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Taxmm O6p»§L3OM7 3a IIpomenliinee BpeMs IIPpOBEOEHEL JIa3€PHO-CIIEKTPOCKOIINYECKIE U3MEPEHI A

IJIst 108 HYKJINOOB. I[JI}I HUX olipene/ICHbl N30TOINYeCKIIe U3MEHCHI A 3apAd0BbIX padlyCoOB, CIIN-

HEBEI 1 3JIEKTpOMarHuTHBEIE MOMECHTHEIL. Brmonnen amasms SKCIIEpUMEHTaJbHBIX PE3yJ/IbTaTOB Ha
base COBPEMEHHBIX TEOPETUYECKUX TTONXOI0B. IlocTosmno Pa3BuBaJaChk 1 COBEPIICHCTBOBaJ/JIaCh
SKCIIepUMEeHTaJ/IbHasd TeXHUKa. Hpenﬂomeﬂm I[aﬂbHeﬁIHHe IyTHI YBEJIMYECHNA pa3pelleHns CIICK-
TpaJdbHBIX IUHAN 1 YYBCTBUTEIBLHOCTHI I/ISMGpGHI/H?I. Hamedennl noBble 0O0LEK THI HCCHGHOB&HHﬁ.
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Puc.8. Cxema CHeKTPOCKONUYECKUX W3MEpeHUd B Jla3epHOM WOHHOM WCTOYHUKE MacC-
cemrapaTopa IS -aKTHBHBIX H30TomoB Y b. 1 — smasepbl Ha mapax Menm; 2 — jra3epbl Ha
KpacuTendax; 3 — pa3Bolsiilas ONTUKa; 4 — JIa3epHbIH MOHHBIN MCTOYHUK; 5 — MUIIEHb;

6 — BRITATUBAIOLINI 3JIEKTPOI Macc-ceMapaTopa; 7 — MarHuT Macc-celapaTopa; 8 — nerek-
TOP @ - YaCTUI; 9 — JEHTONPOTAKHOE YCTPORCTBO.

ONTUYECKUN CIeKTP IpencTaBisieT coboil 3aBUCUMOCTEL YHC/Ia 3aperuCTPUPOBAHHBIX Q-HaCTHUII
[aHHOW 3HEPTUHM OT YacTOTHI Ja3epHOTO U3JIYUEHUs Ha TePBO CTYIEHU BO30YKIEHUS aTOMOB.
YyBCTBUTETBLHOCTH METONA TaKoBa, 4TO obecrneynBaeT BO3MOKHOCTDL MPOBENEHUs W3MepeHMil
npu obpasoBanny B mMutiern 10 aToMoB Tpebyemoro m3oTona B cekyumy. Taknm crocobom (1o
Q-dacTuiam) ObUTH BBIONHEHbI nsMepenus mirs P4H35156Yh o nng npyrux (em puc.5) dpoto-
HNOHBI PETUCTPUPOBAIUCH € TMOMOIIILIO KaHAJILHOTO 3JIEKTPOHHOTO YMHOXKHUTENsS. K coxanennto,
ONTHYECKOe pa3pelleHre B 3TOM MeTofe — He JIy4llle TMOJHOTO JONIIEPOBCKOTO YIITUPEHUS JIH-
uuit. [losTomy Hambosmee >PPeKTUBHO NaHHBIN METON MOXKET MPUMEHSITHCS B ciIydae TaJieKo
OTCTOSIINX OPYT OT IPyra KOMIOHEHTOB CBEPXTOHKOW CTPYKTYPHI, HAIPUMED, HJIs 3JIEMEHTOB
B pafione cBuHIA 11 6osee Tsxkerbix. OnHako OTMEUeHHbIN HETOCTATOK MOKHO YCTPAHUTD, €CITN
MJ1sI TIOJTyYeHUsI BLICOKOTO paspellieHusl TpuBiiedb MeTOM, TPUMEHIEMbIIl B CTIEK TPOCKOIMIHT HACHI-
HIeHus ¢ BO3OYK/IEHUEM aTOMOB TPSIMBIM W OTPaKeHHBIM M3JIyYeHWeM, YTO JaeT MPOoBaIbl IJIs
JUHWE TorJoteHnst B Habmonaemom criekTpe. [llupuna mpoBasoB nosikHa paBHITHCS MITPUHE
KOHTYPa JTa3epHOro M3JIydeHns Ha mepBoil cTymenn Bosoyxmenus (mo 30 MI'm). KombGunamms
CIIEKTPOCKOIUI HACBIIIEHWS W PEe30HAHCHOI (POTOMOHU3AIINN TaeT BO3MOKHOCTH TTPOBEICHN S MH-
TepecyonX HaC U3MEPEeHNIl ¢ BLICOKUM pa3pelleHrneM JJisi 30TONO0B, 00pa3yeMblX B MUIIEHSIX
B xomuuecTBe 10? — 10% B cexynny. OnHoill U3 NepCHeKTUBHBIX 3afad I8 TaKUX U3MepeHuil
ABJISETCA olpee/ieHIe aIepPHOro 3apsIoBOro pajuyca dK30THYecKoro sapa L.
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Puc.7. NsoTomnueckas 3aBUCUMOCTH 3apANOBBIX pamuycoB smep Nd. 2 — sKcmepuMen-
TaJibHble 3HaueHnsA. PacyeTs mo XapTpu-Poky: 1-yueT TOMBKO CBI3aHHBIX OTHOUACTHY-
Hbix coctosuuii B mponenype BKII ( cumer SkM’); 3 — yueT HempepBIBHOTO CIEKTpa B
mporenype BKII (cumsr SkM'); 4 — To xe camoe ¢ cumamu S'3.

