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B Uncruryte sapepuoit pusnku CO PAH nposopuTcest paboTa 0 CO3RaHUIO HCTOYHNAKA SNATEINIOBBIX HETi-
TPOHOB Ha OCHOBE KOMITAKTHOT'O TaHAEMHOI'0 YCKOPUTEN, IPeHa3HAuYeHHOTO I MPOBeeHUs HeATpo-
HO3aXBaTHOH TEpalNy paka B OHKOJIOTNIECKOH KITMHIKE. B KauecTBe NCTOYHNKA HEATPOHOB IJTAHUPYETCS
UCMOJb30BaTh JUTUEBYI0 HEHTPOHOTCHEPHUPYIOUYIO MHIIeHb. [IpennmoxkeHa opuWrMHanbHash METOAUKA
OTIpefieICHNsI TONIIIHBI INTHEBOTO CJIOS ¥ I3MEPEHO pajiiaibHOE paclpeesIeHIe TONIIHBI HANbIJIEHHO-

r'O JUTHEBOTO CIIOSI.
PACS: 06.30.Bp

ITpoBeneHHbBIE HA AREPHBIX peaKTOpPax KIMHAYE-
CKHE UCNBbITAHUS HEUTPOHO3aXBaTHON Tepanuu 3J710-
Ka4eCTBEHHBIX omyxoJei [1] moka3anu ee nepcnek-
TUBHOCTBH [2], © B Hacrosiliee Bpemsi B MIHCTUTYTE
sapepHoil puszukn CO PAH paspabaTbeiBaeTcsl KOM-
MaKTHBIA NCTOYHUK 3MUTENIIOBBIX HEUTPOHOB Ha OC-
HOBE NPOTOHHOIO yckoputens [3], mpefpHa3HauyeH-
HBII JUIs1 pa3MEIEeHUs] B OHKOJIOTHYECKON KIIMHUKE.
I'enepanusi HEATPOHOB OCYIIECTBIISIETCS TPH cOpoce
My4Yka MPOTOHOB ¢ 3Heprueit 2—2.5 MsB Ha nuTne-
BYI0O MHIIEHb B pe3yJbTaTe€ IIOPOrOBOW pEeaKIHU
Li(p, n)’Be. MuiieHb TpecTaBiIsieT coO00 OxJa-
KJaeMbIi BOJON TOHKHUI METaJJIMUEeCKui muck [4],
Ha KOTOpPBIA CO CTOPOHBI MPOTOHHOTO Ny4YKa HaHe-
CEH TOHKUU cjioi nutus. VI3BeCTHO, YTO IPOTOHBI €
HavalbHOM 3Hepruei 2.5 MaB Topmo3sTcs 1o nopo-
roBOH 3Hepruu reHepanuu HeidTpoHos 1.882 MsB B
TOJIIUHE CIIOs IUTUsL 88 MKM, a C HauaJIbHOU 3HEPIU-
en1 1.915 MsB — B ciioe TommuHoi 4.3 MM [5]. Cniepo-
BaTEJIBHO, 711 TEHEpALMU HEUTPOHOB TpeOyeTcs Ha-
MIBUISATH TATHEBBIA c1oi1 TosmmHOl oT 10 mo 100 MKM.
Bonee Tosncrhlii cinoit OyaeT NpUBOAUTH K NOBBILLIEH-
HOMY HCIApEHUIO JIUTHs, ONAacHOMY H3-3a pacIpo-
CTpaHeHHs1 00pa3yIolerocs pafuoakTUBHOTIO N30TO-
na GepuiINs, U K CYIIECTBEHHOMY YBEIMYEHHUIO CO-
MyTCTBYIOIIErO HEXKeJNaTeIbHOIO MOTOKA Y-KBAaHTOB
sneprueit 0.477 MaB B pe3yabTaTe HEyIpyroro pac-
CesIHUSI MPOTOHOB Ha SIIpax JIUTHS.

B nannoil pabore mpepiaraeTcsi HoBasi METOAUKA
OINpENEIEHNs] TOJNIIMHBI JUTHEBOTO CIOSI U IPHUBO-
IATCS PE3YNbTAThl U3MEPEHUI PAAMaIbHOTO paclpe-
leJIEHNS] TONIIUHBI CJIO O MUILIEHH.

