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1:H «<ukhdhl_ogheh]bq_kdbc gZmqgh-bkke_^h\Zl_evkdbc bgklblml

g_hj]Zgbq_kdbo fZl_jbZeh\ bf_gb ZdZ^_fbdZ :.:. ;hq\ZjZ», Fhkd\Z
2GBLM «FBKBK», Fhkd\Z

3«F=LM bf. G.W. ;ZmfZgZ», Fhkd\Z

< gZklhys__ \j_fy kms_kl\m_l g_kdhevdh ijhba\h^bl_e_c, \uimkdZxsbo

MgB2 k\_joijh\h^gbdb, dhlhju_ ijbf_gyxlky \ ZiiZjZlZo FJL hldjulh]h

lbiZ (MRO) b jZ[hlZxl ijb l_fi_jZlmj_ 20 D. LZd dZd \k_ ijhba\h^bl_eb

y\eyxlky aZjm[_`gufb, \hijhk h kha^Zgbb hl_q_kl\_gguo k\_joijh\h^gbdh\

^hklZlhqgh ZdlmZe_g.

< ^Zgghc jZ[hl_ ijb\_^_gu j_amevlZlu bkke_^h\Zgby h[hehqdb ba f_^gh-

gbd_e_\h]h kieZ\Z, dhlhjuc y\ey_lky gZb[he__ ih^oh^ysbf ih f_oZgbq_kdbf

b we_dljhnbabq_kdbf k\hckl\Zf ^ey ijhba\h^kl\Z jZkkfZljb\Z_fh]h lbiZ

k\_joijh\h^gbdh\. Bamq_gu hkh[_gghklb baf_g_gby f_oZgbq_kdbo

oZjZdl_jbklbd b fbdjhkljmdlmju ^Zggh]h fZl_jbZeZ \ ijhp_kk_

^_nhjfbjh\Zgby.

Dexq_\u_ keh\Z: k\_joijh\h^gbd, ^b[hjb^ fZ]gby, h[hehqdZ k\_joijh\h^gbdZ,

fbdjhkljmdlmjZ, fhg_ev.
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Currently, there are several manufacturers producing MgB2 superconductors,

which are used in open-type MRI (MRO) devices and operate at a temperature of

20 K. Since all manufacturers are foreign, the issue of creating domestic

superconductors is quite relevant.

This paper presents the results of the study of the copper-nickel alloy shell, which

is the most suitable in terms of mechanical and electrophysical properties for the

production of the considered type of superconductors. The peculiarities of changes

in mechanical characteristics and microstructure of this material in the process of

deformation are studied.
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<\_^_gb_

H k\_joijh\h^bfhklb kh_^bg_gby MgB2 khh[sbe yihgkdbc mqzguc :dbfbpm b

_]h ]jmiiZ \ gZqZe_ 2001 ]h^Z [1]. MgB2 y\ey_lky i_jki_dlb\guf fZl_jbZehf ^ey

ijbf_g_gby \ ebgbyo we_dljhi_j_^Zq k oeZ^Z]_glhf \ \b^_ `b^dh]h \h^hjh^Z [2], \

ZiiZjZlZo fZ]gblgh-j_ahgZgkghc l_jZibb [3] b ^jm]bo h[eZklyo. Ij_bfms_kl\Z

k\_joijh\h^gbdh\ gZ hkgh\_ MgB2 \dexqZxl hlghkbl_evgmx ijhklhlm ba]hlh\e_gby,

^hklmighklv dhfihg_glh\ b [he__ \ukhdmx djblbq_kdmx l_fi_jZlmjm i_j_oh^Z (~39 D)

\ k\_joijh\h^ys__ khklhygb_ ih kjZ\g_gbx k NbTi k\_joijh\h^gbdZfb [4]. < k\yab k

wlbf jZ[hlu ih jZajZ[hld_ MgB2 k\_joijh\h^gbdh\ b ih\ur_gbx bo

we_dljhnbabq_kdbo oZjZdl_jbklbd y\eyxlky ZdlmZevguf gZijZ\e_gb_f \ h[eZklb

we_dljhwg_j]_lbdb, f_^bpbgu b ^jm]bo hljZkeyo.

