MPOBNEMA MPEBPALLEHWNA BOAOPOOA B TE/NN.

E. PabuHoBwnu.

Ony6nmKoBaHHble B Moc/iefiHee BPeMS pe3y/ibTaTbl OMbITOB 6GEPANHCKUX
xumukoB lMaHeTa wu MeTepca (1) 3acTaBniAT BHUMaHWE (U3NKOB
BO3BpPaTUTbLCA K MnpobremMe BO3MOXHOCTM MpeBpalleHWs BOJOPOAA B refinii.
TeopeTuyeckn [eno 06CTOMT clefylowmm obpasom: A4P0 renms COCTOUT,
Nno COBPeMEHHbIM MpeAcTaB/ieHUAM (MPSAMO He A0Ka3aHHbIM, HO MMEKLWNUM 3a
cebs BbICOKYH CTerneHb BEPOATHOCTU) M3 4 Afep BOLOPOAA W 2 3NEKTPO-
HOB. OTW LWeCTb YacTuL, 06pasyloT CUCTEMY, pacnonoXeHne Koelk Ham Hewns-
BECTHO, HO OTHOCUTENIbHO KOTOPOW Mbl 3HaeM M3 onbiToB Pe3epdopja,
YagBsunka u bunepa (2), 4To OHa [elCTBYeT HapyXy KaK 31acTu-
YeCKUW 3nnuncong ¢ noayocsaMu, paBHbiMn 8-10~13 m 4-1CI'13 cm. [o Tex
nop, Noka vacTuua, K KOTOpOi MpubamxaeTcs SAPO renus, He KOCHeTcH
MOBEPXHOCTM 3TOr0 3NNMNcoupa, Ha Hee fJelicTByeT O6bIKHOBEHHAs KyJio-
HOBCKas cuna, 06paTHO nponopunmoHanbHasa KBajpaTy pacCTOAHUA OT LeH-
Tpa annuncoufa, Kak ecnum O6bl B 3TOM LeHTpe Oblal COCPefoTOYeH 3apsj
Ajpa renus, paBHbI 2e. Korga MOCTOPOHHAA 4YacTuua (A4po BOAOpoAa
B onblTax Pe3epdoppa) LOCTUIHET NOBEPXHOCTU 3nnuncoupa, oTTalKu-
BaloLLLasA cuia HaunmHaeT Bo3pacTaTb ropasfio ckopee, Yem no 3akoHy KysoHa;
NPOUCXOAUT KaK 6bl 3/1aCTUYECKOe OTpaXKeHue YacTuubl OT MOBEPXHOCTU
annuncouga. BbluncneHna Yagsuka v bunepa nokasanu, 4to HeBO3-
MOXHO NPUAYMaTb TaKoe TMPOCTPAHCTBEHHOE PAaCMOJIOXKEHUE  YeTblpex
MPOTOHOB WM ABYX 3/eKTPOHOB, B3aMMOfelCTBYKOLNX N0 3aKoHy KynoHa,
npuM KOTOPOM [eACTBME CUCTEMbl HapyXy O0OKasanocb B COOTBETCTBUMU
C 3TUMK ONbITHLIMW pe3ynbTatamn. Pesepdopf CKAOHEH MO3TOMY
fymaTb, 4TO COCTaBHble 4acTW renuMeBOro sfgpa CBA3aHbl MeXAy C060W
OPYrMMU  CUNaMK, a He 3/IeKTPOCTaTUUYEeCKUM TMPUTSXKEHUEM MO0 3aKOHY
KynoHa. Bbinn cgenaHbl MeTTepcoHOM (3) NONbITKU 06BbACHUTbL BHe-
3amHoe BO3pacTaHWe OTTaNKMBAHWA B HeEMocpeACTBEHHOW 6/1M30CTW OT Aapa
nonspusaumnelii nocnefgHero nog AeNCTBMEM NpPUOBAMKAIOLWLENCA 4YacTuubl,
M n36aBUTbLCA TakMm 06pasom OT Heo6XOAMMOCTM OTKasaTbCA BHYTpU Aapa
OT KYJ/IOHOBCKOMO 3aK0Ha; HO W 3Ta MOMbiTKa He MpuMBeEsa ele K KakKuMm-
NN60 KOHKPETHbIM MpPeACTaB/IEHUSAM O PacrnosioXXeHWU COCTaBHbIX 4YacTei



