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I'.1. Kpynusiii, I'.H. Cteuenko, A.A. fIHoBuu
T'HI] P® Hucmumym ¢uzuxu gvicoxux suepeutl, Ilpomeurno, Poccusa

B nocneanue roapl nosiBuncs  OONbIIOW MHTEpec K MOpobieMe TpaHCMyTauUK — AOJITOKUBYLLMX
PanuMOaKTUBHBIX JIEMEHTOB U MPAKTUYECKOMY MCIOJIb30BAHUIO SHEPIUU JIEJICHUS ypaHa B I1yOOKOMNOJKPUTUIECKOM
peakTope, B KOTOPOM LENHAs peakuus NOAACPKUBACTCS BHEIIHUM HMCTOYHUKOM HEHWTpoHOB [1, 2, 3]. MouHsie
MOTOKM HEHTPOHOB MOXKHO IMOJyYUTb HPU OOJNYYEHUM TSDKENbIX MULUCHEH BbICOKOMHTEHCUBHBIMU Iy4YKamu
MPOTOHOB ¢ 3Heprueit ~1 I'B.

B nanHOl pa0oTe MpeaCTaBleHbl 3KCMEPUMEHTANBHBIE JAHHBIE MO CKOPOCTSM PEakWii, TONTyYeHHBIX ¢
TIOMOTITBI0  TIOPOTOBBIX AKTHBAIIMOHHBIX JETEKTOPOB TpW OONydeHWW BOJNBb(PaMOBO MWIIEHW TPOTOHAMH C
sueprusimu 0.895 w 1.21 I'3B w xnopwaHoit Mumenn mpotonamu ¢ sHeprusvu 0.8 w 1.2 3B (nmpoektsr  MHTIL],
Ne 157 w 477). Pabota BeimoyiHeHa B ['HI[ UOB3 Ha BHICOKOWHTEHCHBHOM YCKOPUTENE TIPOTOHOB Y-1.5.

Ilydok MpOTOHOB, BBIBEAECHHBIH W3 VY-1.5, TpaHCHOpTHUpyeTCsS MO BAaKyyMHPOBAaHHOMY HOHOMPOBOAY Ha
HCCIIEyeMYI0 MMIIEHb. PaccTosiHue ~2 M OT BBIXOJAHOIO OKHA WMOHONPOBOAA JO NEPEAHEH IUIOCKOCTU MMLIEHU
Iy4yoK MPOXOAMT N0 BO3AyXy. Hacrpoiika nonokeHus myuyka OCYLIECTBISIETCA € NOMOLLBIO TEJEBU3MOHHOIO
MOHWTOpPa W JIBYX KOOPIWHATHBIX O-Kamep. 3a BpeMs 3KCMO3WIMK BO3MOXEH STU30JMIEeCKHil yXOa Mydka oOT
TEOMETPUUECKOrO LEHTPA MULIEHU B IpejeiaX +5 MM Kak I10 TOPU30HTANM, TAK U 10 BEPTUKAIH.

MulueHb ¢ BEIOpaHHOH CUCTEMOIT KOOPAMHAT MoKa3aHa Ha puc. 1.

X

Puc. 1. Cxema oskcriepumMenTa: 1 — BaKyyMHPOBaHHBIH HOHOMPOBOT; 2, 3 — d-KaMepsl; 4 — MHAYKIWOHHEIH JaT4rK Toka; 5 —
aNrfOMUHAEBas poIeTa; 6 — MHIICHE.

MuliieHb B [EPBOM Cilyuae BoJbpamoBas, IIOTHOCTh p = 19.3 r/cM’ , HabpaHa M3 OTHCIBHBIX JUCKOB &

200 MM M TonwuHON 20 MM, oblias AfAMHA MULICHU MO myuky 600 MM; BO BTOpOM Cllyyae MUILEHb XJIOPUAHAsA,
TBepAas, TIOTHOCTh p = 3.047 r/cM’ HaGpaHa W3 OTHENBHBIX ANCKOB & 200 MM U TomIWHON 50 MM, o0mas THHA
Mutmenn mo Tydky 2000 mM. Xwumudeckuii coctaB mumenn 70% moneit — NaCl n 30% momeit — PbCl,; Becobie
JIOJTA XUMHAYIECKHAX SIEMEHTOR pactipenenernsl Tak: Na — 0.129; Cl — 0.371; Pb — 0.5. AKTHBaIMOHHBIE TETEKTOPHI
pazMeranvich Ha 60KOBO TTOBEPXHOCTH MULIEHH TIPH CITEAYIONNX 3HAYEHUSAX V!

