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UeHTP<LllbHhlii Hay•1HO-HCCJ1e.ctoean•J1h(KHii HltnHTyr H1tcjlop111al(MN 
H reXHHK0-3KOHOMH'leCKHX HCCJ1e;11>11aHHii no llTOMHOH ttayKe 
11 rexHHKe (UH H HaTOMHHcjlop111) l!lli7 r. 

llli'l:po:Koe rrpmJJeHel!l1e a.BToreHepa.TopoB Ha TYHHSJI:bHOM ,!U{O,ne 

(Tn) B KpHoreHHoH axcnepHMeHTa.JlbHo~ WH3HF.e H TexHHKe [IJ cB11-

3a.IIO c TSM o6cTOY.'reJI:bCTBOM' '{TO OHH MOl'YT 6HT1> co6pa.HH B BH.D;e 

OT,ll;SJI:bHHX MO.nyJtett, IlOMemaeMIDC B RpHOCTaT B Henocpe.n;cTBSHtlOH 

6JIH30CTH OT KPHOreHHoro 06'beRTa. B pa6oTax [2-4) reHepaTOPH 

Ha TA HCITOJI:b30Ba.Jrnc:r, .n;.IL'i Hcc;re.n;oBaHIDI rreperpeToro MeTacTa6HJtb­

Horo cocTO.fIHIDJ: B rpa.tty;rnpoBa.HHHX cBepxrrpoBO.D;HHKa.X rrepBoro po­

.na. B 3THX aKcnepnMeHTax Heo6xo,!UiMO, qT06H Be~HHa .113Mep.11-

TeJI:bHoro MarHHTHOro B'!-rro.JJR 6HJta, no RpaiiHeH Mepe, Ha .D;Ba-Tpli 

nop;mK.a MeHI>llle lllHPlnlH cBepxrrpoBOWID1ero nepexo.na, ocodeHHO npt 

HCCJte,noBa.IDtH B6Jtli3H KP.11TH'i6CKOH TeMrrepaTypH CBepxnpoBO.D;HllliOB. 

Ilp.11 HCTIOJI:b30BaHliH reHepaTopOB Ha Tn B ycTpoMCTBax, padoTaf001HX 

np.11 Ii':I3KlitX .11 CBepxH.113KHX TeMrrepaTypro., He,nonycTHMOCTb 3Haq.11-

TeJI:bHOro TeTIJtOBH.n;eJteHHH Ta.FJKe np.11BO,!U{T K Heo6xo,n.11MOCT.l1 orprulli­

'lliBaTI> aMII.JlliTYllY reHepamm. 

B HaCTOJilI1eii pa6oTe np.11BO.wITCJI pe3yJtbTaTH aKcrrep.11MeHTa.nI>HO­

ro .11 TeopeTHt!SCKOro HCCJte,nOBallliH 3a:B.11CHMOCTll qacTOTH .11 a.MIIJlli­

TYl!il B'I-KoJte6a.mrtt OT HanpH.JKeHH.fI nMememm Ba Tn ,IT,JIR reHepaTopa, 

KOTop!lH .11cIIOJ11>30BaJIC.fI B pa6oTax[3,4] )J)1i{ liCCJte,noBaHH.fI MeTacTa-
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IIJIBTY .nu ROJICdalh!il 

·mcTOTbl reHepc:.:1,~m 

HCITOJU.30B'3.!ll!Oro !l 

.. a p;ic.~ 

r0 Har;p.1:1:wrnm c 

C1 !! C2 .fIBJl.iIIO'rC 

llIJI 

,IJ,JW lf3Mepemrn: &\iIIJUfi~.lJ.ll Ha!IPHJK 

'rY 

HOM .n;ao.n;e Va • llaCT:b reuep:nopa, o6Be.n;e>rHu.n 

!THOl'O Bl! IIOJlR 

lla'!0HH1! 8.M-

OTaOM:OHOC'l'I> 

mm ( BA.X) 

.:-.neira. 

