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HHAYINPOBAHHOE H3IIYYEHHE B APCEHHJIE TAJLTHS
P OIITHYECKOM BO3BYRIEHHH

IMonysenne coCTONHMIT ¢ OTPHIATEIBHOM TEMIEPaTypoit B IOAYNPOBONHIN-
Kax GbLIO IpeJUIOMKeHo W TeopeTudeckm uccxegosano B (). B (%) malmopa-
J0CH W OKCHEPUMEHTAILHO HCCJIENOBANOCH PPROMOMHANMOHHOe CBEMOHHE KpH-
craana GaAs npn posly:KIeHHR ero cBeTOM OUTHYECKOT0 KBAHTOBOTO reHepa-
ropa (ORT) ma pyOume. B pamuoit pafore WamaraTcs peayibTaThl
NpeiBAPHTENBHEIX HCCHeIOBAHNIT MHAVOHPOBAHHOIO M3AYYCHHA N TeHEpaImn
noaynposojnnKoBore kpacramna GaAs npu BoaGyxgennn ero cserom ORI ma
pyGHHe ¢ MOAYIHPOBAHHOI [0GPOTHOCTEIO.

Obpaser; (puc. 1) passepasu 2 X 1 am, Toangauoil 0,5 MM HaroToBIA/ICA
3  Momokpucrammmyeckoro (GaAs. llonmpoBammas mmockas mMOBepXHOCTH
obpaana S, obnygaeMasn CBETOM HaKauKH, COBIANAZa ¢ KpHCTammorpaduyeckoi
maockoeTsio (111). [lBe mepnennmkyaapHble K Heit maocKocT Sy, Sz, COOTBET-
cTBylomme Kpacraazorpafmueckoii miockocrn (110), obpasosmsamn niaocko
napaensseti pesonarop. Ofpasen Kpenmics K XAajgoHpoBONY, OXJIarK1aeM0-
My sengkny asoroM. [las yioGcTea 0CTHPOBKH pAzoM ¢ ofpasmoM HOMEmaacH

P S Y, R 7Y S 757/

Prc. 1 Puc. 2

Prc. 1. 71— ORT ma pyfmEe ¢ MoAyaapoBasHoil jo6poTaocTh; 2 — obpaszen (so-

noxpucramt GaAs); 8y, §;— oTpamawnmme nAocKocTH 00pasna, ofpasywolmme pe-

aomaTop; §— xaagomposon; 4 — (@) — GmasTp, He MPOUYCKAWUUIE CBETA HAKAY-

km; 5 — coextporpap MCII-54, = manpapmenme cpeTa HAKATRN, — H3myueAne
ofpasua

Puc. 2. CuexTpasbume JRHEM Temepanmmm ofpasma  (KOEmERTpamist mocuTeled

2107 ea~3, nopmiskaocTs 3500 cM?/p-ceR) W HIDRERNHOHHOTO Jasepa HA p — n-
nepexone

unzkekmuonssi; ORI ns apcemmpa rammma., Manydesne o1 MOHOKpHCTAIIH-
yeckoro obpasna GaAs (n OKT Ha p — n-mepexojie) Hanpanamioch B CHEKTPO-
rpadp MICII-51. Tlepey cmexrporpagoy ycramasmmsaica ¢uastp @, me mpo-
nyckapmmii cper Hakaukm (A == 6943 A), Permcrpanma wmanydemns obpasma
penack auGo ®a (OTOMNEHKY, ANO0 BHAYANLHO — ¢ TOMOIMIBI0 BIERTPOHHO-
onTHYecKoro npeobpasosarens. Jaeprua wmnyasca marysenns ORI maxaukm
KOBTPOJIHPOBAIAChE ¢ NOMOMEI (OTOYMHOMHTENA.

Ilpn obayyennu obpasnma GaAs HeOKyCHPOBAHNEIM CBETOBHIM HMITYIBCOM
OKT na pyOune ¢ sueprmeii oxomo 0,1 mr (Mommoers 2 Mer) ma BmEXOzIC
cuexrporpagpa MCII-51 nabmopmanacs cy:ReHmag CHeKTPAJAbHAA  JTHHHA
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SEMICONDUCTOR QUANTUM GENERATOR WITH TWO-PHOTON OPTICAL

EXCITATION
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P. N. Lebedev Physics Institute, Academy of Sclences, U.S.S.R,
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J. Exptl, Theoret. Phys. (U.S.S.R.) 50, 551559 (March, 1966)

Generation was obtained and investigated in a GaAs semiconductor excited via two-photon
absorption of emission from a neodymium laser. The probability and coefficient of two-
photon absorption are calculated. The dependence of the excitation intensity on the depth of
the excitation penetration into the semicondector Is determined, as well as the external
quantum yield and its dependence on internal losses in the active substance and on tho reso-
nator length. The calculated values of the two-photon shsorption coefficient, penctration depth,
and external coberent quantum yield zare in good agreement with the experiments

Tllll excitation of semiconductors with powerful
light beams makes it possible to obtain appreciable
non-equilibrium concentrations of electron-hole
pairs. By using laser radiztion for this purpose,
concentrations corresponding to degeneracy of the
non-equilibrium carriers in the bands could be at-
tained, population inversion was produced in semi-
conductors, and coherent generation of radiation
was realized, 1

In experiments of this kind, the semlconductors
are excited by absorption of radistion with quantum
energy exceeding the width of the forbidden band,

panied by production of electron-hole pairs.

At bigh incident-beam intensities, however, multi-
photon absorption of light In the semiconductors
should also become Important; this corresponds to
production of an electron-hole pair with simultane-
ous ubsorption of several photons. The absorption
coefficient is proportional in such a process to the
intensity of the radiation raised to the n — 1 power,
where n ia the ber of ph participating in
the elementary act, Semiconductors are a conven-
lent medium for the (nvestigation of nonlinear ab-
sorption at optical frequencies, since the distance
between neighboring bands is, as a rule, of the or-
der of 1 eV, whereas the continuous spectrum of
the clectronic states of the atoms is separated
from the ground state by about 10 eV. This facili-
tates experimental investigation of the linear

neodymium-glass laser in which the photon energy
was 1.17 eV (the width of the forbidden band of
GaAs at 77°K is 1.51 V).

An essential feature of the semiconductor laser
with two-photon excitation (compared, say, with a
p-n junction laser) is the large volume of the me-
dium in which lasing can be produced. Thia is con-
nected with the fact that the decrease in Intennity
of the exciting radiation with depth is smoother
in two-photon absorption than in one~photon ab-
sorption (for equal values of the corresponding
absorption coefficlieats on the surface of the me-
dium), The Increased generating volume makes It
possible to obtain a much larger power nnd better
coherence of radiation than from p-n junction ln-
sers. In addition, a laser with two-photon exeitn-
tion yields coherent radiation of higher frequency
than the excitation frequency, that in, can ralse the
frequency of the radiation.

1. TWO-PHOTON EXCITATION OF
SEMICONDUCTORS

The luminescence of CdS produced by two-photon
excitation of a ruby laser was Investigated by
Braunstein and Ockman,' ¢! who also calculated
the coefficient of two-photon absorption of light in
type-CdS semiconductors, However, formulas (7)~
(9) cbtained in 'Y for two-photon absorption con-

processes with a small number of quanta.

In this article we investigate two-photon absorp-
tion In a semiconductor and also a laser with two-
photon optical excitation, the construction of which
was reported earlier.'? The source of excitation
of gallium arsenide samples was a Q-switched

tain several errors, making them unsuitable for
the interpretation of our experiments with gallium
arsenide. These errors consist in the fact that, in
calcalating the absorption probability, no acoount
was tsken of the intermediste statos in the valence
band and the interference term was left out of the
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FIG. 3. Spectral emission lines of GaAs at different values
of the pump power density. The ordinate scales are different for
different curves: the maximum of curve 3 is many times larger
than that of curve 1.
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RO HbIA JIA3EP C HAKAYKOW CBETOM ®POHTA YAAPHOH BOJIHbI,

CO3JABAEMOR B3PbiBOM

Mpusodsrcs noaywennsie 8 1965—1966 22. peayssrars
UECALTOBANUI LMNYALCHOZO Woduzcouuo«nozo dodnoeo
Aayepa ma mosexysax CFsl u CsFil, maxauxka xoropeeo
ocywecTeanAacs CoeTOM Ppowta ydapuwor sosner (VB),
£090aaaenod S3PMEOM 3GPROG B3PNANATOZ0 BEUECTSA
fTorasano, <TG TAKUE AG3EpK 05AAOQIOT YNUKGADMDIM
coveraxues BG0AbWON FMEPIUR K BUCOROA  MOWNOCTU
usaywexus & umnyavce. Haywasucs dea Tuna AGIepos,
8 OJHOM U3 KOTOPKE NAXGUXa pabovsso sewectoq npo-
ussodusacs ceetox YB o rcewowe, a 8 dpyeox — VB
PACAPOCTPARAAGCE Mo CMeEcH paboveso sewecraa ¢ Gia-
20p0dHuK  ea3zon, [loxaaawno, %70 SKEpIeTUNECKUE XQ-
PAKTEPUCTURY AGIEDE OTOPORG TUNL INANUTEAGHO SHWLE,
HEM NOPAOO. IHEPIUA UMRYALLA AASEPHOLO USAYMEHUR
docruzasa ~100 Jx npu cpedned xowrocru ~15 MBr.

YBeauueHHe IHePruyd W MOLLHOCTH J1a3€PHOTO H3-
JIYHEHHA ABJAANOCH OAHON H3 OCHOBHBIX 3ajaqy B
HCCIENOBAHHAX JA3€POB C MOMEHTA HX NOABJEHHA
s 1960 r.

Huxe B KpaTKOM H3NOKEHHH NPHBOAATCH pe-
3yALTATH HCCAeNoBauW#i, nonyvennune 8 1965
1966 rr. nNpH H3IYHEHHH BO3IMOKHOCTEN CO3daHus
MOUIHBIX Jd3€poB. bonee uau menee OYEBHAHLIMH
HaNpaBJEHHAMH Ha 5TOM NYTH ObLIH NOBLILIEHKE
MHTEHCHBHOCTH HaKa4yKH H HCNOAb30BAaHHUE GOABLIMX
of6beMoB akTHsHbix cped. Ilpu paccmorpennu nep-
BOTO HaNpaBJeHHA TPHMEHHTEABHO K ONTHYECKOH
HEKAYKe eCTECTBEHHO GO 0GPATHTBCH K HIBECTHO-
MY (haxTy BLICOKOH IPKOCTH cBedenHs (POHTA yaap-
HOM BoNHGt (YB) npH s3puise 3apsajaa B3peBYaTOro
sewectsa (BB) s cpese Graropoaroro raza. Yerpoi-
¢TBa, OCHOBAHHLIE HA 3TOM SBJEHHH, NMPHMEHFIHCDH
B KauecTse HMNYJIbCHBIX HCTOYHHKOB CBETA MpPH H3y-

Krantosas anexTpousxa, 7. 19, Ne 2, 1992

B3PbIBYATOI'O BEWECTBA

ueHHH Sh(eKToB, ConpoBOKAAWWHX B3puwEe [1].
Hccaenosauns ¥YB, soinoasennse WM. 1. Mogenem
2], a TaxiKe 1ONOAHHTENbHEE u:megeuuﬂ( B. Kop-
mepa, A. M. Kypanuna u M. B. Cunsuubiva noxa-
3aJH, YyTo fipKkocTh ¥YB cooTBeTCTBYET YepHOMY Teay
¢ temnepatypoi ue menee 27 xK. [lpunuman so
BHHMAHHE BO3MOKHOCTD NOJYYEHHHA TAKHM CNOcoBOM
OTHOCHTEABHO GOABIIKX CBETAULHXCH 0BEpXHOCTEH,
MOXHO 6610 HaneaTbes, 4To ¥YB 8 kcenowe spHTCR
NOAXOARILKM HCTOUHHKOM HAKAYKK AR HMITYbCHHX
J1a3epoB, NO3BOJHAKMWKEM NPOKAYHBATL 3HAYHTEbHBIE
06BeMB AKTHBHOH CpEbl,

OjHHM W3 NEPCIeKTHBHLIX HANpPaBAeHHH B co3aa-
HHH MOLLHBIX HMINYJIbCHBIX Ja3epoB B cepeanne 60-x
rO0B MPEACTABIANOCH PA3IBHTHE POTOLHCCOUHOHHBIX
sia3epoB. Bo3MOKHOCTD MOJYHEHHA Ja3epHoro 3d-
(exTa npH GOTOLHCCOUHALUHH XHMHUECKHX COCAH-
HEHHRA onpeJenNeHHoro Kaacca Guijia nokaszana B
1961 r. [3] u npakruueckH ocywecrsaena 8 1964 r.
[4]. B kauectse paGoyero (aKTHBHOrO) BelleCTBa
9TOrO Jasepa MpHMeHaacs raszoobpaauuifh TpHTOp-
#oameran CFzl, npu doToauccounaunn kKoroporo
Nla3epHan reHepauMa BOIHKKACT Ha nepexoaax B CH-
cTeme ypoBHe# aToma Hoaa B 6amkned UK obaacty
cnektpa (2=1315 mkm). azoolpasnoe cocrosnue
CFsl o6ecneuynsaer BLICOKYIO ONTHYECKYIO 04HOPOA-
HOCThL CpPeIBbl, a TaKkKe BO3MOKHOCTD NOJYYEHHS
GoabuHx (AecATKH JUTPOB) pabouux oGbLeMOoB, 4TO
AeNaeT STOT THI 1a3epoB MOAXOASHM IS TIPH-
MEHEHHSI MOLIHOR CBETOBOH HaKAYKH H3AYHEHHEM
pponra ¥YB.
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Hayunbie 0CHOBBI MOIIHBIX ()0 TOHCCOMHOHHBIX JIa3€poB
(13 nayumoii seropun 60-x rr. OT1/1e/1eHHs KBaHTOBO# paHo(H3AKA
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B.C3yves, BA Karyonm

waod uam,
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iy O aciu 8 Xsaen ool paduog
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Beeteune
lepion pesremaocti HI . Bacona, o xotopos s Gy
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HOMR CMEIOCTLIO M K 0 T L O IIO0T BOPROCT 0. A
ropud ynepennt, 410 Hixosmo Penpaymeniny, sk i mas,

Oy et npion 5o BAIOMHITL O gepakoil 1 Tpyanoil pabote, n
KOTOPOH Hasm CONYTCmOnaE yoneX K KOTOPEN DPIHEC/ S i
goeneen GHAH 20 obec

oy Jlatopm ropiot xmasTonoi pamie
e ILTS € Iy CIICHS 1.

