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O6iias xapakTepucTnka paboThl

AxryansHOCcTh npo6iemst: [locne orkprrtusa B Jla6opaTopmu smep-
HbIX Tpobiem (JISIIT) OMSIY B 1966 r. sBieHUS pesoHAHCHOTO 06PA3OBAHMS
MIOOHHBIX MOJIEKYT ddy M BEICOKOH 3(p(hpeKTUBHOCTU MIOOHHOTO KATAJIM3a
(MK) simepHbIx peakumii cunTesa B cucteMe dip (1979) muOrme Tabopa-
TOPUU MUPA, UMEIOIINE YCKOPUTETIN IPOTOHOB IPOMEXYTOYHLIX SHEPIHit,
[MASA® (Poccus), LAMPF (CIIA), PSI (Illseitnapus), RAL (Bemmko6pu-
ranus), TRIUMF (Kanana) npoBomuiu uccieioBaHus o mpobiIeMe MIOOH-
Horo kaTamu3a. B macrosmee spems oru unyt B OUSAN, KEK (Snonus),
RIKEN-RAL (Bemuko6puramns), TRIUMF (Kamama). MK srimemumcs
KaK HEe3aBUCHMOE HaIIDaBJICHHE, UMEIOIee MHOIO IPWIOXKEHUA B SICPHOM
usuke u puzuke CIaAbBIX B3aMMONCHCTBUIA.

C Touxu 3perus HyHIAMEHTAIBHEIX UCCICNOBAHMUI U3ydeHNUe TPOIIECCOB
MK B umcTOM meiiTepun MMeeT BajKHOE IPEUMYIIECTBO Mepel PeaKImsIMIu
MK B nBoitaerx D /T u tpoitasx H/D /T cMecax u3oTonos Bomopona, T.K. B
5TOM CiIydae Jlerde MHTEPIPETUPOBATE SKCIePUMEHTANILHEIE TaHHBIE. Pe-
AKX MIOOHHOTO KATAJIN3a B INCTOM AEHTEePUN NMEIOT IPOCTYIO KMHETHKY
U TIO3TOMY IIPUBJIEKATEILHEL VIS IIPOBEPKY TEOPUA OOPA30BAHUSA ME30MO-
JIEKYL.

TmaTrenbHOe U3yYeHUe SIBIEHUS MIOOHHOTO KATAJIM3a, ANEPHEIX PEeAKIIMit
cunTe3a B mefitepuit-TputueBsix (D/T) cMecax mauamoch ¢ MoMeHTa Teo-
PETUYECKOTO IPENCKA3aHNS BEICOKOI CKOPOCTU 00PA30BAHMS ME30OMOJIEKYITHI
dtp [1] 7 3KCIIepUMEHTATIBHOTO MONTBEpXKAEHUS 5Toro daxra [2]. Dxcme-
PUMEHTAaJIbHbIEe JaHHBIE IOKA3AJI BHICOKUI BBIXOI HEMTPOHOB KaTaamsa Y,
peaxmuit MK nms dt-cunresa (Y, > 150). IlosBuscs maTEpec X BO3MOMK-
HOMY npuMeHeHuIo peakuit MK g cosmanus narescussoro 14 MaB-Horo
HETPOHHOTO UCTOYHUKA [3].

Iene muccepranmonHoil pa6GoThl: llenpio HacTosIEro ucciemoBa-
HHUS CTAJIO CUCTEMAaTHYECKOe U3MEPEHUE CKOPOCTH 00pA30BaAHMS ME30MOJIe-
KyJssl ddys 13 pasiM9HbIX COCTOSIHUN CBEPXTOHKOTO DACILIEIICHS dlt ATOMA,
A3jg M A1/ M CKOPOCTH NIEPEBOPOTA CIIMHA ME30ATOMA NEATepHus \g B TeM-
nmepaTypHOM HHTepBaJe 5, 5 + 30 K u nepBoe mpsamMoe uaMepeHne 0CHOBHBIX
napameTpos peakmuit mukia MK B xwunxoit D/T cmecu npu TemmepaType
22 K - MHOXECTBEHHOCTH HETPOHOB B IIUKJIE A\, U KOobdurmeHTa sdhdek-
TUBHBIX IIOTE€PH MIOOHOB B LIUKJIE W.

Hanpasnenne mccienoBanmit: B Jlabopatopuu sneprbrx mpobiem
OUSIHN ¢ yuacTuem aBTOpa Oblia paspaboTaHa U CO3OAHA TBEPIO-IeiTe-
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pueBas mumens (TIIM), cmocobmas paboTaTs B UHTEpBaJe TthepaTyp
5,5-+30 K. PesynsraTs sxcnepumenTa ¢ mpumeresnem TIIM COI'JIaCyIOTCA
C pe3ynbTaTaMu (4] I IPEBOCXONAT WX IO IIMPOTE UCCIENOBAHIIIL.

B Teuerme 1995-98 romos ¢ yuacTumem aBTOpa GBliIa Co3maHA 9KCIIEpU-
MerTanbHas ycranoBka TPUTOH, B cocras xoTopoit BoIIa KOMIAKTHAS
XumKo-TpuTheBas Mutnenb (2KTM). BaxHoit 3amaveit pu skcmtyaTamum
ycranosku TPUTOH aemsitoch obecrieuenue paIuanioHHOR 6e30IACHOCTH
IepcoHasia nIpu paboTe ¢ TPUTUN-COmepKAIIME cMecaMu. Ha sToit ycTa-
HOBKe B cepemuie 1997 r. Brepsbie GBIIM BHIIOIHEHE! IIPSAMEIE U3MEPEHUS
OCHOBHBIX NIAPaMETPOB IUKJIA MIOOHHOTO KaTa/n3a (CKOPOCTh MUKIIA U KO-
a¢GUIEHT IOTEPh MIOOHOB) B 3aBUCUMOCTH OT KOHIIEHTPALMY H30TOTOB B
XKUIKOM Neit Tepuii-TPUuTUeBoit cmecu npu Temuepartype 22 K. Dkcnepumen-
TaJIbHBIE PEe3YJIbTATRI, oIy YeHHbIe Ha ycTaHoBKe TPUTOH, cormacyores
¢ pesynbTaTamu [5] komrabopamm RIKEN-RAL, koroprie IIPOBOMUIIUCE C
IPMMEHEHUEM NPYTOM SKCIEePUMEHTAJILHON METONWKYE U GBI oIy 6mKo-
BaHBI OMHOBPEMEHHO C HAIITIMHU.

