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Annomayus - B cmamue npugedensl pe3ynvmamut
KOMRbIOMEPHO20 MOOeUPOSaAHUs UHOYKUUOHHO20
MAZHUMOZUOPOOUHAMUYECKO20 Hacoca ona
mpauncnopma  J1€2KUX — YBEMHbIX  MEMA108.
Obocnosvieaemcsa 6blO0pP KOHCHMPYKUUU 0OMOMOK
Hacoca.

Knwuesvie cnoea - MI/[-nacoc, nuneitnoiii
acunxponnwtii osuzamens (JIA/M), nnockan kamyuika,
oomomka, ghakmop nazpesa.

BBEJEHUE

s TpaHCHOPTHPOBKHM JKHAKOTO MeETauia B
JUTEHHBIX YCTaHOBKaX B psle CIy4aeB YA0OHO
HMCHOJIb30BaTh MHIYKLMOHHBIE MI'JI-Hacocsl.
TexHonoruueckasi 1enoyka g Tpolecca JHUThs B
KPUCTAJIJIN3aTOpP CKOJBKEHUs C Tojadeld MeTrasia
MI [I-Hacocom u3o0Opaxkena Ha puc. 1. Ilpu sToM kK
HAcocaM TPEIBSBISIOTCS ITOBBIIICHHBIE TPEOOBAaHUS

10 HA/IS)KHOCTH, TIOCKOJIBKY B CIIydae HEHCIPaBHOCTH
Hacoca OTJIMBaEMBIH CIMTOK OTOPaKOBBIBAETCSI.

W3 ocHOBHBIX TpeOOBaHWI K HacocaM IS
JUTEHHBIX MAIIMH MOXHO BBIJEIHUTH CIIEIYIOIINE:

1. Marsie TabapuThl (OTpaHUYCHBI PACCTOSTHUEM
OT CTEHKH METaJUIypru4ecKOW €MKOCTH A0 JIMTEHHOMN
MaIlTHbBI);

2. OTHOCHUTENBFHO  BBICOKOE  pa3BHBaeMOe
ycunue (OHO OIpeneNsieT MaKCUMajbHBIA  Harop
Hacoca);

3. Bolcokue paboume TemIiieparypbl OOMOTOK
(METaJUIOTPaKT JOJDKEH pachoyiaraTtbCcs Kak MOKHO
OmmKe K aKTHBHOMW 4YacTW MarHWTHOH CHCTEMBI, a
BO3MOXKHOCTH TETUIOM30JIALIUH U OXJIAXKICHNAST 0OMOTOK

B YCIOBHSX  METAUIYPIUYecKOro  IPOU3BOJACTBA
OTPaHUYCHBI);
4. KoHCTpyKTMBHasT TPOCTOTA, JIErKOCTb

MOHTa)Xa u 06CJ'Iy)KI/IBaHI/I$[ .
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Puc. 1. Texnonorus TNOJIYHCIIPEPBIBHOI'O JIMThA B KPUCTAJUIN3ATOP CKOJIbXKCHUA

Hcxons ¥ BBINIENIEPEUNCIICHHBIX TPEeOOBaHMI
chopMHupoBaTach KOHCTPYKIHS IUIOCKOTO JIMHEHHOTO
WHAYKITUOHHOTO Hacoca (IUINH), KOTOpas
MpUMEHseTcsT B JaHHBIH  MOMEHT Ha  psze
METaUIypPrU4e€CKUX NPEeAUPUATHNH A JINTEHHOTO
npousBojacTBaM (puc. 2). Hacoc mpencrapnser coboit
JIBYXCTOPOHHMM JIMHEHHBIA ACUHXPOHHBIN JIBUIaTEINb

JIALL C SKUIKOMETAIINIECKHUM BTOPUYHBIM
3JIEMEHTOM, HHIYKTOp KOTOPOrO Cco3/1aeT Oeryiiee
BIOJIb ocu METaJUTOTPaKTa MOTIePEYHOE

(HpOHI/I?)I)IBaIOHIGG MCTaJ’IJ’IO’I‘paKT) MAarHuMTHOC I1I0JIC.

CPABHEHUE CXEM OBMOTOK I1JIMH C
PA3JIMYHBIM YU CJIOM IIOJIIOCOB

IIpencrasnser ONpe/IeTIeHHBII HHTEpEC
cpaBHEHHE Y(PPEKTHBHOCTH CXeM OOMOTOK, KOTOPBHIE
MOJKHO PAacCIONIOXKHTH B 3aJIaHHBIX rabapuTax Hacoca.

