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TopoudanbHo Konbueegou Buxpesou 3gpupoduHamudeckuu lpouyecc -
OT NPOTOHAQ, Yepe3 KaBUTauuio, ... 40 raqniakKtTuKk pe3yrnbraTt B3aVIMOL|,el‘;ICTBVIﬂ

rnomokoe nod delicmeuem “I'padueHmoe lNepemeHHo20 pupHozo [JasneHusn”

ACTpOHOM. fABIIeHnA — BUXpeBoe ABMNXeHune

achupa

Mopenb TopougansHo KonbueBoro Buxps co CnuHom
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Junamuueckasn cxema npomona,
amoma, ... , KaGUMAau. ny3vipoKa
mopHaoo, ...

y CANIAKMUKU

TopounpganeHo KornbueBas moaesb
9ONPHOro BUXPS paclliupeHa cy
LLIECTBEHHbBIM BKMagoM NPOroHse
MOrO Yepes ero LeHTparnbHy ob
nacTb NOTOKa, KOTOPbIN NpeacTas

nsaet cobon cruH (Oxem) ons BCe
ro ananasoHa MmacLuTabos :

Cnun Oxem epawarouwuics rpo

0osbHbIU meepdomeribHbIU 8bICOKO
SHepa2emuyeckul rnomokK aghupa




Sd)vipop,MHaMquCKue OCHOBbI L poBbLIX nameputenen cepuu “Urag” -
AbmpHbIN AnekTpo MarHeTnam. Hactb 1. Ctatuka. AnekrpocrtaTuka.

AdupHbIN AnekTpo MarHetnam. Yactb 1. I "# cTp. 1

“NoBepxHOCTbL Pepmn” NpPoOBOAHMKA.
[aBneHue adompa BHYTPU NpoBOaAHMKA(MO

ﬁ NynpoBOAHMKA 3HAYUTENbHO HUXe OaBleHNs

adhmpa 3a npeaenom 3Toro NpPoBOaHMUKA.

KoHpaeHcaTop — apmpoanHamMmmyecknim Kommno
HEHT, 3NEeKTPOoAbl KOTOPOro HaxoAATcA noad pas
HbIM BHYTPEHHUM 3(PUPHBIM AaBfIEHNEM.

“OneKTpUYeCcKum ToK”’ B
NpoBOAHNKE eCTb 2padu {}
e€HMHbIU MOMOoK acghupa
TeKyLlen 3a CYET pa3HoC
HOCTW BHYTPEHHErO 0aB
neHuna acupa £ AP B
NpPOBOAHMKE, CO30aHHOI0
Ha ero KoHLax BHELHUM
reHepaTopoM 3pMpPHOro

OaBrieHns).

= pasmepHocTs O




AdpmponomnHammnyeckue ocHoBbI UnppoBLIX nameputenen cepuu “Urag” -

SdbupHbIN AnekTtpo MarHeTnam. Yactb 2. Ctatuka. MarHutocraTuka.

AdupHbIN AnekTpo MarHeTam. MarHutocTaTuka. "H# cTp. 1

7. Z
/

"MacHumHoe nosie” ecmsb
JlaMUHapHbIl, 3aMKHYyMbIU Ha
cebs1 1IoKasIbHbIU MOMOK 3gupa
803HUKarowul 8 npocmpaHcmee
rnod Oeticmeuem padueHmos

JgpupHozo [lagrneHusi, 8bi36aH

HbIX BHEWHUM UIU 8HYMPEHHUM
cusio8bIM 8030elicmsuem.

Konbueeoli nomok ® w $ %p * Grad AP &
HanpsixxeHHoCcmMb wd%,& " AP &

Paduasnb. 2pad. " AP ,%$-%, * Grad AP

MepneHd . k uenmpy AP ,,$ —%,, * Grad AP &
AP ,$-AP ,

%,, = pa3sMepHOCTb !

[MpodonbHbili epaduenm Grad AP W& " A

Aup dsuxemcsi 8 nMPoOBOOHUKE KaK meepdoe mesio
C 3Ha4YumersbHbIM rpeobriadaHuem spawjameribHo20
dsuXXeHUs1 Hao riocmynamesibHbIM



UamepeHusa NpagueHToB AchmpHoro [laBneHnsa NnpoBOAHMKA C TOKOM -
SdbupHbIN IAnektpo MarHeTnam. Yactb 2. Ctatuka. MarHutocraTumka.

AdoupHbIN AnekTpo MarHetusm. MarHutocTaTuka. "H# cTp. 1

U3mepeHusi [padueHmog 3ghupHo20 @

HaesneHusi. ) npoeoOHUKa C MOKOM

[latynk Xonna lD
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UamepeHusa NpagueHToB AchmpHoro [laBneHnsa NnpoBOAHMKA C TOKOM -
SdbupHbIN IAnektpo MarHeTnam. Yactb 2. Ctatuka. MarHutocraTumka.

AdUpHbIE NOTOKN BOKPYr NPOBOAHMKA C MOCTOSIHHbIM TOKOM
[BmxeHUs adpmpa BOKpYr NpoBOoAHMKA C TOKOM npeacTaBrieHo gaHo Autokosckum B.A.
roe nokasaHo YTo KoSibLieBaga cocTaBndwroLlasg apupHOro noToka, nponopLmoHanbHaga

HanNpPs>KEHHOCTW KOJSIbLIEBOM COCTaBMAOLWEN “MarHUTHOIO Nons”, 3aBUCUT OT BENMNYUHBI
TOKa B NMPOBOAHUKE: MPKW MasbiX TOKax MYHKLUUSA npornopumnoHansHa ! . o/, a npu

BonbLUNX TOKaX N3MeHsAeTca MeaneHHee Yem pyHkuma ! . o/=0 >

Hanpsi»xeHHocmb “MagHuUmHozo rnons” o epadueHmy OaesrieHuUs aghupa AP
AurokoBckun B.A. OOwas achmpoamHammka ( " AP ] t —>
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“BucpunspHas kKamyuwka” — nepBbI KOMNOHEHT OETEKTOPOB U3MepuTtenen -

“FpadueHmoe nepemeHHoz20 [aeneHuss Apupa’” cepuu “Ur3L xx”

budunsp “Kynepa YcnoBHoe 0603HavyeHue

( J
S — |
— Knaccuuyeckunm
oudunnap “Kynepa”

Pa3omkHyTbIN Oudcunsp
“Katywkn Muwmna”

LiunuHap. katywka OndunApHbIX KaTyLwek

LivnuHapwu ecxanIKaTymK>a ' a0 ?
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BudunapHasa katywka Kynepa, Tecnbl, MuwumHa

I 1 I ! Il 1 Hﬁ:

[MlepeMeHHbIN “aneKTpnYecKkum TokK” B
Tene ondunnapHom KaTyLwKn He cozdaem
“anekmpomMasHUmMHo20 U31y4eHUs” He
803HUKaKM m.H. “MasHUmHbIe nonrca’”
XapakTepHble Ans OObIYHON KaTyLUKU
MeXxay coceqHUMN NMPOBOLHUKAMKN BO3HM
KatoT pasHOHanpaBrieHHbIE NOTOKU 3dhup
HOWM cpedbl, CUHXPOHHO N3MEHSAIOLLMECS
BMECTE C HarpaBiieHUeM U aMnInTyaou
“anekTpuyeckoro Toka”

[MopoxgaroTcs pasHopasMepHble BUXpe
Bble TOpouaarnbHO KonbLenblie obpasoBa
HUsa adompa, obnagatowme YHUKaibHOU
ceepxrnpoHuUKarouel cnocobHocmbHo

CnekTpanbHaga xapakTepucTuka He nme
eT APKO BblpaXeHHOW pe30oHaHCHOM Yac
TOTbI, @ pacTsHyTa No BCEMY CMNEKTPY.

