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NCCIIEJOBAHUE MIOOHHOI'O KATAJIN3A
dd- 1 dt-CUHTE3A

A.A.Bopobser, E.M.Maes, I'.I'.Cemeruyx

BBenenue

Buepsoie Ha BO3MOXKHOCTH 00pa3oBaHWs Me30MOJEKYN Tuma ddy w pdy ¢ TOCIEMYIONINM CITH-
SHUEM HaXONAIIUXCS B 5TUX Monekyiax snep ykasamu A.Jl.Caxapos (1946 r.) m ®.Ppank
(1947 1.). OcBoGonuBIuniics mocie CIUAHUS SAEP MIOOH MOXKET 06pa30BaTh HOBYIO MOJIEKYIY,
urpas, TakKuM obpa3oM, poiib KaTallm3aTopa sSaepHoro cuuaTesa. Brocaencrsun 91.5.3ennmosmd
pa3BUII TeOpHIO 3TOTO IIpollecca B €CTECTBEHHOM, KaK TOTJa Ka3aJloch, BapuaHTe Hepe3oHaHC-
Horo obpaszoBanus MesoMoiekyil. JI.AnbBapen 6bT epBBHIM, KOMY ymasnoch B 1956 romy skcre-
PUMEHTAJILHO HaOII0NaTh peakInio Me30oKaTaln3a sSAepHOro CHHTe3a M0 KaHaILy

dy +p — dppu — *He + o + 5.4 M>sB.

OTo OTKpBITHE BLI3BAJIO OTPOMHBIN mHTEpec B Mupe. O6cyxmamach BO3MOXKHOCTH TOIYIEHUS
HOBOTO MCTOYHUKA bHEPTUH. BCKope, omMHako, BHISCHUIOCH, YTO CKOPOCTH OGpa30BaHUS MOJIE-
Kya pdp w ddy cTOIL Majbl, 9TO HE O KAKOM MPaKTHIECKOM MPUMEHEHUH HTOTO IMpoliecca He
MOTJI0 6bITE U peun. CToib Ke MaJjol 0Xuaalach I CKOPOCTH 06pa3oBanus dit 4 MOJIEKYIT, Haubo-
Jlee TIEPCIIEK TUBHOTO TIPOIEcca ¢ TOUKU 3peHus Monydenns sueprun. bonee toro, I1. [lxekconom
(1957 r.) m C.C.T'epruteitnom (1960 r.) 6BIT0 yKa3aHO Ha HaIUYUE TPUHIUNHAAILHOTO MpeTesa B
YUCIIE BO3MOXKHBIX ITUKJIOB, KATAIN3MPOBAHHBIX OMHAM MIOOHOM. JTOT TPEET CBI3aH C BO3MOK-
HBIM [pUIUNaHUIEM MIOOHA K OGpas3yIomumMcs B Mpolecce CUHTe3a smpam renus. 1o omenkam
aBTOPOB, BEPOSTHOCTL TaKOTO MPOIECCa MOJIKHA OBITH 0Koo 1%, 4TO COOTBETCTBOBAIIO Ipe-
nebHOMY dmciy cuaTe30B Ha ypoBHe 100. Ommako m 5TOT mpemesn mpencTaBIsics HEMOCTHKI-
MBIM, TIOCKOITBKY HabllfomaeMasi HU3Kass CKOPOCTD PEAaKIUil COOTBETCTBOBAIA TPUMEPHO OTHOMY
UKITy CHHTE3a 3a BpeMs XW3HW MIOOHA. B pe3yibTaTe WHTEpPEC K ME30KaTaJll3y MOCTEIEHHO
yracai.

Mexny Tem, B Ily6ne rpynmoit B.IL.I[:xxemenoBa B 1964 r. 6b1710 0O6GHApPYXKEHO WHTEpPECHOE
ssrerne. smepennas npu 1" = 300 K ckopocTs A4, OKasamgach Ha IOPSIOK BBIIIE N3BECTHOM pa-
Hee CKOPOCTH Aj4, B XKUIKOM OENTEPUN, YTO HAXONUIOCH B IPOTUBOPEUNN C OKUTAEMON HE3aBH-
CUMOCTBIO \g4, OT TeMIepaTyphl. Bo3aMoxkHoe 06bsacHenne 6buto mano J.A.Becmanom (1967 r.),
TIPENTOIOKUBIIIAM, UTO CYIIECTBYET CIIabOCBA3aHHBIN YPOBEHD B ddi-MOJIEKYIIE U 3a CUET PE30-
HAHCHOI TIepeav 0CBOGOMUBINENCS YHEPI U ME30MOJIeKyIspHoMy KoMiutekcy [(ddy, d)2e] yse-
JINIABAETCS CKOPOCTDH 0Opa3oBaHUs YTON MOJIEKYbl. T'eopus pe3oHaHCHOTO 06pa3oBaHUS Me30-
MOJTIEKYJI Oblla pa3BuTa 3aTeM B paboTax rpymnmst JI.W.Ilonomapesa. TounbiMu pacueTamu 6u110
He TOJIBKO TIONTBEPXKIEHO Halnune ci1aboCBsI3anHoOro ypoBHs B ddu-monekyie (e1; = —1.9 5B),
HO U TpENCKa3aH aHAJIOTWYHLIN ypoBeHbL B dip-moiekyne (e11 = —0.6 5B), uto momxuo GbI-
JI0 IPUBECTHU K UCKIIOUAUTENHHO BLICOKON CKOpOCTH obpasoBanms diu-monexynnl. B 1979 romy
5TO TpencKa3aHme ObLITO HKCIEPUMEHTAIBHO nonTBepxaeHo rpynmnoir B.I1. [Ixenenosa B [{y6me,
mokasapieii, uTo Ag, > 10% c¢™!. C sToro MomenTa mHTepec K Me30KaTajl3y PE3KO BO3POC.
OxcnepumenTsl 6pin passepuy Tl B CIIIA (LAMPF), Isettnapun (PSI), T'atuunne (IAAD),
Kanane (TRIUMF), dnonun (KEK). B To xe BpeMs TeopeTuku mpomoikaiun paboTaTh Hall
YTOYHEHUEM TEOPUHU Me30KaTajln3a. buinm Takike Ha9aThl pacuyeThl BOBMOXKHBIX CXEM UCIOIb-
30BaHUsA M€30KaTalln3a B KaueCTBe MHTEHCUBHOTO ncTouHmKa 14-MsB meiiTponoB n maxe B Ka-
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JeCTBE UCTOYHUKA YHEPTHUH. B pesynbTaTe 5TUX YCUIUN CETOMHSA NOCTUTHYT BLICOKUN YPOBEHD
TMOHUMAHUS TPOIECCa ME30KaTAIIN3a SAEPHOTO CHHTE3A.