MPOB/IEMA MPEBPALWEHWNA BOLOPOAA B MTENEW. 459

T refinesoMm sgpe. Takum o06pa3oM 0 CTPOeEHWU sAgpa Tefiua Mbl HUYEro
OonpejesieHHoOro He 3Haem, W npobsiema 3TOr0 CTPOEHWA TEOPETUYECKMU
npescTaBnseTca ewe HeAOCTYNHOWA.

B Hawlem pacnops>XeHUn MMeeTCA 3aT0 KOCBEHHOE yKa3aHue Ha aHep -
rmi obpasoBaHMSA sgpa reams, B BUAe W3BECTHOW rmMNoTesbl ,,Mac-
COBOro pgedekTa', BNepBble MpeanoXeHHoli Pesepdopaom (4) n 3atem
pasButol MFapkMHcoM uM BunbcoHom (5). CornacHo aToli rmnorese,
~hedpekTy”™ B \M = 0,032 r, HabnwjaemMomy npu npeBpaweHUn 4YeTblipex
rpamm-atomoB Bogopoga (4,032 1) B 1 rpamm-atom renua (4,000 1)
[O/MKHA COOTBETCTBOBATbL ,,TensoTa peakuum', paBHas, cCOriacHo DIHLWITEN-
HOBCKON dopmyne, 4JEJ=AiIM"-c2= 0,032-9-102 apros= 6,9m 108 601bLLINX
Kanopwii. MNpegctaBum cebe 2 ,,rpamm-aToMa™ 3/1eKTPOHOB U 4 rpamm-aToma
NPOTOHOB B BUfAe [BYX OLHOATOMHbIX ra30oB W MPeAMONIOKMUM, 4YTO XUMU-
yeckas [MOCTOAHHAA 3TUX ras3oB MOXET OblTb BblUYWC/IeHA N0 (opmynam,
HO KOTOpPbIM 3TO BbIYUC/IEHWE NPOU3BOANTCA [N 06bIYHBLIX OLHOATOMHbIX
rasoe. Mbl moXxem Torga, BmecTe ¢ TonbmaHoMm (6), C NOMOLLLIO
Teopembl H ep He Ta, BblUMCIUTbL paBHOBecue peakuun 4H+-[-2EL17~"He++.
Kak nerko npefgnonoXuTb a priori, BblYUC/eHNe NMPUBOAUT K pesynbTarty,
COr/lacHO KOTOpOMY fJaxe npu Temnepatype fo 10e rpagycoB v [aBneHUun
B 10~KO atmocdep, T.-e. NpU YCcA0BUAX, Haubonee 67aronpusaATHbIX ANA
jvccoumnaumn, paBHOBecMe BCe elle AO0/IKHO BCELEN0 HaxoAMTbCA Ha CTo-
poHe accouuauumn. OpyruMmu cnosamu, BOAOPOL MOXET BOO6LLe CyLecTBO-
BaTb B NpuUpoje B KOHEYHOM KOMMYeCTBE TO/IbKO B CUJY OLHOW M3 cneayto-
WMX Tpex MNPUYUH: UAK runotesa obpasoBaHuMa He u3 4veTblpex H c ykKa-
3aHHOI 3Hepruein He BepHa; WAN peaKuMs 3Ta HWUKOrga M HU NpU KaKux
KOHKPETHO OCYLLLECTBJIEHHbIX B MPUPOAE YCNOBUAX HE MPOUCXOAUT C KOHEY-
HOli CKOpPOCTbIO; WMAN >Xe, KOIMYecTBO BOAOPOAA, Mcuyesakllee 6narogaps
npeeBpalleHnto B rennii, KoMMeHcupyeTcss HoBoobpasoBaHueM BoOAopoAa
nytem pacnaga 6o0fiee TSXKeNbIX 3/1EMEHTOB WM Xe camoro renus. Mocneg-
HWA NpoLecc He MOXeT, pasymeercs, MPOUCXOAUTb CaMOMPOU3BOJbLHO,
a TO/IbKO C MOT/IOWEHNEM OrpOMHOr0 KOJIMYecTBa 3HEPTrUU; efUHCTBEHHAasA
BO3MOXHOCTb €ro 3aksnwuvaeTcs, Takum o6pas3om, B HanMyum Kakoro-nm6o
KOCMUWUYECKOr0 M3/y4eHUs C HeobGblYaliHO KOPOTKOW A/IMHbI BOJHbI.

