OT3bIB O®UIIUAJIBHOI'O OIIIIOHEHTA

Ha quccepraiuio benkuna Jimutpus FOpresuua «M30T0omMHas 09MCTKA TETLIOHOCUTES
TIPOMBIIIIEHHOTO TSHKEJIOBOLHOIO peakropa JID-2y», npeacTaBieHHy0 Ha COMCKaHUe
YYEHOM CTENEHU KaHAM/1aTa TEXHUYECKUX HayK 1o crenuaibHoctu 05.17.02 —
TexHonorust pekux, pacCesTHHBIX U PaIMOAKTUBHBIX 3JIEMEHTOB

Pa6ora /I.1O. Benkuna nocesiena ucciae0BaHMIO Ipoecca PeKTU(UKAIIMN BOIbI
B HACaZl0YHBIX MaCCOOOMEHHBIX KOJIOHHAX C IIeJIbI0 UCIOJIb30BaHUsI 3TOTO Ipoliecca s
OYMCTKH TKEJIOBOAHOTO TeruioHocutend JID-2 ot mporust u TputHsi. Pabora umeer
BBIDOKEHHYIO IIPAKTUYECKYIO0 HAIllpPaBJI€HHOCTb, UTO, HECOMHEHHO, SBIIETCS ee
JOCTOUHCTBOM.

AKTYyaJbHOCTH PadoThI

PannoakTuBHBIA H30TON BOAOpOJA — TpUTHM, oOOpasymommiics mpu pabdore
SJICPHBIX PEAaKTOPOB, MOXET OKa3blBaTh HETATUBHOE BO3ICHCTBHE HA OKPYIKAIOLIYIO
cpeny. B Hacrosimee BpeMsi pocT coiepikaHus TpuTHs B Ouochepe 3emin 00yCIIoOBICH
paboTol MpeAnpUATHI SAEPHOrO TOIIMBHOTO IMKJIA. B Mectax pa3sMenienus siaepHbIX
YCTaHOBOK, OCOOEHHO TSDKEIOBOJHBIX PEaKTOPOB U 3aBOJIOB IO MepepaboTKe sIIEPHOrO
TOIJIMBA, CYIIECTBYET IOTCHLMAIbHAS OMACHOCTh 3arps3HEHHs] OKPYKAIOMICH Cpesbl
TPUTHEM. B TSKETOBOAHBIX peaKTOpax BBHIIEICHUE TPUTHS SBISETCA HE TOJIBKO
NOTCHIIMAIbHBIM HMCTOYHMKOM 3arpsi3HEHMs] OKpPYXKAloOLEeH Cpelbl, HO U IMPUBOIUT K
JIOTIOJIHATEIbHBIM [JO30BBIM Harpy3kaM Ha nepcoHai. [losTomy Ha TSDKETOBOIHBIX
peakTopax HeoOXOAMMO MPUHUMATH MEpBI JUISl OTPaHMYCHHs KOHIICHTPALMKM TPUTHUS B
TSOKEJIOW Boxe. B mpomecce skcrulyaTanuu siIEpHBIX PEaKTOPOB MPOMCXOIMT TaKKe
HAaTE€KaHWe OOBIYHOM, JIETKOM BOJBI B TSIKEJIOBOJHBIC KOHTYPBHI, YTO TPHBOAUT K
pa30aBlICHHUIO TSHKEIOW BOABI U YXYAIICHHIO sIepPHO-(PU3MUECKHX CBOWCTB. ITosTomy
OKCIUTyaTallusl TSKEJIOBOJHBIX PEKTOPOB TpeOyeT MpOBEACHUS HW30TOIMHOW OYMCTKH
TSDKCJIOW BOJBI OT TPUTHUS M IPOTHUS,, YTO MOXET OBITh peajn30BaHO TOJBKO C
UCTIOJIb30BaHMEM METOJIOB pa3JEeNIeHUsI H30TONOB BOJOPO/IA.

Ha enuHCTBEHHOM cCymecTBylomeM B Hacrosiiee Bpems B Poccun
IPOMBIIIJICHHOM TSDKEJIOBOAHOM peakrope JID-2, pacnonoxenHom Ha DI'VIT «I10
«Masiky», u3BJI€UEHHE NIPOTHS U3 THKEIOBOJHOIO TEILIOHOCHTENSI TIPOBOIMIIN B KACKA/E
PEKTU(QUKALMOHHBIX KOJIOHH C TapelbYaThIMH KOHTAKTHBIMH YCTPOMCTBAMH, KOTODHIH
He obecrmeunBajl MOJHOTHI BBIJACICHUS JeWTepusi W3 OTBaia. JleTpuTh3anus
Teronocurens JID-2 mpoektom BooOmie He Obula mpeaycMoTpeHa. Beneacrsue
YXKECTOYCHHUsI TpeOOBaHMi 10 OOpalICHUIO C TPUTHHUCOJACPIKAIUMH IHKUIKOCTIMH,
HOSIBJIACTCS  HEOOXOAMMOCTb  CO3JaHUSI  CHCTEMBl ~ OYHUCTKA  TSDKEJIOBOIAHOIO
tenjaonocutess JIO-2 ot TpuTHs.

B MupoBOi TpakTHKE B YCTaHOBKax JCTPUTH3ALMH HCIOJB3YIOT METOJ
XMUMHUYECKOTO HM30TOIHOTO OOMEHa BOJOPOAAa C BOJOW M HHU3KOTEMIIEPATYPHYIO
pextudukanuo Bogoposaa. IlossieHne B mocieanue rojsl HOBBIX BEICOKO(D()EKTUBHEIX
KOHTAKTHBIX YCTPOMCTB PETYJIIPHOrO TUIIA, HAPSAY C MPEANOChIIKAMU I pealu3aliiu
peKyInepanuyu TeIjla, MOTYT OTKPBITh HOBBIE TEPCIEKTHBBI HCIIOJIB30BaHHUS 0oJee



MPOCTOr0 METOJa PEKTU(UKAIUU BOJBI MOJI BAKyyMOM KakK ajlbTepPHATHMBHOTO CIocoda
pelieHuss psaa 3ajad pasieieHHs H30TOMOB BOJIOPO/A, TaKMX KaK JEMpPOTU3AlMS H
JACTPUTH3ALUS THKEIOBOJAHOIO 3aMEUIUTENS U TEIIOHOCUTENSI PEaKTOPHBIX YCTaHOBOK,
a TaK)Ke CO3/IaHUE YCTAaHOBOK IOJIyYEHMs TSHKEJIOW BOABI U3 HEKOHUIIMOHHOTO CHIPHS.
Pemennro Takux 3amad M MocBslieHa jauccepraiponHas pabora JI.1O. Benkuna
«M30TONHAs 0YMCTKA TEMJIOHOCHTEISI MPOMBIIUICHHOTO TSXKEIOBOJHOrO peaktopa JID-
2», 4TO U OIIpe/ieNIIeT €€ aKTya bHOCTb.

