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BBenoeHue

OpHOMepHbIN yrnepos umeeT NepcrnekTUBbl MPaKTUYECKOro UCMOfb30BaHUA B OMTUKE, MUKPO-
9NEKTPOHUKE, MeanuMHe, CMHTe3e anmasoB U Ap. oTpacnax Haykvm u TexHukn [1]. OgHako B HacTos-
Lee BpeMs 06bem Npom3BoACTBa KapOMHOMAOB OrpaHMYEH, Kak NpaBuso, Nub Hay4YHO—MCCneLoBa-
TENbCKUMU LEensMU. JTO CBSA3AHO KaK C TEXHUYECKMMWU CFOXHOCTAMU CUHTE3a XMMWYECKU YMCTOro
OLLHOMEPHOTO Yrnepoaa, Tak U C BbICOKON peakLMOHHON CNOCOBHOCTBIO YrNepoaHbiX Lenen, 4to npu-
BOAUT K UX KOBANEHTHOMY CBS3bIBaHWUIO B NPOLIECCe CMHTE3a ¢ 0Opa3oBaHMEM OBYX— U TPEXMEPHbIX
yrnepoaHbIX CTPYKTYp [2].

OaHMM 13 HambBornee pacnpoCTpaHeHHbIX METOOOB CMHTE3a KapObUHOMAHBLIX CTPYKTYp siIBNSETCH
XnMmmnyeckasa kapboHusaums ranoreHocogepXalumx nonMmepos. B atom meTtoge ncxogHasa nonvmep-
Has nreHKa NoOMeLLaeTCsa B XUOKYI0 XUMUYECKU aKTUBHYIO Cpedy Ha OCHOBE OpraHM4ecKux pacTBoOpu-
Tenemn u WernovyHoro areHTa, KOTopbI OCYLLEeCTBNAET peakuuio gerngporanoreHMpoBaHus B retepo-
reHHbIX ycroBusix. Peakunsa npoxogut B ABe ctagun. Ha nepeon ctagum obpasytotcst ABonHble C=C—
CBA3N Cry4alHo pacnpegeneHHble no uenu nonumepa. danbHenwee gerngpodptopuposaHue ¢ obpa-
30BaHMEM ranoreH3amMeLleHHON MONMEHOBOW CTPYKTYpPbl MPOMCXOAUT BbICTPO 3a cyeT addpekTa an-
nuneHon aktnBauum [3]. BTopas ctagma peakuuu, Ha KoTopoun oTwennedme HF npoucxogut B rano-
reH3aMeLleHHbIX nonmeHax ¢ obpas3oBaHMEM KapOUMHOWMAHLIX (dparMeHTOB, MPOTEKaeT MeasIeHHO
Bcneactene 6Gonee BbicOKOW npovHocTM =C—-F cBsA3M u 3atpyaHeHHon audbdysmm peareHToB.
lMocKkonbKy peakumsi NPOoTEKaeT reTeporeHHo (TBepabin NoNMMEpP — XUOKUA peareHT), B obpasue co-
CYLECTBYIOT doparMeHThbl KapOMHOMAHBLIX, MOMMMEHOBLIX U MCXOAHOW MOMMMMEPHON CTPYKTYpP. YBenu4ye-
HWEe MNPOAOIPKUTENBHOCTU peakumMu MPUBOOUT K YBENUYEHUIO TOMLWUHBI AernaporanoreHMpoBaHHOMo
cnos nneHku. NoaToMy XMMMYECKMI aHanmM3 NOBEPXHOCTU NIEHKM AaeT BaXKHY0 MHOpMaLno o cTe-
neHn ee kapboHn3aumn.