CIIEKTPOCKOUYIECKe MCCAeNOBaHUsI B 3TOW 00JacTh HYKJIUIOB, HEOOXONMMO MMeTh YyBCTBHU-
TeJTbHOCTD, 00eCIeunBAIOIIYIO BO3MOKHOCTL U3MEPEHNUN ¢ KOJTMYEeCTBOM MTPOU3BOIMMBIX aTOMOB
(c BpeMeHaMuU KWU3HU [0 MOJiell CEKYHIBI) BIUIOTH [0 HECKOIBKUX MITYK B cekyHmy. Okasa-
JIOCh, YTO B IJaHe MOBLIIIEHNS] YyBCTBUTEILHOCTH MOAOOHBLIX CIEKTPOCKONMMYECKNX U3MepeHuid
pesonancHas (POTOMOHU3AINS He MCUYeplaia CBOUX Bo3MoxHOCTel. OHI PacKpBIINCH B METOIE
BOTOMOHU3ATIMOHHOI CIIEK TPOCKONUY B JIa3¢PHOM HOHHOM HCTOYHUKE [5], KOTOPLIil GBI Mpemnsio-
xKed aBTopamu. (UxeMa TpUMeEHEHUs >TOTO MeTOna MoKa3aHa Ha PUC.8 I cIydas U3MepeHus
M30TONMUYECKNX CIIBUTOB M CBEPXTOHKOW CTPYKTYPHI KpailHe yoaleHHbIX HelTPpOHONepUIInTHBIX
m30TONOB Y b, I KOTOPBIX MPOBOAUIACh TpeXcTymeHdaTas GOTOMOHM3AINS ABYMsI Jla3epamMu
(onmuH W3 HUX ONHOBPEMEHHO BO30Y KAl BTODPOI M TPETHN MepPeXof) B Ja3epHOM HOHHOM WC-
tounuke. [locmenuuit mpencraisgeT coboil ropsayio TpyobKy, coenmHeHHYIo ¢ MulileHbio. M3 Ha-
rpeToil MullleHn, obJIydaeMoll TpoTOHaMM, 00pa3oBaBIIrecs B HEM aTOMbI — MPONYKTHI SIepHBIX
peaktuii mudGYHAUPYIOT BHYTPb YKazaHHo! TpyOku. Brnoms ee ocu mpomnyckaeTcs jtazepHoe n3-
JydeHne, KOTOpoe MHOTOKPATHO TTepeceKaeTcst ATOMaMy ITPK UX Xa0TUYeCKOM IBUKEHUN BHY TPH
TpyOKI, B pe3yabTaTe 9ero CHILHO BO3pacTaeT BePOATHOCTEL (oTomonnsaimu (no 30 %).
[Tommamaruio GoTONOHOB Ha CTEHKY € WX MOCHENYIONIel HellTpaln3aleil TpensTCTBYeT dIIeK-
TPUHUECKN MOTeHIINalbHBLIN bapbhep BOIM3KM Hee, BO3SHUKAIONINI OT TEPMO3IMUCCUN 31K TPOHOB,
KOTOpas COMyTCTBYeT HarpeBy TpyOku. PasHocTh TOTEHIINAIOB Ha ee KOHIIaX, BbI3BaHHAS TTOCTO-
STHHBIM TOKOM HaKaJia, CIIOCOOCTBYeT MPONBUIKEHWIO MOHOB B CTOPOHY MacC-CelapaTOpHON CH-
CTeMbI, HACTPOEHHON Ha BBIIEIEHIE NOHOB Tpebyemoir Macchl. OHE PETHCTPUPYIOTCS Ha BLHIXOIE
Macc-cerapaTopa. YTobbl n36aBUTHCS OT (POHA MOBEPXHOCTHON MOHM3AIINN U306ap, TPUMEHseT-
csl ceJIeKTUBHAS perucTpanns ucciaeqyeMoro u30Tomna o -4acTuilaM XapaKTepHBIX JUHU ero
pacrajia ¢ MOMOIIbIO KPEMHIEBOTO JIETEKTOPA U JIEHTONPOTKHOTO yeTpoiicTBa. B sToM ciyuae
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JEefiCTBUI, U CpaBHEHUE € DKCIEPUMEHTOM [O3BOJIIIO CHe/IaTh BHIOOD HYK/IOH-HYKIOHHLIX CIJI,
nambosiee adeKBaTHLIX ¢ TOUKHU 3PEHUs OMMCAHUs 3apsAmoBbIX pammycoB. Ha pme.6 mw 7 Bummo,
4TO, HAIPUMEpP, CUJILL 53 XyiKe OMUCHIBAIOT dKCIepUMeHTalbHble NaHHble, yeM cuibl SkM' u
cuisl Gy,
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Puc.6. NsoTonunueckas 3aBUCUIMOCTH 3apPAI0BBIX pannmycoB snep

Tm. Touxku-skcmepumenT. Pacuer mo Xaptpu-Poky: 1-B mpenmosiokerRnn chepruaecKnx
siep, 2-¢ cunamu SkM',) 3-c¢ cuamu S3, 4-KaneabHas MONENb.