Ba\_klgh lZd`_ ijbf_g_gb_ k\_joijh\h^gbdh\ gZ hkgh\_ ^b[hjb^Z fZ]gby ^ey

mkdhjbl_e_c we_f_glZjguo qZklbp. LZdb_ djmigu_ ijh_dlu, dZd LHC (Large Hadron

Collider) beb ;hevrhc Z^jhgguc dheeZc^_j [5], ^ey fh^_jgbaZpbb dhlhjh]h \

f_`]hkm^Zjkl\_gghc gZmqghc hj]ZgbaZpbb ?\jhi_ckdh]h khxaZ – P?JG (Conseil

Européen pour la Recherche Nucléaire, CERN) jZajZ[hlZeb ebgbx we_dljhi_j_^Zqb k

]_eb_\uf hoeZ`^_gb_f. WlZ ebgby \dexqZeZ 2 dZ[_ey ^ebghc 20 f, l_fi_jZlmjZ

wdkiemZlZpbb dhlhjhc khklZ\beZ 24 D [6].  < jZ[hl_ [7] jZkkfZljb\ZeZkv \hafh`ghklv

ijbf_g_gby MgB2 k\_joijh\h^gbdh\ ^ey mkljhckl\ KDBN (Kb[bjkdbc Dhevp_\hc

Bklhqgbd Nhlhgh\), ]^_ \ dZq_kl\_ bklhqgbdh\ kbgojhljhggh]h baemq_gby

bkihevamxlky k\_joijh\h^ysb_ \b]]e_ju b hg^meylhju. < gZklhys__ \j_fy lZdb_

mkljhckl\Z kha^Zxlky gZ hkgh\_ NbTi k\_joijh\h^gbdh\, Z ijbf_g_gb_ MgB2

k\_joijh\h^gbdh\ iha\hebl mclb hl hoeZ`^_gby `b^dbf ]_eb_f \ ihevam [he__

wdhghfbqguo kbkl_f gZ hkgh\_ `b^dh]h \h^hjh^Z.

GZ k_]h^gyrgbc ^_gv MgB2 k\_joijh\h^gbdb m`_ ihemqZxl \ ijhfure_gguo

fZkrlZ[Zo [8]. GZb[he__ jZkijhkljZgzggufb kihkh[Zfb bo ijhba\h^kl\Z y\eyxlky

lZdb_ dZd: f_lh^ «ihjhrhd \ ljm[_» (PIT), \gmlj_gg_]h bklhqgbdZ fZ]gby [9] b

]b[jb^guc f_lh^, khq_lZxsbc \ k_[_ h[Z \ur_mdZaZgguo. F_lh^ PIT ih^jZamf_\Z_l

ijhp_kk aZiheg_gby ljm[ghc aZ]hlh\db ihjhrdhf k ihke_^mxsbf _z ^_nhjfbjh\Zgb_f

b \ k\yab k wlbf kqblZ_lky gZb[he__ l_ogheh]bqguf. Hkgh\gu_ ijhba\h^bl_eb, lZdb_

dZd ASG Superconductors (BlZeby), Hitachi (Yihgby), WST (DblZc) b HyperTech (KR:),

hl^Zxl ij_^ihql_gby _fm. <hafh`gu ^\Z \ZjbZglZ ihemq_gby ijh\h^Z f_lh^hf PIT:

ex-situ, ]^_ h[hehqdZ aZihegy_lky m`_ kbgl_abjh\Zgguf ihjhrdhf, b in-situ, ]^_

h[hehqdZ aZihegy_lky kf_kvx bkoh^guo ihjhrdh\ (Mg+B), Z kbgl_a k\_joijh\h^ys_]h

kh_^bg_gby ijhbkoh^bl \ j_amevlZl_ aZdexqbl_evghc l_jfbq_kdhc h[jZ[hldb ijh\h^Z,

dhlhjuc khijh\h`^Z_lky mf_gvr_gb_f h[t_fZ. Ihwlhfm iehlghklv bo

k\_joijh\h^ys_c ihjhrdh\hc k_j^p_\bgu gb`_, q_f m ihemq_gguo f_lh^hf ex-situ,

gZ 25%.

