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Pa6oTa BhiiTOnHeHa :6 06ne.D:HHeHHOM HHcniTyTe H,n:epHhiX 
Hccne.n:oaaHHii. 

Hay'IHLie pyKoao.n:HTenH: 
KaH.IJ:H.IJ:aT cPH3HKO-MaTeMaTH'IeCKHX HayK 
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OclJHUHanLHhie onnoHeHTLI: 
.IJ:OKTOp cPHJHKO-MaTeMaTH'IeCKHX HayK, 

npoclJeccop, 
KaH.IJ:H.IJ:aT TeXHH'IeCKHX·HayK,·.IJ:OUeHT 

M .,lJ;.IllaclJpaHoa, 
M.H.Me.n:se.n:ea. 

A.H.IIHcapeacKHii, 
H.M.rpaqea. 

Be.n:yniee HayqHo-Hccne.n:oaaTenLcKoe yqpeJK,n:eHHe: Bce
coroJHLiii HayqHQ-HCCne,n:oBaTenhCKHH HHCTJiryT, MOHOKpH-
CTannoB, r.XaphKOB. · · . · · · 

• AaTopeclJepaT paJocnaH " " 1973 r •· 
3aiUHTa JiHCCepTaUHH COCTOHTCH . •• " 1973 r. 

Ha Jace,n:aHHH Y'IeHoro coaeTa Jla6opaTopHH BhiCOKHX :mep
rHii a KOHclJepeHI.J;- Jane JIB3 OIUIII, r. )l;y6Ha, MocKoacKoii 
o6nacTH. · ~ 

.. ~· 

C .D:HCCepTaUHeH . MOJKHO 03HaKOMHThCH. B 6H6llHOTeKe 
OIIHII. 

Y'leH&Ii1 ceKpemapb Coeema C.B.MyxuH 

\· 

li 
'I· 
! 

.I 
I 
i' 
' 

'. 

mTihUOBA 
~ lJKOBReBHa 

13 - 7087 

MCcJiE~OBAHHE .~OHHbiX cBOticm, · 

· CTABHJibHocrn nJIACTMAccosblx~· CUHHIWIJIHTOPOB · 
. ~ . : . . . 

M PA3PABOTKA TEXHOJIOrmt MX llPMrOTOBJIEHHH . ~ ·.. " . . .. 

,lVIH OBECI1E1IEHI1H 3KcnEPMMEfiTOB · 

B «PM:JiKE .BbiCOIOOC 3HEPriDf 

'· ·,,· 

CneqHaRbHOCTb 260 - npH6opw 3KcnepHMeHTanbHO~ $H3HKH 

AsTO~paT AMCoepT~ Ha COKCKaHKe yqeHoA cTeneHH 

· KaH~aTa reXmtqecKKx · HayK 

(.QHccepTBUHfl H8llHCSH8 HB pyCCKOM SI3biKe) 

.· 

f CK'be.Jmlle!'.!Sblfi nHCTilTJY 
u,epm.lX m:~e.noaaaul 

~ GHGn!fiOTEKA -

., 

· •• ?. 

·::-:_, 

. "·, 

'!-



l 
I 
! 

I 
J 

-"' 
.. 

.. 

I 

B HBCTOH~ee BpeMH B CBHJH C HHTeHCHBHhlMH HCCne

)J;OBBHHHMH H.n;epHhix npoueccon, pacnmpeHHeM o6nacTeii 

npHMeHeHHH BTOMHOH 3HeprHH. B MHpHbiX u;enHX 6onhiiiOe 

JHaqeHHe llpH06penH MeTO,lJ;hl ,D;eTeKTHpOBBHHH, )1;03HMeTpHH 

H cneKTpOMeTpHH paJnHqHbiX BH,D;OB HJnyqeHHH. 

.. liJBeCTHO 6onb.IIIOe KOflHqeCTBO MeTO,lJ;OB H npH60pOB, 

perHcTpHpyiO~Hx H.n;epHbie HJnyqeHHH. CUHHTHnnHUHOHHhie 

~eTO,D;bl HBXO)J;HT IIIHpOKOe npHMeHeHHe B H,D;epHOH $H3HKe 

H $H3HKe qacTHU Bb!COKHX :meprHH, pa,D;HOXHMHH; 'pa,D;H0-

6HOnOrHH H T .)];. .. . 

ll3 o6IIIHpHoro Knacca opraHHqecKHX CUHHTHflflHTOpOB 

OC06oe MeCTO 3BHHMBIOT nnaCTMBCCOBhie CUHHTIIflflHTOpb! -

TIC. 

TipH npaKTHqecKOM HcnonhJOBBHHH TIC qacTo BOJHHKaeT 

He06XO,lJ;HMOCTb pa60Tbl C HHMII B TeqeHHe ,lJ;flHTenhHOrO 

apeMeHH. B CBHJII c 3THM npe.n;'h.HBnHIOTCH BhiCOKHe Tpe6o

BBHHH K CTB6HflbHOCTH CUHHTIIflflHUIIOHHhlX xapaKTe~HCTIIK 
TIC. Tio3TOMY npe.n;cTannHeT 6onhwoii IIHTepec nonpoc ·o6 

HCCne.n;OBBHHII IIJMeHeHHH CUIIHTHflflHUHOHHbiX xapaKTepHCTIIK 

TIC no npeMeHH, TBK HaJi.IBaeMoe "cTapeHIIe"~ 

HacToH~aH pa6oTa nocnH~eHa aHanHJY npoueccoa, Bhi- .• 

3b!BBIO~HX yxy.n;IIIeHHe CUIIHTIIflflHUHOHHbiX xapa:KiepiiCTIIK 

nnaCTMBCCOBbiX CUHHTIIflflHTOpOB CO BpeMeHeM; TiapannenhHO 

6hm · ocyiiJ;ecTnneH CHHTe3 CUIIHTIInniiPYIOIUIIX · .n;o6anoi< pa3-

nHqHhiX -I<imccon ·- neHTa$eHIIn, KBaTep$eHIIn, PPO , BBO , 
PBD, PPD , Tct>B ·, a- NPO . , POPOP , Ilccne.n;onaHhi IIX 

CUIIHTHflflHUHOHHbie CBOHCTBB, pa3pa6oTaHa TeXHOnOrHH H3-

rOTOBneHIIH TIC niOooro: 06'beMa II <iJopMbl II IIJyqeHO BfliiHHIIe 

pa3nHqHbiX $aKTOpOB Ha CUIIHTIIflflHUIIOHHhie xapaKTepiiCTHKII 
TIC. . 
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,l.J;HeeepTa:QHH eoeTOHT H3 'leTbipex rnaB H 3aKniO'leHHH 
u HBnHeTeH o6o6I:QeuueM: pe3ynbTaToB pa6oT, BbmonuHimmx
eH a·BTOpOM B Te'leHHe pH,na neT B 06'l.e,I{HHeHHOM HHeTHTyTe 
JI.I{epHbiX Heene,noBaHHH. 

