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JIABOPATOPHAS PABOTA.

OIIPEINEJIEHUE ITOTEHLIHWAJIA BO3BYXKXIEHHUA U
HNOHHU3ALIUN ATOMOB UHEPTHOI'O I'A3A METOIIOM
QJIEKTPOHHOI'O YIIAPA.
[lenb paO®oOThI: U3YyUYEHHE HEYNPYTUX CTOJKHOBEHUN ODIIEKTPOHOB C aTOMaMH.
OnpeneneHue MOTEHUHANIAa HWOHM3allMM aTOMa MHEPTHOTO rasa U IMOTEHIHaIa
BO30YXEHUS aTOMOB MHEPTHOTO ra3a METOI0M AJIEKTPOHHOTO yiapa.
TEOPETHYECKOE OIIUCAHME.
JHepreTuyecKue COCTOSHUSI ATOMOB.

CornacHO COBpPEMEHHBIM TEOPETHUECKUM IPEACTABICHUSIM aTOMHBIE CHUCTEMBI
MOT'YT HAXOIWUTHCS TOJBKO B HEKOTOPBIX ONPENEICHHBIX COCTOSHUAX, Ha3bIBAEMBIX
cmayuonapuvivy. KaxXIoMy CTallMOHAPHOMY COCTOSIHUIO COOTBETCTBYET CBOE
(ukcupoBaHHOE 3HaYeHHE HEPruu. CIEKTp TOMYCTUMbIX 3HAYEHHUI S3HEPruil aTOMOB

ABISIETCS JNUCKpeTHBIM. Cocmosanue ¢ HAuMeHbwiuM OONVCIUMbIM _3HAYEHUEM
DHepeUU amoMa_HA3bIEAemcs. OCHOHBIM cocmosnuen. YacTo IpH B3aNMOJEHCTBHAX
aroMa C BHEIIHUMU CHUCTEMaMU M3MEHSAETCS COCTOSIHME TOJIbKO BAJIEHTHOI'O
(BHemHero) snekrpoHa. [losToMy B 1aHHOM paboTe Mbl OyleM CUMTaTh, YTO SHEPIUs
aroMa 5SKBUBAJEHTHA DSHEPIUU BAJICHTHOIO JJIEKTPOHA, a COCTOSHHME aroMa M|
COCTOSIHME BAJICHTHOTO JJIEKTpOHA OyleM CUMTaTh CUHOHUMAMM. 3HAYeHUs dHepuu

PA3PEeUleHHo20 __COCMOSHUA ___HA3blealom ___dHepeemuyeckumu __yposHamvu. Ha
HHEPreTUYECKUX AUarpaMMax dHEPreTUYeCKrUe yPOBHU 0003HAYAIOT YEPTOUKAMH.
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Puc. 1.1. 9H€pFeTI/I‘{eCKaﬂ AuarpamMMa atoMa U HCKOTOPBIC BO3MOJKHBIC IICPCXOABI.

Ecnu arom HaxoauTcst B OCHOBHOM COCTOSIHMH, TO BCE SHEPTeTUUYECKUE YPOBHU,
PACIIOJIOKEHHBIE HI)KE SHEPreTHYECKOTO YPOBHS BaJIGHTHOTO DIJICKTPOHA, 3aHSTHI
AJICKTPOHAMU, a BCE BBIIIEISKAIIUE YPOBHU — CBOOOIHBI, cM. pucyHOK 1.1(a). B
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Cilydyae BHEIIHUX BO3JEUCTBUI aTOM, T. €., KaK MPaBWJIO, OJJUH U3 €r0 BAJICHTHBIX
DIIEKTPOHOB MOXET MOJYYHTh JIOIMOJHUTENBHYIO 3HEPrUu0 AW u mepeuTu B Kakoe-
au00 U3 pa3pelIeHHBIX COCTOSHUM ¢ Oonbineidt »Heprueit, pucyHok 1.1(0). Taxoe_
COCMOsIHUe amomMa Ha3vleaemcs 8030vicoenubiM. B BO30yXI€HHOM COCTOSSHUM aTOM
JIOJITO HAaXOJIUThCS He MOKeT. OueHb OBICTPO OH CIOHTAHHO (CaMOIPOU3BOJIBLHO)
BO3BPAIIAETCA HEMOCPEACTBEHHO B OCHOBHOE COCTOSIHME WJIM MEPEXOAUT B OAHO M3
BO30YJCHHBIX COCTOSIHUN C MEHbIIIEH YHEPTUeH, HalpUMep C YpOBHA t HA YPOBEHB
Ha pucyHke 1.1(0).

ITepexon aToMHOM CHCTEMBI U3 COCTOSIHUS ¢ OobIei sHEprre Wi B COCTOSIHHE
C MeHbLIEH d3Hepruet W, COIpOBOKIAETCS BbIICIICHUEM SHEPTUMU:

AW =W, -W,, (1.1)
KOTOpas Uu3J1iydacTCd B BUAC KBAHTA SJICKTPOMAIHUTHOI'O U3JTyUCHUA hV, TakK 4ToO.
hv =W, -W, (1.2)

Coomnoutenue (2) nasvleaemcs npasuiom 4acmon.

DOHepruro BO30YXKJIEHHS YacTO XapaKTepU3YIOT MOTEHUHUAJIOM BO30YXKICHHS.
[Tpu 5TOM TOA MOTEHIMAIOM BO30Y)KIEHHS MOHUMAIOT Ty Pa3HOCTh MOTEHIIMAJIOB,
KOTOPYIO JOJDKEH MPOWUTH CBOOOMHBIM 3JEKTPOH, YTOOBI MPHOOPECTH 3JHEPTHUIO,
paBHYIO JTaHHOW 2Heprum Bo3OyxJeHus. [lomenyuan 6030VicOeHUs pagen mou _
PA3HOCHU NOMEHYUAN08, KOMOPYVIO OQOJIHCEH NPOUMU 91eKmMpPOoH, Ymoobl npuobpecmu
OHEP2UI0, PABHYIO dHEP2ULU 8030VHCOECHUA OAHHO20 IHEP2EMUYECKO20 YDOBHS amoma.

Ecnu monBeneHHass M3BHE SHEPrus MPEBBICUT MOAYJIb SHEPTUUM OCHOBHOIO
COCTOSIHMSI BaJICHTHOTO 3JIEKTPOHA, TO BaJICHTHBIN 3JIEKTPOH, MOIYUYUB 3Ty SHEPTHIO,
BBII{IET 3a Mpenenbl aroMa U CTaHeT CBOOOAHBIM. Takou npoyecc Hazvlieaemcs
uoHuzayueu amoma. B pe3ynbrare MOHU3AMH, HEUTPAJIbHBIA aTOM MPEBPAIIACTCS B
MOJIOKHUTENHHO 3apsHKEHHBIA MOH U, KPOME TOTO, MOSIBIIIETCS CBOOOIHBIN SIEKTPOH.

MunumanbHass DJHEpPrus, MNpPU KOTOPOM BO3HHMKAET WOHHU3ALMA AaTOMOB,
Ha3bIBaeTCsl SHEpruedl moHmzanuu Wi DHeprus HOHM3AIMHA aTOMOB 3aBHCHT OT
CTPYKTYphl aTOMOB M XapaKTEepPH3yeTCs IMOTCHIMAIOM WOHM3anuu. [lomenuuan
UOHU3AYUYU _pABEeH MOl _PA3HOCMU _NOMEHYUAN08, KOMOPYVIO _OO0IHCEH _NPOUumu _
9/1eKMPOH, 4modbl npuodpecmu IHepeul0, PAGHYI0 SHepeUuY UOHU3AYUU AMOMA.
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Kparkas Teopus crpoenust aroma bopa.

