
• 

. f 9 _, 3 c; f-

A 1-2 J 

f)HI(.{IIt og ~' M' 

111CCnEli,OBAHII1E 

PAli,111AU1110HHOfO PACCERHII1R 

DfibBAMHBHHbll 
MHCTMTYT 
RABPHbiX 

MCCJBAOB8HMI 

AYfiHa 

P1-89-367 

1r- + p -+ 1r- + p + y nPI/1 3HEPfll1111 43 f3B 

CoTPYAHir11..1ecTao ClllfMA-ARKC 

HanpaeneHo B H<ypHan 11 S1AepHast QJLr13Lr1Ka 11 

1989 

. ..u.l"'--



~.M.AHT~nos, B.A.oaTap~H, B.A.6e33y6os, H.n.6yAaHos, 
~.n.ropHH, A.C.AeHHcos, O.B.Epow~H, B.r.KapTawesa, 
H.B.KoTos, ~.M.MenbHHK, A.H.neTpyxHH, C.A.nonOBHHKos, 
A.A.CTORHosa 
HHCTHTYT ~H3HKH s~coKHX 3HeprHH, Cepnyxos 

M.C.6HneHbK~H, A.B.BHWHeBCKHH, ~.A.ropHyWKHH, n.A.KynHH~4, 
P.neMTHep, r.B.MH4eD.bMaxep, A.A.H03APHH, A.r.OnbweBCKHH, 
fl.CeADaK 
06beA~HeHH~M HHCTHTYT RAePH~x HccneAOBaHHH, Ay6Ha 

P.B.nHp4xanasa, B.H.PoMHHWBHnH 
HHcTHTYT ~H3HKH AH rccP, T6HnHc~ 

~.nanoM6o, n.n.~pa6eTT~ 

HH~H, HTanHR 



I. BBJmEH11E 
ITpoQecc p~aunoHHoro pacceRHHa: 

"- P ~> ,.- P r (I) 
MOlKHO OlrnCBT:O 5 .D;H8PpaMMaMH, IIOlC83BHHHMH H8 pHC .! . flepBHe 'll8TI:lp6 
OITHCHBBIDT H3~'q9HH9 /-KBaHTOB 38pHEeHHHMH qacT~aMH B HB'IlanbHOM H 
KOHS'!HOM COCTOmDm. Mx BRJia~ B M8TpH'IHI:dt 3JI9MSHT (MS) M = ell lfJl 
(el-l- B9KTOp IIOJIHpH38r.tml j-KB8HT8) MOlKHO BH'lliCJIHTb HB OCHOBS 
KB8HTOBO~ 3JI9K'rpO~aMHKH: 

~ (Ilt If§ ) (Vz V,t ) ext=•Z"- ptKT(sr,tp)+PJRT(s1,tp) +eZP- ~(sr,t")+P4KT(s1 ,t")· 
r.ne 9- SJISKTpoM8PHHTHlflt 38p.R.Il 3JISK'rpOH8 (e2=411Zl, 
W::!/!37-IIOCTOmrn:aSI TOHKO:B: CTpYJ(TypH); Z11;,p- SJISKTpOMBI'HHTHldt 38p.R,ll; 
"7!;-MS?OHB","p-rrpoTOHB" B e~ax 3JI9M9HT8pHOro 38p.R,Z1;8; 
S1=(p1+p2)2; sr=(p3+p4)2; tp=(p4-p2)2; t,.=(p3-p1 )2; T(s,t)- M9 
yrrpyroro rrpouecca !+2~>3+4 (0603H8'118HlUI CM. HB pHC.!)_. B CJIY'IBS 
H3JiytiSHRR MRI'I'CHX /-KBBHTOB BKJia;:J; STrut .zw:arpaMM HB.mlSTCH OCHOBHI:lM H 
npHBO.D;HT K xa¥aKTepao:B: I/w-saazcHMOcTH MS or aaeprHH(W) r-KBBHTa. 
Jloy B paOoTe/ / !IOI<838Jl, qTQ BKJI8.ll "' w0 ITHTOII ,l~Ra!'p8MMH (#int) B 
pasJIOJKeHIDI 

M=aw-I+bw0+cwi + ••• (2) 
M8 ITO SHSpPHRM f-KB8HT8 MOlKHO ODpS.IlSJIHTb H3 Tp900Ba8HH 
1<8JII!0poBOqsol! mmapHaHTHOCT:II 1; (w.;xt +#int) 0 ITOJIHOP9 M3 • 
.H"R3K09H8pPBTiRBCRaH TBO"?SM8 Jfoyl I YTBBplK,li;BBT, 'ITO B CJIY'\186 U>-)0 
rrepBHB ~a qneHa p83~0EBHHH (2) (TORbKO OHH CJmBCTBBHHH ~ U>->0) 
M3 rrpo!jecca (I) rroJIHOCTbiD orrpe.lleJieHH M3 (H ero rrpoH3BO.lli!OII no s) 
HepBJlHal..(HOHHoro (ynpyroro) npou;ecca. TeopeT~Necm aT a reopeMa 6HJia 
oooomeaa H .llJIH paccemnm HBIIOJmpzaosammx qacTmt co cmmo~2 ' 31 • 
HBCMOTpSI H8 TO, 'ITO HK3K09HBpP8THtlBCK8H T60p6M8 Jfoy HBJIHBTCR 
rrpe.ztBJibHoa, pacqem, mmoJIHeHHHe B pBMKax sTore IIO.IlX0.1t8~ 
HCIT0~80B8~Cb H ,llJIH ODKCaHHH SKCIT8pHMBHT8~ ,11;8HHHX C 
H3JiyqBHHBM !PJTOHOB KOH61ffillX 3HBprmr' 4/. JI.n:H 9TOP0 IIpOBO)JliJIOCb 
p83JIOJK8Im8 M3 H6p8.Il;H8UHOHHOPO rrpou;ecca B HBI<OTOpoA IIpOMBJKyTO'I!HO:A: 
MB!r,lzy 3H8'11BHH$IMH Si H St TOl!KB, B 1:J8CTHOCTH B TOllKB 8 = (Si + 
S!)/2: T(s,t) = T(s,t) + ~(s,t) (s-s). lloJIYqeHHOe TBKKM o0pa30M 

8 s 
BH]JBJKeHI'Ie .llJll! M3 (T.H. SPA ~ort !'hoton ,Y,prox1mat1on 
1IpH0J!HlKOHI'I6) rrpi<BO.ll6HO B llpHJIOlKS!llm (ll.2). 
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PHc.I BHarpaMMH9 OnHCHBBnmHe rrpouecc panHBUHOHHoro pacceaHHH. 

Bee cyw.ecraosaanrn:e .n;o HBCToruqero aKcrrepMMeHTB JlBHH!:le o 
pa~aqHOHHOM pacceHHHH ~-p--->~-Pf dunu rro~yqeHH TO~hKO a oo~acTH 
A-pe30HBHC8: 

0,336 

0,848 

0,459 

0,448 
0,415 
0,384 

0,300 

43 

0,224 

0,720 

0,340 

0,330 
0,298 
0,269 

0,192 

43 

Y8,raB ~TepaTypa 

1,258 Deahl /5/ 

1,585 Van de Walle /6/ 

1,342 EA0~9Ba /7/ 

1,335 
1,312 Nefkens /4/ 
I ,291 

1,234 Playfer /8/ 

9,0 H8CTO~ 9KCrrepHMBHT 

HBHdoJiee .ItBTBJibHO npouecc {I) Hay-qaJicH (BMecTe c rrpoueccoM 
n:+p-->'lt"+pj) B padoTe/4/, C UBJlblO H3M9p9BHS MBI'HHTHOI'O MOM9HT8 
A-p930H8HC8. KopoTK09 Bp9MH lKH3HH .0.-pe3DH8HC8 He II03BOJIH9T 
H3M9pMTb MBrmiTHI:la MOM9HT BO BH9mH9M M8I'HHTHOM IIOJI9, H ,II;J.UI ero 
H3Mepemm: OWIO rrpe.ztJIO:IKeHO/S,IO/ H3Y'I:IBHH9 peaKIJ;mt p8,II;H8UHOHHOI'O 
pBCCBHHHH. flO~'I:£9HHH9 B 9TOM 9KCII9pHM9HT9 .D;BHHHe COI'JIBCOBHB8~Cb C 
SPA-pacqeT8MH TOJibKO B 00JI8CTH 9Heprmt r-KBBHTOB w<40 MaB, H .D;JUI 
ODRCBHHH scero CII9KTp8 (.llO w<l40 MsB) OHR npe~OEeH M8/l!t (EED -
~ternal ~1ss1on Qom1nance - eM. (IT. I) B llpWio:acemm), rro.nyq:eHHl:la 
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33M9Hon T(s,t) --> T(S,t) (S=(s1+s!)/2 H t=(tp+t~)/2) B BHpBE9HHHH 
• .u '-lJ 

.n:Jm m·ext · 
B pa00T8X/IS,l 4 ,l5/ OH~O IIOK838HO, 'ITO B 00~8CTH p63KOro 

H3M8H8ImR M3 Hepa.n;HaUHOHHOrO I!I>?ll8CC8 (KBK, HBIIp., B 00JI8CTR 

ll.-p830H8HC8) pa3JIOlK8HH8 C T01ffiOCTbiO ,11;0 II9pBO:A: llpOH3BO)J;HO:ft 

H8).{0CT8T01ffi0 (p83YJibT8TH paC'I8TOB 38BHCRT OT BH0opa ITpOM8lKYT01ffiOA 
T01.fiGI, B KOTOpo:A: IIpOBO.n;HTCH p83JIOJK8HH8), H OHJI IIp8,IVlOJK8H M8TO,Il; 

yqeTa cJIB.IlYIOOU1X qJieHOB B paaJioJKeHlfi![ M8 HepaMBUHOHHoro npouecca. 

