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A. A. BACHJIEHKO, JI. JI. TOBA’KHAHCKHH, C. K. KYCAKOB

3KCHEPUMEHTAJIGHBIN CTEH]I JJ151 HCCJIEJJOBAHMS IMTPOIIECCA KOHAEHCAIIMM ITAPA
N3 CMECH C BO3JYXOM B KAHAJTAX INTACTUHYATOI'O TEHJIOOBMEHHUKA

B crarse paccMOTpEHa IMOCTaHOBKA J3KCIIEPUMEHTA IO U3YUYCHUIO ITpOoIEcCa KOHACHCAIIUU Iapa U3 CMECH C BO3AYXOM B KaHallaX INUIaCTUHYATOIO
TeriooOMeHHuKa. bputa ommcaHa u TIOCTPOCHA JKCIEPUMEHTAJIbHASA YCTAaHOBKa ISt I/ICCJ'ICI[OBB.HI/Iﬁ TEIIO0OMEHHBIX TIpOHECCOB B KaHallaX
[UTACTHHYATOTO TEIIO0OMEHHUKa. B pe3ynbpTaTe pa60T OBIJIO M3TOTOBIICHO TISITh OKCIIEPUMEHTAJIBHBIX 06pa3u013, CBAap€HHBIX C IIOMOIIBIO
apFOHOHyFOBOﬁ CBapKu MaKETOB FO(t)pPIpOBaHHLIX mIacTuH. beum TIPUBENCHBI BCE TEOMETPUIECCKUE XapPaKTEPUCTUKU CBAPHBIX ITAKETOB. Ornucanbl
BC€ HCIIOJB30BAHHBIE B XOJA€ ODKCHEPUMEHTOB HU3MEPUTEIIBHBIC HpI/I60pLI U CHATBIE C HX IIOMOIIBIO MIapaMeETPhI. YCTaHOBHeHO, qTo
OKCIIEpUMCHTAIbHAsA YCTaHOBKAa IIO3BOJIAET MPOBOAUTH HCCICHOBAHUS IPOIECCAa KOHACHCAIIMU BOIAAHOTO IIapa M3 CMECH C BO3AyXOM IIpU
CTaOHMIIbHBIX 3alaHHbIX 3HAYEHUAX OCHOBHBIX PEKHUMHBIX IMTapaMETPOB. HpI/IBeI[eHa METOJUKaA ONIPEACIICHNS OCHOBHBIX XapaKTEPUCTUK (CpeI[HI/IX u
J'IOKaJ'II)HBIX) Iponecca KOHACHCAUU Iapa U3 napora301301‘/'1 CMECH B HCCIICAYEMBIX KaHalaX. B HaﬂbHeﬁHIeM TIOJTY4Y€HHBIE DSKCIEPUMEHTAJIBHBIC
PE3yIbTAThL 6y£[yT HCIIOJIB30BaHbI Il IPOBEPKU aICKBATHOCTU MAaTEMAaTHICCKUX MOZ[CJ'ICI\/'I IIponecca KOHACHCAluu apa us3 napora30130ﬁ CMECH B
KaHajax IUIAaCTHMHYATBIX TEILIOOOMEHHHUKOB C pa3m/1'11-101‘/'1 q)OpMOI\/'I I‘O(t)pPIpOBKI/I TEIUIONEPpENAOIINX IIJIACTHH, a TaKXKE€ [JId HAKOIIJICHUS
CTaTUCTHYCCKHUX MaHHBIX PICCHG[IOB&HPI?I B I[HHHOI\/'I TEMATHUKCE. HpeﬂnonaraeTc;I, YTO HAaHHBIC MCCJICAOBAHUSA IIO3BOJIAT BHEAPATH IIJIACTUHYATHIC
KOHAEHCATOPHBI It XUMHY ECKON TIPOMBINIUIEHHOCTH U APYTUX Pa3JINIHBIX 0Tpacnef/'1 HapoaHOro X03sCTBA.

KioueBblie cioBa: HUHTETPUPOBAHHBIE TEXHOJIOI'MHU, DKCIIEPUMEHTaJIbHAasA YCTaHOBKa, TEMIO00MEHHbBIE armaparbl, MaKeT I‘O(t)pPIpOBaHHI)IX
IJIaCTHH, 3Hepr0c6epe>1<eHMe, ITAaCTUHYATBIE KOHAEHCATOPhI, KOHJACH CAIlU ra3a, map.

0. A. BACH/IEHKO, JI. JI. TOBA’)KHAHCBKHH, C. K. KYCAKOB
EKCIEPEMEHTAJIbHUM CTEH]I JJIS1 JOCJIIKEHHA ITPOIECY KOHJEHCAIIIT IMAPH 13
CYMIHIT 3 MOBITPAM B KAHAJIAX IIVIACTUHYACTOI'O TEIINIOOBMIHHUKA

VY crarti po3risiHyTa MOCTaHOBKA EKCICPUMEHTY 3 BHBYCHHS IpOIECY KOHACHCAIil mapd 3 CyMilli 3 MOBITPSIM B KaHai IUIACTUHYACTOTO
TeryooOMiHHMKa. Byna ommcana i moOyaoBaHa eKCIEpHMEHTAJbHAa YCTAaHOBKA JUIsS JOCIHI/DKEHb TEIJIOOOMIHHHX TMPOLECIB B KaHalax
IUIACTHHYACTOTO TEIUIOOOMIHHUKA. B pe3ymbrari pobiT OyJI0 BHTOTOBJIIEHO M'STh EKCIIEPUMEHTAIBHHX 3pasKiB, 3BapEHHX 3 JOMOMOTOIO
aproHOJyrOBOr0 3BapIOBAaHHS MaKeTiB rOpOBaHMX IJIACTHH. Byiu HaBeleHI BCi F€OMETPHYHI XapaKTEPUCTHUKH 3BapHUX MakeTiB. OmnmcaHo BCi
BUKOPHCTaHI B XOJIi €KCIIEPUMEHTIB BUMIPIOBAIbHI PN i 3HATI 3 TX JOTIOMOTOIO TTApaMeTpH. BCTaHOBIIEHO, 10 €KCIIEPUMEHTAIBHA YCTAHOBKA
JTO3BOJISIE TIPOBOMTH JOCIIKEHHSI MPOIECY KOHIEHCAIil BOASHOI MApH [UIsl CYMillli 3 MOBITPSM MpPH CTabiIbHAX 3a[JaHUX 3HAYEHHSIX OCHOBHHX
peXUMHUX mapameTpiB. HaBeleHO METOAMKY BH3HA4YCHHS OCHOBHUX XapaKTEPHCTHK (CEpeqHiX 1 JOKaJbHUX) MpOLECY KOHIEHcalii mapu 3
aporazoBoi CyMillli B JJOCITI/PKYBaHUX KaHalax. Y MOJAJbLIOMY OTPHMaHi €KCIIEPUMEHTANbHI pe3ysibTaTH OyAyTh BUKOPUCTAHI JUIS MEPEeBipKH
aJIeKBATHOCTI MaTeMaTHYHUX MOJIENEH TPOoIlecy KOHJIEHCAIlli Tapy 3 Mapora3oBoi CyMilli B KaHAIaX MIACTHHYACTUX TEIUIOOOMIHHHKIB 3 Pi3HOIO
dbopMor0 TodpyBaHHS TEIUIONEPEIAOYUX IIJIACTHH, a TAKOX JUIS HAKONUYEHHS CTATUCTUYHUX JAaHUX JOCH/UKCHb B JIaHiil TemaTwuii.
Iepenbauaerbes, MO AaHi TOCIIIKCHHS JT03BOJIATH BIIPOBA/KYBATH TUIACTHHYACTI KOHACHCATOPHU JUIS XIMIYHOI IPOMKCIOBOCTI Ta IHIIMX Pi3HUX
rajy3eii HApOJHOTO TOCIIOAAPCTBA.

KaiouoBi ciioBa: iHTErpoBaHi TEXHOJOrIl, EKCICpHMEHTAJIbHAa YCTAaHOBKA, TEMJIOOOMIHHI amapard, NakeT ro(poBaHUX IUIACTHH,
€HEPro30epeKeHH s, TIACTHHIACTI KOHIEHCATOPH, KOHICHCAIlis ra3y, map.

A. A VASILENKO, L. L. TOVAZHNYANSKYY, S. K. KUSAKOV
EXPERIMENTAL SET-UP FOR THE STUDY OF THE CONDENSATION PROCESS OF STEAM
FROM A MIXTURE WITH AIR IN THE CHANNELS OF PLATE HEAT EXCHANGER

The article describes the formulation of an experiment to study the process of condensation of steam from a mixture with air in the canals of a plate
heat exchanger. An experimental facility for the study of heat exchange processes in the channels of a plate heat exchanger was described and
constructed. As a result of the work, five experimental samples were fabricated, welded using argon arc welding of corrugated plate packages. Were
given all the geometric characteristics of welded packages. All measuring instruments used in the course of experiments and parameters taken with
them are described. It was established that the experimental setup allows to study the process of condensation of water vapor from a mixture with air
at stable preset values of the main operating parameters. A method for determining the main characteristics (medium and local) of the process of
steam condensation from a vapor-gas mixture in the channels under study is presented. In the future, the experimental results obtained will be used
to check the adequacy of mathematical models of the process of steam condensation from a vapor-gas mixture in the channels of plate heat
exchangers with various forms of corrugation of heat transfer plates, as well as for accumulating statistical data of research in this topic. It is
assumed that these studies will introduce plate capacitors for the chemical industry and other various sectors of the economy.

Keywords: integrated technology, experimental installation, heat exchangers, corrugated plate package, energy saving, plate condensers, gas
condensation, steam.

Beenenne. Kak moka3zpiBaeT  BBHINOJIHEHHBIH  [TOTOKaMH OTXOJUIIIMX Ta30B I1OCJIE CKUTAHUS TOIUIMBA,
MexnyHapoqHbIM DHepreTudecknM AreHTCTBoM [l]  CymIKM  pa3iM4HBIX MaTepHaIIOB u TPYTUX
aHayM3, TNpoMbINUIeHHBIe npeanpusatusa B 2005 romy  TexHomormdeckux mporeccoB [3]. CymecTBeHHas 4acTh
MOTPEOISIIM OKOJIO OJHOM TpeTH OOMIEro KOJMYecTBa  TeIlla OTXOMSIIMX Ta30B COAEPKHUTCS B BHUJE CKPBITON
SHepruy, BblpaboranHoi B Mupe. Ilpu stom ot 10 10  TerwIOTHI napooOpa3oBaHust KOHJICHCHPYEMBbIX
50% oTol OJHEpPrUM TEpsAeTCS ¢ BHIOpOCAMH B KOMIIOHGHTOB [4] W 1S YTWIM3AIlMA STOW TEIUIOTHI
okpyxatorryto cpexy. Oxomo 60% »3tEx moreph  TpeOyercs 3G deKTHBHOE TEIIO0OMEHHOE 000pyI0BaHHE
MPOUCXOMUT B BHJE TeIla HU3KOrO IOTEHIHANAa  OTJIMYaroIieecs BBICOKMMH Koo puImeHTaMH
MOJIe3Hasl yTHIIM3AIMs KOTOPOTO MOXKET CYIIECTBEHHO  Terulonepenad, KOMITaKTHOCTBIO, MaJion
MOBBICUTE  3()(EKTHBHOCTh JHEpronorpedneHus [2].  METaIOEMKOCTBIO MPH COXPAHEHUH SKOHOMHUYIECKON

Cy1liecTBeHHast YaCTh 3TUX HOTEPb MPOUCXOIUT C
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1eIIeco00pa3HOCTH ero MPUMCHEHHSI. Orum
TpeOOBaHMIM VIOBIIECTBOPSIOT MTaCTUHYATHIC
TEIUTOOOMEHHBIC ammapaTsl [S].

Ilo cpaBHeHMIO ¢ mTpoleccaMH TeIUIOOOMEHa B
07HO(}A3HOM HOTOKE M MPU KOHICHCAIIMK YHCTOrO Tapa
KOHJAGHCAlWsl ~ Hapa W3  Iapora3oBOil  cMecH
XapakTepuzyercss ~ Oojee  BBICOKOH  CIIOKHOCTBIO
COBMECTHO INPOTEKAIOUIMX MPOLECCOB IepeHoca Teria U
Macchl B ra3oBoi (haze. M3ydeHUIo ITHX MPOIECCOB B
TpyOUYaThIX TEMJIOOOMEHHHKAX IIOCBSILEHO OONBIIOe
KOIIMYECTBO paboT, 0030p KOTOPHIX MPHUBEICH B 0030pe
cocTostHusL Boripoca [6]. B psane pabor, 00630p KOTOPBIX

ciaenaHn B craThe  [7], BBINOJHEHO  YHUCICHHOE
MO/ICTTUPOBaHKE mporecca B TPyOUaThIX
TEI000MEeHHHUKAX. [lIacTUHYAThIE TEII000MEHHHUKU
XOpOIIO  3apEKOMEHJOBANM  ce0s B Pa3IUYHBIX
TEXHOJIOTUUECKHUX mpoieccax XUMHYECKON
MPOMBIIJICHHOCTH, KaK, HalpuMep, [OKa3aHO B
pabore [8]. B pabore [9] mpemnokeH MeTox
MO/ICTTUPOBAHHUS ITACTUHYATHIX KOH/ICHCATOPOB

MHOT'OKOMITOHEHTHBIX CMeceil mapoB, a B padote [10]
JIaHbl TEOPETHYECKUE OCHOBBI MOJIEIUPOBAHUS IIpoLiecca
B IUIACTHHYATOM XOJOJZOOOMCHHHKE arperara CHHTE3a
ammuaka. KonzpeHcanus yucroro napa B kaHanmax [ITA
paccmorpena B paborax [11-13]. Teopermdeckue
MTOJIOKCHUS W M3JIOKCHHBIE B 3TUX paboTax Momaenu

Tpe6yIOT ,uaﬂLHeﬁmero YTOUHCHHUA  OJid  CJIy4acB
KOHACHCAlUU I1apa H3 r[apora3OBoﬁ CME€CHU B KaHallaX
IIaCTUHYAThIX TCHHOO6M€HHI/IKOB, C ydaeToM

BO3MO)KHOCTH M3MEHEHUSI UX TeOMETPHYECKOH (POPMBI B
LEeNsIX €€ ONTUMH3ALUH. YTOYHEHHBIE MOJEIH |
¢dopMynsl TpeOyIOT HPOBEPKH WX aJEKBATHOCTH ITyTEM
CpPaBHEHUSI C pe3yJabTaTaMH OJKCIIEPUMEHTAJIBHBIX U
OITBITHO-TIPOMBIIIUICHHBIX HCCIIEIOBAaHHH.

B onmanHON cratee paccMOTpeHa IOCTaHOBKa
SKCIIEpUMEHTa 10 H3YYEHHIO IPOIecca KOHACHCAIUH,
rapa U3 Iapora3oBOil cMecH B KaHamax IJIacTHHYATHIX
KOHJICHCATOPOB. DTO MOTPeOOBAIIO CO3IAHUS OINBITHOMN
YCTQHOBKM M OJKCIIEPUMEHTAJIbHBIX MOENEH KaHaJjIoB
CEeTYaTO-TIOTOYHOIO THMA PA3JIUYHOM TI'€OMETPHUUYECKOMN
¢opmer. C 1enpl0 TONY4YEHHS JIOCTATOYHO ITOJTHOM
nHpopManuK O IpoIecce ONpenesUINCh KaK CpenHHE,
TaK ¥ JIOKAIbHBIE 110 [UIMHE KaHaJla €T0 XapaKTePUCTHKH.
[lpuBenena  MeToAMKa  ONpENENCHHS  OCHOBHBIX
XapakTepUCTUK (CpeIHMX M JIOKAIBHBIX) IIporecca

KOHJEHCAlUM Mapa H3 [aporasoBoil cMmecu B
HCCIIEAYEMBIX KaHaNlax. KonkperHsrii BUT
KpUTEpHaIbHOW  O0OpabOTKM  ONBITHBIX  JaHHBIX
M3J1araeTcs pu 00CYXIeHUH! pe3yabTaToB

uccnenoBanuii. OOpaboOTKa pe3ynbTaToB IKCIIEPUMEHTOB
Ha OCHOBAaHWH H3JIaracMoll METOJVKH IIPOM3BEJCHA II0
pa3paboTaHHBEIM  aBTOpoM mporpammam Ha IIK.
[Iporpammel cocraiens! B cpeae Markan (Mathcad).
Onucanne 3KCNEPUMEHTAJIBLHON yCTAHOBKH. J{1s1
9KCTIEPUMEHTAIIBLHBIX HCCIIEOBaHNIN mporecca
KOHJICHCAIIUM BOSHOTO I1apa M3 CMECH C BO3IYyXOM B
KaHaJlaX IJIaCTUHYATHIX TEIIOOOMEHHUKOB pa3paboraHa
YCTAaHOBKa, ITO3BOJISIONIAS MCCIIENOBAaTh IIpolecc B

KaHaJlaX 13 IJIaCTHH C PAa3IMIHON (OpMOI TOPPHUPOBKH.
Ee cxema mnpuBenena Ha pucynke 1. Ilpum pabore
YCTaHOBKH BOJSHOH ITap TeHepupyercs B ucnapurene | u
niepes] mojaveii B maporeperpeBaresb 2 CMEIMBAeTCs ©
BO3JIyXOM, IIOJIOTPETHIM IO TEMIEpPaTyphbl HACHIIICHUS
noay4yaeMoil mapora3oBoil cmecu. IlogorpeB Bo3gyxa
OCYIIECTBIISICTCS. B IUIACTHHYATOM Iojorpesarene 15 3a
CYeT TeIula Iapa M3 KOTEIbHOW, MPEAYCMOTpEHa TaKkKe
HETOCPECTBEHHAs 10laya OCTPOro Inapa M3 KOTEJIbHOH
B BO3IYIIHBI ITOTOK, HPH 3TOM CKOHJIEHCHPOBaHHAs
Bjlara orgensiercss B cemapatope 16.  Pacxop
MIOCTYIIAIOUIEr0 BO3/yXa HM3MEPSeTCsl C MOMOIIBIO JIBYX
MapaJIeTIbHO BKIIIOYEHHBIX POTaMETPOB, PACCUMTaHHBIX
Ha pa3M4HbIE  JMANlA30HBI  PAcXoZOB  BO3IyXa.
[omyuennas mociie cMeUIeHUs! apa ¢ BO3IyXOM CMECh
HarpeBajach B Iaporeperpesaresne 2 10 TEMIIEpaTypbl Ha
0,5-1 ©°C Bblme TeMmeparypsl €€ HachlmeHus (B
raporieperpeBaTene Tak ke JoCTUraeTcs Oosee IoiHoe
NepeMeIIMBanie  IapoBo3AymHoW  cMecH). Ilocie
raporieperpeBaTens CMech IOCTYHaeT B LEHTPAIbHBIN
KaHaJl MCIIBITYEMOr0 ONBITHOrO oOpasna 3, B KOTOPOM
MIPONCXOIUT KOHJCHCAIUs MapoBoil ee uwactu. Pacxon
oOpazoBaBmierocs B OKCHEPUMEHTAILHOM  oOpasie
KOHJIGHCAaTa HU3MepseTcsi OOBEMHBIM CIHOCOOOM €
MOMOIIBI0 MepHHKa 5. [lajmee HeCKOHAEHCHPOBaHHAS B
SKCIIEPUMEHTAJIBHOM 00pa3le YacTh IapoBO3AYIIHON
CMECH ITOCTYIAeT BO BCIIOMOTATENIbHBIN KOHIEHcATop 4.
31eck oCymIecTBIseTCs Ooee MoHast KOHACHC AL rapa

COZIepIKAILEroCst B HPOLIEIICH qyepes
9KCIIEPUMEHTAIbHBIN 00pa3ell MapoBO3YIIHON CMECH, a
pacxom  oOpasyromierocs [pu 3TOM  KOHJEHcara

OIpeNeNAeTcs ¢ MOMOILBIO MepHUKa 6. KonndecTBo mapa
coJiepaKallerocs B yXOJSIEM U3 MEpHHKa 6 BO3AyXe
paccuuThIBaeTCs IO TEMIIEPAType Ha €ro BBIXOAE H
pacxony BO31yXa, B IPEAIONO0KEHNU €r0 HACKIIEHHOCTH
MapoM.

Oxyaxaronas BOAa LUPKYIHPYET B 3aMKHYTOM
KOHType, BKIIOYamIeM eMkocTb 10, u3 Koropoil
LHUPKYJSILUOHHBIM HacocoM 11 Boja momaercss B jBa
neprudepuiHBIX KaHajla SKCIIEpUMEHTAIBHOr0 00pasua u
3aTeM B  TEINIOOOMEHHHMKE 9  oxylaxjgaercs 10
Temmneparypel B emkoctu 10, B KOTOpyHO OHa
BO3BpAILlaeTCa. IJTO MO3BOJIAET COXPAHATH MOCTOSHHYIO
TeMIEepaTypy OXJaXJalolmeld BXOAa BOABI B  XOAE
sKcnepuMeHnTa. Pacxon BoAbl M3MepseTca € MOMOILBIO
KOMIUIEKTa CABOCHHBIX Anadparm ¢ qudmanomerpom 12.

Bce ocHOBHBIE KOMITOHEHTH! YCTaHOBKH CHA0KEHBI
TEIUION30/SIMEN NPENOTBpAILAOIEd MOTEPH TEIla B
atMoctepy. KoHTponbHOe mn3MepeHue Temmeparyp Ha
BXOJIE U BBIXOJI€ U3 KaHAJOB, KOHJECHCATA B MEPHUKAX U
MIOCTYIIAIOLIEr0 BO3/lyXa MPON3BOIUTCS Ja00pPaTOPHBIMHU
Tepmomerpamu ¢ neno genenus 0,1 °C. Temneparypsl
Ha BXOJE€ M BBIXOAE IOTOKOB TaKXKe H3MEPSIOTCA C
IIOMOIIBI0 TEPMONAp MeAb-KOHCTaHTaH. Tepmonapsl
Me/b-KOHCTAHTaH NPUMEHSIOTCA TAaKKe A MU3MEPEHHS
pacnpeneneHusl TeMIepaTypbl OXJIaXKJarolledl BOABI U
MapoBO3AYIIHOIO  MOTOKAa MO  JAJUMHE  KaHaJOB.
Temneparypa mneperpeBa mapa B IapoIleperpeBarene
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peryaupyercss ¢ MOMOIIBI0 KOHTAKTHOIO TEPMOMETpA.
W3mMmepenne naBneHus MapoBO3AYIIHON CMECH Ha BXOAE
U BBIXOJIE, a TAKXKE I10 JUIMHE KaHalla OMBITHOrO 00pasia,
JABJIECHUS BO3QyXa Yy POTAaMETPOB IPOU3BOJUTCA
00pa3oBEIMU MaHOMeTpaMu knacca TogHoct 0,4. Ilpu
BEIMYUHE Nepenasa AaBIeHUs 10 KOHJIEHCUPYIOIEMYCs
TEIUIOHOCUTENI0O HA BCEM KaHAJI€ WIM Ha OTAEIbHBIX
yyacTkax 1o JnHe KaHama MeHee 0,2 0Oap oH
n3Mepsiercst ¢ nomopio U-00pa3HbIX TPyOOK, YaCTHYHO
3aIlOJTHEHHBIX BOJIHBIM KoHAeHcaToM. OObeMHas 107
BO3AyXa B MOCTYNAOWEH NapoOBO3AYIIHOM CcMecH
paccuMThIBAETCS IO 3aMEPEHHBIM PACXOAAaM BO3AyXa U
mapa, a Takke M3MepsieTcsl C IIOMOIIBI0 aHaIHu3a IMpod

[apOBO3YIIHON CMECH METOJOM BBIMOPAKUBAHUSI.
DKcnepuMeHTallbHAs YCTaHOBKa MO3BOJISIET
MPOBOAUTH  HCCJIENOBAaHUS IpoLEcca KOHJEHCAIUH
BOJISTHOTO TIapa W3 CMECH C BO3AYXOM IPH CTAOWIHHBIX
3aJJaHHBIX 3HAYEHUSIX OCHOBHBIX PEKHUMHBIX MAPaMETPOB
B JIMana3zoHe ux U3MEHEHHUSL: TeMmIeparypa
oxnaxaroiei Boasl 20-95 °C; aOCONIOTHOE IaBIICHHE
napoBo3aymHoi cmecu 0,101-0,42 MIla; ckopocTs
oxJjaxkaaromeii Boasl B kananax 0,11-1,1 M/c; maccoBast
CKOpPOCTh  IApOBO3AYIIHON cMecu 4-85  kr/(M>-c);

0o0BeMHas IO BO3AYyXa B MOITYIaeMON ITapOBO3IYIIHOM
cmecu 0-0,85.

Puc. 1 — Cxema sKCcIiepUMEHTaIBHON YCTAaHOBKHU: | — HCIIapuTeNb; 2 — MaponeperpeBaTeib; 3 — ONBITHRIN 00paserr;
4 — BCTIOMOTaTeNBHBIN KOHACHCATOP; 5, 6 — MepHUKH; 7 — noreniometp P 37-1; 8 — HynmpraneBanomeTp; 9 — mIacTHHYATHII
xonopmwisHUK; 10 — 6ak oxmaxgaromei Boasl; 11 — Hacoc; 12 — KOMIIIEKT CABOSHHBIX AnadparM ¢ AugMaHoMeTpoMm;
13 — KOHAECHCAMOHHEIN TOPIIOK; 14 — potameTp; 15 — mIacTUHYATEHII MTomorpeBarens; 16 — cemaparop; 17 — TepMoperymsTop.

Onucannme  JKCHEPUMEHTAJIBHBIX  00pa3LoB.
W3roroBneHo TATH OKCIIEPUMEHTAIBHBIX  00pa3IIOB,
KOTOpBIE TPEICTABISAIOT COOOH CBapHbIE NaKeThl M3
YeTelpeX  ToQpHpoBaHHbIX  ImacThH  (puc.  2),
COEIMHEHHBIX MEX1y CO0OH aproHOMyroBOW CBapKOH
TakuM 00pa3oM, YTO HalpaBieHUS Topp ABYX COCEAHUX
IUIACTUH ~ IepecekaroTcs. B pesynbrate  Mexay
TUTAaCTHHAMU MMEIOTCSl TP OJIMHAKOBBIX KaHajla ceT4aro-
morouHoro tumna. Ilpu mpoBeneHHHM SKCHEPUMEHTOB B
LEHTPAIILHOM KaHaJle IPOUCXOIUT KOHICH AN

apoBo3ynIHoi cmecH. I1pu sToMm B 1Ba nepruepruifHbIX
KaHala IMPOTHUBOTOKOM MOJAETCS OXJIAXKAAOLAas BOJA.
Dcku3 roprpOBaHHOTO TIOJIS TUTACTUHBI M CXEMa KaHalla
TIpUBENICHBI Ha puc. 3. B aKcriepuMeHTaIbHBIX 00pasiax
MIPUMEHEHBl IUTACTUHBI C TPEYrONBHBIMH TodpamH,
CeYeHHe KOTOPBIX IOKa3aHo Ha puc. 3 (4). Ilnmactunsl u
BCE  DJIEMEHTHl  DJKCIEPUMEHTAIBHBIX  00pasIoB
M3roToBIEHBl U3 Hepxkasewomed cramu  XISH10T.
OKcnepuMeHTalIbHbIe  00pa3lbl HUMEIOT  CIICHHAIBLHBIC
KOJIJIEKTOPBI JUI OJJa4d TapOBO3AYIIHON CMECH U
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OXJIKIAMOMme  BOABL,  KOTOpHIE  00ECHEeYHBaIOT
PaBHOMEPHOE pacHpeeneHe MOTOKOB TUIPABINYECKUX
CONPOTHUBJIEHUSIX Ha BXOJE€ U BBIXOAE KaHaloB. Bechb
KaHaJl YCJIIOBHO Pa3OMT MO JJIMHE Ha CEMb YYaCTKOB,
0003HAaUEHHBIX Ha pUC. 4 MYHKTHPHBIMH JMHUSMH. B
KaXIoM U3 OOO3HAa4eHHBIX Ha puc. 4 cedeHui
9KCIIEPUMEHTAJIBHOTO 00paslia, Ha IEHTPAIbHOH OCH

COOTBCTCTBYIOLICTI'O KaHaJld, YCTAHOBJICHBI TCPMOIIAPhI

JIIA

3aMepa TCEMIICpATyp IIOTOKa TEIIOHOCUTEIICH.

TepMomnapsl B LEHTpalIbHOM KaHale MOMELIAINCh Ha
Jep)KaTeNsiX W3 CTaJbHOM Hep)KaBeroLIeH MPOBOJIOKH
nuamerpoM 0,5 MM, KOHCTPYKIHS KOTOPBIX TIOKa3aHa Ha
pHucyHKe 50.

Puc. 2 — DxcnepuMeHTaIbHBIN 00pasen

l'opsumii cmaif TepMmomapsl YKpEeIUIEH B IIEHTpe
Jiep>KaTessi, C MOMOIIBI0 KOTPOro OH (MKCHUPOBAJICS B
HYXHOM TOuYKe mocpeau kasana. IIpoBoma Tepmonapsl
MIPUKIICEHBI K OTBOJSAIIEH IMPOBOJOKE JEpiKaTeNs KIeeM
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B®-2, koTopsblii 3aTeM OBbUT OABEPTHYT ITOJUMEPHU3ALIIH.

CHapyxu oxera
JUAMETPOM 2 MM.

3

4)

TpyOKa U3

¢roporutacra

®-4

BeiBog mpoBOmOB  TepMomapsl
OCYILECTBJIEH Uepe3 YIJIOTHEHUE B TOPLIE KaHAJA.

A-h

N T
— — ek

B-B

Puc. 3 — Cxema rodprpoBaHHOTO TIOJIS IUIACTHH 1 00pa3yeMbIX NIMH KAaHATIOB: 1, 2 — mepecedeHue rodp IBYX CMEXKHBIX IUTACTHH,
3, 4 — TIoNIepeTHOE CEUCHHE KAHATIOB C PATIHON (hopMOii rohpHpoBKI

Bicuux Hayionanvrnozo Texuiunoeo Yuisepcumemy «XI1ly». Cepia: Innosayitini

00CHi0MHCeHHA Y HayKogux pobomax cmydenmis, 2018, Ne 40 (1316)



ISSN 2220-4784 Innosayitini 00CaiONCen s Y HAYKOSUX poHOmax Cmyoenmis

nap

boda Lu--_--_ * 1

L, '
| T

8

Puc. 4 — Cxema pacronokeHuns TepMOIap B KaHaJIaX OMBITHOrO 00pasia: X - TePMOMApPHI B IICHTPAIFHOM KaHAJIe (TeMIIepaTypa

CMECH); O - TEPMOIIaphl B OHOM U3 KpaiHIX KaHAIOB (TeMIepaTypa OXJIaXKAaroei BOIbI)

Puc. 5— Criocob ycraHOBKE TepMoriap: 0) B IIEHTPATEHOM KaHAIE; B) B OZTHOM F13 KpalHHX KaHAIOB. 1 —craif; 4 —MemHas TpyOKa; 5 — poBoza
TepMonapsl; 6 —IUIAacTHHA; 8 — (ToporUIacTaBasi Tpyoka; 9 — HepKaBeroIas IMpoBoNIoKa; 10 — rractvacca

CxeMa yCTaHOBKH TepMOIap B OJHOM M3 KpaiHHX
KaHAJIOB aKeTa IUIaCTHH MoKa3aHa Ha puc. 5B. IIpoBona
TepMonaps! ITIOMEIIEHBl B METHBIA KalIIsp IUaMETPOM
2 MM, YIUIOTHEHHBI SHOKCHIHON cMonou. ['opsumii
craif BeICTynaeT Ha 3—3.5 MM.

Kanmwuisip BBOAMTCS B 3aJaHHYIO TOYKY BHYTPH
KaHala 4epe3 OTBEPCTHE MOCPEAMHE HAKIOHHOM 4acTH
ro(psl OHOM U3 KpalHHUX IUIACTHH IaKeTa, HAaBCTPEUy

HANPAaBICHUIO TEUCHUS OXJIAXKAAIOUIEW BOJBL 3aTeM 3TO
MECTO 3aIauBaeTCsl.

Jis 3amepa JaBieHUs W TIepenajga JaBJICHUS II0
BBICOTE  LEHTPAJIBHOIO  KaHajlla B  KaOKIOM U3
0003HAUEHHBIX Ha puUC. 4 CeYeHWH B TOpIAxX Kakaia
IIPUBAPEHBI aprOHOAYTOBOM CBapKOM MITyIIEpa.
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[Ipu nmpoBeneHUH SKCHEPUMEHTOB MAKET IUIACTUH
3aKuMaercs OoiITaMH MEKOY IBYMS KOpOOYaThIMH
IUTATAMH ¢ TIPOKJIAJKAMU W3 JHCTOBOM pPEe3WHBI. UTOOBI
HCKIIIOYUTh TIOTEPH TEIJIa B OKPYXKAIOLIYIO Cpeny,
CHapyXH ONBITHBIN obpazen 3aKpBIT
TEIUIOU30JISIITUOHHBIM MaTEpUaJIOM.

OCHOBHbBIC TCOMCTPHUYICCKUC Ppa3MEpbI
HU3IrOTOBJICHHBIX JIIA MMpOBCACHUA OKCIICPUMCHTOB
IJIaCTHUH, a TaKXE XapaKTCPUCTHUKHU FO(l)p 1 KaHaJlIOB
MCKAY IJIAaCTUHAMU IPUBCJICHLI B Ta6nnue 1.

Tabmuma 1 — ['eomeTpudeckne XapakTepHCTHKN YKCIIEPUMEHTAIBHBIX 00pa3IioB

No/Ne / o6p. S, MM h, MM B, rpan L, MM B, MM 6, MM Fua, M2 fi*102, m
1 18 5 60 1000 225 1 0,250 0,113
2 18 5 30 1000 225 1 0,250 0,113
3 36 10 60 1000 225 1,2 0,250 0,225
4 27 7,5 60 1000 225 1 0,250 0,165
5 18 5 45 1000 225 1 0,250 0,109
BoiBoabl M MEPCHEKTHBBLI  JajibHeiflero  HakioHa rodp K BEPTUKAIBHOM OCH IUIACTHHBI M HX
Pa3BUTHSA JAHHOI0 HANIPABJICHMUS. mara. YTron npu BepiinHe Todpsl A BceX IUTACTHH
PazpaboranHass OKClepUMEHTajbHAs yCTaHOBKAa  ITOCTOSHHBIN M paBHBIN 120 rpamycam.

MO3BOJISIET MPOBOAUTH HCCIEJOBAHMS KOHJCHCAIIUU
BOJSHOTO Ilapa W3 CMECH C BO3JIYyXOM B MINPOKOM
Jania3oHe M3MEHEHHsT OCHOBHBIX ITapaMeTpoB Ipoliecca:
CKOpPOCTEH JBW)KEHHS TEIJIOHOCHTENEH B KaHamax,
coJIepKaHMs BO31yXa B CMECH, TEIUIOBBIX Harpy3oK.

B skcneprMeHTax ONpEeAeNsIoTCS TEMIEpaTyphl U
JIaBJICHUS B TIpoLlecce KOHJCHCAIMKM Ha BXOJE U BBIXOJIE
KaHaJIOB, a TAK)KE Ha BOCBMH yJ4acTKax IO UX JUTHHE.

DKcnepuMeHTaIbHbIE 00pa3lbl MaKeTOB IUIACTHH
MO3BOJISIIOT ~ M3YYWTh BIMSIHAE HA HMHTEHCHBHOCTH
Tpolecca KOHASHCAIMHY T1apa U3 MapoBO3AYIIHON cMecH
TFEOMETPUYECKON (hopMBI ropUpPOBKH
TEIUIONepeAloINX IUIACTHH MCCIE0BaTh BIMSHHE yIia
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A. €. JEHHCOBA, JI. 1. MOPO3IOK, AJIXEMIPI CAAJ] AJIB/[IH, A. B. IIYPKAH

CXEMHO-KOHCTPYKTHUBHI TA TEXHOJIOI'TYHI OCOBJIUMBOCTI
CUCTEM TPUTEHEPAIIII VIS YMOB BJIA3bKOI'O CXO1Y

Jlns kpain brmmspkoro Cxony 3a0e3nmedyuTd HOpPMAalbHI YMOBH ICHYBAaHHS HACENICHHS - LIOpiuHE CcTabilbHE OTPHMAaHHS eIeKTPHYHOI eHeprii,

raps;doro BOJOIIOCTAYaHHS, KOH/HIIOBAHHS Ta ONAJCHHS MpPUMIILICHb, 3[aTHI CHCTEMM TpPHUICHEpalii HAa OCHOBI COHSYHUX CHEPreTUYHHUX

YCTaHOBOK. 3aIIpOIOHOBAHO Mally COHSYHY €HEPreTHYHY YCTaHOBKY IPSMOTO IE€PEeTBOPEHHs eHeprii. XoIomo- Ta TeIuIonocTadyanHs NPUMIIeHHs

3IiHCHIOETBCS TAPOKOMIIPECOPHOIO MAIIIHHOIO Yepe3 CHCTEeMY BEeHTHIIANIT 31 3MiHOIO HAampsIMy Ta BUTPATH 00pOOIEHOr0 30BHIIHLOTO HOBITPSL.
Kuro4oBi ciioBa: cicteMa TpUreHeparii; COHsIYHa CHepreTHYHa yCTaHOBKA; HaPOKOMIIPECOPHA XOJIOIMIIbHA MAIIHHA.

A. E. JEHHCOBA, JI. H. MOPO3IOK, AJIXEMHUPH CAAJ] AJIB/TUH, A. B. I]YPKAH
CXEMHO- KOHCPYKTUBHBIE U TEXHOJIOT'MYECKHWE OCOBEHHOCTHN
CUCTEM TPUTEHEPAIIAH 1151 Y CJIOBAM BJIMAKHEI'O BOCTOKA

Jlns crpan bmmkuero Bocroka obecnednTs HOpMalbHBIE YCIOBUS CyNIECTBOBAHMS HACEIEHHUS - KPYIJIOrOAUYHOE CTAaOMIbHOE IIOIydYcHHE
JNEKTPHIECKOH DHEPruH, TOPSIero BOJOCHAONKEHHS, KOHIHIIHOHHPOBAHHS M OTOIUICHUS ITOMEIICHUH, CIIOCOOHBI CHCTEMBI TPHI€HEpaluH Ha
OCHOBE COJHEYHBIX JHEPreTHYecKUX YCTaHOBOK. IIpemnoxeHa Manas CONHEYHAs YHEpreTHYecKas yCTaHOBKA MPSIMOTO IpeoOpa3oBaHUsS SHEPIUH.
Xonomo- M TeIUIOCHAOXEHHE IIOMEIIEHUS] OCYIIECTBIISCTCS ITaPOKOMIIPECCOPHOH MAIIMHOM depe3 CHUCTEMY BEHTHLIIUH C H3MCHEHHEM
HaIpaBJIeHUS U pacxoja 00paboTaHHOIO HAPYKHOTO BO3yXa.

KiioueBble c10Ba: cHCTEMa TPHTCHEPALMH; CONHEUHAsl SHEPreTHIeCKast yCTaHOBKA; TapOKOMIIPECCOPHAs XOJIOAUIbHAS MalInHA

A. E. DENYSOVA, L. I. MOROZUK, ALCHEMIRI SAAD ALDIN, A. V. TSURKAN
SCHEMES, DESIGN AND TECHNOLOGICAL FEATURES OF TRIGENERATION SYSTEMS
FOR THE CONDITIONS OF THE MIDDLE EAST

Trigeneration systems based on solar power plants are capable to ensure normal living conditions for the population — year-round stable
generation of electric energy, hot water supply, air conditioning and space heating for the countries of the Middle East. Small solar power plant for
direct energy conversion is worked out. The heat and cold supply system of the room at base of one-stage steam compressor machine working in
wide range of temperatures and pressures is proposed. The selection of low boiling substance is based on its thermodynamic perfection. In the
machine, the condenser and the evaporator areepy are the air heat exchangers. For changing of work modes of heat supply system at base of of heat
pump and of air conditioning at base of refrigerating machine reverse of flow of working substance is not provided in heat exchangers. The total
flow rate of external air through the ventilation system is distributed between the condenser and the evaporator in accordance with the necessary
values. The outside air, which is prepared in corresponding apparatuses, through the ventilation system, while changing the direction and flow rate,
provides the air conditioning or heating of the room. The proposed system provides provides high energy efficiency of cooling and heating modes,

operational reliability and maintaining a constant comfortable temperature in the room for any seasonal and daily parameters of the outside air.
Keywords: trigeneration system; solar power plant; vapor compression refrigerating machine

Beryn. Tpurenepariss — mporec OIHOYACHOTO
BHPOOHHUIITBA CIEKTPOCHEPTI1, TeIJIa 1 XOIOAY Bifl OJHi€T
CHEepPreTUYHOI YCTaHOBKW, PIIICHHS NpO MOUUTBHICTH
3aCTOCYBAaHHSI CHCTEM TpHUreHepamii Uil KOHKPETHHX
CHOXXMBA4iB 3 BHOOPOM pOOOYMX THapaMmerpiB i
XapaKTEepPUCTUK OJIOKIB CHCTEMH BHUMAarae AeTajbHOIO
aHamizy 1 300py MOaHUX WIOAO pEaJbHUX BEIUYHH
TEPMOJMHAMIYHOI JOCKOHAIOCTI KOXHOro ONoky. JlaHi
JUIS aHaJli3y OTpMMaHi 3 BHBYCHHA EHEPreTHYHOTO,
€KOJIOTIYHOI'0 Ta EKOHOMIYHOI'O CTaHy CIIOXHBada,
MOHITOPUHTY pOOOTH IIHCHHX YCTaHOBOK Yy IOMIOHHX
YMOBax 1 pO3BUTKY.