Hunbsc bop B nmepuon 1913 — 1920 rr. chopmynupoBan jiBa nocrysara, KOTOpbie
JIETJIA B OCHOBY KBaHTOBOUM TEOPUU aToOMa.

I. AtomHas cucrema yYCTOMYMBA TOJIBKO ISl ONPENEIEHHOW COBOKYITHOCTH
COCTOSIHUHM, «CTallMOHAPHBIX COCTOSHMI», KOTOpask B OOIIEM Clly4ae COOTBETCTBYET
JIMCKPETHOM TOCIIEI0BAaTeIbHOCTH 3HAUeHU sHepruu atoma E,, B, Es, .... . Kaxnoe
W3MEHEHUE HTOM DHEPrUU CBSI3aHO C TIOJHBIM «IEPEXOAOM» aroMa U3 OIHOTO
CTAIMOHAPHOI'O COCTOSHUSA B JIPYTOE.

2. CnocoOGHOCTh aToMa TMOIJIOMATh M MCIYCKAaTh HW3IyYCHHE IMOMYUHACTCS
3aKOHY, IO KOTOPOMY U3Jy4Y€HHE, CBS3aHHOE C TMEePEXO/IOM, JIOJDKHO OBITh
MOHOXPOMAaTU4E€CKUM U UMETh YACTOTY Vnm, ONPEIAEIAEMYIO COOTHOLICHUEM

— _ (2.1)
h Vim = E.r: Errz :

Ucxons u3 noctynatoB bopa, MOXKHO MOCTPOUTH AMArpaMMy YPOBHEU dHEpPruu

atoMa (puc.2.1). OObIYHO YpOBHM IHEPTUM OTKJIAJBIBAIOT B JIMHEHHOM Maciitade.

JAns  aroma TUOWYHBIE PACCTOSHUSA MEXKIY YPOBHAMHM HMEIOT  HOPSIOK
AIIEKTPOHBOJIBTA.
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Puc. 2.1. ITocTpoeHne 3HEepreTHYeCcKoi 1uarpaMmmMbl aroMa ¢ BO30YKICHUEM U
MOHU3AIUEH.

B 0CHOBHOM COCTOSTHUHM, KOTOPOMY OTBEUaeT MUHUMAajbHas 3Heprus E;, atom
MOYKET HaXOIUTBCS CKOJIb YyromaHo noinro. [Ipormecc mepexona aroMa B COCTOSIHHE C
OOMbIIIel PHEpryuei HaszbIBaeTCsl 8030yxcoeruem. B BO30OYKIEHHOM COCTOSHUHU aTOM

OGBIYHO 3aJeP/KUBACTCS HA CPABHUTEIBHO KOPOTKOE BpeMst T mopsiika 1070 c.
OpHako MO arOMHBIM MacHiTabam 3TO BpeMs Ype3BbIUAWHO BENUKO. ONTUYECKUM
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dboTOHAM OTBEYAET YaCTOTa MOPSIIKA 104 ¢!, uro COOTBETCTBYET 10% koneGanuit s

THIMYHOTO ciydas T=107° c. M3 BO3GYX/IEHHOTO COCTOSHHS aTOM IEPEXOIHT B
OCHOBHOE  COCTOSHME JHMOO  HEMOCPEACTBEHHO, JUOO  MOATalmHO  4epe3
MIPOMEXYTOUHBIE BO30YXIE€HHBIE cocTosiHUs puc. 1.1 0). Kaxmoit mabmromaemoit
CHEKTPaJbHOM JIMHUM OTBEYAET Mepexo] MEXIy AByMS YpOBHAMH »Hepruu. Ha
nuarpamme (puc. 2.1) BO3MOXKHBIE TIEPEXO/Ibl OTMEUEHbI BEPTUKATIBbHBIMU CTPEJIKAMH,
HAmpaBJIeHUs] KOTOPBIX I CIlydaeB TMOMIOMIEHUS H HUCIYCKaHHS CBETa
MPOTUBOMNOJIOXKHBL. YacTOThI IEPEX0/I0B onpeaesitores no Gopmyne (2.1).

Hauano orcu€ra sHeprum aroma OOBIYHO BBIOMpPAETCS TaKUM OOpa3oM, YTOOBI

BCE NMCKPETHbIE 3HaueHuUs SHepruu E;, E,, E;, .... , OoTBeyawlue CBSA3aHHBIM
COCTOSIHUSIM, OBLIM OTpHUIIATEIbHBIMU. [IpU MOJOKUTENBbHBIX 3HAYCHUSX SHEPTUU
(E>0) cocrosHus aTromMa HE SBISIFOTCS CBSI3aHHBIMM — aTOM pacmhajaeTcs Ha

MOJIOKUTENBHBIA MOH W 2JekTpoH. IIporecc ypaneHus dJIEKTpOHA W3 aroma
Ha3bIBaeTCs uoHuzayuel. [10CKOIbKY 111 HOHU30BAHHBIX COCTOSTHUM JBUXKEHUS MOHA
Y DJIEKTPOHA SIBJISIIOTCSI HE3aBUCUMBIMU, UX CyMMapHas 3Heprusi E MoxkeT npuHuMarh
mo0ble 3HAYCHUS, T. €. HE KBAHTYETCSA. JHepeuell uoxuszayuu, Kak ObUIO CKa3aHO
Bblllle W, Ha3bIBa€TCS MUHUMAJIbHASI YHEPTUsl, KOTOPYIO HYXHO COOOIIHWTH aromy,
HaXOJAIIEMyCs B OCHOBHOM COCTOSIHHUM, ISl €ro nonn3auuu. M3 nuarpammer Puc.2.1
BUJIHO, 4TO (IIPY YKa3aHHOM BbIOOpE Hayaja OTCYETa SHEPIHH) SHEPIHsl HOHU3ALUU
paBHA MO a0COIOTHON BETMYMHE SHEPTUU OCHOBHOIO COCTOSTHUS aroMa:

W, =0 —E, =|E|| (2.2)

DHeprur MOHMU3ALMKU OOBIYHO BBIPAXKAIOT B AJIEKTPOHBOJIBTAX. B aTOM ciyuae
U1 He€ yNoTpeOsieTcss TEPMUH HOMEeHYUan UOHUIAYUU.

Cnengyer umeTp B BUAY, YTO B Pa3JIMYHBIX CTALMOHAPHBIX COCTOSIHUSX aTOM
UMEET U Pa3HyIO CTPYKTYpY (pazMepsl U (OpMy IEKTPOHHON OOO0IOUKH, COCTOSHUS
JBUKEHUS AJIEKTPOHOB). TakuMm 00pa3omM, mepexoi atoMa U3 OJHOTO CTAalMOHAPHOIO
COCTOSIHMSI B JIDYTO€ COIPOBOXKIAETCS HM3MEHEHHEM ero CTpykTypbl. HawubGonee
CYLECTBEHHbIE CTPYKTYPHbIE U3MEHEHUSI MPOUCXOAAT IPH HOHU3AIMU aroma, Korjaa
aToM BOOOIIIE JIMIIAETCs IEKTPOHA.

ATOM MOKeT ObITh MOHM30BaH B Pe3yjibTare NonionieHus (oToHa ¢ 3Heprueit hv,
IPEBBIMIAONICH dHEpruio nonusauu W, T.e. mpu  Av=W, . D1oTr mporecc HOCHT
Ha3BaHUE omouonuzayuu. BpIpBaHHBIA W3 aroMa JJEKTpOH OyleT HUMETh
KUHETHYECKy0 dHepruto hAv—W, . Tlporeccom, oOpaTtHbIM (HOTOMOHH3AIINH,
ABISIETCS  paduayuonuas  pekombumayus. B pesynprare  paauallMOHHOU
pEeKOMOMHALIMM HOH U DJIEKTPOH 00pa3yloT aToM B OJHOM M3 CBSI3aHHBIX
CTallMOHAPHBIX COCTOSHUI, @ OCBOOOAMBINASACS SHEPrUsl MEpPEeNaeTcs OJHOMY WIIH
HECKOJIbKUM (DOTOHAM.

