
{1- I 

,--r 

\. 

, 
s+ i-31~-tl 

' 

~.C.~aBMAKOB, B.H.~aHMROB, 

ID.B.TapaH, A.H.qenypHo~ 

MArHHTHblt1 3KPAH 

COOfilllBHMR 
OtibBAMHBHHOrO 

MHCTMTYT8 
RABPHbiX 

MCCnBAOB8HMM 

AYfiHa 

;L 

Pl3-81-586 

.. -

~RH BHOROrHqECKHX 3KCfiEPHMEHTOB 

1981 



• 

''JY~ 

·/i 

!'. ' .,, . 

1. BBE,ltEHI.fE 

HMeO~HecR e nHTepaType 3KcnepHMeHTanbH~e AaHH~e o AeHCTBHH 
MarHHTH~X noneH Ha pa3nH4H~e 6HOnOrH4eCKHe 06DeKT~ lcM.,HanpH
Mep, pa6oT~ 11·611 no3eonROT npeAnonaraTb, 4TO MarHHTHOe none 
3eMnH H ero ~nyKTya~HH TaK*e MOryT OKa3aTb BnHRHHe Ha XOA 6HO
norH4eCKHX npo~eccoe e 6Hoc~epe 16 < npoeepKy 3TOH rHnoTe3~ Mo*
HO OCy~eCTBHTb 3KCnepHMeHTanbHO nyTeM cpaBHeHHR *H3HeAeRTenb· 
HOCTH 6HOnOrH4eCKHX 06DeKTOB B npHCYTCTBHH H OTCYTCTBHe reo
MarHHTHOro nonR lfMnl. noA06H~e 3KcnepHMeHTbl npoeOAHnH P.6eK
Kep17~ M.XannepH "' BaH ,ltaHK18~ AP· Y MHKpoopraHH3Moe, Haxo
AHBWHXCR B ocna6neHHOM fMn, Ha6nOAanOCb CHH*eHHe B~*HBaeMoc
TH H yeenH4eHHe COAep*aHHR MyTaHTH~x KneToK. B pe3ynbTaTe AnH
TenbHOro Ha6nOAeHHR 3a *HBOTHbiMH IMbiWaMHI B ocna6neHHOM reo
MarHHTHOM none 06Hapy*eH~ H3MeHeHHR ~H3HOnOrH4eCKHX H 6HOXHMH-
4eCKHX CBOHCTB KneTOK *HBOTH~X, a TaK*e HapyweHHR ~YHK~HOHHpo· 
BaHHR BHyTpeHHHX OpraHOB. 

C ~enbO nony4eHHR KOnH4eCTBeHH~X xapaKTePHCTHK, OnHC~Bao-1 
~HX peaK~HH 6HonorH4eCKHX 06DeKTOB /MHKpoopraHH3MOB, KneTOK 
pacTeHHH H T.A.I Ha 3KpaHHPOBaHHe OT fMn, HaMH 6~n H3rOTOBneH 
BOCbMHCnOHH~H ~HnHHAPH4eCKHH nepMannoee~H 3KpaH, OnHCaHHe KO
TOporo npHBOAHTCR B AaHHOM C006~eHHH, 

3~~eKTHBHOCTb ocna6neHHR fMn 3KpaHaMH ~HnHHAPH4eCKOH ~OpM~ 
npHHRTO xapaKTepH30BaTb HOpManbHbiM k H AH~~epeH~HanbH~M k d 
K03<I><I>H1.1HeHTaMH 3KpaHHpoeaHHR. HopManbHbiH K03<I><I>H1.1HeHT 3KpaHHpo
saHHR k OnpeAenReTCR KaK OTHOWeHHe eenH4HH BHeWHero OAHOPOA
HOrO nomr He , HanpaeneHHOro nepneHAHKynRpHo I k .L I HnH napan
nenbHO I k 11 I ocH 3KpaHa, H nonR Hi , npOHHKwero BHYTPb 3KpaHa: 

H 
k = --..!_. , .ltH<!><!>epeHI.IHanbHbiH K03<I><!>H1..1HeHT 3KpaHHpOBaHI1H k d 

Hi 
OnpeAenReTCR KaK OTHOWeHHe Befli1411H H3MeHeHI1R BHeWHerO nonR 
~H M COOTBeTCTE.JyO~ero eMy M3MeHeHMR nonR BHYTPM 3KpaHa ~Hi: 

e ~H 
kd = __ e_. 