B 2/laee I ,nan nuTepaTypHbiii o63op 110 MeTo,naM 
110ny'leHHH H OeHOBHhlM eaoiieTBaM 11naeTH'leeKHX e:QHHTHn
nHTOpOB. ,l.J;aua KpaTKaH xapaKTepHeTHKa H MeXaHH3M e:QHU· 
TiuinH:QHOHHoro 11poueeea. 

3Ke11epHMeHTanbHOH qaeTI~ ,I{HeeepTa:QHH 110eBHI:QeHbl 
rnaBbi Jl, 111, IV. B 2/laee I I paeeMOTpeHbi MeTo,nuqeeKue 
ao11poehi, eBH3aHHhle e H3MepenHeM ueene,nyeMbiX o6pa3:QOB. 
. )J;nH H3MepeHHH OTHOeHTenbHOrO eBeTOBOrO BbiXO,I{a ITC 

11PIIMeHHneH MeTO.I{ HaH6onee BepOHTHOH aM11nHTY.I{bl. ,l.J;nH 
· H·3MepeHHH aM11nHTy,n HM11ynbeoa o6pa3:Qbi IIC 11pHroTaa

nuaanueb B BH,ne 110nHpOBaHHbiX .I{HeKOB f/ 30 MM,_BbieOTOH 
10 MM, a TaK:>Ke 11neHO'lHbiX e:QHHTHnnHTOpOB TOni:QHHOH 
.no 100 MHKpou. Bee H3MepeHHH 11poao,nHnHtb e y -ueToq
HHKOM 6° Co H c a - HeTO'lHHKOM 243 Am. AuanH3 pae11pe
,neneHHH aM11nHTy,n HM11ynheOB 11pOBO,I{HneH e 110MOI:Qb10 
MHoroKananbHbiX auanu3a Topoa AM -100 11 NT A-512. 
To'lHOeTb H3Mepeuuii - ±2o/o. . 

Ilpo:ueeebi eTapeHHH,11pliBO.I{HI:QHe K yxy,nrneHHIO e:QHHTHnnH
:UHOHHbiX xapaKTepHeTHK,H3y'lanHeb nyTeM Heene,noBaHHH eo
eTOHHHH e:QHHTHnnHpyiOI:QHX ,no6aBOK H ,neeTpyK:QHH 110nHMep:. 

· uoil: oenoBbi. CoeTOHHHe e:QJIHTHnnupyiOI:QHX .no6aaoK H 3 yqa
·. noeb _no e11eKTpaM niOMHnec:ueu:uuu.Heene.noaauue e11eKTpoa 
niOMHHee:ueu:uuu 11poao,nunoeb ua KBap:ueaoM. e11eKTporpa~e 
HCII- 28. B Ka'leeTae perueTpupyroi:Qero 3neMeHTa 11pHMe
HHneH ~OTOYMHO:>KHTenb ~3Y- 29 e paernupeuuoii e11eKTpanb
uoii LiyBeTBHTenbuoeTbiO. HeTO'lHHKOM B036y:>K,neHHH niOMH
mie:uen:uHll eny:>Kuna PTYTHaH _naM11a IIPK -:.4, H3 e11eKTpa 
KOTopoil: HY:>KHbiH. yqaeTOK Bbi6HpaneH :>KH.I{KHM H. ra30BbiM 
~~nbTpaMH. Peru~Tpa:QHH e11exTpoa 11poao,nunaeb ~ua 11po
c:BeT". C11eKTpbi niOMHHee:ueu:uuu ueene.noaanueb ua TOHKHX 
'o6pa3:QaX TOni:QHHOH 0,6 MK; JliOMHHee:ueH:QHH B036y:>K,nanaeb 

. 0 

ynbTpa~uoneTOBbiMH nyLiaMH .nnuuoii 2540 .A. 
.. ,ll;ecTpyK:QHH 11onuMepuoii oenoBbi ueene,noaanaeb . 110. 

e11eKTpaM 11po11yeKaHHH, H3MeHeHHIO MoneKynHpnoro aeea, 
. :MoneKynHpuo-aeeoaoro pae11pe,neneHHH /MBP / H oeTaToq
uoro MOHOMepa. 

·: 4·· 

. 
r, 

Hcene,noaauue e11eKTpoB 11po11yeKaHHH · 11poao,nunoeh ua 
perueTpupyiOI:QeM e11eKTpo~oToMeTpe TH11a. EPS~3T. ~up
Mbi Hitachi. IlpHH:UH11.,neiieTBHH e11eKTpo~oToMeTpa oeuo
aau Ha ,nayxnyLieBOM ~OT03neKTpHLieeKOM MeTo,ne e OTHO
eHTenbHOH per:ueTpa:uueii. HeTOLIHHKOM B036y:>K,neHHH B o6-
naeTH OT 1850 A' .no 340<?, A

0

e.Jly)Kuna.,neiiTepHeBaH naMna, 
a B o6naeTH oT 3400 A .n<.> · 25000 A - aonh~paMoBaH~ . . . 

B Ka'leeTBe perHeTpupyroi:Qero 3neMeHTa H3nyLieHHH .11PHMe- · 
HHneH <lJoTOYMHO:>KHTenb. TO'lHOeTb OTe'leTa 11p011yeKaHHH -
0,5o/o aeeii JIIKanhl. 

,ll;nH o11pe,neneHHH MBP 6bm Bbi6pa,H MeTo,n oea:>K,neHHH 
11onuMepa .no6aaneuueM · oea,nuTenH~ ,ll;aHHhiii MeTo.n <lJpaK~ 
:UHOHHpOBaHHH 1103BOnHeT 110nyqaTb <lJpaK:uim . pa3nHLfHOrO 
aeea H pa3nHLIHoii eTe11eHH 110nHMepH3a:UHH. Heene,nyeMbie 
IIC <lJpaK:QHOHHpoaanueb ua 10 ~paKnHii e 11oene,nyroiUHM 
o11pe,neneuueM MoneKynHpnoro aeea Ka:>K,noii <lJpaK:uun • 

MoneKynHpHbiii aee <lJpaK:UHH 011pe,nenHneH a:HeK03HMeT
puqeeKHM MeTo,noM B Tonyone 11jm · t = 20 ± 0,02 °C ... 
ToLIHOCTb o11pe,neneliuii Monet<ynxpuoro -aee<C±5o/o. 