Oueprus, HeoOXoauMast il BO30Y>KI€HUS WM MOHU3ALUN aTOMOB, MOXKET OBITh
COOOIIIEHAa MM HE TOJBKO MyTEM OOIY4YEHHUs CBETOM OIPEAECIEHHONW YacTOThI, HO
TaK)Xe MPU HEYNPYTUX CTOJIKHOBEHUSX C JAPYTMMH YaCTULAMHU, KOIZa KUHETHYECKas



SHEPrus NOCIEAHUX MPEBBIIIAET HEKOTOPYIO TOPOTOBYIO BEJIUYNHY.

B uactHocTM, HarpeBaHue Tra3za BCErJa COMPOBOXKIAETCS BO30YXKIECHUEM
(MoHM3alMel) aTOMOB MPHU HEYNPYTHUX CTOJKHOBEHHUSX C JIPYTUMH JIOCTATOYHO
OBICTPBIMU aTOMaMU (a2 TakXKe DdJIEKTPOHAMH, KOTOPhIC TOSBISIIOTCS B Tra3e B
pe3ynbrare MOHW3alMu). B 3TOM cllydae TOBOPSAT O mepmuueckom 6030)iHcoeHuu
(uonuzayuu). Tlo mepe yBenmuueHus Temrieparypbl T OBICTPO BO3pacTaeT YHUCIIO
aTOMOB B KaXXJIOM M3 BO30YXKAEHHBIX cocTossHMM. Hacenénmocms N, HaHHOTO
BO30Y)XKJIEHHOTO YPOBHSI DHEPTrUM, T. €. UYHCIO aTOMOB, HMMEIOMUX dHepruio Ej,
omnpeessieTcs pacupeaeaeHueM bobimana:

v Ei—E,

N, . T

Tﬁ _ 8k, uT (2.3)
N g

rage Nl - YHCIO A4aroMOoB B OCHOBHOM COCTOHHHH? k — 1IOCTOAHHAA

bonbumana, a ko3dduuueHTsl g; M | — KPaTHOCTH BbIPOKIEHHS

yposeit E; u E,. Kpamuocmw ewiposcoeniist yposHs — 310 KOIUYECTBO
CTALMOHAPHBIX COCTOSIHMH € OJMHAKOBOM 3Heprueil. s HUKHUX YPOBHEH
SHEPruu aToMa KpaTHOCTb BBIPOXKAEHMs g; 00bluHO nopsiaka 1+10. [Ipu
KOMHATHOH Temneparype, mis koropoii AT =1/40 »B, ornHowenue
N/ N, upenedpesxumo mano. [1o3TOMy XONOJHbIA I'a3 HE MCIYCKAET
BUIMMOIO CBETa, €CIM ero aroMbl He BO30VKIeHbl KaKUM-IM0O ApYrum
criocoboM. Manocrbio otnowenuss N, /N, oObsicHsiercs Takxke U TO, YTO B
CIIEKTpPE I[IOIJIOIIEHHs XOJOAHOI0 Ia3a I[PUCYTCTBYHOT TOJIBKO JIMHUH C
4aCTOTAMH Vo1, V31, V4], V5| U T.[., COOTBETCTBYIOLIUE [1EPEXOAAM U3

OCHOBHOI'O COCTOAHHA.
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Yupyrue u Heynpyrue CTOJKHOBEHHS 3JIEKTPOHOB C AaTOMAMM.

B paznuuHbix ¢uznueckux mnporeccax (B YaCTHOCTH, IUIA3MEHHBIX) BAXKHYIO
pOJIb UTPAIOT CTOJKHOBEHMSI 3JEKTPOHOB C aroMaMu. PasznuyaroT CTOJIKHOBEHUS
yOpyrue U Heynpyrue.

IIpu ynpycom cmonknoeenuu KBAaHTOBOE COCTOSHUE aTOMa, €ro CTPYKTypa H,
CIIEZIOBAaTENIbHO, €r0 BHYTPEHHsAs dHeprus E, He u3MeHsoTca. ATOM, OIHAKoO,
IpUOOpETaeT HEKOTOPYHO KHHETHYeCKyro sHepruto K,. OueHuM 3Ty s3Hepruro s
Haubosiee MPOCTOro ciaydyas «I000BOr0» CTOJKHOBEHHS, B PE3yJbTaTre KOTOPOIO
pe
2m
OTCKaKMBaeT Ha3zaja. BceneacTBue OrpoMHOM pasHUIBI B Maccax CTAJIKHUBAFOIIMXCS
yacTull a0COJIIOTHAS BEJIMYMHA UMITYJIbCA HJIEKTPOHA NMPAKTUUECKU HE U3MEHSETCs, a
aToM MpUOOpETaeT UMIYJIbC P,~2'p, U NPUXOIAUT B IABIKeHHE. [IprHoOpeTéHHAas
aTOMOM KMHETHYECKasi SHEPIUs paBHa:

5JIEKTPOH, OONaJaromMid UMITYJIbCOM P. M KMHETUYECKOM JHeprue K =

>

2 2
K =28 il (2.4)
2M 2M
H COCTAB/1dAeT J1HMUlb HEEOJlbmym J0JIH aﬁepr;m ?!JlEl{'i'pDHEt:
3 m
— d— (2.5)
K M

e

371ech m — Macca 3JeKTpoHa, a M — Macca aroma. [[jiss «HEeI000BBIX» YIIPYTUX
CTOJIKHOBCHHH, KOTOPBIC ITPEe00IaIaloT, epeiada SHEPrHH SIle MEHbBIIE ¥ 3aBHCUT OT
yIjia pa3ji€ra YacTHlLl.

B pesynbrare meynpyeoeo cmonxnoeéenusi CTpykTypa atoma usMmensercsa. OH
NEPEXOANT B HHOE KBAHTOBOE COCTOSHHUE. ECiM 10 CTONKHOBEHHUS aTOM HAXOAMJICS B
OCHOBHOM COCTOSIHHHM, TO OH JINOO BO30Y»1aeTcs, 1u00 HOHM3yeTCs. B cooTBeTCTBUH
C 9TUM, HEYIIPyTHUe CTOJKHOBCHHS DJIEKTPOHOB C aTOMaMH MO)KHO TOPa3/IeiuTh Ha
nBe pasHOBUAHOCTH. CleayeT UMETh B BHIY, YTO IPH HEYNPYIOM CTOJKHOBCHHH
HapsAOy C M3MEHCHHEM BHYTpeHHel sHeprum E,—E, arom nmpuoOperaeT Takke U
KAHETHYECKYIO JHEPrHi0 — TOrO K€ MMOPAAKA BEIUYMHBI, YTO M IPH YIPYTroM
CTOJKHOBCHHMH. ECIM HavajgbHas KHHETHYECKas SHEPIHs JJIEKTPOHA HE CIIHIIKOM
BEJIMKa, TO IproOpeTaeMasi aTOMOM KMHETHYECKasi SHEPrusl IPEeHeOpeXKMMO Maja 110
CpaBHEHHIO ¢ BenuuuHonn E,—F

W3 nepBoro noctynara bopa cieayer, 4to ajs mepeBoja atromMa U3 OCHOBHOTO B
HEKOTOPOE BO30YXIEHHOE CTAIMOHAPHOE COCTOSIHUE €My Hal0 COOOLIUTH SHEPTUI0
He meHee ueM E,—E, . O4eBHIHO, TaKHe HEYNPYTHe CTOJKHOBEHHUS OKA3bIBAIOTCS
BO3MOXKHBIMH TOJIBKO B TOM Cllydae, €CJAM HauajbHas KHHETHUYCCKAs SHEPrus
anekrpona K. mpeBeicutr moporoBoe 3nauenme K,,=FE,—E; . A cam dakr
HAJINYHsI SHEPTETHUECKOTO [TOpora Ui HEYNPYTHX CTOJIKHOBEHUH SABJISIETCS MPSMBIM
yKa3aHMEM Ha KBaHTOBaHHME BHYTPEHHEW sHeprum aroma. He ciemyer, OIHaKo,
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IymMarb, YTO TPU JIOCTATOUHOM DHEPreTUYECKOM OOECIEUECHUH CTOJIKHOBEHUE
oOsi3aTesibHO OyneT HeynpyruM. [laxke B cllyyae MpPEBBIIIEHUS YHEPreTUYECKOro
MIOPOTa UMEETCS KOHEYHAS] BEPOSTHOCTh U YACTO YIPYTOro CTOJIKHOBEHHUSI.

