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B rrocne1:mne I'O!lbl pa3BHTH9 SKCII9pHM9HT8llbHOii TeXHHKH B o5-

naCTH $H3HKH Bb!COKHX a11eprHii IIpHBeno K IIOIJB119HHIO HOBblX BH!lOB 

aeTeKTOpOB aneM9HTapHblX 'laCTHU, TaKHX, KaK HCKpOBbie H CTpH

MepHbie K8M9pbl, ycTaHOBKH, HCIIOllb3YIOIIIHe aneKTpOHHYIO MeTO!lHKY, 

H HCKpOBbie K8M9pbl, CBIJ38HHbl9 aerrocpe!lCTBeHHO C 3BM B rrpo

uecce aKcrrepnMeHTa. HecMOTp.ll Ha STD ,pOllb IIY3blpbKOBblX KaMep 

rro-npe)KH9MY BeCbMa 3H8'lHTenbHa. nocTOIJHH09 COBepmeHCTB0B8HH9 

'\ KaMepHoll M9TO!lHKH, YlIY'lill9HHe. nporpaMMHOI'O o5ecne'l9HHIJ o5pa-I 5oTKH (f>nnbMOBoro MaTepnana, rrpnMeHeHne aBTOMaTH'leCKHX naMe-

'1 pnTenbHblX ycTpOHCTB Il03B01IIJ9T npoBO!lHTb 9KCII9pHM9HTbl C Bb!CO-

. ',I Koll TO'lHocTbIO naMepeamr npn cTaTHCTHKe, cpaBHHMoii co cTaTnc-

\ THKoll B aneKTpOHHblX 3KCII9pHM9HTax. Han5onee cywecTBeHHblM 

I npenMymecTBOM nyabipbKOBbIX KaMep 1JB111JeTc1J B03MO)KHOCTb nay-

' 'l9HHSI MHOI'O'laCTH'lHblX KOHe'lHblX COCTOIJHHll, B STOil o5nacTH ny-

3b!pbKOBble KaMepb! 5y!lyT BHe KOHKypeHUHH; no Kpaiiaell Mepe, B Te

'l9HH9 5nH)K8llillHX neT, Tpa1:;urunoHHblMH !llISI KaMepaoii MeTO!lHKH 

IJBIIIJIOTCSIHCClle!loBaHHIJ pe30H8HCOB: onpeaeneane HX xapaKT9pHCTHK 

H H3y'!8HH9 MexaHH3Ma p0)K!l8HHSI, ITpHM9H8HH9 KaMepaoii MeTO!lHKH 

oco5eHHO II01193HO !llISI H3y'l8HHIJ napaoro po)K!leHHIJ pe30H8HCOB, 

TaK KaK B aTOM cnyqae oaa noaBonHeT nony'laTb aan5onee nonHyIO 

HH$opM8UHIO O xapaKT9pHCTHKaX T8KOI'O npouecca, 
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HacToSimaSI AHccepTauHSI nocaSime1rn nay11emuo MexaHuaMa 

o6paaoBaHUSI peaoHaHC0B B "+P -aaaUM0AeficTBIISIX npu l!Mnynbce 
+ . 

1T -Me30HOB 2,34 raa/c. Pa6oTa Bbin0nHeHa Ha OCH0BaHml aHanuaa 

MaTepnanoa, nony11eHHb!X C noMombIO 40-caHTI!MeTpoaofi lKllAK0B0J:10-

POAHOU nya1,1pbK0B0fi KaMep1,1. llnccepTaUllSI C0CT0llT 113 5 rnaa 

11 npnnolKeHnSI. 

B nepaofi rnaae pacCM0TpeHw xapaKTepllCTl!Kll KBa3l!ABYX-

qacTH'IHbIX npoueccoa, T.e. peaKunfi Tuna 

I+II ➔ a+b ( 1) 

B K0T0pb!X a II (unn) b SIBllSIIOTCSI peaoHaHCaMll ll pacna):lalOTCSI 

Ha ABe llllll HeCK0llbK0 qacTHU. OAHllM ll3 o6mnx CB0UCTB KBa3IIABYX

'IacTll'IHblX npoueccoa SIBnSieTcSI 01,1cTpoe naaeHne amp<f,epeHuIIanbHO

ro ce11eHIISI d a I di t I c pocToM I t I , rAe t - nepeAaHHbifi 4-nM

nynbc. 3To o6CTOSITenbCTBO HaB0AllT Ha Mb!Cllb 0 nepII<f,epll'IeCKOM 

xapaKTepe MexaHII3Ma B3allM0AeficTBIISI, npHB0ASilllero K TaKUM peaK

UHSIM. qaCTO nepu<f,epH'IeCKUe B3aHM0AeficTBI!SI onucwaaroTCSI Allar

paMM_aMII C 0AH0Me30HHblM 06MeHOM, K0T0pble B PSI.lie cny11aea no-

3B0llSIIOT nony'IaTb K0HKpeTHbie peaynbTaTbI, AaromIIe B03M0lKH0CTb 

npoaecTII cpaaHeHue c aKcnepnMeHToM. B K0HUe 50-x - Ha11ane 

60-x roaoa TaKa.ll M0Aenb paapa6aTbIBanacb A0B0llbH0 6onblllHM 

/1/ 
'IllCnOM aBT0poa. B qaCTH0CTll, B pa6oTe Ha 0CH0Be Moaenn 

OAHOnH0HHoro o6MeHa npoH3B0AHnHCb pac11eThl AnSI Heynpyrnx 

1T p -B3allM0AeficTBHfi npll 9HeprHH 7 raa B nonIOCH0M npn6nIIlKe

Hllll. 