MeTO.I{~ 011pe.neneHHH. oeTaTOLfHOro M:o'uoMepa B rrc-· oc- . 
HOBaH· Ha 6pOMHpOBaHHH He11pe,neJrbHbiX COe)J,'HHeHHH e Ilo
ene,nyiOi..QHM THTpOBaHHeM eepHciBa THeTO.KHenbiM Ha T'pneM .. ;· 

B zllaee III 11pnae,neHbl 3Ke11epuM:eutanbHble pe3yii6TaTi.r 
110 H3MeHeHHIO eUHHTimnH:UHOHHOH 3<b<beKTHBHOeTH rrc- BO 
apeMeHH, 110 .nerpa.na:uuu nroMHHee:ueu:uuu e:unHTHnnupyroi:QHX 
,no6aBOK p8:3nH.;IHbiX KnaeeOB H 110 ,neeTpyK:QHH 110nHMepuoii 
oeHOBbi. B peJynLTaTe ueene.noaauuii yeTanoaneuo, 'ITO K~K 
B o.nuoKoM110HeHTHhlX, · TaK H B ,nayxKOM11oHeHTHbiX IIC elie
Toaoii Bbixo.n yMeHbiiiaeTeH c TeLieuueM apeMeHH. YMeHbWe
uue · TexuuqeeKoro eaeToaoro Bbixo.na IIC' 3a 10-neT:iiuii. 
11epuo.n xpaueHHH eoeTaBnHeT ~ 20o/o. Hnieueuue TeXHH'lee- ':' 
KOrO eBeTOBOrO BblXO.I{a B MeHbiiieii eTe11eHH H8.6niO,naeTeH 
y IIC, 11puroToBneHHbiX e 11epeKHebiO 6eH3ouna •. ,; . .. . . 

YMeHbrneuue eaeToaoro BbiXo,na IIC npu :MuoroneTHeM 
xpaHeHHH, B03,neiiCTBHH eBeTa H HOHH3HPYIOI:Qer.o u3nyLieHHH 
o6yenoaneuo pa3nHLIHbiMH 11pH'lHHaMH. KaK noKa3~nH: 3Ke11e_-

. "- . ·. . . . ~- -· . . '~ ; 

pHMeHTbl,. UpOHeXO,I{HT ; pa3pyiiieHHe H e:QHHTHnnupyiOI:QHX 
,no6aaoK H 11onuMepuoii oenoBbi IIC. lihmH. 11poae,neHbi .. 
ueene,noBaHHH • ,nerpa.iiaUHH fliOMHHeeueH:QHH TIC .110.I{ ,ne.ii
eTBHeM ynhTpa<lJuo~e'l'oaoro H3ny'leHHH B o6nae~u _nor:noi:Qe--
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HH.!I ···cUHHT_H11llHpyiO~HX )J,06aBOK .B . 3~UJHCHMOCTH OT ·· HX 
crpy:Krypbl, a raK)Ke B o6micrn· nor11ouiennH ocno:Bhi. Hc
c11e)J,oBanne ITpOBO)J,H110Ch Ha o6pa3UaX C1Ie)J,yiOIUero COCTa-
Ba: 'c-

1. IIo11n-crnpo11 +2o/o n -rep~ennna. 
2. IIonncrnpoJi.+0,1o/o POPOP; .. 
3.' IIo11ncrnpo11 +2o/o ri -rep¢enn11a +0,01o/o POPOP;:· 
4.· IIo11ncrnpo11 +2o/o n -rep¢eH:nna +0,05o/o BBO; 
5. IIo11ncrnpo11. · .J· 

3KcnepnMeHThl noKaJa11H, 'ITO npe)J,cTaBnTenh K11acca 
no11n~ennnoB . n -rep~eJinn, paJpyniaercH · no)J, )J,eiicrBneM 
y11i.'rpa¢nom!roBoro o611yqenn1I B MeHJ?IIIeii . crenenn, ti:eM 
npe.r(craBHTe11h K11acca . oKcaJo11oB · - POPOP. · IIpn O)J,HHX 
H rex )Ke ·yc110BH.!IX o6nyq(mH.!l y nc c POPOP yMeHhWeHHe 
HHTeHCHBHOCTH CBe'leHH.!l npOHCXO)J,HT B 4-5 pa3,· a Y 
IIC C n -rep~eHH110M - Ha 15-20o/o. lit 

Ilpn o6nyqennn ynhrpa¢no11eToM o6paJua, co)J,ep)Kamero 
2o/o n -rep~eHH11a +0,05o/o BBO, TO)Ke nponcxo)J,HT yMeHb
wenne 11IOMHHecuenunn, no .B MeHhweii crenenn, '!eM y 
o6pa3ua; co)J,ep)Kamero 2o/o n -rep~ennna +0,02o/o POPOP. 
3-ro MO)KHO o6'bHCHHTh TeM, 'ITQ B :MoneKy11e BBO HMeeTcH 

O)J,Ha oKcaJonbHaH rpynna. Bepo.!ITHOCTh ee paJpyweHHH 
MeHhwe, '!eM M011eKy11hi PO POP, B KOTopoii ecTh )J,Be oKca
JonhHhie rpynnhi. Cne)J,oBaTe11hHO, cKopocTh paJpywenpH 
CUHHTH11llHPYIOIUHX )J,06aBOK JaBHCHT OT CTPYKTYPHOrO CTpoe
HHH nx Mo11eKy11~ )J;erpa)J,aunH niOMHHecuenunn CBHJana 
C: paJpywenneM oKcaJonhHOii rpynnhi nnn CB.!IJH Me)K)J,y 
OKCaJOllhHOH rpynnoii H 6eH3011hHhiM K011hUOM, H y M011eKyn 
POPOP ona MaKcnManhHa nJ-Ja-Ha11H'IHH )J,Byx oKcaJo11h
Hhlx rpynn. 

