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00SBH X8pBKT8pHCTHK8 paOOTli 

B H8CTOH~ee BP8MH WHpOKHM ~POHTOM B8.ZU,TCH pasnH'IHll8 npHKn8,llHU8 
HCCR8,ll0B8HHH H8 nyq~ax YCKOP8HHUX aapallteHHllX qaCTHU. STO M8AHK0-0Ho
norHqecKHe HCCR8,llOB8HHH, p800Tll no ~H3HKe 38~HTU H p8,llH8UHOHHOil CTOil

KOCTH M8T8PH8ROB, KOHCTPYKUHil H annapaTypu. nnH npone,lleHHH TBKHX HC
cne,llOB8HHil HB yCKOPHTBnHx HeOOXO,llHMO c~opMHpOB8TI, nonH oOnyqeHHH Tpe
Oyewux paawepoB H p8Bll0118pHOCTH, oOecneqHTL ,ll03HM8TPHll8CK08 conpoBOllt

,ll8HHe, KOHTPORI, qHCTOTll nyqKa H IIOHHTOpHpOBBHHe npouecca oOnyqeHHH. 

Kpowe Toro, npH IlOCT8HOBKe STHX SKCnepHM6HTOB HYlltHO HCCR6,llOB8TL ~op
llHPOB8HH8 norno~8HHHX ,ll03 B 06nyqae11ux o6~6KTBX, a T8Kllt6 cneKTPBRLHll6 

xap8KT8PHCTHKH nonen PBAHBUHOIIHOro B03,ll6£!CTilHH. 

UenLD H8CTOH~8'1 p860Tll HBHROCI, C03,ll8HH8 ycnOBH£1 PB.IlHBUHOHHOro 
B03,ll8£!CTBHH ,llRH npOB6,ll6HHH-p8,llH06HonorHqecKHX 3KCnepHM6HTOB HB nyqKBX 

CHHXp0~830TPOH8 OMH~. 

AKTY8RLHOCTI,,38ABq, pewae11ux B ,llHCCepTBUHH, BllT6K86T H3 npoOneMli 

06ecne11eHHH PB.IlHBUHOHHOil OeaonaCHOCTH H onpe.ztenaeTCH HeOOXO,llHMOCTLD 
npoBe,ll6HHH SKcnepHMeHTBRLHllX HCCne,llOBBHHil C uenLD H3ylleHHH 6HonorHqe
CKoro .zte£lcTBHH .BllCOK03HepreTHqHUX TJllKeRblX aapmKBHHllX qacTHU. 

HayqHaH HOBH3H8 pa60TU 38KnDll8eTCH B TOM, qTo B He£! paapa60T8H 

pH,ll MeTO,llOB cneKTPOMeTpHH H yCTPOMCTBB Ha OCHOBe STHX lleTO,llOB, KOTO
pble, He oOnB,llBH BllCOKHM paapeweHHeM, noaBOnHnH npoBeCTH H800XO,llHMHe 
3KCil8pHM6HT8RLHUe HCCReAOBBHHH npH MHHHMBRLHO~ 38Tp8T8 ycKOpHTBRLHOrO 
BP6M6HHi npeJlROllteHa npOCTBH MeTO}.lHKB H C03,ll8H8 nporpBMLl8 pacqeTa rny-
6HHHUX ,ll030BllX pacnpe.zteneHHn B'TOHKHX CROHX TKBHHi BnepBue H8 CHHXpo
qJ830TpOHe mrn~ c<lJOPMHPOBBHll 'nonH oOnyqeHHH }.lnH npoBe.1{6HHH p8,llH06Hono
rHqecKHX aKcnepHMeHTOB H HCCne,llOBBHll xapaKTepHCTHKH 3THX none«; Hana
xeHO qJH3HKO-TeXIIHll6CKOe oOecneqeHHe p8JlH06HonorHlleCKHX 3KCnepHMeHTOB 

HB ny11xax CHHxpoqiaaoTpotta. 

npaKTHqecKaa attaqHMOCTL. PeaynLTBTH JlHCcepTBUHOH110£1 pa6oTu noaBo

nHnH npOB6CTH cepHD PBAH00HOROrHll6CKHX 3KCnep_HMeHTOB no nnaHOBOff Te
MBTHKe ~HCTHTyTa Me,llHK0-6HonorHqeCKHX npoOneM, no T8Ll8THKC CMeJKHllX 

oprBHH38Ull.£l, 8 T8Kllt6 no MelK.IlYH8pO,llHO£! nporpaMMe 11 ~HT6pKOCIIOC 11
• 

PesynLTBTH weTO.ztHqecKHX paapaOoTOK uoryT OuTL Hcnon1,aoBaHu npH 
nocraHOBKe p8,llH06HonorHll8CKHX 3KCll8pHM6HTOB Ha ,llpyrmc YCKOPHT6RHX TH
llteJIHX aapallteHHllX qacTHU, 8 T8Kllte npH npoBe,lleHHH .l{pyrHx npHKR8,l{HliX HC

C118,llOB8HHll. 
HeKOTopue aneMeHTll KOMnneKca annapaTypu H ycTpOHCTB, 8 T8Kllt6 SKC

nepHlleHTBRLHHe peay~LT8TH, nonyqeHHlle B pa6oTe, BH6,l{P8Hll B npBKTHKY 
p860Tli .ztpyrHx'oprBHH38U11'1. 

