TOMY pacCMAaTPUBATb KaK (PYHOAMEHTANbHbIL 3aKOH Apupodsl.

[Tocko/IbKY XHMHUYecKasi aTOMHAasi Macca B JeHCTBHTEIbHOCTH He
€CThb CYIIECTBEHHBIH NPHU3HAK ATOMA, OCHOBHOH XapaKTEPHUCTHKOH
3JIeMeHTa $SIBJISIeTCS €ro IOJIOKEHHe B HEepHOJHUECKOH CcHCTeMe, a
9TO MOJIOXKEHHE ONpeJessieTcsi HOMEPOM MeCTa, 3aHHMaeMOoro JaH-
HBIM 3J1eMeHTOM B Tabsuue MenneneeBa. [uy6okas mpuynHa BaxK-
HOCTH 3TOTO YHCJIa, HA3BIBAEMOI'O ATOMHKbIM HOMEPOM, COCTOUT B TOM,
YTO OHO fIBJIIETCS HA CaMOM JeJie He NPOCTO MOPSJKOBLIM HOMe-
pOM, HO OJHOH U3 OCHOBHBIX (pu3uueckux KOHCTAHT aToOMa, KakK 3TO
6yeT MOoKa3aHO HHIXKeE.

B03MOXKHOCTb pachnoJIOXKEHUsT IJEMEHTOB B MPAaBHJbHYIO CHCTe-
My IpH NOMOLIM aTOMHBIX MacC OCHOBAaHAa Ha CJEAYIOIEM 3aMeua-
TeJbHOM (aKTe: eCcJH XapaKTepH30BaTh JAaHHBIH 3JIEMEHT ATOMHOH
Macco#, ompefensseMOll XHMHUECKHMH MeTOJaMu M SBJsIOLIelics
CpPeIHHM H3 aTOMHBIX MacC BCeX H30TOIOB [IaHHOI'O 3JIEMEHTa, TO
MeXJy 3TOH cpelHeH aTOMHOH Maccofi H aTOMHBIM HOMEpOM cyllle-
CTBYeT NpOCTasi MOHOTOHHAas 3aBucuMmocTb (puc. 21). B memnorux
cayyasix, Korga 3To coorBerctBue Hapymaercs (K—Ar, Te—I,
Co—Ni), MeHgeneeB ¢ reHHaJbHOH HMHTYHIMEH PaCIOJOXKHJ 3Je-
MEHTHl IIPaBHJIbHO, BOTPEKH HX ATOMHBIM MacCaM.

Ha puc. 22 u 23 npuBefeHbl HEKOTOPHIE MPUMEDPH EPUOLUUECKO-
ro NOBTOpPEeHUsS CBOHCTB aToMmoB. Puc. 22 npeicTaBiisieT KPUBYIO
aTOMHBIX 00b€EMOB: 10 OCH a6GCLHCC OTJIOXKEHH aTOMHbIE HOMEpaA, MO

aTOMHasl Macca
OCH OpAHMHAT — aTOMHBle O0OBEMBI ( = ) H Ha
IJIOTHOCTh

puc. 23 mpeicTaB/jeH Ha OJHOH JAHarpaMMe XOJA HECKOJbKUX (H-
3HYeCKHX CBOHCTB B 3aBUCHMOCTH OT aTOMHOTO HOMepa, a HMEHHO —
BepXHASA KpHBas JaeT XOA oOpaTHBIX BeJHYHUH TeMIlepaTyphl MJaB-
JIEHHSI, CpeJHssl KpUBasg — XOA K03(h()HIHUEHTOB JHHEHHOrO pacllu-
peHHs] U HUXKHSIS — CKHMaeMoCTH. BHAHO, YTO Bce 3TH CBOHCTBA
He TOJbKO MEPHOJHYECKH H3MEHAIOTCS NPH MOHOTOHHOM Bo3pacTa-
HUH aTOMHOTO HOMepa, HO YTO MaKCHMyMbl H MHHHMYMBl Yy BceX
KPUBBLIX NMPUXOAATCA Ha OJHH H Te Ke 3HaUeHHs aTOMHOrO HOMepa,
T. €. YTO BCe 3TH CBOHCTBa 06Hapy}KI/IBa}OT 00UHAKOBYIO TEPHO-
LHYHOCTb.
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Buemnue (hopMbl, KOTOPble MOTYT ObITh NPHAAHBl €CTECTBEHHOMN
cucTeMe 3JIeMEHTOB, BecbMa pasHooOpasHbl. Hawubosee pacmpo-
CTPAHEHHBIMH sIBJSIIOTCS TabJHIB JABYX BHIAOB—C IJHHHBIMH
¥ KopoTkuMH neprogamu. Teopernueckn 6osee o60cHOBaHa TabJauna
¢ AJIMHHBIMH nepuogamu (tabauua III).
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Puc. 21. ATomHas mMacca Kak (yHKUHs aTOMHOro Homepa.

PaccmorpuM mocjefoBaTesibHbie psifibl 3To# Tabauibl. [lepBoiit
PSIA COCTOHMT BCETO U3 ABYX 3JeMeHTOB: OH HauMHAaeTcs OAHOBAJIEHT-
HBIM 3JIeMEHTOM BOJOPOJOM W 3aKaHYHBaeTcs 6/1arOPOAHBIM I'a3oM
rejqueM. TpeTHil 3jieMeHT — JIUTHH — CHOBA OJHOBAJIEHTEH; OH fB-
JseTCS THIHYHBIM MeTaJJoM H o6JafiaeT pe3KO BbipaKeHHBIMH
IleJOYHEIMH cBoficTBaMH. [lo mepe mpoiBHKeHUst BIpaBO o6a 3TH
CBOHCTBA 3aMeTHO OCJAaO6JISIOTCS U NOCTEIIeHHO NPOSABJSAIOTCSI CBOH-
CTBa MNPOTHBOIOJOXKHBIE; HaKOHEl, MNeBATHIH 2JeMeHT — hTop —
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0Ka3blBaeTcsl aHTHIOAOM JIUTHS: OH IBJSIETCS THIMUHBIM MeTaJslJOoH-
JIOM H oGJjajaeT Pe3KO BBIPAXKEHHBIMH KHCJOTHBIMH CBOHCTBAMH.
Hanee caenyer 61aropoJHBIA ra3 HEOH, a 32 HUM LIEJOYHOH MeTaJ
Hatpuit (Ne 11), m Bca KapTHHa MpeldblAyUIero Mepuoaa MOBTO-
psieTcsl, TakK 4TO Uepe3 BOCEMb 3JeMEeHTOB (CUHTas W HaTpHiH) MBI
BHOBb BCTpeyaeM LIEJOYHOH MeTaul Kajui, KOTOpOMY mpejlle-
cTByeT GsaropoaHbifi ra3 apron (Ne 18).
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Puc. 23. Tlepuoanunoctb (PU3HYECKHX CBOHCTB. Bepxusas kpusas — oOpaTHble TeM-

neparype maasienus (1/T)-10% cpenusia KpuBasi — KO3(QQHUHEHT JHHEAHOrO

pacipennst o105 HHKHSIS KpHBasi — Ko dulHenT cxumaemoctd %-105. B me-
cTaX, 0603HAYEHHBIX IYHKTHPOM, JOCTOBEDHBLIX CBEeJeHHH HeT.

