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UCCJIEJOBAHUE NMPOTUBOOBJIEJEHUTEJIBHON
AKNIKOCTHU OHTOJIEKTPOHHBIM PE®PAKTOMETPOM

Hacrosmias paborta nmocssiiieHa HCCIIeI0OBaHUIO POTUBOOOJICICHUTENBHBIX KUIKOCTEH pa3paOb0oTaHHBIM ONTO3JICK-
TpoHHBIM pedpakromeTpoM. OmnpeneneHne NOATMHHOCTH COCTaBa M Pacxojia 3THX XKHUIKOCTEW Ui TEXHHYECKOM
CITy>KOBI ad9poropTa, 3aHKUMarolIeiics 00paboTKOil KopIyca BO3IYLIHOTO CyHa, BCer/ia ObUIo akTyanbHbIM. B pabo-
T€ MPEJCTaBICHB O0BEKTHI UCCIEIOBAHUA: BOAHBIC PACTBOPHI ATHIICHIIIMKONS W MPOIMMICHTINKOI, KOTOPBIE CO-
ctaBmsroT 95% cocrasa xunkocrei Tumos TUII I, TUIT 11, TUIT IV. IlpuBenena cTpykTypHast cXxeMa ¥ BHEIITHHN
BUJI ONTO3JIEKTPOHHOTO pedpakromerpa. [lomydeHs! pe3ynbTaThl H3MEPEHHH TeMIIepaTypHBIX 3aBUCHMOCTEH IOKa-
3arens mpejaomiieHns n(t) A7 pacTBOPOB STHIICHIVIMKOS W IPOMIJICHITIMKONS B AMAIa3oHe Temmeparyp oT 12
1o 100 °C u qns xonnentparwmii or 0 g0 100 %. VccnenoBanbl CIEKTPHI YABTPAPHOICTOBOTO OMTHYSCKOTO MPO-
MyCKaHMs B STHJICHIJIMKOJIE U nponuieHrkone kinaccoB OCY B auamazone muuH BoH A 210-320 HM ¢ morper-
HocThiO He xyxke AT = 0.5%. JlaHbl TEXHUYECKHE XapaKTEPUCTUKH ONTOIIEKTPOHHOTO pedpakToMeTpa.

K. ca.: npOTHBOOOIEICHUTENIBHAS JKHIKOCTD, CIIEKTP, OIITUYECKOC MPOITYCKAHNUE, STUJIICHTTINKOJIb,

MPONUJICHIITIMKOJIb, MPEAINOJCTHAA IMOJATOTOBKA

BBEJIEHUE

Ha mnpoTsbkeHMM HECKOJIBKMX JECATWIETUH BO-
MPOCHI OE30ITaCHOCTH TOJIETOB B aBHAIMU 3aHUMAaJU
nepBocrenenHoe mecto [1, 2]. B coBpemeHHOIt
aBUalyu 0e30MaCHOCTh TOJIETOB ONpEACIsIeTCs pas-
JIMYHBIMY HAIIPaBJICHUSIMH ITIOATOTOBKH K IojeTaMm [3,
4]. OgHO W3 TakWX HalpaBJIEHUH — 3TO Tpea-
MOJIETHAsI IPOTUBOOOJIEICHUTEIIbHAS 3aIIUTa KOpITyca
Bo3aymHoro cyana (BC). Mccnenys nanHoe Hampas-
JICHWE, BBISBIIEHA OCHOBHAS IMpoOJieMa 3aIIHuTHI KOp-
myca, KOTopasi 3aK/II0YaeTcsl B CIEAYIOLIEM: BO-IEp-
BBIX, HEOOXOIMMO TPaBUILHO O0O0OCHOBaTH BBHIOOD
cocraBa npoTuBooOIenernTensHON xuaroctu (I10XK),
BO-BTOPBIX, OMPECIUTh PEXUM 3alUThl Kopiyca BC
B COOTBETCTBMU C TEXHHYECKUMH BO3MOKHOCTSIMHU
a’ponopTa Ui KOHKPETHBIX METEOPOJOTHUYECKUX YC-
JOBHH (Temreparypa, BIaKHOCTh BO3AyXa, OCaIK{
u 1.0.). Ilocne monumrtopuura I[IOX y pasubix
KOMIIaHWHA-IIPON3BOANTENEH BBISBICHO, YTO JAHHBIE
KUIKO(a3HbIE CPeIbl MMEIOT BBICOKYIO CTOMMOCTD
(ocobenHo wummoptHeie) [5, 6] IloaTomMy BakHBIM
BONPOCOM Ipu 00paboTke kopmycoB BC sBnsercs
ONTHMU3AILMS Tpolecca 3alIUTBI U IKOHOMHUS
WCTIOJIB30BAHMS ITHX YKUIKOCTEH.

B coBpemenHsbIx a3sponoprax npumensarorcs [1OX
Ha OCHOBE JTHJICHTIIUKOIISA, MPOTHICHTINKONS U JTU-
stunerrukois |7, 8]. CywectBytoT Tpu Buaa [IOK —
sro TUIT I, TUII II, TUII IV. Pernamentupyemsie
koHUueHTpauuun xuakocred TUII I Ha ocHoBe

88

STUJICHTJIUKOJISL COCTABISIOT (3THIICHIJIMKOJNB : BOJA)
ot (10 : 90) mo (90 : 10), a ITOXK THUII II u THUII IV
Ha OCHOBE NPONMJICHIIIMKOIS (IIPOIMICHIJIMKONb © BO-
ma) — (25 : 75), (50 : 50), (75 : 25), 100%.
HeoOxogumo p00aButh, uro B cocraB I1OXK THUII II
u TUIIIV BXogaT NOBEPXHOCTHO-aKTUBHBIE Be-
IIeCTBa, aHTHKOPPO3UITHBIE TIPHUCAAKH B PAa3HOTO poJia
saryctutent (1%) [9, 10].

