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Bee,!I.euue 

Pa3BHTIIe TeXHHKH ycKopeHH.H sapmKeHHbIX 'IJ:aCTHII_ C,11.eJiaJI0 
B03MO)KHbIM npose,11.eHHe onbITOB no H3y1IeHHIO pacce.HHH.H HYKJIO· 
HOB HYKJIOHaMn npn aHeprnHx, npeebIIIrnIOrn;nx 100 MaB. B aTott 

·.06JiaCTH aHeprIIH ,11.JIHHa eOJIHbI )J.e BpOHJI.H A, CO0TBeTCTeyIOrn;asi 
OTH0CHTeJihHOH cKopocTH )J.BH)KeHH.H CTaJIKnea10rn;iI:xc.H HYKJIOHOB, 
MeHbIIIe pa)J.nyca )J.ett:CTBH.H .H)J.epHbIX CHJI,. ll xapaKTep paCCe.HHHSl 
.B 3aMernou: CTeneHii onpe,11.eJI.HeTC.H esaHMO)J.eHCTBHeM HyKiOHOB 
B. · cocTO.HHH.HX c ehICOKHMII sHa1IeHII.HMII op6IITaJibHoro MOMeHTa 
1 :> 1. Oco6hrtt: IIHTepec npn aToM npIIo6pernIOT onbITbI no pacce.H
H~IO. Heii:TJ)0HOB npOTOHaMII, 6JiarO)J.ap.H TOMY, "ITO (n--:-p). _.:. pac
Ce.HHHe .HBJifleTC.H e)J.HHCTBeHHbIM IICTOifHIIKOM HHQ)OpMall_mI O e3aH
MO~eHCTaHµ )J.eyx HYKJIOHOB B COCTO.HHH.HX ·ciicTeMbI C noJIHbIM H30· 
ionn1IeCKIIM cnnHoM T = 0. · · · 

· TTepBbie )Ke onbITbI no H3y1IeHIIIO (n-p) - CTOJIKHOeeHHH, npo
. Jl,eJiaHHbie Ha ehICOKHX alieprn.HX, ,u;aJIII .P.H,ll. HHTepecHbIX cse,ll.eHHH. 
• BhrJio 06Hapy2KeHo, HanpIIMep, 1!110. CIIJibI HOC.HT o6MeHHbIH xapaK
Tep. TTpn1IeM oKasaJiocb, "ITO npu aHeprnu tteu:Tpottos 90 Mae 1 

o6bI'IJ:Hbie n o6MeHHbie CHJibI ,ll.a!OT eKJia,ll. O,ll.HOro nop.H,ll.Ka .. TaKHM 
o6pa30M, rnnoTesa O cyrn;ecrnoeaHIIH o6MeHHbIX CHJI UOJIY'IJ:HJia 
:aKcnepn111eHTaJihHoe no,u;rnep2K,u;eHHe. 

3a nocJie,ll.HIIe HeCKOJibK0 JieT 6hIJIH ony6JIHKOeaHbI pesyJibTaTbl 
11.MOro J).H,ll.a aKcnepIIMeHTOe no HCCJie,u;oeaHHIO ( n--;-p) - CTOJIKH0-
BeHHH npn aHeprn.Hx HYKJIOHoe enJioTh ,u;o 400 Mae 2. TTpe,n:JiaraeMa.H 
·pa6oTa' noce.Hrn;eHa H3y1IeHHIO ynpyroro pacce.HHH.H HeHTJ)OHOe co 
cpe,u;Hett: aHeprIIeH 380 II 580 Mae npoTOHaMII II .HBJI.HeTC.H HTOrOM 
HccJie.u,osaHHH, npose.u;eHHhIX e I1HCTHTyTe .H,11.epHbIX npo6JieM AH 
CCCP B 1951-1955 rr . .Uncceprnu_II.H cocTOIIT II3 4-x pas,u;eJioe. 
Tiepsbre )J.Ba pas,u;eJia co,u;ep)KaT cse,u;eHH.H, noJiy1IeHHbre B onhITaX 
npu aHeprnII Heu:TpOHOB 380 II 580 Mas. B TpeTbeM pas,u;eJie nposo
.ll,IITC.H o6cy)K,n:eHIIe aKcneprrMeHTaJibHbIX ,ll.aHHbIX O pacce.HHlIH HYK• 