[Tepexos OT THNHYHBIX METa/JIOB K THIHMYHBIM METaJJIONJaMm
TIIPOUCXOAUT Yepe3 «aM(pOTepHbIit» 3/1eMeHT — kpeMHui (Ne 14), Ko-
TOpHIit 06Jajfaer ABYMs MOAM(UKALMUAMH: METAIHIECKOH H HeMme-
tannnyeckoi. CiefyolUuH, YeTBepThHIi, NePUOM, HAUMHAMIINHACA Ka-
JIMeM, COCTOHT yKe He u3 8, a u3 18 s;1eMeHTOB, Tak KaK CIeAYILIHI
3a KaJjiieM ILEeJOYHOH MeTasy— pyOuauil — cTOUT yXe Ha 37-M Me-
cre. 3a py6GuaneM cJaeayeT HOBbLIH OOJIBLIOH NMEPUOA, TaK¥kKe COCTOs-
muil u3 18 371eMeHTOB M 3aKaHuuBalolluiics Ha 54-M Mecre GJaaro-
POMHBIM Ta30M KCeHOHOM. [lajee cHOBa HJeT LIEJTOYHOH MeTalll
nesuit (Ne 55), KOTOpBIH# OTKPHIBAET CAMBIil AJIMHHBIA EPHOJ, COAEP-
xamuit 32 snementa. Cpelau 3THX 32 3J€MEHTOB 0COOYIO Ipymmy
o6pasyloT ciefyioluiue 3a JjaHTaHOM 14 3nemenToB OT 58-r0 M0
71-r0 — peJikHe 3eMJIH HJIH <JaHTaHOMJAB» — O6JaJalollie CTOoJb
6JM3KHMH XHMHYECKHMH CBOHCTBAMHM, 4TO pa3jejieHHe HX HmpeAcTaB-
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JsieT 17151 XMMHKa OueHb TPYIHYIO 3ajauy. MiMeHHO BcieacTBHe 3TOH
6JIH30CTH XMMHUECKHX CBOMCTB JIAHTAHOHIOB B TaOJIHIE UM yAeJeHa
oJlHa KJIETKA, a BeCb psij NpUBOAUTCA oTAenbHO. Ilocnenuunit nepuon,
OoTKpbiBaouuiicad 87-M 3/1eMEHTOM, COCTOHT M3 HEYCTOWYHBHIX ecTe-
CTBEHHO-Pa{HOAKTHBHEIX 3/ieMeHTOB. CaMblil TsKeJbli U3 BCTpeyaro-
ugxcst B Nmpupofe 3jeMeHToB —ypaH (Ne 92) nmo HexaBHero Bpe-
MeHH OblJ H MOCJAEIHHM 3JIeMEHTOM NEePHOJHYECKOH cHCTeMBl. B mo-
cJefiHie TOJbl, OJHAKO, Y/IaJ0Ch HCKYCCTBEHHO IOJNYUYHTb pAA Oosee
TSAKEJIBIX — «TPAHCYPAHOBBIX» — 3JIEMEHTOB BIJIOTb O 3JEeMEeHTa C
Homepom 107. MccrnenoBanue ux XHMHUECKHX CBOHCTB M I€PECMOTD
XMMHYECKHX CBOHCTB IpeJUIeCTBYIOLIHX 3JICMEHTOB IPHBEIH K 3a-
KJIOYEHHIO, 4To caeaylonii 3a aktuuuem (Ne 89) ssemeHT TOpHH
(Ne 90) orkpeiBaer rpynny GJH3KHX 10 XHMHYECKHM CBOMCTBAM 3Jie-
MEHTOB — «aKTHHOHJOB» MOJOOGHYIO TPYIIe peaKO3eMe/bHbIX MeTalsl-
JIOB — «JIaHTAHOULOB».

3HaunTenbHO Gosiee pacHpoCTpaHEHHOH sBJseTcs Apyras ¢gopma
€CTeCTBEHHOH CHCTEMBI 3JeMeHTOB — TabJihla ¢ KODOTKHMH Iie-
puogamu (tabauna IV). Ee riaBHEIM NOPEHMYINECTBOM  §IB-
JisleTCsl KOMIAKTHOCTb, HEJOCTaTOK — B TOM, 4YTO pacnpejeneHue
BCEX 3JIEMEHTOB B BOCEMb TPYINI OCYILIECTBJSETCS JAOBOJBHO HCKYC-
CTBEHHBIM ITIyTeM BBeleHusi moarpynm u «tpuai» (B VIII rpynme).

§ 13. Onpenenenne MCTHHHBIX Macc atomoB. Meron mnapa6ou

W3 npenwiayiiero naparpada ciaefyer, 4TO ONpeJeJeHHe HCTHH-
HBIX, a He CPeJHHX aTOMHBIX Macc fBJ/SeTCS OUYeHb BaXKHOH 3ala-
yeif. Haubosiee TOuHblE COBpEMEHHBIe OINpPENeNeHHss aTOMHBIX Macc,
OCHOBaHHBIE HCKJIOUHTEJbHO HA pPA3AU4UU MACC WHIHBHAYAJbHBIX
aTOMOB M He 3aBHCSIIHE OT Kakux Obl TO HH OBIIO JPYTHX HX
CBOJICTB, OCYILECTBJISIOTCS IPU NMOMOIUK OTK/JIOHEHHs HOHOB pa3JjiHy-
HBIX Ta30B B 3JIEKTPHUECKHX M MArCHUTHBIX IOJsiX. BrepBrle TakoH
merton 6vl1 npemoxer JIxk. I1x. TomcoHoM.

Ecnu B katole paspsaHo#t TpyO6KH, paGoTalollell PH NMOHUKEH-
HOM JaBJieHHH (COThle IOJM MM PT. CT.), CHAeJaTb OTBEpCTHe, TO
HOHBI, HaNpaBJsIoOLIHecs K KaTOAY, HPOXOJAT 4epe3 3TO OTBEPCTHE
1 06pasyoT 3a KaTOAOM IIOTOK JydeH, HasblBaeMbIX KAHAAOBbIMU.
OTH KaHAaJOBBIE JIYUH COCTOAT B OCHOBHOM H3 NOJIOXKHTEJbHBIX HOHOB
TeX ra30B, OCTATKH KOTOPHIX HAXOAATCS B pa3psiHONH TpyOke; B HX
COCTaB BXOAST B MEHbUIEM YHCJIEe TaKKe HeHTpaJbHble JaCTHUB H
OTpHUIlATEbHbIE HOHBI, BO3HHKAIOIHE NPH PEKOMOHHALHUAX MOJOXKH-
TeJbHBIX HOHOB H 3JIEKTPOHOB B IIPOCTPAHCTBE 3a KATOLOM.

Metox TomcoHa MO3BOJISIET ONpPeNEIATh OTHOCHTENbHBlE MAacCChi
OT/JeJIbHEIX YaCTHI, BXOASIINX B COCTaB IyyKa KaHAJOBHIX Jyded,
caenyomuM o6pasoM. KawasoBele Jyydm NOJAydaroTCs NyTeM IIPO-
XOX/JeHHsI HOHOB, KOTOpPble BO3HHKAIOT H YCKOPSIOTCS B Pas3psiLHOH
TpyOKe, uepe3 kaHaa K (puc. 24) nnuHOIO B 2 cM H AHaMeTPOM B
0,1 mm. Bnarogaps 3HaunTeNbHOH [NJHHE KaHaja MY4YOK NOJydYaercs
TIOYTH NapaJiieJbHBIM; OH COJEPXKHT YaCTHIB PasjMYHBIX SHEpruH
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BIJIOTh 10 MAaKCHMAaJIbHOM, onpeuenﬂeMoﬁ Halpsi2KeHHeM Ha prﬁxe.
quox KaHaJIOBbIX YAaCTHIl IMOABEpPraeTcsa 3aTeM JeHCTBHIO nomnepey-
HBIX noneﬁ——sneKTle{ecxoro U MAarHuTHOrO, HamlpaBJeHHBLIX Ma-
paJuieqbHO HJAH aHTHNapaJJieJbHO. HPH 9TOM 3apsKeHHble 4YaCTH-
bl OTKJIOHSAIOTCA 2JIEKTPHUECKHM W MArHHTHBIM [OJSMHU BO B3aHM-

_;%F
\ \
\ \i

. /.
7/ 4
P y7e \ )4
— = A\
L 7,
i
A
<l z /

Puc. 24. Cxema Merona napaGou.