Aatsay crara mamicans Ha ocrose samoac Ho be
cona ¥ O.H Kpoxuna (1], orvwera HI bscosa, O.H. Kpox
na, A A Cavapexoro, A H Tixonoss, H W Kowsona nAA
Duwnoxosa (2], omers LA bokyums, H.I Bacor, O.H
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ot mocexyand GEFsl mano otnsimores o1 monexyin CF
HO JEOeDHan TEHEPEINN B2 X K001 b apoe
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HOCTH MOILHOTD IS EPHOTO AyNa ok na 1u ek tinnoe

Citomoe eficnie i Thep/ae T, (1 asepiom ieta pe-
MO THEPIDIl MIDEHI Ha €2 TOBEPXHOCTIL BOTHIKSET Peak
Litse,

10 e A IEHIE B CoTHI 2TM0CHep. D10 tan tetite
“EM N ISHIE NOPOLOB LI FI08 IO BPOYETON ASTORS LK
MEPROro WpLmiToro netctna (BH). Mvenno sy eocme
LAMMOMY, TOOMMKOM K paloTas

AOBLIN BOCAYRILTL, 10
HAL BPOSKTOM MOLLUHONO J1seps

Brasoe au g
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KX XY X TP GO X I
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el gepaay apoekton. Obmrapysis:
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W, MTO CROHOMILIO FOCY A2pCT iy

1 KBOMEHbIX KC
POCO-

HPCSHOCTIl pa
ICE MacirT b
BEPEATIG, 1A Palite
1

cr

T B CPRCT 152

Hawano pafor ganson
ny 19631, korga H . Bace
27 pexabpu 1963 1. yKaEa i 1 TEXHIRCKYIO Uerecood

sonarot seeprion BB gan sweprerieckoro nie

AT ISHUN OTHOCHTCS K KON
s O H. Kpoxior  samieke (1] o1

HOCTL HET

B. C. 3yes, B. A. KatynuH,
KBaHTOBas anekTpoHuka, 1997,
ToM 24, Homep 12, 1105-1113

http://mi.mathnet.ru/qgel112

)

Prc2, Orepaarsdll sy Loousti Paspiil i AEsepe, oK o s puc. |

0.5 mxc

Bpess smcnoann



SOVIET PHYSICS JETP VOLUME 35, NUMBER 5 NOVEMBER, 1872

Investigation of the Luminescence Spectrum of Atomic lodine (*P,,,—?Ps;,
Laser Transition)

V. S. Zuev, V. A. Katulin, V. Yu, Nosach, and O. Yu. Nosach

P N. Lebedev Physics Institute, USSR Academy of Sciences

Submitted Dacember 30, 1971

Zh. Eksp. Teor Fiz 62, 16731680 {May, 1872)

The luminescence spectrum of atomic sodime (A= 1.315 u) &5 wated. The hyperfine 5 of the
spectrum d is in good ng with the calculati Values of the constants specifymg the shape
of the speeirum are determined with greater accuracy. In particular, the magnetic splifting constant for the
P, ; level, the Einstem coefficient, the polarizability of atomsic sadine in the 7P, , ssate, and the brosdening
due 10 collsions between argon atoms and C,F,1 molecales are determined.

S EVERAL papers have been published by now on photo-
dissociation lasers, where the generation |s observed
in the level system of atomic iodine *Pyjy ~ *Pyss at a
wavelength 1.315 4"/, However, there are still no ex-
baustive experimental data on the hyperfine structure of
the luminescence spectrum of this transition, Some
data on the luminescence spectrum of atomic iodine

are contained in several papers ™ . Since information
on the luminescence spectrum of atomic fodine may be
of interest to reseaypchers who use lodine p d 1a-

Hy(12;) = 1.060'"7, we obtain for our case Ayx
= 0,212 cm™ 1%,

With the aid of (1) we obtain the following shifts of
the components of the *P, 5 level:

AE,w = —0371 ¢cm™ AK,., = 0265 cm’L,
In accordance with the selection rules AF = 0, £ 1, the
luminescence spectrum of the investigated transition

should consist of six lines. The relative intensities of
ts were calculated from the known formu-

tion lasers, we have lnves(lga(ed experimentally the
luminescence of the “Pyz — “Py; transition.

In view of the spin of the I" nucleus*?, its lumines-
cence line has a hyperfine structure, which was caleu-
lated by us earlier'*”. We present here the main results
of this calculation. The expression for the hyperfine
level splitting 1st™

A, = 1LAC + BC(C +1) + A, (n

where A is the magnelic-interaction constant, B Is the
quadrupole-interaction constant, C = F(F + 1) — J(J + 1)
~ X1+ 1); J=L+8, Sis the spin of the electron spin,
and & = %3 BI{I = 1)J{J + 1) 15 the level shift and does not
depend on F. The level *P,; splits into two sublevels
(F = 3 and 2) and the level *Py into four (F « 4, 3, 2,
and 1), there being no quadrupole interaction for the
P,z level. For the Py lovel, the constants A and B
were obtained experimentally’*:

Av, = 02T6cm™!, B, =",00382 cm .

The shifts of the components are then equal to:
ABpo, = —0418em™, AE, ., = —0084 cm ™,
AE,., = ~0028cm ", AE,., = 0013 cm™",

The constant A, of the P, level was calculated from
the fine splitting of the term 5p” *P of the iodine atom
with allowance for the relativistic corrections. It can
be expressed in the form (seel™)

sL{L+VFUZ) = (2)
T VOWELZ)Z, m,

where i; 15 the fine-splitting constant, given by

£7 = AB/(L + Y3); g1 = 1/ is the gyromagnetic ratio;
Fp(JZy) and Hp{LZj) are the relativistic corrections;
2y = 7 — 4 for p-electrons; m and m  are the masses
of the electron and proton, respectlvgly. Substituting in
{2) € =7603/%, L=1,J =%, Z; =49, Fr (42 = 1.932,

A=1

the p

1as’™ . Account was taken of the fact that the level
splitting energles of “Pys; and *Py ; are small compared
with kT, as a result of which the level population of the
hyperfine splitting is proportional to the statistical
weights of the levels.,

For the magnetic-dipole radiative transition between
the components of the hyperfine structure, the spontan-
eous emlaslon?. bability WSE (the Einstein coefficient
A) is equal tol™

' 2041

e 2F 41

where Q(IJF, 1J'F’) is the relative Intensity of the tran-
:

WHIIE Y P LF ) - QUIE, IIF) S0,y 7

silion; oy ’ " (“
S YT} = S(ySLI, ySLI 4 )= (—
VWY 7) == SIySLY ySLY + 1) = (5=
(LAS4d+ 2 (L+S—IS+I—Lt 1) +L—S+1)
A ATF1)

is the line strength of the transition 3, J — 3, J + 1.
The total probability of the transitiond — J + 1 is

1
P /. LD R ——— w
Wiyl T+ 1) WENEEn E’ (2F + )W

or, expressed in lerms of the probability and the rela-
tive ity of the it

WYy, ¥ ') = (2F + )W (IF, yTIF) [ (27 + 1),
2T+ 1)QUIF, LI'FY,

The corresponding calculated transition probabilities
are listed below:

1) Transition, s— 3-3 32 2-3 -2 21—

(3

e

2) Lifetime, sec™ s 2l [y A W 21 77

The overall picture of the hyperfine splitting of the
atomic-iodine transition is shown in Fig. 1.

To investigate the luminescence spectrum of atomic
lodine we used a system with a scanning Fabry- Perot
(FP) intorferometer, The experimental setup is shown
in Fig. 2. Excitation of atomic iodine in cell 3 was the
result of the photolysis of C,FyI molecules. The uv

870

Zuev, V. S., Katulin, V. A.,
Nosach, V. Y., & Nosach, Y.
Zh. Eksp. Teor. Fiz, 1972,
62, 1673-1680.

http://www.jetp.ac.ru/cgi-
bin/dn/e_035_05_0870.pdf

teddm
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P atme 10
\ FI1G, 4, Luminescence spoctrograms obtsned for the following FP
otalos gaps 1= 0.6 cm (a) and £ = L6 cm (h), at & CyFyl pressure 0.02
atm (the abscinsas reprosent the alr pressure i the pressure chumber)
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B. JI. Boposwy, B. C. 3ycs, B. A. Karyaun, B. 10. Hocaw, 0. H0. Hocay, A. B. Crapues,
10. 10. Crodiaon

XAPAKTEPHCTHKH YCHJIHTENS HOAHOTO JIABEPA KOPOTKMX
HMITYJIBCOB

Hecaedooan snepeemuseciud 6asane GoOHO0 YOUAUMEAR , HAKQHUEGEMOZ0 LREITIOM CUABKOMON-
HOXO paaprda o palfioues 2ase, 8 pexcume csobodnoll eenepayuu. I1oxazano, WMo wacme sxepeuy Ha-
KK MOKCLIE ROCARKAMECS ¢ YIBPHOQ BOAHE, PACHPOCTPARANIYECS Re nui PRCIURPANRELER RAOT-
xoi paspada, Hecardosanse onmusecxue ReodHOPOTKOCMI & SEHEPUPYIOIEM CAOE YeusumeaR. [To-
KAFAHO, Mo nonepeointd 2paduem noKaaamess NPetoMACHUs Moxem docmuzame 10— ca—t,
Ol'mu,m/\\ww. IO 8 PESYADMAME BAURNUS MAZHUMHOR0 NOAR PA3PA0A CREKMP AAITPHOZD UIAYULHIUR
NPEMEPRSRIET. CUADNNIE UIMEHEHUR, CHEARCH 33 SPEMA uMnyaeca va 0,2 cx—' u yuupsace
0,3 cu™", B MONEHI NYAR MOXE PGIPSOG SEHEPARUK OCYIECTISIREMER HG KESOIMYRIEKHON NEpexode
Fes3— F's=4 corpxmonroi cpyxmype amoma doda. Taxusm o6paom, KoPomud UMTYALE MoK
(AHIM Housen a momenm NYAR moNa.

