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n-01-02 000 «PYCATOM METANNTEX» — UHTEFPATOP
BU3HEC-HANPABNEHUA « METANNYPTUA»
B KOHTYPE TOCKOPNOPALUN «<POCATOM»

A.H. AHOpuaHos
000 «Pycamom MemannTex» TK TB3/1
Poccus, 123098, Mockea, yn. Pozosa, 0. 5a, e-mail: AnNAndrianov@tvel.ru

Pa3Butne coBpeMEeHHOro MHpa HEpa3pbIBHO CBS3aHO C CO3JaHMEM HOBBIX IIPOJYKTOB
u texHosnoruit. Pose T'ockopniopanyu «Pocatom» 3akiouaercss B CO34aHUM HOBBIX PHIHKOB
1 GpopMHUpOBaHHE YCTOMYMBBIX TPEHIOB, HAIIPABICHHBIX HA UX PAa3BUTHE.

B nacrosimee Bpemst ['ockopriopanust «Pocatom» akTHBHO pa3BUBAaeT HOBBbIE OM3HECHI
T10 BBIITYCKY HesaepHOH mpoxayKiuu. OANH U3 OCHOBHBIX HESIIEPHBIX On3HecoB — «Merai-
JTypTHUsD).

Jmst pa3BuTHS JaHHOTO HAampaBiieHUs B KOHType lockopmopamun «Pocarom» coszmana
xomnanusg OO0 «Pycarom MetamnTex», kak €IUHbIA UHTErpaTop 1o HanpapiaeHuto «Me-
TaJUTyprus», B 33/1aul KOTOPOTO BXOAMT CO3JaHUE HOBBIX MPOLYKTOB, IPOJBHKEHUE MPO-
OYKIUU Ha PBIHOK, CO3JAaHME HOBBIX M DPACIIMPEHHUE JIEHCTBYIOUIMX MPOU3BOJICTBEHHBIX
MOIITHOCTEH, a Takke (POPMHUPOBAHHE AJIbSHCOB M OM3HEC-MAapTHEPCTB.

OnHa 13 KITIo4YeBbIX 33/1a4 Kommanuu «Pycarom MetamnTex» co3nanue, 1o CyTH, HOBO OT-
paciu 11 Poccun — mpou3BOACTBO M TOTPEOICHUE TIOCTOSIHHBIX PEIKO3eMeIbHBIX MAarHUTOB.

IIpu sTOM, MBI OTIAaeM ceOe OTYeT, YTO peau3anus MOCTaBICHHOM 3aa4y 3aBUCUT HE
TOJILKO OT YCUJIMSI OIHOW KOMITaHUH. Pe3ynbraT 3aBUCUT OT BCEX yUaCTHUKOB Ipolecca: Mmo-
CTaBILMKOB M 3aKa34MKOB IEPCIEKTUBHOM MPOIYKIIHH.

Ve HE OIMH pa3 B HOBEWIEH MCTOPHH HAIlle TOCYAapCTBO MBITAJIOCh CO3/aTh yCIOBHS
JUTSL YCTICITHOTO (PYHKIIMOHUPOBAHUSI MATHUTHOM OTPACIIH.

Poccuiickue ydeHble cMOIIM HE POCTO MOYy4acTBOBATh B IPOLECCE, HO U CO3/aTh MPO-
PBIBHBIEC TEXHOJIOTHH U MaTEPHAIIBL.

Opnnaxo B nepuoa ¢ 2000 o 2010 roast B Poccun 3akposuiuck 90% npou3BojCTB peKo-
3€MeJIbHBIX MarHUTOB MO NMPUYMHE OTCYTCTBUSI OTEUECTBEHHOTO CHIPhs, HO CaMO€ IIaBHOE
— DKCIIAHCUH KUTAWCKUX npousBoauTeneii. [Ipu 3Tom norpebiieHre MarHuToB POCCUHCKUMU
3aKa34MKaMU HEe CHHXKAJIOCh, a IEPEOPUEHTUPOBAIIOCH Ha MTOCTABKU U3-3a pyOexa.

CoBpeMeHHBII1 BBI30B 3aKITIOYACTCSI B CO3JAHUM IIEJIOM OTPACIH, B KOTOPOH JIOJKHBI
OBITh PELIEHBI CIEIYIOLIIE BOIPOCHL:

— CBIPbEBOE 00ECIIeUeHHE TPON3BOCTBA MAarHHUTOB,;

— CO3/1aHMe NPOU3BOACTBEHHBIX MOLIHOCTEH 110 M3rOTOBJIEHUIO MArHUTOB, IIPEAHA3HA-
YEHHBIX JUI Pa3BUTHUS IPOPHIBHBIX TEXHOJIOTHIA;

— CO3/1aHMe MIPEANPUATUIL, CHOCOOHBIX 00€CHEUUTh PA3BUTUE U CO3JaHUE HOBBIX IIPOIYK-
TOB ¥ IOTPEOUTENBECKUX PHIHKOB: BETPOIHEPIEeTHKA M BCE BHJIBI SIEKTPOABIKCHHS.