~Hi 
3Ha4eHMR K03<!><I>MI..IMeHTOB 3KpaHI1POBaHMR onpeAeflROTCR reOMeT

PMeH M MarHMTHOH npOHHI..IaeMOCTbO MaTepHana 3KpaHa ~ , KOTOpaR 
3aBHCHT OT eenH4HHbl MarHHTHOro nonR. npH senH4HHe nonR H

8 
, 

3Ha4HTenbHO MeHbWeH K03pl..leTHBHOH Cl1flbl He, HOpManbH~H M AH<!>
<!>epeHI..IHanbHbiH K03<!><!>H1..1HeHTbl COBnaAaiOT H onpeAeflRIOTCR 3Ha4eHMeM 
Ha4anbHOH ~(0) MarHHTHOH npOHHI..IaeMOCTI-1 • 
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2. KOHCTPYKUHH 3KPAHA 

npH C03AaHHH 3KpaHa HCnOnb30BaH On~T pa3pa60TKH MarHHTHOrO 
3KpaHa Anfl YCTaHOBKH "TpHCTOM 11 B Jla6opaTOPHH HeHTPOHHOH $H3H
KH B nepHOA c 1970 no 1980 rr .19·131 • 

nepMannoes~e I.IHnHHAPbl, H3 KOTOPbiX C06Hpancfl 3KpaH Anfl 6Ho
JlOrH4eCKHX HccneAOBaHHI4, 6~nH ceapeHbl H3 pynOHHoro nepMannofl 
80 HXC WHPHHOI4 250 MM H Ton~HHOI4 0,25 MM. Pa3Mep~ I.IHnHHAPOB 
lpaAHYC~- R H AnHH~- Ll npHBeAeHbl B Ta6n. 1. 

Ta6nm~a 

llapaMeTpbi nepMannoeBbiX ~HJ1HHp;poB, HcnonbsoBaHHbiX 
npH c6opKe sKpaHa 

n 1 2 3 4 5 6 7 8 

R' MM 161 ,5 151 ,5 142,5 134,5 127 120 113 107 

L, MM 629 612 595 578 561 544 527 510 
ll (0). 10-4 I, 77 3,78 3,76 4,53 5,35 

sKcnepHM. 

0TmHr I.IHnHHAPOB npOH3BOAHnCfl B saKyyMHOi:1 ne4H npH TeMnepa
Type 1150°C e cTaHAaPTHOM pemHMe. C6opKa I.IHnHHAPOB ocy~ecTsnH
nacb nocnoi4Ho, Ha4HHafl c HapymHoro cnofl I n =1 e Ta6n. 1 I, no 
MeTOAY, onHcaHHOMy B/lO/.UHnHHAPH4eCKHi4 KOpnyc H3~arH~THOrO 
MaTepHana ycTaHaBnHsancfl eepTHKanbHO Ha cnei.IHanbHY~ noACTasKy, 
n03BOnfiBWY~ KamA~A nocneAY~~HA nepMannoes~A I.IHnHHAP $HKCHPOBaTb 
OTHOCHTenbHO KOpnyca B CTpOrO 3aAaHHOM nonomeHHH. 

B 3a3op MemAY I.IHnHHApaMH 3acblnancfl ecneHeHHbll4 nonHcTHpon, 
KOTOp~A 3aTeM cnpeccoe~eancfl KOJlbl.laMH c noMO~b~ wnHneK, npony
~eHH~x 4epe3 KOJlbl.la. TaKOe KpenneHHe CJlOeB OTHOCHTenbHO KOpny
ca H APYr Apyra cy~eCTBeHHO yMeHbWaeT y HHX HanpflmeHHe H3rH6a 
s pa6o4eM ropH30HTanbHOM nonomeHHH. nocne Taro KaK 6~nH co6pa
H~ BCe BOCeMb CJlOeB, 3KpaH ycTaHOBHnH ropH30HTanbHO Ha nOACTas
Ke, KOTopafl MOmeT Bpa~aTbCfl BOKpyr CBOei:1 OCH Ha 360°. B pa6o-
4eM nonomeHHH 3KpaH OpHeHTHpOBaJlH OCb~ nepneHAHKYJlflpHO BeKTO
py rMn. 

