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© UeHTp8JlbHblA HBY'fH<>-HCCJtell.O&aTenbCKHii HHCTHTYT HH<!><>pMaU.HH 

H TeXHHKO-!>KOHOMH"~ecKHX HCCJlellOB8HHA no 8TOMHOA HayKe 

H TeXHHKe (UH~a1aTOMHHtj>opMl 1984 

Moomme IIOTOKH KOCMH'!6CKHX JJY'!eii PIMeIOT aTMOaj?epHoe rrpm.i:c­

X0'1t,ll;emre ll o6yc~oBJieHH B3a.RMO~ettCTBlleM rrepBlf'IHOH KOMIIOHeHTH c 

Be~ecTBoM aTMocqiepH. C~e~OBa.TeJll>HO, HHTeHCHBHOCTb, sapa:n;oB!Ilt 

COCTaB, yr~OBOe pacrrpe~~eHKe K 3HepreT:lf'IeCIWH crreKTP MOOHOB 

~e.JIRROM orrpe~eJUIJOTCJI xap:tKTepOM B3aPIMO~eil:CTBllH ll COCTaBOM rrep­

BH'!Horo rrytma. 3a,n:aBaJICb Ka.KOtt~60 TeOpeTll'!6CKOM MO~eJll>IO reHe­

prumll ll CpiBHliBaJI ee c K3MepeHHHM 3HepreTll'!eCKHM crreKTPOM MIOO­

HOB, MO]KHO ~e~Tb BHBO~H 0 rrpo~eccax B3allMO~eil:cTBWi MeJii,Ily rrep­

Bli'IHHM a,n;pOHOM K R,I(paMH MOJieey~ B03~xa [I-3] . 
]orapHWMH'!eCKOe ll3M6H6Hll6 ~OTHOCTll aTMOC!l>ePH c BHCOTOH 

IIPKBO~T K 38.BllCPIMOCTll cpe~Hero OBo60,n;1rnro rrp'o6era ll Bepo.11THOC­

TK :r:acrra,n;a BTOPK'!Hl:lX 11acT~ OT seHKTHoro yr~. Oco6eHHHil: RHTe­

pec rrpe~CTaBJI.11IOT o6~CTll 3Hep!'llii IOII_ ID12 aB, Kor.n,a pacrra,n;­

HHH qiaKTop IlllOHOB ll KaOHOB CTaHOBllTCJI cpamm:M c BepOR:THOCTblO RX 

B3aHMO~eiicTBll.11 ll CpaBHemre 3HepreTR~eCKRX crreKTPOB MIOOHOB no~ 

pa3HHMH seHRTHHMH yrJiaMH .n,aeT nHII>opMaIJ,HIO o rrpo~eccax nx o6paao­

Ba.HM (K/ar - OTHOruemm) [3-4] . 
H3MepeHKe 3HHpreT:lf'I6CKOro cneKTpa MIOOHOB Be~eTC.11 KaK I!pffMHM 
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MeTO)_\OM - c IlOM01!11>!0 MarHRTHOro cneKTpoMeTpa [5,6] - ,TaK H 

KOCBeHHHM, no cneKTPY BTOpRi:rnHX 1'.JaCTHU, C03).laHlillX npR npoxOJK­

.u;eHHH Ml?OlleHe:ii RaJIOpHMeTpa (4,7] . 
HecMOTpR Ha Krueyreyoo.f.! npocTOTY MeTo.u;a MarHHTHoro cneRTpo­

MeTpa, KOr,Wl 3Heprli.f.! '18.CTID.JJ:l onpe.u;eJUieTC.f.! IIO ee OTR.JIOHeim:IO B 

MarHRTHOM ITOJie, npH BOCCTaHOBJieHHH rra,n;a!O!I1ero 3HepreTH1!eCKOro 

crreKTpa no H3MepeHHOMY BCTpe<aIOTC.f.! 3Ha'!HTe.Jll>Hh!e Tpy.u;HOCTH. 

06H'!HO rrpH aHa.Jm3e HCITO.Jlb3YIOT He HMilJJlbCmIB crreKTp, a CB.f.!-

3aHHI:lli c HHM crreKTP OTR.JIOHeHHif. 3TOT crreKTP KOppeKTHpyeTC.f.! c 

ytieTOM xaprutTepHCTHK crreKTpoMeTpa H rronpaBOK H cpaBHRBaeTC.f.! c 

RaKHM-~60 Teopenr'fecKHM crreKTpoM, xaprutTePH3yeMHM napaMeT­

poM ~ [ 5, 9 J • Bu6µurnoe 3Ha tJ:emrn ~ )_\OJ!li"JIO COOTB8TCTBOBaTb 

~'lll.lm.1Y COBrra,n;8HH!O crreKTpOB. 

