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B ·oi1HI1 coaMecrno c 111l>B3, HHHHct> MrY. H 111l>B3 TY co3.n;aHa 3Kcne-
• - ou • • - ~ • •• i . . . i 

pHMeHTaJlbHaH ycTaHOBKa - MarHHTHbiH cneKTpOMeTp C BeplllHHHbiM .n;eTeK-
TOpOM (CB)l) - .n;nH HCCne,ll;OBaHHH o6pa30BaHHH :,IaCTHU C OTKpbiTbiM Ollapo
BaHHeM ·. npH 3HeprHHX cepnyXOBCKOrO ycKOpHTenH. 0Ha COCTOHT H3 npeUH-
3HOHHOrO BeplllHHHOrO .n;eTeKTOpa, MarHHTHOrO cneKTpOMeTpa C nponOpUHO
HaJlbHbiMH :KaMepaMH H ro.n;ocKonHtiecKoro -y-cneKTpoMeTpa

11 1 
•. )lnH·Mar

HHrnoro cneKTpOMeTpa. Hcnonb3yeTCH nocne COOTBeTCTBYIOIUeH peKOHCTpyK
UHH ·MarHHT MC-7, a: KOTopoM paHbllle MOHTHpoaanacb ny3:bipbKOBaH KaMepa · 
"Jlro.n;~lliia" ; 2 1• PE!KOHCTPYKUHH .n;on:ama 6bma o6ecnetiHT~ MarHHTHOe none 
c H ~;; 1,7 Tn _H anepTypy nopH.n;Ka 100x150 CM2 .n;nH pa3MemeHHH BHYTPH 
MarHHTa nponOpUHOHaJibHbiX KaMep. IlpH 3TOM ,ll;JlH ycKOpeHHH peKOHCTpyK-

UHH H y'MeHbllleHHH 3aTpaT npe.n;CTOHnO o6ecnetiHTb: ' 
a) HCnOnb30BaHHe cymecTBYIOIUHX CHCTeM ::meKTpOnHTaHHH. H OXfliDJ(Ae~ 

HHH MarHHTa MC;7; · 
6) DOAKniOtieHHe K MarHH~Y O,ll;HOrO reHepaTopa (MarHH'.f · ycTaHOBKH 

"JliO.D;MHna" 3allHTbiBaJICH OT .D;BYX reHepaTOpOB); . . . 
. B) opraHH3auHIO pa60T no peKOHCTpyKUHH MarHHTa.MC-7 6e3 Tp~cnop-

THpOBKH cymecTBYIOIUHX y3nOB MarHHTa Ha 3aBO,Il;bl. , 
EhmH ·npoae.n;eHbi pactieThi .n;ayM~pHoro MarHHTHoro nonH no nporpaM

Me POISSON 13 1 , KOTopaH pelllaeT ypaaHeHHe IlyaccoHa (Jlannaca) .n;nH aeK
TOpHoro (CKaJIHpHoro) llOTeHUHaJia MeTO,Il;OM nocne.n;oBaTenbHOH TO'Ie'IHOH 
aepxHeH penaKCaUHH, .n;nH pa3nH'IHbiX BapHaHTOB p.eKOHCTpyKUHH MarHHTa. 
PaccMaTpHBanHci> .n;ae TeXHHtJecKHe B03MO)KfiOCTH npoae.n;eHHH peKoHcTpyK-

UHH: 
a) H3rOTOBneHHe nnOCKHX KaTyllleK H yaenHtieHHe BepTHKaJlbHbiX CTOeK 

MarHHTonpoao.n;a; 
6) -H3roToaneHHe KaTyllleK c oTorHyThiMH no6oBhiMH qacTHMH. 
Pe3ynhTaThi pactJeToB .n;nH 3THX aapHaHTOB peKoHcTpy:KUHH MarHHTa 

MC-7 noKa3aHbi Ha pHc.l H 2, coomeTCTBeHHO. BH.n;Ho, liTO B o6oHx cnytiaHX 
.n;nH nonytieHHH 6onee ClmbHOro H o.n;Hopo.n;Horo MarHHTHoro nonH cne.n;yeT 
3aKpbiTb MeTannHtiecKoii BCTaBKOH omepcTHe B. aepxHeii tiaCTH MarHHTonpo
ao.n;a, KOTopoe ucnonh30Banocb. _.n;nH MOHTIDKa ycTaHOBKH "Jlro.n;MHna". 