Henbs OO0 «Pycarom MetaiuTex», Kak HHTErpaTopa, y4acTBOBaTh B CO3J[aHUHU OOJIBIIO-
IO KJIACTEpa, KOTOPhIN Obl 00BCIMHNIT YCUITHS:

— YyUYeHBIX, padOTAIOIUX HaJl CO3/1aHMEM COBPEMEHHBIX TEXHOJIOTHH, KaKk B 001acTH Ma-
TEpUaoB, TaK U B 0OJIACTH HCIIOIB30BAHNUS TOCTOSIHHBIX MarHUTOB,

— CBIPbEBBIX KOMIIAHUI;

— MpeIpUATHHA, CO3AAI0IIUX HOBbIE MArHUTHbIE ITPOM3BOCTBA.
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P-01-02 RUSATOM METALLURGICAL TECHNOLOGIES, LIMITED
LIABILITY COMPANY — INTEGRATOR OF THE METALLURGY
BUSINESS DIRECTION IN ROSATOM STATE CORPORATION

A.N. Andrianov
Rusatom MetallTech LLC TVEL TC,
Russia, 123098, Moscow, st. Rogova, 5a, e-mail: AnNAndrianov@tvel.ru

The development of the modern world is inextricably linked with the creation of new
products and technologies. The role of the State Corporation «Rosatom» is to create new
markets and the formation of sustainable trends aimed at their development.

Currently, ROSATOM is actively developing new businesses for the production of
non-nuclear products. One of the main non-nuclear businesses is «Metallurgy».

For the development of this area, «Rusatom MetallTech» LLC was established within
the State Corporation «Rosatom» as a single integrator in the «Metallurgy» area, whose tasks
include the creation of new products, the promotion of products on the market, the creation
of new and expansion of existing production facilities, as well as formation of alliances and
business partnerships.

One of the key tasks of «Rusatom MetallTechy is to create, in fact, a new industry for
Russia — the production and consumption of permanent rare earth magnets.

At the same time, we are aware that the implementation of the set task depends not only
on the efforts of one company. The result depends on all participants in the process: suppliers
and customers of promising products.

More than once in recent history, our state has tried to create conditions for the successful
functioning of the magnetic industry.

Russian scientists were able not only to participate in the process, but also to create break-
through technologies and materials.

However, in the period from 2000 to 2010, 90% of the production of rare earth magnets
was closed in Russia due to the lack of domestic raw materials, but most importantly, the
expansion of Chinese manufacturers. At the same time, the consumption of magnets by Rus-
sian customers did not decrease, but was reoriented towards supplies from abroad.

The modern challenge is to create an entire industry in which the following issues must
be resolved:

— raw materials for the production of magnets;

— creation of production facilities for the manufacture of magnets intended for the devel-
opment of breakthrough technologies;

— creation of enterprises capable of ensuring the development and creation of new prod-
ucts and consumer markets: wind energy and all types of electric propulsion.

The goal of «Rusatom MetallTech» LLC, as an integrator, is to participate in the creation
of a large cluster that would combine efforts:

— scientists working on the creation of modern technologies, both in the field of materials
and in the field of the use of permanent magnets;

— commodity companies;

— enterprises creating new magnetic productions.
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n-01-03 CUHXPOHHbIE SNNEKTPONPUBOAbI
HA PEAKO3EMEJIbHbIX MOCTOAHHbIX MATHUTAX:
HOBbIE TEHOEHLWU U BbI3OBbI

A.M. Tuwux*>?

1Qusuyeckuli pakynemem MIY um. M.B. /lomoHocosa
119991, ICl-1, Mockea, /leHuHckue 2opsi, MI'Y umeHu M.B./lomoHocosa

2[pynna AMT&C
142191, 2. Mocksa, 2. Tpouuk, yn. lpomsiwineHHas, 0. 4
E-mail: tishin@amtc.org

BricTphlii mporpecc B TEXHOJOTMH MPOU3BOACTBA PEIAKO3EMEIbHBIX MTOCTOSHHBIX Mar-
HutoB Mapku NdFeB (ITM) npuBen K CylIeCTBEHHOMY PaCIIMPEHHIO MapaMEeTPOB CEpUid-
HO npou3BoAuMbIX [IM BIIOTH 10 MakCHMalIbHBIX dHepreTuueckux npousseneHuii (BH)
ax HA ypOBHE 56 MI'cD, pabounx temneparyp 230C n kodpumuTuBHO# cuibl Hej o 35kD.
Wcnons3oBanue [IM B cuHXpoHHBIX 3nekTponpuBoaax (COIIM) sBusercss OCHOBHBIM
IIPUMEHEHNUEM BBICOKOMApOYHBIX U BbICOKOTeMIepaTypHbiX [IM u MOXeT 0JHOBPEMEHHO
obecnieunts Kak nosbimeHue KIIJ[, Tak ¥ cHMKeHHE MaccorabapHTHBIX XapaKTEPHUCTHK.
Nmenno noaromy 10 90% HOBOIo 3IEKTPOTPAHCIIOPTA B MUPE UCIOIB3YET B CBOEM COCTaBE
COIIM [1]. Oxkupmaercst ganpHenmuii poct npousBoactsa [IM, nockonsky EBpona 3ampe-
TUT NPOJIAXy MAIIMH C IBUTATEIsIMH BHyTpeHHero cropanus ¢ 2035 rona.

HoBeimu Tekymumu npaiiBepamu peiaka [IM u m3nennit Ha ux ocHoBe B Poccuw, sB-
JISIFOTCST 00JIaCTH BETPOTCHEPAIMY U CHHXPOTPOHHOTO M3IydeHHs. OCyLIecTBIAETCS JIO0Ka-
nu3anus npousBoycTsa [IM B pamkax I PO Ne719. @opmupyercst penko3eMenbHas Chbl-
pheBast 6a3a, 4TO B CBOKO OYEpe/b, 00CCIIEUMIIO 3aMETHBII HHTEpeC K npuMeHeHuo [IM B
ANIEKTPOTPAHCIIOPTE, IJIAHUPYEMOM K IIPOU3BOJICTBY KOMIaHUAMU PO.

