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MEXIYHAPOJHBIA HAYYHO-TEXHUYECKHUH CUMIIO3UYM
«[MOBBIIIEHUE YHEPTOPECYPCOD®PEKTUBHOCTH, SKOJIOTMYECKOM
U TEXHOJIOTUYECKOM BE3OIIACHOCTH NPOLIECCOB U AIIIIAPATOB
XUMHNYECKOM 1 CMEKHBIX OTPACJIEV MPOMBIIIIJIEHHOCTW»,
MOCBAIIEHHBIN
120-JIETHIO CO JHS POXKJIEHUS I1. T POMAHKOBA
(ISTS«EESTE-2024»)

IMPOBOJIUTCHA B PT'Y UMEHU A.H. KOCBII'NHA
B PAMKAX YETBEPTOI'O
MEXAYHAPOJHOTI'O KOCBI'MHCKOT'O ®OPYMA
«COBPEMEHHBIE 3ATAYU UHXXEHEPHBIX HAYK»
20 — 22 ®EBPAJIA 2024 TOJA

Opranuszaropamu @opyma n CumMnosnyma siBJISIlOTCS:

e MuHuCTEpCTBO HAyKH U BhIciIero oopazoBanus Poccuiickoit denepanuun

e  MuHHUCTEPCTBO NIPOMBILUIEHHOCTH U TOProBin Poccuiickon @enepanuit

e Poccuiickas akageMust HayK

e Poccuiickuii Coro3 HayYHBIX U HH)KEHEPHBIX OOLIECTBEHHBIX 00BhEeINHEHHIHA

e Bcekuraiickas Accommanus no Hayke u TexHuke (CAST)

e Poccuiickuii rocynapctBennbiil yuuBepcuteT umeHu A.H. Koceiruna (Texnonoruu.
Huzaitn. MckycctBo)

e Poccuiickoe xumudeckoe odmectBo uMmeHu JI.J. Menneneena

e Poccuiickas MHXKEHEPHAs aKaJIeMUs

e EBpaswuiickuii nH(OPMAITMOHHO-aHATUTUIECKII KOHCOPIIUYM

e Komurer PocCHMO mno mnpobiemam sHepropecypcod(pPEeKTUBHBIX XHUMHYECKUX
TEXHOJIOTUH

e UuctutyT 001el u Heoprannueckoi xumun nmenu H.C. Kypnakoa PAH

e UHcTutyT Temno- u maccooomena nmenu A.B. JIsikoBa HAH benapycu

e benopycckuil TOCy1apCTBEHHBI YHUBEPCUTET MUIIEBBIX U XUMHUECKUX TEXHOJIOTHI

e Cankrt-IlerepOyprekuii roCy1apCTBEHHbIN TEXHOJIOTUYECKUN UHCTUTYT
(TeXHUYECKUI YHUBEPCUTET)

e  MOCKOBCKHI MOJUTEXHUYECKUN YHUBEPCUTET

e UHctutyT cucreMHoro nporpaMmmupoBanus umenu B.I1. MiBannukosa PAH

e Poccuiickuii XUMHUKO-TEXHOJIOTHYECKUN YHUBepcuTeT uMeHu [[.11.Menneneena

e MOCKOBCKHMI TOCYJIapCTBEHHBIM TeXHHWYECKUU yHuBepcuTeT umeHu H.O. baymana
(HaIMOHANBHBIN HCCIIEI0BATENbCKUN YHUBEPCUTET)

e 00O «PH-Cepsucy» (mouepuee Obmecto [TAO «HK «PocuedTs»)

Padouue si3p1kn CuMno3nyma: pycCKuid U aHTJIMHCKUM.
Marepuajbl Ny0JUKYIOTCS B ABTOPCKOM peJaKIiH.
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MNPOI'PAMMHBIN (HAYUHBII) KOMUTET
MEXIYHAPOAHOI'O HAYYHO-TEXHUYECKOI'O CUMIIO3UYMA
«IIOBBINEHUE SHEPI'OPECYPCO®®EKTUBHOCTMN,
3KOJOT'MYECKON U TEXHOJIOT'MYECKON BE3OINACHOCTH
MPOLIECCOB U AIIMMAPATOB XUMHUYECKOMN U CMEXXHBIX
OTPACJIEHA NPOMBIIIJIEHHOCTW», HIOCBSAIIEHHBIN
120-JIETHUIO CO JHA POXAEHUA I1. ' POMAHKOBA
(ISTS«EESTE-2024»)

Hpe3ngent Cumnosuyma:
[Ipesunent MexaynapoaHoro u Poccuiickoro Coro30B HAy4YHBIX U HHKECHEPHBIX
0O0IIECTBEHHBIX O0bEIMHCHUM,

akagemMuk PAH I'yasie FOpuit BacuibeBu4

Conpeacenaresid NpOrpaMMHOro (HAy4HOro) KOMMTETA:

Pexrtop Poccutickoro rocynapcrseHHoro ynusepcurera umenn A.H. Koceirnna
(Texnonorum. Jluzaitn. UckycctBo) mpodeccop
Bearopoackuii Banepuii CaBesibeBuY
[Ipesunent Poccuiickoro xumuueckoro obimecrsa umenu J[.1. Menneneena
akagemuk PAH IluBan3e Acaan FOcynoBuu
[Ipesunent Poccuiickoil THKEHEPHOUN akageMnH, WieH-KoppecnonaeHT PAH
I'yceB bopuc BiaagumupoBuu
N36pannsii [Ipesunent Beemupnoii denepannu HHXEHEPHBIX OpraHU3AINI
(WFEO) npodeccop I'onr Ke
3amecturens [Ipesunnenta PAH, unen [Ipesnnnyma PAH, unen-koppecnoHaeHT
PAH, UBanoB Biuagumup BukropoBuu
Unen npasnenusa PXO umenu [I.11. MenaeneeBa, aupektop MexayHapOaHOTO
MHCTUTYTA JJOTUCTUKU PECYPCOCOEPEIKEHUS U TEXHOJIOTMUECKOM NHHOBATUKH,
akagemMuk PAH Memaakun Banepnii IlaBiioBuy
JIMpeKTOp MHCTUTYTAa CUCTEMHOI0 nporpammupoBanus umenu B.I1. IBanHukoBa

PAH, akanemuxk PAH ABerucsin Apyrion Mixanosu4
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Hupextop Uucturyra o61mieit u Heoprannueckoit xumuu umenn H.C.KypnakoBa

PAH, unen-koppecnonnentr PAH UBanoB Biaagumup KoHCTaHTHHOBHY

YuéHblil ceKpeTapb NPOrpaMMHOI0 (Hay4HOI0) KOMUTeETA:
npodeccop PI'Y umenu A.H . Kocwiruna, yuénsiit cekperapb Komurera PocCHMO
110 TIpo6IeMamM dHepPropecypcodPOEKTUBHBIX XUMHUYCCKUX TEXHOJIOTHUM
Komesesa Mapust KoHcTAHTHHOBHA

(Ten. M00. 8 (926) 355 04 48, e-mail: oxtpaxt@ya.ru).

Nudopmanuonnoe odecneveHue CumMmosuyma Ha camrax
http://www.eeste.org, http://www.rusea.info,

https://www.chem-com.ru, http://www.rguk.ru, https://etpeb.ru
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CocraB nporpaMMHOro (Hay4Horo) KOMuTeTa:

Aoues P.1I1I., npod. (Poccust)
ABetucsan AWM., akanemuk PAH
(Poccus)

Axynnua A.B., pod. (benapycn)
Axynnu I1.B., mpod. (benapycn)
benropoackuii B.C., npod. (Poccus)
bepentrapren M.T'., npod. (Poccusn)
boxkosa E.C., npo¢. (Poccus)
Bomkun A.A., wi.-kopp. PAH (Poccus
I"apsie A.B., npod. (Poccus)
I'pynckuit B.H., npod. (Poccust)
I'ynsaes FO.B., akan. PAH (Poccus)
I'yces b.B., un.-xopp. PAH (Poccusi)
Hopusik O.P., npod. (Poccust)
Hpykapenko C.I1., n-p (Poccus)
Hesaxonos C.I'., mpod. (Poccus)
Kykos B.IL., npod. (Poccus)
NBanos B.B., un.-kopp. PAH (Poccus)
NBanos B.K., un.-kopp. PAH (Poccus)
Kunsbneesa H.P., npod. (Poccus)
Kmunos A.B., npod. (Poccus)
Kob6pakos K.U., mpod. (Poccus)
Komenera M.K., mpod. (Poccus)
Kymnuuxun B.I'., un.-kopp. PAH
(Poccus)

‘KyJIOB H.H., nmpod. (POCCI/ISI)‘
Jlabytun A.H., npod. (Poccus)
Jleontres JI.U., akan. PAH (Poccus)
JlecoBuk B.C., un.-kopp. PAACH
(Poccus)

JIuniun A.T"., mpod. (Poccus)

JlyxaueBckuii B.11., n-p. (Poccus)
JIsicenko A.A., ipod. ( Poccus)
Maxyra A.I'., mpod. (Poccust)
MakapenkoB J[.A., n1-p ( Poccust)

Memankun B.I1., akag. PAH (Poccusi)
Onpmanckas JILH., npod. (Poccus)
[TaBmrokeBuy H.B., un.-xkopp. HAH
P.benapycs (benapych)

Pasuues JI.B., npod. (Poccus)
Pyno6amra C.I1., mpod. (Poccusi)
Cennsapos O.U., npod. (Poccust)
CunaxoB A.B., npod. (Poccus)
Ceicomatun C.B., un.-kopp. PAH
(Poccus)

Tapanuesa K.P., mpod. (Poccus)
®enocos C.B., akan. PAACH (Poccus)
®mucrok O.M., mpod. (Poccus)
®ponkoBa A.K., npod. (Poccust)
Xwmenés B.H., npod. (Poccust)
Xonwkun A.U., akaa. PAH (Poccust)
Husamze A.1O., akan. PAH (Poccus)
Alves-Filho O., prof. (Norway)
Anthony 1. Okoh, Prof. (South Africa)
Dang Vu Minh, prof. (Vietnam)

Ditl P., prof. (Czech Reb.)

Gerhardt Ribatski, prof. (Brazil)
Gong K.E., prof. (China)
Kiwi-Minsker Lioubov, prof.
(Switzerland)

Levitsky S., prof. (Israel)

Mujumdar Arun S, prof. (Canada,
Singapore)

Rieger F., prof. (Czech Reb.)
Ritunesh Kumar, prof. (India)

Tapio Salmi, prof. (Finland)

Ban Cuns, npod. (Kutaii)

WNub bunb, npod. ( Kuraii, Poccust)
XanukoB JI.X., akagemux HAH
P.Tamxukucran (TamKkukucTan)
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Annomayus: PaccMOTpeH psiji BapuaHTOB pasfelieHHs OMHApHBIX TI'eTepoa3eoTPOIHBIX
cMecell METOAOM PEKTU(UKALUKU C HCIIOJIb30BAaHHEM TEIUIOBBIX HACOCOB OTKPBHITOTO M 3aKPHITOrO
tuna. [lokazaHo, YTO TNPUMEHEHHE TAaKMX HACOCOB TMO3BOJSET CYIIECTBEHHO IOBBICHTH
9HEprod(HPeKTUBHOCTH U CHU3UTH CTOUMOCTD Pa3zielieHusI.

Abstract: A number of options for separating binary heteroazeotropic mixtures by
rectification using open and closed type heat pumps were considered. It is shown that the use of such
pumps can significantly increase energy efficiency and reduce the cost of separation.

Kniouesvie cnoea: pextupuKanys; TeTepoa3ecoTPONHbIE CMECH; TEIJIOBbIE HACOCHI;
CTOMMOCTbH pa3eIeHHUs.

Keywords: rectification; heteroazeotropic mixtures; heat pumps; cost of separation.

Kak usBectHo [1], pa3aeneHue cmecei BEIeCTB METOJJOM PEeKTU(DHUKAINY SBISETCS JOBOJIBHO
sHepro3aTpaTHbIM mporieccoM. CyIIeCTBEHHO MOBBICUTh €ro 3HeproddeKTUuBHOCTH MOKHO,
WCIIONIb3YSl pa3/IMUHbIE TEIJIOBblE HAcochl [2-4]. OpHaKO MaHHBINA MPOIECC MPUMEHUTEIBHO K
pa3aeNIeHNIO FETEPOAa3COTPOIHBIX CMECEN MPAKTUYECKU HE MCCIIEN0BaH.

[Ipu pa3neneHun OWHAPHBIX TETEPOA3COTPONHBIX CMEcel OOBIYHO HCIIOJB3YIOTCS JIBE
pekTH(PUKAIMOHHBIX KOJIOHHHI [ 1]. IIpu 3TOM MCX0nHBIE cMecH 0OBIYHO TOJAI0TCA Ha pa3/iesicHHE B
napooOpa3HoM cocTossHUH. [lo3TOMy TEmIOTy KOHJEHCALMU HCXOIHBIX CMECEed C IMOMOILBIO
TEIUIOBBIX HAaCOCOB MOXHO HMCIIOJIb30BaTh Ui oborpeBa KyOoB onHOW miu o0eux KosnoHH. C
MIOMOIIBIO TETUIOBBIX HACOCOB MOXHO TaKXe MPOU3BOIUTH UCIIAPEHUE pa3AeisieMbIX cMeceil B Kybax
PEKTH(PHUKAIMOHHBIX KOJIOHH, UCIIOJb3Ysl TEIUIOTY KOHICHCAIIMH MapoB, OTBOAMMBIX M3 KOJOHH. B
3aBUCHMMOCTH OT COCTaBa IIapOB HCXOIHBIX CMECEW IpU HCIOJIb30BAaHUU TEIUIOBBIX HACOCOB
BO3MOJKECH IIETIBIA PsIl BAPHAHTOB pa3/esieHHs,, OCHOBHBIE U3 KOTOPBIX ObUIM HAMHU TEOPETUYECKU
IIPOAHAIM3UPOBAHBI I CIIy4aeB IPUMEHEHUSI KOMIIPECCUOHHBIX TEIUIOBBIX HACOCOB OTKPBITOTO U
3aKpBITOrO TUIIOB.

JluarpaMmbl  [IapO->KUAKOCTHOTO PABHOBECHS OWHAPHBIX TETEPOa3eOTPONHBIX CMecei
KOMIOHEHTOB b 1 B 00bI4HO MMEIOT BU, OKa3aHHBIH Ha puc.l. B o0nacTsax KoHIEHTpauui x < xup
M X > Xy NPU KOHJCHCALMM TMapoB 00pa3yloTcs TOMOreHHble >Xuakue (aspl. B obmacTsix
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KOHIIEHTpaLuH xup <X < XHB KOHACHCAIMS TApOB COMPOBOXKIACTCS 00pa30BaHUEM IBYX KHUIKUX (a3
cocTaBa xus 4 XuB. [Ipy 3TOM cocTaB napoBoii (hasbl ya MOCTOSIHHBIH [1].
1

y—
&
jan)
= |

XHB [xa | Xus

X —

Pucynok 1 — Jluarpamma paBHOBECHS «KHIKOCTh-IIAPY» ISl TETEPOA3COTPOIHBIX CMECEii.

Ha puc. 2 nokasan BapuaHT pa3[elIeHUs Ie€TEpOoa3eoTPONHON CMECHU COCTaBa XF < XpH C
IPUMEHEHUEM TeIJIOBOIO HAacoca OTKPBITOTO THUIIA, B KOTOPOM 0OOTpeB OAHON M3 KOJNOHH Pp
OCYLLIECTBIISICTCS C UCIIOJIB30BAHUEM TEIUIOTHI, BBIACIIAIOIICICS IIPU KOHICHCALMU UCXOIHON CMECH
F. TloBbllieHne TeMIepaTypHOro MOTEHLUANA MOTOKa F' 10 TpeOyeMoro ypoBHs OCYIIECTBIISACTCS
IyTEM C)KaThs MapoB [ OT JaBieHMs p1 10 JaBieHUs p2 kommpeccopoMm K. 3arem cikaTble mapsl
MCXOJIHOM CMECH MOJAI0TCS B KAUeCTBE HArPEBAIOIIETO areHTa B Ky0 peKTH()HUKALMOHHON KOJIOHHBI
Pg, rne onu KOHJEHCHUPYIOTCA. B pe3yibrare 3TOro Npou3BOAUTCS UCIIAPEHUE PA3ACIIIEMON CMECH.
Brixoasmmmii u3 Ky0a KOJIOHHBI KOH/ICGHCAT UCXOIHON CMECH MTPOXOIUT Yepe3 APOCCEIbHbIA BEHTUIIb
JB. IIpu 3TOM ero naBieHue U3MEHSETCS OT p2 10 pi1. Janee, cmech F 1oJaeTcs Ha pa3felicHUue B
kosioHHy Ps. Ilapsl quctumnsatoB Dy U D, Kak ¥ Ipu OOBIYHOM pa3fiefieHMH KOHICHCHUPYIOTCS B
konneHcaropax Ks u Kg, a 3arem noparorcst Ha paccnauBanue B ekoHTatop Jl. O6orpeB KOJIOHHBI
Pp nns BblAENeHHS KOMIOHEHTa B B JaHHOM ciydae OCYIIECTBIISETCS OOBIYHBIM CIOCOOOM ¢
UCTOJNb30BaHUEM Tperomiero mapa. Jlnsg OaJaHCHUPOBKM  TEIUIOBBIX MOTOKOB  (TEIJIOTHI,
BBIJICJIAIONICIHCS TIPU KOHACHCAIIMK CXKAThIX IapOB MCXOJHOM CMECH, U HEOOXOJUMOIo Teria JUis
UCTIApEHHUs MCXOJHOM cMecH B KyOe KoJIOHHBI Pp) Ha JMHUM HOJAauu C)KAaTOW MCXOIHON cMmecH
MPEeIyCMOTPEH KOMIEHCUPYIOMHA TeruiooOMeHHUK Tx. B cnmyuae, ecnm Teruiocoaep:kaHue MapoB
C)KaTOW MCXOAHOM cmecu Oombiie, yem Tpedyercs s oOorpeBa Kyba KoJOHHBI Pp, TO B
teriooOMeHHuke Tk oTrBoauTcs u30biTouHoe Temwno (r. Eciam ke KoiauuecTBa Teruia,
BBIJICJIIONIETOCS MIPH KOHAEHCAIIMK TapoB F HE JOCTaTOYHO, TO C IMOMOIIbIO TeriooOMeHHuka Tk
MO>HO OCYILECTBUTH I10JIBOJ HEAOCTAIOILEr0 TEILIA.
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PI/IcyHOK 2 — HpI/IHLII/IHI/IaJ'IBHaFI CXCMa pa3aciiCHUA FGTCpOEBCOTpOHHOfI CMECH C UCIIOJIB30BAHUECM
TCIIOBOTO HACOCa OTKPLITOI'O THUIIA IJIA o6orpeBa KOJIOHHHI Pg (xF > xHB)-
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Ecan ucxonHas cMechb HaXOAUTCS B JUAIa30HE XF > XHp, TO TEIIOTA €€ KOHACHCALUU C
MOMOIIBIO TETIOBOTO HACOCa MOXKET OBITh MCIONIBh30BaHa Jisi 000orpeBa KonoHHBI Pp. O6orpes xe
KOJIOHHBI Py OyJIeT OCyIIEeCTBIATHCS C HCIOIB30BAHNUEM I'PEIOLIEro napa. B cimyuae, korjga ucxoaHas
CMeCh HaXOJUTCS B JUANa30He XHp < XF < XHB, OHA IOCJIE CXKATHUA €€ KOMIIPECCOPOM MOXKET OBITh
MCTOJIb30BaHa I 000rpeBa Kyoa oJHOI U3 PeKTU(HUKALMOHHBIX KOJIOHH, a IOCJIe KOHACHCALUU OHA
HaIpaBJIAETCS HA CTaJMIO0 JeKOHTauuu. [Ipyn KoHAeHcaluu cxKaTblX MApOB UCXOAHON CMECH 4HacToO
MMEET MECTO BBIICJICHHE I0OBOJIBHO OOJIBIIOTO KOJIMYECTBA TEIJIOBOI SHEPTHHU, HCIIONB3Ys KOTOPYIO,
MO>KHO TIPOM3BOJUTH 000TPEB 00EHX PEKTUPHUKAIIMOHHBIX KOJIOHH. BO3MOXKET Takke psiji BApPUAHTOB
paszeneHus, B KOTOPBIX 000rpeB KyOOB KOJIOHHBI OCYIIECTBIISICTCS 3 CUET TEIUIOTH KOHICHCAIIUH
CXKaTBIX MAPOB AUCTHIUIATA, BBIXOAIIUX U3 PEKTU(UKAIMOHHBIX KOJIOHH Py 1 Pg.

Ha puc. 3 nokazaH oAMH M3 BapUaHTOB pA3ACIEHUS TETEPOA3COTPOIIHOM CMECU ¢
IIPUMEHEHUEM TEIUIOBOIO HAacoca 3aKpbITOrO0 TuUla. B KOHType LUpPKYJSLUU TEIJIOBOIO Hacoca
LUPKYJUPYET MPOMEXKYTOUHBIH TEIUIOHOCUTENb (X, KOTOPBIN HarpeBaeTcsl (ucnapsercs) 3a CHET
KOHJICHCAIIUU UCXOJIHOU cMecH F' B MeXTpyOHOM mpocTpaHcTBe ucnapuress M. Jlanee, mpoucxoaur
MOBBIIIEHUE TEMIIEPATypHOI'O MOTEHIMala MOTOKa BOJBI 10 TpeOyeMOro ypoBHS MyTEM CXKaTus
IIapOB TEIUIOHOCUTEINS OT AABJICHUS p1 10 AaBiieHUs p2 kommpeccopoMm TK. 3atem cxkaTble mapsl
TEIUIOHOCHUTEJIS MO/Ial0TCSl B KAUeCTBE HArPEBAIOLIETO areHTa B KyO peKTU(UKAIMOHHONW KOJIOHHBI
Pg, rne onu KoHJEHCHUPYIOTCA. B pe3ynbrare 3TOro npou3BOAUTCS UCIIAPEHUE PA3ACIIIEMON CMECH.
Boixonsmmii u3 Kyb6a KOJOHHBI KOHJCHCAT TEIUIOHOCUTENSI IPOXOAUT Yepe3 IPOCCEeNbHbI BEHTHIIb
JB. IIpu 3TOM €ro gaBiaeHue U3MEHAETCS OT JaBJIeHUA p2 10 p1. [locie KoHIeHcanuuy uCX0qHask CMECh
F BMecte ¢ koHaeHcatamu Dp u Dp monaroTcs Ha pacciauBanue. J[ns 6aJaHCHPOBKU TETIOBBIX
MOTOKOB Ha JIMHUU MOJAaYd UCXOAHOIN CMECH MPEyCMOTPEH KOMIICHCUPYIOIINI TeI000MeHHUK Tk.
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Pucynoxk 3 — [punimnuansHas cxema pa3aeieH s ¢ HCIOIb30BAaHUEM TEIIOBOTO HACOCA 3aKPHITOTO
TUMA ISl 000rpeBa KOJOHHBI Py 32 CYET TEIUIOTH UCXOMHOM cMecH (Xup < XF < XHB).

3aKkphITbIe TEIUIOBBIE HACOCHI MOTYT TaKXKe MPUMEHAThCS Uil oborpeBa KyOoOB
PEKTH(PHUKAIMOHHBIX KOJIOHH 32 CUET TEIUIOTH KOHJACHCALUH apoB AUCTIILIATOB Di 1 Dg.

AHanu3 paccMaTpUBaEMbIX BapUaHTOB IIPOLIECCA Pa3JEJICHUs T€TEPOA3EOTPOIIHBIX CMECEH ¢
HCII0JIb30BaHUEM TEIUIOBBIX HACOCOB IIPOBOAMIICS HAMU IPUMEHUTENBHO K Pa3elIEHUI0 CMECH BO/IA
— H-OyTaHom. J{1s1 JaHHON CMecH TeMIlepaTyphl KUIEHUS UCXOAHBIX KOMIIOHEHTOB IIPH JIABJICHUU P
= 0,1 Mlla coctasnsmot: ts = 117,5 °C, g = 100 °C, a Temneparypa KUIIEHUsI T€TEPOA3E0TPOIIA paBHA
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ta=92,9°C|5, 6]. B obnactu koHeHTpanuii cmecu ot xg = 16,8 % B 1o xg = 90,7 % B 1ipu KuneHuu
JAaHHOM cMecH MMeeT MecTo oOpa3oBaHHUE JABYX XKUAKHX (a3. [Ipu 3ToM KOHIEHTpauus mapoB Va
cocrasiseT 43,2 % B.

Pacu€r maTtepuanbHBIX M TEIUIOBBIX IOTOKOB I PA3IMYHbIX BapUAaHTOB pa3/elICHUs
MPOU3BOJIMIIN, HUCIOJIb3YsS COOTBETCTBYIOIIME 3aBHCHUMOCTH, MOJy4YeHHble Ha 0a3e ypaBHEHMMH
MaTepHAILHOTO U TETIJIOBOTO OajlaHCOB OCHOBHBIX cTanuil pa3aenenus [ 1]. [Ipu aTom 6610 IpUHSATO,
9TO MPOU3BOIUTEILHOCTh YycTaHOBKU cocTaBisieT F = 1000 kr/4. CocTaB KOHEUYHBIX KyOOBBIX
MPOIYKTOB pazaencHuss Wg u Wp cOOTBETCTBEHHO ObLT paBeH xw = 98 % B u xwp = 2 % B, a
TeMmIepaTypa UCXOAHOI cMmecu coctaBisiia fr = 120 °C. TemnepaTypbl KUIIEHUS cMeceil B 001acTsaxX
0 < xr < xppuxuB < Xr < 1, a Takke cocTaBbl MapoBoW (ha3bl ObLIM YCTAHOBIICHBI, HCIIOJIB3YS
auarpamMmy paBHoBecust (a3 mnsi paccimamBaemor cmecH [5]. Temnmodusznyeckue XapaKTEpPHUCTUKH
JKUAKUX W TApOBBIX cMecel (IUIOTHOCTH, TEIUIOEMKOCTH, SHTAJIbIUM U JAp.) PACCUUTHIBAIU C
HCII0JIb30BAaHUEM COOTBETCTBYIOIUX YPABHEHUM aJ/INTHBHOCTH.

IIpu pacuére TEIIOBBIX HACOCOB OBUIO MPUHATO, YTO PA3HOCTb TEMIIEPATyp IOTOKOB,
y4YacTBYIOUIMX B TeriooOMeHe, coctapiseT A¢ = 10 °C. 3Has TeMmeparypsl 3TUX MOTOKOB, ObUIH
YCTAHOBJIEHBl JAaBJICHMS COKMMAEMbIX IapOB p1 U p2, a TaKXKE IPOU3BEIEH PAcu€T MOILHOCTH
KOMIIPECCOPOB TEIUIOBBIX HACOCOB. B BapuaHTax pas3ieneHus ¢ IPUMEHEHUEM 3aKpBhITOIO TEIIOBOTO
Hacoca B KaueCTBE MIPOMEKYTOUHOT0 TeIIoHOCHTeN s Gx ObLIa MCTOIb30BaHa BOJA.

B kauectBe kputepus 3pPpeKTUBHOCTH pacCMaTPUBAEMBbIX BApUAHTOB pa3/iesieHHsI HaMU Oblia
HCII0JIb30BaHa CTOMMOCTb SHEPrETUUECKUX 3aTPaT, CBSI3aHHBIX C IIPOLIECCAMU HAarpeBa, OXJIAKICHMS,
UCHApEHUs U KOHJEHCALlMM IOTOKOB pa3leisiEeMbIX CMECEH, a TaKkKe 3aTpaT AJIEKTPO’HEPIMH Ha
C)KaTHe MapOBBIX IMOTOKOB KOMIIPECCOpaMH TEIJIOBBIX HacocoB. Ilpu 3ToM ObUTIO HPUHATO, YTO
CTOMMOCTbh TAapOBOH 3HEPIrUU COCTABISACT 3 pyO/KBm-y, CTOMMOCTb 3JEKTPUYECKOH 3Hepruu 7
py6/kBm-u, CTOMMOCTb OXIaXIaoIIel Boasl 20 py6/m>.

[TpoBenénuble pacu€Thl MOKa3ajdM, YTO TPU MPOBEACHUU IpOLEcCa PEeKTU(UKAUIH
reTepoa3coOTPOIHbIX CMECEH pa3jIM4YHOIO COCTaBa C MCIOJIb30BAHUEM TEIUIOBBIX HAaCOCOB
SHEPreTUYECKHE 3aTpaThl HA Ipoliecc pasieneHus 3HauuTenbHO (Ha 20+60 %) Huke, yeMm Mpu
MPOBEAICHUU OOBIYHOM pPEeKTU(UKAIUU. DTO CBA3aHO C TEM, YTO IPU HCIOJIH30BAHUU TEIIOBBIX
HAaCOCOB CYIIECTBEHHO CHHXKAIOTCA pacxoibl TEIJIOBOM HHEpruM Ha 000rpeB  KyOoB
pekTu(UKanOHHBIX KOMOHH Qxp U (k. CHUXKAIOTCS TaKKe PacXOAbl OXJIAXKAAIOIICH BOJBI,
HEOOXOIMMOW Ui KOHICHCAI[MHM IapoB MCXOAHON cmecu F M mapoB IUCTWLUIATOB Dy U Dp.
CrnenoBarenbHO, MOXKHO CAETATh BBIBOJ, YTO MPOIECC PEKTU(PHUKAIMUA ¢ PUMEHEHUEM TEIJIOBBIX
HacocoB sBisgeTcs: 6onee rppexkTuBHBIM. OH MO3BOJIAET CYLIECTBEHHO MOBBICUTH PEHTA0EIbHOCTD
IIPOU3BO/ICTBA.
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COPBIIUA NOHOB AMMOHMUMSA HA CMEITAHHOM CJIOE HOHUTOB
SORPTION OF AMMONIUM IONS ON A MIXED IONITE LAYER
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Annomayus: VI3yueHbl 3aKOHOMEPHOCTH COPOLIMY HOHOB aMMOHUS U3 MOJIETIBHBIX PaCTBOPOB
U peallbHBIX CTOYHBIX BOJ CMECAMHU HOHOOOMEHHBIX cMoi Mapok Tokem-150 u Toxem-800.
Onpenenensl 3HaYCHUS COPOLIMOHHOM EMKOCTH CMecel HOHUTOB.

Abstract: The regularities of the sorption of ammonium ions from model solutions and real
wastewater by mixtures of ion-exchange resins of Tokem-150 and Tokem-800 brands have been
studied. The values of the sorption capacity of ionite mixtures were determined.

Kniouesvie cnosa: noHHbII 0OMEH, MIOHBI aMMOHHMSI, HOHUTBHI, CTOYHBIE BOJIBI.

Keywords: ion exchange, ammonium ions, ionites, waste water.

OCHOBHBIMM HMCTOYHHUKAMHU AaHTPOIOTEHHOTO 3arpsi3HEHHs] BOJHBIX OOBEKTOB HMOHAMU
aMMOHHUSI SIBJISIFOTCS. TIPOMBIIIJICHHBIE U OBITOBBIE CTOYHBIC BOJIBI, MOJHMIOHBI TBEPABIX OBITOBBIX
OTXOZIOB, CTOKH C CEIbCKOXO3AWCTBEHHBIX Yroauii. M30bITouHOE conepkaHue a30Ta MPUBOAMUT K
HBTPOQUKAIIMKA BOJHBIX 0OacceifHOB, HAPYLICHHUIO HKOJOTHYECKOTO0 PABHOBECHS W CHUKECHHUIO
Ka4yecTBa BOJIbL, UTO MPEJCTABISAET COOO0M aKTyalbHYIO SKOJIOTHYECKYIO podiemy [1].

CrouHble BO/IbI TOJIUIOHOB TBEPABIX OBITOBBIX 0TX00B (THO), Tak Ha3bIBaeMble (UIBTPATHI,
ABJIAIOTCS. OJJHUM M3 OCHOBHBIX MCTOYHHMKOB 3arpsi3HEHUs aMMoHMEM. KoHILleHTpauus aMMOHUS B
¢wIbTpaTaX MOJUTOHOB 3aBUCUT OT BPEMEHHM HX OHKCIUTyaTalldd U MOXET JOCTUTaTh ThICSY
MIWLIUTpaMM. QUIBTPaThl IMOJUTOHOB TaKXKE COAEpXKAT M JIPYIHE€ TOKCHUYHBIE KOMITOHEHTHI:
CyIb(HIBI, HOHBI TSHKEIBIX METAJUIOB, TPYJHOOKHCIISIEMbIE OPraHMYECKUE BELIECTBA, COJIH.

Jlns ynaneHus: MOHOB aMMOHHSL M3 BOJBI MOTYT OBITh HCIOJb30BAaHBI COPOLIMOHHBIE H
MOHOOOMEHHBIE TPOLIECCHI, OKHCIeHHE, OMopmibTpauus U obOpatHblii ocmoc [2 - 5]. MoxHO
1oJjlaraTh, YTO B 3aBUCHMOCTH OT KOHIEHTPAllMi aMMOHMIMHOIO a30Ta B UCXOJHOW CHUCTEME, 3aada
no ero cHwkeHuro 10 HopMm IIJIK pemraercs myrem pa3paboTKd KOMOWHUPOBAHHBIX CXEM,
BKJIIOUAIOILIUX PSJ BBILIEIEPEYUCIEHHBIX METO/IOB.

Wwmeromyecss nuTepaTypHble JaHHBIE yKa3blBalOT Ha  BBICOKYIO 3(QeKTHUBHOCTD
MCTOJIb30BAHUSI CHHTETHUECKUX MOHOOOMEHHBIX CMOJ MPH OTHOCHTEIHHO HEOOJBIION HayalbHOU
KOHIIEHTPALlM! HOHOB aMMOHHUS B Bojie (~ 50 mr/m) [6, 7], T.e. HA 3aKTIOYUTEIHLHON CTaIUU MpoIiecca
OYHMCTKH CTOYHBIX BOJ. [IpuMeHeHne HOHOOOMEHHBIX (MIBTPOB Ha CTaJUU TOOYMCTKU TMO3BOJISIET
yJaJATh HOHBI aMMOHHUS /10 HOpM cOpoca BOJbI B BOJOEMbI phIO0X03HCTBEHHOTr0 Ha3HaueHus — 0,5
MI/11.

Ilenp HacTOSILIErO MCCIENOBAHMS  3aKiIoYajgach B  ONPEICIIEHUH  PalMOHAJIBHBIX
TEXHOJIOTUYECKUX MapaMeTpoB IMpolecca HOHOOOMEHHOIo YyjaajeHus aMMoHHui. B pabote
MCIOJIb30BaJIM CHHTETUYECKIE HOHOOOMEHHBIE CMOJIbI Mapok TokeMm-150 u Tokem-800.

JUnsi moJy4YeHUs: YUCTOM BOJBI HEOOXOAMMO HCKIIOYUTH OOpPaTUMOCTh PEaKLUUil MOHHOTO
oOMeHa. DTO JIOCTUTAETCS C MOMOIIbI0 CMEIIAHHOTO CJIOSI HMOHUTOB, KOTa B OJHOM PEaKTOpe B
NepeMEIIaHHOM COCTOSIHUY HAaXOAATCs KATUOHUT U aHUOHUT. biiarogaps oueHb 6JIM3KOMY COCEICTBY
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II0JIO)KUTEIBHO U OTPULIATENBHO 3apSKEHHBIX HOHUTOB B CMECH, COCTOSIILIEN U3 CUIIbHOKUCIOTHOIO
KaTHOHUTA M CUJIBHOOCHOBHOTO AHWOHMTA, NPAKTUYECKHM OJHOBPEMEHHO IPOTEKAIOT PEaKIMH,
KOTOpBIE B CyMM€ 00€CIIeYrBaOT HEOOPATUMOCTD MPOLIECCa, TPYTHO TOCTUTAEMYIO IIPU pa3eIbHOM
MOHUPOBAaHUH. BHIOOP ONTUMAaTbHOIO COOTHOUICHUSI KATHOHUTA U aHUOHUTA SIBJISIETCS aKTyallbHOU
3aa4uen.

JUis IpUrOTOBIEHUS MOJEJIBHBIX PAacTBOPOB, COAEPXKALMX HMOHBI AMMOHMS, IPUMEHSIIN
l'ocynapctBennslii crangapthbiii obpasenr ['CO 7786-2000 u obeccosieHHYI0 BOIy Mapku A.
Onpenenenue KOHLEHTpaLuu HNOHOB aMMOHMS B pacTBopax IIPOBOAMIIOCH
CHEKTPO(POTOMETPUUECKUM METOJIOM, OCHOBAaHHBIM Ha CITIOCOOHOCTH HOHOB AMMOHHMS 00pa30BbIBATH
OKpAILIEHHOE B )KEJITO-KOPUYHEBBIN LIBET COEIMHEHNE ¢ peakTuBoM Heccnepa.

Jlnst u3ydeHust copOuuu nonoB NH4" mcnonb30Banu METOI OrpaHHYCHHOTO 00beMa Mpu
COOTHOIIIEHUH TBepAoH u xuakoi ¢az 0,5:200 (r/mi). UccnenoBanus mpoBOIUIHCH TPH HAYATbHBIX
KOHIIEHTPAIUSAX HOHOB aMMOHUSs 5-50 Mr/I1.

CopbunonHoe paBHOBecHe u3ydyanu npu temneparype 20-22°C B CTaTUYECKHX YCIOBHSIX
METOIOM MEPEMEHHBIX KOHLIEHTpaIuii. {711 3Toro HaBecKy BO3IYLIHO-CYXOro copOeHTa maccoii 0,5
r 3asiuBanu 200 M pacTtBopa, copepxaiiero nonsl NH4+. Jlng ananusza Ha copep)kaHUE MOHOB
aMMOHHUSI OTOMPAJIM HAJ0CAI0UHYIO KUIKOCTh, 00pa30BaBLIyIOCs TOCE (Pa30BOI0 Pa3/eIeHusl.

CopOLUMOHHYIO eMKOCTh 00pa3LOB ONPEACIISIN KaK:

S = (e, —c)%, (1)

rae S — copOIMOHHAs €eMKOCTh 00pasia, Mr/t; V — 00beM pacTBOpa; Co U C — HaYaJlbHAS U
paBHOBECHasi KOHILIEHTPAIlMM HOHOB aMMOHHUS B pacTBOpPE COOTBETCTBEHHO, MI/JI; m — Macca
copOeHTa, T.

N3yudena copOLus HOHOB aMMOHUS CMECSAMHU CHIIBHOKUCIIOTHOTO cynb(okaTnonuta Tokem-
150 B HatpueBoil ¢popme U cuibHOOCHOBHOTO aHMoHUTa TokeM-800 B xmop dopme. B xauectBe
MOJIeJIbHOTO ucnonb3oBaics pactBop 0,015 % xmopuna ammonus (NHg - 50mr/im) B Boze Mapku A
(OCT 11.029.003-80). OxcrnepuMeHTBHl NPOBOAWINCH B CTaTUYECKUX YycioBUsAX. [lomydeHHble
pe3yJabTaThl IPEACTaBICHBI B TabmuIe 1.

Tab6auna 1 — 3aBucuMocTh 0OMEHHOM €MKOCTH IO aMMOHHMIO OT COJIEP>KaHUsl aHUOHUTA B CMECH

CopnepxaHue aHHOHUTA EMKocTh cMecu cMmoin pH cmecu nocie
B cmecu Cy, % 110 aMMOHHUIO, MI'-3KB/T HMOHHMPOBAHUS
0 0,60 8,7
15 0,62 8,3
30 0,76 6,5
50 0,39 6,0
70 0,21 52
90 0,13 4,87

IIpu yBenuueHuu copepkaHusi aHHOHUTA EMKOCTh cMecu Bo3pactaeT B uHrepsaiie 0-30 %,
POXOAUT uepe3 MakcumyM 0,76 Mr-3KB/T, ¢ mOCIeAyOMMM yMeHbinenuem 1o 0,13 mMr-sks/r npu 90
% conepykaHuu aHMOHUTA. 3HaueHnue pH nonrpoBanHOro pacTBopa ymeHnsaercsd ¢ 8,7 1o 4,87 npu
YBEJIMUEHUH cojepkaHus aHuoHuTa B cMmecu ¢ 0 1o 90 %. KoHueHTpauus MOHOB aMMOHMS B
MOHMPOBAHHOW (OYMILEHHOI) BOJIE BO BCeX 3KcHepuMeHTax He npesbimana 0,05 mr/n. U3menenue
pH mnpu uOHUpOBAaHMM MOXET ObITh OOBSICHEHO pPAa3IMYHBIMH KOHCTAaHTAMM JAUCCOLMAINH
KaTHOHUTOB U aHHMOHUTOB cMecu (pKk-1-2, pKan-3-4). OntumanbHbIM coJepKaHUEM aHHOHHUTA B
cMecH 110 OOMEHHOM eMKOCTH U 3HaueHust pH nonupoBanHoi Bobl 6610 BEIOpaHO 30 %.

[Tpu BeIOpanHOM conepxanun anuonuta (30 %) Obla onpeneneHa BeIMYUHA PaBHOBECHOM
copOuuyn noHOB aMMoHHUs S. MHTepBasl KoHLIeHTpaluii ammonust C B UCXOAHOM BOIE COOTBETCTBYET
3HAYEHUSM, I0JIy4aeMbIM I0CJIE€ BTOPOM CTYNEHM OCMOCa Ha pealbHbIX Bogax noauroHos ThO.
ITosydyeHHbIe pe3ysbTaThl IPEACTABIEHB] HA PUCYHKE 1.
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PﬂcyHOK 1— I/I30TepMa COp6LII/II/I HMOHOB aMMOHH Ha CMECH aHHMOHHUTA U KaTUOHWTA B OTHOIICHHNHA
A:K=3:7

DKcnepUMeHTalbHbIE JaHHBIE XOPOIIO OMHMCHIBAIOTCS U30TepMOi copbumu Jlenrmiopa (2),
YTO WJUTIOCTPUPYET rpauk pucyHKa 2.
K-Cyy, @
-
1+K-Cyy,
rae S, — npenenbHas agcopouus; K — koHcTaHTa acopOIMOHHOTO PABHOBECHS.

[Tyrem mMaTeMaTH4ecKOil 0OpabOTKM IKCHEPUMEHTATbHON H30TEPMbI COPOIUH MOTYy4EHBI
3HavyeHus ko3 duuumenton ypasuenus Jlenrmiopa: S»=1,0963, K=2,0615.
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Pucynok 2 — Jluneapu3oBaHHas H30TepMa COpOLIUHE HOHOB AMMOHUSI CMEChIO HOHHUTOB C
cootHoIrenneM A:K=3:7

JleKaHTUPOBaHHbBIE BOBI, IOCIE 00pabOTKH CMEChI0 HOHUTOB C PAa3IMYHBIM COJEpKaHUEM
QHUOHMUTA IIOJBEPraJIiChb HATPUM KATHOHMPOBAHMIO B CTATUYECKOM peExXuUME. PesynbTaTsl
IIPE/ICTaBJIEHbl HA PUCYHKE 3.

IIpu yBennuenun conepkanus aHuoHuta C4 B CMECHU CMOJ 3aKOHOMEPHO YBEIMUYUBAETCS
KOHLEHTpauus aMMOHMsI Cyps B KATHOHUPOBAHHOM BOJIE, YTO CBS3aHO C YMEHBIIEHHEM KOJIMYECTBA
KaTHOHHOW cMoubl. 3HaueHue pH ymeHblnaeTcs, NpuOIMKasch K HIDKHEMY 3HaueHuio pH,
COOTBETCTBYIOLIIEMY HOpMaM cOpoca BOJbI B BOJOEMBI PHIOOX03HCTBEHHOTO Ha3HAYCHUSI.
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Pucynok 3 — 3aBucumocth KOHIEHTpaIMi aMMoHus (2) 1 3HaueHust pH kaTnoHHpOBaHHOTO QUIIBTpaTa
(1) cmecu cMomn OT coaepkaHus aHUOHHUTA B CMECH

3akiro4enue

[TpoBeneHHbIe HCCIENOBaHUSA COPOLMU MOHOB aMMOHHSI CMECSIMH HMOHOOOMEHHBIX CMOJI
Mapok Tokem-150 u Tokem-800 mnO3BOAMIM YCTAaHOBUTH pPAallMOHAIBHOE COOTHOLICHHE
aHMOHOOOMEHHOW W KaTHoHOOOMeHHOU cMmoinbl A:K=3:7. Ilonmyuena wu3orepma copOLUU HOHOB
aMMOHUS YKa3aHHOW CMeCbIO MOHUTOB. [IoKa3aHa BO3MOYKHOCTb IOJYyYEHHs OYMILEHHOM BOJIBI C
coJiepKaHueM MOHOB aMMOHHUS U MoKa3zareseM pH, COOTBETCTBYIONIUX IKOJIOTHUECKUM HOPMaM.
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Aunnomayusn: PaccMoTpeHa crpareruss co3naHus 3()(EKTUBHBIX KaTalu3aTOpPOB IS
CIHMPTOBBIX TOIUIUBHBIX JJIEMEHTOB U TPOAHAIU3MPOBAHBI OCHOBHBIE MHUPOBBIE TPEHIBL
[TpemioskeHbl COOCTBEHHBIE TEXHHUYECKHE PELICHHUS I HHU3KOTEMIEpPaTYPHBIX INEIOYHBIX
ATAHOJIHBIX 0€3MEeMOPaHHBIX TOIUIMBHBIX 3JIEMEHTOB.

Abstract: The strategy for creating effective catalysts for alcohol fuel cells is considered and
the main global trends are analyzed. Own technical solutions for low-temperature alkaline ethanol
membraneless fuel cells have been proposed.

Kniouesvie  cnoea:  kxamanuzamopvl,  HeNAAMUHOBLlE, — MONIUGHbIE  IIEMEHMDbI,
be3memobpanHvle, 5MAHON

Key words: catalysts, non-platinum, fuel cells, membraneless, ethanol

OObecnieueHne yCTOWYMBOIO SHEProCHAOXKEHHS BBICOKOTEXHOJOTHYHBIX MPOU3BOJICTB U
OTBETCTBEHHBIX OTPEOUTENICH HEBO3ZMOXKHO 0€3 CUCTEM pe3ePBUPOBAHNUS SHEPTUU U UCTIIOTIH30BAHUS
JIOTIOJIHUTENBHBIX HMCTOYHUKOB TOKa. B kaduecTBe HHMX B IIOCIHEAHME TOJbI, BCE 4allle
paccMaTpuBarOTCs TOIIMBHBIE AJIEMEHTBI, IOCKOJIbKY OHU aBTOHOMHBI, I0JITOBEYHBI U B OTINYHE OT
JAPYTUX HAKOMUTEJICH SHEPTUH HE 3aBUCST OT BHEIIHUX YCIOBUN U HE TPEOYIOT MOA3APSIAKH.

PaboTa ciupTOBBIX TOIUIMBHBIX 3JIEMEHTOB OCHOBAaHA HA MPSIMOM MPEOOpPa30BaHUH SHEPTHH
XMMHMUYECKOM DPEAKIMM OKHCIEHUS CHUpPTa B 3JIEKTPUUECKYIO, MUHYs IHpolecchl ropeHus. OHu
BBIFOJTHO OTJIMYAIOTCS OT AKKyMYJSITOPOB M Iepe3apsiKaeMbIX Oarapeil, B cocTaBe KOTOPBIX
COJIEPIKaTCsl CBUHEL, PTYTh, KaAMUI, TUTUH U Ap. BpeIHbIE BellecTBa. Tak, HalIpuMep, NpOAyKTaMu
OKHCJIEHUSl 3TaHOJa B IIEIOYHBIX TOIUIMBHBIX JJIEMEHTAaX SIBISIOTCS BOJA M YIVIEKHMCIBIA ras,
KOTOpBIE HE HAHOCST BPEJl OKPYXKAIOLIEH Cpefie, a caM 3TaHOJ BOCIIPOM3BOIUTCS U3 PACTUTEIBHOIO
CBIPbS, T.€. ABISAETCS BO30OHOBISIEMBIM HUCTOYHUKOM 3HEpruu. I109TOMy TOIUIMBHBIE 3JIEMEHTHI Ha
OCHOBE 3TAHOJIA SBJISAIOTCS EPCIEKTUBHBIMU.

B nocnennue roapl ucciegoBaHUs B OOJIACTH TOIUIMBHBIX 3JIEMEHTOB MMEIOT JBa SIPKO
BBIPKEHHBIX TpeHJa: 1) 3aMeHa 3JIEKTPOJIMTOB Ha OCHOBE MOHOB METAUIOB HAa OpPraHUYECKHE
OKHCJINUTEIbHO-BOCCTAHOBUTEIIBHBIE CHUCTEMBI; 2) HCIIOJb30BAaHHUE KaTalu3aTOPOB HA OCHOBE
METAJJIOB IEPEXOJHOM TpYNIbl M HMX OKCHIOB M THJIPOKCHJIOB, B3aMEH JIOPOTOCTOSIIUX
KaTaJu3aTOpOB Ha OCHOBE IIJIaTUHBI, MAJUIa U U UX CIUIABOB.

IIpu 5TOM OpraHuYeckue JJIEKTPOJIUTHI Ha BOJHOW OCHOBE CUMTAIOTCA Haubosee
NEPCHEKTUBHBIMU JICKTPOIUTAMU JJIsl JOCTHXKEHHS O€3011aCHOr0 U HEIOPOTOro XpaHeHUs SHEPTUU
[1]. B 3TOM HanpaBieHUH CYIIECTBYET JBE OCHOBHBIE CTPATETUHU: 1) MUKPOKUAKOCTHBIE IPOTOUHBIE
6arapeu, MCIOIB3YIOIINE JJAMUHAPHBIE TTOTOKH 3JEKTPOJIUTOB C TOIUIMBOM U OKHCIUTEISIMH, U 2)
nByxda3Hble Oarapeu, HCIOJIB3YIOIINE HECMENIMBAIOIIUECS OKUCINTEIbHO-BOCCTAHOBUTEIIbHBIC
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AJIEKTPOJIUTHL, pa3feiCHHbIE IO TEPMOAMHAMHYECKUM MpUyuMHAM [2]. MOIIHOCTh NEepBbIX
OrpaHUYEHa MAJIBIMHM CKOPOCTSIMH IOTOKA, HEOOXOUMBIMH IS ITOIJICPKAHUS TAMHUHAPHOTO TOTOKA
U YMEHBIICHUS TEePEeMELINBAHUS JIEKTPOJINTA, MEPEKPECTHBIM 3arpsA3HEHHEM U CamMopa3psIoM
pearentoB, Hu3kuM KIIJI u ap. B cBsa3u ¢ stum pa3paborka Oe3meMOpaHHBIX Oarapeii, He
OrpaHUYEHHBIX paMKaMH MHKpPO MAacCIITaOHOTO TMPOEKTUPOBAaHUS, M OCHOBAaHHBIX Ha
HECMELINBAEMOCTH OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX AIEKTPOJIUTOB, aKTyallbHA.

B pamkax gaHHOW KOHIENIMU HAMH pa3pabOTaH HOBBIM THUI 0e3MeMOpaHHBIX TOITMBHBIX
3JIEMEHTOB Ha OCHOBE HECMEIIMBAIOIINXCS XXHUIKOCTEH (puc.1).

b
;\'3‘

GH;0H+12 OH -2 CO+ 9 H,0 +12 &

HO
cnupmosoii cnoit ;g

Pl/lcyHOK 1 — Cxema pa6OTI:I 663MeM6paHHOFO 9TaHOJIbHOI'O ICJI0OYHOI'0 TOILIMBHOI'O 3JICMCHTA

B HHMX HCHOJB3YIOT [1B€ HECMEIIMBAIONIMECS >XUAKOCTH, MPOBOASIINE HPOTOHBI W/WIH
TMJIPOKCUZI-MOHBI. B 3TOM ciyyae caMONpOM3BOJIBHO MOJAECPKHUBACTCS CTAllMOHApHAas TI'paHULA
pa3nena a3, KOTOpas BBINOJHIET pOJb BUPTYyaJbHOH MeMOpaHbl. biarojgaps OTCyTCTBHIO
MeMOpaHbl TpPeJUIOKEHHBIE TOIUIMBHBIE JJIEMEHTHI JIMIIEHBI BCEX HEJOCTAaTKOB MPOTOYHBIX
TOILJIMBHBIX 371eMEeHTOB. OHU MPOCTHI 10 KOHCTPYKLIUHU, MOT'YT UIMETh OOJIbIINE pa3Mephl U Oaronaps
3TOMY BBICOKYIO MOIIHOCTh; paOOTalOT B CTAlMOHAPHOM pEXHME, C MEPUOJUYECKUM
noOaBieHreM/3aMeHoM ToruBa [3,4]. B kadecTBe TOMIIMBA B IPEIJI0KEHHOM TOILUTUBHOM JJIEMEHTE
HCIIOJIb3YETCS 3TAHOJI, BBUy €0 HEOCIIOPUMBIX IPEUMYIIECTB MEPE] IPYTUMHU BUAAMHU ToIIMBa. B
KauecTBE IPyrux KOMIOHEHTOB cuctemsl BoicTynaroT KoCOs, K3PO4, KOH u ap.

Ha anone npoucxoaut okucienue 3tanona (1) rugpoxcunom OH-, muddynaupyronmm u3
COJIEBOT'O CJIOSI B PE3YJIbTATE PEaKI[MH BOCCTAHOBICHHS KMCIOpOAa Ha KaTtoze (2)

CoHsOH +120H" —»2CO; + 9H,0 +12 ¢, E.’=-0,74 B (1)

30,+6H,0+12e—120H, E=0,40 B (2)
DNeKTpoHBI, oOOpa3oBaBmIKecs, B Xoie peakmuu (1) mpoxomar uepe3 BHEMIHIOK
AJIEKTPUUYECKYIO0 Harpy3Ky M MOnajaroT Ha Karoia. Bona, oOpasytomascs B pesyibrare peakuuu (1)
MIOCTYTIAET B COJIEBOM CIION M Y4acTBYET B PEAKIIMU BOCCTAHOBIICHHS KUCIOPOoa (2). DIeKTpuiecKuit
TOK, TMOJIYYCHHBIH B XoAe mnpoxoxaeHus peakmuii (1) u (2), MOXKeT OBITh HCIONB30BAH IS
NPUBEJCHUA B JEHCTBHE BHEIIHETO YCTPOWCTBA, MOJCOCAMHEHHOIO K TOIUIMBHOMY 3JIEMEHTY
(nammpumep, namnodku). OOIIyI0 peakiHio B 3TAaHOJIHHOM TOIIMBHOM 3JIEMEHTE MOXHO OIHCATh

ypaBHeHHeM (3):
C.Hs0H +30,—2C02+3H20, E’=1,14 B 3)

JU1st IPOXOXKACHUS peaKIuil OKUCIIEHUS CIIMPTa M BOCCTaHOBIICHHS KHCIOPOa HEOOXOAUMBI
3¢ deKTUBHBIE KaTanu3aTopbl. Pa3paboTKy KaTaau3aTOpoB Ui MPOMBIIUICHHOTO HPUMEHEHUS
HE00XO0IMMO MPOBOJIUTH C YYETOM TOTO, YTO OHHU JOJDKHBI OBITH 3(PPEKTUBHBIMHU, JTOJITOBEUHBIMH,
HKOJIOTUYHBIMU, ¥ OCHOBAaHBI Ha JIOCTYIHBIX XUMHYECKUX 3JeMeHTaX. Ilockonbky B HacTosIiee
BpeMs BO BCEM MUpPE OCTPO CTOUT BOIMPOC INI00ATBHOI SHEPreTHUECKo 0€30IMacHOCTH U CO3AaHuUs
YCTOMUYMBBIX TEXHOJIOTHUH, OCHOBAaHHBIX Ha COOCTBEHHBIX pecypcax, MpH pa3padoTKe M BHEAPEHUH
HOBBIX CHCTEM HAKOIUICHHsS JHEPIUU CJelyeT MNPUMEHATh MaTepuaibl, HCKIIOYaIoIIne
I€ONOIUTUYECKHE PUCKH.
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B mocnenHue roapl AOCTUTHYT 3aMETHBIM Mporpecc B pa3paboTKe HOBBIX 3(P(HEKTUBHBIX
KaTaJIn3aTOPOB Ui CHHPTOBBIX TOIUIMBHBIX 3JIEMEHTOB Ha OCHOBE METAJUIOB MEPEXOJHON H
MOCTHEePEXOoAHOM Tpymmbl. J[oKa3aHO, YTO B INEIOYHBIX CpPEAax 3TH KaTalu3aTopbl BO MHOTHX
Cllyyasix He TOJBbKO HE YCTYIAIOT KaTalu3aTropaM, CO3/JaHHBIM Ha OCHOBE METAJJIOB IUIATMHOBOMU
IPYIIIb, HO ¥ MPEBOCXOISAT UX MO CEIEKTUBHOCTHU M JOJITOBEUYHOCTH.

[ToBbIcUTh 3(PPEKTUBHOCTD KATATU3AaTOPOB [5] MOXKHO 3a CUET YBEJIWYECHHUS KOJIHMYECTBA
aKTHBHBIX [IEHTPOB U 3a CYET IMOBBIMIECHUS COOCTBEHHOH aKTUBHOCTH Ka)KJOI'0 aKTHBHOI'O LIEHTPA,
MyTEM CO3JJaHMs OTIPE/ICIICHHON MaKpO- U MUKPOCTPYKTYPbI KaTaau3aTopa.

JUnst ynydIIeHus peakuuyd OKHUCIEHHs 3TaHOoJa MPOBOJIAT KOHTPOIHUPYEMOE JIETMPOBAHHE
METaJUIOB B KaTaiu3aropax [6]. YcTaHOBIEHO, YTO HUKENb SIBJISETCS MEPCIIEKTUBHBIM 3JIEMEHTOM B
COCTaBE KaTaJIU3aTOPOB, IOCKOJIBKY OH IOJBEP)KEH IOBEPXHOCTHOMY OKHMCIIEHHIO U CKJIOHEH K
obpazoBanuio NiOOH, cnocoOcTByromemy okucinenuo CO, ancopOupoBaHHOIO Ha IOBEPXHOCTH B
npouecce okucienus dtaHona [7]. Coenunenuss Hukens (NiOxHy) mnposBAsIIOT BBICOKYIO
KaTAINTHYECKYI0 aKTUBHOCTh B PEaKIMH OKUCIEHHs 3TaHOJIa U MOTYT OBbITh MCIOJb30BAHBI IS
ycToiftuuBoro nmpeodpazoBanus suepruu. JonupoBanue crpykrypsl NiOxHy (okcu)runpokcuaamu
KoOajgbTa W JPYTrUX JJIEMEHTOB MOJXKET CYIIECTBEHHO YJIYYIIUTh €ro KaTaJUTUYEeCKHe
XapaKTePUCTUKH.

Kene3ox00anbTOBbIC IIIHHETH TPOSIBIAIOT BHICOKHE KaTATUTHYECKUE CBOWCTBA B PEAKLIUU
BOCCTAHOBJICHHS KUCIIOpoAa B 1enouHbIX cpenax [8]. Kobanstutsl (Co304) U MIMUHENBHBIE OKCHUIBI
Hukens (NiCo204) cnocoOCTBYIOT OM(PYHKIMOHATBHOMY IOBEICHHUIO 3JIEKTPOAOB B OTHOILICHUU
peakiMy BBIACNCHUS KHUCIOPOAAa M pPEaKIMHU BOCCTAHOBJICHUS KHUCIOpoja, Onaromaps ux
CIOCOOHOCTH CO3/aBaTh Ha MOBEPXHOCTH JTOHOPHO-aKLENTOPHbIE XeMOCOPOLMOHHBIE EHTPHI IS
obpatumoit agcopOuuu kuciaoposa [9]. B menounoi cpene KoOaIbTUTHI HE TOIBKO IEMOHCTPUPYIOT
BBICOKYIO aKTHBHOCTb M CTAOMJIBHOCTb, HU3KOE JIEKTPUYECKOE COMPOTHBIICHHUE U KOPPO3HOHHYIO
CTOMKOCTB, HO M CHOCOOCTBYIOT 3JIEKTPOOKHCICHHUIO Opranndeckux BemecTs [10].

Karanutuueckass akTHBHOCTh KaTaJlW3aTOPOB BO MHOTOM 3aBHCUT OT MaTepuasia HOCUTEI,
WINA TIOJUIOKKH KaTajau3aTopa, U ero cBoMcTB. OcoOblii MHTEpEC B MOCIEIHHE T'OJbl BBI3BIBAIOT
HOCHUTENIM KaTaJlu3aTopoB M3 MeTamnueckux neH Ni, Ag, Sn u ap. OHM mpencTaBisioT coOon
TpexmepHbie (3D) marepuanbl ¢ MUPOKUM AMANA30HOM HMOPHCTOCTH, MO3BOJISIOIIUMH MPOXOIUTh
Yyepe3 HUX JKUJKOCTHU U ra3y. YHUKaJbHbIE CBOWCTBA MPOBOJAIINX METAJUIMYECKHUX I€H, TAKHE KaK
BBICOKAasl yjeibHas IUIOLIA/b TOBEPXHOCTH M JKECTKOCTb, [ENAIOT HX BOCTPEOOBAHHBIMU
HOCHUTEIISIMU, Ha KOTOPbI€ HAHOCAT AKTUBHBIM KaTaaUTU4YeCKHi cioid. CaMbIMU MEPCIEKTUBHBIMU
HOCHUTEJISIMU JIJIS1 KaTAJIU3aTOPOB SBIIIOTCA METaJNIM4ecKasl [IEHa U3 HUKEJA U €€ KOMIIO3uThI [11].

C yuerom 3TUX CTpaTeruii HaAMH B KayeCTBE KaTaJU3aTOPOB PEAKLMU BOCCTAHOBJICHUS
KHCJIOPO/a U OKUCIICHUS 3TAHOJIA UCCIIEAOBAINCH OKCHU/IBI IIMUHEIBLHOTO TUIIA KOOAIbTa, HUKEIS U
JKelle3a, HAHEeCEHHbIE Ha HHUKeNIeBble U cepeOpsiHble neHbl. HocureneM s KaTtanu3atopoB BO BCeX
cllyyasix SIBJSUIaCh MeETalIMueckass Menb. l[IpuMeHeHHWe Meau B KayecTBE IOJUIOKKH IS
BBIIIIEYKA3aHHbBIX KaTaJIM3aTOPOB IEPCIEKTHBHO B CBSI3U C €€ BBICOKOW 3JIEKTPOIIPOBOJHOCTHIO,
KATAJIMTUYECKONW aKTMBHOCTBIO M XOpOILUEH aare3ue K METAUIMYECKUM I[I€HAMH, YTO IO3BOJISIET
UCKJIIOUYUTh  HEOOXOAMMOCTh TNPUMEHEHHUS CBS3YIOINIMX  MAaTepHalOB Ui 3aKpeIUICHUs
KaTaJIUTHYECKOTO €105 (METAIIMYECKON NEHbI) HA €€ TOBEPXHOCTH.

HccnenoBanusi akTUBHOCTH BBIIICYKa3aHHBIX KaTaJU3aTOPOB HA HUKEJIEBBIX U CEpeOPSHBIX
MeHax, JOMUPOBAHHBIX OKCHJIAMHU U THIPOKCHIaMHU KoOasbTa 1 xkenesa [12-15]B cuiIbHOIIEI0YHBIX
ATAHOJIBHBIX CpeJax MOKa3aly YBEIWYCHHE aKTUBHOCTU KaTalu3aTopa, 0 CPAaBHEHUIO C TJIaJIKUMU
nouiokkamMu 10 10 pa3. D10 yKaspIBaeT Ha MEPCHEKTUBHOCTh MX MPUMEHEHHS B MPEATIOKEHHBIX
06e3MeMOpaHHbIX IETOYHBIX STAHOJIBHBIX TOIUIMBHBIX 3JIEMEHTaX.

ITpu cpaBHeHUM 3((HEKTUBHOCTH M CTAOMIBHOCTH PA3JIMYHBIX KAaTaJM3aTOPOB BBISBIICHO:
HECMOTpsI Ha MCXOJHYIO BBICOKYIO aKTHBHOCTH cepebpa B peakLMU BOCCTAHOBIICHHUS KHCIOPOAA,
HE/IOCTaTOYHasi XMMUYecKass CTaOWIBHOCTh cepeOpa B CHIIBHOIIEIOYHBIX CpPEAax OrpaHUYHBAET
BO3MOKHOCTb €0 MPUMEHEHHSI JJ1s1 HU3KOTEMIIEPaTypHOT0 OKHCIICHUS 3TaHOJa B CUIbHOIIEIOYHBIX
BOJIHO-TAHOJIBHBIX cpefax. B nmaHHBIX ycnoBusAx Oosiee CTaOMIBHBI KaTalW3aToOpbl HA OCHOBE
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HUKEJIEBOM NEHbI, MPAKTUYECKOEe IPUMEHEHHE KOTOPBIX OoJjiee MEpCHEKTUBHO, HECMOTpPS Ha
MEHBIIIUE TOKH BOCCTAHOBIICHUS KHCIOPO/A.

Kpome Toro, nockosbKy mporecc BOCCTAHOBICHHUS KUCIOPOAa MPOUCXOIUT Ha TpaHuLe ¢as,
HE00X0auM OallaHC MeXIy THAPOQMIBHOCTBIO M THAPO(GOOHOCTHIO MaTepuana KaTaau3aTopa.
I'uapodunpHble KaHAJIBI B KaTaau3aTope HEOOXOIUMBI Uil 00ECIeYeHHs KOHTAKTa 3JIEKTpoja ¢
KHUJIKUM 3JICKTPOJIUTOM, a THApodOOHBIE KaHAIbl — s OOJerdyeHus IMepeHoca KHCIopoJa.
VY CTaHOBJICHO, YTO MPH JONMPOBAHMHM HUKEIIEBBIX IEH OKCHAAMH M THIPOKCHIAMH KOOanbTa H
JKelle3a YBEJIIMYMBACTCS MeX(a3sHOe CONMPOTHBICHHE MEXAY OJJIEKTPOAOM M JIIEKTPOIUTOM H
HapymaeTrcs TuapodmibHO/TuApo(oOHbI OamaHc Ha rpaHune pasgena (as. OTo 3aTpydHser
MIEPEHOC KUCIIOPO/Ia BHYTPh HUKEEBOM MeHbl. [103ToMy /1715 peakiuy BOCCTAaHOBJICHUS KHUCIIOPOa B
UCCIIEZIOBAaHHBIX YCIOBUAX OoJiee 3((eKTUBHBI HUKENIEBbIE IEHbI 0e3 J00aBOK.

HampoTuB, B peakuuy OKHCICHUS 3TaHOJA KaTalH3aToOpbl HA OCHOBE HUKEJICBOW MEHBI U
THJIPOKCUIOB M OKCHJIOB XkeJie3a U KoOanbTa, moka3anu 0oJiee BHICOKYIO aKTUBHOCTD, 10 CPABHEHHUIO
C YUCTOM HHKEJIEBOM IEHOW, 4TO OOBACHSAETCS OOJBIIMM KOJIMYECTBOM AKTHUBHBIX IIEHTPOB U
yIy4IIEeHHOW MPOBOJMMOCTBIO Ha TPaHMLE pasiesia MEeXAYy THAPOKCHIOM KOoOaabTa U jKeie3a U
OKCHUTHJIPOKCHUIOM JKeJe3a.

Taxum 006pa3oM, CIIOIB30BAHUE CTPATETHH CO3AAHUS KaTAIM3aTOPOB HA OCHOBE IITTMHETCH
nepexoanbix MeramioB Co, Ni, Fe Ha gonMpoBaHHBIX METAJUIMYECKUX IMEHAX MEPCIEKTUBHO IS
peakuuii OKKCICHUS CIUPTa U BOCCTAHOBJICHUS KUCIOPO/A B IEIOYHBIX ATAHOIBHBIX TOIUTMBHBIX
3JIEMEHTAaX W T03BOJIIET PEIIUTh NpOOJeMy TIOJyuYeHHs] HaJEKHBIX aBTOHOMHBIX HCTOYHHMKOB
IUTAaHUS Ha OCHOBE BO300HOBISEMOIO TOIUIMBA, TEM CaMbIM IOBBICUTH OJHEPreTUYECKYIO
0€301acHOCTb U CO3JaTh YCTOMUMBBIE TEXHOJIOIMH, OCHOBAHHBIE HAa COOCTBEHHBIX pecypcax.
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3KCHEPUMEHTAJIBHBIE HCCJIEJJOBAHUS HOBOM KOHCTPYKIIMA
PEIIETYATOM PEI'YJISIPHOU HACAJIKHA JJI5I TIPOIIECCOB
TEIIJIOMACCOOEMEHA
EXPERIMENTAL STUDIES OF A NEW DESIGN OF A LATTICE REGULAR GRID
PACKING FOR HEAT AND MASS TRANSFER PROCESSES

Cemén Anapeesny CaBenko, Muxauna I'eopruesuy bepenrapren
Simon A. Savenko, Mikhail G. Berengarten

Mockoseckuti nonumexnuyeckuu ynueepcumem, Poccus, Mockea
Moscow Polytechnic University, Russia, Moscow
(email: berengarten@mail.ru)

Annomayus: TpenCcTaBlIeHa HOBask KOHCTPYKLHUS PETYJSIPHOW Hacalkd, NpeaHa3HaYeHHas
JUIL TIPOBEJCHHSI MPOLECCOB TEIUIO- MAaccoOOMEHa B YCIIOBHSX, CKIOHHBIX K 0Opa3oBaHHUIO
3arps3HEHUIl Ha MOBEPXHOCTU KOHTAKTA, MPHUBEICHBI PE3yJbTaThl THAPABIMYECKUX HCIBITAHHM,
XapaKTepUCTUK TEIUIO- W Maccoollepelaud Ipolecca MCIAPUTEIBHOTO OXJIaKICHUS BOJBI,
OCYLLIECTBIIIEMOIO B KOJIOHHE 3aIlOJIHCHHOM pacCMaTpUBaeMOM HACaJKOW M HMX CpPaBHEHHE C
KJIACCUYECKOU HACaIKOU.

Abstract: A new grid-structured packing is used for mass and heat transfer processes and has
particular applicability in severe service applications fouling and coking, presents experimental
results for the fluid dynamic and mass transfer characteristic of the compared with one of the classic
packing (Rashig rings). The mass transfer characteristic has been determined by using the system air
— water.

Kniouesvie crnosa: Tenno- u MaccoOOOMEH, peryispHas HacaJka

Keywords: heat and mass transfer, regular contact nozzle

YuuTbiBas BAapUATUBHOCTH CYIICCTBYIOIIUX THIIOB M BapUaHTOB KOHCTPYKTUBHOTO
UCTIOTHEHUSI  KOHTAKTHBIX  YCTPOMCTB, TMpEeIHA3HAUEHHBIX JJS  Pa3BUTHS  IMOBEPXHOCTH
B3aMMOJICHCTBUS (Da3 MpH OCYIIECTBICHUH MTPOLIECCOB TEILUIO- U MacCOOOMEHa, 0 I00p BHYTPEHHETO
ycTpoiicTBa ompenenser 3¢GGeKTUBHOCTh mporecca. K kaxaomy HabOpy TEXHOJIOTHYECKUX H
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HKCIUTyaTallMOHHBIX YCJIOBUI MOAOUpAETCsl KOHCTPYKIMS, TUIOpasMep M BapUaHT HCIOJIHEHUS
HACAJIKH, YTO CIIOCOOCTBYET OCTIKEHUIO TpeOyeMoit 3(pPeKTUBHOCTH OCYIIECTBIIIEMOTO MpoIiecca
Y TapaHTUPYET BBICOKYIO HaJEKHOCTh 3KCIUIyaTallu UCII0JIb3YEMOrO armapara.

BonbIIMHCTBO pacnpOCTpaHEHHBIX PETYJSPHBIX KOHTAKTHBIX YCTPOMCTB, OTBEYAOLIMX
NPEIbIBIAEMBbIM K HUM TPEOOBaHMSM, TAKUM KaK Pa3BUTHE JOCTATOUHOW MOBEPXHOCTH KOHTAKTA
dba3 §pu  CO3MaHUM  OTHOCHUTEIBHO  HEOOJIBIIOrO  CONPOTHBICHHUS  MPOXOXKICHUIO
B3aMMOJICHCTBYIOIIMX IMOTOKOB, Yallle BCEro MPEACTaBISIOT COOOW IUIOTHO HAaOpaHHbBIE MAKEThI
COIPUKACAIOIINXCS, TOGPUPOBAHHBIX JTUCTOB BhIcOTON 150-250 mMm. OmHako, 3aCTOWHBIC 30HBI B
MECTax CONPUKOCHOBEHHS COCETHUX FO(PUPOBAHHBIX JINCTOB SIBISIOTCS MECTAMH ITOTEHIIUAIEHOTO
HAKOIJICHUS 3arpsi3HEHUH, CIIOCOOHBIX MPUBECTH B UTOTE K 3aKYNOPUBAHUIO BHYTPEHHHX KaHAJIOB
HACaJ04YHOI0 CJI0S C MOCIEAYOUIUM ITOBBIILIEHUEM JaBJICHUS.

B cmywae ocymiectBieHuss mporecca B TSDKENBIX  YCIOBHUSAX — OKCIUIyaTalluy,
XapaKTepU3YIOIUECs] BBICOKOW CKIOHHOCTBIO K OOpa30BaHUIO OTJIOXKEHUH Ha MOBEPXHOCTHU
KOHTAaKTa, 11eJIeCO00Pa3HO HCII0IB30BaTh PEryJIsipHbIEC, CTPYKTYPUPOBAaHHBIC HACAIKH, 00JIa1at01IHe
BBICOKOM josieii cBOOOAHOrO 00bEMa M MHMHUMAIBHBIM KOJHMYECTBOM MECT CONPHKOCHOBEHUS
OCHOBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB HAcaJ0YHOIO CJIOS MEXIY COOOM, PU 3TOM pa3BUBAIOIINE
JOCTaTOYHYIO MOBEPXHOCTh KOHTakTa. [loo0HOE pelieHre Mo3BOJSET CHU3UTh WIIM IOJHOCTBIO
IIPEIOTBPATUTh IIOBBIIICHUE AABJICHUS B ammapaTe, UCIOJb3yEeMOM JUlsl MPOBEJIEHUS Ipoliecca,
BBI3BAHHOE 3aKy[IOPMBAHUEM KAHAJIOB HACAJ04YHOIO CJIOSI.

[TpuunHOil 00pa3oBaHUsl OTJIOKEHUH MOXKET SBIATHCA PAa3TOHKA CMECeH, ColeprKallux
KOMIIOHEHTBI, CKJIOHHBIE K TEPMHUYECKOMY pAa3jOKEHUI0O C 00pa3oBaHMEM CMOJIUCTBIX U
KOKCOOOpa3HBIX OTJIOKEHHM, WIIN BEIIECTB CKJIIOHHBIX K MOJIMMEPHU3alUU.

Tunosble HacaK1, PEKOMEHIyEMbIE K UCIIOJIb30BAaHUIO B TSKEIBIX YCIOBUAX IKCILTyaTalluu
[1-2], gaie Bcero mpeacTaBisSIFOT co00# peméryaTbie KOHCTPYKIIUU ¢ BHICOKOH JT0JIel CBOOOTHOTO
00BbéMma.

B pabore IlypukoBoii [3] mpenctaBieHbl HJaHHBIE O 3HAYMTEIHLHOM YBEIHMYCHUU
Kod(uIMeHTa MaccoOTIayu MPU COKpaIIeHUU BhICOTHI makeToB 10 0,03m — 0,075 M u nenaercs
BBIBOJI, YTO MCIOJIb30BAHUE KOPOTKUX IO BBICOTE MAKETOB, COCTABIISIOMIUX OJIOK HACAJKHU SBISETCS
OJTHMM U3 HaNpaBJICHUH MHTEHCU(PHUKALIUU MPOLIECCOB TEIIO- MAaCCOOOMEHA.

B pa6ore [4] 6puta uccienoBana MOAU(PUIMPOBAHHAS PETYJSIpHAS HACAAKH, COCTOALIAs U3
OTIENbHBIX INIaKeTOB BbicOTOM mnakeroB 25, 50 u 100 MM. AHanu3upys MNOIYy4YEHHbIE
9KCIIEPUMEHTAJIbHBIE JIAHHBIE JIEJIAETCS BBIBOJ, YTO C YMEHBIIEHUEM BBICOTHI OJMHOYHBIX I1aKETOB
070Ka, TpU TPOYUX PABHBIX YCJIOBUSAX OOBEMHBIC KOI(P(UIMEHTH MAcCOOTJaud CYIIECTBEHHO
BO3PACTAIOT, OJ1aroAaps BIUSHUIO KOHUEBBIX 3()()eKToB.

Ha ocHoBanum 0030pa M aHaiInM3a CYIIECTBYIOIIUX PETYJIAPHBIX CTPYKTYPUPOBAHHBIX
HAacaJoK, NPEIHA3HAYCHHBIX JUIsI PabOThl B YCIOBHUSX, XapaKTEPU3YIOIIMXCS MOBBIIICHHBIM
o0pa3oBaHMEM 3arps3HCHHI Ha MOBEPXHOCTH KOHTAKTHOTO YCTpOicTBa, ObLia paszpaboraHa u
HCClleoBaHa HOBasi KOHCTPYKLUS PETYJIIPHON Hacaaky [5], mpencraBieHHast Ha pUCYHKe 1.

KoHcTpykuuss Hacaaku, 3amoJHSIOMEH BHYTpEHHMH OO0BEM KOJOHHOrO ammapara |1,
NPEeJCTaBIseT cO00H yCcTaHaBIMBaeMble HEITOCPEICTBEHHO APYT Ha JIpyra rOPHU30HTAIbHBIE TAKEThI
3. Kaxnpiii maker 3 0Opa3oBaH psIOM BEPTUKAIBHO YCTAHOBJICHHBIX TO(GPUPOBAHHBIX IUIACTHH 2.
[InacTuHBI B NakeTe yCTaHABIMBAIOTCS INapajlIeIbHO APYT APYry, UMes Ha CBOEHU IOBEPXHOCTH
HAKJIOHHO pAcCIOJIOKEHHBIE IO OTHOIICHUIO K TOPU30HTAIBHOM KPOMKE IUIACTHUHBI TodpaMu
cuHycouaanbHoi Gopmbl. [mactunsl 2 B makerax 3 yCTAHOBJICHBI ¢ TEXHOJOTHMUECKUM 3a30POM
MEXIy co00l, pasMep KOTOpOro JOJDKeH O0ecleyrBaTh ONTHUMAIbHBIE XapaKTePUCTUKU
OeCIPEeIsATCTBEHHOT0 TEUeHHsI B3auMOJCHCTBYIOMMX (a3 OOMEHa M NpPH ITOM HCKIHOYATh
BEPOSITHOCTH TOSIBIICHHUSI 30H HU3KOM TeKy4ecTH. bJok Hacalku 3amoiHsAET BeCh CBOOOHBIN 00bEM
KOJIOHHOTO anmnapara. IIpororun paccMaTrpuBaeMoil KOHCTPYKIIMU U3TOTOBJIEH U3 I€JIOBBIX OTXO/0B
MIPOM3BOJICTBA IJIACTUHYATHIX TEIUIOOOMEHHUKOB, a TAaK)KE€ METOJO0M IOCIOWHOrO HAIUIaBICHUS
TEPMOIIACTUYHOT O aKPUIOHUTPUIOYTaaueHCTUpoaa. OCHOBHbIE T€OMETPUUYECKHE XaPAKTEPUCTUKH
paccMaTprBaeMON HacaJKu MpeAcTaBieHbl B Tabiuie 1.



MEX/IYHAPO/IHBIM KOCBITMHCKUK ®OPYM. MHTC POMAHKOB-2024. TOM 2. 25

1

T

LERRRa,

LUNRERERERRELL
LT A

Pucynok 1 — OOrunii Bi HOBOI KOHCTPYKIIUH HACAIKH

Tabsmna 1 — OcHOBHbIE TEOMETPUUECKHUE XapaKTEPUCTHKHU.

Tun Hacagku YV nenpHas CB0OOHBIN 00BEM, | DKBUBAJICHTHBIN
HOBEPXHOCTh, M%/M? v /v JMAMETp KaHajia, M
Uccnenyemas 270 0,077 0,0011
Hacajgka 20x10
Kombia Pammra 240 0,7 0,0137
25x25x3

Onucanue 3KCIIEpUMEHTAIBHON YCTaHOBKE UCII0JIb30BAHHOM IS OIIPEIEIEHMS OIIPENETICHUS
THJPABINYECKUX U TEIJI0- MACCOOOMEHHBIX XapaKTEePUCTHK HACAJAKH IPUBOAMUTCS B padboTe [6].

DKcIepUMEeHTaIbHAasl YCTaHOBKA MPEICTaBIAET COOON KOJIOHHY, COOPaHHYIO U3 CTEKIISTHHBIX
uapr ¢ BHyrpennuMm guamerpom 200 mm. Mccnenyemas Hacanka [S] 3arpyskanach B CTEKJISTHHBIC
LIapru KOJIOHHOTO amnmnapara. Beicora Hacao4Horo ciios coctasisuia 720 M.

HcnplTanus MpoBOAWIM HA CUCTEME «BO3AYX — BOJAa» B AMANA30HE CKOPOCTEH ra3oBOrO
notoka ot 0,5 1o 1,2 m/c u motHocTH opotenus ot 9,1 go 18,8 M3 /(M 2 u).

B memsax nepBoHAYalbHOIO aHaaW3a, PE3yJIbTAThl UCIBITAHUN pPacCMAaTPUBAEMOM HACaIKU
COIIOCTABJISIUCH C JAHHBIMU IOJyYEHHBIMU Ha TOH K€ KOJIOHHE, 3alI0JIHEHHON XOPOLIO U3Y4YEHHON
HacaJgkou Tuma Kosell Pamura.

Pe3ynbpTaThl 3KCIIEpUMEHTAIBHOTO UCCIIEN0BAHUI TMAPABINYECKOIO CONPOTUBIIEHUS CYXOH
KOJIOHHBI Ha PUCYHKE 3.

3aBMCMMOCTb MMAPABJINYECKOro CONnpoTUBNIEHUA
HeopomaeMoﬁ KOJIOHHbI OT CKOpPOCTHU lrasa

2500
1 | —® Wccnepyemas Hacapka o
2000 _: ®- Honeua Pauwra
b3 N
T 1500 -
c ]
X B o
& 1000 -
< ] g
] L
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1 . e *
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PucyHok 2 — Pe3ynbTaThl THAPABINYCCKUX UCTIBITAHUN CYXOM KOJOHHBI
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3aBMCMMOCTb NTMAPaBINYECcKOro CONpoOTUBNIEHUNA
OpOII.IGEMOﬁ KOJZIOHHbI OT CKOPOCTHU lrasa.
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Pucynok 3 — Pe3ynbTaThl rUAPaBINYSCKUX UCTIBITAHHN OPOIIAEMOI KOJOHHBI

U3 1peCTaBIeHHbIX HA PUCYHKE 3 JAHHBIX BHIHO, YTO paccMaTpuBacMas KOHCTPYKIHSA
HACAJIKU CO3/1a€T 3HAYMTEILHO MEHBIIEE TUIPABINYECKOE CONPOTBIEHHE CONPOTUBIECHHE YEM
Hacajlka THIa KoJel| Pariira, ucribITaHHas PK MAECHTHYHBIX YCIOBHAX.

Ha pucyHke 4 npeacTaBieHbl pe3yibTaThl HCIBITAHMA CONOCTABIAEMBIX HACAIOK IIPU
Pa3IMYHBIX IIOTHOCTAX OpolueHus. Ha OCHOBaHUHM JAHHBIX, OTOOPAKEHHBIX HA PUCYHKE 4, MOXKHO
3aMETHTh, YTO UCIOJIb30BAHUE PACCMATPHBAEMOM KOHCTPYKIMU MO3BOJISIET MPOBOIUTH MPOIIECC B
OoJiee IMMPOKOM JIMana3oHe pabourx Harpy3oK, B TO BpEMs Kak MPH UCIOJIb30BAHUM HACAIKU THIIA
xosier; Pammra ckopocTh 3axiieObiBaHus cocTaBister w3 = 0,4 M/C NpU IUIOTHOCTH OPOLICHUS
qL = 18,8 M* /(M*4) u w3 = 0,7 M/c nipu wi0THOCTH opomterus gL = 4,0 M /(m?a).

3aBUCUMOCTD K03¢¢"u“ema TennoobmeHa
OT CKOpPOCTH rasa.
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PucyHok 4 — Pe3ynbTathl TEI000MEHHBIX HCIIBITAHA

Jlnst ompeneneHusl Temjao- MacCOOOMEHHBIX XapaKTePHCTUK HACaJIK{d HCIOJIb30Bajach
METOMKA pacyéTa anmnapaToB HCHAPUTEIHLHOIO OXJIAKICHUS BOABI B IOTOKE BO3/yXa [7]. YuuThiBasd,
YTO JJIs1 pPAacCMaTpUBAEMOM CHCTEMbl OCHOBHOE COINPOTHUBIIEHHE IPOLECCY TeIIonepeaadn
COCPEOTOUYEHO B T'a30BOi (aze, Tak Kak KOAPPHUIMEHT TEIIO0TAaYH B XKHUAKOH (haze B cpeqHeM B
15-20 pa3 Oosnblie, yeM K03(pPUIMEHT TEIIOOTAAYH B ra30BoOM ¢ase, cae10BaTeIbHO KOIP(UIIMEHT
TeIuIonepe1aun NpUOIM3UTENIHO PaBeH KO3 PHUIMEHTY TEeIJI00TJauu B ra30Boi (ase.

Ha pucynke 5 npejcraBieHa mnosydeHHasi 3aBUCUMOCTh KO3((UIEHTa TeIuIonepeayn oT
CKOpPOCTH BO3]lyXa B KOJIOHHE.
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3aBUCMMOCTDb I(O3¢¢)MI.IM€HT3 MaccooTAauMm
rasosom Cba3bl OT CKOpPOCTH BO3lyXa
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PucyHok 5 — Pe3ynbTaThl MACCOOOMEHHBIX UCIIBITAHUI

W3 rpadukoB Ha pUCYHKE 5 BUIHO, YTO C YBEIMYEHHEM CKOPOCTH Ta3a B KOJIOHHE
MOBBIIIAETCSI UHTEHCUBHOCTh TEIJI000MEHa, BEPOSTHO, YTO 3TO MPOUCXOAUT 32 CUET YMEHBIICHUS
TOJIIMHBI TUIEHKHA >KMIKOCTU CTEKAIOWIEH M0 MOBEPXHOCTH HACAOKU M YBEJIWYCHUU CTENCHH
BOJIHOOOpa30BaHus €€ TOBEPXHOCTH.

[Ipu wucmapeHuu BOABI B BO3IYyX C TIOBEPXHOCTH KOHTAKTHOTO YCTPOMCTBa, IpH
IPOTUBOTOYHOM  JBM)KEHHMH  B3auMOJEHCTByrommx (a3, kodp¢uuueHt macconepenadu
paccMaTpuUBaEeMoOro Ipolecca paBeH KOd(PQHUIMEHTY MaccoOTIauu Tra3oBod (asbl, Tak Kak
1 Py3rnOHHOE CONPOTUBIICHUE B KUAKON (ha3e paBHACTCS HYIIIO

BuiBOaBI

ONBITHBIM MyTEM MOJYYEHBI XapaKTEPUCTUKU HOBOM KOHCTPYKLMHU PEryJISIPHOM HACaJKH,
COIIOCTABJICHHBIE C KJIACCUUECKOM M MHOTOKPATHO alpoOMpOBaHHON HacaaKoi Tuma kosen Pammura.
B nanpHeiimeM IUTaHUpPYETCS MPOBEACHHUE pPsiia SKCIEPUMEHTAIBHBIX HMCCIEIOBAHUN C IEINBIO
MOJATBEPAUTD MPEICTaBICHbI B paboTax [3, 4] naHHbIC O YBeTHMUEHUH KO3 (DUIIMEHTa MAacCOOTaun
IPU COKPALICHUH BBICOTHI IIAKETOB COCTABJISIIOIIMX OJOK peryispHOM Hacaaku 3a CUET
MCTOJIb30BAHUS KOHIIEBBIX A(P(PEKTOB BO3HUKAIOIIUX B MECTaX CTHIKA COCEIHUX 110 BBICOTE MAKETOB
O70Ka HacagKu, XapaKTepU3YIOIIMXCS HWHTEHCUBHBIM IE€PECTPOCHHEM MNpOo(UiIs CKOpOCTH
CTEKAIOILETO 10 MOBEPXHOCTH HACAJIKU OTOKA KUAKOHN (a3bl.

CIIUCOK JIMTEPATYPbI

1. Remesat D., Krela M. Customised tower design //Petroleum technology quarterly. — 2013.
—T. 18. — Ne. 3.

2. Chemtech S. Structured packings for distillation, absorption and reactive distillation
//Sulzer Chemtech Ltd, Winterthur. — 2010.

3. LypuxoBa H.II. BrusHue BbICOTHI 0JIOKa pEryJsIpHOM HacaJku Ha Mpolecce
MCTIIAPUTEIHHOT0 OXJIAXK/ICHUS B BEHTHIATOPHBIX IPaUpHsX ///lyc. Ha COUC. Y. CT. KaH/. TEXH. HaYK.
—2013.

4. MaxuuH A. A., Bonoaua H. Y. OuncTka TEXHOTOTHYECKUX U BEHTUIISIIUOHHBIX BEIOPOCOB
OT OpPraHMYECKUX PacTBOpHUTENEH //XuMudyeckas IpOMBIIIICHHOCTh ceroaus. — 2007. — Ne. 3. — C.
41-45.

5. IlarenT Ha none3nyto moaens RU 214 657 Ul. Jlata myGaukanuu 09.11.2022.

6. Kyrenos A.M. IlpakTukyM 1o mporeccaM U ammaparaM XUMHYECKOW TeXHOoJoruu //M.:
NIl Axanemus. — 2005. — T. 328.

7. Jlunun A.I'. HccrnenoBanue npouecca UCHApUTEIbHOIO OXJIAKIACHUS: METOM. YKa3aHHs
WBaH. roc. xum.-TexHo. yH-T. — MIBaHoBo, 2018 — 28 c.



28 20 - 22 dpeBpansa 2024 roga. ISBN 978-5-00181-553-2
VYIK 661.152 DOI: 10.37816/eeste-2024-2-28-30

BUOYAOBPEHHUSA HA OCHOBE CTPYKTYPUPOBAHHBIX OPTAHUYECKUX CPEJ C
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Annomayusa: B crarhe NMpeuIoKeH KOHCTPYKTHUB OMOYyHOOpEHHs, MPEACTaBIAIONNI co00H
CTPYKTypUPOBaHHYIO  Cpely, BBICTYHAIOIIyIl0O B  pPOJM  OpPraHUYecKkoro cyobcrpara ¢
MHKAICYJIMPOBAaHHBIMU MHUKPOOPIaHU3MaMH, 3aKIIOYEHHYI0 B THApPo(oOHYyI0 OHopaziaracmyro
00os0uky. B cpaBHeHun c Haubojee pacHpOCTPAHEHHBIMHM JKUAKUMH OHOYTOOpEHMSAMHU TaKOU
IpOIyKT Oosee ynoOeH U 3PEeKTUBEH B UCIIOIb30BAHUY.

Abstract: The paper proposes a biofertilizer construct, which is a structured medium acting as
an organic substrate with encapsulated microorganisms, enclosed in a hydrophobic biodegradable
shell. In comparison with the most common liquid fertilizers, such a product is more convenient to
use.

Kniouesvie crosa: TpanyaupoBaHue, 0MOy100peHus, MUKPOOPTaHU3MBI, CTPYKTYPUPOBaHHBIC
Cpelbl.

Keywords: granulation, biofertilizers, microorganisms, structured media.

B HacTosimee BpeMst 60J1b110€ BHUMAHUE YIEISIETCsl HE TOJIBKO MOBBIIIEHUIO YPOXKaHHOCTH,
HO M 9KOJIOTHUECKOMY acIIeKTy BeJICHHS CEJIbCKOT0 X03s51iicTBa. B 4aCTHOCTH, MOBBILIICHHBIH HHTEPEC
BBI3BIBAIOT BHJIbI YIOOpPEHHH, KOTOpHIE CIIOCOOCTBYIOT PAallMOHAIBLHOMY HPUPOAOIOIb30BAHHIO,
YBEIUYMBAs U MOJJICPKUBAs IUIONOPOJME TOYB HE TOJHKO HA MOMEHT MX BHECEHHUS, HO M BO
BPEMEHHOW TEpCHEeKTHBE, TMpPH OSTOM SBISACH Oojiee  SKOJIOTMYHBIMH, YEeM  IIHPOKO
pacrpocTpaH€HHbIE aMMHUAyHasi CEJIUTpa WM KapOamua. AHaiIM3 COBPEMEHHBIX TEHACHUUH
MOKa3bIBACT BO3POCIINNA HHTEPEC K OPraHUYECKUM U Oroyno0penusm [ 1], a Takxke K y1o0peHusm ¢
3aMEIJICHHBIM BBICBOOOXK/IEHHMEM MUTaTelbHbIX BemecTB [2]. Eme Oojee COBpeMEHHBIM H
UHTEPECHBIM  fBJSIETCS TPEHJ Ha OJHOBPEMEHHOE CO3JaHMe B TOYBE KOMQOPTHOM
MHUKPOOHOJIOTHYECKOM CPeIbl ISl IPOU3PACTaHUs KYJIBTUBUPYEMBIX BUJIOB PACTCHHIA.

BHecenue 0ObIYHBIX MUHEPAJIBHBIX YI0OPEHH, TAKUX KaK aMMHUa4YHasl CEIUTpa, KapOammu,
NPK, noBsImaer ypoxaiHOCTb CEJIbX03 KYJIbTYpP, HO BEIMBIBAHUE a30THBIX COCAVMHEHUHN U3 I10YBBI
MIPUBOJUT K HEraTUBHBIM 3KOJIOTHUECKUM TMOCIEACTBHUIM, TAKUM KaK 3a00J1a4MBaHNE BOJIOEMOB.

[11010pOHOCTh TOUYBBI HANPSAMYIO 3aBHCUT OT cocTaBa €€ MHKpodiopsl. UpesmepHoe
NPUMEHEHHE MHHEPAJIbHBIX BELIECTB HEraTMBHO CKa3bIBACTCS Ha YpOKae, a TakkKe HMPUBOIUT K
YIJIOTHEHHUIO MOYB; YXYAIICHHIO KPyroBOpOTa U OajaHca MUTATEIbHBIX BEIECTB, arPOXUMHYECKUX
CBOMCTB M mofopoaus mouBbl [3]. XOTsS opraHudeckue u OHOymoOpeHUs SBISIOTCS Oolee
HKOJIOTUYHBIMH, OHH HE MOTYT IIOJIHOCTBIO 3aMEHUTh MUHEPAJIbHbIE, a JIUIIb CHUKAIOT MOTPEOHOCTD
B HUX, MOJIZICP)KUBasi M BOCCTAHABIMBAS, IIPU 3TOM, KYJIBTYPHBIN CJIOH MMOYBBI.

K OuoynobpeHusM OTHOCAT Mpenaparbl MHUKPOOPTaHU3MOB, KOTOPBIE CHOCOOCTBYIOT
YBEIUYEHUIO IUIOAOPOAUS TOYBBI 3a CYET TMOBBIMICHUS KOHLUEHTPALMM WJIM OHOIOCTYMHOCTH
MakposieMeHTOB. OHU CHIDKAIOT MOTPEOHOCTh B MHHEPAIBHBIX YIOOPEHUSIX, NECTHLUAAX H, B
KaKOW-TO CTENEHHU, JaKe OPraHWYEeCKHX YAOOpeHUsiX. MUKpPOOpPraHW3Mbl BOCCTAaHABIMBAIOT
€CTECTBEHHBIN LIMKJ MHUTATEIBHBIX BEIIECTB B TOYBE, MOBBIIIAIOT €€ MPOIYKTUBHOCTh U JEJIAI0T
OoJiee TIOOPOIHOM, CO31aBast M MOAJEPKUBast TpeOyeMoe KOIUYECTBO OPraHUYECKOTO BEIECTRa.
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K OuoymoOpenusiM, Hampumep, OTHOCITCS OakTepuu, SBISIONINECS  ACCOIMATUBHBIMHU
azor¢ukcaropamu: Azospirillum, Azotobacter uIM CHUMOHMOTHUECKMMH a30T(HHUKCATOPAMHU:
Rhizobium sp., Bradyrhizobium sp. K HuM Taxoke otHocsT docdarmModunusupyromue 6akTepuu
Bacillus megaterium, Pseudomonas aureofaciens, KOTOpbIe TOBBIIIAIOT OWOJOCTYIMHOCTH
coeaunenuit pocopa co ceszanHbIME Mukpouiementamu (Ca, Mg, Zn u ap.) [4].

OcHOBHast 10J1s1 TPECTABICHHBIX HA PHIHKE OMOYI00pEHHIA TPON3BOIUTCS B KHUIKOU hopme,
MI03TOMY NEPCIEKTUBHBIM HAIIPABJICHUEM SBIISETCS pa3padoTKa OMoyq00peHHii B TpaHyTMPOBAHHOM
Buzie. [ panynupoBaHHbIN IPOAYKT Oojiee yao0eH Al TPAaHCTIOPTUPOBKHU U XPaHEHHUS.

[IpensioxeH HOBBIM KOHCTPYKTUB IPaHYIMPOBAHHOTO yIOOpEHHS, MPEICTABIAIONINNA cOO0M
AP0, COCTOSIIEE U3 CTPYKTYPUPOBAHHOTO OPTaHUYECKOTO BEIIECTBA, SIBIISAIOLIETOCS MUTATEIbHBIM
cyOcTparoM Uil MHKAICYJUPOBAHHBIX B HEM MHUKpoopranu3MoB (puc. 1). s mpenoTBparieHus
MPEXIEBPEMEHHOM aKTUBAIIMM MUKPOOPTaHU3MOB M Pa3pyIICHUs TpaHyJl IPEAJIOKEHO HAHECTH Ha
HUX 3alIUTHYIO THIPO(PoOHYI0 000704Ky. BaskHO, 4TOOBI KOMIIOHEHTHI COCTaBa MOKPBITUS BO
n30eKaHKe 3arps3HEeHUs TOUBbI ABJISUIMCH OMOpa3iaraeMbIMH.

Oco0blit UHTEpPEC MPEACTABISIIOT MEXAHU3MBI
SLzlpo 13 IUTATeJIbHOI'O

cybcTpara IMpoHeccCCOB, MPOUCXOAAIINUX BHYTPHU TAKUX I'paHy]l B
v @ nouse. Ha mepBoii craauu, cpasy Iocie BHECEHUS,
¢ © e HaynHaeTcs Auddy3noHHOE MPOHUKHOBEHUE BIIATH
® / MIKPOOPTAHITIME 0007104kH. XOTS MOKPBITHE MpEeIHA3HAYCHO I
v KPaTKOBPEMEHHOM 3alllUThl IPaHysl OT BJIard IIpU
d TpodobHas oSoouxa XPAaHEHUU U TPAHCIIOPTUPOBKE, TAaKOE IEUCTBUE HE

o

JIOJDKHO OBITh TPOJODKUTENBHBIM, W 3Ta CTaAuA

3aHUMAaeT OT HECKOJIBKUX YacOB /10 HECKOJIbKHX JIHEH,

Pucynok 1 — Koncrpykrus B 3aBUCHUMOCTH OT MaTepuaa U TONLIMHBI TTOKPBITHSL.

onoymoOpeHus Ha Bropoii craguu, B Ipouecce HaKOIUIEHHs Baru

BHYTPb rpaHyJIbl OpraHuYeCcKHUi cyocrpar

pacumpsieTcsi, a MUKpOOPraHU3Mbl HAUUHAIOT 1eIUThCs. OObEeM cpe/ibl BHYTPH I'PaHyJIbl BO3PACTAET,

YTO pa3pyllaeT 3allUTHOE IOKPHITHE, INPH OSTOM YXKE AaKTHBHbIC HHKAICYJIUPOBAHHBIC
MHUKPOOPIaHU3Mbl HAYMHAIOT 00JIe€ MHTEHCUBHYIO KYJIBTHBALIUIO.

Kak nokasanu uccnenoBanus [5, 6], B GyHAaMEHTAILHOM IJIaHE TPUHIMITAATIBHBIN HHTEPEC
NPEACTABIISIOT 3aKOHOMEPHOCTH MAaCCOIIEPEHOCa B YCIOBUAX POCTA HOMYIISIIUNA MUKPOOPTaHU3MOB
C Y4YeTOM SIBJICHHMH 3ama3abIBaHus, OOyCIOBJICHHBIX HaJIM4YUeM Jardasbl U KOHEYHOTO BPEMEHHU
KU3HU MHKpOOpraHu3mMoB. OcOOEHHO BaXKHO, IOMYYUTh SKCIEPUMEHTAJbHbIC JAHHBIE 00
0COOEHHOCTSIX MaCCOINEPEeHOca B MPEJIOKEHHOM KOHCTPYKTHBE C YYETOM €r0 T€OMETPHH, a TaKxKe
CBSI3aHHBIE C POCTOM OMOMUKPOOOBEKTOB IPH PACTBOPEHUH U OHOpe30pOaIuy CBSI3YIOLIETO.

BriBOABI

[IpenyioxkeH KOHCTPYKTHB JJIsl CO3JaHMS HOBOTO BHUJA I'PaHYJIMPOBAHHBIX OHOYI0OpeHUH,
NPEACTABIISAIOINI CTPYKTYPUPOBAHHYIO CPEly C HHKAIICYJIMPOBAaHHBIMH B He€ MUKPOOHOOOBEKTaMH.
Onucanbl MeXaHM3Mbl HPOIECCOB, MPOUCXOIAIIMX IPU BHECEHUHM YIOOpEHUS B TIOYBY.
[TpenmyiecTBaMy NPEATIOKEHHOTO TPAHYIMPOBAHHOTO YIOOPEHUS, SIBISETCS yA0OCTBO XpaHEHHS U
IPUMEHEHHS MPOIYKTa, a TAKKe BO3MOXKHOCTb, MO3BOJISIONIAS MOJAECPKUBATh KU3HECTIOCOOHOCTD
OpPraHU3MOB, HO IPEAOTBPAIIas UX PAHHIOI AaKTHUBALIUIO.
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®OPMUPOBAHUE BUXPEBBIX TEUEHUI B HEOJHOPOIHOM YJBTPA3BYKOBOM
MOJIE U1 MOBBIMEHUS Y®®EKTUBHOCTHU KOAT'YISAIIAU ADPO30JIEA C
PASMEPAMM 2,5 MKM
IMPROVING AGGLOMERATION EFFICIENCY OF AEROSOLS WITH SIZES LESS

THAN 2.5 uM BY GENERATION OF VORTEX STREAMS IN INHOMOGENEOUS
ULTRASONIC FIELD
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Annomayus: llpeanoxxeH M UCCIEIOBaH HOBBIM MOAXOJ K MOBBIIICHHUIO 3(deKTruBHOCTH
KOaryJisiiul TOHKOJUCIIEPCHBIX a’po30jieil 3a cyeT (OPMUPOBAHMS BHUXPEBBIX TEUCHHH B
HEOJHOPOAHOM Y3 moje. YCTaHOBIEHO, 4YTO 3((EeKTHBHOCTh KOATYJSIMHU BO3PACTAET MPSMO
IPONOPLHMOHATIBFHO TPU YBEIMYEHUHM YPOBHSA 3BYKOBOro aaBieHust 1o 165 n1b. B cpaBHenum c
KoaryJysinueil B oaHoponHOM Y3 moje 3(p¢eKTUBHOCTh A Kameiab pasmepoM 0,2...0,6 MkMm
BO3pacTaet Ha 25%; A kamenb pasmepom 1,8 MM Ha 20%; a s kanens 6onee 2,5 mxMm Ha 17%.

Abstract: The article experimentally presents the possibility of increasing the efficiency of
agglomeration of aerosols with sizes less than 2.5 um due to the formation of vortex streams. It has
been established that the efficiency of coagulation increases in direct proportion with increasing
sound pressure level to 165 dB. The efficiency of agglomeration in comparison with homogeneous
ultrasonic field for droplets with a size of 0.2 ... 0.6 pm increases by 25%; for droplets with a size of
1.8 um by 20%; and for droplets larger than 2.5 um, the increase in efficiency is no more than 17%.

Kniouesvie cnosa: ynprpa3Byk, ra3004UCTKA, KOATYISALMS, aKyCTUYECKOE 110JIe, PE30HAHCHBIC
MIPOMEKYTKH, BUXPEBBIC TEUCHUSI.

Keywords: ultrasound, gas purification, agglomeration, acoustic field, resonant gap, vortex
flow.

Hanu4ne 1 HEKOHTPOIMPYEMOE pacpOCTPAHEHUE B BO3YXE a9PO30JI€i pa3IMUHBIX BEIIECTB
OKa3bIBaeT HETaTUBHOE BIMSHUE HA YeJI0BeKa, (uiopy U payHy. Oco00 OacHBIMHU SIBIISIOTCS YaCTULIBI
pasmepamu 2,5 MKM 1 MeHee, TOCKOJIBKY JIbIXaTelIbHAsl CHCTEMa BHOCUT B KDOBOTOK TaKUE YaCTULIBI
[1, 2] 1 HaKaruIMBaeT TOKCUYECKUN MaTepuall B opraHax 4ejoBeka [3].

CymiecTByrolee ra3o04ucTHOe 000pY/IOBAHUE XapaKTepU3yeTcs: HU3KOW 3(h(hEeKTUBHOCTHIO
(pa3nu4HbIE IUKIIOHBI), MAJIOK MBUIEEMKOCTHIO ((DUIBTPHI), THOO MPUBOIUT K 0OPA30BAHUIO OKCHJIOB
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a30Ta W 030HA, BPEAHBIX Ui OKpPYKAIOUIEH Cpeabl W 3J0pPOBbs YellOBeKa (AIIEKTPO(QUIBTPHI).
[lepcrieKTUBHBIM ~ CITIOCOOOM  MOBBILIICHUS A(PPEKTUBHOCTH CYLIECTBYIOIIETO Ta300YUCTHOTO
000pyI0BaHUS ABISETCS arioMepalusi TOHKOJUCIIEPCHBIX YACTHIl 32 CYET BO3ACUCTBUS HA HUX B
ra3oBOM IIOTOKE BBICOKOMHTEHCHBHBIMH YJIBTPa3BYKOBBIMU KosneOanusmu [4]. Onnako, Kak
nokasbiBaeT pan uccinepoBanuii (J.A. Gallego-Juarez, R.R. Andres, C. Sheng), s¢dexruBHOCTH
yIBTPa3BYKOBOW KOAryJisiUM MajgaeT MpH YMEHBIICHHHM pa3MepoB dYacTHll MeHee 2,5 MkM. Jlns
NOBBIIIEHUS 2(P(PEKTUBHOCTH KOATYIISAILIUN YACTHIl pa3MEPOM MeHee 2.5 MKM aBTOpaMH MPEII0KEeHO
CO3[1aBaTh YCJIOBUSI BO3HHMKHOBEHHUS B YJIBTPa3ByKOBOM II0JI€ BTOPUYHBIX 3¢ ¢exToB. OqHuM u3
HanOojiee MHTEHCHBHO NPOSABISAIOMIMXCA BTOPHYHBIX 3(hdexkroB Y3 BozaeicTBus sABISETCA
aKyCTHYECKOE TeUeHHEe BUXpeBoi Gpopmsl [3-5].

1 DkcnepuMeHTaAJIbHAsI YCTAHOBKA

JUis co3maHusl Pa3NUYHBIX 10 CTPYKTYpE YIBTPa3BYKOBBIX TIOJEH M ONpereNeHHS
3G PEKTUBHOCTH Mpolecca KOAryasiuu 4acTUll (IpU WHUIMMPOBAHUHM BUXPEBBIX aKyCTHYECKUX
TeueHMi) ObUT CO3/1aH SKCIIEPUMEHTAJIBHBII CTEH/I, CXeMaTHYHO U300paKeHHBIN Ha pUCYHKE 1.
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1 — ¥3 konebarensHas cuctema (Y3KC); 2 — nuckoBbIil H3mydartens; 3 — nmbe3onpeoOpa3oBaTerb;
4 — oTpaxkaTenb; 5 — BXOJHON MaTpyOoK; 6 — MHKEKTUPYEMBIi ra30quCIePCHBIH MTOTOK;
7 — BBIXOJJHOH TaTpyOOK; 8 — OTXOIAIIHIA Ta30UCTICPCHBIN TIOTOK; 9 — 00 e IMHEHHBIC YaCTHUIIBI;
10 — xopmyc; 11 — xooBo# BUHT oTpaxkarens; 12 — xomoBas raiika; 13 — BUXpeBble TCUCHHUS;
14 — pacripeneneHre aMILTUTyI; A — JJUHA U3TUOHON BOJMHBI U3Mydarens; AG — pacCTOSTHUE MEKITY
M3ITydaTesieM U OTpaxkareaeM; A — aMIUIMTY/1a KOJIeOaHMid JUCKOBOTO U3TydaTeis

Pucynok 1 — Cxema skcriepumenTansHoro creraa (Y3 KoaryisiHuoHHO| KaMephl)

IIpencraBieHHbI CTEH] IO3BOJISIET PEAM30BaTh pa3IMYHbIE YCIOBUS BO3AECHCTBUSA Ha
YacTHUIIBl B Ta30BOM Cpelie YIbTPa3ByKOBBIMHU KOJICOAHUSMH, a TaKKe ONpeAesaTh 3()(HEeKTUBHOCTh
yABTPA3ByKOBOM KOAryJsiuy 110 OTHOLIEHUIO KOHLEHTPALMKM a’po30Jii Ha BBIXOJE M BXOAE
KOAryJISIIUOHHOM KaMepsl. M3Mepenne ypoBHS 3ByKOBOIO JABJIEHUS OCYIIECTBISIOCH IIYMOMEPOM
Oxo¢usuka-110A (cmocoOeH NMpPOU3BOAUTH U3MEPEHHS B YABTPa3BYKOBOM JAMana3oHe 4actot 10 40
k['m). Ompenenenue TUCHEPCHBIX XapaKTEPUCTUK YACTHUI OCYLIECTBISUIOCH MPH  MOMOIIU
U3MEpUTENs JIUCHEPCHBIX XapakTepucTuk asposons TUITAC-1. [lnga omnpeneneHus TpaeKTOpH
JBWKCHHS YacTULl B KOAryJsILMOHHOM KaMepe YCTAaHOBJIEH JIa3€pHBIM MOCTPOMUTENH IUIOCKOCTH.
dopma U pacrHperesieHUEe IIOTOKOB Ia3a OIpPENEseTCs] KOCBEHHO, 10 HAlpaBICHUIO JBM)KEHUS
CBETOpPAcCEMBAIOIIMX  (TPACCUPYIOIIMX) YacTUl. B  kauecTBe  KOaryaupyeMblX  YacTHUIL
HCIIOJIBb30BAJIMCH JKUJKUE YacTULbI (a3po3onbs DEHS), cozpaBaemble mpy oMoy ynsTpa3ByKOBOIO
MEIUIIMHCKOTO HHTAJIATOPa, 00€CIeunBaroIero (popMupoBaHue a3po30Jis ¢ YaCTULAMH Pa3MEPOM OT
0,1 10 4 MKM.

2 YabTpa3ByKoOBbIe H3J1y4aTesH VIl CO3AAHUSI AKyCTHYECKOIo IO0JIst

[IpencraBneHHbId CTEHA pealu3yeT pa3iuyHble YCIOBUS M PEXKUMBI BO3JIEHUCTBUS
BBICOKOMHTCHCUBHBIMU Y3 Kole0aHMAMHU 3a CUET HCHOJNb30BAHUS JBYX Ppa3IUYHBIX THUIIOB
yABTPa3BYyKOBBIX u3nyuareneit [5]. Jns coznanus onHoponHoro Y3 mos (B KOTOpoM (hOpMUPOBAHUS
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BUXPEBBIX aKyCTHUECKUX TEUCHUI HE MPOMCXOIUT) U IPOBEACHHUS CPABHUTEIBHBIX UCTIBITAHUN ObLI
paspaboTaH  u3iIydareab, Ha  (DPOHTANBHOM  TMOBEPXHOCTH  KOTOPOTO  BBIIOJIHEHBI
(ha30BBIPABHUBAIOIINE KOJBLIEBbIE BHICTYIBI C BBHICOTOW PAaBHOW IMOJOBMHE JJIUHBI BOJHBI B rase
(crynmenuatslii  u3myvarenb).  DPOpMHpPOBaHME  HEOJHOPOIHOIO  YIBTPa3BYKOBOTO  IOJIS
o0ecrneynBaIoch pa3paboTaHHBIM U3JTydaTesieM C IUIOCKOH M3Iydarolleil MOBEPXHOCThIO (II0CKUN
u3nydareins). Ha pucynke 2 npencrasieHsl pororpaduu U3roTOBIEHHBIX H3JTydaTesiei 2-X THIIOB U
(bopMBbI UX KOJIEOaHUH.

20317 Max
| e
aom
s
19646
| e

41455

oo
g o
23712

b

A — nnockuii u3ny4arens; b — cTyneH4aTslii n3nyJyaTensb

PucyHnok 2 — ®opwma konebanuii u HOTO yabTpa3ByKOBBIX AUCKOBBIX H3ITydaTeeit

TexHu4yeckue XapakTepUCTUKU pa3padoTaHHbIX Y3 H3iydaTeneil npeacTaBieHsl B Tadiauue 1.

Tadmmua 1 — TexHuueckre XapakTEpUCTHKH YIIbTPa3BYKOBBIX U3IIydaTeliei

Tun AUCKOBOrO M3MydaTeNst ITnockwuii u3myyarensb CryrnieHuaThIi M3TyJaTesnb
JlpameTp m3imyJaress, MM 0320 9320
[Notpebnsiemast MOIHOCTB, BT 250 240

Yacrora xonebanuii, KI 11 22,1 22,5
AmIumTy1a KoreOaHN TOBEPXHOCTH MaxX/MHUH 51/45 52/48
MakcumansHoe V3 nasnenue, 1b 172 172

3 Onpenesenne 3¢ (PpeKTHBHOCTH KOATYJISIUH M 0CAKICHUS YACTHI]

D PeKTHBHOCTD KOATYISALUN U OCAKICHHS YaCTHUI[ OI[CHUBAJIACH 110 OTHOIICHUIO MacCOBOM
KOHICHTpAIUNU as3p030Jid Ha BBIXOAC M BXOAC KOar YHHHHOHHOﬁ KaMCpPbl U PACCUUTHIBAJIACH IIPU
MIOMOIIH CJIETYIOIIETO BBIPAXKECHUS:

C:(l—M)JOO% (1)

inlet
C
rne C, % — OTHOCHTENbHAS KOHIEHTpalus; ~ °ule | r/mM> — ycpennennas 3a 60 ¢. MaccoBas

KOHLICHTPALMs a3PO30J1s Ha BBIXOJE U3 SKCIIEPUMEHTAIbHOIO CTCH/A; Cnter , T/M® — ycpennennas 3a
60 c. MaccoBast KOHLIEHTpaLUs a3p030JIs Ha BXOJE B 3KCIIEPUMEHTAJIbHBII CTEH].

Ha pucynke 3 mpezncraBieHbl SKCIEPUMEHTAIbHO INOJYUYEHHBIE 3aBUCUMOCTH KOArylsiLUU
4aCTHUL OT Pa3IU4HbIX IIaPAMETPOB U1 IUIOCKOTO U CTYIIEHYATOro U3JIydaresen.
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3¢pdexTusHoCT, %
v
=)

0,1 0,15 0,2 0,25 0,3 0,4 0,6 0,8 0,85
CKOpOCTb NOTOKa, M/c

130 135 140 145 150 155 160 165 170
YpoBseHb 38YKOBOro AasneHus, A6

3dpdexTusHOCTL, %
3¢pdextnsHocTs, %

2 5 10 15 20 25 28 30 02 06 1 14 1,8 22 26 3 34 38
KoHuyeHTpauws, * 10°r/m Pa3mMep YACTHI, MKM
B I

1 — mnockuii n3myyaTens; 2 — CTYNIEHYAThIN N3TyJaTelb

Pucynok 3 — 3aBucumocts 3 (HeKTUBHOCTH KOATYIISAIUHE OT CKOPOCTH TIOTOKA, YPOBHS 3BYKOBOT'O
JIaBJICHUs, KOHLIEHTPALMU U pa3Mepa 4acTHll.

3.1 3aBucuMocTb IPPEeKTHBHOCTH KOATYJIALHH OT PacX04a ra30AuCIePCHOr0 NOTOKA

HccnenoBanus NpOBOJWINCH IIPH CIELYIOIIUX YCIOBUAX: CKOPOCTh HHKEKTUPYEMOTI'O ITIOTOKA
B KOAryJISIIMOHHOW Kamepe m3MeHsuiack B npenenax 0,1...0,85 m/c; ypoBeHb 3BYKOBOTO J1aBJICHUS
cocrapis1 165 1b; HauanbpHas MaccoBas KOHIEHTpaus Ninet = 1,5-1073 />,

Kak BunHo 13 pucynka 3.A, 3(h()eKTUBHOCTB KOATYJISLUU YaCTUI] 00OpaTHO IPONOPLMOHATIBHA
CKOPOCTH BO3IYUIHOTO MOTOKa. OTMEueHO, 4YTO JUIsl IUIOCKOro u3nmyvarens 3((eKTUBHOCTH
KOAryJsIMMM M3HadajibHO BbIIIE, ueM Juisl cryneHdaroro — Ha 10 %. Haumnas co cxopoctu
BO3/1yILIHOTO MOTOKa, paBHOM 0,6 M/c, 3ppekTuBHOCTH KOArymsauuu s 000X THIIOB M3Nydaresnen
CPaBHMBAIOTCS. DTO CBMJIETENIBCTBYET O IOJHOM Pa3pyLIEHUM CTPYKTYpPbl BUXPEBBIX TEUYEHUH U
OTCYTCTBHMHM UX BKJIa/a B IIpoLecc Y3 KOaryisiiuH.

3.2 BausiHue YPOBHSA 3BYKOBOIO AaBJIeHUsI HA 3()(peKTHBHOCTH KOATyIsIMHU

HccrenoBanus POBOAWINCH TPU CIEAYIONMX YCIO0BUAX: Niniet = 1,510 /M3, a ckopocts
BO3/1yIIHOTO noToka — 0,2 M/c.

AHanu3 NOJIy4EeHHBIX 3aBUCUMOCTEH (pUCYHOK 3.b) mo3BoisieT caenarb BBIBOA, YTO IpHU
HayaJIbHOM ypoBHE 3ByKoBoro fasiieHust L = 130 a1b 3 pekTuBHOCTD Koaryasiuu NpakTHYECKU He
3aBHUCHUT OT TUIIA MCIIOIB3yEMOT0 U3IydaTelis, IpUPOCT 3()(HEKTUBHOCTH 3a CUET BUXPEBBIX TEUCHUN
MPAKTUYECKH OTCYTCTBYET, UTO CBHUJCTEILCTBYET 00 MX HEJAOCTAaTOYHOM DPA3BUTHUU U BIUSHUU Ha
compkeHne u oObearHeHue yacTull. Ilpy yBenMueHu ypoBHS 3BYKOBOTO JaBJCHHUs HaOmromaercs
NOBBIIIEHUE YPPEKTUBHOCTH KOATY/SAIMUA M OCAKACHUS YacTULl. YBelndeHue 3(pPeKTUBHOCTH pU
BO3/ICHCTBHUH IUIOCKUM H3JIydaTesieM (HeOoAHOpoaHOe Y3 moJie) oKa3bIBaeTcs 00Jiee 3HAUUTEIIbHBIM.

3.3 BiansiHMe MacCcOBOi KOHIEHTPALUH HA 3(PPEeKTUBHOCTD YJIABJINBAHUSA YaCTHIL

HccnenoBanus MpoBOAWINCH IIPU CIEAYIOUINX YCIOBUAX: YPOBEHb 3BYKOBOIO JaBieHus 165
1b., CKOpOCTh BO3AYLIHOTO 1notoka — 0,2 m/c.

