NMIAMA ATOMHOIo BOOOPOAA)D.
WpBuHr J13Hrmiop.

Ecnu HakaumBaTb BONb(IPAMOBYH MPOBOJIOKY 3NEKTPUYECKUM TOKOM
B BaKyyMme, TO Tenjio paccemBaeTcs MOYTWU LENMKOM TMOCPefCTBOM W3NyYye-
HUA. W3nyyaemas 3Heprua BO3pacTaeT MpPOMNOPLUOHANLHO abCOMOTHOM
TemnepaType B cTeneHn 4,7. Ecnn B cocyf, BBECTU WHEPTHbLIA ras, CKaXeM,
as3oT, WKW aproH Mpu aTMOCHepHOM AaBNeHUW, TO 3HAUYUTE/IbHAA YacTb Tenna
OypeT pacceuBatbCs 6narofaps KOHBEKLUMW W TennonpoBOAHOCTU. 3Tu
MoTepn Ha paccesiHWe 3HepPruu MoCPefCTBOM KOHBEKLMW W TenaonpoBOA-
HOCTM MOXHO OMpeaennTb, BbluMTas U3 0OLLEi 3aTpaTbl 3HEPTrUU Ty 3Hep-
rMi, KoTopas npu TOM >Xe Temnepatype W3nyyaeTcs B NycToTe. ITuUM
nyTem 6bl10 HaigeH0?), YTO MOTepuM Ha KOHBEKLWIO U TenaonpoBOAHOCTb
BO3pacTatoT MPOMnopLUOHaNbHO Temmnepatype B cTeneHu 1,9, BNAOTb 40O TEM-
nepaTyp CTONb BbICOKMX KakK 3660° K (Temnepartypa nniaBneHuns Bosibgpama).

JTOT pesynbTaT Haxo4MTCA B MPEKPACHOM cornacuu c Teopuelt KOH-
BEKLUWN Tenna, OCHOBAHHOW Ha MpPeAnonOXEeHWMU, YTO B HENOCPeACTBEHHOM
COCe[CTBE C HWTbIO Hakana Tenno nepefaeTcd TenonpoBOAHOCTLIO.

B cnyyae HakanuBaHusa BOMb(PamMoBO/A HWUTWM B Bofopofed notepu
Tenna BO3pacTaldT MNPONOpPUMOHaNLHO TemnepaType B cTeneHn 1,9 nuwb
fo 1700° K, a pganee pactyT ropasfgo 6bictpee. Hanpumep, mexgy 2600°
n 3400° K noTtepu Tenna B BOZOPOL3 MpW aTMOCHepHOM faBfieHUMn pacTyT
nponopumMoHanbHO TemnepaType B 5-ii cTeneHun, a npu 55 mm gaeneHuns —
Jaxe B 6-i cTeneHwm.

HeHopmanbHOe noBefeHWe BOLOPOAA OOBLACHSAETCA Tem, YTO MPW Bbl-
COKMX TemnepaTtypax MOJIEKY/ibl BOLOPOJa AMCCOUMMPYIOT Ha aToMbl CO-
rNacHO YpaBHEHWUIO:

Ha= 2H, Q)

nornouw,as npu 3tom 60MbLIOe KOMMYECTBO 3Heprun. OrpomHas Tenaonpo-
BOAHOCTb BOAOpOLa NMPW BbICOKMX Temmnepatypax (npu 8400° K B 23 pasa

') General Electric Review, March, 1926. lMNMepeBen C. H. P>XXeBKMK H.

1) [ Lang muir. Phys. Rev., 34, 401, 1912.

s)yl. Langrauir. Trans. Amer. Electrochem. Soc., 20, 225, 1911; Journ. Amer.
S 34, 860, 1912.
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6onblle, YemM B a30Te) MMeeT CBOE MPUYMHOW MOrNOWEeHUe 3Heprum ot
HakKaneHHON NPOBOMIOKW LMCCOLMMPYIOWMUMI MOMEKYamMy BOLOPOAA, a 3aTeM
BbljeNleHne 3TOli 3Heprum B 060fiee XONOAHOM rase Npu PeKoMOMHaumm
npoanMdyHLMPOBaBLLMX aTOMOB BOAOPOAA B MOJIEKYbI.

MoaTBepXAeHWe TOM TOUKWM 3peHus, 4YTo 3TOT adekT 06ycnosneH
06pa3oBaHMEM WMEHHO OJHOATOMHOrO BOAOPOAA, a He Apyrov Kakow-nn6o
3HAOTepMMYecKol nonumopgHoi opmbl BOAOpoAda, Hanpumep, H3 (cooTBeT-
CTBEHHOW 030HYy 03, MOXHO BUAeTb TakXe B TOM, YTO MOTepsa Tenna
HUTbIO Hakana Mpu BbICOKUX TemnepaTtypax 3HauyMTeNbHO CUMbHEE Mnpwu
HU3KMX fasneHuax sogopoga (50 mm), yemM npu arMOC(HEPHOM AABNEHUMN.
CornacHo 3akoHy [eliCTBMA Macc, CTeneHb Auccoumaunm rasa Ha aToMbl
[0O/DKHA ObITh 60MbLIEe MPU HU3KUX [aBfIEHWAX, YeM Mpu BbICOKUX, Toraa
Kak npu ob6pa3oBaHUW MOMEKY/, cofepxkawimx 6onee, yem fBa atoma, Ha-
6noganocb 6bl 06paTHOE SBMEHME.

