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Teopem uueckKoe égedeHue

O¢pdext KomMnToHa OTHOCHUTCS K UHUCITY KIACCUYECKHX OKCIIEPUMEHTOB,
BBISIBUBIIMX KOPIYCKYJISIPHYIO IPUPOJTY 3JIEKTPOMArHUTHOTO U3IYYEHUS U B UTOTe
HOJTBEPAUBILNX KOPIYCKYJISIPHO-BOJHOBYIO JIBOMCTBEHHOCTh. Kiaccuueckas
3JIEKTPOJIMHAMUKA Tociie paboT MakcBeiula, Ka3ajloch, OJHO3HAYHO YTBEpAMIIA
BOJIHOBYIO IIPUPOJTY JEKTPOMAarHUTHOTO M3IyyeHusi. OrpOMHOE YKCIIO OMBITOB 110
TUGpakIuy U UHTEpPEPEeHIMN CBETa HEOCHOPUMO MOATBEpXkAaau 3T10. OgHaKo,
1OCJI€ OTKPBITUSL PEHTTEHOBCKUX JIydel U MPOJBUKEHUS HCCIEA0BaHNUN B 001acTh
ux Ooyee KECTKOro W3JIy4YeHHUs, BO3HHMKJIA MNPUHIMIHAIBHO HOBAas CHUTyalus,
yKa3aBllas Ha TO, YTO CBET BBICOKOM Y4acTOThI (PEHTTEH, Y-KBAHTbI) 00JIa/1aeT IBHO
BBIPQKEHHBIMU CBOMCTBAMM YaCTHULl (KOPITYCKY).

B 1922 - 1923 r. amepukanckuii puszuk A.KoMIToH, Hcclieays paccesHue
PEHTI€HOBCKOTO M3JIY4YEHUsl Ha JIETKHX AJIEMEHTAaX, YCTAaHOBMJI, YTO PACCESTHHBIC
JTy4H, HapsAy ¢ U3MyYEeHUEM MEPBOHAYATBHON ITMHBI BOJHBI A, COEPKUT TAKXKe
Jay4ud ¢ Oousbiieii jmHON BonHBI A'. PasHocts AA = A’ — A 3aBucena TOJIBKO OT
yria paccesHHs (@ MEXKIy HalpaBJIC€HUEM pACCEIHHOIO PEHTT€HOBCKOIO
U3Ty4YEHUS U IEPBOHAYAIBHBIM IIyYKOM, HE UCIIBITABILINM PACCESHUS.

Cnenys  pacCMOTPEHHMIO — KJIIACCHMYECKOW  3JIEKTPOJMHAMMKOM  mponecca
B3aMMOJECHCTBUSI 3JIEKTPOMArHUTHON BOJIHBI C BELIECTBOM, HEOOXOIUMO H3yYUTh
noBe/IeHUe 3JIeKTpoHa B BojiHe. [locnennuii, ecnu oH BHayase ObUT CBOOOAEH U
NOKOWJICS, HAuMHAeT KojeOaThbCs B HEW WU, KaK OJJIEKTPUUYECKH 3apspKeHHas
YacTUIa, caMa MCIYCKAaeT »JJIEKTPOMAarHuTHoe u3inydeHue. Ecmum Obl  3TOT
AIEKTPUYECKUI AMMOIL OCTaBajJCs HAa MECTE, TO OH M3JIydall Obl BOJIHY C TOM K€
YacTOTOM, 4TO M Najaaromias BojiHa. OJHAKO CBETOBOE JIaBJICHUE 3aCTABIISIET
JIBUTaTbCA C YCKOPEHHEM CBOOOJHBIM 23JIeKTpoH. B 3TOM ciyyae BHellHee
U3Jy4eHHE KakK Obl JOTOHSIET JBUTAIOLIMUCSA 3JIEKTPOH M OTHOCHUTEIIBHO HEro
pacceuBarollas BOJIHA MMeEET OOJbIIYI0 JJIMHY BOJHBL. Pacuer nommiepoBCKOro
CMENIEHUS JJIs1 3TOr0 Ccllydasi IPUBOIUT K (popmyiie
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OTHOCHTEJIHLHO HAIPaBJICHUS MTEPBOHAYAIBHOTO ITyYKa CBeTa (YroJl pacCesTHus).
Kak BumgHO, 3Ta opmysna COAEPKHUT 3aBUCHMOCTh OT yrila ¢, HabIt01aeMoro B
onbiTe KomrroHa.

Opnako, B OTIMYME OT TMOJIYYEHHOM B OKCIEPUMEHTE BeTUYUHBI AL,
SIBJISIIOIICHCS] TIOCTOSIHHOW BEJTMYMHOM Il TaHHOTO yria ¢, B dopmyne (1), ona
JOJDKHA TIOCTOSTHHO BO3pPacTaTh CO BpPEMEHEM, ITOCKOJIbKY YacTHIa TOJydaeT



HHEPTHUI0, U KPOME TOTO JOJKHA 3aBHCETh OT MHTEHCUBHOCTHU MAJarolIei BOJIHBI,
MOCKOJIbKY OT HEE 3aBUCUT CHJia JaBJICHHS, a CJelI0BaTeIbHO M CKOPOCTh
AIIEKTPOHA.

VYkazaHHbIe NPOTUBOPeUns ObLIH pa3perieHsl KoMnToHoM, Korjja OH B MOJIEIH
B3aMMOJICUCTBUS PACCMOTPEI AIEKTPOMArHUTHOE U3TyueHue (B JaHHOM cllydae
KECTKOE PEHTTEHOBCKOE M3IIYUYCHHE) KaK MOTOK YacTHIl ((POTOHOB MITH KBAaHTOB
U3ITyYEHHs] ), 00JIaJal0UX HMITYJIbCOM
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Puc.1 Cxema paccestausi GoTOHa Ha CBOOOTHOM DJIEKTPOHE.

Jlanee pemanach 3ajada ynopyroro CTOJKHOBEHHS ABYX IIapoB - (OTOHA U
CBOOOJHOTO 3JIEKTPOHA, IPH YCIOBHH, YTO HAaYaJIbHAsI CKOPOCTh 3JIEKTPOHA PaBHA
HyJII0. DHEPIUs 3JIEKTPOHA 10 CTOIKHOBEHHS PaBHA Mo C2, TlIe My — Macca IOKOs
AJIEKTPOHA, a €ro UMMYJbc paBeH Hymo. [locne cronkHoBeHUs (cMOTpu puc.l)
MMITYJIbC DJEKTPOHA U3MEHUTCS M CTAHET PABHBIM P = MoV (HEPEIATUBUCTCKUIMA
Cilyyail), a ero IMojHas 3Heprus (KMHETHYECKas 3HEPrus IUII0C IHEPTHsl MOKOs)

Oymer paBHa Cy/p? + mgc?. V3 3aKOHOB COXPaHEHHs JHEPTMM M HMMITYJIbCa

Cle/yeT:
hwy + moc? = hw + c+/p? + méc? (4)
hk, = B+ hk, (5)
rac wu I_() — 4acToTa ¥ BOJIHOBOU BCKTOP HU3JTyUCHUA.

W3 mnonydeHHBIX YypaBHEHHUW, MPOBEAs HECIOXHbIE MpeoOpa3oBaHust (CM.,
Harpumep [ 1]) MOKHO MOTYYUTh UHTEPECYIOLLYIO HAC BETUYUHY

A= A —21= A(1 —cos ), (6)
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rac 7» )51 /1’ — HJIMHA BOJIHbBI (I)OTOHa J0 U IIOCJIE CTOJIKHOBCHUS, a4 IOCTOSAHHAsA
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A= e 2,42 1M = 0,0242 AHrctpem (7)
HAa3bIBAECTCA KOMIITOHOBCKOM JUIMHOM BOJIHBI AJIEKTPOHA.