XO.n;HMO-

'YlllleJTh-

:'IYH}(-

TITPOM, clb!Jia li3POTOBl!eHa B mme OT]\e.JI:bHoro MO,rzyJIJl, m::T 

ma.ncsr n re.ri..ueB!lli ICpuocTaT. 
• nor.1e-

B :i<.a rncTBe TyHHe.JI:bHoro .nuo.na rrpurv:eu&1c1! o<ipa..11emml! Tymre.JI:b­

H!:l~ .Il;Ho.n; uapKvr AH402E. Pa.n;uo<racTOTHM Ka'r'JIDKa ROJie6aTeJI:bHoro 

ROHTypa L = L, + L·2 dIJia HaMOTa.Ha. Ha RBapueBylO Tpy6Ky Hapyl!tHHM 

uuaMeTpOM 8 MM u co.n;epl!<.aJia JI BHTOR c OTBO.Il;OM OT II-ro BHTI<a. 

:10. TOM lite KapI<ace ITOMema,JICJI BUTOI~ CB1!3U Le • ConpO'l'HB.Jie!UIB Rp 

·,,; R 4 clHJIU :vrsroToBJieHl:l :vi:s MaHrrurn..HoBor·o npoBo.n;a ,n;m.MeTpoM 

J,06 r.~M u cll:l.JIH clnqm:.i.urpno HaMOTa.Jlll Ha RepaMH'l8CRHe TpyclRH .n;;ia-

·l8TPOM 3 MM. B Ka'I8CTBe eMROCTH ROJieclaTe.JII>HOrO KO!l'r'Jpa C II 

et.ROOTH c2. npUM8HiI.JIBCI> KOH,I(eHCaTOpl:l Mapirn KCO-I c MaJ1.m.1 TeMrre­

pa.'Tj :;JH!lM 1\0aj:qimll!eHTOM Tr1'.E •. ViCTO'IHHROM TOI<a CJIYAl'.!JJ:a claTapeJI 

"i'.iapc" HanpmteHueM I,5 B. fenepaTop pacloTa.n Ha qacToTe IO MI'u 

r.m TeMrrepaTy1pe T ~ 3 K 

Bo.ri:bT-a:VInepHa.r.r xapaKTepHCT:m<a TyHHe.JII>11oro .n:vi:o.na np:vi: TeMIIe­

pa Type T "' 3 K, H3MepeHHM c TO'IIIOCTI>IO I%, np;rne.n;ena. ua p;rc. 2. 
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Ha pKcyHKa. BK,Wio, ~To oTpxna.Te..n.HID!: y'IB.cTo~ BAX RccJ!e'AOBa.HHO­

ro ;nl!O'Aa npR yitaaaHHoil pa6o~el Ter.mepa;cype Ha.XO'AMTM Me'IJIY 

Ha.llllfDlteHWIMltl: cMemeHIDl: Vd mln "" 0,075 B R Vama.x = 0, 5 B, npK 

KOTOP!iX TOK qepes 'ARO~ 'AOCTKraeT CBOIDC 3KCTP0MaJll>HliX 3Ha~emill:. 

3aE!CRMOOTK aMIIJllITY,Il;l:I R qacTO~ nepeMel:llioro muipSD!t0Hml: B 

pelltKMe reHepaIJ.lm Ta:KlltC npHBe'AeHH Ha pzo.2.B r eHepaTope Ha6~o­

,wl.71CR Mlll'KIDt pe:imM Boa6y~eHRH , HB.'IHHM c Ha.llllfDlt0HWl: Vd. ::0,09 B. 

C yBeJIK'leHHeM Vd aMIIJT..HTY~ MOHOTOHHO YB0.1llf'mB8JlaCI>, 'AOC·l'KI'M 

cBoero Ma.ItcKMYMa npR Vd2 = 0 ,410 B. Ilpx ~He~meM YBeJIHlteHim 

vd aMIIJIKTY~ reHepanmt yMeHI:imMaCl> , K npx 8Ha'l:0HHI! Vd3 = 
= 0,435 B KOJle6aHw!: opm:l8Jlllcl>. Ilpx yMeHI>memm o aToro aHaqe­

HWI Ha.11pRJlt0HKJi CMe111emm Vd KOJle6amm: BHOBl> B03mmaJIH yllte 

npx MeHl>llllrtX aHa.~emooc Vd4 = 0 , 343 B. AMwmTY~ KOJ!eeia.Hd npR 

STOM BOCCTaHaBJill[BaJI.aCl> IlOJIHOCTI>D. TaltllM o6paSOM, c~eBa Ha6J11>­

,It8JJ.01I Mf!I'"Ad peimM r eHepanmt, a cnpa:aa- lltecTKIDt, c srpxo B!lpa.llteH­

HHM I'KCTepe3HCOM. CJ!e,DyeT OTMeTKTl> Ta.IO!te, qTO Ma.KCHMYM aMIL'IK­

TY11Jl' reHe~ Va = 0,3 B He coBna,n;aJI no noJ!ollteHKJO c To~oti: 

neperx6a BA.X K J!elltBJI CnpaBa OT Hee. 