CreneHh )J,ecrpyKunu nonnMepnoii ocnoBhl ouennBaJiach 
no HJMeHeHHIO cneKTpOB nponycKaHH.!l, r11aBHI>IM o6pa30M, 
B · o6nacrn nor11omennH aKTIIBaropoB, xapaKTepa Mo.rieKy-
11.!IpHo-Be coBoro pacrrpe)J,e11.enH:H. :H Konnqe.crBa ocr a roqnoro 
MonoM:epa. ·· IIpoBe)J,eHhi ncc11e.lionannH c no11n:Mepnoii -ocno
Boii IIC - ·rio11ncrnpo11oM na cBe)Keno11IIMepnJoBaHHLnc o6-
paJuax:·o6paJuax~ xpaJtnBwJixcH B reqenne 10 11ei, o6paJ
uax;o6ny-.len:H:bix y11:brpa¢nomiroM .llo6paJuax, no)J,Beprwnx

. CH · y -o611y'leJ:1mo 60 Co /.20 000 boo penrren/. 
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IIo11y'leHhi aMIT11HTY,!J,Hhie pac_npe)J,e11enmr HMITY11hCOB )1,11.!1 
o6pa3UOB; npHrOTOB11eHHhiX . Ha CBe)KeiT011HMepH30BaHHOM 
IT011HCTHp011e, noc11e 10-m!rnero xpaHeHH.!l H IT011HCTHP011e 
noc11e o611y'leHH.!IY11hTpa~noneTOM 2540 ~~ CunnrJinnnpyro
mne )J,o6aBKH 1,5o/o PPO + 0,05 POPOP 6hmH. BBe)J,eHhi 
B MOMeHT npnroroBneHH.!l nnenoK. Anann3 aMnnHTY,!J,HhiX 
pacnpe)J,eneHHH HMITY11hCOB OT . 3THX .. o6pa3UOB ITOKa3a11, 
'ITO cBeToBoii BhiXO)J, o6paJua, npnroroBnennoro na nonn
crnpone nocne 10-11ernero xpanemiH, cocraBnHeT- 80o/o, 
a cBeToBoii BhiXO)J, o6paJua, npnroroBnennoro na nonncrn
pone :ii o6nyti:ennoro ynhrpaqmoneroM 2540 A, cocraBnHeT 
63o/o ITO OTHOIIIeHHIO K CBeTOBOMY, BhiXO)J,y o6pa3Ua, npnro -. 
roBnennoro na cBe)KenonnMepnJoBaHHOM no11ncrnpone. C11e
)J,OBarenhHO, npH )J,eCTPYKUHH OCHOBhl nOHBll.!llOTC.!I )J,OnO_ryHH
TenhHhie KaHanhl nepe)J,a'IH 3HeprHH BOJ6y)K)J,eHH.!I OT OCHOBhl 
K npo,!J,yKTaM, BOJHHKaiOIUHM BClle)J,CTBHe )J,eCTPYKUHH, 'ITO 
Be)J,eT K yMeHhiiieHHIO cBeroBoro BhiXO)J,a. IIpouecc era
peHH.!I_ OCHOBhl B aTMOC~epe .!IBn.!leTC.!I 6onee npO)J,011)KH
Te11hHhiM no cpaBHeHHIO CO CTapeHHeM no)J, )J,eHCTBHeM 
y11hTpaqmoneroBoro o6nyqennH. - · 

Hnrerpa11hHhie .. n AH~~epenuna11hHhie J<PHBhie. M011eKy-
11Hpno-BecoBoro pacnpe)J.e11eHHH, no11y'leHHhle )1,11.!1 cBe)Ke
no11HMepn3oBaHnoro o6pa3ua, o6paJua noc11e 10-11ernero 
xpanenn.11 n o6paJua, o611yqennoro Y11hTpa~no11eToM, H11-· 
11IOCTPHPYIOT HJMeHeHH.!I xapaKTepa M011eKy11HpHo-BeCOBOrO 
pacnpe)J,eneHH.!I, 'ITO Bbipa)KaeTC.!I B yBe11H'leHHH CO)J,ep>KaHH.!l 
HH3KOM011eKy11HPHhl~ !lJpaKUHH B IIC C Te'leHHeM BpeMeHH; 

lfJMepeHH.!I K011H'leCTBa OCTaTO'IHOrO MOHOMepa ITOKa-. - . 

Ja11H, 'ITO C Te'leHHeM BpeMeHH K011H'leCTBO OCTaTO'IHOrO 
MOJ:IOMepa B IIC yBe11H'IHBaeTC.!l, ITpH'leM· B-06pa3UaX, npH
rOTOBneHHhiX 6e3 nepeKHCH 6eHJOH118,~ B 1,5-2 · pa3a, a 
c nepeKHChiO 6eHJOH11a -·na 20 - 25o/o. Ha11H'!He B no11HMe
pnJyeMoii cMecn nepeKncn · 6eHJOH11a cnoco6cTByer O)J,Ho
BpeMeHHOMY o6pa30BaHHIO B CTa)J,HH HHHUHHpOBaHH.!l npouecca 
MHO)KeCTBa UeHTpOB· n011HMepH3aUHH. B KOHe'IHOM HTOre 
3TO npHBO)J,HT K yMeHbiiieHHIO B IIC K011H'leCTBa OCTaTO'IHOrO 
MOHOMepa, npHCYTCTBHe KOTOporo B11H.!IeT Ha npoUeCChl 
crapenn.11 nonn:MepoB. -

HJMepeHHhie · cneKTphi nponycKaHHH · cBH)J,eTe11hCTBYIOT 
o6 yBe11H'leHHH nor11omemiH _o6pa3UOB noc11e 10-11ernero 
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xpaHeHHH, · o6pa3IJ;OB, o6nyqeHHhiX y -nyqaMn_ ·. · Co··, u 
o6pa3IJ;OB, o6nyqeHHhiX · ynhrpa<lmoneroM' no cpaBHeHHIO c. 
nornorn:eHHeM cBe:>KenonnMepnJOBaHHoro o6paJu;a: 

113 npoBe~eHHhiX uccne~oBaHnii ycTaHoaneHo; 'ITO He
JaaucuMo OT cnoco6a B03~eHCTBHH Ha OCHOBy,. npoucxo

. ~HT:. 
a/ yMeHhWeHHe CBeTOBOrO BbiXO~a; 

. 6/ yBeJIH'IeHiie nornoui:eHHH /npH'IeM CyiiJ;eCTBeHHO/ B 
o6nacru 2750-3600 A. 