Bsenenne

B [1, 2] coobmaaocs 0 npuMesesny B HOAHOM GOTOTHCCOMHORHOM Jasepe
KOPOTKHX HMIYJIbCOB ¢ MouiocTeio 10 I'BT kackanos ycwautenei, 1458 nakayky
KOTOPBIX HCNOIB30BAICH CEET CHIBHOTOYHOIO 3/€KTPHYECKOID PA3pala B CAMOM
paGouem pemecrse. B naunodi paGore npupenens G6osee noapoGHEE PE3yILTATH
HCC/IEIORANAN TAKOro THNA JIa3epos.

s HaKauKH MOIIHOrO AOAHOTO GOTONHCCONHOHHOTO Ja3epa TpeGyeTcs Bhi-
COKOAPKOCTHEIH HCTOUHHK CBera ¢ GOubiLoil H3Aydapouell NoBepXHOCThI0. JTHM
TPeGOBAHMSIM OTBEYAET CHIBHOTOUHKL SJeKTPHYeCKHil paspsa B rasax. Munmun-
POBATH TAKOH PA3PSI/ MOKHO C NOMOLILIO 31EKTPHYECKOrO B3PLIBA TOKKHX IO
sosiouek. Ilpu srom ofpasyercst cTon6 NJasMul NPaBuIbHOA IHJIHHEAPHYECKOI
(hOpMEI, KOTOPEIR PACIIKPRETCH €O CKOPOCThio ~ (1—2) ku/c. Tlepen pacmmpsaio-
WEACH N.1a3MO NOPONAACTCS YAAPHAR BOJHA, SPKOCTHAH TeMueparypa njias-
Mel 00BMHO pasha 20 000—30 000 K. IToppoGxo csoiictsa paspsioB ONHCAHbI
B pabotax [3—8]

Ha puc. 1 gas npimepa npuBenens XxapakTepieie BpeMerHbe 3aBHCHMOCTH

ApKoCTHON Temneparypul T paapaja /, aua-
L% Pu 10 ¥ pomonfc  Dow MeTpa obaact, 3aHaATOl ropaueil niasmoi 2,
55 AuamerpaD ypapHolt BosL d K noanoro no-

TOKa H3/IydeHHs B [OJOCE NOrJIOWEHHs 1 -
CyF,J (kpnBast 4, Amax==270 nM, AA=236 nm)
A8 paspsjaa jinnofi 63 oM. Dneprus, BAO-
010 xennan B paspsa, cocrapnser 28 kJlk, am-
nanTyaa Toka B 1-m Makcumyme 200 kA, aau-
TeNbHOCTb 1-10 noaynepHona Toxka ~20 Mxc.
7 545 Ecau Takoit paspsa HHHUMHPOBATL B KO-
sere, cofepxamenn omech n-CyFiJ c Gy-
depraiv rasom (He n apyrue, Guaropopisie
ras3ul, CO,, N,, SF;), T0 B rase, oKpyxaio-
£, mxC wem paspsan, Npousofier POTOARCCOUHANHA

mosexya n-CyF,J ®, Kak B obuvHOM (o-
Puc. 1. Xapaxvepucrsxn paspsga. TORHCCOUHOHNOM Jasepe, ofpasyercs BO3-

1282

Boposuny, B. C. 3yes,

KaTtynuH, B. FO. Hocau,
Hocau, A. B. Ctapues,

0. KO. Ctonnos,

KBaHTOBas aneKkTpoHuKa,

1975, Tom 2, HOMep 6, 1282-1295

b. Jl.
B. A
O. 10.

http://mi.mathnet.ru/qel11328
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B. A. Karyaun, B. 10. Hocay, A. J. Merpos

HOAHbIA JIA3EP ¢ AKTHBHBIM BKJIIOYUEHWEM JJOBPOTHOCTH

HeeaeOoeanse Xpanesue unsepeuis, SpSMs DASSWMUR, CRESMPArbKND COCINAS, PACXOTUMOCHS
U POpMA CERMOBOZD UMNYALCE GO0NO20 AG3EPA © GNMUBHNM GRAGWERLEN Oobpomnrocmiu. Cosdam
dodnnd sasep ¢ duasempor Ayua 8 um, anepeued 0,2 Jiaz, OAUmeAsHOCHb0 OMOCABHOZ0 MUAKA (0e-
moeo20  UMRYALCG ~8 K.

B mompoM gotoancconnonsoM Aasepe KOPOTKHX uMmyascor [1, 2] B ka-
HeCTBe 3ajdlollero FeHepaTopa HCNoAb3OBaH Jiasep ¢ AKTHBHBLIM BKIOUEHHEM
A0GPOTHOCTH, KOTOPhI COBMECTHO C BHIPE3AIOIHM SEKTPOONITHIECKHM 34TBOPOM
MOMKET 0GECEunTh LIHTETRHOCTh HMITYABCa ~1 HC H PACXOMUMOCTb, GIH3KYIO
K auppakuwonHol, AKTHsHas cpela HOAHOrO Jasepa HMeeT CJeAylouHe
ocoGensoctd. 1. Hamna moansr waaydesns A=1,315 MxM. 2. PaGouum Be-
WecTBOM sBjAercH rasopan cMech CyFyJ ¢ OydepnbiMu rasamm, Komophie o6-
JajanT caabuM Tymenrenm pepxHero Jazeproro ypoens (He, Ar, Xe, N,, CO,,
SFq 1 Ap.). 3. Ceuenye ycuienns Ja3epHoro nepexoja npx paboues AaBieniy
eMecH 0,4 atm B OTCYTCTBHE MarHHTHOIO NMOJA MMEET Beduunny ~ 10718 oM?,
[lupyna JHEHH JOMHHECHEHIHH IPH 3THX e YeaoBusix ~0,06 e~ [3]. O6e
9TH BeJIHYHHLL MOMKHO BAPLHPORATH aBaeknen Oydepruix razon [31. 4. Ceuenne
YCHACHHS JA3EPHOI0 MEPeX0oa CYIECTEeHHO 3aBHCHT OT BeJIMYHHBI MATHHTHO-
TO N0V, MPHYEM IO ASHCTBHEM MarHHTHOTO NMOJS HAMEHSIOTCH OTHOCHTEILHEIE
BEJHUHHEL CeYeHH YCHACHHA A PASHBIX JIMHNI CcNeKTpa JoMuHecieHunn [71.
5. Kospduument yennenns Aas c1aboro CHrHaAA OrpaHyYeH B OCHOBHOM Camo-
BOOYMCIEHHEM H3-32 DAcCeAHH HA SJeMEeHTaX KOHCTPYKUHH, a He B cpejie #
MOMET JOCTHTATh SKCINEePHMEHTANILHO YCTAHOBJICHHOH Beauunnnl ~5- 104, Kou-
UCHTPAIHA BO3OYMICHHEX aCTHI| AOCTHTaeT penndanunst ~3- 10" en™3, 6. Tlog
AeHCTBHEM CBETZ HAKAUKH B AKTHBHO CPENe BOMHKAOT HEOAHOPOAHOCTH [O-
Kazareas npejomaenns [4), yxyamwaomue ontHyeckoe Kauectso paGoueil cpe-
Al HeognopoguoeTs MOryT GRITh YMEHBIIEHE! TYTeM NOAG0PA ONTHMAABHBIX CMe-
celt ¢ Oy(beprbIMH razamu,

Takas nasepras cpena CyLWECTBEHHO OTAHYACTCH QUHTCCKHMK CBOHCTBAMY
OT paHee H3YYeHHsX (pyOHi, HEOAHMOBOE CTEKJIO H T. J.), H NPOUece MOAYYeHHs
KOPOTKOTO HMIOVILCA C JIOMOULI0 MOAYAAUMH ACOGPOTHOCTH TpeGyer NOMOTHH-
TEJMBHBIX  HCCIAVBAH HIL.

INpeacTasagioT HHTEpeC JBe CXEMBI AKTHBHOTO BKJIOYEHHS ZOGDOTHOCTH:
a) Bpanalolescs npU3Mol TONHOrO BHYTPEHHErO OTPamKeHHA; 06) MEKTPOONTH-
YECKHM 3aTBOPOM.

ITpu Moay sunK A0GPOTHOCTH BPALAIOWEHCH NPARIMOH HaMi Gua noayyen
TAAAKHA MOHOMMNYAbe gautensHocTsio 30 nc ¢ smeprueit 0,8 JIK n pacxoau-
Mocteio mo yposmo 0,1 oT MakcuMadbHOR HHTeHcHBHOCTH 2,5-107% pan.
Ceeropoft juamerp 2 oM, tiuHa akTueHofi o6racti 50 cM. CnekTp Kopotkoro
HMITYJILCa COCTOA H3 OJHOM KOMIOHEHTHI, COOTBeCTBYIOMEH JuHHY F=3—>F—=4
CeKTpa JIOMHHECLeHUHH aTtoMapHoro fioga [3] (MarnuTioe none B aKTHBHOJ
ofinacty He npeptwano 20 3). [innna pesonaropa passsgack 120 oM, CKopocTh
Bpaumesnst MpuaMel cocrapiasaa 625 ofjc. B kauecTBe paGouero BemecTsa Hc-
nouibzosaaack cmech 1-CyFyJ ¢ He 8 nponopumit 1 @ 20 ¢ ofmuM gasiennen 1o
0,3 at™. B KauecTee OCBETHTENA HeNOb30Bacs ocseTiTes o1 TOC-300, sHepris
Hakaukn 8 x/lx,

PacxoauMocTh KOPOTKOTO HMOVJECA B IICCKOCTH BPALIEHHS NPH3ME 0L

386

B. A. KatynuH, B. HO. Hocau, A. J1. leTpos,

KBaHTOBas areKkTpoHMKa,
1976, Tom 3, Homep 2, 386—392

http://mi.mathnet.ru/qe10906

Puc. 3. OcumanorpaMsbl  KOPOTKHX
HMITYJTRCOB.

Omepres noxauxy 8 xAx, P=(0,3 s1M,
cnecs Il =039 e {a), [;=239 em
(0), 1;,=330 cu (o). v
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P=0,3 are. Sueprus  naxauxn 8 xllx.



Kparsue coobuyenus

cKaantnosasr asexmponuxax, 3, Ne 8 (1976) YIK 621.378.8
B. A. Kavyaus, B. 10. Hocas, A. Jl. Merpon

HAHOCEKYH/IHBIH ROJIHBIA JIABEP C BHEPTHEA 200 JDK

[posesennwe pance pecaeaosanss [1—5] nossonyan coznare nepenexTHeHLA RoAuRE
Jadep, OCHOBHEE NAPaMETPL KOTOPOTO ONKCaku B lasHofl patore.

PHHOMNAANERAY eXexa Mounoro floakoro jrasepa naobpamena na pue. 1. Jlasep cocronr

HE 33]14X41eT0 TeHepaTopa ¢ Moayaaunei: fodpotaoct svedikod Keppa [11], saekrpoonmseckoro

3arsopa [Noxkeasca A8 GOPMAPOBURHA HMNYALCA LANTCALHOCTLIO | 1C, JABYX YCHARTe il ¢ Ha.

Prc. I, MMprnunnyarenan cxena foasore nasepa:

{ — sagmwunit reHepsTOp; 2, — YCHAMTEXN ¢ SAKAUKOR UNNYALcutamm asmnamn; 4, 3 YomxuTeTit
¢ nakeixol YO nanyuesnes CHALKOTOSHOro paspeas; 6, J — suclixn Keppa, § — 35700p [TogKexLes!
5 — rooers ¢ XPACcHTEACM,

KAUKOH MMy ARCHBINE goesononunn aammasn HOTT-20000 w asyx yCRAIHTEALH, naKkaunsacnmx
YO yanynennem CRILKOTOYHON aneRTpRseckoro pasprxa (2, 3]. Ocxonure snepretigeckue napa-
MCTPE KACKAOR H HX PA3MEPEl NPHERTENH b Taduiie, OnrTHyeckos cOrIAcOBANREe KACKAX0E oCy-
DICCTBASETCA CHCTCNMOM JIHA3 1 Tedeckonol, CHHXPOHRIALNA 3a1R0MEr0 MCREPATOPA H ABYX YCH-
ATenedt ¢ Baxaukoil YD paayvaeKHeM CILIBHOTOUHOID PE3PRAA 06eCHCYHBRETCR TAKNM oOpason,
YTO0E YOHANBAEMWIl CHIMAA  TONARANT B YCWINTEAH B NMONEHT NYNEH TOKOS uX paspsice
KOTXE MATHHTHOE NOTE MHHHMAYBHO, & KOMpDumenT YCUAEHHa NaKCiManer (pirc. 2).