119

Jlist cpaBHeHHS! OBUTM BBIOpaHBI CXEMbI C Pa3IMYHBIM
YHUCIIOM TOMIOCOB (2p) C TOMHBIM M YKOPOUYEHHBIM
maroM, ¢ OJIHOCIOMHBIMM M  JBYXCIOWHBIMH
KaTylIKkaMHd. PacueTHas Mojenb Oblia co3gaHa B
mporpamme FElcut, yuuThBaiomas B IBYMEpPHOH
MOCTaHOBKE MPOAOJIbHBII KpaeBoi s dekr. s yuera
MOTIEPEYHOr0 KpaeBoro 3(dekra BHOCUIIACH MOIMPaBKa
B AJIEKTPOIPOBOJHOCTh BTOPUYHOTO AieMeHTa [1].
VBenuueHne  TMONIOCHOTO  JICJICHHS (1)
HEOJHO3HAYHO BIIMSET HA TATOBOE yCHiMe MaluHbl. C
OJTHOH CTOpPOHBI YBEIMUYCHHE TMOJIOCHOTO JEJICHUS
NPUBOJUT K CHIDKEHHIO OTHOCHTENILHOTO —3a30pa
MaIlMHbL, YTO MOBBIMIAeT Kod3¢uuneHt MomuoctH. C
JIpyroii CTOPOHBI YBEIWYEHHE IIOJIOCHOTO JICJICHHS
py (pUKCHPOBAaHHON IIMpPUHE MAIIMHBI YMEHBIIAET e
OTHOCHTEJNBHYIO  IIMPUHY,  YCWIIMBas  BIIHSHHE
MOTIEPEeYHOr0 KpaeBoro 3 dekra, KOTOPBHI B CBOIO
ouepens MPHUBOAWUT K CHIDKCHHIO Kod(h(uImenTa
MIOJIE3HOTO JEMCTBUS W TATOBOIO YCWIMS MAIIUHBL



[TosToMy wuMeeT omnpeneraeHHBI CMBICT IPOBECTH
HCCIEOBAaHUE  BIUSHUSA  YUCIAa  MOJIOCOB  HA
xapaxrepuctukn IIJIMH npu 3amanHbIX Tabapurtax
Hacoca. CpaBHEeHUE MPOBOJWIOCH ANl TPEX BapUAHTOB

MaIIMHBI — 0a30BOTO BapHaHTa C 6-10 MOJIOCAMH, a TaK
)Ke 4-X U 2-X MOJIIOCHBIX.

Puc. 2. Konctpykuus Hacoca:
1 — mpoem yisl yCTaHOBKY METAJIOTPAKTa; 2 — aKTHBHAsI TOBEPXHOCTh MHIYKTOPA;
3 — MarHUTOINIPOBO HIDKHEH gacTu JIA /]

CorocTaBiieHue BapUaHTOB MPOBOJUIOCH IMPHU
(hMKCUPOBAHHOM 3HAYCHUU (haKTOpa HArpeBa:

AJ=4-J (M

rae: A — muHelHas Harpy3Ka MAaIliHEI;
J — TITOTHOCTH TOKAa MPOBOJAHNKA OOMOTKH.

PaBencTBO  (akTopa HarpeBa I BceX
WHAYKTOPOB COOTBETCTBYET pPAaBEHCTBY IOTEPh B
obmoTke. [lpu 3TOM IJIOTHOCTH TOKa MPUHHMANACH
paBHoOi#i 1.76 A/Mm?.

B Monenu Obl1a yuTeHa CTEHKa KaHalla Hacoca
TOJIIIAHOM 1MM, BBIIIOJHEHHAs U3 HEMAarHUTHOM CTajIu.
Ha manHOM 3Tame He YYHUTBHIBAJIMCH KOHCTPYKTHBHBIC
0COOEHHOCTH OOMOTOK HWHIYKTOpa, TakHe Kak,
HaIpuMep, B3aUMHOE PacIoOKeHHE JIOOOBBIX YacTei
00MOTOK, a TaKk)Ke KaTyIleyHas ¥ BUTKOBas W30JIAIUSL
TIPOBOTHUKOB.

a¢dexra
OCYIIECTBISLICS ~ M3MEHCHHEM  IpoBoguMoctd Y
MeTalia B KaHaye. IlepecyeT OCYIIECTBISICS II0
cnemxyromeit Gopmyne [1]

Vuer MONEepEeYHOTo KpaeBoro

. tha
Yo =Yk ky=1-—2=k, @

L
)

re. =7/T, T - TOmOCHOE AeleHue; L — IMpUHA
AKTUBHOMW YacCTH.