B pabore npezncraBneHa nHpopMaIys 0 TCHACHIUAX U BbI30BaX ObICTPO (HOopMHUpYIOILIE-
rocsi pplHKa 3JIEKTpOTpaHcnopra u aApyrux npumenenuit [IM B PO. Onuceiatorcst Tpebo-
BaHMS Pa3padOTYMKOB U UX MOAXOABI K BEIOOPY Mapok [IM. AKIeHTHpyeTCsl BHUMAHHE Ha
BBIITOJIHEHHBIX paHee [2] 1 HOBBIX pa3paboTKax KOJJIEKTHBA yUYEHbIX, HHKEHEPOB U KOH-
CTPYKTOPOB rpyribl Komnanuit AMT&C B naHHBIX 00JacTsIX.

[1] M.Schmid Mineralogical Magazine 84 (2020) 5.

[2]J1.B.[loneos, A.H Jopowenxo, A.M. Tuwun Iamenm P® Ne: 2633129, oama evidauu
11.10.2017, Iameum CILLA Ne: 10,131,218 B2 Jlama evioauu namenma: 20.11.2018, Ila-
menm KHP I[Tamenm Ne: 4691498. Jlama svioauu namenma: 21.09.2021.
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P-01-03 SYNCHRONOUS ELECTRIC DRIVES
ON RARE-EARTH PERMANENT MAGNETS:
NEW TRENDS AND CHALLENGES

A.M. Tishin*?
IFaculty of Physics M.V.Lomonosov Moscow State University
Leninskie Gory, Moscow, 119991, Russia

2AMT&C Group
142191, Moscow, Troitsk, Promyshlennaya, 4
E-mail: tishin@amtc.org

Rapid progress in the production technology of rare-earth permanent magnets of the Nd-
FeB (PM) has led to a significant expansion of the working parameters of mass-produced
PMs up to maximum energy products (BH)max at the level of 56 MGOe, operating temper-
atures of 230C and coercive force Hej up to 35kOe. The use of PM in synchronous electrical
motors (PMSM) is the main application of high-energy and high-temperature PM and can
simultaneously provide both an increase in efficiency and a decrease in weight and size
characteristics of . That is why up to 90% of the new electric transport in the world uses
PMSM [1]. PM production is expected to rise further as Europe bans the sale of combustion
engine vehicles from 2035.

The new present drivers of the market for PM and products based on them in Russia are
the fields of wind generation and synchrotron radiation. The localization of the production of
PM is carried out within the framework of the PP RF No. 719. A rare-earth raw material base
is being formed. This, in turn, ensured a noticeable expansion of the use of PM in electric
transport planned for production by Russian companies.

The paper provides information on the trends and challenges of the rapidly emerging
Russian electric transport market. The requirements of developers and their approaches
to the choice of PM grades are described. Attention is focused on previously performed [2]
and new developments of a team of scientists, engineers and designers of the AMT&C group
of companies in this area.

[1] M.Schmid Mineralogical Magazine 84 (2020) 5

[2] L.V.Dolgov, A.N.Doroshenko, A.M.Tishin RF Patent No.: 2633129, issue date
10/11/2017, US Patent No.: 10,131,218 B2 Patent issue date: 11/20/2018, Chinese Patent
No.: 4691498 Date patent issue: 21.09.2021.
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n-01-04 OPTAHU3ALIUA NPOU3BOACTBA
MNOCTOAHHbIX P3 MATHUTOB
NMPON3BOAUTE/IbHOCTbIO 1000 T B rof

A.B. CaneauH
000 «Pycamom MemannTex» TK TB3/1
Poccus, 123098, Mocksea, yn. Pozosa, 0.5a
E-mail: AVeSapegin@rosatom.ru

IIpoext «Coznanre mpou3BOACTBA MOCTOSHHBIX P3 MarHuTOB) SIBIISIETCS YaCTHIO POTYK-
toBoii ctparerun TK TBOJL, kotopyto peanusyet unrerparop OOO «Pycarom MetamiTex».

B pamkax MHBECTHIIMOHHOTO NMPOEKTa KOMITAHUS IUIAHUPYET CO3/1aTh MPOU3BOJICTBO T10-
CTOSTHHBIX MAarHMUTOB IOJHOTO IIMKJIA, Ha4WHas OT OKcuaoB P3M u 10 rOTOBBIX M31eNuit
JUI BETPOIHEPTETHKH, NIEKTPOABIKEHHS M OCTAJIbHBIX OTpaciell HapoIHOIO XO3sicTBa.
Co3nanue MacITabHOTrO MPOU3BOACTBA CTAI0 BO3MOXHBIM:

—Onaromaps 3anpocy orpacieBoro npeanpustus AO «HoBaBuH», onieparopa 1o CTpou-
TEJIBCTBY M SKCILTyaTallUl BETPOIIAPKOB HA TeppuTopun PD;

—3arpocy IMPOM3BOAUTENICH 3JIEKTPOIBUTATENCH, EKTPOIPHUBOIOB M MEAUIIMHCKOTO
000pyOBaHus, TPOU3BOISIIMX U MPOCKTUPYIOLINX PEHICHUS C TPUMEHEHUEM ITOCTOSTHHBIX
MarHuTOB, B TOM uuciie 1o TpeboBanusiM [Tocranosnenus [IpaBurensctea PO No719 B ya-
CTH JIOKaJIM3alUK TPOU3BOAUMON pogyKuuu B PD;

—mnpownsBoacTBeHHBIX KoMmeTeHwit npeanpusatuit TK TB3JI u 'K Pocarom.