HAIIBIUIEHUE JINTUA

Hanbinenne nuTHEBOrO CJIOSI Ha MUIIEHb OCY-
IECTBISIETCST CIIETIMAIBHO CO3/IAaHHBIM YCTPONCTBOM
Ha OCHOBE MPOMBIIIIJIEHHO MPOU3BOAUMOTO mubepa.
Ha Tapenky mmbepa moMmeleH HarpeBaTedb, a moj
TapeJKON YCTaHOBJIEH WCHApWUTENb ¢ KPYroBOW IIe-
JIbIO, B KOTOPbIi1 3aKJ1aIbIBACTCS KOHTEUHED C JIATHEM.
Tlepen HanmbUTIeHHEM TapelKy HUOepa BBOJAT B MPO-
TOHOTIPOBOJ 1, MICMIOJIB3YST MEXaHW3M YIJIOTHEHUSI IITH-
Oepa, CABUATAIOT €€ B HAIPABJICHNH K MHILIEHN Ha 5 MM.
B pesynbpTare Takoro ciBura Tapesika youpaeTcsl B
CWIB(OH, UTO OrpaHNIMBAET OObEM HANbIJICHUS. 3a-
TeM BKJIIOYAIOT HarpeBaTellb, M OCYIIECTBIISIOT MPO-
necc HanbuieHusl. [10CKONMBKY CHITL(OH TEIION30I1-
POBaH | B IIpoOllecce HAILUICHUST CHITLHO HarpeBaeTcs,
TO HAIILUICHUS HA CHITb(QOH He TpoucxoAnT. Jlutnit Ha-
MBLISIETCS] TOIBKO Ha MUIIIEHb, KOTOPas OXJIaxKaaeT-
Csl BOJIOM.

METOOUWKA M3MEPEHMA TOJIIMHBI
JINMTUEBOI'O CJIO4A

Tt u3MepeHus paguanbHOro pacipefeeHus TOM-
LIMHBl HANbIJIEHHOTO JIMTUEBOTO CJIOsI pa3paboTaHa
criendanabHasl METOIMKA. DTO CBS3aHO C TE€M, YTO, BO-
NEPBBIX, JUTHHA OYEHb AKTHWBHBI MeTajl, MOMCH-
TalbHO O0pPAa3yIOMUil COCAUHEHNUS] NPY IOMEIICHUN
€ro B BO3/YIIIHYIO CpPefly, a BO-BTOPBIX, MHOTHE CTaH-
[apTHbIE METONUKU M3MEPEHNII B BaKyyMe 3JIeCh He-
MIPUMEHUMBI, TOCKOJIBKY B HETIOCPEJICTBEHHO 01130~
CTH OT OXJIaXKIAaeMO MHUILIEHU PACIOJIOXKEH rOpsYnil
ucnapurenb. Hanpumep, n3BecTHBII METONI orpefe-
JICHHUSI MACChl HANIBNIEHHOT'O HA TEE30KEPAMUKY JIUTHS
0 U3MEHEHUIO COOCTBEHHOI YacTOThI KOJeOaHNil Ke-
PaMUKHU HENPUTOJICH, TaK KaK MPOIECcC HANbIJICHNS Ha
KEPaMUKY CYIIECTBEHHO OTIMYAETCS OT HANBUICHUS



2 BASIHOB u ap.

Taomuua 1. 3aBUCUMOCTD yAEIBHOI TPOBOANMOCTH BOJIBI
(250 M) oT 06’ BEMA IEPBOHAYATLHOTO PACTBOpPA JIATHS

YnenbHas
OO6Bem nep-
3JIeKTpHUYecKas Temmnepatypa
BOHAYaJILHOTO s
MIPOBOJNMOCTb, pactBopa, °C
pacTBopa, M MKCM/CM
1 320 19.5
2 643-646 19.5
3 942-946 19.5
4 1240-1247 194
5 1548-1558 194
10 3040 19.1

Ta6émmma 2. 3aBUCHIMOCTD MPOBOAUMOCTH BOABI OT BpeMe-
HY HAXOXXJEHUs JIUTHS Ha BO3JyXe Nepes] paCTBOPEHUEM

R e e
1 5 MuH 2000
2 4 2000
3 284 2020

be3 o6pasna - 1

Ha OXJIaXAaeMylo MOJJIOXKKY MUIIEHN BCIEACTBUE
OOJIBLION pa3HULbl B TEMIEPATypax.