. JIOHOP HyKJIOHaMII C TO'IJ:Kll 3peHH.H cospeMeHHbIX TeopeTH'IJ:eCKHX 
npe.r/.CTaBJieHIIH. B 'IJ:ernepTOM pa3,ll.eJie cpopMyJIHPYIOTC.H HT0rH pa• 

'6on,i n BbIBO,ll.bI. 
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Mern)I. uaMepeHun )I.HcjJcjJepem~HaJibHbix. ceqeuuii ynpyroro 
{n-p)- paccesrnm1 lf UOCTaHOBKa OUbITa 

Onpe,lI.eJieHHe JI.mpcpepeHUIIaJibHhIX ceqeHIIii: (n-p )- pacceSI
HHSI IIPOBOJI.HJIOCb MeTOJI.OM H3MepeHHSI pacceSIHHSI nyqKa Heii:TpOHOB, 
3a,lI.aHHOH 3HeprHH <Ha MHIIIeHH (pacceHBaTeJie) H3 BOJI.OPOJI.OCO,lI.ep
)KaIUero BeIUecrna. B CHJIY II3BeCTHhIX MeTOJI.IIqecKHX TPYJI.HOCTeii:, 
CBSI3aHHhlX C perHCTpauIIeii: pacceSIHHbIX HeHTPOHOB, 113yqeHHe yrJIO
BOro pacnpe,lI.eJieHHSI IIOCJie)I.HHX 3aMeHSIJIOCb, KaK 3TO )I.eJiaeTC5I 
06b1qHo, HCCJieJI.oBaHHeM yr.nosoro pacnpeJI.eJieHHSI npoTOHOB OTJI.a
qu. TaKaSI 3aM_eHa B03MO:iKHa_ 6JiaroJI.apSI TOMY, qrn npu ynpyrnx 
(n-p)- CTOJIKHOBeHHSIX Ka)K,LI;OMY Heii:TpOHY, pacceSIHHOMY Ha 
yroJI 0 (Jia6. CHCT.) COOTBeTCTByeT IIPOTOH o'T)I.aqH, BbIJieTaIOIUHH 
no,n ·yrJioM <P K HanpasJieHHIO Heii:TpOHHoro nyqKa: YroJI pacceSI- . 
HIISI 0_H yroJI OT)I.aqH <P B CHJIY 3aKOHOB coxpaHeHIISI 3Hepnrn ll 
IIMIIYJibCa CBSI3aHbI · OJI.H03HaqHo. , 

flpOTOHbI OT)I.aqII, BbIJieTaIOIUHe H3 pacce1rnaTeJISI IIOJI. yrJIOM -· <lJ 
"K HanpaBJieHHIO: Heii:TpOHHOfO nyqKa, perHCTPHPOBaJIHCb ·JI.eTeKTO
po],',f. <:>cpcpeKT, co3JI.aBaeMhiii: yrJiepo,noM, npucyTcrnyIOIUHM B -pac
ceuBaTeJie_ H3 napaq:rnHa, OIIpe)l,eJISIJICSI II3MepeHIIeM qIICJia UpOTO
HOB OT)I.aqII, BbIJieTaIOIUIIX B aHaJiornqHbIX YCJIOBHSIX ·113 pacce11Ba
TeJISI, H3fOTOBJieirnoro 113 q11cToro rpatj:rnTa, 11 BhlqllT8JICSI. Pa3HOCTb 
B qncJie npoTOHOB OTJI.aq11 NP(<P),onpe,neJieHHaSI TaK11M o6pasoM, 
SIBJISieTCSI pesyJibTaTOM pacceSIHHSI·Heii:TpOHOB .Ha npoToHax, co,nep
)KalUHXCH B 'paccenBaTeJie. HeTpy,lI.HO IIOKa3aTb, qTQ BeJiuq11Ha 3TOH 
pa3HOCTH 6yJI.eT nponopuuonaJihHa ,nrrtj:Jtj:JepeHurraJihHbMy · ceqemm 
pacce.HHHSI •HeHTpOHOB IlpOTOHaMll. TaKHM o6pa30M, ll3MepeHH5I 