Meronsr uccnenoBanmii: Paspa6orammas B JISIIT OUSIN 9KCIIEpHU-
MEHTAaJIbHAS METOIUKA, BKIIIOYAIOIAS TPUMEHEHNE KOMIIAKTHON MUILICHY U
HOBBIE METONBI AHAJIN3a PETUCTPUPYEMBIX SKCIEPUMEHTAIBHEIX COOBLITIH
6, 7], mO3BOMIMII IOMYYUTE MAHHBIE, COMOCTABUMBIE C MUIPOBEIM YDPOBHEM
uccnenosanuit B o6mactu MK. BaxHas 0co6€HHOCTE 3KCIIEpUMEHTA ¢ [eii-
TEPUEeM - IPOBENICHNE M3MEPEHNUI B XXUIKOM M TBEPIOM JCATEPUN C IpIMe-
HEHUEM OIHOU MUIIeHW. MeTonmka sKCIepuMeHTa I Mephl Ge30IacHOCTH
Ipu paboTe ¢ TPUTHEM HO3BOJIMIIN IPOBECTU 3KCIEPUMEHTH 10 IpobieMe
MK B xumkoit cMecH TSKeJBIX M30TONOB BOLOPONA B DUAIIA30HE TpuUTHE-
BBIX KOHIEHTpanuit 19 <+ 88%.

Ha 3aumry BeiHOCATCS:

1. Cosnmanue TBepmo-meHTepUEBOll MUIIEHN IS ObeCIeueHIUs SKCIIepu-
MEHTa 110 U3MEePEHMIo napaMeTpos peakmmit MK B xunxom u TBepmom meii-
Tepuu.

2. PesysbTaTh sKCIepEMeHTA. 10 UCCIENOBAHMIO TEMIIEPATYPHOM I CIIHHO-
BOH 3aBICHMOCTH CKOPOCTH O6Da’OBAHUS ME30MOJIEKYJI B XKUOKOM U TBEp-
IIOM [IeTEPUN.

3. CozmaHme XUIKO-TPUTHEBOR MUINEHN LIS 06eCTIeueH s 9KCIIEPUMEHTA,
10 M3MepeHuio napameTpos peaknuit MK B xumkoit cmecu D/T.

4. PesynbTaThl 5KCepEMeHTA N0 HCCTenoBaHmIO apameTpos MK B wum-
KOif CMeCH [efTepUs U TPUTHS IPY PASIHYHLIX KOHUCHTPAIMSX TPHTHL.



Hayunas HOBU3HA M NpakTUYecKas MOJIe3HOCTh: C IpuMeHeHneM
KPHOTC€HHEIX MUIIIECHEH BIIEPBHIE BHITIOIHEHBI CUCTEMATHYECKHIE UCCIICIOBA-
HUA CIIMHOBOH U TEMIIEPATYPHOR 3aBUCAMOCTER CKOPOCTH 0Opa3OBaHUS Me-
30MOJICKYJIEI ddjt B XKUOKOM M TBEPHOM IeiiTepuu. Brepsrle mpoBemeHO
IpsIMOe M3MEPEHUe OCHOBHEIX mapameTpoB peakmmit MK B xwunkoit D/T
cmecu. IlomydeHHBIe pE3YIbTATE UMEIOT BayKHOE 3HAUCHUE NI BLISCHEHUS
NEPCIIEKTUB Pa3BUTHUS MIOOHHOTO KaTajIn3a KaK HAYYHOTO HAIPABJICHUS 1
BO3MOXHOCTH IPAKTUIECKOTO IIPMMEHEHNS 3TOTO SIBJIEHUS (UCIOIb30BaAHTE
peaxnmit MK 115 oTpaboTKM TEXHOIOTUY IPOM3BOACTBA SNEPHOM SHEPTUM
u cosnanue HeiiTporHoro MK ucrouruxa [3]).

AnpoGanusa paGorsl: Pesynprars muccepramum, TpencTaBIeHHOR K
3aIluTe, DOKIANLIBAIINCE Ha ceMuHapax JlaGopaTopuu smoepHBIX mpobiem,
Ha MexnyraponsnoMm cummosuyMme B Hy6Gue B 1995 r. 1 Ha MexmyHapomHOM
cumnosuyme EXAT-98 mo mpobieme MK B Ackone (Illsefirapus) B 1998
T., I/ie BHI3BaJM OOJIBINOR MHTEpeC HAyYHOR OOIIECTBEHHOCTY U MOy JMITH
BEICOKYIO OILICHKY JIJIEPOB MCCIIENOBAHMIL IO TIPo6iieMe MIOOHHOTO KATAJII3a
8].

Ily6nuxamm: OcHOBY muccepTamuu COCTABUI MK U3 4 paboT, BHI-
TIOJIHEHHBIX aBTOpOoM B TeueHue 1993-98 romos.

CrpykTypa 1 o6beM auccepraumm: JluccepTalus COCTOMT U3 BBe-
IEHUs, JeTHIPeX TVIaB U 3aK/IOYeHus, oHa comepxuT 90 cTpammm, 23 pu-
CyHKa, 3 Tabauubl 1 6uGIuorpaduIeckuii Ciucox 13 55 HauMeHOBAHMIL.

Kparkoe conepxaumne pa6oTbl

Bo BBemenmm obocHoBaHa akTyasbHOCTH mpobiaemer MK, mpopemen
KpaTKuil 0630p SKCIEPUMEHTOB M TEOPETUYECKUX IPEIIIONOKECHN, BaXK-
HBIX [JI OICHKH IPENJIaraeMbIX K 3all[UTe Pe3yiIbTAaTOB.