[ns KOPpPEKTHOro KOSIMYECTBEHHOrO aHanmsa XMMUYECKOro COCTOSIHMS MOBEPXHOCTM TBEPOOro
Tena MeToAOM PEHTreHOBCKOM (POTOANEKTPOHHON cnekTpockonun (POIC) Heobxoanma nHdpopmaums
He TONMbKO O cevYeHusX (POTOMOHM3aLMM aTOMHbIX OBOMOYEeK 3NeMeHTOB M (PYHKLMU MPONyCKaHWUs
CMNEeKTpoOMeTpa, HO U 06 aHEepreTMYeckon 3aBUCMMOCTM ANWHbI cBOBOAHOro npobera B nccrnegyeMmom
o6pasue. NpuBogmmas 06bIMHO B cneumnansHON nutepaType yHUBeEpcanbHasa KpuBasi, OnvcbiBaoLas
9Ty 3aBMCUMMOCTb, B OENCTBUTENbHOCTU annpoKCUMMPYET 3KCNepUMEHTanbHbIE TOYKKU, UMeKLne or-
POMHbIN pa3bpoc. Ckopee BCero, KpmBasi ONMCbIBAeT NULWb CYLLECTBYIOLLYIO TEHAEHUMIO, KOoTopas
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NposIBNsiIeTCs, BO—MEPBbIX, B HaIM4MMm MUHMMYMa MPU HEKOTOPOW 3Heprnn OTOINEKTPOHOB
(20—40 3B), n, BO—BTOpPLIX, B CTENEHHON 3aBUCUMOCTU OT 3HEPrun Npu A4OCTaTOYHO yAaneHHbIX OT
MUHUMYMa 3HaYeHusiX [4]. B To e BpeMa KOHKpEeTHbIE 3HAa4YEHUS nokasaTesisl CTeneHn MoryT CyLLecT-
BEHHO 3aBMCeTb OT poda uccnegyemoro obbekTa.

1. O6pasubl

Mpun xmummyeckon kapboHnsaumm NBLOP pasnuyHblie aTOMHbIE CIOU B MPUNOBEPXHOCTHON obnacTu
B3aMMOAEWCTBYIOT C OerngporanoreHUpyrowmm pacTtBOPOM B TeYEeHUEe pasfMyHOro BPEMEHU: YeM
rny6>xe pacnosfioXeH Crown, TeEM MeHbLUE MPOAOIIKUTENBHOCTb ero oakTuieckon kapboHmnsauun. Pa-
3yMHO MpeanonoXuTb, YTO BCNeACTBME ITOr0 KOHUEHTpauusa gtopa B kapbuHomaax Bo3pactaeT no
Mepe yganeHusi oT NOBEPXHOCTM Briyob obpasua.

[na npoBepkn aTon rmnoTtesbl Obinm nonyyeHbl POIC amopdHbIX KapOUHOMAHLIX NNEHOK, CUHTE-
3MPOBAHHbIX YacTUYHbIM AernapodTOpUpPoBaHNEM MSIEHOK aMOPdHOro nonuBMHUNUAEHTOPUAA
(MBAO®P). MNMneHkn nony4eHbl nonneomM 13 pacteopa MNBAP mapkn ®—2M B N,N' —gnmetnncdopmammnae

npu TemnepaType okono 70 °C. B kayecTBe aernaporanoreHnpytoLlen cpeabl Cnonb3oBanacb CMeChb
HacblweHHoro (20 %) pacTBopa egkoro kanuv B 3TaHomne ¢ aleToHOM B 06beMHOM COOTHOLWeHun 1: 9.
Peakuma npoBogmnacb npuv KOMHaTHOW Temnepatype. Ee npogomkuTenbHOCTb BapbupoBanach
oT 1 0o 981 muH (06pasupl 1—9). Mo okoHYaHUKU peakumm obpasLbl NocrnegoBaTeNbHO NPOMbIBANMUCH
B 9TaHose, aueToHe n BoJe.

2. MeToauKa aKkcnepumMmeHTa

XUMUYECKUn aHanu3 npoBedeH MeTOAOM PEHTTEHOBCKOW (DOTOINEKTPOHHOW CMNEKTPOCKONnn
(P®3C). Obpasubl Kpenunncb Ha aepxartene ¢ NOMOLLBIO ABYX TOHKMX BONbpaMoBbIX NpYxuH. Bos-
OyXOeHne CnekTPOB OCYLLECTBIANIOCb HEMOHOXPOMATUYECKMM M3IyYeHUEM anioMUHUEBOro aHoaa,
OTCPUNBbTPOBAHHBLIM antoMUHMEBON PONbron. MakcumanbHyl MHTEHCUMBHOCTb B 3TOM U3My4YeHUn
MMetoT xapakTepucTmyeckue OoToHbl ¢ dHepruen 1486,6 aB (Al Kyq o). B kauecTBe aHeproaHanusa-

