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JlabopamopHasi paboma Ne 1
OO3VMETPUA MOHNI3NPYIOWMX U3NYYEHNI.

Llenb paboTbl: O3HaKoOMIeHne ¢ OO3NMETPUHECKMMIN XapaKTEPUNCTUKaAMUN

NOHU3MPYIOLNX U3MYYEHUN, eAMHMLaMU U3MEPEHUSI U MPUHLMNOM paboTbl
NPOMbILUNEHHOro Ao3MMeTpa. MamepeHne n pacyeT MOLLHOCTM 3KBMBANeEHT-
HOW [03bl AN pa3NNYHbIX U3nyyaTenen.

O6opynoBaHue: 4O3NMETP, UCTOYHUKN NOHU3UPYIOLLNX N3NYYEHU.

Kpamkue pekomeHOayuu:
OcHogHbIe NoHAMuUs U orpederieHus:
OCHOBHOW (PM3NYECKOM BENUYMHOWN, XapaKTepusyrLllen Mepy LeNCTBUS
NOHU3MPYIOLNX N3ITYYEHU Ha BELLECTBO, ABNSeTCA rnoaioweHHas 0osa D:
de
~ dm

rae E- cpegHAA aHeprnd, nepejaHHasa NOHN3NPYIOLWNUM 1U3Ny4YyeHnem BeLle-

D

CTBY, HaxoasilemMycs B ariemeHTapHoM obbeme, a dm — 3TO Macca BellecTsa
B 3TOM 3fIEMEHTAPHOM Ob6beMe. JHepPrus MoXeT BbiTb ycpeaHeHa no nbo-
My onpegenieHHoMy ob6bemMy, U B 9TOM Crlydae cpefHsas go3a OyaeT paBHa
NOSTHOW 3HEprnun, nepegaHHon obbemy, AeneHHON Ha Maccy 3Toro obbema.
B eamHnuax CU nornoweHHasa gosa nsmepseTca B OKOyndax, AeneHHbIX Ha
knnorpamm ([x/kr), n nmeeT cneyunanbHoe HasBaHue — rpen (I'p). HasBaHue
OaHO B 4YecTb aHrnuinckoro dowmsmka Jlynca laponbga pes (1905-1965),
BHecLlero 60nbLUOK BKag B pa3BuTmMe SO3NMETPUM MOHUBUPYIOLLNX N3nyYe-
HUI.

[Mpn ogHOWM K TOW XXe NOrnoLleHHoN ao3e Guonornyecknin acbdekT Bo3-
OENCTBMS pas3HbiX BUOOB M3nydeHus pasnumyeH. Mepoin bruonormyeckoro Bos-

OEVNCTBUSA CNYXUT 9KBMBaNeHTHaa nosa H. 9To nornoweHHasa 4o3a B opraHe

UIN TKaHW, YMHOXEHHasl Ha COOTBETCTBYHOLLNN 838ewusarouulti Koaghguyu-
eHm Anst AaHHOro nanydeHns Wr:
Ht r=WRr DT, Rr



Foe Drr- cpeoHsas nornouweHHaa [osa B opraHe wmnn TkaHnm T, a Wk-
B3BeLUMBaAKOLLNN KO3 PUUMEHT aAna nsnyvyeHna R. Ecnn none nanyyeHus co-
CTOUT U3 HECKONbKUX U3NYyYEeHUN C pasfnUYHbIMK BenmdnHamn Wg, TO 3KBU-

BaneHTHas Ao3a Bbluncnsietcs no dopmyre:

Hr- ) Wy Drg
R

EonHnuen wmamepeHust akBMBaneHTHOM A03bl aBnsieTcs [Dk/Kr, umerollen
cneuuanbHoe HasBaHue 3usepm (38) e 4YecCTb wWwBeackoro msmnka Ponbda
3uBeprTa.

KoadppuumeHt Wr elle HasbiBaloT KO3GMUUNEHTOM OTHOCUTESNBHOMN
Bronornyeckon apdPeKTUBHOCTM UM KOIPMPUUMEHTOM KayecTBa N3NyHEHUS.
3HauveHus atoro koadduumeHta Wr npueeaeHsl B Tabn. 1.

Tabnuua 1. B3ewwuBatowme koadpuumneHTbl ans otTaenbHbIX BUAOB

N3Ny4YeHus.
®POTOHbI, AMEKTPOHbI Y MIOOHbI f1H0BbLIX 3HEPTUIA 1
HenTtpoHbl aHepru meHee10 kaB 1 6onee20 MaB 5
Ot 10 k3B po 100 kaB n ot 2 MaB go 20 MaB | 10
Ot 100 k3B go 2 MaB 20
[MpOTOHBI, KpOME NPOTOHOB OTAAYN, aHeprna bonee 2 5
MaB
a-4acTuubl, OCKOJIKN, AeNneHuns, Taxenble aapa 20

PasnunyHble opraHbl U TKAHW YenoBEeYeCKOro opraHn3aMa UMeoT pasHyro
CTOMKOCTb K BO34ENCTBUIO MOHU3NPYIOLLNX U3NYYEHUN, UNN «PpagnoyyBCTBU-
TenbHOCTbY. B KayecTBe Mepbl puUcka BO3HUKHOBEHUA OTAANEeHHbIX nocnea-
CTBUI 0BNyyYeHns BCero Tena YenoBeka U OTAerNbHbIX €r0 OpraHoB C y4eTOM
X PagMo4vyBCTBUTESTBHOCTU UCNONB3YT aghchekmusHyro do3y E. OHa npea-
cTaBnsaeT CymMMy Npou3BeAeHUN 3KBMBANEHTHOW 403bl B opraHe Hr Ha cooT-
BETCTBYIOLLNA B3BELLUMBAOLLNA KOIPDUUMEHT AN AAHHOMO opraHa unn Tka-

HW:



E:zWTHT
T

'oe Ht — akBmBaneHTHaqa go3a B TkaHu T, a Wt — B3BelwumBatoWwmn koapdum-
UMeHT ana TkaHn T. B Tabn. 2 npuBeaeHbl B3BELLUMBAKOLLNE KOIPIDULMNEHTDI

W+ Ona TkaHen 1 opraHoB rpu pacyeTte apdekTmeHoM 003kl E.

Tabnuua 2. B3gelumBatome KoadpuUneHTbl AN TKaHEN N OPraHoB:

[loHaabl 0,20

KOCTHBbIN MO3r (KpacHbIl), NPSMas U CUrMoBUaHAsS KULLIKA, 0,12

HMcxoasiLas YacTb 000A0YHOW KULLKKM, Nerkne, Xenyaok.

MoueBou ny3bIpb, rpygHaga xenesa, nevyeHo, nuweso, wu- | 0,05

TOBMAOHAA >Kerne3a

KoXa 1 KneTKn KOCTHbIX MOBEPXHOCTEN 0,01

OcTanbHoe 0,05

EonHnua namepeHuns adpdektnBHom aosbl — [K/Kr, KOTOopas MMeeT cne-
LUnanbHoe HanMeHoBaHue — 3usepm (38).

Momumo eanHuy, CU Ha npaktuke ana D n H 4yacTto npuMeEHsoT BHECH-
cTeMHble, nHorga 6onee ynobHble eauHuubl pad u 6ap. 1 pag = 0,01 Ip,
1 63p (brnonormnyeckumn akBuBaneHT peHtreHa) = 0,01 3B.

[ns peHTreHOBCKOro U y — n3nydeHuns (To ectb anst poToHHOro obny-
YeHUs1) B JO3MMETPUYECKON MPaKTUKE YacTO UCMONb3YyeTCs 9KCNO3UUUOHHas
0o3a X, paBHass OTHOLIEHWUIO 3apsida BTOPUYHBLIX YacTuu, oOpas3oBaHHbIX B
eavHnue obbema B pesynbTaTe AENCTBUS U3NYYEeHUs], K Macce aToro obbe-
Ma. EguMHMua 9KCnos3vumoHHOW [03bl HasbiBaeTca peHmeeH (P), B 4ecTb
HemMevLkoro dusmka Bunerenoma KoHpaga PeHTreHa (1845-1923). Npu pose
B 1P B 1 cm3(0,00129 r) cyxoro Bo3ayxa obpasyoTca MOHbI, Hecyliue 3apsp,
B OOHY anekTpocTtatuyeckyo eanHuuy (1 ea. 3apsga CIrC3) kaxagoro 3Haka.
Mepexoags k cncteme CU MOXHO ckasaTb, YTO Npu Ao3e B 1 PEHTreH B KUIO-
rpamme Bo3ayxa obpasyeTtcs 3apsg 258 MkKn. 3Has cpegHio 3HEpruto

6



noHoobpasoBaHus B MaTepuarne, nogsepriiemMca obnyyeHuto, nerko ycraHo-
BUTb 3HEPreTUYecKkUin aKBUBANEHT peHTreHa, TO eCTb COOTBETCTBYIOLLYIO Be-
NNYUHY NornoweHHoOn O03bl. [1nsa Bo3gyxa O4HOMY PEeHTreHy COOTBETCTBYET
0,87 pan, ans 6uonormyeckon TkaHu (B cpegHeM) — 0,96 pan; T.e. OKpyrneH-
HO 1 peHTreH = 1 pag.

Hapsagy ¢ noHATMEM 003bl yNOTpedbnsaeTcs Takke NOHATME «MOLLHOCTb
003bl». MOLWHOCTBIO 403bl Ha3bIBAOT COOTBETCTBYIOLLYO (Hanpumep, norno-
LLIEHHYI0) O3y, OTHECEHHYIO K UHTEpBany BpeMeHn obnyvyeHus, Pp = D/At.
AHanNorn4yHo onpenensitoTca MOLUHOCTM 3KBMBASIEHTHOM N 3KCMO3ULMOHHOMN
003.

Lelicmeue UoHU3UPYOWUX U3nydeHUU U
HopMamusesbl paduayuoHHou 6e3ornacHocmu.

PesynbTaToM BO3OENCTBUA pPaOMOaKTUBHBLIX W3TYYEHUNA Ha XKUBYIO
TKaHb ABNSieTCA ee noHmsaums. Npu aToM paspbIiBalOTCA XMMUYECKUE CBS3U
MOSEKYSl, U1 camMu MOSeKymnbl pacnagarTcs Ha pagukanbl. [poaykTbl pac-
LenneHns obpasyoT HOBble COeQMHEHUS, HE CBOMCTBEHHbIE 3[0POBOWN TKa-
HW. OTO NPMBOAUT K HapyLueHno obMeHa BeLLeCcTB, a 3aTeM K HapyLUeHUHo
dYHKUMM OTOENbHbIX OpraHoB.

BpeaHble pesynbTaTbl BO3AEWUCTBUS U3MyYEHUW Ha OpraHu3Mm MoryT
NPOSABUTBLCS HE TOMbKO y caMoro o6siy4eHHOro, HO 1 y ero noTomcTea (coma-
TUYECKUM N reHeTudecknin rnonorndecknn apdektol). Cpean comaTUyecKkmnx
3 eKTOB pasnMyaloT Noporosblie dPPEKTbI, TXKECTb KOTOPLIX onpeaenseT-
Csl nonyyYeHHon goson (nyvyesasi 60ne3Hb, OXOrn, KaTapakta 1 ap.), u Bepo-
ATHOCTHble (6e3noporoBble) adhdeKTbl, MPAKTUYECKN HE 3aBUCALLME OT BENU-
YWHBbI 003bl (MyTauuu, onyxonu). Npyn nonyyeHun 0o3bl MEHbLLE NMOPOroBOro
3HauveHus (0,5 3B — ana Bcero Tena n 0,3 3B — Ans rnas) NOBpPeXaeHUn He
Habnogaetca. OgHako BEPOSTHOCTb BO3HUKHOBEHUSA OMYXOSM UM MyTauum
MOXeT ObITb CBA3aHa C caMbiMK ManbiMn ao3amu. C NoBbllLEHMEM O03bl 3Ta

BEPOSATHOCTb BO3pacTaer.



B HacToswwee Bpems oduumanbHon KoHuenunen MexagyHapogHoOW Ko-
Muccumn no paguaumoHHonm sawmte (MKP3) aBnsetca rmnotesa 6e3noporo-
BOM NUHENHON 3aBUCMMOCTU adopekTa OT 403bl. B cOOTBETCTBUN C 3TON KOH-
uenumen nHamBmnayanbHbii puck R (BEPOATHOCTb CMEPTU OT 3I1I0KA4YECTBEH-
HbIX 06pa3oBaHN N reHeTUYeCcKnx gedekToB) onpeaenseTca opMynon:

R =71H,
roe H — ato aKkBMBaneHTHasi 4o3a, NofnyYyeHHast UHAUBUAOM, a I — Koadhdoum-
LIMEeHT pucKa, BenmymHa kotoporo oueHmsaetca MKP3 kak 1,65-102 3.
eHeTnyeckaa gona B KOIdhMUMEHTE puUcKa COCTaBndeT OAHY 4YeTBepTb,
comMatudeckas - Tpu 4yeTBepTU. HeTpyaHO noacymTaTb, YTO COrfacHoO 3TOM
dopmyne ecnu rpynna niogen nonyymna gosy B 1 3B Kaxabln, TO B CpegHEM
OT 3/10Ka4YeCTBEHHbIX 06pa3oBaHui NOrMOHET Kaxabin 80-bi.

PekoMeHgaumMm No OrpaHMYEeHU0 AO030BbIX HaArpy3ok, CBS3aHHbIX C
npodeCccnoHanbHON OeATeNbHOCThIO, BblpabaTbiBalOTCA B CpPaBHEHUU C
YPOBHEM NPOCECCUNOHANLHOIO pUcka B APYrnx oTpacnax NpoMbILLIEHHOCTMW.
OpueHTnpysiCb Ha cpedHun ypoBEHb, MOXHO MPUHATL AOMNYCTUMbIM 3Ha4de-
HUe pucka R=10* B roa. TakoMy pUCKY COOTBETCTBYET SKBMBarNeHTHas [03a
obnyyerna H=10%/(1,65-10%) = 6 m3e B roa. Tak kak nomny4eHHble A03bl B 50
M38 B rof eLle He NpMBOAUT K OOHapyXMBaeMbIM COBPEMEHHON MEOULIMHOM
nocnegctemsam, MKP3 cuntaeT aTy BenmymHy 6e3onacHom, HO paccMmaTpuBa-
eT ee Kak BepxHuin npegen npodeccmoHanbHoro obnyvyeHuns. bonblMHCTBO
pabOTHMKOB OOSMKHO Mony4vaTtb, Kak npasuno, He 6onee 0,1 ot aToro npeae-
na.

B Hawen cTpaHe ¢ TOYKM 3peHus npenenbHbIX ypoBHEN 0BnyyYeHus no
HOpMaMm pagunaumMoHHON 6e30nacHOCTM pasnuyaloT ABe KaTeropum obnydvae-
MbIX: MepCcoHarsn u nmua n3 HacesneHus.

[ns kateropmn obnyyaembliX NUL yYCTaHaBNUBAOTCS TPU Krnacca Hop-
MaTMBOB, rMaBHbIM N3 KOTOPbIX ABNSETCA npeaen 4o3bl TEXHOreHHoro obny-

YeHuns (cm. Tabn. 3)



Tabnuua 3. OCHOBHbIE 4030BbIE Npeaens.l.

Hopmupyembie [lo3oBble npeaensol
BEMNYMHbI Jlvua n3 nepcoHana | Jlnua n3 HaceneHus
(rpynna A)
SddekTnBHasa gosa | 20 m3e B roa B cpea- 1 m3e B rog B cpea-

HeM 3a nbble nocne- HeM 3a nbble nocne-
JoBaTtesnbHble 5 neT, HO | goBaTesbHble 5 neT,
He 6bonee 50 m3e B roa. | HO He bornee 5 36 B

rog,

OKBMBanNeHTHas go- 150 m3e 15 mM3e
3a 3a rog B xpycra- 500m3B 50m3B
NUKe, KOXe, KUCTAX U

cTonax.

OddekTnBHan aosa, obycnosrieHHas 06slydeHMeM MnpuUpPoaHbIMU UC-
TOYHMKaMM NOHU3UPYIOLLLETO NU3NyYeHns1 B MPON3BOACTBEHHbLIX YCNOBUSX, OIS
pabOTHMKOB, HE OTHOCSLUMXCHA K KaTeropuu nepcoHana, He AorKHa NnpeBbl-
waTtb B rog 5 m3s/roA.

[na cTygeHToB U yvawmuxca B Bo3pacte Ao 21 roga, npoxoasawmx oby-
YeHue C MUCMNofb30BaHNEM UCTOYHMKOB MOHU3UPYIOLWEro U3Ny4yeHus, roqoBble
HaKOMJIEHHbIE 003bl HEe AOSMKHbI NPeBbilaTh 3HAYEHUW, YCTAHOBIIEHHbIX NS
nnL U3 HacerneHus.

[lna cpaBHeHWA 3aMeTuM, YTO cpeaHerogoBas MHAMBMAOyanbHas 0o03a
doHOBOro 0651y4eHnst OT NPUPOAHBLIX UCTOYHUKOB B CPEOHEM MO MNiaHeTe Co-
cTaBfisieT okomno 2 M3B, M TaKOro Xe nopagka MoryT gocturatb 403bl NPpU Me-
ANUMHCKOM 0bnydeHun. B Tabn. 4 npuBeaeHbl NpUMeEpPHbIE YPOBHU 403 U NO-

cneacTtenAa UX nonyyvYeHud.



Tabnuua 4. [encteme paguaumm Ha YernoBeka.

n/H [1o3a B peHTreHax [encTtBue Ha 4yenoseka

1. 0-25 OTCcyTCTBME ABHbBIX NOBPEXAEHNN

2. 25-50 Bo3moXXHOe nameHeHue cocrtasa
KpOBU

3. 50-100 MN3meHeHne cocTtaBa kposwu. [1o-
BpeXOEHUSI.

4, 100-200 MNoBpexaeHna. BoamoxxHas note-
psa TPY40CNOCOBHOCTHU

5. 200-400 HeTpynocnocobHocTb. Bo3amox-
Has cCMepTb

6. 400 CmepTHOCTbL 50 %

7. 600 CmepTenbHasa gosa.

