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H3o00pereHrne MOXeT OBITH HCIIOTB30BAHO B
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W3MEpeHHEM B IIPOINEcCce HarpeBa WHTEHCHBHOCTH
TEPMOJIFOMIUHECIIEHTHOTO CBEUEHUS B oOacTu
BUAMMOIO CIIEKTPa U MOCICAYIOMICH OICHKOM
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M300pETeHUS 3aKITI0YAeTCs B TOM, UTO U3MEpPEHHE
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JIOTIOTHUTEILHO CIMOCOO  OTIMYAETCS TEM, YTO
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Crp.: 1

JMara3oHa, UMeIoLeM IMMpuHy He Oonee 30 HM,
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JMHEMHOTO [uama3oHa [1030BOM 3aBUCHMOCTH U
MOBBIIICHAE TOYHOCTH OLEHKH IIOIJIOHICHHOM
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(57) Abstract:

FIELD: nuclear physics.

SUBSTANCE: invention can be used in personal
dosimetry, in monitoring radiation environment, in
archeological and geological dating and in accident
dosimetry. The method involves heating a detector
while simultaneously measuring intensity of
thermoluminescence in the visible spectrum and
subsequent evaluation of the absorbed dose from
parametres of the obtained thermoluminescence
curve. The essence of the invention lies in
that, intensity of thermoluminescence is measured
only within the 500 to 570 nm wavelength range.
Further, the method is distinguished by
that, measurements are taken in any wavelength
subrange of the said range, with width of not more
than 30 nm, for example in the subrange from 520 nm
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to 550 nm.

EFFECT: increased upper limit of the linear range
of the dose characteristic and increased accuracy of
evaluating absorbed dose of (3-radiation.
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M3o0peTeHne OTHOCUTCS K pagualiMOHHON (PU3MKeE, a UMEHHO K CITOCO0aM OLEHKH
HAKOIIEHHOM JO3bl MIOHU3UPYIOIIETO B-U3IIyYEeHHUS C UCTIOIb30BAHUEM TBEPHAOTEIbHBIX
TEPMOITIOMUHECIEHTHBIX JETEKTOPOB, M MOXKET OBITh MCIIOJIb30BAHO B MHAMBUIYAILHOM U
KIIMHUYECKOHN TO03UMETPHH, IIPU MOHUTOPUHTE paAUAlMOHHON 0OCTAHOBKH Ha SIIEPHBIX
peaxkTopax, yCKOPUTENIAX, B 1a00OpaTOpHsIX U Ha MIPOU3BOJICTBAX C UICTOUHUKAMU
3apsDKEHHBIX YaCTHII, TIPU apXEOJIOTHYECKOM M T'€OJIOTUYECKOM JATUPOBAHUM, B aBaPUMHOMN
U PETPOCIEKTUBHOM JO3UMETPHH.

Perucrpanus v usmMmepeHue norioueHHON 1036l 3-U31yUeHUs TPeICTaBISET OCOObIN
HMHTEPEC MPU MEPCOHATbHOM, KJIMHUYECKON JTO3UMETPUU, HATIPUMED U1 OTIPEICICHUS
YpOBHEM 00JIy4eHUS! KOKHBIX MTOKPOBOB YemoBeka. CII0KHOCTH IIPU 3TOM
00YyCITOBIMBAIOTCS HEOOXOIMMOCTBIO PaOOTHI C OTHOCUTEIbHO HEBBICOKUMHM 3HAYCHHUSIMU
J103 ¥ HEJIMHEMHOCTBIO JO30BOM 3aBUCUMOCTHU (3aBUCUMMOCTH U3MEPEHHOT'O 3HAYEHUS
WHTEHCUBHOCTH TEPMOTIOMHUHECIEHTHOTO U3JTyYeHHS OT BEJIMYMHBI TTOTJIOIIEHHOM T03HI,
MTOCTPOEHHOM B IBOWHBIX JIOTapU(PMHUUECKUX KOOPAMHATAX).

H3BecteH criocob ompeieneHust MOTJIOMEHHON T03bI [3-U3Ty4eHUs] B TBEPAOTEIbHBIX
TEPMOJIFOMUHECIIEHTHBIX JIETEKTOPAaX, U3rOTOBJIEHHBIX U3 TAKOIO MaTepuaia, Kak
LiF:Mg, Ti [aBTOpckoe cBuneTenbcTBO CCCP Ne1341595]. Crioco6 BKIIIOYAET HATPEB IBYX
OIHOBPEMEHHO OOJIYYEHHBIX JCTEKTOPOB Pa3HOMN TOJIIUHBI, W3MEPEHHE HHTCHCUBHOCTEMN
IMMKOB KPUBBIX TEPMOBBICBEUMBAHUS O0OUX IETEKTOPOB MPU UACHTUYHBIX PEKUMaX
TEPMOBBICBEUMBAHMUS, OIIPE/IEIICHHUE JIMHEMHOT0 KO3(PPHUIMEHTA ITOTIIONIECHUS 10
OTHOIIIEHUIO U3MEPEHHBIX MHTCHCUBHOCTEN TTMKOB, OTIpeIeIecHre HOpMUpPYIoIIero pakropa
U3 MPEIBAPUTEIIFHO IMOYYEHHOM KaIMOPOBOYHOM KPUBOM U MOCTIEAYIOIIEe ONpeAcIICHUE
HMCKOMOM 03Bl C MCTIOJIb30BAHUEM I'PAAyUPOBOYHOTO KO3 UIMEHTA.

Henocratkom onucanHOro cnocoda ompeneneHust MorJIOMEHHON T03bI 3-U31yUeHUs
SIBJISIETCSI €T'0 CIIOKHOCTD U MOHWKEHHA sl YyBCTBUTEIILHOCTh UCIIOJIb3YEMOT'0 MaTepuala.

M3BecTHO, YTO NMOBBILLIEHHOW YYBCTBUTENIBHOCTBIO K -U3IIy4eHUIO 00J1a1at0T
TEPMOJIIOMUHECIICHTHBIE JIETEKTOPHI HA OCHOBE aHUOHO-1e(DEKTHBIX MOHOKPHCTAIIJIOB OKHCH
AJTFOMUHUS (oc—A1203:C) [M.S.Akselrod and V.S.Kortov, Thermoluminescent and Exoemission

Properties of New High-Sensitivity TLD a-Al,O,:C Crystals, Radiation Protection Dosimetry,

1990, vol.33, #1/4, pp.123-126 unu Reuven Chen, Stephen W.S.McKeever, Theory of
Thermoluminescence and Related Phenomena, World Scienctific, 1997, p.297].