YtieT BC8X HCKa.Ji;eHH:i1: ' BHOCHMHX B H3Mep.rreMH~l 3HepreTH'I8CKI~~t 

crreKTP AparaD.KHM MarIDITHh!M crreRTpm.ieTpoM (ri[! ), .u;ocTO.TO'!HO cJio)l{­

Ha.f.! sa.u;ai:ra. HaH60Jiee 3® 8KTHBHh!M MeTO[\OM KoppeKTHOrO ytJ:eTa B~­

IDIB.f.! rrapaMeTpOB ycTaHOBKH Ha.M rrpe.u;CTa.BJl.ffJ1C.f.! M8TO)I CTaTHCTH'IeC­

KHX llCITHTamri! (M8TO)l; l1iOHT€-Yl.8.pJIO). Aparai:uo.tif ;,;c COCTOHT 113 

3JieKTpOMarHHTa co CMO!lJHJ:lM )l{eJl83lillM cep.u;e'IHHKO!n, BH)_\eJI.f.!IOl!\8M 

CHCT8MH H 'I8THpex HCKPOBHX RaMep (no )_\Be K?M8pbl ).10 H rrocJie 

MarHHTa) [I0-11]. 

CTpyKTypa nporpaMMH 

IlporpaMMa P.aITHcaHa .u;Jlil 3BM E3CM-6 H o6Jia,WleT 6HcTpo.u;eilcT­

BHeM ITPH MaJlOM 06'beMe 38.IlliMaeMOH naM.f.!TH, IlpH C03,W1Hldl1 nporpaM­

MH YtIHTHBaJlaCb Ka.:!{ crrell;liqmta reHepawm tJ:aCTHU IIO)_\ 60.Jll>lllHMH 38HHT­

HHMH yrJiaMH, TaK H crreuruI>RKa pa6oTH c E3CM-6. Il03TOMY CHCT8Ma 

KOOp)l;HHaT, HCilOJll>3Y8Ma.f.! .JJ;JI.i! HMHTau;HOHHOro 3KCnepIDl!eHTa, 6HJla 
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BH6pa.Ha B BH)l;e, rrpe.u;cTaB11eHHOM Ha PHC.I. Mcrro;u,syeMHe rrapaMeT­

PH 6H~ CB.f.!38.Hl:l CJI8).lyKIIUilv1H COOTHOlll8IDI.f.!MH: 

m = R cos u- e = R sln 1" sLn '1 =cos & I sLn & 1 

I • I io'-"7Qo 1.1' COS 1" = h/R = SLn'IY• COS'f ; - c;; - .J 

L = R sLn lJ" m = R · ::os 1J' h = L ·cos 'f 1 

3eHHTHO-yrJIOBa.f.! 3aBHCHMOCTb rra.n:aK111ero IlOTORa Ilpe)_\CTaBJI&i!acb 

TaK: W ("' 'J ( t."1-) :: Jo ( lTmLn) COS p V' ( '\J'mln"' 80°) 
Tor,Wl Bepo.f.!THOCTb IIPHXO)_\a MlOOHa ITO)_\ yrJIOM e 

W(1')d1'= cosftr· si.n1'·diT. (I) 

3Ha'!eime napa.MeTpa f' Ha.XO)l;RTCH B HHTepBa.Jie 0~ .,P ~ 1 H 6HJIO Oilpe­

)l;eJI8HO MeTO)l;OM IlOCJ18)_\0BaTeJibHHX npm:5JIIDKeHIDi. 

.A.nropHTM nporpa.MMH 6HJI COCTaBJieH 

l. EJioK Ha'IaJIDHHX )_\aHirnx. 

2. reHepaUWI MIOOHOB. 

CJ18).ly!O!I1HM 06pa30M: 

3. Ilpox()JK)_\e.Eme MIOOHOB tiepe3 MC c YTI8TOM IlOTepb ::lHeprHH B Be­

mecTBe Mal'HRTa H MHoroRpaTHoe pacce.mme. 