AKcnepuMmeHmarbHasi 4Hacme.
PaboTa BbINOMHAETCS C OAHMM U3 OO3UMETPOB, KOTOpble npeaHasHa-
YeHbl AN U3MEpPEHUn cpeaHen MOLLHOCTM 3KCNO3MUMOHHOW O03bl PeHTre-
HOBCKOIO U y-U3ry4YeHun B LUMPOKOM Juana3oHe MOLLHOCTEN, 003 N SHeprum

raMmma KBaHTOB.

lNpuHuyun pabomsi 0o3umempa-paduomempa LUKC-96 ¢ 6riokom 0emekmu-
poeaHusi BLJKC-96
1.HasHa4yeHue
[o3nmeTp-paguomeTp npeaHasHadYeH ans:
- NamepeHnsa mowHOCTM aMBUEHTHON 3KBMBANEHTHOW A03bl HEMNPEPbLIBHOIO U
NMMNYMbCHOro raMmmMa M3ny4eHus;
- U3MEepPEHUs1 aMOMEHTHOWN SKBMBANEHTHON A03bl HEMPEPbLIBHOIO U UMMYIIbLC-
HOro ramma M3rny4eHus;
- N3MEepPEeHNs NNOTHOCTU NOTOKAa anbda - N3NyyYeHus;
- N3MepeHMne NNOTHOCTU NOoToKa BeTa - N3nyyYeHus;
- N3MEepeHNe MOLLHOCTM 3KBMBAIIEHTHON 40O3bl HEMTPOHHOIO N3MNYyYEeHUS;
- N3BMEpPEHNE SKBMBAIIEHTHOW 003bl HEUTPOHHOIO U3NYYEHWS;
- N3BMEpPEHME NNIOTHOCTU NOTOKA raMma-n3nyveHus;
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- U3MEepPEeHMEe MOLLIHOCTU SKCMO3ULIMOHHON [03bl raMma — U3Ny4YeHUs;
- TOUCKa W1 NnoKanusauumn pagnoakTUBHbIX UICTOYHUKOB;

- ICNOJ1b30BaHNA B Ka4eCTBe HaCTOTOMETPaA,

lMpumeyaHue: ambueHmHas akgueaneHmMHasi 0osa — akeugasieHmHas do3a, Haubosniee docmoesep-
HO yyumbigarowiast 8o3delicmusue Usy4eHusi Ha mersio 4yerioeeka u orpedesieHHas Ha anybuHe 1
cM 8 wape Ouamempom 30 cMm U3 sewecmsa, 3K8UBAIEHMHO20 MbilueYHOU buosioaudeckol mka-

Hu (nnomHocmeto 12/cm3). B OanbHeliweM-3KksusarnieHmHas 0o3a.

2.[lpumeHeHue.
[o3nmeTp-paguomeTp npuMeHsieTcs B cnyxbax [o03MMeTpudeckoro
KOHTPOSIS1, MPOMbILUNIEHHOCTU, MeAUUNHE, HAaYyYHbIX U OPYrNX yYpexaeHnsax, B

KOTOPbIX NUCMOJ1b3YKTCA NCTOYHUKN NOHU3NPYKOLLLETO N3JNyYEeHUs .

3.Yempoucmeo u paboma. Obuwue ceedeHuUs.

BmecTe ¢ [O3MMETPOM UCNONb3yeTCA CMEHHbIN BMOK OEeTEKTUPOBAHMS
BOKC-96. HasHayeHne 6Gnoka OeTEKTUPOBaHUA COOTBETCTBYET BUOY peru-
CTPUPYEMOIO U3NYYEHUS.

[o3nmeTp aBTOMaTn4eckn onpeaenseTt Tmn nogkntoyYeHHoro 6noka ge-
TEKTUPOBAHMSA U Bbl4aeT MokasaHna B COOTBETCTBYHLLUMX ednHULAxX namepe-
HUS.

N3mepeHne MOLLHOCTU SKBMBANIEHTHOW 003bl (MNN SKBUBASNIEHTHOW O0-
3bl) ¢ 6nokom getektnposaHna BIAKC-96 ocHoBaHO Ha WU3MEPEHUN WMHTEH-
CUBHOCTM CUMHTUNNALMIA NSacTMacCoBOro AeTeKkTopa, KoTopasa npornopumo-
HanbHa M3MEPSEMON MOLLHOCTM 3KBMBANEHTHOM O03bl B OKPYXalLlen cpe-
ae.

CunHTMNNALMM NpeobpasytoTcsl B MOCTOSAHHBIA TOK DOTO3NEKTPOHHbLIM
ymMHOXutenem (®3Y), paboTtatowiem B TOKOBOM pexmme. C NOMOLLbIO aHano-
ro-undpposoro npeobpasosatenss Tok PIY npeobpasyetcs B UMMYbChI

HarpdaxeHund, 4acTtoTa criegoBaHNA KOTOPbIX nponopunoHaribHa TOKY.
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4.Yempoticmeo u paboma cocmaeHbix Yacmel do3umempa- paduomempa.
Cocmas 6rioka 0emexkmuposaHusi BLKC-96

B coctaB 6noka getektuposanusa bAKC-96 BxoaaT: aetekrop, doTo-
9NEKTPOHHLIN YMHOXUTESb, Y3en nuTaHus (PIY) ¢ yMHOXUTENEM HanpsiKe-
HUs, Nnpeobpa3oBaTerb TOKa B HacTOTY, CbEMHbIN MONUITUIEHOBLIN CTakaH
OJ151 UCKMIOYEHUs BNNAHUS B6eTa-n3nyyeHnss 1 CBETOBOW 3aTBOp.

[eTekTop npeactaBnsieT codbon UmNUHAP M3 NONIMCTUPONa C NIFOMUHEC-
LUupyowmmm godaBkamu.

B cocTaB y3na nutaHms ®3JY BXoOAT KOMMEHCALUMOHHbBIN cTabunuaaTtop
HaNPSKEHUST N YMHOXUTENb HanpsbkeHnsa ¢ npeobpasoBaTenieM HanpskeHns
N YMHOXUTENb HanpshkeHus, obecnevnsarowmmn Tpebyemoe pacnpeaeneHme
Hanps»XeHun Ha gnHogax ®JY.

C nomoLbio NEPEMEHHbLIX PE3UCTOPOB, YCTAHOBIIEHHbIX PAAOM C Ka-
B6enbHbIM BBOOM, NPOM3BOAUTCS PErynnpoBaHne 4yBCTBUTENBHOCTU 6110-
KOB JEeTEKTUPOBaHUS.

CseTOBOM 3aTBOp NpeacTaBnsaeT cobon npucosyro amacparmy ¢ Tpems
dMKCUPOBAHHBIMM MNOSTOXEHUSIMU:

-B NEPBOM MOMOXEHUN, KOrAda CBETOBOW 3aTBOP NMOSHOCTbLIO 3aKPbIT, NPOn3-
BOOMTCS n3amepeHune poHa (TeMHoBOro Toka d3Y);

-BO BTOPOM MOSIOXEHNKN, KOr4a CBETOBOW 3aTBOP YaCTUYHO OTKPLIT MPON3BO-
OATCA U3MepeHnst nogananasoHa «M3B/4»;

-B TPETbEM MOMOXEHNN, KOrAa CBETOBOW 3aTBOP MOMHOCTLIO OTKPbLIT, NPOU3-

BOAUTCA U3MEPEHUs Ha noaavanasoHe «MK3B/4Y».

5.U3mepumernbHbIU nynbm.
5.1 B nynbTe HaxogaTcAa NpoueccopHbln 650K, y3en NnnTaHua, aHanoro-
BbIl UHTEHCUMETP, XXUOKOKPUCTASNMIMYECKUNA OUCTINEN N OpraHbl ynpaBneHus:.
5.2 Ha nepegHen naHenu nynbTa pacnosioXeHbl:

- AUCNNewn;

12



- kHonka «BbIBOP», npegHasHadyeHHas Ons ynpaBneHUa YyBCTBUTENbHO-
CTblO, N yKasaHuda npegena M3aMepeHusl aHanoroBoro MHaukKaTopa, a Takxe
nepeknioyYeHnst nogananasoHoB;

- CTPENIOYHbIN NHANKATOP, YNpaBnisieMbli aHaNoroBbIM UHTEHCUMETPOM,;

- kHonka «PEXWM»y, cnyxawasa ans sbibopa pexuma paboTbl fo3uMeTpa-
pagnomMeTpa.

OpgHoBpeMeHHOe HaxaTtue un yaepxaHme kHornok « PEXXUM» n « BbIBOP»
(~0,5 c) cnyxuTt gnga nepexona B 4OMONHUTENbHOE MEHIO.

- kHornka «[TYCK» pacnonoxeHa Ha npaBoM CTOPOHE nNynbTa, npegHas-
HayeHHaa ONa MHUUManuM3auum pexmMoB paboTbl M Hayana M3MepeHwUst.
Tam xe pacnosfioXkeH pasbeM Ans NogknoYeHust 6510KOB AeTEKTUPOBaHMS.

Ha npaBoi cTopoHe GaTapenHoro otceka pacnofioXeH ABWKKOBbLIN Me-
peknovaTenb A5 BKIOYEHUs U BbIKNIYEHNA J03MMETpa-paamomMeTpa .

5.3 lNpoueccopHbln 610K NpeacTaBnseT cobon PyHKUNOHANbLHO 3aKOH-
YeHHbIA Yy3ern, B KOTOPOM OCYLLECTBNAETCA pacrno3HaBaHWe Tuna MoAKIIo-
YeHHOro Onoka OeTekTUpoBaHus, obpaboTka noctynarowen UHdopMauuuy,
XpaHeHne MnonyyeHHbIX AaHHbIX W yrnpasBrieHne BCeM [03MMETPOM paamo-
METPOM MO 3alaHHOMY arnropuTMmy.

5.4 B y3ne nutaHus popmmpyeTca HanpsXXeHue Ha +7, +5 n MuHyc 5 B,
OCYLLECTBNAETCS NepekritoveHmne BbICOKOro HanpshkeHus B 6noke BKC-96,
KanmbpoBKka U3MepPUTENS HaNpsXKeHNa NnTaHus 6aTtapen n ynpasreHue YyB-
CTBUTENbHOCTbLIO aHarmioroBoro MHTEHCUMeTpa.

5.5 [ucnnen npeactaBndetr cobon ABYXCTOPOHHUN XUOKOKPUCTanu-
YEeCKUN MHOMKATOp, Ha KOTOPOM MHAYUMPYETCS TUM NOAKMYeHHOoro 6noka
OETEKTUPOBaHUSA, MHOPMaLNSA O pexnmax paboTbl 4o3MMeTpa-pagmomMeTpa,
Tekyuiee Bpems. B TeMHOe BpemMsi BO3MOXHO BKIHOYEHWE MOACBETKA OUC-

nne4.
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6. [lodzomoska 0o3umempa- paduomempa K Ucrosib308aHUI0

6.1 OcmoTpeTb A03UMETP-paguoMeTp Ha npeameT OTCYTCTBUA NoBpe-
XOeHun n obpbiBa Kabenen.

6.2 YcTaHOBUTbL nepekntodaTesi Ha OOKOBOW cTeHe BaTapenHoro oTce-
Ka B NOMOXeHne, OTMeYeHHOro 6enomn TO4KONn.

6.3 MNoakntounTb 6nok getektuposaHma bAKC-96.

NMPEOQYNPEXOEHUE OB ONMACHOCTM.

B Gnokax aeTeKTUpoBaHUA reHepupyeTcs BbicOKoe HanpsikeHue, ONMACHOE ONA
XU3HW. MpousBogawmn pabotbl ¢ AO3UMETPOM-PAaAMOMETPOM [AOSMKEH O3HaKo-
MUTbLCA C NpaBuUilaMu TEXHUKN Ge3onacHOCTU npu paboTe ¢ HanpsbkeHem go 1000
B u cobnropatb 0Co0yH0 OCTOPOXHOCTb NPU BbINOMHEHUN PEMOHTHbIX paboT.
KaTteropn4yecku 3anpewjaetcs nogknovatb G110OKM AETEKTUPOBAHMUA NPU BKITHOYEH-

HOM [O3UMeTpe paguomMeTpe.

JTrobon Bng AencTens ¢ JO3MMETPOM-PaaMOMETPOM 3aKftoHaeTcs B
Bblbope Heobxoammoro nyHkTa MeHto kHornkon « PEXXUM» ¢ nocnegytoluen
akTMBauunen gosmmeTpa-pagmomMeTpa HaxaTtmem KHonku «IMYCK».

6.3 Bknountb O03MMETp-paguoMeTp, nepeBens nepekrnoyatens Ha
OokoBon cTeHe OataperHoro otceka Ha cebd B MONoXeHue, OTMEYEeHHoe
KpaCHOW TOYKOMN.

[Mocne BKMOYEHUA O03MMeETpa-pagMomMeTpa Ha gucnree B TedeHue 2¢
nuayumpyetcsa 3anpoc: «[MYCK-CBET BKJTFOUNTb». [ina BknoYeHNa NOCTO-
SAHHOM noacBeTkM gucnnes (npy pabote B TEMHOM MOMELLEHUM) HaxaTb
kHonky «MYCK» BO BpemMsi nHOyLMpoBaHUs 3anpoca.

6.4 Nocne aToro Ha gucnnen B TedeHne ~2¢ BbIBOOAUTCA COODLLEeHne o

THne nogkrito4yeHHoro bnoka OEeTEeKTNpoBaHNA B BUAE:

NOAKNKOYEH

BAKC-96
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3aTtem, B NpaBoOM CTOPOHE BEpPXHEeW CTPOKM Aucnnes AOMKHa NosABUTb-
CAl BENMYMHA HanpsbkeHust nntaHus 6aTtapen.

B BepxHem neBom yrny — 6yksa, obo3Havarowas TMn NoAKNHYEHHOro
Onoka geTekTMpoBaHUS:
bBykBa «[I"» - 6rok getektnposanuna bOKC 96.
bykBa «A» - 6e3 6rioka 4eTeKTUpoBaHUA.
B HMXHEN cTpoke gucnnesa MHANUMPYeTCs Tekyllee BpeMs..
Ecnn Ha gucnnee nHayuupyetcs «F» B BEpXHEM NMpaBoOM yriy, TO 3TO O3Ha-

YyaeT He NpoBeaeHo n3mepeHne oHa.

3ameyaHue: nNpu HanpsbkeHUn nutaHma meHee 4,0 B Heob6xoaumo
3ameHUTb G6aTtapeun. lNMpu Hanpsi:keHun nutaHus meHee 3,0 B posumeTp
pagnomeTp Bblaaet coobuweHune: «BATAPEU PA3PAXEHbI» n npekpa-
laeT pabory.

[MporpeTb A03MMETP-paguoMeTp B TEHYEHNE 5 MUH.

6.5 KHonkon «PEXKM» BbibupaeTca HeEOOXOANMbIA NYHKT MEHIO: (OOH,
n3mepeHue, CBeT, 3BYK, MPOCMOTP. AKTMBM3aUUA [O3nMeTpa-pagnomeTpa
NPOUCXOOMUT HaxaTtnem u otnyckaHnem kHonkn «MYCKy». Haxatnem Ha kHomM-
kn « PEXKUM» nnun «IMYCK» BbibpaTb HeobxoanMble pexnmbl paboTbl 3BYKO-
BOro curHana m noaceeTkn gucnned. [1pu BKNOYEHHOM 3BYyKE [O03MMETP-
pagnoMeTp nsgaeT KOPOTKMe 3BYKOBbIE CUrHasbl, HacToTa criefoBaHNA KOTO-
pbIX NPONOpPLNOHAaNbHa U3MepPsIeMon BENUYMHE.

6.5 Npn ogHOBpPEMEHHOM HaxaTun 1 yaepxxaHun KHonok «PEXM» u
«BblBOP» npoucxoguT nepexon U3 OCHOBHOMO B AOMNOSHUTENBbHOE MeH0. Ha
aucnnee nosBATCA NnocrefoBaTesibHO crneayrowme CTPOKU AONONMHUTENBHOMO
MEHIO: TUN N3MEPEHUS, BPEMA U3MEPEHUS, eONHULbI NU3MEePEHNS, YCTaHOBKA,
aaTta n BpeM4, A3blK, IPPEKTUBHOCTb, MEPTBOE BPEMS, perynimposka 3ByKa,

CTEepPETb U3MEPEHNS.

15



lNopsidok pabomel.
7. IsmepeHue MowHocmu aKkeugasreHmHou 003kl 2aMma-u3ry4eHusi
¢ 6r1okom BLJKC-96.

7.1 N'amepeHune gpoHa (TEMHOBOro Toka ®3Y)

[Mocne noaroToBkM Ao3MMmeTpa—pagnomeTpa K paboTte, NpoM3BECTU U3Mepe-
Hue poHa (TeMHoBOro Toka ®3JY) B cneayroLLien nocrnenoBaTeNbHOCTH:
-MepeBectTn cBeTOoBOM 3aTBOp 6OMoKa [OETEKTUPOBaAHMA B MONOXEHUE
«KOMI».

- KHonkon «PEXWM» BbibpaTtb B MeHio pexnm «POH». B aTom pexume
onpegensieTca gobaBka K MoKasaHWAM O03uMeTpa-paguomeTpa, obycnos-
neHHasi TeMHoBbIM TOKOM PJY anga 6noka BAKC-96. 3ToT pexum Heobxo-
OnMo obsi3aTenibHO UCnonb3oBaTb Nepea N3MepeHMemM MOLLHOCTU A03bl. U3-
MepeHne doHa crnenyeT noBTopsATb Yepes kaxable 20-30 MyuH. PoH n3meps-
eTcs nepen Ha4yanom U3MEepPeHun M aBToOMaTUYECKUM BblUMTaAETCa A03UMET-
POM-pPagnNoMETPOM M3 Pe3yribTaTOB U3MEPEHUN.

-BblOpaTb NOAANANa3oH N3MEPEHUsST «MK3B/Y».

Ecnn HeobxoauMoO M3MeHUTb npegen u3MepeHusi, To KHomnkon «Bbl-
BEOP» BbibpaTb nogananasoH MaMepeHust «MK3B/4» (Y4yBCTBUTESbHbIN Oua-
nasoH), T.e. NPU HanVM4YMKU B HWXKHEM MPABOM YNy AUCHNEs nepekntoyato-
LLIENCS CTPESKM «T» UK «|» BO3MOXHO U3MEHEHWE aHanoroBoro MHAMKaTo-
pa. OTO crenyeTt caenatb Tak: €Crnn Hago yBeNUUUTL npedent (YMeHbLUTb
YyBCTBUTENbHOCTb) N3MEPEHUS aHANOroBOro MHAMKaTopa, TO NpPU BKIHOYEH-
HOM COOBLLEHUN «T» HaxXMUTe Ha kHonky «BbIBOPy», yTo npuBegeT Kk yBenu-
YeHUI0 BEPXHEro npegana naMepeHus (T.e. yMeHbLUEHUIO YyBCTBUTENBHOCTN)
B nocneposartenbHocTn 1-3-10-99. Ecnn Hago ymeHblWUTb npeen, 1o npu
BKIMIOYEHHOM COOBOLWEHUN «|» HaxaTue Ha kHonky «BblIBOP» npuBogut K
YMEHbBLLUEHNIO BEPXHEro npegernia MaMepeHust (YBerMYEHUIO YyBCTBUTENBHO-
ctn) B nocneposatenbHoctn 99-30-10-3-1. B mMomeHT nepexoga 99 Ha 1
NPOMCXOaUT MNepekKrovYeHne nogananasoHa ¢ «Mk3B/4» Ha «M3B/4». B mo-

MeHT nepexoga ¢ 1 Ha 99 nponcxoanT obpaTHOE NepPeKItoYEHME.