B obnactu cunnronedopmupoBanibix snep (N > 94) Bce msBecTHBIE BapuaHThl HGdeK THB-
HBIX CUJT HafoT Ooiee OBICTPBIA POCT 3apsSAOBBIX PANNYCOB € YBeJIWYEHNEM UNCIa HEHTPOHOB,
yeM HabIIoIaeTcs Ha sKerepuMenTe. Pacxoxnenne, mo-BUANMOMY, CBA3aHO ¢ HEBEPHBIM OIMICA-
H1eM 06beMHBIX U3MeHeHuit & < 12 > B 5Toil 0671acTH a1ep, He CBA3aHHbLIX ¢ nedopMalineil aapa.
Tawm, rme mpenckazanus monean XapTpu-Poka n npenckazanns cTaHIapTHON KaneTbHOW MOIEITH
s o6beMHoN acTh § < r? > cormacyorcs Mexmy coboil (Hampumep, Bonusu N = 82), nabiio-
naetcst u cormacue Teopun (Xaptpu-Pora) ¢ sKcmepuMeHTOM. AHATOITYHBIE 3aKOHOMEPHOCTH
HaOIIONAIOTCS 1 71 psfa IPYTHUX CAaMOCOTTIACOBAHHDIX TTOMXOOB (KBa3sHIaCTUYHBIN JTal paHKeB
MeTomn 71 Ip. ). Ocobyio 3HAaYNMOCTH MPEACTABIAIOT H30TOMBI Y TPAHUILI HYKJIOHHON YCTONYNBO-
CTHU, KaK 5TO MOATBEPKTaeT NPUBENeHHOe Ha PUC. cCpaBHEHNE YKCIIEPUMEHTATbHBIX JTaHHBIX O
6 < r? > c pesynbTaramu pacueros 1o Metony Xaprpu-Poka co cnapupanueMm B IpubIMKEHINT
bBKIII. Korma B 3ToM mpubiInKeHNN UCIOIB3YIOTCS TOIBKO OMHOYACTUYHBIE COCTOSHUS C OT-
pUTlaTeTbLHON SHepTrueil, o0Hapy KWBacTCsI CUIbHOE PACXOKIIeHTe MeKIY pe3yIbTaTaMi TeOpun
7 5KCIIepUMeHTa JIJIS CaMbIX yIAaJIeHHBIX HEHTPOHONEPUINTHBIX W30TOMOB, B OCOOEHHOCTN IS
134Nd, pacnonoxennoro 6iuzxe Beero K rpaHulie IpoToHHoll yeroitunsocru. Haxe cxemaruye-
CKUIl yUYeT HeNPEePLIBHOrO CHeKTpa [4] Mo3BOIMI paluKalbLHO YIIYUIIUTh CHTYAIIUIO.

UccnenoBanme smep Ha TpaHulle HYKIOHHON YCTOMYUBOCTU TOPMO3UTCS CIOKHOCTBIO TTPO-
BENIEHUS COOTBETCTBYIONINX 3KCIEPUMEHTOB. Tak, BBIXONBI M30TOMOB U3 PAa3IMYHbIX MUIIEHe
B peakInmIx ¢ MPOTOHAMU TMAaloT TPUMEPHO Ha TATH MOPSIIKOB TP OTXOME OT TIOJIOCHI CTa-
OUITBHOCTH € YMEHbBINIEHNEM YKC/Ia MPOTOHOB Ha MeCATh enNuHuIl. YTOObI MPOBONUTH ATOMHO-
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Puc.5. Cpennne KBaIpaThl 3apsAIOBEIX PAILyCcoB samep § < 12 >.

3aHHBIM C HaJM9WeM HeYeTHOTO HeHTpoHa. DTOT >PpdeKkT MPUBOAUT K MOMABIEHUIO HYIEBBIX
kolleGaHMil v HedeTHO-Hell TPOHHEIX sanep. B paiione anpa "‘Eug, weTHO-HeUeTHEIN 5pdexT HO-
CUT XapaKTep, TPOTUBOMOIOKHBLIN OOBITHOMY: 3apsIIOBBIN palycC 3TOTO sapa OOIbIle CpemHETOo
3HAYEHWS 3apSIIOBLIX PAIUYCOB sifep cocenuaux n30TonoB. O6paTHLIN YeTHO-HEYETHRIT YDPerT
CBs3aH, TO-BUINMOMY, C HaJWYMeM cTabUIbHOW OKTYMOILHOW medopMalliil B 3TOW o0IacTHl
snep. VMeroruiicst B muTepaType aHaln3 BCeil CeKTPOCKOMNYeCKON snepHoil mHPpOpMAaIln T0-
BOPUT B TOJTB3Y TAKOTO 3aKITFOUCHMS.