B oTeuecTBeHHO! M 3apy0eKHOM MPAKTUKE MOIYUUIN PACIIPOCTPAHEHUE TBEPAOTEIbHBIC
TEPMOJTIOMUHECIICHTHBIC JIETEKTOPHI HA OCHOBE AaHUOHO-/1e(DeKTHBIX MOHOKPHCTAJIJIOB
okcuaa aaroMuHus, umeroiye odo3nauenue TJIJI-500 [mateHT PD Ne2229145].
BrisiBIeHHBIE B ITpoIiecce IKCIUTyaTaluyd 3TUX JETEKTOPOB HEJIOCTATKM YCTPAHSIIOTCS
MIPUMEHEHUEM Pa3JIMIHBIX CITOCOO0B 00pabOTKHU BEIIECTB, U3 KOTOPBIX U3TOTABIUBAIOTCS
netektopbl. Kak oTMedeHo B paccmaTpuBaeMoM naTteHTe PM, B 4aCTHOCTH, HETOCTATKOM
TEPMOITIOMMHECHEHTHBIX JETEKTOPOB Ha OCHOBE aHUOHO-Ie(heKTHBIX MOHOKPHUCTAJIIIOB
OKHCH aJIFOMUHUS SIBJISIETCS SIBHO BBIPAKEHHBIN HEJIMHEMHBIN y4aCTOK J1030BOM
3aBUCUMOCTH, OTPAaHWYMBAIOIINN BEpXHEE 3HAUCHUE Ualia30Ha u3MepeHuit [mateHT PO
Ne2229145, ¢pur.5]. Cornacuo npyromy uctounuky [B.C.Kopros, U.11.MunbmaH,
C.B.Hukudopos, E.B.Mocelikun. Mexanu3m ¢GopMUPOBAHUST HETMHEHHOCTH J1030BOT'O
BBIXOJIa TEPMOCTUMYJIMPOBAHHOMN JIFOMUHECIEHIIMM aHUOHO-e(heKTHBIX KPUCTAJLJIOB
a-A1203, ®duzuka TBepaoro tena, 2006, Tom 48, BbIN.3, cTp.421-426, puc.1], neraabHOro0
UCCIIeIOBAHUS MEXaHU3MOB (DOPMUPOBAHHUS HEJIMHEMHOCTH KPUCTAIIJIOB oc—A1203 HE
MPOBOJIUIOCH, OJHAKO BBISBJICHO, UTO MPU PA3HBIX YCIOBUIX U3MEPEHUI HEIIMHEMHOCTD
(CBEpXJIMHEHHOCTH) I030BOM 3aBUCMMOCTH TOSIBJISETCS MPU 3HAYCHUSIX TTOTJIOIIEHHOM 103l
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ot 0,192 I'p 1o 0,320 I'p u 6omee (¢ur.1).

Hawubomnee 61M3KUM K PEUIOKEHHOMY SIBJISIETCS CITIOCOO OIMpe/iesieHHUs MOTJIOIIEHHOM
JTO3bI 3-U3ITyUYEeHUS B TEPMOJIFOMUHECLIEHTHOM JIETEKTOPE HA OCHOBE AHUOHO-AE(PEKTHOTO
MoOHOKpucTaiuta okcuaa aaroMunus (TJI-500), BKIroyaronmii HarpeB yKka3aHHOTO
nerektopa co ckopoctsaimu 0,25+20 K/c B nnanaszone temmepatyp ot 303 go 673 K
(30-400°C) ¢ 0onTHOBpEMEHHBIM U3MEPEHUEM B IIPOLECCE HATPEBA MHTEHCUBHOCTHU
TEPMOTIOMUHECIEHTHOT'O CBEUEHHS B LIIMPOKOI 00JIACTH CIEKTpa (MIPUMEHSIEMbIl
(hOTO3IEKTPOHHBIN YMHOKUTENTH THIIAa DIY-130 nMeeT 00IaCTh CIIEKTPaTbHOM
qyBCTBUTENILHOCTH OT 300 10 800 HM, BKIIOUAIOIIYIO BECh BUIUMBIN CITIEKTP) U
MOCEAYIOIIEN OLIEHKON MOTIIOLIEHHOM 036l IO NapaMeTpaM IOIyYEHHOW KPUBOM
TEPMOBBICBEUMBAHUS: JTMOO MO 3HAYEHUIO CBETOCYMMBI, JIMOO 1O MHTEHCUBHOCTHU MTUKA
ykazanHol kpuBoii [1.U.Munsman, C.B.Hukudopos, B.C.Kopros, A.K.KunbmeTos.
KoHTposb kauecTBa 1eTEKTOPOB U3TYUEHUS IJI paIUAlMOHHOMN 1e(heKTOCKOINH,
Hedexrockomnus, 1996, Nel12, cTp.64-70].

H3BectHO [Applied Thermoluminescence Dosimerty, ed. Oberhofer, Sharmarm, 1979,

p-49, section 3.3.2.], 4TO B crioco0ax OLUEHKHU MOTJIOMIEHHOMN 103bl U3MEPSIETCS CBEUCHUE
TEPMOJIFOMUHECLEHTHOT'O AETEKTOPA (TEPMOBBICBEUMBAHKE) B LIMPOKOM IMATIA30HE
CIEKTPa, UCKITIOYAIOIIEM TOJIbKO UH(ppakpacHoe uznydeHue. [Ipu sTom uzmepsiemas
00JIaCTh CIIEKTPa COIEPKUT Pa3HbIe IBETOBbIE 00JIACTU, BKJIIOUASI CUHIOIO 00JIACTh C MUKOM
MHTEHCUBHOCTH CBEUEHUS Ha BOJIHE 420 HM. DTO 00ecreunBaeT MaKCUMAJIbHYIO
YYBCTBUTEIIBHOCTD CIIOCO0a U 00YCIOBIMBAET MPUBIIEKATEIbHOCTh U3MEPEHUI
MOTJIOIIEHHOM J103bI C UCIIOJIb30BAHUEM IIUPOKOI 00JIaCTU BUIUMOTO criekTpa. B Oosee
no3aHeM ucrouHuke [Reuven Chen, Stephen W.S. McKeever, Theory of Thermoluminescence
and Related Phenomena, World Scientific, 1997, p.513-514, section 11.2.6] Taxxe
YKa3bIBAETCSl, YTO HOPMOI SABJISIETCS U3MEPEHNE UHTEHCUBHOCTH TEPMOJIIOMUHECLIECHTHOT'O
CBEYEHHUS U TOCTPOEHUE KPUBOM TEPMOBBICBEUUBAHUS C UCIIOJIb30BAHUEM IIMPOKOIIOIOCHBIX
(GUIBTPOB BUIMMOI 001aCTH CIIEKTpa 03 BbIACTICHUST KOHKPETHBIX 3HAUSHHI JTUH BOJTH.