< dZq_kl\_ h[hehqdb ^ey ba]hlh\e_gby h^gh\hehdhgguo k\_joijh\h^gbdh\

bkihevamxlky jZaebqgu_ f_lZeebq_kdb_ fZl_jbZeu. <Z`gh, qlh[u wlhl fZl_jbZe keZ[h
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\aZbfh^_ckl\h\Ze k we_f_glZfb ihjhrdh\hc k_j^p_\bgu beb [ue bg_jlguf ih

hlghr_gbx d g_c. :\lhju [10] \ dZq_kl\_ h[hehqdb bkihevah\Zeb lblZgh\uc kieZ\,

dhlhjuc ih kjZ\g_gbx k h[hehqdhc ba `_e_aZ beb f_^b g_ h[jZam_l

bgl_jf_lZeebq_kdbo kh_^bg_gbc \ ahg_ dhglZdlZ ihjhrdZ k ljm[hc ijb

l_jfhh[jZ[hld_. <ke_^kl\b_ Zdlb\ghklb fZ]gby h[hehqdb ba `_e_aguo, f_^guo

kieZ\h\ b Zexfbgby fh]ml kgb`Zlv lhdhg_kmsmx kihkh[ghklv ba-aZ h[jZah\Zgby

ijhkehcdb \ \b^_ g_k\_joijh\h^ysbo nZa [11]. Hlf_qZ_lky [12], qlh bkihevah\Zgb_

lZglZeh\hc h[hehqdb iha\hey_l ^hklb]Zlv fZdkbfZevghc djblbq_kdhc l_fi_jZlmju,

Z gbh[b_\hc – fZdkbfZevguo agZq_gbc djblbq_kdh]h lhdZ

Fgh]h\hehdhggu_ k\_joijh\h^gbdb ihemqZxl imlzf k[hjdb g_kdhevdbo

h^gh\hehdhgguo km[we_f_glh\ \ f_lZeebq_kdbc q_ohe b ^Zevg_cr_c ^_nhjfZpbb

aZ]hlh\db ^h ]hlh\h]h jZaf_jZ ijh\h^gbdZ. Ijb \u[hj_ fZl_jbZeZ h[hehqdb

mqblu\Zxlky lZdb_ _]h we_dljhnbabq_kdb_ k\hckl\Z, dZd DLJ b m^_evgh_ we_dljbq_kdh_

khijhlb\e_gb_, dhlhju_ \ebyxl gZ klZ[bevghklv jZ[hlu k\_joijh\h^gbdZ. Q_f gb`_

khijhlb\e_gb_, l_f [hevr_ l_iehijh\h^ghklv b klZ[bevghklv \ jZ[hl_ fZ]gblghc

kbkl_fu. GZb[he__ ijbf_gy_fuf fZl_jbZehf h[hehqdb kqblZ_lky qbklZy f_^v, dhlhjZy

h[eZ^Z_l \ukhdhc l_ieh- b we_dljhijh\h^ghklvx gZjy^m k Zexfbgb_f, Z lZd`_ f_^gu_

beb f_^gh-gbd_e_\u_ kieZ\u. Djhf_ lh]h, fZl_jbZe h[hehqdb ^he`_g h[eZ^Zlv

\ukhdbfb ijhqghklgufb k\hckl\Zfb, dhlhju_ iha\heyl ^_nhjfbjh\Zlv

fgh]h\hehdhggmx aZ]hlh\dm \hehq_gb_f. H[uqgh \ dZq_kl\_ fZl_jbZeZ h[hehqdb

bkihevamxl f_^v, mijhqg_ggmx gZghqZklbpZfb Al2O3 (Glidcop) [13]. LZdh_

Zjfbjh\Zgb_ iha\hey_l ih\ukblv f_oZgbq_kdb_ k\hckl\Z, g_h[oh^bfu_ ^ey

^_nhjfbjh\Zgby __ \ khklZ\_ dhfihablZ. LZd`_ ^ey ih\ur_gby f_oZgbq_kdbo k\hckl\

h[hehqdb k\_joijh\h^gbdZ fh]ml ijbf_gylv f_^gh-gbd_e_\u_ kieZ\u, gZijbf_j

Fhg_ev 400 [14, 15].

