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- l1ccne.QOBaHHe srnneHHH, CBH38HHblX C HOBblM KnaCCOM KOpOT

KOlKHBYillHX qacTHU, nonyquawux Ha3B8HHe pe3oHaHCOB, HBnHeTCH 

0.QHHM H3 Ha6onee BalKHblX HanpaaneHHH B pa3BHTHH ~H3HKH sne

MeHTapHblX qacTHU. 

3aaqnTenbHaH qacTb 3KCnepuMeHTanbHblX i:taHHblX O peaoaaH

cax rronyqeaa C IlOMOillb!O lKH.QKOBO.QOpO.QHblX ny3blpbKOBbIX KaMep. 

)Ku.QKOBO.QOpO.QHble ny3bipbKOBbie KaMepbl 1103BOnHIOT nonyqaTb 6onb

Ill08 KonuqecTBO HH~OpMaUHH O npoueccax B38HMO.Q8HCTBHH sneMeH

TapHblX 'laCTHU H npOBO.QHTb H3MepeHHH C Bb!COKOH TO'IHOCTbIO. 

STo nenaeT HX oqeHb yno6HblMH rrpu6opaMH KaK i:tnH IIOHCKOB HO

BblX peaoaaacoB, TaK H .QnH CHCTeMaTH'leCKoro H3Y'l8HHH HX CBOfi-

CTB. 

llh!poKoe ucnonb30B8HH8 KaMepHblX MeTO.QOB uccnei:tOBaHHH 

17 + p -B38HMO.QefiCTBHH CTano B03MOlKHblM T0nbK0 nocne Toro, 

KaK pa3BHTHe T8XHHKH cenapupoBaHHblX ny'IKOB 'laCTHU C paanu'IHOll 

+ 
Maccofi rrpnBeno K C03.Q8HHIO KaHanoB i:tnH Bbl.QeneHHH 17 -Me30HOB. 

TTp11MeHea11e B 3TIIX uccne.QOBaHHHX lKH.QKOBOJ:IOpOAHblX ny3blpb-· 

KOBblX KaMep 1103BOn11no rrony'IIITb PHA HOBblX peaynbTaTOB KaK 110 

ynpyruM, TaK II HeyrrpyrHM 17 + p -B3811MO.QefiCTBIIHM, B TOM 'IHC

/1-4/ 
ne H no pOlK.QeHHIO pe30HaHCOB 

--+ 
HacTOHill8Sl .QHCCepTaUHH IlOCBHilleHa uccne.QOBaHKl<> 17 ~ -yn-

pyr11x B38HMO.QefiCTBHH II KB83HABYX'laCTll'IHblX peaKUHH 77 + p ➔ p + p 

" IT+ p ➔ N +++ 

MY COCTOHHHIO 

17 0 

' + 0 
17 p 17 

npnBO.QHillHX K Tpex'!aCTll'IHOMy•KOHe'IH0-

/5-10/ 
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HccneAOBaHHe np0B0AHn0Cb Ha CHHMKaX c 40-caHTHMeTpo

BOli lKHAK0B0A0P0AHOli nysb!pbKOB0II. KaMepbl, o6ny'!eHHOll a cena

PHP0BaHH0M ny'!Ke IT+ -MeS0H0B c HMnynbC0M 2,34 rsc/c Ha CHH

xpo<jlasoTpOHe na6opaTopHH BblC0K11X sHeprnll OH.HH. 

ilnccepTaUHH C0CT0l!T 113 5 rnaB If SaKn!Cl'!eHl!Ho 

I • B nepaoli rnaae np11B0AHTCH KpaTKnli o6sop sKcnepnMeH-

+ + + +++ 0 
T8nbHblX A8HHblX no peaKUlfHM 77 p ➔ P p II 77 p ➔ N 77 11 

77 +P ➔ "+P I nony'!eHHblX KaMepHoli MeTOAHKOli B lfHTepaane HM-

nynbC0B 1T + -Me30H0B AO 4 rsa/c, If onHC8Hl!e HeK0T0pblX npocTeli

llllfX MOAeneli nep11<jlep11'1eCKIIX B38MHOAeliCTBHli. 

II • Bo BTopoli rnaae onncaHa 40-caHTnMeTpoaaH JKHAK0B0Ao

poAHaH nysblpbK0BaH KaMepa If HeK0T0pble MeT0AH'!eCKl!e pesynb

TaTbl o6pa60TKlf CHHMK0B C STOli KaMepbl. 

TTpHM0HHBUl8HCH B nccneA0BaHl!HX 40-caHTHMeTpOBaH lKHAK0-

B0A0P0AHaH KaMepa 0Tnl!'laeTCH OT ApyrHX lKHAK0B0A0P0AHblX KaMep 

TeM, '!TO <jloTorpa<jlHpoaaHHe H ocaemeHne pa6o'!ero o6~eMa KaMe-

/11 12/-
pbl npoH3B0AHTCH 'lepes Manhle CTeKna 1 

.• KaMepa nOA06Holi 

K0HCTpyKUlfll HBnHeTCH M0AenbJO 6onbllllfX B0A0P0AHhl_X KaMep, a 

K0T0pblX np11MeHe1me 38lUHTHblX CTeKon 6onbUIHX pa3Mepoa Heaos

M0lKH0 no PHAY o6c'ToHTenbCTB: A0por0Blf3Ha H3r0T0aneHHH, TPYA

H0CTH B ynnoTHeHHH II T.A. 