BD1p8lK8HH8, IIOJIY1i8HH08 TaKHM M8TO,Il;OM/!S/ (T .H. MeTO,ll; ROH81llnlX 

pasHocTen1141 
H.lll< HPT - !Jard ;Ehoton :J;heorem/I5/), rrpHBe)leHo a 

IlpHmlKeHHH (II.3). 
BamHHM rrpH rrpoBe.n;eHHH BHqac.ne~ B paMKax rro~o.n;a ~oy 

HBJIR8TCR BOITpOC BbiOopa M8lK,UY MO.n;H®ffiBUH.HMH paC'I8TOB PI BOIIpOC 0 

rpaHrutax MX rrpHMeHHMocrn ,IlJIH ormcaHHR rrpoueccoB pa.D.Harm:mmoro 
pacceflHHR. TeopeTH'I8CKH 8TH BOTipOCH H3Y'I8~Cb B pa00TBX/I4 ,I5 ,16/, 
r.n;e OllJIO YK838HO HB H8KOTOpoe p8CIIIHp9lm9 00JI8CTH IIpHM9lmMOCTH 
ITOAX0~8 ~oy H era M0~~8UHH ~H t-KB8HTOB BHCORHX 3Hepr~. 

ITpaKTM'r9CK8H IIpOB9pK8 3TOrO YTB9plK,II;9HHH B8JKB:8 em.e H IIOTOMY, 
qTQ 8H8JIOr~ ITO~O~ 0~ ITpHM9H9H ~H OITHC8HHH IIpOUBCCOB CJiaOoro 
B38HM0~9~CTBHH/I?/. 

9KCII8pHM9HT8JlbH08 ,II;OK838T8JlbCTBO IIpHM8IDIMOCTH IIO~O,n;a Jioy .ltJIR 
00JI8CTH BHCOKIDC HaqaJibHNX SHeprd H ,UJIH nrn:pc>KO:A: o0JI8CTH 3Heprmt 
f-KB8HTOB B H8CTOHW.88 Bp8MR llp8,II;CT8BJIH8T OC00DI:2 HHTepec, IIOCKOJibKY 
T8KO:A: ITOAXO,II; 0000W.88TCH B T80pHK ~ OITHC8HHR IIpOUBCCOB Hs~qeHHH 
,n;pyrHX THITOB Ci83M8CCOBHX qacTHU/IB/ (K8JIH0pOBOlllnlX Ci030HOB 9 

rpaBHTOHOB) • 

B HacTo~e:A: pa6oTe npe;n;cTaBJieHO sKcrrepHMeHTaJibHOe 
HCCJI9,II;OB8lm9 rrpouecca (I), IIpOB9,II;9HH09 Ha YCT8HOBK9 "CHI'Ma-.AHKC" 
Ha YCKOpHTe~e Y-70 ~IDB3 !IpH Haqa~bHOa 9HeprHH 43 faB. Ilpouecc (I) 
HsyqaJICR B 06JI8CTH 0,2 < l tpl < 0,4 (r3B/c) 2 3Haqe:H:H:A: KB8)1Jl8T8 
rrepe.n;aHHOro IIpOTOHY qeTHp9XHMI!YJibC8 B nrn:pc>KOM ~8II830H8 3H9prd 
f-KBaHTOB (2+40 raB B Jia6opaTOpHO:A: CHCT9M8). ll0~9HHH8 pe3yJibT8TH 
Cp8BHHB8DTCH C T90p9T~9CRHMH pacqeTaMH, BHITOJIH8HHHMH C M8rpaqHHMH 
aJieMeHTaMH EED-, SPA- H HPT-rrpaCiJIHmeH:H:A: (eM. BHpBEeHHH rr.r. rr.z H 
IJ.3 B IlpKnOZ9HHH). 

0 
B .IIB~bHenweM a paOoTe/IZ/ 
SPA-rrpH6JIHm9HHfl, KOTopaR OITHCbiB8JI8 

BC9M ~8II830H8 3HeprHa. 
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6HJI8 ITOJIYq9H8 MO~$JK8UHfl: 

3KCII9pHM9HT8JibHH9 ,II;aHHHB/4/ BO 



2. 8KCTIEPMMEHTAnhHAH YCTAHOBKA 
Ce'119HH9 p68KUHK (1) CHnbHO M9HR9TCH B 38BHCEMOCTH OT SHBprHH 

H3JIY'II9HHOrO (txJTOH8 (H8 ,II;B8 IIOpH.IllCB B Hani8M CJI.Y'-189) • ITOSTOMY 

H3yq6HH9 peaKUHH (!) IIpOBO~OCb B ,II;B8 ST8IT8. Ob~aCTh OTHOCHT6~hHO 

M5ii'KHX 1-KBBHTOB HCCJI9)lOB8JI8Cb O,ItHOBp8M9HHO C IIpOUBCCOM ynpyroro 

pacceHHHH1191 B ceaace I, a oOJiaCTh zecTKHX 1-KBBHTOB - B 

OT.llBJihHOM ceaHce 2. cxeMa ycraaoBKK rrpRBe.neHa Ha puc.2. YcTaHOBRB 

0HJI8 llO,DJ>06HO OIIHC8H8 p8Hblll9/l9 ,ZO/, II09TOMY KpBTKO IIpHBB.llBM 

TOJlbKO 86 OCHOBBll6 rrapaMSTJll:l, HC110Jib30B8HHH6 rrpH o6p860TK8 

3KCII9pHMBHT8JlbHHX JlaHHHX. 

PCH 

C106 

A,~ A2 C2 S3 ( 1 52 0 S1 

1:1~:E=J )l!ti 111 11 
H2 PCH 5>8 H1PCH1<4 

Y)<2,0 1,0 

X,M 
0,50 
0,25 

PHC.2 CX9M8 9KCIT9pHM9HT8~HO~ YCTBHOBKH. 

~ 
z- PCH21+24 
Y-

z~ PCH27•30 

[]LJ 

Uyl:loK 'It--MesoHoB c m.my Jib coM 43± I raB/ c Bf:UlBJIHJicH c rroMOIJU>IO 

C~~OHHHX C'IIBT'JHKOB COBn8)l9HHA 8
1
+8

4
, 8HTHCOBII8)l8T9JibHHX 

C'IIBT'!HKOB AI H Az H r830Bl:lX tl9p9HKOBCtmX C'IIBT"llmOB C1 , C
2 

H D. 

HanpaBJieHRe rry'!KOBoa qacT~ HaMepHJiocb ro.n;ocKorraMH H1 H H2 H 

IIpOIIOpJ..lHOHBJlbHHMH KBMepaMR 1+8 C TO'lHOCTbD 0=091 MpB.ll B 008:HX 

rrpoeKUJ!i!X IT ll yjj/_ 
B 8KCII8pMM8HT8 HCIIO~b30B8~8Cb 

paOoqmJI oOwMOM: AJIHH8 400 MM, 0 60 MM. HanpaBJieHHe pacceRHHoro B 

MHWSHH ~--M930H8 B npoeKUHH XY H3MepH~OCb C IIOMOmPD 

IIpOIIOpUHOHBJlbHl:lX KBMep 9+14 C TQ'qHQCTbD 0 = 0935 MpB,ll. HanpaB~8HH9 

'-Si ~CUOJib3Y8TC51 CHCT8M8 K00p,n;HH8T: OCb Y Hanp8B~9H8 B,IJ;O~b fry'IRa • X -

ropH30HT8JlbH08 H8IIp8Bn8HR89 Z - B6pTHKa~bH08. 
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B IIp08KUHH ZY H3M8pHJIOCb ITpOIIOpUHOH8JibHllMit! R8M8p8MH 15+18 11: 3"4 C 
TO'lliOCTbiO 0,2 Mp8,U. MMr!yJibC p8CC8fiHHOrO Im0H8 H3M8pHJICfl C 
T01.UlOCTbiO Op!p = 

orrpe,neJIRJIOCb, B 

pacceHlillott qacTHUH 

4% (.UJIH qacTHU C HMITYJibCOM 43 raB/c). 3TO 
OCHOBHOM, TO'lHOCTblO H3M8p8IDIR H8IIp8BJI8IrnR 
(Ge=0,6 Mp8.U) B IIJIOCKOCTH XY C IIOMOJitbiO KaMep 