- yv1=20, v, =80, y; =120, y4,=170, ys =300, ys=>550mMM (Bonb(ppamMoBass MUIICHE);

- v1=25, v,=190,y; =380, y,;=740, ys = 1230, ys = 1660, y; =1970 MM (XJIOpWITHAS MUTICHB).

Hucno BbIBEAEHHbIX U3 Y-1.5 NPOTOHOB ONPEAEsIOCh UHIYKUMOHHBIM JaTYMKOM TOKA B TEYEHUE KAXKIAOIO
CYTIEpPIMKNA ATUTETLHOCTBIO ~1.5 ¢, KOTOpbIe CleayroT ¢ nepruoaoM ~10 ¢. B Hammx 3KCNO3ULMAX UHTEHCUBHOCTh
myuka W3MeHsnmack B mpemenmax  {(1-1 .3)'10'3 MPOTOHOB 3a CyMepuukI. [loTpenHoCTs OnmpeneneHus Ynucia
MnpoToHOB 15%.
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XapakTepUCTUKU UCIHOJIb3YEMbIX AaKTMBALMOHHBIX JAETEKTOPOB MOXKHO Haiitu B pabore [4]. Pexum
obmywyenns nerextopoB: AT, — JUTHTENHHOCTH OONMydeHWs MHOTO MeHbIne Tieprioga Tomypacnama Typ,
oOpazyrolierocs B JAeTeKTOpe paguoHykauaa, 1.e. ATy, << Ty, Obcuer OeTa-aKTUBHBIX HYKIWAOB MPOBEICH HA
panMoOMETPUYECKOM HW3MEPUTENILHOM TPaKTe; raMMa-akTHUBHBIX — Ha [OJIYIPOBOJHUKOBOM CIEKTPOMETpPE
M3MEPUTENILHOTO KOMIUIeKca, onucaHHoro B [4]. Ilporpamma o0paboTku uHpopMauuu ¢ U3IMEPUTEILHOIO
KOMIUIEKCA, YUWTbIBAA WHAWMBUIYyaJlbHbIE XapaKTEPUCTUKU AKTUBALMOHHBIX [ETEKTOPOB, IMO3BOJSIET MOJYyYUThb
HOPMUPOBAHHbIE HA OAMH MPOTOH 3HAYEHHUA CKOPOCTEH peakuMil UCHOJb3YyEMbIX AKTUBALMOHHBIX NETEKTOPOB.
[lomy4eHHble JaHABIE IO CKOPOCTAM SIAEPHBIX PEaKINi C TIOTPENIHOCTSIMW TIpWBEeleHB B Tadm. 1 w 2 s
BONL(PAMOBOH MUIIEHH TP SHEPTUAX MPoToHOB E, = 0.895 w E, = 1.21 I'sB, a ans XnopuaHol MHUIDEHH — B
Ta6a. 3 n 4 npuoneprusx E,=0.8 u E;= 1.213B cooTBETCTBEHHO.

Otenka morpemrHocTy Y W3MEpeHWs CKOPOCTH peakiiny Y BBITIONHEHa 1o opmyre

8Y = /(31,)" +(8ST) +(3G ) .

rae dl, — MorpemHoCTE ONpeaeNeHHs YHCIA MPOTOHOB 3a SKCTIO3UIHIO; 8ST — MOTrpenrHoOCTE ONpeAeNEHns TIOMaH
¢dotormka, 0oOyclOBIEHHAs CTAaTHCTHKON W METOAOM OIEHKW TUIOmaand (oTomwWka TpW paboTe Ha TaMMa-
CIIEKTPOMETpE, B cilydae paboThl Ha PagMOMETPUUECKOM TPAaKTe 3Ta MOTPELIHOCTh O0YCIOBIEHAa CTaTHCTHUKOMN;
8Gyp) — NOIpelHOCTL IPajyHPOBOYHBIX M3MEPEHMH € IIOMOLLBKO OOpa3LOBBIX MCTOYHMKOB ramma u Oera-
WU3JLy4eHUH.