[ocTraHoBKa 3ama4i B 3arajbHOMY BHTJAAi i ii
3B'I30K 3 HAYKOBMMHM i NPAKTHYHMMHU 3aBJAHHAMHU.
BuBueHHS eHepreTHYHOro, EKOIOTiYHOr0. EKOHOMIYHOTO
Ta COLIAJLHOTO CTaHy KpaiH Ta HaceleHHs bim3bkoro
Cxopy BCTaHOBMIIO, IO KpaiHM, SIKI HAIEXaTh JI0 HBOTO
perioHy, MaroTh TPOMIYHMI a00 Pi3KO KOHTHHEHTAIBHUH
KIiMaT 3 3HAYHUMH  KOJHMBAaHHSAMHU  TeMIeparyp
30BHIIIHBOTO ITOBITPS HE TUIBKH HA MPOTSI3i pOKy, aye i
BIIPOJIOBX J00W, BEIMKY COHSYHY IHCOJLIIO y BCIX
ce3oHax poky [1]. LleHTpamizoBaHe eHepromocTadyaHHS
Mae 3HauHI mepeboi, oco0nIMBO B HiYHI yacw. Bemwki
CHOXXKMBadi  €Heprii  mepexoisiTh  Ha  JIOKAJbHI

SHEpreTUYHI YCTaHOBKU. 3a0€3MeUnT HOPMaIbHi yMOBU
ICHyBaHHSI HAaCEJICHHsI — IIJIOpiYyHE CTa0lIbHE OTPUMAaHHS
eNIEKTPUYHOI ~ €Heprii, Taps4oro  BOAOIOCTAYaAHHS,
KOH/VIIIIOBaHHS Ta OMNAJEHHS INPHUMIIIEHb CIIPOMOXKHI

CHCTEeMH  TpWreHepamii  Ha  OCHOBI  COHSYHHX
€HEpPreTUYHNX YCTAHOBKAX.
Mema pobomu. 3piCHATH CHHTE3 CXEMHO-

LUKJIOBOTO Ta KOHCTPYKTUBHO —TE€XHOJIOTTYHOTO PillleHb
OJIOKY TEIUTO-XOJIOJONOCTaYaHHs CUCTEMH TpHUreHeparlii
Majioi EeHepreTMKM Ha 0a3l COHSYHOI EHepreTHYHOI
YCTaHOBKH, SIKE 3aJI0BOJILHSIE yMOBaM
€Hepro30epeXeHHs Ta COIiaJIbHUM NOTpedaM HaceJIeHHS
kpain bimsekoro Cxony.

Buxiiag 0CHOBHOro MaTtepianty A0CTizKeHHs.

Enepzemuuni nomoxu 6 cucmemi mpuzenepauii.
B cucremi Tpurenepamii (puc. 1) TOJOBHOIO €
eneprernyHa ycraHoBka (EY). IlepBuHHOIO eHepriero
(IIE) € mammBo (TBepame, pinke, rasomonibne, Oioras,
BiJTHOBIIIOBAJIbHI JUKepena Tomo). Cucrema BupoOIse
Tpu TonoBHUX edektH: enektpoeneprito (EE), Teruro
(TEII) i xomox (XOJI).

© JlenucoBa A.€., Moposiok JLI., Anxemipi Caax AnpaiH.,

Iypxan A.B., 2018
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I[J'ISI OTpUMAaHHA XOJOAY BHUTPAYAIOTH YACTUHY

CHEpreTUYHIH YCTAHOBI 1 XONOIWIBbHIM, 1 BHYTpilIHI

BUpoOJIEHOro  Tema abo  4YacTWHy  BHpPOOJIEHOI  HE3BOPOTHI BTpaTH B cucreMi — [ (mectpykuist eHeprii).
enektpoeHeprii. Cucrema Mae gaBa OOOB'SI3KOBHX Y 3arajbHOMY BHIIQJIKy, CHEPIeTHYHHN OallaHC CHCTEMH
cKkumaHHs B HaBkoimmHe cepenosume (OC) — B TpureHepauii MO)KHa 3aITMCaTH MaTeMaTHYHUM BHPa30M:

Ore— Q! N = (Oren/ COPrn) + (Qror/ COP0t) + Qo + 0o 1)

ne  Oy,— TeEpBUHHA cHepris; (p,— TemIora, IO

MMpu3HadCHa 4 OTpUMaHHA eJ'IeKTpOGHepFi.l.; Qmen_

TCIUIOTA, MO HOpHU3HAYUCHA [JId OHaJICHHSA,

waz -
TEIJIOTA, IO MIPU3HAYCHA JIsl OTPMMAHHS X0Nnony; O —
000B’S3KOBE  CKHJAHHS TCIUIOTH B  HABKOJIHIIHE
CepelOBUILIE; Q()— JECTPYKINSI CHEprii B CHCTEMI;

COPy, oy — KOCDILIEHT ~ €HEPreTUYHOI  €PEKTUBHOCTI

TEIJIOBOro Hacoca (BUpoOHMUTBO Temnot); COP,,—

Koe(iLliEHT EeHepreTHYHOI ePEKTUBHOCTI XOJIOIMIBHOT
MaIIuHA (BUPOOHHITBO XOIOLY).

eHepreTnyHa —Dlenel(‘rpoeﬁepriﬂ EEI
ycTaHoBKa
EY l
nepBUHHa
eHepris

ne _.|

—bloﬁos'ﬂaxoai CKMAAHHA OCI

44 AecTpyKUis eHeprii ﬂl

Puc. 1. Cxema eHepreTHIHNX ITOTOKIB B CUCTEMI TpUTCHEparii

xonog XON I

Tennota TEN ]

Jlyis eHepreTHYHOI yCTaHOBKH PiBHSHHA (1) Mae BUTIIS:
One =Cee /My +Ooc + 0 @)
Jliis cucremu KoreHepariii, BiJilIoBiTHO:
One ~Qee/MNey = (Omen! COPimen) +Qoc + 9, €)

Cryninp yrwimizamnii TemioTH 3a piBHSAHHAIM (2)
BHU3HAYAETHCSI 11  BUKOPUCTAHHSIM 32  NPSIMHM
MPU3HAYECHHSIM (omayeHHsIM) 3TiAHO BHMOTaM
KOHKPETHOT'O CHO)XKMBada. MakcumaiabHe BUKOPHCTaHHS
TEIUIOTH 3aJIeKHUTh BiJl KOHCTPYKTHBHHX OCOOJIMBOCTEH
CHCTEMH ONAaJICHHS 1 XapaKTepU3yEThCS BEIMIUHOIO O, .

CymapHe BHPOOHHMITBO TEIUIOTH 1 XONOAy Ta
CHiBBIIHOIICHHSA TEIUIOBUX MTOTYXHOCTEH i
TEMIIEpaTYpHUX PEKUMIB YCTAaHOBOK BHPOOHHITBA
TEIUIOTH 1 XOJIOY MOBHICTIO BH3HAYAIOThCS MOTpedaMu
CHOXMBaya Ta  Oe3rmocepenHbO  3ajleXarb  Bij
KIIMaTHYHUX Ta OKUTIOBHX YMOB, B SKHX BiH
3HAXOJUTKCS, 1 poOM Horo BUpoOHUUOi AisutbHOCTI. [Tpn
FOMY BQ)KJIUBUI BIUIMB HAJAIOTh CE30HHI 1 JOOOBI
KOJIMBAaHHS TEMIIEPATypH 30BHINIHBOro MoBIiTps. OTXKe,
TIpIIUiA Ta JPYruii TOJaHK! B NPaBii YaCTHHI PIBHSHHS

(1) 3MiHIOIOTBCS BiIOBIAHO /10 MTOTPed CHOXXKBada IpH
30epeKeHH] 3arajJbHOr0 eHepreTuuHoro Oamancy. Js
BH3HAYEHHS BEJIMYMH BCIiX JOJAHKIB B PIBHAHHAX (2) Ta
(3) cnig BpaxoBYBaTH LIMPOKE PO3MAITTS CHEPreTUIHHUX
YCTAaHOBOK  (Ta30IOpIIHEBI, Tra30TypOiHHI, NaJUBHI
€JIEMEHTH, TU3eIIb-TeHepaToOpH, COHSYHI OaTapei Tomlo).

Euepeemuuni  ycmanogku manoi emepzemuxu.
CBITOBHH €HEPreTHMYHUII PHHOK IIPOIOHYE BEITUKHN
BUOIp €HEPreTHYHUX YCTAaHOBOK MaJioi HOTY)KHOCTI 3a
JIOCTaTHHO HEBENUKY LiHy. Jl0 HMX BIIHOCATH COHSYHI
YCTaHOBKH, JIHW3CNIbHI, Ta30MOpIIHEBi, Tra30TypOiHHI,
OCH3MHOBI eNeKTpocTaHIii. Bka3aHi yCTaHOBKM MOXKHA
pO3IIIsIaTH SIK NEPEKOHJIMBY AJIBTEPHATHBY Ha PUHKY
YCTaTKyBaHHS Ul JEHEHTPai30BaHOr0 BHUPOOHHIITBA
eNeKTpu4YHOi Ta TemtoBoi eHeprii. Jlo mepemar
ra3oTypOiHHMX yCTaHOBOK MaiuX rabapuTiB BiIHOCSTH
MOXJIUBICTE POOOTH NPOTATOM TPHUBAJIOrO 4Yacy MpH
HU3BKMX  HABAaHTAXKEHHAX, MaIUX 3a0pyIHIOIYNX
BUKHU/IIB, HU3BKUX pIBHIB BiOpamiii Ta IIyMiB, Maiux
eKCILTyaTallifHIX BHUTPAT, 3a MOXJIMBICTIO NPaLIOBATH 3
PI3HMMHU  BHJAMH TajJWBa, BHCOKOK  HAIHHICTIO.
HaviBummit enexrpuunnit KK/ nocsirae 35% y razosiii
TypOiHH, 1 6;u3bK0 45% Y ra30MOpIIHEBOrO ABUIYHA ITif
CTOBIZICOTKOBOMY HABaHTAXEHHAM, a B PEXUMI
KoreHepamii — Ommspko  85%. Ilpm  3HWKeHHI
HaBaHTaXeHHA 10 50%, 3acTOCOBYIOTH Tra30MOpPIIHEBI
JIBUTYHH, SIKIIO HEOOXIHO BHPOOJATH PIBHY KUIBKICTH
TEIJIOBOI Ta EIEKTPUYHOI eHeprii, a ra30TypOiHHI — SKIIO
HeoOXiHO BHpOOISATH B 2-2,5 pa3u OuIbIIE TEMIOBOI
€Heprii, HiX eNeKTpuyHoi [2].

BescymHiBHO, HaWOINbIIMI I1HTEpEC MPHUBEPTAIOTH

METOIM TPSIMOTO TepeTBOpeHHs eHeprii. [lo HUX
BiJTHOCSTBCS eNIEeKTPOXIMIiYHi, (oToeneKkTpHuyHi,
TEPMOCIIEKTPUYH, TepMoeMiCiiHI Ta MI'I-

TepeTBOpIOBadi. 3 ENEeKTPOXIMIYHHMX IIEPEeTBOPIOBAaUiB
ChOro/(Hi HalOLIbIIMI TonuUT (1 HaBITH OYM) BUKIIMKAIOTh
MaJMBHI  €JIeMEHTH. Y  TNaJuMBHUX  EJIEMEHTax
BiIOYBA€THCS TpsIME TNEPETBOPEHHSI XiMIiUHOI eHeprii B
enekTpuuHy. Ha BinMiHY BiJ rajbpbBaHiYHHUX EJIEMEHTIB
TYT € HeoOXiJHI Marepiasii — MajMBO i OKHCIIOBa4. Y
ICHyIOUMX TaJMBHUX eJeMeHTiB enekTpuunnii KKJ{
cTaHoBUTH 35-60%, B pexxumi KoreHeparii — OJIM3BKO
80% 1 Bume. Harmpukian, npu caMocTiiHilM ekciuryaTamii
CJIEKTPUYHA TOTY)XHICTh TBEPAOOKCHIHHUX IaIMBHUX
eIeMeHTIB  cTaHOBHTh 60%, a 3araybHa TeIJIoBa
MOTY)XHICTP ~ mpu  KoreHepamii —  85%  [3].
BucokoedekTHBHI 1 €KOJOTIYHI MAJHWBHI EIEMEHTH
BIJTHOCSITBCS /10 IHHOBAIIHUX MTPOTYKTIB.
@oToeneKTpUYHI ~ YCTAaHOBKM €  aBTOHOMHHMMH
YCTAaHOBKaMHM  Majol  MHOTY)XHOCTI, SIKI  MOXYTb
BHUKOPHCTOBYBATHCSl B HACEIECHHX MYHKTAX, BIIJAICHHUX
BiJl CHCTEM LICHTPaAJIi30BaHOT0 eHepronocradaus. Taki

Bicnux Hayionanvnozo Texuiunoeo Yuisepcumemy «XI1I». Cepis: Innosayitini
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YCTAHOBKHM B)X€ ChOTO/HI KOHKYPEHTO3JaTHI 3 JTU3€IIb-
reHepaTtopamy, SIKi NpaIfoloTh Ha IMIIOPTOBAHOMY
nanuBi. OpHaK COHSYHA (OTOENEKTPHUYHA YCTAHOBKA
MOXe€ TpalioBaTH TUIBKK B JAeHHUM uac. L{s oOcraBuna
3MyLIye  pe3epByBaTH  CHEprilo  3a  JOIOMOTOI0
aKyMyJSITOpHHX OaTapei, sKi 3amacaloThb EHEpriio i
POOIATE 11 TOCTYITHOIO B HECTIPUATIIMBUX YMOBAaX: BJICHB,
BHOYI 1 B Oyap-sKy moroxy. HaiOinbi po3BuHEHI KpaiHu
CBITY TIPONOBXKYIOTh 3aJIMIIATHCS B aBaHrapjAl pUHKa
COHSYHOI eHepreTuky. L moiTnka HanpasieHa nepi 3a
BCE HA NPUBATHUH CEKTOp CIIOKHBAHHS EIEKTPOCHEPTii,
Juis 3a0e3MeYeHHs] EIEKTPOCHEPrielo caMy pOAMHY, a
HQUIMIIKA — TPOJAaTH EJNEKTPUYHUM KOMIIAHIsIM, THM
caMMM TIOBEPHYTH IHBECTHILIi B KYIIBIIO COHSYHOI
enekTpoctaHiii [4]. B eHepreTMUYHMX yCTaHOBKaX
HEBEJIMKUX BCTAHOBJICHMX IMOTYXXHOCTEH W B MOOIIBHUX
YCTAHOBKax  3aCTOCOBYIOTh  PIAKONAJIMBHI  JTU3€Ib-
reHeparopu. Ilicis anamizy piBHaHb (2) 1 (3) mms
MOAAJBIINX PO3PAaXyHKIB OyinM BHBEACHI cepeaHi
3HAYEHH, SKi XapaKTepU3yloTh BHUPOOIIEHHS
€JIEKTPOCHEPT] 1 TEeIIOTH KOreHEPaIiifHOI0 yCTaHOBKOIO:

Qe =35%, Omen =50%, (0 +Qpc) =15%.

Tpureneparisi 3a0e3neuye BUKOPUCTaHHS T'€HEPYIOUOTO
MIPUCTPOIO TPOTSATOM BCHOI'O POKY, TUM CaMuUM HE
s3HmKkyoud Bucokoro KKJI eHepreTuuHoi yCTaHOBKHU.
Britky, komu morpeba B BHpOOHMITBI Temia Iajae,
301IBIIyeThCS IOTpeda B XOJIOII.

CymapHe BUPOOHUIITBO TEIUIA i XOIIOAY 3aJICXKUTH BiJ
moTped crHoxnBada Ta Oe3rocepeHb0 BU3HAYAETHCS
KIIIMaTHYHUMH Ta JKUTIOBUMH YMOBaMH, B SIKUX BiH
3HaXOJUTHCS 1 poJoM Horo BUpoOHMYOI HisutbHOCTI. [Ipn
IFOMY BQ)KJIIUBUM BIUIMB HAJAIOTh CE30HHI 1 OOOBI
KOJIMBAaHHSI TEMIIEPATypH 3 30BHIIIHBOIO MOBITps. OTXKe,
TIEPIIUA Ta IPYTUH TOJaHKM B MpaBii YaCTUHI PiBHSHHA
(1) 3MiHIOIOTBCS BIIOBIAHO 10 IMOTPEO CIIOXKMBAYa MpU
30epeKeHH] 3aralbHOr0 eHEPreTHIHOro OaaHcy.

Bioomocmi npo cnoxcusauie enepeii. CrioxuBadi
CIICKTPUYHOI EHEprii BiTHOCATHCA 1O IIUIOPIYHHUX.
Crio)XuBaHHS MTOMITHO 3MIHIOETHCS ITPOTATOM J100H, alie
BIJHOCHO CTaje IIpOTSroM poky. BoHo Maibke He
3aJIeKHUTh Bif TEeMITepaTypH HaBKOJIMIIHBOTO
cepenoBuina. Jlo IIOpIYHMX ITOCIYr BiAHOCHUTBCS 1
rapstae BojgonocradaHHs J[ias yMOB jKapKoro KiiMary 3
BHCOKHUMH cepeHbOPIYHUMH TEeMITepaTypaMu
HaBKOJIMIIHBOTO CEPEOBUINA TEMIIEpaTypa CHOXUBAHOI
rapsuoi BOAM Maibbke HE 3MIHIOETHCS 32 CE30HAMH.
Butpara Trapsqoi BoAM TpOTATOM J00KM  3HAYHO
3MIHIOETBCS, TOMY  Oe3mepebiliHa ii HasBHICTH B
PO3IOPSPKEHHI CIIOKUBaya IMoTpedye aKyMyJIsii.

Jlo Ce30HHMX TEIUIOBHX CIOXXKMBAdiB BiJHECEHO
OINAJICHHS, BEHTWIALII0O Ta KOHJIMWIIIOBAaHHS IOBITPSL.
Crio)XvBHa TEIUIOBA TMOTYXHICTh 1 3aKOHOMIPHICTD i
3MIHM 3aJI©KUTh BiJA KIIMaTHYHUX YyMOB. Ilepion
peansHOI TOTPeOH B TEIUTI OOMEKYETHCS MEPIOIOM POKY
3 HHU3BKOIO CEpeIHBOI0 TEMIIEPATypOIO0 30BHIMIHBOTO
moBiTps. Y TOW jke dYac, iCHye 3HauyHa TOTpeda B
XOJIOZIONIOCTaYaHHl Ui KOHAWIIIOBAaHHSI THX  JKE
MIPUMIIEHb Ta 30€piraHHs OXOJIOJUKEHHX ITPONYKTIB B
TeIUIni mepiox poky. B manux Bumaakax, KoMOiHOBaHYy

EHEproCHCTEMY MOXHA eKCIUTyaTyBaTH ILIIOPIYHO.
Ce30HHE TEIJIOBE CHOXKMBAHHS 3MiHHE IIPOTSTOM
pOKy, ajie TMOpIBHSHO cTajleé IPOTATOM J00W Ui
KOHTHHEHTAIHOIO KIIIMaTy, IO MOSICHIOETHCS Malloko
3MIHOIO JICHHOI Ta HIYHOI TEMIIEpaTyp Ta TCIUIOEMHICTIO
KUTIOBHX  TNpHUMimieHb. B kapkomy  Kiimarti
CIHOCTEPIraloThCs 3HAYHI KOJMMBAHHS ICHHUX Ta HIYHUX

TEMIlepaTyp, a aMIUlTyla CTa€ IIOpIBHSAHHOIO [0
ce3oHHMX. JKutioBi  OyxmiBmi  Mano  iHepHiiHI.
ConianbHuii  GakTop  (KUTTENISUIBHICTH  JIFOAWHH)

norpedye crabimizanii KoM(pOPTHHX Temmeparyp B
KUTIOBUX TPUMINICHHSIX JOOOBOK 3MIiHOK PEKHUMIB
KOHJIWIIIOBAHHA Ta omamoBaHHd [5]. MakcuMalbHi
J1I000B1 BUTpATH TEIJIOTH Ha rapsiie BOAOIOCTAaYaHHS Ta
HIYHE OMAaJieHHS HeE 30iraroThCS 3a YacoM, IO BapTO
BPaxoBYBaTH IPH ITPOEKTYBaHHI CUCTEMHU TPUTEHEpaIlii.

Texnonoziuni cxemu cucmem mpuzenepauyii. Ha
MiJCTaBl  aHaNi3y XapaKTepUCTHK CIIOKMBada Ta
CHEPreTUYHOI YCTAaHOBKH (POPMYIOTbCS TEXHOJOTIUHI
CXEMHU TpPUTCHEpaIlifHUX CHUCTeM. BigmoBimHO 10 THITY
CHEpreTUYHOI YCTAaHOBM Ma€ Micle MBI CXeMH: 3
MAJIMBHUMHM YCTaHOBKAaMH Ta YCTaHOBKaMH IIPSIMOTO
niepetBopeHHst eHeprii [6, 7, 8]. IlanmuBHiI ycTaHOBKH
(puc. 2) maroTh yTWII3alliiHWN KOTEN Ta BHPOOISIOTH
JIBA KOPHUCHMX €(QEeKTH: eJNeKTPOCHEPrilo Ta TEeIIo.
Enextpoenepris e Ha 1moOyTOBI MOTpeOH CIIOKUBaya.
Temora BHKOPHCTOBYEThCS Yy MABOX HampsMKax: 3a
MPSIMUM NPU3HAYCHHSIM — OTPUMAHHSAM Tapsidoi BOAM 1

OMMaJICHHSAM, Ta Yy SKOCTI TICPBHHHOI CHEPTii Uit
XOJONWIBHOI MAaIWHKA a0o TermoBoro Hacocy. Jlis
BHPOOHHUIITBA Xxonony B CUCTEMY BKJTFOYEHI
TEIUIOBUKOPHUCTAITBHI XOJOIMITBHI MaIIuHA -
abcopO1iiiHi, eXKEeKTOPHI a00 KoMIpecopHi [9]:
nanuesa ENeKTpOEHeprA
EHepreTnyHa Ha nobyTosi
ycTaHoBka noTpetu
yTunisauis —bl TennoTa
TENNOTK
KOHAWUiOBaHHA
xornog
onaneHHAa
rapsde
000B'A3KOBI CKUOAHHSA BOOONOCTAYaHHA

Puc. 2. Texnonorigna cxema TpUTEHEpALlii 3 TTATUBHIMHE
EHEPreTHYHUMH YCTAaHOBKAMH

CoHSTYHI YCTaHOBKH NPSIMOTO NIEPETBOPEHHS €HEprii
MalOTh JIOJIATKOBI TEIUIOBI COHSYHI KOJIEKTOpH ISt
poboTH 3a TPAMHM NpPU3HAYCHHSM — OTPUMAHHIM
rapstaoi Boau (puc. 3). Enexkrpoeneprist 4acTKoBo Hie Ha
1oOyTOBI MOTPEeOH CHOXKMBAYa, a YACTKOBO € TIEPBUHHOIO
SHEepri€l0 Ui XOJOAWIbHOI MamMHU abo TEIIOBOTO
Hacocy. [l BUPOOHHMIITBA XOJIOJAY BUKOPHUCTOBYETHCS
MIapOKOMITPECOPHA XOJIOAMIbHA MAIIMHA 3 ITPUBOIOM BiJl
CNIEKTPOABUTYHA, 3  HU3BKOKHIULIYUMH  pOOOYMMHU
pEUOBMHAMH, INPUPOAHMMH  a00  CHHTE30BaHHMH,
YUCTUMH 200 CyMilIaMu.

Bicnux Hayionanvnozo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayiiini
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PosrnsgHyTI cHCTeMH MaroTh TOJIOBHY CHEPIETHUYHY
ycraHoBky (EVY) 31 cBo€ro po0OYOI0 PEUOBHHOIO, sIKa
BIIPI3HAETHCS BiJl poOOYOi PEUYOBHHHU XOJOIVIHHOI
MamuHA. TemrepaTypHi piBHI HpoIeciB B CHCTEMI
IIJTKOM 3aJIe)KaTh BiJl BJIACTUBOCTEH pPOOOYMX PEUOBHH
SIK €HEPT'eTUYHOI, TaK i XoromuisHoi MamuH [10].

COHAYHa Tennota
eHepreTudHa ONS rapa4oro
yCcTaHoBKa BOOONOCTOYAHHS
npsme :
L il —.| eneKTpoeHepris
eHeprii

KOHAWUilOBAHHSA )
any noByTosi
onaneHHA

notTpebn
xonopg

+

0B0B'A3KOBI CKMOAHHSA |

Puc. 3 — Texnomnoriyna cxema TpUreHepartii
3 COHSYHUMH CHEPreTHIHUMHU YCTAHOBKAMH

Koncmpyxmuena cxema cucmem mpuzenepayii.

Po3riisiHeMO KOHCTPYKTHBHY CXEMY TpUTeHeparii,
CHEpreTUYHI IOTOKH Ta TEXHOJOIIYHY CXeMy, SKOi
posrasiHyTO BHmie (puc. 3). [IpyHIMIOBY cxeMy HagaHO
Ha puc. 4. CoHAYHA EHEepreTnyHa YCTaHOBKAa MIiCTHUTB:
TEIIOBI COHSYHI KOJIEKTOPH IIPSMOTO I IrpiBy BOAW JUIS
moOyTOBHX MOTped Ta COHSNYHY (HOTOCNIEKTPUUHY
Oarapero I NICPETBOPEHHST  TeIla B
€IIEKTPOCHEPTIIO.

HPSIMOTO

‘
r 1
| )

j :
—i e

1‘ | komnpecop ¥

axymynarop)

e |

Puc. 4 — Cxema TpureHepatii 3 mapoOKOMIIPECOPHOIO
XOJIOOUIIBHOIO MAalInHOIO

npuctpid. Jlns peanmizanii 3MiHHUX peXHUMIB poOOTH B
OJTHIM MalIKHi B pi3Hi CE30HU POKY CBITOBHUH PHHOK

YCTaTKyBaHHS TIPOIIOHYE arperaroBaHy 3 IBOX OJIOKIB
«Cmnit-cucremy»  Manoi  moryxHocti  [11]  Ta
KOMIUIEKCHY JaxoBy mammHy «Pydrom» cepennpoi Ta
Bemukoi moTyxHOcTi» [12]. B o0ox MammHax 3MmiHa

PSKUMIB  3IIHCHIOETBCS  PEBEPCOM  pyXy podouoi
PEYOBHHM dYepe3 TEIUIOOOMIHHI — amapaTéd  3aBISKH
IOJJATKOBOMY  PETYJIIOIUOMY  OONaJHAHHIO. Takwit

cnocid  3a/I0BOJIBHSIE CE30HHY pOOOTY MallMHU Ha
MpoTsi3i pOKy 1 HE MoOXe OyTH BUKOPHUCTAHUM JUIS
KOPOTKOYaCHUX 3MiH PpEXHMIB Ha TMpoTA3i 00M.
[Mpyrunan: TOTPIOHICTH MIBUIKOI 3MiHM POOOYMX THUCKIB
Ta TEMIIEpATyp B arnapaTax, iHepuiiHiCTh MaIINHH.
Omxe, 3aBHaHHA CQOPMYIBOBAHO TaK: 3IHCHUTH
CHHTE3 CXEMHO-IIUKJIOBOT'O pileHHs 610Ky
XOJIOZIONIOCTaYaHHsT Al 3a0e3NedeHHs  MOCTiIHHOI
TEMIIEpaTypd B JKUTIOBOMY IPHUMIIIEHHI B yMOBax
TPOIMIYHOTO KJIIMaTy Ha IPOTA3l POKY HE3aJKHO Bix

M000BMX Ta  CE30HHHX  KOJIUBAHb  TEMIIEPATypU
HABKOJIUIIHLOT'O CEPEIOBHIIIA.
Cunme3s  CXeMHO-YUKIOB020  piuleHHA  ONOKY

XO0OONOCMAYAHHS «MEMOOOM YUKILIBH.

Knacwunmii miAxig 0 CTBOPEHHA  OYyIb-SKOI
CHEeProIMepPETBOPIOBAILHOI  CHCTEMH  MTOYUHAETHCS 3
TEpMOAMHAMIYHOr0 aHami3y. BiH € mepmio cXoAnHKO0
B TMpoOIeCi NMPOSKTYBaHHS, Ta 3a HOro pe3ylbTaTaMu
MalOyTHA CHCTEMa BHSBIIEThCA MPAIE3ATHOIO 3
BHCOKOIO  CHEPreTUYHOK  JOCKOHAmicTIO  abo i
MOJANBIIAN  PO3BUTOK HE Ma€ TIPAKTUYHOIO CCHCY.
CXEeMHO-IIMKIIOBE PIIICHHS KOMITPECOPHOI XOJIOIBHOI

MallMHA  OPONOHYETbCA  CUHTE3yBaTH  «METOJIOM
LUKIIB». «Meroq NHKIIB» TONSATrae B IIOCTAITHOMY
HapolIyBaHHI  He3BOpoTHOcTed B  mukii  KapHo

(TIOCITIIOBHOMY «IOTIpIIEHHD» 17I€aNbHOTO LHKIY), SKi
00yYMOBJICHI pEabHOI0 POOOTOI KOXKHOTO CIIEMCHTa B
CKJIaJi XOJOAMIBHOI MAIUHK (TEIUIoBOro Hacoca) [13].
Ockineku 1k KapHo npuiiMaeTbess yHiBEpcalbHUM
LUKJIOM-3pa3KOM 3 JDKepeslaMd  Tella 3a YMOBHO
MOCTIHHUX TeMIeparypax, TEPMOIMHAMIYHMI aHai3
3MIHCHIOETBCS B CHCTEMi  KOOpPIHMHAT T-s
«TeMIepaTrypa-eHTpomnis». «MeTox LUKIIB» — 1e
TTOKPOKOBHH METOJI, OCHOBHI €TaI SIKOTO IMPeICTaBIICHI

XomonwibHa MallMHA Ma€ YOTHPH  EJIEMEHTH:
KOMIIpEcop, ~KOHJIEHCATOp, BMIIADHUK, JpOCENbHHE  Ha puc.S.
Kpok 1 KpoK 2 Kpok 3 Kpok 5
A A A A
4 N7 Al 4 Al ) Al
T 3 9\ 3 g \/ T
Tom ¢ ¢ A a7
+ / \ ¥
-
Y A 4 A 6
L] @ 7 @ 7 @ 3 A A A *‘ @ / -
Top > i / \ / At T AT
A » ——— F Bl
19 1ol @ / e
T R \
- > \ . JTon Imm s
7 8 . 5\ T

Puc. 5 — «Metoz IuKIIB» B CHHTE31 CXEMHO-IIUKIIOBOTO PIlIEHHS OJIOKY XOJIOIOMOCTaYaHHS

VY sxocti 3paska oOpaHo aBa mukim:  Kapno XI
(xonmonmneHuit) Ta Kapuno THI (TemnoHacocHHi), sIKi
moOyroBaHO  Ha  TPhOX  pIBHAX  TeMIeparyp:

HAaBKOJIMIIHBOI'O CEpCAOBUILA T 5
cep

JJid JCHHOIo 4acy

(Temoro ce3oHy pPOKY), HAaBKOJIHWIIHBOTO CEPEOBHUINA
JUT HIYHOT'O 4acy T eepn (XomomHOTO CE30HYy) Ta B

MIPUMIIICHH] T, fKa BiAMOBizja€ KOM(MOPTHIUM yYMOBaM
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ICHYBaHHS CIIOKMBA4iB SIK IIPOTATOM pOKY, TaK 1
LTONO000BO  HE3aJEeXKHO BiJ 3MIHM TEMIIEpaTypu
HaBKOIUIIHEOTO  cepefoBumma (kpok 1). Tlpomecu

TEIUIOOOMIHY MiXK POOOYOI0 PEYOBHHOIO B IUKIAX X2 i
TH?2 Ta mKepenaMu peai3yloThCs 3a HasBHICTIO Pi3HUIb

TeMuepaTyp AT ., AT oy s AT yi s AT o

B IMKJIM 30BHIIIHI HE3BOPOTHOCTI (puc. 5, kpok 2).
Huxim X3 ta TH3 (puc. 5, kpox 3) modynoBaHi 3a yMOBH
BBEJICHHS KPHMBHX HACHYEHHS Ui KOHKPETHOI poOodoi
pedoBunn. JiticHi yukau X4 1a TH4 OOHOCTYIICHEBUX
KOMIIPECOPHMX MamMH I00yJ0oBaHO Ha Kpoyi 4.
IMpoMixHI IMKIM KTacHyHOro aHaiizy [13] Mix kpoxom
3 ma 4 we posrnspatoThes. Ha manomy kpoyi aHamizy
ik X4 ta TH4 cynpoBOISTH CXEMHI pillIeHHS
OJHOCTYIIEHEBUX KOMIIPECOPHHMX MAIIMH, a €JIeMEHTaM
Ha/JlaHO KOHKPETHI Ha3BH: KOMIIpECcOp, KOHJIIEHCATOp,
BUNAPHUK, JpOCENbHUN mpucTpiii. HasBHicTh enmHOI
pobouoi pedoBuHM B muKiIax X5 ta THS5 neMoHCTpye
Kpok 5. BiH ke TpONOHYE €IWHUH KOMIUIEKC
yCTaTKyBaHHA.  BiAmoBigHO 10  mporeciB,  sKi
3IIIICHIOIOTECS] B MalllMHi, OCHOBHI p0o00Yi TeMIlepaTypu:

(yuxn X5), T (yuxn THS),

, 11O BKJIFOYA€

KWIIHHS B BUNIApHUKY T

oxX OMH

TeMIICpaTypa KOHACHCAlll B KOHACHCATOP1 TKx (L{MKJZ

X5), T, (yuxn THS5). Bpaxysanus eaunoi poGouoi

PEYOBMHM B MallvHiI JnoBeno, mo mukiam X ta TH
BIJIMIOBiJTa€ OIHE CXEMHE pIlICHHS aiie pi3Hi poOodi
TEMIIEpaTypH, SIKi MOXXYTb OyTH peayi3oBaHi B OZHOMY
YHIBEpCAILHOMY KOMIIPECOPi.

3rigHO KIIIMAaTUYHUM JaHUM Kpaid biusekoro cxomy
[1] Ta crammaptiB Ha KOMQOpPTHI TeMIEpaTypu B
KUTJIOBOMY MPHUMIIIEHHI OKPECIMMO I0Je POOOUHNX
TeMIepaTyp, SKke Mae OyTH peaxi30oBaHO B MAallWHI 3
VHiBepcallbHUM KOMIIpecopoM (puc. 6).

B cucremi  koopmmuar7, -7,  (Temmeparypa

KOHJIeHcalii — Temmeparypa KWIiHHSA, diarpama beHke)

VYHiBepcanbHi KOMIIPECOpH ISl TAKUX YMOB CEpiiiHO
BUIYCKalOTh TpoBigHi ¢ipmu cBity [14, 15], Tomy
PSOKMMM  KOHIWIIIOBAaHHA Ta  OIAJIEHHA  OJHIEIO
MAIIUHOI0 MOXYTh OYyTH peastizoBaHi.

To.oC
=

'
¥
LA
[
(=]

=
s

LA

Puc. 6 — liarpama beHke aiis BUOOpY poO0U0i peuOBHUHH 32 BITOMUMH
OOMEXCHHSIMH Ha BHKOPHCTAHHS yCTaTKyBaHHsI

CrabinbHil poOOTi CHCTEMH «XOIOAMIbHA MallliHA —
MPUMIIIEHHS» BIANOBIiNa€ EHEPreTMYHUH OanaHc B
PEKHMI  KOHIMIIIOBAHKA 0, = 0, = 0, abo B

POXHMI ONMATIOBAHHA Q= Q, . = Oup > A€ 0.0k

XOJIOOTPOTYKTHBHICTh Ta
KOMIIpECOpa,  BiJIOBITHO;

TEIJIONPOIYKTUBHICT
Osun»Orono—  TENIIOBA
MIOTY)KHICTh BHITAPHUKAa Ta KOHAEHCATOpA, BiJIOBIIHO;

Qn p — TCIUIOB1 TMpPUIUIMBU Ta  TCIUIOBI  BTpATH

MIPUMIIICHHS, BIAMTOBITHO. 3MiHa TEIJIOBUX HABAHTAXKCHD
B  NpuMimeHHI  (TO3UTMBHMX Ta  HETaTUBHHX)
KOMITCHCY€ThCS PpeTyJIIOBaHHIM 00’ eMHOT
MIPOAYKTUBHOCTI KOMIIpecopa. TermooOMiHHI amapaTtu
KOHJICHCATOp Ta BUIIAPHUK BHKOHYIOTH CBOi (DyHKIil
HE3aJISKHO BiJ] PEeXHMIB, peBepca poOO40i PEedOBHHHU
MiX HUMH He nependadeHo TemiooOMiH MiX poOodoro

OTPHMYEMO ~ MEKi ~ pOOOYHX — TeMIeparypy I PEUOBMHOIO LMKy Ta CIIOKMBAueM 3[iHCHIOETHCS
KomIIpecopa: MIPOMIXXKHUM  TEIJIOHOCIEM — 30BHIIIHIM TOBITPSM, SKe
70X _ oo, ™I _ 3000 LUPKYITIOE B cUCTeMi BeHTWIIHii. TexHoioriyna cxema
K > K ’ LUPKYIIALii HOTOKIB HaBeAEHa Ha pUC. 7.
max min
T =15°C; T =-5°C.
o o
1 NOBITPAHKWIA 1
\\l KoHAeHcaTop \4
Komnpeco,
. l HaBKOMWWIHE NiHisA A Y ’—|p E
BEHTUNATOR — — — +
52 — 0 —
NPUMILLEHHS
v L T L A 9
—‘_ T i — -
Y I cepenosuLe +
. NiHia B +
Aapocens
"\\ MoBITPOOXONOANY BaY
V

Puc.7 — Texnonoriuna cxema UPKYJISLii TOTOKIB B OJIOII XOJIOJOMOCTAYaHHS
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[ToTik CBIkKOro MOBITPS BEHTWIATOPOM ITOJAETHCT Y
JIBOX HarnpsMax: 10 KOHJIeHCcaTopa Ta
MIOBITPOOXOJIOKyBaya (BUMApHHKA).

B pexuMi KOHAMIIIOBAHHS IMOTIK OXOJOKEHOTO
TIOBITPS TICIS BHIMAPHUKA IMOJAETHCS y TPUMIIICHHS B
NPUINIMBHY JiHIIo  BeHTWwrnil. Ilimirpite mnoBiTps
MIOKMAE TIPUMIIIEHHS 4Yepe3 BUTSDKHY JiHito. [pyruit
TIOTIK MOBITPSI PyXa€ThCs Yepe3 KOHICHCATOP, BiIBOJUTH
TEIIO Ta MO J1iHii A TOBEPTAETHCS B HABKOIUILHE
cepeoBHIIE.