Baxmpiv BkitazioM B OGN TPOTpECC SBUIIUCH SKCIEPUMEHTHI, BBITOIHEHHLIE TPYIIION
[MUADP na cuuxpomuknorpone [INAP u nosnmee na mseiinapckoii Mesonnon dabpuke (PSI).
Ycmex 5TUX 5KCIEPUMEHTOB CBA3aH € pa3paboTKOl HOBOTO METO[A, TIO3BOJIUBIIETO PETUCTPUPO-
BaTh 3apsSKEHHbIE TPOMYKTHI CHHTE3a. B MaHHO! cTaThe MaHO KPAaTKOEe M3JI0KEHNE IOy Y€HHBIX
rpynmoit [IUAD pesyanTaTos.

OKCIepMMeHTAJIbHBIN MeTOH

o Hamux 5KCIepUMEHTOB OCHOBHBIM METOMIOM MCCIENOBAHNS Me30KaTalln3a SIEPHOrO CHHTE3a
OLIT METON PETUCTPANAU 00Pa3yIOMINXCS B PEAKIINIX CHHTE3a HEHTPOHOB. JTOT METOI OKa3aJl-
csa BecbMa 5(PpQPEKTUBHLIM, HO BMECTE C T€M OH MMeeT PSI OrpaHWYIEHWN: HE PETUCTPUPYIOTCS
KaHaJIBl peakIWil CHHTEe3a, B KOTOPHIX B KOHEYHOM COCTOSHUW He 0Opa3yIOTCs HEWTpPOHHI; HE
BBIAEIISIOTCS KaHAILI PEAKIWi ¢ IPUINIaHueM MIOOHA K TeINio; MMEIOTCS CIIOXHOCTHU B M3Me-
peHnsgx abCcoTIOTHON CKOPOCTH PEAKITHH.
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Lm%zmm ;ﬁ v Puc.1. Cxema mnepBoOii HMOHH3AIMOH-
‘3_0_& & HOil KaMepHl IJIs MCCIeNoBanus d—u—d-
— | nmmsn———
A e 2l - cunresa (I'aTumua, 1980 r.). Paccros-
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Z5kB p — HHe KaTol-ceTKa — 10 MM, paccTosHue
ALm e L _ -1 B -
0kB h% — 8 C ] CeTKa-aHo] MM, pa3Mep aHONA
ABC 35 x 35 mm?, nasnenne (D) — 90 aTm.
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OcHoBoi1 pa3paGoTaHHOTO HaMH MeTofa [l] SBISETCS WCIONB30BaHUE HATOIHEHHON BOZIO-
pozoM (ZefiTepreM) MOHM3AIMOHHON KaMephl B KadecTBe ~UyBCTBUTENbHON Mumnenn” (pwuc.l).
Kamepa 1mo3BosisieT perucTpupoBaTh BXOISIINE MIOOHBI U 3apAKEHHbIE TIPONYKTHI AI€PHOTO CHH-
Tesa, KaTaIN3MPOBAHHOTO STUMU MIOOHaMHU. AHAJIN3 CATHAJIOB OT BXOIAIINX MIOOHOB TIO3BOJISET
0TO6paTh MIOOHBI, OCTaHOBUBINNECS B IEHTPAIbHON TaCTH TyBCTBATEILHOTO 06bEMa KaMepH,
UCKITIOUNB TaKUM 06pa3’oM BIIUSHEUE CTEHOK Ha 3(DPEKTUBHOCTH PETUCTPANUY IPOAYKTOB CHH-
Tesa. B pesynbraTe obecmeunBaeTCs CTONPONEHTHasS 5(PQPEKTUBHOCTH PErUCTPAIi 06pasyio-
MIUXCS B PEAKINSIX CHHTE3a 3apsiKEeHHBIX TaCTHUIl.

O cob6eHHOCTEIO JTAHHOTO METOMA ABIISETCS UCIOIIb30BaHue BHICOKOTO (0 200 aTM.) maBieHns
BoZopozia B KaMmepe. llepBoHawanbHO He GBLIIO SCHO, MOXKHO JIM MPU TAaKOM HaBJEHUH BOOOIIE
HaGITI0IaTh CATHAIIBI BCTENCTBAE BO3MOXKHOI MOTEPH 3JIEKTPOHOB HOHM3AINY B PE3YIIbTATE Pe-
KOMOWHAIIMM C MOHaMU B Tpeke. K c4acThio, OMHAKO, OKa3aloch, 9TO, XOTS PEKOMOWHAIWAS W
pacTeT C yBeIWYEHWEM [aBIEHUS, HO 3TOT POCT NOCTATOYHO MEJIEHHBIA W, KPOME TOTO, pe-
KOMOWHAIMS OKa3aJlach MaJIo 3aBUCAIIENl OT OPUEHTAINA TPEKa OTHOCUTEILHO 3II€K TPHIECKOTO
nosis. B pesynbTaTe pekoMOMHAINWS JIMIIL CMEIIaeT HabIIIOMaeMble THKU B CTOPOHY MEHBIINX
SHepruil 63 yXyAIeHns SHEPTeTUIECKOro pa3perenns. Tak 4To MOXKHO BIOJIHE YCIEITHO TIPO-
BOIUTH U3MEPEHNUs B IPUCY TCTBUE 5(pdekTa pekoMbuHanuu. Hosee Toro, 5ToT 53pdeKT oKaszacs
naxe mone3ubiM. OH TaeT BO3MOXKHOCTH HENOCPEACTBEHHO N3MEPUTH BEPOSTHOCTH MPUIIATAHNS
MIoOHa K renmio, " pasmsuras’ nuku, oTHocamuecs K (He)™ u (He p)™ (Ges pexombumannm >Tu
[UKA CIUBAIOTCH ).
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B xauecTBe mpumepa Ha puc.2 TpuUBeNeH aMIUIUTYOHBIA CIIEKTP MPOMYKTOB dd-CHHTE3a, U3-
MEpEHHEI B OHOM W3 HAIUX MEPBBIX SKCIEPUMEHTOB [2].
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Puc.2. AvnnurynHoe pacnpenenenue coObITuil dd-cuHTe3a, 3apeTuCTPUPOBAHHBIX MOHMU-
3aNMOHHOI KaMepoii. [lapamMeTpsl KaMepHl TpuBeneHsl Ha puc.l. Bumao pasnenenne nukos
(®He)** u (*Hep)" Bcuencrue sdpdexra pekombunanuu. luk 3H momken GuITH Ipu aM-
mwmtyne 0.9 MsB. Cymmapras ammantyna curaasaos SH+p pacnpenesnena ot 0.9 MsB no
3.6 M5B, mockonbKy poGer IIpOTOHOB He BCeTNa YKIAMBIBAETCS B TYBCTBUTEIHHOM O0H-
eMe KaMephl. Y poBeHb myMa ¢ = 30 k3B, mopor peructpanuum — 130 k5B, 3ddekTHBHOCTE
perucrpamun — 99%. Bkaan dpoHoBbix cobbiTuii — 0.1%.

