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CUETYUK I'EMT'EPA-MIOJLJIEPA

Ilenv pabomwi: u3yyeHue NpUHIMNA AEUCTBUSI U OCHOBHBIX
XapaKTEPUCTUK camoracsierocs cueruuka I'eiirepa-Mrosepa, a
MMEHHO: CUYETHOW XapaKTePUCTHKH, BPEMEHHBIX I1apaMeTpOB
(MEepTBOro BpEeMEHH T,, BPEMEHH BOCCTAHOBJICHHUS Ty, BPEMEHHU
paspeleHus Tp), 3PPEKTUBHOCTH PErMCTPALMH KOCMUYECKHX 3a-
PSYKEHHBIX YaCTHIL.

BBEJIEHUE

Cuerunku ['eifrepa-Mrosiepa OTHOCATCSA K I'a30BbIM MOHU3a-
[IUOHHBIM JIETEKTOpaM, pabOTAONINM B PEXKUME CaMOCTOSITENIbHO-
ro rasosoro paspsna. Cueruuku ['eiirepa-Mromiepa umeroT pas-
JMYHYIO TEOMETpUYecKyto (popMy (LMIMHIPUYECKHUE, TOPLIEBbIE U
T.0.).

PaccMOTpuM MeXaHW3M BO3HHUKHOBEHMSI CaMOCTOSITENIBHOTO
ra3oBOTO paspsjia Ha MpUMEpe LUIMHIPUYECKOTO JETEKTOopa, 3a-
MIOJJHEHHOTO MHEPTHBIM ra3oM, B KOTOPOM JAuMaMeTp Karoja (1u-
JUH/APA) MHOTO OOJIblIE AMaMeTpa aHo/Aa (METaNINYECKON HMTH,
HaTSHYTOH 110 OCH LIMJIMHJIPA).

I/ISBCCTHO, YTO IIPU MOBBIIICHHUU PA3HOCTU ITOTCHIHAJIOB B r'a-
30BBIX LMWIMHIPUYECKUX IETEKTOPaX, 3allOJHEHHBIX MHEPTHBIMU
ra3am, 3JEKTPOHBI IEPBUYHON MOHU3AIMHU TpU JApeiide K aHOay
CO37al0T B O0JACTH yJapHOW HMOHM3AIMK BOJW3M aHOMA DJIEK-
TPOHHO-MOHHBIE JTABUHBI U BO30YKJACHHBIE aTOMbI WJIK MOJIEKYJIbI
rasza, KOTOpbI€, BO3BPAIasiCh B OCHOBHOE COCTOSIHUE, UCITYCKAIOT
KBaHTBI yIbTPa(UOIETOBOTO U3TYUEHUS.

Otr (OTOHBI MPAKTUUECKH HE TOIJIOMIAIOTCS B rase, rnomnajaa-
IOT Ha KaToJ U 3a CUeT BHEIHero (otorddexra Ha HEM CO3IAIOT
JIOTIOJTHUTENbHBIE CBOOOJHBIE 3JIEKTPOHBL. J[pyruM HCTOYHUKOM
AJIEKTPOHOB SBJISIOTCS MOJIOKUTENbHBIE MOHBI MHEPTHOTO Tas3a.
DT HMOHBI UMEIOT MOTEHUUAIBHYIO SHEPTUI0, MPEBBIIIAONIYIO
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YABOECHHYIO Pa0OTy BBIXOJAa C MOBEPXHOCTH KaToJlla, MO3TOMY,
MOJXOAS K KaToay U3 00JacTu yJapHOW MOHM3AllWH, TaKKe MpH-
BOJST K TMOSBICHUIO CBOOOJHBIX 3JIEKTPOHOB (BTOPUYHBIE MPO-
1IECChl Ha KaToje). DTHU 3JEKTPOHBI MO JCUCTBUEM 3JIEKTpHUUE-
CKOTO MOJsS Ipel(yroT K HUTH, B CBOIO Ouyepes 00pasys dIiek-
TPOHHO-(OTOHHBIE JaBHHBI. OOIIee YHCIO0 AIEKTPOHOB C KaToAa
omnpeaensiercss BenuuuHoi YMNo, r1e Y — BeposiTHOCTh 00pa3oBa-
HUSl CBOOOJHOTO JIEKTPOHA 3a CUET BTOPUYHBIX IPOLIECCOB Ha
karoge (y ~ 10'4), M — ko3 PUITMEHT yCHIICHHs], PaBHBIM OTHOIIIE-
HUIO TOJIHOTO uucia nap uoHoB N B yaBune k uuciy map Np,
MEPBOHAYAIBHO CO3JAaHHBIX PETUCTPUPYEMOM YaCTULICH.

Ecnu razoBoe ycusieHue He O4YeHb BETTUKO YM B 3TON 001acTu
HaIlpsDKEHUHN CYIIECTBEHHO MEHbIIe eauHuIbl. [Ipu nanpHelmem
MOBBIIIEHUN PA3HOCTU MOTEHLHAIOB MEXY 3JIEKTPOJAaMH M pac-
TET ¥ HACTYIMAaeT MOMEHT, Korjga ym — 1.

OTO 03HAYaeT, YTO KaKJas 3JEKTPOH-WOHHAs JIaBUHA B 00-
JIACTH yJApHON MOHM3AIMU 33 CYET BTOPUUHBIX IPOIIECCOB HA Ka-
TO/IE CIOCOOHA CO3/1aTh B CPEAHEM OJUH CBOOOJHBIN 3JEKTPOH,
KOTOpBIH, CBOIO Ouepellb, AAET CIEAYIOIIYIO JaBUHY U T.1. DTO
MPUBOJUT K BOSHUKHOBEHHMIO CAMOIOAEPHKHUBAIOLIETOCs paspsaa
B JIETEKTOPE, KOTOPBII MPUHATO HA3bIBATh CAMOCTOSITENIbHBIM.

CamMocToATenbHBIH Ta30BbIM pa3ps]l MOKHO HCIOJB30BaTh
JUISL pErMCTpaliii MOHU3HUPYIOIUX U3IYyYEHHUH, €CM CO3/1aTh ycC-
JIOBHS €TO TallIeHUs J0 MOMaaHus B pabouuii 00beM cienyromen
YaCTHLIBIL.

PaccMoTpeHHBIN BhIIIE THN HENPEPBIBHOIO CaMOMOACPKU-
BAaIOILErOCsl pa3pszia B JETEKTOPE, 3allOJHEHHOM TOJBKO MHEPT-
HBIM ra3oM, HallpuMep aproHOM, Korja MOBTOPHOE pa3BUTHE Jia-
BHH MJIET 33 CYET BTOPUYHBIX NPOLIECCOB HA KAaTOJE, B HACTOSALIEE
BpeMS IS LENIeld PETUCTPALIMU HE MCMOJIb3YETCA. JTO CBSI3aHO C
TPYIHOCTSMHU B TallleHUH BO3HUKAIOUIETO pa3psza, KOTOPOe J0c-
TUTAETCS TOJBKO CHEIUAIBHO OpPraHM30BaHHOW BHEIIHEH ILIEIBIO
(cMm., Hanpumep, [2]). Ha npakTuke peaan3oBaH Apyrou THUII CUET-
YMKOB, TaK Ha3bIBa€Mbl€ caMmoracsiiuecs cueTduku [elirepa-
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Mromnnepa, B KOTOPbIX IPAaKTUYECKHU MOJHOCTBIO MO/IaBIEHbI BTO-
pHUUHBIE TPOIIECCHl HA KaTOZAE, a pa3BUTHE U TallleHHE pa3psia,
Onarozapst cuelMaabHbIM J00aBKaM K OCHOBHOMY ra3sy, UJET He-
MOCPEJICTBEHHO B 00BEME Ia30BOil CMECH.