30K A reNepaTop M ABA JAMIOBRIX YCHINTENA GOPMIPYIOT CBETOROH MMNVALC ¢ 3Hep-
rieh 3 JOK B AARTCXBHOCTEI0 T~ | HC, NIPH 3TOM PACXOAHMOCT: My4Ka anaMerpoM 4.5 oM coc-
Tapxget p~2. 104 pan no ypoumo 0,1 o1 Jypgy. CHEKTpP CBETOBOTO MMUY.ILCA COCTONT K3 QAN
KOMIOOHCHTY, COOTOETCTBYIOMER nepexony F=—=3==F=4 cnextpa JoMHHECIENLIYN FTOMapROTO
fioxs (4],

Haaymune HecXoabuX yenauvenell ¢ Goabiin xospdiupesramy youtenns caaboro our
3 (10 107 pas B Kaugos) TpeGYET HCNONLSOBAHHA PASBRAMBAIOLN X MieMeHTos. [Toaromy sem
y OOBHMHE YCHANTENANN inopaena avefika Keppa {puc. 1), & nepex yeuaureann c
CHALHOTOSHAIME PRIPALIMH — KOBETH C TPOCBCTARIOUEMCR (PBALTPOM, NIMEISHOUMM 1 PONYEX

396 x0 7 % (6], Kpose $10r0 noe SAEMENTLE YCTRBOB 0 MOCAR I

IIHTHES FeHEPAIHS, NOREPHEN, 4 VOWIKTESH DasHecer ITCALHEIE P
ma | puc. 1)

B nacronee spexs Honuuii 1a3ep Takol KORCTPYKIMH HANYSACT I YNLC UK T bHOCTRIO

T~ 1 BC u suepruedi ~ 200 [T, w10 cocTanancT ~ 0% on YBEPIHK CROJOAHON reHepauHn Bul-

xeanoro yenadTens w0, 16% o7 sacaennoi n paspii sHeprind, PacXeaqsocts 57000 BMOyiascd

1824

H H3 3E

B. A. KatynuH, B. KO. Hocauy, A. /1. lNeTpos,
KBaHTOBaA aNeKTpPoHMKa, 1976,

TOM 3, HOMep §, 1829-1831

http://mi.mathnet.ru/qge11811



«Ksaumosas srexmponuxas, 6, N 2 (1979) YIK 621.378.8
H. I, Bacon, B. C. 3yen, B. A. Karyann, A. 10, JlioGuenxo, B. H0. Hocau, A. JI. Herpos

HCCJIEAOBAHHE ®H3HYECKHX MAPAMETPOB HOAHOT'O YCHJHTENSA
C HAKAYKOH H3JIYYEHHEM OTKPBITOIO CHJIbHOTOYHOIO PA3PAIA

Hecaedosans: seRuNNKa U PACADEJEIERNE NBEPCHOR MACEAEHKOCIN, OOHOPOIHOCMD Cpe-
OB U CAURNUR YOUALMEAR HA KORMPACT UMRYAbCE dadanwesn casepa. Haddeno, umo pacnpe-
JeAeUUe UNSCPCUR CYULCINSEHNO HEPABROMEPRO. ARKMusnas cpeda ye MeAs eecoMa odHo-
podka u obecneyuaaem pacxodusocme 104 pad, Hodusd yeusumess uneem npexebpexcuso
MAANGE (DR KOMMPACHUR) YR AOMUNECYSHINY,

B stacroauiee upemn NOAL3YIOTCH R3BRCTHOCTEI0 B3 crocola HAKAYKH MOUHNX YCHANTES
HEX XKacKazop AONHOTO A&3epa; HNNYILCHHMH KeeHoHOBMMH Jamnamu [1] B masyvesnses nr
LITOMD CHALHOTOYM paspaja, Kotopwit npe JARTCR HENOCPeACTEeHHO B paboyedt cpe-
ze [2]. XapasTepusny 0coOBeHOCTAMH BTOPOTO cNccofia SBAKIOTCS BRCOKAR MOLIEOCTL HAKASKH
H OTCYTCTBHC MCKYCCTRCHNON NPErpaji NemXY HCTOUHRKOM Hagkauxkw W padoued cpeacit 131
B paxuoil pabore pacomorpens VAMETPE AIOAKOTD VCHANTEIR ¢ Haxaukoll nany-
YCHHEM ( MTOTO CRABNGTONHOTO Pasps

1) peadunna M pacnpegeiesne no p
BHCPIHH;
2) OAMOPOARCCTL TIOK23ATENR Tipe, HHS ¢peil W HANPARMNECHHOCTE HANYHCHHIH;

lil BAHANHE YCHAHTEAR HA KOHTPACT HMOVALC A30INEr0 resepaTopa.
. B nponecce Hakomiedds HIBEPCHH YacTh BO3OVAIEHHEX VACTHIL MOXET TCPRTHCH H3-
3a H,Llrnnﬂ UEPXHETD COCTONHHN H TIapa: f TeHEPALHH HA SBRELIHHXS A «AEYTPCHHHX» 06-
pariuix coranx, B pemume cpofoNHOR Fenepalin posis STHX NICTEPS, NO-BHIRMOMY, CYLIRCTERH-
HO MEHBUIE, Ye B XAYINeN PeXHME, NOCKWILKY MTHOREHHAN KOHUERTPAIHA AXTHEHREIX HACTHIE H
HX BPEMS MHINH B HOSE HINYSEHHA Jalepa i NEProN cAYSae JHATNTEIbHO MeHkme. Kpowe To-
10, B PEXHME cB0BORHOH FeHEPAlIH NACKLIEHHIO NOFAOIENHS HaKaykH TIPENATCTaYer o0parHan
pekomGusanss. Tlosromy pacnpesesenne zanaceuyoi INEPLHH N0 PASHYCY KIORETH B MOMEHT
VCBACHNA B PCANNE HAROIICHHA MOMET, BOOGIE FOBOPH, OTANSATLCH OT PACNPENCREHAR JHep-
THH, HAKAYaHMOR HA BEPXHHA JudepHud ypopeHbL NpH pabore Kackafa B pexHme CROGORHON
PeHEPALLAN.
Pacnpexenenne SHepran, Hakaya

Iyey Aa3sepHofl KIOBeTH DJOTHOCTH 3anaceHHodl

WMOR HA BEPXHHE JalepHwe YPOBER B pesiye caolox-
ucht renepawitd, Eg (r) MOKHO paccuktarh, HIMEPHS pachpeiesente NICTHOCTA JajepHOrO H3-
Jysenns no yopuy kiosern En (r). Conocrantenne Ey (r) ¢ pacnpeaciennex HHBePCHR B MAY-
weM PEKHME NOMOKET BBACHHTS POTL VKASaHHWX NAPAZHTHHX NPOUSCCOB B yCHAWTeqe,

B pemxume ceofoaRON reHepaliH HHKHHHA yponens SGPERTRERO ONYCTONIAETCS B
peayasrate OucTpoit peakuun pexomGuaanyn panu o8 C3F; ¢ atomamu flona B ocioskOM co-
crosimnn (4], MMockoabky AAMTEABHOCTS UMITYAECA FEHEPALMH MHOMO GOABIIC BPEMEHH PEAaK-
CAUHN NEXAY NOAYPOBUAMK KAK BEPXIHETO, TAK i HUMHETO Ta3CPHEX yPoaHedl, BCA INEPTHA 803
GyACHHMX HaCTHLL, 33 BMYETOM NOPOronodt SHEPIHH, HANYHRLTCA AXTHR pexoit, Takam o6-
padom, wroln ONPEIeAHTL SHEPTHIO, ct_:ul’;ma(',v‘\-;o BEPXHONY YPUBHIO, HYMHO K SHEPIHH fx.
RuIydeRHoll axTRenof cpexofl, npuGankty noporosyro. [lpn s1oM npeanosaraercs, 910 Tyue-
HAEM BOIOYIRELHHWX YACTHIL MOMHO Npenedpedh; Kok NORA3BAN HIMCPEHUH, Y70 CIPABELIHBO
A3 BCCASAYEMONC KACKaNa.

Pacnpenexenne SEepriM, BIAYueHHON 2KTHBHGH cpefofl, paccynTmsa

1—T21/ R
T (1—VR)

TIOYSeRHON AR TACCKOro GPOATA HIAYYEHHR M3 YCSOBHR Gasanca SHepray Jajepa B Craldo-
HapHOM pemume, 3xechk R — KOSPPHURENT OTPAKEHHR BRXOAROIC 3epxaaa (BTOpPOE 3EPKalo
rayxce); T — s¢deRTHRHOS NPONYCKaHHe OKia Jasepuofl kiosetn. [loporosoe amasenue nAOT-

TN 10 Qop:

Mye

Ey(r)= Er(r), 0}

HOCTH 3HepTRH £, ONpeeReTcs BLp@xenten
—1y LIn(T—% 2 ¢
£am MR LT Bep ®
Ug—a EF'emy

rae hv — 3HePrag Kpaurta wan ‘itlﬂlﬁ Oy.. 3 — CENEeHRe Jalepnoro fepexosa F*

J+Fesdi
— cravpec yposus F'=3; Zgp, —cy

Ma cTaTaecos yposueli F'=3n F'=2. [5] Taxum
3t

H.l. bacos, B.C. 3yeB, B.A. KatynuH,
A.1O. JTiobyeHko, B.KO. Hocau,

A.J1. leTpos,

KBaHTOBas anekTpoHuka, 1979,

TOM 6, Homep 2, 311-316

e B I
300paKEHRE TOPUA FeHepa- Pre. 6. NENaROR BA
TOPA, MOAYYEHHOE ¢ OOMOULI 30p- BEXONE: YN

. . HH ayu) H
KaNBHOIO KAHHA, sepxHirit ayu).
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<Ksanmosas ssexmporuxar, 6, N 12 (1979) YK 621.383.8

C. M. Barawes, M. I. Tassneps, B. A. Karyawn, 0. JI. JleGener, E. A. Jlyknaneu,
H. I. Mexpaxosa, B. M. Muswr, B. K0. Hocay, A.JI. Merpor, B. A. Meryxos

HCCJTEAOBAHHE XAPAKTEPHCTHK HOBBIX COCTABOB MJIA MACCHBHBIX
3ATBOPOB HOAHBIX JIA3EPOB

Coofuygemes o cosdannu dsyx cocmacos Kpacumessd, npoceemAROWUXes nod dedemauen
ussywerus 0odrozo sasepa (he=1,815uxn) & 60260AWUX KOANY OCTIAMONKREM ROZAOUERUEK

JIAR yerpaHeHHs camMoBo3(yMICHME B MOWENI HOAHLIX A33ePHHX YCTAHOBKAX B Ka-
GeCTBE ONTHYCCKHX PAIA®30K MEMNY YCHAHTALHHMN KaCKAfaMH NPHMEHNIOTCA Npocser-
ARPMEECT QHALTPH Ha OcHOBe avoMaporo fioaa [1] # pacTeopos opraEMyYecKEX KpacHTte-
aefi [2). Pravrpu Ha ockose fofa CACKHH B SKCMAYATALHH, 73K KaX NPH PaGOTe ¢ HUMH
NPUXOZHTCH NMOAREPHKMBATH TEMTEPATYpy Kioketsl ~ 800 °C. Mpocperaswomuecs QuasTps
Ha OCHOBE DACTBOPOB OPTaHMVECKHX KpacHTenefl Gojee MPOCTH H HaleAHuW W MOrYT np-
MeHATECR B J23ePHEX NMYYXaX ¢ NPaKTHYeCKH ao6oft aneprypoft,

VIDECTAEHHEIM NAPAMETPOM NPOCRETAROMBXCSH COCTANOS, BARAIOMHM HA BHXOAHYIO
SHePTHIO Ja3ePHON YCTAHOBKH, ABAACTCS BETMYHEA OCTATOYHOIO NOrAOWENHS B NPOCEET-
JEHHOM COCTOAHHH, MOITOMY COIJANNE NPOCBETARIO-
OHXCH COCTABOB C YMeHLIEHIMM OCTATOYHEM nOr-
JNOMEHEEM NpeAcTanafeT akTyadbnyo 3agauy,

B nacrommeft pabore coofillaercs © codfauun
HOBHX COCTABOB HA OCHOBE Xpachredehk 1061 u
1067, npocReraSOLMXCA NOA AeACTBAEM H3aYyYe-
HES Hoaroro GOTOARCCORHORKOTO Aasepa ¢ LANNOR
poaue 1,315 MEM, ¥ DpPEACTABNCHNW pesyabrars
ACCAENIOBAHAS HX OCHOBHMX XapaxrepHersx. Ha-
MEPERHA MapaMerpos PacTuopos KpacHredei po-
BOJIBAHCH Ha HOAHOM Jasepe ¢ SHepraedt ~3 [Ix
H AAATEABHOCTLIO HMRyAbca ~ | de. [ponyckande
COCTABOB NPH ONPefeNeANN  3aBHCHMOCTH ero or
NAOTHOCTH SHEPIHA Nagajuero HajgydeMus onpe-
Pic. 1. 3apscHyocTs xospduuden-  geasfoch Kak oTHolloHHe SHePrHf JasepHOrO M-
Ta nponyckanps T HCCAGACRAHHNMX  NyAbca, NpouUleAMero Hepes XKiosery C COCTIEONM H
cocrason ¢ p&SHhINM BEayaabHEMH Najaizero Ha Kosery. LrotxocTe SHEPrHH najga-
NpONYyCcKAHMAME  OT NJOTHOCTH  IOmMEro Ha XoSery Hadyvenus (IHameTp nywxa
SHEPTHH NARAINET0 HITYHCHA R: 1 ©M) HINCHRAACHE OPH  NOMOIMH  HeATpAXLNLX
1 — 1087, T¢=0.25; 2 — 1067, T,= GHALTPOS, SHEPTHA HMOYALCE A0 H NOCAE KIOBETH
=0,004; I—106t, T,=0,006;4 — 1057, HIMePAJECH KRJOPHNETPaMH.

Ta = 0.01 Ha puc. 1 npesefesst 3asMcHMOCTH npo-

nyckamms pactsopon KpacHreded 1061, 1067 u
1057 (o nocaegses coolfmanoct panee }'2]_). HMCIOIAX PASARYABE HAYaXbHME NPONYCKa-
upud, M3 cpapHenns KpwBuX BrAKo, 410 cocrasst 1061 m 1067 weenor Meabmne oCTas
TOYHBIE NOTEpPH, HeM pacTsop paspaGotaMnoro pawee xpachtens [067.