CremyeT OTMETHTH HEKOTOPBIE 06ujue 3aKOHOMEPHOCIU!

- POCT CKOPOCTH PEAKLUU C YBENUYEHUEM IHEPTUM NEPBUYHBIX IPOTOHOB;
- POCT CKOPOCTHU PEAKLUU C YBENMYEHHEM aTOMHOI'O HOMEPa MUILIECHEH;
- HaJM4Ke CEUYCHUs] MULLICHH, HA KOTOPOM HAOJI0JAETCsl MaKCUMalIbHOE 3HAUCHUE CKOPOCTU PeaKLUu.

B 3akitoueHue aBTOPbL BbIPAKAKOT NPU3HATEILHOCTD [JIaBHOMY MeHeukepy npoektoB MHTLL Ne 157 u 477
B.U. benskory-bonuHy 3a mnpeliokeHHE MOPUHATb Y4YacTHE B PaaUALMOHHO-QUIMUECKUX HCCICIOBAHUAX U
00CyKIEHUE PE3yIbTaTOB.
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TaGauua 1: DxcnepuMeHTaNbHBIE 3HAUEHUs CKOpocTel peakumii mpu B, = 0.895 I'3B.

HerexkTop— CKOpOCTb peakuuu, NpoToH’
PaaHOHYKJI. Y =20, Y,=80, Y;=120, Y ~170, Ys=300, Y =550,
MM MM MM MM MM MM
Rh—'""Rh 2.3101077 | 4.300107 | 3.900107 | 2.70010% | 7.49¢10%* | 2.10e107%°
+6.1% +6.0% +6.0% +6.0% +6.5% +7.6%
In—'""In 5.75010% | 9.88¢10% | 9.47¢10% | 7.17010%® | 2.020107% | 6.17107
+6.7% +6.6% +6.6% +6.6% +6.6% +17.0%
P—3'Si 1.44010% | 234010 | 2.15010% | 1.79¢10%® | 5.810107% | 1.63107
+22.6% +22.6% +22.6% +22.6% +22.6% +22.7%
S—*?p 3.600107% | 4330107 | 378010 | 2.76010% | 6.670107%° | 1.73107
+22.6% +22.6% +22.6% +22.6% +22.7% +22.7%
Al—>"Be 1.050107" | 3.250107" | 4.120107" | 4.49¢107" | 2.430107' -
+52.9% +29.6% +27.3% +28.4% +31.6%
Al—>""Mg 4490107 | 7.100107% | 5.140107% | 3220107 | 9.960107° | 2.370107"
+8.6% +6.6% +6.6% +6.6% +6.6% +7.9%
Al>™*Na 3.640107% | 5.89¢107% | 5.010107%° | 3.48¢10%° | 1.02¢107% | 3.52¢107"
+6.6% +6.6% +6.6% +6.6% +6.6% +8.0%
Al>*Na 4220107 | 8.880107° | 1.01010% | 8.02¢107° | 2.800107° | 3.5810"
+7.6% +6.8% +7.2% +7.5% +10.6% +18.2%
c-''c 5.940107° | 1.540107% | 1.34010%° | 1.64e10%° | 5.77¢107° | 2.73e107"
+22.6% +22.6% +22.5% +22.5% +22.6% +23.2%
Bi—>>"Bi 2.500107% | 5.850107% | 5.240107%° | 4.09¢107° | 221107 | 4.25¢107"
+24.7% +16.1% +26.6% +28.6% +17.1% +38.5%
Bi—>>"Bi 6.29¢107% | 1.10010% | 1.03010%® | 9.48¢10%° | 3.28¢107%° | 9.60e10~"
+6.6% +6.6% +6.6% +6.6% +6.6% +6.6%
Bi—>>Bi 9.320107% - 1.57010% | 1.200107% | 2.53¢10%° | 1.09¢107°
+6.6% +6.6% +18.0% +26.6% +48.6%
Bi—>>Bi 1.54010% | 243010 | 250010 | 1.49¢10% | 6.340107%° | 1.57107
+6.6% +6.6% +6.6% +6.6% +6.6% +8.7%
Bi—>>Bi 3460107 | 5.63010% | 5200107 | 3.37¢10% | 1.27¢107% -
+8.1% +5.9% +6.2% +7.3% +7.7%
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TabGauua 2: DkcnepuMeHTalIbHbIE 3HAY€HNA CKOPOCTel peakuuii npu E, = 1.21 I'3B.