OnHaKo MMEHHO B YKa3aHHBIX YCIOBUSIX U3MEPEHHUSI HEAOCTATKOM CIIOCOOa-IIPOTOTHUITA
sBJIsieTCsl, Kak ykazaHo Bbliie [B.C.KopToB u ap. ®usuka tBepaoro teia, 2006, Tom 48,
BbIN.3, cTp.421-426, puc.1], HaTMYME HETMHEHHOCTHU (CBEPXJIMHEMHOCTH) JO30BOM
3aBUCMMOCTH MPH BEJIMUMHAX MOTJIOIEHHOM 103b1 60ee 0,192+0,32 I'p. Biusuue
CBEPXJIMHEMHOCTH JO30BOM 3aBUCUMOCTH MMPUBOJAUT K UCKAKEHUIO PE3yIbTaTa OUEHKHU
MOTJIOUIEHHOM J103bl U SIBIISIETCS MIPUUMHON CHUKEHUSI TOUHOCTHU OIpeieTIeHUs (OLEHKH)
MOTJIOUIEHHOM 103bl MPU 3HAYEHUSIX MOTJIONIEHHOM 103bl, IPEBBIIIAIOLUINX 3HAUEHUS
0,192+0,32 I'p. OrpannumBaeTcsi 06J1aCTh UCTIOJIBL30BAHUS CITOCO0A MPU MOBBIIIEHHBIX
3HAYEHUSIX MTOTJIOMIEHHBIX J03.

3agaueit n300peTeHus - cnocoda ONpeAeNeHus MOIIOIEHHON 103bl B-U3ITy4eHHUs B
TEPMOJIFOMUHECIEHTHOM JIETEKTOPE HA OCHOBE aHMOHO-/1e()eKTHOTO MOHOKPHUCTAIIIIA
OKCH/ia AJIFOMUHUS SIBIIETCS MTOBBIIIEHWE TOYHOCTH OLIEHKHU MOTJIOIIEHHOM 1035l
[-u3ayyeHus U paciiMpeHre 00JIaCcTH UCIIOIb30BAHUS crioco0a.

JI71s peltieHus MocTaBIeHHOM 3a/1a4u ClIOCO0 OMpe/IeieHUs MOTIOMIEHHOMN 103bI
[(-u31yyeHUs] B TEPMOJTIOMUHECIIEHTHOM JETEKTOPE HA OCHOBE aHUOHO-/1e(heKTHOTO
MOHOKpHCTAJIJIa OKCU/IA AJIFOMUHUS, BKIIIOUAIOLIUI HArPEB YKa3aHHOI'O IETEKTOpa ¢
OJTHOBPEMEHHBIM U3MEPEHUEM B IPOLECCE HATPEBA UHTEHCUBHOCTH
TEPMOIIOMUHECLIEHTHOT'O CBEUEHUSI B 001aCTHU BUAMMOTO CIIEKTPA U MOCIEAYIONIEH OLEHKON
MHOTJIOLIEHHOM JI03bI [0 TapaMeTpaM MOJyUYEHHON KPUBOW TEPMOBBICBEUMBAHUS,
OTJIMYAETCA TEM, YTO UHTEHCUBHOCTh TEPMOJIIOMUHECIEHTHOTO CBEUEHUS U3MEPSIOT TOJIBKO
B IIpeJenax avara3oHa e BoJaH oT 500 1o 570 Hm.
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Kpowme Toro, criocob onpeaeneHus NOTJIOMIEHHON JO3bI B-U3ITyUeHus B
TEPMOJIFOMUHECIEHTHOM JIETEKTOpE HA OCHOBE aHMOHO-/1e()eKTHOTO MOHOKPHUCTAIIIIA
OKCHJIa aJTFOMUHUS OTJIMYAETCS TEM, UTO UHTEHCUBHOCTH TEPMOJIIOMUHECLIEHTHOT'O CBEUEHUS
U3MEPSIIOT B JTIOOOM MO/IMANa30He BBIIIEYKA3aHHOTO AUATNa30Ha JJIMH BOJIH, UMEIOIIEM
mupuHy He 6osee 30 HM, B YaCTHOCTH B mojaauanas3one ot 520 HM 10 550 HM.

TexHuuyeckuil pe3yabTaT U300PETEHUS - YBEJTMUCHUE BEPXHET O 3HAYCHMUSI JIMHEMHOTO
JMara3zoHa 1030Boti 3aBucuMoctu 10 1 ['p (¢dur.2) 3a cuet u3MepeHrss UHTEHCUBHOCTH
TEPMOJIFOMUHECIEHTHOT'O CBEYCHHSI IETEKTOPA - AaHUOHO-Ae(PEeKTHOTO MOHOKpHCTAIIIA
OKCHJIa aJIFOMUHUS B TIpe/iesiax 3eJIeHOM 001aCTH BUAUMOTO CIIEKTPa, KOHKPETHO TOJIBKO B
npeaenax auanazona JauH BoyH oT 500 10 570 HM. YKa3aHHbBINM OTIIMYMTEIbHBINA IPU3HAK
croco6a B COBOKYIMHOCTH C APYTUMHU BBIIIEYKA3aHHBIMU CYIIIECTBEHHBIMU MTPU3HAKAMU
crocoba oOecreunBaeT MOBBIIIEHUE TOYHOCTH ONpe/e/ieHUs (OLEHKH) MOTIOMIEHHOMN 103bI
MIPY TTOBBIIIEHHBIX 3HAUYEHUSIX MOTJIONIEHHOM JO3bI U, COOTBETCTBEHHO, PACIIUPSIET 00JIaCTh
UCIIOJIb30BAHUS MPEIJIOKEHHOI O CIIOc00a B CTOPOHY MOBBILIEHHBIX 3HAUEHUHN
MOTJIOIIEHHBIX 403. [1pemioxkeHHOe U300peTeHre MyTEM YBEJIMUCHUS BEPXHEN IpaHUIIbI
JIMHEMHOTO Juara3oHa 1030Boti 3aBucuMoctu ot 0,192+0,32 I'p (¢ur.1) go 1 I'p (dur.2)
pacimpsieT AMANa30H JIMHEMHOCTH 1030BOM 3aBUCUMOCTH B CPABHEHUH C MMPOTOTUIIOM OT 3,1
110 5,2 pas.