JIOTIONHUTENBHBIM MOATBEPXKACHUEM aKTyalbHOCTH W 3HAUYUMOCTH TEMAaTHKH
JIaHHOH paboThI ABJISETCS NMPOBE/ICHUE MCCIIENOBaHUi B paMkax DenepaabHOM HENeBOM
nporpammel «MccnenoBanust v pa3paboTKK 1O MPUOPUTETHHIM HAMPABICHUSAM Pa3BUTHS
HaYYHO-TEXHOJIOTHYECKOro Komiuiekca Poccum Ha 2014-2020 roas» Ha Temy
«Pa3paboTka M cosgaHue 3(QEKTHBHBIX amnmapaToB-pa3ieUTeIeii Ui IMOIyYCHUs
KOHJIMIIMOHHOK (¢ KoHLeHTpauueid 99,8%) Tsokenoit Bomel Ha DPI'YIT «I10 «Masik»
(Cornamenne o mnpenocraBienur cybocuauu Nel4.580.21.0001 or 01.12.2014 r.,
unenTudukarop npoekra RFMEF158014X0001).

]_Ie.l'lb paﬁoTbI H 3a1a491 HCCJIeI0OBAHHUA

Ilens paboThl 3aKiO¥aniach B pa3paboTKe TEXHOJOTMH OYMCTKHU TSHKETOBOIHOIO
TermoHocutess JIO-2 OoT NpoTHUST W TPUTHS METOAOM PEKTH(GUKAIUK BOABI O]
BaKyyMOM.

I[J'Iﬂ JOCTHXXEHUS NTOCTABJICHHOM 11€JIU ABTOPOM peIIaJIMCh CICAYIOUIHE 3a1a4u.:

- mosyyenue 6a3bl MaCCOOOMEHHBIX M THIPABIMYECKHX XapaKTEePHCTHK HACaIO0YHBIX
KOHTAKTHBIX YCTPOMCTB PETYJIIPHOTO M HEPETYJISIPHOTO TUIIA B MPOIIECCe PEKTH(HUKALIAH
BOJIBI I10]] BAKYYMOM;

- pa3paboTKa MaTeMAaTHYECKOW MOJENN pacyera KacKalIoB PpEKTH()UKAIMOHHBIX
YCTaHOBOK JUIsl ICTIPOTHU3AIMH ¥ JETPUTU3ALUM TSHKEIOH BOJIBI;

- IIPOBEJICHUE ONTHUMHU3ALKK JIEHCTBYIOUIETO KackKaja ACNpOTHU3AlMH U pa3zpaboTka
NPEAJIOKEHUH 110 CO3[aHHMIO YCTAHOBKHU JETPUTU3AIMH TSDKEIOBOJHOTO TEIIOHOCHTE]IS
peaktopa JID-2 MeTo0M peKTU(UKAIIMA BOJBI O] BAKYYMOM;

- pa3pabdOTKa NPHHIMIHATEHON CXEMBl YCTAHOBKHM IOJYYEHHS TSDKEIOH BOABI C
KOHIEHTpatue# nerrepus 99,8 at. % U3 HEKOHJAUITMOHHOTO TSDKEJIOBOIHOTO CBHIPhS.

Hayuynasi HOBU3Ha pa0oThI U ee pe3yIbTATOB

Haquaﬂ HOBH3HaA ,D;HCCGpTaHHOHHOﬁ pa60T1>1 OTpa>x€Ha CIICAYIOIIUMHA BIICPBBIC
YCTaHOBJICHHBIMH (l)aKTaMI/I H IIOJIOXKCHHUSIMMU

- H3YYEHO BIMsHHE CIIOCODa yMaKoBKW, pexuMa cmauuBanus Hacanaku PJIBH wu
JWaMeTpa KOJIOHHBI Ha 3()(EeKTHBHOCTh pa3JeNeHusi HW30TOMOB BOAOpPOJA IpH
PEKTU(DHUKAIIMK BOJIBI TIOJ] BAKYYMOM;

- IOJIyd€Ha CUCTEMaATHU3UPOBAHHAs M I10JIHAs Oaza HJaHHBIX TUIAPOAWHAMHYCCKHX U
MacCOOOMEHHBIX XapaKTCPUCTUK CHUPAIBHO-IIPU3MATUYCCKUX U PEryJIsIpHBIX HacaJoK
IIPUMEHUTEIIBHO K YCIIOBUAM ITpoLiecca BaKyyMHOﬁ peKTI/I(bPIKaHI/II/I BOJBI,
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- pa3paboTaH METOJi MAaTEMAaTHYECKOTO MOJCIMPOBAHHS W ONTHMH3AIMH IApaAMETPOB
KacKa/lia KOJIOHH JUls pa3JeleHUs OMHApHBIX CMeceld H30TOIMOB BOJOPOJa METOIOM
peKkTH(UKAMK BOJBI TOJA BAaKyyMOM, [O3BOJIIIOIIMNA YYeCTh HM3MEHEHHE YCJIOBHUM
pa3JIeJICHUsI MO0 BHICOTE KOJIOHHBI C BO3MOXXHOCTBIO BapbHPOBAHMSI THUIIA KOHTAKTHOT'O
YCTPOMCTBA B XOJI€ pacuera;

- INPOBCIACHA pacuUe€THas ONTUMH3ALHUA IIapaMCTPOB KacCcKala HacaJOYHBIX KOJIOHH
peKTI/I(bI/IKaL[I/II/I BOIBI IIO BAKyyMOM /i1 TIOAACPXKaHWST KOHLCHTpAalUs TpUTHUS B
TSAXKCIIOBOIHOM 3aMEIJIUTEIIC.