Eonee paaHoMepHoe MarHHTHOe none nonytJaeTCH .n;nH KaTyllleK c oTor
HYThiMH. no6oi:JhiMH 11acTHMH. 3TOT aapHaHT u 6bm Bbi6paH .n;nR npoae.n;eHHH 
pe:KoHcTpyKUHH. IlpoeKTHbie pa6oTbi BbmoiiHeHbi a Hl1113<i>A HM.)l.B.E<Ppe- · 
Moaa. MarHHT nonytiHn.Ha3BaHHe MC-7 AEro cxeMa npe~cTaaneHa Ha.pilc.~. 
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Puc.l. H3MeHeHHe KoMnOHeHTLI non.11 By 

~ s~onL ocu X (Y =· 0). C.nnowHa.R nu

HH.II - none ~n.11 sapuaaTa c MeTannHNec-

..J 

KOH BCTRBKOH. 1 - MeTannH'leCKa.ll 

BCTaBKa, 2 - MarHHTOnpOBO~ MarHHTa 

MC-7, 3 - nnocKHe KaTyWKH o6MOTKH, 

4 - ~OnOJJHHTe.iiLHLie 

CTOHKH MarHHTOnpOBO~a. 

X 

BepTHKaJJLHLie 

PHc.2. lhMeHeHHe KOMnoHeHTLI non.11. By 

s~om. ocu X (Y = 0). CnnoWHll.ll nHHH.R- lt.. 
none ~n.ll BapHaHTa C MeTaJJJJHNeCKOH ~

BCTaBKOH. 1 . - MeTaJJJJENeCKll.ll BCTRBKa, 

20 
16 
12 
8 
4 

By(Krcl 

- -
2 - MarHHTonposo~ MarHHTa MC-7, 

3 - KaTyWKH C OTOrHyrLIMH no60BLIMH 

'lRCT.IIMH. 

.Y 

x I I I I 

30 60 90 X(CMl 

~ Puc.3. CxeMa MarHHTa MC-7 A. 1 -Me

~ TaJJnH'leCKll.ll BCTaBKa, · 2 - MRrHHTO• 

npOBO~, 3 - KaTyWKH C OTOrHYTLIMH 

no6oBLIMH 'lRCT.IIMH. 

Ocaosanre AaHHLie MarHHTa MC-7 A: 
1. Pac11eraoe 3HaiJeHHe MaKCHMaJibHOH HHAYKIJ;HH 

MarHHTHoro rronH B ~eHTpe pa6o11ero 3a3opa, Tn 
· 2. BenHIJHHa pa6oqero 3a3opa, cM3 

3. MaKCHMaJILHbiH. TOR B036Y'K.neHHH, A 
· 4. liHcno BHTKOB B o6MOTKe 

5. KonHIJecrno KaTyrneK B o6MOTKe 

, 2 

1,7 

130x180x300 

6800 

288 
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Puc.4. PactJeTHLie 3Ha'leHHH MarHHTHoro 

nonR MarHHTa MC-7A npu TOKe 6800 A. 

a) - H3MeHeHHe By snonL OCH Z (X = 0, 

Y = 0), 6)- H3MelleHHe By snonL ocu X 

(Y = 0, Z = 0), s) - H3MeHeHHe By 

BnonL OCH Y (X= 0, Z = 0). 

llpoeKTHbie AaHHble 6biJIH npH

MeHeHbl AnH pactJeTa TpexMepaoro 

MarHHTHoro IIOJIH MarHHTa MC-7 A 
no rrporpaMMe GFUN3D 14 ' 51 , HC

IIOJIL3YIOIIIeii MeTO)J. HHTerpanbHbiX 

ypasaeHHH. PactJeT rrpHMepao 

B )J.Byx TbiCH'Iax TO'IeK BHyTpH Mar-

18 

12 

6 

ByiKrcl 
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B 

HHTa H pacceHHHOrO IIOJIH B6JIH3H MarHHTa 3aHHJI )J.Ba 'laCa C'leTHOro BpeMeHH 

Ha 3BM CDC-6500. XapaKTepHoe rroBe)J.eHHe KOMIIOHeHTbi Hy BHYTPH MarHH

Ta H Ha paCCTOHHHH )J.O 1,5 M OT KpaH MarHHTOIIpOBOAa IIOKa3aHO Ha pHC.4. 

