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IIy3bipbKOBasi KaMepa — KOOPAMHATHO-1yBCTBUTEIbHbII
HEeTEeKTOP.

HeB03MOXKHO MpeIcTaBUTh ce0e COBPEMEHHYO IKCIIEPUMEHTAIBHYIO (PU3HKY
0e3 KOOpAWHATHO-4yBCTBUTENbHBIX AcTekTOopoB (KUJI). Takue mereKTophl HaioT
BO3MOXXHOCTh TIOCTPOUTh T'€OMETPUYECKHA o00pa3 WCCICIyeMbIX COOBITUH H
BOCCTaHOBUTh uX kuHemaTwky. CoBpemennbie KUYJ[ 23T0, B OCHOBHOM,
OBICTPOJICHCTBYIONTUE DIICKTPOHHBIC MPUOOPHI.

[Ty3bIpbKOBBIC KaMEphl, KOTOPBIE HE TaK JAaBHO TAKXKE, KaK M YCKOPHUTEIIH,
BXOJIMJIM B COCTAaB HEMPEMEHHOr0 (U3UYECKOro OO0OPYIOBaHUS KPYITHEHITUX
HCCJICIOBATEILCKUX IICHTPOB, YCTYIWJIH CBOE MECTO Ta30BBIM TPEKOBBIM
neTeKkTopaM. TakuM, HampuMep, Kak BpeMsI-IIPOCKIIMOHHBIC KaMEPHI.

Tem He MeHee, HapsIAy C SACPHBIMH SMYJIbCHUSMH ITY3BIPHKOBBIE KaMepbl
00Ja7ar0T MaKCHMAaJIbHO  BBICOKMM  TIPOCTPAHCTBEHHBIM  pa3pelieHueM U
HETMPEB30HACHHON HATIAIHOCThIO. [l03TOMYy WMEHHO TY3bIPBKOBBIC KaMEphI
BITMCAJTX MHOTO CJIABHBIX CTPAHHI] B UCTOPUIO (PU3HUKH dJIeMEHTAapHBIX YacTHll. C ux
MOMOIIbI0 OBUTM OTKPBITBI MHOTHE TaKWE YaCcTHIBI W OOHapy>KCHBI HOBBIC
busnyeckue sBiIeHus (HalpuMep, HeUTpalbHbIC C1a0ble TOKH).

[Ty3bIpbKOBBIC KaMEphl — IIUKIUYECKH paboTaroniue ycTaHOBKH. CHHXPOHHO
C paboroil yckopuTedas B KaMepax dYepeayroTcs (a3bl CKaTHs U pa3pekKeHUS
paGoueii kuakocTH(C TMOMOIIBIO TOpPIIHEH, MemMOpaH © cuiboHoB). Bo
BPEMEHHBIX  HWHTEpPBAJIaX  MaKCHMaJIbHO  HHU3KOTO  JABJCHUS  JKHJIKOCTH
neperpeBaercsa. MHXEKTHpyeMble TpH OTOM B KaMepy IIEPBHYHBIC YaCTHIIBI
(TpOTOHBI, AHTUIPOTOHBI, ME30HBI M T.A.) TEHEPHPYIOT B BEIIECCTBE KaMepbl
pas3inyHbIe COOBITHA. 3apsDKEHHbIC YacTHUIBI (KaK MEPBHYHBIC, TAK U BTOPUYHBIC)
MOTYT 00pa3oBBIBaTh TPEKH, COCTOSIIME U3 Iy3BIPHKOB Iapa IEperpeTou
KUAKOCTH. Ily3BIpbKM OCBEMIAIOTCS MOIIHBIMA HMMIYJIbCHBIMU JIaMIIAMHA |
dbotorpadupyroTcs.

B nerkoxuakocTHeIX Kamepax (BOJOPOAHBIX, MIPOMAHOBBIX M T.J.) pabodne Cpe/ibl

IIOMCIIarOT B MarHUuTHOC IIOJIC. 910 HacT BO3MOXHOCTH OIIPCACIIATH HMITYJIbBC P



3apsDKEHHBIX YaCTHI[ M0 KPUBU3HE HMX TPEKOB B MarHUTHOM Iojie. BeauunHa
UMITYJIbCa MOYXET OBbITh HaliJIcHa 110 ClieayromIeH hopmyire.

P (MsB/c) sin© =0,3Z H (xI'c) r (cm), ()
rae Z — 3apsa yacTuipl (B €IUHMIAX 3JIEMEHTapHOro 3apsga), H — marmutHOE

I1I0JIC, 0 — Yyroa MeEXKIAYy HMITYJbCOM YaCTHUIbl U MAarHUMTHBIM IIOJIEM, I — paauycC

KpuBH3HBI Tpeka. [Ipu mepnenmukynspHocTu BektopoB H u P (cnyuaii ©=p/2)

JacTHIIA JBMXKETCS 10 JIYI'€ OKPYXHOCTH paauyca I, €clid MOXHO TNpeHeOpedb
DHEPreTUICCKUMH ITOTEPSIMU YaCTHIIBI B CPEJIC.

YT0OBI MOKHO OBLIO TOJYYHTHh MPOCTPAHCTBEHHYIO KapTHHY COOBITHIA, OHU
doTorpadupyroTcsi He MEHee, 4eM JBYMsS KHHOKaMepaMH. B Tak Ha3bIBaeMbIX
«TUTAHTCKUX» KaMepax 4YhCI0 KMHOKAMEp MOXKET OBITh JIOCTATOYHO OonbinuM. B
HAyYHBIX MCCJICIOBAHUAX O00OpabOTKa CHHMKOB IIPOM3BOJUTCS C TOMOIIBIO
CIEIMABHOTO 00O0PYIOBAaHUS TOJ KOHTPOJIEM CJIOKHOTO KOMIUIEKCA MPOTpaMM,
MO3BOJISIFONIUX, B YaCTHOCTH, COBMEIIATh JaHHBIC PA3HBIX CTEPEOTPOCKIIHM.

B nacrosimeit mnabopatopHoil paboTe yIpoIIeHHO aHATU3UPYIOTCS COOBITHS,
3apKCUpOBaHHBIC HA KaJapax OJHOM M3 KHHOIUIEHOK (Bcero ObLIO 8 KHHO
amrapaToB), MOJYYCHHBIX Ha OOJBINON BOJOPOIHON Kamepe «Mupabenp». Kamepa
«Mupabenb» npencraBisieT codoil nuauHap auamerpom 1,8 u mgmuHOO 4,7 M,
3arOJIHCHHBIN KUJKUM BOJOPOJIOM TIPH 25,6°K u nipu 1wiotHoctu I =0,0622+0,0006
(elem®). Och Kamepsl MapaiielbHa HAPABICHHIO MEPBHYHOrO Mydka gactui. Ha
CTEHKaX KaMepbl HaHECEHBI CIIelUaIbHble METKU (perepHbie KPECThl), PACCTOSIHHE
MEXIy KOTOPBIMH XOPOIIIO M3BECTHO. TakuM 00pa3oM B METOJIMKE ITY3BIPHKOBBIX
KaMep OCYIIECTBIISETCS MPUBA3KA K peaTbHOMY ITPOCTPAHCTBEHHOMY MacIiTaly.

