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BBE,llEHHE 

. . 
eT OCTaBSTbCH B H6CTOH~ee Bpeus B8lltHOtt H o6mHpHott 118CTbD ~H3HKH 

8,llpOHOB. HayqeHHe BTHX CBOMCTB B 06JISCTH 8Heprutt ,llO I raB npOBO,llHT

CH, B OCHOBHOII, ,llByMH llYTHUH. C O,llHOtt CTOpOHli, B COOTBeTCTBHH C 

H,lleHMH, BIJ,llBHHYTbll,!H JI.~.IlyaHKOBUM, P.M.PliH.llHHUM, H.A.CwopO,llHR -

cK~M /I/, peamiayeTcH 6oJlbmas nporpauua aKcnepuueaToB no ynpyrouy 

pacceHHHD HYKJIOHO». C ,llpyrott cTopoHu, uay11eHue ivN-Baauuo,llettcTBHI 

B6,ll8TCH nyTeM HCCJI6,ll0B8.I{HH BJieueHTSPHWC SKTOB M630H006paaOBSHHH 

no cxeuau: · N +N - :% +N +N (Ia) 

(IB) 

9TH HCCJI8,ll0B8HHH HeCyT HH~OPll!lnHD, He06XO,llHUyD ,llJIH BOCCTSHOB

Jl8HHH COOTB8TCTBYD~HX ~8HOU8HOJIOrH11ecKHx aunJIHTYA npo~eCCOB H8 -
ynpyroro B38HUO,ll8llCTBHH HYKJIOHOB, HID!, no KpattHett uepe,',llJIH nocTpoe

HHH UO,ll8JI81 TSKHX B38HUO,ll8ttCTBHI. KaK UOJKIIO BH,ll8Tb H3 pa6oT JI.M.Co

POKO 12 ,31, P.H.PliH,llHHa H H.A.Cuop~HHCKOro / 4/ u ,llp./St?/, o6a 

OTU8118HHUX Blilll6 nO,llXO,ll8 K H3Y116HHD NN -coy,llape1111I B38HUOCBH88Hli, 

,llOnOJIHHDT ,llpyr ,llpyra H H806XO,llHW npH noJIHOM BOCCTSHOBJI6HHH KSPTH

Hli B38HUO,Jt8llCTBHH ,llByx HYKJIOHOB B paccuaTpHB88UOtt 06JISCTH aaeprutt. 

Pe~pupyeuas ,llHCCepTSIUfH llOCBH~eHa axcnepuueHtaJI»HOMY HCCJie

,llOBSHHD p88KUHH: 

(2) 

npH aHeprHH 650 UaB H aHaJIHay: OCHOBHOI COBOKYllHOCTH aKcnepHUeHTaJII,

HWC ~aama: 06 ato•npo~ecce B paccuaTpHBaeuoa o6JiaCTH aHeprul c 

T011KJJ apeHH.11 np8,llC!'aBJl8HBI m,pu~puqecKOI MO,ll8,JIH CeJIJiepH /B/ • 
rJiaBax. B nepBol rJiaBe 

CO,ll8J)JIHTCH o6aop aKCll8pHM8HTSJlI,BJa: ,llSHHWC H OCHOBHliX T80pe!'H118CKHX 
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npeACTaBneHl!tt no l!CcneAOBamrn npouecca p? -'Jlfi,p B oCinacTH 

3HCprl!il 660 M3B l! 'A86TCfl nocTaHOBK8 38'A8qll. I'naBa II noCBflll(6H8° Onl!

C8Hl!IO 3KCnepi'l!lellT8J!J,HOrO ycTpoltcTBa, COCTOf!Ulero l!3 CilCT6MJ,I CIUIHTl!11--

1IflltUOHHWC Ct!6Tt!ll!COB l! 8KYCTl!t!6CKOil l!CKPOBOil KSMepbl, pa60T8IOD1ett Ha 

Jil!Inm c 8BM "MimcK-22". B rnaBax m l! IY CO'A6Plltl!TCH onucaHl!e l!cno111,-

. ayeMoU i.ieTi:wm11 BoccTattoBneHUfl co6b1Tl!tt B l!CKpoBoil KaMepe l! BBC'A8Hl!fl 

nonpaBOIC B ~aKCnepmJOHT8.1IbHbl8 Cil8KTpbl, a T81Clt8 Onl!CaHl!8 np8ABapl!T8JIL

HWC UCflhlT8HUi1 BCeil CHCT6MJ,1 Ha nyqKe. rnaBa Y CO'A6PlKl!T 3KCnepl!M6H

T01ILHbl8 peaynLTBTH l! l!X cpaBH6Hl!8 C TeopeTl!tI6CKl!Ml! npe,llCTaB1!8Hl!flMU. 

B npu11o~eHUflX I,IT,lli ,lll!CCepT8Ul!l! ,ll88TCfl BHBOA.4JOPMY1IH ,ll1Ifl 3116M8HTa 

qiaaOBoro 067,eua l! npllBOAflTCfl BCilOMoraT6JI1,HJ,16 4JOPMY1IH, l!CilOJIL30B8H~ 

Hhle npu pact1eTax B npu611UllteHl!l! OPE. 

MaTepua1IH, ucnoJILayewe B ,lll!CC8PT~ll, co,nepllt8TCfl B paCioTax/9¼!~. 