Dhebq_kl\h km[we_f_glh\ fh`_l \Zjvbjh\Zlvky hl 7 ^h 61 rl. GZb[he__

jZkijhkljZgzgguc dhff_jq_kdbc k\_joijh\h^gbd gZ hkgh\_ MgB2 khklhbl ba 18

km[we_f_glh\ ^bZf_ljhf 0,8 ff b f_^gh]h klZ[bebabjmxs_]h k_j^_qgbdZ, _]h

ijhba\h^bl dhfiZgby ASG Superconductors (jbk. 1).

Jbk. 1. Ihi_j_qgh_ k_q_gb_ k\_joijh\h^gbdZ gZ hkgh\_ MgB2 ijhba\h^kl\Z Columbus [13]
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ASG Superconductors y\ey_lky \_^msbf ijhba\h^bl_e_f ex-situ ijh\h^h\ gZ

hkgh\_ MgB2, djblbq_kdZy iehlghklv lhdZ (Jc) ^hklb]Z_l 103 :/ff2 \ ihe_ 3 Le

ijb 4,2 D.

Gb`_ ijb\_^_gu jZaebqgu_ dhgkljmdpbb k\_joijh\h^gbdh\ gZ hkgh\_ ^b[hjb^Z

fZ]gby, jZajZ[hldb dhlhjuo ijbgZ^e_`Zl \_^msbf ijhba\h^bl_eyf ^Zggh]h lbiZ

k\_joijh\h^gbdh\ (jbk. 2). Dhj_ckdbc ijhba\h^bl_ev SamDong bkihevam_l \ dZq_kl\_

h[hehqdb f_^gh-gbd_e_\uc kieZ\, Z ^ey [Zjv_jZ – gbh[bc, yihgkdbc ijhba\h^bl_ev

Hitachi \ dZq_kl\_ [Zjv_jZ bkihevam_l `_e_ah, Z ^ey h[hehqdb – f_^gh-gbd_e_\uc kieZ\,

HyperTech bkihevam_l g_kdhevdh f_^guo km[we_f_glh\, gbh[bc \ dZq_kl\_ [Zjv_jZ b

f_^gh-gbd_e_\uc kieZ\ \ dZq_kl\_ h[hehqdb. <k_ jZkkfhlj_ggu_ ijhba\h^bl_eb

bkihevamxl \ZjbZgl in-situ, Z hp_ghqguc dhwnnbpb_gl aZiheg_gby ih k\_joijh\h^gbdm

khklZ\ey_l 10-15% [16]. DZd m`_ [ueh hlf_q_gh, Columbus, gug_ ASG Superconductors

bkihevam_l f_^gh-gbd_e_\uc kieZ\ ^ey fZl_jbZeZ h[hehqdb, b \ h^ghf ba \ZjbZglh\

dhgkljmdpbc gbd_ev \ dZq_kl\_ klZ[bebaZlhjZ \f_klh f_^b.

Jbk. 2. Ihi_j_qgu_ k_q_gby k\_joijh\h^gbdZ gZ hkgh\_ MgB2 hkgh\guo ijhba\h^bl_e_c [16]

:gZeba j_amevlZlh\, ijb\_^_gguo \ ebl_jZlmjguo bklhqgbdZo, ihdZaZe, qlh

gZb[he__ ih^oh^ysbf fZl_jbZehf h[hehqdb fgh]h\hehdhggh]h k\_joijh\h^gbdZ gZ

hkgh\_ MgB2 y\ey_lky f_^gh-gbd_e_\uc kieZ\ (CuNiFe) beb fhg_ev fZjhd GF@Fp 28-

2,5-1,5 b Fhg_ev 400. Obfbq_kdbc khklZ\ fZjdb GF@Fp 28-2,5-1,5 ghjfbjh\Zg =HKL

492-2006 [17], Z fZjdb Fhg_ev 400 klZg^Zjlhf dhfiZgbb Special Metals Corporation,

dhlhjZy y\ey_lky \eZ^_evp_f lhj]h\hc fZjdb MONEL.

