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OBITTIA A XAPAKTEPUCTUKA PABOTHI. Ilpennaraemast pa-
0oTa MMOCBAIIECHA U3MEPEHUIO KOI(D(MUIIMEHTOB MPUINIAHUS MIOOHOB Wqiq U
Wq¢ B PEAKIUAX MIOOHHOTO KaTtasm3a ddp- u dtp- cuaTe3a:

3He+,u+n (1—wdd)

dd la
8 *Hep+n (wdd), (12)
t+p
ity Hetptn (1 —war) (16)
‘Hep+n (wat)-

W3mepenust IPOBEIEHBI € TIOMOIIBIO OPUTMHAJIBHON METOIUKY, pa3pabo-
rannoit B [INAD PAH noj pykososcTeoM npodeccopa A.A.Bopobnesa. Me-
TOJIMKA OCHOBaHAa Ha NPUMeHeHUN noHnm3aImonHol kaMeps! (IK) BeIcOKOrO
JIaBJICHUsT B KA9€CTBE AKTUBHOM MUIIIEHU J[JIs OCTAHOBOK MIOOHOB U JIETEKTO-
pa 3apsKEHHBIX MIPOJLYKTOB sIIEPHBIX PEAKINi B ra3e KaMepbl. Birarogaps
YVHUKAJIBHOW BO3MOXKHOCTHU BBIJIEJIEHUST COOBITHII C NMPUJIMITAHUEM MIOOHOB
KaMepa obecriednBaeT npsiMoe u3Mepenne Ko3MMOUIHEHTOB wWyq U Wy B Pe-
aknusax MooHHoro karannsa (MK).

B macrositeit muccepranyuu mpecTaBIeHbl: HOBAas METOIMKA U3MEPEHUH
HA OCHOBE MOHM3AIMOHHOM KaMepbl BHICOKOTO JIABJIEHUsI, IKCIIEPUMEHTAIb-
Hble YCTAHOBKHU I UccienoBanus ddp- m dip-karaan3a U MOJIydeHHBIE B
pe3y/braTe aHaN3a JAHHBIX 3HAUYEHUs KO3(P(MUINEHTOB IPUIUIIAHNAS MIO-
OHOB Wqd U Wqt-

AKTVYAJIbHOCTBb TEMBI. Bozo6unosienune B 80-e ro/pl BO MHO-
IUX SIJIEPHBIX TEHTPAX MUPA TEOPETUIECKUX U HKCIEPUMEHTAJIHHBIX PaboT
10 MIOOHHOMY KaTaJju3y OBbLIO CBSI3aHO ¢ OOHAPYKEHUEM BBICOKOM CKOPOCTH
obpazoBanust ddy- m dtpu-MOJIEKYJI 33 CYET PE3OHAHCHOI'O MEXAHU3MA M C
[IpeJICKa3aHUsIMI MHOTOKPATHOIO KaTaJIin3a peakiuii syepHoro dt-cunresa,
YTO TO3BOJIsIO paccMmarpuBaTtb MK B KadecTBe BO3MOXKHOI'O MCTOYHUKA
AJIEPHOI SHEPTUHN, AJTFTEPHATUBHOTO TepMOsiiepHOMY cuHTe3y. Peakrmn MK
MOTJIU OBITH UCIIOJIBL30BAHBI U JJIsT CO3/[AHUSI MHTEHCUBHOIO HCTOYHUKA OBICT-
PBIX HEHTPOHOB, MOTPEOHOCTH B KOTOPOM HUMEETCsl JIJIs MATEPUAJIOBEIEHNSI,
JUIst HapabOTKU TOIIMBA B SIIEPHON SHEPreTHKe U JJIsi TPAHCMYTAIUN 10JI-
FOXKUBYIIIAX U30TOIIOB.

Ddbdekrusnocrs MK jj1s1 mpakTHYeCKUX MPUMEHEHUI MOXKHO OXapak-
TEPU30BATH OJHUM OCHOBHBIM ITAPAMETPOM - YUCJIOM ITUKJIOB X, OIPEIeIsi-
IOIIVM, CKOJIbKO CUHTE30B $IJIEP MOXKET BBI3BATH OJUH MIOOH, MIPEXKJIE IeM
OH yTPaTUT BO3MOXKHOCTD UX “KATaJU3UPOBATH ; T.€. PACIAJIETCs UK ITepeii-
JIET B cBsizaHHOE cocrosinue. [l emecu u3oTonos Bojopoia D /T, B Koropoit



CKOpOCTH 06pa3oBanud dti-MOJIEKY/I 09eHb Bbicoka (B ~400 pa3 Bbliie CKo-
POCTH pacaja MIOOHOB), IJIABHOE OIPAHWYEHHE Ha CPeJHee YHUCJIO IUKJIOB
X, HaJIaraeT BepOATHOCTH IPUIHIIAHNS MIOOHOB Wq; K sapaM *He B peakmun
dt-cunresa, X, < 1/wgs. DKCrIepuMeHTHl Ja10T it X, 3HAUYEHUs B JUalla-
3one ot 90 mo 120 [1, 2|, 3aBucsinue oT cocTaBa CMeCH U30TOILIOB BOIOPOJIA,
eé TeMItepaTyphl U IIOTHOCTU. 1103 TOMY, HApsIy ¢ IOUCKOM YCJIOBHil Hau-
6OJIbIIIEr0 BBIXOJa HEMTPOHOB dt-CHHTE3a, BaYKHO OIPEIEIUTh (DU3UIECKU
npezies 3bdEeKTUBHOCTH ME30KATAIN3A, 33JaBAEMbIN 3HAYEHUEM W j;.

ITomuMo BO3MOXKHBIX TpakTHdecKux npuMenenunii, MK unrepecen Tem,
9TO JA€T YHUKAJIBHYIO BO3MOXKHOCTb HCCJIEIOBATH COIIPOBOXKIAIOIINE €ro
IIPOIIECCHI, OTHOCAIINECS K PA3HBIM 00/1acTsIM (PU3UKU. DTO MPOIECCHI TEP-
MaJIu3allid MIOOHHBIX aTOMOB, PEAaKINHU IlepexBara MIOOHA, peakiuu oopa-
30BaHUS ME30MOJIEKYJI U SJIEPHBIE PEAKIMK CUHTEe3a, WIYIINE B MIOOHHBIX
MOJIEKYJIaX 13 (PUKCHPOBAHHBIX KBAHTOBO-MEXAHUIECKNX COCTOSTHUIA.

IEJIb PABOTBI cocrosiia B MOMyIeHNN HOCTOBEPHON IKCIIEpUMEH-
TaJbHOI MHAMOPMAIMN O BAXKHEUIINX IMapaMeTpax IIPoIecca MIOOHHOIO Ka-
Taau3a peakiuit ddu- n dtp-cuare3a — K03 PUIMEHTAX TPUIUIIAHAS MIOO-
HOB K IIPOJyKTaM cuHTe3a. [Ijist 9Toro 66110 HEOOX0UMO:
(1). OcBourb U UPUMEHUTH METOAUKY MOHU3AIMOHHON Kamepbl B objacTu
nasyieanii 50-200 aT™ J71s1 UCCJIeJOBAHUS PEAKINT MIOOHHOTO KaTaJIU3a.
(2). Usmepurs koaddurmenT npuimnanus MIOOHOB Wqq B peakiwu ddpi-
CHUHTE3a MPSMBIM MeTOJIOM, BbLIessts B IK cobbiTust ¢ IpuIniiaHueM MIO-
HoB *Hey u cobbITus 6e3 npuamnanus ©He.
(3). Usmepurs K0apdunmenT npuinnaHus MIOOHOB wq; B peakuuu dtp-
cuuTe3a. [ 9TOro NIPUMEHUTH AHAJOTUIHYIO METOIUKY PErUCTPAINH Ya-
crun, “He u *Hey B MOHU3AIMOHHOM KaMepe BHICOKOTO JAaB/ICHHS, HATIOHEH-
HO¥l CMeCSIMM M30TOIOB BOIOPOJIA, COAEPIKAINUMU TPUTHIA.

HAYYHAAd HOBU3HA:
(1). Buepsble npsiMbIM MeTOIOM U ¢ GoJibInoil TounocTbIo (2% u 7%) us-
MepeHbI KO3 PUINEHTHI TPUIATIAHAST MIOOHOB K TIPOAYKTAM peaxiuit dd- u
dt-CHHTE30B, Wid 1 Wit-
(2). Iocrpoen perucTpupyomuii IpUGOP — MOHU3AIMOHHAST KaMepa, BBICO-
KOT'O JIABJIEHUSI, OTJINIAOIIASICSI COUETAHUEM PaHee HEJIOCTYITHBIX apaMeT-
POB ¥ OTKPBIBIIAsI HOBble BO3MOYKHOCTH B M3y4YeHUU peakuuii ddu- u dtp-
KaTaJIn3a.
(3). Paspaboran HoBblii MeTOx u3MepeHusi KOI(MQUIUEHTOB IPUIIUIIAHUS,
UCIOJIB3YIOMNN PA3INIHYIO CTEIeHb PEKOMONHAIINY HOHU3AIMOHHBIX 3apsi-
JIOB OT OJTHO- ¥ JIBYX3apsiIHBIX YACTHI] B IIJIOTHOM I'a3e MOHU3AIMOHHON Ka-
MepHI.
(4). Paspaboranbl u npuMeHEHbI HOBbIE HPUEMBI 00PABOTKU IKCIEPUMEH-
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TaJbHOI mHpOpMayK, ucnoabsyomue npenMyinectea 100% sdpdexTus-
HOCTHU PErucTPAIMy IIPOyKTOB MIOOHHOrO Kartaymi3a B MK u msmepenubie
SHEPreTUIeCKre U BPEMEHHBIE TTapaMEeTPhI TOCIEI0BATEBHBIX CUTHAJIOB OT
CUHTE30B, BbI3BAHHBIX OJTHAM MIOOHOM.