W3 cpaBHEHMs 3aBUCHMOCTEHl Ha pHUCyHKe 3.B yCTaHOBIEHO, YTO NPU MCIOJIB30BAHUU
IUIOCKOTO JMCKOBOTO M3JIydaTesisl Py Mol KOHIEHTpaluu 4acTul 3PPEeKTUBHOCTDh KOAryssiuu
CYIIECTBEHHO MpeBbIIaeT 3PPEKTUBHOCTh CTYNEHUYATOro M3aydarelss. [Ipu BBHICOKMX HaudalbHbIX
KOHIEHTPAIMSIX a’3p030Jis YIBTPa3ByKOBOE BO3JeiicTBHE C (DOPMUPOBAHMEM BHUXPEBBIX TEUCHHUN
JMCKOBBIM H3JTy4aTelIieM LelIecoOo0pa3HO HMCMOJIb30BaTh Ha 3aKIIOYMTENBHOM CTaguM mpolecca
KOAryJIsiUH, KOTJA 33 CYET BO3/IEHCTBHS YIBTPA3BYKOBBIX KOJECOAHUI MPOMCXOOUT YMEHbIICHHE
KOHLIEHTpAllUM YacTHULl, IPUBOZSAIIEE K KBaJpPaTUYHOMY YMEHBILIEHUIO BEPOSITHOCTU arjioMepalyu
YacTHll, a, KaK cJIeCTBHE, U 3()(HEKTUBHOCTH YIBTPa3BYKOBOM KOAryJIsLyu.



34 20 - 22 dpeBpansa 2024 roga. ISBN 978-5-00181-553-2

3.4 Onpenesienune ppakuMoOHHOM 3PPEeKTUBHOCTH

DKCHEepUMEHThI IPOBOAMIIMCH IPH CIESTYIONINX YCIOBUAX: KOHIICHTPALIUS a3p030J1s Ha BXOJIE
Ninlet = 15107 /M3, ckopocTs Bo3aymHoro noroka — 0,2 m/c.

ITomyuenHble 3aBucUMOCTH (puUCyHOK 3.I°) MO3BOJSIIOT yTBEp)KIaTh, YTO MCIIOJIB30BAHUE
IUIOCKOTO U3JIyydarelisi obecrneunuBaeT 0oJbiyro 3PPEeKTUBHOCTD KOAryJSIIIUU U OCAXICHHUS BO BCEM
JMana3oHe MCCIeOBaHHBIX pa3MepoB Kamenb. [Ipu stom Hanbombmumii nmpupoct 3¢pdexkruBHOCTH
HaOmoaercs Ui Kareidb CyOMHUKPOHHOTO JHarna3oHa pasmepoB. s kanens pasmepom 0,2...0,6
MKM 3(Q(PEKTUBHOCTh KOATYIISLUN YaCTULl B HEOJHOPOAHOM I0Jie Bo3pacTaeT Ha 25%; Il Kamelb
pazmepom 1,8 mxm Ha 20% - ot 49% n0 69 %; a nns kamenb pazMepom Oojee 2,5 MKM IPHUPOCT
a¢dekTuBHOCTH cocTaBisieT He Oonee 17%.

BriBOABI

B pe3synbrare npoBeeHHOM pabOoThI MPEIOKEH U UCCIIE0BAH HOBBIHM MOJX0/ K MOBBILICHUIO
3(pPEKTUBHOCTH KOAryJISLUM TOHKOAMCIIEPCHBIX adpo3oiieil. IlomydyeHHble 3KcrepUMEHTalIbHbIC
pe3ysbTaThl MO3BOJIMIM YCTaHOBHTH, YTO (OPMHUPYEMblE AaKyCTHYECKHUE BHXPEBbIC TCUCHHS
COXPaHSIOT CBOIO CTPYKTYpPy JAO CKOPOCTHM HWHXXEKTUPYEMOIOo B KOAryJsIHMOHHYIO KaMmepy
rasoaucnepcHoro noroka pasHoi 0,2 m/c. Ilpu ee mpeBbILIEHNH CTPYKTYpa aKyCTHUECKUX TeUCHUN
Hapymaercs, 1 3p(HEeKTUBHOCTh KOAryssIlIMA HAYMHACT CHUKATHCSL.

BeisiBiieHo, 4To pocT 3(h(GEKTUBHOCTH KOAryIsSIUHM 32 CYET BHUXPEBBIX TEUEHHH MPSMO
IPONOPLMOHANICH YPOBHIO 3BYKOBOTO [aBJIEHUS W Mpopoipkaercs a0 165 nb, mocnme wyero
NPAKTUYECKH HE 3aBHCUT OT YpPOBHS 3BYKOBOTo JamieHus. IIpum 3Tom obecrieumBaercs MpUPOCT
spdextuBHOCTH 10 20% OTHOCUTENBHO KOArylsallMu B paBHOMepHOM Y3 moje. Taxxke ObUIO
YCTaHOBJICHO, YTO BUXPEBbIE TE€UEHHs 00eCleunBalOT HAMOOIbIIUI MPUPOCT 3(H(HEKTUBHOCTU TIPU
OTHOCHTEJIbHO HEBBICOKUX KOHIICHTPAIMAX a3pPO30JIs.

Ananu3 QpakuuoHHON 3(PHEKTUBHOCTH MPEITIOKEHHOTO MOAX0/1a MO3BOIMI M0Ka3aTh, YTO
3G PEKTUBHOCTH KOATYIISLIUHN U OCAXKICHUS BO3pacTaeT /i Karneib pasmepoM 0,2...0,6 Mkm Ha 25%;
s kanenb pasmepoM 1,8 MM Ha 20%; ns kamenb pasmepoMm Oosee 2,5 MKM IPHPOCT
a¢dekTuBHOCTH cocTaBisieT He Oonee 17%.

baaronapaocru

HccnemoBanne  BBIOMHEHO 3a cueT rpaHta Poccuiickoro HayyHoro  QoHaa
Ne 19-19-00121, https://rsctf.ru/project/19-19-00121/.

CIIMCOK JIMTEPATYPbI

1. Lu X., Zhang S., Xing J., Wang Y., Chen W., Ding D., Hao J. Progress of air pollution
control in China and its challenges and opportunities in the ecological civilization era // Engineering.
V. 6(12) (2020). P. 1423-1431. DOI: 10.1016/j.eng.2020.03.014.

2. Ruckerl R., Phipps R.P., Schneider A., Frampton M., Cyrys J., Oberdorster G., Wichmann
H.E., Peters A. Ultrafine particles and platelet activation in patients with coronary heart diseaseresults
from a prospective panel study // Part. Fibre Toxicol. V. 4 (1) (2007). P. 1743-8977. DOI:
10.1186/1743-8977-4-1.

3. Ruckerl R., Schneider A., Breitner S., Cyrys J., Peters A. Health effects of particulate air
pollution: a review of epidemiological evidence // Inhalation Toxicol. V. 23(10) (2011). P. 555-592.
DOI: 10.3109/08958378.2011.593587.

4. Furuyama A., Kanno S., Kobayashi T., Hirano S. Extrapulmonary translocation of
intratracheally instilled fine and ultrafine particles via direct and alveolar macrophage-associated
routes // Arch. Toxicol. V. 83(5) (2009). P. 429—437. DOI: 10.1007/s00204-008-0371-1.

5. llanynoB A.B., HectepoB B.A., I'onbix P.H., bouenkoB A.C., loposckux P.C., XmeneB
B.H. Pa3paboTka u wuccienoBaHue yIbTPa3BYKOBOTO KOAryjsTopa, OCHOBAaHHOI'O Ha BHMXPEBBIX
aKyctuueckux rnorokax // [lonzynoBckuii BectHuk. 2022. Ne 4-2. C. 84-92.

6. Xmenes B.H., lllanynos A.B., Hectepos B.A., I'onbix P.H. M3nyuarenu mist cozganus
BBICOKOMHTEHCHBHBIX YJIBTPa3BYKOBBIX TOJIeH B ra3zoaucrnepcHbix cucremax // IlomsyHoBckuit
BecTHUK. 2017. Ne 3. C. 85-90.



MEX/IYHAPO/IHBIM KOCBITMHCKUK ®OPYM. MHTC POMAHKOB-2024. TOM 2. 35

VK 561.42 DOI: 10.37816/eeste-2024-2-35-39

ME/XK®A3ZHOE PACITPEJAEJIEHUE HOHOB TI(1V) BCUCTEME C I'HIPO®OBHbIM
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Annomayus: Vicnonp3zoBanue ruipooOHBIX IITyOOKHUX IBTEKTHUECKUX PACTBOPUTENCH ISt
OKCTPAKUMU  HMOHOB  METAUIOB  SBJISIETCS ~ TEPCHEKTHBHBIM  HANpPaBICHUEM  Pa3BUTHUSA
THIPOMETAUTYprHYeCKIX METO/IOB MepepaboTKH ChIpbsi. B yacTHOCTH, epepaboTKa TEXHOTCHHBIX
OTXOJIOB, TAKUX KaK JIUTUI-UOHHbIE OaTapeu, TpeOyeT 0COOCHHOTO BHUMAHHUS BBHJTYy MX HAKOTIJICHHUS.
Jlnist U3BJI€YEHHUS IICHHBIX 3JEMEHTOB U3 MX COCTaBa, TAKUX KaK, HApUMeEp THUTaH, LeIeco00pa3Ho
MCITOJIb30BATh MPOMBIIUICHHBIE KCTPAreHThl B KaueCTBE KOMIIOHEHTOB T'MAPO(POOHBIX ITyOOKHX
HBTEKTHUYECKUX pACTBOPUTENEH, MOCKOIbKY 3TO TIO3BOJIUT MAacIITaOUpOBaTh TEXHOJOTHIO B
Kparuaiimue cpoku. PaccmarpuBaeMsblil B JaHHOH cTaTbe ruapo(oOHbIi TIyOOKHH 3BTEKTHYECKUN
pacTBopuTeliell Ha OCHOBE IPOMBIIUICHHOTO 3KcTparenta Aliquat 336 mo3BoJIsIeT U3BICKATh HOHBI
Ti (IV) 13 CONsTHOKUCIIOro pacTBOPa BhIIIEIAYMBAHUSA C KOA(D(UIIMEHTOM pactipeienenus oonee 45,
YTO rapaHTUPYET €ro IMOJIHOE U3BJIeueHHe. PaccMOTpeHHbIE 3aBUCUMOCTH SKCTPAKLUH OT KIFOUEBbIX
napaMeTpoB Ipoliecca MO3BOJISIOT MOJAEIMPOBATH TEXHOJIOTUYECKHE CXEMBbI MepepaboTKH JIUTHII-
TUTAHATHOTO aHOJIA.

Abstract: The use of hydrophobic deep eutectic solvents for the extraction of metal ions is a
promising direction in the development of hydrometallurgical methods for processing raw materials.
In particular, recycling man-made waste such as lithium-ion batteries requires special attention due
to its accumulation. To extract valuable elements from their composition, such as titanium, it is
advisable to use industrial extractants as components of hydrophobic deep eutectic solvents, since
this will allow scaling up the technology in the shortest possible time. The hydrophobic deep eutectic
solvent based on the industrial extractant Aliquat 336, discussed in this article, makes it possible to
extract Ti (IV) ions from a hydrochloric acid leach solution with a distribution coefficient of more
than 45, which guarantees its complete extraction. The considered dependences of extraction on key
process parameters make it possible to simulate technological schemes for processing lithium titanate
anode.

Kniouesvie cnosa: nuTUNA-MOHHBIE aKKYMYJISTOPBI, JINTHH-TUTAHATHBIN aHOJ, THIPO(POOHbIE
DIyOOKHE 9BTEKTHYECKUE PACTBOPUTEINH, TepepaboTKa, KUIKOCTHAS SKCTPAKLIUS

Keywords: lithium-ion batteries, lithium titanate anode, hydrophobic deep eutectic solvents,
recycling, liquid-liquid extraction

Jlutnit-nonnsle  akkymynsatopsl  (JIMA)  sABisfrOTCA  LIMPOKO  HCIIOJIB3YEMBIMU
nepe3apsHpkaeMbIMU UCTOUHUKAMHM TOKa Onarofapsi HU3KOMY CaMmopaspsidy, BBICOKOH TOKOOTIadye,
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OO0JIBIIIOMY YHCITY LUKIOB 3apsia-pa3psi, Hu3koMy 3¢ddekry nmamsatu u np. [1] C MomeHnTa Havdana
KomMmepuuanuzanuu coctas JIMA 3Hauntensno Mensuica. Hanbompiiee npuMeHeHe HaXOIUT KaTo.
U3 CMECH OKCHJIOB IEPEXOAHBIX METAJUIOB (HMKess, koOanbra M MapraHia) u Jutus. OQHako ¢
pasButreM JIMA Gosblioe BHUMaHHE TAaKKe yACTAIOT M MOUCKY aJIbTEPHATUB I'pa)UTOBOMY aHO.Y.
B mnocnennee Bce Oosblliee BHUMaHUE IPHUBICKACT JUTUH-TUTAHATHBIA AHOA, COCTOSALIMHA U3
HaHOKpHUCTALUIOB OKcuaoB JuTus W tutana (LigTisOr2, LTO). Ero mpeumyiecTBamMu SBISIOTCS
BBICOKAsi CTAOMJIBHOCTh M 0€30MacHOCTh, ObICTpast 3apsiaKa U BBICOKHI TOK.

JIMA c anogom LTO ucnonb3yroTcst B Ka4eCTBE aKKyMYJISTOPOB JUIsl HOYTOYKOB, a TaKXe B
anekTpoMoouax. OXugaercs, 4YTO MHPOBOM PHIHOK JIMTHH-TUTAHATHBIX AKKyMYJISTOPOB
yBesmuuTcs B cpegHeM Ha 15,4% B nepuop ¢ 2022 nmo 2030 rox. OgHako Takoe IIMPOKOE
UCTOJIb30BaHNE B OyAyIleM INPUBENET K CEPhe3HOMY 3arps3HEHUIO OKpYXKAroIleH cpelbl, eciu
oTpaboTaHHble OaTapen He OyayT mepepadaThIBaTbCs M HMCIIOJIB30BATHCS B KayeCTBE BTOPHYHOIO
ChIpbs. Perennem naHHoM nmpoOieMsl sBIsieTCs pa3paboTka 0€30MacHOM TEXHOIOTUU NepepadoTKU
orpaboranubix JIMA ¢ wnenpio BbIAENEHHS I[IEHHBIX OJJEMEHTOB M BO3BpallleHHS HX B
MIPOM3BOJICTBEHHBIA LIUKJ, YTO TAKXKE 3HAYMTEIBHO CHMXKAET KOJMYECTBO BBHIOPOCOB TOKCHYHBIX
COEAMHEHU B aTMOCepy.

[Tporiecc mepepabOTKH MOXKET OBITH OCYLIECTBIEH MUPO- WIM THAPOMETAILTYPrU4eCKHM
Mmetonamu. OIHAKO M3-32 BBICOKHX HEPro3arpart, BEHIOPOCOB raza B aTMoc(epy H MOTepb JUTHUA B
1IJIaKe IPUMEHEHNE MMPOMETAIUTY PrUYECKOTO IIpoLecca HEBBITOAHO. [Ipu rugpomeTanaypruueckom
METOJIe U3BJICUCHUE METAJUIOB M3 OTPAOOTAaHHBIX aKKYMYJISATOPOB OOBIYHO MPOBOIST B Pa3IMYHON
BBIILEJIAUMBAIOIICH Cpelie, 3a4acTyl0 MPEeACTaBIAIONEeH n3 ce0s pacTBOp MHHEPATbHOW KHUCIIOTHI,
obecnieunBaroleil Hanbosee NOTHOE PACTBOPEHHE IIEJIEBBIX AIEMEHTOB. BriocneacTsuu us pactsopa
BBIIIIETIAUMBAHUS TIPOBOJAT CTYIIEHYATOE M3BJIIEYEHHE METAJUIOB C HCIOJIb30BAaHUEM pa3IUYHBIX
METOZI0B, HAaIIpUMEP, SKCTpaKuuei [2]

Ha cerogusmnuii nens runpodooHbie rirydokue sprektndeckue pactsopuren (hydrophobic
deep eutectic solvents, HDES) 3apexomennoBanu cedst kak Haubosiee nepcreKTUBHbIC paCTBOPUTENN
JUIS KUAKOCTHOM AKCTpakiuu [3,4]. VX TIaBHBIM NPEUMYIIECTBOM SIBISCTCS IIMPOKUN BHIOOD
KOMIIOHEHTOB [UIsl CHHTE€3a, BCJEACTBHE YEro IOSBISAETCS BO3MOXHOCTH YIIPABIATH HE TOJBKO
(U3UKO-XUMUYECKMMHU CBOMCTBAMH SKCTPAreHTa, HO U CAMUM IPOIIECCOM 3KCTPAKIMH, YTO KpaiiHe
BA)XHO JUIA Pa3pabOTKH pa3IMYHbIX TEXHOJIOrHYeckux peuienuit [5]. Hanpumep, B padore [6] HDES
Ha OCHOBE aJIu(aTUIECKOro CIIUpPTa H-IeKaHoIa ObLI 3P PEeKTUBEH IPUMEHEH JUIS SKCTPAKIIUY TUTAHA
U3 pacTBOpa COJNSIHOM KHUCIOTHI ¢ KoHUeHTpanued 1o 10 monw/n. OnHako Bce ke UCXOAs U3
TIIATEIFHOTO aHalIM3a JINTepaTypbl, MOXKHO CKa3aTb, YTO HSKCTPAKLUUS TUTaHAa TUAPO(POOHBIMU
DTyOOKMMH SBTEKTUYECKUMH PACTBOPUTEISIMH ITOKa uTO U3y4yeHa cnado. [Ipu srom, HDES ycnemrno
IIPUMEHSIETCS JUIsl IPYTUX METAJJIOB, BXOASIUX B cocTa JIMA.

B Hactosmeit pabore B kauecTBe akuenrtopa BomopoaHoi cesizu B HDES Obin BeIOpan
NEPCIEKTUBHBIN MPOMBIIUIEHHBIN 3KcTpareHT, Aliquat 336, a B kauecTBe JAOHOpa — MPUPOIHBIN
KOMIIOHEHT, MEHTOJI, KOTOPBI 3HAUUTEJIBHO CHUXKAET BA3KOCTh OSKCTPAreHTa, 4TO I103BOJISIET
n30eKaTh MOXKapOOIACHBIX OpraHudyeckux pactBoputeneil. Ilpu stom, nanueiii HDES sBnsercs
BecbMa H(P(PEKTUBHBIM JUI pa3fAeieHUs HOHOB METAIJIOB W3 COJITHOKHCIBIX pPacTBOPOB
BhbIIIeTIaYMBaHus [7].

PeakTuBbl, HCTIONB3yeMbIE B TAHHOH paboTe nepeurcieHsl B Tabnuue 1. VicxoaHslil pacTBop
TUTaHa KoHUeHTparuen 0,1 MOJIB/I FOTOBMWIIM PAaCTBOPEHUEM B3BELICHHOM HA aHAJTMTUYECKUX Becax
OHAUS Explorer (LlBefinapusi) naBecku TiOSO4 B 1M pactBope HCI. PactBop LiCl rotoBmin
IIyTEM PAcCTBOPEHMsI B3BEIICHHON HAa aHAJIUTUYECKUX BECAaX HABECKHM COJIM B JUCTHILIMPOBAHHOU
Boge. Meronuka nmpurotoBienuss HDES, ucnons3yemast B ganHoi pabote, mpeacTaBieHa B padbote
[7]. OkcriepuMeHTBI 10 3KCTpaKLUU IPOBOAWIM IIPU TEMIEpaType okpyxarouieil cpeast 25°C u
armocdeprnoM gasneHun ~100 klla. DkcTpakuuio nmpoBoauIu myteMm cMenienus: uucrtoro HDES ¢
BoaHbIM pactBopoM Ti(IV) ¢ paznuunoit konuentpauueii LiCl u HCI B cootnomenun O/B = 1/5.
Hcxonnas xonneHtpanus nonos Ti(IV) B BonHoit daze cocrasmnsuia 0,01 mons/n. [{j1st HHTEHCUBHOTO
nepememuBanus Ga3 mpobupku nomemanu B meiikep SIA ELMI RM-1L (JlarBusi), rie B TedeHUH
30 muH u BpamieHud 35 00/MHMH cUcCTeMa JOCTHrana TepMOAMHAMHUYECKOoro paBHoBecHs. [locne
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nepeMerrBanms npooupku nomemanu B ueHTpudyry SIA ELMI CM-6MT (JlarBus), rae npu 2500
00/MHUH B T€YEHHUU 5 MUH LEHTPU(YTHPOBAIH /10 TIOJIHOTO paccianBaHus (a3 v 1mocie pasiessiiia B
JenuTenbHbIX BopoHKax. Kounenrpammio wnonoB Ti(IV) B BogHOH (ase mocie 3KCTpaKIUu
OIIPENEIISIN CHEKTPOPOTOMETPUUECKIM METOIOM aHalu3a B BHIUMOW OOJACTH MPHU JJIUHE BOJIHBI
400 am ¢ H2O; B xauecTBe MHIUKATOpa Ha crekTpodoromerpe DxpocxuM [13-5400YD (Poccust) B
CTCKJSIHHBIX KIOBETax ¢ UIMHHON onrtudeckoro mytd 10 mm. Konnenrpanuio monoB Ti(IV) B
OpraHuydeckoil (paze mocie SKCTPAKIUU PACCUUTHIBAIMN MO MaTepraibHoMy Oanancy. Koadunuent
pacnpenenenus D paccuntsiBanu 1o Gpopmyse:
_ [TidV)]upEs (1)
[Ti(IV)]BOLlH. ’

tae [Ti(IV)]upes v [Ti(IV)]gonu. — paBHOBeCHBIE KOHIEHTpamuu noHoB Ti(IV) 8 HDES u BoanoM#
¢aze, COOTBETCTBEHHO.

[IpencraBieHHbIE SKCIIEPUMEHTANIBHBIC JJAHHBIC SIBIISIOTCS PE3YJIBTaTOM CEPUH HKCIIEPUMEHTOB
1 00paboTaHbl METOIAMU MaTeMaTHYECKOM CTaTUCTHKHU.

Taoauua 1 — Crmcok

Kommnonent [TocTraBumk Homep CAS Uucrora, mac.%
Aliquat 336 Acros 63393-96-4 98

L-Menron Acros 2216-51-5 99

LiCl XumMmen 7447-41-8 98

H2S0Oq4 Xummen 7664-93-9 96

H»0O, XHuMMen 7722-84-1 37

TiOSOq4 Macklin 13825-74-6 >95

HCl XHUMMen 7647-01-0 37

Wzyueno BiusHue kouueHtpammu Aliquat 336 B mpemenax 0.84-2.12 monw/n (Aliquat
336/menton = 1.5/8.5-8/2) na uzBneuenue nonos Ti(IV) u3 BoxHoro pacrsopa, cogepxamiero 0,01
monb/n1 Ti m 9 mons/n HCl. DkcnepuMmeHTanpHbIE JaHHBIC, NPEICTaBICHHBbIE HAa pPHCYHKE I,
NPEACTaBIsI0 cO00M KPHUBYIO, MMEIOIIYIO BO3PACTAIOIINI yY4acTOK NpH KoHUeHTpauu Aliquat 336
10 1.24 Monb/n, a mociie — HUCIAAAIOINHA B MHTEpBaJie KOHIeHTpauuid ot 1.24 10 2.12 mons/n. Takum
oOpa3oM, paHee MpUMEHsEMBbI 3BTekTUYeckuid coctaB Aliquat 336/menton = 3/7 (1.16 monb/n
Aliquat 336) [7] sBiseTcst yIOBIETBOPUTEIBHBIM JJIs1 HPOBEACHHS TATbHEHIINX 3KCIIEPUMEHTOB O
HKCTPAKIUH.

2,0 4

1,0 A

0,5

0,0 T T T T T
0,8 1,0 1,2 1.4 1,6 1.8 20 22
[Aliquat 336], Mmomb/1

Pucynok 1 — 3asucumocts ko3¢ dunmenta pacupenesnerus nonos Ti(IV) ot kontenTpauu Aliquat 336
B HDES: [HCI] = 9 momb/1.

CHmxenne ko3 dunuenra pacnpenenenns HoHOB Ti(IV) MoxkeT ObITh CBSI3aHO C MapaIEIbHO
UAYIIAM TPOLIECCOM — 3KCTpakmuen cossiHoil kucnotsl Aliquat 336. Ilpu 3TOoM M3BECTHO, YTO €
yBenuueHueM KoHueHtpauuu Aliquat 336 3¢¢eKTUBHOCTh H3BJICYCHHUS COJITHOW KHUCIOTHI
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BO3PACTaeT, YTO MPUBOAAT K CHIDKEHHIO OCTATOUYHOW KOHLIEHTPAIMH KHCIOTHI B BoJHOU daze [8].
Hcxons u3 3T0r0, MOKHO MPEATNOI0KUTh, YTO Ha dKcTpakiuio noHoB Ti(IV) 3HaunuTenpbHO BAHSIET
KOHIIGHTPALUsl CONIIHOM KHCHOTHL. Mcxons u3 rpaduka, NPUBEIEHHOIO HA PUCYHKE 2, MOKHO
CKa3aTh, YTO MPH YBEIMYCHUM KOHLIEHTPALMH COJISIHOM KHCIIOTHI BO3pacTaeT M KO3 UIMEHT
pacnpenenenus uono Ti(IV). lannsiii apdext MoxeT ObIT CBsA3aH ¢ TeM, uTo Aliquat 336 aBnseTcs
HKCTPAreHTOM, H3BJIEKAIOIIMM MOHBI METAJUIOB B aHMOHHOH (opme. Ilpu 3TOM, mpu yBenudeHuu
koHueHTpauuu HCI nporcxoaut npeumyniecTBeHHOE 00pa30BaHUE aHUOHHBIX KOMIUIEKCOB HOHOB
Ti(IV), nanpumep, TiClz, TiClZ~, TiOCL™ w mp. [9].

50
45 1
40 1
35 1
10 1 30 -

Q
Q 8- 25
o 20 -
15
4 4
10
2 5 |
0 ; ; . . . . 0 — —
o 2 4 6 8 10 12 1 2 3 4 5 6 7 8 9 10 11
[HCI], Moms/n [CI], Moms/1
Pucynok 2 — 3aBucumocts ko3 dunneHTa Pucynok 3 — 3aBucumocts ko3 dunnenTa
pacnpeneneuus noHoB Ti(IV) oT ucxomHow pacnpeneneuus noHoB Ti(IV) oT ucxomHoi
kounenrparuu HCI B BogHo# dasze. kouneHtparmu Cl” B BogHOU (hase.

Tak Kak XJOpPUI-MOH BXOAMT B COCTaB JKCTPArupyeMoro COCIUHEHHUs, ObUIO H3y4eHO
BiMsiHMe KoHueHTpauuu Cl- BHE 3aBHCHMMOCTH OT KOHIeHTparmu H' myrem noGaBneHus Xjaopuaa
mutus (pucyHok 3). M3 momydeHHOW 3aBHCHMMOCTH BHJIHO, YTO C YBEJIMUEHHEM KOHLIEHTpAIUH
XJIOpUA-UOHOB KO3 duiment pacnpeaenenus uoHoB Ti(IV) Bospactaer, 4To MOATBEp)KIAET
Ipearnonoxenue o BiusHuy konteHtpanuu Cl- Ha sxctpakiuto noHos Ti(IV).
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MOJBOP OIITUMAJBHOI'O COCTABA TEPMOIIIACTHYHOI'O KPAXMAJIA JIJIS
MOJIYYEHUSI BUOPA3JIATAEMOM TBEPIOM YITAKOBKH
SELECTION OF THE OPTIMAL COMPOSITION OF THERMOPLASTIC STARCH FOR
OBTAINING BIODEGRADABLE SOLID PACKAGING

Kcenns 'ennanbeBHa AnnkeeBa, Pycian Pymanosuu Cadun,
Pycaan 3ypaposny Xaiipy/1jauH
Ksenia G. Anikeeva, Ruslan R. Safin, Ruslan Z. Khairullin

Kaszanckuil HayuonanvHblll uccie008amenbCKull MmexHoNI02UYeCKUll yHugepcumen,
Poccus, Kasanw
Kazan National Research Technological University, Russia, Kazan
(e-mail: doomksen(@mail.ru, cfaby@mail.ru, KhayrullinRZ@corp.knrtu.ru)

Annomayusn: B cBA3M C HapacTaHueM NOpoOJeMbl 3arps3HEHUs] OKpY’Kalollel cpenbl B
IUTACTUKOBBIMH OTXOJaMH BCE€ OOJBIIMN MHTEpPEC MPOSBISETCS K MPUMEHEHUIO OmopasziaraeMblixX
yIIaKOBOUHBIX MarepuajoB. B palore mpemiaraercss co3iaHue OuOpas3naraeMoro JIpeBecHO-
MOJIMMEPHOT0 KOMIIO3ULIMOHHOTO MaTepuaia JUlsi H3rOTOBJICHUS OJHOPA30BON MOCYAbI U YIIaKOBKU
Ha OCHOBE TEPMOIUIACTUYHOTO Kpaxmaia. Kpaxman sBiIseTcs OIHUM M3 CaMbIX MEPCHEKTHBHBIX
cpean OMONIOTUYECKHX TMOJIUMEPOB - 3TO JCUIEBbIH, JOCTYITHBINA, BO30OHOBIIEMBI MaTepHall.

Abstract: Due to the increasing problem of environmental pollution in plastic waste, there is
increasing interest in the use of biodegradable packaging materials. The paper proposes the creation
of a biodegradable wood-polymer composite material for the manufacture of disposable tableware
and packaging based on thermoplastic starch. Starch is one of the most promising among biological
polymers - it is a cheap, affordable, renewable material.

Kniouesvie cnosa: TepMOIUIAaCTHYHBIA Kpaxmaj, TBepJas yHakoBKa, OHopasnaraemas
YIaKOBKa.

Keywords: thermoplastic starch, solid packaging, biodegradable packaging.

Kpaxman cocTouT M3 JBYX BELIECTB: JIMHEMHOIO IOJMCAaXapuaa — aMWIIO3bl U CHIIBHO
pa3BETBIEHHOrO MojJMcaxapuaa — amuwionektuHa. OAHaKo, HCIIOJIB30BAHME UYUCTOrO Kpaxmania
OrpaHUYMBACT TEXHOJOTHYHOCThH IPOLECCa, a TaKkKe 00JacTh NMPUMEHEHHUS MaTepUalIOB Ha €ro
OCHOBE, B CBSI3M C 3TUM, HEOOXOJIUMO MOJYYUTh TEPMOIUIACTUYHBIN Kpaxmall IMyTeM pa3pyLICHUs
rpaHy’ B IPUCYTCTBUY IJIACTU(UKATOPOB B ONPEICIICHHBIX YCIOBUAX. [ paHy IMpOBaHHBINA Kpaxmall
HEBO3MOXKHO IepepaboTaTth B UHUCTOM BHJIE, TaK KaK BOJOPOJHBIC CBSI3U, KOTOPHIE YAECPKUBAIOT
MOJICKYJIBl Kpaxmaja BMECTE, JOJDKHBI OBbITh BOCCTAHOBJICHBI, YTOOBI PaCIJIaBUTh HATypaJlbHBIN
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KpaxMasl. YMEHBIIUTh BOJOPOJHBIE CBS3M Kpaxmala MOXXHO B TPHUCYTCTBUHM PaCTBOPUTEIIS.
Haubonee mMPOKO HCHONb3yeMble JKUAKHE IUIACTU(PHUKATOPbI — 3TO TIUIEpUH W Boja. llpum
HarpeBaHWU Kpaxmaja B MPUCYTCTBHU IIACTU(UKATOPOB MPOMCXOTUT HPOILECC >KEIATHHU3ALNU:
(ha30BBIi IEpexo]] U3 YIOPAI0UEHHOTO B HeynopsaodeHHoe coctosinue [1-3]. [Ipu ucnons3oBanuu
CYXOro IutacTuuKaTopa, HampuMep, COpOHMTOJIA, CHIIKACTCS BOJOIOIVIOIICHUE Kpaxmala, 3TO
IPeJOTBpAIllaeT XPYNKOCTh MaTepuana, Y/UIMHEHHE W MPOYHOCTh B MPUCYTCTBHHM HEBOJHOTO
IUIACTU(HUKATOPA COXPAHSIOTCS HA MOCTOSHHOM ypoBHE B TeueHMH 25 - 30 aneil xpanenus [4].
[Ipexne, yeM NPUCTYNHUTh K H3TOTOBICHHUIO JIPEBECHO-IOJIMMEPHBIX KOMIIO3UTOB, HEOOXOIUMO
MOJArOTOBUTh  TEPMOIUIACTHYHBIA  Kpaxmal, 1oao0parb  AKCHEPUMEHTAIbHBIM  METOJOM
OINITUMAaJIbHBIE COOTHOIICHUSI MaTepraa ¢ IiacTu(GuKaTopaMu, UCCIe10BaTh CBOWCTBA MOTYUYSHHBIX
o0pa3uoB. B xauecTBe muacTudukaTopoB BEIOpAHBI TIULEPHH U COPOUTOI, ISl CPABHEHUSI CBOWCTB
Y XapaKTePUCTUK MOJIYYEHHOTO0 TEPMOIIACTUYHOTO Kpaxmara.

[lepBas maptusi 0Opa3l0B W3rOTABIMBAJIACH U3
KpaxmMasia ¢ J00aBlI€HHEM TIJIMIEpUHAa B KayecTBe
iactTudukaropa. Bemectsa 3amMennBaii B pOTOPHOM
cMecuTeNe s BBICOKOBS3KMX BemlecTB Brabender
(pucynok 1) B Teuenuu 10 MUHYT TpH TeMIeparype
115°C.

B Tabmuue 1 mnpencraBinensl (oTo Beex
00pa3loB € yKa3aHHEM IPOLEHTHOTO COJepKaHUs
KaXJI0T0 U3 UHTPEIUEHTOB MOJTYYEHHONU CMECH.

J11s IpoBeIeHU s SKCIIEPUMEHTA U ONPEACTICHUS
ONTUMAJILHOTO COOTHOLICHHUS BEIIECTB U BbIOOpa

PrcyHok 1 — PoTopHELi cMecHTeNE COCTaBa C HAWIYYIIUMU XapaKTePUCTHKAMHU ObLI

JUIsl BRICOKOBSI3KMX BemecTB Brabender. 3aMcllaH KpaxMal B COYCTaHHH C TIJIMICPHHOM H
copbuToaoMm B KauecTBe mIacTu(pUKaTOpPOB
(Tabmuma 2).

Taoauna 1 — ConepxaHue BelecTB B 00pa3iax, M3rOTOBJICHHBIX M3 KpaxMaja U TIHIEepPHHA.

Ne HaumeHnoBanue Cogepxcaﬂpole Co,uepxcaHHOe ®oto o6pasna
obpasua Kpaxmana, % JIMLEpUHa, %

1 70K/30I° 70 30

2 60K/40I" 60 40

3 50K/50T 50 50

4 40K/60I" 40 60

5 35K/65T 35 65
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Tabauna 2 — CoaepaHue BELIECTB B TEPMOIUIACTHYHOM Kpaxmaje C IUIaCTU(PHUKATOPAMU:
TJIUIIEPUHOM M COPOUTOJIOM.
HaumenoBanue Coneprxanue Coneprxanue Coneprxanue doto
N(_) 0 0 o
o0pa3ua Kpaxmaiua, % IIMLEpHUHa, % copbutona, % o0pa3ua
60K/30I'/10C 60 30 10
i1
R
55K/351/10C 55 35 10
50K/301'/20C 50 30 20
45K/25T/30C 45 25 30
|

Jlns Toro, 4ToOBl ONpENENuTh, KAKOH COCTaB MOJOWICT AJs AajbHeWIIed pa3paboTku
JPEBECHO-TIOJIMMEPHOT0 KOMITO3UTA, KaXKAbIi MOIy4eHHBIN 00pa3el OblI UCCIeI0BaH Ha BEIHYUHY
00beMHOM ycanku. sl BBIYMCICHUSI CHATHI pa3Mepbl 00paslioB 10 CYLIKH B MEYH, a TAKXKE MOCIIe
cymkH B TeueHuu 75 yacoB npu 100 °C. BennunHa 00beMHON yCaKu BBIYUCISIIACH 110 (popMyIIe:

Vo—V-
Y ==—=x100, (D)

0

rae Vo — o0beM o0pasma 1o cymku, Vi— 00beM o0pasiia mocie CyImiKH.

JIiisi KaKa0ro U3 00pas3ioB BBIYMCICH 00BEM 10 CYIIKH M TOCJIE CYIIKH, U3 MOJyUYCHHBIX
JIAHHBIX OTpeJIecHa BeMunHa 00BEMHOM ycaaku MaTepuaiia. [loaydeHHbIC 3HAUCHUS TTOKAa3aHbI B
tabnue 3.

Tabauna 3 — OObemHas ycajaka, OIpeleseHHas A HM3TOTOBJICHHBIX HKCIEPUMEHTATbHBIX
00pa3LoB TEPMOILUIACTHYHOTO KpaxMaia.

HaumenoBanue O6wem marepuana a0 O6bem mMarepuana OobbemHas ycaaka
o0pasiia CyHIKH, cM° nocJie CYIKH, cM> marepuaina, %
70K/30I 1652,4 1368 17,2
60K/40T 1598 1196,58 25,1
50K/50r 816 512,05 37,2
40K/60I° 1610 1108,8 31,1
35K/65T 1692 1122 33,6

60K/30I'/10C 1715,7 1152 32,8
55K/35I/10C 1702,8 1394 18,1
50K/301/20C 1190,25 798 32,9
45K/251°/30C 1365,55 1024 25
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Haumenpmii mokaszarenb OOBEMHOW YCaJAKH MaTepuaja IOCIe BBIUMCIEHUS COCTaBUII
17,2 %, camblii BLICOKMI IToKa3aTelb — 37,2 %.

Jlnst pa3paboTKU IPEBECHO-MOJIMMEPHOTO KOMIIO3MTA HAa OCHOBE KOTOPOro OyJeT co3laHa
TBEpJasi YNaKOBKa, HEOOXOAMMO HCIOJIB30BaTh MaTepHalbl, BEJIMYMHA YCAJKH KOTOPBIX OyIeT
HaMMEHBIICH Cpeau BCeX MOJYYeHHBIX 3HaueHui. Takum oOpas3oM, A AajbHEWIIeH pa3padoTKu
JPEBECHO-TIOJIMMEPHOTO KOMIIO3UTA M TBEP/OH OMOpasiiaraeMoil ymakoBKH MOJIXOAAT CICAYIOLIHE
obpasupl: 70K/30I" ¢ 70% xpaxmana u 30% riunepuHa, BeIMYMHAa 00beMHOM ycanku — 17,2%;
55K/35I/10C ¢ 55% xpaxmana, 35% riouuepuna u 10% copburona, BenuunHa 00bEMHOM ycaaKku —
18,1%;. Takum oOpa3oM, B XOJ€ BBIMIOJHEHUS IKCHEPUMEHTA W3 JIEBATH W3TOTOBICHHBIX IS
UCCIIeIOBaHMs 00pa3lioB ObUIM BBIZCICHBI JIBa MOIXOAALINX COCTaBa Ul JalbHEHIIel pa3paboTKu
KOMIIO3UTA U YIIAKOBKH Ha €0 OCHOBE.

BuiBOaBI

HakonuieHne IIacTUKOBBIX OTXOJ0B HECOMHEHHO IIPEJACTABISET CEPhE3HYIO Yrpo3y s
OKpY’Kalollel cpebl, OAHAKO, YUYUTHIBAs MPHUBIEKATEIbHbIE CBOMCTBA IJIACTMACC OHU BCE TAKKE
OyAyT MPUMEHATHCS MOBCEMECTHO KaK B NMPOMBIIUIEHHOCTH, TaK U cpeau HaceneHus. Crtparerus,
KOTOpPOH HEOOXOAMMO MpPHIEPKUBATbCA B TEKYIIEH CHUTyallud, COCTOMT B pa3pabOTKe TaKHX
MaTepHasioB, KOTOPbIe OyayT JIETKO pasiaraThCs MOCJe UCIOJIb30BaHUS B €CTECTBEHHBIX YCIOBHIX
I0JT BO3/ICMCTBUEM MUKPOOPTaHU3MOB. M3 BceX M3BECTHBIX METOJI0B OOpAIIECHHUS C IJIACTUKOBBIMU
OTXOZAaMH, KOTOpbIE TMPEAJIOKEHbl Ha JIAHHBIH MOMEHT, HCHOJb30BaHHE OMOpa3iIaraeMbIx
MaTEepHAaIOB ABISETCS OTIMYHBIM PELICHUEM.

TBepaas ynakoBKa, W3TOTOBJICHHAs W3 JPEBECHO-TIOJIMMEPHOIO KOMIIO3UTa HA OCHOBE
TEPMOIUIACTUYHOIO Kpaxmajla, sBJISIETCS OTJIMYHOM 3aMEHOM TPaJULHMOHHOM IIJIaCTUKOBOM
yIaKOBKe, CJIEZI0BATENIbHO, JaHHAs Pa3paboTKa MO3BOJIUT 3aMEHHUTh 3HAYUTEIbHYIO OO MJIaCTUKA
Y CHU3UTH Mary0HOe BO3JEHCTBHE Ha OKPYKaIOLIyto cpeny. st Toro, uroObl pa3paboTaTh TBEPIYIO
YIIaKOBKY, KOTOpasi OyIeT coYeTaTh B cebe Bce HEOOXOIUMBIE XapaKTEepUCTUKH, B X0/1€ pabOThI ObUIH
10100paHbl ONTUMAJIbHBIE COCTABbI TEPMOIJIACTUYHOTO KpaxMaia ¢ HAaUMEHbUIMMHU TTOKa3aTeIsIMU
00BEMHOM yCaJKu MaTepuaia.
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EXTRACTION, PHYSICOCHEMICAL PROPERTIES, AND ANTIOXIDANT ACTIVITY
OF NATURAL MELANIN FROM AURICULARIA HEIMUER FERMENTATION
9KCTPAKIIHA, ®U3NKO-XUMHUUYECKHUE CBOMCTBA U AHTUOKCUJAHTHASA
AKTHUBHOCTbB ITPUPOJHOT'O MEJTAHUHA N3 BPOXXEHUSA AURICULARIA
HEIMUER

Yinpeng Ma*-**, Piqi Zhang**, Xiaodong Dai**, Xiuge Yao**, Shuyang Zhou**,
Qingfang Ma**, Jianing Liu**, Shuang Tian**, Jianan Zhu*¥*, Jiechi Zhang**,
Xianghui Kong**, Yihong Bao*

* College of Forestry, Northeast Forestry University, China, Harbin
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Abstract: In this study, single-factor experiments, Box-Behnken design (BBD), and response
surface methodology (RSM) were employed to investigate the effects of alkali-soluble pH, acid
precipitation pH, and microwave time on the extraction yield of Auricularia heimuer melanin (AHM)
from fermentation. Ultraviolet-visible spectrum (UV-Vis), Fourier transform infrared (FT-IR)
spectroscopy, scanning electron microscope (SEM), and high-performance liquid chromatography
(HPLC) were used to analyze the extracted AHM. The solubility, stability, and antioxidant activities
of AHM were also measured. The results showed that alkali-soluble pH, acid precipitation pH, and
microwave time significantly affected the AHM yield, with the following optimized microwave-
assisted extraction conditions: alkali-soluble pH of 12.3, acid precipitation pH of 3.1, and microwave
time of 53 min, resulting in an AHM extraction yield of 0.4042%. AHM exhibited a strong absorption
at 210 nm, similar to melanin from other sources. FT-IR spectroscopy also revealed that AHM
exhibited the three characteristic absorption peaks of natural melanin. The HPLC chromatogram
profile of AHM showed a single symmetrical elution peak with a 2.435 min retention time. AHM
was highly soluble in alkali solution, insoluble in distilled water and organic solvents, and
demonstrated strong DPPH, OH, and ABTS free radical scavenging activities. This study provides
technical support to optimize AHM extraction for use in the medical and food industries.

AnHoTanys: B 1aHHOM HMcciie[o0BaHUY A1 U3yUYeHHs BIUSHUS 1enouepactBopumoro pH, pH
KHUCJIOTHOTO OCQXKICHUS U BPEMEHHM MUKPOBOJIHOBOTO M3JIyU€HHs Ha BBIXOJ] SKCTpakuuu Auricleria
heimuer menanuna (AHM) B pesynbrate (epMeHTanMM OBUIM HCIOJIB30BaHBI OJHO(DAKTOPHBIE
IKCIIEPUMEHTHI, Mu3aiiH bokca-benkena (BBD) u meromonorust moBepxnoct otkiauka (RSM). s
aHanu3a u3BiedyeHHoro AHM wucnons3oBanu yiabTpaduoneroBslii 1 BuguMbii crektp (UV-Vis),
MH(PAKPaCHYIO CIIEKTPOCKONHIO ¢ mpeodpazoBanreM Dypoe (FT-IR), ckanupyromuii 31eKTpOHHBIN
mukpockon (SEM) u BbeicokoapexTHBHYI0 XuaKocTHyto xpomarorpaduio (HPLC). Taxke O6buin
U3MEPEHBbl PacTBOPUMOCTh, CTAOMJIBHOCTh M aHTHOKCHUAAaHTHas akTMBHOCTH AHM. PesynbraTh
nokasanu, 4yro pH menouepacTBopuMOCTH, pH KHCIOTHOTO OCa)XJIeHUs U BPEeMsI MUKPOBOJIHOBOTO
BO3JICUCTBUS CYIIECTBEHHO BIMSAIOT Ha Bbixod AHM mnpu cienyromux ONTUMH3UPOBAHHBIX
YCIIOBUSIX MUKPOBOJIHOBOM 3kcTpakuuu: pH menouyepactBopumoro Bemecrsa 12,3, pH kuciorHoro
ocaxzieHus 3,1 1 BpeMs MUKPOBOJIHOBOIM 00paboTKH 53 MHH, B pe3yJIbTaTe 4ero BhIXOJ] SKCTPAKIIUU
AHM cocrasun 0,4042%. AHM npoaeMoHCTpUpOBai cuiibHOE noruiomenue npu 210 M, nogoOHoe
MeJNaHUHy u3 Apyrux uctoyHukoB. HK-®ypee-cnexkTpockonus Takxke Mokazana, yro AHM
JEMOHCTPUPYET TPU XapaKTepHBIX IHMKa TMOIJOUICHUs MpUpogHOro wmenanuHa. IIpodunb
xpomatorpaMmMbl HPLC AHM noka3an oguH CUMMETPUYHBIA UK 3JIIOUPOBAHUA CO BPEMEHEM
yaepxkuBanus 2,435 muH. AHM Xxopomo pacTBopsics B pacTBOpE LIENOYM, HEPACTBOPUM B
JUCTUILTUPOBAHHOM BOJIE M OPraHMYECKUX PACTBOPUTEINIAX U IEMOHCTPUPOBAII CUIIbHYIO aKTUBHOCTD
1o ynaBiauBaHUIO cBoOOAHBIX pagukanoB DPPH, OH u ABTS. Oto uccnenoBanue obecrneynBaet
TEXHUYECKYIO MOJACPHKKY Ul ONTUMU3ALUH SKcTpakiu AHM 11 ncroap30BaHus B MEIUIIMHCKOM
Y TMHIIEBON MPOMBIIIIEHHOCTH.
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Introduction

Melanins are a group of natural pigments found in most organisms [1], which have been
widely and conventionally used in various industries [2], due to their antioxidant, anti-radiation, anti-
toxic, antitumor, and heavy metal chelation functions [3-7]. Natural pigments are considered safe,
with pronounced nutritional and therapeutic benefits relative to synthetic pigments [8]. Currently,
natural pigments are primarily found in living organisms, including animals, plants, fungi, and
bacteria [9].

Auricularia heimuer, the third most important cultivated mushroom in China [10], has high
economic and medicinal value [11]. It is known for its bioactive compounds, mostly polysaccharides
[12, 13], which have numerous beneficial biological properties, including antioxidant, antitumor,
anti-radiation, immunomodulatory, and hyperlipidemic [14-16]. Melanin, as one of the main active
ingredients of 4. heimuer, has been reported to have strong antioxidant, radical scavenging, quorum
sensing inhibition, and antibiofilm activities [17]. 4. heimuer fruiting bodies are rich in melanin and
are increasingly popular as a “black food” in China [18]. Melanin from 4. auricula can also be used
as a safe and healthy colorant in the food and pharmaceutical industries. Research has previously
been conducted on the isolation and characterization of melanin. Our team optimized the conditions
for melanin extraction from A. auricula-judae [Hei 29] fruiting bodies using a single-factor
experiment and response surface methodology (RSM) [19]. Additional studies have demonstrated the
extraction method of melanin from 4. auricula-judae [20]. However, it has been difficult to produce
melanin from A. heimuer fruiting bodies at the industrial scale due to their long growth cycle and
high cost [21]. It is more effective to produce melanin from the fermentation of microorganisms, and
A. heimuer is an organism capable of high secretion of natural melanin via submerged fermentation.
Zhang et al. [22] conducted research for media optimization to enhance the production of melanin by
submerged culture of A. auricula. Sun et al. [23] optimized the fermentation conditions of natural
edible melanin from A. auricula. However, the melanin extraction rate was relatively low.

Microwave-assisted extraction is an effective way to increase metabolites. Among the
different extraction methods, microwave-assisted extraction is a predominant and promising method
to extract diverse compounds from different materials, due to its unique advantages including reduced
extraction time, high yield, and improved quality of end products [24]. Zeng et al. [25] determined
the influence of microwave-assisted extraction on the characterization and corresponding antioxidant
activity of A. auricular polysaccharides. However, there are few reports on microwave-assisted
extraction of melanin from A. heimuer fermentation.

In the present study, the process of microwave-assisted extraction of melanin from A. heimuer
fermentation was optimized using RSM. In addition, the physicochemical properties and antioxidant
activities of A. heimuer melanin (AHM) were investigated in detail. The results provide technical
support for the application of AHM in medicine, health food, and food additives.

Materials and methods

Strain and growth conditions

The A. heimuer strain 1703 used in this study was preserved by the Institute of Microbiology,
Heilongjiang Academy of Sciences, China. The strain was activated in PDA medium (200 g/L potato,
20 g/L glucose, 2 g/L KH2PO4, 1.5 g/L MgS0s, 18 g/L agar powder) at 25 °C for 10 d. The activated
strain was cultured in PD medium (200 g/L potato, 20 g/L glucose, 3 g/L peptone, 2 g/L. KH,PO4, 1.5
g/L MgS0s, 10 mg/L vitamin B) in a rotary shaker incubator at 160 rpm and 25 °C for 12 d without
light. DPPH, Tris-HCL (pH 8.0), FeSO4, Vitamin C and salicylic acid used in antioxidant assay were
purchased from Aladdin Biochemical Technology Co., Ltd. All reagents used in the experiment were
of analytical grade.
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Melanin extraction and purification

The melanin extraction process was performed as follows: First, the fermentation product was
centrifuged at 12,000 rpm for 30 min, and the supernatant was incubated in an SL-SM300 microwave
instrument (Nanjing Shunliu Instrument Co., Ltd, China) with a power of 300 W for 50 min for
complete extraction. Secondly, the supernatant pH was adjusted to 12 with 3.0 M NaOH and then
kept at 70 °C for 2 h for dissolution, followed by centrifugation at 12,000 rpm for 30 min. Thirdly,
the supernatant was transferred to a flask, and then the pH was adjusted to 3.0 with 1.0 M HCI. The
supernatant was then kept at 70 °C for 3 h for precipitation. The crude AHM was obtained after
centrifugation at 12,000 rpm for 30 min.

The AHM purification process was performed as follows: The crude AHM was re-dissolved
in a 1.0 M NaOH solution and centrifuged at 12,000 rpm for 30 min. The pH of the supernatant was
adjusted to 3.0 with 1.0 M HCI, followed by centrifugation at 12,000 rpm for 30 min. Subsequently,
the precipitate was washed three times with deionized water, chloroform, ethyl acetate, and absolute
alcohol in sequence. Finally, the pure AHM was obtained and dewatered in an FDU-1200 freeze dryer
(EYELA, Tokyo, Japan).

Optimization of AHM extraction and experimental design

The microwave power, microwave time, alkali-soluble pH, and acid precipitation pH were
selected as the four variables for AHM extraction optimization. Each variable was individually tested
with the following ranges: microwave power 200-350 W, microwave time 20—60 min, alkali-soluble
pH 9-13, and acid precipitation pH 2-6.

The Box-Behnken experimental design with three factors and three levels was employed to
optimize the extraction conditions in order to obtain the highest melanin yield. Based on the single
factor experiments, A, alkali-soluble pH [11-13]; B, acid precipitation pH [2-4]; and C, microwave
time (40 min, 50 min, and 60 min) were determined to be the critical levels with significant effect on
melanin extraction. The levels and codes of the variables used in the Box-Behnken design (BBD) are
shown in Table 1. The complete design consisted of seventeen combinations including three
replicates of the center point.

Table 1 — Factors and levels of independent variables used for the Box-Behnken experimental
design

Variables Code 1 Code%levels 1
Alkali-soluble pH A 11 12 13
Acid precipitation pH B 2 3 4
Microwave time (min) C 40 50 60

UV-Vis, FT-IR, and SEM assay

The AHM was dissolved in a 0.1 M NaOH solution at a final concentration of 0.05 mg/mL,
with 0.1 M NaOH solution as the reference. The UV-visible absorption spectrum (UV-Vis) of AHM
was scanned in the wavelength range of 190-800 nm with a UV757CRT UV/VIS Spectrophotometer
(Unico Instrument Co. Ltd., Shanghai, China).

The AHM was mixed with potassium bromide (KBr) powder and then pressed into pellets for
measurement. The Fourier transform infrared (FT-IR) spectrum was analyzed in the scanning range
of 4000-400 cm™! using the FT/IR-3000 Spectrometer (Jasco, Tokyo, Japan).

A TM4000 scanning electron microscope (SEM; Hitachi, Tokyo, Japan) was used to
investigate the morphological features of AHM. To render the power conductive, the dried AHM was
installed on a metal stage and sputtered with gold.

Solubility and stability assay

The solubility of AHM was measured in water, aqueous acid (1.0 M HCI), aqueous alkali (1.0
M NaOH), and several organic solvents (ethanol, chloroform, methanol, and ethyl acetate). First, 10
mg AHM was measured into 10-mL test tubes filled with 1 mL of the chemical reagents mentioned
above and then stirred at 25 °C for 1 h to dissolve or react thoroughly. The tube was spun at 1000 rpm
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for 10 min and then the absorbance of the solution at 210 nm was detected. The solubility of AHM
was determined at various pH values adjusted to 2, 3,4, 5,6,7,8,9, 10, 11, and 12 using 1 M NaOH
and HCl, and the absorbance was measured after all samples stood for 1 h.

To perform stability assays, 10 mg AHM was dissolved in 0.1 M NaOH solution. The heat
stability of AHM was measured at different incubation temperatures of 0, 20, 40, 60, and 80 °C. The
illumination stability of AHM was measured in darkness, natural light, and hard light. The samples
were taken at 2 h, 4 h, and 6 h, and the absorbance was measured at 210 nm using 0.1 M NaOH
solution as reference.

HPLC analysis

The AHM was compared with a melanin standard (M8631, Sigma-Aldrich, St. Louis, MO,
USA) by HPLC following the method reported by Sun et al. [26] with minor modification. The AHM
and the standard were dissolved in 0.1 M NaOH solution. The chromatographic analysis was
developed on an Agilent 1100 HPLC system (Agilent Technologies, Inc., Santa Clara, CA, USA)
with a Waters C18 column (300 mm X 7.8 mm, 5 pm, Milford, MA, USA). The mobile phase
consisted of methanol and 1% acetic acid. The flow velocity was 1.0 mL/min and the injection volume
was 20 pL. The detection wavelength was set at 210 nm and the column temperature was set at 25 °C.

Antioxidant activities

The concentration of AHM mother solution was adjusted to 100 pg/mL. Then AHM mother
solution was diluted to different concentrations for antioxidant activity assay. The antioxidant activity
of AHM was determined using DPPH, *OH, and ABTS free radical scavenging ability assays, which
were performed by the methods reported by Ma et al. [19], Tian et al. [27], and Luo et al. [28], with
in vitro modifications for this study.

Statistical analysis

Each experiment was repeated three times. All data were presented as the mean + standard
deviation. Design-Expert (Version 21.0, Stat-Ease, Minneapolis, MN, USA) was used for RSM.
Statistical analysis was performed with SPSS software (Version 16.0, Chicago, IL, USA). One-way
analysis of variance (ANOVA) was used for comparison among groups. Differences were considered
statistically significant at P < 0.05.

Results and discussion

Effect of single factors on the extraction yield of AHM

All parameters—microwave power, microwave time, alkali-soluble pH, and acid precipitation
pH—were individually investigated for their effect on AHM yield.

The extraction yield of AHM increased as alkali-soluble pH increased from 9 to 12, peaked
at 12 (0.399% yield), and then decreased with increasing pH (Figure 1 A). Therefore, an alkali-soluble
pH range from 11 to 13 was used in the RSM experiment to optimize extraction conditions. The AHM
yield increased as acid precipitation pH increased from 2 to 3, reached a maximum of 0.401% at a
pH of 3, and then decreased with increasing pH (Figure 1B). The acid precipitation pH range from 2
to 4 was therefore used for design optimization. The highest yield of 0.380% was reached at a
microwave power of 300 W, with no obvious increase in AHM yield as the microwave power
continued to increase (Figure 1C). An increase in microwave power has been shown to enhance
extraction yield [29]; however, microwave power did not significantly affect the AHM yield. The
extraction yield of AHM obviously increased as microwave time increased from 20 to 50 min,
reached a maximum yield of 0.399% at 50 min, and then decreased over time (Figure 1D). Compared
with microwave for 20 min, the yield of AHM increased from 0.370% to 0.399% after microwave
for 50 min. A similar phenomenon was reported in the extraction of Lachnum singerianum YM296
(LIM), which showed an 11.08% extraction yield with a microwave time of 118.70 s, which was
40.43% higher than that of alkali and acid precipitation extraction [30]. Previous research found that
the yield of IH melanin with ultrasound-assisted extraction increased by 37.33% compared with the
nonultrasonic control group [21]. Compared with no microwave, the yield of AHM increased from
0.305% to 0.399% after microwave for 50 min, which increased by 30.82%. Therefore, the
microwave-assisted extraction method is an effective way to increase yield of AHM.
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These preliminary experiments enabled the identification of significant factors affecting AHM
yield and narrowed down the ranges for these single factors [31]. Ultimately, alkali-soluble pH, acid
precipitation pH, and microwave time were confirmed as significant factors that influenced AHM
yield.

RSM analysis

Based on the results of single factor experiments, alkali-soluble pH, acid precipitation pH,
and microwave time were selected as independent variables, and AHM yield was used as the
dependent variable to obtainn the optimal conditions. The experimental results based on BBD design
are presented in Table 2. The predicted response Y can be fitted into the following equation:

Y (%) = 0.4048 + 0.0060 x A + 0.0033 x B + 0.0035 x C — 0.0091 x A2 — 0.0131 x B>

—0.0066 x C?

where Y is the extraction yield of AHM; and A, B, and C are the codes for alkali-soluble pH, acid
precipitation pH, and microwave time, respectively.

The experimental results were analyzed using ANOVA (Table 3). The model F-value of 14.47
combined with the low P-values (P < 0.001) indicated that the regression model was highly
significant (P < 0.01). The F-value of 0.8599 and P-value of 0.5306 indicated that the “lack-of-fit”
was not significant relative to the pure error. The value of determination R? (0.9490) indicated that
the response model can explain 94.90% of the total variations, which suggests a good agreement
between the experimental and predicted values. Therefore, it is reasonable to use this regression
model to analyze the trends in the responses.

The factors affecting AHM extraction yield, ranked in decreasing order, are as follows: alkali-
soluble pH, acid precipitation pH, and microwave time. As shown in Table 3, the three independent
variables (A, B, and C) and the three quadratic terms (A2, B2, and C?) had a significant effect on AHM
extraction yield (P < 0.05), but the interaction terms (AB, AC, and BC) did not (P > 0.05).
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Figure 1 — Effect of single factors on the extraction yield of A. heimuer melanin (AHM). To
determine the significant factors that affect AHM yield, a range of alkali-soluble pH (A), acid precipitation
pH (B), microwave power (C), and microwave time (D) were individually tested in the AHM extraction
process.
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Table 2 — The Box-Behnken experimental design and resulting AHM yield

Run A B C AHM vyield (%)
1 1 0 1 0.397+0.012
2 0 -1 -1 0.374+0.014
3 -1 -1 0 0.370+0.008
4 0 1 1 0.392+0.015
5 1 0 -1 0.390+0.015
6 1 -1 0 0.390+0.009
7 0 0 0 0.410+0.011
8 0 0 0 0.407+0.016
9 0 0 0 0.405+0.006
10 1 1 0 0.390+0.009
11 -1 1 0 0.380+0.010
12 -1 0 -1 0.384+0.014
13 -1 0 1 0.385+0.008
14 0 1 -1 0.386+0.007
15 0 0 0 0.402+0.011
16 0 -1 1 0.388+0.014
17 0 0 0 0.400+0.013

Note: A, alkali-soluble pH; B, acid precipitation pH; C, microwave time.

Table 3 — The analysis of variance (ANOVA) of the response surface regression model

Source Sum of squares df Mean square F-value P-value
Model 0.0019 9 0.0002 14.47 0.0010 **
A 0.0003 1 0.0003 19.52 0.0031 **
B 0.0001 1 0.0001 5.73 0.0480 *
C 0.0001 1 0.0001 6.64 0.0366 *
AB 0.0000 1 0.0000 1.69 0.2343
AC 9.000E-06 1 9.000E-06 0.6099 0.4604
BC 0.0000 1 0.0000 1.08 0.3324
A? 0.0004 1 0.0004 23.89 0.0018 **
B? 0.0007 1 0.0007 49.34 0.0002 **
C? 0.0002 1 0.0002 12.62 0.0093 **
Residual 0.0001 7 0.0000
Lack of Fit 0.0000 3 0.0000 0.8599 0.5306
Pure Error 0.0001 4 0.0000
Cor Total 0.0020 16

Note: A, alkali-soluble pH; B, acid precipitation pH; C, microwave time. *P < 0.05; **P < 0.01.

To investigate the interaction of the variables and determine the optimal level of each variable
for maximum response, 3D response surfaces and 2D contour plots were generated (Figure 2). The
interaction effect of alkali-soluble pH and acid precipitation pH on the extraction yield at a constant
microwave time showed that the extraction yield initially increased as the alkali-soluble pH and acid
precipitation pH increased, but decreased once the alkali-soluble pH and acid precipitation pH
increased past a pH of 12.33 and 3.12, respectively (Figure 2A). The interaction effect of alkali-
soluble pH and microwave time on the extraction yield at a constant acid precipitation pH showed
that the extraction yield initially increased as the alkali-soluble pH and microwave time increased,
but decreased once the alkali-soluble pH and microwave time increased past a pH of 12.33 and 52.64
min, respectively (Figure 2B). The interaction effect of acid precipitation pH and microwave time on
the extraction yield at a constant alkali-soluble pH showed that the extraction yield initially increased
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as the acid precipitation pH and microwave time increased, but decreased when the acid precipitation
pH and microwave time increased past a pH of 3.12 and 52.64 min, respectively (Figure 2C).
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Figure 2 — Interaction effects of the three factors that significantly affect A. heimuer melanin
(AHM) yield. The 3D response surface map and 2D contour map reveal the optimal levels of alkali-soluble
PH, acid precipitation pH, and microwave time on AHM yield based on the interaction effects of these
variables at constant alkali-soluble pH (A), constant acid precipitation pH (B),
and constant microwave time (C).
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According to these results, this model predicted a maximum AHM yield of 0.4064% with the
following optimum AHM extraction conditions: alkali-soluble pH of 12.33, acid precipitation pH of
3.12, and microwave time of 52.64 min. To perform the actual experiments, the optimal extraction
conditions from the model were adjusted to alkali-soluble pH of 12.3, acid precipitation pH of 3.1,
and microwave time of 53 min. To validate the predicted results, verification experiments were
performed in triplicate, resulting in an actual AHM yield of 0.4042%, which was slightly lower than
the yield predicted by the model. As a result, RSM was found to be an accurate and decisive tool for
successfully predicting the optimum response values.

UV-Vis, FT-IR, and SEM analysis

The maximum absorption peak of AHM in the UV-Vis absorption spectrum was observed at
210 nm, and the absorbance decreased as the wavelength increased (Figure 3A) due to the complex
conjugated structures in the melanin molecules [32]. This was consistent with melanin from
Crassostrea gigas [33], A. auricula [26], etc (Table 4). There were no absorption peaks at 260 nm
and 280 nm, indicating the absence of nucleic acid and protein in the AHM. Melanin has a maximum
absorption peak of 210 nm in the ultraviolet region [34]; therefore, these results are consistent with
the UV-Vis absorption characteristics of melanin.

The characteristic absorption peaks of the pigment are primarily distributed in the following
three groups: 3500~3300 cm™!, 1620~1600 cm™!, and 1150~1000 cm! [33]. Our results showed that
the absorption peaks of AHM between 400 and 4000 cm™ were distributed consistently with these
three previously reported groups (Figure 3B). The peak at 3427 cm’! is attributed to the O-H group,
the peak at 1647 cm™ is attributed to a benzene ring, and the peak at 1039 cm! is caused by C-O
stretching. Overall, these results are consistent with the typical peaks characteristic of melanin, which
showed no obvious differences with that from A. awricula [26], Oyster mushroom [35], and
Brevibacillus invocatus IBA [36] (Table 4).

The SEM image showed that the definite shape of a single AHM molecule is an irregular
aggregation of shape and size (Figure 3C), similar to the black and brown sesame melanin samples
that exhibited amorphous form without self-organization [37]. Previous studies also found that SEM
images of extracted melanin showed irregular shape and size at different magnifications [36]. In the
current study, AHM is likely eumelanin based on the results of UV-Vis, FT-IR, and SEM.
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Figure 3 — Structure and shape of A. heimuer melanin (AHM). The structural components and shape of
AHM are shown using the UV-visible absorption spectrum (UV-Vis) (A), Fourier transform infrared (FT-IR)
scanning spectra (B), and scanning electron microscope (SEM) photographs (C)

Solubility and stability analysis

The solubility assays showed that the absorbance of AHM at 210 nm in NaOH was greater
than 1.5, while that in water, HCI, and the tested organic solvents were all close to zero. We found
that AHM was insoluble under acidic conditions. Additionally, the solubility of AHM increased as
the pH of the solution increased under alkaline conditions (Figure 4A). These results indicate that
AHM has relatively high solubility under alkaline conditions but is insoluble in water, HCI, and the
tested organic solvents. This solubility characteristic of AHM was very similar to oyster mushrooms
[35], Lachnum YM156 (38), B. invocatus strain IBA (36), and other microorganisms (39). (Table 4)

The stability assays showed that the absorbance of AHM decreased over time at constant
temperature. Additionally, the absorbance of AHM decreased as temperature increased at the same
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treatment time. However, there was no significant difference in the absorbance of AHM between
different temperatures (P > 0.05; Figure 4B). Under the same light conditions, the absorbance of
AHM decreased over time. At the same treatment time, the absorbance of AHM was different in dark,
natural light, and strong light conditions, but the differences were not significant (P > 0.05; Figure
3C). Overall, the results showed good thermostability and light resistance of AHM, which is
consistent with the literature [38, 40]. (Table 4)

Table 4 — The physicochemical properties of different sources of melanin

Sources of Auricularia wild Auricularia Oyster Lachnum  Brevibacill ~ Crassostre
melanin heimuer (this Auriculari auricula (23, mushroo YMI156 us a  gigas

study) a auricula  26) m (35) (38) invocatus (33)

(34) IBA (36)

Maximum 210 nm 210 nm 215 nm 235 nm — 200-300 nm 215 nm
absorption
peak of UV-
Vis
Characterist 3427, 1647, — 3399, 1675, 3282,and — 3226, 1628, 3440, and
ic and 1039 cm’ 1033 cm™. 1077 em’ 1104, and 1630 cm™.
absorption . ! 1015 cm™.
peaks of FT-
IR
SEM Showed — — — — Showed —

irregular irregular

aggregation shape and

of shape and size.

size.
Solubility High — Relatively Insoluble Relativel — —

solubility low solubility in water, y low

under in polar HCl and solubility

alkaline solvents but the tested in polar

conditions relatively organic solvents

but is high solvents  but

insoluble in solubility but relatively

water, HCI, under soluble in  high

and the tested alkaline NaOH solubility

organic conditions. solutions. under

solvents. alkaline

condition
s.

Stability Showed good Had good Had  better — Had — —

thermostabili  stability thermostabili better

ty and light toward ty and light light

resistance. heat, light. resistance in resistance

alkaline
solution.

Note: — means that this study was not carried out.
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Figure 4 — Physicochemical properties of A. heimuer melanin (AHM). The solubility of AHM was
determined by measuring the absorbance at 210 nm in response to various pH levels (A). The stability of
AHM was determined by measuring the absorbance at 210 nm in response to various temperatures over time
(B) and light levels over time (C).

HPLC analysis

To better characterize the chemical composition of AHM, HPLC analysis was performed on
both AHM and a melanin standard using the Waters system (Figure 5). The AHM chromatogram
profile showed a single symmetrical elution peak with a 2.435 min retention time, which was the
same retention time as the melanin standard. Furthermore, the AHM peak pattern is similar to that of
Sun et al. [26]. Collectively, this result indicates that the AHM is only comprised of a single
component and does not contain other impurities.
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Figure 5 — Chemical composition of A. heimuer melanin (AHM) using HPLC analysis. HPLC
chromatograms of AHM (A) and a melanin standard (B) are shown.

Antioxidant activities of AHM

The antioxidant capacity of AHM was determined based on the scavenging rate of DPPH,
‘OH, and ABTS free radicals (Figure 6). The results indicated that the DPPH, -OH, and ABTS free
radical scavenging ability gradually increased as the AHM concentration increased. Furthermore,
AHM exhibited strong DPPH, -OH, and ABTS free radical scavenging ability with ICso of 26.23
pg/mL, 79.76 pg/mL, and 83.04 pg/mL, respectively, although it was lower than that of Vc at the
same concentration (Figure 6). Researchers have previously reported the antioxidant activity of
melanin from other natural products. For instance, Liu et al. [41] found that both the A. auricula
melanin control group and waste residue melanin had strong ABTS, DPPH, and -OH scavenging
activity. Therefore, AHM has strong antioxidant activity due to its DPPH, ‘OH, and ABTS free
radical scavenging ability.
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Figure 6 — The antioxidant activities of 4. heimuer melanin (AHM). The scavenging rate of both AHM and V¢
against DPPH (A), OH (B), and ABTS (C) free radicals are shown.
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MOJEJIMPOBAHUE B3AMMOJIEMCTBUS YACTHI] CHIITYYNX MATEPHUAJIOB B
KACKAJHOM I'PABUTAITMOHHOM CMECHTEJIE C IOMOIIIBIO METOJA
JUCKPETHbBIX 2JIEMEHTOB
SIMULATION OF THE INTERACTION OF PARTICLES OF BULK MATERIALS IN A
CASCADE GRAVITY MIXER USING METHOD OF DISCRETE ELEMENTS
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Annomayus: 1lpoBeneHO HCClIeOBaHUE TOBEACHUS YacTUI] CBHIIYYHMX MAaTepHalOB B
KacKaJgHoOM cmecuTene. Jjii MpOrHO3MPOBAaHUS TMOBEACHUS YacCTHIl B CMECUTENIC HCIIOJIb30BAIN
METOJ, JTUCKPETHBIX 3JeMEHTOB. lIpoBeneHO KOMIBIOTEPHOE MOJAEIMPOBAHHE B3aUMOJCHCTBUS
YacTUI] KOMIIOHEHTOB cMmecu B cmecutene. Iloctpoena 3D Mojenb KOHCTPYKIIMH KacKaJIHOTO
CMECHUTEJIS CHIITyYEero MaTepuaa, paCCMOTPEHO B3aMMOICHCTBHE ChITy4nX MaTepuasioB. [lomyueHsl
rpaduuecKkrue 3aBUCUMOCTH OCHOBHBIX XapaKTEPUCTHK B3aUMOJCHCTBUS YaCTHUI] CMELIMBAEMBbIX
MmaTepuaioB B mporpamme Atair EDEM.

Abstract: The behavior of particles of loose materials in a cascade mixer was studied. The
method of discrete elements was used to predict the behavior of particles in the mixer. Computer
simulation of interaction of particles of mixture components in mixer was carried out. A 3D model
of the structure of a cascade mixer of loose material was built, the interaction of loose materials was
considered. Graphic dependencies of the main interaction characteristics of particles of mixed
materials in the Atair EDEM program were obtained.

Knrouegvie cnosa: celllyunii Matepuall, KaCKaJHbI IPaBUTALMOHHBIA CMECUTEIND, MPOLIECC
CMEIIMBAaHMS, METO/ JUCKPETHBIX HJIEMEHTOB.

Keywords: bulk material, cascade gravity mixer, mixing process, discrete element method

MexaHu3M Ipoliecca CMELIMBAaHUS CHITYYHX MaTEpHalioB SBIIAETCS BECbMa CIOKHBIM U
3aBUCUT OT OOJIBIIOrO 4ucia (PaKTOPOB, OCHOBHBIMH M3 KOTOPBIX SIBJISIOTCS KOHCTPYKTHBHBIC
0COOEHHOCTH CMECUTENss U pexuM ero pabotel. [Ipolecc cMemmBaHUS CBITyYUX MaTEpUAIOB
XapaKTepU3yeTcsl, KaKk IPaBUJI0, akTUBHBIM B3auMoJeiicTBrueM dyacTull. KauecTBo roroBoil cmecH B
3HAYUTEIBHOM CTENEHU 3aBUCUT OT CTOJIKHOBEHMS YacTHIl, KaK B3aMMHBIX, TaK U C paboOYuMu
opranamu cmecurens [1].

Llenpto Hacrosimedt pabOThl  ABISETCS KOMIIBIOTEPHOE MOJAEIMPOBAHUE IIpoLecca
B3aMMOJCICTBUS 4YacTHUIl CBIIYYUX MaTEpPUAJIOB B KacKaJHOM TI'DAaBUTALlMOHHOM CMECUTEIE,
OTJIMYAIOIIMMCS AKTUBHBIM THAPOAMHAMMUECKUM PEXKHUMOM [2], ¢ MOMOLIBI0 METOJAa AUCKPETHBIX
3JIEMEHTOB.

B pab6ore [2] pazpaboTan cMeCUTENb CHITYYUX MaTepUaAJIOB. B KOTOPOM CMECh TpeOyeMoro
KayecTBa OOpaszyeTcs B MPOLECCEe MHTEHCHBHOTO JBM)KEHHUS CMEIIMBAEMBIX MAaTEpUAIOB BJOJb
BEPTUKAJIBHOTO IIIJIMHAPHUUECKOT0 KOpIyca. 3HauuTeNbHOe yBenuueHue 3pPpeKTUBHOCTH Mpolecca
CMEIIMBAHUA IOCTUTAETCS 3a CUET UCII0JI30BAHUS B YCTPOMCTBE YCTAaHOBJIEHHBIX IPYT HAJ JPYroM
10 BBICOTE KOpITyCa pa3pbIXJIUTENEH IIOTOKA CHITYYEro MaTepuana U OpraHu3allu C UX IIOMOIIBIO
OO0JIBLIOTO KOJIMYECTBA NapaljIeNIbHBIX Pa3pBIXJICHHBIX MOTOKOB IEPEeMENIMBAEMOr0 MaTepuaa.
M HTEeHCMBHOE NIEpEMELIMBAHUE [TapAJIJIENIbHBIX IOTOKOB MaTepHalla JIOCTUTAeTCs TAK)KE C IIOMOIIBIO
HAKJIOHHBIX KPOHILUTEHHOB, YCTaHOBJIEHHBIX KaCKaJOM C IPOTUBOIIOJOKHBIM YIJIOM HAaKJIOHA B
3a30pax MEXIY MEPEChITHBIMA BOPOHKAMH M KOPIIyCOM cMecuTens. B pesyibrare obecnieunBaercs
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MHTEHCUBHOE B3aMMHOE IPOHMKHOBEHME YACTUIL] CBHIITYYHUX MATEPUAJIOB U JOCTUTAETCsI TIOBBIIEHUE
KayecTBa TOTOBOTO IMPOJYKTa BCIEICTBHE OAHOPOJHOTO OOBEMHOIO PACHpPENENICHHS CBHITY4ero
MaTepuasa B KOpIIyce CMECUTEIIS.

HccnenoBanue B3aUMOACWUCTBUS YaCTHUI[ CHIIYYMX MaTepHaloB B pa3paboTaHHOM
KOHCTPYKLIUHM CMECUTENSI NPOBEAEHO C MCIOIb30BAHUEM METOJA JUCKPETHBIX 3JIEMEHTOB,
MIO3BOJIAIOIIETO OTCJIEKUBATh TPACKTOPHUIO [BWKEHUS KaXXIOW YacTULBI C Y4YETOM B3aMMHBIX
CTOJIKHOBEHHH 4acTHIl, a TAK)KE MX KOHTAKTa CO CTEHKaMu 00opyaoBanus [3-5].

KomnbroTepHoe MOAETUpPOBaHHE C IOMOLIBI0 METOJA JUCKPETHBIX 3JIEMEHTOB OBLIO
peamu3oBano B mporpamme Altair EDEM. Ha mnepBom 3Tanme B JaHHYIO Nporpammy ObLI
MMIIOPTUPOBAH YEPTEK YCTAHOBKHU U CMELICHUs ChIMy4ynx MatepuanoB u3 Autodesk Fusion 360.
3areM C LEeJbI0 aHanu3a I[OBEJEHUS YacTHIl B CMECHUTEIE C AKTUBHBIM TMIPOJMHAMHYECKUM
pexxumoM B mporpamme EDEM Obutn BBe€HBI MCXOJHBIE JaHHBIE, XapaKTEpPHU3YIOLIHEe padoTy
CMECHUTEJIS B IPOrPaMMHOM 00eCIIeUeHHH, a TAKXKe 33/1aHbl BUJI 1 OCHOBHBIE XapaKTEPUCTUKH YACTHUIL
CBIITy4Yero MaTepuaia (pUCyHOK 1).

JUist HarasiAHOTO TpadUUECcKOro MpeICTaBICHHs ABMKEHHS YAaCTULl B YCTAHOBKE HA3HAUEHBI
pa3nuYHbIe IBETa YacTUIAM CMELIMBaeMbIX MaTepuasioB. IIporpamMma BBIBOAMT BHAeO(hailn s
HarJIIJHOCTU IIOBEIEHUS YaCTULl MaTepuaia B KOPILyce CMECUTEIIS.

HccnenoBanue B3aMMOAEMCTBHSI YaCTHUIL CHIITYYEro MaTepuaa B CMECUTENE ITPOBEIEHO NpU
Pa3IMYHBIX COOTHOUIEHUSX CMEIIMBAEMbIX KOMIOHEHTOB: 1:1, 1:2, 1:3 u 1:5.

B mporuecce cMmenmBanusi B KOPIyce CMECUTENsl HAOMIOAAeTCsl aKTUBHOE B3aUMOJICHCTBHE
4acTHULI, IPUBOJAIIEE K U3MEHEHHUIO KOJIMYECTBA B3aUMHBIX KOHTAKTOB YaCTHLI.

IIpn ABM>KEHMM BAOJIb KOPILyCa CMECUTENsSI YacTULbl BCTYNAIOT BO B3aUMOJCHCTBHE C
COCEJIHUMHU YaCTHLIAMU M MOBEPXHOCTSAMHU pabOYMX 3JEMEHTOB YCTAHOBKH, XAOTHUECKH MEHSIOT
CBOM CKOPOCTb M HaIIpaBJICHUE JBMKEHUS, UMITYJbC. METOJ IHUCKPETHBIX 3JEMEHTOB IIO3BOJISET
YUUTBHIBATh IOJIOKEHUE U HAIPABICHUE IBUKEHUS Ka)KIOW YacCTULIBI M IIPOM3BOAUTH IIEPEPACUET €€
KMHEMAaTUYECKUX U JMHAMUYECKUX IapaMeTPOB 4Yepe3 OINpPEAEICHHBIH NMPOMEXYTOK BPEMEHHU C
Y4€TOM B3aUMOJIEUCTBHUS C APYTUMHU YaCTULIAMHU.

~{™ o — + Display ¢
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Pucynox 1 — Hacrpoiika reomerprdeckux (HakTopoB AJsi BU3yaIu3alui paboThl CMECHTEIISI ChITYYHX
MaTepUaoB.

3aBUCUMOCTb HM3MEHEHHUS YHCIa KOHTAKTOB YAaCTUL[ B IIPOLECCE HX CMELIMBAHUSA
IIpEJICTaBICHA HA PUCYHKE 2.
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PI/ICYHOK 2 — KonnyecTBO KOHTAKTOB 4acCTUll BO BpCMCHU.

Kak cnenyer u3 pucyHka, ¢ Te4eHHEM BPEMEHH MPOIIecca CMEITUBAHUS ChITYYMX MaTePHalIOB
HabOmo1aeTcs 0ojiee MHTEHCUBHOE B3anMO/IeiicTBre YacTull. Kpome Toro, B mporiecce uccie0BaHus
YCTaHOBJICHO, YTO MPHU MPAKTUYECKU OJUHAKOBOM XOJI€ TIOTYUYEHHBIX rpa@UuecKuX 3aBUCUMOCTEH
IpH pPa3HOM COOTHOIICHWU KOMIIOHEHTOB CMECH HMMEET MECTO pas3liyHas WHTECHCUBHOCTH
B3auMoJieiicTBus vacTuil. CremayeT OTMETHTb, 4YTO MPHUBEACHHBIE Tpaduueckue 3aBUCUMOCTH
OTPaXKalOT BCE KOHTAKTHI U MEPEKPHITHS MEKIY YacTUllaMU (TIEPEKPBITHE ABYX KOHTAKTHPYIOIIMX
YacTHIl OIEHUBACTCS Kak aedopmarusi, HeoOXoaumas Ui TOro, YTOObl OHU (PU3MYECKH MOTIIH
HaXOJUTCS B UX (DAaKTUYECKON KOH(DUTYPALIUN).

B pesynbrare KOMOBIOTEPHOTO MOJEIHPOBAHUS YCTAHOBICHO, YTO B pa3paboTaHHON
KOHCTPYKIIMM KACKaJHOTO CMECUTENs HaONIoAaeTcs aKTHBHOE B3aUMOJICHCTBUS  YACTHII
KOMITOHEHTOB CMECH MPHU MX PA3TMYHOM COOTHOIIICHUH.

YBenuueHue CKOPOCTH B3aUMOJICHCTBUS MOTOKOB CMEIIMBAEMBbIX YaCTHII, KaK IMPaBUIIO,
BBI3BIBACT YBEIIMUEHUE CKOPOCTH MPOIIECCa CMEIIMBAHUS U IPUBOIUT K MOBBIIICHUIO OJJTHOPOIHOCTH
cMmecH. BenectBre 3Toro 60IbII0N MPaKTUYECKU HHTEPEC MMEET BOZMOXKHOCTh MMPOTHO3UPOBAHUS
KMHETUYECKUX XapPaKTEPUCTUK YACTHUI] CMEIIMBAEMbBIX MAaTEPUAIOB, TAKUX KaK CKOPOCTh ABM)KCHUS
YaCTHUIl U X KMHETUYECKasi DHEPTHUS .

CremneHb aKTHBHOCTH B3aUMHBIX MEPEMEIIEHUN YaCTHIl CBHITyYero mMaTepuaia OnpeaeseT
MHTEHCUBHOCTh TPOTEKaHUST B HEM Ipolecca mnepememuBanus. ClenoBaTeNbHO, IS
WHTEHCU(UKAIMU Tpollecca CMEIIMBAaHUS HeoOXxonuMo obecreynBaTh TaKWe  YCIOBUSA
B3aMMOJICHICTBUSL YaCTHUI, KOTOPbIE CHOCOOCTBYIOT TOBBIIIEHUIO JHEPIHM HMX B3aMMHBIX
nepemenieHui. BcenenctBue 3TOr0  3HAYUTENBHBIA  IIPAKTUYECKUNM HMHTEPEC IPEACTABIIIET
MPOTHO3MPOBAHUE 3HAYCHUNW KHHETUYECKOM U TONHOM (CymMMa KHHETHUYECKOH DJHEpIHH,
KHMHETUYECKOM YHEPTUH BPAIICHHS U TTOTEHIIUAIBHON SHEPTUU YaCTHUIIbI) SHEPTUH YACTHUIL CHITyYEro
MaTepuaia B Ipolecce cMemuBanus [6].

B nmpouecce B3aMMOICHCTBHS YACTHUIBI H3MEHSIOT CBOK KHHETHUYECKYIO DHEPTHIO
(pucyHoK 3), 94TO 00YCIIOBICHO MX AaKTUBHBIM B3aUMOJICHCTBUEM, KaK C OKPYKAIOIIMMH YaCTHIIAMH,
TaK U ¢ pabOYUMHU OPraHaMU CMECHUTEIIS B TIPOIECCE CMEITMBAHUSI.
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Pucynok 3 — 3aBucuMocTh KHHETHYECKOW SHEPIHU YaCTUI] BO BPEMEHH [IPU COOTHOLICHUU

CMEIINBAEMBIX KOMIIOHEHTOB 1:3.

BuiBOaBI

MopenupoBanue B EDEM 1o3BOIWIO IPOBECTH HCCIEAOBAaHUE IOBEACHUS 3E€PHUCTOMU
Cpeabl, COCTOAIIeH M3 Habopa YacTHll, KOTOpbIE MEpeMEelIa]uch HE3aBUCHMO IpPYyr OT Apyra u
B3aMMOJICHCTBOBAIM C JPYTMMH 4YacTUIAMH B TOYKaxX MX KOHTakTa. lloka3aHa BO3MOXXHOCTb
IIPOTHO3UPOBAHUS [TOBEJICHHS YACTUIL] CHIITyYUX MAaTEPUAJIOB IPU UX B3aUMOJICHCTBUU B KACKAaTHOM
rpaBUTALIMOHHOM cMecuTene. [lomydeHHbie pe3yabTaThl MOACIMPOBAHUSI MOTYT OBITh UCIIOJIb30BaHbI
[IPY IPOSKTHUPOBAHUY I'PABUTALIIOHHBIX CMECHTEIICH.
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Annomayusa: ViccnenoBanbl ONTHUECKUE M TEPMOPAJUAIIMOHHBIE XapaKTEPUCTUKH TOMAarta
copra ClMBKa TMTaHT Kak 0O0beKTa MH(PPAKPACHOH CYIIKH MPHU ABYCTOPOHHEM 3HEProOIOBOJE.
Pacuer onTUYeCKHX U TEPMOPATUALIMOHHBIX XapaKTEPUCTUK HCCIIELyEMOr0 IPOIyKTa IPOBOIUIICS C
UCIIOJIb30BAHUEM METO/Ia YCPEIHEHHBIX ONTHYECKHX M TEPMOPAJUAIMOHHBIX XapaKTEPHCTHK Ha
OCHOBE SMIHMPUYECKUX JIAHHBIX O HAIMPaBICHHO-MONYCPEPUUECKUX TEPMOpPATUALMOHHBIX
XapakTepucTuKax R; u T;, MOTy4YeHHBIX ¢ HCmoib3oBaHueM criekrpodoromerpa UV-Vis-NIR Cary
5000.

Abstract: The optical and thermoradiation characteristics of the tomato variety Slivka Gigant
as an object of infrared drying with double-sided energy supply have been studied. The calculation
of the optical and thermoradiation characteristics of the product under study was carried out using the
method of averaged optical and thermoradiation characteristics based on empirical data on the
directional hemispherical thermoradiation characteristics R; and 7} obtained using a UV-Vis-NIR
Cary 5000 spectrophotometer.

Kniouesvie cnosa: cyunika, ToMar, WH(PAKpaCHBI 3HEProIoBOA, TEPMOPAJAUALMOHHBIC
XapaKTePUCTUKU, ONTHYECKUE XapaKTEPUCTHKH, CHIEKTPOPOTOMETP.

Keywords: drying, tomato, infrared energy supply, thermoradiation characteristics, optical
characteristics, spectrophotometer.

JInsi KOMIUIEKCHOTO HCCIEIOBaHMA TOMara Kak oObekTa MH(paKpacHOW CYIIKH,
MOJICIIMPOBAHUS MTPOLIECCA U TPOSKTUPOBAHMS MH(PPAKPACHBIX CYHIMIBHBIX allllapaToB, B TOM YHCIIE
000CHOBAHHOT'O BBIOOPA HU3NyUaTesei, He0OX0AUMO U3YUEHHUE TEPMOPAIUAIIMOHHBIX U ONTHYECKUX
XapaKTepUCTUK MPOAYKTa. 3HAHHE YKa3aHHBIX XapaKTEPUCTHUK MO3BOJISIET Oojiee TOYHO MOHATH U
CMOJENTUPOBaTh (PU3MKO- U OMOXMMHUYECKHE M3MEHEHHUS MPOJYKTa B INPOLECCE CYIIKH, a TAKKE
o00paTh pallMOHAIBHBIE PEKUMBI pAaOOTHI CYIIMIBLHOIO anmapara.

Llenpt0 HACTOSIIIUMX HMCCIEAOBAHMM SBJSUIOCH OIpPENEICHUE TEePMOPATHALMOHHBIX H
ONTUYECKUX XapaKTEPUCTHK TOMAaTa, B YAaCTHOCTM MSKOTH IUIOJIOB TOMAara, Kak OOBeKTa
MH(PAKpacHOH CYIIKH, B TOM YHCJIE OINpeJesieHHe 3aBUCUMOCTel ko3 duimenta 3¢(HeKTuBHOro
ocnabienust L, m™! 1 pacnpesienienuss BHyTPEHHEr0 0ObEMHOTO UCTOYHUKA TOTJIOUIEHHOM SHEPIUK
10 TOJIIIKHE ¢ios npoaykra W, Br/m® ot Biusttomux napamerpos. Kosdduuument L, M uncnenno
paBeH 00paTHOW BEJIMYMHE TITyOUHBI CIIOS U XapaKTepHU3yeT OclIabieHHEe TETJIOBOTO MTOTOKA 110 Mepe
€ro paclpoCTPAHCHUS B ONTHYECKUA OECKOHEUHO ToJicToM cioe [1, 2].
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Jlnst mpoBeIeHHUS UCCIIE0BAaHHUI MCIIOIB30BAIM METO/ YCPEIHEHHBIX TepMOpaIuallHOHHBIX
U OINTHYECKUX XapakTepucTuk [1, 2], a Takke SMIOMPUYECKHE JaHHBIE O HAIPABICHHO-
nojyc(hepuyeckux TEePMOPATUALMOHHBIX XapaKTepucTUKax R; U T, Ui TPOAYKTa H3BECTHOU
TOJNIIMHBI ¥  BJIOKHOCTH. 3aBUCHUMOCTH  CHEKTPAJbHBIX  HAMpPaBICHHO-TIONYC()EepHUECKUX
TEPMOPAIMALMOHHBIX XapaKTEPUCTUK R, U T C1051 MAKOTH TOMATa OT AJTMHBI BOJIHBI HH(PaKpacHOTO
JMana3oHa A, MKM OBLIH IOJTy4eHbI C Ucnoib30BaHueM criekrpodoromerpa UV-Vis-NIR Cary 5000
Ui quana3oHoB BIaxxHOCTH 0,06<w<0,92 kr/kr, Tonmumabl cios 0,002<4<0,004 M u uadpakpacHoii
obmactu cnekrpa 800<A<2500 uwm.

HwkHuii mnpexen auama3oHa BJIXHOCTH — MCCIEIYEMOro IMPOAYKTa 0OYCJIOBJIECH
TpeOOBaHUAMH K KaueCTBY cyxoro tomara, npusezeHHbMU B 'OCT 32065-2013 «OBouu cyieHsle.
Oo6ume texHuueckue ycnoBusy», crannapre EDK OOH DDP-19, kacaromemcest cObiTa 1 KOHTPOJIS
TOBApHOTO KayecTBa CyIIeHbIX ToMaroB (u3manue 2007 r.), a Takxke pe3yJibTaTaMH aHallu3a
TUTPOCKOIIMYECKUX XapaKTEpUCTUK Iponaykra [3]. BepxHuil mpenen auama3soHa BIa)KHOCTH
UCCIIEYEMOT0 TPOJAYKTa OIpPEesieH SMIHPUYECKH, COOTBETCTBYET YCPEIHEHHOH BIAXXHOCTU
00pa31oB HATUBHOTO TOMara. J[Mana3oH TONIIUHBI CI0s /1, M ObLT BEIOpaH Ha OCHOBE PE3yJIbTaTOB
HKCIEPUMEHTAIbHBIX HCCIICAOBAaHMM KOHBEKTUBHO-PAIUAIMOHHON cymiku Tomarta [4]. Jlnamason
uHppakpacHoii obmactu cnekrpa 800</<2500 M BbBIOpaH, MCXOJS W3 aHAIU3a JUTEPATYypPHBIX
JNaHHBIX [1, 2] U TEXHUYECKON BO3MOXKHOCTH 3KCIIEPUMEHTAJIBLHOTO OMNpE/ETICHUsl HaNpaBIECHHO-
noiyc(hepuyeckiux TepMOpaIualiMOHHbIX XapaKTePUCTHK.

B kauecTtBe wHccieqyeMbIX OOBEKTOB HCHOJIb30BAIKMCH IMPHUTOJIHBIC Ui PaBHOMEPHOTO
Hape3aHus 1 obecrieueHus: paBHOMEpHOH cymiku Tomata ClIMBKA FMTaHT, IMHAPHUYECKOH (HOpMBI,
XapaKTepU3YIOIHUECs IIOTHON MAKOTBIO, MACUCTOCThIO, CPABHUTEILHO MAJIBIM KOJTMUYECTBOM CEMSIH
U IyJbIIBI B CEMEHHBIX KaMmepaxX, IUIOTHOM KOXHULEH, CTOMKOM K pacTtpeckuBaHuio. [l
IIPUTOTOBIICHHUS SKCIIEPUMEHTAIBLHOIO 00pas3lia MpOoJyKTa CBEXHUHA W Haubojiee KPYyHHBIH IO
TOMara MpPEeABAPUTEIBHO MbUIM, OJAHIIMPOBAIM, OTIACISUIM KOXMILy, pa3pe3ald IOoNojiaM H
M3BJICKAJIN MYJIbIy C CEMEHAaMU. 3aTeM IOJIOBHHBI HApe3aJId Ha TIACTUHBI TOJIIMHOM /1, M (anee —
MSIKOTh TOMAaTa), U3 KOTOPBIX (POPMHUPOBAIN OOpa3Lbl ¢ JUIMHOW M BBICOTOM, COOTBETCTBYIOIIMMU
KIoBeTe crekTpodoromeTpa. s momydeHuss oOpas3noB ¢ BIaxHOCTbI0O W=0,06 KI/KT, TUIAaCTUHBI
TOMaTa 00E€3BOKUBAIUCH B TAOOPATOPHOM CYIIMIBHOM yCTaHOBKE.

Pacuer MHTErpanbHBIX ONTHYECKUX XAPAKTEPUCTHK OCYIIECTBIIICS HAa OCHOBE JAHHBIX O
HanpaBjieHHO-TIonychepuyeckux R; W 7, M pacCUUTaHHBIX HAa HMX OCHOBE CHEKTpPaJbHBIX
ABYIONyC(HEpUUECKUX TEPMOPAJAUAIMOHHBIX XapaKTEPUCTHUKAX MSAKOTH ToMmara Ry u T ans
UCCIIEAYEMBIX JMana3oHOB HHPPAKPACHOM 00JacTH CIEKTpa, BIAKHOCTH U TOJILIUHBI CJIOSL.

Breibop u o0ocHOBaHHME ONTHMAJbHBIX PEKUMOB pabOTHl HMH(PPAKPACHOTO HU3ITydaTes
OCYILECTBIISUICS HA OCHOBE COIOCTABJICHUS €r0 SMUCCHOHHBIX XapaKTEPUCTHK CO CIEKTPAIbHBIMU
TEPMOPAIMALMOHHBIMU U ONITHYECKUMH XaPaKTEPUCTUKAMU 00€3BOKMUBAEMOT'O CJI0S1 MAKOTH TOMaTa
[1,2]. IIpu sTom nmst obecriedeHust 00beMHOT0 HH(PAKPACHOTO SHEPTOTMOIBO/IA IPU OOITYUCHHUH CIIOS
OTIpeIeNIAIICS AUANa30H JJIMH BOJH MH(PAKPACHOTO CIEKTpa, Ha SMIUPUYECKHX CHEKTPaIbHBIX
3aBHCUMOCTSX B Ipeieiax KOTOPOTo MPOIyKT UMeTI HAUMEHBIIIYI0 OTPaXKaTeJIbHYIO CIIOCOOHOCTD U
3HAYUTENIbHYI0 IpoHULIaemMocTts [ 1, 2, 5].

3aBHCUMOCTh pacnpeieieHuss 00beMHON MIIOTHOCTHU MOTJIOUICHHOW YHEPTUU U3IyUYEHHS 1O
r1yOUHE ONTUYECKH TOHKOTO CJIosi MAKOTH Tomara W=f(x,w), Bt/M> paccunrana (1jis 1uana3soHoB
KoopauHaThl Tonmuuel ciost x = 0...0,004 M u Bnaxuoctu npoaykra w = 0,06...0,92 kr/kr) no
cienyoomei Gopmyie, MpeaaoKeHHoW B pabote [2] s ciiydas ABYCTOPOHHETO MH(PPAKPACHOTO
SHEPromnoBo/a:
exp(— L(w,x) -x) -

= g 1R R.(w) *(w,x +
= ) B ) - 4 e t)
’ (1)
exp(— L(w,h—x)-(h—x))—
+L(h—x,w)-E,, L= R, (w) w2 (w,h —x)

1—yp?(w,h—x)| — T(W)exp(L(w,h —x)-(h—x))
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rae E,=E,> - IUIOTHOCTh MAJAIOIIET0 TEIUIOBOIO IIOTOKA C OIHOM CTOPOHBI Closi, BT1/M?,
Ollpe/ic/ieHHass B pe3yibTaTe OHKCIEPUMEHTAIbHBIX HcclaenoBaHUN [2]; Re - coekTpainpHas
OTpaXkaTeJbHas CIOCOOHOCTH ONTHYECKHU TI0yOECKOHEUHOTO ciost; = R, (w)-exp(— L(w,x)- x).

VYkazaHHast 3aBUCIMOCTb HEOOXOMMa [T peaqu3aniy PU3UKO-MaTeMaTHUECKOM MOAETH 1
YHUCJICHHOTO pacyeTa TeMIIepaTypHBIX IOJIeH B clioe MSAKOTH TOMaTa B mpolecce MH(ppakpacHOU
CYLIKH, a TAKXKe /7151 OLIeHKH 3((HEeKTUBHOCTH UH(PAKpACHBIX U3Tyyaresnei [2].

Ha pucynke 1 mnpuBeneHsl mpuMepbl 3HAYEHUH HAMPaBICHHO-TIONYC(HEPHUUECKUX
TEPMOPAIMALMOHHBIX XapakTepucTuK R; u 7T, B cnekTpanbHoM auanazone 800<A<2500 Mxwm,
MOJIyYEHHBIX C Ucroib3oBaHueM crekrpodoromerpa UV-Vis-NIR Cary 5000 ans MskoTu Tomara
[IPH TOJILIUHE CII0S /1, =4 MM U BIIQXKHOCTHU TIpoAyKTa wy = 0,92 Kr/Kr.

30

-~ =

800 1000 1200 1400 1600 1800 2000 2200 /:, HM

Pucynok 1 — OtpaxarenpHas R; u nponyckarenbHas 7 CIOCOOHOCTH MSKOTH TOMATa MPU TOJIINHE
ciost 1, =4 MM U BIaXXHOCTH NpoayKTa w, = 0,92 Kr/kr

Ha ocHOBe pe3ynpTaToB SKCHEPUMEHTAIBHOTO OIPEICIICHUS TepMOpaaualliOHHBIX
XapaKTepUCTHUK W  PacyeTOB  IOJIyYEHBbl CICAYIOIIME  SKCIEPUMEHTAIbHO-aHAJUTUYECKHE
3aBHCUMOCTH ONTHYECKUX XapAKTEPUCTUK MAKOTH TOMaTa C Ha4aJIbHOM BIIAYKHOCTHIO Wy, = 0,92 Kr/Kr
U TommuHOM cmost A, = 0,004 M mna mpolecca CyHIKM TpU ABYCTOPOHHEM HH(]pakpacHOM
SHEPronoJBOJIE:

- 3aBUCHUMOCTb OTPa)KaTeJIbHOW MHTETrPaJIbHON CIIOCOOHOCTH ONTHYECKH MOTyOECKOHEUHOTO
clI0st Roo(W) OT BIQXKHOCTHU TPOJLYKTa W, KI/KT:

R, (w)=-0,1549-w+0,1928, (2)

- 3aBUCUMOCThH Kod(dummenta 3¢p(HeKTUBHOro ociaalleHusl MOTOKAa HM3Iy4eHHUs 10 Mepe
pacIpoOCTpaHEeH s B ONTHYECKH OECKOHEYHO TOJICTOM ciioe L, Ml oT BiakHOCTH mpoayKTa w, KI/KD
1 KOOpAMHATHI TONUHEI ¢i104 x = 0...0,004 m:

L(w,x) =(0,5402-w+0,663) (x-10° | +(-3,5768-w—3,4493) {x-10°J +

+(2,3329-w+4,4407) {x - 10° | + (13,5707 w—38,6551) {x-10° )+ 3)
+(43,9232-w+797,1477)

3aBHCUMOCTh pacnpeieieHuss 00beMHON MIIOTHOCTHU MOTJIOMICHHOW YHEPTUU U3ITyUYEHHS 1O
r1yOMHE ONTUYECKH TOHKOTO Cilosi MIKoTH ToMara W=f(x,w), Br/m® paccuurana no gpopmyse (1) ¢
MCIOJIb30BaHUEM TONYYCHHBIX ypaBHeHUH (2) u (3). 3aBUCUMOCTH ACHCTBUTENIbHA B JUAINa30HAX
KoopauHaTh! TonuHbI ¢aos x = 0...0,004 M u Bnaxknoctu npoaykra w = 0,06...0,92 xr/kr.

Ha pucynke 2 n300pa)keHO MOJYyYEHHOE C MCIOJIH30BAHHUEM MPOrPAMMHOTO 00ECTIeUCHHS
Mathcad nosnie 3HadeHuit pacnpeaesieHus: 00bEMHOM MIOTHOCTH MOTJIOIEHHON YHEPTUU U3ITYUCHUS
1o rIyonHe onTrdecku TOHKOro ciost x = 0...0,004 m B nuanazone w = 0,06...0,92 kr/kr. Xapakrep
pacrpenenenust 00beMHOM IIIOTHOCTH HOTJIOIIEHHON SHEPTHH H3IIy4EHUS [0 TOJIIIUHE CJIOSI MAKOTH
TOMaTa MpH JABYCTOPOHHEM MH(PaKpacHOM OOIyYEHUH TUIIMYEH I OOIBIIMHCTBA OMONOIMMEPOB

[1,2,6].
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> 0,004

Pucynok 2 — Tlose pacrpenesneHus 00beMHON MIOTHOCTH MOTIOMICHHON SHEPIuH u3nydeHus W(x,w) mo
TOJIIIMHE CJIOS MSIKOTH TOMaTa ¢ BIaXHOCTBIO W = 0,06...0,92 Kr/Kr B Auama3oHe KOOPIUHATHI TONIUHBI
cnost x = 0...0,004 M ipu IBYCTOpOHHEM WH(PPAKPACHOM YHEPTOIOJIBOJIC

OKCIEpUMEHTAIBHO-AaHAJTUTUUECKOE MCCIEA0BAHUE TEPMOPAJUALMOHHBIX U ONTHYECKUX
XapaKTepUCTUK MSKOTH TOMAara, B TOM 4YHCJE€ OOBEMHOH IUIOTHOCTH IOTJIOUICHHOW SHEpPrun
U3IY4YCHUsI MO TIIyOWHE CIIOSl, MO3BOJMIM C YYETOM paHee IMOJyYEHHBIX SKCIEPUMEHTAJIBHBIX U
JUTEPaTypPHBIX AaHHBIX [1-5] BEIOpATh cienyromue TeXHUIEeCKUe pelieHns mpolecca HHppaKpacHoM
CYILIKH IUIOZIOB TOMATa B ONTHYECKHU TOHKOM CJIO€:

- B KauecTBe MH(PPAKPACHOTO U3TyyaTessi — HUXpOMOBAs CIIMpalib B KBapLEBOH TpyOKe;

- ONITUMAJIbHBINA IMANa30H JUITMHBI BOJHBI MH(paKpacHbIX uanydarenen — 4=2,43...2,5 MkM,
COOTBETCTBYIOIIMH MaKCUMaJIbHOM MHTEHCUBHOCTH W3JIyU€HUs, ONPEACISAIONIEH HalpsDKEHHE Ha
uHdppakpacHoM minydatene U= 220 B [1, 2] u MakcuManbHOW MPOIMYyCKAaTENbHOM CIIOCOOHOCTH
IIPOJYKTa;

- ONTUYECKU TOHKHUH CJI0H, HanboJiee paluoOHAIbHBIN /U BBICOKOMHTEHCUBHOW CYIIKH A <
0,004 m.

BriBOABI

B pesynbrare sKcIEepUMEHTaIbHO-aHAIUTUYECKUX HCCIEN0BAHUN TEPMOpPAIUALMOHHBIX U
ONTUYECKUX XAPAaKTEPUCTHK MSIKOTH TOMAaTa, B TOM YHCIE OOBbEMHOW IUIOTHOCTH MOTJIOMIEHHON
SHEPIUU M3IYYECHHUS IO TIIyOMHE CJIOS MPUHATHl TEXHUYECKHUE PELIeHHs IMpolecca MH(paKkpacHOU
CYUIKH IIIOZI0B TOMATa B ONTHYECKU TOHKOM CJIO€: THUI MH(PPAKPACHBIX U3JTydaTeleil, ONTUMalIbHbIN
JIMana3oH JJIMHBI BOJIHBI MH(PaKpacHBIX HM3Iydareled M TOJIIMHA ONTUYECKH TOHKOTO CIIOS,
HanboJiee paroHaILHOTO JJIs1 BBICOKOMHTEHCUBHOM CYIIIKU.

Paboma evinonnena npu noodepoicke Munucmepcmea nayku u evicuieco oopasosanusi PO 6
pavxax locydoapcmeennoco 3adanuss @HUL] «Kpucmannoepagua u domonuxa» (8 uacmu
UCCe008aHus. ONMUYecKux ceoucme) ¢ ucnoavsosanuem obopyoosanus LKII «Cmpykmyphas
ouazcnocmuxa mamepuanogy @HUL] « Kpucmannoepagus u pomonuray.
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KYJIBTUBUPOBAHUA ADPOBHbBIX KJIETOK B I'M/IPOT'EJIE
TECHNOLOGY AND APPARATUS DESIGN OF AEROBIC CELLS VOLUMETRIC
CULTIVATION IN HYDROGEL
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Annomayus: PaccMOTpeHBI HEKOTOPbIE OCOOCHHOCTH TEXHOJOTUU KYJIbTUBUPOBAHUS
a’pOOHBIX KJIETOK B 00bEME TUAPOres, MPeUI0KEH CIIoco0 MM01B0/Ia K HUM KUCIIOPO/ia, IPUBEICHBI
pe3yNbTaThl AKCIEPHUMEHTAIBHOTO HMCCIICIOBAHHUS POCTa KIETOK NPH PAa3IUYHBIX CIIOCO0aX ero
nofauyn. [IpencraBieHo ammaparypHoe oQOpMIIEHHE Tpolecca OOBEMHOIO KyJIbTUBHPOBAHHS
a’pOOHBIX KIIETOK.

Abstract: Some technological features of aerobic cells cultivation in the hydrogel volume are
considered, a method for supplying oxygen to them is proposed, the results of a cell growth
experimental study with supply various methods are presented. The process apparatus design of
aerobic cells volumetric cultivation is presented.

Kntouesvie cnosa: MuUKpoOKaHanbl, (UTHIb, THAPOTEIH C KIETKaMu, maccoobmeH, 3D-
6uoneyaTb, 00bEMHOE KYJIbTUBUPOBAHHUE KIIETOK.

Keywords: microchannels, wick, hydrogels with cells, mass transfer, 3D bioprinting,
volumetric cell cultivation.

Texnonorust 3D-Ouoneyaryu sBISETCA OAHUM U3 HANIPABICHUN pereHepaTUBHON MeIUIMHBI,
1eJIb KOTOPOTO 3aKJII0YaeTcs B co3aaHuu 3D-0MOMHKEHEPHBIX KOHCTPYKIIMKA U3 CTBOJIOBBIX KIICTOK,
KOTOpbIE B IEPCIIEKTHBE CMOTYT IOJHOCTBbIO 3aMEHUTh JOHOPCKHE OpraHbl MM TKAaHU NpU
TpaHciutanTanuu [1]. 'maporenu B 3ToW TEXHOJIIOTUH, UCIIONB3YIOT IS MHKAICYJIALNU KIETOK MPH
IPUTOTOBIICHUM OWMOYEPHWI, a TaKkKe IpH TNeyaTH KapkacoB (ckad@oimoB) ais HaHECEHUS
KJIETOYHOr0 Marepuana [2]. BHyTpeHHsAs CTpyKTypa THMApOreled cXoXka € BHEKJIETOYHBIM
MaTpukcoM. Takast 060104Ka, KaK U MPUPOJHOE MEKKIIETOUHOE BELIECTBO, ITO3BOJISET MOABOAUTH K
KJIETKaM IHUTAaHUE U KUCIOPOJ, a TAKXKe MPEJOXPaHSIeT UX OT MEXaHWYECKHUX IMOBPEXKICHUH mpu
(dbopmMHpOBaHUN HEOOXOIUMON reOMETPUYECKON KOH(UTYpaluy neyaTaeMoil OMOKOHCTPYKIIUH.
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OnHako, mpU Me4YaTH MEIUIMHCKU-3HAYMMbIX OWOKOHCTPYKIMMA, HMEIOLUIMX CIOXKHYIO

reOMeTPHUECKyI0 (hopMy, COOCTBEHHBIX MACCOIIPOBOIHBIX CBOMCTB IMIPOreei HeJOCTaTOYHO ISt
obecreyeHns KJIIETOK He0OXO0IUMBIMH BEIIECTBAMH M KUCIOPOIoM. [[iis perieHus 3Toi 3ajauu paHee
ObUIa NpeII0KEeHa TEXHOJIOT U CO3/JaHUs B 00beMe THPOTreIsi IPOTOYHBIX MUKPOKAHAJIOB, KOTOphIE
no cBoeMy (YHKIMOHATY MHMMHUKPUPYIOT HEOONBIIMM KanmwuIApHBIM  cocyaam  [3-5].
D¢ eKkTUBHOCTh CO3MaHUS TAKUX CTPYKTYp Ul MHTEHCU(HUKAIMM MaccoOOMEHa B HEOOJBLIMX
THIPOTEIEBBIX MaTpulax Oblia TOATBEP)KICHA, HO Juid (opMUpOBaHUS OHUOKOHCTPYKIHH,
CoJIepKaIIUX OOJIBIIOE KOJUYECTBO KHUBBIX KIETOK, CO3/JaHME MHOTOYUCICHHBIX, Pa3BETBICHHBIX,
MPOTOYHBIX MUKPOKAHAJIOB MPEICTABIISACTCS 3aTPY THUTEIbHBIM.
Jlnst co3mgaHusi MPOTOYHBIX KaHAIOB paHee OBbUIM MCIIOJIB30BaHbl I'MOKHE HUTH, KOTOpBIE MOCIE
crabunumzanuu rens ynamsud. [Ipu ¢opMupoBanuy cia0xKHOM, pa3BEeTBIEHHON CeTH BO M30exkaHUe
MEXaHUYECKUX TOBPEXKACHUN TUAPOTEINEBOM CTPYKTYphl OBLIO NPEUIOKEHO, HE H3BIIEKasd,
MCTOJIb30BATh UX JJISl TPAHCIIOPTUPOBKU MUTAHUS M KHCIOPOAa B 00beM reiis. J{ist moaATBepKAeHUs
3TOM TUNoOTe3bl OBUI MPOBEIACH HKCHEPUMEHT mojauu (yKcHMHAa B OO0BEM arapo3HOro res
KoHueHTpauueit 0,6 % 1no macce Mo eTUHUYHOMY (PUTHITIO TTOJT IEHCTBHEM KaITMILISIPHBIX CHJL.

PR S
A B C D

Pucynok 1 — [luddysus Gpykcuna B 00beM arapo3HOro rejs mo GUTHIIO MO/ JeicTBHEM JIamiaccoBbix
cwI. A — o0mmuii Bu yCcTaHOBKY, B — yepe3 6 yacos, C — uepe3 12 gacos,
D —uepe3 24 vaca

W3 pucynka 1 BuAHO, YTO C MOMOUIbIO (UTUIS MOXHO 3()()EKTUBHO OCYIIECTBIATH
MacconepeHoc BemecTBa B 00beM rens. ljis 00beMHOro KyJIbTUBUPOBAHHS a’pOOHBIX KIIETOK B
THIPOTEISIX HE00X0AUMO HETIPEPhIBHO MOJBOIUTH K HUM KUCIOPoA. B kauecTBe MOJENIBHBIX ObUIH
BBIOpAHBI KJIETKH JIPOXIKEBOU KyJIbTyphl Pichia polymorpha Y-314.

JIpoxkM OTHOCATCSL K rpymnmne  (akyJIbTaTUBHO-aHA’POOHBIX MHKPOOPTaHU3MOB, MM
CBOWCTBEHHO KaK aHa’pOoOHOE, TaK U adpOOHOE JIbIXaHHe, B 3aBUCUMOCTHU OT YCJIOBHil cpeab! [6]. B
MIPUCYTCTBUH KUCIOPOJIA JPOKIKH MEPEKITIOUAIOTCS Ha a3pOOHOE AbIXaHUe, IPH KOTOPOM 00pazyercs
B JIBa pa3a Oosble OMOMAacchl M CHUHTE3UpyeTcs: 3HauuTenabHo Ooisbiie AT®. Tun ana’poOHOro
IBIXaHUS, P KOTOPOM MPOUCXOAUT OPOKEHHE, COOTBETCTBEHHO I10/1aBIISCTCA.

OOBbeMHOE KyIbTUBUPOBAHHUE KIETOK APOHOKEBOI KyIbTyphl (KOTOpPBIE OJIM3KHU IO pa3Mepam
HEKOTOPhIM COMAaTHMYECKHUM KJIETKaM YeJIOBEKa) MPOBOIMIN Ha OCHOBE arapo3HO-KeIaTHHOBOTO
THIPOTENs, TPHUTOTOBJIEHHOIO HA CHEUMAIbHOM IHTAaTeNbHOM OyJbOHE, YTO CHUMAET
HeoO0XouMocCTh moazepxkanus pH cpensl u nuTaHus KieTok. [IByxcioiHbli oOpasern araposHo-
JKEJIATUHOBOTO TeJii COCTOSUT M3 HIDKHETrO CJIOSl ¢ KJIETKAMH M BEPXHEro CJIOSl YUCTOTrO TeJsl.
MacconepeHoc Kuciopoja ObLI OCYHIECTBICH ABYMS CIIOCOOAMM: MO MHPEIIOKEHHOMY METOIY
co3maHuss B oObeme ruaporeiass (GuTwiIs i ero IoJayd WIM 4Yepe3 BHEUIHIO TI'PaHUILY.
HccnenoBanue NpoBOJUIN B CIEKTPOMETPUYECKON KIOBETE B TEUCHHUE JIBYX CYTOK IIPU TEMIIepaType
26 °C.
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Pucynoxk 2 — O6pasen 1. Hanuuune kiieTok Aposxokei B oOpasiie arapo3HO->KeJIaTHHOBOTO reist 6e3
¢buTwis: a) mocie NpuroToBiieHus; 0) yepes 24 yaca; B) uepe3 48 wacos. OOpazen 2. Hanuune kineTox
IposoKel B 0Opaslie arapo3Ho-KeJIaTHHOBOTO Teflsl ¢ GUTUIIEM: a) TIOCIIe IPUTOTOBICHHUS;

0) yepes 24 4daca; B) uepe3 48 yacoB

PocT KOHIIEHTpalMu KJIETOK OLEHWBAJIM HEMHBA3MBHO CIIEKTPOMETPUYECKUM METOJOM II0
WHTECHCUBHOCTH MPOIYCKAHUS CBETA Ha JTMHE BOJHBI 540 HM 00pa3IioM M3 YUCTOTO TeJs U Tems ¢
KJIETKaMU 0 OTHOIIEHUIO K MEPBOHAYATHHOMY MPOIYCKAHHUIO CBETa COOTBETCTBYIOLIUM 00Pa3IOM,
npussaThiM 32 100 %. Jlnuna BomHbl u3MepeHus 540 HM BbiOpaHa 1O TOW MPUYMHE, YTO, B
MUKpPOOHOJIOTHH Ha HEH U3MEPSIFOT KOHIICHTPAIINIO KJIETOK Apoxokeid. B oOpasiie 1, HHTEeHCUBHOCTD
NPOIYyCKaHUs cBeTa B cioe 0e3 kierok m3MmeHmnack co 100 % mo 95% 3a 48. Takum obpazom,
M3MEHEHHE KOHIICHTPAIIMH KJIETOK APOXOKEH MPOMCXOAMUIO TOJIBKO B HIDKHEM CJIO€ 3a CYeT
aHa’pOOHOTO JBIXaHUS, T/I€ UHTEHCUBHOCTD MPOIyCKaHus cBeTa u3MeHsmack co 100% mno 60% (cM.
pPHUCYHOK 3).

Hannuue dQutuns, mo kotopomy moxa aeiictBuem JlammaccoBeix cui B oOpaszern; 2 (Ha
PUCYHKe 2) mMOjaBajach HACHINIEHHAs KHUCIOPOIOM BOJA, IO3BOJSIIO O00ECIEeYUTh adpPOOHBIMA
MEXaHHM3M JIbIXaHUs KIETOK. MI3MeHeHHe WX KOHILIEHTPALMU MPOUCXOIUIIO Cpa3y B OOOMX CIIOSX
arapo3HO-KeJaTHHOBOIO refisl. UHTeHCHBHOCTB IPOITyCKaHHs cBeTa 00pa3ioM 2 B cioe 0e3 KIETOK,
HO ¢ Hanu4yueMm GUTWIA I ToJa4yu Kuciopoaa, u3meHnmwiack co 100 % mo 57 % 3a 48 vacos, B
HUKHEM CJI0€ ¢ KJIeTKaMU Takoe n3MeHnenue npoucxoamno co 100 % mo 33 % (cm. pucyHok 4).