B camoracsammxcsi cueT4nkax ra3oBasi CMECbh COCTOMUT U3 OC-
HOBHOTO Ta3a (00bI9HO aproHa ~ 90%) 1 mpuUMecHOTo (TacsIIero)
raza (~ 10%), npeacrasJistoiiero co0oil ClI0KHOE OpraHuYecKoe
coenMHEeHHE (IMaphl CupTa, d3dupa u T.I1.).

Heo0xoanMo, 4T00bI KOMIIOHEHTHI padoyeii cMecu cyet-
YuKa 0053aTebHO Y/AO0BJIETBOPSIM CJedyI0leMy YCJI0BHIO:
NOTEeHIHMAJ HOHU3ALUM racsero ra3a 10JokeH 0bITh MeHbIe
NEepPBOro NOTeHIHAJIA BO30Y:KIeHHsI OCHOBHOIO ra3a (aproma).

MexaHu3M pa3BUTHUS M TallleHUs paspsja NpU 3TOM YCIOBUU
BBITJISLAUT CIENYIOIIUM 00pa3oM. DJIEKTPOHBI, 0Opa30BaHHbIE Ha
clieie 3apsDKEHHOM 4acTUIbl B T'a30BOM IPOMEXKYTKE CUETUHKA,
MOJT JICUCTBHEM BHEIIHETO S3JICKTPUYECKOTO IOy Apei(yroT K
aHogy. Okono aHoja (HUTH) BO3HMKAIOT 3JIEKTPOHHO-MOHHBIE
JIAaBUHBI U BO30YKJICHHBIC aTOMBI M MOJICKYJIBI Ta3a. Bo30yxneH-
HbIE€ aTOMBI apProHa, Mepexo/il B OCHOBHOE COCTOSIHUE, UCIYCKAIOT
KBaHTBI YJIbTPa(QUOIETOBOTO M3ITyUEHHs], SHEPTHS KOTOPHIX PaBHA
NepBOMY MOTEHIHATY Bo30yxaeHus aprosa (~ 11,6 3B).

Mosekysnbl racsmiei 100aBKM aKTUBHO MOTJIOLIAIOT 3TO U3JTY-
YeHue, T.K. DHEPTUs UX MOHM3ALUU MEHbIIEe SHepruH (HOTOHOB.
T.o. uner uHTEeHCHBHAsA (POTOMOHM3AIUSA MOJEKYJ Tracsiied 1o-
0aBKHU (JaBJIEHHWE TracsIlero rasa BBHIOMpAIOT TaK, 4TOOBI JUIMHA
npobera (oToHa A0 TMOIJIOMIEHUsT HE MpeBblmaga | Mm) BOIU3M
aHoMa, MPHUBOISIIAS K 0OpPa30BaHUIO JOIMOIHUTEIBHBIX CBOOO-
HBIX AJIEKTPOHOB, KOTOPHIE B CBOIO OYEPEIh MAIOT HAYaJI0 HOBBIM
3JIEKTPOHHO-MOHHBIM JIABUHAM.

Takum 00pazoM, MPOUCXOAUT PACTIPOCTPAHEHHE JTABHH BJIOJH
HUTH JI0 TeX IOp, MOKa BECh CUETUYMK HE OyIeT OXBaueH pas3ps-
oM. st CYeTYMKOB CPETHHMX pPa3MEpOB CKOPOCTh paclpocTpa-
HeHns paspsiza Boib mutH 10° - 107 cm/c W, ciegoBaTesbHO,
Bpemst pacripoctpanenus — 10° — 10,
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EcTtecTBeHHO B Ipolecce pa3sBUTHS paspsia BO3HHMKACT U
00JIbIII0€ KOJTMYECTBO BO30YKIEHHBIX MOJICKYJI FacsIIero rasa.

OpHako BO30YX/IEHHBIE CIIOXKHBIE MOJIEKYNbI JOOaBKU JINOO
JMCCOLIMUPYIOT Ha COCTABJISAIONINE UX PAaTUKaIbI, TH00, epexos
B OCHOBHOE COCTOSIHHE, MCIYCKalOT JUIMHHOBOJHOBBIE (DOTOHBI,
KOoTOpbIe POoTOAhDEKT HAa KaTOAE HE TIPOU3BOISAT.

OJEeKTPOHBI, UMEIOIINE OOJBIIYI0 NOJBUKHOCTb, OBICTPO CO-
OuparoTcs Ha aHOJE, MOHBI CO3/IAI0T OKOJIO HUTH OOBEMHBIN MO-
JIOKUTENBHBIN 3apsiil. JTOT 3apsj MOHM)KAET B KOHEYHOM CUETE
HaNpsHKEHHOCTh 3JIEKTPUYECKOro IOJs BOJM3M HUTH A0 3Haye-
HUS, IPU KOTOPOM yJapHas MOHM3ALMs YK€ HEBO3MOXKHA U akK-
THUBHAs CTaAMsl pa3psaa 3aKaHYUBAETCA.

Honsr aprona mpu apeiide K KaToay UCHBITBIBAIOT MHOTO CO-
yIapeHHil ¢ MOJIEKyJlaMH racsiuero rasa. Tak kak MoTeHIHan Huo-
HU3AIMH racsaei JoOaBKM MEHbIIe, YeM MOTEHIMAl HOHU3AIUN
aproHa, T0 B KOHEYHOM CYETE MOH aproHa 3axXBaThIBAET 3JIEKTPOH
OT MOJIEKYJIbI Tacdllero raza u Herpanusyercs. [loatomy K Ka-
TOAY NOAXOIAT B OCHOBHOM MOHBI racslIero rasa.

B ornnune oT MOHOB aproHa MOHBI 100aBKH, MOAXOAS K IO-
BEPXHOCTH KaToja BBIPHIBAIOT HE JIBA, a OJIMH JIEKTPOH, HEUTpa-
JM3YIOTCS, OKA3bIBAIOTCA B BO30YKJIEHHOM COCTOSHMM U JTUCCO-
LUUPYIOT Ha paaukanbl. CreaoBarenbHO, NMPU HEUTpanIu3aluu
MOHOB J00aBKH Ha KaTo/ie HE BO3HUKAET CBOOOIHBIX AJIEKTPOHOB,
KOTOpbIE MOTJIM Obl MHULIMMPOBATh MOBTOPHBIN pa3psij B CUETUH-
KeE.

Takum oOpa3zom, B camoracsuiemcs cuerdynke ['eifrepa-
Mromepa coXpaHeHbl BTOPHYHBIE MPOIECCHI, 00ecreunBaroIne
pa3BUTHE JJAaBUH B 00JIaCTH yIapHON MOHU3AIMH 3a CYET (HOTOMO-
HU3aLNUN IPUMECH, ITPU OAHOBPEMEHHOM IO/IaBJIEHUU BTOPUYHBIX
MPOIIECCOB ¢ KaToma (My << 1).