CHCTeMa ocaemeHHH KaMepbl aBT0KonnHMaUH0HHaH C HCnonb-
/14/ 

30BaHHeM B Ka'!eCTBe 0TpaJKaTenbH0ro sneMeHTa pacTpa 

<t>oTorpa<jiHpOBaHH"e np0H3B0AHn0Cb CTepeo<jloToannapaTOM C ABYMH 

o6~eKTHBaMH. 

Kopnyc KaMepbl (pHC. 1) BbmonHeH a Bl!Ae yce'!eHH0ro KO

HyCa 11s HepJKaae10mell CTanH. Ha nepeAHeli cTeHKe Kopnyca HMSJOT-

CH Tpli 0TBepCTHH, SaKpblTble CTeKnaMH: ABa • AnH <jloTorpa<jlHpoaa

HIIH II CAHO AnH ocaemeHHH pa6o'!ero o6~eMa. 

3aAHmI KpblUIKa Kopnyca c~eMHaH, Ha Heli pacnonoJKeH pacTp 

CHCTeMbl ocaemeHHH, 

CncTeMa TepMOl!S0nHUHII KaMepbl - Bb!C0K0BaKyyMHaH C SK

paH11poaaH11eM JKIIAKHM 830T0M. MexaHl!SM paCUil!peHHH KaMepbl 

Cllnb<jloHHOro Tnna, 

4 

0- -·----f-,11-lti./HH 

8 
I 

9 

Pnc.1. 40-caHTHMeTpOBaH lKHAK0B0A0P0J:lHaH nySblpbK0BaH KaMepa. 

1) K0pnyc KaMepbl, 2) CTeKno AnH <jloTorpa<jlHpoaaHl!H, 

3) CTeKno AnH ocaemeHHH, 4) SaAHHH KpblUIKa KaMepbl, 

5) pacTp, 6) npeAoxpaHHTenbHhlli KnarraH, 7) TepM0CTa

T11py10mttli SMeeBIIK, 8) BaKyyMHblli K0JKYX KaMepbl, 9)cTeK

no AnH-<jlOTOrpa<jlHpOBaHl!H (Tennoe), 10) K0HAeHC0p cnc
TeMbl 0CBCIIleHl!H. 
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/15/ 
CHCTeMa TepMOCTaTHpOBaHHil o6ecneqHBana nonneplKaHHe 

pa6oqeii TeMrrepaTypb! B KaMepe c TOqHOCTb!O ~ 0,01 °K B Teqe

HHe MHOI'OCYTOqHoii pa6oThI. 

Ha KaMepe npOBOAHnHCb MeTOAHqeCKHe HccnenoBaHHil KBK C 

TeCT-06'beKTHBaMH B pa6oqeM o6'beMe KaMepb!, TaK H C nyqKOM 

11 + -Me30HOB. Llnn yMeHbWeHHil OlITHqecKHX HCKalKeHHH 6binll rrpHHil

Tbl crreunanbHhle Mepbl nnn Bb!paBHHBaHHH TennoBOH Harpy3KH no 

IlOBep~HOCTll TE;JPMOCTaTHPYIOIUero 3MeeBnKa (pHC. 1) H nepepac

npeneneHHil IlOTOKOB ABHlKyIUerocn lKllAKOI'O BOAOpona B MOMeHT 

pacwHpeHHn. 

11ccnenoBaHHH noKaaanH, qTo KaMepa nBnneTcn HaAelKHhIM 

npH60pOM nnn npoBeneHHil ¢H3HqecKnX 3KCnepHMeHTOB C qaCTHUa

MH nepBHqHoro HMnynbca no 2 ,5 +- 3 faB/ c. 

III • B TpeTbeii rnaBe naHO . OilHCaHHe KaHana cenapHpOBaHHhIX 

+ 
nonOlKHTenbHb!X qacTHU H npHBOAilTCil xapaKTepHCTHKll 11 -Me30H-

HOI'O nyqKa, npHMeHnBwerocn nns o6nyqeHHH KaMephI. 

06nyqeHHe 40-caHTHMeTpOBOH lKH/J.KOBO/J.OpOJJ.HOH KaMepbl npo

BOJJ.HnOCb Ha KaHane cenapHpOBaHH~IX nonOlKHTenbHh!X qaCTHU B 

/13/ 
11 + -MeaoHHOM nyqKe • OnTHqecKan cxeMa KaHana noKa3aHa 

Ha pHC. 2. IlepBb!H 06'beKTllB H3 nHH3 n1-n3 C03JJ.aBan IlpOMelKy

TOqHoe H306palKeHHe llCTOqHHKa, nHH3a n4 KOMileHCHpOBana AHC

nepCHIO B OKOHqaTenbHOM H306palKeHnH, a 06'heKTllB H3 nHH3 n5-n6 

C03JJ.aBan MenneHHO CXOAHBWHHCil nyqoK, npoXOAHBWHH qepe3 ABe 

ceKUHH cenapaTopa. Llnn KOMneHcaunn OTKnoHeHnn nyqKa B cena

paTope MelKAY ero CeKUHilMll pacnonarancH KOMlieHCHPYIOIUHH Mar

HHT M3. 4>oKycHpOBKa qacTHU Ha MaCCOByIO IUenb ocymecTBnnnacb 

nHH38MH n1-n10• nHH3a l l 

qepea KaMepy. 

