BpeMA OCTaBalCA B MOHOJNOMEHHOM cocTOAHAN (Toukm [ m II] Ha mmarpave), To adderrnsmocy
B036ymeHns yupyrmx KoxeGammit Gymer Mana, MOCKONBKY IEPEMCHHOE II0JI¢ B IAHHOM Ciyuss
IPUBOXAT JAMB K HeGOMBIIAM (TTOCKOIBRY h <€ H) oTKIOHEEHNAM BekTopa M OTHOCUTENHHO pasge-
BECHOTO NONOKEHMA I LepeMeHHHE ymnpyrme AedOpMalul 3HAKOHOCTOAHHBL I Maubi. Eciw, op
HaKo, yroy 4 paBeH HY.IO (I TPOCTOTH IpII IOCTPOSHHI NNArPaMMbi HA PIC. 2 MBI Ipefmoe.
I, 970 % 5,==0, 9T0, pasymeercs, HII B Koeif Mepe He OTPAENINBAET OOMIHOCTII PACCYHACHME),
TO TOJ MeitcTBUEM IIePEMEHHOro moJs 06pasel] B MOMEHTHl BpeMerl = ( T/4)+nT 1w t=(3T/4)+ny
Gyfer mepeBOOATHCA B JBA MOEOJOMEHHKX COCTOAHAS, KOTOPHE OTIIIIAITCS JIPYT OT APYTa 3HaKoy
PaBHOBECHHX ympyrux gedopmannii, KoTopsle OTHIOAL He MaJH (HIGKHAA FacTb plic. 2). Taxmy
06pa3oM, aMILINTyJa YOPYrAX KoxeGamEuil B faEHOHE cmryanmm OyAeT 3HATNTEALHO OOXbINe, ey
B caydasx I m III, 970 XOpOIO COTIacyercsa C SKCIEPAMERTANRHOL  3aBIICIIMOCTHIO V (4%),
(pmc. 1, ). Herpynmo y6egnrhes, 910 yrioBas mopmaa (A%), MarcnMyMma Kpusoii ¥ (A$) CBA3aw,
¢ YIIOBOH IEPHWHEON 06JaCTH CYMECTBOBAHIA KOMEHHOH CTPYKTYpHl (A%) caeiyromim upocmé
coorgomermen: (A%), = (A4%)+2n/H. Iockomsry h <€ H, To (A¥), = (A}), uro U Habmopaercy
B 3KCOEpIMEHTax.

ApTopH BrIpamaior Gmaromapmocts II. I'. Apaesoil m B. B. NpasueEKo 3a BHpammnpany
O OpefoCTaBlIcHHEE IIEHOK $eppHTOB-IDAHATOB.

JInrepaTypa

[1] I'. A. Cxoaencruii, B. B. Jemanos, I'. M. Hedaun u gp. PUINKA MAIHUTHHIX TIIDIEKTPHKOB,
286. «Hayxay, JI. (1974).

NEcTATYT ‘PafAOTEXEOKA M 3JIEKTPOHIKIL Nocrynio B Pepaxmm
A 24 yam 1982 1.
Mocxksa
VIK 5358

0b 9OPEKTHUBHOCTH TPAHCHOPTHPOBKH MOMHBIX HOTOKOB
BY® U3JYYEHHA YEPE3 KPHCTAJLJIBI ®TOPUIOB JUTHA M MATHUA

A. C. Kampyros, I'. H. Kawnuros, H. II. Kosaos, C. I'. Kysneyos, B. K. Opuos,
10. C. IIpomacos, B. M. Peiimepos

i. lna pememms MHOTHX HAyIHHX II IPHEKIAJHHX 33029 KBAaHTOBOIl 3JeKTPOHAKH, (Hom
xumMpH, dorommrorpadum ¥ Ap. HEOGXOAEME MOIIHEE BHCOKOSDPKOCTHEC HCTOYHIIKI CBETA, M3y
gafoImas WIasMa KOTOPHIX H30JMPOBAHA OT 00aydIaeMoro o0bekTa TBepHOH IPO3PavmOi CTEEKOL
IIpzm sTOM HCHONB30BaHEE [JIA BEIBOAA MOIIEEIX moToKoB YO m BY® m3nydeHns KBapma B 3
9ATENBHOM CTEIeHZ OTrPAHHYIEHO dfeKToM 06paTHMOE HeIpO3PAYHOCTH, HPOABIAIIIEMCH B Ok
crpoM casare Y rpaEmms DPONyCKaHNA B 6ojee NINEHOBOJHOBYIO 0OGIACTh CLHEKTDA BIVIOT
7o 350 BM ['], 9T0 06yCHOBIEHO HATDPEBOM I MCHIAPEHNEM IOBEPXHOCTHOIO CJIOA TON meAcTBHEY
MOIHHX HDOTOKOB H3Jy4eHHA B IOJOCe HMOIIOomeHma Ksapua A < 165 mm.