16



[MepeknioyeHne nogananasoHoB «MK3B/4» N «M3B/4» CONPOBOXAAETCS

3BYKOBbIM CUTHaJ1IOM U nodBrieHnemM Ha gucriyiee COO6LLI,eHI/IF|I

FPYBbIN
JMNA30H

YYBCTBUTE/IbHbIN
OWAMO30H

nnn

[MepeknoyeHne 4yBCTBUTESNTbHOCTU OCYLLECTBNSETCA OO0 aKTUBM3aUUKM KaKo-
ro-nmbo 13 pexxmMmoB OCHOBHOIO MEHHO.

[anee, HaxaTb U oTnycTnTb KHoMky «[MYCK», nocne yero B Te4eHune
50c npowunsBogutcs namepeHue oHa. 1o ucTevyeHnn BpeEMEHU U3MEPEHUS
pasgaeTca 3BYKOBOW CuUrHas, Ha gucnsee nosiBrndeTcs pesyrnbTarT u3Mmepe-
HUS, a cumBon «F» B npaBon YacTu BEPXHEN CTPOKU UCHE3aET.

7.2 OnpedernieHue MowHOCMU 3K8uBarnieHmMHou 003bl.

-lanee, nponseecTn n3MepeHne B crieayoLlen nocrnegoBaTefibHOCTH:
[MepeBecTn cBeTOBOM 3aTBOp 6Ofioka [OETEeKTUpPOBaHWA B MNONIOXEHUE
«KMK3B/4Y».

- 3atem, yctaHoBUTb KHOMKON «PEXXM» nyHKT MeHo «N3my.

Tem cambiM, BONTU B pexnm namepenus. [lanee, Haxatb U OTNYCTUTb KHOIKY
«[MYCK». B npouecce namMmepeHusi nokasaHusi Ha Oucrnnee U3MeHSATCS Mo
Mepe YTOYHEHUS pesyrbTaTa U N0 OKOHYaHUU N3MEPEHNS OCTaHaBIIMBAKOTCS
Ha HECKOSbKO CeKyH, Aarnee npouecc namepeHns Bo306HOBNSETCA aBToMa-

TUYHECKMN.

3adaHusi
1./3mepuTb ypoBEHb €CTECTBEHHOrO hoHa pagmaunmn B nadopatopumn.
2.M13mepuTb 003y 061y4eHns OT y-UCTOYHMKA.
Mcnonb3ya nonyyeHHble AaHHble, BblYUCINTb MakCUMMaribHO BO3MOX-
HYLO 003y, NnonyvYaemMyto CTyadeHTaMu 3a BpeMs BbINOSHEHUS NTabopaTopHbIX
paboT No aTOMHOM U siAepHON PU3MKE, N CPABHUTL C NPUBEAEHHLIMU BbiLLE

npepnenamMmm 0os.
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KoHmporibHbIe 80rpoChI.

1. Kaknmu BenMumMHamm OnucbiBaloT LENCTBME WNOHMU3UPYHIOLLNX U3ITYyYEeHUn?
KakoBbl eauHuLbl X n3MepeHna?

2. Kak 3aBucut nuamsuayasnbHbii PUCK OT BO3OENCTBUA Ha YerioBeEKa NOHU-
3MPYIOLLETO U3NYYEHNA OT 403bI?

3. Kak HopMmupytoTca npeaenbHO AonyCTUMbIE YPOBHU 06ydeHust B npodpec-
CMOHAaNbHOW AeATEenbHOCTU Noaen?

4. CKONbKO 3apsKeHHbIX YacTul, obpasyeTtcs B Tere 4Yenoseka, NonyymBLLErO

SKBMBANEHTHYI0 003y B 5 M3B nNpu 06y4eHnn y-kBaHTamu, a-4actmuamm?

JlabopamopHas paboma Ne2
OMNMPEAOENEHUME YOENBHOIO SAPAOA METOOAOM MAITHETPOHA.

Llenb paboTtbl: IamepeHne ogHOM M3 XapaKTEPUCTUK SNEKTPOHA: OTHOLLEHUS

€ro 3J1eKTpn4yecKkoro 3apdaga K Macce. OsHakomneHue ¢ Teopmelh OBWXEHUA
ANEKTPUHEeCKNX 3apAaAaoB B I3J1IEKTPUHECKOM N MArHATHOM MOIAX. I'IpaKTw-le-
CKoe rnpumeHeHune aToMn Teopun K ABMXXEHUKO 3J1EKTPOHA B BaKyyMHOM Aanoae,
nomMeLieHHomM B MarHMTHoe nore.

O6opyanoBaHue: corneHoug ¢ BakyyMHbIM AMOLOM, GfIOKM NUTaHUS, BOSbT-

MeTp, MUInIMamnepMeTp, peocTar.

KpaTkme pekomeHaauunun.

BaxHenWwMKn xapakTepucTukamm 3nekTpoHa ABMSIKOTCA ero 3apsg u
macca. Npu OBMKeHUN aneKTpoHa B 3NEKTPUYECKNX U MarHUTHbBIX NMOMAX ero
TpaekTopus onpeaensieTca KoHdurypauuen aTnux nonenm n OTHOLEHNEM 3a-
psga anekTpoHa K ero macce (yoesnibHbiM 3apsiOom). ECnvn CTpyKTypa anek-

Tpn4eckoro nnm MarHMTHOro nosngd 3agaHa, n U3 ornbiTa N3BeCTHa TPpaeKTopud
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9MIEKTPOHa B 3TOM norsie, TO 3HadYeHne e/m MOXeT OblTb HarvgeHo. Ha atom
OCHOBaHbl pasnuyHble MeToabl onpeaeneHna yaenbHoro 3apsaga areKkTpoHa,
MOHOB U OPYrux 3apsiKeHHbIX YacTul,

OOHMM N3 Taknx MeTodoB siBNSeTca Memod MazHempoHa, B KOTOPOM
NCNOMb3yeTCHA OTKITOHEHME ABWXKYLLEroCs 9NEeKTPOHa MarHUTHbIM nosnem. [lo-
cnegHee, Kak U3BECTHO, AENUCTBYET Ha ABWMXKYLLMNCS SNEKTPOH cunon JlopeH-
ua:

F = —e[vB]. (1)

N3 copmynbl (1) 1 CBOMCTB BEKTOPHOrO MPOU3BELEHUA MOXHO 3aMeTUTb,
YTO:
1. OTta cuna gencteyeT NepneHOVKYNApPHO K MIHOBEHHOMY HarpasfeHuIo
CKOPOCTWN OBWXKEHUS 9NEeKTPOHA U K HanpaBfieHUK BeKTopa WMHOYKUUM mar-
HUTHOrO NOnS.
2. Boonb nonsa cuna He gencTByeT, cnefoBaTenbHO, NPOoAoribHAA KOMMOHEH-
Ta CKOPOCTU 31EKTPOHA HE N3MEHSETCA.
3. [llepneHonkynapHas KOMMOHEHTA CKOPOCTUM HenpepbiBHO W3MeEHSeT
HanpaBfneHne, He MEeHAACb MO MOAYS0, MO3TOMY, MPOEKUUS TpaeKTopuu
9N1EeKTPOHa Ha MNSIOCKOCTb, NepneHAKYNAPHY Nomnw, npeacrasnset coboun
OKPY>XHOCTb.

CyLHOCTb MeToa 3aKkr4vaeTcs B criegyrolemM. SreKTpoHHasa namna c
KaTogoM B BMAE HUTU N KOAKCUanbHbIM (COOCHbLIM) LUITMHOPUYECKUM aHOA0M
noMeLLaeTcs BHYTPb cosfieHouaa, NMTaeMoro nNoCTosAHHbIM TOKOM. [pun Hanu-

YN Pa3HOCTU NoTeHUnanoB Mexay aHogomMm U KatoaoM BO3HUKaET IJ1EKTpU-

Yeckoe Morne C LMIMUHAPUYECKON CUMMeTpueii (BekTop E HanpaeneH pagw-
anbHo). OQHOBPEMEHHO, eCnn B Llenn corieHonaa TeveT TOK, TO BHYTPU nam-
Nbl BO3HMKaAET MarHUTHoe rorne, HanpasneHHoe BOOMb OCY CUMMETPUM fnam-
nbl. Bektopa HanpsXXeHHOCTEeN MarHUTHOrO U 3NEeKTPUYECKOro Nnoren BHyTpu
namnbl NepnenaukynsapHbl apyr apyry. B oTCyTCTBUM MarHMTHOro nons anek-
TPOHBbI, BbifNieTalolne ¢ NOBEPXHOCTU KaToda, OBWMXKYTCA Ha aHo4 MnpAMOonu-

HEWNHO Mo pagnycam (ecnm X Ha4valibHble CKOPOCTU HE NMEKT KOMIMOHEHTbI
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BOOMNb KaTtoaa). B marHMTHOM none Ha anekTpoHbl AencTByeT cuna JlopeHua
(1). MNop menctBMeM 3TOW CUMbl TPAEKTOPUSA 3MEKTPOHOB CTAHET KPUBOJIU-
HENHON, Npuyem, Yyem Oonblie none, Tem bonble KpusmsHa. Npn onpene-
NEHHOM [0CTaTOYHO OOSbLIOM 3HAYeHUN WHOYKUMW B 9NEeKTPOHbl COBCEM
nepecTaHyT gocTuratb aHogda. AHOOHbIN TOK B flaMre npekpaTuTcd, aneKTpo-
Hbl OyaQyT ABUraTbCs B NPOCTPAHCTBE MEXAY KaTo4OM M aHOOOM MO 3aMKHY-
TbIM TpaekTopusim. ITOT achdekT (BpaweHne 3NEKTPOHOB BOKPYT FIMHUM WUH-
OYKUMN MarHUTHOrO MOsisl) UCMNONb3YeTCsl B reHepaTope CBEPXBbICOKOYACTOT-
HbIX KOnebaHun — MarHeTpoHe, C YeM U CBSI3aHO Ha3BaHME MeToda, XOTs cam
MarHeTpoH Kak npnbop B AaHHOW paboTe HEe NPUMEHSIETCS — ero 3aMeHsieT
0ObIYHbIN BbINPAMUTESNbHbIN A0, (BbICOKOBOSMbTHLIN KEHOTPOH).

OKCMEPUMEHT MO onpenenieHnto e/m 3akniyaeTcs B CrieayoLem:

1. B namne yctaHaBnuBalOT MOCTOSHHbIA TOK Hakana u nogaepXxusBarT no-
CTOSAHHYIO Pa3HOCTb MOTEHLMANoB MexXay KaTtogoM U aHOLOM.

2. IaMeHss OT Hyns 3HavyeHne Ccuibl TOKa B CONIEHOMAE U, TEM CaMbIM, yBe-
nnMymnBast MHOYKUMIO MarHUTHOrO nonsi, A4obuBaloTca nNpekpalleHns aHOAHOro
TOKa B Nnamne.

3. lamepstoT nony4yeHHoOe 3Ha4YeHUe UHAOYKLNN.

3Haa paguycbl kKatoga W aHoda, BENUYMHY aHOLAHOro HanpsiKeHus w
Kpumu4eckyro UHOYKUUK Ma2HUMHO20 r10Jisi Bxp (NPU KOTOPOKW NpeKkpaTuncs
aHOAHbIN TOK), MOXXHO HanUTN OTHOLLEHWe e/m.

XapaktepHon 0COBGEHHOCTbIO MEeTOAa SIBNSETCHA TO, YTO OH UCKNYaeT
HEeoBXO0OMMOCTb M3Y4YEeHUS TPAEKTOPUM SNEKTPoOHa B MarHUTHOM Mone.
HaobopoT, nsmeHeHMem BenuyuHbl B (Npy 3agaHHom U) gocturaeTcs Hane-
peq 3agaHHasi TPaekToOpUst 3NeKTPOHOB, MPU KOTOPOM OHM HE MOryT nonacTb
Ha aHoZ Namnbl, BOMPEKN AENCTBUIO 3M1EKTPUYECKOrO MOSIs.

Taknum ob6pasom, OnbIT CBOAUTCS K CHATUIO Tak HasbiBaemon cbpocoeol
Xapakmepucmuku namnbl, TO €CTb K CHATUIO 3aBucumocTtun |, (npyn U=const)
OT B (TOYHee, OoT Toka coneHouaa lc). OgHako Hago UMETL B BUAY, YTO B CUNy

psiaa npuynH (pasbpoc HavamnbHbIX CKOPOCTEN 3NEKTPOHOB, HETOYHAs KOak-
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CnarnbHOCTb 3SIEKTPOAOB) Ha pearbHOW COPOCOBOM XapakTepuUcTuke He byaer
BEPTUKanbHOro cnaga cunbl aHOQHOro Toka, a 6yaeT MMeTb MEecTo ero no-
CTENEHHOoe, XOTS N OOCTAaTOMHO pe3Koe, YMEHbLUEHNE B HEKOTOPOM Auana-
30HE 3HAYEeHU MarHUTHOW MHOYKUMM B OKPECTHOCTU UCKOMOIO KPUTUYECKOro
3Ha4YeHus1.

UTOobbl HanWTK CBA3b Mexay Bxp W YOENbHbIM 3apsaoM, PacCMOTPUM
OBWXEHNE 3NEKTpOHa B LUMNMHOPUYECKOM Auode, NOMeELLeHHOM B akcuarb-
HO€e MarHMTHOe norse. YpaBHEHNE OBMXKEHUS IMEKTPOHA B BEKTOPHOW hopme

B cucteme CU nmeet BuUA:

% _ —%(E + [#B]) )

BbibepeM LMMMHAPUYECKYIO CUCTEMY KOOPAMHAT C TPOMKOM eAUHUYHBIX
BEKTOPOB €, €,, €. OCb Z HanpaB1M BAOSb BEKTOPA MarHUTHOI UHAYKLMM,
TOrAa BEKTOP HAMPSHKEHHOCTU SMEKTPUYECKOro Momsi GyAeT neprneHavKyIs-
PEH K OCU Z, TO ECTb!

B =DBe, akE =—FEe,, npuatom B =const, a E =E(p).
3anuLem BbIPaXKEHWS AMs NPOEKLMI BEKTOPOB CKOPOCTU U YCKOPEHMS B Livi-
NIMHAPUYECKON CUCTEME KoOpAMHAT. [fs NPOCTOTbI MOMOXKUM, YTO 3MEKTPOHI
MOKMAAIOT KaTOL C HYMEBOW HauyarbHOWM CKOPOCTbIO. Torga MX TpaekTopum
6yayT nexaTb B MMOCKOCTSIX Z=CONst, T.e. CKOPOCTb U YCKOpeHue OyayT
MMETb TOMBLKO p U a- KOMMOHEHTbI U HE UMETb Z —KOMMOHEHTBI.
CHavana pasnoxum npupalieHue di no opTam LMMWUHAPUYECKONH Cu-

CTeMbl KOoOpaAnHaT:

dr =dp-e, +p-da-e, (3)
crnefoBaTernbHoO
df e [p—
7t~ Pép T paeq (4)

roe Touykon o6o3HavyeHo aAnddepeHUnpoBaHne No BPEMEHN.

[lanee HaxoauMM BTOPYH NPOU3BOAHYHO, Y4NTbIBaAsS, YTO OPUEHTALMS OPTOB

—

e

> U €, 3aBNCUT OT BPEMEHW, TO €CTb, YTO:
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% —ae, , a o ae,
Monyyaem:
dZF ce—> = . o —> oo —> e 2>
FTS) = pe, + paey + paey + pae, —pa‘e, =

— .o -2 > ° o e\ —

= (p — pa“)e, + (2pa + pd)e,
Tenepb pasnoXxum nNo optam LUAMHOAPUYECKON CUCTEMBI NMPAaBYH YacTb ypaB-
HeHus (2), ncnonbeays (4), a Takke o4eBUAHbIE COOTHOLLEHUS:

— — — — — —

Monyynm:
= dF = — . — . — — . «— DT
E + EB = —Ee, + [(pep + paea)BeZ] = (—E + paB)e, — pBe,

Takum 0bpas3oM, ypaBHEHUS OBUXKEHUS SNEKTPOHA (2) B NPOEKUNAX Ha OpTbl

e, U e, UMEeeT BUA.

p— pa? = —%(—E + paB) (5)
2pd + pa = %pB (6)

PeweHnemM aTon cUCTEMbI YpaBHEHWN ByAeT TpaeKkTopust ANeKTpoHa p=p(a).

3amMeTuM, 4YTO NEBYIO YacTb YpaBHEHUS (6) MOXHO 3anucaTb B BUAE:

1 d (%)
o d pa).
Torga BmecTo (6) nonyyaem:
L 02a)=2ppB = L. L ()2
o (p7a@) =—ppB =—-—(p°) (7)
OTO ypaBHEHNE MOXHO NPOUHTErPUPOBAaTL HENOCPEACTBEHHO:
eB
pla = 7 p? + const

KOHCTaHTy HaxoamMMm M3 HayanbHbIX YCIOBUIA:

a(0) =0, @(0) =0, p(0)=a, p(0) =0,
roe a - paauyc katoga. MNonyymm:
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eB
const =———-a
2m

2

Tenepb MOXeM HaWUTU YrIOBYH CKOPOCTb 3JIEKTPOHA ¢ KaK OYHKLMIO p U B:

y 2

@=2"(1- %) ®)
[MoacTaBmB aTO BblpaxkeHue B (5), nonyunm andpdepeHumansHoe ypaBHEHNE
OTHOCUTESNBHO p. OHO MONYYMTCHA AOCTATOYHO CIIOXHbIM (C Y4€TOM TOro, YTO
E=E(p)), HO HamM HeT HeobXxoAMMOCTW MUCKaTb €ro MNosiHoe pelleHne. Hapo
NUWb Yy3HaTb, MNPU KaKMUX YCMOBUSIX peanu3yeTcd YacTHOe pelleHue, cOoOoT-
BETCTBYIOLLIEE KPUTUYECKON TPAEKTOPUKN, OTAENAOLWEN TPAEKTOPUM, HA KOTO-
PbIX 9NEKTPOH AOCTUraeT aHoAa, OT TEX, HAa KOTOPbIX ANIEKTPOH He AOCTUraeT
aHoa. JTa TpaeKkTopus OTBeYvaeT YCroBUK pmax = b, rAe b - pagnyc aHoga.

