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HmomeaKo B.H. 9- 11781 

npHMOHOHHe MarHHTHhiX MOHOKpHCT8llliOB LlliH nonHpH38UHH, 

OxnSJKLlQHHSI H OTKnOHQHHSI ny'IKOB 3BpSDKeHHhlX 'IBCTHU 

· AnanH3HpyiOTCH B03MO>KHhie npnMeaeaaH MaranTHLIX MOHOKpacTannoe 

H3 aneMeHTOB rpynn JKene3a, pe£lK03eMenbHhiX MeTannoe H HX coeLlaHeHall 

LlnH nonHpH381lHH, OXnBlKLleHHH H OTKnOHQHHH DY'IKOB 38pHlKQHHhlX 'IBCTRU. ny

'IOK LleiiTpoaoa c aneprneil 150 KaB 6bJn enepBbie nonHpn3oeaa B 1969 r. 

C p zz =-0,32. npH 3TOM H86niO£lBnOCb TBKlKQ OXnBlKLlQHHe Dy'IKB. noKa3a

HO, 'ITO OXnaJKLlQHHe ny'IK8 LleiiTpOHOB MOJKQT npoHCXOLlHTb BDnOTb LlO 3HeprHH 

100 MaB npH nonoBHHHOM yrne paCXOLlHMOCTH 0,01 °. PaccMoTpena TSKJKe 

B03MOlKHOCTb acjJcjleKTHBHOrO OTKnOHQHllll Dy'IKOB 3BpHlKeHHblX 'IBCTHU BHyTpll

KpHCTannH'I9CKHM MSrHIITHbiM noneM. 

Pa6oTa Bbii!onaeaa B naoopaTopnn BbiCOKHX 3Heprnil OIUU1. 

Coo6meaae 06'bellHHeanoro HHCTHT)'Ta HllepHhiX accneAosannli. Dyona 1978 

llyushchenko V.I. 9 - 11781 
Application of Magnetic Monocrystals for Polarization, 
Cooling and Bending of the Charged Particle Beams 

The possible applications for rna.gnetic monocrystals of 
elements from the groups of iron, rare-earth and their compounds 
have been analyzed for polarization, cooling and bending of 
charged particle beams. A deuteron beam with an energy of 150 keV 
has been polarized for the first time in 1969 With ~z=-0.32. The 
cooling has also been observed in this experiment. It is demonstra
ted that the cooling of a deuteron beam can be realized up to 
an energy of 100 MeV with a half-angle of 0.01°·. The possibility 
of effective bending of charged particle beams by an internal 
crystalline magnetic field has also been reviewed in some detail. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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BBEnEHHE 

B Teqeaue nocnenaux 20 neT HHTeHCHBHO pa3BHBaeTcn 
aoBoe aanpaBneaue aayqHbiX uccnenoBaHHH, B03HHKlllee 

aa rpaauue Me*nY ~H3HKOH TBepnoro Tena H nnepaoii 
~H3HKOH,- aKcnepuMeHTan»aoe u TeopeTuqecKoe uayqeaue 

8~~eKTOB K8HanHpOB8HHB1 6nOKHPOBKH (TeHeBOI'O 8$~eKTa) 
H pnna CBB38HHbiX C HHMH ~H3HqeCKHX SIBneHHH /1, • 

B KaqecTBe MHllleHeii B aTux HccnenoBaHHBX npHMeH~ 
IOTCB no CHX nop TOnbKO HeMarHHTHbie MOHOKpHCTannbi 1 

o6nyqaeMble nyqKaMH qaCTHU OT aneKTpOHOB no TruKenbiX 
HOHOB BKniOqHTenhHO c aaeprHBMH oT aecKonbKHX K a B no 

coTeH M a B. 
C npyroii cTopoHbi, sa nocnenaHe ronbr paapa6oTaH 

pgn HOBbiX M8I'HHTHblX MaTepHanoB, B qaCTHOCTH coenHHe
HHH penKoaeMenhHbiX aneMeHTOB c aneMeHT8MH rpynnbi 
:>Keneaa /3/ KOTOpbie 8~~KTHBHO HCIIOnh3yiOTCB B BHne 