[Ty4ox mepBUYHBIX YACTHII, 3all€UaTICHHBIX Ha CHUMKaX, Oosee, ueM Ha 98%
COCTOUT M3 aHTUIPOTOHOB ¢ umiysibcom 32,1 I'3B/c.

Kamepa momeriianace B MarHuTHoe mojie HampspkeHHocThio H = 21(kI'c),
CHJIOBBIC JINHHHM KOTOPOTO MEPICHIUKYIAPHBI OCH KaMephl.

B naGopatopHoii paboTe aHATU3UPYIOTCS COOBITHS, XapaKTEPHU3YIOIIHUE

HNOHU3ALIMOHHLBIC ITIOTCPU PCILITUBUCTCKUX YdCTHUII.



Honun3anmoHHbIE norepu ssacp, aipoHoB U JICIITOHOB.

HNonunzanmoHHble MOTEPU SHEPTUU 3aPSHKEHHOM YaCTHUIBI B CPEJe SBIISIIOTCS
BOXHBIM CPEACTBOM MOJy4deHUss MHGOpMAIMK 00 AJIEMEHTApHBIX YacTUIAaX. ITO
oOyciaBinuBaeT OOJIBIION MHTEpPEC K M3y4deHHI0 naHHoro ¢eHomeHa. Co BpeMeH
CO3/IaHHs TEPBBIX JETEKTOPOB W IMEPBBIX TCOPHH HMOHHU3AIMOHHBIX MOTeph [1, 2]
MPOBEJCHO OrPOMHOE KOJMYCCTBO HMCCICAOBAHMHA IO 3TOH TeMme (IMPaKTHUYCCKH
KOKIBIA  (U3HK-IKCIICPUMEHTATOP CTAJIKUBAJICI C JAHHOW MPOOJIEMAaTHKOM),
HAIICIIINX OTPaKEHHE B TOAPOOHBIX 0000IArOIIKUX padoTax, Hampumep [3, 4].

BonpmuHcTBO AKCTIEPUMEHTATIBLHBIX HCCIeIOBaHUM MeXaHHU3Ma
MOHU3AIMOHHBIX MOTEPh €CTECTBEHHBIM 00pa3oM OrpaHUYEHBI TeM (HaKTOM, UTO
MPaKTUYECKH BCE JICTEKTOPhl HE CIOCOOHBI  HANIEKHO  PErUCTPUPOBATH
OTHOCHUTEJIBHO PEIKHE Cclydau ¢ OOJIBIION Mepenaueld dHEPruu OT HajeTalolleH
YaCcTUIBI DJICKTPOHAM Cpejbl, T.€. Clydan OOpa30BaHMs Tak Ha3bIBaeMbIx O-
ANEKTPOHOB. VX sHEprus MOXXeT OBITh CTOJb BBICOKA, YTO MPOOEr AJEKTPOHOB HE
YKJAJbIBAETCS BHYTPH MaTepualia JeTeKTopa. BepxHss sHepreTudeckas TrpaHuila
BO3MOXKHOH peructpanuu O-3JIeKTpOHOB 3aBHCHT OT IapaMETPOB KOHKPETHOM
YCTAaHOBKH U, BOOOIIE TOBOPs, C TPYJAOM MOXET OBITh OIpejesieHa OJHO3HAYHO.
Takum 00pa3oM, B OOJIBIIMHCTBE CIIy4aeB PETUCTPUPYIOTCS HE IOJHBIC
HMOHM3AIIMOHHBIC MOTEPU SHEPrUU €, a TaK Ha3blBacMbIe JOKalbHbie (restricted -
"orpaHu4eHHbIC") MOTEPH.

[TogoOHas cutyarus He oOparana Ha ceOs BHUMaHUE HCCieAoBaTeNeil moka
SHEPIUM YaCTHUI[ ObUIM HE3HAUYMTENbHBI. [Ipu 3TOM [0J1 MOTEeph SHEPTUU B OJIM3KUX
CTONKHOBEeHHX (C OOJIBIION Mepeaaueii UMITylIbca) €5 HE Oblila CYIIECTBEHHOH, U
caM (aKT HaJU4Usl TaKUX COOBITUH MPOSBIBUICS JUIIL B HaMYWU ' XBOCTa" B
00JIacTU BBICOKUX SHEPrUd Yy paclpelesieHHs] MOTeph SHEPrUu YacTHUIEH B CJIO€
BelecTBa — pacnpeaeneHus Jlannay. Ho B mociegHee BpeMs ObUIM TPOBEIEHBI
uccienoBanus [5], mNoOKa3bIBalOIIMeE, 4YTO JJIA CTABIIUX JOCTYIMHBIMH (WM
BO3MOXKHBIMH B OJIibKaiiieM OyaylneM) 3HEpPrusX H3MEPEeHHE HOHH3AIMOHHBIX

INoTepb MOXKCT MOdThb HNCHHYKO HC3aBHUCUMYIO I/IH(I)OpMaI_[I/IIO O CBOMCTBax



TOPMO3SIIEHCS YaCTHUIIBI, TOCKOJBKY TIPU OOJIBIIUX Mepeiadyax UMIYJbca aTOMHBIM
9JIEKTpOoHaM (MX J0JI1 M MAaKCHMaJjIbHasi SHEPTUsl pacTeT ¢ POCTOM JIOpEHII-(hakTopa
HaJICTAIONICH YacTUIbl §) HAYMHAIOT HPOSBIATHCS WHAMBHIYAIbHBIC OCOOCHHOCTH
€€ BHYTPEHHETrOo CTpoeHusi. Kak HM3BECTHO, JIOKaJIbHbIE MOHU3AIMOHHBIE MOTEPHU
BBIXOJISIT Ha cTporoe mmiato - miarto depmu — nmo mepe pocra g YUro kacaercs
MIOJTHBIX MTOTEPh, B OOJBITMHCTBE JIUTEPATYPHBIX HUCTOYHHKOB YKa3bIBACTCS Ha HUX
ngorapudmuyeckuii  1mo ¢ poct. OaHako, ObLIO TOKa3zaHo [5], 4TO HaiM4ue
DJIEKTPOMArHUTHBIX  (HOpM-(DaKTOPOB y aApoHOB (M3BECTHBIX HA CETOJHS
CTPYKTYPHBIX YaCTHII) U Y SiACp, MPUBOJUT K TOMY, YTO IOJIHBIC HWOHHM3AIIMOHHBIC
MOTEPH, aHAJIOTUYHO JIOKAJIbHBIM, TAKXKE JOJKHBI BBIXOJUTh HA CTPOTOE IUIATO MPU
>>10°,

He ToibKO TOYHOE H3MEpPEHHE, HO W MPOCTO PETUCTpPAIUs COOBITUH C
00O rnepegadeu HAMITyJIbCa SIBJISIETCS BeChMa HETPUBUAJIBHOU
AKCIIEPUMEHTAIIBHOM 3a1a4€CHl.