IlpakTHYecKkasi 3HAYNMOCTH PadOThHI:

- MOKa3aHa BO3MOXKHOCTb MCIIOJIBb30BaHUS BOJBI MPHUPOIHOTO W30TOIMHOTO COCTaBa s
OTPabOTKM TEXHOJIOTUH M MOJTYyYCHHS MacCOOOMEHHBIX XapaKTEPUCTMK KOHTAKTHBIX
YCTPOWCTB HAcaJO4YHOrO THUIIA «HA MeECTe» NpPU CO3JAaHUU  IPOMBIIUIEHHBIX
pa3nenuTeNbHBIX YCTAaHOBOK pa3fesieHUsl U30TOMOB BOZOPOJA METOJOM pPEKTH(HKAIIUH
BOJIbI;

- Bepuukanmys pa3spaGOTaHHON MaTeMAaTHYECKOW MOJENIM pacyeTa YCTaHOBKH
peKTUMKALK BOBI IO BAKYYMOM Ha [IPUMeEpE JAEHCTBYIOMIEro Kackaia JelpoTH3aluu
TSDKEJIOBOJHOI'O TENJIOHOCUTENS peakTopa JID-2 mokasana ee aJeKBaTHOCTH B 00JIacTH
KOHIIeHTpauuu aeurepus ot 99,8 at. % no 0,1 ar. %;

- INOKa3aHa BO3MOXXHOCTh YMCHBIIICHUS obbeMa KaCKkaza ACTIpOTH3alluU TSHKEJION BOJIBI

Ooiee uem B 4 pasa 3a CYCT 3aMEHBI KOJIMAYKOBBIX TAPEJIOK HA PErYIPHYIO HaCaaKy npu
COXPaHCHUHU €10 IMPOU3BOJAUTEIIBHOCTH;

- TpeAJIOKEeHa CXeMa MOJEPHM3AlMM JEHCTBYIOLIEr0 Kackaja peKTU(GUKAIIMOHHBIX
KOJIOHH JEeNpOTU3aIUU TSKEJIOBOIHOT'O TETJIOHOCUTEIIS IPOMBIIILIEHHOTO
TSDKEJIOBOIHOTO peakTopa JID-2 ¢ nesnpio yMeHbIleHus ero oobema;

- pa3pa60TaHa [IPUHIOUITHATIbHAA CcXeMma 144 OIIPEACIICHBI IpeaABAPUTECIILHBIC
TEXHOJIOTHYCCKUE NapaMETphl IJId CO3JaHHs YCTAaHOBKH AECTPUTH3ALMN TEIJIOHOCUTEIS

IIPOMBIIIJICHHOTO TSHKEJIOBOAHOrO peakTopa JID-2 meromoM pekThdHKaIUu BOILI 0]
BaKyyMOM;

- paspaboTaHa NpUHLIMIHAIbHAS CXeMa M  ONpEJEIEHbl  IpeNBapHTEIbHbIE
TEXHOJIOTHYECKUE TIapaMEeTPhl JIJIs CO3/aHUsl YCTAaHOBKHU, COCTOSILIEH W3 JIBYX KOJIOHH,
AT TIOJTYY€HHU sl KOHJAMIIMOHHOM TSHKEION BOJBI C KOHLIEHTpauuen neiirepus 99,8 ar.% us
MCXOJHOI0 ChIpbs, conepkaiiero 42 at.% neﬁTepHﬂ.

O0mas XxapakTepHCTHKA JUCCEPTANMOHHON PadoThI

JuccepranyonHas pabora MMeeT TpPaJUIMOHHYIO CTPYKTYPy M COCTOUT W3
BBCICHUS, YETHIPEX IJIaB, BBIBOJOB, CIHMCKa JIMTEpAaTyphbl, BKJIOYaromero 198
HAaMMEHOBaHWW W MNpuiIoKeHus. Pabora uznoxkena Ha 151 crpanumue, comepxur 43
pucyHKa, 26 Tabmil.



Bo BBCACHUU aBTOPOM obocHOBaHa AKTyaJIbHOCTb TEMBI JUCCEpTAMU
C(bOpMYJ'II/IpOBaHBI OCJIb W 3aJa4d HCCICOOBaHWs, W3JI0XKEHbI HaydHas HOBHU3HA H
I[IPpaKTUYCCKas 3HaAYUMOCTb pa6OTBI.

B rnase 1 nuccepranuy npencTaBieH aHAJIUTHYECKHMH 0030p OTEYECTBEHHBIX
WHOCTPaHHBIX ~ HCTOYHHKOB,  OTP@KAIOIIMX  COBPEMEHHOE  COCTOSIHHE  palor,
MOCBSILICHHBIX MPOOJIEMaM HCIOJIb30BAHMS TSHKENION BOJBI B KAYECTBE TEMJIOHOCUTENS U
3aMEIMTENs SIICPHBIX PEaKTOpoB. PaccMOTpeHBI MpoOieMbl OOpallieHHust ¢ TPUTHEM,
UCTOYHUKHA M BEIMYMHBI €r0 SMUCCHM B OKpYyXaromrylo cpeay. OTMewaercsi, 4ro
HauOOJIbIee BBIIENEHUE TPUTHS MPOUCXOAUT HA TKENOBOAHBIX PEaKTOPHBIX
YCTaHOBKAX, U JUIsl MPEAOTBPAIEHUsI pOCTa KOHLIEHTPAIIMKA TPUTHUS HA HUX HEOOXOMAMMBI
YCTaHOBKM  JieTpuTh3aimu. IlpoananusupoBaHbl OCHOBHBIE METOIBI  pa3JelICHUs
U30TONOB BOJIOPOJIA, HCIIOJIL3YIOIUMECS JJISI W30TONHONM OYHUCTKH TSKEJIOW BOJBL.
OTMe4eHO, YTO MpolECC HM30TOMHOTO OOMEHa BOAA-BOJAOPOA Ha TUAPOGOGHBIX
KaTajM3aTopax C HUCMOJb30BAHMEM B KAu€CTBE HU)KHETO y3Jia OOpaIleHHS IOTOKOB
snekrponusepa (CECE mpomecc) B Hacrosiiee BpeMsi cyuMTaeTcs Haubolee
NEPCNeKTUBHbBIM W paspabareiBacTCs B psiie CTpaH MHpa Ul PEIICHHS 3a7ay
KOH/IMIIUOHUPOBAHUS TSDKEJIOM BOJABI MU OYMCTKH OT TPHUTHS JIETKOBOIHBIX OTXOJOB.
bonee rmonpobno paccMoTpeH mporece  pekTUHMKAauUMM  BOAbL.  IIpencTaBieHbI
MacCOOOMEHHBIE ~ XapaKTEPUCTHKH pPa3iM4HbIX BUJIOB KOHTaKTHBIX YCTPONCTB,
UCIIOJIE3YIOIUXCSL B Ipoleccax peKTH(HUKALMM, POAHATU3UPOBAHBI HEKOTOPHIE
TOAXO/bI K CO3/IaHMI0 MaTeMaTHYECKUX MOJENEeH ONMHCAHUS Ipolecca PeKTH(UKALMY.
ABTOp CHPaBEIJIMBO OTMEYAET, YTO PEKTH(UKAIHMS BOABI MOJ BAKYyMOM SBIISIETCS
IPOCTHIM ¥ OE30IaCHBIM CIOCOOOM pa3/iesieHUs] U30TOMOB BOAOPOA, HO M3-332 MaJbIX
3HAQUCHUH KOO()QUIMEHTOB pa3jeNeHHss W OONBLIIMX BSHEPreTUYECKUX 3aTpaT >TOT
IIPOLECC UCTOJIb3YETCS B HACTOSAIIEE BPEMs JIMIIh B OrpaHMUYEHHBIX MaciTadax. OqHako
Y PeKTHGUKAUMU BOABI €CTh ONpE/EC/IEHHbIE IIEPCIEKTHBBI, CBA3aHHBIC C CO3IAHHEM
HOBBIX BHICOKO3(D()EKTUBHBIX KOHTAKTHBIX YCTPOUCTB.