' nonHKpHCTannuqeCKHX IIOCTOBHHbiX M8I'HHTOB nnn coanaHHB 
IIOCTOBHHbiX M8I'HHTHbiX nonell: IIpOH3BOnhHOII: KOH~Hrypa-
UHH /4/. HanpHMep, KepaMHqeCKHe IIOCTOBHHbie M8I'HHTi 
aa ocaoBe SmCo 5 IpHMeHeHbr nnn coanaaun nunonhHbiX 

5
/ 

H KBanpynonhHbiX nHH3 161. HcnonhayeMbre B aTux nuaaax 
nonHKpHCTannHqeCKHe M8I'HHTbl HMeiOT 3HaqeHHB OCHOBHOI'O 

napaMeTpa (BH) max = 18 M f c • 3. 
nnn MOHOKpHCTannHqeCKHX o6pa3UOB H3 

aoBaao npenenhijoe TeopeTHqecKoe aaaqeaHe 
st ,2 M r c • 3 171. 

SmCo 5 peanH

(BH) max 

Ellie 6onee BbiCOKoe aaaqeHHe (BH}ma? 70 Mfc. 3 MO:>KHO 
nonyqHTh B o6paauax us Dy 3Al 2 , oxna:>KneHHbiX no 
4,2 K /s/ . 
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C llOMOlliblO llO.QODHhlX M8I'HHTO.lKeCTKHX MaTepHanOB 

MO.lKHO nony'IHTb BHelllHHe aunonbHhie nonH ( 1-2) T a 3a-

3ope nop.H.QKa 1 c M, 

BHyTpHKPHCTannH'IeCKHe Maf'HHTHhie non.H MoryT .QOCTH-

raTb B 8THX coe.QHHeHHSlX senH'!HHhi Herr = H A= ( 0,1-
I , 0) M r c 19 I. 

B CBH3H c 8THM an.H ~H3HKH ycKopuTeneii, HaepHott 

~H3HKH H ~H3HKH Bb!COKHX 8HeprHH npe.QCTaBnSleT 6onblll0H 

HHTepec OUeHKa B03MO.lKHOCTeit HCllOnb30BaHHS1 Maf'HHTHb!X 

MOHOKpHCTannOB .Qn.H non.HpH3aUHH, oxna.lK.QeHH.H H OTKnOHe

HH.H ny'!KOB 3ap.H.lKeHHbiX '!8CTHU, 

B OTnH'IHe OT HeMaf'HH:THbiX MOHOKpHCTannOB B .QaHHOM 

cnyqae HMeeTCSl nepeMeHHhlH napaMeTp, a HMeHHO BHyTpH

KpHCTannuqeCKOe M8I'HHTHOe none, BenH'!HHY KOTOpOI'O 

MO.lKHO B8pbHpOB8Tb C llOMOlliblO BHelllHero H8M8I'HH'IHB8l0-

mero ycTpoiicTsa. Cneayer TaK.lKe OTMeTHTh, 'ITO ao Hac

To.Hmero BpeMeHH He HMeeTCSl .Q8.lKe Teope TH'!eCKOH KapTHHbl 

.QBH.lKeHHH 38pS1.lKeHHb!X 'I8CTHU B M8I'HHTHbiX MOHOKpHCTan

nax, YKa38HHbie ocooeHHOCTH ll03BOn.HlOT Ha.QeSlTbC H Ha 

nonyqeHHe HOBbiX 8KCllepHMeHTanbHbiX H TeopeTH'IeCKHX 

pe3ynbTaTos npH pellleHHH 3a.Qa'! nonS1pH3aUHH, oxna.lK.QeHHH 

H OTKnOHeHHH ny'IKOB 3apS1.lKeHHb!X '!8CTHU, 

DOJI.HP113AUVI.H 

B I969 r. KaMHHCKHH /lO/ snepBbie nonyqun ny'!oK 

nOn.HpH30B8HHbiX .QeHTpOHOB, HCnOnb30B8B MeTO.Q KaHanHpO

B8HH.H HOHOB C 8HeprHeit I50-200 K 8 B qepe3 MOHOKpHCTan

nH'!eCKYlO HHKenesylO nneHKy. KonnHMHposaHHhiM nyq

KOM HOHOB D+ oonyqanH TOHKylO MHllleHb B.QOnb 
HanpasneHHH (II 0). H HKenesa.H MHllleHb TonlllHHott I ,2 H 

2,4 M K M Obina HaMaf'HH'IeHa no HOpManH K HanpasneHHlO 

ny'!Ka a none H =I2 K 3. Docne BbiXO.Qa H3 MHllleim nyqoK 

cenapuposanc.H no 3ap.Hay, H HettTpanbHa.H KOMnoHeHTa D0 

npoxoauna qepe3 o6nacTb cna6oro nonepe'!Horo Maf'HHTHo-

ro non.H c H =IO 3 Ha MHllleHb H3 Ti, HaChillieHHoro 

TpHTHeM (T). 3 HeprH.H aTOMOB D0 Obina pasHa I 00-I30 K 8 B. 