B paMkax peanuzanuy npoekra OyIeT CO34aHO COBPEMEHHOE NPEANPUATHE, BBIITYCKaIO-
11ee MOCTOSIHHBIE BHICOKOIHEpPTreTHUYecKre P3 MarHuThl pa3innaHbIX MOOU(UKALUH TS Be-
TPOPHEPIeTUKHU, IEKTPOIBIKEHUSI U JIPYTHX OTpaciieil HaponHoOro xossiicrea. Paspabo-
TaHHasl CHENMAIMCTaMM NPEANPHUATHS, IPU yYacTUU COTPYIHHUKOB, Beaymux Poccuiickux
HWU, texHonorus nmpou3BOACTBA MAarHUTOB oOecreduT 3(PQPEeKTUBHOCTh HCIOIb30BAHUS
OCHOBHBIX MarHUTHBIX MaTe€pUalioB Ha ypOBHE He HIDKE 75% u OyaeT BKIOYaTh B ceds Me-
TaJIIIypryio, HOPOLIKOBYIO METAJUTypPruio, MEXaHH4eCKyI0 00paboTKy, onepaluyu HaHeCEeHUs
raJlbBAHMYECKOTO ¥ SMOKCHIHOTO OKPHITHSA M HAMarHMYUBaHNU.

B pamxkax paboT OyIyT pelieHbl BOIPOCHL:

—110 BEIOOPY ChIpbEBOTO OOectieueHus P3 chipbeM;

—MecCTa pa3MeIleHUs IPOU3BOJICTBA, PA3pabOTKU NPOEKTHON JOKyMEHTAIUHU U IIOCIIETY-
FOLIUX CTPOUTEIBHO-MOHTAXHBIX padoT;

—oTpaboTka 6a30BOM TEXHOIOTUHU POU3BOJICTBA TOCTOSIHHBIX MATHUTOB U BBIXO][ Ha PO~
exTHyro MomrHOCTs 1000 TOHH B O]

—peanuzauus HVP o cHmxeHuIo ce6eCTOMMOCTH IIPOU3BOAMMBIX MarHUTOB, Pa3padoT-
Ka ¥ peaqu3alys MeporpHATHil 10 ONTUMH3AINN CTOUMOCTH TEXHOJOTMYECKUX OIepPaIHii;

—1oBbIIeHHE dPPEKTUBHOCTH MPOM3BOJICTBA 32 CYET BHEIPEHUS TEXHOJIOTHH Iepepa-
OOTKH OTXOJI0B MAarHUTHOTO TPOU3BOJICTBA, TO3BOJISIFOIIETO U3BJICYb IIeHHBIE P3M;

—pa3BUTHE IPOU3BOJCTBEHHBIX MOIIHOCTEH 1 O0OecmeueHHs PacTyLUX 3alpocoB
HAa MOCTOSIHHBIE MarHUTHI.
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P-01-04 CREATION OF THE PRODACTION
OF RARE-EARTH PERMANENT MAGNETS
WITH 1000 TONS PER YEAR CAPASITY

A.V. Sapegin
Rusatom Metal Tech LLC, JSC TVEL Russia
123098, Moscow, Rogova str., 5a
E-mail: AVeSapegin@rosatom.ru

The project “Creation of the production of permanent rare-earth magnets” is part of
the Rusatom Metal Tech LLC product strategy, which is being implemented by the integra-
tor Rusatom MetallTech LLC.

As part of the investment project, the company plans to create a full-cycle production
of permanent magnets, from rare-earth oxides to finished products for wind energy, electric
propulsion and other sectors of the national economy. The creation of large-scale production
became possible:

—thanks to the request of the industry enterprise NovaWind JSC, an operator for the con-
struction and operation of wind parks in the Russian Federation;

—at the request of manufacturers of electric vehicle, electric engines and medical equip-
ment producing and designing solutions using permanent magnets, including in accordance
with the requirements of Decree of the Government of the Russian Federation No. 719 re-
garding the localization of manufactured products in the Russian Federation;

—production competencies of the enterprises of FC TVEL and State Atomic Energy Cor-
poration Rosatom (ROSATOM).

As part of the project, a modern plant will be created that produces permanent high-en-
ergy rare-earth magnets of various modifications for wind energy, electric vehicle and other
sectors of the national economy. The magnet production technology developed by the com-
pany’s specialists, with the participation of employees from leading Russian research in-
stitutes, will ensure the efficiency of using basic magnetic materials at a level of at least
75% and will include metallurgy, powder metallurgy, machining, electroplating and epoxy
coating and magnetization.

As part of the work, the following issues will be resolved:

—supply of rare-earth raw materials;

—production location , development of project documentation and subsequent construc-
tion and installation works;

—adjusting the basic technology for the production of permanent magnets and reaching
the design capacity of 1000 tons per year;

—implementation R&D to reduce the cost of manufactured magnets, development and
implementation of measures to optimize the cost of technological operations;

—increasing the efficiency of production through the introduction of technology for the
processing of waste from magnetic production, which makes it possible to extract valuable
rare-earth metals;

—development of production capacities to meet the growing demand for permanent
magnets.
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n-01-05 NnPOU3BOACTBO U NOTPEBJIEHUE
PEAKO3EMEJIbHbIX MOCTOAHHbLIX MATHUTOB
B POCCUUN B COBPEMEHHbIX YC/TOBUAX