CKopo OblIM NONY4YeHbl ONbITHblE (akTbl ’), MOKasbiBaloLWine, 4TO
BOJOPOA NpPU HU3KUX [aBMeHWsAX, O6yayyun npueBefeH B COMPUKOCHOBEHME
C BOMb(paMoM uaAn nnaTuHoi npu 1300° K unu 6onee, npuobpetaeT coBep-
LUEHHO HOBble XMMW4YECKWe CBOICTBa, KOTOPbleé BeCbMa NamoMMHaKT CBOM-
CTBa BOAOPOAa B aTOMHOW opwme.

BMno HaligeHo, 4TO MeTanaM4yeckue OKuUcKU -) nogobHble WO3, CuO,
Fe203 ZnO wnn Pb02 Haxogsawmecs B cocyfe, Harno/IHEHHOM BOLOPOLOM,
npyv HW3KOM [aBfeHUN ObICTPO BOCCTAHAaB/NMBAKOTCA B MeTal/IMYeCKoe
COCTOAAHWE, ecn BONb(paMoBas HWTb, HaxoAAlWLafcas B TOM >Xe cocyhe
(nnn B Apyrom, coefVMHeHHOM CTeKNAHHOW Tpy6KOii), HarpeBaeTca [0 TeM-
nepatypbl Bbiwe 1500° K. OAHOBpeMEHHO BOAOPOL B COCYAe MOCTEMeHHOo
ncyesaet. Takum 06pa3oM, aTOMHbIA BOAOPOA, NMPOU3BOAUMbIA HUTbIO Ha-
Kasia, MOXeT pearnpoBaTb C HEKOTOPbIMU META/IUYECKMMU OKUCAMU TpU
KOMHaTHO TemnepaType, TOrfa Kak MONeKynsipHbli BOJOpOS He obnafaeTt
3TUM CBOMCTBOM. ATOMHbIA BOAOPOL MOXET TakXe pearuposaTb MpU KOM-
HaTHOW TemnepaType C Kucnopogom wunu dochopom (obpasys PH3I). Aucco-
uMauus Bojopofa HakaneHHOl BONb(PaMOBOM HWUTHIO MOXET OblTb Npej-
oTBpal,eHa3d), 04HaKO, HUYTOXHbIM KO/IMYECTBOM KUCNOPOAA WU BOAAHOIO
napa, ecnuM OH HaxoAMTCS B COMPUKOCHOBEHUW C MPOBOJIOKON.

ATOMHbI BOAOPOA UMEET TaKXXe CBOWCTBO pacTBOPATLCA B MaaTUHE
npu KOMHaTHOW Temnepatype4! M BbI3biBaeT 3HAUYUTENbHOE YBEUYEHUE
3NeKTPUYECKOT0 ee CconpoTusfieHnsa. [puBoAA MNATUHOBYK MPOBOOKY
B COMPWKOCHOBEHME C KUCNOPOAOM, MOXHO BEpPHYTb €e COMNpOTUBEHUE
K HOpMasnbHOW BenuumMHe. KonuMyecTBEHHOe U3y4yeHWe NoTepu Tenna BOMb-
(hpamMoBOI MPOBOMIOKOV NpW pasiMyHbLIX TemnepaTypax B BOAOPOAE, OCO-

L Langmuir. Journ. Amer. Chem. SOC., 34. 13 ‘n 1913.
2 Lan»gmuir. Trans. Amer. Electrochem. Soc., 29. 294—5, 1916.
3 I. Langmuir. Jouvn. Amer. Chem. Soc., 3$, 2271. 1916; Gen. El. Rev. 26.
445, 1922.
Freeman. Journ. Amer. Chem. Soc., So, 927, 1913.
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OEHHO MpXM HU3KMX [aBfieHUAX, MO3BONSET ONPeLenuTb CTeneHb AUCCO-
umaumm 1) n Tennoty obpasoBaHMs MOMEKYNbl BOAOPOJA M3 aToMoB. Tak
KaK 3TW OonbITbl 6GblNM cAenaHbl 60/ee TWaTeNbHO, TO AaHHble, KacaloLimecs
TemnepaTypbl BOMbL(PaAMOBOro BOMOCKA, BOWAM B 06uee ynoTpebneHue.
Nbwunc v PeHpgannd, a Takke v gpyrve aBTopbl NokKasanan, YTo TPeTUi
3aKOH TepMOAUHAMUKMA [aeT COOTHOLUEHWe MeXAay TenaoM Auccouunanmm
N CTENEeHbIO fuccoumauunm.

MocpencTBOM 3TOMO0  COOTHOLUEHMSA WM HOBOW TEMMEPaTypHON  LUKasbl
dopcaiTa U YopcuHrad onbiTHble gaHHble 1914 1. 6blAM BHOBbL Ne-
pecunTaHbl, U HailfleHa CTereHb AuccouuMauuu Bojopoda MpPW  PasIMUHbIX
TemnepaTypax. Pe3ynbTaTbl BblpaXkatoTcss (hOpPMY/OiA;

21 200 _
logld Z:==---y - + 1,765 log10T - 9,85-10 0,256, )

roe K— KOHCTaHTa paBHOBECUS, OnpejensemMas COOTHOLLUEHVEM

*= " (3)
Pr

rge pr—napuuanbHoe [aBfieHWE aToOMHOro BOJOpofJa, a p2— faBfieHue
MO/eKyNsApHOro Bojopofa B aTmocdepax. [lycTb X ecTb CTENeHb AUCCO-
umauuu BOZOPOAA, T.-e. [0S BOLOPOAHbLIX MOJIEKY/l, pacnaBLINXCA Ha
aTtombl. Torga, ecnu P —obuiee gaBneHue, Mbl UMEEM:

2Px 1—x)P
A= T+*; t+ I (4>
a KOHCTaHTa paBHOBecus B B ypaBHeHuU (2) ByaeT onpenensTbCs COOTHO-
LUeHneMm:

*= 4P (7 =X (5>

Tabnuua 1 faeT KOHCTaHTY PaBHOBECUA WM CTeMeHb guccouunauumn npu
pasnMyHbIX TemnepaTypax, pacCYMTaHHYI Ha OCHOBaHMMW paBeHCTB (2) u (5).