KamA~I4 nepMannoes~A I.IMJlMHAP c TOPI.IDB 3aKp~eaeTcfl ABYMfl Kp~w
KaMM, M3rOTosneHH~MM TaKme M3 nepMannofl 80 HXC. Top1.1es~e Kp~w
KM 6~JlM C06paH~ B CbeMH~e 6JlOKM, KOTOp~e 3aKpenJl~JlMCb Ha KOpny
CC. B l.leHTpe KamAOro 6noKa MMeeTCfl OTBepCTMe AMaMeTpOM 40 MM. 
4epe3 3TM OTBepCTMA K cnei.IMaJlbHOMY TOKOnpOBOAy, HaXOAfl~eMyCfl 

BHYTPM 3KpaHa, OCy~eCTBJleH nOABOA nepeMeHHOrO TOKa 4aCTOTOi4 
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50 r1.1 OT CMCTeM~ pa3MarHM4MBaHMfl H nOAMarHM4MBaHHfl 3KpaHa 
lee onMcaHMe AaHo e 1 ll11. ToKonpoBOA BbinOilHeH B BHAe nonoro, 
COOCHOrO 3KpaHy, TOHKOCTeHHOrO I.IHilHHA~d M3 HeMarHMTHOrO MaTe
pHaila AHaMeTpOM 184 MM. TaKafl KOHCTPYKI.IHfl CHCTeM~ n03BOI1fleT 
pa3MarHH4MBaTb HilH nOAMarHM4HBaTb cpasy BC~ c6opKy. 

Anfl C03AaHHfl BHeWHHX MarHHTH~X nonei:1, He06XOAHM~X Anfl onpe
AeileHHfl K03$$M1.1HeHTOB 3KpaHHpOBaHHfi,HCnOilb30Ba11H COileHOHA H 
ABe nap~ npHMoyroilbH~X KaTyweK. ConeHOHA HaMOTaH Ha Kopnyc 
3KpaHa COOCHO I.IHI1HHAPH4eCKHM nepMa11110eB~M CilOfiM. KaTYWKH npfi
MOyrOilbHOA <!>OPM~ H3rH6a11HCb no 1.1HI1HHAPM4eCKOi:1 nosepXHOCTH KOp
~yca H 3aKpen11fi11HCb Ha HeM TaK, 4TO HX OCH 6~11H nepneHAMKy
IlfiPHbl OCH 3KpaHa M HanpasileHbl sepTHKailbHO Ailfl OAH014 napbl H 
ropH30HTa11bHO Ailfl APYrol4. Pac4eT M30rHyT~X npf!MoyronbH~X Ka
TyWeK IHnK/ AaH e 1 121. MarHMTHbll4 3KpaH noKa3aH Ha pHc. 1 . 

PHc. I . BocbMHCJIOHHbiH ~HJIHHAPI·r<IeCKHi'i nepMannoeBbiH 

3KpaH CO CHHTbiM 6JIOKOM TOp~eBbiX KpblllleK. 

3. MArHHTH~E H3MEPEHHfl 

Anfl H3MepeHMfl MarHHTHOrO nollfl Hi BHYTPH 3KpaHa HCnOilb30-
Ba11Cfl npOM~WileHH~A TpeXKOMnOHeHTH~H $epp030HAOB~H MarHHTOMeTp 
CKr-S8M c s~XOAHOI4 xapaKTepHCTHKOA oKono 16 HTIMB. TaK KaK 
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, 
TaOJIH~a 2 