A.B. TapaHos, A.B. O2ypyos
000 «[103-Mpoepecc», 624092, Poccus, Ceeposnosckas obaacme,
2. BepxHasa Moiwma, yn. llemposa, 59
WWW.pOoz-progress.ru

leomonutnueckas obctaHOBKa B Mupe u Poccuu 3a mocieaHue MoNroaa CymecTBEHHO
M3MEHMJIA CUTYaII0 Ha BHYTPEHHEM PBIHKE MOTPEOJICHUsI BHICOKOIHEPTETHYECKUX PEJIKO-
3eMEIIbHBIX TOCTOSHHBIX MAarHUTOB — PE3KO BBIPOC CIPOC OT POCCHUCKUX MPEIITPHSITHA.
[Tpu 3TOM, Yy4uTBIBasI, KaK MPAaBUJIO, CIICIMATIBHBIN XapaKTep 3aKa30B, TPEOOBaHUS 110 Kaye-
CTBY, CPOKaM H3TOTOBJICHHSI M YCIOBHSAM NPHEMKH MPENBIBIAIOTCS MOBBIIIEHHBIE. OC000
BBIJICJIAIOTCS] TPEOOBAHMUS MO COKPAIICHUIO CPOKOB IMOCTABOK. BOJIBIIMHCTBO MPOU3BOHUTE-
JIel ¥ MOCTABIIMKOB MAarHATOB OKA3JIMCh HE TOTOBEI K TAKOMY ITOBOPOTY COOBITHH HU TEX-
HOJIOTMYECKH, HU JIOTUCTHYECKU, HU MOPAJIBHO.

Poccuiickue mpousBoauTeNn HE MMEIOT TEXHOJIOTMYECKOW BO3MOYKHOCTH YBEIHUYUTH
00bEMBI ITPOU3BOACTBA B TPHU-IISITh pa3 OAHOMOMEHTHO. A MOCTaBIIMKHA UMIIOPTHBIX Mar-
HUTOB CTOJIKHYJIHCH C BO3POCIIMMHU CPOKAaMHM JOCTaBKH mpoxykuun u3 Kuras. Kpome Toro,
MMIIOPTHBIE MarHUThI 3a4acTyI0 HE YAOBJIETBOPSIOT MPEAbSBISEMbIM TEXHUUYECKUM TPeOoO-
BaHMSM, UTO BIEYET HEOOXOAUMOCTD UX JIOMOJHUTEIBHON 00pabOTKH, a 3HAYUT M 3aTpar,
B TOM YHCJIE BDEMEHHU.

Pemenuem 1aHHOTO BOMPOCA SIBISETCS MOIHOE TEXHMYECKOE TIEPEBOOPYKEHHE CYILECTBY-
IOLIUX TIPOU3BOJICTB, JIN0O CO3/[aHNE HOBBIX, COOTBETCTBYIOLIMX COBPEMEHHBIM TPEeOOBaHU-
SIM, 9TO TpeOyeT 3HAYUTEIBHBIX KAIUTAIbHBIX BIOKEHUI KaK CO CTOPOHBI TOCYAapCTBa, TaK
1 KPYITHBIX HHBECTOPOB, YaCTHBIX ¥ TOCYAapPCTBEHHBIX. [Ipr 3TOM HHBECTOPBI JOIKHBI 0CO3-
HaBaThb, YTO 3TO IOJITOBPEMEHHBIC MHBECTHIIUH, HE JAIONIHe OBICTPHIX ITUBHACHIOB, 9TO —
BKJIaJl, B IEPBYIO OY€pe/ib, B MIPOMBIIIICHHYIO 0€3011aCHOCTh U HE3aBUCHUMOCTh CTPAHBI.

IIpunsTeIe U peanu3yemble B ITOCIEeTHUE TOBI IIPOTPAMMEI IO BOccTaHOBIEeHNIO P3M-0T-
paciu Poccuu, co3maHuio MpOM3BOACTB MarHUTOB HEOAMM-)KENE30-00p il BETPOTeHe-
paTopoB M caMapuii-koOAIbTOBBIX MAarHUTOB JUISi BEHTWJIBHBIX IBHTATeNel IO CYIECTBY
TOITYYTCS HA MECTE M JIaBHO OTCTAJIM OT PaHEe HAMEYECHHBIX CPOKOB MO Pa3HbIM ITPUYHHAM —
BBICOKOIH CTOMMOCTH 3aTpaT, HU3KOH YKOHOMHYECKOH 3PPEKTUBHOCTH, OTCYTCTBHE KBAJIU-
(UIMPOBAHHBIX KaJIpOB, HAJTMYKS KOHKYPEHTOB B BUJI€ KUTACKUX Mpou3Boauteeii [IM.

Pestome — He0OX0AMMa TOCYAAPCTBEHHAS BOJISL M PEIIUTENIbHbIE EHCTBUS JUTS CO3TaHMS
peaJIbHBIX COBPEMEHBIX MPOMU3BOICTBEHHBIX IUIOIAA0K 0€3 ONNISIKH Ha SKOHOMHUYECKHUE T10-
kazatenu 1 3G HEeKTHBHOCTb.

Ha xoHy — 6e301acHOCTb CTpaHbl!
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P-01-05 PRODUCTION AND CONSUMPTION
OF RARE-EARTH PERMANENT MAGNETS
IN RUSSIA IN CURRENT REALITY

D.V. Taranov, A.V. Ogurtsov
POZ-Progress, 59. Petrova str. V. Pyshma,
Sverdlovsk region, 624092 Russia
WWW. poz-progress.ru

The geopolitical situation in the world and Russia over the past six months has signif-
icantly changed domestic market for consumption of high-energy rare-earth (RE) perma-
nent magnets (PM). The main trend is a sharp increase in demand from Russian enterprises.
Considering that usually their orders have a special character, enterprises impose higher
requirements for the quality, production time and acceptance conditions. In particularly, re-
quirements for reduced delivery times are outstanding. Most manufacturers and suppliers of
magnets were unprepared for such a turn of events, neither technologically, nor logistically,
nor morally.