[Tpu u3mMepeHnr UHTEHCUBHOCTU TEPMOIIOMUHECLIEHTHOT'O CBEUEHUS Ha JJIMHAX BOJIH
MeHee 500 HM CyIIIECTBEHHO CHUKAETCSl BEpPXHEE 3HAUCHUE JIMHEMHOT O IMana30oHa 1030BOM
3aBucuMocTH. [1pu yBenuueHur JIMHBI BOJIHBI O0Jiee 570 HM PerucTpupyroTcs
COCTaBJISIFOLIME TEPMOJTIOMUHECIEHTHOT O CBEUEHHUS IETEKTOPA, BHOCSIIUE MOTPEITHOCTHU B
OLICHKY IOTJIOIIEHHOMN J03bI U CYIIECTBEHHO YMEHBIIAIOIIME TOYHOCTh TAKOW OLEHKU. DTH
COCTABJISIONINE 00YCIOBIEHBI HEKOHTPOJIUPYEMBIMU MTPUMECIMU MaTepuaia
TEPMOJIFOMUHECIEHTHOT'O IETEKTOPA, TETIOBBIM (DOHOM U BIIMSIHUEM TITyOOKO
PACIOJIOKEHHBIX JIOBYIIEK aHUOHO-Ae(PEKTHOT'O MOHOKPHUCTAIIJIA OKCU/IA AITFOMUHMSL.

OrnurcaHHast CBSI3b MEK/Y OTIMYUTEIbHBIM IPU3HAKOM MPEII0KEHHOT0 U300PETEHUS U
HOBBIM TEXHUYECKUM PE3YJIbTATOM 3KCIEPUMEHTAIbHO BBISIBIIEHA aBTOPAMU U300 PETEHUSI.

MHTEHCMBHOCTD TEPMOIIOMUHECHEHTHOT'O CBEUEHUS UCIIOIb3yEMOT O
TEPMOIIOMUHECHEHTHOT'O IETEKTOPA B MIPEII0KEHHOM 3e7IeHON 00J1acTH crieKTpa (TOJIBKO B
nuamnaszoHe 500+570 HM) HUKE€ UHTEHCUBHOCTU TEPMOIIOMUHECHIEHTHOTO CBEUECHUS B IPYTUX
00J1aCTSIX BUIMMOTO CIEKTpa. B 4acTHOCTH, MaKCUMaJlbHASl UHTEHCUBHOCTh CBEUEHMSI B
MPEAJIO)KEHHOM aBTOPaMH AMANIa30HE JIMH BOJIH HA NOPSAA0K HUKE UHTEHCUBHOCTH MHUKA
CBEYEHHUS BUIMMOI'O CIEKTPa, HAXOISIIErocsi B 00JaCTH CUHET O CBEUEHUs
[BeiieynomsiHy eI ucTOUHUK M.S.Akselrod and V.S.Kortov, Radiation Protection
Dosimetry, 1990, vol.33, #1/4, p.123, fig.1].

[ToBbIIEHNE TOYHOCTH OLEHKH MOTJIOIEHHOM 03Bl 3a CUET U3MEPEHHUSI UHTEHCUBHOCTH
TEPMOIIOMUHECLEHTHOT'O CBEUEHUS TOJIbKO B HU3KOMHTEHCUBHOM IPEII0KEHHOM
aBTOpPAMHU JUaIla30HE CBEUECHUS U IIPEOIOJIEHUE ABTOPAMU U300PETEHUSI OTIMCAHHOT'O BBILIIE
pacrpoCTpaHEHHOI'O MHEHHS O MTOJIE3HOCTH U3MEPEHUI MOTJIOIEHHOM 103bl B 00J1aCTH
BCETO BUIUMOTO CIEKTPA TEPMOJTIOMUHECIIEHTHOTO CBEUEHHUS YKA3bIBAIOT HA
HEOUYEBUTHOCTH MOJIYyYEHHOT O TEXHUYECKOTO PE3yJIbTATA.

Ornpenenenue NOTIOMEHHON A03bl HOHU3UPYIOLLETO [3-U3TTyUeHUs B
TEPMOJIFOMUHECIEHTHOM JIETEKTOPE HA OCHOBE aHMOHO-/1e()eKTHOTO MOHOKPHUCTAIIIIA
OKCH/a aJIFOMUHUS ITPU U3MEPEHUSIX UHTEHCUBHOCTH TEPMOJIIOMUHECHEHTHOI'O CBEUYEHHUS B
mo6oM nojauana3zone nuamnaszona 500+570 HM, uMmeroleM mUpuHy He 0oJsiee 30 HM, B
YACTHOCTH B IIOJAMAIIa30He UIMH BOJIH OT 520 HM 10 550 HM, oOecrieunBaeT HauOOJIbIIIEE
MOBBILIEHUE TOYHOCTU OUEHKU MOTJIOIIEHHON J103bl B CPABHEHUU C TPOTOTUIIOM

Ctp.: 5
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MPETIOKEHHOTO COCco0a.