CornacHo MOTy4YeHHBIM SKCTIEPUMEHTAIIBHBIM Pe3yJIbTaTaM, TIOTBEPKIAIOIINM POCT KIETOK
Ipy Tojaye Kuciopona mo (GUTHI, ObUIO MPEUIOKEHO ammaparypHoe ogpopMIIEHHE METoja
00BEMHOT0 KYJIbTUBHPOBAHHS a9POOHBIX KIIeTOK. CxeMma TaKoro ammapaTa MpuBe/IeHa Ha PUCYHKE 5.
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PucyHok 4 — VHTEHCHBHOCTh MPOMYCKAHUsI CBETA Ha [UTMHE BOJIHBI 540 HM OT BPEMEHH ISl CIIOSI C
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Pucynok 5 — Cxema peakropa, ¢ur.l — ppoHTaIbHBIN BHI, GHT. 2 — BUI CBEPXY. 31ech: 1 — Kopiyc
anmapara, 2 — THIPOTeNb C KIIETKaMH, 3 — BETBSIIHECsS MUKPOKaHaNbl, 4 — EMKOCTh ¢ BOJOH, 5 — 0apOoTED,
6 — neprkaTenp IS 3aKperieHns GuTui, 7 — kanopudep, 8 — BEHTHIATOP, 9 — BeTBAIIUiicS GUTHIIb,
10 — kppiuka, 11 — croiika nms nepxkatens, 12— orBepcTre A7 0TBOAA Bo3ayxa, 13 u 14 — mtynepa nid
3aJIMBa U CIHMBA, COOTBETCTBEHHO, 15 — IITyLEep A MprOOopa KOHTPOIIS KOHLIEHTPAUU KUCIOPOAa
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Pabounii oObeM ammapaTa 3alOJHEH THAPOrelieM ¢ HWMMOOWIN30BAaHHBIMH >KHBBIMH
MHUKPOOOBEKTAMHU, B CETH PA3BETBICHHBIX MUKPOKAHAJIOB PACMONIOXKEH (UTWIb, IO KOTOPOMY 32
CUET KaNWUIIPHBIX CHUJ MOXXKHO HENPEPBIBHO OCYLIECTBIATH MOABOJ KHCIOpOJAa K KJIETKaM W
OTBOJUTh U3 THJIPOTrEIHEBOM MAaTpPHUIbl YIJIEKHCIBIA Tra3, OOpa30BaHHbBIM B pe3yibTaTe HX
JKU3HENIeITEIHbHOCTH [7].

B 3akmouenue cienyer OTMETUTh, UTO TexHosorus 3D-0nonedatn Hanbosee aMOUIIMO3HOE
U B TO K€ BpEMs HEBEPOATHO HAYKOEMKOE HalpaBJICHUE PEreHePaTUBHON METUIIMHBI, B KOTOPOM Ha
COBPEMEHHOM 3Talleé €ro pa3BUTHS OCTAeTCs OYEHb MHOTO HEpelIeHHBIX 3ajad. OIHAKO OYeHb
Ba)XXKHO, 110 HAIIEMy MHEHUIO, YTO OOIIKE METOBI U MOJIXOAbI K UX PEUICHUIO MOTYT ObITh pa3BUTHI
Ha OCHOBE M3y4YeHHs 00Jiee MPOCTHIX MOJICIBHBIX CUCTEM.

133 80:111 8

[TpemioxkeH crocod UHTEHCUPHUKAIIMA MAaCCOOOMEHHBIX MPOLIECCOB B 00bEME I'HIPOTEIEeBBIX
MaTpul] OpU [OJa4ye BEIIECTB N0 (UTWIIO TOJA ACHCTBHEM KanmwUIApHBIX cuil. llpoBeneHo
HKCIEPUMEHTAIbHOE HCCIIeI0BAaHNE KMHETHUKH POCTa KJIETOK JPOXOKEH B JIBYXCIOMHBIX 0Opa3iax
arapo3HO-XEJaTHHOBOIO Telil TNMPH Pa3IUYHBIX METOAAax Mojadu kuciopozaa. I[lokazaHo, 4TO
UCTOJIb30BaHUE (GUTWIS U MOJAYM KHUCIOPOAa B OOBEM relis MO3BOJSET 3allycKaTb MEXaHU3M
a’po0OHOT0 JBIXaHUS KIETOK JAPOXOKEBOM KyibTypbl. [Ipemnoxkeno ammapatypHoe odopmieHue
MeToAa OOBEMHOTO KYyJbTHBHPOBAHUS a’3pOOHBIX KIETOK € 3(P(EKTUBHBIM IMOJBOJAOM K HUM
KHUCJIOPOa M OJHOBPEMEHHBIM OTBOJAOM YIJIEKHCIOIO Tras3a, SBIAIOLMMCS HMX KOHEYHBIM
METa0OIUTOM.
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OPTIMIZATION OF MELANIN EXTRACTION FROM AURICULARIA AURICULA-
JUDAE BY RESPONSE SURFACE METHODOLOGY AND ITS ANTIOXIDANT
ACTIVITIES IN VITRO
ONTUMMU3ALIUA SIKCTPAKIIMU MEJJAHUHA U3 AURICULARIA AURICULA-
JUDAE METOAOM KPYTOI'O BOCXOKAEHUA (BOKCA-YUJICOHA) 1 ET'O
AHTHOKCUIAHTHASA AKTUBHOCTD IN VITRO
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Abstract: The optimal conditions for the melanin extraction from the fruiting body of A.
auricula-judae (Hei 29) was determined by the extract yield of melanin based on the basis of single
factor experiment and response surface methodology (RSM), then its antioxidant activities were also
studied in vitro. By using the Design Expert software, the optimal process condition on melanin
extraction was that incubated temperature of 69.11 °C, incubated time of 58.66 min, incubated pH of
12.81. Under these conditions, the yield of melanin was 2.59%. We also found that antioxidant
activities of A. auricula-judae melanin in vitro were strong to DPPH and *O%. The rate of scavenging
free radical DPPH was 63.04% when concentration of A. auricula-judae melanin was 0.36 mg/mL,
the rate of scavenging free radical O reached 39.79% when its concentration was 0.375 mg/mL.
However, the antioxidant activities to *OH was a little weak. The rate of scavenging OH only reached
7.47% when its concentration was 0.06 mg/mL.

Amnnoranust: OnTUManbHbIE YCIOBUS SKCTPAKIMK MEJaHWHA U3 IUI0A0BOro Tena A. auricula-
judae (Hei 29) ompenenstiu 1o BBIXOAY SKCTPakTa MeEJIaHWHA HAa OCHOBE OAHO(PAKTOPHOTO
SKCIIEPUMEHTa W METONOJIOTMM mnoBepxHOCcTH oTkinka (RSM), 3arem oleHUBaIM €ro
AHTUOKCUJAHTHYIO AaKTUBHOCTh (M3y4ascs in vitro). Ilpm HCIONb30BaHUM MPOTPAMMHOIO
obecnieuenust Design Expert onTUManbHBIMU YCIOBHSMH HpPOILIECCa IKCTPAKIMM MEJIaHMHA ObUIN
temreparypa unkyoanuu 69,11 °C, Bpemst unkybanuu 58,66 mun, pH unkybauuu 12,81. B sTux
YCIOBUAX BBIXOJ] MeJaHWHA cocTaBui 2,59%. Mbl Takxke OOHApyKWJIM, YTO aHTHOKCHJIAHTHAs
aKTHBHOCTH MenanuHa A. auricula-judae in vitro 6bu1a cuiibHOM 1o oTHOmIEHHIO K DPPH u <07,
Ckopocth ynanenus cBobomubix pamukanoB DPPH cocraBmsana 63,04% mnpu KoHIEHTpauuu
Mmenanuna A. auricula-judae 0,36 Mr/mi1, CKOPOCTB yaeHus CBOOOAHBIX paaukaioB *O% gocTurana
39,79% mnpu ero konmnentparuu 0,375 mr/mu. OnHako aHTHOKCHIAHTHas akTHBHOCTH *OH Obuia
HeMHOro cnaboif. Cxopocts ynanenus OH pocrturana tonsko 7,47% npu ero konuenrpanuu 0,06
MT/MIL.

Keywords: a. Auricula-judae, response surface methodology, melanin extraction, antioxidant
activities.

KitoueBsie cioBa: a. Auricula-judae, MeTOmOMOrUSl MOBEPXHOCTH OTKIIMKA, MeTox bokca-
VYUIICOHA, SKCTPAKIMS MEJIAaHUHA, aHTUOKCUJAHTHAS! aKTUBHOCTbD.

Abbreviations: RSM — respose surface methodology; ANOVA — analysis of variance.
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I. INTRODUCTION

Auricularia auricula-judae [1], commonly known as black wood ear, is one of the most
popular culinary-medicinal mushrooms in China [2]. Over the past 30 years, the commercial
production of 4. auricula-judae has developed rapidly in rural areas of China [3]. Because it is not
only rich in nutrients, but also contains a variety of bioactive components such as polysaccharides
[4], melanin [5], adenosine and others, with antioxidant [6-9], immune regulation [10], antitumor [11],
anti-aging, anti radiation, lipid-lowering effects and so on.

Natural melanin is an insoluble and non-digestible pigment with a complex molecular
structure that is generated by polymerization of indolic and phenolic compounds [12]. It is widely
found in animals, plants and microorganisms. Zou et al. (2013) [13] extracted melanin by
fermentation from A. auricula-juade, and then found that the melanin consists of OH, NH», C=0,
C=C, CH, CH2, and aromatic group. Although melanin is not necessary for the growth and
development of organisms, but it plays an important role on biological functions, such as antioxidant
[14], anti radiation, free radical-scavenging [15], anti-HIV activity [16], antibiofilm activity [17],
immunomodulatory activity [18], and so on [19]. These functions promise natural melanin with great
development potential as a healthful food colorant.

A. auricula-juade, rich in melanin, is considered to be one of China's popular black food [13].
The extraction of melanin from A. auricula-judae is mainly characterized by its dissolution in alkaline
solution and precipitation in acidic solution. Wu et al (2007) [20] used Imol/L NaOH solution to
extract, then used 1mol/L HCL solution to subside, and finally obtained the crude melanin from
Hypoxylon sp.. At present, the extraction methods of melanin mainly include heating-assisted
extraction, ultrasound-assisted extraction [21], hydrochloric acid extraction, and fermentation method
etc [22]. The optimal extraction method of melanin from A. auricula-judae mainly used both single
factor test and orthogonal test. Tang et al (2014) [23] optimized the process of melanin extraction
from A. auricula-judae in Qinba mountain area by this way.

Respose surface methodology (RSM) is a collection of statistical and mathematical techniques
that optimize responses. This technique is useful for developing, improving and optimizing processes
in which a response of interest is influenced by several variables [24-25]. Zhang et al (2014) [26]
optimized the fermentation medium by Plackett-Burman, climbing experiment and response surface
method, and then isolated and purified the 4. auricula-judae melanin.

The objective of the present study was to establish optimal extraction conditions needed to
maximize A. auricula-judae melanin yield using RSM. And its antioxidant activities in vitro were
also analyzed in this paper.

II. MATERIALS AND METHODS

A. Materials and reagents

Dried fruiting bodies of A. auricula-judae strain Hei 29 were provided by Institute of
Microbiology, Heilongjiang Academy of Sciences. The powders were stored in dark bags to keep
from light. All of the reagents used in the experiment were of analytical grade. The standard melanin
pigment (CDCV-ASB-00013166-050) was supplied by Shanghai.

B. Melanin extraction

The standard melanin pigment was dissolved in 1 mol/L sodium hydroxide. The standard
curve of standard melanin was establishment to calculate the melanin content of A. auricula-judae
sample.

The extraction process of melanin was carried out according to the method of Wang et al
(2006) [27] with proper modification. The fruiting bodies of A. auricula-judae were crushed into
powders of different diameters. About four grams mushroom powders were dissolved in water
(water/powders=30/1) and incubated at 80 °C for 1.5 h. The mushroom powders were collected by
centrifugation at 7000 rpm for 15 min. The mushroom powders were suspended in 90 mL of 3 mol/L
hydrochloric acid and incubated at 70 °C for 1 h. The mushroom powders were collected by
centrifugation at 7000 rpm for 15 min. The recovered powders were suspended in 3 mol/L pH 12
sodium hydroxide and incubated at 70 °C for 1 h. The mushroom powders were collected by
centrifugation at 10 000 rpm for 15 min. The debris was recovered and washed three times with
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distilled water. The product was suspended in 20 mL pH 1.5 hydrochloric acid for 14 h. The resulting
acid-resistant insoluble material was dialyzed against distilled water for 14 d with daily water changes
and lyophilized.

C. Effect of A. auricula-judae powders on melanin extraction

Four main factors (diameter, incubated time, incubated temperature, pH) were researched
respectively by single factor test, which greatly influence melanin content. The diameters of
mushroom powders were divided into six types (0.23~0.27 mm, 0.18~0.23 mm, 0.15~0.18 mm,
0.12~0.15 mm, 0.096~0.12 mm, and less than 0.096 mm). The incubated time respectively set 30 min,
45 min, 60 min, 75 min, and 90 min. The incubated temperature respectively set 40 °C, 50 °C, 60 °C,
70 °C, and 80 °C. The pH respectively set 10, 11, 12, 13, and 14.

D. The response surface methodology

The Box-Behnken experimental design with three factors and three levels was employed to
optimize the extraction conditions in order to obtain the highest melanin yield. Incubated temperature
(A), Incubated time (B), and pH (C) were chose as independent variables in this design. On the basis
of single factor experiment, A (65, 70, and 75 °C), B (55, 60, and 65 min), C (12, 12.5, and 13) were
determined as critical levels with significant effect on melanin extraction. The complete design
consisted of seventeen combinations including three replicates of the center point (Table 1).

Table 1 — The Box-Behnken experimental design and the melanin yield

Run Temperature (°C) Time (min) pH Melanin yield (%)
1 -1 (65) -1 (55) 0 (13) 2.37
2 1 (75) -1 0 2.14
3 -1 1 (65) 0 2.20
4 1 1 0 1.97
5 -1 0 (60) -1 (12) 2.05
6 1 0 -1 1.96
7 -1 0 1 (14) 1.70
8 1 0 1 1.62
9 0 (70> -1 -1 2.18
10 0 1 -1 2.00
11 0 -1 1 1.78
12 0 1 1 1.62
13 0 0 0 2.59
14 0 0 0 2.55
15 0 0 0 2.57
16 0 0 0 2.52
17 0 0 0 2.54

E. Antioxidant activity of A. auricula-judae melanin in vitro

A. auricula-judae melanin was extracted under the optimal conditions. The concentration of
A. auricula-judae melanin was adjusted to 6 mg/mL. Antioxidant activity of 4. auricula-judae
melanin to DPPH, «O%, *OH were measured in vitro in this study.

III. RESULTS

A. Standard curve of melanin

The standard curve of the standard melanin was established, and the regression equation is
Y=0.0534X-0.01753 (R?>=0.99). The purity of melanin extracted from 4. auricula-judae fruiting
bodies was 87.7% measured by the regression equation.

B. Effect of A. auricula-judae powders on melanin extraction

As was shown in Fig. 1A, the melanin yield was significantly influenced by 4. auricula-judae
powders. When the powders were reduced from 0.23~0.27 mm to 0.18~0.23 mm, the melanin yield
increased from 2.15% to 2.31%, however, with the decrease of the powders diameter, the production
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of the melanin decreased instead. when 4. auricula-judae powder was 0.18~0.23mm, the yield of
melanin was higher than others.

C. Effect of incubated time on melanin extraction

Fig. 1B showed that the melanin yield was significantly influenced by incubated time. The
melanin yield increased from 1.73% to 1.91% when incubated time was increased from 30 min to 60
min. however, with the increase of incubated time, the production of the melanin decreased to 1.79%.
So the powders incubated for 60 min is best for extracting melanin.
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Figure 1 — The effect of the A. auricula-judae powder, incubated time, temperature, and pH on
melanin extraction. Fig.1A: 1: 0.23~0.27 mm; 2: 0.18~0.23 mm; 3: 0.15~0.18 mm; 4: 0.12~0.15 mm; 5:
0.096~0.12 mm; 6: less than 0.096 mm. The extraction conditions were pH of 12, incubated temperature of
70 °C, incubated time of 60 min. Fig.1B: The extraction conditions were pH of 12, incubated temperature of
70 °C, diameter of 0.18~0.23 mm. Fig.1C: The extraction conditions were pH of 12, incubated time of 60
min, diameter of 0.18~0.23 mm. Fig.1D: The extraction conditions were incubated temperature of 70 °C,
incubated time of 60 min, diameter of 0.18~0.23 mm.

D. Effect of incubated temperature on melanin extraction

Fig. 1C showed that the melanin yield was significantly influenced by incubated temperature.
The melanin yield increased from 1.10% to 2.31% when incubated temperature was increased from
40 °C to 70 °C. and then declined. So the optimal incubated temperature of powders is 70 °C.

E. Effect of pH on melanin extraction

Fig. 1D showed that the melanin yield was significantly influenced by pH. The melanin yield
increased from 1.20% to 2.60% when incubated temperature was increased from pH 10 to pH 13. and
then declined to 1.65%. So the optimal pH is 13.

F. Response surface optimization of extraction conditions

On the basis of single factor experiments, incubated temperature, incubated time and pH were
selected as independent variables, and the melanin yield was used as the dependent variable to obtain
the optimal conditions. (Table 1)

By using the Design Expert software, the second-order polynomial model describing the
correlation between melanin yield and the three variables in this study was obtained. The statistical
significance of Eq was checked by F-test, and the results of analysis of variance (ANOVA) was
showed in Table 2. The model F-value of 99.96 indicated that the model was significant (P<<0.01).
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There is only a 0.01% chance that a Model F-Value this large could occur due to noise. Here, The
value of determination R? (0.9923) indicates that the response model can explain 99.23% of the total
variations. The ‘lack-of-fit F-value’’ of 5.26 also indicates that lack of fit is not significant (P>0.05)
relative to the pure error. Thus, the estimated models adequately fit the experimental data. "Adeq
precision" (28.17) greater than 4, measures the signal to noise ratio. This model can be used to
navigate the design space.

Values of "Prob > F" less than 0.05 indicate model terms are significant. In this case A, B, C,
A2, B%, C? are significant model terms. The regression equation was evaluated by the coefficient of
correlation (R) and the determination coefficient (R?).

Yield (%) = 2.55 - 0.079 A-0.085 B - 0.18 C + 0.00 A B +2.50x103 A C + 5.0x10° B C -
0.22 A2-0.16 B2-0.50 C?
Table 2 — The analysis of variance (ANOVA) of the response surface regression model

Source Sum of squares df Mean squares F Value P Value
Model 1.86 9 0.21 99.96 <0.0001
A-Temperature 0.050 1 0.05 24.04 0.0017
B-Time 0.058 1 0.058 28.01 0.0011
C-pH 0.27 1 0.27 130.9 <0.0001
AB 0 1 0 0 1
AC 2.50E-05 1 2.50E-05 0.012 0.92
BC 1.00E-04 1 1.00E-04 0.048 0.83
A? 0.21 1 0.21 101.7 <0.0001
B? 0.11 1 0.11 52.73 0.0002
c? 1.05 1 1.05 506.54 <0.0001
Residual 0.014 7 2.06E-03
Lack of Fit 0.012 3 3.84E-03 5.26 0.071
Pure Error 2.92E-03 4 7.30E-04
Cor Total 1.87 16

Table 2 showed that incubated temperature, time, and pH had very significant linear (P <
0.01) on melanin extraction, However, none of the independent variables interacted significantly (P
>0.05). The optimal conditions on melanin extraction was that incubated temperature of 69.11 °C,
incubated time of 58.66 min, incubated pH of 12.81. The maximum yield of melanin of 2.59% was
predicted by the model.

Under these optimal conditions, three parallel experiments were carried out and the yield of
melanin was 2.57%, which had only 0.02% difference with the theoretical value (2.59%). The error
rate between the actual measured mean value and the theory predicted value was 0.77% (less than
1%), which showed that the regression model’s fitting property was credible.

G. Antioxidant activity of melanin

Antioxidant activity of melanin on DPPH was showed in Fig. 2A. With the increase of
melanin concentration, the ability of scavenging DPPH radicals gradually increased. When the
concentration of melanin was 0.36mg/mL, the scavenging rate of DPPH radical was 63.04%.
Compared with the same concentration of Vc, the melanin scavenging ability of DPPH radical was
lower than that of Vc. Therefore, the melanin of A. auricula-juade has strong scavenging ability to
DPPH radical, but its scavenging ability is worse than Vc.

Antioxidant activity of melanin on *O% was showed in Fig. 2B. With the increase of melanin
concentration, the ability of scavenging *O* gradually increased. When the concentration of melanin
was 0.375mg/mL, the scavenging rate of *O* was 39.79%. Compared with the same concentration
of V¢, the melanin scavenging ability of «O* was almost same to that of Vc. So, the melanin of 4.
auricula-juade has strong scavenging ability to *O*.

Antioxidant activity of melanin on *OH was showed in Fig. 2C. With the increase of melanin
concentration, the ability of scavenging *OH increased. When the concentration of melanin was
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0.06mg/mL, the scavenging rate of *OH was 7.47%, which is much lower than that of Vc. So, the
melanin of A. auricula-juade has low scavenging ability to *OH.
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Figure 2 — The clearance rate of A. auricula-judae melanin and Ve to DPPH, «O*, and *OH.
Fig.2A: The antioxidant activity of melanin and Vc to DPPH were determined, respectively.
Fig.2B: The antioxidant activity of melanin and Vc to *O* were determined, respectively.
Fig.2C: The antioxidant activity of melanin and Vc to *OH were determined, respectively.

IV. CONCLUSIONS

By using the Design Expert software, the optimal process condition on melanin extraction
was that incubated temperature of 69.11 °C, incubated time of 58.66 min, incubated pH of 12.81.
Under these conditions, the yield of melanin was 2.59%. The melanin of A. auricula-juade has strong
scavenging ability to DPPH and *O?, but low scavenging ability to *OH.
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INFLUENCE OF ULTRASOUND ON THE KINETICS OF PERIODIC CONVECTION
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Annomayusn:  IlpoBenéH  aHalM3  SKCIEPUMEHTAIBHBIX  KUHETHYECKHUX  KPUBBIX
NEPUOJIMYECKO CYIIKH XJIONKOBOTO BOJOKHUCTOIO MaTepHaja MpH pa3iIMyHbIX TeMIepaTypHbIX
pekuMax KOHBEKTHBHOM CYIIKM M WHTEHCU(UKAIMH IPOLECCa YIbTPAa3BYKOBBIM BO3/CHCTBUEM.
OKCHepUMEHTAJbHbIC JaHHBIE [0 KHHETHKE CYIIKH allIpOKCHMHUPOBAaHBI  (OpPMYJIaMH,
BBIPKAIOIIMMH 3aBHCUMOCTb BIIATOCOJCPXKAHUS Marephana OT TEeMIeparypbl M HaJHYHs
yIbTPa3BYKOBON MHTCHCU(DHUKALIUH.

Abstract: The analysis of experimental kinetic curves of periodic drying of cotton fibrous
material under various temperature regimes of convective drying and intensification of the process
by ultrasonic action is carried out. Experimental data on drying kinetics are approximated by formulas
expressing the dependence of the moisture content of the material on temperature and the presence
of ultrasonic intensification.

Kniouesvie cnoéa: XIJIONKOBBIM BOJOKHUCTBIA MaTepHall, KHHETHKA CYIIKH, YJIbTPa3BYK,
IIPOTHO3UPOBAHHE.

Keywords: cotton fiber material, drying kinetics, ultrasound, forecasting.
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Cymka Xj10m4aTo0yMaXXHbIX BOJIOKOH M TKaHEH MPOBOIUTCS] KOHTAKTHBIM, KOHBEKTHBHBIM U
KOMOMHHpOBaHHBIMU MeTofamu [1-3]. MaTeHcudukamus 000CHOBAaHHO BBIOpaHHBIM CIIOCOOOM H
pacuér mpolecca CYLIKH BOJOKHHMCTBIX MaTepHallOB SIBJSIETCS OJHOW M3 aKTyaJbHBIX 3ajad B
XMMHUYECKON TEXHOJOTUU OTJEI0YHOIO IIPOU3BOCTBA TEKCTUIIBHBIX Npeanpustuii [1,2]. M3BecTHo,
YTO /I MHTEHCU(HUKAIMMU IpOLEecca CYIIKA pPa3IYHbIX MaTepUAIIOB JOCTATOYHO ILIMPOKO
HCIIOJIb3YETCs YIbTpa3ByKoBoe noje [1-4].

Llenpto naHHOM pabOTHI SBISETCS aHAIN3 YKCHCPUMEHTAIBHBIX JAHHBIX 110 HCCIIEIOBAHUIO
KMHETUKH IIEPUOIUYECKOTO ITPOLIECCa KOHBEKTUBHOM CYIIKH XJIOIIKOBOT'O BOJIOKHUCTOTO MaTepuania,
MHTEHCU(UIIMPOBAHHOTO  YJIbTPa3BYKOBBIM BO3JEHCTBHEM, W aANIPOKCHMALUS MOJYYEHHBIX
KMHETUYECKUX KPUBBIX [3].

DKcIepUMEHTANIBHBIE UCCIIE0BaHNSI KHHETUKH IIPOLIECCA CYIIKH XJIOIIKOBOT'O BOJIOKHHUCTOTO
MaTepuasa ¢ HMHTEHCHU(HKAIMel YyIbTpa3ByKoBbHIM 1mojeM 1mpoBeaeHsl B OO0  «llentp
YIIBTPa3BYKOBBIX TEXHOJIOTUI» Ha 0aze buiickoro texnonoruueckoro nucturyta (punuan) GI'bOY
BO Auraiickoro rocynapcTBEHHOIO TexHMUYeckoro yHuBepcurera um. M.M. IlonsyHoBa Ha
O6apabaHHON KOHBEKTUBHOW CyIIWIKe nepuoaumueckoro neiictus [3]. TemmepaTypa CyHIMIBHOTO
arenra usMeHsnack oT 55 no 80 0C.YpoBeHb 3BykoBOro naasieHusi cocrasisul 160 nb, yactora
YIIBTPa3BYKOBBIX KojeOaHmii-27 kI 1.

Bbutn poBeieHb! OMBITHI 110 CYIIKE TOJIBKO MPH YJIbTPAa3BYKOBOM BO3JEHCTBUU C 001yBOM
XOJIOZHBIM BO3yXOM, KOTOpBIE MIOKa3aJIH Helelecoo0pa3HOCTh Takoi cymku [3].

Ha puc. 1 npuBeneHbl 3KCIEpUMEHTAIbHBIE U pacCUMTaHHbIE 10 ypaBHEHHIO (1) KpuBbIE
KMHETUKM KOHBEKTHMBHOM CYIIKM XJIONIKOBOI'O BOJIOKHHCTOIO MaTepuajla IIpU pas3IudHbIX
TeMIepaTypax, ¢ yJAbTPa3ByKOBBIM BO3JICHCTBHEM U 0€3 MHTEHCHU(PHUIUPYIOLIETO BO3ICHCTBUS.

U, KI/KT
19

0.9
08
0.7
06
0.5
04+
0.3

0.2

0.1 L L L . L L L

T, MHH

Pucynok 1 — DkcrniepuMeHTabHbIC U PaCUETHBIC (C UCTIOIb30BaHUEM YpaBHEHHUS 1) KPHBbIC KUHETHKU
CYUIKH XJIOMYaTOOyMaKHOM TKAHH MPU pa3IMYHBIX TEMIIEpaTypax CyIIMIBLHOIO arenra, ¢ Y3 u 6e3
HMHTEHCU(PHULUPYIOIIETO BO3ACHCTBHSL. DKCIIEpUMEHTANBHBIE KpUBBIE: O- ¢ Y3 mpu t=55°C, ¢ - ¢ Y3 npu
t=80°C, + - pu t=55°C, * - mpu t=80°C; pacuéthpic kpuBbie: 1- ¢ Y3 npu t=55°C,

2 -¢ Y3 npwm t~80°C, 3 - mpu t=55°C, 4 - npu t.=80°C).

KpuBble KHHETHKH CYLIKH alllIpOKCUMUPOBaHbl ypaBHeHHEM (1):
U= aU, *exp(—b x12) + ¢, (1)
rae Up— HayanbHOE BIArocoiep:KaHnue TKaHU, KI/KT;
T - BpeMsl CYILIKM B MUHYTaXx;
o,b,c — KO HUITUEHTHI.
KoadduimenT b 3aBUCUT OT TeMIepaTyphl CYyIIUIBHOTO areHTa U HAIUYUS YIbTPA3BYKOBOTO
BO3JICHCTBUS B COOTBETCTBHH C ypaBHEeHUEM (2):
b =poo +Do1 *Y + P10 * te + D20 ¥ Y * te, (2)
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3HaueHue Y=1, eciu yiabTpa3ByKOBOE€ IOJ€ c034aHO, Y=0, €ciy yJIbTpPa3ByKOBOE IIOJIE
OTCYTCTBYET, t, °C — TeMIieparypa CyIIHUIbHOrO areHTa B quanasone 55-80 °C.

Onpenenensl 3HaueHus: KodpduuumenrtoB ypaBuenuid (1) um (2): 0=0.82; c=0.15;
Poo= 19.11; po1=39.18; p10=-0.49; p,o=-0.8.

Omnpenenena cymMMma KBaJpaTOB OTKJIOHEHUH OMBITHBIX U PACUETHBIX JAHHBIX JUIS KaKJOU
KPUBOM.

CyMMapHO M0 BCeM KPHMBBIM CyMMa KBaJpaTOB OTKJIOHEHUI JAHHBIX OIMBITOB U pacuéToB
paBHa 0.016, yTo MOATBEP>KIAET BO3MOKHOCTD UCIIOJIb30BAaHNUS IPEJIOKEHHON alllIPOKCUMALUH.

AHanM3 SKCIEPUMEHTAJIBHBIX KPUBBIX KHUHETUKH CYIIKHM XJIOMKOBOTO BOJIOKHHCTOTO
MaTepuaia NPy Pa3IMYHbIX BHJIAX SHEPreTHYECKOro BO3JCHCTBUS IMOKAa3bIBAET, YTO Hambojee
3¢ GEKTUBHBIM Ul JIaHHOW TKAaHU SIBJISIETCS KOMOMHUpPOBAHHOE BO3ACHCTBUE (YIBTPa3ByKOBOE U
TEIUIOBOE) MPH TeMIIepaType CyLIHIbHOro arenTa (Bo3ayxa) 80°C.

[TpuBenéunpie Ha puc. 1 pe3ynpTaThl WUIIOCTPUPYIOT JOCTATOYHO XOpPOIIEe KadyecTBO
anmnpoKCUMAINK CeMecTBa KWHETUYECKUX KPHUBBIX, TIOJTYYEHHBIX B JAHHOM HCCIIEJOBAHUU.

Taxum 06pa3oM, IPOAHATU3UPOBAHBI U ANNPOKCUMHUPOBAHBI OIBITHBIC TaHHBIE TI0 KHHETHUKE
CYIIKH XJIOIIKOBOT'O BOJIOKHUCTOrO Marepuaia. Iloixydennslie pe3ynbTaTbl MOXKHO MCIIOIB30BaTh IS
aHauM3a U pacuyéra KMHETUKM KOHBEKTHBHOM CYIIKH XJIOMKOBBIX BOJIOKHHMCTBIX MaTEpUAIOB, C
y4€TOM SKCIIEPUMEHTAIbHO OOOCHOBAaHHOW 3aBHUCHMOCTH BIJIArOCOJCpPXKAHUS Marepuaiza oT
TEeMIepaTypbl CYHIMJIBHOIO areHTa M HaJIW4Yusl HMHTEHCHU(DUUUPYIOMIErO yJIbTPa3ByKOBOTO
BO3/CHUCTBUS, TPOrHO3UPOBATH KHHETUKY WX KOHBEKTUBHOU CYIIIKH.
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Annomayus: IlpencraBieHbl pe3ysbTaTbl HM3MEPEHHH IUIOTHOCTH TIOTOKA HSHEPIUu
3JIEKTPOMArHUTHOT'O M3JIy4EHUs U ONpejieieHa 6e30nacHas 30Ha Ui IepcoHana, 00CIIyKUBaIOIIETO
CBY ycTaHOBKY MHTEHCHMBHOI'O HarpeBa IepMETH3HMPYIOLIET0 MaTrepHaia Ae(opMarMoHHOrO IIBa
YKECTKOT'O a3pPOJPOMHOTO MOKPHITHS, B COOTBETCTBUH C CAHUTAPHBIMUA HOPMAaMU U IIPaBHIAMH.

Abstract: The results of measurements of the electromagnetic radiation energy flux density
are presented and a safe zone is determined for personnel servicing the microwave installation of
intensive heating of the sealing material of the deformation seam of the rigid airfield coating, in
accordance with sanitary norms and rules.

Kniouesvie cnosa: snextpomarnutHoe mnoisie, CBU-HarpeB, MIOTHOCTH IMOTOKA SHEPIHUH,
6e30macHOCTb MEpCOHaA.

Keywords: electromagnetic field, microwave heating, energy flow density, personnel safety.

B [1-2] mnpemnoxen cnoco6 CBY 00paGoTku JepOpMALMOHHBIX IIBOB >KECTKUX
a’pOJIPOMHBIX IOKPBITHM, KOTOPBIA NpedyCMaTpUBAaeT JIMKBUIALMIO MEJIKUX TPELIUH, CKOJIOB,
HapyIIEeHUH aJAre3MOHHOI0 KOHTAKTa B clioe repMeruka. [IpuMenenne 3toro cnocoba Ha MPaKTUKE
BO3MOYKHO TIPH YCIIOBHH OOECIIEYeHHsI TEXHHUUECKOW O6e30macHOCTH paboThl nepcoHana. M3secTHo,
YTO BO3ZEICTBHE 3IEKTPOMAarHuTHOro u3inydeHus B CBY nuana3zoHe MOXKET BbI3bIBaTh B OPraHU3MeE
YeJI0BeKa U3MEHEHHUs, B PsiJie CIy4aeB HEOOpaTHUMbIE, KOTOPbIE BEAYT K CEPbE3HBIM 3a00JICBaHUIM
[3-5].

B nanHoii pabGoTe mpencTaBiieHbl pe3yNbTaTbl U3MEPEHUI IUIOTHOCTH IOTOKA SHEPTHH
AJIEKTPOMAarHUTHOTO 110151, BHIIIOJHEHHBIE C UCIIOIb30BaHUEM dKcIiepuMeHTanbHoi CBY ycraHoBKY,
IUISL IPEIBAPUTEIILHON OIICHKH YPOBHS TEXHUYECKOH 0€30IacHOCTH pa3padaThiBA€MOil TEXHOIOTUU
npopuIakTHIecKoil 00paboTKH J1e(OPMALIMOHHBIX IIBOB JKECTKUX a3POIPOMHBIX OKPHITUH.

CoBpeMeHHbIE HOPMbI MIPEACIIBHO JOIMYCTUMOIO YPOBHS 3JIEKTpoMarHuTHOro noiig (OMII)
Ha Tepputopun P® pernameHTUPYIOTCS psAOM HOPMaTUBHBIX JOKYMEHTOB [6-7].

B cooTtBercTBUM [6] OLIEHKa 1 HOPMUPOBAHUE IEKTPOMArHUTHOTO I10JIs B IMAINIa30HE YaCTOT
f= 30 xly — 30077y ocyumecTBiseTcss MO BEIMYMHE DSHEPreTUYecKor skcrnozuruu (93).
OHepreTudeckass 9SKCIO3ULMSA —  BEJIMYMHA, XapakTepU3yollas CTENeHb  BO3JEHCTBUSA
AJIEKTPOMAarHUTHOTO TIOJS ONPEACIEHHOIO YPOBHS 3a KOHEYHBIH IIPOMEXYTOK BpeMeHu. B
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YaCTHOCTH, SHEpreTHYecKas »SKCIO3MLIMA B JuanazoHe uwactor f= 300 MIy - 300 [Ty
paccuuThIBaeTCs 1o Gpopmyre:

Iy = MM = T, (1)
rae I1115 — nioTHOCTh TI0TOKA dHepruu (mkBm/cm?); T - BpeMs BO3IEHCTBHS 32 CMEHY B Yacax, u.

Pernamentupyercs mnpeneiabHO AONYCTUMBIM YPOBEHb JHEPreTHYECKOM HKCIIO3MLMM Ha
pabounx Mectax 3a cMeHy. OH He H0JKHO TpeBbimath 200 uxBm/cm’ -y [6].

Jlnst kpaTKoBpeMeHHOTo Bo3aeicTBus (< 0,2 y 3a pabouyro CMEeHY) IpeAesbHO JOMyCTUMOE
3HaUEHUE IUIOTHOCTH IIOTOKA DHHEPIMM 3JIEKTPOMAarHUTHOIO IO HE JOJDKHO IIPEBBINIATH
1000 mxBm/cym? (s ycnoBuii JOKaIbHOTo 00ayueHus kucted pyk 5000 mxBm/cm?) [6].

[Tpennaraemsiii cioco6 CBY tepmMooOpaboTKH e(OpPMALMOHHBIX IIIBOB HE INpeIojaraet
HETPEPHIBHOTO MpeObIBaHUS IEepcoHaNa BOJIM3M M3Iydyalolleld pyINOpHOW aHTEHHbI B TEUCHHE
paboueil cmeHbl. B 00s3aHHOCTH 0OCTY)KMBAIOLIETO IMEPCOHANAa BO3MOXKHO OyIyT BKIJIFOUEHBI
JEUCTBUS IO U3MEHEHUIO MTOJIOKEHUS PYIIOpa 110 OTHOILIECHUIO K OCHU 1IBA, a TAK)KE MEPUOANUYECKUN
BU3YaJIbHBI KOHTPOJIb TPABWIIBHOTO TOJIOKEeHHUA pabouero oprana CBY ycraHOBKM Hax
1e(pOpMaIMOHHBIM IIIBOM I 00eCTiedeHHs] KOPPEKTHOTO YIPABICHHUS JAHHOW yCTaHOBKOM.

B cBsi3u ¢ 3TUM, HEOOXOIUMO OTIPEICIIUTh:

1. MunumaneHoe paccrosiHue oT CBY ycTaHOBKHM, Ha KOTOPOM ypOBEHB IIJIOTHOCTH ITOTOKA
SHEPIUU 3JIEKTPOMArHUTHOTO TMOJs He OyIeT NpeBbIIaTh HOPMbI, YCTAHOBICHHOM s
KPaTKOBPEMEHHOTO Bo3/ielicTBHs Ha tiepconan (1000 uxBm/cm?).

2. MakcumanbHoe Bpemsi obcimyxuBanuss CBY ycTaHOBKM TEXHHMYECKUM IIEPCOHAIOM B
3aBUCHMOCTH OT PACCTOAHUA (U3MEPSIETCSI OT IJIMHHOM CTEHKU BOJIHOBOJA).

DkcnepuMeHTaabHas J1labopatopHas yctaHoBka i CBU HarpeBa OMTYMHONOJIMMEPHOTO
repMeTHKa B ehopMarinoHHOM 1iBe [8-9] nuMeeT BhIxoaHy 0 MomHOCTH 1000 Bm u pabodyro 4acToTy
2451Ty.

W3mepenuss mnpoBoamiuch 0€3 TNPUMEHEHHUs 3allUTHOrO SKpaHa W3 TEXHUYECKOM
JIFOMUHUEBOH (OJIBIM, YCTAaHABIMBAEMOTO B HIKHEH YacTu pyrnopa. B cooTBeTcTBHU ¢ pazMepaMu
JKCIEPUMEHTAJIbHOW yCTAaHOBKM MAaKCHMaJIbHAsl BBICOTA PACIIOJIOKEHUS M3MEPUTENS MOILIHOCTH
CBY-uznyueHus oT HOBEPXHOCTU NOKPHITHS NpuHuUManach Z = 30 cm.

JUia mpoBeleHUs U3MEPEHMM BEIWYMHBI IUIOTHOCTM IIOTOKA JHEPIMM HCIIOJIb30BAJICS
n3Meputeb MomHocT CBY-u3ny4yenust, TEXHUUECKHE XapaKTEPUCTUKH KOTOPOTO MPEACTABIICHBI B
tabnuue 1 mo nanueiM nacropta [10].

Tabumna 1 — TexHuueckue XapakTepUCTUKU n3MepuTels MomHocTd CBY-u3nyuenus

IHapametp 3HaueHne
Monens HT-M2
Jnanazon uzmepenwus 1113 ot 0 10 9,99 MBm/cm?
TounoCTh +1 0F
[IpenenpHOE 3HAYECHNE CUTHAIM3ALNN 5,0 mBm/cm?
YacToTHBIN Tuana3oH 2451Ty
Pabouas Temneparypa ot 0 °C 1o 50 °C ipyt OTHOCHTENBHON BIAKHOCTH BO3IyXa OT
10 % 10 80 %

O6umii Bug CBY ycranoBku c¢ wusmeputeneM MomHoctd CBY-u3nydeHuss u cxema
IIPOBEJICHMSI KCIIEPUMEHTA IIPE/ICTABIEHBI HA PUCYHKE 1.



MEX/IYHAPO/IHBIM KOCBITMHCKUK ®OPYM. MHTC POMAHKOB-2024. TOM 2. 81

300

150

Pucynok 1 — O6wwmii Bug CBY ycranoBku ¢ uzmeputenem mouiHoctd CBY-u3myueHus —
a) ¥ cxema IpoBeJeHus dKcrepuMenTa — 0). Ha cxeme : 1 — 670K nmUTaHUsI ¢ MArHETPOHOM;
2 — pyHOpHBII BOJTHOBOX; 3 — U3MEPUTEIND IUIOTHOCTH NOTOKA 3Heprun OMII.

OtpaboTana cnenyromas 3KCIEPUMEHTAIbHAsI METOJMKA OLICHKH 3JIEKTPOMAarHUTHOM
6e3onacuoctu CBY ycranoBku.

1. YcraHOBUTH H3MEpUTENh B HayaJlbHOE IIOJIOXKEHHE, COOTBETCTBYIOLIEE MO3uuuu 1
X=30cm, Z=0).

2. IlpousBecTy M3MEpPEHUE IUIOTHOCTHU ITOTOKA SHEPTUU B 3aBUCUMOCTH OT PACCTOSIHUS 10
OOKOBOH IpaHu pyIopa, IepeMelnias CTOMKy ¢ U3MepuTesieM Mo KoopAauHate X B mo3uuuu /-9 ¢
marom 10 cv B COOTBETCTBHH €O cxeMoii (puc. 10).

3. IIpoBectu ananornynsie uzMepenus /1119 npu 3Hauenusx Z = 15 ecu u Z =30 cwm.

N3mepenus Ui KaXA0U [MO3ULUH BBIIIOJIHUTE C TPEXKPATHOM IIOBTOPSEMOCTBIO. B KauecTBe
pe3yJibTaTa UCIOoIb30BaTh CPEAHEE 3HAUCHUE.

4. BBINOJHUTH CTATHCTUYECKYI0 OOpabOTKY AKCHEpUMEHTAa M HANTH amnmpoKCHMAIUIO
IIOJIyYE€HHBIX 3HAYEHUH, NOJYyYHUB 3aBUCUMOCTb IUIOTHOCTH IIOTOKA HEPIHU OT KOOpAuHAT X, Z.
Taxoke MOYKHO OTPaHUYUTHCS TAOTUYHBIMUA BEIYUCICHUSIMH.

5. OnpenenuTb MUHUMAJIBHO JOMYCTHMOE PACCTOSHHE OT YCTAHOBKH JI0 pabodero mnpu
IIPOBEJIEHUH KPATKOBPEMEHHBIX OIIEPALIUH.

6. BeIuncnuTh MaKCUMAaJIbHO JOIYCTHUMbIN BPEMEHHOM IPOMEKYTOK NpeObIBaHUS paboyero
BOJIN3M YCTAaHOBKH 33 CMEHY.

st uccnenyeMoil yCTaHOBKM AMAJIEKTPUUECKOI0 HarpeBa repMETU3HMPYIOIIEro Marepuala
CpeAHNE 3HAYCHUS ITIOTHOCTH MOTOKA SHEPTHH B PA3TMUYHBIX TOUKAX IPOCTPAHCTBA IPE/ICTaR/IEHbI B TAOHLIC
2 n HaTpauKax pucyHka 2.

Tabimpna 2 — Pe3ynbrarbl M3MEpeHMs IUIOTHOCTU IIOTOKA SHEPIMM B 3aBUCUMOCTH OT

acctosiius 1o CBY ycranoBku, npu Y'=0 cm

IMokazanus npubopa I1119, Koopnunartel natunka X, cm
MKBm/cm? 30 40 50 60 70 80 90 | 100 | 110
Z=0cMm 4880{3900(2120|1600| 540 | 410 | 160 | 140 | 110
Z=15cm 515014940|3390|2500|17301300|1180| 690 | 610
Z=30cmMm 551014980|4260{2950 (171013201080 | 910 | 770
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PucyHok 2 — 3aBUCHMOCTD BETHYHUHBI INIOTHOCTH MTOTOKA SHEPTUH OT PACCTOSHUS 10 OOKOBOM
TpaHu pynopa MpH PasInIHOM MOJIO0KEHUH U3MEPUTENS INIOTHOCTH OTOKA 3Hepruu OMII.

Kak BumHo wu3 pucynka 2 0e30macHOe paccTOosiHHE 10 OOKOBOM TpaHM pyropa
9KCIIEPUMEHTAJIbHOW YCTAaHOBKHM JJIsi KPaTKOBPEMEHHOIO HaxokJeHus nepcoHana (< 0,2 u 3a
pabouyro CMEeHy) Ha KOTOPOM HU3MEpPEHHbBIE MPEIEIBbHO JAOIMYCTUMbIE 3HAYEHUS IIOTHOCTH MOTOKA
SHEPrHH DIEKTPOMATHUTHOTO T10JIs He npeBbimaoT 1000 mxBm/cy’ Ipu pa3inyHOM MOJIOKEHUH
n3meputens OMII cocrasnser ~100 cm.

[Tomy4deHHbIe 3HAYCHUS TUIOTHOCTH MTOTOKA SHEPTUu (Tabnuna 2) mo3BoistoT mo ¢opmysne (1)
BBIUUCIIUTh MAaKCUMaJIbHOE BpeMsl MpeObIBaHUs pabodyero BOIM3M yCTaHOBKU 7. JIJsl mpenenbHOro
3HAYEHMsI DHEPreTUYECKOM dKcno3umu II=200 mxBm/cm’ - u. pacueTHble 3HAUEHUsS BpeMeHU T
MpeICTaBICHBI B TabuIe 3.

Taoauna 3 PacyeTHsle MakcuManbHble 3HaUeHUS! BpeMeHu 1 — npedbiBaHus paboyero Bosie CBY
CTAaHOBKH B 3aBUCUMOCTHU OT PacCTOSHUSI.

X, cm 30 40 50 60 70 80 90 100 110
T, mun 2 2 3 4 7 9 11 13 16

OueBunno, uyto ana CBY ycraHOBOK paccMaTpUBaeMOro THIIA C JPYrodl MOLIHOCTBIO
orpeaesieHue MUHUMAIBLHOTO O€30MacHOr0 PAaCCTOSIHUS M MAaKCUMAJIbHOTO BPEMEHHU NpeObIBaHUS
TEXHUUYECKOTO ME€PCOHAja JO0JKHO MPOBOAUTHCA IO MpeJlaraéMoi METOAUKE OTAEIBHO B KaXKJIOM
KOHKPETHOM CJIy4ae.

BriBOABI

1. B pesynbraTe NpOBEIECHHOIO HCCIEAOBaHHUS pazpaboTaHa METOAMKA OIpEaeIICHUs
0e30macHOil Ui TEXHUYECKOro mnepcoHana 30Hbl BOMM3u CBY ycTaHOBKHM [UIi MHTEHCHBHOTO
HarpeBa TIEePMETHU3MPYIOLIEr0 MaTepuaga AepOPMALMOHHOTO MIBa KECTKOTO a’pOJAPOMHOIO
NOKpbITUS B cooTBETCTBUM ¢ HOpMaMu CanlIuH 2.2.4.3359-16 «CanuTtapHO-311M€EMHOJIOTHYECKHUE
TpeOoBaHusA K GU3NUECKUM (paKTOpaM Ha pabOUHUX MECTax».

2. Jlns uccneayeMou SKCIIepUMEHTaIbHOW YCTAaHOBKHU OIIPEIEIeHbl MUHUMAJIbHBIA paguyc
0e30macHOi 30HbI JUISI BBIOJIHEHHS OTIepaliiii 3a BpeMsl, He IpeBblmatommee 12 yun 3a cmeny, — 100
CM, a TAaK)Ke MaKCUMAaJIbHBIN TIEPHOJT KPAaTKOBPEMEHHOTO PeOBIBaHMSI 00CITY>KUBAIOIIIEr0 IepcoHaa
BOJIM3M YCTaHOBKU (Ha paccTostHuu 50 cm) — 3 mun.
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OCOBEHHOCTHU UH®PAKPACHO-KOHBEKTUBHOI CYILIKH BAPOYHOI'O
OCTATKA PBIBHOTO ’KEJIATHUHA TIPH ITPOM3BOJCTBE KOPMOBOI1
MPOAYKLUH
FEATURES OF INFRARED-CONVECTION DRYING OF FISH GELATIN COOKING
RESIDUE IN THE PRODUCTION OF FEED PRODUCTS

Huxounaii [laBnosu4 [Asiuenko*, FOpuii Asexcanapoud MakcuMeHKo* *,
Inyapa IlaBnosuu Jsiuenko***, Osecss Cepreesna SIkyoosa **
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Institute of medical materials, Russia, Moscow

Annomayus: BeiOpan u 000CHOBaH MeTOJ MH()PAKPACHO-KOHBEKTUBHOW CYIIKU BapOYHOTO
ocTaTrka pbIOHOTO JKeJaTUHA MPU MPOU3BOJCTBE KOPMOBOW MPOAYKLUHUH. YCTaHOBJICHO, YTO CYLIKY
NPOJYKTa I1eJeCO00pa3HO OCYIIECTBIATH (hOPME CIIOSl, TPEABAPUTEIBLHO JUCIIEPTHPOBAHHOTO JI0
pa3mepa yacTuil MeHee | MM, IpH JBYCTOPOHHEM HH(PPAKPACHOM DHEPrONOBOAEC C MOCIIEAYOIUM
BBEJICHUEM B IMPOIIECC KOHBEKTHBHOTO SHEProONOJBOJA C LENbI0 TOAJACPKAHHUS TEMIIEPaTyphI
npoaykTa B mporecce cymku He Oonee 373 K. BrlOpaHHBI METON CYIIKH MPU aHAJOTUYHBIX
YCJIOBUSIX MPOBEICHHS TpOLiecca B CPABHEHUHU C KOHBEKTHBHOMW CYIIKOW oOecreynBaeT 0osee yem
ABYKpaTHOE (sl HATUBHOTO MPOAYKTa) M OoJiee 4eM MATHKPATHOE (Uil JUCIIEPTHPOBAHHOIO)
YBEJIHMYCHUE MTPOM3BOUTEIILHOCTH NPOLIECCa TP CYIIECTBEHHOM COKPAIICHUH SHEPro3arpar.

Abstract: The method of infrared-convective drying of the cooking residue of fish gelatin in
the production of feed products has been selected and justified. It has been established that it is
advisable to dry the product in the form of a layer, pre-dispersed to a particle size of less than 1 mm,
with double-sided infrared energy supply, followed by the introduction of convective energy supply
into the process in order to maintain the temperature of the product during the drying process no more
than 373 K. The selected drying method under similar process conditions in comparison with
convective drying provides a more than twofold (for native product) and more than fivefold (for
dispersed) increase in process productivity with a significant reduction in energy costs.

Kntouegvie cnosa: cyuika, BapOYHBI OCTaTOK, JKEJIAaTHH, WH(PPAKPACHBIH SHEPronoaBo/,
MHTEHCUBHOCTB, OTXOJIbI phIOOTIEPEpabOTKH, KOPMOBBIE MTPOIYKTHI.

Keywords: drying, remainder of cooking, gelatin, infrared energy supply, intensity, fish
processing waste, feed products.

VYeroiiunMBoe  pa3BUTHE OTEUECTBEHHOM pblOOnepepadaThiBaOmeil  MPOMBIIIIICHHOCTH
HY)KJA€TCsl B CO3/laHUM U BHEAPEHUU COBPEMEHHBIX TEXHOJOTMYECKUX PEILIECHUH, B TOM YHUCIIE
HalpaBJICHHBIX Ha pecypcocOepekeHHe M COKpAIleHHWE OTXOIOB Mpou3BoACTBAa. CoBpeMeHHas
pBIOHAS IPOMBIIIICHHOCTh OPUEHTHUPOBAHA HA MPOU3BOJICTBO MPOAYKIUH M3 Pa3IeaHHON PHIOBI.
HecpenobHast n mocTymnaromas B OTXOAbI YacTh OT OOIIEH MacChl ChIPbsl YACTUKOBBIX M MPYIOBBIX
BUJIOB PBIO (B TOM YMCIe KOCTH, KOXKA, IJIaBaTEJIbHBIEC MY3bIPU U Yelllys), B 3aBUCUMOCTH OT B/
pBIO, cocTaBsiet nopsaka ot 33,7 1o 47,0 % (B 3aBUCUMOCTH OT BUA PbIOBI) [ 1] 1 IBIsIETCS 1IEHHBIM
KOJTAar€HCOAEPIKAIIMM ChIPhEM — UCTOUHUKOM IOJTyUEHHs PIOHOTO JKelaTHHA.

B Hacrosiiee Bpems OTEUECTBEHHBIMH HCCIIEIOBATENIIMU AKTUBHO pa3palaTbIBalOTCA H
Pa3BUBAIOTCS PA3JIMYHbIE CHOCOOBI MOMYUYCHHs KeJaThHa W3 OTXOJO0B NepepaldoTku phiOwI [2, 3].
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BwMmecre ¢ Tem g obecrieueHust 6€30TX0MHOTO MTPOU3BOACTBAa HEOOX0AUMA peaTu3alys MPOLECCOB,
IPU KOTOPBIX palMOHAJIBHO, HAy4YHO OOOCHOBAHO W MOJHOCTBIO HCIIOJIB3YIOTCS BCE IOJIE3HBIC
KOMIIOHEHTBI ~ ChbIpbi. B dYacTHOCTH, aHajaM3 BapOYHOIO OCTarka pPHIOHOTO JKEJNaTHHA,
IIPUTOTOBJIEHHOTO M3 YEIIyH IMPOMBICIOBBIX (YaCTUKOBBIX) M MHPYHAOBBIX pbIO [2] mokaszai, 4To
IPOIYKT UMEET B CBOEM COCTaBe OOJBIIOE KOJIMYECTBO MHUHEPAIBHBIX M OEJIKOBBIX BEIIECTB, YTO
00yCIJIOBIIMBAET €ro MUTATENHOCTh M obecneyeHne (U3UOIOrMYECKUX MOTPEeOHOCTEH OopraHnzMa
JKUBOTHBIX, M, COOTBETCTBEHHO, IMEPCIEKTUBHOCTh €r0 HCIOJIb30BaHHUS B KaueCTBE KOPMOBOTO
MPOIYKTa ISl CEJIbCKOXO35IICTBEHHBIX JKUBOTHBIX.

OcHOBHBIM U Haubosiee HHEPrOEMKHM TEXHOJOTHYECKUM IPOLECCOM MPOU3BOJCTBA
YKa3aHHOTO MPOJYKTa SABJSETCS MPOLIECC BIaroyiajieHus, OT crnocoda peaar3alyi KOTOPOro 3aBUCUT
Ka4eCTBO KOPMOBOM IPOIYKIIMH, a TAK)KE SIHEPrOEMKOCTH Ipouecca [4, 5].

Lenpto HACTOSIIUX HCCIETOBAHUHN SIBIISUICS BBIOOP M 0OOCHOBAaHUE PALMOHAIBHOTO METO/a
CYLIKH BapOYHOT'O OCTaTKa phIOHOIO XelaTHHA (fajee — MPOAYKT, MaTepHral) U3 YeUlyu pblObl Ipu
MIPOM3BOJICTBE KOPMOBOM MPOAYKIIUH.

Jlnst BBIOOpa 1 000CHOBAHUS METOJ1a CYIIKHU ((hOPMBI M1 KOHCUCTEHIIMHU MPOJYKTA, €ro MM01a4H
B CYIIWIBHYIO KaMepy, SHEpronoBoJia 1 T.Jl.) aBTOPOM C UCIIOJIb30BAHUEM JINTEPATYPHBIX JaHHBIX
[4] npoBedcH psi MOUCKOBBIX SKCIEPUMEHTAJIBHBIX MCCIEAOBAHUN IIPOLIECCOB CYIIKH OCalKa
JKEJIATUHOBOT'O 3KCTPAKTa M3 OTXOJO0B phIOONepepabOTKH (Yelrysi MPOMBICIOBBIX (YACTUKOBBIX) H
IPYAOBBIX PbIO: ca3aH, Oenblii amyp, Kapil, TOJICTOJIIOOUK) [2] ¢ MCHOIb30BaHUEM JIAOOPATOPHOTO
obopynoBanus kadenpsl « TexHogorndaeckne MamHbl U obopynoBanue» O@I'OY BIIO AT'TY.

Crenyer OTMETUTh, YTO HATHUBHBIA MPOAYKT MPEACTaBIAET COO0H COBOKYIHOCTh BIIAXKHBIX
MaKpOCKOIMMYECKUX YacTHUI] (IUCIEPCHYIO CUCTEMY) — TOHKHUX, 1€(OPMHUPOBAHHBIX (CKPYUEHHBIX,
COTHYTBIX, 3arHYThIX) INIACTUHOK pa3MepoM (YCIOBHBIM AMaMeTpoM) oT 3 10 20 MM.

Paznuunas gopma u pasmepsl 4acTHIl, B TOM YHUCJIE IMPOKUHN UANa30H BapbUPOBAHHS UX
pa3mMepoB, OOYCIIOBIMBAIOT HEOOXOJUMOCTh TNPUBEACHUS TNPOIYKTa K COCTOSHHIO Hauboiee
OMM3KOMY K H30TPOIHOMY, YTO MOXHO JIOOUThCA TMyTeM ApoOJeHHs (IUCTIEPTUPOBAHUS)
npoayTa. MI3BeCTHO, UYTO JIUCHEPTUpPOBAaHUE T[IO3BOJIAET YBEIMYUTH IUIOLIA[b IOBEPXHOCTU
TEIIOMAacCOOOMEHA U, TEM CaMbIM HHTEHCU(UIIMPOBATH MPOLIECC CYUIKH, T.€. YeM MEHBbIIIE YaCTHIIbI,
TeM OO0JIbIlIe TOBEPXHOCTh TEIIOMAacCOOOMEHa, TEM HHTEHCUBHEE MPOIecC CYIIKH [4, 5].

Hcxons u3 pe3yibTaToB aHANM3a BIMSHUSA pa3Mepa YacTHUIl Ha 3HaYeHHE KodpQHIMeHTa
TEIUIOOTAAYH PA3IMYHBIX MAaTEpPHAJIOB B ICEBIOOXKIDKEHHOM CJIO€, CIEAyeT YTO MaKCHMAallbHbIE
3Ha4YeHus K03 uimenTa Tenao0TIaun JOCTUratoTCs pu pa3mepax yactui ot 0,5 1o 1 Mm.

HaTuBHbII mpoayKT ¢ coaepkaHueMm cyxux BemecTB C=0,5 KI/Kr AMCHEprHpOBaIN B
nabopatopaom 6nennepe Tuna HM100. B pe3ynbTare n3MenbyeHHbIH 10 YacTULl pa3MepoM | MM H
MEHee MaTepua MPeACTaBiIsIeT COOOW pacChIMUaTyl0 MEIKOJUCIIEPCHYIO U JIETKO KOMKYIOLIYIOCS
Maccy, COOTBETCTBEHHO, HE TPUTOTHYO [ pACTIbUINTENIEHON CYIIKU U CYIIIKH B IICEBI00KIKEHHOM
clI0€.

IIpu ¢dopmoBanum mTpanr u3 MaTepuasia (BbIJABIMBAHUEM uepe3 (QHUIbEpbl H
SKCTPYIMpPOBAaHHEM) HaAOIMIOAaNach HMX HECTaOWJIBHOCTh M HMHTEHCHBHOE CaMOpa3pyLICHHE
(BcIydnBaHUe), 4YTO CKOpee BCEro 00yCIOBIUBACTCA BOCCTaHOBICHHEM (POPMBI 1e(hOpMUPOBAHHBIX
npu (OpMOBAaHUM YaCTUIl U cinaboi ux anresueid. CTaOMWIBHOCTH IITPAHTOB JOCTUTANACh ITyTEM
YBEJIUYEHUS BIAXKHOCTU MaTepualia, 4To He LenecoodpasHo. [Ipy HaHeceHUH MaTepHaia HachIIoM
Ha POBHYIO pabouy10 MOBEPXHOCTh CYIIMIKH BOSHUKAJIH CII0KHOCTH C 00ECIIeYeHUEM PABHOMEPHOTO
CIIOS: BCJIEJCTBME KOMKOBaHHMs Marepuaja JOCTHXKEHHE PAaBHOMEPHOCTH CJIOS  SIBIISJIOCH
TPYJAHOOCYILIECTBUMOM 3aadeil. Kpome Toro, mpu KOHBEKTUBHON CYIIKE YaCTULIbI MaTepHala JIETKO
YHOCHJTUCBH C TIOBEPXHOCTH CJIOSI TEIUIOAr€HTOM, IIPU BBICOKUX CKOPOCTSIX TEIUI0areHTa HaboJanoch
HapyIIeHHE HEJIOCTHOCTHU CIIOSL.

ITpoBeseH psi ONBITOB IO MH(PPAKPACHOM CYIIKE MaTepUala C UCIOIb30BAHUEM CYIIMIBHOM
ycraHoBku «lIIporpecc». B pesynbTare ycTaHOBIEHAa CpPaBHUTEIBHO BBICOKAs yJelbHas
WHTEHCUBHOCTH TPOIECCa, BMECTE C TeM Mpu meperpeBe Marepuana 6onee 373 K nabmomanock
M3MEHEHHE ero I[BeTa 00pa3iia (Co CBETIO-CEPOro Ha KEJITHIN) U ero JIOKaJIbHOE Moropanue. B csa3u
C 4eM TeMIlepaTypy MaTepuaja B IPOLECCEe CYIIKH IeJIecoo0pa3HO MOJIepKUBaTh He Ooiee
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yKa3aHHOTO (TIOPOrOBOr0) 3HAYEHMS, YTO MOXKHO OOECIEYHUTh: a) YMEHBIICHHEM IUIOTHOCTU
TEIUIOBOTO TIOTOKAa WH(PAKPACHOTO W3Iy4deHHs, 0) BBEICHHEM B TIPOIECC KOHBEKTUBHOTO
sHepronoaBoaa. [Ipy 3ToM SMOUpPUYECKM YCTAHOBICHO, YTO MPUMEHEHHE OCHIUIMPYIOLINX
PEKUMOB CYIIKH IOCPEACTBOM IEPUOJUYECKOT0 OTKIIOUEHHUS H3JIydaresied IO JIOCTHKECHHUIO
[IOPOTOBOTO 3HAYCHMS TEMIIEpPAaTyphl NpU OOE3BOKMBAHMM HCCIEIYEMOTO HE TEPMOIAOMIBHOTO
IPOAYKTa HElesIeco00pa3Ho, MOCKOJIBKY MPUBOJUT K 3aMEJIEHUIO MHTEHCUBHOCTH TIpoIiecca.

CoKpaTuTh IUIOTHOCTH TEIUIOBOTO IOTOKA B IPOLIECCE CYHIKHM BO3MOXHO JIMOO IyTeM
CHIDKEHHSI T10/1aBa€MOT0 HAIpPSDKEHHsT Ha MH(QPAaKpacHBIM U3JIydarenb, JUOO0 MyTeM YBEJIWYCHUS
paccTosiHUS MEXIy H3ly4yaTteaeM M npoaykroM. OJHAaKo TpU CHIKEHMM I[10JJaBaeMOro Ha
uH(paKkpacHbll u3my4arenb HanpsbkeHus cHikaetcs KIIJ wsmywarens [4], a mocTemeHHoe
YBEIUYEHUE PACCTOSHUS MEXIY H3IydyaTeleM M MPOIYyKTOM TpeOyeT OCHAIIEHUS CYUIMJIbHOU
YCTQHOBKHM yCTPOHCTBOM TEpEMELICHHUS U3Iydareield, YTO CYHIECTBEHHO YCIOXHAET ¢
KOHCTPYKIIHIO.

Taxum 00pa3oM, yUUThIBasA, UTO BBEACHUE B MTPOLIECC HHPPAKPACHOM CYIIKHM KOHBEKTUBHOTO
HHEPromnojBoJa MO3BOJSAET CTAOMIN3UPOBATh TEMIIEPATYyPy BHICYIIIMBAEMOTrO CIIOSI HA YpOBHE, HE
MPEBBIIIAIONIEM TEMIEPATYPYy €ro JAECTPYKUHUH [6], B KAUECTBE PALMOHAIBLHOTO METOJIa CYIIKH
UCCIIEYEMOT0 IIPOTyKTa BEIOPAH CIIEIYIOLIHIA:

- U3MEJIbYUTH HATUBHBIN MPOIYKT J0 MOJTYYECHHUS YaCTH pazMepoM He Oonee 1 Mm;

- YIUIOTHUTHh W3MEJIbUCHHBIN MPOAYKT 1O IMOJyYEHHs CJIOS ONpPEICNCHHON IJIOTHOCTH WU
TOJIIIMHBI, 00ECTIEYNBAIOIIEH MaKCUMAIbHYI0 MHTEHCUBHOCTD IIPOIIECCa;

- OCYIIECTBUTHh CYUIKY CJIOSI TpU JIBYCTOPOHHEM HH(PAKpPAaCHOM SHEProIoJBOJIE C
MOCTICIYIOIIUM BBEJICHUEM B IPOLECC KOHBEKTUBHOI'O HSHEPromojBOJA C LENbIO IMOIJCpPKAHUSA
TeMIepaTypbl IPOAYKTa B Ipouecce cyiku He 6onee 373 K.

B tabnune 1 npencraBieHbl pe3ynbTaThl CPABHUTEILHOTO UCCIIEOBAHUS MPOLIECCOB CYIIKH
HaTMBHOTO M JUCIIEPTUPOBAHHOI'O BaPOYHOT'O OCTaTKa PHIOHOTO JKEJaTHHA B CJIOE TOJIIIMHOHN /i =
0,006 M c HCHOIB30BAHMEM BBHIOPAHHOTO METOJa, a TaKkKe NpPU OOBEMHOM KOHBEKTUBHOM
sHepromnoaBoje (HarperbiM 10 403 K Bosmyxom co ckopocteio V' = 3 wm/c). B pesynbrare
YCTAQHOBJICHO, YTO BBIOPAHHBIM METOJ CYIIKH (IIPH IUIOTHOCTHU MAJAIONIET0 C OJHOM CTOPOHBI CIOs
TEIUIOBOTO MOTOKa mopsiaka £ = 3 kB1/M?) npy aHaJIOrWYHBIX YCIOBUSX MPOBEAEHUS MPOLECCa, B
TOM YHCJIE TeMIepaType NpoJyKTa, obecrednBaeT Oosiee 4YeM JABYKpaTHOE ([UIi HATUBHOTO
npoaykra) u Oojiee 4eM MATUKpaTHOE (Ui JTUCIEPTHPOBAHHOIO) YBEIHUYEHHE YICIbHOU
MIPOM3BOIUTENLHOCTH MPOLIECCa MPU CYIIECTBEHHOM COKpAIlEHUH YAEIbHBIX YHEPro3aTpart.

Ta6immuma 1 — Pe3ynbraThl CpaBHUTENBHOTO HCCIEAOBAaHUS MPOIECCOB HH(ppakpacHO-
KOHBEKTHBHOW U KOHBEKTHBHOH CYIIKM HATHBHOTO W JUCTIIEPTHPOBAHHOTO BAPOYHOTO OCTaTKa
BIOHOIO KeJIaTUHA

Meron cymku [Iponyxr VYV nenbHas Y ienbHbIEC SHEPro3aTpaThl
IIPOM3BOJUTENBHOCTh | Ha pPeaju3alulo Ipolecca
npouecca, G, Kr/(m> ) B OTHOLIEHUH CyXOI'0

npoxykra, Q, KBT/(kr?-u)

Hartupnrb1i 7,20 4,53
Hndpakpacho-
KOHBEKTHBHA JucnieprupoBaHHbIN 11,51 3,17
Hartupnrb1i 2,99 7,52
KonBekTuBHas

JucnieprupoBaHHbIN 2,01 11,09
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BriBOABI

BeiOpan u o0GocHOBaH MeTOA HH(PAKPACHO-KOHBEKTHBHOM CYIIKM BapOYHOIO OCTaTKa
pPBIOHOTO KeJIaTWHa MpPHU TPOU3BOACTBE KOPMOBOM MPOAYKIHUH, YCTAHOBJICHBI OCOOCHHOCTH
nporecca. Bmecte ¢ Tem, Ui pa3pabOTKU PalMOHAIBHOTO CIIOCO0a CYIIKM BapOYHOTO OCTAaTKA U
COOTBETCTBYIOLIETO CYIIMJIBHOTO armapaTa HEoOXOAMMO TEOPETHYECKOE M IKCIEPUMEHTAIbHOE
UCCIIEZIOBAaHUE BCEX KIJIACCHYECKHMX ATANOB M3yUYEHHs MpOLEecca CYIIKH B OTHOLICHHM YKa3aHHOTO
npoaykra. B Tom yucie Heo6X0IUMO U3yueHHe KOMIUIEKca TeIIo(pU3nIecKiX, TMIPOCKOMUYECKUX,
CTPYKTYPHO-MEXaHUYECKHUX, AUCIEPCHBIX U TEPMOPAJAMALMOHHBIX XaAPAKTEPUCTHK, CTATUKU U
KUHETHKH IPOoLecca CYIIKH, a TAK)Ke MOJSIIMPOBAaHUE TEINIOMACCONIEPEHOCA MIPU CYILIKE MPOIYKTA.
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HOJIHUITHAKOBOM CTAJIM GCR15
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Abstract: This study addresses the wear, plastic deformation, and cracking that can adversely
affect the lifespan of GCr15 bearing steel under high-speed impact and thermal fatigue, by proposing
a strengthening treatment using a PTFE microparticle composite co-deposition process based on Ni-
P basic plating technology. The design scheme for the PTFE microparticle composite co-deposition
process of GCrl5 bearing steel was established by analyzing the chemical reaction process of
electroless plating, the structure and properties of PTFE, the basic principle of microparticle
composite co-deposition, as well as the mechanism of coating formation. The orthogonal experiment
optimized the Ni-P basic plating process parameters and determined the best process conditions.
Besides, the PTFE microparticle composite co-deposition process was further optimized, and its
strengthening effect was verified by electrochemical corrosion resistance and friction-wear property
tests. The results show that after PTFE microparticle composite co-deposition treatment, the corrosion
resistance of the composite coating is significantly enhanced, and its chemical stability and wear
resistance are also markedly improved. This research provides an effective method for the surface
strengthening technology of GCrl5 bearing steel, and it holds significant implications for the
enhancement of yarn quality and business economic efficiency.

Annomayus: B 3TOM HCCIEIOBAaHMM PACCMATPUBAIOTCS BOMPOCHI M3HOCA, IIACTHMYECKON
negopManu U pPacTPECKUBAHMs, KOTOPble MOTYT OTPHULATENFHO MOBIHATH HAa CPOK CIIY>KOBI
noamnnHUKoBor ctanu GCrl5 mpu BBICOKOCKOPOCTHOM yJape U TEPMUYECKOM YCTaJIOCTH, IIyTEM
NPEUIOKEHUS YIPOUHsIoLIed 00pabOoTKH ¢ MCHOJB30BAHMUEM IPOLIECCA COBMECTHOTO HAHECEHUS
Kommno3suta ¢ Mukpoyacturamu IIT®D Ha ocHoBe 6a30Boro Ni-P TeXHOIOrHN HaHECEHUS TOKPBITHS.
Pacuernas cxema mponecca COBMECTHOI'O HAaHECEHHUs KOMIO3UTa ¢ Mukpodactunamu [ITOD nHa
noamunHuKoByto cranbk GCrl5 Oblna co3maHa MyTeM aHajiu3a Hpolecca XMMUYECKOH peakiuu
XMMHUYECKOTO HAHECEHUs IOKPBITUSA, CTPYKTypsl M cBoicTB IIT®DD, ocHoOBHOro mnpuHuIMIA
COBMECTHOT'O HAHECEHHs] KOMIIO3UTa C MHUKPOYACTUIIAMH, a TaKKe MeXaHu3Ma (OPMHPOBAHUS
NOKpBITUs. OpPTOrOHAJBHBIN AKCIEPUMEHT ONTHMHU3UPOBAT OCHOBHBIE IapameTphl Ipolecca
HaHeceHus MOKpbITHS Ni-P 1 ompenenun Hawityunme yciaoBus mpouecca. Kpome toro, mporece
COBMECTHOTO HAaHECEHHs KoMIo3uTa ¢ MukpodacturamMu [ITOD Okl AOMOIHUTENHHO
ONTUMHM3UPOBAH, a €ro YHIPOUYHAIOWUN APPeKT ObUl TOATBEPXKICH HCHBITAHUAMHU HA
AJIEKTPOXUMHUYECKYI0 KOPPO3HOHHYIO CTOMKOCTh M CBOMCTBAa (DPUKIIMOHHOTO M3HOCA. Pe3ynbraThl
MOKa3bIBAIOT, YTO IIOCJIE COBMECTHOM OOpabOTKM MOCPEICTBOM KOMIIO3UTHOTO HAHECEHUs
Mukpouactul] [IT®D koppo3noHHass CTOMKOCTb KOMIIO3UTHOI'O IIOKPBITUSI 3HAYUTEIBHO
MIOBBIIIACTCS, @ TAKXKE 3aMETHO YIIYyYIIAIOTCA €r0 XUMHUYECKas CTaOMIIbHOCTh M U3HOCOCTOMWKOCTb.
JlaHHOE MccieI0BaHuEe ONMUCHIBACT A (EKTUBHBIN METO]] TEXHOJIOTUH TOBEPXHOCTHOT'O YIIPOYHEHUS
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noamunHuKoBol ctamu GCrl5 m uMmeer BakHOE 3HAYEHHWE ISl MOBBIIMICHUS KayecTBa CTAIN U
HKOHOMHYECKON 3P PEKTUBHOCTH OM3HECA.

Keywords: GCrl5 Bearing Steel, Steel Collar, PTFE Microparticle Composite Co-deposition,
Coating, Wear Resistance

KroueBrle cnoBa: moamunHukoBas ctajib GCrl5, cranpHas MaHKeTa, HAHSCCHUE KOMIIO3UTA
¢ mukpodacturamu IITOD, nokpeiTne, U3HOCOCTOUKOCTD.

1 Introduction

The development of China's emerging industries is constrained by high-end equipment, and
bearing steel is widely used in key areas such as mechanical engineering, aerospace, and
transportation’. However, the service life of bearing steel collars is relatively short and issues such as
plastic deformation and peeling occur, which impact industries such as the textile industry®.
Improving the surface hardness and wear resistance of bearing steel collars, and extending their
service life, is of significant importance for maintaining and increasing the production efficiency and
economic benefits of industries such as textiles’. Meanwhile, electroless plating, as an excellent
surface treatment method, is expected to combine the special functional properties of the coating with
the base material, promoting a broader application of electroless plating technology in the industry®.

Li Guoming and Liu Hongxi have respectively formed high hardness, wear-resistant surface
composite layers on aviation M50NiIL bearing steel and AISI 52100 bearing steel through methods
such as nitriding and carburizing duplex treatment, and PIIID ion implantation. Niroj Maharjan and
others carried out underwater laser hardening experiments, significantly improving the hardness of
the base material through underwater laser quenching, although the water layer increased surface
hardness, it reduced the area of the hardened zone®. Jiang Menghan and others carried out Ni-P-Al,O3
composite treatment on No. 20 steel’, preparing a coating with a smooth surface and a relatively dense
structure.

This study uses Ni-P-PTFE composite co-deposition technology for the surface strengthening
treatment of GC15 bearing steel. Compared to previous research that mainly focused on the wear
resistance and friction reduction properties of this technology in coatings’, this study emphasizes
exploring the impact of different amounts of surfactant on the properties of the coating.

2 Ni-P-PTFE Composite Coating Preparation Process

In this study, Compared the selection of PTFE powders and emulsions of different particle
sizes. The results showed that introducing PTFE powder into the plating solution would lead to a
large number of PTFE microparticles suspended on the surface of the plating solution, making it
difficult to form a uniform suspension’. Therefore, we chose to use a solid particle size of 200nm and
a solid content of 60%. Compared to micron-sized PTFE microparticles, nano-sized PTFE
microparticles can be deposited into the coating more effectively through electrostatic action, thus
giving the composite coating more excellent comprehensive properties. In the experimental
operation, we used a combination of magnetic force, ultrasonic waves, and surfactants for dispersion.
Specific steps include introducing surfactants into the PTFE emulsion, followed by 30 minutes of
ultrasonic dispersion. At the same time, during the plating process, the speed of magnetic stirring is
set reasonably to ensure that the nanoparticles are always suspended in the plating solution®. This
integrated dispersion method effectively improves the uniform dispersion of PTFE microparticles,
providing a reliable technical basis for the preparation of Ni-P-PTFE composite coatings.

3 Analysis of Ni-P-PTFE Surface Morphology and Microstructure

3.1 Surface Morphology of Ni-P-PTFE Composite Coating

Figures 1 show the morphology of Ni-P-PTFE composite coatings on the surface of GCr15
bearing steel at different PTFE emulsion concentrations. As can be seen from, while the content of
the surface-active agent remains constant, at a PTFE emulsion concentration of 4ml/L, the amount of
PTFE micro-particles deposited on the surface of the composite coating is significantly less, with
some of the deposited PTFE micro-particles distributed in a clustered manner.

Beginning with it is observed that when the concentration of PTFE emulsion in the plating
solution is 8ml/L, compared to 4ml/L, the amount of PTFE micro-particle deposition on the surface
of the composite coating significantly increases. The particles still partly cluster on the surface, with
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a denser degree of aggregation under this condition. In this case, the increased deposition of PTFE
micro-particles on the coating surface leads to a reduction in the number of micropores, forming a
dense structure with fine grains as they accumulate together.

When the concentration of PTFE emulsion in the plating solution is 12ml/L, as can be seen
from, the amount of PTFE micro-particle deposition on the surface of the composite coating
decreases. This is because, when the content of the surfactant is constant and the concentration of
PTFE emulsion exceeds a certain range, direct aggregation of PTFE micro-particles occurs.
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Figure 1 — Different Concentrations of PTFE Figure 2 — XRD Spectra of Ni-P-PTFE
Composite Coating

3.2 Microstructure of Ni-P-PTFE Composite Coating

shows the XRD spectra of Ni-P-PTFE composite coatings at different PTFE emulsion
concentrations. It can be observed from the figure that both the diffuse scattering peak of Ni and the
crystal peak of PTFE are present. As the concentration of PTFE emulsion increases, the diffraction
intensity of PTFE on the surface of the composite coating also increases’. At a PTFE emulsion
concentration of 8ml/L, the diffraction peak of PTFE micro-particles is the highest, indicating a
greater deposition of PTFE micro-particles on the surface of the composite coating.

4 Performance Analysis of Ni-P-PTFE Composite Coating

4.1 Electrochemical Performance Testing of Ni-P-PTFE Composite Coating

In this experiment, an electrochemical workstation was used to test the corrosion resistance
of the coatings, and to study their Tafel polarization curves and electrochemical impedance spectra.
The experimental procedure is as follows: a 3.5% NaCl solution was used as the corrosive medium,
and corrosion resistance tests were then conducted separately on the substrate sample, Ni-P coating
sample, and Ni-P-PTFE composite coating sample, with the test sample area being 1x1 cm.

Fig 3(a) displays the Tafel polarization curves for three different samples (substrate, Ni-P
coating, and Ni-P-PTFE composite coating).

Fig 3(b) shows the results of the electrochemical impedance tests conducted on different
samples. Compared to the substrate, both the Ni-P coating and Ni-P-PTFE composite coating exhibit
an increased capacitive reactance arc radius, with the Ni-P-PTFE composite coating having the largest
radius.
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Figure 3— Performance testing curve of Different Coatings

4.2 Friction and Wear Performance Analysis of Ni-P-PTFE Composite Coating

This experiment simulated the working environment of the steel collar, and friction
and wear tests were conducted separately on the GCrl15 bearing steel substrate sample, Ni-
P coating sample, Ni-P-PTFE composite coating sample, and a GCrl5 standard steel ball
with a diameter of 10mm°.The experimental results show that under different optimized
process conditions, the wear resistance of GCrl5 bearing steel is ranked as follows: Ni-P-
PTFE composite coating, Ni-P coating, no treatment. Through energy spectrum experiments,
electrochemical experiments, and friction and wear experiments, we found that the PTFE
microparticle composite co-deposition process can significantly improve the surface
properties of GCrl5 bearing steel, providing a reference for enterprises to enhance the
surface properties of steel collar.

S Conclusion

This article mainly studies the common problems of fatigue wear, cracks, and
corrosion encountered in the use of steel collars, as well as the inadequacies of surface
strengthening treatments. Through the research on the PTFE composite co-deposition
process and performance of GCrl5 bearing steel, the development of chemical plating
technology is explored, and the Ni-P-PTFE composite co-deposition strengthening method
is proposed. Friction and wear performance tests were conducted on GCrl5 bearing steel
samples with different treatments. The results show that the performance of PTFE
microparticle composite co-deposition samples is superior to that of Ni-P coating samples
and untreated samples. The average friction coefficient of the Ni-P-PTFE composite coating
fluctuates around 0.3. The surface wear scar width is 794um, and the depth is 1.58um.

Finally, the performance of GCrl5 samples, Ni-P base coating, and PTFE
microparticle composite co-deposition treatments are analyzed. The study finds that the
PTFE microparticle composite co-deposition process can significantly improve the structure
of the Ni-P base coating, enhance the chemical stability, corrosion resistance, and wear
resistance of the coating while reducing the friction coefficient.
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3AKOHOMEPHOCTHU KAITMJIJIAPHBIX ITPOIECCOB B ITIOPUCTBIX
BOJIOKHUCTBIX MATEPUAJIAX
REGULARITIES OF CAPILLARY PROCESSES IN POROUS FIBER MATERIALS

Jleonnn UBanosuy Kmaxkun, Hukonait Muxaitaosuu llapnap
Leonid I. Zhmakin, Nikolai M. Sharpar
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Annomayus: JlaHHas cTaThs TPEJCTABISET PE3YJbTaThl HMCCIEIOBaHMUSA KaNMWJUIIPHBIX
IPOIIECCOB B MOPHUCTBIX MaTepuasiaX, BKJIIOYash TEKCTWUJIb, HUTH M BOJOKHA. ODKCIIEPUMEHTHI
OXBaTHIBAIOT BECh MPOIECC IPONUTKH, HAUWHAs C HAYaJbHON CTAMU U 3aKaHUYMBAasl yCTAaHOBJICHUEM
pPaBHOBECHSI, UTO MPEACTaBIACT cO0O0M 3HAUUTENBHOE JOMOJHEHHE K CYLIECTBYIOIIUM ONbITaM. B
CTaThe TAK)XXE€ PACCMOTPEHBI MOHATUS CPETHEro paauyca KPUBU3HBI MEHHCKA U THAPABINYECKOIO
panuyca KaHaljia, KOTOpbI€ TIO3BOJIAIOT 00JIee TOYHO aHAIM3UPOBATh KallMILISIPHBIEC TIPOIIECCHI.

Abstract: This paper presents the results of a study of capillary processes in porous materials
including textiles, yarns and fibers. The experiments cover the entire impregnation process from the
initial stage to the establishment of equilibrium, which represents a significant addition to existing
research. The paper also introduces concepts such as the mean radius of curvature of the meniscus
and the hydraulic radius of the channel, which allow for a more accurate analysis of capillary
processes.

Kniouesvie cnoéa: HUTH W BOJIOKHA, TEKCTHIIb, HPONMTKA, CPEAHUN pPaguyC KPUBHU3HBI,
TUAPABINYECKUN PAUYC.

Keywords: yarns and fibers, textiles, impregnation, mean radius of curvature, hydraulic radius.

HccenenoBanue KanWLISPHBIX SBJICHUM U IIPOLIECCOB INPOIMUTKUA B IOPUCTBIX MaTepHaliax
uMeeT 00JIbII0e TEXHUYECKOE M HAyYHOE 3HAYCHUE B PA3IIUYHBIX 00JIACTSX, BKIIOYAsl TEKCTHIBHYIO
IIPOMBILIEHHOCTh U MaTrepuayioBeneHue. IloHumaHue TOro, Kak >KMAKOCTb B3aUMOJEHCTBYET C
IIOPUCTBIMU CTPYKTYPaMU, UTPAET KIIOYEBYIO POJIb B IPOCKTUPOBAHUM U ONITUMHU3ALIMA MAaTEPUAJIOB
Y IIPOLECCOB.

B naHHOI cTaThe MpENCTaBICHbl PE3yIbTaThl IKCIIEPUMEHTOB, HAIIPABIICHHBIX HA U3y4YCHUE
KaIWUIIPHBIX IIPOLECCOB B HUTSX U IIOPUCTBIX MaTepuanax. PaccmarpuBaeTcs IBUKEHHUE KUAKOCTH
BHYTPH BOJIOKHUCTBIX MAaTEPUAJIOB, TAKUX KaK TKAHU U HUTH, U UCCIICA0BAHO BIUSHUE KAITUIUIIPHBIX
CHJI Ha 3TOT IPOLIECC.

Meroauka, onucaHHasi B CTaTbe, 103BOJISICT aHAJIM3UPOBATH NIPOLIECC IIPOIUTKYU OT Havyana u
JI0 YCTAHOBJICHUSI PABHOBECHUs, YTO SBJISICTCS BaXKHBIM OTIMYUEM OT NPEABIAYIIUX UCCIEIOBaHUM,
OrpaHUYMBABUIMXCS JIUIIb HAayaJlbHOW cTaguedl mnponutku. Takke B paboTe mpoBeaeH
CPAaBHUTEIbHBIN aHAIM3 MEXIy HEPACKPYYCHHbIMH U PACKpy4YE€HHBIMH 00paslamMu MpsDKH, YTO
[I03BOJISICT BBISIBUTH 3HAYUTENIbHBIC PA3IMYMS B MAKCUMAJIbHOW BBICOTE IOJABEMAa U CKOPOCTH
JBUYKEHUS BOJBI.

JIONIOJTHUTENBHO, B CTAaThe IIPEACTABIICHBI HOBBIC IOHATHS CPEAHETO paguyca KpUBHU3HBI
MEHHUCKAa W THUAPABIMYECKOrO0 paauyca KaHalla, KOTOpPbIE HIPAlOT BAXHYK pOJIb B aHAIU3E
KallWJUISIPHBIX TPOLIECCOB B MOPUCTHIX MaTepuanax. Taxke oObsICHEHO, KaK 3TH BETUYHUHBI MOTYT
OBITh HCHOJB30BAHBI A 00jee TOYHOrO MOHUMAHMS B3aUMOJEHCTBHS KHUJIKOCTH C MOPHCTBIMU
CTPYKTYpaMHu.

B nmenom, pesyibTarbl HCCIENOBAaHUM IPENOCTABISIIOT LICHHBIE IIPAKTUYECKUE U
TEOPETUYECKHE CBEACHUS O KaNWUIAPHBIX Ipoleccax B MOPUCTBIX MaTepHajaXx U MOTYT OBbITh
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MOJIC3HBIMU  JUII HMHXXEHEPOB, paboTalomux B 00JacTH MaTepHANIOBEICHUS U TEKCTHIBHOU
IIPOMBIIIJIEHHOCTH.

HccnenoBanue NnpoueccoB NEPEMELIEHUS >KUIKOCTH BHYTPH BOJIOKHUCTBIX MaTE€pHaJIOB,
TaKMX KaK TKaHU, HUTH U BOJIOKHA, OKa3bIBAET 3HAUUTEIbHOE BIIMSHUE HA Pa3IMYHbIE TEXHUUECKHUE
o0siacTH. DTH ABJICHHUS, CBA3aHHBIC C KAMIIIIPHBIMU CUJIAMH, TIPEJICTABIIAIOT OOJIBIION HHTEpEC s
MHOTHX HPAaKTUYECKUX TMPHIOKEHHH. B 4acTHOCTH, 0COOEHHOCTH MepeHoca BIIAard BHYTPH 3THX
00BEKTOB, TaKUE KaK KalWUIAPHBIN MOIbEM JKUAKOCTH WK €€ BIUTHIBAHUE, YACTO UCCIIEAYIOTCS C
MCTIOJIb30BAHUEM YIPOLICHHONM MOJEIH, KOTOpas BKJIIOYAaeT B ce0sl BEPTUKAIbHBIA KpPyroBOH
LHWIMHIPUYECKUNA Kanwuislp. YpaBHEHME, ONMCHIBAIOLIEE JBMIKEHUE MXHUJIKOCTU BHYTPU 3TOIO
Kalujuispa, UMeeT cienyromui Bun [1-3]:

20cosf 8mx dx _0 i
r #2 dr per =" 1)
rre o - Ko3(pHUIMEHT MOBEPXHOCTHOTO HATSKEHMS, 7 - PaJuyC Kanmujusipa, € - KpaeBoiu
yroi, 77 - JIUHAMHUYECKasl BSI3KOCTb, O - IUIOTHOCTH XXHMJKOCTH, X - KOOpJAMHAaTa €€ MEHMCKa, T -
BpeMSL.

IlepBoe ciaraemoe B ypaBHeHMM (1) oTpakaeT BKJIaJ KaOWLIIPHOIO JABJIEHUS, BTOPOE
CJIara€Mo€ y4YMTHIBAET IIOTEPH AABJICHUS BCIEACTBHE BSA3KOIO TPEHUS, KOTOPBIE PACCUUTHIBAKOTCS C
ucnonb3oBanueM (opmynsl Ilyaseinsa [4], a TpeTbe ciiaraeMoe HpeACTaBIsIET THAPOCTATHUECKOE
nasienue. Pemenue ypaBHenus (1) MOXKHO MPEICTaBUTH B CIENyIONIeH (hopme:

r= 5’7 (hln U —xj, )
ropg\ hox

:2Jcos0 3

reg ©)

rze i - MakcuMallbHasi BBICOTA MOABEMA KUAKOCTH.

Korna ortnomenune x/h << 1, ruzmpocratudyeckoe IaBlI€HHE OKa3bIBA€T MHMHUMAJIbHOE
BO3/ICHUCTBUE HA CKOPOCTH XKHUJIKOCTH, U MIO3TOMY MOKHO IIPOMTHOPUPOBATH €ro BIUsHUE. B TakoM
ciryyae, hopmyia (2) MOXKeT OBbITh YIPOILEHA CIEIyIOIUM 00pa3oM:

x=cr (4)

rne ¢ =,/rocosd/(2n) )

B xoJie KCIeprMEHTOB, CBSI3aHHBIX C KAMWJULSIPHBIM MOABEMOM, HAOII0AaeTCs U3MEHEHUE
YPOBHS JKMJKOCTA BHYTPHU IPSKA WIM TKAHW, OJAUH KOHEL KOTOPBIX NOTPYXEH B KUIAKOCThb. B
KOHKPETHBIX HCCIICJIOBAHUSX, MPOBEACHHBIX B paboTe [5] W TMOCBSIICHHBIX BIHUTHIBAHUIO
OPraHUYECKHUX JKUJIKOCTEH MPsHKEH, DKCIEPUMEHTAIbHAS 3aBUCMMOCTh B HAYAJIBHOW CTaauu

SKCIepUMEHTa Oblla JTMHEeapu30BaHa Ha rpaduke, UCHOJIb3YysT KOOPAUHATHI X(\/; ), OIIMCaHHBIE B

ypaBHeHUH (4). 3aTeM, NmyTeM aHaju3a HAKIOHA ATOM JMHEHHOW 3aBUCHMOCTH, ONpEAEIsUICS
KodpduuueHT c. [Ipu U3BeCTHBIX (PU3MUECKUX XAPAKTEPUCTUKAX JKUAKOCTH U 3HAYEHUH KPAcBOTO
yria @, ¢ UCHOJIb30BaHUEM YpaBHEHUS (5), MOXKHO BBIYMCIUTD PAJUYC KaHUIApa 7.

Tem HEe MeHee, CIeAyeT OTMETUTh, YTO MPHU UCIOJIb30BAHUN MOJIENU Kalwuisipa B Gopme
KpYroBOr'0 LIWJIMHJPA MOITYYEHHOE 3HAUEHUE Palyca MOKET PACCMAaTPUBATBLCS CKOPEE KaK OLEHKa
nopsiika BenuuuHbl. Pu3udecku Oosee 0OOCHOBAHHBIM MOJXOJOM K ONUCAHHIO KAaNMUISIPHOU
MPOMUTKHA, KaK TPEICTaBICHO B pabore [6], SBISETCS HCIOJB30BAHHE DSHEPTreTUUECKUX
cooOpaxkenuii. CoriacHo 3To# Teopuu, paboTa, coBepiiaeMas KalWUIIPHBIMU CHJIaMH, HalpaBJeHa
Ha TPEOJI0JIEHUE CUJI BSI3KOTO TPEHUS

ocosF =Ap dV, (6)

rne F, V - moBepXHOCTh U 00BbEM KalHIUIIPOB, ApT- IIOTEPU AABJICHUS U3-3a TpeHus. [lorepu,

00yCJIOBJICHHBIE TPEHUEM, BBIUUCIISIOTCS C UCHOJIb30BaHueM 3akoHa Jlapcu [7, 8], u ans naHHOTO
00beKTa uccieaoBaHus KO3((GUIMEHT (QUIBTPALUU ONpPEEIeTCs Ha OCHOBE IPEIBAPUTEIbHBIX
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sKcriepuMenToB. IIpomsBomnas dF /d V' B naHHOM KOHTEKCTe MpENOCTaBISET HHPOPMALHIO 00
yJIeIbHOM MI0aay nop » (IMOBEPXHOCTH, 3aHUMAeMOM OpaMu) H, IPU U3BECTHON MOPUCTOCTUH &€

, IO3BOJIACT BBIYUCIIUTD YCIBbHYIO IJIOMAAb ITOBCPXHOCTHU TOPHUCTOTO o0BeKTa 7/T

dF
= —; = g 5 7
V=g e (7
VYpasaenue (6), yautsiBas (7), MOXKET ObITh IIEPETIHCAHO B CIEAYIONIEM BUIC
yocosf=Ap,, (8)

Pemenue nanHoro ypaBHeHus ¢ yderom 3akoHa lapcu [7 - 10] mpuBOIUT K MOSBICHUIO
COOTHOIIIEHHS, TOJJOOHOTO TOMY, YTO OMHUCAaHO B ypaBHEHUH (4). C TOMOMIBIO ATOTO COOTHOIICHHUS,
Ha OCHOBE 3KCIEPUMEHTAJIbHBIX JaHHBIX, MO>KHO OIIPEAEIUTH BEINYUHY ) .

ITpu paccMOTpEHUHU HUTEH U MPSHKU, T€ MOPBI MPEACTABISIIOT COO0W HeNpephIBHbIE KaHAbI,

HEoOX04MMO BHECTH Mojuukauuu B onpenencHue App, 4TOGbI y4ecTb OCOOCHHOCTH TaKOM

CTpyKTyphl. KpoMe Toro, ypaBHEHUsI IBIKEHUS, Kak omucaHo B (4) wiu (8), HE YYUTHIBAIOT CHII
uHepuuud. TakuM o00pazoM, BaXKHO MPOAHATM3UPOBATH BEIUYHMHY OTHX WHEPIHOHHBIX CHJI H
OMpEeNEIUTh IPAHULIBI, B MPEJIeTaX KOTOPhIX MOKHO UTHOPUPOBATh UX BO3JIEUCTBHE HA MPOLIECCH B
CUCTEME.

Pe3ynbrarhl 3KCIEPUMEHTOB, MPOBEACHHBIX IO MCCIEIOBAHUIO KAMWLISPHOTO MOJbeMa
Macen B uruisx [8], mokaszanu, 4To B OOJNBIIMHCTBE CIy4YaeB OIBITHBIE JaHHBIE MOTYT OBITh

OIIMCAHBI C UCIIONB30BAHAEM 3aBUCHMOCTH X = CT MPUHAJIEKALICH K TUITY CTeTIEeHHON (YHKINU.
[TokazaTtenb crerneHH 7 U KOIPOHUIMEHT HPOMOPLUOHATIBHOCTH ¢ OBLIM OIpEesIeHbl IyTeM
JMHEWHOTO TPEACTaBICHUS STOM 3aBUCUMOCTH B JOrapu(pMHUECKOM cucrteme KoopauHar. B
OOJIBLIIMHCTBE CIy4YaeB HAKJIOH JMHEWHOro Tpaduka n Mocje TaKoW JIMHeapu3aluu HaXOIWwics B
npeaenax 3nayenuit ot 0,41 o 0,50.

JUns u3ydeHus JBWXKCHUS BOABI BHYTPH XJIOMYAaTOOYMaXHBIX HUTEH, HaMu Oblia
UCIOJIb30BaHA YCTAaHOBKA, N300paskeHHast Ha pucyHke 1. B naHHO# ycTaHOBKE HUTH § yCTaHOBJIEHA
BEPTUKAJIBHO B CTEKJITHHON TpyOKe auameTpom 10 MM BoJib ee ocu. BepXxHuit KOHel HUTH HaJeKHO
3aKperuieH B BepxHel 3armymke 9. HikHuil KOHeI] HUTH MPOXOJUT CBOOOJHO uepe3 OTBEPCTHE B
3arnynike 6 U olyckaercs B BoAy 1, Haxondlyrocs B cocyae 4, KOTOPbIi T€PMETUUHO COEIUHEH C
TpyOKo# 7. JIns mpeaoTBpallleHus BpallleH!s: HUTH Ha €€ HU)KHEM KOHIIE YCTaHOBJICHbI PacIOpKH 3,
M3TOTOBJIEHHBIE U3 YIIPYTOH CTalbHON MPOBOJIOKU, KOTOPBIE IPUMBIKAIOT K CTEHKaM cocyza 5, uepes
CHELMAIbHOE KOJIBLIO 4, ylep)KUBasi UX HAa HEKOTOPOM pacCTOSHUM. B HIDKHeH wactu TpyOku 7
MOJKJIIOUYEHa EMKOCTE 2 C BOJOM.

Jlnst HaOIoACHUS 3a MOJI0XKEHUEM YPOBHS BOJBI B COCyAe, ObLI IPUMEHEH CIa0blii pacTBOP
XPOMOBOKHCIIOTO KaJIusl B KadecTBe KpacuTensi. Beibop aToro Tumna kpacutens 6b11 00yCIOBICH TEM,
YTO MPU €ro HCIOJIb30BAaHUH (POHTHI JABMKEHHS BOJBI M OKPACKU NMPAKTHYECKU COBMATAIOT IPU
KallWUIIPHOM BIUTBHIBAaHUHM. B oTiM4mMe OT JApPYrux KpacuTenei, rae HaOIofaeTcss 3aMeTHOE
OTCTaBaHUE (PPOHTA OKPACKHU OT (PPOHTA KUAKOCTH, ITOT XPOMOBOKHUCIIBINA KaIUH TO3BOJISIET TOUHEE
OIIPEAEIATH MOJI0KEHUE YPOBHS BOJBI.

Jlnis perucTpanyy TOJOXKEHUs (pPOHTA KHUIKOCTH BHYTPU HUTH ObUIa HCIIOJIB30BaHA
MuuinMerpoBas mkana 10. Ha HauanbHOM 3Tane SKCIEpUMEHTa BPEMs U3MEPSUIOCH C ITOMOIIBIO
CEKyHIOMEpa, a 3aTeM I[epeluio K HCIOoNIb30BaHMIO vacoB. [lepen Hawamom onbiTa
XJiomyaTodymMakHasi HUThH (Tpsika) Obljla aKKypaTHO pa3MelIeHa B yCTAHOBKE TakK, YTOObI €€ HUKHUN
KOHEeIl HE CONpHUKAacalicsi C ypoBHEM Bojabl B cocyzae 5. llpumepHo B TeueHHe CyTOK pabouee
IIPOCTPAHCTBO HACHIIAIOCH BJIAXHBIMH IapaMy Oyiarofapsi UCIAapeHUIO KUAKOCTH M3 cocyla 5 u
€MKOCTH 2. ITO MEPONPUATHE ITPOBOAMIOCH C LIEJIbIO MPEAOTBPATUTh UCIIAPEHUE BJIark U3 HUTU BO
BpeMs IPOBEACHUS dKcIiepuMeHTa. ONBIT HAUMHAJICS C MOMEHTA MOTPY’KEHUSI HU)KHETO KOHIIA HUTH
B BOJY.
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P HCYHOK 1 — Cxema YCTAaHOBKH AJId UCCICAOBAHUSA KAlTUJIJIAPHOIO MMOAbEMA BJIar' B HUTAX

DOKCIIEpUMEHT CUHUTAJICSl 3aBEPLICHHBIM B CIIydae, €ClIM MOJOXKEeHHE (PpOHTA KUIKOCTU
OCTaBaJIOCh HEHU3MEHHBIM B Te4eHHE CYTOK. OJMH U3 MPOBEJIEHHBIX OIBITOB BKJIKOYAI
IpeBapUTENIbHOE PACKPYUYMBaHUE HUTHU. J[71s 3TOM 1eH, K KOHILy HUTH ObLI MOABEIICH HeOOIbIION
Ipy3, OIPUMEPHO OKOJIO 2 rpaMMOB. PackpyuumBaHuME HUTH INPOJOJIKAIOCH A0 MOMEHTa, KOIza
KPYTHJIbHBIE KOJIEOaHUS TOTHOCTHIO YTHXIIH.

B skcnepuMeHTax ObUI OCYIIECTBJICH IMOJIHBIA aHAJIM3 IMPOLECcCca MPOIMUTKU - HAYMHASA C
MOMEHTA UHULIMALIMU U 10 YCTAHOBJIEHUS PaBHOBECUS. DTO OTIMYAET IIPOBEIECHHBIE UCCIEIOBAHNS
OT PACCMOTPEHHBIX B MPEALIECTBYIOMIUX PadOTaX, I7I€ aKLEHT AeJaJICs TOJIbKO Ha HAYaJIbHOW CTaAun
nporiecca MpOnUTKU. Pe3ynpTarhl Takux 0ojiee BCECTOPOHHHMX IKCIEPUMEHTOB IPEJICTABIICHBI Ha
pPHUCYHKE 2 B KOOpJIUHATAX, IJie X 0003HAUACT TEKyIlee 3HAYCHHE BBICOTHI (DPOHTA SKUKOCTH.

Ha stom 1 nocneayronmx rpagukax Touku, 0003HaYSHHbIE KakK | ¥ 2, IpeACTaBIsIOT JaHHbIE,
OoTHOcALIMECSs K oOpaslaMm HE IOJBEPrHYTOM pacKpyTKe MNpskKM, B TO BpeMs Kak TOYKH,
0003HAaYeHHbIE KaK 3, COOTBETCTBYIOT 0Opasily, MOJABEPTLIEMYCs IMPEIBAPUTEIBHON PACKPYTKE.
MaxkcumanbHast BbICOTa MOIBbEMA JKUIKOCTU /i U CKOPOCTh JIBWKEHMS BJIArd Uil 3TUX 00pasIoB
pa3InyaroTCs.

X, M

I I I | | |
0 1 2 3 4 5 6 7.07¢

Pucynok 2 — JIpmwkenune GpoHTa KUAKOCTH B XJIOMIATOOYMAXKHOU MpPsikKe
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Ha PUCYHKC 39T SKCHICPUMCHTAJIbHBIC JTaHHBIC ITPECACTABJICHBI B BUIC 3aBUCUMOCTH x(\/;),

KaK OIMCAaHO BbIMIE. DTO mpeoOpa3oBaHUE KOOpPAMWHAT ObUIO MCIOJB30BAHO AJIS JIMHEAPHU3ALUU
KpUBOW Ha HAYaJbHOM YYacTKe. Y HEpacKpPyUYECHHBIX O00pa3LoB MpsDKM HAOMIONANCS JOBOJIBHO
JUTMHHBIN JIMHEHHBIN y4acTOK Ha rpaduke, B TO BpeMs KaK y pacKpy4eHHOIro 00pasia KpUBYIO MOKHO
CYMUTATh JINHEAPU30BAHHON JIUIIb B OTPAHUYCHHOM OKPECTHOCTU HayaJla KOOPAMHAT.

X, M
0,6
a
0,5- ad °F >
X X [e]
x X 8 o °
0.4 % o ©
o5
a
0,3+ ~
x x =1
0,2+ o -2
o —3
0,1
| | | | L l
0 200 400 600 800 J?,Cas

Pucynok 3 — KuneTrka npomuTKy XJI0M4aTo0yMasKHOM MPSHKU BOION

OKCIIEpUMEHTAJIbHBIE [aHHBIE, TOJIYYEHHBIE B HAIUX MCCIEAOBAHUAX, IPEIOCTABIISIIOT
BO3MO>XHOCTb IIPOBECTH aHAJIN3 BO3MOKHOCTH IIPUMEHEHMSI MOJIETN KPYTOBOTO LIUIMHIPHUYECKOIO
Kalujuisipa JUlsl ONMCaHUs MPOLIECCOB NMPONMTKH B pealbHbIX NOpUCTBIX MaTepuanax [10]. s
IIPOBEJICHUS] TAKOTO aHaJIM3a Mbl CPAaBHWIM PaJuyChl KalWIISPOB, BBIUMCICHHBIE HAa OCHOBE
MaKCUMAaJIbHOW BBICOTHI MOABEMA, UCIOJB3Ys ypaBHEeHUE (3), U Te, KOTOpbIe OBUIM MOJy4EHBI Ha

OCHOBE HAKJIOHAa HAa4aJIbHOTO JIMHEWHOIO y4yacTKa KpUBOH B KOOpAMHATax X \/; ) 1o (5). Kpaesoit
yron € Ui CUCTEMBI «BOJA — LEJUII0JIO3a» COCTABIISET HOJIb, U PacyeT Ha OCHOBE MaKCUMAaJbHOU

BBICOTHI [IOJbEMA J1aJl 3HAYECHUA PAJAUYCOB KalMIIIAPOB B IIpeAenax (2,68...3,19)- 107> m, Tora KaK

pacdeT Ha OCHOBE HaKJIOHA HAaYaJbHOI'O Y4YacTKa JaJl 3HAaUCHUS paJIuyCcoB (0,57 1,06)- 10~ m. D10
3HAYUTEIILHOE Pa3InYne MOACKA3bIBAET O TOM, YTO MOJEIL KPYTOBOTO LIUJIMHAPA, CKOPEES BCETO, HE
IPUMEHUMA IS OITMCAHNS KallUUIAPHOIO ABMKEHUS B PEAJIBHBIX [IOPUCTHIX MaTepHraax.

YCTaHOBUB 3HAYEHUE BEIWYMHBI € DPABHOW HYJIO, Mbl MOXEM IMEPENUCATh ypPaBHEHUE
newkenus (1) B cnenytomieit popme:

2 g, =l )

311ech BBOJATCA JBa BAYKHBIX MMOHATHUS JIJIsl KaHasa MIPOU3BOJILHON (DOPMBI CEUCHHS: CPETHHIMA

paauyCc KpMBU3HBI MEHHMCKA 'y ¥ IMIpaBIMYEeCKUi panuyc kaHana /. CHavana, cpeHuil paauyc

KPUBHU3HBI MEHHCKA ONPEENAeTCsS KaK CPeAHUNA pauyC KPUBU3HBI IIPU PAaBHOBECUH, YTO O3HAUACT,
YTO 3TO 3HAYCHHME XapaKTepU3yeT PAaBHOBECHE BHYTPU Kamujuisipa B mojie cuil TsokecTd. OH
paccUMTHIBAaeTCS HAa OCHOBE BBICOTHI MAaKCHUMAaJbHOTO TMOAbEMa >KMIKOCTU. BTopoe moHATHE,
THIPAaBINYECKUN paJuyc KaHaja, MpeacTaBiseT co0oil dopmanbHOE MpencTaBlieHHe MOTeph Ha
TPEHHUE uepe3 ruIPaBINdeCKUi paauyc KaHaja.

ITyrem npeoOpa3zoBanusi pemieHust ypaBHeHus (9) B ¢opmy (5), MOXKHO 3aMETUTh, UTO
MOJIyYeHHOE 3HAUYEHUE paJuyca IpeJICTaBlsieT cOoO0OW OTHOLICHHE MEXIYy CPEIHHM PpalnyCcoM

KPUBU3HbI MEHHUCKA U TUAPABIMYECKUM PaJMyCOM KaHajla r = rrz / r, (cMm. pucynok 3). Mcnonb3ys
cpeanee apudMeTHIECKOE 3HaYEHuE 7y, = 2,93 10°mu r= 0,83~10_7M, MOJKHO JIETKO BBIYUCIIUTH

TUAPABIMYECKUI paauyc r, =1,56- 1070w [11].
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BuiBOaBI

1.  HccnenoBaHue KanWUIPHBIX IIPOLECCOB B IOPUCTBIX MaTepHaiax, TaKUX Kak
TEKCTHJIb, HUTU U BOJIOKHA, UMEET Ba)KHOE TEXHUYECKOE M HAy4YHOE 3HaueHHUE. DKCIEPUMEHTHI
MO3BOJIMIM OoJiee TIyOOKO MOHATH B3aUMOACWUCTBUE JKUAKOCTH C MOPUCTBIMH CTPYKTYpamMH M
paccMOTpeTh ATH MPOILECCHl OT HAYAIBHOM CTaJUU IO YCTAHOBJICHUS PAaBHOBECHS, YTO PACHIMPSET
IPEJCTABICHUE O KAMJIISPHBIX SIBICHUSX.

2. CpaBHHUTENIBHBIA aHAIM3 MEXKIY HEPAaCKPYUEHHBIMH M PACKPYYEHHBIMH OOpaszLaMu
IPSDKU BBISIBUJI 3HAUUTENBHBIE Pa3IMyMsl B MAaKCUMaJIbHON BBICOTE MOABEMA )KUIKOCTU U CKOPOCTHU
JBIDKEHUST BOABL. DTH PE3yJIbTaThl MMOJAYEPKHUBAIOT BaXKHOCTh Y4YeTa CTPYKTYPHBIX OCOOCHHOCTEH
MaTepHAaJIOB IPH aHAJIN3E KAWLISPHBIX IPOLIECCOB.

3. BBeneHue NOHATHI CpeQHEro paauyca KPUBH3HBI MEHHCKAa W T'HJIPABIUYECKOTO
paznuyca KaHajla Ipe0CTaBUI0 HHCTPYMEHTHI 7Sl 00Jiee TOUHOW XapaKTEPUCTUKU B3aUMOICHCTBHSA
YKUJIKOCTH C TOPUCTBIMU CTPYKTYpPaMU. DTH BETUUYUHBI MOTYT OBITh ITOJIE3HBI IPH MPOESKTUPOBAHUH
Y ONTUMM3ALMN MaTepPHajIOB U MPOLIECCOB.

4.  Pe3ynbpTaThl UCCIIEOBAHUI MPEIOCTABISIOT LIEHHBIC MPAKTHYECKUE U TEOPETUUECKUE
CBEICHUS O KaNWUIAPHBIX IpoLeccax B IMOPUCTBIX MaTepuajgax. IJTH BBIBOABI MOTYT OBITh
IIPUMEHEHBI B PA3JIMYHBIX 001aCTAX, BKIIIOYasi TEKCTUIBHYIO IPOMBIIIJICHHOCTh, MATepHAJIOBEICHHE,
U CIIOCOOCTBOBATH JAJIbHEHIIIUM MCCIIEJOBAHUSAM B TJAHHOM 00JacTH.
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IKCTPAKIUA FE(IIT) TMAPOP®OBHBIM OBTEKTHYECKUM
PACTBOPUTEJIEM ATMII®K-MEHTOJI
EXTRACTION OF FE(III) BY BTMPPA-MENTHOL
HYDROPHOBIC EUTECTIC SOLVENT

HNuna BaagumupoBHa 3uHoBbeBa, FOus AnekceeBHa 3axoasieBa,
Amnapeii AnekceeBn4 Bomkun
Inna V. Zinov’eva, Yulia A. Zakhodyaeva, Andrey A. Voshkin

Hnemumym obweit u neopeanuyeckou xumuu um. H.C. Kypnaxoea PAH, Poccus, Mocksa
Kurnakov Institute of General and Inorganic Chemistry RAS, Russia, Moscow
(e-mail: iz@igic.ras.ru; yz@igic.ras.ru; voshkin@igic.ras.ru)

Annomayusn: BnepBbele u3ydeHa OdKcTpakius wuoHOB kenesa(lll) w3 pazbaBneHHBIX
XJIOPUIHBIX pacTBOpOB ruipohoOHBIM HBTEKTUYECKHM pacTBoOpuTENEM
11(2,4,4-tpumeTinenTiin)pocpuHoBast KUcIoTa—MeHToN. OIpeneneHo BpeMsl YCTaHOBJICHUS
TEPMOJMHAMUYECKOTO PABHOBECHS, IOMYYCHBI KOJIMYECTBEHHBIC XApaKTEPUCTUKU HSKCTPAKIUH.
VYcranosnena 3aBucuMmoctd crernenu wusBineueHuss Fe(Ill) ot 3nauenuit pH Bommoit ¢daser u
cooTHOIIEHUsT 00beMOB (ha3z cucrembl. [lokazaHa HOTEHLMANIbHAs BO3MOXKHOCTH HCIIOJIb30BAHUS
NPEIOKEHHOM cucTeMbl i 3 pexTuBHOTO n3BaeueHns noHoB Fe(Ill) u3 xyopuaHbIX pacTBOPOB.

Abstract: The extraction of iron(IIl) ions from dilute chloride solutions by the hydrophobic
eutectic solvent di(2,4,4-trimethylpentyl)phosphinic acid-menthol has been studied for the first time.
The time of thermodynamic equilibrium establishment was determined and quantitative
characteristics of extraction were obtained. The dependence of Fe(IIl) extraction degree on pH values
of the aqueous phase and volume ratio of the system phases has been established. The potential
possibility of using the proposed system for effective extraction of Fe(III) ions from chloride solutions
is shown.

Kniouesvie cnosa. TimyOOKUIl SBTEKTUYECKUI PacTBOPUTENb, AMAIKMI(ochUHOBaAs KUCIOTA,
MEHTOJI, pABHOBECHE, SKCTPAKIIUS, JKEJIE30

Keywords: deep eutectic solvent, dialkylphosphinic acid, menthol, equilibrium, extraction,
iron

3a mocieaHee BpeMs B HAy4HOM MHUpPE OBUIM JOCTUTHYTHI 3HAYUTEIbHBIE YCHEXH B
pa3pabOTKe HOBBIX JKCTPAKIMOHHBIX CHCTEM, HCKIIOYAIOIIUX HCIIOJIb30BaHUE TOKCHYHBIX U
M0XKAPOOIACHBIX OPraHUYECKUX BELIECTB, BKIIOYAst CHCTEMBI CO CBEPXKPUTHUYECKUMU (prironiamu,
BOJIOPACTBOPUMBIMU  MOJIUMEPAMH, HOHHBIMH JKUAKOCTSIMH M TIIYOOKMMH 3BTEKTHUYECKUMHU
pactBoputensaMu [1,2]. CerogHss BHUMaHUE HCCIIENOBATEIE NPUKOBAHO K HOBOMY ITOKOJIEHHIO
pactBopuTeneil — ruApoOOHBIM IBTEKTHUECKUM PACTBOPUTEIISIM, KOTOPBIE YXKE 3apEKOMEHI0BAIU
cebs kKak 2QPEeKTUBHBIC SKCTPAreHTHI IS BBIJCIICHUS MOHOB METaJUIOB M3 BOAHBIX cpen [3-6]. B
YaCTHOCTH, aKTyaJbHbIM MPUMEHEHHEM OBTEKTHMUYECKUX DPACTBOPHUTEICH  SBIAETCS  UX
UCTIOJIb30BAaHUE B THIPOMETAIUTYPIrHUECKOM MPOLECC NMepepadoTKU OTPaOOTaHHbBIX JTUTHH-UOHHBIX
aKKyMyJSITopoB [2, 7-9].

Panee B mameit pabore [10] Obuta mpoBeAeHAa OIEHKA BO3MOXKHOCTH HCIIOJIB30BaHUS
rupooOHOTr0 IBTEKTUUECKOTO PACTBOPUTENS Ha OcHOBE 1H(2,4,4-TpuMeTHINCHTI)(HOCHUHOBOM
kucioTsl (ATMIIDK) u MmeHTOoN1a B MOJIBHOM COOTHOIIEHUH 1:1 JUIsl SKCTpaKuu psiia MEPEXOAHBIX
METaJUIOB, KOTOPBIH 3apeKoMeHoBan cels Kak 3(P(EeKTUBHBIA SKCTPAareHT i CEJICKTUBHOTO
Boienenuss Fe(Ill) u3 xiopuaHoro pactBopa. Llenbro HacTosILIEro MCCIENOBaHUS SIBIISETCA
KOMITJIEKCHOE H3y4deHHe MexdaszHoro pacmpenenenus uoHoB xkene3a(lll) B aKkcTpakmmoHHOM
cucreMe ¢ ruApopoOHBIM IBTEKTHUECKUM pacTBopHuTeieM Ha ocHoBe JITMIIDK u mentona npu
Pa3UYHBIX YCIOBUAX MPOBEACHHUS IpoIiecca.

Bce akcneprMeHThI 10 U3yUEHUIO SKCTPAKIMY METaJlla IPOBOAMIM Npu Temneparype 25°C
u armocpepnom pnasieHun 100 klla B rpagyupoBaHHBIX LEHTPUQYKHBIX MPOOHPKAX C
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UCTIOJIb30BAaHUEM TEpMOCTAaTHPOBAaHHOrO Iueiikepa. OObEMHOE COOTHOLICHHE BOJHOH H
opranuudeckoii (a3 cocraBuio 2:1. Mcxonnas konuentpanus nonos Fe(Ill) cocrapmsuia 0.01 mosb/.
[Tpobupku nomemnany B MIeHKep U NepeMEIInBaIN IPU MOCTOSHHON TEMIIepaType B TEUEHUE BCETO
nporecca. Ilocne mepemermmBanus oOpa3ibl HEHTPUPYTUPOBAIM B TEUCHHUE 5 MHH 0 IOJHOTO
paccnauBanus (a3. 3arem ¢a3pl pa3fensuid B IenuTesbHbIX BopoHkax. Konuenrtpauuio Fe(Ill) B
BOJHON (pa3e mocie SKCTPAKLUUU ONPEACsUIM CIEeKTPO(OTOMETPUYECKH B BUAMMOM 0O0JIaCTH
CIEeKTpa IpH AJuHe BOJIHBI 420 HM C UCHOJIB30BaHUEM CYIb(HOCAIUIIMIOBON KUCIOTHI B Ka4eCTBE
MH/IMKATOPa I10 OTHOLICHHUIO K XOJIOCTOMY pacTBopy. KoHIleHTpalmio MeTasuia B oprannueckoi ase
OIpEeNeIIsIN 110 MaTepuaibHoOMy OanaHcy. [lorpenHocTs onpeneneHust KOHIEHTpaui CoCTaBsIa
<5%.

OnHMM M3 KIIOYEBBIX IIapaMETPOB AKCTPAKIMOHHOIO IpoILecca SBISETCS BpeMs
JNOCTHXKEHUSI TEPMOJMHAMHYECKOT0 paBHOBecus. Ha pucynke | mnpezacraBieHbl pe3ynabTaTsl
JKCIIEpUMEHTa 3aBUCUMOCTH creneHu u3BnedeHus Fe(Ill) o Bpemenu koHTakTa (a3 B AuanazoHe
oT 0 1o 90 munyt. Ilpu yBenuueHNH BpeMeHH KOHTakTa (a3 10 60 MUHYT CTENeHb U3BJICUCHUS
xene3a(lll) Boszpacraer ¢ 3.5 nmo 76.0%. [lanbHeliliee yBENWYEHHS BPEMEHHU IIPOBEICHUS
sKkcnepuMeHTa 10 90 MUHYT HE NPUBOIUT K M3MEHEHMIO CTEIEHM H3BJICUEHUS. AHaIU3UPYA
IIOJlyYEHHBIE PpE3yJbTaTbl, MOKHO CHEJIaTb BBIBOA O TOM, YTO SKCTPAaKLIMOHHOE pPaBHOBECHE
nocruraercs npu 60 muH. Bee nanbHeimme uccnenoBanus ObLIH MPOBEICHBI IIPU yCTaHOBICHHOM
BpPEMEHU KOHTAKTa (as3.