Pe3yJihTaTbi 3THX pactJeTOB 6biJIH HCIIOJib30BaHbl IIpH MO)J.eJIHpOBaimupa60Tbl 

ycTaHOBKH CB,[( 
16 1 

H pa3pa6oTKe arrrrapaTyphi )J.JIH l'viarHHTHbiX H3MepeHHH. 

Yqer· pactJeTHbiX 3HatJeHHH pacceHHHoro MarHHTHoro rronH II03BOJIHJI orr

THMaJibHO pacrroJIO)I(HTL B6JIH3H MarHHTa MC-7 A pa3JIH'IHbie y3Jibl ycnUIOBKH 

CB,[( -·seplllHHHbiH )J.eTeKTop, KpeMHHeBbie )J.eTeKTopbi, c~HHTHJIJIH~HOHHbie 
C'leT'IHKH H T .II. 

llocne- 3aBepllleHHH peKOHCTpyK~HH MarHHTa H IIp06HbiX BKJIIO'IeHHH 

6biJIH IIpOBe)J.eHbl H3MepeHHH TOIIOrpaqJHH MarHHTHOrO IIOJIH BHyTpH MarHHTa 

H pacCeHHHOrO MarHHTHOro IIOJIH Ha paCCTOHHHH )J.O 170 CM OT KpaH MarHHTa. 

·fi3MepeHHH MarHHTHOrO IIOJIH IIpOBO)J.HJIHCb C IIOMOIIIbiO MarHHTOMeTpa; 

B H3MepHTeJibHOH rOJIOBKe KOTOporo HaXO)J.HJIHCb TpH AaT'IHKa Xonna, paCIIO· 

JIO)I(eHHbiX OpTOrOHaJibHO IIO OTHOIIIeHHIO Apyr K Apyry. 

MexaaHtJecKoe rrpHcrroco6ne-

HHe (pHc.5) AJIH IIpe~H3HOHHOrO rre

peMeiiieHHH )J.aT'IHKOB MarHHTHOrO 

IIOJIH COCTOHT H3 H3MepHTenbHOH 

Puc.5. CxeMa KoopnHHaTHoro ycrpoifcrsa 

nn.11 H3MepeHHH MarHHTHOrO nonH. 1 -

H3MepHTeJJLHaR 6anKa, 2 - nonepe'lHLie 

WTaHrH, 3 - nonBHlKHaR KapeTKa, 4 -

HanpaBJJ.IIIOl.LIHe, fi - 6JJOK' naT'lHKOB 

Xonna, 6 - 3JJeKTpo~auraTeJJL. 

y 
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Puc.6. BnoK-cxeMa :meKTPOHHKH ynpasne

HHR nepeMe~eHHeM AaT'IHKOB Xonna, C'heMa 

H perHCTpaUHH HH¢lOpMaUHH: 

6ruii<:Ii (1) .nmrnoii 5000 MM, ,nayx. 
nonepe'IHbiX lliTaHr (2), no.ZJ;BH)KHOH 
KapeTI<:H (3) ~ .ZJ;BYMH HanpaBnHJOll{H

,MH (4), no KOTOpbiM nepeMell{aJOTCH 
_.; ,naT'IHKH Xonna ( 5) _ 

J13MepeHHH npOBO.ZJ;HnHCb B CHCTe
Me KOOp.D;HHaT, B KOTOpOH .OCb Y Ha-
npaaneHa BepTHKaJibHO H COBna,naeT 

C HanpaaneHHeM MaKCHMaJibHOH COCTaBnHJOll{eH MarHHTHOrO nonH, OCb X 
HanpaaneHa nonepeK MarHHTa, ocb Z - a,nonh MarHina u coana,naeT c Hanpaa
neHneM nyqKa 'laCTHU. Illar nepeMell{eHHH COCTaBHJI: no Z- 40 MM, no OCHM 
X u Y - 50 MM. llepeMemeHne no ocHM X u Y' ocymecTBnHnoch apy'IHYIO
llo OCH Z KapeTKa ( 3) nepeMell{aJiaCb aBTOMaTH'leCKH OT peaepCHBHOrO 
3neKTpO.D;BHraTenH ( 6) • 