OilTHMH3HpOBana npoXOlKJJ.eHHe nyqKa 

B palioHe MaccoBoli menH nonyqeHo paaneneHHe MelKAY npo-

TOHHb!M H 11 + -Me30HHblM MaKCllMYMBMll B 20 MM. npH WHpHHaX 

pacnpeneneHHli p H ; + -Me30HOB B 6 MM. 

YrnoBoli paa6poc nyqKa B pa6oqeM o6'heMe KaMepb1 cocTaBHn 

0,02 pan. 
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. + 
TTpoaeneHHOe yToqHeH11e IIMnynbca nyqKa 77 -MeaoHOB Ha 

OCHOBaHIIII o6pa60TKII nepa11qabIX TpeKOB Ha CHIIMKBX KaMepbI na

no aHaqeH11e 11Mnym,ca 2,34 ! 0,06 fsa/c. 

IV • 1IeTaepTaH rnaaa conepl1rnT on11_caH11e c11cTeMbI nporpaMM 

Jl/IH o6pa60TKII CHIIMKOB, BKmoqa10m:H nporpaMMY CTaTl!CTl!qecKOI'0 

aHa1111aa SKcnep11MeHTa1IbHoro MaTep11a11a. 

nnH o6pa60TKII CHIIMKOB paapa6oTaHa CIICTeMa nporpaMM, 

o6ecne'll!BWaH aBTOMaT11aau1110 acex OCHOBHbIX 3Tanoa o6pa60TKII. 

B OCHOBY 3TOH Cl!CTeMhl no/IOlKeHO 06menp11HHTOe ne11eH11e o6pa-

6oTKII naHHbIX C ny3blpbKOBblX KaMep Ha c11eny10m11e 3TanhI: 

onpene11eH11e reoMeTpnqecK11x napaMeTpoa co6bITIISI ( reoMeT

p11qecKasi nporpaMMa); 

pacqeT Ha OCHOBe 3aKOHOB coxpaHeHIISI BepOSITHOCTII paan11q

HbIX IIHTepnpeTaUl!H co6LITIISI (K11HeMaT11qecKaS1 nporpaMMa) i 

paane11eH11e co6b1T11fi no KaHa/laM peaKu11fi, pacqeT II aan11cb 

Ha M8I'HIITHYIO /leHTY CyMMapHbIX peay11bTaTOB naHHOI'O co6bITIISI 

(nporpaMMa pacqeTa CYMMapHblX peaynbTaTOB) i 

CTaTIICT11qeCKIIH aHa/1113 peaynbT8TOB, aan11caHHb!X Ha Mar

HIITHyIO neHTY (nporpaMMa aHa/11138 CYMMapHbIX peay/lbTaToa). 

B KaqeCTBe reoMeTp11qeCKOH nporpaMMbl "np11MeHS1/laCb CTaH
/16/ 

napTHaSI nporpaMMa BU 011.811 C nono11H11Te/lbHbIMII 6noKa-

MII o6cqeTa TpeKoa n11si paan11qHLIX npenno11olKeH11fi o Maccax 

· • /17/ 
qaCTIIU C y'leTOM KOppelISIUIIOHHOII MaTpllUbl ow1160K ' o6cqe-

Ta KOpOTKIIX TpeKOB II HeKOTOpblMII npyrllMII 113MeHeHIISIMII. 

K11HeMaT11qecKofi nporpaMMOH c11ylK11na cneunanbHO Han11caH

Hasi n11si Hawero sKcnep11MeHTa nporpaMMa 11neHT11q>11Kau1111 nayx-
/18/ • 

11yqeBhIX co6bITIIH TT11KP-2 • OT6op co6bITllll C np11aneqeH11- < 

eM l!Hq>OpMaUl!ll O Il/IOTHOCTII IIOHl!3aUllll TpeKOB npoaonllnCSI no 
2 

KP1ITep1110 X 

nnsi KalKJlOI'O C06bITIISI, OTHeCeHHOI'O K_ onpeneneHHOMY KaHa-

11y peaKUIIII, C nOMOlllb!O nporpaMMbl 8Ha/11I3a MHoroqacr11qHbIX 

COCTOSIHIIH paccq1ITb1Ban!1Cb KIIHeMaT11qecK1Ie nepeMeHHbie C nocne-
- . /19/ 

ny10me11 aan!ICbIO Ha MaI'HIITHYIO neHTY 

8 

CTaTIICTll'leCKIIH aHa/1113 co6hITIIH npoaon11ncg C noMOIUbIO 
/20/ nporpaMMbI "Ml1Hl1CTAP" • 

.'.:ha nporpaMMa noaaonsieT Knacc11qi11u11poaaTb co6L1T11si no 

PSIAY npll3HaKOB - ( TeCTOB)' I'IICTorpaMMllpOBaTb nnsi OTo6paHHbIX 

C06bITIIH psin q>ll311'1eCKIIX Ben11'111H, aan11CblB8Tb Ha MaI'HIITHyIO 

neHTY II BhIAaBaTb Ha nepqioKapTbI Ma.:::c11BhI q>11311'leCK11x Benii'l11H. 