INTPAKTNYECKAA NEHHOCTD. Usmepenn! BaxkHeHIME mapamMer-
PbI MIOOHHOI'O KaTaju3a dd- u di-cuHTe3a — BEPOSITHOCTHU IIPUJIMIIAHUS MIO-
OHOB W44 U Wqt. ITHU MAPAMETPbI OIPEIEJISTIOT BO3MOXKHOCTH ITPAKTHIECKOM
npumennmocta MK.

ITonyaenmnie 3uaMeHnsT KOIMDDUIMEHTOB TPUIATIAHAA Waq U Wyt TO3BO-
JIMJIA TIPOBEPHUTH TEOPETUIECKHE PACIETHI MTPOIECCOB SIIEPHOIO CUHTE3a B
MEe30MOJIEKYJIAX U IIPOIECCOB CTPSIXUBAHUST MIOOHOB IIPU TOPMOYKEHUH HOHOB
3Hep™ u “Hept B BemecTse.

CxeMa 3KCIIepUMEeHTAIbHON YCTaHOBKY, OIIMCAHHON B JUCCEPTAIIH, JIET-
Jla B OCHOBY €€ MOju(UKAINi, UCIOJb30BAHHBIX B CEPUU IKCIIEPUMEHTOB,
noctaBiieHHbIX B [INAD nsa meraabHOro m3ydeHnss KUHETHUKU MIOOHHOTO
KaTaJin3a, IIPOIEeCCOB IepexBaTa MIOOHOB, a TAKXKe Il U3yJYeHUs] PeaKIuii
3aXBaTa MIOOHOB sIIDAMU T'eJIdsl ¥ BOJAOPOJIA.

HakorureHHbIi OIIBIT pabOThI CBUIETE/ILCTBYET O MEPCIEKTUBHOCTHY IIPH-
MEHEHUsI METOIMKNA MOHI3AIMOHHON KaMephbl B Me30sIJIEPHBIX UCCJIEI0BAHN-
AX.

SAIINIITAEMBIE PE3YJIBTATHI:

(1). Hoswiit MeToj1 n3Mepenust Koo duIenTa IPUINIIAHIST MIOOHOB K 06-
Pa3yIOIIUMCST B PEAKIIUYA CUHTE3a siIpaM TeJjiisi, OCHOBAHHBIN Ha Pa3/IMdun
PEKOMOMHAIINN MOHU3AIMOHHBIX 3aPsIJIOB B TPEKAX OJHO- U JIBYX3aPsTHBIX
nonos, *Hepu™ (*Heu™) n *He™™ (*Het™), npu ux TopMoKeHUN B MIOTHBIX
ra3000Pa3HBIX CMECSX M30TOMOB BOJOPO/IA.

(2). Buepsble OpsiMbIM METOOM M3MEPEHHOE 3HAUEHHE BEPOSITHOCTU NPU-
JIMIIAHUSI MEOOHOB K IPOIYKTaM ddy CHHTE3a:

waqd = 0,122 £ 0,003.

(3) BHepBbIe U3MEPEHHOE IIPAMBbIM METO/J0M 3HaY€HUE BEPOATHOCTHU IIPU-
JIMITaHUsI MIOOHOB K IIPDOYKTaM dt/.t CHUHTEe3a:

wa = 0, 0058 £ 0, 0004.

ATTPOBAIINYA PABOTBI. OcHoBHBIE Pe3yIbTATHI JUCCEPTAIIMOH-
HOIT paboThl OBLIM TPEACTABICHBI HA MEXKIyHAPOIHON KOH(MEPEHIINH II0
upobsiemam MasioHyKJIOHHBIX cucreM (PANIC) B Teiinesnn6epre B 1984 r.,
na ceccusx OAdD AH CCCP B 1983 u 1986 rr., Ha BCECOIO3HBIX COBEIla-
HUSIX 10 IIPOrpaMMe HaydHBIX UCC/IeIOBaHuil Ha Me30HHON (dabpuke AN
AH CCCP B 1983 u 1985 rr., na XX VII u XX VIII KoudepeHusax MOIoIbIX
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E6E 1 0 U
Puc. 1: Cxema skcnepumenTaibHoii ycranosku 1982-1984 rr. mia uccienoBanus
MK B geiirepun. K — KoJummMaTop MIOOHHOTO myduka, S1 + S3 — cruHTHILISAIHT-
OHHBbIE CUETYUKU [IjIsi MIOOHOB, F/'1 -+ K6 — CIUMHTHUILISIIUOHHBIE J€TEKTOPBI JJIsI
aekTpoHoB pacuana, UK — nonuzanumonnas kamepa, A, B u C — aHonpl Kamepsbl.
Anox B - 3535 Mm%, mupuna anonoB A u C - 3 MM, PacCTOSIHHE KATOJ-CETKA,
10 MM, ceTKa-aHOABI - 1 MM.

cuenmasmcroB UAD AH CCCP B Kuese B 1982 u 1984 rr., Ha MeXIyHa-
pomHoit kKoHdepenmuu EBporeiickoro gpusndeckoro obmectsa B bBosrapun
B 1986 r. m Ha MEXKIyHAPOIHBIX KOH(EPEHIUsIX 10 MIOOHHOMY KaTaJu3y
B Tokno (MCF-86), B l'arunne (MCF-87), B Ackone (MCF-92), Canra-®e
(LEMS-93), 8 Ackone (EXAT-98), B Tokno (MCF-2001) u B Jy6ue (MCF-
2007).

ITYBJINKAIINN. Ilo marepuajaMm jguccepramnuu onybaukoBaHo 16
[eYaTHBIX PabOT, UX CIIMCOK IPUBEIEH B KOHIlE aBTOopedepara.

OBBbEM 1 CTPYKTVYPA PABOTHI. /luccepramus COCTOUT 13
BBeJleHUsI, 6 TJ1aB, 3aKJIIOUEHNs U IPUJIOXKEHUS U co/iepKuT 203 cTpaHuImI,
52 pucynka u 18 tabmaun. bubsmorpadus cogepxur 199 namveHoBaHuUii.

BO BBEJIEHWUU o6ocHOBBIBaeTCS HEOOXOIMMOCTD IKCIIEPUMEHTAJ b~
HOT'O M3YyY€HUsI PeaKIuil MIOOHHOI'O KaTaJnu3a siIepHOro CUHTe3a B Jlefirepun
U B CMeCsIX M30TOIIOB BOJIOPO/Ia, cojepKanux Tputuii. OCOOeHHO BaXKHO U3-
Mepenne K03 UIMEHTOB MPUINITAHUS MIOOHA, JJIS OIIPEJIEICHIs [T€PCIEK-
THB IpakTudeckoro npumenerns MK u 1j1s mpoBepKu npaBUIbHOCTH TEO-
PETHYECKOrO OIMCAHUSI ITPOIECCOB, JIEXKAIINX B OCHOBE STOI'O SIBJICHMUS.

B IIEPBOM I'JTABE onuchBaioTcsi OCHOBHbBIE xapakrepuctuku MK-
PU3NIECKOro ABJICHUS, OObEIUHSIONIEr0 B cebe MPOIecChl U3 PA3HBIX 00-
Jlacreil siiepHOi, aTOMHOU U MIOOHHOHN bu3uku. OMUCHIBAIOTCS MIPOTIECCHI,
cocrasJismoniue u conpoBoxk gaonue MK — 3amesjenne, paccesinue u 3axBar
MIOOHOB aTOMAaMU CPEIbI, IPOIECCHl AeBO30YKIEHNS ME30aTOMOB, 00pa30-
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Puc. 2: (a) — cxema sxcniepumenTasnbHoit ycranosku 1994-1996 rr. muist uccoemo-
Baunusa MK B meiirepun. 1 — xaron UK, 2 — cerka, 3 — 610k aHomos, 4 — OKHO U3
6epuiuiust; S1, S2 — cuuaTHAATOPL, E 1 N — /1€TeKTOpbI 3JIeKTPOHOB M HEATPO-
vOB, K — xoumumarop, I1Y — npexycunurenn, @ — dopmupoBaresin.

(6) — 610K AHOIOB, BHUJ CBEPXY.

BaHUE MIOOHHBIX MOJIEKYJI, siIEPHBIE PeakIuu B Me30MoJjeKysiax. KparTko
U3JI07KEHA UCTOPUS M3YyI€HUs] MIOOHHOI'O KATAJIN3a PEAKIIN CHHTE3a.