0THOCRTeJibHoe RSMeHemte qacTOTH B aami:cKMocnr OT Vd no 

noPfJ.l'.tKi BeJ!l!'lllHH He npeBHlll8JlO 5· 10-4 x no xapaxTepy HanoMIDia­

J!o aHMOrH'WYl:l SaBKCRMOCTl> JI.J1H HH3KHX TeMIIepaTyp ns pa6oTH[5] . 

Ha pKcyHKe npltB0'A0H rpa¢mt 38.BRCHMOCTZ C.l(BKI'a qacTOTH A f OT­

HOCHT0Jll>HO e~ MKBHMaJibHOrO aHa.qeHRJi Henocpe'ACTBemro nepe'A CpH­

BOM KOJ1e6alm:lt . 

HcCJle~o:aaHRR: rapMoFmqeoxoro cocTaBa reHepzpyeM!iX KOJie6a­

HIDt noitasa.m, 'ITO npx BH6puntOM 3Ha'lemm Rf aMlll!v.TY11Jl BHcuur.x: 

raPMOHKK OI<asaJmCl> 60Jlee ~eM Ha IlOpa:,D;OK Hmte 8.MII.1raTY,ll;!l OCHOB-
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Hoit ra~oHHKR. 

3a.mrcRMocu a'>lilJlll:TYroi reHe~ Ve OT Ha.np.f.tlltemra cMeme­

HKH .n;JlJI ,na:HHOrO reHepaTopa 6HJia. TaRJKe paCC'l'.RTaHa Ha OCHOBe 

KBa3H.JlRH6itHoro M6TO,Ita (6] • OCHOBaHHoro Ha MeTo.n;e 3HepreTlir'I6C­

KOro 6a.naHca. IIpR aTOM rr)J.ff KB.lK,I(oro aa,n:rumoro aHa'l'.eHWI Va aHa­

'l'.eHHe Va onpe.n;eJia:.nocI:> za ypaBHeHHH a.BToreHepaTopa c oTp:zua­

TeJll>HHM CO!IpOT:zBJI6Hli6M (6,7] • 

1-jG-(Va. 1 Vci)j • R3 q:iq:i= O, (I) 

r.n;e G_(Va,Va) - cpe.n;HHH aa nep:zo.n; .n;:zqxpepeHUHaJll>HaH npoBo.n;:z-

MOC'l'l> T.I\, a 

TOpa B ~MOM. 

R9cpq> - sqxpeKTHBHoe conpoTKBJiemire noTepb reHepa-

Be.mt'tll:Ha G-(Vct, Va) onpe.n;e.r.iRJiac:i:, c noM0111I>IO 3BM ycpe.n;HeHH-

eM l3 rapMOHlf'16CKOM np:z6JUDKCHm'! ~~epeHUHaJll>HOit npoBO~OCT:ll: 

T.U c KCllOJ1L30BaJIH6M annpOKCKM~ BAX Ha OTpeaKe vd ! Va 

Ha pKc. 3 np1rne.n;eHH pacc'l'.RTamrn:e TaruIM o6paaoM 8am!CKMocnr 

I G-( Va 
1 

Vd) l ;IJ.J1H PfI,I(a ~ aHa'l'.eIDlit Va KaK napaMeT-

pa. Xapa.KTepHott oco6eHHOCTl>IO 3T'.t!X 3a.BHCMOCTett HBJIJ'I6TCH HaJlli"lRe 

BTOporo SRCTpeMyMa npu H6HYJ16BllX 3Ha'l'.~HID!X Va wra 60.m;mIDC 

PB.rrpru!teffitii CM6ill6HID! Vd , Jl6ll'.aillIDC Ha BAX npa:eee TO'l'.Rll neper:z-