[Nonyyenne nocroBepHON MHPOPMAIIUHN O COCTABE,
pacxoge, yrunuzanuu u perenepauuun [1OXK sBnsercs
BOXHOM 3ajadeil Juisi TEXHHUYECKOro MepcoHana,
KOTODBI HENOCPEACTBEHHO BEIET MPENOIETHYIO
noarotoBky kopmycoB BC [11, 12]. Mnrepec npen-
CTaBIIIET HCIOJIH30BAHNE ONTHYECKUX TEXHOJIOTHH,
OCHOBaHHBIX Ha METOJIe¢ IIOJHOTO BHYTPEHHETO
OTpa)KEHUS /IS TIpoIlecca KOHTPOJIS 3a mapaMeTpaMu
[TOX. IIpumenenune pedpakTOMETPUIECKUX TIPHU-
OOpOB M CHCTEM B JIAHHOH 00JIaCTH BO3MOKHO, €CIH
UMETh BCIO HEOOXOIUMYIO HMH(OPMAIHMIO IO OINTH-
YeCKHUM CBOMCTBAM ATHUX KUJIKOCTEH.

AHann3 TUTepaTypHBIX JAaHHBIX TOKa3all, 9YTO €CTh
paboThl, B KOTOPBIX YyXKe HMeeTcs WHPOpMaLus
M0 TIOKA3aTeII0 TMPEIOMIICHUS ITHIICHTINKOIS, MPOo-
MWIEHIJINKONIST W MX BOJAHBIX pacTBopoB [10-15].
Taxke MpHUBEJeH TeMIepaTypHbId KOIQQHUIUEHT T10-
kazarens: mpenomiierns (dn/df), ero 3HadeHWs WMMeEH
Gomb1II0it pasépoc B mpenenax ot 5-107° 1o 10-107° 1/ °C.
Koadpoumment npomyckanus (7) ITOX Ttaxxke ompe-
JeNscs, HO B Jy4IIeM CIy4yae HOCHJI OLEHOYHBIN
XapakTep.
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Pedpakromerpuueckue mpubOpbl M CHCTEMBI 00-
1Iero Ha3HA4YeHUS U MPUMEHEHUS Ha TIOCTax B adpo-
NOPTax HENPHUIOAHbI, T.K. TPEOYIOT CHELHAIU3UPO-
BaHHOW HacTpoiiku st KoHTpousa [TOXK.

[TosToMy wHcCreOBaHHS METPOJIOTHYECKUX BO3-
MOYKHOCTEH pa3zpaboTaHHOro pedpaxromerpa, anaim-
TupoBaHHOro K KoHTpomo IIOXK B coBpemeHHBIX
a’pOIOPTax, SBIAIOTCS TEPCIEKTHBHBIM U aKTyajlb-
HBIM HaIlpaBJIeHHEM Uil 0€30IaCHOCTH MOJIETOB.

Lenpro paboThl OBUIO MCCIIEOBaHUE MPOTHBOOO-
JIeICHUTENILHBIX JKUAKOCTeH pa3pabOTaHHBIM OMNTO-
3JIEKTPOHHBIM PePAKTOMETPOM.

IHOCTAHOBKA 3ATAYHN

[IpuMeHeHue B TEXHOJIOTHYECKOM IIHKIJIE 00paboT-
ku kopmyca BC pa3paboTaHHOTO ONTO3JIEKTPOHHOTO
pedpakTomMeTpa OYEBHIHO Ba)XHO, HO TpeOyeT Tou-
HBIX KOJIMYECTBEHHBIX JaHHBIX TI0 ONTHYCCKUM CBO¥-
crBam I1OX. IloaTroMy HEOOXOIMUMO MOJIyYUTH HH-
dopmario o 3apucuMoctu dn/dt OT KOHIIEHTpaLUU
(k) >TUIICHITTUKOIIS, TPOMMICHTIIUKONS U UX BOJHBIX
pacTBopoB Bo Bcem jauamnaszoHe £k 0-100% mpu Tem-
neparypax (¢) or 0 mo 100 °C. 3Ha4NMBIM SBIISETCS
BOIPOC TOIy4eHHs onTuieckoro mnpomnyckanus (7, %)
B PAcTBOpax OSTWICHIJIMKOJS W TPOMUICHTITHKOJS
B ynbTpaduoneToBoil obmactu cmektpa A 210—
320 M.

OBBEKTHBI U METO NCCJIIEJJOBAHUA

OOBeKTaMu HUCCIIEAOBaHUS SIBIIIMCH 00pa3Lbl BOJ-
HBIX PacTBOPOB 3THIJICHTVIMKONS W TIPOMMICHTIIUKOIIA,
NPEIOCTAaBICHHBIE TEXHUYECKOH CIIy)k00H ¢ HOCTOB
MPENOoIeTHON MoAroToBKH KopmycoB BC aspomnopra
"[TynkoBo". CocraB 00pa3moB: 3TUICHIIIUKOJb, MPO-
nuiieHrmukoss Mapok OCY (0co00 4YuCTHIA) M JUC-
TWTUpOBaHHas Boja. B cooTBercTBHmM C TpeboBa-
HUSIMH TIPENIOJETHON MOATOTOBKUM KopmycoB BC
KOHIIeHTpanust o0pa3ioB Obmia B nuamasone k  0-—
100%. B xauecTBe 00pa3LoB Il U3MEPEHUS MPOITyC-
kanust T B ynbpTpaduoneToBol 00J1acTH CHIEKTpa ObUIH
B3ATHl STHJICHIVIMKOJIb W HPONMJICHITIUKOIb MAapoK
OCU. [Ipu moaroroBke 0OpasiOB MPUMEHSUIUCH CEp-
TUGUIMPOBAHHBIE SJIEKTPOHHBIE BECHI C TIOTPEUTHO-
ctbio m3mepennit + 100 mr s padoueit mikaisr 500 T.

[ monmydeHus: AaHHBIX O 3aBucUMocTH dn/df
OT KOHLEHTpAaUUU Kk ITUICHTIUKOIS, MPOMMICHTIIH-
KOJII B MX BOAHBIX pacTBOpax BO BCEM JHara3oHe k
0-100% npu temneparypax ¢t ot 0 go 100 °C ucnosns-
30BaJICsl pa3pabOTaHHBIH ONTO3JIEKTPOHHBIN pedpak-
TOMETp, BHEIIHUN BUJI U CTPYKTYpHAas cXeMa KOTOpO-
ro npuseneHbl Ha puc. 1 u 2. Jlansbli npudop ObL1
JOYKOMIUIEKTOBAaH CIEKTPaJIbHBIM OJIOKOM, KOTODBIH
npyu HeoOXOAMMOCTH BBIBOAWJI Ha dKpaH HH(OpMa-
o o 7 aHanmu3upyeMoro oopasua.