OpEnM ¥3 BO3MOMKEHHX OyTell NOBHmMEENA APKOCTE Y@ 11 BY® HCTOYRNKOB N3IyYeHAS ABIS-
eTCA HCIOJb30BaHNe BMECTO KBApHEBOTO CTEKJIA ONTHICCKUX KpucTainoB dropunos aurus (LiF)
u Margua (MgF,), rpaE@ENE OIPOnyCKAaHENA KOTOPHIX Pl HOPMAIBHAEIX YCAOBIAX JIGMKAT B Kajexol
BY® obnactm cmekTpa (AppLiF=105 HM, Arp MgFﬁ=11O HM).

Onmaxo mMeroIuecA 3KCIEPHIMEHTATbEEE JAHHHE N0 IponyckaEuiw YO n BY® marytenm
$TOpAI0B MOMYIEHH B YCIOBHAX OTHOCHTENBEO HEBHICOKIIX TEIJIOBLEIX DIOTOKOB HA KpACTAMIH [29)
OPEENANAANBHEAA BOSMOMKHOCTh TPAHCHOPTHPOBKI MOMHLX, COOTBETCTBYIONIIX SPKOCTHEY
remueparypaM ~30 000 K u BHIIe DOTOKOB HMBNYWeHIIst, O HACTOALIEI0 BPEMEGHI HE BELACHEH:.
IKCOEPAMERTAIBLHEOMY HCCJIEOBAHMI0 STOTO BONIpPOCA I NOCBAINEHA AaHHAA DaGoTa.

2. VcramoBKa, Ha KOTOPOI IPOBOAENHECH HMCCIEOBAHNSA, COBAHA HA 0ase KyMyJIATHBEON
I7Ia3MOHEAMHATIECKOr0 paspafa [4]-m cocrosma W3 ABYX IIEHTIYHEIX MATHIITOILIA3MEHHHX RO¥
npeccopos (MIIK), pacmomo:keEHEX Ha IPOTHBONOJNOKHEX KOHNAX IMIHHADMIECKOH paspsmEok
ramepsl (d X L=30 X 200 MM?) ¢ INIOCKEMI OOTHYECKIIMI OKHAME I3 MCCHEIYEMBIX MaTepHatck
s seBoma manydemna. MIIK mpencraBaam coboil clcreMy KOaxKcMalbHEBIX INHJIIHIPEIECKH
3IIEKTPOJOB, PasfielenHHX amaneKTpmyeckoit ((—CH,0—),) maiiboi, mpomyxTer sposmm KoTopok
OLPEfeNANT COCTAB DNEKTPOPA3PANEOE mTasMel. Harpes mnasMi ocymmecTBIAJCA B pesy/bIal
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YAApHOTO B3anMOfeficTBNA I KYMyIANIN BBICOKOCKOPOCTHHX (v,,~50--60 KM/c) BcTpewso-
HaIpaBleHHHX Mia3MeHHbX (N;~10'8 cmM™3) morokos, popmmpyemsix MIIK B Baxyyme. Ilapa-
MeTpH paspsama: Cpy=900-+-1500 Mr®, W,s=5=22 vk, T/2=10--30 mMKc, I 5x=150--350 KA.
B sKcmepHMEHTaxX HCMOIb30BaNNCh nosnpoaEnse Kpncramnst LiF m MgF, &5 X =30 X 10 =mw,
BripamenHsle 1m0 Merony CrokGaprepa—Cremarosa.

OnrmaecKue XapaKTepICTHKA HCCAEYeMBIX KPUCTANIOB ONpPEeAeNsIiCh ¢ IOMOIIBI H3MepIr-
TeJTbHO-JNATHOCTHICCKOTO KOMIIEKCa, BKIIYAMINET0 STATOHHHIM WCTOYHNK H3IYYCHUA Ha OC-

L L 1 i S
5000 5000 4000 2500 000

] PR 1 L : !
2100 7900 1700 7500 1300 1000 XA

Prc. 1. CHeKTPH 3JIeKTPopas3pAfHEOA mrasMul B Bagmmoir (a), YO (6) m BYD (¢) obmacrax, peru-
CTPHpPYEMEIE Yepes pasimdHele ONTHIECKWe MAaTepPHajIkl.