Ha aTton Tpaektopum B HavamnbHbIN MOMEHT BPEMEHN INEKTPOH HAXOAUTCS B
TOYKE p = a N UMEEeT HYNEeBYK CKOpPOCTb. [1py 3TOM ero aHeprus cocTouT

TONbKO M3 NOTeHUManbHOW, 1 paBHa eU, rae U-pasHOCTb NOTEHLMAN0oB MeX-
Ay katodoMm v aHogoM. Koraa xe p=pmax=Db, 3NeKTpoH HaxoauTtcs psaoMm C
aHOZIOM, €ro CKOPOCTb UMEET TONbKO YrIOBYH KOMMOHEHTY (T.K. p=0 - ycno-
BME MaKkCMMyMma), MoTeHUManbHasi 3HEeprusi paBHa HymMO, a KMHEeTU4Yeckas,
COOTBETCTBEHHO, MakcumarnbHa 1 paBHa:

2 mae b2

mv- 4
= (om(4)

CornacHo 3adKOHY COXpaHEeHUA SHEPIrNN MOXEM 3alnncaTb:

ma?b?

el = — 9)

[MNoacTaBmB croga BbipaXxeHwe Ans yrrnosoun ckopoctu (8) npu p=b n B=B,,,
nocne anredpanyecknx npeobpasoBaHMn NOSTYHNM:

e 8U
; - 2 (10)

2 2
BKP 'b2< _Z_Z)

dopmyna (10) gaeT nckoMmoe 3HayeHue yaenbHoro 3apsja B cucteme eau-

HUU CU. Takum obpasom, Ans BblYMCIEHMS YOENBHOIO 3apsiaa 3NeKTpoHa

[I0CTATOYHO B flaMrne C U3BECTHbIMU paguycamMu 3neKTpoaoB a 1 b npu duk-
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CI/IpOBaHHOI7I pasHoCcTu noTteHumanoB U M3MepUTb KPUTUYECKOE 3HaYeHue
MHAOYKUMN MarHUTHOro nonsa Bgp. KpVITW-IeCKyI-O MHOYKUNKO BbIYUCITAKOT N3 3KC-

NepMMeHTaNbHOro 3HaYeHUs KPUTUYECKOro Toka coneHouaa no oopmyrne:
Bkp = IJ-OnIKp (11)
rae n— nnoTHOCTb HAMOTKU COJieHoOunaa (T.e. YMNCINo BUTKOB HA OANH METP

ONWHBI); uo=47-107 Ta-m/A - MarHATHas NOCTOSIHHaS.

JKcnepuMeHTanbHaga YacTb:

CxeMa yCcTaHOBKU n3obpakeHa Ha pucyHke 1. MNepea Hayanom namepeHui

Heobxoanmo ybeamTbCs B NPaBUIbHOCTU COeAMHEHUIA.

—L__ 1

N
(TD % 31180
mA
e
O
T
g OE

R

Puc. 1

[MTopsiAoK BbINOMHEHMA PaboThi:

1.BKIoYnNTb NCTOYHMK aHOAHOMO HaNpPsXXeHNA U aaTtb eMy nporpeTbes 1 MuH.
2.Ha nctovHnke aHoOHOro Hanps»KeHUs YCTaHOBUTbL MakcMMaribHOe 3Haye-
Hue.

3.BKnounTb NCTOYHUK HATU Hakana aunopa. lNporpeTb Anoa B TeyeHune 2-3
MUHYT.

4.Bkniountb oxnaxagarLwmm BEHTUNATOP.
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5. BkntouynTb ONOK NUTaHMA coneHouaa.

6.Perynupysa peoctaTtom cuny Toka B Lienu corieHouaa OT MUHUMAarbHOro A0
MaKCUMasibHOro 3Ha4YeHun, CHATb 3aBUCUMOCTb aHOAHOro Toka |, OT Toka co-
neHouaa lc, T. €. cOpocoBylo XxapakTepucTuky. Npun aTom HeobxoanmMo npo-
BEPSATb NOCTOSHCTBO aHOOHOrO HaNpPsPKEHUS B LIENN aHOAHOro ToKa.

[na nony4yeHnsa xopoluen cOpoCOBON XapaKTEPUCTUKM HY>KHO CHATb HE Me-
Hee 20 ToYeKk 3aBUCUMOCTH |, OT ¢, Npnyem NnponsBoanTb n3amepeHns bonee
4acTO Ha y4acTKe KpyToro crnaga aHogHOro Toka.

7.MocTponTb COPOCOBYIO XapaKTEPUCTUKY N U3 rpadomka onpeaeniuTb KpuTtu-
Yyeckoe 3Ha4yeHue ToKa coreHounpa lkp, KOTOpoe COOTBETCTBYET cepeanHe
chaja XxapakTepUCTUKKN, TO eCTb YMEHbLLEHUIO aHO4HOro ToKa BABOE OT nep-
BOHayarbHOro.

8.0 HanaeHHOMY KPUTUYECKOMY 3HAYEHMIO TOKa CorleHoMAda BblYUCITUTD
KPUTUYECKYO MHAYKLUMIO No doopmyne (11), a 3aTeM 1 3Ha4YeHne yaernbHOro
3apsaga no gopmyne (10). Paguycel katoga n aHoga Ans UICNosfb3yemMoun B
AaHHon yctaHoBke namnbl 3L1811 paBHbl: a = 0,45 MM, b = 4,6MM, NAOTHOCTb
HaMOTKu coneHonaa: n=1,01-10*w™

9.[MpoaHannanpoBaTb NCTOYHUKN NOrPELLHOCTEN N ONpeaennTb 4OBEpUTENb-
HbIN UHTepBan NONy4YeHHON BENUYNHBI.

10.MpounsBecTn cpaBHEHUS TabNMYHOIO 3HaYEeHUS yaernbHOro 3apsaa anek-

TPOHa 1 Nosly4eHHOro B nabopartopHon paborTe.

KOHTpObHbIE BONPOCHI.

1.Hanucatb ypaBHEHWEe OBWKEHUA 3apsPKEeHHOM YacTuubl B MPOU3BOSIBHO
OPUEHTUPOBAHHbLIX ANEKTPUYECKOM N MarHUTHOM NOMSIX:

a) B BEKTOpPHOW dhopMme;

0) B NpoeKUusIX B 4EKAPTOBON CUCTEME KOOPAWNHAT;

B) B LIUITMHOPNYECKON CUCTEME KOOPAUHAT;

2.BbiBecTn hopmyny Ons TpaekTopumn 3f1IeKTPoHa B O4HOPOLHOM MarHUTHOM

nose npuv NPon3BofIbHON Ha4asribHOW CKOPOCTM.
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3. BoiBectTn chopmyny Ond TpaeKkTopun aneKTpoHa B «MrOCKOM MarHeTpoHe»
(oQHOpOAHblE B3aMMHO MNEPNEeHOVKYNSPHbIE 3MEKTPUYECKOe U MarHUTHoe
nosis) Npu HyneBown HavyasribHOM CKOPOCTMU.

4. Hantn KpUTUYECKYD WHOYKUMIO MarHMTHOro nosid B «MNSIOCKOM MarHe-
TPOHE» N CPaBHUTbL C Byp ANA LMNUHOPUYECKOrO MarHeTpoHa.

5. BbiBecTn chopmMyny ANs BblMUCNEHUS MOrPELIHOCTM 3HadYeHus e/m, oby-
CNOBJIEHHOM NOrPELUHOCTAMU 3HAYEHUN HANPSHXKEHUS, KPUTUYECKOro TOKa CO-
neHovga, paguMycoB katoda v aHoaa.

6. OueHUTb NorpelHoCcTb e/m, 06yCrnoBMAEHHYO TENMoBbIM Pa3bpocoM CKO-

POCTEN 3NEeKTPOHOB, MOKNAAILLMX KaTos,.

JTabopatopHasa pabota Ne3

OMNPEAOENEHVE CPEOHEIO NMPOBEIA U SHEPTUN a-YACTNL.

Llenb paboThl: 0O3HAKOMMEHWe C Teopueln a-pacnaga, npakTu4eckoe uayde-

HNe TOPMOXEeHUA a-4acTtul B BO3Ayxe, namepeHmne MHTeHCUMBHOCTU UCTOYHU-
KOB a-U3JTy4eHu4.

O6opyaoBaHue: Habop UCTOYHWUKOB a-U3MYyYEeHUs!, AETEKTOP a-4acTul, CLMH-

TunnsaunoHHoro tuna bO3A2-01, nsmepurternes ckopoctn cyeta YUM2-2.

Kpamkue pekomeHdauyuu.

ABneHne o- pacnaga pagnoakTUBHOIO sapa COCTOUT B CaMOrpouns-
BOJSIbHOM MCNYCKaHUN S0POM a-4acTuLbl, COCTOALLEN N3 ABYX MPOTOHOB U
OBYX HEMTPOHOB, 1 NpeacTasnaowen cobon sapo atoma renus:

X4 = X4+ ,Het (1)
roe A - MaccoBOE€ YMCIO; Z - 3apAa0oBOe YMCNO UCXOQHOro aapa; X - CAMBOI

Kakoro-nmbo XMMm4eckoro anemeHTa.
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Macca a-4actuubl pasHa 4,00273 a.e.M., CNMUH N MAarHUTHbIA MOMEHT
Hynesble, 3Heprnsa ceqasn 28,11 MaB.

B HacTtoswee Bpemsa usBecTHO cBbiwe 300 anbga-akTuBHLIX S4ep;
OONbLLUNHCTBO N3 HUX MOSYyYEHbI NCKYCCTBEHHO. [1oYTN BCE OHM MMELIDT 3aps-
aosoe 4ucno Z > 82 n maccoBoe yncno A > 200. Ho ecTb HECKOMbKO anbda-
akTMBHbIX siaep B obnactn 140 < A < 160 (rpynna naHTaHOMAOB), camMoe ner-
Koe U3 HMX anbda-akTBHOE A4p0 — Lepuin-142: ssCel4?,

HeobxoanmbiM (HO He [OCTAaTOYHbIM) YCNOBUEM a-pacnaja sBfsieTcd
cnegyroLlee aHepreTn4eckoe ycrnoBue:

MA > o MA +my, (2)
3mecb m, — Macca a-4actuubl, a zM* 1 z,M** — Mmaccbl COOTBETCTBY!IO-
lwnx aaep. MoxHo 3anucaTb 3T0 yCrnosue B ApYromMm BUAe, UCMONb3ys MNOHA-
TUS BHEPrUKM pacnaga yu 3HepPrnmn CBA3N:
Epacriapa=Ecs(A-4,2-2) + Ec(a) - Ecs(A,Z) >0 (3)
To ecTb, pacnag MOXeT NPOUCXOOUTb, TOSIbKO €CIiu CyMMa SHEeprum CBSA3U
NPoAyKTOB pacnaga 6onblue 3Heprum CBs3n UCXOOHOro sapa. Y4YnuTtbiBas, yYTo
3Hepeus ces3u sapa paBHa paboTe No pasgeneHuio 3Toro sapa Ha oTaenb-
Hble HEeB3aMMOAEWCTBYIOLLUNE HYKMNOHbI (MPOTOHbI U HEWUTPOHbI), a 3Hepaus
pacriada paBHa CyMMeE KMHETUYECKMX 3HEPrur NPOAYKTOB pacnaga, ferko
yBuAEeTb B yCrioBuu (3) BblpaxeHne (pyHOaMeHTarbHOro 3akoHa CoxpaHeHus
aHeprmn.

B cooTBeTCTBMM C 3aKOHaMW COXPaHEHUS JHepruM U umnynbca, Ons
onpeaesieHHOro KOHKPETHOro pacrnagarouweroca un3otona KUHeTuveckas
9Heprma Bcex BblNeTarwLwmnx a-4actuy, ognHakosa (CMm. puc. 1), opyrumu cno-
BaMW CMNEKTP a-4acTul, ABMsieTca MOHO3HepreTndyecknm. OgHako TOYHblE U3-
MEPEHNS 3HEPTNUNA BO MHOIMX CIlydasX BbISABIISAOT TOHKYH CTPYKTYPY CMeKkTpa,
OOBACHALLYIOCA TEM, YTO pacnaj WOeT He TONbKO Ha OCHOBHOMW, HO M Ha
BO30Y)XOEHHbIE YPOBHM AodepHero sigpa (puc. 2). Kpome TOro, BO3MOXEH

pacnag u3 Bo30YyXAeHHbIX COCTOSIHUIA UCXOOHbIX SA4ep, NPUBOASALLNA K Uchyc-
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KaHUIO TaK HasblBaeMbIX OJIMHHONPOOEXHbIX a-4acTul, obnagarwmx 6ornb-

LLIEN SHepruen, 4em OCHOBHas rpynna.

gaBi” / I T 7
/ / 5.445MaB
/,"' E,=5,150MaB’ y

/ E(LZB‘OSB MaB ! /‘J ‘,;'f’ X
/ f ?’,681[\/13b

208 /

- : 81Tl pofen™

Puc. 1 Puc. 2

N3meHeHne KonuyecTBa sgep pagvoakTMBHOMO M30TOMa CO BPEMEHEM Onu-
CblBAeTCS OCHOBHbIM 3aKOHOM pafMOakTUBHOIO pacnaja:

N=Noexp(-4z) (4)
'ae No - yncno aaep B HavarnbHbI MOMEHT BPEMEHMU, A - MOCMOSIHHas pac-

rnada, IMeloLLas CMbICI BEPOATHOCTM pacnaga 3a eauHnLy BPeEMEHMW.
Bennunna T = 4! HasbiBaeTcs cpegHUM BpeMeHEM XM3HW PagvoaKTUBHOMO

aapa. Yawe Bcero ona xapakTepucTUKM YCTONYMBOCTU A4ep OTHOCUTESTbHO
pacnaga ucnonbayT rnepuod nosnypacnada Tip, paBHbIA NPOMEXYTKY Bpe-
MEHW, 3a KOTOpbIN pacrnagaeTcsa MonoBMHA MCXOOHOro KonmnvectBa aaep.
3Hagd 3T0, 13 popmynebl (4) Nerko HanTu:

ATy =1In2.
MoacTtasue B (4) BMECTO A ee BblpaxeHue yepes Tip, Nonyynum gpyryro gop-
MY OCHOBHOrO 3aKOHa pacnajga:

N = N0.2-UT1/2
Uncno pagmoakTuBHbLIX A4ep TPYAHO U3MEPUTb HEMOCPELCTBEHHO; B 3KCMe-
PUMEHTE OObIYHO M3MEPSIIOT KONMUYECTBO SA4ep, pacnajarolmxcs B eguHuLy
BpeMEHW. ATy BESIMYUHY HA3bIBAKOT aKmMu8HOCMbIO:

A=-%

de = AN = /11\/08_/“'1L = Aoe_/‘uL (5)

BuaHo, 4TO ANS aKTUBHOCTM CNpaBeaSIMB TOT XKe 3KCMOHEHLUManbHbIA 3aKOH,

YTO N A4 KoJindecTtBa A4ep.
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[Mepuoabl nonypacnaga o-akTMBHbIX siAep MEHSIITCA B rpoMagHbIX
npenenax (o1 1012 ¢ gpo 10% neT), a sHeprun Bcex U3Ny4aeMblX a-4acTul
nexat B Y3KOM UHTepBarne npnbnmnsntensHo ot 4 go 9 MaB.

OpHako 3Tu BeNUYUHbI CBA3aHbl Apyr ¢ gpyrom. CeaA3b nepuoga nony-
pacnaga Ti, C 9HEepruen BbliNeTawwWwmx a-4actuy £ gaeT SMnnMpuyeckmn 3a-

KOH ["'enrepa-Hettona:

InTy,,=C+D-E2 wnm lgh=a-lgE+b (6)
roe a, b, C, D- KOHCTaHTbI, HE 3aBUCALLME OT MacCOBOro Yucna 4, n cnabo 3a-
BUCSLLME OT 3apsa40Boro yucna Z.

[Mpouecc a-pacnaga MOXXHO pasgenuTb Ha ABa 3Tana: obpasoBaHue
o-4acTuubl N3 HYKNOHOB A4pa U ucnyckaHue ee sapom. BepoAaTHOCTb, a 3Ha-
YUT N CKOPOCTb NPOTEKaAHUS NMEPBOro N3 3TUX 3TANOB CYLLECTBEHHO GorbLue,
NO3TOMY BpPeMs XU3HWN a-aKTUBHbLIX g4ep onpeneniietcd, B OCHOBHOM, BepO-
ATHOCTbIO UCMYCKaHWA o-4acTuubl sapom. [ns Beixoda u3 ggpa a-4acTtuua
OOIMKHa npeofoneTb NPUTSXKEHME OCTalbHbIX HYKMOHOB, AEWCTBYHOLLee

TOJ1bKO Ha pacCTOoAHUN nopAdKa pagunyca aapa R:

Puc. 3

lMoTeHumMan, AencTBYIOWNMA Ha a-4acTULy BHYTPU sapa, U3BECTEH HeaoCTa-

TOYHO, HO €ro KOHKPETHbIN BMA Mano CKa3biBAae€TCHA Ha MNOSy4yarolmxca 13
Teopun xapaktepucTukax pacnaga. B nepsom npnbnvkeHnn npuHATo npea-
nonaratb, YTO TakOW MOTEHUMan nmeeTt opmMmy cepudeckon noTeHumanb-
HOW AIMbl paguyca R ¢ BepTuKanbHbIMW CcTeHkamu (puc. 3). 3a npegenamu
SIMbl B3aUMOAEWNCTBME a-4acTULbl C S4POM OMNUCHLIBAETCHA KYNOHOBCKUM MO-

TeHUnanom OoTTarnkKmBaHumA:
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U=2Ze?*r 1

OueHka BbICOTbI MoTeHUmManbHOro Gapbepa, NPensaTCTBYHOLWLErO BLIETY a-
yactuubl U(R) gaet 3HayeHne ok. 30 MaB. QHeprus xe Bbinetarowmnx U3 sa-
pa 4acTuu, KaK y>xe roBopunoch, nexart B npegenax ot 4 go 9 MaB. lNoaTtomy
C TOYKN 3PEHNSA KITaCCUYECKON MEXAHUKM a-pacnag HEBO3MOXEH.