Ha6niD.Qa.H aCHMMeTpHlO yrnosoro pacnpeaeneHHH a-'!aCTHU 

H3 peaKUHH T (D 0 , n) 
4He, MO.lKHO nony'IHTb aaHHhie o 

4 

o'll 

TeH3opHOH non.HpH38UHH nyqKa .H.Qep D0
. KoMnoHeHTa ny'!Ka 

DO, He HCnbiT8Blll8.H K8HanHpOB8HH.H B HHKeneBOH nneHKe, 

HMena npa 8TOM 8HeprHlO B HeCKOnbKO K 8 B. 

Dpeanonaranocb, 'ITO BbineTalOmHe H3 HHKenesoro non.H-
0 

pa3aTopa aeiiTpanhi D noaxsaTbiBalOT sHelllHHe 3d -8neKT-

poHhi aTOMOB Ni, cnHHbi KOTOpbiX HanpasneHhi aaonb 
c:Hnbaoro MarHHTHoro non.H c H =12 K 3, 3a speMH npone

Ta qepe3 o5naCTh cna6oro non.H c H =10 3 qaCTb 8neKT

poaaoii non.Hp:H3aUHH 3a C'!eT CBepXTOHKOI'O B3aHMO.QeHCT-
0 

BHH nepeaaeTc.H HLIPY D . 
B 8KcnepHMeaTe 6bmo nonyqeHo 3Ha'IeHHe TeH30pHoii 

non.HpH38UHH p 
22 

=-0,32+0,01, OTKy.Qa cneayeT, 'ITO 98% 
aToMos D0 nocne BbineTa H3 HHKenesoii nneHKH DhinH 

non.HpH30BaHbi no 8neKTpOHHOMY cnuay aaonb non.H c Hel2 K 3. 

B 8KcnepHMeHTe <t>enh.QMaHa H ap. I 11/ obma H3MepeHa 

.QOn.H nonS1pH30BaHHbiX aTOMOB 0°, paBHaSl (71.:t_10)%, 'ITO 

T8K.lKe cymeCTBeHHO npeBbilllaeT 53%, KOTOpbie nonyqalOTCSl 

B paMKaX MeXaHH3Ma noaxsaTa 8neKTpOHOB HOHaMH D +, 

He 38BHCS1llief'O OT CllHH8, 

llnSl llOnHKpHCTannH'!eCKHX nneHOK 8~~eKT non.HpH3aUHH 

He Ha6niDaancS1. Bcne.QCTBHe H3D:HparenhHOCTH peaKUHH 

{D,T) He H3Mepgnacb BeKTOpHaH KOMnOHeHTa nonS1pH3a-

UHH aToMos p0
• 

36enb 112 aan oo'bSlCHeHHe aHoManbHO BbiCOKOii nonS1-

p:H3aUHH aa ocHose npHHUHna Daynu an.H noaxsaTa 8neKT-

poaos 3d -nonocbi HHKenSl, 

EpaH.QT H Cu3MaH 113 / yKa3anH Ha To, 'ITO a aToMax 

npH npoXO.lK.QeHHH '!epe3 MeTann OTCyTCTBYlOT CTaoHnhHhie 

CBS138HHhie 8neKTpOHHbie COCTOSlHHH, ff npe.QnonmKHnH, 'ITO 

8neKTpOHHbiH 3axsaT H.QeT Ha "xsocre" pacnpeaeneHHSl 

8neKTpOHHOH nnOTHOCTH B npHllOBepXHOCTHOM cnoe MOHO

KpHCTanna Ni, I'.Qe nnoTHOCTb CTOnb HH3Ka, 'ITO B03MO.lKHO 

o6pa30BaHHe CTa6:HnhHbiX CBS138HHbiX COCTOSlHHH aTOM8 0°. 
B 8TOM cnyqae 8~~eKT oo'bHCHSleTcSl nonS1pH3auueii 8neKT