Ha pucynke 2 npuBeneHa 3aBUCHMOCTb BJIMSHUS KUCIOTHOCTH BOIHOW (pa3bl Ha CTENEHb
u3Bneuenus: Fe(Ill) c nomomipio I'DOP ITMIIDK—menTon B nuanazone 3nauenuii pH ot 0.5 no 1.6.
HanpHeiimee yBenuyenue pH BoxHoW (a3pl NPUBOAUT K OOpPa30BaHUIO HEPACTBOPUMBIX
coequHEHMN Xkene3a. CoriacHo MONy4YeHHBIM JaHHBIM, BUJIHO, YTO ¢ yBeauueHueM pH crenenb
u3pneuenust Fe(Ill) Bospacraer, 4ro mOATBEpKIAaeT KaTHOHOOOMEHHBIH MEXaHH3M 3KCTPaKIHH
nonoB Fe(Ill) B mpeanioxxeHHoM cucteme.

80 - 100

0 T T T T 1
0 20 40 60 80 100 PH,x

Bpems koHTakTa (a3, MuH
Pucynok 1 — 3aBucumocts creneHu PucyHok 2 — 3aBucumocTh CTeneHu
n3Bieyenus Fe(Ill) or Bpemenn KoHTaKT a3. uzpneuenus Fe(Ill) oT kucnoTHOCTH BOAHOI
¢asbl
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Pucynok 3 — 3aBucumocts crenenu uspieueHus Fe(Ill) ot cooTHOIIeHMs: 00beMOB (a3.
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YcranoBiena 3aBUCUMOCTh cteneHu usBnedeHus Fe(Ill) ot o6remHOro coorHomenus ¢as
HKCTPAKIMOHHON cucTteMbl (pucyHok 3). C yBennueHueM oObeMa BoAHOH ¢a3bl B 10 pa3 creneHb
M3BJICYCHHUS Kese3a cHmkaiach ¢ 99 1o 32%. Takum oOpazom, HpeanoKeHHas: SKCTPAaKIWOHHAS
CUCTEeMa MPHU COOTHOIIEHUU 00BEMOB (a3 1:1 mo3BosseT 006ecneynTh KOTHUYECTBEHHOE U3BIICUCHUE
nonoB Fe(Ill) u3 xJ10puaHBIX pacTBOPOB.

BriBOABI

[IpoBeneHO HSKCIEpUMEHTAIBHOE HCCeoBaHue OJKCTpakiuuu uoHOB kene3a(lll) w3
XJIOPUIHOTO pacTBopa TuApo(OOHBIM 3IBTEKTHYECKMM pacTBoputeieM Ha ocHoe HATMIIDK u
MeHTOona. IlomyueHbl KOJIMYECTBEHHBIE XapaKTEPUCTHKU dSKcTpakuuu HoHoB kene3a(lll) B
NPEVIOKEHHOM CHCTeMe. YCTAHOBJIEHO, YTO M3MEHEHHME KHUCIOTHOCTH BOAHOM (ha3bl MO3BOJISIET
yIOpaBIIsATh TpolueccoM sKcTpakiuu/peskerpakiun  xene3a(lll). Ilokazana mepcrneKTUBHOCTD
ucnonb3oBanusi 9P JITMII®K—-menrton B nponecce Boiaenenus Fe(Ill) u3 xinopuaHbix pacTBOPOB
BBIILEJIAYMBAHMSI OTPAOOTAHHBIX JIUTHI-KeIe30-(POCHaTHBIX AKKYMYIISATOPOB.

Hccneoosanue svinonneno 3a cuem epanma Poccutickozo nayynoeo ¢ponoa Ne 23-79-10275,
https://rscf.ru/project/23-79-10275/.
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OIEHKA 29O®EKTUBHOCTH KATAJIM3ATOPOB HA OCHOBE KBAPII-
JEUKOKCEHA B PEAKIIUAAX OKACJIEHUA KUCJOTHBIX KPACUTEJIEA
EVALUATION OF THE EFFECTIVENESS OF QUARTZ-LEUCOXENE-BASED

CATALYSTS IN ACID DYE OXIDATION REACTIONS

Haranbsa AnapeeBna UBanuosa, EBrenunii Hukosnaesnu Ky3un
Natalya A. Ivantsova, Evgeniy N. Kuzin

Poccutickuii xumuro-mexnonoecuueckuti ynugepcumem umenu /. U. Menoeneesa,
Poccusa, Mocxkesa
Mendeleev University of Chemical Technology of Russia, Russia, Moscow
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Annomayus: VI3n0eHbl pe3yibTaThl J1a00paTOPHBIX HCCIEIOBAaHUNA MO 00ECIBEUHBAHUIO
KHUCJIOTHBIX KpacUTeNel C TOMOIIbI0 TE€TePOreHHOr0 OKUCICHUS B MPHUCYTCTBUU 00Opas3IoB
KaTaJ3aToOpOB, TIOJIYYEHHBIX M3 KBapI-JCHKOKCEHOBBIX KOHIIEHTPATOB. YCTAHOBJIEHO, YTO
KOMOWHUPOBAaHHOE BO3JEHCTBHE IMEPOKCHIA BOJAOPOJAa M KBApL-JIEHKOKCEHOBOTO KOHLIEHTpaTa,
TEPMOOOPAOOTAHHOTO TMpPHU  PA3JIUYHBIX YCIOBUSX TIO3BOJIIET JOCTUTaTh 3(PPEeKTUBHOCTD
obecuBeunBanus 10 99 %.

Abstract: The results of laboratory studies on the discoloration of acid dyes by heterogeneous
oxidation in the presence of catalyst samples obtained from quartz-leucoxene concentrates are
presented. It was found that the combined effect of hydrogen peroxide and quartz-leucoxene
concentrate, heat-treated under various conditions, allows to achieve the efficiency of discoloration
up to 99%.

Kniouesvie cnosa: okucieHue, 0OUMCTKa, KPACUTEIH, KaTalu3aTophbl, peakTHB DeHTOoHA.

Keywords: oxidation, purification, dyes, catalysts, Fenton reagent.

Poct ypoBHS aHTPOINOTreHHOM HAarpy3kd JAUKTYEeT CIpPOC Ha pa3pabOTKy COBPEMEHHBIX
MHHOBAIIMOHHBIX METOJIOB 3alLUTHI OKpYyXkaromeil cpenpl. Hanbonee nonBep:keHHONH HETaTUBHOMY
aHTPOIIOTEHHOMY BO3JEHCTBHIO siBIsieTcs ruapocdepa. Bospacraromuii crmpoc co CTOPOHBI
TEXHOJIOTUYECKUX MPOLIECCOB HA YUCTYIO MPECHYIO BOAY IPUBOAUT K POCTY 0OBEMOB CTOUHBIX BOJI,
MOCTYTAOUINX KaK Ha TOPOACKHE CUCTEMBI BOJOOYUCTKH, TaK U B IOBEPXHOCTHBIE BOIHBIE OOBEKTHI.
Kunkre oTxolpl OT OKpallMBaHMs BOJOKHA SBIISIOTCS OAHMMM U3 COCTABIISIOIIMX TEKCTUIBHOU
MPOMBIIIICHHOCTH. Takue cTOYHbIE BOJBI BBI3bIBAIOT U3MEHEHHS BAKHEUITNX (PU3UKO-XUMHYECKUX
1 OHOJIOTMYECKUX MapaMeTpOB BOJbI, KOTOpbIE, B CBOIO OYepeab, OKa3bIBAIOT 3HAYUTEIILHOE
naryOHoe BIHMsIHUE Ha BOJHbBIE OpraHu3Msl [1].

TpaauLMOHHBIE METOABI OYUCTKHU, TAKUE KaK KOAryJSIIMs WM (IIOTALUS HE TMOAXOIAT IS
yJlaJIeHUs! PACTBOPEHHBIX COCTUHEHUN, a MIPUMEHEHUE METOI0B a1COPOIMU UM 0OPAaTHOTO OCMOCa
3a4acTyro ObIBaeT HE I€JIeCO00pa3HO C SKOHOMUYECKOM TOUKM 3peHHs. B kauecTBe Hambosee
NIEPCIIEKTUBHOIO HAMpaBJIEHUS OYMCTKM CTOYHBIX BOJ| OT OPraHMYECKHUX KpacUTEJIeW BCE yvallle
YIIOMHHAIOT METOJbl OKHCIUTEIbHON necTpykuuu. OJHUM U3 Haubojee pa3BUTHIX HANpPaBICHUN
BbICOKOMHTeHCUBHOrO oOkucienus (Advanced Oxygen Processes - AOPs) B mectpykuuu
OpPraHUYeCKUX COCIMHEHMH BbICTymaeT TexHojorus @DeHToH-pouecca (B KIACCHYECKOM
MMOHUMAHUU - coueTanne noHoB xene3a (II) u nepokcuaa BoAOpoAa B KUCIIOM cpejie) B TOMOI€HHOM
WIM rereporeHHoM BapuaHTe [2]. ['omoreHHblii DEHTOH-polleCC MMEET Psi CYLIECTBEHHBIX
HE/IOCTAaTKOB: CHJIbHAsI KHCJIOTHAsl Cpefa, 3aTpaThl HA PacXo]] PeareHTOB U OOJbIIOE KOIUYECTBO
oOpasyrorierocss abpa3uBHO-aKTUBHOT'O jKeJle30coeprkaiiero ocaaka. [Ipakruyeckoe npuMeHeHne
nporiecca @DEHTOHAa OrpaHUYEHO, TIJIABHBIM OOpa3oM u3-3a HEOOXOJUMOCTH IOCIEAYIOIIeH
HEeHTpanu3anuu CTOKOB Mocie okucieHus. [Ipumenenne MoanpuuupoBaHHBIX (OpPM JKene3a B
KauecTBE TE€TEPOTrCHHBIX KaTaJIU3aTOPOB, JJIS YCTPAHEHHs HENOCTAaTKOB IOMOI€HHOIO KaTallu3a,
LIMPOKO H3Yy4aJloCh Pa3jMYHBIMM AaBTOPCKMMM KOJUIEKTHBaMH [3-6]. B kauecTBe reTeporeHHbIX
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KaTaJIn3aTOPOB B OKUCIMTENBHBIX HPOIECCAaX HCHOJB3YIOT MaTepUallbl, 0OOTAIICHHBIE KEIE30M,
TUTAHOM, KDEMHHEM H T.JI. KOT/Ia JIEMEHT 3arpyKaeTcsl MM HAHOCUTCS Ha TIOPUCThIE TIOBEPXHOCTH.

Haxomnnenue KpymHOTOHHa)KHBIX OTXOJIOB SIBJSIETCS OJHOM M3 CEPhE3HBIX HKOJIOTHUECKUX
npobnem B P® [7]. KBapu-ieHKoKCeH BBICTYyNaeT SpPKUM IPUMEPOM TaKUX OTXOJOB,
NPEJCTABISAIOMNN cOO0H MOOOYHBIN MPOIYKT (PIOTAIMOHHOTO 00OTaIIeHUs] KBAPII-TeHKOKCEHOBBIX
MIECUYAHUKOB TOMYTHO M3BJIEKAEMBIX MPU 100bIYe ciaHeBOr He(TH (OUTYMO3HBIE IECUAHHUKH) Ha
SperckoM HedTeTUTaHOBOM MecTOpoXkaeHuU. [1o CTpyKType 3TO cMecH IMOKCHIa TUTaHa |
kpemHus (26 u 23 %) BO B3aMMHOM INPOPACTaHUH, YTO OOYCIABIMBACT BBICOKYIO XMMHUYECKYIO
croiikocTh. KBapi-neiikokcenoBsiit konueHntpat (KJIK) umeer B cBoeM cocrase xeine3o (10 3%), u
MIPaBUIIBHO TEPMHUYECKU 00pAOOTaHHBIM, OH MOXKET SIBISATHCS HEAOPOTUMH M SKOJIOTUYECKH YHCTHIM
KaTaJIM3aTOpOM JUIsl JETOKCHKAIIMM CTOYHBIX BOA. Pa3paboTka W BHEApPEHHE METOAOB BOBIICUCHUS
TaKUX TEXHOT'€HHBIX OTXO/I0B B BOJOOYHCTKY UMEET BAXKHYIO 3a/1a4y B COBPEMEHHOM MHpE U TpeOyeT
JONOJTHUTENbHBIX HcchenoBanuii [8]. [ToaToMy olleHKa BO3MOXKHOCTH MCIOJB30BaHMUSA OTXOJOB
A00bIYM HEPTH U MPOJYKTOB MX MOAM(DUKALMU B KaYECTBE KATAIN3aTOPOB OKUCIEHHS IO THUILY
DEHTOH-IIPOLIECCOB SBIAETCS AKTYaJIbHOM.

B kawyecTBe KaTaqM3aTOPOB B TeTEpOreHHBIX peaknusax @DeHToH-pouecca ObUIH
UCCIIeIOBaHbI TPU 00pasiia MpeaCTaBUTENbHOM PoObI KBapIl-iieiikokcenoBoro kKoHuenTpata (KJIK),
MIOJlyYeHHbIE B pe3yjbTare OOOTralieHus WIM NHPOMETAJUTYPrHUECKOM IMepepaboTKu KBapll-
JIEMKOKCEHOBBIX IecuaHUKoB SIperckoro HedTerutanoBoro mecropoxaenus: 1) KIJIIK-900 (KJIK,
npoleamuil craauio ooxkura Hedrenpoaykros mpu Temmneparype 900 °C); 2) KJIK-1450 (KJIK,
oboxokéunbid ipu 1450 °C B teuenme 1 u); 3) Fe-KJIK-1450 (KJIK, TepmooOpaboTaHHBIN B
MIPUCYTCTBUU KeJe30coepxkaiie qodaBku okcuaa xxenesa (111) mpu 1450 °C B Teuenue 1 4 [9].

D¢ dexTuBHOCTE pPa0OTHl MMOJYYEHHBIX MaTepHalioB B peakuusx DeHToH-Iporecca
OLIEHUBAJIM MO0 OKUCIMUTEIBHOM NECTPYKIMH KHUCIOTHBIX OPraHMYECKUX KpacuTelled, IepeueHb
KOTOpBIX  MpEACTaBIeH B TaOI. 1.  KoHueHTpamuu  KpacuTeled  Ompenessuia
CHEKTPO(OTOMETPUUECKUM METOJIOM IIyT€M CpPaBHEHHUS MpOo0 UCHBITYeMOH JKUAKOCTH C
JUCTWIIMPOBAHHOM BOJOW M HM3MEPEHHEM ONTHYECKOH IUIOTHOCTH C COOTBETCTBYIOIIMMU
cBeTopuibTpamMu (B 3aBUCUMOCTH OT TUIa Kpacutens). Mcxomnas koHueHTpanus kpacutenei (C,
Mr/i1) ObUTa TOCTOSIHHA — 15 MT/II.

I'ereporenHoe oxkucieHue KpacuTesed ocymecTBisiM npu 23 °C B BOJIHBIX pacTBOpax
00bEMoM 170 MJI IIpU OCTOSIHHOM TEpEeMEIIMBaHUY Ha MAarHUTHON Melajike. Maccy KaTaau3aTopoB
BappupoBaiu B auanasone ot 0 1o 0,2 r. KonuenTpauus nepokcua BOJOpoia BO BCEX CIyyasx B
npobe cocraBmsuia 0,1 v/n (0,6 mn 3% H>O; ma 170 mMa mpoOb1). MolIbHOE COOTHOIICHHE
[H20:]:[kpacuTenb] cocTaBisio B cpeaHeM (B 3aBUCUMOCTH OT Tuna kpacutens) 0,5-1:1. Bpems
00paboTku (t, MuH) BapsupoBanu ot 0 10 60 MuH. AKTUBHas peakuus pactBopa (pH) Bo Bcex onbITax
coctaBisiia 2,5 — 3 nytém 106aBneHus cepHOM KUCIOThl. V3Mepenus pH mpoBoauiau ¢ mOMOIIbIO
mynbtutectopa UIUI-311.

dazoBbiii coctaB 00pasnoB coctaBa KJIK moapobno ommcan B padote [9]. Heobxommumo
OTMETHTh, YTO YBEIMYEHHE TeMiepaTypsl Tepmoodpadotku ¢ 900 °C no 1450 °C He mpuseno k
M3MEHEeHHIO0 (pa30BOro cocTaBa oOpaslia M OH IPEICTABICH B OCHOBE CMECHhIO OKCHJIOB THTaHA U
kpemHus. [Ipu 3ToM BBeZeHHE OKCHIHON JOOABKH M YBEIWYEHHUE TeMIIEpaTypbl TEPMOOOPaOOTKU
IpUBEJIO K 00pa3oBaHMIO (a3bl ICEBIOOPYKUTA M0 PEAKIIHH:

FexO3 + TiO2 — FeaTiOs

Ha puc. 1 (A, b, B) npeacraBneHbl KHHETUYECKUE 3aBUCUMOCTH OKHCIICHUS KPaCUTENCH.
Y CTaHOBIIEHO, YTO, BO-TIEPBHIX, HE3ABUCUMO OT THIIa KpacHTess U o0paslia KaTalu3aTopa KpUBbIE
MMEIOT SKCIIOHEHIMANIbHBIN XapakTep. Bo-BTopbIX, Bo Beex cayuasx KJIK-1450 nokaszan Hannyyime
pe3yabTaThl B OKUCICHUH KPacUTENeH.
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Tab6smna 1 — IlepeuyeHb UCII0JIB3YEMBIX OPIraHUUYECKUX KPACUTENIEH.
MonekynapHast

Ne Kpacurens 6pyrTo-hopyyma CrpykrypHas ¢popmyia
Kucnortueiii xpom OH O
1 ¢uonetoBbrit K Ci6H1N2NaOsS N’N O
(MordantViolet 5) HO
NaO3S

Kucnotueiii xpom

cunnii K . \:\
2 | (Acid Chrome Blue Ci1sHoN2Na3;012S; » (:IN4<\ /(
K, Mordant Blue 87
31) 0”0 Na*
SO;Na
Kucnotueiii xpom OO
kpacHbiii K C20H12N>NaO7S; :

(Acid Red 13, Fast

NI H
e jses
NaOas

CornacHO TOJMYYEHHBIM SKCIEPUMEHTAJIbHBIM JaHHBIM, YCiIoBUS TepmooOpaborku KIJIK
OKa3alli CYIIECTBEHHOE BIMsIHME Ha 3(PQPEKTUBHOCTh 00ECLBEUYMBAHUS PACTBOPOB KpPACHTEJCH.
AKTHBHOCTB TOJIy4YE€HHBIX 00pa3llOB KaTalIU3aTOPOB 3aBUCUT OT TEMIEPATYphl UX NPOKAINBAHUS B
untepsane or 900 no 1450 °C, BeposTHO, 3a cueT aKTUBAaLlUU COEeIUHEHMH xene3a. Crnemyer
oTMeTuTh, uTo i Fe-KJIK-1450 nmeno mecto XuMHU4YeCKO€e CBA3bIBAHUE XKEJI€3a B CTPYKTYPbI THUIIA
NICeBIOOPYKUT, MPEAOTBPAIIAIONIEe €r0 BBIMBIBAHWE M, KAaK CJIEICTBHE, B OTICIBHBIX CIy4asx
CHIDKEHHE Y(PPEeKTUBHOCTH oOeciBeunBaHus. Vccieayemble KpacUTENd MMEIOT Pa3HYIO OKPacKy
(¢uoneroBbIil, KpacHBI W CUHMIA), YTO OOYCJIOBJICHO DPA3IUYUAMHU B CTPOCHMM HUX MOJEKyd. B
COOTBETCTBUM € 3TUM (puc. 1) HabOmromaroTCs pazauuusi B CKOPOCTH U TIyOMHE MPOLECCOB
o0eclBeUMBaHMA B peaKLUAX rereporeHHoro MeHToH-npolecca BHE 3aBUCUMOCTH OT TUIMa 00pa3ia.
Taxoke cieayer OTMETHTb, YTO 3(PPEKTUBHOCT 0OECIIBEYMBAHHS PACCMATPUBAEMbIX KpacuTelneil B
IPUCYTCTBUH TOJIBKO MEPOKCHUIA BOAOPOAA B 33JaHHBIX COOTHOIIEHHSIX HE MPEBbIIIANa BEIHUUHY

30 %.

boutn momyuensl naHHbIE MO 3(P(EKTUBHOCTH O00ECIBEUYHMBAHUS KpacHTEJIe OT MacChl
karanuzaropa. OGHapy>KEHO, YTO C yBEITMUYEHUEM MAacChl KaTajn3aTopa Bo3pactaeT 3(ppeKTuBHOCTD
obecuBeunBanua. KpacuTenu XpoM-KpacHbBII W XPOM-CHHHUI OKa3anuch OoJjiee yCTOMYUBBIMU K
BO3/eHcTBUIO peareHTa DeHToHa, 3((PEeKTUBHOCTh UX OOECIBEUMBAHUS B MAKCHMyME JOCTHraia
b 60 %, 0 CpaBHEHHIO ¢ KPacUTENIeM XpOM-(PHOIETOBBIM — 3(pPeKTUBHOCTD AocTurana 99 %.

Pacuer KOHCTaHT CKOPOCTEH OKUCIUTEIIBHOW IECTPYKLMUU KpAaCHUTEIEH IPEACTABICHBI B
1abi. 2. KoHcranty ckopoctd okucienus kpacureneit (k, mun') onpemensim rpaduyeckum
METOJIOM Ha OCHOBAaHHHU 3KCIEPHUMEHTAJIbHBIX PE3YJIbTATOB (pHUC. 1) ¢ MOMOIIBIO MPOrpaMMHOIO
obecnieuenuss Excel. ConocraBiienue pe3ynbTaToB B Ta0s. 2 M puc. 1 MoKa3bIBaeT, 4YTO CKOPOCTh
OKHCJICHUS XPOM-(HOJETOBOr0 KpacuTens HauOonbmas. OOpasern karanmmuzaropa KIIK-1450
HE3aBUCHMO OT THUIIA KPACHUTENs, 00JaeT HAWIYUIIUMH OKHCIUTEIbHBIMH CBOWCTBAMH, 2 UMEHHO
IIPOSIBUJI BBICOKYIO aKTUBHOCTb U YyCTOMYMBOCTD K BBIMBIBAHUIO AKTHBHBIX KOMIIOHEHTOB B pacTBOD,
YTO 3HAYUTEIHHO 00JIErYaeTCs MPOLECC BhIICICHUS KaTaau3aTopa U3 PeaklIMOHHOMN CpeIbl.

B psay ycTOM4MBOCTH K T€TEPOI€HHOMY OKMCIIEHHIO B PACCMOTPEHHBIX peakuusix PeHTon-
mporecca ¢ Hcmonb3oBaHueM o000xokeHHbIX KJIK KpacuTennm MOXKHO pPacHoJOXKHTb: XpPOM-
($roaeToBBIN < XPOM-KPAaCHBIN < XpOM-CUHUIA.
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Pucynok 1 — Kunetrka oKHCIICHUS IEPOKCUIOM BOIOPOIa KpacuTeneit XxpoM-(huoneroBoro (A), Xpom-
kpacHoro (b) u xpom-cunero (B) B npucyrcrBun karanuzatopoB 1 — KJIK-900, 2 — KJIK-1450 u 3 — Fe-
KJIK-1450 (macca o6pasnos — 0,6 r/m).

Ta6smna 2 — KoncTautsl ckopoctu okuciienus kpacutenei (k, mun).

KpaciTes Ob6pa3zerr karanauzaropa
KJIK-900 KJIK-1450 Fe-KJIK-1450
XpoM-(pHOIeTOBBII 0,03 0,34 0,25
XpoM-KpacHBbII 0,02 0,05 0,02
Xpom-CUHUI 0,01 0,11 0,02

133 80:111 8

B pamkax npojenanHol paboThl U3 KPYITHOTOHHAXHBIX MUHEPAJIBHBIX «OTX0JIOBY» IpoLiecca
100bIYM craHeBod He(pTH Ha SIperckoM He(PTEeTUTAHOBOM MECTOPOXKICHHM ObUIM IOJIyYeHBI
00pa3upl KaTalu3aTopoB s peanu3auud DEeHTOH-NPOLECCOB OYMUCTKU BOJABI OT OPraHMYECKHX
HKOTOKCUKAHTOB, Ha PUMEPE KUCIOTHBIX Kpacutenei. JlokazaHo, 4To NOBBIILIEHHE TEPMOOOPAOOTKH
KBapI-JIEMKOKCEHOBOI'0 KOHLIEHTPATa MPUBOAUT K YBEJIMYCHUIO KaTATUTHUECKONW CIIOCOOHOCTH, TIPU
3TOM yBEJIUYEHUE JI0JI XUMUYECKH CBSI3aHHOH B (pa3y nceBaoOpyKuTa xKene3ocoaeprkanieid 100aBku
B OTJICJIbHBIX CIIy4asx CYLUIECTBEHHO CHMXAET 3((PEKTUBHOCTH OOECIBEUMBAHHA. XPOM-KPACHBIN U
XPOM-CHUHHMIA KPAaCUTENN OKa3aJHCh TPYIHOJAECTPYKTUPYEMBIMU KPACUTEISIMH B PacCMaTPUBAEMBbIX
reTepPOreHHBIX MPOLECCAX OKUCICHUS.

[TonmyyeHHbIE S3KCIIEpUMEHTAIbHBIC IaHHBIE IOATBEP’KAAI0OT BO3MOXKHOCTH MPUMEHEHHS
rereporenHoro ®MeHTOH-TIpoliecca A OYMCTKM OKpPALICHHBIX CTOYHBIX BoOX. OpjHako, s
JEMOHCTpPAllUd SKOHOMUYECKOH H KOMMEPUYECKOW OCYIIECTBUMOCTH IOAOOHBIX IPOLIECCOB
HEOOXO/IMMBI J€TaIbHbIE UCCIICAOBAHMS 10 YCOBEPIICHCTBOBAHUIO Iporiecca MeHToHa.
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NCITOJIB3OBAHUE JJIEKTPETHOI'O D®PEKTA 1JI5s1 CO3JAHUA
VIIAPHO-BOJIHOBOHM TPYBKH
USING THE ELECTRET EFFECT TO CREATE A SHOCKWAVE TUBE

Huxnra Anapeesny Uonos, Upuna AnaronbeBHa Ky3HenoBa
Nikita A. Ionov, Irina A. Kuznetsova

Mockosckuii nonumexnuyeckuu ynueepcumem, Poccus, Mockea
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Annomayus. Pabora HarpaBiieHa Ha HCCIIEIOBAHUE TEXHOJIOTUU CO3JIaHMs yIapHO-BOJIHOBOM
TPYOKH C IPUMEHEHHEM BJIEKTPETHOTrO 3P (PeKTa, Ha OCHOBE aHAJIN3A CYLIECTBYIOIINX TEXHOJIOTUH U
KOHCTPYKIHH COOTBETCTBYIOLIUX IPOTYKTOB.

Abstract. The work aims to investigate the technology for creating a shockwave tube using the
electret effect, based on an analysis of existing technologies and designs for related products.

Kniouesvie cnosa: Y napHo-BosiHOBast TpyOKa, MOJTUMEp, AIIEKTPET, AJIEKTPETHBIE CBOMCTBA,
KOpOHATOP.

Keywords: Shockwave tube, polymer, electret, electret properties, coronator.

Beenenne

AKTyaJlbHbIM HAaIlpaBJICHHUEM B OOJACTH CO3JAaHUS CpPEICTB WHUIMHAPOBAHUS SIBISCTCS
HCTIONIb30BaHUE HIEKTPETHOrO 3(h(heKTa B KOHCTPYKIHMAX YJaPHO-BOIHOBBIX TPpyOOK. [lanHas npobiema
MOXET OBbITh pelleHa IOciie MPOBEICHUS aHaIW3a CYIIECTBYIOIIMX TEXHOJOIMH M KOHCTPYKIMH
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000pyI0BaHUS, MO3BOJISIOIIMX HCIIONIB30BATh AIEKTPETHBIA A(PPEKT B MOMEHT HPOBEICHUS PabOUnX
olepanyii B 3KCTPY3HMOHHBIX MallIMHAaX.

OcHoBHast yacTh

Heanexrpuyeckue cucreMbl HHULMUPOBAHUS OCHOBaHbl Ha IEpeJavye yJapHOW BOJIHBI 110
TpyOuaTOMy IJIACTUKOBOMY BBICOKOIIPOYHOMY BOJIHOBOJY C HAIbUICHHEM Ha BHYTPEHHEH ero
MIOBEPXHOCTU TOHYAUIIETO CJIOS pPearupyrouero Marepuana ¢ J00aBKaMHU TOHKOAMUCIEPCHOTO
AJIFOMHUHMSL.

Cucrema CHHB - 3T0 oOTedyecTBEHHas HEDJIEKTPUUECKas CUCTEMA WHULMMPOBAHUS
MOBBIIIEHHONH 0€30IacHOCTH Ha OCHOBE yjaapHo-BosiHOBoW TpyOku (YBT), He coamepxareit
MHULUHUPYIOLUINX B3pbIBYATHIX BEIECTB [1].

B cocraB Takoil cuctembl Takxke BXOAUT U Kancroib-getonarop (KJI) c 3amennenuem,
KOTOPBI HE COJCPKUT HHHULMUPYIOMIMX B3PHIBYATHIX BEIIECTB, YTO OOECIECUYMBAET BBICOKYIO
YCTOMYMBOCTh YCTPOWCTB K MEXAHUYECKUM BO3IACHUCTBUSIM, BO3JICUCTBUIO IIOCTOSSHHOIO U
IIEPEMEHHOTI'0 TOKA, & TAKXKE CTATUYECKOIO AJIEKTPUYECTBA.

VY 1apHO-BOJHOBBIE TPYOKM H3rOTABIMBAIOTCS METOAOM OJKCTPY3UHM M KOHCTPYKTUBHO
MPEJCTABIAIOT cO00# rHOKHE TUIACTUKOBBIE TPYOKH U3 HECKOJIBKUX CJIOEB IIACTMACC.

OCHOBHBIMU 3TallaMy MOJyYEHUS TAKUX U3AEIUHN SBJISIOTCS: IOATOTOBKA CBIPbS, IJIABJICHUE
¥ TOMOTEHM3alMs paciuiaBa B 3KCTpyzepe, (opMOBaHUE UCXOIHON 3arOTOBKU METOJIOM 3KCTPY3UU
paciiaBa yepe3 rojoBKY COOTBETCTBYIOIIErO MpoQuiis, HAHECEHHE pearupyromiero MaTepuana Ha
BHYTPEHHYIO TIOBEPXHOCTh TpPYyOKM, a TaKkKe KaluOpOBKa, OXJaKACHUE TOTOBOTO H3/AEIHS,
COOTBETCTBYIOLIEE TPOPUITIO U3ENUS TSHYIIEE YCTPOWCTBO U B KOHEYHOM UTOI'€ - HAMOTKA B OYXTHI.

Crnenyer orMmeTuth, uTo IiactMaccel il YBT m3roraBnuBaroTcsi U3 ClIELMAIbHBIX COPTOB,
BBIJIEPKMBAIOLIMX BBICOKHE MEXAHWYECKHE U TEIUIOBBIE HArpy3KH, YCTONMUMBBIX K BO3ICHCTBHIO
arpecCUBHBIX Cpejl M 00JIaJal0IIUX XOPOIIMMHU aIre3HOHHBIMH CBOMCTBAMU OTHOCUTEIIBHO PEAKTUBHBIX
MatepuanoB, npumensemsix B YBT [6].

Oco0oe BHMUMaHHME B JIAHHOW TEXHOJOTHM yaensercss nepBomy cioro YBT, mockonbky Ha
BHYTPEHHIOIO TTOBEPXHOCTh TPYOKH HAHOCHUTCS BBICOKOOHEPI€THUYECKUI COCTaB, 3a)KUI'aHHE KOTOPOTOo
MHULUHAPYIOIIMM UMITYJICOM MIPUBOAUT K 00Opa30BaHUIO YCTOMYMBOIO MpoLecca.

TexHonornueckas cxema SKCTPY3MOHHOW JIMHUHM Uil MPOM3BOJICTBA IMOJMMEPHBIX TpyO H3
TEPMOILIACTOB MPEJICTAaBIEHA HA pUC. 1.
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Pucynok 1 — TexHosnornyeckas cxema 3KCTPY3MOHHON JTMHHUHU [Tl IPOU3BO/ICTBA MOJIUMEPHBIX TPYO U3
TEPMOILIACTOB.
1 — snexTpoABUTaTENb; 2 — COCAMHUTENbHAS My({Ta; 3 — penyKTop; 4 — OyHKep C rpaHyIaMu TEPMOILIACTa;
5 — Kopmyc 3KCTpyAepa; 6 — MIHEK; 7 — HarpeBaTeNbHbIC SJIEMEHTHI;
8 — skcTpy3uonHas (hopmyroias) rojaoska; 9 — koponatop; 10 — g03aTop B3pHIBYATOrO MaTepuana
(zenTpoOexxHoro Tumna); 11 — kanubparop; 12 — TpyObHoe u3nenue; 13 — oxnaxkaaronias BaHHA;
14 — Tanymee yctpoiictBo; 15 — HamoTka B OyxThl; 16 — mradenep.

Heo0xon1umMo 0TMETHTh, YTO OOBIYHO SHEPTEeTUUECKHUE COCTABbl MIMEIOT BBICOKYIO TEMIIEPATYPY
Tepmuyeckoro pasnoxkenus (6onee 190 °C) u gaHHBINA apaMeTp TakKe T0JDKEH ObITh YUTEH, HOCKOJIBKY
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SHEPreTUYECKUI COCTaB HAaHOCUTCSI Ha PACIUIABJICHHBIM IOJIMMED C BBICOKOM TeEMIIEpaTypoil (mopsaxa
160 °C).

3ateM Ha TEpBYIO O0OJOYKY HAHOCAT BTOPYIO M TPETbIO M3 IOJMITUICHOB Ppa3IUuHOMN
IUIOTHOCTH, 00ECIIeUrBasi TAKUM 00pa3oM JOCTATOUHYI0 MEXaHWYECKYIO IIPOYHOCTh U TE€PMETUYHOCTD
TpyOKu [6].

CospemenHast YBT nmeer pa3pbIBHYI0 IPOYHOCTH NOpsaKa 30 Kr [py BHELIHEM UaMETpe OT 3
10 3,6 MM u BHyTpeHHeM okoso 1,0 MM. C Lelbl0 ONTUYECKOrO KOHTPOJSl HAaBECKM B COCTAB
HHEPreTHYECKOr0 KOMIIOHEHTa MOXKET OBbITh J00aBneHo ot 1 10 7 % amomunueBoii myapbl. KonuuectBo
pearupyonero KOMIIOHEHTa COCTaBa Ha MOTOHHBIM MeTp TpyOKH mpu 3ToM cocTtaBisieT 20 + 6 wmr.
TemneparypHslii auanazoH padorocriocooHoct YBT 3aBUCHT OT NpPUMEHSEMBIX IOJMMEPOB C
npeaenbHbiMi 3HadeHusMu ot -50 go +85 °C. CkopocTh pacnpocTpaHeHus: AeroHauuu no YBT
cocTaBisieT npuOmu3uTensHO 2 km/c. JletoHaumonHelid mponecc B YBT mpencraBnser coboit
MHULIMAPYEMOE YAApHOU BOJHOMN, PACHPOCTPAHSIOIICHCS 110 BHYTPEHHEMY KaHAILy TPYOKH, «B3PbIBHOE
TOPEHHE» COPBAHHBIX C TOBEPXHOCTH YaCTHIl PEArMpYIOLIEr0 KOMIIOHEHTA, CrOpaHUE KOTOPbIX
obecrieynBaeT MOMUTKY YAApPHOU BOJIHBI U CTALIMOHAPHOCTH PACIPOCTpaHeHus mporecca [6].

Crenyer OTMETUTD, UTO CPEIU PA3IMYHBIX IUIACTUKOB CaMyH0 HU3KYIO IOBEPXHOCTHYIO SHEPTUIO
MMEIOT TOJIMATWIEH U TOJIMIPONWIEH, 1 MMEHHO 3TH JBa MaTe€puasla yallle BCEro IOABEPraroTCs
00paloTKe ISl yIydlleHHs MX aAre3MOHHBIX CBOMCTB. [103TOMY MaHHBIM MarepuaigaM HEe0OXOIMMO
IIPUAATH JIEKTPETHBIE CBOWCTBA, UTO SIBJISIETCS BTOPOU 3a1aueH [4].

ONEKTpeT — AUAIEKTPUK, JUTUTEILHOE BPEMsI COXPAHSIOLINI NOISIPU30BAHHOE COCTOSIHUE I10CIIE
CHATHS BHEIIHETO BO3JCHCTBUS, KOTOpOE IIPUBENO K TMOJSApU3alMM (WM 3apsHKEHHIO0) 3TOrO
JMRJIEKTPUKA, ¥ CO3JAIOILMI B OKPY’KaIOIIEM IIPOCTPAHCTBE KBA3UIIOCTOSIHHOE MIEKTPUYECKOe 1oe [3].

B mHacrosimiee BpeMsi CyIIECTBYET HECKOJBKO CHOCOOOB HM3TOTOBJIEHHS DJICKTPETOB,
OOJIBIIMHCTBO M3 KOTOPHIX OCHOBAHO HAa TOM, YTO JMAJICKTPHK MOMEINAIOT B 3JIEKTPHUUYECKOE I0JIe U
MOZIBEPTalOT JOMOIHUTEIBHOMY (PH3MYECKOMY BO3/ICHCTBHIO, KOTOPOE YMEHBIIIAET BpeMs peaKkcalui
JUTIONEH MO0 YCKOPSIET MPOLIECC MUTPALIUK 3apsHKEHHBIX YacTuIl [5].

B 3aBucuMoctH OT BHIa (U3UYECKOTO BO3JCHUCTBUS CYIIECTBYIOT pPa3iIMYHbIE CIOCOObI
M3TOTOBJICHUSI AJICKTPETOB, a 3JEKTPUUECKUI KOPOHHBIN pa3psij — OJMH M3 HauOosee paloHaTbHBIX
METOJIOB aKTHUBAIIMU MOBEPXHOCTH IJIACTMACCOBBIX IUIEHOK, KabeneH, TpyO, yITakOBOUHBIX EMKOCTEH U
pa3sHOU MOJIMMEPHON IPOAyKUMU. [l aKTUBAlUKM IIOBEPXHOCTU KOPOHHBIM paspsiioM IIPeuIaraeTcs
UCTIONIb30BaTh CUCTEMY KOPOHHOM 00pabOTKH — KOPOHATOD.

Koponarop (KOpOTpOH) - YCTpOWMCTBO AaKTHUBALMHM IOBEPXHOCTH, OOpabOTKM Marepuaia
KOpOHHBIM 3apsnoM. llocie akTuBanyy, NOBEPXHOCTHOE HATSDKEHME Marepualla IOBEPXHOCTH
YBEJIMYMBAETCS, TEM CaMbIM oOOecneyMBasi JIydlllee CLEIUIEHHE KPacKH, MOKPBITUS, Kiesd W Ap.
MaTepuasIoB ¢ MOBEPXHOCTHIO Mommepa. Cxema paboThl KOTOPOHATOPA MPE/CTaBIeHA Ha PUC.2.

+"'f'

PucyHnok 2 — YcrpoiicTBO KOpOoTpOHa
1 - 3eKTpU3yEMBI JUINEKTPHUK, 2 - HYKHUH 2JEKTPOA. 3 - UIJ1a, 4 - CeTKa, 5 - HCTOYHUK TIOCTOSITHHOTO
HaIpPsKEHUs CETKH, 6 - HICTOUHUK BBICOKOT'O HAIPSKEHUS.
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[Tpunuun pa®oThl 3aKiI0YaeTcs B cleoymeM. MeTaun3upoBaHHas ¢ OHON CTOPOHBI IIEHKA
(1) momermraercss METaJUTM3MPOBAHHOM CTOPOHOM Ha 3a3eMJICHHBIM 3JIEKTpoA-moAcTaBKy (2). Wrma
pacrosiaraeTcsi Ha pacCTOSHUM HECKOJIBKMX MIJUTUMETPOB HaJl CBOOOHON MTOBEPXHOCTHIO TU3JIEKTPUKA
U COEIMHEHa C MCTOYHUKOM BBICOKOTO HampspkeHus. [IonspHOCTh Ha Uriie 3aBUCUT OT HEOOXOIUMOTrO
3HaKa 3apsja dekTpera. Mexay urioit (3) u ob6pasoM pacnonaraercsi Metajuiueckas cetka (4). Or
BCIIOMOTaTeJIbHOIO HCTOYHHUKA IIOCTOSHHOTO TOKa (5) Ha CETKYy OTHOCHUTENBHO «3EMJIM» IOJAI0T
MOTEHIMAN, PaBHbIA HEOOXOIMMOMY ITOBEPXHOCTHOMY IOTEHLMATY 3JEKTpeTa M COBIAJAIOIIUMA IO
3HAKY C MOJIIPHOCTBIO UIJIBL. 3aT€M BKITFOUAETCSI ICTOYHUK BBICOKOTO HarpshkeHus (6).

IToTOK MOHOB KOPOHHOT'O pa3psia ycTpemysieTcs CKBO3b ceTKy K oOpasiry. [1o mepe 3apsiaku,
IIOTEHLIMAJ IOBEPXHOCTHU AJIEKTPETa OTHOCUTEIBHO «3eMJIN» NOBbIIIaeTcs. [Ioka OH HIKe moTeHuana
CETKH, HOHBI IPOJIOJDKAIOT JOCTUTATh MIOBEPXHOCTH JUAIICKTPHKA, OOecTieurBas TaTbHEHIIHIA ero pocT.
Ho kak ToibpKO OTEHIIMAIIBI IOBEPXHOCTU U CETKH CPABHSIOTCS, 3JIEKTPHUECKOE 10JIE MEXKITYy CETKON U
aNeKTpeToM Hcue3HeT. Vonbl He OyIyT IBUrathCsi K HMOBEPXHOCTU IUAJIEKTPUKA, a Bce OyayT
pa3pspKaThCs Ha ceTKe proopa.

Takum 00pa3oM, MPUMEHEHHE CETKH IO3BOJISET 3apsAAuTh SJIEKTPET 10 HY>KHOTO 3HAYECHUS
MOBEPXHOCTHOTO MOTEeHIMaa. YTOOBI 3apsiIUTh IUICHKY 3aps0M JIPYroro 3HaKa, JOCTaTOUYHO TOMEHSTh
MeCcTaMH T0JII0ca UCTOYHUKOB TOKa [2].

3akiouenue

Takum 00pa3oM, NpPUMEHEHHE TEXHOJIOTHMH KOPOHMPOBAHMS Ha MOBepXHOCTAX YBT wu
BKJIIOUCHHE KOpPOHATOpa B TEXHOJOIMYECKYH0 JIMHHIO u3rotosiacHus YBT B nepcnexktuse pact
BO3MOXKHOCTb YBEJIMUUTH CPOKH XPAHEHUSI TAKMX U3IEIIUI.
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ATIPOBALIYA MEPHOIUYECKOTO TEIJIOMOABOJIA JIJIsI KOHBEKTUBHOM
CYHIKHA JUCIHHEPCHBIX 1 BOJIOKHUCTbBIX MATEPUAJIOB
APPROBATION OF PERIODIC HEAT SUPPLY FOR CONVECTION DRYINGOF
DISPERSE AND FIBROUS MATERIALS

T'ennagnii Bniaguciaasosnu Kanamnaukos
Gennady V. Kalashnikov

Boponeoicckuii 2ocyoapcmeenbitl ynusepcumem uHICEHEPHbIX MexXHON02Ul,
Poccusa, Boponesc
The Voronezh State University of Engineering Technologies, Russia, Voronezh
(e-mail: kagen5@yandex.ru)

Annomayus: TlpennoxeHbl TEOPETUUECKHE 3aBUCUMOCTHU ISl TOTOKA TEIUIOHOCUTENS TPU
KOHBEKTUBHOH CYIIKE MAaTepUAJIOB C MEPHOJUYECKUM TEIUIONOABOIOM. Pa3paboTaHna KOHCTPYKIHS
POTOPHOW CYIIMJIKM C HCIIOJIb30BAHUEM IIEPHOJMYECKOr0 TEIUIONOABOJAA C YYETOM CTCICHH
UCIIOJIb30BAHUSl HHEPreTHYECKOr0 TOTCHIMANa TEIUIOHOCHTENSE Ha OCHOBE DHEPreTUYeCKOro H
IKCEPreTHYECKOTO METO/I0B TEPMOJMHAMHYECKOTO aHAIU3a.

Abstract: Theoretical dependencies for the coolant flow during convective drying of materials
with periodic heat supply are proposed. The design of a rotary dryer using periodic heat supply has
been developed, taking into account the degree of utilization of the energy potential of the coolant
based on energy and exergy methods of thermodynamic analysis

Kniouegvie cro6a: KOHBEKTUBHAS CYIIKa; CYLIMJIKU; SHEProd((PEeKTHBHOCTD; MEPHOIMICCKHIA
TEIUIONOABOT;, AUCTICPCHBIN M BOJIOKHUCTBI MaTEPUAIBL.

Keywords:convective drying; dryers; energy efficiency; periodic heat supply; dispersed and
fibrous materials

OnHuM 13 HaNpaBJIEeHUH MHTEHCU(HUKAIIMY POLIECCa BIAroyajleHuUs IPH CYLIKE Pa3InYHbIX
MaTepUaiOB B XUMHYECKOW, NHIIEBOH, (apMalleBTUYECKOH M CMEXKHBIX C HHUMHU OTpPACIAX
MIPOMBIIIJICHHOCTH SIBJISIETCSI UCTOJIb30BAHUE MEPUOUUYECKOTO TEIUIONO0/IBO/Ia, 00eCIeunBaIOIEero
MOJIyYEHUE FOTOBOI'O M3/IEJIHs BHICOKOTO KauecTBa [1-3]. BausiHue nepuoauieckoro TerjaonoBoaa
Ha TPOIECC CYIIKA ChIpbsi OOYCIIABIMBAETCS WHTCHCUBHOCTBIO IEPEMEHHOI'O TEIUIOBOTO
BO3JCHCTBUS M B3aUMOJIEHCTBUEM C YACTULAMM CBHIIYYEro MaTepuaia, 4To OIPEAEIAET CTENEHb
9HEpro- u pecypcocbepexenus odbopynoBanus [3-7].

Llenpto pmaHHOW palOTHl sBIsETCS ampoOaus MEPHOAWYECKOr0 TEIUIONOJBOAA  JUIS
KOHBEKTHBHOM CYIIKM JMCHEPCHBIX M BOJIOKHUCTBIX MAaTE€pPUAIOB U pa3paboTka CyIIMIBHOTO
000pyIOBaHMSI HENPEPHIBHOTO JIEUCTBUSA I SHEProdp(exTMBHONW CyIIKM C MEPUOANYECKHM
TEIUIONOABOJIOM.

JlocTiwkeHne 1enu  oOecreurBaeTcsl  pe3yJbTaTaMH  HCCIEOBAaHUN  KMHETHYECKUX
3aKOHOMEPHOCTEM CYIIKH, TEIUIOBOIO M 3KCEPreTHMYECKOI0 aHajlu3a OINPEICNICHUs CTENEeHU
TEPMOJMHAMHUYECKOW  3(()EKTUBHOCTH  KOHTPOJBHBIX  IOBEPXHOCTEH  TEXHOJOTHUECKUX
MIPOLIECCOBHA OCHOBE BTOPOT0 3aKOHA TEPMOJIUHAMHUKHU [3, 5-10].

Teopernueckne NpeaNnoOCLIIKA M 000CHOBAHME

B mpouecce cymku AMCIEPCHBIX U BOJIOKHHUCTBIX MaTEpUAjIOB HCIOJIb3YETCS IMPUHLUII T10-
CTaIUIHOI 00pabOTKH CHIPBS U MEPUOANIECKUNA TETIIIONOIBOI.

MaccoBas 10J1 TEIIOThI

O=G-c-At, (1)
rae G — pacxoj TEIIOHOCHUTENS 3a BpeMs 7, CYILIKH, KI/C; ¢ — yJellbHasl TeIUIOEMKOCTb,

Jix/(xr-K); At — pasuuna temmeparyp, K.
BenuuuHy OpomieH st IOTOKOM TEILIOHOCHTEISI ¢ IHHHUIIBI ILTOIIAIH Ta30PACIPEICTHTEIbHON
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PCUICTKHU 3a BpEMs IOJa491 TCIIJIOHOCHUTCIIA 0003HaYUM

=L @)
=7 Meno
Ver
TOF,Z[a IJIA UHTCHCHUBHOCTHU TCIIJIOBOI'O BOBHGP’ICTBHH CHpaBe,Z[J_H/IBO COOTHOLICHUC
i:i.j.c.mzi.g, 3)
S s S

rjie f— 4acToTa myibcauuii, Iy s — CKBaXHOCT Terutonocutenst, s =1, /() +7)); w, 7"~

NpOAOJDKUTCIILHOCTH, COOTBCTCTBCHHO, IMOAAa4YMW TCIUIOHOCUTCIIA M Cro0 OTCYTCTBUS B TCUCHUC

[epuoJa (r(’) + 17, ), C; S — IUIOIIA/b IOBEPXHOCTH Ia30paCpeIeIUTENLHON PEILIETKH, M2,

CnenoBaTenbHO, IPU MOCTOSIHHOM KOJIMYECTBE TEIUIOTHI, BO3JICUCTBYIOIIEM Ha YacTHIIbI
Marepuana, 3HA4YC€HHUE i 3aBHUCUT OT (1/2'(')') WA ( f /S) Jlannast 3aBUCHUMOCTH (3) TO3BOJIIET

o0ecreunBaTh palMoOHAIbHBINA PEXUM JUISI CHCTEMBI IEPUOIUYECKOT0 MOABOA TEIUIOHOCUTENS U
KOHBEKTHBHOH CYIIKE U IIPOEKTUPOBAHNE CYIIWIKH, HAIIPUMEP, POTOPHOTO TUIIA.

IIpakTHYyeckoe NpUMeHeHue

Ha ocHOBe »3KClepHMMEHTAIBHBIX MCCIEIOBAaHUN pa3pabdoTaHbl CHOCOOBI CYIIKH C
MEPUOJIMYECKUM TEIJIONOBOIOM B 3aBUCUMOCTH OT OOBEKTa CYLIKH U NPEeAsIo’KeHa KOHCTPYKIIUU
CYWIUIKHU poTopHOoTro Tuna [10, 11]

JlaHHasi CyIIMJIKa MOXXET HCIOJB30BaThCsA Ul CYIIKM JUCHEPCHBIX U BOJIOKHUCTBIX
MaTepHUaIoB, TEPMOJAOWIBHBIX W3JENHA B XUMHYECKOH, MHIIEBOH, OWOTEXHOIOTUYECKOM,
(dbapManeBTHYECKON U IPYTUX OTPACIISAX MIPOMBIIUICHHOCTH.

Potophas cymmika BkitodaeT B ceds kopnyc 1 paboueilt kamepsl, TpyOOIIPOBOJ 2 KOHTYpa
PELUPKYJISIUH TEIIOHOCUTEIS, CEKIIUH 3, Lienb 4, IPUBOHYIO 3BE340UKY 5, 3arpy304HbIi NaTpyOOK
6, BHYTPEHHIOIO 7 M BHEIIHIOI § Hampapisiomue, naTtpyoku 9 ams moaBojaa TEIIOHOCHUTEI,
BBITSDKHOM 30HT 10 anms oTBoja OTpaOOTAaHHOTO TEIJIOHOCHUTENS, BHYTpeHHUN mumuHap 11,
pa3rpy3ounsblii Oynkep 12, Bentumstop 13 u kanopudep 14 (puc. 1).
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Pucynok 1 — PoropHas cymimika HepepbIBHOTO ACHCTBHUS ISl AUCTICPCHBIX MATEPHATIOB

KoHBekTHBHasE cyliKa OCYLIECTBIIETCS  BOCXOISAIIUMM  IIOTOKOM  TEIUIOHOCUTEII,
HamnpaBIsIeMOro  4Yepe3  TpyOompoBoAg  cO  CKOpPOCThIO,  oOecreyuBarolieid  aKTUBHBIN
THIPOAMHAMUYCCKUN PEXUM C0s  (KUIMSIIUN, UMITYJIbCHBIA TICEBIOOKIKEHHBIM W T. 1.) B
3aBUCUMOCTH OT BHUJIA CHIPbSL.
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OTtpaboTaHHBIN TEIUIOHOCUTEIh OTBOAUTCS U3 30HBI KOHBEKTUBHOW CYIIKM MU IOCTYHAeT
yepe3 BBHITSHKHOW 30HT 10 B TpyOompoBox 2 KOHTypa peUUpKysuuMu cyumiakd. Jlanee
TEIUIOHOCHUTENb IOJA0TpeBaeTcss B Kanopudepe 14 M BEHTWIATOPOM BHOBb IMOAAETCS B 30HY
KOHBEKTHBHOM CYIIKH, 4TO OOECIeYMBAeT BO3pacTaHUE TEINIOBOro u skcepreruyeckoro KIIJ]
CYIIKH.

OTnuYuTENEHON 0OCOOCHHOCTBIO CYIIMIIKH SBJISIETCS MO-CTaiuitHast 00pabOTKa ChIPhsI B 30HAX
CYLIKH IPU NEPUOINIECKOM TEIIONOABO/IE C PA3IMYHOM TEMIIEPaTypOi U pacX010M TEIIIOHOCUTES
KOHTYpPa PEUUPKYJIISILHHU, YTO CHOCOOCTBYET JIOCTUKEHUIO BEICOKOTO KaYeCTBAa TOTOBOTO U3JIEIIHS.

OCHOBHbBIE MPEUMYIIIECTBA 110 CPABHEHUIO C OTEYECTBEHHBIMU M 3apyOEKHBIMU aHAJIOraMU
COCTOSAAT B CHID)KEHUHM IMOTEPH TEIUIOTHl M YAEIbHBIX HEPro3arpaTr 3a CUeT 3aMKHYTOIO IIMKJIA
UCToNb30BaHus Teronocutens (akceprerndeckuit KI1J cocrasnsier 1o 0,75) mpu Hanbosee noaHoM
MIOJIC3HON YTUIIM3ALIMHU €T0 TEeIJIa Ha PA3IMYHbIX TEXHOJIOIMYECKUX CTAIUsIX MPOU3BOJCTBA.

BriBOABI

OmnpeneneHbl TEOPETUUYECKHUE 3aBUCUMOCTH JUISl TOTOKA TETNIOHOCUTEINS TP KOHBEKTUBHOU
CYUIKE JHUCHEPCHBIX M BOJOKHHUCTBIX MATE€pPHAJIOB C HCIIOJb30BAaHHEM IE€PUOAUYECKOTIO
TEIUIONOABOIA.

Ha ocHOBe sKCIIepUMEHTAIbHBIX UCCIIEJOBAHUH MIPEUI0KEHBI CIIOCO0 CYIIKH U KOHCTPYKIIHS
POTOPHOM CYIIWJIKM HENPEPHIBHOTO JEHCTBHS C YYETOM TEIUIOBOTO U SKCEPreTUYECKOT0 METOJ0B
TEPMOJMHAMUYECKOTO aHAJIW3a, KOTOpPbIE IIO3BOJISIOT TOBBICUTH CTENEHb HCIIOJIb30BaHHA
HHEPIreTUYECKOro MOTEHIHAIA TeIUIOHOCUTEIIS.
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BJIMAHUE PEXKUMOB ®OPMOBAHUA HA PASMEPBI I110P B OBYBHbBIX
MATEPHUAJIAX HA OCHOBE 3BA
EFFECTS OF MOLDING MODES ON PORE SIZES IN EVA-BASED SHOE MATERIALS
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Annomayus: TlpencraBieHa MOJ€b BIUSHHUS PEKUMOB JIMTHEBOro (hOpMOBaHHUS AeTainen
o0yBM M3 MaTepualoB Ha ocHOBe DBA Ha pa3mepsl mop B maccuBe uznenuid. [lokazaHo, 4To
MIOJIyYeHHbIE 3aKOHOMEPHOCTH TECHO KOPPEIUPYIOT C 3aBUCUMOCTBIO K03 duimenTa pacmupenus
MmatepuanoB DBA ot pexxumoB hopMoBaHus.

Abstract: A model of the influence of injection molding modes of shoe parts made of EVA-
based materials on the pore sizes in the array of products is presented. It is shown that the obtained
patterns closely correlate with the dependence of the expansion coefficient of EVA materials on the
molding modes.

Kniouesvie cnosa: pasmepsl MOp, peKUMBI (GopMoBaHUs, Ko3duUuEeHT pacmmpeHus,
MO/IEJIb, BYJIKAHU3AIHS, 1ECTPYKIHSL.

Keywords: pore sizes, molding modes, expansion coefficient, model, vulcanization,
destruction.

[Topucteie monuMepHble MaTepuaibl Ha OCHOBE DBA MIMPOKO MPUMEHSIOTCS B IPOU3BOJICTBE
o0yBu Onarojaps psay HX CYLIECTBEHHBIX NPEUMYIIECTB (JIETKOCTh OOYBH, Malblii pacxon
MaTepuaia Ha W3JeNusl, BBICOKME TMTMEHUYECKHE U TeII03allUTHRIe CBOWCTBA U Ap.). OQHAKO MX
Oosee IIMPOKOE MPUMEHEHUE CHACPKHBACTCS HECTAOMIBHOCTBIO pPa3MepoB OT(HOPMOBAHHBIX
U3JIeNui, KOTOpast OLIEHUBAETCS KOAPPHUIIMEHTOM pacIIupEeHUsl MaTepHaa.

B pabote [1] paccmoTpena MmaTeMaTHUECKasi MOJIENb BIUSHUS TEXHOJIOTMUECKUX PEXKUMOB Ha
KO3(QQUIMEHT paCHIMpeHHus W3AEIHHA, KOTopas NpeAcKa3blBaeT BO3MOXKHOCTH pPEryJIHpPOBAHUS
1oKa3aTessl PaclUIMPeHHs 3a CUET BapbHPOBAHUS PEKUMOB (POPMOBAHUS U3JCIUIl U BBEICHUEM B
KOMIIO3UIIMIO KOPPEKTUPYIOMHKX A00aBOK. B 3TO# cBA3M mpeAcTaBisieT MHTEPEC MOJACIHPOBAHUS
nporecca NOpooOpa3oBaHUSl C LEJIbI0O BBIABICHUS BIMSHUS Pa3MEpPOB IMOp Ha KOI(D(UIMEHT
pacuIpeHus.

Pemienue moctaBieHHOW 3a7aydl MPOBOJIWIM C NPUMEHEHHEM MaTeMaTUYEeCKUX METOJIOB
TUTAHUPOBAHMS U aHanmM3a dKcnepumenta [2]. MccaemyempiM mapamMeTpoM siBIsuUIcs pasmep mop d
TECTOBBIX IUIACTHH, HApsly C 3TUM BO3ACHUCTBYIOIIMMH Ha 3TOT MapaMmerp (QakTopaMu ObUIH
TeMmIepaTypa JMTheBoi (hopMbl T U IPOAOIKUTEIBHOCTD BYJIKAHU3ALIUH t.

Jlnst onpeneneHust ucclieAyeMbIX Mokas3aTesneil Ha muTbeBoi Mammue Evolution 5000 ¢upmer
KingSteel (KHP) npu tremneparype urkexropa 85°C oTiinBanu TecToBbIE IIaCTUHBI U3 OBA mMapku
EcoLine, pa3mep koropbix paBeH 270x105x16 mm. TecroBble miuacTuHbl (GopMoOBaIM TpU
temneparype JmtbeBoil popmbl ot 170°C o 200°C u Bpemenu Bynkanuzauuu 260 ¢ 1o 450 ¢ ¢
nocjeyromeil ux TepMocTabuiIn3auei B TeueHue 17 MUHYT B yCTaHOBKE MPOXOHOTO THUIIA.

["'oTOBBIE TECTOBBIE IUTACTUHBI Pa3pe3an B 3-X MeCTaX Ha OJJUHAKOBOM PACCTOSHUM JPYT OT
Apyra — 0 CTOPOHAM U CepeiMHEe TECTOBOM IIaTHHBL. Jlanee, IO aHAJIOTHH, Ha IOJIyYEeHHBIX cpe3ax
OIIpENIeNIATIN TOYKH, B KOTOPBIX, MpU momoiy Mukpockona MBC — 1, aHanu3upoBaiu MOpUCTYIO
CTPYKTYpy Matepuana. J[1sg KOJMYECTBEHHOM OLEHKH 3TOT0 Paszivyuusi MPOBOJIWIA H3MEPEHUs
pa3MepoB 3aKpPHITHIX MOP C MOMOINBIO pa3MepHOW ceTku Mukpockomna. Ha puc. 1 mpencraBieHa
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XapakTepHas MUKpodoTorpadus cpeza oTOpMOBAHHOMN TECTOBOM MJIACTUHBI IPU YBEITUUYEHUH B 12
pa3 U cxema TeCTOBOW IUIACTUHBI C OTMEUYEHHBIMHU TOYKAMHU, B MECTaX KOTOPHIX MPOU3BOIHIOCH
HAOII0ICHUE 32 TIOPAMH.

Pucynok 1 — MukpodoTtorpadust monepeuHoro cpeza TeCTOBOM IIIACTHHBI (a) U cXeMa
TECTOBOM IJIACTUHBI, C OTMEUCHHBIMU C TOYKAMH B MecTaxX U3MepeHHi (6)

JIuHeHass MOJENb HCCIENYEMbIX 3aBUCUMOCTEM OKas3ajaach HEAJAEKBaTHA, MO3TOMY IIpU
JaJbHEHIIeM U3y4YeHNH MPOLIECCOB MPUMEHEHO poTaTabeIbHOE MIIAHUPOBAHUE BTOPOTO MOPSIKA.

[Tocne mpoBeneHHs SKCIIEPUMEHTOB, B COOTBETCTBUU C MATpPUIEH IJIaHUPOBAHUS BTOPOTO
nopsiika, 0OpabOTKU SKCHEPUMEHTAIbHBIX JTAHHBIX M HEOOXOIUMBIX KPHUTEPHAJIbHBIX PACUETOB,
nojy4yeHo ypaBHeHuu perpeccuu Buzaa d = f (T,t).

KayecTBeHHass KapTMHa MCCIEIYEMBIX 3aKOHOMEPHOCTEH IpEJACTaBlI€HAa B  BUJC
reOMEeTPHUUECKUX 00pa30B 3aBUCHUMOCTEH, KOTOpPhIE MOJIYYEHbI C MOMOIIBIO MPUKIATHOIO TaKeTa
nporpamm Maple — 2017 u npuBeieHbI Ha PUCYHKE 2.

O6pamasce k padore [1], BuaHO, 4TO reoMeTpudeckre oopa3ssl BiusHUs paktopoB T u t Ha
quametp nop d ¥ koapduIMeHT pacmupenus k moxy4uanch NpakTUYeCKH WACHTHYHBIC, U3 3TOTO
CIIeZyeT TeCHast 3aBUCUMOCTh K03((hUIIMeHTa pacIipeHUsl MaTepraja OT pa3Mepa IMaMeTpoB Iop.
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Pucynok 2 — I'eomerpuueckue 06passl BiusHus GaktopoB T u t Ha auamerp mop d

XapakTep MOJIeNIM CBOMCTB Ha PHUC. 2 MOKHO OOBSICHUTB, 00OpaIasich K TEXHOJIOTHYECKOMY
IIpOLIECCY BYJIKAHU3ALMK IOJIUMEPHBIX U3aenuil [3]. B Hauase nponecca ByJIKaHU3aLUU IPOUCXOAUT
CTPYKTYpUPOBAHHUE KOMIIO3UTAa OJHOBPEMEHHO C BO3ZHMKHOBEHHEM M POCTOM IIOp, YTO BBI3BIBAET
HEOJHOPOAHOCTh Marepuana. [Ipm 3TOM CTOMT aKLEHTUPOBAaTh BHUMAaHWE HA TO, 4YTO
IIPUIIOBEPXHOCTHBIE CJIOM MaTepualia, KOTOpPblE KOHTAaKTUPYIOT HENOCPEACTBEHHO C TIopsuel
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oopmIIsiroIIell MOBEPXHOCTHIO JIUTHEBOW (OPMBI, CTPYKTYPHUPYIOTCS B OOJBIICH CTENEHH, 4eM
neHrpaipHbple. [lo 3TOH mnpuumHe pocT mop B Oojiee CTPYKTYPUPOBAHHBIX OOJACTIAX -
MIPUIIOBEPXHOCTHBIX CIIOSIX, IPOUCXOAUT OoJiee 3aTpyHUTENbHO. ClelyeT OTMETUTH el TOT (aKT,
YTO TEMIIEpaTypa U BpeMs ByJIKaHU3ALUHU [I0-Pa3HOMY BIUSIOT Ha MaTtepuai. TemmepaTypa B JaHHOM
cllyyae CHOCOOCTBYET pAa3JIOKEHHIO MOpooOpa3oBarelss M pOCTy MOp, a BpeMs BYJIKaHU3ALUU
HA000pOT — npensATcTByeT. [10 CnoXKUBIIMMCS TPUYMHAM [TOPOOOpPa30BaHKE B U3/IEIHUAX HA OCHOBE
OBA mpouCcXOIUT HEOIHOPOTHO, YTO M BBI3BIBAET AHM30TPONHIO KOI((UIMEHTA paCIIMpEeHUs
(OpMOBaHHBIX MJIACTHH.

BuiBOaBI

PaccmoTtpena Mozenbs mopooOpa3oBaHuss B Marepuaie Ha ocHoBe OBA B mporecce
¢dbopmMoBaHus U ByJIKaHU3auK u3aenuil. [IpencraBieHHble 3aKOHOMEPHOCTH TECHO KOPPEIUPYIOT €
BIMSIHUEM pEeXUMOB (opMoBaHus Ha KodpduuueHt pacumpenus wusnenuil. Ilomydennsie
Pe3yIbTaThl CBUJETEIBCTBYIOT O TOM, YTO OCHOBHBIM (DAKTOPOM pacCIIMPEHUsI MaTEpUaAJIOB HA OCHOBE
OBA sBusiercs mopooOpa3oBaHuEe B MACCUBE H3JETHH, KOTOPbIE PETyJIUpPYIOTCS BapbUPOBAHHEM
PEKUMOB BYJIKAHU3AIUH.
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PA3JIEJTEHUE MPOMBIIIJIEHHON CMECH TPOJYKTOB ®TOPUPOBAHUS
JNEKAJIMHA UJIA HA®TAJMHA. TEXHOJIOTMYECKAS TOCJAEJOBATEJIBHOCTD
BBUIEJTEHUS NEP®TOP(7-METHJIBUIIAKJIO[4.3.0]HOHAHA),
MEP®TOP(BY TWJIIMKJIOTEKCAHA), IUC-TIEPOTOPIEKAJINHA 1
TPAHC-TIEP®TOPIEKAJIMHA
SEPARATION OF AN INDUSTRIAL MIXTURE OF DECALIN OR NAPHTHALENE
FLUORINATION PRODUCTS. TECHNOLOGICAL SEQUENCE FOR THE ISOLATION
OF PERFLUORO(7-METHYLBICYCLO[4.3.0]NONANE),
PERFLUORO(BUTYLCYCLOHEXANE), CIS-PERFLUORODECALIN AND TRANS-
PERFLUORODECALIN FROM INDUSTRIAL REACTION MIXTURES OF THE
FLUORINATION PROCESS OF DECALIN OR NAPHTHALENE

Auekceii Biiagumuposuu Kucens, Erop Bragumuposuy Jlynayes,
Anapeit Bnagumuposnu Iosakosanyenko, Cepreii Sikosinesny Kpamnns,
\Hmco.naﬁ HuxosaeBuu Ky.nos\
Aleksey V. Kisel, Egor V. Lupachev, Andrei V. Polkovnichenko, Sergey Y. Kvashnin,
\Nikolai N. Kulov‘

*Unemumym obweti u neopeanuyecxou xumuu umenu H. C. Kypnakosa PAH,
Poccusa, Mocxkesa
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Annomayusa: llpepnoxkeHa W peajM3oBaHa B IOJYHPOMBIIUIGHHOM — MacmTabe
TEXHOJIOTHYECKasi TOCIeA0BaTeNbHOCTh BbiAeNeHuss mnepdTop(7-metunourmkino[4.3.0]JHonana),
nepprop  (OyTWILMKIOreKcaHa), IHc-iepTopAeKaIrMHa H  TpaHC-epPTOpACKaTIUH U3
MPOMBIIIIJICHHBIX PEAKIMOHHBIX cMeceill mpouecca (TOPUPOBAHUS JeKaluHA WM Ha(TaauHA.
TexHonornyeckast MOCIEAOBATENILHOCTh MpeANoyiaraeT KOMOMHUpPOBaHWE AMCTWILUISALMOHHBIX U
KPUCTANTM3AMOHHBIX METOJO0B. /I MHTeHCH(UKAIUMK JUCTWUISIUOHHBIX IPOLECCOB ObUIN
nofo0pansl 3 PEeKTUBHBIE TeTEPOa3EOTPONO00PA3yIOIINE areHTHI.

Abstract: A technological sequence for the isolation of  perfluoro(7-
methylbicyclo[4.3.0Jnonane), perfluoro(butylcyclohexane), cis-perfluorodecalin and trans-
perfluorodecalin from industrial reaction mixtures of the fluorination process of decalin or
naphthalene has been proposed and implemented on a semi-industrial scale. The technological
sequence involves a combination of distillation and crystallization methods. To intensify the
distillation processes, effective heteroazeotrope-forming agents were selected.

Knioueguie crnosa: uc-nepdropaeKaInH; TpaHc-nepPTOpACKAIINH;
nepdrop(OyTmnnukiorekcan);  nepprop(7-metmnounmkio[4.3.0]HoHaH);  reTepoa3eoTpoIHas
pekTH(UKALUS; KPUCTAIITU3ALMS; pa3/ieieHue.

Keywords:  cis-perfluorodecalin; trans-perfluorodecalin;  perfluoro(butylcyclohexane);
perfluoro(7-methylbicyclo[4.3.0]nonane); heteroazeotropic distillation; crystallization; separation.

Beenenue

[lepdropnexkanun (IIPA) — mnepdTopupOoBaHHBIN LUKIOANKAH, HALISAIIANA [IUPOKOE
npUMEeHeHHe OJaroaapsi CBoei HHEPTHOCTH U ra3opacTBopstoM cBoiictBaM. [1D]] ncnonb3yercs
B MEIMIIMHE B KAY€CTBE KOMIIOHEHTa KpoBe3ameHuTtenei [1], B ohranpmonoruu [2], nepMaTonoruu
[3], a Takke B kauecTBe pacTBoputens st AMP-cniektpockomnuu [4].

B npombimiennoctu I1®J], kak mpaBuio, moiydaroT (PTOPUPOBAHHMEM JE€KAIMHA WU
HadTanuHa [5], B mpouecce KOTOPOro MPOUCXOJUT 00pa30BaHue OOJIBIIOrO KOJIWYECTBA MOOOYHBIX
IPOIYKTOB, B TOM YHUCJIE NEPPTOPUPOBAHHBIX MPENEIbHBIX WU HENPEICNbHBIX IUKIOAIKAHOB,
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cogepxamux no 10 aromoB ymiepoma. OcHOBHbIMM mnpuMecHbIMM Cjo KOMIIOHEHTaMH B
UCCIIEyeMbIX HaMu cMmecsiX sBIsUCh mnepdrop(7-metmnounukino[4.3.0Juonan) (MBIH) u
nepdrop(Oyrunumkinorexca) (BL) (pucynok 1).

CF2

\

(F2

[ i ] (F2
¢DTOpL|pOBaHne [F3/

8

[lexanu

unu umlmﬂ =
HacranuH Tpaxc-NoA MBLI

Pucynox 1 — IpoaykTel peakiiu GpTopupoBaHusl ASKATHHA WK HA(TaIHHA.

OnucanHas B IUTEpaType TEXHOJIOTUS pa3fAeieHus MPOAYKTOB (DTOPHUPOBAHUS JIEKAIMHA U
HadTanuHa [6] mpeamonaraeT BbIAENIEHHE U3 peakuumoHHOW cmecu sumb [1DJ[. Cam mpomece
XapaKkTepu3yeTcss OONBLUIMMU TOTEPSMHU LEJIEBOT0 KOMIIOHEHTa, B TO BpPEMs KakK IPHUMECHBIE
KOMIIOHEHTHI YAAJISIOTCS B KAUECTBE OTXO/I0B M TPEOYIOT CIIEIMATbHON YTUIN3AIHMU. 30€Ch OTMETHM,
yro, Hanpumep MBIIH u BII, uMeroT cBOIO COOCTBEHHYIO KOMMEPUYECKYIO ILIEHHOCTH [7, 8],
SBJISIIOTCSL IOPOTOCTOSIIIUMH M KOMMEPUYECKH TPYAHOIOCTYNHbIMH TeppTopupoBanHbIMU Cio
COeIMHEHUAMH. BBHUy 3TOro, npeacTaBisieTcs aKTyalbHbIM IOMCK TEXHOJIOTMYECKHX pPELICHMH,
KOTOpbIe OyIyT HalpaBlieHbl HA UHTEHCU(HUKaIHIO mporecca BoiaeneHus [1DJ] u hpopmuponanue
COILYTCTBYIOIIMX TOBAPHBIX IPOAYKTOB, a uMeHHO MBI[H u BIII'.

TexHonornueckasi MOC/IeI0BATEIbLHOCTh IMpoLEcca pa3/iesieHusi NPOMbINLJICHHOMN
cmecu MBIIH — BII' — uuc-11P/ — rpanc-11D .

B kxauecTBe 1eneBBIX KOMIIOHEHTOB B HACTOsIIEH pabore Obutn paccmorpeHsl muc-I1D/],
tpanc-11D/] u ux o6nuskokumsmue nepdropupoBannsie Cio u3oMepsl. B xone paboThl nocienHue
ObUTH BBIJIEJICHBI B YHCTOM BHJEe U uaeHTuduimposanbl kak MBI u BT [7, 9]; Taxke Obutn
MOJIyYEeHbI SKCIIEPUMEHTAIbHbIC JaHHbIE 00 HMX CIEKTPAIbHBIX, TEPMOPHU3UUECKUX U (UIUKO-
XuMHYecKux cBoicTBax [8, 10]. B kadecTBe 00beKTa UCCIIEOBaHUS B HACTOAIICH pabore ObuIH
UCTIOJIb30BaHbl (PaKLUU PEaKIHMOHHOW CMeCH TMPOAYKTOB (TOpUpOBaHUS HaTaluHA WIH
NEKaJIMHA, B3STbIE HENOCPEACTBEHHO C Mpou3BoAcTBa. (CyMMapHOE COJEp)KaHUE IIEJIEBBIX
komnonentoB (MBIH, BT, uuc-I1® u tpanc-11dJl) B HCXOAHON CMECH COCTABIISLIO HE MEHEE
88% Macc.

B pamkax uccienoBanus B HOTYIPOMBIIIICHHOM MaciTade ObUIH pacCCMOTPEHBI pa3InyHbIe
TexHosiornueckue craauu [7, 9, 11-13] Beinenenus MBIH, BUT, uuc-I1®O/ u tpanc-I1D/] kak u3
OMHApHBIX M TPEXKOMIIOHEHTHBIX COCTaBJSIOMIMX, TaK M CaMOW pEaKkIHMOHHOH CMECH.
CoBOKYIHOCTh Pa0OT MO3BOJMJIA MPEJIOKUTH OOIIYI0 TEXHOJOTHUYECKYIO IMOCIEI0BATEIbHOCTD
IIpoLIecCa BBIJEICHUSI M OYUCTKM LEJIEBBIX KOMIIOHEHTOB M3 IIPOMBIIIJIEHHBIX CMECEH, cxema
KOTOpOM Ipe/icTaBiIeHa Ha PUCYHKE 2.

Ha nepBom 3r1ane uM3 peaklMOHHOM IIPOMBINUICHHONW CMECH METOJAMHM OCHOBAaHHBIMHU Ha
IUCTWUISIIMM B KAuyeCTBE JICTKOKUIAIIEH (pakuuu MpeuMylecTBeHHO Bbiaensercs MBIIH
(pucyHok 2). B 3aBucumocTu 0oT cocTaBa oJaBacMoW Ha pa3/ieI€eHUE CMECH B JUCTHIUIAT, IOMUMO
psiia HeuIeHTU(PHUIUPOBAHHBIX PUMECEH, TaKkKe MepexoauT HekoTopoe koiuuecTBo [1DJ] u BT
(cmaoua 1.1). Janpueitmas ounictka MBIIH ot mpumeceit (cmaodus 1.2) MO3BOJNSET MOJIYyYaTh
¢pakuun MBIH ¢ gucroroit 1o 99.8 % wmacc. s uHTeHCH(UKAIIUU TpoIecca MOKET OBITh
UCTOJBb30BAaH alleTOH Kak rerepoaseorponoodpasyroumii areHt [7, 9]. Ilocnennuii ocobeHHO
s¢dexruBer npu kornentTpupoBanuu MBIIH ¢ 95 no 99.8 % macc. (cmaousa 1.3).
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PucyHok 2 — TexHonorndeckas mociea0BaTeIbHOCTh MPOLECCa pa3aeeH s IPOMBIILICHHONW CMECH
MBIIH — BUI" — uuc-11®/] — tpanc-I1IOMA. 1.1 u 1.2 — pexruduxanus; 1.3 rerepoazeoTponHas
pextudukanys ¢ auetonoM; 2.1 — rerepoa3eoTporiHas peKTU(HUKALHS ¢ BOJOH;

2.2 — KpucTajnu3anus; 3 — KOMOMHUPOBAaHUE KPUCTAIM3ALNT U PEKTU(DHUKALINH.

Ha Bropom stamne, u3 cmecu npeumyuiectBeHHO BoiaenstoT BUI (cmaous 2.1). Cnenyer
OTMETHTh, YTO BO BCEM JHMala3oHe KOHLEHTPALMi OOBbIYHAS pEKTU(HUKALMS HE IO3BOJISIET
s¢dextuBHO n3Bnekats LI BBuny 6mu3kux ¢ uuc-I11d/ u tpanc-11d /] remneparyp kunenus [10],
Majold OTHOCHUTEIHHOW JIETYYECTH ITHX KOMIIOHEHTOB (OJHM3KOM K 1) M BO3MOXKHOTO HaIUYUS
azeorpona Mmexay BLIT u IIDJ[. Jns wuHTeHCHM]HKaIMKU >TOro mnpormecca Obul mogo0paH
3G (deKTUBHBI  reTepoa3eoTpoa3eoTponoodpasymommii  areir —  BojJa  (COOCTBEHHBIE
HeolyOIMKOBaHHbIE JaHHbIE). Tak, Hampumep, BCETro 3a OJUH TEXHOJIOTUYECKUH ITMKII METOJ
reTepoa3eoTPONHON pPEeKTU(DHUKAIIMH C UCIIOIb30BAHUEM BOJbI HA yCTAaHOBKE 3((EKTUBHOCTHIO 85
TEOPETUYECKHUX CTYNEHEU pa3/ieleHus MO3BOJIsIET KOHIICHTPUPOBATh: B BUE KYOOBOTO MPOJYKTa —
BT ¢ 40.82 % wmacc. no 80.85 % macc.; B quctususate — [IDJ] ¢ 30.41 % macc. no 74.11 % macc.
3nech clegyeT OTMETHTb, 4YTO H3-3a KpaillHE HU3KOW B3aMMHOM pPAacTBOPUMOCTH BOJIBI C
KOMIIOHEHTaMu paszessieMoil cmecu (okoso 15 ppm) [11], rerepoaseorponooOpa3yroniuii areHt
MOKET OBITh (PAKTUYECKH MOJTHOCTHIO 0OpallleH B PEIMKII 0€3 OTJeIbHON CTa UK €r0 pereHeparum.
Taxum o0pa3zom, MeToz rerepoaseoTponHoit pektudukanuu cmecu [1OJ] — BT ¢ Boxoii nmo3Boiser
nonyuuts ¢pakuuu BLI ¢ comepikanueM 1eneBoro kommnoHeHta Beime 99.7 % wmacc. [8]. Oto
SBIISICTCS OCOOCHHO CYIIIECTBEHHBIM BBUIY TOTO, YTO B HACTOSIIUI MOMEHT Ha PBIHKE JIOCTYIHbI
o6pasiet BII ¢ yuctoroit He 6onee 96 % macc.

Cmaousa 2.1 BecbMa 3 PEeKTHUBHO MO3BOJsET KOHLUEHTpupoBaTh [1JID 1o 97 % macc. [anee
spdextuBHOCTS OuMcTKH [IDJ[ OT mnpumeceld METOJOM TIeTepOa3eOTPOIHON peKTH(PHUKALUN
cHmwkaerca. Panee, B pabGortax [12, 13] nHamu Obina mokazaHa >(PQPEKTHBHOCTb OOBEMHOU
KpUcCTaUIM3auuu Kak merona pasgenenus cmecel IIDJ] — BLI' paznu4HOro cocraBa, a Takxke
BJIMSIHAE TapaMeTpoB Ipoliecca Ha €ro mokaszarenu. Takum obOpasom, mis nomyudenus [1DJ] c
cojepkanueM npumeceid He Oomee 0.5 % wmacc., METOA TeTepoa3eoTPONHON peKTH(PHUKALUN
HE00X0IMMO KOMOMHUPOBATh ¢ 00bEMHON KpHCTAIU3auu (cmaous 2.2).

[Tomyuennstit Ha cmaduu 2.2 TID]] npencraBnseT co00i TOTOBBIH KOMMEPYECKHA MPOAYKT.
s cnenuduyueckux 3a1ad MoCIeqHUI MOKET OBITh J1ajee pa3zelieH Ha oTAenbHbie TpaHc-11D/] u
uc-11DJ] (cmaous 3) meTonom oObeMHOM KpucTtaum3anyu [13]. BBuay Hanmu4us B cUCTEME IIHC-
[MAD — tpanc-IIDOJ] sprektrku [13], MeTon KpucTaLTU3alUd HEOOXOIUMO KOMOWHHPOBATH C
pextudukanueit. [Tomyyennsie Takum o6pazom (pakiun muc-I1DJ] u Tpanc-I1D/] nmenu yuctory
99.6 % Mmacc. n 99.8 % Macc., COOTBETCTBEHHO.
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PA3PABOTKA HOBOM KOHCTPYKIUH ) KUJIKOCTHOT'O DKCTPAKTOPA
KOJIOHHOI'O THUITA
DEVELOPMENT OF A NEW DESIGN OF A COLUMN-TYPE LIQUID EXTRACTOR

IOpnii Bacunbesnu Kozun, Muxani I'eopruesud bepenrapren,
Yurii V. Kozin, Mikhail G. Berengarten

Mockosckuti nonumexnuyeckuu ynueepcumem, Poccus, Mockea
Moscow Polytechnic University, Russia, Moscow
(e-mail: Yura Kozin@mail.ru, berengarten@mail.ru )

AnHomayus: paccMaTpUBAIOTCA pPa3iM4YHBIE yCTPOMCTBAa KOJOHHOTO MacCOOOMEHHOTO
000pyIOBaHUS JUISI XMMUYECKOH MPOMBIIUIEHHOCTH. KOHTaKTHBIE YCTPOHCTBA KOJIOHHBI (TapeiKH,
HACaJIKH) MPEIHAa3HAYCHBI ISl IPOBEACHUS TEII0-MAaCCOOOMEHHBIX MTPOIIECCOB U UCTIONb3YIOTCS IS
yBEJIMYCHUS KOHTaKTa (a3. Bee cyniecTByomue B HACTOSIIEEe BpeMsI KOHTAaKTHBIC yCTPOHCTBA HMEIOT
CBOM JIOCTOMHCTBA ¥ CBOM HeNoCTaTku. Jlns pecypco- W 3HeprocOepekeHHs akKTyallbHO
COBEpIICHCTBOBAHUE M pa3pabOTKa HOBBIX THIIOB KOHTAKTHBIX YCTpOWCTB. PaccmarpuBaercs
pa3paboTka HOBOM KOHCTPYKIIUH YKHJIKOCTHOTO SKCTPAKTOPa KOJIOHHOTO THIIA.

Abstract: Various devices of column mass transfer equipment for the chemical industries are
discussed. Column contact devices (plates, nozzles) are designed for heat and mass transfer processes
are used to increase phase contact. All currently existing contact devices have their advantages and
disadvantages. For resource and energy saving, it is important to improve and develop new types of
contact devices. The article discusses the development of a new design of a column-type liquid
extractor.

Kntouegvie cnosa: KOHTaKTHBIE YCTPOMCTBA, MacCOOOMEH, Tapeliku, HAcalKu, KOJOHHBI,
pecypcocbepekenune, IHeprocoepexeHue.

Keywords: contact devices, mass transfer, plates, nozzles, columns, resource saving, energy
saving.

D¢ (eKTUBHOCTh XUMHYECKOTO IPOM3BOACTBA 3aBHCUT OT PAIMOHAJIBHOTO BBIOOpA
MIOCIIEIOBATEIIbHOCTH TEXHOJIOTMYECKUX OIepauuil (TEXHOJIOTMHM MPOM3BOACTBA) U MPABUIIBHOTO
BbIOOpa 00opynoBanus (annaparypHoro opopmienus) [1]. AnnaparypHoe ohopmiieHUE TEXHOIOTUN
OKCTPAKIUM B CHUCTEMaX IHKMIKOCTh-)KUAKOCTb B MPOMBIIICHHOCTH NpPEAHA3HAYEHO IS
OpraHu3aIK B3aUMOJCHCTBUS B IPOTUBOTOKE HECMEIINBAIOIIUXCS KUAKOCTEH pa3HOW IMIIOTHOCTH
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(TspKenoit u nerkoi asel). B akcTpakTope oOecnieunBaeTCst HEMPEPhIBHBIN MPOIIECC N30MPaTETHbHOTO
U3BJICUEHNUS BEUIECTB U3 PACTBOPOB.

KuakocTHast SKCTpakIus, MPUMEHSETCs, B YaCTHOCTHU B Tpoleccax HedrenepepadoTKu: A
BBIJICJICHUS] apOMAaTUYECKUX YITIEBOIOPOJOB U3 CTAOMIIBHOTO KaTajau3ara TPUATUIICHIIMKOIEM, IS
CEJIEKTUBHON OYUCTKU Maced N-MEeTUIHPPOIUAOHOM, I Aeac(anbTu3anus ryapoHa IPOIaHOM.

N3BecTtHO, 4TO TexHOJOrHyeckass 3(p(eKTUBHOCTH MPOIECCOB AKCTPAKIMH B CHUCTEMax
JKUAKOCTb-)KMJIKOCTb IOCTUTAeTCs 3a CUET:

® MaKCHMMaJIbHO BO3MOXXHOTO Pa3BUTHUS MOBEPXHOCTH KOHTAKTa (ha3 MyTeM AUCHEPrHpPOBAHUS
OJIHOM 3 da3z;

e oOecrnieueHHs yIOPSIOYCHHOTO IBUKEHHUs (Da3;

e pazzeneHus a3, Ipu KOTOPOM YHOC OJIHOM (hazbl Ipyroil Obl1 ObI MUHMMAJICH.

Haubonee n3BecTHbIE KOHCTPYKIIMU SKCTPAKTOPOB B IIPOMBIIIUIEHHOCTH IPUBEACHBI HA pHC. 1.
YCOBEpIICHCTBOBAHUE CYLISCTBYIOIIMX M pa3pabOTKax HOBBIX KOHCTPYKIHUIH 3SKCTPAKTOPOB
HarpaBJIeHbl B OCHOBHOM Ha MOBBIIIEHHE 3()()EKTUBHOCTH AMCIIEPTUPOBAHUS M KOAJICCUCHIIUU
aucriepcHOM (asbl, yBelMYeHHE BpPEMEHHU NpeObIBaHUS Kamlelb JAUCIEpCHOW (aspl B ammapare u
JOCTH)KEHUE KayeCTBEHHOTO paszzeieHus (a3, crocoOCTBYIOIMX MOBBIICHUIO 3(deKkTuBHOCTH
MaccooOMeHa M KaueCcTBa KOHEUHOro poaykra. ClieayeT UMeTh B BH]LYy, OHAKO, YTO HCIIOJIb30BaHNE
B TOJABJSIONIEM OOJBIIMHCTBE TAKHX allapaToB CIEIHAJbHBIX MEXaHU3MOB JUIsl BBEICHUS
JONIOJTHUTEIBHOM SHEPruM B KHUJIKOCTU: IMTHEBMOIYJIbCAIIMOHHBIX, BUOPALMOHHBIX U PA3IUYHOTO
poAa MemajoK SBISETCS WX OOIIMM HENOCTaTKOM, TaK KaK 3TO IMOMHMMO KOHCTPYKTHBHOTO
YCIIOKHEHHUS U YBEIMYCHHUS TaOapuTOB MPUBOIUT, BO- MEPBBIX, K MOBBIIIEHHOMY YHEPTETHUECKOMY
pacxoly M BEpOSATHOMY CHIDKCHHIO TEXHHUYECKOW YCTOHYMBOCTH PabOTHl 00OpYIOBaHUS, a, BO-
BTOPBIX, MOMKET CIPOBOLIMPOBATh HEKEJATEIbHBI CKOPOCTHOW W/HWIM XaOTHUYHBIA PEXUM
NEpEeMEIINBAaHUs. ¥, COOTBETCTBEHHO, BEpPOATHOCTh MPOAOJIBHOTO IepeMenmBanus (a3,
CHIDKAIOILIETO KayecTBO OKCTpakuuu. K TOMy k€ MNpUMEHEHHE SKCTPAKTOPOB, HMEIOLINX
ITHEBMOITYJIbCALlUOHHBIE MEXaHW3Mbl, OIPAaHUYEHO, MOCKOJBKY MCIIOJIb30BAHUE C)KAaTOro BO3/1yXa
HEJIOIYCTUMO NIPH paboTe C MoXKapo — B3PHIBOOMACHBIMU CPEIaMHU.
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Pl/lcyHOK 1 — Hawubomnee u3BecTHBIE KOHCTPYKIIUH SKCTPAKTOPOB:
d — KOJIOHHA C CUTYAaTbIMU TapCIIKAMU, 60— pOTOpHO—,Z[HCKOBLIfI OKCTPAKTOP; B — KOJIOHHA C
YCpCAYyOHMNMUCA CMECUTCIIbHBIMU U OTCTOMHBIMH HacaaO4YHbIMHU CCKIIUAMM,
T — pacClbUIMTCIIbHAA KOJIOHHA, I — HaCaJO04YHasd KOJIOHHA.

B nocneanue roxel 0co0o0 ynensaoch BHUMaHHE K COBEPIIECHCTBOBAHMIO aIlapaTypHOTO
oopMiIeHHsT IKCTPAKIIMOHHBIX MPOLECCOB U C TOYKHU 3PEHHs MOBBILICHUS UX TEXHOJOTHYECKOU
3P PEKTUBHOCTH, U C TOUKH 3pEHHS MOBBIIICHUS YHEPTO- U pecypcodPPeKTUBHOCTH.

Hanpumep, B onucanuu k narenty RU 2325210 [2], yka3aH anmapar KOJIOHHOTO THIA JJIs
B3aUMOJICHCTBUSI HECMELIMBAIOIMXCS JKUIKOCTEH pa3HON INIOTHOCTHU (TsDKENOW U Jierkoi (asbl) B
BH/JIE SKCTPAKLIHOHHOM KOJIOHHBI, COCTOALLEH U3 LICHTPAJILHON HACAJ0YHOU YaCTH U ABYX OTCTOMHBIX
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KaMep C YBEJIMYEHHBIMU JIUAMETPAMM, B KOTOPOH KOHTAKTUPOBAaHUE >KUIKOCTEH IPOUCXOAUT B
MHOTOCTYIIEHYATO HAacaJ04YHOM YacTy MPU JUCTIEPTUPOBaHUU OJHOHU U3 (a3, a cemapanus (a3 mox
BO3/ICHCTBHEM I'PAaBUTALIMOHHBIX CUJI OCYIIECTBIISIETCSA OAMH pa3 B BEpXHEH (Jerkas ¢asza) U HWKHEH
(Tsokenas (asza) OTCTOMHBIX KamMepax.

K HenocraTkam Takoro ycTpoicTBa CIEAyeT OTHECTH 3aBbILICHHBIE TapAMETPhl KOJIOHHBI, B
YacTHOCTU rabapura IO BBICOTE, HU3-3a 3aJOKEHHOTO B TEXHOJIOTHIO IIpolecca MpUHIIHIA
MHOT'OCTYIIEHYAaTOr0 KOHTAKTUPOBAHMS )KUJKOCTEN ITPU MCIIOJIB30BAHUN OJTHOTUIIHOTO KOHTAKTHOTO
yCTpOICTBa — Haca/KH; U HAJU4Ms ITHEBMATUYECKOIO I1yJIbCATOPA AJIS YJIy4lIEHUS] HHTEHCUBHOCTH
MaccooOmeHa. K ToMy ke ClIoHTaHHOE (HEOpraHW30BaHHOE) pa3ziesieHue (a3, 0XapakTepru30BaHHOE
aBTOpaMU pEIICHUS KaK «...OpraHndeckas (asa 1o Mepe cBOero IBMKEHUS 10 HACAJOYHOM YacTH U
BEpXHEH OTCTOMHON KaMepe OCBOOOKIAETCS OT AUCIEPCHOM (ha3bl...» HE rapaHTHPYET MOIYUYCHUs
Ha BBIXO/I€ JOCTATOYHO Ka4€CTBEHHOI'O MPOLYKTa SKCTPAKLIUH.

OTH HENOCTAaTKU YaCTUYHO YCTPAHEHBI B U3BECTHBIX JKUIKOCTHBIX IKCTPAKTOPAX KOJIOHHOTO
TUIIA, COEPIKAIIMX HEOJAHOKPATHO YEpeAyIOIIHecs IO BBICOTE KOpIyca MacCOOOMEHHbIE KaMephbl
JMCTIEPTUPOBAHUS M CMEIIeHUs (a3 ¢ KamepaMH pas3/ieIeHusl KOHTaKTUpyromux (a3 (Hanpumep, SU
741907, RU 2202395) [3,4]. IIpu 3TOM B EpBOM M3 HHX, C IIyJbCALlUOHHON KaMepOH, HECKOIBKO
HaCa/I0YHBIX MacCOOOMEHHBIX KaMep CMEILICHMs YEpeayIOTCS M0 BBICOTE MMEIOLIET0 BEPXHIOI U
HIDKHIOIO OTCTOWMHBIE KaMepbl KOpIyca C KamepamH paszieieHus (a3, BBHIIOJHEHHBIMHU B BUJE
JOTIOJTHUTENBHBIX OTCTOMHBIX KaMep, CHA0KEHHBIX CIUIOIIHBIMU MIEPETOPOIKAMH C THIPO3aTBOPAMU;
a BO BTOPOM BEepTHKaJIbHbIE KaMEPhl TUCTIEPTUPOBAHMS U CMEIICHUS], CHA0KEHHbIE MEXaHUYECKUMU
MELIAJIKAMH, YEpPEeIylTCS C PpacloJOKEHHBIMU TOPU30HTAJIBHO B IIAXMaTHOM  IOPSIZIKE
OTHOCUTEIIBHO OCH  3KCTpPAaKTOpa pa3[elIUTENbHBIMU  KaMepaMM C  IIeperopojkaMu U
YMEHBIIAIOUIMUMCA K Iepudeprun 00beMOM, YTO MOKET IPUBECTH K YXYILICHUIO THIPOANHAMHYECKON
00CTaHOBKE B 3KCTPAKTOpPE, HECTAOUIBLHON CKOPOCTHU MOTOKOB, MOBBIIICHUIO MEpenaja AaBJIeHUs B
sKCcTpakTope. MHTEeHCUBHOCTh MaccoOOMEHa IpU MPOTUBOTOYHOM KOHTAKTHPOBAaHMM (a3 B ITHX
aHajorax, B OTJIMYME OT MPEAbIIyIIero, o0ecneynBaeTcs 3a CUueT HEOJHOKPATHOTO YepelOBaHUs
CTaJuil CMEIIECHHS ¥ TPOMEKYTOYHOT0 pasnenenus (as. OqHako NPUHATOE B HUX MHOTOCEKIIHOHHOE
HCIIOJIHCHUE KOJIOHHBI C Pa3HBIMM IIapaMETPaMHU U Pa3HOU OPUEHTALMEN CEKLUUU B IIPOCTPAHCTBE
YCIIOXKHSAET UX KOHCTPYKTUBHOE MTOCTPOCHUE U rabapUTHI.

bonee koMIIakTHOE KOHCTPYKTUBHOE MOCTPOCHUE UMEET IKCTPAKTOP U3 ONMCAHUS K ITATEHTY
RU 2438750 [5]. DddexTuBHbIi MaccOOOMEH B HEM 00ECIEUMBACTCS B PEKUME PABHOMEPHOTO
pactpenenenus (a3, GopMHUPOBaHUS YMEPEHHBIX CKOPOCTEH MOTOKOB B AKCTPAKI[MOHHOW 30HE H
UCKJTFOYCHUS BEPOSATHOCTH XAOTHUECKOTO MepeMelInBanus a3, OJHAKO HAIUYHE 3aKPEIJICHHOTO B
KPBILIKE KOpITyca BO3BPaTHO-IIOCTYATEIBHOIO MEXaHN3Ma C 3JIEKTPUUYECKUM IPUBOJIOM, CIIYKAIIEro
Ul TIepefaqyy JUcIepraropaM BUOpAIMM YCTAaHOBJIEHHOW YacTOThl M aMIUIUTY/BI, YCIOXKHSIET U
YAOPOXKAET €r0 KOHCTPYKLHUIO.

LlenecooOpa3Ho Ha OCHOBE OOLIMX IOIXOJOB K COBEPLICHCTBOBAHUIO MacCOOOMEHHBIX
IPOIIECCOB M YUYHUTHIBAs OMNHMCAHHBIE B JUTEpaType pemeHus pa3padboTarh KOMOMHHPOBAHHBIN
KOMIAKTHBII SKOHOMUYECKH PEHTA0CNbHBINA 1 3((PEKTUBHBIN SKCTPAKTOP JUIsI CUCTEM KHJKOCTh —
JKUJKOCTD.

TexHUuYecKui pe3ylIbTart, oJIly4acMblii IIPU peaan3aliy I0CTAaBICHHOM 3a1a41, 3aKI04aeTCs
B IIOBBIIIEHUHM HHTEHCUBHOCTH U Ka4eCTBa MacCOOOMEHa.

3asiBIICHHBIN TEXHUYECKUI pe3ysIbTaT JOCTUIAeTCsl TEM, UTO B )KMJKOCTHOM 3KCTpakTope [6]
(puc.2) koMOMHaLKEeH TPUMEHEHHUS PA3JINYHBIX TUIIOB KOHTAKTHBIX YCTPOMCTB “HacajKu+Tapenku”
nocturaercst 3pQPEKTUBHOCTh B TAKHX IMOKA3aTeIsIX KaK yIydlIeHHE MOBEPXHOCTH KOHTakTa (a3,
BBIXOJ] IPOJYKTOB U IOBBIIIEHUE UX KAYECTBA.

BcenencrtBue mHTeHcHM(UKaMM MaccooOMeHa B cekuuu Hacanku (1) TpeOyercs MeHblee
KOJIMYECTBO TEOPETUUECKHUX CTYINEHEH W COOTBETCTBEHHO MEHbILE JUIMHA, rabapuThl amnmapara uto
IPUBOIUT K YMEHBIICHUIO METAIJIOEMKOCTH W CHIDKEHHIO CTOMMOCTH OOOpYIOBaHUS, M JejaeT
NPEANOYTUTEIHHBIM IPUMEHEHNE HACaI0YHBIX allllapaToB UCXO U3 YKOHOMHUYECKHUX COOOPasKEHHIH.
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Pucynok 2 — OOuiuii Bux HoBoi
KOHCTPYKITUH KUJAKOCTHOTO
SKCTPAKTOpa KOJIOHHOTO THIIA.

1 — cexiusg Hacagku, 2 — CEKIHS
CUTYATBIX Tapenok, JID-nerkas
¢dpakuus, TO-Tsopxenas ppakus.

B TO Xe BpeMms y HacaJku €CTb CBOM HEIOCTaTKH:
Hu3Kass 93(GGEeKTUBHOCT, MaccooOMeHa BONHM3M  CTEHKH
anmapara, 3arpsi3HEHHUE HacaJKu OTJIOKEHUSIMU
(MexaHHUYECKHE IIPUMECH, IIPOJYKTBI OCMOJIEHHUS),
KaHaJI000pa3oBaHKE U OallIacCHpOBaHUE IOTOKOB B CTPYKTYpE
HacaJku. balimacupoBaHue MOTOKOB ChIPbsl U PACTBOPUTEIIS B
IIPOLECCE IKCTPAKIMKU IPUBOAMUT K 3HAYUTEIBHOU IIOTEPE B
BBIXOJIE IPOAYKTOB M MX KadecTBe. [[ns HuUBennpoBaHus
YKa3aHHOTO HEIOCTaTka B BEPXHEH YacTH SKCTPAaKTOpa
YCTAaHOBJIEHA CEKUUA CUTYaTblXx Tapenok (2). Hamuuume
TapelIoOK COBEPILIEHHO MCKJIIOUYAeT IEPEMEIIMBAHUE KakK
CIUIOIITHOM, TaK M JUCIEPCHOM (a3 Mo BHICOTE ammapara,
npubmmKass OIKCTPAKTOP C  CHUTYATBIMU  TapelikaMHh K
anmnapaTram UJ1€ajJbHOIO BBITECHEHMUS.

JlocTonHCcTBa HACaIKu, C OTHOW CTOPOHBI, U CUTYATOU
Tapellki, ¢ JApYyrod CTOPOHBI, IIPU COBMECTHOM HX
UCIIOJIb30BaHUM B OJHOM allapare IO3BOJSAET IOJIy4YHUTh
MOJIOKUTEIIbHBIA ~ CUHEpreTHUecKuid 3(PQeKT BCIeaCTBHE
KOMOMHAIIMM TNPUMEHEHUS BBIIICYKa3aHHBIX Pa3IMYHBIX
TUIIOB KOHTaKTHBIX YCTPONCTB.

BriBOaBI
B paspaboranHOM HOBOM OJKCTpakTope Onaromaps
JTOCTHXKEHHIO MOBBIIIEHHON MHTEHCU(UKAIIH

MaccoOOMEHHOTO nporuecca B KOMOHWHUPOBaAaHHOM
KOHTAaKTHOM YCTPOWCTBOM C HEOIHOKPATHOM (DUHUIIHOM
JOOYUCTKON CBIPbE OCBOOOXKIAETCS OT 3HAUUTEIBHOM JO0JIH
(0 99,5%) sKcTparupyemMbIX KOMIIOHEHTOB.

Ilo cpaBHEHMI0O C  W3BECTHbIMH  AHAJIOIAMH,
obecrieunBaeTcs:

® CHIKEHHE JHEpPro3arpar U KOHCTPYKTHBHOE YIPOIIEHUE Oiaromaps HCKIIOYCHHUIO
3HCpF CTUUYCCKHU CMKUX JOIIOJIHUTCIIBHBIX MCXaHHU3MOB, I/ICHOHL?)yCMBIX JUIA
WHTEHCU(PUKAIIUYU TPOIIecca;

® CHIXCHHE JIOJIM IKCTPAreHTa B COOTHOIIICHUH «IKCTPATCHT - UCXOHAS CMECHY;

® CHIXXEHHE MacCOTa0apUTHBIX Pa3MEPOB IKCTPAKTOPA.
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BOJOOTTAJIKUBAIOIIASA TKAHDb C D®@P®EKTOM UK-PEMUCCHUHU
WATER REPELLENT FABRIC WITH IR-REMISSION EFFECT

Ouabra Buranbesna Kosnosa, Ponnon Anapeesny I'puiun
Olga V. Kozlova, Rodion A. Grishin

Hesarnosckuil cocydapcmeennbiii XuMuko-mexnonocuueckuti ynugepcumem, Poccus, Heanoso
Ivanovo State University of Chemical Technology, Russia, Ivanovo
(e-mail: ovk-56@mail.ru)

Annomayusa: Paborta moceseHa pa3paboTke TexHonoruu mnomydenus s¢ppexra HK-
pPEeMHCCHUH M BOJOOTTAJIKMBAIOMIMX CBOHCTB. IlokasaHo, yTo mnpu A00aBICHMM B HUTMEHTHO-
MOJMMEPHYIO0 KOMIIO3UIUIO (PTOPOPraHUYECKOTo coequHeHusi, noMmumMo s¢pdexra UK-pemuccun,
nocturaetrcst 3pGEeKT BOIOOTTAIKUBAHMS, YTO SBIAETCS OOJBIINM MPEHUMYIIECTBOM, T.K Ha CTaJAUU
3aKIIIOUYUTENILHON OTJENKUA KaMy(IMpOBaHHBIX TKaHEH Bce APPEKTH MOKHO MOITYUUTh B OIMH ATaIl
1 Ha OTHOM 00OPYIOBaHHH.

Abstract: The work is devoted to the development of technology for obtaining the effect of IR
remission and water-repellent properties. It has been shown that when an organofluorine compound
is added to the pigment-polymer composition, in addition to the IR-remission effect, a water-repellent
effect is achieved, which is a great advantage, because at the stage of final finishing of camouflage
fabrics, all effects can be obtained in one stage and on one line.

Kniouesvie cnosa: TEKCTUIIBbHBIE MaTepHalibl, BOJOOTTAJIKHBAHUE, ITOJIMMEPHO-KICEBbIC
KOMIIO3HIIMHY, MUHEpPAJIbHbIC HAOJIHUTENN, MUIMEHT, MK-pemuccust.

Keywords: textile materials, water repellency, polymer-adhesive compositions, mineral fillers,
pigment, IR remission.

B HacTosimiee BpeMs aKTyalbHBIM HAlpaBICHUEM SIBIISICTCS CO3JaHUE TKaHH C
KaMyQuupylomiel OKpackoi, MpsiMoe Ha3HAueHUEe KOTOPOH CBA3aHO ¢ MACKUPYIOLIMMH CBOUCTBAMH,
KaK B BUJAMMOM 001acTH, TaKk ¥ pu HaOII0AeHUH B pubopax HouHoro BuzaeHus [1]. Haznauenue
TAaKOM TKaHU PA3IUYHO - 0XOTa, pbl0anka, neiHTO0, cTpaiikOom, nazeprar u mp. [Ipu sTom cama
TKaHb, TNpEeJAHA3HAYCHHAs U1 BEpXHEH OJeXIbl, Kak IMpaBWiIO, JOJDKHA OBITH Macyo-,
BOJJOOTTAJIKUBAIOIICH.

Ilenp paboTel — pa3paboTKa pelentypbl NOJMMEPHOTO TMOKPBITHS Ui TEKCTHIIA,
o0ecreynBamoIero IMOJyYeHHEe COBOKYIHOCTHM TakuX (DYHKUMOHAIBHBIX CBOMCTB, Kak
BojooTTankuBanue u MK-pemuccus.

[lepBoHauanbHO ObUIA MPOBEICHA OIEHKA A(PQPEKTUBHOCTH HCIIONB30BAHMS IpenapaToB
Pa3NUYHBIX KOMIIAHUH, MpeagaraeMbiX B OTIEJIOYHOE IMPOU3BOJICTBO JUIS BOJOOTTAIKHUBAIOLICH
OTACNKUA TEKCTHJIbHBIX MaTepualoB, a MMEHHO 3apyOexHbix mnpenapatoB: HUVA (Archroma),
RUCO-Guard AIR (Rudolf), SF Guard S8. OgHuM U3 I7IaBHBIX NPEUMYIIECTB MPUMEHEHHS THX
IpernapaToB IO CPABHEHUIO C IpernaparaMu IPeIbIIyLIero MOKOJCHUS, SBISIETCS OTCYTCTBHE
HE00XO0IMMOCTH MPUMEHEHUS CLIIMBAIOIIUX KOMIIOHECHTOB.

KpurepusiMu  KayecTBEHHOW OIIGHKM TKaHEH SBISUIMCH  IOKa3aTeId  Macjio- H
BOJIOOTTAJIKMBAHUS, a TaKXKe IOKA3aTelIM YIJIOB PACKPBITHS CKIAIKH, KOCBEHHO OTPaKAIOLIUX
M3MEHEHUSA B YIIPYTO-3JaCTUYECKUX CBOMCTBAX MOAM(DULIIMPOBAHHBIX MAaTEPHAIIOB.

OCHOBHBIMM ~KOMIIOHEHTaMH MOJMMEPHOH KOMIIO3UIIUHM SIBISIOTCS OTEYECTBEHHBIN
aKpUJIOBBIH MoMMep, mpenapaT Ha OCHOBE (PTOPKAPOOHOBBIX KUCIIOT W CIIMBAIOUIMNA KOMIIOHEHT.
PernameHTsl mpUMeHEHHs BBIOPAHHBIX IPENApaToB, BKIIOYAIOIINE KOHLEHTPAIMIO U HapamMeTphl
TEpMOOOPaObOTKH, OTpabOTaHbl aBTOPAaMM B TEUCHHWE MHOTOUYUCIICHHBIX HCCIeA0BaHUM [2-4].
TexHomnorus 3akiroyasiach B MOAM(UKALNU TEKCTWIBHOTO MaTepuana MOJUMEPHON 3aryIieHHON
KOMIIO3UIIMEH MyTEM pPaKEeIbHOI'O HAHECEHHWs, IOCIe 4Yero cleioBajla MOJCYIIKAa U (puKcauus
ropsuuM Bo3ayxom npu 150-160°C B reuenue 2-3 MuH.
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PesynbTatsl BOJI0OOTTAJIKMBAOILIETO s dexTa
OLICHUBAJIM BU3YaJbHO [0 BPEMEHU YAEP)KaHUS KaIlJIH BOJIBI
Ha TOBEPXHOCTH oOpaboTanHoro Marepuana (puc.l),
MAacJIOOTTAJIKUBAHMS — ITyTEM HCIIOJIb30BAaHUs CIIEIMATIbHBIX
UCTIBITATENIbHBIX KUAKOCTEH C pa3iIMyHbIM MTOBEPXHOCTHBIM
HaTspkeHueM B coorBeTcTBUE ¢ GOST Soil-Release AATCC-
Test 130-1969.

IIpenapatet NUVA u SF-guard C8 mnposBistoT

TydIue pe3yJbTaThI MacJIOOTTAIKUBAHUS npu
koHueHTpausax 60-100 r/n. Oxnako npu J00aBlieHUH B
Pucynox 1 — Kams Bozs! Ha KOMIIO3UIIMIO  TaKUX  [PernaparoB  OTEYECTBEHHOTO

MOBCPXHOCTU TCKCTUJIILHOTO

npou3BoAcTBa, kKak  Py3sun-14u  u  Otexkcun /12
MaTtcpuaia.

MaclIOOTTAJIKUBAIOIINE CBOWCTBa BhICOKME Yyxe mpu 40 r/m.
To ecTb mpu 3aMeHE B KOMIIO3UIUAX JOPOTHX 3apyOeKHBIX
IPerapaToB HA OTCYECTBECHHbIE aKPUIIOBBIE 100aBKH, TIOSBIISETCS BO3MOXKHOCTh YACUICBICHUS BCel
TEXHOJIOTUH B LIETIOM.

Jns nonydenus spdexra UK-pemuccenu, B MOIUPHUIMPYIOUIYIO MOJTUMEPHYIO KOMIIO3HIIUIO
JOMIOJTHUTEIBHO BBOJWIIM B CHEIHMAJIbHO BBIBEPEHHBIX KOHIIEHTPALUSAX aXpOMAaTHYECKYIO J100aBKY
MHUHEPAJILHOTO MTPOUCXOXKACHUS.

PesynbraTel nosyueHHOTo 3(dexra OLUeHEeHbI ¢ MOMOIIbI0 CIIEKTPAIBHBIX XapaKTEPUCTUK
MOKPBITUSL B CPABHEHUH C UCXOAHOM KOJOPHUPOBAHHOM MO «KaMy(JIsK» TKaHU, CHAThIE B paboueM
auamnazone 250 - 1100 1M, ¢ momombto criektpodoromerpa. Ha puc.2 Ha npumepe 0JHOTO U3 ISATHA
I[BETOM XaKH MPE/ICTaBICHbI XapaKTEPUCTUUECKUE KPUBBIE OTPAKEHUS UCXOAHOM OKpACKU (BepXHssA
KpHUBasi) W IOCJIE€ MOKPBITUS TMOJMMEPHOM Kommo3uuued ¢ nobaskoit 0,25 T/Kr MHUHEpabHOTO
KOMIIOHEHTa (HIXKHsS KpuBas). BusyanbHyl0 pa3HUIly OLIGHHMBAIM C MOMOLIbIO (oToarmapara ¢
(byHKIMEH HOYHOTO BUICHHSL.
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PucyHok 2 — CriektpalibHbIe XapaKTePUCTHKH OKPACOK MUTMEHTOM XaKU: BEPXHSISI KpUBAst — HCXO/THBIIM
LBET; HIOKHSSL — C MOBEPXHOCTHON MOIM(pHUKaIMEH MOTUMEPHON KOMIO3UIHEH

AHanu3 CHEeKTPaIbHBIX KPUBBIX MOKa3al, uTo orpaxkenue B MK-obmactu cuusmnocs ¢ 65%
10 30%, a 3HaYUT, TEKCTUIBHBIN MaTeprall Mocjie MOAU(UKALINY TTOTYYNIT MACKUPOBOYHBIHN 3 ekt
B HOUHOE BpeMs CyTOK. [IpoBeieHbI nccae10Banus 10 MOJU(PHUKAIIMY HalleYaTaHHbIX 1101 KaMy (IIsDK
00pa3loB pa3InYHON TaMMBI OTTEHKOB (Cepo- Troiy0oif, Xaku, >KEITO-KOPHYHEBOW M Jp.) Ha
NoJIM3(PUPHBIX TKAHSAX U MIOCTPOEHBI [IBETOBBIE 0XBAThI B Koslopuctuyeckoit cucreme CMYK [4].

[TonmyyeHHbIe pe3ysIbTaThl aKTyaJbHbI U UMEIOT MPUKJIAJHOE 3HAYCHHE MPH MPOU3BOJCTBE
TEKCTHJIBHBIX MAaTEpUAJIOB C KOMIUIEKCOM (PYHKIMOHAIBHBIX CBOMCTB: MAacKUpPYIOIIMX U BOJO-,
MAacJIOOTTAJIKUBAIOIINX.

Hccneoosanue npogsedeno ¢ ucnonvzoeanuem pecypcog Llenmpa — KOINEKMUBHO20

nob308aHUsL  HAYUHbIM 000pyodoeanuem HIXTY (npu noodoepocke Munobpnayku Poccuu,
coenawernue Ne 075-15-2021-671)
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HUCCJIEJTOBAHUE CTPYKTYPHO-MEXAHUYECKUX XAPAKTEPUCTHUK ITEHBI
’KEJJATUHA U3 OTXOJ0B NEPEPABOTKMU PHIEbI KAK OFBEKTA
NH®PAKPACHOU CYUIKHA
STUDY OF FOAM STRUCTURE CHARACTERISTICS OF GELATIN FROM FISH
PROCESSING WASTE AS AN OBJECT OF INFRARED DRYING

Huxounaii [laBnosu4 [Asiuenko*, FOpuii Asekcanapoud MakcuMeHKO* *,
Iayapna [laBaoBuy JIsgueHko***
Nikolay P. Dyachenko*, Yuri A. Maksimenko**, Eduard P. Dyachenko***

* Qunuan komnanuu «LLnrombeporce nodxucenxo, Uuk.», Poccus, Yemo-Kym
*Branch of Schlumberger Logelco, Inc., Russia, Ust-Kut
(e-mail: amed-nauka@yandex.ru)
**Acmpaxanckutl cocyoapcmeennulil mexnuieckutl yuusepcumem, Poccus, Acmpaxans
**Astrakhan state technical university, Russia, Astrakhan
X Mnemumym meouyunckux mamepuanos, Poccus, Mocksa
*#*[nstitute of medical materials, Russia, Moscow

Annomayus: ViccnenoBansl IEHOOOPa3yolias CIOCOOHOCTh, KPATHOCTD IIEHbI U INIOTHOCTh
BCIICHEHHBIX PACTBOPOB JKEJAaTWHA, IMPOM3BEIEHHOIO W3 OTXOAOB MepepaboTKU phIObI (Yeuryu
IIPOMBICIIOBBIX (YaCTUKOBBIX) U MPYAOBBIX pbIO: ca3aH, Oenblii amyp, Kapil, ToicTono0uk). [Tyrem
anMnpoOKCUMAIIMM SMIMPUYECKUX JAHHBIX MOJIYYECHbI 3aBHCHUMOCTH YKA3aHHBIX XapaKTEPUCTUK OT
KOHIIGHTPALlMU CYXHMX BEIIECTB B MpoAykre. Ha OCHOBE SMIUPUYECKUX JAHHBIX IOCTPOCHA
JrarpaMma 3aBUCUMOCTH BCIICHUBAEMOCTH MPOIYKTA OT €r0 TeMIepaTyphl.

Abstract: The foaming ability, foam expansion rate and density of foamed solutions of gelatin
produced from fish processing waste (scales of commercial (partial) and pond fish: carp, grass carp,
carp, silver carp) were studied. By approximating empirical data, the dependences of these
characteristics on the concentration of dry substances in the product were obtained. Based on
empirical data, a diagram of the dependence of the foaming ability of the product on its temperature
was constructed.

Kniouesvie cnosa: neHocyIka, xeJlaTuH, UHPPAKPACHBIM SHEPronoABO/l, BCICHUBAEMOCTb,
KpPaTHOCTb, INIOTHOCTb, OTXO/ABI phIOONIepepabOTKH.

Keywords: drying, gelatin, infrared energy supply, foaming ability, multiplicity, density, fish
processing waste.
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Kenatun siBisieTcss 0AHUM 13 HanOoJIee BOCTPEOOBAHHBIX IPOIYKTOB B PA3JIMYHBIX OTPACIIAX
MUIIEBOM U XUMHUECKOW MPOMBIIIJICHHOCTH, SKOJIOTUYECKH 0e301aceH U BhIPA0aThIBACTCS TOJIBKO
U3 HATypaJbHBIX MaTEpUAJIOB, B TOM YHCJE - OTXOJOB NEPepadOTKU PHIObI, KOTOPHIE SIBISIOTCS
NEPCIIEKTUBHBIM UCTOYHUKOM CBIPbsI ISl IPOM3BOJCTBA JKEIATHUHA.

3aKIIIOYUTENIbHBIM, HanboJIee SHEPrOEMKUM TEXHOJOTHYECKUM IPOLIECCOM IPOU3BOJICTBA
CYXOTo eJlaTuHa sIBIIsieTcsl 00e3BoxkMBaHue (cyka). [Iponecc Cymku Takke onpeenseT KayeCcTBO
CyXoro mpoxaykra. Bmecre ¢ Tem 1 BbIOOpa paloOHAIBHOTO crioco0a BiaroygajieHus, pa3padoTKu
PEKUMOB TIIpoliecca, HeOOXOAUMMO KOMIUIEKCHOE MCCIIeIOBAaHUE MTPOIYKTA, BKIIIOUYAs €r0 CTPYKTYPHO-
MeXaHU4eCKHe cBoMcTBa [1-4].

Ilenpro HACTOSAIMX MCCIEAOBAHUN SBJSUIOCH OIPENEICHHE CTPYKTYPHO-MEXaHMYECKHX
XapaKTePUCTHK IEH PACTBOPOB JKEJIAaTHHA U3 OTXOJI0B MEepepabOTKU PhIObI B paMKaX KOMIUIEKCHOTO
UCCIICIOBAHMsI KeJlaTHHAa Kak O00BbeKTa MH(pPaKpacHOH MEHOCyIIKU. B uyacTHOCTH, ompeneneHbl
neHooOpasyroiast CiocoOHOCTh V;, KpaTHOCTH 5 ¥ IFIOTHOCTH P, BCIIEHEHHBIX PACTBOPOB XKeJaTHHA
B 3aBUCUMOCTH OT KOHIICHTPALIUU CYXUX BELIeCTB B IpoayKTe C, KI/KT.