NHOykmueHocmb 6uchunsipa $0

lMpuemHasi bugpunsapHas kamywka ude
anbHO ebldesisiem KosiebaHus daerse
Hus1 suxpeesoli agpupHoli cpedbl



“Bunka AepaMeHKO” — nepBblN KOMIMOHEHT OeTEeKTOPOB U3MepuTeneu _

“Tpaduenmoe nepemeHHoz20 [aeneHuss A¢pupa” cepuu “U3L0 xx”

AdupHbIN AnekTpo MarHeTnam. Yactb 1.

I "# ; cTp. 7

PacnpeneneHne BHYTPEHHUX
AaBneHnmn adompHon cpeabl B anoadax npu
MPAMOM 1 OOpPaTHOM BKIHOYEHUSIX.

buounsp u “Bunka AepameHKo” &
“Usmepumensix (padueHmoes 3¢hupHoO20
Haenernusi” cepuu "4 xx”




M3Mepumenb epadueHmoe daeJsieHusi aghupHou cpeodni “U3M 2z2p” -
U3MepeHue oKpyxarlLlen cpeabl B He BO30Y)KOEHHOM COCTOSIHUU

OO0HO U3 doka3zamesrnibcme ‘“He 371IeKmpoMa2HUMHbLIX U3MepeHuUll” ??

Co30aHue npubopa pecucmpayuu 3¢hupHol cpedbl ey | "H#
Y "4 aMnnuTyga KkonebaHum
" e B achupHoOM cpeabl
S % " %& cpeAHe UHTerpanbHas
") % cocTaBnsmoLias KonedbaHmmn

achupHom cpeabl
Benu4nHa gnuTenbHo*
NapeHne amnnuTtyab! wyma ot () TV, npuxopadileeca Ha 1y

povactotel 1 () 6 mopsioka+ KneTky .
yacToTa, npuxoasiuen

csli Ha 1 y KneTky

[Ana Busyanusaunu ne

"w $" peMeHHOW COoCTaBnsto
Amnnutyaa wyma towe  $" LLien konedbaHusa aasne
He npesBbillaeT : M % HUSA 3Cp|/|pHO|7| cpeabl
x$" 4 NPYMEHeH ocuunnorpad

C aBTOHOMHbIM aKKYMYIJ1A

TOPHbIM NUTAHNEM, 0b€ecC
neynBaroLLNIA MOSTHYHO

ranbBaHN4YEeCKY0 pa3Bsi3
Ky OT BHELLUHEro Bo3aenc

NapeHne amnnuTyabl Koneb6aHnn
achupHou cpeabl oT () A0 YacToTbl

() Bceros 1.2 paza++

TBUA 3alwnTta OT
XapakmepHbIl “OnekmpoHHbIi LLym” u /\/ C) ekm? OdHO_
“lIlym okpyxaroweii agpupHoli cpedbi” npoeodHou JluHuu




3aknroveHue :
"Ursfl] @ odemoHcmpupyrom aghghekmsi 3a npedesamu
CmaHndapmHoii modenu Knaccu4yeckol dnekmpoOuHaMuKu

"U3mepumenu NpadueHmoe | -
Haenenus 3¢pupHoii Cpedsi

cepuu NrFra3j xx”

Oe MOHCTDaLl,Vlﬂ BO3MOXXHOCTEM

lpedcmaesieHbl 0eMOHCMpayuu usmMepeHul
KosiebaHul OaesieHUs1 3IpupHoOU cpeodsbl :

. U3amepenne gatuukom UMM - konebaHuin
3dMpHON cpenbl Hag NOBEPXHOCTLH BOAbI;

. Namepenune OuddepeHumansHbiM 4aTYNKOM
UIra3a O sogHbix pactBopos (ans duonornn);

. Uamepenmne gatumkom UMM 2+ npu auncrtaHum
OHHOM BO34eNCTBUM Marnoun KaTyLwKkm Tecna B o[,
HOMPOBOAHOW NMUHUU C NPOMEXYTOYHOW KaTyLLKOWN
Tecna Ha pasHbIX PACCTOAHUAX :

AnanasoH namepeHuna 6onee 7 nopsapkos !

. UamepeHne gatyukom UM 2rp vmnynbCHOO
OMNTUYECKOro cBeToauoaHoro n3nydarensi
6e3 1 ¢ aKpaHUpoBaHNEM antOMUHNEBOW PONbIron
B 3 1 cro4, ¢ gobasrieHnem OBYXCNOMHOIo dorib
rMpoOBaHHOIo cTekrnotrekcrtosimTa 1.54 MM TOsLUN
Ha . = 0.2 MM), NpX 3TOM BeNUYNHA U3NydYeHNS

yMeHbLllanacb MmeHee YeM B 2 a pa3sa !

doka3zamenbcmeo
“He annteKmMpomMac2HUMHbIX Uu3MepeHuu”
damyukamu cepuu “UraAQg “



BO3MOXHOCTU U3MepeHnn KornedaHnin paBneHns BUXpeBson acpupHon -
cpeabl “U3mepumensmu Npaduenmoe AgupHozo HasneHus (Mg |”

Ymo no3zeosisem usmepsmsb cepusa “UT3M xx”’

NHmeepanbHbie kosiebaHusi 0aesieHuUsi 3(hupHoOU cpedbl 8U3yaslu3upyromcs ¢ moYyHoOCcmMbrO Ao
0.01% e peasibHOM 8peMeHU, MOCMOsIHHas epeMeHU pasHa 0 > cek.;

KonebaHusi 0assieHusi okpyxarouwjel 3¢hupou cpedsl, pecucmpupyemoe 8 me4yeHuu OHs1, 6osee
yeMm 8 2 pa3a bosibwe MUHUMAaIbHO20 KosiebaHusi 0aesieHUs OKpyXxaroujeu cpeodbl;