Bricokas 5¢pdeKTUBHOCTH PETUCTpAIUU TO3BOJISET PETUCTPUPOBATH OBa W Gojee COOBITHI
CUHTEe3a, KaTaJIN3UPOBAHHLIX OMHUM MIOOHOM. C 5THM CBS3aH ITUPOKO WCIOIL3YEMBIN HaMU
MeTon " BBIKWBIIETO MIOOHA”, KOT/la OTOGMPArOTCs COOBITHS, O KOTOPBIX M3BECTHO, UTO MIOOH
oCJIe CHHTE3a He NcYe3. DTOT METO OKa3ajics Hanbojiee TOTHBIM TIPH abCOTIOTHOM U3MEPEHNN
ckopocTu peaknuu (TouHocTh 1 — 3%), a Takxke mpu usMepenun kKod3pdOUNUEHTA TPUTUTAHAL
MIOOHA.

B mocnenyiomux skcnepuMeHTax GBITIO WCIOIB30BAHO HECKOJIBKO MOMUQUKANWil MOHU3AIN-
OHHOUI KaMepBbl, OTINYAIONINXCS, B OCHOBHOM, TeoMeTpuell n dmncioM anonoB. Ocobuiit mHTEpec
TIPENCTABIISIIO TPENN3NOHHOE U3MEPEHTE TEMIIEPATY PHON 3aBUCUMOCTH d—pu—d-cuaTtesa. C >Toi
ebio GBI pa3paboTaH BapWaHT KaMephl C elIMEBLIM OXJIakeHueM (3], mosBonsomuii pabo-
TaTh B nuamasone Temmepatyp (30 — 300) K, mpu sTom B mo6oit TOUKe TeMIepaTypa MOria
OBITH 3acTabminm3npoBaHa u m3MepeHa ¢ TounocThio +0.3 K. B skcnepumenTax, BLITOTHEHHBIX
B PSI, nonnsanmonnas xamepa Oblila OKpPYy&KeHA TOHOCKOTIOM HENTPOHHBIX CUETYMKOB, UTO €IIe
6oslee pacIIupMiio BO3MOXKHOCTH MeTOMa, YJIYYIIUB , B 9aCTHOCTH, YCJIOBUS PETUCTPAIUN CO-
OBITHUIl CHHTE3a, MPOUCXOMAINX HEMOCpencTBeHHO (B mpemenax 200 HC) BCienm 3a OCTaHOBKOM
MIOOHa B KaMepe.

MeTon moHM3aNMOHHON KaMephbl OKa3aJicsi BHE KOHKYPEHIUU TPHU WCCIENOBaHUU d-j—d-
cuHTe3a. B ciyvae ke mccienoBanms d—pu—t-CHHTE3a OCIOXHEHUS BO3HUKAIOT W3-3a MOHW3AINH
rasa SJIEKTPOHAMU OT (-pacmajia BBOAUMOTO B Kamepy TputTus. Imas ociabieHuss TpUTHEBOTO
(doHa aHONm KaMephl ObLT pa3ouT Ha 19 oTHeNbHLIX aHOMOB, KaXk ALl nuameTpoM 3 MMm. IIpober
anbba-gacTums! u3 di-cuatesa npu nasiaernn 100 aT™M. cocTaBiseT 1| MM, TOSTOMY HOHH3ATINOH-
HBEIT 3apsn, oOpa3oBaHHBLIN alb(a-dacTHUIEl, B OOILIMUACTBE CIyYaeB MOJIHOCTHIO coOmpaeTcs
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Ha OITHOM M3 aHOIOB. Takas KOHCTPYKITHS KaMephl T03BOJIMIIa UCCIenoBaTh d—yu—t-cuates 8 D/T
CMecsX ¢ comepXkanueM Tputus 1o 3%.

WUccnenoBanme d—p—d-cmHTE3A

Wsyuenne d—u—d-cunTesa B cpeme, cocTosrein n3 Do-MOEKyIT, maeT YHUKAIBHYIO BO3MOKHOCTH
KOJIMYECTBEHHOTO CPABHEHUS C Teopmel Me3okaTann3a. IMeHHO B 5ToM mipornecce Haubosiee spKo
TIPOSIBIII€TCS PE30HAHCHBIN MeXaHN3M O0pa30BaHMs ME30MOJIEKYJIbl, K TOMY ke He YCJIOXKHEeHHBII
MOGOYHBIMY TIPOTIECCAMU, TAaKUMHE, HAaIIpUMep, KaK HEToJHas TepMaInu3anus du-aTOMOB.

B d-p—d-cuaTese MoTyT peanm3oBaThCS CIENYIONINE KaHATLI PEAKIIHH:

dp+d—ddpy — *He +n+ p; *Hep +n; °H +p +p (la, 1b, le)

ODTa COBOKYIIHOCTH PEAKINi OMACHIBAETCS TPEMs OCHOBHBIMHE TTapaMeTpPaMu: CKOPOCTHIO 06pa3o-
BaHUS ddy-MOJIEKYIBI \i4,, BEPOSTHOCTHIO MPUINIAHUS MIOOHA K rernio wyy = Y (16)/(Y (la) +
Y (1b)), oTHoIleHWEM BEIXO[OB M30TOMUYECKH cuMMeTpuuHbiXx KanaimoB R = (Y(la) +
Y (16))/Y (1le). Yxe B namnx nepsoix skcnepumenTax (['atunna, 1980-1983 rr.) ymanocs nzme-
PUTEL Bce Tpu mapameTpa [4]:

Aday = (2.76+£0.08)-10° ¢!, R =Y (*He +n)/Y(*H +p) = 1.3940.04, wyg = (0.12240.003).