HAVYYHOE [NIPUBOPOCTPOEHME, 2021, Tom 31, Ne 4

CBeToBOM MOTOK OT MCTOYHMKA M3JIydeHus 1 ¢ pa-
Oouei MHOM BOJHBI A = 589 uepe3 ONTHYECKOE BO-
JIOKHO 2 W ABYXJMH30BBIM KOHIEHCODP 3 mepenaBajcs
Ha TIOBEPXHOCTb IMPHU3MBI MOJHOTO BHYTPEHHETO OT-
pakeHus (TpamenenaagbHas npu3ma) 4, KoTopas u3-
TOTOBJIEHA M3  UTTPUH-AJIOMUHUEBOTO  TIpaHara
(YAG). Otpaxenue cBeTa Ha TpaHHIIE MEXIy pado-
4yell TpaHbl0 MPU3MBI MOJHOTO OTPAKEHUS W HUCCIe-
JIyEeMbIM  PacTBOPOM (OPMHUPOBATIO HM300paxKeHHE
TPaHUIBI "CBET — T€HB'", KOTOPOE JIMH30BbIM OOBEKTH-
BOM 5 JJOBOJMJIOCH Ha BXOJIHYIO I'paHb ONTOBOJIOKHA 6.
BxozaHas rpaHp OonTOBOJIOKHA 6 coBMmemiaercs ¢ (o-
KaJbHOM TUIOCKOCTBIO JIMH30BOrO oObekTuBa 5. [Ipu
MOJTHOM BHYTPEHHEM OTpaXKeHWH CBeTa Ha paboueit
TPaHU MPHU3MBI MOJHOTO OTPAKEHUS B 3TOW IUIOCKO-
cTi (OPMHUPOBAIOCH YETKOE M300pakeHWe TPaHUIIBI
"cBer — TeHb". [lomydeHHOE M300paXKeHNE TOCPENCT-
BOM ONTOBOJIOKHA 6 MepeaBaioch Ha OTONPUEMHHK 7.
BbixogHo# curHan oOpabatbiBajcst M HpeACTaBISLIICA
Ha JMCIIJIEE B BUJE UYUCIIOBBIX BEIMYMH IOKa3aTens
MIPETIOMJICHHSI WM KOHIIEHTPAINH, a TaKXKe TeMIepa-
Typbl. Pe3ynbraTel M3MepeHUi BBIBOJWIMCH Ha JBa
TOKOBBIX BbIBOAa 4-20 MA. [lns TtemmneparypHoi
KOMIIEHCALlUU PE3yJIbTaTOB H3MEPEHHUsl IOKa3aTess
MIPEJIOMIICHHS M KOHIIGHTPAIMK MCTI0JIb30BaINCh J1aH-
HBIE, [TOJIyYEHHBIE C TEMIIEPATYPHOI'O JaTYHKa.

Puc. 1. BHemnuii BUA ONTO3IEKTPOHHOTO
pedpakromerpa
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DNeKTPOHHBIH

OIIoK ?

Pammarop

OGpaTHEI KIaltaH

K yTipaBissmormemMy
] — KIIanaHy CHCTEMBI
TIPOMBIBKH

[NpHcoe THHHUT ENTEHBIT
thrarer;

ITorpyxHoit 30HT

TpyOornposon
CHCTEMBI ITPOMBIBKH

Puc. 2. CtpykTypHas cxema ONTO3JIEKTPOHHOTO pedypakToMeTpa.

] — UCTOYHUK H3My4YeHHs, 2 — NPUHUMAIONIEE ONTUYECKOE BOJOKHO, 3 —
JIBYXJIMH30BBII KOHJEHCOpP, 4 — TpamenenaanbHas Npu3Ma, 5 — oObeKTHUB, 6 —
nepeaonee ONTHIECKOE BOJIOKHO, 7 — (OTOMPHEMHHUK, 8 — U3MEPUTEIh TEMIIepa-
Typhl, 9 — KoJ0/Ka ceTeBoro nuTanus, 10 — pa3beMbl TOKOBBIX BBIXOOB

TabJ. 1. TexHnyeckre XapaKTEePUCTUKU ONTOIIEKTPOHHOTO pedpakTomMeTpa

. . 1.320-1.435
Pabounii tnanazon KOHIEHTpaMH -
B ITOKA3aTeIsIX MPETOMIICHHUS 1 1.400-1.540
. . 0-50%
Pabouwnii muana3oH KOHICHTpAIIHii i
o mrkane Brix
40-100%
PaGoune npenesnsl KOHIIEHTpAUN o
. 40%
A (Brix)

[TorpeurHocTs M3MepeHuil An + 0.0005
[Morpemnocts m3mepenuit A(Brix) +0.2%
Tumn TeMnepaTypHOi KOMIIEHCALIUH

o aBTOMaTH4ecKas
U3MEpeHui
0-140 °C
Juana3oH U3MEHEHUS TeMIIEepaTyphl WIN
KOHTPOJIUPYEMOH Cpe/Ibl 0-250 °C
IMorpemmrocTs onpenenenus ¢, °C +0.5 °C
Bpems oxuaHus nocie BKIIOYSHHUS
. 10 MuH
(11 BBIXOJa Ha paboymid PexHuM)

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 4
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3oHmupyOImasi YacTh MNpUOOpa  HM3TOTOBJICHA
u3 Hepxkaserowed cranu 12x18H10T, koTopas umeer
MOBBIIIEHHYI0 CTOWKOCTh K KOPpPO3UH B PacTBOpax
STHJICHTIINKONS ¥ MPOMMWICHT UKo, Onrryeckas
CHUCTEMa COCTOsUIa W3 TpaneueuaaIbHOl MpPU3MBI
MOJTHOTO BHYTPEHHETO OTPaXKCHHS, ONTHYECKUX MHO-
TOMOJIOBBIX BOJIOKOH, KOTOpbIE HAaxXOIWJIUCh B TIO-
IPY’XKHOM YacTu mpubopa, UMeroIIel quamerp 75 Mm
u BeicoTy 70 MM. IIprMeHeHre TaKOro KOHCTPYKTHBA
JIaBaJIO JIOCTaTOYHYIO TEPMOMEXAHMUECKYIO YCTOWYH-
BOCTB IIPHOOPY.