'AOK118AblB8/IHC1, Ha KOBqJepeHUUHX /I?¼I9/ l! oqiopY116HH l!30Cip8T6Bl!H -

Ml! /20,2!/
0 

rJIABA I. ITOCTAHOBKA 8A.1WU1 

PeaKl.{ll!I pp -fit ~p B 0611aCTH 3HeprHi1 660 Mail SKCnepm.!8HTaJIL:.. 

110 uayqa11ac1, H60'AHOKpaTHO. B 60111,meil tI8CTl! paCioT l!3M8pH1IUC1, O'Al!HOtI

Hh!e cneKTPH !:fl +_ll830HOB l! npOTOHOB 'A1Ifl paamlt!HblX yr110B BH116Ta. 
I . < 

Eo1!Lll18H t!8CT1, nonyqeHHblX ,ll8HHJ,I~ Hamna 06'.LHCH6HH8 B pa1,max 4J8HOM8HO-

JIOruqec1coil MO;ll6Jlll MaH]teJILCTaMa 1221. B TO JKe Bp8MH Pfl'A aKcnepuMeH

T81ILHWC peayJILT8TOB He COBilaJI C npe~CKa38Hl!RMl! pesoHaHCHOtt MO~OJ!l! 

Matt,ll8JILCT8M8 123 ,241• 8Tl! aaTPY.llH8HHH peaOH8HCHOil MO,ll81IU, a T8IO!C8 

TO OCiCTOf!T8JILCTBO, t!TO MHOrl!e ocoCieHHOCTl! KB83l!,llByxtiaCTl!qHJ,IX peaK- ~ 

null B 60JILfilOM 'Al'IOilaaotte3Heprl!tt Bhlill8 I I'aB xopomo OCi7>HCHHDTCH 

MO,ll81If1Mll, OCHOBOHH!illll Ha npe,llCT8BJI8Hl!HX O,llHOill!OHHOro OCiMeHa 

/ 8 ,26¼28/, HBl!1ll!C1, CTl!MyJIOM ,ll1IH ucnoJIL30B8HHH B 0611aCTl! SHeprl!il 
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660 MaB ll0,ll8JIH OPE~. ~ononHHT6JILHWI apryMeHTOM B Il01IL3Y CP8BH8Hl!H 

c MO,llem.D OPE npH 660 MaB HB1Ifl8TCH TalC!Ce TOT qiaKT, qTo B Heit ue

xaHHaY M830HOOCipa30B8Bl!H paccuaTpl!B88TCH Cionee 'A8TaJI1,HO, qey B YO

,ll8JIH MaH]t8JILCT8Ma u. HaMH / 9/ Ciuno.BHilOJIH8HO Cionee l!JIH M8H88 Cl!C-

T8M8THqecxoe cpaBB8HR8 c nep11~ep11qecxott MO,llemD OPE Cennepl! / 8/, 

11cnOJI1,3ye1,1ott B·np116JI11xeHH11 (3,3)-peaoaattca, aKcnepHMettTa111,ma: 'ASH

HllX no O,llHHoqawr cneKTpau %~U830HOB 113 pe8KUHH (2) 'AJIH p83Jil!qHux 

yrJIOB BH1!eTa, 8 T8KE8 'A8HHHX no cneKTpaM II yr1IOBOMY pacnpe.noneHl!Bl 

npOTOHOB 113 p88KUHi1 (Ia) B o6JI8CTH aHeprHtt 660 M3B. Hennoxoe K8-

qeCTB8HH08 COBnSABHHO C Ilp8,llCK838HHHUH OPE qiopuu O,llHHOqHblX 3KCne

PHM8HTaJll,HWC cneKTPOB, OCi'.LHCHH8M08 'AOMl!BllPYillllHM BK118,llOY (3,3)-pe-

30H8HCa, np11 noqTH IlOJIHOM OTCyTCTBl!H corJiaCl!H C KOJI11qecTB8HHHYl! 

pe3ym.TaT8Yll pacqeTa, eme He Il03B01IfllOT -yBepeHHO cy~HTD O B03MOEHOC

TH 11Cll0n:&30B8HHH MO,ll8JIH OPE B 8TOi1 o6JI8CTH aHeprHtt. leJIO B TOM, qTo, 

KaK noKa3aHo CopoKo 121, 11Hqiopwa~HH o uaTpHtIHOM sJieueHTe nponec

ca (2), 38JIOX8HH8H B 0,lll!HOqHllX Cil6KTpax, HenoJIHa. EoJiee 'A8T8JIDHH6 

CB8,ll8HHH O nponecce (2) CO'A8PJ!t8TCH, Hanp11uep, B TpOHHbDC ,lll!qxf/epeH

n11am.H1,1X C648HHHX. 