3necy BenmumHa Ajg, TpUBeleHa K IUIOTHOCTH NEATPOHOB B XKUOKOM Bomopome. Wsmepenms
ObLIM BBITIOJIHEHLI TIpu HaBienun neitepus P = 90 atm m Temmepatype T = 300 K. o
5TOr0 W3MepSAIach JIUIIL ONHA BETWUUHA — Agq,. B cremyiomem mukie usMepennii ([aTunna,
1987 r.) Hamla Tpyma WCCIeNoBala TEMIEPATYPHYIO 3aBUCUMOCTE d—i—d-CHHTE3a B qHAa30He
(50 — 300) K. Hakomemn, memaBHO GBI 3aBepIEH COBMECTHEHIN SKcnepuMeHT B PSI, B KoTopoM
61710 BBITIOITHEHO HamboJlee MeTaIbHOE U MPENN3NOHHOE UCCIIENOBaHme mpotecca d—u—d-cuaTesa
B nmanasone TemmepaTyp (28 — 350) K. Ilamubie sToro skcmepmvenTa o6paboTaHBI €Iie He
TIOJTHOCTBIO.

CkopocTb oGpaszoBaHus ddy-MoOJIEKYJIEI

Ha puc.d mokasana cuTyanus B U3MEPEHUN BETUIMHLI Ajq, K MOMEHTY ONYOINKOBAHUS HAIIMX
epBRIX pe3ynbTaToB B 1983 romy. IlomHoit HeoXMmaHHOCTELIO OBIIO pe3koe, B 4 pasa, OT/IHIUE

— - ——— -~
Io P ~d4
© ,#/4— T'atuuna, 1983
(@} e
= s Puc.3. PesynbraThl m3MepeHUsS CKOPOCTH
4 k3
= V4 o6pasoBanus ddyu-MoIeKya B OeiTepun, CH-
4 /
< 2r / Tyanus 1983 roma. Bce mammBIe mpuBeme-
/ ® Ilurre6ypr, 1960 HEI K INIOTHOCTHU AETPOHOB B KMIKOM BO-
O Yukaro, 1963
/ 5 ” _ ” B
/ A JlyGua, 1964 mopome. Wzmepernms ”Ily6ra-1979 oT
/ o Jlyoua, 1974 HOCUTeNbHBIe, HOPMUPOBAHBEI Ha HaHHBIE
! /
1 / ® Jly6na, 1979 ? Ny6ua-1964” u ”Hy6na-1974”. llyakTup
I/ ‘/4,‘,-#,——‘——‘- — pe3yabTaT HOPMHUPOBKU HaHHEIX ~ [yGHa-
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TOJTYY€HHOTO HaMW 3HAYEHUS Agq, OT MaHHBIX, monydeHHBIX B [{y6me. Takoe oTnuume 3acTa-
BIJIO HAC TOBTOPUTH M3MEPEHWS B PA3IUIHBLIX YCIOBUAX. B WacCTHOCTHM, MBI TOKa3aji, UTO
IpuUBeNeHHas K IJIOTHOCTH XKXWUIKOTO BOMOPONA BEIUIMHA A44, HE 3aBUCHT OT MABIIEHWUS B WH-
TepBaste oT 51 mo 93 arm. Takum obpazom, HabIOIaeMoe pa3anyune HEIb3s OLLIO OOBLICHUTH
HECKOJILKO MEHBININM JaBlleHneM B sKcnepuMenTax B [ly6ne. Buanmo, Tam Gelita HEBepHO ompe-
nenena 5p(QeKTUBHOCTL HENTPOHHLIX NeTeKTopoB. [lo3muee Hamr pe3ynbTaT GBI TONTBEPKICH
skcepumenTamu B LAMPEF, B PSI, a Takxe HOBbIME m3mepenusmu B [lyGre.

Tounoe mamepenme Ajq, SBUIOCH CYIIECTBEHHBIM 5TAllOM B MCCIENOBAHUN ME30KaTalln3a:
C 5TOTO MOMEHTa CTaJl0 BOBMOXKHBLIM KOJIMUECTBEHHOE CpaBHEHWE TEOPUU W SKCIepuMeHTa. B
5TOM OTHOIIIEHUU 0c060 MHPOPMATUBHBIME SBIISIOTCS U3MEPEHNS TEMIIEPATYPHON 3aBUCAMOCTH
Addu(T) ¢ Tounoit pukcanmeit Temnepatypsi (+0.3 K). Takue usmepenns Gbin BHITOTHEHD Ha-
mu B 1987 rony [5]. Ha puc.4 Hamn nanmbe cpaBHABAIOTCS ¢ PACIETHON 3aBHCUMOCTEIO Agdy (1),
nonyuennon rpynmnoit JI.1.IlomomapeBa. B pacueTe ncmonbzoBaHO OTpOMHOE UMCIO MATPUIHBIX
5JIEMEHTOB, ONUCHLIBAIOIINX TEPEXONLI B ME30MOJIEKYISIpHOM Komiekce. Ho B koHeuHoM mTO-
re pe3yabTaT pacueTa YYBCTBUTEILHBIM O0pa3oM 3aBUCHT OT ABYX MapaMeTPOB: OT SHEPTHH
HanMeHee CBS3aHHOTO YPOBHS €17 W OT BEPOSTHOCTH CIIUSHUS NEATPOHOB B ddy-MOJIEKYIE Af.
W3 puc.4 Bumbo, uTO pacueTHas 3aBUCHMOCTH Agq,(7") cormacyeTcs ¢ S5KCIepUMEHTAIBHON MpH
€11 = (—1.96540.001) 5B, uTo HaxOAUTCA B MPEKPACHOM COTIIACHU C COBPEMEHHBIM PACUYETHBIM
3HaueHneM (€11)pq0c0 = —1.9653 5B.

/deu,1060'1
3 ommo= £ =
. €7 =20,001 e Pnc.4. PesonancHas 3aBHCEMOCTH CKO-
A.=039-10%] pocTu ddu-kaTanmsa OT TeMIepaTypHlL.
]E T-‘)Sss ¢ Toukn - pesyJbTaT HallleTo JSKCIepu-
2r = aB
W=h

merTa (['aTumua, 1987-1990 rr.). Kpu-
Basg COOTBETCTBYET 3HAUCHUIO YPOBHS
ler1] = 1.965 5B u ckopoctu dd-cuHTe3a
A; = 0.39-10° ¢~!. Ykasan kopunop omn-
60k A¢y; = £0.001 5B.