B pexnmi onamroBaHHS TOTIK HiAIrpiTOro MOBITPS
ICIsl KOHAEHCATOpa MpsIMYe A0 NPUMILICHHS, ONAJIOE
Horo Ta BUXOAWTH Ha3o0BHI. [loTik TOBITPs micis
BUIIAPHUKA YEpe3 JIiHil0 B TOBEPTAETHCS B HABKOJIHILIHE
cepeoBHILe

AHaJji3 pe3yabsTaTiB gociaimkeHHs. TexHoIOriyHa
cXeMa JI03BOJISIE OHOYACHO 3[IMCHIOBATH OXOJIOIPKCHHS
abo migirpiBaHHs MOBITPS 1 IPH LOMY HOJABATH CBiXeE
TIOBITPSl B IPUMIILEHHS, 10 Ma€ ii 3HAYHOIO IIEPEeBaro.
Jlo caMoi MaImwHU € MOXJIMBICTH MigiOpaTH JTOMAaTKOBE
OCHAIIICHHS, SKE IO3BOJSE IHAWBIAYadbHO MITIHTH IO
KOXKHOTO 00’€KTY Ta PEryiIoBaTH MOTOKHU MOBITpPS Yepe3
amaparu.

bnok xonomomnocrauaHHs CHCTEMH TpUTeHepamii 3a
ILII€F0 TEXHOJIOTIYHOIO CXEMOIO SIBJISIE COOO0I0 XOIOAMIBHY
MAIIVHY, IKY BUKOHAHO B €JIMHOMY KOPITYCl JJISl 3aXHCTY
yCiX BHYTPIIIHIX arperaTiB BiJ aTMOC(EpHOro BILIUBY, 1
MIPU3HAYCHO I YCTAHOBKH, 1032 MHPHUMIMICHHSIM. Y
00poOKy  MOBITPS  BXOAUTH  HOr0  HarpiBaHHI,
OXOJIODKeHHs, (imbTparis i Take iHme. ITo cyti — 1e
OaraTo(yHKIIOHATBHAN MIPUCTPIi, e 310paHo B OTHOMY
KOMITAaKTHOMY KOpIyci 00aTHaHHS TUTS
o0cITyroByBaHHs BCi€i Oy/IiBIi, B HUIOPIYHOMY IIUKJII.
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O. B. TAJIAK, M. /]. CAXHEHKO, M. B. BE/Ib, C. M. MEHBIIIOB, O. I1. KJIIMOB

BUKOPUCTAHHSA OKCHUJY THUTAHY JIJISA JE3IHTETPAIIII HEBE3INEYHUX XIMIYHHAX
PEYOBMUH 3A JOITOMOTI'OIO ®OTOKATAJI3Y

IMoxpurts TiO, MaroTs BUCOKY aAre3io 10 nmoBepxHi. bynb-saxy nosepxHio 3 HaHeceHHsM TiO, Jerko Mo3UNiOHYBaTH JJIsl OIIPOMIHEHHS CBITJIOM, Ha
BiZIMiHY BiJ IOPOIIKiB, sIKi Tpeba IIe sSKOCh pO3MicTHUTH i 3adikcyBaTn Ha moBepxHi. JloBemeHo, mo Ha moBepxHi TiO, MOXyTh OyTH OKHCHEHI
(MiHepasi30BaHi) HpakTUYHO Oy/b-sKi opraHiyHi cronykd. Ha mpaktumi Oynap-sikuil OTOKAaTaJiTHYHHMN OYMIYBad IOBITPS BKJIIOYAaE B cebe
nopucTuil Hociit 3 HaneceHUM TiO,, KU ONMPOMIHIOETHCS YIBTPa(ioIeTOBUMH HPOMEHSMH 1 depe3 sKuil mpomyBaeThes MoBiTps. DoTokaraii3
MPUJATHUMA U1 T0OYTOBOTO BHKOPHCTAHHS, OCKUJIBKA MOXKE BiOyBaTHCs IpU KiMHaTHii Temmneparypi. Hampukian, TepMoKaTamiTHUHHNA CIOCiO
pYHHYBaHHS IIKiUIMBIX PEYOBHH BUMArae IONepeaHbOr0 HArPiBaHHS IOBITps 0 TeMeparypu nonax 200°C. doTokartaniz pylHye pedOBHHH, SKi
MIPOHHUKAIOTh HaBiTh 4Yepe3 (UIbTPHM Ha OCHOBI aKTHBOBAHOrO BYriuii. Po3risHyTi ocoOIMBOCTI (OpPMYBaHHS OKCHIHUX MOKPHBIB IUIa3MOBO-
€IEKTPOTITHYHHM OKCHIYBAaHHSM CILIaBiB THTaHY. 3allpOIIOHOBAHO JOOOIaAHATH KOHCTPYKIIIO CHCTEM KOJICKTUBHOIO 3aXUCTy Ha OpOHeTeXHili Ta
CTalliOHAPHHUX 00'€KTIB JTOJATKOBHM BCTAHOBICHHSAM Yy (PUIBTP-TIOTNIMHAY MEPEXKH 3 HAHECEHHM IIapOM KaTaliTHYHOTO Marepiary, mo Oynxe
HeWTpalti3yBaTy pi3Hi BUIN HEOE3MEYHNX XIMIYHUX PEYOBHH 33 PaXyHOK (D)OTOKATATITHYHOTO OYHUIIICHHS ITOBITPSL.

KamwouoBi cioBa: ¢dorokaramiz, QinbTp MOriIMHa4, OKCHJI THTaHy, HeOE3Ne4yHi XIMiYHI PEYOBHHH, IMOBITPOOUYMIIYBAY, KaTaTiTHIHUN
Marepiall, CHCTeMa KOJIEKTHBHOT O 3aXHUCTY, IIIa3MOBO-EIIEKTPOIITHYHE OKCH[yBaHHS.

A. B. TAJIAK, H. /. CAXHEHKO, M. B. BE/]b, C. H. MEHBIIIOB, O. I1. KJIIMOB
HCIIOJBb30BAHUE OKCUJA TUTAHA JJA AEZUHTEI'PAIIMU OITACHBIX XUMHUYECKHUX
BEHIECTB C IIOMOIBIO ®OTOKATAJIN3A

Tokpeitue TiO, 06aagaer BBICOKOM anre3ueil k nmoBepxHoctH. JIroOyro moBepXHOCTh ¢ HaHeceHneM Ti0, JIerko Mo3UIHOHUPOBATH IS 00TydeHUS
CBETOM, B OTJIMYKE OT MOPOIIKOB, KOTOPBIE HAJIO €lIe KaK-TO Pa3MEeCTUTh U 3a()MKCUPOBATh HA MOBEPXHOCTH. J{0KazaHO, 4To Ha moBepxHocTH Ti0,
MOTYT OBITh OKHCICHBI (MHHEPaIN30BaHbI) MPAKTUYECKH JIOObIE OpraHM4YecKhe coenuHeHus. Ha npaktuke 1r000d (OTOKATAIMTHYCCKHUI
OUYKMCTHTENb BO3JyXa BKIIOYAET B ceOs MOPUCTHIH HOCHTENb ¢ HaHeceHHBIM TiO;, KOTOpPBIH 0o0iiydaeTcs yibTpad)uOoNICTOBBIMU JIydaMH H 4Yepe3
KOTOpBIi mpojayBaercs Bo3AyX. DOTOKAaTalu3 NPHUroJeH sl OBITOBOIO HCIIOJB30BAaHUS, TaK KaK MOXET IIPOMCXOAUTH IMPU KOMHATHOM
Temneparype. Hampumep, TepMOKaTaIMTHYECKHH CIIOCOO pa3pylleHHs BPEJHBIX BEIIECTB TPeOYeT MPEABapUTEIbHOrO HArpeBa BO3IyXa 10
Temneparypsl cBeime 200 © C. dorokaranus paspyliaeT BEIIECTBa, KOTOPbIE IPOHUKAIOT JaXke Yepe3 (GUIbTPhl Ha OCHOBE aKTUBHPOBAHHOTO YIJIS.
PaccMOTpeHBl  0COOCGHHOCTH  (OPMHPOBAHUS OKCHIHBIX IMOKPBITHI IJIa3MEHHO-3JICKTPOJIUTHYCCKMM  OKCHIMPOBAHUEM CIUIABOB THTaHA.
IpemwnoxkeHo 10000pynOBaTh KOHCTPYKIMIO CHCTEM KOJUJICKTUBHOW 3allUThl HAa OpPOHETEXHHUKE M CTAllMOHAPHBIX OOBEKTOB JOMOJIHUTEILHBIM
YCTaHOBJICHHEM B (DMIBTP-TIOTJIOTUTENb CETKH C HAaHECEHHBIM CIIOEM KaTaJIWTHYECKOro MaTepualia, KOTOpbIi Oyaer HeHTpann3oBaTh pa3liMYHbIC
BUJIbI OIIACHBIX XMMHYECKHUX BEILECTB 33 CYET (hPOTOKATAIUTUYECKOI OUMCTKH BO3yXa.

KarwoueBbie cioBa: Qorokatanus, (GHUIBTD IOTJIOTUTENb, OKCHJA THTaHA, ONACHbIE XHMHYECKHE BEIIECTBA, BO3JYXOOYHUCTHUTEIb,
KaTaJIMTHYCCKUI MaTepHal, CHCTeMa KOJUICKTUBHOW 3all[MThI, I1a3MEHHO-3JIEKTPOJIN THIECKOES OKCHANPOBAHUE.

A. V. GALAK, N. D. SAKHNENKO, M. V. VED, S. N. MENSHOV, A. P. KLIMOV
USE OF TITANIUM OXIDE FOR DISINFECTION OF DANGEROUS CHEMICAL SUBSTANCES BY
PHOTOCATALIS

TiO, coatings have high adhesion to the surface. Any surface applied with TiO, is easy to position for irradiation with light, in contrast to powders
that need to be somehow placed and fixed on the surface. It has been proved that practically any organic compounds can be oxidized (mineralized)
on the TiO, surface. In practice, any photocatalytic air purifier includes a porous carrier with TiO, deposited, which is irradiated with ultraviolet
rays and through which the air is blown. Photocatalysis is suitable for household use, as it can occur at room temperature. For example, the
thermocatalytic way of destroying harmful substances requires preheating of air to temperatures above 200 ° C. Photocatalysis destroys substances
that penetrate even through activated carbon-based filters. Peculiarities of for mation of oxide coatings by plasma-electrolytic oxidation of titanium
alloys are considered. Therefore, it is proposed to equip the design of collective defense systems on armored vehicles and stationary objects with the
additional installation in a filter-sink of a network with a deposited layer of catalytic material that will neutralize various types of hazardous
chemicals by photocatalytic purification of air by titanium oxides.

Keywords: photocatalysis, filter absorber, titanium oxide, hazardous chemicals, air cleaner, catalytic material, collective defense system,
plasma electrolytic oxidation.

Beryn. CBiToBa CIUIBHOTAa 3HA€ BCIO HEOE3IEKY,
ximigHoi 30poi. IIpoTsroM MIOro CTONITTS JIIOACTBO,
MparHy4d  3amodirTu HEOe3MEeYHUM HACITiTKOM
3aCTOCYBaHHS XiMi4HOI 30poi, BEJIO aKTHBHY OOpOTHOY
3a il 3a0opony. IlIpore, 3amummaeTscs YUMaJIo
MOXJIMBHX JPKepell BHHUKHEHHS XiMidHOI HeOe3IeKH.
Ile Moxyrp OyTH TEpOPHCTHYHI aKTH, CYIIyTHi abo
3YMHUCHI aBapii Ha XIMIYHUX MiIIIPUEMCTBAX, arpecis 3
00Ky HEKOHTPOJIEOBAHOI CBITOBOIO CITIJIBHOTOIO JIEP>KaBU

tomo. Pasom i3 TMM HebOe3neka HEKOHTPOIHOBAHOTO
MOMIMPEHHS 1 3acTOCyBaHHA  XiMi4uHOI  30poi,
yCBIOMJIEHHS TOro (Qakry, M0 3Ha4yHi 00csATH

HaKOIMYEHUX OTPYHHHUX PEUYOBHH caMi 10 co0i SBISAIOTH
BEIMKY 3arpo3y B CHJIy TpPYZXHOIIIB 3a0e3neyeHHs
Oesnekn iX 30epiraHHs € aKTyaJlbHOIO NPOOJIEeMOIO

ceoronenns [1]. Tak, y Bepecni 2018 poky uepe3
TIOPYIICHHS TEXHONOrii Ha mianpueMcTBi «Kpumcbkuit
THUTaHy», OYJI0 3IIIICHEHO BUKH]I Ta XiMi4HE 3a0pyIHCHHS
TepuTOpii, a B TOJAIBIIOMY  PO3MOBCIOIKEHHS
3a0pyAHEHOI XMapH Ha TEpUTOPiI0 XepCOHCHKOI 00acTi
HeOe3rneyHoi XiMigyHOI pedoBHHH OKcHI cyiabdypy (VI)
SO;. ¥V Bumaaxky BIMXaHHS Ta MOTPAIUITHHS Ha LIKIpY i
CIM30Bi OOOJIOHKHM BOHA € HEOE3MEUYHOI, B JICAKHUX
BUMAJKaX BJUXaHHS MOXIIMBMH JICTAIbHUH KiHEeUb, a
npu Ge3rmocepeIHPOMY KOHTAKTi i3 MIKIpOIO Ta O4YMMa
BUKJIMKA€ HEKPOTHUYHI OITIKH.

© T'anak O.B., Caxuenko M./I., Benp M.B., Menbios C.M.,

Kumimos O.P., 2018
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PesynpraT wmi€i ekonmoriuHoi kaTacTpodu IMOTipHuInB
CTaH 37I0pOB’sl JIIOJICH Ta MPHBIB 10 3arMOENi BPOXaIo HA
TIOJISAX.

PyiiHyBaHHS MOTEHIIIHHO-HEOC3MEUYHUX 00’ €KTIB,
SKI 3HAXOAAThCS B JEpKaBi, MOXKE TPHU3BECTH [0
3apaXCHHS] 3HAYHMX TEPHUTOPIH, J0 30H 3apakeHHS
MOTPAIUIATh SIK [MBUIbHE HACENEHHS, TaK 1 MiApO3MiiH,
3amisHi B Omepanii o6’egnannx cun (mami — OOC).
BHacitok mporo migpo3aiin MOXYTh ITOHECTH 3HAYHI
BTPaTH 0COOOBOTO CKJIAY, IO BIUIMHE Ha OO€37aTHICTH
YaCTMH Ta MiAPO3MiNiB, 3alydeHHUX JJIsi BHUKOHAHHS
3aBJaHb B paiioni npoenenns OOC [2].

Icnyroui (bUTBTPOBEHTHIIA I HH1 YCTaHOBKH
(arperatm) cramioHapHi Ta Ha  OpoHEOO’€KTax,
GLIBTPYIOYI CHCTEMH HE 3aXHIIAIOTH O0COOOBHIA CKIIa
Bi HeOe3nmeyHuMx XiMiyHMX pewyoBuH (mami — HXP)
TaKWX, SK XJIOp, aMiak, Cip4aHWi aHrigpum i T.m. Bifg
CTYNEHIO 3aXMIIEHOCTI 0CO0OBOrO CKJIaay 3aJeXHTh
eQEeKTUBHICTh BHKOHAaHHS 3aBJaHb 32 IPU3HAYCHHSM,
TOMY HEOOXiZHO IIyKAaTH MiAXOAW [0 BHUPILICHHS
OKpEeCJIEeHOI IPOOIEeMH.

[piopurernnm HaIpsIMKOM PO3BHUTKY €
MOKpaIIeHHsT  €(EeKTUBHOCTI  poOOTH  (UIBTPYIOUHX
CHCTEeM 3a paxyHOK JOJaTKOBOI'O BCTAHOBJICHHS Yy
(GUIBTP-TIOTIMHAY ~ MEPEeKKH 3 HAHECEHHUM  I1apoM
KaTaJiTHIHOTO Matepiamy Juia 3HemrkomkeHHs HXP i
TOKCHHIB pi3HOI npupoau [3].

BukiagaHHsi 0CHOBHOTO MaTepiajay A0C/IiI:KeHb.
@DOTOKATANITUYHI ~ BIACTUBOCTI  JIOKCHIY  TUTaHY
3ajexkatb BiJl Horo Mopdoorii, KpucTanaiuHoi Qopmu,
PO3Mipy YaCTHHOK, MTUTOMOI IToBepXHi. HalOimbm Bigomi
Moiudikanii aHartas, pyrwi, OpykiT 1 HoBa eta
mogudikamiss  eta- TiO, (n-TiO2). Haibinpmmid
KOMEpLIHNH IHTEpeC TMPEACTaBIsE IIOKCHJI THUTAHY
aHaTa3Hol KpHcTaliyHOi Monudikamii, Ha MOBEPXHI
SIKOTO Tij BIiMBoM P® BUIPOMIHIOBaHHS MOXYTH OyTH
OKHMCHEHI JI0 BYIJVIEKHCIOro Ta3y 1 BOAM OpraHiuHi
CHOJIYKM PpI3HOrO CKJIagy, B TOMY 4YHCII OTpyHHI
pedoBHHH. 3a KOPJOHOM (HOTOKATATITHYHI OYHMITYyBadi
TIOBITPSl MIIHO YBIHIIIM B KUTTSA 1 MOOYT TpoMasH.
Snonis, CHIA i €Bpona BUKOPUCTOBYIOTh
(oTOKATATITHYHI OYMCHUKH B KOXKHOMY IPHUMIIICHHI, JIe
HEOOXiTHO  OYHMCTUTH  TOBITPS  BiJ  IOKIJUIHBHX
OpraHiyHMX 3a0pynHIOBadWiB, OakTepii 1 BipyciB,
uBineBux rpubiB. lle B mepury depry JiKyBasbHI
YCTaHOBH JUISI HACENICHHS, ANUTSY1 Ta HaBYaJIbHI 3aKJIa IH,
a TaKOXX CIIOPTHBHI KOMITJIEKCH 1 JKUTIOBI IPUMIIIEHHS.
PoGora TaKUX TIPHIIANIB 3aCHOBaHa Ha
(OTOKATATITUIHOMY OKHMCHEHHI OpTaHIYHMX JOMIIIOK 1
MIKpOOpTraHi3MiB Ha TIOBEpXHI IOPHCTOrO HOCIS 3
BIIPOBa/DKEHMM  (poTOKATasizaTopoM  IiJ  BIUIMBOM
yIBTPadioNeTOBOr0 OMPOMiHIOBAHHS.

Oxcuj TUTaHy TpU NOTJIMHAHHI KBaHTa CBITJIA 3
eHeprieto Oinbme 3,2 eB (e cBITIO 3 TOBXHHOIO XBHIIL
menme 390 HM - ymbTpadioner) reHepye BiIbHI HOCIT
3aps/iiB - HETaTWBHI €IEKTPOHM 1 NMO3UTHBHI BakaHCIl
(nipkm). EnexTopoHu 1 IipKH, BUXOASYM Ha IOBEPXHIO
TiO,, BcTynaioTh B OKMCHO BiZJHOBHI peakii 3 KHUCHEM 1
TapamMH BOJIM 3 TIOBITPs 200 BOJIOIO.

B mpomeci 1mmx peakmiii yTBOPIOIOTHCS CHIIBbHI
OKHCHHKH, sIKi Oe3rocepeHb0 1 B3aEMOJIIIOTH 3 Pi3HUMHA
OpraHiyHUMH 3a0pYIHEHHSMH. YTBOPEHHS TaKOTO POIY
YaCTHHOK poOuTh moBepxHIO TiO; 1yKe CHIBHUM
OKHCHIOBAaYeM, IO JO3BOJISE PO3KJIANATH IIKIUIUBI pe-
YOBMHHM IUIAXOM iX (POTOKATATITUYHOIO OKHCHEHHS 0
6e3neunux H>O 1 CO; [4].

Crnix  3a3HAuUMTH, IO OKCHJA THUTaHy, SKHH
3ycTpidaeTbcss B TPHPOAI B pi3HUX Momuikamisax
(amatas3, pyruwn, OpykiT) $K IIpaBWjO, HE €
¢orokaTanizatopom. st orpuMaHHs (HOTOKATATITHIHUX
BinactuBocted TiO; mnoBMHEH OyTH CHHTE30BaHMH B
MIeBHUX YMOBAX i MaT HAHOPO3MIPHY CTPYKTYpY.

B pabori [5] BKazyBanochk, mo Ha moBepxHi TiO;
MOXYTb OyTH okncHeHi (MiHepanizoBaHi) 1o CO; i H.O
MPaKTHYHO Oynb-AKi OpraHiyHi CHoiayku. SIKmo mo
CKJIaJly CIOJIYK BXOJISTH a30T ab0 aTOMH TajoreHy X, To
B IpoAyKTax peakuii OymyTts crocrepiratucs HNOs i
HX, mo 3mymye BHKOPHCTOBYBAaTH MOCT(GIIbTpH 3
aKTHBOBAHOI'O BYTUIIs. €IMHMM BiJIOMHM IIPHKIIAIOM

CHOJNIYK, MO HE mijialoThess Ha moBepxHi Ti0,
OKHMCHEHHIO IIiJ Ji€l0 ynbTpadioneTOBUX MPOMEHIB, €
TETpaxJIOPMETaH.

Mera poboTu monArae B IPOBEACHHI aHAII3y
icHyounx  ()OTOKAaTaNiTHYHMX  OYMINYBadiB,  SIKi
BUKOPHCTOBYBAJINCh  JJIsI ~ OYMIICHHS  HOBITps, 1
JIOCIIIIKEHHI KaTaJliITHY-HOT'O MaTepiaiy IS

noAaIbpIIoro HaneceHHs Ha cuaBu TiO,. Lle no3BonnTh
OKPECIHTH ITPOIO3HMLIi MI00 KAaTaJITHYHOIO MaTepiaiy,
SKAH Oy/e HaHECEHO Ha MEPEeKKY JUIsi IMOJAIBIIOro ii
BCTaHOBJICHHS Y (DIIBTPYBaJIbHI CHCTEMHU.

B poboti [6, 7] BUBYCHWI IIOKCHA THTaHY, SK
eeKkTUBHMN (oTOKaTai3aTop, IO pYHHYE IIMPOKUI
CHEKTpP TOKCHYHMX XIMIYHMX pEUOBHH. SIK mpaBumio,
(oToKaTaIi3aTOPH Ha OCHOBI JIOKCHIY THUTAaHY BHIOTO-
BISIETHCS B ()OPMI ITOPOIIKIB, IO YCKJIAIHIOE IX IIMPOKE
MIPaKTHYHE 3aCTOCYBAaHHS B PI3HUX TEXHOIOTIsX.

Tabmmsr 1 — Ckiajg eNexTpoNiTiB Ta PEKUMH
(hopMyBaHHS TOKPHBIB

OKcHIHI TOKPOBH Ha

IoxpurTs
CIUIaBaxX TUTAHY

KoHIIEHTpallish KOMIOHEHTIB, MOJIB/IM°

K4P>0 1,0
KMnO4 0,1-0,3
pH 9,0
t,°C 20-25
Pesxxum 00pobku
Cyctuna crpymy, A/nm? 1-5
Yac 06pobku, XB 30-60
Hanpyra, B :
ICKpIHHS 65
mporecy [TEO 130-140

BuBuenHs ocoOmmBOCTell (hOpMyBaHHS OKCHITHUX
MTOKPUBIB  IJIa3MOBO-CICKTPOIITHYHIM OKCHAYBaHHIM
(ITEO) cnnagiB amoMiHIIO Ta TUTaHy B mipodochaTHrx
EIIEKTPOITITaX 32 HAsBHOCTI COJEH IMEpeXiHUX METaliB
TIPOBOTMITUCH B po0oOTi [8].
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Jnsa (dbopmyBaHHS OKCHJIHUX TTOKPHBIB
BHUKOPHCTOBYBAJIM NMPSIMOKYTHI 3pa3ku crasis BT1-0 Ta
Ki2M;MrH po6ouoro mromero 0,2-1,0 Mm% Ilixroroska
MOBEPXHI BKJIIOYANa oOmepalii MexaHiyHOI 00poOKu
(umutipyBaHHS HaKAAYHUM I1allepoM), 3HEKUPEHHS Ta
TpaBJICHHS Yy JIY)KHOMY pO3YMHI 3  KacKaJHUM
MIPOMUBAHHSAM TEIUIOI0 Ta XOJOAHOIO Boxor. Cxema
712a00paTOpHOi YCTAaHOBKM BKJIIOUAJIA  EJIEKTPOXIMIUHY
BaHHy i3  NPUMYCOBHM  IIEpPEMIIIyBaHHAM  Ta
OXOJIOJUKEHHSIM ~ €JIEKTPOJITY, IPOMHCIOBE JDKEPEIO
mocrifiHoro crpymy b5-50 Ta BHCOKOOMHHU BOJBTMETD
JUIE KOHTPOJIIO HANpyry mpouecy okcuiayBaHHs. Ckiam
esteKTpodiTiB Ta pexxumu [IEO HaBeneHo y Tadm. 1.

Bkazano, mo ITEO cnmaBy BT1-0 B enextpositax
Ha CIUTaBaxX TUTaHy Iiepedirae 6e3 iCTOTHUX YCKJIa/JHEHb,
TOMy  HOro  eJNeKTpoXiMiuHy  oOpoOKy  MOXHa
3IACHIOBATH OJHOCTAJIHO 3a peKMMaMU 3TiTHO TaOII.
1. V 3a3HaueHMX MaHTaH BMICHUX €JEKTpONiTax Ha
CIyIaBax THTaHy (OPMYEThCs eMajerofioHa piBHOMIpHA
MIOBEPXHS, sIKa CKIAmaeThesl 31 cepoinabHUX 3epeH
(puc. 1). Takox 3a IMX YMOB IPOSIBIISIETHCS XapaKTepHa
JUIS  OKCHIIB TpyO4acTa MiKporopyBara

CTPYKTYypa.

TUTaHy

Puc. 1 — Mopdornorist moBepXHi Ta BMICT JIOITAHTIB
(xobanbTy, MaHTaHy) B C(hOPMOBaHHMX OKCHIHHX
IoKpuBax Ha ciaBax BT1-0

B pobGori [9] s ekcnmepuMEHTy —IUTa3MOBO-
CJIEKTPOJITUYHOIO  OKCHAYBAaHHS  BHKOPHCTOBYBAIIU
acTuHy tutany mapka VT1-0 posmipom 0,5 x 2,5 x
0,1 cm. 3paskum Oynum MEXaHIYHO IIOJIIPOBAHUMHM IS
BUJAJICHHS YTBOPEHMX JAe(QeKTiB MijJ dYac pi3aHHs
Metary. [licims 1pOro 3pasku XiMIYHO MONIpYBalll
B cymimi kucimor HF:HNO3 = 1: 3 npu Temmeparypi 60—
80°C mporsirom 2-3 ¢, micas 4YOro IPOMHUBAIH
B JIMCTWJIBOBAHIH BOJI 1 CYIIMIIN Ha TTOBITPI.

CkiisiHKa 00'eMOM 1 J1, BUTOTOBJIEHA 3 TEPMOCTIHKOTO
CKJIa, BHKOPHCTOBYBAJACh SIK CJICKTPOXIMiYHA KOMipKa
i ITEO. Karox 3 HepkaBitowoi cTaii B popMi KOTYIIKA
3HAaXOIWBCS B cepeduHi cyauHH. [lepeminryBaHHS
CIEKTPONITY 3IIHCHIOBAIOCH 33 JOMOMOT'OK MAarHITHOI
mimankn TER-63/460N. Ilicnms OKHUCHEHHS 3pa3Ku
MIPOMUBAJIN B AUCTWIILOBAHIM BOMAI 1 IpocymIyBaiud B
TIOBITPI.

dazoBuit CKITaf BH3HAYAIN METOZIOM
PEHTTEHOCTPYKTYpPHOIO aHaJizy (XRD)
3 BUKopHucTaHHsiM  udpaxromerpii  D§  ADVANCE
(Himeyunna) B  CuKo, Jge  BUNPOMIHIOBaHHS
IIPOBOIMIIOCH 3a CTaHAAPTHOIO METOUKOIO.
InenTudikanis cHolryk B JOCTIPKYBaHHX 3pa3Kax

BUKOHaHa B pEXHMi aBTOMaTHYHOro mnomyky EVA
3 BUKOpHCTaHHsIM Oa3u janux PDF-2. Enemenrtanit
CKJaJ, TIOBEpXHI ITOKPUTTS BU3HAYald  METOIOM
PEHTTCHOCIIEKTPaTbHOTO aHamizy (XSA).

Tabmums 2 — Ckian NOKPUTTIB 1 CTYHEHI pO3KIaJaHHS
METIIEHOBOr0 cuHbOro (X,%) y iX mpucyrHocti

Nos\ CRIa CHOKTDONIT X, | ®a3oBwii] Bwmict
I A CHICKTpOITY % cKian | enemeHTiB, %
AR
1. 0,1 MNa;PO; | 32 m’:‘;’i 056,0;P 2,7;
pyTY Ti 28.9
CITiJTN)
. C13.1,
2. | OIMMEOS ) (agfz) 059.6, Zn 2.3,
2 )| P 4.0, Ti20.6
0,1 M NasPO4+ TiO» 070,1;
3 | szn(CH;c00), | 2 | (anaras) | 20 LT P
3 2 a Ti 22,3
TiO,
066,1;S0,3;
4. 0,1 M H2SO4 17 (aHa.Tas, Ti33.6
pyris)
5 0.1 MILSOs+ | o (;I;?;B 064,9; S 0,5;
) 5Zn(CH3COO); D Ti 34,6
pyrin)
TiO,
C3,0,061,3;
6. ZnS04 19 (aHa.Tas, N 3.3: Ti 32.5
pyrin)
Sk mxepeno  ynbTpadioneToBOro  ONpOMiHEHHS

BHKOPHCTOBYBaJach pTyTHOKBapiosa samna (DRT-125),
ska Oyma chpsMOBaHa TaKMM YWHOM, II00 OCHOBHA
YacTHHA OCBITJICHHS TNOTpaluisula Ha JOCHiIKyBaHY
MOBEpPXHIO.  3pa3oKk  ompoMiHmoBamu Y D-CBITIOM
MIPOTSTOM 2 TO/INH.

B pobori [10] 3anponoHOBaHO BHKOPHCTOBYBATH
CBITJIOAIOHY CTPiUKy B TaKk 3HAHOMY «TpyO4acTomy
(doTOKaTANITUYHOMY OYMIIYyBadi MOBITps». Y HaHii
koHCTpyKuii  Tturany  (IV) OKCHJ HAHOCSTh
Ha BHYTPIIIHIO IIOBEPXHIO TPYOKHM OJHAKOBO IO BCi
il TOBXWHI, a HAWOUTBII TEXHOJOTIYHUM € TCPETHH
y Burisini kona (puc. 2). Ilpu BUKOpHCTaHHI SIK JpKeperna
yIbTpa(ioNeTOBUX MPOMIHIB  Ta30pO3psiiHOI  JIaMITH
CBITHJIBHUK (TpyOKa 3 KBapLOBOr0O CKITa)
PO3TaIIOBYETHCS MO OCi MOBITPOOYMCHUKA 1 PIBHOMIPHO
OIPOMIHIOE BCIO BHYTPIIIHIO [OBEPXHIO, ITOKPUTY
mapoM Jiokcuny TutaHy. [Ipu posmimeHnHi Ha crpiumi
OKpEMHX CBITJIOMIOMIB HA [esIKild BIACTaHI OJUH BiX
OJHOTO BHHMKJIN TaK 3BaHI «MEpPTBI 30HW», TOOTO
TUTSTHKH BHYTPIIIHBOI TIOBEPXHI TpyO4acToro
MOBITPOOUMIIYBaYa, SIKi OJCP)KYIOTh BIJIHOCHO MajHi
notik Y ®@-nipomeniB. IIuranns MoxkHa Oy10 BUPIINTH 32
PaXyHOK pO3MIIICHHS CBITJIOMIONIB HAa  MCHBIIIH
BiJcTaHi, abo 3aMiHI Ha JIAMITH PO3KAPIOBAHHS, SIKI €
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CHPSIMOBAaHMMHM 1 BUTIPOMIHIOIOTH CBITJIO, a TakoX Oe3
JIOAATKOBOTO (DOKYCYBaHHS 1 €KpaHyBaHHS.

N o=
| .0
i HB( a) \ .
anﬂyx Owllalcf;yxbm

\ﬁ
~—

Puc. 2 — TpybOuactuii (OTOKaTaNUTHIESCKUI OYHCHHK
MOBITPS: @ — 3 Ta30pO3psiHA JIamIa; 6 — OXHOCTOPOHHS
CBITJIOMIONHA CTpidKa; 6 — JBOCTOPOHHS CBITJIOJIOTHOIO
CTpiuko0: / — KOpIIyC TMOBITPOOYMCHHKA; 2 — BHYTPIIIHS
TIOBEpPXHS KOpIycy, mokpura mapoM TiOz; 3 — razopospsana
namIa; 4 — CBITIIOAIOAHA CTPiUKa; 5 — OKpeMi CBiTIogionn

[Ipn BuUroToBneHHi (OTOKATATITUYHOTO IOBITPO-
OUHWIlyBa4a 31 CBITJOJIOJHOI CTPIYKOI  OIHIEO
i3 mpobeM OyITo 30iTBIIEHHS TaK 3BAHOTO “‘KOPHUCHOTO
OITPOMiHEHHS”, 10 XapaKTepusye KIJIBKICTB
yabTpadioneToBuxe IIPOMEHIB Bif OKpPEMOro
CBITJIONIONA, SKE JOCSATA€ OIPOMIHIOBAHOI JIiJISTHKH.
Is yvactura moroky Y®-npomeHiB, MmO ePEKTUBHO
HaINpaBISETCI HAa poOOUYy IMOBEPXHIO 0€3 ypaxyBaHHS
BTpaT BUIIPOMIHIOBaHHS. B maHOMy BHMaaKy poOodoro
MOBEPXHEI0 € BHYTPIIIHA IIOBEPXHS ITOPOXKHHUCTOI
TpyOKH, MTOKpPHTA IIapOM IiOKCHLy THTaHY.

0 902
, 80"
@
o
o 700
o
i 50
8 " GUD
o |
=

| 502
100
0 100 200 300

Puc. 3 — Cim THITiB KpUBOi CHIJIM CBITJIA

Binbmricts CBITJIOHIONIB Ta CBITIIOMIOAHUX
CBITWIILHUKIB 3aliMa€ MPOMIKHE MOTOXKCHHS MiXK ITUMH
JIBOMa THUIIAMH OTIIPOMiHIOBAYiB.

Brparu BUIIpOMiHIOBAaHHS MOXYTh BUHHKATH 3 TPHOX
TIPHYVH:

— YO-mpoMeHI YacTKOBO 3aropoKyroThcs abo
PO3CIFOIOTECS. KOPITYCOM OKPEMOTO CBITIIONIONA;

— Y®-npoMeHi BUTIPOMIHIOIOTECS B HEMPABUIBHOMY
HanpsIMKY Yepe3 HeBipHY OpieHTalil CBITIONI0AIB;

— TIOTIK BUIIPOMIHIOBAHHS MOCHAOIIOEThCS dYepes
3a0pynHeHHsT a00 3amICHHS CBITJIOBHIIPOMIiHIOIOYBOI
moBepxHi cBiTimomiona [11].

ITix xpuBOIO CHIM CBiTNIA pUC. 3 PO3yMitOTh Tpadik
3alI)KHOCTI CHJIM CBITJIa OKPEMOTO CBITJIOZIOAa Bix
MEpUIIOHANIFHAX 1 €KBAaTOPiaJbHUX KYTIB, KI OfiepKaHi
MEPETUHOM HOro (OTOMETPUYHOTIO Tila IUIONIHHOO.
Orke, KCC ommcye sk came BHUXITHE CBITJIO
PO3IOAUISETHCS B IPOCTOPI.

Tab6mums 3 — Tunm KpuBHUX CrutH cBiTia [12]

30Ha HaIPSAMKIB
Ilo3nauenns | HalimenyBaHHA MaKCUMAaJIbHOI
CHJIM CBITJIA
K KonuentpoBana 0...15°
r I'muboka 0...30° 180...150°
pi| Kocunycha 0...35° 180...145°
HamiBmmpoxka 35...55%
JI 145...125°
il IMupoxa 55...85° 125...95°
M PiBHomipHa 0...180°
C CuHycHa 70...90°; 110...90°

UM mmpmie MonepeyHui po3MOJiT CBITIOBOTO
MIOTOKY, TUM CHJIBHIIIE BiH Oy/e po3CiloBaTUCS.

3a pe3ynabTaTaMH aHaji3y HaBEAECHOrO Martepiairy
MOXHA IINTH BHCHOBKY, IO HE ICHY€ TaKWX THIIIB
¢uTbTpiB, AKi 3axumaroTh Bix Beix TiiB XHP. Tomy
NoTpiOHO c(hOPMYBATH BUMOTH JIO CHCTEM KOJIEKTHBHOT'O
3axXHCTy SK Ha OpOHETEeXHilli, TaK 1 CTaI[lOHApHUX, SKi
OynmyTth 3axummati Bix HXP.

VY poborti [13, 14] BKa3yeThbcsl, IO B CHCTEMax KO-
JIEKTUBHOT'O 3aXHCTy 0€3 ICTOTHUX KOHCTPYKIIHHNAX 3MiH
Ta CYTTEBUX MaTrepiaibHUX BHUTPAT MOXIIMBO IIif-
BUIIMTH EKCIUTyaTaliliHI XapaKTEepUCTHKH 3a PaXyHOK
JIOAATKOT'O BCTAHOBJICHHS Y (DUIBTP-TIOTIMHAY MEPEXKH 3
HaHECEHUM IIapoM KaTaJiTW4HOro marepiainy. Lle macts
MOXJIUBICTh 3HEUIKO/KYBaTH (PO3KJIalaTH) TOKCHHU
Pi3HOI ITPUPOIM 32 BUCOKUX ITOKa3HMKIB IIpane3aaTHOCTI
B IIMPOKOMY IHTEpBaJli TeMIepaTyp Ta KOpO3iiHOI
TPUBKOCTI.

Ha puc. 4. mokazaHo ymockoHaneHHs QinbTpa-
MOrJIMHA4Ya  Ha OpOHETeXHimi B SIKy BCTaHOBJICHO
MEPEXKY 3 HAHECEHHM IIapOM KaTalTiTHYHOTO MaTepiary
3 MOTpAIUIIHHAM Y O-IIpoMeHiB Ha ii 4acTHHY MOBEPXHI.
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Ceitneniemna cTpidea

Puc. 4 — Cxema ynockoHasneHHs (piabpTpa-norinHaya
Ha OpOHCTEXHIIIi

Hnst GopmyBaHHS TAaKOro KaTaliTHYHOTO MOKPHUTTS

JIOIIJIBHO 3aCTOCOBYBATH METOJ TLIa3MOBOTO
CNIEKTPONITUYHOIO  OKCHJyBaHHS,  SIKHH  TaKoX
Ha3UBaIOTh  MIKpPOIYroBUM  a00  aHOJHOICKPOBUM

OKHMCHEHHSIM, J03BOJISIE 3a0C3MEUUTH BUCOKY aAre3iro
OKCHJHUX TIOKPUBIB 10 MiAKIAJIKH, JICICKTPHYHI,
3aXMCHI, KaTaaiTHYHI, aHTH(PUKIIIHHI, Ta 1HII
BracTuBOCTi [15—17]. BimMiHHOIO OCOOJIMBICTIO METOIY
IMEO € mMoxmuBicTh (OpMyBaHHS KOHBEPCIHHHX IIApiB,
SIKI BKJIIOYAIOTh SIK OKCHIM OCHOBHOTO METally, Tak

1 KOMIIOHEHTH SNEKTPOIITY abo MPOAYKTH
X eJeKTPOXIMIYHMX 1 TEPMOXIMIYHUX II€PETBOPEHb.
XiMmiyauit  ckmax  mokpuTTiB,  yrBopeHux  [IEO,

BH3HAYAETHCSI XapaKTEpOM MeTally, 10 OKHCHIOETHCS,
rapamMeTpamMy Ipomecy 1 TPHPOJOI0 KOMIIOHEHTIB
CJIEKTPOJITY, TaK IO YNPABIIHHSA CKJIQJAOM aHOJHHUX
mapiB MoXKe 3HaYHO MONIMIIUTH 1X (i3udHi Ta XiMidHI
BiactuBocTi [15, 18]

BucHoBKM Ta  mepCHeKTHBH  NOJAJBIIOLO
PO3BUTKY JAHOI'0 HANIPSAMKY.
3a pe3yibTaTaMu IIPOBEAECHOrO aHaJizy

BCTAHOBJICHO, IO OYMINEHHS HEOE3NMEeYHMX XIMIYHUX
PEYOBHH (POTOKATATI30M € MEPCHEKTUBHUM ITUTAHHAM
JUI 3aXHCTY 0COOOBOro CKiamy. Jms BIOCKOHaJICHHS
ICHYIOWiX CHCTEM KOJIGKTUBHOTO 3aXHCTy HOTPiOHO
pPO3pOOUTH YCTAHOBKY, € INepeadadylTd MOTPAIUISTHHS
Y®-npomeHiB Ha YacTHHY MOBEPXHI Mepekku. OaHUM
13 HaCTYITHUX 3aBJIaHb HayKOBUX  JOCIIJDKEHb
€ BU3HAYEHHS BUMOT JI0 CHCTEMHU:

® TUIT yIbTPadioseTOBOro JKepena, Mo 3A1HCHUTh
Oe3mnepebiitne MOTPaIUISTHHS yIbTpadioneToBoro
BUIIPOMIHIOBAaHHS, $KE IJUIA€TbCsl BiOparii, pisHEM
MIPUCKOPEHHSM 1 yziapam;

® [IpaBMIIbHE PO3MIIIEHHS JoKepena
yIBTPadioNeTOBOro BHUIIPOMIHIOBAaHHS ISl 3MEHIICHHS
«MEpTBHUX 30H;

® MAaKCUMaJIbHUM CTYNiHb OTPUMaHHS KOPHCHOTO
ONPOMIHEHHS, a caMe KUIBKICTb YIbTpadioleToOBUX
NIPOMEHIB  BiI OKpPEMOro JoKepena, SKe JIOCsATae
OMPOMIHEHOI AUITHKH.