OcHoBBIBasACh Ha pesyibTaTax W3MepeHuii § < r? > s snaep, yOaJeHHbIX OT MOJOCHl CTa-
6MIBHOCTH, W HCHONBL3Ys M3BECTHLIC 3HaUeHHS § < 72 > NS CTaOWILHBIX sfep, MOy U
U TIPOAHAIN3UPOBAIN M30TOHUYECKNE U N300apuiecKre 3aBUCUMOCTH 3aps/IOBBIX panamycoB. B
YaCTHOCTH, B M30TOHNYECKON 3aBucuMocTu miis snep ¢ N = 82 obparaer Ha cebs BHUMaHUe
OTCYTCTBIUE KaKOM-T160 HeperyIIpHOCTH B pafione Z = 64 (3aMKHYTOIl MONOGOIOUKN) B TIPO-
TUBOMOJIOKHOCTE TOMY, YTO MMeeT MeCTO B M30TOHWYeCKON 3aBucumocTu nias N = 66, rue
Habonasics oT4eTauBLii w3aoM mpu /4 = 50. OTcyTcTBre amajgornydmnoro nsiaoma npn Z = 64
TOBOPHUT O ¢J1aGOM TIPOSIBIIeHIN MarudHocTH saapa g3 Gd. Ilns sToro marmgeckoro sipa, mapa-
MeTPBI KOTOPOTO O0COOEHHO BaKHBI C TEOPETWIECKOW TOUKW 3pEHWs, BIEpBbIe MaHa BeINUMHA
CPENHEKBANIPATHIHOTO 3apsanoBoro pammyca (4,984(16) dwm).

TeopeTndeckuii aHaan3 >KCIEPUMEHTATBHBIX TAHHBIX (PAILYCOB 1 3JIEK TPOMArHUTHBIX MO-
MEHTOB) TIPOBOIIIICS Ha OCHOBE KaleThHOI MOIENN, MakPOCKOINYECKN-MUKPOCKOINIECKOTO Me-
Toma (¢ obonodeunoit monpaskoit CTpyTurckoro) n mMeroma Xaptpu-Poxa [3,4]. B kauecrse
>PPEKTUBHBIX HYKIOH-HYKJIOHHBIX B3aUMONEHCTBII B paMKax MeTona XapTpu-Poka Oblin mc-
MOJTL30BAHBI pasianvible BapuanThl cuii Ckupma. Okaszanoch, 9To obIiast TeHIEHINS TOBEIEHTTS
pacyeTHLIX 3aBHCUMOcTel § < r? > BecbMa 4YyBCTBUTEIbHA K TUIY 5POEKTUBHLIX B3alMO-
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Puc.4. Oparvent aykaumHofi KapThl. TeMHBIME 3HAUKAMW OTMeUEHBI HYKIUIBI, IS KO-
TOPBIX Ja3epHO-CIEKTPOCKONNYecKne W3MepeHnus BuIMomuentl B [IUAD, a creTnbivu - B
npyrux mabopaTopusx. KBamparamu oboznadeHbl cTabUALHbIe HYKIHIL.

sapana B anpax < r? >. OHE NOAyYeHBl U3 U30TONMYECKUX 3aBucuMocTell § < r? > ¢ yueTom
W3BECTHBIX BEUUUH < 12 > CTabUIBHLIX A7ep.

XapakTep M30TONMMYECKNX 3aBHCHMOCTEl < 12

> o0yciioBileH yBeinvyeHneM nedopMalun
snep o Mepe ynajgenus or N = 82, 4To MOATBEPKITAETCS U M3MEPEHUSIME KBaJIPYIIOIbHBIX
MOMEHTOB B TeX ke DKCIepUMeHTaX. bojee TIaTesbHOE pACcCMOTPEHNE MOy YeHHBIX 3aBUCH-
MOCTEeN oOHapyKWBaeT CIeAyIOIIee.

Hedopmarnus napactaeT no pasaoMmy 1o obe ctoponnl ot N = 82. Ilpu N > 82 — cxauko-
0bpa3Ho PN Mepexoie K TakK HasbiBaeMoil " Kiaccuaeckoil” obmactn mepopmarmii (mpu N > 90),
IpUYeM CKagoK TeM 0ourbite, ueM Gmmke Z K 64 (K samosmnentoil mpoTonuoil mogobomouke). [Ipu
N < 82 medpopmarius memsiercs miaBuo. CamTaeTcs, 4To Ha MoBemeHWN AedopMannn B 0benx
001acTAX CKa3bIBaeTCs PAa3IMIHBbIN xXapakTep np-B3aummoneiictBus. [lmsa smep ¢ N > 82 ono
pesko BozpacTaeT auillb pu N > 90, Koryma HaunHaeT 3al0THIATHLCS HEHTPOHHAs TON060I0UKa
hge — ctimH - OPOUTANBHEIN TapTHEDP TPOTOHHON HOMOOOTOUKN hyq/2, a ipu N < 82 MocTaToIHO
CUJIbHOE Mp—B3aMMOlelicTBIe BO3HUKaeT cpasy ke npu orxone or N = 82 BBumy obGpasoBa-
HIS TBIPOYHOTO COCTOSHUS B HEHTPOHHON MOmoGoNIouKe hyq /g, CHIBHO B3aHMONEHCTBYIOIMIETO C
h11/2 — TPOTOHHBIM COCTOSHUEM.