B camoracsamemcs cueruuke ['eiirepa-Mrosiepa 11l BO3HHK-
HOBEHUS pa3psijia JOCTaTOYHO 00pa3oBaHus B €ro pabouem o0be-
M€ OJHOW 3JIEKTPOHHO-MOHHOM mapsl. lIpu 3TOM ammiuTyna Ha
€ro BBIXOJIE MOJKET JOCTUraTh €AWHMII BOJBT. AMIUINTYAAa HM-
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IIyJIbCA HAIIPSKEHUS Ha BBIXOJI€ HE 3aBUCUT OT MEPBUYHON HMOHMU-
3alMd, CO3JaHHOM 3apsDKEHHOM vactuled B rase. [lostomy s
CHEKTPOMETPUM HOHU3UPYIOIIMX H3Iy4yeHUW cueTdyuk [ eirepa-
Mrosiepa He IPUTOJIEH.

dopMa M aMIUIMTyJa UMITyJIbCa HANpsDKEHUS BO BHEIIHEU
nenu cyeryuka ['eiirepa 3aBUCAT OT BEJIWYMHBI CONPOTUBIICHUS
Harpy3ku R u skBuBaneHTHOl eMKocTH C (€MKOCTh CUETYUKA U
MOJIKJIFOUYEHHBIX K HEMY LENed 3JEeKTPOHHBIX ycTpoicTB). Ilpu
BBIOOpE COMPOTHBIICHUS HArpy3ku R BHemHeH Ienu HCXOIAT
OOBIYHO M3 COIOCTABJICHHUS BPEMEHHU PACIPOCTPAHEHHUS paspsaa
BJIOJIb HUTH (10'5 ~-10° C) C IOCTOSIHHOW BPEMEHH BHEITHEH 1enu
RC. lna cueTynka CpeIHHX pPa3MEpOB ONTHUMAIbHOE 3HAUCHUE
CONPOTUBJICHUS HArpy3KH JIEKUT B JUAIIA30HE 10° — 10° Om. [Ipu
TakoM BBIOOpE BEIMYHHBI COMPOTHUBIICHUS BpPEMs HapacTaHUS U
BpeMs CllaJla UMITYJIbCa IPUMEPHO OJIMHAKOBBI.

/

U3a>1< UK UO

Puc.1. CueTHas xapakTepucTuKa cuerdnka I eiirepa-Mromiepa

OcHoBHOI XapakTepucTukoi cuetdynka ['eirepa-Mronepa
SIBJISIETCSl CUETHAsl XAPAKTEPUCTHKA — 3aBHCHUMOCTh 4YHCIIA HM-
8



MyJAbCOB N, PErUCTPUPYEMBIX CUETUYMKOM B E€AMHUILy BPEMEHHU
(ckopocTh cuera) oT HanpskeHus: Ug, IPUIIOKEHHOTO K 3JIEKTPO-
JlaM, IIpU MOCTOSHHON MHTEHCUBHOCTH oOuyuenus. Ha puc.1 uzo-
Opa’keHa THUIMYHAsI CUETHAs XapaKTepHCTUKa cyeTynka. B obmac-
TH HanpspkeHUd oT HaudanbHoro U, no xonewnoro U, (Ha «uia-
TO») CKOPOCTh CuU€Ta MpaKTUYECKHU IocTosiHHA. B oOnactu Ha-
npsokennit Ug < U, ckopocTh cueTa pe3ko majaeT M MpH Harps-
skennu Ha cyeTuynke Ug = U, , Ha36IBAEMOM MOTEHIIMAIOM 3aKH-
raHus, IPaKTUYECKU paBHa Hymo. B obmactu U < Uy, aMmuty el
UMIIYJIbCOB HAIPSKEHUsI OT CUETYMKA CPAaBHUTEIBHO HEBEIMKHU U
€lle 3aBUCAT OT HAYaJbHOM MOHM3alMHU. HexoTopele MMITYJIbCHI
HaNpsDKEHUs OKa3bIBalOTCS MEHbIE [OpOora 4YyBCTBUTEIbHOCTU
CUETHOTO YCTpPOICTBa M MO3TOMY HE PETUCTPUPYIOTCS IMOCIIEN-
HuM. Ilpu Ug > U, unciao peructpupyeMbiX MMITYJIbCOB PE3KO
BO3pACTaeT 3a CYET TaK HA3bIBAEMbIX JIOKHBIX MUMITYJbcOB. Hanu-
qHe JIOKHBIX (HE CBSI3aHHBIX C MPOXOXKICHUEM YaCTHUI]) UMITYJIb-
COB OOYCIIOBJIEHO T€M, YTO BO3MOXKHOCTH ITOBTOPEHUSI aKTUBHOMN
CTaJUM pa3psaa 3a cueT BTOPUYHBIX 3P (PeKToB Ha KaToae abco-
JIIOTHO HE UCKJIIOYEHA.

JleficTBUTENBHO, KaK HU MaJjla BEPOSTHOCTb IOSIBJIIEHUS CBO-
00MHOTO 3JIEKTPOHA, OTHECEHHas K OJHOMY THOJOXHUTEIbHOMY
MOHY, HEHUTpaIU3yIoIIeMycsl Ha KaTo/ie, OHA UMEeT KOHEUYHYIO Be-
JUYHMHY. BTOpHYHBIE 3JIEKTPOHBI MOTYT BO3HUKHYTH IIPU MTOAXO0E
K KaToAy IMOJIOKHUTEIbHBIX HOHOB OCHOBHOI'O Ta3a, KOTOpbIE M3-
Oexanu HeWTpaiau3aluu Bo BpeMs Apeida. VoHsl racsuero rasa
IpHU HEMTpanu3auu Ha KaTo/ie Takke MOT'yT o0pa3oBaTh CBOOOI-
HBIH JIEKTPOH, €CJIM BO30YX/I€HHAsi MOJIEKYJIa BBICBETUT ()OTOH,
a He aucconuupyer. Tak Kak KOJIMYECTBO IOJOXKHUTEIbHBIX HO-
HOB, 00pa3ylomuxcs B pa3psae BEITUKO (10° — 109, BEPOSATHOCTH
MOSIBJIEHHsI CBOOOIHOTO JIEKTPOHA Ha KaToJe C y4eTOM BCeX IOo-
JIO)KUTENBHBIX HOHOB MOXKET COCTaBUTh 3aMETHYIO BEJIHUHHY.

Kak yxe oTMeyasioch BBIIIE, BCIBIIIKA Ia30BOr0 pas3psdja B
cuetunke ['eitrepa-Mrosiepa 3akaHUYMBAETCS BO3HUKHOBEHHEM
BOJIM3M HUTH (aHOJa) TOJIOXKUTEIBHOTO 00beMHOT0 3apsiaa. Peru-
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CTpamus CIeIyoniell YacTHIlbI BO3MOYKHA TOJILKO MOCTIE TOr0, Kak
IIOJIOXKUTEIBbHBIE MOHBI OTOMIAYT OT aHOAA HAa HEKOTOPOE KPUTH-
YECKOE PACCTOSHHUE Iy, TIPH KOTOPOM HAINPSIKEHHOCTh IIEKTPU-
YEeCKOT0 TMOJI B 00JIaCTH yIapHON MOHU3aIMu (B 001acTH aHO/A)
BOCCTaHOBHTCSI 10 3HAYEHHS, COOTBETCTBYIOIIETO MOTCHIIUATY
3aXKUIraHusd ra3a, HaltOJHAIOICTO CUCTUHK.

