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1. BBenenue

B 1934r. O. ®epmu Havan OMBITH 1O OOJYYCHHUIO YpaHa MEJICHHBIMA HEHTPOHAMH OT
panuii-0epuuINeBOr0 HWCTOYHMKA. Llembl0 3THX OMBITOB, TOCHYXUBLIMX TOTYKOM K
MHOTOYHMCIICHHBIM ~ aHAJIOTUYHBIM OSKCIIEPUMEHTaM B Jpyrux JjabopaTopusx, ObLIO
oOHapy)KeHHE HEW3BECTHBIX B TO BpEeMs TPAHCYPAaHOBBIX JJIEMEHTOB, KOTOPHIC
IpeAIoarajoch MoJy4uTh B pe3ynbTare S-pacmana oOpa3yromuXxcs Mpy 3axBaTe HEHTPOHOB
U30TONOB ypaHa. HoBbIe pagroakTUBHBIC MPOAYKTHI ICHCTBUTEIHHO OBLIM HAWICHBI, OJTHAKO
JaTbHEHIINE HMCCIIeIOBaHUs TIOKA3alld, YTO PAJHOXMMHUYECKHE CBOWCTBA MHOTHX “‘HOBBIX
TPAHCYPAHOBBIX AJIEMEHTOB” OTIMYAIHMCh OT OKUAAaeMbIX. MccienoBanue 3TUX HEOOBIYHBIX

MPOYKTOB MPOAOKATUCEH BILIOTH 10 1939r., moka paguoxumuku O. 'an u @. [ltpaccman



HE JIOKa3aJid, YTO “HOBBIC AKTUBHOCTH TMPHUHAUICKAT HE TSOKEIBIM JJIEMEHTaM, Kak
OXUJAJIOCh, a OJJIEMEHTaM CpEIHEro aTroMHOTo Beca. [IpaBuwibHas MHTEpHpeTaIUs
HEOOBIYHOTO SIEPHOTO mporecca Obuta naHa B ToM ke roay JI. MelitHep u O. @pumiem,
MOKAa3aBIIUMH, YTO BO30Y)KIEHHOE SApO ypaHa JAEIUTCs Ha JBa ockojka. Ha ocHoBaHumu
aHaJIM3a PHEPIUi CBSI3U SAEp AJIEMEHTOB NEPUOAMYECKON TaOIUIbl OHU MPUIUIA K BBIBOAY,
YTO B KAXKIOM AaKTEe JENeHUS JIOJDKHO OCBOOOXMATHCS OONBIIOE KOJIMYECTBO JHEPTHH
(~200M»5B), B HECKOJBKO IECATKOB pa3 MPEBBIIIAIOIICE SHEPTHUIO, BBIACISIONIYIOCS MPHU
[pacnane. DTO  TOATBEpKIAIOCh  ombiTamu  Dpuia,  3aperMCTPUPOBABIICTO B
MOHM3AIMOHHOM Kamepe OOJIbIIINE UMITYJIbChl CUTHAJIOB OT OCKOJIKOB nenenusi, u ®. XKommo,
MOKA3aBILIEr0 Ha OCHOBAHWU M3MEpPEHHs MPOOEroB OCKOJIKOB, YTO MOCIEAHHME O0JIagaroT
00JIbIII0N KHHETUYECKON SHEPTUeH.

B 1939r. H.bop u M. Ywep, a takxe coBerckuii ¢usux . 1. Openkens emé
3aJ10JITO JI0 TOTO, KaK JIeleHHe ObLJI0 BCECTOPOHHE HU3YyYEHO IKCIIEPUMEHTAIILHO, MPEIJIOKUIN
OIMCaHUE 3TOTO IMpoliecca, OCHOBAHHOE HA MPEJCTABICHUHU O SApEe KaK O Karule 3apsKeHHON
KUJAKOCTH. ITa MOJETh MO3BOJWIA B JIOCTATOYHO MPOCTON (opmMe OOBSICHUTH OCHOBHBIC
YepThI Mpoliecca AeIeHUs. DIeMEeHTapPHbBIE TTOJI0KEHUS ITON MOJIENH JaHbl HUXKE.

[Mporiecc crnoHTaHHOTO (CaMOMPOU3BOJILHOTO) MESICHUS TSDKENBIX siiep ObLI BIIEPBBIC
obHapyxen y sumep ypana [. H. ®népoeeim u K. A. Ilerpkakom B 1940r. CrnonTanHoe

ACJICHUC ABJISICTCA OAHUM M3 BUAOB PAIUOAKTHUBHOCTU aTOMHBIX SJICP.

2. Onucanue yCTAaHOBKH

brok-cxema 3KcriepuMeHTaIbHON YCTaHOBKY TTOKa3aHa Ha puc. 1.

Uctounuk *5Cf u nerextop moMmemieHbl B BaKyyMHYKO Kamepy 4TOOBI MCKIIOUHTH
[IOTEPU KMHETUYECKOW JHEPIHM OCKOJIKOB HA MOHU3ALMI0 BO3Ayxa. [IomynpoBOAHMKOBBIN
JIETEKTOp pacrojiaraercsi MPaKTUYECKH BIUIOTHYKO K MOBEPXHOCTH HCTOYHHKA “oiCf .

[ToBepxHOCTh JAeTEKTOpa MapajieNibHa IMOBEPXHOCTH ciosi KanugpopHus. Obpazyomuecs
OCKOJIKM JICJICHUS] PETUCTPUPYIOTCA IIOIYNPOBOAHUKOBBIM IETEKTOPOM. B kaxaoMm akre
JICJICHUAs PETUCTPUPYETCS OAWH W3 [JBYX OCKOJKOB, TaK KaK OHM pas3jiecTaloTCcs B
IIPOTUBOIOJIOKHBIX HAPaBICHUIX.

Perucrpupyromas d3JI€KTpOHHas ammaparypa COCTOMT H3  3apsJ04yBCTBUTEIIBHOIO
NPEIYCUIATENS, YCUIINTENsT U aHanoro-iudposoro npeodpazoparens (ALIT). Mmmynbesr ¢

yeuuress nocrymnarot B AL, koTopsrit ciayxut uatepdeiicom 9BM (puc. 1).



3apsoouyecmseumenvusiii.  npedycunumens — TpeAHA3HAuYeH s npeoOpa3zoBaHUs
uHpopManuu o 3apsnge, oOpa3oBaBUIEeMCS B UYYBCTBHTEIBHOH 007acTH JETEKTOpa, B
aMIUTUTYAY UMITYJIbCA, TPOIOPIIUOHAIBHYIO 3apsay.

Hcmounuxk  nanpsoicenuss  cmeweHus Oemexkmopa HEOOXOOUM NSl CO3JaHUs
3IEKTPUYECKOTO TOJIs, MO BO3ACHCTBHEM KOTOPOTO COOMPAIOTCS 3apsiibl, 00pa3oBaBILINECs B
JIETEKTOpe MPU MOHM3ALUH, NMPOU3BOAUMON PETUCTPUPYEMON YaCTHIIEH B UyBCTBUTEIHHOM
cIoe.

Ycunumenv ycunusaet u opMUPYET CUTHAIIBI C TPEAYCHIIUTENS.

Ananozo-yugposoti npeobpazosamenv CIyXKUT AN U3MEPEHUS aMIUIUTYZ UMIIYJIbCOB,
T.e. JUIS MEpeBojJia aHaJOroBOM MH(pOpMauu B IH(poBYI0 (TeHEpUPYETCS YHCIO, JIUHEHHO
3aBUCSIIEE OT AMIUTUTYBI BXOJJHOTO CUTHAJIA).

CoOwiTe, obpadotanHoe AIIIl, ¢ukcupyeTcss B COOTBETCTBYIOIICH OMPEACICHHOMY
JMama3oHy aMIUTUTya suciike mamatd (kanane) DOBM. Kananel mocienoBaTeibHO
HYMEPYIOTCSI TaK, 4TO OOJIBIINM aMIUIUTYZaM COOTBETCTBYIOT OOJbIIMEe HOMepa KaHaioB. 1o
Mepe HaOopa cTaTUCTHKM B mnamsaTH OBM  QopMmupyercs SHEpreTHYecKHil CHEKTp
“KOIMYECTBO COOBITMI — HOMEpP KaHama”, KOTOPBIA IMOCJE MPOBEACHUS W3MEPEHUN MOKHO

Ha0JI0/1aTh HA MOHUTOPE UJTU PacrevyaraTh.