BBINONHEHHBI aBTOPOM aHAIMTHYECKUH 0030p OTJIMYAeTCsl MOJHOTON OXBara
Marepuala i CTPOMHOCTBIO u3jiokeHus. K coxkalieHuio, B HeM OTCYyTCTBYET aHanu3 6ojiee
paHHUX (BBIMONHEHHBIX B 20 Beke) paboT Mo peKTU(HMKAIMU BOJBI, 3aKITIOYCHUE, YTO
paboTa yCTaHOBOK OYMCTKH OT TPHUTHS NPAKTUYECKM HE MPUBOJMT K COKPAIICHHUIO
3arpsA3HEHUs OKPYKatollen cpeibl (€.23), npecTaBiseTcs cnopHbIM. I'J1aBa 3aBepuiaeTcs
BBIBOJIaMH, B KOTOPBIX 0OOCHOBBIBAIOTCS aKTYaIbHOCTD M 3ajaUl UCCIIEIOBAHUS.

B rnaBe 2 oOmnMCHIBAIOTCS OKCIHEPUMEHTAIbHBIE JAa0OPATOPHBIE CTEHIBI U
YKpYIHEHHas OITBITHAS YCTaHOBKa, UCIIOJIb3yEeMBbIC JUISE IPOBEACHUS
TMJIPOAMHAMUYECKUX U MAacCOOOMEHHBIX MCIBITAHUM HACAJOYHBIX KOHTAKTHBIX
YCTPOMCTB B Tpolecce peKTH(UKAIMH BOABI O] BAKYyMOM, METOAMKH MPOBENCHHS
SKCIEPUMEHTOB, METO/IBI M TIPUOOPHI H30TONTHOTO aHAJIM3a BOJIbI, U METOIMKA 00pabOTKH
pe3yJbTaTOB SKCHEPHUMEHTOB. McChbiTaHus NPOBOMMIIMCE Ha JBYX J1abOpaTOPHBIX
CTeH/aX C KOoJIoHHaMu auamerpom 60-150 mm 1 250 MM B BBICOTOM HacagO04YHO YacTH
1 M. OTnMuuTENBHON OCOOEHHOCTHIO JTAGOPATOPHON YCTAHOBKH C KOJOHHOH 250 MM



SIBJIAETCSl MCIIOJIB30BAHUE CXEMBl TEIUIOBOTO Hacoca Ha 0aze uwimiepa ¢ (peoHOBBIM
[IUKJIOM, YTO IMO3BOJIAJIO YBEJIUYUTH MIOTOK Napa U 00ecrneyuTh HEOOXOAUMYIO Harpy3Ky
IPpU IPOBEJACHUH OIBITOB. L[eHHOCTBIO pereH3upyemMoll paboThl SIBISIETCS TIPOBEICHUE
YacTH SKCIEPUMEHTOB Ha YKPYIHEHHOH OIIBITHOH YCTAHOBKE C KOJIOHHOW THAMETPOM
120 MM u BricoToit 10 M Ha OI'YII «I10 «Masiky. IMeHHO naHHbIE, MOJIyYEHHBIE Ha
TaKMX IOJHOMACIITAOHBIX YCTAHOBKAX, MPEATOYTHTEILHO UCHOIB3YIOTCS MPOEKTHBIMU
OpraHu3alMsIMU IIPY CO3AaHUU IIPOMBIILIEHHBIX KOJOHH.

Cnenyer OTMETHTB, 4YTO WCIHOJB30BAaHHE B pPabOTE€ BBICOKOTEXHOJIOTHYHOIO
n3zoronHoro anamusaropa «T-LWIA-45-EP» cyIiecTBEHHO YIPOCTUIIO TPOBEACHUE
SKCTIICPUMEHTOB 33 CYET MCIIOJIb30BAHUS BOABI IIPUPOJHOTO H30TOMHOrO COCTaBa M
o0ecrednso JOCTHKEHHE BBICOKOM TOUHOCTH ompenenenus BOTC u  yBenuuenue
JOCTOBEPHOCTH PE3yJIbTaTOB 3a CYET OJHOBPEMEHHOIO OINPE/ICNICHUs MapaMeTpoB
pasienieHust 1Mo JedTepuio M Kuciaopoay-18. M3oronHblii aHamu3 1o JaedTepuro
BBIMIOJIHSAJICS ~ TaKXKe METOAOM MH(ppakpacHoW cnekrpockonuu Ha HWK-Oypee
criekrpomerpe Nicolet iS10, a IO TPUTHIO - CIIMHTHILUIAIMOHHBIM METOJIOM Ha Impubope
Tri Carb 2810 TR. Bemuuuna BOTC paccuutsiBanacs 00bi4HBIM 06pazom. Cpennss
OTHOCHUTEJIbHAs OLIMOKA €€ ONpeZeNICHHs] B OKCIIEPUMEHTaX COCTABHJIA, B 3aBUCHMOCTH
oT MeToJa aHanm3a ot 3 - 4% no 10%.