BO BTOPOI1 I'NIABE chopMyIrpOBaHa 3ama4a JAHHOTO HCCIIEI0-
BaHUsl, U3JI02KEHBI (PU3UIECKIE OCHOBBI IIPEJJIATAEMOr0 METOA U3MEPEHMS
K03 (DUIUEHTOB MPUINIIAHUS Wig U Wyt B MOHUBAIMOHHOM KAMEPE BHICOKOTO
JIaBJIEHUsI U OIUCAHBI JIBe YCTAHOBKU Jjis u3ydenuss MK B uucrom geiire-
pun. OjiHa U3 HUX MPUMEHsJIACH B 9KkcrepuMenTax 1982-1984 rr. B JILAD
Il U3MepeHnii upu KOMHATHON Temueparype (cm. Puc. 1), a Bropas — B
sKcrepuMenTax Ha Mme30HHOI dabpuke PSI (IlIseitiiapus) B 1994-1996 rr.,
IPOBOAUBINUXCS B quana3one remueparyp 28+350 K (Puc. 2).

[TokazaHo, 9TO MpUMEHEHHUE IETEKTOPa 3aps?KEHHBIX YaCTHUI[ Ha OCHO-
Be VK, HAIIOJTHEHHOH BOZOPOJAOM (IeidTepreM) MpU BHICOKOM JIABJICHUN JIJIsT
nccenoBannsa peaknuit MK maér mambosiee OMHYIO WHMOOPMAIIUIO O TIPO-
TEKAIOIMMX Iporeccax. biaromapsi COBMENEHNIO B OHOM IIPUOOPE ra30Boit
MUIIEHN U JETeKTOPa KaMepa IO03BOJISieT PErUCTPUPOBATH OCTAHOBKY MIO-
OHa W BCe cleaylomye 3a Heil akTbl cunaresa co 100% adpdpeKTuBHOCTBIO 1
U3MEPSITh BPEMEHHBIE M YHEPreTUIeCKue apaMeTpbl CUTHAJIOB. BpemeHHbie
UHTEPBAJIBI MEXKJy CHUIHAJAME CHHTE30B MAI0T MHMOPMAIUIO O CKOPOCTH
nporekanus peaknuit MK. AMImmTynbr u JyInTeIbHOCTH UMITYJIHCOB TOKA B
UK mecyT nrdopmaimio 06 sHEPruaX U Mpoderax oO6pa3soBaBIINXC IACTHUIL.
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Tabsuna. [Ipoberu

MPOAYKTOB ddu-CUHTE3a

B BOJOPO/IE TIPU

napyieann 90 aTMm

IIpu BBIOpaHHON MJIOTHOCTH Ta3a
©=p/po=0,1, tae po= 4,25-10%
sep/em® (IIOTHOCTD YKUIKOTO BO-
JI0poJIa), IPOBeru IPOIYKTOB PeaK-
Uy ObLIM JOCTATOYHO MAaJibl (CM.
Ta6i1.) 1 B OCHOBHOM YKJIAJIBIBAJIMCH
B pabodem obbéme MK, cocraBiss-
meM ~10 cv3.

Cucrema cbéma mMHOOPMAIIUU C
MUK B mepBbIX 3KCIEPUMEHTAX B
JINAD mmena mosHOE BpeMs aHA-
sm3a (MEépTBOe Bpemsi) 350 HC JyIsi
CaAMbBIX KOPOTKUX WMILYJIbCOB. DBbI-
JIO JIOCTUTHYTO SHEPreTHIeCKOe pa3-
pemenne ~70 k3B ¢ moporom pe-
ructparuu 120 k3B, uro sBisIOCH
KOMITPOMUCCOM MEXKJIy TOYHOCTHIO
usmepenust coopannoro B K sapsi-
J1a, ¥ HEOOXOAMMBIM OBICTPOICCTBH-
eM B 00pabOTKe TOKOBOT'O CHTHAJIA.
TounocTh W3MEpeHUsT BPEMEHH I10-
SIBJIEHUSI UMITYJIbCOB OIIPEJIENISIACh
BPEMEHHBIMU KOJIUPOBIIUKAMU U CO-
crasisia At=50 ve (FWHM). s
KaXKJIOrO IOCJIEI0OBATEIbHOTO CHUT-
Hana j=1,2,3,4 Ha KaxKJIOM U3 aHO-
qoB i B K (i=A,B,C) usmepsiaucs
U 3alMCHIBAJINCH TP BEJINIMHbBL: Ha~
qajio mMIynbca ¢4, Komery mw-
IyJIbca tf]”d U BesIn4uHA 3apana Vi,
OTIPEJIEJISIONTAS SHEPTUIO YACTHII,

15 IOJrOTOBKY 9KCIIEPUMEHTA
B JIMAD O6bum mnpoBeneHbI Cite-
JIYIOIIIEe METOJUYIECKHUe UCCJIe0Ba-

YacTuma SHett PHeu™ | ¢ P
Dueprus, MaB | 0,82 0,80 1,01 | 3,02
IIpoGer, MM 0,09 0,3 0,5 7,6
Lo 30arm
) /—_ 50
g I / GO
I
£ 70
c.o8r 80
m
8 | 90
n
b 100
S osf
20
<
S -
§ A
c 04 F
>
< °
1 1 i 1
10 20 30 40

HAMPS)KEHHOCTb MOAA ,kB/cm

Puc. 3: 3asucumocts oTHOCHTETBHOI
AMIUTATYJIBl WMITYJIBCOB OT (-YACTHI]
234U B UK c ceTKOi OT HAIIPSI?KEHHOCTH
TOJIsI.

O — wu3MepeHHsS C
E.=4,78 M>sB,

A — u3MepeHWe BBIMIOJHEHO C SIAPaMU
3He™ (E=0,82 MsB) B skcunepumen-
Te 1O ddu-Karajaudy TNpH [JaABJICHHU
91,6 aTwMm;

® — y3MepeHHe BBINOJIHEHO B 3KCIIEPH-
MeHTe 10 dtpu-Katanusy. Peructpuposa-
much wactunpl ‘He™t (E,=3,53 MsB)
pu gasiaenuu 160 arm.

Q-9aCTHUIaMH,



HUSL:
(1) Bbuia u3MepeHa CKOPOCTh Jpefidha 3JIeKTPOHOB B BOJOPOJIE U JiefiTepun
[IpU HOPMAJIbHOI Temueparype B objactu jasieHuii 15100 arm B 3aBu-
cumoctu or mapamerpa E/p (0,1+1,2) kB/cm-arm s Hy u (0,25+-0,76)
kB/cm-arm jyist Do, DTu 1aHHBIE HCIIOJIB30BAINUCE JJisl BbIJEJIeHUs 00/1acTi
OCTAHOBOK MIOOHOB M€Ky KaTomoMm u cetkoit UK u jijis aHam3a BpeMeHn
PEerucTpalyy IIPOILyKTOB CHHTE3A.

(2) Buepsble 6bLIn HOIyYeHBl JAHHBIE O PEKOMOUHAIUN MOHU3AIUOHHBIX
3aps/I0B, OCTABJIEHHBIX YACTUIAME [IPA UX TOPMOXKEHHUH B JIEUTEPHUH [IPU
nmasiaernu 30100 atm (Puc. 3). s 9roro GbLIH H3MEpPEHBI 3aBUCHMOCTH
OTHOCHTEJIBHOI aMILIATYIEl HMITY/IbCOB OT (-YaCTHI HcTouHmKa 234U, pac-
mojioxkeHHoro Ha karoge MK ¢ ceTkoii, OT HAIPSIKEHHOCTU IIOJIST MEXKLY
KaToJoM u ceTKoil. st a-wacrui npu gasiennu 91,6 ar™ U HapsiXKeHUN
30 kB Besmumna pekoMOumHAIMM, T.€. [I0JIS MOHU3AIMOHHLIX JJIEKTPOHOB,
PEKOMOMHUPOBABIINX C HOJIOKUTEIbHBIMA HOHAMU, [IPUBOJSAIIAS K YMEHb-
menunto cobupaemoro anogamu K normsanmoHHOro 3apsijia o CpaBHEHUIO C
npeeabHbIM CIydaeM 6osbinux 3uadennii E/p, cocrasiser npumepno 35%.
Hna obpasyromuxcsa B ddu-cuarese wactun SHe™ T ¢ smeprueit 0,82 MsB
peKoMOUHAIMS UMeeT Beaumaury ~55%. DTr ucciemoBaHus OKA3AJIU, 9TO
IpH JOCTUTHYTHIX mapaMerpax UK Bemumunna peKOMOWHAIINN MOHU3AITAOH-
HBIX 9JIEKTPOHOB OT IBYX3apsimubix moHos “He'T He mpessimaer 55% u
HaJEXKHAas PErUCTpalldsl TAKUX UOHOB ITpu BeIOpaHHOM mnopore 120 k3B Boz-
MozkHa. UTO KacaeTcs omHO3apsAHEIX noHOB SHept, To Besmmumua mpobera
y HEX cymiecTBeHHo 6obime (mockoabky dE/dx~Z?2), n MenbIas yaenpHas
IUIOTHOCTb MOHU3AINN MPUBOJINAT K MEHbINEH PEKOMOWHAIINU SJIEKTPOHOB
HAYAJILHON MOHM3aMu u 06JIbIeMy coOMpaeMoOMy Ha aHOJE 3apsijy. JTOT
3¢ deKT ObLIO IPEJIOKEHO UCIIOIH30BATH KAK OCHOBY IMPSIMOTO METOJIa 13-
MepeHusi KO3 PUIMeHTa MPUIATIAHIS MIOOHOB.