CyTb npepjiaraeMoro MeTojia COCTOUT B U3Mepe-
HUU TPOBOUMOCTH IUCTUIUIMPOBAHHON BOJbI, B KO-
TOpPOW PacTBOPSIIOTCSI CIION JIUTHS, HalbUUIEHHbIE Ha
TOHKHE IIACTUHKH-‘CBUAETENN , U3TOTOBJIEHHELIE 13
TOrO Xe MaTepuaja, 9To W MuilneHb. “‘CBugerenn”’
pacnoyioXKeHbl Ha TOBEPXHOCTH MUILIEHN U HAXOMST-
csl B XOPOIIIEM TEIIOBOM KOHTAaKTe C Hell BO BpeMms
HanbUleHus. OYeBUIHOE MPENMYIIIECTBO 3TOTO Me-
TOfa, Kak OyAeT MoKa3aHO HIKE, COCTOUT B TOM, YTO
MPOBOIUMOCTb 0OPa3yIOIIErocss BOJHOTO pacTBOpa
3aBUCHUT TOJBKO OT MAacCChl PACTBOPEHHOTO JINTHUS U
HE 3aBUCHUT OT TOIO, SIBJIIETCS JIX JTUTUNA YUCTHIM TN
HaXOJUTCS B COCTaBe KaKOro-IN0O cOeTUHEHMUS (TUJI-
pUfa, HUTPUAA WM OKCUAA JIUTHs). VI3MepeHus npo-
BOAMMOCTHY ITPOBOJUJIN HAa CTaHAAPTHOM 0060pya0Ba-
HUY — HOHOMepe-KOHAyKToMeTpe AHNOH 410.

s xanuOGpOBKM METOMa MPOBENEH CIEAYIONINI
akcnepuMeHT. VI3 cunboHa, B KOTOPOM XpaHUTCS
JUTUN, BbIaBlieHa MOPLUS JUTHUS B BUAE CTEPKHS
muameTpoM 4 MM u mimHOM 34.5 mMm. CTepKeHb 3a-
BEPHYT B aJTFIOMIHIEBYIO (DOIIBI'Y U3BECTHON MacChl U
B3BelIeH. [10cKonbKy paccunTaHHas MO U3BECTHOMY
00BEMY CTEP3KHS Macca JIUTHS COBMaja C B3BEIICH-
HOI, MOXHO yTBEepXKJaTb, UYTO 3HAUATEIbHAS JacThb
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JIUTHS 32 HEMPOROKUTETBHOE BPEMs HAaXOXK/IeHNUs Ha
BO3/IyXe He IPeBpaTUIach B HUTPH MM OKCHJL JINTHS,
O YeM CBHJIETEJILCTBOBAJI U BHEIIHUI BUJ| CTEP>KHS.
Becs nutnii (0.234 r) 611 pactBopeH B 100 M1 Bofbl.
3arteM Opalii 4acThb 3TOr0 pacTBopa, 00bEM TOBOAM-
71 710 250 M ¥ U3MEepSAITU YAETbHYIO 3JIEKTPUYECKYIO
MIPOBOAMMOCTE TIPH KOHTPOJUPYEMON TeMuepaType
(tabn. 1). Pe3synapTaThl u3MepeHMiI NOKA3alH, 4YTO
yAeJIbHasi IPOBOAUMOCTD pacTBOpPa MPOHMOPLIAOHATb-
Ha Macce pacCTBOPEHHOTO JIUTHSI.

Bbruto nccnegoBano BIUSHUE U APyrux (hakTOPOB
Ha IIPOBOJAMMOCTD, 8 IMEHHO: 3aBHCUMOCTb IIPOBOJU-
MOCTH pacTBOpa OT BHJIa COEIUHECHUSA JIUTHUS U BO3-
MOXKHBII BKJaJi B IIPOBOJUMOCTL pacTBOpa WHIMM-
raJIneBOM IacThl, KOTOPas UCIOIb3YETCs Il obec-
NeYeHns. HafeXXHOro TEINIOBOrO KOHTAKTa MEXIY
“cBupeTeseM” 1 MULLIEHBIO B HEKOTOPOE KOJINYECTBO
KOTOPOY HEM3MEHHO OCTaeTCs Ha OOpaTHOM IOBEPX-
HOCTH “‘cBUIETENS .