Bubip xaramiTHaHOr0 Matepiany Ul IOAAIBIIOTO
HaHeceHHS Ha cmaBu Ti0O; MeToIOM IUIA3MOBO-
€JIEKTPOJITUYHE OKCHYBaHHS, a CaMe: CTBOPEHHS HOBHX
HETOKCHYHHUX  EJEKTPOJITIB 1 onTumizamii  pexuMiB
(hopMyBaHHS KOHBEPCIHHNX MO-KPHUBIB.
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S. I. BUKHKALO, A. O. AGEICHEVA, O. 1. KOMAROVA, L. V. BABASH
INTELLECTUAL PROPERTY PROTECTION IN DISTANCE EDUCATION SYSTEM

Main aspects of intellectual property protection in the implementation of distance learning are studied. The relevance based on the
need of implementation distance learning and the use of the opportunities offered by e-learning. The problem of the protection
intellectual property in distance education. It is determined that technical means should provide a program of students' work on the
content of the educational material (program of its learning process), a combination of training and education functions,
strengthening the control and self-control of the process and its results of the process of learning knowledge, assistance in
implementing the ideas of differential and problem learning.

Keywords: distance education; e-learning; information and communication technology training; adult life long education;
intellectual property.

C. I. BYXKAJIO, A. O. ATEH YEBA, A. H. KOMAPOBA, JI. B. BABALII L
3AXHUCT IHTEJIEKTYAJIBHOI BJJACHOCTI B CUCTEMI JUCTAHIINHOI OCBITHU

B po6oTi po3riIsmaoThes TOJOBHI acHEeKTH 3aXHCTy iHTEJEKTYyalIbHOI BIIACHOCTI IPU BIIPOBA/KEHHI AWUCTAHIIIHOIO HABYAHHS.
AKTYanbHICTE pOOOTH 3yMOBJI€HA HEOOXIAHICTIO BIIPOBAKECHHS JUCTAHIIIMHOrO HABYAHHS Ta BUKOPHUCTAHHSIM MOXIIMBOCTEH, SKi
Jla€ eJIeKTPOHHE HaBYaHHA. JlocikeHo mpobieMy HeoOXiMHOCTI 3aXUCTy IHTEIEKTyaIbHOI BIIACHOCTI B CHCTEMi TUCTAHI[IHHOTO
ocBiTH. Bm3HaueHo, mo TexHIYHMMH 3aco0aMy Mae OyTu mepenbadeHa mporpama poOOTH CTYAEHTIB 3a 3MICTOM HaBYAIEHOTO
Martepiany (mporpama HOro HaBYaIBHOTO IIPOIECy), MOETHAHHS (DYyHKIiH HAaBYaHHA Ta OCBITH, IOCHJICHHS KOHTPONIO Ta
CaMOKOHTPOJIO THPOIeCy Ta HOro pe3yNbTaTiB MPOLeCy BUBUEHHS 3HAHb, JOMOMOTH y peaizamii imeil nuepeHiiioBaHoro Ta
poOJIEeMHOTO HABYAHHSI.

KniouoBi cnoBa: mqucraHmiiiHa OCBiTa; CNCKTPOHHE HABYAHHS, IH(OpPMANifHO-KOMYHIKQTHBHI TEXHOJOTrii HABYaHHS,
Oe3nepepBHa OCBiTa JOPOCIHX; IHTEIEKTYaIbHA BIACHICTb.

C. H. BYXKAJIO, A. 0. ATEHYEBA, A. H. KOMAPOBA, JI. B. BABAIIl
3AIMTA UHTEJUIEKTYAJIbHOU COBCTBEHHOCTHU B CUCTEME
JUCTAHIHMOHHOI'O OBPA3OBAHUS

B pabore paccmaTpuBaioTCs OCHOBHBIE ACHEKTHI 3aIIUTHI MHTEIJIEKTYaJIbHOH COOCTBEHHOCTH NPH BHEAPCHUH IHCTAHIMOHHOTO
0o0y4eHus. AKTYyalbHOCTH PabOTHl 0OYyCIIOBIICHa HEOOXOOMMOCTHIO BHEAPEHHS IMCTAHIMOHHOTO OOYYCHHS W HUCIIOIb30BaHUEM
BO3MOXKHOCTEH, KOTOpBIE IaeT JJIeKTpoHHOoe oOydeHue. MccremoBaHa mpoOiieMa HEOOXOAWMOCTH 3aIlUTHl WHTEIUIEKTYaTbHOU
COOCTBEHHOCTH B CHCTEME AWCTAHIMOHHOTO 00pa3oBaHMsA. Y CTAHOBIICHO, YTO TEXHHUYECKHE CPEICTBA JIOIKHBI OOECIednBaTh
IIporpamMMy paboTHI CTYICHTOB MO COAEPKAHMIO yIeOHOro MaTepuaia (IIporpaMMa ero yaeOHoro mporecca), codeTanue (GpyHKIHi
o0ydeHnst 1 00pa30BaHMs, YKPEIUICHHE KOHTPOISI M CAMOKOHTPOJS TPOLECcca M ero Pe3ylbTaToB Iponecca o0ydeHNUs 3HAHUIM,
TIOMOIIY B pean3aiy uaei qudepeHInanIsHoro 1 IpodIeMHOro 00yIeHus.

KnioueBble cJIOBa: [UCTAaHIMOHHOE OOpa30BaHUE; JJIEKTPOHHOE OOydeHHE; HH(OPMAIIMOHHO-KOMMYHHUKAaTHBHEIC
TEXHOJIOTHH 00ydeHHsI; HEIPEPHIBHOE 00pa30BaHUE B3POCIBIX; HHTEIUICKTyaIbHAsl COOCTBEHHOCTb.

Introduction. The main factors in the organization
of student training, for example, in complex innovative

of distance education, the most favored mode, the
complexity, accessibility, modularity.

projects, are the updating of their components intellectual
property objects and distance education [1-5]. It does not
exclude the creation and constant updating of electronic
courses of intellectual property in the system of distance
education, the development of didactic fundamentals of
distance learning, tutors training.

Teachers are assigned functions such as
coordinating the cognitive process; correction of courses
both basic and related; counseling in the preparation of
an individual curriculum, management of educational
projects, etc. At the initial stage, the teacher manages
mutual assistance learning groups, assists students in
their professional self-determination and development,
for example, to identify literature on selected objects of
intellectual property for integrated technologies [7—13].

Problem research. The main principles of
constructing distance learning in an educational
institution are the unified methodological basis, the
decentralization of the creation and management

Distance learning is also based on some important
principles: the principle of interactivity [1-4], the
principle of starting knowledge [5-8], the principle of
individualization [11], the principle of identification [9,
10, 12, 13], the principle of regulatory training, the
principle of pedagogical feasibility using new
information technologies.

Distance learning has many advantages both social
and economic. As in the case of corporate learning,
economics is a major driving force, since it easily
determines economies and economic justification.
Distant education also has many benefits to society,
although they are more difficult to quantify. Despite the
huge number of educational institutions in the world, the
demand for the educational services market is still higher
than the supply. Distance education creates equal
opportunities for those who wish to study, improve their
qualifications, undergo retraining and find work.
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This system enables to get higher education in
parallel with the basic human activities, expands the
ability to study abroad, obtaining degrees recognized by
the international educational community.

Distant education provides a wider perspective in
choosing a higher education. The basis of the educational
process in distance learning is focused and controlled
intensive independent work of the student, who learns on
an individual schedule in a convenient for him tempo.

Of course, the level of education and access to
education through communication technology varies
depending on the economic development of a single
country.

Systematization and analysis of existing workshops
and methods for ensuring the quality of distance learning
provide the necessary basis for scientific advancements.

Statement of the problem in general and its
connection with important scientific or practical tasks.

The study of current IP policy in research
universities in relation to online distance learning
materials is a very important aspect of the research. The
dissemination of distance learning convinces teachers,
administrators and institutions that institutional policies
must protect and maintain an environment that
encourages creativity, productivity, and academic
freedom. It provides the foundation for analyzing,
criticizing and further developing consistent copyright
and intellectual property rights associated with distance
learning materials.

Investigation of the security of information
resources of this study represents a great scientific and

applied interest. In the implementation of the distance
learning system, there are problems with the protection
of the intellectual property of the training courses,
control of student knowledge, and confirmation of the
authority of the remote client.

With the development of information technology,
more and more attention is paid to research in the field of
distance learning [14—16]. The above problems are
caused by large losses from the leakage of information
provided by the authors of the training courses, the loss
of credibility in the control and accounting positions, as
well as the ability to substitute the results of distance
learning by students. The security of information in the
system of distance learning affects many aspects of
functioning, often being the main factor in its existence
and development. To successfully solve the above
problems, it is necessary to determine the necessary and
sufficient level of protection of information resources. As
the criteria for the necessity and security measure
adequacy, criticism, value of information resources of the
distance education system, and, accordingly, actual tasks
are the development of methods for assessing the value,
criticality and security of information resources of the
distance learning system.

An important factor in the development of
intellectual property in the system of distance education
is to determine the levels of legal protection for them.
For example, the levels of legal protection (Table 1) the
objects of intellectual (industrial, technical and
technological) property can be defined as: individual
private, production service, state and transnational.

Table 1 Intellectual property objects legal protection levels

Individual private Production service State Transnational

Own publications Production standards License Foreign patent

Models Specifications of the enterprise |State patents Conventions
Certificates of activity type Technical documentation Laws Transnational Contracts
Certificates of quality Corporate publications Standard Acts Others

Work of authorship Agreement, contract Contracts

Others State standards Certificates of quality

It should be noted the following possibilities of
classification and identification of intellectual property
for students’ competence innovative innovations at
higher educational institutions:

1) The basis of copyright is the concept to
determine the original result of creative activity,
available in some form of objective;

2) Compatible rights are a group of exclusive rights,
formed on the basis of a model of copyright for types of
activities that are not sufficiently creative to disseminate
their results to copyright;

3) Patent law is the order of inventions, utility
models, industrial designs and breeding achievements
protection through the issuance of patents;

4) The rights to individualization mean a group of
objects of intellectual property, the rights which unite
into one legal institution the protection of marketing
indications: trademarks, trade names, the name of the
place and origin of goods;

5) The right to production secrets (know-how) is
information of any nature, for example, original
technology or technical solutions, knowledge, skills and
others that are protected by the regime of commercial
secrets and may be the subject of sale or used to achieve
a competitive advantages over other subjects of
entrepreneurial activity;

6) Protection of new varieties is a system of legal
norms governing the copyright for new varieties of plants
brought out by breeders.

Researchers argue that the transfer of copyrighted
material is illegal, even if there was no personal benefit
to the seller [17].

Studying current policies in the field of intellectual
property at universities in relation to online materials is a
very important aspect of the study. The dissemination of
distance learning convinces teachers, administrators and
institutions that institutional policies must protect and
maintain an environment that encourages creativity,
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productivity, and academic freedom. It provides the
foundation for analyzing, criticizing and further
developing consistent copyright and intellectual property
rights associated with distance learning materials.

Main research material statement.

The number of online courses is increasing in
higher education institutions. The increasing use of
online courses raises issues of ownership of course
materials and increases the tension between teachers and
universities regarding the rights and responsibilities
associated with online courses. Electronic means are
protected from piracy, but this does not apply to
information that is posted on the Internet. After all, this
information, especially concerning science, education,
refers to intellectual property. At present, the vast
majority of distance learning courses are closed, only
demo versions are shown, for which it is sometimes
impossible to judge their quality. Open courses, articles,
and books are explicitly used without any references.
There is no quick solution to this problem, but it is
necessary to solve it, because the distribution of
educational and educational information in the world's
network space, the quality of the educational products
being created and used is directly dependent on it. These
problems are mainly related to the pedagogical side of
distance learning. Of course, there are other issues
related, for example, with the need for a systematic
upgrade of the hardware park, software, respectively,
consistently improving the level of proficiency in the
user's personal computer teachers. A typical justification
for such an approach, the use of intellectual property
means that teachers are not authors of works created with
the resources of the university.

With the introduction of distance learning through
digital delivery facilities such as training, e-mail and
other Internet technologies, intellectual property rights
violations have spread.

As soon as copyrighted material is recorded in a
material format such as a manuscript or electronic file, it
automatically  becomes  protected. = Nevertheless,
registration with the Copyright Registration Office
provides additional protection in case of violation and is
often in the interests of the author, if the violation
becomes a problem. Copyrighted works may be
reproduced, adapted for the creation of derivative works,
distributed and executed by other authors. The latter may
also transfer rights to others. If copyrighted material is
reproduced without the consent of the owner, the
offender may be held responsible for copyright
infringement. Such an example of copyright infringement
is the use of software and multimedia materials.
Materials such as ideas, facts, and discoveries are not
covered by copyright, since they are not recorded in
material form.

If there is no written agreement granting the right of
ownership to a teacher, then upon dismissal, the property
rights may remain with the employer. Under the terms of
employment, the right of ownership moves from the
original owner to the employer, which in turn changes
the term of the copyright from 50 years in the case of

individual ownership for 75 years with the organizational
rights of ownership. This corresponds to a change in
defense that the university's policy defines them as
traditional scholarly work [18].

Intellectual property issues relating to software and
other electronic materials are more complex with the
increasing number of online courses and programs at the
universities and the increasing use of technology faculty
to administer their courses. It should be borne in mind
that in the past, traditional scholarly work was not the
main source of income for the university. The emergence
and development of digital formats, such as courses and
programs, may affect the right of universities to define
traditional scholarly work by future policy of educational
institutions [19].

As part of distance learning, some institutions and
teachers solve the problem of authorship of digital
personal materials. One problem is that the materials
advanced digital course content often use a significant
amount of organizational resources such as design,
location on the server management and maintenance,
specialized software and other costs associated with
infrastructure.

Teachers spend a lot of time and effort and want to
be recognized accordingly to help finance and develop
their future research and publications.

One element that complicates the process is that
materials developed by instructors with institutional
resources can be easily transmitted through the media
and quickly disseminated among large audiences.

Undoubtedly, online learning will in no way be a
substitute for traditional teaching. It is unable to create a
student atmosphere and to replace communication with a
living teacher. With the help of distance education,
residents of small cities have the opportunity to pass and
successfully complete the courses of metropolitan
universities and academies. With the help of distance
learning, it is possible to strike a balance between the
public demand for education and its offer.

All educational institutions that use information and
communication technologies are in fact out of the legal
field. It should be noted that today for the development
of the system of distance education practically there is no
regulatory and legal basis.

In higher educational institutions and other
organizations, electronic textbooks and libraries of them,
information and educational environments are gradually
being created, but there are no legal bases for the use of
these materials placed on the network. For the effective
work of educational institutions using remote learning
technologies, coordination of their activities is necessary,
as well as the creation of a relevant regulatory framework
and the provision of distance learning for official status.

The regulatory framework of distance education
should be formed in the form of a package of national
acts on the organization of legal regulation of relations
between objects and subjects in the field of distance
education, taking into account the uniform requirements
defined by the Ministry of Education and Science.
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The following principles should be based:
accounting of constitutional norms, openness and
availability of information, protection of intellectual
property rights, information security, coherence of norms
with acts of other branches of legislation, as well as with
international law. If the distance education system has a
regulatory framework, it will become one of the official
forms of education. It is determined that technical means
should provide a program of students' work on the
content of the educational material (program of its
learning process), a combination of training and
education functions, strengthening the control and self-
control of the process and its results of the process of
learning knowledge, assistance in implementing the ideas
of differential and problem learning. However, it should
be noted that today, speaking about distance education
and solving the problems of its introduction into practice,
leading Swedish scientists pay much attention to the
main aspects of information exchange as a basis of
advanced education, oriented to the existence of a person
in the information society [20].

Educational process in distance learning is focused
and controlled intensive independent work of the student,
who learns on an individual schedule in a convenient for
him tempo. Intellectual property is a term that
encompasses many different forms of creative work. It
includes the primary fields of copyright, patent, and
trademark law, as well as incorporating trade secrets,
unfair competition, and other subspecialties of the law.
Generally, intellectual property covers the principle
rights governing the ownership and disposition of an
individual's creativity.

Conclusions and prospects for further research
into the problem. The priority of the development of
education is the introduction of modern information and
communication technologies, which provide
improvement of the educational process, accessibility
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A. H. MAITET OPA, O. II. APCEHBEBA, II. A. KAITYCTEHKO, B. B. 30PEHKO, JI. B. CO/IOBEH

OBOBIIEHHASI MOJEJIb ®OPMHUPOBAHMUSI 3ATPSI3HEHMI TOBEPXHOCTH
TEIVIONIEPEJAYU B BE3PASMEPHOU ®OPME U EE IPUMEHEHHUE JJI1 PACUETA
INIACTUHYATOTI' O TEINTOOBMEHHUKA

Pa3paborana o00oOmeHHass MaTeMaTH4YecKas Mojenb (OPMHPOBAHUS 3arps3HEHHIl Ha MOBEPXHOCTH TEIUIONEPENadd IUIACTHHYATOrO
TEIIOOOMEHHHKA. Mozens Ipe/cTaBlieHa CHCTEMOU OOBIKHOBEHHBIX AU(depeHNNaIbHbIX ypaBHEHNI H yIUTHIBAET paclpeelieHue apaMeTpoB
mporecca BIOJIb KaHala IIIACTUHYATOrO TEIUIOOOMEHHHUKA, YTO MTO3BOJISET IIPOrHO3UPOBATH Pa3BHTHE 3arps3HEHNs BO BPEMEHH B Pa3HBIX MeCTax
BJIOJb JUIMHBI KaHana. Mozenb IpeacTaBieHa B Oe3pa3MepHOi GopMe, UTO IO3BOJLSIET PACIIUPUTH JHAIa30H ee IPUMEHEHHs Ha Oojee IMIHPOKUid
KJacc SBJICHHUHN 3arpsi3HEHHS TEILIONEPEealoIIiX IOBEPXHOCTEH B YCIOBHAX, KOTa HHTCHCUBHOCTH IIPOL[eCcCa KOHTPOIMPYETCS MAaCCOIEPEHOCOM B
OCHOBHOM IIOTOKE ¥ CKOPOCTBIO PEaKIMH Ha IpaHHIle pa3jena XuAKoi u TBepmoi ¢a3. [Ipumenenue mpemnoxeHHOH Monenu (GopMHpOBaHUS
3arpsi3HEHUH I103BOJMIO Pa3paboTaTh MaTEMAaTHYECKYIO MOJeNb (OPMHUPOBAHHS 3arps3HEHHIl B KaHalIaX IIACTHHYATOrO TEIIOOOMEHHHKA C
YdeTOM H3MEHEHHUS! OCHOBHBIX IIapaMEeTpOB Ipoliecca BIOIb IMOBEPXHOCTH TeILIONepenady. [ MpoBepKH MOTYyIeHHOH MOJEIH U OIpEeIeICHHUs
BXOMIMUX B Hee Oe3pa3sMepHBIX MAapaMeTPOB IUIAHUPYETCS IIPOBEICHHE PACUeTOB JUII KOHKPETHBIX YCIOBHH M CpaBHEHHE C JaHHBIMU
IKCIIEPUMEHTAIbHBIX HCCICAOBAHUI M IPOMBIIUICHHBIX HCIBITAHUI ITACTUHYATHIX TEIUIOOOMEHHHUKOB IIPH paboTe CO CpefaMH, CKIOHHBIMH K
00pa30BaHUIO 3arPsA3HEHUH Ha TeILIOIepelatoIlel II0BEPXHOCTH.

KiioueBble c1oBa: MaTeMaTH4ecKas MOJENb, IIACTHHYATHIN TEINIOOOMEHHUK, IIOBEPXHOCTh TEILIONEpENadl, 3arpsa3HeHHe ITOBEPXHOCTH
TEILIOIepeNayn.

O. I. MAIIET'OPA, O. Il. APCEHBEBA, II. O. KAITYCTEHKO, B. B. 30PEHKO, JI. B. COJIOBEH
Y3AT'AJIBHIOIOYA MOJEJIb ®OPMYBAHHSA BITKJIAZEHDb HA ITIOBEPXHI
TEIUIONEPEJIAYI Y BE3PO3MIPHOI ®OPMI TA ii BITIPOBAUKEHHSI 1J151 PO3PAXYHKY
IVMIACTUHYACTOI'O TEIJIOOBMIHHUKA

Po3pobiena y3aranrpHeHa MaTeMaTHYHa MoJenb (HOopMyBaHHS 3a0pyAHEHb Ha IOBEPXHI TeIUIONepeadi MIaCTHHIATOTO TeII000MIiHHIKa. Mozens
[IPE/ICTABJICHA CHCTEMOK 3BHYAMHMX Ju(EpeHUifHUX DIBHAHb 1 BPaxoBy€ PO3MOALN IapaMeTpiB IIPOLECY B3HOBX KaHAIy IUIACTHHYATOrO
TEIUIOOOMIHHHKA, IO JI03BOJISIE IPOTHO3YBATH PO3BUTOK 3a0pyJHEHHS y Yaci B PI3HHX MiCIIX IIPOJOBXK JOBXKHUHH KaHaTy. Mosenb npeacTaBieHa B
0e3po3mipHii Gopmi, 110 J03BOJISE PO3MMUPHTH [iana3oH ii BUKOPUCTAHHS Ha OUIBII IIMPOKMH Kiac SBHIL 3a0pyAHEHb TEIUIONEpeNardnx
[IOBEPXOHb B YMOBaX, KOJIM {HTCHCHBHICTB IPOLIECY KOHTPOJIFOETHCS MaCONEPEHOCOM B OCHOBHOMY IOTOL 1 IIBHAKICTIO peakuii Ha Mexi po3aiity
pinxoi Ta TBepmoi ¢a3. Bukopucranus npencTaBieHoi Moaeni (opMyBaHHS 3a0pyIHEHb JO3BOIMIO PO3POOUTU MaTEMAaTHIHY MOZENIb ()OPMyBaHHS
3a0bpy/HEHD B KaHAJIAX [UIACTHHYATOrO TEINIOOOMIHHHMKA C ypaXyBaHHSM 3MiH OCHOBHHX IIapaMETpiB IIPOLECY B3JOBX ITOBEPXHI Temuionepeadi.
JIns mepeBipkM OTpHMMaHO! MOAENI 1 BU3HAYCHHS INPHCYTHIX B Hill 0e3pO3MIpHHUX MapaMeTpiB IUIAHYEThCS IMPOBEICHHS PO3PaxyHKIB JUIs
KOHKPETHUX YMOB Ta IOPIiBHSHHS 3 JaHUMH €KCIICPHMEHTAIBHUX JOCTIKEHb B IIPOMHCIIOBUX BHIIPOOYBAaHHSX IUIACTHHYATHX TEILIOOOMiIHHUKIB
IpH poOoTi 3 CepejOBUIIAMH, CXUIBHUMHE 10 YTBOPEHHSI 3a0pyAHCHb Ha TEIUIONEPEar0yiil OBEpXHi.
Kiro4oBi ciioBa: MaTeMaTH4Ha MOJIeNIb, INTACTUHYATHI TEILIOOOMIHHHUK, TOBEPXHS TEILIONEpeaadi, 3a0pyAHEHHS TOBEPXHI TeILUIONepeaadyi.

O. I. MATSEGORA, O. P. ARSENYEVA, P. O. KAPUSTENKO, V. V. ZORENKO, L. V. SOLOVEY

A GENERALIZED MATHEMATICAL MODEL OF THE FOULING FORMATION ON THE HEAT
TRANSFER SURFACE IN NON-DIMENSIONAL VIEW AND ITS APPLICATION FOR PLATE HEAT
EXCHANGERS DESIGN

A generalized mathematical model of the formation of fouling on the heat transfer surface of a plate heat exchanger has been developed. The model
is presented by a system of ordinary differential equations and takes into account the distribution of process parameters along the channel of a plate
heat exchanger, which allows predicting the development of contamination in time in different places along the channel length. The model is
presented in a dimensionless form, which allows extending the range of its application to a wider class of phenomena of contamination of heat
transfer surfaces under conditions where the intensity of the process is controlled by mass transfer in the main flow and the reaction rate at the
interface between the liquid and solid phases. The application of the proposed fouling formation model made it possible to develop a mathematical
model for the formation of fouling in the channels of a plate heat exchanger, taking into account changes in the main process parameters along the
heat transfer surface. To check the obtained model and determine the dimensionless parameters that enter into it, it is planned to carry out
calculations for specific conditions and compare it with experimental studies and industrial tests of plate heat exchangers when working with media
prone to the formation of fouling on the heat transfer surface.
Keywords: mathematical model, plate heat exchanger, heat transfer, fouling on the heat transfer surface.

Beenenue. OnHOM 13 BaXXKHBIX HPENNOCHUIOK JUIS W SHEProcOepeXeHUs C UCIONb30BaHNEM 3((EKTHBHOTO
YCTOWYMBOIO  pa3BUTHA ~ YEJIOBEUECTBA  SIBISACTCA  TeIUIoOOMeHHoro obopynoBanmst [1]. IlmactunHuaTsie
3¢ PEeKTUBHOE HCIOJIB30BAHUE PECYPCOB, Cpeay KOTOpbIX  TertoooMennnky  (IITO)  sBinsiores  ogHuM 13
SHEprus Wrpaer Beaylnyio poib. OHa reHepupyercs B COBpEMEHHBIX A(P(EKTUBHBIX THNOB  KOMIAKTHBIX
HacTosiliee BpeMs B OCHOBHOM NpH CKUTAaHMM  TeruiooOMeHHMKOB [2].  KommnakTHas —KOHCTpyKuus,
HCKOIIAEMOI'0 TOIUIMBA, HE TOJBKO HCUEpNbIBas €ro  COCTOsAmas W3 [akera To(pUpPOBaHHBIX IIIACTHH,
OTPAaHUYEHHBIE 3aIachbl, HO TAK)KE BBIIENAS BPEAHbIE  OTIITAMIIOBAHHBIX M3 TOHKOIO JIUCTOBOIO METaslla, 3a
MPOAYKTHl ~ CrOpaHWsl B OKPYKAIOIIyI0  CpeAy CueT WHTeHCH(]UKAIMM TIpolecca TeluiooOMeHa B
(ToBaxusuckuit u ap., 2002). Hdnsa spdextnBHOro  kananax [1TO, mo3Bonser 3HaYUTEIFHO YMEHBIINTD
HCMOJNB30BAaHUSL DHEPIrUU IEPBOCTEIEHHOE 3HAYCHUE
HMeEET yBEIMUEHHUE PEKYyIEepaluu Telia. ITO BO3MOXKHO
Onaromapst IPUMEHEHUIO METO/Ia MHTETPALN TPOLIECCOB

© Maueropa A.H1., Apcenbesa O.I1., Kanycrenko IT.A.,
Pozenko B.B., Conogeii JI.B., 2018
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TUTOIAIb TETUIONIEPEAAUH Il SKBUBAJICHTHON HArPYy3KH,
10 CPaBHEHHIO C KOXYXOTPyOUaTHIMHM TEIIOOOMEH-
aukamu  [3]. Kawmamer TITO wuMmeroT HEOONBIION
SKBUBAJICHTHBIH JHMAMETp W CIOXHYIO T'E€OMETpHIO,
KOTOpasl CIOCOOCTBYET YBEIMUYEHHIO KoddduimeHToB
TEIUIonepeadd 3a CYeT BBICOKOH TypOyJIeHTHOCTH
noroka. [TosToMy mpaBuiibHbI yueT 3arpszHenus B [ITO
UMeeT TepBOCTENCHHOE 3HAa4YeHHWe, T.K. METOJ] Yydera
3arps3HEHUMH, HCIIONIb3YEMBIH npu pacuere
KOXKyXOTpyO4YaToro TeruiooOOMEHHUKA, MOXKET MPUBECTH
K M30BITOYHOW IIIOIIAAM TerUionepenadd u  Oosee
HU3KUM CKopocTssM B Kanamax IITO, 3a KoTopeIMH
CJIEYeT Pe3KOe CHIDKEHUE TEIUIONepelaul U BO3MOXKHA
O70KMpOBKa ceyeHuns y3kux kanaios [1TO [4].

IIpaBunbHbI yueT 3arps3Henus npu pacdere IITO
TpeOyeT HCHOJIB30BAHMS JCTAIBHBIX MaTeMaTHYECKHX
MoJIeJIel C MIPUMEHEHHEM JIOCTaTOYHO TOYHBIX MOJENeH
obpazoBanus oTiiokeHmA. Kak mpencraBineHo B [5], s
MOJICTIMPOBAHMS TEIUIOBBIX XapakTepucTuk [1TO MoxHO
YUUTBHIBATH JIOKAJIBHBIEC MTApaMeTphl pacdera OTIOKEHHUH
B kaHanax [ITO Ha 6a3e omHOMepHOW Momenu. OmHAKO,
KpoMe TemuoBbIX XapakTtepuctuk IITO, mnpaBuinbHOE
MIPOTrHO3MPOBAHUE MaICHHs JaBJICHUS ¥ €TO Pa3BUTHE BO
BPEMEHH OYEeHb BA)KHO ISl OLEHKH DKCIUTyaTal[HOHHBIX
XapaKTEPUCTUK I1TO, COCTaBJICHUS rpaduka
TEXHIMYECKOTO 00CITyKMBaHWSI. MopnenupoBanne
TEPMOTHAPABINYECKOTO MOBEACHHUS KOXYXOTpyOUaToro
TEII000MEHHNKA HeTernepepadaThBAIOIIEro 3aBoAa B
YCIIOBUSIX 3arps3HEHHS] TOBEPXHOCTH TEIUIONEpeIaun
OBUTO TIpemIoKeHO B padote [6]. IlpencraBieH aHamm3
HEKOTOPBIX MOJIeJied OTJIOKEHHUS! 3arpsA3HeHHH mpu
BIMSHUMA CKOPOCTH pEakUUH Ha [OBEPXHOCTH U
MaccollepeHoca K MOBEpXHOCTH U3 siJjpa MOTOKa. AHaIN3
BHIMOJJTHEH HA OCHOBE YPaBHEHHUS IPEIJIOKEHHOTO
OmmreiHOM A ONpeeNieHnsT  MHTEHCUBHOCTH
OCaKICHUSI OTIIOKEHHUH, KOTOPOE COTJIaCHO [ 7] BBITIISIUT
CJIEAYIONM 00pa3oM:

rZe Af — TEIIONPOBOAHOCTH oTioxeHu, J/(mK); p —
JIMHAMHYECKast BSI3KOCTh KHUJKOCTH, Pas;
Ty — HalpsDKeHWe ciBuTa Ha creHke, Pa; E — sneprus
aktuBanud, J/mol; R=8.314 J/mol — yHuBepcanbHas
ra3oBasi mocrosiHHas; Ts — Temmeparypa ITOBEPXHOCTH
cios otioxkeHn#, K; kn - koapunnent maccornepenoca,
m/s; ki m ks — pasmepHele koHcraHTh; Cp, -—
KOHIIEHTpAIMS TIPEKYPCOPOB OTJIOKeEHHs, mol/m?.,
Mopnenn OTIOKEHUH, OCHOBAHHBIE Ha YpaBHEHHH
(1), nemoHCTpPHUpPYIOT  XOpolIMe  pe3yiabTaThl B
COIIOCTABJICHUH  OKCHEPUMEHTAIBHBIX  JaHHBIX O
3arps3HEHUH HAa MHTEHCH(UIMPOBAHHBIX ITOBEPXHOCTSIX
TEIonepenayn. JTO TIOKa3aHo B pabore [8] mis
OTJIOKEHWH TpPW JBIKEHUH CHIpOH HeTH B Tpydax ¢
WHTCHCU(UIMPYIOMMMA BCTaBKaMu W B [9] s
OTJIOKEHUU MpU TeueHuH Boabl B kaHanax [1TO. Oxnako
MIPE/ICTaBICHNE MOJICNN 3arpsi3HEHUH B 3THUX paboTax B
pasmepHoil hopme TpeOyeT HONYyYSHHS SMIMPUICCKUX
KO3((HUIMEHTOB CIOKHBIX Pa3MEPHOCTEH M CTABUT IOJ
BOMpoc 0000MIAINTYI0 CIIOCOOHOCTE Monend. Llensro
HacTosimiell palOoThl SBISAETCS IIPUBEICHHUE MOJIECIHN

OTJIOKEHHH K Oe3pa3smepHoil Gopme U pa3paboTka Ha ee
OCHOBE MaTeMaTHYecKOH  MOJENH  IUIACTHHYATOTO
TEIJI000MEHHHKA, YUHUTBIBAIOIICH N3MEHEHHE
JIOKAJIBHBIX TApaMETPOB MPOTEKAIOUINX MPOLIECCOB.

2. Mogens  ¢opMHupoOBaHMA  3arpsi3HEHHIA.
OcHoBHOIT  mpobnemoii  mopenupoBanust [ITO B
YCIOBUSIX 00pa3oBaHMsl OTJIOKECHUH SIBISETCS BBIOOP
Ha/ISKHON M JIOCTaTOYHO TOYHON MOJENH 3arps3HEHUS.
Kak Opmio mokazano B [10] xopomme pe3ymnbTaThl IO
TEPMHUYECKOMY MOJCIUPOBAHHIO 3arpsi3HEHUS B BOZAE B
I[ITO wmoryr OBITh MOCTHUTHYTBI C HCIIOJIb30BAaHHEM
noaxona Kepna m CutoHa, rae cKopocTh 0Opa3oBaHMSA

OTJIOXKCHUSA OITUCBIBACTCA KakK pa3HI/IHa Mexcay
HNHTCHCUBHOCTBHO 0OCaXICHUsA OTJ'IO)KCHI/Iﬁ (Pd nu
HNHTCHCUBHOCTBHO yﬂaﬂeHI/IH OTJ'IO)KGHI/Iﬁ (Prm:
35,100=9,-0, ®)
BBIpa)KeHI/Ie JJIA pacqera HNHTCHCHUBHOCTHU

OTJIOXKCHHUS 3arpsA3HCHUN B JaHHOH pa0oTe MOTy4YeHO C
ucrnone3oBanueM ypapHeHus (1). Ilpm 3TOoM 3TO
ypaBHEHHE TIPEICTaBICHO B Oe3pa3MepHOil (opme,

ImyTéM BBCIACHUA 663p33MepHLIX KOMIUJICKCOB  IIpH
CJICAYIOMNX AOIMYIICHUAX!
1. CyIIICCTByeT aHaJIorusa MCKAY  TCIIO u

MaccoIlepeHocoM U Jurs pacdera auddysrnoHHOr0 Yncima
Hyccenbra MokeT ObITh HCIIONBE30BaHO BRIPAYKCHHUE:

Nu,, =k, -d,/ D= Nu,-(Pr,,/Pr,)", 3)

rne Nuy — rerioBoe yncno Hyccenbra amst TeruiooTiaun
IIPY JBIDKCHUH JKUAKOCTH B paccMaTpHBaeMOM KaHale;
Pry cprU2/hy — umncno Ilpasnrns; Prp =Dpo/py —
muddysnmonnoe umcno Ilpanarns; p, - IUIOTHOCTH
KHUIKOCTH, KI/M>; A2 — TEIUIONPOBOJHOCTD JKUJKOCTH,
J/(mK); cp» — yhenbHas TEIUIOEMKOCTh KHIKOCTH,
J/(xrK); de- okBHBaJIeHTHBIN IuameTp KaHaia, M; D —
koo dunrent 1uddysuu, m/c.

2. Css3p Mexay kodpduiuentom muddysnn s
KOHKPETHBIX BEIIECTB MOXET OBITh OIpeseneHa ¢

[IOMOLIbIO MOTU(PUKAIIH YpaBHEHHUS Crokca-
OitHireiina [11] B cnegyroieM Bue:
D:Z'];'kB/(,uz'rm): 4)

rae kg = 1.38048'102% J/K — nocrosiunas Bonbumana; T
— TeMIleparypa MOBEPXHOCTH ocaxaeHus, K; p —
JIMHAMUYecKasi BSI3KOCThb, Pa's; rm - paguyc MOJEKYIbI
Ban-nep-Baannca, m, KOTOpEIf BBOIUTCS KaK MacmiTad
QIS painyca MOJEKYJbl, y - HapaMeTrp, 3aBUCALIUI OT
MPUPOJBI BELIECTB PAacTBOpPA, KOTOPBIA YYHUTHIBAET
paauyc  MOJEKYJAbl  PAacTBOPEHHOrO  BEUIECTBA U
OTKIIOHEHUsI 0T ypaBHeHHs CToKca-DWHINTEHHA JUIA
KOHKPETHOI'0 COJIep)KaHusl pactBopa. Takoil xapaktep
ce3u Mexay D, p m T ObUT SKCHEPUMEHTAITHHO
moaTBepkAeH B [12] mms  pasHBIX  PacTBOPOB B
SKCIIEPUMEHTAaX [0  YCTAaHOBJIEHUIO  3aBUCHUMOCTH
ko3 dummeHTa  MPOMOPIIMOHATEHOCTH  OT  CBOKCTB
pacTBOPEHHOI'0 BELIECTBA. TOT K€ BBIBOJ CIEAYET U3
Oomee mO3MHUX paboT, Hampumep, KapyHaHutH U
BoramBapan [13]. MoxHO 3aKIIOYHTH, YTO JUIS
KOHKPETHOI'0 PAcTBOpa MapaMeTp Y MOXKHO CUHUTATh HE
MEHSIOLIMMCSL C KOHLIGHTpallMel U TeMmIepaTypoi
pactBopa. IlockonbpKy paauyc MOJIEKYJbl JJIsl Pa3HbIX
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cpel pa3iMdeH W 3a4acTylo TPYIHO OIpejensieM, B
pacdyerax — NPHHAT  PAagMyC  MOJIEKYNIBl  BOJIBI
rm = 1,36:10"'° M B coorBercTBUM ¢ HaHHBEIME [14]. On
BBOJIUTCS Kak KOI(PQUIMEHT MaclmTaOupoBaHus, a
pa3iiuuusi B Ty JUIA PA3MYHBIX CpPell YYUTBHIBAIOTCS B
napamerpe . Wcrons3ys ypaBaenus (3) u (4), mocie
MOACTAaHOBKM B ypaBHeHHe (1) MOXHO 3ammcaTh B
Oe3pasMepHol opme:

-1
0-d. o,/ 1 :{cb.l(fé.Prz%/NuercR Ky -exp[E/(R-Ts):I} (5)

3rece Kp m Kr - 0e3pasMepHble  KOMIUIEKCHI
TIepEeMEHHBIX, 3HAYCHUS! KOTOPBIX MOTYT H3MEHSTHCS C
W3MEHEHHEM TEMIIEpaTypsl M CBOWCTB IOTOKA. OTH
KOMIUIEKCHI BBIPAXKAIOTCS CJICYIONINM 00pa3oMm:

KD::uzz'rm/(Tv'pz'kB);KR:TW/(pz'dg'g)' (6)

Jpyrumu n1Bymsi 0e3pa3MepHBIMH KOMIUIEKCAMH Cp U CR
SIBIISIFOTCSL:

‘p :kl/(l%'cb'ﬁ’/‘); Cr :(kz -g)/(Cb '/1/')' (7

OTH KOMILJIEKChI 3aBUCST TOJBKO OT KOHCTAHT ki u ky B
ypaBHeHuu (1) ¥ MEPEMEHHBIX, KOTOPbIC HE U3MEHSIIOTCS
JUISL OJTHOTO M TOT'O € pacTtBopa. J[jist SKCIIEpUMEHTOB ¢
TEMH K€ CPEJaMH U TUIaMH OTJIIONKEHHUS Cp M CR MOXKHO
paccMaTpuBaTh KaK KOHCTAHTBI U ONPEICISATh IyTeM
00pabOTKK JaHHBIX IKCIEPUMEHTAIBHBIX HUCCIIEAOBAHUI
WA TIPOMBIIUICHHBIX UCITBITAHUMA.

WHTEHCUBHOCTD  yHaleHuWs  OTJIOKEHHH B
Oe3pasMepHOil  (popMe MOXKeT OBITH BBIpaXKEHAa C
HCIOJIb30BAHHEM pa3MepHOro napamerpa B:

¢,.d.p,/,=B-6-7,-d -p,/u=c, 5 RePr/d (8
2 2 f w e 2 2 m f 2 (]

3nece Re * - uymcno PeitHonbiaca, paccyuTaHHOE IO
CKOpPOCTH HAIIPSKEHUSI CABUra Ha CTEHKE!

Re*:m'dg'pz/ﬂz; Crsz‘/lz/sz (9)

Cunras, 4To Uil OXHOW W TOW K€ >KHUIKOCTH
W3MEHEHHE Cp2 U A2 CPABHUTEIBHO MAJIO, MAPaMETP Crm
MOJKHO CUUTATh IIOCTOSHHBIM IPH COIOCTABIICHUU
JKCIHEPUMEHTAIBHBIX JAHHBIX O 3arps3HEHHU JUId
KOHKPETHOU CpEeablL.

MatemaTtuueckas MOJIENb TEIIOBBIX
xapaktepuctuk [ITO B ycnoBusix 3arpsi3HEHHi Obuia
mpeacTraBieHa B [15] ¢ ucmomp30BaHHMEM pa3MepHOM
Mozenu 3arpssHeHuil. IlpencraBineHHas B JaHHOM IiiaBe
Oe3pa3MepHas MOJIEIb 3arps3HEHNN Tpedyer
OKCIIEPUMEHTAJIbHOM  NPOBEPKM M HEOOXOAMMOH
JIONIONHUTENGHOH ~ MOAu(UKanuM  MaTeMaTHYEeCKOW
MOJIENIN, BKIIFOYAIOILEH TaKKe pacueT TMApPaBIMYECKOrO
pexxuma IITO.