KonuenTpamnus cyxux BelecTB BerieHuBaeMoro pactsopa C, Kr/kr u temneparypa 7, K nens
ABJIAIOTCSL OCHOBHBIMM BJIMSIONIMMM Ha BCIIEHUBAEMOCTb, KPaTHOCTb U IUIOTHOCTH IIEHBI
napametpami [4, 5]. UccnenoBanue V,, f u p, ocymecTtBiusiaocs ans auanasona C, = 0,15...0,35
KI/KT. YKa3aHHbIE MpeJesibl 3HAYeHUH KOHIIEHTPALUU COOTBETCTBYIOT aHAJOTHYHBIM 3HAYCHUSM
KOHLEHTpalUi MOCTYNAKLIEro Ha CYLIKY NMpoayKTa. Temneparypa NpUrOTOBIEHUS BCIEHEHHOIO
pacTBopa BapbupoBasiack B npenenax I'= 298 — 323 K. I'paHuiubl TeMmnepaTypsl ONpEAE/IEHBI
SMIUPUYECKH.

HccnenoBanus MpOBOIMINCH C UCIOIB30BaHUEM J1abopaTopHoro obopynoanus ®I'6OY BO
«AcTpaxaHCKUI TOCYapCTBEHHBIN TEXHMUYECKUM yHUBEpcuUTeT». [l mpoBeneHus UCCleqOBaHUN
JKEJIAaTUHOBBIN OyIBOH (PACTBOP) TOTOBUIICS IO METOIMKE [6] U3 YETTyH TIPOMBICTIOBBIX (UACTUKOBBIX )
U TIPYAOBBIX PbIO (ca3aH, Oenblil amyp, KapI, TOJICTOJIO0MK), OTyYeHHOH npu pasnenke. PacTBopsl
JKEeJIaTHHA BCIIEHUBAIMCH IPY HauanbHOU Temneparype 7' = 323 K, koTopas B ripoliecce BCIIEHUBAHUS
CHIDKAJIACh IyTEM OCTBIBAHMS 10 TeMIepaTypbl GOPMHUPOBAaHUS U cTabunu3anuu neusl 7y T = 298
K npu C=0,15 xr/kr, T =303 K npu C=0,25 kr/kr u 7, =308 K npu C=0,35 kr/kr. B yka3aHHbIX
Ipeneiax 3HAuYE€HUM TeMIepaTypbl JOCTUIajach MaKCHMajbHas BCIIEHMBAEMOCTb IIPOAYKTa
(pucynoxk 1). IIpu T < T, BcieHMBaeMBblIii pacTBOpP TPaHC(HOPMUPYETCS B BHICOKOBS3KHIM I'elib, Tepsis
CBOMCTBA JKUIKOCTH, YTO IpENsATCTByeT BeneHuBaHuto. Ilpu 7> 323 K BcieAacTBUE CHUKEHUS
MOBEPXHOCTHO-aKTUBHBIX CBOMCTB MPOAYKTa MPAKTHUUYECKU IPEKpaliagoch 0Opa3oBaHMUE IIEHBI,
HACBILLIEHUE PACTBOPA BO3IYXOM.

v, m’

0,000160

[ O
0,000120 7

' C=0,35 ke/ke

IZAL S
0,000080 * . R
.3V 8 2/
S| 7,9 37, A
AT . C=0,25 ke/ke
M AIIA LI
‘2 7S5
0,000040 + 2/ 88~
S 5% 4
o ® g g IS 4 5
&3 38 /. C=0,15 Ka/ke _ °
» X S

N
©
3

303 308 313 318 T, K

3oHa npouecca neHoobpasosaHus

Pucynok 1 — JluarpamMma 3aBUCHMOCTH BCIIEHUBAEMOCTH MPOAYKTa V, M’ OT TEeMIepaTyphl PacTBOPa
xkemaruna 7, K

B kadecTBe SKCIIEPUMEHTAIBHBIX 00PA3IOB MPOIYKTa UCIIOIH30BAIUCH PACTBOPHI KeJlaTHHA
¢ KoHIeHTpanuei cyxux BemectB C, = 0,15; 0,25 u 0,35 kr/kr. PacueT konuuecTBa CyXoro npoayKra,
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HeoOXoauMoro sl o0pa3oBaHUs pacTBOpa C TpeOyeMoil KOHILIEHTpAIMel CyXHX BELIeCTB
OCYIIECTBIISIICS 1O hopMyIie:
m,-C
m, -6 "H 1
P C.-C, )

IZI€ Mpp - Macca IOPOILIKA XKEJAaTUHA, KI; Mg - Macca AUCTUIUIMPOBAHHOM BOIbI, Kr; Cy -
JKelaemasl JI0JI1 CyXHX BEIECTB B IOJIy4aeMOM IpOAyKTe, KI/Kr; C, - J0NS CyXHUX BEIIECTB B
MOPOIIIKE JKEIATUHA, KI/KT.

Jlanee pacTBOpHI JKeJIaTUHA BCIICHUBAINCH METOJIOM IEPEMELINBAHUS 10 00pa30BaHMs IICHbI
MakCUMaJabHOro oobeMa V, [4]. OObeMBI UCXOAHOTO Ve, M> ¥ BCIIEHEHHOTO V,, M> PacTBOPOB
JKENaTHHA 3aMepsIMChb MEPHBIM CTaKaHOM, TeMIleparypa MNpoaykra [ perucTpupoBaiach
MIOAKIIOYAEMOH K MYJIbTUMETPY TEPMOIIAPOH.

Kparnocts nensl 8, M3/M> onpenensiu o popmyie:

p= ;/—” 2)
HC

[[JI0THOCTH BCHIEHEHHBIX Py, KI/M> PACTBOPOB JKEJATHHA ONPEIENAIACh TMKHOMETPUUECKHUM
METOJIOM IyTeM HW3MEPEHHs MacChl M3BECTHOTO Oo0beMa uccieayeMoro mponaykra [4]. Macca
BCIICHEHHOTO M,, KI' pacTBOpa 3aMepsuiack aHanuTHueckumu Becamu Adventurer OHAUS AR3130.
[1I0THOCTH BCIIEHEHHBIX PACTBOPOB Py, KI/M> ONPEAEISIIACh 110 GOopMyJIE:

Pn=—7" 3)

TIpoBeieHO 10 TPH OIbITA O ONPEIENEHHUIO 3aBUCUMOCTH Vy, M, KPATHOCTH 8 1
IUIOTHOCTH Py, KT/M> BCIIEHEHHBIX PACTBOPOB JKEJIATUHA OT KOHIEHTPALIMK CYXHX BEILECTB B
npoaykre Cy,, KI/KT, KaXKJIbIi OIIBIT IJIsl TOBBIIIEHHUS] TOYHOCTH U3MEPEHUI IOBTOPSUICS TpHU pasa. B
UTOT€ MPOBEACHUS IKCIIEPUMEHTAIBHBIX UCCIEIOBAHNHN MOIy4YeHbl 3HaYCHUs V5, f ¥ p, IpU
pasnmuunoit C, anst T = 298K (sKcnepuMeHTalbHbIe 3aBUCUMOCTH XapaKTEPUCTUK MTPUBEICHBI HA
pucyHke 2). C 11eJb10 MaTEMaTHUECKOTO ONMCAHUS IKCIIEPUMEHTAJIbHbBIE TaHHbIE

anIpOKCUMHUPOBAHBI U 10J1y4eHbl QyHKIMOHANbHEIE 3aBucumoctu V = f(C), = f(C) n
pn =f(C), py 3TOM BEJIMYKMHA JJOCTOBEPHOCTH aINPOKCUMAIMK cocTaBisia R?=0,999:
V. =-0,000518-C* +0,000157-C +0,000156;
B=-51791-C*+1,5671-C +1,559%; 4)
p, =4299.-C* —1471-C+0,716.

B | " M Pn

1,650| 0,000165

0,700

1,600 |- 0,000160
0,650
1,550 | 0,000155

0,600
1,500 |- 0,000150 ®
o}

1,450L 0,000145 0,550
0,15 0,20 0,25 030 C, xa/kz 0,15 0,20 0,25 0,30 C, k2/xz

PucyHok 2 — DkcrnepuMeHTalbHbIC 3aBHCHMOCTH MEHO00pa3yolieil CiocOOHOCTH V), KpaTHOCTH £ 1
IUIOTHOCTH p, PacTBOPA jKelNaTuHa 0T KoHUeHTpauuu C (0) ¥ UX annpoKCUMHUpYIoIHe GYHKIHH (...)
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BriBOABI

[IpoBeseHO SKCIEPUMEHTAIBHOE HCCIEIOBaHUE II€HOOOpasyloleld CcrnocoOHOCTH Vi,
KPaTHOCTH TI€HBI f U IJIOTHOCTH P, BCIICHEHHBIX PACTBOPOB KeJAaTHHA, IPOU3BEICHHOTO U3 OTXOJI0B
nepepadoTKU PHIObI (YEIlyH MPOMBICIOBBIX (YaCTHKOBBIX) M NMPYIOBBIX PBIO: ca3aH, Oemblit amyp,
Kapm, ToJCToJO0MK). [TyTeM anmmpokcMManuy SMOUPUYECKHUX ITaHHBIX IOJyYeHbl 3aBHCHUMOCTHU
yKa3aHHBIX XapaKTepUCTUK OT KOHLEHTpAIlMM CYXHMX BelIecTB B mpoaykre. Ha ocHoBe
SMIIMPUYECKUX JAHHBIX MOCTPOEHA JMarpaMma 3aBUCHMOCTH BCIIEHMBAEMOCTHU TIPOAYKTa Vy, M OT
ero temnepatypsl 7, K.
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CIHEKTPO®OTOMETPUYECKOE UCCIIEAOBAHUE
CUHTETHYECKUX MATEPHUAJIOB
SPECTROPHOTOMETRIC STUDY SYNTHETIC MATERIALS

Oubra Buranbesna Koznosa, Maprapura Baaagumuposna Packauynosa,
Mapus Hukonaesna Honkuna
Olga V. Kozlova, Margarita V. Raskachnova, Maria N. Ionkina

Heanoeckuii 2ocyoapcmeeHHblil XUMUKO-TNEXHOI02UYeCKUU YHUgepcumem
Poccusa, Heanoso
Ivanovo State University of Chemical Technology, Russia, Ivanovo
(e-mail: ovk-56@mail.ru)

Annomayus: Pabora nocasiieHa pa3padoTke METOINYECKOro MOAX0/1a K AKCIIEPTHOM OLIEHKE
CHHTETUYECKUX TEKCTUIIbHBIX MAaTepPHUAIOB. MCIoNb30BaH CIEKTPOGOTOMETPUYESCKHI METO/] aHAIIN3A,
KOTOPBIN SIBJISCTCS YIOOHBIM HHCTPYMEHTOM JUIsl YCTAHOBIICHHS CTPYKTYPHBIX Pa3IM4YMidi U CBOMCTB
BOJIOKOH CHHTETHYECKOH MPUPOIBI.

Abstract: The work is devoted to the development of a methodological approach to the expert
assessment of synthetic textile materials. The spectrophotometric method of analysis was used, which
is a convenient tool for establishing the structural differences and properties of fibers of a synthetic
nature.

Kniouesvie cnoea: cunternyeckue BojokHa, MK-cnexTpodoTomMerpusi TKaHH, 3KCIEpTH3a
BOJIOKOH, DKCIIEPTH3a TKaHEH.

Keywords: synthetic fibers, IR spectrophotometry of fabric, fiber examination, fabric
examination.
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DKcrepTHas OlleHKa TeKCTHJIbHBIX MAaTepHalloB U BOJOKOH, MPEXJe BCEro, HAYMHAETCS C
OIIpeJIeJIEHUs] BOJIOKHUCTOIO cocTaBa TKaHHU. CyIIeCTBYIOT CTaHAAPTHBIE MOIXOAbI K PEILICHHIO 3THX
3aja4, KOTOpbIE pErjIaMEeHTHPOBAHbI HOPMAaTUBHBIMU JoKymeHTamu — ['OCTamu Ha MeTOJbI
uccnenoBanuii. Hanbosee 4acTo MCIONB3YIOTCS XUMHUYECKHE METOABI MACHTU(UKALUN BOJOKOH.
Opnnako OBIBAaIOT CiIy4au, KOrJaa He0OXOAMMO ObICTPO U HAJISKHO MPOBEPUTH KAYECTBEHHBINA COCTaB
BOJIOKHHCTBIX MarepuanoB. B »stom ciaydae WMK-—cmnekrpockonus sBISETCS YHHKAJIbHBIM
MHCTPYMEHTOM ISl YCTaHOBJEHUS (DYHIAMEHTAIbHBIX XapaKTEPUCTHK CTPOCHHS M CBOMCTB
MOJIEKYJIIDHBIX ~ COCOUHEHUH, OINpefessieMO HMX NPUPOAOM U CUCTEMOM BHYTpU— H
MEKMOJIEKYJISIPHBIX B3aUMOJEHCTBUMN.

OnHuM U3 OOJBIIMX MPEUMYIIECTB HH(pPaKpacHOro oOCIeloBaHMUSA SBISETCS TO, UTO
MIOJIyYCHHBIH CIEKTp OMNpeAesseTcs, INIaBHBIM 00pa3oM, O XUMHYECKOMY COCTaBY BOJIOKHA U, B
o011eM, SBJISETCS MEHEE 3aBUCUMBIM OT (PM3NYECKOIO CTPOCHUS, H3MEHUYHMBOCTh KOTOPOTO MOXKET
MIOBJIUATH HA PE3yJIbTaThl, HOJYUYCHHBIC IPU OKPAIIMBAHUH, OIIPEICIIEHUN PACTBOPUMOCTH U APYTHX
($U3NYEeCKUX METOJOB, HCHOJb3YyEMbIX JUIS WACHTH(QHUKAIMKA BOJOKOH. A Tam, TJe HMeeTcs
OrpaHUYEHHOE KOJHMYECTBO MpOoOBI (Hanmpumep, KpuMuHamucTudeckue 1enu), MK-cnexrpockonus
SBIISICTCS CaMbIM HE3aMEHUMBIM aHAJIM30M.

NK-creKTpbl MOTJIOUICHUsT U3MEPSIOTCS MO0 C MOMOIIBIO TUCIIEPCHOHHOTO JIBYJYyYEBOTO
(1 pakIMOHHOTO) CHEKTPOoPOTOMETpa HIU CIEKTPO(OTOMETPOB C mpeodpazoBanueM Dypee,
perucTpupyromux IudpoByto HHTEpdeporpamMmy, KOTOpas IOCIEIOBATEIBHO TNpeodpazyeTcs
KOMIIbIOTEpOM B y3HaBaeMblii MK-criexTp.

Llenpto HacTosmield pabOTHI SIBUJIOCH CIEKTPOCKONUYECKOE HCCIEI0BAaHHE CTPYKTYPHBIX
0COOEHHOCTEH CHHTETHYECKUMX BOJOKOH M TKaHEeW — monudTHiIeHTepedTanatHelx (moiamddup),
MOJIMAMUIHBIX, TIOJTHAKPUIOHUTPUIBHBIX, TOJTUIIPOITUICHOBBIX.

CrnexTpaibHbIi aHamu3 00pas3loB MPOBOAMIICS IyTEM HCCIEeIOBaHMUSA MPOO HA OTpaskeHHE,
Pa3IUYHBIX BOJIOKOH, BBIJICJIEHHBIX U3 HCCIelyeMbIX TKaHel. [lomyueHnble criekTpsl (pucynku 1-3)
IUIL  TIOJMIIPONMJIEHOBOTO, IOJMAMHMIHOIO M IMOJUA(PHUPHOIO BOJOKOH SBHIMCH 0a3zoi s
JambHEUIINX UCCIeI0BaHUN, OHU CHUCTEMAaTU3UPOBAHBI 110 XapaKTEPUCTUIECKUM MUKaM (Tabdi.1).
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Pucynok 1 — Criektp oTpaxkeH#Hs MOIUIPONHICHOBOTO BOJIOKHA
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Pucynoxk 2 — Criektp oTpaxkeHus moaud(GpUpHOTro BOIOKHA
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Pucynok 3 — Criektp oTpa)keHHs MOJMAMUIHOTO BOJIOKHA

Tabumna 1 — XapakrepucTUYECKUE TMKU CUHTETUYECKUX BOJIOKOH

XapakTepuCTUYECKUE TIHKH, CM!

1166,94, 1450,37, 1544,07, 1735,07, 2242,44, 2924,51 [Tonnamu el

2933,96, 3071,95, 3295,29

712, 841, 874,973,997, 1167, 1249, 1376, 1452, 1742, 799, [HonunponuneHsl

2719, 2838, 2868, 2917, 2950

722,793, 872,972, 1017, 1095, 1175, 1241, 1339, 1408, [Honusgups

1505, 1579, 1713, 2855, 2900, 2969

Jlns uneHTHGUKAIMKA COCAMHEHUS WM ONPEACICHHS THUIA 3aMEIICHUS HCIOJB3YIOT HE
TOJILKO XapaKTEPHBIC MOJIOCHI MOTJIONICHHUS, HO U IIeJIbIC YYACTKH CIIEKTPa, HMCIOIIUE XapaKTEePHBIH
BUJ C YYETOM BCEX IOJIOC M PACIpele/IeHUs] MHTCHCUBHOCTH B JIAHHOM 00JacTh. DTO MOXKET
OTHOCHUTHCSI KaK K OCHOBHBIM YacTOTaM, TaK M K 00EpTOHAM M COCTaBHBIM 4acToTam. [1].

Kak MOXXHO BUIETh M3 JAHHBIX TAOJIUIBI HAOIFOACTCS PSII OTIIMYHIA, KOTOPBIC TTO3BOJISIFOT
UACHTU(PUIIMPOBATH CHHTETHUECKUE BOJIOKHA W/UJIM CPABHUTh MX C aHAJIOTaMHU.

Hccneoosanue npogedeno ¢ ucnonv3osaumuem pecypcos Llenmpa — KowIeKmMueHo2o
nob308aHUsL  HAYUHbIM 000pyooeanuem HIXTY (npu noooepocke Munobpnayku Poccuu,
coenawernue Ne 075-15-2021-671)
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PEI'EHEPAIIUSA OTPABOTAHHOI'O TPABUJIBHOT'O PACTBOPA
REGENERATION OF SPENT PICKLING SOLUTION
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Annomayusn: PaccMOTpeHa TEXHOJOTHMYECKass CHCTEMa pereHepalnud OTpadoTaHHOIO
TPaBUIILHOT'O PAaCTBOPA, COAEPIKAIIET0 KPOME HEIpOpearupoBaBLICH COISIHON KHCIOTHI XJIOPHCTOE
KEJIe30.

Abstract: The technological system of the spent pickling solution regeneration is considered.
The pickling solution contains ferric chloride in addition to unreacted hydrochloric acid.

Kniouesvie cnosa: consnasi KUCIIOTa, TPAaBHUIIbHBIA PacTBOP, pereHeparys, Cyabdar xenesa.

Keywords: hydrochloric acid, pickling solution, regeneration, iron sulfate.

[Tpu BhImycKe psAa U3AEIUNA HAa METaI000pabaThIBAIOLINX NPEANPUATHAX OCYIIECTBIACTCS
olepalys COJSIHOKHMCIOTO TpaBJIEHUs YIJIEPOJUCTBHIX cTajed. B pesynbrare 3TOro mpouCcXOauT
HaKOIJICHHE OTPaOOTaHHOTO TPABUIIBHOT'O PAacTBOPA, COJIEPIKAILEro cosiu xyopuctoro xkenesa FeCla,
conu xyopHoro skene3a FeCls u nHenpopearuposasiyto cossinyto kuciaoty HCI [1, 2]. Pa3paboTka
TE€XHOJOTMYECKON CHUCTEMBI, MO3BOJSIOUIEN BO3BPATUTH COJSHYIO KHUCJIOTY B TEXHOJIOIMYECKHM
LHKJI, SIBJIIETCS aKTYaJIbHOM 3a/1auei.

OCHOBHBIE  TEXHOJIOTMYECKUE CTAJMU IIpOLECCa pEreHepaluuu OTPAKaeT CXeMa,
npejcTaBieHHas Ha pucyHke 1. OTpaboTaHHBINM TPaBUIBHBIA PACTBOP COJSHOKUCIIOTO TPABJICHUS
IIOCTyIIaeT B MpUEMHYIO eMKocTb 1o3. EO0, orkyna Hacocom HO Hampasisercs Ha craguro
AJIEKTPOXUMHUYECKOro BocctaHoBneHus. [lepen monaueid B anexTponusép no3. DJI orpaboranHbIN
TPaBWIBHBI  pAcTBOP  COJSHOKHUCIOIO TPAaBJIEHUS MPOXOJUT OYUCTKY OT CBOOOJHBIX
HE(PTENPOIYKTOB U B3BEILICHHBIX (TBEP/bIX) BEIIECTB (JaHHBIEC CTAJUH HA CXEME HE MOKA3aHbl).

B anextponusepe 1moja BO3AECHCTBUEM HAINPSIKEHHUS IOCTOSHHOIO TOKa, I0JaBaeMOro ¢
BBIIPAMUTEIBHOrO arperara 1no3. BAK Ha 31ekTpoabl 37€KTponu3epa, MPOUCXOAUT KaTOJHOE
BOCCTAQHOBJICHHE TPEXBAJIEHTHOI'O JKeJIe3a JI0 JBYXBAJCHTHOU (OPMBI. DIEKTPOIUTUYECKAs STUehKa
COCTOMT U3 3-X KaMep: aHOAHOM, KaTOAHOM U TUAIII0aTHOH (cpenHeil). B karoaHyo kamepy nopaercs
JMBJII0AT T0CJIE MPEABIAYIIET0 HUKIIA 3JIEKTPOIN3a, B aHOJAHYIO KaMepy — PaCTBOP CEPHOM KUCIIOTHI,
B IUDITIOATHYIO KaMepy — UCXOIHBIA OTpaOOTaHHBIN COJITHOKUCIBINA TPaBUIIbHBIN pacTBOp. Katonnas
W aHOJHAs KaMepbl OTACNEHBI OT JUAIII0ATHON KaMephl aHMOHOOOMEHHOW M KATHOHOOOMEHHOM
MeMOpaHaMu COOTBETCTBEHHO. B KaTomHOM kKamepe HaXOAMTCS KaToJ - IUIACTHHA W3 CBUHIIA,
COEIMHEHHAs LIMHOIIPOBOAOM C OTPULATEIbHBIM IIOJIOCOM BBIIPSIMUTENS IOCTOSHHOTO TOKA. AHOJ,
NpEeJCTaBIseT COOOM IUIACTUHY M3 THTaHa C TMOKpbITMeM u3 okcuga wupuaus (OUTA),
II0JICOEIMHEHHYO IIIMHONPOBOIAMH K IOJIOKHUTEIBHOMY IOJIFOCY BBIIPSMUTEINS IOCTOSIHHOTO TOKA.
B nanHOM mpolecce 3JeKTpoJbl HEPACTBOPUMBI M IMOJIEKAT NEPUOJUYECKON 3aMEHE B CBS3H C
YMEHBILIEHUEM TOJIIIMHBI METAJIA, @ TAK)KE AHOJIHOT'O IMOKPBITHS.

Ilon neilicTBMEM HANPSDKEHUS IOCTOSHHOIO TOKAa, HAYMHAKOT IIPOTEKATh 3JIEKTPOIHbBIE
peakuuu AMCCOLMAlMM BOJbl, B pE3yJIbTaTe IPOUCXOIAUT BBIAECIECHHE BOAOPOJA HAa KaTodax H
KHCJIOpO/la Ha aHOJaXx.
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karog (-): 2H,0 + 2e—H,T + 20H-
anon (+): 2H,0 - 4e—0,T + 4H*

Ha karozne, kpoMe peakuuu BbIAEIEHUS BOAOPOJA, MPOMCXOAUT peaklus BOCCTAHOBIICHUS
KaTHOHOB XeJle3a:

karog (-): Fe** + e =Fe?*,

B pe3yJbTaTe 4e€ro NPOUCXOAUT KaTOJAHOE BOCCTAHOBIEHUE TPEXBAJIEHTHOIO JKEJIE3a 10 2-X
BaJICHTHON (hOPMBI.

ONEeKTPOAU3EP IS FIEKTPOBOCCTAHOBIEHUSI TPEXBAJIEHTHOT'O XKEJI€3a B COJISIHOKUCIION Cpefie
CONEPKUT AaHOMHBIA y3ed, OTHACNEHHBIA OT KaTOAHOIO IIPOCTPAHCTBA KHMCIOTOCTOMKOU
KaTUOHOOOMEHHON MeMOpaHoil. AHonutoM sBisercs pactBop 4-5% H»>SO4. B mpomecce
AJIEKTPOJIN3a HA aHOJE BBIAEIAETCS TONBKO Kuciaopoa. C yuyeToM I'MapaTaliy BIIEISIOLIErocs Ha
aHOJIe KUCJIOPOJa, a TAaKK€ MOHOB BOJOPOAA, MIEKTPOMUIPUPYIOUIMX B JUAJIIOATHYIO KaMepy, B
KaMepy aHOJIUTa NMEPUOIMYECKU BBOJUTCS 00€CCOJIeHHAasl BOJa C IIebI0 MOAJIEpKaHus TpeOyeMon
KOHLEHTPALUU CEPHOI KUCIIOTHI.

VoHBI TUIPOKCOHUS 3JIEKTPOMUTPUPYIOT Yepe3 KaTHOHOOOMEHHYI0 MeMOpaHy W3 KaMephl
KaTOJMUTa B JHMIJII0ATHOE MPOCTPAHCTBO, 00pasys COJIIHYIO KHCIOTYy C XJIOPHI-HOHAMH,
AEKTPOMUTPUPYIOLIUMM M3 KaTOOHOW  KaMepshl. CymmMapHO  MOJHBIA  IpoLECC
AJIEKTPOBOCCTAHOJIEHUS U 3JIEKTPOOKUCIIEHHSI BBIPAYKAETCS YPaBHEHUEM:

2FeClz + H2O = 1/2 Oz + 2FeCl, + 2HCI.

Takum 00pa3oMm, >JIEKTPOJIM3Ep MO3BOJSET, BO-TNIEPBBIX, BOCCTAHOBUTH TPEXBAJICHTHOE
JKele30 10 JBYXBAJIEHTHOTO, W, BO-BTOPHIX, HE CHIDKaeT oOliee coJepaHue XJIOPHUIOB B
0TpabOTaHHOM TPAaBHWJIBHOM PacTBOpE.

OOpasyromnyecs MpH 3JEKTPOIU3E BOJBL: BOAOPOA — Ha KaTojAe W KUCIOPOJ - Ha aHOJHe
YAAIAIOTCA U3 DJIEKTPOJIHBIX KaMep 10 OTAEIbHBIM I'a30BbIM KOJIJIEKTOPAM M HAIIPABIIIOTCS YEPE3
BEHTUISILIMOHHBIE OTCOCHI, B BBITSDKHYIO BEHTUIISILIMIO.

H»S

I[HC HC1

v
>
=

Kon
A4
I |« K>
. [
FeSO

—

PlflcyHOK 1— HpI/IHL[I/IHI/IaHLHaH CXEMa YCTAaHOBKH pCrcHCpaln OTpa6OTaHHOI‘O TPAaBUJIIBHOT'O pacTBOpa

Jlanee pacTBOp U3 KaTOJHOM Kamephl 3JeKTpoiau3epa 1no3. JJI (kaToiaurt) HanpasiseTcs Ha
y3eJ1 BhIIApUBaHMs, a AUAITI0AT MOBTOPHO MepepadbaThIBAETCS B AJIEKTPOJIM3EPE C BOCCTAHOBICHUEM
JKele3a /10 IByXBaJCHTHOU (hOPMBI.

VYcranoBka BelapuBaHus 1mo3. BA mpezcrasisier coboil ucnapurenb peakTOPHOIO THIA C
MeImankon u pybamkoii. O60rpeB ucnapuTens OCyIIeCTBISAETCS HACBIIICHHBIM BOASHBIM MTApOM OT
naporeHepaTopa, IOJaBaeMbIM B pyOamKy ucmaputens. B ucnaputene BbIIapHOro ammapara
co3zaércs paspexenue -0,9 aTM ¢ OMOIIBbIO BaKyyMHOI'0 Hacoca M npoucxoaut Harpes OTP no
temneparypsl kunenus (~ 90°C). IlepBoHayaibHO UCTIAPUTEIND 3AIIOJHAETCS UCXOAHBIM PaCTBOPOM
n3 eMkoctd 1no3. E1 1o BepxHero ypoBHs (3allOJHEHHE OCYILIECTBIISIETCS 3a CUET Pa3peKEHUs B
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cucreMe), B pabodyeM pexHMe MOJKauKa HCXOAHOTO PacTBOpa OCYIIECTBISETCS C IOMOIIBIO
BaKyyMa. 3aTeM BKJIIOUAETCs IMaporeHepaTop M Mewaika ucnapurens. [lap HaunHaer noctynars B
pyOamky wucnaputens. llpouiecc BbIIapuBaHHUS OCYIIECTBISIETCS B LHMKIMYECKOM PEXKUME C
MOJANUTKON HMCXOJHOTO PacTBOpa B HCHAPUTENb: KAaK TOJIBKO YPOBEHb PAacTBOpAa CHUXKAETCS, B
HCIIApUTEIh ABTOMAaTUYECKH ITOCTYIIAeT UCXOAHBIN PacTBOP U 3aIIOJIHAET €T0 /10 BEPXHETO YPOBHS U
T.1. PaGoumnii nuki BbIMapuBaHMUsA MOBTOPSETCS IO TEX IOp, IMOKa KOHIEHTpAT B HMCIApUTENIEC HE
JOCTUTHET HY>KHOT'O COJIECOAEP/KAHUS.

OtBox mapoBoii ¢azbl (mapel HCl) — HenpephIBHBIN depe3 ITyLep ¢ KarieoTOOHHUKOM.
A3zeoTponHasi CMECh M3 HCHApUTeNss IOCTyMaeT B  TEII00OMEHHHMK-KOHAEHCATOp, TAe
KOHAECHCUpYyeTcd M oxjnaxaaerca a0 Temneparypsl 30 °C. OxnaxJaroniuM areHToM B
terioooMenHuke 1no3. TO sBisiercs 000poTHAsA Boja HpeAnpusTHs ¢ napamerpamu +25/430 °C.
Brienstromasicst coisiHasi KMCJI0Ta 1MOcie KOHIGHCAlUU U OXJIaXIeHUs cobupaercsi B eMkoctu En n
HaIpaBJII€TCs B IIPOM3BOJCTBO B BaHHBI TpaBicHUs. PereHepupoBaHHas COJSIHAs KHUCIOTa
(IMCTMIIAT YCTAHOBKU BBIIAPMBAHUSA) MMEET KOHUEHTpauuto nopsaka 22-23% wu mnpu
HEOO0XOIUMOCTH YKPEIUISETCS TOBAPHBIM MPOIYKTOM (36% CONSIHOM KHCIOTOH).

VYnapeHHslii KyOOBBIN IPOIYKT CIMBACTCS U3 UCIIAPUTENS B KpUCTAIIM3aTophl 1o3. K, kyaa
JONOJTHUTEIBHO MONAETCS HEOOXOIUMOE JUIsl KPUCTATU3AIMH JKEJIE3HOI0 KYIopoca KOJIUYECTBO
obeccosieHHO! BOIbI. MeTOo/1 U3BIICUEHUS] CEMUBOHOTO CyJIb(aTa jKese3a U3 ero paCTBOPOB OCHOBAH
Ha TIOHM)KEHUH pAacTBOPHUMOCTH cysib(daTa djkeje3a INpU CHIDKEHHHM TemmepaTypbl. Paborta
KpHUCTaIu3aTopoB 103. K nmpeaycMoTpeHa B LIUKIMUYECKOM PEKUME U BKIIIOUAET B ceOs ClICAyIOLIHe
olepalu: 3allOJIHEHHWE KpPUCTAUIM3aTopa, OXJAXIEHUE CyCHeH3uu 10 Ttemreparypsl 5°C,
ONOPOKHEHHE KPUCTAJUIM3AaTOpa MpHU Mojaue CYCHEH3MH Ha pasjeieHue B HeHTpudyry mos. L.
OxJaXkaeHue CyCreH3uu MPOUCXOIUT B 3aII0JTHEHHOM KPUCTAJUIM3AaTOpe MPH padoTaroIIel Melaike
U T0/laye OXJIAXKJAIOIIEr0 areHTa B pyOalllky KpucTajuiMzaropa. B kadecTBe xJagareHrta
UCIIOJIb3YETCS pacTBOP ATHJICHIJIMKOJIS, 10aBaeMbli OT yuiuiepa mo3. Y.

[Tocne oxnmaxaeHHs CYCIEH3MM OCYIIECTBIAETCS €€ mojaya B LEHTPUPYTY C LENbIO
OTAeNeHUs KpucTauoryapara cyibdara xeneza FeSOsx7H2O or wmarounuka. Dyrat —
OCBETJICHHBIN COJIEBOM PacTBOP — OTIENSAETCA OT KPUCTAJIJIOB YKEJIE3HOIO KyIIopoca U BO3BpallaeTCs
B emKkocTh 103. El. C nenbto yaanenus cBOOOIHONW CEPHOM KHCIOTHI ¢ IOBEPXHOCTH KPHUCTAIIIOB
00pa30BaBIIETOCs JKEJIE3HOI0 KyINopoca OCYIIECTBIISIETCS KPAaTKOBPEMEHHasl IMPOMBIBKA COJIU
HEMOCPEACTBEHHO B IeHTpudyre mo3. L[ myrém momaum oxiaxaAEHHONH OO0ECCOICHHOW BOIBI.
3arpsi3HEHHAs IPOMBIBHAsI BOJa TAK)KE HAIIPABIIAETCS B EMKOCTH 1103. E1.

TBEpaplii  (KpUCTAIMUECKUI) OCaJ0K TOBApHOrO MPOAYKTa cyibdara Kejesa,
cootBeTcTByrOmud TpedoBanusm ['OCT 6981-94, BnaxHocThIO TOpsiaka 5% BBIBOAUTCS W3
neHTpudyru no3. 1| Ha ycTaHOBKY 3aTtapuBaHusi U pac(hacoBHIBACTCS B FepPMETHUHbIC KOHTCHHEPHI
TUna OGur-6ar.

Takum 00pa3oM, TMpeIoKeHAa TEXHOJIOTHYEeCKas CXeMa YCTaHOBKM pereHepaluu
OTpabOTaHHOTO TPAaBWJIBHOIO PAcTBOpa, IO3BOJIAIONIAS MOJYYUTh COJSIHYIO KHCIOTYy C
KOHIIEHTpauuel 1o 26% u ToBapHBI CyiabpaT IBYXBAJICHTHOIO >KeJe3a, yIOBJIETBOPSIOMINN
tpedoBanusim 'OCT.
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NCCIIEAOBAHUE KMHETUKH ITPOLHECCA CYIIIKU BUOMACCBI
INVESTIGATION OF THE DRYING KINETICS OF BIOMASS
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Annomayusa: TIPUBEOCHBI PpE3YyNbTaThl HKCIEPUMEHTAJIBHOTO HCCIICAOBaHHUS CBOWCTB
O6romacchl Kak 00bEKTa CYIIKH U KHHETUKU €€ KOHBEKTUBHOM CYIIKHU B TAOOPAaTOPHBIX YCIOBUSX.

Abstract: The results of experimental study of the properties of the biomass as an object of
drying and the kinetics of its convective drying in laboratory conditions were shown.

Kniouesvie cnosa: Guomacca, KHHETHKA CYIIKH, KPUBAsi CYIIKH.

Keywords: biomass, the drying kinetics, the drying curve.

benkoBeie nobGaBku (B/]) wmcmomb3yloTcst B KayecTBe KOMIIOHEHTa KOMOMKOPMOB U
0€JIKOBOBUTAMUHHBIX JOOABOK B JKHBOTHOBOJICTBE, ITUIIEBOACTBE U pbiOoBOACTBE [1]. duHampHOK
craauei mpousBoncTBa b/l siBisiercs cymika 6uomaccsi [2]. [Iporece cyniku BO MHOTOM OIpeesieT
KaueCTBO IOTOBOTO MPOJIYKTa U YHEPreTHUECKUEe 3aTpaThl Ha ero nmpousBoactBo [3]. ns BeiOOpa
crioco0a CyIku 6MoMacchl U pacyera CyImIbHOT0 000pyI0BaHU HEOOX0IMMO 3HATh HH(OPMALIHIO
00 3TOM MaTepualie Kak OOBEKTE€ CYIIKH. JTH CBEICHHS MOXXHO IOJYYUTh MYTEM H3YUECHUS
KMHETUKHU CYILIKM MaTepuasa.

B pabore wuccnenoBajics mOpolecc KOHBEKTHBHOW CYyIIKM OHMOMAacchl Ha YCTAHOBKE
naboparopHoro Macmrtaba. OOBEKT CyIIKH MPEACTaBIsl cO00i BOAHYIO CYCHEH3UIO C HadaJbHOU
OTHOCUTENIbHOM BiIaXHOCThIO 0,85. DKCEpUMEHTHl NPOBOAWIMCH MO CIEAYIOIIEH METOIUKE.
BuoMacca HaHOCHJIAaCh Ha TBEpAblE MHOMIOKKA momansio S=0,0035 M2, TommuHa ciios
BapbupoBanack u cocrasmsia 0,2; 0,4; 0,8 mm. B cymmnpHyr0 kamepy MoMeInanuch JiBa odpasia:
OVH pa3MelLlajCcs Ha 4Yalle BECOB, a BTOPOM psAIOM, M B HEM 3aKpeIUsulach TepMomnapa Uit
M3MEpEHMs TEMIIEpaTypbl Marepuaia. B omblTax M3MEHsUIach TEMIEpaTypa BO3/1yXa B CYIIMIbHON
kamepe. CyIika npoBOAMIACh O AOCTHXKEHHS TOCTOSIHHOTO Beca o0pasia.

Kunetnueckue KpuBble mpoliecca Cymku OnoMaccsl rmpeacTaBieHsl Ha puc. 1 u 2. Ha stux
KPHUBBIX YETKO MPOCIICKUBAIOTCS TIEPUOABI IPOTPEBA, MOCTOSHHON CKOPOCTH CYIIKH M yOBIBaIOIIEH
ckopoctd cymkd. OOmeld TeHAeHuMed [ BCEX KHHETHYECKHX KPHUBBIX  SIBISIETCS
IIPOAOJKUTENBHBIN NEPUOJ MPOrpeBa. 3aBUCUMOCTb W3MEHEHHS OTHOCHUTEIBHOW BIIAXHOCTU H
TEMIIEpaTypbl MaTepuana BO BPEMEHU OT TEMIIEpaTypbl CYLIKM IIPU HauyajabHOW TOJIIMHE CIIOA
6uomaccel 0,2 MM mokazaHa Ha puc. 1. C yBenuueHHEM TeMIeparypbl CYIIMJIBHOIO areHTa
YBEJIIMUUBAECTCS 3HAYEHHME IUIOIIAJKUA TEMIIEpaTypbl MOKPOIO TEPMOMETPA, CKOPOCTh CYIIKH
YBEIUYMBACTCS, MPOAOKUTEIBHOCTD IUIOUIAJIKU TEMIIEpaTypbl MOKPOTO TEepMOMETpa U oOriee
BpeMs CylIKH yMeHbl1atoTcs. [lepBas kputuueckast BaxHocTb Uy coctasiser 0,39.
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Pucynox 1 — V3meHnenne oTHocuTebHO# BiaxkHocTH (1, 2, 3) u Temmepatypsi (4, 5, 6) Mmatepuana Bo
BpPEMEHH IpH TomKHE citos 0,2 MM U pa3inuuHbIX TeMieparypax cymku: 1,4 —90 °C; 2, 5-120 °C; 3, 6 —
150 °C

PucyHoxk 2 — V3meHenne oTHOCHTEbHO# BiaxkHocTH (1, 2, 3) u Temmepatypsi (4, 5, 6) Mmatepuana Bo
BpeMeHH IpH TemnepaTtype cymkd 150 °C u pa3nu4HbIX TOJIIINMHAX CIOS:
1,4-02Mm;2,5-04 mm; 3, 6 —0,8 MM

Bo BTOpOil cepum ONMBITOB M3MEHsJIACh TOJILIMHA CIIOS MaTepHaa, a CyllKa Belach IpH
oauHakoBoil Temmneparype 150 °C (cm. puc. 2). YMeHbIIEHUE TONIIMHBI CJIOS TIO3BOJIIET COKPATUTh
BpeMs CYIIKHM M JOCTHYb HU3KHMX 3HAUEHUH OCTAaTOYHOW BIaXXHOCTH Marepuana. C yBelMYeHHEM
TOJIILMHBI CJIOS BO3PACTaeT MPOIOHKUTEIBHOCTh BTOPOTO MEPHOAA CYIIKH, B KOTOPOM YyAAJseTCs
cBsi3aHHas Biara. Takum o0pa3oM, BO3pacTaeT BIMSIHHE BHYTPEHHETO BJIArolepeHoca Ha MpoLecc
cyuiku Ouomacchl. Ilpu Tommuue 0,8 MM Ha MOBEPXHOCTH BBICYIIMBAEMOIO 0Opasma oOpa3yercs
TOJICTasi KOpKAa, KOTOpas MpEIMATCTBYeT HCHApEHHUIO BJIArM M3 DIYyOMHBI Marepuana, MO3TOMY
HaOmoaercss 6OJIBIIOE OCTaTOYHOE Biaroconepkanue. Ha temneparypHbIX KpUBBIX HaOmromaercs
SPKO BBIP@KECHHAS IUJIOLIAJKA TEMIepaTypbl MOKPOTO TEPMOMETpPA, MPOJOKUTEIBHOCTh KOTOPOM
YBEJIIMYUBACTCS C YBEITMUECHHUEM TOJIIUHBI CII0S OMOMACCHI.

Ha puc. 3 nokasaHa KpuBasi CKOPOCTH CYILIKH, IoilydeHHas npu temmneparype 150 °C u
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tonmuHe cios Marepuana 0,2 mm. Bo Bropoii nepuon (nepuos; yObIBaroIiei CKOPOCTH) 3Ta KpUBas
UMEIOT TOYKYy INeperuda — BTOPYI0 KPHUTUYECKYIO BIAXKHOCTb Mxp2=0,3 kr/kra.c. min Ugp=0,23.
dopMa KpUBOU CYLIKH 10 TOW TOUYKU BOIHYTasl, a IIOCJIE HEE — BBITHYTas, YTO COOTBETCTBYET TUILY
5 no knaccu(UKaUKM TUIIOB KPUBBIX CKOPOCTHU CYIIKH, TpeaoxkeHHol A.B. JIBIKOBBIM.
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Pucynok 3 — Kpusast ckopocTu cymiku

BriBOABI

[TpoBeneHo SKCIEePUMEHTAIBHOE UCCIIE0BAaHNE KUHETUKU KOHBEKTUBHON CYIITIKH OHMOMACCHI
IIPY pa3IMYHBIX TEMIIEPATYpax CYIIMJIBHOTO areHTa U TOJIMHAX CJI0sl MaTepHrala. YCTaHOBJICHO, YTO
IpU CYIIKE B TOHKOM CJIO€ MpOIeCC MPOTEKAeT NMPEHMYIIECTBEHHO B IEPBOM IEpPHOAE, KOI/a
yaansercst cBobonnasi Biara. C yBeJIMYEHHEM TOJIIUHBI CJIOS OMOMAcChl BO3PACTaeT BIUSHHE
BHYTPEHHETO BJaronepeHoca U Ha CKOPOCTh IpoIlecca BIUSAIOT Kak BHYTPEHHEE, TaK W BHEIIHEE
1 Qy3uOHHBIE COMTPOTUBIICHHUS.
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YCTPOHUCTBA B IIEJISIX ITPEJIOTBPAIIIEHUSA PACIPOCTPAHEHUA
JAHAIMADPTHOT O ITIOKAPA
HEAT TRANSFER IN FIBERGLASS TO CREATE A DEVICE TO PREVENT THE
SPREAD OF LANDSCAPE FIRE
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Annomayusa: Ha ocHOBE TEOpHM TEIIONEPEHOCa IMOJYYE€HO YpPaBHEHUE Ui MOCTPOCHUS
TEMIIEpaTypHOTO IOJII BO BHYTPEHHEM CJIO€ CTEKJIOIUIACTHKA. ABTOpaMH CTaTbU IPOBEACHBI
CTEHJIOBbIE HCIBITAHUS TPYJHOTOPIOUEro MaTepuaya B YCIOBHAX BO3JCHCTBUS IOCTOSHHOIO
TEIUIOBOro MoToKa. OrpeeneHa KUHETUKA U3MEHEHHs TeMIIepaTyphbl CTEKJIOMIIACTUKA OT BPEMEHH
HarpeBa o0pa3loB U MOTEPIO0 UX MACChl, MOIYYEHO NPUOIMIKEHHOE YpaBHEHHUE Il ONMCAHUS STOU
3aBUCUMOCTH C JOCTaTOYHON JOCTOBEPHOCTHIO.

Abstract: Based on the theory of heat transfer, an equation for constructing a temperature field
in the inner layer of fiberglass is obtained. The authors of the article conducted bench tests of a
difficult-to-burn material under the influence of a constant heat flow. The kinetics of the change in
the temperature of fiberglass from the heating time of the samples and the loss of their mass are
determined, an approximate equation is obtained to describe this dependence with sufficient
reliability.

Knioueswvie cnosa: marematudeckast MOJIeNb, TIOXKapHasi 0€3011aCHOCTb.

Keywords: mathematical model, fire safety.

[To manueiMm MUC Poccum B nernuit nmepuon 2023 roma Ha Ttepputopuu Poccuiickoit
@enepanun pacnonoxkeHo 19032 ob6bekTa 3alIUThI, MOABEPKEHHBIX JaHAMAPTHBIM HOXapam, U3
HUX 15569 o0bekTa NpuxoIUTCs Ha HaCeJIEHHBIE MMyHKTHI, YTO cocTaBiseT 81,8 % oT ob1iero uncna.
OO0masi TPOTSHKEHHOCTh TPAHMIIBI C JIECHBIM MAacCUBOM cocTaBisier Oonee 119 Teicsu kM [1]. C
y4e€TOM JTOrO0 U psAa MNpoOJIEMHBIX BONPOCOB TNpu HUcCHoidHeHWu nyHkra 70 IIpaBun
MPOTUBOMIOXKApHOTO pexuma B Poccuiickoit ®enepanuu [2] Bo3HHMKaeT HEOOXOIUMOCTH B
pa3pelIeHny OCBEUICHHOM MPOOIeMbl IyTeM CO3[aHUsl KOHCTPYKIIMU MTPOTHUBOIIOKAPHOM Mperpaibl
U3 CTEKJIOIUIACTHKA JJIS 3alIUThl OT JaHMA(THBIX MOoXapoB. OIUH M3 BapUAHTOB CO3IAHUS
moI00HOM Tperpaibl mpeiokeH B MBaHOBCKOM moxapHO — cracatenbHol akagemun ['TIC MUC
Poccum [3].

ITpornecc Bo3aelicTBUs TaHAmaTHOrO Mokapa Ha TpyaHoroprounii marepuan PCT - 250 [4]
MOJKET OBITh NMPE/ICTABICH HAa PUCYHKE 1.
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Pucynoxk 1 — Iporecc u3amMeHeHus mojeil TeMoepaTyp.

[T10THOCTH TEIIOBOTO NOTOKA onpeaessiercs no ¢popmyse (1) [5]:
q=a; (T, = Top) ey
rue: a, - ko3dduuuent remnoornaun ¢ 1-ro cnost; Ty — MakcuMasbHas Temreparypa; Ty —
HayaJlpHas TeMIepaTypa.

W3 pucynka 1 crnemyet, yTo BTOpOH (CTEKIOTKaHb) U TPETUH cliou (IJIACTHK), OCTAIOTCS C
TemnepaTypoil to. B MomeHT Bpemenu t1* (kpuBas 1) TersioBasi BOJIHA, BbI3BaHHAsl NOCTOSTHCTBOM
BO3JIEMCTBHS IUIOTHOCTH TEILIOBOrO MOTOKAa ¢ (KBT/M?) Ha BHEINHMI CIOM ILIACTUKA, JOCTUIAET
I'PaHULBl BTOPOTO U TPETHETO CIIOEB [5].

Jlanee OyneT NpPOMCXOAWTH Oojee TIIyOOKOe TPOHUKHOBEHHE IO TEeMIIepaTtyp B
tpyaHoroprounii Matepuan PCT — 250 [4], xak mokassiBatoT kpuBble 2 u 3 [6]. Temmneparypa
TPETHEro CII0s OCTACTCS MIPU TemIieparype to J0 MOMEHTa BPEMEHH T2*, KaK TeIJIoBasi BOJHA TOWET
JI0 MECTa, I'IE CTBIKYIOTCSI BTOPOM U Tpetui cinoil. M tak nanee.

C yuerom MmoHorpaduu [6] paccMOTpuUM pelIeHue 3ajJa4dd TEIUIoNepeHoca B ciioe 2 ¢
IPaHUYHBIMU YCIIOBUSIMU BTOPOIO pOJa, KOTOpBIE XapaKTEPU3YIOT IOCTOSIHCTBO IIJIOTHOCTH
TEIUIOBOIO IIOTOKa dyepe3 rpanuuny II, W mepBoro poja, XapaKTEpHU3YIOIIHUE IOCTOSHCTBO
temneparypsl Ha rpanune III. Ilpumep DaHHOrO OLIGHOYHOIO pacyeTa BaXKEH IIOTOMY, 4YTO
CTEKJIOTKAHb SIBJIIETCS HETOPIOUMM MaTEPUAJIOM U COXPAHSIET CBOIO LIEIOCTHOCTD IIOCIIE BBITOPAHUS
IUTACTHKA C IOBEPXHOCTHU IIPU BBICOKHMX TEMIIEpaTypax.

W3BecTHO, uYTO JUIsl pelIeHMs KpaeBOM 3ajaud IPpU HEPaBHOMEPHOM paclpelesieHue
TEMIIEPATypP UCIIOJIb3YETCS BBIpAaXKEHHE [6]:

0]

8 cos(u,x m?n?
T(x,Fo) = K;|(1 — x) — zﬂexp ———Fo ||+
202 4
n=1
o 1 ()
m?n?
+ 2 2 cos(un¥) exp | ———Fo f To (§)cos () dE,
n=1 0
rae K; - Kpurepuit Kupnuuesa
__ 4 81

t An Atg (3)

Paccuntaem mHTerpan ans ypaBHeHUs (2) Il BHYTPEHHETO CJIOS CTEKJIOTKAHHW H3ACIUS
mapku PCT — 250 [4]:

1
J = f Ty (8)cos (unE)dE @)
0

HauansHoe 3HaueHHE TeMIEPaATyPhI:

To(®) = Ty )
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C yueroM ypaBHeHUs (2) HayaJbHOE pPACHpPENEICHUE TEMIEpPATyp IJs CJIOS CTEKJIOTKaHU
IIPEJICTABIEHO BBIPAXKECHUEM:

8 cos(Un X ?n?
T(x,Fo) = K;|(1 — f)—zﬂexp —— Fo (6)
202 4
n=1
IIpu pacuere no ypasHenuto (3) kpurepus Kupnuuesa uist ciiosi CTEKI0TKAHU U3AETIUSA MapKu
PCT — 250 [4] npu ectecTtBenHoM kKoHBekuu (K;;) npu Harpese ot 28°C no 101°C [5] momyuyeHo
snauenne 1,7 - 1072, Yucno Dypre B paMKax OLEHOYHOTO pacyeTa Il CTEKIOIUIACTHKA PaBHO
177216.
Jlia 3Hauenus yncia Oypbe onpeesIeHo YUCIIO YIEHOB psija Ha OCHOBAaHUU YCIIOBUS [6]:

n2n2F028:>n2\/ 8 =\/ 8 ~ 1 (7)

m2-Fo 3,142.177216

CrnenoBatenbHO, ypaBHeHHE (6) OyIeT MMETh BU/I;
8 cos(u,x m?
T(x,Fo) = K; l(l — f)—%exp —TFO (®)

VYpaBHeHue (8) OMUCHIBACT 3aBUCUMOCTh O€3pa3MepHOii TeMIepaTypbl OT TOJIIUHBI BTOPOTO
CJI0Sl CTEKJIOTKaHU, Hanpumep, 11 uznenust mapku PCT — 250 [5].

Jns onpenenenust BO3AEHCTBUSA IUIOTHOCTH TEILIOBOIO MTOTOKA ¢ (KBT/MZ) Ha UCCIENYEMBIN
MaTepual IPOBEJCHO CTeHaoBoe wucnbiTanue. C 3TOH wHenbio 00paslbl TPYIHOTOPIOYETO
crexionacTuka kpajaparHoi opmsl o 'OCT [7] monBeprajiuce JIyducTOMy TEIUIOBOMY ITOTOKY B
TedeHre 10 MUHYT Ha UCHIBITATEJILHON YCTAaHOBKE [7], Tak KaK TeMIIEpaTypa FOPEHUsl CyXOi TpaBbl
npu nanamadTHom mnoxkape npesbimaer 400°C u, cremgoBaTeNbHO, HAMOOJBIIEE TEIIOBOE
BO3/JICHCTBUE IOCTUTAETCS 3@ CUET U3ITYUCHHUS.

Ha pucyHnke 2 npezacraBiieHa KUHETHKA U3MEHEHUS TEMIIEPATYPbI C ThLIIbHOU cTopoHbl PCT
— 250 npu IWIOTHOCTH TEIUIOBOro motoka 14 kBr/m2. TlosydYeHHbIE SIMIMPUYECKUE JTaHHbIE ObLIU
[POaHAIM3UPOBAHbI, IPOBEACHA HX allpPOKCUMAlMs, paccuuTaHa Belu4yuHa Kod3dduuumenra
nerepmunamun (R% < 1).

W3 pucynka 2 BUAHO, 4TO 3aBUCUMOCTH T = f (m, T) HOCUT MOTMHOMUHAIBHBIN XapakTep. B
pe3yJibTaTe annpoKCUMAIMH JaHHBIX IIOJYUYEHO CIEAYIOUIEE YPABHEHHE:

T(m,t) = 2046,667 — 4007,883m + 90,3471 + 2234,438m? — 80,072m — 0,743t>  (9)
rne T — Temmeparypa THUIBHOM CTOPOHBI MCXOJIHOrO oOpasla crekioruiactuka, °C, m — macca
oOpa3ia, T — BpeMs BO3JACUCTBHS TEIIOBOTO MOTOKa Ha oOpasen, muH, 0 MuH < m, T < 10 MuH.
Koapduuuent nerepmunamuu R* = 0,904. IlorpemHocts anmpokcuManuu ypaBHeHus (9)
cocrasisieT He 6oinee 10 %.
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PﬂcyHOK 2 — KuHeTuKa u3MEHEHHUs TCMICPATYPhI CTCKIIOIUIACTHKA OT BPpEMCHU HArpeBa U rnoTepu
MacCChbl 06pa3u0B CTCKJIOIIJIaCTHKA.
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Jlns onvcaHusi 3aBUCUMOCTH KHMHETUKM M3MEHEHHUS TEeMIEpaTypbl B CTEKJIOIUIACTHKE OT
BPEMEHHU HarpeBa M MOTEpU MacChl 00pa3lOB CTEKIIOMIACTUKA MPOBECHA CTaTH4YecKas o0paboTKa
naHHbIX (pucyHok 2). IlomydeHHble JaHHBIE MO pe3ysbTaTaM dKCIIEpUMEHTa 00pabaThIBaINCh C
MIOMOILBIO MTporpaMMHOro nakera Statistica [8]. Ilo pe3ynbTaram mpoBeIEHHOIO SKCHEPUMEHTA U
MIOJIyYCHHBIX JIaHHBIX MOKHO MPUHTH K BBIBOAY O JOCTATOYHON HAJEKHOCTH CTEKJIOIUIACTHKA B
MCXOJIHOM €r0 COCTOSIHUH, TIOCKOJIBKY B Pe3yJbTaTe BO3ACHCTBHS IFIOTHOCTH TEIJIOBOTO MOTOKA 14
kBT/M? Ha SKCHOHUPYEMYKO TOBEpXHOCTh. Ilpemnoxkennsie ypasHenus (8) u (9) Moryr ObiTh
MCTIOJIb30BaHBI JIJIsl IPOBEICHUS OLIGHOYHBIX PACYETOB MPU BHIOOPE CTEKJIOIUIACTHKA ISl CO3AaHUs
YCTPOMCTB B LIEJISAX MPEAOTBPAIICHUS paCIPOCTPaHEHUS JJaHAIAPTHOTO MOKapa.
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MOJIAP®UIIMPOBAHHBINA HECTAIIMOHAPHBIA METO/I U3MEPEHUS
TEIVIOTPOBOJHOCTH
MODIFIED NON-STATIONARY METHOD OF THERMAL CONDUCTIVITY
MEASUREMENT

Jleonnn UBanosuy Kmaxkun, Hukonait Muxaitaosuy llapnap
Leonid I. Zhmakin, Nikolai M. Sharpar

Poccuiickuti cocyoapcmeennviil ynusepcumem um. A. H. Kocvleuna
(Texnonozuu. /[uzaiin. Hcxkyccmeo), Poccus, Mockea
The Kosygin State University of Russia, Russia, Moscow
(e-mail: li zhmakin@mail.ru; sharpar753@mail.ru)

Aunnomayua: B paHHOW cTaThe TPEACTABICH METOJ U3MepeHus koddduimenrta
TEIUIONPOBOIHOCTA MAaTepuajoB C MCIOIb30BAHUEM JIBYX PA3IMUYHBIX >KUAKOCTEH. DTOT METOA
MO3BOJISIET  YCHEWIHO pEIIUTh MpPOOJEeMbI, CBSI3aHHbIE C KOHTAaKTHBIMH TEPMHUYECKHUMU
COIIPOTHUBJICHUAMU M HM3MEPEHHEM TOJIIMHBI 00pa3loB C HEPOBHOH MOBEPXHOCTHIO. MeTonuka
IpEeACTaBIsieT COOON JBYXATAlHBIA KCIIEPUMEHT, Ha MEPBOM dTare ompenensercs 3¢dekTuBHOe
TEIUIOBOE CONPOTHUBIIEHUE CHCTEMBI «00pa3zel-KuAKoCcTh 1». Ha Bropom sTame ombiTa U3MEpeHHS
MPOBOSATCS C TEM ke 00pa3lioM, HO KOHTAKTUPYIOIIUM C JAPYTOil RKHUIKOCThIO. AHAIM3 JAHHBIX Ha
Pa3NUYHBIX 3Tanax IO3BOJISET HMCKIIOYUTh HEOOXOJUMOCThH OIpENeNieHHUs] TOJIIMHBI oOpasna u
JKUAJIKOU ITPOCIIOMKH, & TAK)KE YYECTh BIMSHUE KOHTAKTHBIX COIIPOTUBIICHUN. B cTaThe npeacrasicHa
NPUHIUINNATIBHAS CXeMa M3MEPHUTEIbHOTO YCTPOWCTBA, OMMCAHBl JTalbl 3KCIECPUMEHTA U
MaTeMaTW4ecKhe  BBIKIAJIKM,  IO3BOJIIOUIME  OJHO3HAYHO  ONPEAETHTh  KOd(h(UIMEHT
TEIUIONPOBOIHOCTH MCCIEAYyeMOro Marepuana. MeToJuka MOXKET HCIOJIb30BaThCS B Pa3IMYHBIX
00JIaCTAX HayKU U MHKXCHEPHH, T1ie TpeOyeTcss H3MEepeHHEe TeIIONPOBOJHOCTH MaTepHAIIOB.

Abstract: This paper presents a method for measuring the thermal conductivity coefficient of
materials using two different fluids. This method successfully solves the problems related to contact
thermal resistances and thickness measurement of samples with uneven surface. The technique is a
two-stage experiment, in the first stage the effective thermal resistance of the sample-liquid 1 system
is determined. At the second stage, measurements are carried out with the same sample, but it is in
contact with another liquid. Data analysis at different stages allows to exclude the necessity to
determine the thickness of the sample and the liquid layer, as well as to take into account the influence
of contact resistances. The paper presents a schematic diagram of the measuring device, describes the
stages of the experiment and mathematical calculations that allow to unambiguously determine the
thermal conductivity coefficient of the material under study. The technique can be useful in various
fields of science and engineering, where accurate measurement of the thermal conductivity of
materials is required.

Kniouesvie cnosa: TepMuuecKkue cOnpoTUBICHUS, YPPEKTUBHOE TEIJIOBOE CONPOTUBIICHHUE,
KOHTaKTHBIE A3PPEKThI, KOI(UIIHMEHT TETIIONPOBOIHOCTH, UCCIICAYEMBIN MaTepUallL

Keywords: thermal resistances, effective thermal resistance, contact effects, thermal
conductivity coefficient, material under study.

N3mepenue kordpuiimeHTa TermIonpoBOIHOCTH MaTepuaios [ 1-3] siBnsieTcs BaykHOM 3aqaueit
B MHOJKECTBE HAYUHBIX U MH)KEHEPHBIX oOnacTeil. TOUHOCTh ATUX U3MEPEHUI Upe3BhIYaiiHO BaXKHA
JUI TIOHMMAaHUSI TEIUIOBBIX XapaKTEPUCTHK MAaTepUAIOB U pa3pabOTKH HOBBIX TEXHOJOTHU [4].
OnHako npy NPOBEICHUH U3MEPEHUH TETJIONPOBOIHOCTH YAaCTO BO3HUKAIOT MPOOJIEMBI, CBS3aHHBIC
C KOHTAKTHBIMH TEPMHUYECKUMH COINPOTHBICHUSAMH [5] M H3MEpEeHHEM TOJIIMHBI 00pa3loB C
HEPOBHOU IIOBEPXHOCTHIO.

B nmannoii crathe paccMaTpuBaeTcsi MOIUGHUIMPOBAHHBIA METOJX H3MEpPEHHs, KOTOPBIH
MO3BOJISIET YCIIEUIHO PEIINTh YKa3aHHbIE MPOOJIeMbl. DTOT METOJ MPEAINOJaraeT HCIOJIb30BaHHE
IBYX DPa3IUYHBIX XHJIKOCTEH B KOHTaKTE C HCCiIeqyeMbIM obOpasioM. [lyreM anHanu3a naHHBIX,
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MOJTyYCHHBIX Ha Pa3HBIX dTanax 3KCHEPUMEHTa, MOKHO HCKIIOUUTh HEOOXOAUMOCTh OMPEICNATh
TOJIIUHY 00pa3iia 1 KUIKOHN MPOCIONKH, a TAKXKE YUECTh BIUSHUE KOHTAKTHBIX COMPOTUBICHUIA.

B cratee mpencraBieHa MPUHIMNHAIBHAS CXeMa M3MEPUTEIHHOTO YCTPOMCTBA, OMUCAHBI
3Tambl AKCIIEPUMEHTOB M MAaTEMaTHYECKHE BBIKJIAJKH, MO3BOJIAIOIINE OJHO3HAYHO OMNPEICIHUThH
KOX((UIIMEHT TEIUIONPOBOAHOCTH UCCIIEyeMOro MaTepuaia. Ba)kHO OTMETHTB, UTO BECh MPOIIECC
MCCJIeIOBaHMS OCHOBAH Ha MPE/IOI0KEHUH O CIPABEUIMBOCTHU 3aKOHA 00 aJ/ITNTUBHOCTH TEILIOBBIX
COIPOTUBIIEHUH, KOTOPBII paCCMATPUBACTCS C YUYETOM PA3NTMYHBIX TETLIOBBIX PEKUMOB.

N3mepenue xodQuIeHTa TEIUIONPOBOAHOCTH PA3IMYHBIX MATEPUAIOB CTAI[MOHAPHBIMU
METOJIaMH  SIBJISIETCSI TPYJOEMKHM IPOILECCOM, TPEOYIONIMM CIOKHOW AIKCIIEPUMEHTAIbHOM
anmapaTypbl ¥ 3HAYUTEIBHBIX BPEMEHHBIX 3aTpaT Ha CO3/IaHUE YCTAHOBUBIIETOCS TEMIIEPATYPHOTO
pexxnma B oOpasiie. B cBsi3u ¢ 3TUM B 00JIACTH TEXHUKU TMOJYYWIH IIHPOKOE PACIPOCTPAHEHHE
HECTAIIMOHAPHBIE METOABI H3MEPEHUS, B YACTHOCTH, METO/IBI PETYJISIPHOTO TEIJIOBOTO pexuma [2, 6-
8]. OTu MeToABl OMHUPAIOTCS HA CTPOTUE TEOPETHUSCKUE OCHOBHI, X IPUMEHEHHUE B AKCIIEPUMEHTAX
OTJIMYAETCS. OTHOCHTEIBHOW MPOCTOTOM, MPH ATOM OHHU OOECHEYHMBAIOT MPUEMIIEMYI0 TOYHOCTh
M3MEpEHUH IS TPaKTHUeCKuX neneil. OqHUM U3 BaXHBIX MPEUMYIIECTB TAKUX METOJIOB SIBISICTCS
TO, YTO PE3YJbTATHI SKCIICPUMEHTOB HE 3aBUCST OT HAYAJILHOTO TETJIOBOTO COCTOSIHHS 00pasia u
PacToIOKEHUS B HEM JTJATYMKOB TEMIIEPATYPHI.

OTH  METOABl OCHOBAaHBI Ha TEOPHM, KOTOpas MpPEANojiaraer, 4YTO pELICHHUE
i GepeHIIMaTbHOTO  YpaBHEHUS HECTAI[MOHAPHOW  TEIJIONPOBOJHOCTH JUIsl Tella MOXHO
MPEJICTAaBUTh B BUJE CXOSIIETOCS YKCIOHEHIIMANBHOTO psifa. [Ipu 3TOM, eciu Mbl paccMaTpuBaeM
JOCTaTOYHO OOJBIION MHTEPBAT BpeMeHH (0003HAYMM €ro Kak T) ¢ MOMEHTa Hayayia Iporecca, To

MO>KHO IIpeHeOpeyb BCeMH WIEHAMU 3TOTO psa, KpOMe IMePBOro, KOTOPBI UMEET BUJ Aexp(—mz' )

Takoli mapaMeTp «m», KOTOPBIH 3aBUCHUT OT pa3MEpoB Tela, €ro TEeIIOPH3NUECKUX
XapakTepUCTUK M Kod(dduuueHta Ttemioornauu (MpU TPaHUYHBIX YCIOBUSX TPETHETO PpOJIA),
HA3bIBAETCSl TEMIIOM OXJIaXAEHUsA. Ero 3HaueHue omnpenensercss SKCIEPUMEHTAIBHO IIyTEM
muddepeHIMPOBaHUS  3aBUCUMOCTH  M30BITOYHOM  (OTHOCHUTENBHO  OKpY’KAaloIIed  Ccpejbl)

TemrepaTypsl Tena (0603Ha4uM eé Kak ) 1o BpemMeHu B koopuHatax [ng= f (T )

Hcxons U3 BEIMYMHBI 3TOTO TEMIIA OXJIAX/ICHUS, MBI MOKEM BBIYUCIUTH TEIIO()U3NIECKHE
XapaKTepUCTUKH MaTepuana. BaXHO OTMETHTB, YTO 3TOT METOJ] 6a3upyeTcsl Ha MPENNOI0KEHHUIX O
MOCTOSIHCTBE TEINIOEMKOCTH M TETIJIONPOBOIHOCTH Telia (B ONPEAETICHHOM AUana3oHe U3MEHEHUS ),
O JMHEWHOM XapakTepe pacIpelesieHUs] TeMIIEpaTypbl BHYTPH Teja, a TaKXKe O HEe3aBHCHUMOCTHU
KO3 QHLIKMEHTA TEIIOOTAAYH OT U30BITOYHON TEMIIEPATYPBI.

WHCTpYMEHTBI, HCHOJB3YIOIUE METOJl PEeryJspHOrO TEIJIOBOTO pekXuMa, OOBIYHO
KaJHOPYIOTCS C MUCIIOB30BaHUEM MaTepHalia ¢ U3BECTHBIM KO3 (GHUIIMEHTOM TEIIONPOBOAHOCTU. B
MpeAlIeCTBYIOMMX HccienoBanusax [8-10], B kauecTBe TaKOro marepuaia 4acTO HCIOJIb30BaJICS
Bo3ayX. [lpu aHanm3e pe3ysnbTaTOB KaJUOPOBOYHBIX HKCIHEPUMEHTOB, HCXOJHOE YypaBHEHHE
METOAMKH 0OBIYHO Mpeodpa3yeTcs B CIeIyIOIUN BUI:

i:L:A.m_k’ (1)

0 Ry
rae R, — TEpMHUYECKOe COMPOTUBIEHUE oOpasma (BO3AYIIHOTO 3a3opa), A U k —MOCTOSHHBIC
npubopa.

M3BecTHO, YTO TpU H3MEPEHHUAX KOIPPHUIMEHTa TEIUIONPOBOAHOCTH CYIIECTBYIOT
3HAYUTENIbHbIC MCTOYHHKH CHCTEMAaTHMYeCKMX OImMMOOK. OAMH U3 TaKuX HMCTOYHUKOB - 3TO
KOHTaKTHbIE TEPMUYECKHE CONPOTHBIEHUA [l1], KOTOpbIE MOIYyT MpPUBECTH K HETOUYHBIM
pe3yabTaraM. [|OMOMHUTENBHON MPOOIEeMOil SBISETCS U3MEPEHUE TOJIIMHBI TOHKHX O0pasLoB ¢
CWJIBHO HEPOBHOHM IOBEPXHOCTHIO, YTO TAKXE MOXKET BbI3BaTh IOTPEIIHOCTH B JaHHBIX. s
YCTpaHEHUS] BO3ACUCTBHUS 3THUX HEXKEJIATeNbHBIX (PAaKTOPOB OBLIO MPEJIOKEHO BHECTU PSII
MonudUKaMii B MeTOAUKy u3MepeHuid. Ha pucyHke 1 mnokasaHa mNpUHIUNHMAIbHAS CXeMa
U3MEPUTENIBHOTO YCTPONCTBA, KOTOPOE IPEJHA3HAYEHO AJIs ATOM LIEIIN.
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Pucynox 1 — IpuniunuansHas cxeMa H3MEPUTEIbHO YCTPOUCTBA:
1 - aJeKTpoHarpeBaTelip; 2 - XOJIOAMIBHUK (TEMIOBOH CTOK); 3 - 00pasel HuccieayeMoro
MaTepuaia; 4 - TaTYUK TeMIepaTypbl

BunHo, 4To HEpOBHAS MOBEPXHOCTH 00pa3iia MaTepraia 3 pacooKeHa B MPOMEKYTKE MEXKIY
HarpeBateneM | W TEMIOBBIM CTOKOM 2. Pasmep 3a3opa 0 HEMHOTO MPEBHIMIAET MAKCUMAIBHYIO
TOJNIIMHY O0pa3la U MOXKET OBbITh U3MEpPEH C BBICOKOW TOYHOCThIO. BHYTpH 3TOro 3aszopa
pacmonaraercsi o0pasell v )KUAKOCTh ¢ U3BECTHBIM KOA()(PHUIIMEHTOM TEIIONPOBOJHOCTH.

DKCIepUMEHTB Pa3leNialoT Ha JBa dTanma. Ha mepBom »Tame ompeneistoT 3¢ ¢GeKTUBHOE
TEIIOBOE COMPOTUBIICHHUE ISl CHCTEMBI «00pa3e-)KUIKOCTh 1»

o o
- @)
Logt Ao el

,Ha BTOpOM OJTale BBINOJHAIOT HW3MEPEHUs C MCIIOIB30BaHMEM TOTO K€ o0pasla, OJHAKO OH
HaxOJHUTCs B KOHTAKTE C APYrOU )KUIAKOCTHIO. B Takom ciryyae,

5 _& 5
13472 Ao ﬂ’JiCZ’

3)

SIcHO, uTO B 3TOH CUTyaluu O = 51 +52‘ [Tocne mpoBeneHUs] OTHOCUTENIEHO HEOOJBIINX

MaTeMaTHYECKUX NMPeoOpa30BaHM, YPaBHEHHUS O3BOJISIOT OJHO3HAYHO ONPEeTUTh KO HUIIMEHT
TEILIONPOBOJHOCTH UCCIIEyEMOr0 MaTepuaa

1 1 1 1
+

1 1 ’

Ayt o2 A2 Aol
Takum oOpa3oM, JaHHAs METOJIMKA IO3BOJISIET UCKIIOYUTH HEOOXOAMMOCTH ONPEAEAThH

TOJIIMHY 00pa3ua 81 U TOJIIMHY XKUIKOM MPOCIOWKH J2, @ TAKXKe YCIEIIHO PELIUTh Mpoliemy,
CBSI3aHHYIO C KOHTAKTHBIMU COINPOTHUBJICHUSIMH. B 3akiioueHue, BaXXKHO OTMETHTh, YTO BBIBOJ
pacueTHbIX hopMya s K03 puLmeHTa TeIIONPOBOAHOCTH MIpeAoaaraeT co0I0IeHue 3aK0OHa 00
aJTUTUBHOCTU TEIUIOBBIX CONMPOTUBJICHUH. OIHAKO CJeIyeT OTMETUTh, YTO ITOT 3aKOH CTPOro
BBINOJIHSACTCS TOJIBKO B CTALIMOHAPHBIX MPOIleccax, M B HECTAIMOHAPHBIX PEKUMAX OH IPUMEHSETCS
C HEKOTOPBIMH MPHOIMKECHUSIMHU.

BuiBOaBI

1. MoaupuuupoBaHHBIA METOA MU3MEPEHHs], UCTIONb3YIOUINHA JBE PAa3IUYHbIC KHUIKOCTH,
MI03BOJISIET UCKIIIOUYUTH HEOOXO0AUMOCTh ONPEIeNICHHsI TOIIMHBI 00pa3la U )KUKOU IPOCIOUKH, YTO
MOBBIIIAET TOUHOCTh U3MEPEHUI.

2. DddexTUBHOE TEIIOBOE CONPOTUBICHUE CUCTEMBI «00Pa3eI-KHUIKOCTb 1» MOXKET OBbITh
OIpEJICJIEHO Ha IIEPBOM ATaIle 3KCIIEPUMEHTA.

3. Amnanu3 JaHHBIX, HOJYYEHHBIX Ha pa3HBIX 3Tamax SKCIEPUMEHTAa, MO3BOJSIET YyYecCTh
BJIMSIHUE KOHTAKTHBIX COMPOTUBIICHUHN, YTO CLIOCOOCTBYET 00Jiee TOUHBIM PE3yJIbTaTaM.

/106 =
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4. Meroauka MOXET ObITH MOJIE3HA B PA3MUYHBIX O0JACTAX HAYKH W WHKECHEPUH, TJe
TpeOyeTcst TOuHOE n3MepeHue Ko (UIEeHTa TeIIONPOBOHOCTH MAaTEPUAIIOB.

5. BaxHO OTMETUTBH, UTO METO/AMKA MPEACTABIIECT COO0H BaXKHBIH 1Iar B pa3padOTKe HOBBIX
METOJIOB U3MEPEHUs TEIUIONPOBOAHOCTH, oOecrednBas 0ojee Ha/leKHble U TOYHbIC JaHHBIC IS
HAYYHBIX U MPAKTUUECKUX MPUIIOKCHUH.

CIIMCOK JIMTEPATYPbI

1. IMamkoB A.I'., BonoxoB I'M. u np. Meroasl omnpezeieHuss TEIUIONPOBOAHOCTH M
TeMIeparyporpoBoaHocTu. M.: Dueprus, 1973. - 366 c.

2. Kongparees I'.M. Perynsapusliii ternosoii pexxum. M.: TUTTII, 1954. - 405 c.

3. Temno¢pusnuyeckne CBOMCTBa MaTepHajOoB C HAHOPA3MEPHBIMH METAUTMYECKUMHU
yactuiiamu / T.B. Lpiranosa, C.C. Kpyriukos // IIpoMblluieHHbIe TPOLECCH U TexHomoruu. 2022.
T.2.N°1. C. 78-86. DOI: 10.37816/2713-0789-2022-2-1-78-86

4. TloBblmieHne >HEpreTHueckoi 3pdextuBHoctu TemaoBoit cetn / JL.M. Kmakun, H.M.
Mapmnap, E.O. [Nonyusiran // [IpoMeinuienHsie npoueccsl U TexHogoruu. 2022. T.2. N°3(5). C. 76—
87. DOI: 10.37816/2713-0789-2022-2-3(5)-76-87

5. Tepmuueckoe COMPOTHBIEHHE KOHTAKTHOIO COEAMHEHHS JIPpeBECUHBI Oepe3bl U
HarpeBareibHoro snemeHta / B.M. Ilomos, O.P. [lopusix // IIpomblluieHHBIE MPOLECCH U
texnonoruu. 2022. T. 2. No 3(5). C. 88-94. DOI: 10.37816/2713-0789-2022-2-3(5)-88-94

6. JIsikoB A.B. Teopus temnonpoBogHoctu. M.: Beiciias mkosna, 1967. - 599 c.

7. Wlapnap H.M., Xwmakun JL.U., MapkoBa K.A. DxcnepuMeHTalnbHOE HCCIIEIOBaHUE
TEIUIONPOBOAHOCTH TEKCTUIIBHBIX MAaTEpUAJIOB, BXOASIUX B COCTaB OAEXKIbl CHIIOBBIX CTPYKTYp U
cneuuanbHelx  BegoMcTB  //  Hayumwiii  xypHan — «Koctiomomorumsi», 2020  Ned,
https://kostumologiya.ru/PDF/21TLKL420.pdf

8. Illapmap H.M. Pa3paboTka MeTOJOB HCCIEAOBAHHUS TEIIOPHU3MUECKUX CBOWUCTB
HETKaHBIX MAaTePUAJIOB: JUCCEpTAIMs ... KaHAuIaTa Texaudecknx Hayk: 05.19.01 / Hlapmap H.M.;
[Mecro 3amuThl: Mock. roc. yH-T Au3aiiHa U TexHojoruu|. - Mocksa, 2013. - 135 c.

9. Kupoxocsn K.A., Kmakun JIL.U., KossipeB 1.B., UccnegoBanue TemaionpoBOAHOCTU
TEKCTUJILHBIX MaTEpHUAaoB AJisi 00EBOM OJeXkIbI TOKapHBIX // XuMmuueckue BojokHa, No2, 2006, C.
26-28.

10. Kupoxocsin K.A., XKXwmakun JI.U., Ko3sipe U.B. DkcnepuMeHTanbHOE UCCIEN0BaHUE
TEIUIONPOBOAHOCTH TKAaHEH, HCIOIB3yEeMBIX ISl paboueid onex bl // 3BecTus By30B - TexHomorus
TEKCTWJIbHOU npombinuieHHocTH, No2, 2009, C. 16-18.

11. lnsiko FO.II., Il'anun E.A., Lapesckuit C.H. KonrakTHOE TepmHuueckoe compo-
tuBnenue. M.: Dueprus, 1977. - 412 c.



146 20 - 22 ¢eBpana 2024 roxa. ISBN 978-5-00181-553-2
VYK 622.276.43 DOI: 10.37816/eeste-2024-2-146-148
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BOJOHE®TAHOM SMYJIbCUU (HE®@TAHOT'O ®JIIOUIA)
EFFICIENCY OF THE PROCESS OF GRAVITATIONAL SEPARATION OF RESERVOIR
OIL-WATER EMULSION (PETROLEUM FLUID)
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Annomayus: 1lpuBeneHbl OCHOBHBIC peE3yJbTaThl IO HCCIENOBaHUAM 3(pdeKkTuBHOCTH
IPaBUTALIMOHHOTO OTACNEHUS He(PTH OT MOmyTHO 10OBIBa€MOM MIAacTOBOW BOABI. PaccMoTpeHsbl
CKOPOCTH DPACCIOCHHS BOJOHE(PTIHONW »dMyibcud. [lokazaHO BIUSHHE JI€AIMYJIBraTOpPOB Ha
0CTaTO4YHOE He(Tecoaep KaHue B BOJIE.

Abstract: The main results of studies on the effectiveness of gravitational separation of oil
from produced formation water are presented. The dissolution rates of oil-water emulsion are
considered. The effect of demulsifiers on the residual oil content in water is shown

Kniouesvie cnosa: nerenodsrda, BONOHEDTAHBIC IMYIIBCUH, I€IMYIIBIATOPBI.

Keywords: oil production, oil-water emulsions, demulsifiers.

IlepcieKTUBHBIM  pEIIEHHEM JUIsl  CHMJKEHUs  KOJMYECTBAa  IEPEKayMBacMOW 110
HeTENpOBOAaM IOMYTHO J00bIBA€MOIl BOJBI SIBISETCA HCIOJIB30BAaHHE TEXHOJOTHH KyCTOBOTO
copoca Boabl. OTaeneHrne 4acTu CBOOOIHOM, MOMYTHO JOOBIBAEMOM TJIACTOBOW BOJIBI, TOATOTOBKA U
MOCJEAYIONasl 3aKauyka OTAEIEHHONW NOJATOBAapHOM BOJBI B HAarHETATEJIbHbIE CKBAKUHBI CHCTEMBI
noanepkanus mwiacroBoro gasinenus (I1I1/]) HemocpencTBEHHO HA IUIOMIAAKAX KYCTOB CKBaXKHH
OCYILIECTBIISIIOTCS C MpHUMEHEHHEeM TrpaBuTaunoHHoro s¢pdexra [1]. Ilpu sToM HE0OXOIUMO
00s513aTeNIbHOE OCYIIECTBJICHUE JOCTOBEPHOTO MOCKBAKMHHOTO KOHTPOJS M yuyéra TOOBIYH B
cootBeTcTBUM ¢ TpeboBanusimu ['OCT P 8.1016-2022 [2].

B pabore Obl1 cMOIENMpPOBaH MPOLECC TI'PABUTAIIMOHHON cemapaliy, OCHOBAHHBIA Ha
pas3zeneHuy BOJOHE(PTAHOM SMYIbCHH C pa3HHUIEH B IJIOTHOCTH €€ KOMIOHEHTOB. [ M3yueHus
mpolecca pasleieHuss BOJOHEe(PTSIHON SMynbcuH Mociie €€ 00pa3oBaHUs, OBUIH HCCIECIOBAHBI
¢u3nueckue CBOICTBAa IJIACTOBBIX (IIOMIOB (CMECH YTJIEBOJOPOAHBIX W HE YIJIEBOAOPOIHBIX
KOMIIOHEHTOB, HaXOJSIIUXCA B IJIACTOBBIX YCIOBHSX B Ia30BOM MIIH KUAKON (haze) ckBaXuHbI Ne 1
n Ne 2 IlMaruprcko-I'oxkaHCKOro MECTOpPOXKIEHMS, a TaKK€ YCTOMYMBOCTb K PacCIOEHUIO
BOJIOHE(DTSAHBIX SMYJILCUI YKa3aHHBIX CKBAXKHUH [3].

Xapakrepuctuka HCX ckBaxxun Ne 1 u Ne 2 Illaruprcko-I'0kaHCKOIO MECTOpPOKIEHUS
npencrasieHa B Tabmure 1.

Kak BuaHo w3 Tabmumpl 1, Moka3aTenb IUIOTHOCTH C TIOBBIIICHHEM TEMIIEPATypHhI
IIPAKTUYECKH HE U3MEHSETCS, & 3HAUEHUE BA3KOCTH IPU IOBBIIMIEHUU TEMIIEPATypbl CHUXKAETCA
3HAYMUTENbHO. |11 CKBaXXMHBI | 1MOKa3aTesb BA3KOCTH He()TH CHUXKAETCS B 9 pas, a JUIsl CKBAKUHBI 2
CHUXaeTcs B 6 pas.
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Taoauua 1 — XapakrepucTUKu HeTH U BOJBI O IIIOTHOCTHU M BsizKocTu mpu 20°C u 50°C
CxkBaxnHa 1 CxkBaxxnna 2
Moxkazarear, Bona He¢tb Bona Hedts
[L1oTHOCTB, T/cM’ 1,184 0,993 1,130 0,924
nipu 20°C
npu 50°C 1,175 0,975 1,116 0,908
Bs3kocts, mIlac 679,49 165,85
nipu 20°C — —
nipu 50°C
74,82 27,63

TexHonorunueckuii mpouecc pasaenenus Hedrecoaepxkamieit xkunkoctu (HCXK) npoBoaunucey
B JIa0OPATOPHBIX YCIOBUSX.

[Ipu mpoBeAeHUN «KOHTPOJIBHOTO (XOJIOCTOIO) ONbITa» paszieieHue (a3 MpoUCXOAuso B
teuenue 10 cexyHn (ompenensiock BH3yalbHO). Berubitne HedTAHBIX 7100y K MOBEPXHOCTH
npoucxoawio 10 MUHYT (OmpeAensuioch MO pUCKaM B MepHOW Konbe). Takum oOpaszom, Bpems
paccioeHust SMyJIbCUU JJIs1 00€MX CKBAXMH COCTaBisieT He Oojyee 10 cekyHI, YTO CIIOCOOCTBYET
XOopolieMy paszzaeneHuto ¢a3 Ipu NPOBEACHUH OMNBITHO-MPOMBICIOBBIX HcmbiTaHuii (OITH) Ha
MecTopoxkaeHuu [3].

[Iporiecc TpaBUTALMOHHOW cemapalMyd BOAbl OT HE(TH TPOBOAUIM C BBEICHUEM
BbIcOKO3(pexTuBHOrO  neamynbratopa Conaem-4403, o001amaromEro BBICOKOW — CTETEHBIO
o0e3BokuBaHus U obecconmBanus HepTH [4] B koHueHtpauuu 20 r/m3 u 50 r/M3 u B OTCyTCTBUU
JieaMyJIbraTopa:

1) B JieniuTeNnbHbIEe BOPOHKHU Ne 1, 2 mogaua aeaMysibratopa He Npou3BOINIACh —

KOHTPOJIbHBIN OMBIT (XOJI0CTOM)

2) B JICJIUTENIbHbIE BOPOHKU C 3MyJibcuen Ne 1, 2 BBenen neamyinbratop Connem-4403
KoHIeHTpauuu 20 r/m3;
3) B JICJIUTENIbHbIE BOPOHKU C 3MmyJibcuen Ne 1, 2 BBenen neamyinbratop Connem-4403

KoHIeHTpauuu 50 r/m3.
Pe3ynbraThl Hcciie10BaHUH MPECTaBICHBI B padMKe U uarpaMMe Ha pucyHKax 1 u 2.

OuHamuKa otgeneHus sogbl, %

10 20 60 90

Bpemsa, MuH

120 360

=== X 0/TOCTOM OMbIT CoHpem-4403 (20r/1) ==@==CoHgem-4403 (50r/T)

Pucynok 1 — /lunamuika oT/ieeHus MOMyTHO T0OBIBAEMOM BOJIBI OT HE(TH
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PucyHok 2 — BrusiHue aeaMysibratopa Ha IMpolece rpaBUTAMOHHOM cerapaliu BOIbl OT He(TH

Kak nmokasbIBaroT JaHHbIe, IpeABapUTEIbHBINA COpOC BOAbI ¢ mogaueii pearenta Connem-4403
IpoIeN YJIOBIETBOPUTEIBHO, OCTaTOYHAs OOBOJHEHHOCTh HE(THU IOCIE OKOHYAHHUS Ipolecca
Haxoautcs B uHTepBaie 1,5-7,0 %., Ho npeBapUTEIbHbIE UCCIIEJOBAHMS T0KA3aJIHU, YTO pa3/IeiIcHUE
HedTeconepxkamend kugkoctn (HCXK) mpoxomutr yxke B mepBele 10 MHH B OTCYTCTBUHU
JI€3MYJIbraTopa.

[IpenmyiiecTBOM TpaBUTAIIMOHHOIO METOJA OTJEJIECHUS BOJBl OT He(TH SABISCTCA
HSKOHOMHYECKas YPPEKTUBHOCTh, & UMEHHO HHM3KHE KalMTAJIbHbIE U KCIUIyaTallMOHHBIEC 3aTPATHI,
MUHUMYM MCIOJIb30BaHUS XMMHUECKUX BEUIECTB JJIs IIPENOTBPALLEHUS 3arPsI3HEHUS OKpYXKarollen
Cpeapl.

BoiBOaBI

Pe3ynbTaThl HCCEA0BAaHMIA TOKA3AIH, YTO JUHAMUKA IPAaBUTAIIMOHHOTO OTeNeHHs HePTH OT
BOJIbI IIPOMCXO/IUT B MEPBBIE MUHYTHI U cTabuimusupyercs B Tederue 20-30 MuHyT. OTO 10Ka3bIBaeT
3¢ HEKTUBHOCTh U 000CHOBAHHOCTD OCYILECTBIICHUS MPOLIECCAa IPAaBUTALIMOHHOTO OT/IEIeHUs HeTH
OT IOIyTHO AOOBIBAEMOH IIIaCTOBOM BOJIBI pH Hedreno0bue. Brenenue neamynsratopa Conaem-
440 B ompoOOBaHHBIX KOHILIEHTPALMSX HE OKa3blBACT 3HAYMTEIBHOTO BIUSHHMS Ha Ipolecc
paznenenus HCXK.
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OIIEHKA KAYECTBA MHOTO®YHKIIMOHAJIBHBIX
MATEPHAJIOB JJI51 OJEKIbI
THE QUALITY ASSESSMENT OF MULTIFUNCTIONAL GARMENT MATERIALS
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Annomayua: Pa3paboTaHbl KpUTEPUH, METOJBI M CPEJCTBA Ul OLIEHKH YPOBHS KauecTBa
MHOTO()YHKIIHOHAJIHBIX MAaTEpUaoOB JJs BOJO3ALIUTHOM oxaexnabl. Ha mpumepe crnopTuBHON
SKUIMPOBKH JUIS 3aHATUI rpebiielt Ha Oalapkax M KaHO? MPOBEJEHAa OIICHKA YPOBHS KayecTBa
00pa31oB KOMILJIEKCHBIX MaTepHalioB ¢ MEMOPaHOIA.

Abstract: Criteria, methods and means for assessing the quality level of multifunctional
materials for waterproof clothing are developed. On the example of sports outfit for canoeing, the
quality level of samples of complex materials with membrane was assessed.

Kniouesvie cnosa: onexnaa, BOIO3AIIUTHBIE MaTepuaibl, MeMOpaHa, (yHKIMOHAJIBHOCTH,
KpUTEpHH, 6a30BOE 3HAYCHUE, YCIOBHS SKCIUTyaTalllu.

Keywords: clothing, waterproof materials, membrane, functionality, criteria, basic value,
operating conditions.

AKTyaJIbHOM 3ajadedl MaTepualoBEICHMsI IIBEHHBIX M3AEIUI  SABIAETCA pPa3BUTHE
METONOJIOTMYECKUX  OCHOB  OLIGHKM M MCCIECNOBaHUsA  JKCIUIyaTallUOHHBIX  CBOWCTB
MHOTO(YHKIMOHAJIBHBIX TEKCTHIBHBIX MarepuanoB (MTM) kak Habopa HEOOXOAMMBIX (PYHKIIHH,
UMEIOIIUX OOIIY 0 00JIaCTh ONPEIEICHUs, OTPAaHMYEHHYIO IUANa30HOM YCIOBUH 3KCIUTyaTaluHy.

Ornenka norpeduTesieM YpOBHS KauecTBa Marepuaia MPOUCXOAUT HE MO 3HAUYCHHSIM HEKHX
IIpEJIEbHBIX 1apaMeTPOB (IIpU pa3pbIBE, IPOMOKAaHUM, HAPYLLIEHUH CTPYKTYpbl, U3MEHEHUU 1IBETA U
T.I.), ONPENENIAEMBbIX B pa3IWYHbIX CTAHJAPTHBIX YCIOBUAX (HE BCErIa WIM HE BIIOJIHE
COOTBETCTBYIOIIMX JKCILTYyaTallUOHHBIM), @ IO CTEHEHU COBMAJICHHS MPOMEXKYTKOB, Ha KOTOPBIX
3HAQUEHHUsS] KAXKAOH KpUTHUYECKOW (YHKLIUU YIOBICTBOPSIOT OXHIAHUAM, C TIPOMEXKYTKaMH,
COOTBETCTBYIOIIMMHU OOIEH 00JacTh ompeneseHuss KpuTHueckux (pyHkimid. DTta obmas obnacts
orpenesieH!s] OOyCIIOBJIEHA YCJIOBUSIMH SKCIUTyaTalldd OJEXK/bl: JMAa30HOM TEeMIIepaTrypsl U
BJIQKHOCTH, YPOBHEM aKTHBHOCTUM HOCUMKA, IPEAIOIaraéMblM CpPOKOM HOCKHM, THUIIOM H
MHTEHCUBHOCTBIO BO3ZeicTBUI. OONacTh 3HAYCHUH Kaxa0H (yHKIUMH HHTEpECyeT MoTpeOuTesns
JUIIb B TOM 4acCTH, KOTOpas COOTBETCTBYET €ro OXHUAAHUAM, TO €CTh B HEKOTOPOM JUara3oHe
0a30BbIX 3HAYCHUN KPUTEPUEB OLIEHKHU, PAaH)KUPOBAHHBIX IO YPOBHIO KEJIATEIbHOCTH.

PazBuTne npubOpHOW U MeTONMYECKOW O0a3bl HCCICIOBAHMS CBOWCTB MaTepUaOB Kak
(byHKLIUI 1aeT BO3MOXKHOCTh OLIEHHBATh CBOMCTBA MATEPUANIOB KaK KaTErOpUH, KOTOPhIE OTPAXKAIOT
MOJIe3HBI JUId TOTpeduTeNs OTKIMK Marepuana Ha BHEIIHEe BO3JCHCTBHE, ONUCHIBAEMBIN
(GYHKUMOHANBHON  3aBUCHUMOCTBIO. A (QyHKIHOHaJIbHAs  3aBUCHUMOCTh  JIOJDKHA  OBITh
OXapaKTEepU30BaHAa TAKUMH IOKA3aTEJsIMU, KOTOPbIE OTPa)KaloT JTMHAMUKY M3MEHEHUS CBOMICTBA B
3aJJaHHBIX, OIMHAKOBBIX JUUISl BCEX KPUTHUECKUX (DYHKIIMH, TUana30Hax yCIOBUN SKCIUTyaTalluy.

Llenpto paboThl sBHSETCS pa3pabOTKa KOMIUIEKCA KPUTEPUEB, METOJOB M CPEICTB HX
ucCleloBaHusA, s oleHku kadyectBa MTM mnpu  QopMupoBaHMM HOBOTO aCCOPTUMEHTA
BOJIO3ALUTHOM OJIEXK/IbI C YIyUYIIEHHBIMU MOTPEOUTEIbCKIMU CBOWCTBAMH.

CoBpemeHHbIE MaTepuaibl JUIsl BOJO3AILUTHOM OAEKIbl IPEACTABIEHBl IIUPOKUM
accoptumenToM MTM, cozpepkamux KpoMe TEKCTHJIS MOJUMEpPHYI0 MeMOpaHy, HEPOHUIAEMYIO
JUISL KalleJIbHOXKHUJKOW BIIard, HO TPOITYCKAIONIYI0 NHapbl BOAbL. AHaiau3 00NacTH HPUMEHEHHUS
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BOJ03aIUTHBIX MTM ¢ MeMOpaHO! MO3BOJINII BBISIBUTH TPU KPUTHUECKHUE (YHKIUH, BBIIOJTHEHHUE
KOTOPBIX O0OECIEeYMBAET BBHICOKMH YPOBEHb KauecTBa OMCKIbl M3 HUX: (YHKUUS BOIO3AILUTHI
(oTpaxkaeT COOTBETCTBHE HA3HAYCHMIO), (YHKIHUS OOECIEUEeHUS TEMIIEPaTypHOTO TOMEOcTas3a
4eoBeKa (OTpakaeT YpPOBEHb KOM(MOPTHOCTH), (DYHKIMS HAJEKHOCTU (OTpa’kaeT CTaOMIIBHOCTD
CBOWCTB B 3a/IaHHOM IPOMEKYTKE YCIOBHM 3KcIuTyartauuu). /i Kakaoi KpUTHYeCKOM (DyHKIMU
pa3paboTaHbl KPUTEPHH, MO3BOJIAIONINE MPUMEHUTh HOBBIM (PYHKIIMOHAJIBHBIA MOAXOA K OLCHKE
YPOBHS KaueCTBa MaTepuaioB AJIsl OJEKIbI.

Hns onenkn MTM mo KpuTHueckod (YHKIMH BOJO3ALIUTHI Pa3pabOTaHbl ClIEAYIOIINE
KpUTEPHUHU.

1) Kpurepuii Pw — naBienne npoMokaHusi MaTepUajioB — 3TO BEIMYMHA TUAPOCTATUUECKOTO
JABJICHUs, NPU KOTOPOM CKOPOCTb W3MEHEHHS IPOLIEHTHOIO COAEpXKAaHMs BJIard B Marepualle
npesbimaet 1 % B munyty. s uccnenoBanust npomokanust MTM paspabotan npubop u crnocoo,
OImyOJIMKOBaHHBIC B UCTOYHMKAX [1, 2].

2) Kpurepuil tw — BpemMs IPOMOKaHMs Marepuaja, IpeJHa3HAUEHHBIM [UIsl OLIEHKH
MaKCHMaJbHO BO3MO)KHOM JJIMTEIBHOCTH pealu3aliyd MaTepHajioM BOJO3AIIUTHON (YHKUUU TpU
3aJaHHOM JaBjeHuu [1, 2].

3) Kpurepuii Kw momHOTBHI peanu3any BOIO3AIIUTHON (YHKLUHU, KOTOPBIA MMOKa3bIBAET,
HACKOJIBKO CYXHM OCTAaeTCsi Marepuajl B IIPOLECCE HENPEPBIBHOIO BO3ACHCTBHS Ha HETO
THIPOCTATUYECKOIO JABJICHUS 3aJaHHOM BEJIMYMHBI B TEUEHUE 3aJaHHOTO BpPEMEHH, OH
paccuuthiBaeTcs 1o rpaguky npomokanust MTM npu 3agaHHOM TMAPOCTAaTUYECKOM JAABICHUU H
BpPEMEHH 3aIuThl OT Boabl [2]. B pacuere mo ¢opmyne (1) ncnonp3yroTcss JaHHBIE O 33JaHHOM
BpEMEHU tw 3alIUThI OT BOJbI, MUH; O (DaKTHYECKOM BPEMEHH t IPOMOKAHUs, MUH; O TUIOLIAAN O]
KpUBOU Tpaduka MPOMOKAHHS, PACCUMTHIBAEMOI MPOrpaMMHBIM oOecredeHrneM pa3paboTaHHOTO
npubopa Kak onpeAeIeHHbI HHTEerpall.

B rtabmune 1 mpencraBneHsl pacueTHble (oOpMynbl M rpaganus 0a30oBBIX 3HAYCHUN
pa3pabOTaHHBIX KPUTEPHEB OLICHKHU BOAO3AUTHON (pyHkimu MTM.

Taoauna 1 — Kputepuu olleHKH BOJO3aITUTHON (YHKIIHH

Kputepuii, |PacuetHas ¢opmyrna, wmeronx u|lI'pamaius 6a30BOro 3HAYCHUS KPUTEPHS
ell. CpENCTBO MHH. |HU3KHH cpenHui BBICOKHI HaUBBICIINI
H3MEpCHHS
Pw, klla METOJ 3JIEKTPOrHIPOAUHAMUYECKOH |3 8...30 31...50 51...98 6onee 99
tw, MMH anayorud [1, 2] 20 21...30 31...60 61..120 6omee 120
Kw, 6amer Kw =
025 (tw —t) + fotf(t)dx 0,37 10,45...0,62 |0,63...0,75 |0,76...0,85 |0,86...1,00
- 0.25-tw @

Hus ouenku MTM mo kputuyeckoid (QyHKIMUM oOOecledeHHss MarTephalaMu  OJEKIIbI
TeMIIepaTypHOro TOMEOCTa3a MPEIJIOKEHbI U Pa3paboTaHbl CIEAYIONNEe KPUTEPUH.

1) Kpurepuii Bomomnapomnponunaemoctd WVPmid, ompenensemblii rpaBUMETpPUYECKUM
METOZIOM B CEpEAMHE IMana30Ha TEMIIEPaTyPHO-BIIAXKHOCTHBIX YCIOBUI HOCKH OZI€XKbl, OJHO3HAYHO
MHTEPIpPETHPYEMOro yepe3 pasHocTb APmid mapuumanbHbIX JaBleHUH BOAsSHOTO mapa. B pacuere
WVPmid no ¢opmyre (2) ucnonb3yroTcst JaHHbIe 0 Macce m1 1 m2 UCTIBITaTeNbHON KOHCTPYKIIUU
J10 ¥ TIOCJIE UCTIBITAHHUSI COOTBETCTBEHHO, T; 00 SKCIIOHMPYEMOH IUIONIaau o0pasia S, M2; 0 BpeMEHH
UCIIBITAHUA t, Y.

2) JluHamMuyecKuil KpUTEpHil BoJomaponpoHunaeMoctd Kwvp wmarepuanoB, KOTOpBIH
MIOKA3bIBACT, HAa CKOJIBKO B CPEJHEM BO3pacTaeT kod3(pduuueHT BOAONApONPOHUIIAEMOCTH NpU
IIEpErpeBaHUM TeNa YeJIOBEKA, MpuBosanieM K pocty AP Ha 1 Ila B 3aaHHBIX 3KCILTyaTallMOHHBIX
ycnoBusx npu usmenennu AP ot cpeanero 3nayenus APmid 10 MmakcumManbHO BO3MOXHOT0 APmax.
Kpurepuit Kwvp uepe3 06a3oBoe 3HaueHHe CBs3bIBaeT BojomaponponunaemMocts MTM ¢
YCTQHOBJICHHBIMH  (PU3HOJIOTaMU-TUTUEHUCTAMH CPEIHUMH HOPMaMH BJIArornoTepb 4YelloBeKa,
KOTOPBIE BO3PACTaIOT COOTBETCTBEHHO MPH U3MEHEHHUHU TETJIOOIIYIEHHS ¢ «KOM(OPTHO» HA «OYECHb
xapko». B pacuete Kwvp mno dopmyne (3) wucnonmpsyrorcs maHHele 0 koddduumente
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Bojomnaponponunaemoctd WVPmid u WVPmax, onpezaensieMoM npu CpeiHEM U MaKCUMaJlbHOM
3HaueHUM pasHoOCcTH AP cooTBeTcTBEHHO, I' / (M?24 4); 00 U3MEHEHHH 3HAYEHU pasHocTel AP =
APmax - APmid B skcrutyaranimoHHoM auanasone, Ila. Ilpu stom nomnaraem, uto npu usmeneHun AP
OT MHHHMMAJIBHOTO JI0 CPEAHEr0 YPOBHS 4YEJOBEK OIIYyIIaeT ceds B OJEKIE OT «IIPOXJIATHO» IO
«KOM(OPTHO» M €T0 BIATONOTEPH B 3TOM YaCTH HKCILTYaTallHOHHOTO iuana3oHa AP HeCyIeCTBeHHBI.

3) Kputepuii cymMapHOro TEIJIOBOIO COMPOTUBICHUS RS, mpenHa3Haue€HHbIN N7l OLICHKU
CIOCOOHOCTH MAaTE€pHaJOB COXPAHATh TEIUI0O B HHU3KOTEMIIEPATYpPHOH OOJACTH SKCIUTyaTallHH.
bazoBoe 3nauenue Rs, commacHo manusiM I1.A. KonecHukoBa [3], ycTaHaBiIMBaeTCs UCXOIs W3
JAHHBIX O BPEMEHHU NMPEeObIBAHNS HOCUMKA B KOHKPETHBIX YCIIOBHSX U IaHHBIX O €r0 aKTUBHOCTH, YTO
MpEJICTaBICHO B UCcTouHUKe [3, Tabmn. 2.8, c. 104]. B pacuere Rs mo ¢opmyne (4) ucnonb3yrores
JaHHBIE O Macce m HAarpeBaTeIbHOTO AMeMeHTa, KT, m = 0,1297 kr; 00 3KCIOHUpPYEeMOU IO
oopasua S, m%; S = 0,0216 M?;, 0 BpeMEHH T OCTHIBAHHS HATIPEBATEIHLHOIO 3JIEMEHTA B 3aJaHHOM
MHTEpBaJIe TeMIeparyp, C; 00 yAeIbHOM TEIIOEMKOCTH ¢ HarpeBaTelIbHOro 3j1eMeHTa, ¢ = 134
JUk/kr-°C. DTOT KpUTEpUil HCHOIB3YeTCs JUIs OLIEHKM MarTepuasoB, OSKCIUTyaTUPYEeMbIX NpU
temneparype Bozayxa Hmke 0C.

B Tabnuue 2 npeacrasieHbl pacueTHbIC (POPMYITBI KpUTEPUEB OLIEHKU (PYHKIIMH 00eCTIeUeHUs
MarepHaJaMH OJeKIbl TEMIIEPAaTYyPHOTO FOMEOCTa3a U Ipaanus ux 0a30BbIX 3HAYCHUH.

Tadauua 2 — Kpurepuu oueHKU QyHKIIMH TOMeocTasa
Kpurepuii, |Pacuetnas c¢opmyna, meron wu|l'panarusi 6a30BOro 3Ha4e€HUs] KpUTEPUS

en. CpENCTBO N N . .
MMHH. HU3KHNHU CpeI[HI/II/I BBICOKHH |HAUBBLICHINU

H3MEPEHHUs

WVPmid, \wypmid = =72 (2) 00 |6000... |10001... |15001... |Goxee

rAME249) | siverpreckuit et [4] 10000 {15000 20000 20001

Kwvp, 174%% WVPmid

r/Ma (M?24 |Kwvp = - =M (3) |1 1,1..2,1]2,2...5,5 |5,6...8,9 |6onee 8,9

q) APmax—-APmid

m>-°C/Bt METON HecTauMOHapHOTo|10 JAHHBIM HCTOUHHKA [3, Tabum. 2.8, c. 104]

TEIJIOBOT'O pekUMa [5]

Jns onenku ypoBHS (yHKunoHambHOcTH MTM mo kpuTuueckoi (GyHKIMM HAJEKHOCTH
pa3paboTaHbl CIEAYIOMNE KPUTEPUU.

1) OtHOocurenbHbIi KpuTepuil Pwr naBiieHHs NpPOMOKAaHMS IIOCIE MOJECIUPOBAHUSA
JKCIULyaTallUd AJI OLEHKM W3MEHEHUs BEJIMYMHBI TMIPOCTATUYECKOIO IABJIECHMS, IIPU KOTOPOM
HAYMHAETCS IPOHUKAHKUE BOJBI B CTPYKTYpy Marepuana. B pacuere mo ¢opmyre (5) ucnonsiyercs
BEJIMYMHA JaBJICHUs INPOMOKaHUS Pwex, M3MepeHHas Iociie MOJEIMPOBAHMS 3KCILTyaTaluH, U
HayaJIbHOE 3HayeHue Pw.

2) OrtHOCHUTENBHBIH KpPUTEPUH tWr BpPEMEHM IPOMOKAHMsI IIOCJIE MOJECIUPOBAHUSA
JKCIULyaTalluy, KOTOPBIM B JIOJISAX OT €IMHUIBI T0KA3bIBAET U3MEHEHHE BPEMEHU 3aILMTHI OT BOJBI
I10CJIE HEKOTOPOTO 33JJaHHOI0 CPOKa KCILIyaTallMy 10 CPAaBHEHUIO C HauaJIbHBIM YPOBHEM KPUTEPHUS
tw u paccunThIBaeTcs 1mo gopmysie (6).

3) OtHocuTenbHbId KpuTepuit Kwr MONHOTHI peanu3alMy BOAO3AIIUTHONW (PYyHKIMM NpH
33JJaHHOM BPEMEHM M JABJICHUU II0CJIE€ MOJEJIMPOBAHUS JKCIUTyaTalluy, KOTOPBIM IOKa3bIBAET,
HACKOJIBKO ITOJTHO OyAeT peanu3oBaHa Bojo3auuTHas ¢pynkuus MTM nocie 3a1aHHOTO KOJIMYeCTBa
LIMKJIOB MOJIEJIMPOBAaHUS SKCIUIyaTallMM 10 CPaBHEHMIO C HayalbHbIM ypoBHEM Kputepus Kw u
paccunthiBaercs o gopmyie (7).

Jlnist onleHku Kaxaoil kpuruueckoi GpyHkir MTM HeoOs3aTeIbHO UCTIONB30BaTh Cpa3y BCe
KPUTEPHH, a TOJIbKO Haubonee WHGOPMATHUBHBIE B JaHHOM KOHKPETHOM CHUTyallMu BBIOODA.
KomruiekcHast olieHKa KauecTBa BBIIOIHACTCA 110 U3BECTHON (pOopMyIie Kak CpeIHUN reOMEeTpUIeCKUN
B3BEIICHHBbIM 1noka3arenp Kg, yuuTHIBaIONIMI Ha3HAuUE€HUE ONEXKAbl U IIOJIyYEHHBIE IIPU
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HCCIIEOBAHUM CBOMCTB MAaTepUajiOB €IUHUYHBIC WM I'PYIIIOBBIC ITOKA3aTEIU, XapaKTEPU3YIOIINE
KaX/IyI0 U3 KPUTHUECKUX (PyHKITHA.

Ta6auna 3 — Kputepuu onieHKH QyHKIMU HAICKHOCTH

Kpurepuii, |Pacuernas popmyna I'payaust 6a30BOr0 3HAUYEHUS] KPUTEPUS
o MHH. HU3KUH |CpPEIHUN |BBICOKMM |HaWBBICIIUHI
WU3MEPEHUS
Pwr Pwr = Pwex (5)
twr _ twex 0,45...0, {0,63...0,7 |0,76...0,8

twr -~ (6) 0,37 62 5 5 0,86...1,00
Kwr Kwr = Kwex (7)

Kw

Pazpaborannas MeToAMKa OCHOBaHA Ha aHAJIM3€ YCIOBHU OHKCIUTyaTalldd ONEXKIbl, B
pesynbrate KoToporo dopmupyercs moaens MTM, yaoBIETBOPSIONIETO 3aJaHHBIM TPeOOBaHUIM
noTpeOuTeNs, BhIpaKeHHAs yepe3 Habop KPUTEpPHEB OLEHKU M UX Oa3oBble 3HaueHus. CornacHo
YCIOBUSAM 3KCIUTyaTalldd ¥ BbIOPAHHBIM KPHUTEPHUSM BBIIOJIHICTCS BBIOOP HCHBITATEIBHOTO
00OpyIOBaHUs U pacueT yCIOBUI UCTIBITAHUN. 3aTeM MPOBOIUTCS uccienoBanue cBoictB MTM mo
KPUTEpUSIM OLEHKH U KOMIUIEKCHAs OLICHKA ypOBHA KauyectBa MTM.

ArmpoOarusi HOBOW METOJWKM BBINIOJHEHA Ha mpuMepe ABYyXCIOWHbIXx MTM s
BOJIO3AIUTHOM CIIOPTUBHON SKUITUPOBKH A5 IsAITH 00paziioB MTM. AHanu3 yciaoBuid SKCILTyaTaluu
MIPOEKTUPYEMON SKUITMPOBKU CIIOPTCMEHOB-0AiiIapOUHUKOB U KAaHOMCTOB IOKAa3all, 4TO JMANa30H
HanboJee XapaKTepPHbIX MapaMeTPOB BHEILIHEN Cpe/Ibl Ul TEMITEpaTypbl Bo3ayxa coctasisier oT 0 °C
1o 12 °C, 1111 OTHOCUTENBHOM BIAXKHOCTH BO3]lyXa HaJl HOBEPXHOCTHIO BogoeMa oT 50 % 10 90% [6].
JUig pacdera napuUMaIbHOTO JaBJIEHUS Iapa B IOJOACKHOM IIPOCTPAHCTBE MPHUHSUIA, YTO
MUHUMAaJIbHOE NapLHMAJIBHOE IaBIEHUE Mapa 0KUAAETCS, KOIZla CIIOPTCMEH MCHBITHIBAET OLLYIIEHUS
«xoM(popT», pH 3TOM Temmeparypa nojoaexHoro npoctpanctsa 33,2 °C, BnaxsHocth 50,5 %.
MaxkcumanbHOE MaplyaJbHOE JABICHHUE Mapa IPEAIoaraeTcs, Korga CIHOPTCMEH HCIBITHIBACT
TEIUIOOIYIIEHNE «OYEHb XKapKo», IPU ATOM TeMIleparypa NOJOAEKHOro npocrpanctsa 37,0 °C,
BiIaxXHOCTh 87 % [7]. B pesynprare BBIIOJHEHHOIO pacuera JUlsl MCCIEAOBAaHUS I10Ka3areseu
WVPmid u Kwvp ucnons3oBanu 3naueHuss APmid = 3878 Ila, APmax = 5198 Ila. [nsa oueHku
YPOBHS BOJNO3AIIMTHOM (YHKUMH HCIONB30BAlM TOKazaTenb KWw MOJIHOTHI peanu3anuu
BOJO3AIIUTHOM (pyHKIIMK nipu TUApocTatndeckoM aasnenuu 40 klla u Bpemenu Bo3aeiicTBus 2 yaca
(COOTBETCTBYET YCJOBHUSIM TPEHUPOBKHM), JJI1 OLEHKM HAJEKHOCTH — TokKazarenb Kwr,
paccuuTanHbii nocie moaenuposanus 200 000 mukinoB u3ruba (Oerymias CKaaaka) mpu TeMneparype
0 °C u orHOocuTenbHON BinaxHOCTH 90%. ba3zoBble 3HaYCHUS (PYHKIUM BOJIO3AIUTH BHIOMpAIN U3
JMara3oHa HU3KOTO YpOBHS, TOMEOCTa3a — BBICOKOIO YPOBHS, HAJI€KHOCTH — BBICOKOI'O YPOBHSL.
BecomocTs nokasarenei npuHsuIM oquHaKoBoi Ha ypoBHe 0,25. Bce noka3arenu nO3UTHBHBIE.

XapakreprucTuka 00pasIoB, pe3yJIbTaThl UCCIEI0BAHMS TOKa3aTeNlel KpUTUYECKUX (PYyHKIHIA
Y KOMILJICKCHAsl OLIEHKA MaTepUaioB Mpe/ICTaBIeHbl B Tabnuie 4.

Kak BHIHO 1O pe3yabraTaM MCCIEOBAaHUS M pacuera, oOpasubl 1 um 2 HexenareabHO
UCIIOJB30BaTh Il W3TOTOBJIEHUS CIOPTUBHOM BOJO3AIUTHOM SKUIMPOBKH, IIOCKOJIBKY OHH
00J1a1at0T HU3KUM 3HAYCHHUEM KOMILJICKCHOM OIICHKH.
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Tabauna 4 — Onenka kauectsa MTM 11 cHOPTUBHOM SKUIIUPOBKHU
Homep [[loBepx- [Tunm memOpaHb 3HaueHus IIOKa3aTelIen KputnueckuxKomiuie
oOpasna /HocTHas dyskimi, Gaktrudeckoe / 6a3oBoe KCHast
APTUKYJ [[UIOTHOCTb, Bongo3amu (['omeocras Hane:xaoc [OIIEHKA
r/m? Ta Th Kg
Kw, 6a161|WVPmid, Kwvp, Kwr

r/(M>24 |r/Ila"(m>-24

q) q)
I/MT-  |160 [opucras 1,00/0,5 [1190/15310,9/6 0,98/0,8
023 ruapodoOHas 00 0,41
2/MT-002 (109 0,54/0,5 [1542/153(1,2/6 0,05/0,8

00 0,19
3/ TP-023|150 0,56/0,5 |4165/15316,6/6 0,74 /0,8

00 0,75
4/MT- 139 komOunupoBannas 0,82 /0,5 (4302/15316,1/6 0,70/0,8
018 00 0,80
S/TP- 134 MOHOJIMTH. 1,00/0,5 [3955/1532,8/6 1/0,8 0,74
0015¢ ruIpOUITBH. 00

BriBoaBI

Pa3zpaboran KOMIUIEKC KPUTEPHEB, METOJOB M CPEICTB HX HCCIEIOBAHUS JUIS OLIEHKU
kauectBa MTM 1npu  QopMupoBaHMM HOBOTO ACCOPTUMEHTA BOAO3ALIMTHOM OHCKABI C
YIyYIICHHBIMH MOTPEOUTENBCKUMHU CBOWMCTBaMH. KpuTepuu oTpa)xaroT COOTBETCTBHE MaTepHajioB
HA3HAYE€HUIO U TEIUIOOLIYLIEHUSAM YEJIOBEKA, HCCIIEJOBAHbl B OSKCIUIyaTal[MOHHBIX AMAIla30HaX
TeMIeparyp, BIAXHOCTH, TUIOB BO3AeHCTBHMA. M3 BBIOpaHHBIX O pa3pabOOTaHHON METOIMKE
MaTepHuajoB M3TOTOBICHBI ONBITHBIE OOpAa3lbl CIHOPTHBHOM AKUIHMPOBKH U IMPOBOJUTCS HX
SKCIIEPUMEHTaJIbHAs HOCKA.
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K BOIIPOCY BBIGOPA MOJIEJIBHOM IEHBI 1151 IOUCKA CIIOCOBOB
INEHOCEITAPAIIMHA B ITPOLHECCE OTTOHKHX U30BYTAHOJIA
ON THE ISSUE OF CHOOSING A MODEL FOAM FOR FINDING WAYS OF FOAM
SEPARATION IN THE PROCESS OF ISOBUTANOL DISTILLATION

JAmutpnii Cepreesuy Ilexmes, Auapeit Huxonaesnu Ilaxomos,
Haranbsa LHudukoBna I'atanoBa, FOums Bragumuposna [laxomoBa
Dmitry S. Pekshev, Andrey N. Pakhomov, Natalia Ts. Gatapova, Yulia V. Pakhomova

Tambosckuil cocydapcmeennbiil mexnudeckutl ynueepcumem, Poccus, Tambos
Tambov State Technical University, Russia, Tambov
(e-mail: panpost@yandex.ru)

Annomayusa: PaccMoTpeHa BO3MOXXKHOCTb 3aMEHbI IPOMBIIIICHHON MEeHbI, ((opMupyromeincs
B IIpoliecce OTTOHKU M300yTaHoIa, Ha MOJICNIBHYIO TIEHY, TEHEpUPYEMYIO B JIa0OPaTOPHBIX YCIOBUSX,
JUIi TPUMEHEHUs B HCCIENOBAaHUAX Ipolecca IMeHopaspyiieHus. IlpuBeneHbl pe3ynbrarThl
HKCTIIEPUMEHTAIBHOTO UCCIICI0BAaHUS CBOWCTB MPOMBIIIUIEHHON ¥ MOJICJIBHBIX JIAOOPATOPHBIX TIEH.

Abstract: The possibility of replacing the industrial foam formed during the distillation of
isobutane with a model foam generated in laboratory conditions for use in studies of the foaming
process is considered. The results of an experimental study of the properties of industrial and model
laboratory foams are presented.

Knrouesvie cnosa: otronka, u300yTaHoll, IeHa, Cenapalus, yCTOMYUBOCTb, IUCIEPCHOCTb.

Keywords: distillation, isobutanol, foam, separation, stability, dispersion.

OnHOMl W3 OCHOBHBIX MpPOOJIEM TMOBBIIICHUS TNPOU3BOAMTEIBHOCTH TMPOMBIIUICHHBIX
YCTAaHOBOK OTFOHKM H300yTaHONa SABISETCS AaKTHUBHOE IeHooOpa3oBaHue. Jlns  BbIOOpa
3¢ deKTUBHOTO crocoba MeHOocenapalud HEeoOXOJUMO MPOBENEHHE psija IKCIHEPUMEHTATbHBIX
UCCIICZIOBAaHHM, B IIMPOKOM JHara3oHe U3MEHEHUs PEKUMHBIX MapaMeTPOB yCTAaHOBKH, KOTOpHIC
HEBO3MOXKHO IPOBECTH Ha MPOMBIIIJICHHOM OOOPYJOBAHUHU IO OPTraHU3AIHMOHHBIM MPHYUHAM.
[TosToMy OblIa mOCTaBiIE€HA 3ajjaya MOWUCKAa MOJEIBHOM IMEHbI, KOTOPYIO JIETKO T'€HEpPUpPOBATH B
7a00paTOpPHBIX YCIOBHUSX, KOTOpas IO XapakTepucTUKaM Oblla Obl HICHTUYHA IICHE,
(bopmupyromIeiics B IPOMBIIIICHHOM arapare.