[1J1s1 BBISIBIICHUS BIMSHUS BUIA COSUHEHMS JIUTHUS
Ha NPOBOJMMOCTb BOJIbI, B KOTOPOIl OH pacTBOPSIETCH,
ObUT NIPOBEACH CIEAYIOUNI IKCIEPUMEHT. M3 cuiib-
(hoHa, B KOTOpOM XpaHWUTCSl NHUTHUIL, ObUT BbIJaBJICH
CTEepKEHb, U CIELMATbHBIM YCTPOWCTBOM OTpE3aHbl
TpU OlMHAKOBBIX oOpa3na. IlepBblit oOpa3zen, KOTO-
PBIi COXpaHsUI MeTaInIecKuil 6J1ecK, ObLT pacTBOPEH
cpa3y. Bropoii o0pa3sen ObL1 pacTBOpeH uepe3 4 4, M K
9TOMY BPEMEHU €T0 IBET CTAJl YEPHBIM, YTO, BO3BMOXK-
HO, CBSI3aHO C MOSIBICHUEM Ha MOBEPXHOCTH HUTPHUAA
autusl. Tpetuit o6pa3en ObLT HOMEIIEH B BOAY Yepe3
CYTKH U BBITJIANNE] HA TOT MOMEHT 6CJIOBaTO-CepI)IM,
YTO MOKET OBbITH CBSI3aHO C 3aMElIeHIEM a30Ta KHC-
JIOPOZIOM U IIPEBPALLEHAEM BCETr'O INTHUS UIIH €TO 3Ha-
YUTEJILHON YacTH B OKCHU]J] JINTUA. Pe3yanaTbI n3Me-
PEeHHiT TPOBOAUMOCTH BOJbI C PACTBOPEHHBIM B HEM
autueM (Tabin. 2) TOKa3bIBaKOT, YTO NPOBOAUMOCTh
HE 3aBHCHUT OT COCTaBa JUTUEBBIX 00PA3IOB, YTO fe-
JaeT NpUMEHEHUE 3TOTO MEeTOofa, 6€3yCIOBHO, NMPH-
BIIEKATEIIbHBIM.

OyeHb BaxKHbIM NPEUMYILIECTBOM JaHHOI MEeTOU-
KU TaKKe SBISIETCA TO, YTO HAHECEHHOE ¢ OOpaTHOMI
CTOpPOHBI “CBHAETENS]” WHAWI-TalNIuEBOE MOKPBITHE
HE BHOCHT HMKAKOTO BKJIaja B MPOBOJUMOCTD, W TO-
9TOMY HE BIHSIET Ha PE3yJIbTaThl N3MEPEHUS KOJIIMIe-
CTBa PACTBOPEHHOrO JUTUA. [JI NMPOBEPKH 3TOrO
yTBepXKyeHus | r vHAui-ra/imeBon MacThl ObLT TOMe-
el B 250 mut Bogbl. [IpoBOogmMoOcCTh BOfBI IpakTHYIE-
CKM HE HM3MEHMJIACh, XOTSI BHECEHHOE KOJHUYECTBO
MAaCThI MIOYTH HA TIOPSIOK OOJIBIIIE TOTO, UTO MOXKET
[PUCYTCTBOBATh Ha “‘CBUETEIE”.

PE3YJIbTATEI 3KCITEPUMEHTA

TomnmuHa TUTUEBOTO CIOSI OMpeAesiach Cleny-
oImM crnoco6oM. Ha moBepxHOCTH OXJaskgaeMoun
muiieHn nuametpoMm 10 cM B fiBa psjma (KpecTom)
MpeBapUTENILHO YCTAHABIUBATUCHL MEIHBIC NUCKU-
“ceupmerenn’” TommuHoi 0.5 MM, miomagbo 1 cm?
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Puc 1. ®oTorpacdust MUIIEHN ¢ YCTAHOBIEHHBIMH Ha IO-
BEPXHOCTH “‘CBUJETENSIMU, CAieIaHHAs Yepe3 OKHO B Ba-
KYYMHOM1 KaMepe cpa3sy Iociie HalblUICHUs IUTUSI.