0•1tCll{lit'tH41il KliC'mryT I 
l!!fffl?.lX ucr~~ionun, 

6'1SJfr--1cTEHA · ·-· 



ABTOP 3811jHU{88T: 

1. MeTO,llHKH cneKTpOM8TPHH Anff HCCne,llOB8HHff nonen p8,llH8nHOHHOro 

B03AettcTBHH tta nyqKax CHHxpowaaoTpotta H paapa6oTaHHble cneKTPOMeTpu. 
2. PeaynbT8Tbl cneKTPOMeTpHqecKHX HCCne,llOB8HHil H8 nyqKax HOHOB 

CHHXPOW830TpOH8 011Hl1. 
3. MeTO,llHKY pacqeTa H qop14HpOB8HHff AOSU BUCOK03HepreTHqHUX TfflKe

. nux S8pHlK6HHUX ti8CTHn B TOHKHX C~OHX TK8HH. 
4. PeaynbT8Tll HCCn8AOB8HHtt AOSOBUX xap8KT8PHCTHK nonett o6nyqeHHff 

H AOSOBU6 pacnpe,lleneHHfl B W8HTOl48X ·o6nyqaeMUX 6H006'beKTOB. 
s. KounneKc ycTpottcTB_H annapaTypu Ana WHSHKO-TexHuqecKoro o6ec

neqeHHH P8AH06HonorHqecKHX 3KcnepHM6HTOB H8 K8Hane ny'IKOB HOHOB CHH

xpowasoTpOH8 011Hl1. 

AnpooaµHH paOOTU. 0CHOBHU6 M8TepHanu AHCC6pT8~H ,llOKn8,llUB8nHCb H 

06CYlKA8nHCb Ha COB6~8HHHX H CHMnoaHyMax no KOCMHqecKott 6HonorHH H Me
AHnHH8 no nporpaMM6 1111HT8PKOCMOC 11 (r. Baptta, 1975 r.; r. Ey,llanemT, 

1976 r.; r. CyxyMH, 1977 r.; r. Bapmaaa, 1979 r.), COB6lll8HHH no pa,ll11-
anHoHHOti S8il{HT6 (r. HoBOCHOHpCK, 1976 r.). BceCOIOSHOM C6MHHape no 6H

onor11qecKOMY A6tiCTBHIO YCKOpeHHblX MHOrosapH,llHblX HOHOB H npOTOHOB 
(r. IlYlllHHO, 1979 r.). COB0Ill8llllli no nepcneKTHB814 HCnonbSOB8HHfl 6aSOBUX 
YCT8HOBOK OlilHM ,llnff 011onorHqeCKHX HCCn6,llOB8HH.tt (r. ,i.{yOH8' 1981). Bce
COI03HOM p800t[6M COB8lll8HHH no 38KOHOM6PHOCTHM 6uonorHqecKOrO ,llettCTBHfl 

11 A03HMeTpHH Tffl!Cenux ffA6PHUX qaCTHn (r. Ilyll!HHO, 1982 r.). 

Ily6nHK8JJHH. Ilo M8T8pHanaM ,llHCC8pTan11H ony6nHKOB8HO 7 neqaTHUX pa
ClOT. 

CTpYKTypa AHccepT8JJHH. ,tlHccepT8UHH co,llepJKHT 70 cTpaHHn ocHoBaoro 
T8KCTa, 40 pncyHKOB, S_TaonHn; COCTOHT H3 BB6,ll8Hlifl, nflTH rnaB H aa-· 
Kn10qeHHH •. _CnHCOK nwrepaxypbl BKn10t188T II2 Ha.ID40HO:BaHlfil • 

KPBTKOe cop,epJKaHHe p;HccepTB!JllH 

Pa_OOT8 OTKJJUB86TCH BB6,ll8HH614, B KOTOj)OM OTM61!86TCH 8KTyanbHOCTb 
npooneuu, cwop1,1ynHpOll8HU nenb ,llHCC6pT8~HH H nonOiK6HlUI', 38ll!Hlll86MU6 8B
TOpOM. 