DKCnepumMeHmanbHas 4acmo

Jlis ompeneneHus XapaKTEPUCTHK IMPOMBIIUICHHON MNEHbI, (GOpMHpYIOLIEcS B mpolecce
OTTOHKM M300yTaHOJIA Ha CTaJUU MUTMEHTAIlMK ObUTH MPOBEJCHBI Ja00paTOPHbIE UCCIEAOBAHUS C
MOJly4YeHHEM IIEHBl B IpOIecce OTTOHKM M300yTaHOIa Ha peXUMax padOThl MPOMBIIUIEHHOTO
anmapara. ®oto 1a6opaToOpHON YCTAHOBKU B MPOLIECCE OTTOHKH MPEICTaBICHO Ha pHcC. 1.

Hcnonb3ys rpaduyeckoil aHaln3 IMONYyYEHHBIX H300paKCHWH IEHBI MPOBEJICHA OLEHKA
JUCIIEPCHOCTH MPOMBIIUICHHOW TEHbI, BOZHHUKAIOIIEH NpH OTroHKe Mo meromuke [1]. Pazmepsi
My3bIPHKOB TIEHBI COCTaBWIM OT 2 a0 7 MM. Pacmpenenenue mo pasmepam ITy3bIpbKOB B
IIPOMBILLICHHOU IIEHE CIEAYIOIIEE:

1o 2 MM — 10%,

oT 2 10 5 MM — 40%,

or 5 10 7 MM — 50%.

Hcxons U3 MOMYyYSHHBIX JAHHBIX MO OTTOHKE M300yTaHOJIA B MPOMBIIIJICHHBIX YCIOBHSIX,
MHTEHCUBHOCTH BBIACIICHHUS IPOMBIIIJICHHOH MeHbI — BhIcoKas (yBenuueHue oorema 100% 3a 1-2 c).

Y cTOMYNBOCTH MPOMBINUIICHHOH MIEHBI, ONIpeiesiemMas o BpeMeHu paspyuieaus 50% oobema
NIEpPBOHAYAIBHOM MEHBI, COCTABIAET 2-3C.
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B naGoparopHbIx ycioBusx ObUT IpOBeIeH
IOMCK MOJEIBbHOW TNEHBI, NMPEAHA3HAYEHHOU s
HUCITLITAHUS BO3MOKHBIX CII0CO00B
neHopa3pylieHus. bbuid BBIOpPAHBI  CIEIYIOIIHE
TpeOOBaHUSI K MOJICIHHON TEHE: YCTOMYUBOCTHh —
BBIIII€ IPOMBIIUICHHOH, TUCTIEPCHOCTH — OJIM3Kast K
MPOMBIIUIEHHON WM  BBbIIIE, WHTEHCUBHOCTH
BBIJICTICHUS TIEHbI — ONU3Kas K MPOMBIIIICHHOM
WY BBIIIC.

Jnsg  momydyeHuss ~— MOJEIBHOM  IEHBI
KCIIOJIb30BAJIaCh CIECAYIOIIAs METOAMKA!
1. B uuauaap  3arpyajid — pacCUUTaHHOE
KOJIMYECTBO PEareHToB (Boja, KapOOHAT HATPHS U

ITAB). [Tonyuennyto CMeCh TIIATEIbHO

IIEPEMEIINBAIH.

; 2. Bxiroyanu BUAEO03aIUCh.

g 3. Ilo TpyGouKe B MOJyYEHHYIO CMECh J100aBISIIN
Pucynok 1 — JlaGoparopuas ycranoska s~ Y KCYCHYIO  KHCIOTY, B pE3ynbTate  HCTO
OTrOHKH M300yTaHOIa POMCXOIWIO BerieHuBaHue. Ilpu HeoOxoqumMocTu
pEaKLMOHHYIO Maccy JIOTIOJTHUTEIBHO

IIEPEMEIIUBAIH.

XuMUYUecKasi peakius ISl MOJTyYSHHsI ICHBI:

2CH3COOH + NaxCO3; — H20 + CO2 + 2CH3COONa

Pearentsi: CH3;COOH — amanosas (vkcycnas) kucroma,; Na;COs - kapbonam nampus.

[ponyxter: H2O — Boxa; CO2 — duoxcuo yenepooa, CH;:COONa - ayemam nampus.

B 3aBUCHMMOCTH OT COOTHOIICHMS pEareHTOB IOJy4yallach IEeHa C pa3HOW CTOHWKOCTHIO,
JUCTIEPCHOCTHIO U MHTEHCHUBHOCTBIO TIEHOBBIICTICHHUS.

Pezynomamut uccnedosanus u obcyscoenue

Kak cienyer u3 pe3ysbTaToB 3KCIEPUMEHTOB 10 OMPEAETICHUIO IUCIIEPCHOCTH MOJEIbHON
(;mabopaTopHOi) IeHbl, yMeHbIIeHue pacxoaa [IAB npuBoauT K yBeIHMUSHHIO Pa3MEPOB My3bIPbKOB,
dopma mmy3bIppbKa CTPEMHUTCSI K MHOTOYTOJIbHUKY. YBenuueHue pacxona I[IAB mpuBoaut
YMEHBLICHUIO Pa3MEPOB ITy3bIPHKOB, (hopMa Iy3bIPHKOB CTPEMUTCS K IIapOOOpa3HOM.

JlucriepcHOCTh MOJICNIBHONM TEHBI ONMPEENISUIM ¢ TOMOIIBI0 U3MEPUTEIFHOIO0 MUKPOCKOIIA
MIOJICYETOM KOJIMYECTBA ITy3BIPHKOB OMNpeAeNieHHOTO pasmepa [2, 3]. bbuin BblgeneHsl JBa BUAA
MOJCJIbHOMU IIEHBI:

1. Ilena c BeicokuM conepxanueM [1AB (IT1).

2. Ilena ¢ Hu3kum coxepxkanuem [TAB (I12).

PesynbraThl 3KCIIEPUMEHTAJIBHBIX  HCCIEJOBAHUN  TUCIEPCHOCTH MOJYYEHHBIX II€H
npecTaBIeHbl B Tabauie 1.

Tabauna 1 — J{ucepcHOCTh MOJIENIbHOM NIEHBI.
CBoiicTBO Pa3mepsl
IleHa y3bIPHKOB

Pacnipenenenue o pazmMepam my3bIpbKoB

mo 1 MM — 15%,

I11 ot 1 10 2 MM or 1 mo 1,5 mMm — 34%,
ot 1,5 10 2 mMm — 51%.
10 2,2 mMm — 0%,

112 oT 2.2 10 3 MM ot 2.2 10 2,5 MM — 50%,
ot 2,5 1o 3 mm — 50%.

VYeroitunBocts mensl omnpeaensuiace nmo ['OCT [3] Ha ycTaHOBKE, cXeéMa KOTOPOW
MpeJICTaBJICHA HA PUCYHKE 2.
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B pesynbraTe mpoBelneHUsT 3KCIEPUMEHTOB e
JUIsl TIEH C BBICOKMM M HU3KHUM cojiepkanuem [TAB =1
OBUTH MOJIYYEHBI CIICAYIONINE JaHHbIC: E g

Hns nens! I11 — ycroituuBocts ot 95 g0 110 A g
c. Cpennee 3nagenne — 100 c. 3 n

Jus nensl I12 — ycroiuuBocts ot 18 10 25¢. &
Cpennee 3nauenne — 22 c. o, ] =

OtmeueHo, uTo yBenuueHue pacxona ITAB ' . 2
MPUBOJUT K YBEITUUCHHUIO YCTOMYUBOCTH TIE€HBI. / . g

BriBoabI =

[TpombineHHast neHa, GopMmupyromascs B
mpolecce NpPOBEIEHUs] OTIOHKM H300yTaHOJa Ha B
cTaguu MUTMEHTAIUN HMEET CIIEYOIINe & z
XapaKTePUCTHKH:

- YCTOMYMBOCTD MEHBI 2-3 CEK

N Pucynok 1 — Cxema ycTaHOBKH st
- TUCHIEPCHOCTb: CPEAHUIN pa3Mep Mmy3bIpbka

OIMpEACIICHUA yCTOﬁ‘{I/IBOCTI/I MO,Z[CJ'IBHOfI

3-5 Mu, . THEHBI

Ipennaraemas K AANBHCUIIEMY 1 — peaKIMOHHBIH HWIUHAD, 2 — TUHENKA [Is
IIPUMCHCHHIO B J1aDOPAaTOPHBIX  YCIOBHSX U3MEPEHUSI BBICOTHI CJIOS TICHBI,
MOACIbHAA IIcHa nuMeeT CIICAYIOLINE 3 - BHUJIEOKaMepa
XapaKTEPUCTUKHU:

- YCTOMUYMBOCTb IEHBI: MenkoaucnepcHor okono 100 cex, KpymHOOUCIEPCHON — HE HMKE
15 cek.

- TUCIIEPCHOCTb: CPEAHUN pa3Mep Iy3bIpbKa 1-2 MM,

T.o. BbIOpaHHash MOAENbHAs MEHA MOJHOCTHIO YIOBJIETBOPSET 33aJaHHBIM YCIOBHUSAM JIJIs
71a00paTOPHBIX UCTIBITAHUN BO3MOXKHBIX METO/IOB IIEHOPA3PYIICHUSI.
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MOJYYEHHUE U OYUCTKA 2,2,3,3,4,4,4-TENTA®TOP-1-BY THJIALIETATA METOJOM
PEAKIIMOHHOM JUCTULIALIAN
PRODUCTION AND PURIFICATION OF 2.2,3,3,4,4,4-HEPTAFLUORO-1-BUTYL
ACETATE BY REACTIVE DISTILLATION METHOD
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Annomayus: TIpoBeieH TEPMOIUHAMUKO-TOMOJIOTUYECKUN aHATN3 CTPYKTYPBI AUArPaMMBbI
($hazo0BOTO paBHOBECHS PEAKIIMOHHOM cMecH 2,2,3,3,4,4 4-rentadTop-1-0yTaHON — yKCyCHAsi KUCTIOTa
- 2,233,444 4-rentapTop-1-OyTminanierar — Boma. Ha  ocHOBaHMHM — TEpMOJIMHAMHUKO-
TOTIOJIOTUYECKOTO0  aHajau3a W OKCIePUMEHTANbHBIX JaHHBIX TOKa3aHa MPUHIUIUAIbHAS
BO3MOXXHOCTh pealIM3alliy MPOoIlecca PeaKIMOHHOW AUCTUIUIALNMN, HAMIPABICHHOTO Ha IMOJYYCHHE
2,2,3,3,4,4,4-rentadtop-1-OyTrnamnerara.

Abstract: The thermodynamic-topological analysis of the structure of the phase equilibrium
diagram of the reaction mixture 2,2,2,3,3,4,4,4-heptafluoro-1-butanol — acetic acid -
2,2,2,3,3,4,4,4,4-heptafluoro-1-butyl acetate — water has been carried out. On the basis of
thermodynamic-topological analysis and experimental data the principal possibility of realization of
the reactive distillation process aimed at obtaining 2,2,2,3,3,4,4,4,4-heptafluoro-1-butyl acetate is
shown.

Kntouesvie cnosa: dropupoBanusie coupthl, 2,2,3,3,4,4.4-rentadTop-1-OyTrnamnerar,
pEeaKIMOHHAS TUCTHUILISAIIMS.

Keywords: fluorinated alcohols, 2,2,3,3,4,4,4-heptafluoro-1-butyl acetate, reactive
distillation.

3a MOCJIeHIO YeTBEPTh BeKa MPOM30IIO0 CTPEMHUTEIBHOE pa3BUTHE XUMUHU (hTOpa, YTO BO
MHOI'OM TE€CHO CBSI3aHHO € MOTPEOHOCTSAMHU NMPaKTHUKU. CyIIeCTBEHHO MIPOABUHYJIOCH CHHTETHUECKOE
HanpaBjIeHue XUMHU GTOpa, ObLI cIeNlaH 3HAYUTEIbHBIN BKIIAJ B TEOPUIO 3JIEMEHTOOPTraHUYECKON
XUMUU. B Hay4HOI TMTEpaType 3TO HALLIO OTPasKEHUE B CTPEMUTEIILHOM POCTE YMCIIA Ty OTUKAIHH,
MOCBAILICHHBIX TEOPETUYECKUM M CHHTETHYECKUM pazfenam xumuu ¢ropa. CyiecTBeHHbIM
npobeaoM Ha 3ToM (oOHE SABISETCS TO, YTO TEXHOJIOTMYECKHUE ACHEKThI MOIYYEHUS U OYUCTKU
(bTOpOpPraHNYECKUX COSAMHEHUH OCBELICHBI B JIUTEPATYypEe B 3HAUUTEIBHO MEHBIIEH CTEHNeHU. DTO
MIPUBEJIO K TOMY, YTO IIEJIbIH CIIEKTP HOBBIX BOCTPEOOBAaHHBIX (PTOPOPraHMUECKUX COCAMHEHHM, Ha
HACTOSIIIUM MOMEHT, KOMMEPUYECKH TPYAHOLOCTYINEH. Tak, TpaaULMOHHBIA XUMUYECKUH METOM
nojy4yeHus 3QUPOB  KapOOHOBBIX  KHUCIOT  XapakTepusyercs  OOJbIIUM  KOJHMYECTBOM
TEXHOJIOTUYECKUX CTaJAUN U aImaparoB, TpeOyeT MCIOIb30BaHMUS arpECCUBHBIX BCIIOMOTATEIbHBIX
peareHToB, IPUBOJIUT K 00Pa30BaHUIO 3HAUUTEIBHOTO KOJMUYECTBA MMOOOYHBIX MPOIYKTOB (OTXOJ0B
IIPOU3BOJICTBA), XapaKTEPU3YyETCs] HU3KONM KOHBEPCHEW 3a OJHY CTAaJUI0 U HU3KUM BBIXOJIOM IIO
nesneBoMy mnpoaykry. [lomoOHas «kiiaccMueckasy cxema Ipolecca MOXKET OBITh CYLIECTBEHHO
yllydlleHa B pE3yJbTaTe MHTETPAllMM pEaKUUd U IOJICUCTEMBI pa3lelIeHUs B OJHOM
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MHOTO(YHKIIMOHAJILHOM armaparte. TakuM COBMENICHHBIM IPOLIECCOM MOXKET OBITh pPeaKklMOHHAs
muctwiusinys.  [IpeumyliectBa MHTErpaluy  MO3BOJSIOT  IPEOAOJIETh  TEPMOAUHAMHUYECKHE
OrpaHUYEHUs], 00€CIICUNTh BBICOKYIO CEJIEKTUBHOCTh, KOHBEPCHIO U BBIXOJI IPOJIYKTa U, YTO BEChbMa
BaXXHO, OOJIETYUTH Pa3JieIeHUue a3€0TPOIHBIX H/MIN OJU3KOKHUIIINX CMECeH, HCKIIIOYUB IIPU 3TOM
HE00X0IUMOCTh BO BCIIOMOTaTeNIbHBIX HEPETeHEPHPYEMBIX pearcHTax.

Hacrosimas pabora HampaBieHa Ha pa3paOOTKy HOBOW pecypco- M 3HeprocOeperarouieit
TEXHOJIOTUH TOTy4YeHus U ounctku 2,2,3,3,4,4,4-rentadtop-1-0ytunanerara ('@BA), ocHOBaHHOIA
Ha TMpolecce pPEaKUMOHHOW IUCTWUISIUU C STePUPUKANMOHHON COCTABISAIOMICH (peareHThI
2,2,3,3,4,4,4-rentadtop-1-6yranon (I'd®bon) u ykcycnas kucnora (YK)).

[lepcniekTHBBI pa3BUTHUS TEXHOJIOTUU NONyueHUs U 0UuCTKU [ DBA oueBuanbl. OH BXOJUT B
cocTaB (papMaIleBTUYECKUX a’pO30JIbHBIX KOMIIO3HUIIMI B KadecTBe mpornesuienTa [1]; ucnoms3yercs
IpY TOJYYCHUU PATUAllMOHHO-YYBCTBUTENIBHBIX cMol [2]; B Bujae noiu(rentadropOyTuialerara)
BBICTYNAET B KAYeCTBE COIMOJMMEpA MPH aHTHUKOPPO3UIHON MM aHTHOAKTEpUaNIbHOM 00paboTke
noBepxHocTel [3]; mpu MPOU3BOJACTBE «IMTUEBBIX BTOPUYHBIX Oarapeii» BBICTYNAET B KayecTBE
KOMIIOHEHTa-pPaCTBOPUTENST HEBOJHOIO 3JIEKTPOJIUTHYECKOrO pacTtBopa [4]; wucnosb3yercs B
KayecTBE CHEIM(PUUECKOTO pPACTBOPUTENS: NpPU MPOU3BOJACTBE cyinbdara >TwumTus [S5], s
HAHECEHMsI KOMITO3ULIMH MTOKPBITUS NP MOTYYEHUH CPelbl AJis yaep:KaHus 3apsna (anekrpera 30)
[6], mpu moOMyYEeHHM NOIJIOMAIOMIMX YyibTpaduoner onuromepoB [7] u  QropnoaumepHbIX
KOMIIO3UIIMI C TPHA3HMHOBOW Tpymnroil [8], mpu HMpoOM3BOJACTBE IJICHOUHBIX BHEIIHUX Oarapeil u
OarapeiiHbIx Momyneld (MemOpaH W auadparMeHHBIX BCTAaBOK) [9]; sBIsSETCS NPEKypcoOpoM
YIPaBJIAEMBIX PaJAUKaIbHBIX UHUIMATOPOB (OMC-AUTHOKapOaMaTHbIe WIN OUC-TUTHOKAPOOHATHBIE
coenunenus) [10]. Ilpu 3TOM HCKOMBIE JaHHBIE O KUHETUKE XUMUYECKOM peaklUH Ipolecca
STepU(HKAIMU, PABHO KaK M 0 (a30BOM HOPTpETe 00CykaaeMoi peakunoHHoi cucrembl ['@bor —
VYK — I'®BA — Boga, npakTu4ecku OTCYTCTBYIOT B Hay4yHOW jureparype. OTMETUM, UTO TaKHe
JaHHBIE SIBIISIOTCSI OCHOBOM, @ MX MOJYYEHHE NEPBBIM 3TAalloM MPEANPOSKTHOW Pa3pabOTKU Kak
OTJEJIbHBIX aIllIapaToOB, TAK U TEXHOJIOTMYECKUX CXEM B LIETIOM.

CornacHo nurepaTypHbiM JaHHbIM: cuctemMa YK — Boga 3eorponna, a cucrema ['@bon —
Boga [11] xapakTepusyercss HalIMUueEM rerepoaseorpona. [[pyrux 3KCepUMEHTalIbHBIX JTAHHBIX O
(ha30BOM PaBHOBECHH JIsl COCTABIISIIOIIUX PEAKIIMOHHON CHCTEMBI B JIUTEpaType HeT. B pesynbrare
aHauM3a JaHHBIX O (PU3UKO-XMMHMYECKMX CBOMCTBAX YMCTHIX KOMIIOHEHTOB M 3aKOHOMEPHOCTEH
(a3oBoro nMoBeIeHNs B paax OMHAPHBIX U TPEXKOMIIOHEHTHBIX COCTABIISIOINX CUCTEM BHJIA «CITUPT
— KHCJIOTA — OJJHOMMEHHBIH CII0KHBIN 3(Up — BOJIa» MOXKHO HPEANONI0XKUTE, uyTO: cucteMa [ dbor —
VYK 3eorponna; cucremMa '@BA — Boza Xxapakrepusyercs HalIMUUMEM rerepoazeoTpona; cucreMa YK
— '®BA — a3eorpona c MakcCUMyMOM TeMmIiepaTypsl kumneHus; cucreMa I'@bos — '@BA — azeotpona
C MUHUMYMOM TeMIIepaTypbl kunenus. [IpucyTcTBue AByX OMHApPHBIX T'€TepOa3eoTPOINIOB B CUCTEME
I['®bon — YK — I'OBA - Boga mnpeamonaraeT Haluyue OJHOW MM HECKOJIBKHX oOmacTeid
paccianBanusa. CienyeT OTMETHTb, YTO IPHU peaM3allMd PEAKLIMOHHON IUCTWIUIALUU IPOLECC
TaKXKe XapaKTepU3yeTcs HAIMYMEM MOBEPXHOCTH XUMHUYECKOTO MHOT000pa3Hsl.

Ha pucynke 1 mpeacrtaBieHbl BO3MOXKHBIE CTPYKTYpbI AMarpamM (a3oBOro paBHOBECHS
TPOWHBIX COCTABJIAIOIINX U YETbIPEXKOMIOHEHTHOU cucTeMbl ' @bon — YK —I'®BA —Bopaa B ienom,
KOTOpBIE yI0BJIETBOPSAIOT IPABUILY a3€0TPOIINH.



MEX/IYHAPO/IHBIM KOCBITMHCKUK ®OPYM. MHTC POMAHKOB-2024. TOM 2. 159

Bopa!®"® Boaa!®0 "¢ yK179°C

yK1179°C I'®Bon?s6°C yKI1179°¢C T'®BAISC I ®Box%56°C T ®BA0SC

Bopal®® Boga™

T ®Boa?ss TOBAS"
a) Boaga®™ AzN
. Bo3moxkHa oaHa H3 N
Bonalﬂ(l'( ) ; - N
TPeX CTPYKTYP Bopaal®0 " N
T®BAT™N
6) B) \ B)
/ \ ), 7 Bo3moxna oana u3 » |
AzN Tpex CTPYKTYp \
\ WS D roBosc &
\ — 011 -y
X X VKN N
VKEN ¢ « N S
\ \ |_JWeN
P— T®BA!SC T®Boa’s6T T®BAI0S .

TOBAN

Pucynok 1 — Bo3MoxHBIE CTPYKTYpBI AHarpaMm (a30Boro paBHOBECHSI PEAKIIHOHHON CHCTEMbI
I'dbon — YK - T'OBA — Boaa mpu JoMyIEeHNH OTCYTCTBHUS TPOWHBIX a3€0TPOIOB. AZ — a3€0TpOII;
N —y3en; C — ceqno; CN — ceano-y3en.

W3 ananuza pucyHka | ciemyer, 4To B 3aBUCUMOCTH OT TEMIIEPATypHOTrO psijfia OMHAPHBIX
azeorponoB B coctasisomeid '@bon — 'OBA — Boga BO3MOXXHBI TpU BapHaHTa IMPEAEIbHBIX
COCTaBOB:

a) B KyOe azeorpon YK — I'®BA, B auctmiuiste rerepoazeorpon ['®box — Bona;

0) B KyOe azeorpon YK — I'®BA, B nuctmiiisare rerepoaseorpon ' ®BA — Bona;
B) B kyOe azeorpon YK — I'®BA, B nuctmmste azeorpon [ @bon — T'DBA.

Bapuant (a) meHee yJnoOeH € TOYKM 3PEHHUS OpraHu3alMd Mpolecca pPeaKIUOHHOM
JUCTUWILISIMY, TAK KaK HAIMYHE peareHTa B OTOKE AUCTUILIATA OyIeT CHIYKATh KOHBEPCHIO U BBIXO]T
neneBoro '@BA; oaHako, MpeacTaBIseTCs BO3MOXKHBIM yIAIATh BEpXHIOIO (hazy, oOoraiieHHyIo
BOJIOM, YTO MO3BOJIUT CMECTUTh XMMHUECKOE PABHOBECHE B CTOPOHY IPOAYKTOB peakiuu. Bapuant
(0) sBnsiercs Haumbosee yAOOHBIM — 00a MPOJIYKTa PEAKUMU MPEACTABISAIOT COOOW JUCTHILIAT.
Bapuant (B) nmpeanonaraer yganeHue u3 cucreMbl cmecu ['@BA-I'@bon ¢ nocnenyromum ee
paznenenueM Ha neneBoid '@BA u peunxiiosslil '@boi. Cieayer noq4epKHyTh, 4YTO ATOT BapHUaHT
MOKET OBITh peai30BaH U B clIy4yae HaJIM4Yus TpoiHOro rerepoaseotporna B cucteme ' ®bon—I'OBA
—Bopa. Takxe oTMETHM, YTO JIUIsl HAIIPABJIEHHOTO PAaHXUPOBAHUS JIETYYECTH KOMIIOHEHTOB CHCTEMBI
B KayecTBe HWHCTPYMEHTa, IOMHUMO IIOBEPXHOCTH XHMHUYECKOIO MHOrooOpasus, BO3MOKHO
UCTOJIB30BaTh 3PPEKT «aBTO-TeTEPOA3EOTPOIIOOOPA3YIOIIEro» areHTa — BOJbI, [0 AHAJOTHU C
pabotoii [12].

Jast cuctembl '@bon — YK —T'OBA — Boja paBHOBECHOT0 cOCTaBa (MCXOAHOE COOTHOLLICHHE
pearentoB 1 : 1, + 2 % monbH. H2SO4*"'") OblIM MOTYYEHBI IpeBapUTENbHbIC JTAHHBIE O X0
nporecca peaKMOHHONW AUCTHUIALKU. ONBITE TPOBOJWIN HA JIAOOPATOPHON PEeKTU(UKAITMOHHON
KOJIOHHE TMEPHOAMYECKOro JAEHCTBHS A(PPEKTUBHOCTHIO MOpsAKa 7 TEOPETHUECKUX CTyHeHen
pa3znenenus. B TeueHMH Bcero SKCIEpUMEHTa B AMCTIILIATE HaOiogaioch paccrauBanue. [Ipu
(pakIMOHUPOBAHUHU CMECH OTOMPAIHM OPraHUYECKYIO (HIKHION) (ha3y. Pe3ynbrarsl npencTaBieHbl
Ha pUCYHKE 2.
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PucyHnok 2 — V3meHenue coctaBa Oprannueckoi (paspl JUCTUILIATA B MPOLIECCE PEAKIIHOHHOM
muctuuanuu cmecu ['@bon — YK — TOBA — Bona npu atMochepHOM 1aBICHHH.
a) BBIXOJ HA CTAIIMOHAPHBIN PEKUM;
0) dpaxkumonuposanue. Conepxanue BoAbl B OpraHudeckoi ¢asze okoino 3 % macc.

W3 pucynka 2 cruemyer, 4ro B XOJA€ OSKCIepuMeHTa IUCTWLIAT obOoramaercs ['DBA;
conepxkanue ['@bon u YK menee 0.3 u 0.001 mon. 1., coorBeTcTBEHHO. TeMmeparypa AMCTUILIATA
omyckainacb Ha 1.5 + 2 °C Hwke TtemmepaTypsl KuneHus rerepoaszeorpona ['d@bon — Bopa.
[TpucyrcTBue 3HauMrtenbHOro konumuectBa ['®dbon (pucyHok 2), Hamuuume pacciauBaHusl H
TeMIIepaTypa JUCTHWILIATA MOTYT yKa3bIBaTh KaK Ha HAJIMYUE TPOMHOrO rerepoaseorpona ['dbon —
['®BA — Boga, Tak U Ha HEAOCTATOYHYIO ISl TOCTHOXKEHHS MPEJEIbHOTO MPOJYKTOBOI'O COCTaBa
I'®BA — Bopna (pucyHok 10) pa3nenurenbHyro 3pGeKTUBHOCTh SKCIIEPUMEHTAIBHOW YCTaHOBKU. B
JAaHHOM Clly4yae MpEAIoJiaraeTcsi Mocieayomee pasjieieHue MOTy4eHHOW (pakiuu Ha LeJIeBOn
I'®BA u peuukiosslii '@bon. Kpome Toro, BO3MOXHBI BApHAHTHI ¢ OTBOJOM BOAHOH (ha3bl, 1160
KOMOWHUPOBAHHbIM OTBOJ] BOAHOM U OpraHu4eckoil ¢as.

3akiro4enue

B nocnenHue pecATUNICTHS  OTIMYMTEIIBHOM 4YEPTOM MMPOBOIO PBIHKA  SIBIIAECTCS
rino0anu3anusi TpOU3BOJICTBA, KOTOpas MpHBeSa K 3HAYUTEIbHON 3aBUCUMOCTH OTE€UECTBEHHBIX, B
TOM 4YMCJIE NEPENOBBIX, NPEANPUATUH OT UMIOpTa. Pa3BuTHe HayKu, TEXHOJIOIMH M TEXHUKU B
Poccuiickoit ®enepauuu B BHUAY CYIIECTBEHHBIX OIPAHUYEHHUM CO CTOPOHBI HHOCTPAHHBIX
pou3BoIUTENeH, Ipo0IeM C JOTMCTUKOM M OCTPOM HEXBATKHM CHEUU(UUECKUX KOMIIOHEHTOB Ha
MPOMBIIIICHHBIX MPEINPUATUSAX TpeOyeT co3AaHusi COOCTBEHHOTO MPOHM3BOJCTBEHHOro Oaszuca. B
HacTosel paboTe Ha OCHOBAaHMM TEPMOJUHAMUKO-TOIOJIOIMYECKOTO aHaju3a CTPYKTYPHI
auarpaMmbl  (ha3oBoro paBHOBecHs peakiuoHHOM cmecu ['@bon — YK — I'OBA — Boga u
IIOJIyYE€HHBIX 3KCIIEPUMEHTAJIbHBIX JAHHbBIX [10Ka3aHa MPUHIMINAIbHAS BO3MOXKHOCTh peallU3alvu
Ipolecca pPEeakUUMOHHON IUCTWUIALMM, HamnpasieHHoro Ha noaydeHue ['®@BA. Texnosorus
II0JIy4€HUs1, CO3/IaHHasl HA OCHOBE TAaKOI'0 IIPOLIECCA, TOTEHIIMAIBLHO [103BOJIMT YBEIUYUTH BBIXO] 10
IIPOAYKTY, CHU3UTh 3aTpaThl Ha IPOM3BOJCTBO U, KaK CJIEACTBUE, CHU3UTh CTOMMOCTbH LEJIEBOIO
I'®BA.

Hccnedosanue svinonneno 3a cuem epanma Poccutickoeo Hayuno2o ¢ponoa Ne 23-79-01164,
https://rscf.ru/project/23-79-01164/ (This study was financially supported by the Russian Science
Foundation, project no. 23-79-01164, https://rscf.ru/en/project/23-79-01164/).
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HoABOP CBA3YIOHEI'O AJIA ITOJNYYEHUA CJIOXKHOI'O YAOBPEHUS C
HAITIOJIHUTEJIEM U3 ®OCPOI'UIICA
SELECTION OF BINDING FOR OBTAINING COMPLEX FERTILIZER WITH
PHOSPHOGYPSUM FILLER

Bukrtopus OusieroBaa CrpesabHukoBa, IOnus Asexkcanaposna Tapamn,
Basientuna MuxaiijioBua dypaesa
Viktoria O. Strelnikova, Yulia A. Taran, Valentina M. Fufaeva

MUPIA — Poccuiickuti mexHono2uyeckull yHugepcumem, UHCMumym moHKUxX XUMu4ecKux
mexnonoaut um. M.B. Jlomonocosa, Poccus, Mockea
MIREA — Russian Technological University, Institute of Fine Chemical Technologies named after
M. V. Lomonosov, Russia, Moscow
(e-mail: strelnikova@mirea.ru, taran_yu@mirea.ru, fufaeva@mirea.ru)

Annomayusi:  IlpoBeA€H  CpaBHHUTENbHBIM  aHaIM3  CBOMCTB  BOAHBIX  PacTBOPOB
JUTHOCYNb(OHATA ¥ TMATOKH JUIS JAIbHEHINEro MCHOIb30BaHHS MX B KayeCTBE CBS3YIOLIECTO INPH
MOJyYeHUH CJIO)KHOTO TPaHyJIUPOBAHHOTO YIOOpEHHUS C HamojJHuTeneM wu3 Qocdorurmca.
[IpencraBieHbl pe3ysbTaThl MO MPEANOYTUTEILHOMY PAcXoy pPacTBOPOB CBS3YIOLIMX, MacCOBOM
J0JIe TOKPBITHS TOJYYCHHBIX TpaHyJ YAOOpPSHUS U TIOTEpSAM HAMOJHUTENS B MpoLecce
IpaHyJIMPOBAHUS OKATHIBAHUEM.

Abstract: A comparative analysis of the properties of aqueous solutions of lignosulfonate and
molasses was carried out for their further use as a binder in the production of complex granular
fertilizer with phosphogypsum filler. The results are presented on the preferred consumption of binder
solutions, the mass fraction of coating of the resulting fertilizer granules and filler losses during the
granulation process by rolling.

Kniouesvie  cnosa:  docdorunc, TrpaHylIHpOBaHHE  OKaThIBAHHUEM,  CBS3YIOIIEE,
JMTHOCYJIb(OHAT, TATOKA, OTXOJIbI IPOU3BOJICTB.

Keywords: phosphogypsum, pelletizing, binder, lignosulfonate, molasses, industrial waste.

Hanecenue Ha MOBEpPXHOCTh TPaHyIUPOBAHHBIX YIOOPEHUH pa3IMUHBIX TOPOMIKOOOPa3HBIX
BEIIECTB — HAIOJHHUTENEH — IO3BOJISET MOJIydaTh HOBbIE BHUIbI yIOOpPEHHH, a TakXKe yJIydllaTbh
HEKOTOpBIE KaueCTBEHHBbIE XapakTepucTuku rpanyn [1-5]. B kadectBe oOAgHOro M3 TakKux
HANOJHUTENIEH  MOXXET  BBICTYHaTb  IOPOIIKOOOpa3HBIN dochorunc,  ABISArOMIMICS
HEBOCTPEOOBAHHBIM OTXOJOM IPOM3BOACTBA (ochopconepxkamux yaoopenuil. Bosieuenue B
IIPOM3BOJICTBO CJIOKHBIX yn0OpeHuil Qocdorumnca B KadyecTBE HAMOJHUTENS MO3BOJIMT PELIMTH
HKOJIOTHYECKYIO MPOOIeMy, CBSI3aHHYIO ¢ HAKOIUIEHHEM OTBaJioB (ocorurica, a TakkKe COKpaTHTh
3aTpaTrhl HA TPAHCIIOPTUPOBKY 3a CUET MCIIOIB30BaHMs (pocdorumca Ha TOM K€ 3aBOJIe, HA KOTOPOM
OH OBL MOTy4eH [6].

Haubonee pacnpocTpaHEHHBIMM METOJaMHM HAHECEHHs] HAIOJIHUTENS Ha IOBEPXHOCTb
rpaHyji SBIAIOTCS OKAaTbIBAHHE B TapelibyaToM MM OapabaHHOM TIpaHyJsATOpe, a TaKxke
IpaHyJIMpPOBAHUE B TICEBIOOKWKEHHOM cioe. Jlias o00oMX METOJOB NPHUKPEIJICHUE YacCTHUIL
HATOJHUTEIIS HAa TOBEPXHOCTh UCXOAHBIX IPaHyJI IPOUCXOIUT 3a CUET UCTIOIb30BAHUS MOAXOISIIETO
CBSI3YIOILIETO, KOTOpOE TIOCJE 3aTBep/AeBaHUs oOecrneyrBaeT oOpa3oBaHHME IPOYHOM eIuHOU
KOHCTPYKIIUHU TPOJIYKTA.

C nenpl0 yMEHbBUICHUS JIOJIM BOBJEKAEMBIX B IPOIECC MOJYUYEHHs CIOXKHBIX yA00peHUin
NPUPOJHBIX WM CHHTETHMYECKHMX HCTOYHHMKOB, CBS3YIOIEE TAaKKE€ MOXKET ObITh BBHIOpAHO U3
NOOOYHBIX MPOAYKTOB MPOU3BOJACTB. B 1aHHOM HCClIEOBaHMM pacCMaTpUBAINCH JIBa BHUJA
CBSI3YIOIIUX TAKOT'O POjia — JUTHOCYJIb(OHAT U MaToKa (Menacca).
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[Topomok TMrHoCyIb(OHATA COCTOUT U3 COJICH JTUTHOCYIb(OHOBBIX KHCIOT U IPECTABIISET
cO0OH OTXOJA LEJUII0I03HO-OYMa)KHOTO TPOU3BOACTBA. [IpuM pacTBOpeHHH B BOJE IOPOILOK
aurHocynb(oHata odpa3yeT BSI3KUH pacTBOpP, CIIOCOOHBIM K KaTMOHHOMY 3aMEILEHHIO, 3a CYET
IPUCYTCTBUS B €r0 COCTaBe CyNb(Orpyrm, npudéM BA3KOCTh CHIIBHO 3aBHCUT OT KOHIIGHTPALUHU U
TemnepaTypbl pactBopa. Ilatoka — moOOYHBIN MPOAYKT CaxapHOrO IMPOU3BOJACTBA, KOTOPBHIH MO
coctaBy Ha 75% COCTOMT W3 YIJIEBOAOB, a MO KOHCHUCTEHIMHM NPEACTaBIsieT COOOH XOpOIIO
pPacTBOPUMYIO B BOJIE, TYCTYIO, JIMIIKYIO KUIKOCTD.

O6a BbIOpaHHBIX BEIIECTBA HCHOJB3YIOTCS KaK CBS3yMOIIee B arpoOXMMHYECKOM
MIPOM3BOJICTBE B OCHOBHOM ISl MOJyYEHHS I'PAaHYJISTOB U3 MOPOLIKOOOPa3HBIX BELIECTB METOJOM
okaTbiBaHusA. Tak, Hampumep, B [7, 8] NHpPOBOIATCA CpPaBHUTEIIBHBIE HCCIIEIOBAaHUS CBOMCTB
MOJIyYCHHBIX T'PaHYJSATOB C MCIIOJIB30BAaHHEM PAaCTBOPOB JIUTHOCYJIb()OHATA M MATOKH B KaYeCTBE
CBSI3YIOLMX BELIECTB.

Leab0 JaHHOTO Hcc/aeI0BaHUA ObUT MOAOOpP MOAXOSIIETO CBS3YIOIIEI0 M3 OTXOJO0B
MIPOM3BOJICTB JJISl TIOJTYYEHUS! CIIOKHOTO yAOOpEHHMs Ha OCHOBE KapOaMmuIa C HANOJHHUTEIEM W3
docdorurnca.

B xauectBe 00BEKTa HMccaenoBaHUs ObLTH BBIOpAaHBI BOJIHBIE PAacTBOPHI JIUTHOCYJIb(pOHATA
Hatpusi (OOO «Xumdkey, 58% mMacc. coneld HAaTpHs JMTHOCYJIb(MOHOBBIX KHCIOT) M HATOKU
cBexnoBnuHOi (AO «Caxapubiii 3aBog CBoOoma», 80,6% Macc. CyxXuX BEIIECTB) B pa3HBIX
KOHIICHTPALUAX, KOTOPBIE HCIIOJIB30BAINUCH ISl MOJMYYCHHS CIIOKHOTO YJOOpPEHHS Ha OCHOBE
rpanyiupoBanHoro kap6amunga (ITAO «Axpon», 46,2% macc. N, aucnepcHslii coctaB 1-5 M) ¢
HAMOJTHUTENIEM. B KadecTBe HAIMONHUTENS BBICTyHal MOPOIKoobpasHelii ¢ochorunc (OO0
«EBpoXumM-BMVY», 97,6 % macc. auruapar cynsgata kansius, 0,12 % macc. BogopacTBOPUMOro
P>0s, Bnaxxnocts 14% macc., IUCTIEPCHBIN COCTaB MEHBIIE 2 MM).

[Iporiecc mody4eHUs TpaHysl CIOXKHOTO YJOOpEHHUS C HAMOJHUTENIEM, OCYILECTBIISIIH
METOJIOM OKaTbhIBAHHUSA B TapejbyaTOM TIpPaHYJSITOPE IyTEM uepenoBaHUs TpEX craguil: 1)
pacmbuieHHE 4epe3 (OPCYHKY CBS3YIOIIEr0 Ha JBIKYILMICS CIOW TpaHyl; 2) paBHOMEpPHOE
IIPOCEUBAHUE MOPOLIKOOOPA3HOTO HAMOJIHUTENS HA CMOUEHHBIE PACTBOPOM CBSI3YIOILEIO IPaHYJIbI;
3) cymka JBMKYIIErocsl CIIOsl TpaHyJl B TapeilbyaroMm Trpanyistope. llocie Toro kak Bech
HATOJHUTENb OBbLIT U3PACX00BaH TOTOBBIE TPAHYJIbI JOMOIHUTEIBHO JOCYIIMBAINCH B CYUIHIBHOM
mKady 10 MOCTOSHHON MaCCHl.

[lepBoHauanbHO OBLIM OHpeAeNeHbl (U3UYECKHE CBOWCTBA PACTBOPOB CBA3YIOIIUX C
pa3HbIMM KOHILIEHTpaLMsIMH, @ UMEHHO: IUIOTHOCTb U JUHAMMYECKAs BS3KOCTb, a TAKXKeE MOTEPU
CBSI3yIOILEro, mpejacTaBieHHble B Tabmuie 1. Ilpu BeIOOope pabouymMx pacTBOPOB CBS3YIOLIMX
OPHEHTUPOBAINCH HA BO3MOXKHOCTh TOHKOTO paciblia CBA3YIOUIETO 4yepe3 (hOPCYHKY, CBSI3aHHOIO
IIPEK/E BCETO C BA3KOCTBIO PaCTBOPA, a TAKKE Ha HAMMEHBIINE ITOTEPHU CBS3YIOLIETO B IIPOLIECCE €TI0
pacrbUIeHHs Ha TPaHyJibl 0€3 BHECEHUS HATTOJIHUTES.

Tab6umna 1 — CpolicTBa pacTBOPOB CBA3YIOIUX

Konuentpanus CBoiicTBo
9 o
Tun ceasyiomero % Macc. ITnotHOCTB, KI/M® | BsizkocTb mipu 20°C, mlla*c HOI\T{ZI;I;I’ &
p 30% 1141 6,4 84,0%
actTBop 40% 1192 17,4 76,4%
JIUTHOCYIb(OHATA
50% 1242 28,5 84,9%
30% 1158 4,98 50,0%
PaCTEOD HATOK 40% 1224 11,0 35,0%
p 50% 1252 18,2 32,0%
60% 1291 24.6 43.3%

B pe3ynbpTaTe NCmonb30BaIuCh cleayone padoune pacTBopsl csa3ytommx: 40%-it pactBop
JIUrHOCYyNb(hOoHATA, IPU YEM MOTEPH ObLIH NPUHATHI 75% Macc., 40%-1i pacTBOp MAaTOKU C MOTEPSIMH
35% macc. u 50%-ii pactBOp naroku ¢ norepsimu 32% macc. Ciaeayer OTMETUTb, YTO B JaIbHEHIIINX



164 20 - 22 dpeBpansa 2024 roga. ISBN 978-5-00181-553-2

OIBITAX C HAIOJHUTENIEM pealibHbIe TIOTEPHU CBA3YIOIIUX PACTBOPOB OyIyT MEHbIIIE, YEM YKa3aHHbIC
BBIIIE, TTOCKOJIbKY CBsI3yroIlee OyJeT BBICTYNATh KaK NMPUKPEIUIIOMMN areHT AJs HANOJHHUTEI,
OJIHAKO ONPEIEINUTh peabHbIE MIOTEPU CBAZYIOLIETO HE MPEACTABIAETCS BO3MOXKHBIM. JTO 3HAYMT,
YTO B MOCIEAYIOMIUX pacuéTax MOTepU HAMOIHUTENS OyIyT HECKOJIBKO 3aHMUKEHbI B CPABHEHUH C
peanbHBIMU IOTEPSIMU U3-3a 3aBBILIECHHBIX II0TEPh CBA3YIOLIETO.

Ha cnenyromem »sTame ucciieoBaHus ObUTM OIpENENIeHbl CPEeIHHE pacxojbl paboumx
pPacTBOPOB CBS3YIOLIMX MPU BHECEHHH OJHOTO M TOXKE KOoJuuyecTBa HamonHutens ((ocdorumca),
cocrasisonero 30% oT Macchl UCXOAHBIX IPaHyJl. bbul BBISBIEH HAWIyYIIUI pacXxo/] CBA3YIOLIETO
(MJT CBSI3YIOILETO/T HANIOJIHUTEINS), IPU KOTOPOM C OJHOM CTOPOHBI MOJIyYE€HHBIE TPAHYJIbl UMEIOT
pPaBHOMEPHOE MOKPBITHE, a C APYTOH CTOPOHBI HE JOMYIIEH U30bITOK CBA3YIOLIETO, MPUBOIAIINN K
arJoMeparuy rpanys Mexay co0oil. Pe3ynbraTsl O ONpeieIeHnI0 CPETHEr0 pacxo/ia CBA3YIOIIEro
IpeJCTaBJICHbI B TAOIUIIE 2.

Tabauna 2 — K onpegenennio pacxoaa CBsA3YIOIIETO

O06BeM i Cpennuit
PaBnomepnoe | Ctpemiienue k | Jnana3on oobséma
Caszyromee CBSI3YIOLIETO, pacxon
MOKPBITHE arjoMepaluy | CBSI3YIOLIETO, MII
MJI MII/T
15 - -
o
il(/)ll"/loioc mf)(ggfl]zg; 20 - - 23-25 0,80
Y 25 + +/-
40% acTB 15 - -
ey P 18 + - 18-20 0,63
20 + +/-
50% acTBO 10 - -
°  PactEop 12 - - 13-15 0,40
MaTOKU
15 + +/-
3HakOM «t/-» 0003HaUEHO MpeNeNbHOE KOJMYECTBO CBA3YIOIIECTO, NMPH KOTOPOM TOJBKO HAYMHAETCS
MPOLIECC arIoOMEPaLuH rPaHyI

Bunno, 4To HauMeHbIINI pacxon cBs3yromiero Habmogaercs y 50%-ro pacTBopa MaTokw,
YTO BEPOSITHO CBSI3aHO C €ro HauOOJIbIICH BSI3KOCTHIO, @ 3HAYMT JIyYIIECH IOKpHIBAIOIIEH
CIOCOOHOCTBIO M OCHOBOM JJIsl MPUKPEIJICHUs TIopoIKa (ocdorurca.

Bo Bcex BapuaHTax HCIOJB3YEMOIO CBS3YIOLIETO IIOJYYEHHbIE TIpaHyjbl HMEIOT
PaBHOMEPHOE MOKPBITUE U TJAJIKYI IMOBEPXHOCTb, IpU 3TOM (opMma IpaHyd OTIUYAETCS OT
cepuueckoii, yTo O0OYCIOBIEHO CBOWCTBAMH MCXOJHBIX TpaHyl KapOammia U CrIoco0 HX
IIOJIyYEHUS.

Juddepennunanbapie KpUBBIE paclipe/iesieHus] TpaHyJl Mo pa3Mepam, Mpe/CTaBIeHHbIE Ha
pUCYHKE 1, NEMOHCTPUPYIOT YBEIMUYEHUE MACCOBOW JIOJIM TPaHyl C AMAMETpoM 4-5 MM IpH
BHECCHUU HAINOJIHUTENS, MNpu 4YEéM HauOoJbIIas 0N TAaKUX TpaHyl HaOmoIaeTcs mpu
HCIIOJIb30BaHUU B KadecTBe cBasyromero 50% pactBopa naroku. Hamportus, nons rpa”yin c
auaMeTpoM 1,5-4 MM BO BCEX OIBITaX C HANOJHHUTEIEM YMEHBUIMJIACh OTHOCUTEIHHO IpaHy’d 0e3
IIOKPBITHS.

JUis TOJMYYEeHHBIX TpaHyll CIOKHOTO ynoOpeHHs ObUIM OIpeNeeHbl MaccoBas JOJIA
IIOKPBITHUS, @ TAK)KE NOTEPH HAIIOJHUTENS B IPOLIECCE OKATbIBAHUS I'paHyJl, BOZHUKAIOIIME M3-3a
nbIJIe00pa30BaHus U MPHIIMIAHUA K O0pTaM U JHY TapesiKu rpaHyssTopa (cM. puc. 2).
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o
o

Pucynok 1 — JluddepeniuumanpHpie KpUBbIC pacipe/ieieHus IPanyJI o pa3MepaM pU BEIOPaHHOM
cBszyromem: 0 — 6e3 ceszytomero; 1 —40%-i pacTBop IUrHOCYIb(OHATA;
2 — 40%-i1 pactBOp naToku; 3 — 50%-1 pacTBOp MaTOKH.

EHHHHHH\HHH\HHHH’H\HHHH\H\HHHH\HHH\HHHHHH\H\HHHHHHHHH\HH\HHHHHHHHHHHHHH\H'HHH 1
g‘( %HHH\HHHHHHHH\HH.\HHHHHHHHHHH\HHHHHHH\\HHHHHHHHHHH\\HH\HH\H\H\HHHHHHHHH -
g
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to
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6 8 10 12 14 16 18 20 22 24 26 28 30

% macc.

PucyHok 2 — 3aBucuMOCTb J0JH TOKPHITUS IPaHYIT (FOIYObIe) U OTEPh HAIOIHUTEIS (3eNEHBIC) OT
BbIOpanHOTrO cBsi3ytouiero: 1 —40%-ii pactBop auraHocynbdonara; 2 — 40%-i pacTBOp NaTOKH;
3 — 50%-i1 pacTBOp aTOKU

MaccoBbli€e 10JIU TOKPBITHS JJIS1 BCEX OIBITOB IOBOJBHO OJIM3KH U HAXOAATCS B TUAMA30HE OT
20% no 22% no macce. Hanmenbmue norepu HanonHutens (14% macc.) HabMIOqaI0TCS U1 OMBITA
¢ 40% pactBopoM JHMrHOCYIb(pOHATA, /Ul PACTBOPOB MATOKU MOTEPU HAMOJHUTENS COCTABIISIOT
28,7% macc — nis 40%-ro pactBopa u 22% macc. — 1t 50%-ro pacTBopa, T.€. HIOTEPH HAIIOJHUTEIS
IIPY UCTIOJIb30BAHUU PACTBOPOB MATOKU MPHOIM3UTEIBHO B JIBA pa3a BhILIE, YeM IIPU UCTIOIb30BAHUN
pacTBopa JUrHOCYyIb(oHaTa. 37ech caelyeT 00paTUuTh BHUMAaHKUE HA IPUHSATHIC IS pacUETOB MTOTEPH
CBSI3YIOILIETO, KOTOpBIE JUII pacTBOpa JIMTHOCYJIb(OHATa Kak pa3 B JIBa pas3a BbIIIE, 4YeM IS
pacTBOpOB MaToku (cM. Tab. 1).

IIpy cpaBHeHHH MaccOBOW [10JIM KOMIIOHEHTOB B IIOKPBITMM, T.€. CBS3YIOLIETO U
HaIlOJIHUTEJIS, BUAHO, YTO B CIydae MCIOJIb30BaHUS B KadecTBe cs3ytouiero 40%-ro pactBopa
aurHocynb(poHara MmokpbiTHe ~ Ha 90% Macc. COCTOUT M3 HAIMOJHUTENS, a IPU HCIOJIb30BAaHUH
pPacTBOPOB MAaTOKH — UyTh Oosble, yeM Ha 80% macc (cM. puc. 3).

89,6%  g15%  82,9%
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o

10,a%) 185% § 17,1%

’ HanoNHuTeNb
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PucyHnok 3 — 3aBucuMocTbh MacCOBOIA 101 KOMIIOHEHTOB MOKPBITHS OT BRIOPAHHOTO CBsI3yroLIero: 1 —
40%-i1 pacTBOp IUTrHOCYIb(OHATa; 2 — 40%-i pacTBOp NAaTOKH;
3 — 50%-ii pacTBOp aTOKU
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BuiBOaBI

Ha ocHoBaHuu mpoBeAEHHOTO UCCIIE0BAHUS ObUIM 1O100PAaHbI TPU MOAXOMSAIIMX BapUaHTa
pPacTBOPOB CBSI3YIOILErO JJIs TOJYYEHHUS CIIOKHOTO YyAO0OpeHHs Ha OCHOBE Kapbamuaa c
HaTOJHUTENIEM U3 MopolIKoodpasHoro (ocdorurnca, a umenHo: 40%-it pacTBOp JIUTHOCYIb(POHATA,
40%-i1 pactBOp nmatoku, 50%-it pacTBop naToku. Jlis Kax10ro BapuaHTa ObLIH ONpEIeNICHbI CPETHHIE
pacxo/Ibl CBA3YIOIIET0 IPH BHECEHUU HAIMOIHUTENS B KosmyecTBe 30% 0T MacChl UCXOIHBIX IPaHyJI,
npu 4éM HauMeHbIIUi pacxop okaszaicsi y 50%-ro pactBopa maroku. C 3TUM K€ BapUaHTOM
CBSI3YIOILET0 yIa&TCs 10CTUYb HAUOOJIBIINHI I'PaHyIOMETPHUECKUI COCTaB € IIpeodalaHueM IpanyIl
¢ nuametrpoM 4-5 mm. [Ipu onpeneneHnr MaccoBOM TOJIU MOKPBITHS ObLIO OOHAPYKEHO, YTO IS
BCEX BapHaHTOB CBA3ylOUIMX oHa cocTaBisieT 20%-22% Macc., IpU 3TOM HAauMEHBIIUE MOTEPU
HATOJHUTEN B TPOILECCe TPaHyJIMPOBaHHMS HAOMIOJAIOTCA MPU HCIOJIB30BAaHUM B KayecTBE
cBszytoiero 40%-ro pactBopa JUrHoCyIb(oHara.
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NCCIIEAOBAHME BJIMAHUA PH CPEJBI U TEMIIEPATYPbBI TEPMOOBPABOTKHA
HA DKCILTYATAIIMOHHBIE CBOMCTBA IIPECCOBBIX CYKOH,
ATIIIPETUPOBAHHBIX CMOJIOM KHUTEKC
STUDY OF THE INFLUENCE OF ENVIRONMENT PH AND HEAT TREATMENT
TEMPERATURE ON THE PERFORMANCE PROPERTIES OF PRESSED FELT
FINISHED WITH KNITEX RESIN

I'puropmnii Uropesnu Xa3zanos, Maprapura AJiekceeBHa AnlapylIKHHA
Grigory 1. Khazanov, Margarita A. Aparushkina

Poccuiickuii 2ocyoapcmeennsiii ynueepcumem um. A.H. Kocvieuna
(Texnonoeuu. Juszaiin. Ucxkyccmeo), Poccus, Mockea
The Kosygin State University of Russia, Russia, Moscow
(e-mail: hasanov_gr 1957@rambler.ru, aparushkina-ma@rguk.ru)

Annomayus: PaccMOTpeH npouecc annpeTHPOBAHUS TEXHUYECKUX CYKOH C UCIIOJIb30BaHUEM
SMOKCUAHBIX MOIMMEpoB. M3ydyeHo BnusiHue pH anmperupyromiero pactBopa Ha COpOIHIO CyKHOM
SMOKCUAHON CMOJBI. V3y4eHO BIMSHUE TeMIepaTypbl TepMOOOpaOOTKM Ha BHIMBIBAHHE M3 CYKHA
MOJIIMEpa M KpacHuTeldst B IPOLECCe JUIMTENbHON BIaXKHO-TEIJIOBOM 00paboTku. OmnpeneneHsl
OINTUMAJIbHBIC YCIIOBUS MPOBEICHUS MIPOIlecca anmnpeTHPOBaHUS TEXHUYECKHX CYKOH.

Abstract: The process of sizing of industrial cloth using epoxy polymers is considered. The
effect of the pH of the sizing solution on the sorption of epoxy resin cloth was studied. The influence
of the heat treatment temperature on the washing out of the polymer cloth and dye during the long-
term wet-heat treatment has been studied. The optimal conditions for the process of sizing of
industrial cloth have been determined.

Kniouesvie cnosa: TexHU4eCKOe CYKHO, OyMarojenareibHble MallWHBI, TIOKCUIHAS CMOJIa,
OTBEPAMTEIb, AHTUMUKPOOHBIH Mpernapar, KpacuTeb.

Keywords: technical cloth, paper-making machines, epoxy resin, hardener, antimicrobial
preparation, dye.

3aKIIOYMTEIBbHON  CcTafued OTAENKM TEXHUYECKUX CYKOH JUJIi TIPECCOBOM  YacTH
OymarojienaresbHbIX MAaIIUH SIBJISETCS ANNpPeTHPOBAHUE, KOTOPOE OCYIIECTBISIETCS C IIEJIbI0
NPUJAHNUA CyKHAM: CTaOMJIBHOCTU JIMHEWHBIX Pa3MepOB, YCTOMUYMBOCTU K UCTUPAHUIO, YBEINUCHUS
IIPOYHOCTH Ha pa3pbiB IIPU COXPAHEHUH BOJONOIIIOIIAEMOCTH.

OmnpeneneHHbIi  MPAKTUYECKUH  HHTEpEC MPEACTaBISeT CIOCO0  anmpeTHpPOBAHUS
TEXHUYECKUX CYKOH C HMCIOJIb30BAaHUEM 3IIOKCHUIHBIX MOIMMEPOB. MccienoBanack BO3MOKHOCTD
MIPUMEHEHHUS JJIs 3TOM 1IeJIM SMOKCUIHOM cMOoJbl KHUTEKC, cocTosiel U3 1ByX KoMnoHeHToB EPX
u EPS B34T1HIX B coOoTHOIIEHUU 1:1.

B mponecce paboTel Ha OymarojenarelbHBIX MallMHAX IPECCOBbIE CyKHa Kaxkible 2-3
CEKYH/IbI TIOJBEPTAIOTCS EPUOIMIECKOMY CHKATHIO B Kaye BajioB 10 50 maH/cm?. U3 nuteparypsi
u3BectHO [1-3], uro Hambojee BBHICOKOH MPOYHOCTBIO MPH CKATHH OO0JAAAIOT IOJIUMEPHI,
MOJIyYCHHbIE U3 MOJN(YHKIIMOHAIBHBIX SMOKCHIHBIX CMOJI, OTBEP)KICHHBIX apOMaTUYECKUMU
AMaMUHAMH WM JTUAHTUAPUAAMUTETPaKapOOHOBBIX KHCIOT. OTBEpXKICHHE C aHTUAPUAAMH, KakK
IpaBwiIo, npoucxoaut npu temmeparype 150°C, a ¢ apomatuueckumu amuHamu npu 85-100°C [2].
[TosToMy mpu anmpeTUpOBaHUM LEJIECOOOpPa3HO B KAueCTBE OTBEPAUTENICH HCIOIb30BATh
apoMaTHUYECKHE AaMHHBI, YTO II03BOJSET B MEHBIIEH CTENEHU 3aBUCETh OT TEMIIEpaTypbl
TEPMOOOPAOOTKH.

[IpenBapuTenbHBIM ~ SKCHEPUMEHTOM  OBUIO  YCTaHOBJIEHO, YTO  HEOOXOAMMBIE
NOTPeOUTENBCKUE CBOWCTBA CYKHO NPUOOpETaeT NpU HCHOJIb30BAHUU SIOKCHUIHOH CMOJBI B
KoHueHTpauusax 10-20 r/n (kaxmpoi cocraistomieii). TpeGyeMmble CBOICTBa JOCTUTAIOTCS IpU
COJIEp’KaHUU TMOJIMMEPA Ha TEKCTUIIbHOM Marepuaie 2,42-4,61%.
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DKCIIEpUMEHT IPOBOIMIICS ITyTEM IOIPY>KEHHUS CYyXOI'0o CyKHa B pacTBOP MOJIMMEPA B TEUEHUE
1 munytsl, npu pH 7 u Temnepatype 20°C, ¢ nocnenyromum orxxumomM 10 100%-Holt ocTtaTouHON
BJI&KHOCTH, CYIIIKOM, COBMEIIEHHOM ¢ TepMooOpadoTkoii npu 120°C — 40 muH.

Jlnst ompeneneHus BIUSHHUS KOHLEHTPAIM MOHOB BOJAOpOJAa Ha COpOLUMIO MOIuUMepa U3
pacTBopa OblIa moiyueHa rpadudeckas 3aBUCUMOCTS (puc. 1), moka3pIBaromas, 4T0 MaKCUMAaIbHBIH
IPUPOCT CMOJBI Ha CyXoil TKaHM jocturaercss npu pH, Oim3koM K 7, 4TO yKa3bIBaeT Ha
HE0O0XOIMMOCTh OTJICJIKM B HeHTpanbHbIX cpeaax. Ilo Bceill BepositHOCTH, BiusiHMe pH cpensl Ha
n30MpaTeNbHOE TOTJIOIEHHE TTOKCHIA CBA3aHO C COCTOSIHUEM €r0 MOJIEKYJ B pacTBOpE.
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Pucynok 1 — 3aBucumocthb nprBeca SMOKCUAHOM cMoibl KHHTEKC OT
pH annpetupyromero pactsopa.

Tepmo06paboTKa, KOTOpas IPOBOAMIACH B Auanazone temieparyp or 80-130°C B Teuenue
40 MUHYT SIBJISETCS OJHUM U3 CYIIECTBEHHBIX (PAKTOPOB, BIHUSIOMIMX HA SKCIUTyaTallMOHHBIE
CBOMCTBA TEXHUYECKOr0 CykHa. Kak M 0KnJaoch, "3MEHEHUE TEMIIEPATYPHI HE BIUSAET HA IIPUBEC
Macchl IoJIMMeEpa, KOTOphIi cocTaBui 3,7-3,75% amns cyxoro Matepuala npy OTAEIKE B BHIOPaHHBIX
YCIOBHSIX (BpeMsi MPONTUTKH — 1MuH, pH 7, KOHIIEHTpaLus COCTABIAIOUIMX cMOuIbI 110 10 1/11).

[Tonmyyennble 00pa3ubl OBUIM HMCIBITaHBI Ha BOJOIMOIJIOLICHHE, KOTOPOE YMEHBIIAETCs C
MOBBILIEHUEM TeMIeparypbl (puc.2). C yBeIMUEHUEM IOCIIEIHEr0 pa3Mep 4YacTUL[ 3MOKCHIHOU
CMOJIBI YMEHBINIAETCSI, YTO HPUBOAUT K Oojee PaBHOMEPHOMY pACHpPEICNICHHIO OTAEIOYHOIO
npernapara Ha MOBEPXHOCTH M3AEIHs, 4TO B OOJIbIICH CTENEHH 3aKPBIBAET €ro MOPhl U TEM CaMbIM
CHIDKAeT 3HaUYeHUsI KOHTPOJIMPYEMOTro apameTpa. B To ke BpeMs yClIoBHs TEpMUUECKOI 00paboTKH
TAaK)K€ MOI'YT OKa3blBaTh CYLIECTBEHHOE BIIMSHHE Ha YJAJICHHUE OTACIIOYHOIO IIpernapara W3
TEKCTUJIBHOTO MaTepHaja B pe3yibTaTe JJINTEIbHOIO BO3AEHCTBUS BOJHBIX CPEL.

JInsi M3ydeHus: BIAMSIHUS MCCIIETYyeMOro (akTopa Ha KOJMYECTBO BBIMBITHIX OTAEIOYHBIX
npenapaToB 00pasibl SKCTParupoBalv IMCTHIUIMPOBAHHON Bojol npu Temneparype 70° C B
tedenre 30-tu aHel. M3 aHanu3a MOJIy4EHHOH 3aBUCUMOCTH (puc. 3) BHUIHO, YTO IOBBILICHHE
temneparypsl g0 105- 110° C npuBoaMT K 3aMETHOMY CHMDKEHMIO IIOTEPh IOJMMEPA H
aHTUMHKPOOHOTO Ipenapara, a ee nanbHeiniee nopeimenne (10 130°C) He oka3bIBa€T 3aMETHOTO
spdekra. CHKeHHE AecOopOLMM HAHOCHMBIX BEIIECTB OOBSCHACTCS YBEIMUYCHUEM CTCTICHH
OTBEpXKICHUS M Oojiee PaBHOMEPHBIM pACIpEeIeHHeM 3IOKCHUAHOM CMOJBI M0 MOBEPXHOCTHU
BOJIOKOH, YTO MPEJ0TBPAILAET BBIMBIBAHUE KPACUTEIIS, UCIIOIb3YyEMOI'O B JAHHOM CIIy4ae B KaUeCTBE
aHTUMHUKPOOHOTO Mpemnapara.

Ha ocHoBaHuM NMpHUBEICHHOTO BBIIIE aHaIU3a ObljIa BIOpaHa TemIeparypa TepMooOpaboTku
-110°C.

ArnmpetupoBaHue cienyer npoBoauTh coctaBoM cMmoiia Kuurexe EPX — 10 /1, Knuteke EPS
— 10 r/n npu pH 7 u temneparype Tepmoobpabotku -110°C.
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PucyHok 2 — 3aBucuMoCTh BOAOMOTIIOMICHHUS CYKHA OT TEMIIEpaTypbl TEPMOOOPAOOTKH.
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Pucynok 3 — BausiHue TeMrepaTypsl TepMOOOPaOOTKH Ha KOJIMYECTBO TEPSIEMbIX CYKHOM OTACIOYHBIX
TIpenapaToB 10cie SKCTPAKIUH JUCTULIMPOBaHHOM Bosoi pu 70°C:
a — kpacurenst; 6 — cMonsl Kaurekc.

Taxum 00pa3oM, Ui anmpeTUPOBAaHUS MPECCOBBIX CYKOH JUIsl OyMarojeiareiabHbIX MalInH
ClIeyeT UCIO0Jb30BaTh cMoily KHuTekc npu koHueHrtpauuu ee komrnoHeHTos: Kuurekc EPX — 10
/1, Kautexe EPS — 10 /1 nipu pH 7 u Temneparype tepmoodpadotku -110°C. Tannbie yciaoBust
o0ecreynBaoT CTa0MIbHBIE SKCIUTyaTallMOHHBIE CBOMCTBA CYKOH B YCJIOBUSX HX JJIUTEIBHOU
HKCIUTyaTallii B BOJHOM Cpejie MpH MOBBIIMIEHHBIX TEMIEpaTypax U MUHUMAIbHOE BHIMBIBAHHE U3
HUX NOJMMEpa U KPacuTes.
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Annomayus: B craTbe MpeACTaBICH CHOCOO MOJTYYEHHUs CIIOKHOTO OPraHOMHHEPAIHLHOTO
ynoOpeHuss ¢ TpEXCIOMHBIM TOKPBITHEM, TI/I€ TMEepBBI CIIOM MOKPBITHS —oOOecreYrBaeT
IIPOJIOHTUPOBaHHbIN 3¢ dekT, BTOpoH cnoii oOecrieyuBaeT MOCTYIUICHHE JOMOJHUTEIbHBIX
MUTATEIbHBIX BELIECTB MOYBY M SBJSIETCA CyOCTpPaTOM MJisi MUKPOOPTaHM3MOB, a TPETUH CIIOU
o0ecreynBaeT 1eIOCTHOCTh CTPYKTYPBI U SIBJISIETCS 3aIUTHBIM.

Abstract: The article presents a method for obtaining complex organomineral fertilizers with
a three-layer coating, where the first layer of coating provides a prolonged effect, the second layer
provides additional nutrients to the soil and is a substrate for microorganisms, and the third layer
ensures the integrity of the structure and is protective.

Kniouesvie  cnosa: TpaHylnMpOBaHUE, KalCyJlIupoOBaHHE, OHOYIOOpEHUs, CIOXKHBIC
OpraHoMHUHEpaIbHbIe y100peHUs, YJ0OPEHHUs MPOJIOTHPOBAHHOTO JICHCTBUS.

Keywords: granulation, encapsulation, biofertilizers, complex organomineral fertilizers,
fertilizers of prolonged action.

MuHnepanpHble YI00pEHUs, TaKue KaKk MOYeBHHA (KapOamMul), aMMHayHas CeJIUTpa, Cyabdar
aMMOHUSI, a30(0ocKa U Jp., KOTOPbIE COAEPKAT a30T, aKTUBHO MPUMEHSIOTCS B CEJILCKOM XO3sICTBE
B KQUeCTBE JICIIEBOTO M JOCTYITHOI'O MCTOYHHKA MUTATEIbHBIX BEIECTB JJIS CEIbCKOX03IHCTBEHHBIX
KynbTyp. IIpoGnema morpebiieHus] TakuX YJOOpEHUIl 3aKiI0YaeTcs B TOM, YTO OHHU JOCTaTOYHO
OBICTPO PAaCTBOPSIIOTCS B BOJE, B PE3YJIbTATE YETO PACTCHHUSI HE YCIEBAIOT MOJIHOCTHIO YIIOTPEOUTH
a30T, a OCTAaTKM €ro BBIJICIAIOTCSA B MOYBY M YJETY4YMBAIOTCA B atMochepy. ITO NMpOBOLHMPYET
BO3HHUKHOBEHHUE CEPhE3HBIX IKOJIOTUUYECKUX MPOOIIEM, TAKUX Kak 3a001a4iBaHKEe BOJIOEMOB, 3PO3HUs
MIOYB U JJa’Ke pa3pylieHHe 030HOBOTO CIIOsI, a TOTPEOICHUE YEIIOBEKOM U )KUBOTHBIMHU BOJIbI, O0TraTon
a30TOM, MOKET BBI3bIBAThH 00JIe3HU [1].

YroObl yCTpaHUTh TaKu€ PUCKHU, 3(P(PEKTUBHOCTh MOTPEOICHUS YIOOPEHUH KyIbTypaMu
JOJDKHA OBITh MOBBIIIEHA. DTOTO MOXKHO JIOCTUYb C MOMOILBIO Pa3pabOTKU CIIOCOOOB MOTYUYCHHS,
IPOMBIIIJICHHOTO TPOM3BOJCTBA M BHEIPEHUS B INPUMEHEHUE YI0OpeHuil, 00Jaaaonmx
MIPOJIOHTUPOBAHHBIM 3¢ dexTom [2].

[Ipy mnonydyeHUH TakuX YAOOPEHUH WX UCXOAHBIC s/pa, TOJIYYEHHBIE METOJIOM
NPUUTMPOBAHMS, OKAaThIBAHUS WJIM B TICEBJIOOKIKEHHOM CJIO€, IOKPHIBAIOTCS TOHKUMH WU
TOJICTBIMH 000JIOYKaMH U3 MaTepUaIOB HEPACTBOPUMBIX B BOJIE, MIOABEPIaeMbIX OMOPa3I0KEHUIO B
YCIIOBUAX OKPYXAaIOIIEH cpelbl WIM U3 MaTepHajoB, KOTOPbIE WHAMBHUIYAIbHO MCIIOIB3YIOTCS B
CEeNIbCKOM XO3HCTBE B KauecTBe y100pEeHHUH.

Briienenne nuTaTenbHbIX KOMIOHEHTOB ITPOUCXOIUT B Pe3yJIbTaTe TOTO, YTO MPU BIUSHUH
OKpY’KaloIIel cpesibl — J10%K/b, BETEP, COTHEYHBIC JTYUH H T.II. U )KU3HEAEATEIbHOCTH OPraHU3MOB,
HAXOJSAIIUXCS B OYBE, B 000JI0UKE TaKOW KaTCyJbl 00pa3yroTcs nedeKThl — Mopsl, TpeluHbL. Yepes
HUX BHYTph AU(PPYHAUPYET BOJA M MEIJICHHO PACTBOPSET sApO yHOOpEeHHs, a HHUTATeNIbHbIC
BEIIIECTBA MEJICHHO uepe3 Ae(heKThl 000JI0YKHU BBIACTSAIOTCS B IOYBY U MUTAIOT PACTEHUE B TCUCHUN
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JUTeNnsHOro nepuona. Takoe nmorpedieHue a30Ta pacTeHUSIMU CHUYKAET €ro BBIOPOCHI, UTO B CBOIO
ouepesib, CHIKACT €ro HeraTUBHOE BO3/ICHCTBUE HA HKOJIOTHIO.

N3-3a Oonee »d¢eKTUBHOTO MOTpeOICHHUS KyJIbTypamMH YyOoOpeHuil, oOnagaromux
IIPOJIOHTUPOBAHHBIM 3(P(PEKTOM, MX HOpMa BHECEHHUS CHIDKEHa B TpPU pa3a B CpPaBHEHHH C
KJIACCUYECKHMHU a30TOCOJIEPKAIMMI MUHEPAIbHBIMU y100peHusMu. Kak cieacTsue cHUXKaTCs U
SHEPro-, pecypco- 1 TpyA03aTpaThl HAa UX IPOU3BOJICTBO, 3aTPAThl HA XpAaHEHUE U TPAHCIIOPTHPOBKY.
Taxke mpu NPUMEHEHUH YIOOpEHHH C MPOJOHTUPOBAHHBIM 3(P(GEKTOM OBLIO OTMEYEHO, UTO
Ha0JII01aeTCsl YBEIMYCHUE YPOKAMHOCTU KyIbTyp [3].

OO600uIMB BBIIECKa3aHHOE, MOXKHO CHENaTh BBIBOJ, YTO JAaHHOE HAlpaBlIEHUE Hay4HBIX
UCCIICIOBAaHUM SIBIISICTCS aKTYaIbHbIM.

YroObl BOCHIOIHUTH JAPYTHE IMOJIE3HBIE BEIIECTBA B IMOYBE C KIACCHUYECKHMHU yTOOPEHUSIMHU
JIOTIOJTHUTEHHO BHOCST U OPTaHHYECKHUE COCTABIISIONINE: HABO3, OMOTYyMYyC, TOPd, Uil u 1p. [4-6].

Taxke OpraHMYecKHe COCTABIIAIOLIME YacTo O0OOraiaioT MHUKPOOPIaHHW3MaMH, KOTOpHIE
CIOCOOCTBYIOT IEPEeXO0Jly MUTATEIbHBIX KOMIIOHEHTOB B JOCTYIHBIC JUISI KyJbTyp (OPMBI, YTO
OKa3bIBAaCT IOJIOKUTEIbHOE BIMSHUE HAa WX POCT W pa3BuTHe. HekoTopele MHKpOOPraHH3MBI
obmagaroT (QYHTMIMOHBIM = JeiicTBUeM Ha Bo30OynuTeneil 3aboneBaHuid M BhIpabaTHIBAIOT
OMOJIOTMYECKH aKTUBHBIE BEILIECTBA, KOTOPbIE CTUMYJIMPYIOT POCT C/X KyJIbTyp [7].

B pamkax mnpoBeAeHHsS UCCICIOBAaHWA 1O TIONYYEHUIO YIOOpEeHHM, O0O0JIaJaronmx
MIPOJIOHTUPOBAHHBIM 3(PPeKTOM, OBLIO MOJYUYEHO CJIO0XKHOE OpPraHOMUHEpalIbHOE YAO0OpeHHe,
KOTOpOE MpeACTaBiIseT co00i s1po B Buae rpanyisl NPK, mokpeitoe MHOrOCIOHHONW 00OI0YKOM.
O06osi0uka, B CBOIO OYepelb, CONEPKUT TPHU CIIOS, MEPBBI M3 KOTOPHIX, HAHECEHHBIH Ha sIpO,
COJZICPKHUT Cepy U 00ecreunBaeT MPOJOHTUPOBAHHBIN 3((EKT, BTOPOl COAEPKHUT OPraHUYECKYIO
COCTAaBJIIIOLIYI0O Ha OCHOBE OHOrymyca H 00ecneunmBaeT IOCTYIUIGHHE JOMOJHHUTEIbHBIX
MUTATEIbHBIX BELIECTB MOYBY U B MEPCHEKTHBE MOXET SBIATHCA CyOCTpaTOM JUIsi BHECEHHUS
JONOJTHUTEIbHBIX MHUKPOOPIaHW3MOB, TPETHH HApPYXKHBIM CJIOH OOecreyrBaeT LEIOCTHOCTD
CTPYKTYPbI MHOTOCJIOWHOM I'paHyJIbl M COAEPIKUT CTEAPUHOBYIO KUCIOTY. CTOJb CIOXKHBIE COCTaB U
CTPYKTypa TpaHyjbl OOYyCJIOBJIEHBI TE€M, YTO JBHXCHHE MHKPOOPTaHU3MOB, COJEPKAIIUXCS BO
BTOPOM IUTATEIBHOM CJI0€, TOJDKHO OBITh HAIIPABIICHHBIM.

JUis  moyydeHHUsl CJI0KHOTO OpPraHOMHMHEPAJIBHOTO YAOOpPEHHsSI HCHOJNb30BAIH METOJ
OKaTbhIBaHUS C MPUMEHEHHEM JIAOOPATOPHOTO TapeIbYaToro rpanyisatopa (puc. 1). Ha neuxymmiics
cioit rpanyn NPK ynobOpenus I, Haxonsmierocss Ha tapenke 1 0e3 WM ¢ MOPOIIKOOOPa3HBIMU
KOMIIOHEHTaMH, Yepe3 AUCIeprupyrolee yCTpOHCTBO 4 HAHOCUIICS PacIlIaB MOKPHITUS HIIU PACTBOP
cBs3yromiero Bemectsa Il

Pucynox 1 — JlaGopatopHblii Taperbyathlii TpaHyIsTOP:
1 — TapenpyaThlii TPaHyJIsATOpP; 2 — MOTOp; 3 — PErYIMPOBKa YIila HaKJIoHa; 4 — qucneprupyouiee
YCTPOUCTBO; 5 — Bo3ayx0Bo; 6, 9 — TOHEI; 7, 10 — kommpeccop; 8 — TerioBas myIka.
I - ceipbe, 11 —mokpeiTHE, 111, IV — BO3IYX.
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Hanuune mnponoHrupoBaHHoro »QQexra y TpaHyl MpOBEpsUId, OICHHBAas CKOPOCTb
pactBopeHust ynoOpenus. I[locTpoeHne KpUBBIX PAaCTBOPUMOCTH MPOBOJMWIM IO METOJUKE,
onucaHHo B [8] ¢ mpuMeHeHueM peppakTOMETPUUYECKOro MeTo/1a aHainu3a Ha npubdope MPD-454
B2. Jnst cpaBHeHHs pe3yIbTaToOB OBUIM MOJIyYEHBI 1BA BUAA TPAHYJI C IEPBBIM CIIOEM MOKPHITHS Ha
ocHOBe cepbl. [Ipu cpaBHEHHH KPUBBIX PACTBOPUMOCTH (PHC. 2) MOKHO CJeNaTh BBIBOJ, O TOM, YTO
npuMeHeHue y3koi ¢pakiuu ucxogHoro NPK ynobpenus obGecrieunBaer Oojiee MeIUIEHHOE
pacTBOpeHue Aapa yI00pEeHUs U yBEINYUBAET MPOJIOHTMPOBAHHBINA YPQEKT.

IIpu npumenenun Oonee mMpokor @pakuuu wucxoxgnoro NPK ynoOpeHus ckopocTb
pacTBOpEHUs] YBEIMYUBACTCA. OJTO CBA3aHO C TPACKTOpPHEH [BIKEHHS TpaHysl Ha Tapelike
IpaHyJsITOpa, TaK KaK TPaHyJibl OOJBIIEro AUaMeTpa JABMKYTCS B MPUOCEBBIX OOJIACTIX U B Hallle
NOMaaT B (akes paciblia, a TPaHyJibl MEHBILET0 JuaMeTpa BpaIlaloTcsl Ha epudepuu U Xyxe
MOKPBIBAIOTCS 00OJIOYKOM.
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PucyHnoxk 2 — Kpussie pacTBOPUMOCTH IPAHYJI C TIEPBBIM CIIOEM MOKPBITHSI HA OCHOBE CEpPBbI:
1 — mmpoxkas ppakuus ncxognoro NPK ynoopenus (2-3 mm); 2 — y3kas ¢ppaxuus ucxogunoro NPK
ynoOpenus (2,7-2,8 Mm).

[IpoMexXyTOUHBI ~ OpPraHUYECKUH  CJIOW  TMOKPBITHS ObUI  COPMHPOBAH  CMECHIO
IIPEIBAPUTENIBHO TPOCYLIEHHOIO H3MEJIBbYEHHOIO TyMyca M CBS3YIOLIET0 BOJHOIO pacTBOpa
nurHocyns(ponaroB. Ha paHHON cTaauum BaXHO OBLIO 00€CHEUUTh TEMIIEPATYpPHBIA PEXKUM
MIPOBE/ICHUS Tpoliecca, TaK KaK HEMPOCYLICHHbIE IPaHyJbl U3-3a H30BITOYHOTO KOJMYECTBA BIAru
CKJIOHHBI K PACTPECKUBAHUIO U IIOTEPE LEIOCTHOCTU CTPYKTYphl. TpeTuii 3aBepliaroluil CI0W Ha
OCHOBE CTEApUHOBOW KHUCIIOTHI SIBJISICS 3aBEPILIAIOILNM.

JUig OLeHKM KayecTBa CTPYKTYphl nostydeHHod rpanyisl no I'OCT 21560.2-82 [4] nHa
npubope UII-1M Oblna u3MepeHa craTuyeckas MpOYHOCTh. [Ipu cpaBHeHMH MoKa3aHMU (puc.)
MO>KHO CJ€JaTh BBIBOJ, YTO CTAaTHYecKas NPOYHOCTh HcXoAHblx NPK rpaHyn cyiecTBeHHO
MOHU3UJIACh TPU HAHECEHWH TNOKPBITUS. [laHHYIO0 3aBUCUMOCTH MOXXHO OOBACHUTH TEM, UTO
paspyleHue MOKPBITUS IPU U3MEPEHUH MTOKa3aHUN MPOUCXOAMIO Oe3 pa3pyLeHHs siipa yA00peHusl.
OpHako ¢ yBEIMYEHUEM KOJIMUYECTBA CJIOEB U JUAMETpPA I'paHyJibl MPOYHOCTH MOBBIIIAETCS, YTO
CBA3aHO XOPOLIEH aAre3ueu CJI0EB MOKPBITHSL.

MpoyHocTb, MMMa
IS

2 3 4 5 6 7
[uametp, Mm

PucyHnok 3 — 3aBucuMocTh CTaTHUECKOW MIPOYHOCTH CJIOCB OT AuaMeTpa rpanyi: 1 — ucxoanoe NPK
ynoOpenue, 2 — ¢ IePBBIM CJI0EM MOKPBITHUS, 3 — CO BTOPBIM CJIOEM ITOKPBITHS,
4 — c TPETBUM CJIOEM MOKPBITHS.



MEX/IYHAPO/IHBIM KOCBITMHCKUK ®OPYM. MHTC POMAHKOB-2024. TOM 2. 173

BuiBOaBI

B pabote mpeacraBieH crnocod MOMyYEHHUsS CIOKHOTO OPraHOMHUHEPAIBLHOTO yIOOpEHUS C
TPEXCIOMHBIM MOKpHITHEM, O0O0JaJaloUM 33JaHHBIMUA  (YHKLIHMOHAJIBHBIMH OCOOCHHOCTSIMH,
o0ecreynBaOIUMH  TIOOYEPETHOE  BBIIEJICHUE  MHUKPOOMOJIIOTMYECKOH M MHHEpaJbHOU
COCTABJIAIIOLINX (C 3aMEJICHHBIM BBICBOOOXKICHUEM Iociennel ). B npouecce pa3paboTku criocoba
MOJy4yeHHUs OBUIO OTMEUYEHO, 4YTO IpHMEHEeHHe y3Koi ¢pakmuu wucxomnoro NPK ynoOpenus
obecrieyrBaeT 0ojee MEJIEHHOE PACTBOPEHHE SJIpa U YBEIMYMBAET MPOJIOHTUPOBAHHBIN 3 deKT.
CraTtuueckasi IPOYHOCTH MPOJYKTA CHUYKEHA [0 CPABHEHUIO C UCXOAHBIM YAOOpEHHEM, OJJHAKO IIpU
YBEIMYEHUN KOJMYECTBA CJIOEB IIOKPHITHSA, OHAa TaKXe YBEJIUYHBACTCS, YTO OOOCHOBBIBAET
HE00XO0IMMOCTh HAHECEHHSI 3aBEPILAIOLIETO 3aLUIUTHOTO CJI0s1 HA OCHOBE CTEAPUHOBOM KUCIIOTHI.

Paboma evinonnena npu ¢punarcosoii noodepocke I panma Iocyoapcmeennozo 3adamnus No
FSFZ - 2023-0003.
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AHAJIN3 KHHETUKHU BBIMBIBAHU S [TIOJIMMEPA U KPACUTEJIA U3 CYKHA "
MOJEJBbHBIX IIVIEHOK
ANALYSIS OF THE KINETICS OF POLYMER AND DYE WASHING FROM FAITH AND
MODEL FILMS

I'puropmnii Uropesnu Xa3zanos, Maprapura AJiekceeBHa AnlapylIKHHA
Grigory 1. Khazanov, Margarita A. Aparushkina

Poccuiickuii 2ocyoapcmeennsiii ynueepcumem um. A.H. Kocvieuna
(Texnonoeuu. Juzaiin. Ucxkyccmeo), Poccus, Mockea
The Kosygin State University of Russia, Russia, Moscow
(e-mail: hasanov_gr 1957@rambler.ru, aparushkina-ma@rguk.ru)

Annomayus: PaccMoTpeHa 3aja4a COXpaHEHMs SKCIUTYaTallMOHHBIX CBOMCTB TEXHMYECKHX
CYKOH, 00pa0OTaHHbIX IOJIMMEPHOM CMOJIOHN U KpacUTEeJIeM, IOCIIe JUIUTEIBHBIX MOKPBIX 00paboTOK.
[Toka3aHa 3aBUCUMOCTh KHHETUKH BBIMBIBAHUS TIOJIMMEPA U3 CYKOH M IIJICHOK.

Abstract: The task of preserving the operational properties of industrial cloth treated with
polymer resin and dye after long wet treatments is considered. The relationship of polymer washing
out from cloth and films is shown.

Kniouesvie cnosa: aHTUMUKPOOHAs OTAEITKA, SKCTPAKIIMSA, CMOJIA.

Keywords: antimicrobial finishing, extraction, resin.

HeoGxonuMmble 3KCIUTyaTallMOHHbIE CBOWCTBA MPUIAIOTCS IPECCOBBIM CYKHaM  JUIs
OymarojienaresIbHbIX MAalldH B MPOLIECCe MX AaHTUMHUKPOOHOH OTAENKM M ammperupoBaHus. s
AHTUMUKPOOHON OT/AEJIKM HaMHU HCIIOJIb30BAJICS KPAaCUTENIb XPOMOBBIA oOpamHKeBbId. J[lanee
CJIEZIOBAJIO allpeTHpOBaHKE dMOKcUIHON cMonoil Kuureke. Tak kak B mpouecce paboThl U3 CYKOH
IIPOUCXOJUT BEIMBIBAHUE OT/IEIOUHBIX IIPENAPATOB, TO CYIIECTBYET BEPOATHOCTD IOTEPH U3AECIUAMHU
HKCIUTyaTallMOHHBIX CBOMCTB, YTO MPUBOJIUT K UX CHATHIO ¢ OyMarojenareibHbIX MamuH. [Toaromy
ObUI MPOBEJCH aHAJIM3 KUHETHKH BBIMBIBAHHUS IOJIMMEpPA W KPACHTENsI M3 CYKOH U MOJIEIbHBIX
IJIEHOK.

B OymaronenaresbHOM MPOM3BOJCTBE IPECCOBbIE TEXHHUECKUE CyKHA, paboTarolmue B
YCIIOBUSIX aKTUBHOM TMIApOAMHAMMKHU Ipu TemmepaTypax 20-60°C, mocie npouecca NpecCOBaHUs
MOABEPraloTCsl MNPOMBIBKE pacTBOpoM HeuoHoreHHonix I[IAB [1]. B pesynbpraTe yka3zaHHbBIX
BO3JEHCTBUI (IIPECCOBAHME M IPOMBIBKM) MPOMCXOAUT BBIMBIBAHHE allpPeTa U3 TEKCTUIBHOIO
MaTepuaga, KOTOPOE CKa3bIBa€TCsl Ha JaJbHEHIIMX SKCIIyaTAallMOHHBIX CBOMCTBAX M3AEIUSA U
KOCBEHHO XapaKTepU3yeT yCTOMUUBOCTh 00PAa30BaBLIMXCS CBA3EH MEXY TOJIMMEPOM U CYOCTPaTOM.

O cneun(pu4HOCTH B3aMMOACUCTBUS TEXHHUUECKOTO CyKHa co cMosioii KHutekc moxer
CBUJETEIBCTBOBATh U3MEHEHUE KOJIMUYECTBO TEPSIEMOI0O IOJIMMEPA NIOCIIE IKCTPAKLIUU [TOJIMMEPHON
IJIEHKH, [T0JIy4€HHON HETIOCPEICTBEHHO HA U3/IEJIUU U BHE €TO0.

OmnpeneneHHblii BKJIaJ B oOecreueHHe YCTOWYMBOCTH OOpa3yeMbIX Ha TEKCTHIBHOM
MaTepuaje MOJUMEPHBIX MOKPHITUH K Pa3IMYHbIM (U3NYECKUM BO3JIEHCTBHSM BHOCAT U CHIIBI
MEXMOJIEKYJIIPHOTO B3aUMOJICHCTBHUS B CAMOM IOJINMEPE, T.€. KOTE3NOHHBIE CUIIBI.

W3yyanack KHHETHKA BBIMBIBAHHUS MIOJIMMEPA U3 MOJAEIBHBIX IUNIEHOK U 00pa3IoB CyKHa (puC.
I, 2) »okcTpakuMed IUCTWIIMPOBAHHOM BOXOM M pactBopoM ImpeBouemia W-OFP-100
KoHIeHTpauueil 1 r/n mpu temnepatypax 20, 45 u 70°C B teuenue 30-tu cyrok. KommuectBo
BBIMBIBAEMOI'O IOJIMMEPA OIPEAEIIOCh BECOBBIM MeTOAOM [2]. Ilpu 3KCTpakiuu MOJENbHBIX
IUIEHOK (puc. 1) IMOBBILIEHWE TEMIEPAaTypbl U BBEIEHUE MOIOLIETO BELIECTBA CYLIECTBEHHOI'O
BJIMSIHUSL HAa KOJIMYECTBO TepsieMoro nosuimmepa (MeHee 1%) He OKa3bIBAIOT, YTO CBHICTEIBCTBYET O
HAJIMYUU CWIbHBIX BHYTPUMOJIEKYJISIDHBIX CBS3€H B CTPYKTYpE MCCIEAYEMBIX I1OJIMMEPOB.
AHaJOTUYHBIC SIBIICHUS HA0IIOIal0TCSA My CYKOH (pHC. 2), OTHAKO B JAHHOM CITydae MOJIMMEp TepsieT
5% cBoelt Macchl. Pasnnuue B NoTepu 3MOKCUAA, IO-BUIUMOMY, CBSI3aHHO C IPEBOCXOACTBOM CHJI
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KOT'C3MU MCKAY MOJICKYJIaMU CMOJIbI HaJl CWJIAMU aiIC3UH UX K BOJIOKHY.

Tabumna 1 — M3MeHeHne SKCIUTyaTallMOHHBIX CBOMCTB TEXHHYECKUX CYKOH, allpeTUPOBAaHHBIX
cmoJsioil KHUTEKC 1ociie SKCTpaKkiuy.

YcnoBus npoBeneHus Bogo- Boznyxo- VY anuneHue I'pubo-
9KCTPaKLHUU MOTJIOLICHHE, MIPOHMILIA- IIPU pa3pbIBe CTOHKOCTB,
% €MOCTBb, o yTKy, % Oamn
M’ /v’ ¢
Wcxonusiii o6paserr 10 188.6 387.9 28.0 0
OKCTPaKIHU
Bopa puctunnupoBaHHasi,
20°C 186,4 385,7 28,0 0
45°C 185,7 384.,9 27,8 0
70°C 185,2 384.,4 27,6 0
PacTBop mpeBouena W-
OFP -100,
20°C 185,8 385,3 27,9 0
45°C 185,1 384.,6 27,6 0
70°C 184,9 384,2 27,5 0
PactBop ykcycHoi
kucnotsl, pH 4, 70°C 184,7 383.8 27,5 0
PactBOp
KaJIbLIUHUPOBAaHHOU COABI 184.,4 383.6 27,2 0
pH9, 70°C

[Tocne »KkcTpakuuu mHpombIThie B TeueHHe 30-TM CyTOK 0Opasibl HCHBITHIBAJINCH Ha
BOJIOTIOTJIONICHNUE, BO3AYXOIPOHUIIAEMOCTh M yAJIMHEHHE TMpH paspeiBe. llepedncrienHsie
XapaKTepUCTUKH HMMEIOT OJU3KHEe 3HAYeHHMS Kak /10, TaK W IOcie MpOMBIBKH (Tabu. 1), uTo
CBHJIETEIILCTBYET 00 YCTOHUMBOCTH OOPAaOOTKHU K ATUTEIBHBIM BO3CHCTBUSAM BOJIHBIX CPEl.

B otnenouyHoM mpoM3BOJCTBE MPOLECC ANNPETHPOBAHUS CIEAYET MOCIE aHTUMHKPOOHOM
OTACNKUA. B CBS3M ¢ 3TUM NpW 3KCTPAKIMM HApaUICIIbHO C BBIMBIBAHHEM SIIOKCHIA MOXKET
IIPOMCXOUTh U yJaJeHUE aHTUMUKPOOHOro mpenapata. [loaromy ompenensnack rpuOOCTORKOCTD
cykHa cornacHo ['OCT 9.802-84 [3]. ['pubocToiikocTh 006pa3iioB mociae 00padoTKH BO BCEX CIIydasix
cocramsiia 0 6amioB (tadm. 1).

o 08 ‘ | 08
b ‘ i ! N ‘
g S ‘ .
g 0,6 < § 0,6 e
g e g
<]
3 0,4 £ |
§ § 0,4
E —1 g S
4 — =
a 0,2 2 & 0,2 2
g g
g 3 2 3
E oo
0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
JIMUTENBbHOCTD KCTPAKIUH, CyTKH JIUTENBHOCTE SKCTPAKIMU, CYyTKH
a) 0)

Pucynok 1 — KuneTrka BbIMBIBaHHS TTOIMMEPA M3 MOJICIBHBIX TICHOK cMOJIbI KHUTEKC:
a - IUCTUJUTUPOBaHHOW BOJOH; O - pacTBopoM npeBoreia WOFP — 100
npu: 1- 20°C, 2 - 45°C, 3 - 70°C.
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PucyHnoxk 2 — KuneTrka BEIMBIBAHHS TIOJIMMEPA M3 CYKOH, alllPETUPOBAHHBIX cMOIION KHuTekc:
a — TMCTWUTUPOBAaHHON BOJOH; O — pacTBopoMm mpeBouemia WOFP — 100
npu: 1- 20°C, 2 - 45°C, 3 - 70°C.

Takum o0pa3om, mocie JATUTEIbHBIX MOKPBIX 00paOOTOK Ha BOJIOKHE OCTAETCsl OCHOBHAS
YacTh MOJIMMEPA M KPACUTENsI, He0OXoauMast Ui OJ/IepKaHusl SKCIUTyaTallMOHHBIX CBOMCTB Ha BCE
BpeMs pabOoThl U3EIUSI.

[Tocne »KkcTpakuuu mHpombIThie B TeueHHe 30-TM CyTOK OOpasibl HCHBITHIBAJINCH Ha
BOJIOTIOTJIONICHUE, BO3AYXOIPOHHUIIAEMOCTh M yAJIMHEHHE TIpH paspeiBe. llepedncriennsie
XapaKTepUCTUKH HUMEIOT OJM3KMEe 3HAYeHHs Kak /10, TaK W IOcie MpOMBIBKH (Tabs. 1), uTo
CBHUJIETEIILCTBYET 00 YCTOHUMBOCTH 0OPaOOTKHU K ATUTEIBHBIM BO3CHCTBUSAM BOJIHBIX CPEl.

B otnenouHoM mpoM3BOJCTBE MPOLECC ANNPETHPOBAHUS CIEAYET MOCIE aHTUMHKPOOHOM
OTACNKUA. B CBS3M ¢ 3TUM NpU S3KCTPAKIMM HApaUICIIbHO C BBIMBIBAHHEM SIIOKCHIIA MOXKET
IPOUCXOIUTh U yJaJCHUE aHTUMUKPOOHOro mpenapata. [loaromy ompenensnack rpuOOCTORKOCTD
cykHa cormacHo ['OCT 9.802-84 [3-4]. I'pubocToiikocTh 00pa3loB mociie 00pabOTKHM BO BCeX
ciydasix cocrapisuia 0 6amios (tadm. 1).

Takum o0pa3om, mocie ATUTEIbHBIX MOKPBIX 00pa0OTOK Ha BOJIOKHE OCTAETCsl OCHOBHAS
YacTh MOJIMMEPA U KPACUTENsI, He0OX0auMast Ui OJ/IepKaHus SKCIUTyaTallMOHHBIX CBOMCTB Ha BCE
BpeMs pabOoThl U3EIUSI.

[IpemyiaraeMple  TEXHOJIOTUM AHTUMHUKPOOHOW OTAENKH M ANMNpPETHPOBAHUS MOTYT OBITH
PEKOMEHJOBAHbl JJIsl OTHAEIKH TEXHHYECKUX CYKOH MJIsi MPECCOBOM 4acTH OymarojenaTelbHbIX
MaIlyH.
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PACIIBIVIEHHME KUJAKOCTHU IYTEM 'MHIPOAUHAMHNYECKOTI'O 1
VJIBTPA3BYKOBOI'O BO3JIENHCTBUS
LIQUID ATOMIZATION BY HYDRODYNAMIC AND ULTRASONIC ACTION

Anpapeit Buxtoposuu lllanynos, Bukrop Anexkcanaposuy Hecrepos,
JAmutpnii Bragumuposu4 I'enne, Poman Cepreesnu JlopoBckux
Andrey V. Shalunov, Viktor A. Nesterov, Dmitry V. Genne, Roman S. Dorovskikh

butickuti mexnonocuueckuti uncmumym (gunuan) gedeparbHoco 20cyO0apCmeeHH020 OH0HCEMHO20
00paA3068aMENLHO20 YYPENCOCHUSL 8bICULECO 0OPA30BAHUA « ANmAaticKull 20Cy0apcmeeH bl
mexHudeckuil ynusepcumem um M. U Ilonszynosay (FTU AnmI'TY), Poccus, butick
Biysk Technological Institute (branch) of the Altay State Technical University, Russia, Biysk
(e-mail: nva@u-sonic.ru)

Annomayusa: B crtarbe NpencTaBleHbl pPe3yibTaThbl HCCIEAOBAaHHUS PAaOOThl PACHBUIMTEINS,
OCHOBAaHHOTO Ha THJPOAMHAMHYECKOM M YJIBTPa3ByKOBOM BO3JCHCTBUHM Ha MOTOK paclbUIseMON
KUAKocTH. Pa3paGoTaHHBIi  pacHbuIMTENIb  OOECIIEUMBACT  BBICOKYIO  IPOU3BOAUTEIILHOCTD
pacibUIeHHs], TP 3TOM 3a CYET ONTHMHU3ALUHU PEKUMOB pabOTHI, pa3Mep Kameilb (HopMUpyeMoro
yMeHbIaeTcsi 0ojee yeM B 1Ba pasa. Ilpu nuamerpe comna 0.7 MM, 1uamerpe yiabTpa3ByKOBOTO
MHCTPYMEHTa 8 MM U IIpU U30BITOYHOM AaBJIeHUU pacnbuisieMoit xunkoctu 0,7 Mlla pacnsuinrens
obecrnieynBaeT MPOU3BOAUTEIBHOCTD 9 MiI/C U (GOpMHPYET a3po30iib C pazMepamu Kamenb D= 40
MKM.

Abstract: The article presents the results of a study of the operation of a sprayer based on
hydrodynamic and ultrasonic effects on the flow of sprayed liquid. The developed sprayer provides
high spraying performance, and due to the optimization of operating modes, the size of the droplets
formed is reduced by more than half. With a nozzle diameter of 0.7 mm, an ultrasonic tool diameter
of 8 mm and an excess pressure of the sprayed liquid of 0.7 MPa, the atomizer provides a productivity
of 9 ml/s and forms an aerosol with droplet sizes D32 = 40 pum.

Kniouesvie cnosa: pacnbuieHue, yiabTpa3ByK, KoJieOaHus1, aMIUIUTY/1a, 1aBJICHUE.

Keywords: spraying, ultrasound, vibrations, amplitude, pressure.

PacnblieHue KMAKOCTEH W HANbUICHUE DPA3IU4HBIX IIOKPBITUN SIBISETCS OCHOBOM
3HAYUTEIBHOTO KOJIMYECTBA TEXHOJIOTMYECKUX IPOLECCOB B IIPOU3BOACTBAX, OTHOCALIUXCSH, B
MEPBYIO OYepeNb, K BBHICOKOTEXHOJIOTHYHBIM cekTopaMm mpousBoicTBa [1-3]. Hus s>ddexTuBHOIM
peann3alil COBPEMEHHBIX TEXHOJIOTUH HEOOXOIMMO CO3/1aHUE a’3po30Jiell C MOBBIIICHHBIMHU
TpeOOBAHUSAMHU 110 MOHOAMCIIEPHOCTH, IUIOTHOCTH (hakesa pacmblia U pasMepaMm (HOpMHPYEMBIX
Karesb pu 00eCcrieYeHnH BBICOKOM Mpou3BoAnuTEIbHOCTH. Hanbosee pacipocTpaHeHHBIMU TUIAMH
pacmpuuTeNeil M cHoco0aMu  pacmbUICHUS SIBISIOTCS THAPABINYECKHM, ITHEBMAaTHYECKUH,
IEKTPOCTATUYECKUN U JAp., KOTOPbIE HE MO3BOJISIIOT CO3[aBaTh BBICOKOAUCIIEPCHBIE a3pO30JIH C
HEOOXOIMMBIMU pa3MepaMH 4YacTHIl ¥ TpeOyeMoll mNpou3BOaUTENbHOCThIO. Kak mpaBuio,
MIPOU3BOJUTEIbHBIE CUCTEMbI (POPMUPYIOT a3p030JIb C KPYIHBIMU pa3MepaMu Karelb, a CUCTEMBI
BBICOKOJIUCIIEPCHOTO PACIBUICHUSI UMEIOT HU3KYHO MPOU3BOAUTEIHHOCTH [4-5]. IIpobrema moxer
OBITH pelIeHa 3a CYET TUAPOAMHAMHUYECKOTO M YIbTPa3ByKoBOro (¥Y3) BO3ICHCTBUS Ha CTPYIO
KuakocTy. KoHCTpyKIUs IpeIoKEHHOTO PacbUIMTENS IPEACTABIEHA HA PUCYHKE.
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1 — mpe303neKkTpuYeckuii mpeodpazoBatens JlamkeBeHa; 2 — M3Tyvaronias HaKJIaJAKa-KOHLIEHTPaTop;
3 — oTpaxkaromasi HaKJIaaKa; 4 — Mbe30KEPAMUUECKHIE HIEMEHTHI; 5 — paboUnii HHCTPYMEHT;

6 — TeXHOJOrHYeCKUi 00beM; 7 — )KuKiIep; 8§ — mWrynep; 9 — pacnpuisiemMas KUIKOCTh; D1 — nuamerp
OKOHYaHMS paboyero HHCTpyMeHTa; D2 — nuaMeTp oTBepcTHs kuKiepa; D3 — BHyTpeHHUI quaMeTp
TEXHOJIOTMYECKOT0 00beMa B 30HE OKOHYaHUS pabovero HHCTpyMeHTa; D4 — BHyTpeHHHI AuaMeTp
TEXHOJIOTHYECKOT0 00beMa

PucyHnok 1 — Dcku3 ynpTpa3ByKOBOTO PaCIbLIATENS

OCHOBOW KOHCTPYKIIMM paclbUIMTENs SBIETCS Ibe3onpeoOpasosarens JlamxeBena. Jlns
MOBBIIIEHUS] MOIIHOCTH MOXHO TPUMEHATh IpeoOpa3oBareib, OMNUCAHHBIA B pabdore [6].
PacnipuinTens, 0OCHOBaHHBINM Ha MAPOJMHAMMUYECKOM M YJIBTPAa3BYKOBOM BO3JEHCTBUH, COAEPIKUT
YABTPa3BYKOBYIO KOJIEOATEIbHYIO CHCTEMY, COCTOSIIYIO U3 MTbE303JIEKTPUIECKOro mpeoOpa3oBaress
(mo3.1) u pabouero wuHCTpymeHTa (103.5). IloBepx paboyero HMHCTPyMEHTa YCTaHOBJICH
TEXHOJIOTHYECKH 00beM (1103.6). Pacnbuisemas sxuakocTh (1103.9) momaercs B TEXHOIOTHYECKUI
oobeM (103.6) vepe3 mrylep (1o3.8). DopMupyeMbIii a’p030i1b HCTEKAET Yepe3 OTBEPCTHE B
XKuKiepe (1o3.7), mpU 3TOM OTBEPCTHE PACIOJIOKEHO HANPOTUB TOPIEBOH KoIeOIroImencs
MOBEPXHOCTU pabouero MHCTpyMeHTa (103.5). Pacmbuintens paboTaer cieayrommm o0pa3oMm.
Haxopstimasicst mox JaBieHHEM B TEXHOJOTHUYECKOM 00beMe pacibuIsieMas )KHUIKOCTh MOMAAaeT MO
JeiicTBUE yABTPa3BYKOBBIX Kosiebanuii. HaubounpIee Bo3aeiicTBUE HA )KUIKOCTh OCYIIECTBISETCS B
obmactu (BeIcOTOM H) MEXIy TOPIEBOM MOBEPXHOCTHIO pabOYETr0 MHCTPYMEHTA U TIOBEPXHOCTHIO
XKuKiepa. B manHoit obnactu ¢opmupyeTcsi 30Ha KaBUTAIMU, [IPH 3TOM MPOUCXOJUT HCTEUYECHUE
pacubUIsIEMON KUAKOCTH (BPEMEHHOM CYCHEH3UMU COCTOSILENH W3 pacHbUISIEMON XUAKOCTH M
(bopMHpYeMBIX KaBUTALIMOHHBIX Iy3BIPHKOB) B OTBEPCTHE. 3a CUYET TUAPOJUHAMUYECKOTO
BO3JEMCTBUSI NIOTOK CYCIIEH3MM paclajaceTcsl Ha KpylHble Kamuu. [lomanas Bo BHEHIHIOIO Cpeny
IIOTOK Kamejb CYCHEH3UU (IIEPBUYHOIO a’po30Jisl), COAEpXKAlleld KaBUTALMOHHBIE ITy3BIPbKU
HAUMHAET MPOLIECC UMILUIO3UM, B PE3yJbTaTe Yero Kaluld HAauMHAK0 BTOPUYHOE pacnbuieHue. Ha
pHUCYHKe 2 MpeaCTaBlIeH pa3padOTaHHbII MTbE303IEKTPUUYECKHi Tpeodpa3oBatens JlamkeBeHa.
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A — 3CKH3 yIIBTPa3BYKOBOTO MbE303JIEKTPHYECKOT0 Mpeodpa3oBaTels;
b — dopma konebanuii mpe3031eKTpHUECKOro mpeodpaszosatens; B — gpoto
1 — u3nyyarouias HaKJIaAKa-KOHLIEHTPATOp; 2 — OTpaKaromasi HaKJIaKa;
3 — mpe30KepaMUIECcKUe 3JIEMEHTHI; 4 — CTATMBAIOLINNA 00T

PucyHok 2 — Pa3paGoTaHHbIi MbE303IEKTPHICCKHI TPe0Opa3oBaTeib

[IpeoOpaszoBatenb COCTOMT W3 YACTOTHOMOHIDKAIONIEH wu3myvaronieil Hakimaaku (mos.l),
OTpakarollel YaCTOTHONOHMKAIOIIEH HaKIaKu (1103.2), Mbe303JIEKTPUYECKUX IEMEHTOB (1103.3) 1
crsaruBatomero  Oonra  (mo3.4). Ilpm  paspabotke  mpeoOpazoBarenss  HCIOJNB30BAIUCH
IIbE303JIEKTPUUECKHE AIIEMEHTHI pa3mMepoM 35x12x6,35, mapku APC-841. Takoit npeobpazoBarenb
KoMIakTeH, obianaet BeicokuM KI1/I, a mpu ucrnonb30BaHUN KOHLIEHTPUPYIOIIEH paboueil HakIa Kku
o0ecrieunBaeT yBeIMYCHUE aMILTUTYIbI Kosiebanuit 1o 10 pas.

JlanpHeiie uccienoBaHus ObUIM HAIpaBJIeHbl HA pa3paboTKy paboyero MHCTpyMeHTa. s
YBEJIMYEHUST aMIUTUTYbl KojeOaHHi ObLJIO MPEIOKEHO padOunii HMHCTPYMEHT BBIIIOJIHUTH B BUJC
KOHIIEHTpaTopa CO CTYNEHYaTO-paAualIbHbIM NIEPEXOAO0M (PUCYHOK 3).

Vcnonb30BaHNEe MHCTPYMEHTAa TaKOM KOHCTPYKTMBHOH (OpPMBI TO3BOJSET MOJIYYHUTH
JONOJHUTENbHBIM K03 GuIenT Tpancopmanuu koiedanuii (3.5). B xauecTBe MarepuanoB s
M3TOTOBJICHUS pabOYMX MHCTPYMEHTOB ObLI BbIOpaH THUTaHOBHIN criaB BTS, xapakrepusyronmiics
XOpoIIe H3HOCOCTOMKOCThIO. B Tabmuume 1 mpeacTaBieHbl TEXHUYECKUE XapaKTEPUCTUKU U
HanboJee BaXKHBIX TEOMETPUUYECKUX Pa3MEPOB Pa3padOTaHHOTO PACIBLTUTEIIS.

Unit: mm’
Global Coordinate System
12102023 0:43
s vax
203,21
235,57
177,93

. 120,28
62,642

5

-5

-54,359
-103,72 Min

A b
A — ¢poTo ynpTpa3ByKoBOro MHCTpyMeHTa; b — ¢popma xonebanuii HHCTpyMeHTa

Pucynok 3 — PaspaGoranHsiii pabouuii HHCTPYMEHT
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Taoauna 1 — TexHuueckue XapakTepUCTUKU pa3pabOTaHHOTO PACTIBLTUTENS

XapaKkTepucTuKa 3HaueHue
Pe3onancnas yacroTa, kI 11 22,5
MaxkcumanbHas aMIuIuTyaa (pa3Max) MeXaHu4ecKux KojeOaHuii paboyero 100
MHCTpYMeHTa (6€3 Harpy3KH), MKM
MakcumanbHas aMIUIUTyaa (pa3Max) MeXaHH4eCcKuX KojeOaHuii paboyero 76

MHCTPYMEHTA (B )KUAKOCTH NpH AaBieHuu 10 6ap, onpeaensiack KOCBEHHO
10 TOKY), MKM

[TorpebisiemMasi MOITHOCTb 101 MAKCUMAJIbHOM Harpy3koi, Bt 250
JlnameTp okoH4aHus paboyero uHcTpyMeHTa (D1), Mm 8
Huamerp orBepcTust )kukiepa (D2), mm 0,7
BHyTpeHHHUI AUaMETp TEXHOIOTHYECKOro 00beMa B 30HE OKOHYAHUS 10
pabouero uncrpymenra (D3), mm

BuyTpennuii iuametp TexHonorundeckoro oorema(D4), mm 16
BuyTpennuii auamertp mrynepa (1os.8), Mm 6
Paccrosinre Mex1y TOPLIEBBIMHU TOBEPXHOCTSIMUA PabOYero HHCTPYMEHTA U 1,5

xkukiepa (H), mm

Ha cnenyromem stame ucciieioBaHHM ObUTM MPOBEACHBI M3MEPEHHS MPOU3BOAMTEIBHOCTH
pacrbUIeHHs IPH Pa3HBIX YPOBHSAX aMIUIUTY/AbI KoJieOaHUi Topua pabodero MHCTPYMEHTA U Pa3HbIX
3HAQUEHMUSX M30BITOYHOTO JaBJICHUS JKUAKOCTH. Ha pucyHke 4 mpeAcTaBiIeHbl 3aBHCUMOCTHU
MIPOM3BOJUTEIBHOCTH PACIIbUICHUS BOJIBI OT AABJICHUS IIPU PA3HBIX aMILTUTYaX KoJeOaHUH.

12

=#=without US
--A--26 pm

—=—3] pm

1 2 3 4 5 6 7 8
P.x 0.1 MPa

Pucynok 4 — 3aBucumocTs POM3BOIUTEIBHOCTH paciblieHus Bobl (Q) ot naBnenus (P) npu pasHbIx
aMIUTUTY1aX KoJIeOaHU HHCTPYMEHTA

AHanu3 NONY4YEHHBIX 3aBHCHUMOCTEH I10Ka3aj, YTO YBEJIMYEHUE JABICHMSI IPUBOAMUT K
MIOBBIIICHUIO NPOU3BOIUTENBFHOCTU. TaKke YCTaHOBJICHO, YTO yBEJIUUYEHUE aMIUIUTY/bl KoneOaHun
IIPUBOAMT K MOHM)KEHUIO MPOU3BOIUTEIBHOCTU IIPU YCTAHOBJIEHHOM JaBlIeHUU. B nononHeHue k
3TOMY Ha TpaduKax BHIHO, YTO IPHU NPEBBIIICHUU JIABICHUS BBIIIE ONPEEICHHOIO MOPOTOBOTO
3HA4YE€HUs MPOU3BOJUTENILHOCTh CHIKaeTca. Hanpumep, ysennuenue nasienus ¢ 0.4 MIla no 0.5
MIla npu amruutyzae kKonebanuit 26 MkM (pasMax 52 MKM) MPOU3BOIUTEIBHOCTh CHUXKaeTcs ¢ 7,8
wir/c go 7,4 wmi/c. Ilpu 3TOM BO3HUKAaeT JONOIHHUTENbHBIM HIymMoBOH 3¢ ¢ekt. Ilpu Takom xe
M3MEHEHUU JIaBJICHUSI MPOM3BOAUTEIBHOCTh pacnbuieHus: 0e3 Y3 Bo3neicTBUs yBenuuuBaeTcs 8.5
10 9.5 mi/c. [lanee ObUIH MPOBEICHBI U3MEPEHUS JUCHEPCHOTO COCTaBa (POPMHUPYEMOIO a3pO30JIsl.
Ha pucyHnke 5 npuBeneHsl IpuMepsl pacipeieeHui pa3MepOB YaCTHII.
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A — m30siTounoe mnasienue 0.2 MIla; D3, = 146 MmxM; A=26 MKM;
b — u36wITounOE Aasnenue 0.65 MIla; D3, = 39 Mxm; A=26 MKM

PucyHok 5 — O0bemHOe pacnpe/iesieHie 4acTull 1o pa3Mepam

Amnanu3 pacripenenenus (pucyHok SA) mokaszan, uro npu aasienuu 0.2 Mlla, popmupyercs
nBa MakcumyMa. [Ipu 3TOM mepBbIii MaKCUMyM CBSI3aH C JIpOOJCHHEM Kamelb Ha MEJKHE 33 CUeT
UMIUIO3MM M 3@ CUYET HEMOCPEACTBEHHOIO YIIBTPAa3BYKOBOIO paclbUIeHHs. BTopoll Makcumym
(o6mactp GombIIMX Kaneiab pazMepoM 300 MKM) CBsSI3aH C HEJOCTATOUYHBIM JIPOOJICHUEM MEPBHYHON
cTpyu xkunkoctu. [Ipu moseimenuu nasnenus 10 0.65 Mlla (pucynok 5b), Haubonee KpyIHbIe Kariu
HE HaOIIOAI0TCsl, IPOUCXOIUT paBHOMEPHAs yIbTpa3ByKoBas 00pabOTKa BCEro NOTOKA )KUKOCTH, B
pe3yinbTare uyero popMupyercst a3po30Jib C OTHOMOJAIBHBIM PACIIPEICICHHEM.

Jlanee ObLia MoJy4YeHa 3aBUCUMOCTD pa3Mepa Karelb OT U30bITOYHOTO JaBIEeHUs (PUCYHOK 6).

200
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Pucynok 6 — 3aBucumocts pazmepa yactui] D3, 0T 30bITOYHOTO AaBicHUs (A=26 MKM)

AHanu3 NOJyYEHHBIX JAHHBIX [10Ka3aJjl, YTO OJHOBPEMEHHO C HECYIIECTBEHHBIM IIOHUKEHUEM
IIPOU3BOAMTEIBLHOCTH PACIBUICHUS, YMEHBIIAETCA U pa3Mep dacTull. Hampumep, npu usmMeHEeHUH
nasienus ¢ 0.4 Mlla no 0.5 Mlla npoucxonuT pe3koe yMEHBIIICHHE pa3Mepa Kamneib (oOpMUPYEMOTO
asposous ¢ 112 MM 10 66 MKM. YMeHbleHHe (GOPMUPYEMBIX Kareidb MPOUCXOAUT MPH MOBBIICHUN
nasienust 1o 0.7 MIla. [lanpHeliee yBennueHUe JABICHUS MIPUBOAUT K HE3HAYUTEIIBHOMY POCTY
pa3MepoB Kallelb, IIPU 3TOM IIPONOPLUOHAIBHOMY POCTY IIPOU3BOAUTEILHOCTH PACIIbLICHHUS.

BriBoABI

B mpouecce wuccrnemoBanmii  Obl1  pa3paboTaH  pacHbUIMTENb, OCHOBaHHBIM  Ha
THIPOIMHAMUYECKOM M YIBTPa3BYKOBOM BO3JICHCTBUM HA IOTOK PACHbUIIEMON JKUAKOCTH.
[TpenioxkeHHbli crioco0 pacHbUICHUS TO3BOJISIET YBEJINYUTH POU3BOAUTEIBHOCTD PACIIBIIICHUS IPU
YMEHBUICHUU pa3MepoB Kamellb a’spo30iisi. 3a CUeT YCTAHOBJICHHS ONTHUMAJbHBIX YCIOBUH, MPH
auamerpe corta 0.7 MM, Iuamerpe yiabTPa3ByKOBOTO HMHCTPYMEHTa 8 MM M HpU H30BITOUHOM
JaBlIeHUM paciplisieMoit sxuakocta 0,7 MlIla pacnpuiurens oO6ecrednBaeT MpOu3BOIUTENLHOCTD 9
MII/c 1 OpPMHUPYET a3p0o30JIb € pazMepamMu Kaneiab D32= 40 Mxm.



182 20 - 22 dpeBpansa 2024 roga. ISBN 978-5-00181-553-2

baarogapuocTu

Hccnedosanue svinoaneno 3a cuem epanma Poccuiickoeo nayunoeo gonoa Ne 23-19-00875,
https://rscf.ru/project/23-19-00875/.

CIIMCOK JIMTEPATYPbI

1. Thakur P., Sonawane S., Potoroko I., Sonawane S., Shirish H. Recent Advances in
Ultrasound-Assisted Synthesis of Nano-Emulsions and their Industrial Applications. Curr. Pharm.
Biotechnol. 2021. V. 22. no. 13. P. 1748-1758.

2. Wang Y., Ruan L., Application of Ultrasonic Atomization in a Combined Circulation
System of Spray Evaporative Cooling and Air Cooling for Electric Machine, Processes. 2021. V.9.
no 10. 1773.

3. Zhang Q., Fan L., Wang H., Han H., Zhu Z., Zhao X., Wang Y. A review of physical
and chemical methods to improve the performance of water for dust reduction. Process Saf. Environ.
Prot. 2022. V. 166. P. 86-98.

4, Donnelly T. D., Hogan J., Mugler A., Schubmehl M., Schommer N., A. Bernoff
J., Dasnurkar S., Ditmire T. Using ultrasonic atomization to produce an aerosol of micron-scale
particles. Rev. Sci. Instrum. 2005. V. 76. no 11. 113301.

5. Lozano A., Amadeva H., F.Barreras, et al. High-Frequency Ultrasonic Atomization
With Pulsed Excitation. Journal of Fluids Engineering. 2003. V. 125. P. 941-945.

6. Khmelev V.N., Shalunov A.V., Nesterov V.A. Summation of high-frequency
Langevin transducers vibrations for increasing of ultrasonic radiator power. Ultrasonics. 2021.
V. 114.106413.