B nanHoil pa3paboTke Oblia MpemaycMOTpEeHa CH-
CTeMa OYHMCTKH BOJOW BBICOKOTO IABJIEHUS WM Ta-
poM. IIpu koHTpone cocraBa u pacxona IIOX Ha Tou-
HOCTh M3MEPEHHH BIHAET OCaZOK OT 3aryCTUTEI,
KOTOpBI (opMHpYyeTCS Ha IOBEPXHOCTH pabodein
TpaHd ONTHYECKON MPU3MBI. DTO MPUBOAMT K 3aMyT-
HEHHIO IPU3MBI U BBIXOAY €€ U3 CTPOs, [I03TOMY Oblia
NpeAyCcMOTpeHa CHUCTeMa MPOMBIBKH pabodell rpaHu
MPHU3MBI TIOJTHOTO BHYTPEHHETO OTpaxkeHHnsa. B cocrtas
CHCTEMBI BXOJWIU: TPpyOOmpoBox ¢ (OpCyHKOU Iua-
METpOM 2.5 MM, OOpaTHBIA KJamaH, YIPaBISIOMINT
KJIanaH ¥ BHEWHss TpyOoapmarypa Ijisi HOIKIIoYe-
HUS K [EXOBBIM MarucTpaisM (K BHEIIHUM HCTOYHHU-
KaM BOZbI, IPUTOAHBIM II0 TEMIEpaType U AaBICHUIO
JUTSL NCTIONTb30BaHMS B TAaHHOMN CHCTEME).

B T1abn. 1 mpuBeneHBI TeXHHYECKHE XapaKTepH-
CTHKH OTITORJIEKTPOHHOTO pedpakTomerpa.

CriextpooToMeTprdecknii OO0k  oOecrieunBa
u3MepeHre KodbbHUIMeHTa MPONYCKAaHUS BOTHBIX
pacTBOpPOB  3TWICHIVIMKONS ¥ MPONMJICHTIIUKOIS

1.44 -

1.42

136 — g
134 oz

132

B auamna3zoHe jiuuH BouH 210-320 HM ¢ mOTpemnrHo-
cThio He Xyxke AT = 0.5%.

SKCHHEPUMEHTAJIBHBIE PE3YJIBTATHI

PesysbraTel M3MEpeHUN TeMIEpaTypHBIX 3aBUCH-
MOCTEH HOKa3aTess MPeJoMICHUs #(f) MpeaCTaBICHbI
B [lpunoxenun B tabn. II1 u II2 coorBeTcTBEeHHO
JUIsL pacTBOPOB 3TUJIEHIVIMKOISA U MPONMJICHTIIUKOJISA
B nuana3one temnepatyp ot 12 mo 100 °C u mig xoH-
uentpanuii ot 0 1o 100%.

IIpu ¢ > 85 °C 3aBucuMocTH n(f) OBLIN CYIIECT-
BEHHO HEJIMHEHHBIMHU, a 3TO MPHUBOAMWIO K HEONpaB-
JAHHOW CIIO)KHOCTH alTOPUTMOB TEMIEpaTypHOU
KOPPEKUUHU pedpakTOMETPUIECKUX AaHHBIX. [loaTOoMy
HEO0O0X0ANMO OBITO YMEHBIIUTH TEMIEPATypPHBIA AHa-
nas3oH ¢ 10 12-85 °C. IMeHHO 3TOT 1uana3oH 3Ha4UM
Ul TIPEAIIONETHONH HPOTUBOOOIIEICHUTEIBHON IO~
rotoBku KoprycoB BC. B atom nuanasone temmnepa-
TypHBIE 3aBUCUMOCTH #(f) ObLTH OJM3KU K JIMHEHHBIM.

Ha puc. 3 1 4 npuBeneHs! pe3ynbTaTsl TOCTPOEHUS
3aBUCUMOCTEH 7(f) 110 SKCIEPUMEHTAIBHBIM IaHHBIM.
C oKCHepUMEHTAJIbHBIMH JaHHBIMH COIMOCTaBJIECHbI
pe3yNbTaThl JMHEWHOW WHTEPIONSINY 7(f): Ha puc. 3,
4 TOYKH TIPENICTABIAIOT SKCIIEPIMEHTAIbHbIE TaHHBIE,
HITPUXOBBIE JTMHUM — PE3YyJbTaThl pacueToB. Huke
MPHUBEJICHBl  MCIIOJIB30BaHHBIE HMHTEPIOJISIIMOHHBIE
COOTHOUIEHHs pE3YJbTaTOB JKCIEPUMEHTOB U TIO-
TPEUTHOCTH HHTEPIIONANHN An.

®s e
L]

Puc. 3. TemneparypHas 3aBHCHMOCTH ITOKA3aTElNsl MPEITOMIICHUS # BOIHBIX

PaCTBOPOB DTUIICHTJIUKOJIA.

Konmnenrpamus pactBopoB k: 1 — 0,2 — 6,3 — 15,4 —32,5—100%

HAVYYHOE [NIPUBOPOCTPOEHME, 2021, Tom 31, Ne 4
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Puc. 4. TemmeparypHasi 3aBUCUMOCTh IMOKa3aTessl MPEIOMIICHUS 71 BOJHBIX
PacTBOPORB MPOITHICHTITHKOJIS.
Konnentpanus pactBopos k: 1 — 0,2 — 5,3 — 14,4 — 30,5 — 100%
240 |

220

200

180

160

(dn/dt)-106 1/rpan

140

120

Puc. 5. Konuenrpauuonsas
3aBUCHMOCTH TIOKa3aTes mpe-
JIOMJICHHS BOJIHBIX PacTBOPOB
sTuseHrukois (*) u mpornu-
nenrmaKons (<)

100
[¢]

k, %

JI71s1 STHIIEHT TMKOJISI 3aBUCHMOCTD 1:
n=-—0.0001033 - £ + 1.3380, An = 0.001;
3aBUCUMOCTSH 2:
n=-—0.00013001 - ¢ + 1.3371, Arn = 0.0006;
3aBUCUMOCTbH 3:
n=-—0.00016001 - ¢ + 1.3486, An = 0.0008;
3aBUCUMOCTS 4:

n=-0.00018681 - ¢ + 1.3681, An=0.0008;

1
80 100

3aBUCUMOCTbD 5:
n=-—0.00018681 - ¢+ 1.3681, An = 0.0004.
JJ1st IpOTIMIICHTIIMKOIISL 3aBUCUMOCTS 1:
n=-0.0001034 - ¢ + 1.3357, An=0.001;
3aBUCUMOCTH 2:
n=-0.00012567 - ¢t + 1.3413, An=0.001;
3aBHCHMOCTb 3:

n=-0.00014338 - ¢t + 1.3507, An = 0.001;

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 4
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3aBUCUMOCTD 4:

n=-—0.00018153 - ¢ + 1.3679, An = 0.001;

3aBHCHMOCTD 5:

n=-—0,00030046 - ¢ + 1.4385, An=0.001.