Yeenu4eHue OaessieHus1 3¢hupHolii cpedbl Had MoeepxHocmbio cocyda ¢ 8030l 600HbLIM
pacmeopom 9o 25 30% om eenu4uHbl KonebaHuli dasneHuss okpyxarouieli 3¢hupHoli cpedbl —
peakyusi Ha nNpPoxo)xoeHue pasHosecHol peakyuu XXabomuHckoz2o Benoycoea ¢ accoyuayueli
800HbIX pacmeopoe 8 Kjiacmepsbl, U duccoyuayuu obpamHo;

3(#)Up06UHaMU‘IeCKyIO cocmasJsissiouwyro umMmnysibCHO20 3JIeKMpPOMacHUMHO20 U3JTYy4eHUusl, 8
momM 4qucrsie NMoJIHOCMbKO 3KPaHUpPo8aHHO20, duana3oH — 6oJsiee 7 Mu decsiImuUYHbIX ﬂOpﬂaKOB.’,'

AgpupoduHamuyeckHoe uMnynbLcHoe ceemoduoOHOe U3Jly4eHue, 8 MOM 4ucJie 3KpaHUpPosaHHoe
anroMuHueesoll ¢ponib2ol U UuJIU c8eMOHEeNPOHUYyaeMbIM 3KPaHOM — U3MepeHUsl M0380JIs1Fom
eudemb Harsble Ky4yeeoz2o obsiaka Ha CosiHUe u obpamHo (pa36poc 3HavyeHul 6osiee 2 x pa3s);

Benu4yuHy u npocmpaHcmeeHHoe pacripedesieHuUe “cmpaHHbIX U3Jly4eHull” rnpu pa3psoHbIX
npoueccax 8 MamepuasibHbIx cpedax, rpu “XTA” .“XonodHou TpaHcmymauyuu S10ep”/A

U3mepeHue npocmpaHcmMeeHHO20 pacripedesieHuUs1 “rnamosio2u4yecKux ussyd4eHul” npu nmnas3s
MeHHOM pa3pside e 2a3006pa3Holl, XuOKolU u meepdol mamepuasnbHoOU cpede;

Bu3syanu3sauyus konebaHuli 2padueHmoe rnepemMeHHo20 0aesieHus1 3¢hupHol cpedbi cmarso
803MOXXHO b/1a200apsi 2asib@aHUYECKOLl pa3esi3ke usmMepumesibHOU Yacmu u eu3syanu3ayuu Ha
ocyusnnozpaghe C aBMOHOMHbLIM NMUMaHuUeM, ernyioms 0o Yac ombi! ( , ogpaHUYeHHas 4Yac
MOMHOU xapaKkmepucmuKol 3/71eKMPOHHbLIX KOMITOHEeHMOo8 2aJlb8aHUYeCKOl pa3esi3Ku.




N3mepeHue BOKpyr BOOHOW KaBUTALMOHHON TennoBon yCTaHOBKKU “ /0 -

usmepumersnem [ padueHmoe 3gpupHoo [lasneHusi — I3[ 22p”’
O0HO U3 doka3zamesibcme “He 35ieKmpoMacHUMHbLIX U3MepeHul’” ??

N3mepeHune achupHom cpeabl yctaHOBKU “ / 0

Lt

7

N3mepeHuns
NPOBOANMUCE Ha
paccTossHUN 45 MM
OT MeTarIN4YeCcKnx
CTEHOK B 18 Tun
TOYKax KaButaum
OHHOW YCTaHOBKMU
“/0 ”"l1paBneHue

nocre KaButaropa
.0 atm

BbisiBreHo:
npeebiweHue
rnokasaHuu e

< pasa
(Mo omHoweHuro
K QbOHY OKpyxa
roweti cpeonl)



N3mMmepeHue
«CmpaHHO20 U3sly4eHus»
Ha yCTaHOBKe rasoBoro paspspga

n3mMeputensdamum cepum
qua‘q 3

Caseamumoea N.b. Aswapoe E.M.

Mockea, 20232.



CodepikaHue

lNocmaHoeka 3adayu
1. AkcnepumeHmarsnibHasi ycmaHoeKa u duara3oH napamMempoes u3ly4yaemMoz20 rnpouyecca
2. AHanumu4eckue cpedcmea OUeHKU U3Jly4eHUsl U UX 803MOXHOCMu
3. Pe3ynbomambi uamepeHuu
4. O6¢cyxdeHue pe3ysibmamos uUsMepeHul
5. BO3MOXXHble MexaHU3Mbl U TIPUMEeHEeHUSs

. Bb1s0oObI

Llenb uccnedoeaHuli
lMokazamb Heo6xo0uMocmb U3MepeHUl UHMeHcUusHocmMu
3/1IeKMPOMa2HUMHOR20 U He3JIeKmMmpoMa2HUMHO20 U3J1y4YeHul
Ons1 onpedesieHUsi 30HbI 6e3onacHoll pabomsbl ¢ npubopamu
U ycmaHoeKaMu, 2eHepupyrowuMu «cmpaHHoe u3Jsly4eHue»



lMocmaHoe8Ka 3adayu:

UccnedoeaHusi nocnedHux decsamusiemull NoKasasau, Ymo MHoO2Ue Nnpoyecchbl COrnposoxoaromcs
«CMpPaHHbIM U3JTy4YEeHUEM», pe2ucmpupyeMbIiM MHO2UMU uccsiedoeamersisiMu U nposieIsiiowum cebs
Kak mpeKu Ha nosepxHocmu Memasnnu4yeckux ob6pa3uoe , peHma2eHoO8CKUX M/1EHKax.

Hanpumep, Ha o6pa3yax pa3siudHbIX Memarsisioe nocse obsiy4eHUss ux HU3KO3HepP2emu4yeCcKUMU UOHaMU &
mneroujemM pa3pside 8 sude pa3HOObpPa3HbIX MPEKO8, 8 MOM HUCJIe U MPEKOE KakK 6bl «CriupasibHo20» O8UXKEeHUS
HeKUX 4Yacmuuy U Ha PeHM2eHO0B8CKUX IM/1EHKaxX, PacrosioXeHHbIX 6HYymMpu U CHapy»Xu pa3psiOHOU KaMephbl.

IMo0obHbIe cnnedbl Habnrodan M. ConnuH Ha nosepxHocmu 60/1bW 020 06 BLEMa 3acmbigwie20 MemaJisa rnocrie
3J/IeKMpPOHHOJTy4Yeaol niaeKu.

lNo3dnee J1.U. Ypyukoee Habsro0asr amu mpekKu rnocie «3JIekKmpu4ecko20 83pbiea e80J/ib(hpamMoeol
npoeoJsIoYKU» Ha peHmaeHo8ckKux nnéHkax. «[lnaHupyro pacwupumsy

Jl. N. Ypyukoees, A. A. Pyxadse, [. B. ®ununnoe, A. O. Buprokoe u 9p.
UccnedoeaHue criekmpasibHO20 cocmasa ornMmu4ecKo20 U3J/1y4eHUSs Mpu 3JIeKMpuU4eCKOM 83pbige
eosnibghpamosol npoesosiodku. «<Kpamkue coobuierHus no ¢pusuke PUAH», 2012, 7, 13-

Hacmo mpeku umenu cnupasneobpa3sHsbiii eud unu nodobHbIl csiedy om casroma.
NHo20a Habrnrodanu cO80eHHYI0 crupasb usiu crnupasau, CUMMeMmMpPUYHO pacxolsuiuecss om oOHOU MOYKU.