B nporpaMMe nonycKaeTc.11 no 30 TecToB II aa on11H nporoH CTpo-

11Tc.11 OKono 50 I'IICTorpaMM, BbIAaBaeMbIX B BIIAe Ta6n11u Ha 6bICT

pyro ne'laTb II B Bline rpaqi11KOB - Ha AUDY. 

l1cno1Ib30BaH11e np11 o6pa60TKe naHHbIX on11caHHOH CIICTeMb! 

nporpaMM n03BO/lllnO BO BCex cny'la.lIX npo113BOAIITb Y'leT BKnana 

HeOAH03Ha'IHO IIHTepnpeT11poBaHHbIX C06bITIIH, HaK/laAhIBaTb orpa-

2 Hll'leHII.II no 3q>q>eKTIIBHOMy o6~eMy, Ben11q1IHaM M Hen II T.n. 

TTp11 11ccnenoaaH1111 pe30HaHCOB MOlKHO 6bI/IO Y'leCTb Bn11.11H11e He

pe3oHaHCHoro q>OHa II q>OHa OT HanolKeH11.11 npyr11x pe3oHaHCOB, a 

TaKlKe np11MeH.1ITb PSIA npyr11x MeTOAll'leCKIIX np11eMOB, rapaHTII

PYIOIUIIX HanelKHOCTb nO/ly'leHHbIX peaynbTaToB. 

V • B n.lITOH I'llaBe np11aeneHbl OCHOBH.i.Ie 3KCnep11MeHT8/lbHbie 
+ 

peaym,TaTb1 no 11ccnenoBaH1110 ynpyroro 77 P -pacce.11H11.11 11 peaK-

UIIH POlKAeHII.II peaoHaHCOB 77+ p ➔P + p II 77 p ➔ N * ++77 O 

Ha OCHOBaH1111 nporpaMMbl 11neHTllq>l1Kau1111 KaHanoB peaKUIIH 

B AByxny'leBb!X C06bITII.IIX II IIOH11aau110HHOI'O np113HaKa OKono 17000 

co6b1T11fi 6bmo paaneneHo MelKny c11eny10m11M11 peaKUIIHMH: 

PeaKUII.II 
Ce'leH11e (M6) 

+ + 
8,71 ! 0,14 (1) 

17 p ➔ 77 p 

17 + p 77 
0 

4,31 ! 0,15 (2) 

11+ 11 +n 
2,70 ! 0,10 (3) 

+ 0 
k > 1 11 p (k 11 ) 

3,16 ! 0,12 (4) 

"+"+" u 11°) e > 1 
2,32 + 0,10 (5) 
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nocne BHeCeHIIH nonpaBOK Ha IlOTep11 co6bITllll B peaKUIIII 

( 1 ) ' y'leTa HeOAH03Ha'IHO 11/leHTl!lpllUllpOBaHHblX C06bITlllf, B KOTO-

• pb!X no IIOHll3aUIIOHHOMY np11aHaKy He ynaBanocb Bbl/leilllTb npoTOH, 

y'leTa BTOpll'IHblX B3811MO/leliCTBllll 6bmll onpeneneHbl ce'leHIIH pe

aKUllll ( 1-5) • 

CeqeHIIH onpenenHilllCb HOPMllpOBKOll nonaoro "lllCila BCex 
+ 

2- II 4-ny'leBbIX co6bITllll Ha nOilHOe Ce"leHlle rt p -B3allMO)l0llCTBll51 

/21 / 
no sneKTpOHHbIM )laHHblM 

a) ilnH peaKu1111 (1) onpeneneno n11~~epenu11anhHoe ce'lea11e 

da /di t I (p11c. 3), KOTopoe B IIHTepBane nepenaHHbIX 11MnynhCOB 

0,02 SI t 1-:;. 0,50 (fsB/c)
2 

annp0Kc11M11p0Banocb 3KcnoHeHToi1 

da/ di t I~ A exp (-B It I ) co ana'leHIIHMII A II B, paBHbIMII (51,6+ 

+ 1,7) M6/(fsB/c)
2 

6,41 + 0,16 (fsB/c)-
2

- COOTBeTCTBeHHO, 

~ai1neHHbI~II no MeTony M~K 
181

• CpaBHeH11e Ben11'l11HbI d a/ di t 1 

C nony'leHHblM no onT11'1eCKOll TeopeMe 3Ha'leHlleM He noaBOnHeT 

cnenaTb Bb!BO)l 06 OTilll'IIIII 3TOH Beill!'IIIHbl OT "onTl!'leCKOii" TO'I

KII. 

6) ilnH IICCile)lOBaHl!H Ce'leHl!lf p0:lK)leH1!51 peaoHaHCOB p + 

II N*++ B peaKUIIII (2), np1!B0Jl511UIIX K TpeX"laCTII'IHOMY KOHe'IHO-

+ 0 • 
MY COCTOHH!!IO rt p rt , a TaK:lKe OUeHKII IIX lllllpllH II nOilO:lKeHIIII 

nnOTHOCTb pacnpenenen11ii co6b1T11ii annpoKCl!M11poBana na n11arpa_M

Me ilan1ITUa (plIC, 4). 
• /22/ 

ITp1IMeneHHblll MeTOJl onpeneneHIIH napaMeTpOB peaonaH-

COB, B '!aCTHOCTII, P + -Me3oHa, 6onee To'lea, 'leM 11cnonbay10-

IUa51C51 o6bl"lHO annpoKCIIMaUl!H O)lHOMepHblX pacnpeneneH11ii, He 

Y'IIITblB8IOll\851 rrpouecCOB c o6paaoBaHlleM peaonaHCOB N++ 11 N * ++ 

11 11p1!B0Jl511U851 K 3aBbillleHl!IO lllllpl!Hbl 

PeaKUIIH 

+ + 
rt P ➔ P. p 

➔ N*++iro 

Macca peaonaHca 

769,6 ~ 3,7 

1222,8 + 4,4 

p + -Me30Ha, 

lli1Ip1IHa 

124 + 12 

57 + 15 

a (M6) 