Russian manufacturers do not have the technological capacity to increase production vol-
umes by three to five times at once. On the other hand, suppliers of imported magnets faced
increased delivery times for products from China. In addition, imported magnets often do
not meet the technical requirements, which causes additional expenses for processing and
prolonged manufacturing time.

The solution of this problem is complete technical modernization of existing enterprises
or the creation of new ones that meet modern requirements. The later requires significant
investments from both the government and large private and state investors. At the same
time, the investors should be aware that these investments are long-term, they will not give
fast profits and should be regarded as contribution into industrial safety and independence
of the country.

Recently, Russia has been implementing programs for restoration of the RE material in-
dustry and the creation of neodymium-iron-boron and samarium-cobalt magnets production
for wind-power generators and valve motors, respectively. However, these programs are es-
sentially marking time and have long lagged behind the scheduled dates for various reasons,
i.e., high costs, low economic efficiency, lack of qualified personnel, and competition with
Chinese PM manufacturers.

Summarizing, the State willpower and decisive actions are required to create real modern
production sites without regard to economic indicators and efficiency.

At stake is the security of the country!
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n-01-06 MATHUTHbBIE TEXHOJ1IOTUU
rPYNMNbl KOMNAHWUIA «3PTA»

B.B. KomyHoe!
1000 «3PrA», Poccus, 248018, Kanyaa, yn.XpycmasneHas, 22
www.erga.ru

OcuoBannass B 1991 1. mayuno-mpomsBoacTtBeHHass kommanuss OO0 «3OPI'A» Gomee
30 et sABIsIeTCs BEAYLUM CIIELUAIN3UPOBAaHHBIM PoccuiickuM pou3BoguTENIeM HOCTOSIH-
HBIX PEIKO3EeMENbHBIX MAaTHUTOB U U3/1enuil Ha ux ocHoBe. [1o utoram 2021 roma «OPT'A»
Ipu3HaHa nodegureneM KoHKypca HarnponansHol npemun «30510Toit MepKypuil» B HOMHU-
Hanuy «Jlydmee mManoe npeanpusaTre» B chepe MpOMBIIIIEHHOTO IIPOU3BOICTBA.

3a nocnenuue 10 ser HayuHO-1Ipou3BoACTBeHHAs kKoMnanus OO0 «Dpra» mposena Lie-
merid psg HUOKP mo co3manuio BRICOKOCKOPOCTHBIX deKTpudeckux Mamma BOJIMA®
U UX IEMEHTOB C HCIOJIb30BAaHUEM PEIKO3EMEIbHBIX MarHUTOB, a TAKKEe COBPEMEHHBIX
TEXHOJIOTHH, pa3padOTaHHBIX B KOMITAHHH.
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P-01-06 MAGNETIC TECHNOLOGIES
OF THE ERGA GROUP OF COMPANIES

V.V. Kotunov*
ILLC “Erga”, 248018, Kaluga, Khrustalnaya st. 22
www.erga.ru

Founded in 1991, the research and production company ERGA LLC has been a lead-
ing specialized Russian manufacturer of permanent rare earth magnets and products based
on them for more than 30 years. At the end of 2021, ERGA was recognized as the winner
of the Golden Mercury National Award competition in the nomination “Best Small Enter-
prise” in the field of industrial production.

Over the past 10 years, the research and production company “Erga” LLC has conducted
a number of R&D activities to create high-speed electric machines WELMA® and their el-
ements using rare earth magnets, as well as modern technologies developed in the company.
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n-01-o07 AHAJIN3 COCTOAHUA NPOU3BOACTBA
NOCTOAHHbIX MATHUTOB B POCCUU

B.A. CeuH
AO «CneymazHum», Poccus, Mockea, 127238, Imumposckoe wocce, 58
E-mail: seinva@mail.ru

CocrosiHre pa3paboTKU M MPOM3BOJCTBA IIOCTOSHHBIX MAarHUTOB, BO MHOTOM, OTpe[e-
JISIFOT YPOBEHb JIOCTHIKEHUI B APYTHX OTPACIISAX HPOMBIIUIEHHOCTH, OCOOCHHO paJnodJIeK-
TPOHHOH, aBHAIMOHHOHN, MEUIIIHE, aTOMHON 1 000POHHON.

IlocraBnennas Ha cerognsa IlpaBurensctBoM P® B nuue Buie-npemsepa Manrtypo-
Ba J[.B. 3a1aua obecrieueHust TEXHOJIOIMYECKOTO CyBepeHuTeTa Poccun He MOXKET OBITh pe-
nieHa 0e3 HaJIM4usl B CTpaHe COOCTBEHHOTO IMPOM3BOJICTBA BCETO Pa3HOOOpa3usi COBPEMEH-
HBIX ITOCTOSIHHBIX MAarHUTOB Pa3HbIX KJIACCOB U IIMPOKOH HOMEHKIIATYPBI.

Bwmecrte ¢ TeM coBpeMEHHOE COCTOsIHHE Pa3pabOTKU U ITPOU3BOACTBA MaTEPUAIIOB JIJISI T10-
CTOSIHHBIX MarHUTOB, 00OPYIOBaHHS, TIOATOTOBKH KBATH()UIIMPOBAHHBIX KAJPOB ¥ MOJIOABIX
CIEIMAIMCTOB HE OTBEUAET MOCTABICHHOH 3a/1a4e.