Bunno, yto An < 0.001 B 3TUJIEHITIMKOJIE U MPO-
NUIEHIHKoe. VCKiloueHne cocTaBIIsIOT PacTBOPHI
¢ HU3KUMHU KoHUeHTparwsmu k = 0%. HambGonpmas
HOIPEIIHOCTh JIMHEHHOW MHTEPIOISILIUY UMETIa MECTO
B JUCTHJUIMPOBAHHOW BOJZE M COCTaBiIsIa A0 An =
=0.00154.

Temnepatypssiii koddduuent dn/dt pu Teme-
patypax B auana3zoHe ¢t 12-85 °C B 3aBUCHUMOCTH
OT KOHIIEHTPAILMK pacTBOPoB npu k < 95% npexacras-
JIeH Ha puc. 5.

Wrak, 3aBucumoctu dn(k)/dt xak mis pacTBopoB
STUJICHTJIMKOJIS, TaK M MPOIMICHIIIMKOIISA OblIH OIM3-
KM K JUHEHHBIM. DTOT pe3yJibTaT 3HAYMM IIpU OIpe-
JENICHUH QJITOPUTMa TEMIIEPaTypHOH KOPPEKLUH
pedpaKkTOMETPUUECKHUX TaHHBIX.

CoBpeMeHHBIE peQpakTOMETpsl HMMEIOT MIKaLy
BRIX (uckirodas HEOOJBIIOE YHCIO CIHEIHATBHBIX
NPUMEHEHHH), TAe TeMIepaTypHas IONpaBKa K IOKa-
3aHUAM pedpakToMeTpa OompeneneHa IeHCTBYIOIMUMU
HOPMAaTUBHBIMM JOKyMeHTamH (B mpexenax P®d sto
I'OCT28562-90 ¢ COOTBETCTBYIOLIMMH MPUIOKEHUS-
MH, BKJIIOYasl CChIJIOYHbIE HOPMAaTHBHO-TEXHUYECKHE
JOKyMEHThI). B mpumeHeHMH K TemmepaTypHbIM 3a-
BUCHMOCTSIM 71(f) B pacTBOpax IJIMKOJICH C Pa3MuHON
KOHIIGHTpanue Kk TemmepaTypHas KOMIICHCAIUS
mo BRIX mMorma Ob1 OBITE ydTEHA.

CriekTpsl  ynbTpaduoIETOBOTO ONTHYECKOTO IPO-
MyCKaHWs B STWICHIJIMKOJIE W MPOMUICHTIINKOJIE Ma-
pox OCHY, momydeHHBIC B AUaNa30HE IJIUH BOJIH A
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210-320 =M, mpuBeneHBl Ha puc. 6. XapaKTepHbBIE
O0COOCHHOCTH B YJbTPaHOJIETOBBIX CIIEKTpax 000X
WCCIIEIOBAHHBIX TJIHMKOJIEH COCTOSIIM B TOM, YTO OHH
coBnaianu. Kak B ITHUJICHTIIMKOJE, TaK U B TMPOIU-
JICHTJIMKOJIE TIOJIOKEHHE XapaKTEPHOTO MaKCUMyMa
TIOTJIOIICHUS IPUXOUTCS HA JJIMHY BOJHBL A = 247 HM
(MuaMMYM TiporryckaHust T(A) Ui STHIICHTIIMKOJS
n "twiedo" mis mponuiaeHrIuKois). CHekTpaibHbBIN
MaKCHUMYyM TPO3Pa4HOCTH B KOPOTKOBOJIHOBOW 00ma-
CTH YJbTPa(UONETOBOrO JMana3oHa MPUXOIUTCS
Ha A = 272 um ("mieuo" B cnektpe T(A) mns 3THIICH-
TJIUKOJISI M1 MaKCHMYM TIPOITyCKaHUSI COOTBETCTBEHHO
JUISL STUIICHTITUKOINS ¥ IPONHJICHTIIMKOIs ). Ha nimHHO-
BOJIHOBOH TpaHMIIEe Pabodero CreKTpaabHOTO JHanas3o-
Ha (A > 350 HM) 00a crieKTpa MOHOTOHHO CXOJIHITHCh.

3AK/JIIOYEHHUE

[pencraBnennas paboTa MOAYEPKUBACT 3HAYUMOCTD
pedpakToMETprH KaK BBICOKOTOYHOTO HHCTPYMEHTA
IUIs u3MepeHus cocraBa U pacxona I1OXK na ocHOBe
JIMKOJIEN B MPEANOJETHON MOATOTOBKE KOPIIYCOB
BC. Ilo nanHBIM M3MepeHHH TeMIepaTypHOW 3aBH-
CUMOCTH TOKa3aTesnsl MpeaoMiieHus #(f) B TIIMKOJSIX
pa3IM4YHON KOHIEHTPALUK BIIEPBbIC ONpEACICH TEM-
MepaTypHbIi KOAGQUITUSHT TOKA3aTes MPEIIOMIICHUS
dn(k)/dt. YcraHoBieHO, 4TO BO BCEM JMAIa30HE KOH-
uentpauuiit k 0-100% npu temneparypax ¢ 12-85 °C
napametp dn/dt ocTaercs MPaKTUYECKH MOCTOSHHBIM
Kak B BOJHBIX PacTBOPax ITUJICHTIIHMKOJS, TaK U B Ta-
KHX YK€ pacTBOpax Ha OCHOBE MPONMJICHIJINKONS. VY c-
TAHOBJIEHBI XapaKTepHbIe 0COOCHHOCTH B yIbTpadHo-
JIETOBBIX CIIEKTPax 000MX MCCIEIOBAHHBIX TIHKOJICH.