'pa3HOC1'11 Np(<PJB o6Jiacrn yrJIOB. OT 0° .n:o 70° TI03BOJIHJIO onpe,lI.e-
JillTb )l,HQ)cpepeHUHaJibHbie ceqemrn ynpyroro pacceSJHIUI Heii:TpOHOB 

: IIPOTOHclMlf. B 'OTHOCIITeJibHbIX' e)l,IIHIIUax JI.JISI yKa3aHHOfO. IIHTepBaJia 
:yrJibB. Onpe,n;eJieHrre a6coJIIOTHhlx ceqeHIIH npoII3BOJI.IIJIOCh :HopMII
poBKoii: KPIIBOH K TIOJIHOMY ceqeHIIIO ynpyroro (n-p)- pacceSJHHH. 
BeJIIIqHHbI IIOJIHbIX ceqeHIIH 6bIJIII onpe,lI.eJieHbI Ha OCHOBaHIIII ,lI.aH

IHbIX pa6or3• 4• 5 II -OKa3aJIIICh )l,JISI 3HeprIIII 380 11 :580 M3B .paB-
HhIMII (34±2) 11 (26,0±3)· 10-27 CM2, cooTBeTCTBeHHO. 

•· Cxer.rn onhna npeJI.CTaBJieHa Ha pIIc. I. XopoIIIo KOJIJIIIMIIpo
. BaHiihIH, nyqoK Heii:TpOHOB na,naJI Ha pacceIIBaTeJib. BhlJieTaIOIUHe 
nprr 3TOM II3 pacceIIBaTeJISI IIPOTOHbI OT)l,aqII perIICTpnpoBaJIIICb 
TeJieCKOIIOM 113 Tpex cqeTqllKOB (JI.eTeKTOp). KoHTPOJib. 3a 113MeHe

. HHeM HHTeHCIIBHOCTII nyqKa ocyIUeCTBJISIJICSI C IIOMOlUb!O MOHIITO.-

. pa, B KaqecTBe KOToporo IICIIOJib30BaJICH . JIH6o .TeJieCKOII, .- anaJio-
. rnqnhrii: JI.eTeKTOPY, JIH6o -BHCMyrnsas=r KaMepa. Pa3Mephl H3MepH

TeJibHOH· ycTaHOBKII o6ecneqIIBaJIII yrnosoe pa3peIIIeHHe 2 + 3°. 
HeHTpbHHbIH nyqoK, HCIIOJib30BaHHbIH B OIIbITaX, IIOJiyqaJICSI B 

pe3yJihTaTe o6MeHHOro pacceSIHHSJ ·npoTOHOB Ha •6epHJIJIIIeBOH .MH
IIICHII. ITpn 3TOM ,IJ;JISI IIOJiyqeHIIH HCHTPOHOB co cpe,n;neii:. 3Heprnei1 
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,E:n :=380· w580 'M3B IICilOJih30BaJIIICh npoTOHhI, - yckopeu·nhle n.o 
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Puc. I. CxeMa OIIbITa 

n-aeiiTpOHHhlil ny'loK; p-pacceHBaTeJJb; M-MOHHTop; ll-JteTeKTop; 
I, 2, 3-CUIIHTHJIJIHUHOHHhle C'leT'IHKH; <l>-q>IIJlbTp 

3HeprernqecKoe pacnpe,lI.eJICHIIe HCHTPOHOB B nyqKe HMeJIO MaK- . 
CIIMYM B nepsoM CJiyqae npII 3Heprnu 390 M3B, so BTOpoM - npII 
3Heprnn 600 M3B. IToJiyIIIIIPIIHa 3HeprernqeCKoro pacnpe.n;eJieHHH 
B o60IIX CJiyqas:rx. COCTaBJIHJia npIIMepno. 130 M3B. 

B KaqecTBe pacceHBaTeJieii: 6bIJIII liCI10Jib30BaHbI ,ll;IICKII. H3 napa
q:rnna H rpacpIITa paBHOH TOpM03HOH cnoco6i-rocrn ,U:JIH npoTOHOB 
OT)l,aqII. Pacce1rnaTeJIII 6bIJIII IIO)l,06paHbI TaKIIM o6pa30M, qTQ npII 
Bh16pannh1x pa3Mepax 3cpcpeKT (qIIcJio npornnos oT,n;aqII) JIHHeii:Ho 
3aBIICeJI OT TOJIIUIIHbI paccenBaTeJIH II napSJJJ.Y C 3TIIM noJiyqaJIOCb 
xopoIIIee COOTHOIIIeHIIe MC)K,ll;y 3Q)Q)CKTOM H Q)OHOM. 