Eonbllloe K0nH'IeCTB0 pa6oT, Bb!Il0nHeHHhlX a nocneAyromne 

I'O/:lbl, 61,mo nocBSl!UeHo H3y'I8HHIO KBa3HJ:tBYX'I8CTll'IHblX npoueccoa 

C po)KJ:teHIIeM 0.ttHoro HnH .nayx peaoaaacoa. B C00TB8TCTBHH C 9THM 
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I' 
.I 

j 

H TeopeTH'IeCKHe Mo.ttenu KacanHcb onucaHHSI TaKHX npoueccoa. 

KpaTKHll o6aop 9TIIX Moaenefi H cpaBHeHHe peaynbT8T0B pac11eToB, 

Bb!IlOnHeHHblX C HX noMombIO, C 9KCnepllM8HTanbHbIMH ):laHHbIMH co

aeplKHTCSI B nepBoil rnaae. PacCMOTpeHbi TaK)l{e oco6eHHOCTH aHa

nuaa an#epeHuHanbHbIX ce11eHHfi ll yrnoa1,1x pacrrpeaeneHIIil rrpo.ttyK

T0B pacrraaa peaoHaHCOB B KBa3llABYX'IaCTH'IHblX peaKUIISIX. 

BT Op a SI I' n a Ba II0CBSillleHa MeT0.ttHKe 9KCnepHM8HTa. B Hefi 

npHB0AHTCSI KpaTK0e 0IIHCaHHe 40-caHTHMeTpoaoit lKHJ:tKOBO.ttOp0AH0it 

/2/ /3/ 
KaMepbl n xapaKTepHCTIIK KaHana , c .rrQM0lllblO K0T0poro 61,m 

nony'IeH ny'I0K cenapnpoaaHHblX 1T + -M e30H0B C HMllynbC0M 2,34:!:. 

:!:.0,06 raa/ c. 

O6pa6oTKa Ha coapeMeHHOM ypoBHe 6onblll0I'O o6beMa 9KClle-

pHM8HTanbHblX ):laHHbIX, nony11aeMblX Ha rryab!pbK0BblX .KaMepax, He

B03MOlKHa 6ea ncnonb30B8HHSI 6wcTpo.nefiCTBYIOlllllX 3BM H uenofi 

CHCT8Mbl nporpaMM o6pa6oTKH. OAHH H3 aapHaHT0B no):I06Hofi CHCTe

Mbl 61,m paapa6oTaH .nm1 aHannaa CTaTHCTH'IeCK0I'0 MaTepHana .ttaH

H0I'O 9KcnepHM8HTa~ 

B STY CHCTeMy BXO.ttHnH cneayromue rrporpaMMbI: 

a) orrpe.neneHHe reoMeTpn11ecKHX rrapaMeTpoa co61,1THSI ( reo

MeTpu11ecKaSI rrporpaMMa); 

6) pac'IeT Ha 0CHoBe aaK0H0B coxpaHeHHSI aepoSITH0CTH paa

nH'IHblX HHT~pnpeTaunfi co6btTHSI ( KHHeMaTH'I8CKaSI iiporpaMMEi ) ; 

a) paa.neneHne co61,1THfi no KaHanaM peaKUHfi H aarrncb cyM

MapHbIX peaynhTaTOB Ha cneImanhHYIO neHTy cyMMapHblX peaynhTa

TOB ncP ( nporpaMMa aHannaa MH0I'0'IaCTH'IHblX COCTOSIHHfi); 

r) cTaTHCTH'IeCKHH a Hanna peaynhTaTOB, aanIICaHHblX Ha Mar

HHTHYIO neHTy (nporpaMMa aHanuaa cyMMapHblX peaynhTaToa). 
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B OCHOBY reoMeTpll'leCKOii nporpaMMb! 6bma nono)KeHa CTBH-

/4/ 
uapTHmr reoMeTpu11ecKa.11 rrporpaMMa 1-3 , pa3pa6oTaHHa.sr B 

BU OHHH. B aTy nporpaMMy BBeaeHbI cneay10mHe 0Taen&Hb1e 6no

KH! 