HerexkTop— CKOpOCTb peakuuu, NpoToH’
PaaHOHYKJIL. Y =20, Y,=80, Y;=120, Y ~170, Ys=300, Y =550,
MM MM MM MM MM MM
Rh—'""Rh 3.89¢107% | 6.280107%7 | 52401077 | 4.0501077 | 1.42¢1077 | 4.200107%
+5.9% +5.9% +6.1% +5.9% +6.1% +8.2%
In—"""In 1.320107%7 | 1.79010% | 1.66010%7 | 1.19¢107" | 3.620107%* | 1.10e107%
+6.6% +6.6% +6.6% +6.6% +6.6% +6.8%
P—>'Si 34301072 | 4260107 | 393010 | 2.88¢10%® | 9.150107%° | 3.11107
+22.6% +22.6% +22.6% +22.6% +22.6% +22.6%
S—*?p 4.870107% | 6.530107° | 627107 | 4420107 | 139010 | 4.52¢107°
+22.6% +22.6% +22.6% +22.6% +22.6% +22.6%
Al—>""Mg 8.09¢107° | 1.020107° | 8.86010 | 6.440107%° | 2.49¢10 | 4.54¢107"
+6.6% +6.6% +6.6% +6.6% +26.0% +6.6%
Al>7Be 2.370107" | 7.950107' | 8.02010°" | 5.85¢107" | 4.03107" -
+27.3% +17.5% +15.1% +21.5% +23%
Al>™*Na 6.95010% | 9.660107% | 7910107 | 6.260107%° | 2.25¢107% | 6.58¢10~"
+6.6% +6.6% +6.6% +6.6% +6.6% +6.6%
Al>*Na 8.160107" | 1.460107%° | 1.440107%° | 1.27010% | 5.32¢107° | 6.60e10~"
+6.6% +6.6% +6.7% +6.7% +8.4% +11.8%
c-''c 7.350107° | 2210107 | 2.58010%° | 2.31e10%° | 1.14e10%° | 7.09¢10~"
+22.6% +22.6% +22.6% +22.6% +22.6% +22.6%
Bi—>>"Bi 2.69¢107% | 9.780107% | 7.23¢107% | 6.38¢10% | 2.82¢10%° | 9.78¢10™"
+26.9% +16.6% +15.9% +13.3% +13.9% +21.0%
Bi—>>"Bi 1.05010% | 1.65010% | 1.56010%° | 1.38¢107%* | 5760107 | 2.62107
+6.6% +6.6% +6.6% +6.6% +6.6% +6.8%
Bi—>>Bi 1.61010% | 251010 | 224010 | 1.580107%* | 8.57¢107% | 3.07107
+6.6% +6.6% +6.6% +6.7% +6.8% +13.8%
Bi—>""Bi 3.060107% | 4.580107% | 4.08010% | 3.600107%® | 1.41e107* | 3.230107
+6.6% +6.6% +6.6% +6.6% +6.6% +6.7%
Bi—>*""Bi 5.85010% | 7.99¢10% | 7.10010% | 6.13e10%® | 2.30e10% -
+6.9% +4.0% +3.6% +3.6% +5.0%
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TabGauua 3: DxcnepuMeHTalbHbIE 3HAY€HNA CKOPOCTel peakuuit npu E,= 0.8 I'3B.