1, V, VII — MgF,; 1I, VI, VIII — LiF; IV — kBapu KV¥-1; IX — oTKpuTasa 30Ha KyMyJaauuyn; II1 — crnexkTp

KagMueBoit jamrst BCB-2. 1 — Cd 13610.5, 2 — Mg I 3838.5, 3 — Mg II 2802.7—2795.3, 4 — Mg I 2852. 13,

5 —SilI 2881, 6 — SiI 2532, 7 — SiI2506, 8 — Cull 1979.3, 9 — Cu II 1999.7, 10 — C IL 1760.4, 11—
CIII 1547.9.

HOBE BAKYYMHOTI'0 KalIULIAPHOrO Pa3pAfa ¢ MCUapAeMOi cTemKoi [5] n nndpaKmEOREHR CICKTPO-
rpadp JDC-29 ¢ dororpadmaeckodr m OTOTEKTPAYECKOX DerdAcTpanmed M3IyIeHus.

3. Ha pmc. 1 mpefcTaBieHH 3MICCHOHHEIE CHEKTPE KYMYJATHBHOIO PaspAfa (3a OXMH UM-
TyJIbC), KAYeCTBEHHO OoTpaskaiomue 3(PPeKTEBHOCTH TPAHCIOPTHPOBKA HBIYIEHHS ILIA3MEL Iepes
WCClelyeMEle KpPHCTAILIH. [[JA CPaBHEHNA IPHBENEHH COEKTDH H3IYIeHMA OTKPHITOTO paspsfa
(pue. 1, IX) m orpaEMYeEHOr0 KBAPIEBO# cTeEKOH (pue. 1, IV). HenopepEBHOE M3NydIeHNE DIEKTPO-
paspagEOit maasmu (puc. 1, JX) permcTpEpyerca Bo BCell 00JACTH COEKTPANBHOR TyBCTBUTENb-
HOCTH M3MEDHTeJBHOH amIapaTypH, 3aMeTHOe YMEHbIIeHFe HHTeHCHBHOCTE H3IYICHHUA B 00MacTi
A < 110 mM o0ycuoBieHO CHEmKeHHEM 3(QPEKTHBHOCTH OTPAKEHAA ARPPAKOUOHHOE pPEIIETKH
coexrporpada.

AHanwW3 CHEKTPOB HOKA3EIBaeT, 9TO 3PeKT 00parmMoil HempO3pagHOCTH X CBA3AHEOE C HAM
AHOMAJBbHOE yBenmYeHEHe moriomeErd Y P H3rydeEmA BONASH T'PAHANH COGCTBEHHOTO IOTIOME-
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HAA HABIOfaeTcA y BCeX BCCHeJOBAHHHX ONTHIECKHX MarepmamoB. [lms xBapma (A,=165 my
IIMPOKOIONOCHAS BKPAHAPOBKA HaumHAercsa yiKe ¢ A~300 M (pue. 1, I'V), mpm srom B Chekmy
A3My9eHUA TOABIAIOTCA XapaKTepPHHE CHIBHO yIINDEHHKe De3OHAHCHEE JNHIN TOIIOmexy
aToMoB Martepmana cremxn (Sil 288.1, 2532—2506 A m 1p.), CBUNETENBCTBYIOMIE 06 NETEHCHBRY,
RCTIAPEHNA MOBEPXHOCTHOTO CIOA KBApNA. AHANOIMYHAS CHTYANHS HMEET MecTo I y dropryy
ANTHA W MarEwa. B oToM crygae KOPOTKOBOTHOBAS TDAHALA N3IyICHHAA PA3PANA CHABHTACTCH B of,
macts A~155 mm (pme. 1, VII, VIII), a B 5MHCCHOHEOM CHEKTDE IPHCYTCTBYIOT JINHIN aTouy
I WOHOB SIeMEHTOB, BXOIANIEX B COCTaB Marepwmaina creHRm (pme. 1, I, II, IV, V) (Mgl 383
Mg IT 2802.7—2795.2 m mp.). Ormernn, 9TO EabIroaeMEe JHEDY ITOTIOMEHIA MATHOS cmn,m’
VITHPEHH, 9T0 CBUIETENLCTBYET 0 HETEHCHBHON 3DO3RH CTeHKN H 3HATATENBHON KOHIERTpanmy oy