a) 6noK 06c11eTa TpeKoB 11.n.11 pa3nH'lHbIX npeunono)KeHHii o Mac

cax 'lBCTllU C yqeToM Koppen.sruHDHHOii MaTpllUbl 0IIIH60K 38 C'leT 

/5/ 
MHoroKpBTH0I'O KynoH0BCK0I'O pacce.lIHH.II ll BBeJJ.eHHeM nonpaB0K 

Ha II0lll!38UH0HHble II0Tepu; 

6) cneuuanbHblii 6noK 06c11eTa K0p0TKHX TpeKoB C OCT8H0B

K81'!1!i 

n) 6noK nony11eHH.1I Ha11anbHhlX 3HB'leHHii napaMeTpoB 11.n.11 06c11e

Ta TpeKoB, uuymux no11. Manb1M yrnoM K 6a3e CTepeoq>oToanrrapaTa. 

B KaqecTBe KI!HeMaTH'leCK0ii nporpaMMbl Hcnonb30Banacb 

/6/ /7/ 
nporpaMMa OHKP-2 H cneuuanbHbiii napHaHT nporpaMMbI 10-10 , 

D K0TOpb!H 

3B0nl!Bllllfii 

6bin BBel]eH l!OHll38UllOHHblii npll3H8K 11.n.11 npoT0HOB, 

C0KpaTl!Tb BpeMsr pac11eTa Ha 3BM Ha 40%. 

no-

KnHeMaTuqecKHe xapaKTepllCTHKll C06b!Tllii, OTHeceHHbIX K on

peuenel!Hb!M rnnoTe3aM, paCC'lllTbIBanncb C IlOMOmblO nporpaMMbl 

OAMC/B/ II 3anHCbIBanl!Cb Ha flCP. CTBTHCTH'leCKHii BHBnll3 C06bI

TUi"r, 381IlIC8HHbIX HB flCP, npoll3B0JJ.llncsr C Il0M0mblO nporpaMMbl 
/9/ . 

"MHHHCTAP"' • 3Ta nporpaMMa no3non.11eT npoH3BDJJ.HTb cTa-

TllcTuqecKHii BHBnH3 n106b1X /1.BHHbIX, 38IlllC8HHbIX Ha flCP, B CTaH

uapTIIOM Bl!JJ.e. AHanirn C0CT0_IIT B KnaccHq>llKBUl!ll C06bITllH no p.1111.y 

npll3118KOB ( TeCTOB)' I'llCT0I'p8MMllp0B8Hllll 11.nsr oT96paHHbIX C06b!Tllii 

p.srua ¢113uqecKHX BenH'lllH, 3anucu Ha MBI'HllTHYIO neaTy ll BbIJJ.B'lll 

Ha nepq>OKBpTbl MBCCHB0B HeK0TOpb!X 38/1.BHHb!X qJll3H'leCKllX Benl!'lllH. 
~(\, 

Hcnonb30B8Hlle CllCTeMbl nporpaMM no3B0nHno nonrmTb HBl]e)K-

llbie peaynbTaTb! npu 8Han11ae 1T + P--B38llM0l]eiicTBHll:. 

6 

B T p e Tb e ll: r n a Be npHB0/1.SITC.II pe3yn&TaTbI no onpeaene

HIIIO ce'leHllll p0)KJJ.eHl!.II ll napaMeTpOB pe30H8HC0B B 1T + p. B38HMOJJ.eii

CTBH.IIX npll 2,34 faB/c. B aq>q>eKTHBH0M o6'beMe KBMepb! 6bmO 0T0-

6paH0 u H3MepeHo DKDnD 25000 2- H ~-nyqeBblX co6b!Tllll 6e3 Bl!JJ.ll

MbIX CTpallllblX 'lBCTHU. Pa311.eneHHe KBHanoB peaKUl!ll ocymecTBn.lI-
2 

nocb no KpHTepll!O X C npHBne11eHneM llHq>OpMaUl!ll 06 ll0Hll38Ullll 

TpeKoB, oueHnBaeMofi BH3yan&Ho. Opu onpe11.eneHnn ceqeHnii KaHanoB 

peaKUllH BH0CHnllCb nonpaBKll HB aq>q>eKTHBHOCTb npoCM0Tpa, B38HM0-

JJ.eHCTBll.lI BT0pll'lHblX qaCTHU, np11MeCb C0CT0.IIHllfi C 2 ll 6onee aefiT

panbHb!Mll 'l8CTllll8Mll. KnBCCllq>llKBllll.lI He0l]H03Ha•IH0 l!HTepnpeTHp0-

BBHHbIX co6bITllll: np0II3B0JJ.Hnacb C noMDmblO cneuuanbHOtt npoueuy-

/ 10/ p - 6 pbl • e3ynbT8Tbl no onpe11.eneHHIO ce'leHHH np1mel]ellbl B TB nH-

ue 1. 

nn.sr ynpyroro rr + p-pacce.sraII.sr 6bmo onpeueneHo un,txliepemm-. 