Ko:3cPcPH~HeHTbi :3KpaHHpoBaHHH npH nocnoAHoA cOopKe :3KpaHa 

2 3 4 5 6 7 8 

... ... 
!Hi +H'j I ,HT X 1230 310 71 16,5 2+3 1+2 2+3 2+3 

B "Hyne-

kJ_ 
BOM11 none 13,7 51,5 195 895 5660 

B I'MII 32 133 640 4090 25340 -

TOKOM B 
coneHOHAe 7,33 15,8 25,6 40,8 55 72 81 115 

k (O) MeTOA 
II Bp~eHHH 

:3KpaHa 7,35 87 

X llonepeqHaH KOMDOHeHTa MarHHTHOrO DOnH BHYTPH :3KpaHa, Ha
XOAH~erOCH B I'MII H COpHeHTHPOBaHHOrO CBOeA OCbiD nepneHAHKYnHp
HO BeKTOpy I'MII, Pas6poc B 3HaqeHHHX :3TOA KOMDOHeH'I'bl npH j > 5 
xapaKTepH3yeT DOBTOpHeMOCTb pesynbTaTOB DpH MHOrOKpaTHOM pas
MarHHqHBaHHH :3KpaHa. MarHHTHbie H3MepeHHH npoHsBeAeHhl AO MOHTa
)f(aKpblllleK. 

ero ra6apHT~ AOBOnbHO eenHKH, TO MarHHTHOe none H3MepRnOCb 
TOnbKO Ha OCH 3KpaHa, 

nepeA KamA~M H3MepeHHeM npOH3BOAHnH pa3MarHH4HBaHHe 3KpaHa 
c noMO~b~ cne4HanbHO~ CHCTeM~ 112~ PasMarHH4HBaHHe ocy~ecTBnR
nH B 11 HyneBOM11 MarHHTHOM none, )lnR nony4eHHR 11 Hyneeor011 nOnR 
4epe3 HnK nponycKanH TOKH, KOTOp~e C03AaBanH MarHHTHOe none, 
KOMneHCHpoeaewee rMn. 

npH H3MepeHHH nonepe4HOrO K03~~H4HeHTa 3KpaHHPOBaHHR kJ. 
e 11 HyneeoM11 none IAanee kJ. (0) I TOK e OAHO~ H3 nap HnK eapbH
poeanH TaK, 4T06bl rHC1'epe3HCH~e 3~~eKTbl 6~nH HeCy~eCTBeHHbl. 
,llnR onpeAeneHHR nonepe4Horo HOpManbHoro K03~~H4HeHTa sKpaHHpo
eaHHR B rMn, paBHOrO B HaWHX ycnOBHRX 40 MKT, H3MepRnH MarHHT
HOe none BHYTPH 3KpaHa c BKn~4eHH~MH H BbiKn~4eHH~MH HnK. B nep
BOM H3MepeHHH onpe~enRnacb nonepe4HaR KOMnoHeHTa pacceRHHoro 
MarHHTHOrO nonR Hj , B~3BaHHOrO 0CTaT04HO~ HaMarHH4eHHOCTb~ 
3KpaHa, BO BTOpOM H3MepeHHH - nonepe4HaR KOMnOHeHTa CYMMapHOrO 
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nonR H1 + H '1 • TaK KaK oceeaR KOMnoHeHTa rMn npH pa6o4eM no-
nomeHHH 3KpaHa OTCYTCTByeT, TO H3MepeHHR npOAOnbHOrO K03¢$H4H
eHTa 3KpaHHpOBaHHR k 0 npOBOAHnH TOnbKO B 11HyneBOM11 

none I Aanee k 11 (0) I . 
PesynbTaT~ H3MepeHH~ K03¢$H4HeHTOB 3KpaHHpoeaHHR npH no

cno~HOH C60pK~ 3KpaHa, 8~nOnHeHH~X AO MOHTama Kp~WeK, npeA
CTa8neH~ 8 Ta6n.2. H3 3TOH Ta6nH4~ BHAHO, 4TO C yeenH4eHHeM 
KOnH4eCT8a C'ii'O'e8 j K03¢$H4HeHT~ kJ. (0) H kJ. CHnbHO paCTYT, 
AOCTHraR npH j =5 3Ha4eHHH ::6-108 H ':::.2,5·104 COOTBeTCTBeH
HO. npH AanbHeHWeM y8enH4eHHH KOnH4eCT8a cnoe8 H3MepeHHe 3THX 
K~3¢$H4HeHT08 He YAanocb ocy~eCT8HTb Hs-sa HeAOCTaT04HOH 4y8-
CT8HTenbHOCTH HCnOnb308aHHOrO MarHHTOMeTpa. 