BakyymHas kamepa

y52 OcHoBHOM
Hcrounnk “55Cf YCUIIUTEIh
[TonynpoBOAHUKOBBIN I
JETEKTOP |
3aps104yBCTBUTEIbHBIN A .
NPEAYCUITUTENH Hayoro-1HpoBOH
npeoOpa3oBarenb
HcTouyHuK HanpsKeHUs
CMEIIECHHS IETEKTOpa | Bbixox Ha DBM

Puc. 1: brok-cxema ycTaHOBKH 11 U3MEPEHUS CIIEKTPa OCKOJIKOB JCJICHUSI.



3. [lopsinoK BHINOJIHEHHS PadOTHI

Vupaxuenne 1. M3Mepenue >HEpruM OCKOJKOB CIHOHTAHHOTO JeNeHHs goCf .

KanubpoBka crnekTpomeTpa IO SHEPrUM CHMMETPHUYHOTO JIEICHHUS U 10 OSHEPruu

COIIYTCTBYIOWICTO a-pacmnaja.

[Ipexxae 4eM MpUCTYIUTH K BBIITOIHEHUIO 3TOTO YIPAKHEHHS, HEOOXOIUMO YCTaHOBUTD
3HaueHHE KOX(PHIMEHTA YCWICHHs, PEKOMEHIyeMOe WHCTPYKIMEH, HMeomencs Ha
HKCIIEPUMEHTAIBHOM ycTaHOBKe. CIIEKTP OCKOJIKOB JICJICHHUS JOJDKEH 3aHMMaTh He MeHee 600
(myumre 800) kananoB. M3MepeHue CHEKTpa OCKOJIKOB JICJICHHS BBIMOJHAETCS B TEUCHUE
BPEMEHH, HEOOXOIMMOTO ISl TOCTIDKEHHS B MaKCHMyMaxX 3TOTO CHEKTpa CTaTHCTHYECKON
touHocth Ha ypoBHe 10%. DTO MOXET 3aHATH HECKOJbKO dYacoB. Ilocie oxoH4yaHUS
U3MEPEHUs, TOJIy4YEeHHBIE pe3ylIbTaThl HEOOXOJMMO COXPaHUTh M pacleyararb, TaKxKe

cienyer 3aUKCUPOBATh BPeMs, B TCUCHHE KOTOPOTO MPOBOIUIOCH U3MEPEHHE.

Ha puc. 2 mokasaHbl BMeCTe JBa CINEKTpa pacmafa o.Cf — CHeKTp OCKONKOB

CIIOHTAHHOTO ACJICHUS U CIICKTP Q-4aCTHII.
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Puc. 2: CneKTpsl OCKOIKOB CIOHTAHHOTO JETeHHS M Q-4acTHIl ‘o5Cf . UHMCI0 oTcueToB B

crektpe a-yactuil ymenbineHo B 5000 pa3 nmisi BO3MOXKHOCTH cpaBHEHHS. Bpems Habopa
OKOJIO 6 9acoB.

CylecTBeHHO Gojiee BBICOKAs MHTEHCHBHOCTH Q-pactaja “e.Cf Mo cpaBHEHHIO CO

CIIOHTAHHBIM JACJICHHUECM MCUIACT Ha6JHOI[eHI/IIO 34 CIICKTPOM OCKOJIKOB. HOJ’Iy‘II/ITB YUCTBIN
CIEKTP OCKOJKOB jeicHHs (puc. 3) MOXHO MPOM3BEAS “OTCEUKY’ MaHHBIX OT Hadaua J0

60-8010 kaHaa criekTpoMeTpa (CM. HHCTPYKIIHIO K Ja0OpaTOPHOM YCTaHOBKE).
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Puc. 3: ClieKTpbl OCKOJIKOB CIIOHTaHHOTO JieieHus oo Cf . Bpems Ha6opa okosio 6 yacos.

KanuOpoBky crekTpoMeTpa OCYWIECTBISIOT JABYMSI CIOCO0aMH — TI0 JHEPruu

CHMMETPUYHOTO JesieHns ‘oo Cf u o nuuuu a-pacnana.

CI/IMMeTpI/I‘IHOMy ACJICHUIO Ha JIBa OJMHAKOBBIX OCKOJIKAa COOTBCTCTBYCT L[GHTpa.HBHBII\/'I

MUHUMYM HEpreTndyeckoro cnekrpa. CymmapHas KHHETHUUYECKasi SHEPTUs OCKOJIKOB JeJICHUs

?2Cf pasma 181MbB. [l kanmubpoBKM HAIO ONPENETHTh MOJOKEHHE MHHHMYMA B

IMOJIYYCHHOM CIICKTPEC OCKOJIKOB.

Kunernueckass sHeprust Q-4acTHUIl, HCIYCKAaE€MBbIX zgng, paBHa 6,12M»>B. s

KaTMOPOBKM HEOOXOAUMO BBIOpPAaTh KOAPPHUIUEHT YCHICHHS TaKUM 00pa3oM, YTOOb! O-THHUS
B TIOJIyYCHHOM CITEKTPE pacrioyiarajach B CPeTHUX KaHaJax aMILTUTYAHOTO aHaIH3aTopa. JTo
MOXXHO CJIeJIaTh, HaOo1ass Habop cTaTUCTUKH Ha auctiee OBM u perynupys koadduimeHt
ycwineHust ycwnutens. [locie BbIMonHEHHs u3MepeHus: (HECKOIBKO MHUHYT) MH(OpMaImuio
TaKkKe HEOOXOOMMO COXpaHHUTbh, pacliedaraTb, ONPEACTUTHh IOJO0KEHHE MaKCUMyMa IHKa

(-4acTULl ¥ 3aUKCUPOBATH BpeMs B TeUEHHE KOTOPOTO MPOU3BOIMIIOCH U3MEPEHHE.

Ha puc. 4 moka3aH >HEPreTUHeCKHil CMEKTp O-4acTHIl “g;Cf. MakcumyM crekTpa

pacnionioxkeH B ~ 350kaHane aHamu3aTopa.
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Puc. 4: Anba-criektp “o2Cf . Bpems na6opa okoso 6 4acos

Vupaxnenne 2. OnperencHue OTHONICHHS BEPOSTHOCTEH pacmnaga ‘oCf Mo kananam

Q-pactiazia M CHOHTaHHOTO jenenus. OmpejeneHHe MepHoja Momypacmaga o.Cf s

KaHaJIOB CIIOHTAHHOI'O ACJICHUA U a-pacmana.

J171s1 BBIIOJIHEHHUS 3TOTO YIIPAaXHEHUsI UCIIOIB3YIOTCS PE3yJIbTaThl U3MEPEHUN [IEPBOTO

YIpaKHEHUS.
O0paboTka pe3yJbTaTOB U3MEpPEHU I

Pesynbrarel u3MepeHMil JTOJDKHBI  OBITH  MpeACTaBiIeHbl B  BHAE TIpaduKoB

SHEPreTHYECKUX CTEKTPOB Q-YaCTHIl U OCKOIKOB JejieHns ‘o Cf . HeoGxoamuMo onpeaenuTs

BenmuuHbl abcomotHoro AE, m ortHocutensHOoro AEL/E, sHeprernyeckoro pasperieHus
ycraHoBkH. Benmunna abcomotHoro AE, paspernienus ornpeensercs: Kak MojiHas IUprUHa Ha
IIOJIOBUHE BBICOTHI NMKa (-4acTull. Ha OCHOBE JaHHBIX NEPBOr0 YNpPaXHEHUS MPOU3BOAUTCS
KaaMOpOBKa HIKaJIbl aMIUIUTYJHOTO aHAJIU3aTopa, T. €. ONpPeNeNsaeTcsl 3aBUCMOCTb SHEPIHH
OT HOMEpa KaHaja aMIUIMTYyJHOro aHanu3aropa. lIpm sToM mpenmomaraercs, 4To HyJIEBOR
KaHaJl COOTBETCTBYET HYJIEBOW SHEPrHM CHeKTpa. Bropas Touka KaauOpOBOYHOM MHpsMOii

OnpeacsICTCd B OAHOM CJIydac IO IMOJIOKCHHUIO MHUHHMYMa CUMMCTPHUYHOI'O HACJIICHUS B



CIIEKTPE OCKOJKOB (CyMMapHash KMHETHUYECKas dHeprust ockoikoB 181M»sB), a B apyrom

cllydae 10 MOJIOKEHHI0 MaKCUMyMa Q-CrieKTpa ‘o Cf ¢ sneprueii 6,12M»B.