[Tpu mmpune nogauarnaszona, 6oosbinei 30 HM U He TPEBBINIAIOIICH, ECTECTBEHHO,
MPEIJIOKEHHYIO aBTOpaMu IMpuHY auana3zoHa 500+570 HM, paBHy10 70 HM, TOUHOCTh
OIICHKH TTOTJIONIEHHOMN J03bl HECKOJIbKO HUXKE, YEM MPU UBMEPEHUU B MOAAMAIIA30HE C
IIUPUHOM, MeHbIIel yeM 30 HM, HO SBJIseTCs 00Jiee BBICOKOM, YeM ITPY UCIIOIb30BaHUN
MPOTOTHUITA U300peTeHus. PacmonokeHue moaaMana3ona JyIMH BOJIH BHYTPH JUMana3oHa
500+570 HM He SABIISETCS KPUTHUUESCKH BaXKHBIM JIJIs1 0OeCIeYMBaeMOl PeII0KeHHbIM
HN300pETEeHUEM TOYHOCTU OLEHKH MOTJIOIIEHHOM 103bl. HUKHMI TTpe/es IMPUHBI
TO/ITMara30Ha ONPeIeNseTCs KaK pa3peliaroniei CoCOOHOCThIO PUMEHSIEMOTO TPH
OCYILIECTBIICHHHU CITOCO0A KOHKPETHOTO OJIOKA BBIJICICHUS JJIMH BOJIH PETUCTPUPYEMOTO
TEPMOJIFOMUHECIICHTHOT'O CBEYEHUSI, TAK U YyBCTBUTEIILHOCTHIO UCIOJIb3YEMOTO IMTPUEMHUKA
TEPMOITIOMUHECLIEHTHOT'O CBeueHUs1. Hammpumep, mpu oObIYHOM pa3pelaromiei CHoCOOHOCTH
M3BECTHBIX MOHOXPOMATOPOB, paBHOM 0,1 HM, ISl OUEHKHU MOTJIOIIEHHON T03bl JOCTATOYHO
YYBCTBUTEIIbHOCTH U3BECTHBIX (DOTOIIEKTPOHHBIX YMHOXKHUTEIIEH.

M3006peTeHne mosSCHACTCS CIIEAYIOIUMH YePTEKaAMHU:

¢ur.1 - Tpu MOTyUYEHHBIE U3BECTHBIM CIOCOOOM 1030BbIe 3aBucuMOocTH [B.C.KopToB u
ap., @uzuka TBepaoro tena, 2006, Tom 48, BbI.3, cTp.421-426, puc.1], B KOTOPBIX
HEJIMHEMHOCTD (CBEPXJIMHENHOCTH) MOSBIISIETCS IIPY 3HAYEHUSAX MTOTJIOLIEHHOM 1036l 0T 0,192
I'p 1o 0,32 I'p u Oostee, 3aBUCMMOCTH TTOJIYYEHBI IIPH Pa3HBIX CKOPOCTSIX Harpena
nerektopa 0,5 (Nel), 2 (Ne2) u 6 (Ne3) K/c;

(ur.2 - moJIyueHHbIE aBTOPAMHU MTPEIIOKEHHBIM CITOCOOOM J030BbIE 3aBUCUMOCTH C
HEJIMHEMHOCTHIO, UMEIOIIIEN MECTO TOJILKO MPU 3HAYEHUSIX MOTJIONIEHHOM 03bI Boiie 1 I'p,
rae misg oopa3sia Nel HHTEHCUBHOCTD TEPMOJIIOMUHECIIEHTHOTO CBEUCHUS U3MEpPEHa B
Mo iiMana3ose JUIMH BoJIH 510 + 512 M, airs oopasna Ne2 - B moiuana3oHe JUIMH BOJIH
500+570 uMm, mist obpasua Ne3 - B mojgauanazoHe JJIMH BOJH 520+550 HM;

¢wur.3 - OJI0K-cXema YCTPOMCTBA ISl ONPEACTICHUS TTOTJIOMIEHHOM TO3bI [3-U3IIy4eHus B
TEPMOJTIOMUHECIICHTHOM JETEKTOpE Ha OCHOBE aHMOHO-/1e()eKTHOT'O MOHOKPHUCTAIIIA
OKCHJIa AJTFOMUHMUSL.

YCTpoicTBO Ajis onpeAesieHus: MOTIOMIEHHOM 1036l B-uziyueHus (¢ur.3) BKIIOYaeT
TBEPJOTEIbHBIA TEPMOITIOMUHECIICHTHBINM JETEKTOP | Ha OCHOBE aHHOHO-1e(PEeKTHOTO
MOHOKpHCTaIa okenaa amomunns a-Al,O,:C, 610k 2 HarpeBa yKa3aHHOTO JeTeKTopa 1 1

OJ10K 3 perucTpanuu TePMOITIOMHUHECIIEHTHOTO CBEUEHHUSI 3TOT0 *ke JeTekTopa 1. Beixon 4
0110Ka 3 perucTpanuy TePMOJIIOMUHECHEHTHOT'O CBEUEHUS COSIMHEH CO BXOJIOM 5 OJ10Ka 6
OIICHKH ITOTJIOMIEHHOM 103bl. MEX/1y YITOMSIHYTBIM OJIOKOM 3 perucTpanuu u
TEPMOJIFOMUHECIIEHTHBIM JIETEKTOPOM | Ha MyTH pacHpOCTPAHEHUS] CBEUEHMS 7 3TOTO
JIETEKTOPA PACIIOJIOKEH OJIOK 8 BBIACIICHUS IJIMH BOJIH PETUCTPUPYEMOTO
TEPMOITIOMUHECLIIEHTHOT'O CBEUCHUS, 0003HAUEHHBIN Ha (pur.3 kak ¢puiabTp. biiok 8
BBIJICJICHUS JUTMH BOJIH PETUCTPUPYEMOTO TEPMOIIOMUHECIEHTHOT'O CBEUEHUS BHITIOJTHEH C
XapaKTEPUCTUKAMHM, 0OCCITIEUMBAIOIITUMH (DYHKIUIO BBIJCIICHHUS JUTMH BOJIH TOJIBKO B
npenenax auana3zona ot 500 1o 570 HM (cBeueHue 9).

Kpowme Toro, 610k 8 BBIJICIICHUS JUTMH BOJIH PETUCTPUPYEMOTO TEPMOTFOMUHECIIEHTHOT'O
CBEUEHUS MOXKET OBITH BBHITIOJIHEH C XapaKTEPUCTUKAMM, 0OECIIeUNBAIOIIMME ()YHKIIMIO
BBIJICJICHUS JUTMH BOJIH B JIIOOOM TOJI/TMAaNa30He JJIMH BOJIH BBIIIIEYKA3aHHOTO AMaIia3oHa,
uMeroIeM mupuHy He 6osiee 30 HM, B YACTHOCTH, B TTojytMana3one ot 520 Hm 10 550 HM.