Hamn rtagxe MccleX0oBann cyAbPONIHOBHE pACTBOPH KpacHTeaeld N 1, 2 u 3,
GAR3XAX N0 cTpoeHHio Kpacareaio BDN II, sa xoropom & paGore 3] _AOAIyHeRo Xopoliee
npocsersenne. Hauwayuuree npocseraenne NOAYTeHO Ha KpacHTene Ne 3, CEKTp morJaoime-
HHA KOTOPOTO WSRTHYSH MPHBEACHNOMY B [3] cnexrpy BDN Il & cyasdonane, ofHaxo
OHO TOPasio Xywe, wem v kpacutedeit 1061 § 1067. B TaGapue nas Beex HCCIEAOBAHBHX
KpacHTe/eit NPHDENCHH OTHOMEHMA HaYalbHOR anut{ec'xnn TAOTROCTH Dy x onravecxoft
NAOTHOCTH B NPOCHETASHAOM cocToARKH Dup, MafilenHoll B3 KpHBOR NPOCEETACHRR.

Jpyras BaXHAN XAPAKTEPHCTHXA OPOCBCTAXOIMErOCH COCTIBA — BPEMS penixca-
WHA TPOCELTACINONO COCTOARHS, [LAR onpexedens BPEMEHR PENAKCAUNN COCTABA OHAM

Hazas p
Kpacareas uémﬂf’;’::q DafDgp Kpacurean l|p0.‘l;c‘t:‘:::e DalDyp
|
Nl 0,16 | 1061 | 0,08
N2 0,14 1061 0,006
N3 0,41 | 1067 0.25
1057 0,12 | | 067 0,004 |

2662

C. . batawes, M. I'. [anbnepH,
B. A. KatynuH, O. J1. Jlebenes,

E. A. JlykbgaHeu, H. . MexpskoBa,
B. M. MnauH, B. FO. Hocau,

A. Jl. letpos, B. A. lNeTyxoB.,
KBaHTOBasa anekTpoHuka, 1979,
TOM 6, Homep 12, 2652—-2653
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N. I. Buxorpaposa, M. B. 3aruaynnwH, B. WM. Mrowwmn, B. A. Karynuu, H. Jl. KynpusHos

AHANK3 SHEPTETUKM XMMMYECKOIO KMCIIOPOAHO-WOAHOIrO
NIA3EPA

Pasguma xusnemuyeckas MO0eAb HEnpepuieHO20 XUMUHECKO20 KUCAOPOOHO-d00H020 Aa-
aepa ¢ daunoil soanee 1,315 mxm. Paccuuman ydeabuoldl sHepzemuveckud 6u1x00 2ene-

e A ot o5 o o s o ¢ s J1. T. BuHorpaaosa,
Beensiiie M. B. 3arnaynnuH, B. . UrownH,
Cosnanne HOAHOrO jlasepa ¢ XMMHUECKOH HaKauKoM (XHMHYECKOro KHCJIO- B A KaTyJ'Il/IH H J'I Kyn pl/l;' HOB,
. AL ) Il

poaHo-HopHoro Jasepa — XKJI) saBasercsi ofHum H3 Haubojee 3aMETHBIX
JOCTHXEHHH MOCJeJIHUX JieT B 06J1aCTH XHMHYeCKHX JasepoB [1—3]. Ito nep-

BBIH XHUMHYecKHH J1asep Ha 3neKTpoHHOM nepexoe. [IpeacraBasior uurepec As KBa HTOBAas SneKTpOHMKay 19821

HCCJIElOBAHNI TaKKe HOBbIE NpelJIoKeHHsi B 5T0i 06/1aCTH, clenantbe B [4, 51.
Mexaunam pabotet XKJI cBoeoGpased: BO3OYXKAEHHBIH MOJEKYJIsPHBIH TOM 9, HOMep 6, 1 1 93—1198
KHC/JI0POA, NojyyaeMblii OT XHMHYECKOrO reHepatopa, BbI3biBAeT JAHMCCOIHALHMIO
MOJIEKYJT J, H 3aTeM BO30YKdeT JlasepHuil nepexo) Ha AJHHe BoJHbl 1,315 MKM
B 00pasyloleMcsl aToMapHoM Hoje.
Bo30yxkaennniii cunraethpiii kucaopon O, (*A) ans nakaukn XKJ1 noay-
YaeTCsl HEMOCPEACTBEHHO NPH XHMHYECKOH peaKilHH, ONHChIBaeMOH OpyTTO-ypan-

H,0,+Cly+2 NaOH-0,+2 NaCl-+2 H,0. http://mi.mathnet.ru/qe5168

Ilns 3T0r0 MOJIEKYJISIPHBIH XJIOp MPOMYCKaeTcs: Yepes 1eJI04HOH BOMHBIA pac-
TBOp MEpPEKHCH Bojopoja. Takoi XuMuyecKuil remepatop jaer 35—40%
O4(*A) ¢ yyetoM notepb SHEPTHH B Ia30HHAMHYECKOM TpakKTe. DPeKTHBHOCTD
BO30YKACHHS KHCJIOPOJOM CBSi3aHA NpexIe BCEI0 ¢ MeTacTabUJIbHOCTBIO CHH-
TJIETHOFO KHCJIOPOAA, YTO M03BOJISIeT NM0JaBaTh BO30YKAeHHbIH KHCJIOPOI B 30HY foaci e T
CMEILEHHSA C J, 10 JOCTATOYHO MPOTHIKEHHOMY TPAKTY C OTHOCHTEBHO MAJIBIMH
CKOPOCTSIMH NpoKaukH. B npouecce nojgaun BbpabaThiBaeTcsi KHCJIOPOJ B COCTOS -
nun O,('2) (eM. Huxke, peakuus (1)), npuBoAAWMI K Auccounaunn J, (peak-

unst (2)). OCHOBHLIE TMPONECCH, 06ECNEUHBAIOLUHE KOHBEPCHIO SHEPIuH, 3arna- 2L
cerHoit B O,(*A), B J1azepHoe uaayueHHe ONMHMCHLIBAIOTCA CJEAYIOUEH KHHEeTHUe- .
ckoil cxemoli [61:

0,('4) +0,(A)>0, (:2)+0,(Z); M g
0:('2)+J,~>0,(3Z)+2 J; @
0,(tA)+ I 220, (%) + J*; (3) i
AHAnNM3 3HEPreTHKH XMMMU@CKOrO KMCOPOAHO-HOAHOTO nasepa 1193 Prc. 1. MuTencuBrocTs #Hsaywenns no

HOTOXY npH p==35 MM DT, CT., Wu==
=100 m/c, Oy (1) : 0,0 A) : O,(*%) :
Ar = 1:50: 150 : 150, lgy=2 (1), 6(2)
u 10 enm (3)
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M. B. 3arugynnmn, B. M. Mrowns, B. A. Karynun, H. J1. Kynpusros

O BO3MOMHOCTH UCNONb3OBAHMS PACMBLIMBAIOLLErO M. B. 3ar|/| OYNnuH B. . NrowuH
YCTPOWCTBA B XMMMYECKOM TEHEPATOPE CMHITIETHOTO b 2

KMCNOPOAA ANA KUCNOPOAHO-HOQHOIO NA3EPA B . A KaTy TUH, H i J'| ) Kyl'l le AHOB,

ﬂpedaazﬂlc;b 2EHEPAMOP CURZALMAO20 RUCAOPOIR, 8 KOMOPOM ;{quo-mad pacmgop ne-
3 R & & 2a30000 topa.Ha paspaliomaxs
ﬁz';lufc‘t";uu%wﬁcmc:::ﬁ;ﬁz;a.wmpoa ea.’aowuﬁmcmu;aoguecu HA XapaKmepucnusu KBa H TO Baﬂ 3” e KT po H VI Ka y 1 9 83 y

eenepamopa. fToxazaxa eozmomcHocmd NOAYUEHUR PEXRUMOS C dasaerues nuc.«opoaa

' 2eNe ABHNM code, 4 A) bo
Lot gl gl ety st oo 3 e ToMm 10, HoMep 4, 797-802
Bsegenne

Cospanme HOQHOTO Ja3epa C XHMHYECKOH HAKayKof SABIAETCS OJHHM H3
HaNGOIee 3HAYHTENLHLIX NOCTHMKEHHH TOCACIHHX JeT B 06AacTH XAMHYECKHX
nasepoB [1]. 270 nepewil XuMHaecKuit nasep Ha 31EKTPOHHOM nepexoae. Daek-
TPOHHO-BO36YHAeHHbe Modexyan O4(*A) B raﬂstmo’il2 (a3ze, KoTophie HeoGXo-
AHMB A8 TIONYWEHHA HHBEpCHy Ha nepexoge *Py,.+*Py, aToMapHoro ioaa, . .
00pas3yloTest B XHMHYECKOM TeHepatope cHHIeTHoro kucsopoaa (['CK). Has http//mlmathnetl’U/qe4203
sphexTHBHON paboThi fasepa HeOGXOAMMO, YTOOR! BHIXOZ CHHIVIETHOTO KHCJI0PO-
aa = [0(*A) /[0, ) 6uia ne menee 50 %.
B wanGonee pacnpocrpanennom Tune MCK cuurnetnmit kuenopoy nosyva-
eTCs B peakuud XJOPHPOBAHHA NIEJOYHOIO PACTBOPA NEPeKHCH BOLOPOJA
NaOH-+H 0-+H,0,, nporekawouieii B TOINKOM CJ0E JKHAKOCTH Ha NOBEPXHOCTH

O 203MOMHOLTH MCNONLIORAHKA POCHMNMBIIOUSrD YCTPORCTEA 797

GCenapamap
W

§Hp 0,~NaOH - H,0

AN
\\:\ //..

— /N R 0a(4), 0,

Cly
—_—

pasjena razeobpassore xJaopa u pactsopa. Obpasopasiune cd B HAKO(PAIHON
peakuin (¢ suixogom 100 %)

CIF +HO: =0, ('A)+HT+ 2CI™, =107 a/m0a8-¢, (0 ];' ”z 0 . NaOH-HZO H 0mpao'omaﬂﬂblﬁ
D

« + - - - . -

H*+0H-—H,0
Mognekyan Ou("A) AuddynanpyioT K MexdasHoli rpannie H BEXOAAT 3aTeM
B rasopyio ¢asy. Tywenne O,("A) B BoHEIX pacTBOpax NPONCXOAMT 33 2 MKC
[2]. Cnenosatenbio, BEIXOZ CHITMETHOTO KICAOPOJA GYAET 3aBHCETh OT COOT-
Homenna Bpemen Tywenus O,(*A) n aupdysnonsoro yxoaga Kueaopoja u3
WHAKOCTH B ra3, Yem Goaswe rouuenrpauus HO; , Tem Guictpee nporexaer
peakuus (I), Tem wensine nryGuna npounkHoBenns Cly 0 Bpemst audxpysuon-
HOTO YX0Aa Kueaopoaa u tem Gosswe puixon O.(*A) na I'KC. Konuentpauus
uogoB HOZ na nosepxsocrn onpefeasiercs ux smpaborkoit B peakuwn (1)
# npoueccos AUy 13 rAyOHHHLIX CA0eB KuAKocTH, IT0T sqxpekT HeTomenus
HO:; na nosepXHOCTH NPHBOAHT K OTPAHHYEHHIO BXOJHOIO AaBJACHHA Xao0pa,
a seaescrsue sroro (1) u gaeaedus kueaoposa ua seixoge FCK. Jdasaenne xJo-

acmbop
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A theoretical model is proposed for the active medium of a chemical oxygen—iodine laser contain-
ing H,0, H,0,, and Cl, as quenching impurities. The main rules of the behavior of the gain and of
the amplification length in the downstream direction are determined, Numerical calculations are
used to show that values of the gain amounting t0 0.1-1 m™' can be achieved if the oxygen

pressure in the resonator is -8 Torr and the partial pressure of iodine vapor is up to 20-40 mTorr,
Degradation of the active medium as a result of an increase in the oxygen pressure can be prevent-

ed by maintaining the relative

rations of the |

g impurities and aerosols at suitable

levels.

INTRODUCTION

The active medium of a chemical oxygen-iodine laser
(COIL) is characterized by a high value of the stored ener-
gy: the ultimate output energy can be 2.4 kJ per 1 g of oxygen
in the case of 1009 content of O,('A). The light-emitting
particle in a COIL is the iodine atom which is pumped by
rapid collisional energy transfer from O,('A). Singlet oxy-
gen in the gaseous phase is obtained as a result of gas-liquid
chlorination of an alkaline solution of hydrogen peroxide:

Cly+HyO,+2NaOH— O, (*A)+2NaCl4-2H,0. (n

The gas mixture leaving a chemical reactor producing sing-
let oxygen contains oxygen, H,O vapor, H,0,, and residual
unreacted chlorine. In the ﬁrsl :xpenmems on COILs all
these impurities were practically 1y d from
oxygen in d ion traps opersting at liquid nitrog
temperature.* However, it would be of practical mtcmsl to
consider a COIL system with high
(T, >200K) or even free ofsuch condenm" In systems
of this kind the active medium of a laser may suffer from a
high concentration of the quenching impunties (H,0,
H,0,, C1,). It has been shown theoretically’ that, in princi-
ple, it is possible to achieve lasing using high-temperature
condensers even in the presence of the Cl; impurity, Lasing
has been observed under these conditions in experiments on
high-Q resonators.** In all the published experimental pa-
pers the gain is 10741077 cm~', whereas efficient conver-
sion of the energy of singlet oxygen into highly directional
laser radiation can only be achieved if the gain of the active
medium is higher (5X107°-10* cm™') and this gain is
maintained over a fairly considerable distance in the down-
stream direction. This makes it possible to employ efficient
in i flow COILs and to place the reso-

na!or outside the mixing region.