IlepBaH rnaBa noc.i!H.:leHa attairnsy MeTOAOB HccneAoBaHHH xapaKxepncTHK 
none.ti, pa.ztHanHOHHoro BOS,lletlCTBHff H8. yCKOPHTenax TfllK81IHX 3&PlllK8HHUX · 
qacTHq. HaqHH88TCll rnaBa C Kp8TKOtl xap8KT6pHCTHKH HCTOqHHKOB ycKopeH

HblX S8PfflK6HHblX.qacTHU, Hcnon1,syeMUX B p8,llH00HonornqecKHX 3KcnepHMeH
Tax, a 38T8M ,ll86TCff ooaop npHM6Hll8MUX MeTO,llOB HCCll6,llOB8HHff ~OpMHpOB8-

HHff nornOIJl8HHOtl AOSU H cneKTp8nbHUX xap8KT6PHCTHK nonen o6ny4eHHff. 

Oco6oe BHHM8HH6 YA6neHO COCTOHHHIO 'npoone1.1u· B_OCCT8HOBn6HHll HCTHHHUX 
attepreTnqecKHX pacnpe,llenettnn no HawepeHHuM· annaparypHblM ·cneKTpaM. 
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8aKn10t188T rnaBy o60CHOB8HHe 38A81!H HCCD6,llOB8HHff, C,llenaHHOe H8 oc

HOB8HHH oopHCOB8HHOrO B axon rnaBe coapeMett110ro COCTOf!HHff npo6neuu. 
Bo BTOpOtt rnaae onnC8Hbl paapa00T8llllll6 M6TO,llhl cneKTPOMeTpHH Anll 

nccne,llOB8HHll xapaKTepHCTHK nonett P8'AH8nHOHHOrO B03,ll6ilCTBHff. 
rnaaa H8t[HH88TCff C M6TOA8, B KOTOPOM 11cnon1,ay10TCff H30TponHbl8 ,lle

TeKTOpbl, O,llHH H3 KO.TOpblX HMeeT nonHOCTblO qyBCTBHT6nbHblil wapoBotl 06'beM, 

8 ,llpyrotl - ccpepH1!8CKHlt IIYBCTBHTenbHbltl cnon. OCla ,ll6T6KTOpa BhlnonHeHbl 

H3 nnaCTHl!8CKOro cnHHTlrnnHTOp8. ,llnH. annapaTypuhlX cneKTPOB ft (x) H 

f2 (x), COOTB6TCTB6HHO, ( X - 3HBprOBU,lleneHH6 B ,ll6TeKTOpe OT t[8CTH
nbl C aHeprHeii i!. , npoXO,llffU(Bii HB p8CCTOHHHH q, OT ero neHTpa) COCTa

BnlllOTCff ypaBHBHHll ~pe,llrOnbM8 l POA8: 
.4(x) 

f, (x) = p,, (x) n(x) + J P, (x, 2) n ( z) c{r., 
J< 1/,(x) II, (x) 

f:i.(x) = p
22 

(x)n(x)+ S P,(x,z)n(z)dz.+ J 8(x,2)n(2)dz, 
• ·x ·111 (x) 

r,lle P11 ( x) n ~2 ( X) - BepoHTHOCTH nonttoro nornoll!eHHH t1acn1nhl c 

,rneprHeii X a AeTeKTopax; P, (x,2), P2 (x,z) - BepoHTHOCTb BUAe

neHl'IH qacxnnen c atteprHeii Z aHeprHH K a aa,llaBaeuow npeAenaun 

l'IHT6rpl'lpOB8HHti 3H8pr6Tl'lt[6CKOM ,llH8n830H~; n (Z.) - HCKOMbln 3HepreTH::

qeCKHH cneKTP non8,ll810llll'IX B ,lleTeKTOP sapmKBHHhlX t[8CTHn. 
PeweHH6 n (Z) OTUCKHB86TC!l MHHHUl'IS8UHen crnal!IHB8l01Jlero qiyHKnHoHana B 

npeicxaBneHHl'l HCKOMoro cneKTpa B BHAB ttenpepblBHon cynepnoaHUHH nono
l!CHTennHux oxpe3KOB C HBH3B6CTHblMH yrnOBblUl'l K03~WH~6HT8MH. 

BnoK ,lleTeKTOpOB cneKTpoueTp8 ,llnff Hsuepel!Hff 3HepreTH1!6CKHX cneKT
poa BTOp11qHblX npoTOHOB COCTOHT HS nHnHH,llpHqecKoro cnHHTl'lnnanHOHHOrO 
ABT6KTOpa, B KOTOpbln Bn0l!l6H mapoBon cnHHTl'lnnanHOHUbllt ,ll6T6KTOP. IlepBHq
Hhle qaCTHUbl 3,ll8Cb ,llHCKpHMHHHPYlOTCff no cyuue 3HeprOBU,lleneHl'IH B wapoBOM 
l'l nHnHH,llpH1!8CKOM ,ll6T6KTOP8X, qTo ,ll86T B03MOllHOCTb npOBOAHTb cneKTpO
MeTpHlO HH3K03HepreTHqHuX BTOpHl!HhlX npOTOHOB BOCCTBHOBneHHBU HX 3Hep
reTH1!6CKHX pacnpe,lleneHHtt H8 annapaTypHUX cneKTPOB B wapOBOM ,lleTBKTOPB 