P_evx ^Zgghc jZ[hlu y\beZkv jZajZ[hldZ j_dhf_g^Zpbc ih hilbfbaZpbb

j_`bfh\ ijhf_`mlhqguo l_jfhh[jZ[hlhd \ ijhp_kk_ ^_nhjfZpbb dhfihabpbhgghc

aZ]hlh\db k bkihevah\Zgb_f h[hehqdb ba fhg_eb ^ey ihemq_gby k\_joijh\h^gbdZ gZ

hkgh\_ MgB2.

FZl_jbZeu b f_lh^u

< gZklhys_c jZ[hl_ bkke_^h\ZgZ kljmdlmjZ bkoh^ghc ljm[u ba fhg_eb fZjdb

GF@Fp ^bZf_ljhf 25×21 ff, dhlhjZy bkihevah\ZeZkv \ dZq_kl\_ fZl_jbZeZ \g_rg_c

h[hehqdb ^ey ihemq_gby fgh]h\hehdhggh]h k\_joijh\h^gbdZ, Z lZd`_ kljmdlmjZ

h[hehqdb ba fhg_eb \ khklZ\_ k\_joijh\h^gbdZ.
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Fgh]h\hehdhgguc ijh\h^gbd gZ hkgh\_ ^b[hjb^Z fZ]gby [ue ihemq_g f_lh^hf

PIT (\ZjbZgl ex-situ) b khklhye ba ke_^mxsbo we_f_glh\: h[hehqdb ba fhg_eb,

12 h^gh\hehdhgguo km[we_f_glh\ k Cu/Nb [Zjv_jhf b f_^gh]h k_j^_qgbdZ (jbk. 3).

Jbk. 3. Ihi_j_qgh_ k_q_gb_ fgh]heh\hehdhggh]h k\_joijh\h^gbdZ gZ hkgh\_MgB2

Ijhf_`mlhqgu_ l_jfhh[jZ[hldb dhfihabpbhgghc aZ]hlh\db \ ijhp_kk_

^_nhjfbjh\Zgby ^ey ihemq_gby ijh\h^gbdZ Ø1 ff ijh\h^beb \ \Zdmmfghc

we_dljhi_qb khijhlb\e_gby \ mkeh\byo \ZdmmfZ g_ om`_ 3·10-5 ff jl. kl. ijb 450, 500 b

550 °K, 1 q.

Fbdjhl\zj^hklv h[jZaph\ bkoh^ghc b ^_nhjfbjh\Zgghc ljm[u ba fhg_eb \

khklZ\_ dhfihabpbhgghc aZ]hlh\db ^bZf_ljhf hl 1 ^h 25 ff baf_jyeb gZ l\_j^hf_j_

Affri DM8 ih rdZe_ <bdd_jkZ k gZ]jmadhc HV 0,2. Kj_^g__ agZq_gb_ fbdjhl\_j^hklb

hij_^_eyeb k ihfhsvx ihkljh_gby fZljbpu hli_qZldh\ 3×3.

>ey bamq_gby fbdjhkljmdlmju [ueb ih^]hlh\e_gu f_lZeeh]jZnbq_kdb_ rebnu

ijh^hevguo k_q_gbc h[jZaph\ ijh\h^gbdZ. Bkke_^h\Zgby ijh\h^bebkv k ihfhsvx

fbdjhkdhiZ Leica DMI8A \ k\_lehf ihe_ \ bgl_j\Ze_ m\_ebq_gbc hl 100 ^h 1000 djZl.

Wdki_jbf_glZevgZy qZklv

FbdjhkljmdlmjZ ijh^hevgh]h k_q_gby [_krh\ghc ljm[u jZaf_jhf 25×21 ff

ba fhg_eb ihke_ j_djbklZeebaZpbhggh]h hl`b]Z \ mkeh\byo \ZdmmfZ g_ om`_

3·10-5 ff jl. kl. ijb 700 °K \ l_q_gb_ 1 q. ij_^klZ\e_gZ gZ jbk. 4.

º(&�#=

MgB2

Cu

Cu/Nb



<HIJHKU :LHFGHC G:MDB B L?OGBDB.