B rnaBe 3 mpezncraBieHbl pe3yJbTaThl THAPOJAWHAMHUYECKHX U MAaCCOOOMEHHBIX
UCIIBITAHUI HEPETYJIAPHBIX M PETYJSPHBIX HACAJOK B KOJOHHAX PA3IMYHOrO JMaMeTpa U
00CYyK/1aI0TCsl Pe3yIbTaThl SKCIIEPUMEHTOB.

WccnenoBanbl XapakTepUCTUKH (THAPABIMYECKOE COMPOTHBIICHHE, IMPOIYCKHAS
ciocobrocTs 1 BOTC) mect oOpa3inoB HeperyssipHON CHHPaIbHO-TIPH3MATHIECKOM
Hacaaku (CIIH) u3 HepxaBeromieil ctamu ¢ pa3MepaMH 3JIEMEHTOB OT 2x2x0,2 MM 10
10x10x%0,5 mM. Omnpesnienena 3aBUCUMOCTD MIPEENIbHOM MpoIyckHo criocoonoctu CITH
Pa3IMYHOrO pa3Mepa OT JaBJICHUs IPU PEKTU(PUKAIIMU BOJIBI U 3aBUCUMOCTD TPeIeIbHOM
IIPOITYCKHOM criocoOHOCTH OT pa3mepa snementa CITH mpu 0,2 aTm.

OKCIEPUMEHTBl [0 HCCIIEAOBAaHUIO  3(P(EKTUBHOCTH  pasjeleHus ¢
ucnojb3oBanueM CIIH pasmuunoro pasmepa mpoBoIuii B O€30TOOPHOM pEXMME IPH
NaBJicHUM BBepXy KoyIoHHbI 0,2 arm. [IpenBapurtensHo Oblla MpOBeAEHAa OYEHD
UHTEpPECHas paboTa MO M3YYEHHUIO BIMSHHUS HA pa3/eMTE/IbHLIE CBOWCTBA HACAKH
crocoba ee 3arpy3Kkd B KOJIOHHY M CIIOco0a 3airycka KOJOHHBI B pabory. ITokaszaHo, 4To
3aChlllKa  HAcaJKkd HEOONBIIMMH MAPTHSAMH C  [OCIOWHOW  TpamMOOBKOW U
IIPE/IBAPUTEIILHOE 3aTOIUIEHHE HAaCaJKd C MOCIEIYIOINIMM OpOIIEHHEM O00ecreunBaeT
MaKCcUMallbHyl0 3(QQEKTUBHOCTh pasnenenus. McciemoBana 3zasucumocts BOTC or
pasMepa DdJIeMEHTa HacaJKu M JAuamMeTpa KOJOHHBL. YcraHoBlieHo, uto BDTC,
NOJIyYCHHbIE B JIADOPATOPHBIX KOJOHHAX auamerpoM 60 u 120 MM, OIU3KH MEXIY
co0oii, a yBenmMueHHe pazMepa dJIeMeHTa Hacaaku ¢ 2 MM 10 10 MM NPUBOIMT K POCTY
BOTC Gonee uem B 7 paz — ¢ 2,0 cm mo 14,2 cm. Ilpu ucnsiranusx CITH ¢ pasmepom
asemMenTa 3x3x0,2 MM B 3KCIIEPUMEHTAJILHOM yCTaHOBKE JuamMeTpoM 120 MM H BBICOTOM
HacanoyHor vactu 10 M Ha ®I'VIT «I10 «Masik» ObuI0 moNydeHo 3Hayenue BOTC
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6.3+0,5 cM, uTO Oonee ueM BJBOE BHIIEC 3HAYCHWIA, MOJYYEHHBIX HA JAGOPATOPHOM
YCTaHOBKE B COIOCTABMMBIX YCJIOBUSIX. ABTOP OOBSCHSET O5TO HEOINTUMAIBLHBIM
NOPAZIKOM IyCKa KOJIOHHBI, a TakkKe KONeODaHUSIMM II0TOKA TPEIOIEero Iapa,
MPUBOASIIMMH K OTKJIOHEHUIO OT 6€30TOOPHOro pexuma.

Hcnpitanys [IByX THUIIOB PETYJISIPHOW DPYJOHHOW JIEHTOYHO-BUHTOBOM Haca/IKH
(PJIBH), u3roTOBNEHHBIX W3 MpPSAMBIX JIEHT W3 Hepxkapeomeil cetku B PXTY wum.
JI.W. MenneneeBa npoBOAMIMCH B TaOOPATOPHBIX KOJOHHAX AuameTpoM 60 MM, 120 MM
1 250 MM ¢ BBICOTOM HACaJO4YHOIO CJIos 1 M U B OKCIIEPUMEHTAJIbHON KOJIOHHE BBICOTOM
10 M u muamerpom 120 MMm. B kadectBe 00BEKTa CpaBHEHHs MCIIOIb30BAH OJIOKH
AnamerpoM 60 MM mpombinuieHHOM Hacanku Sulzer Mellapak 750 CY  wu3
roprpoBaHHOM HEPIKABEIOLIEN CETKH.

IToxa3zano, 4To 3Ha4YEHHUS NPEACITBHON MPOIYCKHOM CIIOCOOHOCTH HUCCIIEI0BAHHBIX
o6pasios PJIBH, nony4eHHbIe B KOJOHHAX Pa3IMYHOTO JUAMETPA, B TIPE/IENaX TOYHOCTH
COBMajaoT. IIpu 3TOM MX MPOIMyCKHas CHOCOOHOCTH OKa3bIBAETCS PUMEPHO B 1,3 pasa
BBIIIE, YeM /st Hacaaku Sulzer Mellapak 750 CY. PaspenurensHas cnocooHocts PJIBH
C «000YKaMU» HE 3aBHCHT OT Harpy3kd B auamnasoHe oT 25% 10 80% OT 3HaueHwms
NPEICIbHON MPOIYCKHON CIIOCOOHOCTH. DKCIEPUMEHTHI B KOJIOHHE JuamMeTpoM 60 MM
nokasamu, 4to 3HadeHus BOTC, nomyuennsie mis PJIBH ¢ «oboukamuy, okazaauchk
NPUMEPHO B 2 pasa Beime (16,1+0,2 cm), yem ais Sulzer Mellapak 750 CY (7,8+0,1cwm).
C yBenvyenunem nuameTpa KOJOHHBI, 3anondennoii PJIBH ¢ «o6oukamm», oT 60 MM 10
250 mm, BOTC Bospocno ¢ 16,1 cm g0 20 cm. Ilo pesynpTaTaM HCIBITAaHHH s
IIPAaKTUYECKOTO IPUMEHEHUS aBTOP peKoMeHAyeT ucnonb3oBanue PJIBH ¢ «ro6oukammy.