poaos, H8XO.QSllllHXCS1 Ha llOBepXHOCTH HHKeneBOI'O MOHO

KpHCTanna, 

Pay H Cu3MaH /14/ H3Mepunu non.HpH38UHlO aTOMOB 
0 D , o6pa3yiDmHXCS1 B pe3ynhTaTe 8neKrpoaHoro 3axsaTa 

npH OTpa.lKeHHH ny'IK8 HOHOB D+ C 8HeprHeH 150 K 8 B no.Q 

5 



yrnaMH < 0,4 ° K llOBepXHOCTH HBMBrHH'IeHHOrO MOHQ-

KpHCT8J1J18 Ni. Ebmo HanaeHo, 'ITO ang Ha6moaeHHH nonH

pHaosaHHbiX a<jJ<jleKTOB Tpe6yeTCH BBKYYM 2 x 10 -B Top. 

!lpu yxyarneHHH saKyyMa ao 5 x 10 -a T o p nonHpHaauHH 

ITOCTelleHHO yMeH&IIlaJ1aCb, BepOfiTHO, B pe3yJ1bTaTe HaKOTI

JleHHH Ha llOBepXHOCTH HHKeJ1eBoro MOHOKpHCTanna cnog 

3arpB3HeHHll. 

0TMeTHM 1 'ITO nepexoa OT TpaHCMHCCHOHHOro MeTana 

Ka;~.mHCKoro K MeToay Pay-CH3MaHa nossonHeT cymecTBeH

Ho yBeJ1H'IHTb HHTeHCHBHOCTb TIY'IKB TIOnHpH30B8HHhlX '!ac

o:'HU 38 C'!eT yny'!rueHHfi ycnOBHH OXJ1B)KneHHfi TIOnHpH38TOpa, 

B aKcnepHMeHTax ¢enbnMaHa H ap. /ll/ 6wna cnenaHa 

nonbiTKa HCTIOnb30BaTb BMeCTO HHKeng TIOnHKpHCTannH'!eC

KYIO TIJ1eHKY )Kene3a. 3<jJ<jJeKT TIOnHpH3aUHH He Ha6niOnancg, 

HeCMOTpH Ha TO, 'ITO aToM Fe HMeeT 2,2 MarHeToHa, 

a N i - scero 0,6. 
!lony<IeHHbie K H8CTOfi!1leMy BpeMeHH pe3ynbTaTb! llpHBe

aeHbl B o6sopaoil: CTaTbe CH3MaHa /15/ 
TaKHM o6pa3oM, HccnenosaHHfi no nonHpH3aUHH ny'!KOB 

3apfi)KeHHhlX 'IBCTHU C llpHMeHeHHeM MarHHTHhlX MOHOKpHC

TanJJOB llOKa3anH peanbHOCTb 9TOro MeToaa TIOnHpH38UHH. 

B aanhHeiirneM Heo6xonHMo BbmonHHT& 8KcnepHMeHTbi 

c nongpH3aTopaMH H3 aneMeHTOB rpynn H P3M, a TaK)Ke 

HX CoenHHeHHH, npH'!eM He TOnbKO MOHOKpHCT8nJ1H'IeCKHX, 

HO H TeKCTyposaHHbiX. B nocneaHeM cnyqae MO)KHO HCnOnh-

30BaTh nongpH3aTop B BHne MeTannH<IecKon <jlonhrH. Tpe-

6yeTcg TaK)Ke npoBeCTH HCCnenosaHHg 3aBHCHMOCTH nong

pH3aUHH OT BeJ1H'IHHbl MarHHTHoro nang B o6naCTH nonHpH-

3aTopa, yrna noaopoTa nongpuaaTopa H pgna apyrHx na

paMeTpoa. 

OXnA)f(nEHI1E !lYl..JKOB 3APH)f(EHHbiX YACTI1U 

B aacTogmee speMg ang oxna)KneHHg npoTOHHhiX ny<IKoa 

B CHHXpOTpOHaX HCnOnb3YIOTCg naa MeTana - OXna)KneHHe 

aneKTpoHHhiM ny<IKOM hal H cToxaCTH'IeCKoe BY-oxna)Kne
HHe /1?/. 