Ha puc.6 noKa3aHa 6noK-cxeMa 3neKTpOHHKH ynpaaneHHH no3HUHOHH
poBaHneM no ocu Z, c'beMa nH¢opMauuu c .naT'IHKOB Xonna u perucTpaUHH. 
Tpu ,naT'IHKa Xonna, ycTaHoBneHHhie Ha no,naH)KHOH KapeTKe, coe,nuHeHhi 
c MarHHTOMeTpOM Xonna MX723 17 1

• B KpeiiTe KAMAK ycTaHOBneHhi Tpn 
12-pa3pH.D;HhiX AUll, 6noK ynpaaneHHH no3HUHOHnpoBaHHeM (BYll) u KOHT
ponnep KK009, coe,nnHeHHhiH c ll3BM "llpaaeu-16". 

Ha H3MepHTeJihHOH 6anKe ycTaHOBneHa nnaHKa c npope3HMH qepe3 
40 MM ,nnH ¢uKcau~u KapeTKH c ,naT'lnKaMu Xonna npu noMomu ¢oTo,naT'lH
KOB. YnpaanHromue cnrHaJihi "cTapT-CTon" ¢opMupyiOTCH B 6noKe ,naT'IHKOB 
(B.[{), a BYll Bhipa6aThmaeT cnrHaJihi ,nnH ynpaaneHHH 6noKOM nepeMeme
HHH KapeTKH (Ell). BpeMH rrpoxo,na H3MepHTeJibHOH KapeTKH KOOp.D;HHaTHO
ro ycTpOHCTBa B.ZJ;Onh OCH Z COCTaBnHnO - 6 MHH. 

CncTeMaTH'lecKne H3MepeHHH 3Ha'leHHH MarHHTHoro nonH npoao,nHnuch 
KaK BHYTPH caMoro MarHHTa (B neBOH rronOBHHe), TaK H BHe ero, Ha pac-

. CTOHHHHX ,ZJ;O 170 CM OT KpaH HpMa MarHHTa. ):{nH TOrO 'IT06bi y6e.ZJ;UTbCH 
B CHMMeTpH'IHOCTH nonH OTHOCHTeJihHO nnOCKOCTH Z-Y, HaMH TaK:»ee H3MepH
nOCb MarHHTHOe none B HeKOTOpbiX xapaKTepHbiX TO'IKaX B npaBOH nonOBH
He MarHHTa. Bcero 3Ha'leHHH Tpex KOMnOHeHT MarHHTHOrO nonH 6biJIU H3Me
peHbl B 32 TbiCH'laX TO'leK. 

):{nH pellieHHH nepBOO'lepe,D;HbiX <fJH3H'leCKHX 3a.D;a'l 3KCnepHMeHTa OIITH
MaJihHbiM HBnHeTCH MarHHTHOe none BeJIH'IHHOH 1 Tn, no3TOMY MarHHTHbie 
H3MepeHHH npoao,nHJIHCh npu 3Ha'leHHH TOKa qepe3 o6MOTKH MarHnTa 4000 A. 
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KOHTpOnh CTa6HJibHOCTH TOKa nHTaHHH MarHHTa npOH3BO,ZJ;HJICH rrpH no
MOll{H .ZJ;aT'IHKa JIMP, yCTaHOBneHHOrO B o6'beMe 3<fJ<fJeKTHBHOH o6nacrn Mar
HHTa. CTa6HJihHOCTh TOKa qepro MarHHT MC-7 A 3a ace apeMH H3MepeHHii 6hi
na He xy:»ee 0,01%. 

Ko3¢¢uuneHT ycHJieHnH ,nnH ycunnTeneii HarrpH:»eeHnH c ,naT'lHKOM Xon
na rro,n6upancH ~nH Ka:»e,noro H3 Tpex KaHaJIOB TaKHM o6pa3oM, i'rro6hi uc
rronb30BaTh ace 12 pa3pH.D;OB AUll u TeM caMhiM .ZJ;OCTH'lh Heo6xo,ZJ;HMOH TO'l
HOCTH perncTpaQHH H3MepeHHH. 