Topa B cnektpomeTpe OC NOM—4 [5] ncnonb3yoTcs ABe KOakcuanbHble LMNUHOPUYECKUE KaTyLUKW,

dopMMpYIOLLNE MArHUTHOE nosie HeobGxoammor KoHdUrypaumm BOOMb HanpaBrieHnsl OBWKEHUS o-

TO3MEKTPOHOB. JHeprust nponyckaHnsa coctasnana 320 aB. [laBneHnMe oCTaTOuYHbIX ra3oB B BaKyyM-

Hoit cucTeme He npesbiwano 107° Topp. Mepen usMepenusMy Kaxabli obpaseL; BblaepXuBancs

B npegenax 12—20 4yacoB BHYTPU BaKyyMHOW CUCTEMbI C Lefbl0 AecopOMpOoBaHNSA C NMOBEPXHOCTU

ra3oBbIX MOSIEKYIT.

Cepua nsamepeHun napameTpoB NEKTPOHHON AMUCCUM BKIKOYana permctpaumio:

— 0030pHbIX CNEKTPOB B MHTepBane aHeprnn ceasm 0—1270 aB B Ha4ane n KoHUe CbeMKU KaXgoro
obpasua;

— CMEKTPOB OCTOBHbIX POTOANEKTPOHOB yrrepoaa (270—330 3B), cocTtosiwmx m3 cobctBeHHo C1s—
nMKa U LLUMPOKOro catennuta aHepreTu4eckMx notepb. TN CNEKTPbl U3MEPSANUCE 40 U Nocrne cnek-
TPOB Oxe—3anekTpoHoB (1170-1270 aB) 1 BaneHTHbIX 3NeKTPOHOB B MHTepBane 0—45 aB.

HeobxoanmocTb AaHHOW METOAMKN CbEMKN OOBSICHSAETCA TEM, YTO CNEKTP OCTOBHbIX 3/IEKTPOHOB
yrnepoga siBfsieTcsl eCTeCTBEHHbIM BHYTPEHHUM HOPMWPOBOYHBLIM CTaHAAPTOM MHTEHCUBHOCTU. pun
pacyeTax bepeTcs cpefHee 3HaYeHne NHTerpanbHON MHTEHCUBHOCTU C1S—NUHUIA CNEKTPOB OCTOBHbIX
3NEKTPOHOB, N3MEPEHHbIX A0 M Nocne fobon Apyron NMHUK UK NOMOCkl. ATO 3Ha4YeHUe MakcuMarnb-

HO NpPUBNMKEHO K TOMY, KOTOpoe Obino Gbl NONy4YeHO NpyM OOQHOBPEMEHHOM U3MEPEHUM CMEKTPOB Yr-

nepoga u, Hanpumep, ropa.

3. PesynbTaTthl

O6Lee BpeMs cepun namepeHuin ogHoro obpasua coctaensano ot 197 go 286 muH. 3a 310 BpeMms
WHTEHCMBHOCTb DOTOINEKTPOHHBIX NIMHMI F2s n F1s 3aMeTHO yMeHbLUaeTCH, YTO CBUAETENbCTBYET O
aedTopupoBaHun NOBEPXHOCTU NneHok. CpeaHasa CKOpoCTb aToro npouecca coctasnset ~0,06 % ot
nepBoOHa4YanbHOW KOHUEHTpaumm Topa B MUHYTY. OTa BENMYMHA XOPOLUO COOTBETCTBYET AAHHbLIM,
nony4eHHbIM HaMmn paHee [6], HO NpMbnmauTensHo B 3,5 pasa npeBbllaeT pesdynbTaTt, M3BECTHLIN U3
paboThl [7], NOCBSALLEHHOW UCCNeaoBaHUO aerpadauun noeepxHocty NBO® noa nencTBuemM peHTre-
HOBCKOro uany4yeHusi. CneumanbHO NPOBEAEHHblIE HAaMX UCCMeaoBaHUA C 3a3eMISIEHHbIM OOpasLom
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MBA® nokasanu, 4TO NPUYNHOM 3TOr0 HECOOTBETCTBUS ABNAETCS OCOOEHHOCTb CUCTEMbI TOPMOXKEHUSA
Hallero crnekTpomeTpa, YTo NPUBOAUT K AOMOMAHUTENBHOMY 0edhTOPUPOBAHUIO MOBEPXHOCTU MIIEHKN
3a cyeT bomMBapaMpPOBKN BTOPUYHBIMUW SNIEKTPOHAMM.