Ha puc. 3 mpexacraBieHsl —pacnpeleneHus
MarHuTHOTO MOJIsI TPEX BapHaHTOB Hacoca, Ha puc. 4
NIPUBEEHbl KapTHHBI  paclpeleNeHuss ToKa 110
CEUSHHIO BTOPUYHOTO 3JIEMEHTA JUIS TeX JK€ BAPHAHTOB
oOMoTOK. Pesynprarhl pacuera mpuBeneHbl B TaOu.l.
Kak BHIHO yMeHbIIEHHE 4YHCIa Tap MOJIOCOB MNPHU
MOCTOSTHHOW ~ JUIMHE  MallMHBl  IPUBOAUT K
3HAYUTEIHHOMY YBEIMYECHHIO yCUIINSI.

6)

Puc. 3. Kaptuna pacnpeneneHus o B MHAYKTOPAX C Pa3INIHBIM YUCIOM ITOJIOCOB:
a—-2p=6;0-2p=4;B—2p=2; 1 —uHAYKTOP; 2 — KAHAJ C KHUIKAM METAILIIOM
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Puc. 4. PacnipesieneHysi BTOPUUHBIX TOKOB: YMEHbIIEHHE YHCIIA TTOJIOCOB MIPUBOIUT K YBEJIMUYEHHIO TIPOJOIBHOM

COCTABJISIIOLLEH BTOPUYHBIX TOKOB M YMEHBIICHUIO ITONIEPEYHON COCTABIIAIOLIEN — CO3AAIOIIEH TATOBOE YCUIIHE.
a)T=60MM, g=1;0)T=90MM, g =2;B)T=180 MM, g =2

Ta6muma 1
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= S| S|lg & 20 2 25| & » Q z
E | B E|IE < & R & B S|
E P FFYEIEER| ZEal B | B
AUi |6 18| 1 | 3,1 0,621 068 | 1,76 | 46,8 | 11,5
-1-
60
JUI | 4112 2 | 3,1 0,459 | 0,64 | 1,76 | 46,8 | 27,3
-1-
60
Jur (212 2 | 3,1 0,192 | 1,02 | 17,6 | 46,8 | 75,6
-1-
60
B Tabnuax MIPUBENICHO creyroiiee
o0o3HaueHWe TUMa OOMOTOK: TiepBas OykBa —
KonmuecTBo cioeB ([l — gByxcmoiHas; O —

omHocyoiHas, Il — mabmonnas; b — 6apabannas; K —
KOHIIEHTpHYECKasi; mepBasi Iudpa — mar oOMOTKH; 2
rpymma 1udp — BennunHa GazHOH 30HBI, MM).

Kak BumgHO W3  pe3yibTaTtoB  pacuera,
NPUBEICHHBIX B Ta0NHIE, OaXe I[pH NPaKTHYECKU
TPEXKPATHOM CHIDKEHUH 3(PPEKTHBHON POBOAUMOCTH
BTOPUYHOTO  JJIEMEHTa,  BBI3BAHHBIM  BIIMSHHUEM
MoTepevHoro kpaeBoro 3 dexra, HauboJblIee ycuine
JaeT ABYXIOJIOCHBIH HHAYKTOP, P 3TOM IO

121

CpaBHCHUIO C 6-TH TIOJIOCHBIM MIPOTOTUIIOM
ycnime BO3pacTacT no4YTHU B 7 pas.