HO MNepHeHAHKYJSPHBIX HanpaBjeHHAX, U, Kak Mbl Buaeau B § 10,
€C/IM MyYOK COCTOMT M3 YaCTHIL OAHHAKOBOH MacChl, HO pPas/HYHBIX
CKOpOCTeH, TO 3/J1€KTPHUECKOe H MATHHTHOE IOJsI Pa3BepPTHIBAIOT €ro

M Tax, uTo, najas Ha qmyopcj,cuupyro-

IUH 3KpaH, MOCTABJEHHbIH NepreH-

z /‘// JUKYJASPHO K IepBOHAuYaJbHOMY

//0 HanpaBJIeHUIO Nyuyka HJIH Ha (oTo-

IJIACTHHKY, OH OCTaBJseT cJejn B

/ BHJe OTpe3ka mapaboJibl, GoJiee rmo-

p z npo6HO H300pakeHHOH Ha puc. 25.

[TycTb 2/1eKTPHYECKOE OTKJOHE-

HHMe HanpaBJieHO II0 OCH X, a Mar-

\ , HUTHOe — IO ocH 2. Torja, Kak

4 6bls10 mokasaHo B § 10, mexay z

\\ ’ U X JOJUKHO HMEThb MECTO COOTHO-

P ¢ HIeHHe

Puc. 25. * B m?® .

rie A u B — nocrosinubie npubopa (cm. § 4). Ms (10.1) moayuaem

3apsan HOHA MOXKeT OBITb TOJBKO IEIbIM KDaTHEIM 3apsia 3Jjek-
TpoHa (T.e. MOxkeT ObITb paBeH e, +2e, ...). Ecan Bce HoHbl 3a-
psXKeHbl OJHOKPAaTHO, TO, KaK MoKasbiBaer ¢opmynaa (13.1), mpu
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[TOCTOSITHHOM 3HaueHHH abCLMCChl X Macchl HOHOB OOPAaTHO MPOIMoOp-
LMOHAJbHBEI KBajgpaTaM OpAHHAT (CM. pHc. 25).

Hauano koopauHat ¢uKcHpyeTcsi Ha (QOTONNACTHHKE Hes3aps-
JKeHHBIMH YacTHIAMH, KOTOpPble HE OTKJIOHSIOTCS B 3/JeKTPHYECKOM
W MarHATHOM IIOJISIX, HO HHMKAKHX Ocefl KOOpAHHAT Ha IJIaCTHHKE,
KOHeUHO, He uMeercs. Isis1 Toro 4yToOBI CAENATh BO3MOXKHBIM IpOMep
OopAMHAT, HeOXOAMUMBIH HJSI ONpEJNEeNeHHsi Macc, HamnpaBJieHHe Mar-
HHTHOTO II0JIS B TE€YEHHe ONbiTa MeHseTcs (B OTJIHYHE OT ONBITA IO
OlpefeNeHHI0 3aBHCHMOCTH MAacChl 3JIEKTPOHA OT CKOPOCTH, OIH-
cagsoro B § 10, rue mepeksouaeTcs 3/JeKTPHUIECKOe MOJe), H TAKAM
nmyTeM, Kpome oTpe3koB napaboa MN, PQ, nonydaiorcs elle CHM-
MerpuuHble oTpesku M'N’, P’Q’.

Puc. 26. [Tapa6oas HOHOB pa3/iduHBIX CA30B.

Ecnu B nyuke Hapsily C ONHOKPAaTHO 3apsiKEeHHbIMH HOHAMH
BCTpEYAlOTCsl M ABYKpaTHO 3apsikeHHble (Hanpumep, Ot u O++), to
nocjaefHue AalOT napaboJy, COOTBETCTBYIOLLYIO MOJOBHHHOH Macce
(nanpumep, nmapabosa O++ coorBercTByeT Macce 8). OmHako cylle-
CTBYIOT BHEIIHHe NPH3HAKH, NPH IOMOILHM KOTOPHIX MOXKHO OT/JIHYaTh
napaGosisl MHOTOKPATHO 3aps2KeHHBIX YaCTHI OT mapaboJ 4acTHL,
3apsKEHHBIX OJHOKPaTHO.

Ha puc. 26 mpuBenenbl ABe ¢dotorpaduu mapabod, HoJydeHHbIE
3THM METOJOM, HO Ha COBPEeMEeHHO! yCOBepLIEHCTBOBAHHOH YCTaHOB-
ke. Ha sieBoit ¢ororpaduu oTYeTIHBO BUAHDI ABe napaboiibl, 06paso-
BaHHBIE OJHOKPATHO 3apsiZKEHHBIMH HOHAMH OJHOIO H TOTO e Bellle-
CTBa — HEOHA, — ¢ OUYEBHAHOCTBIO YKa3blBalOLlMe HA CYLeCTBOBAHHE
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y Hero usoromoB ¢ Maccamu 20 u 22. dtn ¢ororpadun mnoka-
3BIBAIOT, Y4TO IIPH COOTBETCTBYIOLlell KOHCTPYKUMH JeTajiedl W mpa-
BHJIbHOM pacueTe npubopa MOXKHO IOJydaTh IapaGoJsl B BHIE
OuYeHb TOHKHX CJI€[OB, pa3feJieHHbIX AOCTATOYHO OO/IbLIMMH IIPO-
MeXYTKaMH Npu HeGOJbLIOM pasJuuuu Macc. MakcumasapHas pas-
peliaolasi crnocoGHOCTb, KOTOpas Obla MojyyeHa TakKHM 00pasoM,
paBHa !/g, T. €. [Be JIMHHH, COOTBETCTBYIOIIHE MaccaM, pPas3jinyaio-
IHMCcs Ha !/gop CBOEH BEJMYHHBI, ellle BHIAHBI pa3fie]bHO (NpH
20-kpaTHOM yBeanuyeHHu). OJHAKO CyllecTBeHHBIH HeJOCTATOK MpPH-
6opa 3akJIOYaeTcs B €ro KpaliHe MaJjlofi «CBETOCHJ/IE»: JJIs HOJyde-
HUSl PE3KHX JIMHUH NPUXOAHTCS JesaTh OUeHb Y3KHE IIe/H, a 3JeK-
TPHUECKOE H MarHUTHOe IOJISI PAcTSrMBalOT, KpOMe TOro, IIOTOK 4a-
CTHI, BCJEACTBHE Yero HHTEHCUBHOCTb CJeJa OKa3blBaeTCsl OUYeHb
MaJiol. YCJOBHSI 3TH HECKOJbKO HANOMHHAIOT TO, YTO HMeeT MECTO
B (ororpaduueckoii KaMepe ¢ MajbM OTBepCcTHeM 6e3 OGbeKTHBA:
yMeHblllasi JUaMeTP OTBEPCTHs, MOXKHO MOJIyYATb CKOJb YTOZHO
pesakoe H306parkeHHe, HO IKCIO3HMIMA NPH STOM yBEIHYHBaETCs L0
NIPAaKTHYECKH HETpPHeMJIeMOH IJINTEbHOCTH.