2. |
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B mMomenT obpasoBanus du-aToMa OH MOXKET HAXONUTHLCS B IABYX CIUHOBBIX COCTOSHUSX,
F =3/2u F = 1/2. Cxopoctn obpa3zoBanus ddju-MONEKys U3 STUX COCTOSHHUI, Azjp W Ai)2,
pasnuaabl. C BEPOSTHOCTLIO Ag/g,1/2 cocTosHme F' = 3/2 mepexomuT B cocTosume F' = 1/2, n
HacTyIaeT TepMoInHaMu4ueckoe paBHoBecume. J[o cumx mop MBI 06CYXKIain CKOPOCTEH 0b6pa3oBa-
uus ddy MOIIEKyl B paBHOBECHOM cocTosiHWE. B skcmepumente B PSI monmsanmonnas kamepa
paboTaiia B COBIAIEHUE ¢ HEUTPOHHBIM JIETEKTOPOM, UTO /TAJI0 BOZMOXKHOCTH PETUCTPUPOBATH
cobbITus dd-cuHTe3a, HaUMHAS HEMOCPEICTBEHHO C MOMEHTA OCTAaHOBKH MiooHa. OTiamdme oT
TPENBIAYIINX SKCIEPUMEHTOB C HENTPOHHBIMI JIETEKTOPAMHU COCTOSIIIO B MEHBIIIEM YpOBHE GoHA
U BO3MOXKHOCTH KaJIMOPOBKU >(PGHEKTUBHOCTY HEHTPOHHOTO AETEKTOpa ¢ TOYHOCTHIO +1% (mo
cpasuennio ¢ +10% B mpembiaymux sKcnepuMenTax). B pesynbTaTe MOMydYeHbl TPENN3HOHHEIE
nauubie 0 Ag2(T"), A1/2(T) m Asj21/2(T), mpencrasnennsie Ha puc.ba u 56.
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Puc.5. TeMmepaTypHbIe 3aBECEMOCTH: &) CKOPOCTH 06pa30BaHus ddji-MOIEKyIIbl B eiiTe-
PUE U3 IBYX COWHOBBIX COCTOSIHUM dji-aToMa; 6) CKOPOCTH 1I€PEBOPOTa CIIMHA B dji-aToMe.
CrtoliHble TWHUY — PE3YIHTATHl TEOPETHIECKUX PACUIETOB.

HeTaJII;HI:IfI TeOpeTI/I‘IeCKHﬁ AHaJIN3 €lIe NPEACTONT CcOe/IaTh IIOCJIE€ 3aBEPIICHNA OGpaﬁOTKI/I
HallllX JaHHBIX. BIIGCB MBI TOJIBKO OTMETHUM CEPBE3HOE PACXOXKIECHUME MEXKAY pacHY€THBIMU N
SKCIIEPUMEHTAJIBHBIMI JaHHBIMU 110 BEPOATHOCTHU IEPEXOIa )\3/2’1/2.

BGPOHTHOCTB IIPpUWJINIIaHU MIOOHA K I'e€JINIO

Puc.6 nmmocTpupyeT mponenypy n3MepeHns BEpOATHOCTH IPUINNAHUS Wqq. 10TyIeHHOEe HaMu
3HaveHne w4y = 0.122 4+ 0.003 nmo cmx mop ocTaeTcs eMWHCTBEHHBIM pPe3yIbTaTOM IIPSIMOTO
U3MEPEHNS STON BEJIMUNHLI W UCIOIL3YETCS I KOHTPOJIS TOYHOCTU TEOPETUIECKAX PACIETOB.

CymecTBoBaBIIIEE [0 OMYGINKOBAHNS HAIIETO PE3YIbTaTa PaCIeTHOE 3HAUEHUE BEPOITHOCTH
IpuIunaHns ObIIO HECKONIBKO Bhimme: wii " = 0.147. DTo pacxoxeHne MOTUBHPOBAJIO TPYIIILY
JI.11.TloroMapeBa BLIIOIHATE HOBLIE pacueThl. [lonbITKa yuecTh BO30Y K I€HHLIE COCTOSHES aTO-
ma *Hey Tombko ycmmmita pacxoxnennme: why“* = 0.165. Ilocie 5Toro pacdeT GBI TIOBTOPEH C
ACIIOJIb30BaHleM 6ojlee TOUHBIX BOJHOBBIX (yHKUu ddy-monekyinnl. [lonyuenusiii pe3ynbTaT
whi®* = 0.122 okazasncs B TOYHOM COTJIACHE C SKCIEPUMEHTOM. AHAJIOTMYHAsA PEBU3MS METOIA
pacueTa KoshduumeHTa MpUINNaHus MIOOHa B d—pu—t-cuuTese maia wy, " = 0.0059 (Bmecto
CyIIecTBOBaBIEro 1o Toro 3uadenus wi, = 0.009). HoBoe 3mauenne wj'®™ coorBeTcTByeT

TpeneabHOMY YHUCIY CUHTE30B Ha OOWH MI0OH, paBHOMY 170.

Hapyiienne nzoTonuyeckoil cCUMMeTpPUN B d—p—d-CUHTE3e

O6Hapy>KeHHoe HaMH pa3/INYN€ B BBEIXOOdaX M30TOINUYICCKN CUMMETPHUYIHBIX KaHAJIOB!:
R=Y(°He +n)/Y(*H +p) =1.39 +0.03

TIOKa He WMeeT OOIIENPUHATOTO TeOpeTHIecKoro obbsicHeHus. VIHTepecHO, YTO 5TOT pe3yiib-
TaT KOpPpeTupyeT ¢ BeIBomaMu (a30Boro aHanmsa dd-paccesuus B obmactu s>uepruii oT 30 mo
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Pnc.6. Ilpsmoii cocob onpenenenus Kodddu-

MHEHTA TPUWINTAHUS MIOOHOB Wqg.

SHep a) CrmekTp Bcex mepBHIX coOBITHIl dd-cuHTe3A.

N ”"Z;",’fi”““ 6) CiekTp mepBHIX COOBITHII IPU YCIOBHU, ITO

T 1 3a HUMHU CIIeAyIoT eitle coGriTus cuaTe3a. Co-
6biTus ¢ npununanuem (°Hep) mpm sTom oT-

cyrcrByioT (I'aTgymna, 1981 r.).