,!J;nH TOHimx· o6pa3IJ;OB 3TO Bhi3hiBaeT yMeHhrue:Hne cBe
ro:Boro BhiXO~a Ja cqer nepepacnpe~eneHnH :mepru·u:BOJ ~ 
6ym,neHHH Me:>K,L(Y npo~yKTaMH pa3pyweHHH H CIJ;HHTHnnu
pyiOi:u;eif .no6aB:Koii; 

B/ yBenH'IHBaeTCH nor~omeHHe H'B 6onee ,L(riHHHOBOn
HOBOH o6nacru, .no 4500 A. 3To npuao.nur K nornomeHHIO 
HJny'IeHHH CIJ;HHTHrinHpyrorn:eif ,L(OOaBKH, T.e. yMeHbWeHHIO 
npo3pa'IHOCTH OCHOBhl B o6nacTH H3ITy'IeHHH~,L(OOaBKH, 'ITO 
onHTh :>Ke Be.ner K yMeHbWeHHIO rexHH'IecKoro CBeroaoro 
BhiXO,L(a. 

· TaKHM o6paJOM, Hccne.noaaHHHMH cneKrpoa niOMHHec-
.~ ,u;eHIJ;HH; cneKTpoB nponycKaHHH, MoneKynHpHo- aecoaoro 

pacnpe,neneHHH. OCHOBhi ycTaHOBrieHO, 'ITO B pe3yribTaTe 
.· B03,L(eHCTBHH HOHH3HpyiOIIJ;ero H3Jiy'IeHIIH II BpeMeHHhiX ci>aK

·, TOpOB Ha fiC, HapH,ny C pa3pyWeHHeM CIJ;HIITHJIJIHpyiOIIJ;HX 
... . ,L(OOaBOK, B nOJIHMeJ>HOH OCHOBe ·npOIICXO~HT CTpyKTypHhie 

H3MeHeHHH, COnpOBO:>K,L(aiOIIJ;IIeCH . XIIMH'IeCKIIMII npeBpame
iiJIHMII B nonHMepe C yqacTHeM CBOOO,L(HhiX pa,nm(aJIOB, 

., CWIIBaHIIeM MOrieKyJIHpHbiX u;eneif, OKIICneHIIeM npii Hariii'IIIII 
KIICJiopo,na B03,L(yXa, yBeJIII'IeHHeM KOJIII'IeCTBa HII3KO!>i0Jle
KYJIHpHbl:X. nOJIHMeprOMOJIOrOB II yaeJIII'IeHIIe·M co,nep)i(aHII.H 

- ocraTo'IHoro MoHo:Mepa. CyMMapHble npou;ecchi, npoiicxo,n.H
miie KaK. B nOJIHMepHOH OCHO.Be, TaK II B CIJ;HHTHJIJIIIpyromux 
,L(OOaBKaX, H o6ycnOBJIIIBaiOT npOIICXO.L(Hmiie B ITC Heo6pa'rii
~Mhie :npe:BpameHIIH, npnBo,nHIIJ;IIe K yMeHhiUeHIIIO caeroaoro 
,BhiXO.zia· II npo3j;)aq·HOCTII ITC: . . . 

T Aaea JV noCBHmeHa pa3pa60TKe TeXHOJIOriiii II3rOTOB
JieHIIH nnaCTMaCCOBhiX CIJ;HHTHHJI.HTOpOB · JIIOOOrO : oo'heMa 
H ci>op~l.I; ;Jlpii pa3pa60TKe TeXHOJIOrHH nonyqeHIIH fiC 6biJIII 
,L(eTaribHO paCCMOTpeHbl B03MO:>KHOCTII noJiyqeHHH fiC ni06o-· 
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ro 06'beMa· II KOHci>IIrypau;HHj KOHCT.PYKIJ;HH ci>opM H ci>aKTOphi, 
BJIHHIO~IIe· Ha 'npou;ecc nporeKainiH··peaKu;lm nonuMepiiJau;uu, 
H ·Ha CIJ;HHTHHJI.HiJ;IIOHHhie CBOHCTBa UC. . . . 

•·. lihiJIH npOBe,neHbl' HCCJie,L(OBaHH.H 3aBIICHMOCTH CBeTOBOrO 
BhiXO,L(a ITC KaK ·o'r KOHIJ;eHTpau;uu;. TaK II OT CTPYKTypHoro 
crpoeHHH. cu;IIHTnnniipyiOrn:nx Bern:ecTB. HaMn CIIHTe3upoBaHhi 
u HJyqeHhi c:U:nHTnnnnpyiOmiie .I{o6aBKH paJnii'IHhiX KnaccoB: 
noJIIIci>eHHJihi, · OKCa30Jihi, OKCa,L(Ha30rihi, 1, 1 ', 4, 4 ', ·reTpa-

. cl>eHun6yra.nneH - 1 ,3. BnepBhie · 6hm 'cnHTeJIIPOBaH neH
Tacl>eHIIJI H HJyqeHbl ero ci>HJH'IeCKHe H CIJ;HHTHJIJI.HIJ;IIOHHbie 
CBOHCTBa. lloKa3aHo;. 'ITO ITC~ co,nep:>Kamuii 2o/o n ~ Tepci>e- . 
HHJia + 0,4o/o neHTaci>eHIIna, HMeeT CBeTOBOH BhiXO,L( 90o/o 
OT CTHJibOeHa. - . . 

lloK.a3aHO, ~~0 caMhiM nepBhiM II HeOOXO,L(HMbiM ycJIOBII':' 
eM .nnH nonyqeHHH .ITC xopowero Ka'IeCTBa HBJIHercH 'III
croni. IICXO~HhiX npo,nyKTOB. llnacTM:accoBhie CIJ;HHTIIJIJIH
TOphi, npHrOTOBJieHHhie npH O,L(HHX · H TeX :>Ke YCJIOBHHX 
II3 CTIIpOJia pa3HhiX . Mapo·K, liMe lOT pa3HII'IHYID CIJ;IIHTIInJIH-
IJ;IIOHHYIO 3ci>ci>eKTHBHOCTh. . . 

llp_u IICCJI~,L(OBaiiHH JaBIICHMOCTII caeTOBOro BhiXO,L(a nc 
OT . MOJieKyJIHpHoro Beca OCHOBbl. ycTaHOBJieHO, 'ITO . OH 
He JaBIICIIT . OT ,L(riHHhi tienH ~nH o6pa3IJ;OB C MOJieKyJIHPHhiM 
BeCOM, Ha'IHHa.H c 80 000. H BhiWe. Mccne,noBaHhl cnei<Tphi 
nponycKaHIIH o6pa3u;OB fiC C pa3rili'IHiiiM MOJieKynHpHbiM . 
BecoM. Haii,zieiio, 'ITO no Mepe yMeHhWeHIIH MoneKynHpHoro 
~eca yMeHbWaeTCH npoiJ:ycKaHHe OCHOBhi B o6JiaCTH OT 
2600 .no 3000 A. YMeHbWeHHe npo3pa'IHOCTI~ CBII;ie'fenb
CTByeT 0 nOHBJieHIIH ,L(OnOJIHHTeJibHhiX KaHaHOB nornoiiJ;eHIIH 
3Hepriiii . B030y:>K,L(eHHH fiC, •. TipHBO,L(Hmiix K yM:eHhWeHIIIO 