B m3oTonmuecknx 3aBUCHMOCTSX 3apSIOBBIX PAINyCOB IMIPUCYTCTBYET YE€THO-HEUETHBIN (-
dexT (pammychl Hede THO-Hell TPOHHBIX H30TOIOB MEHbIIE CPEIHET0 3HAUEHNUS PAINY COB COCETHIX
YeTHO-HENTPOHHDIX ), TTpHYeM 5TOT d>pderT cuabiiee mpu N < 82, gem npu N > 82. Yerno-
HeUYeTHbIE SBJIEHUS B 3aPS/IOBBIX paguycax OObICHAIOT OOBITHO 5(PPeKToM OGIOKUPOBKU, CBS-
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Puc.3. Cxema SKCHepHMeHTaHBHOﬁ YCTaHOBKM IJIst KOJIJII/IHeapHOﬁ CIIEKTPOCKOITNN.

Jazepa, Tak W TONGOPOM BEIUYUHBLI YCKOPSIONIETO WIIN 3aMEIJISIONIEr0 NOHBI HIIEK TPUIECKOTO
noTeHIMala Ha KaMepe (3a cueT MOMIIIEPOBCKOTO cMellens i), Vsmepenne onTuaeckoro
CIIEKTpa MCCIEMNYEMOTO M30TOMa TTPOU3BONNTCS BapbUpPOBaHWeM TOTEHIHATa KaMephl B3amMO-
NMENCTBUS B TPpaKTe MAHHOTO M30ToNa. PasHocTh HANPSKEHN MeKIY O0enME KaMepaMy Xapak-
TEPU3YET CABUT YaCTOTHI B W3MEPSIEMOM CIIEKTPe OTHOCUTEHHO COOTBETCTBYIONIETO PE3OHAHCA
y pemeproro m3oTomna. BosbyxkmeHne onTuIeckuX MeEPEXONoB METEKTHPYETCS O (DIIyOpPeCcIenT-
nomy m3sydenuio. Wcmonb3oBamme MeTacTabUILHBIX COCTOSHUN MUKTYETCS TeM, 9TO BO3OY-
KIIEHWe MOHOB M3 OCHOBHLIX COCTOSHUN TpeGyeT M3Iydenus B yiIbTpPadroIeTOBOM MHAIa30He,
HEOCTUAKUMOM JIJTsI Y3KOTIOJIOCHBIX TTlepecTpamBaeMbIX MO dacToTe ja3epoB. MerTacTtabunbibre
COCTOSIHUS 3aCEIISIIOTCS B BLICOKOTEMIIEPATYPHOM MOHHOM MCTOYHUKE.

B [INA® B xagecTBe 06BEKTOB JTa3epHO — CHEKTPOCKOTMUYECKIX MCCIIENOBAHUN ObITN BbI-
6panbl pemKoseMesbHble HYKIUAb. JTH sapa IIpeacTaBisioT Gombimoir maTepec. Tax, ¢popma
SEp MeHSieTCsl OT C(PEPUIECKON B OKPECTHOCTAX Marmdeckoro udmcia N = 82 mo cuiabHoO [e-
dopmupoBanoil Kak B "Kitaccudeckoii” obmactu nepopmanuii (mpm N > 90), Tak n B obnacTu
wefiTporoneunTHBIX sAnep (N < 78). CyliecTBEeHHO CKa3bIBaeTCs Ha CTPYKTYPeE suep u G-
30CTDh UX 3apsaa K ~Marmdeckomy’ gwnciy / = 64.