CPABHEHUME CXEM OBMOTOK C PA3JIMYHbIM
OTHOCHUTEJIbHBIM HIAT'OM U YN CJIOM 30H

Kak yxke oTMedanoch paHee, HAacoC IOJIKEH
o0ecreunTh JIOCTAaTOYHYI0 HaJIe)KHOCTh padoTaTh B
KpailHE TsDKEIbIX [UIsl H30JIIuM  ycioBusix. Ilpu
JUINTCIFHOW ~ HEMPEephIBHOM  paboTe  Temmeparypa
AaKTUBHOW dYacTH Hacoca (3yOIlbl MarHUTOINPOBOJA,
4acTh  OOMOTOK,  pPAacCHOJIOKEHHbIE B  Ma3ax
MarHUTONpPOBOAA)  CTAHOWTCS  CONOCTaBUMOH  C
TEMIIepaTypoil MeTaiia B KaHaJle (B pacCMaTpUBaeMOM
ciydae sxuakoro Marmms ~750 °C. Takum o6pazom
OCHOBHAsl  CJIO)KHOCTb ~COCTOMT B  0OecHedeHnHu
HAJCKHON W30MsAIMH OOMOTKHM paloraromed mpu
TakuX TeMIepaTrypax. B cymecTByiomem Hacoce Takas
M30JSIIMS BHITIOTHAETCS HA OCHOBE CTEKJIO-CIIOSHBIX
jgeHT. Ilpu 93TOM HajEeKHOCTb TaKOW H30IALUHU
HeBbICOKa. OTMEYaluch CIydad BBIXOJAa U3 CTPOs
Hacoca IO TMpPHUYMHE TMOBPEXKICHUS U30SILUM B
TEYEHHH HECKOJIbKUX 4YacOB HENpEepBIBHON pabOTEHIL.
[Ipennaraercst obecneynTh MOBBIIICHUE HAIEKHOCTH
M30JSIIMU  2-1  TYTSMH: HCHOJB30BAaHUEM  HOBBIX
BBICOKOTEMIIEPATyPHBIX M30JIILMOHHBIX MaTepUalioB U
MIPUMEHEHHEM TPEIETbHO IMPOCTOH (OPMBI KaTyIIeK
obmotku. IlocnmemHee OOCTOSATENHCTBO — YHpOIIAET
TEXHOJOTHIO HAIOKEHHS W30SIIMM W CHIDKAeT
BO3MOKHOCTh Opaka TpH Npom3BoAcTBe. HambGonee
NPUTOIHBIMA ~ AJsT  OOECIICUCHMSI  BBIICYKA3aHHBIX
TpeOOBaHUH ABIAIOTCA 2-X CIOWHBIE KOHIIEHTPUIECKHE
0OMOTKH, KaTyIIKH KOTOPBIX MOTYT OBITH BBIIIOJIHEHBI
TUIOCKUMHU 0e3 n3rnda JI0OOBBIX YacTew.



Takue OOMOTKM MOTYT OBITh BBIMIOJIHCHBI, KaK
6-T Tak W 3-X 30HHBIMHU, NPU ITOM O-TU 30HHBIE
OOMOTKH C TUIOCKUMH KaTYIIKAaMH MOTYT OBITh
peanu3oBaHbl TOJNBKO C YAaCTUYHBIM 3aMOJHEHUEM
ma3oB. [TosToMy OBLT MPOBEACH psAI PacyeTOB O-TH U
3-X 30HHBIX OOMOTOK C Pa3MHUYHBIM YHCIIOM I1a30B Ha
TIOITIOC U a3y ¢ ¥ pa3IMIHBIM OTHOCHTEIHFHBIM IIaroM

B. Pacuerbl mpoBoguiauch 0Oe3 yuera u3osLMH. B
KayecTBe 0a30BOr0 BapuaHTa MNPUHUMANACh O-TH
30HHas IIa0JOHHAs 2-X CJIOHHAs OOMOTKA C IOJHBIM
miaroM.  PacmpenenieHne  MAarHMTHOTO — TIOJISA ISt

PacCMOTPEHHBIX BapUaHTOB MPHUBEIEHO HAa pHUC. 5.
Pe3ynbraThl pacuera nmpruBeieHsl B Ta0II. 2.
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Puc. 5. KapTtuna pacnpeneneHus nois B MHIYKTOpax ¢ INIOCKUMU KaTyIIKaMH Pa3IMIHON KOHCTPYKIUH
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Kak wu MPOBEICHUH
BBEIYUCITUTEILHOTO IKCIICPUMEHTA,
pa3IWYHBIX ~ BApHAHTOB  OCYIICCTBISUIOCH  TIPH
(ukcupoBaHHOM  3HaueHWH  (hakTopa  HArpesa,
IDIOTHOCTH TOKa B MPOBOJHUKAX M JUIMHBI HHIYKTOPA.
[MosTomMy TipM W3MEHEHWH KOHCTPYKIIMH OOMOTOK —
ypcna 30H, YHCIAa T1a30B Ha TMomoc U Qa3sy,
OTHOCHTEIIFHOTO ITara 0OMOTOK H T.II., IPOU3BOAMIOCH
W3MEHEHHE TEOMETPHH I1a3a TaKUM 00pa3oM, 4TOOBI
(axTop HarpeBa ocTaBajcs HEU3MEHHBIM.