' ~.- . . ' . 

cBeTOBoro Bhi:Xo.na c yMeHbWeHHeM ·M:oiieKyn.HpHoro Beca . 
OCHOBhl. Cne.noBaTeribHO,. JaBIICHMOCTb 3cl>cl>eKTHBHOCTH nc 
or MoneKynHpHoro aeca CBHJaHa' c nepepacnpe.neneimeM 
3Heprim BOJOy:>K,tieHmi OT HOHH3Hpyromero H3Hy'IeHHH Me:>K,ny .. 
CUHHTHJIJIIIpyrorn:eii ,no6aBKOH · H .HII3KOMOneKyJIHpHbiMH'.ci>PaK- · 
u;nHMII ocHi:>Bhi." qeM MeHhwe ·cTeneHh nonnMepnJau;uu,:reM 
GoJihWaH . ,L(ORH 3IIepr.HII B036y:>K,neHIIH · oy,neT nornomaTbCH 

· HHJKo:MoneKynHpHhiMn 'cl>paKn;HHMH ociioBhi._ H:HJKoMone
KynJipHbie ci>paKu;mi o6na:naror 6onhWIIM nornoiiteHneM B yni;
Tpacl>noneTOBOH o6nacTn.Cne,tioBaTeni.Jio, .MQneKyJIHPHhiH Bee 
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OCHOBhl .. TaKJKe . .SIBn.SieTC.SI .O,ll.HHM H3 ciJaKTOPOB,KOTOPhiH Ha,ll.O 
YliHThiBaTh npH nonylieHHH nc c xopoweii: 3cPcPeKTHBHOCThiO. 

Mccne)l.oaaHHe MoneKyn.SipHo-aecoaoro pacnpe,ll.eneHH.SI 
ITC npH pa3HhiX TeMnepaTypax nonHMepH3aU.HH n03BOnHnO 
ycTaHOBHTh ieMnepaTypy peaKU.HH ·.nonHMepH3aU.HH, o6yc
noanHaaromyro MHHHManhHoe · co,ll.epJKaHHe HH3KOMoneKyn.Sip-: 
HhiX ciJpaKU.HH. B ITC. . , . 

flepBOHalian~HOe CO,ll.epJKaJiHe OCTaTOliHOrO MOHOMepa 
B .. nonHMepe ,ll.OnJKHO fihiTh CBe,ll.eHO K MHHHMYMY,: liTOfihi . ~ . . . 
ero yaenHlieHHe c TelieHHeM apeMeHH He )l.OCTHrano aenH-
liHHhi, CKa3biBalOIIJ.eHC.SI Ha H3MeHeHHH CU.HHTHnn.SIU.HOHHbiX 
CBOHCTB nc. YcTaHoaneHo, liTO ero_co)l.epJKaHHe He ,ll.OnJKHO 
npeBhiillaTh 10/o. 

· AHanH3 3Kcnep:HMeHTanhHhtX )l.aHHhiX o BnH.SIHHH nepeKHCH 
6eH30Hna Ha CBeTOBOii' BhiXO)l. nc noKa3an, liTO BBe,ll.eHHe 
nepeKHCH 6eH30Hna B KODHlieCTBe ,ll.O 0,1% B peaKU.~OHHYIO . -. . . ~ 

CMeCb, npaKTHlieCKH He CHHJKaefu.'CBeTOBOrO BbiXO,!J.a flC 
H He yMeHhilla~T nponycKaHH.SI OCHOBbl. llo3TOMy, .il.iu1 y~eHb
IlleHH.SI ,ll.O MHHHMyMa CO,!J.epJKaHH.SI OCTaTOliHOro MOHOMepa 
H )l.onH HH3KOMoneKyn.SipHbiX nonHMeproMonoroB B nonHMepe, 
)l.n.SI 6onee paaHoMepHoro ciJopMHpoaaHH.SI MoneKyn.SipHhiX 
u;eneii: .. H HX. COOTHOilleHH.SI B npou.ecce .3KCnnyaTal(HH flC, 
Heo6xo.iJ.HMO HCOODb30BaTb nepeKHCb 6eH30Hna B KODHtieCTBe 
)l.O 0,10/o H HaliHHaT:b · nonHMepH3aUHIO npH TeMnepaType 
80-85 °C. fipH 3THX TeMnepaTypax yMeHhWaeTCH B03MOJK-

. HOCTb o6pa30BaHHH r:aCHID.HX llPHMeceii: npH pa3DO>KeHHH 
nepeKHCH 6eH30Hna. · 

Mccne)l.oBaHHH xapaKTepa MoneiynxpHo-aecoaoro pac
npe,ll.eneHHH, ClleKTPOB nponycKaHHH flC OOKa3aJtH, qTO llpH 
yaenHlieHHH KOHU.eHTpal(HH nepeKHCH 6eH30Hna BbiWe .0,10/o, 
yae~HliHBaeTCH co,i:{epJKaHHe HH3KOMOneKynxpHbiX «lJpaKUHH 
H yMeHbillaeTCH nponycKaHHe OCHOBbl, liTO Be)l.eT K CHH
JKeHHIO CBeTOBOro BblXO,ll.a ITC. 

. fia)l.eHHe CBeTOBOrO BbiXO,ll.a ITC C yaenHqeHHeM KOHI.(eH
Tpal(HH nepeKHCH 6eH30Hna CB.SI3aHO C yBenHlieHHeM CO,ll.ep" 
JKaHH.SI · HH3KOMODeKynHpHbiX «lJpaKU.HH,nornOIIJ.alOIIJ.HX CBeT B 
KOpOTI(OBOnHOBOH ofinaCTH, a TaKJKe C yMeHbWeHHeM 3cPcPeK
THBHOCTH nepe,!J.aqH 3HeprHH B036yJK,ll.eHHH . OT nonHMepHOH 
OCHOBbl K CIJ.HHTHnnHpylOIIJ.HM )l.06aBKaM BCne,ll.CTBHe qacTHq
HOB nepe)l.aqH ee npo,ll.yKTaM_ pacna)l.a nepeK~CH 6eH30Hria. 