B cnydae paccesiHust Ha Jpyrod 4acTuile, HapUMEpP Ha NPOTOHE, B Popmyse
(7) cnemyeT 3aMEHHUTH Maccy JICKTPOHA Ha MacCy IMPOTOHA.

®opmyna (6) TOUHO COOTBETCTBOBAJIA PE3YJIbTaTaM SKCIIEPUMEHTA U MOJIydria
Ha3BaHUE «KOMITOHOBCKOTO CABHUTa» (YBEIIMUEHUE JUTMHBI BOJTHBI PEHTTC€HOBCKOTO
KBaHTA TOCIIE paccestHus), a caMo siBiieHue — 3 dext KomnroHa.

Teneps oOpatuMcsi K caMOMY SKCIEpUMEHTY, NpoBeaeHHOMY KomnToHoM.
Cxema omblTa TmpuBeAeHa Ha puc. 2. MOHOXpoMaTH4YecKoe H3ITydeHUE
PEHTIe€HOBCKOM TPYOKH uepes3 psJl KOJTMMAIMOHHBIX OTBEPCTHI HANPaBIISLIOCH HA
pacceuBareilb, BELIECTBO KOTOPOTO COCTOSJIO U3 JIETKUX DJIIEMEHTOB. Takum
BEII[ECTBOM, B YAaCTHOCTH, CIYXKUJ rpadurt. PaccesHHoe M3IydeHUE MOMaaaio Ha
PEHTIeHOBCKUN  clieKTporpad, cocTosmuii W3 KpUCTalla, HAa KOTOPOM
npoucxonwina gudpakmus, W HWOHM3AIMMOHHOW  KaMmephl, (UKCUpPYIOMEH
nudparupoBaHHBIE PEHTTEHOBCKHE KBaHTHL. [lo yriry mudpakiumm ompenensiiach
JUTHA BOJIHBI, KOTOpas M3MEHsUTIach (YBEIMYHUBAIIACH) ITPU YBEIIMUEHUH yTia 6.

MoHuzau,.
KaMepa Kpuctann

Puc.2 Cxema onbiTa KoMriToHa.

UccnenoBanue cnekTpa pacCesTHHOTO HW3JIY4YEHUs] TOKa3ajlo, 4YTO IOJ
pa3IMYHBIMM yTJIaMH paccessHuss 6 HabOmomarorcs ABa nuka. OguH ¢ AJIMHOU
BOJHBI A (HECMEIICHHAs KOMIIOHEHTa), a APYyroil — ¢ JIuHOH BOJHBI A, B
cooTBeTCcTBUH ¢ (opmyioii (6) Ooinbiei, uem A. CmernenHas kommonenta A’
COOTBETCTBYET PACCESTHHIO Ha CBOOOJHOM DJIEKTPOHE, KOTOPBIA oOpasyeTcss B



pe3yabTaTe MpeABapUTEIBLHOIO OTPhIBA C€1a00 CBA3aHHOTO JJIEKTpPOHA (JIeTKUe
9JIEMEHTBHI, TUIIA YTJIEPO/ia, UMEIOT Ha BHEIIHUX 000JI0UKaxX c1ab0CBsI3aHHbIC
9JIEKTPOHBI) M TOCIEAYIOIICT0 YIPYroro paccesHUs Ha HEM PEHTTEHOBCKOTO
KBaHTa. HecMereHHass KOMIIOHEHTa COOTBETCTBYET PACCESHUIO Ha BCEM aToMe,
IpYd 3TOM TMEpPEelaHHBId HMMITYJIbC OT PEHTICHOBCKOIO KBaHTa BCEMY aTOMY
HACTOJIBKO MaJl, YTO IIepBOHAYAIbHAS SHEPrus KBAHTA OCTACTCS HEHM3MEHHOU
(UTMiHA BOJIHBI A).

IKcnepumenmanvHan 4acmo
Y4eOHbli J1a00PATOPHBIA KOMILIEKC

Yuebnsiii 1adbopaTopusbiii komiuieke (YJIK) — 3To neficTByromas Moaeb
HKCIIEPUMEHTAJILHON YCTaHOBKH. B HEll OTCYTCTBYET paJMOAKTUBHBIA HCTOYHHK
U3IIy4YCeHUs, a BCE PE3YJbTAaThl HKCIIEPUMEHTa CcoOjepKarca B 0a3e JaHHBIX,
MOJIy4eHHOU Ha 6a30BOM J1a00PATOPHOM YCTaHOBKE.

Ha puc. 3 uzo6paxkena 6;10k-cxema yctaHoBku «ddexkt Komnrona» u cxema

COMHTHILUIAIUOHHOI'O Y —CIICKTPpOMETpPA.
CByHUOBaA 3awnTa

Puc. 3. bnok-cxema ycranoBku «Oddexr KomnTonan» u  cxema
CHMHTWUISIIUOHHOTO Y — CHEKTPOMETpa:

1 — KOHTEHHEp C PagHOAKTHBHBIM HCTOYHHKOM ' CS,

2 — paccenBaTelb — CTUIHOEH,

3 — CUMHTWJUIALUOHHBIN Y — CHEKTPOMETD:

3a — cuuaTIILIATOP Nal,

30 — cBHUHLIOBAs 3alUTa OT KOCMUYECKUX JTy4eil.

1. PagnoakTuBHbIi ucrounuk. M3oron *'Cs moa0MpaeTcss U3 pacuera, 4YToObI
DHEPrusl Y — KBAHTOB, paBHas 662 k»3B, nexana B TakOM JHana3zoHe, B KOTOPOM
apyrumu 3¢ dextaMu B3aMMOCHCTBUSL ¥ — KBAaHTOB B BEILECTBE pacceuBaTelis
(poTomoHM3aNMS, POXKACHHUE DIEKTPOHHO-TIOZUTPOHHBIX TMAP) MOXKHO OBLIO ObI
npeHeopeyb.

2. PaccemBarenb. OpraHudeckoe BEIIECTBO CTHJIBOEH, COCTOSIEE W3 aTOMOB
yriiepoga U Boaopoaa. IIOCKOJIbBKY 3HEPrusi CBA3WM BHEIIHUX JJIEKTPOHOB 3THX



aTOMOB Maja (MOTEHLMaJl MOHM3alMM Bojgoponaa 13,6 3B u mepBblil nmoTeHIman
noHuzaruu yriepoxa 11,6 sB), To npu sHeprumn y — xkBantoB 0,6 - 0,7 M»1B
BHEIIHHE AJIEKTPOHBI MOKHO paccMaTpuBaTh Kak cBOOOAHbBIE. DPPEeKT paccesHus
Ha BCEM aToMe (KOI€pEHTHOE PACCESIHUE) MPHU JaHHBIX YCIOBHUSX IKCIIEPUMEHTA
OyZeT Mal M HECMEIICHHAas] KOMIIOHEHTa B PACCESIHHBIX Jy4yaX MPaKTHYECKH HE
Oynet HaOIOAaThCSL.