N3mepenne moTeHIManoB BO30YXKJICHHS M HOHM3AlMM MOXHO TMPOBECTH Ha
J1a00paTOPHOM YCTAaHOBKE, CXeMa KOTOpOM MpHUBE/IeHa Ha puc. 2.2.

PA1l

THPATPOH

E2

+1']

5

~220 B ~6 B

l

Puc. 2.2. Cxema yCcTaHOBKH JIJIs1 U3MEPEHUS MOTEHITUAIOB BO30YK/IEHUS Y MOHU3AIINU.

VYcxkopsitoliee HamnpspKEHUE B IPOCTPAHCTBE CETKA -  KaTol  CO3MaeTcs
uctounukoM FEl (kak mnpaBuio 5TO BBIIPIMHUTENb C HU(POBOM yCTaHOBKOU
BBIXOJHOTO HAINpPSKEHUs) U PETYIUPYETCs MEpPEMEHHBIM pe3uctopoM R3. AHox
TUpPATPOHA HAXOAMTCS IOJA OTPHULATEIbHBIM HAIpPSKEHHEM OTHOCHUTEIBHO KaToja,
OTPHULATENIBHOE HAMPSIKEHUE CO3AAETCS UCTOYHUKOM E2 M cocTaBiser Kak MpaBUiIo
BeIMUMHY nopsiika 1 — 3 Boubra. [103TOMY 37€KTpOHBI HE MOT'YT IONACTh HA aHOJ U
coOMparoTcs CETKOM; CETOYHBIM TOK U3MEPSAIOT MIJTMamiepmeTpom PA2.

Bo30yx1eHHbIE aTOMBI, BO3BPAILlasiCh B OCHOBHOE COCTOSIHHE, U3JTy4Yar0 KBAaHTHI
cBera. [lomajgass Ha aHOA TUpPATPOHA, ATH KBAHThHI BbBI3BIBAIOT (HOTO — 3DPEKT.
@DOTOMEKTPOHHBIA TOK aHoNa (Temepb 3TOT 3JEKTPOA CJEAOBAIO Obl Ha3bIBATh
dboToKaToAOM) HU3MEPSIOT UYYyBCTBUTEIBHBIM TanbBaHoMeTpoM PA1l  (mpenen
m3mepenut 0,1 MkA) unu uudpoBeiM MuKpoamnepMmerpoMm. [lpu goctkeHun
MOTEHIMAJIa NOHU3ALMHU TOJIOKUTEIbHBIE NOHBI HEUTPAIU3YIOT IMPOCTPAHCTBEHHBIM
3aps] y Karoja, 4TO MPUBOAUT K PE3KOMY BO3PACTaHUIO TOKa CETKU. YTOOBI HE
UCIIOPTUTh TUPATPOH WM MHIIMAMIEPMETP, HYKHO YCTAHOBUTh HAa HCTOYHUKE
YCKOPSIFOIIETO HampsbKeHUs npeneabHbiii Tok 30-40 MA b0 BBECTH B IENb CETKHU
OamnactHeI pe3uctop R2. Takum 006pazom, moTeHIMAIBI BO30YKICHHS 1 HOHU3AITUU
YeTKO (PUKCUPYIOTCS Ha 3aBUCUMOCTSAX CETOYHOIO M aHOIHOTO TOKOB THpAaTpoHa OT
HaIpPsDKEHUSI MEXAY CETKOM M KarofoM (puc. 2.3); MOTPEHIHOCTh OMPEACIICHUS UX
CBsI3aHA B OCHOBHOM C KOHTAaKTHOM pPAa3HOCTBHIO MOTEHIMAIOB MEXIy KaToAOM U
CETKOM.
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TakuMm 00pa3oM, BEIMUHMHA YCKOPSIIOLIETO HAIIPSHKEHUS PU KOTOPO BO3HUKAET

9

TOK B aHoie ((oToTOK), ompenensieT MOTeHUHal BO30yXKIeHus ¢, Benuuuna

YCKOPSIFOLLIETO HANPSDKEHUS IIPU KOTOPOM aTOMBI MPEBPAIIAIOTCS B MOJIOKUTEIBHBIE
3apsDKEHHBIE MOHBI, KOTOPBIE HEUTPANIU3YIOT OTPULIATENIbHBIA IPOCTPAHCTBEHHBIM
3apsill, CO3JaHHBIM y IMOBEPXHOCTH KaToAa OMIpPEIESeT IOTCHIUAl MOHU3ALUUA ;.

[Tpu 3TOM NPOUCXOUT CPBIB (PE3KOE BO3pacTaHUE) TOKA B LIETIH CETKU puc. 2.3.

4000 -
3500
3000 -
2500 -
2000 —
1500

1000

a)

D/

METKA
42005 6)

3500
E000
2500 -

2000

1500 -

Tok CeTEn, MEA

METKA

Puc. 2.3. I'paduueckoe onpeneneHne NOTEHIIUATIOB BO30YKACHUS ¢y (Tpaduk a) u

Fl

Hanpamenne Ue-x, B

&

8

I
10 "lz 14 0 2 4

e

8 m 12 14

Hanpsiwenne Ue-w, B 3

i

18

noHu3anuu ¢; (rpaduk 0) U3 aHOJHBIX U CETOYHBIX XapaKTEPUCTUK TUPATPOHA,

HAITIOJJHCHHOI'O aproOHOM.

20

22
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IKCIHEPUMEHTAJIBHASA YACTD.
MeTonnka npoBeieHUs IKCIIEPUMEHTA.

B nanHolt paboTe ompenelieHHE MOTEHIMAIOB BO30YXKIEHUS W HOHMU3ALUU
aTOMOB MPOBOJAUTCS ¢ moMmolbio Thparpona TI'3-0,1/1,3, 3am0JHEHHOTO KCEHOHOM
IpU HU3BKOM JABJIECHWM U Ta30HAINONHEHHOTo Tpuoaa (tuparpona) TI'1-0.1/0.3,
HaroJIHeHHOTO aproHoM. Konctpykrusno B tuparpone T1'3-0,1/1,3 (puc. 3.1) nepBas
CeTKa BBITIOJIHEHAa B BuAe KopoOku (1), BHyTpH KOTOpO#l pasmerieHsl karon (2),
UMEIOIIUNA HUTEBUJIHYIO CTPYKTYpy, H aHon (6), BBINOJIHEHHBI B BHJIE
IIPSAMOYTOJIbHOW BBITSHYTOW IUIACTMHKHU, PACIOJIOKEHHOW MapajulesibHO Karoxy. B
KOpOOKEe HMEIOTCS JIBE IIEpEropojKH, B KOTOPBIX mpoaenansl menu (3) u (5),
napasuielibHble KaTo/ly U aHOLy. Mexay 3TUMU IByMs IEPErOPOJIKAMU CO IIETIEBbIMU
OTBEPCTUSIMU pACIIONOXKEHAa BTOpasi ceTrka (4), mnpeacramisiomas coOod JBe
napajuienbHble MIacTuHbl. Ecin 00e ceTku
COCIMHUTH MEXJy CO00i, MEXy KaToJIOM 1