0AHaKO AnR j > 5 MOmHO 04eHHTb 3Ha4eHHe K03¢$H4HeHTa 3K
paHHP08aHHR pac4eTH~M nyTeM, HCnOnb3YR aHanHTH4eCKOe 8~pame

HHe AnR 3aBHCHMOCTH kJ. OT 4Hcna cnoee 1181 8 BHAe 

t j J R2i -(R i -1 + t) 2 
k J, j = (2) E IL i 8 ' I 1 I 

1 -1 R 1 
rAe t- Ton~HHa cnoR; j - 4Hcno cnoe8; lli H R 1 - Ha4anb
HaR npOHH4aeMOCTb H paAHYC i-ro 3KpaHHpy~~ero CnOR. 

,llnR cnoe8 c j =1 +5 H3 3KcnepHMeHTanbH~x 3Ha4eHHH k J. (0) no 
ypa8HeHH~ /1/ 6~na onpeAeneHa HX Ha4anbHaR npoHH4aeMOCTb IL(O) 
/eM. Ta6n.1/, KOTopaR AnR 4-ro H 5-ro cnoee oKaaanacb 6nH3Ka 
K 3Ha~~. Aa8aeMOMy rocToM. nonaraR AnR cnoee c j =6+8 
B Ka4eC.T8e HHmHHX 3Ha4eHHH Ha4anbHOH npOHH4aeMOCTH 3KcnepH
M~HTanbH~e 3Ha4eHHR AnR CnOe8 C j =4 +2, MOmHO nony4HTb HHm
H~~ 04eHKY K03I!XI>H4HeHTa kJ. (0) AnR 8-cnOHHOrO 3KpaHa. 0Ha OKa-
3allaCb pa8HOH 4 ·1 0 5 , a K03I!XI>H4HeHT k J. npH 3TOM, no KpaHHel/.i 
Mepe, e 10 pas 6onbwe, TO ecTb rMn BHYTPH sKpaHa ocna6neHo 
6onee 4eM 8 MHnnHoH paa. 

HaMepeHHR npoAOnbHOro K03I!XI>H4HeHTa k11(0) npoH380AHnH c no
MO~b~ 8apbHPOBaHHR TOKa B coneHOHAe, a TaKme MeTOAOM 8pa~eHHR 
3KpaHa B ropH30HTanbHOH nnOCKOCTH. npH Bpa~eHHH 3KpaHa B ro
pH30HTanbHOH nnOCKOCTH H3MeHReTCR KOMnOHeHTa rMn, napannenb
HaR OCH 4HnHHAPa, 4TO n03BOnReT onpeAenHTb k 11 (0) BTOp~M cno
co6oM. ,llnR OAHOcnOHHoro 3KpaHa I j =1 I o6a MeTOAa AanH coena
Aa~~He sHa4eHHR k 11 (0) . 

npH AanbHeHWeH c6opKe 3KpaHa K03¢$H4HeHT k 11(0) onpeAenRnCR 
TOnbKO c nOMO~b~ coneHOHAa /pesynbTaT~ npeACTaeneH~ e Ta6n.2/, 
HO Ha 8-cnOHHOH c6opKe H3MepeHHR 6blnH np08eAeH~ OnRTb o60HMH 
MeTOAaMH, AaBWHMH peaynbTaT~. pa3nH4a~~HeCR Ha 40%. no8epHyB 
3TY c60pKy Ha 90° B ropH30HTanbHOH nnOCKOCTH, H3MepHnH HOpManb
H~H K03¢$H4HeHT k11 AnR ropH30HTanbHOH KOMnOHeHT~ rMn /8 Ha
WeM cny4ae OHa COCTaBnRna 12,8 MKT/, OKa3aBWHHCR paBH~M 87. 

no OKOH4aHHH 3THX H3MepeHHH 6~nH CMOHTHpOBaH~ ABa 6noKa 
TOp4e8~X Kp~eK. Ha pHc.2 npH8eAeHa aaeHCHMOCTb npoAOnbHoro 
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PHc.2. 3aBHCHMOCTb npo~onb
Horo K03~H~eHTa 3KpaHHpo
BaHH.H ~.H 8-cnoH:Horo 3KpaHa, 
Haxo~.HIIIeroc.H B "HyneBoM" no
ne, OT KOnHtl.eCTBa /m/ nap Kpbi
meK, Ctl.HTa.H OT BHyTpeHHero 