[nsa onpepeneHvs 3HadeHMs nokasaTtens CTeneHn K B 3aBUCMMOCTM ANMHbI cBo6oaHOro npobera
(POTO3NEKTPOHA OT €ro KMHETMYECKOW 3HEeprum Obinn NpoBeAeHbl cneumarnbHble uccnegoBaHus ae-
rpagaumm noBepxHocTn 2D—opueHTnposaHHon nnexHkn MNBOP (Kynar, Tun 720, TonwuHa 50 Mkm) npu
MOEHTUYHbBIX OMUCaHHbIX paHee ycrnoBusax cbeMku. NneHka 6bina nbe3Ho npegocTasneHa pupmon
Atofina (®paHums). OHa nogsepranacb ANUTESNIbHOMY BO3AENCTBUKD PEHTIEHOBCKOIO WU3MyYeHUst
B P®3SC cnektpomeTpe. MNMoovepeaHblie nameperHns C1s— n F1s—nmMkoB 1 ux catensimtos NpoBOANNOCH
HenpepbiBHO B TedeHne 440 muH. B npomexyTke BpeMeHn 32—43 MUHYThLI C Havana namepenunn boin
nonyyeH o630pHLIN CNEKTP B MHTepBarne aHeprun ceasm 0—600 3B, cogepxawun F2s—, O1s— n C1s—
NNHWK.

Bbluncnisnack nHTerpanbHas MHTEHCMBHOCTbL F1s— 1 C1s—nnkoB ¢ y4eToM OyHKLUKN NPONYCKaHWS
cnektpomeTpa [5]. X oTHOoLEHMEe, NPONOpPUMOHaANbHOE KOHLEHTpaunm Topa, MOHOTOHHO YObiBano
B T€YEHMEe BCEro BpeMeHMU aKCnepnumMeHTa.

KnHeTtnueckme aHeprum C1s— n F1s—poToaneKkTpoHOB MMetloT 3HadeHms 6nmskme k 1200 n 800 3B,
COOTBETCTBEHHO. [10aTOMY NepBble nmetoT 6onbLlyio, YemM BTopble, ANMHY cBoboaHoro npobera B Be-
LecTBe MuULeHW. B pesynbrate B UHTErparnbHyt0 MIHTEHCUBHOCTL CMEKTPa OCTOBHbIX 3NIEKTPOHOB Yyrie-
poAa BHOCAT BKnag dOTO3MNEKTPOHbI 13 6onee TONCToro NpMNoBEPXHOCTHOTO Criod, Yem B criyyae F1s—
nvHun. MNMoatomy cneayeT NpPeanornoXuTb, YTO OTHOLLEHME NNowanen CrekTpoB He OoTpaXaeT pearnbHo-
roO OTHOLLEHMS KONMYecTBa aTOMOB Pa3HbIX XMMUYECKUX ANTIEMEHTOB B UCCreQyeMOM BeLlecTBe.

Mpegnonaras, 4To NpPU MarnbIX 3KCMO3NLMNAX KOHLEHTpauusa oTopa B pasnuyHbIX crosix obpasua,
PacnonoXeHHbIX Ha pasHbIX PACCTOAHUAX OT MOBEPXHOCTW, OAMHAKOBA, MOXHO OrnpeaenuTb UCTUH-
HYIO0 KOHUEeHTpauuto dtopa.

O6paboTKka OCTOBHbIX NIMHWUIA 3NEKTPOHOB BCEX ANEMEHTOB NPOBOAMMACH Creayowmm obpasom.
CHavana n3 cnektpa BblOenAncsa y4acTok, cogepawmun cooteeTcTBeHHo C1s— unu F1s—nuk. 3aTtem
n3 Hero metogom LUupnu [4] BblumuTancs OH Heynpyrux noTepb, U BblUUCsnach nnowaab (MHTe-
rpanbHasg MHTEHCUBHOCTbL) CNeKkTpa S ¢ nonpaBKoM Ha OYHKLMIO NponyckaHus crnekTpomeTpa [5]. 3a-
TEM Haxoaunun OTHOLLEHWe nnowanen poToanekTpoHHbIX NnkoB F1s/C1s n F2s/C1s.