Takum 00pa3om, HHTEPBAT BPEMEHH MEXy MOMEHTOM IOIa-
JaHWus 4aCTHUIIbI B OGT:GM CUCTYMKa 1 MOMCHTOM BPEMCHH, KOI'Ja
MOJIOKUTEIIbHBIC MOHBI OTOMIYT OT aHOJa Ha KPUTHYECKOE pac-
CTOSIHHE Iy, HA3BIBACTCS MEPMEHIM 8PeMeneM T,. DTO BpEMs, B
TCUCHUC KOTOPOIo CYCTUYUK HC PErUCTPUPYCT 4YaCTHIIbI, I1OIIA-
Jaroe B Hero. Puc.2 WUTIOCTpUpYET HM3MEHEHHE aMILIMTYIbI
HMITYJIbCa HAIIPAKCHUA AU Ha BbIXOJ€ CUCTUYMKA B 3aBUCHUMOCTHU
OT MHTEpBaJia BPEMEHH MEXKIY PETUCTPUPYEMBIMH YaCTHIIAMH.
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Puc.2. BpemenHnble xapakTepucTHKy cueTuuka I eiirepa-Mrosiepa

[Tocne TOro Kak MmojgoKUTEIbHBIE HOHBI OTOMAYT OT aHOJA Ha
paccrosinue OoJbIlle KPUTHUYECKOTO, CYCTUYUK HAYHET PETUCTPHU-
pOBaTh MOHU3HMPYIOUINE YACTHIII, MOMAAI0NINE B €ro padouuit
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00BbEM, HO aMIUTUTYya UMITYJIbCa HANpPsDKEHUS Ha BBIXOJIE JETEK-
Topa OyAeT MeHble HOMUHaIbHOW. HOMMHANBbHYIO aMIUIUTYIY
UMITYJIbCA HAMPSDKEHUS MOXHO MOJYYHUTh TOJBKO IOCTE MOJIHOM
HCfITpEUIPB&LIHH IIOJIOKUTECIIbHBIX HMOHOB Ha KaToA€ MU IIOJIHOI'O
BOCCTAHOBJICHHSI HAMPSKEHHOCTH T0JIsl B 00J1aCTH yAapHON UOHU-
3aluu. BpeMH, B TCUCHUC KOTOPOI'0 IMOJIOKHUTCIBbHBIC MOHBI IIPO-
XOJAT IYTh OT KPUTUYECKOIO PACCTOSHUA I, O KaTOZA, Ha3bIBa-
€TCSl BpeMeHeM 60CCMaHno81eHus T, (puc.2.)

[Topor cpabaTbiBaHUSI YyBCTBUTEIBHBIX 3JEKTPOHHBIX CYET-
HBIX CHCTEM, UCIOJb3yeMbIX OOBIYHO B paboOTe CO CUETUYHKAMHU
['eitrepa-Mromepa, 10BOJIBHO Mall (107U BOJIBT), IOATOMY MOHU-
3UPYIOIIKME YaCTHUIIBI, MOMajaolue B pabouuil o0beM cyeTurKa
BO BpeMs MpoIecca BOCCTAHOBIICHHS PAa3HOCTH MOTCHIIMATIOB JI0
HOMHHAJIHOTO 3HAY€HUs, MOTYT OBITh 3apETMCTPUPOBAHBI CUET-
YUKOM. MUHUMAaIbHBIM INPOMEXKYTOK BPEMEHH MEXKIY IBYMs
CIIEYIOIMMU APYT 3a IPYrOM YacTHUIIAMU, KOTJla OHH PETUCTPH-
PYIOTCSI CYETUMKOM DPa3/IelIbHO, HA3bIBACTCS 8peMenem paspeule-
Hua T,. OUEBUIHO, UTO T, = Ty U COOTHOLICHUE MEXIY HUMHU 3a-
BHUCUT OT 1Iopora Cpa6aTI)IBaHI/I$I.

Camoracsiuecs: CYETYMKU HIMPOKO MPUMEHSIOTCS I pEru-
CTpaluu paznuyHoro poja yactuil. [Ipu s3tom 3ddexkTuBHOCTDH
pEeTHCTpalyy, T.€. OTHOIICHUE YHCIa 3apETHCTPUPOBAHHBIX dYac-
THUII K YUCITY YaCTHII, MOMABIINX B 00BEM CUETUYHMKA, CUIIBHO 3aBH-
CUT OT MPHUPOJBI PErUCTPUPYEMOro wu3iaydeHus. Jlns pa3Butus
paspsia B CYETYMKE JOCTATOYHO 0Opa3oBaHUsSI OJHOW Mapbl HO-
HoB. Ecnu 3apspKeHHast 9acTHIla Co3/1aeT B cpeiHeM Ny, Tap UOHOB,
TO BEPOSITHOCTh HE CO37aTh HU OJIHOM Maphl MOHOB B CUETUYHKE

pasHa (o 3axkony Ilyaccona) € ™ u, cienoBaTenabHo, Y)HEKTHB-
HOCTh PETUCTPAIMU YACTHUIl PaBHA:

n=1-e™
T.o. mo0as 3apspKeHHas 4acTulla, Monasiias B pabounii 00b-
€M CUeTYMKa M CO3/aBIlas B HEM YHCIO map N, >> 1, Oyner 3ape-
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TUCTPUPOBaHA C BEPOATHOCTHIO, OJIM3KON K €AUHHMIIE, T.€. 3Pdek-
TUBHOCTbH OJIM3Ka K CTa MPOIICHTAM.

O} PeKTUBHOCTh PETUCTPALUU CUETYMKOM PEISITUBUCTCKUX
3apSOKCHHBIX YaCTHI[ MOXHO OINPEACIUTh 3KCIEPUMEHTAIBHO,
MIOMECTUB HCCIEIYeMbIi CUETUMK MEXIY IABYMs IIPYITHMH CYET-
YUKaMHU TaK, YTOOBI OCH BCEX CUETYUKOB OBLIM IMMApaJICIbHBI U
HaXOJWJINCh HAa OJHON mockocTu (puc.3). OueBUIHO, UYTO JTH00as
YacTHIIA, TPOIIE/IIas Yyepe3 cueTuyuku | u 3, o0s3aTenbHO Ipoii-
JeT U 4yepe3 cueTyrk 2. Takas ycTaHOBKA M3 HECKOJBKUX CUETUYHU-
KOB, BKJIIOUEHHBIX B COOTBETCTBYIOUIYIO CXEMY COBIAJCHUMN, KO-
TOpasi MO3BOJISIET OTOUPATh YACTHIIBI B 33/IaHHOM TEJIECHOM YTJIe
®, HA3bIBAETCSI TEJIECKOTIOM CUETYUKOB.

Q)

Puc.3. K onpenenenuro 3pheKTHBHOCTH PErHCTPAIN CIETINKOM KOCMHYE-
CKUX 3apsDKEHHBIX JaCTHUI]
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Torma 3pdeKkTHBHOCTh CpPETHETO CUETYMKAa MOXKHO OIpee-
JUTh KaK OTHOIIEHUE YHCJIA YacTHUI], 3apETUCTPUPOBAHHBIX B
cYeTurKe (TpPOWHBIEC COBIAJICHUS), K YHCIY YaCTHII, TPOLIEAIINX
yepe3 Hero (BoiHbIe coBnaaeHus). OueBUIHO, YTO YUCIO TPOM-
HbIX coBrageHuid Nipz=Nmninoms, a YUCI0 ABOMHBIX COBHAJACHUH -
N13=Nnins, rae ni1,M2,n3 — 3PHEKTUBHOCTh PETUCTPALIUUA YACTHUI]
COOTBETCTBEHHO cueTyrkoM 1, 2, 3; N — uncio gacTur, nporiei-
IIMX Yepe3 TEJECKOIl, MPU YCIOBHHU, YTO YPPEKTUBHOCTH CXEMBI
coBnaaenuit pasua 100%. Orcrona:

N123 .
Nl3

n, =

[ToMUMO UCTHMHHBIX COBMAJCHUI, BBI3BAHHBIX PErHCTpPALIUEH
OJIHOM M TOM K€ YAaCTUIIbl, BO3MOXXHBI U CIy4ailHble COBMAJCHMUS,
BBI3BAHHBIE PErucTpaleil IByX MM TPeX HE3aBUCHMBbIX YacCTHII,
MONABIIMX B CYETUYMKHU 32 BPEMs, MEHBIIEE, YEM BpPEMS pa3pelie-
HHSI CXEMBbI COBIIAJICHUI. YHCIIO NBOWHBIX CIYyYalHBIX COBHAJE-
HUW, IMEIOIIMX MECTO 3a BpeMs u3MepeHus t , onpexaensercs mno
dopmyne: Nepyu=2tN1pN3¢t, TAE Nig — CKOpOCTh cueTa (GoHa B
cyeryuke 1; N3y — cKOpocTh cyeTa GoHa B CYETUUKE 3; T — BpeMs
pa3peneHust CXeMbl COBITAICHUN. BepOsATHOCTD TPOMHBIX Clly4ai-
HBIX COBIAJACHUA MHOIO MEHBIIE, Y€M [BOMHBIX, IIOITOMY IIPH
Majoil MHTEHCUBHOCTU (DOHA BEPOSATHOCTHIO TPOMHBIX COBIAJE-
HUW MOXHO NpeHeOpeyb.

Perucrpanus He3apsyKEHHBIX YacTHIl IPOMCXOAMT IO BTO-
PUYHBIM 3apsOKEHHBIM YacTHI[AM, BO3HUKAIOILUM BCIIEICTBHE
B3aMMOJICHCTBHS HE3apsHKEHHBIX MEPBUYHBIX YAacTHUI[ ¢ pabodyuM
BEIIECTBOM JETeKTOpa. Tak, HampuMmep, NpH B3aUMOACHCTBUU
raMMa-KBaHTa ¢ pabo4YMM BELIECTBOM JeTeKTopa (B OCHOBHOM C
BEIIECTBOM KaToJ[a) MOSBISETCS 3apsHKeHHAs YacTHIla — 3JIEKTPOH
(60 PoTodNMEKTPOH, JHO0 KOMITOH-IJIEKTPOH, TUOO IIEKTPOH-
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HO-TIO3UTPOHHAA T1apa), KOTOPBIH, Momnajas B pabouuii o0beM jie-
TEKTOpA, 3aMOJIHEHHBIA Ta30M, IPOU3BOJUT TaM HOHU3AIIHUIO.

O4eBHIHO, YTO BEPOSTHOCTH MOSBIECHUS CBOOOTHOTO AJIEK-
TpPOHA U €ro MomnajaHue B pabounii 00beM CUETYMKa 3aBUCAT OT
TOJILIUHBI U MaTepHalia KaToJla, SHEPruu raMMa-kBaHToB. [loaTo-
My B OTIU4HE OT d((HEKTUBHOCTH PETUCTPAIIUU 3apsHKCHHBIX Yac-
Ul 3()(PEKTUBHOCTh pErucTpalry raMMa-kKBaHTOB B JHAala3oHe
sHepruit g, ~ 0,1 — 3 M»aB cocTaBiseT BCero oT HECKOIbKUX Aecs-
TBIX J0 €JIMHHUIL TPOI[EHTOB.

KOHTPOJIBHOE 3ATAHUE

[Ipu moaroroBke K JabopaTopHOW padoTe BBINOIHHUTH Cie-
IYIOUIME 3aJaHHUs.

1. HapucoBaTh c4eTHYIO XapakTepUCTUKY cueTunka [ 'eitrepa-
Mromnepa u 00BSICHUTH (PU3WYECKHE NMPUYMHBI €€ TOBEICHHUS Ha
Pa3IUYHbIX y4acTKax.

2. BeiBectu (hopMyny Ui pacueTa CTaTHCTUYECKOH OIIMOKH
BPEMEHHU paspelleHus T, cuerunka ['eiirepa-Mroinepa (11.4.3 pa-
Oodero 3amaHus).

3. BeiBectu hopmyny 11t pacuera omMOKH 3((HEeKTUBHOCTH
perucTpany KOCMMUYECKUX 3apsKEHHBIX 4acTHIl 12 (1.5 pabouero
3aJJaHNs), YIUTHIBas 3aBUCUMOCTh MEXIY COOOH YMcIlia TPOWHBIX
Ni23 1 1BOIHBIX Ni3 cOBmageHuii, U TaKUM 00pa3oM HENPUMEHHU-
MOCTb I pacueTa (JOpMyIbl EpeHoca OMO0K N3MEpEeHUil (CcM.
NpUJIOKEHHE K J1abopaTtopHoil pabore «BBeneHue B METOAMKY
AIEPHO-(PU3NYECKOT0 KCIIEPUMEHTA).

JIABOPATOPHAS YCTAHOBKA

B pabote nccneayroTcst mapaMeTpsl TpeX CTaHAAPTHBIX CaMo-
racamuxcs cueTyukoB tuna MC-6. C4eTUMKA UMEIOT HWJIWHIPHU-
4eckylo (Qopmy: Karoi — TOHKHH CIOW Meau, HaHEeCEHHBIH Ha
BHYTPEHHIOIO TTOBEPXHOCTH CTEKJITHHOTO OaJlJIOHA; aHOJ — TOHKAs
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MeTaJlJIN4ecKasi HUTh, HaTAHYTas MO OCH LWIMHApa. Paanyc ka-
tona — 1 cM, paauyc anona — 100 mxm. JlinHa cueTynka — JBa-
IUaTh MSITh CaHTUMETPOB. CYETUMK HAIOJIHEH CMECBhIO aproHa
(90%) u mapoB cioxHoro opranuyeckoro coeaunenus (10%) no
naBjieHus 7,3- 10°Ma.

OyHKIMOHATBHAS cXeMa JabopaTOpHON yCTAaHOBKU [Tl WIC-
CJIEJTOBaHMs CUETHBIX XapaKTEPUCTUK M BPEMEHHBIX MapaMeTpoOB
cuetunkoB I'eiirepa-Mrosuiepa npusesneHa Ha puc.4. Beicokoe Ha-
npsbKeHue (OTpUIATEeNIbHOM MOJSPHOCTH) MOJAEeTCSd Ha KaTOJbI
cuetynkoB (Ci, Cy, C3) OT cTaOMIM3UPOBAHHOTO BBIMPSIMUTEIS
BHB2-09. UMnynbebl HapsKEHUS ¢ aHO/Ia OJHOTO U3 CUETYMKOB
4yepes SMUTTepHbIN nmoBToputens (JI1) (BxomaHOE cOmpOTUBIICHHE
R= 10° Om) u opmuposarens (D) MOCTYNAIOT HA CYCTHBIHA TPH-
6op CII-1 (tun I[1CO20-eM). K BbIX01y SMUTTEPHOTO MOBTOPH-
Tens moakirodeH ocimniorpad C1-49.

oIl o CII-1

BLITNIPAMHATCIIb
~
o
>
0
=

BrICOKOBOJILTHBII

C1-49

Puc.4. ®yHKImoOHaNbHASA CXeMa YCTAaHOBKH U1 M3MEPEHUS XapaKTePUCTHK CUETYHKA
['efirepa-Mrosnepa
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Hns onpenenenus >(PEGHEKTUBHOCTH PETHCTPAMA KOCMHUYE-
CKHX YaCTHUI[ MPUMEHSETCS TEIECKON M3 TPEeX CaMOTacsAIInXcs
cuetunkoB [ elirepa-Mromiepa (puc.5).