biiok 8 BbIZIEIEHUS JJTMH BOJIH PETUCTPUPYEMOTO TEPMOJTFIOMUHECHEHTHOT'O CBEUCHUST
MOJKET OBITh BBITIOJIHEH TAK)KE C XapaKTEPUCTUKAMHU, 00CCIICUMBAFOIITUMH (DYHKIMIO
BBIJICJICHUS! JUTMH BOJIH B JIIOOOM IOJI/TMANa30He JUIMH BOJIH, HAXOSAIIEMCS BHYTPH
BhIIIEyKa3aHHOTO Auana3zona 500+570 uMm, Hanpumep, S00+560 HM wm 530+570 HM.
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biok 2 Harpesa BKJIIOUA€T HArpeBATEIbHBIN CTOJIMK, HA KOTOPOM pa3MeEIleH IeTEKTop 1,
Y YCTPOMCTBO PETYJIMPOBKU MOIIIHOCTH Harpesa (He nmokasaHsl). JleTektop 1 npeacraBisiet
coboit oOpasel CTaHAAPTHOTO TEPMOJTIOMUHECIIEHTHOT'O IETEKTOpa, HAITPUMEp, TUIA
TJI/1-500, mpeacrapnstoiero codo HOMUHAILHO YUCThIM aHUOHO-Ae(hEKTHBIN
MoHokpucTani a-Al O,:C.

bnok 8 BbiIeneHUs JJIMH BOJIH PETUCTPUPYEMOTO TEPMOTIOMUHECLIEHTHOT'O CBEUEHUS 7
MpeACTaBIIIeT COOO0M PUITBTP U3 CIIEMATBFHOTO ONTUYeckoro crekia (tumna XK3C-12),
OCYIIECTBIISIIOIINI (DYHKIMIO BBIJENICHUS (ITPOMyCKaHUs uepe3 ceOst) IJTUH BOJIH
TEPMOJIFOMUHECIIEHTHOT' O cBeueHus B auana3zone 500+570 M (cBeuenue 9). B ciyyae
BBIJICJICHUS JUIMH BOJIH 9 B IO/IMATNIA30HE, IIMPHUHA KOTOPOro MeHble 10 HM, B KauecTBe
0s10Ka 8 MOKET ObITh UCIIOJIb30BAH COOTBETCTBYIOIINI UHTEpPepeHUMOHHBIN PunbTp. [1pu
HEOOXOIMMOCTH BBIIETICHUS O0JIee Y3KOro MOAAUana3oHa IJIMH BOJIH UCIIOJIb3YeTCs
T PaKIMOHHBIM MOHOXPOMATOP, Hampumep, Tuna MJIP-23.

biok 3 perucrpaiuu TepMOITIOMUHECIIEHTHOT'O CBEUEHHUS 9 MTPeCTaBIISIET COOO0M
(bOTO3ICKTPOHHBIN YMHOKUTEND, HarmpuMep, Tuna MIY-39A umu ®OVY-106 ¢ yeumureneM u
npeoOpa3oBaTesieM cCUrHajia (Ha yepTeke He TOKAa3aHBbI).

Biiox 6 onieHKU MOTIOMIEHHOM 1036l MPEACTABIISIET CO00M (HE TOKA3aHO)

MUK POMPOLECCOP WM MEePCOHANIbHBIN KoMITbIOTEP (DBM) ¢ untepdericom npuHATUs
cUrHaja oT 0Ji0Ka 3 perucTpanuu TePMOJIIOMUHECHEHTHOTO CBeYeHuUs JeTekTopa 1. biok 6
OCYIIECTBIISIET (DYHKIMHU 3a/1aHUsI 3HAYCHUHN TeMITepaTypbl AeTeKTopa 1, onpeneneHus
3HAYE€HUN UHTEHCUBHOCTH TEPMOJIFOMUHECLEHTHOI'O CBEUEHUS 9 ITPU 3aTAHHBIX 3HAUYECHMSIX
TEMIIEPATYPbI, TIOCTPOCHUSI KPUBOW TEPMOBBICBEUMBAHUS (3aBUCUMOCTb UHTEHCUBHOCTH
TEPMOJIIOMUHECLEHTHOT'O CBEYEHUS 9 OT TeMIlepaTyphl HArpeBa JeTeKTopa 1), onpeaesieHus
3HAYEHUSI CBETOCYMMBI YKA3aHHOW KPUBOM U OLEHKHU MOTJIOLIEHHON 103bI IO MOJIYYEHHOMY
3HAYEHUIO CBETOCYMMBI. OlIEHKA MOTJIOIIEHHOM JO3bI MOXKET OBITh MPOU3BEIEHA TAKXKE 1O
WHTEHCUBHOCTH MMHUKA KPUBON TEPMOBBICBEUMBAHUSL.

Jlns ynpaBlieHUs HATPEBOM JETeKTOpa | UCIOIb3yeTcsl OJIOK yrpaBlieHuUs (HE TOKa3aH),
BXO/IbI-BBIXO/IbI KOTOPOT'O COEAUHEHBI C YCTPOUCTBOM PEryJIMPOBKU MOIITHOCTH OJl0Ka 2
HarpeBa U 4epe3 COOTBETCTBYIOMIUN UHTEPQEIC - C MUKPOIIPOLECCOPOM WIIU MEPCOHATIBHBIM
KOMITBIOTEPOM OJI0Ka 6 OLIEHKHU MOTJIOMIEHHOM 103bl. DYHKIUIO YIIOMSHYTOrO OJIOKa
YOPABJIEHUSI MOKET OCYILIECTBIISITh CAM YKA3aHHBII MUKPOIIPOLECCOP (MEPCOHATbHbIN
KOMIIBIOTED).

B OBM 6:10ka 6 1171 OLEHKHM MOTJIOIIEHHOM 103bI UCITOJIB3YIOTCS MTPOTPAMMBbI
YOPABJIEHUS U3MEPUTEIIBHON CUCTEMOM, PETUCTPALMU KPUBBIX TEPMOBBICBEUMBAHUS U
MaTeMaTUYECKUE MAaKeThl, B yacTHOCTU Excel wim Origin.

YcrpoiicTBo paboTaer, a cnocod ornpeaesieHus: MOrIOIMIEHHOM 1036l B-U3JTy4eHuUs B
TEPMOJIIOMUHECHIEHTHOM JETEKTOPE HA OCHOBE aHMOHO-/1e()eKTHOIO MOHOKpHUCTAIIIA
OKCH/ia AJIFOMUHUS OCYIIECTBIISIETCS CIEIYIOLIMM 00pa3oM.