3. CUMHTHMJISINUOHHBIA Y — cnekTpoMeTrp. B omimume oT Kkpucrami-
TU(PPAKIITOHHOTO CIEKTPOMETPA, UCIOJIb30BaHHOTO KomnToHowm,
CHMHTWUBSIIMOHHBINA CIIEKTPOMETP paboTaeT ciaenyromum oopa3zom. ['aMMa-KBaHT,
nomnajgas B CHEUMaIbHO Mon0OpaHHOe BewlecTBO cuuHTWLIATOpa (Nal),
3¢ deKTUBHO TMorjomaeTcs, npousBoias Qorononuzanuio. [lockonbky sHeprus
Yy — KBaHTa 3HAYUTEIHHO MPEBBIIIACT SHEPTUI0 HMOHU3ALMHU DJEKTpOoHAa Aw >>
EwoH> TO TPAKTUYECKH BCS SHEPrusi Y — KBAHTA IEPEXOAUT B KHHETUYECKYIO
DHEPIUI0 MOHM3UPOBAHHOIO 3JIEKTPOHA, KOTOpas, B CBOK O4YEpPEIb, LEIUKOM
3aTpayMBacTCsi Ha ONTHYECKHE IIEPEXOAbl aTOMOB M TOPMO3HOE H3IIy4EHUE
AJIIEKTPOHA B BEIIECTBE CHUHTWLIATOpA. CBET JIOMHUHHUCIEHTHBIX BCIIBIIIEK
nornajaaer Ha GoTokaroa GoTodEKTPOHHOTO yMHOXHTENs (DDY) u ycumBaercs.
[Ipy >TOM OKa3pIBa€TCA, UYTO aMIUIMTYJAa JIEKTPUYECKOr0 HMMIYJabca C
(GOTOYMHOXKHTENb MPONOPUHOHAIBbHA JHEPrUM NIEPBUYHOrO Yy — KBaHTa. Takum
o0pa3oM, 3TO yCTPOWCTBO OJHOBPEMEHHO ONpPEAENSAET U SHEPTUI0, U YUCIO Y —
KBaHTOB, MOMNABIIMX B CUUHTUJUITOP, TEM CaMbIM J1aBas BO3MOXKHOCTb HaWTH
pacnpeziesieHue Y — KBaHTOB 110 SHEPTHH, TO €CTh CIEKTP.

g C
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Puc.4. AMIIMTYAHBIN CTIEKTP, HAOPAHHBIN HA CIIUHTHUIUIALIUOHHOM
CIIEKTPOMETPE.

3apeFI/ICTpI/IpOBaHHBI€ 1 YCHUJICHHBIC OJICKTPUYCCKHUEC NMITYJILChI CIICHWAIbHBIM



YCTPOMCTBOM - aMIUIMTYAHBIM aHAJIU3aTOPOM - PACIHpPEACNAIOTCS MO KaHallaM
TakuM o0O0pa3oM, YTO B JaHHBIA KaHaJl MOMAJAIOT AJICKTPUUYECKUE HMITYJIbChI
TOJIBKO OmpeneNeHHON amruutyabl (3Hepruu). Ha puc. 4 mpencTtaBieH CHEKTp
TaKuX UMIYJIbCOB. [1o ocu abcuuce OTI0KEHbI KaHAJIbI, a TI0 OCU OPJAMHAT - YUCIIO
MMITYJIbCOB, MOMNAaBIIUX B JIaHHBIN kKaHall. Haubonee BbIENsieTCS B 3TOM CIIEKTpE
nmuK A. DTO - Tak Ha3bIBaeMbIi '"MHK MOJHOTO TMOTJIOMEHHs" Wik (POTOIHK.
dukcupys 3TOT UK, MbI ONPEAEIIIEM MAKCUMAJIbHYIO SJHEPTUIO ¥ — KBAHTA.

Jlesee muka A BHIEH MHUHHUMYM TIIOCJI€ KOTOPOTO CIEKTP BBIXOAUT Ha
HEKOTOpOEe IIaTo ¢ HeOonapmMMu ropbamu. Besg neBas dvacTh Hpu  3TOM
HEIpEpbIBHA U HE UMEET SIPKO BBIPAKEHHBIX MUKOB. DTa YacCTh CIIEKTpa OTPa’kaeT
psan 3¢ GheKToB U Mpexkae BCEro KOMITOHOBCKOE paccessHue. [lomaB B BemiecTBo
cuuHTIouiaTopa Nal y — kBaHThl BeayT ceOsi MO-pa3HOMY, OJIHA MPOU3BOJSAT
WOHM3aLMI0, O KOTOPOM YK€ TOBOPHUIOCh, M TOJHOCTBIO IOIJIONIAKOTCS
BEILIECTBOM; JApPYIHE, CTaJKHUBasCh C JJIEKTPOHOM aToOMa, HCIBITHIBAIOT
KOMIITOHOBCKOE pPacCEsHHUE U MEPEAI0T JIEKTPOHY JHIIb YacTh CBOEWU IHEPIUH,
MIOCJIE YEro Y — KBAHT MOKHUJAET Mpenesbl CHMHTHWLIATOpPA. DJIEKTPOHBI OTAAYH,
T.€. 3JIEKTPOHBI, TOJYYUBIINE UMITYJBC OT ¥ — KBAHTA, CTAHOBSITCA CBOOOJHBIMU U
N0 TEeM K€ MpUYMHAM, YTO U BBIOUTBIE (DOTOIIEKTPOHBI, CO3JAIOT
CUMHTUJUIALIMOHHBIE BCIBIIIKH U COOTBETCTBYIOIIMM UM 3JIEKTPUUYECKHUI WMITYJIbC
onpefeneHHon amMIuuTyAsl. OnHako, B oTiauure oT (oTodddexra, UMITyIbChl
pacnpeeneHbl HEPEPhIBHO BO BCEX KaHajlaX, MOCKOIbKY KOMITOHOBCKUE Y —
KBaHTbI PACCEUBAIOTCS B CIIMHTUIUISITOPE MO/ pa3HbIMU YIJIAMH U, CJIEI0BATENBHO,
NEPENAOT JJIEKTPOHAM OTAAYM PA3IMYHYI0 3HEPTUIO: OT HYJ JI0 HEKOTOPOTO
IpPENeIbHOr0 MakCUManbHOro 3HaueHus ESf*. TlomyuuM 3Ty BEIHYHUHY,
BOCIIOJIb30BaBIIKCH (hopmyJioii (6).

JLJist 9TOTO MPEsK/IE BCEro ONMpEJENM SHEPTHUIO ¥ — KBaHTa mpu @ = 1809, t.e.

2TC
KBaHTA, CTOJIKHYBIIETOCS B JIOO ¢ 3eKTpoHOM. [Tockonbky A = — U g = hw

npeoOpasyem BbIpaxkeHue (6) K BUIY:

27C 27C 2nth
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OTKyJa uckomasi Bennuuna npu 6 = 180° pasna

E1a00, = —F— (8)
180,y 142 O,y2
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&
Ecnmu nmomyctuts, 4TO 0_1/2 > 1, TO MaKCHMAJIbHO BO3MOXHasi JHEPTHs
mgpcC

OTPAXEHHOTO OT OJJEKTPOHA Y — KBAaHTAa paBHA Hpyrumu  cnoBamu,

2m0C2 '



Y —KBaHT B COOTBETCTBUM C 3aKOHAMH COXPAHEHUS HE MOXKET B I[apHOM
CTOJIKHOBEHMHM NIEPENATH BCIO CBOIO JHEPTHUIO JJIEKTPOHY.

Tenepp ompenennM MakKCHUMaJIbHYI0 DHEPIHIO, KOTOPYKO MOXKET IOJYy4YHUTh
DJIEKTPOH:

. . €0y
€onmax = €oy T &180%y = oy T [ Foy
2
mopc
OTKy/1a
Eonmar = ©)
rmax — zgo’y_l_mcz

Takum oOpa3oM, CIIEKTp JIEKTPOHOB OTAAYU JTODKEH OOPBIBATHCS MOCIE Epygys
YTO U PEATU3YETCs B BUJIE MUHUMYyMa Mepe]] MUKOM ITOJTHOTO MOTJIOIIEHUS.