Ha ocnHose HU3MCPCHHOI'O0 SHCPICTHYCCKOI'0 CIICKTpPa OCKOJIKOB JCJICHUA ONPCACIAIOTCSA
HanOoJee BCPOATHBIC KHHCTHYCCKUC SHCPIrUU JICTKOI'O M TAXKCIIOTO OCKOJIKOB. I[JBI TOTO,
9TOOBI IMMOJIYYUTH IMPAaBUJIBHBIC BEJIMYWHBI K UBMCPCHHBIM 3HAUCHUAM 3Hepr1/1171, HCO6XOI[I/IMO

BBECTH HECKOJIbKO IIOIIPABOK:

* [IOMNpaBKy Ha MOTEPU SHEPTUHU MPHU MPOXOKIECHUU OCKOJIKOB JEJIICHUS Yepe3 MOKPhITHE

nerekTopa (30J10TO WK APYroe BEIIECTBO);

* T[IONpaBKy Ha MOHU3ALMOHHBIA AEPEKT — PEKOMOMHALIMIO TMOJOKHUTEIbHBIX 3apsa0B
MOHOB U 3JIEKTPOHOB, 00YCJIOBJIEHHYIO BBICOKOH TIOTHOCTHIO HOHHU3AIMH BJIOJIb TPEKa
ocKoJsika. BennunHa nmonpaBKy Ha peKOMOMHAIMIO IPUMEPHO OJUHAKOBA VIS JIETKOTO

U TSHKEIOr0 OCKOJIKOB M COCTaBJIsAET 3 - 5MaB.

KoHKpeTHBIE BEIMUMHBI U METOJIMKA pacdeTa MOMPABOK MPUBOIATCS B MHCTPYKIIUH K
71a00paTOPHON YCTAHOBKE. DTH TOMPAaBKH JOOABISIOTCSA K TIOJYYCHHOW M3 DKCIIEPUMEHTA
KUHETHUYECKOW HEPTUH KaXJIOTO M3 OCKOJIKOB, MOCIE Yero ¢ MoMoInsio (opmyibl (X.6)
OHpGI[eJIHIOTC}I X MacCCHhI. I[.HSI CYMMapHOﬁ MacCChbl OCKOJIKOB Hy)KHO HCIIOJIB30BATh
cootHomeHue M;+Mr =252 -2 tne 2 — Haubosiee BEpPOSTHOE YHUCIO MIHOBEHHBIX
HEUTPOHOB JICJICHHUS.

Heo0xonmuMo OLIEHUTh TOYHOCTH, C KOTOPOH M3 SKCIEPUMEHTAIHLHO H3MEPEHHOTO
DHEPreTHYECKOTO  CIEKTPa OCKOJIKOB JICICHHS HAxXOIATCS Hamboyiee BEpOSTHHIE
KHHETHYECKUE DHEPTUU JIETKOTO M TSKEJIOTO0 OCKOJKOB. JTa TOYHOCTH 3aBHUCHUT OT JIBYX

(bakTopoB:
*  OT TOYHOCTH IPaTyNPOBKH IIKAIBI aHATU3ATOPA,

* OT HEOMNpPEACIICHHOCTH B TOJIOKEHUU MAKCUMYMOB SHEPreTHYECKOro CHEeKTpa
OCKOJIKOB, OOYCJIOBJICHHOM CTaTUCTHYECKON TOYHOCTHIO HM3MEPEHUH U TOYHOCTHIO

TIOTIPABOK.

Cne;[yeT IIOMHUTB, YTO HCOIPCACICHHOCTb B IIOJIOKCHUU MAKCHUMYMOB CIICKTpa
OCKOJIKOB He Modicem Obimb HalldeHa KaK IIMPHHA Ha MOJOBHHE BBICOTHI KAXKIOTO W3 3THX
MaKCHMYMOB, TaK Kak (hopMa CIIEKTpa OCKOJIKOB OTPa)KaeT pPEallbHOE pacHpeiesieHHe 0
KAHETHYECKUM SHEPTHSIM 00Pa3yIONINXCsl OCKOJIKOB JICTICHUS.

Paccuer orHOlIEHUS BepO}ITHOCTGI\/'I pacnana mo pa3jivudHbIM KaHalaM U OINpPCACICHUC

JIONM CTIOHTAHHOTO JeNeHHs B pacmajie “o.Cf crlemyeT NpoM3BOAMTH IO HHTErpanam

MOJIYYCHHBIX CIICKTPOB, TO CCTh IIO OGH.IGMy YUCITYy 3apCruCTpupOBaHHBIX YaCTUIl JJIA



Ka)KI0ro KaHaja pacrnaja B OTACIbHOCTH. VIHTerpan mpornopuroHaieH CyMMe BCEX OTCUETOB
B COOTBETCTBYIOIIEM criekTpe. ClielyeT yUuThIBaTh BpEMsi M3MEPEHUs, TaAK KaK OHO SIBIISICTCS

Pa3HbBIM ISl -CIIEKTPa M CIIEKTPa OCKOJIKOB JICJICHHS.

TonyueHHble OTHONIEHHUS BEPOATHOCTEH pacnana ‘gsCf Mo AByM KaHanaM TO3BOJNSIOT
OTIPEICTNTh MEPUO/IBI MOTypaciaga Uil KaKI0ro KaHajga B OTAEIbHOCTH (cM. 3amauy 12 B
KkoHIle omucanus). Ilepuon mosypacmana “o.Cf mo Bcem kamamam (3(eKTHBHBIH TIepHOn

noJjypacrajaa) pasex 2,65roza.

Jlng cnadu 3amauu HEOOXOIMMO MPEACTABUTD:
e I'paduku sHEpreTUUECKUX CIIEKTPOB OCKOJIKOB JIEJICHHSI U O-4acTUll;

e PaccumTaHHBIC IIOJIOKCHUS MAaKCUMYMOB B OJHEPrUTHYCCKHUX CIICKTpaxX OCKOJIKOB

JIEJICHUS C OLICHKOM SKCIIEPUMEHTATIBHOMN OIMMMOKU U3MEPECHHUIA,

e PaccuuTaHHble HamboJjiee BEPOATHBIC MACCBI JICTKOT'O M TSXKEJIOI0O OCKOJIKOB C

OIICHKOM OMMOOK U3MEPECHHI;

e PaccuuTaHHble BETUYHUHBI IOTEPh YIHEPIHH HA HOHU3ALMOHHBIN AePEKT MPOX0KIACHUS

OCKOJIKOB 4€pe3 3allUTHBIN CIOW IETEKTOPA,;

e PaccumtanHoe aOCOJIIOTHOE H  OTHOCHTEIIBHOE OHEPIrETUYCCKOEC PaA3pCUICHUC

a-cnextpa “o2Cf ;

* PaccunTaHHbIC OTHOLICHUE BEPOATHOCTEH paclaja 110 KaHajaaM CIIOHTaHHOT'O JIEJICHUS
W Q-pacmiaia U JIONI0 CTIOHTAHHOTO JENEHHS B pacmajie o.Cf ¢ onenkoil ommu6ok

M3MEPEHHUI;

* Paccuuranble nepuoasl Mojiypacnana zgng 10 KaHajJaM CHOHTAHHOTO JICJICHUS U

Q-pacnajia ¢ OIleHKOH OIMOOK U3MEPEHUH.

[Ipu oleHKe mMapaMeTpPOB DSHEPreTUYECKOTO pACHPENCIICHUs OCKOJIKOB JEJICHUS
PEKOMEHAYETCS HCIONb30BaTh CIEAYIOUINI HECKOJBKO YIPOIIEHHBIA Ui JOCTH)KEHUS
¢usuueckoil scHoctu moaxon. OO0O3HAYMM Kak Y, aMIUIMTYAy HaONI0[aeMOro CHrHajia B
KaHaje ¢ sHepruei Ej. dopma yCpeAHEHHOW MO HSKCIEPUMEHTAIbHBIM TOYKaM KPUBOU
uckomoro pacnpenenenus Y(E), rae E — sHeprust 0CKOJIKOB, MOXKET OBITh MPEACTaBICHA KaK
CyMMa JBYX JIOPEHIIMAH, TaK YTO JJIs KaXIOro 3HadeHWsl FE; HaOIIOaeMBIX SHEPruit

npearoaaracMas aMInIMTya paBHa.
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rne E,gs — mnpenmomaraemoe 3HaueHHE IOJIOKEHHUS MakCUMyMoB. C  IOMOIIBIO
KOMITBIOTEPHON TporpaMmbl  (cM. uUHCMPYKyuio K J1aOOpamopHoll yYCmauogke), TyTeM
MUHMMH3ALUN BEJIUYMH (QYHKUMOHAIOB Fs B mpouecce BapbupoBaHus E,g, Haxopmsrcs

MOJIOXKEHUST MakCUMyMOB <Eps>. Takum o0paszom, 3HaueHus <Eos> OyayT ompenensTh Takoe
IIOJIOKEHUE BCEM YCPEJHEHHOM KpPHUBOM, KOTOPOE€ COOTBETCTBYET HaWMEHbLIEMY €€
CPEIHEKBAIPaTUYHOMY OTKJIOHEHHIO OT M3MEPEHHBIX TOYEK, T.€. HAWIY4IllIEeMYy OIMUCAHUIO
AKCTICPUMEHTAIbHBIX TAHHBIX.