COEJIMHEHHBIMU CeTKaMu MPUIOKHUTD é ' F '
YCKOpSIIOILIEe HaNpsbKeHHe, a MOTEeHIHA

aHoza c/enarh OTpHULATEIbHBIM /
OTHOCUTEJIBHO Karona (cxema puc. 2.2), To 2 1
U3MEHSIS YCKOPSAIOUIEE HAMPSKEHUE, MOKHO 1
1o TOYKaM OCTPOUTH CETOYHbIE 4 6
(3aBUCHMOCTBh TOKa CETKH OT HaIIPSKCHUS -
CETKA-KaToJ) U aHOJHbIE (3aBUCUMOCTb TOKa
aHoja OT  HalpsDKEHUS  CETKa-KaToq)
BOJIETAMIIEPHBIE XapaKTEePUCTUKHU Puc. 3.1. KoHCTpyKIus THpaTpoHa
THPATPOHA, IPUBEACHHBIE HA pUC. 2.3.

Tuparpon TI'1-0.1/0.3 umeeT aHAJIOrMYHYIO KOHCTPYKLUHMIO C TOW JIUIIb
pa3HUIICH, YTO B HEM HMMEETCS JIMIIb OJHA CETKA W 3JEKTPOHbI, YCKOPEHHBIE €W,
UCIIBITHIBAIOT HA CBOEM IYTH CTOJIKHOBEHHUS C T'a30M-HAIIOJIHUTEJIEM THUpATpoHA —
aproHoM.

OCHOBHBIEC TEXHUYECKHUE JJAHHBIE TUPATPOHOB MPUBEAEHBI Ha puc 3.2-3.3.
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OCHOBHbIE AaHHbIE
Hanpsaxenue makama . . . . . . . . 63s
Tox Hakanma . . . . . . . . . . 0,66 a

AMiiuTyla  06paTHOrO  HANPAXKEHHSs]

MEXAY AaHOAOM M KaTtogoM . . . . 3006
Beimpsimaenusft Tox . .. . . L L 75 ma
AMIVIMTYA TOKA aHoAA . : ® e . 03a
Bricora . . . . . . . . e o 9T mm
Huamerp . . . . . . . . . . . .. .348uxn

: i CXEMZ] COeHHEeHHs] IITBIPbKOB C 3JIEKTPOAAMH
Bua ua aamny TI1-0,1/0,3 cuusy

JIAMIIBI:
[luppsl COOTBETCTBYIOT HYMEPANMH INThIPb- 2 — noporpesarenb; 3 — aHoO; 5 — cerka;
KOB, NIPHHATOH Ha cXeMe HX COeJMHEHHSs C BJeK- 7—nojorpesareb; 8—Karoj.

TpojaMH JaMIIbl.

Puc. 3.2. Texuuueckue xapakTepucTUKHU U mapameTpsl Tuparpona TI'1-0,1/0,3.
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OcHOoBHBIE 3NERTPHYECKHE NApaMETPbI
Hopua
Haumenosanue napamerpa,
eANINLA H3MepPeHHS He Melice He GoJee
Ianpakeine nepsoil CeTKH KpHTHYECKOe (1pi con- MHHYE MHIYC
pariisdednd 8 genn cetkd 0,1 MOwm), B 45 2,9
Jlanpumkenue nepuoil ceTkH kpHaTHYeCKoe (MpH con- MHHYE
Juriisdeniy B uenn cetkn 10 MOw), B 7 —
[nnpssienie samuranns, B —_ 30 i
Tanenne nanpsakenun anoji-karon, B - 11
flanpumeane anona, oGparnoe (aMaanryaioe sHa-
reine), B 1300 —_
Tok nakana, A 0,54 0,66
TOR yTediu KaTo/-noJ0orpeBaTedh, MK\ -— 20
Bpewmsi rotonnocty, ¢ — 30
Cxema COCJLRHCHMSE Baekf PpaioB ¢ BLIKOJLAMA
Doosua- HLanvenopanme
%:1?;;1?1%3 YRCKTPOJOB o
/
‘ 1 CeTKa ucepnas
2 KATOT, 57
3 TTOAOrPCBATE]D !
4 |TojorpenaTenn 2 %
0 ceTKa BTODAA
6 anoj L
7 CeTKa BTOpasn
Paciaios eliie IIrbiaRob i pA

PII 4 TOCT 7812-71

N
A

Puc. 3.3. Texuuueckue xapakTepUCTHKH U napaMmeTpsl Tuparpona T1'3-0,1/1,3.

Tuparpon TI'3-0,1/1,3 ¢ momorpeBHbIM KaTofoM. IIpenHaszHaueH i paOOTHI
B IpeoOpa3oBaTeNbHBIX M PENEHHBIX cXeMax. A TakKe B yCTPOWCTBaxX C BHICOKOH
CKOPOCTBIO HapacTaHUsi OOpaTHOTO HarpshKeHUs. BreimyckaeTcss B CTEKISIHHOM
MUHUaTIOpHOM odopmiieHnnu. Macca He 6onee 20 . bannoH HamojgHEH KCEHOHOM.
Karon okcmmHbIl, KOCBeHHOTO Hakasa. Bpems paszorpesa 30 cex. Paboraer B mro6om
nosioxkeHuu. Temneparypa okpyxatoiieit cpeasl or —60 nmo +70° C. OxnaxnaeHue
€CTECTBEHHOE.
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AnnaparHas yactb. [Ipudopsl 1 00opyroBanue.

Onpenenenue NOTEHIMAIOB BO30YKIEHUS 1 MOHU3ALMKA aTOMOB HHEPTHOTO ra3a
npoBoauTcss Ha ydeOHOU ycranoBke OKII-7, mpennasHayeHHOM 111 pabOTHI CO
CTaHAAPTHBIM DJEKTPOHHBIM OCHMIUIOrpagoM JUIsl BU3yaIM3alMU CETOYHBIX U
aHOJIHBIX XapaKTEPUCTHUK JlaMIl. B ycTaHOBKe MMeeTcs BO3MOXKHOCTh BHIOOpA pexuma
UCCJIeIOBaHUsl KHOMNKOM ympasieHusi: 1) OmnpezaeneHue MOTeHIMaNa BO30YKIEHUS
aroMa aprona 2) OnpezaelieHHE MOTEHLIMAIA MOHU3AIMK aTOMa aproHa C MOMOIIbIO
CETOYHOM XapakTepUCTHKU TuparpoHa 3) OmpeneneHue MOTEHIHUANa BO30YKICHUS
aroMa KceHoHa 4) OmnpeeneHre MoTeHnala HOHU3alMKd aToMa KCEHOHa.

UccnenoBanusi mpoBOJATCS MO CXEME AHAJOTMYHOW puc. 2.2 ¢ TOH JUlIb
pa3HUIEH, YTO BMECTO UCTOYHUKA MOCTOSHHOTO HanpspokeHus El (BeimpsamuTens) Ha
IPOMEXKYTOK CETKa-Karod Jamibl MOJaeTcs MNHUI000pa3Hoe pa3BEPTHIBAOIIEE
HanpspKEHHUE OT CEeHMaIbHOTO HU(POBOro reHeparopa pa3septku G.