Hamxynmmit  pesynaprar gamum  3-x
oOMOTKA W 6-TM 30HHas OOMOTKa C

npu MPEABIAYIIETO

CpaBHEHHE

30HHas1
IIOJIHBIM

Oomuskue 3Hadenune ycwims 60-70H. HawubGomnbimue
3HAUEHHs] YCWJIHUS Jal0T OOMOTKM C TIOJIHBIM Iarom
(puc. 5, 0, r). Ykopouenue mara (puc. 5, B, 1, €)
OOMOTKM TPHBOAMUT K CHIKEHHIO ycwims. [lomumo
BEIMYMHBI YCWJIMS B  pacdyerax ONpeiensiach
MaKCUMaJbHOC 3Ha4eHHe WHAYKIUH B OCHOBAHHUS
3yOma. B 3TOM OTHOMICHWH WHIYKTOP C OOMOTKOW ¢
TTOJTHBIM IIIaroM U ¢=3 (pucC. 5, T) a Tak e HHIYKTOp C
oOMOTKOH ¢ ykopoueHueM 5/7.5 u ¢=3 (puc. 5, n)
OyIyT BXOAWUTH B HackileHue. [lo 3Toll mpuuuHe 3TH
BapHaHThl OBUIM HCKIIOYEHBI. IloOMHMO BETMYHMHBI
ycuiusi TpH BbIOOpE THNa OOMOTKM OIEHHWBAJIOCH

3anosHeHHeM Ma3oB. OcTanbHble BapHUaHTHl Jlald TEXHOJIOTHYHOCTh 1 CTOMMOCTb M3TOTOBJIEHHUS HAacOCa.
Tabnuua 2
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JI-1-60 5,a 2 12 2 0,192 0,88 1,76 46,8 81,2
JK-1-60 5,0 2 12 2 0,192 1,37 1,76 46,8 70,5
JK-3/4.5-60 5B 2 9 2 0,192 1,11 1,76 46,8 59,2
JK-1-60 5T 2 18 3 0,192 1,83 1,76 46,8 72,8
JK-5/7.5-60 51 2 15 3 0,192 1,49 1,76 46,2 63,8
JK-2/3-60 5,e 2 12 3 0,192 1,05 1,77 46,2 55,5
JAK-1-120 5, K 2 12 3 0,192 1,10 1,76 46,8 37,5
ITockonbky paccMaTpUBaeMble MalIUHbI cocraBisier 59.2 H uro dakruuecku B 6 pa3 Ooublie
MIPEATONaraeTcsl W3rOTaBIMBAaTh MAIIBIMH  CEPUSIMH, ycwius TpoToTHNa. BeIOpaHHBIE IS AaibHEHIIEro
TpagUIMOHHBINA croco0 TIPOM3BOJICTBA HCCIIEIOBAHNSI CXEMBI OOMOTOK B TaOi. 2 BBIIEIICHBI
MarHUTONPOBOZA  INTAMIIOBKOM  HENpHeMiieM  II0 L[BETOM.
9KOHOMHYECKHM COOOpaskeHnsIM. I M3rOTOBICHUS
JIUCTOB MarHATOIIPOBOA TIPeIoIaracTcs CPABHEHUE HANJIYUILINX BAPUAHTOB
HCIIONIb30BAHHE TEXHOJIOTUHI Ja3epHOi WIH