KaxkabIil. HaeXHbII TenIOBOM KOHTAKT C MUILIICHLIO
obecrnieynBa’scsl UHAUR-rannueBoi nmacroi. Cregyet
3aMETHTh, UTO €CITU “‘CBUJIETEINb” MPOCTO MOJIOKUTD Ha
MMOBEPXHOCTh MUILIEHH, TO Ha HETO HANBUISIETCS 3HAUM-
TEJbHO 0OoJiee TOHKUH CIOM, YTO CBSI3aHO C MOBBIIIIE-
HUEM TeMriepatypsl ‘“‘ceupietens”’. KoHTeiHep ¢ TuTH-
€M IOMeIllalii B UCIapuTeNb Ha TapesKy mmobepa, 3a-
TEM CHCTEMY OTKA4MBaJIM J10 fAasienusi 10 Topp, u
BKJIFOUYAJIM HarpeBaTenb. BpeMsi HanblIeHHs JUTUS
cocrapisuio 40 mua. Ha puc. 1 npuBenena gororpa-
Ui MUILIEHH C PACHOJIOKEHHBIMU Ha MOBEPXHOCTHU
“cunietensiMu’. PoTorpadus caesaHa 10 OKOHYAHUN
mpouenyps! HanbleHus. [locne HanbLIeHUs padoynit
00bEM 3aIONTHSIICS BO3AYXOM. MHUIIIEHb ¢ HalbLICH-
HbIM JINTHEM CHUMAJIACh, OT HEE OTHEISUIUCH TUCKU-
“cBupieTeNN’’ U OIyCKAJIUCh B COCY[ C JUCTUILIIMPOBAH-
Hoi Bopon. KonndecTBO nWTHS, HANBIJIEHHOTO Ha
“cBuAeTeNs”, pAaCCYNTHIBAIIY IO MTPOBOAMMOCTH 00pa-
3YIOILIETOCs pacTBOpa.

Taomua 3. Pe3ynbTaThl N3MEpEeHNN TONIIMHBI TUTHEBO-
r'O CJI0S1 MUKPOMETPOM U IO TPOBOAUMOCTH BOJIbI

i TonmuHa Mo U3MEpPEHuIo Tonmmna
5 MHUKPOMETPOM, MKM JIUTHEBOTO
5 clo4 1o
=S U3MEPEHHUIO
2 “cBupeTeNs”’ | “cBUIETENL’ | IUTUEBLIN IPOBOANMO-
| cmmTHem 0e3 nuTus cnoi CTH, MKM
Z

1 825 735 90 97.6

2 855 745 110 94.7

3 825 730 95 94.5
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Puc. 2. PajnanbHoe pachpefelieHHe JIUTHEBOTO CIOS:
Touku — W3MepeHHbIe 3HAYEHMs], MITPUXOBasT KPUBasl —
pacueTHbIE.

Ha puc. 2 noka3ano u3MepeHHOe pacnpepeicHue
TOJIIMHBI JINTHEBOTO CIIOA IO pauycy Muiienu. Bua-
HO, YTO pe3yJbTaThl U3MEPEHNN JOCTATOYHO XOPOIIIO
COIJIACYIOTCS C TPOCTHIM PaciyeTOM, BHIIOJIHEHHBIM B
IPENONIOXKEHN OeCCTONKHOBUTENBHOIO pasieTa-
HUSI TapOB JINTHS U3 KPYTOBOT'O OTBEPCTHUS HANBLIN-
TEeJs.

B npoBefieHbI TakKe NpsSIMble U3MEPEHHsI TOI-
LIMHBI JUTHEBOTO clos. MUKpPOMETPOM H3MEpSIIach
TOJIIMHA “CBUETENS” IO U TOCNIe PACTBOPEHUS ClIOs
B BOJIE, TTOCJIE Yero 3TH NIOKa3aHus CpaBHUBANCE. Pe-
3yJIbTAThl 9TUX U3MEPEHUI U pe3ylbTaThl ONpeaee-
HUS TOJILIMHBI COS IO IPOBOJUMOCTH BOAbI Ipef-
cTaBlieHbl B Ta0i. 3. VX coBnajieHne yKa3bIBaeT Ha
TO, YTO NPU HANTbUIEHUU 00pa3yeTcsl CIIOLIHON CIIOU
JIUTHS], X €ro INIOTHOCTh COOTBETCTBYET INIOTHOCTH
MeTanamueckoro nutus 0.54 r/cm?. B pabore [6], 10-
CBSIILICHHON HM3yYEHUIO BIMSHUSI OCTATOYHOIO rasa
Ha COCTaB JINTUEBOTI'O CJI051, ObLIIO BBIICHEHO, YTO Ha-
NBUICHHBIH CIIOM COCTOWT U3 YUCTOTO JIUTHSI.
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