1,46 ~ 0,75 

0,32 + 0,05 

B )lllCCepTaUIIOHHOll pa6oTe npoBe/leHbl 11ccnenoBaH1151 O)lHO

MepHbl);. pacnpenenen11ii, a TaK:lKe 3aBIICIIMOCTII nono:lKeH!fH II lllll-
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M~"".n:" fr,;/ 

Q2 0,4 Q6 Q8 . 10 12 1!, 16 18 

+ + 0 

P11c.4 • .Llafi!rpaMMa pan11Tira nm1 peaKu1111 
77 

p-->
77 

prr 

M 77 .+ P VSM 77+77 o • 

12 

+ + 
PIIHhl p -Me30Ha ◊T 3HaqeHIISI WIIPIIHhl 113008pbl N * 1 KOTO-

pasi ¢11Kc11poaanacb np11 onpeneneH1111 napaMeTpoB P + -MeaoHa 

II uao6apbl N* ++. HaiineHo, 'ITO C 113MeHeH11eM WllpllHhl H3o6apb! 

N *+ OT 0,· AO 120 MsB nonolK.eHHe li wu:p11Ha p + -Me3oHa 113Me-
/9/ 

HSIIOTCSI MeHee 'leM Ha nonoBHHy CTaHnapTHOI'O OTKnOHeHHSI 

ITpu: 11c•cnenoaaH11H wu:pHHhI P + -Me3oHa OT I t I He Haiini;l-
+ 

HO CHCTeMaTH'!eCKOI'O CMemeHIISI B napaMeTpax p -Me3oHa ansi 
2 

Tpex 11HTepaanoa ltl (0,02 f-0,1); (0,1 f-0,20) 11 (o,20 .. 0,70)(fsa). 

Ha pu:c. 5 u 6 np11aeneHo pacnpeneneHHe no scji¢eKTHBHhIM 

MaccaM 77 +77 O II 77 +p CHCTeM, ITony'!eHHble 3KCnepu:MeHTanb-

Hhie 'AaHHbie no Ce'!eHHSIM xopowo cornacyIOTCSI C naHHhIMH, nony
/1-4/ 

'leHHhlMH npu: 6nll3KIIX 3HeprHSIX 
+ 

a) ITpu: u:ccnenoaaHHII MexaHH3Ma p0lKJ:leHHSI pe30HaHC0B p 

• /23-25/ 
H N * ++ u:cnonbaoaancsi ipopMan11aM, paaBHThIH B pa6oTax • 

8 3THX pa6oTax B paMKaX nepu:¢ep11'1eCKOH M0~enu: B38HMOJ:leiicT

BHSI /:18IOTCSI onpeneneHHbie npeACK838HIISI 0 3aBHCHMOCTSIX n11¢¢e

peHUHanivib1X ce'!eHHH p0lKJ:10HIISI pe30H8HC0B li sneMeHT0B MaTpH

Uhl cnu:Hoaoii nnOTHOCTH 01 !ti . "f1ep11¢ep11'!HOCTb" u:ccnenyeMh!X 

npoueccoa u:nnIOcTpu:pyeTcsi n11arpaMMaM11 l{y u: noy, u:ao6palKeH

HhIMH Ha p11c. 7 li 8. 

.Llnsi yMeHbWeHHSI B38HMH0I'0 BnllSIHHSI pe30HaHCOB. P + H N* ++ 

B o6nacTH nepece'!eHl!SI nonoc P + u N*++ Ha nu:arpaMMe .llanu:T
/26/ 

ua (pu:c. 4) np11MeHeH MeToa nPpeceneHHSI , a y'leT Hepeao-
/27/ 

HaHcHoro ¢oHa npoaeneH no coceAHHM c peaoHaHCaMH nonocaM 

MeTOJ:IOM M0MeHT0B nony'!eHhl 3Ha'!eHHSI sneMeHT0B MaTpl!