CnexkTp, COOTBETCTBYIOIIMK 00JIACTH JHEPTUM DJIEKTPOHOB OTJA4yd HMEET
JIOBOJILHO CJIOKHBIA XapaKTEP, TaK KaK HAa HEr0 HAKJIAJBIBAKOTCS KPUBBIE TAKHUX
MPOIECCOB, KakK MUK OOpaTHOIO  KOMIITOHOBCKOTO  PacCesHus, IHKHU
PEHTTEHOBCKOTO M3yYeHHS, KOTOpbIe 00pa3yrOTCs MpH BEIOMBAHUH Y — KBAaHTAMH
AJIEKTPOHOB M3 BHYTPEHHHMX OO0O0JIOYEK aTOMOB CBHUHIA 3allUThl WU MpHU
MHOTOKPaTHOM PACCEIHUU B HEM Y — KBAHTOB. BCe 3TH NMUKK Maji0 NHTEHCUBHBI U
MOJIOXKEHHE UX OIpeieiseTcs ¢ HeOObIIol ToUHOCThI0. Hanbonee MHTEHCHBEH U3
HUX UK C, COOTBETCTBYIONINI 00paTHOMY pacCessHUIO. DTOT MUK 00pa3yeTcs
Opyd KOMIITOHOBCKOM paccesHMH Y — KBaHTa Ha 180° B BellecTBe 3aIlUTHI
HMCTOYHMKA U IETEKTOPA U 3aTEM IMOTJIOMIEHHOTO CUUHTHUILIATOPOM Nal, KOTOpbIii 1
BBIJIAE€T COOTBETCTBYIOMINI (DOTOTHK.

IIpuGopHas yacTb

Ha puc. 5 npencrasiena pororpadust ycTaHOBKH, KOTOPAasi BHIMOJIHEHA B BUJIE
KOpIyca, MMEIOIIETO MPO3PayHyI0 KPBIIIKY, a Ha puc. 6 — oTorpadus ee
BHYTPEHHEW YaCTH.

[Tox KpBIIKOW BUAHBI OCHOBHBIE Y3J1bl YCTAHOBKU:

1. UcrouHuk y —kBaHTOB. Ha GOKOBON MOBEPXHOCTH €r0 MMEETCS CBETOIUO,
(GUKCUPYIOUTUNA  «BKIIIOYEHUE» MCTOYHHUKA, YTO COOTBETCTBYET BBIBEJICHUIO
aMITyJIbl C PAJUOAKTUBHBIM BEIIECTBOM HA YPOBEHb KOJUIMMAIIMOHHOTO OTBEPCTHS
CBUHIIOBOIO KOHTEWHepa. «BKioueHHe» HMCTOYHMKA OCYILIECTBISECTCS KHOIIKOU
«UCTOYHUK» Ha MEPEIHEN MTaHEIU

KopImyca rnpubopa.

2. PacceuBarenb. Ha crnenuanpHOM MOJABMKHOM TMOJCTAaBKE YCTAHOBIIEH
pacceuBarens. KHomnkoit «PaccenBarenb» ero MoxHO yOpaTh W3-TOJ MydKa Y —
KBaHTOB.



Puc 5. Buemmnwuit Buj ycranoBku “Oddext Komrrona”.

Puc. 6. PacnionosxeHne OCHOBHBIX Y3JIOB BHYTpH ycTaHOBKH ‘“Dddext Komnrona™:
1. KonTelinep ¢ paaAoaKTUBHBIM U30TOIIOM.

2. PacceuBareln.
3. JIeTeKTop — CIUHTWUISIIUOHHBIN CTIEKTPOMETP.
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3. JerexkTop y-kBaHTOB. Kak paHee yka3bIBaioCh, JETEKTOP MPEICTABISIET COOOH
CUMHTWUILIMOHHBIM Y — CHEKTPOMETpP. 3JEeCh IPEACTaBI€HA €ro MOJEIb.
KHonkamu Ha nepenHel MaHeau AETEKTOP MOXET NEPEeNBUIaThbes, oOecnednBast
usMmepenust mox yrimamu ot 0° mo 90°. BriodeHwe aeTeKTOpa MPOU3BOIAUTCS
kHonKoM «DIDY)» Ha nepeaHen maHenu Kopmyca npudopa.

KOMHI)IOTepHO - mporpamMmmHuasi 4aCTtb

BaxxHol HHCTpYMEHTAJILHON M 00pabOTOYHOM YaCThIO HKCIIEPUMEHTA SIBIISICTCA
KOMITBIOTEP, B (YHKIMKM KOTOPOrO BXOJST YMPABICHUE alIapaTHON YacThlo,
JIEMOHCTpALMsI Tpoliecca dKCIEpPUMEHTa, HA0Op IKCIEPUMEHTANbHBIX JAaHHBIX U
00paboTKa pe3ysbTaToB (KMCMOIb30BAHUE MATEMATHUYECKUX METOJIOB, MTOCTPOCHUE
TaOJIuIl U TPaUKOB).

Ilymeeooumenv no npozpamme

Memoouueckoe
PYK0800Cm8o a
(pacneuamams?)
Hem
Bx00 (apavik na IKcnepumenm
paoouem cmone unu 6 /lannvie nonvzoeamens
OOHOIL U3 NANOK)
Kanuopoeka
CneKmpomempa
Habop cnexmpos
o260 >0
Buixoo Oopadbomka cnekmpos

Onucanne Ixkpana

Ha pabGouem crone Windows nubo B oAHOM U3 mamok (MO YKa3aHUIO
noJyib3oBaTensi) uMeercss 3Hadok ‘“Oddext Komnrona” — BXoj B mporpammy.
Boiins B Hee, monb30BaTelb MOMKET MOMACTh B JIIOOOW IMYHKT, YKa3aHHBIA Ha
nepeBe. Hac uHTepecyeT MyHKT “OKCHEPUMEHT’, HABEIEM Ha HEro Kypcop U
HaXMEM JIEBYIO KJaBuIlly MbIH. [loSBUTCS oOriaBieHUE, COOTBETCTBYIOIIEE
COJIEP>KaHUIO ATOTO IMyHKTA.
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CHauana, oJHaKO, HEOOXOJMMO BBECTHU JAHHBIC MOJB30BATENS, KOTOPBIA U
OyZeT pacnopsKaTbCs BCEMHU pe3yibTaTaMU MPOBEIACHHBIX SKCIEPUMEHTOB H
pacyeToB.

[Ipexxne Bcero Moib30BATENIO IIEJIECO00pPA3HO O3HAKOMUTHCS C MYHKTaMu
MyTEBOAUTES, TTOCIIE YETO MOKHO IEPEUTH B pa3aei “IKCIEPUMEHT .

B BepxHeM HWHCTPYMEHTAJIbHOM CTPOKE PACHOJIOKEHBI 3HAYKU Pa3IMYHBIX
IpoLEeayp C BCIUIBIBAIOUIMMU OKHaMU TNoOsCHEHWs. HaBeas Ha HHX CTpenKy
NOJBW)XHOTO Kypcopa M Ha)KMMasi Ha JIEBYIO KJIABHILY MbIIIHM, BBI3BIBAIOT
Tpebyemyto pyHkiuio. Takum 00pa3oM, yrpaBieHUE HKCIIEPUMEHTOM BEIETCS KaK
KHOIIKaMU Ha Npudope, Tak U KJIaBUATypOil KOMIIBIOTEPA.

[IpuBenem QpyHKIMN 3HAYKOB.