HanHast paboTa mpeacTaBisieT WHTEpPEC Uil ONTH-
YeCKOTro MpHOOPOCTPOCHUS, TPaKIAHCKOH aBHAallWH,
9KOJIOTHHU, OMOJIOTUHU U TIPOMBIIIUIEHHOCTH.
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IMPUJIOKEHUE

Taoa. I11. TemneparypHas 3aBUCUMOCTb IIOKAa3aTENs IPEJIOMIIEHUS # B BOJHOM PAcTBOPE STUJICHITIMKOIS
IIPY pa3HBIX KOHIEHTpaIUIX k pacTBopa

k=0% k=6% k=15% k=32% k=100%

t,°C n t,°C n t,°C n t,°C n t,°C n

10 1.3370 10 1.3381 10 1.3421 10 1.3661 10 1.4330
15 1.3369 15 1.3379 15 1.3418 15 1.3658 15 1.4319
18 1.3352 18 1.3360 18 1.3410 18 1.3652 18 1.431
20 1.3340 20 1.3351 20 1.3395 20 1.3635 20 1.430
22 1.3331 22 1.3342 22 1.3382 22 1.3626 22 1.4296
24 1.3329 24 1.3338 24 1.3372 24 1.3612 24 1.4293
28 1.3321 28 1.3330 28 1.3369 28 1.3606 28 1.4289
32 1.3320 32 1.3329 32 1.3368 32 1.3604 32 1.4281

39 1.3319 39 1.3327 39 1.3362 39 1.36 39 1.4285
42 1.3315 42 1.3325 42 1.3360 42 1.3593 42 1.4267
49 1.33 49 1.3311 49 1.3352 49 1.3581 49 1.4255

51 1.3295 51 1.3305 51 1.3342 51 1.3572 51 1.4246
55 1.3280 55 1.3291 55 1.3330 55 1.3563 55 1.4231
62 1.3271 62 1.3282 62 1.3328 62 1.356 62 1.4225
69 1.3266 69 1.3275 69 1.3310 69 1.3546 69 1.4211
72 1.3260 72 1.3272 72 1.3309 72 1.3540 72 1.420
77 1.3254 77 1.3261 77 1.329 77 1.3522 77 1.4195
80 1.3240 80 1.3250 80 1.3288 80 1.3519 80 1.4186
82 1.3238 82 1.3247 82 1.3285 82 1.3515 82 1.4171
88 1.3231 88 1.3240 88 1.3279 88 1.350 88 1.4158
92 1.3220 92 1.3230 92 1.3271 92 1.3499 92 1.4145
95 1.3219 95 1.3225 95 1.3263 95 1.3589 95 1.4139
98 1.320 98 1.3215 98 1.3254 98 1.3570 98 1.4115
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Ta6u. I12. TemmeparypHas 3aBUCHMOCTD TIOKa3aTes MIPEIOMIICHHUS 7 B BOOJHOM PacTBOPE MPOTMICHTITHKOIIS
TIPY pa3HBIX KOHIEHTPaIMIX k pacTBopa

k=0% k=5% k=14% k=30% k=100%

t,°C n t,°C n t,°C n t,°C n t,°C n

10 1.3339 10 1.3389 10 1.3496 10 1.3647 10 1.4348
15 1.3333 15 1.3383 15 1.349 15 1.3640 15 1.4343
18 1.3331 18 1.3381 18 1.3487 18 1.3639 18 1.4342
20 1.3330 20 1.3379 20 1.3481 20 1.3635 20 1.4335
22 1.333 22 1.3377 22 1.3479 22 1.3630 22 1.4331
24 1.333 24 1.3371 24 1.347 24 1.3627 24 1.4326
28 1.333 28 1.3371 28 1.3469 28 1.3625 28 1.432
32 1.3325 32 1.3365 32 1.3465 32 1.362 32 1.4316
39 1.332 39 1.3361 39 1.3463 39 1.3617 39 1.431
42 1.3317 42 1.336 42 1.3459 42 1.3606 42 1.4299
49 1.3310 49 1.336 49 1.3458 49 1.3602 49 1.4295
51 1.3299 51 1.3359 51 1.3455 51 1.3598 51 1.4289
55 1.3287 55 1.3342 55 1.3444 55 1.3589 55 1.4281
62 1.328 62 1.332 62 1.3438 62 1.358 62 1.4272
69 1.3275 69 1.3321 69 1.3431 69 1.3577 69 1.4269
72 1.3272 72 1.332 72 1.343 72 1.3575 72 1.4263
77 1.3264 77 1.3315 77 1.3425 77 1.3561 77 1.4259
80 1.3258 80 1.3307 80 1.341 80 1.3555 80 1.4251
82 1.325 82 1.33 82 1.340 82 1.3551 82 1.4247
88 1.3242 88 1.3291 88 1.340 88 1.355 88 1.4241
92 1.3239 92 1.3282 92 1.3389 92 1.3547 92 1.4229
95 1.3231 95 1.3276 95 1.3381 95 1.3535 95 1.4211
98 1.3225 98 1.3271 98 1.3379 98 1.3532 98 1.4209
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This work highlights the development of optoelectronic refractometer to study anti-icing liquids. Determin-
ing the composition authenticity and the flow rate of these liquids has always been a relevant task for the air-
port maintenance units, engaged in the processing of the aircraft body. The paper presents the objects of re-
search: aqueous solutions of ethylene glycol and propylene glycol, which make up 95% of the composition of
liquids of TYPE I, TYPE II, TYPE IV. The structural diagram and appearance of an optoelectronic refractome-
ter are given. The results of measurements of the temperature dependences of the refractive index n(¢) for solu-
tions of ethylene glycol and propylene glycol in the temperature range from 12 °C to 100 °C and for concentra-
tions from 0% to 100% are obtained. The spectra of ultraviolet optical transmission in ethylene glycol and pro-
pylene glycol of high purity in the wavelength range A 210-320 nm with an error not worse than

= 0.5% are studied. The technical characteristics of an optoelectronic refractometer are given.