§ 14. Macc-cnekrporpadso

BosbUIMM NPEHMYIIECTBOM Iepel MeToJloM napaboa obnagaior
Te MeTOJbl, B KOTOPHIX IIPH MOMOIIH Pa3JHYHBIX KOMOHHAUHH 3JIeK-
TPHYECKHX M MATHHTHBIX IOJIel JocTHraercs GQOKYCHPOBKA 3apsiiKeH-
HBIX YacTHL. YCTPOEHHBle TaKUM 006pasoM NPHOOPH HA3HIBAIOTCS
Macc-crekTporpadamu; nepBblil H3 HHX GBLT OCyllecTBIeH ACTOHOM.

Puc. 27. Cxema macc-cnekrporpada Acrtosa.

Aror cnekTporpad uMeer ciaefywollee ycrpoicTso. ITonoxurenn-
HO 3apsiKeHHBle HOHBI IOJyYaloTcsl IpH pa3psifie B TpyOke ¢ NOHH-
JKeHHBIM JaBJjieHueM. Uepe3 oTBepcTHe B KaTOJe STH HOHBI NONajaioT
B 3aKaTOAHYI0 YacTb B BHJe IyYKa KAaHAJOBLIX YaCTHIL H INOABEP-
rajorcss aHanudy. C 3Tofi Iesnblo IyYOK IpexJe BCero JAejaercs
napaJ/JeJbHEIM [PH HOMOLH ABYX KOJJIMMATOPHBIX wieseil By u By
mupunoit 0,02 mm (puc. 27). Konaencarop PP, pasBepThiBaeT 3TOT
yUYOK, AaBasi YacTHUAM OTKJOHEHHe, IPONOPLHOHAJIbHOE e/mu?.
YacTb 3TOro pa3BepHYTOro Myuka, BblfeJeHHas skKpanom C co
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mieaplo Bj, Monajaer 3aTeM B MarHUTHOE IoJe, CO3LaBaeMoe 3JeK-
TPOMAarHHTOM C MOJIOCHBIMH HaKoHeuHHKamu M. B oTinune oT Me-
toga ToMcoOHa, rlle MarHuTHOE MOJIe HAaNpaBJeHO MapaJijiebHO HJIH
aHTHIApaJlieqbHO 3JeKTpHueckoMy, B mnpubope AcToHa Marsur-
HOe IoJie HalpaBJeHO nepneHOuKyAapHO K dJIeKTpHYecKoMmy. BBumy
3TOrO OTKJIOHEHHE YAaCTHUIl MOJ AeHCTBHEM MarHHTHOTO IOJS 3[eChb
IIPOUCXOJHUT B TOH K€ MJIOCKOCTH, YTO M 3JIEKTPHUYECKOE OTKJIOHEHHe,
a CTOpPOHA, B KOTOPYI0O HalpaBJeHO MarHuTHOe IoJe, BhIOHpaercs
Tak, yTOObl YACTHIl B HEM OTKJOHSJIHCh B HalpaBJeHHH, POTHBO-
MOJIOXKHOM HX 2JEKTPHUeCKOMY OTKJIOHeHHI0. IIpn Takux yciaoBusiX
MAaTHUTHOE TI0Jie, B KOHIle KOHIIOB, COOMpAaeT yacTHIbl, 06/anaolime
OJMHAKOBOI Maccol (TOUHee, OAWHAKOBOH BEJMUYHHOH OTHOLIEHHS
e/m), HO Pa3HYHBIMU CKOPOCTSIMH, B obuleM (oxyce Ha doTonaa-
cTuHKe S. B camMoM peJse, OTK/IOHEHHe, HCIBLITHIBAEMOE HOHAMHU B
KOHJleHCaTope, MPONOPLUHOHAIBHO e/muv?, a pajauyc KpHBU3HBI Tpa-
eKTOpHH B MarHuTHOM noJe mo Qopmynae (4.9) npomopuuoHaseH
muv/e. [1oaTOMYy T€ YaCTHIIbl, KOTOPble MCNBITAJH GOJbllee OTKJIOHe-
HeHHE B 3JIEKTPHUECKOM MoJje, OYAyT ONHCHIBATb B MAarHHTHOM MOJe
'TPaeKTOPHIO C MEHbIUMM paAuycoM KpuBu3HbI (puc. 27). B pesaysan-
TaTe MarHUTHOE IOJIe CBeJeT PacXOAAIIUHCS NMyYyoK HOHOB B O6ILeM
doxyce. [Tokasannas Ha
yeprexke  ClelHajbHas
(dhopMa MOJIIOCHBIX HAKO-
HEUHHKOB yJayuiiaeT $o-
KYCHPOBKY.

Caenyioliasi onTHYe-
cKas aHaJorus I03BO-
JisieT Jydlue MOHATH Jlefl-  Puc. 28. OnTuyeckas KBHBAJEHTHAS CXeMa Mace-
cTBHe mpubopa: mnapag- cnekrporpaga.

JeJbHBIA NY4OK Jyded

6eJioro csera (puc. 28), mpoiinsa uepe3 npusmy Pj, pasBepThiBaercs
B crmekrp. Bropas npusma P, pacnosioxeHHas BepUIMHOH B CTO-
POHY, TIPOTHBOINOJIOXKHYIO NEepBOH, M HMelomlas OGOJbLIYIO AHCIEp-
CHIO, BHOBb cOOHpaeT Bce pa3jMYHO OKpalleHHble Jy4YH B Oesblii
«(okyc». 3lechb nepBas NpH3Ma OTBeyaeT 3JEKTPHUECKOMY MOJIIO,
BTOpasi — MarHUTHOMY; JIyUH pPa3jHYHOH JJIMHB BOJHBLI — YaCTH-
IaM pasJHUHbIX CKOPOCTEH.

TouHasi Teopust npubopa AcToHa AOBOJBHO cl0XKHA. Mpl npuse-
IeM 3[eCb TOJbKO HEKOTOpble NPOCThle COOOpPaKeHHS, PasbsICHSIO-
uve ycuaoBusi GokycupoBKH yactul. Ilycts dO Gyner yriosas LIH-
pHHA IyYKa, pa3BepHYTOro 3JEKTPHYECKHM IIOJeM H HPONYLIeHHOTrOo
umesnbio Bs. Ecam [ ecth paccrosiHne oT cepeJHHBl KOHAEHCATOpa 10
[IleHTpa MarHUTHOTO IOJfl, a ¥ — PACCTOSIHHE OT LeHTPa MarHUTHOTO
noJisg 10 (okyca, TO B OTCYTCTBHE MarHHTHOTO IOJIA MY4YOK, pa3Bep-
HYTBIH 3J1eKTPUYECKHM I10JIeM Ha paccTOAHUH [+, mpHo6Gpes Obl LIK-
puny (/4r)d9d. das Toro utoOnl ocyllecTBHIACh (POKYCHPOBKA, 3Ta
IIMpHHA JOJXKHa OBITh KOMIEHCHPOBAHA MArHHTHHIM OTKJIOHEHHeM,