Uhl cnHH0B0ii nnOTHOCTH nnsi P + 11 N * ++ li orrpeneneHa HX 3aBIICH

M0CTb OT KBaJ:lpaTa nepeJ:laHH0I'0 'l0TbipexMepHOI'0 HMITY Rb Ca ( Ta6-

nu:ua 1 I! 2, pu:c. 9 u 10). l1ccnenoBaHh1 TaKlKe nu:qi¢epeHu11anbHb1c 

ce'!eHHSI P0lK/l0Hl!SI pe30H8HC0B p+ II N*++ 1 K0T0phie cpaBHHBa

lOTCSI c rrpencKaaaHHSIMH Moaenu c rror-nomeHueM, a nnsi N* +t-

u: C M0J:10/lb!O rron!OC0B PenlKe (puc. 11 II 12). 
+ 

ITony'leHHhie peaynbTaTbI CBl!J:leTenbCT-BYIOT, 'ITO M0t.{eJib 77 

M030HH0I'0 o6MeHa C rrornomeHHeM rrnoxo 0ITl!CbIBaeT M0X8H1!3M 

p0lKJ:10HHSI p + -Me·aoHa, a aHll30Tp0ITIISI no yrny <p -yrny Tpeii-

13 



61 • I (ran): R 

0,02-0,06 0,08 

0, 06 .. 0,l 0,12 

0,l-0,2 0,19 

0,2-0,4 o,J8 

0,4-0,7 0,58 

0,7-I,0 o,n 

1•1 (ran)2 R 

\ 

0,001 .. 0,oa 0,24 

0,08-0, I8 0,3L 

0,18-0,35 0,51 

0,001-0,35 0,3J 

Ta6nHua I 

Po o p I - I Re P, ,o 

P·nomt. p cpOH p'pe, prionH. p cpon "'pe, Pnonu., p cpOH P·pea 

0,595 .:!;0,072 0,318 .:!:0,032 0,625 0,074 .:t0,054 

0,612 .:!:0,010 o, 753 ;!:0,026 0,592 0,023 .:!:0,040 

0,597 .:!;0,066 o, 765 j;0,065 0,557 0,03 i0,045 

o, 568 .!0,093 o, 702 ,!0,060 0,486 0,016 .:t0,069 

0,388 .!0,098 0,473 .!0,077 0,212 ..0,09J .!0,086 

0,276 .:!:0,108 0,262 .!o, 082 o, '.il4 0,149 .:!:o, 090 

Ta6nHua 2 

p" 

Prtone. p cpOH P oea P noirn. 

0,289,!0,068 -0, 061.!0,0J7 0,400 o, 107,!0, 063 

0,426.t0,064 0,074.:!:0,0J8 0,584 0,181.:0,07J 

o,22J.!o,oa1 QI 021,!Qt 046 0,424 0,144,!0,067 

-0,003 .:t0,08s 0,080 

~o,140 .!0,04~ 0,046 

-0,058 ,!0,04( 0,141 

0,098 .!0,04E -0,0J4 

0,059 .:t0,06( .. 0,J00 

0,057 .t0,06f 0,376 

Rep a,-t I 
P nona. I Ppea 

0,010.!o,028 o,IJa 
-0,049.:0,0Jl 0,290 

0,008,!0,0J5 0,296 

-0,168 ,!0,040 -0,162 .!0,063 -0,I6 

-0,168 .:!:0,038 -0,169 .:!:0,050 -0,I6 

-0,222 ,;t0,036 -o; 058 ·.:to, 0J8 -0,26 

-0,II2 .:!:0,065 -0,105 .:!:0,045 -0,I2 

o,0'ZS .:!:0,067 o,070 .!0,053 0,08J 

0,160 .,t0,057 0,109 .±0,o44 , 0,28 

Re p 8 , 1 

P nonu. P•cpon 

-0, 046.:0, 070 -o, 144.:0, 04( 

-0,152;!:0,065 01 022.:!;0,0JI 

0,187.:t0, 082 0, 035.:!;0, 04( 

P pea 

-0,0I 

-0.21 

0,)4 

6 

0 

0 

0,Jl6.:!:0,040 -0,0l9.!0,02J 0,495 0,l4J.:!:0,040 .. 0,0I8.:!:0,0I8 0,218 -0,0I8.:!:0,04J .. 0,047.:!:0,022 -0.00J 

R - co.itepxaaHe cpoHa B noJioce peaoaBHca 

p cpon7° 3Jl8M8H 'IH lpOHa 

P - 3JTelleam peaoaaaca H q>om 
nonH. 

p - aaaqeHH8 3Jlell8HTOB C yqeTOM KOppeK~l{I{ Ill. lpOH!,I. 
pea 

8 

8 

0 

J 
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P11c,5, PacnpeneneH11e no acjujJeKTIIBHO.i! Macce TT+ TT 0 
IT CIICTeMhl, 

YHKTllpHaH Kp11BaS1 ( 1) OllllCbIBaeT cpa30Bb!.i! 06-beM, (2) -
cpa30Bblli 061,eM II npoeKUIIIO 11ao6apb1 N* ++ 
3 

• 
6 

1•238 , ( 3) - cpa-
OBh!I! 0 'l>eM II npoeKU1111 11ao6ap N t2t/ n N h"at, 

( 4) - cpaa0Bb1.i! 061,eM, npoeKu11n nao6ap p +_MeaoHa, 

------ 1 
-·--·-·2 
-----------3 
---4 

Puc.a: PacnpeneneH11e no acpcpeKTIIBHoli Macce "+p c11cTeMb1, 
, KpnBaSI ( 1 ) OlliICbIBaeT cpa30Bblll 061,eM, (2) - cpa30Bblll 

061,eM II npoeKUIIIO p + -Ne3oHa, (3) - cpa30Bblll 061,eM II 
npoe!(Ull~ p+ -Me3oHa 11 11ao6apb1 N*12 ~ , (4) - cpaao

Bhlll 061,eM II npoeKUIIII p + -Me30Ha II 11ao6ap N * 1~38 

II N~2fs. 

-----=-o..-=-- ------- _----• 
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r 
I 

MaHa-HHra M0)1{0T CBIIA0TelibCTBOB8Tb O BKnane BeKTOpHoro 06-

MeHa. 3TII BbIBOAbl xopowo cornacyIOTCSI C aaHHblMII pa60Tbl no 

_ /28/ 
11ccneaoBaH11HM p -MeaoHa np11 11Mnynbce 2,29 raB/c • 

AHanorll"IHbllt BbIBOA cneayeT II ansi 113o6apbl N** ' a IIM0H

HO HeT cornaCHSI c OPEA - MonelihIO, B TO )1{0 BpeMSI Ha6nIOaa-

0TCSI Ka<ieCTB0HHOe cornac11e C MOA01Ibl0 nonIOCOB Pea)l{e: B SK

cnep11MeHT81IbHOM pacnpeneneHHII d a/ d I ti Ha6nIOaaeTCSI M11H11-
. 2 

MyM B6n11a11 3Ha<ieHIISI t.. 0,5 (raB ) ' npeaCK83blB80MblH TeopH-

/29/ 
elt, oaHaKo ce<ieH11e, npencKa3hIBaeMoe aTolt MoaelihIO , 11p11-

·MepHo B ABS paaa BblWe SKCnep11MeHTanbHO HaltaeHHoro. 