K_jby: FZl_jbZeh\_^_gb_ b gh\u_ fZl_jbZeu. 2024. <uimkd 5 (126)

23

Jbk. 4.FbdjhkljmdlmjZ h[jZapZ hl ijh^hevgh]h k_q_gby ljm[u (25×21 ff)

ba fhg_eb fZjdb GF@Fp

F_lZeeh]jZnbq_kdbc ZgZeba ihdZaZe, qlh kljmdlmjZ j_djbklZeebah\ZgZ

iheghklvx b khklhbl \ hkgh\ghf ba jZ\ghhkguo a_j_g jZaf_jhf 35 fdf. Ijb wlhf

fbdjhl\zj^hklv ih <bdd_jkm ^ey ljm[u ihke_ j_djbklZeebaZpbhggh]h hl`b]Z

ihgbabeZkv k 260 ^h 105±5 HV.

;ueh hlf_q_gh, qlh \ ijhp_kk_ \hehq_gby dhfihablghc aZ]hlh\db k gZqZevgh]h

^bZf_ljZ 25 ff ^h 1 ff k kmffZjghc kl_i_gvx ^_nhjfZpbb 99,84% l\zj^hklv

ih\urZ_lky, qlh, ih-\b^bfhfm, k\yaZgh k f_`djbklZeeblghc ^_nhjfZpb_c, dhlhjZy

ijhbkoh^bl aZ kqzl i_j_f_s_gby h^gbo azj_g hlghkbl_evgh ^jm]bo. LZd dZd f_^gh-

gbd_e_\uc kieZ\ bf__l keh`gmx ljb]hgZevgmx djbklZeebq_kdmx j_rzldm (jbk. 5) [18],

\ ijhp_kk_ ^_nhjfbjh\Zgby ijhbkoh^bl a_jdZevgZy i_j_hjb_glZpby kljmdlmju

fZl_jbgkdh]h djbklZeeZ \ hij_^_ezgghc iehkdhklb, \ke_^kl\b_ q_]h h[jZamxlky

^\hcgbdb ^_nhjfZpbb.

Jbk. 5. DjbklZeebq_kdZy j_rzldZ f_^gh-gbd_e_\h]h kieZ\Z GF@Fp [18]

LZd dZd ba\_klgh, qlh ij_^_e kmffZjghc hlghkbl_evghc ^_nhjfZpbb fhg_eb

fZjdb GF@Fp ih ebl_jZlmjguf ^Zgguf khklZ\ey_l ~94% [17], lh ijhf_`mlhqgmx

l_jfhh[jZ[hldm ^ey kgylby hklZlhqguo gZijy`_gbc ijh\h^beb ijb ^hklb`_gbb

kl_i_gb ^_nhjfZpbb 84% ^ey lh]h, qlh[u ba[_`Zlv \hagbdgh\_gby ehdZevguo
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aZjh^ur_c lj_sbg. L_fi_jZlmjZ l_jfhh[jZ[hldb \Zjvbjh\ZeZkv \ ^bZiZahg_ hl

450-550 °K, qlh k\yaZgh k gbadhc l_fi_jZlmjhc ieZ\e_gby fZ]gby (~650 °K), Z lZd`_

l_fi_jZlmjhc \hkieZf_g_gby fZ]gby (473 °K), dhlhjuc fh`_l ijbkmlkl\h\Zlv

\ g_[hevrhf dhebq_kl\_ \ \b^_ ihjhrdZ. J_amevlZlu baf_j_gby fbdjhl\zj^hklb

ij_^klZ\e_gu \ lZ[e. 1.

LZ[ebpZ 1
J_amevlZlu baf_j_gby fbdjhl\zj^hklb h[hehqdb ba fhg_eb fZjdb GF@Fp \ khklZ\_

dhfihabpbhgghc aZ]hlh\db

�, i/i L_fi_jZlmjZ l_jfhh[jZ[hldb, °K Fbdjhl\zj^hklv ih <bdd_jkm, HV

1 450 211±5

2 500 206±5

3 550 200±5

:gZeba j_amevlZlh\ baf_j_gby fbdjhl\zj^hklb h[jZaph\ ihdZaZe, qlh ih\ur_gb_

l_fi_jZlmju l_jfhh[jZ[hldb hl 450 ^h 550 °K g_agZqbl_evgh kgb`Z_l fbdjhl\zj^hklv.