B pa6oTe KaMHHCKoro Ito/ 6bmo noKaaaHo, '!To cymecT

aeaaoii oco6eHHOCT&IO npHMeageMoro MeTana 6bma nonSipH-

6 

'I ~ 

, 
. l 

0 
3aUIHI TOJ1hKO TeX aTOMOB D , KOTOpbie HCnbiTanH KaHanH-

pOB8HHe B MOHOKpHCTannH'!eCKOH HHKenesoil: nneHKe. 3Hep

rHg 93% aTOMOB D0 nocne KaHanHpOBaHHSI COCTaBnMa 

Ech =(100-130) Ka~, a aaeprHSI 7% aTOMOB, He HCnbiTaa

IIlHX KaHanHposaHHe, E n• cocTasHna scero aecKon&Ko K 9 B. 

Eb!J10 Hail:aeHo, 'ITO ny'IOK nonHpH30BaHHb!X aTOMOB no . 
nocne Bb!Xona H3 nongpH3BTOpa CHnhHO CKOHUeHTpHpOBaH 

B HanpaaneHHH OCH KBHanHpOBBHHg, T.e. Ha6niOnanoCb 

cymeCTBeHHOe yaenH'!eHHe nOTOKa BTOMOB D0 Ha enHHHUY 

TenecHoro yrna. 

Ba)!{HbiM o6cTogTenhCTBOM npH 9TOM gangeTcg OTHOCH-
0 

TenbHO HH3KaSI 9HeprHH aTOMOB D , noToMy 'ITO oxna)KneHHe 

ny'!Ka D0 
B03MO)KHO TonhKO s ToM cnyqae, Korna nonepe'l-. 0 

Hbie COCTaBnSIIOlllHe KHHeTH'IeCKOH 9HeprHH BTOMOB D , T,e. 

Et, cpaBHHMbi HnH MeH&rne aHeprHH CBSI3H aTOMOB Ni(Ed) 
B KpHCTannH'!eCKOll perneTKe. 

B 9KCnepHMeHTe KaMHHCKoro ny'!OK HOHOB o+ HMen 

nonoBHHHblll yron pacxonHMOCTH 0,01° H 9HeprHIO Ha BXO

ne- OKano 150 K98, 
-4 

EcnH HCXOnHTb H3 Taro, 'ITO yron l/J=0,01° =1,7 .10 pan 

H Ha<IanhHaSI aHeprHg HOHOB E i =1 M 9 B, To nonepe'!HaSI 

KOMnoHeHTa 8HeprHH HOHOB 0+ 6yneT pasHa E t ==E i • 1/J 2 = 
3. 10-2 

9 B, T.e. cpaBHHMa c Tennoaoii 9HeprHeii HeiiTpo-

Ha - 0,025 a B. 
!loporoaag 9HeprHg CMemeHHSI HJ1H 9HeprHg cag3H aTOMa 

Cu B KpHCTanne Cu pasHa Ed =25 9 B ItS/, no9TOMY npH 

yrne 1/J =0,01° OXJ1a)KneHHe ny'!Ka HOHOB D+ 6e3 paapyrue

HHg KpHCTanJ1H'IeCKOH perueTKH H aTOMHbiX 11CTeHOK 11 KaHana 

MO)KeT Ha6niOaaThcg annaT& no 9HeprHH Ei :::;100 M a B. 

3KcnepHMeHTbi TaKoro THna no aacToSimero apeMeHH 

HHrne He CTaBHJ1HCh, B OTJ1H'IHe OT 06bi'IHb!X MOHOKpHCTan

J10B, B cnyqae MarHHTHbiX MOHOKpHCTannoB BBeneHHe pery

nHpyeMoro MarHHTHoro nang nacr norronHHTenhHhie aoa

MO)KHOCTH no HCCneaoaaHHIO 9~~eKTa oxna)KneHHH ny'IKa 

3apg)KeHHhiX 'laCTHU. 