VI • _B 3aKnIO<i0Hll0 np11BOASITCSI OCHOBHhie pe3ylibT8ThI, nony

"10HHbl0 B a11ccepTau1111. 

1) 3anyweHa II BBeneHa B SKCnnyaTaUIIIO 40-caHTIIM0TpOB8SI 

)l{IIAKOBOAOpoaHaSI KaMepa, B KOTopoii. ~0Torpa~11poBaH11e H OCBe

weH11e pa6o<iero 061,eMa KaMephI npo11aBoa11TCSI <iepea Manhie cTeK

na, OTHeceHHhie OT pa6o<iero 061,eMa. 

Boaopoa, 3aKnIO<ieHHbIA M0)1{AY pa6o<illM 061,eMOM II CTeKna

MII, y<iaCTByeT B pacw11peH1111, Ho He 11cnonbayeTcH nnH per11cTpa

u1111 aapSI)l{0HHhlX <iacT11u. HanH<iHe TaKoro 'napa311THoro' 061,eMa 

M0)1{0T np11BeCTII K nOSIBneHIIIO Typ6yneHTHOCTeii., TennOBblX Heoa

HopoaHOCTeii., KOTOpbie MoryT Bbl3B8Tb cyweCTBeHHbie onTll"leCKll0 

HCK8)1{0HIISI, 38TPYAH'SI!OlllHe o6pa6.0TKy CHIIMKOB. 

OnbIT aKcnnyaTSUIIH KaMepbl H M0TOA11"10CKH0 peaynbTSThI, 

nony<ieHHbie npH ~6pa60TKe CHIIMKOB B rr -Me30HHOM 06ny<ieH1111, 

n0Kaaan11, "!TO TpyaHOCTH, nepe<i11cneHHhie Bhiwe, ycTpaHIIMhI, H 

cymecTByeT np11Hu11n11anbHaSI B03MO)l{H0CTb coaaaHIISI BoaoponHhIX 

KaMep C ManhlMII CTeKnSMII, B HaCTOSilllee BpeMSI 11aeSI OCBeweHIISI 

11 ~0Torpa~11poBaH11SI <iepea Manh1e cTeKna 11cnonbayeTcSI B npoeK

Tax Bcex 60libWIIX )l{llllKOBonoponHhIX ny3blpbKOBblX KaMep. 

2. llnSI 40-caHTIIMeTpOBOii. )l{llllKOBOAOPOAHOii. KaMepbl Hana)KeH 

KaHan nonO)l{IITenbHb!X cenap11poBaHHbIX <iaCTIIU, no3BOnllBWllii. npo

BeCTII o6ny<ieHll0 KaMepb! B rr+·-Me30HHOM ny<iKe, ynoBneTBOpSIB

!Il0M Tpe6oBaHIISIM 8KCnep!!M0HTa C KaMepHOii. M0TOllllKOii.: C Heo6-

XOAIIMblMII. npocTpaHCTB0HHbIM, yrnoBb!M II l!MnynbCHb!M pacnpenene-

HIISIMII "ISCTIIU. 

20 

aB 
Q 
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P11c.9. 3tBIICIIMOCTb aneMeHTOB MSTpllUhl cn11HOBOii. nnoTHOCTII 

P -MeaoHa OT KBanpaTa nepeaaHHoro <ieThipexMepHoro 

11Mnynbca. CnnowHoii. Kp11Boii. noKa3aH pac<ieT no Monen11 

C nornoweH110M, CnnoWHhlMII n11HIISIMII o603H8"10Hbl 3Ha<ie

HIISI P 'mm··' nonH,' nyHKTllpHbIMll - 3H8"10HllSI P :m 'pea: noc

ne Bbl"ll{T8HIISI ~oHa. 

21 



ft) ,.,,, 
~ 

a5 

a4 

a2 

I 
A 
I 

' .r --J-------
.-- ------- I 

.......t!:..... .....___ I 

0 -------..--,1---L...-....J 

~ 
"'>' 0.4 Q__ ; 

ID a2 4- , 
Cf:: O' ' 

a4 : 
..... t 
~' Q2 __i ("\- -------=-=-=r ______ _ 
~ ,,,-
(b O ,_, ----

Ck: ''_L..._ 
-a2 - q · 

r__ 

0 a1 a2 QJ /t/(GeVJ2 

Puc.IO. 3aBHCHMOCTb sneMeHTOB M8TpHUbl CITHHOBOU ITnOTHOCTH 

H305apbl N* ++ OT KB8ApaTa ITepeAaHHOI'O 'leTblpexMep-

HOI'O HMITynbca. CITnOWHOll KpHBOll ITOK838H pac'leT ITO 

MOAenu c ITornoweHueM, ITYHKTHpHoii - pacqeT ITo MOAe
nu ITomocoa Pem1<e. 
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3. Paapa50T8Hi;l CHCTeMa ITporpaMM o5paoOTKH CHHMKOB, 

IT03BOnHBW8SI 8BTOM8TH3Hp0B8Tb ace OCH0BHbie 8T8ITbl o5paooTKH. 