4. BJmsnme OlllH60K 3KcnepHM8HTa. 

5. BoccTaHOBJieHRe TpaeKTOpHH npoxOJK).\eHRH MIOOHOB Tiepe3 MC 

li KOHTpoJib C06HTH:li no KPHTepHHM OT6opa (KpHTep:im: Herrpe­

PHBHOCTH T9a8RTOPHH B )l;Byx rrpoe~H.f.!X) 

6. HaROI!Jlemre .u;aHirnx. 

7. CTaTHCTliTiecIW:tt aHa.JIHs. 

PaccMoTpHM ITO)_\p06Hee 3Ta.IIlil nporpa.MMH, 

I. B 6JioKe )_\aHHHX 38.naBaJIHCb CJie.u;yrollJHe Be.7!1.Pm:HH ( ROTopue 

MOJKHO JierKO M8H.f.!Tb, 'ITO )l;eJiaeT rrporpaMMy YHHBepca.JU,Hott): pa3Me­

PH M3.rHHTa, pa3Mepu HcRpoBHX RaMep, paccTOHHRH Me)f{,Ily oT.u;e.Jll>Irn­

MH Y3Jia.MH MC, 3Ha'!eHRe HH.u;ylCL\lili MarHHTHoro noJIH, npe.u;eJIH H3MeHe-
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HIDI yrJIOB t7 K 'jl , xoop,nmraT x H ~ , aHeprrui: MTOOHOB E J"' , a 

TaruKe KOOP.n;HHaTH YPOBHett H KOJ!l!'IeCTBO Be111ecTBa • .IL.ml ynpomeHRR: 

nporpaMMi npoxoJK,IJ;eHHe MTOOHOB ~epes cneKTpoMeTp HHTepnpeTJ!;poBa­

JIOCb KaK npoxOJK,IJ;eHKe ~epes IO ypoBHeli, oTJm'BRJ!lllXCH ;n;pyr OT 

,IUJyra BemeCTBOM K HaJll!t!HeM noJiff. 

2. Mo;n;eJIHpoBaHHe napaMeTpoB na.11aIOmHX Ha MC MIOOHOB ocymecTB­

JIHJiocb no a.nropHTMY ~OH IIeliMaH.a c KCnOJlbSOBaHKeM reHepaTopa c~ 

'l:B.ttHYX ~CeJI c paBHOMepHHM pacnpe;n;eJieHReM (RND M ) [I2]. re­

Hepa.Top seHRTHHX yrJIOB 6HJI OCHOBaH Ha COOTHOIDeHHH 
1" 1"ma• ~ -

S = ~ W(.&)dt.7/ ~ W(;;.)dtr (tI'max=9T/2), 
1"rn1.n 1"mi.n 

.:!TO BHOOJKeHRe Jierxo pa.spenaeTca OTHOCKTeJibHO tr : 

[ 
p+f J 1/(p+i) 

COS tJ' = S COS &mtn . 

3. IlpoxOJK,IJ;eHHe MIOOHOB ~epes MC MO,I(eJIHpoBaJIOCb CJie.IJYKil\IDA 06-

paSOM. Hcxowi: HS npoCTpaHCTBemrnx napa.MeTpoB XL , ~ L , ~ , 

If~ Ha ypoBHe nepBoro ;n;eTeKTOpa ~ KaJK,IJ;oro L-20 (. L = I, ••• ,n) 

HS 11 MIOOHOB, onpe;n;0Jr.rumcb TpaeKTOPHH ,I(O MarHHTHoro 06'beMa H 

KOOp,n;HHaTH BXO,I(a B Ma.rHHTHlitt o6~eM B .I(BYX npoeK!l;lUDC - B IlJIOC­

KOC TH MarHRTHoro OTKJIOHeHIDI ( x 0 y ) H B neprt.eimRKYJii!PHOH ITJIOC­

KOCTH ( Y02: ) • 
Ilapa.MeTPH TpaeKTOPHH MIOOHOB Ha BHXO,I(e HS MarHHTHOro o6~e~ 

_pacc~THBaJll'ICb c ~eTOM noTepb SHeprHH H MHOrOKpaTHOro pacceH­

tnm B l!teJiese MarHHTa CJie;JJ;yIOillHM o6pasoM. 