~CTporo roBOPH, OPE-uexaHHaM uo~eT 'A0Ml!Hl!POB8TD B OCiJiaCTl! uanwc 
. BeJIHql!H A"- .0,llHBKO B paCioTax ~eppapH II CeJIJI8Pll / 8, 26/ nyTeM 

BB6,ll6HHH qiopuqiaKTOpa II BHpTyam,HWC nonp8BOK npe,llCT8BJI6Hl!H OPE CiuJIH 
. . ~ 

pacnpocTpaHeHH Ha BCD ~Ha11qecKYD oCinacn A • 

~~ CBH3H_ C TOM, t!TO yxe IlOCJI8 npe,llCT8BJI8HHH ~HccepT81U!l! B YqeHuit 
Colier mm OIDIH IlOHBHJlHCD HOBHe reo~eT11qecKl!8 npe,llCT8BJI8HHH 0 
uexaHH3Me NN-B38l!MO.ll6~CTBl!tt f 3o, II, uu He HMeJIH B03MOEBOCTH 
IlO,llpOCiHO OCTaHOBHTDCH Ha l!X 06cyi,;,ll8Hl!H. 
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B COOTB8TCTBtttt C aTttUtt coo6p8.l!teHl!RMI! aBTOpOM 6hlmt BJ,IJlOJ1H81Th1 

11;mepett11a Tpoiim,ix .nmixIJepe111.111am,ttblX ce•rnntttt d 3o/ d7;,,,d~ d 12.;, , 
xapaKTep11:iy!Oll(l!X npouecc (2),.,1\JUI lll8CTI! KOMC51!H8Ul!lt yrJIOB BhlJI8T8 + . . 
.'1£-1.!0;JOIIOB ll npOTOHOB a ltoJieqnou COCTORHl!I! /I6/. B Ka'it,l{OM aJieMeH-

Tap!IOM 8KT8 perttCTpttpOB8Jil!CI, Ha COBil[!A8H!,iR npOTOH 11 5l tM830H, 

BblJieTaIOU(tte no.zi onpe.zieJieIIHhlMVI yriia1.m, 11 anepr1m 5t ~ueaona. SttaHtte . 

copTa pcrncTpttpyeMblX qaCTl!U vi atteprtttt nepB11q11oro nyqKa npoTOHOB 

Il03B01Ill1IO Il01IHOCTI,B) BOCCT8HUB1lllB8TI, mrneM8TVIKY vi3yqaeMoro npOl.\80-

ca. Pac5oque yr1lhl .iauepea111i np1rnc.zieHbl B Ta61111ue I. 

Ta6imua I 

I. 
lp.Tt: , rpa.zi. 

I. e.n ' rp[!A. <t/, rpa,ZJ; •. 0j;, rpa.zi. 

0 83 IBO 17,5 

0 83 180 22,5 

0 83 180 29,5 

0 83 0 I6 

0 93 IBO 17,5 

0 93 IBO 29,5 

I'l!ABA II. 81{Cl1EPilMEHTAllhHOE .YCTPO~CTBO 

31<0nep11M8HT 61:lJI Bblil01IIJeH H8 nyqKe npOTOIIOB CMHXPOUllK1IOTpOH8 

J!Hll Ow!Hl'l npl! atteprml 650 MaB C IlOMOU(b!O uero,l{a CUlll!TllJIJUIUllOlll!hlX 

cqeTqmcon B coqeT8Hlll! C llCKpOBOll 1muepoll t BKJI10qe1rnon B Jlttllll!O C 

9BM "MttHCK-22 11 • llOJ!HOe BOCCT8110BJ18Hl!8 Kl!H8Ll8TVIKI! C06blTl!li, perttcTptt

pyeMblX B aKCnepl!Ll8HTe, Il03B0m!Jl0 ocyll(eCTBl!TI, Tpy.l{Hble ll3Llep8Hl!H 

Tpollttb!X ( d
3
o;/d'!;/'dS2:; dS2~ ) ,l{ttqxllepenu11an:1,u1,1x nonepequblX ce

qeuttlt npouecca (2) nptt pmin:11qnux reoMeTpttqeCK.ix Koniti11rypau11ax onhl

Ta. HenoJlflpll30B8HHbllt nyqoK IlpOTOHOB C 3Hepr11elt 650 MnB Il[!A8Jl Ha 
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Pnc.I. Cxeua pacnonozeHHR annapa
Typu B 3KCnepnueHT8J!I,HOW 
aane: a) npn OAHOBpeueHnott 
perncTparurn llpOTOHOB IlOA 
ABYMR yrnawn; 6) npn onpe
'AeneHBH ~oHa, o6ycnoBnea-
Horo ynpyruw pp-pacceRanew 

J 

~ 
~~ +nl -,--,Z S:' 

j_// 

Puc. 2. KoHCTPYKUl!R HCKpOBOtt Kauepu, 
I - 11c1tp0Bhle npoMel:l:yTKH; 2 - aaaopu 'AlIR noue~emrn nornoTnTcnett; 
3 - ma116i., onpe'AeJIRD~l!e BentttrnHi. aaaopoB vicKpOBhlX npoMelltyTKOB; 
4 - MttKpO~OHHhle CTeJ)litHH; 5 - 3BYKOllpOBO'Ahl; 6 - OKHa 'AM qacTHU; 
7 - BCllOMoraTe.1ll,Hli8 KPblDIKH. , 



JUl;!lltOBO;!!OpO;!!HYIO Ml1fil6Hb Hz (ca.1. p11c .ia ) • flpOTOHN B KOH611HOM COCTOfl

Hlll1 peaKIU'll1 per11cTp11poBam1c1, .JtBY~~ napa1meJibHO pa6oTaIOII\l1l.fil TeJiec