31+33 38 M8riDITOM. 

ilpoTOHH perHCTpHpOB8nHCb .UBYXIIJieqeBHM CII8KTPQM8Tp0M. 
HarrpaBJI8Irn8 IIpOTOHOB H3M8pHJIOCb IIpOIIOpUHoHaJibHHMH KaMepaMH 
(Y-KOOpnaHaTa IIJIOCKOCTRMH 19+22 (25+28); Z-Koop,UHHaTa IIJIOCKOCTRMH 
23,24 (29,30)), a TaKme UHJIHHZPHqecKO~ KaMepo~ CCH. ToqaocTb 
H3M8p8HHR orrpe.n.eJIHAH MHoroKpaTHOe pacces:urne B BemecTBe 
GII8KTpOM8Tp8 H8 ITYTH IIpOTOH8 .UO IIpOIIOpUMOH8JibHHX K8M8p (CYMM8pH08 
KoJIMqecTBo semecTBa- 0,04 pa.n • .nJI.) 11: paspemeHHe rrporropUH6HaJibHHX 
K8Mep 0=3 Mp8.II.. KHH8THqecK8fi 3H8prHH IIpOTOHOB H3M8pRJI8Cb B 
)1)18IT830H8 60+220 MsB Cll.HHTHJ!JI.HUHOHHhiMH K8JIOpHMeTpaMH W1 , WR1221 

KaJIHOpoBKa H aHepreTHqecKoe paspemeHHe KaJiopHMeTpOB orrpe.neJIHJIHCh c 
ITOMOmbiO IIpOTOHOB B OT00p8HHNX C00HTHRX yrrpyroro pacceRHHR/221 • ilpH 
8TOM .UJI.H 3HepreTHqecRorO pa3p8lli8HHH B H3M~fi8MOM )Jli8II830H8 
KHHeTYP-IecKo:A: :;meprHH T k OHJio rro.nyqeHo BHpaJKeHHe/ "'21 : 

2 2 1/2 OT /Tk~(0,74 /Tk[MaBl+0,03 ) (3) 
k 

,.[.rr.H H3M8p8HHR H8~8BJI8IDIH H 
.U8T8KTOp (f){) 0108/ 3 ' 24/ C 

3HepriD1 J-KB8HTOB CJIYl!G!JI 
arrepTypoa XxZ~I200x900 

COC'l'8BJI8H:lfitlt 11:3 qepeHKOBCKlfX_ cqeTqHKOB IIOJIHOrO IIOrJIOIQ8Irnfi C 
pa)1)18TOpaMH H3 CBHHUOBOro CT8RJI8 C ITOIIepeqHHM pa3M8pOM I00xi00 MM2 

H .U~O:A: 420 MM (14 pa,n. ,UJI. H ~1 H,U. ,UJI.). KaJIH6pOBK8 H H3yqeHHe 
X8paKT8pHCTHK cqeT~OB IIpOBO)JliJIHCb H8 ny~e 3JI8KTpGHOB C 3HeprHe:A: 
I3,3 H 26,6 raB. TowocTb H3MepeHHH aH~rHR 1-KB8HTa, ycpe.II.HeHHaR 
ITO BCe:A: ITJIOma.nH, orrpe~eJIRJI8Cb ~PMYJIO:A:/"' •241 : 

aE!E ~ o,OI5 + 0,09/YECraBl . 
Roop,UHHaTa rrorra.naHHR ;-KB8HT8 B rn H3M8pH~8Cb 

TO~OCTbiO o~II MM123 •24 .~TO COOTB9TCTBY9TTO~OCTH 
H3M9p8HHH H8IIp8BJI9HHR 1-RB8HT8. 

(4) 

B cpenHeM c 
a 6'<(], 95 Mpa.u B 

3armch C06btTKA: Ha MarHHTHYIO Jl9HTy IIpOBO.n;HJIBCh B TOM CJiyqae, 
Kor.rta BHpa68TbtB8JIC.H CHI'H8JI "TpHrrep", B KOTOpl:f.A: 6HJIH BKJIKN8HH: 

- c:HrHa.Jlbl c~eT\illKOB IIYtiROBoro TeJiecKona s1+4 , rryqKoBhl.x cqeT\illKOB 
8HTHCOBITB.rt9HH:A: AI H A2 H C1.I8T~8 B, KOTOphle BH.l(8JifiJIH 
B38HMO.U9~CTBH9 I!Yt{KOBO:A: 1.I8CTH~ B MHIDSHH; 

- CHPHBJIH rrpaeoro R H JI9Boro 1 perHCTpHpYIOmero TIJie~a YCTBHOBKH, 
IIp8.D:CT8BJISIBIIIH8 C00ol COBIT8,II.9HH.fi CHI'H8JIOB OT C1.I9T1.IHKOB 81 (SR) H 
CHrHa~OB IIJIOCKHX Ka~opHMeTpOB W1(WR)(cqeT~ S1 H SR 6HJIH 
paCIIOJIOlK8HH B0JIH3H MRl!I9HH H C 38II8COM II8p8KpHB8JIH T9Jl9CHliR: yroJI 
TIJIOCKHX CII8KTpOM9TpOB, ,UHH0~8 CHrH8JIH ~3Y C1.I9T~OB TIJIOCKHX 

5 



CTI8KTpDM8TpoB CYMMHpOB8~Cb H ~CKp~OB8~Cb rroporoM, 
COOTB9TCT~ 3HeprOB~8n9HHID ~50 MaB); 

OTCYTCTBHB CHTH8~8 ~pHq8CKOPO CTI8KTpOM8Tpa AJ1221 , 
03H8'!8Hlll8f'O BWI8T '!BOTH~ H3 Mm:ll8lill B OdJIBCTb 83rn.1YT8JibHHX yr~oB, 

He perHC'rpHpYBMYID dOKOBHMH CTI8KTpOM8TpaMH; 
- orcyrcTBHe CID'Ha~a c oxpaHHoro cqeT'IHKa A

1
, pacrro~oJKeHHoro no 

ITY'IKY 38 Mm:li8HbiD H HM8Brnero B U9HTpe OTB8pCTH8 !70xl40 MMZ 
(C'i8T'IHK A/ IIp9~CT8BJIRJI COdoa C9H~H~ CBRH9U-CUHHTH~RTop TOJimHHOa 
~ 2 pan.en. H C~YlKH~ .ll~R TIO.ll8B~8HHH COC5HT~ C '!8CTHU8MH, 
BH~eTaDmHMH non Uo~b~ yr~aMH); 

- CHrHBJI c ronocKona H3z, Koropua odecneqHsa~ HB~'!He pacceHHHoa 
snepen sapalKeHHoa qacTHUH. 

- CHrHa~ IT ~ C1 ·C2 •D noporoBHX H nH~p8HUH8JibHOf'O qepeHKOBCKHX 
C'i8T'IHKOB, BH.ll8~R~ ~-M830HH B rry'!Ke. 

Tai<HM oCipasoM, ClU'HaJI "Tparrep" rrpencrasJia~ coooa: 
"Tpl!I'rep" "s1·s2·s3·s4 ·1i1·1i2·B·n· (L+Ri·.A

1
·AJ·H3z 

B ceaHce 2 nAB Taro, qro6H yse~'IHTb aKcenraHc ycraHoBRH, 
ITJIOCKOCTH 9+!4, H3M8pHIOOtH-8 H8llp8BJI8lill8 paccemmo:Ct '!BCTHUbl B 
rrpoeKr.um: KY, CiHJIH rro.mnrn:yru CiJIIDKe K Mm!lelill. 8To IIpHBBJIO K 
H860~hlliOMY YKYniDBlilliD TO'IHOCTH H3Mepelrn:H B TipOBKUHH XY H8Tip8BJI8HHR 
Tp8K8 paccemrno:A: '!BCTHI..I;LI ( 0=0, 40 Mpan) • B TpHrrepHOM CID'HBJIB He 
rpedosa~ocn cpadaTHBaHHe ronocKorra H3 z , H nono~TeJinHo dHJIO 
BKJIIDqeHO Tp8C'50B8HH8 8HeprOBHn8~8lillH > 30 raB B rn CI08. 

38TIHC8HH8H HB M8rHHTHH8 JIBHTH liH40pM8UHH C'5HJI8 o6pa60T8H8 
nporpaMMaMH f'80M9TpH'18CKO:A: peKOHC'rpYKUHH. Ha BHXO)J;Hb18 JIBHTbi 
38ID'ICHB8JIHCh rrapaMeTpH BOCCTBHOB~BHHHX Tp8KOB, He HCTIOJib30B8Hffi:l8 
rrpH BOCCT8HOBJI8IDm: cpa68TbiB8HHR Tp9KOBbiX .ll8T8KTOpOB, HOMepa 
cpadOTBBWHX K8H8JIOB KO.zmpDBIUHKOB H 8MIIJil.l:TY,I(H B HHX, MOimTOpbi H 
T.rr. 3Ta HH4opMBUHH HCTIOJib30BBJl8Ch IIpH Jl8JlbHBttw8M BH8JIH38. 