H8 WOHe ClonbWl'IX nnoTHOCT6H noTOKB nepBHqHUX t[8CTHU. , 
IlorpeWHOCTb BOCCT8HOBneHHUX 3H8.pre THqecKHX p8Cilp6,lleneHHtl HS anna

paTypHblX cneKTPOB, nonyqeHHblX C HCnOnbSOB8HH6M HSOTpOnHUX A8T6KTOpOB, 

onpe,llenaexca norpewHOCTLIO, c KOTopon nonyt1BHbl 3TH annapaxypttue cneKT
pu, 38Kn8,llblB86MOtl B nporpauuy BOCCT8HOBnBHHll HCTHHHUX 3HepreTHqeCKl'IX 
pacnpeAeneHHll. TiorpewHOCTb BOCCT8HOBn8HHhlX cneKTPOB MOl!IBT 6b1Tb K8K 
M6HbWB, T8K H Oom,we norpeWHOCTH 3KCnepHMBHT8 t noCKOnbKY t C OAHOii CTO

pouu, npH oOpaoOTKe HCnOnbayeTCff ,llOnonHHT6nbH8ll l'IHWOPMBnHH O rn8AKOCTH 

HCKOMoro cneKTpa, a, C ,llpyron, H8 norpemHOCTb BnHHBT lll<>PM8 nHHHH, cy-

1Jl8CTB6HHO OTnlit[810lllBHCff OT O -wyHKUHH. 
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llpHau11n pae5oTH cneKTpoMeTpa mrnenaon nepe,7.taqu saepr1rrn aaKJ1IOt1aoT
c11 B l!3MepOHHH cneKTpOB no aHeprOBHA6Jl6HllHM B npoXOAHOM A6TOKTOV8 Te
Jl6CKOna 113 JI.BYX no11ynpoBO.ztHHKOBH~ ,ll8TBKTOPOB npu p83Jll,fllHHX paCCTOHHJ,f
HX ue~JI.Y JI,OTeKTOp8MH. B COOTBBTCTBHH C p8CCTOHHHOM M6EJI.Y ,7.teTeKTOp8MH 
H3M6HHeTCH ,1111anaao11 yrJIOB, no,7.t KOTOPHMII par11CTpHpy10TCH ll8CTHUH• Ha 
H3M6P6HHHX annapaTypHHX cneKTPOB COCT8BJIHJIHCI, p83HOCTH cneKTpOB no 
3HeprOBH,l.{8Jl6HHHM B npOXOJI,HOM JI,6TBKTOpe ,l.{Jlfl ABYX COC6AHHX noJIOiit6HHtt 
nepBM6il18!0il16rOCH ,l.{OTeKTOpa. 9TOT cneKTP COCT8BJIH6T JIBBYIO ll8CTI, HHTe
rpaJibHOro YV8BH6HHH, 

cl/Iii dT"- d,_Jvi+L: 
cl[ 55 dn• co~i.0 d Q d~,, 

d1 d.Q, d L d~J. 
S,Ai?.; 

l',l.{8 {j, .Q • - T6JlBCHHtl yr01! M8lltJ.tY HanpaBJIBHHHMH e L H e i.'" 1 (M8K-
CH148Jll,tiH6 yr11u perHcTp8UHH AJIH noJIOli(6HHLl BToporo JI,eTBKTopa l H 
i. 1 ) npH tp (yron B OJIOCKOCTII ABT6KTOpa), 1!3M6Hfll0il!BMCH OTO ,l.{0 

21i; S 1 - nnoilla,111, nepBoro (npoxo,14aoro) JI.eTeKTOpa; L - 11uaewaa11 ne
p6,llat1a saepruu; d 6 .i. - s11eueHT nnol!IBAH nepnoro JI.BT6KTopa, aop.ua111,
aun K H8npaBJI6HH!O n8,l.{810ill6tt qaCTHl.(H • 
Coc.T8BJ1HKJU111e d n, / cl SI., d L d 6 J. HCKouoro cneKTpa o·mCKHBaro•rca M~Hmrn
aannetl cyu1,1u KBBAPBTOB paaaocTett neBotl H npaBott qacTetl HHTerpan1,aoro 
ypaBHOHHH no napaueTpaM npHHHTOro AJlfl HCKOMoro cneKTp8 npeJI,CT8BJ16HHH 
B BHAO nOJIOlltl!TOJll,HOtl KYCOllHO-nOCTOHHHOtl WYHKUHH. HcTHHHHtl cneKTP no
nytiaeM~ , cy1urnpyH 3TH 'coriTaBnHIOil!H6. C B6C8MH, p8BHHMH T6Jl8CHHM yrnau 
D..fl.,, no KOTOPHM OHH ycpa.ztHHJll!Cl,. 0THOCHT8Jll,H8H norpemHOCTI, no11y

ll8HHUX 3Tl!M M6TOAOM cneKTPOB JlHHBMHOtl nepe].t8lll! 3HBprHH npu BHdopa qa
THpax TOllBK no p8CCTOHHHHM M6E,7.ty A8T8KTOp8Ml! 1 OC56Cll6lll!B8Klil!HX e, =80°, 
60°, 40°, 20°, He npenuwaeT 20% AHH cna.zt&KJillHX cneKTpon nuaenaon nepe
.ztaqu SHeprHH BTOPHllHOro ll3JlYllBHHH. 