B paspafe. XapakrepHoli 0coGemmocy

. . 4 13 CUEKTPOB H3TyYeHUs PaspARa, Dermempy
3 pPYeMHX depe3 (HTOPHAEL METalNoB, g
IfeTca HaJHide MOJEKYAADHHX mony
P TOTJIOmMEENA KpHCTamnos (pme. 4, I, J|
a 12 IV, V) (M-, F-momock), o6ycIoBiIenmy
/ 1 TOTJIOIMEENeM JIeKTPOHEEIX HEHTPOB o
.  Dackm (F- m Fy-menTpH), 06pasynomuzy
/ SERN 10X BO3feHcTBHEM HBIYYEHHAS B 00iacn
T: . ~= COGCTBEEHOTO ImOTIOmeHns.
S 141 _ ol S 4. lsMepeHES CHEKTPaIbHO e
N / P //0\\ KOCTH HMBJIYTICHHA H APKOCTHOHR Temaps:
«g - /,/ y \\ 19 TYPH PaspsAla LPOBOLHJINCE METOXOM fo
3 .
8 0 TOSJIEKTPHIECKOTO CPABHEHHAA ¢ aTam
S0Fo a0 0w’ 7 1\ Hp 9 P o
S AV \\ mom. Ha pme. 2 mpeficTaBiemER xapay
- [ / /
< LAy
6t ;f,;/ / \k \
29 / t\ Pamc. 2. CneRTpanLHog pacIpenenesn
- / \ I APKOCTHE B, B APKOCTHOM TeMmepaTypl !
3/j . N T Bv H3AYYeHHA KYMYJIATHBHOTO ILIA3MOJHE)
2 \w/ EN y MEIECKOTO PaspAfa.
. , , \\, 1 — pa3pAn orpaHuded Ksapuem KV-1, 2-
0 2 % P 8 MgF,; 8 — LiF; 4 — OTKDHTHI Dpaspan. a-
XapaKTepRbe OCIINIJIOIPAMMBl  CBETOBHIX ¥
hv, 3B HOYIBCOB.

TEPHEIC OCHAIIOrPAMME CBETOBHX HMOYJbCOB M CIEKTpPalbEble DAcHpefeleHHns SPKOCTE b,
7 SPHKOCTHON TemuepaTypsl [, HBIXYUeHHA DIEKTPOPA3PANHON INIA3ME IPH PETHCTPANHEE Fepy
wpucTannsl LiF m MgF,. MakcaMarbrEse ApKOCTH W SPKOCTHHE TEMUIEPATYPH paspama JocT

raorea B BY® ofmacrz wa k=180 M (T"LiF= T“MgF = 28500 K), B 60JIee KOPOTKOBOIHOR

oGiacTy cumexTpa HAGIIOAAaeTCA COAJ HAIyYeHHAS (T“LiF=24 000 K, T"MgF =23000K gu

A=165 BEM), 00ycIOBICHEHNA yMeEbIEENEM Ko3PPHIEeRTa NPONYCKAHHNS KPHACTAINOB H HACIH
JeEmeM 06paTHMOM HEIpO3pAYHOCTH, YTO CIeJyeT H3 CPAaBHEHDS CO CIeKTPAJBLHEIME DPacIpefels
suamz B, n T, A OTKPHTOTO paspsAfma (pme. 2, 4). O BacTymmeHRmE 00paTHMOil EeIpospaTaoc
TaKMKe CBUETEIbCTBYET M COXPAINEHHE ANNTEIbHOCTH MMIYJBCOB M3ITYJeHMA DaspAZa IpH Ce
MERVE K KOPOTKOBOJHOBON IpaEmIe H3XydeHHA (':,/==16 MEc mpzm A=190 =M, 11/2=10 MK,

opa A=170 &m) (pmc. 2, o). HaburonaeMoe B SKCIEPHMEHTAX CHIKEHWE DEIHCTPHPYeMOi sprot
marygeEns paspana B Bugnmoi (mas LiF m MgF,) m 6mmxmedt YO (qua MgF,) o6nacTax cmekmp
06BACHEASTCH CYMEeCTBOBAHNEM HABEJEHHEX IIOJIO0C IOTIOMEENA ¥ SKPAHAPOBKON M3IyYeHnd It
ZYKTaMI 3PO3HH KPICTAJLIOB.