3. AHAJlll3 COEbiTMM 11:-p -> "-P1 B CEAHCE I 
ITpH OTdope codbiT~ rrpo~ecca pa~aQHoHHoro paccealrn:a (!) 

TpedOBBJIOCb: 

!) H8RH'!H8 OnHOf'O Tp8K8 TIY'!KOBOa 'i8CTKUH; 
2) H8JIH'!He OnHOro rpeKa srrepen pacceRHHoro ~ -MeaoHa; 
3) O.llHH Tp9K, saperHCTpHpOBaHHHa dOKOBHM CIT8KTpOM8TpOMf 
4) M8JI09 3H9pf'0Bh1.ll8JI8Irn:9 (M9Hblli9 800 M3B) B C'!8T\Dm9 f,U, B 

KOTOpillt ITOIT8.ll89T ~--M830H, lol OTCYTCTBH9 Cloii'H8JI8 B OCiJIBCTH 3X3 
BOKpyr 8TOf'O C'!9T'IHK8. 8TOT KpHTeploi:Ct OTdHp89T COdbiTHR 693 p83BHTHH 
anpoHHoro JIHBHR OT ~--M930H8 B r.U. M8lli8~9f'O B~9Jl9HHID H o6pa60TK9 
CHf'HB~OB OT f-KBEHTOB. £13 pacrrp9.ll9JI9HHSI 3H9pf'OBhi.ll9JI9HHR OT 
~ -M930HOB B rJI CiWIO OIIp9,I\9JI8HO ,. 'ITO 3TOMY YCJIOBHIQ 

6 



y~oB~BTBOpHBT/241 ~l = (3~1)% COOHTH! (STO 3H8~9HH9 COOTBBTCTBYBT 

BepoRTHOCTH rrpoXO:IK.nBHHR '1C -MesoHoM ~r R.D:Bpao:A: .zt.nmnl pa.zu.IaTopa 
cqeTqHKa Oea pasBHTHR a~oHHoro RacKa~a); 

5) KpOMB CHI'H8~8 OT '1C--M930H8, B r,U 3BperHCTpHpOB8H TO~hKO 
O.n;mi KJIBCTe_pJ' p83M9pDM !:2XZ C~BT1.IHK8 r)'{ (H3 IIOII9p91IHO:A: !f;opMil 
8JI9KTpOMBrHHTHOrO JIHBH.fl C~B,IzyBT/241 , 'liTO OTKJIHK f-KB8HT8 B r,U 
YKJIBnaBBBTC.fi B o0JIBCTh !:2x2 C'l9T1.IHK8 r,U). 

llepeorrpe~e~eHHoCTh B H3M9peHHllX. KHH9MBTH'l8CKHX 
rrepBMBHHblX. B C98HCB 1 II03BOJIHJI8 OIIpB,ItB~.fiTh 3H8'!9HH9 KHHB'J:'Ht!BCKO:A: 
8HeprHH ITpOTOHB C IIOMOmhiD rrporpaMMH KHH9M8THq9CKOrO 

i))JIT:I<pOB8HIIa/251 • 8TO II03BOJIIIJIO H3Y'Il!Th IIp01.19CC (I) H B 00JI8CTJ< 
KHHBTH'IBCKHX 8HBprmt rrpoTOHB 00Jihme 
CUMHTHJIJI.flqHOl:l:HHM CIIBKTpoMBTpOM 3H8'l9HIDl 

= tp). 
qTObl:l HCKJIIO'IIHTb B.JllUIHHB 

MBKCBMB~hHO H3MBpH9MOrO 
220 MaB (" 0,40 (raB/c )2 

TJll!I'repHoro TJl900BaHHa 
8He¥rOBl:l,It9JI8HHR B CqRH~.flqHOHHOM KaJIOpHM8Tp9 HB pacnpe,It9JIBHH9 ITO 
t I S/, llJI.fi 8H8JIH38 OT0HpBJIHCh C00HTIDI, B KOTOpHX 
1 ~pI >0,20(raB/c J2 • 8HepreTJl'<ecKoe paapemeHHe YCTBHOBKH rroaBoJIHJio 
H3Y'IIHTh npouecc (I) B 00JIBCTH 9HBprH:A: f-KBBHTOB uezrsB. 

'!HCJIO N"PT H80JIIl,ll88MHX COOHTHII IIp01.19CCa (I) O!Ip9.ll9JiaJIOCh H3 
rrpHBB,ItBHHOrO HB pnc.3 pacrrpe,It9JI9HHR ITO 3H8'l8HHD Xz KHHBM8TH'l8CKOrO 
i))JITB COOHTHII, OTOOpal!HHX IIO IC]lHTOpHHM I )+5) B Kl!H9M8TH'!9CKOII 
oOJiacTH 1 tpl >0,20(raB/c J2 , ue2raB. IIoJIJioJKKa <l)oHoBHX coOaTHII 
8KCTp8IIO~BBJI8Ch H3 00JIBCTH x2>9, B KOTOpo:A: pacnpe,It8JI8HH9 
BIIIIpOKCHMHpOBBJIOCb IIOCTOHHIIO:A: HJIH JIHH8:AHOit IIO Xz 38BHCIDdOCTbiO. 
Pa3HHU8 B onpe~eJIBHHH N~ 3THMH .ItBYMH M9TO~BMH COCTBBJIHJIB ±2% H 
Ol:lJIB ITpKITHCBHB CHCTBM8TH'l8CKO:A: OmH6Ke. 

KBK yze OTM8'!8~0Ch, B CBBHCB ! O~OBpBMBHHO H3yq8JICR rrpo~BCC 
yrrpyroro 'IC-p-paCCBHHH.fi/!9/. 8TO II03BOJIWIO IlpH BW!HCJIBHHH CB'IBHIDI 
IIpOUBCCB (I) IIpOBBCTH HOpMRpoBKY HB CB'l8HH9 ynpyroro 'IC-p-
paccemma: 

N a a - -n;p1 . 'IW (5) 
"P1 - "'Is"PT N"P/s"P 

r,ne S'!Cpf - reOM9TpH'I9CKHit BKCBIITBHC YCTBHOBKH ~.fl C06HTlfit ITp0U9CC8 
(I) (Onp9,It9JIBHHl:l:A: MBTO,ItOM MoHTB Kap.n:o) :HMBJI 3HB'l9HH6 !2% 
(OTHOCHTSJibHBH H90IIp9.lt9JI9HHOCTh B 3HB'l9HHH S'!Cpf IIpH pacqeTBX. C 

\JKJiacrepoM B rH H83l:lB89M cpabOTBBIDYID 06JIBCTb r,U ( cqeT'!HKH C 
BMnJIHTY.ztO:A: 60Jihme HBKOTOporo ITOpora ) BOKpyr JIOKBJibHOro M8KCHMJM8 
( C'l6Tqn}( rn, BMnJIHTY.ItB B KOTOpGM 60Jibm~ qeM BO BCBX 4 COCB~ 

C'l8T1.IHKBX. ) • 
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N 
100 

50 

PH.c .3 Pacrrpe.neJieHHe x2 KHHeMaTWiecRoro 

ll!HTB OT00p8HHHX COdll'fd B C98HC9 I. 

p83HHMH MBTpHqHHMH 8Jl9MSHT8MH COCT8Bnfl8T ±2%) H K0~9HT 
i£!=(0,39±0,0!) CBH3aH C OTdOpoM COdHTlfit 693 p83BHTHH B.IJ:POHHOro 

K8CK8.Il8 OT ~--M930H8 B rn. 
3HaqeHH9 HOpMHpOBO'ffiOrO K0~9HT8 COCTBBJIHJIO 

N'ltjl/E"P 
(3,56±0,02)H0 /COdllTH9. B HBrO BOillJIH: H3M9p9Iili09 B 3TOM lK9 

ceaHce/191 a"P=(0,589±0,004)M0 H N"P=34750 - ceqeHHe H qac~o 
cooa~ yrrpyroro ~-p-pacceHHKR B oO~ecTH rrepe~aq 0,2<1tl<0,5 
(faB/C ) 2 • 3H8'q9HH9 reOM9TplN9CKOro 8KC9llTBHC8 YCTBHOBKH ,IVlH 

codHTHA ynpyroro p8CC9HHKH COCTBBRRJIO E~=0,2!. 
CHCT9M8Tlfl9CK8H ODn'IdKa B Onp9.Il9.Jl9Hlm C9'119Inm, CBH38HH8H C 

B03MOJICH01!: H8T01ffiOCTbiO B IIOJIOJKeHlm f.ll, OU9HHB8Jl8Cb H3 cpaBHSHHH 

3HaqeHHa ceqeHHm, IIOJiyqeHHHX rrpH 00pa00TK9 C00H~ C 1-KBaBTaMH B 

IIO.JlHOA 8U9pTyP9 fJI H IIpH o0pa00TK9 COOI:l'rmt C /-KBBHTaMH TOJibKO B 

I..(9HTp8JlbHOA 00JI8CTH (:::::- 50% IIOJniOrO 8}(09UT8HC8 f.[ )lJlj'! C00h1Td 

rrportecca ( 1) ) • flOJIY'IBHHllB 3H8'18HHH CB'IBHKA: COBTI8)l;8IOT C TO'IHOCTbl> 

±3%. 