N3 ypaBHeHUs (2), npumeHssa ypaBHeHUs KnanelpoHa, Mbl MOXeM
nogcuMtatb H — Tenno, MOr/OWEHHOe MpU  Auccoumanlmm MONeKyNsapHOro
Bogopoga (NpyM NOCTOSAHHOM [aB/ieHWN)

H= 97,000+ 3,5 —0,00045T\ (6)
dTa BeNMYMHA BblpaXKeHa B MasiblX Kasopusx Ha rpaMm-MOseKyny BOAO-

poga (2,016 r).
TennoTa peakyun npu MNocTossHHOM o06beme OyaeT:

(3= 97,000-f 1,5T —0,00045 T\ @)

A1 Langmuir and Macka y. Journ. Amer. Chem. Soc., 35, 1708, 1914; 37,417,
1915: 38, 1145, 1916.

s) G. N. Lewis and Randall. Thermodynamics. New-York, 1923, p. 470.

3) Fors the and Worhing. Astrophys. Journ., 61, 146, 1925.
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TABTULA 1
Temn. T° K atmocd. x npu 1 atm. ! Temn. T° K aTtmocd. X npu 1 atm.
1
1
300 2,63,10"67 2,56,10 3# 3200 9,78,10-2 ; 0,154
1000 5,50,10"1 3,71,10“® 3400 0.256 0,245
1200 2,48,10~13 2,48,10"7 3 600 0,598 0,361
1400 1,04,10"* 5,08,10'B 3800 1,24 0,438
1600 9,81,10"® 4,95,10"* 4003 2,56 0,625
1800 3,42,10-7 2,92,10"4 ' 4500 ! 10,9 0,855
2000 5,93,10*° 1,22,10"® i 50D 34.7 0,9469
2200 6,18,10"3 3,92,10-3 ! 6000 + 169,0 0,9884
2400 4,36,10"4 1,04,10"2 n 7000 649 0,9969
2 600 2,30,10" * 2,40,10"2 s 000 150 | 0,4987
2 800 9,58,103 sgzorgZ 9000 3030 0,9993
3000 3,30,10" 2 9,0310 2 j 10000 5000 0,9996

TennonposogHOCTHSG Bogpopogaa.

Mpu Auccouymaumyu BOAOpPOAA €ro TENNONPOBOAHOCTb CUMbHO BO3pa-
cTaeT. PaccCMOTpUM 3aKOH, OMpeAensloW Uil noTepio Tenna B BOAOPOAe Mpu
He3HauMTeNnbHOW Auccoumaynu. ABTOPOM MOKa3aHO, YTo B 3TOM chydae
noteps Tensja 4epe3 TenNONPOBOAHOCTb U KOHBEKLWIO TeNOM TeMMepaTypbl
T2, B rass temnepatypbl T7 GyaeT

Ir, a>®_ >l (8)

roe Wce Bbipasutca B BaTTax; S ecTb (hakTop, 3aBUCAWMWNA TONbKO OT
(hopMbl ¥ pasMepoB OXJlaXJarLlWerocs Tenn U OTHOCUTENbHOMN TOMLWUHBI
OKpY>XatoLWero cnos rasa, HO He 3aBUCA;UUIF OT TemnepaTypbl. KonnyecTtsa
®2 n dx BbipaxarTca crnegyoumMm 06pasom.

T
o= 11 (9
~O

rge K— Koag@uumeHT TennonpoBOAHOCTU.
[na BbICOKUX Temnepatyp B BOAOPOAe Mbl WMeEM MPUBAMKEHHO

.t
$»3—1,06,10 T2 n d1= 0,8 BaTtTa Ha cm npu 300°.
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Auccoumaums Boaopoda YBeNMUMBaeT KOAMYECTBO Temnsa, OTHUMae-
MOrO OT HaKa/MBaeMOro Tefa, Ha BenNYnHYy

Wd ~-SDQs | (10),

rge 8 — 10T XXe (akTop (PopmMbl, B — KOIPHULUMEHT AMDPY3UN BOJOPOLHBIX
aTOMOB 4epe3 MOJMeKynapHblli  Bogopod, Ql— Tenno, pa3BuBaroLLeecs
(B BaTT-ceKyHpAax), korga 1r BOJOPOAHbLIX aTOMOB COeAWHAETCA B MOJMEKY/bI;
C— KOHLeHTpauma (BblpaXeHHas B rpammax Ha cm3 aTtoOMHOro BOAOpO4a
npun temnepatype T2.

Bbino HaigeHo, 4To

3
# = 000214 T / ).

N3 ypaBHeHua (7) Mbl BUAMM, 4TO nNpu Temnepatypax B 2000—3000° K,
Q1 npn6nnsnTenbHo paBHo 49,000 kan. unm 205000 BaTT X CEK.

T2 1 (

MopcTaBnss 3TM BenUUUHbI B (10), Mbl Mony4aem:
= 107 S]/~T2 (13)

{WD— B BaTTax, P —B armoctepax 1 S B cm).