Cobupaewmsbrit Ha anomax VK 3apsii 3/IeKTPOHOB MOHUBAIME, U3MEpPsie-
MBIl B €AMHULAX SHePruu (IIOCKOJIBbKY I KaxKJOil perucTpupyeMoil 3a-
PS2KEHHOH 9acTHUIlbl COOMPAEMBIN 3aPsi/1 IPUOIM3UTETHHO TPOIOPIHOHAJICH
€€ HAYAJbHOMI aHepH/H/I)7 MBI Ha3bIBaeM “Habonaemoii sueprueii”’. Ilo sroii
[IEPEMEHHON CTPOMJINCH BCE IIPUBEIEHHBIE JAJIe€ SHEPIeTUIECKHE CIIEKTPBI
PEruCTPUPYEMBIX IACTHII.

Haunbosee Tounoe ompesmesnenne Ko3pHUIMEHTa TPUIATIAHAST W4 OBLIO
[IPOBEJIEHO B IKCIIEPUMEHTAX II0 MPENU3NOHHOMY H3MEPEHUIO [1apaMeTpOB
ddp-rarammza xostabopanumeit [INMAD-PSI-LBL-IMEP-TUM B 1994-1996
rr. Ha Me30HHOH dabpuke PSI (Iseiinapust). Hoasi sKcnepuMeHTaIbHAS
ycranoska (Puc. 2) nmena CylecTBeHHbIE yCOBEPIIEHCTBOBAHUSI, OTPAYKAB-
e HaKoIuIeHHbIH omblT u3ydenust MK. OnnuMm u3 Hux Oblia HOBasi KOH-
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Puc. 4: (a) — sueprernueckoe pacupejiesieHne BTOPBIX CUTHAJIOB Ha [IEHTPAJIb-
HOM 3JieKTpojsie B, T.e. mepBbix cobbiTuit ddu-cunresa F1. Haunbospmwuit nmuk B
crexTpe — uacTuusl SHe, cIpaBa OT Hero — COGBITHSI C MPHJIAIAHHEM MIOOHOB
SHep, mamee crutomuoit crexTp cobertuit SH-+p, He IOTHOCTHIO YIIOXKUBIIUXCS B
qyBCTBUTENbHOM 00béMe WK, M HAKOHEI IUK MOJHOCTBIO YJIOKHUBIIUXCH SH-+p
cobbiTHit. 3ameTuM, 9TO HABJIIOJAEMbIE SHEPIUH YACTHUI[ MEHBIIE WX HaYaIbHBIX
3HaveHul 3a c46T apdekra pekombunanuu; (6) — cnekTp (POHOBBIX CUIHAJIOB,
[IOJIY YE€HHBIH [IPU CIIyYalHbIX 3aIIyCKaX YCTAHOBKH.

duryparnus cucreMbl anoaoB VK, mo3BosBIas MOBBICUTH TOTHOCTD OIIPe-
JleJIeHnsI KOOPJMHAT OCTAHOBOK MIOOHOB B IyBCTBHUTEILHON 30He HOBOI VK|
06BEM KOTOpOH Temepb cocrapisas ~40 cm3. Kamepa, HamoiHseMas odn-
HIeHHBIM JiefirepueM (un uzoronubiMu cMecsvu HD, Ho+Ds), GbLia mome-
IeHa B BaKyyMHPOBAHHOM 00bEMEe U 000PYIOBAHA CHCTEMON OXJIAXKIEHUS
U cucTeMoil crabmim3anun TemMieparypsl B quamnasone 28350 K. Pacmosto-
2keHuble BOKPYT UK crimHTr/LIAinoHHbIe 1€ TEKTOPBI PETUCTPUPOBAIIH SJIEK-
TPOHBI PACIaga MIOOHOB M HEHTPOHBI dd-CUHTE3A.

B TPETBHEN I'NIABE onucbisaercs aHajus JTAHHBIX U TTPUBOJSTCS
pe3yabTaThl U3MepeHus KO3(hMUIMEHTA TPUINIAHNASI MIOOHOB B DPEAKIUH
ddy-cunresa (la).
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OT160p cobbiTnii B 3kcriepumenTe 1982-1984 rr. B anayimsupyembix
cOOBITHAX TPEOOBAIOCH HAJIIMINE XOTsI OBl OJIHOTO CHUTHAJIA Ha 9JIEKTPOIax A
u B — Bxoguom u nenrpasbaom (Puc. 1), 1 orcyrcrBue CUrHAJIOB HA SJIEK-
tposie C. Ecim na sekrpose B nocse nepBoro ObLH €Ié u JIpyrue CurHa-
JIBI, TO 9TO yKa3bIBAJIO HA CUHTE3BI, IPOUCIIIE/IIINE TIOCIe OCTAHOBKU MIOOHA.
s ananu3a ObLIM 0TOOPAHBI COOBITHUSI, MMEIOIIe Ha aHoge A oauH, a Ha
anozne B aBa wiam Gosee mmirysneos (35000 cobbrtuit). Tasbueiimme oT6o-
PBI [I0 BPEMEHHBIM U SHEPTeTHYECKUM KOPPEJISIIUSIM CUTHAJIOB HA AHOJIAX
ocTaBWIH 11 usumdeckoro anammsa okosao 19000 cobbrrmii.

Ha Puc. 4(a) npuBenéH sHepreTHuecKkuii CIEKTP BTOPHIX CUIHAJIOB Ha
anojie B, T.e. mepBbix cuaTe30B F'1, namepensriit B 1982 r. Harnsaano mokazaHo
pazgesenne mukos “Hett u 3Hept 6iaromaps sdpdexry pexoMOGHHAIIN.
IIpu sToM cobrrtust He™ T, nmMeromnize Ma/Iyio SHEPIUIO, JIEKAT BBIIIE OPOTA
PEruCTpAIY JIEKTPOHUKH.

Takum obpasom, B IK 6bu1a ocymecrsiaena 100% sddpexTuBHOCTD pe-
TUCTPAIUH IIPOAYKTOB OT JABYX KaHAJIOB dd-CHHTE3a, 9TO B JaJIbHENIIeM Uc-
[I0JTb30BAJIOCH TIpH aHaJm3e JaHHbIX. CUrHAJBL B 00JIACTA MAJIBIX SHEPrUii,
OTMEUYEHHBIE CTPEJIKOM, IIPOUCXOIST OT IIIyMOBBIX cpabaThbIBaHUil BOJIN3Y 110~
pora perucrpaiuu. Ha Puc. 4(6) nokazan suepreTuyecKuil ClleKTp Iy MOBbBIX
CUTHAJIOB TIpH cjrydaitnbix 3amyckax UK. Onenka sroro ¢dhoHa nmokasaga, 9ro
ero mosd B o0meit craructuke He npesbimaet 0, 3%.

Metonapt onpeesennst KO3 HUIUEHTA TPUATIAIIAHUST MIOOHOB Wq:
(1) mo sueprernyeckum cnekrpam. Ecim nuku He™™ u 3Heu™ pasne-
JITIOTCST 38 CIET PEKOMOMHAINN, KOI(DMUITHEHT TPUITHIAHUS OMPEIE/ISTeTCS

KaK
wad = Napre, /N3Ye, (2)

rlie HaJI0 IMOACYNTATH IIOJHOE KOJIMYECTBO COOBITHIA:

Ng?}e = N3Heu + N3He/(1 - Wpileup)-

Baece Whyijeyp — IOIpPABKA HA BEPOSTHOCTH HAJIOKEHHN BTOPLIX CHHTE30B
na He, ompejenapuiascs KHHETHKON ddji-KATaIM3a U UMEBIIAs BEJITIHHY
5+ 7% B 3aBUCHMOCTH OT YCJIOBHUil 3KCIIepuMeHTa. Jlajee moacIuThIBaIOCH
uncyo cobbrTuit B mukax SHe u *Hep u o dbopmyite (2) onpenessicsa Koad-
dburpent npummnanus (Puc. 5(a)).