Lenpld
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HanpaB/eHHbLIM B NPOTHBONOJIOXKHYIO cTopony. Ecau dg ects yrio-
Basi [IHpUHA, KOTOPYI MNpHOOpETaeT MNYYOK BCJEACTBHE Mar-
HUTHOTO OTKJOHeHHs,, TO rd¢ GyaeT ero JHHeHHOH WHPHHOH Ha
paccrosnun r. Husi GokycupoBkH Tpebyercsi, 4TOGHl OTKJIOHEHHE
B 9JIEKTPHUECKOM I0JIeé KOMIEHCHPOBAJIOCh OTKJIOHEHHEM B MarHHT-
HOM moJie. DTO [aeT yclOBHE

(I +r)d®—rdy=0. (14.1)

PaccMoTpuM cHayaja NMyYOK, OJHOPOAHBIH MO Maccawm, T.e. Io-
JIOXKHM, 4TO AJsl Bcex uacTuu myuka e/m = const. OTk/noHeHHe 2
napaJ/ieJbHOrO NMyYKa YaCTHI B OJHOPOJHOM 3JEKTPUYECKOM [OJIe
no ¢opmysaam (4.11) u (4.12) 6yner

—__ & w2
2= &a?,
rie a — fAnnHa KoHaeHcaropa. OTciona [/si MaabiX YIVIOB OTKJOHe-
Husi O uMeeM

U, CcJeJ0BaTebHO,

49 _ g4y (14.2)

Panuyc KPUBH3HBl TPAeKTOPHHM B OJHOPOJHOM MAarHHUTHOM IOJie [0
(4.9) pasen

_m 1
T e #°
OTC}OlIa yroJ OTKJIOHEHHS ¢ B MAr"HUuTHOM IIOJIe
L e
Q= "')—"' mo L%’

rie L — AJuHa NyTH B MarHHTHOM mnouse. Tak e, KaK ¥ paHblle,
HoJyyaeMm cpv=—5—1—L%=const, ¢odv+vdp=0,

dy _ _ do

- = ot (14.3)

[Moacrabass dO u do us (14.2) n (14.3) B (14.1), Haxoaum
L [(p — 20) r — 28] =0.

Tak Kak dv/v =0, To 3T0 ycjoBHe OGYAeT BLINOJHEHO, €C/H Bhpa-
JKeHHE B CKOOKAax paBHO HYJIO, T. €.

(¢ — 20) r = 2. (14.4)
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TeoMeTpHUYECKHH CMBIC] 3TOr0 COOTHOIIEHHS MOMKHO MOSICHHTb
npu nomouu puc. 29. Ilyctb Z — cepelriHa 3/1€KTPHUECKOTO MOJs
KoHZeHcaTopa, O — cepefiuHa MarHuUTHOro noJs, F — ¢okyc, B KO-
TOPOM COGHPAIOTEsl YACTHIE BHIOpaHHOH HaMu Macce. ZN ecTb Ha-
npaBjieHHe MoJeTa KaHaJOBbIX YACTHL JO TOrO, KaK OHH MCIBITAJH
otkiaoHenne. Ecau B Tpeyroasuuke OZF yroa npu Z paBeH 20, Kak

Puc. 29. K ycnoBuio ¢oxycupoBku B Macc-cniektTporpade Acrona.

I0KAa3aHO Ha YepTexke, TO Ha OCHOBAHHWH TPUTOHOMETPHUYECKOH «Teo-
peMbl CHHYCOB» MOJiyuaeM, NpHHUMAasi BO BHHMaHue, uTo ZO =/ n
OF =r (cM. puc. 27),

r l
sin 20 sin (p—29) ° (14.5)

IOns manbix yrios cootHolueHue (14.5) cpasy maer (14.4).

Jlo cuX mop Mbl HMeJIH B BHAY YacCTHIBI C ONpeJesleHHBIM 3Haye-
uuem e/m. OKa3biBaercsi, OJHAKO, YTO €CJIH PaCIOJOXHTb (oTomaa-
cTuHKy FP rtak, 4toOb mpsamasi ZF jexaja B ee IVIOCKOCTH, TO Ha
NJIaCTHHKE OJNHOBPEMEHHO pacnoJsioxarcsi (OKyCH AJsl pasJHYHBIX
e/m. B camom gene, BriGepeM 3a moJsipHyio och npsmyio OX, na-
pannenbHytlo ZF. Torza panuyc-BeKTOp, NpoBeleHHHH K F, OyneT
paBeH r, a MOJSPHBIA yroa ¢, Kak BHAHO H3 yepTexa, paBeH @ —
— 29. Paccrosinne a mexnay ZP w OX 6yner paBHO rsin(¢p — 29),
unu mo (14.5)

a==r sin (¢ — 20) =1 sin 20 ~ 2/9.

Ho rtak kak yrosa ¥ ¢ukcHpoBaH pacrnoJsioxeHueM lieau Bs (puc. 27),
TO a ecTy nocrosaxHas eesudura. [losbp3yscb 0603HAYEHHSMH @ —
— 20 =1, 210 = a, u3 (14.4) nonyuaem

r ==

e (14.6)
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BBuay toro, uro a — noctosHHas BesnuuuHa, (14.6) ectb ypas-
HeHHe rumepbosuyeckoil cnupasu *), dta cnupasib Aenaer 6ecko-
HEUYHOe 4YHCJa0 O06OpOTOB, NPUOMHNKASCh K Hadaly KOOPAHHAT, HO
He momajasi B Hero; oHa HMeeT aCHMIITOTY, HapaJliebHyI0 M0JIsPHOH
OCH H OTCTOSILIYIO OT Hee Ha paccTosiHuu a. [loaToMy, ecau pacno-
JIOXKHTb (OTOMJIACTHHKY Tak, 4TOGB 3Ta A4CHMITOTa HaXOAHJAcCh
B ee IJIOCKOCTH, TO Bce (DOKYCHl, KOTOPBIM COOTBETCTBYIOT YTJBI V),
MeHbllIie HEKOTOPOH onpeJeseHHOH BeJIHYHHB], OyAyT JexaTh B IJIO-
CKOCTH (DOTONJIACTHHKH, 4YeM H o0ecneunBaercs pe3KOCTb JIHHHH
B Macc-CIeKTpe.

Puc. 30. Hecko/bKO THNHUHBIX Macc-CMEKTPoB.

Ha puc. 30 npuBeleHO HECKOJIBKO MACC-CIEKTPOB, CHATHIX MPH-
GOpoOM ONHCAHHOrO THNA. BHIHO; HAaCKOJbKO pPE3KH JIMHHH 3STHX
cneKkTpoB. PaccTosiHus MeXXIy HUMH (JAHcnmepcust npubopa) HACTOMb-
KO BEJHKH, UTO H3MEpEHHsI Macc U pasjejeHHe OJU3KHX MacC MOXK-
HO IPOM3BOAUTB C BBICOKOH CTeNeHblo TOYHOCTH. B camom nene, mpu
IJHHEe cekTpa B 16 ¢M Ha HeM YKJIaJAbIBalOTCA JIMHHH aTOMOB, KO-
TOPBIM COOTBETCTBYIOT MAacChl, pas/uualollhecs HeMHOro Gosee uem
B IBa pasa; M3MEHEHHe Macchl Ha OJHH IPOLEHT COOTBETCTBYET
paccrosiHuio JHHHE OT 1,5 10 3 MM (B PasHBIX YacTAX NJIACTHHKH).