Mpu 12= 3600 n ogHoii aTmoctepe «= 0,361 n PIx>==170 (S, Torga
KaK W3 ypaBHeHusa (8) u,na 37O TemnepaTypbl Mbl umeem T'c= 22,4 8.
Takum 06pa3om, TensooTgada B Bogopoge mMexay 3600 m 300 BospacTtaeT
B 8,6 pasa OGnarogaps Hanmuuw guccoymaummn. [Mpu 5000 yBenmyeHue
Tennootgayn 6yaet npubnmanTensHo B U pas.

Oyra B Bopopope npu HWU3KOM pgasnenuwn.

MbiTasgcs nonyuntb BanbMepoOBCKUIA CMeKTp Bogopofa 6e3 HanoXeHus
BTOPMYHOIrO crnekTtpa, P. Bypal) nocTpoumn oO4YeHb AJIMHHYIO pa3psgHyto
Tpy6Ky HebOoMbWOro gmameTpa, yYepe3 KOTOPYH OH MPOMyckan B aTtMmocdepe
BnaxHoro sogopoga npu 0,5 mm pasneHus Tok B 20 amnep. OH Habnogan
npu 3TOM pAf 3aMmevatesibHbIX ABAeHUA. KOpoTkMe KyCOUKWM BOMb(PamMoBOWA
MPOBOJIOKN, BHECEHHble B 06/1acTb paspsaja, CUMbHO HakanuMBanuch, Torpa
KaK TOHKas CTeK/NfHHas HWUTb, WIXW NNaTUHOBAs MNPOBOJIOKA, B TOM >Xe
MOMOXEHWUWN He Harpesanacb CKO/MbKO-HWOYAb 3HauyuTeNnbHO. Mpu BbiCcywn™
BaHWW BOAOPOAA NATUOKWUCHIO (hoctopa NOSBAANCA CUMbHbLIA BTOPUYHBIL
cnekTp (nNpuHagnexawinin MonekynspHoMmy Bogopogy), a banbmepoBckuii
cnekTp (NpuHagnexalwuii aToMHOMY BOAOPOAY) MoyTWM ucuesan. Hakanusa-
HWUA BONb(PaMOBOI MPOBOMIOKM B CyXOM BOAOPOAe He Habnoganoch.

MR. W. Wood. Proc. Roy. Soc.,, 102, 1, 1922. Phil. Mag. 44, 538, 1922.
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B cornacum ¢ npogp. Bypom aBTOp MpPeAnonoXun, 4YTO BAAXHOCTb
napanusyeT KaTtafMTuyeckoe [eANCTBME CYXWUX CTEK/IAHHbIX CTEHOK, YCKO-
pAloWmMX ob6paTHOe MpeBpalleHne aTOMHOI0 BOAOPOAa B MOJEKYNAPHBLIA.
Takum 06pa3om, TpybKa C BNaXHbIM BOAOPOLOM HAMOMHANACH NOYTU YUCTLIM
aTOMHbIM BOAOpPOAOM W, 6Gnarogaps AUMMY3NMM ero K NOBEPXHOCTU KaTanin-
TUYECKO aKTUBHOW BOMb(PAMOBOW MPOBOMIOKM, 3Ta MOCNeAHAA Harpesa-
nacb. loacyet, OCHOBaHHbLIW Ha opmyne, aHanornyHoi (13), nokasan, 4To
npu gaef HWKM aTOMHOro Bogopoga Bcero B 0,16 mm 1 npu 500° 6b1s10 6bI A0-
CTAaTO4YHO, YTOGbI NOALEpPXKMBATb BONb(PAMOBYHO MPOBOMOKY npu 2400° K.

3TN 3aKNOYeHUs NOATBepXAalTca HabnogeHnamMu Bypa: CTeHKH
TPpybKM TONMBKO Cflerka HarpeBalOTCA BO BNaXHOM BOAOPOAe, TOrfa Kak
B CyXOM BOJOpOfe HarpesaHue BecbMa CU/bHO. BonbgpamoBas NpoBosoKa
HarpeeaeTcs [JoKpacHa jJaxe B 06okoBoli Tpybke (5 fmr gvameTpom) Ha
paccTosHuM 4 cm. OT paspsagHOW Tpy6bKM, 4TO YKasbiBaeT Ha CMoCOBHOCTb
BOLOPOAHbIX aToOMOB AWMHYHAMPOBATL B CPaBHUTENbHO 6O0MbLIMX KONMYe-
cTBax M3 obnactu paspsaja

Ha OCHOBaHMW W3N0XEHHOro aBToOpPy MPMLUNA MbIC/b O BO3MOXHOCTU
nonyyeHns 60nee BbICOKMX KOHLEHTpauuii aToMHOro BOAOpoOAda, co3faBast
[OLWHYI0 BONbLTOBY Ayry Mexgay BO/Mb(PamOBbIMU 3MeKTpojamu B BOAOPOAe
npu atmMocepHOM [JaBfeHUW W BblfyBas aTOMHbIA BOAOPO4 M3 Ayru no-
CPeAcTBOM CTpyu BoAoOpofa.

dyra B Bogpopopge npu aTmMochPepHOM JaBlieHUNUMUN.