3. Maremarnyeckass MoOJeIb INIACTHHYATOIrO
TeI1000MEeHHUKA B YCIOBHUSIX  3arpsi3HEHHA
NMOBEPXHOCTH Telionepeaayn. OCHOBHBIMHU
muddepeHMaNBEHBIME YPaBHEHUSIMU TEIUIOBOTO pacyera
JUIS  TIPOTUBOTOYHOIO  TEIMJIOOOMEHHHMKA  SIBIISIOTCS
YpaBHEHUS:

6’T2/8x:q~H/(g2~cp2) (10)

0T,/ ox=(0T,/x)-g, ¢, /(g -¢,) (11)

rne Ty u T, — Temmeparypbl TOpsSi9ero W XOJIOJHOTO

moTokoB, K; g m g — MaccoBble IOTOKH TOpSYEro U

XOJIOJTHOTO TEIUIOHOCHUTENeH 10 OJHOMY KaHally, KI/C;

Cpl U Cp2 — YHAEIbHBIE TEIUIOEMKOCTH TOPSYEro H

X0NoAHOro 1motokos, J/(xr.K); I1 — nepumerp kanana, m;

X — pacCTOSHHWE OT BXOAa XOJOIHOTO IMOTOKa, M; ( —
yIEIBHEIN TEIIOBOM HOTOK, Br/M2.

Q=(1/h+1/hy+R+8,/ 2, ) %(T,-T,) (12)
31ech 0w — TONIIMHA METalla TUTACTUHBL, M; Aw —
TEIIONPOBOIHOCTh MeTaiua mactuabl W/(m.K); hy u hy
—  KOd(QQUIMEHTHl TEIIOOTHaYH Ui TOpSYero H
XOJIOZHOTO IOTOKOB, COOTBETCTBEHHO, W/(m? K).
Temmieparypa Ha BHEIIHEH ITOBEPXHOCTH CJIOS
3arpsI3HEHUI:

T, =[(1/h,+1/h,+ R+ 6, /2, )xh, | x(T,-T,)+ T,

(13)

Koaddrmmentsr  terumoormaun  hy u h
BBEIYUCIIIIOTCS. B COOTBETCTBHH C  KOPPEIISIIMOHHBIMH
YpaBHEHWSIMH, TIPEICTaBICHHBIME B [16] mis mepemana
JIABJICHUS U TEIUIOOOMEHAa B OCHOBHOM TO()PHPOBAHHOM
Imoje B 3aBHCHMOCTH OT TEOMETpHUM KaHala W
TEIUTO(PU3MIECKUX CBOUCTB KUAKOCTH. B 0o01iemM Bue:

h/:h/(w/’T/’Ts’ﬂ’}/’d@) (14)

3neck y=2'b/S — OTHOIIEHHE YABOCHHOH BBICOTHI K IIAr'y
ropper; S - yrom rodpupoBkH, Tpamgycsl. Ilpum
0o0pa3oBaHMM  OTJIOXKEHHWS  IUIONIaJh  CBOOOJHOTO
nonepeuHoro cedenus kanana (fon, m?) craHoBUTCS Bee
MEHBIIIE, YBEJIMYHBas CKOPOCTh ITOTOKA, KOTOPas MOXET
OBITH ONpe/esieHa CIIEIYIOINM 00pa3oM:

Wz:g%ﬂh—é,»mpz (15)

Kak ykazanHO B [6], ocaxIeHHBII CIIOU OTIIOKCHHUN

MPUBOJUT K YBEIMUYEHHUIO IMOTEPh NaBJICHUS B KaHale,
YTO HE TOJIbKO BBI3BIBAET POCT CKOPOCTHU MOTOKA, HO U
CO3/a€T IIEpOXOBAaTOCTh Ha TIpaHHle NoToKa. Jis
OOIBIIIIHCTBA [IOTOKOB B TEIUI00OMEHHUKAX
TEIUTO(PU3MUCCKUE CBOMCTBA MAJIO 3aBHUCAT OT U3MCHCHHUS
JIaBJICHNSI BHYTPH KaHAIOB (OCOOCHHO VISl KHUIKOCTEN).
Ilo »Toli mpuyMHE TEIUIOBas 4YacTh MaTeMaTHYECKOMN
MOJICIM MOXET OBITh peleHa Oe3 ydera MoTepH
JIaBJIeHUs] B  KaHajle, YTO [O3BOJISIET IOJy4YaTh
WHPOPMAIIMIO O PA3BUTHH CJOS 3arpsS3HCHUS Tepes
MOCJIEAYIOIMM BBIYUCICHUEM NOTEPD AaBICHHUSA.
Ioreps nasnenuss B IITO MOXHO paccMaTpuBaTh Kak
CyMMY IOTEph JaBICHUS B OCHOBHOM T'O()PHUPOBAHHOM
ToJe AP, Ha BXOIHBIX U BBIXOIHBIX
pactpenenurenbHblx  ydactkax APzn u APzow U B
komutektopax APy [17]. Tlomnast moreps amaBieHHs ¢
BBIDQKEHUSIMA  JUISI  COOTBETCTBYIOIIMX  COCTABHBIX
9gacTel BBRITIISINT CICTYIOIINM 00pa3oM:

2

(s P sz P ~W22,” P W;m” P 'sz
AP, —L I 2.d dx+¢ 2 +C ot B +1.3 B (16)
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rae Wain, Waouwr 1 W2, - CKOPOCTH Ha BXOZE, BBIXOAE U
noprax KaHaia, M/c; { - Koo OUINECHT TPEHHUS B KaHaJe
IITO, ompenensemMplii B 3aBUCHMOCTH OT TEOMETPUU
kaHama no ¢opmyine (17), mpemnmoxenHoit B [18] ¢
TEPMHHOM  «A»  YYHTHIBAIOIIUM  IIEPOXOBATOCTD,
CO3/IaBAEMYIO 3arps3HEHHEM:

1

312

r =8 12+p2“+7A+:wsxm1“ 2
2 Re Re

-1
7.p3 0.9 5/
A=|p4-In| p5- +0.27-—
g [p [( Re] d.

plzexp(—OJSTﬁ);pZ:7r~ﬂ~;/2/3;p3:exp(—ﬁ~ﬂ/(180~yz));p5:1+E;

(17)

16

p4:(0A061+(0A69+tg(ﬁ~7z’/180))zm)~(1+(1—;/)~09~ﬁ0m) (18)
Koo unment  JT0KaIbHOrO  THAPABIHYECKOrO
COMPOTHUBJICHHS BO  BXOJHOM  PAaCIPEACTUTEILHOM
YYacTKe OMPENeNsieTcss COMIACHO JaHHBIM U3 PabOoThI
[19], a wmemno ( = 38. Jlng BBIXOIHOTO
pachpeieuTeIbHOr0  y4acTka K 3Ha4YeHuio 38

MIPUMEHSETCS TONPaBKa Ha IIepOXOBATOCTh 3arpsI3HEHMS,
TIpUHSTas KaK KO3(QHUINEHT TPEHNS B KOHIIE OCHOBHOTO
ro(pHUpPOBAHHOTO MOJS, a TAKXKE BBIYHUCIISAETCS CKOPOCTh
Wiow  UIS  IUIOIIAZAM  IONEPEYHOTO  CEYCHMS,
YMEHBIICHHOH 3a CUET 3arps3HeHNS.

Vpauenus (2)—(18) ¢ ypaBHeHMAMH Ui pacuera
TEeMITepaTypHBIX 3aBHCHMOCTEH, TEIUTOBBIX u
(U3MYECKNX CBOMCTB IIOTOKOB M T'€OMETPHUYECKHUX
coornourennii it [ITO mpencraBnsioT coboi cucremy
OOBIKHOBEHHBIX  IU(depeHManbHbIX  YpaBHEHHH C
HEJIMHEHHBIMU TTPABBIMH YaCTSIMH.
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T. I. BABAK, C. H. BBIKAHOB, JI. B. COJIOBEH, B. A. YC

ONTUMM3ANMA IOTPEBJIEHUS SHEPTOHOCHUTEJIEN B ITIPOIIECCE BBIIIAPUBAHUSA
BOJHOT'O PACTBOPA 'HIPOKCUJIA HATPUA

B crarbe Tnpegiarac€rcsa MnpoekT MOACpHU3aAlUU TpeXKOpHyCHOﬁ YCTaHOBKH BBIIIApUBAHUA BOJHOTO pacTBOpa TUAPOKCHAA HATpUsA C LEJIbIO
TIOBBINICHUSA €TI0 KOHIICHTPAllUH. MOIICpHPISaLII/ISI COCTOHUT B CO3JIaHHUU CCTH TEII00OMEHHOTO 060pyj:[013aHm{, peanmy}omefz’l peKynepanuio Terjia
TEXHOJIOTHYECKUX IIOTOKOB BBIHapHOﬁ YCTaHOBKH. HpOeKTHpOBaHHC 6bLI0 TIPOBEICHO C IIOMOIIBIO METOAOB IMHWHY-aHA/IW3a, a UMEHHO, ObLT
000cHOBaH BBIGOp MHUHHUMaITbHON PpasHOCTH TEMIEPATYp B TEMI000MEHHOM 060pyI[OBaHI/II/I ATmi“, CO3JaH IPOEKT CETU TCHHOOGMCHHI/IKOB,
peanmy}omefz’l MHUHHMAJIBHOC l'IOTpe6J'IeHI/Ie BHCIIHUX YTWINUT, U IPOBEACHA OIITUMU3ANUS CETH. B kauecTBe TEMI00OMEHHOTO 060pyI[OBaHI/ISI OBLIH
TPEAJIOKEHBI W pacCUMTaHbl COBPEMEHHBIC IIJIACTHUHYATHIC TEIIO0OMEHHBIE arrmnaparsl. HpOBeI[eHa OKOHOMHYECKass OLCHKa IIPOCKTa,
TIOKa3bIBaroIIas, 4YTO CPOK €r0 OKYIIa€MOCTH COCTAaBUT OKOJIO IBYX MECILIEB.
KioueBbie cioBa: TUAPOKCU HAaTpUs, BeIIIapHas YCTaHOBKA, pEKyINe€panus SHEPTUH, INHY-aHAIN3, IIJIACTUHYIATBIC TEIUI00OM EHHHKH.

T.T. FAFAK, C. M. BHKAHOB, JI. B. COJIOBEH, B. A. YC
ONTUMI3AIISA CHOKUBAHHS EHEPTOHOCIIB VY ITPOLIECI BUIIAPIOBAHHS BOJTHOI'O
PO3YNHY I'IJPOKCHUAY HATPIA

B cTarTi IpOHOHYETHCS IIPOEKT MOAEPHI3aLlii TPHKOPITYCHOI YCTAHOBKHM BHIIAPIOBAHHS BOJHOTO PO3YMHY TiPOKCUY HATPII0 3 METOO ITi/[BULICHHS
Horo koHIeHTpanii. MogepHi3alis moasrac B CTBOPEHHI Mepeki TeII00OMIHHOTO 00JIaJHaHHS, IO peati3ye peKyHepaliio TeIla TeXHOIOITYHIX
MOTOKIB BHUINApHOI yCTaHOBKH. IIpoekTyBaHHS OyJO MpPOBEICHO 3a JOMOMOIOK METONIB IiHY-aHali3y, ToOTO Oyso OOrpyHTOBaHO BHOIp

MiHIMaJIBHOI Pi3HHIN TeMIlepaTyp B TEIUIOOOMIHHOMY OOIaJHAHHI AT, YTBOPEHO IPOEKT MEpPexki TEIUIOOOMIHHMKIB, IO pealli3ye MiHiMallbHe
CIIOKUBAHHS 30BHIIIHIX yTHIIT i IIPOBEIEHO ONTHMI3allilo Mepexi. B sKkocTi TemnooOMiHHOro obllagHaHHS OyJIO 3aIIPOIIOHOBAHO i PO3paxoBaHO
CyYacHi IJIACTHHYATI TEIUIOOOMiHHI amapaTu. Byno NmpoBeIeHO €KOHOMIYHY OL[HKY HpPOEKTY, IO IOKa3ajla TepMiH HOTO OKYIHOCTI CKIaje
MPUOJIN3HO J1BA MiCAII.

KuiouoBi ciroBa:rinpokcus HaTpilo BUIIapHa yCTaHOBKA, pEKyIepallis eHeprii, MH4-aHai3, IIaCTHHYAT] TeIIO0OMIHHUKH.

T. G. BABAK, S. M. BYKANOV, L. V. SOLOVEY, V. A. US
OPTIMIZATION OF ENERGY UTILITIES CONSUMPTION
HYDROXIDE SOLUTION EVAPORATION

IN THE AQUEOUS SODIUM

The paper proposes the retrofit design of a three-unit evaporator for evaporating of aqueous sodium hydroxide solution in order to increase its
concentration. The retrofit assumes the creation of a heat exchange equipment network that has to implement heat recovery of the process streams of
the evaporator. The design was carried out with the pinch-analysis methods. The treshhold problem (demand for hot utilities only) was identified by
shifting the composite curves and the treshhold temperature difference 11,7 °C was found. Problem definition, like a pinch problem, was made with

the choice of minimum temperature difference ATpin =12 °C in heat exchange equipment. The design of the heat exchangers network that realizes
the minimum consumption of external utilities and maximum energy recovery was created, and the network optimization with energy relaxation
was carried out. Modern plate heat exchangers as heat exchange equipment were chosen and calculated. The economic evaluation of the design was
conducted. The payback period will be about two months.

Keywords: sodium hydroxide, evaporator, energy recovery, pinch analysis, plate heat exchangers.

BBeueHue. I/ICCJIG,HOBaHI/IH, HaIlpaBJICHHLIC Ha TCpMOCI/I(l)OHHI)IX YCTaHOBOK, HO H, IMPCKAC BCCro,
YCOBCPIICHCTBOBAHUC TEIIOBOI CXEMBI mporecca OIITHUMAJIbHOC nim panroOHaJIbHOC HCIIOJIb30BaHHC
BbINIApUBAHUA, W  HCHOJB30BAHUIO  pa3HbIX  THUIIOB BTOPUYHBIX IMAPOB U KOHACHCATOB PAa3JIMYHBIX KOPITYCOB
O60py,HOBaHI/IH, noapa3ymeBaroT, pEKAC BCCroO, JJIA IPEABAPUTCIIBHOI'O MOAO0TIPEBA UCXOAHOT'O IMTPOAYKTA.

CHM)KCHHC HOTpC6J'ICHI/I$I BHEIIIHEH OHCPIruu. Pemenne
3aaaun  MOACpHU3alNN TEIJIOBOM CXEMEI BLIHapHOﬁ
YCTAHOBKH, C HCJIbIO ITOBBLIHICHUS 3(1)(1)6KTI/IBHOCTI/I
pa6OTI>I, SBIIACTCA aKTyaHLHOﬁ, U UMCCT IMPAKTUICCKYIO

IMpoexTnpoBanue cucTeMsl mojorpesareneii Tpedyer
aHaJIM3a TEIJIOBOM CXEMBI C ITOMOIIBI0 MAaTEMaTHYECKIX
METOJI0B.

Omuum w3 Hambonee  3QQEKTUBHBIX U

LIEHHOCTh. BhlnapuBaHue B MHOTOKOPIYCHOM BBINApPKE,
HECMOTpPSl Ha MHOT'OKPATHOE HCIIOJIb30BAHUE UCXOJHOTO
mapa, SIBIISICTCs, HauOoIee YHEPTETHUCCKN 3aTPATHBIM B
TEXHOJIOTHYECKUX MPOIEeccax XUMHYECKON W NUILEBON
MIPOMBIILIJIEHHOCTH. IToatomy HMEIOTCSA
MHOTOUHCJIEHHBIE HCCJIEIOBAaHUS, HaIlpaBJICHHbIE Ha
CHIDKEHHME pacxoJa DSHEPrMU U TOBBILICHHE YPOBHS
PEKyTIepaIum, 4T0 0COOEHHO BaXKHO, KaK C TOUKU 3PCHHUS
CHIDKEHUST CCOCCTOMMOCTH BBITYCKACMOH TPOMYKITUH,
TaK W C TOYKH 3PCHUS YMCHBIICHHS BBIOPOCOB W
9KOJIOTHUECKOW Oe30macHoCTH. BakHelmmM pe3epBoM
YBEIIMYCHUS dKOHOMHUYECKOW 3PPEKTHBHOCTU IMpoIecca
BBIMIAPUBAHUSL SIBJISIETCS. HE TOJIBKO COBEPILIEHCTBOBAHUE
CaMHUX BBINAPHBIX aNIapaToB, IPUMEHEHUE

YHUBCPCAJIbHBIX IMOAXOAOB K HMCCICIOBAHUIO TEIIOBOU
CXCMbl BBIIIAPHBIX YCTAHOBOK C MLCJIbIO PCKYIICpalun
TCIL1a, 3apCKOMCHIOBAJT cebs IIMHY-aHaJIn3.
Hcnonb3oBaHuio METOAOB IIMHY-aHa/JIM3a IIOCBAIICHO
OONBIIIOE KOJUYECTBO PICCJ'IG,HOBaHPIﬁ, Cpean KOTOPbIX
MOKHO BBIACIIUTDL MMPAKTUICCKUEC TPUITOKCHUS B pa60Tax

[1-3]. B oatux paborax mpemyioxeHa KOHKpETHas
MOJICPHM3AIMs  BBIMAPHBIX  YCTAHOBOK  Pa3IMYHBIX
MIPOM3BOJICTB, IIONYYEHHas Ha OCHOBE ITOBBIIICHUS

peKyImepaluy TEIUIOBBIX MMOTOKOB. 3ajadya pemaercs ¢
WCIIONB30BaHHEM METOJIOB THMHY-aHAIH3a, BHIOOPOM U
pa3MeIIeHIeM TEII000MEHHOT0 000pyI0BaHHSL.

© Bbabak T.I'., bukanos C.M., Conogeii JI.B., Yc B.A., 2018
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AHann3 3KOHOMHYECKOH 3((EKTHBHOCTH IOKa3all
BBICOKYIO CTENIEHb 9KOHOMHH BHEIIHUX YTHIIUT U BIOJHE
MIPUEMIIEMBIN IS IPAKTUKU CPOK OKYIAEMOCTH IPOEKTA.

OnucaHue BBINAPHOI YCTAHOBKHM M BBIOOP
TeXHOJIOTHYeCKUX MOTOKOB /UISl peKylepaliy Teria.
IIpyHnUMNUanbHas cXeMa YCTAHOBKH IPEACTaBIEHA Ha
puc. 1.
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BKLL BK2[ BK3 [Mxonznencarop
\/
NQOH, NEOH, j\‘aOH‘
CB=16,3% CB=22,8% CR=40%
164°C 168,4°C 148,6°C 103°C
______» N\ ) 7™ )
I'perormit
nap
174,5°C 158,5°C 134,2°C I Boxe
e e e £ — — e
{70°C 154°C 130°C =
et
Bona Boxaa 350C

He— <

W

NaQOH,
CB=13%

C2 Iss°c
v

i

25°C
v

C3 1350(:
-«

C4 135%

Puc. 1 — IlpuHuunuanbHas TEXHOJIOTMYECKasi CXeMa YCTAaHOBKH BhIapuBaHUs BogHoro pactsopa NaOH

Boanblit pacTBOp ¢ KOHLEHTpaUUeH €IKOro HaTpa
(NaOH) 13%, wumeronmii Temmeparypy 25 °C,
MoJlorpeBaeTcs B mapoBoM HarpeBarene H u momaercs B
MEPBBIA KOPIYC BBINAPHOW YCTAHOBKU MPU TEMIIEPAType
6m3Koil kK Temneparype kunenus 164 °C. BemapuBanue
B IEPBOM KOpIlyCE€ OCYLIECTBIISIETCS MapoM U3
KOTEJIbHOH, BO BTOPOM M TPETbEM — BTOPUYHBIMHU
napaMy mOpeaplaymux KopmycoB. KonaeHcar napoB
BEITIAPHBIX KOPITYCOB OXJIAXKIACTCS B TEIIOOOMEHHUKAX
C2, C3, C4 wu mHampaBusercs B €MKOCTH cOopa
KoHAeHcaTa. KoOHeuHBII NpOAyKT ¢ KOHLEHTpalnuen
NaOH 40% oxmaxnmaercs no Ttemneparypbl 35 °C B
oxjaaurene Cl.

B kagectBe TemI00OMEHHOrOo 00OpYJOBaHMS
HCTONB3YIOTCS  KOXKYXOTpyOJaThle  TEIUIOOOMCHHBIC
ammapaThl. Pekyrieparus Temiia B CHCTEME IMOIOrpeBa U
OXJTAXKICHUS OTCYTCTBYET.

AHanW3 JaHHBIX CYIISCTBYIOIICH CXEMEBI, pacyer
MaTepHANBHOIO U TEIUIOBOrO 0anaHca, IO3BOJISIET
BBIJICIIUTh TEXHOIIOTUYECCKAE TOTOKH IS TIPOBEICHUS
PEKOHCTPYKINH. [laHHBIC IOTOKOB IPUBEICHHI B Ta0II. 1.
OtMmeTuM, 9TO OBUTO TPHUHATO PEIICHUS OOBEIUHCHHS
ITIOTOKOB KOHJICHCATa W3 BHIMAPHBIX KOPITYCOB B OIMH
TEXHOJIOTMYECKAM MOTOK. Takke ObLI 100aBJICH IOTOK
TEXHUYECKON BOMBI ISl HYXK ITPOM3BOJICTBA.

Ta6nnua 1- I[aHHBIe TCXHOJIOI'MYCCKHUX ITOTOKOB BI)IHapHOﬁ YCTAHOBKU I UHTCTpAllun

Ne HasBanue noroka Tun G, kr/c Ts,°C T:,°C ¢, kJIx/(kr-°C) CP, xBt/°C AH, xBr
1 CMech KOHJICHCATOB rop 2,629 151,8 35 4,207 11,06 1291,83
2 Pacreop NaOH 40% rop 1,26 103 35 3,25 4,095 278,48
3 Pacrsop NaOH 13% rop 3,89 25 164 3,651 14,202 1974,13
4 Texuuueckas Boga XOJIT 0,61 15 50 4,19 2,556 89,46
IMocTaHoBKa 3agaum W BBHIOOP MOAX0Aa K  TEMIEPaTYpPHO-IHTANBIUNAHON JiUarpaMme s
pemieHnio. Jlnsg BEIOOpa MOAXOAA K CO3JAHMIO MPOEKTA  pasIMYHBIX  3HAUeHMH Alyn. DTO  HCCIEIOBaHHE

MOACPpHU3AaUN CUCTCMBbI TemiooOMeHa ObLIN MMOCTPOCHBI
COCTAaBHBIC KPHUBBIC TCXHOJOI'MYCCKUX MMOTOKOB IIpoLecca
U PACCMOTPCHBI HX OTHOCHUTCIIBHOC IIOJIOKCHUEC Ha

MOKA3aJ10, YTO JaHHas MpoOjeMa IMPeACTaBsieT COo0OM
TOpPOroBYIO 3a1a9y [4, 5].
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Ha pI/IC.2 NpeACTaBJICHbBI COCTABHBIC KPHBLIC
TCIUIOBBIX ITOTOKOB IIPOIECCA, PACIIOJIOKCHHBIC TaKUM
06pa30M, 4TO OXJIAXKJACHHUC TOpAYMX IIOTOKOB HE
Tpe6yeTc;1, a K XOJOAHBIM IIOTOKaM H606XO,HI/IMO

TOIBECTH TEILJI0 MOITHOCTHIO 493,27 kBT.
OHmin=493,27xBt
gm——————p

160
140 Vi

120 Py
o100 }/‘/
e 80 e

60 e
w2

in=I11,7°C
20 min
0 400 800 1200 1600 2000
OCmin=0 xBr H, xBr

Puc. 2 — CocraBHbIE KpHBbIE IOTOKOB IIpOLIECCa:
1 — ropsiuux, 2 — XOJOJHBIX

3aBUCHMMOCTh TpeOyeMOH MOIIHOCTH BHEIIHUX
yTWINT OT BenuuuHbl ATni, W300pakeHa Ha puc. 3.
W3meneHnne xapakrepa 3aBUCHMOCTH COOTBETCTBYET
IIOPOroBoMY 3HaueHHI0 ATy, = 11,68655 °C.

800

600 -
1

Yrmmursl, KBt
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200

0 3 10 13 ¢
ATmin, °C
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Puc. 3 — 3aBHCHMOCTS MOIITHOCTH BHEITHUX yTHIIUT
OT ATmin: 1 — TOpsUuX, 2 — XOIOTHBIX

Jnsi moporoBeIX 3ajad  XapakTepHO, 4YTO MpH
3HaYeHUSAX  ATmin, MeHee uYeM ATy, 3HaYCHHE
TpeOyeMoi MOIIIHOCTH OHOM M3 BHELIHUX YTHIHUT, Opmin
100 Qcmin, PABHO HYJIIO, @ 3HAUEHHWE APYrO OcTaeTcs
noctostHHOW. [Ipu 3TOM Tpebyercst nmubo Harpes, MO0
OXJIQKJICHHUE OJIHOBPEMEHHO B O0JIAaCTH HIDKE M BBIIIC
MMHYA, YTO IPOTHBOPEYWT IIpaBWIIaM IHHY-aHAIIN3a.
Otcroma ciaenyeT BBIBOJ, YTO UCIOJIB30BaHUE 3HAUYCHUI
ATmin<ATuop HE pPalMOHANBHO, TaK KaK HE MPHUBOAUT K
YMEHBUICHHIO 3aTPaT Ha BHEIIHHWE YTHIUTHI, a TOIBKO
MOBBIIIAET KAIMUTAIBHBIE 3aTPATHL.

Bb160p ATmin>ATrep CBOAUT IOPOTOBYIO 3aJady K
CTaHAAPTHOHN NMUHY-TIpoOIEeMeE.

Ecnu cocraBHbBIE KpUBBIE PACHIONIOKEHBI TAK, YTO HA
OHOM KOHIIE COCTaBHBIX KpHUBBIX, TOpsiueM JHOO
XOJIOJHOM, HE TpeOyeTcs WCIOoNb30BaHNE BHEIIHUX
YTHJIUT, MBI MOXEM MOTYYUTh 33Ja4U JIBYX THUIIOB.

I/ICXO,HH n3 TOro, 4YTO JIMHUA IIMH4Ya JACIIUT
TCIUIOBYIO CUCTCMY IMOTOKOB Ha JIBC — OAHA U3 KOTOPLIX
SIBIIICTCS. HMCTOYHHMKOM TEILJIOBOI OHEpPruu, a Japyras
CTOKOM — IIMHY HaxXxOoAWUTCA Ha TOM KOHIC COCTaBHBIX
KPpHUBLIX, T'IC HC Tpe6yIOTC$I BHCIIHUC YTHUJIUTHI. 3azlaqa
NEPBOro THUlla XAapaAKTCPUZYCTCA TEM, YTO MUHHUMAJIbHAA
TEMIICpAaTypHasd pa3HOCTbL MCKAY COCTaBHBIMU KPUBBIMU
COOTBCTCTBYCT TOYKC IIMHYA, IIpA OSTOM  3aJa4da
MMPOCKTUPOBAHUA TEIUIOOOMEHHON  ceTH nmo CyTu
CBOAUTCA K HCIIOJIB30BAHUIO TMPaBUJI pPa3sMCIICHUA
TEII000MEHHOT O O60py,HOBaHI/IH BBIIIC HJIM HHXKC

nuH4a. EcnM k€ COCTaBHbIE  KPHUBBIE  MMEIOT
MaKCHMaJbHOEe COJMKEHHE B HEKOTOPOH TOYKE BHYTPH
COCTaBHBIX KpHUBBIX (337aya BTOpOrO THIIA), TO

Tpebyercss wHOM moxaxox. Ilpm ostom BBIOMpaeTcs
O6mu3koe K ATnep 3HaueHue ATy, MeHblue, 4yeM ATnep.
CocTaBHBIE KpHUBBIE IIpolliecca pacloyiararoTcs Jpyr
OTHOCHUTEJIFHO JIpyra B COOTBETCTBUM C BBIOpaHHBIM
3Ha4eHUEM ATmin. TOUKY MX MaKCHMaJILHOTO COIMKEHUS
Ha3bIBAIOT [ICEBIO-MUHY.

Pasmemenne  TEIUIOOOMEHHHMKOB B OoOiacTH
HYJIEBOT'O ITOTPEOJICHNST BHEITHUX YTHIIUT IIPOU3BOIUTCS
KaK OT TOYKM IICEBAO-NMHYA, TaK U OT KOHLA, Ha
KOTOPBII HanoxeHo orpanudenue [5]. Ilockonbky B 3T0M
00JIaCTH TETJIOBBIE MOTOKM HE HAaXOAATCS B CTPOTOM
TEIJIOBOM OanaHce. JTO NPUBOAWT K Iepenade
HEOOJIBIIOr0 KOJMMYECTBA TEIUIOBOM DHEPrMH Yepe3
IICEBIO-MTUHY.

Kak BugHO U3 puc. 2, naHHas 3ajadya OTHOCUTCS KO
BTOPOMY THITy, KOTJa MaKCHMajbHOE COJIDKEHNE
COCTaBHBIX KpPHBBIX II0 TEMIEPATYpHOH OCH, PaBHOE
ATrop, COOTBETCTBYET BHYTPEHHUM TOUKAaM COCTaBHBIX
KPHBBIX.

VYuuTeIBasg TO, YTO PEKOMEHIOBAHHOE IO JAaHHOU
oTpaciy Npou3BOACTBA 3HaUEHUE AT min B UCIONIB3yEMOM
TEIJIO0OMEHHOM 00O0pYIOBaHMH HAaXOIUTCS B IIperernax
10-20°C [6], ObuTO TPHWHATO pemIeHHEe O BEIOOpE
ATmin =12 °C, 4TO MO3BOJIIET paccMaTpUBATh JAHHYIO
3a/auy Kak KJIacCHYECKyl0 NMUHY-NPoOIeMy U n30exaTh

HaJIOXKECHUS JKECTKOr 0 OTpaHUYCHUS Ha
HEUCIOJIb30BAHHE XOJIOAHBIX YTHIIUT.
IIpoekTpoBaHMe ceTH € MHHHUMAJbHBIM

norpedjieHeM BHEIIHUX YTHJIUT U ee ONTUMM3ALMSI.
Juis  BeiOpanHOro 3HaueHUs ATmin =12 °C  Obum
OIPENENICHBl LEJIEBble 3HAYEHUS MOIIMHOCTU BHEIIHUX
yTWIUT:  QOpmin =498,02 kBT, QOcmin=4,75 kBT,
MotHocTh pekynepanuu coctaBuia 1570,3 kBr.

Ha puc. 4 npencraBieHa ceroyHas auarpamma c
Ppa3MelIeHHBIMU TEIII000MEHHHUKAMU,
o0ecreunBarOIMU MUHHUMAaJIbHOE norpedieHue
BHEITHUX YTWIUT. [IpH MPOEKTHpOBaHUK PONU3BOIIIOCH
pacllielyIeHHe IO0TOKa ChIpbsl M TIOTOKa KOHEYHOIO
MPOAYKTA. Cnenyer OTMETHUTb, Harpy3ka
TeII000MeHHHKAa TS5 CyIecTBEHHO MeEHbBIIE Harpy3Ku
OCTAJIbHBIX TEIJIOOOMEHHHUKOB, YTO J1aeT OCHOBAHUS IS
ONTHUMHU3AINNA CETH TEINIOOOMEHHHKOB, COCTOSIIEH B
yIIeHHH — TemooOMeHHHKa TS5 W yBelWYeHWH
MOIITHOCTH OTPEOISIEMBIX BHEITHUX YTHIINT.
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Puc. 4 — Cerounast auarpaMMa CeTH ¢ MUHUMAIBHON MOITHOCTBIO BHEIITHUX YTHIIUT

Ha puc. 5 mnpencraBinena cerodHas auarpaMma
TEIJIOOOMEHHOM ceTH, W3 KOTOpoW ObUI  ymajeH

Ha TopsYeM KOHIle TerurooOMeHnHuka T4 pasna 23,7 °C,
YTO MEHbIIE TEMIIEPaTyphbl MUHYA XOJIOAHBIX OTOKOB.

TerooOMeHHUK T5 ¢ Harpyskoii 3,44 kBT. OTo mpuBesio D10 3HAYMT, YTO HE MNPOMCXOAUT  HAPYILEHHs
K TOMY, 4YTO Harpy3ka OXJaJuTels BO3PacraeT H0 ATy, = 12 °C.
8,19 xBr. TemnepaTypa noroka 4 — TEXHUUECKOM BOABI —
CP, H, xBr
37°C ; kB1/°C
151,8°C 35°C
[1} (1) @ » 1106 1291.8
©,
103°C / N7 . 35°C 3075
4,095 278,48
2] ) 8@? 4095, o, 8.4
139.8° et
164°C 128,7°C A9 6°C AN [1269,69xB 106
5 ; ’ 14,202 1974.1:
< 50026 N U 3 <3,14_
50°C »A0KBT AOZ.QSKB}\ 23370(}\\ 15°C
< O @ 4] 2556 89,46
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Puc. 5 — OnrumMu3npoBaHHast CETh TEIIIOOOMEHHHUKOB C Iepeadeii TeIuIa 4epe3 MuHY

Bermme mmH4Ya, 9TOOBI HE O0ABNATH €IIE OJWH
HarpeBarelb Ha IMOTOKe 4, yBeJWYeHa Harpyska
TerioooMennnka T2 ¢ 63,9 kBt no 67,34 xBrt. B atom
TEIUIOOOMECHHUKE TOPSYUM TEIUIOHOCUTEIECM SIBIISICTCS
MIOTOK 2 — KOHEYHBIH MpoayKT. [ToTok 2 ObLT paciiervie,
MO3TOMY MBI TOJYYWJIH BO3MOXKHOCTh H3MEHSTh
COOTHOILIEHUE IOTOKOBBIX TEIJIOEMKOCTEH, a 3HAYUT U
Harpy3K# TEIUIOOOMCHHUKOB, YCTAHOBJICHHBIX Ha 00EHX
BETBSIX, HE Hapylllas TEMIEPATypy NOTOKAa 2 HA BXOJE B
muHY. TakuM 00pa3oM, MOITYYEHO M3MCHEHUE HArpy3KH
Ha TermooomenHuke T3 ¢ 206,38 kBt na 202,95 kBt. B
pe3yibTare NOHWKAETCS TEMIIEPATYpa Ha FOpsiYeM KOHIIE
TerrooOMeHHNKa T3 omHOM W3 BeTBedl moToka 3 o
TeMIepaTypa Ha BXOJIE B Harpeparenb. lloTpeOieHue
ropsiuux yTWiIuT Teneps cocrasisier 501,46 kBT, To ecTb
YBEIMUYMBAETCS HA BEJIUUYMHY MOIIHOCTH MCKIIOYEHHOI'O

U3 CXeMBl TerrooOMeHHMKa TS5 m3-3a mepeHoca Teruia
gepe3 mnwmHY. CyMMapHass MOITHOCTH pEKyIepaIiu
cocrasysier 1562,2 kBr.

Ilonbop Temno00MeHHOro 00OpPYIOBAHMSI U
(¢popmupoBaHue MOJEpPHU3HMPOBAHHOH cxeMbl. B
KadecTBE  TEIUIOOOMEHHOrO  O0DOpYIOBaHUS  ObLIH

BBIOpaHbI IJIACTHHYATHIC TEIUIOOOMEHHBIC —AaIlaparhl,
peau3yrolre BRICOKUi KO3 HUIIMEHT Terutonepeaadu u
HUMEIOIIUE KOMIAKTHBIE pa3Mepbl. K X 10CTOMHCTBaM
HAJI0 OTHECTH TAK)KE MPOCTOTY B 0OCITY:KUBAHUH.

Ipu aHamM3e CETOUHOMN JHArpaMMbl ObLIO MPUHSITO
pelliCHUEe OTKa3aThCsl OT OXJIAJAUTENs, IOCKOIbKY
LeneBass  TEMIEpaTrypa  MPOAYKTa  HECYIIECTBEHHO
OTJIMYAETCS OT JOCTUTHYTOH TEMIIEPATyphbl B PE3YJIbTaTEe
tTemioodbmena — 37 °C.
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Bri6op TUIACTHHYATBIX TEIII000MEHHUKOB
OCYIIECTBIISUICSI M3  ACCOPTHMEHTa,  BBIIIYCKaeMOI'O
¢upmoii Alfa Laval, 1 nux pacder npoBezicH B IporpaMme
CAS 2000. Homenknarypa 0JOOpaHHOT O
TEIJI000MEHHOT0 000PY/I0BaHUS ITPHUBE/ICHA B Ta0I. 2.

B pe3yabTare Obu1a copMupoBana
MIPUHOMIHATbHAS TEXHOJIOTHYeCKast cxema
PEKOHCTPYHPOBAaHHOW yCTaHOBKH KOHIIEHTPHPOBAHMS
NaOH.

Tabnuma 2 — INapameTps! TeII000MEHHOT0 000PYAOBaHUS

Yucio IInomans Hena, rpu
TemrooOMeHHNK Tun UIACTHE Kommnonoska HOBEPXHOCTH, M? (6e3 HJIC)
T1 TL10P 45 2-11H+2-11H 22,5 414513
T2 TL3B 18 1-8MH/ 1-9ML 1,341 51843
T3 TL6B 27 1-(10H+3ML) / 1-(10H+3MH) 6,385 138765
T4 M3 46 1-23L/ 1-22L 1,472 63360
H CB77 40 1-19LW / 1-20LG 4 69828
B Bapomerpuuecknii
BK1J BK2 BK3 | KOMACHEATOP
\/
NaOH, NaOH, NaOH,
CB=16,3% CB=22,8% CB=40%
164°C 168,4°C 148.6°C 103°C
— E— Ry B ey
I'perormit
nap @
174,5°C 158,5°C 134,2°C
———> —> —>
\ﬁoe %oa 300
I TT T}y NaOH,
T1 CB=13%
T T LLIN 25°C
H, L{ Lo
LI T3
LLD—
o
l‘)"\ T -»-LITT 15°C
T2 Texuuueckas
‘_/ PN A1 N BOIa
50°C _l 350C l

* 36°C

Puc. 5 — IIpuHnunuanpHas TEXHOJIOIMYECKAs CXEMa MOCIIE PEKOHCTPYKIIUHI

IKOHOMHYECKAS OIICHKAa MmpoeKTa
MOACPHHU3AUU. Hpe,unaraeMbn‘/'I MMPOCKT MOACPHU3ANN
IMO3BOJIACT OCyHICCTBUTDH 9KOHOMHIO MOIITHOCTH

morpebisieMoro mapa Ha 1562,2 xBt, xonomaHO# BOABI —
Ha 1570,3 xBr. IIpu nene Ha ra3 anas NpoMBIIUIEHHOCTH
12249,6 rpu 3a 1000 M [7] >KOHOMHSA HA CTOUMOCTH
BHEIIHUX YTWIUT cocTaBuTr 13 578 820 rpH B rog.
Kanuranensie 3aTpaTst coctaBar 1 477 356 rph.

Takum obpazom, Oyner momydeHa 3¢ ¢GeKTHUBHOCT
KaIlMTAIBHBIX BJIOXKeHWH 7,3 TpH/TpH. PacuerHslil cpok
OKYIaeMOCTH MPOEKTA OKOJIO 2 MECSILIEB.

BroiBonbI.

1. AmHamM3 COCTaBHBIX KPHBBIX TEXHOJIOTHYCCKUX
IIOTOKOB MpPOLIECCa U UX OTHOCHUTEIHHOE MOJIOKEHUE Ha
TEeMIepaTypHO-IHTATBITHAHON Juarpamme TUTSE
pa3nuuHblx 3HaYyeHU ATnn TOKazaja, dYTo  JUIst
ATmin < 11,7 °C  MOUIHOCTH TOTPEOISIEMBIX BHEIIHUX
YTWIUT ocTaercs [IOCTOSIHHOW, TO €CThb
chopMmynupoBaHHas TpoOiieMa TMPEICTaBIsICT COOOM
MIOPOTOBYIO 33]1a4y;

2. C ydJeroM IOKamW3alli MecTa HAWOOIBIIETO
CONDKEHUS COCTABHBIX KPUBBIX Ha TEMITEPAaTypPHO-
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SHTANBNMMHON AMarpaMMe IO OCH TeMIepaTyp IpH
OTCYTCTBMHM HEOOXOAMMOCTH B XOJOAHBIX YTWINTaxX —
OXJIKIAroNIel BOAbBL, ObUT BEIOpPAaH MOAXOMA K PELICHUIO
paccmarpuBaeMoil 3anmadn. beur  obocHOBaH  BBIOOP
MUHUMAaJIbHON TeMIepaTypHOI pa3HOCTU B
TEIJI000MEHHOM o0opynoBaHnH 12 °C u
CIIPOEKTUPOBAHA CETh TEIIIO0OMEHHOI0 000PYA0BaHMU,
peanu3yomas MAaKCUMalIbHYIO PEKYIIEpaluu TEIIa.