Meronrka BOJOPOAHOW ITY3bIPHKOBOM KaMepbl, SBISAETCS, IMO-BUAUMOMY,
OMHOW W3 JYUIIUX JJIs TOoJydeHUss WHGOopMalnuu 00 HOHU3AIMOHHBIX MOTEPSIX

PEILITUBUCTCKUX YaCTUIL (B YaCTHOCTH, O IMOTCPAX B OIM3KUX CTOJIKHOBCHI/IHX).

1. NoHu3auMOHHbIE IOTEPH PEJIATUBUCTCKUX a/[POHOB.

Hwxe mox anporHamMu OyJayT MOHUMATHCS HE TOJBKO 3apsKCHHBIE HYKJIOHBI,
ME30HBI ¥ THUIIEPOHBI, HO TAK)KE M TTOJTHOCTHIO 000 IpaHHBIC aTOMHBIC SIIPA.
1.1 Honuzayuonnsie nomepu aopoHos.
[TonmHBIE CpeHME HWOHHM3AIMOHHBIC IOTEPU 3apSHKCHHOTO aJpoHa MOTYT OBITh

BBIPaKEHBI CJICTYIOIIUM 00pa30M:
e UlEin/dX4{MaB em? 1Y) = 0.307 £ 222, Z, A B(y, Z) (1.1)
rac b - CKOPOCTh HAJCTAOHICTO aApOHa (B CANHHIAX CKOPOCTH CBeTa), Zh -Cro

3apsan, a Zy u Ay — aTOMHBIA HOMEp U BeC aTOMOB cpeflbl, B — Oe3pa3zmepHbIit

KOA(DPUIIUEHT TOPMOKEHUS.



Cnenys [3], npeacTaBuM MOJHBIC MOTEPU € B BHJE CYMMBI IMOTEPb ISl Pa3sHBIX
oOnacTell mepemaadu SHEPTUU aTOMHBIM JJIEKTPOHAM: € = €4 + €y + &, TIE €4 -
NOTEPH B JAJIbHUX coydapeHusx (¢ Majnoi mepemadeii sHEpPruu), €5 — MOTEPH,
00yCIJIOBJICHHBIC OJIM3KUMH CTOJKHOBCHHSMHU, U €y - MOTEPH B MPOMEKYTOUHOU
obmactu. Paznuume WMeXIy OSTUMH OO0JAacTAMH CBS3aHO C POJIBIO  Pa3HBIX
(bu3uYecKuX MporeccoB. Tak i MOTeph B JaIbHUX COYIAPEHUSAX CYIICCTBEHHYIO
pOJIb WrpaloT TapaMeTpbl Cpeabl, TaKue KaK, WOHM3AI[MOHHBIA TOTEHIIHAI,
IJIOTHOCTh. DTO CBS3aHO C TEM, YTO NPH MaJbIX Tepeaadax SHEPTHMH aTOMHBIC
AJICKTPOHBI HEJIB3ST paccMaTpUBaTh Kak cBoOoaHBIe. HE0OX0IMMO Tak)Ke YUHTHIBATh
BKJIaJT KOJUICKTUBHBIX IPOIIECCOB, HAMPUMEp, SBJICHUEC TOJSAPU3ANUK Ccpeibl. [
€m OJCKTPOHBI MOI'YT CUMTAThCA CBOOOJHBIMHM, HO IIapaMeTpbl yaapa (B
KBa3UKJIaCCHUECKOM OIIMCAaHWM) BCE €II¢ JOCTAaTOYHO BEIMKH M  MOXKHO HE
YUUTHIBATh MAacCy, CTPYKTYpY W CIHH HaJeTarolled dacTuilbl. B oOmactu ke
OONBIIMX Tepelad »dHEPrUM OTH XaPAKTCPUCTUKH TOPMOBSIICHCS YaCTHIIBI
HAYMHAIOT UTPATh CYIIECTBCHHYIO POJIb.

YCTaHOBJICHHE TOYHBIX TPaHHUI] MEXAY O3TUMH OO0JacTIMH CBS3aHO C
METOJMYECKIUMH OCOOCHHOCTSIMHU MPOBEIACHUS U3MEPEHUN. DTH TPAHUIIBI JOJDKHBI
ya0BIETBOPATH ycioBusaM: 1) h >>I, roe h - BepxHss rpaHuma Mansix nepegad
umnyiasca, | - cpeaHHMii MOHU3AMOHHBIA IMOTEHIHMAA, TO €CTh h CYIIECTBEHHO
OO0JIbIIIE 10 MOPSIKY BEIMYUHBI, YEM XapaKTePHbIC aTOMHBIC CAMHMIIBI SHEPTUil. 2)
Je(Qmin) » 1, rae Jg - aapoHHBIN 31eKkTpuyecKuil hopM-hakTop, Qmin - HIKHSS
rpaHdnia OONBIIMX TIEpeaad dSHEPTHH. 37eCh W Jajee BCE DHEPreTUYCCKUE
BEJIMYHHBI BEIPQKCHBI B SIHHALAX 2 MeC%, TIe M - Macca JIICKTPOHA.

KoahpurmeHT TopMOKeHHS TaK)Ke MOXKET OBITh TIPEJICTABIICH B BHUIE
B=By4+Bn+B.

B nanno#i naboparopHoit pabote Bce hopMyJibl TPUBEICHBI ISl ciiydast ¢pl.

Bynem nanee ucnosib30BaTh TaK)KE «eCTECTBEHHYIO» cucTeMy eauHuil h = ¢ = 1.



1.2 Honuzayuonnwvie nomepu ¢ 0a1bHUX CIMOIKHOBEHUAX.

Kak yxke ObLIO OTMEUYEHO, BEpXHssSl TpaHUIA, HIDKE KOTOpPOM mepeaada
SHEPIUM CUYUTAETCS MaJoh HOCHUT METOAMYECKHM XapakTep. Y00HO BBIOpaTh €e
paBHoit h =2 m¢c?~ 1,02 M»as.

Boeipaxenue a1 €y maercs  kiaccudeckod (Gopmynoit  bere-broxa,
MOIU(MUIIMPOBAHHON C yY€TOM TOro, 4YTO MaKCHMajlbHas ' peructpupyemas’

sHeprus paBHa h. C yuetom psijga nomnpaBok [3]:

[]