10' 

Ha)>CHOBaHHH npoae)l.eHHhiX ·Hccne,ll.oBaHHH 6bm.pa3pa-
6oTaH • TeXHOnorHqecKHH peJKHM ·~onylieHHH .. ITC n106oro 
o6'beMa H KOHcPHrypau.HH B aTMoc«lJepe a3i:>Ta B <bop:Max H3 
nHCTOBOro ·arriOMHHHH~ : OnTHManbHa.SI TeMnepaTypa nonH-·. 
MepH3aUifH 160-170 °C, BpeMH Bhi,ll.epJKKHnpH 3TOH TeMrre
paType.- 50-80, qaCOB B 3aBHCHM<?C.TH,OT Ofi'he:l\-t:a MOHOMepa. 

Pa3pa6oTaHHaH -rex~onormi iJcnonh3yeTCH B na6opa;
TOPHHX 06'he,ll.HHeHHOro ·_HHCTHTyTa. H,ll.epHbiX Hccne)l.(.JBaHHH 
npH H3rOTOBneHHH nnaCTMaC~OBbiX CUHHTHnnHTOpOB,. Ha
.liHHaH C .1960 r. bhinH .H3rOTOBneHbl flC. pa3nHqHbiX tPOPM 
H ·Pa3MepoB, npHMeHHBWH.eCH B tPH3HqeCKH:ic _3Kcn.epHMeHTax, 
npOBO,ll.HMbiX Ha yCKOpHTenHX, B•qaCTHOCTH, B 3KCnepHMeH
TaX no H3ylieHHIO ynpyroro pacceHHHH 11+ :-Me3oHOB Ha. 
npOTOHax Ha yron 180 ° ; B ycTaHOBKe CO CTpHMepHOH 
HCKpOBOH KaMepoii: B'. M:a·rHHTHOM none ,ll.nH HCChe)l.OBaHHH 
MHoroliaCTHliHhiX pacna)l.OB · Kf -Me3oHoB; B 3KcnepHMeHTax 
no · noHcKy · H3o6apLI c · H30TOnHlieCKHM cnHHOM T. := 5/2 
B peaKUHH 11 ++ p-+ 11.- + x+++; )l.nH Hccne)l.oBaHHH pereHepa

UHH K ~:... K s npH 6onh~Hx · 3HeprH.s~x; · )l.nH Hccne,ll.OBami.s~ .. 
:meKTpOMarHHTHhiX . pacna)l.OB · BeKTOpHbiX Me30HOB H <BO· 
MHOrHx. ,ll.pyrHx pa6oTax. 

llapannenbHO 6bm pa3pa6oTaH MeTo)l. nonylieHHH nroM:H
H~cueHTHoro 3KpaHa ,ll.nH.H3MepeHHH npotiJHneii: nyqKo:B 3a
PHJKeHHhiX liacTHU, o6ecneqHaaromHii paBHOMepHoe pacnpe
)l.eneHHe moMHHotiJopa no 'nnoma)l.H H: BhiCOKYIO MexamiqecKyiO 
npoqHOCTb CDOH niOMHHOtPOpa;. . . 

JiroMHHecu.eHTHhrit -3KpaH npHMeHHeTcH · )l.nH · Hana)l.KH iJ 
0Tpa60TKH CHCTeMbl Me)l.neHiiOrO BbiBO,ll.a YCKOpeHHOrO nyliKa 
npOTOHOB CHHXPOUHKnotiJa30TpOHa JIB3 H ,ll.nH BH3yanhHOro 
Ha6niO,ll.eHHH npotiJHneji, nyqKoB·· C nOMOIIJ.blO TeneBH3HOHHOH 
KaMepbt. ,lJ;aHHhiH 3KpaH no:i:BonxeT Ha.6nro,ll.aTb c noMOIIJ.hiO 
TeneBH3HOHHOH KaMepbi nyqKH 3apHJKeHHbiX qaCTHU. nnoT
HOCTbiO 2 - 5.10 S t.taCmUI//CM 2 • 

B&reoo&r' 

1. ,lJ;eTanbHO paCCMOTpeHbl B03MOJKHOCTH nonyqeHJiH flC . 
nro6oro o6'beMa H KOHtPHrypau;HII~ · . 

2. Mccne,ll.C>BaHO BnHHHHe KalieCTBa HCXO,ll.HOro Cblpb.H, 
- . . '• . . . ~ 

peJKHMa nonHMepH3aiJ.HH, KOnHlieCTBa· HHHI.(HaTopa Ha CBe-
TOBOJi BbiXO)l. flC.. . . . 

II· 



3~ CHHTe3npoaaHhi•CUHHTHJIJIHUJiOHHhi~ .n;o!5aaKH. pa3m{q
HhiX :KnaCCOB H onpe.n;eneHhl HX OnTHMaJibHbie KOHUeHTpaUHH 
,D;JIJI nony'leHHJI IIC c MaKCHMaJihHOH 3$<):leKTiiBHOCTbiO. Bnep- . 
Bbie. ,D;JIJI. CUHHTHJIJIJIUHOHHbiX ueneii 6hiJI CHHTe3HpOBaH neH:
Ta<):leHHJI H .. HCCJie,D;OBaHbl ero CUHHTHJIJIHUHOHHbie CBOHCTBa. 

,._ + ' • • • 

4. Ha · ocHoaaHHH ·np.oae.n;eHHhiX nccrie.n;oaaHiiii pa3pa-
6oTaH onTHMallhHbiH TeXHOJIOrH'IeCKHH. 'pe)KHM H COCTaB 
;:iJiH nony'leHHJI IIC JII06oro o6ieMa H KOH<):lHrypaUHH B <)lop
MaX ·.n3 nncn)aor~ anroMHHHH:· o6ecne•maaromnii ycTOH'IH-:
aocrl. CUHHTifJIJIJIUHOHHbiX xapaKTepHCTHK IIC BO apeMeHH.' 
Bee !IJ~:mqecKHe 3KcnepnMeHThi, npoao.n;HMLie B OMJUI, 
o6ecne'IHBa~TCJI nnaCT~aCCOBhl~H CUHHT~JIJIJITOpaMH, npH
roTOB.ileHHbiMH rio pa3pa6oTaHHOH TeXHOnOrHH. 