Keywords: anti-icing liquid, spectrum, optical transmission, ethylene glycol, propylene glycol, preflight preparation

INTRODUCTION

For several decades, aviation safety has been
a priority [1, 2]. In modern aviation, flight safety is
determined by different directions of preparations for
flights [3, 4]. One of these directions is pre-flight anti-
icing protection of the aircraft (AC) body. Examining
this direction, the mains problems were identified as
following: firstly, it is necessary to correctly justify
the choice of the composition of anti-icing liquid
(AIL), and secondly, to determine the protection mode
of the body in accordance with the technical capabili-
ties of the airport in terms of specific meteorological
conditions (temperature, humidity, precipitation, etc.).
Monitoring of AILs, produced by a number of manu-
facturers, has revealed that these liquid-phase media
have a high cost (especially imported ones) [5, 6]
Therefore, an important issue in the processing of AC
bodies is to optimize the protection process and to
ensure the minimal use of these liquids.

Modern airports use AlLs based on ethylene gly-
col, propylene glycol and diethylene glycol [7, 8].
There are three types of AlLs: TYPE I, TYPE II,
TYPE IV. Regulated concentrations of ethylene gly-
col-based TYPE I liquids are in the range (ethylene
glycol : water) from (10 : 90) to (90 : 10), and AIL
concentrations of TYPE II and TYPE IV on the basis
of propylene glycol (propylene glycol : water) are
(25:75), (50 : 50), (75 : 25), 100%. It should be added
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that AILs of TYPE II and TYPE IV include surfactants,
anticorrosive additives and various thickeners (1%) [9,
10].

Obtaining reliable information on the composition,
consumption, utilization and regeneration of AlLs is
an important task for the technical personnel conduct-
ing pre-flight preparation of AC bodies [11, 12]. Of
interest is the use of optical technologies based on the
method of total internal reflection for monitoring the
AIL parameters. The use of refractometric devices and
systems in this area is possible if all the necessary in-
formation on the optical properties of these liquids is
available.

Analysis of the literature data showed that there are
works that already contain information on the refrac-
tive index of ethylene glycol, propylene glycol and
their aqueous solutions [10—15]. The temperature re-
fractive index (dn/dr) is also glven its values had a large
scatter in the range from 5 - 107 to 10 - 10 1/°C. The
transmission factor (7) of AlLs was also determined,
but at best it was of an estimate nature.

Refractometric instruments and general-purpose
systems are unsuitable for use at airport posts, since
they require specialized settings to control the AIL.

Therefore, studies of the metrological capabilities
of the developed refractometer, adapted to monitoring
the AIL in modern airports, are a promising and rele-
vant area for flight safety.

The purpose of the work was to study anti-icing
liquids with a developed optoelectronic refractometer.
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PROBLEM STATEMENT

The application of the developed optoelectronic
refractometer during the AC body processing is
obviously important, but requires accurate quantitative
data on the optical properties of the AIL. Therefore, it
is necessary to obtain information on the dependence
of dn/d¢ on the concentration (k) of ethylene glycol,
propylene glycol and their aqueous solutions in the
entire range of £ 0-100% at temperatures (¢) from 0 to
100 °C. Significant is the issue of obtaining optical
transmission (7, %) in solutions of ethylene glycol
and propylene glycol in the ultraviolet region of the
spectrum A 210-320 nm.

OBJECTS AND METHOD OF INVESTIGATION

The objects of the study were samples of aqueous
solutions of ethylene glycol and propylene glycol pro-
vided by the AC pre-flight preparation units of the
Pulkovo Airport maintenance service. Composition of
samples: ethylene glycol, propylen glycol of high pur-
ity (extra pure) and distilled water. In accordance with
requirements of pre-flight preparation of aircraft bo-
dies, concentration of samples was in the range of &
0-100%. Ethylene glycol and propylene glycol of
high purity were used as samples for measuring the
transmission of 7 in the ultraviolet region. When pre-
paring samples, certified electronic weighter with
a measurement error of £100 mg for a working scale of
500 g were used.

To obtain data on dn/d¢ dependence on the concen-
tration of k ethylene glycol and propylene glycol in
their aqueous solutions in the entire range of k& 0-
100% at temperatures ¢ from 0 to 100 °C, the devel-
oped optoelectronic refractometer was used, the ap-
pearance and structural diagram of which are given in
Fig. 1 and 2. This device was equipped with a spectral
unit, which, if necessary, displayed information on the
T of the sample under analysis.

Fig. 1. Appearance of optoelectronic refractometer

Fig. 2. Structural diagram of optoelectronic refractometer.
1 — emission source, 2 — receiving optical fiber, 3 —
two-lens condenser, 4 — trapezoidal prism, 5 — lens,)
6 — transmitting optical fiber, 7 — photodetector, 8 —
temperature meter, 9 — mains power block, 10 — con-
nectors of current outputs

The light flux from the radiation source 1 with the
operating wavelength A = 589 was transmitted to the
surface of the total internal reflection prism (trape-
zoidal prism) 4 through the optical fiber 2 and the
two-lens condenser 3. Trapezoidal prism was made of
yttrium-aluminum garnet (YAG). Reflection of light
at the boundary between a working face of the total
reflection prism and the studied solution formed an
image of the "light — shadow" boundary, which was
brought to the input face of the optical fiber 6 by the
lens objective 5. The input face of the optical fiber 6 is
aligned with the focal plane of the lens objective 5.
When the total internal reflection of light occurs on
the working face of the total reflection prism, a clear
image of the "light — shadow" boundary is formed in
this plane. The obtained image was transmitted to
photodetector 7 by means of optical fiber 6. The out-
put signal was processed and displayed as numerical
value of refractive index or concentration as well as
temperature. The measurement results were sent to
two current outputs of 420 mA. For temperature
compensation of refractive index and concentration
measurements, data obtained from the temperature
sensor were used.

The probe part of the instrument is made of stain-
less steel 12x18H10T, which has increased corrosion
resistance in solutions of ethylene glycol and propyl-
ene glycol. The optical system consisted of a trape-
zoidal prism of total internal reflection, optical multi-
mode fibers that were in the submerged part of the
device, having a diameter of 75 mm and a height of
70 mm. The use of such a structure gave sufficient
thermomechanical stability to the instrument.