SAEKTPOHHBIH
OCILIHAAOTPAD
BAOK
CHHXPOHH3AIIMH
I
D)

+ ']

~220B ~6 B

Puc. 3.4. IlpunnunuanbHas 35eKTpudeckas cxeMma yueoHou ycraHoBku OKJI-7.
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Curnan, cHuUMaeMmblil ¢ pesucropa R, Haxozsmierocs B uenu aHoia wid Ry,

HaXOSIIErocs B LEMU CETKHU, MPONOPLHMOHAIIEH COOTBETCTBEHHO TOKY aHO/A (CETKH)
namiibl. B pe3ynprare moiryyaeM 3aBUCUMOCTb TOKA aHOJa (CETKH) OT BpeMenu [=I(t).
A Tak Kak NOWiooO0pa3HOe HaNpsKEHUE Pa3BEPTKH IMPOMOPUHUOHAIBHO BPEMEHHU

1
U~kt — t~E-U B HWTOT€ Ha 3KpaHe ociuuiorpada HaOIOmMaeTCs KpuBas,

MOBTOPSIONIAs B HEKOTOPOM MaciiTabe BOJBTAMIIEPHYIO XapaKTEPUCTUKY THPATPOHA
=1(t)=1{Lv|~1(v)
k

Hanpspkenusi, cOOTBETCTBYIOIIME MOTEHIMATaM BO30YXJCHHUS W HOHHU3ALINU,
U3MEPSIIOTCS. € TIOMOINBIO  CHEMAIBbHOTO  AIEKTPOHHOTO  OJoKa, KOTOPBIN
BbIpA0AThIBAET KOPOTKHM HMMITYJIbC (METKY), HAKJIAQJbIBAEMbI Ha OCLMIIIOTPAMMY.
[IyTeM H3MEHEHUs HaNpSKEHUS CMEUIEHUS MMITYJIbC BBIBOAAT HA HYXHYIO TOUKY
ocHuiiorpaMMel. HampspkeHue cMeleHuss Npu 3TOM B TOYHOCTH COBMAJAET C
HaNpsDKEHUEM JTaHHOM TOYKH BOJIETAMIIEPHOW XapaKTEPUCTUKH, U €r0 U3MEpSIOT C
NOMOIIBI0  BOJbTMETpa. TOK  JlaMmbl B JIaHHOM ~ TOYKE  M3MepsieTcs
BBICOKOUYBCTBHUTEIbHBIM AIIEKTPOHHBIM MUKPOAMIIEPMETPOM 100
MumamnepMerpoM. Takum oOpa3oM, KaKIOW TOUYKE OCLHMILIOTPAMMBI BHU3YyalbHO
HAOIIOaeMO  Ha  DJIEKTPOHHOM  OcCIMIIorpaje Mbl  MOXKEM  COINOCTaBUTh
COOTBETCTBYIOLIUE €l 3HAUYECHHsI TOKA W HanpspkeHus. [ M3MEHEHUs HallpsHKeHUS
cMmemteHust npenHasHadeHa pyuka «YCTAHOBKA U o » Ha nepenHeil maHemn

npubopa. s BuU3yaJdbHOTO HAOMIOACHUS OOBEKTOB HCCJENOBAaHUS  CIIyXkar
CMOTpOBbIE OKOIIKH. Ha sKpaHe >IeKTPOHHO-ITY4YeBOTO ocuuiuiorpada MeTka Ha
ocIIorpaMMe OoToOpakaeTcsi B BHJIE HECHMMMETPUYHOTO OCTPOTrO IMHKa H3-3a
HaJIM4Msl eMKOCTH Yy Bxofia Y ocuwiorpada aubo B BUIEC KUPHOU TOYKK B CaMOU
BepxHel obOmactu Ha ocu Y. [lomokeHwe TMKa ompenenseT 3HAYeHHE TOKa U
HarpspDKkeHus B gJanHoi Touke BAX. Bcee moka3zanus BeiBoasaTcs Ha mudposoit XKK]I
LCD — wunaukartop. YcTaHOBKa CHa0XeHa MUKPOIMPOLECCOPHON CHUCTEMOM
yIIpaBJIEHUS U KOHTPOJISI HEOOXOAUMBIX MMapaMeTpPOB.

B kauectBe 00BEKTOB HccCle0OBaHUs HcHoib3yeTrcss tuparpon TI13-0,1/1,3,
3aMoJHEHHbIH KceHOHOM (3 u 4 skcmepumeHThl) nubo tuparpon TI'1-0.1/0.3,
3anmojgHeHHbId aproHoM (1 m 2 oskcriepuMenTsl). [logkiroueHune uccIeyeMoro
TUpaTpPOHA B CXEMY, a TaKKe KOMMYTaIIMs BbIXO/a Ha 3JIEKTPOHHBIN ociuiiorpad B
3aBUCUMOCTH OT BBIOPAHHOIO 3KCIEPUMEHTA MPOUCXOAUT aBTOMATHYECKU TMpU
Haxkatnuu Ha KHONIKY «YIIPABJIEHUEY.

Jlnst mepexitodeHus pekrMa paboThl mpubopa W BHIOOpA JKCIEPUMEHTA
npeaHazHadeHbl KHONKU « Y [TPABJIEHUE.

Crnemyer MOMHHUTB, YTO OCIMIIOTPAPUISCKUA METOJl MCCIIEeNOBAaHUS HaIVISCH,
OJTHAKO IOJy4YaeMble PE3YJIbTaThl CKOpPEE SBISIOTCS OLIEHOYHBIMU, IMOTPEIIHOCTh
OmbITa MOXET AocTUrarh 15-20 %.
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Iopsinok BbINOJIHEHHS.

1. Tlepen BKJIIOUEHHEM YCTAHOBKM B CE€Th MPOBEPUTH LIEJIOCTHOCTh BCEX
COCIMHUTEIBHBIX CUTHAJIbHBIX M CETEBBIX IMPOBOMOB. PazoOparbcs ¢
MPUHLIUNHATBHBIMU  OJIOK-CXeMaMH  OMBITOB, B HA3HAUYCHHH KHOIIOK,
nepekiodareneil u pydyexk npubopa. Bce coeqmHHMTe/NIbHbIE NPOBOAA U
KOHTPOJIbHbIE TOYKH HCIOJb30BATh CjeAyeT TOJbKO IO HA3ZHAYCHUIO,
3anpeniaeTc 3aMbIKATh BbIXOAbl KOHTPOJBbHBIX TOYEK, KOTOpbIe He
NnpeaHa3HaYeHbl VISl 3TOr0 B TaHHOK padoTe!

2. BxutounTh yueOHYIO YCTAHOBKY M JIEKTPOHHBIN ocumiiiorpad B ceth ~220 B
C TOMOINBIO TPUJIATAEMBIX CHJIOBBIX CETEBBIX Kabenell eBpo-CTaHaapTa.
[TocraButh nepekmoyarens «CEThy Ha manenu y4eOHOTO MOIysi, MOHATOPA
u ocmwuiorpadga B monoxenue «BKJI», mpum 3TOoM momkeH 3aroperbces
curHaiabHbii nHAUKarop « CETby.

3. Ilepex  Ha4YaaOM  JKCIEPUMEHTAa  HACTOATEJIbLHO  PEKOMEHAYeTCH
03HAKOMHUTBLCS ¢ HHCTPYKIUEN M0 IKCIUIyaTAlluM IPUMEHsIeMoro B padore
y4eOHoro ocumwiiiorpadga.

4. TlonkirouuTh BHIXOJ Y YU4eOHOM YCTAaHOBKHM COCIWHUTEIIBHBIM MPOBOIOM THIIA
«tronberian — BNCy» ko Bxony Y anekrpoHHoro ocuwuiorpaga. Ha HekoTopsix
IK3eMIUIsIpax y4eOHbIX ocimuiorpadoB Bxonbl uMeroT Homepa « KAHAJL 1y,
«KAHAIJI 2», B 3TOM cilyyae CUTHaJ MOXKHO MOJaTh Ha JIIOOOHW W3 KaHAJOB,

MPEIBAPUTEIHLHO BKIIIOUYMB €r0 COOTBETCTBYIOIIMM TMEPEKIIovareseM JTuoo
kHonkoi (CHI, CH2, KAHI1, KAH2) puc. 4.1, puc. 4.2.