,q.l'lﬂ pacwupeHus yany()'neHun NMOHUMaHUsA rnpouyecca 661510 3arJiaHupoeaHo npoeedeHue pﬂda
JKCriepumMeHmoes, pe3yjibmamsal, 00HO20 U3 KOmopbIX U3J10)KeHbl 8 3IMOoM doknaode.



SKcnepumeHmanbHas 2a3opa3psiOHasl ycmaHoeKa

Puc.1 Cxema ycmaHO8KuU 2a308020
pa3psioa

YcmaHoeka mnerowez2o paspsioa, 8
Komopoli co3daeasiacb npomul u/unu
delimepuli codepxawas
Hu3KomemriepamypHas rnjiasma,
eknrovana

— pa3psiOHyro Kamepy o6 LEMOM

C KOpIrycom, cocmosiuum
U3 KOaKcuaJlbHbIX 6HEeWHel U 6Hym
peHHel mpy6 u3 Keapueeso20 cmekna,
oxstax0aeMbIX MPOMoOYHoOU 8000ll,
¢hriaHuee u anekmpododepkamernel
u3 Hepxxaeseroweu cmanu X18H10T,

makxe oxsa>kéaemMbIX MPOMO4YHOU 8000l
— cucmemMy 8aKyymMupoeaHUs, cucmemy nodaqu 2a3a, HecmaHOapmHbIU UMMNYJIbCHbIU UCMOYHUK MUMaHusi
u ocyurnnoepach

Peaucmpupyemsbie 8 npoyecce 3aKkcriepuMmeHmos ocyusisiozpagpom Tektronix eenuduHbl UMMYJ1IbCHO20
moKa U HanpshXeHuUsi cocmaensinu = 200Au U= . Yacmoma f pe2ucmpupyemoz20 moka
usmeHsinacb om 50 do 50! Ha puc. 1 npueedeHa cxeMa ycmaHoO8KU mierou,e2o pa3psoa.

lMocne eakyymupoeaHus pa3psiOHasl KaMepa, 3arnoJsiHsi/lacb nia3MoobpasyrouumMm 2a3omM A0 OaesieHus!
10) Topp. Pa3psid e H u D cpede ocyujecmensisicss 8 pexxuMm UuMnysibCHOM pexxume 6e3 ebixo0da Ha
«aKmueHbIU» PeXXuM ¢ nakemamu UMIy/bCOB8.



U3mepeHus konebaHul 3¢hupHoU cpedbl usmepumensamu A3

L{ugbpossie usmepumenu konebaHull agpupHou cpedsbi cepuu U3
npedHa3Ha4yeHbl Orisl peaucmpauuu He 3J1eKmpoMa2HUMHbIX U3/Ty4eHUd.

[eTtekTtopom nameputenen cepum N34
asnaetcsa ‘bugunapHas kamywka Kynepa’
noaknovyeHHon “Busikou AepaMeHKO”

Nameputens UF3A Ha UMPPOBOM MYNbTUMETPE
dmpma C BCTPOEHHbIM aKKyMYNATOPHbIM NMUTAHUEM

Nameputens UF3A rp c ranbBaHMYECKON Pa3BsA3KON BXogHoe ) cnpaBa 1 NapannenbHbIM BbIBOAOM
Ha umdgposon ocumnnorpad doupmobl (cnesa) — oba Ha akKyMynaTOPHOM aBTOHOMHOM MUTaHUK



Xapakmepucmuku oKpyxaroujel cpedbl Ha usmepumene U3/ 2zp c canbeaHuU4YecKol pa3esi3Kol

MS
(MnnnucekyHg) (MUKpocekyHpa)

lMokasaHune konebaHum okpyxarwen apupHon cpeabl («gbsaykmyauyuu eaKkyyma») Ha BbIXo4e N3MepUTesns
UM rp cranbBaHUYeCcKoW pasBs3Kon), HaxXo4sWerocs B HEBO30YXXOEHHOM COCTOSIHUN
®oto cnesa. Ocuunnorpamma npu LeHe geneHns BpeMeHHON LiKarnbl (MunnucekyHn),
®oto cnpaea. OcuunnorpamMmmMa npuv LeHe AerieHns BpeMeHHOW LWKasbl M (MMKpOCeKyHn)
Kak BuHO doopma curHanos (6enbin LWym) u amniuTyabl HE UMEIT NPUHLUNUANbHbIX OTNMYMIA Ha 3 X Nopsaakax

N3amepeHusi, npoBedeHHble Ha YacToTax oT Jo LeHa gerneHns BpeMeHHOW LWKanbl oT no M
NoKasblBatOT YTO BO BCEM YKa3aHHOM AManasoHe 4acToT Ha ocuunnorpade BuaHa ogHa 1 Ta Xe KapTuHa konebaHunn
CUrHana Kak B gunanasoHe 3Ha4YMMbIX aMmninTyg, Tak U B popme curHana 6enoro wyma, KoTopbli K KOHLY AMana3oHa
BCEro NMULLb CriiaXXmBaeTcs YaCTOTHOM XapakTepPUCTUKOM 3NEKTPOHHbIX KOMMOHEHTOB (Npeaen 4acToTbl onpeaensieTcs
BEPXHMM YACTOTHLIM NPeaenom 351eKTPOHHOM KOMNOHEHTHOM Bas3bl, U3 KOTOpPOW cobpaHa ranbBaHU4YecKasi pa3Bsi3ka
nameputens AN rp

BbllweckazaHHOe UnnCcTpupyeT, YTo pukcnpyemslie nameputenamu U3 konebaHusa adonpHOM cpeabl Bbi3BaHbI
e€e BUXpeBbIMU 06pa3oBaHUAMU C LUMPOKUM AnanasoHOM 4YacToT konebaHuin OTNUYalLWUXCs He MeHee YeM Ha 7
nopsiAKOB, JaXe Korda cama cpeja HaxoauTcHa B HEBO3DY>XAEHHOM COCTOSAHUMU



O6uwuii eud umnynbCcHOLl 2a3opa3psaiOHOlU ycmaHo8KuU ¢ usmepumensimu “Urag ” (cneea) 5a

Cnpaea noka3aHusi usmepumenem “UlIr3L 2z2p”

%

U ) konebaHul okpyxaroujel 3ghupHoU cpeodsbl.