6a, T. e. ueo,znrosHa.'l'.HOC'.l.'l> WHI<IU!H G- (Va 1 V d.) npR STIDC 3Ha.'l'.e­

HlifiX vd. 
3Ha.'!elllie R 3q>qi He no.n;.n;aeTCH TO'l!IOMY pac'IeTY IIOTOMY. 'l'.TO 

3a.B:ll:C:ll:T Kalt OT HOMIDiaJll>Hl:lX 3Ha'l'.emm aJieMeHTOB 8Jl6KTPR'l6CKOit 

cxeMH, Ta.K li OT KOHCTPYRTHBHoro llICllOJIHemm. II03TOMY B pa60Te 
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Raqicp onpe.I(eJIHJiocI:> npH cor~.aco:saHl'l'.R pacc'l'.KTaHHoro K aKcnepH­

MeHTaJ11>Horo 3Ha'i6HlIB Vd. , COOTB6TCTBY!Oi$DC TO'l'.Ke cpmia rcHe­

parum. Ha pHc.3 .n;JIJI WL11JlCT~ r~K'l:ecKoro cnoco6a pemeHRli 

ypaBHemm (I) npoBe.n;eHa rop:ll:30HTaJll>Halt Jl:ll:HRll, COOTB6TCTBYl(IJ\alI 

B03MOlltHOMY 3Ha'i61llil0 1/ R 3q>Cl' • IIp:z aa,n:aJIHHX 3Ha'Ielill.lDC vd. 
:z R 3c:pcp aMI!JlliTy.n;a reHe:pa.wru Va onpe.n;eJIR.J!aCI> Ka.K a6m~cca 

TO'IKK nepece'l'.eHWI r~ IG-(Va ,Vd)I K JllIIDm 1/R3q;cp,,.const • 

Ilp:z 11a.11K'mll .I\BYX TO'I6K nepece'ieHHH ycTOtt'lliBOMY COCTORHXOJ reHe­

pa.rnm COOTB6TCTBY6T npa:eaa, npll: 3TOM ocyw.ec~BJIReTCH zecTrurll 

pelKIDll reHepa.rnm. CJ.ry'l'.att Kaca.HIDi COOTB6TCTBY6T cpu:ey KOJie6aH:il:tt 

li, Ka.K OTM6'iaJIOCl> Bl:llll6, liCllOJ11>3y6TCJI .n;JIH C0llproit6Hll:H paC'i6THHX 

li q:a.KTRtrecKIDC aHatrelllfi1 Vd np:z cpl:lBG reHepa.rnm H WIR onpe.n;e­

JieHID! aHatrellliR R 3q:icp • 

Pacc'I:ll:'l'aHHHe no,no6HHM MeTo.n;oM saBHCHMOCTll: Va (Vet) WIR 

Pff.I4ll 3Ha'Iemrli R 3'P'+' Ka.K napaMeTpa npRBe,Itel:'..H Ha pHc .4. *1a 

pHcyHKa ~o. 'iTO cymecTByeT KpHTK'i6CKaH Be.Jm'UllJa llOTep!:> . . 

( 'l'O'llia. 7)' Hmlte KOTopott reHepanM H6Bo3MOl!tHa. IIp:z YB6.Jllf'l6Hll:ll: 

R3qxt> BHII1e kPRT:lf'lecKoro aHa'ieHRH BOaHHKaeT o6JlacTI> reHepa­

mm no vd • no Mape YB6JlK'l:0Im.li R 3<pq> OT KPHTM'I6CKOrO 3Ha­

~eHRH n;pozcxo.n;:zT IIJtaBH~ n.epexo.n; OT CHMMeTpn'IHl:lX KPHBHX V4(Vct) 
c MHrKHM peJ!!UMOM B036yl!(JJ;eHll:fi CJI6Ba li cn:pa.Ba K acll:MM6Tplir'IHl:IM 

Rpn:BHM c MHI'KHM peJKHMOM B036YiKA6Hll:H CJieBa H xecTJruM pe~HMOM 

c !'HCTepa3HCOM crrpa.Ba. 