Hamepsiemblii oopa3zer 1 (metextop 1, pur.3) mist ormpeaeieHuss iCKOMOTO 3HaUeHUS
MOTJIOIIEHHOM 103bl 3-U3JIy4eHHs] HAarpeBAIOT 10 IEPBOT0 YCTAHOBIEHHOTO 3HAYEHUS
temnepaTtypsbl, Harpumep 373 K. C momortpio puipTpa 8 U3 TepMOITIOMUHECHEHTHOTO
cBeueHus 7 3Toro oopasna 1 BeiaensioT cBeueHue 9 B quanazone 500+570 uMm. C moMolibio
0J10KOB 3 U 6 ONPENENSIIOT UHTEHCUBHOCTb TEPMOJIFOMUHECLEHTHOTO CBEUEHMUSI TPU
YCTAHOBJIEHHOM 3HAYEHUM TEMIIEPATYPHI U CTPOST MEPBYIO TOUKY UCKOMON KPUBOM
TEpMOBBICBEUMBAHU4. [lajiee yepe3 yCTaHOBJIEHHBIE TIEPUOIbI BpEMEHU (HaIrpumep, 1 Mc)
MPOU3BOIAT JIMHEMHBIN HArpeB oOpasia 1 10 CIeayoIuMX 3HaUeHUH TeMIIepaTyphl U
AHAJIOTUYHO CTPOST MOCIEAYIOLIME TOYKU UCKOMOW KPUBOM TEPMOBBICBEUMBAHMS, ITIOKA HE
OyJeT NOCTUTHYTO MpeelbHOe 3HaUeHHe TeMIlepaTypbl oopasua 1, Hanpumep 573 K.

Crp.: 7



10

15

20

25

30

35

40

45

50

RU 2378665 C1

Harpes ocymectBisitotr co ckopocthio oT 0,2 1o 10 K/c.

JlaHHbIe O BpeMeHH, MPOLIEAIIEM C Haualla U3MEpPEeHUl, Temiieparype obpasua 1 u
MHTEHCUBHOCTH €TI0 TEPMOJIIOMUHECLIEHTHOT'O CBEUEHUS 9, IoTydaeMble [Py IOMOILIU
OTMCAHHOTO YCTPOWCTBA, 3aMUCHIBAIOT B (haiisl qaHHbIX. Dalin naHHbIX 00pabaThHIBAIOT
MaTEMAaTUYECKUM ITAKETOM, I10 ITOJIyYEHHOM UCKOMOMN KPUBOM TEPMOBBICBEUMBAHUS
OIIPENEIISIIOT UICKOMOE 3HAUEHUE CBETOCYMMBI MJIIM UICKOMOE 3HAUYEHWE MHTEHCUBHOCTH ITUKa
yKa3aHHON KPUBOI, IO KOTOPHIM IMTPOU3BOISIT OLEHKY 3HAYSHUSI MOTJIONIEHHON 00pasiuoM 1
MCKOMOW J03bI [B-u3nyueHus. st aToro uamepsieMbiit oopaser 1, TOAroTOBIEHHBIN K
MOCIEYIONIEMY UCTIOIB30BAHUIO (OCBOOOKIEHHBIN OT MOJIYYEHHOM paHee MOTJIOIEHHON
JIO3bI B-U3ITyUeHUsT), TOABEPTat0T BO3IECHCTBUIO U3BECTHOTO 3TAJTOHHOT'O 3HAYCHHUSI 103l
B-uznyuenus (mopsaka 0,01+0,05 I'p). 3aTeM BBIIICOMTUCAHHBIM CIIOCOOOM OMPEACTISIOT
3HAYEHUE ITAJTOHHOW CBETOCYMMBI MJIM 3TAJIOHHOW MHTEHCUBHOCTU MUMKA KPUBOW
TepMoBbICBeunBaHus. Mickomoe 3HaueHue MOTIOEeHHOM 03kl B-u3nyueHust oopasua 1
PACCUUTHIBAIOT C IOMOIIIBIO OJI0KA 6 OLEHKHU MOTJIOMIEHHOM 1035l 110 CIEIYIOLIUM
dhopmynam:

S
Ducnom = DaTan SMCKDM ;
ITAN
NN
I CHOM
Dncnm« = Da'r‘a.n IM r
ITAN
roe D - ICKOMO€ 3Hau€HUe MOTJIOLEHHOMN 103kl -u3nyuyenus, I'p;

UCKOM

D3Tan - 3TAJIOHHOE 3HAYEHHUE TTOTJIOMIEHHOM J103bI B—I/BJIY‘IGHI/ISI, YCTaHaBJIMBAEMOC B

npenenax 0,01+0,05 I'p;

HCKOM HNCKOMOC 3HAYCHHUE CBETOCYMMBI WCKOMOM KpHBOfI TEPMOBBICBCUHMBAHMS, OTH.C.;

S, .., - 9TAIOHHOE 3HAYCHHE CBETOCYMMBI 3TAJIOHHON KPUBOI TEPMOBBICBEUNBAHMSL,
OTH.e[l.;

L <oy - AICKOMOE 3HAYCHNE NHTCHCUBHOCTH ITMKA HCKOMOM KPUBO# TEPMOBBICBEIMBAHNS,
OTH.EI.;

I3TaJ‘I - 3TAJIOHHOE 3HAYE€HHWE MHTEHCUBHOCTHU ITMKA 3TAJIOHHOM KpI/IBOfI

TEPMOBBICBEUMBAHUS, OTH.E/I.

B Tabnuie npuBeaeHbl pe3yabTaThl UBMEPEHUN U OLEHKU MOTJIOIIEHHOMN 03Bl
[-u3nyueHus mpennokeHHbIM criocodbom (00pasipl NeNel, 2 1 3) ¥ U3BECTHBIM CITOCOOOM
(o6pa3supr NeNed 1 5) mpu YeThIpeX 3HAUCHUSIX TECTOBOM IOTIOMIEHHOM 1036 (0T 0,16
10 0,96 I'p). DTanoHHoe 3HAaYEHUE MOTJIOMIEHHOMN 10361 3-U3JTy4eHUs ObLIIO TPUHSATO
paBubiM 0,03 I'p. TecToBbIE M 3TATIOHHOE 3HAUEHHUS MOTJIOIEHHOW J03bl B YKA3aHHBIX
o0pa3uax ycTaHaBIMBAJIUCh OOJIyUeHUEM 3TUX 00pa3loB P KOMHATHOM TeMIiepaType
-u3nyueHueMm 2081/2°Y -ucrounnuxa B npudope tumna KIT-02 ¢ MOIIHOCTBIO T03bI B MECTE
pacnonoxenust oopasua 0,032 I'p/Mun. CkopocTh HarpeBa oopa3ioB coctasisiia 2 K/c. B
Ka4yeCcTBE Pe3yIbTaTOB MPUMEHEHHUSI CIIOCOOOB MPUBEICHBI 3HAUEHHS MTOTPEITHOCTEN OLCHKH
MCKOMOWU MOTJIOLIEHHOM 103bI B MPOLEHTAX OTHOCUTEJIBHO 3TAJTOHHOM MOTJIOIMIEHHON T03BI.
JlomycTuMasi IOrpeiHOCTh OLUEHKU UCKOMOM MOTJIOIIEHHOM 103bI paBHA £15%.