3uauo | [losicHeHnus 3Ha4YO0K Ilossicaenns

IIepexo B CliMCOK pa3zieiioB CoxpaHuTh CHEKTp Ha

JIACKE
OTKpBITh COXPAaHEHHBIN CIIEKTP 3anucatb CIEKTP
HUCTOYHUKA
3aHecTH pe3yibTaThl B TAOIHILY Kanu6poBka
CIIEKTPOMETpPA

3anucarhb CIICKTP paCCCAHHBIX
raMmMa-KBaHTOB

[TocTpoenue rpaduka

dd 4 d

Bgectu B nmporpamMmmy
pe3yJbTaThl PaCYETOB

BepHyThes K IpOBEAEHUIO
AKCIIEPUMEHTA, BBOLY

o 7 HEIT

JTAHHBIX
| | Pacmevarka pe3ynbraTos . BbI30B KOHTEKCTHO-
=2 | | paGoTe A 3aBUCHMOMW CIIPABKU
|
L

CrnenyeT OTMETHUTb, YTO BCS MPOrpaMMa, Kax/Iblil ee SKpaH CHA0XEH KOHTEKCTHO
3aBUCUMOM CIPaBKOM, B KOTOPOW AAOTCA MOAPOOHbBIE MOSICHEHUS, TTOITOMY, €CIH
MIOCJIE MPOYTEHUS] METOJWYECKOTO OMMCAHMSI YTO-TO OCTAETCS HESACHBIM WM HE
3arnoMHUTCS, B “CripaBke” MOKHO HaWTH HEOOXOAUMbBIE Pa3bsICHEHUS.
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-
]

B HmxHe# yacTu skpaHa uMmeeTcs WH(GOPMaLMOHHAsI CTPOKa, KOTOpasi MOCTOSIHHO
NpECTaBIsIeT KPaTKy0 HH(GOPMAIUIO HA TaHHBI MOMEHT BPEMEHHU.

.* PaccenaHue rammMa-kBaHToB - Pacceusarens ycravoene, yroa 2.1 °, 1.6 cex.

Padin IEMC Cnpaeka

4

HMecTouHMK: (O Bop crekTp: Tabnuua

Pacceneatens:

KeaHtel, 107

HeTekTop:

'y

¥ron NoEopoTa OeTekTopa:

[T aHre YCTaHOBEK! 600

EbIKMHOYeHO Mapkep:

Puc.7. Bug skpana ¢ HaOpaHHBIM CIIEKTPOM.

JleBas wacTh 2KpaHa COJEPKUT OKHA, WH(POPMUPYIONIUE TOJIH30BATENIS O
COCTOSIHMM MPUOOpa U OCHOBHOTO MapaMeTpa - yrila paccesiHusl.

[IpaBas yacTh SKpaHa AEMOHCTPUPYET CXEMY IKCIIEPUMEHTA, PabOTAIOIIYIO B
aBTOMATHYECKOM PEXKHMME, U TPU BKIIOYCHUH HAOOpa CIEKTpa MEPEKIYacTCs B
ero gemMoHcTpauuio. Hazx 3Toil yacTeio 3KkpaHa UMEIOTCS YKa3aTeNH MePeKII0UeHHS
pexxuma pabotel: "Cxema onbita", "Habop cnekrpa", "Tabmuma". B okHe Habopa
CIIEKTpa MO OCHU abCIMCC OTJIOXKEHBI "KaHalbl", MOCie KaTuOPOBKU - SHEPIus B
k3B. Ilo ocu opauHaT — 4YHCIO Y —KBAaHTOB, COOTBETCTBYIOIIMX YHUCIY
IEKTPUUECKUX UMITYJIbCOB, MpUIieAmux ¢ aerekropa (Puc.7). BHn3y, moja okHoM
CIIEKTpa, UMEIOTCA TPU HEOONBINX MH(GOPMAIMOHHBIX OKHA: JIEBOE MOKA3hIBAET
CyMMapHO€ IO BCEM KaHajaM YHCIO0 TaMMa-KBAaHTOB, MOMAaBIIUX B JIETEKTOP; B
CpeIHEeM OKHE YKa3bIBaeTCs MO0 HOMEp KaHalia, TH00 YHEPTUs B TOM MECTE TI0
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ocHu a6CHI/ICC, rac HaxoauTCs MapKcEp. HpaBoe OKHO — YHCJIO YaCTHI B KaHAJIC,
3dHUMACMOM MApPKCPOM, JII/I60, CCJIn HpOTSI}KKOI?I MapKEpa OTKPLITA YaCThb CIICKTpaA,
TO 6y,Z[eT YKa3aHO YHUCJIO YaCTHII B 3TOM YacTHU CIICKTpaA.

JKCIePUMEHT

OcHoBHasl 3ajjauya SKCIEPUMEHTa COCTOUT B TOM, YTOOBI M3MEPUTH IHEPTHIO
(UM AJIMHY BOJIHBI) PACCESHHBIX MOJ Pa3HBIMH YIJIaMU Y — KBAaHTOB M CPAaBHHUTH
HOJy4YeHHYI0 pa3HocTh AA = A’ — A1 ¢ TeopeTMYeCKH BBIYMCICHHOW. DHEPIus
¥ — KBAHTOB OIpENEseTCs 10 MUKY MOJIHOIO MOTJIOMEHHs. Y CTaHaBINBAas Kypcop
Ha MaKCHUMYM 3TOTO MHKa, MBI OMPEJIEINM COOTBETCTBYIOLINI eMy HOMEp KaHala,
YHEPTHUI0 KOTOPOTO MOKHO YCTaHOBHTD, IPOBES KaTHOPOBKY CIIEKTPOMETPA.
KaaubpoBka cniekrpomerpa.

KanubpoBky creayeT MpoOBECTH ISl MPSAMOTO Iy4Ka, KOTJa paccerBaTelNb
BBIBCJICH W3-TIOJ ITydKa, a JETEKTOp Haxoautcs moj yrioM 0° Ha MpsAMOi,
COEUHSIONIEH KOJIMMAllMOHHBIE OTBEPCTUS HCTOYHUKA M Jerekropa. CHsB
CIEKTp B JTOM IIOJIO)KEHUHU, OIPEAEISIOT HOMEp KaHaja I[IMKa IOJIHOTO
noriouieHus. [Iuk mosHoOro NoriomeHns cooTBETCTBYET 662 K3B.

Omnpenenus HoMep KaHana N, COOTBETCTBYIOLIETO MAKCUMYMY KA IOJIHOTO
NOTJIOIIEHUS, HAXOIUM KaIIMOPOBOYHBIN KO3 PUIIUEHT

662

K = K3B (10)

Bennuuny kamuOpoBouHoro koddduimieHTa BBOAST B UAJIOTOBOE OKHO U
HaxuMaroT KHONKy «OK», mocie 4ero crnexkTp mpeacTaBlieH B enquHuIax k3B (ock
adcmmce).

Bpemsi sxcno3unun. BaxHbIM 3JIEMEHTOM 3KCIIEPUMEHTA SBJISETCS TOTPEUTHOCTb.
CrnekTpanibHble TPUOOPBI  XapaKTEPU3YIOTCA PpPa3pellaroniel  CrnocoOHOCTHIO,
OJIHAKO, ISl  JOCTIXKEHUSI HOMUHAJIBHOM  pa3pemiaromeid  CcrnocoOHOCTH
HEOOXOJMMO BBINIOJIHEHHE psAJa YCIOBUM, TaKUX KakK CTaOUIBHOCTH pabOThI
anmapatypbl (OJJOKOB TUTaHUs, ycwiuTened u mnp.). Eciu 3T ycioBus
BBITIOJTHEHBI, TO KAa4ECTBO CIEKTpa OYJEeT ONpenesiThCsi CTATUCTUKOM, TO €CTh,
yeM Oosbiie OyneT 3aperHCTPUPOBAHHBIX Y —KBAaHTOB, TEM Jydie Oynaer
nmpopaboTaHa TUCTOTpaMMa CIEKTpa U ¢ OOJIBIIEH TOYHOCTBIO Oy/IeT OmpeneseHo
MOJIOXKEHUE UWHTEPECYIOIIMX Hac TMNUKOB. KolMyecTBEHHOE oOmpeneseHue
MOTPEIIHOCTY B HMHTEHCUBHOCTH M3JIyueHHs [ CBA3aHO C BBIYUCIICHUEM
CTaTUCTUYECKOU OIIIHOKHU. KenarenbHoe 3HAYCHUE OTHOCUTEJIbHOU
CTaTUCTHUECKOM ommuOku &I oOBIYHO 3a7aeTcs HSKCIEPUMEHTATOPOM IIpU
MJIAHUPOBAHUH DKCTICPUMEHTA.
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N
IIOCKOJIBKY WHTEHCHBHOCTH [ = " (4ncno yacTul, 3aperucTpUpPOBAHHBIX

JIETEKTOPOM, B €IUHHUILY BpPEMEHHU) CYHIECTBEHHO YMEHBIIAETCS C YIJIOM
paccesiHusl, TO IPU MaJIbIX BpEMEHaX PKCHO3UIMU (BPEMEHHU CYeTa) TMCTOrpaMMa
Ha PKpaHe MOHUTOPA Ha OOJIBIIIKX yTiiaX paccesHus OyJeT HACTOJbKO IUIOXOH, 4TO
OTIpEJICIICHUE TOJIO0KEHUS TOTO WJIM MHOTO TMHKAa paccestHUsl OyAeT MpPaKTHYEeCKU
HEBO3MOKHO.