Hlf_q_gh, qlh jZagbpZ agZq_gbc ijb l_fi_jZlmj_ 450 b 500 °K khklZ\ey_l \k_]h 5 HV.

Baf_g_gb_ fbdjhl\_j^hklb fhg_eb \ ijhp_kk_ ^_nhjfZpbb k ijhf_`mlhqgufb

hl`b]Zfb ij_^klZ\e_gh gZ jbk. 6.

Jbk. 6. AZ\bkbfhklv fbdjhl\_j^hklb h[hehqdb ba fhg_eb GF@Fp hl gZlmjZevgh]h

eh]ZjbnfZ \uly`db

DZd \b^gh gZ jbk. 6, ihke_ ijh\_^_gby l_jfhh[jZ[hldb l\zj^hklv kgb`ZeZkv gZ

20%, qlh iha\heyeh ijh\h^blv ^Zevg_crmx ^_nhjfZpbx [_a djblbq_kdbo ih\j_`^_gbc

h[hehqdb ba fhg_eb.

GZ jbk. 7 bah[jZ`_gZ fbdjhkljmdlmjZ ihi_j_qgh]h k_q_gby h[hehqdb ba fhg_eb

\ khklZ\_ ihemq_ggh]h dhfihabpbhggh]h k\_joijh\h^gbdZ.
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Jbk. 7.FbdjhkljmdlmjZ ihi_j_qgh]h k_q_gby h[hehqdb fhg_eb GF@Fp \ khklZ\_

dhfihabpbhggh]h k\_joijh\h^gbdZ

;ueh hlf_q_gh, qlh gZ[ex^Z_lky ]jZ^b_gl jZaf_jZ a_jgZ hl p_gljZ d f_klm

dhglZdlZ k f_^vx (djZkgu_ klj_edb), dhlhjZy y\ey_lky h[hehqdhc h^gh\hehdhgguo

km[we_f_glh\. LZdhc ]jZ^b_gl mdZau\Z_l gZ g_jZ\ghf_jghklv ^_nhjfbjh\Zgby fhg_eb

ih h[tzfm.

<u\h^u

< jZ[hl_ ijh\_^_gh bkke_^h\Zgb_ fbdjhkljmdlmju b f_oZgbq_kdbo k\hckl\

bkoh^ghc ljm[u, Z lZd`_ h[hehqdb ba fhg_eb \ dhgkljmdpbb fgh]h\hehdhggh]h

k\_joijh\h^gbdZ gZ hkgh\_ MgB2.

Mqblu\Zy h]jZgbq_gb_ l_fi_jZlmju ijhf_`mlhqgh]h hl`b]Z \ ijhp_kk_

^_nhjfbjh\Zgby dhfihabpbhgghc aZ]hlh\db k q_oehf ba fhg_eb \ k\yab k gbadhc

l_fi_jZlmjhc ieZ\e_gby fZ]gby, ih^h[jZgZ hilbfZevgZy l_fi_jZlmjZ ijhf_`mlhqghc

l_jfhh[jZ[hldb. >Zgguc j_`bf khhl\_lkl\m_l agZq_gbx 500 °K \ l_q_gb_ 1 qZkZ

\ mkeh\byo \ZdmmfZ b iha\hey_l kgb`Zlv fbdjhl\zj^hklv gZ 20%.

Ihemq_ggu_ j_amevlZlu bkke_^h\Zgby iha\hebeb jZajZ[hlZlv b h[hkgh\Zlv

j_`bfu l_jfhf_oZgbq_kdhc h[jZ[hldb dhfihabpbhgguo fgh]h\hehdhgguo aZ]hlh\hd

k\_joijh\h^gbdh\ gZ hkgh\_ MgB2, ihemqZ_fuo f_lh^hf PIT, k bkihevah\Zgb_f

h[hehqdb ba fhg_eb.
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