He

YUCAC COBbITUH

<10° ) 3 1979 cobaimut

HaAOXEHUS

0.5

200 300 400 500 600 700 E, k3B

400 x5B. Tam amamormunas acumMmeTpus Habmomanach B P-BoiHe, B TO BpeMs Kak B S-BOJTHe
Benumunaa K ~ 1. B ciyuae mabmomaemoro mamu mpu 1 = 300 K pesonancmoro obpazoBanmus
ddp-vomnexyinnl, dd-cuaTes UmeT Kak pa3 B uuctoM P-coctosunu. Hanmporus, mpu Hepe3oHaHCHOM
obpasoBaHnn ddu-MOJIEKYIILI dd-cuHTe3 MOMKeH UuATH u3 S-cocTtosums. [losToMy MOXHO OBLTO
OXHIATh, YTO C YMEHBIIEHNEM TEMIEPATYPHI, IO MeEpe Mepexofa OT PE30HAHCHOTO K HEPE30-
HAHCHOMY MeXaHU3My oOpa3oBaHUs ddyu-MOJIEKYIIBI, OTHOIIEHNe R Gy[eT CTpeMUTLCS K €IUHN-
ne. iMenHo Takyio KapTUHY MBI YBUIEIN B HalleM dKcnepumenTe (puc.7). [lannoe mabnonenue

ok _ Y(He+n)
~Y(t+p)
14 + + + Puc.7. TemnepaTypHas 3aBUCHMOCTD OT-
+ HOILIEHUS WMHTEHCUBHOCTEH M30TONMYe-
12 - CKH CHMMeTPUYHBIX KaHaJOB dd-cHHTe3a
(l'aranna, 1987-1990 rr.).
1.0 -
038 L ! L >
100 200 300 T,K

HaIllJIO IIPpaKTUYIECKOE IPUMEHEHHUE: T10 BEJINYINHE R MoxHO OIIPEACINTE OTHOCUTEJIBHBIE BKJIAIBL
PE3OHAHCHOTO 1 HEPE3OHAHCHOT'O KaHAJIOB.
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N3mepenue napameTpoB d—u—d- m p—u—d-cuaTe3za B HD-cmecax

D70 HalpaBlleHNe UCCIENOBaHNIl IIPENNoaraeT NeTalbHOE U3y YeHNnE Ipotecca d— (— d-CHHTe3a
B cpene u3 HD-momnekyn [6]. B mansoM ciayuae HOMUHUDYIOIMAM SBIAETCS HEPE3OHAHCHLIN Me-
XaHm3M ob6pasoBaHms ddy-MOJIEKYJIBI, YTO OTKPBIBAET BO3MOXHOCTEL HMCCIIENOBAHMS 3TOTO Me-
xanm3Ma. Ocobblil MHTEpec MpefcTaBIgeT H3MEPeHHne CKOPOCTH IEepPeBOPOTa CIUHA Agj1/2 B
OTCYTCTBHE MPOIIECCa PE3OHAHCHOTO 00pasoBaHms ddy-MOJIEKYJ U BBISBIEHUE PO ~OGpPaTHOTO
pacmnana” ddu-monexyisl. [locTaHOBKa S5KcIeprMeHTa OTpeGoBajla PEIIEHNs IBYX TEXHUIECKUX
mpo6isieM. Bo-niepBLIX, HY ) HO GBIIO IPUTOTOBATHL CMECH ¢ MEHIMAJILHLIM comepkanuneM Ds. Bo-
BTOPLIX, HYKHO OBIJIO CO3/1aTh YCJIOBHS B MOHU3AIMOHHON KaMepe, 3aMeIISIONINE TEPEXO CMECH
B paBHOBECHOe cocTosHue. [lepBas 3amadua Oblia yCIEIIHO pellleHa HAIIAMU XUMHAKaMU, pa3pa-
6oTaBmuMn MeTon noiydenns HD ¢ comepxanuem D, ma yposre menee 2%. Pemenne Bropoii
3a/1a4un OBLIO MOCTUTHYTO UCK/IIOUEHNEM U3 KOHCTPYKTHUBHBLIX MaTEpUajioB HUKEIs, KaTalll3H-
pylolIero mnporecc ycranopienns pasaoBecus B cvecu H/D. Ilepsrie msmepenuns co cmecsio HD
+ D2 (2%) 6butn Buimonuensr B PSI B mauane 1996 roma npu 7' = 300 K, 150 K u 50 K. IIpen-
BapuTenbHBIN pe3ynbTaT mpu 300 K:

Addu—rp = (0.115 £0.004) - 10° ¢ (T =300 K), Azj21/2 = (28 +5)-10° ¢~ (T = 50 K).

[onyuennoe 3Hauenne As/; /7 3HAUNTEIHHO HIKE H3MEPEHHOTO B cperie Di-Monekyit, 9To yKa-
3BIBa€T Ha CYIIECTBEHHBIN BKjajn ~obpaTHOro pacmama’ ddu-MoJIEKyil B 5TOH Cpere.

UckmounTenbro HU3KOE 3HAYEHUE g4, fp TO3BOISLET UCIOIL30BaTh HD-Hanonuenne B Tex
cilydasx, Korja HeoOXOmnMO MofaBUThL (POH OT d—u—d-cuHTe3a. B 9acTHOCTH, 5TO OTKPBLIBAET
BO3MOXKHOCTD MCCIIENIOBAHUS p—U—d-CHHTE3a Ha KaueCTBEHHO HOBOM YPOBHE, IIyTEM M3MEPEHMUS
abCOTIOTHLIX BBIXOMOB /IBYX KaHAJIOB PEaKIIUH:

dp + p— pdp —>He + u (2a)
—*Hepy + v—"H + v, + v (2b)

I/ISMepeHHBIﬁ aMHJIPITy,HHBIfI CIICKTP IIOKa3aH Ha pI/IC8 Ananus OJaHHBIX ITIO3BOJIHUT OIPECOCIINTD

3 — 1
i

Puc.8. AwvmuumTymHoe pacnpeneiieHue
OpPONYKTOB p—i—d- um d—p—d-cuHTe3a B
MOHM3aNWOHHOK KaMepe ¢ HD-mamoin-
wennem (PSI-IIUSAD, 1996 r.). Kanan c
KoHBepcueil MooHoB *He + y BIepBEIe 3a-
PETECTPUPOBAH B MOHM3AIMOHHON KaMepe.
CobbiTHS t + v, — TIPOLYKTH [i-3aXBaTa IO
kanany *Hep + . Co6brrus *He (*He p) n
t+p NpOmyKTHI dd-cuHTEe3a.
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3aBUCAMOCTH A,q, OT TEMIEPATYPHI, 0T cocTaBa H/D cMmecu, a Takke M3MEPUTH CKOPOCTH AMEP-
. 13/2 1/2
HOTO CHHTE3a B pdy-MOIEKYIax ISl Pa3IUIHBIX CIUHOBBIX COCTOSHUN A f/ A f/ .
Ilpyrum npuMepoM ncnosb3oBanus HD-mamonrenns spiaseTcs nouck d—u—>He-cuntesa, mmy-

mero uepes obpasopanue d°He-Momexyb:
*He + dy —*Hedy —*He + p + p + 21 MsB. (3)
B mammx mepBeix m3mepernsx B ['aTumHe GbLT yCTaHOBIIEH BepXHWIl mpened [7]:
Af(d®He) < 4-10% ¢,

B ceance 1996 roma B PSI monyuennr nanmblie, MO3BOJSIONINE TMOHU3UTEL STOT IpeNesl Ha IBa
nopsinka. lannbie o6pabaThiBaloTCs.