1 é
e, =—-kdn -B*+Q f, (1.2)
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a2y chno
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ﬂ
rae k=0,307 (ecin € Boipaxkersl B MaB / (r cM ), a 4acThIfa — OXHO3APSIHAS,
uHaue K=4p Z2% Z e? re N b2, rue l'e — KJIACCUYECKUH paauyc djekTpoHa, N —
YHCI0 aTOMOB B eIMHHUIIE 00bema), b — ckopocTh HameTaromiel YacTHUIBI B
¢IMHUIIAX CKOPOCTH CBETH, [ — pa3jnuHbIe MOMPaBKH.
Jlns1 cimyyast BoJopojia ucrois3yercs 3Hauenue | = 19 3B.
OOBIYHO YUUTHIBAIOTCS CACAYIONIME MONPaBKH f ;.
1. DbdekT IUIOTHOCTH, OMHMCHIBAIONMIMN BIHMSHHE TOJSPU3AIMK CPEabl Ha
MUHHMMAaJIbHbIE ITEPEIaBaCMbIC HMITYIIbCHI.
[TorpaBka bioxa u apyrue mompaBky Ha mepBoe OOPHOBCKOE MPUOIMIKEHHE.
3. TlompaBka Ha yMEHBIICHHE BKJIaJa B TOPMO3HYIO CIIOCOOHOCTh BHYTPCHHHX
3JIEKTPOHOB.
B cnygae ¢P>1 nomepevHas KOMIIOHEHTa JJIEKTPHUYECKOrO IO IEPBHYHOM
YaCTHUIIBI TIPU MPeoOpa30BaHUK B JAOOPATOPHYIO CHCTEMY KOOPIUHAT MpHoOpeTaeT
PEIATHBMCTCKANA MHOKHTENb ¢ MHBIMH CIOBaMH, IOJE 3apsHKEHHOW YaCTHIIBI
TEHeph MPOCTHPACTCS HA OOJBIIHE PACCTOSHHUS OT €€ TPACKTOPHUH, MOITOMY
CTaHOBATCS CYIIECTBEHHBIMH OoOJiee Jalickhe CTOJKHOBEHHUS (TaK Ha3bIBacMbIH
a¢deKT TopeHIeBa CxKATHS JICKTPOMArHUTHOTO IOJIs YacTHIlhl). [IepBast momnpaBska
(3bdekT IUIOTHOCTH) Ha S3bIKE KBA3WKIACCHYECKOrO MPUOMIKCHHUS OIUCHIBACT
OFPaHMYCHHE CBEPXYy MAaKCHMAJIbHOIO MPHUICIBHOIO Mapamerpa Dmax B

CTOJIKHOBCHHAX  YaCTHUIBI C  3JICKTPOHAMH  CPCIbI, npoucxoadgmee M3-3ad



Hossipu3auu cpensl. IIpn 3TOM MakCHManbHBIH HPHIEIbHBIA MapaMeTp MOXKHO

BBIPa3UTh KaK D max = C/W p, Tie W, — mia3MeHHasl 4acToTa BEIIeCTBA. 3a CueT

3peKTa IIOTHOCTH CKOPOCTh pocTa € ¢(Q) cHmkaercs ot ~ In (f) mo ~ In (9).
[TorpaBkoii Ha 3G (PEKT IIOTHOCTH MOXKHO IpeHeOpeyb IpH

r<<0,1A:Z:g" (e cn™).

1.3. Ilomepu c 601bU1011 nepedaueil uUMnynvca.

Nudopmarust 0 MexaHn3Me MOHHM3AIMOHHBIX MOTEPh ¢ OOJBINON mepeaadeit
HMMITYJIbCa 3aKiifoueHa B ko3 duimente Bs. D1EKTpOHBI IPU 3TOM MOTYT CUHUTATHCS
CBOOOJIHBIMM, TIOCKOJBKY TIepellaBaéMble WM DHEPIMHM  MHOTO  OOJIbIIe
HOHM3AIMOHHOr0 ToTeHnuana. Ilepeiigem k 6e3pasmepHoit Macce M = My/2Me, rae
Me - Macca 3JeKTPoHa, a My — Macca Haneraronieil yactuibl. CedeHue o0pa3zoBaHus

d-anmekTpoHOB [6] MOXKHO MpEeACTaBUTh B BUje (IS CIIMHA HAJCTAIOIICH YaCTHIIBI

S=1/2):

ds ,ds
__pre —_
dQ dQ

4Q?- Q)1+ Y ntm?Q ]
§( (1 Hgnfm )+%ng.zm.22Q 0 (13)
e
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[ Y e ety a2

rae le - KIAaCCHMYECKUH paauycC dJEKTpoHa, Jg - 3JIeKTpuueckuil (opM-¢pakTop
agpoHa, a M ero MarHUTHBIH MOMEHT B SIEpPHBIX MarHeToHaX. Qmax €CTb

KAHEMATUYCCKHI MPe/IeIT iepeauu SHepruu d-3JIeKTpoHY paBHbIN:

2

Q :g— (1 4)
l+% '

J171st 0eCCIMHOBBIX YaCTHUI] MOKHO MCIIOJb30BaTh GOpMYIy:

ds ,61 1zl 1 Q o,

— =pr i Rl )
dQ 807 Q87 gmQ+ig

(Q) (1.5)



MaruutHoe B3aumojeiictBue ¢urypupyet B (1.3) ¢ y4eToM B3aUMOCBSI3U
MarHUTHOTO | AJieKTprueckoro GopMm-pakropo Jy(Q) = mIg(Q).
Hannuue gopMm-dakTopa IPUBOIUT K TOMY, YTO M 3Ta YacTh MMOTEPh BBHIXOIUT Ha
J1aTO JJis1 OONBIINX G
Toraa Bs (B pacueTe Ha OJJMH ATOMHBIH 3JICKTPOH CPEIbI) BHIPAKACTCS CIICAYIOIIUM

obOpazom:

1 = gs
B,=Z 0=QdQ 16
2 o dQ (1.6)

Kak Bumno w3 (1.3), HelTpanbHbIC aIpOHBI, UMEIOIINE MATHUTHBI MOMEHT,
TaKKe JOJKHBI BbI3bIBATh HOHU3ALUIO CPEIBI.
[IpuBenenubie Bblie (OPMYJIbl MOTYT OBITh HCIOJIB30BaHbl U JJIsl JIENTOHOB
(3JIEKTPOHOB, MIOOHOB U HEUTPHUHO). B 3TOM cityuae Hamo monarats Jg (Q) = 1. s
AIIEKTPOHOB MCIIOJIB3YETCsl MONMPABKa YUYUTHIBAIOIIAS POJIb OOMEHHBIX U CIIMHOBBIX

s dexToB. HacTo 3T0i monpaBkoi MpeHeOperator.

1.4 Ilpomesricymounvie snepzuu.
JIst IPOMEKYTOYHBIX dHEPruit, mpu KoTopbix J(E) mpakTHuuecku He OTIHUYAETCs
oT 1, a 2JIEKTPOHBI MOTYT YK€ CUUTATHCS CBOOOHBIMU, MOYKHO alMpPOKCUMUPOBATH

2
ceuenue ds/dQ 3aBucumocthio 1/Q” u nmpenacraButh By, B BUIE:

(L.7)

2. YipaskHeHu.

B mabGopartopHoit paboTe aHAIU3UPYIOTCS TPEKU O-3JIEKTPOHOB, BHIOUTBHIX M3
4aTOMOB BOJOpOJa B OCHOBHOM IICPBHYHBIMH AHTHIIPOTOHAMH. Ocu KHMHOKaMeCp
ObLIN OPUCHTHUPOBAHBI HpI/I6JII/I?>I/ITCJIBHO BAOJIb MArHUTHBIX CHJIIOBBIX JIMHUH.
Takum o00pa3oM Tpeku O-3JEKTPOHOB, KOTOpBIE TMPH OONBIIUX IHEPTULX