Craructudeckas omuOKa B OLIEHKaX BEMHYUH <Eps™> ompenensercs COOTHOIEHUEM
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rae Nj 2 —4rciio KaHaoB B aHATM3UPYEMOM UHTEpBaJie dHepTud Mos - Mis.

4. ITonynpoBOTHUKOBBIE 1eTEKTOPHI

B kauecTBe IeTeKTOpa B YCTAHOBKE MCIIOJIB3YETCs MOJIYNPOBOAHUKOBBIA KPEMHUEBBIN
neTekTop. I1oynpoBOIHUKOBBIE JETEKTOPHI MHUPOKO MPUMEHSIOTCA NIl JETCKTUPOBAaHUSA H
CHEKTPOMETPUHU 3apsHKEHHBIX YaCTHUI[ M Y-KBAaHTOB OJjarojaps BBICOKOMY pa3pelIeHHIO IO
JHEPruy, MajlOMy BPEMEHHM HApacTaHWs CHUTHAlIa W MajlbIM pa3sMepaM. OTH JETEKTOPBI
IPEICTABISIIOT COOOW TBEPIOTENbHYIO (KPHCTAUIMYECKYIO) HOHHM3AlMOHHYIO Kamepy, B
KOTOPOH INpH TMOTJIOUICHUHM HOHU3UPYIOIIMX H3IIyuYeHUH 00pa3yloTcs HOCUTENW 3apsjua —
IEKTPOHBI U JBIpKU. B OoTiMuYMe OT HMOHM3ALMOHHOW KaMmephl B IOJYNPOBOJHUKOBOM
JETEKTOPE DIIEKTPOHBI IEPEBOAATCS HE B HENPEPBIBHBIN CIIEKTP, @ U3 BAJICHTHON 30HBI B 30HY
IIPOBOAMMOCTH.

J1s oTyIpOBOTHUKOBBIX JETEKTOPOB OOBIYHO HMCIIOJIB3YIOTCS KPEMHUIH U TepMaHui.
KpemHueBble JeTeKTOpbl, Kak MpaBUjo, paboTalOT MpU KOMHATHOW TeMIieparype.
['epmanneBbie ETEKTOPHI HYyXAaroTcs B oxnaxaeHun gm0 ~ 80 K. [[ns perucrtparuu
3apsDKCHHBIX YaCTHIL UCTIOIB3YIOTCSI KPEMHHUEBBIE IETEKTOPHI U AETEKTOPBI U3 CBEPXYHCTOTO
repmanust  (HPGe). ns perumcrpanuu ramMMa-KBaHTOB —HCIHOJB3YIOTCS TE€pPMaHHEBBIC

ACTCKTOPHI. I[JBI pEerucTpav pCHTICHOBCKOI'0 U3JTYYCHHUA — KPEMHUCBBIC JCTCKTOPHI.



Cxema noJaynpoBOAHUKOBOTO JETEKTOpa MpeCTaBlIeHa Ha pUC. D.
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Puc. 5: CxeMa mosrynmpoBOIHUKOBOTO JIETEKTOPA.

B monynpoBOAHUKOBOM JETEKTOpPE cO3/aeTcsi 001acTh, B KOTOPOM OTCYTCTBYIOT
CBOOOHBIC HOCUTENH 3apsja — o0eaHeHHas 00acTh. 3apsyKeHHas YacTULA, MTpoJIeTas yepes
00eTHEHHYI0 (4YBCTBHTEIbHYIO) OO0JIACTH JETEKTOpa, MPOU3BOAMUT Mapbl 3JICKTPOH-IBIPKA
BIIOJIb CBOEH TpaekTtopuu. CpemHsss JHEpPrus, HeoOXoaumas sl 00pa3oBaHUS OJIHOMN
AJICKTPOHHO-JILIPOYHONM mapbl, cocTaBiasieT 3.62°B ans kpeMHuss TpH  KOMHATHOM
temriepatype u 2.955B  gms  repmanms npu  Temmeparype 80 K. KommuectBo
AJIIEKTPOHHO-ABIPOYHBIX AP MPOMOPILHUOHATILHO MOTEPSM SHEPTUU YacTHUIlbl. st u3mepeHus
SHEPTUU YaCTHUIIBl, HEOOXOIMMO, 4TOOBI OHA MOTEPsIa BCIO CBOIO SHEPTHIO M OCTAHOBUIIACH B
YyBCTBUTENbHOU obOnactu. [log neficTBHEM NPUIIOKEHHOTO K JIETEKTOPY 3JIEKTPHUYECKOIrO
MOJIsA, AJEKTPOHBI JBUXKYTCS K aHONY, HbIpKM — K Katony. CoOpaHHble 3apsibl 00pa3yroT
TOKOBBI UMITYJIEC, HHTETPAJl KOTOPOTO HEeceT MHPOPMAIUIO 00 SHEPTUH, KOTOPYIO YacTHIIA
norepsjia B YYBCTBUTENBHOW o0O0nmacTu. TOKOBBIM HMMITyJbC JETEKTOpa IIOCTYNAeT B
3apsiAOYYBCTBUTENbHBIN TpeaycwinTensb, a 3areM — B AIlIl. AIIl renepupyer uwmcio,
JIMHEWHO 3aBUCMMOE OT aMIUIUTY/bl CUTHANIA ycuautend. Yucno, kotopoe renepupyet AL,

TakuM 00pa3oM MPOMOPIHMOHAIBHO 3Hepruu yactuilsl. ['enepupyemoe AL ymcno cmyxut



IUIsL aipecalyu siueky mamsaTH (KaHaje), COOTBETCTBYIOIICH OIpEeIeIeHHOMY IUana3oHy
ammuTya. Kananbl mocnefoBaTenbHO HYMEPYIOTCS Tak, 4YTO OOJNBIIMM  aMILTUTYAaM
COOTBETCTBYIOT OoJjblue HOMepa KaHayoB. [lo mepe Habopa cratucTuku B mamsatu DBM
Gopmupyercst pacnpenencHue (aMILITUTYIHBIA CHEKTP) — 3aBUCHMOCTD KOJIMYECTBA COOBITHIA
OT HOMED KaHaja.

Pa3pemenue no 3Hepruu cUCTEMBI *TIOJIYINPOBOJHUKOBBIA IETEKTOP — MPEAYCHUIUTEND
OTIpeNeNsIeTCs HECKOJbKMMHU  (aKTOpaMu: CTATUCTHYECKOW TOYHOCTBIO HU3MEpPEHUS,
pa3NMYHBIMU BHJAMH 3JEKTPUYECKHUX ILIYMOB B OOEIHEHHOH 00JacTH KpHUCTasla M BO
BXOJHBIX LEMAX MNPEAyCUIUTENs, (QIUYKTyalMsMH 3apsia NpH HEMOJIHOM COOMpaHMU U
(GuyKTyanusiMu OTEpb SHEPTUU BO BXOAHOM OKHeE JeTekropa. Hampumep, A O-4acTHLBI C

sHeprueit 5 MaB pasperienue no sueprun cocrasiser ~ 10-12x3B, 1.e. mpumepno 0,2 %.

5. DiieMeHTapHAas TeOPUS JeJIeHUs

[Tomp3ysice hopmymnoit Baiizekkepa

z? __(A-2zf o

roe a3 = 15,8M3B; a, = 17, 8M»B; a3 = 0,70M»5B; a4 = 23,7M»B; a5 = 34M»3B u

(1)

AW =a, A-a,A?* -a,

+1 nig 4€THO — UETHBIX AAEP,
0 =< 0 s HEUETHBIX,

=1 nyst He4€THO — HEUETHBIX STED ,
MO>XHO OIICHUTH SHEPIHI0, KOTOpas OCBOOOXKIaeTcs B OJHOM akTe aeneHus. Ilycth smapo c
MaccoBbIM unciaoM A = 220 nenuTcs Ha JBa paBHBIX ockoika ¢ Ay = 110.B srom ciyuae
yIeIbHast SHEPTHSI CBSI3U OCKOJIKOB 10 CPaBHEHHUIO C yIEIbHOW DPHEPTHEH CBSI3U HAYAIBHOTO
sapa yBenuuuBaetcs Ha A€ ~ 0,8 M»1B (ot €1~ 7,6 MaB nns simpa ¢ 4 = 22010 €, =~ 8,4M>B
IUIA sanpa C Ay = 110). [Tpu 3TOM TOJDKHA BBLIEIATHCS SHEPTHs
E =A(e; - €1) = 220(8,4-7,6 M»B =~ 180M»B.