,UeTeKTOPOM npoTOHOB OTJI.aqII CJIY2KHJia TeJieCKOIIHqecKas=r CIIC
Tel\rn H3 Tpex cqeTqHKOB, BKJIJOqeHHbIX Ha COBIIa,n;enIIe. 3HepreTIIqe
CKIIH nopor ,lI.eTeKTOpa 3aJI.aBaJICSI Me,ll.HbIM IIJIII BOJibcppaMOBbIM 
qJHJibTpOM, IIOMClUCHHbIM MC)K,IJ;y' BTOpbIM II TpeTbHM cqeHHKOM 
TeJICCKoria. TOJIIUHHa q:rnJ1bTpa Bhl6HpaJiaCb TaKHM o6pasoM, qTo
_6hI B OIIbITaX IIPII 3HeprIIII neii:TpOHOB 380 II 580 M3B o6ecneqIITb 
.nopor ,lI.eTeKTOpa 300 H 450 M3B, COOTBCTCTBCHHO. };3bICOKHH 3Hep-' 
rernqecKIIH nopor JJ.CTeKTopa JI.asa.ii B03MO)KHOCTh HcKJIJOqIITb 
.3cp<peKT, C03JI.asaeMhlH neii:TponaMII MCHhIIIIIX 3Heprnii:, KOTOpbie 
B ,11.0CTaToqno 6oJibllIOM KOJIHqecTBe IIPIICYTCTBOB8JIH B nyqKe. . 

,UJisi npose,11.eHHSJ nepshIX OIIhITOB (Efl =380 M3B) B re.irecKone 
,IICIIOJib3QBaJIHCb nponopuIIoHaJibHbIC cqeHHKH. ITpII pa6oTe Ha 
BhICIIIeii: 3HeprnH (En== 580 M3B) nponopuIIoHaJibHhie cqeHHKH 
_6hIJIII. 33.MeHeHbI C_UIIHTHJIJISJUHOHHbIMH. 

PeayJihTaThI 

Pe3yJibTaTbI H3MepeHHH 6b!JIH ncnpaBJieHbI Ha IlOfJIOIUeHHe npo
TOHOB B Q)HJibTpax. KpoMe roro, B .n;aHHhie, noJ1yqenilble npir 3H~p-
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TllH. Heil:TpoHOB_ 580 M:m, 6bIJill BHeCeHhI nonpaBKll Ha npHM~Cb 
3ap.sr:m:eHHbIX 'IT -Me30HOB,. KOTOPbie HapaBHe C npoToHaMn·perHCT
pHpoBaJIHCb ,u.eTeKTOPOM *. BeJillqHHbI nonpaBOK onpe,U.eJIHJIHCb 
3KCnepuMeHTaJibHO. IToJiyqeHHbie .u.mpcpepeHIJ.HaJibHhie ceqeHHH 
6hlJIH nepecqHTaHbI ,B CllC'.feMy ·KOOP.U.HHaT, CB.H3aHHYIO C ueHTpOM 
HHepuHH CTaJIKHBaIOIUHXCH HaKJIOHOB, u npe,u.CTaBJieHbI Ha pHC. 2. 
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Pue; 2. 3aBHCHMOCTL JJ:HcjJcjJepemwaJJbHblX ceqe1mii 
pacceimm1 HeiirpoHOB rrporoHaMH or yrna pacceHHHll 

. 1-En =, 380 M9s; 2-En.;,, 580 M9B . . 

Ha rpacpHKe yKasaHbI CTaH,U.apTHbie CTaTHCTHqecKHe onrnoirn B 
onpe,u.eJieHHH YrJIOBOro pacnpe,u.eJieHHH npoTOHOB OT,u.aqu_ B 3TH 
oniH6KH He BKJIIOqeHbI norpeilIHOCTb onpe,u.eJieHHH IlOJIHOro ceqemrn 
H HeKOTOpa.sr Heonpe,U.eJieHHOCTb B HOpMHpOBKe ( ,_, 10 % ) H3-33 

OTCYTCTBIIH TOqHbIX cBe,u.eHHH o xapaKTepe "np(&) B o6JiaCTH O,< 35° 
(CHCTeMa u. H). . 