B 3aBepiienuu riaBbl 3 MPEACTAaBICHBI IPUMEPHI PAKTMYECKOTO MPUMEHEHHUS
PE3YyJIbTATOB MPOBEACHHBIX aBTOPOM wuccienoBanuii Ha DIVII «I[I0 «Masiky.
OTmeuaeTcsl, 4TO OCHOBHOH pe3yNbTaT - MOJEPHU3ALMs JEHCTBYIONIEro Kackaja
ACHPOTU3ALMU  TSKEJIOBOJHOTO TEIJIOHOCUTENST peakTopHOH ycraHoBku JID-2. B
pe3ynbTare MOJACPHU3ALMM B Kackal JENpoTU3aliu Oblla BKJIKOYEHA KOJIOHHA
Auamerpom 120 MM | BBICOTO# HacaqouHOM yacTd 10 M, 3ar0JIHEHHAs U3TOTOBJICHHOM B
PXTY wum. JI.U. Menneneera CITH pasmepoMm 3x3x0,2 MM. DTO MO3BOJMIIO [OBECTU
HCUEpIIbIBAHUE JCUTEPHs B OTBAJIE 10 KOHIeHTpanuu He Gonee 0,1 aT.% M MCKIIOYUTH
NpodJIeMy HAKOIUIEHMs CabbIX TSDKEIOBOAHBIX CIMBOB Ha YCTaHOBKE JENMPOTH3ALNHA
TspKenoi Boabl Ha PI'VIT «I10 «Masiky. Takke mpeiaraetcesl co3iaHUe Ha TUIOLIAIKE
KackaJla pPEeKTU(UKAIMOHHBIX KONOHH JENPOTU3alMH ydYacTKa 110 MOJNYYEHHIO
KOHJIMIIMOHHOH TSDKEIIOW BOJIBI M3 TSKETOBOIHBIX CIMBOB C KOHIIEHTpALMEH aeiTepus
42 ar.%. YcraHoBka Oy/ieT COCTOSTH U3 BYX PEKTH(HMKAIMOHHBIX KOJIOHH JUAMETPOM
120 u 250 mm ¢ nacankoit PJIBH u3 mHepkaBeromei crami. B paGoTe omuchIBaoOTCs
TPUHIUIIHAJIBHBIE CXEMBI YCTAaHOBOK.

B rmase 4 IIPUBOJATCA PpE3yJabTaTbl MaTEMaTHUYECKOI'O MOJCIIMPOBAaHUA H
OIITUMH3ALMU KaCKaJoB pCKTl/lCl)I/IKaI_IHI/I BOABI IO BaKyyMOM Ul ACIIPOTH3alLMU H
ACTPUTHU3ALUH TIXKECIIOBOJIHOTI'O TEIIJIOHOCUTEIIS. ABTOpOM pa3pa60TaHa MaTeMaTu4deckasa
MOACIIb, IPpEAHA3HAYCHHAs JIs1 pacyeTa U ONTUMM3AllMM KacKaJgoB pa3acii€CHus U30TOIIOB
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BOJIOPOZIa METOAOM PEKTH(MKAMU BOJBI IO BAaKyyMOM C YYETOM XapaKTEPUCTHK
KOHTaKTHBIX YCTPOWCTB. IIpuBoaMTCs ommcaHuMe anroput™a pacdera, BepuHUKalUH
MOZEIH, ONTHUMHU3AIMOHHBIE pPACUeThl KacKaJoB JEMPOTH3AUM W JIETPUTHU3ALMH.
AJTOpUTM  NIpeyCMaTpUBAaCT ONTUMHU3AIMIO pa3OMeHUs Kackala Ha OT/AeJbHbBIC
KOJIOHHBI, 3aMEHY KOHTaKTHOT'O yCTPOMCTBA MIPU TEPEXO0/IE OT OJJHOM KOJOHHBI K JPYTOi,
a TAKXKE U3MEHEHUE yJIeIbHON HArpy3ku. MuHuMu3anus oobeMa pa3euTeIbHON 4acTH
OCYIIECTBIIACTCS ITyTEM BapbUPOBAaHUs (DJIErMOBOTO YKCIa U KO3(D(DHUIIMEHTOB KPATHOCTH
MOTOKA.

Bepudukanus MareMaTHYecKod MOJENM IIPOBOAMIACH IyTEM CpaBHEHHS
PE3yJILTATOB pacyeTa C SKCICPUMEHTAIBHBIMH JAaHHBIMH, MOJTYYCHHBIMH Ha KacKaje
ACHPOTHU3ALUHN TSDKEJIOBOJHOIO 3aMeUIMTENs nocsie monaepHuzammu Ha DPIYIT «I10
«Masix». 1o yTBepxaeHHIO aBTOpA, TP BHIOpaHHbIX 3HaueHusx BOTC B TapenbyaThix U
HAcaloYHbIX KOJIOHHAX pa3jiMuMe MEXIy PAcueTOM M 3KCIIEPUMEHTOM COCTAaBJSIET HE
Oonee 18%, uro cBumeTenbCTBYeT 06 a/IEKBATHOCTH BHLIODAHHOM MOJETH pacuera.
Pacuernas onTuMu3anus Kackajia AENpOTHU3ALMA TP 3aMEHE TapelbyaThiX KOHTAKTHBIX
ycrporcTB Ha PJIBH noka3ana BO3MOKHOCTE YMEHBIEHUS KOJMYECTBA KOJIOHH ¢ 5 10 4
C COKpaIllEeHHEM CyMMapHOro o0beMa pa3/IeNUTeIbHOM YacTH YCTAHOBKM 0OoJiee 4eM B
YeThIpe pasa. B 3aBepiueHnu riaBbl IPUBOAATCS UCXOAHbIE JAHHBIE Il MOJIEIMPOBAHHUS
U pacyeT yYCTaHOBKHM JECTPUTHU3ALMHM  TSHKEJIOBOAHOTO  3aMEUIMTENI  METOOM
pexkTrduKanuK BoabI Moj BaKyyMoM. IToka3aHo, 4To 3a1a4a A€TPUTH3AINHA MOXKET OBITH

pEIIeHa ¢ MOMOUIBIO MATHCTYIIEHYATOr0 Kackala PeKTU(DUKAIMOHHBIX KOJOHH BBICOTON
He 6onee 40 MeTpoB.