Konmuneapubiit MmeTon 6611 ncnonbsoBan B IINAD niist mpennsnonHbix m3Mepennii ¢Tabmib-
HBIX M30TOTMOB Sm 1 Ku 7 HEKOTOPBIX MOATOXKUBYIINX W30TOMOB TeX YK€ DIEMEHTOB, Oy IeH-
HEIX Ha yckopuTene i peakTope [INAD, a Taxxe ans pammoaxTuBHLX 1°Pm n M Pm. Ocobwrit
UHTepec MpefcTaBlseT M30MepHoe H3MEeHEeHUe 3apsioBoro paamyca mias °2"Eu, nomyuennoe
>TuM MeTomoM. MeTon pesonancHoll MOHU3AIIE OBbIT NCTOIBL30BAH ISl NCCIIENOBAHNS N30TOIOB
Yb, Tm, Ho, Tb, Gd, Eu, Sm u Nd. Ha pwuc.4 mokazano, misi Kakux HYKIHUIOB PENKO3EMETH
HOU 00JIaCT! BBITIOHEHBI 00CY K TaeMble Ja3epHo-criekTpockonndeckne n3mepenns B [[NAD. Ha
puc.5 msobpaxennt onpenenentbie B [[NAD saBucumocT cpennnx KBagpaToB pacrpenerenns
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eMOro aproHOBBIM JasepoM Spectra Physics (mod 2020). Ycunurennb, B CBOIO 09epelb, HaKa-
YUBaeTCs U3IYyYEeHNEM OTHOTO U3 TPeX 3alleliCTBOBAHHBIX B YCTAHOBKE JIa3epOB Ha Mapax Meu.
Mupwra cnexkTpa wznyuenns ycunautens 30 MI'n. Usnyuenne nis BTOpoll U TpeTbell cTyIle-
HU TEHEPUPYETCS UMITYIILCHBIMI JTIa3epaMi Ha KPACUTeNsX, HaKaulmBaeMbIX Jla3epaMi Ha mapax
memn. lupuma cnekTpa nsnydenus a3epoB Ha KpacuTelnsx TakoBa (okono 30 I'['m), gro me-
peKpBIBaeT M30TOMMYECKUE CABUTY U CBEPXTOHKOE PacIlellyIeHne COOTBETCTBYIONINX TEPEXOIIOB.
[Mupwra onTuuecknx MUHUN B M3MepseMbiX crekTpax coctasiser 100 — 300 MI'tm u obyciio-
BIleHa OCTATOYHBIM MONIIIEPOBCKUM YINMUPEeHneM B aToMHOM mydke. O6paser momydaeMbix Ha
CIEKTPOMETPE ONTUYECKUX CIEKTPOB MPUBENEH Ha PUC.2.

Puc.2. DxcnepuMenTanbuble CIEKTPLI, MOLyYaeMble 3a OLIH UK CKAaHIPOBAHUS (OKOJIO
OITHON MUHYTHI).

YyBCTBUTEIBLHOCTH YCTAHOBKY TaKoBa, YTO YIAeTCs MPOBOAUTH U3MEPEHUs NP CTOIb Ma-
JBIX HOTOKaX cellapupoBaHHBLIX m3oTonos, kax 10% ¢™b. Jlns cpaBHeHms, B KO/LIMHEapHOM Me-
Tome Tpebyemble MUHUMaAbHbIE TOTOKM cocTasisior 10° ¢ . Hapany ¢ onucanubiM MeTomoM
na Macc-cemapatope UPUC peammsoBan m mpyroii — KolanHeapHas CHEKTPOCKONNS Ha WOHAX
B MeTacTabUILHBIX COCTOSHUAX [2], obecmednBaiolas BBICOKOe paspelienne (BIIOTEL 10 ecTe-
cTBenHoil mmpuhel guann). Owa 6buta npenioxena B Mapbyprekom yuusepenrtere (PPIY), co-
BMECTHO € COTPYTHUKAMU KOTOpOTo u npoonuinck paborwl B [INAD. Bricokoe pasperienne B
KOJJTMHEAPHO! CIEeKTPOCKONNH eCTh pe3ydbTaT YMeHbIIeH!s pa3dpoca MPONOIbHBIX COCTaBIIsI-
IOTIIX CKOPOCTEN YacTHIl (M T€M CaMbIM JIONTIIEPOBCKOTO YIINPEHHs JTUHIUN TOTJIOMIEHNS ) TP
HIEKTPOCTATIIECKOM yeKopennn. CxeMa SKCIepUMEHTAILHON yCTaHOBKY TIOKa3aHa Ha PHUC.3.

[To mByM TpakTam Macc-cemapaTopa IIYYKH MOHOB PENEPHOro W MCCIENYeMOro M30TOoMa €
sueprueit 30 k5B HanmpaBiagtOTCS KaXOBI B CBOIO KaMepy B3aWMONENCTBHUs € HENPEPBIBHBIM
Ja3epHBIM M3ydeHnneM ¢ mmpuHoi auaun npubausutenbro 10 MI'n. Hactpoiika B pesonanc ¢
OITHUM 13 MePEXOIIOB PENePHOro M30TolMa OCYIIECTBIISETCS KaK M3MEeHeHNeM YacTOThl U3y YeHns
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IJTSE TIeTiell e TEK TUPOBAHMST OMMHOUHLIX aToMOB. OTMmernm, uto B [IUAD Brepsrre B Muposoit
MpakTUKe 3TOT MeTO[ ObIJI IPUMEHEH M1 UCCIENOBaHNs HeCTabMIbLHBIX snep. PoTonoHm3amus
OPOUCXOMUT B Tpoliecce CTYNeHYaToro Bo30yKIeHUs aTOMOB C YPOBHS Ha YPOBEHbL B aBTOMOHMU-
3alIMOHHOE COCTOSTHUE MJTH HEeIMOCPEACTBEHHO B HENMPEePBIBHbLIM CIIEKTP CUHXPOHHBIM UMITYILCHBIM
M3JIy4eHneM OTHeNbHBIX Ja3epoB, HACTPOEHHBIX B PE30HAHC C MepexonaMu MeXOy dTUMEU YPOB-
Hamu. V3sMepenne onTudecknx CeKTPOB ¢ TPUMEHEHNEM PE30HAHCHON (POTOMOHM3AIINT OCYIIe-
CTBJIS€TCS TIO TEPBOil CTyMeHn Bo30yKneHWs. HacToTa M3mydeHus Jia3epa, NeiCTBYIOIIEro Ha
DTOW CTYIMEeHU, BapbUpyeTcs, TOra KaK 4acTOThl U3JIYHeHUs NPYTruX Jla3epoB HE MEHSIOTCS.
AToMBI MOHU3UPYIOTCSI PN COBMAMIEHNH YaCTOTHI M3y UeHNs] IEPBOTO Ja3epa ¢ 4acTOTON JIn-
HUT TOTJIOMIEHNs Ha epBoM mrepexornie. ONTHaecKnil CekKTp MpefcTaBiIsieT coboil 3aBUCHIMOCTh
unciaa GOTOMOHOB OT CKAHUPYEMOH dacToThl. CxXeMa cleKTpoMeTpa MpencTaBieHa Ha puc. l.