(2) IIo meToay “BBIXKUBIIETO MIOOHA”. JTOT CIIOCOD IIEIUKOM IIO-
cTpoeH Ha Bo3MoxkHOCTH peructpanuu B UK mocsiejoBaTeIbHbIX aKTOB CHH-
Te3a OT OJHOIO MIOOHA. SICHO, UTO IeN0YKa aKTOB dd-CHHTE3a MOYKET MHUIH-
HUPOBATHCsI TOJIBKO “HenpumnmmuMu’ MooHamu. [losromy cpeau Bcex HaKOII-
JIEHHBIX 11epBbix cunTe30B F1 (Puc. 5(a)) MOXKHO BBIIAEIUTH Takue COOBITHUS,
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3a KOTOpBIMU ObLIN 3aperucTpupoBanbl F2-cuaresnl. [TockobKy mpuuni-
IIIe MIOOHBI HE BBI3BIBAIOT GOJIbINE CHHTE30B, TO MUK SHey IpPH TaKOM OT-
6ope Gyuer orcyTcTBOBaTh, cM. Puc. 5(6). s oupezesenus wqq 10CTaTOY-
HO BBIYECTH 00a crekTpa F1 mokamabHO mocse HeoOX0InMOi HOPMUPOBKH.
[IpuBoggTCS PE3YILTATHI, IMOJIY-

YeHHBIE B 4-X H3MEPEHHAX C Pa3- . —
X
upiMy HanosHenuayu UK ot 70,4 a) %he $110° coBumud
. ‘ot
0 93 aTm. JeiiTepus.

JHeon’y

OKoHYATEJLHBIN yCpeTHEHHBIIH
d+dp <&

pesynbTaT Aad  KoddduimeHTa
[IPUINIIAHUS PABEH
wqqa=0,12240,003.

Hep+n

O6paboTKa JaHHBIX IKCIIEePU- 2

menta 1994-96 rr. Husa or6o-
pa cOOBITUI TPUMEHSIIICH KPUTE-
pUd, aHAJOTUYHBIE MU3JI0KEHHBIM
BBIIIIE, C YIETOM YCOBEPIIIEHCTBO-
panug B Koucrpykuuu UK (Puc.
2) u yBeaudyeHHs] CTATUCTUKU JIO
108 cobwrTmit. Biarogapst sTomy
BeJIMYINHA, KOI(PDUIMEHTa TPUIIH- L
MAHUSA Wqq ObLJIA M3MEPEHA C BbI-
COKO#l TOYHOCTBIO IIPHU ABYX 3HA-
YEHUAX [IJIOTHOCTHU ra3a @: 05

waa—0,122440,0006 (p—0,0837),
waa—0,1234-20,0007 (p=0,0485). s

OTH u3MepeHust ObLIN ITPOBEICHDI 200 300 400 500 600 700 800
Habnroaemast sHeprusi, KB

Puc. 5: (a) — snepreruueckoe pacupese-

HaAOXxeHus

aHeo 3He

)

YUCAO COBBLITHA

1979 cobeimud

HaAOXeHus

3He~3He

)

JJIdd IIPOBEPKU BJIMAHUA IIJIOTHO-

CTH CpeJibl Ha TPOIECC “‘CTPIXU-
BaHWs MIOOHOB W JIJIsT CPDABHEHUS
C TEOPETUIECKUMU IPEICKAZAHU-
M.

JIEHH€e TIePBbIX CUI'HAJIOB cuHTe3a F1.

(6) — cobbrTust, B KOTOPBIX mocsie F1 6but
3apeructpupoBan F2-curuas.
IITprxoBKoii BbIeTeH UK >Heyr.

B YETBEPTOW I'JIABE
npesicTaBiieHo onucanue co3nanuoii B [IMAP B 1988 r. ycTaHOBKU It U3Y-
genns dtp-xarammsa. [lapaMerps! ycTaHoBKU ObLIN CHEIHAIBHO 0100 PAHBI
It m3Mepenusi Ko3hdUIneHTa IPUINIIAHAS MIOOHOB Wq; TEM K€ METOJIOM,
910 onucaH B 1UI. 2. st Toro uTobn! Obl1a Bo3MoxkHA pabora K B ycroBu-
sIX MHTEHCUBHOTO IIIyMa, BBI3BAHHOTO (3-PaClaiOM TPUTHS, €r0 KOJTUIECTBO
B cMecH ObLI0 yMeHbIIeHo 10 yposas 0,05%, a aHom KaMepbl ObLIT pas3IeseH
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Puc. 6: DxcnepumenTtanbHas ycTaHOBKa JJIs U3ydeHnus peakiuu dtu. Bug B pas-
pese u ycrpoiicrso UK: A — anompr, G — cerka, C — karon, E u N — clluaTHILISITOPBI
JIJIsl PETUCTPAIINN JIEKTPOHOB U HEWTpoHOB, PA — mpexycuanrenn.

Ha 19 HezaBuCHMBIX aHOJO0B auamerpoM 4 MM (Puc. 6), uro mososmwio ao-
O6uTbhCs SHEpreTrdeckoro pasperierns ~120 k3B B kaHase Ipu cCOOCTBEHHOM
paspermennn 1ekTpoHukn ~80 k3B. Kamepa mmesna q4yBcTBUTEIbHDBIN 00b-
ém ~3 M, paccrosmue KaTos - cerka 11 MM, cerka - anoz 0,6 My u paboraia,
npu Hanpskenun -50 KB Ha katone un -5 KB Ha cerke. Britay Tpuruesoro
nryMa ObLI YMEHBIIEH TaKyKe 38 CYET KOPOTKHUX TPEKOB dacTull (6Jaroma-
psl YBEJIMYIEHUIO aBJieHus 10 ~160 aTM) U J0CTaTOYHO BBICOKO CKOPOCTU
apefidpa 3TEKTPOHOB MOHUIAIMHU TP BLIOPAHHBIX PAO0UNX HAIIPSKEHUSTX
B Kamepe. Bpemennoe pa3pelenne CHIHAJOB KAMEDPHI B UTOrE COCTABUJIIO
~150 Hc. OO6muii Buj, yCTaAaHOBKY Il U3ydeHus dij-KaTajm3a M300parkeH
ua Puc. 6.

WK naxoaumiach B BAKYyMUPOBAHHOM OXPaHHOM OObEME, Ha KPBIIIKE KO-
TOPOTO OBbLIN PA3MEIEHBI BHICOKOBOJIBTHBIE BBOJIBI, BBOJIbI JATIMNKOB TEM-
[IEPATYPBI U JABJIEHUA U TPYOKM CHCTEMbBI OXJIaXKIeHUs. B HIRKHel JacTu
YCTAHOBKH Pa3Melajiach CUCTEMa OTKAYKY Ha Da3e 3JIeKTPopa3psiIHOTO Ha-
€OCa, TUTAHOBBIE JIEKTPOJLI KOTOPOI'O0 MOLJIU IIOIJIOTUTH YaCTh BOJOPOJA
B ciiyuae aBapuiinoii pasrepmerusanuu K. Obmee KomdaecTBo TpuTus B
ycranoBke He npesbimano 10 Ku. Ycranoska pa3mernanach B 9KCIIEPUMEH-
tasbHOM 3aje PSI Ha nmyuke pE4 mom oTebHbIM TEHTOM ¢ COOCTBEHHOMN CH-
creMoil BenTmIsAnuu. Bokpyr oxpanHoro oobéma pasMernaanch 19 neiiTpon-
HBIX CIUHTH/UISIMOHHBIX JIeTeKTOpOoB pasMepoM 10x10x20 cm?, moxpsisa-
fomux TesecHblit yron 40% or 47 m umeomuxc o6y 3¢dpdEKTUBHOCTD
perucrpanuu ~26%. ZKunkocrublii cuuHTHILIAIMOHHbIH geTekTop (NE213)
UCIIOJIB30BAJICS It KOHTPOJIs orbopa n-y cobbituii. [lepen meitTponHbIME
JIETEKTOPAMU HAXO/IMJINCH D CIUMHTUIISIIUOHHBIX CIETINKOB, BKIIOUEHHBIX
B CXEMY PEruCTPaIlN JIEKTPOHOB paciaia u 0Tbopa COOBITHII ¢ HEHTPOHOM.

Jia nanonunenns K 6buia Bruepsbie npuMenena rpoitnasg H/D /T cmech
CJIEIYIOIIETO UCXOHOTO MOJIEKyIpHOro cocrasa: Ha (96,6%) + Do (3,36%)+
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+T2(0,036%) ¢ nesbto ymenbienust poHoBOro BKiIaaa ddyu-karannsa. Baxk-
HO OTMETHTD, YTO JIJIs JOIMOJHUTE/IbHOIO YMEHbIIIeHHs BKJIaIa t+p coObITHil
oT ddpu-kKarTajm3a ra3oBas CMeCh ObLIa [EPEBEEHA B PABHOBECHOE COCTOS-
aue (Hy ~94%, Do ~0,1%, HD ~5,9%), rue upeobuananu mosnekynst HD,
HAa KOTOPBIX CKOPOCTDb Karasm3a B 10 pa3 menbine, ueM Ha Do MoJIeKyJ1ax.