4. AIIAJlll3 CO!illTlli! "'-p ~> 'I<-P1 B CEAHCE 2 
0T0op coOHTHI. B '18CTH codHTEA C8aHC8 2 8HeprOBH~8JI8HH8 B rll 

daJIO OdYCJIOBHBHO a~HHHM JIHBHBM OT ~--M830H8 (RJIK CKM8~B8JIOCb C 

3HeprOBl:Ut8Jl9Em9M OT (-KBBHTOB) • qTOdH HCKJII)'IHTb BJIIDIHH8 

8HeprOBH,IlBJIBIDUI OT 'It--MB30H8. MSi )1;8JlliHe:A:mero 8H8JIH38 OTdHp8JIHCb 

COdHTIUI. B KOTOpHX 'It--M830H HB IIOII8)1;8BT B 8IIBpTypy rn. KaK 

rrpaBHJio. B 3THX COdHTHffX 'It - M830H He perHCTPHPYBTCH 

IIpOIIOpl..lHOH8JlliHiiMK K8M8p8MII 38 M8I'HHTOM, II8p9Kpl:lB8100tHMH anepTypy 

rn. TBKHB C00HTHR COCT8BRHDT ~/3 CT8THCTHKH B CBBHCB 2. 
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N 

""' f'HC. 4 P8CITp9,ll8JI9HM8 HHB8pH8HTHO:A' M8CCbt 

1000 
JU3YX 1'-KB8HTOB, 3BperHCTp:HpOB8HHHX B r,n. 

"" 
200 

"0 

" 

" 
" 0,0 0,2 

~~ 8H8RH38 dbt~ OTOdpaHH COObtTHH: 
I) - c onHHM rpeKoM. rry~oaoa qacr~; 
2) - C OnHHM Tp9KOM, 38perHCTpHpOB8HHHM dOKOBHM CIT9KTpOM9TpoM; 
3) - c OnHHM rpeKoM, saperHcTpHpOBBHHHM X-KaMepaMH .no MBrHHTa; 
4) - C 0~ KJI8CTepOM p83M8pOM He 00Jihill9 2x2 Cl.IST~8 r,n(Z4/ 
HeHsMepeHHH:e xapaJ(TepHCTHKl:l: 7t -MesoHa HarrpaBJISHHe B 

IIJIOCKOCTH YZ H B8Jrnl.IHH8 HMIIYJlbC8 -

napaMBTpbt YTOl.IHRJrnCb C TIOMOmbiD 
i))HTl1poB8HIIH/ZS/. 

orrpe.neJIRJIHCh, a HsMepeHHHe 
nporpaMMH KHH8M8TRq9CKOrO 

m 
N 

N 

50 

100 

2 

a) 
10 

50 

0) 

20 

5 

10 

2~~.-.. ~.-.. -+- 5 
0,Q 0.5 1,0 0,60 0.80 1,00 

cose cose 
PHc.5 P8CITp8.ll8JI9HH9 COS6 1'-KBBHTOB B CHCT8M6 ITOKOH ~Q~M830Ha 

(a) H K0-Me30Ha (0). 
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0CHOBHHM HCTO~OM ¢QHa RB~HIDTCR COCiHTHR C ~Q- H ~Q-M830H8MH 
B KOH81IHOM COCTOfilrnH. PaCCMOTpHM CH8ti8JI8 if;cH COCihlTmt C 

H8CHMMeTPwmm.m: pacna.IIaMH '!tO- H rP-Me30HOB, KOr.IIa O.n;ml 11:3 

j-KB8HTOB H8 perHCTpHpY8TCH r~ (TO eCTb era 3HeprHR M8HbWe 

3H8pnm odpe381illH :::: 240 MsB, rum ')'-KB8HT He IIOII8,II88T B arrepTypy 

r~). Ha pHc. 4 npHBe.IIeHo pacnpe.n:eJieHHe no mmapHaHTHott Macce liBYX 

3aperHCTPHpOB8HHWC ')'-KB8HTOB, B KOTOpOM ti8TKO BH.D:Hl:l I1l1Kl1: '1tO- H 

~0-M830HOB. COCiHTHH 11:3 OCiJI8CTH 3THX TIHKOB HCTIOJlh30B8JIHCh JJ:JIR 

oueHKH if;cHa, rrpose.IIeHHott cJie.IIYromHM odpa3oM. 

~3 pacrrpe,II8Jl81illH COCiHTHA ITO COS8 O.IIHOro 11:3 ')'-KB8HTOB B 

CHCT8M8 TIOKOH rP-Me30H8, rrpiD38li8HliOrO H8 pHc.5a), MOJKHO OU8ImTh 

KOJrnti8CTBO COCil:lTmt, He 38perHCTJlHpOB8HHHX B OCiJI8CTH COS8>0,68 -

!70~!5. PaCITp8.II8JI8HH8 TBKO~ ~e B8JIH~ ~R ')'-KB8HTOB OT paCTI8,IIOB 

~Q-M830HOB (CM. pHC.5Ci) TI03BOJIH8T OU81illTh KOJIHqeCTBO COCiHTHtt C H8-

38p8rHCTpHpOB8HHHM ')'-KB8HTOM B OCiJI8CTH COS8>0,96 - 220~20. 

KpoMe Taro, BKJI8.D; \tX)HOBl:lX COCillT:ffit C H838p8rHCTpHpOB8HHl:lM 

l'-KB8HTOM OT pacna.D;a 'ItO- H rP-M830HOB OUelillB8JICH T8K~e c TIOMDI.UhlO 

nporparo'lMH MOHT9 Kap.n:O, MO,II8.1IHpYIOID,8~ paCIT8,IIl:l 'l{;O- H YjQ- M830HOB, B 

KOTOpym 38KJl8)thiB8JIHCb H3M8p8HHH8 B H8W8M 3KcrrepHM8HT8 yrJIDB08 H 

3HepreTHti8CK08 pacrrpe,II8JI8HHH 'ItO H YjQ-M830HOB. Ode OU8HKH ¢oHa 

COBTI8,II8IDT B ITp8li8Jl8X YK838HHOtt B TI8pBOM M8TO,II8 TOtiHOCTH. 

COCil:lTHR C ~0-Me30H8MH C COS8>0,68 H COCihiTHH C 'l{;O-M830H8MH C 

cos8>0,96 c secaMH, cooTBeTCTBYIO!UHMH (.IIJIR .n;aHHoro sHatieHHR case) 

·mcJiy COCillTillt C H938p9rHCTpHpOB8HHh1M ')'-KB8HTOM OT p8CII8.D;8 'l{;Q- H 

~0-Me30HOB, OCipaCiaTHB8JIHCb rrporpaMMott KHH8M8THti8CKOrO ~THpOB8HHR 
K8K COCibiTHfl C O,IIlillM ')'-KB8HTOM. 3TO IT03BOJIHJIO Bbiti8CTh BKJia,n: 3THX 

¢QHOBbiX COCiHTHa (0 ITpOU8,IIype BlltiHT8HHR CM. HH~9). 

~H Cm1M:eTp:wumx pacna,n:oB '1tP-Me30HOB. fl..JIR l.I8CT11 '1t
0

-Me30HOB B 

oCiJiacTH cos0<0,74 (CM. pHc.5Cil ')'-KBaHTH rrorra~aiDT B coce,IIHHe 

Cti8TtiRKH r~ H OCipasyiOT B r11 TOJibKO O.rr;HH KJI8CT8p. l!aCTb TBKHX 

COCibiTi-fA: oCipasyeT KJI8CT8p pasMepOM ~2x2 Cti8TtiRK8 rll H HBJIR8TCfl: 

T8Kme HCTOtiHHKOM ¢oHB. 

llJIH TIO.D:BBJI8HHfl tfcHa T8KHX cOUbiTiftt MCTIOJih30B8JICfl H8~8HHbi~ B 

paCiOTeiZ4i KOJIH'Ii6CTB8HHH~ KpHTepmt liJIR pacrrpe,II8JI8HHR 3Hepnm B 

KJl8CTepe, KOTOpllit HCITOJib3Y8T B9JIHtiHHl:l EX' Ez - OTHOW9Imfl 3Hepnm 

TIOJIOBmill KJl8CT8p8 (ITO COOTB8TCTBYIOOI.8:A: OCH) K CyMMapHO~ 3HeprHH 

KJl8CT9p8. J1JIH KJI8CT8pOB C p83M8pOM ~2X2 Cti9TtiHK8 B r~, 

oCipa30B8HHhiX .IIBYMR 1-KB8HT8MH OT pacrra,n:a 'ltQ-M880H8, xapaKT8pHO 

rrpHMepH08 paB9HCTBO 3HeprHR B era liBYX ITOJIOBHH8X 1 TO 8CTh O,IIHO H3 

OTHOII18I-nfit EX HJIH Ez HM88T 3H8ti8HH8 ~ I/2. B TOM me CJiyqae, KOr)la 

KJI8CT8p B03HHK OT O.D:HOro ')'-KB8HT8, EX(Ez)::::!/2 03H8'1i86T, tiTO 

1'-KBBHT TIOTI8JI B Y3KYIO OCiJI8CTb TIOC8pB.rr;HH9 M8~ Cti8T~aMH. 
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N a) 
n 

150 6) 
<OO ft 

t 

•• ~~~ 
100 

•t .. ~~ 
•t ~~ 

! ~ 2 q 
0 ~!h,~ 

50 

0,10 
~i +;;, 

i 4 111 
5 0,()5 Scut: 

00 0.1 0.2 D,3 Of. 0,5 0 0,10 020 

PHc.6 a) Pacrrpe.n:eJiemre codHTHA: C O.mmM KJI8CTepOM paaMepoM 
52x2 C~9T~8 rn ITO Be~e S. 