Kw: ﬂ o L o cc2 | | cnt

K/ DA
URQ

K/ A - |

o | oI | @ CC-3
WRQ

BBITPSAMUTEIID

BrICOKOBOJILTHEII

CII-2

Puc.5. ®yHKkuMOHaNbHAS CXeMa YCTaHOBKH ISl M3MepeHust 3 dexTuBHOCTH
perucTpanuy C4eTYNKOM KOCMUUECKHX 3apSOKCHHBIX YaCTHIL

MOy nbChI OT CUETYMKOB MOCIE IMHUTTEPHBIX TOBTOPUTE-
ne#t (OI1) u popmuponateneii (P) mocTynarOT Ha CXEMbI JBOHHBIX
(CC-2) u tpoiinbix (CC-3) coBmanenuii. Yucno ABOWHBIX COBIa-
JEHUN perucTpupyrorcst cueTHeiM mpudopom CII-1, TpoHHBIX —
CII-2 (tun I11CO2-2eM).

Teneckon cOCTOUT U3 TpeX cUeTYUKOB I elirepa-Mromiepa,
0J10ka BhICOKOBOJIbTHOTO TUTanust BHB2-09, snekTpoHHBIX cxeM,
650ka nmuTaHus eKTpoHHbIX cxeM bH-101-1 u nByx aepkareneit
JUTSE UICTOYHUKOB TaMMa-KBaHTOB, pa3MeIIeHHBIX B OJTHOM KapKa-
ce. Ha nmepenneii nanenu Gi0Ka 3JEKTPOHHBIX CXEM PacIONIOKEH
nepexmtouarens «Ci, Cp, C3, CoBnamenusi». [Ipu monoxxeHusx
nepekitouarens «Cq, Cp, C3» OAMH U3 CUETUMKOB MOAKIIOYACTCS
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K cXeMme, n300pakeHHOU Ha puc.4. B mooxeHun nepextogarens
«CoBnaJieHus» pealn3yercsi cxeMa Tejieckona (cM. puc.5).

PABOYEE 3ATIAHUE

[loka3aTp mnpenoaaBaTeNlO pPe3yNbTAaThl, IOJYYEHHBIE IIPU
BBIIIOJJHEHUU KOHTPOJIBHOTO 3a/aHUs, W, OTBETUB HA JIOINOJHU-
TEJIbHBIE BOIPOCHI, IPUCTYNHUTh K U3MEPEHUSIM.

[lepen BxiIrOUeHHEM MPUOOPOB B CETh 00S3aTENbHO IMPOBE-
pUTb, YTO HAIPSIKEHHE, [OJaBAEMOE Ha DJIEKTPOAbl CUETUMKA
I'efirepa-Mromnepa, mensiie 700 B. Hanpsikenue mensiercst Bpa-
IEHUEM IIPO3PAYHOr0 AUCKA PYUKH peryanpoBku «Hampsoxenue,
BOJIBT» Ha TepeaHer manenu Osoka nutanus bHB2-09. [{udpa B
«OKOIIIKE» YKa3bIBa€T COTHU BOJIBT, IU(pa HA KPYroBOM IIKaJe,
YCTaHOBJICHHAs! IPOTUB KPACHOM YePThI, - JECATKH BOJIBT.

Bxmrounts Bece pubopsl B ceTh. MHCTPYKIIMKU 1O 3KCILUTyaTa-
LU DJIEKTPOHHBIX TPUOOPOB U3JIO0KEHBI B OT/IEITHHOM OIHCAHUU.

1. CHAAiTHe CUETHOM XapaKTePUCTUKHU

st CHATHSA CYETHOM XapaKTEePUCTUKH HEOOXOAMMO: yCTaHO-
BUTHh HCTOYHHK raMMa-KBaHTOB (6 Co) B o1uH U3 AepxaTenei uc-
TOYHUKOB. [ToakmounTs ¢ momoksto nepexntoyatens «Cq, Cy, Cs,
CoBrnagenus» 000K M3 TPEX CYETUYMKOB K PETUCTPUPYIOIIEH
cxeme (cMm. puc.4).

VYcranoButh Ha cyetHoM npubope CII-1 Bpemsi skcmo3uIHH
1000 ¢ u BKJIIOYMTH MYCK CYETHOTO npudopa. IlocreneHHO MOBBI-
I1asi HarpsDKeHHUEe Ha AJIEKTPOAaX CUETUYHKA, BHIOPAHHOTO IS UC-
CJIEIOBAHUsI, OMPEIECITUTh HAIpsDKEHHUE, COOTBETCTBYIOMIEE Uy,
T.€. ONPEICIUTh HA4aJIo CUeTa.

W3mensis nampsbkenue depes 20-25 B or 3HadueHUS Uy,
CHSTH 3aBUCHUMOCTH 4rciia uMiysibcoB N oT Hanpspkenust Uyp. Pe-
KOMEHIOBAaHHBIN Manma30H U3MEHEHUs HaPsKeHHUS] — OT Uy 10
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950 B (Ho He Oonee 950 B, mHade CUETUYMK MOXKET BBIUTH W3
CTpOs).

Bpems uzmepenus t BeIOpaTh TakuM, YTOOBI CTATUCTUYECKUE
GuIyKTyallud B YHCJIE€ HMITYJIbCOB Ha «miato» (& =1/ JIN ) He
npesbimany 3%. BeiOpaB BpemMsi U3MepeHus, U3MEHUTH, €CIIU 3TO
HYKHO, BpeMsi 3Kkcro3uiuu Ha pubdope CII-1.

IIpu cHATHM CUETHON XapaKTEPUCTUKHU, T.€. 3aBUCUMOCTH N =
N/t=f(Uyp), cieayer oOpatuTh BHUMaHHE Ha CKOPOCTh CUETa HUM-
MyJIbCOB Mpu NpudImkeHuu k 3HaueHnto Uy (em.puc.l). [1o tumno-
BBIM XapaKTePUCTHKAM CUETUYMKA HAHOOJBIINN TOMyCKaeMblil Ha-
KJIOH «au1aTo» - 0,1% Ha 1 B usmenenus HanpspkeHus. CKopocThb
cueTa MMITYJbCOB B KOHLE «IJIaTO» HE JOHKHA OTJIMYAThCSl OT
CKOPOCTH CYeTa MMIYJIbCOB B Hauaje «IiaTo» OoJblle, YeM Ha
10% (s «mtato» npotsbkeHHocThio 100B). Ecnu 310 ycnoBue
HE BBITIOJTHAETCS, TO U3MEPEHUS CIEAYeT MPEKPATUTh U HaMpsKe-
HUE CHU3UTH, TaK KaK JlaJbHENIIee HAPSKEHUE MOKET ITPUBECTH
K BO3HMKHOBEHHIO HEIPEPHIBHOTO ra3zoBoro paspsaa. Ilpu stom
ra3oBasi CMECh, HAIIOJHSIOLIAS CYETUUK, BCIIEJACTBUE IMCCOLMA-
MU OOJBIIOr0 KOJIMYECTBA MOJIEKYIN MPUMECHOTO ra3a MmoTepsier
«racsiuue» CBOMCTBA.

Ecnu ckopocTh cuera MpH MOBBIIIEHUN HANPSKEHUS] 0CTAeTCs
Ha OJVHAKOBOM YPOBHE, TO M3MEPEHHUS PEKOMEHAYETCS NpeKpa-
TUTH TIpU HanpsbkeHuu 950 B.

[Tpoananu3upoBaB MOJyYEHHbIE pE3yJbTaThl, BHIOpaTh pado-
yee HanpsbkeHue cderdynka Up,s (IpEMEpHO B cepefiMHE IUIATO
CUETHOM XapaKTEPUCTUKN).