8-ro cno.H. 
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PHc. 3. I13MeHeHH.H ~H 11 I B HT I tt.. O 
OCeBOH KOMllOHeHTbl MarHHTHOrO , 
non.H BHYTPH 8-cnOHHOrO 3KpaHa 
C KPbEKaMH npH Bp~eHHH 3Kpa-
Ha Ha 360° B ropH30HTanbHOH 
nnoCKOCTH B npHCYTCTBHH fMTI, 
a - yron MelK,IJ;Y OCbiO 3KpaHa 

H llHHHeH B ropH30HTanbHOH 
nnoCKOCTH, nepneHAHKYll.HpHOH 
ropH30HTanbHOH KOMllOHeHTe 

rMTI. 

-7L-----~~----~ 

-t 0 SINti.. 1 

K03C!>$1111..11AeHTa k II ( 0) , IA3MepeHHOrO C noMOIJ4biO COneHOJAAa, OT 
KOnJA4eCTBa I m I nap ycTaHoeneHHbiX KPbiWeK. 

nocne MOHTa>Ka BCeX BOCbMIA nap KpbiWeK JA3MepeHIA.FI K03<1l<!>IAL\IAeHTa 
k II (0) o60JAMIA MeTOAaMJA Aanlll 6nJA3KIAe 3Ha4eHIA.FI: 1400 .;-1500, TO 
eCTb k 11(0) yeenJA41AnC.FI B 18 pa3. np111 3TOM HOpManbHbll7i K03$$1AL\IA
eHT k 11 /noeopoT Ha 90 ° I eoapoc e 24 paaa 111 cocTaBIAn 2100. 
Ha pJAc.3 noKa3aHo JA3MeHeHIAe oceeo~ KOMnOHeHTbl MarHHTHoro non.A 
BHYTPIA 3KpaHa C KpbiWKaMIA npH ero epa1J4eHIAIA Ha 360° B ropi130H
TanbHOI7i nnocKOCTH. Bpa1J4eHIAe 3KpaHa noaeonHno He TonbKO onpe
AeniATb 3Ha4eHIAe HOpManbHOrO K03$<1l1AL\IAeHTa 3KpaHJApOBaHIA.FI k11, 
HO Ill CAenaTb BbiBOA, 4TO Aa>Ke B nonHOCTbiO co6paHHOM COCTO.FIHIAIA 
Henb3.FI pacnonaraTb 3KpaH npoJAaeonbHO. An.FI nony4eHJA.FI MaKcJAManb
Horo An.A AaHHoro ycTpo171cTea 3<1l<lleKTa 3KpaHJApoeaHJA.FI Heo6XOAHMO, 
4T06bl OCb 1.111ni1HAP114eCKOrO 3KpaHa fiblna nepneHAIAKYn.FipHa BeKTOpy 
not<anbHOrO rMn. 

KaK noKaaanl1 113MepeHJA.A, nocne MOHTama KpblweK ocTaT04HOe no-
ne BHYTPIA 3KpaHa nOHI131AnOCb AO 0,5.;-2 HT /pa36poc Bb13BaH 
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r.poueAYPOH paaMarH114JABaHJA.A/ 111 CYIJ4eCTBeHHO pa.cw111p111nacb o6-
nacTb OAHOPOAHOrO non.A.B npeAenax 10 CM no OCIA 3KpaHa B o6e 
CTOPOHbl OT ero ueHTpa H3MeHeHHe non.A He npeeblwano 1 HT. HaMe
peHH.FI CTa6JAnbHOCTH OCTaT04HOro nOn.FI $epp030HAOBbiM MarHJATOMeT
pOM noKa3anH, 4TO cpeAHeKBaApaTH4Ha.FI aMnnJATYAa $nyKTyaLIJAI7i npo
AOnbHOI7i 11 nonepe4Ho171 KoMnoHeHT e nonoce 4aCTOT 2· 10-4.;-z.1o-tru 
He npeeblwaeT 0,2 HT. 
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