/ 11/ 
an&Hoe ceqeane ,da I di t I , K0Topoe annpoKcnMnpoBanocb aKcno-

aemrnanbHOfi 3aBIICIIMDCTb10 da/dl ti= Aexp[-BI ti]. 3Ha'leHmr napa

MeTpoB A H B , aaiiaeHHbie no MeT0/1.Y HBilMCHblllliX KBaapaToB, 
-2 -2 

0K83BnllCb paBHbIMII 51,6j),7 M6 (faB/c) H 6,41:!:,.0,16 (f30 le) I 

C0OTBeTCTBeHHD. 
+ + 0 

HccneuonaHH.II peaKUHII rr p ➔ rr p rr rrpn HMnyn&ce 2,34 r~m/c 

II0K83am1, 'ITO B o6pa30B8HHe K0Heqaoro C0CT0SIH!fll 1T + p rr O 6onblllOii 

BKnBll l]8IOT KB83llJJ.BYX'l8CTll'lllbie npoueCCbl C pDl-KJ.leHHeM pe30H811-

/ l 2, 13/ 
n p -Me3oHa • llnsr oueHKII ceqemrn poJKnemrn COB N * 

1238 
pe30H8HC0B1 

IIX Mace II lllllpllH ucnonb30Bancsr MeT0lI MaKCl!ManbH0I'0 

npaBJJ.OnOJJ.0611.II. nmr 9T0I'0 MlfHHMll31!p0Banc.sr ~!YHKUllOHBn 

L ( f3; ) - 2 I f ,i·p 
·,k 

k 
( M2 

1 ' 
M2 

2 ' 
f3 ) ( 2) 
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cnenyromeM H3 H30TonnqeCKHX COOTHOW9HHfi. B 8TOM cnyqae H3-

MeHHnHCb T8K>K9 one.HKH napaMeTpOB p + -M930H8, nonyqeHH8SI paa

HHita BABY~ aTHX oneHK8X napaMeTpOB p+-MeaoHa MO>KeT xapaK~ 

TepH30B8':l'h pean&Hbl9 npenenbl ToqHOCTH, A0CTHI'89Mble B ncnonb

ayeMOM MeTone, 

Bo Bcex npenwecTByromnx pa6oTax no nayqeanro pomneHHSI 

+ P -M930H8 B Tly3b!pbKOBbiX KaMepax oneHKH ero napaMeTpOB npo-

H3BOAHnHCb Ha OCHOBe aaannaa nHWb OAHOMepHhlX pacnpeneneHHfi no 

M 
17

+ 
17 

o , npnqeM 6bmH nonyqeHbl cymecTBeHHO paannqHb1e aaaqe-
+ · I 16/ 

HHSI M8CCbl H IIIHPHHhl p -Me30H8 ( CM,, aanpnMep, . ) • 3TH 

pacxomneHHSI MO>KHO o6'1>SICHHTh paannqneM du I d M + o, IT IT 
HCnOnb30-

BaBWHXCSI B paannqHblX pa6oTax, a T8K>K9 aenocTaToqao TOqHblM 
+ . 

yqeTOM BnHSIHHSI aa napaMeTphl p -Me3oHa nponeccoB o6paaoBaHHSI 

*++ *+ nao6ap N · H N , naromnx paannqHblfi BKnan npn pa3HbIX 
1238 1238 

aaeprnHX, 

Ha pnc, 1 n 2 npnBeneHhl pacnpeneneHHSI no M HM 
17+ ITO ,r + p 

BMecTe C KpHBhlMH, onHCb!B8IDWHMH BKn8Abl paannqHblX qneHOB 
2 2 

B Bb!pa>KeHHH P(M 
1

, M 2J.nonyqeHHble 3HaqeHHSI ceqeHHll peaKitHll 

IT+ p ➔ p + p H IT +·p ➔ N*++rr 0 'OKaaanHCb paBHblMH 1, 70:!:.0, 16 M6H 
1238 

n 0,35:!:.0,06 M6H, COOTBeTCTBeHHO, TTpn HccnenoBaHHH peaKitHH 

11+p ➔ 17+17+ n B cneKTpe Mace M + 6bm o6HapymeH MaKCHMyM 
. 11 n 

a o6nacTH Mace M + - 1680 M aB. M eTOAOM, om1C8HHblM Bbl We, 6bmH 
IT n 

onpeneneHbl napaMeTpbl aa6nronaeMoro peaoaaaca: MO = 1680;t_l4MaB 
) *+ 

H rO = 109;!:_32 Ma~, Ceqe,i:He pomneHHSI N 1688 OKaaanOCb paBHblM 

(0,32:!:_0, 10)_ M6H, lfayqeaHe llBYM8pHblX pacnpeneneHHll a¢ipeKTHBHblX 

H ,r+p ➔ p IT+IT+IT-11•0 
Mace B peaKitHSIX IT + p ➔ p 11 + 11 + 11 -

noKaaano aannqne:6on&moro BKnana coBMeCTHoro pomneHHSI peao

aaacoB, npHBOASIWHX K cnenyIDWHM KoaeqHblM COCTOSIHHSIM: 