3. OnTumu3anusi CeTd TEIIOOOMEHHUKOB IT03BOJIMIIA
YMEHBUINT KallUTAIbHBIE 3aTPAThl IPU HE3HAUUTEIIEHOM
YBEJIMYCHUH MOIIHOCTH MOTPEOJIIEMBIX TOPSIYHUX YTHIUT
— TPEIOILIETo Hapa.

4. DxoHOMHMYECKasi OIEHKa pa3pabOTaHHOTO MPOEKTa
ceTH pu HCIOJIb30BAHUU IIACTUHYATBIX
TEIJIOOOMEHHHUKOB,  TOKa3aja, d4TO  CpPOK  €ro
OKYIaeMOCTH COCTaBUT OKOJIO ABYX MECSILIEB.
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O. I1. IIPIIIIEHKO, T. T. YEPHOI' OP

AHAJII3 HPUKJIAZIB 3ACTOCYBAHHS TU®EPEHIIAJIbHUX PIBHSTHb B XIMIYHIA TA
XAPYOBIU TEXHOJIOI'TL

B crarTi HaBeseHO MPHKIAAN BUKOPHCTAHHS MU(EPeHNIINHNX PiBHAHb B XIMiuHiN Ta XapdoBili TexHOOrii. 30KkpeMa, AU(EpeHIiaNbHI PIBHIHHSL
LIMPOKO BUKOPHCTOBYIOTHCS B PI3HOMAHITHUX Tajly3sX Cy4acHO! HAyKH i TeXHiKU. ToMy Teopis qudepeHLialbHUX PiBHSIHB, SK OKpeMa TeMa B Kypci
BHUIIIOI MaTEMATHKH, MOCIJa€ BaXIIMBE MICIlE B CHCTEMI MiATOTOBKH (haXiBI(iB 3 MeXaHIiKH, ()i3HKH, €JIEKTPOTEXHIKH, XiMii Ta MalIMHOOYyBaHHSI.
IToxazaHa MO>KJIUBICTb BUKOPUCTAHHS JH(epeHNiaTbHUX PIBHSHB IIPU PO3B’ I3aHHI PI3HOMAHITHHX XIMIYHHX 3aad.

KaiouoBi ciioBa: ximis, audepeHiiianbpHe piBHSIHHS, Peakilis NepIIoro MopsjaKy, pedoBHHA, KOHICHTpALliS PEeYOBUHH, MIBUIKICTh PeaKii,
MaTeMaTH4YHA XiMisl, XiMi4Ha 3a/1a4a, MaTeMaTuka B Ximii.

O. I1. IIPHIIEHKO, T. T. YEPHOI' OP
AHAJIN3 IPUMEPOB ITIPUMEHEHUSA JIN®PEPEHIIUAJIBHBIX YPABHEHUI B
XUMHUYECKOW Y IUIIEBOM TEXHOJIOT U

B cratee mnpuBeneHB! NpUMEpHl pelleHHs JU(GEpPEeHIHANBHEIX YpaBHEHHH B XHMHYECKOH M IHINEBOH TeXHoJoruu. B wacTHOCTH,
muddepeHnHanbHble yPaBHEHUS IIHPOKO HCIONB3YIOTCS B Pa3sHOOOPA3HBIX OOJACTAX COBPEMEHHOH HAayKd M TeXHHUKH. IlosToMy Teopms
muddepeHIHaNbHBIX ypaBHEHHI, Kak OTAeNbHAs TeMa B Kypce BBICIICH MAaTeMaTUKH, 3aHHMaeT BaXKHOE MECTO B CHCTEME IIOATOTOBKU
CIICUAJIMCTOB 110 MEXaHHKe, (PH3UKe, HIEeKTPOTEXHUKE, XUMUH U MalIHHOCTpoeHuIo. ITokazaHa BO3MOXKHOCTb HCIIOIb30BaHUS U (epeHInaIbHbIX
YpaBHEHHUH IIPH PeNICHUH Pa3HOOOPa3HBIX XUMUYECKUX 3a/1ad.

KiioueBble caoBa: xumust, nudepeHHaIbHoe ypaBHEHNE, PeaKiys IIePBOTO IOPsAKa, BEIIECTBO, KOHICHTPAIMS BEIECTBA, CKOPOCTH
peakIuy, MaTeMaTHIecKasl XUMUS, XUMHUIeCKas 3a1a4a, MAaTeMaTHKa B XUMHH.

O. P. PRISHCHENKO, T. T. CHERNOGOR
ANALYSIS OF EXAMPLES OF APPLYING DIFFERENTIAL EQUATIONS IN CHEMICAL AND
FOOD TECHNOLOGIES

The article deals with applying mathematics in chemistry and chemistry-technology. Specifically, differential equations are extensively used in
various fields of science and technology. That is why the theory of differential equations, as a separate topic in the course of higher mathematics, is
of major importance in educational system of future mechanics, physicists, electrical engineers, chemists, mechanical engineers etc. A possibility of
using differential equations in solving various chemical problems is demonstrated. Some chemical technology problems are exemplified whose
general solution is reduced to separating variables equations, first-order linear differential equations, second-order linear homogeneous differential
equations. It is noteworthy that in solving chemical technology problems we deal with all of these types of differential equations. First-order
homogeneous differential equations are applied in solving the following problems: chemical compounds chlorination; chemical agent consumption
with maximum end product yield in complex reactions. Second-order non-homogeneous differential equations with constant coefficients are used in
solving problems of a system of reverse reactions running at constant volume; continuous hydrolysis of solid fat in a spray column. Second-order
differential equations which allow reduction of order are utilized for problems such as liquid movement in capillaries. Second-order linear non-
homogeneous differential equations with constant coefficients are applied to solve various problems, e.g. to find a law of motion of a particle that
falls as a precipitate in a liquid having no initial velocity.

Keywords: chemistry, differential equations, first-order reaction, substance, substance concentration, reaction rate, mathematical chemistry,
chemical problem, mathematics in chemistry.

BCTle. MO:KIIMBOCTI PO3BUTKY KOMIIETCHTHOCTEH HAyYKOBOI'O ,HOCJIiﬂ)KGHHH BI/IKJ'Ia,Ha‘IiB Ta CTy,HGHTiB €

MIXBY31BCHKHX KOMIUIEKCHUX IIPOCKTIB TICHO IOB’S3aHI  MiJABUINEHHS KOHKYPEHTOCIPOMOXHOCTI  YKpaiHCBKOI
3 NWTaHHAMM KiIacu(ikalii yciX BHIIB B3a€MO3B’SI3KIB  TEXHIYHOI OCBITM Ha CBITOBOMY pPHHKY IIUIIXOM
JUCIMIDTIH Y MeXax KypciB 3a HaBYaJbHHMH  PO3pPOOKH Ta BIIPOBA/PKEHHS IHHOBAIIMHMX Mojenel Ta
mporpamMaMi, a  TakoXK ~ BHOOpDOM  JIONAaTKOBMX  METOMiB. XiMiYHa Ta XapuyoBa TEXHOJIOTii BHBYAIOTH

VHIBEpPCAJIIbHUX KOMIIETEHTHOCTEH. MaTtemaTuka Jisi  BJIACTHMBOCTI  PI3HOBHIIB CHPOBHHHM Ta IPOXMYKTIB,

IH)KEHEpIB  XIMIKiB-TEXHOJIOTIB — [¢ B Mepury 4Yepry
KOPHCHHM IHCTPYMEHT JUIi pO3B’si3aHHS 0Oararbox
XIMIKO-TEXHOJIOTIYHUX TIpodjeM Ta 3amad. Baxko
3HAWTH TaKWH PO3IIT MAaTEMAaTHKU, SKWA 30BCIM HE
BHUKOPHCTOBYETHCS JUTSI BUPILIEHHS [IUX ITPOOJIeM Ha yCix
CcTafisix I1X aHamizy. 30KpeMa, OCHOBY CTaTHCTHYHOI
TEPMOAMHAMIKM  CKJIQJa€  Teopiss  WMOBIpHOCTEH,
OprafHiyHa XiMis I Tepea0aueHHs] BIIACTUBOCTCH
CKJIAJIHUX OpTaHiYHUX MOJIEKYJ BHKOPHCTOBYE TEOpii0
rpadiB, OCHOBHMH IHCTPYMEHT XIMIUHOI KIHETMKH —
mudepeHIianbHl  pIBHSAHHS, XiMiYHa TEpPMOJMHAMIiKa
IIMPOKO  BHUKOPHCTOBYE  METOAM  TOMOJOrii  Ta
nudepeHIianpHol reoMeTpii [ 1-9].

IMocranoBka npodiemMu y 3arajibHOMY BHIJISIAL
Ta ii 3B'130K i3 BAKJINBHMH HAYKOBMMH YH NPAKTHY-
HUMH 3aBJAAaHHSIMH. METOI0 NpENCTaBICHOrO y CTaTTi

3aJIeKHICTh 1X BJIACTHUBOCTEH BiJi YMOB TEXHOJIOTTUHHX
PeKUMIB — TEMIlEpaTypH, THCKY, KOHILEHTpamii Ta iH.
Tomy nayxe 4YacTo XiMiKaM-TE€XHOJIOTaM JIOBOJHUTHCS
mocimkyBaTi GyHKIT onHieT a00 KUTPKOX 3MiHHHX. SIK
BiJIOMO, OCHOBHHH CIOCIO JOCHipkeHHS (QYHKINI 11e
aHaii3 11 moxinHoi [10-18]. Hanpukmazn, npu po3B’si3aHH1
3aBIaHb 3  (IBMKO-XIMIYHMM  3MICTOM  MOXHa
PEKOMEHyBaTH TaKy HOCIiIOBHICTb Iiii:

1. BcraHoBHTH, SIKUM 3aKOHOM ITiJITIOPSIAKOBYETHCS
JIaHWH TIpOLIeC Ta BUPILINTH, 110 BHOPATH 32 HE3aJIEeKHY
3MiHHY (HampHKIal, 4ac f) i mo 3a IIyKaHy (YHKIIO
(Hanpuknanm, x =x(z) ).

2. Buxogsuu 3 yMOB 3aBIaHHSI
MIOYaTKOBI YMOBH (HANPHUKIAA, X, = x(Z,) ).

BU3HAYUTHU
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3. BimoOpasutu BCi HasBHI B 3a7adi BEIHMIWHHU
4epes f, X, X, BUKOPUCTOBYIOUM TIPH IbOMY (i3nuHMii
3MICT TIOXiZHOI SIK IIBMAKOCTI 3MiHM 3MIHHOI X B
JIOCITIPKYBAaHOMY TTPOILIECi.

4. Buxomsuum 3 YMOB 3aBAaHHS Ta Ha IIiACTaBi
(GI3UYHOrO 3aKOHY, SKOMY MiIIOPSAKOBYETECS TaHWH
TIpOLIEC, CKJIACTH TU(epeHIliaJbHe PiBHIHHS.

5. 3HaliTi 3araybHUN iHTErpan audepeHiaIbHOro

PiBHSHHSI.

6. 3a MOYAaTKOBHUMM yMOBAMM 3HAWTH YaCTUHHUUI
PO3B’S30K.

IIpn po3B’s3aHHI BeNUKOI KUIBKOCTI  (i3HKO-

XIMIYHMX 3aJa4 CiIif 3HATH, [0 MMBUIKICTL 3MIiHHU
3MIHHOI BEJIMYMHU MTPOIOpIIiiiHA 3HAYSHHSM Ii€] 3MiHHOT
B mepmiii cremeni. Taki mporecH Ha3WBAIOTHCSA
MIPOLIECaMU TIEPIIOTO MOPSIIKY 1 ONMUCYIOTHCS PIBHSHHSIM:

dx e
—=hkx. V pasi ximiuboi peakuii BeIMYHHH, IO

dt

BXO/IATH /10 Hel, 03HAYaIOTh: X — KiJIbKICTh PEYOBHHH B
OqMHUI 00'eMy, kK — TOCTIHHY BEJIMUMHY NIPH 3aJaHii
TemIiepaTypi (craja MBUIKOCTI peakiii), f — Jac.

Jlo Takux IpoLEciB CijJ BiIHECTH paiOaKTHBHUI
posmaj, 3MiHa KOHIIEHTpalii po3urHy, XiMIUYHY peakiio,
IO NPOTIKaE BIAMNOBIAHO A0  CTEXIOMETPHUYHOTO
piBHSHHS TUITY A— B, 3aKOH OXOJIO[PKEHHS Tijia Ta iH.

BukiiagaHHs 0CHOBHOT0 MaTepiaiy J0CTiTKeHb.

PosrisiHeMo fesiki 3amadi Uil pO3B’SI3aHHS SIKUX
3aCTOCOBYIOThCS TU(EepEeHIIIANIbHI PIBHSIHHSL.

[Mpuknan. €MHICTD, CTIHKH SKOi YTBOPIOIOTDH JIESKY
MOBEPXHIO  00epTaHHA 3  BEPTHKAIBHOIO  BicClO,
HAllOBHEHA pIOUHOK A0 Bucotd h. Hexait y nHi
MMOCYIMHU 3pOOJICHO OTBIp 3 IUIOMICIO f, depe3 SIKHid
pinnHa BuTiKae 3 mocyauHu. [loTpiOHO BHM3HAUMTH Hac,
HEOOXimHUH M TOro, m00 pigWHA OImycTHiacs o
3aJaHoro piBHA ab0 BUTEKIA MOBHICTIO. 3a yMOBH, IIO
MIPOTSATOM BCHOTO IIPOLECY HE BiOYBA€THCS NPHUILTUBY
piAMHM B TOCYAMHY 1 IO PI3HMIEI0 THUCKY IOBITPS B
MOBEPXHI 1 y BHXIZIHOTO OTBOPY MOXKHa 3HEXTYBaTH,
BU3HAYUTH Yac, KU 3HaHOOUTHCS AJIsl TOrO, 100 PiBEHb
PIAVHY B NWTIHAPWYHIA TOCYIWHI 3HU3WBCS BHACIIIOK
BUTiKaHHA pigman Ha 0,6 M, SKImIO JiaMerp
OWTIHAPUYHOL TIOCYIWHA 3 M, OTBIp Y THI IOCYINHU Ma€
niamerp 57 MM, MocyauHa, HarmoBHEHa pinuHO0O 10 1,8
M. BusHaunTH, yepes3 CKiNbKM Yacy BHTE4YE BCS BOja 3
MIOCY/IVHHU.

Po36’si3anns. Kinbkicts pinuan dQ , M0 BUILTHUBAE
3a yac dr 31 IIBUAKICTIO ), 4Y€pe3 OTBIp, OYEBHIHO,
onHo fwdr.
OpoTroM 4acy dr Oyle BBaXkaTuci HE3MIHHOO,
3HM3UTHCS 32 IEH 4Yac 3 JESIKOI IMIBHAKICTIO @ Ha

BUCOTY @dr , a OTXKe, 00CAT piAMHH B NOCYAHHI
3MEHIIUTBCS Ha BenmunmHy Fodr. g Benmuuna

PiBenp pimunu, mnoBepxHs [ sKoi

MIOBUHHA  JIOPIBHIOBATH  BEJIMYHHI dQ. 3simcu
OTPUMYEMO:

dQ = fodr = Fodr (1)

abo fo, =Fo. 2)

3rifHO i3 3aKOHOM, HIBHJIKICT (), BHTIKaHHS

piIUHU 3 OTBOpY 3 ILIOILLEIO IOIEPEYHOro mepepizy f
JIOPIBHIOE INIBUIKOCTI, SIKy HaOyBae BUIBHO Najaroye
TiJI0, IPOUIIIOBIIY BiJICTaHb, PIBHY BUCOTI CTOBIIA PiANHA
HaJl OTBOPOM.

BBenemo Tenep NMpSAMOKYTHY CHCTEMY KOOpIHMHAT,
B3sIBIIM 3a Bichb OX BiCh MOCyIWHH, a 3a Bick Oy Oynb-
Ky HEepHEeHANKYISIPHY 10 HEl IpsMy, IO JISKHTh B
IUTOLIMHI, 3 SIKOIO CIIBMajaja IHOBEpXHS pIJUHM Ha
movaTky mpouecy (B MomeHT 7 =0 ). Bice Ox HanpaBumMo
BEPTUKAJIBLHO BHM3. TOAi, 3TiHO 3 BHIIEBKA3aHUM
3aKOHOM MM OTPUMAEMO AJIs IIBUAKOCTI BUTIKAHHA @), 3

OTBOPY B MOMEHT 7 HACTYIIHHMH BUPa3 @, = +/2g(h—x),
Jle g — TPHUCKOPEHHS CHJIM TSKIHHA, s — IOYaTKOBA
BHCOTa cTOBNA pinuuau (ipu 7= 0); X — piBEHb B MOMEHT
7. IliacraBisioud 3HAUEHHS @), dbopmyny (2),
OTpPUMAaeMO BHpa3 Ul IIBUAKOCTI @ TaiHHA PIBHA B
MOMEHT 7 :

~L J2gt=) 3)

SAxmo eMHiCTh Mae (QopMy  BEPTHKAIEHOTO
mwtiHAgpa abo mpu3Mu, TO F mocTiliHa: SKIO X €MHICTD
SBISIE COOOI0 TUTO OOepTaHHsA, TBIpHA SKOTO Mae

piBnsHHs y = f(x) (puc. 1), 10 F = 7y°.

TN

)
- /9

Xv

Puc. 1 —I'paciuna mozens nporecy

IMincraBnsroun —— B piBHAHHA (3) 3aMicTh @),
dr

OTpUMAEMO:

dx f«/2g(h X) abo dr =

Fdx

T T

P03B’ﬂ3y10q1/1 PIBHSIHHS, MaeMO:

F~N2
=——ZJh-x+C.
Ty "

CKOpHCTAaEMOCH ~ TIOYAaTKOBMMH  yMOBaMH: B
MIOYaTKOBUH MOMEHT 3aKiHUEHHS 3HWKEHHS piBHSA
piavHY TOpiBHIOE HYIIO. 3HAYNTH, K07 =0, T0 x=0.

Otxe:

fF Im'

F\2
fff’

Bicnux Hayionanvnozo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayitini
40 0ocnidicen s y HayKkogux pobomax cmydenmis, 2018, Ne 40 (1316)



ISSN 2220-4784

Innosayitini 00CniONCenHs. Y HAYKOBUX pobomax cmyoeHmis

f@(ﬁJT).

OtpumaBm  Gopmyny, IO J03BOJISE BHU3HAYWTH dac,
HEOOXiTHUH AJIs1 OITYCKaHHS PiAMHM J0 33JaHOTO PiBHSA,
MiJCTaBUMO B HEl JaHi 3ajadi 1 BH3HAYMMO 4ac,
HEOoOXiTHUH AJIs1 TOro, MO0 PiBeHb PiIAMHY 3HU3UBCS HA

0,6 M, g=9,8Mm/c’; h=1,8M; x=0,6M:

3BIOKH 7 =

2 2
 — 7d _ 3,14-9 _53.6;
4
2 2
fm:ﬁz’ :3,14 0,057 —0,003;

53,6-1,4
= JL8=1,2)~2
0T 0003F( 2)= 20

Jly1s BU3HaUeHHS Yacy, HeOOXiHOrO JUIsl TOrOo, 100
BCS piAMHA BUTEKIA 3 MNOCYAMHU x =/, OTPUMYEMO

opmyay:

F\2 53,6-1,4
=207 1,8=169
fff - ooosf XB

[Mpuknan. OTpumaTty piBHSHHS XIMIYHOI peakiii,
IO CKJIQJAETHCS 3 J[BOX pEaKLiil IepHIoro IOpsSaKy
k &, . .
A——B—=—C (mocii/10BHA peaKiisi), 32 yMOBH, 10
BiZIoMi cTajli INBMAKOCTI peakwii x, ,x, ,x. , @ TAKOXK
0 0 0

BU3HAUMTH KOHLEHTPALil0 Xz B MOMEHT 4acy
120 ¢, sxmo  x, =0,28 kmonv/ M,k =2,5-10"¢™",
-3 —1 _ _
k,=5,5-10 ;x5 =0, x, =0.
Pose’szanns. Hexait x4, X, Xc¢ — BiAOOBiAHO
KOHLeHTpalii pedoBuH 4, B, C.
PiBHSHHS IIBUIKOCTI peakwiil U pe4OBUHU A:
dx,
= kx, @
dt

PedyoBuHa B yTBOPIOETBCS 3 PEUOBHHU A, TOMY
IIBUAKICTE YTBOPEHHS PEUYOBMHM B  mporopiiiina
KOHLIGHTpALlil pe4OBUHH A4 Yy BIANOBIIHUH MOMEHT Yacy
t. Cama peuoBnHa B € mkepenom pedoBun C i
LIBHAKICTH po3naay (3BOPOTHOTO TPOLECY YTBOPEHHS)
pedoBuHM B mponopuiiiHa Ioro KoHHOEHTpamii Yy
BiMOBiTHWI MOMEHT 4acy. Li 1Ba mporiecu IpoTiKaroTh
OJJHOYACHO; IIBUKICTh 3MiHHM KUIBKOCTI B BU3HAYa€THCSA
piBEstHESIM [10-12, 14-17]:

7: =kx, —k,x;. Q)

[IBunkicte peakmii yrBopeHHS pedoBuHH C
BH3HAYAETHCS KOHIICHTPAIIIEIO Xp, BIiIIMOBITHE PIBHSIHHS
Mae€ BUTIIS;

e
dt

Jist piBHsHHS (4) MaeMo:
—kyt
Xy=x,€ ", (7N

=k,x,. (6)

Sxmo ¢popmyy (7) BuUKopucTaemMo y piBHSHHESA (4) i
(5), To orpumaemo niHiliHe nudepeHIiaTbHe PiBHIHHS
TIEPILIOTO MOPSAKY:

dx ht
7:+k2x3 = kxA,e ™.

P03B’s13y104H 1€ PiBHSHHS, OTPHMAEMO:
dx o,

7:+k2x5 kx, =U@)V (@),
=U'V@+U@V' (@),
UV +UV'+ UV =kx, e, V'+k,V =0,

a —=—k Idt InV =—kt,V=e™,
V

1 —kyt __ —kt
Ue™ =kx,e™,
kx

— (ke — 1
dU =kx, e =

ef(kl k) C,
kz - kl

kx,,
kz _kl

—kat

)t~y
e hihlght | Co! |

Xp =

npu t:O,xB:xBO:

®)
k x
ks Y ek
=xg e +———(e" —e™).
kz - kl
3ayBaxuMo, W0 X. JCIie BU3HAYHTH HE 3

piBHSHHS (6), a 3 piBHAHb MaTepianpHOro 6amancy (7) i

(8).

PiBHsIHHS MaTepiabHOTO OaaHCy Ma€ BHUTIISL
X, + Xy +Xe =X, +X,+ x5 3BLICH

— kit

Xo =X, +Xp +Xo =X, —Xp =X, +X, +X, —X, € " —
kyx
—ky 1 —kyt —ky
—Xy € —’—k A;( (e —e™).
OTpuMaBIIM  DPIBHSHHS  IIOCITIJOBHOI  XIMIYHOL

peaxuii, BU3HauMMO 3 PiBHAHHA (8) KOHIEHTpaLilo X, B

BaﬂaHI/Iﬁ MOMCHT 4YacCy IIpyd 3aJaHuX IOYaTKOBUX
YMOBax:

x=0- e—5~5-10’3-120 2,5- 1073 -0,28 .
5,5-10%-2,5-10"
(e‘2~5'10’3-120 _8_5’5.1073'120) ~ 0,1 1xmons/ M’
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[puknazn. JliBuit KiHEIb CTEPXKHS, JOBXUHA SKOT'O
JIOPIBHIOE L MATPUMYETHCS IIPH MOCTIHHIN TeMmepaTypi
T, a mpaBuii — npu nocriiixii Temnepatypi 7, <7, .

CrpuxkeHb 3pobneHnit 3 MeTaiy 3
TEIUIONPOBITHICTIO A y BUTIISII OpycKa Malloi TOBIIMHH
3 IEpUMETPOM IONEPEYHOro Iepepisy P M 1 IUIomero
nepepizsy A M>. KoedillieHT TemnoBiamadi Bif moBepxHi
CTPIDKHSI 1O HaBKOJIMIIHBOI'O CEPEIOBHINA ¢ MOXE
OyTy IPUHHATHI TOCTIHHUM.

Temrmeparypa HaBKOJIMIIHBOTO cepenoBHuIIa
nopiBaioe  7;. TloTpiOHO BCTAaHOBHUTH 3B’S30K MIiX
TEMIIEpaTypOIO CTEPXKHS B OyZIb-sIKiil TOUMI 1 BiCTaHHIO
i€l TOYKN BiJl rapsvoro KiHIls, 32 YMOBH, IO CTEPKEHb
JIOCUTh TOHKHH; SIKIIO TETJIONPOBIIHICTH HOrO BEIHKa,
TO MH MOXEMO 0e3 CyTTEBOI NOMMIKH 3HEXTYBAaTH
TeMITepaTypHUMHA rpajiieHTaMu B HaIpsIMKax,
MEPIECHANKYSIPHUX 10 OCI  CTepXKHS, 1 IpHUIHSATH
MOCTIHHY TeMIeparypy B KOXHIM TOYNI HOIEpEeYHOro
riepepizy, HepreHuKyIsIpHoro oci Ox.

Po36’a3annn. JlocniauMo mporec po3noBCIOHKESHHS
TeIJIa B E€IEMEHTapHOMY BI/IPI3Ky MOBXMHOIO dX Ha
BIJICTaHI X BiJl TOrO KiHIIS CTEpP)KHS, TEMIIEpaTypa sSKOTro
t1 (puc. 2).

o — dx —— o
[

N

Puc. 2 — I'pachiuna mozmens TermiooOMiny

KinpkicTs Teruia, mo NpoXoauTh 3a 4ac dr d4epes
TIEPETUH CTEpPXKHS, IO 3HAXOAUTHCS Ha BIJICTaHI X BiX
MOYaTKy CTEpXHs, 3TiJHO Teopii Temonepenadyi, Oyne
JTIOPIBHIOBATH:

—lAﬂ dr.
dx

KinpkicTe Temma, mo mpodmnnio 3a Yac dr 4epes

MONIEPEYHUNA Tepepi3, M0 3HAXOMUTHCS Ha BiJICTaHi
X + dx BiJ] TIO4aTKy, Oyme:

2
—ﬂ,A d_T+dZ
x  dx

dx |drt.

JlinsHKa crepikHs, po3TalloBaHa MK Iepepizamy,
BilJAJICHUMHU BiJl ITOYaTKy Ha BIICTaHAX X 1 x +dx,
BHACJIIOK TeIUIoNnpoBigHOCTI HaOyBae 3a dac dr
KUIBKICTh TeIIa, IO MAOPIBHIOE PI3HMII BKa3aHUX
KIJIBKOCTEH, TOOTO:

a’T
x2

3a TO# ke yac BTpaTa TelUia Bif Ili€l JIITHKA B
HaBKOJIMIIIHE cepeloBHILE Oy/ie CTAHOBUTH:

AA dxdr.

aPdx(T—T,)dz.

Ane Tak sk ,HOCJ'Iiﬂ)KyBaHI/Iﬁ HaMu IIpouec €
CTaHiOHapHI/IM, TO

da’T
AAd—dxdr = aPdx(T -T))dr.
x

Ocraroyno TIPUXOANMO 10 HACTYITHOT'O
JudepeHIiaTbHOrO PIBHAHHS:
d’T  aP

=—(T-T). 9
L) 9

. aP
Hexait A =a’" . 3ayBaXHMOo, 10 IpH I, = const :
d(T-T) _dT d(T-T)_d’T
dx e’ dY’ dx’

ToMy piBHAHHI MOXe
HaCTYITHOMY BHTJISI:

OyTn mepemucaHo y

d’(T-T) _

= a*(T-T)=0.

Ile piBHsHHA Mae mocriiHi Koedinientn. Horo
3araJbHUI po3B’sI30K Oye:

T-T =Ce"+C,e™. (10)
[Ipu  po3p’s3aHHI  NPUKIAAHUX  337ad  JUIS
3HAXO/DKEHHS  JIOBUTHHUX  CTAIAX MOXYTh OyTH

BUKOPHCTaHI TPaHWYHI YMOBH: B IIOYaTKOBiil TOUIi
crepkHs, To0T0 npux =0, 7 =7, Ta y KiHUeBil, TOOTO
npux=qa, T =T,. Toxi 3 piBasanns (10) 3Haxoxumo:
— . _ _ al —al,
I,-T.=C,+C,; T, -T, =Ce” +C,e™™. (11)
3 nux piBHAHb MoxHa Bupasutu C, i1 C,uepe3
BizgoMi BesnmuuHY. Po3B’sa3ytoun piBHsaHHA (11) momo C,
i C, orpumaemo:

_(L-T)-([-T)e™"

C 5
2shal
(T, -T)e™ —(T,-T,)
C, = . Sy
2shal

IMincranoska sHauens C, i C, B piBHAHHA (11) nae:

(I, —T)shax+ (T, -T))sha(L - x)
shal ’
OTpUMAaBIIH PiBHSIHHS, 1[0 BCTAHOBIIIOE 3aJICKHICTD
MIDX TeMIepaTyporo 7 i KOOPIUHATOIO X TOYKH HATPITOTO
CTep)KHS, BH3HAYMMO, 30KpEMa, TEMIepaTypy CTep KHS
3aBJIOBXKKHK | M B TOUYLIl, BiAJajCHIN BiJ] JIIBOrO KiHIIS HA
Bincranb 0,4 M, 32 YMOBH:

T-T =
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A
T, =0; (l=10KKaJI/M2'FOZ['rpaI[,F=72,5;

A=330 — @1 .
M- TOJ - TPaj

T =47,9-shl, 48-0,4+95,8-sh1,48(1—0,4) ;

ExcriepuMenTanbHi  3aJ1€KHOCTI BHTOTOBJICHOTO 3
MOMieTHJIeHy BHpPOOY MaloTh TpadivyHi 3aJeXHOCTI
KoedilieHTa TermIonpoBigHoCTi A (puc. 3a) i koedinieHTa
TEMITepaTyporpoBoAHOCTH o (puc. 30), Tak camo 5K i
TEIUIOEMHOCTI C, (pUC. 4) HeNiHIMHOrO XapaxTepy, IO
YCKJIQJIHIOE ~ PO3B’S3aHHA ~ MaTEMaTHYHOTO  OMHCY
nporiecis TerionposigaocTi [10-18].

T =126,7°.
0,6
0,15
~ ﬁ i o
e ~
=
E 03 S 2 N
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[=]
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5 04 = 2 0,05
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0.3 0
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a
Puc. 3 — 3anexuicts koedimieHtiB Bin Temneparypu s I[IOBIl: a — TemmonpoBignocti; 6 —
TEMITEPaTypOIPOBOJHOCTH
g /
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ool
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5 05 ]
= N
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Puc. 4 — 3anexHicTh TMUTOMOI TEINTOEMHOCTI (Cp) Bix Temuepatypu st [19BIT

Pi3ka 3miHa 3HaYeHb KOCQIIIEHTIB TEILUIOMPOBITHOCTI i
TEMIIEpaTypOIIPOBOJHOCTH TIPH TeMmIieparypi (a3oBoro
TIepex oy IOB's13aHa 31 3MiHOIO 3Ha4YeHb C, Y Wil o0JacTi,
SK IIe TMOKa3aHO Ha pHUCYHKY 4. Po3rsarHyra o0Gnactb
Nepexoy IOB'si3aHa 3 MOJIAWCIIEPCHICTIO ToiiMepy i
PO3XO/UKCHHSME B 3[aTHOCTI KPHCTANI3YBATHUCS JUIS
MaKpOMOJIEKYJ Pi3HOI JOBXMHH. B y3araneHeHiit ¢opmi
HE3aJISKHOI BiJl 00OpaHOi CHCTEMHM KOOpAWHAT PiBHSHHS
TEIUTOIPOBITHOCTI Ma€ BUTIIS;

o _ vt +i,
ot pC

P
e o — Koe(illieHT TeMIepaTypoIrpoBOAHOCTH; V2
— omeparop Jlammaca mis T; G — iHTCHCHUBHICTB

BHYTPIIIHBOI'O TEIIOBUIIICHHS B CHCTEMI BiHECCHA IO
ONUHHILI 00'eMy, Kal/cM>-cC.

BucHoBKkM Ta mepcneKTHBH MOAAJIBIIOTO PO3-
BHUTKY [aHOI0 HAmpsIMKY. Y TIIPOIIOHOBaHIH poOOTI
HaBeZeHI AesAKi 3aaa4i XiMIYHOI TEXHOJOrI, 3aralbHHUi
PO3B’SI30K SIKUX IPU3BOANTH HAC 10 PiBHSHB 3
BiJIOKPEMITFOBAHUMHU 3MIHHHAMH, o JIHIAHAX
mudepeHIiadbHUX  PIBHSHb NEPIIOro TOPSAKY, 10
TMHIAHAX ~ OFHOpITHWX  JAU(EpEHIIATbHAX  PIBHSIHB
npyroro nopsaky. Ciin 3a3Ha4uTH, 10 TP PO3B’A3aHHI
3aja4 XiMIYHOI TEXHOJOrii MM 3ycTpidaemocs 3 yciMa
UMY TATaMH Ju(epeHIliabHIX PIBHSIHD.

Tak, 3 OMHOpITHUM TU(EPEHITIATFHIM PiBHIHHIM
TIEPIIOro MOPSAKY MH 3yCTpi4aemMocs IIpH PO3B’sI3aHHI
3a]1a4: TPOLEC XJIOPYBaHHs OPraHIYHKUX CIIONYK, BUTpaTa
peareHTy TpH MaKCHMaJlbHOMY BHXOII I[JILOBOTO
MPOAYKTY B CKIAQJHHUX PpEaKIisX; 3 HEOXHOPIIHUMHU
mudepeHIiaIbHIME  PIBHAHHAMHU JIPYTrOro IOPSAKY 31
cTamuMu KoedilieHTaMu — MY po3B’sI3aHHI 3a/1a4:
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cucteMa OOOpPOTHHMX pEakliif, II0 MpOTIKaTb NpHU
mocTiiHOMY 00’emi, Oe3MepepBHHI TPOIEC TiIPOTi3y
TBEPIOrO0 JKAPY B PO3MWIIOBANBHIN  KOJOHIN; 3
IUpEepEHITIATbHIMA PIBHSHHSAME JPYTOro MOPSAKY, IO
JIOITYCKAIOTh 3HIDKEHHSI TOPAIKY — pPyX pITUHA B
Karisapax; 3 JIHIAHIM HEOAHOPITHUMHA
mudepeHIiaJbHIME  PIBHAHHSAMHI JIPYrOro IOPSIAKY 31
CTaJIMMHU KoedilieHTaMH — TIpH PO3B’sSI3aHHI OaraTbox
3a/a4, 30KpeMa, HANpPUKIAL, TPH 3HAXOKCHHI 3aKOHY
pyXy YacTWHKH, LI0 BHIAIae B oOcajg B pinuHi 0e3
IIOYATKOBOI IIIBUKOCTI.

B maHiii cTaTrTi MH PO3IIISIHYIU TUTBKH JCKLITbKA
MIPHUKIIAIIB, SKi JAFOTh YSABJICHHS PO TE, SIK MaTeMaTHKa
BHUKOPHCTOBYEThCSL B XiMii. Bonm ¢opmyrors xoua,
3BUYAHfHO, HEMOBHE VSBICHHA TMPO 3aj1adi, sKi
PO3B’SI3YIOTh XIMIKH 32 JOMOMOT'OI0 MaTEMaTHKH.

Bzaemonist XIMIKIB Ta MaTeMaTHKIB HE
00OMEXYETBCS PO3B’SI3aHHSA TUIBKH XIMIYHHX 3a7ad.
[HKONMM 1 B XiMiUHIM TEXHONOTII BUHHKAIOTH aOCTpakTHI
3a/1adi, sIKi MPUBOMATH HABITH JIO ITOSIBM HOBUX OOJIacTeH
MaTeMaTukd. Tak, MaTeMaTHKH [0 IBOr0 dYacy
MpamioTh  HAA  JIOBEICHHSIM  JIPYTOro  3aKOHY
TEPMOJIWHAMIKH, SKAH € OJHAM i3 OCHOBHUX 3aKOHIB
Xximil, a U1 caMuX IHKCEHEpiB XIMIKiB  HOro
CIPaBeTUBICTh OYCBHUIHO BUILTUBAE i3 BCiX BiJOMEX Ha
el 4Yac eKCIepUMEHTAIbHUX JaHMX IIpo  XiMidHI
pEYOBHMHHM, XIMIUHI peakmii 1 BiINOBIOHI XiMigHI
TEXHOJIOTI.
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3HaHb MOXYTb BHHHKAaTH IyXe IikaBi sBuma. | xoua
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C. 1. BYXKAJIO, C. I1. ITJIIH, I0. M. I'TTABYEBA, H. M. MIPOLITHIYEHKO
MOKJIMBOCTI IIEHTU®IKALILL KOMIIOHEHTIB CKJIAJOBUX KOMILIEKCHUX IIPOEKTIB

VY wMarepianax TpeACTaBICHI MOXJIMBOCTI PO3POOKM 1 BH3HAYCHHS CKIAZOBHX KOMIUIEKCHHX MPOCKTIB — 5K OO0'€KTiB
IHTEJeKTyanbHOI BiacHOCTi. Po3poOku mpoBeneHi 3 MeTol0 BHOOPY CYyJacHHX BHCOKOE()EKTHBHHX HAyKOBO-OOTPYHTOBAHUX
TEXHOJIOT1} BUKOPHCTaHHS BiIXOMIB Pi3HUX TATy3eH MPOMICIOBOCTI Ha CKJIQXHOMY IIiAIPHEMCTBI, SIKE MOXKE 3a0€3MeUUTH BCi CBOT
eHepreTudHi MoTpedu caMocTiiHO. JlesiKi 0cOOIMBOCTI MOXKIMBOCTEH PIIICHHS 3aCHOBAHI HA €KCIIEPUMEHTAIFHIX JAaHUX PO3POOKH
MeXxaHi3MiB inenTudikarmii-kracudikanii Tpomecis i IX HAyKOBOro OOIPYHTYBAHHS Yy BUTIISIII OOITHHITh IHTENIEKTYaIbHOI BIACHOCTI
abo muctaHIiiHOI ocBiTH. IIpobiema yruiizamii BIAXOAIB PO3MISAAETHCS Y BUTTISIAI CKIIaJHUX KOMIUIEKCY ITPOIECIB, JOCTIHKEHD 1
aHaJ3y CHepro- i pecypco30epirarounx CKIAJI0BUX JJIS BiTXOMIB PI3HOTO MOXOMKEHHS. JlOCTIIKEHHS MOXYTh OYTH BUKOPHCTaH1
JuTst BUOOPY METO/IB MOBTOPHOI epepodku, Moaudikarii abo yrmmizamnii, a Takok 00JIagHAHHS IS TepepoOKH a0 IHIMX cTaaiit
KOMITJICKCHUX TTPOEKTiB.

KniouoBi c1oBa: iHTeNeKTyanbHa BIACHICTh, JUCTAHIIIITHA OCBITa, KOMIUIEKCHI 1HHOBAI[IHHI ITPOEKTH, HAYKOBO OOIPYHTOBAH1

METO/I1, €KOJIOT1YHa Oe3IeKa.

C. U. BYXKAJIO, C. Il1. HIJIHH, I0. H. ITIABYEBA, H. H MUPOIIITHUYEHKO
BO3MOXHOCTHU UAEHTHO®UKAIIMA KOMIIOHEHTOB COCTABJIAIOIINX KOMIIVIEKCHBIX TIPOEKTOB

B Matepunanax mpeacTaBiIeHbl BO3MOKHOCTH Pa3pabOTKH U OMPEASICHUS COCTABIIIIOMINX KOMIUICKCHBIX MPOCKTOB — KaK 0OBEKTOB
HMHTEJUIEKTYaIbHOH cOOCTBEHHOCTH. Pa3paboTKu MpOBENEHBI C LENBI0 BEIOOpPAa COBPEMEHHBIX BBICOKOI(()EKTHBHBIX HAayIHO-
00OCHOBAaHHBIX TEXHOJIOTHI HCIIONB30BAHMS OTXOIOB DA3IMYHBIX OTpacieil MPOMBIIUICHHOCTH Ha CIIOKHOM IIPEAIPUSTUH,
KOTOPOE MOXKET 00ECHEeYUTh BCE CBOM 3HEPreTHUYECKHe MOTPEeOHOCTH caMOCTOATENbHO. HekoTopble 0cOOEHHOCTH BO3MOXKHOCTEH
peIIeHUsI OCHOBAaHBI HA AKCIEPUMEHTATBHBIX JAHHBIX Pa3pabOoTKU MEXaHM3MOB HICHTH(PHUKAINI-KITaCCH(HUKAIINI TIPOLECCOB U X
Hay4yHOr0 OOOCHOBAaHHS B BHAE OOETOB HMHTEIUICKTYaJbHONH COOCTBEHHOCTH WM IWCTAHIMOHHOrO oOpasoBaHus. [Ipobmema
YTUIM3aOUM OTXOZOB PAacCMaTpHBAcTCS B BHJE CIOKHBIX KOMIUIEKCA IIPOLECCOB, WCCIENOBAHMM M aHAIN3a DYHEPro- MU
pecypcocOeperaommx COCTaBISIIOMNX IS OTXO/I0B PA3IMIHOTO MPOUCXOXKACHMS. MccnenoBanme MOryT OBITh HCIIONB30BAHBI IS
BEIOOpA METO/I0B ITOBTOPHO# NepepaboTKH, MOTU(DUKAIINY WIIN YTHIIM3AINH, @ TAKXKe 000pyIOBaHUS IS TepepabOTKH MITH JPYTUX
CTaJuii KOMIUIEKCHBIX IIPOEKTOB.