0) Pacrrpe.neJieJme JlOJIH COO!i'llill c S>Scut B r)l, 
OCip830B8HHHX OnHHM [-KB8HTOM (•, K08~9HT I-ki) H JlO~ COCiHTHA: 

c ssscutB rn. oCipasoBaHHHX ~YMR (-KB8HT8MH (o, KO~eHT I-~). 

Ko~qecTB9HHO 8TH paccy~eHHB MOEHO BHp83HTh C IIOMOmbiD 

BSJIH'illlill/24/; 

s = sx<I-sx) + sz(I-sz). (6) 
8 IIpHB9.ZI:9HHOM H8 pHC.68) pacrrpe,n:9JI9HHH ITO B9JIKqHH9 S IIOJIHO:A: 

CT8THCT:mill 2530 COCiHTlfi't_, OTOOpaHHllX ITO KpHT9pHSIM I )+4), BIUUIO 

p83Jl8Jl9HH9 COCiHTHA: C ~8CTepOM, Odpa30B8HHHM 0~ /-KB8HTOM (TIHK 

B odJI8CTK M8JIHX 3H8'!8lmA: S), H COdll'rd C KJI8CT9poM1 Odp830B8HHHM 

'11:
0 -Me30H8MH (TIHK B OCiJiaCTK ~,25). Ha pHC.6d) rrpm!9.ll9H8 

38BHCHMOCTh OT SCUt JlOJIH COOHTlfi:t C S>ScUt C RJI8CT9pOM, 

Odpa30BBHHHM 1'-KBaHTOM, M .n:o.Jm: COdHTd C. SSSCUt C KJI8CT9pOM, 

oc>pasoBamrnM 'llP-MesoaoM. Bl:l6opoM saaqeHHH Scut=O, I4 codbiTHH dbiJIH 

pas~e~eHbl H8 2 rpynTibl. CodbiTHR CO 3HaqeHH9M SSO,I4 COA9pE8T 

ki~(78±2)% COdbiTiftt c 0~ r-KBaHTOM. CodbiTHH ze c S>O,I4 co~epzaT 

kz~(8I±2)% COdbiTiftt C Kn8CTSpoM, 'Odp830B8HHHM ~O-M930H8MH. 
0TipeA9~9HH9 ceqeHHH. ITo KHHBM8~9CRHM KpHTBpHHM/IS/, 

HCTIOJlli30B8BIIIHMCH B C98HC9 I, AJffi ,llaHBl:lX STOrO C98HC8 dHJI IIpOB9,1l9H 

OTdop COdbiTHA yrrpyroro ~-o-p8CC9HHHH. STO IT03BO~O npoB9CTH 

HOpMHPOBKY Ha ceqeHHe yrrpyroro rrpouecca rrpH BHqzc~eHHH ceqeHHR 

rrpouecca (I) H B ceaace 2. 
B padoTe/24/ dHJIO Onp6,1l9~9HO, qTo saperHCTpHpOB8HHH9 B C98HC9 

2 COdHTHH ynpyroro p8CC9HHHR C OTHOCHT9JlliHHM 3HeproB~9~9HH9M 

11 



2.0 

1.0 

~2 03 0~ a5 2 ft,l.lr•~~~~:l 
PH:c. 7 Pacrrpe.lleJieime ~pe:HroiaJibHoro ceqeHHH ynpyroro 

pBCC9ffHHH ITO KBB~BTY IT9p8)laHHOPO ~9TUp9XHMITy~C8 B C9BHC9 2 B 
Cp8BH8HHH C p63YJibTBTOM arrrrpOKCHMBUHH/l9/ aHBJIOrHqHOPO 
pacnpe.lleJieHHR B ceaHce I. 

E/p>O, 73 B r.n: OT paCC9RHHOro 11:--M930HB COCTBBJiffiOT <£z 
(2,85±0,06)% acex coOuTHA: yrrpyroro paccemma (onrnOKa 
CTBTHC'fHq9CK8H) • CMCT9MBT1N9CKBH OlliH0Ka B8JIH1.liml:a1 <Ez, yqzTH.BaKIItBH 
B03MOEH09 H9C00TB9TCTBH9 KB~OpoBOK r~ B C88HC9 I H 2, COCT8BnH8T 
0,15%. B pacnpe.ne.neHlfill: no KBB.IqJBTY rrepe.ztaHHoro tiBTH}JSXlOOiyJibca 
coOUTd yr:rpyroro paCC9HHHH B C98HC9 2 (CM. pHC.7) BH,ItHO BJIHRHH9 
-rpHrrepHoro Tp9CiOB8HIDl 8H9prOBH)l9JI9HHH B C[lHHTH.liJlftlzyJOHHOM 
KaJiopHMOTJlB JVIH rrepe,uaq 1 tpl <0,16 (rsB/c) 2 • OHo BMOCTe c 
Tpe00BBHH9M H3M9peHIDI, B BTOM C98HC9, KBJIOpHM9TpoM KHH9'l'WI9CK02 
SH9prHH IIpOTOHa OIIpe,U9JIH6T 06JiaCTh 0,16<jt

0
J<0,40 (raB/c) 2 .llJIH 

M3YtiBHHH rrpouecca (!). 
13KJI10'l9HH09 B 'rpHI'replll:lCt CIIT'HBJI Tpe00BBHH9 SHeprOBbi)l9JI9HWI B 

r.n: H 3H9preraqecK09 paapemeHHS YCTaHOBKH IT03BO~ H3yqHTb ITpOUSCC 
(1) B OdJIBCTH SHOprHtt r-KBBHTOB OT 32 AO 40 PsB. 

1!3 IIpHB6,U9HHHX H8 pHc.8 8), 6) H B) pacrrpe,ueJieJml! Xz 
KHH9M8TWI6CKOPO !IJHT8 C00llnfit, OT00p8HHllX ITO KpHTSpruiM I )+4) B 
KHHSM8TJ[qSCKOa 06JI8CTH 0,16<JtpJ<0,40 (rsB/c) 2 , 32<W<40 PaB, 
onpeAe~Cb ~c~a coCuTHa c 8<0.~4, S>O,I4 H 4oHOBHX coCuTHA OT 
pacnanoB ~Q- H ~0-Me30HOB C H638p9rHCTpHpOB8HHllM r-KBBHTOM: 
N~a.I4 ' Ns>O,l4 H N~. PasHHUa B orrpeAe~eHHH 3HaqefiH2 9THX 
BSJIINHH ITpH BH~Tamrn: JIHHSl!H:OA HJIH IIOCTORHHO:A: IIO Xz IIO,nJIOlKKH 
~HOBHX COCHTHI COCT8B~H6T ±3%. qaC~O COOllTHa rrpouecca (I) N~T 
onpene~HnOCb H3 COOTHOW9HHA: 

k1 · (N"Pr+N"'l) + (I-kzl·N" o 

(I-k1 )· (N"Pr+N"'l) + kz ·N'< o 
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Ns.:SO,I4, 
N s>0,14, 



r.n;e N'lt 'IHCJIO ttoHOBf:,IX C00b1Td OT CHMM9Tp:wnnlX pacna.noa 
7f:Q-M930HOB. TaKHM oOpasoM N~yBH~c~JIOCh KaK: 

kz·Ns<O,I4- (I-kzl·Ns>O,I4 _ N 
N"P1 " kr + li2 I 1trJ' 

H C8"!9HH9 OIIp9.ll9JIRJIOCb IIO \IX:>:ptd)'JIS-..41: 

a "~ a~ 16) 
"1'1 ""1'1 N"P "'z . "xz l /c"P . 

3Haqe:r:rn:H R?tp"f' orrpe.n;eJieHHI:le rrpH paaHHX seJIH'!HHax Scut B 
odJiaCTH 0,10+0,20 C ?OOTB9TCTBY~ 3H8'I9HHHMH K0~9HTOB kl H 
k.z (pHC.6Ci), COBII8,ll8IOT C TOiffiOCTbiO :!:3%. IlpH 3TOM ilJIH Scut=0,14 
ITOJIY'I89TCH HaHM9Hblli99 3H8'I9HH9 (!5%) OTHOCHT9JibHOA CT8THCT~9CKOA 

OillHdKH B orrpe~e~eHHH N"P
1

. 