We shall determine the main relationships governing
the behavior of the gain and the length of the lmpllﬁcumn

Ref. 23. The mechanism of dissociation of molecular iodine
interacting with singlet oxygen is not yet fully understood.
We shall mention particularly the investigations of the disso-
ciation processes reported in Refs. 7, 10 and 17 where several
vaniants are proposed to account for this process. However,
none of them provides a satisfactory explanation of the actu-

ald ion time of molecular iodine, Nevertheless, the
model of Derwenl and Thru.sh (reactions 1-4 in Table I)

Iy the d. ion time or at least does not
undensnmnl: is value This model can be ngnrded basical-
Ty a3 rep ap Pr whu:h does
reflect the fairly ph hanisms of the d iation of

I,. Estimates of the rate coastant of the reaction 14 indicate
that it is at least as high as that of the reaction
Cl + Br;—BrCl + Br, ie, ky,»>1.2- 107" cm"/sec (Ref.
13).

We shall confine our analysis to subsonic conditions of
flow of the active medium in a ch | of cross
section and we shall assume instantaneous mixing of the rea-
gents, This makes it possible to identify the influence of the
various el ¥ p onthep of the active
medium. If we assume that the friction and heat exchange
with the channel walls are absent, we find that the equations
for the concentration, temperature, and flow velocity can be
written as follows:

D L o Vi (2a)

a1 .

ud—‘—_a—zq,w,. (2b)
—‘r‘c, Vﬂlwr (2¢)

where u is the flow velocity; n,, is the concentration of a
component M; T is the stream temperature; Wi!
(cm® - sec™ ') is the rate of formation of a component M in
theith ion; ¢, and W, are the thermal effect and the rate

zone in the active medium of a COIL 89
impurities. We shall use numerical calculations to show
ways of achieving high-gain operation of such a laser.
PHYSICOCHEMICAL MODEL OF THE ACTIVE MEDIUM

The main elementary processes governing the kinetics
in the active medium are listed in Table I and are discussed in

510 Sov. J. Quantum Electron. 16 (4], April 1986

0049.1748/86/040510-07804.10

of the ith reaction; ¢, is the specific heat per unit volume at
constant pressure. We shall assume that all the reaction
heats g, are used to heat the mixture. The quasisteady con-
centration of O,('Z) at the entry to the active medium can
be calculated from

ring = Eyai (Ryiie,0 + Ryi,0,) (3)

© 1988 American Instiute of Physics 810

N.G. Basov, M.V. Zagidullin, V.I. Igoshin,
V.A. Katulin, N.L. Kupriyanoy,
Kvantovaya Elektron. 13, 787-796, 1986

http://mi.mathnet.ru/qe6530

Ty, ST &, m=1

¢ i & A o mTor

F10. L. Stared energy lifetime messured at the 0.5 bevel | 1) and the mazi-
mans gain abong the stream [2) calewlabed for n5 =04, T, = 210 K,

B, = n
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HUCCJIEAOBAHHE UMITYJ/IbCHOI'O XUMHYECKOI'O
KHCJIOPOJHO-AOJIHOT O JIASEPA

Hecaedooan usnyrocumil XuMuAecksld KUCAOPOONG-AoONMR sa3ep Ges 0xAawdaemol ACSYwWR.
Npu ucnoavaceanuu CHil o ravecrae dowopa aromapnozo Aoda doctuekyt ydeasxul 3nepao-
cren 2.2 Jlwja C CsFil nosywesa cemepayus npu dasaenuy  Kucaopoda snaors 0o
Il xx pr. cr.

HasecTHEE 10 HACTOAILEro BPeMEeHH XHMHYECKHE KHCJAOPOAHO-HOAHBIE Ja3epbl
(XKJT), kax umnyabcusie (1, 2], Tak u Henpepoishbie [3, 4} umewT yaeasHui suepro-
cwem oxkovio | [k /A w jefictByoT B JHanasoHe JAaBleHHH Kucaopoaa 1o
2,5 MM pr. cr. AHaAH3 NPOLECCOB B XHMHYECKMX Deaktope W Jasepe yKasuBaer
Ha OTCYTCTBHE NPHEUHNHANLHEX orpannyen#ii, npenarcrsyouux pabore XKJI npu
CymecTBeHHo Goaee Bricokux aasienunx [5) B [6] noayuenn npocrtee puipaxenus
ANS ONTHMAAbHOTO AaBJAEHHSA KHCAOPOAA, PH KOTOPOM JOCTHTAeTCH MAKCHMaAbHbH
SHEPro3anac B AKTHBHOH Cpejae, H 3aBHCHMOCTH TPEJIeNIBHBIX 3HEPreTHYeCKHX
xapakrepuctHk XKJI o 3(dekTHBHOrO BpeMeHH NOCTaBKH CHHIJIETHOrO KHCNO-
pora (CK) K pe3oHaTopy Tu.

Octatosumes Govtee noapo6ro Ha umnyabcax XKJI B [2] coobmaercs o no-
crikensd B nMnyabcHoM XKJI  mMakcHManbHOrO  yAeAbHOro 3HEprocheMma
1,1 JIx/n npyn pasnerun kucaopoaa po, =1,3 mm pr. cr. B Goaee pauneit paGore
[1] 6bLI0 CRedal0 NPENIONOMEHHE O TOM, YTO NajeHHe IHEPIHH TeHepalliu
C YBeJHYCHHeM JLABACHHA KHCJOpOfa obycaosaeHo peakuuedt RI ¢ kucaoponom
0:('A). Tam xe nokasano, 4TO HCNOMBL3OBAHHE B Ka4eCTBE JOHOPA aTOMapHOro
#iona CHsl naer suHrpuily B SHEPrHH reHepauKl NPHMEPHO HA MOPAAOK MO CPaBHe-
wmo ¢ n-CaFql.

B nacrosuie#t pa6oTe H3yueHa BOSMOMCHOCTb MOJAYUCHHS FCHEPALHK NPH aaBJe-
HHAX KHcaopona A0 10 mm pr. cT, JKCNEPHMEHTANbHO HCCAEL0BAHb 3aBHCHMOCTH
JJHTENLHOCTH BHIXOAHOTO HMITY/bCA Tize OT Py, 4 TAKXKE IHEPrHH FeHEPalHH Jasepa
E or paBjeHHii KHCIOpPOAA P, H fiomuaa py. Jlowopamu aromapeoro Hoaa B
skcnepumenTax cayxuwin CHsl n CiF;l.

Ha puc. | npusesena cxema skcnepuMmentaianiofi yeranosku. Fenepatop CK
(I'CK) 1 npeacrapasa co6ofi xumuuecknil peaktop 6apGotaxHoro Thna, B Kauecrne
GapGotepa 2 Henonpaobanacs TeduioHoBas mMaacTHHa naowaawio 10 em? ¢ 750
orBepcTHAME Anamerpos 0,4 Mm. BricoTa wenouHoro pacTeopa nepekHCH BOXOpPOAA
cocraBnsiaa, Kak npasuao, 4 cm. Ha paccrosivuu 5 €M OT NoBepXHOCTH pacTBopa
pacnonarainca G6puarooTGORHRK 3. Taxkan konctpykuua I'CK oGecneunsana ycrofi-
uuBHIit 6aploTa) NPH pacxojax rasoB BMAOTE A0 25 Mmoab/c. Oxnamuexue
pactBopa B paGouux pexumax jo temneparyp —10..—15°C ocywecraasnocs
3a cuer Mcnapenus. [locKouibKy oOXxJadpaaemas JOBYWKa Mepel Pe3oHaTopoOM
JNlasepa OTCYTCTBOBaJA, JlaBJCHHE NapoB BOAW B HeM cocTaBasio ~ 0,5 mm pr. cr.

: _-

MCcnegonanne MmnyAbCHOrO XHMMNECKOrO nalepa 1587

Pne. 1. Cxema umnyascsoro XKJI

H. ®. banaH, P. M. [usaTynnuH,
A. B. lybposckuu, B. A. KatynuH,
A.1O. Kypos, 3. A. MHauakaHsH,
B. 1. Hukonaes, A. J1. leTpos,

B. M. lNnykacos, M. . CBuctyH,
1. O. Ckobenes,

KBaHTOBasa anekTpoHuka, 1989,
TOM 16, Homep 8, 1587-1592

http://www.mathnet.ru/links/a7bf0a4b7f4b9e
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JNA3EPHO-AAYTOBOE BO3AEUCTBUE HA METASIbl

Hecaedyemen I@@ermusrocms coMecmno20 o0o0edomanus AQIepRo0 UIAYNEKUR U IREKM~
puvecrod dyen xa sxemassn. OCHAPYNERD, GO RPU RDCOMUEREYE RAOMNOCITGN NOMONG
AGIEPHOZO UBAYNERUR NOPO0GORD INQUENUR GNODNOC RAMND Oyeis CMabUALIUDYERER &
odaacmu  @OKYCUPOSKYU  UIYERKA. IFPderm cmabuiuagyuy conposeaiaemes yoeause-
uuesm mensoeozo KT ucmownurxos snepeus, Imo 00BACHAENES B0RRUKKOOCNIER 260P0-

duHaMuyeckix nom

Jlaaepuw Bce wupe NpEMERAKICA NPH pas
mepxoft o6paborke Meranace. Jas sThx xe
neaed HCNOABIYIOTCH  SJAEKTPOHKO-4 YYyeh e
YCTpoRicTBR, NAIMOTPORM M 7. X, Pasans
HEE HCTOUMMKH SMEpraM o6AalaoT BIAUMO-
AOnoAHAomUMH  npeuxyecrsamu, Tak, ©
NOMOINBIO NAJEPOS MOKNO NOAYHaTh B 30HE
06paGoTKN  BHCOKNE MAOTHOCTE  YHEPrHM
B 10 e ppems niI3MOTPOKN NOIBOAHIOT
posnehcrsosars na ofpaGatmpbacmyio  no-
BEPXKHOCTL  TEIAOBWMM  NOTOKOM  npaKTa-
HeCKM  HeorpannyensHol obmielt  MomKocTH.
Hurepee k copmectaomy posgeicrono aase-
POD M NABIMM AYTOBOTo PU3PAAE HE METAAAW
1—4] puzBar B nepByx OHEPEAL BOIMOMK-
HOCTSIMH YOPABACHHA  Mepeaawcli SHepPrun
OT MAASMOTPOHE K METAAay H crabuausaumun
NSTHA AYIE C NOMOMBX) JJ3CPHOIG H3NY-
HeHHRA OTHOCHTEABHO HEBHCOKO R MouL-
HOCTH.

Hamu ¥ VYAJAHCH BOIMOMHOCTH KOMOH -
HHPOBAHNOID  JAAIEPHO-AYTOBOTO BOSAERCT-
BHH M METAJIAH HA YCTEROBKE, AONYCKAW-
HEeR OXHOBpeMEeHHYI0 00paloTKY MATEpHAAOB
HIXYYenRem rextonorugeckoro COy-nage-
pa «JIFTH-702s (cpoxycuposannoro obreKTH-
BOM C (OXVCHHM paccrosHues ~200 uwm)
H IN83MCEHO-XYTOBMM  HCTOYHMKOM. Mo
HOCTL JA3CPHOIO MAJAVUENHS MOTAD JOCTH
rats ~0,6 kBT, MOWHOCTE DXAIMEHHO-JIY-
FoBOro MCTOYHHK ~l.5 KBr.