AOGCOTIOTHAS HOTPELIHOCTH OLEHKH ITOTJIOMEHHON 1036 U1 00pa3noB NeNel+5,%
Tecrosas rorsouieHHas 1o3a, I'p
Nel Ne2 Ne3 Ned Ne5
0,16 6,3 0,0 0,0 0,0 12,5
0,32 9.4 12,5 8,2 18,8 56,3
0,64 12,5 9,4 9,0 234 53,1
0,96 14,6 10,4 9,5 32,3 63,5

Crtp.: 8
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st obpa3sna Nel nzmMepeHre HHTEHCUBHOCTH TEPMOJTIOMHUHECHIEHTHOT'O CBEUCHUS
OCYIILIECTBJICHO MPEIIOKEHHBIM CITOCOOOM B MOIMaIIa30He IJIMH BOJIH 510+512 HM ¢
HCIOJIb30BaHMeM MOoHoXpoMaTtopa Thurna MJIP-23 B kauecTBe 0Ji0Kka 8 BBIJIETICHUS JJIUH
BOJIH PETUCTPUPYEMOTO TEPMOITIOMUHECIIEHTHOT'O cBeueHus. st oOpasua Ne2 usmepeHue
MHTEHCUBHOCTU TEPMOJIFOMUHECUEHTHOTO CBEYEHHUS OCYIIIECTBIICHO TAKXKE MPEIIIOKEHHbIM
CIroco6oM B mogauana3oHe mMH BoaH 500+570 HM ¢ UCITOJIb30BAaHUEM B KauecTBe OJIoKa 8
BBIJICJICHUS JJIMH BOJIH UHTep(epeHInoHHOoT0 (huabTpa. M3mMepenrne MHTEHCUBHOCTH
TEPMOITIOMMHECHIECHTHOT'O CBEUCHUS TSl 00pasia Ne3 oCyIIecTBICHO MPEII0KEHHBIM
CrocoOOM C UCIIOJTb30BAHKMEM B KavecTBe 010Ka 8 MHTEpPEPEHIMOHHOTO (DHIIBTPA C
oJIMana3oHoM JUIMH BoiH 520+550 M.

M3mepeHne MHTEHCUBHOCTH TEPMOJIFOMUHECIIEHTHOTO CBeueHUs oopa3sma Ned
OCYIIIECTBIICHO M3BECTHBIM CITOCOOOM B ITOIIMAIa30He JUIMH BOJIH 485+595 HM ¢
HCITOJIb30BAaHUEM B KauecTBe 0J10Ka 8 BBIACICHUS IJIMH BOJIH ONITUYECKOI'O CTEKJIAa TUIIA
K3C-12. s obpasma Ne5 nusmepeHre MHTCHCMBHOCTH TEPMOJTIOMUHECIIEHTHOT'O CBEUCHUS
OCYIIIECTBIICHO U3BECTHBIM CITOCOOOM B IO IIMAIa30He JUIMH BOJIH 420+422 HM, B KQuecTBe
0110Ka 8 UCIIOJIb30BaH MOHOXpomaTop Turia MJIP-23.

M3 Tabmuisl BUAHO, YTO TP UCIIOJIB30BAHUM M3BECTHOTO criocoba (oOpa3ubl NeNed, 5)
MOTPEITHOCTD OLEHKHU MOTJIOMIEHHOM T03bI B-U3ITyYeHUsI HAXOUTCS B JOMYCTUMBIX
npenenax (MmeHee 15% 1mo aOCOIIOTHOM BEIMYMHE) TOJIBKO IS MUHUMAJIbHOTO 3HAYCHUS
MorJIoIIeHHoM 10361, paBHOro 0,16 I'p. [IprMeneHue u3BecTHOTrO ciocoba s 0oee
BBICOKMX 3HAUEHMI MoTrJjIoieHHoM 1036l (0T 0,32 10 0,96 I'p) 1aeT HEAOMYCTUMO BBICOKYIO
norpemHocTsb (0T 18,8 mo 63,5%).

[MonyyeHHbIe TOTPETHOCTU OLEHKU MOTJIOMIEHHOMN 103bI [3-U3TYyYeHUs] TPEIT0KEHHBIM
criocooom (obpa3supl NeNel, 2, 3) HaxoaATCs B AONyCTUMBIX nipeaenax (ot 0 1o 10,4%) B
IMPOKOM JanaszoHe 103 - oT 0,16 I'p 1o 0,96 I'p.

dopwmyia u3o0peTeHus

Cnocob onpeneneHrs NOraoueHHOMN 103bl HOHU3UPYIOLIETO (3-U31yUYeHUs B
TEPMOJIFOMUHECIEHTHOM JIETEKTOPE HA OCHOBE aHMOHO-/1e()eKTHOTO MOHOKPHUCTAIIIIA
OKCH[Ia aJIFOMUHUS, BKJIIOUAIOIINNA HATPEB YKA3aHHOTO JIETEKTOPA C OJTHOBPEMEHHBIM
M3MEPEHUEM B MPOLIECCE HATPEBA MHTEHCUBHOCTU TEPMOJIIOMUHECLEHTHOT'O CBEUEHUS B
00J1aCTH BUIMMOTO CIEKTPa U MOCIEAYIOIIed OLEHKOM MOTIOMIEHHOMN 103bI 0 MapaMeTpaM
MOJIYYEHHOU KPUBOM TEPMOBBICBEUUBAHMS, OTIIMYAOLIUNCS TEM, UTO U3MEPEHUE
WHTEHCUBHOCTH TEPMOJIIOMHUHECLEHTHOTO CBEUEHMSI OCYILIECTBIIAIOT TOJIBKO B Mpeaenax
muana3oda n;mH BoH oT 500 o 570 HM.

Crtp.: 9
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