HUCIIYCKAIOTCA IO MAJIBIM YIJIOM K HAIIPABJICHUIO UMITYJIbCAd HAJICTAONINX YaCTHIL,
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Jexar B OCHOBHOM B IUIocKocTH cHHMKa. CoriacHo ¢opmyne (1), toae B aToM
cllydae CIeIyeT MOJIOKHUTh SIN © @1, Mex Ty UMIyiibcoM O-3JIEKTpOHA U PaIHyCcoM

KPHBHM3HBI TPEKA B MATHUTHOM II0JIE CYIIECTBYET CIIEAYIOIIast CBS3h:
P (MaB/c) = 6,31 (cm) (2.1
B mamsaTH  KOMIBIOTEpa  Kaaphl, IOJy4YE€HHBIE MyTeM CKaHHPOBAHHMS
OPMTHHAIBHBIX CHUMKOB «Mmupabeu», CrpynImupOBaHbl TapaMHu.
I[1pu BBITOTHEHUH PAOOTHI BO3MOKHBI CIIEAYIOIIHE OIEPALIHH:
1. TlpocMOTp KaapoB, B MpoIEecce KOTOPOr0 MOKHO TepeiTdH Jmbo K
nocienyoomei, 1udo K nmpeapiaymieii mape (Bce Kaapbl IPOHYMEPOBAHEI).
2. Tlouck CcOOBITHI B JaHHOM Kajpe, IMO3BOJISIONIMI IepeMeniath COOBITUS B
0JIe 3PEHHUSI.
3. VBenuueHue WK YMEHBIICHHE MacInTaba n300paskeHHs.
V3amMepuTeNbHbIE ONEPalid, CBOMAIIMECS K IPOBEACHHIO NPSIMBIX JIHHHUI
MEKIy OBYMs TOYKaMU. B pe3yibTare OmpenensieTcs PacCTOSHHE MEXIy
STHMH TOYKaMHU. IIpeaycMOTpeHa TakKe BO3MOMKHOCTh <«3adepKHUBaHUS»
HOJYYEHHBIX PE3yIbTATOB (IIPOBEIECHHBIX MMPSIMBIX).
KoHkpeTHast peanu3aiidsi BCeX oOIepanuii pa3bsicHAETCS B IIPHUIOKECHUH H B
daiine «read me».

JUiss mpoBeneHusi JIOObIX HM3MEpPEeHUN HeoOXOoAMMO B NEPBYIO oudepelb

OCYIIECTBUTH MPUBA3KY K PeaIbHOMY MPOCTPAHCTBEHHOMY MaciuTady. [[ns storo B
MIPOU3BOJIBHOM Mape KaJapoB CIEAYET HAYEPTUTh JIMHHUIO MEXIY LEHTpaMu JIBYX
BEPTUKAJIBHO PACIIOJIOKECHHBIX PEIEPHBIX KPECTOB (CBETIIBIX KPECTOB B TEMHBIX
KpyXKax). B 1uamoroBoM OKHE TpPU 3TOM 3alUCBIBACTCS PEallbHOE PACCTOSHUEC
Mexay penepHbiMu Metkamu 1360 (mm). Crenyer MOMHHTB, 4YTO JiroOast
HKCIIEpUMEHTAIbHAs ONepalys BO3MOXKHA B IAHHOW Mape KaJpoB JUIIb MOCIE TOro,
KaK 3TH KaJpbl OyAyT pa3feiaeHbl BEpTUKAIBHON YepTOH.

JUisl OCYIIECTBIEHUS KaKON-TMO0 ONEpalivy CleAyeT €€ HHUIMUPOBATh, «HAKAB
MBIIIbIO» COOTBETCTBYIOIIYI0 HMKOHKY Ha 3kpaHe auciuies. OaHa M3 HKOHOK

MO3BOJIKICT 3dHCCTU IIOJYYCHHBIC B IIApPC KaApPpOB PEC3YJIbTATBI B IMAMATH
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KOMIIBOTCPA. HpI/I 9TOM I/1306pa)I(eHI/I€ Ha 3KpaHC Ha 9THUX KaApaX OKPAIINBACTCA B

3€JICHEIN IBET.

2.1 Ynpasxccnenue Ne 1.
Onpeodenenue nOIHBIX UOHUZAUUOHHBIX NOMEPD PEIAMUBCUCH CKUX
9J1IEKIMPOHO8 8 HCUOKOM 8000pOOe.

B 3TOM ynpakHeHUH B KaueCTBE PEIATUBUCTCKUX JICKTPOHOB UCIOIB3YIOTCS O-
AJIEKTPOHBI, TEHEPUPOBAHHBIE B OCHOBHOM aHTHUIpOTOHaMH. [Ipu 3TOM Bemercs
MOMCK TaKWX COOBITHI, KOTJa HUMITYJIbChl O-3JIEKTPOHOB MPEBBIIIAIOT HECKOJIBKO
naecsiTkoB MbdB/c w  MX TpaeKTOpHUH JICKAT TMMOYTH B OJHOW IUIOCKOCTH
MEPICHIUKYIIPHOM MarHUTHOMY IOJTIO (YCJIOBHE KOMILIAHAPHOCTH TPACKTOPHHA).

3pUTEeNIbHO BUTKH CIOHPAd  ATUX TPACKTOPUN HANIOMHUHAIOT CHUCTEMY
KOHIICHTPUYECKUX OKPYXKHOCTEH. YCIOBHE MajJOCTH IHEPreTHUYSCKUX MoTeph O-
DJICKTPOHA HA OJIHOM BHUTKE MO CPABHECHHUIO C TIOJHOW 3HEPrucit 3iekTpoHa (3To
YCJIOBUE SIBIISICTCS HEOOXOIUMBIM ISl TIOCTICAYIOIIETO MPHOIMKESHHOTO aHAJIN3a),
OYEBUJIHO, HKBHUBAJICHTHO TPEOOBAHUIO MAJOCTU pAJUAIBHOIO 3a30pa MEXIY
CMEXHBIMU OKPYKHOCTSIMH 110 CPABHEHUIO C UX PaIUyCaMH.

PexomenayeTcst HaiiTh 1 00pabOTaTh HECKOJIBKO TAKUX COOBITUM.

Ha pwuc.l mnpeacraBneHa TumnuyHas KOHQUTypalusi HCKOMOTO COOBITHS.
[TyHKTHpOM IOKa3aHa OKPYXXHOCTh, KOTOpas ObLaa Obl TpaeckTopuel O-3yiekTpoHa

IIpu OTCYTCTBUHU ITOTCPb SHCPTHUU.

Heo6xomumo n3Meputsh aBe BeauuuHbl —A I u d.
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B ucnons3zyemoil ympoieHHol Monenu A I mpeAcTaBisieT co0oi pa3HOCTh
paguycoB KpHUBU3HBI TPAEKTOPHM B Haudaje U B KOHIIE NEPBOro BUTKA. [lockonbky
YHUCJICHHO YHEPTHUs YJIbTPAPEIATUBUCTCKONW yacThilbl B M3B u ummynsec B MaB/c
COBIIQIAI0T, U3MCHECHUE SHEPTUH YaCTHIIBI HA OJTHOM BUTKE coriacHo (2.1) paBHO

AE (M3B)=6,3A r (cm) (2.2
OTO W3MEHEHHUE SHEPIUU E€CTECTBEHHO CBS3aTh C MOTEPSMH €€ Ha IyTH PAaBHOM
JUIMHE BUTKa S.