KonebaHusi acbupHou cpedsbi Ha npubopax U3/

Bpewms

NamepeHnsa nposeaeHsl 20.02.2023r.

Ha 2a3opa3psaOHOL ycmaHoeKe

MecTto + nHgpopmaums

YTO4YHeHusA

Mokasanusa UMM, 2rp (

4 sTax

KabuHeTt

Ha ctone 3m oT aBepu
ctona  gBepwu

I nBepu

KoHpepeHu. 3an

asepun | nsepwu

Ha nogOKOHHUKe OKHY
Ha ctone c yctaHoBkown, He paboTtaBLuen
MecsL

| UMNUHOpP. yCTaHOBKE)

Bes akpaHa ## (PoH)
C akpaHoM cTeknoTekcTonut .4Mm+3$%0.2Mm

2 aTax
nabopartopus

Oetexktop U3 2rp
(2 atax nabopartopus )

— MaKCnmaJibHOE 3Ha4YeHUne;

[Noka3aHusa ocuunnorpamMm Ha & - (
ranbBaHNYECKOW Pa3BA3KON
MUWHUMAJIbHOE 3Ha4YeHUne;

) C )
(")

+  CpedHee 3Ha4YeHune

3anyck oxJsiaxaarLien Boabl Ha rasopa3psigHON ycTaHOBKe

( AaBneHue B paspsgHoi kamepe P ( MM H,

, NokasaHue gosumetpa OKr-02Y = 0.16+15 m38/yac)

Bpewms MecTo + nHdopmMaLms Mokasarus UTSN - yBenudeHue ®oTo
Hag hoHOM
Ha CTome y OKHa 1,720,12
(PoH)

Ha HapyxHon KkBapLeBon / + & "
Tpybe paspsaHOn Kamepbl -
BknioyeHue NoToka BoAbl

Ha HapyxxHow KBapLieBOW [ £30 &
TpyOe pa3psigHON KaMepbl om 1,72
neprneHanKynspHO eé ocn)

N3mepuTens 3O 2rp 250 + 30 &
( netektop O! ocu Tpy6GHl

( ranbBaH. pa3Bs3ka) B

Ha paccTosAHUN ~ 45 MM (om 0.0566

- PaccTosiHMe gaTtuuka oT pas3psaHon Kamepbl) -- . — K03(ppULIMEHT yBenuueHUus Hag poHOM (B % pa3)



KomrioHeHmbI usmepeHusi KoriebaHut 3ghupHoul cpedbl Ha 2a3opa3psiOHOlU ycmaHo8Ke

O6wun Bua n3amMepuTensHOM YacTun KonebaHunin acpmpHon cpeapl ¢
Ms1 uameputenammn cepun I3

nrag Ha akKyMynsiTopHoM nutaHum ¢ getektopom O

U3 2rp Ha akkymynaTOPHOM NUTAHWUK C NOAKITOYEHHBLIM K HEMY
ocuunnorpagom Ha akkymynsTope).

M3meputensHas yacTb
nrag 2rp




[Noka3aHus amnnumyObl MoOKa U Hanpsi>XeHuUsl Ha ocyurnogpaghe ycmaHoeKu

Mprmep perncTpaumm napameTpoB
MMNYNbCOB B pa3psiae Bogopoaa:
Tok B umnynbce (kaHan

I ( #4 Genbin
t ( p

HanpspkeHne B umnynbce (KaHan
5 ("6 CUHWI

BxogHoe HanpsixeHne reHeparopa
5

Ha doTo cnpaBa NpoaomKeHUe NpaBoit YacTu UMMNyJTbca FOBOPUT O GLICTPOM 3aTyxaHuM curHana (He 6onee 5.5 00TBETCTBYET

nokasaHusIM Ha ocuunnorpadge

nocre Bcnnecka koneGaHus YACTO 3(PMpPHOM cpeabl, CMOTPY Ha NpeabiaylieM cnaae




3.3 UNsmepeHus konebaHus aghupHoU cpedbl Ha 2a3opa3pssoHoU ycmaHoskKe (

Pa6oTta ycTaHOBKM Ha Bogopopne

I ( :
nra nmag r
Moka3zaHus naa Aran rp
Bpewms MecTto + nHgpopm I 5%, i - i - doTo
' yBerim4yeHus yBern4yeHus
( #
(/
4 / *+ ( —
P=4 H MepneHanKynsapHoO 23&( p
13:30 =% MM 5. ' 6 ocu Tpy6bI -
i | BBX= 10B ()& /
) reHepaTo .
( patop) +1, -/ # oT | ##
ot 1,72
(o
[#
1
4 MNepneHaukynsapHo -
. ocu TpyObl
13:46 08& 6
( & 1 B _/[# pa3
P( mmH B_ L _pas3 oT / ##
o1 1,72
5Bx B
reHepaTop
/# II#
0.6A/ MapannensHo
ocHU TPy6hI B
. 28 B 6
13:59 —_ "
()& Bl pas B_/" pa3
oT 1,72 oT / ##

Oatuuk noBepHyYT Ha 90° no cpaBHeHUIO ¢ 13:39 u Noka3bIBaeT7 aHU3OTPONUIO7 U3NTYyHEHUNA




P=4 mm H (_4
1 id
o s e -
14:09 parop (*1&*
Mepnenam 5 5 - _#
KyNSPHO OCK (1&* — om om 0,0566
TpyOhl
P=4 mm H
,/ "
5ex=~30B (1 - Ha
14:13 (reHepaTOp)
: 5" 6 ___ N
53 * L i
Mepnengn om o1 0,0566
KyNsipHO OCK
TPyOhl
Ha# ™M oT paspsagHOM Kamepbl
BuAeH hOHOBLIN «LLIYM»
N3mepeHre
14:20 | makcumyma Y
[anbHOCTU
B/ _pa3
I#
POoH Ha Tpybe
MutaHve B 1 pas
16:20 OTKIOYEHO ;
®oH y oKkHa
B__/ pas
- PaccTosiHue oT pa3psigHoOM Kamepbl  -- . — k03chpmLMeHT yBenuyeHus Hapg hoHoOM B % pa3




3.4 UNsmepeHus konebaHus aghupHOU cpedbl Ha 2a3opa3pssoHoU ycmaHoskKe (

PaboTa yctaHOBKM Ha gentepumn 8/ (

nrag nrapg 2rp
[Noka3aHus
Bpewms MecTto + nHgpopm " $9%6&, i - i - doTo
' yBennyeHus yBenunyeHus
_#
/" -
58x=~10B
16:25
B_1 as
(reHepaTop) S P B /1 pas3
om -
ot 0,0566
#1
- ;
5Bx= B
16:30
B_# as
(reHepaTop) " P B / pas
om -
oT1 0,0566
1=2,6A / N
5Bx= B _
16:51 reHepaTto
(reHeparop) Umax~12,5kv | B_# pas3
(U=25v x 500) om " B_/1 pa3
oT1 0,0566
|=2,8A L -
17:10 (SrZ:::paTorI)B) B #" pas
Umax 1715 kV om " B 1/# pa3