Oneprusi E, ocBoOoxmaromascss B OJHOM aKTe JCJICHHs, MOXXET OBITh TOJyuyeHa
HerocpeaAcTBeHHO U3 Gopmyibl (1) u onpeaenseTcst A ABYX OCKOJIKOB ¢ MAaCCOBBIM YHCIOM
A, = A/2 cooTHOIIIEHHEM

E=2AW, - AW 2)

[Moncrasnss coorHomenue (1) B AW u AW,, nonaras Z = 90u npenedperast mociaeJHIM

HJICHOM aSW BCJIICACTBHUEC €TI0 MAJIOCTH, ITOJTydacM
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Takum oOpa3oMm, mpu JEICHUU HU3MEHSETCS MOBEPXHOCTHAs sHeprus E :azA% u

2

KYJIOHOBCKasl S3HCPrus EK :aem, Ipu 5TOM IHOBCPXHOCTHASA DHCPIUA YBCIMYUBACTCA, a

KYJIOHOBCKasl SHEprusi yMeHblaercs. JlereHrne BO3MOKHO TOJIBKO B TOM ciiydae, korna E > 0,
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> 07,

OTKyJia CJEeayeT, 4TO Z%/A > 17.Bennuuna Z%/A HasbiBaeTcst napamMeTpoM JeIeHUs. DHePTHs
E, ocBOGOXKIAIOMAsACS NPH JENCHHH, pacTeT ¢ ypemmuenmeMm ZJA, Z/A=17 mma Y
(uTTpUS).

Kaxk BUJIHO M3 MOJYYCHHBIX OLCHOK, ACJICHUC SHCPICTHUYCCKU BBIIOJHO IJIA BCEX AACP
Tshkenee WTTpus. [louyemy ke OONBIIMHCTBO SAEp YCTOMYMBO 10 OTHONICHHIO K
CaMOTIPOU3BOJIBHOMY JieieHUI0? UTOOBI OTBETUTH HA ATOT BOMPOC, HEOOXOAMMO paCCMOTPETh

MECXaHU3M ACICHUA.

O 9%

Puc. 6: smenenue ¢opMsl sifjpa B poIiecce ACICHHUS.

B mpormecce aenenusi mpoucxoauT m3MeHeHue (GopMbl sapa. Sapo mocienoBaTenbHO
IPOXOJIUT Yepe3 caeayroimue ctaauu (puc. 6): map, 3JUTMIICOM I, TAHTENb, 1Ba IPYIICBUIHBIX
OCKOJIKa, JBa cepuuecknx ockojika. Kak MeHseTcs MOTEeHIMalbHAs JHEPrus sjapa Ha
Pa3TUYHBIX CTAAUSIX ACTICHUS?

PaccmoTpuM HauanbHyro cTafuio neneHus. [lepBoHadanbHOE AP0 C YBETUYEHUEM [
npuHuMaeT ¢GopMy Bce OoJiee BBITSHYTOIO JJUIMIICOWJA BpamieHus. B 3ToM ciydae
BCJICZICTBHE DBOJIIOIUU (HOPMBI SApa U3MEHEHUE €T0 MOTCHIIMAIIBHONW YHEPTUU OTPEISIAETCS

U3MEHEHHEM CYMMBbI ITOBEPXHOCTHOH U KynoHOBcKoM sHepruil E +E_. O6br4HO cumraercs,

4yTO 00BEM sapa B mporiecce aedopMaluu ocTaeTcss Heu3MeHHbIM. [loBepXHOCTHAsI SHEPTUS
IIPY 3TOM BO3pacTaeT, TaK KaK YBEIMUYMBAETCS IUIOIIAAb MOBEPXHOCTH sapa. KyrmoHoBckas
DHEPrusl YMEHBIIAETCS, TaK KaK YBEIMYMBAETCS CPEJHEE PACCTOSHUE MEXKIY IPOTOHAMHU.

[TycTh chepuyeckoe aIpo B pe3ybTaTe HE3HAUYNTEILHOHN AehopMaIii, XapaKTepru3yroIIencs



MaJlblM ~[apamMeTpoM Y, TMpHHAIO (GOpPMY aKCHAIbHO-CUMMETPHUYHOTO  SIUIMIICOMJA.
IToBepxHocTHas sHeprus E, u kymoHoBckas sHeprus E_ kak GyHKIUM ) HU3MEHSIOTCA

CJIEIYIOIIUM 00pa3oM:

E=E{h§xﬂ, i=i@r§f) 3)

a UX CyMMa, OIIpeeIIAIoNnasi U3MEHEHUE MOTEHIUAILHONW YHEPTUH s1/1pa, paBHA
~ ~ Xz
E, +E, ~E,+E +/ (2, -E)) @

B cootHomenusx (3 — 4)E, u Ex — moOBepXHOCTHAS U KYJIOHOBCKasi SHEPTUH HCXOIHOTO
szpa.

B oGmactu tsoxensix snep 2E, > Eq 1 cymma MOBepXHOCTHOM M KYJOHOBCKOW 3HEPTUit
pacrer ¢ yBemmuenueM Y. M3 (3) m (4) cmemyer, 4to mpH Manbix aedopManusx pocT
MOBEPXHOCTHOW JHEPTUU TMPEMATCTBYET JalbHEUIIEeMy HW3MEHEHHIO (opMbl siapa, a
CJIEIOBATENBHO, U JACTICHUIO.

CootHomenue (4) crupaBeuIMBO JUTS MAJbIX 3HaueHUH X (Manbix nedopmarmii). Eciu
nedopmariis HaCTOJIBKO BEJIHMKA, YTO SApo MpuHUMaeT (GopMmy rantenn (yaactok O <r <d,
rae Oi, — HambOonpmmit pasmep AeOPMHUPYEMOro siipa M CyMMa PaJuyCOB OCKOJIKOB,
COOTBETCTBEHHO), TO MOBEPXHOCTHBIC M KYJIOHOBCKHE CHIIbI, CTPEMSTCS PA3ACiHTh SIPO U
npunaTth OcCKolikaMm cdepuyeckyro ¢opmy. Ha »3Toif cramum neneHusi yBelMuYEHUE
nedopMaluu  COMPOBOXKAAETCS YMEHBIIEHHEM KaK KYJIOHOBCKOM, Tak W TOBEPXHOCTHOM
sHepruu. Takum o00pa3oMm, MNpu TOCTENEHHOM yBEJIWYEHUH JedopMaluu sapa ero
NOTEHIMATIbHAS YHEPTUS POXOTUT Yepe3 MakcuMyM. ['paduk n3MeHeHHs: TOBEPXHOCTHON U
KYJIOHOBCKOM dHEpruil fapa B 3aBUCUMOCTH OT I [TI0OKa3aH Ha puc. /.

Hanuuue noreHnuansHoro 0apbepa NpensaTcTBYeT MTHOBEHHOMY CaMOMNPOU3BOIbLHOMY
neneHuto saep. s Toro 4ToObI SAPO pa3aeniock, eMy HE0OX0aMMO cOOOIUTh dHEpruio Q,
IPEBBIIIAIOIIYIO BEICOTY Oaphepa H. MakcuMyM MOTEHIMATBbHONW 3HEPTUH JEISIIEerocs supa
110 TIOPSIAKY BEIHYHMHBI COOTBETCTBYeT e°Z2/dy. Hanpumep, TipH JIe/IeHHH spa 30710Ta Ha 1Ba
OJIMHAKOBBIX OCKOJIKA e222/d2 ~ 173M»5B, a Benmuuuna sHeprun E, ocBoOoxmaromelics npu
neneann (cM. popmyny (2)), paBua 132M»sB. Takum oOpa3om, Mpu ICIECHUH SAApa 30J0Ta

HE00XO0IMMO MPEOI0JIETh MOTEHIUAIBHBINA Oaphep BricoTOM okono 40 MaB.
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Puc. 7:3meHeHNe MOBEPXHOCTHOM U KYJIOHOBCKOM 2HEPIUi SApa B IPOLIECCE IEIECHHUS.