B nepgBoii riaBe onucana KOHCTPYKIUS TBEPHO-AeATEPUEBOM MUIICHY
IJ1sL U3MEPEHMsI CIIMHOBOM ¥ TE€MIIEPATyPHON 3aBUCUMOCTH CKOPOCTH 06pa-
30BaHUS ME30MOJIEKYIIBL IEUTEPUs B TBEPIOM M XKHUIKOM NEATePUM, IPHH-
LUl pAOOTE MUIICHN, PE3YILTATHL €€ TECTOB U SKCILIYATAIINN.

[Tpu npoexTupoBaruu TIIM 6bi1a pelena 3anada PABHOMEPHOTO 3aII0I-
HeHUs pabouero o6beMa MUINEHN TBEPABIM NeATepUeM U MONNEPKAHNS ero
TemuepaTypsl ¢ ToudocThio 0,3 K. Ilo ycnmoBusM skcnepumenTa m3mepe-
HUS TPOBOMUIMCE C TBEPABIM NedTepUeM BHY TPU aMITyJIhl MuIleHn (puc. 1)
npu TemuepaTypax 5,517, 7 K u ¢ xugkum neiiTepueM B AMAanasoHe TEM-
nepatyp 19,0 + 30,5 K.
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Puc. 1. Cxema ammyset TIM: 1-4 - aMIynel Ia30BEIX T€PMOMETPOB; A - avmyna TIM,;
K - npoponoussii koraykTop; KT - KomsekTop remoobMernmKa; 11 - HarpesaTens; PO -
paImaNIOHHELA 9KpaH; T1 - TemnooOMEeHHIIK; TH - TpyOka Hamycka AeATEpPHsI



[Ipu npoBeneHMy SKCIO3MUUY [Ist ONPeNesieHns (hOHA HETPOHOB aMITyJIa
MUIIIEHN OOJXHA OBIIa 3al0NHSTHCA Ta3000pas3HbIM TeflueM IO, JaBICHIeM
40 aT™ npu Temnepatype 15 K.

OcobeHHOCTD MUINEHN 3aKIOYATIACH B TOM, UTO ISl YMEHBINCHNS IPa-
OUEHTa TEMIEPATypsl MO Becemy o6beMmy B amimyrny TIM (puc. 1) 6wt
BCTpoeH KOHIYKTop K, cocrosmmit 3 500 MeIHEIX IPOBOJIOK TUAMETPOM
0,4 mm. [luameTp IPOBOJIOK M PACCTOSHUE MEXITYy HUMU OBLIN PACCUNTAHEL
TakuM 00pa3oM, 9TOOkI IIPY KPUCTAIIIN3AINY He 06PAa30BBIBAIIICEH KABEPHEI
B TBepmoM neiirepmu. s paGoTH MUIIeHN OBUIM CO3MAHELI CHCTEMBI T'a-
3000€CTIeUeHNs, OXJIAXIEHNS, TEPMOMETPUYN U TEPMOCTATHpOBaHUsA. W3-
MepeHre TeMIIePATYPHl AeHTepus BHYTPH AMILYJIBI MUIIECHA MPOBOMMIIOCH
ra3’0BEIMU TEPMOMETDPAMU C TeJIMeBLIM 3amosHeHueM 1, 2 (puc. 1). Temme-
paTypa TemmoobmerHEKa T'1 KOHTPOIMPOBATIACH TA30BEIMU TEPMOMETPAMI
3, 4. Brei6Gop ra30BBIX TEPMOMETPOB GBI CBA3aH ¢ TPeOGOBAHMAMME K UUCTOTE
neiirepus BHyTpu amirynasl TIIM, npocroToit ux xanubpoBku m pasmMerrie-
Hus. [lna TepmomeTpoB 1-3 oTHomIeHUE HOMHOTO 06BeMa V), K XOMOmHOMY
V. 6eto BEIGpano paBHEIM 30. OTO 06ecmeuMBAIIO MAKCHMATILHYIO UyB-
CTBUTEILHOCTE TEPMOMETPOB B nuanasoHe Temmeparyp b + 20 K.

PesynbTaTer KammbpOBKYE TEPMOMETPOB XODOILO OMMCHLIBAIIMCH KIIACCH-
YecKoi GopMyIIol IIPH BBEOEHIN TOIBKO OIHOTO IOIPABOYHOIO MHOXKITEIIS
2(T'), KOTOpBI yYuTHIBAJ BIASHEE 3)DEKTUBHOTO XOJIOMHOTO 06BEMa CO-
€MUHUTEbHBIX KAIWLIAPOB U HEMICAIHLHOCTE I'a3000pa3HOro reius, mpo-
ABJIAIONIYIOCS IPM BOOOPONHBIX TEMIEPATYPaX:

P(T) = A T)YVaP/(VT/T) + [TV = Vi), (1)

2(T)=1-0,56/T. (2)

3nece P - naBmnenue B TepMoMeTpe; T’ - abCOMIOTHAS TEMIEPATYDa X0~
JonHoro obweMa TepmomeTpa; Vj, - monHbIE 06BeM TepMmomeTpa; V. - xo-
TONHELL 06beM TepMoMeTpa; F; - HauajlbHOe JaBJIEHHE B TepMoMeTpe (ma-
BJIEHVE, YCTAHOBUBIICECS IIPU 3aIlOJHEHMH TepMoMmerpa); 1; - HauabHAS
TeMIepaTypa TePMOMETPa IPHU 3aIOHEHU.

Hns ympapiieHus: TeMIEpaTypoil MUIICHH TIPUMEHSIACH 3IIeKTPUYECKAas
CXeMa C Ta30BBIM TepMoMeTpoM 4 (puc. 1) B KauecTBe 4yBCTBUTEILHOIO



37ieMeHTa. VICIIONHUTENBHEIM 3JIEMEHTOM CHCTEMEl TE€PMOCTATUROBAHIS
ammynsl TIM 6v1t HarpesaTens I1.