MpeanonoXxum, 4To rmnortesa crpoeHua He ++ n3 4He+-(--2E1 BepHa.
UTo MOXeT npenAaTcTBOBaTb TOMY, 4TO6Gbl Be3ge, rAe MPUCYTCTBYHOT OfHO-
BPEMEHHO 3/IEKTPOHbI M MPOTOHbI, He MPOUCXOLWUNO COEAUMHEHUA WX B AAPO
renna? Bce WeCcTb yyacTBYHOLWNX B peaKynm 4yacTumy, No HalM COBPEMEHHbIM
npeicTaBNeHUAM, CYTb 4acTuubl 3/1eMeHTapHble, He ob6najalline KakuMm-
60  BHYTPEHHUM CTpoeHuem. CriefoBaTe/lbHO, KaKMx-nmbo 3afepxek
B peakuun, aHa/lIoTMUYHbIX TaKOBbIM MPU 0ObIYHBLIX XUMWYECKUX peakuuax,
6bITb He MOXeT. Hanpumep, 02 n H2 He coeguMHATCA NpU 06bIYHON TeMm-
nepatype noTOMY, 4YTO MepBOA CTYyMeHbl npouecca A0MKHA 6biTb fucCO-
unaumsa, wnu BO36YXAeHWe, Tpebytlollee 3HepPrum, KOTOPOA He MoOryT
.JOCTaBUTb B3aWMHble CTO/IKHOBEHUSA Mosnekyn. ofoOHbIX 3afepXeK u3-3a
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3HJOTEPMMYHOCTM MepBbIX CTyneHeli peakuuu npum ob6pasoBaHWU renus
n3 Bofopofja Mbl cebe MpeAcTaBUTb B HACTOSLLEE BPEMS He MOXEeM.
Ho opHO 3aTpyfHeHue, 06ycnoBnnBatLlee 6eCKOHEUHYIO MeA/IEHHOCTb peak-
LMW, Nerko MoXeT OblTb HafeHO: OHO 3aK/4vaeTcs B OGECKOHEUYHO Masoi
BEPOATHOCTU LUECTEPHOr0 COyAapeHns, Heob6XoAUMOro pAnsa o6pasoBaHus
reinesoro agpa. BepoATHOCTb 3Ta HACTO/IbKO HUYTOXHA, 4TO, Laxe Mpw
YBeNMYeHUN NAOTHOCTU BOAOPOJA L0 AeCATU TbiCAY aTMocdep, TakKoro poja
coyjapeHus He B COCTOSHMM ele MNOBECTM K 3aMeTHOW CKOpoCTH
peakuuu.

Takvum 06pa3oM, € TOYKU 3peHUss TeopeTUYECKON, eCTb OCHOBAHMWA
cumMTaTb MNpeBpalleHne BOAOPOAA B reuii Hem3beX HbIM, HO MpoTeKak-
WMM 6ECKOHEYHO-MegNeHHO MpoLeccoM, KOTOPbIA He MOXeT ObiTb
3aMeTHO YCKOPEeH C MOMOLLbI KaKUX-TM60 [AOCTYMHbIX 3KCNepUMeHTaTopy
CpeacTB; M60 NMPUMEHEHME KOHLEHTPUPOBAHHON BHELLHEN 3HEPTrnUM He MOXeT
Urpatb HMKaKOM PoNn B 3IK30TEPMUYECKOM MpoLecce, He UMEKLEM HUKa-
KWX NpeABapuTeNbHbIX 3HAOTEPMUYECKUX CTaguid, a LOCTYNHas HaM LiKana
JaBNEHUM CANWIKOM HUYTOXHA A8 3aMeTHOro YBE/IMYEHUS BEPOSATHOCTMU
peakuuun. EgMHCTBEHHAA BO3MOXHOCTb 3aK/l04aeTcad B AONYWeEeHUU CTY-
neH4YyaToW peakKLWW, TMOCTENEHHOro TMOCTPOEHUSA TrenuMeBOro sjpa
c obpa3oBaHWEM MPOMEXYTOYHbIX NMPOAYKTOB, Hanpumep, n3otona BOAOPOAA
C aTOMHbIM BeCOM 2 K3 ABYX MNPOTOHOB W O4HOr0 3/E€KTPOHA, WAWN ,HeW-
TpoHOB"™ n3 1 npoToHa MU 1 3fleKTpoHa U T. [.