CryneHtam mnpenjaraercs IOKa3aTh, YTO pPaAWalMOHHBIMU IOTEPSMH
DHEPTUU B JKUAKOM BOJOpoJe (IO CpaBHEHHIO C HWOHU3AIMOHHBIMU) MOXKHO
npenedpeun (cM. [punoxkenue 1). Torna, MOXHO HamUcaTh

AE (MaB) =e(MaB cn2) r (2 em ) S(cm) (2.3)
Cuwuras, uto S @ d, u yuutsiBas (2.2), moaydaem
6,31 Dr _12Dr
e=== @
prd r d

(2.4)

[Tpu mpoBeneHUH H3MEpPEHUN HEOOXOIMMO MHOTOKpaTHO MepuTh A I u d,
YTOOBI ONPEACIIUTh CPEAHEKBAAPATUYHYIO MOTPEIIHOCTh BEJIUYMHBI €, KOTopas B
JaHHOM cilydae OyleT OnpelemsiTbCs OIMIMOKaMU ONepaTopa, KOHEUHBIM pa3MepoM
MHUKCENS HA JUCIIJIEE U T. 1.

Hapucosats rpaduk €(Q) o qaHHBIM POBEICHHBIX H3MepeHni (¢ yka3aHHeM
omu00k). OOCYyIuTh XapakTep 93TOH 3aBHCHUMOCTH M TPHYUHBI PEabHBIX
MOTPEIIHOCTEN U3MEpPEeHU. B oTuere cienyer ykazaTh, HA KaKOM KaJpe HAWJIECHO
KaXkJ10€ U3 00paboTaHHBIX COOBITHIA.

B nepBom ympaxHEHHM Ba)KHO MTOMHHUTH, YTO YMCIIO, YKA3bIBAIOLIEE UIUHY
U3MEpSAEMOro OTpe3Ka, HE ucye3aeT A0 TeX IOp, MOKa HaxkaTa COOTBETCTBYIOLIAs

(mpaBast) KHOIKA «MBIIITH.
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2.2 Ynpasxccnenue Ne 2.
Duepzemuueckuii cnekmp d-31eKkmponos om aHmunpomoHos.
Koagppuuuenm mopmorcenusn, o0yciosienuslii O1u3Kumu

CMOJIKHOBEHUAMU .

B aTOM ynpaxkHeHUU CTPOUTCS pactpesiesieHue mo sHeprun (ructorpamma) d-
ANEKTPOHOB, TEHEPUPOBAHHBIX TOJBKO aHTUIPOTOHAMHU. JTO TpeOOBaHUE BHI3BAHO

T€M, 4YTO B OTJIMYME OT BTOPUYHBIX YaCTHUIl, TPEKH AHTUIPOTOHOB IOYTH
KOJUTHHEapHbl ocH Kamepbl. Takas KoJutmHeapHOCTh (SIN © @1) BMecTe ¢ MallbiM

yrJioM BbuieTa O-3JICKTpPOHA OOECIEUYMBAIOT KBa3WKOMILIAHAPHOCTh  TpeKoB O-

JJIEKTPOHOB.

Pexomenpayercs cienyromnas nociaeq0BaTeIbHOCTh TEUCTBUM:

1. Ha xaxnoil mape KaapoB HUIYyTCS TOIXOJAIIME COOBITUS, KOTOpHIE
MOTYEPKUBAIOTCS (MHUIIMUPYETCS MEpBasi UKOHKA).

2. Tlpou3BoauTCS HM3MEpEHHE IUaMeTpa BHEIIHErO0 BHTKAa Tpeka O-3yeKTpoHa
(MHULIMUpPYETCS BTOpasi MKOHKA).

3. Korma Bce oTMeueHHble COOBITHUSI OOMEpPEHbl, WHULUUPYETCd HMKOHKa-
«ranouka». [Ipu sToM Bce H3MEpEHHbIE COOBITUS 3alUCBHIBAIOTCA B MaMSTH
KOMITbIOTEPA U N300paKEHUSI Ha «OTPAOOTAaHHOW» Mape KaJpOB «3EJICHEeT.

4. OnepaTop MEepexoAuT K CIEAyIONIEeH Mape KaapoB. B panpHelieMm sHeprus
ANIIEKTPOHOB OyneT BbIpaxkaTbCsi B M3B, 4TO MO3BOJISIET OTOXKIECTBISATh €€ C
BenmurHON Q (CM. peabIayIHe TeOpeTuIeCKre HOPMYIIbI).

[IpoBoas u3mepenus, cieayeT 0OpaTuTh BHUMaHUE Ha JIBa OOCTOSITENIbCTBA:

1. Cnenyet uckirouuTh 0-3J€KTPOHBI, 00pa30BaBIINECS HA KOCHIX TPEKaX.

2. Dnektponsl ¢ sHepruen Q < Qmin HE TOHKEH MPUHUMATHCS B «3a4eT».

Pexomennyercsi BoiOpaTh Qmin @ 7 M»dB. DTO COOTBETCTBYET IHAMETPY

BHelHero Butka =~ 20 mMm. BennunHa nuamerpa HENMpepbIBHO IEMOHCTPUPYETCS Ha

JUCIIIee, TIoKa HaXkaTa mpapasi KHomka «Mmblu». [Tociae oomepa 70 — 100 kampon
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MOKHO TPEKPATUTh M3MEPEHHUS W BbI3BATh M300paXKCHHE TUCTOTPaMMBbI, KOTOpas
aBTOMAaTHUYECKH CTPOUTCS TPOrPAMMOIA.

Hanee, 6a3upysich Ha ATOW THCTOTpaMMe, NAIOIIeH pacmpeneraceHne COObITHIA
10 JMaMETPy BHEIIHEr0 BUTKA, CICAyeT MepedTH (M MOCTPOUTH TUCTOrpamMmy) K
UTOTOBOM THCTOTpaMME — SMIUPUYECKOMY DHEpPreThveckomy crektpy d-
3JIEKTPOHOB (yKa3aTh OMIMOKH B KaXKJI0M OUHE).

C moMoIIbI0 3TOM THUCTOTPaMMBbl HY)KHO BBIYHCIUTH CPEIHIO dHepruo <Q>
B OMIIUPUIECKOM CIIEKTpE.

Jlns  ompenencHus XapakTepa 3aBUCHMOCTH Ce4eHHus oOpasoBanus O-
DIIEKTPOHOB OT Q pPEKOMEHIYeTCs BBIYUCIUTH M MOCTPOUTH (HA PHUCYHKE C
OKCIICPUMEHTAIBHON T'MCTOrPaMMOii) JBe TeopeThdeckue ructorpammbl. OnHa w3
HHX JOJDKHA OTBedath 3aBucuMoctH Q 2, Bropas — ¢pyrkimn Q . Hopmuposka
BCEX THCTOTpPaMM JOJDKHa OBITh ofuHaKoBOW. CaenmaiiTe 3akiFOUeHUE O COTJIACHH
ITHX MOJIEECH C SMIUPUICCKUMU TaHHBIMH.