KonaMH, COCTOflll\111Jl1 .113 ClleTllllKOB C3 4 lf C5 6• COOTB8TCTBeHHO, a. 
+ . . ' ' % -IJ630Hbl - TeJieCKOllOM Cr 2 · 11 llCKPOBOll Kauepolt. HyiitHllO C06blTl1fl 

' . 
Bhl,1\8JIH1IBCI, COBna:nemmi.m C118Tlll1KOB Cr 2 3 4, 1IB60 Cr 2 5 6' HCKPO-

' . ''' . ,,, 
B8H Kauepa ll03BOJiflJI8 onpe.ii;eJIHTI, yrJru BJieTa B Hee 5t+_M880HOB 11 

11x :rnepr1110 no npo6ery B Be111EicTB8 norJioT11TeJielt, no1.1e111aeuh!x uellt;ny 

npOM8lltYTK8Ul1 Kauepbl, KOHCTPYKU11fl Ka1r1ep1:1 np1rne;neHa Ha puc.2/II/ • Ka

MOpa l1M8JIU IO l1CKpOBblX npoueztyTKOB, B8Jil111l1Hl:I aaaopoB KOTOPIDC uorJIH 

peryJI11pOB8TbCfl, HcnoJib30B8HHbl8 B Kauepe Ml1KPOqJOHbl 3JI8KTPOCT8Tl1118C

KOrO-Tl1ll8. 1201 OTJil1118JI11CL BblCOKOl1_Ha;!l8lltHOCTbD. l1 CT86HmHOCTblO B 

pa6oTe. 

YcTpOilCTBO MllKpoqioHa IlOK83aHo _Ha p11c.3. nJIH ycTpaHOHHfl 3ql(p8K

T8 H8T8K8Hl1fl 3KpaH11py10111oro·3apH;na Ha BHYTP8HHli8 yqaCTKl1 IlOB8PXHOCTl1 

nJieHKH 11, cJie;noBaTeJII>HO, cTa611Jiii3aUHl1 tIYBCTBHTeJILHOCTH u1rnpoqi0Ha, 

HCilOJib30B8JI8CI, aBTOMaTHtiecKaH_no;naia cuemeHHfi 1211. ABTOM8Tl1118CK08 

cMell\eHv.e no3BOJil1JIO noJIHOCTI>lO ycTpaHHTI> BblX0.1\1:1 u11KpowoHoB 113 crpon 
: . . . 

113-aa npo6oen MailJiapoBolt nJieHKH. Cxe1.1a paapa6oTaHHoro Hru.!ll MHKpo

qioHHoro YCllJil1T8Jlfi ,1\8Ha Ha pHC. 4 /II/. Kax.itblli MHKpOqJOH C YCllJIHTe-; 

JI81,1 ll03BOIDIJI pa3;!!8JII,HO perHCTPHPOB8TI, C 3qiql8KTHBHOCTLD~ 100% 

iicKpbl, pasHOCTI> paccroHHRlt KOTopux o~ u11Kpoq)oaa ~ 4 w. 9ro ;nocTHra

noc1, aa ctieT uaioro uepTBoro Bpe1&eH11 MMKpoqioHOB H cneu11an1,11oit 06pa-

60TK11 Cl1rHa1JOB B yCl1Jil1T8JIHX /!?/. nmi C~eMa l1Hq)OpM8UH11~ llCKpOBOlt 

Kauepbl Ha1.111 61,1JI paapa6oTaH. 20 -1taHamHult BpeMOHHotl aHaJIH3aTop 

(BAHK) c onepar11BHUM 3anou11Ha10ll\l1M ycTpoltcTBOM Ha TYHHenI>HUX ;n110-

;nax /I4/. EnoK-cxeua auaJIHaaTopa npe;ncTaBneHa Ha p11c.5. Toqaocrh· 

11suepeHHH BpeMeHHliX llHTepBanoB aHaJIH3aTopou paBHRJiac1, 0,5 MKCOK, a 

llOJIHbllt ;!!118Il830H perl1CTP8Ulll1 COCT8B1!RJI 2 YCOK. Ha BAHK l1HqiopuaUHR 
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P11c. 3. M11Kpoq)OH 
A - Bl1'A 113 U8HTpa llCKpOBOrO 
npoueEyTKa; E- pa3pes B nnoc
KOCTH llCKPOBOro npoueJKyTKai 
I -CT8plK8HLi 2 -ualtJiapoBafl 
IlJIOHKa; 3 - IIYBCTBHTOJII,Hafl 
o6JiaCTb Ml1Kpoq)oHa; 4 -XOMYTi 
5- 3BYK03all\l1THU8 3KP8Hbl; 
6 - 38litHM 
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. :!-
nepe,ztaBaJiaCI, B 8HBIDl38TOP ALil-4096 BUql'ICY..HT8JII,HOro U8HTpa Jlffll, 11c-

IlOJII,3ye1,1uil B K8li8CTBB npoMeliyTOliHOrO MBllt.Z!Y BAHK l'I SBM 38IlOIJl'IH8IO

ll\OrO ycTpOi-lCTBa. U3 AVt-4096 1rnq>OpM8~l'IH nepe,ztBB8JI8CI, no Jll!HHl'I CBH-

311 a SBM 11M1rnc1t-22 11 , paooTaromyBJ B pel!tl'!Me npephlllaHHH. IlpaBl'lmHocu 

· paooTu BCOl1 annap11Typu 01ma no,ztTB6plit,zteHa cepl'!el1 KOHTPOJII,Hb!X 3Kc

ne p111.1e11TOB. 