B Teuenme Bcero BpeMeHU WCHIBITaHWI U ceaHca Ha (azorpone JISIII
OMSIN mmatensrHocTIO 150 wacos Bee y3mer TIM moka3amu cBOIO Halex-
HyI0 pabory. IIpu 5ToM 6BITO IPOBENEHO HECKOMIBKO 3KCIO3UNUI mefiTepus
Ha IIydKe OTPUIATENBHLIX MIOOHOB B IMAA30HE TeMmepatyp 5,5 + 30 K.

Bo BTOpOIi ri1aBe QuUCCEPTAIMU OMUCAHO CO3MAHME SKCIEPUMEHTAJIb-
Hoit ycranoBku TPUTOH, neHTpaibHOR 9aCTHI0 KOTOPOU ABIIIIACE KIIKO-
TPUTHUEBAsS MUIIECHD, IJIS IIPOBENCHUS SKCIEPUMEHTa [0 MPIMOMY H3MEpPe-
HIIO mapameTpos peaxruit MK B xkunkoit cMecu meifitepus u TPUTHSL.

OTrmrunTenpHas YepTa HAIledl YCTAHOBKY - KOMIIAKTHOCTE, YTO II03BO-
74710 06eCIeunTh PETUCTPANUIO HEHTPOHOB OT dt-CHHTE3a U 3IeKTPOHOB
OT pacrnajia MIOOHOB B yCJIoBUAX Omuskux k 4w reomerpun. 2KTM (puc. 2)
TIPEACTAaBIANIa COOOM KOMIIEKC YCTPOICTB, B KOTOPHIA BXOOWUJIA AMITYJIA
A ¢ cucTemoii 3amnonHeHUs ee pabOYNM Ta30M, CHCTEMBI BAKYYMUPOBAHI,
OXJIaX[ICHNUS, TEPMOCTATHPOBAHUS ¥ CUCTEMA IIPOTOKOIMPOBAHMS SKCIIEPHU-
MEHTAJILHBIX APAMETPOB.

Cuctema oxmaxnenus 2KTM npenuaszadanack 0 CXKXEHIS U30TO-
[OB BONOPONA B aMIryjle MUIIeHM ¥ muTenbHoro (10 gacoB) mommepxa-
HIA QUKCHPOBAHHON TEMIIEPATYPHI aMILyJIbl MUIeHU ¢ TouHocThIo 0,1 K.
MeTon kprocTaTHPOBAHUS IIOTOKOM XOJIOLHOTO TeS C IPOMEXYTOIHBIM
XJIaJareHToM (XKUOKWiL fefiTepuii) ObU1 BHIOpaH Ais OGeCTieYeHNs paua-
nuorHOH 6e3omacroctu 2KTM npu skcmryaTarmm,

BaxHeIME 0COGEHHOCTSIME MUILIEHU SBIISINCH: TEPMOMETPHS ITHA aM-
mynet 2KTM ¢ nomorpio KOHAEHCAIIMOHHOTO TEPMOMETPA ¢ BOIOPOIHEIM
3all0JTHEHIEeM; TePMOCTabUIN3aIMs IIPOMEXYTOUHOTO XJIATATeHTA; UCTIONE-
30BaHMe HarpeBaTeNs I YCKOPEHHON 3Bakyanuu pabodeil cMecHm U3 aM-
mynel. Biusuue TemsoBoro sgdexTa pacTBOpEHMsS M30TONOB BOAOPONA Ha
TeMnepaTypy cMecu B ammyie 2KTM yuuTHBaIOCh IpU INIAHAPOBAHUK
SKCIIO3MIIUY MUIIEHY HA, Iy JKE.

2KTM 6rIma IpUCOenNVHEHA K KOMIIEKCY IIONTOTOBKM Ta30BOI CMecH
(KIII'C) [9], Bxomuememy B cocras ycranosku TPUTOH. KIII'C umen
MHOTOYPOBHEBYIO CHCTEMY paAuanuoHHoi 3ammTel. OH 6bUT paspaboTaH,
CO3[IaH ¥ 3KCITyaTupoBajics coTpynuukaMu POl BHUNO® so spemsa
sKcepuMeHTOB Ha dazoTpone JISAIL. Tpebopanus panuanuosHol 6e30mac-
HOCTHU B DA€ CIIy4aeB IPUHINNUAIILHO BIIUSITU HA, KOHCTPYKIAIO MUIIIEHN.
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Pmc. 2. Cxema 2KTM: A - ammymna 2KTM; AB - abcopbep; AM - abCOIIOTHELY MAHOMETD;
BV3 - 6ydepras Bakyymuas emxocts; C - cudon; CT - KORNCHCATHOHHEL TepMoMeTp; D -
nsroap; FN - dopeaxyymusiit macoc; G - KOHIEHCAMORHAS Tpy6ka; H1 - HarpesaTens; M -
MaHOMETPH; M2 - TeH30MeTpraecKuil Ipeobpa3oBaTellh KOHICHCAIIOHHOIO TEPMOMETPA,;
N - BricokoBakyymuEle Hacocw; PEC - pecusep npoMexXyTodHoro xnanarenta; PHe -
penykTop; R - pacxonomepsr; RS - panmarmmorseni skpam; T1, T2 - TemnoobMeHEuKT; V -
BaKyyMMeTp