Bricora Gapbepa nmenenust H Tem Oonbliie, 4eM MEHBIIE OTHOIICHUE KYJTOHOBCKOW U
MOBEPXHOCTHOW 3Hepruu E/E,; B Ha4aJbHOM sape. DTO OTHOIICHHE, B CBOIO OYepe/lb,
2
YBEIIMYHUBACTCS C yBeanueHueM napamerpa aenenus Z7/A (cm. (3)). Uem Tskenee sapo, TeM
MEHbIIIe BBICOTa Oapbepa AeneHus H, Tak kak mapameTrp AeNeHUs B IMPEANOI0KEHUH, 4TO Z
MPOMOPIUOHAIILHO A, YBETUYHBAETCS C POCTOM MacCOBOT0 YHCIIA!

2
E:&Z_-.—A
E, a A

i

()

B urore, 6omnee TsHKENbIM siapaM, Kak MPaBHIIO, HYKHO COOOIIUTHh MEHBITYIO SHEPTHIO,
4TOOBI BBI3BATH JIEJICHUE SAPA.

Bricora Oapwepa aenenusi oOpamaercs B Hyiab npu 2E; —E. =0 (M. (4)). B srtom

ciy4dae
E:Zié:l’
E, a, Z
OTKy/a
2
22 _2a, 2078,

Takum 00pa3oMm, COTJIaCHO KareabHOM MOJENH B MPUPOAE HE MOTYT CYIIECTBOBATH
sqpa ¢ Z%/A > 49, Tax KaK OHH JOJIKHBI MPAKTUYECKH MTHOBEHHO (3a XapaKTEpHOE SICPHOE
BpeMs mopsaka 107 22 C) CaMOIPOU3BOJILHO JEIUTHCSA. 3aBUCHMOCTH (OPMBI M BBICOTHI
NOTEeHIMAJIbHOrO Oaphepa H, a Takke »HEpruu JefneHHs OT BEIMYMHBI Iapamerpa ZZIA

NOKa3aHbl Ha puc. 8.
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Puc. 8: PannanbHas 3aBUCUMOCTD (hOPMBI U BBICOTHI TOTEHIIMAILHOTO Oapbepa U SHEPrUn
neneHus E npu pa3nuuHbIX BeIMYMHAX apaMeTpa Z%/A. Ha BEPTUKAJIBHON OCH OTJIOKEHA

BenuunHa E; + E..

Camomnpou3BOJIbHOE JICJICHHE SIIep C Z%IA < 49, ns KOTOPBIX BbICOTa Oaprepa H He
paBHA HYIIO, C TOYKU 3PEHUs KJIACCUYECKOW (U3UKH HEBO3MOKHO. OIHAKO B KBaHTOBOWM
MEXaHHKE TaKoe [EeJICHHEe BO3MOXKHO 3a CUET TYHHENBHOTo 3(dexrta — MPOXOXKICHUSI
OCKOJIKOB JIeJICHUSI “CKBO3b” TOTCHIHMAIBHBIA Oaphep, 1 OHO HOCHT Ha3BaHHUE CIIOHTAHHOTO
neneHusi. BeposTHOCTh CITOHTAHHOTO JICJICHUS PACTEeT C YBEIMYCHHEM ITapamerpa JeTICHHsI
Z%A, T. e. ¢ yMCHBIICHHEM BBICOTHI Oapbepa ICNCHHS. B LEIOM IEPHOX CIOHTAHHOTO
NIEJICHUsT YMEHBIIAETCS TMPU TEpexoJie OT MEHEe TSKENbIX sfaep K 0olee TKENbIM OT
Ty > 107 ner mns 22Th 1o 0,3¢ amsa 2XRf .

BhiHyxK/IeHHOE elnenne saep ¢ Z2/A < 49 MoxeT GHITh BBI3BAHO HX BO30YXKICHHEM
T00BIMU YacTUIaMU — (DOTOHAMHU, HEUTPOHAMH, MIPOTOHAMH, JACUTPOHAMH, Q-4aCTULIAMU H

T. ., €CJIM UX SHEPTHs JOCTATOYHA VIS IPEOI0JICHHs Oapbepa JeTIeHuUs.

4. O0uue cBeieHNUs O IeJIeHUM sijiep

XapaKTepHoﬁ 0COOEHHOCTBIO ACJICHUA SABJISACTCA TO, YTO OCKOJIKH, KaK IIPaBUJIO, UMCIOT

CYIICCTBCHHO PAa3JIMYHBIC MACCHI. B cry4dac HanOoJee BCPOATHOI'O ACIICHUSA ZSSU OTHOIIICHHC

Macc OCKOJIKOB B cpejiHeM paBHO ~ 1,5.PacmpesieieHue Mo MaccaM OCKOJKOB JeIeHUs “op U

TEIUIOBBIMH HEHTpOHaMH TIOKa3aHO Ha puc. 9. Jns Hamboyiee BEpPOSTHOTO JCIICHUS Ha
OCKOJIKM TSDKEJIBIM OCKOJIOK MMeeT MaccoBoe uucino 139, nerkuit — 95. Cpeau mpoayKToB

JeneHus: uMeroTcst ockonku ¢ A= 72 — 161u Z = 30 — 65.BeposiTHOCTh AeneHusT Ha JBa



PaBHBIX MO Macce OCKOJKa He paBHa Hyito. Ho mpu nenennn oo U TemmoBbiME HelTpoHaMK

BEPOATHOCTh CUMMETPUYHOTO JEJIEHUs IMPUMEPHO Ha TPH MOpsAIKa MEHbIIE, YeM B CIy4yae

HauboJsee BEpOSITHOTO AeNieHust Ha ockoku ¢ A = 139u 95.
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Puc. 9: MaccoBoe pacrpeielieHHe OCKOJIKOB JIeIEHUs “gy U TEMIOBBIMU HEHTpOHAMH

KanenbHast Mozienb HE UCKIIOYAET BO3MOXHOCTH ACUMMETPHYHOIO JIEJICHUS, OJHAKO
JaKe KadeCTBEHHO HE OOBSCHSET OCHOBHBIX 3aKOHOMEPHOCTEH TaKOTo JEJICHUS.
AcCUMMETpHUYHOE JeJICHHE OOBSICHSIETCS 000JI0UeYHOW CTPYKTYpou sizpa. Sapo crpemurcs
paszmenuTbecs TakuM 00pa3oM, 4YTOOBI OCHOBHAsT 4YacTh HYKJIOHOB KaXKJIOTO OCKOJIKa
oOpasoBasia HanboJiee YCTOMUUBBIA MarndeCKUi OCTOB.

B mpomecce neneHuss OCHOBHAas YacTh DSHEPrUU JCNEHUS OCBOOOXKIACTCS B BUIE
KMHETUYECKON DHEPrUU OCKOJKOB JEJNEHUsA. Takod BBIBOJ MOYHO CHENaThb U3 TOrO, 4YTO
KYJIOHOBCKasi HEPTUs JABYX CONPUKACAIOIIUXCS OCKOJIKOB MPHUOJIM3UTEIBHO paBHA SHEPTrUU

nenenns. OLeHNM BeIMYUHY KYJIOHOBCKOM SHEPTUU CONMPHUKACAIOUINXCS OCKOJIKOB!

2
S
2R

rae R — paguyc ockonkoB, a €Z — ux 3apsa. bynmem cuurtarh, uto R 1 Z OCKONKOB paBHBI.

[TycTth Macchl ockoakoB paBHbI 115,a 3apsn 45. Torna

R=125[A"* 10 **cm = 12510 [3/115¢cm = 6,100 %cm
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MC}KI[y KHHETUYCCKUMU DHEPIrUAMH OCKOJIKOB U UX MAaCCaMHM CYHIECCTBYET CICAYIOMICC
COOTHOLICHMEC, BBITCKAIOIICC U3 3AKOHOB COXPAHCHUA SHCPTUHU U UMITYJIbCA.