N 

60 

50 

40 

30 

20 

10 

a) 

5<0,14 

N 
60 

50 

40 

30 

20 

s •0,14 

N 
20 

B) 

0 9 18 0 9 18 0 9 18 
~ x• x• 

PHc. 8 PaCrrpe.D;9JI9HH9 x2 
KHH9M8TK'-19CROro ¢HTa .ItJlR C06.blTd CO 

3H8'I9HH9M ~0,!4 (8), 8>0,14 (0) H ~H ~HOBHX COCibiTd C TIOT9peA 
o~oro /~KBaHTa OT pacrra.n:oa 7t

0- H ~0-MeaoHoB (B) a ceaHce 2. 

\4ftp~o~ orrpe.n:e.nemm .n;mtJllepeHUHaJIDHHX ceqeHHa: 
BHqzCRRJrn:Cb OT,ll9JibHO ~H K8~0A TO~ 

Onp6.ll9Jl9lm9 8KC9ITT8HC8 H BH\IHT8HH9 

~P9HUH8JihHO. 

13 

3H81.19HHH N'ltpT H €'1tp1' 

Cll9ltTp8, TO 9CTh 

i)<>HOB IlpOBO.IIIIJDICh 



reoM8TpH~9CKHa aKC8ITT8HC Cnp/ COCT8BnH~ B 3TOM C88HC9 11,5% . 

OH onpe~e~a~ca MeTO~OM MoHTe KapRo. OTHOCHTe~oHaa cHcTeMaTH~ecKaa 

OmH6K8 B 3H8~9HHH 8KC9UT8HC8, CBH38HH8R C BH~HC~8HHRMH, 

rrpose~eHHHMH C p83HHMH M8TpH~ 3~8M9HT8MH, COCT8BnH9T 3%. 

llo Cp8BH9HHJO C C98HCOM l B HOpwqx>BO~ K031PfMJ..tH_eHT, KpOM8 

BeJili'IJIJI: N"P=5230 -'illCJIO COOUTID! yrrpyroro rrpouecca C Elp>O, 73 , 
a - anaqeHHe ce~eHHa yrrpyroro rrpouecca s od~acTH 

0~<1tpl<0,5(raB/c) 2 l< E"P, BXO)lHT TaKlKe KOa¢xlJmmeHTU "z l< EXZ' 
Koa¢xlJmmeHT "z= ( 0, 0285±0, 0006) . paBSH )IOJIS yrrpyrl<X C00UTID!, 
pef'HCTpHpYSMElX B C88HC8 2. llORBJI8HH8 KOa4xl)HUHSHT8 CXZ CBH3a.HO C 

p83J!HqHSM KpHT9pH9B OTCiopa COCiHT~ pa~BUHOHHOrO paCC9ffHHR B 

ceancax I H 2. Be~~a Exz= (0,86±0,02) CiH~a orrpene~eHa c rroMomnm 

rrporpaMM reOM8TpHqecKOA peKOHCTPYKUHH· 

CYMM8pH09 3HaqeHHe HOpMHpOBoqnoro K0~8HTa: 
0 

N 7~. 6 )IE = (0,58±0,03)HO /coo. 
"!' xz "P 

CHCT9M8TWI8CK8R OlliHCiK8, CBH38HH8R C B03MOlKHOA H9TQqflQCTDID B 

I10~0:IK8HHH f,U, OITp9.lt9JIR.Jl8Ch
1 

K8K H B C98HC8 I, H COCT8B~R~8 4%. 

5. PE3YJ!hTATbl 

~R HHTerpaRDHHX ce~eHHA rrpouecca (I) daRH rroJiyqeHH anaqeHHa: 

or<~-PI)=(l2,0±l,ICTaT±l,3CHCT) MKO 
B Kl<HeMaTHqecKoa oOJiaCTl< w > 2rsB l< 0,2 < ltpl < 0,8(rsB/c) 2 ; 

Oz(~-Pi)=(0,31±0,~/CTaT±0,040HCT) MKO o 

B KHH8M8THqecKoA OCiR8CTH 32< w <40faB H 0,16<jtp1<0,4(raB/c).c:.. 

0CHOBHOA BKJian B IIplffi9,It8HlW8 CHCT9M8THqeclill8 OW:lofdlill BHOClofT 

CHCT8M8THqecKaR OillHOKa B H3M9p9HHH C8~9HHR IIpOU8CC8 ynpyroro 

~-p-p8CC8RHHR B C88HC8 I/l 9 / - 10%. 0CT8JibHH8 BKJI8~ dH~ OITHCaHH 

Blilll9, KaJt,llWt H3 HHX He• CiO.flbill9 H9CKORDKHX l1pOL\8HTOB. CYMMHpOB8HH9 

CHCT8M8THqecKHX OillHCiOK CiHJIO ITpOB8,It9HO Cp8,ItE8KB8.ltp8THqHQ. 

Ha pHC. 9 ITpHB9~9HO H3M9p9HH09 .n;Hll.XfJep9HUH8JibH08 ITO W ceqeHHe 
rrpou,ecca \I) B CXO,llHO:a .JlJIR C98HCOB 1 H 2 Km!9M8THqecKO:A: OCiRBCTH 

0,2<1tpl<0,4 (rsB/c) 2 • Pac~eru,rrpose.n:eHHHe c Marp~HHMH a~eMeHTaMH 
(TI.I+3), COBITa.ztaDT B OCJiaCTH 3HeprHA W<30 faB H B rrpene~ax 

3KCIT8pnM8HT8JibHbiX Onrn:CiOK (Ha pHCYHK8X ITplffi8,ll8HH TORDKO 

CT8THCTHqecKUe OmHCiKH) OITHCHB8IDT .JlH~p9HUH8~bHH8 ceqeHHR ITO W, tp 

H m'ltf (CM. pHc.IO 8) d)). B OCiJiaCTH W>30 raB pacqeTl:l C p83HHMH 

MarpHqHHMH 3R6M9HT8MH OTJIWI8IDTCH: (IT.2) H (ll.3) OITHCHBBIOT B 

npeneJiaX 3KCrrepHM8HT8JIDHHX OmHOOK BC8 ~p9HUH8JIDHH8 

I~ 



pacrrpe,lleJieHHR, rro.ny'leHHHe B aKcrrepHMeHTe (eM. pHc.9, IO B) r) ~ 
TOr,lla KBK EED-rrpHdJimKSIDI8 (II.!) He OimCb1B88T ~p9Hizy18JibH09 

C8'l9HH8 ITO ~-HHB8pH8HTHO:A: MBCCS 1-KBBHT8 H KOHS'lHOrO ~--M930H8. 

Ma cpasneHHR aKcrrepHMeHTaJI:oHHX ~pe~a~:oHHX pacnpe.lle~eHHn 

C p8C'l8TBMH C9'l8HHR IIpOUSCCB (!) , Bb1IIOJIH9HHI:lMH C M8TpWIHHMH 

3~8M8HTBMH (Il.!+3), MOEHO C,llSJIBTb BHBO,ll 0 IIpHM8HHMOCTH 

SPA-rrpHd~eHHR B anne (ll.2) K ee ododmeHHoro BH.lla 

HPT-rrpHd~meHHR (TI.3) ~R ormcaHHR rrpouecca pa,llHaqzoHHoro 

paccemrn:R IlpH 3H8prn:H 43 faB B WHpOKOM Jllllaii830H8 SHeprd 

1-KBBHTOB. EED-npHO~eHHe HenpMMSHMMO .llJIH orrn:caHHH npouecca 

paJJliiBUHOHHOrO pacceaHHR B OO~aCTH SHeprd /-KB8HTOB W>30 fsB. 

(\1() 

0.(5 

001 

0 10 20 

~ 

Pnc.9 ~p8HUHB~bH08 ce'leHHe rrpouecca 

pa,mtBUHOHHOrO p8CC9millH ITO W, H3M9p8HH08 

B KHH8M8THqecKoa 00~8CTH 0,2<jtpj<0,4(raB/c)2 

B C88HCBX I H 2. KpHBb18 1.2,3 COOTB8TCTBYIOT 

p8Cii8TaM, BHIIOJJH8HHl:lM C IIpHB8,ll8HHI:lMH B IlpH

~O><OHHH M8T]ll<'lllHMH ·~8M8HT8MI< (ll. I ) • (II. 2) • (II. 3 ) • 

2 

3 

30 40 w,r3B 

PBC'i8Tb1 II2 H I13 CJI800 OT~Ii8IOTCH .JlPYr OT ,llpyra. 8TO MOEHO 

Od'DHCHHTb T8M, 'lTO MaTpHtiHlll SJISMSHT ynpyroro '1C-p-p8CC8IDIIiR B 

HCCJI8,llOB8HHO:A: KMH8M8Tntl8CI<Oit OdJIBCTH C XOpome:A: T01ffiOCTbiO .mme:A:Ho 

3BBHCHT OT S,H HCITO~b30BBHH8 IIpH p8C'l8T8X IT9pBHX TipOH3BO~ (II2) 

H KOH91.ffib1X pa3HOCT8:A: (IT3) 3RBRB8JI8HTHO. KpoMe Taro, JIRH9:A:H8R 

3BBHCKMOCT~ M3 OT S MOZST dHTb rrpH~iHHO:A: xopomero COrJIBCHH paC'l8TOB 

TIDIB Jioy B IIIHpmta:A: OdJIBCTH Kml8M8TH'l6CIGIX II9p9M8HHHX, TBK KBK 

H8YiiT8HHH9 B Jioy-IIO.llXO.ll8 00~98 BHCOKH9 q~eHH pa3JIOE8HHH CBH38Hb1 C 

IIpOH3BO,llHHMH BblCmHX IIOpa,llKOB M8 ITO 8. 