B nocne.ztHBM P83,!t6Jl8 3TOM rn:SBH onucaH M6TOA cneKTpoueTpllH H l!,!t6H
THWHK8UHH BTOpHllHHX 38PHllt8HHHX ll8CTHU B aHepreTHll6CKOM ,l.{l!Snaaone JI,O 
IOO MaB/HYKJlOH C nOMOlllblO TBJl6CKOna HS ABYX nonynpoBOAHHKOB.UX A6TBK
TOpoB, M6EJI.Y KOTOp.UMH pacnOJI8r86TCH nOrJlOTHT6JlI, nepeMeHHOLl TOJlil!l!HH 1 

onpe.zteJIH!Oil!6Ll 3HepreTHll6CKH8 AH8ll830HH perHCTpHpyeMHX ll8CTHI.(. IlepBHtt 
.zteTeKTOp - npOXOAHOH. BBeJI,eHHB COOTB6TCTBYJOU!HX YPOBHetl ,ltHCKpHMHH81.(HH 
B nepaou c 1,t.,z HBO BTopou Cit,t.,i!. KSHanax cneKTPOMOT-
ps npn ,!tSIIHOit TOJllfll!HO nornOTHT6Jlfl MOiit.llY JI,OTOKTOpSMH t ll03BOJlllOT 
H,llBHTHqJHUHPOB8Tl, ll8CTHUU, perHCTPHPYBMHO 060mm JI,8T8KTOp8MH, no aapa
AY Z B ,mepreTHt1ecK_Hx .ztHsnaaoaax .1 Et, z • TaKHM oe5psaou, aa.zts

HHe YPOBHett AHCKPHMHHSUHH no 3HBprOBUA6Jl8HHflM B ABTOKTOpax cneKTpo
UOTpa CBOAHT 11,!tpO YP8BH6HHII ~pe,llro111,1,1a, OllHC.UB8!01f168 annapaTypHHO cneK
TPH, K cpyHKl.(HH 
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o(E) = { I, OCJlH Em,nt,2 '- £ {, Emaxt.,z. 
0, OCJlH £ -" E,-,.,,nt,2. HJIH £ ~ EmoJ< t,? , 

r.zte E;..,,,,t,?. H [ 1-naxt,2 - MHHHMBJII>HSH H MBKCHIJSJII>HSII SHepr,1rn: pe
rHcTpHpyeu.ux ll8CTUU C aapa.ztOM Z npH TOJlil!HHO nornOTHT6Jlll MOlltAY AOTO

KTOp8Ml! t • 
IlapaweTpu HA6HTHr1,lHKSJ'm cneKTpoweTpa c ,,t.,z H C ~,-t.,1:. HMeroT aaBHCH
MOCTL OT 38pH,!tS 2 3 2 • PaapemeHHO Cll6KTPOM0Tp8 B 3HepreTHll8CKOM .ztHa
naaoHe AO 100 MaB/HyKJIOH H8XO,!tHTCH B•np8,ll6Jl8X 0,17-tO,ll. 

TpBT»H rn:aBa AHCC8pT8UHH nOCBllil!BH8 BOnpocau paapse50TKH cneKTpOMe
TpOB HS OCHOBO MOTOJI,OB, H3Jl0~6HHHX B npe.itHAYlllB« rnsBe. 

MST8pH8JIH, KSCS!Oil!HBCH 3KCnepHM8HT8JlbHHX HCCJ18JI,OB8HHM cneKTPBJII,HHX 
xap8KT6PHCTHK H 40PMHPOB8HHII norn:011teHHOil B W8HTOM8X MBJIKHX na6opaTop
HHX ZHBOTHHX ,!t03H HS nyt1K8X CHHxpoqiaaorpoaa OMfili npeJ(CT8BJl8HN B llOT
BOpTOtt rnaBe. 0CHOBHH8 peaynbT8TN 8THX llCCJl6,ltOB8HH£1 OTPSllt8HH B BHBO
ABX HSCTOH~ero 8BTOpecpepara. 