YIK 677.027 DOI: 10.37816/eeste-2024-2-182-184

OCOBEHHOCTH IPOIIECCA CYBJIMMAIIMOHHOM MEYATH 11O
ITAPAAPAMUJIHBIM TKAHAM
FEATURES OF THE PROCESS OF SUBLIMATION PRINTING ON PARA-ARAMID
FABRICS

Ouabra Buransesna Ko3iosa, lapbs PomanoBna I'opOaneBa,
Erop Anapeesuy I'op6anos
Olga V. Kozlova, Daria R. Gorbaneva, Egor A. Gorbanov

Hesarnosckuil cocydapcmeennbiii XumMuko-mexnonocuueckuti ynugepcumem, Poccus, Heanoso
Ivanovo State University of Chemical Technology, Russia, Ivanovo
(e-mail: ovk-56@mail.ru)

Annomayua: B paboTe mnoka3aH OAMH M3 NIyTell peuieHus MpodiieM KOJIOPHUPOBAHUS
napaapaMuHbIX TKaHel, KOTOPBINA 3aK/II0YaeTCs B UCIOJIb30BAaHUH MPUEMOB MIEPEBOIHOM MeyaTu ¢
npeaBapuUTeIbHOW MOJU(PHUKAIMENH TKAaHU TOJTUMEPHBIMU MOAU(UKATOpaMH.

Abstract: The work shows one of the ways to solve the problems of coloring para-aramid
fabrics, which is to use transfer printing techniques with preliminary modification of the fabric with
polymer modifiers

Kniouesvie cnosa: mapaapamujiHble TKaHU, CyOnMManus, mpaiimMep, HepeBOAHAs I€4aTh,
MOJMMEPHBIE MOTU(UKATOPHI.

Keywords: para-aramid fabrics, sublimation, primer, transfer printing, polymer modifiers.

W3BecTHO, 4TO apaMUAHbIE BOJIOKHA OKPAIIUBAIOTCS ¢ OOJIBLINM TPYAOM OOBIYHBIM CLIOCOOOM
MIOBEPXHOCTHOTO  KpallCHHs, TOCKOJbKY OHHM HUMEIOT IUIOTHYIO CTPYKTYpY, BBICOKYIO
KPUCTANIMYHOCTh TIOJMMEpa W HHU3KOE CcojJepXaHue (YHKIMOHAJIBHBIX TPYII, CIIOCOOHBIX
B3aMMOJICHCTBOBATh C KPACHUTEJIEM, YTO BBI3BIBACT OINpPE/EICHHBIE TPYIHOCTH KOJOPHPOBAHUS, a
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MCIOJIb30BaHUE TAKUX BOJIOKOH MPEICTABISIETCS BOZMOKHBIM TOJBKO B Y3Koii chepe [1,2].

OnHuM W3 myTed peuieHus MpoOJieM KOJIOPUPOBAHMS apaMHICOJACPKAIIUX TKaHEH —
UCTOJIb30BaHUE NPUEMOB MepeBoHOM nedatd. OnHako B Poccuu mpakTUYecku HE MCIONb3YeTCs
STOT BAapUaHT KOJOPUPOBAHHUS TKAHEH B CBSI3M C OTCYTCTBHEM OTEUYECTBEHHBIX TEXHOJOTHH,
OCHOBAHHBIX Ha MHCIIOJb30BAaHUM COBPEMEHHBIX HKOJOTHYECKH O€30MaCHBIX IOJMMEPOB U
OTAENOYHBIX MIPEapaToB.

Lenbto paboThl SBUJIOCH M3YYEHHE BO3MOXKHOCTH U 3()(HEKTUBHOCTH HCIIOIB30BAHHS
MOJIMMEPOB-MOIU(UKATOPOB AKPUIIOBOW U YPETAaHOBOM MPUPOABI OTEUECTBEHHOTO ITPOU3BO/ICTBA B
KayecTBe MOAM(UKaTOpa O] IEPEBOIHYIO TEPMOIIEUATh [0 ApaMHJICOACPKAIIUM TKaHIM; CO3JaHHe
raMMBbI [IBETOB JJISI PUCYHKOB IOJT «KaMy(JIsK» Ha OCHOBE TPUAIbI CyOIIMMAIIMOHHBIX KpAacUTENeH,
OTBEYAIOIUX TPEOOBAHUSAM CHUIIOBBIX CTPYKTYP.

B pabote B kauecTBe CyOIMMALMOHHBIX MTPAWMEPOB O] IEPEBOAHYIO MIE€YATh UCTIOIb30BAHBI
MOJIUMEPBI CepUH JIAKPOTEHOB, PY3HHOB, dMYJIBTEKCOB, JIAPYCOB, a TAKXKE IOJIMMEPHI HA OCHOBE
ypeTaHoB — akBanosbl. OneHena 3(ppeKTHBHOCTD UCII0JIb30BAHMS BhIIICHA3BAHHBIX IPENapaToB IS
IpeBapUTEIIbHON OJArOTOBKY TKaHEH, MPOBEICH BHIOOP ONTUMAIbHBIX TEMIIEpaTypPHO-BPEMEHHBIX
YCIIOBUH ITpoIiecca epeHoca KpacuTest ¢ OymMard Ha TKaHb C HCIOJIb30BAHUEM TEPMOIIpecca MOJIENIN
SFS-MO4B. Pe3ynpTarbl MHOTOYHMCIEHHBIX MCCIEAOBAHUN IIOKAa3aJId, YTO 10 KOMILIEKCY
MIOJIyYCHHBIX JTAaHHBIX (CTENEHb MepeHoca Kpacutens, rpud TKaHW, YETKOCTh OTIeYaTKa u Jp.)
HauOOJIBIIYIO MPUBICKATENBHOCTh Ui JAJBHEHIINX SKCIIEPUMEHTOB M BO3MOXKHOTO BHEIPEHUS
MMEIOT OTEUECTBEHHBIEC MOJIMMEPHI — BOJHBIC AUCIIEPCUU aKPUJIOBBIX coronumepoB — Jlapyc-21u,
Jlakpoten-264 u Py3un-14u [2]. BeiOpanbl onTHMajbHbIE YCIOBUS OCYIIECTBIEHHS Ipolecca
cybmuManuu: temneparypa — 200°C, mmrensHOCTE TepMoobpaboTkn — 40 cek. MakcuMmasbHbIe
3HAYCHUsI CTENEHH IEePEeHOCa KpacuTess AOCTHraloTCsl MpH HMCIOJIb30BaHUU Mojaudukaropa c
KOHIIeHTpauuei 150 r/Kr npu pakeJIbHOM METOIe HAaHECEHUSI.

C nenpio co3naHusi cOOCTBEHHON Oymaru ¢ pUCYHKOM IOJ KaMy(isik HeoOXoAuMo ObLIO
BbIOpAaTh JAMCHEPCHBIE KPACUTENH, COOTBETCTBYIOIIME TpeOOBaHMUAM IIEPEBOJHON TEYATH.
CKJIOHHOCTh [JUCIIEPCHBIX KpacuTelded K CyOnuManmuM 3aBUCHUT OT XHMHUYECKOTO CTpPOCHUS
KpacuTenel, CTEeNeHHW TUCIIEPCHOCTH, XapakTepa Kpuctaumdeckoid ¢opmel. C  poctom
MOJICKYJISIPHOM ~ Macchl, CHIDKEHHEM CTENEHH  JHMCIEPCHOCTH, IMOBBIIIEHUEM  HSHEPIUu
KPUCTAJNTNYECKOM PEIIETKH CKIIOHHOCTD K CyOIMMAIK CHI)KAETCSI U COOTBETCTBEHHO MOBBIIIACTCS
TeMIepaTypa, Ipu KOTOPOi HauWHaeTcs cyOnumalus. Beienen psj OTeUeCTBEHHBIX JUCIEPCHBIX
Kpacureneld, HaubOonee HPQPEKTHUBHBIX C TOUYKH 3pEHUS MX CyOIMMAIMOHHOW aKTUBHOCTU U
MPUTOTHOCTH IS IEPEBOIHOM newatu 1o TkaHsaM. I1o kpacHsbiid 2C (1), cunuii SK />3 (I), xenTsiii
63 /3 (K), koTopble 00ecneunBalOT U XOPOILUI IEPEHOC KPACUTENSI B BOJIOKHO, U MOT'YT COCTaBUTh
ocHOBY Tpuaab! [1IK nucnepcHbIX KpacuTenen i pacliupeHHsi FTaMMbl OKPAaCoOK.

He kaxxias Tpuana peaabHbIX KpacuTellel MOKET 00eCIeYnTh MOIy4YeHUE KeTaeMOro [BETa.
[TosToMy, mpexie 4YeM OIpeieIuTh HEOOXOIUMbIE KOJTMUECTBA KpacuTesel, He0OX0IUMMO IPOBECTH
OLIEHKY KOJIODUCTMYECKMX BO3MOXKHOCTEH pa3IMYHbIX TpHaJ, MOJOOPAaHHBIX C Yy4YeTOM
COBMECTHMOCTH KpacHUTEJeH MpH HUCIONb30BaHUM MX B cMecsX. [IpH OIEHKEe KOJIOPUCTHYECKHX
BO3MOYKHOCTEH TpHaJ KpacuTeliel, BHIOMpaeMbIX Ui MOJArOHKH IIBETa MoJ 00pasel, ONpeaeisioT
KOJIOPUCTHUYECKUE CBOMCTBA KaXKJOT'O KPACUTEINS U UCCIIEAYIOT IIBETOBOM 0XBAT BHIOPAHHBIX TPUAI.
[Tyrem codeTaHusi MONApHO YKA3aHHBIX BBIIIE KPACHTEJICH M MEYaTH 3TUMH CMECSMH OTTHCKH Ha
Oymare, Mbl B JaJIbHEHIIIEM MIPH NEPEeBOEC KpacUTeNsl ¢ OymMaru Ha TKaHb MOJIy4ajid HOBBIE I1BeTa. B
pe3yabTare ObLIM TOJTYYEHbl YHUCThIE M HMHTEpecHbIe BbIKpacku. COOTHOILEHHE KpacuTeled B
paznuusbiXx poasax (1:2, 1:1, 2:1), a Takke NoJly4eHHbIE BBIKPACKHM IIHPOKOW raMMbl OTTEHKOB,
IIpE/ICTaBJIEHbl HA PUCYHKE 1.
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. C LIENbIO MOJTy4EHUs HaJEKHOCTH
BOCIIPOM3BOJMMOM TraMMbl LBETOB M  CO3IaHHS
OTEUYECTBEHHBIX KOMITO3UIIUH JIJIS IEPEBOTHON OyMaru
700 ° Ha ocHoBe Tpuaabl 1BeroB IIIDK mnpoBeneHsl

HUCCIEeI0BaHUS o OIICHKE COBMECTUMOCTH
WA i kpacureneil. Ilpy  W3MEHEHWH  TeMIIEPATypHO-
oo s 0@ 000w 6w e s n s s ek  BPEMEHHBIX YCIIOBHH TI€PEHOCA KPACHTENs B BOIOKHO
. ‘ [I0KA3aTeIeM COBMECTHMMOCTH KpPaCUTEJIEH MOKHO
CUMTAaTh HEHU3MEHHOCTb TaKOIo IIOKa3areis, Kak
e nBeroBoii ToH. Ha rpaduke a,b  HailmeHo
MECTOIIOJIOXKEHUE LBETOB, IOJYYEHHBIX W3 TpHAalbl
BBIODAHHBIX  JIUCHEPCHBIX  KpacuTeled  myTeM
[IOIIAPHOr0 CouYeTaHus LBeToB. l[BeToBOM oOXxBar
TpHabl KpaCUTEEH BBIPAKEH C TOMOIIBIO LIBETOBOTO
rpagpuka cucremsl MKO wmmM  paBHOKOHTpacTHOM
cucremsbl CIE L * a *b *.

Ha rpaduke, roe a, b — kKoopauHaTHl 1[BETa B
cucreme CIELab, moka3aHO MeCTOIOJIOKEHHE I[BETOB, IMOJYYEHHBIX C IMOMOILNBIO BBIOpAaHHON
TpHabl IUCIIEPCHBIX KpacuTenel. [1o 3HaueHnssM KOOpaAuHaT LIBETHOCTH HAILLUIM COOTBETCTBYIOLIUE
UM TOYKU Ha rpaduke, MOJyYWIM 00JacTh IIBETOBOI'O OXBATa: BHYTPH KOTOPOIO PacIoiararoTcs
[[BETa, KOTOPbIE MOTYT OBITh MOJIyYEHbI IPU MCIIOJIb30BAHIH aHAIM3UPYEMON TPUAIbl KPACUTEIICH.

Pabora akryasibHa, HOCHT NPUKIAIHOW XapakTep, pe3yJbTaTbl €€ SBISAIOTCS OCHOBOM
peKOMEHAAUUH K MPOMBIIUICHHOMY BHEIPEHHUIO TEXHOJOIMU TIOJIY4YEeHHUS BOCTPEOOBAaHHBIX
OTHE3AIUTHBIX TKAaHEeH C pacIBETKaMU MOJ «KaMyQIIsiio.

CIIMCOK JIMTEPATYPBI

1. Kozlova OV, Odintsova OI, Melenchuk EV, Fedorinov AS. Dyeing of Para-Aramid Fabrics
in the Presence of Domestic Urethane Polymers / Russian Journal of General Chemistry, 2016. Vol.
86. No.2. P.488-491.

2. Koznoa O.B., Menenuyk E.B. Hcnonb3oBanue mnoimmMepoB-MoaAn(UKaTOPOB IpH
KOJIOpUPOBAHUH NapaapaMuAHbIX TKaHel / M3B. By30B. «XumMus u xumudeckast TexHosaorus», 2013.
T. 56. BbIL.8. C.90-93.

HccnenoBanue IIPOBEJEHO C  HCIOJIB30BAHUEM pecypcoB LleHTpa KOJUIEKTMBHOIO
NoJb30BaHUsA HayuHbIM obOopynoBanueM WIXTY (npu mnoanepxke MunoOpHayku Poccun,
cormamenue Ne 075-15-2021-671)

Pucynok 1 — Mecrononoxenne
HOJIyYCHHBIX IBETOB Ha [[BETOBOM
rpaduxe CIELab.
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NCCIIEAOBAHUE HHTEHCU®UKAIIU ITPOLECCOB TEIIVIOOBMEHA B
CUCTEMAX 3AMKHYTOI'O KOHTYPA OXJIAKIAEHUSA
STUDY OF INTENSIFICATION OF HEAT TRANSFER PROCESSES IN CLOSED
CIRCUIT COOLING SYSTEMS

Huxura BanepbeBuu [leprorun, Esnena Cepreesna bopoauna,
Muxawni I1aBiaosuy Tropun, Bragumup Muxaisiosuy Tokapes,
HNiabsa Muxaisiosuy Mapos
Nikita V. Deryugin, Elena S. Borodina, Mikhail P. Tyurin, Vladimir M. Tokareyv,
Ilya M. Marov

Poccuiickuii 2ocyoapcmeennsiii ynueepcumem um. A.H. Kocvieuna
(Texnonoeuu. Juzaiin. Ucxkyccmeo), Poccus, Mockea
The Kosygin State University of Russia, Russia, Moscow
(email: borodina-es@rguk.ru)

Annomayusn: B paboTe B paMkax HCCIEIOBaHMS METOIOB MOBbIMIEHUS 3(deKkTuBHOCTH
paboThl TEIIOMEXaHUYECKOT0 00O0PYAOBaHMs, @ UMEHHO CHCTEMBl OXJIaXIEHUS Ta30/10)KUMHOTO
kommnpeccopa (I'’ZIK) u cucrembl 3aMkHyTOro KOHTypa oxyaxzaeHuss (3KO) B wmenowm,
paccMaTpUBaeTCs UCIOJIb30BAHUE COBPEMEHHBIX CIOCOOOB MHTEHCHU(UKALMU TEIUIOOOMEHA B TOM
quciae NPUMEHEHHE METOJIOB HAJOXKEHUs IyJbCalluii Ha TOTOK TEIUIOHOCUTENS, OYHMCTKU
TEIUIOOOMEHHBIX TOBEPXHOCTEH W BO3MOKHOCTb BHEAPEHHS MEPONPUATHH IO COKPALICHUIO
KOJINYECTBA OTJIOKEHUH HA TETJIO0OMEHHBIX TOBEPXHOCTSX.

Abstract: In the work, as part of the study of methods for increasing the efficiency of thermal
mechanical equipment, namely the cooling system of the gas booster compressor and the closed
circuit cooling system as a whole, the use of modern methods of intensifying heat transfer is
considered, including the use of methods of applying pulsations to the coolant flow, cleaning heat
transfer surfaces and the possibility of introducing measures to reduce the amount of deposits on heat
transfer surfaces.

Kniouesvie cnoga: TennooOMeH, WHTEHCU(HUKAIMS, 3aMKHYTBIH KOHTYp OXJaKICHUS,
ra3oJlI0’)KMMHON KOMIIpECcop

Keywords: heat exchange, intensification, closed cooling circuit, gas booster compressor

D¢ (HeKTUBHOCTh CUCTEM OXJIAXKACHUS B OOJBIIMHCTBE CIy4YaeB 3aBUCHT OT 3(pekTuBHOCTH
OTAENBHBIX €€ HIEMEHTOB, B YaCTHOCTH, TEIJI000MEHHOT0 060pynoBaHus. OOBEKTOM HCCIEIOBAHUS
ABISICTCS TOPU3OHTAJBHBIN IUIACTUHYATBHIA BOAO-BOJSHON TEIUIOOOMEHHUK pa30OpHOro TuIa,
KOTOPBIA IpEAHA3HAYeH Ul OXJIAKIEHUS BOJbI, LMPKYJIUPYIOLIEHM B 3aMKHYTOM CHCTEME
OXJIAXKJICHHSI BOJOM CHUCTEMBl OCHOBHOM OXJaXJarolle BoAsl. [l paccMoTpeHHus BoOIpoca
NOBBIIEHUS 3(PPEKTUBHOCTH CUCTEMbl OXJIQXKJEHHS HEOOXOJUMO MPOBECTH aHAIN3 YXKe
UMEIOIIUXCS METOAOB, MCIOJIb30BAaHUE KOTOPBIX IO3BOJIUT PEIIUTh IIOCTABICHHYIO 3a/ady
UCCIICIOBAHMUS.

OnHuM W3 JAOCTYHHBIX CHOCOOOB MOBBIIEHUS 3(P(PEKTUBHOCTH  TEIIOOOMEHHOTO
00OpyJOBaHUS SIBISIETCA MOBBILICHHE KOX(pQUIMEeHTa Temonepenaun. l3MeHeHne BeTMYMHBI
K03 QHLIMEHTa TEIIOOTAaYH OCYIIECTBUMO IIyTEM NPUMEHEHHs] HHTEHCU(HUKATOPOB TEINIOOOMEHA.

I'maBHO# 3amauell WHTEHCH(UKANMKM TEIUIOOOMEHA SBISETCS YMEHBIICHHE MAacChl U
IE€OMETPUUECKUX PAa3MEpPOB TEINIOOOMEHHBIX YCTPOWCTB, a TaKKe CHIKCHHE TEeMIIepaTypHOTrO
Haropa Mo CPAaBHEHMIO C MX BEJITMUYMHAMM, KOTOPbIE B JIAHHBIX YCJIOBUSAX JOCTHUTAIOTCS OOBIYHBIMU
nyTsmu. Korja yBenuuenue BeTMUUHBI CKOPOCTH IIOTOKA B Mpeiesax, JOIMyCTUMBIX Ha IIPAKTHUKE, HE
o0ecreynBaeT MoJlydeHUs] He0OXOIUMBIX TadapuTOB TEIUIOOOMEHHOTO amnmnapara, pacCMaTpUBAIOT
BO3MOYKHOCTh MPHUMEHEHHMS HMHTEHCH(HKAIUK TEIUIOOOMEHa MEeTOJlaMH, KOTOphle obecreyar
YMEHBIICHUE T€OMETPHUECKUX Ppa3MEpOB MpPU YBEIWYCHUU CYMMApHBIX I[OT€Ph MOLIHOCTH Ha
1oja4y TEIUIOHOCUTENIeH Yepe3 TenI000MeHHbIE anapaThl.
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W3BecTHO, YTO HauOONBIINI TPUPOCT TEIJIOOTIAUM JIOCTUTAETCS C YBEIMYCHUEM CKOPOCTH
NpoTeKaHus TerioHocuTenst. OcoOeHHO, 3TO HaOIIOAaeTcss NpPU TEYCHUU TEIJIOHOCUTENS B
TypOyneHTHOM pexkume. OIHAKO IJsl JOCTHXKEHHMS BBICOKHX CKOPOCTEH MOTOKA TEINIOHOCHTEINS
NPUXOJUTCA YCTaHABIUBATh MOIIHOE HACOCHOE O00OpylOBaHHE, KOTOPOE B CBOIO OYepenb
JOMOJTHUTEIBHO MOTPEOIIAET IIEKTPOIHEPTHIO.

A. E. bepriic mpeuioxni KIacCU(pHUKAIMIO M3 IIECTHAAIATH METOJO0B HHTEHCU(UKALUU
TEIUIOO0T/IayM, pa3JeJICHHbIX HAa I[ACCUBHbIE W aKTHUBHbIE. llaccuBHBIE METOIBI OCHOBaHBI Ha
M3MEHEHUU TEeTIO0OMEHHOW MOBEPXHOCTH, BKJIIOYAsi YCTAHOBKY JOMOJIHUTENBHBI 3JI€MEHTOB, IIPU
9TOM YBEJIMYMBAETCS TUAPABIMYECKOE CONPOTUBIIEHHE KaHAJIOB. B aKkTHBHBIX MeTOJax
MHTCHCU(UKAIMS TEIIOOTAAYH MPOMCXOJUT 32 CYET NPWIOKEHUS BHEUIHEW SHEpPruu s
BO3JICUCTBUS HA MOTOK. [ 1]

AKTUBHBIE METOJbl TOJPA3JCIAIOTCS HAa MEXaHWYEeCKOe IepeMEIINBAaHuE, BUOPAIHIO
IIOBEPXHOCTH, ITyJIbCALIUIO IIOTOKA, IEKTPOCTATUYECKHUE I10JIs1, UHKEKIIHIO II0OTOKA, OTCOC, CTPYIHHBIE
anrmaparsl.

Kparkast xapakTepucTHKa aKTUBHBIX METOJI0OB MHTCHCU(UKALIMU TeriooOMeHa [2]:

1. Mexanudeckoe nepeMenInBaHue XKUIKOCTH WM BpAlLeHHE MOBEPXHOCTU TEIJI00OMEHa.
Bpamaromuecs: TpyOuarbie TeII000MEHHUKH, pereHepaTUBHbIE TEIUIOOOMEHHUKH € BpaIlAoLIeHcs
IIJIJACTUHYATOU MJIU IIPOBOJIOYHOM HACAKAMH.

2. Bubpanus moBepxHOCTEH TEeIioo0OMeHa ¢ HU3KOW WIIM BBICOKOW YacTOTON MPUMEHSIETCS
IIPU T€UEHUH OJTHO(A3HBIX TEINIOHOCUTENIEH U JUCTIEPCHBIX CHCTEM (BUOPOOKIIKEHHBIE CIION).

3. BuOpanus unu mynbcaius MoToKa )XUIKOCTU ¢ KojebaHusiMu B npeaenax ot 1,0 I'm no
ynbpTpasByka (okoiso 1,0 MI't) ucnonb3yercs nmpu TeueHUH 0AHO(Aa3HBIX U IBYX(ha3HBIX TOTOKOB.

4. DNeKTpOCTaTU4YEeCKUe I0JisA, KOTOpble MOTYT ObITh B (hOpME DIIEKTPUYECKUX WIH
MarHUTHBIX MOJIEH WM KOMOWHAIMM 3THX JBYX HOJEH, MOTYT NPUMEHATHCS B TEIUIOOOMEHHBIX
cucreMax. Takke OHM COCOOCTBYIOT MEPEMEIIUBAHHIO KHUJIKOCTEH M MOOYKIAI0T BBIHYKICHHYIO
KOHBEKIIMIO WJIM 3JIEKTPOMAarHUTHOE HaKaulBaHUE.

5. Mmxekuus ucnonb3yercst B OAHO(A3HBIX MMOTOKAX Ui MHKEKTUPOBAHHS TOW ke caMon
WJIU IPYTOM KUAKOCTH B OCHOBHOM ITOTOK.

6. OTcoc mapa CKBO3b IOPUCTYIO IMOBEPXHOCTh TEIJIOOOMEHA MNpH Iy3bIPhKOBOM HIIU
IUICHOYHOM KUIEHHMH, WU OTCOC JKUAKOCTH CKBO3b MOPHUCTYIO MOBEPXHOCTh TEIUNIOOOMEH NpHU
oHO(a3HOM TCUCHHH.

7. BayB neprieHauKyJISpHO WIH IO KacaTEIbHOHN K MOBEPXHOCTH TEINIOOOMEHA HAarpeBaeMoit
WIN OXJIAXK/1a€MOH >KHUIKOCTH C IMTOMOIIBIO (POPCYHOK NP OAHO(PA3HOM TEIIIOOOMEHE U KUIICHHH.

W3 HaOpaHHOTO KOJIWYECTBAa Mbl OCTAHOBUMCSI HAa BTOPOM M TPETHEM METOJaX MOBBIIICHHS
3G (}HEeKTUBHOCTH TEIIOOOMEHa, Kak OKa3bIBAIOINMX Hauboiee HauOoIbIlee BIHUSHUE Ha
KO3 QUIMEHT TeIuIonepeiaun il Halllero KOHKPETHOTO CITyYasl.

Bubpanus nosepxHocreii Tenioo6mMeHna

Bubparus >KuaKOCTH SBISETCS MPAKTUYHBIM CIIOCOOOM HMHTEHCH(HKALUU TeraooOMeHa
BCJIEJICTBHE TOTO, YTO Macca OOJIBIIMHCTBA TEMJIO0OMEHHUKOB OU€Hb BEJTUKA.

Bubpanmonnsiii MeTol MHTEHCH(HKAIMK TEIUI00OMEHa MOoJpa3yMeBaeT HaJloKEHHE Ha
MOTOK TEIUIOHOCUTENSI WM HEMOCPEACTBEHHO Ha TOBEPXHOCTH HAarpeBa YNPYrHX KoJeOaHHI.
Vcnonp30BaHue TaHHOTO METO/a MO3BOJISIET HE TOJBKO MOBBICUTH KOI(M(UIIMEHT TEIJI00TIa4U OT
JKUAKOCTHU K CTEHKE, 33 CUET HapyLIEHHsI IOTPAaHUYHOIO CJI0SI, HO U CYLLIECTBEHHO COKPATUTh 3aTPaThI
Ha OYUCTKY ITOBEPXHOCTEW HarpeBa OT Pa3jIMYHbIX OPIraHMUYECKUX OTIOXKEHUM.

HccnenoBanuss JaHHOTO METOJA IIOKAa3blBalOT, YTO B 3aBUCUMOCTH OT OTHOILEHUS
aMIUTUTYAbI BUOpAIM K HCXOJAHOMY JUaMeTpy TpyObl U myibcauuii yrcen PeiiHonbaca BO3MOXKHO
noBbIIeHUe K03 duumenta rerwtoorauu B 20 pa3 Mo CpaBHEHUIO C TEYSHHEM B IOKOSIIEHCS TpyOe.

B HekoTophIX paboTax M3ydajoch BO3CWCTBUE BUOpaIMii 1IeJIO0H KaMmepbl, cojepiKaliei
HarpeBaeMylo CEKIHIO, IMOTPYKEHHYIO B XHUJAKOCTb. Halbmioganoch yiydiieHne Ko3(QQHUIHEHTOB
TEIUIOOT/Aa4YH MPH CBOOOJHOM KOHBEKIIMH OKOJIO 000TrpeBaeMoil OOKOBOH CTEHKH, JOCTHUTraloliee
38%. Ha npoBosioke Masnoro auameTpa HabJtoJaioch yaydlieHue KodQGUIMEHTOB TEIIO0TAa4YH 10
200% [3].
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Onnako upe3MepHas BUOpaIysl MOBEPXHOCTEH HArpeBa WIIM OXJIAXKICHUSI MOXKET IPUBECTU K
BO3HHUKHOBEHUIO TAKOTO SABJICHHS, KaK KaBUTALUs, KOTOPast, KpOME TOr'0, YTO MOXKET IOBJICYb PE3KOE
CHIDKEHHE HWHTCHCHUBHOCTM  TEIJIOOTJAuM, MOXET CHOocOOCTBOBAaTh BBIXOLY M3  CTpOs
TEII000MEHHOTO 000pynoBaHUs B 1esIoM. [4] CylieCTBEHHBIM MUHYCOM JaHHOTO METOJIa SIBISICTCS
[IeHa BUOpAllMOHHOM yCTAHOBKHM, B pe3yibTare uyero oOmas 3(QeKTuBHOCTh pabOTHI
TEIIOOOMEHHOTO y3J1a HE BO3PACTAeT, @ B YACTHBIX CIIy4asx (MHAMBHUIYaJIbHbBIN TEIUIOBOM MyHKT) —
HA00OPOT CHUXKAETCS, 3a CYET JOMOIHUTEIBHBIX 3KOHOMUYECKHX 3aTpaT [5]

BubpanmonHsiii MeTOJ] MHTEHCU(HUKAIMU TEIUIOOOMEHa, MOYKHO XapaKTEepPH30BaTh Kak
MIPOU3BOJIHYIO METO/Ia HAJOXKEHUS My IbCalluil Ha TIOTOK.

BuOpanuu u nyabcanus MOTOKa KUAKOCTH

WuTencudukanys Teronepeiadn mpy nepexoe K MyJbCHPYIOIEMY PeXUMY HaOI01aeTcs
B YCJIOBHUSIX JIAMUHAPHOT'O MJIM MEPEXOJHOTO PeKuUMa TeueHHs XUAKOcTU. [Ipu 3TOM HekoTophie
aBTOPHI HE HAOIO/IAIN YBEJIIMYECHUSI MOLITHOCTH TEIJIO0OMEHHMKA B Cllydyae IMyJbcaluii pacxonaa [6]
U B pacyeTax UCHOIb3YIOT (hOpMYJIBI I pacdyera Ko3(duumenTa TemnooTaauu Mpyu CTallMOHAPHOM
pexxume [7], a B HEKOTOPBIX MyOJIMKAIUAX YKa3bIBaeTCs, HAOOOPOT, CHHKEHHE TEIIOOOMEHa B
npoliecce NpoBeIeHHs SKCIIEPUMEHTOB.

@daxToppl, BIMSIOIIME Ha TEIUIOOTHAdy OT MyJIbCUpPYIOLIEW Kuakoctu [8]: dvucio
PeiiHonb/Ica; YacTOTA MyJIbCALIMN; AMIUIUTY /1A ITyJIbCAIIMH; CKOPOCTH MYJIbCALIMHU; TEOMETPHS KaHaa;
MECTO pAacIOJIOKEHHUsI TeHeparopa Iyiabcaluid; (GopMa BOJHBI IyJIbCAllUU; TEKydas Cpena;
coOCTBEeHHBIE (PU3NUECKUE TTapaMETPhl CUCTEMBI U T.]1.

B pabote [9] npennokeH TemIOOOMEHHUK Ha MOAAIOIIEM U 00paTHOM maTtpyOKe KOTOpOro
YCTaHOBJICHBI eMIpepHOo-ynpyrue neMeHTsl (YD), Ha KoTopble BO3ICHCTBYET TEINIOHOCUTENb.
YcranoBka JemidepoB Ha BBIXOAE U3 TEINIOOOMEHHHUKA BBI3BIBAET MEPEKPBITUE CEUEHUS NMaTpyOKa
TpyOuaTOl CHCTEMBI, B pe3yJbTaTe Yero MPOMCXOJUT THIPOYyJap, MOJOKUTENbHAs BOJHA
pacrpocTpaHeHHst KOTOPOro MpUBOAMT K Aedopmanuu YD (kpydenue, cMenieHue, aehopmManus u
T.II. — B 3aBHUCUMOCTH OT KOHCTpykumu). B pesynbrate apedopmamun YD npoucxoaut
HE3HAYUTENIFHOE CMEIIeHHEe TPyOHOro Iydka B CTOPOHY BBIXOJHOTO marpyOka. 3aTeM, BOJHA
THJIPaBIMYECKOT0 yJapa, NOTpaTUB YacTh CBOEW sHepruu Ha JIYD, U3MEHHMB NIpU 3TOM 3HAK Ha
IIPOTHBOIOJIOXKHBIN MPUBOAUT K OTKPHITHIO CEUEHUS BBIXOJHOTO NaTpyOKa TpyOuaTol CUCTEMBI, B
pe3yabTaTe 4Yero JABWKEHHME TEIUIOHOCUTENss B0300HOBIsSeTca. OmnmcaHHas cxema paboThI
TEIUNIOOOMEHHOT0  ammapara SBISETCS IMPUMEPOM HCIIOJIB30BAaHMS MYJIbCALIMOHHOTO MeEToJa
MHTCHCU(UKAIIMM [OTOKA TEJIOHOCUTENsA. 3a CYeT TaKOro pekuMa TEUEHHUS TEIIOHOCUTENs
K03 GUIIMEHT TeIUIonepeaud MKy TPEIOIIei 1 HarpeBaeMol cpeioi Bo3pacTaer Oosiee ueM B 2
paza. Taxke, HMCIIONB30BaHME IyJIbCALMU IOTOKA CIIOCOOCTBYET YaCTHYHOMY CaMOOYMIICHHUIO
MIOBEPXHOCTU HarpeBa TEIJIOOOMEHHMKA, YTO B CBOIO OUYEPE]b TaK K€ IMO3BOJISIET MOBBICUTH €TO
3¢ (HEeKTUBHOCTB.

B pa6ore [10-12] mpoBedeHbl HCCIEIOBaHUS MO BO3ACUCTBHIO TMYyJbCAIM pacxoja
TEIUIOHOCHUTENS Ha Teruionepenady. B padore [10] mpoBeaeHsl uccae10BaHus TP U3MEHEHUU TIPH
3TOM  KOHQUIypaluio BOJH MyJbCallMi: CHHYCOMJAJIbHBIC, IOJYCUHYCOHMJAIbHBIE, U
npsMoyroibHble. [IpencTaBneHHble pa3auuHbie (POPMBI BOJIHOBOI'O BO3CHCTBUS UCIIOIB30BAINCH B
Ka4yecTBE TPaHUYHBIX YCIOBUN. B pe3ynbpTare MoaenupoBaHus TEIIONEpeIadn IpH MyJIbCUpPYIOIIen
1ojaye TEIUIOHOCUTENsA, MPH OJHOM M TOM € MAacCOBOM pAaCXOE BBISBICHO 3HAYUTEIILHOE
yJIy4lIeHue OOIIMX TEIUIOBBIX XapakTepucTuK. Ho oCHOBaHMM MCCIIEOBAaHUH ClIENaH BBIBOJ, UTO
MCTOJIb30BAaHUE IyJILCUPYIOIIEE BO3JCHCTBHE CHHYCOMAAIbHON (POPMBI MPUBEIO K HAUBBICIIEMY
KO3 PHUIMEHTY TerIonepeaun 4eM MOoITyCHHYCOUAaNbHOe, H MPSIMOYTrojbHOe. IMEHHO 1O3TOMY,
Ha TpPaKTUKe, /U1 YCHJIEHHs TersiooOMeHa IienecooOpa3Hee BCEero NMPUMEHSATh CHHYCOMIAIbHOE
BXOJIHOE BO3JICUCTBHE.
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©0.18«kr/c MWO0.15kr/c 0.09 kr/c B pa6OTe [1 1] HpeHCTaBHeHLI
>000 pe3ybTaThl  HCCIIENOBAHUA  BO3JEHCTBHS
4500 IyJIbCaLAI Ha JIACTUHYATHIC

H
o
o
o

% TEII00OMEHHUKHU. B IIPEACTABICHHOU
2 2e00 AKCIIEPUMEHTAJIbHOW YCTAaHOBKE YCTAHOBIIEH
\/\ reHeparop nyjbcauuii [13] B Buae kiamnana,
OCHOBHOW KOHCTPYKTUBHOH OCOOEHHOCTHIO
KOTOpOrO  SIBJIIETCS  BO3MOXKHOCTb  PE3KO
2000 IEPCKpPhIBATL IIOTOK, TEM CaMbIM CO3JaBas

0 05 Nacrora, 2 > koneGaHus JIaBJICHUS u pacxozaa
TeIIoHOcuTeNs. V3MeHeHue KodduuueHTa
TEIUIONEpPEad  TPEX pa3HbIX  MAacCOBBIX
IIOTOKOB Ha pa3HbIX YacTOTax IIyJbCallUU
MOKa3aHo Ha puc. 1.

W3 rpadukoB BHIHO, YTO C YBEJIMUYEHHEM pacxojla TEIJIOHOCHTENS Ha BCEX 4YacTOTax
KO3 QULKEHT TeIuIonepeiayn pacTeT.

[TpumMeHeHHe MeTO/1a HAJIOXKEHUS MyJIbCAlluU Ha MOTOK TEIUIOHOCUTENS sABIseTCS Haubosee
YHHUBEPCAJIBHBIM CIIOCOOOM MOBBILICHUST KO3((dUIIMEeHTa TemI00Taauu, OJHAKO JAHHBIH Crocod
s deKTHBeH HE I BceX TerioHocutenel. Yaine Bcero TaHHBIA METOJ MPUMEHSETCS IS B3KHX
cpen (Macio, MasyT).

Tak ’ke HaJOKEHHE IMyJbCAllMM TPYAHOOCYIIECTBUMO B pa30OpHBIX IUIACTHHYATHIX
TEINIOOOMEHHUKAX, B IEPBYIO OdYepelb 3TO OOYCIOBICHO KOHCTPYKLHMEH ammapara, a MMEHHO
TOHKOCTEHHBIMM IIJJACTUHAMH U YIJIOTHUTEJBHBIMHU MPOKIAJKAMHU MEXAY HUMM, IIPU H3JIUIIHEM
BO3JCHCTBUM HA KOTOpBIE IPOMCXOAUT pasrepMeTu3alusi TeIuIooOMeHHoro ammapara. Ha
CeTOJHSIIHUN JEeHb MPUMEHEHHE IyJbCAIIMOHHBIX TEIUIOOOMEHHUKOB W IyJbCAllUd IMOTOKA
TEIUIOHOCHUTENS,, PABHO KaK W JAPYTHMX METOJO0B MHTEHCHU(HKAIMK TEeIIo0OMeHa, He MOJIYy4HIIO
JOCTaTOYHO UIMPOKOT'O IPUMEHEHUS B SHEPIeTHKE U TPEOYIOT IOTOIIHUTENBHBIX UCCIIEOBAHUI.
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DEVELOPMENT AND APPLICATION OF LARGE CAPACITY CONDENSING GAS-
FIRED HOT WATER BOILER
PABPABOTKA U IPUMEHEHUE KOHJIEHCAIIMOHHOTI'O I'A30BOI'O
BOJOTPEHHOTO KOTJIA BOJIBIIOM MOIITHOCTH

Fuqiang Zhang*, Lijuan Hou**

*Harbin Hongguang Boiler General Factory Co., Ltd., China, Harbin
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Abstract: condensing gas-fired boiler is a kind of heat energy equipment which can absorb
the steam in the flue gas by increasing the tail heating surface to condense the heat transfer of the flue
gas. In recent years, large-capacity condensing gas-fired hot water boiler has been widely used in the
field of heating because of its environmental protection and energy saving. This paper introduces the
main new condensing technology of large capacity condensing gas-fired hot water boiler, and designs
the structure of low resistance compound water cycle. By using new materials, new technology and
new structure to achieve the overall energy-saving boiler consumption goals. The flue gas
temperature of the boiler is reduced from about 120 ° C to less than 60 ° C, the thermal efficiency of
the boiler is increased by about 5%, the water resistance of the boiler system is reduced by 0.03 MPA,
and the power consumption is remarkably reduced. It provides reference for the research and
development of condensing gas-fired hot water boiler.

Annomayusn: KOHIEHCAMOHHBIA Ta30BBIH KOTENI NpeACTaBiIsieT co00il pa3HOBHIHOCTH
TEIUIO3HEPreTHYECKOro 000pyI0BaHUs, KOTOPOE MOXKET MOTJIOIATh Map U3 JIMOBBIX Ia30B 3a CYET
YBEJIUYEHUS XBOCTOBOW MOBEPXHOCTHU HArpeBa JJIs TeIIonepeaayd KOHICHCAIMeH JHIMOBBIX I'a30B.
B nocnennue rosibl KOHICHCAITMOHHBIE T'a30BbIe BOAOIPEIHbBIE KOTIBI OOIBIION MOLITHOCTH LIIMPOKO
UCTIOJB3YIOTCS B c(pepe OTOIICHHUS B IIETISX 3alUThl OKPY>KaIoLIel cpenbl U 3Heprocoepexenus. B
3TOH CTaThe Mpe/ICTaBIeHa OCHOBHASI HOBAsl TEXHOJIOTUS KOHACHCAIIMHM KOHCHCAIMOHHOTO Ta30BOT0
BOJIOTPEHHOr0 KOTJIa OOJBIION MOIITHOCTH, a TaKXe pa3padoTaHa CTPYKTYypa CIIOKHOTO BOJHOTO
IIUKJIa C HU3KUM CONPOTHBJICHHUEM. VICHonb3ys HOBbIE MaTepHajbl, HOBbIE TEXHOJIOTUH U HOBYIO
CTPYKTYPY Ul TOCTHXKEHHUS OOIIUX IIeieil o 3HeprocOepekeHnio kotia. TemnepaTypa AbIMOBBIX
ra3oB Kotja cHuxaetcst npumepHo co 120°C no menee 60°C, termnosoii KII/] kotna yBenuuupaercs
npuMepHo Ha 5%, BOJIOCTOMKOCTh KOTIIOBOM cucteMbl cHkaetcs Ha 0,03 MIla, a pacxo MolHOCTH
3aMETHO CHH)KaeTcsl. B craTbe mpencTaBieHbl CCBUIKM Ha HCCIENOBAaHUS U pa3pabOTKu
KOH/ICHCAIIMOHHBIX Ta30BBIX BOJOIPEHHBIX KOTJIOB.

Keywords: gas, condensing boiler, compound water cycle, energy saver

Knrouegvie cnosa: ra3, KOHIEHCAIIMOHHBIN KOTEN, CI0XHBIA BOAHBIN MK, Energy Saver
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Introduction

The main component of natural gas is alkanes, of which methane accounts for the majority,
calorific value is 2.5 times of coal gas, combustion products are mainly water and carbon dioxide.
For gas-fired boiler, the main heat loss is the loss of exhaust smoke, and the content of water vapor
in the exhaust smoke is large, and the vaporization of water vapor, high latent heat value, accounting
for a large share of the total loss of exhaust smoke [1-2]. If we can make full use of the latent heat of
steam vaporization, it will undoubtedly greatly improve the thermal efficiency of the boiler. If the
exhaust temperature can be reduced to below the dew point of the flue gas temperature will be able
to effectively recover and use this part of the heat. At present, the emission reduction, the main
methods of flue gas temperature are: 1) increase the area of radiation and convection heating surface
of boiler body. 2) enhancing the heat transfer by means of disturbing the flow, such as using the
sudden change of tube bundle cross section, adding a spoiler inside the tube bundle, or using finned
tube bundle, etc. 3) increase the heat transfer area of the tail of the boiler, add a condensing device to
absorb the sensible heat and the latent heat of steam vaporization before the flue gas comes out of the
boiler tube bundle and enters the atmosphere.

New gas-fired hot water boiler

According to the market demand, the 5S8MW condensing gas-fired hot water boiler of SZS58-
1.6/130/70-Y.Q is designed. Based on the beneficial experience and technology of gas-fired boilers
of various structural types at home and abroad, the boiler adopts heat exchanger enhanced heat
transfer technology, dew point corrosion prevention and control technology, backwater, the
technology of proportional adjustment realizes the innovation of condensing gas-fired boiler. The
utility model relates to a "D" type double-drum natural circulation and forced circulation combined
compound water circulation water tube boiler (see Fig. 1 boiler structure sketch).

The boiler is a micro-positive pressure combustion, using full-sealed structure, can effectively
improve thermal efficiency, reduce low-temperature corrosion. The upper and lower pots are arranged
vertically in the same vertical plane. The lower pot barrel is arranged on the pot barrel seat and is
connected with the base, and the upper pot barrel is supported on the lower pot barrel through the
convection tube bundles. The inner diameter of the upper drum is ¢1400mm, the length of the straight
part of the drum is 10200mm, the inner diameter of the lower drum is @900mm, the wall thickness is
10100mm, and the length of the straight part of the drum is 10100mm. Convective tube bundles are
arranged between the upper and lower drum, and the furnace is a membrane water wall structure. The
diameter of the tube is @76 x Smm, the diameter of the tube is ®76 x 4mm, the diameter of the tube
is @51 x 3.5 mm, the material is 20gb3087. The furnace and the convection tube bundle are separated
by the membrane type, the water wall, the convection tube bundle is divided into two flue gas return,
the middle is separated by the membrane type wall. The bottom of the furnace is formed by the
membrane row drawn out from the lower drum, which extends upward to form the water wall on the
left (right) side, and then extends right (left) into the upper drum to form the water wall on the top of
the furnace. The front wall and the back wall water cooling wall are composed of a membrane-type
row arranged between the upper and lower boiler tubes and the large-caliber pipes bent at the same
angle. In order to consider the need of boiler sealing, the outer row of convection tube bundle is
designed as film-forming tube row. “D” type water wall tube and part of the furnace inside the water
wall of the medium, forced circulation, the rest for natural circulation. The flue gas leaves the boiler
body after flowing through the convection tube bundle on the furnace side, and enters the energy
saver and the air preheater arranged on the back side of the boiler body through the flue, and then
enters the chimney to discharge into the atmosphere. The energy saver is a spiral finned tube, and the
air preheater adopts heat pipe technology.
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Figure 1 — Boiler structure diagram
1- energy saver; 2-upper boiler tube; 3-inner boiler device; 4-convection tube bundle; 5 - side water wall
tube; 6-lower boiler tube; 7-front water wall; 8-rear water wall; 9-air preheater; 10 -burner;
11-pedestal; 12 -platform escalators; 13-blast doors

Thermodynamic calculation

The rated heat supply of the boiler is S8MW, and the rated steam pressure of the boiler drum
is 1.6 mpa. After gas combustion in the furnace, the flue gas through the convection tube bundle into
the rear of the boiler arranged in the energy saver and air preheater finally discharged into the
atmosphere.

To improve the thermal efficiency of the boiler, it is necessary to reduce the various heat
losses of the boiler. For gas-fired boiler, there is no ash after gas combustion, there is no mechanical
incomplete combustion phenomenon, that is, mechanical incomplete combustion loss q 4, ash
physical heat loss q 6 are zero; The incomplete combustion loss q 3 is close to zero, and the heat loss
q 5 is related to the structure and heat preservation of the boiler, and in general q 5 is not large.
Therefore, the main loss of gas-fired boiler is exhaust loss q 2.

The smoke loss depends on the temperature and volume of smoke exhaust. For a fixed fuel,
the amount of smoke depends on the excess air coefficient, which is directly related to the combustion
status. Therefore, in the case of a certain excess air coefficient, reducing the exhaust gas temperature
can significantly reduce the exhaust gas heat loss q 2.

The condensing gas-fired boiler is regarded as an energy system. The energy and material
input into the system are: Fuel (natural gas), air, boiler water supply; output is: boiler smoke exhaust,
boiler heat dissipation, boiler water supply, boiler condensate, as shown in Figure 2.
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Figure 2 — Schematic diagram of condensing gas-fired water heater system

Taking the environmental temperature as the reference value, the exergy loss of boiler system
is expressed by I in exergy equilibrium analysis when the system inputs exergy E 1 and outputs
exergy E 2. The relationship between them can be expressed as follows:

El=E2+1 (1)

The exergy loss of the system I consists of the internal exergy loss Iin and the external exergy
loss Iout of the system, i.e.:

I = Tin + lout (2)
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The exergy loss in the system directly reflects the maximum amount of useful work that can
be made by the irreversible process of the system:
Nex =E2/E1=1-1/E] 3)

Exergy introduced by natural gas:

27315 +t, )
Eyn = 0.95B,Qyr + BaCy [(tn —ty) = (27315 + t5) In

273.15 + ¢,
Of the form : By : Gas consumption, Nm?3/h; Q,: : High calorific value of natural gas, kJ/m?;

Cn : Specific heat of natural gas, kJ/ ( kg-°C); t. : Natural gas temperature , °C; to : Ambient
temperature, °C.

Exergy of boiler air supply:
273.15 + tk] (5)

Elk = Gka [(tkn - tO) - (27315 + to) lnm

Of the form : Gy : Inlet air volume , m3/h ; Ci : Specific heat of air , kJ/ ( kg-°C); ti : Air

supply temperature, °C.
Exergy of boiler feed water:

Erge = GysCys [(tgs ~ 1) = (27315 + ) In o

Of the form : Ggs : Feed water flow , t/h; Cgs : Specific heat of feed water, kJ/(kg:°C); tgs :

Feed water temperature, °C.
Exergy brought out by hot water:

E, = G,C, [(tz - to) - (273'15 + tO) lnm

Of the form : G, : Hot water flow , t/h; C> : Hot water is hotter than heat, kJ/(kg-°C);

t2 : Hot water temperature, °C.
Exergy carried away by smoke:

Iy = GyCy [(ty - tO) - (27315 + tO) lnm

Of the form : Gy : Flue gas flow rate , m3/kg; Cy : Specific heat of flue gas, kJ/(kg-°C);
ty : Flue gas temperature, °C.

Exergy carried away by condensed water:

273.15 + tns] 9)
27315+ ¢,
Of the form : Gys: Condensate flow rate, m3/kg; Cns : Specific heat of condensed water,

kJ/(kg-°C); tns : Temperature of condensed water, °C.
Irreversible exergy loss of combustion process:

L. = GyCg [(tns —ty) — (27315 + tg) In

273.15 + tr] (10)
273.15 + ¢,

Of the form : G; : The amount of flue gas produced by combustion in a furnace, m*/kg;

I =G.C, [(tr —ty) — (27315 + to) In

C: : Specific heat of flue gas, kJ/ ( kg-°C); t. : Furnace temperature, °C.
By means of the above formula, enter exergy as:
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Ei=E2+ Eix + Eigs (1T)

Output exergy e 2, heat dissipation, heat transfer and others, loss:
Ic =E;- E2-Iy - Ins - It (12)

To qualitatively analyze the energy balance of the condensing boiler, the following model is
SZS58-1.613070-Y. Q condensing gas-fired hot water boiler as an example of heat balance

calculation.
Table 1 — The test and calculation data of SZS58 gas-fired condensing boiler
Name Symbols Unit Non %or}den51ng condensing boiler
oiler
Ambient temperature t0 °C -7 -7
Air supply temperature tk °C 11.05 11.05
The relative humidity of RH % 5 5
the air
Inlet air volume Gk m3/h 63360 63360
Specific heat of air Cpk kJ/(kg°C) 1.29 1.29
Natural gas temperature tn °C 15 15
Specific heat of natural Cn kJ/(kg°C) 1.55 1.55
as
Ingigh calorific value Qgr kJ/m3 38500 38500
Gas consumption Gn Nm3/h 6336 6336
Feed water temperature gst °C 70 70
Feed water flow Ggs t/h 824 824
Specific heat of feed water Cpgs kJ/(kg°C) 4.18 4.18
Boiler flue gas volume Gy m3/h 107712 72932
Exhaust temperature t °C 110 74
Furnace temperature tl °C 1800 1800

SZS58-1.6/130/70-Y.Q The summary of calculation of condensing gas-fired hot water boiler

1s shown in Table 2.

Table 2 — summary of thermodynamic calculation results

. Tube Bundle] Tube Energy Air

Name Unit Furnace 1 Bundle 2 saver | preheater
Inlet gas temperature °C 1804.15 1260.04 305.17 152.79 90.55
Outlet flue gas °C 1260.04 305.17 152.79 90.55 74.53
temperature
Heating area m2 166.83 764.00 506.00 1614.00 | 1672.00
[t absorbs heat KJ/Nm3 11691.18 18498.62 | 2630.41 1055.82 | 825.73
Smoke speed m/s / 13.32 11.66 8.83 8.00
Heat transfer W/(mz. °C) / 77.60 75.37 25.41 10.00
coefficient
Inlet temperature of] °C 71.89 97.35 92.69 70.00 -7.00
working fluid
Outlet temperature of °C 92.69 130.00 97.36 71.89 11.05
working fluid
'Warm pressure °C / 534.20 118.12 44.09 79.98
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Boiler hydrodynamic characteristics

SZS58- 1.6/130/70-Y.Q The water cycle of Q-type gas-fired hot water boiler adopts the
compound water cycle of forced circulation and natural circulation (Fig. 3) . The mixed circulation
hot water boiler is a new type of circulating hot water boiler to prevent the natural circulation hot
water boiler with low loop (generally refer to 7MW and below capacity boiler) from supercooling
boiling. When the combined water cycle of forced circulation and natural circulation is running, the
driving force of the pump increases the circulation power and makes the flow velocity increase
obviously. The equipment inside the furnace is simple in structure and convenient in site installation.
The boiler backwater enters the energy saver and the boiler drum simultaneously. The circulating
water flow directly into the energy saver is regulated according to the control of the outlet water,
temperature and smoke exhaust temperature of the energy saver. Effectively reduce the water
resistance of the system, has a significant energy-saving effect.
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Figure 3 — Composite water cycle diagram

The boiler adopts the combination of forced circulation and natural circulation, and the forced
circulation is adopted on the heating surface with high heat load, and the natural circulation is adopted
on the heating surface with low heat load. The safety of water circulation is improved, and the
phenomenon of tube bursting of water-cooled wall such as subcooled boiling is ensured.

The combination of natural circulation and forced circulation is beneficial to the protection of
boiler power cut. Ensure boiler safety during power failure. No special power-off protection, short-
term power-off without any treatment, long-term power-off timely exhaust can ensure the safety of
the boiler after power-off.

Application, test and appraisal of boiler

On December 21, 2012, the national quality supervision and Inspection Center for boiler and
pressure vessel of the China Academy of special equipment testing carried out energy efficiency and
environmental protection tests, test site for Xinjiang Urumqi heating company Jiujiawan peak-
shaving boiler room. The test was based on the standards and regulations of TSG G0003-2010, TSG
G0002-2010, GB/T13271-2001, emission standard of atmospheric pollutants from boilers,
GB/T16157-1996, sampling method of particulate matter and gaseous pollutants in exhaust gases
from fixed pollution sources, etc., the thermal efficiency value of the test product meets the
requirement of the thermal efficiency target value under the rated working condition of the boiler
product specified in the code.

Test

5.1 energy efficiency test results

See Table 3 for details.
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Table 3 — Summary of energy efficiency test results: (from the Boiler Energy Efficiency Test report,
No. 12EF068-NGO01[4])

Serial Project Symbols Unit Conditions | Conditions Average
number I I

1 Boiler output Q MW 57.66 58.22 57.94

2 Positive balance nl % 97.83 97.86 97.85
efficiency

3 Converted thermal nzs % 97.83 97.86 97.85
efficiency

4 Exhaust temperature tpy °C 74.78 77.98 76.38

5 Excess air coefficient at “py / 1.14 1.15 1.15

smoke exhaust
6 Boiler test output: 57.94 MW Boiler test thermal efficiency: 97.85%

5.2 results of environmental tests

See Table 4 for details.
Table 4 — Summary of environmental test results: (from Boiler Environmental Test Report,
No. 12EF068-BGO01[5])

Serial Project Symbols Unit Test results The result of the
number conversion

1 NOX Cn mg/rn3 99 .50 93.29

2 SO2 Cs mg/rn3 0.00 0.00

3 Blower noise / dB(A) 81.90 /

4 Boiler Room / dB(A) 84.20 /

Noise
5 Smoke / Greenman 1 /
blackness class

Energy-saving awards: SZS58- 1.6/130/70-Y.Q, China Industrial Technology Development
Foundation and machinery industry energy-saving and resource utilization center, Jan. 13,2015. Q
boiler has issued the Energy Efficiency Star Certificate for industrial equipment (No. Nxzx2014-009)
and the energy saving product certificate for electromechanical equipment (No. JN2014-0106).

Conclusion

SZS58-1.6/130/70-Y.Q The test data of Q-type condensing gas-fired hot water boiler is better
than the design data, and it has certain overload operation ability. Got good feedback from the market
and users, praise and recognition. This type of boiler has already obtained the utility model patent,
certificate (ZL201420220763.2) of‘Large capacity gas-fired condensing hot water boiler with
combined water cycle”, the large-capacity condensing gas-fired hot water boiler is developed rapidly
under the situation of the rapid development of domestic urban heating and the increasing demand of
the country for energy-saving and emission reduction of high-energy-consuming products. With the
joint efforts of the colleagues in the boiler industry, the large capacity gas-fired hot water boiler has
been developed and applied, realizing the cascade utilization of waste heat of flue gas, and improving
the energy-saving technology of the boiler products.
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Annomayus: B pabote paccMOTpeHbI TpaHC(HOPMATOPHI TEIJIOTHI, B OCHOBE Pa0OTHI KOTOPBIX
JISKUT MPOLIECC MOBBIMICHUS MMOTSHIIMANIA TETJIOTHI 32 CUET KUHETUYECKOM YHepruy MOTOKA ra3a WiH
napa, B KOTOPYIO INpEBpAIIaeTCs BHYTPEHHSS HHEPIUs MOTOKA, IOJABEJCHHOTO K YCTaHOBKE.
PaccMmoTpens! mporeccehl, MPOUCXOISIINe B CTPYHHBIX anmnapaTax, IpUBEIEHbl OCHOBHBIE (hOPMYJIbI
IS pacyera.

Abstract: The work examines heat transformers, the basis of which is the process of increasing
the heat potential due to the kinetic energy of the gas or steam flow, into which the internal energy of
the flow supplied to the installation is converted. The processes occurring in jet devices are
considered, and the basic formulas for calculation are given.

Kniouesvie cnosa: ctpyiiHple TpaHC(hOpPMATOPbl TEIUIOTHI, 3KEKTOPHBIE YCTaHOBKHU,
napameTpsl paboThl CTPYHHBIX amllapaTroB, pacyeT 3KEKTOPOB

Keywords: jet heat transformers, ejector installations, operating parameters of jet devices,
calculation of ejectors

PaccmoTpuMm TpaHCOpPMATOpBl TEIIOTHI, B OCHOBE PabOTBHl KOTOPBIX JIEKHUT IMpOIEece
IIOBBIIICHN [TOTEHIMAA TEIUIOTHI 32 CYET KUHETUYECKOW SHEPIUH ITOTOKA ra3a WIX 11apa, B KOTOPYIO
IIPEBPALIAETCS] BHYTPEHHSS SHEPrusl IMOTOKA, IMOABEAECHHOIO K ycraHoBKe [l]. B 3kekTopHBIX
yCTaHOBKax TpaHc(OpMalus Teria MpOUCXOIUT M0 MOBBICUTEIBHON CXEMe.

B ycranoBky moaBoautTcsi pabouuii map WM Ta3 HOJ BBICOKMM JaBjieHueM P, mmeromiuii
temmneparypy Tp. CxaTue MHKEKTHUPYEMOro MOTOKA Mapa WM Ta3a HU3KOro AaBieHus Py u Ty,
OCYILIECTBIISICTCS 33 CUET MCIIOJIb30BAaHUs SHEPIUU MOTOKA paboyero mapa wiu rasa. M3 yctanoBku
BBIXOJWT CMECh MOTOKOB pabo4yeil M HMHKEKTUPYEMOU Cpelbl Npu cpefaHei Temmepatype Tep u
JaBJICHUU Pcp.

B 3aBuCMMOCTH OT CBOWCTB W YCIIOBHI B3aUMOJEHCTBHS PabOYero M HMHKEKTHPYEMOTO
[IOTOKOB B CTPYHHBIX amnmaparax BO3HHMKAeT psJ JONOJIHUTENIBHBIX IIPOLECCOB, KOTOPBIC
cneun(UYHbl TOJBKO [UIS amlapaToB ONPEICNCHHOIO THIA. OTHU MPOLECCHl CYIIECTBEHHO
OTpaXkaroTcs B padoTe anmnaparoB JaHHOTO THUIIA M JOJDKHBI YUUTBHIBATHCS MPH UX pacueTte [2].

[Ipoueccel, mpoucxonasiiie B CTPYWHBIX ammaparax, 3aBUCAT B IIEPBYIO OYepenb OT
arperaTHOro COCTOSHMA B3auMozeicTByromux cpea. C 3TUX MO3MLUNH MOYXHO BCE CTpYMHbBIE
anmaparbl pa30UTh Ha TPU IPYIIIIBL:

1. ammapaTbl, B KOTOPBIX arperaTHOE COCTOSHHE paboyeil M HMHXKEKTHPYEeMOH cpen
OJIMHAKOBO;

2. ammapaThl, B KOTOPHIX paOouuii W HMHXKEKTHPYEMbIH MOTOKM HAaXOIATCS B Pa3HBIX
arperaTHbIX COCTOSIHUSX, HE U3MEHSIOIIUXCS B IIPOLIECCE CMEILIEHUS 3TUX IIOTOKOB;

3. ammapaTbl ¢ U3MEHSIOLIMMCS arperaTHbIM COCTOsIHUEM cpell. B aTux anmaparax padouuit
Y MHXXEKTHPYEMBIi IOTOKH JIO CMELICHHUS HaXOIATCs B pa3HbIX (hazax, a Mocie CMEIICHUs - B OJTHOU
¢a3ze, T.e. B mpoliecce CMELICHNUs U3MEHSIETCS arperaTHOE COCTOSTHUE OJTHOTO U3 TTOTOKOB.
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VYcnoBust  pa®OThl  CTPYHHBIX —ammapaToB 3aBUCAT TaKXKe OT YHOPYTUX CBOMCTB
B3auMozcucTByronmx cpen. I[lox ynpyrumu CcBOMCTBAaMM WIM CKUMAaeMOCTBIO IIOHUMAETCS
3HAYUTEIbHOE M3MEHEHHUE YJeNbHOr0 00beMa cpesibl Mpu U3MEHEHUHU ee jaaBieHus. Ha npaktuke

HNPUMEHSIIOTCS CTPYHHBIE HACOCHI, B KOTOPBIX:
1) o6e cpensl (pabovast U HHKEKTUpyeMasi) YIPYTH;
2) ympyras TOJIbKO OJIHA U3 CpeJ;
3) obe cpensl HEYTIpYyTHE.

Taoauna 1 — Knaccudukanus cTpyHHbBIX anmnapaToB

CocTtosiHue .
I'pynmna N CaoiicTBa Crenenn
B3aUMOJICHCTBY . Amnmapatbl
anmnaparos B3aMMOJCHCTBYIOIMX (a3 | cKaTus
IOLIHMX Cpef
1225 I"azo(mapo)—cTpyiiHble
AreratHoe - KOMIIPECCOPHI
COCTOSIHHE I"azo(nmapo)—ctpyiinble
. Ynpyrue cpenst >2,5 (mapo)-ctpy
PaBHO(azHbIC paboueii n 9KEKTOPBI
UHXEKTUPYEMOH > 12 I"azo(mapo)—cTpyiiHble
Cpea OJUHAKOBO ’ WH)KEKTOPHI
Heynpyrue cpens mobast CrpyiiHble HaCOCHI
Pabouas-ynpyras N
ynpyras, CrpyiiHble anmapaTsl
WH)KEKTHUpyeMasi - mobas
JUIs1 THEBMOTPAHCIIOPTa
ArperaTtHoe Heynpyras
COCTOSIHHE Pabouas-neymnpyras,
N Bognosoznyuinsie
Paznodaznsie paboueii n WHXEKTHpyeMas - mobast KCKTODE]
WH)KEKTUPYEMOH | ympyras p
cpel onMHAaKOBO | Pabouas u N
CrpyiiHble anmapaTsl
WH)KEKTUpyeMasi - mobas
IUISl THAPOTPAHCIIOpTa
yHopyrue
Pabouas-ynpyras
yrpyras, [TapoBogsiabie
ArperatHoe WH)KEKTHUpyeMasi - mobas
9KEKTOPHI
COCTOSIHHE HEeynpyras
N3mensromuecs .
OJIHOH M3 cpel Pabouas-neymnpyras, [TapoBozsiabIe
HU3MEHSIETCS WH)KEKTHpyeMasi - mobas CMEUIMBAIOLINE
yhpyrasi MOJJOTPEBATENH

PaboTa 9KeKTOPHBIX YCTAHOBOK OCYILIECTBIISICTCS 10 3aMKHYTOH WM Pa30MKHYTO cxeme. B
3aMKHYTBIX CUCTEMaX, UHKEKTUPYEMBbIN IIOTOK LIUPKYJIUPYET 110 KOJIbLEBOMY KOHTYpY. IIpumepom
YCTQHOBOK C 3aMKHYTOM CUCTEMOM MOKET CIYKHUTh pab0Ta 3’KEKTOPHBIX XOJOMIBHBIX MAIIUH IS
OXJIaXKICHMsI BOJBI U I KOHIULMOHUPOBAHUS BO3yXa.

B pa3oMKHYTBIX 3KEKTOPHBIX YCTAaHOBKAaX, C3KaTbId IIOTOK OTBOJAUTCS M3 YCTaHOBKU. Ilo
TAaKOMY MPHUHLHUITY pabOTaIOT CTPYHHbIE KOMIIPECCOPHI ISl MOBBIICHHS JAaBICHUS OTPaOOTaBIIETO
napa.

CrpyiiHble anmapathbl SIBJISIOTCS OCHOBHBIM JJIEMEHTOM 3KEKTOPHBIX TpaHc(hopMaTopoB
TEILIOTBHI.

PaccmoTpum npocreiinryo cxemy paboTsl cTpyiiHOro anmnapara. Puc 1, 2.

DKEKTUPYIOLINHI MOTOK raza Wi mnapa ¢ pabounmu 3Hayenusmu Tp, P, 1 W, (ckopocTtb
II0TOKA) MOJBOJIUTCS B KaHAJI, UMEIOIIMH Cy’)KEHUE Ha BXOJIE, U PACILUPSIONIYIOCS BBIXOAHYIO 4acTbh,
Ha3piBaeMoe pabouee corio PC (comto JlaBans). CocTosHue pabodero moTroka mepej anmnapaToMm
ornpeaensercs Toukoil A Ha quarpamme. [lo nuHum nonutponsl AB' noTok paciupsiercs B CoIuie, a
€ro JaBlIEHUE 32 COIJIOM CHUXkaeTcs 1o 3HaueHus Pu. Touka B' ompenenser cocrosiHue pabouyero
MI0TOKA B KOHILIE pacmupenus B coruie. Co ckopocTbio Wpi, 60IbIIe CKOPOCTH 3BYKa, paboumii ra3
WIM Iap BBIXOJIUT M3 COIUIA U 3aTSATMBAEeT U OCHOBHOM kKaMepbl OK X0JI0AHBIN MHXKEKTUPYEMBIH
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IIOTOK, KOTOpBI IIOJAaeTcs B OCHOBHYH Kamepy umes nasieHue Pu. Ha cxeme Toukonn C
XapaKTEPU3yETCsl COCTOSHUE MHKEKTUPYEMOTI'O ITOTOKA.

MaccoBblil  pacxoJ JBHXKYILETOCS IIOTOKA HENPEPBIBHO YBEIUMYMBAETCA 3a CYET
IIPUCOCIMHEHNS MACChl MHKEKTUPYEMOM cpepl. 1o Mepe ynaneHus IBUKYIIErocs IOTOKA pacTeT U
€ro IOIEPEYHOE CEYECHUE, ITO XapPAKTEPU3YEeTCs IEOMETPUYECKUMHU pasMepamu dxkekropa. [lo
3HAYCHUs BETMUMHBI ceYeHUs {1 MHKEKTUPYEMBIN U 3KEKTHPYIOIIUI TOTOKH MPOTEKAIOT Pa3esIbHO,
HE CMelMBasch Mexay coboil. B kamepe cmemenuss KC mpoucxoauT MHTEHCHMBHOE CMELICHHE
11oTokoB G=Gp+Gy. Ha Bxone B kamepy cMeleHus oT ceueHus 1-1 10 2-2 npoucxoauT paciiupeHue
paboueii (BB') u umxextupyemoii (CD) cpenst 10 naBienus Pa.

[Muimaapudeckas Gpopma KaMepbl CMEIIECHUs MTO3BOJISICT MAaKCUMAIIBHO YBEITUUUThH CTENICHb
BOCCTaHOBJICHHS J1aBieHus. Ha BXoJie B Kamepy cropaHus BEIMUUHBI CKOPOCTei TOTOKOB (Wy2, Wi2)
[IPONOPLUUOHAJIBHBI IIPEBPAILCHNUAM KUHETUYECKOW HSHEPrUu (Hp + HH)QDS U HH<p§ . B kamepe
CMELICHUS IIPOUCXOAUT BBIPABHUBAHUE CKOPOCTEH W IOBBILICHUE ABJICHHUS B CMEIIAHHOM IIOTOKE
(BE u DE). Touka E onpeznenser cocTosiHME ITOTOKA B KOHLIE KAMEPbI CMEIIECHUS.

Janee motok moctymnaetr B auddyzop crpyiiHoro ammapaTta /I, B KOTOPOM KHHETHYECKas
SHEpPrus MOTOKAa IpeBpallacTcs B MOTEHIMAIBHYK SHEpruto M TemioTy. CocTosHuE MOTOKa 3a
annapatoMm onpenenserca Toukodl F. Cratuueckoe naBieHHE IOTOKa cxarod cpensl Pe, a
sHTanbnus he [3].

P
P,
ol ! <
1
A
A 2 KC 3 i
g F Py
tGp <_ PC A Pe
Yo Pp l_/\ i G¢=Gp+ Gy
11
i k P
o 5 C P2
i | " B
e ! %
2
CE E F— Hy
A B’ B
s
Pucynok 1 — Cxema ctpyiiHoro ammapara Pucynoxk 2 — IIpoiiecchl CTpyiiHOro anmapara

B hs-nuarpamme.

[Tporecchl, nmpoTeKaronMe BO BeeX 0e3 MCKIIOYeHHS CTPYHHBIX ammaparax, OMHCHIBAIOTCS
TpEMsI 3aKOHAaMHU: 3aKOHOM COXPaHEHMsI JHEPIMM; 3aKOHOM COXPAaHEHHUS MAacChl; 3aKOHOM
COXPAHEHHUS UMITYyJIbCA

OTHoOIIEHNE BEJIWYMHBI HHXXEKTUPYEMOIO pacxoJa K BeIMYMHE paboyero pacxoja

G
HasbIBaeTcs KodduimeHT umxeknun U = G—” . OTa BeJMYMHA SIBJISETCS OJHUM M3 OCHOBHBIX
p

nokasaresei paboTsl CTPYHHOTO anmnapara, ¥ HapsiMyo 3aBUCUT OT BEJTMYUHBI CTEIICHU ITOBBILICHUS

P
JTaBJICHUS P—C U aBIICHUsE Cpefbl Py,
H
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KoadduumeHT nH)eKIMu MOXKXHO HAWTH U3 YpaBHEHUS TEIUIOBOro OanaHca:

— 1
Gohy + Guhy = (G, + G,) - hy (1)
_ G _ (B —he) @
Gp (hc - hH)
DKcepreTHYecKuil 6anaHc cTpyHHOro anmnapara UIMeeT BHL:
Goey + Guey = (G, + Gy) - ec + z D 3)

rae ), D motepu sKcepruu B anmapare.

BennuunHa, nmokasbpiBarolias OTHOLIEHUE DKCEPrUU MHXKEKTUPYEMOIO IIOTOKA, K DKCEPruu
3aTpayeHHOM pabounM MOTOKOM - ecThb 3Kkceprernueckuit KITJ[ ctpyitHoro anmnapara.

U(ec - eH) 4
Ne = 4)
(e, —ec)

[Tpou3Bos pacyeT CTPYHWHBIX aNIaparoB, PELIAIOTCS CIECAYIONIUE IBE 3a/1a4H:

1. Ompenenenue JOCTHKUMOTO KOAPPHUIIMEHTa MHKEKIIUH, COTTIACHO 33JJaHHBIM ITapamMeTpam
pabouero 1 MHXXEKTHPYEMOI0 TIOTOKOB IIepe/1 annapaToM U 3aJJaHHOM JIaBJICHUU CKaToi cpenbl Pe.

2. OmnpeneneHue TOCTHXKUMOTO JaBJICHUS CKaTHs Iepell amnmapaTtoM IIpU 3aBEAOMO
M3BECTHBIX MapamMeTpax pado4yero M HHKEKTHPYEMOro INMOTOKOB M H3BECTHOM Ko3(pduuumenre
nmxkekuu U.

ITpu pacuere CTpYHHBIX amlmapaToB HIMPOKO HCHOJIB3YIOTCS ra3oJuHaMHUYEcKHe (YHKLUH,
CBSI3bIBAIOIME NPUBEIACHHYIO aJMabaTHYI0 CKOPOCTh MOTOKA Mapa WM raza ¢ €ro 3HaYeHUSIMHU
TEPMOJMHAMHUYECKUX TapameTpoB. llpuBeneHHass anuabaTHas CKOPOCTh —XapaKTEpU3yeTCs
OTHOIICHHEM CKOPOCTH ra3a IpH €ro aAnadaTHOM TEUEHUH K KPUTHUECKOW CKOPOCTH.

a=Wa _ ﬁ(l_%) (5)

k-1

W3 ypaBHEHUS! BUJHO, YTO U303HTPOIUITHAS CKOPOCTh MOTOKA MOKET U3MEHAThCs 0T A = 0

mpu Ty =T uw, =010 Ay = \/(k +1)/(k —1) nupu Ty = 0, TO €CTh NPH MUCTCUCHUU MIOTOKA B
abcomoTHBIN BakyyM. i AByXaTOMHBIX Ta30B (k=1,4) a A4, = 2,45.
N305HTpONMIIHAS CKOPOCTH ITOTOKA:!

2k
Wq = mR(TO - T) (6)

rne k — mokazatens agualaThl, paBHBI OTHOIIEHHIO YAEIbHBIX HM300apHBIX W HM30XOPHBIX

o C o o
TEIUIOEMKOCTEH k = C_p . OH sBnsgercs BCJIMYHUHOHU, XaAPAKTCPHOU JII JAaHHOI'O0 BCIICCTBA JJIA
v

JAHHOTO BEIIECTBa, HAMPUMEp, BO3AyXa M JIBYXaTOMHBIX ra3oB k=1,4; s meperperoro mapa u
MHOTOQTOMHBIX T'a30B MMOKa3arenb aauadatsl paBeH k=1,3; ans onHoatoMHbIX Ta30B k=1,13.

R — ra3oBas nocrosiHHas (s noroka), [Lx/(kr'K); 7o — temmnepaTypa TOpMOKeHHs MOTOKa, K;
T — temmieparypa MOTOKa MPH CKOPOCTU W,, K; axp — KpUTHUYECKAss CKOPOCTh MOTOKA!

2k RT. 2k Py 2kpg (7)
aK = _ = _— o —_—
p 0 0'o
k+1 k+1 (k+ 1)p,
rae P, — naBienue noroka ropmokenus, I1a, Vi — yaenbHbiil 00beM IIOTOKA TOPMOXKEHUSL, M>/KT, pg —
IUIOTHOCTB TIOTOKA TOPMOKEHHS, KI/M°.
Tak >xe HanboJee YacTo NCHOIB3YIOTCS CIEAYIOUINE Ta30JMHaMUYecKre (PyHKINN:
OTHOCHUTEIIbHAs TEMIIepaTypa
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T k-1
= — = —J2___ 8
T T* 1 Ak+1 ®
OTHOCUTEJILHOE JIABJICHHE
k
P k — 1\k-1
= =(1-22—= 9)
m@) =5 (1 Gy 1)
OTHOCUTEJbHAS IJIOTHOCTh
1
P < L k= 1)71 10
N===(1-2— (10)
¢ p* k+1
OTHOCUTEJIBHBIN (MPUBEICHHBIN) pacxo
wp _ fep
W =——=" 12
1 aKppr f ( )

CoBepieHCTBO CTPYiHbIX anmnapaToB onpezaensercs 3HaueHueM KI1LJI. Boipaskenue muis KI1{

CTPYHHOTO arapaTra UMeeT CJIeAYIOLUN BU:
_ u[hc - hH - Toc(Sc - SH)]

hy — he — Toe(S, — Se)

(13)

p

1€, U — K03 GUIUERT MHKEKUUH; Ry, hy, he — yleabHbIE SHTANBINKE PAOOYET0, HHKEKTUPYEMOTO U
C)KaTOro IOTOKOB B 3aTOPMOXXEHHOM COCTOSIHMH, JUK/KT; Sy, Sy, S¢ — yI€IbHBIE — SHTPOIMHU ITUX

MIOTOKOB B 3aTOpMOKeHHOM cocTosiauu, JIx/ (kr'K); T, — TemmepaTypa pabodero Teia B COCTOSIHUH
paBHOBecus ¢ okpy»xatouieit cpenoit. O6sruHO T, = 293 K. Ot uHbIX TpaHCc(HOPMATOPOB TEILIOTHI,
CTPYHHBIE anmaparbl OTIMYAIOTCS IIPOCTOTOM KOHCTPYKLMH, MPOCTOTOM CXEM BHEIPEHUS B
pa3iIMyYHbIE YCTAHOBKH, @ TAaKXE OTHOCUTEJIBHO HE CJIO)KHBIM IIPOLECCOM MX H3TOTOBJICHMS.
[ToBbllIeHUE aBICHUS WHXEKTHPYEMOTO MOTOKa 0e3 HEeMmOoCpeACTBEHHON 3aTpaThl MEXaHUYECKOU
SHEPrUM SIBJISIETCSA OCHOBHBIM M NPUHLMIIMAIBHBIM KaueCTBOM CTPYMHBIX amnmapaToB. biaronaps
3TOMY KaueCTBY HCIIOJIb30BAHWE CTPYMHBIX anlapaToB BO MHOI'MX OTPAcisAX TEXHUKH I103BOJISIET
nojly4yatb OoJjiee MPOCThIE W HAAEKHBIC TEXHHUUYECKHE PEIICHUS MO CPABHEHUIO C MPUMEHEHHEM
MEXaHUUYECKUX HArHeTaTesIel, TaKUX KaK KOMIIPECCOphl, HACOCHI, Ia30lyBKH, BEHTUIATOPB! U T.A.
Bce »Tu KauecTBEHHBIE XapaKTEPUCTHKH OOECTICUMIIN IIUPOKUH CIEKTp HMPUMEHEHHUS CTPYHHBIX
anmnaparoB B pa3HbIX c(hepax MPOMBIIUIEHHOCTH, B TOM YHCJIE U B SHEPreTHKE.
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UCCJEJOBAHME YJIBTPA3BYKOBOM CYIIKHU TEKCTHJIbHOM BATHI
RESEARCH ON ULTRASONIC DRYING OF TEXTILE WOOL
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Annomayusn:  DKCIEPUMEHTAIBHO  HCCIIEJOBAH  IPOLECC  YJIbTPAa3BYKOBOM  CYIIKH
TEKCTHJIbHOW BaThl. [IpoBesieH cpaBHUTENbHBIN aHAIN3 3((HEKTUBHOCTH YIbTPa3BYKOBOM CYIIKU MO
CPAaBHEHHMIO C KOHBEKTUBHOW. BBISBICHBI ONTHMAalbHBIE TEMIIEpaTypa U CKOPOCTh IOTOKA
CYUIMJIBHOTO BO3JlyXa, MPU KOTOPHIX MHTEHCHU(PULIUPYIOMIMNA BKIaJ YIbTPa3ByKOBOTO BO3JCHCTBUS
SBIISICTCS HAUOOJIBIIHM.

Abstract: The process of ultrasonic drying of textile wool was experimentally studied. A
comparative analysis of the effectiveness of ultrasonic drying in comparison with convective drying
was carried out. The optimal temperature and flow rate of drying air have been identified, at which
the intensifying contribution of ultrasonic action is greatest.

Kniouesvie cnosa: ynbTpa3ByKoBas CylliKa, 0ECKOHTAKTHOE BO3JICHCTBHE, TEKCTUIIbHAS BaTa.

Keywords: ultrasonic drying, non-contact exposure, textile wool.

Bara sBisiercss npencTaBUTENIEM Kiacca BOJIOKHUCTBIX MarepuanoB. Cylika sBiseTcCs
HEOTBEMJIEMOM CTaJue€l IPOU3BOJACTBA BaTbl. Bo-NEpBbIX, CyIIKa MPOU3BOAUTCA HaA 3TaIle
3arOTOBJICHHMSI PACXOJHOrO Marepuana i M3roToBieHUs BaTbl. ChIpbE JOIKHO OBITH
IIPEIBAPUTENIBHO IIPOMBITO M OYMILEHO OT IIPUMECEH, BBICYLIEHO O ONPEIEIEHHON BIa)KHOCTH U
OTIIPaBJIEHO B XpaHuaulle. Bo-BTOpBIX, ONEpaliyio CYIIKH BBIIOIHAIOT NIOCIE YJAJIECHUS IEKTUHA U3
BOJIOKOH XJIOIIKA, YTO IIO3BOJIIET IIOBBICUTH BIUTBIBAEMOCTh (ITMIPOCKOIIMYHOCTH) BaTHOM
MPOAYKIUH, YTO OCOOCHHO LIEHHO JUISI BaThl, UCIIOIB3yEeMOI B MEAUIIMHCKUX 1EsAX. B-TpeTbux, npu
OTOENMBAaHUM, CHIPbE MJIs1 M3TOTOBJICHUS BaThl MOJBEPralOT XUMHYECKOMY BO3JeicTBuiO. B
3aBHUCHMOCTH OT TEXHOJIOTMM IPOM3BOACTBA MaTEpHaj MOXKET MOIPY>KaTbCA B LIEIOYHYIO CPELNY,
TaKXe MOXKET MPOU3BOAMTHCS Olepauusi KucioBaHus. llocie BbIMONHEHHs MOJOOHBIX ONeparuii
CBIPbE UIA MPOU3BOJCTBA BaThl JOJDKHO OBITH TINATEIBHO MPOMBITO OT XUMHUYECKUX PEareHTOB U
BbICYIIEHO [1, 2].

JUi cylIKM BaThl B OCHOBHOM HCIIOJIb3YIOT KOHBEKTUBHYIO CYIIKY [l], OIHAKO 3TOT MeTOJ
ABJIAETCS DHEPro3aTpaTHbIM M JOCTaTOYHO JUIMTENbHBIM. Bo3zaelicTBHE BBICOKOYACTOTHBIMU
aKyCTUYECKUMHU KOJeOaHMSIMHM TO3BOJSIET BBOJUTH B MaTepHallbl SHEPTUH, MPONOPIHOHAIBHBIC
KBAaJ[paTy 4aCTOTHI HCIIOJIb3YEMbIX KOJICOaHUI U COKPATUTh IPOIOJIKUTEIBHOCTD MPOLIEcca, a B psijie
CllyyaeB, U PHEPreTHUECKUE 3aTparbl Ha mpouecc. MakcumanbHbli 3()(eKT oT yIbTpa3ByKOBOIO
BO3/IEIICTBUS JOCTUrAETCsl, KaK MPaBUIO, B KOMOMHAIMY C APYTHMHU CYUIMIbHBIMU TE€XHOJIOTUAMH,
HarnpuMep, KOHBEKTUBHOM, KOTAa OOBEKT CYIIKH MOMHUMO YJIbTpa3ByKa 0OpabaThIBalOT MOTOKOM
HarpeToro Bo3zayxa [3, 4].
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WuTencudukanys npolecca Cymky ¢ IOMOLIbIO yIbTPa3BYKOBBIX KoJIeOaHUH Obla BIEPBbIC
SKCIEpUMEHTaIbHO OOHapykeHa W monaTBepxkaeHa B 50-x romax XX Beka [5, 6]. Omnaxo
MCCIIEIOBAaHHI MO BBISIBIIEHUIO ONTHMAJIbHBIX PEKUMOB YIbTPa3BYKOBOM CYIIKH KpaiHe Mallo.

OOBEKTOM HCCIIEIOBaHUS SABISETCS MPOLECC YIbTPa3BYKOBOM CYIIKH TEKCTUIBHOM BaThl. B
MIPOMBIIIJICHHBIX YCIOBUSAX MIPOU3BOJICTBA TEKCTUIIbHAS BaTa JOJDKHA OBITH BHICYIIIEHA C BIAKHOCTU
37% no 8 %. J1is 3KCIepUMEHTAIbHBIX HCCIEA0BAaHHUN Ipolecca YIbTPa3ByKOBOH CYIIKH ObLI
pa3paboTaH 1abopaTOpHbIi cTeH (pUCYHOK 1).

1 — BeHTWIIATOp; 2 — HArpeBaTeib; 3 — CUCTEMA YIIPABICHUS TEMIIEPATypPO BO3AYLIHOTO MOTOKA;
4 — TepMoriapa; 5 — CynImiibHas Kamepa; 6 — reHepaTop YIbTPa3ByKOBBIX KoJIeOaHUil;
7 — ynbTpa3ByKOBOH U3Iy4aTelb
Pucynoxk 1 — JlaGopartopHblii cTeH A7t Y3 CYIIKH.

BenTtunsatop 1 u HarpeBarens 2 GopMUPYIOT MOTOK HAarpeToro Bo3ayxa. [ns mognepxxanus
3aJJaHHOM TeMIIEpaTypbl BO3AYLIHOIO IOTOKA UCIIONIB3YETCsl CUCTEMA YIIPaBJICHUs TEMIIEPATypoHt 3,
K KOTOpOM IoJKJItoueHa TepMonapa 4. B mIMHApUYECKON CyIINIBbHOW KaMepe 5 pacrosararircs
BbICyIIMBaeMble 00pa3ibpl BaThl. Ha BeICymIMBaeMblii MaTepuall BO3JCHCTBYIOT YJIbTPa3ByKOBBIC
Kosiebanus1, GopMHpyeMbIe MOPIIHEBBIM HU3yyarenaeM 7. 3myuyaTenem ynpasisieT yabTpa3ByKOBOH
reneparop 6. [lopiiHeBoii H3IydaTens MOCpeACTBOM Pe3b00BOr0 COETMHEHNS MOXKET IepeMenaTbCs
OTHOCHUTEJIBHO KPBIIIKH CYIIMJIBHOM KaMephl JUIsl CO3/IaHUs CTOSYEH BOJIHBI B CYIIMIBHON KaMepe.

Jlns reHepanyM  yIbTPa3BYKOBBIX KOJIEOAHMH NPUMEHSJICS YJIBTPa3BYKOBOM ammapar
«COJIOBEI», mozenu Y3AT'C-0,1/22-0 ¢ nopmseBsIM n3itydareneM. Mcrnons30BaHue POI0TbHO-
KOJICOJIIOLIETrocs M3yvaressi MOpIIHEBOH (opMbl 00YCIOBICHO HEOOXOIUMOCTBIO MOJIYUYECHHUS
MaKCUMAaJIbHOW MHTEHCUBHOCTH YJIBTPa3BYKOBOro moiisi. KOHCTpYKTHBHOM (OpMOH H3iIydaTesns
CIy’)KUT IWIMHAPUYECKOE TEJI0 PE30HAHCHOM (MOJIYBOJHOBOM) JJIHMHBI, COEAMHEHHOE C
3JIEKTPOAKyCTUYECKUM ITpeoOpazoBareneM. s o0ecrieueHrst paBHOMEPHOCTH KOJieOaHUH TOPIIEBON
IIOBEPXHOCTU Ha LMJIMHAPUYECKON IOBEPXHOCTH BBIIIOJHEHBI KOJblEBble NpoTouku [7]. Takad
KOHCTPYKLHMSI IO3BOJIsIET (hOPMUPOBATh YJIBTPa3BYKOBbIe Kosnebanuit yactoroit 22 k[’ ¢ ypoBHeM
3BYKOBOTO AaBiieHus He MeHee 150 nb.

Jlnst onpesienieHust ONTUMANIBHBIX MapaMeTpoB Y3 CYIIKU ObUIO PELICHO MPOBECTH JIBE CEPUH
HKCHEPUMEHTOB: | — BO3/eicTBUE HArpeTbiM BO3AYXOM (KOHTPOJBHBIH SKCIEPUMEHT); 2
COBMECTHOE BO3/ICHCTBHE YIbTPa3BYKOBBIMH KOJI€OAHUSIMU U HATPETHIM BO31yX0oM. B kakaoii cepun
9KCIIEPUMEHTOB OIIBITHl MPOBOJMINCH IIPHU CIEIYIOIIMX 3HAUYEHUAX I[1apaMETPOB Ipoliecca: IpU
temneparypax mnoroka 30°C, 40°C, 50°C; nns KaxIoll Temmeparypbl CKOPOCTh IIOTOKa
ycranaBiuBaiach | u 3,5 m/c. s cpaBHUTENBHOTO aHAJIM3a CyIIKa MPOBOAMIACH KOHBEKTUBHBIM
CIOCOOOM IpH 3a/IaHHBIX ITapaMeTpax U C 100aBJICHUEM YIbTPAa3BYKOBOI'O BO3JICHCTBUS C YPOBHEM
3ByKOBOro aasieHus 160 + 3 nb.

Pacuét maccel Ba)xxHOU BaThl (715) € 3aJaHHON BIIAXKHOCTHIO (@) mpoBoauTcs 1o ¢popmyiie (1):

S 100 * m, ()
100 - w

rze mc —Macca abCOJOTHO CYyXOH BaThl.
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B XoJ1e BBINONIHEHNS SKCIIEPUMEHTA Macca CyXo BaTel m. cocTasisuia 10,0 r.

KpuBble KOHBEKTHBHOH M yIBTPa3BYKOBOW CYIIKM IPU CKOPOCTH MOTOKa Bo3ayxa 1 m/c
IIPEJICTaBJIEHbl HA PUCYHKE 2.

40

40 +6e3 V3, 30°C

X X ~+0e3 V3, 30°C
§ 35 “c'V3,30°C § 35 -c V3, 30°C
g 30 +06e3 V3, 40°C ; 30 +0e3 V3, 40°C
225 © V3, 40°C 2 25 ¢'V3,40°C
20 *06e3 ¥3, 50°C
s e V3, 50°C 20 *6e3 V3, 50°C
o \\_‘_‘“ 15 ¢ V3, 50°C |
s 10 \\
0 20 40 60 80 100 120 140 160 180 200 5 | ‘
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Pucynok 1 — KpuBbie CylIKi TeKCTUIBHOM Pucynoxk 2 — KpuBbie CyIIKH TEKCTUIBHOM
BaTHI PH CKOPOCTH BO3AYIIHOTO OTOKa 1 M/C. BaTHI IIPH CKOPOCTH BO3AYLIHOTO MOTOKA 3,5 M/c.

KpuBble KOHBEKTHBHON M YJIbTPa3ByKOBOH CYIIKH NMPU CKOPOCTH MOTOKa Bo3xayxa 3,5 m/c
IIPEJICTaBJIEHbl HA PUCYHKE 3.

CoxkpallieHue npoAoKUTEIBHOCTH IPOLECCa YIbTPa3BYKOBOM CYLIKH OLIEHUBAJIOCH IyTEM
OTHOLIEHUS IIPOJOJIKATEILHOCTH KOHBEKTHUBHOM CYLIKU K IIPOJOJIKUTEIBHOCTH YJIBTPa3BYKOBOU
CYLIKH MIPH TeX e 3HAYCHUSAX TeMIepaTypbl U CKOPOCTH BO3ayIIHOro noroka (Tabnumna 1).

Tab6umuna 1 — Pe3ynpTaTsl CyIIKH TEKCTUIBHON BaThl.

CKOpOoCTbh ITOTOKA BO3/IyXa, Temmeparypa nmoToka CokpallleHHe CYIIKH, a3
M/c Bo3ayxa, °C
1 30 7,5
1 40 53
1 50 5,1
3,5 30 3,5
3,5 40 2,9
3,5 50 1,4

BbIsiBIIeHO 3HAUNTENIFHOE COKPAILICHUE BPEMEHU CYIIKH MPU BO3ACUCTBUH YIbTPA3BYKOBBIX
Kosiebanuii (B 7,5 pa3) npu Temreparype BozayurHoro notoka 30°C u ckopoctu 1 m/c. Haumensliee
COKpalleHHe NPOAOHKUTEIBHOCTH CYIIKH (B 1,4 pa3a) BBISABIEHO IIPU TEMIIEpAaType BO31YLIHOIO
notoka 50°C u ckopoctu 3,5 m/c.

Ha 3aBeparomiem sTame MPOBEACHUS HCCIEIOBAHUI ObUI BBIOJHEH aHalU3 3arpar
JJIEKTPOOHEPIUM, Kak I YJIbTPA3BYKOBOW, TaK M I KOHBEKTMBHOM cCywku. g pacuéra
SHEepreTudeckoil 3(h(HeKTHBHOCTH KOMOMHUPOBAHHOW CYIIKU IO CPAaBHEHHUIO C KOHBEKTUBHOU IpHU
IIOMOIM  CYETYMKA DJIEKTPOSHEPrHH OBUIM M3MEpPEHbl 3HAueHUs oOuero mnorpedieHus
AJIEKTPUYECTBA BEHTWIIATOPOM, HAarpeBaTeleM M YJIbTPa3BYKOBbIM ammapatoM. Ilorpebisemas
AJIEKTPOIHEPT U U3MEpsIach cueTYnKoM 3iekTposnepruu PR15 ¢pupmsr MKS Instruments, Inc.

Oueprerudeckas 3¢ pexkTuBHOCTh Y3 cyliku Eys onpeaensuiacs no gopmye (2):

Eys = (1- %) -100%, )
rne E. — 31eKTpo3Heprus, 3aTpayeHHas Ha KOHBEKTHUBHYIO CYIIKY, BT-4; Ec+ys — 3J1€KTpOIHEeprus,

3aTpadyeHHas Ha YIbTPA3BYKOBYIO CymiKy, Bt-u. IlomydeHHble pe3ynbTaThl JHEPTETUUYECKOM
3¢ (HeKTUBHOCTH MPUBEICHBI B TAOIUIIE 2.
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Tabauna 2 — Duepretuueckas 3(p(HEeKTUBHOCTh YIbTPa3BYKOBOHM CYIIKM TEKCTHUJIBHOM BaThl 11O
CPABHEHUIO C KOHBEKTUBHOM.

DneKTpuyuecKas DneKTpuyuecKas Dueproadde
Temneparypa SHEprus, SHEpTus, KTUBHOCTh
CkopocTb OTOKa
IIOTOKA notpebisemast Ha | moTpebissemas Ha V3 cymku,
BO3/yXa, M/C R ;
BO3aYyXa, °C KOHBEKTHBHYIO yIBTPa3BYKOBYIO %o
CyLIKY, KBT4 CyLIKY, KBT-4y
1 30 0,22 0,07 68
1 40 0,40 0,10 75
1 50 0,43 0,11 75
3,5 30 0,23 0,09 59
3,5 40 0,39 0,16 59
3,5 50 0,76 0,33 57

MakcumanbHOe COKpalleHHe MOTPeOIsieMOll AJIEKTPO’HEPTUU Ha Mpouecc Y3 CyIIKH
BBISIBJICH IIPH CKOPOCTH MoToka 1 m/c. Crneayer OTMETUTh YTO TeMIepaTypa IMOTOKa HE OKa3bIBaeT
3HAYUTEIBHOTO BIUSHUS HA SHEProd((HeKTUBHOCTH YIbTPa3BYKOBOM CYILIKH.

133 80:111 8

B pesynbraTe 3KCIEpUMEHTAIBHBIX HCCIIEAOBAHUI BBISBICHO UTO YJIbTPA3BYKOBas CYyIIKa
3HauutenbHo (B 5,1-7,5 pa3) cokpamaer MNpOAOIKUTENIBHOCTh CYIIKM 10 CPaBHEHUIO C
KOHBEKTHBHOM MPU HU3KUX CKOPOCTSAX MOTOKA CYIIMJIBHOI'O areHra. Takxke OmpeaeseHo, 4yTo Inpu
CKOpOCTH IOTOKA 1 M/C ynbTpa3BYKOBasi CyIIKa IMO3BOJISIET COKPATUTH MTOTPEOICHUE AIEKTPOIHEPTUN
Ha 75%. llpu wuccienoBaHHBIX CKOPOCTSAX IIO0TOKA CYIIMJIBHOIO areHTa €ro TeMIeparypa
NPAKTUYECKH HE BIUSAET HA COKpAILlEHHE YHEPronoTpeOsIeHUE YIIbTPa3BYKOBOM CYIIKH.

VYI1bTpa3ByKOBasi CyIlIKa BaThl SBJISIETCS MEPCIEKTUBHBIM HANpaBICHUEM Il COBPEMEHHOM
TEKCTUJIPHOW MPOMBIIIJICHHOCTH, TaK KaK IO3BOJISICT YCKOPHUTH BBIIYCK H3JACIMA U3 BaThl H
YMEHBIINTH 3aTPaThl Ha AJIEKTPOIHEPTHIO B XOI€ IPOU3BO/ICTBA.
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ONNPEJAEJIEHUE TEOMETPUYECKUX KPUTEPUEB JIJI51 CPABHEHUSA
SKCILTIYATAIIMOHHBIX XAPAKTEPUCTHK PA3JIMYHBIX TUIIOB JIONACTEA
OCEBBIX BEHTUJIATOPOB
DETERMINATION OF GEOMETRIC CRITERIA FOR COMPARING THE
PERFORMANCE CHARACTERISTICS OF DIFFERENT TYPES
OF AXTAL FAN BLADES

Erop Baagumuposuu OTpy0sinunkoB, Kapuns Anexcanaposna Mapkoga,
Mapus Biaaagumuposna Tepexosa
Egor V. Otrubyannikov, Karine A. Markova, Mariya V. Terekhova

Poccuiickuti cocyoapcmeennviil ynusepcumem um. A. H. Kocvleuna
(Texnonozuu. /[uzaiin. Hcxyccmeo), Poccus, Mockea
The Kosygin State University of Russia, Russia, Moscow
(e-mail: otrubyannikov-ev@rguk.ru)

Annomayusn: B paboTe paccMaTpuBAarOTCS TE€OMETPHUYECKHE IapaMeTphl JIOMAcTew,
BIIMSIOIIME HAa XapaKTePUCTUKU IOTOKA BO3AyXa, W (HOpMYyITUpPYIOTCS Kputepuu coszpanus 3D
MoOJIeNIell  TOPOMJAIbHBIX JIOMACTEH OCEBBIX BEHTHIATOPOB Ui MPOBEIEHHUS CPaBHHUTEIbHBIX
SKCHepUMeHTOB. [lokazaHo, YTO NPUHATHIE T'€OMETPUUYECKUE IMapaMmeTpbl JJIS JIOMATOK OCEBBIX
BEHTHJISITOPOB HE XapaKTEpH3yIOT TOpOUJaNIbHBbIE jonacTd. lIpeanoskeHbl MeXaHU3Mbl pacyera
MHTETPAJIbHBIX KPUTEPUEB, XapaKTEPHU3YIOLIHE JONATKH OCEBBIX BEHTHJISTOPOB, HE3aBUCAIIME OT
0COOEHHOCTEH reOMEeTPUH Pa3IUYHBIX THIIOB JIOMACTEH.

Abstract: The paper considers geometric parameters of blades affecting the characteristics of
air flow and formulates criteria for creating 3D models of toroidal blades of axial fans for comparative
experiments. It is shown that the accepted geometric parameters for axial fan blades do not
characterize toroidal blades. Mechanisms for calculating integral criteria characterizing axial fan
blades, independent of the geometry features of different types of blades, are proposed.

Kniouesvie cnoea: TOpOWIANbHBIE JIONACTH, OCEBbIE BEHTWJIATOPBI, TI'€OMETPUUECKUE
napameTpsl Jjonactei, npoduinrposanue gonacteit, 3D MogenupoBaHue.

Keywords:toroidal blades, axial fans, geometric parameters of blades, blade profiling, 3D
modeling.

3amada BHIOOpAa ONTHMAJIbHON KOH(HUIypalMy JIONACTe OCEBOr0 BEHTWIATOpPA SBISCTCS
BAXHOH 3aJaueil MPOEKTUPOBAHUS a3POJMHAMUYECKUX cucTeM. ONTHUMaIbHO nojgobpanHas Gopma
JIONIACTel HAINpPsIMYIO BIMSET Ha Toka3aTenu 3()(eKTUBHOCTH pabOThl BEHTWIATOpA, TaKUe Kak
MOJbEMHAs cuia, K03()UIMEHT COPOTUBIICHHS, JMHAMUYECKOE JaBJICHHE, IIPOU3BOJUTEIBHOCTD,
3BYKOBOE JIaBJIeHHE U dHepromnoTpedienue [1]. Ha ocHOBHBIE SKCIUTyaTallMOHHBIE XaPaKTEPUCTUKH
BEHTHJISAITOPA BIIMSIOT MaTepuall M3roToBiIeHHS M npoduib jomactu [2,3]. B Hacrosimee Bpems
BeZIeTCs U3ydeHue d3PPEeKTUBHOCTH MPUMEHEHHUS OCEBBIX BUHTOB C TOPOUAAIBHBIM THIIOM JIONACTH
B a9POJIMHAMUYECKUX CUCTEMaX, CpaBHUBAs (P (HEKTUBHOCTh UX UCIIOIB30BaHU € 3()h(PEeKTHBHOCTHIO
paboThI KJTACCMYECKUX BUIOB JionacTeid. TopounanbHele 1onacTu (WM TOPOUAAIbHbIE BUHTHI) — 3TO
THUII JIOTIACTEH, MpeICTaBIAoNIe cO00 KOHNYECKHUE WK LMIMHAPUIECKUE JIONACTH, 3aKPYUCHHBIE
BOKPYI' TOPOMAAIbHOW NOBEPXHOCTU. Psin uctounukoB [4-6] yKa3plBalOT Ha MPEUMYIIECTBA,
CBSI3aHHBIE C JKCIUTyaTalMell TaKoro BHJA JIOMACTEH, HE YKa3bIBas MO KaKUM KPUTEPHUSM JIONACTH
ObUIM MIPU3HAHBI aHAJTOrMYHBIMU. C LENbI0 HCCIEeI0BAHUS BOIpOca sHepropecypcodddexkruBHoCTH
UCTOJb30BaHUSI TOPOMJAIBHBIX Jomacted TpeOyeTrcs OnpelenuTb KPUTEPHUH CpPAaBHEHHS,
MO3BOJISIOIINE YTBEPKAATh aHAJIOTMYHOCTh CPAaBHUBAEMBIX JIOIACTEH.

B nanHOi paboTe paccMOTpPEHbl TE€OMETPHYECKHE MapaMeTphl JIOMACTEeH, KOTOphIE
OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE Ha XapaKTEPUCTUKH CO3[aBA€MOT0 MOTOKA BO3AyXa TaKUe Kak
CKOpPOCTh TOTOKA, JABJICHUE/HANOpP, YPOBEHb IIyMa, a Takxke C(HOPMYIHPOBAHBI TPeOOBAaHUS K
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COOTBETCTBHUIO TAKOBBIX ApaMETPOB MpH co3aanuu 3D Mojeneii 0ceBbIX BEHTUISTOPOB C pa3HBIMU
TUIIAMM  JIOTIACTEH, JUIS TPOBEICHHS KAYEeCTBEHHBIX OSKCIIEPUMEHTOB [0 CPaBHEHHUIO UX
HKCIUTyaTallMOHHBIX XapaKTEPUCTHK.

IIpu moctpoeHnu npodwmiel CTaHAAPTHBIX THUIOB JOHacTed HcCmonab3ytoTces Oonee 30
reOMETPUUECKUX MapaMeTpoB (PUCYHOK 1) B 3aBUCHMMOCTH OT THIIA M 00JacTU MpUMeHeHus [7-9],
Cpeau KOTOPBIX: JUIMHA IpOQHIIs Nepa, IIMHA BXOAHON U BBIXOJAHOM KPOMKH Iepa, Xopaa npoguiis
nepa, pajinyc BXOIHOH U BBIXOJHON KPOMKH, TOJIIKMHA NMPOdUIIS 1epa, yroi aTak u ap. YacTb 3THUX
napaMeTpOB HEIPUMEHUMBI UM YaCTHYHO MPUMEHUMBI 110 OTHOLICHHIO K TOPOUJAIEHBIM JIOMACTSIM.
BriBogsl 00 5HEprodh(eKTUBHOCTH TOPOUAAIBHBIX JIONACTEH, caelaHHble B pabore [4], He
000CHOBAHBI KPUTEPUSIMH CPABHEHUS, IPUMEHAEMBIMU TIPU ONPEACICHUH OJOO0HS JIOMACTEH.
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Pucynok 1 — OcHOBHbIE TeOMETPHYECKHE MapaMeTPhbl UCIIONIb3yeMbIe B TPOGHIMPOBAHUH JTOMACTEH.

Jlns mpoBeleHUs] MCCIENOBaHUN IO CPaBHEHMIO CTAaHAAPTHBIX M TOPOUAAIBHBIX THUIIOB
JonacTeid He0OXOIUMO BBIMIOIHATH MOJIENb KPBUIBYATKH C TOPOMIAIBHBIMU JIOMACTAMHU UCXOMS U3
COOTBETCTBUSl C IapaMeTpaMu KJIAcCHYECKOro BapuaHTa JomnacTeil. PaccMmoTpeHHble HIDKE
napaMeTphl SIBJIAIOTCS BBIACTICHBI KaK HanOoJiee 3HauuMble pU (POPMUPOBAHUH BO3IyIIHOTO IIOTOKA
KaK OT KJIACCUYECKHX, TaK U OT TOPOUIAIBHBIX JOMACTEH, IO3TOMY 11€JIecCO00pa3HO UCIOIb30BATh
UX KaK TEOMETPHYECKUE KPUTEPUHU JUIsl BBIMONHEHUS cpaBHEHUH. CTOUT OTMETHTh, 4YTO B
3aBHCUMOCTH OT THIIAa 000PYIOBaHUS U UICXOHBIX JAHHBIX MO MPO(PUINPOBAHUIO TOIIIMHBI JONATOK
UCTOJIB3YIOTCS /1Ba 0a30BBIX MEeTO/a ocTpoeHus reomerpud [10]:

1) o yriy ataku ¥ TOJIMHE PO — 3aJaeTCs U3MEHEHNE TOIIIUHBI TPOQUIIS 10 ATHHE
XOP/Ibl U BEJIMYMHA YTJIa IIOBOPOTA JIOMATKU OTHOCUTEJIBHO OCH BpAIllCHHS;

2) IO KOpBITIy M CHUHKE MPO(WIs — 3aJal0TCd OCHOBHBIE YIJIBI MOCTPOEHUS MPOpUIIs
JOMATKH, a caM Mpoduib omnpeaensercs 3anaHueM KpuBoil besbe 3-ro m 4-ro mnopsixa,
COOTBETCTBEHHO.

B 3amayax noctpoeHust npoQuiis TOPOUJAIBHBIX JONACTEN HCIOIB3YETCSI METO/] TOCTPOCHHS
10 KOPBITILY U CIIMHKE MTPOQHUIIS.

['aGapuTHble pa3Mepbl JIONATKH BEHTHJISATOpA SBISIIOTCA TJAaBHBIMH  [TapaMeTpaMu,
OKAa3bIBAIOUIMMHU BIUSHHE Ha a’3pOJAMHAMHUYECKUE XapaKTEPUCTUKU. B yacTHOCTH, ANTMHA JIOTIATKU
BJIMSIET Ha OOLIYI0 FEOMETPHIO OCEBOTO BEHTHIISATOPA U €r0 CIIOCOOHOCTD CO3/1aBaTh MOTOK BO3/yXa,
a TaKKe Ha IUIOIAJb OMETAEMOM MOBEPXHOCTH (IO aHAJOTMU C IUIOMIAJbI0 paboyero Koieca),
yMEHbLIasi WM YBEIMYUBAs JJIMHY JIOMATKH MOXKHO PEryJnpoBaTh 00bEMHBIA pacxoi. B cBoro
oyepeab IMIMPHHA JIOMATKU TaK ke, KaK M JJIUHA BIMAET Ha O0ObEMHBIA pacxoll, B YaCTHOCTH Ha
orpeseneHue paboueil romaau KpbulbuaTKU. Ilpy yBelnMYeHMH WIMPUHBI JIOMATKU BO3PACTAeT
3HAYEHUE MHAMMYECKOTO JABJICHMS, MPU 3TOM C YBEJIMYCHHUEM JIABJICHHUS TaK XK€ BO3pacTaeT U
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7000BO€ CONPOTHBIICHHE MPO(UISA JTONATKH, O3TOMY HEOOXOAMM IMOJOO0p IIHMPHUHBI JIOMATKU C
YUETOB ONTHUMAJIBHOTO OTHOIICHUS 3THUX 3HAUYEHHWH. YTOJI aTakd WM YroJ HakKJIOHA JIONATKH, B
3aBUCUMOCTH OT OOJIACTH MPHUMEHEHHs, ONpeIeNsieT MOJbEMHYI0 CWIy M CONpPOTHBIICHHE.
ComocTaBneHne KIacCH4eCcKOi JONaTKH U TOPOUAAIBHOM [0 JAHHOMY MapaMeTpy 3aTpyJHEH, T.K.
yrojl MOXXET OBITh HE IOKA3aTEeNIbHBIM JJIsl TOPOUIAIBHON JIONMACTH B CBSI3M C OCOOCHHOCTAMU
reomMeTpur. B cBOl ouepenb, TONIMHA OPOQHIS JIONMATKA TAKKE OKas3bIBAaeT BIMSIHUE Ha
a’pOJMHAMUYECKHE XapaKTepucTUku. boriee ToHKue mnpodunu oObIYHO 0OecrednBaroT OOJBIIYIO
3G PEKTUBHOCTb, MpPU MPOCKTUPOBAHUM HEOOXOMUMOHN OaraHCHpoOBaTh TOJIIMHY MpoduwiIs u
a’pOIMHAMUYECKHE XapaKTePUCTHKH ¢ TPEOOBAHUSAMH K IPOYHOCTH JionaTku. [Ipu3HaBas ToNuHyY
npoduis JONATKU KPUTEPHEM CPaBHEHMS, CTOUT OTMETUTh, YTO TOPOMJAIbHBIEC JIOTIACTH 3a CYET
0COOEHHOCTEH TeOMETPHM M 3aMKHYTOCTH KOHCTPYKLMM HMMEIOT Oojiee MIMPOKHUH JUAna3oH I10
IPOYHOCTHBIM M BHOPALlMOHHBIM XapakTepucThkam. llenecoobpa3HO yUUTHIBATH YCIOBHYIO
«CYMMapHYIO» TOJIIMHY Npoduis ¢ MHOKUTeneM 1.2-1.5 s TopougaibHBIX jJonacteid. BakHbiM
napaMeTpoM SIBIISICTCS pa3Mep U (popMa KOHIIEBOM YaCTH JIOMATKH, KOTOpast OKa3bIBaeT BIUSHUE HA
HEPaBHOMEPHOCTh MOTOKAa BO3/AyXa 3a CUYET KOHIEBBIX BUXpEH. Pl MCTOUHMKOB yKa3bIBalOT UTO
reOMETPUUECKUE MapaMeTpbl KOHIEBOW YaCTH JIOTIATKU TaK XK€ OKa3bIBaeT BJIMSIHUE HA yPOBEHb
ryma, Mpou3BOJUMBIH JionacTsaMu. OJHAKO, HECMOTPSI HA TO YTO NEPBUYHBIE IKCIIEPUMEHTHI [11]
nokaszanu 3PQPEKTUBHOCTh TOPOHMJIAIBHBIX JIONACTEH C TOYKH 3PEHUS IIyMOBBIX XapaKTEPUCTHUK,
COIIOCTABJICHUE KIIACCUYECKUX U TOPOUIATBHBIX JIONACTEH M0 JAHHOMY KPUTEPHIO HEBO3MOXKHO U3-
3a cieur(UKYU TeOMETPUU TOPOUAATIBLHOM JIOTIACTH.

Kak yka3aHo BbIlIe OOJIBIIMHCTBO MEPBUYHBIX FTEOMETPUUECKUX NTAPAMETPOB, IPUHATHIX [T
KJIACCUYECKHX JIOMACTEH, IJI0X0 XapaKTePU3yIOT TOPOUJANIbHBIE JIOTIACTH, TIOATOMY JIJIsl COBMECTHON
OLIEHKU KJIACCUYECKUX M TOPOMIAIBHBIX JIOMACTEH 11e71eco00pa3HO HCIOIb30BaTh KAk KPUTEPUU
BTOPUYHBIE WJIM 3aBUCHUMbIE TEOMETPUYECKHE IapaMeTpbl, TaKue KakK IUIOIAJb OMETaeMOn
MIOBEPXHOCTH, paboyas MJIouab JonacTu u ko3 uuueHT 3anonHenus. JJaHHple KpuTepun MOKHO
paccuuTaTh CIeAyIOIINUM 00pa3oM:

1) omeTaemas IOmAAb — IUIOIIAJL KPYyra, KOTOPBIA ONMCHIBACT MpPU BpALICHUU pabodas
yacTh Jjonactu. PaccuuteiBaercs kak [12]:

D}
T4
rie D;— pa3HOCTh MEXIY JUaMeTpOM paboyero Kojieca BEHTHIISTOPA U IMAMETPOM BTYJIKH pabo4ero
KoJeca.
2) paboyast mIomaab KpplIbUuaTKU — 3aBUCUT OT FEOMETPUUECKUX MapaMeTPOB JIOMACTEeH U X
KOJIMYECTBA, © MOXKET OBITh BhIUKCIICHA 10 Gopmyne [13]:
_ 025mdjbnsiny a.
" sin% ) 180°

rZle © — YUCJIO JonacTei KpbUIbYaTKH, Y — Yrojl MOAbeMa BUHTOBOM JIMHUU JIOMIACTH, O —
LEHTPAJIbHBIN YToJl, dy — InaMeTp KpblIbuaTKH, b — K03 (HUIIMEHT MaKCUMaIbHOM MIMPHHBI JTONACTH
B IJIAHOBOM IIPOEKLUH.
3) k03 (HUIMEHT 3amoNHEeHUs] — KPUTEPUH, XapaKTepPU3YIOLIUH CTEleHb 3alOJHEHHOCTU
JIONIACTSIMA OMETaeMOH IIJIONIA/IU, MOXKET ObITh PACCUUTAH CIEIYIOIUM 00pa3zoM [ 14]
n Fy

o=

rae F' — omeraeMas IUIOIIAdb, 7 — YKCIIO JONACTEel KPbUIbYATKH, [ — IUIOWIAAb POCKUHUH OJHOU
JIOTIACTH Ha MJIOCKOCTh BpalleHus pabodero kKomieca.

BriBoABI

B nmanHOli paboTe mpemsiokeH TOAXO0JA K (OPMHUPOBAHUIO KPUTEPHEB CpPaBHEHUS
TOPOUJANBHBIX U KJIACCUYECKUX JonacTer. [lokazaHo, 4TO NPUHATBIE TEOMETPUUYECKUE MapaMETPhI
JUIsL JIONATOK OCEBBIX BEHTHIATOPOB HE XapaKTepU3YIOT TOopouaaidbHble Jonactd. OleHka
3¢ (HEeKTUBHOCTH METOAOM CPABHEHHUS IS JIOMACTEH OCEBBIX BEHTHIIATOPOB MOXKET BBIIIOJIHATCS TIPH
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COOTBETCTBUHM TAaKMX KpPUTEPUEB KakK IUIOLIAJb OMETaeMOW IOBEPXHOCTH, pabodas IUIIoIab

KpbUIbUATKH, Kod(hduimeHt 3amosnHeHus. JlaHHble KpUTEpUM SBISIOTCS HMHTErPAJIbHBIMU

XapaKTepUCTUKaMU U MTO3BOJIAIOT YTBEPKAATh BO3MOKHOCTh COITOCTABUMOCTH JIONIACTEN Pa3IMUHON

reomeTpun. CTOUT OTMETUTH, YTO 32 PaMKaMM JaHHOW pabOThl ObUIM OCTABIICHBI XapAKTEPUCTUKU

BIIUSIIOLIME HA BECOBBIE CBOMCTBA KPbUIbUATKU, B YACTHOCTH IIJIOTHOCTHh MaTepuajia U3rOTOBJICHMUS.

[TonpasymeBaeTtcs, 4TO IPU CPABHUTENILHBIX SKCIIEPUMEHTAX JaHHbIE TapaMeTphl OYIyT UACHTHYHBL.
CIIMCOK JIMTEPATYPBI

1. AbspoauHamuueckuil pacder oceBblx BeHTWIsATOpoB / M. B. Bpycunosckuii. - Mocksa:
MammHocTtpoenue, 1986

2. 3omononunkoB [.M., Tymames P.3. IloBbliienue >QQeKTUBHOCTH BEHTWIATOpA Ha
Pa3NUYHBIX Pa0OYMX peXUMax MyTeM M3MEHEHUs (POpMbI JONATKM HANpaBJISAIOIIEro ammapara //
Hayka u OGpa3zoBanue. MI'TY um. H.O. baymana. 2017. NeO1. C. 20-36.

3. Makapos B.H., CemenoB A.B., MomuanoB M.B., bensckux A.M., Ilemxosa WU.JI. Ananus
UCCIICIOBAaHUM 10 TOBBILICHUIO KOA(PQHUIMEHTa IOJIE3HOTO JEHCTBUSA OCEBBIX BEHTHJISATOPOB //
Co6opauk TpynoB XIX MeXAyHapOIHOW HAyYHO-TEXHHYECKOH KOH(EpEeHLUH, MPOBEACHHOWU B
paMkax Y paJibCKO TOPHOIPOMBIIIICHHOM Aekaibl, TexHonorndeckoe 060pya0BaHKE AJIsi TOPHOU U
HeTera3oBoi MPOMBIIUIEHHOCTH. ExatepuHOypr: VYpanbCckuil TOCYZapCTBEHHBIH TOPHBIN
ynusepcuret, 2021. C. 288-291.

4. Toroidal Propeller // www.ll.mit.edu URL: https://www.lL.mit.edu/sites/default/files/other
/doc/2023-02/TVO_Technology Highlight 41 Toroidal Propeller.pdf (mara oOpareHus:
05.09.2023).

5. Tarent Ne US 9,926,058 B2. PROPELLER: Ne US15/605,764: 3asBin. 25/05/2017: omy6a.
27.03.2018 / G. Sharrow, Ch. Hill — 66 c.

6. ISO 5801. Industrial Fans. Performance Testing using Standardized Airways.

7. TOCT "JlomaTku aBHAllMOHHBIX OCEBBIX KOMIIpECCOpPOB M TypOuH. Tepmuusl u
ompenenenus” ot 01.01.1980 Ne 23537-79 // T'ocynapctBennsiii komutrer CCCP no cranmapram,
Mocksaa. - 1979

8. T'OCT P "JlomaTku aBHALMOHHBIX OCEBBIX KOMIPECCOPOB MU TypOMH. TepMuHBI U
ompenenenus” ot 01.01.2021 Ne 58998-2020 // Mocksa, Ctannaptundopm. - 2020

9. TOCT P "Bentunsatopsl oceBble 001ero HazHaueHus. O0mue TeXHu4ecKrue yciaoBus' ot
01.06.2021 Ne 11442-2020 // Mocksa, Ctannaptungopm. — 2021

10. briunos B. JI. Pa3paboTka NpUHIMIIOB NapaMETPUUECKOTO MPO(PUIMPOBAHUS IIOCKUX
peueTok oceBpIX KoMmmpeccopoB ['TY Ha OCHOBaHMM pE3yJIBTATOB MHOTOKPUTEPHUAIBHOU
ONTUMU3AINU: JUC. KaHl. TexH. HayK: 05.04.12. - ExarepunOypr, 2015. - 168 c.

11. TepexoBa M. B., Orpy6sinaukoB E. B. CpaBHeHHE SKCIUTyTallMOHHBIX XapaKTEPHCTUK
OOBIYHBIX W TOpOUAaNbHBIX Jomacteil // COopHuUK MaTepuanoB Bcepoccuiickoil HayyHOU
KOH(EepeHIIMH MOJIOJBIX HCCIeaoBaTeNel ¢ MexayHapoaHsiM yudactueM. Tom Yacte 3. - M.:
denepanbHOE rocy1apcTBEHHOE 0I0HKETHOE 00pa30BaTeIbHOE YUPEXKICHHE BBICILIET0 00pa3oBaHus
"Poccuiickuii rocynapctBeHHblii yHuBepcuter uMmeHu A.H. Kocwirmna (Texnomoruu. Jluzaiin.
HckycctBo)", 2023. - C. 242-244.