2. Bei0op pabouero HanpsizkeHusl I padOThHI CYETYUKOB B
cxeMme COBIAiCHMI

Jns Toro utoObl BeIOpaTh pabodee HaIpsDKEHHE Ui BCEX
TpeX CYETUYUKOB, HEOOXOIUMO JUISl ABYX JAPYTUX CAMOTacCSIIUXCS
CUETYMKOB OINPEACIUTh CHayajla MOTEHIMA 3aKUTAHUs, a 3aTEM
MPOTSHKEHHOCTh ¥ HAKJIOH «ILIATOM.
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AHanu3upys NOITyYeHHBIE JaHHBIC (CUETHBIE XapaKTEPHCTHKH
BCEX TPEX CYETYHKOB), ONPEICTUTH 00lIee padouee HaNpsHKEHHUE
3THUX CYETYMKOB JUIS NAIbHEHIel paboThI X B CXEME TEJIECKOIa.

3. 3aBHCHMOCTb AMILIMTY/AbI HMIYJIbCA HANPS:KEHUS OT
BeJIMYMHBI HANIPSIZKEHUS] HA JIEKTPOIaX CaMOracsiierocs
cyeT4YHKAa

N3mepenns mpoBecTH Ha BTOPOM CUETUHKE.

Y CTaHOBUTh MCTOYHUK T'aMMa-KBAaHTOB B THE3/IO JIEPXKATEelIs.
C nomompio ocriorpada MPOBECTH OICHKY aMIUIUTYI HM-
MyJIBCOB JAJISi HECKOJIbKUX 3HAYEHUIN HampsKEHUs, MPOU3BOJILHO
BEIOpAaHHBIX B OOJIACTH «IUIATO» CUETYHKA. METOoa H3MEpCHHS
aMIUIUTYZT UMITYJbcoB ocipuorpagom C1-49 mpuBeneH B cooT-
BETCTBYIOIIEH MHCTPYKIIUHU T10 IKCILTyaTallul MPUOOPOB.

4. HUcciaenoBanue BPEMEHHBLIX ITIAPAMETPOB CYETUYHKA

4.1 H3mepenue mepmeoco 8pemMeHu U 6pemeHU 0CCHAHOBIeHUs C
nomowvio ocyunnozpaga C1-49

[TomecTuThs B JeprkaTeld JBa HCTOYHHKA T'aMMa-KBaHTOB.
[Toax/IOUNTE K PEruCcTPUPYIONICH CXeMe BTOPOil CYETUHK U TO-
JaTh Ha Hero pabouee HanpsukeHHE Upes. YCTaHOBHTH JUIMTEIb-
HOCTh pa3BepTku ocimmiorpaga — 50 Mkc/men., 4yBCTBUTENb-
HOCTh («ycunenuey) — 1-3 B/nen. Mensisi «ypoBeHb) pa3BepTKH U
«CTa0MIBHOCTBY, JOOWTHCS  OCIHIUIOTPAMMBbI, aHAJIOTHYHOM
puc.2.

[TpoBecTu ¢ momomibio ocuusuiorpada OIeHKy BpeMEHH BOC-
CTAaHOBJICHUS M MEPTBOTO BpPEMEHHU TaK, KaK 3TO TOKa3aHO Ha
puc.2.

Jlist IpoBeIeHUsT OIICHKM BPEMEHU pa3peIicHHs CYSTUYHKA C
MTOMOIIIBIO OCITUIUTIOrpada HeoOXOAMMO OMPEETUTH MOPOT cpada-
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TBIBAaHHS AJIEKTPOHHOTO CUETHOT'O YCTPOMCTBA (B HAILIEM CITydae —
¢dbopmupoBaress, CM.puc.4).

4.2 Oyenxa nopoza cpabamsviéanus hopmuposameins

OcTaBuTh NOJAKIIOYEHHBIM K PETUCTPUPYIOLIEH CXEME BTOPO
cyetyuk. YcranoButh Ha CII-1 Bpemsa skcmosunmu 1000c. Ha-
xatb «llyck» cuernoro mpubopa CII-1. IlomaTe Ha 3JEKTPOIBI
CUeTYHMKA HaIlpsHKeHHE, paBHOE NOTEHUUATy 3aKUraHUus Uy
MeHnsist HanpspkeHre Ha cueTdrke depe3 1 — 5 B ot 3HaueHus U,y
M3MEPUTh C TMOMOINBI0 ocimIiorpada aMIUIUTYy UMITYJIbca B
TOT MOMEHT, KOTJla Ha4MHAeTCs PEerucTpamus UMIYJIbCOB CUET-
HeM npubopom CII-1. Drta BenmumHa U OyJOeT COOTBETCTBOBATH
nopory cpabarbeiBanus (popmupoBatens (B BoibTax). CpaBHUBaAS
aMIUIUTYly UMIIYJIbCOB HaNPsHKEHUS! OT CYETUHKA, TOJIYYEHHYIO B
1.3, u mopor cpabaTeiBaHusl (OPMHUPOBATEINS, CAENATh BHIBOJ O
COOTHOUICHUH BEJIMYUH Ty H Tp (CM. PHC.2).

4.3 Onpeoenenue 8pemeHu paspeuileHus ciemuuxa Memooom 08yx
UCMOYHUKO8

Ecmun npu O6J'Iy‘ICHI/II/I OIHHUM NUCTOYHUKOM B CUCTYHK 3a OAHY
CEKyHJly TonajaeT Noy YacTHIl, a IIPH OOJIy4EHHU JAPYTHM HCTOY-
HHUKOM — Ng2, TO TP OJHOBPEMECHHOM O6J'Iyq€HI/II/I JABYMsI 3TUMHU
MCTOYHMKAMHU YMCIIO YaCTHL B CYETYMKE 32 OJHY CEKyHAy Oyner
No12= No1+Npz. M3-3a KOHEYHOrO BPEMEHM PA3PEIICHUs CYETUYMKA
Tp IPOUCXOJUT IPOCYET YACTHIL, IIOITOMY JJIs CKOPOCTEH cyera N
MOKHO 3alMcaTh COOTHOIIEHHUE: N1+N;>Ng,. Ilpu Maneix 3arpys-
Kax (BEJIMYMHA T, OCTAETCA NMOCTOSHHOM, HE 3aBUCALICH OT 3a-
TPy3KH) CpefHee YUCIO JACTHI] OT i-T0 MCTOYHHKA, HECOCUUTaH-
HBIX CUETYHMKOM, PaBHO N T, Ngj. MICmOmb3ys 5TO COOTHOILECHUE,
MO>KHO 3aIiCaTh:
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No1 = N1(1 + No1 Tp);
No2 = N2(1 + No2 Tp);
No21 = N12(1 + No127y);
¥ TOT/Ia

n + n, __ My
1-zn 1-7n, 1l-1n,

Pemenne 3Toro ypaBHeHUsI IPUBOJUT K KBaJAPAaTUYHOUN 3aBU-
CUMOCTH BECJIMYMHBI Tp OT CKOpOCTeﬁ cuera Ny, Ny, Nip. OmHAKO
MOCKOJIBKY IPOCYETHI MaJIbl, TO MIPU PA3JI0KEHUU MMOJYHAOLIECHCS
¢dbyHkuu B pan Teitiopa MOKHO OTPaHUYUTHCS TIEPBBIM YJICHOM
Y TOTJIa TPUOJIMIKEHHOE PEIICHUE UMEET BHI:

_ M+, —Ny,
P 2nn,

[Tpy HanMYUM MOCTOPOHHETO (JOHA B CUETUMKE U3 UYHUCITUTENS
9TOrO BBIPAKEHMS CIIELYET BBIYECTD Ng):