KoMmnexe pafmalEOHHO-TA30JNHAMEYECKEX HIPONECCOB B3aMMONEMCTBHA HW3IyIeHHSA ¢ ¢
pupamn Li m Mg He orpaEmamsaercs adpexramMn ofparmmoit HenpO3PaTEOCTA KPHCTAIIOB i IO
JeEHeM HaBeJeHHHX IO0J0C NOTAOmEHENA. HaK IOKAa3amm IpOBeNeHHKE IKCIEPHMENTEHI, BO3G
CTBU@ MOIMHHX TOTOK0B BY® mamydenma mrasMel Ha pmeramns LiF m MgF, mpmeopmr Tams
I K Eeo0paTEMHM H3MEHEHWAM HX ONTHIECKNX XapaKTepHCTEK. Tak, permcTPEpyeMsie BO BCH
CIEKTPANBHEHX AUATABCHAX IOTOKH H3IYIeHHS IIOCIE MePBOTO PaspPANHOLO HMITYIIbCA CHIDKAMEH

1 TIoriomeHwne, CBA3aBHOE ¢ 00pasoBaEmMeM F-IEHTPOB Ha BAKAHCHAX B KDPHCTALIAX Lk,
Ha6I00AI0Ch B HANIEX SKCIEPHMMEHTAX IHIIE CO BTOPOTO Pa3PANHOrO HMIYIBLCA.
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npuMepEO B 2 pas3a maa LiF n 8'1.8 pasa gua MgF,; B nanbmeiimenm mus ¢ropmaa MareEnsa HaGI0-
janach CTafEIM3aniA CHEKTPAIBHEHX KOdOPUIMEHTOB TPONYCKAHHS, a IIA dropupa muras mx
MOHOTOHHOE yMeHbIIeHHe. Iloce HecATOr0 MMIyabca ofNydeHAA APKOCTHHE TeMIOEPATypH, Perd-
cTpHpyeMble epe3 KPHCTa AL B oSnacty A=x 190 mM, cocraBmsaum: T =24000K, T,

=19 000 K. OrmernM, 9r0o Hamboiee CANBHOE CHIDKEHIE DPAHANHONHHX XapAKTEPUCTHK paspana
B pe3ylbTare CTApeHHsA KPHCTAIOB Habmomanocs B ofracTd HiIME BOTE kopoue 180 mM, maa
CIeKTPAIHHOro fnanazora 180 <€ A < 210 uM Bauasme mpomecca CTapPEeHNA CYNIeCTBEHHO MEHBIIE .
Pagnname cropocTeil HOTOTEPMEIECKON Jerpafalliil ICCHeAyeMHX KPUCTAINOB 0GYCIOBICHO
fomnee HE3KOE pajinanuoEHOH cTO#KOCTEI0 GTOpUAa MTHS HO cpaBreHmIo ¢ MgF,, 9T0 IpoABIANOCH
TAKKe B PA3NHYHEOM XapaKTepe PaspymeHEs KPUCTAIIOB IOJ MelCTBHEM M3XyIeHUA: TIIyGoKoe
(~5--10 MmM) o6beMEOe pacTpeckuBanme LiF 1 MerkoMacmTabHOE IOBEPXHOCTHOR PacTpecKHBaHMe
(mexymenne) QTOPHCTOrO MarEmA. B HacTosmee BpeMs myTeM OPTaEM3AIME Ia30BON BalIHTH,
dmnpTpyome sxectkyo (hv > 10 5B) KOMIOHEHTY SMHCCHOHHOrO COEKTPA PaspPANHOHN INIA3MEL,
YAAIOCh TOBEICHTH PECYPC KPHCTANIOB [[0 CTA BCIHINEK (€3 CYLIeCTBEHHOIO U3MEHEHHS HX ONTH-
geckux cBoicrs. TaxmM 06pasoM, MpOBE/IEEHNE MCCIENOBAHAS MOKA3AMM IPHAIUOHAIBEYI BO3-
MO;KHOCTH BEIBOZIZ 6e3 CYI[eCTBEHHOTO ociabaeEns MOMEHX (~1 MBt-3B™1.cMm™2) moroxos BY®
H3IyIeHHNsA Tepe3 ONTHIeCKUe KPHCTAIL (TopmaoB JnTEA M Mareus. Mcmonsaosamne GropHEoB
METAaNIJOB OTKPHIBAET HOBEIE BO3MOMKHOCTH CO3NAHEA BHCOKOAPKOCTHHX (7, > 30 000 K) BYVQ®
TICTOYHAKOB HBIAYICHAA ¢ H30JHPOBAHHEIM OT O0JYyYaeMOro O6BEKTa TeJIOM CBEYCHHA.
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HOPOTHOBOJIHOBASAL Y& ®OTOJIUATOIPAPUA
HA OCHOBE CHJIPHOTOYHBIX IIIASMOAMHAMHUYECKHX PA3PAIOB
MATHHTOILIASMEHHOT'O KOMOPECCOPA