PJIABA ill. IlPOl.lE~YPA OEPAEOTKL1 SKCIIEPl1MEHTAJlhHl:lX PE3YJlhTATOB 

B rnaBe oocyii,ztaeTcf! nporpauua BOCCTBHOBJI6HHH·TP8KOB qacTn~ 

B 11C:KpOB0ll K81.!6pe, 0THOCl1TOJII,H8H norpeurnocTI, onpe,zte JI8HHH KOOPA1'1118T 

llCKP paBHHJI8CI, 0,2 UM. L1cnoJib3Y8MBH nporpallMB BOCCTBHOBJIOHHlt C06bl

T11l1 Ylil'ITUBBJia' B03MOiKHOCTI,_ BUil8,Zl6Hl'IH OT.zl8Jll>HIDC TO'i8K Ha TpeKe 113-

38 ipoaa n aKcµepl'!M8ttTan1,uou 3BJie I'! noaBOMJia 1'13,Ciel!taTI, tteooxo.lll'IMOCTl'I 

DBO.ll8Hl'IH Il0Ilp8BKl'I HB KyJIOHOBCK08 p8CC8ltHl'l6 m'!uea,OHOB B 8Jllil!Jl1Hl10-

BUX norJIOTl1TOJIHX 11C!tpOBOll 1muepu. 

rJIABA IY. ~OHOB!:IB l13MEPE:mlll Lil OECYli;ZJ.EHl1E, IlOIIPABOK 

B rnaBe no,llpo6no oocYJi(.llBJI11c1, aKcnep.iueHTaJioHblO MeTo,ztu onpe.lle- -

Jl6Hl'llt \l)OHB cnyqailHUX COBilB,llOHl'll'i l'I •~OHB t oc5ycJIOBJI6HHOro BJil'IHHl'IOM 

ynpyroro pp-pacceltHllll, a TBKJ!t6 nonpan.KH K cneKTPBM, yli,1Tb1BBIOIIU'l6 
- + .. ' 

H,zt6plib16 B38l1MO.ll6ilCTBl'IH '.n'-11630110:B B norJIOTl'ITOJIHX l'ICKPOBQl,1 KB1lep11, 

. 

f/l -+Ji, -pacna.ztbl n KynonoBcKoe pacceHHl'le .'n~ueaoHOB ,zto ~cKpoBoll 

KBM6pbl. IlpBBl'lnbHOCTI, BHOCl'IIJbOC IlOilpBBOK KOHTPOIDlpOBBJIBCI, 3KCil6pHMOH-
- . . c;-:+· ' 

TBJII,HO nyTeM 1'13M6P8HHH O,ZlllHQqHblX Cil6KTPOB :7L·-Jl630HOB 1'!,Cp8BH6HHH 

llX C 1'13B6CTH!UlH .1'13 Jil'IT8paTyp11 .llBHHblMH • HanpriMep, HB pHC-~6 Ilpl'IB8.zl6H 
+ ' + 

cneKTP % -M630HOB no.zt yrnou 108° n.c. Ha pea~Hi,1 pp --5t n-p 

H pp--%+ d ; H3MepeHHbll.l HBMH n B pa6oTe 125/ (rHcTorpaMMa). 
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rJIABA Y. 8KCIIEPJ.1MEHTAJihHIIB PE3YJihTA'ill l1 ldX OECYJ(l(EHJ.1E 

B 3KcnepllLl8HT8 6blJIO 3aperzcTpl'lpOBaHo.8500 noJI63HWC co6blTl1i1t 
-13,J I, L._Jl., 

.Bome.ztm11x B OKOH1.aTem,H11e pacnpe.zteneH11H (,(, (1f dTs,-dS2.rru.'!lp .npe.zt-

cTaBneHHble Ha pzc.7.8. B KaJlt,ltOLI cneKTpe 6blJIH 061>8.ztl'IH8Hll C06b1Tl1fl 

B yrJIOBllX ,ltllana30Hax. paBHWC b. e;,. = IJ 'f:;. = ± 3 .6°. Ha pllc.9 npe.zt-
!l c'/. I, Jr,/, 

CT8BJI8Hll .ztBOHHbl8 .ztmI>i1JepeHU11aJI:&Hll8 nonepet1HU8 C8tl8Hl'lfl d a; as.?.,,. tw? 
l, l, 

B 3aBllCl1LIOCTl'I OT yrna Bb1JI8Ta IlpOTOHOB ep .ztnR .ztBYX yrnoB ~= 830 11 

93°. 8TH ce11e1rna nony11ettbl nyTeM l'IHTerpzpoBaHHH cet1eH11i1 d'/;y'd"(;'UR;;.c1Jt; 
no 3Hepnrn .n'!1.1e30Ha B npe.ztenruc OT nopora perzcTpau11r1 1.1eaoHOB 

l, 

( T 9L ""'f' =23. 6 M3B) .ztO_ MaKCl1M8JILHOi1. I1ony11eHHbl8 peayn:&TaT!l cpaBHl1Ba-