Lt -n,-n,
? 2n,n,

W3mepennss peKOMEHIYeTCsl IPOBOJUTh B TaKOM IOCIEN0Ba-
TENBbHOCTU. [IOAKIIOUUTE K pErucTpUpyronied cxeme BTOpPOH
cueTuuk (cMm.puc.4). YanuTh 1o BO3MOKHOCTH BCE PAJHMOAKTHB-
Hbl€ HCTOYHUKHU U THIATEILHO U3MEPUTH CKOPOCTh c4eTa GoHa Ny,.
ITomecTuTs B Aepkarenb OAUH U3 MCTOYHUKOB I'aMMAa-KBAHTOB.
N3meputs CKOpPOCTh cyeTa OT MEPBOr0 UCTOYHHUKA Ni. Bpems us-
MEpEHUs] PEKOMEHJyeTCs BBIOpaTh TakK, YTOOBl OTHOCHTENbHAs
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CTaTUCTHYECKasl OIMOKAa B YUCIE UMIYJIbCOB OT OJHOTO MCTOY-
Huka He npesbimana 0,5%. He MeHsIsl monoxeHus mepBoro uc-
TOYHHUKA, IIOMECTUTh B JEpKaTellb BTOPOM UCTOUHUK. M3mMepuTh
CKOpPOCTb CU€Ta OT JIBYX UCTOYHHUKOB Np2.

He MeHsis nojoxeHHus BTOPOro MCTOYHMKA, YJAINUTh HEpPBbIHA
HCTOYHUK M U3MEPUTH CKOPOCTh CUETa OT BTOPOrO MCTOYHUKA Ny.
VY6parb Bropoii ucrounuk. IIpoBens MOBTOpHBIE U3MEPEHUS CKO-
poctu cyera (oHa Ny, yOESIUTHCSA B TOM, UTO 3a BpEMsS U3MEPEHUs
(OHOBBIE YCIIOBUS 00JIyUeHHs CUETYMKA HE U3MEHUIIUCD.

Paccuurars Bpems paspelieHus CUeTUuKa Tp.

5. Ouenka 3¢ (peKTHBHOCTH PEruCTPANMH KOCMHYECKUX
3apsisKeHHbIX YACTHIL

st onpenenenuss 3PpPEKTUBHOCTH PETUCTPALNN CUECTIHMKOM
KOCMHYECKMX 4YacTULl (BTOPHYHOW KOMIOHEHTHI KOCMHYECKHX
YaCTUL] — PEIATUBUCTCKUX 3JEKTPOHOB, MIOOHOB, FaMMa-KBaHTOB;
MEPBUYHON KOMIIOHEHTHI — KOCMHYECKHX OBICTPBIX IMPOTOHOB)
UCIOJIb3YyeTCsl TEJIECKOI CUETYUKOB, IIOKa3aHHbIN Ha puc.5. Takoe
MOJKIIIOYEHUE CYETYMKOB OOECTeuMBaeTCS MEPEeKIovaTesieM B
nonoxxeHnn «Cosnajzenuey. [lonats paboyee HampspKeHHE HA Bee
cueTyrku (OHO ObUTIO BbIOpaHO paHee). KnaBumm «YnpasneHue»
cueTHbIX MpubopoB | u |l mocraBuTh B nmonoxeHue «BHemHee.
Haxarp «Ilyck» Ha cuetHom nmpubope [1CO2-2eM (CII-2), npu
3TOM 00a CYETHBIX NMpUOOpa BKIIOYAIOTCS OJHOBpeMeHHO. B Te-
yeHue 30 MUH. IPOBECTH M3MEPEHHMs], IIOCIEe UCTEUSHHs BbIOpaH-
HOTO BpPEMEHH Hu3MepeHus: HaxkaTh «CTom» cueTHOro mpuodopa
(CII-2) u 3aduKcupoBaTh MOJYYSHHBIH pe3ybTar.

Jns onpeneneHuss yucia IBOWHBIX CIIyYalHBIX COBIIAJICHUU
CIIEZIyeT BOCIOJIb30BaThCs JTAHHBIMH, MOJYYEHHBIMH B MPEIBITY-
IeM 3aJ[aHuU TIPU H3MEPEHUH CKOPOCTH cueTa (hoHa.
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OBPABOTKA PE3YJIbTATOB

l. IlocTpouTh CUETHBIE XAPAKTEPUCTUKU TPEX CUETUYMKOB
[eiirepa-Mrosuiepa, OTJIOKHUTH Ha TpaduKax ONMIMOKH PE3yIbTaTOB
HU3MEpPEHHUIA.

2. BpIYMCIUTE BpeMs Pa3pellicHUsl BTOPOIO CUETUHUKA Tp, OLlE-
HUTh CTATUCTUYECKYIO OMIMOKY 3TOTO pe3yabTarTa.

CpaBHMTB IIOJIy4EHHYIO BEJIMYUHY C BEIUYUHAMU Ty U Tp, U3-
MEpPEHHBIMH C TOMOIIBIO ocuuyutorpada.

3. Bobruncnuth 3¢ (GEKTUBHOCTh PETHUCTPALMU T2 BTOPBIM
CYETUMKOM KOCMHMYECKMX yacTul. [Ipu BblUMCIIEHHH T2 cIenaTh
MOIPAaBKy HA YUCJIO ABOMHBIX CIIYYalHBIX COBMAJCHUN, UMEIOIINX
MECTO 3a BpeMsi u3Mepenus. Pacuetr npousBoautcs o popmyse:

Nya = 2Ny Mgy Tt

cyq

IJIe T - BpeMsi pa3pellieH s CXeMBI COBIaeHus, paBHoe 5 -+ 107 ¢;
Nig, N3¢ - YUCIO KOCMHUUYECKUX YACTHL, COCYMTAHHBIX KaXIbIM
cuetynkoM | m 3 B oTaenbHOCTH 3a 1 c; t — Bpems M3MepeHus
YHCcIIa NCTHHHBIX COBIAICHUH (B CEKYHIAX).

OneHuTs TeopeTHueckoe 3HaueHue 3()(PEeKTHBHOCTH U CpaB-
HUTH €r0 C IKCIEPUMEHTAIBHO MOIydeHHBIM. OLEHKY BETHYMHBI

Ny IpoBecTH 1o (opmyrne: N, = vl £, riae vo = 30 map HOHOB Ha
0
1 cM myTH dYacTHIBI B Tra3e MpPH HOPMAIBLHOM JABICHHUH po,
p= 7,3-10%a; 1 = 2 cm.
CdeTyuk HaAMoJIHEH Ta30Boi cMechio: 90% aprona u 10% mna-
POB rasza, MpeACTaBISAIONIETO COOOM CI0XKHOE OPraHHYECKOe CO-
eIMHCHHE.
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KoHTpoJibHbIe BONIPOCHI U 3aJaHUs

1. Kakoii MeToj; perucTpaiuu nojoxKeH B OCHOBY U3y4aeMO-
ro JeTexkropa?

2. Obnamaer mm cueruuk [eiirepa-Mrosuiepa CBOWCTBOM
IIPONOPLIMOHAIIBHOCTH?

3. Kakumu ¢usnyeckumu mnporieccaMu OIPEAeNsIoTCsS Bpe-
MEHHBIE XapaKTepUCTUKU cueTurka [ elirepa-Mromnepa?

4. O00CHOBaTh MOPSAKKA BEIUYHH 3(PPEKTUBHOCTH PETHCT-
pamuu cyeruukoMm ['eifrepa-Mrosiepa 3apsKEHHBIX YacTHI] U
ramMmma-KBaHTOB?
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