11+p➔N*+:~?n-+p ➔ N*++ w , 11+ p ➔ N*++71 ( pnc. 3 n 4). ilnH oneHKH 
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C8'18HRSI COBMSCTHoro PDlKJ:18HRSI peaoaaJicoB np.OBO)lnnach a1111poK

CHM81lHR. JlByMepHblX pacnpeaeneHHil a#eKTHBHblX Mace M + vs 
1T p 

M 17+ p H M 17+ p vs M 17+17-,p M8TO)lOM M.aKCHManhHoro npaB)lO-

/ 16/ + + + - . 
noao6nH • IlnH peaKUHH 77 P ➔ P 17 · 17 17 nnoTHOCTh pacnpenene-

HHH co6bITRii Ha llBYM8pHoii )lHarpaMMe OIIRCbIBanach Bblpa:lKeHHeM 

w w 
Pd M dM 

1 2 

1 
=-[ 

2 
a ( N* 

1 --
/ 

+ W * J + a (-p-
N 2 I + w ) + 

WN* 
+ a ( --...f. + 

3 
. I N*p 

N* 

W*)+2(1-
N p 

p 
p 

w 
Ia)~] dM dM 

1 I 1 2 
ps 

( 3) 

rae Ml H M2 - acl>4ieKTHBHbl8 MSCCbl M + H M + -• .a n a 
17p 1117 1 2 

nonH peaoHaHCOB N *++ H p O , ~ 
3 

- llDnH KaHana .N*p ~ W ps 

Bb!pa:lKSHHe )lnSI lf>aaoBoro 06'heMa '18Tb!pex 'ISCTHU,· W a - 11pOH3Bene

HHe penHTHBHCTCKHX 4>YHKUHii EpeiiTa-BurHepa Ha 4>aaoBhll1 o6'beM 

pacnaaa peaoHaHca n o6nmii lf>aaoBbiii o6'he";:! 'l8Tb1pex qacTn11, 

/ a - HOPMHpOBO'IHhl~ HHTerpanbio qneHbl W a • Bbl'IHCneHHbie M8TO

JlOM MoHTe-Kapno, Y'IHTb!BalOT BnHSIHRe 'oTp8}1(8ffRH' p83OH8HCOB, 

AaanorR'IHoe Bb1pa:1KeHne ncnonh3OBanoch npH aHannae peaK

llHH 77 + p ➔ p 17+ 17+ 17 - 17 O , 

fiony'leHHb18 peaynhTaTbl npRB8)l8Hbl B Ta6nnue Ill 
I 

npH'l8M 

llnH OIIHCaHHH 1J -Meaoaa BMSCTO lf>yHKUHH EpeiiTa-Buraepa ncnonh-

30BanaCh lf>yHKUHH faycca, a JlnH W -Meaoaa npHB8)l8Hbl )laHHbie, no

/ 17 / 
ny'leHHbl8 C IIOMOlllhIO Tott R npyroii lf>yHKURl1 , 

Ha6moaaeMb1l1 aif>4>eKT caBnra Maccb1 P. 0 -Meaoaa cornacyeTcH 

/18/ . 
C BblBO)lOM Pocca I KOTOpb1l1 na OCHOBaHHH KOMilHnHUHH MHOrHx 

aKCllepnMeHTanhHblX )laHHblX ycTaHOBHn, 'ITO · p O -M83OH B peaKUHH 

77 + p ➔ N *tt, 0 
HM~eT M8HhWYIO Macey ( - 750 M 8B) no cpaBH8HHIO 
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C p0 -Me30HOM B peaKIUIH 177" p ➔ n ,P. ITo-BHllHMoMy,. 3TOT CllBHr 

MO)KHO CBSI3aTb C aijiljieKTaMH, 3aBHCHIIIHMH OT llHHaMHKH npouecca. 

B qeTBepTofi rnaae npHBO/lSITCSI peaynbTaThl nccnellOBaHHH 

MexaHH3Ma o6paaoBaHHSI peaoaaHCOB B TpexqacTHqffbIX KOHeqHbIX 

COCTOHHHHXo 

llnH peaKUHH TT+ P ➔ p+p 6Mno nonyqeuo .i:w4iljiepeuunanbHoe ce-

qeane du I d I t 'I • rile t ' = t - t , t - KBallpaT nepellSHHoro 
min 

'( + 0 4-nMnynbca CHCTeMe' TT 1T ) H t I - MHHHManbHO B03MO:!KHOe m_n 

aaaqeane aTofi aennqHHhl npn llaHHOM anaqeHHH M rr+ i• lln4iljiepeH-

unanbHoe ceqenne 6Mno annpoKCHMHpoaano aKcnoneHTofi du/dlt'I = 
-BI t 'I , 2 

=A e , HaKnoH KoTopofi B HHTepaane 0,08 $ I t I $ 0,3 (raa/c) 
-2 

oKaaancSI paBHbIM -B = 10,8!,0,8 ( raa/ c) • lfa aaannaa yrnoBMx 

pacnpelleneanfi npollyKTOB pacnalla peaonaucoa nonyqeBhl auaqeanSI 

aneMeHTOB cnnnoaofi MaTpHUbI nnoTHOCTH H HX aaBHCHMOCTb OT I t 'I • 
/19/ 

PeaynbTSTbI pacqeToB ,npoBelleHHhlX no MO/lenn c nornomeHHeM , 

He llSIOT YllOBneTBOpHTenbHoro cornaCHSI C axcnepHM0BTan&BhlMH 

llSHHbIMH. 