VesoBust perucrpaliuy npoaykToB ddp n ditp cuHTe3a B yKa3aHHOMN ra-
30BO# CMeCH W B YHUCTOM JeiTepuu OBbLIN ITPOBEPEHBI B CIIEIUAJBHOM Me-
TOAUYIECKOM 3dKcrepumente, nposeaeénaoMm B [IUAD B 1988 r. gisa xammod-
poBKE sHepreruteckoii mkaabl K. [Tpu 3apanee BRIOpaHHBIX pabOIHX ITO-
porax GbLIM u3MepeHbl HabJroaeMble SHeprun (COOUpaeMble HOHU3AIMOH-
HBIE 3aDPsl/Ibl) OT U3BECTHBIX JIBYX3aPsIHBIX U OIHO3aPAIHbIX JacTuIl: SHet T
(0,82 M3B), 3Hep™ (0,8 MaB) u (t+p) (4,03 MaB) or ddu-cunresa, *Het+
(3,53 MsB) or dtu-cunreza u *Het™ (5,49 MaB) ot ucrounnka 24! Am, na-
HECEHHOIO HA KATOJ MOHM3AIMOHHON KaMepbl.

3aBUCUMOCTH COOPAHHBIX 3aPSII0B OT HAYAIBLHON SHEPTUHN JIJIsl ITUX JIBYX
IPYII YaCTUL, ANIPOKCUMUAPOBAINCH JuHeldHo (eM. Puc. 7). Kak Bugmo, pe-
KoMOUHAIMs HavasbHoil nonmsaruu g *Het T cocrasmma 66%, u mamm
45% — ns oxumaeMbIx cobbrtuii ¢ npmmunanueM ‘Hept. Crosp cymecTsen-
Has Pa3HUIA B PEKOMOMHAIINN C/IeJIajia BO3MOXKHBIM BBLIJIEJICHIE B CIIEKTPE
HabJII0IaeMOl SHEPrun MPOAYKTOB dtfi-CHHTE3a COOBITUH C HMPUJINIAHUEM
mioonos ‘Hey.

B IISITOM I'JIABE onucan aHaans3 JaHHBIX sKcrepuMmenTa 1989-
1992 rr. 8 PSI o usmepenuto koadduimenTa IpuInIaHus MIOOHOB B pe-
akiuu dtpu-gkaramusa (16). B arom sKcnepuMenrte BrepBble Jls U3yYeHUsI
MK 6b11u mprMeHeHbI HOBBIE JIJIsT TOTO BPEMEH! yCTPONCTBA PEruCTPAIlin
u anajmn3a curaajios — 6picTpiie Flash-ADC, umeBmue yactoTy orudpoBKu
100 MI'n u amruinTyaablil quamna3on 6 pa3psaoB. C aKTUBHBIM yYacTHEM
aBropa B [IMA® 6bu1 paspaboran aaropurM BblaeseHust curaajgos UK us
MaccuBa orcuéros Flash-ADC B yci0BUsIX 3HAUUTEIHHOIO TPUTHEBOTO Iy~
Ma. OmuchbIBaeTCs MPOrpaMMa, MO3BOJISIONAs HAIeKHO OIPEIETUTh OCHOB-
HbIE MMapaMeTPhl CATHAJIA: €r0 HAYAJIO, KOHEIl U ILJIONA/lb, COOTBETCTBYIO-
yio cobpanHoMy 3apsiny. Kpome Toro, onpe/iessyincs mapamMmeTpbl (DOPMBIL:
YUCJI0O MAKCUMYMOB, aCUMMETPHUsI U HAKJIOHBI [TEPEHEr0 U 3aHero (ppoH-
TOB, HEOOXOIUMbIE JJIsi UICHTA(DUKAIINN CUTHAJIOB HAJOXKEHUN W JIJIMHHBIX
douoBbIx curnasnos (t-+p), uMeronmmx Maiayo aMmiumTyxy. Oriaika aiaro-
pUTMa TPOBOJMJIACH IIPU ITOMOIIU JIEKTPOHHON CHUCTEMBI, T€HEPUPYIOIIEi
TECTOBBIE UMILYJIbCHI 33JaHHON aMIIUTYIbI, JJIUTEJIHHOCTH U (DOPMBI U MO-
Jlesupyioreii (o oT paciajia TPUTHS.

ljist BBIOOpa HanboJiee 3(OPEKTUBHBIX KpUTEPHEB 0TOOPa OBLIO IIPOBE Ie-
o mogenuposanue cobertuit B UK meromom Monre-Kapio. Yaursisaiocs

14



BKCIEPUMEHT MO PEKOMOWHALINT
JIAD 1988 (D, u H/D/T)
P=174 atm, E=45 xB/cm

w
|

(4,03 MsB) ]

(3,46 MaB) (5,49 MoB) ]

-
T

4He (3,53 M>B)

Habaronaemas sHeprusi, MaB
n
T

3He (0,82 MaB)
1 1 1 I

1 2 3 4 5
HavyaJibHas dHeprusi, M>B
Puc. 7: Kamubposka nMOHU3AIIMOHHOTO 3apaia, cobupaemoro B MK.
e — pe3ysbTaTHl U3MepeHnii, o — npejckazanue 1 L Hep-cobbrrmit
(B axciepumente 1988 r. onu He GLLIM HAKOILIEHDI ).

BJIMSIHWE IIIyMa OT TPUTUEBON MOHW3AIMU U BJIMsIHAE ITOPOIOB TPHUITEPA.
MopgenmupoBantabie COOBITHSI 00pabATHIBAIUCH TEM KE AJIOPUTMOM, YTO W
dusnaeckne COOBITHSI.

PesyabraTsl mokasaJu, 4o Hanboabmmii dhon B obmactu ‘Hep crexrpa
naoT (t+p) cobbirust or ddu-Karaansa, KOTOPBI BCerja IPUCYTCTBYET B
H/D/T cmecu. Haubosee a¢ppek THBHBIM IIPUEMOM yMEHbIIeHHUs 3TOro (hoHa
0Ka3aJ10Ch TPeDOBaHUE COBIAJIEHUS] C HEHTPOHHBIME CYETUNKAME, OTOOP 110
JUIATEJbHOCTH CUTHAJIOB M TpebOBaHUe OTCYTCTBHUSI CUTHAJIOB HA COCETHUX
asIeKTpoJiax, Puc. 8(a).

JIpyruM IIPOIecCOM, MCKAKAIomuM crekTp cobprruit *Hep, okazasmch
Qo-HAJIOXKEHUs, UMEIoIKe SHepruio B odbaactu 2,3 MsB. VX HeoXugaHHO
GOJIBIION BBIXOJ OBLI ITO3/HEe OObsICHEH HAJMIMEM SIUTEPMAaJIbHOIO Ka-
Haja dtp-kKarajmsa, IPUBOISINEr0 K BBHICOKOM CKOpOcTH 0Opa3oBaHus dtfi-
MOJIEKYJI, ¥ KaK CJIEJICTBHAE, K YaCThiM «a-HasioxkennsM B UK, nmeromeit
“méprsoe Bpemst’ ~200 uc. g anaamsa HISKOYHEPreTUIeCKON YACTH CIIeK-
TPa QQ-HAJIOXKEHUN MCIIOJIb30BAJICS KPUTEPUN HAJUYUsI IOBTOPHOI'O CHUI-
HaJjia di-cuHTe3a. ECu MOCTPOUTH CIEKTP MEPBBIX CUHTE30B IIPU HAJAIAN
38 HUMHU BTOPBIX CHHTE30B (METOJ “BBIKMBIIErO MIOOHA”), TOTJa COOBITUS
Ha Mecte muka ‘Hep MCue3aoT m MOXKHO aHAJIM3MPOBATH B 3TOI 06JIACTH
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HabnoaeHve

10

0 B ptt 2 3 0 1 2 3
3Heprua (MaB) 3Heprua (MaB)
Puc. 8: (a) ~ SHEPreTUIECKUil CIIEKTP BCeX cOObITHI cuHTe3a (IpsaMoe Ha-
6JLI0/IeHNe), CILIONIHBIE JIMHUU — PE3YJIbTaThl MOJIEJIUPOBAHHUS.
(6) — creKkTp HEpBBIX CHHTE30B, 32 KOTOPBHIMU CJICI0BAJIU BTODLIE.

“XBOCT’ OT (u-HAJIOXKEHMH, & TAKZKE BO3MOYKHDBIE COOBITHSI CO CTPAXUBAHUEM
MIOOHOB B mporecce Topmozkenus, Puc. 8(6). Meroy “BbizkuBiIero Moona”
HCTIOJIL30BAJICS U JIJIsl HE3ABUCUMOTO OIIpeieieHnst KoM UuInenTa mpuin-
[TAHWS.

[Tpumenenne 3Toro mMeroma B diu-3KCIIepUMeEHTe MOTPebOBaJIo HAabOpa
ropaszo OOJIbIllell CTATUCTUKHU, 9eM B ddji, TOTOMY UTO OXKHJaeMasi BepO-
SITHOCTD TIPUJTMIIAHUS Wy ObL1a B ~20 pa3 MeHbIE, 9eM wqq, 1 Beero 1,5%
U3 YUCJIa OCTAHOBUBIIMXCS MIOOHOB MOIVIU JaTh XOTst Obl ojuH di-cunres (B
9KCIIEPUMEHTE B YUCTOM JEHTEPUH TAKUX MIOOHOB 06110 ~ 32%). [TosTomy B
PSI 6b11a Habpana craTucTuKa, 5 - 108 mepBhIX cCHHTE30B, YTO CTATIO BO3MOK-
HBEIM 6J1ar01aps BBICOKO# HMHTEHCHBHOCTH OCTAHOBOK MIOOHOB (0K0/10 103¢ ™!
B IyBCTBHTEILHOM 00béMe Kamepsl 2,6 cM?), obecriedeHnol yHIKaTLHBIMA
XapaAKTEPUCTUKAMU IIy9IKa MIOOHOB.