15 . 



2 

o.) 

5 

2 

Oil 

...::r-
zo 

B) 
1,0 

(),5 

Q2 

~~ -f 0 

20 

~ 
c\) 

10 

5 

2 
12.3 

'" Q8 "piJr,..fM 

\:;. 
2 

r): 
3 0, 

1 

Q02 

l'Hc.IO .!Il$l)epeHimaJibH118 (no tp, ll',q·) 
ce'l.lemm paJIHai..Wmrnoro 'lt-p -> 'lt-Pl' pac
ceRHHH, HSM8p9HHH8 B C88HC8 I (8, d) ~ B 

C98HC9 2 (B, r). KpiD3b19 !,2,3 COOT-
B9TCTBYIOT pacqeTBM, BiiiTOJIH8HHHM C 

IlpiD38.11:8HHI:lMH B llpHJIO:JKeHIDl: M8TpHWHMH <Me
(li.I), (!1.2), (l!.3). 

6 • 3AKJIIJ1JEHI1E 
B 3~8HHH Kp8TKO rrepe~C~ OCHOBHH9 p93Y~bT8TH padoTH: 

I) 113Mepeim sHal.leHHH miTerpaJibHoro ceqeHHR rrpouecca 'It-p--->'11:-Pl' 
ITpH H81.JBJibHO~ SH9pPHE 43 raB: 

o1 (~-PT)~(I2,0±I,I 0TaT±I,30HCT) MKO 
B KHH9M8~1.J9CKO~ 00JI8CTH w > 2raB H 0,2 < ltpj < 0,8(raB/c) 2 ; 

a2 <'lt pr>=(0,3I±o,o70TaT±o.o40ncT> MKd 
B lillH8M8TW!8CKOl! 00JI8CTH 32< W <40raB H 0,I6<itpl<0,4(raB/c) 2 

2) lr1sMepeHH .n;mtrllepennH8JibH11e ceqeHHH sTore rrpou;ecca no KBa.npaTy 
rrepe.n:aHHoro rrpoTOHY 
CHCT9MH 'It! B KOH9~0M COCTORHHH -
WHpOKO~ odJiaCTH 2 raB < W < 40 raB. 

tp, KHB8pH8HTHOA M8CC9 
ffii-y H SHepnrn: )'-KBaHTOB B 

3) IlpoB8.Il8HllJ,i8 B paMKax SPA-rrpHOJIIDK8!illH ero 
(M8Tp1Nlrn9 3JI9M9HTI:l Il.2 H IT.3) pac'JeTH C9'l9HHH rrpo~ecca 

pa.n;Haunmrnoro pacceRHIDI orrn:ci:aiBaiOT no.ny'leHHI:le B sRcnepBMeHTe 
.n;amrne. PacqeTl:l c M8TpiNHHM 8JI9M6HTOM B EED-IIpHOJIIDKe:mrn: (II. I) He 
OIDICbi~BlOT IIOB9,IJ;9HH9 ~peHQH8JibHOrO ITO IIl.n;-y ceqe!Dffi B 00JIBCTH 
3HeprHa (-KBBHTOB W>32 raB. 

ABTOpH 0JIBrO,IJ;8pHl:l ~9KUHHM ~9 H OMHH 38 IIO,IJ;,IJ;9pZKy paOoTH. 
a TaKES ~.D.Bap~. ~.C.KosJioBy, B.3.KoneJIHOBH'IY H A.B.TapacoBy 
38 IIOJI63H09 00CY~9HH9 TBOpeTHqecRHX BOIIpOCOB. 
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( ~ P';l ) eZP - P2K T(sr,t~) + P4K T(s1 ,t~) + 

( 
_u _u _u _u T(sf, t~) - T(si' t~)) + O(w), (!l.3 ) ezp -<v1 + ~2 + ~3 + V4 ) sf s1 

3~9M9HT W830BOrO rrpocTpaHCTBB H ITO~OCTbiD ~P9HUH8~bH09 C9't9HH9 
ilO~OCTbiD ~p9HUH8~bH09 C9't9HH9 orrpe~9A9HO BHp8E9HH9M: 

(2~) 4 1MI 2 
do ( 2 2 2)172 d'l)3(p1+p2;p3,p4,k), 

4 (p1p2) - m1"2 
(ll.4) 

r.ne M- MaTpWIHI:llt aJieMeHT rrpouecca: d<ll3- aJieMeHT ~aosoro 

npocTpaHcTsa; p1 •••• ,p4 ,k- 'te.THpexm.myJibCH qacTm..t; m1 .~- MaccH 
rry'IKOBO~ ~CTHUH H 't8CTRUH MHm9HH. ITOCKOJibKY ITOCT8HOBK8 
3KCIT9pMM9HT8 IT03BOJiflJI8 H3yqaTb ,naHHHtt ITpOU9CC B Orrpe,Il9JI9HHOI 
00JI8CTH 3HeprHa /-KB8HT8 W B JI800p8TOpHOI CHCT9M9 H B Orrp9,Il9JI9HHOI 
00J18CTl< ITO rrep9,!1811HOMY IIpOTOHY 'ISTHpe:rnMilYJlbCY tp= (p.<l -Po )2 , M!i 
BH0pa~ 9TH II9pSM9HHH9 )IJlfl OITHCaHHa IIpOUSCCa BM9CT9 C ~=(p3+k) 2 , 
HHB8pH8HTHOI M8CCOI CHCT9MH ~ B KOH9~0M COCTOHHHH H ~YMfl 

yrJIOBHM.H rrepeMeHHUMH: ~t~1- 83HMYTBJibm.u:!: yroJI )'-KB8HT8 B C.ij.~. 

KOH9~0rO ~--M930H8 H f-KB8HTa; ltlp - 83KMJT8JibHHft yroJI KOH9~0ro 
TipOTOH8 B C.ij.M. 3JI9M9HT ~830BOrO rrpOCTp8HCTB8 BHp8M8eTCR C 
ITOMOmbD 8rHX rrepeMeHHHX; 

2 
-9 d'l)p dtp d~7 dw dmi, 

d~3(p1+p2;p3,p4,k) = (211:) • (ll.5) 
32 ,ISiiP(,ISi;~,~) I P'lt')'L 

r.ne P'lt{L 03H8'18eT BBJllNHHY HMI!YJibC8 CHCTBMlil 'ltf B JI800p8TOpHo:R 
CHCTBMB H P(78i;~.mp) paBHO BBJIH'IHH9 HMITYJibCa '18CTHU B C.U.~.! 

P(,ISi;~,~) = (si-(~-~)2)1/2(si-(~+~)2)1/2/(2,1Si). 
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Marp~ a~eMeHT yrrpyroro ~-p-pacceRHHH 
MBTPH~ 8R8M9HT yrrpyroro ~-p-pacceaHHR MO~O BHUpaTb qHCTO 

MHHMHM/ZB/ H 38TIHC8Tb B B~e: 

ImT(s,t) = 2 vs P(vs;m~.mp! o~0~(s) exp(-b(s)ttt/21. (ll.6) 

~H 38BHCHMOCTH ITOnHOrO ceqeHHH 0~0~\S) HCITORb30B8~8Cb 
arrrrpOKCHM8UHH paOOTH/Z?/, 8 38BHCHMOCTb rrapaMeTpa H8~0H8 b(S) 

O~a BHOpaHa B Bane b(s) = 6.0 + 0,6i ln(s). 8THM BHOopoM 

~OCTHr89TCR XOpOW99 COPR8CH9 rrpH OllHC8HHH O~~p BO BCSM 

KHTepecyromeM H8C ~8IT830H8 S. 0nHOBp8M8HHO BHp8E8HH8 (il.3) 

Y~OB~eTBOpHeT OITTH18CKOn TeopeMe: (do/dt)t=O = oiot/16~. 
PacqeTH ceqeHHa TipOBO~Cb C TIOMOmb~ rrporpaMMH MOHTe-Kap~o. 

B KOTOpyiD 0HR 38ROmeH pacqeT TIOnHOCTbiD nH~p8HUH8RbHOrO ceqeHHH 
ITO ~pMY~e (ll.4) C M8TpH~ 8~eMeHT8MH (ll.4),(ll.5) H (ll.6) H 
BHp8E8HHHMM (fl.5) nna 8R8M8HT8 ~830BOrO ITpOCTp8HCTB8 H (fl.6) ~fl 

MaTP~oro aReMeHTa yrrpyroro pacceaHHH ~-p. 
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