Jil1CL C iJ)aaOBUM 06'.bel!OLI ( Ha Pl'IC.7-t9- KP"1Bll6 I) l'I nepzqiep11t18CKOi1 

1.10.ztem10 OPE CennepH (KPl1Bbl8 2). Pact1eT11 no uo.ztenr1 OPE 611JIH Bllnon

H8Hll B Tex ~e ynpoma10mzx npe.ztnono~eHzax. KOTopue zcnomaouanzc:& 

uaull B pac11eTax o.ztz1101111wc cneKTpoB. Ha ocuoBaHHH npoBe.zteHHoro cpaB

H8Hl'lfl MO~HO 38KJ!I01{l'ITLt l!TO nonyqeHHll8 HaMl1 3KCnepl'IM~HTaJI:&Hlle pe

aynuaT!l B UOJIOLI 118 06'.bflCHfllOTCfl Hl'I CTaTl'ICTl11!8CKl1Ml'I np8l(CT8BJI8Hl1fl

Ml'lt HJ,! nepmpepl'l1!8CK0tt MO,lt8JII,10 OPE CeJIJiepz. Ilpll 3TOM BaJ!HO OTM8Tl1TI,t 

l!TO pacnpe.ztenemrn d 9-o/ d.2/ d.J2;; •. Hati.zteHH!le H3 onuTa. OKa3a

JillC:& 6onee BU,lleJieHHutrn B o6nacTH uanllX yrnoB. t1eu pacnpe.zteneHHH • 

npe.ztCita3UB88Mbl8 OPE 11 qiaaOBULI 06'.b8MOU. 8Kcnep11M8IIT8n:&H06 C81!8Hl!8 
I. L 0 

no.it yrnou ep= !6° cymecTB8HHO M8H:&me. t1eM no.zt yrnou 0,,= 29.5. 

AHanorl!tlHOO H3Ll8H8Jll!O ceqem!l.t npe.ztCK83blB88TCfl 11 B np116JIH~8Hl!l1 OPE. 

YM811:&lll811118 CGtl~Hl1fl OPE llJlfl yrna e:= 16° t B OCHOBHOU t o6yCJIOBJI8HO 

66n:&llll'IM y,1taJIGHl18M no nepOMOJIHOti w OT M8KCl1MYM8 peao11aHca «>o= 

= 1238 MaB _no cpaBHOHl1IO c yrnou 0;= 29.5°. TaKHM o6paaou. aTOT pe

ayn:&TaT Harna.ztHO ,lt8MOHCTp11pyeT cymecTB8HHylO pon:& (3/2.3/2) -

g(N -Baa11uoiiet1cTB11H n r1ayqae~oi1 peaKUirn. 
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PHc.7. TpollHHe ;nHipflepeHUHam,HHe nonepet1m.te 
cet1eHHH peaKUHH pp~'Jf"h.p ]{JIB yr11a 
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29,5°. KpHBHe l - ~aaoBHll o6~eu; 
2 - OPE Ce1111epH. KpHBHe 1,2 -HOPMH
poBaHH no n11o~~H Ha sKcnepHueHTam,
HHe pacnpe;nenAHHH. 
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P1w. 9. 3aBl1Cl11JOCT:b ABOMHUX AHrp<pepeHI_\11aJIJ,Hl:lX 

11011epe1rnux ceti8Hl10 d !l fJ / a si; an; 
OT yr11a Bbl118Ta llpOTO!IOB 0pl. AJIH yr110B 

Bbl118Ta .'Jf l--M8:JOHOB 0!;- = 830 11 930 • 

Kp11Daa I - ,paaoBHA 06:r,0u; 2 - OPE. 
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Ilp11ti11Hy paCXO~'A8HHfl HamHX peay111>TaTOB C waaOBl:lM 06:08MOM MOJK-

110 llO!lflTl>, TaK KaK H3B8CTIIO, 'ITO B 3TOA 0611aCTl1 :rnepr11n· CJII(8CTB8!1-

IIYIO p011l> 11rpa8T peaoHa!ICH08 B3al1MOA8l1CTBl18 gt -M830Ha C HJK11011au11 • 

Bonpoc 06 l1HTepnpeTau1111 3KCII8p11M8HTaJ!l>HhlX 'AaHHh!X no M830HOOCipaao

B8Hl1IO c TOtJKH ap8HHH Teop11H, ocHoBattiiol! Ha 11peACTUB110HHax OPE, 60-

1100 C110JK8Ho ~8i1CTBl1T811l>HO, Ha OCHOB8Hl1H llpOB8A8HllblX HaMl1 pact18-

TOB 191, OTHOCRll\HXCfl IC Allal1830HY 8H8pr11n 600-t660 MaB, l.,lQjj(IIQ yT-

B8pJK,118Tl>, tJTO, C OAHOli CTOpOHH, llM88TCll 60111>11108 K01111tl8CTBO 3KC-

118pllM8HTB11l>H!lX ABHHHX 110 II011Hl:lll C8'18HHHM, O]tllllOtJHHM Cl18ICTpau 

5t~M830HOB 11 npOTOHOB AJIH pa31111tJHl:lX yr110B, a Taltllte 11011HpH38U1111 

npOTOHOB, KOTOpue K8tJ8CTB8HHO OllHCUBBIOTCll M8X8Hll3MOM OPE. C ;tpyron 

CTOPOH!l t TBKH8 BeJrntJHH!l, · KaK KOppe1111pOB8HHU8, 11 tJBCTl1tJHO t O]tl1110tJ-
+ + 

HU8 Cl18KTPU g{, -M830HOB, acm,1,!8Tpm1 B J,1C11yc1ta111111 '3t -M830IIOB Ha 
. .. 