AuanornqHbie llSHHbie 6bmH nonyqeBbl ·llnH peaKIIHH rr_+p ➔ N *++a0
• 

XapaxTepaofi oco6euaocTbIO du/ di t'I llnH SToft peaxIIHH SIBnse-rcs 

Hannqne MHIIHMyMa npn It '1-0,6 (raa/c) 
2

• Taxoe noBelleHHe ce11e

HHSI cornacyeTCSI C pac11eTaMH, BbIDOn&eBBhlMH no MO/l8ffll nonIOCOB. 

Pejl)Ke, B npellDOnO:!K8BHH, qTo npoHCXOllHT o6Mea OllHllM p -Meaoa-
/ ')JJ/ 

HbIM noniocoM ( CM. pnc. 5). 

+ N*+ + ··. + + + 
HccnellOBSHHe KSHana rr P ➔ 1688" . B peaKIIHH ff P ➔ 1T 1T . n 

/21/ 
noKaaano , qTo nao6apa N *+ B OTnJl'IHe OT p830B8HCOB p + 

1688 

n .N *++ o6paayeTCSI B OCHOBHOM npn 6QnbIDHX aaa11e&HSIX I t I ( CM.-
12~ 2 

pnc. 6J. AaanH3 llHarpaMMbI lJy H noy B OCSIX ll H II {pnc. 7) 
,r:f-n 

DOK83bIB8eT, qTo o6pa30B8HHe .N *+ npOHCXOllHT npH Manhlx aaa-
1688 

14 

:11, . I 
j• 

V 

'I 

qeHHHX u. 3To CBHlleTenbCTByeT o 6onbIDOM BKnalle npouecca 

C 6apHOHHhlM o6MeHOM B peaxumo C po)KJleHH0M aTofi H3o6apblo 

B peaxunn TT +p ➔ TT+ rr+ n 6Mno onpelleneao ceqe1me ~ rr.-B3aHMo-
. • /22/ 

ll0fiCTBHH B 'IHCTOM T = 2coCTOHHHH MeTOllOM lJy-noy . • Peaynb-

TSTbl no onpelleneBHIO ceqeHHSI. u llnH paannqHhIX aaaqeanfi 
. 1T1T . /23/ 

(i) -aaeprHH rrrr -CHCT8Mbl npHB81l0Hhl B_ Ta6nnue IV • TaM 

)Ke npHB81l8Bhl ll8HBbie, nony11eBBhle MeTOllOM HHTerpnpOBSHHH B 4in-

3H110CKOfi o6nacTn. 

ITSITSSI rnaaa UOCBSIIII8B8 nayqeHHIO MexaHH3Ma COBM8CTHoro 

+ *++ o + *++. /24 25/ pO)KJl0HHSI pe30H8HCOB B peaKIIHHX TT p ➔ N p H TT p ➔ N ID t • 

llmJJCliepeaunanbHhle ce11eHHSI STHX peaKUHfi npHB81l0HbI HS pnc. 8 H 9. 

TaM :!Ke npnBell0Bhl KJ:>HBbie, Bhl'IHCneHBbie no MO/lenn OllJIOqacTnq

noro. o6Me&a c nornomeail:eM. Mo:!Kllo BH/l0Tb, qTo peaynbTSThl 

pac11eTa ne cornacyIOTCa C ·sxcliepHMe.BTanbHbIMH llSHHbIMH. ITpH 

annpoxcHMSUHH du Id I t.'~ axcnoaeaIIHanbHOfi aaancnMoCTbIO nony11e-
. -2 

Bbl aaa11eHHsi noxaaaTenefl: axcnoaeHThl1 paBHb1e 8,54!,0,52(r aa/c) 

MSI peaKUHH rr+ P ➔ N *+,t P '! a HHTepBane 0 ~ I t 'l S 0,3 ( raa/ c) 
2 

-2 
n 2,84!,0,34 (raa/c) llnSI peaxIIHn rr+p ➔ N*++ ru a nHTepaane 

o,ts It· I~ o,6 (raalc)2. 