Ilo HsBecTHOMY HMIIYJII>cy Pc K yrJiy Bxo;n;a olt1 L -ro MIOOH.a 

onpe;n;eJIHJICH yroJI BHXO,I(a olLa HS MarHKTa B IlJIOCKOCTH OTitJIOHeHHH 

;(Q':J HS COOTHOIDeHHH 
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[ JV.: 
Pt (pi. - e) = 300· Bx~. er L/cos~i. (Si.net,, - si.noCi.z)' (2) 

r;n;e 

e=-~: L =const - cpe,I(Hee SHa~eHHe IlOTep:i:, SHeprnH MIOOHa B Mar­

HHTe1 

L - MHHa mrmi:Ta no ocz cneRTpoMeTpa ( o ':/) [CM] , 

Bx~ - HaIIpJiJKeHHocTb IIOJIH ( 21, I Krc) B 11l!OCKOCTH OTKJIOHeHM 

~i. =arc cos (Px~/IPI) 
Px~ - npoe~ BeKTopa. fl Ha 11l!OCKOCTK XOY, 

<i- - sapH;JJ; MIOOHa (± I), 

.IT.aJiee onpe;n;eJIHJICH yrOJI BHXO,I(a HS MarHHTa c y~eTOM MHOrORpaTHo­

ro pacceHHRR:: 

M 
oli.a = a'..i.z + 1'-x , (3) 

r;n;e 1"x - CJiy11ajtHa.R: peaJIHs~ HOPMaJibHoro pacrrpe;n;eJieHRR: 

n (1'x) dtJ'x co Cpe,I(HeKBa;JJ;paT~HHM OTRJIOHeHHeM 6~=0,021.filjt.,, ·Jr-1?.--J.-P.-~-~e~ 
r;n;e L0 - pa;n;H~OHHaH e.I\HHlllii'.i .I(JmHH (cM) • CMemeBHe TpaeR­

TOPifH KS-Sa llOTep:i:, B MarHHTe K MHOrOKpaTHoro pacce.RlmH onpe;n;e­

JlHJIOCb corJiacao 

AXL=t9[(ol~+oli.1 )/2]·L+- AXpoec., (4) 

r;n;e Li.Xpcicc - cJiy'l:a.ttHaa pea;m~ HOPM8Jll>Horo pa.cnpe;n;eJieHHH 

n(nx) dAx co cpe;n;HeRBa,n;pa.rntJHHM OTRJioHemreM 

0AXpaec. = L· 6'0'/ .J6. (5) 

B nepneH.I(KKyJii!PffOil: IlJIOCROCTH ( ':/Or. ) Ha TpaeKTOpmr MIDOHOB 

Ma.I'HKTHoe no~e He ;n;eil:cTBoBaJ!o H B nporpa.MMe y~Tl:lBaJloc:i:, JmlUb 

BJIRfIHlile MHoroxpa.THoro ps.cceHHIDI. Onm:6Ra cpe;n;HereoMeT_pH~ecxoro 
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IIpR6JIIDKeHIDI (I). (3)' IIPRMeH.FreMoro .Ha!vlli )l;Jlll: y'ieTa 3HepreTll'i8C­

RIDC IIOTepb, Pall.Ha 7 - 5 % )J,ll.ff 3HeprRH 5 - IO rsB H IIpeHe6pe­

llrnMO Ma.Jia IIPH OOJiee BHCORIDC 3HeprIDIX. TiocJie OIIpe.n;eJieH.lffi yrJia 

Bh!XO.n;a R3 Marirn:Ta paCC'IBTHBa.JlHCb T0'1:1Ul IIepecetJ:ellli.A: li yrJIH M!OO­

HOB B RCKp0BHX RaMepax, paCIIOJ10Ji(8HHHX IIOCJ!e r.1arirn:THOro OO'heI;la.. 

4. IlpeJK,IJ;e 'I8M IIepeHT'A K RMHTarzyIH TpeKOB B HCKp0BHX Ra~iepax' 

B IIporpaMMe IIpe.n;ycMaTpHBaJ!C.A: y-qe'r OUIHOOK, CB.A:3aID!lfX c npocTpaH­

CTBeHHb!M BOCCTaHOBJieHHeM COOHTIDi. c 3TOH U6Jlb!O K IIOny'ieHHHM 

3.Ha 'i8Hl1.A:M KOOp.n;RHaT TpeKOB CYMMHPOBa.JJ.RC:O CJiy'Iai-iJ.rue rayccoBH 

OUMOKl1, CB.A:3a.Hlrne c TO'iHOCTb!O perHCTPauRH TpeKOB 6x u 6~ B IlC­

KpoBHX RaMepax. IlocJie 3Toro M!OOH, nporue.n;uulli tJ:epes li!C, C'iRTaJic.A: 

saperHCTPHPOBaHHHM. 