12. Kapamxu B. I'., MockoBko 1O. I'. PeBepcupoBanue TeueHUsI B OCEBBIX BEHTUIIATOpAX //
ABOK. - 2012. - Ne2. - C. 24-37.

13. Konena E. A. Onpenenenue paboueii riomaay BUHTOBOM Memanky // COOpHUK HayYHBIX
crareii MexXIyHapoJHOM HaydHO-TIpakTHYeckol KoHpepeHuuu. - Munck: BIATY, 2018. -
C. 489-493.

14. Jlucun C.II. Hamopnas Teopust Hecyuiero BuMHTa BepTosiera // BectHuk JloHCKOro
rocyJJapCTBEHHOT0 TeXHUUecKkoro yuusepcureta. - 2011. — T.1, Ne8-1. - C. 1222-1226.



MEX/IYHAPO/IHBIM KOCBITMHCKUK ®OPYM. MHTC POMAHKOB-2024. TOM 2. 209

KPYIJIBIA CTOJI
«COBEPHIEHCTBOBAHME NTPENIOJJABAHUS MH)KEHEPHBIX JUCIUIIINH B
TEXHUYECKNUX YHUBEPCUTETAX POCCHUHU, KUTAS U IPYTUX CTPAH»

DOI: 10.37816/eeste-2024-2-209-218

GUIDING PLATFORM CONSTRUCTION AND NURTURING PRACTICE OF
ENGINEERING AND TECHNICAL TALENT TRAINING FOR PROFESSIONAL
TRANSFORMATION AND UPGRADING
PA3PABOTKA MMPAKTUKH UHXXEHEPHO-TEXHUYECKOM IIOJITOTOBKH KA/IPOB
JJIA MTPO®ECCUOHAJBHON TPAHC®OPMAIIMU U MOJAEPHU3AIIAU

Changqing Yu, Erlong Yang, Lixin Zhao, Yunkuo Ma, Zhihua Wang

School of Petroleum Engineering, Northeast Petroleum University, China, Daqingl
(email: zhihua wang@126.com )

Abstract: The construction of new engineering disciplines in higher education in China is
pushing the transformation and upgrading of traditional engineering disciplines. This paper focuses
on the talent training in the petroleum and natural gas engineering at Northeast Petroleum University,
starting from meeting the development of the oil and gas industry and current requirements,
combining with the characteristics of a long industrial chain, high level of specialization, complex
technological processes, large total assets of equipment, and high environmental and safety risks of
the oil and gas industry. It fully utilizes the combination of virtual and real reproduction mode to
construct an intelligent oil field drilling and transportation platform, and improves the ability-oriented
practical teaching system. As a result, a student-centered platform operation mechanism and
management mode has been formed. The construction of the guiding platform for engineering and
technical talent training is in line with the direction of relying on artificial intelligence and big data
technology to promote the transformation and upgrading of traditional engineering disciplines, with
distinctive Chinese characteristics. It plays a positive role in training multidisciplinary,
interdisciplinary, and cross-disciplinary knowledge and abilities for undergraduate and graduate
students, and helps the first-class construction and high-quality development of the petroleum and
natural gas engineering discipline.

Amnnoranust: [losiBeHre HOBBIX MHXEHEPHBIX TUCIMIUIMH B BbICIIEM oOpa3oBanuu B Kurae
MOJTAKUBACT TPAaHC(HOPMALMIO M MOJCPHHU3ALUIO TPATUIMOHHBIX HHXKEHEPHBIX JAUCUUIUIMH. B
JAHHOW CTaThe€ OCHOBHOE BHMMAHHUE YJAEJSIETCSA IMOATOTOBKE KaJIpoB B 00JacTH He(TErazoBOro
MmamuHocTpoeHus B CeBepo-BocTouHoMm HepTAHOM yHUBEpCUTETE, HaYMHAs C YJOBICTBOPEHUS
notpeOHOCTeH pa3BUTHSA HE(PTEra3oBOil MPOMBIIIICHHOCTH M TEKYIUX TPeOOBaHUN B COUETAHUU C
XapaKTepUCTUKAMU JUIMHHOW TMPOU3BOACTBEHHOW ILIEMOYKH, BBICOKOTO YPOBHS CIICHHATU3AIHIH,
KOMILIEKCHOTO T0/X0Ja K TEXHOJIOTMYECKUM IpoLeccaM, OOJBIIUMH COBOKYIHBIMH (OHAAMU
000pyOBaHUs, BBICOKMMHM PHCKaMH JUI OKpYXarolled cpeabl M 0e30macHOCTH HedTerazoBon
orpaciu. IlpeanoxxeHHbI B CTaThe MOAXOJ MOJHOCTBIO HCIIOJIB3YET COYETAHHWE BUPTYAIbHOTO U
pearbHOro PeKUMOB BOCIIPOM3BEICHUS MH(OPMAIUH JIJIs CO3/1aHUs MHTEIUIEKTYaIbHOMN M1aT(OpMBI
s OypeHust M TPAHCIOPTHUPOBKU S HE(PTAHBIX MECTOPOKIACHUH, a TaKXKe COBEPLICHCTBYET
OPHEHTUPOBAHHYIO HA CIIOCOOHOCTH MPAKTUUECKYIO CcTeMy 00yueHus. B pesyibrare popmupyercs
CTYZICHTO-OPUEHTUPOBAHHBI MEXaHU3M pabOThl U PEXUM yrpasieHus 1uiatdopmoi. Co3nanue
Hanpasisiomeil miaTGopMbl sl MOATOTOBKM HHXKEHEPHO-TEXHHUUECKUX KaJpOB COOTBETCTBYET
HaNpaBJICHUIO UCIOJIb30BaHUS UCKYCCTBEHHOTO MHTEIJICKTa U TEXHOJOTHM OOJBbINNX TaHHBIX IS
coieiicTBUsl TpaHC(HOpPMAIMA U COBEPLICHCTBOBAHUIO TPAJAUIIMOHHBIX MH)KEHEPHBIX AMCLUUIUINH C
XapaKTepHbIMU KUTAWCKUMHU OCOOCHHOCTSMH, YTO HIPAET IMOJIOKUTEIBbHYIO POJb B MOJYYEHUU
MEXIUCIUIUIMHAPHBIX 3HAHUM M CIIOCOOHOCTEH CTYJEHTOB M AaclUpPAaHTOB, a TaKXe IOMOraer
MIEPBOKJIACCHOMY MOCTPOCHHMIO M Ka4eCTBEHHOMY DPa3BUTHIO MHXCHEPHBIX JUCIUIUIMH B 00JacTh
He(TH U Ta3a.
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1. Introduction

Facing the industry, the world, and the future, proactively laying out to address the challenges
of a new round of technological revolution and industrial transformation is the focus and starting
point of China's continuous deepening of engineering education reform and the emphasis on
cultivating engineering and technological talents [1]. At the same time, this also requires accelerating
talent training in emerging fields, and at the same time, transforming and upgrading traditional
engineering disciplines. In the context of deepening the construction of new engineering disciplines,
the concept of outcome-oriented education is applied and runs through the entire process of
transforming and upgrading traditional engineering disciplines, so as to enhance the quality and
competitiveness of talent training in future strategic and competitive fields. As the opinions on
“Accelerating the Construction and Development of the Implementation of the 2.0 Plan for Training
Outstanding Engineering Education” issued by the Ministry of Education, the Ministry of Industry
and Information Technology, and the Chinese Academy of Engineering point out: one of the reform
tasks and key measures of implementing outstanding engineering education is to focus on the
orientation of industrial demand, cross-disciplinary integration, and support services, as well as taking
into account the new engineering disciplines and new requirements for engineering disciplines,
transforming and upgrading traditional engineering disciplines [2-4]. Therefore, fully leveraging the
advantages of disciplines, focusing on the growth and development of students, and transforming and
upgrading the profession according to the needs of talents required for the future industry
development in the region which the discipline serves, holds both practical and strategic significance.
Especially for local universities, this exploration and practice will play a strong supportive role in
regional economic development and industrial transformation and upgrading.

Like other traditional engineering disciplines, the petroleum and natural gas engineering is
relatively single in terms of intersecting and comprehensive aspects of disciplines, especially the
degree of integration with new technologies such as information communication, electronic control,
and software design [5]. With the arrival of the fifth oil and gas production technology revolution
characterized by digitization, intelligence, and nanotechnology, if these new information technologies
can be widely and rapidly applied in the oil and gas production field, it will significantly improve the
efficiency of oil and gas extraction and reduce production costs. According to the forecast of the
Economic and Technological Research Institute of the China National Petroleum Corporation, by
2020, digital and intelligent technologies will begin to be commercially applied on a large scale in
the global oil and gas production field, and around 2025, they will be widely promoted in the global
oil and gas production field, and will be fully applied after 2030 [6-7]. The application of digital and
intelligent technologies in the oil and gas production field can increase the recovery rate of oil and
gas by more than 20%, and costs can be reduced by more than 20%, undoubtedly greatly increasing
the amount of global oil and gas reserves and enhancing competitiveness. Obviously, the future
development of the oil and gas industry is led by intelligent technology, which poses new and higher
requirements for the talent training, but at the same time, it also points out the direction. Therefore,
the cornerstone and key to the transformation and upgrading of oil and gas engineering disciplines
are the development of oil and gas industry and the construction of new engineering disciplines.
Designing and constructing guiding practice platforms for intelligent oilfield drilling and
transportation relying on artificial intelligence and big data technology, improving the ability-oriented
practical teaching system and formatting the student-centered platform operation and management
mode to achieve the practical teaching process of talent training. At the same time, collaborative
education will promote and enhance the training of interdisciplinary, cross-disciplinary, and
interdisciplinary knowledge and capabilities for undergraduate and graduate students. Through such
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efforts, the central role in construction of the first-class discipline in oil and gas engineering is
reflected.

2. The basic ideas for the transformation and upgrading of petroleum and natural gas
engineering majors

The major of petroleum and natural gas engineering at Northeast Petroleum University is
based on the national key discipline of petroleum and natural gas engineering and the second-level
key disciplines of oil and gas field development engineering, oil and gas drilling engineering, and oil
and gas storage and transportation engineering. It includes undergraduate majors of petroleum
engineering, marine oil and gas engineering, and oil and gas storage and transportation engineering.
The majors of petroleum engineering and oil and gas storage and transportation engineering have
been accredited by the professional engineering education. Under the opportunity of the "Double
First-Class" discipline construction in Heilongjiang Province, in order to better adapt to the new
demands of "new technology, new format, new model, and new industry" for talents in this major,
and in combination with the characteristics of this major, six basic ideas for the transformation and
upgrade of this major have been outlined after repeated demonstrations:

(1) Adhering to the current characteristics of talent training based on the domestic and
international petroleum and natural gas industry. The transformation and upgrading of the major still
needs to focus on the characteristics of the industry and fully leverage the traditional advantages of
the major. In the whole process of talent training, such as in the decomposition of graduation
requirements and indicators for students, in the planning and construction of teaching facilities, and
in the measurement of teaching output, it is necessary to adhere and reflect the characteristics of the
profession, making the distinctive talent training as the cornerstone of the construction and
development of the major.

(2) Expanding and building students' major knowledge structure through interdisciplinary
cross-fertilization. Inspired by China's new engineering discipline and oriented to the future
development of the oil and gas industry, we analyze the depth and breadth of knowledge that students
should master. By integrating the emerging professional knowledge such as artificial intelligence and
big data technology, we expand and build the knowledge structure of students, forming a training
model that emphasizes students' knowledge, abilities, qualities, and their adaptation to future industry
development.

(3) It is essential to comprehensively implement various teaching elements with the concept
of student-centered education. The combination of the new engineering education and the concept of
outcome-based education (OBE) is not only a path for the construction and development of
disciplines and majors, but also a practical requirement for education and teaching. It is important to
focus on students throughout the entire process of talent training. The design of curriculum systems
and teaching content should emphasize meeting the needs of students' future career development. The
development and allocation of teaching resources and faculty should focus on fostering student
abilities. The flexible application of teaching organization forms and methods should emphasize the
stimulation of students' potential.

(4) Continuously deepen the integration of industry and education and promote the orderly
operation of a collaborative education model involving multiple parties. Fully utilize existing
cooperation bases of industry and education, including practical education centers and internship
training platforms, to actively explore new approaches to deepen the integration of industry and
education, especially targeting the requirements of engineering education accreditation for the
development of non-technical skills. Improve the curriculum system with practical courses as the
focus, establish a systematic evaluation method for non-technical skill attainment, and promote the
orderly operation of a collaborative education model involving schools and enterprises. Ensure that
the education and teaching process.

(5) Pay attention to the individual development of students and build a personalized talent
training model with a dynamic adjustment mechanism. Adhering to the talent training concept of
"strengthening practice, enhancing abilities; teaching students according to their aptitude, promoting
diverse development." On one hand, focus on the training objectives and graduation requirements of
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professional talents. On the other hand, start from the systematization of diverse talent development,
the reform of practical teaching systems, and the enhancement of student management models, to
form a personalized talent development model that combines classification construction and
sustainable improvement, and to promote the development of diverse talents that can adapt to
technological and industrial development.

(6) Explore the elements of moral education and jointly build a broad framework for moral
education. While focusing on nurturing students with the spirit of Daqing and the iron man spirit,
further promote the reform of moral education in curriculum teaching. This involves delving into the
moral elements contained in curriculum teaching and practical training, striving for the alignment of
professional courses and moral education courses to generate a synergistic effect, and fulfilling the
value guidance and value identification in talent development.

3. Guiding platform construction for talent training oriented towards industrial demand

The transformation and upgrading of traditional majors need to pay more attention to
industrial demand, cross-disciplinary integration, and support services [8-10]. Under the
implementation of the new engineering disciplines in China, the talent training in the petroleum and
natural gas engineering field should naturally shift from satisfying to leading the development of oil
and gas industry. In this way, when focusing on the teaching and evaluation mechanism of
professional practice, the relevant practice platforms are designed and constructed by relying on
technologies such as artificial intelligence and big data, taking into account the characteristics and
development of the industry. This has positive significance and guiding role in implementing the
concept of "connecting with the industry, focusing on students, and output-oriented", enhancing
students' ability to solve complex engineering problems, ensuring the fulfillment of graduation
requirements and the achievement of talent training goals. Therefore, focusing on the transformation
and upgrading of petroleum and natural gas engineering majors and concentrating on the digital
transformation trend in the oil and gas industry. Some guiding practical platforms have been designed
and built by using a combination of virtual and real online models, which includes intelligent
platforms of drilling system, thermal oil recovery system, detection and treatment for production
liquid, and fire and rescue in oil storage tanks.

3.1 Intelligent drilling system platform

In response to the complex engineering characteristics of the interrelated power drive system,
lifting system, rotation system, circulation system, control system, and drilling parameter monitoring
and acquisition system in oil and gas drilling operations [11], the design of an intelligent drilling
system platform based on the SCADA system structure can be seen in Fig. 1, leveraging the
advantages of virtual reality technology and interdisciplinary integration.

Combining a series of hardware facilities such as mud pits, derricks, top drives, drill pipes,
and hydraulic regulators, the platform enables operations such as controlling the drilling table, starting
up the top drive, drilling with the top drive, lifting with the top drive, lowering with the top drive,
drilling with the electric rotary table, drilling with the electric rotary table, lifting with the electric
rotary table, top drive drilling and reaming, and normal drilling and well closing operations. At the
same time, students can autonomously build drilling sites using the platform equipment library, rotate
multiple machines and roles to carry out drilling process operations in a collaborative manner, and
train for intelligent warning, identification, and control of well control overflow events. The
immersive and real-time interactive platform can guide students to develop digital thinking, apply
digital information to analyze engineering problems, integrate professional technical knowledge, and
outline solutions for intelligent oil drilling technology.
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Figure 1 — Intelligent drilling system platform design

3.2 Intelligent thermal oil recovery system platform

Taking into account three typical thermal oil recovery methods including steam injection,

steam drive, and steam-assisted gravity drainage [12], the intelligent thermal oil recovery system

platform was established by combining the thinking and exploration of the future oil recovery
operation mode, as shown in Fig. 2.

Independent construction

of thermal recovery
process equipment

Independent design of
thermal recovery process

Steam stimulation
Prediction . . Simulation
' I Steam drive l I

Feedback Control

8
L

Ioszqnwp ardrouud danyonys yudwdmby |

Steam assisted

| aseqeyep amopy ssadoad uondnporg

Scene I Visualization

Function independent
debugging application

Figure 2 — Intelligent thermal oil recovery system platform design

On one hand, the platform realizes the control and simulation of the steam injection, soaking
well, and oil production processes in the steam huff and puff process, as well as the intelligent
prediction and information feedback of the steam huff and puff effect based on reservoir geological
parameters and crude oil fluid properties. On the other hand, it achieves the intelligent and visual
depiction of the steam drive process, including the layout of the injection-production well network,
displacement parameter settings, front-edge migration process reproduction, temperature field
changes, and steam override and channeling. At the same time, it also realizes the intelligent
optimization of well pattern for steam-assisted gravity drainage, intelligent control of bottom hole
temperature of production wells, and intelligent statistical analysis of temperature field, pressure field
depiction, and oil saturation data. Based on the development and application of the platform's
digitized and intelligent functions, students can strengthen their knowledge consolidation and
capability enhancement, and construct a multidisciplinary knowledge system and capability system.



214 20 - 22 dpeBpasnsa 2024 roga. ISBN 978-5-00181-553-2

This will enable them to develop a deep understanding of the "less labor, unmanned, and intelligent"
future oil and gas field, and guide them to think and explore the construction of scenario-based,
visualized intelligent oil extraction technology solutions.

3.3 Intelligent produced fluid detection and processing platform

The data in the surface system of oil fields is complicated, especially with massive and diverse
dynamic production data. How to explore, analyze, and utilize these data, and process them into
information and knowledge, is of great significance for promoting the overall intelligent construction
and development of oil fields. In this regard, considering the realistic needs of reducing labor intensity
in describing the characteristics of the production medium and artificial sampling and testing in the
planning and design of the surface system of oil fields, as well as the efficient treatment and process
control of the complex extracted liquid, an intelligent detection and processing platform for the
extracted liquid is designed and built, as shown in Fig. 3.

Online detection, transmission and history query are realized for indicators of crude oil
fluidity, water content, multi-phase flow parameter and equipment energy consumption data.
Intelligent connection and control of the two-stage treatment process of extracted fluid from free
water removal to emulsified water separation is realized. Based on mining and analysis of categorized
production data, operating parameters are optimized and adjusted in real time.
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Figure 3 — Design of intelligent produced fluid detection and processing platform

Students use this platform to complete the practical training of testing and analyzing the nature
of the extracted fluid, simulating and evaluating the effect of the emulsion-breaking and dewatering
treatment of the extracted fluid, so as to obtain the knowledge required for graduation and cultivate
non-technical abilities, and to become the professionals who can meet the future needs of the
development of oil and gas technology.

3.4 Intelligent operation platform for fire fighting and rescue of oil depot

The oil storage depot receives, stores, and dispatches oil products to downstream, serving as
a link to coordinate the production, processing, transportation, and supply of crude oil from the
oilfield to downstream. Due to the characteristics of oil products being volatile, flammable, prone to
static electricity, etc., there are high standards for safety production and efficient handling of potential
fire, explosion threats, and accidents [14-15]. To address this, an intelligent firefighting and rescue
operation platform for oil storage depots is designed, as shown in Fig. 4.
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Figure 4 — Design of intelligent operation platform for fire fighting and rescue of oil depot

Based on 3D virtual reality technology, game interaction technology, and cloud service
technology [16-18], the intelligent firefighting and rescue operation platform for oil storage depots is
designed, which integrates process switching in the depot area, gas concentration warning, simulation
of different fire situations, emergency feedback, firefighting equipment control, and firefighting and
rescue into one. The platform not only demonstrates intelligent control of depot area functions, real-
time feedback on production operation, and safety management and protection, but also guides
students to master the concept of future intelligent production, safety monitoring, and emergency
rescue in oil storage depots.

These industry demand-oriented platforms not only enable students to grasp knowledge, but
also create realistic or immersive environments through interdisciplinary integration, strengthening
the integration, coherence, and responsiveness of knowledge. This is a paradigm of OBE education
concept under the background of the promotion of engineering education reform in the new
engineering disciplines. In addition, this kind of practice platform for the transformation and
upgrading of major will guide students to look forward to and think about the future development and
change of the industry, which is undoubtedly a useful initiative to penetrate the elements of students'
lifelong learning, social responsibility, and other non-technical abilities in engineering education.

4. Construction of multi-party collaborative educational practical teaching mode and
platform operation mechanism

In addition to the above-mentioned guiding platform construction as one of the core elements
of the competence-oriented talent training mode, it also relies on the collaboration between schools
and enterprises, that is, to balance the development of disciplines and industries. This requires
identifying the integration points of the new engineering disciplines and OBE concept based on the
characteristics of petroleum and natural gas engineering, practicing multi-party collaborative
education, building a three-dimensional practical teaching system from basic to professional,
professional to practical training, and then to innovation and entrepreneurship, to support the
achievement of graduation requirements for petroleum and natural gas engineering majors. Of course,
the industry demand-oriented talent training guiding platform also needs to establish the
corresponding operational guarantee mechanism, forming an orderly and efficient operation mode.

4.1 Practical Teaching System

The indicators of graduation requirements are decomposed and evaluated according to the
degree of completion, and the cross practice teaching system is reconstructed according to the existing
students' semester of enrollment and the cross practice teaching system formed by the professional
directions of reservoir geology, oil and gas drilling, oil and gas extraction, oil and gas storage and
transportation in the curriculum system. In the practice teaching system, the experimental teaching
projects of basic courses are divided into modules of discipline-based practice system, the
experimental teaching projects of professional direction courses including multidisciplinary cross-
curricular courses are divided into modules of discipline-specific practice system, and the internship
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and practical training projects, such as understanding internship, course design and production
internship, are divided into modules of practical training system. At the same time, innovative
experiments, various competitions, and the characteristic entrepreneurial activities formed through
"guiding students to enter technology-oriented small and medium-sized enterprises as a channel, and
using technology-oriented small and medium-sized enterprises as a platform to promote the
transformation of teachers' scientific and technological achievements" are classified into the module
of the innovation and entrepreneurship practice system. A comprehensive and three-dimensional
practical teaching system is being reconstructed to adapt to the transformation and upgrade of
petroleum and natural gas engineering majors. In addition, based on the practice education center
jointly established with oilfield enterprises, deepening the integration of industry and education,
expanding school-enterprise cooperation, sharing high-quality resources including technical and non-
technical capabilities training, and enriching various collaborative educational models around
professional transformation and upgrade through school-enterprise linkage, contributing to the
overall design and improvement of talent training models.

4.2 Platform operation mechanism

The allocation of resources is linked to performance assessment, and an effective operational
mechanism for guiding talent training platforms and collaborative educational practice platforms has
been constructed from the perspectives of talent training concepts, platform resource organization
and management, assessment and evaluation, and continuous improvement.

(1) Adhering to the OBE talent development concept. In the operation of the platform, it is
always committed to process-oriented implementation and operation, centering on the growth and
development of students, and considering the enhancement of students' theoretical knowledge and
professional practical abilities.

(2) Constantly optimize the platform resource configuration, and institutionalize the
organization, implementation, and management of platform operation. It focuses on the
commonalities between the process in the transformation and upgrading of majors and the education
of new engineering disciplines. Multidisciplinary cross-cutting projects are developed based on the
continuous optimization of platform resource configuration, and corresponding organizational
implementation and management systems are formulated, covering aspects such as operating
workload, student benefit scale, talent training effectiveness, and safety construction.

(3) Strengthen the construction of the teaching staff. Combining the modularized practical
teaching system, taking into account the professional orientation, academic affiliation, especially the
engineering background and age structure, the method of introducing and training is adopted to
improve the overall quality and level of the teaching staff required to ensure the orderly operation of
the platforms.

(4) Improve the "bidirectional" assessment and evaluation system. On the one hand, through
the measurement of graduation requirements, form a quantitative method for the achievement of
practical course objectives, especially for the sharing of multi-party collaborative education and
practice platforms, school-enterprise cooperation, and building a systematic evaluation method for
the achievement of non-technical abilities with the weighting of the evaluation of enterprises. On the
other hand, core focus should be on the benefits for students and the assessment of platform
operational efficiency. Establish a dynamic evaluation and reward system and directly incorporate it
into the subsequent investment allocation and function expansion plans for platform resources.

(5) Adhering to the continuous improvement and innovation. Throughout the whole process
of efficient operation of the platform, optimal allocation of resources, assessment of benefits and
scientific management and adjustment, insist on continuous improvement oriented by OBE, and strive
for innovation guided by the concept of new engineering.

S. Educational Practice and Effects

Seizing the opportunity of the professional certification of petroleum engineering and oil and
gas storage and transportation engineering and cooperating with the connotation construction of the
national experimental teaching demonstration center of petroleum engineering and geology and the
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national virtual simulation experimental teaching center of petroleum and natural gas engineering,
intelligent oilfield drilling and transportation platforms, including drilling system platforms, thermal
oil recovery system platforms, extractive fluid detection and treatment platforms and reservoir fire-
fighting and rescue operation platforms, have been applied or are being applied to the teaching
practice. being applied in teaching practice. It covers more than 400 students in three majors of
petroleum engineering, oil and gas storage and transportation engineering and offshore oil and gas
engineering in each academic year, with obvious results. Among them, the experimental project of
"Virtual Simulation of Multi-Role Collaborative Drilling and Well Control Operations" developed
based on the intelligent drilling system platform is recognized as the 2019 Virtual Simulation
Experimental Teaching Project of Heilongjiang Province due to the full cross-fertilization of
professional technology and modern information technology, and the unification of the characteristics
of experimental teaching with the enhancement of the students' practical and innovative ability.
Experimental Teaching Program in Heilongjiang Province. Meanwhile, the multi-party collaborative
education practice platform represented by sharing HSE comprehensive simulation training with the
National Emergency Rescue Training and Exercise Base of China National Petroleum Corporation
has played an important role in the cultivation of students' non-technical ability. While enriching and
perfecting the all-round and three-dimensional practical teaching system, these teaching practices are
in line with the achievement and continuous improvement of talent cultivation goals, and have certain
reference or popularization value in the transformation and upgrading of universities with strong
industrial backgrounds and even traditional engineering majors.

6. Conclusions

Regardless of the trends in industry development and industrial transformation, as well as the
practical needs promoted by the new engineering disciplines, it is necessary to upgrade traditional
professional fields. The key to ensure the quality and effectiveness of talent training is to effectively
grasp the laws of talent growth and the development of engineering and technology, break down the
barriers between disciplines, schools and enterprises, promote the cross-fertilization of disciplines
internally, and boost the integration of industry and education externally. This article combines the
common points of the construction of new engineering discipline and OBE concept, sorting out the
basic idea of upgrading the oil and gas engineering specialty, designing and constructing a guiding
practice platform for talent cultivation in line with "docking with the industry, student-centered, and
output oriented", constructing a multi-party collaborative educating practice mode that highlights the
cultivation of students' non-technical abilities, forming a prototype of the practice teaching system
for the future oil and gas industry chain talent demand, and exploring the operation mechanism that
integrates the organization and management of platform resources, assessment and evaluation, and
continuous improvement and innovation. It has designed and set up a guiding practice platform for
talent training in line with the "industry-oriented, student-centered and output-oriented" principle,
constructed a multi-party collaborative practice teaching mode that highlights the training of students'
non-technical abilities, formed the prototype of a practice teaching system for oil and gas engineering
majors that is geared to the future demand for talents in the oil and gas industry chain, and explored
the platform's operation mechanism that combines the platform's resources organization and
management, assessment and evaluation, as well as continuous improvement and innovation. It
effectively supported the exploration of the path for upgrading the petroleum and natural gas
engineering disciplines under the perspective of China's higher education characteristics in the
context of the new engineering disciplines.
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Abstract: In recent years, online education has been more and more widely applied, however,
due to the huge amount and uneven quality of online learning resources, it is difficult for learners to
locate the resources they need, which leads to the problem of “Information Lost”. Personalized
recommendation of learning resources can effectively solve this problem, the learners as the main
body of online learning, it’s individual characteristics are diverse, through investigation, it is found
that most researchers take a certain aspect of characteristics as the research focus when constructing
the learner model, it mainly focuses on the learners learning style or preference characteristics, lacks
acquisition of learners’ cognitive characteristics and evaluation of students’ cognitive level, and
covers the learners’ personalized characteristics too single, so the recommendation results are not
accurate enough. Based on CELTS- 11 learner model specification and learning style theory, through
the analysis of Solomon learning style scale, learner evaluation data and learner behavior data, this
paper constructs The learner model suitable for personalized recommendation of online learning
resources, and expounds the extraction of learner characteristics, the initialization of learner model
and the hierarchical structure of learner model. The learning style feature representation, interest
preference feature representation and cognitive level feature representation are obtained. Based on
the collaborative filtering recommendation method, the static and dynamic features of the learner
model are integrated to improve the collaborative filtering method, and a personalized
recommendation method for online learning resources based on the learner model is established in
this paper. In order to verify the effectiveness of this method, experiments and evaluations are carried
out on the real historical data of students learning and examination records of C programming course
in Northeast Petroleum University from March 2020 to July. The comparative test shows that the
performance of the proposed method is better than that of the comparative method.

Aunnomayus: B mocnenHue roAsl OHJAMH-0Opa3oBaHHME HAXOIUT Bce Oojee HIMPOKOe
IPUMEHEHHE, OJTHAKO U3-32 OTPOMHOI'0 KOJIMYECTBA U HEPABHOMEPHOI'O Ka4eCTBA PECYPCOB OHJIANH-
00y4YeHHs yJaluMcs TPy THO HAUTH HE0OXOAUMBIE UM PECYPCHI, UTO IIPUBOJIUT K MPOOIIEME «IIOTeps
uHpopmanuny. IlepcoHanu3upoBaHHble PEKOMEHAAUN YYEOHBIX PECypcOoB MOTYT 3((EKTUBHO
pemuTh 3Ty npolieMy: ydaliuecss SBISIIOTCS OCHOBHOM YacTbiO OHJIAWH-OOY4YeHHs, UX
WH/IMBU/yaJIbHbIC XapaKTEPUCTHUKU Pa3HOOOpa3HBl, B Pe3yjbTaTe MCCIEIOBAHUS BBIICHUIOCH, YTO
OOJIBLIIMHCTBO HCCIENOBATENeH MPU MOCTPOSCHUM YYAIIerocs YACNSIOT ONPEIEICHHOMY AaCHEKTY
XapaKTepUCTUK OCHOBHOE BHHMMaHUe. Mojenb, KOTOpas B OCHOBHOM (POKYyCHpYeTCS Ha CTUIIe
00y4YeHMs WIM XapaKTEPUCTHKAX MPEANOYTEHUI ydaluxcs, He 00eCreuynuBaeT y4eT KOTHUTHBHBIX
XapaKTepUCTUK YYAIIUXCS M OIEHKY KOTHHUTHBHOTO YPOBHS YYalllUXCS, a TaKXe CIHUIIKOM
Pa3po3HEHHO OXBATHIBACT MEPCOHAIN3UPOBAHHBIC XAPAKTEPUCTUKH YUALTHXCS, [IOATOMY PE3YJIbTAThI
pexoMeHaanui HerocTaTouyHo TouHbl. Ha ocHoBe crienudukanyu moaenu yvamerocs CELTS-11 u
TEOPHUH CTUII 00YUEHUs, IOCPEICTBOM aHaIN3a MIKabl cTUIIA 00ydeHus: ColloMOHa, TaHHBIX OILICHKH
yyallerocss U JaHHBIX O IMOBEJEHHM YYallerocs, B ATOH CTaTbe CO3AETCS MOJENb YYallerocsd,
NOAXOAAIIast sl TMEepPCOHAIM3UPOBAHHONW PEKOMEHJAIMM PEeCypcoB  OHJANH-OOyuYeHHs, U
Pa3bsICHACTCS TOJYYCHUs XapaKTEPUCTHUKH YYallerocs, MHULUAIM3ALUS MOJEIM Y4Yallerocs H
uepapxuyueckas CTpyKTypa mojenu ydamerocs. [lomy4arores npeacraBieHne XapakTepUCTUK CTHIIS
o0y4yeHMs, TPEACTABICHUE XapAaKTEPUCTHK MPEANOYTCHUA HMHTEPECOB U  MPEACTaBICHUE
XapaKTepUCTUK KOTHUTUBHOTO ypoBHs. Ha ocHOBe MeTo1a peKkoMeH1aluii COBMECTHOM (puiIbTpanun
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CTaTUYECKUE U JWHAMHYECKHE (PYHKUMU MOJETH YYallerocs HWHTETPUPOBAHBI JUIS YIIyUIICHUS
METOZa COBMECTHOM (puibTpanyu, a B 3TOW CTAaThe YCTAHOBIEH METOJ| MEPCOHAIM3UPOBAHHBIX
pEeKOMEHIalui Uil pecypcoB OHJIAWH-OOy4YEHHS, OCHOBAaHHBIA Ha MOJAENHW ydamierocs. YToOsl
poBEpUTH APPEKTUBHOCTH ITOTO METO/A, SKCHEPUMEHTHI M OLIEHKU IPOBOJSATCS Ha pPealbHbIX
UCTOPUYECKHX  JAaHHBIX OOY4YeHHMsS CTYJIEHTOB UM  HK3aMEHAIlMOHHBIX 3alUCsAX  Kypca
nporpammupoBanus C B CeBepo-Bocrounom Hedrsinom ynusepcurete ¢ mapta 2020 roga mo uroib.
CpaBHUTEIIBHOE UCIIBITAHUE ITOKA3bIBAET, YTO IPOU3BOJUTEIBHOCTD IIPEATIAraéMOro METOAA JIyYllle,
4YeM y CPaBHUTEIBHOI'O METO/IA.

Keywords: Learner models, Online learning resources, Collaborative filtering,
Personalized recommendations

Knwouegvie cnosa: Moaenn ydvammxcs, pecypcbl OHIAWH-00y4YeHHs, COBMECTHas
¢bunbTpalus, NepcoHaAIN3NPOBAHHBIE PEKOMEHAAINH.

1.Introduction

In recent years, with the rapid development of Internet technology, online learning
platforms are increasingly widely used. As of March 2020, the number of online education
users in China has reached 423 million, an increase of 110.2% compared with the end of2018,
accounting for 46.8% of the total Internet users [1]. Especially the outbreak of novel
coronavirus, at the beginning of 2020, the opening of national universities and primary
schools was delayed, and the learning mode of 265 million school students shifted from
offline classroom to online teaching. At the beginning of2021, the epidemic appeared in a small
range. Faced with the huge demand for online learning, online education institutions provided
free online courses and shared online teaching resources, and the online education industry
showed an explosive growth trend. However, with the wide use of online learning platforms,
the number of online learning resources has also increased sharply. In the huge number of
online learning resources, learners are difficult to quickly locate the resources they need,
leading to “information maze”. Information recommendation technology is a technology that
actively recommends interested resources to users by analyzing their needs [2]. At present,
information recommendation technology has been widely used in many fields. Applying the
information recommendation technology to the field of education and realizing the
personalized recommendation of online learning resources based on the information
recommendation technology is an effective way to solve the problem of information maze in
the process of online teaching. Collaborative filtering algorithm is the mainstream algorithm
in information recommendation technology at present, and most of the relevant research work
of this algorithm focuses on similarity calculation and optimization of user’s resource rating [3].
In terms of similarity calculation, Wang et al. calculated project similarity based on the Kullback-
Leibler divergence to effectively improve the prediction accuracy [4]. Jiang et al. proposed a user
similarity calculation method based on QUASI-NORM to improve the recommendation
accuracy [5]. Mu et al. proposed an improved similarity measurement common Pearson
correlation coefficient method to improve similarity calculation [6]. Both of them improve
the quality of information recommendation by improving the measurement of user similarity.
But collaborative filtering in personalized recommendation is applied to the study resources,
only by improve the similarity is very difficult to improve the quality of recommendation,
because the learning resources recommended by the main body compared to information
resources recommended by the user, the learner’s learning style, preferences, background,
cognitive level, and other personalized features more complex learners had a greater
influence on the quality of online learning resources recommended, many scholars at home
and abroad about the research and application. In order to provide appropriate learning
resources for active learners, Wang et al. proposed the semantic relationship of knowledge
discovery based on ontology in 2007, and designed an adaptive personalized
recommendation model based on learner’s interest and the correlation between learners
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and objects by ranking their correlation degrees [7]. Segal et al. proposed a new algorithm
EDURANK in 2014 that combined collaborative filtering algorithm with social choice
theory and adapted to personalized teaching content. This method is suitable for supporting
teachers to customize questions and exams for individual students and students [8]. Zhang
F et al. proposed the fusion of ontology with semantic relationship and collaborative
filtering algorithm to make up for the semantic defects of the algorithm [9]. Aleksandra et
al. proposed an improved model ranking method based on tensor factorization technology
in 2017 to obtain the most effective recommendation results. The learning style model
based on clustering technology is adopted to reduce the label subspace and ensure the
quality of recommendation [10]. As the main body of online learning, learners have various
individual characteristics. In the process of recommending learning resources, it is necessary
not only to consider the improvement of the calculation method of similarity, but also to
study the learner model. At present, most researchers focus on one or two aspects of learners’
characteristics [ 11-13],and focus on learners learning style or preference characteristics. There is
a lack of comprehensive analysis of the overall characteristics of learners and the integration
of multiple characteristics of learners. In view of the problems existing in the application
of information recommendation technology in online learning, this paper, centering on
the subject of online learning — learners, proposes an online learning resource
recommendation method based on learner model to improve learners’ interest in learning
and optimize the learning effect of online teaching. Section 1 constructs a earner model for
recommending online learning resources. Section 2, based on the recommendation method
of online resources based on collaborative filtering and the fusion of learner model, proposes
the improvement of collaborative filtering online learning resource method based on the
fusion of learner model. Section 3, the improved algorithm is tested, and the effectiveness
of the improved algorithm is verified by comparing and analyzing the accuracy, recall rate
and F1 value of the algorithm. In the end, the work of'this paper is summarized.

2.Learner model construction

As the main body of online education services, learner model is used to describe
learners’ internal and external learning characteristics, and is the key and foundation of the
recommendation method of online learning resources. In the construction of the learner
model, it mainly contains the following three key points: First, it determines the individual
characteristics of learners. This article is based on CELTS- 11[14] the learners information
model specification, and integrate other indispensable personalized learner characteristic
information, on the Learning style theory[15][16] and the education target classification
theory as the instruction, learner characteristics can be divided into Basic information
(Basic information), Learning style, Learning style), Interest preference (Interest
preference), cognitive level four dimensions (the State of knowledge). The basic
information, as static data, is invariable and universal, and cannot represent the degree of
learners’ personalized characteristics. Therefore, this study will not take it as the key data
analysis. By describing the three characteristics in the learner model construction, a multi-
level personalized learner model is designed, which is composed of four layers: data
acquisition layer, data layer, data analysis layer and presentation layer. The learner model
construction process is shown in Fig 1.

2.1.The data collection

Learners’ characteristic data is the data base of the learner model. There- fore, for
the construction of the model, data is essential and important infor- mation. The
determination of learners’ personalized characteristics is based on data collection. The basic
information, learning style and initial interest and preference characteristics of the learner
model are acquired by means of registration, questionnaire and questionnaire. The
characteristics of dynamic interest preference and cognitive level are the computer fetches the
system Web logs to dynamically acquire the learning behaviors and results of learners in
the learning process.
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Figure 1 — The building process of learner model

2.2.Characteristic representation of learning style

Under the theoretical guidance of the Feller-Silverman Style model, this paper uses
the matching Solomon Learning Style Questionnaire ILSQ (ILSQ for short)[17] to measure
learners’ Learning styles. Firstly, learning style is divided into four dimensions: perception,
input, processing and understanding. Then, the two different style types in each of the
four different dimensions and the degree of preference for styles are analyzed to represent
the characteristics of personalized learning styles[18]. Learners will be tested by ILSQ
questionnaire when they enter the learning resource recommendation system, based on which
learning style characteristics can be obtained, which belong to static characteristics. The
specific process of acquiring learners’ style characteristics is as follows:

(1)Learners’ learning styles are described in the form of four-dimensional vectors,
respectively, to describe the style types and learning style tendency values in four different
dimensions. The specific formal definition (1) is as follows:

LearningStyle = {( (T1,S1) , (T2,S2) , (T3,S3) , (T4,S4) )|Sie[-1, 1]} (1)

< Ti Si >i=( { 1,2,3,4} ) represents the value of four dimensions in IL- SQ, Ti
represents the four dimensions of ILSQ, namely perception, input, processing and
understanding. Si represents the value of 77 dimension in learning style.

(2)Learners ILSQ filling out a questionnaire, a total of 44 questions, each question
contains two options 4B to choose from, the answer results the value of the defined as Pj,
j represents the question number, and the domain ofj is [1-44].

(3)According to the results of Pj, screening processing, classification and accumulation,
and the final accumulation results are represented by a and b. (4)The value of a and b is
judged, ifa > b ,then Si = (a-b)a;,ifa < b, then Si = (b- a)b.

(5)The test results of learning Style characteristics quaterniple Leaning Style represent data
for learners’ learning Style characteristics.

2.3.Characteristic representation of interestpreference

After learners register in the system, the system will provide standardized tag set
composed of resource features, and learners can check the interested tag as the initial interest
preference features. In the process of learning, learners’ various operations will generate
behavioral information, which can directly reflect the current learners interest preference for
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resources and the degree of interest preference. Therefore, learners’ behaviors can be transformed
into their interest preference characteristics [19].

(1)Learners behavior classification and weight calculation

Learners behaviors are mainly divided into five categories: learning be- havior,
collecting behavior, downloading behavior, evaluating behavior and sharing behavior.
Different behaviors represent different degrees of learners’ interest preference.The weight is
introduced here to represent the contribu- tion of different learning behaviors.There are many
methods to determine weights, but the traditional method based on empiricism or expert evaluation
has certain defects in weight calculation. In this paper, entropy weight method is adopted to
determine weights[20] for learner behavior classification, weight distribution and weight values
adopted in this paper are shown in Table 1.

Table 1 — Learners behavior classification and weight calculation
Learner Behavior Action Description

weight values

Learning behavior ol wl 0.176
Collecting behavior 02 w2 0.193
Downloading behavior 03 w3 0.212
Evaluating behavior 04 w4 0.224
Sharing behavior 05 w5 0.195

(2)Learners — Learning resource scoring matrix construction

According to the learning behavior and its weight allocation,the learner- learning
resource scoring matrix is constructed, which can be used as the basis for learners’
evaluation of learning resources,As shown in Equation (2).

Su Sig e Sy
AN S vee S
21 22 2n
P = 2
mxn M M M
S, S, .. S
m m2 mn _|

The value of sjk represents the behavior weight of learner uj on resource

ik, if Pmn = 0, then it means that no behavior is generated.

(3)Learners - Learn label matrix construction

In order to establish the direct association between learners and learn- ing
resources, the label matrix of learning resources is first constructed to represent the
characteristics of learning resources, as shown in Equation (3).

o ha hi
",l I, FUDRY S
@, = 3)
M M M
_,: | l.v:’ ’;r.’ J

Wherein, rjk = 1 means resource 7j is labeled with tag tk, and rjk = 0 means
resource is not labeled, then matrix QOnl/ is a matrix of 0 and 1, and each row represents all
characteristic attributes contained in a resource.

The learner-label matrix 7m/ is constructed according to learner-learning resource
scoring matrix Pmn and learner-learning resource label matrix Qnl.
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Wherein, el represents the accumulated behavior weights of learner uj

on the associated resource tk.By weighting the learner-labelmatrix, learners’
preferences for each label can be obtained more accurately, so as to better distinguish the
degree of learners’ interest preference for resources.

(4)Time weight is introduced to adjust interest shift dynamically.

The key oflearner scoring lies in how to distinguish learners’ preferences of different
degrees for different resources according to their operations. In the calculation, the average
preference oflearners for labels is used to improvethe differences among learners. Learners’
preference for a certain label is an increasing function when it represents learners’

characteristic attributes, and the calculation formula is shown in (5).
Juk

FP =evun " (1<k<) (5)

Wherein,guk (1 < k < [) is the weight value of learner u’s behavior con- tinuously
accumulated on the tag 7k of associated resources, represents the learner’s preferences. vutk is the
average preference degree of learners, the value is the number of times that the learner u is labeled
as tag tk. A represents the minimum value of learner behavior weight to eliminate the average
deviation among different learners.

With the deepening of learning behavior, the characteristics of learners’ interests
and preferences will shift; this paper introduces the time factor to adjust learners’ interest
deviation. Adaptive time decay function and the idea of Ebbinghaus Forgetting Curve[21]
are adopted to define the characteristics of learners based on time parameters. The time
factor-based label calculation formula (6) of learners u is as follows.

Fime =6+ (1 - e)e‘(dmw—dufk) 1<k< (0)
dnow is the current time, dutk represents the last time when the label tk marked by the
learner u, parameter 6 [0, 1] is=used to adjust the influence of time factor on learners. The smaller
the O is, the greater the influence of time factor is.
The label-based representation of learners’ dynamic interest features can be calculated
by dot product of behavioral features and time weight features. For learner u and tag ¢k, the
comprehensive features of learners’ dynamic interest are shown in Formula (7).

Fut, = - Figpe A<k <1D) (7
2.4.Characteristic representation of cognitive level

The characteristics of learners’ cognitive level describe the degree of mas- tery of a
certain knowledge point obtained by testing the corresponding questions of the knowledge point
after learning it.

Based on the “cognitive classification of educational objective classification theory”, the
learning objectives of core knowledge points are divided into six levels: {memory, understanding,
application, analysis, evaluation and creation , as shown in Fig. 2. These six levels are used to
represent the cognitive level of learners on core knowledge points. The characteristics of cognitive
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level reflect the level required by learning objectives. In the process of learning, chapter knowledge
test can accurately diagnose the degree of knowledge mastered by learners, and provide
personalized learning resources matching learners according to their current cognitive level. The
characteristics of learners’ cognitive level are represented by (8).

Learning objective level
_ Memory | i
Understanding 2 |
The ith resource | Farmal description A’, 'l. value basis | .\ppliﬂli’)“ “'P'.t | 73 K
knowledge point ————— 1l Amabysis | | 4]
Analysis 1
Evaluation s

| Creation [ 6

Figure 2 — The building process of learner model

Knowledge level = {(k1, h1), ......, (ki, hi), ......, (kn, hn)} )]

ki represents the 1 knowledge point learned by learners; i represents the cognitive level of
learners on the i knowledge point, namely the degree of mastery, where ”0” refers to the learner’s
complete lack of mastery of the knowledge point, and ”1-6" refers to the six learning objectives
of Bloom’s cognitive classification. n is the number of knowledge points that learners have
learned.

3. Improvement of collaborative filtering recommendation method for online learning
resources by integrating learner model

Collaborative filtering is a classic recommendation method in information
recommendation technology. In this paper, collaborative filtering is adopted as the basic
algorithm of online learning resource recommendation to realize the basic recommendation,
and on the basis of the basic recommendation, the multi-dimensional features of the learner
model are integrated to make accurate recommendation.

3.1.Recommendation of online learning resources based on collaborative filtering

The recommendation process of classic collaborative filtering technology is divided
into three parts. First, learners’ scores on learning resources are collected and a learner-
learning resource scoring matrix is constructed. Secondly, the scoring matrix is used to
analyze the target learners’ preferences for resources. Learners whose preferences are
similar to those of the target learner are counted, according to the similarity level, the
former K users are selected as neighbor learners; finally, the scores of neighbor learners
are used to predict the scores of target learners, and the Top-N recommendation set is
generated according to the predicted value. N resources with the highest predicted value
and unrated by learners are recommended to learners.

3.2. Collaborative filtering recommendation improvement combining learner- s’ static
characteristics

The interaction data between newly registered learners and the system is very small, so
in the early recommendation stage, learners’ initial interest preference and learning style are
weighted to calculate the comprehensive similarity of learners. According to the similarity
level, the nearest neighbor set of learners is determined, and then the target learner preference
is determined according to the resource preference of the nearest neighbor, and the initial
recommendation is made, so as to alleviate the cold start problem of the system.

(1)Calculation of static interest preference feature similarity

The number of initial interest preference tags for learner un is q, the number of initial
interest preference tags for learner um is p, and the same number of tags between learner
un and um is k? the similarity calculation formula is shown in (9).
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k ©)
q+p—k
(2)Learning style feature similarity calculation
Learning style includes four dimensions, and the score values of different
dimensions are expressed as follows S ={sl, s2, s3, s4 }.After the S value is standardized,
the Euclidean distance formula is used to calculate the learning style distance, as shown in
formula (10)

sim (um, un) interest —

4
2 (10)
d(Sp, Sn)style = i(srtrf - S1t1k)
k=1
Equation (11) is used to obtain the learning style similarity of u,, and u,.
1 (11)

SIM(Um, Un) styte = 1+4d(S,,S,)
m’-n

(3)Static feature comprehensive similarity calculation

The comprehensive similarity of learners’ static features is obtained by weighting two
static feature similarity degrees. The parameter @ was used to reconcile the fusion ratio of
similarity of interest label and similarity of learning style, and the weight value was
generally adjusted according to the accuracy ofrecommendation results and statistical data.

Sim(um; un)static = aSim(um; un)interest + (1 - a)Sim(um; un)style (12)

3.3. Collaborative filtering recommendation improvement combining dynamic
characteristics of learners

In order to enrich the diversity of recommendation results and improve the accuracy of
recommendation results, a learner-learning resource scoring matrix was introduced to update
learners’ dynamic interest preferences on the basis of static feature recommendation. By
introducing the characteristics of learners’ cognitive level, the similarity between learners’
interest characteristics and their cognitive level is calculated, and the similarity is updated
to obtain the final recommendation result.

(1)Interest-preference similarity calculation based on the fusion of behavioral features
and time-weighted features.

It is not comprehensive and accurate to describe the characteristics of learners’ interest
preference by learners’ scores on learning resources. When constructing the interest and
preference features of the learner model, learn- ing behavior, collecting behavior, downloading
behavior, evaluating behavior and sharing behavior are integrated, and these behaviors are
weighted and calculated to construct the learner-learning resource scoring matrix. Com-
bined with the time weight features, describe the deviation of learners’ learn- ing interest
and preference characteristics as learning behavior continues and learning deepens.

The feature vector of interest preference combining behavioral character- istics and
temporal characteristics is expressed as Fu = { Futl, Fut2, ..., Futj}, and Pearson correlation

coefficient is selected to calculate the similarity of interest preference features based on
behavioral weight among learners. The similarity between learners um and un can be calculated by
Equation (13).

ZtieTmn(Fm,ti - Fm) X (Fn.ti B Fn)

\/ZtiETmn(Fm'ti - m)2 X \/ZtiETmn(Fn,ti - Fn)z

Tmn represents the set of interest labels shared by learners um and un,F'm,jtand Fn,ti

(13)

sim(uyy, un)interest_updata =

respectively represent the eigenvalues of learner M and N’s interest in tag T, Fp and Fjp
respectively represent the average interest value of learners um and un to all tags in the
set. Through the similarity calculation of learners’ interests and preferences, the set U=
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{ul, ..., um, ..., uk }which is the nearest neighbor learners with the highest similarity to the
target learners is found

(2)Similarity calculation combining cognitive level features

The set of the cognitive level of the learner um on the mastered knowledge points is
represented as N (um) = {(kuml, huml), (kum2, hum2), ..., (kumj, humj )}. Where, kumj
represents the j knowledge point mastered by learner um, and humj represents the cognitive
level of learner ui at thej knowledge point, that is, the mastery degree. Then, the cognitive
similarity of learner um and learner un, sim(um, un) is calculated by using cosine similarity,
as shown in Formula (14):

um ' un Zk hj;um hj.u—n

| - [Unl ; ;
" " Zk hj'um X Zk hj»un

Wherein, hj,um and hj,un respectively represent the cognitive level of knowledge point J
corresponding to learner um and learner un.

(3)Comprehensive  Similarity Calculation for Fusing Learners’ Dynamic
Characteristics.

The comprehensive similarity of learners’ dynamic features is obtained by weighting two
kinds of dynamic feature similarity. Parameter is used to harmonize the fusion ratio, as shown
in Formula (15).

Sim(um, un)static = BSim(um,un)interestidata + (I - B)Slm(um, u”)styleiupdata (15)

Sim(um:un)level = (14)

4. Experimental results and analysis

4.1. Experimental data set

In order to verify the effectiveness of the personalized recommendation method of
learning resources, we collected the learning records and real behavior data of students in the
course { C Programmin ) of Northeast Petroleum University from the Superstar Space
Learning Platform.According to the historical data from March 2020 to July 2020, the
experiment is carried out. There are mainly three types of files. The first type is static data
files in learner characteristics, including students’ basic information, learning style
information and learning interest information.The second category is dynamic data files in
learner characteristics, including knowledge assessment information, learning resource
browsing, collection, downloading, evaluation and sharing behavior data; The third type is
learning resource data with labeled information. After data preprocessing, there are 20,547 pieces
of original data, 849 students and 19,876 learning resources, including 8,567 pieces of static data
and 11,980 pieces of dynamic data. In order to verify the reliability of the algorithm in this
paper, the cross-validation method is used for learners and resources in the data set. The
training set and the test set in the experimental data set are divided according to the ratio of
4:1. The test set randomly selects 20% of the historical behavior records in a certain
continuous period, and the training set selects the remaining 80% for the experiment.

4.2. Evaluation standard

Accuracy rate and recall rate are commonly used to evaluate the rec- ommended
performance. In this experiment, these two indexes are used to evaluate the performance of the
proposed algorithm. In the experiment, Pre- cision represents the ratio of all the items in the test
set that learners are really interested in the list of recommended items.The more the user’s actual
operation of resources overlaps with the recommended items, that is,the more the number of correct
recommendations, the higher the accuracy. Precision = 3, 17 | R(u) nT(u) |/$,,.r7 | R(u) | .Recall

is used to measure the proportion of the actual number of learners’ interest in the list of
recommended resources in the test set to all the resources that learners are interested in. Recall
= s, | R(w) nT(u) |/g,,.7 | T(u) | -Where u represents learning resources,R(u) represents the list

of resources recommended by the system to learners, and 7 (u) is the list of all resources
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that learners are interested in on the test set. With the increase in the number of recommended
learning resources, the accuracy rate will decrease, but the recall rate will increase. In order to
balance the two classification indexes, F1 value is introduced. F1 = 2 x Precision x
Recall/(Precision + Recall) is used to measure the quality of the recommendation method. The
larger the F1 value is, the better the recommendation effect will be obtained by the
recommendation method.

4.3.Experimental results and analysis

The learner model constructed in this paper includes static features and dynamic features.
The static features include static interest preference fea- tures and static learning style features.
Dynamic characteristics include dy- namic behavior characteristics and dynamic cognitive level
characteristics. Fusion learner characteristics algorithm effectiveness is verified from the point
of view, the first score matrix based on learners learning resources to achieve the classic
based on collaborative filtering recommendation, based on the fusion of various dynamic and
static characteristics, in this paper, the classic of collaborative filtering algorithm using
literature 2 by building a “user-project” score matrix calculation, user similarity matching
neighbor users with recommendations.

(1) Experimental analysis of integrating Learner’s static characteristics

Based on the classical collaborative filtering method and combining the characteristics
of learners’ static interest preference and static learning style, the accuracy rate, recall rate
and F1 value when the recommended number of learning resources is 5,10,15,20,25,30 and
35 are shown in Fig. 3. According to the experimental results, compared with the classic
collaborative filtering recommendation that only relies on learners’ scoring matrix of learning
resources, the integration of single static features of the learner model can improve the overall
recommendation performance. However, a single experiment does not lead to the conclusion
that which feature has a greater impact on the recommended results, and the fusion effect
of multiple features cannot be obtained through a single experiment. How to choose the
fusion parameters of multiple features is also a problem to be solved.

The experiment involves the experimental parameter k of the recommended number of
learning resources and the weight coefficient ? which integrates the characteristics of static
interest preference and static learning style.In the course of the experiment,first define the
recommended number of learning resources for five, again to the fusion parameter values from
0.1 to 1 recommended results between calculation accuracy and recall rate of F1 value, as shown
in figure 4, the highest value when the alpha value is 0.6 F1, therefore in the follow-up test
results to alpha was 0.6, and then through the tests and comparative analyses of the
experimental fusion characteristics and static static interest preference learning style
characteristics in different learning resources recommended number of cases of accuracy
and recall rate.

(2)Experimental analysis of integrating Learner’s dynamic characteristics

The fusion of learners’ dynamic features includes the cognitive level of learners’
dynamic changes and the dynamic interest and preference charac- teristics reflected in learners’
continuous learning of learning resources. The accuracy rate, recall rate and F1 value were
compared and analyzed through several experiments. The time parameter 6 and the dynamic
feature fusion parameter f were adjusted to the optimal value. Finally, when #=0.2 and $=0.7,
the recommended result was the most accurate.

(3)Comprehensive comparative analysis

In terms of dynamic characteristics, the dynamic interest and preference characteristics
that integrate behavioral characteristics and time character- istics have a relatively greater impact
on the final recommendation results, while in terms of static characteristics, learners’ interest
and preference char- acteristics have a greater impact than learners’ learning style
characteristics. Of recommendation technology based on the different characteristics of
the recommended results of Precision, Recall and F1 value of three kinds of evaluating
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index experiment comparison, the experimental results as shown in figure 5, 6, 7, according to
the results of the comparison shows that dynamic characteristics of the recommended method
fusion learners on the accuracy and Recall rate and the values of F1 were superior to the fusion
learners static characteristics based on collaborative filtering recommendation and

recommendation.
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5. Conclusions

At present, the vast learning resources that exist in education online learning platform,
provide personalized service level, however, is not high, in view of the students
”information trek” problem in the process of learning, this article through the analysis of
large amounts of personal data in learning platform and learning behavior data, digging the
learner’s interest preference, learning style, cognitive level, and many other personalized
features, build a model of the learners. Basic learning resource has been built based on
col- laborative filtering recommendation method, and will build a learner model of static
characteristics and dynamic characteristics were fused into the basic learning resources
recommended method, by using data obtained from experiments confirmed that, this paper
builds the learner model, and based on this model to construct the learning resources
recommended method improves the effect of online learning resources recommended
recommend, this method is to promote students’ learning and meet the demand of
personalized learning is of great significance.
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PRACTICE STRATEGIES FOR CATEGORIZATION TRAINING OUTSTANDING
ENGINEERS IN THE NEW ERA UNDER THE SYNERGISTIC PERSPECTIVE OF
INTEGRATION OF SCIENCE-EDUCATION AND INDUSTRY-EDUCATION
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Abstract: With the expansion of the scale of China's postgraduate education and the increase
in the demand for outstanding engineers in the new era, it is facing the contradiction between the
quantity of postgraduates and the quality of training. The training path of the classified training mode
for academic and professional degree postgraduates is not clear. This article combines the actual
situation of petroleum and natural gas engineering disciplines in Northeast Petroleum University,
discussing the homogenization problem that exists to a certain extent in the process of postgraduate
cultivation in colleges and universities at the present stage, constructing the mode and framework as
well as exploring the optimization strategy and quality enhancement path of postgraduate
categorization training. With the goal of cultivating outstanding engineers in the new era, the
educational reform is proposed to deepen the education reform of graduate student classification
training mode. Educational practice shows that this model of postgraduate categorization training is
conducive to the improvement of the innovative practice system of postgraduate education in
engineering field in industrial universities, and provides a valuable reference for the training of high-
level talents in engineering field with Chinese characteristics.

Annomayusn: C pacmmpeHueM MacmTaOoB MOCIEIUIUIOMHOT0 oOpa3oBanust B Kutae u
YBEJIMYEHUEM CIIPOCA Ha BBIJAIOIINXCS MHKEHEPOB B HOBYIO 3110XY BO3HHKAET IPOTUBOPEUUE MEKITY
KOJINYECTBOM AaCIHMPAHTOB M KadeCTBOM IMOJTrOTOBKH. B 3Toil cTaThe OmHMCHIBaeTCA peaibHas
CUTYyallUs ¢ HHXCHEPHBIMU AUCHUIUIMHAMU HedTera3oBoii orpaciu B CeBepo-BocTouHoM HepTIHOM
YHHUBEpCHUTETE, 00CYyXIaercs mpobiieMa FOMOTEHHM3AlUK, KOTOpas CYIIECTBYET B OIpEIeIeHHON
CTETIEHM B IIpOlecce MOCIEAUIIIOMHOIO 00pa3oBaHUs B KOJUIE[DKaX M YHHUBEPCHUTETaX Ha
COBPEMEHHOM 3Talle, a TAKXKe CTPOATCS PEKUM U paMKH, KaK UCCIIEJOBAHUE CTPATETUH ONITUMH3ALIUN
U IIyTH TOBBIIICHHUS Ka4eCcTBa MOCIEAUIIIIOMHON MOATOTOBKU. C 11eNbI0 BOCIUTAHUS BBLAAIOIIUXCS
MH)XEHEPOB B HOBYIO 3MOXY Ipeuiaraercs pedopma oOpa3oBaHus, HAMIPaBICHHAs Ha yriIyOJeHHE
pedopMbl 00pa3oBaHHS B pEKUME KiIacCUpUKaUu acnupanToB. OOpazoBaTeNbHAs MPaKTHUKA
MOKa3bIBa€T, YTO JaHHAs MOJENb KaTerOpU3MPOBAHHOIO IOCIEAUIUIOMHOIO 00pa3oBaHus
CIOCOOCTBYET COBEPIICHCTBOBAHUIO HMHHOBAIIMOHHOM CHUCTEMBl MPAKTHKH IOCIEAUIIOMHOIO
o0pa3oBaHMsl B HHXECHEPHOH cdepe B MPOMBINUICHHBIX YHMBEPCUTETaX M SIBJISETCS LIEHHBIM
OPUEHTUPOM JUISI MOJATOTOBKH BBICOKOKJIACCHBIX TaJaHTOB B MHXEHEPHOH cdepe ¢ KuTailckon
creuu(uKoi.

Keywords: categorization training, academic degree, professional degree, outstanding
engineer, postgraduate education.

Kniouesvie cnosa: kareropuszanusi 00yueHusl, yueHasi CTeleHb, Ipo(eccuoHanbHas CTeIeHb,
BBIJIAIOIINICS MHXKEHEP, MOCIEAUIUIOMHOE 00pa3oBaHHUe.

1. Introduction

The report of the 20th National Congress of the Communist Party of China puts education,
science and technology and talents in a "three-in-one" overall arrangement. The meeting emphasized
that: “Education, science and technology, talents are the basic and strategic support for building a
modern socialist country.” This is not only a very important and distinct innovation in the structure
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and layout of the report, but also a profound reflection of China 's ardent expectation for education to
play a fundamental, leading and overall role. Under the background of education in the new era, the
competition for talents is becoming increasingly fierce. Postgraduate education in higher education
plays a key role in the country's strategic development and scientific and technological innovation.
Since the 9th meeting of the Academic Degrees Committee of the State Council proposed to carry
out professional degree postgraduate education, the characteristics of differentiated training and the
pattern of classified development of academic degree and professional degree postgraduates have
been formed. The corresponding training mode and training objectives have also been recognized by
the society [1]. In this context, the demand-oriented postgraduate talent training system has been
continuously promoted. However, with the continuous expansion of postgraduate enrollment in
China's colleges and universities, the cultivation of postgraduate students in colleges and universities
is gradually facing new challenges and difficulties. For example, the homogenization of the training
mode of academic degree postgraduates and professional degree postgraduates has become
increasingly prominent, and the training mode of professional degree postgraduates has not
completely got rid of the influence of the training mode of academic degree postgraduates [2,3]. This
inevitably brings about problems such as insufficient connection between scale growth and high-
quality and personalized training, insufficient fit between demand orientation and pursuit of
excellence, cross-integration and engineering practice. Deepening the reform of training mode and
promoting the construction of training system are the inevitable ways to narrow the gap between the
quality of postgraduate training and the expected goal. Based on this situation, this paper takes "value-
added evaluation" of education in the new era as the prerequisite orientation, and explores the problem
of homogeneity in the cultivation process of postgraduate students in colleges and universities at this
stage. Therefore, this paper takes "value-added evaluation" of education in the new era as the
prerequisite orientation, explores the homogeneity of the cultivation process of graduate students in
colleges and universities at the present stage, constructs the framework of the postgraduate student
classification and training mode, explores the optimization strategy of postgraduate student
classification and training and the path of quality enhancement, coordinates the distribution of
resources, scientifically evaluates the cultivation results, and brings the role of enterprises into full
play, It also coordinates the allocation of resources, scientifically evaluates the training results, gives
full play to the roles of enterprises, schools, employers and other diversified subjects in the cultivation
of outstanding engineers, adheres to the concept of "discipline-led, feature-emphasis, structure
optimization, student-oriented", actively explores the reform of the postgraduate classified cultivation
mode, and continuously improves the innovative and practical cultivation mode of engineering
postgraduate education in industrial colleges and universities.

2. The construction of categorization training for postgraduate education in the new era

Postgraduate education shoulders the important mission of cultivating high-level innovative
talents for the party and the country. The connotation of postgraduate training in the new era pays
more attention to the process and quality of postgraduate education. It is an all-round assessment of
training programs, processes and objectives. From focusing on the academic achievements of
postgraduates to focusing on the self-growth and ability improvement of postgraduates, under the
student-centered education concept, the high-quality connotation training of postgraduates is realized
[4,5]. China's industrial types have gradually changed from labor-intensive and resource-intensive to
technology-intensive and knowledge-intensive [6]. This leads to the fine division of labor and the
increase of scientific and technological content, which promotes the diversified development of
postgraduate training in higher education. The classified training of postgraduates has become an
inevitable trend in the development of postgraduate education [7].

The training mode of professional degree postgraduate students is the optimal design and
management of the elements of the talent training process under the guidance of certain educational
concepts and the guarantee of training system, following certain educational concepts, educational
ideas and educational laws [8]. Career orientation is the application-oriented, entrepreneurial and
development-oriented talents who are mainly engaged in the advanced professional technology and
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management of specific social occupations [9]. The training mode of academic degree postgraduates
is mainly based on academic research, focusing on theory and research, improving students'
innovative ability, and building a training mode of integration of science and education. Career
orientation is mainly engaged in higher education and scientific research of university teachers and
scientific research staff.

3. Synergistic optimization strategy of postgraduate categorization training in industry
universities

3.1 Optimization of characteristic categorization curriculum system for academic degree and
professional degree postgraduates

To optimize the classified characteristic curriculum system of academic degree and
professional degree postgraduates, we should take the top-level design of the curriculum system as
the guidance, take the classified training objectives of postgraduates as the basis, and base on the
construction of postgraduates' knowledge structure, the shaping of innovative practical ability and the
improvement of comprehensive quality, follow the law of hierarchical classification and education,
and promote the intersection of disciplines. While avoiding the phenomenon of "emphasizing
scientific research and neglecting courses" and "undergraduate education" of postgraduate courses,
each has its own emphasis. Scientific design of the curriculum system, for academic degree
postgraduate students, highlighting the basic, cutting-edge, cross-class courses, for professional
degree postgraduate students, highlighting the professional experiment (practice), case and expansion

bR

development courses. The three categories of “degree course”, “elective course” and “compulsory
link”, the five modules of “public course”, “frontier course”, “platform course”, “professional course”
and “direction course”, and the characteristic curriculum system of “supplementary course” are
optimized respectively, and the support matrix of curriculum system structure to training objectives
is constructed. At the same time, the optimization of the curriculum system must promote the
construction of core courses in English, online courses and excellent courses, promote the
construction of excellent courses jointly built by schools and enterprises in professional ability
courses, and integrate them into the frontier theory of disciplines and engineering technology to write
high-level postgraduate textbooks.

3.2 The supervisor-postgraduate education community construction of academic degree and
professional degree

Postgraduate education has made it clear that postgraduate tutors are the first responsible
person for students. It requires tutors not only to play a guiding role in academic knowledge, ability
training and career planning, but also to play a key role in the growth and development of postgraduate
students ' moral character and psychological quality [1,10]. Therefore, the construction of the
classified training mechanism of the learning community is conducive to promoting the overall
development of postgraduate students. This paper focuses on the positive impact of the relationship
between tutors and students on the quality of postgraduate training. Starting from the two dimensions
of ' tutors are the first responsible person for postgraduate training ' and “postgraduates are the first-
line participants in education and teaching”, taking the construction of provincial excellent
postgraduate guidance team and provincial postgraduate guidance ideological and political team as a
reference, combining with the classified training links of academic degree and professional degree
postgraduates, a good relationship between tutors and students can be cultivated. An innovative and
diversified postgraduate guidance interaction scene can be constructed from four levels: academic
research, professional practice, personal life and career development. We should establish a
collaborative and open teacher-student multi-interactive working matrix between tutors and guidance
group members, school tutors and enterprise tutors, old teachers and young teachers, build a
“blended” guidance team model, create an ' infiltrating ' guidance exchange culture, and strengthen
the publicity of typical cases of guidance relationship, so as to form a paradigm of good guidance
relationship to drive a virtuous circle of postgraduate education and promote the improvement of
postgraduate training quality.

3.3 Exploring new ways to improve the quality of synergistic education through the
integration of science-education and industry-education
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The only way to implement the strategy of rejuvenating the country through science and
education, strengthening the country through talents, and innovation-driven development is to
cultivate students' innovative practical ability and entrepreneurial employment ability, and to build
an integrated education system of science, education, industry and education with local college
characteristics [11]. It focuses on the cultivation of knowledge innovation ability of academic degree
postgraduates, gives full play to the supporting role of “platform-team-project”, deepens the
integration of science and education, promotes frontier innovation in various forms such as
interdisciplinary in our school and the combination of our school and relevant scientific research
institutes, and empowers the cultivation of academic degree postgraduates. Focusing on the
cultivation of practical and innovative ability of professional degree postgraduates, relying on the
construction of the practice base of integration of production and education and the implementation
of the "double tutor " guidance system, we will strengthen the integration of production and education,
promote the practice in various ways, such as the special training of the excellent engineer support
plan, the construction of the case base, the case teaching and the professional skills competition, and
help to improve the quality of professional degree postgraduate training. The integration of science
and education can optimize the training conditions, explore effective ways for talent training to
actively adapt to the needs of economic and social development under the innovation-driven
development strategy, and enhance the innovative thinking and innovative application ability of
postgraduate students.

3.4 Construction of classification and evaluation system for academic and professional
degree dissertations

China's postgraduate education has been promoting the classified training and evaluation of
academic dissertations and professional degrees. Among them, professional degree postgraduates
should be clearly distinguished from academic degree postgraduates in the training process and the
requirements of dissertations [8,12]. China's postgraduate education focuses on the continuous
improvement of degree awarding standards and the continuous improvement of the quality of
dissertations, improves and standardizes the procedures of academic degree and professional degree
postgraduate dissertations, and studies and implements the classification and evaluation mechanism
of dissertations. For academic degree postgraduates, it is necessary to construct an academic-oriented
evaluation index system, focusing on the result evaluation of academic innovation achievements and
dissertations. For professional degree postgraduate students, it is necessary to build an application-
oriented evaluation index system, focusing on the process evaluation of professional practice and
project research experience, and advocating the combination of engineering design, technical research
and other types of dissertations. The papers are blindly reviewed by matching “peer experts + industry
experts” or “industry experts”. At the same time, we should classify and formulate the achievement
conditions for achieving the degree awarding standard, further scientifically evaluate the orientation,
and promote the improvement of the governance efficiency of postgraduate education in the new era.

3.5 Construction of managing system in the process of categorization training of academic
and professional degree postgraduates

The construction of classified training process management system for postgraduate students
is conducive to protecting their own rights and interests and improving the quality of training. In order
to accelerate the high-quality development of postgraduate education and create high-level innovative
talents, the management system is based on the “basic norms for the construction of postgraduate
education quality assurance system in degree awarding units” of the Ministry of Education of China
[13] and the series of documents system of Northeast Petroleum University, combined with the
characteristics of disciplines and specialties, based on the credibility and enforceability of the system.
In order to establish a complete management system, we should establish and improve the curriculum
system construction and teaching quality management system, the management and assessment
system of each link in the training process, the system of diversion and elimination in the school
system, the responsibility and right guarantee system of tutor-guidance group member-evaluation
expert-education management personnel. Adhering to the principles of unity of orientation and
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incentive, unity of Scientific and operability, it will strengthen the mechanism for continuous
improvement of curriculum system construction, the mechanism for supervising the quality of
education and teaching and the mechanism for evaluating and guaranteeing the quality of dissertation,
and construct a quality monitoring system for the process of postgraduates' categorical cultivation
with demonstrative effect.

4. The training effect of multi-subject synergistic optimization mechanism on
postgraduate students

Through years of exploration and practice, the petroleum and natural gas engineering
discipline of Northeast Petroleum University has always adhered to the first standard of firmly
establishing teachers ' morality and style in the construction of teaching staff. The school attaches
great importance to the cultivation of academic elites, selects and adds postgraduate tutors from
lecturers, selects competent enterprise tutors, and implements the “double tutor” guidance system. In
terms of the creation of the education platform, the university fully relies on the scientific research
platform at the provincial and ministerial levels and above, and builds a postgraduate innovation
practice platform based on postgraduate self-management. Off-campus, the school relies on oil and
gas fields and builds a practice base for the integration of production and education for high-tech
private enterprises. In terms of the tracking and evaluation of the training process, teachers, tutors,
members of the steering group and counselors work together to track and evaluate the performance
of postgraduate students in the training process, establish timely early warning and support
mechanisms and measures, and constantly improve the system, measures and quality monitoring
mechanism, implement the daily supervision and inspection and ensure the quality of postgraduate
education. From the above four aspects, the classified training mode of graduate students has greatly
realized the connotation construction of excellent engineer training in the new era. In educational
practice, the main results are reflected in four aspects: comprehensive ability, academic achievement,
students' self-evaluation and future development.

In terms of comprehensive ability, through the classification and optimization of the
characteristic curriculum system of academic degree and professional degree postgraduate students,
the differences between the two courses are further clarified. For professional degree postgraduate
students, under the premise of practical application research-oriented, independent subject design,
program exploration and experimental improvement, the innovative thinking ability of postgraduate
students has been greatly exercised. For academic degree postgraduates, scientific theoretical research
is oriented to strengthen their in-depth exploration and basic analysis of project mechanisms, and to
learn the dynamics of knowledge in international frontier fields, which further consolidates their basic
theoretical knowledge and theoretical innovation ability.

In terms of students' self-evaluation, it follows the management system of the process of
classified cultivation of academic and professional degree postgraduates, strengthens the supervision
of the process of postgraduates' education and practice, and standardizes the organization, guidance,
implementation and management of professional practice. Through the questionnaire satisfaction
survey, students indicate that the characteristic synergistic classification cultivation program has a
high degree of satisfaction in terms of application operation ability, scientific thinking, innovative
thinking and employment prospect. This cultivation program not only makes students clear about
their professional direction and goals, and cultivates their lofty ideals of serving the oil and gas
industry, but also makes students themselves motivated to different degrees in the learning process,
which is conducive to the specialized cultivation of talents.

In terms of future development, the implementation of the new teaching method of
collaborative education through the integration of science, education, industry and teaching is
conducive to the cultivation of postgraduate students' innovative ability, which will help their
employment and future development. Postgraduate students are employed not only by large oil
companies, where a number of postgraduates have grown to become the backbone of major oil fields
and pipeline companies, but also by institutions of higher learning and research institutes. Adherence
to and improvement of the categorized training model under the synergistic perspective of science-
education convergence and industry-education integration will help diversify employment channels.
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S Conclusions

Postgraduate education plays an important role in China's higher education. By analyzing the
defects and challenges existing in the training mode of postgraduate education, this paper further
combines the connotation of classified training of postgraduate education from the perspective of
“value-added evaluation” in the new era, and proposes a collaborative optimization strategy for
classified training of postgraduates for outstanding engineers. Through years of practice and
summary, Northeast Petroleum University has entered the ranks of domestic first-class universities
in Heilongjiang Province, and the oil and gas engineering discipline has been selected as the domestic
first-class discipline construction discipline. The school has constructed a close school-enterprise
cooperation model and an organized integration of production and education, and established a
complete set of innovative postgraduate training programs. On the premise of following the basic
requirements and norms of postgraduate training, the established collaborative optimization strategy
of postgraduate classified training is helpful to promote the improvement of postgraduate ability,
comprehensively deepen the reform and practice of postgraduate education and teaching, and
cultivate different types of high-quality talents. This will help to further enhance the competitiveness
of Chinese postgraduate students in the global market and international education, and promote the
high-quality development of China's higher education, society and science and technology.

REFERENCES

1. Wang M, Zhou C. How does graduate training promote sustainable development of higher
education: evidence from China’s “double first-class” universities’ programs. Sustainability.
2023,15(944): 944.

2. Mok KH. Promoting national identity through higher education and graduate employment:
reality in the responses and implementation of government policy in China. Journal of Higher Education
Policy and Management. 2018, 40(6): 583-597.

3.LiuY, LiG, Yin Y, Zhang L. Visualization and data analysis of multi-factors for the scientific
research training of graduate students. Applied Sciences-Basel. 2022, 12(24): 12845.

4. Han X, Xu Q, Xiao J, Liu Z. Academic atmosphere and graduate students’ innovation ability:
the role of scientific research self-efficacy and scientific engagement. European Journal of Psychology of
Education. 2023: 1-18.

5. Cen Y. Teaching for developmental growth: learning partnerships and student development in
graduate education in China. Teaching in Higher Education. 2018, 23(1): 30-46.

6. He Z, Chen Z, Feng X. Different types of industrial agglomeration and green total factor
productivity in China: do institutional and policy characteristics of cities make a difference? .
Environmental Sciences Europe. 2022, 34(1): 64.

7. Hu J, Huang Q. Study on classified collaborative training mode of the applied graduate.
Measurement Technology and Engineering Researches in Industry. 2013, 333-335: 2210.

8. Dai W, Lin Q, Li H. Engineering quality cultivation for professional degree graduate.
Engineering Solutions for Manufacturing Processes. 2013, 655-657: 2156.

9. Coetzee M, Ngope MM. Influence of career orientations and career guidance need on students’
employability attributes. Journal of Psychology in Africa. 2023, 33(4): 358-367.

10. Zhang Y, Jian J, Yuan Y. How supervisors' academic capital influences business graduate
students’ perceived supervisor support and creativity: Evidence from the tutorial system in China. The
International Journal of Management Education. 2022, 20(3): 100732.

11. Xiong T, Zhang J, Huang H. Entrepreneurship education for training the talent in China:
exploring the influencing factors and their effects. Sustainability. 2023, 15(15): 11664.

12. Xu L, Yu F, Ma Z, Zhou T, Geng X, Huang H. The exploration and practice of the
comprehensive reform in graduate education on professional degree of clinical medicine. Chinese
Education & Society. 2014, 47(3): 97-102.

13. Li D, Zhang W, Wang S, Lai Y, Tao Y. Comparative study of Medical Technology
development in China and abroad. Journal of Shanghai Jiaotong University. 2021, 41(12): 1551-1556.



MEX/IYHAPO/IHBIM KOCBITMHCKUK ®OPYM. MHTC POMAHKOB-2024. TOM 2. 239

DOI: 10.37816/eeste-2024-2-239-244

RESEARCH ON THE IMPLEMENTATION PATH OF IDEOLOGICAL AND POLITICAL
CONSTRUCTION OF COLLEGE PROGRAMMING CURRICULUM BASED ON
SYNERGISTIC EFFECTS
NCCIIEAOBAHME IIYTHU PEAJIM3AIIMU NJEOJOI'MYECKOI'O 1
MNOJUTUHYECKOI'O IOCTPOEHUA YYEFHOM ITPOT'PAMMBI KOJLIEXKA HA
OCHOBE CHHEPI'MYECKOI'O D®®PEKTA

Tieliang Liu, Xiuqin Wu

School of Computer and Information Technology,
Northeast Petroleum University, China, Daqing

Abstract: The program design course is a crucial foundational course for information majors
in colleges and universities, serving as an ideal entry point for curriculum thinking and politics. In
light of the existing issues in ideological and political teaching within this course, a new approach to
curriculum ideological and political education has been developed and implemented, based on the
teaching concept of "emphasizing ability and strengthening quality." This approach involves the
organic integration of knowledge impartation, ability cultivation, and value guidance through the
construction of "one goal, three functions, and five groups of links." It fully explores the ideological
and political elements embedded in the course's knowledge points while seamlessly integrating them
into the teaching content. As a result, it achieves a synergistic effect that realizes imperceptible fusion
between technology and philosophy.

Annomayus: Kypc no pazpaboTke mporpamm sBisi€TCs BaKHEHITUM 0a30BBIM KypCOM ISt
MH(POPMALIMOHHBIX CHENMATbHOCTEH B KOJJIEIXKAaX W YHUBEPCUTETaX M CIYXKHUT HICaTbHOU
OTIPAaBHOM TOYKOW Il M3ydeHHUs y4yeOHOH mporpaMMmbl U MOJUTHKH. B cBeTe cylecTByrommx
npobJeM HICONIOTHYECKOro M IOJIMTHYECKOro MpPENoJaBaHUs B paMKaxX JaHHOTO Kypca Obul
pa3paboTaH M peajqu30BaH HOBBIM MOAXOA K Y4YeOHOM mporpamMme HUACOJIOTHYECKOTO H
MOJIUTUYECKOTO  00pa3oBaHUs, OCHOBAaHHBIH Ha KOHUENIMU OOyuYeHHsS «IOJYepPKUBAHHE
CIOCOOHOCTEH M YCHIJIGHHE KauecTBa». DTOT IMOJAXOJ IMPEANojiaraeT OpraHUYecKyl0 HMHTETPaLUio
nepeaay 3HaHUH, pa3BUTHS CIOCOOHOCTEH 1 IIEHHOCTHOTO PYKOBOJICTBA MOCPEICTBOM MOCTPOCHUS
«OIHOM 1enH, TpeX (PyHKIUI U MATH rpynn cBsi3ei». OH MOTHOCTHIO UCCIEAYET UICOTIOTUIECKHIE U
MOJIUTUYECKHE 3JIEMEHTHI, 3aJI0)KEHHBIE B 3HAHUS Kypca, M JIETKO MHTETPUPYET MX B COJEp)KaHHE
oOyuyenus. B pesynbraTe OOCTUTaeTCsl CHHEPreTHYeCKHid S(PQEeKT, peanu3yromuil He3aMeTHOe
CIIUSIHUE TEXHOJIOTHH U (pUocopuu.

Keywords: Synergy effect, Programming courses, Curriculum Ideology and Politics.

Kniouesvie cnosa: 3hdexkt cuHepruu, Kypcbl HNpOrpaMMHUpPOBaHMs, yueOHas mporpaMma
«neoyorus ¥ mOJIMTUKA

0. Introduction

Since the 18th National Congress of the Communist Party of China, General Secretary Xi
Jinping, standing at the strategic height of adhering to and developing socialism with Chinese
characteristics, building a modern socialist strong nation, and realizing the great rejuvenation of the
Chinese nation, has put forward a series of new concepts, ideas, and viewpoints on the reform and
development of education. He has made important instructions on the implementation of ideological
and political education in higher education institutions. In June 2020, the Ministry of Education issued
the "Guidelines for the Development of Ideological and Political Education in Higher Education
Institutions", clearly pointing out that to implement the fundamental task of cultivating morality and
nurturing talents, it is necessary to integrate value shaping, knowledge transmission, and ability
cultivation. Comprehensively promoting the construction of ideological and political education in
courses is to integrate value guidance into knowledge transmission and ability cultivation, helping
students shape a correct worldview, outlook on life, and values. This is the inherent meaning of talent



240 20 - 22 dpeBpasnsa 2024 roga. ISBN 978-5-00181-553-2

cultivation and an essential content. For engineering and technology majors, it is necessary to
emphasize the enhancement of engineering ethics education, cultivating students' spirit of excellence
as great nation's craftsmen, and stimulating students' patriotic sentiments and mission responsibilities
towards the country.

The programming courses in higher education institutions are characterized by their
theoretical, practical, applied, and engineering aspects. They have a strong coupling relationship with
students' team project development and job seeking, making them an ideal entry point for ideological
and political education in courses. They are also the main battlefield for vocational literacy education
among students. The programming courses in higher education institutions are characterized by their
theoretical, practical, applied, and engineering aspects. They have a strong coupling relationship with
students' team project development and job seeking, making them an ideal entry point for ideological
and political education in courses. They are also the main battlefield for vocational literacy education
among students.

1 Analysis of the ideological and political education status quo in programming courses

The implementation of ideological and political education in courses requires starting from
the characteristics of the courses and the objectives of talent cultivation. Programming courses have
characteristics such as theoretical abstraction and strong practicality, focusing on cultivating students'
ability to solve complex problems. At the same time, through ideological and political education in
courses, students are helped to establish a correct view of skills, adhere to professional ethics, and
cultivate the spirit of master craftsmen of excellence and a sense of social responsibility to contribute
to the country through science and technology. However, at present, judging from the implementation
of ideological and political education in programming courses, the ideological and political education
in programming courses is still in its infancy, and there is a lack of top-level design for the integration
of professional education and ideological and political education in courses, making it difficult to
reflect the synergistic effect. The main problems are as follows:

(1) Lack of integration of ideological and political education elements. Some programming
courses overly focus on the cultivation of technical and practical skills, neglecting the integration of
ideological and political education elements. Some teachers lack the awareness and ability to
organically combine ideological and political education elements with professional knowledge in the
teaching process.

(2) The separation of ideological and political education from professional education. Some
courses integrate ideological and political education in a rigid manner, aiming solely at "ideological
and political education" for the sake of it, leading to a separation of ideological and political education
from professional education. Students find it challenging to apply the concepts and values from
ideological and political education to their actual programming practices.

(3) The single teaching method. The traditional lecture-based teaching method makes the
implementation of ideological and political education relatively singular, unable to fully stimulate
students' interest and enthusiasm, affecting the effectiveness of ideological and political education.

(4) Lack of Practical Link. Programming courses typically focus on the cultivation of
theoretical knowledge and practical programming skills. However, there is a lack of a practical link
in applying the ideologies and values of ideological and political education to real-world
programming projects, making it difficult to cultivate their sense of social responsibility and
innovative spirit.

(5) The evaluation system is not perfected: The evaluation system of programming courses
mainly focuses on students' technical ability and programming achievements, lacking effective
evaluation indicators and methods for the effectiveness of ideological and political education,
resulting in insufficient emphasis on ideological and political education from both teachers and
students.
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2. The Ideological and Political Education Design of Programming Courses

2.1 Objectives of the ideological and political reform in programming courses

Incorporating ideological and political education elements into programming courses,
realizing the trinity of value shaping, knowledge transmission, and ability cultivation, and
implementing the fundamental task of cultivating morality and nurturing talents, the objectives of
ideological and political reform in programming courses are as follows:

(1) Cultivate students' scientific thinking and innovative capabilities. Through coursework,
students are trained to analyze and solve problems, as well as to master new technologies, equipment,
and systems.

(2) Cultivate students' spirit of craftsmanship that emphasizes dedication and professionalism.
Through methods such as case studies and professional role-playing, the spirit of craftsmanship is
instilled in the curriculum, cultivating students' qualities of dedication, excellence, attention to detail,
and focus and patience.

(3) Cultivate students' teamwork abilities. Through comprehensive case development,
cultivate students' teamwork abilities, communication and expression abilities, self-management
abilities, and problem-solving abilities.

(4) Cultivating students' sense of social responsibility: Through extracurricular activities, we
aim to cultivate students' rigorous work ethic and diligent work attitude, fostering a correct
worldview, outlook on life, and values.

(5) Cultivating Students' Professional Attainments: Through ideological and political
education elements such as professional ideals and professional ethics, we aim to reinforce software
engineering ethics education among students, fostering their awareness of punctuality, quality,
standards, integrity, and responsibility, thereby enhancing their professional competence.

2.2 The Ideological and Political Education Framework Design for Programming
Courses

Based on the analysis of the problems existing in the ideological and political education
process of programming courses, combined with the reform goals of ideological and political
education in programming courses, and guided by the teaching philosophy of "emphasizing ability
and strengthening quality", a new approach to ideological and political education in programming
courses has been constructed, which is "one goal, three functions, and five groups of links" (as shown
in Figure 1).
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Figure 1 — "One goal, three functions, five groups of links" curriculum ideological and political
education framework
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This approach aims to achieve the goal of collaborative education between professional
education and ideological and political education, integrating the skill-transfer function of
professional knowledge, the ability-development function of project cases, and the value-guiding
function of ideological and political education. Through in-depth exploration of ideological and
political elements, reform and optimization of teaching models, flexible application of teaching
methods, extracurricular practice activities, and reconstruction of the teaching evaluation system, the
ideological and political elements contained in the knowledge points of the course are fully excavated
and organically integrated into the teaching content, forming a synergistic effect, and realizing an
effective way to educate people with ideological and political education in the course.

3. The Implementation of Ideological and Political Education in Programming Courses

3.1 Deeply exploring ideological and political elements, integrating them organically into
professional knowledge

From the theoretical and practical teaching content of the course, we should deeply excavate
and meticulously sort out the ideological and political education resources contained in the course.
We should make good use of the vivid and lively deeds and typical cases around us, and meticulously
design the best "fit point" of ideological and political education and the teaching content of the course.
For example, when explaining the exception handling of knowledge points, we can guide students to
value shaping and ideological guidance through the principles and methods of exception handling
mechanisms, letting them reflect on how to actively think of solutions and prepare for the future when
facing difficulties or exceptions in life. When explaining the "class" knowledge point in object-
oriented programming, we can guide students to understand that in actual work, a complete software
project contains numerous classes, which are often written by different programmers in a division of
labor. This involves team awareness and the art of communication among members. The concept of
ideological and political education "promoting team communication and learning to collaborate for
win-win" is naturally integrated into the process of explaining the knowledge points. Additionally,
we can combine current politics, design software development cases that are closely related to life
and in line with the forefront of the era, helping students establish a sense of social responsibility and
a consciousness of using technology to serve the country. We can integrate traditional cultural
achievements into the explanation of knowledge points, enhancing students' national pride,
cultivating their patriotism and innovative spirit.

3.2 Reforming and optimizing teaching models to emphasize the central role of students

In light of the "integrated theory and practice" characteristics of programming courses, we
adopt an "online and offline task-driven" teaching model, establishing a teaching process that includes
"pre-class guidance, in-class exploration, and post-class integration." This allows students to actively
engage, complete the internalization of knowledge, and enhance their capabilities. It cultivates
students' abilities to independently study, communicate, and solve problems, as well as their pursuit
of excellence and perfectionism. For instance, during the in-class exploration phase, students are
required to not only listen to the lectures but also practice writing code and engage in group
discussions on the extended tasks assigned by the teachers. They are encouraged to integrate roles,
allowing them to learn and practice simultaneously. In the post-class integration phase, teachers
provide students with additional extension tasks, allowing them to further deepen their understanding
and mastery of the knowledge while also addressing more practical problems. This transition moves
the learning process from traditional classroom activities to a continuous learning body that integrates
online and offline elements.

3.3 Flexibly apply teaching methods to implement ideological and political education in
courses

In the process of ideological and political education construction, we constantly explore
diversified teaching methods, integrating ideological and political education into various aspects of
classroom instruction, after-class learning, and experimental practices, stimulating students' interest
in learning, guiding them to think deeply, and enhancing the level of integrating ideological and



MEX/IYHAPO/IHBIM KOCBITMHCKUK ®OPYM. MHTC POMAHKOB-2024. TOM 2. 243

political education into curriculum teaching. For instance, considering the abstract theories and strong
practicality of programming courses, during the process of knowledge explanation, we adopt a
problem-driven teaching design approach, skillfully setting up suspenseful situations, fostering
students' scientific thinking and craftsmanship spirit. Reasonably utilizing discussion methods and
comparative analysis methods, comprehensively cultivating students' critical thinking and scientific
exploration spirit. Effectively introducing flipped classrooms, enhancing students' independent
thinking and self-directed learning abilities.

In the process of explaining knowledge points, actively use case teaching methods. When
designing course cases, focus on ideological and political themes, starting from current political issues
or students' concerns, and construct cases that combine knowledge, ability, and value. For example,
when explaining control cases, use heroic deeds as development materials, with the ideological and
political theme of "loving the country, loving the party, and loving the family, learning from heroes,
and establishing a sense of social responsibility". The implementation process of the case itself is a
process of ideological and political education combined with professional practice. It not only
improves students' ability to analyze and solve practical problems by comprehensively applying what
they have learned, but also cultivates their engineering awareness, sense of responsibility, and sense
of mission.

3.4 Carrying out extracurricular practical activities to enhance students' ideological and
political education capabilities

Conducting a variety of extracurricular activities and integrating ideological and political
education into these activities, achieving a harmonious interaction between classroom instruction and
extracurricular activities, is of profound significance for cultivating students' innovative thinking,
competitive awareness, and teamwork spirit. For instance, organizing students to participate in
programming competitions can not only help students improve their programming skills, enhance
their self-confidence and teamwork abilities, but also cultivate their competitive awareness and
innovative spirit. Encouraging students to participate in their teachers' research projects, through the
development of actual projects, can not only help students master the actual project development
processes and skills, but also cultivate their practical abilities, research spirit, and teamwork abilities.
Organizing students to participate in community service activities, developing application websites
or mini-programs for the community, students can better understand social needs, and can also better
cultivate their sense of social responsibility and dedication.

3.5 Reconstruct the teaching evaluation system, focus on the effectiveness of ideological
and political education

In the process of implementing ideological and political education evaluation, a diversified
evaluation dimension should be constructed, with an emphasis on improving the evaluation of
outcomes, strengthening the evaluation of processes, and exploring the evaluation of added value.
This not only evaluates students' mastery, understanding, and application of professional knowledge,
but also evaluates students' emotions, attitudes, values, and their cognition of the value of their
disciplines and majors. In the final assessment of students' performance, a combination of process
evaluation and summative evaluation, as well as a combination of teacher evaluation and student
evaluation, is used. The process evaluation includes various forms such as students' online MOOC
learning, classroom questioning, group discussions, student mutual evaluations, after-class
assignments, and group report presentations. In addition to final exam papers, the summative
evaluation also includes comprehensive project development, innovation ability demonstration, and
thesis writing, to comprehensively evaluate students' knowledge mastery and application. During the
assessment process, the role of ideological and political education in students' thought enlightenment
and value guidance is emphasized. According to students' learning trajectories and individual
differences, when assigning homework, experiments, and assessment projects, a step-by-step and
open-ended design is implemented based on difficulty. Through the evaluation of added value,
students are encouraged to constantly strive and stimulate their intrinsic motivation to reach new
heights.
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4 Conclusion

Programming courses are the main front for the construction of ideological and political
education in universities. This article constructs and practices an ideological and political education
approach for programming courses, which is based on "one goal, three functions, and five groups of
links". Relying on professional standards and professional ethics, it refines the humanistic
perspective of professional courses, making the courses not only able to impart knowledge and
cultivate abilities, but also contain ideological and political education concepts, realizing the
collaborative cultivation of professional education and ideological and political education, moving in
the same direction and pace. However, there are still some problems and difficulties in the process of
reforming and implementing the courses, such as the repetition of ideological and political cases
among the courses and the large workload of ideological and political case development. In the
subsequent teaching process, continuous improvement and perfection will be made to further enhance
the quality of the courses and truly implement the fundamental goal of fostering morality and
nurturing talents.
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Abstract: In order to overcome the drawbacks of traditional teaching models and fully
leverage the complementary advantages of offline and online teaching resources, this article is based
on the perspective of new engineering construction, combined with the characteristics of complex
teaching content, high level of informatization, and strong practicality of university program design
courses, and explores and practices the blended online and offline teaching mode of program design
courses from multiple aspects such as teaching design, teaching implementation, and course
evaluation, in order to achieve the transformation of program design courses from "teaching centered"
to "student-centered", improve students' comprehensive literacy, and improve the quality of course
teaching.

Annomayus: YToOBI IPEOI0JIETh HEIOCTATKU TPAJUIIMOHHBIX MOJIeIel 00y4eHUs U B TOJTHON
MEpe UCMOJIb30BaTh B3aUMOJIONONHSAIOMINE NpeuMyliecTBa oduaiiH- ¥ OHIAHH-00y4arouIXx
pecypcoB, B JaHHOM cTaThe OMKMCaHa MEPCIEKTHBAa HOBOI'O MHXKEHEPHOI'O MOJX0/a B COYETAHUH C
XapaKTepUCTUKAMU CJIOXKHOTO COJIepKaHUs OOY4YeHHs, BBICOKOTO YpPOBHA HH(OpMaTH3alMU, U
BBICOKOM MPAaKTUYHOCTH YHHUBEPCUTETCKHX KYpCOB MO pa3zpaboTke mporpamm. Takke B cTaTbe
UCCIIEAyeTC CMEIIaHHBIA OHJAaMH- M o¢alH-pexxuM OOydeHHUs s KypcoB IO pa3paboTke
IpOrpaMM C TOYKH 3pPEHHUsS pa3IMYHBIX aCIEKTOB, TAKMX KaK MOCTPOCHHE OOydeHUs, peanu3anus
00y4YeHHs U OLICHKa KyPCOB, YTOOBI 10OUTHCS TpaHC(HOpMAIK KypCOB 10 pa3paboTKe IpOorpaMMm OT
«OpUEHTHPOBAHHOTO HA TMPEMNOAAaBaHUE» JI0 «OPUEHTHPOBAHHOTO HA CTYACHTa», YIYUIIUTh
BCECTOPOHHIOIO TPAMOTHOCTb CTY/ICHTOB M yJIYUIIUTh KA4€CTBO MPEIOIaBaHMs KYPCOB.

Keywords: New engineering, Programming course, Blended Teaching Mode of Online and
Offline.

Knrouesvie cnosa: HoBas texnuka; Kypc nporpammupoBanus; CMENIaHHBI OHJIAHH U
o dnaita pexxum o0yueHus

Introduction

In response to the emerging demands for engineering talents posed by new technologies,
industries, and economies, the Ministry of Education initiated and implemented the New Engineering
Construction strategy in 2017.This strategy sets higher standards for talents' applied practical abilities,
innovative capabilities, and international perspectives. It also imposes more stringent criteria and
expectations on universities in terms of professional talent cultivation. As core foundational courses
in computer, software, and other information-related majors, programming courses are charged with
fostering students' computer application abilities, cultivating computational thinking, understanding
cutting-edge information technologies, and guiding innovative consciousness. In the context of the
New Engineering Construction, it is particularly crucial to carry out teaching model reforms that align
with the demands of the era.

Traditional programming courses are typically delivered through face-to-face instruction,
with a focus on the teacher's knowledge transmission in the classroom. The teacher places greater
emphasis on imparting theoretical knowledge, often overlooking the students' proactive role in the
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learning process. This approach does not facilitate the development of students' practical abilities,
communication skills, and teamwork competencies. Moreover, programming courses require
fostering strong coding abilities and fostering computational thinking in students. These are
challenging that face-to-face classroom instruction alone cannot address effectively. To overcome the
limitations of traditional teaching models and leverage the complementary strengths of both face-to-
face instruction and online educational resources, this paper introduces an online-offline blended
teaching model to the programming curriculum. It explores and practices this approach in terms of
instructional design, implementation, and course evaluation, aiming to further enhance students'
comprehensive literacy and improve the quality of programming instruction.

1. Hybrid Teaching Model Online and Offline and Analysis of Student Performance

1.1 Introduction to the Hybrid Teaching Model Online and Offline

Blended learning refers to the integration of online and offline teaching methods, leveraging
information technology and online platforms to extend the classroom into a virtual space. This
integration, building upon traditional classroom instruction, integrates teaching resources from online
platforms and employs advanced teaching tools for online learning. This blended learning model
allows students to acquire a broader range of knowledge through online learning, achieving
personalized learning objectives. Students can also allocate their study time effectively, covering key
concepts frequently. Meanwhile, through offline classes, teachers can engage in face-to-face
interactions and communication with students, enhancing their learning experience and fostering
stronger interactions between teachers and students. Furthermore, through offline classes, teachers
can strengthen their supervision over students, ensuring teaching quality and enhancing learning
efficiency.

1.2 Analysis of the Learning Situation in the "Object-Oriented Programming" Course

This article takes the typical course in the field of programming, "Object-Oriented
Programming," as an exemplar for conducting a learning analytics analysis. The "Object-Oriented
Programming" course is a compulsory foundational subject for computer, software, and related
information majors. It is characterized by abstract theories and intricate content, and also demands
high levels of practical from students. The primary target audience for this course is typically
freshman students. The results of the learning analytics are as follows:

(1) Weak programming foundation. Students generally have shortcomings such as weak
programming foundation, insufficient programming experience, and weaker self-learning abilities. It
is necessary to strengthen coding practical exercises during the teaching process, and at the same
time, cultivate students' practical abilities and self-learning capabilities through phased case
development and comprehensive case development.

(2) Strong Will to Learn. Most first-year students exhibit a strong will to learn, possessing
active minds and adept at utilizing mobile media and the internet to swiftly acquire information. As
a result, it is feasible to guide students to utilize self-directed learning time for online studies and
discussions, expanding the duration and scope of learning.

(3) The self-learning time is fragmented. Freshmen have multiple foundational courses and
heavy academic loads, and although they have some self-learning time, it is generally fragmented.
Therefore, the design of online video teaching resources should be as short and precise as possible,
and the assignment of after-class tasks should fully consider the actual ability of students, and the
time required should not be too long.

2. Design of an Online-Offline Blended Learning Model

In light of the results of the aforementioned educational analysis, and in alignment with the
graduation requirements for the course, based on the existing teaching conditions, a blended teaching
model and method for the "Object-Oriented Programming" course has been designed, encompassing
"pre-class guided learning, in-class exploration, and post-class integration," as illustrated in Figure 1.
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Figure 1 — Design of an Online-Offline Blended Teaching Model

In the "Pre-course Learning" phase, teachers initiate the pre-reading assignments, and students
are required to complete the study of the relevant sections of the MOOC videos as per guidelines.

In the "In-Class Exploration" phase, teachers engage in activities such as reviewing
knowledge points, explaining key and difficult concepts, and demonstrating coding practices to assist
students in organizing their knowledge framework. Furthermore, students, in addition to listening in
class, are also required to personally practice coding, engage in exploration, and collaborate in groups
to complete extended tasks assigned by the teacher, allowing them to "learn by doing and do while
learning".

In the "Post-Class Integration" phase, teachers provide students with relevant examples to
develop extended questions, allowing students to further deepen their understanding and mastery of
knowledge points while implementing projects. Let the learning process shift from traditional
classroom learning activities to a learning continuum that integrates online and offline learning.

Throughout the entire teaching activity, a comprehensive interactive process is constructed,
encompassing pre-class guided learning interactions, in-class experience and exploration interactions,
classroom discussion interactions, and post-class knowledge consolidation interactions. This not only
integrates online and offline components of the curriculum but also fosters a deep emotional
connection between teachers and students, truly motivating students to engage in proactive and
passionate learning.

3. The implementation of a blended learning model combining online and offline
activities

3.1 Teaching Auxiliary Platform

With the continuous advancement of information technology, the teaching methods in the
curriculum have gradually become intelligent. Platforms such as Learning Link and Rain Classroom,
which assist teaching, have gradually entered the classroom and completed functions such as learning
resource push, classroom sign-in, online testing, homework correction, and message notifications,
assisting teachers in enhancing classroom management and improving teaching efficiency. To create
a conducive learning environment and ensure the smooth implementation of the blended teaching
model, both online and offline, when selecting teaching assistance platforms, the platform should
possess the following functions: (1) Video push and learning duration statistics; (2) Online testing,
question bank exercises, and homework submission; (3) Classroom sign-in, student grouping, and
activity evaluation; (4) Preliminary data statistics and analysis; (5) Message notifications and
question-answering functions.

3.2 Pre-course Learning Guides

In the "Pre-class Learning" phase, the primary responsibility of the teacher is to promote
videos related to the course. When creating these videos, it is essential to regulate their duration, with
each segment lasting approximately 5-10 minutes. The videos primarily address the key concepts,
pitfalls, and intricate operations of the course, as well as case studies for course introduction. To
prevent students from engaging in ineffective "video-watching" activities and enhance the efficiency
of previewing, questions can be introduced at various points within the videos, with continued
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viewing contingent upon correct answers. Additionally, teachers can access data, such as the duration
and number of times students view the videos, on an auxiliary platform designed for curriculum
delivery, thereby facilitating the adjustment of teaching strategies as needed.

After students have completed the corresponding learning in the "Pre-class Guided Learning"
phase, they are required to practice preview test questions. The questions primarily focus on
memorization, and the types of questions include multiple-choice, true-false, and fill-in-the-blank.
The answer time is approximately 3-5 minutes. Teachers can also view the students' answer patterns
on the teaching support platform, fine-tuning the content of the classroom instruction accordingly.

3.3 In-Class Exploration

In the "In-Class Exploration" phase, teachers will integrate the results of students' preview
tests to discuss the key points and difficulties of the course. Meanwhile, they will assist students in
organizing their knowledge systems through coding practical demonstrations and case discussions.
Additionally, students are expected to engage in coding exercises personally to integrate learning
with practice. To fully stimulate students' enthusiasm and initiative in classroom learning and enhance
learning efficiency, the following teaching strategies can be adopted during the "In-Class
Exploration" segment:

(1) Hierarchical student progression and cultivation

In the past, whether it was having students engage in practical exercises in class or allowing
them to engage in independent development after class, the topics and requirements given by teachers
to students were typically the same. However, the actual development capabilities of students vary
significantly, leading to some students "not getting enough" and others "not being able to handle it."
To ensure that each student maximally acquires the knowledge they can "reach for," a strategy of
"tiered student progression training" can be adopted. This involves setting up different levels of
difficulty for the topics and requirements given to students, including basic requirements, A-level
extension requirements, and B-level extension requirements. Apart from allowing students to choose
the corresponding practice level according to their abilities, it also encourages them to "take a leap"
and "reach a bit further" to constantly elevate and challenge themselves.

(2) Case Teaching and the Infiltration of Ideological and Political Education into Courses.

Programming courses are highly practical and foundational subjects in the field of
professional education. During the instructional process, a significant amount of case studies is
utilized. In designing these cases, apart from introducing examples that are familiar to students and
closely related to their daily studies and lives, it is also imperative to center around the fundamental
mission of fostering moral and ethical individuals. By deeply exploring and extracting the ideological
and political values and spiritual connotations inherent in the curriculum, appropriate cases are
designed that incorporate ideological and political elements. For instance, when explaining and
practicing control components, the deeds of "heroes" are selected as development materials, fostering
ideological and political education alongside the acquisition of knowledge.

(3) Individual Learning in Conjunction with Team Learning.

The technologies utilized in programming courses are rapidly evolving. To keep pace with
these advancements and understand the direction of the field, it is imperative that our students not
only possess strong coding and development skills but also demonstrate robust self-learning abilities.
In the practical components of these courses, whether it is the development of periodic case studies,
comprehensive case studies, or post-class extension projects, there may be challenging or undiscussed
knowledge points. At these times, students can be organized into groups or teams, fostering a
collaborative and interactive learning environment. Additionally, encouraging students to genuinely
"compete" in terms of their technical abilities not only offers a rapid learning pathway but also instills
a sense of "crisis awareness" from their peers.

3.4 Post-class Integration

In the "Post-class Integration" phase, carefully selected extension questions closely related to
the course content are provided for students to consolidate their knowledge and address any gaps.
Meanwhile, teachers can utilize the teaching assistance platform to provide guidance and answer
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questions, both leveraging the teacher's guiding role and achieving personalized student development.
In the "Post-class Integration" phase, the following teaching strategies can be appropriately adopted:

(1) Advanced-Level Homework Allocation.

Set up some difficult homework after class, and this homework happen to be set on the
students' itchy flesh. After giving students basic ideas in class, let them try to complete it themselves
after class, and give "bonus points" rewards to students who perform well. For instance, during the
class discussion of a practical example, a random red envelope distribution algorithm is implemented
using the "doubled mean" method. This algorithm falls under the "fairness" category, ensuring that
each recipient receives a similar amount. As students experience the convenience and magic of linked
list storage and random functions, they naturally want to enhance the algorithm and create a "luck-
based red envelope" game. At this point, the teacher will guide students, analyzing the "crux" of the
original algorithm, leading to the introduction of the "line segment segmentation method." Students
will then need to utilize their after-class time to understand and delve into the specific logic of the
algorithm, refining and enhancing the code. As this topic is one that students genuinely wish to
complete, with the completion of the program, they will experience the joy of problem-solving and
develop a greater interest in learning.

(2) Integration of In-Class Teaching and Out-of-Class Practice.

Activities Practical activities play a unique and irreplaceable role in enhancing students'
comprehensive qualities and fostering their innovative spirit and practical abilities, serving as an
important pathway to improve the quality of talent cultivation. Building upon the knowledge
foundation of programming courses, after students have acquired a certain foundational level of
coding and project development skills, we encourage them to form software development interest
groups and actively participate in their teachers' research projects, allowing students to enhance their
hands-on abilities, research capabilities, adaptability, and innovative capacity through more
immersive practical experiences.

3.5 Course Assessment and Evaluation

Restructure the teaching evaluation system, establish diversified evaluation dimensions and
criteria, enhance outcome evaluations, emphasize process evaluations, explore value-added
evaluations, and improve comprehensive evaluations. Taking the "Object-Oriented Programming"
course as an example, the course evaluation encompasses process evaluations, comprehensive
evaluations, and outcome evaluations. Among them, process evaluations primarily assess the
completion status of students' MOOC video learning, classroom tests, course experiments, post-class
practices, and extended projects. Comprehensive evaluations primarily evaluate the completion status
of students' comprehensive project development, covering aspects such as team collaboration, system
design, program coding, document writing, and independent learning. Outcome evaluations primarily
refer to the final exam, assessing the students' mastery of foundational knowledge.

In the evaluation process, both the mastery, understanding, and application of students'
professional knowledge are evaluated. Additionally, the emotions, attitudes, values, and cognition
towards the professional value of the subject expressed by students during the learning process are
also evaluated. For instance, when students engage in post-class practices and extensions, even
though some of the code remains "insufficient," the students have made significant progress in the
development process and have demonstrated a very positive attitude. In such cases, appropriate
"emotional bonuses" can be awarded to the students as encouragement.

4. Conclusion

In the context of information technology advancement, and to overcome the shortcomings of
traditional teaching models, this study, from the perspective of new engineering construction, has
conducted reforms and practices in the online and offline blended teaching model for university
programming courses, achieving a shift from a "teacher-centered" to a "student-centered" approach.
Through student performance and course feedback, it can be observed that the online and offline
blended teaching model has significantly enhanced the interaction between teachers and students,
effectively boosting students' enthusiasm for learning. Notably, the reform and practice of the course
have also yielded notable results in cultivating students' coding abilities, innovative consciousness,
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and comprehensive qualities. However, there remain some challenges and difficulties in the course
reform process, such as inconsistent connection between online and offline classes in individual class
periods and a significant workload in producing and updating teaching resources. In subsequent
teaching phases, we will continually refine our teaching methods and approaches to further enhance
teaching quality and effectiveness.

Fund Project: Heilongjiang Province Higher Education Teaching Reform Project
(SJGY20220227); Education Science Planning Project of Heilongjiang Province (GJB1422170);
Research Project on Higher Education of Heilongjiang Higher Education Association
(23GJYBFO012).
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1. Disruption
Restructure the training organization of Outstanding Engineer

In the 1940s and 1950s, a group of pioneers and settlers of New China sowed the seeds of
equipment manufacturing on the land of the Great Wilderness despite the poor natural conditions and
lack of materials. It can be said that the growth course of the Heilongjiang equipment manufacturing
industry is a history of self-reliance. In the new era, with Heilongjiang advancing from a large
industrial province to a strong industrial province, the equipment manufacturing industry in the
province is also moving towards high-quality development.

Standing at the crossroads of The Times, in the important period of Heilongjiang’s all-around
revitalization, Harbin Engineering University takes the initiative to serve the national strategy and
serve the construction goal of Heilongjiang’s industrial powerhouse. In collaboration with 12
subordinate and provincial universities and 38 key equipment manufacturing enterprises, Harbin
Engineering University has led the establishment of a talent training institution -- Longjiang
Polytechnic Institute, which is coordinated by the provincial level and jointly organized by the
university and enterprise. The College aims to further promote the integration of industry and
education and cooperation between schools and enterprises, deepen the reform of professional degree
and postgraduate education by reshaping the training system, restructuring the mentor team and
rebuilding the evaluation mechanism, and provide strong support for the strategy of a strong
manufacturing and industrial province.

The continuous evolution of the development of science and technology has prompted the
graduate education governance system to pay more attention to the division of labor and cooperation
of power involving multiple subjects. As the elements of the education system become more closely
related and interact more strongly, the requirements for the cooperative operation of each subject in
the system are also getting higher and higher. Complex environmental changes and diversified
strategic development demands put more emphasis on the goals, opportunities and responsibilities of
each subject, as well as on the effective convergence and integration of each subject and various
advantageous resources. Therefore, it is necessary to form a new pattern in which government
departments take the lead, graduate education departments take the main responsibility, industry
entrepreneurs take the lead, and other forces take the lead, to solve the problems existing in the current
multi-subject collaborative education.

Longjiang Polytechnic Institute explores the government-industry-university- research
cooperative education cooperation mechanism guided by government departments, and innovates the
cooperative education of “l1 College (Longjiang Polytechnic Institute) +1 alliance (high-end
intelligent equipment production-education Integration education Alliance)”. The College
strengthens the guidance and management of government departments, gives full play to the core role
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of universities in basic scientific research and education, collaborates with the high-end intelligent
equipment manufacturing industry, integrates the resources of the three parties in the form of
integration of production and education alliance, from administrative promotion to administrative
mechanism, from external resource supply to coordination and jointly promotion of external resource
supply and endogenous development, from shallow level teaching cooperation to deep integration of
close collaboration in various stages, comprehensively promote the deep integration of politics,
industry, academia, and research.

2 Momentum Building
Organized scientific research promotes the deep integration of industry and education

Longjiang Polytechnic Institute aims at the real problems of enterprises, generates real topics for
teachers and students, forms real results to help enterprises develop, guides the scientific research
team in the school, integrates superior forces, and forms an interdisciplinary and cross-organizational
science and technology revitalization of Longjiang destiny community with enterprises.

Establish teachers’ “immersion” into the enterprise mechanism. The Institute has strengthened
in-depth exchanges with enterprises, conducted in-depth research on the key “bottleneck” problems
of enterprise transformation and development, cooperated with high-level scientific research teams
of relevant disciplines and professional forces of enterprises in the school, guided students to
participate in first-line engineering practice, built a bridge for school-enterprise cooperation, and act
as a go-between to promote school-enterprise deep cooperation.

Establish a school-enterprise cooperation mechanism on the “bottleneck” problem. Considering
that enterprises have insufficient investment in basic scientific research and limited scientific and
technological strength in the early stage of scientific and technological innovation, the school pays
attention to the organization of research topics, research processes, research tools and collaborative
innovation of different research subjects, emphasizes systematic, oriented and cross-cutting
promotion collaboratively. Setting up the “Longjiang Special Project” and joint funds of 10 million
yuan with enterprises, promoting teachers to join enterprises in joint research and development, and
forming an interdisciplinary, optimal allocation, strong integration and high-efficiency mechanism
for deep integration of industry, university and research.

To build platforms for innovation in science and education. Based on deepening university-
enterprise cooperation in scientific research, the College takes enterprises as the main body to
promote collaborative innovation and transformation of achievements, carries out collaborative
innovation around key technologies, core processes and common problems of the industry, builds
new research and development institutions and key laboratory platforms with enterprises, deepens
cooperation with enterprises, and realizes high-quality transformation of scientific and technological
achievements. To lead teachers to understand the real needs, do the real topics, and solve the real
problems.

Up to now, the college has led 178 teachers to connect with 147 enterprises in the province.
Through the “immersion” of teachers into enterprises, the college has explored the “bottleneck”
problem of enterprises, and led nearly 1,000 engineering masters and doctors to practice in 46
provincial enterprises to participate in the joint research of universities and enterprises; Set up 677
“Longjiang Special Project” involving 12.25 million yuan to support teachers and enterprises to
jointly tackle key problems; The provincial cooperative innovation center and the joint innovation
and development center were jointly established with Harbin Electric Group Co. LTD, Aviation
Industry Aerodynamics Research Institute of China and other units, and takes enterprises as the main
body to jointly promote collaborative innovation and achievement transformation based on deepening
cooperation in scientific research between schools and enterprises,.

3. Transformation
Reengineering master and doctor training system
The change in industrial patterns and the development of emerging industries have put forward
new requirements for talent training, especially high-quality composite innovative talents in the field
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of engineering science and technology. It is necessary to adjust and rebuild the talent training system
according to the new development needs of the standard industry.

Longjiang Polytechnic Institute actively explores new models and new paths for higher
education to serve regional economic and social development. By deepening the integration of
industry and education and school-enterprise cooperation, Longjiang Institute of Engineering will
break through the talent chain, fill the innovation chain and service industry chain, and deepen the
reform of professional degree graduate training.

First, the implementation of project-based composite cross-training. At the beginning of
enrollment, the College starts from the supply side of enterprises, and the enterprises put forward the
enrollment fields, enrollment plans and requirements of cooperative mentors. The College is
responsible for matching the enrollment resources and mentor resources related to the actual
“bottleneck” problems and key core technologies, focusing on the major strategic needs of equipment
manufacturing, intelligent manufacturing and other regions, to carry out customized joint talent
training with key enterprises based on the real needs and real problems led by scientific research first.

Second, cutting through the “2+1+X” career development channel. “2” refers to graduation
certificate and degree certificate, “1” refers to engineer title certificate, and “X” refers to various
professional qualification certificates. Through the “integrated” practical curriculum system setting,
“one-stop” engineering practice and performance assessment, the college implements the
professional title certification of engineering master’s degree, doctor engineer and senior engineer,
shorting the life span and improving the working ability of engineering and technical personnel.

The third is to build a Longjiang information service platform for the integration of industry and
education. With the alliance as the link, the College has established an information-sharing platform
featuring multi-subject participation, multi-factor efforts and multi-mode promotion by the
government, industry enterprises and universities, focusing on such problems as information
asymmetry, poor communication and inconsistent evaluation standards for school-enterprise
cooperation, to promote the sharing of teaching information in colleges and universities, the sharing
of industrial technology needs and the real-time sharing of government and production-oriented
information, making the needs of enterprises reflected in every key link of talent training.

Since its establishment, the construction of Longjiang Polytechnic Institute has been strongly
supported by the Heilongjiang Provincial Party Committee and the provincial government. In 2022,
the college has been included in the annual work report of the Heilongjiang provincial government,
the “14th Five-Year Plan” education development Plan of Heilongjiang Province, one of the five key
tasks of “60 Items for the Revitalization of Longjiang Talents in the New Era”, the “Special Action
Plan for the Industrialization of Scientific and Technological Achievements of Colleges and
Universities in Heilongjiang Province (2022-2026)”, and the Implementation Plan for the training of
Excellent Engineers in Longjiang(2022-2026) and a series of working documents and plans, which
has been authorized by the Heilongjiang Provincial Department of Human Resources and Social
Security to pilot the work of titles and qualifications of master and doctor of engineering, engineer
and senior engineer. At the same time, the initial construction results of the college have also been
highly concerned and recognized by the Ministry of Industry and Information Technology and the
Ministry of Education.

In the future, the college will focus on major strategies such as intelligent manufacturing,
military technology, digital economy, and energy conservation and carbon reduction in Heilongjiang
Province, and will lead internal and provincial universities to promote the construction of the college
through disciplinary and professional collaboration, departmental and provincial collaboration, and
capacity system collaboration. The college will use “advantages” to lead “strengths”, “strengths” to
support “weaknesses”, and “strengths” to supplement “weaknesses”, give full play to the advantages
of the discipline and jointly promote the construction of the college. At the same time, the college
will also establish a more core school-enterprise party-building alliance, coordinate and guide the
deep integration of government, industry, university and research, find the key meeting point of party-
building and business integration, and continue to explore the long-term mechanism of government,
school and enterprise cooperation.
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