PppexT cralHABSaUHH  ONOPHHX NATEH
INeKTPHYECKOR Xyri ChOKYCHPOBAHKHEM na-
epHEIN  H3NYNeHHeM 34KIKMEETCA B CJe-
Aywmewm. IIpi Bo3gedicTBEN Ha MeTaNA NaAas-
MH ras3ccraHANIHPOBANKHOTO TWIAIMOTPOHA
ONOPHHEE MATHA AYTH XAOTHYCCKH ABHMKYTCH
OTHOCHTEJALHO  NOJMOMCHHE  PABHOBECHH.
370 NPHBOANT X HCKPHBACHHI  TERJA0BOTO
cAeAa AYrR Ha nopepxuocTk merazaa. [lpn
POKYCHPOBXE Ta3ePHOTO  HM3INYHCHHR B
ONOpPHOE NATHO AYTH NOJOMEHHE ToCacAne-
ro CTAOHAMSAPYETCA H TCNIOBOA caell Ayrw
CTANOBHTCA npsMonkkednuy. Hawn obua-
PYXERO, 4TO C HAH3ALHA HOCHT MOpOro-
B aAparTep no WIOTHOCTH nmoroxa Ja-
sepuoro HIAVUEHHA, YMeHbILIEHHE NAOT-
HoeTH noroka 20 40 kBriem® 3a ¢ paciho-
KYCHPOBKH H3NYSeMKA NPR ReAsMeHHol ero
ObmeH MOMNOCTH NPHBOAHT K ToTe Y
YHBOCTH NOJOKEHHN NETHR AVIH HA NMOBEPX-
noctu, Ipi PHKXCHPOAAHRANX 3HAYCHHAX AHa

a (oxansuoro ngrna (0,4 mm} u wout-
' snekrpuueckoft ayrx (P | «kBT)
SNPHBAIKA® AHOAROrO NATHE K 05  o-

08 8 Ganxe pacnaase,

KYCHPOBKH OCYULCCTBARIACH NPH MOUHOCTH
Aasepuoro uaaywenna ~0,35 kB,

Yrobm pazobparbCcs B PHIBYCCKON MOjE-
AH, HE3MCPAJIH TeOMETPHHCCKME napamMerTphl
DaHHE pacniasa B o6pazuax, o6paGoraHubx
AYTOBEIM H KOMOGHHWDOBAHHMM cnrocobfasd.
OHH 0XKa3aJdch CYINECTBCHHO PRIAHEMBIMM,
Ha puc. | nokazasd nonepeiHme ceseHHs
BAHHNE pacmaasa, ofpasylomeics npu BO3-
ACACTEHH HA METAAT JA3EPHOrO HIAYUCHHH
(P,==500 Br, BHR3Y) SACKTPHYCCKOH AYIH
(/=60 A) 4 npH COBMCOUICHHE STHX WHCTOU-
HHKOB 3Heprau (esepxy). Ecaw xas caysas
Aa3epHOro BO3REACTBHA (opMa BaHiu pac-
naasa nouTH noaycdeputeckas c rayGunod
0,5 My, To npH ofipaGoTke Ayroft oxa mpea-
crapianer cobofl naockrit caoft rayGuuoh
0,25 sy w wuprnoit 4 ym. Tpy coamecTo
o6paborke (opMa BauMu pacnaasa raybu-
ol | MM Xapakrepya A1 COCPLAOTORRHHOrO
HCTOUHMKA sueprun.  MaccoBHe cxopocTH
NAABACHHE NOBEPXHOCTHNX CAOEE B CTAIN
38XMIOA npu HCcnoab3ok: CO. I
momuoctsio 0.5 kBr, y MO HOCThID
1,2 kBt 1 1x conmecrnoro BozieficTBHs pan-
uut 0.8; 6,0 n )4 r/MHE coOTEETCTBEHHO,
Takusx OOpaEsOM, CXOPOCTH NAABICHWME NPH
KOMGHEEpOBaHBON obpaboTke IHAUHTEALEO
BHIIE, HCM MOMHO OMHAATE (PN NPOCTOM CI0-
AMEHHH MOUHOTTER OGOMX HCTOUHMKOS FHEp-
(94
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3JIEKTPOPA3PSALHbIA CO.-JIASEP C BHXPEBBIM MOTOKOM IA3A

INCROPUACKTAIONRD GCCARd0SGHA PABUTA AREXTPOPRIPAD-
waco wnenpepeonozo  COpaa3epd, @onosvayokeee dan
coadamus axTuanod cpedu Taeoud pasprd o SaRpyven-
WOX @ auxpesnd Tpyhe noroxe 2ase [Jorasano, wro axiax-
deMue aRTUANOGR I0NDL MOCUT TaXod dee XUPOXTEP, KAK o 8
tazepe ¢ dupdusuonnna oxzaxcdenues. Jonoanuressnsad
axAad 8 rersoorasd or axruanol ofiaacru paspada napedy
C ROACKYARPHOR OROCUT THPOYATNINAR TERAURPONOIOCTS,

YALTUTE Ne NEPLETUNPLXUS XAPAXTeRUCTURY © odu
MBI OKGIMOTNITER o 2—2.5 paan aruy, wes y Aa
Sep0e ¢ QuPyInonnsm oxsaxdenues. Peaawioaan raxxe
(CTOMNGANA TAROWEE paapad @ aoxiyre epu dacaewcu
cemue AN wa pr. cv. Jdan paspada @ cxecu razon
COuNuHe « [:3:7 npa dagaenun 37 mx pr. 1. docrue-
MyTM N20TNOCTR TOKG Lantiae | AJea’ u pdeasunl Inepo-
acead Goiee 800 [dxfe

Breaenne

Jlns cospannn suektpopaspaanoro COy-naszepa
{COy-3PJ1) wenpepuBROro Aefictaus Tpefyerch, Kak
HABECTHO, BOIBYKIAATD a3 SAEKTPHUCCKHM PAIPAAOM
THIA TACIOMEro, OAHOBPEMEHHO obecneunsan shgex-
THBHOE OXJ2#IEHHE, uTOOW TEMNepaTypa raza He
noanimanace swie 500—700 K, B napectuwix THnax
NA3EPOB, PALIHYBIOULHXCA MEXAHHIMOM OXNAAKACHHNA,
OrpaHHueHEA MOUHOCTH HMECIOT PA3AHYHYI0 (PH3HYe-
cky® npupoay. B anddyanonno-oxaamaaemeux aase-
Pax OCHOBHYW pPOAb HIPaeT NPOHIBOANTEABHOCTH
TEWICOTBONA, B GEICTPONPOTOUNBIX OrpalHYEHHE Chsl-
3aHO € HeycTOR4MBOCTLIO padpana. Masecruo cywe-
CTBEHHOE BJAMAHHE HE YCTOMMHBOCTH PAa3pAAa raso-
JAHHAMHUECKHX XAPAKTEPHCTHK NOTOKA, OAHAKO MHO-
THE ACHCKTI STOIO BAHAHHA HCCACLOBAHL MANo.
OcTReTCR 3KTYAILEEINM NOHCK KOHQHTYPRIHHA Fa30B0-
TO NOTOKA, 06eCneyHBarIiX YCTORYHBOE CYLLECTRO-
BARHE TACHOULEID PAIPALA (1PH BLICOKHX AdBACHHAX
H SHEProBKJIAAAX.

3TO# CBR3H NPeNCTABARET HHTEpeC HCMoab-

30BaHHE QAR cospanus aktHeHod cpemnm COL-3PJ1
CHILKO 3aKPYMERHOro radoporo notoxka. B vakom
NOTOKE MACT HHTEHCHBHAR TEPCIdus Temla H3 npH-
ocesoft obaacty Kk nepudepuinon, ato ofiecnewn-
BACTCH MEXAHH3ZMOM TYPOYIEHTHOTO Temwlonepesoca.
Takus 06pa3om, B 3AKPYUEHHOM TOTOKE ONpelesio-
W™ SIBARCTCH TYPOVACHTHHI TENJAONEPeHOC, KOTO-
pEll B WM3IBECTHEIX THNEX JA3EPOB HrPAET BTOPO-
crenenuy® poan. Kpome Toro, cneudpuueckud xa-
PAKTED TEYEHNA NO3BOSACT HAALATLCA HA NOAYHCHHE
YCTORUHBOrO TACIOULEro paspsiad npH NOBHUIEHHRX
AHBACHHAX W 3Heprosraanax (2], uto noaTBepxaaer-
CA YCMEIHWM HCI0AL30BANHEM 3aKPYTKH NOTOKa 8
naasmotponax [1].

Cinero 3akpyvennuit razosuit notox sddexrya-
HO COIABETCR B YCTPOHRCTBAX, HA3LBAEMEIX BHXPEBH-
mu Tpy6amu |3]. Baxpesan TpyGa nsmeer umanuapu-
HECKYIO HAW CJErKa KONWYECKYIO NPOTOMHYN HacTs,

KOTOPYIO Fa3 BXOAWT 4epe3 CONAoBON Aannapar Tax,
4TO €ro CKOpOCTL Nanpasiena Mo KacaTeabHol K
OKPY#HOCTH NONEpedHoro ceyenns Tpyon. B pesyanb-
Tare B AONOJIHEHWe K CKOPOCTH ABMKCHHA BAGIL
TPpYOR ra3 NnoJay4aer IHAYHTEALHYI CKOPOCTh Bpa-
UIATEABHOTO ABHAKCHHA BOKpYr e ocH. TMose uentpo-
GEeXRHUX CHA, BOSHHKAOUHX 61ar0aps HETEHCHBHO-
MY BPAUICHHIO [OTOKA, IPHBOART K NOABAEHHK rpa-
JAHEHTE [ABJCHHA 00 PAfMyCy M COOTBETCTBEHHO
NOHHKEHHID AdBACHHA B npHocesoi oGaactu. Teuenne
MOTOKA ¢ Bpalulensem MPHOGPETAET BHICOKOPAIRHTYIO
TYpOYACHTHOCTY, BHCOKMR rpainenT naBienus B co-
BOKYTHOCTH € HHTEHCHBHOM TYPOYAEHTHOCTHIO NPHEO-
AKT K BO3HHKHOBEHHIO BHXpeBoro sdupexra Panka —
Xuaua — HHYeHCHBHOA mepenave TENAa MeXKIY ABY-
MA HACTAMH NOTOKA, ABHKYUHMHCH NO nepudepuu
Tpy6n W B nproceson oGaactu. B pesyavrate npu-
ocepofl NOTOK 0XNakNaercs, a nepuipepuituuit — na-
rpeaaetca. Temneparypa TOPMOKENHA rasa B NPH-
OCeBOM TIOTOKE MOXeT noxukares va AT, =30
60 K [3].

Takum 06pasoM, BHXPEBOR razosuil noToK o6aa-
AAeT CAENYIOUIHMH CROACTBAMN, NONE3HEMH JUIR pa-
Gore COz-3PJT:

IHAYNTEALHEIN  TIOHHMKEHHEM LABAEHHA W NAOT-
HOCTH Td3a 8 NPHOCEBOA 0632CTH, CO3RAIOUNM Yeao-
BHR QAR JOKAAH3AUWH B Hell paspaaa;

HAAHYHEM B [OTOKE WHTEHCHBNOA TypOyaentHo-
€TH, COITANULEH 1PEANOCIKH LIS NOIYHCHHA YCTOR-
WHBOTO PA3PANA NP NMOBHINEHHBEIX 1aBACHHAX;

MONKKEHHEM TEMIIEPATYPH raia B NPHOCEBOA 06-
A8CTH, OGYCAOBACHHLIN HHTCHCHBHEM TYPOYACHTHEM
TenaooGmenom ¢ nepHdepuiHON YaCTBXO NOTOKA,
nMexieit BHCOKHE CKOPOCTH TeyeHnn, Gaaronpusr-
Hble A0s GHCTPOTe BHNOCE TenJa.

B nurepatype orcyretByoT coofiednn of necae-
nosannnx CO:-IPJ1 nenpepunsoro 1eACTBHA ¢ BHX-
peaniM NOToKoM rasa. Taewumh paspsa B suxpesos
HOTOKE TEOPETHYECKH pacemaTpusancs B |2]. Tam xe
CoOGLLANOCE, 4TO SKCHEPHMEHTAALHO HOAYYCH PA3PAL
¢ ofbemutay 3ueproskaagom no 100 Br/ex® n npH
Aasaenunx nopsaks atmocgeproro. B [4] coofnia-
aock 06 3IKCOEPHMERTaX N0 NOAYYEHHIO Jasepuoft
FEHEPAUNN B YCTPORCTBE THNA BHXpeBoll TpyOu, 3a-
nyckaemoR npamepro na 20 mc. Ipu s1om noayuena
FeHEPAltR ¢ HMOyALCHOR MowHoeTEI ~ | B1. Oana-
KO PeHM KpaTkoBpeMeHHO# paboTsl, nNpH KoTOpom
FHEPreTHKA ONpPEAeIRNIach TEMNOEMKOCTLIO rasa,
NPHHUHNKHAILNO HE OTpaxaeT paboTu Ja3eps 8 He-
OPEPLBHOM PeXHME, 8 KPAHHAA OrpAHHYEHHOCTh M0~
nyueHHOTo B [4] 3KCMEPHMERTANBHOTO MaTepHana ue
MO3IBOARIA CAENATH ONPEACIEHHEX BUBOAOB 00 3HEp-
PETHYCCKHX 3akoHomeprocrax. B wacrosmed paGore
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PACYET 3HEPTETHYECKOH 3®PEKTUBHOCTH PE3OHATOPOB
B XUMUYECKOM KHCJIOPOJAHO-HOJIHOM JIA3EPE