N3yyeHne gyr B pasnuyHbIX rasax Mexay BO/ibpamOBbIMU 3NEKTPO-
JaMun Hadvanoch B nabopatopumn General Electric COy)e HEeCKObKO NeT ToMy
Ha3aar). Ayra B BOOPOLE BblAENAETCA MO MPUYMHE 6OMbIOro najeHus
HanpsXXeHWs W Manoro MnorepeyHoro ceyeHud. J[yra nocTOAHHOrO ToKa
npy 10 amn. Mmexay MacCMBHbIMW BONb(PAMOBLIMK 3MEKTPOLAMWU Ha pac-
CTOAHUW 7 MM B BOAOPOLE MpPW aTMOCKEPHOM [AABNEHUWU, UMEET BU[ Pe3KO
OYEpYEHHOW SPKON KpacHOW NUHMKM, AmaMeTpoM okono 0,5 mm; rpagueHT
noteHumana cocrtasngetr 150 BOAbLT Ha cMm, 4TO, nNpumMepHo, B 15 pas
6onblue, Yem B a30Te WAM aproHe. IOTO HeHOpManbHOe MOBefAeHWe BOAO-
poga 6bino NpunMcaHo Auccoumauunu, Kotopas SBASETCA MPUYMHONA rpo-
MajHoro noTpebneHus aHepruu B fyre.

MpocToli nogcyeT nokasbiBaeT, YTO 06blYHas oTfaya Tenna nocpeg-
CTBOM TEMMNOMNPOBOAHOCTM WM KOHBEKUMW 6e3 yyacTusd guccoumauun Hu
B KOEM C/ly4ae He MOXET 06BbACHWUTbL CTOSIb 60MbLIOr0 NOTPeb/ieHNsa 3Hep-
rmn, kak 1500 BaTT Ha cM ANWHbLI Ayrn. PacyeT MnokasbiBaeT TakXXe, 4TO
noTepsa Tenna u4epe3 KOHBEKUMIO He MOXeT OblTb CTOMb Benuka. [anee,
M3 MOACYETOB, KOTOpble 3[eCb HEe MNPUBOAATCH, HABCTBYET, UTO MeXay
unnmHgpamm B 0,5 fmr m 1,5 our AMameTpom MepeHoc Tenna HabnoAaeMol

* G. M J. Mackay and C. V. Ferguson. Journ. Frankl. Inst. 181, 209, 1916.
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BE/MUYUHbLI BO3MOXEH NyTeM TenjonpoBOLHOCTU B YACTOM aTOMHOM BOZOPOJE
npu nageHun Ttemnepatypbl ¢ 10000° go 5000°. Mexay unnuHgpamu 1,5 Mw
M 6 MM BO3MOXHO OOBLACHUTL MepeHOC Tensia Anddysneinl aTOMHOro BOAO-
pofa 4epe3 MONeKynspHbli. O6BACHWTL MNEepeHOC Tenja OT MOBEPXHOCTM
LUAnHApa ¢ AvameTpoM B 6 MM K CTEHKAMm COCy[Ja 0Ka3blBAETCH HEBO3MOX-
HbIM HW NyTeEM TeNA0MpPOBOAHOCTM MONEKYNAPHOrO BOAOPOAA, HU MyTeM
KOHBeKUMW. [103TOMy nNpMXOAMTCS CcAenaTb 3ak/lyeHWe, 4YTO aTOMHbIN
BOJOPOA nepefaeT Tenio HEMNOCPeLCTBEHHO MAacCUBHbIM BOJIb()PaMOBbIM
37eKTpojaM, 4TO BecbMa BepoATHO, TaK Kak B onbiTax Makafa u ®ep-
rlocCoHa AnnHa fyru 6bina 7 Mm, U OQWH U3 3N1EKTPOLOB MPeACcTaBAn w3
cebs1 MacCuBHbI KYyCOK BOnb(pama agnamMeTpoM 0kKono 15 mm. Mbl npuxogum
TakuM 06pa3oM K 3aKN0YEeHWNI0, YTO 06BACHUTL OTBOJ 60/bLLIOr0 KONMMYecTBa
Tenaa, pasBUBAIOLLErOCS B BOLOPOAHON [Ayre, BOSMOXHO Wb 6/M30CTHIO
MaCCVBHbIX BO/IbPPaMOBbLIX 3/1EKTPOLOB.

Mpensaputensruoe ONbITbl ¢ nnamenem aTomMHOro BOopgopoaga.

UTobbl Mcnpo6oBaTb BO3MOXHOCTb BblLyBaHUA aTOMHOrO BOAOpOAa U3
[yru, 6blna CKOHCTPyMpoBaHa fyra nNepeMeHHOro TOKa NpW cuie Toka
B 20 amn., ropsawas Mexgy ABymMs BOMbPpamMOBbIMU MPOBONOKAMW B 6 MM
AMameTpoM, YCTaHOBNEHHLIMU MOMEPEK FOPU30HTaNbHOW anyHA0BON TPY6OKH,
guameTpa 10 cm, 4epe3 KOTOpyl nponyckanacb cTpys Bogopoga. [pu
HanpsxeHnax oT 300 go 800 BOMLT MOXHO 6bI10 NOAAEpPXMBaTb Ayry
0JIMHOKO [0 2 cm. MarHuTHoe none [Ayru pasfysano ee, Tak 4YTO OHa MNpu-
HUMana BeepoobpasHyto ¢opmy. XenesHble NPOBOMOKU 2—3 MM B AuUaMeTpe
NNaBATCA B TeYEHMe OAHOW WU [BYX CEKYHA, ecnin ux fJepXaTb Ha pac-
CTOAHUM 8—b cM Hapg Ayroi.