Hcxonst U3 3TOr0, HY’)KHO CIUTAaHUPOBATH HKCTIEPUMEHT TaK, YTOOBI BpeMsi
HKCTIO3UIMH ObUIO JOCTATOYHO JUIsl MOTYyYEHHUS 3aJaHHON TOYHOCTH. [lockobKy
OTHOCHUTEJIbHAS TOTPEIIHOCTh HHTEHCUBHOCTH U3TyUYECHUS, CBSI3aHHAS CO
Cily4yallHbIM XapaKTepOM paJIMOaKTUBHOIO paciajia, paBHa

1 1
8l = == = (11)

rac N - gmcio qacTul, 3apCTUCTPHUPOBAHHBIX 3a BPCM:I t, TO sACHO, YTO 4YCM OoJbIIIe
N, a, CJIEIOBATEIBHO, U t, TEM MEHBIIIE OTHOCUTEIIbHAS CTATUCTUYECKAS ommbka

Al
ol = ~ ,Tae Al — abcomroTHas OImMOKAa HHTCHCUBHOCTH, a | - ”HHTEHCUBHOCTb.

OObIYHO  MpU  ONpPENETCHUH  CTATUCTUYECKUX  OMIMOOK  HMCHOJB3YIOT
MHTEHCUBHOCTh, NPOCYMMHPOBAaHHYI0 110 BCEM KaHajaM, OJHAaKO MOHO
onpenenutb | B Manoil sHepreTuyeckod o0dacTH, HAmpUMeEp, Ha YYACTKE,
3aHUMAaeMOM OIIPEACIICHHON CIEKTPAIbHOM JIMHWEH, U TEM CaMbIM OIIPEIEIUTH
OIKOKY, OTHOCSIITYIOCS K TaHHOW JTUHUM (3A€Ch "MHUHUA" TOXKIACCTBEHHA "MHUKY").
[TockonbKy Hac OyJeT MHTEpecOBaTh Ka4e€CTBO BCEro CHEKTpa, TO 3a N Mbl OyJieM
MPUHUMATh CyMMapHOE YHCJIO YaCTHII, T.€. [IOKa3aHUE JIE€BOr0 HUKHETO OKHA.
PaccMoTpuM KOHKpeTHBIN npumep. Jomyctum, Ham Heobxoaum 1% TouHOCTH,
T.e. 81 = 0,01. YcraHOBHM AeTeKTOp, K mpumepy, mog yriaom 20° u mpoussenem
Ha0Op CHEeKTpa 3a OTHOCUTEIBHO Majiblii MPOMEKYTOK BPEMEHH, Harpumep, 3a 10

N
CEKyHJ M ONpeNeNuM Ipy00 MHTEHCUBHOCTh [ = t—o ITomy4uB, Mpeanosoxum,
0

1000 ¢oTOoHOB B CymMMe IO KaHajlaM, Mbl MOKEM OIpPEJEIUTh WHTCHCUBHOCTH

1000 _ 1
Iy = Toc 100 (Z) Hcnonb3ys MOMyYEHHYIO OLIEHKY MHTEHCHUBHOCTH, MOYKHO
u3 popmyiel (11) onpenenuts TpeOyeMoe BpeMsi SIKCIIO3UIINH:
1

t =

(61?1, _ 0,0001-100 100 (¢) (12)

B nwmanoroBoe okHo myHkTa "Habop cmektpa" ciemyeT BHECTU MOIYYEHHYIO
BenuuuHy t. [Ipu miiaHupoBaHUM SKCIIEPUMEHTA CIEAYET PaCCUUTATh YKa3aHHbBIM
o0pa3oM BpeMsl SKCIO3ULMHU JJI KaKJIOro yrila pacCcesHus, UCXOAs U3 3apaHee
3aJIaHHOM BEJIMYHMHBI OMMMUOKK. Bennunna ommbku OyJeT yka3aHa B 3a/IaHHH.

CymMmapHOe 4nciI0 KBaHTOB B BbIIEJICHHON 00J1aCcTH, HAPUMED MO/ IMHUKOM,
OTpeseNsieTcsl ClAeAyomMUM 00pa3oM: yYCTaHOBUTE MapKep Ha JIEBOE€ KPbLIO H
MPOTSHUTE MBIIIb (C HAXKATOM JIEBOW KJIABUIIIEH) O MPABOro Kpblia nuka. B okHe
«Mapkep» NOSIBISIETCS HY’KHOE YHCIIO.

PaccessHne ramma-KBaHTOB
B sTom pasnene HeoOXOOUMO MPOBECTH HAOOP CIEKTPOB, PACCESTHHBIX TOJ
pa3HbIMU yriaamu (CM. 3a7jaHue).
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C »3TOoil 1enpl0 HEOOXOJUMO YCTAaHOBUTH pacceuBareib MOJ My4OK. ITO
nenaetcsi KHONKon «PaccenBaTenby Ha mepenHed manenu npuodopa. [locie atoro
KHOIIKAMHU «IOBOPOT JETEKTOpa» ycTaHOBHUTE QoToymMHOXxuUTens (DY) mon
HY>KHBIM yTJIOM. Y CTaHOBKA MPOU3BOJIUTCS MPU BHIKJIIOYEHHOM JICTEKTOPE.

% Ha mikane mHCTpYyMEHTOB Ha)kMMaeTe KHOMKY «Perucrpanus» u B
JIMaJIOTOBOE OKHO BBOJIMTE BHIUKMCIICHHBIC paHee 3HaueHus t wim N

(cTaTucTueckasi OmMOKa JJIsl KaXJO0ro yrja yKa3aHa B 3aJJaHhM) U HAXKUMAETe
kHONKYy «OK». M3MepbTe MOJIOKEHHE TMHUKAa IMOJHOTO MOIJIOUIEHUS, YCTAHOBUB
MapKep Ha Cepe/IuHYy MUK, COXPAHUTE CIEKTP U BHECUTE JaHHBIC B TaOJUILY.

Bepnutecsk B 3akinanky «CxemMa OmbITay, yCTAHOBUTE HOBBIM YIOJl U IOBTOPUTE
BCIO MPOLEAYPY.

Cnenyer orMeTHTh, yro B obmactu yrioB or 0° mo 10° anmaparypHsie
OPUYUHBI 00YCJIABIMBAIOT OOJBIIYI0 OIIMOKY OKCIIEPUMEHTa, IOATOMY MBI
pEKOMEHyeM HAauMHATh U3MepeHus yrios ¢ = 10°.

IHopsigok BbINOJIHEHHS JIA00OPATOPHOH PadOTHI

3amanue 1. KaanOpoBka cnekrpomerpa.