KnioueBble cjI0Ba: MHTEIUICKTyallbHAas COOCTBEHHOCTH, AWCTAHIIOHHOE O0pa30BaHUE, KOMIUICKCHBIC WHHOBAIIMOHHBIC
MIPOEKTHI, HAYYHO OOOCHOBAHHBIE METO/IBI, YKOJIOTHIECKast 0€30MacHOCTb.

S. I. BUKHKALO, S. P. IGLIN, Yu. N. HLAVCHEVA, N. N. MIROSHNICHENKO
POSSIBILITIES ANALYSIS FOR INTEGRATED INNOVATIVE PROJECTS

The materials presented the possibilities development researches of properties of technical and tecnological innovation systems —
integrated technologies. The materials are devoted to the results of researches of properties of technical and tecnological
innovations of modern systems as object intellectual property and distance learning, and also to the methods, models and systems of
their mathemetical description in the power studies and baseness. In this, phase of work in NTU KhPI" — studies the possibility of
increasing the economic efficiency of alternative energy sources. A review of the literature and the necessary articles written on the
subject: as technologies and economies develop and become more complex, energy needs increase greatly; types and evidence-
based methods of alternative energy, as well as the possibility of calculating the basic set of main economic indicators are classified,
identified possible areas of work in obtaining the necessary information and results. Energy is a fundamental input for economic
ecological safety systems. Current economic activity depends overwhelmingly on fossil fuels including oil, coal, and natural gas.
The history of industrial civilization is a history of energy transitions. In less developed, agrarian economies, people's basic need for
food calories is provided through simple forms of agriculture, which is essentially a method of capturing solar energy for human
use. As economies develop and become more complex, energy needs increase greatly.
Keywords: intellectual property, distance learning, integrated technologies, evidence-based methods, ecological safety.

Beryn. Ilporec mnopanbmoro pedopMyBaHHS Ta
PO3BHUTKY YKpaiHCBKOI OCBITH HEMOXJIHMBHH 0e3
ypaxyBaHHSI OCOOJHMBOCTEH Ta JESIKHX HpoOiieM
HaNpanboBaHOrO HayKOBOT'O i MEJaroriyHoro AO0CBimy
[1-4] y Burmsaai o0’eKTiB iHTENEKTyalbHOI BIACHOCTI
Ta JUcTaHliiiHOl ocBiTH . [locmieHHS KOHKYpEHTHOL
0OpOTHEOM 3a TMPaBO yYacTi 31 CBOEI IMPOAYKIIEID Ha
PUHKY TEBHOI Taly3i € O3HaKOW  CydJacHOL
npomuciosocti [3—7]. Ilpu npomy 3HauHE Micre Ha
PHHKaxX OKpIM TpaaMLiifHOI MaTepialbHOI HPORYKIT
3aXOIUTIOE IHTENeKTyalbHa BIacHICTE [8—11]. Amnami3
MOXJIMBOCTEH IHMCTAHIIIIHOI OCBITH A1 BUKOHAHHS
MIXBY31BCHKHX KOMIUICKCHHX IIPOEKTIB CTYICHTaMH
BUIIMX HaByanbHUX 3akianiB (BH3) e o6oB’s3koBoio

CKJIaZIOBOIO ITIATOTOBKM BHKJIQJ@diB Ta CTYAEHTIB IO
IHHOBAIIIIHOI AisibHOCTI [1, 2—16].

Cepis  Bicamka HTY «XIIl» IaHOBamiiiai
JIOCITI/PKEHHSI Y HAyKOBHX pOOOTax CTYIEHTIB MpaIlo€e
3 2009 poky, 3a med wac BHmaHO |5 30ipHHKIB
HayKOBHX Tmpamp. JKypHasl NpHCBSYEHO pe3yiabTaTam
HAyKOBOi  IISUTPHOCTI  BHKIQJAa4iB Ta HAYKOBUX
CHiBpOOITHHKIB BHIIMX HaBYaJNbHMX 3akianis (BH3),
JIOCITIKCHHSAM ocoOmMBOCTEH TEXHOJIOT1YHHUX,
TEXHIYHMX 1 EHEepPreTHYHUX IHHOBAIil Cy4YacHHX
IHTErpoOBaHMX CHCTEM, a TAKOXX METOAaM, MOJEISIM Ta
cHcTeMaM iX MaTeMaTHYHOTIO OIHCY.

© Byxkaio C.1., Irnin C.I1., I'naBueBa FO.M., Mipouanuenko H.M.,
2018
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PosrnsmaroTecs Takok PI3HOBHUIM AaKTHBI3aIlil
KOMITETEHTHICTHOT'O ITiXOAY BUKJIAJAYiB i CTYICHTIB
0 po3po0OK 3  IHHOBAIMHOTO  KOMILICKCHOTO
MIPOEKTYBAHHS CTYJCHTIB IMOYMHAIOUN 3 2 Kypcy i maii
OakajaBpar, MaricTpaTrypa, acHipaHTypa, 3aXHCT
qucepramii i T.. Y KypHaJl HaZpyKOBaHI 3a Ied Jac
JIAHITFO’KKA BUIIEBKA3aHUX POOIT SIK JJIS HAIIOTO TakK i
inmux BH3 VYkpainm y coiBnpami. XXypHan akTHBHO
CHIBIpAIIOE 3 WICHAMH YKpaiHCBKOi — acoriiarmii
XIMIYHOI Ta Xap4doBOl iHXKEHepii, sKa € CTPYKTYPHOIO

CKJIaZIOBOI0  YacTHHOIO  €Bporeiickkoi  Qenepaii
XiMigHOI iHXeHepii.
Tak, wHampuknan,  kKadexpu  IHTETPOBaHUX

TEXHOJIOTiH, MpOIeciB Ta amapaTiB # MEHEIKMEHTY Ta
onoparkyBanusa HTY «XIID» y 2017-2018 naBuansHOMY

poli TpoBeNM 3TiJHO 3 IUIAHOM  KOMIUIEKCHOTO
IHHOBAILlINHOTO ~ TPOEKTYBaHHS IiJICYMKOBHI  eTar-
MIPE3CHTAIlI0 32  3arajbHOI0  TEMOI  «AHam3
MOXJTUBOCTEH MEHEPKMEHTY KOMITJIEKCHUX

IHHOBaLlIMHMX TPOEKTIB eHepreTHyHoro Mikcy». Jlo
BUpILICHHA Ta PO3pOOKM OCHOBHOI TEMH 3allyqaincs
crynentn HTY «XIII» daxynereriB: TOP rpynmu O-45a,
0, B; b® — rpyrmu b®-15a,6 3a aucrumiinaMu «3arajibHa

TEXHOJIOTIS ~ XapyoBHX  BUPOOHHLTB»,  «Metoan
NPUAHATTS  YNPaBIiHCHKUX pimeHp», «Crpareriyne
YIIpaBIiHHS, opraHizamiiHiIMu 3MiHaMM,

«OrnepaniiHui MEHEIDKMEHT» Ta iH. TeMH NpOeKTy
«JIOCHIJDKEHHS ~ TE€XHIKO-€KOJIOTIYHHX  MOXIJIHBOCTCH
OUYUINCHHS TEXHIYHOI BOAW 32 CyYaCHHMH METOIAMM»,
«3aranbHi METOAM TNPHHHATTS YIPABIIHCHKUX pIillleHb
JUIsl  IHHOBAIliMHWX —MigIpUEMCTB» Ta «EKOHOMIKO-
MPaBOBI ~ XapaKTCPUCTHKH KOMIUIEKCHOTO  IIPOIIECY
S€HEPreTUYHOI'0 MIKCY 3 YpaXyBaHHAM albTCPHATUBHUX
JoKepenl  eHeprii». Taki TPOEKTH MAalOTh  CTaTyc
aKTyaJhbHHX TPOOJIEM CY4acHOCTI, 3B’s3aHUX, IEpII 3a
BCE, 3 BUCOKMMH I[iIHAMU Ha €HEPTrOHOCII Ta MOTPeOyIOTh
ydJacTi CTYACHTIB Ha YCiX CTalisfiX BHKOHaHHS. [lpm
MIPOBE/ICHHI MMPOEKTYBAHHS CTYACHTH OTPUMAIH TIIHOOKI
3HaHHA 3 KypCiB Ta KOMIICTCHTHICTHI HABHYKH JO
MIPOBEICHHS CAMOCTIHHOI HAYKOBOI POOOTH.

IMocTanoBka mpobiieMu y 3arajJbHOMY BHIIsAAl Ta il
3B'SI30K i3 BaXKIMBHMHM HAYKOBHMH Ta NPAKTHYHUMH
3aBAAHHAMM.

1. Anauni3 cyyacHoro crany mpo6iemu. JlJisi cCydacHUX
METO/iB HABYAHHS HASBHICTh 00 €KTIB iHTEIEKTYaIbHOI
BIIACHOCTI € O0OOB’S3KOBHM CKIIQJOBHUM CIEMCHTOM
CHCTEMH  KOMIUICKCHOTO  OBOJIOAIHHS  METOJaMH
KOMIICTCHTHICTHOTO aHaNli3y IHHOBAI[iMHUX 00’ €KTiB
npoMucioBocti. Opranizanisi SKICHOI OCBITH ITO3UTHBHO
BIUIMBAE€ HA IHTENCKTyaJTbHHUH ITOTCHIAN JIEPXKABU —
VYkpaiHa Mae MaHC aKTHBHO MPHETHATHCA IO I[OTO
Mporecy Ta TPOBOAWTH MAOCTIHKCHHS VY HampsIMKax
po3poOku craHmaptiB, GopM 1 METOHIB TaKOro THITY
HaBuaHH# 3, 12-15].

JocmimkenHs 00yMOBJIEHE po0IeMoI0
3a0e3MeueH s KOCTI OCBITH CY4acHOI MOJOAI 3 METOI0
aKTHUBHOI y4acTi y KOMIUIEKCHHX  IHHOBAIIHHUX

MIXBY31BCBKHX IpoekTax. Ha BHKIazada IOKIafaloThes
Taki yHKILI, IK KOOPAMHYBAaHHS Mi3HABAJIBHOIO

IIpoLecy, KOpPEeryBaHHS KypCy, KOHCYJIBTYBaHHS
NIPY CKJIQJaHHI 1HJMBiTyaJbHOrO HAaBYaJBHOTO IIJIaHY,
yIpaBiiHHA y400BUMH IIPOEKTaMM TOMIO. | ymaHi3aris
OCBITH SIK TIPOBiJHA CKJIaJ0Ba TCHIEHISI i PO3BHUTKY
O3Haua€ CIPSIMOBAHICTh OCBITH JI0 CTYJCHTIB, CTBOPEHHS
YMOB IJIsl TIPOSIBY 1 PO3BUTKY iX IHIMBIXYaJbHOCTI Ha
ycCix eramax HaB4aHHS y pisHOBHmax BH3 [10-16]. Taxi
YMOBH CIIPHSIOTH 3aXUCTY JIIOACTBA B3araii i CTYICHTIB
30KpeMa  BiJl  HeOe3NmeKH BTpaTH  HUMH  CBOEI
YHIKQJIBHOCTI, BIUY)KEHHS BiJl JKUTTS, CBITY NPHPOIH 1
KYIBTYpH;  BOHM  CHpPSMOBaHI Ha  MaKCHMalbHE
3aJI0BOJICHHS BUIINX norped JIOIHU B
caMmoakTyaiizamii, camopeaiizauii, mpodeciiHOMYy 1
comiagbHOMY cTaHOBIeHHI [12—17, 21, 22].

2. Bu3znauenHnst OCHOBHHX KpHTepiiB
aociaimkeHHsl.  BinmoBimHO 3 KOMIIETEHTHICTHUM
MiIXOMOM JO MPOQeCiHHOT MiATOTOBKH MaWOyTHIH
¢daxiBenmp ~ TOBMHEH  HAOyTH  JOCBiAYy  TBOPYOI,
JOCHITHUIIBKOT ~ Ta  COMIaJbHOI  JISUTBHOCTi,  SIKi
(hopMyIOTBCS caMe B TIPOIECi CaMOCTiHHOI poOoTH
CTY/ICHTIB.

@opMyBaHHS TOro YW IHIIOTO THITy KYJIBTYPH
BiZJOYBAETHCS B IEBHUX COLIIAJIbHO-EKOHOMIYHUX YMOBax
i BimoOpakae OpraHi3amiifHO-TEXHIYHI aCIEKTH CIIOCO0Y
BUPOOHUIITBA.

IlepeBarn  aucTaHUifHOIO  HAaBYAHHA  IIEpen
TpaJUIifHAM: THYYKICTb — HAaBYaHHS MOXE B110OyBaTHCS
B Oynb-sIKMii 3pydHMiA 4ac; BUOIPKOBICTh; 00'€KTHBHICTB;
reorpadiuHe OXOIUIEHHS — CTYAGHTH 3 BiJIQJCHUX
perioHiB KpaiHM MOXE OTpUMAarH SIKICHY OCBITY 1
KOHCYIIBTALII0 BHCOKOKBaJTi (DIKOBaHUX (axiBuiB;
(hopMyBaHHSI HABHYOK.

Y  sKocTi CKJIQHOBOI  JIITEPAaTYpHOTO  OIVIILY
JUCTaHLIHOI OCBITM Tpeba CTBOPIOBATH  ONISAN
pi3HOBMAIB crareld (Hanpukiax, cepis I[HHOBamiNHI
JIOCITI/DKEHHSI Y HAyKOBHX poOOTax cTydeHTiB BicHuka
HTY «XIIl») Ta nareHTiB 3 ypaxyBaHHSIM HayKOBHX Ta
MpakTHYHUX 3aBiaHb Ykpainu Ta Caity [11-19]. Cepis
[HHOBaMiMHI  JOCHIKEHHS y HAyKOBHX  poOoTax
crynentiB Bicauka HTY «XIII» mparioe 3 2009 poky,
BOHA NPHUCBSYEHA OCBITIIEHHIO SK 3araJlbHUX ITHTaHb
OCBITH CTYIEHTIB, TaK 1 BUPINIEHHIO OKPEMHX HayKOBO-
TEeXHIYHUX pobieM iHTerpanii TIPOLIECIB;
eHeproeeKTUBHIH PEKOHCTPYKLii abo MopaepHizamil
CKJIAJIHUX XIMIKO-TEXHOJIOTTYHHX CHCTEM; JIOCIiKEHHIO
PI3HOBHIB BJIACTHBOCTEH CYYaCHHMX TEXHOJOTIYHUX
CHCTEM BIAMOBITHO A0 BUMOI' IIPOEKTIB, METOAM, MOJEN1
Ta CHCTEMH X MaTeMaTHYHOr'O OITUCY:

® BapiaTUBHICTh ~ 3aBJaHHSI Ta  PE3YJbTATIB
(YHKI[IOHYBaHHS KOMIUICKCHUX iHHOBALlIHHNX TPOEKTIB;

® ypaxyBaHHS TEXHOJOTIYHUX Ta THIITNX
0COOMBOCTEH TIPOIECIB, 5K 3aJEKATh BiJl BEITUKOI
KIJIBKOCTI (haKTopiB;

® KJTIOYOBI KOMITETEHIIIT, 0COOJIMBOCTI
IH(QPaCTPYKTypH, THIT ¥ CTaH YCiX CKIIaJIOBUX IPOCKTY.

VY cepii mpeacTaBieHi TEOPETHYHI Ta HPaKTHYHI
pe3ysbTaTh HAyKOBUX MOCTIUKEHb 1 pO3pO0OK, SKi
MMOKA3yIOTh 3IaTHOCTI (aXiBIiB A0 IHHOBAIiHHOI
JUSUTBHOCTI,  poOOTM  BUKOHAaHI  CTyIAGHTaMH 1
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BHUKIIQJIadaMH  BUIIOI  [IKOJHM,  aclipaHTaMu i
JIOKTOpaHTamH, HayKOBUMH CHiBpOOITHUKAMH,
(axiBLsIMU Pi3HUX OpraHi3awiil i MianpHeEMCTB.

VY nyOmikamisix TeMaTHYHOTO BUIIYCKY BHUCBITIICHO
IIMPOKE KOJIO TpoOiieM: IHHOBAILiiHI TexHoJorii Ta
pO3poOKM B PI3HUX  Tamy3sX  [POMECIOBOCTI;
MOJICTTIOBaHHS SIK IHCTPYMEHT 1HHOBALlIHHOTO PO3BUTKY;
€HEepro- i pecypco30epekeHHs K 3aadi ¥ TEXHONOTIl
1HHOBAIIIi; IHHOBALI#H1 3aXomoM  JUIA OLIIHKH
€KOJIOTIYHOr0, EKOHOMIYHOTIO Ta COLiaJIbHO-IIPaBOBOTO
CTaTyCy Ta CTaHy MiJIPHEMCTB.

Buknax ocHOBHOro martepiajiy IoCTisKeHHS 3
MOBHUM OOIPYHTYBAHHAM OTPUMAHHX HAYKOBHX
pe3yJibTaTiB.

AmHamiz menaroriqyHoi Jrteparypu 1 OCBITHBOL
MIPAKTHKH, & TAKOX ITPOBEICHHS BIIACHOTO EKCIIEPUMEHTY
BHKJIa/Ia4a i CTYICHTIB IO3BOJNSE BUIUTUTH CYKYITHICTBH
npodeciitno OpiEHTOBaHUX SIKOCTEH
MATEHTOCIIPOMOXKHOCTI IIOCIIIKEHUX 00’€KTiB,
(hOpMYBaHHIO SKUX TaKOXK CIpPHSIE 1 caMoOCTiiiHa pobOora
cryneHTis (puc. 1).
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| BI/INOBIIHOCTI O3HAK
| TS [TATEHTIB VTS IATCHTYBaHHS
l Tak
|
3abopona <
myOmikartii
pe3ynbraris OmiHKa eKCIIEPUMEHTY

JUT TATEHTYBaHHSA

|

|
]

|

|

|

|

l

Omuinka e(heKTHBHOCTI )
BHKOHAHHX MPOEKTIB

Jii ebexTnBHI?

IligroroBka i BUKOHAHHA
3AKJIHOUHUX J1H

IMepernsn
3aIJIaHOBAHUX
it

Puc. 1 — Orrrumizarist BUSIBISHHS TATEHTOCIPOMOXKHOCTI OTPUMAHUX PE3YIbTaTiB HAYKOBHUX JOCIIKEHb

IMpn nammcanni 1iei podorm Oynu BUKOpHCTaHI
pI3HOBMAM MatepiaiiB IHTEJIEKTyaJbHOI BJIACHOCTI Ta
JIICTAHLIMHOI OCBITH y BHIVISIAI HAYKOBUX CTaTel Ta Te3
MDKHapOJHUX KOH(EpeHIiH, II0 NPHUCBIYEHI aHATI3y
po0JIeM Ta MEpPCIEKTUB PO3BUTKY HABYAHHS CTY/ICHTIB

BUIIMX HaByanbHUX 3akiafgis (BH3) y pamxkax
BHKOHAHHS KOMIUICKCHUX iHHOBAIIMHUX TIPOEKTIB [l—
24]. Auroput™ cmiBopami  OiATOTOBKM W BHKOHAHHS
KOMIUIEKCHOTO IIPOEKTY Ma€ HACTYITHI Aii MOAANBIIOI PO3POOKH
00’ €KTiB iHTENIEKTyaIbHOI BIACHOCTi: OCMUCIICHHS 1 aHAI3
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3aBIAHHA;  TOOIYK  MOXJHMBHUX  BapiaHTiB  pIlICHHS,
y3araJbHEHHS HAaKOMMYCHUX JAHWX Ta X aHaTi3; OTPHMAaHHI
PO3paxyHKOBHX 3aJIC)KHOCTEH, peai3allis 00UrCIIeHb Ta aHai3
pe3ynbTaTiB; BBENCHHS Y SKOCTI I1HHOBAIifHOI CKJIaIOBOL
MIPOEKTy — CIHIBOpAIs Ta ajaNTaris y poOoTi Haj NMPOeKTOM
ycixX JIaHIIOTIB. 3 pe3ynbTaTiB aHATITUYIHOTO Ta BHUKOHAHOTO
TEOPETHIHOTO Ta KCIIEPUMEHTAIFHOIO JOCTIIKeHHS (pHC. 2)
CTall0  BIOMO, IO BH3HAYCHHS, HANPHUKIAN, 3MiHH

BiactuBocreii (1 22 1), ckiamoBux gactun 06’ €Kty (4), 3MiHH

Puc. 2 — BusHadueHHS 3MiHU BIACTUBOCTEH 00’ €KTY

Jnsa PpO3poOKH CTyJEHTaMU 00’€KTIB
IHTEJIEKTYaJIbHOI ~ BJIACHOCTI ~KOMITJIEKCHHX IIPOEKTIB
(craTeii, Te3 KoH(EpeHIIH a0 MaTEHTIB — 3aJEKHO BiJ
MiJICYMKY CKJIAJOBHX YYacTi CTYICHTIB Y IIPOEKTi)
PO3IIISTHYTI HayKOBO-00IPYHTOBaHI TEXHOJIOTI1
BUPOOHMIITBA BTOPWHHOI CHPOBHHHM a0 MpPOBEICHHS
cranil yrunizanii-monudikanii [3, 8-12].

arperatHoro crany (3Z23) Ta TeMmepaTypHO-4aCOBHX

XapakTepucTuk (2 22 2 )HajaloTh  TeBHI  3B’s3KM 3
MOAANBIINM  (QYHKI[IOHYBaHHSIM CHCTEMH 3a PO3pOOJIEHOI0

(hyHKITiOHATEHOIO cXeMoro (puc. 2 Ta 3).

Peanbna cutyaris
IHHOBALIHHOrO 3BIAHHS

IIpobnemna curyanis 1
s 1 - n rpynn

. Hi
HasisHicTh
JTAHHX

Posumpenus
IHHOBAIIMHUX 3HAHb

Tak

TeopeTnuna Ta MpakTHYHA
oprasizaisi Marepiansy

TToGynoBa MaTeMaruuHOI MOIEIL

IIpobremua curyaris 2
s 1 - n rpymm

BigoMicTh
MareMaTu4HOro
onucy
Moneni

Hi

IaTepnperarnis
pe3ynbraris
A

JIOCHIT3KSHHS HOBOTO
Ki1acy Moaesnei

Tak

3acTOCyBaHHS MaTeMaTHYHOM Teopii

3aCTOCyBal[Hﬂ TEOPETUHUHHUX 3HAHb
JUIsST pOSB’S{SaHHﬂ BI/IXiZ[HI/IX 3agaq

Y MOKIIUBE
3aCTOCYBaHHSA
TOpii 10
HOBOI CHUTYyaIli1

Hoga cutyariis, HOBI 3a1a4i

A

[Ipobnemna cutyanis 3
i 1 - n rpymn

3acTocyBaHHA
TEOPEeTHYHUX 3HAHB JI0
HOBOI cuTyauil

Puc. 3 — Ornrrumizaris OIiHKY OTPIMaHUX Pe3yIbTaTiB HAYKOBUX JOCIIIKECHb

BusnauHor 0cOOIMBICTIO HABYAIHLHOI TEXHOJIOTIT €
HasIBHICTH OCHOBHHUX CKJIaJOBHX

PeByJ'II)TaTI/I HAayYKOBHX IlOCJ'Iiﬂ)KGHI) HpeﬂCTaBJ'IeHi

BUCHMMH, (axXiBISIMA 1 CTYICHTAMHU, SK HAaBYAIBHHX
By3iB, HAHY ta HJII, Taxk i BUpOOHMUYMX MiJNPHEMCTB
OaraThox oOyacTeld YKpaiHu.

crenudigHIX
OIITUMAJIBHO OpraHi30BaHOrO KOMITJIEKCHOT'O
IHHOBAIIIHHOTO TPOEKTY SIK HOBOI (popMH HaBUAHHS:
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® BHCOKHMH CTYIiHb KOMIETEHTHOCTI B PO3IJISTHYTIN
mpobJyieMi  BHUKJIA/IadiB-OpraHi3aTopiB i, SK IpaBmIIo,
HASBHUI TOCTaTHINA MPAKTUIHAN Ta TCOPESTUYHUH TOCBI
1 3alliKaBICHICTh 3 NUTAaHb BUPIMICHHS HECTAHIAPTHHUX
TEXHIYHHUX MPOOJIEM Yy CTY/ICHTIB;

e npodreciiiHa METOAWYIHA MiArOTOBKA BHUKIIATAYiB-
OpraHi3aTopiB /10 KepyBaHHS KOMIUIEKCHUM ITPOEKTOM 1
JIOCUTh BHCOKHMH PiBEHb IMITpOBi3alii 3 OOKy CTY/AEHTIB,
o oOyMOBIIIOE HEOOXiIHICT KOHTPONIO BHKJIAAada 3a
MIPOLIECOM OTPUMAaHHS KiHIIEBOT'O PE3yNbTaTy IPOCKTY;

® OCHOBHI Il KOPWIYIOUMX i BHKIaAadiB —
imeHTHOIKamisg, BUIIJICHHS Ta YCYHEHHS CIIPaBXHIX
NIPUYMH  HEBIATIOBIAHOCTI OTPUMAHUX pE3YJIbTaTIB 3
METOI0 HalpaBJICHHS 10 IHHOBAIIHHOTO pe3ylbTaTy y
PO3pOOLI KOMITJIEKCHOT'O TIPOEKTY Y LIJIOMY.

[NokasHukamMu  SKICHOI  IMATOTOBKA  (paxiBIs
MOXXHA IIPUHHSATH J1Ba OCHOBHI 1HTErpajbHI KpUTeEpii:

- KUIBKICTH 4Yacy, HeoOximHe BumyckHHKoBI BH3
IUTsL ajamnTaiii Ha poOoYoMy MICIi Yy BiTIMOBITHOCTI 3i
CBOE€IO CIICIIaIbHICTIO;

- KIJIBKICTB «CIIOP1THEHUX) (CyMIi>KHHX)
CHeLiaIbHOCTEH, 32 SIKUMHU BHITYCKHHK MOXE ITPaIfOBaTH
0e3 3HAYHUX BUTPAT Yacy i CHJI HA IXHE OCBOEHHSI.

BucHoBKM Ta  mepcHeKTHMBH  TMOJAJBLIOrO
PO3BMTKY [aHOro Hampsmky. IligBomsum miacymku
BHIICCKA3aHOMY, MOXKHa Bim3HaumtH, mo BH3 Oyxe
YCIIIIHO PO3BUBATHUCS TUIBKM B TOMY BHIIAJIKY, SIKIIO BiH
OylIe TOTOBHTH KOHKYPEHTOCHPOMOXHHMX (axiBuiB i
iBUIICHHS SIKOCTI HAaBYaHHS CTaHE CIPABOIO BCHOTO
KOJIEKTHBY HaBYAJILHOTO 3aKJIa/Ty.

Tpeba Bim3HauWTH, IO 32 POKH KOMIUIEKCHOTO
MIPOCKTYBAaHHS  HAlIUM  KOJEKTHBOM  TIIBKH Yy
TEMAaTUYHOMY BUITYCKY «IHHOBamifiHI IOCHiMKEHHS Y
HayKoBHX poborax cryneHtiB» Bicanka HTY «XIII» 3a
IHHOBAIITHOIO TEMATHKOIO IPOCKTY OIyOIiKOBaHO 22
CTaTTi SIK KEPIBHUKIB IPOEKTY, TaK 1 CyMiCHHX cTaTei 3i
cryneHtamu pisnux BH3, kypciB Ta daxynsreriB. 3
ouMu poOOoTaMu MOXKHa O3HaiiomuTucs Ha caiti HTY
«XIII» Ta y mporeci podoTH cekii MKOI1-CeMiHapy.

Opranizamist caMoCTiifHOi pOOOTH CTYICHTIB B
TIpolieci HaBYaHHA SK IearoriyHa npobdiemMa y Mexkax
JIUCTaHLIHOT OCBITH Ma€ CKJIaJI0Bi:

e aHami3 TEOPETUYHHX IMIIXOMIB 1O OpraHi3arii
camocTiiiHOI pobotu ctynentiB BH3;

® MIAKTHYHI OCHOBHU JHMCTAHIIHHOIO HaBYaHHS B
IIPOLIEC] MiJIrOTOBKH CTYAEHTIB;

e METoAM KOMIUIEKCHMX IHHOBAIIfHMX MPOEKTIiB
SIK OCHOBa Oprasi3aiiii caMocTiiiHOI poOOTH CTYIEHTIB B
TpoIieci HaBYaHHS;

e BH3HAYCHHS TIPUHIIHITIB oprasizarii
CaMOCTIHHOI poOOTH CTYJCHTIB B Ipolleci HaBYAHHS Ha
OCHOBI ITO€JHAHHS JUCTAHLIITHOTO HaBYaHHS Ta METOIY
MIPOEKTIB;

e Mozeni opranizamii camocrtiifiHOoi poOorH Ha
OCHOBI ITO€JHAHHS JUCTAHLIIHOTO HaBYaHHS Ta METOIY
MPOEKTIB B TPOIECI ITiJTOTOBKH CTYICHTIB TEXHIYHUX
BH3;

® [IEAAroriyHi yMOBHM OpraHizamii camocCTiiHOI
pobotu crymeHTiB TexHigHoro BH3 B mpomeci
ITiITOTOBKH J0 3aXHCTY IPOCKTIB;

e BWIAHHA  WiAPYYHUKIB  Ta  METOXUYHHX
peKOMeHalii o0 opraHizaulii caMOCTiHHOI podoTH
CTYIEHTIB B IIpOLECi HAaBYaHHS Ha OCHOBI ITO€IHAHHS
JIUCTaHIITHOTO HAaBYaHHS Ta METOY ITPOEKTIB;

® TIEAArOTiYHMH EKCIIEPUMEHT IO OLUHII piBHA
oprasizanii poOOTH B NPOEKTHIH IiSUIEHOCTI CTYIEHTIB
texHiyHoro BH3 B mpomeci miaroroBkm Ha OCHOBI
JIUCTAHIIITHOTO HABYAHHS Y BUIVISII TTPE3CHTAITI.

Crig Bim3Ha4YnTH, MO (aKTHIHO B YKpaiHi 3apa3s 3
00’€KTUBHUX OOCTaBHH JYKE€ Mo HayKOBHX, HAyKOBO-
texHiuHNX (HTP) Ta mOCHiIHO-KOHCTPYKTOPCHKUX POOIT
(AKP), crpsiMoBaHMX Ha MOJEPHI3alil0 ICHYIOYOTO Ta
CTBOPEHHS 1 BIPOBA/DKEHHS Yy BHPOOHUITBO HOBOT'O
oOmamHaHHSA, pO3POOJICHHS 1  OCBOEHHS  HOBHUX
TEXHOJIOTil EeHEepreTMYHOro MiKCy, ajieé Taki HayKoBi
00’eHaHHS 32 YYacTIO BHIIMX HaBYAIBHUX 3aKJIadiB y
SIKOCTI €KCIEpPTiB Ta CITIBBUKOHABIIIB KOHYE HEOOXITHI
3apa3. [Ipu oMy 3aranpHi oOcsiru ¢inancyBanns HTP
ta JIKP y po3paxyHky Ha omHOro BukoHaBLsAy 50-80
pa3iB HWKYi HDK Y IIPOBIIHUX KpaiHax cBiTy [16].

JUts  focsSTHEHHS HEOOXIJAHOrO piBHS HAyKOBO-
TEXHIYHOTO 3a0e3NEUeHHs] 3 YTBOPEHHS IIiJIPHEMCTB
SHEPreTUYHOr0 MIKCY Ta MOAAIBLIOrO ITiBHIICHHS
piBHS HOro pO3BUTKY 32 BUMOTaMH CBITOBOI'O HayKOBO-
TEXHIYHOTO TOCTYITy HEOOXiTHO 3MiACHUTH HEBIAKIAIHI
1 TepcrieKTHBHI OaraToOIUIaHOBI 3aXOJH, OCHOBHUMH 3
SKAX € Taki: 30urpmeHHs ¢inancyBanas HTP, mo
BUKOHYIOTbCS  JIep)KaBHUMH BHIIMMH HaBYaIbHUMH
(BH3) Ta no cyTi MaroTh KaJipOBUi HAYKOBHI OTEHIIAI,
a TOOTO 1 craTyC HayKOBOIO HaBYAIBLHOIO 3aKiajy;
3armovyarkyBaHHA Uit omiekn HTP  HoBUX  opm
KOMIUIEKCHOI 0araTopiBHEBOi €KCIIEpTHOI oOpraHizamii
BH3; 3aI104aTKyBaHHsA Mepexi BITYHM3HSHAX
KOMILIIEKCHHUX IHHOBaNiHHO-TEXHOJIOTTYHIX Ta
iH(pOpManifHO-aHAI THYHAX KOHCYJBTAIIMHAX IIEHTpIB
Ha ocHOBi BH3 no pobotm y sxux Tpeba 3aiydatu
IIPOBITHAX HAYKOBIIIB 1 (haxiBIliB 32 HOBUMH KPUTEPIIMHU
BiOOpY, @ HE 3a HAasBHOCTI CTYIEHs JOKTOpa HaykK, alie
1Ie He MEHE/DKEPH SIK 3apa3 — 1ie, HapUKIa/d, 1HXKECHEepH-
TEXHOJIOTH BHIIOI KBai(ikamii 3a HasBHOCTI CTYHEHs
KaHAu/jaTa HayK; HaJaHHA IJIBI sl 3MEHIICHHS
y4900BOr0O HABaHTAXKEHHS Ta IHIIOrO BiJAIOBITHOTO
crarycy BukiagadyaM BH3, ski 3aiiMaroThCS PO3BUTKOM
HETpagULiHHAX KOHKPETHHX KOMIUIEKCHHUX
IHHOBAI[ITHUX CHCTEM MiATOTOBKH KaJpPiB, B TOMY YHCIIi,
HayKOBHX KaJpiB BHUINOI KBamiikaiii, oo Bixmosimae
BHMOIaM Ta IIpiOpUTETaM PO3BHUTKY Taiy3eif; PO3BUTOK
MaTepianbHO-TexHIYHOI 0a3sm BH3, ocHamenHs iX
CydacHUM OOJNaHaHHAM Ta MPWIaZaMu HAayKOBO-
JIOCHIHAX IHCTUTYTIB Ta IEHTPIB EHEPreTUYHOTO
mpodiIIf0; CTBOPEHHS IICHTPIB T POOOTH HAa OCHOBI
MDKHApPOIHOI IHTErpamii, 1o JacTb MOXKJIHUBICTH JUIS
BHBYEHHS Ta BUKOPHCTaHHS CBITOBOT'O JOCBIlY PO3BUTKY
TEXHIKM 1 TEXHOJOTiH B EHEPreTWYHUX Taly3sX;
eQeKTUBHE  IJIaHyBaHHS Ha  OCHOBI  HAayKOBO-
OOTpYHTOBAaHMX i7ici Ta KOOpPAWMHAISA IisUIBHOCTI 3
HayKOBO-IH)KEHEPHOI Ta IPOEKTHO-KOHCTPYKTOPCHKOT
MATPUMKH [IUIIXOM 3aKJIFOUEHHS TOCIIOTOBIPHUX POOIT;
BITBOPEHHSI CHCTEM IIIATOTOBKHA Ta TIIEPEHiArOTOBKH
CHELiaNiCTIB ~ OCHOBHHX  mpodeciii y  ramyssax
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IHHOBaLlIHHNX KOMIUIEKCHHX IiIIPUEMCTB; PO3IIMPEHHS
yuyacTi YKpaiHU y BUKOHaHHI MDKHAPOJHMX HAYKOBHX 1
HayKOBO-TEXHIYHHMX IpOrpaM, aKTHBI3aIlisl AiSTILHOCTI B
MDKHapOJHHX OpraHi3amisXx 3 METOI0 IOCTYIIOBOT'O
MIPOCYBaHHs 10 OLIBII CKJIQJHUX OpraHizamiiHuX (Gopm
MIDXXHapOJHOI Koomepallii; CTBOpeHHsI Ha 0a3i MPOBITHUX
YKpaiHCBKUX BH3 oprasizarin MDKHapOJHUX
SHepreTUYHNX HayKOBO-TEXHIYHUX IIEHTPIB, ITEpII 32 BCE
JUIS  PO3B’SI3aHHS  NPOOJNEMHHMX IIMTaHb PO3BHUTKY
CHepProceKTUBHOCTI Ha IHHOBAI[IMHUX KOMIUIEKCHUX
MATPAEMCTBAX; 3a0€3MEUeHHS JepP)KaBHOI IIATPUMKH
PO3MOBCIOKEHHS iHpopmarii 0JI0 HOBUX
MIEPCIIEKTUBHUX BITYM3HSHHUX TIPOEKTIB, pPO3poOOK i
TEXHOJIOTi cepell CBITOBOTO CHIBTOBApHCTBA 3 METOIO
po3mmmpeHHs iX BHpPOBaDKEHHS B YKpaiHi Ta 3a
KOpIoOHOM;  (OpMYBaHHA  Cy4YaCHHX  TEXHOJOTiH
MATOTOBKH 1 MPHUHHSATTS HONITHYHUX Ta EKOHOMIYHHX
pimens y cdepi eHeproedeKTHBHOCTI Ha iHHOBAIIHMX
KOMIUIEKCHHMX IiIPUEMCTBAX EHEPreTHYHOTO MIKCY,
BIIPOBA/DKEHHS HOBUX (oOpM crmiBopami ypsmy i
3aKOHOJABUOI BJIAJAW 3 HAYKOBUMH Ta IIpoQeciiHuMU
acomiaissmu BH3.

PesepBu  coiBpoOITHHIITBA 3 MOJANBIIOTO
PO3BHUTKY KOMIUIEKCHOTO IHHOBAI[IfHOIO NMPOEKTYBaHHS
MOB'sAI3aHI 13 BIPOBA/DKEHHSIM Yy HaBUAIBHHUN ITpoLec
MapTHEPCHKUX MIXBY31BCBKHX BiJTHOCHH, SKi
JIO3BOJISIIOTH OJIEPKaTH HO3UTHBHI pe3yJIbTaTu:

Jlo BupimieHHS Ta PO3POOKM OCHOBHOI TEMH
3anmyudatotbes  cryaeHtTd  HTY  «XIIl» HaBuanbHo-
HAyKOBOT'O IHCTHUTYTY XiIMIYHOI TEXHOJIOTII Ta iHXKeHepil
— rpymu XT-46a ta XT-466. IIpu BnpoBakeHHI HamIol
pO3pOOKH B HaBYAJIBHUH IpOLEC CTYJCHTIB OTpHUMaHi
MPaKkTHYHI ~ Pe3yJAbTaTH —  CIPHUAHHS  PO3BUTKY
IHTENICKTYalbHUX 1 OpPraHi3alliifHuX  3JaTHOCTEH
CTYZEHTIB, sKi (OPMYIOTh HaBHYKH CaMOCTIHHOI,
OpraHi3amiifHOi W KOJEKTUBHOI MisUTGHOCTI — 1IIe
KOMIICTEHTHICTh, KOMYHIKAa0EJIbHICTh, KPEaTHBHICTH 1
OCOOMCTICTh  KEpiBHHMKA, SKI 3arajbHO  CIIPHAIOTH
IHTEHCHUBHOMY PO3BHTKY HAayKOBO-TEXHIYHOI TBOPYOCTI
BUITYCKHHUKIB.