11011HPl130B8HHOM llytJK8 npOTOHOB, yr110B08 pacnpC;t0118ll118 llpOTOHOB 11 

1toa!Mll1U118HTH 11or110U18HHH, Han;teHHU8 11a ynpvroro paccettH11H, tte cor-

11acyJOTCfl c llP8'AC1taaaH11HMH, octtoBBHHl:lllH Ha OPE-np;i6mn1te1111H. 

Ta!CHII o6paa OM, MO]t81ll> OPE KatieCTBOHHO 01111cirnaeT, B OCHOBIIOM, 

T011l>KO OTHOCl1T811l>IIO npOCT!l8 ( C TOtJJCH ape1111it 8Ml11111TJAl:l peaKUllll) 

xapaKTOpllCTHKH M830H006paaoBBHllfl. Ha611J0.1taBlli88Cfl pacxOJ!('A8HH8 C 
. . .3 ,, I, ,, d ,, 

601188 C110llllllMH .xapaKT8p11CTHKBMH ( d er, d7;,- dJ:t; SJp , 8C11MM8TPl1H 

11 To'A• ) MOJK8T 61:lTl> o6iRCH8HO H8COB8plli8HCTBOII 06CyS;t88MOn MO]t81111o 

He 11cIm10t10Ho; tJTO .11a111>Hel1mafl 'A8TB11H3BUHH uo;te11H OPE npHBe;teT K 

ynyqmeHHD 8B cor11ac11H C OllUTOU. B K8tl8CTB8 B03MOJKH!lX 11YT8l1 y11yt1m8-

HHR l.!O,ll81ll1 MOJKHO y1taaaTl> C118'AYJOlllH8. Ilp11 :rneprmr 650 M3B p8aKUHH 

C o6pa30B8HH811 ;tByx CBH38HH!lX HYK110110B ( pp-fn+d ) npOHCXO'Al1T 

C OTHOCHT81ll>HO 60111,moi,i B8pOllTHOCTl>IO. Bl1011H8 8CT8CTB8HHO, tJTO H llpH 
c;--,,+ 

paCC}dOTpeHHH KBH8118 pp---:Yl ~p B OPE-np116JIHE8Hl1.l1 C118AY8T ytJ8CTl> 

NN -B38HMO,ll8ilCTBH8 B KOH8'1HO!l COCTOHHHH. na11e8, aHB11113 n.C.AJt~ 
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rHpeH, B.M.~HEl'IKOBa 1291 noxaswiaeT, qTo AllH onttcaHHH no1mpHOO.Ul'I01l

HblX 3ipq)8KTOB B peaKUIIBX (Ia) Heo6XOAHMO BB8A6HH6 HepesoHaHCHb!X coc

TOllHHtt 5t N -noACHCTeuu H yt18T HHTepqiepea~H ueE;ity Bceira noJI10cnu

MH AHarpauuauH, OilHCllBaDmHMH 3TOT npouecc. B03YOEHO, qTo 3TH 3ipq)eK

Tll c:ne;ityex yqHTllBaT1> H AllH xaKHX ~e:nHllHH KaK d 3a;/d?;. dJ21. dJ22,, 
d. 2a'/d.Q1 d.!22 , d 2(J'/ dTd.52 

l1 HaKOH8U, H8JII,8fl l'ICKJIIOqHTI, H8 paCCJ.IOTperu!H H Apyrue BHAll 11e

xaH1'18MOB 11eaoaoo6paaoBaHHH, He OCHOBaHHll8 Ha OPE-npH6mtEeHHH. 

B saK:nDqeHHH AHCcepTal\HH 06CYJltAa8TCH nporpaJ1ua 3KcnepHM8HTOB 

no l'ICC:ne;itOBaHHD npoueccOB (Ia) H o6pa~a8TCH BHHMaHH8 Ha B08MOEHOCT1, 

l'ICilOJII,80B8Hl'IH no:nyqeHHllX A8HHllX B Ka1l8CTB8 HCToqimxa HHqJopuanHH 0 

MHHWX ;ito6aBKax K B811Hql'IH8.J.I qiaSOBllX CABHrOB B qiaaOBOII aHaJIHae 

pp-pacceHHIIH. 

BUBO,llU 

Hatt6o:nee c~eCTB8HHb18 pesyJII,TaTH ;ltHCC8pTal\HH CBO;ltllTCH K c:ne

AYDmeuy. 