. PEIEPHBIN ATOMHEIN
\ TIYYOK

IIYHOK UOHOB 113

=
TAHTANOBBIT ATOMHEII
TUTETh
TTTT VoK MACC-CETIAPATOPA

— T

<

Puc.1. Cxema creKTpoMeTpHIeCKOil yCTAHOBKN. | — a3ep Ha apax Memn (TeHepaTop); 2 —
Tasephl Ha Mapax Menn (yCHINTeNn); 3 — masephl Ha KPACcHTensx; 4 — cucTeMa: apTOHOBBII
HeNpepbIBHBII Jla3ep U HENPEPBIBHBIN Jazep Ha KpacuTele; 5 — UMIYIbCHBINR yCUIUTEND
Ha Kpacutrele; 6 — KaHaJbHbIe 3JIeKTPOHHbIE YMHOXKUTEIIN.

Uccnenyembie nzoronsl 0bpas3yiorcs B 0b/IydaeMoil TPOTOHAMHU MUIIEHN MaccC-cenapaTopa.
[Tocne monmsanum B MOHHOM MCTOYHWKE PA/IMOAKTUBHBIE W30TOIBI PA3NENSIOTCS IO MaccaM B
Macc-cerapatope. VoHbr 13 Macc-cemapaTopa HANpaBIISIOTCS B TOpSYnil TPyOUaTHIl THUTENb.
Tam onm mefirpamusytorcs. O6paTHO BLIXOMUT KOTMMEUPOBAHHBIN MyYOK TEMIOBBIX aTOMOB.
Om mepecekaeTcss MHOTOKPATHO Jla3epHBIM W3y denreM. POTOMOHBI BLITAIKUBAIOTCS SIIEK TPH-
YeCKUM TIOJIeM K eTEKTOPY — BTOPUYHOMY 5JIEKTPOHHOMY YMHOKUTeN0. HauHbill ciek TpomMeTp
IpenHasfHaden s TPEXCTYenYaToro Bo3oy K nenns. Jlaseproe wsmydenne — nMmyanLcHoe (-
TeTBHOCTL NUMIYILCoB — 20 e, yacTora crienoBanus — 10 k'), Bo3Gyxknemnme nepBoil crynemn
obecrieunBaeT UMIYILCHBIN yCITHTENb Ha KpacuTeine. OH ycuImBaeT HEPEPBHIBHOE M3ITydeHIe
TepecTpanBaeMoTo 10 4acToTe Jlasepa Ha kpacutene Spectra Physics (mod 380), makaunsa-
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NCCIEOOBAHUE CIIMHOB, DJIEKTPOMATHUTHBIX
MOMEHTOB U 3APAIOBBIX PAOINYCOB
HECTABUWJILHBIX AOEP METOIIOM

JIABEPHOU ATOMHOMU CIIEKTPOCKOIINUA

I'.Od.Anxasos, A.E.bapsax, |B.Il.Herucos, | 1.5.Yy6ykoB

Ommoit n3 BaXHEMINX 3alad TEOPUN Spa SBISETCS aleKBATHOE OMUCAHTE OCHOBHBIX CO-
cTosHUT smep. B 5Toil ¢BA3M HKcleprMenTaIbuble JaHuble 06 YTUX COCTOSHUAX MPENCTaBIISIIOT
GOITBIITY IO TIEHHOCTH, 0COGEHHO, KOT/1a OHIT MMEIOTCS 71 OBIIMPHBIX 06TacTell Ha KapTe HyKIIh-
TIOB, TIPOCTUPATOIIUXCS MAJIEKO 3a TIPENENTbl TTOI0Chl cTabmibubix simep. llepem Teopmeir cTomT
3a/1a9a, BO-TIEPBBIX, OMICATE OOIIYIO TEHIEHIINTO TTOBENEHNS YKCIIEPUMEHTATLHBIX BETHIIH (TP
M3MEHEHNN Y1cjia TIPOTOHOB / W Ynciia HelTpoHoB [N) 1, BO-BTOPBIX, OOBICHUTDL WX HEOKM-
MaHHble W3MeHeHus BOIM3U HEKOTOPLIX 0COOBIX TOYeK Ha HYKAUAHON KapTe. VckmounTenbno
BAXKHDLIMI SIBIISIIOTCS TAHHBIE IS siiep BOIM3W TpAHUI HYKIOHHON YCTOMYIMBOCTH, MOCKOILKY
NMEHHO 371eCh BO3MOKHBI HeOXKnmanubie 5PpQPEKTHI, TPOTNBAIOIINE CBET Ha OOIMHE 3aKOHOMED-
HOCT.