5. IlpH HCIIOJI:o30BallliH RCKPOBhlX KaMep B K8.'I6CTBe .n;eTeKTOpOB 

orrpe.n;eJI.A:!OTC.A: .n;Ba rrapaMeTpa JIRHefrnoli TpaeKTOPflH: yroJI R Koop.n;H­

HaTa. BoccTaHOBJie!IlLe rrp.A:Moli no H3BecTHHM sHa'ienru:rM 3TRX rrapa­

MeTpoB ,IT,JI.ff RaMep, paCIIOJ!OiKeHHhlX Ha pa.CCTO.A:HRH e .n;pyr OT .n;pyra, 

ocymecTBJIBJIOC:O c IIOMOIIU>!O CJI6.D;Y!Oll\HX BHpaJKeHHli 

(1,2) c 
~ =t~olL1 (x-2)+(XL1,1 + XL1,2)/2 ( 6) 

(X•1,1 - Xtt.2l 

e 
J_ ( f,'a) tgcit1,1 + tgd.•1,2 
-r;!i]cl•, = C1 2 + Ce (7) 

(f,2.) 

r.ne t~d.L1 - TaHreHC yrJia BOCCTaHOBJieHHOH TpaeKTOpHR 

c,+c2=1, c,=1/(1+3e 2/4d 2
) 

d - IIOnylllHpRHa 3a3opa RCKPOBOfi KaMepH, 

Xtj ,cil,j - KoopwrnaTH .II yrJlbl TpaGKTOpR.II L -ro M100Jia. 

Ilony-qeHHHe BHpa.AeHH.A: .n;a!OT B03MOEHOCTb BOCCTaHaB.Jm:Ba'l':O ypa.Bne-

HH.A: !IJJHMHX M6TO.D;OM HaHMeH:OllillX KBa.n;paTOB B o 6eHX rrpoeKu;liflX .no 

h 

l 

H rroC.Jie 111arHRTa. l1MIIYJlbC MOO.Ha P. orrpe.n;eJl.A:JlC.A: corJiacHo (2) no 

BH'Il'!CJieHJillM 3Ha'ieHR.A:M ot. •j • Oll.n;aeMoe 3.Ha'!elllie KOOp.n;H.HaT Ha 

BHXO.n;e H3 MarHHTHOro OO'heMa 6e3 y-qeTa MHOrOKpa.THOro pacceJ!Hl-lll: 

u OillHOOK H3MepeHR.A: orrpe.n;eJl.A:Jloc:o Ha OCHOBe BXO)l;HHX rrapa.MeTpOB H 

Bll'iHCJieHHoro mvmyJI:oca. TpaeKTOPH.A: Ml!JOHa C'Il'!Ta.Jiac:o H.n;eHTHtlJHu;li­

poBaHHOH, ec.Jrn y.n;oBJieTBOp.A:JIRC:O CJle.nyK111He KpRTepRH OT6opa: 

I. Sx ~ 366x 
2. 6~ ~ 365~ , (o) 

r JJ:e Ox H 5~ - rrapaMeTpH "CrnRBaHHR" B IIJIOCKOCT.A:X XOY H XOl, 

cooTBeTCTB~HHO. CruHBa.HHe rrpe.n;cTaBJIBJio co6ofi pa3HOCT:O Me.JK,IJy 

KOOp.D;HI-Ja.TaMli peaJI:oHOH H Oi!W,ll;aeMOH TpaeitTOplift' BH'iHCJieHHHX B Bhl­

XO.n;HOH RaMepe MC. Pacrrpe.n;eJieHH.A: Ox I1 o~ - .A:BJIR!OTC.A: rayccOBH­

MH c .n;Hcrrepcl:l'.RMH 6:x 11 6~~ . 1IRCJ10 3aperHCTpI1:pOBaHHHX MIOO-

HOB ( n ) ' y.n;oBJieTBOPflBIIJIDC KPHTepIDl:M CllMBa.HH.A: ( 8) c COOTBeT­

CTBYI<JQHMR !IpOCTpaHCTB6HH0-3HepreTH'!8CKRMH rrapaMeTpaMH ' 3aIIO­

MHHaJ!OC:O .D;Jlll: )l;a.JibHefiwefi CTaTHCTR'!6CKOfi o6pa60TKH. 