I. Paapa6oTaH H ;iteTa:n1,ao HCC116ADBaH BapHaHT HCKpOBOtt Kauepu, 

Hcno:n1>ayDmHtt aKyCTHqecKHtt IlPl'IHUHn 6eCqJH111>MOBoro C$8~a HH[JopuaUHH. 

i'icKpOBall Kauepa Il03B01IH8T perHCTpHpOBaTl> O;itHOBP8M8HHO HeCKOJII,KQ 

HCKp B Ka)K)tou npoueEyTKe 6es cymecTBeHHWC noxep1, 3ipq)8KTHBHOCTH pe

rHCTPSI\HH npu TOqHQCTH 110K811H88UHH HCKp ± 0,2 lll,I. B K8Jlepe HCilOJU,-

3YDTCH 3118KTpOcTaTH1lecruie MH!CpO[JOHH OpHrHHa:n1,aon KOHCTPYKI\HH, C 
. ~ 

8BTOM8THqecxott no;itaqett_ CU8~8HHH, o6:na;itaDDUJ8 Ha;iteEHOCTI,D.H CTB6HJII, -

HOCT1>D B pa6oTe. . , 

2 • .I{JIB C$8Ma HHipopuaUHH C aeycTH1l8CKOtt HCKponolt KaMepll paapa6o

Taa· 20- KaH8111,Hi:dt BpeueHHOlt 8Ha:nHaaTop C 03Y Ha TYHH8111,lfllX AHO;itax. 

ToqHOCTI, OTcqeTa BPeM8HHllX HHTepBa:llOB B aHa:nHaaTope paBHa 0,5 YKC8K, 

a no:nHutt AHanaaoa uauepeHHH - 21i1cex. 

16 
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3 • .llllH HCC118AOB8HHH npouecca pp--'3t t,_, p npH 3HeprnH 

660 M:rn coa;itaHa ycTaHOBKa, KOTopaH COCTOHT 1'18 11CKPOBOtt xauepu, CHC

T81Jll CUHHTH:llllHUl'IOHHllX cqeTqHKOB H padoxaeT Ha :nHHl'IH c 3BM •~MHHCJt-22 11
• 

HcnomaoBaHHe 3TOtt ycTaHOBKH Ha nyq~e IlOJUipH30BaHHllX qacTHU ;itaeT 

B081JOEHOCT1, T8KlK8 npOBO;ltl'ITl, 1'13MepeHHH paa:nl'l1lHblX no:nHpH381\1'1011HllX 

napaueTpon .N N -pacceHHl'IH. 
2 i 4. IlpH SHeprl'll'I 650 Man B 06:naCTH nepeASHHblX mmym,coB ~ > 8j<-

Bb1IlO:nHeHbl 11auepemrn xpol!allX ;itHqxilepeauuan1>HblX ceqeHHii d36'jdf/i:i.r¢,dJ2j; 
B peaxu~rn pp _.<Jt+rz, p A:nfl lll8C'Xl'I paa:nl11lHllX reoueTpllii axcnepMM811-

Ta. 3TH HauepeHHH HBJUIDTCH qacT1>D no:nHoro onuTa no npHuouy onpeAe

:neHHD aun:nHTYAll Hayqaeuoro npouecca (2). Ilo:nyqeHaue cneKTPll cpan

H11Banuc1, C waaoBW 06$6MOM 1/1 nepHwepHqecxoH MOA8n1>D OPE Ce:n:neptt/8/. 

YcTaHOB:lleHo, qTo 3KCnepl'!MeHTa1lbHble p~8YfilT8Tll B ue:nou He OdbRC-

. HHDTCH ~830BllM o6Leuou l'I IJO~e:n1>D OPE. 

5. IlpoBeAeHHblit aBTOpOM Cl'ICTeUaTHqecKl'!ll aH811H3 peay:n1>T8TOB OTil'I

C8HHOro BHrue KoppellHUl'IOHHOro 3Kcnepl'!MeHTa l'I 6onblIIOro KO:n11qeCTB8 

SKcnepl'IM8HTa1lbH11X A8HHblX no IJ680H006paaoBaHl'IID B 06:naCTl'I aneprl'ln 

600-t650 Mim. no:nyqeHHblX ApyrHYH SBTopai.rn. A8eT OCl!OB8HHe YTB8pJK~aT1>. 

1lTO nep11~epuqecxaH uo;ite;n1, OPE Ce:nnepH B npH6nl'!JKel!HH (3,3)-p830H8H

ca He Il08BOJUI6T ;ltOCT8T01lHO no:nHO 0IlJ.1C8Tl, BCID l'IM8D~YDCH B aTon 06-

naCTI/I 8Hepr11tt COBOKynHOCTl, ;lt8HHllX no !1880H006paaoBaHHD.B peaKUHH 

PP -<Jf"n,.p • B CBll8H C STHl,I 8BTOP odpa~aeT BHHM8HHe Ha TOT_ waKT, 

qTO OCHOBHll8 npe~nocu:nKl'I MO~e:nH OPE npll 1,1cnon1>80BBHl'll'I ee B 06:naCTl'I 

aHeprHlt 660 MaB ;ltOJIJ!tHbl 6HT1> IIO~HWl'IU1-IpOB8Hbl. BoaMOJKHO. 1lTO TmaTem

HHli yt1eT NN -B88l'IIIOAeltcTBl'IH B KOHeqnOM COCTOHHHIII, ncex B08MOlKHhlX 

COCTOHHHtt ';JtN -IlOACJ.1CTeMbl 11 HHTOp~epeHUJ.1011HHX q11eaoil 6yAeT 3cpqlOK

Tl11BeH A:nfl ynyqrue1111H cor:nac111H C OllllTOY. 
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