TakoBa TeopeTuyeckas CTOpoHa Bompoca. YTo KacaeTcsa [0 3KCMepu-
MEHTANbHOW CTOPOHbI, TO YTBEPXAeHWA 06 yaayHOM MpeBpalleHun BOAO-
pofa B renunii BcTpeyalwTca B nuTepatype Yyxe faBHO. HanomMHMM TONbKO
HalyMmeBLUNEe B CBOe BpeMs OMbITbl camMoro Pam3asf W COTPYLHWUKOB ero
Konnun, MeTtepcoHa M MaccoHa (7) oTHOCMTeNbHO o06pa3oBaHuA
renusa (M HeoHa) B paspsfHbIX TpybKax, Hamo/HeHHbIX BogopogoM. [1po-
Bepka aTux onblToB CTpetTOoM (8), MepToHOM (9), 3repTtoHom (10),
Mnyttn (11) v gp. jana oTpuuaTenbHble pe3ynbTaTbl, a (haKT Haxoxpe-
HWS HeoHa, KONM4YecTBa KOTOPOro 00bIYHO Aaxke MNpeBbIlWann Konu4yecTsa
HalfeHHOro renusa, fenaetT BeCcbMa BepoOATHbIM 006bACHEHMe pesynbTaToB
Konnun, TlletTepcoHa ®”n M3accoHa TMPOHWKHOBEHWEeM B annapar
cnefoB BO3fyxa; MO0 BO3AYX COAEPXMT, KakK W3BECTHO, HEOH W Trenui
B OTHoweHun 3:1. MaHeT n MeTepc coobWaAT, YTO U OHU NOAYYUNU
oTpuuaTenbHble pe3ynbTaTbl NpW MOMNbITKE NOBTOPEHUS ONbITOB 06pasoBa-
HUSA renua B paspsafHoin Tpyobke.

TeM HeoXnaaHHee W napajokcanbHee SABNAETCA MOMOXUTENbHbIN
pe3ynbTaT, MOAYYEHHbIN 3TUMMU YYeHbIMMU NPU AelicTBMKU Nannagusa Ha BOAO-
pog. CHayana OHW OOHApPYXXWNW renvini B BOLOPOLE, MPONYLIEHHOM B BaKy-
yMe CKBO3b pacKaneHHbIl nannagmesBblli Kanunnap, a nos3xe HawauW, 4To
ewe 60see 3HaYUTeNbHble KOMNMYECTBA renusa MOryT O6biTb 06HapyXeHbl
B BOAOPOAe [MOC/e MNPOCTOr0 CTOSAHWUA ero Haj aKTUBHbIM naniafneBbIM
npenapaTtoMm — nannaguesoli ry6koii, nannagueBbiM acbectom u T. 0.
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OnbITbl NPOM3BOAWAUCL TakMM 06pasom, 4TO BOAOPOL, CTOABLUUA B Teuye-
HVe HeKOTOpPOro BpeMeHW Haj nannagueMm, CMewwmBascad C KUC/IOPOAOM
N CXXUrancsa C MOMOLLbI0O TOr0 Xe camoro nananagueBoro npenapara. 3arem
BCe rasbl (KpoMe renvMa W HeoHa) MOraowWwannucb C MNOMOLLbID aKTUBHOIO
yrna npu TemnepaTtype >XWAKOro BO34yXa, W OCTAaTOK MofBeprasnacsa cnek-
TpanbHOMY aHanmsdy. OTCyTCTBMEe B CMeKTpPe JIMHWIA HeoHa CYMTanochb
[0Ka3aTenbCTBOM ,,4YUCTOTbI" paboTbl; renuini He MOr MPOUCXOAUTbL B 3TOM
cnyyae M3 c/ny4vaiiHO nonaslIero B amnapaT BO3gyxa.