HHOMKM YCTEHOBOK MEHID
HHonka Print
MuorotyHKUMOHENEHEIA PEMYISTOD

Sona MENU Bbi308a MeHID hyHKLUMIA
.| HHonka AUTO
= |=——— Hnonka RUN / STOP

ot il e 3oHa Trigger
= - 3pHz Horizontal
- JoHa Vertica
! i L
T T e Bbixoa cHrHana ana KoMNeHCaUwWu
= T b= npoBHuxa
HHomH 83BEM Bxogel %04
BH./BaIH. K\':lGTa MENL wawanos HaHana
Bl USE CH1 EHELIHE-
n CH2 ro
3anycka
EXT

Puc. 4.1. Onements! ynpasnenus nepeaneit nanenu XKKJ]I ocimmiorpada

5. Toaxnrounth BbIxom X (CHHXpOHU3AIMS) YICOHOW YCTAHOBKH COCIUHUTEIH-
HbIM TpoBojoM Tuma «Tioiabnan — BNC» ko Bxomy BHEII. CUHXP. snexk-
TPOHHOTO ocuuiuiorpada.
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6. YcranoButh pyuky ynpasieHus «Y CTAHOBKA U » Ha MEpPEAHEN aHEeIN

CCTKH
y4eOHOro mpubopa B MaKCHUMaJbHO BO3MOXKHOE MOJOXKEHHE, Bpamias e€ 10
yIiopa I10 YaCOBOU CTPEJIKE.

7. Bpamenuem pyuek VOLTS/DIV u TIME/DIV (BOJIBT/AEJI, BEPT u BPE-
MS/JIEJL, TOP.) u pyuex POSITION oceit X u Y («<CMEILIEHUEY) na ocrun-
jorpage T0oOUThbCS BHU3yaJbHO HamOojee yaoOHOro H300pakKeHHsI CUTHAIIA.
JIns MONOMHUTENBHOW CUHXPOHU3ALMHA MOXHO HMCIonb30BaTh pyuky LEVEL
(«YPOBEHb»). Haxaruem knonku «MEHIO CHUHXP» ycTraHOBUTH pexum
BHEILIHEN CUHXPOHU3AIUH, T. €. CHHXPOHU3ALNH BHEITHUMHU CUHXPOUMITYJIbCA-
MU (32 TOAPOOHOCTIAMHM CIIEYyEeT O0paTUTCS K MHCTPYKIUI 1O paboTe ¢ OCIHII-
jorpadoM AAHHOTO THMA). 3aTH B MEHIO HACTPOEK KaHaJlOB, BHI3bIBAEMOE Ha-
xarueM kHomok KAH1 6o KAH2. /lns kaxaoro kaHajia yCTaHOBUTH PEXKUM
DC — oTkpbITHIi BX0OA: OJOKMPOBKA BXO/A IO MOCTOSHHOMY TOKY M OCia0-
JIEHUE CUTHAJIOB (PUIBTpOM C yacTtoToi cpesa 10 ',

8. Tekymue ycTaHOBJIEHHbIE MAacIITAObl U JApyras HHPOpMaLUs sl KaKJI0To U3
BXOJIHBIX CUTHAJIOB OTOOpakaeTcst BHU3Y ociuiorpammel puc. 4.3 (CH1=1.00
V — o3Hauaert, 4To A KaHaja | ycTaHoBieH MaciuTad mo ocu Y ¢ kod3dduim-
entoM 1V/knetka; M 2.50 mS o3HayaeT, 4To JJIsl JABYX KaHAJOB YCTaHOBJICH
MacuTad 1o ocu X-Bpems ¢ Ko3hPUIMEHTOM pa3BEPTKHU 2,5 MCEK/KIIETKA).
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v

CH2 EXT TRIG
oV

1KHz

v@) Y 1

&A: Inputs 1M ~13pF 400V Max CAT W

Puc. 4.2. Pazpembl mepeaneit manenu ocmmiorpada. CHI1, CH2: BxomHbie pa3beMbl
ka”HanoB 1 u 2 mnsa noxkimodeHus uccnenyeMboix curainos; EXT TRIG: BxogHo# pasbem
JUTSl TOJKJIFOUEHMS] MCTOYHHKA ITyCKOBOTO CUTHAJIA BHEIIHEN CHHXPOHU3ALUH.

9. Haxaruem kHonku «YIIPABJIEHME)» Ha y4ueOHOH ycTaHOBKE BBIOpATh Iep-
BbII KCIIEPUMEHT «Ar excitation potential» - Onpenenenue noreHuyrana Bo3-
OykJieHus1 Aprosa.

10. TloayyuTh aHOIHYIO BOJBTAMIEPHYIO XapaKTEPUCTUKY THUPATPOHA HA DKpaHe
AIIEKTPOHHOTO ociuiorpada. Buj xapakTepucTuku JOIKEH COOTBETCTBOBATH
puc. 2.3 a).

11. CpucoBarh MOJYYEHHYIO Xapak-
TEPUCTUKY THUpATpOHA C HKpaHa
ociuiorpadga Ha MUIJUTUMETPO-
BYIO Oymary 1o KJIeTKaMm.

12. Ilepemenas METKY 1O SKpaHy OC-
muuiorpada ¢ MOMOIIBIO PYyYKH
«YCTAHOBKA U___» y4e6HO-

ro MOJYJISl, CHSITh aHOJHYIO Xapak-
TEPUCTUKY THUPATPOHA IO TOYKaM,
T. €. TOJNy4YUTh 3aBUCUMOCTH

]a = ]a ( UC-K)

13. HaiiTu xapakTepHyIO TOUKY ¢, Ha
AHOJIHOM XapaKTEPUCTUKE JIAMIIBI,
COOTBETCTBYIOLIYI0  moTeHumany Puc. 4.3. Buj OCHMIUIOrpaMMbl CHTHAJIOB
BO30yknenus (cM. puc. 2.3 a). (OpuMep  CHHYCOMIANBHOTO  CHTHAIA),
Hanpsikenue usoma Bonbramiep- onydaemsix Ha KK ocuumorpade.

HOM XapaKTepUCTUKH TUPATPOHA,
OMpeIeIEHHOE 110 METOJIMKE puc. 2.3 JaeT HaM MOTEHIIUANl BO30YXICHUS aTo-
MOB.

14. Haxxatuem xHonku «YITPABJIEHUE)» nHa yueOGHO# ycTaHOBKE BBHIOpaTh BTO-
poii KciepuMEeHT «Ar 1onization potential» - OnpeneneHue NoTeHIMAaNa HOHU-
3a1uu AproHa.

15. [Tony4nuTh CETOUYHYIO BOJBTAMIIEPHYIO XapaKTEPUCTUKY THUPATPOHA HA SKPAHE
AIIEKTPOHHOTO ocimutorpada. Buj xapakTepucTuk JOMKEH COOTBETCTBOBATH
puc. 2.3 0).