OcraBiyecs crenuaIn3upoBaHHbIE MPEINPHUATHS M0 pa3paboTKe U IMPOMU3BOACTBY IIO-
crosiHHbIX MarHuToB (AO «Cnenmarnut», Mocksa, AO HIIIT «Marueron», r. Bnagumup,
OAO «Maruauty, r. Bmagukaskas, [IAO «Maruut» 1. HoBouepkacck, OOO «I103-IIpo-
rpecey», I. Bepxusas IIeimma, HITIK «Opra», r. Kanyra) He ocHaiieHbl B JOJDKHON Mepe
COBPEMEHHBIM TEXHOJIOTHUECKHM O00O0pYIOBaHHEM, HCHBITHIBAIOT TPYAHOCTH C HAOOpOM
KBaJM(HUIUPOBAHHBIX CHEIHMAIUCTOB. MaJble MPEANPHUATHS B 3TOH 00IacTH UMEIOT orpa-
HUYEHHbIE MOIITHOCTH U PBIHKH COBITA.

B 3THX ycnoBusX 3HAUMTEIbHAS YaCTh OTPEOHOCTEH B OCTOSTHHBIX MarHUTAaX JJIs pa3-
JIMYHOTO MPUMEHEHHUS YIOBIETBOPSAETCS MOCTaBKaMu MarHuToB u3 Kuras. Taxoke Ha ceroa-
Hs oOecrieueHue rnpousBozacTea P3M marnutoB B Poccuu 3akpbIBaeTcsi HOCTaBKAMH PEJIKO-
3eMeNbHBIX MeTasIoB u3 Kuras.

Ha ceromus pa3pabarbiBaroTCs M HAQUMHAIOT PEAJIM30BBIBATHCS HOBBIC IPOEKTHI 110 Op-
TaHU3AIH TPOMBIIUIEHHOTO MPOU3BOACTBA MOCTOSHHBIX MarunToB Ha AO HIIIT «McTox»
u OO0 «Pycarom Metamitex».

B noxnane OyayT npeactaBieHHbIE 0000IEHHBIC JaHHBIC 0 00beMaM MPOU3BO/ICTBA
Y TIOTPEOJICHUS] COBPEMEHHBIX IMOCTOSIHHBIX MAarHuTOB B Poccun.
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P-01-07 ANALYSIS OF THE STATE OF PRODUCTION
OF PERMANENT MAGNETS IN RUSSIA

V.A. Sein
JSC “Spetsmagnit”, Russia, Moscow, 127238, Dmitrovskoe highway, 58
E-mail: seinva@mail.ru

The state of development and production of permanent magnets largely determines
the level of achievements in other industries, especially radioelectronic, aviation, medicine,
nuclear and defense.

The task set for today by the Government of the Russian Federation in the person of Dep-
uty Prime Minister Manturov D.V. to ensure the technological sovereignty of Russia cannot
be solved without the country’s own production of all the variety of modern permanent mag-
nets of different classes and a wide range of nomenclature.

At the same time, the current state of development and production of materials for per-
manent magnets, equipment, training of qualified personnel and young specialists does not
meet the task.

The remaining specialized enterprises for the development and production of permanent
magnets (JSC “Spetsmagnit”, Moscow, JSC NPP “Magneton”, Vladimir, JSC “Magnet”,
Vladikavkaz, PISC “Magnet”, Novocherkassk, LLC “POZ-Progress”, Verkhnyaya Pyshma,
RPC “Erga”, Kaluga) they are not adequately equipped with modern technological equip-
ment, and they have difficulties recruiting qualified specialists. Small enterprises in this area
have limited capacities and markets.

Under these conditions, a significant part of the needs for permanent magnets for var-
ious applications is met by the supply of magnets from China. Also today, the provision
of the production of REM magnets in Russia is closed by the supply of rare earth metals
from China.

Today, new projects are being developed and are being implemented to organize the in-
dustrial production of permanent magnets at JSC NPP «Istok» and LLC «Rusatom Metall-
techy.

The report will present generalized data on the volume of production and consumption
of modern permanent magnets in Russia.
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n-01-08 POMIb MATHUTOCTATUYECKOIO B3AMMO/AENCTBUA
MEXAY MUKPOOBBEMAMM B NPOL,ECCAX
NEPEMATHUYUBAHUA U GOPMUPOBAHUMU

AOMEHHO CTPYKTYPbI B CNNIABE Sm(Co, Fe, Cu, Zr), ,

A.C. /lunees
HayuoHanbHbIl uccnedosamenvckuli
mexHosoauyeckuli yHusepcumem « MUCuC»
Poccus, Mockea, /leHuHckuli np., 4
E-mail: magnito@mail.ru

IIpoBeneHo MoJEIMPOBAHUE NPOLIECCA TIEPEMArHUYUBAHUS IOCTOSSHHOIO MarHuTa, B KO-
TOPOM MAarHuT HPEJICTaBIseT cO00H aHcaMOIb OJHOJOMEHHBIX MUKPOOOBEMOB U KasKAbIH
MHKPOOOBEM XapaKTepHU3yeTCss CBOMM KPHUTHUCCKHM TIOJIEM OTpPHIBA JOMEHHOW CTCHKH
(Hxp.). B maruuTHOM noste />HKp. IPOMCXOAUT OTPBIB JOMEHHOM CTEHKU OT €ANHCTBEHHO-
TO B JaHHOM MHKPOOOBEME MeCTa 3aKpEIICHHs, CHIIa B3aNMOICHCTBHUS KOTOPOTO C JIOMEH-
HOH CTEHKOH OJJHO3HAUHO ONpPEEISIeTCs BETMUMHON [HKp.