B 3TOli ze rnaBe 8BTOP KSC80TCfl BOnpoca 40PMHPOB8HHH ,!t03U B TOHKHX 
CJIOHX T1C8HH, KOr,lla rnaBHNM npoueccou HBJill6.TCH HOCOdJll!l,!tOHHB AOJl»TS
an:eKTpOHHOro p8BHOB6CHH. B AHCCOPTBUHH pa3p860T8H npoCTOLl p8Cll8THH£1 
UOTOA onpe,llOJIOHHH A03H 38 TOHKHMH CJlOIIIJH TK8HH. C HCnOJll,30BSHH8M rn:y
C5HHHHX pacnpe.zteJlOHHtt nor1IOil16HHOtl 3HeprHH 3Jl8KTpOHOB i , H3B8CTHHX 
,llH!pW8p6HUH8Jll,HOro pacnpe,llBJl6HHll ,!t8Jll,T8-3JI6KTPOHOB no SHeprHHM 
cl NI cJ w , s T&Kze aaBHCHMOCTH Hx aueprHH OT yrn:a auneTa w ( 0) aa

nucuBaeTCH paaHoCTL aueprHH U(lJ) , yuocHMOtl JI.eJILTa~aneKTPOHSMH 
H3 CJIOH, H8XOJtflut6rOCH HS rnye5HHO tJ H SHeprHH p ( tj) , norJIOil188-
11oit HS rny6HH8 ij OT ,lt8JlbT8-3Jl6KTPOHOB, oC5psaOBSBmHXCH B npe.ztUAYlllHX 

CJIOHX: - Jl/2. . t· 11/:i. 

U(tJ)-P(tj)= S S ~~-~~·i(t-tJ,w)dGdt-JS j~- ~~-j(trt.w)dedt. 
i· 0 0 0 

' no 3TOMY SJiropHTMY COCT8BJl8H8 nporpauws I C0,7.tep:11aut8fl B 1(8ll8CTB8 
napSMBTPOB 38pll,7.t ll8CTHUH, ee aHeprHIO, cp0,7.tHHii 8TOUHHM HOMOP H TOJIUIH
HY CPBAH. IlpHB6,lt6HH peaynLT8TH p8Cll6T8 K03qJ\l)HUH6HT8 OTHOCHTOJII,HOrO 
yueHbWBHHll norJIOUIBHHOli A03H OT rn:y6HHH TK8HH ,l.{Jlll npOTOHOB C aaeprua
UH OT 0,05 AO IO I'aB/HYKJ1 1 8 TSKllt6 3KCnepHM8HT8Jll,HOli npOBOPKH paaps-
60T8HHOrO M6TOA8 H8 nyllKO At?i!TOHOB 1 yCKOPBHHHX )tO 3H6prH11 4 I'aB/HYHJI. 

Ilocne,l.{Hllll rnaaa noCBHUIBH8 onHCSHH!O 06opy,1tOB8HHll K8H8Jl8 nyllKOB yc
KOpBHHllX aapflll(6HHHX ti8CTHU ,!tJlll qJH3l!KO-TOXHHll8CKOro o6ecneqaHHH p8,lll10-
6HOJIOrHll6CKHX 3KCnepHM8HTOB H8 CiIHXpO,t}S30TpOtl8 • )11111 onp8,ll6Jl6HHH paB

HOMOpHOCTH ,lt03HOro noJIH ucno111,ayl}TCH ~KOHCTPYHPOB8HH08 ;ltJlll 3TOii UOJIH 
,llHCT8Hl.(l!OHHOB ycTpOllCTBO AH8rHOCTHKH npocpHJlfl nyt1Ka, B KOTOPOM .lt6TOK
TOp8MH cnyzaT UHJlHHAPHll8CKH8 HOHH881.(HOHHH8 xauepu ,llH8M6TPOM 20 uu, 
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pacnoJIOlK8HHhl8 no paAHYCY, BP81J\810ll!8MYCH OKOJIO OCH, pacnonara101llei1Cfl 
napannenI,HO OCH ny'IK8. llnfl KOHTp01lfl 11 '1HCT0Thl11 nyqKa HCnOJI1>30B811Cfl 
cneKTPOMSTp C nnOCKHM nonynpOBO~HHKOBhlM A8T8KTOpOM C T01Iil!HHOil0,.'IYBCT
BHT81Il>HOrO C110fl nopHAK8 500 MKM. MOHHTOPOM npH npOB8A8HHH p8AH06HO

norH'18CKHX 3KCnepHM8HTOB cnylKHT HOHH38Ul,IOHH8fl nnocKonapannenLH8fl 

ABYXC8Kl.\HOHHBfl KBMepa C T011U\11HOil no ny'IKY nopf!AKB 0,3 r/cM
2

• TOKH C 
STOil K8M8phl perHCTPHfYJOTCfl HHTerpaTopBMH TOKB C tJYBCTBHT81ll>HOCTflMH 
3•Io9 ru A-1 1,1 4•101 ru A-1 • B KBlKAOM 3KCnepHM8HT8 MOHHTOpH8fl KBMe

pa KanHOpyeTCH no KOHAeHCBTOpHm.1 TKBHeSKBHBaneHTHhlM KauepaM co cqiepH

qecKHM 'IYBCTBHT81ll>HhlM o6l>8.MOM ( 0. I cu3) ' 1(0T0Phl8. B CBOIO oqepeAL, 
I paa B ro,n K81Il16py10TCfl 11a rpa,nyHpOBO'IHOM CTeH,ne. ,llnH npephlBBHHfl o6-