In this development, a high-pressure water or
steam purification system was provided. When moni-
toring the AIL composition and consumption, the ac-
curacy of measurements is affected by the sediment of
the thickener, forming on the surface of the working
face of the optical prism. This causes the prism to be-
come clouded and get out of order, so a system for
flushing the working face of the total internal reflec-
tion prism was provided. The system included: a pipe-
line with a nozzle with a diameter of 2.5 mm, a check
valve, a control valve and an external pipe fittings for
connecting to the shop mains (to external water
sources suitable in temperature and pressure for use in
this system).

Tab. 1 shows the technical characteristics of the
optoelectronic refractometer.

The spectrophotometric unit provided a measure-
ment of aqueous solutions of ethylene glycol and pro-
pylene glycol transmission in the wavelength range
210-320 nm with an error not worse than A7 = 0.5%.

Tab. 1. Technical specifications of optoelectronic refrac-
tometer
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EXPERIMENTAL RESULTS

The results of measurements of temperature de-
pendencies of refractive index n(f) are presented in
Appendix in Tab. I11 and I12 respectively for ethylene
glycol and propylene glycol solutions in the tempera-
ture range from 12 to 100 °C and for concentrations
from 0 to 100%.

At ¢t > 85 °C, the n(f) dependencies were signifi-
cantly nonlinear, which led to the unjustified com-
plexity of temperature correction algorithms for re-
fractometric data. Therefore, it was necessary to re-
duce the temperature range ¢ to 12—85 °C. This range
is significant for pre-flight anti-icing preparation of
aircraft bodies. In this range, the temperature relation-
ships n(t) were close to linear.

Fig. 3 and 4 show the results of plotting the depen-
dences n(f) according to experimental data. The re-
sults of linear interpolation n(f) are compared with
experimental data: in Fig. 3, 4 points represent expe-
rimental data, dashed lines represent the results of cal-
culations. Below are the used interpolation ratios of
the experimental results and Axn interpolation errors.

For ethylene glycol, dependence 1:

n=-0.0001033 - ¢ + 1.3380, An = 0.001;
dependence 2:
n=-0.00013001 - ¢ + 1.3371, An = 0.0006;
dependence 3:
n=-0.00016001 - ¢ + 1.3486, An = 0.0008;
dependence 4:
n=-0.00018681 - ¢ + 1.3681, An = 0.0008;
dependence 5:
n=-0.00018681 - ¢ + 1.3681, An = 0.0004.
For propylene glycol, dependence 1:
n=-0.0001034 - ¢ + 1.3357, An=0.001;
dependence 2:
n=-0.00012567 - ¢t + 1.3413, An=0.001;
dependence 3:
n=-0.00014338 - ¢t + 1.3507, An=0.001;
dependence 4:
n=-0.00018153 - ¢t + 1.3679, An=0.001;
dependence 5:

n=-—0,00030046 - ¢ + 1.4385, An=0.001.
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It is seen that An < 0.001 in ethylene glycol and
propylene glycol. An exception is solutions with low
concentrations k£ =~ 0%. The largest error of linear in-
terpolation occurred in distilled water and amounted
to An=0.00154.

Fig. 3. Dependence of refractive index n of aqueous solu-
tions of ethylene glycol on temperature.

Concentration of solutions k&2 1 — 0,2 — 6,3 — 15,

4 —32,5—100%

Fig. 4. Dependence of refractive index 7 of aqueous solu-
tions of propylene glycol on temperature.

Concentration of solutions k&2 1 — 0,2 — 5,3 — 14,

4 — 30,5 — 100%

Temperature coefficient dn/dt at temperatures in
the range ¢ 12-85 °C depending on the concentration
of solutions at k¥ < 95% is shown in Fig. 5.

Fig. 5. Dependence of refractive index of aqueous solu-
tions of ethylene glycol (*) and propylene glycol (<) on|
concentration

Thus, the dn(k)/d¢ dependences for both ethylene
glycol and propylene glycol solutions were close to
linear. This result is significant in determining the
temperature correction algorithm of refractometric
data.

Modern refractometers have the BRIX scale (ex-
cluding a small number of special applications), where
the temperature correction to the readings is deter-
mined by the actual regulatory documents (in the Rus-
sian Federation this is GOST28562-90 with related
annexes, including reference normative and technical
documents). In regard to temperature dependences
n(?) in solutions of glycols with various k& concentra-
tion, BRIX-scaled temperature compensation could be
taken into account.

Spectra of ultraviolet optical transmission in ethy-
lene glycol and propylene glycol of high purity, ob-
tained in the wavelength range A 210-320 nm, are
given in Fig. 6.

Fig. 6. Spectra of ultraviolet transmission of 7 (L) solu-
tions.

1 — distilled water, 2 — (high pure) ethylene glycol, 3 —
(high pure) propylene glycol
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Characteristic features in the ultraviolet spectra of
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both glycols examined were that they coincided. In
both ethylene glycol and propylene glycol, the posi-

tion
the

of the characteristic absorption maximum falls on
wavelength A = 247 nm (transmission minimum

T(A) for ethylene glycol and "shoulder" for propylene
glycol). The spectral maximum of transparency in the
short wave region of the ultraviolet range is at A =

=272 nm ("shoulder" in the T spectrum (A) for ethy-

lene glycol and transmission maximum for propylene

glycol). Both spectra converged monotonically at the
long wave boundary of the operating spectral range

(A=

The presented work emphasizes the importance of re-

350 nm).

CONCLUSION

fractometry as a high-precision tool for measuring the

AIL

pre-flight preparation of aircraft bodies. Based on mea-
surements of the temperature dependence of the re-

composition and consumption based on glycols in

fractive index n(¢) in glycols of various concentration,

the

temperature coefficient of the refractive index

dn(k)/dt was determined for the first time. It has been
found that in the entire concentration range k 0—100%
at temperatures ¢ 12-85 °C, the parameter dn/dt re-

mains practically constant both in aqueous solutions

of ethylene glycol and in solutions based on propylene
glycol. Characteristic features in the ultraviolet spec-
tra of both studied glycols were established.

This work is of interest for optical instrument mak-

ing,

civil aviation, ecology, biology and industry.
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Tab. II1. Dependence of refractive index »n in ethyleng]
elycol aqueous solution at different concentrations & of
solution on temperature

Tab. I12. Dependence of refractive index #n in propylene
elycol aqueous solution at different concentrations £ of
solution on temperature
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