)1.nH HCCJie.uyeMOro reHepaTopa Racp.p ORa3a.JlOCI> pa.BHHM I0,3R0~ . . 
Pac'l'.eTHaH 3aBnCJ1[MOCTl> Va\Va) npz aToM aHa'l'.eHml: R!l<?!' nocTpveH~ 
CWIOIIlHOI JIIDmefi Ha pnc.2 c Y'i6TOM UOIIpaBK!t Ha "aBTOCMemel:llie"r6], 
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He rrpeBIDllB.Kmefi, o~o • .D;JL<I ,wurn:oro reHepa.Topa. 3%. KaK BK,WIO 

K3 p:acy1ma, HCilOJUi30BaI-lHJ-ra Me~O,I( pacqeTa Il03l30Jlltll ,ll;OCTK'Ui P.e 

TOJIDKO Ka.'IeCTBeHHoro. HO H ltOJUrtieCTBeHHoro cor.nacwt c RSMepeH-

HHMli 3Ha'i0IDIRMH 8.MWillTY,I(l:l reHeparum. 

AMIDIHTY~a :l!sMep11TeJUiaoro MarHHTHoro B'q nOJlli, nepecquTaH­

Hal'I F.£3 SaBHCRMOCTH Va. (Va) c y'leToM uerroJIHoro BKJllD'IeHWI ROH­

TYpa n BeJUNIDI!i ero ,n;o6poTHOCT.II, He rrpeBUll!a.Jia O,I MKT B6.ID'Isn 

rropor-a reueparum. MrutcnMa.1u,aoe sHa'lemxe Ma.rHn'rHoro B'CI rro.IDI Ha 

o6pas~e cocTa:BJ!JtJlO 0, 7 MKT Y. ,n;ocTHra.nocI> np111 MaKCHMa.'fbHIDC ypoB­

HJDC r('Hepai:.nm. 

l1cCJie,D;OBaHJl!Ji CTa6WU.HOCTII 'laCTOTl:l reHepa.IUm Il0Ka3a.Jm, 'ITO 

rrpR ycJIOBIDl: cTa6Wlh:Hocm aJieMeHTOB x0.11e6aTeJU>Hott cncTeMli L , 

c H 3.'IeMeHTOB BHeWHett ~ellll: ( TaRIDC l':.aK Rp • C;a ) • OCHOBH!iM 

qaKTOpOM, IijllIBO,ItlilllHM K HeCTa6RJUiHOCTll '18.CTOTli reHepa.Topa, SIB­

J'.Jl0TM HecTa6a."U>HocTD HarrpJlllteHWi cMemeHWI Vd • Ilpz cTa6:wn.­

HOM V~ Kpa.TKOBpeMeHHaJI HeCTa6HJll>HOCTl> 'ffi.CTOTl:l HCCJie,I(OBaHHOrO 

reHepaTopa COCTaBWia t:.f/ f % 5.10-8 ' a ,ll;OJirOBpeMeHHM ( sa 

60 MID!.) - hf I fo ~ rci-7 • HecTa6M:OHOCTi> '<!8.C'l'OTl:l reHepa~o­
pa OKa.3aJ18.C}, MaKCli.MaJll>HOtt BCJffi3H TO'CJRK rrepern6a OTpxuB.TeJUiHOro 

yqacTKa. BOJUiT-rumepHott xapaxTepHCTRKR T.U. B "!a.CTHOCTH_, JIPK cy­

rnecTBO:Balilil! nocTo.mrn:oro ,n;pettqia Ha.IIpJDKeHID! cMemeHID! ( AVd ~ -

- 0, I MB aa BpeMFI ;rnMepeHID!) HecTa6ruu,uocTI> '!a.CTOTl:l TOllte HO­

c.wia B OCHOBHOM ;:weli<I>oBIDl xapaKTep ll MOHOTOHHIDt yxo,n; TJaCTOTl:l 

COCTa:BJISIJl rv 160 I'll/MB rrpR H6CTa6wt:OHOCTH t:.f If ::.; ro-7• 

Ta.KIIM o6pa.30M, HaCTOmJ:(Kfi reHepaTOp ITOSBOJIHeT IlOJiy'!8.Tl> B 

onpe.n;eJJ.e!llilIX yc.JlOBWiX He60JUimy!l aMILlllITY.ll;Y CTa.6Wll>HHX ITO '!8.CTO­