(U=35v x 500)

ot 0,0566




17:21

5Bx= B
(reHepaTop)

1=3,0A

#/

Umax ~ 16 kV B pa3s

(U=32v x 500)

om "

B' pa3
ot 0,0566

17:24

5Bx= 0B
(reHepaTop)

1=2,3A

Umax ~ 21,0 kV

(U=43v x 500)

/1

B # pa3
om "

B pa3
oT1 0,0566

- PaccTosiHue oT paspsigHOM KaMepbl

— KO3cphpuLmneHT yBenuyeHus Hag (poOHOM

N3mepeHue napamempos 3ghupHoU cpeodbl ¢ 80000

MIkana

Bpems Pexum doTo Bug Boabl nrag
Bopa n3 [
JaTyuk Ha YCTaHOBKMU —_—
CTakaHe
c BOAOM Bopa 1#
17:50 y OKHa Ouctunnar
YctaHoBKa Boﬂa nu3 | #
BbIKJIFOHYE€Ha
IMxana BOJOMnMpoBoaa




3o0Ha pacripocmpaHeHusi u' ( (yeenu4eHusi ¢poHa) Ha 2a3opa3psiOHOU ycmaHO8Ke

S .
ko i

, ®don nocJae

< (1

/
7
N
\ﬂ
®oH Ha TpyGe W #4 6
i IINEN (#" (1 #
\\ \
NN
\\ \
SOOS
< >< \\ > — #_# >
> /
\ N

N3mepeHns Ha ycTaHOBKe nokasanu, 4To pacnpocTpaHeHne U3ry4eHns NpoucxoanT CUMMETPUYHO B pacTBope
LUMAMHAPUYECKOrO KOHYCa C YrnoM packpbiTsa NpubnuanTensHo B 2 ° 110°, n3 obnacTtu, rae NpoucxoauT paspsa

BoasiHas py6aluka YyacTU4HO nornoLuaeT usnyyeHune B npegenax ' 20% OT OCHOBHOIO NMOTOKa M3Ny4eHusl, KoTopoe
ObINO BbISIBIEHHOE B M3MEpPEHUsIX, NMPOBeAeHHbIX BHE HACTOSLWEeN npe3eHTaLumn.



$)

Bb1800bI npu usmepeHuu napamempoe 3¢hupHol cpedbi 2a30pa3psiOHOU ycmaHO8KU

Mpy namepeHnn obHapyXeHO N3ny4YeHne Ha NOBEPXHOCTU KBapLeBon Tpybbl npeBbiwarowee (PoH KorebaHMM OKpyXxaroLlen
ac¢mpHOM cpeabl 6onee 4yem B  pas, Npy TOM 4YTO yCTaHOBKA He BKIKOYanacb B Te4eHum 6onee ro mecsua

O6HapyXeHO n3nyveHne nNpu BNyCcke oxraxgarLlern Bo4bl ra3opas3psgHon yCTaHOBKM MNpeBbieHne hoHa konebaHuim okpyxarLLemn
3MpPHON cpenbl Ha NOBEPXHOCTM KBapLEBOM Tpybbl B pas, n Ha pacctosHuM B ~40mm B " pas
[Mocne akcnepuMeHTa ¢ pa3ps4aoM B cpede BoAopoaa npeBbiweHune ¢poHa coctaBuno 6onee/ yem 1 pa3s 41O roBOPUT O TOM, YTO

KaBUTaLMOHHbIE MPOLIECCHI, MpoUCcXoasiLMe B oxXna)xaalouwlen Boae, Bo3pacTaioT

Mpu paboTe yctaHoBKku Ha Bogopoge (v Jentepun (8 pernctpupoBanoch Ype3BblHanHOe NpeBbILeHNE U3NTyYeHUS Ha MOBEPXHOCTU
KBapueBon Tpybbl, npeBbiwarwee hoH KonedbaHmm okpyxarLwen 3chMpHOM cpeabl OT A0 # ThICAY pa3; Npy NUTaHUU YCTAHOBKU
ot 10 go 30 BoNbT NEpPeEMEHHOro ToKa, 1 Ha pacctosHun 300 MM OT KBapLeBo Tpybel — oT 24 go 27 pas!

Hago oTMeTuTb YTO Ha paccTosHUM nopsaka # < # MM OT KBapLieBOV TpyObl yCTAHOBKM B MPOLIECCE rOPEHNA paspsiaa B
BOOOPOOO W AENTEPUIA CopepXalumx cpenax konebaHus, perncTpupyemMble Kak He NeKTPOMarHUTHbIE U3NyYeHUs, He npeBbiwanu
¢OoHOBbIE — MPOMCXOANSO BLICTPOE NageHUa amnnTyabl kKonebaHui

[Mpu paboTe ycTaHoBkKN Ha [dentepun (D) Tak e perncTpupoBanochb Ype3Bbl4anHOE NPEBbLILLEHNE U3NTYYEHUSA HA MOBEPXHOCTH
KBapueBoOn TpyObl rasopaspsiAHON YCTaHOBKM, NpeBbiwatolee hoH KkonebaHun okpyxatrowen acpupHom cpeabl ot 10 o ~17 Thicay
pas! npy nutaHum yctaHosku ot ~10 go ~30 BonbT.

AHanus nokasbiBaeT ropasgo 60nbLyo 3aBUCUMOCTb aMnnUTyabl konebaHun aupHON cpeabl OT aMnnTYAbl HANPSXKEHUSA U OCTPOThI
UMMynbCca, YeM OT TOoKa UMMYNbCa, YTO YKasbiBaeT Ha 3aBMCUMOCTb FpaaueHToB AaBneHns aUpHOM cpeabl OT 3MNEeKTPUYECKOro
HanNpPs>KeHUs T.e. UHTEHCMBHOCTW KonebaTenbHbIX NPOLEeCCOB B 3TOW Cpeae, OT HanpsXeHns uMnyrnbca, NponopumMoHanbsHOro rpagueHTam
JaBneHns B 3TOW cpefe

OnbIT paboTbl ¢ M3ameputenamm cepum “Ur'SL &&” nokasbiBaeT 4TO JID6OU 3silekmpuYeckull pa3psid 8 2a3006pa3HoU, XXUOKoU unu
meepdoli MamepuanbHbix cpedax npueodum K 803HUKHOBEHUI0 KonebaHul u usny4yeHul aghupHol cpedbi

[ns paboTbl ¢ pa3psiAiHbIMU YCTaHOBKaMU HeO6XoaMMO uccrnenosaTb Guonorndyeckoe BO3AencTeme Ha 06beKThl TUMa “nnaHapun” unu
apyrve, pacrnonaras ux B 30He peructpaumm nsnyyeHus aupHon cpebl