1. BxirounTs npubop (KHOIKa B MPaBOM HUXKHEM yriy). [Ipu aTtom getexrop
MPOU3BOIUT aBTOMATUYECKYIO YCTAHOBKY Ha HOJIb.

BxJ1rounuTh KOMIBIOTED.

Ha paGouem ctone HaiiTh nanky «9¢dekt KomnToHa» u OTKpPBITS €e.
OTKpBITh 3HAYOK «IKCIIEPUMEHT» U BIMCATh CBOM JIAHHBIE B OKHO 3aIpoca.
Boiitu B «MeHto» u BbIOpaTh MyHKT «KaauOpoBKa CieKTpoMeTpay.
KanuOpoBky mpoBecTM s MNpAMOro IMy4yka, JJIs Yero pacceuBaTelb
BBIBECTU U3-TIOJ Iydyka (Ha)kaB KHOMNKY «PacceuBarenby»), a IETEKTOp
(®BY) pacnoyioxKuTh nog yraoM 05 Ha MOpAMON, COCIUHSIONICH
KOJUIMMALIMOHHBIE OTBEPCTHS HCTOYHUKA U JETEKTOPA.

Bxmtouuts nerexkrop (OIY).

BKJIFOYMTH UCTOYHUK.

CHATH CHEKTp B 3TOM MOJOXKEHHH: Ul 3TOrO Ha IIKaJe WHCTPYMEHTOB

ANl

O © N

HaXaTh KHONKY «Perucrpanusy» S8 B ruanoroBoe OKHO BBeCTH to = 10 ¢
(TTOCKOJIbKY MHTEHCUBHOCTH TIOJT MPSIMBIM IMTyYKOM O0JIbIlasi, HAbOop ciemyeT
MPOBOAUTHL CO BpeMeHeM dKcno3uiuu 10 ¢, He TpoBOAs pacyeTa OIIUOKH) U
HaxaTh KHONIKY «OK».

10. C mnomomiplo JIEBOM KHONKK MBIIIA OMNPEACIIUTh HOMEp KaHala
N, mnuka mojHoro morjomieHus (MUK A, puc. 4), COOTBETCTBYIOIIETO €ro
MakcUMyMy. (DHeprus MnuKa rnojJHOro NorJonieHus paBHa 662 k3B).

11. Haiitu xanunbpoBounbiii Ko3dduimert mo popmyie (10)



12.

13.
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662
K = K3B
N,

n

[IpoBecTn KanmOpPOBKY: Ha)kaThb Ha KHONKY «KamuOpoBatb» I:%Ha
MaHeJd HWHCTPYMEHTOB, BBECTH B JHAJIOIOBOE OKHO KaTUOpPOBOYHBIN
Ko3(ppuuueHT 1 HaxaTb KHONKy «OK». Temepp cHeKTp NHpeiCTaBiE€H B
eauHuIax k3B (ock abcruce).

CoxpaHUTb CIIEKTP.

3ananue 2. HaGop cneKTpoB paccesiHHbIX Y — KBAHTOB.

1.

[TpoBectu HAOOP CIIEKTPOB PACCESIHHBIX Y — KBAHTOB MO/ YTJIAMHU:
@ = 10° 20°40°60°,90°.

Buumanue!  Bo m3bexaHue IOJIOMKH IIpUbOpa HepexoauTh 3a npeaenst 00 u

90° He pexoMeHmyeTCH.

J1y1st MpaBMIIBHOTO OTCYETA YTJIa PACCESTHUS MePEABUKECHUE
netekropa (poroymuoxkurens ®OVY) ciemyer oCyecTBIATh B
OJIHY U Ty € CTOPOHY. DTO IPABUIJIO BCETJa UCTIOIb3YETCS, YTOOBI
n30exKaTh BIUSHUS TIOPTa B MEXaHUUYECKUX CUCTEMaX Ha
MOKa3aHUsl OTCUETOB (B JAHHOM CITy4yae — YIJia pacCesiHus).

Buumanue!  YcranoBka poroymuHoxkutesns (OIY) moa HyKHBIM yriioM

A

MIPOU3BOJIUTCS TP BBIKJIKOYEHHOM jieTeKkTope (DIY).

B «MeHnto» BeIOpaTh MyHKT «PaccesHue raMMa-KBaHTOBY» W HaKAaTh KHOIIKY
«OK».

YcTaHOBUTH paccenBaTeNb MO MyYOK, HaKaB KHOMKY «PaccewBarenb» Ha
nepeHel nanenu npudopa.

Brixitounts nerektop (OIY).

Knaonkamu «IIoBOpOT AeTEKTOpa» YCTAaHOBUTH (POTOYMHOKHUTEH MO YIJIOM
@ = 10°. Bkmouuts nerexkrop (PIVY).

CHSTh CIEKTp, IJI1 4Yero Ha IIKaje HWHCTPYMEHTOB Ha)KaTh KHOIIKY

«Perucrparus» ﬁ, B JIMaJIOroBoe€ OKHO BBecTH ty = 10 Cc M HaxaTh
KHONKY «OK».

OnpenenuTs CyMMapHOE YHUCIO KBAHTOB MOJA MHUKOM (MUK A): JJIs 3TOTO
YCTAaHOBHUTH MapKeP Ha JIEBOE KPbUIO U MPOTAHYTh MBIIIb (C HAXKaTOW JIEBOM
KJIaBUIIIEH) 70 MPaBOro Kpbuia nuka. B okHe «Mapkep» NOSBUTCS HYKHOE

yuciio Nj.

No
OnpenenuTts Tpy0d0 MHTEHCUBHOCTD [ = o
0
[To dopmyne (12) paccuutarh BpeMsl IKCIO3UIIUU, UCXOJs U3 TPeOOBaHMUS:
61 = 0,5%.
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1y
10.CHsATh  crieKTp %, BBEJl B JMAJOTOBOE OKHO TIOJyYEHHOE BpeMms
IKCIIO3UITUH.
11.HaBecTn Mapkep Ha CepeAWHY IWKa IOJHOTO TIOTJIOMICHUS W HaXKaTh
KHOTIKY «B TaOJUITy» Ha MTAHEeIT! HHCTPYMEHTOB.
12.CoxpaHHUTh CTIEKTP.

13.TTpu moMoIM KHOTIKA % BEPHYTHCS K HaYaly pPErUCTpalyy CIEKTPOB.

14.TToBTOopuUTh m11. 4-12 1711 U3MEPEHUS CIIEKTPOB IIPU OCTAIBHBIX yriax
paccesHus.

15.Brixmtounts gerexrop (OIY).

16. Jlns yrina @ = 180° y6paTs paccenBarens (HaxaB KHONKY «PaccenBarensy
Ha TIepeHeH MaHenu Mpuodopa), yCTAaHOBUTH JETEKTOP MOJ MPSIMOM My4oK:
JUIsL 4ero BBIKIMIOUUTH Jerektop (DPDY), kHomkamu moBopor DIV
YCTaHOBUTH JETEKTOP Ha HOJIb. Bxmtounts nerexrop (GIY).

17. CHaTh crmekTp, Il 4Yero Ha MIKaje HMHCTPYMEHTOB HaXaTh KHOIKY

«Perucrpanus» ﬁ, B JMAJIOroBo€ OKHO BBecTH ty = 10 Cc m Haxarp
KHONKY «OK».

18.HaBectn mapkep Ha muk C (oOpaTHoe paccesiHue, cM. puc. 4) U 3aHECTH
3HaYEHHUE PHEPIUU B TaOnMIly, HakaB Ha KHONKY «IIuk oOp. paccesHus» B
IIAHEIU UHCTPYMEHTOB.

19. Cniektpsl, osydennsie nog yrmamu @ = 10° u 90° pacneuarats u
OPUIIOKUTH K OTYETY IO BBIIIOJHEHUIO JIA0OpAaTOPHOU pabOTHI.