.[{nH onpoca AUll u 3ami:cu .ZJ;aHHhiX H3MepeHHH ucnonh30Banach rrpo
rpaMMa MAGD, paHee rrpuMeHHBlliaHCH rrpu H3MepeHHHX MarHHTHoro rronH 
B cneKTpoMeTpe ycTaHOBKH BHC. llonyqaeMhie .ZJ;aHHhie 3aiiHchmaJIHCh B au.ne 
OT,ZJ;enhHhiX <fJaiinOB Ha TBep,D;hiH .ZJ;HCK H COXpaHHJIHCh .ZJ;JIH .ZJ;aJihHeHllieH o6-
pa60TKH H aHaJIH3a. 

.[{nH y'leTa B03MO:>KHOH HeJIHHeHHOCTH HaMH IIpOBO,ZJ;HnaCb rpa,nynpOBKa 
BCeH H3MepnTenbHOH ueiiO'IKH B lliHpOKOM ,ZJ;Hana30He 3Ha'leHHH MarHHTHOrO 
nonH. llpu 3TOM ,naT'IHKH Xonna pa3Memannch pH.D;OM c HMP-.naT'IHKOM 
B UeHTpe MarHHTa, B o6nacTH HaH6onee O.D;HOpO.D;HOrO MarHHTHOrO nonH. ToK 
B MarHHTe IIO.ZJ;HHMaJICH OT 600 .ZJ;O 4000 A, H rrpu 3TOM TO'IHhie 3Ha'leHHH Be
nH'IHH rroneH, H3MepeHHhie JIMP-,naT'IHKaMH, perHCTpHpOBaJIHCh O.ZJ;HOBpeMeH
HO c noKa3aHHHMH ,naT'IHKOB Xonna • .[{aHHhie H3MepeHuii rronH B BOChMH TO'l
Kax n03BOnHnH onucaTh rpa,nyupOBO'lHYJO KpHByJO B BH,ZJ;e 

Bi = Ui(Ki- aiUi}, 

r,ne Bi - 3Ha'leHHe i-H KOMnOHeHThl MarHHTHOrO IIOnH, Ui - COOTBeTCTBYJO
ll{ee 3Ha'leHne HanpmKeHnH, cHHToe c AUll. 3Ha'leHHH K03¢¢uuneHToB K u a 
npuae,neHbi B Ta6nuue. 

Ta6nuija 
. -· ~-----.... 

AUll-1 AUll-2 AUll-3 

K 3,73 25,4 ' 5, 08 
a 0,0000720 0,000978 0,0000512 

Bhr6paHHhiH BH.ZJ; rpa,nyupoBO'lHOH KpHBoii c .ZJ;aHHhiMH K03¢¢HuneHTa
MH n03BOnHeT OnHChiBaTh H3MepeHHOe none C ,ZJ;OCTaTO'lHOH · TO'lHOCThlO, 
He xy:»ee 0,05%, so aceM HHTepaane miTepecyromux Hac 3Ha'leHHH rronH. 

.[{aHHhie 0 nepec'lHTaHHhiX 3Ha'leHHHX MarHHTHOrO IIOnH B ,ZJ;aJihHeHllieM 
MOryT 6biTh COOTBeTCTByJOll{UM o6pa30M OT<fJHTHpOBaHhl H 3aHeCeHhl B rrpor
paMMY reoMeTpH'leCKOH peKOHCTpyKUHH co6hiTHH crreKTpOMeTpa yCTaHOBKH 
CB.[{. . 
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PHe. 7. H3MeHeHHe KOMnoHeHT Bz, By, Bx B)l;OJib OeH .Z, 

npH TOKe 4000, A. a) X= -45 eM, Y = +25 eM; 6) X= 0 eM, Y = 

= 0 eM; a) X= +45 eM, Y =-25 eM. UeHTp MarHHTa-, z = 0 eM, 

KpaH RpMa MarHHT8- Z = 150 eM. 