ITpn aaannae. yrnoBblX pacnpenene1mtt nponyxToB pacnana 

peaoaaacoa 6hlnll: onpenene&hl sneMeBThl cnnnoaofi MaTpHUhl nnoTBo

CTH H HX aaBHCHMOCTb OT I t 'I. Mayqenne yrnoBMX pacnpeneneanfi 

npOllyKTOB pacnana pe30H8HCOB B peaKUHSIX HX COBMeCTHoro o6pa-

30B8HHSI D03BOnSleT npoBeCTH 8H8nH3 CDHHOBhlX 8MDnHTYll 
. " 1 · . /26 27/ 

< ,\ * ,\ I R 1.-. > aTHx peaxuml • ( ,\ , >. - crrnpan1,aocTn 
N v ·2 N* v 

pe30H8HCOB B KOHe'IHOM COCTOHHllH: nao6aphl H B0KTopnoro- M830Ha),: 

ITpoaene&Bhlfi aaanna noxaaan, 'ITO npn Manhlx yrnax BhlneTa peao

uaacoa B CHCTeMe ueHTpa HBepuHH· 8 8 llnH peaKUHH rr+ p ➔ N *++ p 0 

ocaoaaott BKnall aaocnT To~o onaa aMDnHTyna < ! O l'RI ; >. 
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llng Hccne11yeMb1x peaK11Hli 6hmo npoaeneHo TaK:me cpaBHe-

. . /28 29/ 
HHe C npe11CK838HHHMH BllllHTHBHOli KBBpKOBOli MonenH 1 

• Bbl-. 
pa:mag aMnnHTYllbl R '10p83 KBapKOBbi8 aMnnHTYllhI, MO:lKHO nony

• 1 
'IHTb 11ononHHTenbHb1e cooTHoweHHH Me:mny < ,\ * ,\ 1 R I - >npo-

N v 2 1 

BepH8Mbl8 no 3KCnepHM eHTanbHblM ll8HflbIM. ITony'leHHb18 pe3ynbTa-

Thl IlOK838nH, 'ITO npellCK838HHH BllllHTHBHOli KBapKOBOtt MonenH ae 

npoTHBOp8'18T 3KcnepHM8HTBnbHblM llBHHbIM ung peBKIIHH 17+p ➔N*+fp O 

0 .ao yrnoB paCC8HHHH B c.u.M, 0 s !: 11 H 11m1 peaKIIHH 17+ p ➔ N "'1-:tw 

0 
110 yrnoa 0 s; 30 • 

8 38Knl0'18HHH npHBOllHTCH OCHOBHhie pe3ynbT8Tbl llHCCepTamm. 

1. ITpoaeneHo o6ny'leHHe 40-caHTHMeTpOBOtt :lKHllKOBOllOPOllHOM 

K8M0pbl cenapHpOBBHHbIM ny'IKOM 17+ -M030HOB C HMnynbCOM 

2,34 raa/c. 

2. Pa3pa60TaHa CHCTeMa nporpaMM o6pa60TKH CHHMKOB nng 

3BM Knacca B3CM-4, no3BonHBwag aBToMaTH3HpoBaTb ocaoBHbie 

3T8Ilbl o6pa6oTKH. 

3. Onpe11enem,1 ce'leHHH KaHanoa peaK11Hli B 17 +p-,,naanMone11-

cTBHHX IlpH HMnynbce 2,34 raa/c, 

4. IT pH BHBnH3e peBKIIHH 17 + p ➔ 17 +p 17 0 onpeneneHbI ceqe1111S1 

po:mneHHH p + -Me3oHa H H306apbl N *++ . OK838BIIIH0CSI PllBHbll\lII 
1238 1 

1, 70±_0, 16 M6H H 0,35±_0,06 M6H, COOTB0TCTB0HHO, 

+ 5, ITpH H3y'l8HHH M8XBHH3M8 po:mneHHH p -.M030H8 II nao611pbl 

·N i*J3~ nony'leHbI 11n«f>«f>epeH11nanbHb1e ce'leHHSI HX po:mnemrn II onpc- ;w

neHa 38BHCHMOCTb aneMeHTOB CilHHOBOM_ MBTPHllbl nnoTHOCTII OT I : 

ITony'leHHb18. 3KCnepHM0HTBnbHb10 llBHHbl8 He cornacy10TCSI C l\l0-

11enb10 OPEA. 3KcnepHM8HTanbHoe pacnpeneneHHe d a / d I t • I 
llnH peaKIIHH 17, +p ➔ N"'1-:t170 HMeeT HpKO Bbipa:meHHblM MIIHIIMYM IIpll 

It 'I = 0,6 (raa/c) 
2

, npe11cKa3b1BaeMb1li Mo11enb10 c o6MeHoM p -Ml'-

3DHHhlM non10COM Pen:me. 

17 



6. IToKa3aHO, 'ITO o6pa30B8HHe H306apbl . N;}88 B p~aKUHH 

17+ p ➔ N *+ 11+ ➔ n 17+17+ nponcxo.QHT npH M8llb!X 3H8'1eHHHX U , 

1688 
T.e. M0)l{eT 6b!Tb 0IIHC8H0 MexaHH3M0M C 6apHOHHblM o6MeHoM. 

7. B peaKUHH 11+ p ➔ 11+11+n onpe.oenea:o ceqeHne 11+11:t.B3aHMO

.oeucTBHH MeTo.ooM aKcTpanonHunn. 