KaK H a cny11ae rrongpH3aUHH, Ba)!{HbiM o6crogrenhCTBOM 

SIBnSieTcg ripOCTOTa H He6on&ruaSI CTOHMOCTh 9KCnepHMeH

TaJ1hHOrO o6opynoaaaHg • 
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OTKJIOHEHI1E DY'LJKA 3AP.H)KEHHbiX '4ACTI1U 

3neMeHTapHbiH pacqeT 110Ka3hiBaeT, 'ITO eCJIH HCXOJlHTb 

H3 BHyTpHKpHCTaJIJIH'I€CKOI"O 110JISI Herr = H A= ( 0,1 -
1,0) Mfc, To, aarrpuMep, H.f =100 K3·M MO:>KHO peanH

aoaaTb B MOHOKpHCTanne C paaMepaMH ( 100-10) C M, 

CTOHMOCTb 9KCI1JiyaTaUHH OTKIIOHH10IUHX ycTpOHCTB Ha 

COBpeMeHHOM CHHXpOTpOHe cpaBHHMa CO CTOHMOCTblO 9KC-

11JiyaTaUHH yCKOpHTeJISI, 1109TOMY HCI10Jlb30BaHHe Mai"HHT

HhiX MOHOKpHCTaJIJIOB MO:>KeT aaTb CyiUeCTB9HHy10 9KOHOMH10 

9THX 3aTpaT. 

Haa6onee aa:>KHon rrpo6neMon rrpa 9TOM SIBJisteTcst 

paJlH8UHOHHOe 110Bp€:>KJl€HHe MOHOKpHCTanna. l1aaeCTH01 

'ITO XapaKTepHCTHKH Mai"HHTOB Ha OCHOBe crrnaBOB anbHHKO 

H ~eppHTOB 6apHSI He H3MeHSI10TCSI rrocne o6nyqeHHSI B no-

TOKe HeHTpOHOB C H HTerpano,vf JlO 2 X 1 0 18 He H T p 0 HI C M P./ 19 /, 

DpH HHTerpanbHOM rroToKe 3 x 10 19 He T p o ale M 2 aa6mo

aaJOTCSI Heo6paTHMbie 110TepH Mai"HHTHOI"O 110TOKa JlO 10%. 
EcnH HCXOJlHTb H3 UHcppbi 10 19 HeHTpOHICM2, TO MO:>KHO 

110Ka3aTb 1 'ITO CHH:>KeHHe Mai"HHTHOI"O nOTOKa Ha 10% 11pH 

o6nyqeHHH Ha CHHXp0~30TpoHe JIB3 npOH30HJleT aa rrepHOJl 

B HeCKOnbKO neT. 
PerynHpyeMoe Mai"HHTHoe none, KaK H B rrpeJlhiAYIUHX 

cny'Iastx, t:taeT pstA rrpeHMyruecTa no cpaaaeHHIO c o6bi'IHhi

MH MOHOKpHCTannaMHo 

Hau6onee aa:>KHOH cpuaaqecKon npo6neMon, KoTopast 

C03AaCT rrpe11HTCTBHSI 11pH 110BOpOTe TpaeKTOpHH aapSI:>KeH

HhiX 'IaCTHU 1 6yt:teT, 11D-BHJlHMOMY 1 COI"JiaCOBaHHe yrna 

noaopoTa H KpHBH3Hhi KaHana. Ot:taaKo rrpa rrepexot:te oT 

MOHOKpHCTanna K TeKCTypoaaHHOH CTpyKType 9Ta rrpo6ne

Ma MO:>KeT 6biTb 9~eKTHBHO peweHa npH 110MOIUH CpaBHH

TellbHO 11pOCThiX cpeACTB, 

3AKJII0'4EH!1E 

DoKaaaao, 'ITO c noMOWbJO Mai'HHTHbiX MOHOKpHCTannoa 

HnH TeKCTypoaaHHbiX CTpyKTyp Ha OCHOBe 9neMeHTOB 

rpynrr :>Keneaa H P3M, a TaK:>Ke HX coeAHHeHHH MO:>KHO 

ocymeCTBHTb 110JISipH38UH101 oxna:>KA€HH9 H OTKnOH€HH9 

8 

11Y'IKOB 38pSDK€HHb!X 'I8CTI1:U, 

3KcrrepH:MeHTanbHhle H:ccnenoaaHHH no yKaaaHHoA rrpor

paMMe MOI"yT 11p11:BeCTI1: K OTKpbiTHIO pHJla HOBbiX cp11:311:'IeC

KHX 9cpcpeKTOB, HMeiOIUHX 60JibiUOe 11p11:KJI8JlHOe 3Ha'IeHHe, 
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