ITo ycnoBusaM sKCIepuMMEHTa B aMILyJly MUIICHH GBLIO HEOGXOMUMO TIO-
IaBaTb CMECH M30TOIOB BONOpOma, comepxkaiiue Tputwmit. JlomycTumas
CyMMapHas aKTUBHOCTEL TpuTus B amiyse 2KTM, 6ydepuerx obbeMmax cu-
creMbl u3Mmeperus naBieHus 2KTM u razsoBeIX MaruCTPassax MHEIICHE MO-
ria nocturaTh 10 kKu. Obecneuenue TpuTueBoil 6€30MACHOCTH TIPH BKC-
mryatanun 2KTM TpeboBano MCKIIOUEHUS BO3MOXKHOCTH TONANAHUS Ta-
3000pa3HOro TpUTHsA B aTMocdhepy NP SKCIO3UIUY MUIICHU Ha IIydKe 1
IIPA BCEX TEXHOJIOTUYECKUX ONEPANUIX C TPUTUN-CONCPKAIITUMEI CMECIMIL.
st aToro 2KTM comepxaisia nBa ypoBHS 3aIATEL OT BO3MOXKHOTO IIPOHMUK-
HOBEHUS TPUTHUSA B aTMocdepy. Brina mpuMmenena cxeMa OXJIaxXKICHUS MU-
IIEHW C IPOMEXYTOYHBIM XJIaJareHToM (HefitepueM) u HanmumuueMm Gydep-
HBIX 00BEMOB XJIaJareHTa 1 pabodeii cMecu. VIcmonn30BaHMe TEH30METPH-
9eCKMX MaHOMeTpoB Tumna ~ Candup” mis m3MepeHus mapaMeTpos (naBie-
HEe, TeMIepaTypa) XUIKOA CMECH MOBBIMIAJO 6€30MaCHOCTL PabOTHI IpH
obecre9eHnN BEICOKOM TOYHOCTH M3MEDEHU U JABAJI0 BO3MOXHOCTD BECTH
4BTOMATHM3UPOBAHHYIO 3aIIlICh IOKA3aHWI HA IEPCOHAJILHBIN KOMIBIOTED.
KonTpons 3a cocTosHueM arMochepsl Ha paGodrx MeCTax TPOM3BONIIICS
npubopaMu HO3MMETPUYIECKOr0 KOHTPOIIA, pacnoiioxenusMu B KIII'C.

B Teuenue TpeHmpoBouHBIX ”ceancoB” 6e3 IMydka W BCETO BPEMEHH ce-
anca Ha dasorpore JISII mmurensrocThio 150 wacos Bee yamer 2KTM mo-
Ka3ajiu CBOIO HamexHyIo pabory. Ilpm sToM OLIIO IpPOBENEHO HECKOIBKO
SKCIO3UIMIA MUIIEHH, 3aII0THeHHON Xunkumu cMecsmu D /T, Ha nyuke mro-
OHOB.

B TpeTheil riaBe onucaHo IPOBENEHUE SKCIIEPUMEHTA, TI0 MCCIIEIOBa-
HuUIO TapaMeTpoB peaknuit MK B XunkoM u TBepaoM HeidTepuu ¢ mpuMme-
merueMm TIIM.

B 1994 r. c 5Toit MuIIeHsbI0 GBI BIEPBHIE CHCTEMATHYECKY M3MEPEHA,
CIIMHOBAS 3aBUCUMOCTH CKOPOCTU O0pPA30BAHUS ME30OMOJIEKYIIEl NeATepus B
Peaknusx MIOOHHOTO KaTajli3a B TBEPIOM M XHUIKOM nenirepuu. Msmeps-
JIACh BPEMEHHEIE CIIEKTPEL 3JIEKTPOHOB OT PACIIaa MIOOHOB U BPEMEHHEIE
CIEKTPHI HEUTpoHOB oT peaknuit MK B mefiTepuu mpu cemMu paszmmaHbrX
3HAYEHUIX TeMIepaTypel B quanasoHe 5, 5 <+ 30 K. Brxon meitTponos Hop-
MHUPOBAJICA HA YHCIO 3aPETUCTPUPOBAHHEIX 3JIEKTPOHOB OT PACHANa MIO-
OHOB, OCTaHOBHUBIIMXCS B newrepuu. Hambonbimas craTucruxa 6blna Ha-
6paHa IIpU caMOH HU3KOW TEMIEPAType W B ABYX TOYKAX BEHIIIE M HIDKE
TeMIepaTypsl miasiieHus nerrepus 18,7 K, mpu sTtom ¢dasosoe cocTos-
Hue NefTepus GbIIO PA3sHBEIM (TBEPAOE M XKUIKOE). OKCIO3WIHUS C TeIueM
ObLiIa, BHITIOITHEHA, /71 HE3aBUCUMOTO OpeeseHus (OoHA HEHTPOHOB BO Bpe-



MEHHOM CIIEKTPE HEWTPOHOB. DKCIO3UIMS C I[yCTOH MUIIEHBLIO IIO3BOJIIIIA
U3MEPUTH YKCIO0 OCTAHOBOK MIOOHOB B CTEHKAX MUIICH.

OcHOBHBIE pe3yIbTATHL SKCIIEPIMEHTA - CKOPOCTH OGPA30BAHMIS ME30MO-
TIEKYJIBL IEUTEPUS A1 /3, A3/2 C yUACTHEM Me30aTOMA NEHTEPHS B CIIMHOBBIX
cocrosHusX 1/2, 3/2 m ckopocTh TepeBopoTa cmHA Me3oaToMa Mg OHm
TIOJTy YE€HBI U3 aHAJIN3a BPEMEHHOTO PACIpeeieHus] HEHTPOHOB IO OTHOLIIE-
HUIO K BPEMEHM BJIeTa MIOOHA. Pe3ynbTaTHl IpencTaBileHH B Tabuie.
Amanu3 ciydaeB ¢ XULKAM W TBEpOEIM AefiTepreM He BEISIBIII W3MEHEHUS
CKOPOCTH 0Opa30BaHMUs ME30MOJIEKYIIH ddjt B 3aBUCUMOCTH OT ($ha3zoBOTO CO-
CTOSIHUSI NEeNTEPHSL.

Tabmuma. Pesynsratsr skcnepumenTa ¢ TIIM

CxopocTh 06pa30BAHMUS ME30MOTIEKYIL ddjl I CKOPOCTH
Temneparypa (K) 1epeBopoTa cImH, dy-Me30aToMa (MKC ™))
A2 Az | Asza/ Ay M
55 0,0448(18) | 2,48(13) | 58,8(18) 31,2(11)
9.9 0,0403(20) | 2,11(14) | 57,0(18) 30,4(11)
15,1 0,0424(20) | 2,27(16) | 58,1(24) 31,6(13)
17,7 0,0419(18) | 2,24(11) | 61,7(17) 32,2(12)
19,0 0,0407(21) | 2,27(14) | 60,1(19) 29,4(11)
26,3 0,0389(20) | 3,03(20) | 77,9(32) 32,6(12)
30,5 0,0428(26) | 3,20(21) | 72,9(29) 31,4(12)

Benmuuunbl B cKoOKax BKIIIOUAIOT B cebs CTATHCTHYECKUE Oommubku. B
OMmIMOKY He BXOLAT HEOUPEeJIeHHOCTH B INIOTHOCTH neiitepus ¢ (3%) u
3(b(hEKTUBHOCTH PETMCTPANIA HEHTPOHOB €, (8%).