*) Cm., manpumep, Cmupros B. H. Kypc Bucwed MaTematuky, T. 1,
usa. 23-e.— M.: Hayka, 1974.
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Jlns1 ompefiesieHHst Macc IO 3THM CIeKTPaM IOCTYNalT CJeayio-
M o6pa3oM. Bo-nepBuIX, Hy:KHO BHIOpaTh KaKylo-HHOYIb ompene-
JIEHHYIO MaccCy B KauecTBe «CTaHAapTa», TaK KakK IPH MOMOLIH Macc-
CIIEKTPOB MOTYT OBITb ONpEJEJEHB TOJNbKO OTHOCUTEAbHbLE BeJIH-
YyHHB Macc. B Tak HaspiBaeMo# (pH3NYECKOH LIKaJje Macc 3a OCHOBY
Oepercsl Macca H3oTona yraepona '2C = 12. Bo-BTopsIX, 1Js1 omnpe-
JeJIEHHS] HEU3BECTHBIX Macc CJeAyeT IIOCTPOHTh TPaAyHPOBOUHYIO
KPHBYIO, OTKJAaJAblBasi HAa OCH abcLUcC pPacCTOSIHHE JIHHHE OT OJHOH
onpefeseHHON TOYKHM Ha (OTOMIACTHHKE, a HAa OCH OpAMHAT — COOT-
BETCTBYIOIME MAacchl. JTa IIKajJa Macc MOXKeT ObITb ycTaHOBJIEHA
[IPH TOMOLLY JIHHHH, CBS3aHHBIX C MaccaMH, OTHOUIEHHe KOTOPHIX
TOYHO M3BeCTHO. Hanpumep, NHHUAM aToMa M MOJIEKYJbl KHCIOPOIa,
O u O,, cnenyer mpunucaTh Maccs 16 u 32; onHO- U ABYX3apsAHBIM
wonam O+ u O*+ Haymo mpunucath Maccesl 16 u 8 u r. 1.

Ha puc. 31 npuBefeH npuMep rpafiydpOBOUYHOH KPUBOH CIIEKTPO-
rpadga AcrtoHa. Kax BHAHO, OHa MaJoO OTJHYaeTcss OT HPSIMOM, UTO
obJieryaer AOCTHIKEHHE BBICOKOH TOYHOCTH. /sl MOJNyYeHHUS MaKCH-
MaJIbHOH TOYHOCTH NPHUMEHSI0TCS 6oJsiee CJIOXKHBIE METOMAbI, Ha OINHU-
CaHHUH KOTOPBHIX MBI OCTaHABJIMBATBCS He OyneM *).

B3iiH6puaK HCIONb30BAJ B CBOEM MPHOOpPEe COBEPILIEHHO HHYIO
KOMOMHALHIO 2JEKTPUUECKOr0 M MAarHuTHOro nousedt. ITocTpoeHHBIH
HM Macc-crnekTporpad xapakTepH3yeTcsl 4Ype3BblUaHHOH NpPOCTOTOH
KOHCTPYKIHH, HO JaeT pe3yJbTaThl He MeHee, a B HEKOTOPHIX CJy-
yasix Aaxe GoJee TOUHBe, Hexeau crektporpad Acrona. Cxema
npubopa bafiHOpuaKa TakoBa: NY4YOK KAaHAJOBHIX Jyyed [ejaercs
napaJileIbHBIM IIPH MOMOILM ABYX KOJJIMMATOPHBIX Liesed S; u Sy
(puc. 32). DroT napaJJeNbHEH MY4OK, COAEPIKALIUA HOHBI Pa3jny-
HBIX Macc ¥ PasJIMYHBIX CKOpOCTeH, NOCTynaeT 3aTeM B KOHJAEHCATOP
PPy, XOTOpPHII HAXOAUTCS B NONEPEYHOM MArHUTHOM HOJie, flepneH-
IUKYJISPHOM K IIOCKOCTH yepTexa. Takasi cuctreMa, Kak OBLIO TOKa-
3ano B § 9, mpeacrasiser co6oit puabTp ckopoctelt. Ilpucyrcreue
atoro GuabTpa B OTPOMHON CTeNeHH ympoluaer Aeno. JlefcTBUTeb-
HO, (UJIBTp NpPONYyCKaeT uepe3 lLieab S; HOHBEI Pa3JHYHBIX Macc, HO
ONHOH W TOH Ke CKOPOCTH vo. IIpofifs depe3 mienb Ss, 3TH HOHBI
ONHUCHIBAIOT KPYrOBble TPAEKTOPHH B IONEPEYHOM OJHOPOJHOM Mar-
HUTHOM TnoJsie. Panumychl KpHUBH3HBI 3THX TPaeKTOpPUH 1O (opmyne
(4.9) nponopuHOHAa/NbHBl KOJTHYECTBAM ABHKEHHSI HOHOB:

muy

p:—e% . (4.9)

a TaK KaK CKOPOCTb Uy Y BCEX HOHOB OJUHAKOBA, TO PaJAMyCHl KPH-
BU3Hbl MOHOB pas3/JMYHBIX Macc OyAyT NPOMOPIHOHAJIbHEI MaccaM:

p =const - m.

*) Cm. Bepunapd [loc. Cospemennas macc-cmekrpomerpus/ITep. ¢ auri -— M.:
WJI1, 1957; Pux T. P. Macc-cnektpockonus. — M.: Tocrexuspar, 1953.



60 . 1. ATOMbI. N30OTOIMbI

W

Pomozpapuseckas
TAAETIURRE

! 1

| A R RS SR |
V=7 7 ¢ § ¢ 7 4

——

DI ew
Puc. 31. T'papympoBoulas KpHBas Puc. 32. Cxema Macc-cnexTorpada
cuekrporpada Acrona. Balinbpunka ¢ QUIBTPOM CKOpocTeH.

Puc. 33. TlpuMepn Macc-CIeKTPOB, CHSTHIX crekTporpadom bBsiin6pumxka, Cuesa

IaHbl M30TOMB UHKA, FePMaHHs H TeJIypa; CrpaBa — CMEKTPHI, MOATBepXKAalolne

CyIIecTBOBAHHE H30TONA BOAOpORA ¢ Maccofi 2, Huxuuil ciekTp noATsepiXKiaeT
OTCYTCTBHE H30TONOB y OEpH/IIMSA.



§ 15. MACC-CIMNEKTPOMETPbI
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§ 145. MHTEP®EPEHLINA MOJNEKY/MAPHbLIX MYYKOB 449

pemerke. Beanunna 0=2480 M/c —cpeaHsss CKOPOCTb HeHTPO-
HOB NpH KOMHAaTHOH TeMIepaType, Ha PHCYHKe INYHKTHPOM Mpej-
CTaBJeHa TaKXe KpHBas pacnpefes]eHHs MJis TOTOKa HeHTPOHOB
nv, T. €. UHCJA HEHTPOHOB, NepeceKalollux miomanaxky B 1 cm? 3a
CEeKYHAY.

Nonusnepeemuyeckud
ny4oK -

Monorpucmann

flgmia
JSays

Puc. 221. Meron audpaxkumu Jlays 1as peHTreHOBCKHMX Jyueii M NYYROB Hefi-
TPOHOB,

Ha puc. 221 npexcraBneHa cxema oneiTa ¢ AHQpakuued ajs

HOJIMIHEPTETHUECKOTO MyYyKa HEHTPOHOB, a Ha pHC. 222 npuBeneHa
¢dororpadus, nojyuyeHHass NPH NPOXOKIAEHHH HEHTPOHOB uepe3 MO-
nokpucrana NaCl. Tunuu-
Hoe Jud JAHGpakKUuH Ha
NMPOCTPAHCTBEHHOH peller-
Ke pacrnpejeseHHe ISTeH
COOTBETCTBYeT CHMMeTPHH
KpHUCTaJa.