B mocTpoennn nByMepHON KapTHHBI M3MEHEHNs CBOMCTB OCHOBHBIX COCTOSHUIN simep (B 3a-
BucumocTi o N u Z) Benylinas poihb B HacTOsIIEe BPeMs MPUHAMIEKUT JTa3ePHON aTOMHOI
criekTpockonuit. C ee TOMOIIBIO MOKHO OTMPENENNTh Ml HeCTabUIBHBIX Aep (¢ BpeMeneM Ki3-
HII BIUIOTH [0 [OJ€ll CEeKYHAbI) CUHBI [, MarHUTHBIE NUTONbHBIE MOMEHTEI (i, CIIEKTPOCKOII-
YecKue IIeK TPUIecKre KBaIpyHoIbHble MOMEHTHI (), a TaKKe M3MeHeHns CPEIHNX KBalpaToB
pacmpenenenns 3apsana 6 < r? > =< 1? >4 — < r? >4 74 N30TONOB ¢ ATOMHBIMHI HoMepaMu
Au A'. Cnumel u 57IeK TpOMarHUTHBIE MOMEHTEI M3BICKAIOTCS U3 CBEPXTOHKOTO PaCIIelICH s
ONTHYECKNX JIMHUI B aTOMAX, & BEJUUUHBl § < 72 > 44/ — U3 U30TOMUYECKUX CIBUTOB DTUX JIU-
Hufl. 3a MoCIemHre IBalaTh JeT Ja3epHas CIeKTPOCKONHS cTajla MOBCEMECTHO MPUMEHSIThCS
TSt simepHbix nccaenoBanuii. [Ipm sTom memomb3yoTes pa3Hoobpasnbie MeTOMB: BO30Y K IeHme
(dIIyopecennny B mapax aTOMOB U B KOJNIMMUPOBAHHBIX TEIJIOBLIX ATOMHDLIX MTYYKaX; OMTHYe-
cKas HaKadKa TTapoB aTOMOB TMOJISIPU30BAHHLIM U3JIyYEeHUEM U NeTEKTUPOBAHIE BOZHUKAIOIIEH
MOJIIPU3AIINT ATOMOB 10 acUMMeTpuu [J - pachajia; OnTHIecKas HaKadka B aTOMHOM ITyYKe ¢
nocrenyomnmM anaan3oMm mMetonom [l tepra-I'epmaxa; Bo3Oyxnenne diyopeceHn B OLICTPBHIX
ATOMHBIX TMyYKaX KOJIMHEAPHBIM JIa3epHBIM W3IydYeHneM 1 HekoTopbie npyrue. Haunbosee sd-
(DEKTUBHBIM U3 TEPEUNCIEHHBIX OKA3aJICsI METOM KOJIIINHEAPHON CIIEK TPOCKOIMNHN, TPUMEH IeMBII
B [IEPHe nma macc-cenapatopuoit ycranoske ISOLDE, paboratormuit B pexnme "B aunnio” ¢
ycKopuTeseM TpoToHOB. TaM OblIN BLITOIHEHBI U3MEPEHUS! IS IINHHLIX M30TOMMIECKUX TIe-
MOYeK MHOTHX DJIEMEHTOB.

B [INA®D B cepenune cemMumecsiThIX TONOB Oblia COOpYKeHa Macc-cellapaTopHas yCTaHOB-
ka UPUC wa 6ase yckoputesns mporonos ¢ sueprueir 1 ['sB. B 1979 rony mo wmamnmaruse
9.E.beprosnya mavammch paboThl MO0 M3TOTOBIEHUIO BLICOKOYYBCTBUTEILHOTO CIEKTPOMETPA
IUJTSE U3MEPEHUH CBEPXTOHKOTO PACIIEIUIEHNS U W30TOMUYECKNX CIBUTOB ONTUIECKUX TEPEXONOB
HecTabuIbHBIX HYKAUAoB. B 1983 rony Obliam momydeHbI MepBble SKCIEPUMEHTATbLHBIE PE3YIlh-
TaThl — W30TONMYECKNE M3MEHEHNS 3aPAMOBLIX PAIUYCOB HENTPOHONEDUIIUTHLIX SITEpD €BPOITHS
[1]. Cosmanue cnexTpoMeTpa U MOCICHYIONINE SKCIEPUMEHTEI ¢ €r0 TOMOIILIO TPOBOMUIINCE
coBmecTHo ¢ Mucturyrom crnektpockonuu PAH. B ocroBy crexTpomerpa GbiT mosioxen Me-
TOM PE30OHAHCHON CTYMEHYAaTON (POTOMOHM3AINN ATOMOB, MPENJIOKEHHLI B TOM K€ HHCTUTYTE