XapaKTep noJiyqeHHbIX saBHCHMOCTeii anp(O) .u.aeT B03MO)KHOCTb 
yrnep:m:,u.aTh, qTQ B o6JiaCTH 3Heprnu: OT 380 .u.o 580 M3B,. TaK :m:e 
KaK ll npH MeHbllillX 3Heprn.srx B3aHMO.U.eHCTBHH HeiiTpoHa C npo
TOHOM, cyrn;ecrneHHYIO pOJib HrpaIOT OOMeHHhie CHJibI. ITpu 3TOM 

. * OneHKH ll0Ka3aJIH, qro BeJI!lqHHa 3TOii rrorrpaBKH IIpH 3Heprnu. HeliTpo
H0B "380 M3B MaJia, H II0T0My 3KcrrepuMeHTaJibHb!e JJ:aHHble B 3T0M CJJyqae Ha 
rrp1IMecb .1t-Me30H0B He ncrrpaBJillJIH_Cb. 

,6 
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o6MeHHhie H o6biqHbie CHJibl B IlOJIHOe ceqeHHe ynpyroro (n-p}
pacceHHl!H .u.a10r BK.na.u. O.U.Horo nop.sr,u.Ka. PesyJihTaThI yKashlBaJOT 
TaIOKe Ha TO, qrn npH}BeJIHqeHHH 3Heprnu OT 380 .u.o 580 M3B Kap
THHa_ pacce.srHHH cyrn;ecTB~HHO MeHHeTCH. TaK nprr 3Heprnu 580 Af3s 
acHMMeTpHH KpHBOH a0 p(O) OTHOCHTeJibHO yrna O = 90° CTaHO
BHTCH 3aMeTHOH .u.a:m:e_ B o6JiaCTH yrnoB BeCbMa OJIH3KHX K 90°. 
AHHSOTponHH pacceHHHH yBeJiuquBaeTcH. 0THollieHHe ceqeHHH 

"np ( 180°) / "np (90°) COCTaBJIHeT npH 3HeprHHX 380 ll 580 M3B, 
BeJillqHHY 6 ± 1,1 H 9 ± 1,2, COOTB~TCTBeHHO. . 

AHaJIH3 IlOJiyqeHHbIX ,u.aHHbIX ll cpaBHeHrre HX C pesyJibT3T3Mll 
3KcnepHMeHTOB no pacceHHHIO HYKJIOHOB HYKJIOHaMH, npoBe,U.eHHbIX: 
B o6JiaCTH 3Heprnu: OT 90 .u.o 400 M3B, Il03BOJIHeT C,U.eJiaTb p.sr.u. 33-
KJIIOqeHHH: 

1. CoBOKYilHOCTb ll3BeCTHbIX 3KCnepHMeHTaJibHbIX ,u..aHHbIX 0 
xapaKTepe ynpyroro paccemrn.sr HYKJIOHOB HYKJIOHaMH H xapaKTepe
noJIHpHsauuoHHhIX HBJieHHH· mi npOTHBopeqHT rHilOTese ll30TOilHqe
CKOH · HHBapuaHTIIocTH. · . 

· 2. B o6JiaCTH 3Heprnu:. HyKJIOHOB OT 260 .u.o 580 M3B COCTOHHll51' 
(n-p) CHCTeMbI C IlOJIHbIM ll30TOilHqecirr"M CilHHOM T = 0 ll T = 1 °B: 

.U.Hcpq>epeHIJ.HaJihHOe ceqeHHe pacceHHHH Ha YrJihI, OJIH3KHe K 90°,. 