JIY'l8HHH no HB6opy ueo6xo,nHMOil A03hl cnyllillT A8WHqipaTop. 3aBepwaeTCfl nH
T8fl rnaB8 o6aopOM H8KOTOphlX nepcneKTHB p83BHTHH K8H8118 ny'IKOB CHHXpO

qiaaoTpoua ,ll,1lfl npoBe;(e!H!fl 1-:a,n.1106111JJI01'1;.t!f;CIOIX: 3KCnCplU46HTOB, 
3aBepW88TCH AHCC8pT81.\HH BhlBOABMH, B KOTOphlX Cl}}OpMynHpOB8Hhl OCIIOB-

Hhl8 peayJII,T8Thl. 
I. PaapaClOTBllllhlil ueTOA pactieTa A03hl B TOHl<HX CHOHX TK8HH OT Tflllt8-

;n1,1x aapHlK8HllhlX tJ8CTHI.\ B a11epreTHtJ8CKOM ,n11anaao11e 0,05+10 raB/11yKno11 

n03B01lll8'l' Ol.\81111Tl> OT11H'lH8 pean1>110 norHOU\811110H B TOIIKHX C110f!X TK81111 
A03hl OT 3118'18111-!ll norJI048IIIIOH ,l(03hl, paCC'lHTBH~Oil no HOlll1381.\HOllllhlM no

Tepau. B 'IBCTIIOCTH, npH 00nyqe11111-1 MOIIOCHOH K118TOK co cpeAIIHM Al18MeT
poM 20 MKM npOTOIIBMH C a11epr1-1eil 9,2 I'aB cpe.n;IIHfl norJIOtil811118H ,ll,038 oKa-

3hlB88TCH 118 20% 11Hllt8 pacqeTIIOil BenH'lHHhl. 
2. Paapa60T81111hl8 cneKTPOMeTpHtJ8CKH8 M8TOAhl H C03A81111hl8 cneKTpo

MeTphl noaB01lfllOT HCCJI8AOB8Tl> anepreTH'l8CKH8 cneKTPhl BTOpH'lHhlX aapfllKSH

HhlX '18CTl11\ B anepreTH'18CKOM AHBnaaone AO IOO MaB/HYKJIOH C norpew-· 
IIOCTLIO 15+20% B paayMHhl8 OTp83Kl1 YCKOPHT81ll>l!Oro BpeueHH, a T8Kllt8 

HA8HTl1qJHI.\HP0B8Tl, 3TH qBC'l'Hl.\hl no 38PHAY B AHanaaoHe OT l AO 6 • 
3. C IlOMOll!l>IO paapaOOTBHHhlX cneKTpOMeTpOB npoBe.n;ellhl 3KCnepHM811-

T811I,llhl8 HCC118AOB81111H cneKTpanl>llhlX xapaKT8pHCTHK noneil p8AH81.\HOIIIIOrO 

B03A8ilCTBHfl 118 ny'IK8X CHHXP0\1)830TPOH8 mm1i1. lilauepeHIIH cneKTPOM8TpOM 
38pfllK8HllhlX '18CTl11.l C 1,1,neHTHqJl1K81.\l18il. HX no 38pf!AY IIOK838Jil1, tITO BK118A 
BTOpH'IHOrO 1,1311Y'l8Hllfl yClhlB88T C yBenH'l8HH8M 38Pf!A8 BTOPH'lllhlX aapHE~H

HhlX 'IBCTHI.\ 1,1 B03p8CT88T C T011U\HHOil qJBHTOMB, 113M8HHHCL OT 6% AO 13% 
np1,1 1,13M8H8HHl1 T01lll!l111hl qJBIITOM.8 KponHKB BA0111> OCH qJBIITOM.8 118 nyqKe 
an1,qia-t18CTHl.l c SHeprueil 4 raB/HyKnOH OTO AO 18 r/cw

2
. STH A030Bhl8 

BKll8Ahl C03.D;8B8JIHCI, qJJII0811COM BTOpH'IHhlX 38pHlK8HHhlX tJ8CTHI.\, COCTBBJIHIO
illHM OT 0,4 AO I% oT 4>n10eHca nepBHt1111:,1x. Ii1a1i1epeHH8H KOMno11e11Ta BTOpH'I

HhlX aapHE8HllhlX qacTHI.\ CYU\6CT138HH8 B nnaHe HIITepnpeTBl.\111,1 peayn1>T8TOB 

paA1,1061,1onor1,1qecKHX 3KCnepHM8HTOB. TaK, cpe.n;11ee 3118'18Hl18 K03qxll111.\H8HT8 