8. Onpe.oeneHbl ceqeHHH C0BMeCTHoro pO)l{.QeHHH .pe30HaHCOB 

B pea.KUH SIX 17+ p ➔ N ~ p O H 1T +p ➔ N -<u, 0K838Bll1Hecg paBHbIMH 

1,97:!:_0, 10 M6H, 1,54:!:_0,09 M6H, C00TBeTCTBeHHO. 

9. AHallH3 .omjxpepeHUH8llbHblX ceqeHHfi H 38BHCHMOCTH aneMeH

TOB CIIHHOBOfi 'MaTpHUhi lll!0TH0CTH OT t , .QIIH aTHX peaKUHfi II0Ka-

3811, 'ITO :9KCllepnMeHT8llbHbie .oaHHbie He cornacyroTCH C MO.Qel!blO 

OPEA. 

10. Pa3pa6oTaH MeTOJ:I aHannsa crrnpanbHblX aMIIIIHTy.Q npH C0B

MeCTH0M po)KJ:leHHH pe30H8HCOB H II0K838HO~ 'ITO B peaKUHH 11 + p ➔ 

➔ N'#+ rP npn M8llb!X yrna·x po)KJ:leHHH BKna.o BH0CHT TOllbKO 0.QHa 

aMIIIIHTYJ:180 

11. ITOK838H0, 'ITO npe.QCK838HHH a.Q.QHTHBHOfi KBapKOBOfi M0.QenH 

He npoTHBopeqaT 9KCllepnMeHT8llbHblM .Q8HHblM .QIIH peaKUHH 1T +p ➔ 

~ N *++ p O J:10 yrnoB paccegHHH B c.u.M. 0 s ~, 11 ° H J:IIIH peaKUHH 

11+p ➔ N*++ <u .oo yrnoB 0 < 30°.· 
·s -

Co.oep)K8lIJHeCH B .onccepTaUHH MaTepHallbl -ony6nHKOB8Hbl 

6 
/l,5,9-14,16,17,20,21,23-27/ 
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KpHB8H 1 OIIHCbJBBeT cf>a30Bbill: o6'beM, 2 - cf>a30Bbill: o6'beM H rrpo
eKUHIO H306apbl N//j8 • 3 - cf>aaoBbiil: o6'heM H rrpoeKUHIO nao6ap 
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Pnc. 2. PacrrpeJleneane no M"+P JlmI peaKunn 77+p ➔ 77+p "o • 
KpHB851 1 0IIHCbIBaeT cf>aaoBbill: 06'beM, 2 - cf>a30Bbiil: o6'beM JI rrpoeK
UHIO P.+-Meaoaa, 3 - cf>aa0Bb1ll: 061,eM n rrpoeKunn p + -Meaoaa 
n nao6apb1 N * + , 4 - cf>aaoBbill: o6'beM, rrpoeKUHH p + -Meaoaa 
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Pttc. 6. PacnpeAeneHtte no N 

M 11 + Amt co6hil'HH c 
I ti $.n 0,25 (rsa/c)2 (llll'pu- 50 

xoaasr nuHusr) H I t I 2: 1,5 
(rsn/c)2 (cnnoll!Hasr nttH1rn). 
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Puc, 5, llmfiqiepeHuuanbHOe ce"IeHue peaxuuH 11+p ➔ N*t+"~KpHBasr (a) 
C00TBeTCTByeT pac"IeTy no MoAenH OPEA, KpHB8SI (B1 - pacqeTy 

· M0AenH nomocoB PemKe, 
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Puc, 8, llmpq,epeauuanbHoe ceqeaue da I d(t') J:1m1 peaxuuu rr + p ➔ 

-•N*++p a, ITpSIMaSI nIIHIISI - peaynhT8T annpoKCHM8UHH 8KCll0HeHTOli 
2 c napaMeTpaMH A= 10,3±..0,6 M6H/(faa/c)2, b = 8,54:t_0,52(faa/c)

B 1111Tepnane 0<1 t 'I < 0,3 (raa/c)2, xpuaast - peaynhTaT pac"!eTa 
no MDJ:1en11 OPEA, -
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Pnc, 9, llnq>q,epeauuanhHoe ceqeune da / di t 'I J:1nH peaxuun rr + p ➔ 
➔ N*w. ITpHMast nlllIIISl - peaynhTaT annpoKCIIMSUIIH axcnonelIT0li 

2 c riapaMeTpaMn A = 3,9:t_0,4 M6u/(faa/c)2, b = 2,84:t_0,34 (fan/c)- , 
xpuBaSI - peaynhTaT pacqeTa no MoeJ:1nH OP EA, 
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