Pe3JJI:oTaT m.rn:T~oHHoro sKcnep1~1eHTa 

PeaJIH3auID! IG4 
ITp0XOlK,ll;8Hllli O.n;HHO'llillX MIOOHOB -qepe3 Apara.IJ;Klti:i 

LiC II03BOJil'IJia rrony'iHT:O CJie.nyroU1Re xapaKTepRCTHKH ycTaHOBKl'I: se1rnT­

Hoe .11 a3HMYTaJlbl-lOe pacrrpe.n;eJieHH.A: TIOTOKa perHCTPHPYeMtlx MIOOHOB, 

pacrrpe.n;eJieHHe Koop.n;KHaT rra.naIOmero rroToRa Ha ypoBHe I-ro .n;eTeKTo~ 

pa,perncTpHpyeMIDi .n;Hqxpepefil.1;1ffiJIJ,HHli sHepreTH'iecrorn: crreKTp,a TaK~ 

~e liCCJie.n;oBaT:o B03MOJKHOCTb perHCTpal..\HH MHOJKeCTBeHH!iX !IpOHHKa!O­

lllIDC -qacTHu. 
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0,ItJmM H3 Ba.lKHeitnmx napa.MeTpoB MJ JiBJI.lieTCR MaKCIDl!aJlhl!O H3Me­

g:e:MIIB mmyJILc Pmax - 3TO 3HalJ:eHHe mmyJILca,npR KOTOPOM om:e:6Ka 

B OIIpe.I(eJlemm OTKJlOHemm MOOHa B MarHHTHOM IIOJle 6., p:i.mra yr;ry 

If • Ha1KOTOpitt OH OTKJIOH!IeTCR, T.e. ROr.I(a 6'!/'1 = I. IIepeXO.I( K 

crreRTPY OTKJIOHeHl'li!: CBH3aH c TeM, '!TO om:e:6RH, B03H:e:Ra!WlHe npR 

onpe.I(eJlemm yrJJa OTRJlOHeH:e:Ji MIJOHa B MaI'HHTHOM rro.ne, IIO'A'llIHSOOT­

CH rayCCOBOMY pacnpe.I(eJlemm ' '!TO II03BOJIReT IIQJlylJ:aTl> He TOJ!li­

KO 'llil:CJlemme, HOR amum'.TH'l:eCKRe pemeHRR:. TaKli!M o6p:i.3oM,OCHOB­

HHM qRKTOPOM, ~ Ha BeJil'[lJ:lll!Y Pmax , HBJlll:eTCH TO'!HOCTI> 

onpe.I(e.neHWI xoop,IJ;l![Ha.T Xi. :e: ~ i. • Ha p:e:c. 2 npne.I(eHH TPH 3Ha­

-qemra Pmax , B 3aml'.CHMOCTH OT TO'!HOCTH npoCTPafiCTBemwro Boc­

CTaHOBJleHWI Tpexa B o6o:e:x IIJie"tJaX MJ. JJ.nH .Apara.rnwro 1£ pea.m,Hq 

.I(OCTIDKIDvll:le 3Ha'l:eHW! Xi. = 0,2 MM, a . ~t = 4 MM, Taxm.i o6pa30M, 

Ol!GJ;l(aeMOe 3Ha'l:eHHe Pmax= .5 TsB. 
EoJILmott RHTepec rrpe.I(CTaBJISieT Be.mr<mHa no;iaisaTeJll! crrexTpa. 

p , BXO,IVmlaH B Bl@UteHHe (I). 1brc.neHBoe 3HB.'l:eHRe p 6wro 

IIOJiylJ:eHO MeTO.I(OM IIOCJle.I(OBaTeJl:bHHX np:e:6JimiteHl'li!: K 3RCIIep:e:MeH­

Ta.JThHOMY pa.cnpe.I(e.nemm 3apenICTP:HpOBaHHl:lX 3elm:TH!lX yr.noB 1" 
.lJ.nH Aparau;xoro MC J. = 84,46° :e: cooTBeTCTBYlllllee 3Ha'l:eIDie 

.P = 0, 76 :!: 0,05 (p:e:c.3). 
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