ObbsicHeHUe a-pacnaga v 3akoHa enrepa-HeTtTona gaeT TONbKO KBaH-
TOoBasaA MexaHuka. [1ns MmkpodacTul, okasblBaeTCs BO3MOXHbLIM NPOXoXxaeHue
«CKBO3b» MOTEHUMarnbHbIN 6apbep (TYHHEeNbHbIN 3(PdEKT). STOT YNCTO KBaAH-
TOBbIN 3PPEKT CBA3AH C HaNM4YMeEM Yy a-4YacTuL, BOSIHOBbIX CBOWCTB, Bnaro-
Oapsi KOTOpbIM BEPOSATHOCTb OOHapyXeHust (KBagpaT MoAyrnsi BOSTHOBOW
dyHKUMKM) YacTuubl B obnactu nog 6apbepom (rae U > E,) He paBHa Hynto,
HO 3KCMOHeHUKnanbHo yobiBaeT Briybb 6apbepa. Ecnn 6apbep nmeeT KoHeu-
Hble pa3Mepbl, TO NO APYryt ero CTOPOHY BONHOBAas PyHKUUS, a cTano bbiTb,
N BEPOATHOCTb ODHaApPYXeHUs a-4yacTuubl ByaeT He paBHOW HyIO, TO €CTb MO-
TeHuuanbHbIn 6apbep He sBNAeTcsa abConTHLIM NPEenAaTCTBUEM AN MUKPO-
vyacTtuy,.

Kak nokasblBaeT KBaHTOBO-MEXaHUYECKU aHanna, KoapduuneHT npo-
3pavyHoCcTn Bapbepa (TO eCTb BEPOATHOCTb MPOXOXAEHUS YacTuubl Yepes

aT70T 6apbep) n3obpaxeHHOro Ha puc. 3, MOXHO BbIYUCNUTL MO hopMyne:
2 T
d = exp [—EfRE\/Zm(U(r) - Ea)dr] 7)

rae my - Macca a-4actuubl. Ecnv Bmecto U(r) nogctaBntb: 2Ze?r~ 1, kak aTo

npeanonaranocs Bblle, TO MHTerpan B dgopmyne (7) bepeTcad, n nonyyaeTcs:

1 h
)l:—: >
T mR

2|ze? [2m mq,RZ
Yy =—-|— 2 _2e g ,
h 480 Ea TL'SO

Ep — SNEKTpndeckad NoCToAHHaA.

eV (8)

rae
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JNTorapudmupys (8), Haxoanm:

a
Int=——+5»
N
roe
Ze? /2m, my,R? 4e |my RZ
a=""Y"T oy _ =

2heg h h | me,

Taknm obpa3om, BpeMs XN3HU anbda-akTUBHbIX 90ep AENCTBUTENTBHO MOX-
HO NpeacTaBuTb B BUAE 3akoHa [enrepa-Hettona (6).

2. Bzaumodelicmsue a-yacmuy, ¢ eewiecmeom.

[Mpn npoxoxaeHun Yepes BeLLECTBO Nobas 3apshkeHHada yactmua Te-
pSeT KNHETUYECKYIO SHEPIUIO HA MOHM3ALUNIO U BO3DY)KAEHNE aTOMOB BelLLe-
cTBa. OTU NOTEPU M onpeaenstoT npoder YacTmubl. 3aBUCUMOCTb YaENbHOW
MoHM3auumM (To ecTb Yncna 3NeKTpoHoB B 1 cM?), MPON3BOANUMON YacTULIE OT
pPaccTosHUA X, NPONAEHHOIO 3TOM YacTULLEN, Ha3bIBaeTCcAa KpuBon bperra, Ko-
TOpas npueBedeHa Ha puc. 4. DKCnepuMeHTanbHO YCTaHOBMEHO, YTO HE3aBU-
CUMO OT SHEPrmm YacTuubl OHa TEPSIET B KAXXAOM aKTe MOHM3auum OKoso 35
3B, noaTomy, 3Hast IHEPruI0 a-4acTULbl, MOXHO NPUMEPHO BbIYUCINTL NOCIe
CKONbKNX aKTOB MOHM3aL MM OHA MOSTHOCTbIO 3aTOPMO3UTCS.

BepoAaTHOCTb MOHU3aLUKM aTOMOB Cpeabl NPU 3HEPIUAX a-4acTUL, B He-
ckonbko MaB npumepHo 103 pa3 6onblle BEpOATHOCTU SAEepHOro B3aMMo-
aencteuns. [loaToMy NyTb BOMNBLUMHCTBA a-4acTuL, B cpeae NpsaMOsinHeeH (oT-

KIMOHSIKOTCSA TONbKO YacCTuLbl, KCTOJIKHYBLUMECSA» C SOPOM).

Yaensbnasn
noHu3aLmns !

T

Puc. 4
Ons  a-4acTuubl, WUCNYyCKAaeMOW €CTECTBEHHbIMW M30TONaMK, CBA3b

cpenHero npobera R, B Bo3Ayxe M KMHETMYECKOW 3Heprum E onpegensieTcs
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cnegyroLlen amnupuyeckon goopmysion, cnpaseanueon ond R, B oManasoHe
oT 3cm o 7 cm (R, - B caHTMMeTpax, £ - B MaBax):
E =215 -R*/3, 9)

Bua kpvBOM NpoxoXxaeHus a-4YacTuubl Yepes BeLecTBO (TO eCTb 3aBu-
CUMOCTM YuMcra npowealnx Yyepes BeLLeCTBO HYacTul, OT TOSWMUHbI CII0A Be-
LLlecTBa) NokasaH Ha puc. 5. CpedHul npobea R, onpeaenseTcs Kak TomnwmHa
BellecTBa, NorfoLarLLero NosIoBMHY 4YacTul, a 3KemparosiupoeaHHbIU rpo-
b6ee R, nonyyaeTcs aKCTpanonsauMen rno KkacatenbHOW U3 TOYKM KPUBOW, CO-
OTBETCTBYIOLLEN cpeaHeMy npobery R,.

Bcnencreme niyktyaumm 4ucrnia MOHM3aUMOHHBIX CTOSMIKHOBEHUN W
donykTyauumn notepb 3HEPrMN B OTAESbHbIX CTONKHOBEHUSX, Npobern MoHo-
XpPOMaTUYECKNX YacTuL, UMEKT CTaTUCTUYECKUA pas3bpoc OKONO CpeaHero,
onucbiBaeMbln oyHKUMeEN Maycca. IToT pa3dbpoc xapakTepusyeTcs LLUMPUHOMN
O audpdepeHUnansHON KpUBOM NPOXOXOEHUSA 4YacTuL, Yepes3 BeLLeCTBO Ha
NosIOBUHE MakcumarnbHOW BbiCOThl. CpeHuin npober Ry COOTBETCTBYET Mak-

cumymy ampdpepeHumnansHoOn KpMBOW.

N \ AN/AR
T i
f : AR |
No \_.L A
b
O05Ng - — = — — o “;' H\E |
f y :

- .4’5 \“\\.g_:a__'__

RO’ R{J RIDBX R

Puc. 5

3JKcnepumeHmaribHasi Hacmb:
B HacToswen paboTte B KayecTBe cpedbl, B KOTOPOW MOrnowarTcs a-
YyacTuubl, UCNOMb3yeTcsa BO3AyX. ICTOYHMKOM YacTuL, CRyXxuT npenapart n3o-
Tona MnyToHusi Pu?*°, HaHeCeHHbI TOHKMM CIoeM Ha MeTarM4yeckyro nog-

NOXKY (B Kpyrriom yrnybneHuun). [leTektop a-4actuy, - npubop CuMHTUNNAUM-
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oHHoro Tvna BA3A2-01. K Hemy npucoeguHeH U3MepuTesib CKOPOCTU cyeTa
YM2-2.

N3meHsas paccTosHne mexay UCTOYHMKOM M OETEKTOPOM, Mbl TEM Ca-
MbIM M3MEHSIEM TOSLWMHY CIosi BO34yXa, NOrfowarLero a-4actuubl, u, Ta-

KAM o6pa30M, MOXeM CHATb KPUBYHO NMOIJ1IOWEHNA a-4aCTul B BO34yXe.

BHumaHue! MNpu paboTte ¢ 4EeTEKTOPOM U UCTOYHMKOM cOOnoAaTb OCTOPOXHOCTDL!
AKTUBHbIE NOBEPXHOCTU UCTOYHUKA U AeTeKTopa 6epeyb OT MeXaHM4YeCKux noBpe-
XaeHun! bpaTb MCTOYHUK pa3peluaeTcs TOMbKO 3a 60PTUKM noanoxku. NMpukacaTtb-
CA K aKTUBHOMW NMOBEPXHOCTU U NOAHOCUTb UCTOYHUK K rria3aM KaTeropuyecku 3a-

npewaeTca!

Nodzomoeka Kk pabome.
1.BbiBEpHYTb OO0 OTKa3a MUKPOMETPUYECKUA BUHT, PErynmpyowmnm paccros-
HUM MexXay pPaguoakTUBHBLIM MCTOYHMKOM W OETEKTOPOM, YCTAaHOBMB MaKCu-
MaribHOe pacCTosHME MeXOy AEeTEKTOPOM W aepxaTternem UcTovHuka. [ony-
4YnTb y NabopaHTa UCTOYHUK a-HaCTuL.
2. YCTaHOBUTb UCTOYMHUK B [OepXaTefb aKTUBHbIM CroeM K OeTEKTopy W,
nraBHO Bpallad MUKPOMETPUYECKUAN BUHT, YCTAHOBUTb UCTOYHWUK HA MUWHU-
MarnbHOEe pacCcTosiHMe OT AeTeKTopa, O4HaKO He 3ajeBas ero.
3. Bce knaBuwun Ha nepegHen naHenu U3MepUTESNs CKOPOCTM cveTa, Kpome
knasuwmn «MamepeHune I», 4OMmMKHbI ObITb OTXKaTbl.

[Mpnbop YUM2-2 BknovaeTca HaxXaTMeM KraBuLLM «CETb», U3MepeHnd
HaunHaTb He paHee, YeM Yyepes3 5 MUHYT nocne BKNYeHus npudopa. Mpnbop
UMeeT ABe U3MepPUTENbHbIX LLKaSlbl, KOTOPbIE aBTOMaTUYECKM NEepPeKsoYaroT-
CHA B 3aBUCUMOCTM ypOBHSA curHana. Npu aTom crnpaBa OT CTPENoYHOro npu-

Gopa 3aropaeTcs MHOXMUTENb, HA KOTOPbIA HY)XHO YMHOXaTb €ro NokasaHusl.

[opsidoK 8bINOMHEHUST UMEPEHUU.
1. CHATb 3@aBMCUMOCTb CKOPOCTM cYeTa (4YMCro MMMNYNbCOB B CEKYHAOY) AETEK-

TOpa OT PacCTOSAHUA MEXAY a-UCTOYHUKOM M OKHOM AeTekTopa. Lar namepe-
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HUS PacCTOAHUA UCTOYHUKA OT fgeTektopa — 0,5 Mm (060poT MUKpOMETpUYe-
CKOro BuHTA). NMpoaomMKNTENBHOCTL KaXaoro naMmepeHmnsa — He mMeHee 15 ce-
KyHO, 3TO CBSA3@aHO C MHEPLMOHHOCTbIO npubopa (OTHOoCUTENbHO 605bLUMM
BPEMEHEM YCTaHOBMNEHMS NOKa3aHun).

2. lNoBTOpPUTb M3MepeHna . 14nsa Tex ke 3HayeHnn R, nepeaBuras NCTOYHUK
B 0bpaTHOM HanpaBneHun.

PesynbTatbl n3amMepeHun 3aHectn B Tabnuuy, KoTopas MMeeT cregywouime
cTONOUbI:

1) PaccTosiHMe Mmexay UCTOYHUKOM U eTEeKTOPOM R, CM

2) CkopocTtb cyeta N; (Mmn/c), cooTBeTCTBYHOLWAA AAaHHOMY PacCTOAHUIO R

(kaxxgomy R cooTBeTcTBYET ABa 3Ha4YeHus N;).

Tabnuua. 3aBUCUMOCTb CKOPOCTU cHeTa OT pacCToAHUA MexXay NCTOYHUKOM

N OEeTEKTOPOM.

R, MM N1 N> Ncp.

0

0,5

1

1,5

2

3. Nocne oKoHYaHUA N3MEPEHUN BbIKNIOYNTL «CeTby» npmnbopa YUM 2-2

ObpaboTka pe3ynbTaToB USMEPEHUN:

1. NocTponTb MO AaHHLIM U3MepeHUin rpadouk KPUBOKM MOrNoLEeHNA a-4acTuL

B Bo3ayxe (3aBucumocTtb N, oT R).
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2. Mo rpaduky onpeaenutb cpeaHun R, n akcTpanonupoBaHHbIN R, npobern
a-4acTvy N nx goBeputenbHble MHTepBansl. [pu onpegeneHnn gosepuTenb-
HbIX MHTEPBASIOB UCXOAUTb U3 TOro, YTO NOrpeLLUHOCTb onpeaenieHns Nep paB-
Ha NOSIOBMHE LIEHbI AeMNEHNA COOTBETCTBYHOLLEN LUKarbl.
3. Bbluncnutb aHepruo a-vactuy no dopmyne (9). MNpu atom Heobxoanmo
YYeCTb, YTO UCTMHHOE 3HadeHue R Bonblle n3mMepeHHoro B gaHHon pabote
Ha MOCTOSAHHYH BenuumHy Ry (cuctemaTtmyeckasa owmbka mamepeHun). I3To
NPOUCXOaUT BCNEACTBME MOTEPb SHEPINN NPU NPOXOXKAEHUN a-4YacTuL, Yepes
donbry, 3akpblBaloLWy OKHO CHETYMKA, a TaKKe vyepes 3alUTHbIN CIoun, No-
KpbIBalOLLMA aKTUBHYIO MOBEPXHOCTb WMCTOYHMKA, U TOHKUW CIrOW BO34yXxa,
OCTalLMNNCA BCE XXE MeXdy MCTOYHMKOM U OETEeKTOPOM LaXke MNpu MUHU-
ManbHOM PaCCTOSIHUM MeXAY HUMWN.,
[na paHHOM yCTaHOBKM nonpaBka paBHa Ry=2,8 cm. Takum obpasom, B
dopmyny (9) AormkHO 6bITb NPeacTaBnNeHo 3Ha4YeHue:
R, = Ry + R

OKCTpanonupoBaHHbIn Npober Takke JOMKEH BbITb MUCNPaBNEH Ha BENUYUHY
Ro.

KoHmporsbHbIe 80rpochl.
1. YTo npeacTaBnsaAlT cCOOON a-4acTuLbl, X OCHOBHbIE XapaKTepUCTUKK: 3a-
psa, Macca, 9Heprust cBasn?
2. CdopmynupoBatb HeobXoOuMble 3HepreTuyeckne YCroBus a-pacnaja,
nokasaTb €ro CBsi3b C 3aKOHOM COXPaHEHUsI IHepPruu.
3. CchopmynumpoBaTthb 3akoH ['enrepa-HetTtona.
4. [latb onpeneneHve nepuoga nonypacnaga M nNoctodaHHou pacnaga. Wc-
NoJSib3yst OCHOBHOM 3aKOH pagMOaKTMBHOIO pacnaja, BbIBECTU COOTHOLLEHME,
CBSA3blBalOLLEE 3TN BESTUYMHDI.
5. Noyemy a-pacnag HEBO3MOXEH C TOYKM 3PEHUST KNACCUYECKON MEXAHUKN?
Kak o6bsACHSeT 3TO siBfeHne KBaHToBas MexaHuka?
6. Uem oOycnoBneHbl NOTEPU IHEPTUM NPU NPOXOXOEHUM a-4acTuLbl Yepes

BewecTBo? KakoBa oopma TpaekTopun a-4acTul B BeLecTBe?
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7. Mo Gnok-cxeme pacckasaTb 0 paboTe YCTaHOBKM U O Ha3HaYeHUN Kaxaoro

€e 3reMeHTa.

JlabopamopHasi paboma Ne4

OMNPEOENEHNE MAKCUMANBHOW SHEPTV BETA-YACTUL,

Llenb paboThbl: nccriegoBaHmne nornoweHnd ﬁ-qacmu, B alliloMMUHUKN, onpeae-

NeHne BEepXHeW rpaHuubl S-cnekTpa CTPOHUUN-UTTPUEBOINO WCTOYHUKA
Srooy®e,

ObopyaoBaHUe: UCTOYHUK ﬂ-‘-laCTI/ILI,, ﬁ-MMKpOMeTp, nacTuHKKN “3 artoMnUHM-

eBOW GOOSIbIn.
Kpamkue pekomeHOayuu.

bema-pacnadom HasblBaeTCsl NpoLecc CamMonpou3BOSIbHOMO npespa-
LLIeHMs1 HecTabunbHOro siapa B 0po-u3obap (To eCTb, SAPO C TEM Xe MacCo-
BbIM YNCIIOM A) C 3apsiioM, OTNIMYHBLIM Ha AZ==*1. imes BBMAY, 4TO NpU 3TOM
A0PO Kak Bbl NepexoanT N3 OQHOro COCTOSIHUSA (3HEepPreTUyYeckoro, 3apsiAoBo-
ro v T.4.) B Apyroe, roBopsT eLle o0 f-nepexoae.

N3BeCcTHbI Tpu BuAa S-pacnaga: 3feKTPOHHbIM (S -pacnag), No3UTPOH-
HbIn (f*-pacnag) n e-3zaxeaT, TO €CTb 3axBaT 3reKTpoHa S4POM C OL4HOW U3
Grnvkanwmx K agpy obornoyek (Tak kak camon 6nuskom k aapy ssnsetca K-
obonoyka, TO e-3axBaT 4acTo HasbiBaloT K-3axsaTom). CooOTBETCTByHOLLME
9TUM TPEM Tunam fS-pacnaga 3HepreTmdeckne yCrioBus, BblpaXXeHHble Yyepes

MacCbl HEUTpPanbHbIX aTOMOB, UMEIOT BUA (M — Macca 3fekTpoHa):
M(Z,A) > M(Z+1,A) (1)
M(Z,A) > M(Z-1,A) + 2m (2)

M(ZA) > M(Z-1,A) (3)
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N3 aTux ycnosuin BUOHO, YTO e-3axBaT — aHepretTnyeckn bornee BbIroa-
HbIW NpoLecc, YeM MO3UTPOHHBLIN pacnaj, Tak Kak npu BbINOSTHEHUU YCIOBUSA
NO3NTPOHHOro pacnaga (2) aBToMaTU4eckn BbINOSTHAETCH YCIioBMe e-3axBaTa
(3). Ecnu xe:

M(Z-1, A)+2m > M(Z, A) > M(Z-1, A), 4)
TO e-3axBaT paspeLlleH, a f-pacnag 3anpeLleH. ONEeKTPOHHbIN 3axBaT bonee
BEPOATEH NS TSXenbIX saep, Y KoTopbix K-o6osiouka pacnosioxeHa dnumke K
anpy. CpaBHeHWe 3HepreTU4ecKknx yCcrioBum Ons 3rneKTpoHHOro pacrnaga u e-
3axBaTa 06bACHSAET TOT (PaKT, YTO MOYTU HEe CYLLECTBYET COCEAHUX NO 3apsi-
Oy cTabunbHbIX M306ap, Tak Kak ans Hux Bcerga byaeT BbINOAHATHCA OL4HO
N3 3TUX YCITOBUMN.