16.CpucoBarh OTYyUYCHHYIO XapaKTepUCTUKY THPATPOHA C dKpaHa ocruiuiorpada
Ha MIWIJTUMETPOBYIO OyMary 1o KJI€TKaM.
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17. Tlepememass METKy Mo 3KpaHy ociuuuiorpaga ¢ nomompo pydku «YCTA-
HOBKA U__ . » y4eOHOr0 MOAyJIsi, CHITh CETOYHYIO XapaKTCPUCTHKY THpPa-

TPOHA 110 TOYKaM, T. €. IIOJYYUTh 3aBUCUMOCTE [ =1 JU )

18. HaiiTu XapakTepHyI0 TOUKY (; HA CETOYHOM XapaKTEPUCTUKE JaMIIbl, COOTBET-
CTBYIOIIYIO TIOTEHIIMATy HOHHU3AIMHU ra3za (cm. puc. 2.3 6). Hanpspkenue «cpbi-
Ba» CETOYHOM BOJIETAMIIEPHOM XapaKTEPUCTUKH TUPATPOHA, ONPEAEIEHHOE M0
MeTOJUKe pHC. 2.3, 0 JaeT HaM MOTEHIMAl HOHU3AIMN aTOMOB.

19. Ucnonb3ys kHonky «YIIPABJIEHUE» nns BeiOOpa 3kciepuMeHTa, IOBTOPUTH
nevcrBus nm. 11 — 18 miga Broporo TthparpoHa, HAOJIHEHHOIO KCEHOHOM
(Xe).

20. ITo popmyne E,=e ¢, , tne e=1,6-10"" Kin — Momynp 3apsijia dJIEKTpoHa,
OMPEICTUTh BEIWYUHBI dHEepruil Bo3Oyxenus E, n monmsanuu E; uccnenye-
MBIX Ta30B B JIKOyisx, moAcTasisis B GOpMyily HailIeHHbIE SKCIIEPUMEHTAIIb-
HBIEC 3HAUEHUS P U ;.

21. CpaBHuTh nony4yeHHble Bamu 3HaYeHHs MOTEHIIMAIOB BO30OYX/ICHUS U HOHU-
3alliy aTOMOB T'a30B C TAOMUYHBIMU JaHHBIMH Ta0I. 1.

22. 1o okoHYaHUHU PAOOTHI OTKIIOYUTH YUYEOHYIO YCTAHOBKY, MOHUTOP U OCITUILIIO-
rpa¢ ot ceru, nocraBuB nepekioyarenu «CETby Ha naHenu ycTaHOBKM U OC-
nuuiorpada B nonoxenue « BbIKJI» v BBIHYTh CEeTEBbIE BUIKU U3 PO3ETOK.

Tabnuuna 1
HOTEHUHAIBI BO3BYXKJIEHHA H HOHH3ALMH HEKOTOPLIX I'A30B
laz |H> Hg He Ne Ar Kr Xe
0y | 11,2 4.9 21,2 16,7 11,6 10,0 8,5

o 154 104 245 21,5 15,7 14.0 12,1
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KOHTPOJIBHBIE BOITPOCHI
[Ipn kakoM 3HAYEHUU MOTEHIMAJIA MEXAY KaTOJAOM M CETKOM Oymer HabIro-
JIaThCsl PE3KOE YBEIUYEHHE aHOJHOTO TOKa, €CIM OaJlJIOH 3alOJIHUTh aromap-
HBIM BOJIOPOJIOM?
Kaky1o yCkopsronyto pa3HOCTh NOTEHIMATIOB JAOJKHBI IIPOMTH MOHBI BOJIOPO-
Ja, 4ToObI BbI3BaTh MOHM3aLMIO a30Ta? [loTennman nonusamnuu azora 14,5 B.
OmnpenenuTe NEpBBINA MOTEHIIMAT BO30YKICHUS U SHEPTUIO MOHU3AIUU OJTHO3a-
PAHOTO MOHA IellMsl, HAaXOASIIETOCs B OCHOBHOM COCTOSIHUH.
DHeprusi HOHU3aIMu Tenus paBHa 24,5 5B, HeoHa - 21,5 3B, kpunrtoHna - 14 3B
u kceHoHa - 12,1 sB. TlocTpoiiTe rpaduk 3aBUCUMOCTH TOTEHIIMAa NOHU3A-
MU OT MOPAIKOBOrO HoMepa B Tabnuie Menneneena. [1o rpaduky Bbrauciante
DHEPIUIO0 NOHU3ALUU aprOHa.
Kakoli HauMeHbIIel CKOPOCThIO JOJDKEH O0JIaiaTh AIEKTPOH, YTOObl HOHU3H-
pOBaTh aroM renua? DHeprus MOHU3alMMu aroma renus pasHa 24,5 »B. Kakyro
Pa3HOCTh NOTEHUMAJIOB JOJKEH MTPOUTH ITOT MEKTPOH?
DNEeKTPOH, MPOIIEAIINN Pa3HOCTh MOTEHIIMAJIOB, paBHYIO 15 B, cTankuBaercs
C aTOMOM BOJIOPOJIa M HOHU3UPYET ero. Onpenenure, ¢ Kakol CKOPOCTHIO JIBU -
KETCS ANEKTPOH MOCIE CTOJKHOBEHUS.
[ToueMy mpu yCKOpSIOIIEM MOTEHIMANe, MPEBBIIIAIONIEM MOTEHIIMal BO30Y-
KJICHMS U MOHU3ALMH, PE3KO BO3pacTaeT cuia Toka?
OObsaAcHUTE CXeMy SKcrepuMeHTa puc. 2.2, puc. 3.4. B dyem orinuyme 3TUX
cxeMm?
Jlate onpezaeneHue MOHATUI: YIIPYTHI yaap, HEYIIPYTHil yaap, abCOIIOTHO HEy -
IIPYTUd yaap.

10. Kakyo 4acTb SHEPIUM MOXKET MEPENATh IEKTPOH aTOMY IIPH YIIPYTOM CTOJIK-

HoBeHuu? [Ipu abcomoTHO HEyTIpyrom?

11. Chopmynuposats nocrynarsl bopa. Kak nonro atom Haxoautcest B BO30yKAEH-

HOM COCTOSHUU?

12.TlepeuncnuTh U KPaTKO OXapaKTEpPU30BaTh BO3MOXKHBIE CITIOCOOBI BO30YKICHUS

N MOHHM3alluH1 aTOMOB.

13. TloueMy 1151 SKCIIEPUMEHTAIILHOTO OIpPE/IeTICHUsI YPOBHEH SHEPIUH aToMa Be-

MESCTBO IICPCBOAUTCA B F33006p33HOG cocTosiHuE?

14.Kaxk pacrnpeneneHbl aTOMbI IO YPOBHSIM SHEPTHH TIPH TEPMHUUECKOM BO30YKIE-

HUU? UTO Takoe KpaTHOCTh BBIPOKIAEHUS YPOBHS?



20

PEKOMEHIAYEMAS JIMTEPATYPA

1. Uponos WU. E., KantoBas pusuka. OcHOBHbIE 3aKOHBI., M. 2002
Cagenbes U. B. Kypc o6mieii puzuku. M., 1982, 1. 3
[lInonsckuit O. B., Aromuas pusuka 1.1, 1.2

Kypc dusuku, nox penakmmeit Jlozosckoro B.H., C-I16 2001.

A

Poxmua I. H., Pa3psanbie UCTOYHUKH cBeTa, M., DHeproaroMH3/ar,
1991.

6. JlaGoparopHusrii mpaktukyM mo ¢usuke, nox pea. K. A. bapcykosa, M.
1988.

7. IlpyHUMOUAIBHBIE DJIEKTPUYECKUE CXEMbI JJIEKTPOHHOIO OCLMJIIOrpa-
da.

8. Du3nYecKuil MPaKTUKyM 10 aTOMHOM U siAEpHOU (U3UKE YacTh 3, y4eo-
HO-MeTonnueckoe nocobue Kammannarpaackoro ['ocynapcTBeHHoro YauBep-

curera, 2004 r.

JJIA CBOBOAHOI'O PACITPOCTPAHEHHMA
HITO YYEBHOM TEXHUKU «TYIIAHAYUIIPUEOP»