K8'16CTB8 AJIH H3MepeHHOil KOMnOH8HThl BTOPH'IIIOrO H3JIY'l81111H COCT8BJIH6T 
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a.n;ecL.6,3, 'lTO npHBOAHT K B03p8CT811HIO K03iMJl11.\118HT8 K8'18CTB8 Hanyqe

HHfl B qJ8HTOM6 AO!,?. 
lilauep6HH6 cneKTPOMeTpOM 11HH8ilHOtt nepeAB'lH 3Hepr11H pacnpeA8JI6HHR 

no ]ITS B AHBn830H6 15~150 MaB•r-1cu2 B (l}8HTOM.8 KP011HK8 HB ny'IKBX npo
TOHOB 11 ACliTOHOB CHHXPOW830TpOH8 Oli!Hlil He MBHRJIH CBoero xapaKTepa Ha 
paanH'IHblX rny6HH8X !l}BHTOMa 11 cna.n;anH c YB6JIH'IBHHBM AITS_no KBaipaTH'I
HOil rHnep6one. Bhl'IHCneHllbl6 no STHu,pacnpeAeJieHHHM 381311CHUOCTH A03hl 
OT JIIIS HMen1,1 uaKcHuyu B pattoHe 30 MaB•r-1cw2 • noaa oT BTop1,1qHux aapR~ 

lK8HHblX 'IBCTHI.\ B 3TOM AHanaaoHe ]ITS yBeJIH'IHB8118CI, np110nH3HT611l>IIO H8 
40% npH H3M6H8HHH TOnl!lHHhl qJ8HTOM8 AO IO r•ou-2 H 38T6U cnaAana Ha IO% 

K 38AH8MY TOPI.\Y qJ8HTOM8 (18 r•CM-2). 
llauepeHHH, npOB8A6HHUe C IlOMOll!l>~ cneKTpoueTpa-TeJieCKOna C wapoBUM 

A8T8KTOpOM nOK838JIH K8'180TB8HHOe COOTB8TCT~He 3Heprer11qeCKHX pacnpe
A8116HHil BTOpH'lllUX npOTOHOB Ha ny'IK8X ACilTOHOB B qi8HTOM6 KPOJIHKB 0 
onHOBHllblMH BhlWe ]ITS-pacnpeAeneHHflMH, '!TO YK83hl1386T H8 TO, 'ITO OCHOB
HOil KOMilOH6HTOlt BTOpH'IHOro H3lIY'l8Hl1fl flBJIHIOTCH BTOPH'lllbl6 npOTOHU~ 

4. B OOOT138TCTBHH C peayn1>TBT8UH HCCf8AOB8HHil A030BhlX pacnpeABJI6-
HHil B qJ811TOMBX 6H006l>8KTOB POOT A03hl C rny6HHOlt 38M.e.14naeTCH no 11.epe 

YB611H'l6HHH aapa.n;a n8A8DU\11X qaOTHI.\, a rny611HH8H A030B8R KPHB8R A1lfl 

HA6P yrnepo.n;a c aHeprue! 4 raB/HyKnOH yile crporo y6hlBBJOll!BH. 
ITpOCTPBHCTB6HHhl8 A030Bhl6 paonpe.n;eneHHfl _B,UHBH11H cnaA A03hl K KPBD 

4!8HTOMOB, npHqew 3TOT ona.n; T8M pestle, 'l6M 60111,w_e rny6HH8. TaK A11R 
AeilTOHOB CHHxpo(l}aaoTpoHa Ha 38AH6M rop~e ~BHTOMa KpOIDIK8 ,l{o·aa onaAaeT 

H8 20%, a ~8HTOM8 Kph!Chl - HB 15% K 60KOBOij noBepxHOCTH. 
5. C03A8HH8H )403HM6TPH'l6CK8H H MOHHTOPlfPYDlll8R annapaTypa n03BOJif!-

8T onpe.n;eJif!TI, norJIOU\6HHYIO .n;oay H KOIITPOJIHJ)OB8?,'l> npouecc _o6ny'IBHHR 0 
TO'IHOCTI,JO He xyae IO.%, . . 

6. C03)48HHhltt K8H8JI ny'IKOB, 06opy.n;OB8HHhl~ KOM.nneKOOM ycTpOilCTB 1,1 
annapaTypu, A88T 1303MOilHOCTT, 011epaTHBIIO C03A8B8TI, BocnpoH3BOAHMbl8 no
Jlfl o6nyqeHHH C paauep8M.1,1 5,5•5,5 c,i O H8p8BHOM6pHOCT1>~ tro% H BKJIB

AOM conyrcTBYJOlll6ro .HSnyt1eHHfl no HHTerpan1>H'ouy 4m10eiicy ueHI>We 0,5%, a 
no A038 M6HI,W8 5%. 
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