Wsmepenns \;/; HAXOMATCS B COIVIACHA KAK C MPEMEIIYITIME JAHHEIMU
rpymmst JIAIT OVISIA s sxunkoro meiitepus npu T = 22 K [10], Tak
¢ mauubiMu rpynnsl PSI npu T = 23 K. I'maBHBIM pesynbTaToM, mOMy-
9YeHHBIM C ucrnosb3oBanueM TIIM, 65110 m3MepeHne CKOpOCTH 06pA3OBAHMS
Me30MOJIEKYIIBI ddj U3 BEPXHETO CIIMHOBOIO cocTosHus F' = 3/2 MesoaToma
dp B TBepoM nmeiitepuu. Hapsamy ¢ pesymsrarom rpymst TRIUMF [4] or
PE€3KO IPOTUBOPEYNT ”CTAHTAPTHOU” TEOPUH, COTIIACHO KOTOPOH TONIBKO
HEPEe30HAHCHBI MEXaHN3M OODA3OBAHMS ME30OMOJIEKYJIEl NEHTEPUS MOXKET
OBITH OOHAPYXEH NP HU3KUX TeMIepaTypaX. BO3MOXHEIE MeXaHH3MEL,
OOBSACHSIONME PE3yTbTATH U3MEPEHUS CKOPOCTU OGDPA3OBAHMS ME30MOJIE-
KyJbl ddyi B TBEpHOM el Tepi, IOKa eIl HAXOMATCSA B CTAIMH 0GCYXKIe-
HUSL.



Heobxomumo momuepKHy T, 4TO YHUKAJIBHAS SKCIIEPUMEHTAILHAS METO-
IUKa (NeTEKTOPHI HEMTPOHOB IOJHOTO MOTIONIEHNs, KPUOTEHHAS TBEPIO-
IeiTepueBas MUIIEHb, MHOTOMMITYJIbCHAS CUCTeMa (nN—y)-pasneseHns, 6mm3-
Kas K 4m reoMeTpPHUs yCTAHOBKH) IIO3BOJIAJIA BIIEPBEIE IIPOBECTU CHCTEMA-
THYIECKUE U3MEPEHNS CIIMHOBLIX 3G (HEKTOB B TBEPIOM U XKUAKOM NeHTepun
U IOy YUTH JAHHEIE, He YCTYIAIOIINE II0 TOYHOCTY M3MEPEHUIM Ha ME30H-
HBX (pabpuKax ¥ MPeBOCXONSIITE UX IO IIUPOTE UCCIIeNOBAHMIL.

B uerBepToii riaBe muccepranuyu maHO GUIMYECKOe OGOCHOBAHUE U
OIMCaHVE SKCIIEPUMEHTa TIO0 UCCIeNOBAHMIO mapameTpoB peaknuit MK B
XKUOKOU CMEeCH ONedTepus U TPUTHUS Ipu TemmepaType 22 K.

B 1997 r. 6wl mpoBeneH SKCIEPUMEHT 10 MccienoBanmio peaxmuit MK
B xunxoit D/T cmecu ¢ npumenernem 2KTM ma MioomHOM Kamase ¢as3o-
Tpora JISIII OUSAN. B HacTosmeMm ucciienoBanuu 6bIIa peaqu3oBaHa HO-
Basl MOCTAHOBKA SKCIIEPUMEHTA - M3MEPEHNE BPEMEHHOM 3aBUCHMOCTY TOKA
¢dboToyMHOXMTETIEl HEETPOHHOTO CIIEKTPOMETPA, PErUCTPUPYIOLIETO BBIIET
HeiTpoHoB oT peakmmit MK B xwunkoit D/T cMecu, u usmepenue BpeMeHn
BELJIETA 3JIEKTPOHA OT PACIaa MIOOHA IIPY YCIIOBUHU, YTO 5TO COBBITHE OLLIO
VHUIMAPOBAHO OOWHOYHBIM MIOOHOM, OCTAHOBHBIIMMCA B CMECH H30TOIIOB
Bozmopona [6, 7, 11]. Ona mo3Bosmna BIepBEIE IIPOBECTY HE3ABUCUMOE IIPSi-
Moe ompenesieHre 3¢ GeK TUBHOTO KO3bPUIIMeHTa IOTEPh MIOOHOB B ITHKJIE W
U CKOPOCTH IUKJIA A, B XWUIKOH PABHOBECHOU IO MOJIEKYJIAPHOMY COCTABY
D/T cmecu B IIEPOKOM AUANA30HE KOHIEHTPAIIMIA TPUTHS.

Brt mpoBeneH pAm SKCHO3UIMIA MUILIEHN, 3AI0THEHHON XIIKON CMEChIO
D/T, Ha mydke OTpUIATENBHEX MIOOHOB (hasoTpona JISIII. Dkcnosunus ¢
D, 6b1n1a mpoBenieHa. 115 HOJTy YeHn s GOHA HEATPOHOB B ” YMCTHIX” YCIOBHSIX
6e3 HEUTPOHOB OT peakuuu d + ¢. DKCIO3UNUS ¢ IyCTON MUIIEHLIO IIPOBe-
IeHa I onpenesieHns $HoHa BO BDEMEHHOM CIEKTPEe 5JIEKTPOHOB pacHama.
TpuTuesas KOHIIEHTPALUS U MOJIEKYJISAPHEIA COCTAB U3MEPSINCEH B KAXKIOH
9KCIIO3UIMI XPOMATOT PAdUIECKUM METONOM IIPH 3alIPABKE CMECH B AMILYITy
muienu u npu 3Bakyanuu cMecu B KIII'C. Beutu cnemaser mompasku Ha
KpHOTeHHOe pasmeseHue m3oromnoB B amnyie 2KTM npu skemosunuax Ha
IIy4YKe MIOOHOB.