. 5. Mccne.n;oaaHo anHHHHe. ynLTpa<):lnoneToaoro o6ny'leHHH 
H: BpeMeHHbiX <):laKTOpOB Ha CUHHTHJIJIJIUHOHHbTe CBOHCTBa IlC •. 
TexHH'IeCKHH caeTOBOH BhiXO,D; nc 3a .n;ecHTHJieTHHH nepno.n; 
xpaHeHHH yMeHhillHJICH - Ha 20o/o. Y IIC, npnroToaneHHhiX. 
C m!peKHCblO 6eH30HJia, H3MeHeHHJI TeXHH'IeCKOrO CBeTOBOrO 
Bhlxo.n;a.na6nro.n;aroTcH a MeaLmeii cTeneHH. 

6. YcTaHoBneHo, 'ITO yxy.n;meHHe CUHHTHnnHUUOHHOii 3<):l
... : <):le,KTHBHOCTII UO,D; ,D;eHCTBHeM pa3JIH'IHhiX <):laKTOpOB o6yCJIQB

. m~HO .n;ecTpyKUHeii nOJIHMepHOH OCHOBhl H pa3pymeHHeM CUHH
THJIJIJIUHOHHhiX .n;o6aBOK •. 

7. Mccne.n;oaaHa ycToii'IHBOCTh K pa.n;naUHOHHOMY B03-
.n;eHCTBHIO CUHHTHJIJIJIUHOHHhiX .n;o6aBOK .pa3JIH'IHhiX. KJiaCCOB. 
YcTaHOBJieHO, 'ITO MOJieKyllhl OKCa30JIOB Han6onee no.n;aepiKe

.,Hhl pa3pymeHHIO HO,D; ,D;eHCTBHeM HOJIH3HpyiOIUero U3JIY'IeHHJI, . 
a MOJieKyJihl nonH<):leHHJIOB - HaH6onee yCTOH'IHBhl. 

8. Mccne.n;oaaHa .n;ecTpyKUHH nonnMepHoii ocHOBhi npn 
. ,D;JIHTeJibliOM xpaHeJIHH H B03,D;eHCTBHH H3Jiy'leHHH. )];ecTpyK
UHJI nonHMe'pHOH OCHOBhl o6yCJIOBJieHa H3MeHeHHeM xapaK-· 
Tepa· MoneKynHpHo- aecoaoro pacnpe.n;eneHHH a cTopoHy 
yaenn'leHHH co.n;epiKaHHH HH3KoMoneKynHpHhiX nonnMepro:Mo
noroa H OCTaTO'IHOrO MOHOMepa. IlpH .n;ecTpyKUHH OCHOBbl 
nOHBJIJIIOTCJI .n;onOJIHHTellhHble KaHaJihl nepe,naqn 3HeprHH 
B036y)K,D;eHIIJ1 OT OCHOBhl .K npo;iyKTaM, B03HHKillHM acne.n;
CTBHe pa3pymeHHJI, T .e. npoiicxo.n;HT nepepacnpe.n;eneHHe 
3HeprHH B036y:>K.n;eHHJI Me)l(.n;y npo,nyKTaMH, pa3pymeHHJI_ H 
aKTHBaTop_oM, 'ITO ae.n;eT K yMeHbilleHHID CBeTo~oro BhlXO~a 

12. 

IIC. O.n;Hoape~eHHo npoucxo.n;ui y:MeHLineHne npo3pa'IHOCTH 
OCHOBhl .. B o6naCTH 'H3Jiy'leHHJI aKTHBaTOpOB,. 'ITO TaK)Ke 

. ·- , . . . '· : 

Be,D;eT K yMeHbilleHHIO CBeTOBOrO BhiXO,D;a. .· . 
9.· )];nH pa60T, B KOTOpbiX .He06XO,D;HMO COXpaHeHHe no

CTOJIHCTBa CUHHTHnnHUHOHHhiX xapaKTepHCTHK IIC . a Te'le
HHe ,D;JIHTeJibHOrO BpeMeHH; pel<OMeH,nyeTCJI HCnOJib30BaTb 
nepeKHCh · 6eH30Hiia a Ka'leCTBe nmiunaTopa noJIHMepn3aUHH 
B Konntiec-i-ae 0,05o/o. ·. · · ·- ' · . 

Ilpn co_6nro.neimn yc~oanii H pe)KHMa nonnMepH3~UHH . 
nnaCTMaCCOBbie · CUHHTHJIJIJITOpbi MOiKHO HCnOJih30BaTb B 
Te'leHne 5-8 neT 6e3 cyiUeCTBeHHhiX H3MeHeHnii '3<):l<):leKTHB
HocTH. 

10. )];nH nony'leHHJI CUHHTHJIJIHPYIOIUHX nneHOK a· HHTeH 
B Ka'leCTBe ocHOBHoro HanominTenH B IIC peKoMeH.n;oaaH 
T«<>Ii, o6ecneqnaaromnii xopomee KaqecTao nneHoK li HHTeii. 

11. Pa3pa6oTaH MeTo.n; nony'leHHH nroMnHecueHTHhiX 3K-· 
paHoa .n;nH H3MepeHHii npo<):lnneii ny'IKOB 3apJI)KeHHhiX qacTif:u. 
MeTo.n; o6ecneqnaaeT paaHoMepHoe pacnpe.n;eneHne nroMnHo
<):lopa no nnoma.n;H H ero BhiCOKYIO MeXaHH'IeCKYIO npO'IHOCTb. 

0CHOBHbie pe3ynLTaTbl .n;nccepTaUHOHHOH pa6oTbi .n;ono
)KeHbl mi. I BcecOI03HOM. coaeuiaHHH no CHHTe_3Y H nccne.n;o:Ba-· 
HHIO CUHHTHJIJIJITOpOB ,D;JIJI perHCTpaUHH Jl,D;epHOrO H3Jiy'leHUJI 
/MOCKBa, 1956 r./; II KOOp,D;HHaUHOHHOM COBeiUaHHH no 
CUHHTHJIJ_IHTopaM .fXaphKOB, 1957 r./; IY Koop.n;nHaUHOHHOM 
COBeiUaHHH no CHHTe3y, npOH3BO,D;CTBY H npHMeHeHHIO CUHH-. 
THJIJIJITOpOB /XapbKOB, 1965 r ./; Y BCeC~I03HOH KOH<):lepeHUHH 
no CHHTe3y, npoH3BO,D;CTBY H HCnOJib30BaHHIO CUHHTHJIJIJITOPOB 
/XapbKOB,·1968 r./; CeMHHape "HOBbie ,neTeKTOpbl H,nepHbiX 
H3ny'leHnii" /MocKaa, B,D;HX, 1970 r./ n ony6nHKOBaHLI 
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