Bo3MOlKHOCTb ITpHMeHeHHSI pSIAa MeTOAH'leCKHX ITpHeM0B ooeCITe-

'lHna HaAelKH0CTb ITony'leHHblX peaynbT8TOB. 

4. OITpeAeneHO Ce'leHue peaKUHH TT+ P ➔ TT + P (8,71 +0,14Mo), 

LlmpqiepeHUll8IlbHOe Ce'leHHe STOll peaKUHH 8ITITpOKCHMHpoaanOCb 

BbipalKeHHeM d a/ d It I = A exp (-BI t I) H ITony'leHhI cneAyromue 
2 

3Ha'leltusi ITapaMeTpoa: A=51,6 .+ 1,7 Mo/(faa) , B = 6,41 + 
~ - -

~ 0, 16 (rsa) , K0TOpbie xopowo cornacyJOTCSI C A8HHblMH ITl)II 

onH3KHX SHeprHSIX, 

5. TTonaoe ce'leaue peaKUHH 
+ + 0 

TT P ➔ TT p TT HaiiAeHO paBHblM 

4,3 : 0, 15 Mo. MeTOAOM M8KCHM8nbHOI'O ITpaBAOITOAOOHSI ITony'le

Hbl cneAY!OlllHe oueHKH ITapaMeTpOB pe30H8HCOB H HX ceqeHHii: 

TTapaMeTpbI Mo (Maa) f'o (Msa) a (Mo) 

pe30H8HCbl 

p+ 769,6 :3,7 124 + 12 1,46 : 0,15 

N*++ 1222,8 : 4,4 57 + 15 0,32 + 0,05 

6. TTpH H3y'leHHH MeXaH1!3M8 pOlKAeHHSI pe30H8HCOB P + 11 

N*++ AnSI HHX OblIIH OITpeAeneHbl aneMeHTbl CITHHOBOll MaTpHUbl 

ITIT0TH0CTH H HX 38BHCHMOCTb 

2 
:S: 1,0 ( fsa) u O _< I t I ~ 

HaiiAeHH8SI 38BHCHMOCTb 

OT It I B HHTepaanax 0,02 :S: It\::;; 
2 

0,35 (faa) • 

d P mm•- / d I t I ITnoxo corna-

cyeTCSI C paC'leTaMH ITO Monen11 C ITornomeHHeM (a ITpeAITOI!OlKeHl!H 

TT -Me30HHOI'O OoMeHa ITPH oopa30B8HHH p + -Me30H8 H p -Me-

30HH0I'O OoMeHa ITPH oop830B8HHH H3008pbl N * + + ) • HeCKOI!bKO 

ny'lwee cornacue ITony'leHo c pac'leToM ITO MOAenu ITonrocoa PeA

lKe (a ITpeAIT0I!OlKeHHH OoMeHa p -Me30HHblM ITOnJOC0M ITPH o5pa-

30B8HHH H30oapbl N * ++ ). 

7. AITITpOKCHMBUHSI aKcITepuMeHTanhH0ro pacITpeAeneHHSI da/ d It I 
AnSI peaKUHH TT +p ➔ p + p BhipalKeHHeM d a I d I t I = A exp (-B I t I ) 

-2 
Aana 3Ha'leaue B = 10,1 + 0,8 (fsa) • 
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PHc,11. 3aBHCHMOCTb LIHqHpepemmanbHOro C0'10HHSI POlKLl0HHSI p +_ 
Meaoaa OT KaanpaTa nepenaaaoro 11ebITpexMepaoro HM
nyn&ca; a) 6ea Bbl'IHTaH_HSI q>OHa, npsiMaSI nHHHSI - annpoK
CHM81!HSI SKCilOHeHTbl C llOKa3aTeneM B=l0,1 ± 0,81 (raa)2; 
6) nocne Bbl'IHT8HHSI q>OHa, npSIMaSI nHHHSI - _aKCilOHeHTa 
(B=l0,8 :!: 0,8 (raaJ-2), nnaaaasi KpHaasi - pac11eT no 
OPE - MonenH c norno111eHHeM, 
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nonytieHHhle 3KCITep11MeHT8IIbHhle ,QaHHhie ITO ,llll<p<pepeHU118IIb-

HblM Ce'!eHIISIM PO)K,QeHIISI p + II N* ++ pe30H8HCOB He corna-

cyroTcsi c pac'!eTaM11 ITO MO.llen11 c ITornomeH11eM. 

3KcITep11MeHTaJibHOe pacITpe,QeneH11e du/ d I ti ,QIISI peaKUIIII 
+ ++ 0 " 

11 p ➔ N * 11 IIMeeT SIBH0 Bb!pa)KeHHhlll MIIHIIMYM ITpll 

t ~ 0,5 rsa
2

• ITpe,llCKa3bIBaeMbIH M0,QeJibID C o6MeHOM p -Me3oH

HhlM IT0IIIDCOM Pe,Q)Ke. no,Q06Hb!H 3<p<peKT He Ha6nID,Q8IICSI B aHano

I'll'!HhlX 11ccne,llOBaHII_SIX 113-3a M_eHblllefi CT8TIICTIIKII II XY.llllIIIX <jio

HOBhlX ycnoa11fi. 

Co,Qep)K8llllleCSI B ,llllCCepTaUIIII MaTep11anhI OITy6n11KOBaHhl B 
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