Hanpasnas cTpyio BOAopoja U3 TOHKOW TPy6KM B Ayry, MOXHO Bbl-
OyTb aTOMHbIA BOAOPO4 M3 [AyrM W o06pas3oBaTb uUpe3BblYaiHO ropsvee
nnamsa. Yrtobbl noagepxuBatb Lyry B YCTOWYMBOM COCTOSIHUW, 3MEKTPOAb
npuxoauTcs cbNM3UTb Ha paccTtofHve 1—3 MM, MPU Yem fyra He YyAepxwu-
BaeTCA LENUKOM MeXJy 3/1eKTpofaMu, HO MpocTUpaeTcs B BUAe Beepa Ha
pacctosHne 5—8 MM Hapg anekTpogamu. lMnamsg atoMHOro Bogopofa Mpo-
CTMpaeTCcsd Aafieko 3a npegenbl gyru. Ha pacctoaHum 1 mam 2 cm OT fyru
Nerko nnaeutca monubaeH (Temnepatypa nnasneHus 2900°) Y kpas gyru
MOXHO pacnnasuTb BOMb(PaAMOBYIO NPOBOMOKY (Temnepatypa MAaB/feHUs
3660° K). KBapL nnaBuTCA ropasgo TPyAHeEW, 4YeM MonmbaeH, oTKyda cre-
OyeT 3aK/NUUTb, YTO NPUYMHA ObICTPOro HarpeBaHUs MEeTannoB B MaameHu
aTOMHOro Bofopoja 006ycnoBfieHa, YaCTUYHO, UX KaTaIMTUYECKUM [eiCcTBMEM,
YCKOPAOLWMM COeiHeHVe aTOMOB BOLOpPOJa B MOJEKY/bl Ha MOBEPXHOCTU
mMeTanna.

MpumeHeHVe BoAoOpoAa, NPU 3TUX YCNOBUAX, ANSA NNaBNeHUA MeTannos
FTMEeT MHOMO NpeuMMyLLecTs. XKene3o MOXET ObiTb cnjaBfieHO 6e3 3arpss-
Henns YINEPOLOM, a30TOM W Kucnopogom. bnarogaps CuibHOMY BOCCTaHO-
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BUTENbHOMY [AENCTBUK aTOMHOr0 BOAOPOAa, CN/aBbl, COAepXalime Xpom,-
AIOMUHWNIA, KPEMHWIA WKW MapraHew, mMoryT ObiTb pacnnaBfieHbl 6e3 npume-
HeHus (NocoB U 6e3 OKUCNEHUA C MNOBEPXHOCTWU. 8 MNaMeHU aToMHOro
BOZLOpPOLA MOryT ObITb fIETKO pacnnaBfeHbl 40BObHO 60/bLUNE KYCKW OKWUCU
amomuHmus, Al 3, okmcn mapraHua, MgO, nnum okucu Topusa, M'HO2 Pacnna-
B/IeHHble, TakMM 06pa3oM, OKWUCKU He 05HAapyXMBaKT 3aMeTHOr0 BOCCTAHO-
BNEHWSA B METaaflbl, 4YTO, BEPOSTHO, MPOUCXOAUT MO TOW MPUYMHE, 4TO
06pa3oBaBLUNACS MNpPW TaKOW BbICOKOW TemnepaType MeTan/ ceiyac e
yneTyuymBaeTcs.

TexHu4yeckoe pasBuTMe MeToda YTWAU3aLMK MaMEHU aTOMHOro0 BOAO-
poja fBNAeTCA NNOAOM paboTbl MHOrMX NuUL, Cpean KOTOpbIX Heobxoauma
ynomsaHyTe P. Manbuepa u P. BelimaHa.

TemnepaTypa nnameHVn aTOMHOINO BOgoOpoOAa NO CpaBHEHMWI -

C TemMnepaTypoh Apyrumx nnamedH.

MpeanonoXum, 4YTo Mbl MOFAM Gbl MOAYYNTb aTOMHbIA BOZOPOA B CO-
cyde npu aTMOC(epHOM AaBfIEHUU W KOMHATHOW TemnepaTtype W 4TO Ml
mMorny 6bl ,,CXeub* ero, npespawlias B MONEKYNSAPHYIO (OpMY B MAaMeHN.
KakoBa Oblna Obl Temnepatypa 3TOro njiaMeHu, U KakK CpaBHUTb €e C TeM-
nepaTypoi gpyrux nnameH? [llonaras TenjoTy peakuuu (Ha 2 r BOLOPOLA)
paBHON 98 000 Kanopuil W yAenbHoe TEMA0 MOMEKYNSAPHOro BOAOpOAa
(Ha 2 % paBHbIM 6,5-]-0,0009 T, Mbl Haiifem, 4TO TenmnoTa peakuuu AocTa-
TOYHa, 4YTObbLI HarpeTb Bogopog Ao 9200° K.

Mono6Hoe >Xe BblYUC/IEHWE ANA KACNOPOL0-BOLOPOLHOrO NaameHn gact
Temnepatypy 3700°, a Ans KUCnopofo-aueTusieHoBoro nnameHn—7000° K.
KoHeuHO, Npy CTONIb BbLICOKMX TeMmmMepaTypax MpPOAYyKTbl cropaHus 6ygyT
CUNbHO AUCCOLMWUPOBAHbI, TaK 4TO MOMiHAA TennoTa peakuuum He MOXET
BbIAENUTbLCA, BCNEACTBUE Yero noayyaemble Temnepatypbl MaameHn OKasbl-
BAKOTCS ropasfo Hwke. [l1s nnameHW aTOMHOIO BOAOPOAa Mbl HalfeMm:

(- x)HO—[2xCr+ (1-a-) Co] T,

roe T —TemnepaTypa nnameHu, x — CTeMeHb Auccouuanmm npu 3TOW Tem-
nepatype, Clu C2—cpegHue N yaenbHble Tena0Tbl rpaMM-aTtoMa U rpamm-
mMosnekynbl. lyTem npo6, Monb3yAcb BenUYMHaMKU X U3 Tabnuubl 1, Wbl
HaliieM, YTO 3TO ypaBHeHWe YAOBNETBOPSETCSA, eciM MoAoXuTe T=3 990° K
N cTeneHb auccoumnaumm x = 0,62. MNofobHbIe Xe BbIYUCAEHUA AN APYrUX
nnaMeH, NpMHUMas BO BHMMaHWe CTeNeHb Auccoumaumn BOASHOrO napa wu
YI/IEKUCNOro rasa, falT A1 KUC/M0pOoL0-BOLOPOAHOro nnameHun T—b370°
n x—0,20 u gna Kucropogo-aLeTuneHoBoro nnameHn T— 3 750° K, npu
KaKoBOW TemmnepaType BOAAHO Map OKa3blBAeTCA AMCCOLMMPOBaH Ha 38%,
a yrnekucnora Ha 89°/0.

3TN TemnepaTypbl KUCIOPOA0-BOLOPOAHOIO U KWUCNOPOL0-aLeTUNEHO-
BOr0 MnjamMeHu, 6e3 COMHEeHWs, CMULWKOM BbICOKW, TakK Kak Bogopog (u,
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BO3MOXXHO, KWC/I0POA) B 4aCTUYHO AMCCOLMUPOBaHHBLIX NPOAYKTaxX cropaHus
Npu 3TUX BbICOKUX TemnepaTtypax [O/MKHblI OblTb CUALHO AUCCOLMUPOBaHbI
Ha atombl. BcnepctBue 3Toro cre-
neHb Auccoumaumy [ONXHa 6bITb
TakKXXe MOJI0XeHa BbILLe, YeM MPUHSA-
TO B Npefblgywunx BbIYUCNEHUAX.
Owwnbka 3TOrO0 poga He BXOAUT
B BblYMCNEHME TemnepaTtypbl nNna-
MEHW aToOMHOro Bogopoda. Takum
06pa3oM, Mbl MNPUXOAMM K 3aK-
NIOYEHUIO, YTO MNams aToOMHOro
BOAOpOAa 3HaYMTENbHO  ropsuei
KaK KUC/Iopof0-BOAOPOAHOr0, Tak
M KWUC/IOPOLO0-aueTUIeHOBOro Mna-
MEHW.
EcTb ewe n apyroit dakrop,
3acTaBnAlOWMIA  cuMTaTh Temnepa-
TYpy MaameHW aTtoOMHOro BOAOPOZLa
3HauuTeNbHO Bbiwe, 4em 4000°,
nonyydyarouwmeca m3 pacyera. VIMEH- Puc. 1. Mopenka ana nnameHu aToOMHOro BoAopoAa
HO, aTOMHblA BOLOPOA B MOMEHT
BbIXO4a W3 [AYyrM Haxo4uTCcA He MpU KOMHATHON TemnepaType, Kak npef-
nonaraeT pacuyet, a npu ropasgo 6onee BLICOKOW TemnepaType. YCNoBus
aHanorMyHbl OTYaCTM  KWC/IOPOLO-BOAOPOAHOMY nfameHW, rae oba rasa
npefBapuTenLHO HarpesaroTcs. Ta-
KM 06pa3oM, BepxXHUIA npegen Tem-
nepatypbl OMNPefenseTcsd  TO/bKO
CTeneHbio Auccoumauun Bogoposa
M CKOpPOCTbIO, C KOTOPOK Temnso
TepseTca 6narogaps U3NyvyeHuo u
COMPUKOCHOBEHUIO C Tenamm Hus-
KON TemnepaTypsbl.
To 06CTOATENLCTBO, YTO CTe-
MeHb fJuccoumaumm BOLOPOLA Ha
aTOMbl 3HAUYMTENLHO MeHbLUe Mpu
[aHHON TemnepaType, Yem CTerneHb
auccoumaummn  yrnekmcnoTol  Ha
KMUCNOpPOJ4 U OKUCb  Yrnepofa,
ABNSETCA BaXHbIM (hakTOpOM, fAe-
nalowuMm  nnams  aTOMHOr0  BOfO-
PHc. 2. Buag nnamMeHun aTtomMHOro BOAoOpoja. pOfAa ropasfio ropsiyee, Yem Kucno-
poo-aLeTUNeHOBOE Niams.
KonuyecTBo aHeprum, nepesaBaeMoii nnameHeM aTOMHOrO BOAopoja Ka-
3l-HNBYAb MOBEPXHOCTM, MOXET ObITb NIErKO NoAcuYMTaHo no gopmyne (13).