YacTo okasblBaeTCH, YTO aneKTpudeckne ycnoBus genarT BO3MOXHbLIM
p-nepexoq He TONbKO B OCHOBHOE, HO U B BO30YXX[OEHHOe COCTOsAHWe sapa-
npoaykTa. Agpo-npoayKT nNpu 9TOM NepexoguT B OCHOBHOE COCTOAHWE (MUnn
bonee HU3Koe BO36YXaAeHHOE) 0ObIYHO MyTeM UcnyckaHus y-kBaHTta (puc. 1).

N3mepeHus aHeprum anekTpoHOB M MO3UTPOHOB f-pacnaga nokasanw,
YTO B MpoLecce pacnaga UCNycKatTCs 3MeKTPOHbI (MO3UTPOHbI) BCEX aHEpP-
MW OT HYNA 0O HEKOTOPOro MakCUMarbHOro 3HayYeHUs Enax, KOTOPOE Hasbl-
BaeTCs BEepXHEeW rpaHuuen aHepreTM4ecKkoro cnektpa f-pacnaga (Mnu Bepx-
Hewn rpaHuuen f-cnektpa). HenpepblBHOCTbL 3TOro cnekTpa (To ecTb, pacnpe-
OeNeHNst 9NeKTPOHOB M NMO3UTPOHOB S-pacnaga no 3HeprusiM) obbscCHAETCA
TeM, YTO HecTabunbHoe AP0 pacnagaeTcs Ha TPU YacTuubl: S4p0-NPOaYKT,
9NIeKTPOH (MO3UTPOH) U AHTUHEUTPUHO (HEeUTpuUHO). Cuctema ypaBHEHUM,
BblpaXkaroLLMX 3aKOHbl COXPaHEHUS IHEPrUn N UMMyrnbca, B crydyae obpaso-
BaHWA TpeX 4YacTuL He MMeeT OJHO3HAYHOro peLUeHUs. QHEPTUN U UMMYSIbChI
NPOAYKTOB pacnaga NpUHMMalOT HENMPEepPbIBHbIN Ps, 3HAYEHUN N3 HEKOTOPOro
WHTepBana, npuyem LoNns KMHEeTUYECKOU SHeprum, yHoCUMOW A4pOM, OYeHb
Mana no CpaBHEHUIO C SHEPrUEN, YHOCUMOW fierimoHamu (3NeKTPOHOM U aH-
TUHENTPUHO UIIN MO3UTPOHOM U HEUTPUHO). BepxHss rpaHuua S-cnekrpa co-

OTBETCTBYET TOMY Clly4aro, Korga no4vtm BCA 3HEPrna nepexoga YHOCUTCA
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9NEKTPOHOM (UNX NO3UTPOHOM). B otnuuum ot £ u f *-pacnaga, npu e-
3axBaTe JHeprus pacnpegendetrca mexay ABYyMSA 4YacTuuamu: g0poMm U

HeVITpMHO, npn4yem HeI7ITpI/IHO YHOCUT MNMPaKTU4e€CKN BCIO SHEPIUIO.

Ha puc. 1 npyBeaeHbl cxeMbl HEKOTOPbLIX S-pacnafos.

650 net 28,1 net 0

+ 64,3 yacos
14,5 cyTOK

+

5,26 net

Ni
28

Puc. 1. CxeMbl pacnaja HEKOTOPbIX -aKTUBHbIX S4ep.
CneBa OT ropm3oHTanbHbIX NIMHWIA, 0603HaYalLWMX COCTOSAHNE aaep,

0603HaYeHbl Nepuoabl Nnonypacnaaa, cnpasa - 3Ha4eHUs CrHa U YeTHOCTU BOITHOBOW
dyHKUMK. Cnesa oT BepTUKaIbHbIX U KOCbIX NTIMHWUIA, CUMBOMMU3UPYIOLLIMX NEepexoabl, Noka-

3aH TUN nepexoaa, cnpasa-aHeprusa B MaB.
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N

Puc. 2. QHepreTnyeckuin cnekTp fS-pacnaga.

dopma f-cnektpa, 3aBUCUT OT TOro, ABNAETCA Nepexos paspeLleHHbIM
nnn sanpelleHHbiM. Kpome Toro, Ha opMy crekTpa BruseT KySIOHOBCKOe
B3aMMOLENCTBME 3SIEKTPOHa (MO3UTPOHA) pacnaga C rnonem 3apsga agpa-
NPoAyKTa, BCNeACTBME Yero CnekTpbl 9N1eKTPOHOB M MO3UTPOHOB f-pacnaga
npu MarnblX SHEPTNAX UMEIOT OTANYNSA. (CM. puc. 2).

Bpems Xn3Hu f-akTUBHbIX S4ep CUSTbHO 3aBUCUT OT MOMEHTa MMMyrb-
ca, YHOCUMMOro ucrnyckaembiMu Hactuuamun. Kak rnokasbiBaeT 3KCNEePUMEHT,
npu p-pacnage CnvH sapa U3MEHSeTCs Ha uerioe uucno i, 1.e. Al=0,1,2,... .
Kpome Toro, n3 3akoHa coxpaHeHuUss MOMeHTa nMmnysrbca cnegyer:

|=L+Se+S, (5)
oe L-opbuTanbHbI MOMEHT, YHOCUMbIN 06enMn YacTuuamu: Se, S, — CANHLI
nenTtoHoB. PaspelleHHbIMU (T.e. Hanboree BEpPOATHLIMU) ABNAKOTCA Takue f-
nepexonbl, NP KOTOPbIX YHOCUMbIN OpOuTanbHbii MOMEHT paBeH Hymnto. MNpwu
9TOM Al MOXeT BbITb paBHO ToNbkO O unK 1 (CNMHbI NENTOHOB, paBHbIe V2 aH-
TMnapannenbHbl N napanneneHbl). C yBenuyeHnem L Ha eanHULY BEPOAT-
HOCTb Nepexoaa yMeHbluaeTcsa npubnunantenoHo B 100 pas. Yem Gonblue L,
TEM MeHee BepOsiTEH f-nepexod, W, crnegoBaTenbHO, 6onblue nepuog nony-
pacnaga (1 BpemMsa XusHn) aaep. Hanpumep, npu f—-pacnage usotona Kanus:

K¥—Ca*+e+7, (puc.1)
n3MeHeHne MomeHTa Al=4, nepexod CUMbHO 3anpeLleH, NoaToMy nepuoj,

nonypacnaga senuk (1,27-10° ner).
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Kpome TOro, Bpems XusHu [-akKTUBHOrMO M30TOMa CUMbHO 3aBUCUT OT
9Heprun nepexofa. Yem Gonblue aHeprus nepexopa, Tem bonee BeposATEH
nepexon, a criegoBaTtesfibHO, BPEMS XU3HW M30TOMa MeHblle. XapakTepHOm
YyepToOM BCeX BUOOB f-pacnaga SABMSETCA UCNyCKaHWe HENUTPUHO UIWN aHTU-
HENTPUHO - YacTul, KOTOpble Y4acTBYIOT TOMbLKO B c/1abbix 83aumodelicmeau-
AX. HENTPUHO M aHTUHENTPUHO UMEKDT MOYTU HYNEBY Maccy NOKOS U OTNU-
YaloTCH pasHbIMK 3HaKaMK NONApPU3aUnn: Y HENTPUHO CNUH aHTUNapannesneH
HanpaBneHuo AOBWXEHUS, Y aHTUHEUTPUHO - napanfeneH HanpasreHUo
OBWXKEeHUS. 3apag U MarHUTHbIM MOMEHT 3TUX YacTUL, paBeH HYmto, NO3TOMY
HENTPMHO HEe B3aMMOLEWNCTBYET ANIeKTPOMarHUTHO C atomamMu cpebl, 1 -
deKkTMBHOE ceyeHne B3anMOLENCTBUSA UX C BELLLECTBOM O4YeHb Marsio (nopsa-
ka 10 cm?). Mpy NpPOXoXOEHUN Yepes BELLECTBO 3MNEKTPOHbI (MO3UTPOHbI)
TEPAOT CBOK 3HEPrui0 BCeACTBME SIEKTPOMArHUTHOrO B3anMOLENCTBUSA C
9JIeKTPOHaAMN U SapamMu.

MexaHn3m nepegaym f-4actmuamm 3Heprun cpene 3aBucuT OT BESTUYM-
Hbl 9TON 3Heprun. [na f-4acTul, C OTHOCUTENbHO Masion 3Hepruen notTepu
00YyCnoBMeHbI, Kak U ANs TKeNbIX 3apsSXKEeHHbIX YacTul, NOHM3aunen 1 BO3-
ByXOeHMeM 3NEKTPOHOB TOPMO3SILLErO BELLECTBA - UOHU3aUUOHHbIE rnomepul.
Mpn GonbwnxX aHeprnax Hanbonee CyLeCTBEHHbIM CTAHOBUTCS OPYron me-
XaHU3M B3aMMOENCTBUSA: UCMYCKaHUE 3NeKTPOMarHUTHOrO TOPMO3HOro W3-
NyYeHUs B 9NeKTpU4ecKnxX Nonsax saep TOpMOo34LLero Bellectsa — paduayu-
OHHbIe romepu. ATOT MeXaHN3M NoTepPb OMUCLIBAETCS KNacCUYEeCKOW dnek-
TPOOMHAMMUKOW: 3aps, UCMbITbIBAKOLWNN YCKOPEHUE a, TEPHAET 3a CYeT uany-

YeHNA 3Hepruto:

E=——a

3.03
YckopeHune 3apsikeHHOM YacTuubl B KyJTOHOBCKOM MOfie aTOMHOro gapa npo-
nopuMoHanbHO NPOU3BEAEHNIO 3apsiaa sapa Ha 3apsaq YacTuubl, 1 obpaTHO
nponopunoHanbHO Macce 4YacTtuubl. Hanpumep, aHeprud, nanydaemasi npo-
TOHOM, MEHbLLE 3HEepPrum, U3rnydaemMomn 3fIEKTPOHOM B TOM Xe TOPMO3SALEM
none B 3,57-10° pa3 (kBagpaT OTHOLUEHUS Macc NPOTOHa U anekTpoHa). Mo
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9TON NpUYMHE pagnauMoHHbIE NMOTEPU, UrpatoLLne BaXXHYO POSb B TOPMOXe-
HUM 3MEKTPOHOB, MPAKTUYECKN HEe BO3HMKAKT MNMpU MPOXOXOeHUN yepes Be-
LLIECTBO TSPKENbIX 3apsKEHHbIX YacTul, (MPOTOHOB U a-4acTuL,).

OHeprus f-4acTuubl, NPy KOTOPOW yaenbHble (Ha eanHULE OMVHbBI NYTK)
pagvaunoHHbIe NOTEPU CTAHOBATCH PaBHbIMU YyAEeSbHbIM MOHU3aLMOHHbBIM
noTepsiM, HasblBaeTcsa Kpumudeckol. 3 Tabnuubl 1 BUOHO, YTO KPUTUYECKME
SHepruu Ans nerkux nornotutenen cocraesnset gecAatkm MaB, T.e. HaMHoOro
NpeBbILAT 3Heprun f-4actuu, BO3HMKaKOWMX Npu BeTa-pacnagax, UMeto-
lwme nopsgok 1 MaB (cm. puc. 1). Takum obpasam, Npu NOrnoweHnmn B Nerknx
nornoTUTENAxX, Hanpumep, antoMUHUN, f—4acTuLbl TEPAIOT SHEPTUO NPaKTU-
YeCKM TOSIbKO 3a CYeT MOoHM3auun cpefbl, a paguMaumoHHble notepu npeob-

nagaroT NpU 3HepPrusix aNeKTPOHOB NN NO3UTPOHOB U3 YCKOPUTENEN.

Tabnuua 1. Kputnyeckne aHeprmm ans HEKOTOPbIX BELLECTB.

BewecTtBo Z A E, MaB
CsuHey 82 207 6,9
ArntomMuHnn 13 27 47
Boaayx 83
AszoT 7 14 87
Bona 93
enun 2 4 220

YaenbHble MOHW3aLUMOHHbIE MOTEPU MPSIMO NPOMOPLMOHAaNbHbI KOHLEHTpa-
UMM 3NEKTPOHOB B cpede, Apyrne napameTpbl cpeabl cnabo BNUSAOT Ha KX

BEeJINYNHY. KOHLI,eHTpaLI,I/Iﬂ AJIEKTPOHOB:
pNAZ
A

roe p — NNOTHOCTb, Z — 3apsiioBOe 4ucno, A — aToMHasi macca, NnoaToMy
NOHM3aLMOHHbIE MOTEPU MPOMOPLIMOHAanbHbI NMITOTHOCTU cpeabl. B cBa3n ¢
3TUM YAenbHble MOTEPU YacTo ONPeaensoT Kak OTHECEHHbIe He K eauHuLe

OnvHbl npobera |, a Kk BenuyuHe p-l. Takne yaenbHble NOHM3aUWOHHbIE NOoTe-
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pW OKa3bIBaOTCA NPUMEPHO OAMHAKOBLIMU OS5 pa3HblX cpef (Tak Kak npu He
Z
OYeHb H60MbLINX Z OTHOLLUEHNE ~ MPMMEPHO MOCTOSIHHO).

[OnnHon npobera (Nnpoberom) 3aps»KeHHOM YacTuLbl B cpede HasbiBatoT
paccTosHWe, KOTOPOe MNPOXOoAMT YacTuua, Nnoka ee KUMHeTudeckad aHeprus
YyacTuubl pacTpaynBaeTcd Ha B3aMmonencTene co cpegon. MNMpober Yactumubl
3aBUCUT OT €€ KUHETUYECKOWN SHEepPrum, No3ToMy namepeHuns npoberos yacTull
NO3BOSIAKOT HANTN UX KUHETUYECKNE IHEPrUn. CTUHHAaNA AnnHa NyTU YacTuubl
B BELLECTBE COBMagaeT C TOSLMHOM NOrfowatoLero croa ToNbKO Ans Tsxe-
NbIX YacTuL, KOTOPbl€ HE UCMbITbIBAKOT 3aMETHOIO paccesHUs B KYJTOHOBCKMX
nonsx agep v NeTaT no NoYTU NPSIMOSIMHENHbBIM TPpaekTopusiM. TpaekTopust -
YacTuUbl B BELWECTBE He SABMSETCA NPSMOSIMHENHON, T.K., NOMUMO B3aMMO-
OENCTBUM C aTOMaMWu, BbI3blBAKOWMX MOTEPU IHEPrUM, OHA WUCMbITbIBAET
GonblLUOEe KOMMYECTBO akTOB paccesiHus, CYLWECTBEHHO WU3MEHSOLNX
HanpaBneHne ee OBWXEHUs. TeM He MeHee, YMCIOo YacTuy, npoLllealmx
nracTuHy 3agaHHOW TOMWMHBI, ABNSAETCA MOCTENeHHO YMeHbLUaKLWencs
dyHKUMEN TOMLWMHBI 3TOM NNacTuHbl. MMHMManNbHasa TOMNWWHA NNacTUHbI, No-
rroLlarLLen npakTMyecku Bce najawlline Ha Hee f-4acTuvubl, onpegenser
TaK Ha3blBaeMbIW rpakmuyeckul (Mnn acbgbekmuesHsbil) rnpobea. STOT nNpoder
3aBUCUT YK€ OT MakCUManbHOW KMHETUYECKOW 3Heprum vyacTtuy. Takmm obpa-
30M, n3mepsasa apdekTnBHbIN Npober f-4acTul, B BELLECTBE MOXHO onpene-
NMUTb BEPXHIOKO rPaHuLy OaHHOro S-CnekTpa.

Ncnonb3yemblin B AaHHOM paboTe MeTod NOorfoweHus nos3sonsieT
onpeaennTb SHepPruto S-cnekTpa ¢ TOYHOCTLIO OKOSo 5%. [1na 9Toro cCHUMatoT
KPUBYIO MOrNOLLEHNA [-U3NydYyeHUs B BeLUeCcTBe, T.e. HaxoAdAT, MNoSib3yACb
HabopOM TOHKMX NNACTUH M3 PONbrn, 3aBUCUMOCTb MHTEHCUBHOCTU MOTOKA
N, npoweaLwero yepes nornoTuTeSlb, OT TONWMHBI 3TOro nornotutend. o
CHSAATOM KPWBOW MOrMOLEHUS MOXHO onpefenntb aekTMBHbIN Npober f-
yacTtuy, R, SKCTpanonupys KpuBYK MNOrMOWEHNA K YPOBHIO (PpOHa, TO eCTb
npoaosikasa ee 4O nepeceyeHna ¢ nMHnen doHa. TonwuHa crnosi nornoTuTe-

N4, COOTBETCTBYHOLLAS TOYKe nepeceveHns, n byaeT paBHa aghghekmueHOMy
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npobeeay. OgHaKo Takoe onpeferneHne npakTnyeckoro npobera cBA3aHO CO
cnegyoowmnmMmmn TpygHocTamMu. Bo-nepsbix, obecnedeHne AocTaTtoOuMHOW cTaTu-
CTUYECKON TOYHOCTU B OnpegesieHMM MHTEHCUBHOCTU [-U3nyyveHust B6nmsm
doHa TpebyeT 3Ha4YNTENBHOro BpeMeHN. Bo-BTOPbIX, aKCTpanonauus KpuBou
NOrfoLweHns K YpPOBHIO (poHa 3aTpygHeHa OTCYTCTBMEM NPAMOSIMHENHOro
yyacTka Kpuson BONM3M dooHa. [loatomy Gonee TOYHO BENUYUHY MpakTude-
ckoro npobera MOXHO onpeaenuTb Mo rpaduky 3aBUCMMOCTM norapudpma
WHTEHCUBHOCTM OT TONLWMHbI nornotTutens (puc. 3). OToT rpaduk noyTn npa-
MOSIMHEEH, TaK KaK KpuBasi MOrfoLweHns S-ns3nyyeHnst B Bellectse 6nuaka K

9KCNOHeHUuManbHOn 3aBUCUMOCTMW.

enN

doH

v

Pwuc. 3

[ns onpeneneHnss BepxHeW rpaHuubl S-cnektpa no HangeHHomy ado-
dekTuBHOMY npobery nosib3ylTcs MX 3IMNupudeckorn ¢OpMyrion, KoTopas
BepHa B ananasoHe aHepruen 0,8 — 3 MaB:

E =1,845(pR + 0,133) (6)
B aTon dhopmyne aHeprna nosiydaeTcsa B MeraanekTpoHBOsbTax, €Criv Benu-

YMHa pR BblpaxkeHa B r/cm?,

3KkcrnepumMeHmarsbHasi 4Hacme.
B paboTte B kayecTBe geTeKTopa [-U3nyydeHust NCrnosnb3yeTcss namepu-
TenbHbIn 650K BGeTa-mukpomeTpa. HaBepxy uameputenbHoOro 6noka ycrta-

HaBNMBaeTCA CTPOHUMN-UTTpUEBLIN (SrP%Y®) uctounuk g-yactuu. Mexay mnc-
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TOYHUKOM U OEeTEeKTOPHbIM BIOKOM curHanuaaTtopa B yrnybrneHnn gepxartens
yCTaHaBnMBalTCs Nornowatome nnacTuHbl N3 antoMmMHNMeBon onbrn. 3Ha-
YyeHue MIOTHOCTM antoMUHUA paBHo 2,7 r/cm3. CYETYMK UMMYMbCOB BKIHOYa-
eTcsa TYMONepoM «CeTb», 3anyckaeTcsl KHOMKOW «cTapT». [1pu 3anycke noka-

3aHNA MHOMKATOPOB aBTOMaTU4ECKN O6HyJ'IF|I-OTCFI.