B pesynbTate 3TWX ONbITOB Obl1 O06HaApPYXeH napanienusMm Mexay
NPoOAO/IKNTENBbHOCTLIO CTOAHUA BOAOpOofa Haj nannagvem U KOMYeCcTBOM
renns; of4HaKo, 0Ka3a/llocb, 4YTO pas3NMyHble npenapaTtbl nannagua obna-
[aloT BeCbMa pas/IMyHOlW WHTEHCMBHOCTbLIO [AeACTBMA M 4TO Jaxe Haubo-
Nee aKTMBHble npenapaTbl NMOCTEMNEHHO TEPSAKT CBOK aKTUBHOCTb, WHOrja
nocnegHsAA MOXET 6blTb BOCCTaHOBJ/IeHa MO 00bIYHbIM cnocobam — nyTem
HakanmeaHMA npenapata (B BOAOPOAe, KMUCNOPOAe WM BaKyyme).
B Haubonee ycnewHoM ONbITe, TMpPWU MNOOYEPELHOM CTOAHUU Tipe-
napata B BOOPOAE M KWUCNOPOAE B TeyeHMe HEeCKO/IbKUX YacoB, Mocne
CTOSAHUSS B BogopoAae O6blN1I0 KaXpAblii pa3 oObHapyXuBaemo
okono 10~8— 10-7 cu3renunsa, B TO BpemMs KaK Mocse CTOAHWUA B KUCJIO-
poge— KO/IM4ecTBO renmsa 6bi710 B 10 — 100 pa3 MeHbLue.

MOXHO N1 cuUMTaTb 3TU Pe3ysibTaTbl OKOHYaATE/IbHbIM [0KAa3aTe/IbCTBOM
YCMEeWHOro npeBpalleHss BOAOpPOAa B renumini ? Bonblioe YMCNO BO3MOXHbIX
MCTOYHUKOB MorpewHocTed 6b110 MNpuMHATO MaHeToM K lMeTepcom
BO BHMMaHMWe W YCTPaHEHO C MOMOLbI 0CO6bLIXN'OMNbITOB. VICTOYHUKK 3TKU
TPOAKOro xapakTtepa: 1) npucyTCTBUE C/efoB renns BO BCeX MaTepumanax
cp., Hanpumep, nccnegosannsa CtpeTTa (12)]; 2) cenekTuBHaa guddysnsn
renvs 13 Bo3gyxa CKBO3b CTekn0 M KkBapy (13) m 3) BO3MOXHOe MNoro-
uieHMe HeoHa B yrne. W3 3Tux Tpex WCTOYHWKOB Hambosiee OMacHbIM
npeacTaBnseTca Ham nepBbld. [MNpaBpa, lMaHeT M leTepc nokasanu
C MOMOLWbI CcheunanbHbIX ONbITOB, 4YTO MannaguveBble npenapaTbl MOSHO-
CTblO OTAAlT ras, NOrfoWeHHbIA MMKU B atmocepe YUCTOr0 Fenns, Yyxe
npu KOpPOTKOY! HarpeBaHMU WM YTO MO3TOMY HEBO3IMOXHO Npegnonararb, 4TO
npenapaTbl 3TW CMNOCO6GHbI MOrfoWaTb B 3aMeTHOM KO/MM4YecTBe Teuii
M3 BO34yXa W YyAep)XuBaTb ero TakK MNPOYHO, KakK 3TO0 HeobxoAumo ANnA
06BbACHEHMA pe3ynbTaToB ONbITOB. OAHAKO MOXHO MNpecTaBuUTb cebe, 4To
MOrMOWEHHbIN ManiagMeM reavili B [eACTBUTENBHOCTM MNpU HarpeBaHUu
MOMHOCTbLI0O He BblfensieTcs. BbiTb MOXeT, renunii, NnogobHo Bogopody, obna-
fJaeT cnocoOHOCTbIO MPOHMKATb B KPUCTaN/IMYeCKYIO pelleTKy nannagua,—
XOTA W B HeCPaBHEHHO MeHbLUeM KO/IMYeCcTBe, YeM BOLOPOL; MPWU MNOrJoLLe-
HUM BojoOpoOfa ,,3acCTPSABLUMNIA' B pelleTKe Trennii BbITECHAETCS BOLOPOAOM,
NMPOHMKAKLWMM BCIO pPeLleTKY W paclupsAlwWwmMM ee, a MNpu MociaefyrLem
HarpeBaHUW renuii ynetyympaeTcs.