B sakstouenune [1aBbl 5 IPUBOIATCS PE3YJIBTATHI OIPEIETIEHUS Wyt JIJIsT
Pa3HBIX CIIOCOO0B 0TOOPa COOBITHIT U MX yCPEIHEHHOE 3HAYEHNE, PABHOE:

war = (0,58 £ 0,04)%.

DTOT pe3yJbTaT CTAJ IEPBBIM MPSIMBIM U3MepeHuneM KoahduimenTa mpu-
JmmaHus B dip Karaanse.

B IIIECTOM I'JIABE MTOJTy I€HHBIE PE3YIbTATHI COTIOCTABJISIOTCS C
JIAHHBIMU JIPYTUX SKCIIEPUMEHTOB W ¢ Teopermueckumu pacuéramu. Cire-
JIyeT OTMETHUTDL, YTO BbIMOJHEeHHbIe HAMU B 1984 m 1994-1996 rr. mipsimbre
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u3MepeHust KO3 PUIrenTa MPUJINIIaHs MIOOHOB B peaknuu ddi-KaTajim3a
OCTAIOTCsl €IMHCTBEHHBIMU JI0 CUX IIOP.

IIpu cpaBHEHWE C Teopmeil cieayeT pa3andaTh HAYAJbHBIN KOIMDPUIm-
enT IpuIMnaus wl;, PeausyIoNuMiics oce s/1epHOfl PeaKIu, U ero Ko-
HeYHOe 3HAYEHHE W4q = wgd(l — R), yMeHbIIIEHHOE Ha BEPOSTHOCTD “CTPSAX Y-
BaHus” MIOOHOB R mpu Topmozkenun nonos *Heut B Bomopome. Cospenmen-
HO€e YCPEJIHEHHOE TeOPEeTUYEeCKOe 3HAUYEHUe wgd cocrassier (13,6 +0,4)%
[3]. B arux pacuérax GbLIN y4TEHbI Hea nabATHIHOCTD JBUXKEHHS MIOOHA
B ME€30MOJIEKYJIe, KOHEUHAs CKOPOCTH siIEPHOI PEAKIINUd U PA3MEPHI s/ep.
Ornerka ko3hduImenHTa “CTpsaxuBanus’ MIOOHOB Tpebyer ydIéra mpoIeccoB
BO30OYKI€HUs U J1€BO30YKIEHUSI IIPU CTOJIKHOBEHUSIX B Cpejle, paIuallioH-
HBIX IIPOIECCOB, MIPOIECCOB NOHUBAIMU, PEAKIMil epe3apsaaku (1epexsara)
MIOOHOB. C y4I8TOM 3aBUCUMOCTH STUX IIPOIECCOB OT IIJIOTHOCTU CPEJIbI IIPH
©=0,07 ycpeanénnoe TeopernuecKoe 3Hadenue cocrasisger R"—=0,1040,01.
Bcé o mpuBosuT K 3nadennio w'=(12,3+0,4)%, xopomio cosnaaoniemy ¢
pe3y/IbTaTaMi HAIEero SKCIIEPUMEHTa. DTO MO3BOJISIET 3aKII0YNTh, YTO TeO-
pusi aJeKBATHO OIUCHIBAET IIPOIECCHI IMPUJIUIAHNSI U CTPSIXUBAHUST MIOOHA
B ciyuae ddy-Karaausa IIpu HU3KUX IIoTHOCTAX, ¢ ~(0,05+0,1). TocTur-
HyTO€ COIJIACHE B OIMCAHWUM IIPUJIMIIAHUS MIOOHOB B peakmuu ddii-CHHTE3a
ITO3BOJIMJIO IIPOBECTU AHAJIOTUYIHBIE PACIETHI U JJIst di{i-CHHTE3A.

K magamy HAITUX 9KCIEPUMEHTOB IO U3MEPEHUIO KO (DUIHEeHTa TPIII-
[AHWS MIOOHA Wyt B dtj-KaTaJIn3e y2Ke NMEJIICh [IEPBbIe PE3YJIbTATHI HECKOJIh-
KHX KOCBEHHBIX u3Mepennii. B wacrrocTn, sxkcnepument 8 LAMPF [1], npo-
BeJICHHBIN B MIMPOKOM Jmana3one Jasienuil, ¢ ~(0,1+1,3), nokazasu Bbico-
KYIO BEPOSTHOCTD IIPUJINIIAHUS [IPU HU3KOH IIJIOTHOCTH CPENbL ¢ U €€ ObICT-
poe ybObIBaHue ¢ pOcTOM IIOTHOCTH. HO nMesnch Takke n3MepeHus, CaesraH-
uble B PSI B ToM 2Ke Jpana3oHe n3MeHeHHUs IIJIOTHOCTH [5], He MOJTBepK 1a-
ronpe ykasanuayio LAMPF szasucumocts (cM. Puc. 9). O6a stu pesysbra-
Ta OBLIN MOJIyYeHBI C UCIOJIB30BAHUEM METOJIMKH PErUCTPaIuu HEATPOHOB
(MeTo/I0M M3MepeHUs HAKJIOHA BPEMEHHBIX ClIeKTPOB). VIMesuch Takzke mep-
Bole u3mepenus PSI u KEK ¢ ucnosb3oBaHneM METOMKN PETUCTPAIIAN Me-
30PEHTTEHOBCKOrO U3/IyueHus Bo30yKa6HHEX ‘Hep* aTromos. Ilosmydennsie
upu p=1,2 pesyabrarsl wg:—(0,42+0,14)% (PSI) [6] u wq:=(0,261+0,09)%
(KEK) [7] nokasbiBajm CyIeCTBEHHOE OTKJIOHEHHE OT TEOPETUUECKUX PAC-
9ETOB, IIPEJICKA3bIBABIINX BenInny wqy ~0,61% u oyens ciabyio (yObiBaro-
I1y10) 3aBUCUMOCTD [IPUJIUIIAHUS OT ILIOTHOCTH. Takum o6pa3oM, jBe Irpyil-
bl PE3YJIbTATOB YKA3bIBAJIN HA JBE PA3HBIE 3ABUCUMOCTH Wq; OT IJIOTHOCTH.
Crosib HecOrIaCOBaHHAsI KAPTUHA B peakiuu diu, HanbOJiee MHTEPECHOM C
TOYKU 3PEHUs NMPAKTUIECKUX IIPUMEHEHUil, TpeboBajia MPOsICHEHUsI, U 3TO
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Puc. 9: Dkcuepumenranbhbie u pacuérabie [4] nanubie mo kosddunuesTy npu-
JIUTIAHUS Wt -

OBLIO JOCTUIHYTO HAIIMUM PE3YJIBTATOM, ITOJIyIeHHBIM HOBBIM KCIEPUMEH-
TAJbHBIM METOJIOM.

[Ipexk e Bcero Hy»KHO OTMETUTH, YTO IIOJIyIE€HHBIN B HaIIEil pabore pe-
3ysbTar He noarepaus ganable LAMPE o Gosbiioit Beumduae wgyy B 00-
agacru ¢ ~(0,1+0,2). TIpsimoe u3MepeHue 3T0H BesuuuHbl Iipn ©=0,17 na-
Jo 3HaueHne wqr—(0,584+0,04)% [8], cymiecTBeHHO MeHbIee, YeM OIEHKH
LAMPF wg; ~(0,75+1,1)%. [Tony4yennoe HamMu 3HAYEHUE Wqp OKA3ZAJIOCH Ca~
MBIM OJIN3KUM K TEOPETUYECKH IIPEICKA3AHHOMY U CTAJIO CIUTATHCS HANOO-
Jiee JJOCTOBEPHBIM IIPU MAaJIBIX (.

Ecyin mposkcTpanoyimpoBaTh Hallle 3HAYEHUE Wy B 00JIACTD ILJIOTHOCTEH
p=1,2+1,45, rie mpoBoauIach 6G/IbINAsT YACTh U3MEPEHUIT C BBICOKON KOH-
MEeHTpaIyell TPUTHUS, TO MOTyIeHHas BeamanHa wq:—(0,53+0,04)% , orpa-
2KAIOIAas TEOPETHIECKYIO 3aBUCUMOCTD BEPOATHOCTH CTPAXUBAHUS OT ILIOT-
HocTH [9], OKasbpIBaeTCH GJIM3KOI K 3HAYEHUSAM, HOIydeHHBIM B PSI, wgr=
(0,48+0,04)% (upu p=1,45) [2]. B mocsennee BpeMsi OBbLIM HOJIYYEHBI HO-
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Bble pe3ysbraThl 10 wat: B KEK [10] u3 usMmepeHuii BBIXOIOB ME30pDEHTTE-
nosckoro uzmyuenns *Hep-aromon, wa=(0,53240,030)%, u 8 OUAN [11]
U3 aHAJU3a PACIIPEIESIEHNNl 110 MHOXKECTBEHHOCTH COOBITUN CHHTE3a: Wqr=
(0,573+0,053)%. Dru 3HaueHus Tak:ke OJIM3KKU K HAIleMy DPE3yJIbTaTy U K
TeopeTuIecKoMy pacuéry [4].