CTpoum rpaduk 3aBUCUMOCTU OTHOLWEHUN nnowagen nukoB F1s/C1s oT BpemMeHn 3Kcrnosvumm
(puc. 1). NocnegHee HaxooUTCA Kak cpegHee apudMETMYECKOE MEXOY HadanoM U KOHLOM BPEMEHM
CKaHMpPOBaHUSA KaXK4oro cnekrpa. 3a Havano oTcyeTa NpUHMMaeM cpefHee BpeMsi U3MepeHus nepso-
ro cnektpa. MetogomM HaMMeHbLUMX KBagpaToB Obino onpeaeneHo B NIMHENHOM NpUONMXeHUn ypas-
HeHve, onNucbIBaloLLLee 3aBUCUMOCTb, NPeaCTaBeHHyo Ha puc. 1:

Sr1s/Sc1s = =0,00219057 t +2,46851652 (1)

roe t — Bpemsa obnyyeHus. Moactasnsaa BMecTo t cpeaHee BpeMsi U3MepeHns 0630pHOro CnekTpa,
copepxaLlero nuHuo F2s, HaxoanM BeNUUMHY OTHOLEHWS Spqg/Scqs B 9TOT MOMEHT BpemMeHu. 3a-

TEM 3Ty BENUYMHY U BblYUCNEHHOe 3HavyeHne F2s/C1s 1 nogctaBnsieM B ypaBHEHUS CUCTEMBI (2):

K K
NME1s _ Sk1s f2c1s E(EC1s) ME2s _ Skas fcts E(’:_C1s) 2)
Nc1s  Scts QFts (Epqe ) Nc1s  Scts QFzs (Epgs )

rae Spqs, Sciss U Sppg — WHTErpanbHble UHTEHCUMBHOCTU C1ls—, Fls—, F2s—nuHnit; Qcqg, QpFqs
N Qpps — CeYeHUss POTOMOHU3aLMN COOTBETCTBYIOLLMX aTOMHbIX 0B0OMoYeK, KoTopble pasHbl 1, 4,43
n 0,21 [8], Ecqs, EF1s, EFps — KMHETUYECKME SHEPTUM INEKTPOHOB.

YpaBHEHUs1 CUCTEMBbI YNPOLLAKTCH NPU NOACTAHOBKE YMCAEHHBLIX 3HAYEHUN cevyeHUn (POTOMOHK-
3aumn gna C1s, F1s, F2s 1 KWNHETUYECKNX SHEPIrMiA (DOTOINEKTPOHOB:

TFis —0,5305{1,5), T2 =0,947(0,8275)" )
Nc1s Nc1s

JleBble YacTu cuctemsl (3) NpupaBHMBAEM U peLLaeM NoyYeHHOE YypaBHEHNE OTHOCUTENBHO K :
1,7424 = (1,8127), k =0,93
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Puc. 1. 3aBUCMMOCTb OTHOLLIEHUN MHTErpanbHbIX WHTEHCMBHOCTEN OT BPEMEHU CHATUA CNEeKTpa

Takum obpaszom, MOXXHO NpeanonoXxuTb, 4To B NBO®P, kapbruHOMOax N UHBIX CXOOHbIX C HAMMU MO
NNOTHOCTM M XapakTepy aTOMHOMo ynopsiAioyeHnst 06beKTax NoOpsSAOK BENNYMHBI K BrM30K K eauHuLe.

lMonyyeHHOEe 3Ha4YeHWe Mbl MCMOSb30BanM ANt OnpedeNnieHust OTHOCUTENIbHOW KOHLUEHTpauuu
dTOpa B YacTU4YHO AernapodTOpMpPOBaHHbIX NneHkax amopdHoro MNBO®P. O6paboTka cnekTpoB Npo-
Boamnach criegyowmm obpaszom. CHavana n3 0630pHOro cnekTpa BbiAENANCA y4acToK, COAepXKaLLni
COOTBETCTBYIOLLYYIO OCTOBHYIO NUHMIO. 3aTeM npoBogunacb ee obpaboTka MeTogoM, OMUCaHHbIM
paHee. ®opma F2s—nMHMM MCKakeHa CO CTOPOHbl MEHbLUMX SHEPrUA CBSA3W BCreACTBME BKNaga
2s—3neKTpPoHOB Kucrnopoaa. [na yyeta aToro adpdpekta npoBoamnach gononHuTenbHas obpaboTka
cnektpoB nneHok MNBAO® mapok Kynar. CoaepxaHme kucnopoaa B AaHHbIX obpasuax He3HaunTenbHO
n coctaBnset o1 2,3 % no 3,3 %.