HerexkTop— CKOpOCTb peaKuiu, 1poToH ~
PATHOHYKIL. Y, =25, Y,=190, | Y;=380, Y,=740, | Ys=1230, | Y1660, | Y=1970,
MM MM MM MM MM MM MM

Rh—'""Rh | 5.07¢10% | 7.63¢10% | 6.92¢107%® | 2.83¢10%® | 590010 | 4.78107° -
+7.0% +7.0% +7.0% +7.0% 49.0% +29.7%

In—"""In 24001072 | 3.520107° | 2.83¢10% | 121107 | 1.50010%° | 2.150107°° | 1.46107°
+8.2% +8.6% +8.8% 49.0% +9.4% +10.6% +13.9%

P—>'Si 5.300107% | 8.140107% | 6.09¢107% | 3.03010%° | 4.44¢107°° | 4.530107' | 2.71e10>"
+25.5% +25.5% +25.5% +25.5% +25.6% +26.2% +26.9%

S—*?p 9.79¢107% | 1.59¢107% | 1.160107% | 5.07¢10%° | 6.60010°° | 8.44e107' | 6.1110>"
+25.5% +25.5% +25.5% +25.6% +26.2% +36.0% +46.0%

Al>7Be 5.580107% | 2.85010°' | 4.97¢107" | 4.060107°" | 4.63¢107* - -
+34.0% +12.4% +8.4% 49.3% +29.0%

Al—>""Mg 1.01e107° | 1.69¢107° | 1.300107%° | 5.020107° | 5.62010°" | 5.1210°% | 3.400107°
+13.5% +12.1% 49.3% +8.0% 49.3% +12.7% +11.5%

Al>™*Na 1.010107% | 2.02010% | 1.85010%° | 8.27¢107°° | 1.300107° | 1.41107" | 5.84010™
+6.2% +6.5% +6.3% +6.3% +6.2% +6.3% +7.1%

Al>"Na 1.440107° | 6.12010°° | 6.970107° | 4.18¢107°° | 1.25107 - -
+7.2% +6.2% +6.1% +7.1% 49.1%

c-''c 7.370107" | 3.010107° | 3.87¢107° | 1.93e107° | 9.95¢107' | 4.230107°% | 1.65010™

+25.6% +25.5% +25.5% +25.5% +25.5% +25.8% +26.0%

Nb—""Nb 3.350107% | 6.220107° | 4.79¢107° | 2.07¢10% | 4.48¢107° | 3.100107" | 1.100107'

+6.5% +7.6% +6.5% +8.7% +8.0% +13.3% +12.2%
Bi—>>'Bi - - 3.330107% - - - -
+30.8%

Bi—>>”Bi 1.010107% | 3.47010% | 2.90010%° | 1.59¢107%° | 3.260107° | 3.260107" | 7.62010™
+11.9% +11.9% +12.2% +14.5% +13.7% +12.9% +28.7%

Bi—>>"Bi 1.0710% | 4.00010% | 4.59¢10%° | 2.53¢10%° | 5.81¢107° | 3.25010" -
+14.7% +17.7% +15.1% +17.0% +16.5% +18.4%

Bi—>>"Bi 1.77010% | 5.660107% | 5.56010%° | 3.030107%° | 9.68¢107° | 4.060107" | 1.38010'
+7.4% +7.4% +7.0% +8.6% +6.9% +8.3% +18.7%

Bi—>>Bi 2.620107% | 6.75010% | 6.83¢10% | 3.58¢10% | 1.24¢10%° | 6.050107' | 1.79¢10>"
+7.3% +7.9% +7.3% +7.7% +6.6% +10.0% +22.9%

Bi—>>Bi 3.680107% | 9.420107% | 8.47¢10% | 3.59¢10%° | 8.93¢107° | 5.350107' | 1.84e10>"
+7.0% +7.1% +7.1% +8.3% +6.5% +10.1% +10.5%

Bi—>>Bi - 1.36010% | 8.92¢10% - - - -

+30.6% +40.3%
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TaGauua 4: DxcrnepuMeHTabHbIE 3HAY€HNA CKOPOCTel peakuuit npu E,= 1.2 I'3B.