Hnsi  nonyyenuss  JAH-
¢pakuun no merony bpar«
ra Tpebyercsi MOHO3Hepre-

THYECKHI TOTOK HEeHTpO-=
noB. [lomyueHne Taxkoro
nyyka JA0CTHraeTcsd nmpeiBa-
pPUTEJbHBIM  OTpakeHueM
nyyka HEHTPOHOB OT KpH-
CTaJgJga, KOTOpOe€ BBLIIENACT  pyc, 222. Hefitponorpamma kpucraina NaCl,
HEHTPOHBI C OnpeleseHHOH noaydyenHas [yanom u Yoananom.
CKOPOCTbIO, a CJeL0BaTesb-
HO, C ONpeJeseHHON NJIHHOH BOJMHH Je Bpoinsa. das onpenenexnHoro
yrJaa CKOJIbXXeHHs HeHTPOHBl OTpa3siTcs B TOM cayyae, ecau Oyner
yZAOBJIETBOPeHO ycaoBHe Bynbda — Bparra

A=2d sin 9,
npuyem
g a=2

mou

Bribupas cooTBeTcTBYIOWIHM 06pa3oM yroa ¥, MOXKHO BBIAEJHTH
U3 TNOJNIHEPreTHUYeCKOro nydyka HEeHTPOHB ¢ JI060# HeoO6XoauMOoi








































































































































































§157. S/IEKTPOH B MOTEHLUMA/IBHON AME 505

KonraktHas pasuocts norenyuasos. Eciy npuBecTH B CONpH-
KOCHOBEHHE [[Ba MeTaJljla PasJMYHON NPHPOABI (Hampumep, Melb H
IMHK), TO MeXJy HHMH YyCTaHaBJ/JHBaeTCs DPa3HOCTb MOTEHIHAJOB
(xoHTaKTHasi Pa3HOCTb NMOTEHLHAJNOB). DTO ABJEHHE, OTKPHITOE ellle
BosibTa, CTaHOBHUTCSI IIOHSTHBIM, €CJIH PacCMOTPeTb YCJOBHS, B KO-
TOPBIX HaXOAATCS 3JIEKTPOHHI B 000UX MeTaJllax.

[TpencraBum cebGe ABa MeTaJJa ¢ pPasjUYHBIMH BHYTPEHHHMH IIO-
TeHIlHaJaMHd M pa3JHYHBIMU paboTaMM BHIXOAA W; H Wy H NYyCTh
w; < wp. COMU3UM HX TaK, 4TOOBl PacCTOSAHHE MeXJy HMX MapaJ-
JebHBIMH  MOBEPXHOCTSIMH ObIO NOPSfKa AaTOMHBIX pa3MepoB
~10-% c¢cmM. B ToM W apyroM MeTaJjlsie BCe YPOBHH 3HEPTHH HHXe
rpannubnl PepMu { 3aHATH
3JIeKTPOHAMH, BhIlIE ee — CBO-
6onubl. Ho rpanuna Pepwmmu
B MeTaJie / JIeXKHT Bbillle OT-

HOCHTEJbHO HYJIEBOT'O YPOBHS
4

Baryyy

4 Memann ] Memany I

- Ox, Hexenu rpanuna Pepmu
¢ B MeraJsuse [/ OTHOCUTENbHO
2 Toro xe ypoBHs (puc. 239).
[TosToMy 3/1eKTPOHEI ¢ Bepx-

i HUX YpoBHe#l Merasna [ Mo-

or Y A* %//%%////% B

Puc. 239. Puc. 240.

TyT NepexoAHTb CKBO3b MOTEHLHaJbHBI Oapbep, pa3iensomui o6a
Merassa (TYHHEJbHBIM IepexojoM), Ha CBOOOJHBIE YPOBHH MeTaJ-
aa I1. Ho anekTpoHb MeraJssa // He MOTYT MepexoAHTb B MeTaJsa /,
TaK KaK BCe YPOBHH 3TOrO NOCJIEJHEro, Jexallue Ha OLHOH BHCOTe
¢ {2 M HHXKe ee B MeTaJvle /, 3aHAITHl NApaMH 3JeKTPOHOB. [TosTomy
meTtaasa /I Gyner 3apsiKaTbCsl OTPHLATENbHO, a MeTaJ1 [ — HoJo-
JKHTeJNbHO. DTOT mpouecc OyJeT NPOHCXOAUTb 10 TeX IOp, NOKa KpH-
THYeCKHe YPOBHH 060OHMX MeTas/IOB He cpaBHsoTcs. IIpu sToM Me-
XK1y oOOMMHM MeTa/JiaMH YCTAaHOBHUTCSl BHEIIHSIE Pa3HOCTb IMOTEH-
11MaJIoB, paBHas Pa3HOCTH HX paboT BHIXOJA.

B stoM MOXKHO yGemuTbcsl M3 cieayoliux coobpaxenuil. [lycts
MBI HMEeM [1Ba colpHkacaioliuxcs meranna [ u Il ¢ paboramu BHI-
X0la w; U W, NpHUeM w@; << Wp. PaccmoTpum TOouky A, pacmoJio-
JKEHHYI0 B BaKyyMme BOJIM3H NOBEPXHOCTH Meranana I, U Touky B —
B6/M3K noBepxHocTH Merasua I/ (puc. 240). Ilpu nepexone sunexk-
TPOHa H3 TOYKH A BHYTPb MeTasja [/ Ha YpOBeHb €ro TI'paHHIbI
®epmu ocBoboautcs paboTa w;; NpH nepexojae W3 TOYKH B BHYTpb
MetaJssa I/ Ha ypoBeHb ero rpanuubl Pepmu ocBoboaurtcs pabora
w,. Ho rpanuna ®epMu B 060HX CONpPHKAcCAIOUIUXCS MeTaJJax, 1o
CKa3aHHOMY, YyCTaHaBJIHBaeTcss Ha OJHOH BbicoTe. Pabora xe


































































































































































	От издательства
	Предисловие к шестому изданию
	Из предисловия ко второму изданию
	Из предисловия к первому изданию
	Глава I. Электрон, его заряд и масса
	§1. Открытие электрона
	§2. Определение заряда электрона
	§3. Практическое осуществление опыта Милликена
	§4. Движение электрона в электрическом и магнитном полях
	§5. Электрон в продольном электростатическом поле
	§6. Экспериментальные методы определения удельного заряда
	§7. Определение удельного заряда электрона по методу двух конденсаторов
	§8. Определение удельного заряда электрона по методу фокусировки продольным магнитным полем
	§9. Фокусировка и монохроматизация пучков заряженных частиц
	§10. Зависимость массы электрона от его скорости

	Глава II. Атомы. Изотопы
	§11. Введение
	§12. Периодическая система элементов Д. И. Менделеева
	§13. Определение истинных масс атомов. Метод парабол
	§14. Масс-спектрографы
	§15. Масс-спектрометры и масс-спектрографы с двойной фокусировкой
	§16. Массы и процентное содержание изотопов
	§17. Разделение изотопов с помощью методов, основанных на диффузии
	§18. Разделение изотопов методом термодиффузии
	§19. Разделение изотопов с помощью электромагнитных методов
	§20. Разделение изотопов с помощью методов фракционированной перегонки и обменных реакций
	§21. Разделение изотопов методом центрифугирования
	§22. Получение тяжелого изотопа водорода (дейтерия) и тяжелой воды

	Глава III. Ядерное строение атома
	§23. Эффективное сечение для рассеяния частиц
	§24. Зондирование атомов электронами
	§25. Свойства а-частиц
	§26. Теория рассеяния а-частиц
	§27. Экспериментальная проверка формулы Резерфорда
	§28. Определение заряда ядра