M3 cnekTpoB AaHHbIX 06pa3L0B onNpeaensanoch OTHOLWEHME r nnowanen Bcen F2s—nuHum n ee
4yacTn OT MakCMMyMa A0 BbICOKOIHEPreTnyeckoro MmHumMmyma. Obpasubl YacTMYHO AernapodTopmpo-
BaHHbIX nrieHok NBO®, B otnnume ot nnerHok MNBOP Kynar, cogepxat ot 15,9 % go 25,3 % kncnopo-
pa. lNpegnonarasi, YTO OTHOLWIEHWE NNOWAAen BCEM JIMHUM M TOM €€ 4acTu, KOTOPYH He UCKaxaeT
HanuMuue Kucnopoga B CMEKTpaxX, PaBHO f, HAXOOMM MOMHY WHTErpanbHyl WHTEHCUBHOCTb F2s—
cnektpoB. [locne 3TOro Haxogunu OTHOLWIEHME nnowagen (OTO3NEKTPOHHbIX nukoB F1s/Cls
n F2s/C1s.

Ha puc. 2 nokaszaHa 3aBUCUMOCTb KOHLUEHTpaumm dtopa OT BpeMeHun cuHTesa. lNpu cpaBHeHUU
3HAYEHMN KOHUEHTpauuMu, Nony4vyeHHblXx m3 F1s— n F2s—nuHuin, npocnexmuBaeTtcs oblas TeHaeHums
K YMEHbLUEHMIO KOHUEHTpauuun dtopa, npu germgpodtoprpoBaHun. KoHueHTpaums, onpegeneHHas
no F2s—nuHun Bbiwe, yem No F1s—nuHUM (COOTBETCTBEHHO 3aBucMMocTn 1 1 2 Ha puc. 2). 37O CBS-
3aHO C YyBEeNMYeHUEeM paccTOsiHMS OT NOBEPXHOCTU, T.e. aTOMbl (PTOpa CHavana nokugawT npuno-
BEPXHOCTHLIE CITOM, a 3aTEM CIou, pacrnosioXeHHble 6ornee rnyboko, Takum ob6pa3om, dakTnyeckas
NPOOOIMKNTENBHOCTL peakunn kapboHu3auumn ymeHbluaeTca anst 6onee rnyGoOKMX CIIOEB MIEHKW.
C Opyron CTOpPOHBbI, U3 pUC. 2 criegyeT, YTO CKOPOCTb AernapodTopupoBaHns HEMOCTOSHHA, NpUYem
3aBMCUMMOCTU 1 1 2, KaK NpaBurio, KOppenupytoT.

3aBucumocTb 2 Obina nonyyeHa crnegylowmm obpasom. [na kaxgoro obpasua onpegensnach
KOHLeHTpaums ptopa nx 0630pHbIX CNEKTPOB B HAYarbHbIA M KOHEYHbLIA MOMEHTbI CbEMKM CNEKTPOB.
Mpepnonaras, YTo KOHUEHTpaumst ptopa B Kaxxaom obpasue yMeHbLlaeTCcsa NIMHEeNHO, onpeaensanoch
€€ 3HayYeHne B MOMEHT CbEMKM BarlEHTHOW MOJSIOCHI.
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Puc. 2. 3aBUCMMOCTb KOHUEHTPaUMKN hTopa OT BPEeMEHUN CMHTE3a

BbiBoabl

PaspaboTaHa mMeToAMKa U3MEpPEHUs UCTMHHOW KOHLEHTpauuM dtopa Ha ABYX pasfuyHbIX pac-

CTOSIHUAX OT MOBEPXHOCTU B KapOUHOMAHbBIX MAEeHKaX, CUHTE3NPOBAHHbBIX XUMUYECKUM Aerngporano-
reHnpoBaHnem MNBOD. BoisBrneHa nNnHenHasa 3aBMCUMOCTb TOJLWMHbLI aHANM3MPYEMOro Cros MOBEpPX-
HOCTM OT KUHETUYECKOWN SHEPTUN IMUTUPYEMBIX SNIEKTPOHOB.

Pa6GoTa BbINonHeHa Npy nogaepkke permoHansHoro rpaHta PO®U Ne 01-02-96475.
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