$usnyecknx Hayk. T. VI. Bbin. 4—5. 10
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MpeanonoXum, 4T1o nnams UM CTPys aTOMHOr0 BOLOPOAA Hanpas/ieHo
Ha MNJIOCKYI0 MeTal/IMYeckyto MOBEPXHOCTb, TemrepaTypa KOTOpPOW MeHee
2000° n KoTOpas KaTanu3upyeT COeAMHEHWe aTOMOB BOAopofa. Takum ob6pa-
30M, Ha MOBEPXHOCTWM MeTanna KOHUEeHTpauus artomoB OyfeT npakTU4ecKu
Hynb. Ha pacctofgHuu 5 MM OT NOBEPXHOCTW NPEAMNONOXUM CTeneHb [fue-

Puc. 3. CranbHble TpybKuM [mameTpom OAVMH [IOAM, CBapeHHble MO0 AVWHE B MJaMeHun
aTOMHOro BOAOPOJA.

couymauum 0,50 u Temnepatypy 4 000°. Paktop hopmbl B ypaBHeHUM (15)
OyfeT paBeH nnouwagnm AaHHOW MOBEPXHOCTU, AENEHHON Ha TONWMHY, Yyepes
KOTOPYK MNpoMCXoanT Autbysua. U3 3Tux co06paxeHW Mbl Haiigem, 4To
3Heprusa, coobuiaemas MOBEpPXHOCTW, paBHa 450 BaTT Ha CM2 B CeKyHZYy,
4yto Ha 25 nNpoueHTOB 60/bLUe, *YeM KONMYECTBO 3HEPruun, W3NyYaeMol

Puc. 4.

Pwuc. 5.

Cnnae Tpy6KM XpOMUCTOIM cTanm co cTeksoM. CBapKka B MjlaMeHM aTOMHOro BOAopoja AaeT

ypesBbl4aliHO MPOYHOE COeAMHEHWE pPas3IMYHbIX MeTa/IoB. MecTo CcBapku MOXeT O6biTb

pacTarMBaemMo, COFHYTO, CKPYYeHO WM MOABEPrHYTO KaKUM-IM60 UHbIM  fedopMauusm
6e3 um3noma.

C MOBepXHOCTM BONb(paMa Npu TemnepaType nnaefeHna (3 660°). Cko-
pocTb ANPGY3MM aTOMHOr0 BOAOpOAa OKasblBaeTcd, Takmm 006pa3oM, Ha-
CTONbKO 60MbLWONA, 4To N8 ObICTPOro nAaBfeHWA MeTanna He ABNAETCA
HeobX04MMbIM, 4YTOObI CTPys rasa MNPUHOCMNA aTOMHbLIA BOAOPOL O6/MXKe,
YeM Ha 5 MM K MOBEPXHOCTW MeTanna.

Ctpys monekynspHoro sogopoga B 100 c.k3 B CeKyHAy (npy KOMHart-
HOM TemnepaTtype), Oyayun npeBpalleHa B aTOMHbI Bogopog npu 5 000°
(x= 0,95), cnocobHa BbIAENATb MOLWHOCTL B 1,6 kB. OTO 4UCNO MOXET
faTb 60nee sACHOe npeAcTaBleHME O TeX MPUMEHEHUAX, Kakue nnams
aTOMHOro BOAOPOJa MOXET WMEeTb AN NAABAEHUS W NasgHUSA MeTafoB.
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YcTpoiicTBo Ayru gns nonydeHums aTomMHoOro sopopoga.l)

lFopenka gns nasHWA W CBapKW NOCPeACTBOM MJaMeHU aTOMHOro BO-
Jopofja un3ob6paxeHa Ha puc. 1 B [ABYX pasn4HbIX (Qopmax. ONeKT-

PHC. ¢>— CTanlbHasi Tpy6a, CM/IIOLLUEHHAsi MOCie CBapKu 6e3 Maseidllero usioma Wim Tpe-
LWaHbl Mo IMHMN cBapKK. Mnams aToMHOro BOAOPOAA MO3BOMSIET CBApUBaThb U Apyrue MeTabl,
Kak, Hanpumep, megb M CTa/lb, Meb W WMHBap, WM CBapuBaTb pas/iMuHble copTa CTa/u.

POAbl, MeXAy KOTOpPbIMM MonyyaeTcs fAyra, NpeAcTaBnslT U3 cebs ABa
BO/Ib()PAMOBbIE CTPEXHS, CTOsLME MOA OCTPbIM YI/AIOM; OHW W30MPOBaHbI

Puc. 7. CranbHas nnacTuHa, TOMWMHOW */8 Atolima, CBapeHHas B [AIMHY M3 ABYX 4acTeit
W 3aTteM COrHytas nog yrnom 90°.

< [obaBneHne nepeBoAYUnKa.
10*
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MoCcpeAcTBOM W30MATOPOB W3 flaBbl. BogopogHas CTpys HamnpaBfisieTCa Kak
pa3 Ha Ayry v3 HebonblOro oTBepcTusA. Ha pucyHke un306paxeHo npu-
cnocob/ieHne, MO3BOMAIOWEE OKPYXWUTb MECTO CBapkKu aTtmocepoit BOAo-
pofa, KOTOpbIA BLIXOAMT MEA/EHHbIM MOTOKOM M3 LEeNoro psga 0TBepCTuiA.
[yra nuTaetca nepemMeHHbIM TOKOM OT cheunanbHOro TpaHchopmaTopa
¢ HanpsbkeHmem 400 BonbT. Xopowwuii pe3ynbTaT AaeT Takxe fgyra NOCTOSH-
HOro Toka npu HanpsaxeHuu 250 BonbT. Cuna Toka B Ayre ot 20 go 70
amnep B 3aBMCMMOCTM OT TO/LLMHBI 1 MAacCCUBHOCTU CBapUBAEMbIX NpPeaMeTOB.

lMnama aHanorMyHoe MjaaMeHW aTtoOMHOro BOJOpOZa, HO MEHee 3Hep-
rMYHOE, MOXeT OblTb MOMYYeHO TaKXe CO CBETW/bHbIM rasoM WAU pasfo-
XeHHbIM npu TemnepaType 650° C Ha cocTaBHble YacTu aMmmakom (N-j-Hg).