Te a.BTOKOJie68.HlIB c MRI'KHM pellUIMOM B086ylR,I(eHRfl. AMn.imTY,D;a ROJie-

8 

6rum:I! MO!teT 61:lTl> paCC'!HTaHa, HCXO,Itli KS BAX T,U C IIOMOlltl>IO KBa.3Ii­

.nmre~Horo l.'0TO,I{a c KCIIOJU,SOBrumeM O,ItHOro IIO,nI'OHO"iftOro napa.MeT­

pa - HaJlPiD!teHIDI cMellleHWI Ha ,I(Ho,ne npllI cp1:1Be reHeparum, no Be­

Jfil'll!He KOToporo orrpe~eJIHeTCR Ta.Kl!te ~KTHBHoe corrpoTHBJieH!il:e 

noTepz, reHepaTopa R 3 qicp B ne.no111. 
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I:O)..IJlliCH K Pl1CYHKAM 

Plic.I Tip~HaH sAeRTpH'lecKBJI oxeMa. reHepaTopa Ha TYH­

HeJll>HOM ,!UiO,n:e. IlymtTKpoM 0603Ha.'I6Ha OXJiaJK.D:aeMaJI qacn 

reHepaTopa. 

Plic.2 HsMepeHHl:le xapaKTepKcTHKK reHepaTopa Ha T.U Ra.K q,y~ 

rumpsilKeHRH cMememm Va npH TeMIIepaType T = 3 K: 

• - TOK qepes ,!UiO,n: Lei npK OTCYTCTBKH reHe~ 
(BOJll>T-aMIIepHruI xapaKT9PKCTKKaf, 

o - aMIIJmTy,n:a reHepa.uHR Va 
x - OTMOHeH.Ke 'IaCTOT!i reHepa.wm af OT ee 3Ha'Iemm 

B TO'Ilte cp!iBa aBTOKOJie6rumtt; 

CIIJlOll.IHM JimmJI - pacqeTHM aMIIJlKTy,n:a reHepa.wm Va 
IIymtTKPHaH JJKHKJI - JIRHe~HaJI 3KCTparI~ Ha'Ia.J.ll>HOro 

Y"tffi.CTI<a sxcnepKMeHTaJlbHoii SaBKcm..1ocTK L\ f ( V cl.) 

CTPe.JlEB.WI ( t) K ( t) YKa3a.Hli HanproKeHWI CMemeHRII npK 

Cp!iBe K BOCCT8.Ho.BJ16HRK reHepa.wm COOTB6TCTB6HHO. 

Plic. 3 !?aBHcKMoc Tl> I G - l Va , Va.) I ;rr.M PJl,I(a sa,n:aHHl:iX sHa'Iemrlt 

HaIIproKeKWI CM9!119HRII Ha ,!UiO,n;e v d -· Ra.K napaMeTpa: 

I- 0,CB5 B; 2- 0,095 B; 3- O,IIO B; 
4- 0,130 B; 5- 0,160 B; 6- 0,200 B; 
7- 0,260 B; 8- 0 ,300 B; 9- 0,340 B; 

IO- 0,390 B; II- 0,435 B. 

I'OpH30HTa.J.ll>HB.Ji AKHWI COOTB9TCTBY9T O,n:HOM,y KS B03MOltHl:lX 

3Ha'Iemrlt 1 / R 3qiqi = const . 

PKc. 4 Pac'IeTH!le saBRCHMOCTH aMIIJ.LKTY,ll;li reHe~ Va OT HanpJI­

llt6lil!Ji cMemeHWI V d .zt.l!JI PJl,I(a SHa qelilrl!: R 3cpcp KaK napaMeT­
pa: 

II 



I- I0,3G ROM; 
4- 4,72 ROM; 
7- 2,85 ROM. 

2- 7,80 ROM; 
5- 3,85 ROM; 

3- 6,IO ROM; 
6- 3,33 ROM; 

CTpEIJ!K8.MR ( + ) H ( t ) YI<a.Srum HBI!plDleHIDI cpHBa H 

BOCCTaHOBJieHID> aBTOROJie6amrll: COOTBeTCTBeH1io. 
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