	Глава IV. Рентгеновские лучи и их применение к определению атомных констант
	§29. Рентгеновские лучи
	§30. Поглощение рентгеновских лучей
	§31. Рассеяние рентгеновских лучей
	§32. Дифракция рентгеновских лучей в кристаллической решетке
	§33. Экспериментальное осуществление дифракции рентгеновских лучей
	§34. Определение длины волны рентгеновских спектральных линий
	§35. Спектры рентгеновских лучей
	§36. Закон Мозли
	§37. Абсолютное определение длины волны рентгеновских лучей
	§38. Определение постоянной Авогадро и заряда электрона
	§39. Удельный заряд электрона

	Глава V. Строение атома и классическая физика
	А. Классическая механика и строение атома
	§40. Атомные модели
	§41. Закон сохранения энергии в механике
	§42. Потенциальные кривые
	§43. Закон сохранения импульса
	§44. Соударения
	§45. Центр инерции
	§46. Линейный гармонический осциллятор
	§47. Комплексное представление колебаний
	§48. Разложение в спектр
	§49. Центральные силы. Кинетическая энергия в полярных координатах
	§50. Движение в центральном поле
	§51. Кеплерова задача
	§52. а-частица в поле ядра
	§53. Приведенная масса
	§54. Обобщенные координаты. Состояние системы
	§55. Функция Лагранжа. Уравнения Лагранжа
	§56. Применение уравнений Лагранжа к задаче о центральном движении
	§57. Обобщенные импульсы
	§58. Гамильтоновы канонические уравнения
	§59. Физический смысл функции Гамильтона
	§60. Циклические координаты
	§61. Скобки Пуассона. Законы сохранения
	§62. Движение в электромагнитном поле
	§63. Механика быстродвижущихся частиц. Преобразования Лоренца
	§64. Основы релятивистской динамики частицы
	§65. О связи между массой и энергией

	Б. Классическая теория электромагнитного излучения
	§66. Элементарные центры испускания света
	§67. Электромагнитное излучение линейного осциллятора
	§68. Полное и среднее излучение осциллятора
	§69 Электромагнитный спектр негармонического осциллятора
	§70. Затухание колебаний
	§71. Лучистое трение
	§72. Интеграл Фурье и сплошной спектр
	§73. Естественная ширина спектральных линий
	§74. Другие примеры спектрального разложения непериодических процессов
	§75. Планетарная модель атома
	§76. Орбитальный магнитный момент и теорема Лармора
	§77. Эффект Зеемана
	§78. Эффект Зеемана. Общий случай
	§79. Излучение Вавилова—Черенкова


	Глава VI. Излучение абсолютно черного тела и гипотеза квантов энергии
	§80. Классическая физика и проблема теплового излучения
	§81. Равновесное излучение в полости
	§82. Закон Кирхгофа
	§83. Законы излучения абсолютно черного тела
	§84. Экспериментальное исследование законов теплового излучения
	§85. Теорема о равномерном распределении энергии по степеням свободы
	§86. Формула Рэлея—Джинса
	§87. «Ультрафиолетовая катастрофа»
	§88. Формула Планка
	§89. Гипотеза квантов энергии

	Глава VII. Уровни энергии атомов
	§90. Планетарная модель атома и квантовые постулаты Бора
	§91. Опыты Франка и Герца
	§92. Упругие соударения
	§93. Неупругие соударения. Критические потенциалы
	§94. Усовершенствование экспериментальной методики
	§95. Одновременное определение всех ступеней возбуждения
	§96. Определение ионизационных потенциалов
	§97. Излучение возбужденных атомов
	§98. Спонтанное испускание
	§99. Поглощение и вынужденное испускание
	§100. Вывод формулы Планка по Эйнштейну
	§101. Свойства индуцированного испускания
	§102. Генераторы света

	Глава VIII. Спектральные серии и уровни энергий водородного атома
	§103. Серия Бальмера
	§104. Серии Лаймана, Пашена и др. Обобщенная формула Бальмера
	§105. Спектральные термы. Комбинационный принцип
	§106. Квантование круговых орбит
	§107. Теория Бора
	§108. Серия Пикеринга и спектры водородоподобных ионов
	§109. Применение предыдущей теории. Открытие тяжелого изотопа водорода
	§110. О спектроскопическом определении удельного заряда электрона
	§111. Диаграммы уровней энергии
	§112. Граничный сплошной спектр атомного водорода
	§113. Квантование водородоподобного атома по Бору—Зоммер-фельду
	§114. Принцип соответствия
	§115. Кризис теории Бора

	Глава IX. Световые кванты
	§116. Флуктуации светового поля
	§117. Фотоэффект и уравнение Эйнштейна
	§118. Экспериментальная проверка уравнения Эйнштейна
	§119. Коротковолновая граница сплошного рентгеновского спектра
	§120. Точное определение постоянной Планка
	§121. Другие опыты, обнаруживающие корпускулярные свойства света
	§122. Флуктуации светового потока
	§123. Рассеяние рентгеновских лучей (волновая теория)
	§124. Эффект Комптона
	§125. Элементарная теория эффекта Комптона
	§126. Электроны отдачи
	§127. Элементарные акты рассеяния и законы сохранения
	§128. Экспериментальное подтверждение применимости законов сохранения к элементарным актам рассеяния
	§129. Эффект Мёссбауэра
	§130. Некоторые применения эффекта Мёссбауэра

	Глава X. Волны и частицы
	§131. Введение
	§132. Плоская монохроматическая волна в однородной среде
	§133. Волновое уравнение
	§134. Суперпозиция плоских волн
	§135. Волновой пакет
	§136. Фазовая и групповая скорости
	§137. Корпускулярно-волновой дуализм. Преломление света
	§138. Корпускулярно-волновой дуализм. Эффект Доплера
	§139. Корпускулярно-волновой дуализм. Дифракционная решетка
	§140. Гипотеза де Бройля
	§141. Свойства волн де Бройля
	§142. Экспериментальное подтверждение гипотезы де Бройля. Метод Брэггга
	§143. Преломление электронных волн и внутренний потенциал металла
	§144. Экспериментальное подтверждение гипотезы де Бройля. Методы Лауэ и Дебая — Шеррера
	§145. Интерференционные явления с молекулярными пучками и с нейтронами
	§146. Волновой пакет и частица
	§147. Статистическое истолкование волн де Бройля
	§148. Соотношения неопределенности
	§149. Определение положения и импульса микрочастицы
	§150. Ошибочные толкования соотношений неопределенности
	§151. Соотношения неопределенности и принцип причинности

	Глава XI. Уравнение Шредингера
	§152. Уравнение Шредингера и физический смысл его решений
	§153. Отражение и прохождение через потенциальный барьер
	§154. Потенциальный барьер конечной ширины
	§155. Колебания струны
	§156. Частица в потенциальном ящике
	§157. Электрон в потенциальной яме
	§158. Линейный гармонический осциллятор
	§159. Нормальное и возбужденные состояния линейного осциллятора
	§160. Связанные осцилляторы. Силы Ван дер Вааль-са
	§161. Частица в трехмерном потенциальном ящике

	I.Вычисление средних значений
	II.Вывод распределения Больцмана для квантовых систем
	III.К классической теории эффекта Зеемана
	IV.Формула средней квадратичной флуктуации
	V.Ортогональность и нормирование собственных функций осциллятора
	VI.Теорема вириала
	Предметный указатель