.u.a10T BKJia,u. o;i:Horo nopH,u.Ka. 3m o6cTOHTeJihCTBO Mo:m:eT yKashI
BaTb Ha TO, qTo B3aHMO,U.eHCTBHe B "o60HX COCTOHHHHX (T = 0 II 
T = 1) 0,lJ:HHaKOBO HHTeHCHBHO. CJie,u.yeT 3aMeTHTb, O,U.Ha.KO, qTo 

y6e,u.rrTeJibHbie JJ:OKa3aTeJibCTBa 3TOfO npe.u.rroJio:m:eHHH MO)KHO, no
BllJJ:llMOMY, IIOJiyqrrTb TOJlbKO IIPH rrpoBe,U.eHHJI IIOJIHoro cpa30BOf0 
aHaJIHsa. 

3. BKJia,U. B pacceHHHe OT HHTepcpepeHUHH BOJIH, coorneTCTBYIO· 
rn;nx cocTOHHHHM T= 1 H T=O, cyrn;ecrneHHo saBHCHT OT 3Heprnu. 
TaK rrpu 3Hepnrn 90 M3B, Kor.u.a pacceHHHe onHchrnaeTCH TOJihKO 
S, P, H D BOJIHaMH, 3TOT BKJia,n rrpaKTHqecKrr oTcyTcrnyeT, H KpH
Ba.sranp(O)cHMMeTpuqHa OTHOCIITeJibHO yrJia 0=90°. C IlOBbIIlieHHeM 

3HeprHH pOJib IIHTepq>epeHIJ.IIH B03pacTaeT, II KPIIBaH "n/ 0) CTaHO
BHTCH saMeTHO aCHMMeTpIIqHoH. TaKIIM o6pasoM, 3Ta IIHTepq>epeH
UHH, IIOBII,U.HMOMY, eCTb pesyJibTaT B3aIIMO,U.eHCTBIIH HYKJIOHOB B 
COCTOHHIIHX c l > 2. 

4. 0TcyTcrnrre PeJIHTHBIITCKOH Teopuu pacceHHIIH He .u.aeT B03-
MO)KHOCTb rrpoBeCTll CTporyIO HHTeprrperauuIO noJiyqeHHbIX .n:aHHbIX. 
0.n:HaKo Ha ocHoBaHrrrr cyrn;ecrny10rn;ux rrpe.u.craBJieHHH no xapaK
Tepy yrnoBhIX pacrrpe.n:eJieHHH"np(O)MO)KHO yKasaTb MaKCIIMaJibHOe 
3HaqeHne op6nTaJibHOfO MOMeHTa, cooTBeTCTByrorn;ero HaIIBbICilieMy 
COCTOHHHIO, B KOTOPOM npH ,U.aHHOH 3Heprnu ocyrn;ecTBJIHeTCH sa
MeTHOe B3aHMOJJ:eHCTBIIe. 3ro II03BOJIHeT, BOCIIOJib30BaBilIHCb IlOHH
THeM IIPHII.eJibHOro rrapaMeTpa, BeCbMa rpy6o oueHHTb 3cpcpeKTHB
Hbie . pasMepbl o6JiaCTII B3aHMOJJ:eHcTBmI. 

5. BoripeKH II30Tporrun . (p.:_p)-pacce5nt~H B boJiacTH 3Heprnif 
300+400 M3B, saBIICIIMQCTh or yr.rra pacceiHHH TOH qacru .U.Hq>q>e-. . ' . ~ .. ; ~ . - . 
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·, 

peHL{HaJJbHOfO ceqeHHH On0(0 ), KOTOpaH COOTBeTCTByeT HHTepcpe0 

pemtrrrr BOJIH T= I iJ: T=O, a TaK:m:e BeJirrqrrHa HHTepcpepemi:mr 

yka3bIBaIOT Ha TO, qTO nprr ynpyrrrx CTOJIKHOBemrnx npOTOHOB C 

npoToHaMH cyrn:ecTBeHiiyIO poJJh B yKasaHHoii: o6JJaCTH · 3Heprrrii: 
HrpaeT B3aHMO,D;ellCTBHe B COCTOHHHHX (p ~-p) - CHCTeMbI c'.f > 2: 
B CBH3H C 3THM B03HHKaIOT COMHeHHH B npaBHJibHOCTH pesyJJbTaTOB 

pa6oT, B KOTOpbIX IIPH npoBe,D;eHHH cpa30BOro aHaJJirsa B 3TOH 
o6JiaCTH 3Heprrrii: yqHTbIBaIOTCH S, p H ~ BOJIHbI 6• r. 
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