IlepexBaT MIOOHOB Ha reJjiui

Hamn BepBLIe 6bliTa M3MepeHa CKOPOCTH IIEpexXBaTa MIOOHA I3 OCHOBHOTO COCTOSHHUS dfi-aTOMOB
Ha smpa °He m *He. MeTon msMepeHms cocTos B HabIIONEHNH HM3MEHEHHS BBIXOHa d—u—d-
cuaTe3a Tpn nobaBierny K Dy KOHTposmpyeMoro KommdecTBa (2 — 5%) remws. Buum momyvensr
CIlefyIomne pesyinbTaTh [8]:

Aisgre = (1.27 £0.10) - 10® ¢ 71, Aitpre = (3.68 £0.18) - 10° ¢t

OTm pesyabTaThl monTBepamm chopmynupoBaruyio B 1981 r. H.Il.IlomoBeiM rumoTesy o cy-
IIECTBOBAHUU HOBOTO MeXaHM3Ma IlepexXBaTa MIOOHOB Ha spa Teiaus depe3 obpasoBanume dHep-
MOJIEKYJIBl. B 5ToM ciiyuae CKOpOCTH TlepexBaTa Bo3pacTaeT mpubnmsutensrHo B 100 pa3z mo
CPaBHEHUIO C MIPSIMBIM TepexXxBaToM. [[pakTuIecKnM ciaecTBUeM MaHHOTO HAOIONEHUS SBISET-
csl HEOOXOMMMOCTD peryspHoi mepeounctku D/T-cMecu oT makammmBaemoro B mporecce di-
CHHTe3a Tenus B OynyIneM Me3oKaTaJluTHIeCKOM peakTope.

WNccnenoBanue d—u—t-cuHTE3a

UccrnenoBanme d—p—t-cuaTesa mpenacTaBiseT 0coObIl HHTEPEC, TOCKOIBKY 5Ta PEAKIUsI paccMa-
TpPUBaeTCA KaK MOTEHINAILHLIN MCTOYHUK HEATpoHOB W dHeprum. (JCHOBHON 3amavell HAIINX
nepBBIX YKcepuMeHToB co cMeckio D/T (Iatumma, 1987 r.) 6bu10 OCBOEHEE METOMUKH Pabo-
THI C MOHW3AIINOHHON KaMepol B yCIOBUAX TpuTHeBoro ¢ona. buita paspaborana cnenuaibHas
MHOTOAHOIHAs KaMepa W CO3[IaHO TEXHOJIOTMYIECKoe 060pymoBaHMe Miisl paboThl ¢ TpuTueM. Ka-
Mepa Gbita HamonHeHa cMechio Dy u To(~ 1%) npu nasnenun 90 atm. B sToit cmecu peaxius
dt-cmHTEe3a UOET B CIEAYIONUIEH TOCIIEN0BATENLHOCTH]:

dyp —s tpy —s dtpy —* He +n +p, —s*Hep + n. (4a, 4b)

OKCIepUMEHT POBOIMIICS PU KOMHATHOI TeMIepaType. Bblila n3MepeHa CKOPOCTDH mepexora
MIOOHA M3 OCHOBHOTO COCTOSHUS dy-aToma Ha tu-atom [9]: Ay = (2.8+0.2)-10® ¢!, Usmepennas
BEIWYNHA OKa3ajlaCh B COIJIACUU C TE€OPHEN U C Pe3yIbTaTaMi MPENBLIAYIINX U3MEPEHNUII.
[ocne obpasoBanus tu-aToma mporecc obpasoBanus dty-mornexynsl B mausoir D/T cmecn
IPOUCXONUT HACTOIBKO GBICTPO, YTO BENUUUHY Agy, OBUIO TPYIHO U3MEPUTH. 1losTOMY B cite-
IYIOMMX 5KCIepUMenTax neiiTepuii 6611 ” pasbasien” Bomopomom: Ho(78%)+D2(20%)+To(2%).
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OTa cMech Gblia TEpeBeNeHa B PaBHOBECHOE COCTOSHUE C TEM, YTOOBI AEHTPOH HAXOMWICH, B
ocHoBHOM, B coctaBe HD-momnekyn (Dy — 5.8%, HD — 32.8%). Tpoitmas H/D/T cmech oka3a-
7ach OYE€HDL YAOOHONU /iis HaIWX meseil. He yMeHblmas dmcia MIOOHHBIX OCTAHOBOK W BBIXOIA
d—p—t-cunTesa, OHa TIO3BOIIMIIa U3MEHUTH BPEMEHHOE paclpenerieHne COOLITUI TakuM 06pa3oM,
UTO CTaJl0 BO3MOXKHBEIM M3MepeHne ckopocTeil obpazoBanus dty-monekyn B Dy u HD xommiex-
cax. B pesynbrate 6bu10 momyueno [9]:

Nity—p, = (2.1 £0.6) - 10% ¢, Mitu—rip = (1.3£0.3) - 10% ¢,

Kpowme Toro, B TpoitHO# cMecu, 0COGEHHO B paBHOBECHON (ase, pe3Ko CHUXKAETCS YPOBEHEL (POoHA
oT d — yt — d-cuHTe3a, 9TO OBIIO BaXXHO TPHU PEIIEHUN HAIlledl OCHOBHON 3afadél — IMPAMOTO
U3MEpPEHNs BEPOATHOCTH Wq; IpUInIannus MiooHa kK ‘He.