Ha puc. 3 uzobpaxeHa 3aBHCEMOCTH Pe3yJIbTATOB U3MEPEHMIT CKOPOCTH
IUKJIa A\ OT KOHIEHTpamuy Tputus B xuznkoit D/T cmecu, HopMupoBaHHAS
Ha IVIOTHOCTB XKHUIKOTO BOIOPOIA, HAPSIAY C HAHHEIMU APYTUX TPYIIL.
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Prc. 3. DxcrnepuMeHTaIbHAS 3aBUCUMOCTE CKOPOCTH IuKiIa peaknuit MK B xmnxoi cMecn
nefiTepus ¥ TPUTHS OT KOHINEHTDAIAN TPHUTUL: KBAAPATH - NaHHLIE HAIEro 3KCIEpH-
MeHTa; POMOHI - maHHHe [5]; OCTaIBHBE TOUIKY - JaHHEE 0630pa [12].

IIpumeTanve: JIMHAN IPOBENEHE! OIS OOBEINHEHNS TOYEK
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Ha puc. 4 n3o6pakeHa 3aBUCHMOCTH PE3YJILTATOB U3MEPEH d(DPEKTUB-

HBIX TIOTePb MIOOHOB B 1ukie MK w OT KOHIEHTpanuu TPUTUS B XKUAKOMK
D/T cmecn.

W,
%

Cy)%

Puc. 4. DxcnepuMeHTaNbHAS 3aBUCEMOCTD KOX(DGUIMEHTa OTEPh MIOOHOB B mukie MK
B XUAKOH CMeCH OeHTepHs U TPUTHUS OT KOHIEHTDAIWA TPATHS
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3akiroyeHne
OcHOBHEBIE pe3yIbTaThl M BHIBOALI:

1. Ilns obecnevennst 5KCIIEPUMEHTOB IO MIOOHHOMY KATAJM3Y SIEPHELX
PeaxImii CHHTe3a pa3spaboTaHa U CO3NAHA HANEKHAS KOMITAKTHAS TBEPIO-
neiTepueBas MUIIeHb 06beMoM 280 cM3, KoTopas o3BOILIIA paboTaTh Kak
C TBEPIBIM, TaK W C XUAKUM pnertepueM. Menuei koumykTop us 500
IIPOBOJIOYEK 0GECIEUUIT TPAIMEHT TEMIEPATYPHl BHYTPU AMITYJIHl MUIICHN
ue Gosee 0,1 K. Cmcrema TepMocTabuiusanuu MUINEHW IOIEpKUBATIA
CTAOMIIBHYIO TEMIIEPATYypPy KUOKOTO ¥ TBEPOrO MEHTEPHS C TOIHOCTHIO
+ 0,3 K. Mumiens mo3Bosmmiia IpoBecTH M3MepPeHMs ANCPHO-PU3NIECKIX
apaMeTPOB PeaKIuii MIOOHHOTO KATaJII3a B YACTOM JeHTEPUY B JHAIA30HE
TeMuepatyp 5,5 + 30 K.

2. Ha ycranoske ¢ TIIM Brneppble BEIIOTHEHO CHCTEMATHYECKOE HCCITE-
NOBaHME CKOPOCTEH 00Pa30BaHMs ME30MOIEKYIT ddj W3 Pa3IMIHBIX CIIHO-
BBIX COCTOSIHII CBEPXTOHKOM CTPYKTYPHI dj Mesoatoma F' = 3/2, F =1 /2
(Az/2, M /2 COOTBETCTBEHHO) ¥ CKOPOCTH LIEPEXONa Ay ME30ATOMA. JEeHTepHs
MeXIy yPOBHAMU CBEPXTOHKO! CTPYKTYPHI B TBEPIOM ¥ XKUIKOM JefiTepnn
B ImamasoHe Temunepatyp 5,5 + 30 K.

Homyuennsie pesymbTaTel (IIs TBEPAOTO MeHTEpUs) Ha MOPAIOK mpe-
BBIIIAIOT TEOPETUICCKUE MPENCKA3AHUSI CKOPOCTH OOPA3OBAHUS ME30MOJIE-
KYJIBL EUTepus Ag/o.

3. Ilns obecriedernus SKCHEPHMEHTOB [0 MIOOHHOMY KATAJU3Y sanep-
HBIX DEakIWd CHHTe3a pa3paboTaHa W CO3NAHA GE30MACHAS KOMIAKTHAS
KUIKO-TPUTUEBAs MUIIIEHb o6bemoM 30 cM®, KoTopas mO3BoMIsLIA pabOTATD
¢ xumkumu cMecsMu u3otonos Bogoporma (H, D, T). IIsyxypoBueBas cu-
CTeéMa paIMalMOHHOM 0GE30MaCHOCTH NOIMycKaja paboTy IpH aKTHBHOCTU
Tputug BHyTpu muineHu no 10 kKu. Cucrema TepmocTabunusanum mu-
IeHN TOANEPXKUBAJIA CTAOWIBLHYIO TEeMIEPATYPY XIOKOH CMeCH C TOYHO-
crpio + 0,1 K BHyTpE Mumenn. MuirieHb 03BOIIA TTPOBECTH M3MEPEHTS
GU3MYIECKUX TAPAMETPOB PEAKIMI MIOOHHOTO KATAJIN3a B CMECH M30TOIOB
Bonopona pu Temueparype 20 + 40 K.