ITo pa60Te MOXHO CALCJIaTh CICAYIOIIHEC 3aMCUaHU

L B pabore uccnenoBanuch TONbKO HACalKH, W3TOTOBJIEHHBIE M3 HEPYKABEIOIICH
crand. M3BeCTHO, 4TO XapaKkTEepUCTHKH HACAAKM B 3HAYUTENLHOM Mepe 3aBHUCAT OT
Marepuana u3rotosieHus. Mccnenosanue HacaloK, HM3TOTOBICHHBIX W3 JAPYIHMX
MarepuanoB (Meau, OpoH3bl M T.L) cienago Obl paboTy Oonee 3aBEpIIEHHON U
NO3BONMIO OBl cenath Gojnee OOOCHOBAaHHBIE PEKOMEHAALMU O MEPCIIEeKTHBHOCTH
UCIIOJIb30BAHMS TUTIOB HACAJIOK.

2 Ha crp.15 ormeuaercs, 4T0 «M30TONHOE pa3baBieHUE NTPOTHEM TSDKEIOBOJHOTO
3aMCUTMTCIIL ¥ TEILUIOHOCUTENSE MIPOUCXOMT 3@ CUET AAEPHBIX PEaKLHii, a TaKkke psajaa
TEXHOJIOTHYECKHX ONepalui, KOHTakTe ¢ arMocdepoil u T..» Ilo Hamemy MHeHUIO,
A/IEPHBIC PEAKIIUU HE HMEIOT OTHOIIEHHS K 3TOMY MPOIIECCY.

3 B pabore He yka3zaHa MOTpeNIHOCTH ONpEENEHUS NPOMYCKHOW CIOCOOHOCTH
HacaJoK, HO ecThb ¢pasel (Hanpumep, Ha CTp.81) 4YTO «3HAYEHMS TIPOIMYCKHOM
CIIOCOOHOCTH B ITpeieNiaX TOYHOCTH OIPEAEIIEHUS] COBIAIAIOTY.

4. B rtabnuuax 3.5, 3.9, 3.10, ¢ pe3ynbratamu 5KCEpUMEHTOB IO HeCTallMOHAPHON
pektudukarmy, npuBosaTcs BenuuuHl BOTC B 3aBHCHMOCTH  OT BPEMEHU
dKcnepuMeHTa. Tak Kak 4uclio TEOpPEeTHYECKUX CTYIIEHEH pa3/ieNieHus] U COOTBETCTBEHHO
BOTC onpezpensitorcs B CTalMOHAPHOM COCTOSIHUM KOJNOHHBI, TO M3 MPUBEIACHHBIX
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AQHHBIX pEaNbHBIMU  3HaueHUsIMH BOTC saBnsioTCs TONBKO T€, KOTOPBIE OTHOCATCS K
CTallMOHAPHOMY COCTOSTHUIO KOJIOHHBEI.

5. Ha crpanune 128 yTBepiaaercsi, 4to «peKTUHUKALHS BOIBI 0G0OCHOBAHHO MOYKET
paccMaTpUBaThCA B Ka4eCTBE aJbTCPHATMBHOIO METOJA U TEPBOW JETPUTU3ALIUM
3aMETUTEIIA TSKETOBOAHOIO peakropay. HesicHo, uTo Takoe «repBast e TpUTH3AIHY.

6. B pa60Te HC MpPCICTABICHO COMOCTaBUMOE CpPaBHEHHE METOJia peKTI/I(l)I/IKaI_II/II/I
BOJBI C APYTHMH METOOAMH, HCIIOJIb3YyEMBIMH 1151 ACTPUTHU3ALIUU TsDKEJION BOJBI. TOJBKO
TIIATCJIIPHOC TEXHUKO-3KOHOMHUYECKOE CPaBHCHHUEC METOAOB II03BOJISIET 000CHOBATH
BI>I60p METOJa ACTPUTHU3ALNU 3aMEIIUTEIIA TSXKEIIOBOJHOTO pe€aKTopa.

7. B nucceprannn mmerorcs omucku. Tak Ha cTp.65 yTBep)KmaeTcs, 4to B pabote
MCIIOJIb30BaJId KOJIOHHBI C BBICOTOM HAcaZ04HOro cios 1 MM; Ha cTp.95 OTMEUYEHO, 4TO
BOTC B xononne nuamerpom 120 MM cocrami 18+0.2 cM, a B KosoHHe 250 mm BOTC
YBEIMYUIIOCE U cocTaBuio Te ke 18+0,2 cm. Bonee cyiecTBeHHBI OMMCKH B TaOIHUIE
3.10, rpe, HapsQy ¢ ONMCKAMH B 3arojioBKE TAONHMIBI, 3HAYEHUH Koa¢pdunmenta
paspenenns B cucteMe H-T ¥ B HEKOTOPHIX 3HAUCHUSIX KOHILEHTPALMHM TPUTHS,
MPUBCCHBI HENPABUIIbHBIC 3HAYEHHS LIEJIOr0O CTOJIOA CTeNeHEH pa3/ieNieHHus.

CrenanHble 3aMedaHys HE BIMSIOT HA OOLLYIO TOJOXKHTENBHYIO OLCHKY AaHHOMN
AUCCEPTALMOHHON PabOThI, BBIMOIHEHHOM Ha BEICOKOM HAYYHOM M 3KCHEPHMEHTAIHHOM
ypoBHE.  JIOCTOBEPHOCTH ~ MOIYYEHHBIX aBTOPOM  pE3yJBTATOB  MOITBEPIKAACTCS
MCMOJIb30BAHUEM METONUK SKCIICPUMEHTA, COOTBETCTBYIOIIUX COBPEMEHHOMY HAay4HOMY
YPOBHIO, B TOM YHCIIC (PU3HUKO-XMMHMYECKAX METOIOB aHAIW3a HAa CEpTHOUIHPOBAHHOM
000py/10BaHUM (PKMIKOCTHOM H30TOMHBINA aHamm3atop «T-LWIA-45-EPy, HUK-Dypre
cnekrpomerp Nicolet iS10 v KHIKOCTHON CHUHTHILISIUMOHHBIH criektpomerp Tri Carb
2810 TR), BOCIIPOM3BOAMMOCTBIO Pe3yJIbTaTOB, TIONYYEHHBIX B 71a00paTOPHBIX YCIOBHUIX
W Ha OSKCICPUMEHTAIBHBIX YCTAHOBKAaxX Ha MNpoMblnUieHHOM miomanke DIVIT «10
«Masik», a TaKKe M COITACOBAHHOCTBIO PE3yJILTATOB C OMYOJIMKOBAHHBIMH JAHHBIMH,
NIPCJICTABICHHBIMA B HE3aBHCHMBIX HMCTOYHHMKAX MO OJU3KOH TemaThke . OCHOBHBIC
BBIBOJIbI IUCCEPTALIME OOOCHOBAHBI M JIOTHYHO BBITEKAIOT U3 COJEPIKAHUS PAOOTEHL.