TonbKko nocne npoBefeHUst NONHOMacLUTabHbIX UCCneAOBaHUN BO3AENCTBUA U3NYYEHUU Ha bMonornyeckme o6bLeKThbl, a Tak Xe U
3alMThl OT HUX AOSMKHbI MPUHMMATLCA HOPMaTUBLI ANl paboThl Ha YCTaHOBKaX € pa3psifaMy B MaTepuaribHbIX cpeaax
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C. ®. Tumawes, U. 6. CaBBatumoBa, C. C. lNotewwuH, C. M. PbiHas, H. . Kaprun UHULMUUPOBAHUE UCKYCCTBEHHOM
PAOUOAKTUBHOCTU NPUMECHDbIX 9JIEMEHTOB B CBMHLIOBOM KATOLE B YCINOBUAX TINEKLWEINO PA3PALOA
XypHan comsnyeckon xummn 2023, 197 _7,ctp 1 1

Tumawes C.®., CaBeatumoBa U.b., NoTtewunH C.C., CoicoeB A.A., C. M. PbiHasna, H. . KapruH. ®usnka anemMeHTapHbIX YacTvL
M aToMHoro sigpa. 2022. T.53. Bbin.1. C.110. — @>>&< D # "1
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N3mepeHue
«CmpaHHO20 U3ny4eHus»
rasopaspsaagHoro nasepa

n3mMeputendamum cepum
qua‘q x 9

Aeswapoe E.M., SleyxuHckuu J1.C.

Mockea, ceHmsbpb, 20232



U3mepeHue Konnebarul 3c¢hupHoli cpedsbi npu eo3zdelicmeuu %  snaszepa Ha o0y

NMpeameTom nccnegoBaHUs N USMEPEHNN SIBMSETCA HEUM3BECTHOe “‘cmpaHHoe u3snydyeHue” %  2a308020 slasepa
HakKauyka KOTOPOro NpoM3BOAMTCS ANEKTPUYECKMM Pa3paaoM B CMECHK ra30B NoA AABMEHNEM : 2.5 Topp

[lns namepeHnn ncnonb3oBarncs reniin HEOHOBLIW Nasep C ANMHON BOSHbI #
KpacCHbI) MOLLHOCTbIO L puUC. , pPacrnosioXeHHOro Ha PacCcToAHUn ' oT
OBEPXHOCTN BOAbI.

Bosgencteune nponssogmnock Ha soay (buguctunnat) oobbemom C 1 BblicoTON cTONGA
, PACNOIOXKEHHYIO BHU3Y repMETUYHON NNacTUKON UnnmHapuyeckon npobupke npea

Ha3Ha4YeHHON aAns GUOXNMMNYECKMX NCCreqoBaHNin puC.

Jlyd nasepa npoxoaun Yepes npo3payHyro AOHHYK YacTb LUnuHapa B
Boay Bokpyr (BHe) uMnuHapuyeckomn Yyactn NnpobupKn pacronoxeHa
OucunsapHasa KaTyLlKa gaTymKka, NoAKITHYEHHas K ero 9NeKTPOHHOM YacTu
— “Burnike ABpaMeHKO” — C BbIBOOM Ha KOaKCuarnbHbIN pasbem

[aTynk nsmepuTens NOAKMIOYEH K MyNbTUMETPY
CO BCTPOEHHbIM akKyMYnATOPHbLIM MUTAHNEM (pUC.

Puc. 1. Jlasep c garymkom Puc. [HOatumk
Puc. Mynbtumetp
nameputena AL 9 c kabenem
rnokasaHue npu pabote nasepa [#1

Ot + + nasepa ugeT pacxoasiLMncsa KOHNYECKNn 3UPHbIA NOTOK OT LEeHTpanbHOM YacTu 3TOro 3dMPHOro noToka
nayLLero no ocu nasepHoro fiyya, NPoUCXoanT peskoe nageHue nokasaHun BOOSb paguyca no Mepe yaaneHusa ot ocu U
Ha paguyce ' * 00 konebaHue rpagneHToB adMpPHOro AasneHns Bo3BpawatoTcs K GOHOBbLIM 3HaYEHUAM




Pe3ynibmambl uaMepeHus “cmpaHHoO20 u3ssiyd4eHusa” %  naszepa 633 $ +

Mry, HUN ¢pusuko xumu4yeckolu buonoz2uu kab.429, 25.09.20232.

Ha puc.4. npeacrasneH rpaduvk nokasaHuni nameputena MF3Q * c npatymkom namepenus konebaHum acompHom cpeabl
Ha BOAY, HaXoAsLlencs nod AenctemeM + + nasepa ' (KO3 MULUMEHT NPEBbILLEHNS N3MYy4eHUSI (DOHOBOTO 3HAYEHMUS,

A
1 . (
Jlyy nasepa nepekpbIT
“=] donbrupoBaHHbIM
e CTEKNOTEKCTOSNINTOM
(1 o TonwwuHa 6 =1.5
BT.4. X $% (
O6na4yHoCTb paccesnachb
Hayano paccacbiBaHus o6nakoB
LI,MKnorpamma BKJTFOMEeHUA J1a3epa I'"'I
| He6onblume konebaHus | ] }
\ ®oH (M ®oH (M # /
/ AdmpHOM cpeabl AdmpHon cpeabl T (Mun)
.

Puc. Fpaqwu( 3aBUCMOCTU N3ny4veHund - Jla3epa OT UuKra BKI4YeHNUA U NorogHbIX yCﬂOBMVI BHELLUHeN cpenbl.



Pe3ynbmambl usmepeHusn “cmpaHHO20 U3Jly4eHusi” nosiyrnpoeoOHUKO8020 Jla3epa

lNpeameToMm n3amepeHnn siIBNSETCS HEU3BECTHOE “cmpaHHOoe u3siy4eHue” rnonynpoBOLHUKOBOrO flasepa
MO CPABHEHMIO C U3NTyYEHNEM + + rasopaspsiaHOro nasepa, onMCaHHOro BbiLLE.

Ha puc. 5. nokasaH nonynpoBOAHMKOBbBIN N/N nasepHbIN U3ny4vatesb, Co34aHHbIN Ha 6ase nasepHoro
Moaynsa $ $ $+ paboTaeT B HENPEPBLIBHOM UM UMMNYFbCHOM peXumMe OT reHepartopa
CUrHanos yepes KoakcuanbHbIM pa3beM/ Nnog ynpaBneHMem paspaboTaHHOM 3NEKTPOHHON CXEMBbI

M3mepeHune nokasano 4to . NofyNnpPOBOAHUKOBOrO nasepa npu HENPEpPLIBHOM peXxnumMme paboTbl HE
npesbiwaeT 12 15%, 1.e. koapdpurumneHT npesbiweHna . N(

B aTtom nanyyenme n/n nasepa NnpuMHUUNUanNbHO OTANYAEeTCAa OT ra3opas3psigHOro nasepa, y Kotoporo
Heu3BeCTHoe “cmpaHHoe u3nyd4eHue” nmeeT . / npeBblwarLwee oHoBoe cpeabl B ~ 300 pas ;;

Pwuc. *. JlazepHbii n/n nsny4vaTtene.