Bo Bcex pacuetax HEOOXOAMMO YYWTHIBATh, YTO HW)KHEH IHEPreTUUYECKOU
rpaHUIleii B TepBOM OWHE THUCTOTpaMM SIBISIETCS Qpin.

[TonyueHHbIe JKCIEPUMEHTANBHBIC JaHHBIC TIIOJIE3HO WCIONbh30BaTh JJIA
olleHKH Oe3pazMepHoro koddduimenta TopMmoxkeHus Bs, 00ycloBIE€HHOTrO
OJMM3KMMH CTOJIKHOBeHUsIMHU. B [5] Obuta mosrydena ¢hopmyia

Bs =% <Q> Qmin-1 (l—Z), (2-5)
['me z — mompaBouHBIA KOXPQPUIIMEHT, KOTOPHIM B paccMaTpUBAEMOM CIllydae
MOJKHO TIpeHeOpeyb.
[lpu OGonbImMX ( MEPBUYHBIX YACTUI[ W OOJBIIMX TOPOTOBBIX JHEPTHIAX Qmin
koapdunment Bs comepxkur uHOpManuio 00 3IEKTPOMArHUTHOW CTPYKType
YaCTHIl, TCHEPUPYIOMUX O-3JIEKTPOHBI.

Paccuwuraiite Bscormacho (2.5).
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2.3 ¥Ynpasxicnenue Ne 3.

Pacuem nonnwix UORU3AUUOHHDBIX nOMepPbL 01 pﬂoa eeuiecme.

PaccuuTaiite nonuslii ko3¢ duuuent Topmoxkenuss B = B 4 + B i + Bs s
BOJIOPO/1a, aJIIOMUHUS, Kejle3a U CBUHLIA.

Benuunna BS He 3aBUCHT OT poja TOPMO3SILIEro BellecTBa U
PaCCUYMTHIBACTCS 110 IMITUPHUYECKUM JTAHHBIM COTJIacHO dopmyiie (2.5).

[1pu pacuere By, cnenyer monoxuts h =1,

Kosdpdumment B 4 , xapakrepusyromuid AalbHHE CTOJKHOBEHHS, paBeH
nojioBuHe KBajapatHoi ckoOku B (1.2). IlompaBkamu B (1.2) aias mpOCTOTHI
pEKOMEHyeTCs MpeHeopeyb.

VoHu3anuoHHbI MOoTeHIMan (MCKItoYas clydaid BOJOpPOJa) MOKHO
MOCYUTATh 1O hopMyJie:

| = (9,76 Z + 58,8 Z;**) 5B.
[ToHBIC HOHU3AIIMOHHBIC MIOTEPH € OlleHnBatoT coryacHo (1.1).

[Tonyuennsie pacueTHbie qaHHbIe (B 1 €) cneayeT cBecTH B TaOJIHUILY.
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KoHTpoJsbHBIE BOIIPOCHI.

. Kak onpenensiercst nopeni-paxrop g?
. Kakyro MakcuManbHYIO0 3HEPIHI0 MOXKET TepelaTh SJICKTPOHY aHTHIIPOTOH C

sHeprueit 32 ['9B?

3. UeM momHbIe HOHU3AILIMOHHLIC IIOTCPU OTIIMYAOTCA OT JIOKAJILHBIX 7

. Hapucyiite 3aBUCHMMOCTh TOJHBIX HMOHHU3AIMOHHBIX TOTEPh aJPOHOB U
nenToHoB OT g OOBbsAcHUTE, KakuMu PuznuecKuMu dPpdexTaMu 00yCIOBICH X0/
ITUX KPUBBIX.

. B kxakux eauHUIIAX TNPUHITO BBIPAXKATH MOJIHBIC HOHU3AIMOHHBIE TOTEPH?
Kakwue equnuiip! (v modueMy) SBISIOTCS MPEANTOYTUTEIBHBIMU ?

. YTo Takoe «MUHHMMAaJILHBIC» HNOHU3AIMUOHHBIC IIOTCPU U YCMY OHH paBHBI?

Jlurepartypa.

Bohr N. // Phil. Mag. 1915, 30,581.
Bethe H. // Ann. der Phys., 1930, 5, 325.
Fano U. // Ann. Rev. Nucl. Sci. 1963, V13. P1.

> w0 DN PP

bynaro 1O.A. u np. / VMoHu3zanuoHHble H3MEpPeHHS B (DHU3MKE BBICOKHX
sHepruii, MockBa, ueproaromusaat, 1988.

I'opstueB b.U., JlunbkoBa H.B.// SI®. 1989.T. 49. C. 1046; Sd. 1991. T. 54.
C. 1663; Ad. 1993.T. 56. B. 10. C. 195.

6. Turner J. et a. // Phys. Rev. 1969. V.183. P. 453; Phys. Rev. 1973. V.BS8. P.
4053.

o
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IIpuioxenue 1.

Taoaunua.

PaGouue cpeabl my3bIpbKOBBIX KaMmep.

T pao. P pao. r pad. XO (d E/dX) mi{l
amm. 2em’ cMm MbsB cm
Bogopon | 25—29°K 3-8 0,06 1100 0,24
Tleiirepuii | 30 — 34°K 45-9,0 0,13 950 0,22
Iporman -(55-70°C | 17-25 0,45 110 1,0
®peon 25 —40° C 16 — 22 1,1-15 11-20 22-25
KceHon -20°C ~ 26 2,2 35 2,8

Kaxk BHUJAHO U3 Ta6JII/II_IBI, OOJBIINHCTBO ITY3BIPBKOBBIX KaMCp ABJIAIOTCA

KpUOT'CHHBIMH.

PaGouee napiaeuue P pab. (HI/I)KHee IIaBJIeHI/IC) COCTABJIILIET HCECKOJIBKO

aTmocdep.

[InoTtHOCTE pabounx cpea MeHseTcs 6oJee, YeM Ha MOPSIIOK.

PaIII/IaI_II/IOHHaSI CAUHUILIa Xo U3MCHACTCA 60.]166, 4Y€M Ha ABa IIOpAdKa (HO

ONPEACICHNUIO Ha JUIMHE Xo YJIbTPAPEIATUBUCTCKUN DJIEKTPOH YMEHBIIAET CBOIO

DHEPTHIO 33 CUET M3Iy4YeHUs (POTOHOB B € pa3).

B HOCJICI[HCﬁ KOJIOHKC HdaHbl <MHWHHUMAJbHBIC» HWOHU3AIIMOHHBIC IIOTCPH

OJTHO3aPSTHBIX YaCTHUI[ — CPEIHUE TIOTEPH PEISTUBUCTCKUX vacTuil (>>1).
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Ipuioxenue 2

PykoBoACTBO M0JIb30BaTEJIS

Jlist Hayana paboThl HEOOXOUMO 3apErUCTPUPOBATHCS B cucTeMe. s aToro
HYKHO WIEIKHYTh MO cChUIke "Bxon", U B MOsSBHUBIIEMCS MPUTJIAIICHUN BBECTH
®UO wu/vnu npyrue IMYHBIC JaHHBIC, TOCIIE Yero MEIKHYTh 1o kKHomke "OK".