3JIEKTPOIPO3UOHHON pe3ku. IIpu 3TOM CTOMMOCTB
paboThl TPONOpPLMOHATBHA JMIMHE pe3a. B asToMm
OTHOIIEHHH OoJiee BBITOJHBIM SIBISIETCS HHAYKTOP C
HalMEHBIIUM YHcIoM Ma3oB. Cpeanu paccCMOTPEHHBIX
BapUaHTOB HaMMEHbIIEE YHCIIO 11a30B MMeeT 0OMOTKa
¢ g=2 u yxopoueHueM 3/4.5(puc. 5, B). Ilo Benmunne
YCHIINSI OHA TIPOWIPHIBAET TOJIBKO OOMOTKE € ¢=2 W
MmoaHbIM  maroM. OpHaKo  BENWYMHA  yCHIIUS
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Hannyumme BapuaHTBl [ajee HCCIEIOBAIHCH
Oounee moapoOHO. B ckoppekTupoBaHHO MoienH ObLIO
YYTEHO  CHWKEHHWE JIMHEWHOW  Harpy3kd mpu
YMEHBIIIEHUH CEYEHHs TIPOBOJHUKOB O0YCIIOBICHHOTO
HAJIMYMEM KaTyIleyHoi u3oisiimu (puc. 6). TommmHa
M30JSIIMU TIPUHMAMAajiach paBHOW 2MM Ha CTOPOHY.
Pacuer mpoBoamicst Tak e W JUIS HAacoca MPOTOTHIIA.
PesynbraTel cBeneHsl B Ta0u. 3.



Puc. 6. KaptuHa pacnpeneneHus Mo B MHIYKTOPAX ¢ HAMITYYIINMHE ITOKa3aTelsiMu (0 U B), a TaKKe B MHIYKTOPE
npoTtoTumna (a)

Tabmuuma 3
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JUI-1-60 6,a 6 18 1 0,621 0.51 1.76 329 5.7
JK-1-60 6,0 2 12 2 0,192 1.00 1.76 33.9 37.2
JK-3/4.5-60 6,8 2 9 2 0,192 0.83 1.76 342 32.0
Ilpu  cpaBHeHMH  pE3yJbTATOB  pacuera, rna3aMy Kak C MOJIHBIM, TaK U C YKOPOUYCHHBIM ILIaroM

MpUBEACHHBIX B Tabn. 2 wu 3 pand MamuH C
AHAJOTUYHBIMM THIIAMH OOMOTOK, BHJHO, YTO Y4YeT
W30JSIIIMM  CYIIECTBEHHO  CHIDKAET  pacyeTHYIO
JIUHEHHYIO HArpy3Ky W 3JIEKTPOJAMHAMHUYCCKOE YCHITUE,
pa3BuBaeMOe B KaHajge. Tak JKe CTaHOBHUTCSA
OUYEBHUJIHBIM, YTO Pa3IMYUC B YCHIIHAX 2-X CIIOMHBIX
00OMOTOK TIpH y4eTe B MOJICIH KATYIICYHOH H30JISIUN
CTaHOBHUTCS HE CTOIb CYIIECCTBEHHBIM 10 CPaBHEHHIO C
TIPUBEJICHHBIM B Ta0d. 2, TAe W3OJAIMS KaTyIIeK He
ObLTa yYTeHa.
3AKIIIOYEHUE

IIpoBenenusIe HCCIIEA0BAaHMS MO3BOJIAIOT
c/leNnaTh BBIBOJI O 11€J€CO00pa3sHOCTH NPUMEHEHHUS B
IUIOCKUX WHAYKIHMOHHBIX MAaIlMHaX C IUIOCKUMH
KaTylIKaMd CXeM OOMOTOK C TIOJy3alOJHCHHBIMU
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0OMOTOK. AHalIM3 [IOCTATOYHO IIMPOKOTO CIIEKTpa
BapuaHTOB OOMOTOK C Pa3UYHBIM YHCIOM 30H, T1a30B
Ha TONMIOC W a3y, OTHOCHTENBHBIM INArOM H T.II.
MO3BOJISIET MPH OTPaHWYCHHBIX rabapurTax MallHHBI
c/ienath BBIOOP B TOJIB3Y CXEMBI OOMOTKH € ¢=2 H
ykopoueHueM 3/4.5 (puc. 6, B). IIpuBenecHHbBIC BBIIIC
pe3yNbTaThl UCCIIEOBAHMUS JIETTIM B OCHOBY 3asBKH Ha
n3obpereHue  «JIByXcioiHbIE — KOHIEHTPUYECKHE
OOMOTKM € IUIOCKMMHU KATYIIKaMi», TOJAaHHYIO
aBTopamu B 2013 .
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