BHumaHue! MNMpu paboTe ¢ AeTEKTOPOM U UCTOYHUKOM COONOAATL OCTOPOXHOCTD!
AKTUBHbIE NOBEPXHOCTU UCTOYHUKA U AeTeKTopa obeperaTb OT MeXaHU4YeCKUX no-
BpexaeHun! bpatb UCTOYHMK pa3pellaeTcA TONbKO 3a 60pTUKM noanoxku. MNpuka-
CaTbCsA K aKTUBHOW MOBEPXHOCTU U MOAHOCUTb UCTOYHUK K rriasam KaTteropmyecku

3anpewaeTcs!

llodzomoeka Kk pabome.
BkntounTtb Nnpubopkl B ceTb 1 AaTb UM NPOrpeTbCs 2 MUHYTLI. [onyunTb

NMCTOYHUK S-4acTuy y nabopaHTa.

[opsidoK 8bINOMHEHUST U3MEpPEHUU.

N3mepuTb MHTEHCUBHOCTbL (POHA (CKOPOCTb cYeTa B OTCYTCTBME MUCTOY-
HWKA), 3aKpbIB MNPy 3TOM OTBEPCTUE AETEKTOPA KPbILLKOW OT UCTOYHMKA.

BcTtaBuTb UCTOYHMK B gepXaTeflb U CHATb KPpMBblE MNOrMoweHnsa f-
N3ny4yeHnsa B antoMUHUN, NocreaoBaTesibHO U3MEHASA TOSMLWUHY NOrnoTUTens
(konn4yecTBO BCTaBnsieMblx NnacTuH). isamepeHns ona kaxagoro n3 18 sHade-
HUM TONWMHBI Npon3BoauTb 2 pasa no 100 cekyHa, cHavana ysenuyveag, a
NOTOM YyMeHbLUAs TOMALLMHY NOrnoTUTens.

[MonyyeHHble pe3ynbTaTbl NpeacTaBuTb B BUAE Tabn. 2 co cneaylowm-
MW cTonouamu:
Tabnuua 2: 3aBUCMMOCTb CKOPOCTW cyeTa OT TOMLWMHbI MorfowaroLero

cno4.

TonwmHa N1 N2 N cp InN
cnosi
d, Mmm

doH
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1. TonwmHa cnoga nornoTuTens.
2.Ckopoctb cdeTta N; (Mmn/c), cooTBeTCTBYyHOLAA OaHHOW TonuwmHe d npu
yBENUYEHNN NIIACTUHOK.
3.CkopocTtb c4yeta N; (Mmn/c), cooTBeTCTBYHOWAA LaHHOW TonuwmHe d npu
YMEHbLUEHUWN NIIacTUHOK.
4.CpegHee 3Ha4YeHMe CKOPOCTU cHeTa.
5.HaTtypanbHbIn norapugm CKOpoCTn cHeTa.

1O OKOHYaHUWN CHATUSA KPUBOW NOTMOLLEHNSA MOBTOPUTE N3MepeHne o-
Ha (6e3 NMNacTMHOK C HAKpPbITOM KPbILEYKOW OT UCTOYHKUKA.) [anee B Kade-

CTBe YpoBHS poHa B6paTb cpeaHee OT ABYX M3MEPEHHbIX 3HaYEHUN.

Obpabomka pe3yribmamos usMmepeHuU.
1. MNonb3yacb MeTOAOM HaMMEHbLUNX KBaApaToB, MOCTPOUTL rpaduk B Jiora-
pudpmmnyeckom mactabe no ocu opanHaT (To ectb Anga N)
2. Hanga Touky nepeceyeHnsa ypoBHSI boHa (B norapndmMmyeckom macluta-
6e) n npsmon nornoweHus, onpenenntb apdekTnBHbIN Npober f-yactuy B
mMartepuane nornoTuTens.
3. Monbaysacb oopmyrion (6), BbIYUCNNUTL MaKCUManbHY SHEPruo [-4acTtul
Sr,
4. YKasaTb 4OBepUTENbHbIN MHTEpBan A4 NoSTyYeHHbIX 3HaYeHUN.

KoHmporsbHbie 80rpockl.

1. Yto npegcraBnsaT cobon S-yactmubl? [NpMBeCTU NpUMEpPbl [-aKTUBHbIX

N30TOMNOB ANS BCEX TPEX BUAOB B-pacnaja.
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2. BbIBeCTn 3HepreTuyeckue ycnoBusi Ons Kaxdoro u3 Tpex BUOOB f-
pacnaga.

3. VN306pa3nTb NpUMEpHbIN BUA SNEKTPOHHOMO WU MO3UTPOHHOIO CMNEKTPOB,
Habngaembix Npu f-pacnage. Yem BbI3BAHO pasnuyumMe Mexagy 3TUMU Crnek-
Tpamn?

4. Kakve fS-nepexofbl Ha3bIBaOTCA paspeLlleHHbIMU U 3anpeLlleHHbIMU? [lo-
yemy?

5. KakoBbl OCHOBHble XapaKTepUCTUKM HEUTPUHO (aHTUHEWTPMHO): Macca,
CNWH, 3apsa?

6. Yem oBycrnoBneHbl NOTEPU SHEPINN S-4acTuL ManbiX U BONbLUNX SHEPTUI
Npwv MPOXOXAEHUN Yyepe3 BewecTBO (MOHU3aLMOHHbIE U pagMaLnOHHbIE MO-
Tepn)? YTo Takoe Kputnyeckasi aHeprna?

7. Yem oTnuyaeTcs OBWXKEHUE Nerkux 3apsikKeHHbIX YacTul (3N1eKTPOHOB) B
BellecTBe OT TsxenblxX (a-yactuy)? MNovemy? K kaknm pesynbTatam 3To npu-
BOOAUT?

8. Uto Takoe npaktnyecknn (3deKkTnBHbLIN) Npober anekTpoHa? Yem OH oT-

nuyaeTtcs OT UICTUHHOW ONUHBI nyTn YacTuubl B BellecTBe?

JlabopamopHasi paboma Ne5
CYETYMK FEMTEPA-MIONNEPA.

Llenb pabotbl: MccnegoBaHne CYETHOM XapakKTepuCctukn m onpepgerneHne

MEpPTBOro BpemMeHu cyeTtymka lremrepa-Mionnepa.

O6opyaoBaHue: VICTOYHUK B-U3NyYeHns B 3alLIMTHOM KOXyxe, cHeTymk [enre-

pa-Mionnepa ¢ 3neKkTpruyecKon LEenbio NOAKMIOYEHUS, NepecHeTHbIN Nprbop,
NCTOYHUK HaNpshKeHus.
Kpamkue pekomeHOayuu.
[[@30HaNONHEHHbIE AETEKTOPbl (MOHM3ALMOHHbIE KaMepbl, NPONopLmOo-
HamnbHblE CYETYMKKM, cHeTymkmn [errepa-Mionnepa) 6narogapsa xopoLlen vyB-

CTBUTEJIbHOCTUN K U3NMYHYEHNAM pPa3HbIX BUOOB, NPOCTOTE N AELIEBA3HE U AB-
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NAKTCA WKMPOKO pacnpocTpaHeHHbIMU npubopammn ansa perucrpaumum UOHK-
3MPYHOLLErO U3Ny4vyeHns. Takme cHeTYMKM NpeacTaBnaoT cobon HanONHEHHYHO
rasom ob0s104Kky, B 06eM KOTOPOW BBELEHbI [Ba aneKTpoaa.

CobcTBeEHHO, cyeTunkm [enrepa-Mionnepa 6biBatloT ABYX BMAOOB - LM-
nuHapu4veckne n tTopuosble. LInnnHapnuyeckuin cHeTYMK COCTOUT U3 MeTannu-
YeCKOW U1 MeTannmnM3npoBaHHOW U3HYTPU CTEKNSAHHOM TPYOKN N TOHKOWN Me-
TanM4yeckon HUTU, HaATAHYTOM MO OCU uunuHapa. HuTb CnyXuT aHoaom,
Tpybka — katogoM. TOpUOBLIA CYETYMK MMEET KPYrrioe BXOOHOE OKOLUKO B
TOpUE UMNUHOPUYECKOro Kopryca, MOKPbITOe TOHKOW MeHKOW CIioabl Unuv
donbrn. Yepes 910 OKHO YacTuLUbl NonagarT BHYTPb CHETYMKA.

HanonHsawT c4yeTynkm aproHoM M HEOHOM, MHOr4a asoToOM U BOAOPO-
oM. Pabouyee HanpsbkeHMe cuyeTymka 3aBUCUT OT OaBrfieHusi rasa, KoTopoe
MOXET MEHATbCSA B LUMPOKMX Npegenax. Llnnnnaopuyeckmne cHeTuynku npume-
HAKT B OCHOBHOM [f18 perncrpauumm y- n f-usnyyeHunin, a TopLoBble - ANns o- U
[-N3nyyeHnn.

Cxema BKMOYEHUS CYETYMKA NokasaHa Ha puc. 1. Hactuua, nonagas
BHYTPb CYETYMKA, BbI3blBAET BAOSIb CBOEN TPAEKTOPMM NOHM3ALUMIO ra3a, bna-
rogapsi KOTOpoW B Lienu BO3HMKaeT TOK.

MMnynbC TOKa 4Yepe3 OeTekTop MNpUBOLAUT K BO3HWKHOBEHUKO MMIMynbca
HanpspkeHUst Ha pesnctope Ri, KOTOPbIN YCUNIMBAETCH U NOJAeTCa Ha nepe-

CYETHYIO CXEMY.

I"‘ Uaum.
¥

+
'
R __f__’" C U
E Ugiix ﬂcpec%FéTHbM
- 41 l. npudop
@R1

Puc. 1. Cxema nogkntoveHuns cyetymka Ir'enrepa-Mionnepa.
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[lycTb spgepHas yactuua cosgana B pabovyem obbeme cyeTymka He-
CKONbKO Nap WOH-3MeKTPOH. Noa AencTBMEM 3MNEKTPUYECKOro nonsd, npuno-
YXEHHOro K CHETYUKY, NOHbl U 3NEKTPOHbI HAYHYT ABUraTbCs K NPOTUBOMOSIOXK-
HbIM 3nekTpogam. Hekotopas mx 4acTb ycneeTr pekoMOMHMPOBaTb, HO OC-
HOBHasi Macca OOCTUrHET 3MIEKTPOAOB W BbI3OBET BO BHELUHEN 3neKkTpuye-
CKOW Lenun Tok. Bcnecreme MHOMoKpaTHbIX CTONKHOBEHUA C MOSeKynamMmu ra-
3a cpeaHssa CKOPOCTb HanpaBfEHHOro ABMXEHUSA MOHOB HEBENMKA M NPonop-
LMOHarbHa OTHOLUEHUIO HaMPSKEHHOCTU E 3fEeKTPUYEecKoro nonsa K gasrie-
Huto rasa P. Npn E/P=1B/(CMeMM.pT.CT) CKOPOCTb MOHOB B 651aropoaHbIX ra-
3ax paBHa 1,...,5-10° cm/c. MNoaBMXHOCTb 3NEKTPOHOB Ha TPY NopsaKa BhbiLLe,
YyeM NOABMXHOCTb MOHOB. Takasl pasHuua B NOABUMXHOCTU CBsA3aHa C pasnu-
Yynem B Macce 1 anvHe ceobogHoro npobera. ONEKTPOHbI 4OCTUraloT aHoaa
ropasgo paHblle, YeM WMOHbI - KaToda, MU ycnesarT nNpuobpecTn OT 3NeKTpu-
yeckoro nonga 6onbLy 3HEPru, NO3ITOMY OHW UrPaloT rMaBHYK pPoOSfib B
dopMMpPOBaHUM BbIXOLHOMO MMMYNbCa HaNpsiKeHUs.

Ha puc. 2 nsobpaxeHa 3aBUCMMOCTb aMNANTyAbl UMMyNbca Hanpsxe-
HUS Ha BbIXOAe OETEKTopa OT HanNpshKeHUs1 Ha ero anekTpogax (8osbm - am-
rnepHas xapakmepucmuka). 9Ta KpuBas MOXeT OblTb pa3feneHa Ha xapak-
TepHble obnactn. Ha yyactke 1 nponcxoguT ABa KOHKYPUPYOLLMX npoLiecca:
cobupaHue 3apaaoB Ha anekTpodax n pekomobmHaums 3feKTPOHOB 1 MOHOB B
razoBomM obbeme. [pn yBENUYEHUM HaNPsHKEHUS Ha ANEeKTpoadax CKOPOCTb

MOHOB yBEJINYNBAETCA, HTO YMEHbLUAET BEPOATHOCTb peKOM6VIHaLI,VIVI.

Puc. 2. 3aBMCUMOCTb BENUYNHBI BbIXO4HOMO nMmnyrnbca
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Ot HanpsikeHus U B cyeTtuuke Nenrepa-Mionnepa.

CnnowHas KpnBad COOTBETCTBYET a-4acTtuuam,

MyHKTUPHas - f-yacTuuam.

Ha yyacTtke 2 npaktuyeckmn Bce 3apsiabl, obpasoBaHHble B JeTEKTope, cobu-
palTCcs Ha anekTpodax. OTOT y4acTOK KpUBOM HasbiBalOT 06MacTblo Hacbl-
lweHus. MNMpu Taknx HanpsKeHnax paboTarT MOHM3aUMOHHLIE Kamepbl. [Mpu
AanbHeNWeM yBENTMYEHUN HaNPsXXeHNST ANEKTPOHbI, CO3[aHHble B pe3yrnbTa-
TE€ MEepBMYHOM MOHM3ALMMK, YCKOPSIKOTCSA MOSIEM HACTOSIbKO, YTO CTAHOBSATCH
CMOCOBHLIMWN NPU CTONKHOBEHUN C HEUTPASIbHbBIMM aTOMaMn rasa MOHMU3NPO-
BaTb MX, TO €CTb CO34aTb B pe3yrnbTaTe yaapHOM MOHM3aLMN HEKOTOPOE YnC-
110 BTOPUYHbBIX MOHOB M 3NEKTPOHOB. [pomncxoauT ra3oBoe ycuneHme, npuyem
aMmnnuMTyga umMnynbca pacTteT cHadana nponopunoHanbHO NEPBUYHON MOHU-
3auumn (obnactb 3, rae paboTaloT NponopumoHarbHble cyeTymkun). Crnenyto-
LWMA y4acToK 4 HasblBaldT 06acTbl0 «OrpaHUYEeHHON MpPONopLMOHanbHO-
cTny». Ha yyactke 5 rasoBoe ycurneHue Bo3pacTaeT HacToMbKo, YTO cobupa-
eMbl 3apsa He 3aBUCUT OT NEepPBUYHOM MOHM3aLUMWU (KpMBble OT pasHbIX 4a-
cTuy cnmeatoTcqa). 910 obnactb [enrepa-Mionnepa. B6nunam nopora aTtoun
obnacTtu ycnosusi, Heobxoanmble A58 yoapHOM MOHM3aLUUKN, BO3HUKAKOT TOSTb-
KO OKOSO HUTKU (TaK Kak B LUMIIMHOPUYECKUX cyeTymkax, Hanpumep U=1000 B
HanNpPsH»KeHHOCTb 3reKTPUYEeCcKoro nongd y kartoga nopsigka coteH B/cwm, a
B6nM3n Hutn — 20,...,40 kB/cm), npn 6onee BbICOKMX HanpskeHnax obnactb
yAapHOM MOHM3aLUUN NOCTENEHHO OTOABUIaeTCs BO BHELLUHIOK obnacTtb cyeT-
yuka. None BONM3M HUTU HACTONBLKO BENWKO, YTO BTOPUYHLIE SNEKTPOHDI, B
CBOI o4vepeb, ObICTPO HabupalT 4OCTATOYHYIO SHEPrUI0 AN nocneayoLen
MOHM3aLUMN HENTParnbHbIX aTOMOB ra3a. B pesynbtate BO3HUKAET 3/1€KMPOH-
Hasi JlaguHa, KoTopasa obpbiBaeTcsl NuLWb TOrAa, Koraa Bce CBA3aHHble C Heu
SMEKTPOHbI AOCTUralT HUTK cveTumnka. B obnactn MNenrepa-Mionnepa koad-
dvumeHT rasosoro ycunexusa gocturaet 10%° a amnnutyga BbIXOOAHOMO UM-
nynbca HanpsXXeHUs - HeCKOoSIbKo BOJSibT. [loaToMy cuetumkn [ewnrepa-