19.BxitounTh mprubOp (KHOMKA B TPABOM HIKHEM YTIIY).

3ananue 3. O0padoTKka CIeKTPOB.

1. B «MeHto» BeiOpaTh NyHKT «O0paboTka crekTpoBy. OOpaboTKa CEKTPOB
BEJIETCS BPYUHYIO Ha MUKPOKAJIBKYJIATOPE (BBUIY €€ MTPOCTOTHI).

2. Paccuwmraiite mo ¢opmyne (11) aauay BOIHBI A Y —IMHUM MCTOYHHKA IIO
M3BECTHOM DJHEPruu €€ KBaHTOB (& = 662 wd9B), a Takke 3HaueHUe
KOMIITOHOBCKOM  JnuHBI  BOJNHBL  (popmyna (7)). Haxmure KHONKY
«ITapameTpsl», BBEAUTE B JUAJIOTOBOEC OKHO TOJIyYECHHBIE 3HAUCHUS U
HaxmuTe «OK».

1= = (11)

3. Paccuuraiite 3Ha4YeHMs [JIMHBI BOJHBI A’ pacCESHHBIX Y —KBaHTOB II0
dopmyne (11). DxcmepuMeHTanbHBIA caBur AA JUTAHBI ~ BOJIHBI
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ompenensercs pasHocteio: AA = A" — A. (Pacuer cmBura AA Bemercs B
aHTCTpeMax.)

Paccunrtaiite TeopeTHMUECKHMIA CIABUT JUIMHBI BOJIHBI (B aHICTpEMax)
OTHOCHUTEJIbHO HECMEIICHHON JIMHUU UCTOYHUKA 1Mo (hopmyie (6), a1 4ero
MOXHO MCITIOJIb30BaTh TabuIly kocuHycoB (Tabnuia 1 qaHHOTO OnmucaHus).
Brinenure cTpoky B Tabiuile SKCIIEPUMEHTAIBHBIX PE3YIbTaTOB U HAKMHUTE

KHONKY «Pacuer» Beenure B OTKpBIBHIEECS AMAIOTOBOE OKHO
paccuMTaHHbIC 3HAYCHHS JJIMHBI BONHBI A pacCesHHOrO Y — KBaHTa,
DKCIIEPUMEHTAJIBHOTO M TEOPETHYECKOrO0  CABUIA  JUIMHBI  BOJIHBI
OTHOCUTEJIBHO HECMEICHHOM JIMHUM MCTOYHHUKA JUIsl TPEX 3HAYEHUM yria
paccesus (@ = 10°,20°,40°). Knomka «Bo3BpaT» ouMiaer Bce
BBEJ/ICHHBIE B TA0JIMIly 3HAYEHUS.

[Tocne BBO/a pacyeTHBIX 3HAYEHHH ISl TPEX CTPOYEK TAOJIMIIBI OCTAIbHBIE

S3HA4YCHUA IIporpaMmMma pacCUYuTacT U BEIBCACT B Ta6JII/II_[C.

Haxmure kHomky «I'paduk» kkf Ha [IaHEJId WHCTPYMEHTOB, B
pe3yJibTaTe 4ero MOCTPOUTCS Trpaduk 3aBUCUMOCTH CABUTA JJIMHBI BOJIHBI
pPaCCESTHHBIX KBAHTOB, MOJIYYEHHBIX TEOPETHUYECKU (CIUIOIIHASI JIMHUS) U
AKCIIEPUMEHTANILHO (KPECTUKH).

Tabnuily TONy4eHHBIX pacyeTHBIX 3HAYEHUW W rpaduk pacnedyaraTb U
MPWIOKHUTH K OTYETY MO BBITIOJIHEHHIO JTA00PATOPHOM pabOTHI.

BrIxKimtounTh KOMIBIOTED.

Tabmua 1
Yron ¢, rpan COoS @
10 0,985
20 0,94
30 0,87
40 0,77
50 0,64
60 0,5
70 0,34
80 0,17
90 0

Merton pacueTa noipoObHO onuckiBaeTcs B «IloMomm g
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KoHTpoJibHBbIE BOIPOCHI

=

Jaiite onpenenenne >pdexry Kommnrona.

2. YUem ommmuaercs dddexr Kommrona ot Qororddexrta u  sBieHHS
00pa30BaHUs MAPHI AEKTPOH-TIO3UTPOH?

3. Iouemy >¢pdexr Komnrona He HabmogaeTcst mpu paccessHuM (HOTOHOB Ha
ANIEKTPOHAX, CUJIBHO CBA3AHHBIX C SAPOM aToma?

4. Onummre TpoIecc B3aUMOICHCTBUS MAAIOIIET0 PEHTTEHOBCKOTO (OTOHA
U CBOOOTHOTO 3JIEKTPOHA BEIIECTBA.

5. Kaxkue 3aKoHBI COXpaHEHHUS BBITIOIHSIIOTCS MTPU B3aUMOJIeHCTBUU (DOTOHA
c a5ekTpoHOM B 3 dekre Komnrona?

6. Kak mensiercst aneprusi ¢oTOHA MPU €ro KOMIITOHOBCKOM PACCESTHUU?

7. BwiBeaute opMyily cABUTA IJTUHBI BOJHBI OT YIJia pACCESHHUS.

8. Uemy paBHO MaKCHUMaJbHOE€ HW3MEHEHHUE JJIMHBI BOJIHBI PACCESIHHOTO
¢dboTOHa 1 Kor/1a OHO HaOIIOJaeTCs?

9. Hamummre dhopmyiy asi KOMOTOHOBCKOM JITMHBI BOJHBI AEKTpoHa. Uemy
OHa paBHa?

10./Jly1s kaKuX JUIMH BOJIH (4acTOT) majaromero unydenus d¢dext Komnrona
MPOSIBIIIETCS HanboJiee sIPKUM oopazom?

11.1ToyeMy B ONTHYECKOM Jauamna3oHe IMH BOodAH 3ddexkt Komnrtona He
HaOmoaaeTcs?

12.Y10 npoucXoIUT C JIEKTPOHOM IOCTIE paccestHUs Ha HeM (oToHa?

13.0nennTe CIBUT JJIMHBI BOJIHBI TPH KOMIITOHOBCKOM pAaCCESHUM IS
SHEPruu najarmmx Y — kBaHToB B 1 kaB u 1 M»aB.

14 Kakomy yrily paccesiHusi COOTBETCTBYET MAaKCHUMaJbHOE€ KOMITOHOBCKOE
cMmerieHue Ay, g, ?

15.Yemy paBHa BenuuuHa AA,,,, Tpu paccesHun: 1) HaA dSIEKTpoHE, O)
npoTOHE?

16.Kakyro sHEpruro IOKHBI UMETh (POTOHBI, YTOOBI MPU KOMITOHOBCKOM
paccessHMM Ha d5ekTpoHe Ha yroa 90° ux uIMHA BOJHBI yBENIUUYMIIACH
BIBOE?

17.y — KBaHT WCHBITHIBAET HA TOKOAIIEMCS JJIEKTPOHE KOMIITOHOBCKOE
paccesnue Hazaa. CuuTas DJJIEKTPOH OTIAYM  YIBTPAPEIATUBUCTCKUM
OTIPENETUTh SHEPTUIO PACCESIHHOTO KBaHTa. B uem ocoOeHHOCTh oTBETa?

18.00bsCHUTH TPUHIIUT Pa0OTHI CIUHTUIUISIIMOHHOTO CIIEKTPOMETpA.

19.006bscHUTH bopmy aMIUTUTYAHOTO CIIEKTpa, TE€HEPUPYEMOTO

CIIUHTUJUIAIIMOHHBIM CTIEKTPOMETPOM.

Jluteparypa
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