CyanTb 0 BEPOATHOCTM 3TOF0 M APYrMX MOAOGHOro poja 06bACHEHWUN
(a priori, pasymeeTcs, Mano nNpaBAonofobHbIX) MOXHO 6yaeT TO/IbKO Moc/ie
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nosBneHWA nogpobHoro onucaHua onbiToB [laHeTa wn [lleTepca,
MU MOSIBNEHUA JanbHeWlnX uccnefoBaHWini mo aTomy Bomnpocy. [lo Tex nop-
NPUXOANTCA cUMTaTbCA C Tem, 4TO pesynbTatbl [laHeTa wn leTepca
ABNAOTCA N0LAOM TPEX/IETHEr0 YMOPHOro U HeobGblYalHO TLLATENbHOIO
Tpyda, MpPOBEAEHHOro C 3aTpaToii 60MblIMX annapaTuMBHbLIX CPeAcTB,
N 3acnylwinBatoT MO3TOMY CaMOro CepbLe3HOro OTHOLWEeHWA N LOBEpUS.

Ecnn (akT npeBpalieHWs BOAOPOAa B Fenuit ¢ NOMOLLbID KaTanuTu-
YecKoro AeicTBMsA nannaguMsi NOATBEpPAMTCA, TO, KaK HaM KaxeTcs, npu-
JeTca npusHatb Haubosiee BepOSATHOW MPUBELEHHYIO Bbille BTOPYH ruMo-
Tesy TonbMaHa. YC/N0BUA, UMeKOLMECA B HAJIMYHOCTK B abcopbrpoBaHHOM
nannagueBoM BOJOPOAE, He MOryT OblTb B KakKon-nMb60 0cCo6eHHO, upes-
BblUaliHO Mepe 60/ee BbIFOAHbIMU A1 TpaHCMyTauuu, HeXenun TaKoBble,,
umMerowimeca B npupoge. Mo HoBelWw WM wuccnefoBaHMSAM, BOAOPOA B na-
nagnun, Kak KaxeTcsl, He HaxoAuTcA faxe B Buae cB060AHbLIX NMPOTOHOB,
a B BMAE HelTpanbHbIX aToMoB H; npaBga, B HeoOblYaiiHO BbICOKOIA
KOHLeHTpauuu.

MoaToMy ecnu peakuus [eCTBUTENbHO MNPOMCXOAUT B Nannaguu;
C ycTaHoOB/NeHHOW [MaHeToM ” [eTepcoM ObICTPOTON, TO OHa AOJIKHA
B 3aMeTHOW Mepe npoTekaTb W B MNpupoge; a, CrnefoBaTenbHO, npwu-
CyTCTBMe BOAOPOfa B Hawem MWpe MOXeT OblTb 0OBACHEHO, COrNacHo
BblUMCNEHNAM TonbMaHa, TO/bKO MOCTOAHHLIM HOBOO6pa3oBaHWEM ero
n3 60nee TAXKeNblX aTOMOB.

B cBA3M C 3TMM BbIBOAOM MOXHO HAMOMHWUTb ele 0 TOM, 4TO
QALNHTTOH (14) n gp. YYeHble HEOLHOKPATHO yKa3sbiBasM Ha TO, YTO npe-
BpalleHne BOJOPOAA B renunii B Npupofe MOrfao 6bl CAYXWUTb [OCTATOYHbIM
OTBETOM Ha BONPOC, OTKYAa MOKPbLIBAOTCA 3aTpaTbl 3HEPrUU NPU KN3Nyde-
HUW CONMHUA W ApYyrux 3Besj.
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