Mionnepa o6nagatoT BbICOKOW YYBCTBUTENbHOCTHIO K MOHU3UPYIOLLIEMY U3MTY-
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YeHnto. OOHaKO 3TU CYETUYMKN HE CNOCOBOHbLI pasnuyaTtb BUAbI U3MYyYEHUN, Tak
KakK MMNYrbC HanNpsbkeHNsa Ha aHo4e He 3aBUCUT OT NePBUYHOM MOHU3ALMUMN.
[lepBuMyHas naBvHa MOXET MOPOAUTL 8MOPUYHbIE JlagUHbI, Crefyto-
LLME 3a HEW, eCri1 He NPUHATL cneumnanbHbix Mep. ObpasoBaHMe BTOPUYHBIX
NaBWH CBA3AHO C UCMYCKaHMEM YNbTpadunoneToBbiX (POTOHOB, BO3HUKAKOLLMX
npuv coygapeHusax aToMoB C MOHaMM rasa. AT POTOHbI BbIOMBAKOT U3 CTEHOK
CUYETYMKA SNEKTPOHbI, KOTOpble U BO3OY)KAAlT BTOPUYHbIE flaBuHbl. BTopuny-
Hble NaBWHbI, KPOME TOro, MOryT BbI3bIBATbCA MOMOXUTENBHLIMU MOHAMMU, KO-
TOpble, AOCTUrasi katoga, BblOMBAOT BTOPUYHbIE 3NEKTPOHbLI. B HOpManbHO
paboTaloLleM cHeTUMKE pa3psa OOMMKeH obpbiBaTbCA Nocne nepBow flaBUHbI.
[Ana raweHna BTOPUYHbLIX MaBWH MPUMEHSAIOT B OCHOBHOM [Ba noaxona.
OAuH 13 HMX cocTouT B gobaBreHmn K OCHOBHOMY rady MHOroOaTOMHbIX opra-
HMWYECKNX BeLwecTB (CnupTa, 3TUNneHa u T.M.) unm ranoreHos (xnopa, 6poma).
Mo cpaBHEHWIO C aTOMaMW OCHOBHOIO HaMOSTHUTENS MOSEKYNbl NpUMecen
nmetot 6onee HM3KMe noteHumarnbl NOHM3auMn. NMpn CTONKHOBEHUU C HUMMU
NOSTIOXNUTESbHbIE MOHbI HENTPANU3yTCH, 06pa3oBaBLLUNECS e UOHbI NpUMe-
CU-racuTenst He B COCTOSIHUM BbiOUTb M3 KaToAa BTOPUYHbLIE 3MEKTPOHDI.
Kpome TOro, npymecu nornowaroT ynbTpadmnonetoBoe M3nyyeHne, HO npwm
9TOM He ucnyckarT POTOSNEKTPOHbI, @ AUCCOLMUPYIOT Ha pagukanbl Unm
aToMbl. CHeTUYMKM C TakumMm gobaBkaMm Ha3bIBaOT camoracsawmnmmcs. Jpyron
crnocob 60pbbbl CO BTOPUYHLIMU SlaBUHAMWN — PaANOTEXHUYECKUI, CBA3AHHbIN
C PE3KMM YMEHbLUEHNEM HAMNPSPKEHUSA Ha CYETUMKE MOocne NpPOXOXAEeHMs
dpoHTa curHana oT NepBUYHON NaBMHbl. ATO YMEHbLLUEHWE MOXET ObITb ak-
TMBHbLIM, TO €CTb OCYLLECTBIISSIEMbIM CneynanbHbIMU BHELWHUMU BbiCTpoaen-
CTBYIOLUMMN CNYCKOBbIMW YCTPONCTBaMK, Tak M NaccuBHbiM — korga RC >>
tcos (tcos — Bpemst cobupaHums MOHOB Ha anekTpogax, RC — cm. puc. 1). OgHa-
KO Takon cnocob npuBOAUT K YXYALIEHUIO paspeluaroen cnocobHocTn, u B
HacTosiLLee BpeMsa NPUMEHAETCS peako, T.K. pa3dpaboTaHbl Xxopolune camora-

cAwpmecqa CHeTHYUKN.
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BaXkHbIMN XapaKTepucTUKaMn cHeTYMKa ABNSAKOTCS paspeLlatrollas cro-
cobHocTb N, n MepTBOe (Unu paspeluaroLiee) BpemMs 7, CBA3aHHbIE COOTHO-
LLIEHNEM:

Np=17 (1)
Mepmeoe epemsi — 9TO MWHMMAnbHbIA MPOMEXYTOK BPEMEHUN, KOTOPbIM
OOJTKHbI ObITb pasaeneHbl NPoNeTbl AAEPHbIX YacTUL, Yepesd CYETUYMK ANs To-
ro, YTobbl OHM ObINK 3aperncTpupoBaHbl OTAENbHO. [pyrnMn croBamun, aTo
BpPEMS, KOTOPOE CYETYMK «TpaTUT» Ha permcrpauunio ogHon yactuubl. OHO
NPUMEPHO PaBHO ANUTENBbHOCTU UMMNYNbCca OT OOHOM YacTuubl. Paspeluato-
las cnocobHOCTb, TakMuM oOpa3oM, XxapakTepusyeT MakCUMasibHblA MOTOK
YyacTuu, NPOHM3bIBAKOLMX CHETUMNK, KOTOPbLIN TOT B COCTOSIHUM NMPaBUIIbHO CO-
cyutaTb. TunuuHble 3HaveHns Np Ans cyetynkos Menrepa coctasnset 10°,...,
10° ¢,

PeanbHbI CYETUYMK OTKIMKAETCA He Ha Kaxayk dactuuy. Habniogae-
Masi CKOPOCTb cYyeTa (YMCII0 UMMYSIbCOB B €AMHULY BPEMEHU) M U UCTUHHAs
(To ecTb Ta, KoTopas Habnioganacb 6bl B TOM cnyyae, ecnn Gbl MepTBOE
BpeMs BbIN10 paBHO HyIO, a pa3peluarowasi CnocobHOCTb — BECKOHEYHOCTN)
CKOpPOCTb c4yeTa N cBA3aHbl MPUBAMKEHHBIM COOTHOLLEHWEM, KOTOPOE TEM

TO4YHEE, YEM MeHbLUe T NO CPpaBHEHUIO C m™.

m

n= 2)

1-mrt
Pa3peu.|arou4yro CMNOCOOHOCTb CYeTYMKa MOXKHO onpeaennTtb 3KCnepuMeH-

TanbHO, MCMNOMb3ys ABa WM HECKONbKO HEe3aBMCUMMbIX UCTOYHMKOB. MeTon
OCHOBaH Ha CpaBHEHWUWN CKOPOCTEN cyeTa OT OTAENbHbIX MCTOMHUKOB CO CKO-
POCTbIO cYeTa OT TEX K€ UCTOYHUKOB, AENCTBYIOLLMX OAHOBPEMEHHO. [yCThb

Nj —MCTUHHAasA, a M; — N3MEPEHHAsA CKOPOCTM CYETA OT i —T0 UCTOYHMKA, a Ns U

Ms — CKOPOCTU cHeTa OT BCeX MCTOYHUKOB. Torpa:

2Ni=ns, (3)
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. my I (%
1-m;T 1-mgT

Pasnaras npaBble YacTu paBeHcTBa (4) B pa4 no ManbiM mt (CMOTPU ycroBme
npwu (2), nony4nm npy Nnepeom NpubnmxkeHum

ni=m;+m;?z ; ns=Ms+Ms2T. (5)
CymmMumpy4 no i nepBoe paBeHCTBO (5) U UCnonb3yst COOTHOLLEHKE (3), nony-
YaeMm BblpaxeHve ans t.

_— Ximi—mg
mg-3(m7)

BaxHa Takke cyemmHasi xapakmepucmuka geTeKktopa, rnpeancrtasndrolan 3a-

(6)

BUCUMOCTb CKOPOCTU CYeTa OT NPUNIOXEHHOIo Hanps»KeHNa Npu NOCTOSIHHOW
WHTEHCUMBHOCTU MOHM3UpYyoWwero msnyyeHna (cm. puc.3). Pernctpauus nm-
NynbCOB BO3MOXHaA MNPU HanpsXKeHUW, KOTOPOe MnpeBbllaeT onpeaeneHHoe
3Ha4yeHune, HasblBaeMoe Mopo208bIiM. [1py nNpeBbiLeHNN nopora YMCrio UM-
NynbCOB ObICTPO pacTeT, a 3aTeM NpakTUYeckn nepectaeT pactu. B atom ob-
nacTn XapakTepuCcTuKu (Ha Tak HasblBaeMOM MaTo) YMUCIO 3aperncTpupo-
BaHHbIX MMMYNbLCOB MPAKTUYECKN HE 3aBUCUT OT HanpshKeHUs, TakK Kak Kax-
Oas MOHM3MpYloLasa Yactuua, nonagawowas B obbemMm cyeTymka, obpasyet
nasuHy. B oencTBUTENBHOCTM NAaTo MMEET HEKOTOPLIN HAKITOH, YTO CBS3aHO
C HEMNosHbIM raleHnemM BTOPUYHbLIX NaBUH, C 0Opa3oBaHMEM TSXKENbIX OTPU-
LaTenbHbIX MOHOB (K Takomy addekTy NpMBoaAUT, Hanpumep, Aobaska Mone-
Kyn Kucnopoga v napoBs BoAbl U3 BO3ayxa), C HEOAHOPOAHOCTbLIO AneKTpude-
ckoro nonsa v 1.4. MNMpy ganbHeNWem yBENUYEHUN HaANPSXKEHUST CKOPOCTb CYe-

Ta pe3ko BO3pacTaeT, Tak KakK CYETYMK MepexoauT B PEXMM CMOHTAHHOro

paspsaga.

ﬁ
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Puc. 3. CueTHas xapaktepucTtuka cdetyumka [errepa-Mionnepa.
1 - HanonNHeHHoro aproHom ¢ gobasneHnem 10% napoB cnupTa;

2 - OT Xe c4yeTuuk ¢ gobasneHvem 2% Bo3ayxa.

Paboyee HanpsixeHUe cHeTyYnKa BblOMpatoT Ha cepeamHe nnaTto, YTobbl
nykTyaumm nuTalrowero HanpskeHns He BNnanu Ha paboTy cdetyumka. [lo-
poroBoe HanpsbkeHue, rnonoXeHue n AnNuHa nnaTto SABMSTCA MHAUBUAOYanb-
HbIMW XapaKTepUCTUKaAMUN CYETHUMKA U ON1S Pa3HbIX CYETYMKOB MOTYT MEHSTb-
CSl B WWMPOKKUX nNpegenax. CyeTymk Tem nydwle, Yem OfIMHHEee N ropu3oHTanb-
Hee nnato ero CYeTHOM XapaKTepucTuKKU, a Takke 4yeM Oonblue ero paspe-
warouwasa cnocobHocTb. B xopowmx cuyeTdmkax AnvHa nnato Jocturaet
250,...,300 B, a HaknoH He npesbiwaeT 3...5% Ha 100 B. HaknoH nerko pac-

cuMTaTb U3 CHATOW XapaKTepPUCTUKN No oopmyre:

(p=%-%-100% 7)

roe AN - pa3HOCTb CKOPOCTEN cYeTa B Hayane u B KoHLe nnaTo, N- CKOpoCTb
cyeTa B cpedHen Todke nnato (npu paboyvem HanpspkeHun), AU-anuHa nna-
TO.

ApgekmusHoCMb CHETUMKA ONPeaenseTcss OTHOWEHNEM Yuca anek-
TPUYECKNX MMMNYNBbCOB Ha BbIXOAE K YMCMY NpoLlleawnx Yyepes ero oobem va-
CTUL, (ECTECTBEHHO, KOraa MOTOK YacTUL, Yepes3 CYETUYMK He MnpeBbillaeT ero
paspeLlarouienn cnocobHoCcTn). 3Ta BeNMYMHA 3aBMCUT OT Tuna 4vacTtuy,. Tak
ONA 3apsKeHHbIX YacTuy, (o U ) COOTBETCTBYIOLIME CYETUMKM paboTaloT C
adpdpekTmBHOCTbIO 6nmn3kon K 100%, NOCKONbKY Aaxe e€OMHUYHBIN aKT UOHWU-
3aumn rasa B obbeme cyeTuMKa nponeTaroLlen Yactuuen npueeneT Kk obpa-
30BaHWUIO NaBWHbI U, COOTBETCTBEHHO K MMIMYSibCy Ha Bbixode. Ho y—KBaHT,
Hanpumep, MoOXeT NposieTeTb CKBO3b CYETYMK U HE Bbl3BaTb MOHM3aUMW. [1o-
3TOMYy 3(P(PEKTUBHOCTbL perucTpaunmn y-KBaHTOB cyeTyMkamu [eunrepa po-
BONIbHO Mana (nopsigka HEeCKOSMbKUX MPOLIEHTOB). N aaxe aTta BenuymnHa CBa-

3adaHa B OCHOBHOM C BTOPWYHbIMUA Sd)C*)eKTaMI/I, Bbl3BaHHbIMN Y-KBaHTaMW B
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CTEHKax c4yeTyuka: OTOI(PIEKTOM, KOMNTOH—3I(AEKTOM U pPOXOAEHMEM

ANEKTPOHHO-NMO3UTPOHHbIX Map.

AkcriepumeHmarbHas Yacme.

Bnok-cxema yctaHOBKM nsobpaxeHa Ha puc. 4. B pabote ncnonbaytoT-
cq: cyetyuk Menrepa tvna CTC 5, UICTOYHMK NOCTOSIHHOroO Toka TB 2, nepe-
CYETHbIN Npubop, ABa PaaNOaKTUBHBIX CTPOHUMU-UTTPUEBLIX (Sr%7Y%Y) uc-
TOYHMKA S-4acTuy,. BeixogHon curHan 6noka geTekTMpoBaHUS MMeeT oTpula-

TeJSIbHYI0 NOMAPHOCTb M aMnnTygy okono 12 B.

CHUHETYMK
ﬁﬁ:_g:ugl( FEVIEPA- nepecyeTHoe
MIONNEPA YCTPOWCTBO

-

McTouHnkn Beta-vyactuy

Puc. 4. briok-cxema akcnepMMeHTaribHON YCTaHOBKM.

BHUMAHUE! B pabote ncnonb3yetcs BbICOKOBOJIbTHbIM UCTOYHUK. BKniovaTtb ero
M noaaBaTb BbICOKOE HamnpshXeHWe Ha cYeTyMK 6e3 paspelwleHus nabopaHta unu

npenogasaTtens 3anpewaeTtcs!

[TopsidoK 8bINOHeHUs1 U3MepeHUU.
1 yacmeb. UccrnedosaHue cHemHoOU xapakmepucmuku.
1. MonyunTtb y nabopaHTa KOHTEMHEpPblI C PaAnOaKTUBHBIMU UCTOYHU-
Kamun. CHATb KPbILWKY C OAHOMO U3 KOHTENHEPOB C UCTOYHMKOM U YCTAaHOBUTb

ero B COOTBETCTBYHOLLWIA AepXKaTenb.
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2. MNnaBHO yBenuuuBas HanpshkeHWe Ha cYeTyuKe, HanTU MOpPOroBoe
3HayeHue, Npu KOTOPOM, OBHaPYXMBAKOTCS UMMNYIbCHI.

3. CHATb 3aBMCUMOCTb CKOPOCTU cHeTa OT HanpsKeHUsi, KOTopoe U3me-
HATb NO cTyneHsaMm Ha 20 BonbT. [NpPoOAOIKNTENBHOCTE KaXO0ro n3mMepeHus
He meHee100 c.

4. MNpun Bo3pacTtaHun ckopocTn cyeta Ha 30% OTHOCUTENBLHO cyeTa B
Hadane nnaTto NpekpaTuTb yBENMYEHUE HanpshkeHns BO nsbexaHne Bbixona
cyeTymnKa u3 CTpos.

5. MNocTponTtb rpacduk u BbIOpaTh paboyee HanpsXkeHne (MPUMEPHO Ha
cepeauHe nnaro).

6. HanTu npoTtskeHHOCTb nnaTo (B BONbTax) U €ro HakmnoH (B npoueH-
Tax Ha 100 BonebT).

Tabnuua 1. CyeTHasa xapakTepucTuka npundopa

u,B n

1.
2.

2 yacmb. OripedesieHUe Mepmeo2o 8PeEMEHU.
YCTaHOBUTb Ha cyeTumnKe paboyee HanpsKeHue.
Bce namepeHna nposoamm no 5 pas npogosrmkmutenbHocTbio Mo 100 cekyHA.
1. N3amepuTb POH cyeTymnka (B OTCYTCTBUN UCTOYHUKA).
2. IamepuTb CKOPOCTb cYETa OT KaXX4oro MCTOYHUKA B OTAENbHOCTH.
3. 3amepuTb CKOPOCTb CYeTa OT UCTOYHMKOB, YCTAHOBIEHHbIX OQHOBPEMEH-

HO.

Tabnuua 2
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n/H doH mz mp M12

a & N PE

cpenHue

3Ha4YeHunsA

PeaynbTaTtbl namepeHui 3aHectu B Tab. 2.
Mo popmyne (6) BbIMNCNUTL BENMYMHY MepTBOro BpemeHun. Onpeaenntb no-

rPeLlHOCTb.

B oTyeTe ykasarthb:

1. Homepa UCTOYHUKOB.

2. [MpOTSKEHHOCTb NNATO CYETHOWN XapaKTEPUCTUKM.
3. HaknoH nnarto.

4. Paboyee HanpsbkeHue.

5. MepTBoe BpeMA C AoBEPUTESIbHBIM MHTEPBAJIOM.

KoHmporibHbie 80rpochkl.
1. MNepeuncnute BMObI ra3oHaNOSIHEHHbIX OETEKTOPOB, OonncaTb MUX YCTPOU-
CTBO. Ha kakmx y4yacTkax obuienn BonbT-aMNepHON XapaKTEPUCTUKM OHU pa-
6oTatoT?
2. KakoBbl JOCTOMHCTBA M HEAOCTAaTKN pPasnuUyHbIX ra3oHanosIHEHHbIX OeTeK-
TOpoB?
3. Onuwnte ycTponucTBO M NpuHUMN padoTbl cyeTumka [enrepa-Mionnepa.
MexaHn3mM BO3HUKHOBEHWNS BTOPUYHbIX NTaBUH.

4. NMprYMHbI BO3HUKHOBEHUSI BTOPUYHbIX NaBuH. Mepbl 60pb0bl CHUMMW.
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5. YUto Takoe paspelsatowasi cnocobHOCTb U MepTBOE BpeMs AeTektopa? Ka-
KOB XapaKTepHbl BUA CHETHOM XapaKTepUCTUKM cHeTumnka [eunrepa-
Mionnepa? Ob6bAacHUTE (PU3NYECKMIN CMbICIT XapaKTEPHbIX y4aCTKOB 3TOW Xa-
PaKTEPUCTUKMN.

6. YUTo Takoe abpeKTMBHOCTL cyeTuMka? KakoBbl XapakKTepHble 3Ha4yeHus
9PPEKTMBHOCTM pasfiMyHbIX TUMOB cHeTunkoB ['enrepa-Mionnepa ans a, f v
Y-U3ny4yeHuna?

7. Hapucynte TunuyHyo cxemy BKNoYeHNa cyetumnka Ienrepa-Mionnepa. o
Brok-cxeme pacckaxuTte 0 paboTe YyCTaHOBKM U O HAa3HAYeHUN KaXKaoro u3 ee

JJIEMEHTOB.
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