HerexkTop— CKOpOCTb peaKuiu, 1poToH ~
PATHOHYKIL. Y, =25, Y,=190, | Y;=380, Y,=740, | Ys=1230, | Y1660, | Y=1970,
MM MM MM MM MM MM MM
Rh—'""Rh | 5.39¢10% | 9.52¢10% | 7.80010%® | 3.93¢10® | 1.38¢107% | 4.02010% | 1.250107%
+7.0% +7.0% +7.0% +7.0% +8.0% +9.0% +12.0%
In—"""In 3270107 | 5340107 | 4460107 | 2.15¢107% | 6.06010%° | 1.47010%° | 5.35107°
+7.8% +7.9% +8.7% +8.0% +9.4% +11.0% +12.0%
P—>'Si 7.71010% | 1270107 | 1.130107% | 579010 | 1.72¢10%° | 4.16010°° | 1.520107°
+25.5% +25.5% +25.5% +25.5% +25.5% +25.6% +25.7%
S—*?p 1.52010% | 257010 | 2.16010%® | 1.080107%* | 2.95¢107% | 6.29¢107° | 2.420107%
+25.5% +25.5% +25.5% +25.5% +25.6% +26.1% +27.8%
Al>7Be 9.870107% | 6.49010>" | 9.59¢107" | 7.79¢107" | 4.25¢107' | 1.07010>" -
+17.0% +8.6% +8.2% +7.4% +10.6% +16.5%
Al—>""Mg 1.410107° | 2.400107° | 2.500107%° | 127107 | 9.77¢107" | 3.8710°" | 1.88¢10°"
+9.5% +8.9% +10.3% 49.9% +8.3% +7.9% +7.3%
Al>™*Na 1.73010% | 3.22010% | 3.02010%° | 1.530107%° | 4.72¢107° | 1.14e107° | 3.70010'
+6.1% +6.3% +6.2% +6.1% +6.3% +6.1% +6.3%
Al>"Na 2.800107° | 9.150107° | 1.05010% | 6.520107° | 2.65¢107° | 7.67¢10>" -
+6.5% +6.2% +6.3% +6.0% +6.9% +11.1%
c-''c 1.010107° | 3.140107°° | 6.160107° | 6.000107°° | 1.650107° | 6.400107" | 2.97¢10>'
+25.6% +25.5% +25.5% +25.5% +25.5% +25.5% +25.5%
Nb—"*"Nb 5.60010% | 9.13010% | 8.28¢10% | 4.09¢10%° | 1.29¢10%° | 2.720107° | 9.9510"
+6.0% +6.1% +6.2% +6.3% +6.5% +8.8% +10.3%
Bi—>>'Bi - - 5.120107° - - - -
+28.8%
Bi—>>”Bi 1220107 | 4770107 | 4.85010%° | 2.79¢10%° | 1.020107% | 3.300107° | 1.320107%
+8.5% +7.8% +7.7% +7.7% 49.0% +8.3% +9.3%
Bi—>*"Bi 1.73010% | 598010 | 5.83010%° | 3.850107%° | 1.22¢107% | 3.650107° | 1.420107%
+15.5% +17.2% +15.6% +15.3% +16.7% +17.0% +18.8%
Bi—>>"Bi 3.10010% | 8.39¢107% | 8.19¢10% | 4.87¢107% | 1.57¢10%° | 4.750107° | 1.750107°
+6.9% +7.0% +7.7% +8.3% +9.2% +9.8% +9.7%
Bi—>>Bi 4480107 | 1.050107° | 1.080107% | 5.78¢10% | 2.11e10%° | 5.880107°° | 2.26107°
+7.4% +6.9% +7.2% +7.9% +8.4% +7.9% +7.1%
Bi—>>Bi 6.880107% | 1.340107% | 1.140107%® | 6.88¢10%° | 1.82¢10%° | 3.97¢10°° | 1.57107°
+7.0% +7.5% +7.8% +7.7% 49.0% +8.9% +9.5%
Bi—>>Bi 1.450107%% | 2.89¢107% | 2.62¢107% | 1.32¢107% | 4.12¢107% - -
+4.3% +5.8% +5.0% +6.9% +8.9%
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