Best cOBOKYITHOCTB COBPEMEHHBIX IKCIIEPUMEHTABHBIX JTAHHBIX 0 KO-
> duImeHTy IPUINIAHAS MIOOHOB B peaknuu diy, JTeMOHCTPUPYET XOPO-
I1Iee COBIIAJIEHNE C PE3YIbTATAME TEOPETUIECKUX PACIETOB ITOH BEJIMIMHBI
[4, 12], cocraBasiomumu coorsercrsento 0,61% u 0,555%. Orindue He npe-
BoimaeT 20. Ilpu aToM caemgyer OTMETUTD, 9TO BBIYUCJIEHNS] HAYAJIBHOTO KO-
s durmenTa IpUINIaHUs, TPOBEIEHHBIE PA3HBIMU METOIAMU, COBIIAIAIOT
JPYT C JAPYTOM | JIaloT cpesiee snadenue w,=(0,9340,01)% [13]. osTomy
MOXKHO IIPEJIITOJIOKUTh, 9TO IPUINHA UMEIOIIErocsi HeDOJIBIIIOrO PACXOXK Ie-
HUsI CBS3aHA C HEOIPEIEJIEHHOCTHIO IIPU BBIMHUCIEHNN KOIDPUIMEHTa CTPSI-
xuanus R(y), upu 60O CKOPOCTH Me30aTOMa, [/Ie OCTAIOTCH OTKPbI-
TBIE BOIIPOCHI O jleTaiax Topmoxkenus *Hep-aTomMos B Bosioposie (Hampumep,
0 HEYYTEHHBIX METACTAOHJILHBIX COCTOAHUSAX). BEPOATHOCTH CTPIXUBAHUS
MIOOHOB B peakiusiX ddy u dty OTIMdaroTcst IOTOMY, 9TO HadaJibHasl CKO-
pocth Mesonona *Heput mammoro mensite, wem “Heu™ (B aToMHBIX equmu-
Hax cKkopocTu 3,2 npoTus 5,8), U OKOJIO HOJIOBHHBI DEAKTHBAIIUN MIOOHA, U3
nona ‘Hep™ mpoucxomut mpu ckopocTy 60IbIieii, 4eM HadaIbHasd CKOPOCTD
3Heu™ [14]. lpu 3TOM BasKHYIO POJIb UI'PAIOT MPOIECCH BO3OY K ICHUS 1 Jle-
BO30OY2K/I€HUsI MIOOHHOI'O aTOMa U MOHM3AIMS C YIACTUEM HAYAJBHBIX BO3-
Oy2KIEHHDBIX COCTOSHUIA, B TO BPEMs KAK CTPAXUBAHUE MIOOHA C MEJJIEHHOTO
nona *Hep ™ mpoucxomut riaBHLIM 06pa30M U3 OCHOBHOI'O COCTOSTHHSI.

T'oBopst 0 BOBMO2KHOM ITPAKTUIECKOM HCIIOJIB30BAHUY dit {i-KATAJINA3A, MOXK-
HO 3aKJ/IIOYUTDH, OMUPAsCh Ha HAIl PE3YJIbTAT IIPSIMOIO U3MEPEHUS Wgit, ITO
BepXHUIl 1pejies Yyucja HeiTpoHoB dt-CHHTE3a OT OJHOrO MIOOHA HEe MOXKET
npeBbImaTh Beanauabl X =170 mpu p=0,17, nmn X.=190 npu sxkcTpamnois-
[UU K TJIOTHOCTH ¢ ~1,45. DTO MO3BOJISET ONEHUTH MAKCUMAJIHHBIN BBIXOT
sHepruu 3a cuér dtp xKaragmsa Ha ypoBHe ~3,3 I'sB. Yuurweisas, dro 3a-
TPAThl HA POXKJECHUE OJHOIO MIOOHA CYMMApHO cocTaBjsior ~(6-+12) I'sB
[15], MOXKHO B3aKJIFOUMTH, YTO OJUH MIOOHHBIH KATAJIN3 HE JIACT IOJIOKU-
TeJILHOrO BbIXOJa sHepruu. CyiecTByer npeyoxkenue [16] no ysesnuenuro
3hHEKTUBHOCTH ME30KATAIN3a 3a CYET UCIOJIL30BaHNA biankeTa n3 28U,
OKPYZKaIOIero Me30-KaTaiuTuaeckuii peakrop. derenue anep 222U neitrpo-
Hamu dtp-CHHTe3a YBEJIMIUT BBIXOJ SHEPIUuU, 00ecrednT HapabOTKy TOILIU-
Ba U MOXKeT ODECIIeYnThb IOJIOXKUTE/IbHBIN OajlaHc Beeit cxembl. JlerabHO
npopaboTaHbl TAKKE CXeMbl HETPOHHBIX MCTOUHUKOB Ha 6aze MK [17] ngist
MaTepHaIoBeIdeCKIX UCCIeOBAaHMIl ¢ MOTOKaMu HeliTponos 10 10Mem2,

19



OTH U ApyTHe BapUAHTHI IPAKTHIECKOro ucnosb3oannsa MK moryT onm-
paThCs Ha HAJIEKHO M3MEPEHHBIE B HACTOsAIIEH padoTe 3HadeHUs Kod(pdu-
[IUEHTOB NPUJIUIIAHAS MIOOHOB Wi U Wgt-

B BAKJIFOYEHWMW nuccepramun npusoasarcs BBIBOAbBI us npe-
CTABJIEHHBIX PE3YJILTATOB.

(1). B Hacrosimeil pccepTanu ONUCAHBI BIIEPBbIE OCYIIECTBISHHbIE IIPsi-
MBIM METOJIOM M3MEpPEeHNs BasKHEHNINX apaMeTpoB MIOOHHOTO KaTaju3a dd
n dt-curTe3a — K03 PUIUMEHTOB MPUIUIAHAS MIOOHOB Wqq U Wqt. 11oTyden-
Hble ¢ BBICOKOIT (2% 1 7%) TOYHOCTBIO 3HAUEHHUS ITUX [IAPAMETPOB ITO3BOJIN-
JI1 TIPOBEPUTDH TEOPETUIECKAE MOJIEIH, ONUCHIBAIONINE TIPUIUIIAHAE MIOOHOB
B peakiusix ddy m dtp-cuHTe3a, a TaKXKe MPOIEce “CTpIXUBaHus MIOOHOB
pu ropmozkennn nonos (*Hep)™ u (*Hep)™ B cpese, cocrosimieit uz uzoro-
OB BOJIOPOJIA.

(2). Usmepennble B quccepraliiy 3HAYEHU S KOHEIHBIX KOI(DMUIMEHTOB pH-
JIMTIAHNSA Waq U Wap TO3BOJISIIOT ONPEIETUTh (PU3UIECKUI TTPEIEsT IUCIa aK-
TOB CHHTE€3a, FeHEePUPYEMBIX OJHUM MIOOHOM, M OIEHUTH TEM CaMBIM BO3-
MOZKHOCTH MCIIOJIb30BAHHUA MIOOHHOTO KATAIU3a B MPAKTUICCKAX IEJIsX.
(3). Leau muccepraiyu GbLIN JOCTUIHYTHI GIAr0aps UCHOIB30BAHUIO HO-
BOTO JIETEKTOPA, MOCTPOEHHOTO HA OCHOBE MOHU3AIUOHHON KAMEPHI BHICOKO-
ro JABJIEHUS W COEJUHSIONIEr0 B cebe (DYHKIMM AKTUBHON MUINEHN W Jie-
TEKTOPA 3aPS?KEHHBIX IPOIYKTOB cuHTE3a. OTINIATENLHON 0COOEHHOCTHIO
METOJVKN MOHU3AIMOHHON KaMephl i u3ydenus ddy u dtp—cunresa oT
NIMPOKO IMPUMEHSIBINENCS METOJUKHM PEruCTPalud HEHTPOHOB SIBJIAETCH €6
47 reomerpus u 100% sddexruBHOCTD.

(4). Buepsble 6bU1 peasn30BaH HOBBI MeTOJ| u3MepeHus Ko3(hduunenTon
NPWINIIAHKS, UCIOIL3YIOMAN PA3JIUIHYIO CTEIeHb PEKOMOUHAIMN MOHU3a-
IUOHHBIX 3apsioB oT oxHozapaubix (*Heu)™, (‘Hep)t u npyxsapsiamubx
(®*He)*™™ u (*He)™ ™ nmpoaykToB cunTe3a B HOHU3AIMOHHOI Kamepe B yCJI0-
BUSAX BBICOKOTO Aanjenus (P~100 arm). Biarogaps pexkombunanuu nHabio-
JIAEMbIE SHEPIUH TACTHIL CTAHOBATCS PA3IUIHBIMU, ITO JAET BOZMOXKHOCTD
IPSIMOTO MOJICYETA COOBITUI C TPUIUITAHUEM.
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