\ 

flpH llOMOIUH npOCTOrO nporpaMMHOrO o6ecnetieHHH 3TH ,ll;aHHhie MoryT 

6biTb npe,ll;CTaBJieHbi B rpa<f>HtieCKOM BM,1l;e ,ll;nJI 6biCTporo BH3YaJibHOrO aHaJIH· 

3a H cpaBHeHHH 3HatieHHH nOJIH B pa3JIHtiHbiX o6naCTHX MafHHTa. TaK, Ha pHc.7 

llOKa3aHO noBe,ll;eHHe KOMnOHeHT nOJIH B,ll;OJih OCH Z: B UeHTpe MarHHTa (X= 
= 0 CM, Y = 0 CM), a TaK)Ke B TOtiKaX pacnOJIO)KeH

HbiX CHMMeTpHtiHO OTHOCHTeJibHO UeHTpa MarHHTa 

(X = -45 CM, Y = +25 CM) H (X = +45 CM, Y = 

= -25 eM). Ha pHc.7 xoporno 3aMeTHO He6onhrnoe 

llJiaBHOe "BbinHpaHHe" OOJIH B6JIH3H KpaH HpMa 

MarHHTa. Ha pHc.8 · npHBe,ll;eHo pacnpe.D:eneHHe 

3HatieHMH OCHOBHOH KOMllOHeHTbi MarHHTHOrO no

JIH By B ropH30HTaJihHoii:.nnocKocTH, npoxoAHmeii: 

t~epe3 ueHTp MarHHTa. 

PHe.8. PaenpegeneHHe KOMnoaeHTbi By MarHHTHoro noJIR 

B pa6o'leM 06J.eMe eneKTpOMeTpa H H8 paeCTORHHH 

/];0 170 eM OT Kplm RpMa MarHHTa. (llpRMOyrOJibHHK DO· 

K83biBaeT Kpaii pa6o'leil o6naeTH). 

6 

KpoMe Toro, 6biJIH npoBeAeHbi AononHHTeJihHbie H3MepeHHH npH noMo

IUH nepeHOCHOrO ,ll;aTtiHKa B6JIH3H OT,ll;eJibHbiX tiaCTeM YCTaHOBKH, BJIHHHHe 

llOJIH Ha KOTOpbie'MO)KeT 6biTb 3aMeTHbiM. !faK, B o6mlCTH ~eXaHH3Ma pac

IIlHpeHHH BUIIK 3HatieHHe nonH cocTaBHJIO 136 3pc:reA, a 6JIH3H <f>oToyMHO· 

)KHTeJieii: CUHHUMJIJIHUHOHHbiX ClleTtiHKOB perHCTpaUHH tiaCTHU nytiKa 3TO 

3HatieHHe AOCTHrano 70 3pcTeA, liTO MO)KeT noBJIHHTh Ha pa6oTy ::~nekrpoMar
HHTHhiX KnanaHoB BUIIK H <f>oToyMHO)Kl:ITeneii: H noTpe6yeT AOOOJIHHTeJILHo~ 
HX 3KpaHHpOBKH. 

0AHOpOAHOCTb noJIH BHYTPH MarHHTa MO)KeT 6biTb cnerKa .HCKa)KeHa 

3a CtieT KOHCTpyKTHBHbiX OC06eHHOCTeH · ,ll;eTaneii: MarHHTOllpOBO,ll;a, HO 3TH 

HCKa)KeHHH HaXO)l;HTCH. B,ll;aJIH OT rpaHHU 3<f><f>eKTHBHOH 06JiaCTH perHCTpaUHH 

tiacniu H He MoryT OKa3aTb KaKoro-nH6o BJIHHHHH ua TOtiHOCTb BOCCTaHOBJie

HHH perHCTpHpyeMbiX C06biTHH. 

ABTOpbi 6naro,ll;apHT · COTPYAHHKOB CH30 H H30BK JIB3 3a yt~aCTHe 
B llOArOTOBKe H npoBe,ll;eHHH MarHHTHhiX H3MepeHHH,· a TaK)Ke COTPYAHHKOB 

Konna6opauHH· BI1C 3a npe,ll;OCTaBJieHHe nporpaMMhi ,ll;JIH 3llfiHCH pe3yJILTa

TOB H3MepeHHii: Ha II3BM. 
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