H. II. Kosaos, A. C. Kampyros, I'. H. Kaw.nunoa B. K. Opuos,
0. C. IIpomacoe, H. H. Pybyos, B. B. Yavanos, A. H. Axumenxo

@oronurorpadus ¢ HCIOIB30BAHMEM KOPOTKOBOIHOBOrO yabrpadmomerosoro (KY®) mamy-
werna (190 am << A << 260 BM) ABNACTCA OLEAM U3 OCHOBHEIX METO[OB IOMYIeHAA CyOMAKDOHHBIX
Pa3MepoB 5JeMeHTOB MHTEIPAJbHEX MAKDOCXeM N JMCKPETHHX HOJYIPOBOXHWKOBHX IpHGOPOB.
OCHOBHEE JOCTOMHCTBA METOHa — BEICOKOe DPOCTPAHCTBEHHOE PaspelleHre W BO3MOKEOCTH IpH-
MEHGHWA TPAJUIUOHHEOTO TEXHOJOIMIECKOro 060PYAOBAHHA (CTABNAPTHHIX ONTHYECKHX CHCTEM,
3epKal, NONNOKEK, MabIOHOB | MIP.). '

OfEaKO IIHPOKOe BHELDEEME B HACTOAIee BpeMA ¢ororxmrorpadmm ¢ mcmonbzoparueM HY®
B 3HAYATENLHOHN CTEmeHN OrPaEHYEHO OTCYTCTBHEM MOIIHHIX M NOCTaTOYHO 3QPEKTHBHEX HCTOYHH-
KOB M3IyYeHus, o0ecneIMBAlOIIAX BHCOKYI IPOH3BONHTENBHOCTh HPOLECCA IKCIOHMPOBAHUA.
Tak, B SMHCCHOHHOM CIEKTDe Hamfonee ITMPOKO HCHOIb3YEMBIX IpH ¢oroamrorpadmm pTyTHO-
KCeHOHOBHX JaMI Ha foar KY® opmxopurces okono 2% Bcelt mamydaemoil sHEPrud, | LAA H0CTH-
JKEHNS NPHEMIEMHX BpPEeMeH 9KCIOHAPOBAHAA HEOOGXOMWMEI MOIIHOCTE HM3BECTHHX HMCTOYHEKOB
OCBEIIeHAA Ha YPOBHE HECKONBKAX KHWIOBATT, IT0 TPeOyeT MOMONHRTEIbHEIX CHCTEM OXJ aKIeHNA
WONOTAYECKAX 3JeMeHTOB [!].

Io-sugamomy, B KV® ¢$orommrorpadum Gomee MePCHEKTHBHO IPUMEHEHHE BMECTO HeIpe-
‘PHIBHOTO II0 BPEMEHH H JHHeHATaToro Ho CIeKTPY H3AYyIeHAS MOLIHOIO INPOKOIOIOCHOrO MMIIY/IbC-
HOIO CBETOBOTO BO3JEHCTBHA, II03BOJAIOMET0 HAPARY C YMEHbINEHHEM BDPEMEHM 3KCIIOHMDOBAHAA
3HAYATENHHO HOBHICUTH KAUECTBO HOTYYaeMHX H300paKeHHE BCIefCTBHE OCIabNeEHA BIMAHHAA
mrTepdepeRmun AEQpPATHPOBAHEHX BOIH ¢ CHIDKeHHA TepMoomTAIecKEX adderros. Cuemyer
OTMETHTH, 9TO TCIOONb30BaHHE [JIA OTHX ILeJell CTAHZAPTHRIX HMIYIGCHEIX KCEHOHOBEIX JaMil
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