MMpedrazaeres npocras Modess GA PACHETa RAEPHON 2EREPARUN 8 TUMUNCCKOM KULADPOdND-
o) aAasepe pef dedcraun, KOTOPAR NOIBOSAET GWCTPO OYENUBATD INCPFETULLCKYO
SdexTUBNOCTS P 0pa 1 NPOSOIUTH €20 ORTY. 1 WTO BRYTPUPESD P
UHTERCUBHOCT® & pexuxax ¢ evicoxus KITM pesonaropa xower (ers MHOZ0 MEXBULE UHTEHCUS-
HOCTU ROCWULENKR B NPEOSALNNKE AYSOBME KAZPYIOK KA IEPRaAQ,

Ofman 3(pPeKTHBHOCTL XHMHYECKOTO KHCAOpOAHO-HoaMoro aasepa (XKJI)
B 3HAYHTEILHON CTEMeHH ONpeae’sieTCsi sHepreTHueckKol 3(QeKTHBHOCTLIO peaoHa-
topoB. Pacuwer KI1Jl pesonatopa npoBoauTcsi OOWYHO AIA 3alaHHBIX Pacxomos
cuuraernoro kuchoposa (CK) ua Bxose B akTusHyo 30Hy [1—4]. dueprernueckue
xapakTepucrnky nasepHoil renepaund B XKJI 3asucAT or Goabuioro 4ucaa na-
PaMeTpoB, YTO 3aTPYAHSIET KAYeCTBEHHbI aHAJIM3 W BbIABJEHHE OCHOBHHIX
3aBucHMocTed. B nacrosuledt paGote na 0CHOBE pasyMHBIX NPeANOIOKEeHHH pasBHTa
npocTas Moneab JasepHofi redepauun 8 XKJ1 HenpepnBHoro AeficTsus, Aonycka-
0ULaA BBEACHHE HECKOJLKHX OGeapa3sMepHEIX NnapaMeTpoB MoAobHs ¢ SCHHIM u3H-
HECKHM CMBICAOM. Peay/ibTaThl YHCACHHHIX PACHeTOB, NPEACTABNEHHHX B NAPaMeTpH-
30BAHHOM BH[E, MO3BOJSIOT OLICTPO OLEHHBATL IHEPreTHUECKYl 3((exTHBHOCTbL
Pe30HaTopa M MPOBOAHTL €ro ONTHMH3ALHI.

[Moapo6Has KHHETHueCKas cXeMa (H3HKO-XHMHUECKHX PEaKuHil B aKTHBHOM
cpene XKJI npusenena B [1]. Byaem nonarare, 4To pe3oHaTop paameuleH B 3oHe
MOTOKAa ¢ 3aBepLIEHHBIM MPOLECCOM AHCCOUHALKH MOJEKYIsIpHOTO #Hoaa, T. €.
KHHETHKA CBOJAWTCH K peakuusim sHeprooGmeHa  Tywenus. OTHocuTeabHoe
conepxkaune CK Ha Bxoge B pe3oHaTOp SABJISETCHA HE3ABHCHMLIM NapaMeTpoM
mojean. Sueprosocutenem 8 XKJI soictynaer CK, a uanyvamomumy yacTHUaMH —
atomul fioga. [To3TOMY KAOUEBLIM 3BEHOM B Mpolecce Npeo6pa3oBanHA 3anacenHol
SHEPIHH B M3JAYYeHHe ABASETCSH KBA3Wpe3OHaHCHbIA oOMeH

0: ('A)+1 (P, .—%Jz 0, (Z)+1(P, ). (1)

Tywenne 3/1eKTPOHHOrO BO3GYXKJAEHHS NPOHCXOZHT FAaBHEM 006pazoM B peak-
UHAX C y4acTHEM aToMoB foaa:

LCP ) +M - 1P+ M+ Q, @)

rae Q; — Trennora peakumn; M;=H 0, Cly, Ox'A), H:0: Cymmaphyo cko-
POCTb TYWIEHHS: NPEICTaBHM B BHIE

R:=Z Knin=Kinn.(l +‘§‘ Kinif/ Kinj)=Kyn .1,

e np, n — KOHUCRTPAUKH ATOMOB #0fa B BO3GYKAEHHOM COCTOSHHH Pz M
i-ro Tywaulero Komnoxenta. HMugexkcom j o603HaueH KOMIMOHEHT, AAS KOTOPOTo
CKOPOCTb TYWIEHHsi MAKCHMa/bHa.

Ormerny, uto B axthBHOA cpexe XKJI cxopocts sueprooGmena Ry=Kn,m
IHAUNTENLHO MPEBLILACT CYMMapHylo CKopocTh Tyllewns. Besneacrsue storo
HHTEHCHBHOCTL Hacsienns nepexona 8 XKJI onpenensiercsi B 0CHOBHOM CKOPOCTbIO
ofmeHa H Z0cTHraeT BecbMa Goabiwinx anavenuii [5]. Tak, ana oanomozoBoro noas
B UEHTPE JHHHM NPH AaBAeHHH Kucaopona |—3 mm pr. cr. [y =5—30 kBr/cn’,
Mpu MHoroMoao0Bo# reHepaunn (KBa3HoAHOPOAHOE HachuienHe) [y~ 40 kBt/cn®
npH po, =1 mMsm pr. c1. ECIH HHTEHCHBHOCTD CBETOBOrO Novist 61H3Ka K [y, TO CKO-
pOCTb reHepauHH CTHMYJIHPOBAaHHOTO H3JyueHHs OJIH3KA K CKOPOCTH NeperayH
sneprin or CK Kk aromam hoaa: RIS~ R,.

Jlaa tunuunsix yenosuit B aktesuod cpene XKJI R./R. =~ Kin, /K, oty o
2 100—500. Orciofa caeayer HHTEPECHAs BOAMOXKHOCTL 9DDEKTHBHON reHepauun
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J'la:epuaﬂ TEXHAKE WU TEXHONOTWMA

VAK 621. 373,

XHMHYECKHH JA3EP HA ®OTOHHO-PASBETBJIEHHOH HEMHOH PEAKIIHH

2000 B.H. Hroumm, m

Camapexnit pranan Omanueckoro uucrwryra wm, ILH. JleGejesa PAH

Manower I Uennieck i ¢ npi FIm Ik paboTsl

CTINICCRIEX & DX MY TRCHRIX XM

TOCKH X TA3CPOR B3 HOTORRO- pR3BeTRISE BOM nemhol peaktiii. [lan ofap oC BORERIX TOOPCT IFSCKIX H
FRCTCPH MCHT AT ERIX Py TETATOR O JZ50paM YTOT0 THNS, noTyTerRERX & Cavapeross diumeane ©HAH.

PomjeAne HANPABISHHOIO AAIEPHOIO
Ay4a (PH CAMAHIE XHMIUECKHX PEATeHTOn -
VAHBHTENLHOE ZBAEHKE, Hit KOTOPOM OCHOBAHO
AETHCTBIRE XHMH YECKOI0 JA3E P - O/IHOMD H3 Ha-
DOIee 8 PRI HAYYH BIX IOCTIOKEH il HALIErO BPe-
meH i, Betb Ha nporsoxe v Beei npesuty e
HCTOPHH YE0BEUECTEE - | BO BPEMEHA HAIIKX
OPAILYPOB, IPEBUIXCR Y NEUEPHOTD KOCT PR, HB
XI1X croser i, ko Caan Kapro paasmbiur s
O “ABIXYUIEH CHIE OPHE W MALIMHAX, CII0COD-
HEIX pEIBKTL 9Ty citty”, B XX croneTHi ¢ ero
MOILHBIMH TEIUIOBBIMKE WIEKTPOCTAHIIHEMI 1
PRKETHLIM I J(BHI AT €ASMH XUMHYEC KK HEPIi
HCIIOBA0BATACE B OCHOBHOM JHIIL KAK HCTOY-
HHK TENIa - YHEPIiUd HanboIee HINKOID Kage-
crea, JlmepHblii 1yy, KaK BRICOKOKAYEC TBER HAS,
T HI b1 (IO, HEKOOH TPOIIHIERE 8 dop-
Mi JHEPIHK, CHIOCODEH PACILTABHTL, HCHIAPHTH
I PEBPAIHTL B COCTORHME (LIAAMBL 11000 Ma-
reprai. Bech BONpoc TeILKO BTOM, 410061 ObL12
JIOCTAT O4HON MOLHOCT b Iy4d. DTO HE TaK LI
ODBIYHBIX TENAOBLIX MCTO4HIKOB. TTaams raso-
BOIt ropeaku ¢ remneparypoii 2000 K e cno-
CODHO PACILIZBHTL, HANIPUMED, BAHAMIE ¢ TeM-
nepar vpoit masnenns 2620 K, kak Obl BbICOKR
HH ObUE MOLIHOCTE FOPEIKK. D10 Janpemaer
BTOPOI 238 KOH TEPMO/IMHAMUKH - HEEIX HAIPETH
1710 JI0 TEMIIEPaTy pl 0OMEe BEICOKOM, HeM Tem-
TIEPAT YDA HAMPEBAT €A%,

HIHTEPEC K X MHYEC KM J1A0Epam, KK K Y-
[POICTEAM, B KOTOPBIX OCYILECTBIRETCH [IPIMOE
NPeoDPAIOBAHNE X MHYECKOT YHEPI I B IHED-
MK SIZIEPHONO MY YEH U DE3 PAcCes Hits BTE -
10, IPOSBICICR €1E 0 IOKBIEHHA EPBOIO Ja-
3epa Ha pyoune. B HACTOSII G BPEMsE HCCHLI0-
BAHHRE 1 PAIPABOTKH (10 XHMHYECKHM Ja3epam
COCTARTRIOT KPYIIHOE HAYIHO-TEXHHYECKDE Ha-
npasaedne [1].
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X HMMUEC KHE PEAreH Th # RIRKOTCH € MKHM I
HEKOIHTE W MI dHEpri. Tak, yaenbHblil d1ep-
IETHYECKHI JANAC B CIEXHOMETPHYECKOH ¢Me-
oit (ropa F, ¢ sogopogom H, cocrapaser 13,5
K/, TTpu nepecTpoiike XiMrYeckux casaei
XHMIYECKas JHEpIUY ocBoDOXaeTcs B (hopme
HEPEBROBECHOIO BOADYRACHHS 00PAIYIONIHNCR
BenecTs, B pacomarpusaemonm npivepe - 8 Gop-
ME KQeDATENbH 0N BO3OY A IeHIs MoKy frro-
preTOore BojopoAe HF w 1a HJHEpIrus Mokel
ObITh HPEKTHRHO NPeodpPAOBAHA B ONTHYEC-
KOM PEIOHATOPE B AXIEPHOE HUIYUEHIE C LI~
HOH BOJIHEL 0K010 3 MKM, B HMITY ALCHBIX XHM -
HECKHX MAIEPAX HCTIONEIYETCH METACTABIILHASR
CMECh PEArEHTOR, HAXWVIA HIHXCH B PEAKTOPE, KO-
TOPAR BRIBOJAMTCSE U3 COCTORHHR PABHOBECHR
BHEUIHHM IHHIMPYIOUMM Bo3elictanem. B
XHMHYECKUX JII3EPAX HEUPEPBIBHOTO AeTiCTBIS
TEHEPAIME POHCXOANT (IPH CMEMIEH I 110T0-
KOB PEATEHTOB B CBEPXIBYKOBOIL CTPYE, npoTe-
I FOILET e pes peloHarop naepa. B uaeane xu-
MHYECKHI Ja3€p - Y10 ABTOHOMHBIH HCTO4HHK
KOTEPEHT HOTO JEIEPHOTO HITYYEHIH %, IS KOTO-
POID HE TPEOYETCH NOIBOIR JONOIHKT EALHOMN
YHEPIHI, AH00 €8 BEAHIHEA HIYTON HO Mana.

O1HAKO COVIATE BETOROM HbI XHMIHYEC Kiit
AP VAAIOCh AHILL B PEAUME HENPEPLIBHOIO
JEHCTBHE, KOIJIA PEATEH T (IEPBOH 342 1h HO PO~
CIPAHCTBEHHO PAIJIENCHE! B BIIE DQLIOHHBIX
raos. MoaHocTs ausepa a moaexkyaax FIF yro-
'O THIIA (IPEBBLICILIA METABATT HhIH YPOBEHS.

Bee %e CoMIaHHBIE K HACTORLLIEMY Bpeme-
HH HMITYITBCHBIE A3 Pl 0012 AaI0T ODIHM He-
JOCTATKOM - FHEPI A BHEITH €0 HC TOSHI KA 1101~
HHPHOIUETO PEAKITHIO OHOIO DOPHIKA € IHep-
IHEM BBINO/IHOI'O AA3EPHOID MMITYIECA, 10 Or-
PAHIYMBAST MACIITAOHPYEMOCTS A23EPA K, KAK
NOKE LT OIIBIT, Y€ [1PH POeKTHOM sueprim 107
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4
Puc. 2. Muoronpox0Ouak yewnumers wi O0CHmse
HEYCMOTNEOZ0 PESONAMOP

1 - zexepamop; 2 - peaxmop, 3 - ucmOouRuK wIC my,
4 - Bareonie cavn; 5 - omeausa
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