ITonn3oBaTenbCKUI HHTep(l)eﬁC nporpaMmbl COCTOUT U3 CIICAYIOIIUX YacTeu:

[Tanenb HHCTPYMEHTOB
Munu-kapra
BcniomoraresnbHbIe CCHUTKH

OKHO pOCMOTpa KaJIpoB

o~ WD P

Homepa Tekymux kaapos

PaGora Bemercss ¢ M300pakeHUSIMU IO ABa Kaapa B Kaxiaom. llepeiitm x
CIeIyIOIIEMY HM300paKEHUI0 MOKHO IEIKHYB KHOIKOW-CTPENIOYKol "BrpaBo" Ha
KJIaBHATYypeE, a K MPEIbIAYIIEMY - KHOIKON-CTPEIOUKOM "BJICBO" ; HOMEpA KaJIpoB U3
TEKYIIEero u300pakeHus1 OyAyT MOKa3aHbl B TPAaBOM BEPXHEM YTITy. YBEIUUUTh WIIH
YMEHBIIUTh H300paKEHHE MOXKHO C TOMOIIBI0 KoJieca TPOKPYTKH MBIIIH WIIH

kinaBumamu '+ 1 "-". YToOBI MPOCMOTPETH YaCTh U300paXKEHUs, HAXOASIIYIOCS 3a
npejaesaMu 30Hbl BUIUMOCTH, HYKHO 32)KaTh JIEBYIO KHOIKY MBIIIU U MEPETAIIUTD
n300paXkeHHE B HY’KHYIO CTOPOHY; IIPU 3TOM paMKa, 0003Hauarolasi Ha KapTe 30HY
BUJIUMOCTH, TaKxke mnepeMmecTurcs. [I[pocMOTpeTh y4acTOK M300pa’K€HUsT MOMKHO
TaK)Ke HIEJIKHYB 110 HEMY Ha KapTe.

Bce omepauuu B mporpaMme MPOU3BOASTCS UYEPUYCHHEM IMPSMBIX JIMHHM.
YtoObl HAYEPTUTH JTUHUIO, BHE 3aBUCUMOCTH OT BHIOPAHHOTO MHCTPYMEHTA HY>KHO

3aKaTb IIPABYIO KHOIIKY MbIIIN B Ha4daJIbHOM TOYKE U MNpOoTallUTL YKa3aTCb 0

KOHEYHOU TOYKH, IIpA 3TOM IIpAMasd 6YJICT COOTBETCTBEHHO H3MEHAThbCI. Ecau
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KOHEYHasi TOYKAa HaXOJWUTCS 3a KpaeM 30Hbl BHAMMOCTH, HYXXHO TOJIBECTH
yKazaTellb MBIIIN K 3TOMY Kpalo, U U300pa’keHre HAaYHEeT MPOKPYUNBATHCS.

[lepBoe, uTO HYXXHO cjAenarh s Hadaja paboOThl - OTKaIUOPOBATH
nporpammy. st 3Toro Hy>kHO BbIOpaTh UHCTPYMEHT ' JInHelKa", U MPOYEePTUTh UM
JUHUIO MEXAY peNepHbIMU KpecTamu. B mosiBUBIIEMCsI [uajore HYXHO BBECTH
M3BECTHOE M3 ONUCAHUS KaMepbl pPACCTOSHUE MEXAY pENEepHbIMU KpecTamMu H
HIeNKHYTH 1o kHonke "OK".

Hanee, kaxoe n3oopaxkenrne oopadbaTbIBaeTCA MO CIEAYIOUIEH CXeMe:!

- OTMeTUTh TpaHully MeXay Kaapamu. HyxkHO BbIOpaTh HMHCTPYMEHT
"Cemnaparop”, 1 HaUEPTUTh BEPTUKAIBHYIO JTMHUIO B 00JIaCTH pa3ieyieHUs] KaJpoB.
Jluaus He o00s3aHa TmepecekaTh BCE HM300paKEHUE IEIMKOM WM OBITh CTPOTrO
BEPTUKAIBLHOM: JOCTATOYHO TOT'0, YTOOBI BECH JIEBBIN KaJp ObLI JIeBee caMoil JIeBOM

TOYKH CCIIapaTopa, a BECh HpaBBIﬁ Kaap - IpaBce caMou HpaBOﬁ.

- Ha kaxxmom kajgpe MOKHO OTMEYaTh TPEKHM aHTUIPOTOHOB. HyKHO BBIOpaTh
MHCTPYMEHT " AHTUIIPOTOHBI", U HAYEPTUTh OTPE30K JIMHUH BOJIM3H KaXA0ro TpeKa,
OJIU3KOTO K CTPOTOi rOPU30HTAIIH.

- Ha kaxnoM kaape OTMETUTh JUAaMETphbl CHHUPAJIEBUIHBIX TPEKOB JIE€TbTa-
anekTpoHoB. Hanbonee nuHTepecHble cOOBITUS JI€KAT B IJIIOCKOCTH KaJpa, U BUJIHbI
KaK IPaBWJIbHBIE KPYTOBBIE CITUPAJIH.

- Ecnn kakasg-to mpsmas Obula HadepueHa HEyJayHO, €€ MOXKHO CTEpeTh C
nomMoniplo uHCTpyMeHTa "JlacTuk". JlocTaToO4HO TmEpeYEepPKHYTh OIIMOOYHYIO
JIMHUIO WM HECKOJIBKO Cpa3y, U OHU OyIyT y/IaJeHBbI.

- [Tocne Toro, kKak BCce MHTEPECYIOMINE COOBITHS OB OTMEYEHBI, HEOOXOUMO
HaxaTh Ha KHOMKY "[lpumenuts'. M300paxkeHne OyaeT MOJACBEYEHO, U BHOCUTD
nanbHele n3MeHeHust 0ynetr HeBo3MoKHO. Buumanue! Ecnu HaxkaTh Ha KHOMKY
"Ilpumenuts” emE pas, TO CTaTyC TOTOBHOCTH € M300pa)keHUsI OyIeT CHST, U BCe

HaHHBIC C TCKYIIHUX KaAPOB 6YJIYT YHUYTOKCHEI.
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B n1060#f MOMEHT paboThl MOXXHO TTOCMOTPETh pacipenesieHue Mo paguycam
TPEKOB JEJbTa-3JICKTPOHOB, IMOCTPOCHHOE Ha OCHOBE BHIPAOOTAHHBIX JTAHHBIX.
[Tocne Toro, kak OyaeT 06paboTaHO JOCTATOYHOE KOJUYECTBO KAJIPOB, HEOOXOAUMO
Ha)kaTh Ha KHOMNKY "OTHNpaBuTh OTYET', U OTYET O paboTe OyAeT 3arpyxeH Ha

cepsep, a pabora ¢ mporpaMMoi OyJeT 3aBeplieHa.