E _M,

T —

: (6)
ET M,’l

rae E, u M, oTHOCATCS K JerkomMy ockoiky, a Er u Mr — x Tsokenomy. Ilonb3ysice aTum
COOTHOIIIEHUEM, MOKHO U3 MAacCOBOTO PACIPEAENICHUs] OCKOJIKOB MOTYyYUTh pacrpeesieHue

OCKOJIKOB 110 3Hepru# (puc. 10).
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Puc. 10:Pacnipe/ienienre Mo 3HEPTHH OCKOJIKOB JIENEHHS o3 U TEIIOBBIME HEHTpOHAMHU

[TapaMeTpel JHEPreTHUYECKOrO0 pacHpeNesieHHs, a TakKe HEKOTOpble JIpyrue
XapaKTePUCTHKH OCKOIKOB JIETIEHHS “o U TEMIOBBIME HEHTPOHAMH MPHUBEIEHbI B Tabmuie 8.
Kunernueckass sHeprusi OCKOJIKOB JIEJIEHHUSI CPAaBHUTEIBHO MaJl0 3aBUCUT OT SHEPruu

BO3OYKJICHHS JEISIIET0oCs s/Ipa, TaK KaKk 3HAYMTENbHAS 4acTh MOCIEAHEH OOBIYHO HIET Ha

BO30Y>KJ€HHE BHYTPEHHET0 COCTOSIHUS OCKOJIKOB.



Taomuma 1

XapaKTepI/ICTI/IKI/I JICTKOI'O U TAXKCJIIOIO OCKOJKOB JJIsA HanOoJee BCPOATHOT'O

235 o
BapuaHTa ACJICHUA o, U TermioBeIMU HEUTpOHAMU

XapakTepucTukKa Jlerkuit Tsoxenbri
OCKOJIOK OCKOJIOK
Kunernueckas sueprusi, MoB 100 67
MaccoBoe uncio 95 139
ATOMHBII HOMED 38 54
HavanbHblil moNHBIN 3apsia B €AMHULIAX 3apsiaa IEKTpoHa +20 +22
[IpoGer B BO31yX€ NMPHU HOPMAIBHBIX YCIOBHIX, MM 27 21

Cne;[yeT OTMECTUTH, UYTO BCJIMYHMHA KHHGTquCKOﬁ 3HepI‘I/II/I OCKOJIKOB, HOJ'IyLIeHHa}I C
MOMOIIbIO KAJOPUMETPUICCKUX H3MEPEHUI, HE corjacyercs B Mpejeliax OIMHOOK ¢
BEJIMYMHOM, TMOJTYYCHHOH C TIOMOIIBIO METOJOB, OCHOBAHHBIX HAa HM3MEPEHHUU HOHH3AIUU
BEIIIECTBA JIETEKTOPAa — MOHU3AIMOHHON KaMephl WU MOJIYIPOBOJHUKOBOTO cUeTdHKa. Tak,
KHMHETUYECKash DHEPTHsl KaXJIOTO OCKOJKa, M3MEPEHHAsl ¢ MOMOIIBIO MOIYIPOBOIHUKOBOTO
CUETUYMKA, B 3aBUCHMOCTH OT KadyecTBa CUETUMKA MOXKET OKaszarhcs Ha 5 — 20M»>B Hmxe
TaOJIMYHOW. DTO sBJICHUE HOCHT Ha3BaHHE HMOHU3AMMOHHOTO JedeKkTa, M CYTh €ro
3aKJTFOYAETCS B CIICTYIOIIEM.

Ockonku paeneHusi, o0Onanas BecbMa 3HAYUTEIHHOW YAETBHOW SHEPTHMH HOHU3AIIWH,
CO3MAal0T TIPH CBOEM JIBMIKCHHHM 4Yepe3 JETCKTOpP HACTOJBKO OOJBIIYI0 IUIOTHOCTh
3IEKTPOH-JIBIPOYHBIX Tap, YTO TPEK OCKOJIKA MPEACTaBISAET COOOM, MO CYIIECTBY, YY4aCTOK
wia3mMbl. Cnaboe  NPOHMKHOBEHHWE  BHEIIHErO  JJEKTPUYECKOrO  MOJii  BHYTPb
AIIEKTPOH-JBIPOYHON IJIa3Mbl IPUBOAUT K HEIOCTATOYHO OBICTPOMY pPaccachlBaHUIO TPEKa B
HAYaJbHBII MOMEHT W 3HAYMTEIBHOW PEKOMOWHAIIMU IEePBOHAYAIBHO OOpa30BaBIIMXCS

3JIEKTPOH-JIBIPOYHBIX T1ap.
Ipu nenennn ;U TemmoBLIMU HeHTpoHAMHU 0CBOOOKIaeTCs sHeprust okoo 200M»sB.

N3 vux 167M»1B npuxoauTcsi Ha KUHETHYECKYIO DHEPTHI0 OCKOJIKOB. OcTaBIIasics 4acTh
sneprun (33M»sB) pacnpenensiercss MEXAY pa3IMYHBIMU H3JTy4CHUSIMH, BO3HUKAIOIIUMH B

nporiecce JeNCeHUs U paJiOaKTHBHOTO paciajia OCKOJIKOB (Tabuia 2).



Tabnuua 2
Pacnipenenenue snepruu (B8 MaB) neneHus Mexy pa3TuuHbIME IPOTYKTaMH,

00pa3yIOIMMUCS B pe3yJIbTaTe ACTICHUS

KHHETHYECKasi YHEPTUSI OCKOJIKOB 167
SHEPTIUa HeﬁTpOHOB JCIICHUSA

sHeprusi [ -4acTHIl MPOILYKTOB JCTICHUS

SHEPrusi MTHOBEHHOTO JAH3ITydeHUS 7
SHEPTHs JU3ITyYCHUS IPOJTYKTOB JACIICHHSI 6
SHEPTHs AHTUHEHTPUHO MTPOTYKTOB JCICHHS 10
TIOJTHASI SHEPTHS JeTICHHS 200

OTHOIIEHNE YKCTa HEHTPOHOB K YMCIY TIPOTOHOB B sfpe ‘U paBHO 1,55,B TO Bpems

KaK y CTaOWJIBbHBIX 3JEMEHTOB, HMEIONIMX MacCy, OJHM3KYyl0 K Macce OCKOJIKOB, 3TO
orHomenue 1,25 -1,45. CnenoBareilbHO, OCKOJKHA [OEJIEHUS OKa3bIBAIOTCS CHIILHO
NEPErPY>KCHBIMH HEHTPOHAMU M JOJDKHBI OBITH [ -paanoakTUBHBL. [103TOMY, OCKOJKH
JICTICHHSI UCIBITBIBAIOT TIOCIIE0BATENIbHBIE [ -pacajpl, MPHYEM 3apsj MEPBHYHOIO OCKOJIKA

MOXXET U3MeHAThca Ha 4 -6 emgunun. Hmwke mnpuBeaeHa XapakTepHas IEMOYKa

PaIMOaKTUBHBIX TPEBPAIICHUM gz., Kr — ogHOro M3 OCKOJKOB, 00pa3yromerocs mpu JIeJIeHUN

22U
SKrOf - YRbOA - 3srOf - %y OA - 5 zr0A - 3 NbOA - 2 Mo

CHsatTHe  BO30OYXKAEHHUS  OCKOJKOB, BBI3BAHHOTO  HApYIICHHEM  HOPMAJIBHOTO
COOTHOIIEHUS 4YHCIa NPOTOHOB M HEUTPOHOB, XapaKTEPHOIO Uil CTAOMIBHBIX SJEp,
IIPOUCXOIOUT TAKKE 3a CYET BbUIETA MTHOBEHHBIX HEUTPOHOB JEIIEHUSA. OJTH HEUTPOHBI
HCITYCKAIOTCS JIBIDKYIIMMUCS OCKOJKAMH 3a BpeMs, MeHburee, ueM ~ 10™*c. B cpennem B
KaXJIOM aKTe JeJCHUs HCIyCKaeTcsa 2 - 3 MTHOBEHHBIX HeWTpoHa. WX sHepreTHyeckuii
CIEKTpP HENpEpBIBHBIN € MakcuMymoM okojgo 1Mb»sB. CpenHsis 3Hepruss MIHOBEHHOI'O
HelTpoHa Onu3ka k 2M»bB. Hcnyckanme 0Oosee dyeM OJHOTO HEHWTPOHA, B Ka)XJAOM aKTe
JIEJICHUA JacT BO3MOXKHOCTD IIOJyYUTh SHEPTHIO 3a CUET LIETHOM SAEPHON PEaKUu NEICHUS.