IIpoBeneHO MOIEIMPOBAHUE JOMEHHOH CTPYKTYphl U €€ M3MEHEHHE B pE3ylbTare pas-
JIMYHBIX TepMHUUECKUX 00padoTok B crutase Tuna Sm(Co, Cu, Fe, Zr)7,5‘

MarHuTocTaTHdeckoe B3anMOIEHCTBIE MEXK Ty MUKPOOOBEMAaMH YIHTHIBAIN, HCIOIB3Ys
pe3yabrarsl padoTs! [1].

Habmronenne m3MeHeHNUS TOMEHHON CTPYKTYPBI IIPH Pa3IHIHBIX TEPMUIECKIX 00paboT-
KaxX U UX KOPPEJSILUs ¢ Pe3yIbTaToM MOJEIUPOBAHHS OJHO3HAUHO I10KA3bIBACT 3aKOHOMED-
HOCTb yBEJIMYEHHA pa3Mepa JOMEHOB C yMEHbLICHUEM KOIPLUTUBHOM CHIIBI MaTepuaa.

KospuurusHas cuiia CTpyKTYypHO 1yBCTBUTEJILHOE CBOMCTBO U OHA HE BXOAUT B Iapame-
TpbI, onpenelstonye pasmep goMena. Koppemsuus HaOmonaeTcsa Ha TEPMUUYECKU pa3Mar-
HUUYECHHBIX 00pa3lax B OTCYTCTBUM MAarHUTHOTO IOJIS U, KaK IIPaBUJIO, Ha 00pa3lax oxHOM
(bopmer 1 pa3mepa. [locneaHMe 0OCTOATENIHCTBA HCKITFOYAIOT BIMSHUE Pa3MarHIUHBAOIIETO
nons. IIpu ucnonp3yeMbIx TepMOOOpabOTKaxX MPaKTUUYECKU HE MEHAIOTCA (yHIaMeHTallb-
HBIE CBOMCTBA: HAMAIHUYEHHOCTh HACBIIICHHU U KOHCTAHThl aHU30Tponuy. OTCrona MOKHO
IIPEANOIOKUTD, YTO B AAHHOM CJIydae OCHOBHYIO POJIb UTPAET MarHUTOCTAaTUUECKOE B3au-
MOJICHCTBHE H €r0 COOTHOIICHHE C Y(P(HEKTHBHOCTEIO MECT 3aKpEIICHNS JOMEHHON CTEH-
xu. Korna 3akperienue ciaboe, MarHUTOCTaTHYECKOE B3aMMOAEHCTBUE NIPOTAIKUBAET J0-
MEHHYIO CTEHKY Ha OOIbIliee pacCTOSHIE, COOTBETCTBEHHO, Pa3Mephl JOMEHOB CTAHOBSTCS
Oonble.

Taxum 06pazom, hopMHEpoBaHNE TOMEHHOH CTPYKTYPHI CBA3aHO HE CTOIBKO C BETMYHHOM
KPUTHUYECKOTO II0JIS OTPBIBA JIOMEHHOHN CTeHKH HKp, CKOJIBKO C COOTHOLIEHHEM II0JIS OTPhIBA
Hxp u mosieM MarHUTOCTAaTHYECKOTO B3aNMOIEHCTBUS HB3.

1. E. Schabes and A. Aharoni // IEEE Transactions on Magnetics, vol., mag-23, No.6
November 1987, p. 3882—-3889.
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P-01-08 THE ROLE OF MAGNETOSTATIC INTERACTION
BETWEEN MICROVOLUMES IN THE PROCESSES
OF REMAGNETIZATION AND THE FORMATION

OF THE DOMAIN STRUCTURE IN THE ALLOY Sm(Co, Fe, Cu, Zr)7’5

A.S. Lileev
National University of Sciences and Technology “MISiS”
Moscow, Leninsky Pr. 4, Russia
E-mail: magnito@mail.ru

A simulation of the process of remagnetization of a permanent magnet was carried out,
in which the magnet is an ensemble of single-domain microvolumes and each microvolumes
is characterized by its critical domain wall separation field (Hcr.). In a magnetic field, #>Hecr.
there is a separation of the domain wall from the only fixation place in this microvolumes,
the strength of interaction with the blast furnace wall is uniquely determined by the value
of the Her.

Modeling of the domain structure and its change as a result of various thermal treatments
in an alloy of the type Sm(Co, Cu, Fe, Zr)7.5 was carried out. Magnetostatic interaction
between microvolumes was taken into account using the results of the work [1] Observation
of changes in the domain structure during various heat treatments and their correlation with
the simulation result clearly shows the pattern of increasing the size of domains with a de-
crease in the coercive strength of the material.

Coercive force is a structurally sensitive property and it is not included in the parameters
that determine the size of the domain. The correlation is observed on thermally demagnet-
ized samples in the absence of a magnetic field and, as a rule, on samples of the same shape
and size. The latter circumstances exclude the influence of the demagnetizing field. With
the heat treatments used, the fundamental properties practically do not change: saturation
magnetization and anisotropy constants. Hence we can assume that in this case the main role
is played by the magnetostatic interaction and its relationship with the efficiency of the plac-
es of fixation of the domain wall.

When the fixation is weak, the magnetostatic interaction pushes the domain wall a greater
distance, respectively, the sizes of the domains become larger. Thus, the formation of the do-
main structure is associated not so much with the magnitude of the critical field of separation
of the blast furnace wall of the Her, but with the ratio of the Her separation field and the field
of magnetostatic interaction of the Hin.

1. E. Schabes and A. Aharoni // IEEE Transactions on Magnetics, vol., mag-23, No.6
November 1987, p. 3882—-3889.
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