120

Puc.9. AMIINTYOHBIA COEKTP COOHI-
THil di-cuHTe3a, 3aPeruCTPUPOBAHHBIX WO-
80 HH3aIMOHHOK KaMepoil. 3alllTpHXOBaHA
00/1aCcTh COOBITUI € IPWINNAHUEM O
Co6biTus (i)’ TPOUCXONAT OT CTPIXUBA-

Husg MIOOHOB IIpM TOPMOXKEHHUM B I'a3e, CO-

40 ObITHS () — Pe3yIBTAT HAJOXKEHUs IO-
caenyfomux cuaTe3os (PSI-TIASAD, 1988
1992 rr.).
0!
0

SHEPTHA (MeB)

OKCIEpIMEHT TI0 U3MEPEHUIO wy; ObLT BhIMoHeH B PSI B mepmon ¢ 1988 r. mo 1992 r.[10].
B npunnune, meton mamepenus OLII TOT XKe, UTO W IJIS M3MEPEHUS Wy — UCIOIB30BaHUE -
dbexTa pexombunanmm niis pasnenenus mukoB (‘He)t™ m (*Heu)t. Ommaxo B mammoM ciydae
TIPEACTOATO U3MEPUTH OYEHL MAJYIO BEIWYMHY Wgy, K TOMY XK€ B IPUCYTCTBUU TPUTUEBOTO
¢dona n dona oT Kanaia t + p B d—pu—d-cuarese. C meapio yMEHBIIEHUS MOCIEIHETO ObIsTa BHI-
6pana Tpoitnas cmeck H/D/T B pasroBecnoit daze: C; = 0.05%,Cy = 9% u C, = 91%. Kpo-
Me TOro, IJIs ToNMaBieHus { -+ p-KaHalla MCIOIL30BAJIOCH COBIANEHNE CUTHAJIOB C KaMephl U C
HENTPOHHBIX CUeTUYNKOB. Masas KOHIIEHTpanus TPUTHUS MO3BOJIMIIA MTOOUTHCS XOPOIIETO YHEP-
reTudeckoro paspemtenns, o = 80 k3B. OTHOoCHTENbHO HU3KUI BLIXON COOLITHUH di-cuHTE3a Ha
M100H (~ 2%) 6bIIT KOMIEHCHPOBaH BBHICOKON MHTEHCHBHOCTBLIO OCTaHOBOK MIOOHOB (~ 1000 c~1)
B UyBCTBUTEIBHOM 06beMe KaMephl (3 cM®) 6raromaps yHUKaTbHBIM BO3MOXKHOCTSM MIOOHHOTO
kanana PSI. B pesymbraTe 6bi10 3apermcTpupoBaso Gosee 5 - 106 cobertmit di-cumtesa. Ilpn
5TOM y[IaJloch BEIIETNTH cobpiTus *Hey ¢ mpunumanmem MiooHoB (puc.9) u ompenesnTh BEpOsAT-
HOCTh mpununauus [11]: wg = (0.56 +0.04)%. Do 3HaUeHWE YINTHIBAET CTPAXUBAHIE MIOOHOB
npu Topmoxkernnn (‘Heu) B rase. Ilonyuennoe 3nauenne sBiaseTcs pe3yIbTaTOM IEPBOTO U TIO-
Ka €IUHCTBEHHOTO MPSIMOTO M3MEPEHUS BEIUUNHBI Wy;. JITO 3HAUEHUE HEIJIOXO COTIIACYeTCs C



—254—

Pe3yIbTaTOM HOCIENHNX BEIUNCIEHIR. KMy cOOTBETCTBYET BEpXHMI IpenelT BEIXONa HENTPOHOB
Ha ofuH MIOooH Y, = 180.

Eme ogamM BaXHBIM pe3ysIbTaTOM SKCIEPUMEHTA SBIIIOCH OOHAPYKEHHUE SITUTEPMAILHOTO
KaHaja obpa3oBaHUS di{-MOJEKYJ, 00YCIOBIEHHOTO B3aMMONEHCTBUEM ~TOPSIHX  t/i-aTOMOB
¢ HD-momexymamu. B skcmepmMenTe 5ToT (aKT MposBIsSeTCs B HAJMYAN IUKa B Hadalle
BPEMEHHOTO paclpeneiieHns HeHTPpoHOB u3 di-cuuTesa (puc.10). Amamms 5TuX pacnpeneneHuit

1000

Lo 111l

100
Puc.10. Bpemennde pacmpene-

JleHNe HeiTpOHOB di-cuHTe3a B
Tpoiioit cvecu H/D/T. Bunen
OBICTPHIN UK 33 CYeT 0Opa30Ba-
Hus dip-momexyn (PSI-TIAAD,
1989-1992 rr.).

gl

1y gl

Iy Cy=3 %"
1—5 . o X4 1992
0.5 1.0 1.5 t, MKC

MOKAa3aJl, YTO CKOPOCTH SN TEPMAIILHOTO 06pa3oBaHusl di-MOJIEKYII UCKITIOUATEIHHO BHICOKa [12]:

et = (254 0.6) - 10° ¢ 7.

OTOT pesymbTaT COOTBETCTBYET TEOPETUIECKUM pacdeTaM, MPENCKa3bIBAIOMINM HAJININe
MOIITHOTO PE30HAHCA B 3aBUCUMOCTH Agyn—gp OT DHEPIUU {-aTOMOB B OOJIACTH HHEPTHI
~ 1 5B. [Ipyrum ¢akTopoM, CHOCOOGCTBYIOIINM IIPOSBIIEHUIO SIUTEPMATLHOTO OOpa30BaHUS
dt p-mosexyi, sBasercs >dpdexT Pamsayspa B tu—H-cTomkHOBeHUSX, TPUBOASIIAT K 3aMee-
HUIO Ipollecca TepMasm3arun tyu-atomoB B Tpoiinoit H/D/T-cmecn. 3amernm, uto B D /T-cmecu
3TOT 3PDEeKT OTCYTCTBYET.

Hannoe HabmioneHWe OTKPHIBAET HOBBHIE BO3MOXKHOCTHU [IJISI MPAKTHIECKOTO HPUMEHEHUS
d—p—t-cunaTesa, HapuMep, B IPOEKTE CO3NAaHUA NHTEHCUBHOTO HENTPOHHOTO MCTOTHUKA.

3akJIioueHune

[IpuBenennble B MaHHOW CTaTbe PE3YJIHTATHI MCCIENOBAHUN Me30KaTaln3a pPeakInil SIepHOTO
CHHTEe3a COCTaBIAIOT CErONHS OCHOBHYIO 0a3y MaHHBIX, MCIOIb3YEMBIX IJIS CpPaBHEHUS C T€O-
pueit. Oun wamocTpupyoT >PpdekTuBHOCTL paspaborannoro B [IUAP skcnepumenTambrOrO
MeTona, a TakKXke BaXHOCTH OObeNWHEHWS YCHUIIMU M BO3MOXKHOCTEHN pa3IndHBIX J1abopaTOpHi

MHpa.
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