HeGonbmast nomust (~ 1%)HeHTpOHOB, HCITYCKAaEMBIX B IIPOILIECCE NENICHHUS, TTOSBISETCS C
HEKOTOPBIM  3ala3[bIBaHMEM OTHOCHUTEIBHO MOMEHTa JejeHUus (Tak Ha3bIBaeMbIe
3ara3/IpIBAIOIINEe HEHTPOHBI). Bpems 3ama3qpIBaHuUsl JOCTUTAET Yy HEKOTOPHIX OCKOJIKOB JI0

1mun. bBeulo  yCTaHOBIEHO,  4YTO  3ama3fbIBalONIME  HEHTPOHBI  HMCIYCKAIOTCS



OCTAaHOBUBIIMMHUCS OCKOJIKAMH IOCJE MPEIBapUTENbHOTO [ -pacnana. [ -pacmaj OCKOJIKOB
MPUBOAUT K 0Opa30BaHUIO JOUYEPHHUX SIAEP HE TOJIBKO B OCHOBHOM, HO M B BO30Y)KICHHBIX
cocTosiHUsAX. Ecim sHeprust Bo30yXIeHUsI TPEBBIIIACT SHEPTHIO OTIesieHus1 Heiitpona B(N),

TO POUCXOUT UCITYyCKaHUE 3aIa3/IbIBAIOIINX HEUTPOHOB (puc. 11).

(A-1,2+1)

(A,7+1) NF

(A, Z+2)

Puc. 11:Cxema oOpa3oBaHus 3ama3/IbIBaOIIUX HEUTPOHOB! E - SHEprus BO30YXAEeHUS sapa
(4,Z+ 1); B(n) — sueprus otraencHus HedTpona B sape (4,Z+ 1); E, — KuHeTHUYECKas

SHEPTHs 3aIa3/IbIBAIOIero HeUTPOHA

YacTe SHEpruM JEeNeHUsi YHOCHTCS JKBAHTAMH, WCIYCKAIOIIMMUCS BO30YXKIECHHBIMU
OCKOJIKAMH Cpa3y IOcje BbLJIeTa MIHOBEHHBIX HEHTPOHOB (TaKk Ha3bIBaeMble MIHOBEHHBIC
JAKBaHTBl JICNICHUS), a TaKXKe JFKBaHTaMH, BO3HUKAIOIIMMH B pe3ylbTare [-pacmaja
OCKOJIKOB.

Oxono 5% sHepruu JeICHUS YHOCAT aHTHHEWTPHUHO, oOpasyrommecs mpu [-pacmajie
OCKOJIKOB.

HelitpoHsl, BO3HUKAIOIUE B PE3YJbTATE€ PEAKLUUN NEICHUS, UMEIOT KUHETUYECKYIO
3HEpruo Heckonbko MpB. Ilostomy nanst yBenuueHus: 3((GEKTUBHOIO CEUEHHUS PEeaKIHH
JIeJIeHNs], B TOM 4MCJe LENHON peakluu JAeJeHus, HeOOXOOUMO 3amednums HEUTpoHsl. [Ipn
9TOM 3(QPEKTUBHOE CEUCHHE PEAKIMHM pacTeT C YMEHbIIEHHMEM CKOPOCTH V Majaroledl Ha
MHIIEHb YaCTHUIIBI MO 3aKOHY O ~ 1A. J[ist 3amMeasieHusi HEHTPOHOB HCIIONB3YETCsl YIPYroe
paccessHHe HEUTPOHOB Ha sAApax BewlecTsa. [lorepu sHEpruM HEMTPOHOB MAaKCUMAaJIbHBI IIpU
YIPYTOM paccesiHUM Ha JIETKUX Aapax. Tak, Ha MIPOTOHAX B CPEIHEM 3a OJUH aKT PACCESHUS
HEHUTPOH TEepseT MOJOBUHY CBOEH sHepruu. [Ipu ympyrom paccesHHM HEUTPOHOB Ha OoJjee
TSDKENIBIX SApax CpeQHHE IOTEPU KHHETUYECKMX HDHEPrMil HEWTPOHA MEHBILNE, Y€M IIpH

paccessHUM Ha IpoToHax. Hampumep, mpu paccessHUM HEHWTPOHOB Ha spax yriepoaa B



CPEIHEM 3a OJIUH aKT PACCEAHUs TEPSETCs OfHA MATasd X SHeprun. CHIKEHUE KHHETUYECKUX
DHEPIrUi HEUTPOHOB B IIPOLECCAX PACCESHUS IPOUCXOAUT BIUIOTH A0 3HEPrUM TEIIOBOTO
JBUKCHHSI MOJICKYJ B BEIECTBE 3aMeIuTeNss. B 3Toil obnacTu sHepruil pacrpeneicHue
HEUTPOHOB 1O »HHEpPrusM OJM3KO K MaKCBEUIOBCKOMY pacnpeaencHuio. Cpeasss

KHHETHYEeCKas OSHEPIrHs TEIUIOBBIX HEUTPOHOB TMPH TEeMIIepaType 3aMeTUTENS OKOJIO
T~ 300K cocrasnser E_, = 0045B. Takum oOpa3oM, B KadecTBE 3aMEIIMTENS] MOXKET

UCIIOJIb30BaThCs JII000€ BOJOPOAOCOAepKallee BELIeCTBO — BoJa, napaduH u T.4. O1Hako B
psfe TPUIOKEHUN HEHTPOHHOW (M3MKH, HAmpUMep, [UIS MOANEPKAaHUS LENKOW peakinu
JIeTICHUs, HEOOXO0JMMO, YTOOBI 3aMeUIHTENIb UMell Manoe (M0 CpaBHEHUIO ¢ 3(deKTHBHBIM
cedeHreM JeieHus) 3QGeKTHBHOE CeYeHUE 3axBaTa HEHTpoHOB. [1o 9THM XapakTepHCTHKaM

XOPOIIUMH 3aMeUTUTEISIMU SIBIsIOTCS Tspkenas Boja (D0) u rpadur.

9. KoHTpoJibHbIE BONPOCHI U 321a4H

1. Jlns kakux siaep JeleHUe SIBISETCS SHEPreTHYEeCKH BHITOAHBIM? UeM OOBSICHUTH TOT

¢axT, yTO OOJBIIMHCTBO U3 HUX YCTOWYHMBO K CAMOIPOU3BOILHOMY ACTICHHUIO?

2. OueHuTh BeMMUMHY Gapbepa Jenenus s aaep ' Ag, “oaTa, ‘B Pb, %5, Pu.
3. OmpesenuTh TOBEPXHOCTHYIO U KyTOHOBCKYIO SHEPTHH CHMMETPUIHOTO JeeHus “oa Cf .

4. HaifTu SHepruI0 KyJOHOBCKOTO OTTANKHUBAHUS JABYX CONPHMKACAIOUIMXCA SAMEP 299 M

¥Ba, monaras, 4To 3TH A/pa UMEIOT chepuyeckyro Gopmy.

5. Tlouemy simpa ‘55U nensTcs TEIUIOBBIMH HEHTpOHaMM, a sAapa ‘wU — HeHTpoHamu ¢
sHepruei oonpire 1 MaB?

6. Uemy paBHa oSHeprus, OcBOOOKIalOasics Npu JAeldeHuH sapa wU? Kak oma

pacripenensercss MeXAy pa3IuuHbIMUA BUAAMHU H3ITy4EHUH?
7. OueHHUTh PHEPTHUI0, 0CBOOOKIAIONIYIOCS IPU AeTeHnH 1T ypaHa.
8. OOBACHUTH MPUPOTY MTHOBEHHBIX U 3aI1a3/IbIBAIOIINX HEHTPOHOB JIEIEHUS.

9. Yemy paBHa SHEprus, 0CBOOOKIAIOIIASCS TIPU CIUSAHUH sep 3He u LLi ?

10.OmeHuTs YHMCIO AJICKTPOHHO-ABIPOYHBIX  Tap, OOpa3ylIHuXcs B KPEMHHEBOM

MOJIYIPOBOTHUKOBOM JIETEKTOPE MPH PErHCTPaIi OCKOJIKOB JIEIECHHUS.



11.KakoBa Tipe/ieflbHas TOYHOCTH ONpE/IeNeHNs SHEPTUM TSKEOT0 OCKONKA JeeHHs g5 CF

KPEMHUEBBIM MOJYIIPOBOJIHUKOBBIM JIETEKTOPOM M MOHU3ALMOHHOW Kamepoil 0e3 yueTa

MOHU3ALMOHHOTO JiedexTa?

12.PagnoaktuBHoe sapo (A,Z) pacnamaercs mo aByM KaHaimam — X u Y. Hamwmmmre

BBIP)KEHUS JJIs IIEPUOJIOB IoJIypacnaja sJipa Mo OTAEIbHBIM KaHajJaM TMX2 u TMYZ, eciu
U3 OKCIIEpUMEHTa HM3BecTeH d>(Q(deKTHBHBIA mepuon mnomypacmama Ty, smpa (A,Z) u

OTHOIIIEHNE BEPOSATHOCTEH pacmnaja mo kaHaimam X u Y.