UccnepoBaHus, npoBeAeHHbIe C rasopaspsaaHbIM J1asepoM, a TaKkke
npeablaywme nccrieqoBaHUA aBTopa, NOATBEPAUIN BbIBOA O TOM, YTO<
J110601 annekmpuyeckul pa3psad e 2a3006pa3HoOl, XUOKOU unu
meepdoli MamepuasibHbIX cpedax rnpueodum K 803HUKHOBEHUHO
KosnebaHul u usny4yeHul 3gupHoOU cpeodbli

Ha nepBbIf nnaH BbIXOAUT HEOB6XOANMOCTb NCCef0BaHNSA BO3AENCTBUSA BbISIBNEHHbIX “CTPaHHbIX U3Ny4YeHunin”
npu rasopaspsaHbIX Npoueccax Ha BUonornyeckne XunBble opraHnamMbl TUNa “nnaHapun” Um “pblbHBIX NKPUHOK”
ANs afeKkBaTHOro BUAEHUS OMacHbIX NpeaesioB UHTEHCUBHOCTU BbILLEONUCAHHbIX U3NMYYEHUN,

NamepeHne « CTpaHHOro U3yYyeHusi» ra3zopaspsiAHoro nasepa — @>>< FFF 3 % &+ '& % 41 'HI 41 'HI8 @> CK HI 9' &+
N3mepuTens MpagneHToB ApupHoro JaeneHus “UT3dQ 7 @>>< FFF3 % &+ '& % 41'HI 41 'HI8 @> CK HI




JlromuHecyeHyuu eo0bl nocsie eo3delicmeusi %  2a3opa3psiOHO20 sla3epa

Bpyckos B.N. AryxuHckui J1.C. ¢ coaBTopamn B ctatbe 2009 . “AemokonebamesibHbIlU MPoYecc JIIOMUHECUEeHYUuU e00hbl,
UHOyyupoe8aHHbIl Js1a3epHbIM 06s1yyeHuemM” npeacTaBuny pelynbTaTbl BO3OENCTBUS HA BOAY ra3opaspsgHoro + +  nasepa

WIHCTUTYT TEOPETMYECKON U SKCMEPMMEHTANbHON Bnodunsankm Poccuinckon Akagemun Hayk, MNywmHo Mockoeckon o6n. degepanbHoe
Kocmuueckoe areHTcTBO, MockBa WHCTUTYT ddn3nKo xummudeckon ouonormm um. A.H. benoaépckoro MI'Y nm. M.B. JlomoHocoea, MockBa

O6nyyeHne C OBUMAUCTUNNIMPOBAHHOW BOAbI MPOBOAWIN B MOSIMMPONUIIEHOBbLIX (PriakoHax C MOMOLLbIO renuin HeoHoBoro nasepa JIMH
208A # |/ "L B TEMHOTE Mpu KOMHATHOW TemnepaTtype, paccTosiHMe OT fla3epHon Tpybkn 40 noBepxHOCTM Boabl 30 Mm
n3MepeHmne NIOMNHECLEHLIMN XeMUNIOMUHOMETPOM BuoTtoke 7A 2  guanasoH cnekrpasnibHon YyBCTBUTESNIbHOCTM "

3apepxaHHble XMMUYECKME MPOLLECChl NOPOXAEHHbIE 0BnyyYeHnem Boapl
nasepom, nog BO34encTBMEM KOTOPOro B BOAHbIX pacTBOpPax, HacbILLEHHbIX
BO34yXOM Mpu HOpManbHOM aTMOCHEPHOM AaBreHuu, npoucxoant obpasoBaHve
aKTMBHbIX cbopm kucnopoga (APK

[Mpn 3TOM BbINO OOHAPYXKEHO, YTO NPY KPATKOBPEMEHHOM 0ONyyYeHn BOAbI
nasepom B HEW BO3HUKAKT XMMUYECKME NMPOLECChI, KOTOPbIE CO BPEMEHEM

nepexonaT B konebartenbHbIN NPOLLECC POXAEHNS Nepekncu sogopoga ( @ ) u
ee obpaTHOM guccoumaumnen ¢ pacnagom nepekucy sogopoga :  obpartHo B
Boay ( : conpoBOXaawoLwmx KonebaTenbHbIN PEXUM NIOMUHECLEHLNN

C nomoLubo cneundmyeckoro pnyopecLeHTHOro 3oHaa 66110 NoKasaHo, YTo
npv BO3AENCTBMM 3TUX (PAKTOPOB Ha BOAY npomcxoauT obpasoBaHmne
rmapoKCcUnbHbIX paaukanos (OH™) n ysennyeHne nx reHepaunm Npyu NOBbILLIEHUN
pH npwu ocBeleHnn nazepom obpasdyeTcsi CUHIMETHbIN KUCIOPOA, KOTOPbIV
OKMCNSeT rmapoKeun UoH ¢ obpasosaHvem OH" 1 O  pagukanos v 3atem
nepekncu Bogopoaa.

B Nnonb3dy CyweCTBOBaHUA KaBUTALIMX BO3AYLLUHbIX MY3bIPbKOB MO BO34ENCT
BMEM CBETa CBNOETENLCTBYHOT NMPOLIECCbl akKTUBaLlMK MOJEKYIN a30Ta,
paCTBOpPEHHOIO B BOAE, NpuBoadLline K HakonrieHo B BOOge OKACIIOB a3oTa U
YMEHbLLIEHNIO CoaepPXXaHNUA MUKPONMY3blIPbKOB BO3aYyXa

Mcnonb3oBaHWe NonynpoBOOHUKOBOrO nasepa (5 L/ # ) HE BbISIBUNO NOMNYyYeHHbIX paHee a(PeKTOB NO3TOMY BO3HUKNA ocTpasi
HeobX04MMOCTb NPOBEPKU, C MOMOLLILIO HOBbIX JAaTYMKOB A5l “He afnleKmpoMa2HUMHbIX usmMepeHul” cepun “UrJ[, 2xx”, pasnuume mexay
rasopaspsiiHoiMu + + nlasepamu 1 NonynpoBOLHMKOBLIMU, UMEKLLMMU OANHAKOBLIE BbIXOLAHbIE XapakTePUCTUKN CBETOBOrO fla3epHoro nyya
pesynbTaThl U3BMEPEHUI BO3AENCTBUSI 060UX NTa3epoB NpUBEAEHbI Ha CTpaHULax Bbille