4. Ha ycranopke ¢ 2KTM BrepBEie BLIIONHEH SKCIEPAMEHT IO nps-
MOMY U3MEPEHIIO K0dpduunenTa 3hHeKTUBHBIX MOTEPh MIOOHOB U CKOPO-
CTH [UKJIa MIOOHHOTO KaTajm3a ¢ obpazoBaHmMeM diy MOJIEKYT B MXHMIKOM
IeiTepuii-TpuTHeBol cmecu. Vsmepensr \, i 5ddeK TUBHEL KoahdunmenT
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OTEPH MIOOHOB B IMMKJIE W TPU PA3IMYHLIX KOHIEHTPAIUAX U3QTOIOB B
MOJIEKYIISIPHO- PABHOBECHOM XXUIKON CMECH NENTEPUs U TPUTHUS [IPH TEMIIE-
patype 22 K B nuamna3zore TpuTHeBEIX KoHIeHTpanuit 19 + 88%.

PesyabTaThl Auccepranuu onyGIMKOBaHBI B CIEAYIOIIUX paGo-
Tax:

1. D.L.Demin, V.P.Dzhelepov, N.N.Grafov, V.G.Grebinnik, A.D.Ko-
nin, A.L.LRudenko, Yu.A.Sorokina, Yu.G.Zhestkov, V.G.Zinov, Solid deu-
terium target, Hyperfine Interactions 101/102(1996)583-589; Preprint JINR
P13-95-179, Dubna, 1995.

2. D.L.Demin, V.P.Dzhelepov, V.V.Filchenkov, N.N.Grafov, V.G.Gre-
binnik, D.V.Migachev, A.D.Konin, A.I.Rudenko, V.T.Sidorov, Yu.G.Zhest-
kov, V.G.Zinov, J.D.Davies, V.R.Bom, C.W.E. van Eijk, Measurement of
the spin and temperature dependence of ddu molecule formation rate in
solid and liquid deuterium, Hyperfine Interactions 101/102(1996)13-19;
Preprint JINR E15-96-207, Dubna, 1996; 2KOT® 111, Brm.4(1997)1163-
1173.

3. H.H.I'pados, B.I".I'pebunnux, II.JI.Hemun, B.I1.[lxemnenos, B.I".3u-
o, C.B.Mensens, B.J.Ilpaauunukos, B.A.Y1kuu, Kudkompumuesas
muwens, IITO 1(1999)21-27;, Hyperfine Interactions 119(1999)349-351;
IIpenpuuar OUAN P13-97-243, dy6ua, 1997.

4. Yu.P.Averin, D.V.Balin, V.R.Bom, J.N.Bradbury, J.D.Davies, A.M.De-
min, D.L.Demin, A.E.Drebushko, V.P.Dzhelepov, C.W.E.van Eijk, V.V Fil-
chenkov, A.N.Golubkov, N.N.Grafov, V.G.Grebinnik, S.K.Grishechkin,
V.G.Klevtsov, A.D.Konin, A.A.Kukolkin, S.V.Medved’, A.B.Modenov,
V.A.Nazarov, V.V.Perevozchikov, V.I.Pryanichnikov, V.Ya.Rozhkov,
A.IRudenko, S.M.Sadetsky, G.G.Semenchuk, V.T.Sidorov, Yu.V.Smire-
nin, L.I.Sukhoi, V.V.Travkin, N.I.Voropaev, A.A.Yukhimchuk, V.G.Zinov,
S.V.Zlatoustovskii, Novel method for MCF study in a dense D/T mizx-
ture, first experimental results, Hyperfine Interactions 118(1999)111-119;
Preprint JINR E15-98-337, Dubna, 1998.

14



JInteparypa

[1] S.S.Gerstein, ~L.LPonomarev, Phys. Lett. B 72(1977)80;
C.M.Bununxwuit, JI.W.Ilonomapes, U.B.Ilyspmun u mp., YKITD 74,
Brm.3(1978)849.

[2] B.M.Beicrpunxuit, B.I1.Txenenos, 3.B.Epmiosa u np., Phys. Lett. B
94, No.4(1980)476; Tucema YKOT® 31, Brmr.4(1980)249; >KDTd
80(1981)1700.

[3] C.Petitjean, F.Atchinson, G.Heidenreich et al., Fusion Technology
25(1994)437; V.V.Anisimov, E.Cavalleri, F.L Karmanov et.al., Hyper-
fine Interactions 119(1999)329.

[4] P.E.Knowles, J.M.Bailey, G.A.Beer et al., Hyperfine Interactions
101/102(1996)21; P.E.Knowles, G.A.Beer, G.R.Mason et al., Phys.
Rev. A 56(1997)1970.

[5] K.Ishida, K.Nagamine, T.Matsuzaki et al., Hyperfine Interactions
118(1999)203.

[6] V.G.Zinov, Muon Cat. Fusion 7(1992)419.
[7] V.V.Filchenkov, Muon Cat. Fusion 7(1992)409.

(8] E.A.Armour, J.Bradbury, J.Cohen et al., Hyperfine Interactions
101/102(1996)699.

[9] A.A.Yukhimchuk, V.N.Lobanov, Hyperfine Interactions
101/102(1996)661; A.A.Yukhimchuk, V.A.Apasov, Yu.I.Vinogradov
et al., Hyperfine Interactions 119(1999)341.

[10] B.II.Oxenenos, B.I'.3umos, C.A.VBanosckumii u np., 2KOTP 101,
Bem.4(1992)1105; Sov. Phys. JETP 74(1992)589; V.P.Dzhelepov,
V.V.Filchenkov, S.I.Ivanovsky et al, Muon Cat. Fusion 7,
No.4(1992)387.

[11] D.L.Demin, V.P.Dzhelepov, V.V.Filchenkov et al., Hyperfine Interac-
tions 101,/102(1996)591.

[12] C.Petitjean, Nuclear Physics A 543(1992)79c.

Pyxonucs noctynuna B u3gaTenbCKUi OTxENI
22 Hos16ps 2000 roxa.

15 -



Maket H.A.Kucenesoit

IToanucano B meyars 23.11.2000
®opmar 60 X 90/16. Odcernas neyars. Yu.-u3a. auctos 1,31
Tupax 100. 3aka3 52369

Wznarensckuit otnen O6beAMHEHHOr0 HHCTUTYTA SOCPHBIX UCCIIENOBAHMUIMA
Jy6na MockoBckoit o6actu