IIpakTryeckas 3Ha4UMOCTh TIOATBEPXKIAETCS CIPABKOH O BHEIPEHUH pe3yJIbTaToB
paboThl NpU MOJEPHH3ALMHM KacKaja AENpOTU3AlHU TSDKEIoNH Bomsl Ha DIYIT «I10
«Masixy. PesynbTarhl paboThl MOIYT GBITH PEKOMEH/I0BAHBI JUIsS H3yUCHHS U BHEJIPCHHS B
Hay4HBIX M 00pa3OBaTeNbHBIX OPTaHU3ALMSX, a TAKKe Ha MPEANPUSITUIX S JIEPHO-
TOIIMBHOTO IHUKJIA, & TAKKEe Ha NPEANPUATHUSIX, MOMYYAIOIMIUX THKEIOKUCIOPOIHYIO
BOAY ¥ BOJYy, OYMIUCHHYIO OT TpHTHsA, B yactHocT B OI'VII "PHII "Ilpuknagnas
xumust”, AO «PagueBblii uncTUTYT MMeHn B. I'. Xnomunay, 3A0 «106aabHbIC
TEXHOJIOTUUY U JIp.

ABTOpedepaT MOJHOCTBIO OTPAKACT COJAEpIKAHME JMCCEPTAlMK. Pe3yibrarsl
pabOTHI IPE/ICTaBNEHE! B MATEPHAAX 5 HAYYHBIX KOH(DEPEHIIHI 1 OIy6IMKOBAHbI B JIBYX
CTaThsAX B XKypHaJlaX, BKIIOYCHHBIX B IIEPEUCHb PELCH3UPYEMBIX HAYYHBIX U3IAaHHH IS
OmyOJIMKOBAaHKSI OCHOBHBIX HAYYHBIX PE3YJILTATOB AUCCEPTAIIHIA.



Ilo cBoemy cozepxkanuio quccepraionHas padora J1.HO. benkuna cootBeTcTBYeT
nacropry HaydHo# cneumanbHocTd 05.17.02 — TexHONOTUS PEAKUX, PACCESHHBIX W
paaMOaKTHUBHBIX DJIEMEHTOB B 4acTh (opmyiasl cnenuainbHocTH  «Co3naHue U
COBCPIICHCTBOBAHUE TEXHOJIOTHYECKUX CXEM, Pecypco-, 3HeprocOepekenue, oxpaHa
OKPYKaroIei MPUPOIHOHN Cpebl B TEXHOJIOTUN PEIKUX U PAIMOAKTUBHBIX SJIEMEHTOBY H
obnacTu uceneoBanust «CrocoObl yTHIIM3ALHKA TEXHOTEHHOTO B BTOPUYHOTO CHIPhS».

Huccepranus J.1O. benkuna mpeacraBnser coboif HayYHO-KBaTM(PHKAHOHHYIO
paboTy, B KOTOPOH H3I0XKEHBI HAyYHO OOOCHOBAaHHbBIE TEXHOJOIMUYECKHE pPEIICHHs
3aJ1a4ud M30TOMHON OYMCTKH 3aMEIJTMTENS. U TETUIOHOCUTENS TSKEIOBOJAHOTO peakTopa
JI®-2, umerolielt CylecTBeHHOE 3HAYCHHUE [T AACPHON OTPACIH CTPAHBL.

[lo axTyanbHOCTH, HOBHM3HE, IPAKTHYECKONH 3HAYMMOCTH  JUCCEPTALUs
COOTBETCTBYeT TpeOoBaHUAM «IlonoXeHHuss O TPHCYXKIECHHH YYEHBIX CTEMEHEW,
yrBepxkaennoro IlocranoBnenuem IlpaButensctBa Poccuiickoit ®eneparunn ot 24
centsaOpst 2013 rozma Ne 842 (¢ M3MEHEHHWSMH W IOMOJHEHHSMHE), HPEIbIBISEMBIM K
JMCCepTalMsIM Ha COMCKAHHE YYEHOM CTeneHM KaHJujara HayK, a ee aBTop, benkuH
Jmutpuii OpbeBud, 3acimyXuBaeT TPUCYXKICHHS €My YUYEHOM CTENeHM KaHaujaTa
TEXHUYECKUX HayK 0 crneuranbHocTH 05.17.02 — TexHOMoTus pelKHuX, pacCesiHHBbIX U
PaaOaKTUBHBIX 3JIEMEHTOB.

Kanunar TexHugeckux Hayk,

3aBe/yOIIMN 1ab0opaTOpHel pa3aeeHus

M30TOMOB BOJOPOAA

@eepalIbHOrO rOCYAAPCTBEHHOIO B0 KETHOrO

yupexaenus «llerepOyprckuit MHCTUTYT

sanepHoi ¢usuku umenr b.I1. KoncrantuHoBay

HauuonansHOTo MCCIe0BaTEILCKOTO IEHTPa

«Kyp4yaToBCKHI HHCTHTYT, = 7 7"~ Anexcees Usan AJleKcaHJpOBUY

188300, Jlenunrpanckas obnacte, r. 'aruuna,
Mkp. OpJiosa poma, a. 1

Ten: +7(81371)31985,

E-mail: Alekseev_IA@pnpi.nrcki.ru

Iomnuce Anexceea MBana AnekcanapoBuya y0CTOBEPSIO:
yueHbli cekperapb OPI'BY «llerepOyprekuit HHCTUTYT
anepHoi pusuku umenu b.I1. KoncrantuHoBay

Bopobnes Cepreii UBaHoBHY
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