Bukonanmii 00cAT  NOCHiPKEHH 1  OTpPUMAaHi
MIPaKTHYHI pe3yJIbTaTH HA JAaHOMY eTami iHHOBaliHHOI
PO3pOOKH MalOTh MEPCIIEKTHBHU TOJAJIBIIONO TTOIIUPEHHS
W BHOPOBAKCHHS, a TAKOXX MalOTh MOXKJIMBICTH MacoBOl
peaiizamii iHHOBAIIMHUX PE3yJIbTATIB y PI3HUX Tay3six
BUPOOHUIITBA.
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L. 0. IABPOBA, P. B. KHIIIKA, C. B. BAJIVHKIH, B. B. BJIA/JHMHPEHKO

AHAJII3 MOXKJIABOCTEN BUKOPUCTAHHSA ®OCPHOJIIIIIB YV AKOCTI JEEMY.JIbI'ATOPIB
JJI1 EJIEKTPO3HECOJIIOBAJIBHUX YCTAHOBOK

B craTTi HaBe#eHI MOXKIIMBOCTI OCTAHOBKY Ta BUPIIICHHS Cy9aCHUX 33/1a4 BUKOPUCTaHHS (HOCQOIIMIAIB ¥ IKOCTI 1eeMyIIbraTopiB
€JIEKTPO3HECOMIOBAIPHAX YCTAHOBOK JUI TEXHONOril 3HEBOAHIOBAHHS Ha(TH B YMOBaX HAaQTOBHX NPOMHCIIB abo
HaTomepepoOHNX  EKONOridHO-0e3MeYHWX  MiJNPHEMCTB 3  BHUKOPUCTAaHHSIM  CIIEKTPO3HECONIOBAIBHUX  YCTAHOBOK.
ExcriepuMeHTanbHi AOCHIIKEHHS JO3BOJISIIOTE OIMIHUTH: (Di3MKO-XIMiUHI MOKa3HUKH 00pobieHnx HadT; eeKTUBHICTH 1 oOpaHi
ONTHMAIIBHI PEKUMHU BUKOPHUCTAHHS (pochaTHAHOrO KOHIIEHTPATY B SKOCTI J€eMyIIbraTopa; y3aralbHUTH OTPHUMaHI Pe3ylbTaTH i
OLIIHUTH AOLLIBHICTS BUKOPUCTAHHS JE€EMYIIbIaTopa — HEIOHOTCHHO! ITOBEPXHEBO-aKTHBHOI PEUOBHHHU Y JOCIIKEHOMY IIPOLECI.
ExcriepiMeHTanbHI TOCTIHKEHHS OKa3ajd, IO 3acTOCYBaHHS (ocomimiay 3 TUMOHHOIO KHCIOTOI0 H00pe 3HEBOXHIOE Ha(Ty,
CTYIIHb BUITy9€HHS BOAU JOPiBHIOE 99,4%.

KarouoBi ciaoBa: nHadra, docdomimia, 3HEBONHEHHS, 3HECOJCHHS, 10HOTCHHI, HEIOHOTEHHI, EMYIbCis, IeeMyiabrarTop,
¢dochaTuaHMil KOHIIEHTpAT.

H. 0. JIABPOBA, P. B. KHIIIKA, C. B. BAJIVHKIH, B. B. BTATHMHUPEHKO.
AHAJIN3 BO3MOXXHOCTEW NUCIIOJIb30BAHUS ®OCPOJUINI0B B KAUECTBE
JAEEMYJIbI'ATOPOB JIs1 QJIEKTPOOBE3COJIIOIIUX YCTAHOBOK

B crathe mpuBeneHBI BO3MOXHOCTH ITOCTAHOBKM M PEIICHUS COBPEMEHHBIX 3a[ad HCIONb30BaHHUS (OCHOIUINIOB B KadeCTBE
JIe3MYIBraTOpOB €IEKTPO3HECOMIOBATIBHIX YCTAHOBOK JUISI TEXHOJIOTHH 00€3BOKMBAHUS HEPTH B YCIOBHAX HE(TSHBIX IIPOMBICIIOB
nmm  HedTenepepadaTHBAIONIMX JKOIOTHYECKH Oe30MacHBIX MPEeIUpHATHH ¢  HCHOIB30BAaHMUEM  EIEKTPOOOECCOMMBAIOMINX
YCTaHOBOK. ODKCIEPHMEHTATbHBIE HCCIEIOBAHMS MO3BONISIOT OIEHUTH (DH3HKO-XMMHUYECKHE IIOKa3aTean oOpaboTaHHOH HedTh;
3¢ PeKTHBHOCTE U BHIOpAHHBIC ONTHMAJIBHBIC PEKHMBI HCIIOIB30BaHMs (HochaTHAHOrO KOHIIEHTpATa B KaueCTBE JEIMYNIbraTopa;
0000IIUTh TIOMYYCHHBIC pPE3YAbTaThl U OICHUTH IEJIECOO0Pa3HOCTh HCHONB30BAHHUS JEIMYIbraTOpOB — HEHOHOTEHHOTO
MIOBEPXHOCTHO-aKTHBHOTO BEIECTBA B HCCICAOBAHHOM IIPOIECCE. OKCIEPUMEHTAIbHBIC HCCIEAOBAHHS ITOKA3AIH, YTO
npuMeHenne Gpochonunmaa ¢ TMMOHHOHN KHCIIOTOH XOpOIIo 00e3BOKUBACT HE()Th, CTETICHb U3BJIICUEHUS BOABI cocTaBiseT 99,4%.

KaroueBbie cioBa: HedTh, ¢ocdomumum, o0e3BOKHBaHUE, OOCCCONMBAHHUEC, HMOHOTCHHBIC, HEWOHOTCHHEIC, SMYIBCHS,
JIeaMyIbraTop, hocdaTiIHbIH KOHICHTPAT.

I O. LAVROVA, R. V. KISHKA, S. V. VALUIKIN, V. V. VLADIMIRENKO.
ANALYSIS OF OPPORTUNITIES FOR THE USE OF PHOSPHOLIPIDS AS DEMULSIFIER FOR
ELECTRICAL OIL DESALTING

The materials presented the possibilities development of solving modern effective problems of of using phospholipids as
demulsifiers for electrical nitrile plants for the technology of oil dehydration in oil field conditions or for oil refining
environmentally friendly enterprises using electrical nitro solvents. The object of the study is the use of phospholipids as a
demulsifies for dewatering oil at the electric saucepans plant. The purpose of the work - based on the research
conducted, to show that phospholipids — surface-active substances, can act as an alternative to expensive demulsifiers.
Experimental studies allow to evaluate the physicochemical parameters of the treated oil; efficiency and optimal modes of using
phosphatide concentrate as demulsifying agents were selected; summarize the results obtained and assess the feasibility of using the
demulsifies — non-ionic surfactants in the process studied. Experimental studies have shown that the use of phospholipid with citric
acid well dehydrates oil, the degree of water extraction is 99.4%.
Keywords: oil, phospholipid, dehydration, desalting, ionic, non-ionic, emulsion, demulsifier, phosphatide concentrate.

Beryn. IMounnatoun 3 kinng XX cromiTrsd HadTa Ta MONIMIIGHHIO EKOJMOriYHOI curyamnii Hadro- Ta
MIepeTBOPHIIaCh Ha CTpATEeTiYHUN TOBap 1 JOMIHYIOYMH  Ta30BHIOOYBHMX IJINPHEMCTB Ha pIBHI  Kpamiux
SHEproHOCIH, 1 Ha CBOTOAHIMIHIMN aAeHb HaTa SK  CBITOBMX NMPAKTHK; 2) HAOMMKEHHIO BUMOTH IIOJO SKOCTI
SHEproHOCI Mae HaWBUINMK piBEHb Yy MeXax NpoxyKmii 10 HaWKpammxX MpakTHK €Bporneichkoro
KOHKYpEHIIii Ta 3HaxoguThcss Ha BepummHi skutreBoro  Corody; 3) TPWHHATTIO 3  METOIO  3aCTOCYBAaHHS
OUKTY 32 CHOOKWBaHHAM [l—6]. BaxiauBuM eramoM  BIATOBIAHMX TEXHIYHUX PEIVIAMCHTIB €BPOICHCHKHAX
po3BUTKY HadTorazoBoi ramysi mae Oyru Ilporpama  craHgapriB SK HaIlOHAJBHUX CTaHAApTiB YKpaiHu 3

po3pobIeHHs HalllOHATBHUX CTaHIApTiB, OAHOYACHMM cKacyBaHHsM nii crangaprieB [OCT; 4)
TapMOHI30BaHUX 13 MDKHApOIHMMH Ta €BPONCHCHKMMH  MONIIMIICHHIO OE3MeKH II0CTauyaHHS  BYIJICBOXHEBOI
HOPMATUBHAMH  JIOKYMEHTaMH, Ta  aKkTyali3amii CHPOBHHH Ta iH.

rajy3eBUX CTaHIApTiB 1 NPHUPIBHAHUX OO0 HHUX I1HIINX AKTyalpHICTE  pOOOTH Ta HaNi3 MPOBEICHHUX

HOPMATHUBHHUX JOKyMCHTIB Ha@TOra3oBoi Tamy3i Ha JOCHIIPKEHb BIAMOBITHO JO HAaBEICHUX MOKAa3HUKIB
nepion 2015-2030 pp. B ymoBax pedopmMyBaHHS  3yMOBJIEHA TAKOXK HEOOXIJHICTIO MOIIYKY JEIIEBHX 1
Ha(TOra30BOi Tayy3i BATOBUMH ITOKa3HUKAMU PO3BHUTKY

MOKHA BifzHaunTH: 1) 3a0€3MeYeHHI0 HaAilHOI pOOOTH © Jlasposa 1.0, Kuuka P.B., Banyfixin C.B., Bnapumuperxo B.B.,
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eQEeKTUBHMX pEarcHTiB (JIeeMyIbraTopiB) ISl IIPOLECIB
3HECOJICHHS 1 3HEBOJHEHHSI HATH B yMOBaX Ha(TOBHX
mpoMuciiB ~ abo  HadTOMmEepepoOHMX  EKOJIOTiHHO-
Oe3neyHnx T ATIPUEMCTB 3 BUKOPHUCTaHHAM
eJIEKTPO3HECONMOBAILHUX ycTaHOBOK (EJIOY).
IHocTanoBka mpobjieMu y 3araaibHOMY BHIVISIAI
Ta ii 3B'130K i3 BAKJINBHMH HAYKOBMMH YH NPAKTHY-
HUMHM 3aBAaHHsIMM. [ligroroBka HadTH 10 mepepodKwy,
3ailicHIOEThCsl Ha HadronepepoOHnx 3aBomax (HII3) 3
BukopuctanHaM EJIOY noisixoMm rimuOOKOro 3HEBOTHEHHS
1 3HeconmeHHA Ha(pTH 3 3aCTOCYBAaHHSIM IOBEPXHEBO-
aktnBHUX pedoBuH (ITAP) — nmeemynbraropa, B ocraHHi

POKH CTHUKAETBCA 3 HU3KOIO pr)_'[HOHIiB, 30KpeMa,
301IBbIIIEHHSIM YaCTKH Ba’XKHX BHCOKOB'SI3KHX
eM}UIBCiﬁHHX Ha(bT, 0 BUMArarOTb 3aCTOCYBAHHS

CHELiaIbHUX TEXHOJIOTIYHUX pIlleHb ISl pyHHYBaHHS
CTIHKNX BOZOHA(TOBUX eMynbCii. OqHNM 3 pillleHb i€l
CKJIaJHOI TPOOJIEMH € CTBOPEHHS BHUCOKOE(EKTHUBHOTO,
YHIBEPCAIBHOTO Uil PI3HMX Ha(T peareHry, Mo Mae
BHCOKY JeeMynbrytody aktuBHicte. Ha EJIOY HII3
3aCTOCYBaHHS BHUCOKOC(EKTHBHUX JICEMYIbraTopiB B
TIOETHAHHI 3 JI€I0 ENEKTPOIIONs JO3BOJISE 3HU3UTH BMICT
XJIOPDUCTHX COJIeW 1 BOAM 10 HEOOXiAHOTO B Cy9YaCHHX
yMOBax mepepoOKy HadTH piBHS: 3aJIMIIKOBOTO BMICTY
xjopugiB — 10 3 mr/aM’ i Bomu — He Gimpme 0,1% [1].
ITepepoOka Takoi nobpe miarorosnenoi Hadtu Ha AT i
ABT 3a0e3neuye noninmeHHst KOpo3iiHHOI 00CTaHOBKH B

amaparax, BIIKJaJEHHA COJIeH, [0 TPHU3BOIUTH MO
30UIBIIEHHS ~ TEpMiHY  CIYXOM  TEXHOJOTIYHOTO
obnamHaHHS, 3MEHIICHHS BHUTpPAaT HAa WOr0 PEMOHT,

3a0e31eueHHsT He0OX1/THOI KOCTi HaTompomykTiB [1-3].

JlocmiypkeHHsT 3 METOI0  aHaiTUYHOTO  0030py
JITEpaTYpHUX JDKEpET CIPSIMOBaHI Ha BHBUYCHHS TaKWX
3arallbHUX IUTaHb: WIKATUBI AoMmimku B Hadri, ii
3HEBOAHEHHS Ta 3HECOJICHHS, BIATOBIAHO 10 BHMOT
mAroToBKa HadTH 10 TepepoOKM Ha IPOMHUCIAX;
3arajbHa XapaKTepUCTUKa  OCHOBHHX METO/IiB
3HECOJICHHS 1 3HEBOAHEHHS Ha(pTH — BU3HAYCHHS
BJIACTHBOCTEH Ha(TOBUX eMynbcii Ta crmocodbm ix

pyiiHyBaHHS, Kiacu]ikarisi AeeMyibraTtopis; pi3sHOBHIN
€JICKTPO3HECONICHH! Ha(TH, TEXHOJOTI4HI omeparii,
TEMIIEpaTypHO-YacoOBl PEXHUMH, cXeMa Ta OOJagHaHHS
ycranoBok EJIOY [4-13]. Tlpu mpoMy BpaxoBYBajHcs
(haKTOpH KOHKPETHOT'O BHOOPY METOJIB JOCIIDKEHHS 3a
KJacuQikamieo 1eeMyabpraropiB: BCTAaHOBICHHS (i3HKO-
XIMIYHAX 3aKOHOMIPHOCTEH JeeMyNbIyIO4oro BIUIUBY
¢ocdaruHOro KOHIEHTpATy Ha eMyIbCii HadTa-BOAa.
JUis  nocATHEHHsI TOcTaBJIeHOI MeTH cgopMyinboBaHi
HacTymHi 3amadi: 1) EkcrmepuMeHTanbHO — OLIHWTH
epeKkTUBHICT 1 MigiOpaTH pPEKUMH BUKOPHUCTAHHS
(ocdaTuHOrO KOHLEHTPATY B SIKOCTI JeeMyibraropa
s yeranoBok EJIOY. 2) ExcnepuMeHTalbHO OLIHUTH
¢i3uKo-XiMi4HI ITOKa3HUKH 00poOneHnx Hadr. 3)
V3aranbHUTH  OTpUMaHi  pe3yabTaTH 1  OLIHUTH
JIOLUIBHICTS BUKOPHCTaHHS  JI€EMYJIbraTopiB  BHIIE
Ha3BaHoro Tuny (HeioHoreHHi ITAP) y mocnmimkxyBaHOMY
TIpo1eci.

Buxiag ocHOBHOro marepiandy JOCHiIKEHHSI 3
NMOBHUM OOIPYHTYBAaHHSIM OTPHUMAHHUX HAYKOBHUX
pe3yabrartiB. JlocHilikeHHs1 3 mpouecy O4YHIICHHS
Haptu [4-7] Ilpm coineHill mpucyTHOCTI B HadTax

XJIOPHUIIB  MeETalmiB 1 CIPKOBOZHIO Yy BOJIOTOMY
cepemoBUINl  BiAOyBaeThCsI ~ B3a€EMHO  iHiIiioBaHa
JAHIIOroBa  peakuiss  po3'imaHHs  Metamy. llpm

BIJICYTHOCTI a00 MayioMy BMicTi B Ha(Tax XJIOPHUCTHX
coiell IHTEHCHBHICTh KOpO3ii 3HAYHO HIDKYE, OCKUIBKH
YTBOPIOETHCSI 3axHMCHa IUTIBKa 3 Cyabdimy 3amisa
YacTKOBO o0epirae MeTan Bij momajibmol koposii. Ilpu
3HWKEHHI KOHLEeHTpauii coneit B HapTi 3 40-50 mo 3-5
mr/am®  MDKPEMOHTHMH TPOGIT  YCTAHOBKM — IPAMOL
meperonku Hadtu 30imbiryerses 31 100 mo 500 mio i
Oinbie. 3MEHITYEThCS KOPO3is arnaparypu, 3HIKYIOTECS
BUTpaTH KaTalli3aTopiB B KaTaJiTUYHHX IIpolecax,
TOMIIIIIYEThCS  SIKICTh  Ta30TYpOIHHUX 1 KOTEJIBHHX
TaJIuB, KOKCIiB 1 OiTymiB. Hadtu, mo moctaBisroTecst Ha
HIT3, minarees BigmoBigao mo HopMmatuBiB ['OCT 9965-
76 Ha HaAcTyIHI TpW TPYIH, NpEACTaBieHi B Tabmmmi 1

[4].

Tabnumy 1. INopiBHsuibHa Xapakrepucrrka rpyn HadgTu 3a TOCT 9965-76

Iloka3Huku Howmep rpynu
1 2 3
KoHIeHTpalis XJI0pyAiB, Mr/am® He Ginbiue 100 300 900
MacoBa J1oms1 Boqu, %, He OijbIie 0,5 1,0 1,0
MacoBa /10151 MeXaHIYHUX JTOMIIIOK %, He Olible 0,05 0,05 0,05
Sk Ha TPOMUCIIOBHX, TaK i Ha HA(TO3aBOACHKMX  JHUCIICPCIHHAM  CEpPEeNOBHINEM, a Jpyra piiwHa,
YCTaHOBKAaX MIATOTOBKM HA(QTH /s 3HEBOAHCHHS 1  PO3MOAUICHA B  JUCICPCIHHOMY  CEpPEeNOBHIN, —

3HECOJICHHS BHKOPUCTOBYIOTHCSI TPOLECH PYHHYBaHHS
HaTOBHUX EMYIIbCiH, OJJHAK Ha NMPOMHCIAX PYHHYIOTHCS
MPUPOJHI  eMyNbCii, [0 YTBOpWJIMCS B  IIpoIeci
BunoOyTky, a Ha HII3 — 1mTyuHi, -coemiagbHO
npurorosiaeHi 3 Hadtu 1 cBikoi Bomu. Emynbciero
Ha3UBAETHCS TaKa CHCTEMa JBOX B3a€EMHO HEPO3UMHHUX,
a00 He [IIKOM PO3YMHHHX PiJIUH, B SIKMX OJHA MiCTUTBCS
B IHINKA y 3B&XKEHOMY CTaHi Yy BHUINIAJl BEITUYE3HOI
KIUJIBKOCTI MIKPOCKOIIIYHHX Kparelns (I7100yi), cyma sSKHX
OOYHMCITIOETBCS TPWIBHOHAMH HA JIITP eMyinbceii. Pinuna,
B SIKif pO3ITOAICH] TTI00Y/H, HA3UBAETHCS

mucnepcHoi (azoro. HadroBi emysnbcii MaloTh KoJip Bij
CBITJIO-)KOBTOT'O JI0 TEMHO-KOPHMYHEBOTO. Y OinbIIocTi
BUIAJKIB BOHU € EMYNIBCISIMH THITY BOZIa B HaTi, B KX
JUCHIEPCIHHUM Cepe/IoBUIEM € HadTa, a IHUCIEPCHOI0
¢azoro — Boma. Taki emyunbcii rinpodoOHi: y Boai BOHU
CIUIMBAIOTh, & B OEH3MHI ab0 IHIIMX pPO3YMHHHUKAX
PIBHOMIpHO pO3NOAUISIOTECA. Pifie 3ycTpidaroTbes
eMynbcii THIy HaTH y BOAI, B SIKMX JIUCIIEpCIiifHUM
CEpelIOBUIIEM  CIY)KHTh  Boma. Taki  eMyunbcii
rizpodinbHi: y BOAI BOHH PIBHOMIPHO PO3MOIUISIOTHCS,
a B O6en3uHi TonyTh [9, 10]. [ToBepxHeBMii Wap piaguHU
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Ha KOPJOHI 3 MOBITPsSM a00 1HIIOIO PiJUHOIO, K BiJOMO,
XapaKTEepPU3YeThCs ITIEBHUM IOBEPXHEBHM  HATSTOM,
TOOTO CHJIOIO, 3 SIKOIO PiJJHA YMHHUTH OIip 30UIBIICHHIO
cBoei moBepxHi. [loBepxHeBuii HaTsIr HadTH i
Ha(TOIPONYKTIB KoauBaeThes B Mexax 0,02—0,05 HB.

Jlocmian TOKa3yloTh, IO JOJABAaHHA JESIKHX
PEUOBMH 10 YHCTHX Ha(TOBHX TIOTOHIB BHKIIHKAE
3HIKEHHS 1X ITOBEPXHEBOI'0 HATSATY HA KOPJOHI 3 BOJIOIO.
Ile sBUIIE HOCUTH 3arajbHUK XapakTtep. IHOAI pedoBHHU
IIPYU PO3YMHEHHI HAaBITh y JyXK€ MaluX KOHIEHTpALisIX
ICTOTHO 3MEHIIYIOTh ITOBEPXHEBUII HATSAT PO3UYMHHHUKA.
PeuoBnHM, 37aTHI 3HWKYBATH IOBEPXHEBUH HATHT,
Ha3UBAIOTHCSI  ITOBEPXHEBO-aKTHMBHUMH.  XapaKTepHa
0COOJIMBICTH X PEYOBHH B TOMY, IO 70 1X CKJIamy
BXO/SATh, SIK IIPAaBWJIO, BYIJIEBOIHEBHH  paJHKajl
(rizpodobHa yacTMHAa MoJeKyaHu) i Oyab-sika TOJspHa
rpyna (rizpodinbHa YacTHHA MOJIEKYNH). 3HIDKCHHS
TIOBEPXHEBOT'0 HATATY ABO(A3HOI PiKOi CHCTEMH Ha
KOp/IOHI po3xiny (a3 B pe3ynbTaTi BIUIMBY IOJSIPHHUX
PCUOBHH TMOSICHIOETHCS THM, IO JOJaHa pEYOBUHA
PO3MOAIIAETECS HEPIBHOMIPHO B TOMY KOMITOHEHTI
CHCTeMH, SIKMH € TI0 BiJHOIIEHHIO /O HBOTO
po3zunHHEKOM. KoHIeHTparis fioro y moBepxHi po3ainy
¢a3 Oyme OLIBII BHUCOKOIO, HDK Yy BCHOMY 00CH3i
pO3YMHHMKA. [HIIMMH cllOBaMM, JOAAHUHA MONSpHA
pedoBuHa Oyne ancopOyBaTHCSl ITOBEPXHEBUM ILApOM
PO3YMHHMKA i THM CaMUM 3MEHITYBAaTH HOTO TIOBEPXHEBY
eHepriro. B pesyapraTi Ha KOpmoHiI po3mimy das
YTBOPIOETHCSL  aJIcOPOOBaHMN  ImIap, SKHH  MOXHA
pO3MIIsAaTH K IUTIBKY MOJEKYJ MOBEPXHEBO-aKTHBHOI
PEYOBHHU Ha MMOBEPXHI PO3UMHHUKA [2—4].

PeuoBuHM, 10 CIPHUAIOTH YTBOPEHHIO 1 cTadimizarmii
eMYJIbCiH, Ha3UBAIOTHCS eMynbraropamMu. Humm € Taki
MONSApHI pedyoBMHU HadTH, SK cMoOnH, acQaiabTeHH,
acaJbTOrCHHI KHUCIOTH Ta 1iX aHTiAPHOW, COIi
HaTEHOBMX KHCJIOT, a TakKOX pi3HI HeopraHiuHi
nomimku. B ocBitieHHi crifikux HadTOBHX eMymbcii

Oepyrb  ydacTb  pi3HI  TBepAl  BYIJIEBOOHI  —
MIKpOKpucTaim mapadiHiB, [Eepe3nHiB 1 3MilIaHUX
aJKAIMKIIAHOBI  BYIJICBOMHI, $Ki ajcopOyIOThCS Ha

MIOBEPXHI eMYJIbCIHHUX TII00YJ 1 YTBOPIOIOTH CBOEPITHY
6ponro. Emyneraropamu st cupoi HaTH Havacrime €
cmomn. Bonm nmoOpe posumvsioThess B Hadri 1 He
po3zumHAIOTECS Yy Bomi. Cwmonm, ajacopOyroThes Ha
MOBEpXHI po3aily HadTa — BOJA, MNOTPAIUIIOTH B
MIOBEpXHEBUI map 3 OOKy HadTH 1 CTBOPIOIOTH MILHY
00OJIOHKY HaBKOJO YACTHHOK BOIW. AJIOMIHIEBI,
KaJbITi€Bl, MarHi€Bi 1 3ami3Hi MHiIa HAQTOBHX KHCIOT
J00pe po3uMHAIOThCA Y HadTi Ta HaQTOBUX HUCTHIATAX,
TOMY BOHH TaKOX CHPUSIOTH YTBOPEHHIO TipodoOHMX
emynbcid. HaBnakw, HarpieBi Mmina Ha(TOBUX KHCIOT
J00pe po34UMHHI y BOAL 1 Tipiie B BYIJIEBOTHIX. ToMy
BOHH aJICOPOYIOTBCSI B TOBEPXHEBOMY Imapi 3 OOKy
BOJHOI (ha3u, 0OBOJIIKAIOTH IUTIBKOIO Kparnti HadTH 1 Tak
CHPUSAIOTH YTBOPEHHIO TifpodimbHIA eMynbcil Ty
HadTa y BOJI.

[Tpu HasiBHOCTI eMynbraTopiB 000X THIIIB MOXKIIMBE
YTBOPEHHS eMYJIbCil, TOOTO, IEpPeXia iX 3 OJHOTO THITY B
iHmumid. [{uMm  sgBUIIEM KOPUCTYIOTBCS 1HOAI TIpH
pyiiHyBaHHI eMYJIBCIH. Hadrosi eMYJIbCii

XapaKTepU3yIThCs TaKUMU ¢i3nKo-XiMIYHUMH
BIIACTHBOCTSIMH: JIUCIICPCHICTh, B'S3KICTh, IIUTHHICTB,
eJICKTPUYHI ITOKa3HUKH, CTIHKICTb y Yaci.

Cnoco0u pyiiHyBaHHsI HAQTOBUX eMYJIbCiii.

MexaHi3M  pyiiHyBaHHA Ha(TOBHX  EMYJbCiH
CKIIAIA€ThCS 3 NIEKUTBKOX eTamiB: 1) 3iTKHEHHS TI00yI
(vacTok) Boaw; 2) 3MUTTS 13100y B OLIBII BEJIMKI Kparuti;
3) BUMaiaHHA Kpameyb.

JUis  pyiiHyBaHHS eMyibCii, B IPOMHCIOBIH
MIPaKTHIII 3aCTOCOBYIOTHCS Taki MeToAu: 1) MexaHiuHi; 2)
TepMivHUiL; 3) XiMiuHW; 4) eINeKTPUIHHI.

Jlo MeXaHIYHUX METOJIB HaJle)KaTh BiJCTOIOBAHHS,
LEHTPUYTYBaHHSA i (bUTBTpyBaHHS. Iponec
BiJICTOIOBAHHS 3aCTOCOBYETHCS /ISl BIUTIJICHHS! OCHOBHOI
MacH BOAM B CHPOBHHHHX pe3epByapax IPOMHCIOBHX
CUCTEM 300py HaTH. @inpTpyBaHHS Ta
LUCHTPUPYTYBaHHSI TOKM HE 3HAWIUIM IPAaKTHYHOTO
3acTocyBaHHS. TepMiuHMI cmoci0 3acHOBaHWHA Ha
3aCTOCYBaHHI TeIIOTH. [Ipy HarpiBaHHI eMYJIbCii TUTiBKa
eMYJIbraTopa PO3LIMPIOETHCS 1 JIOMAETHCS, a KPaIleIbKU
pinnHM  3nuBaOThC  omMH 3 oxHUM.  IlImpoxo
BHKOPUCTOBYETHCS JIJISl PYWHYBAHHS €MYNBCIH XiMiqHUHA
MeTOZl 0OpOOKH JleeMysbraropaMu — PEYOBHHAMMU, SIKi
OCTa0IIOI0Th CTPYKTYPHO-MEXAHIYHY MIIHICTh IIapiB,
00BOIIKAFOUMX Kparuli BOAHW. Y SKOCTI JeEeMYJIbratopa
3aCTOCOBYIOThCs pi3Hi ITAP, omHak MexaHi3M iX nii Ha
eMYJIbCil JOCHTh CKJIQAHMA 1 MaJlo BHBYEHHH. 3a

XapakTepoOM  MOBEAIHKM Yy  BOJHMX  PO3YMHAX
JIeEMyJIbraTOpH  MOAUIAIOTH  HAa  1OHOAKTHUBHI 1
HeioHOreHHi. [lepmri B po3YMHAX JUCOIIOIOTH Ha

KaTiOHW 1 aHIOHH, APYTi i0HIB HE YTBOPIOIOTH. Hatikpamry
JIeEMYJIbIYIOUy JiI0 MaroTh 3aCTOCOBYBaHI HHHI Ha
mpomuciaax 1 HII3 HeioHOTeHHI JeeMymbratopu —
MpokcamiH, gicconbBa, nporaib, OXKK (okcieTnanoBaHi
XKHUPHI KHCIOTH). Enexkrpuunuii cmocid pyiiHyBaHHS
eMYNbCIi 3aCHOBaHHMH Ha TOMY, IO 3aBISKH BIUIHBY
CIIEKTPUIHOTO TOJISI CTBOPIOIOTHCS CIIPUSATIUBI YMOBU
JUTsE 301TBIIICHHS. IMOBIPHOCTI 3iTKHEHHS TIIO0YT BOJIH.
[Tpn nmonaganHi HadTOBOI eMyIbCii B 3MiHHE E€IEKTPUYHE
moJie 3aps/HKCHI HEraTUBHO YaCTUHKU BOJAU MTOYUHAIOTH
repecyBaTUCs ~ BCEpeIWHI  Kparut, ska  HaOyBae
rpymononionoi GopMu, 3BepHEHa TOCTPUM KiHIEM 0
MO3UTHBHO  3aps/DKEHOr0  enekTpony. Ilpu  3MiHi
TIOJISIPHOCTI EJIEKTPO/IIB BiIOyBa€THCS 3MiHa
KoH(irypamii kpamm. OkpeMi Kpami IparHyTh
IEPeCyBaTUCS B CICKTPUYHOMY IIOJIi B HANPSAMKY IO
MTO3UTHUBHOT'O CJICKTPONA, CTHKAOTHCA OIWH 3 OIHUM,
3ITUBAIOTHCS B OLTBIN BEIHKI KparuIi i OCiTal0Th.

Y mOpoMuCTOBIN TPAKTHIN JUII BHAAJCHHS BOIU 1
cojiei 3 HaTH MIUPOKO 3aCTOCOBYIOTHCS KOMOIHOBaHI

METOAM  pYHHYBaHHI  EMYNbCIH  TEPMOXIMIYHHUH,
eJIEKTPOTepMOXiMiYHMH Ta iHmmi.[1-7].
Jeemynbratopu TOBHHHI  BIiITIOBIIaTH  TaKWM

OCHOBHMM BHMOTaM: J00pe pO3UMHATHCS B OAHIN 3 (a3
emynscii (B HapTi abo B BOXI); MaTH JOCTAaTHIO
MIOBEPXHEBY AKTHUBHICTh, 1100 BHTICHUTH 3 KOPAOHY
posminy «HadTa-BOAa» TPHPOAHI EMYJIbraTopH, IO
YTBOPIOIOTh 3aXWCHY IUIBKY Ha KpameiabKax BOIU;
3a0e3rnmeuyBaTd MaKCUMaJlbHE 3HIDKEHHS MiX(azHOro
HaTATY Ha Mexi (a3 «HadTa-BOga» IMpHU MiHIMAIBHUX
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BHUTpaTaX pEarcHTy; HE KOAaryJlioBaTH B IUIACTOBUX
Bo/ax; OyTH iHEPTHHMH IO BiJHOIICHHIO 10 METAliB,

JICNIEBUMH 1 TpaHCIopTaOenbHUME; 30epiraT  CcBOI
BJIACTHBOCTI IpH 3MiHI TeMIepaTypu; He IOTipIIyBaTH
skocti HadTu micna  oOpoOkM 1 MaTH  TEeBHY

YHIBEpCaJIbHICTh (pyHHYBaTH eMmysbcii pi3HUX HadT i
Bom). Ha mpakTuii 3HECONCHHS 1 3HEBOIHCHHS
poBosATh mpu Temmepatypi 20-80 °C. Ha 3HwkeHHS
3axXHMCHOI Aii TOBEPXHEBUX MIapiB Ha TIIOOYIM BOIU
ICTOTHO BIUIMBAa€ NPHUCYTHICTH Jeemyibraropa. Ilig
BIUINBOM Ha  HadroBi  emynbcii BCi  icHyroui
JICEMYIIbIaTOpH  TOAUIAIOTH HA  CJNEKTPOJITH, He
eNIEKTPONITH 1 Konoigu. EnexrponitaMu MOXyTh OyTH
OpraHiuHi 1 MiHepanpHi KHCIOTH (Cip4yaHa, COJISHA,
OLITOBA), JIYTH 1 coii (KyXOHHa Cilb, XJIOpDHE 3ali30 Ta
iHmi). Enextponith MOXyTh yTBOPIOBATH HEPO3UMHHI
ocazi 3 CONMSIMH EMYJNIbCil, 3HW)KYBAaTH CTaOUIBHICTBH
3axXHMCHOI 00OJIOHKU. AJie yepe3 IX OCcOONMBY KOpO3iHHY
aKTUBHICTb SJIEKTPOITITH SIK JIeeMyJIbraTopH
3aCTOCOBYIOTH OOMExeHo. YumM mBHmEe BHIOOyTa
Ha)Ta HAOXOAWTH HA MIATOTOBKY, TOOTO HIXK paHiIIe

Tabnm 2 Pizuko-xiMiyHI HOKa3HUKH ocdornininib

JIeeMyNbraTop BBOISTH B CyMIIl BOAM 1 HaTH, THUM
Jierme BiAOyBa€eThCA TOMIT eMYynbCii. 3 BBEICHHIM
neeMynbraropa Uil 3a0e3ledeHHs HOoro IOBHOTO
KOHTAaKTy 3 €MYJbCI€I0 HEOOXITHO CTBOPIOBATH IX
IHTeHCHBHY TypOymizaii i miairpis.

Pe3yabTaT eKCHEPUMEHTAJBHUX [1OCIIIKEHbD.
Merol0  TIPOBEJCHHS ~ CGKCIIEPUMEHTY  BH3HAYCHO
CTBOpEHHS Ha 0a3i HadTH, BOIM Ta MiHEpaJIbHUX COJEH
MOJICTTIOIOY] CyMilIi JuIs Tpolecy 3HEBOJHEHHS Ta
3HECOJICHHS Ha(TH 3 BHKOPHUCTaHHAM QocdaTuaHoro
KOHIICHTPATy B sikocTi HeioHoreHHoro [TAP. ocmimuTn
eeKTUBHICTH HOBOTO JeeMynbraropa (3 ¢ocdonimnizis),

migiopaTy  ONTHMAIBHUH DPEXHM 1  KOHICHTPAIIO.
3pobUTH BHCHOBOK IIpO Jiarna3oH BHKOPUCTAHHS.
Qdochomimian — CKIAOHI JMOA, CKIamHI  edipu

0araToaTOMHHUX CITUPTIB 1 BHUIIHUX JKUPHUX KHCIIOT.
Micrats 3anuimok GochopHOI KUCTIOTH 1 3'€HAHY 3 HEIO
JIOAATKOBY TPYITy aTOMiB pi3HOI XiMiuHOI pupoau [2—8].

3a (i3UKO-XIMIYHUMHU TOKAa3HUKAMH KOHIICHTPAT
dochaTuaHMA  TOBHHEH  BIANOBIAATH  BUMOTaM,
3a3HauYCHUM Yy TaOmwIIi 2.

HasBa rmoka3nnka [Toka3HUKH SIKOCT1 KOHIIEHTPATY IJIst
KopmoBux mineit TexHIYHUX TIUIICH
MacoBa yacTka BOJIOTH i JJICTKUX PEYOBHH, %, HE OibIre 3,0 3,0
Macosa gactka ¢ochaTtumis, %, He MeHIIIe 40,0 40,0
MacoBa yactka oii, %, He OibIne 60,0 60,0
MacoBa JacTKa pedoBHH, HE PO3UHHHUX B €THIOBOMY edipi, %, He Oinbime 5,0 5,0
Kucnorne uncno omii, BugineHoi 3 konenrpary, mr KOH/r, He Ginpme 20,0 -
[epekucue uncno, Y2 O2 MMOITB/KT, HE OUTBIIE 25,0 -
MacoBa gacTKa KHCJIOTH B OJIii, BUAUIEHOI 3 KOHIIEHTPATY, %, IO CyMH KHPHUX KHUCIIOT,
He OibIe 5,0 HE HOPMOBAHO

Ipumitka. HopMa moka3HHKa «KOJIpHE YHMCIIO» JIJIs KOHLEHTpaTy (ocdaTHIHOro pimakoBoro KopmMoBoro He Oumbiie Hix 20,0 mr iony. Ieit
[OKa3HUK HOPMYIOTh 1 BU3HAYAIOTh 3a BUMoramu crioxusada 1o 'OCT 5477.

B sikocTi MOIENbHUX CyMilIeH IJisi eKCIEPUMEHTY
Oynu Bukopucrai ¢pakuii HapTH Oinpme 180°C y
cyMimi 3 TucTmwiboBaHO Bonoro i NaCl (tadm. 3).

Ta6mums 3. [okasauku MonenpHuX cymimneit (MC)

XapakTeprCcTHKa MOZICNBHHX CyMiIIeit
[loka3Huku MC1 | MC2 MC3
Bwict (%) 20 30 50
Bwmict NaCl (%) 6 10 24
Bwmict HagTonmponykty (M) | 500 500 500

@pakuiiHui  CKiIa] BUXITHONO HAQTONPOILYKTY
XapaKTepu3yeThesl TaHUMU Tab. 4 1 puc. 1.

3alle)XkHO  BiJ — HAasBHOCTI y ix CKJIaIi
6araToaTOMHOI'O CHUPTY HPUHHATO AimuTH hocdomimiau
Ha Tpynu: riinepodocdomimign (riuinepodocdarinn) —
MICTATh  3aJMOIOK  TiinepuHy;  (ochaTnanIXoNInH
(;reunTHR); ¢docdarigineraHonamin (xedanin);
docharigincepin; KapAiOIiIuH, IJ1a3MaJIoreH
(eranonaMinoBuil Tu1azmornoren); ¢ocdochinromimiaym —
MICTATh  3QJIMIIOK  CQIHro3uHa;  cIHrOMIieNiHM;
(GochOiHO3UTH —  MICTATH  3QJHMIIOK  1HO3HTONA,

docoatummmao3uTON. DOchomimiau CKIagaloThCT 3
TIOJISIPHOT «TOJIOBKM», 10 CKIIAy SIKOI BXOAWTH TIIEPUH
abo iHmmMi  0araToaTOMHUH  CHHPT,  HETaTUBHO
3apsLKEHNH 3amummoK (GochopHOI KUCIOTH 1 9acTo Hece
TIO3UTHBHUI 3apsl TpyHa aToMiB, i JBOX HEMOJSPHHUX
«XBOCTIBY» 13 3QJIMIIKIB )KUPHUX KHCIIOT.

Tabmumss 4. OpakmiitHud  cKIax — MOJIEIEHUX
cymimeit (T — Temrepatypa moyarky kumiass, °C)

MC 1, [T=35°C | MC2, |T=35°C| MC3, [T=37°C
10 % 54 10 % 53 10 % 56
20 % 58 20 % 57 20 % 60
30 % 61 30 % 60 30 % 62
40 % 64 40 % 64 40 % 64
50 % 67 50 % 66 50 % 68
60 % 70 60 % 70 60 % 70
70 % 73 70 % 73 70 % 74
80 % 77 80 % 77 80 % 78
90 % 83 90 % 81 90 % 84
100 % 94 100 % 86 100 % 94
105 % 100 105 % 100 105 % 100
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Puc. 1. KpuBi po3roHKH MOAENBHHX CyMiIeit

l'onoBHa ocobnuBicTh QocdominmigiB Imonsrac B
TOMY, IO «TOJIOBKa» Yy HHX Tigpo(iTbHA, a «XBOCTH»
rigpo¢poOHi. Lle mo3Bonse mpw 3HAXOMKCHHI B TOBIII
BOJHOTO CEpEZOBHUINA YTBOPIOBATH Oi(yHKIIOHATIBHUI
map — nonBiiiHWE map QochomnimiIHIX MOJIEKyN, e
rizpodinbHi ronoBy 3 000X CTOPIH CTHKAIOTHCS 3 BOIOIO,
a rixpodobHiI XBOCTH CXOBaHI BCepeauHy Oimapy i THM
CaMUM 3axXWINCHI BiJl KOHTaKTy 3 BOJAOK. XiMiyHa
CTPYKTYypa TIOJISIPHOI «TOJIOBKM» BH3HA4Ya€e CyMapHHI
SNeKTPUYHMN 3apsn 1 ioHHWH craH ¢ocdomnimiza.
«XBOCTH» KOHTaKTYIOTb 3 JINIJHAM OTOYCHHSM, a
«TOJIOBKM» — 3 BOJHUM, TaK SK HEHOJSPHI (OKUPHI
XBOCTH» HE MOXKYTh CTUKAaTHUCS 3 BOJIOIO.

Pesyneratn  mociipkeHHs BiactrBocteii MC 1 3a
oOpaHor0 MoempHOFO cymimmmro 1: ckimag 500
Hadromponykry, Boau 100 mi, NaCl 30 mr. V 3pazok |
BBOmATH (hocdon y kinskocti 0,5 %, a numoHHy Kucnory — 20
%; y 3pa3ok 2 — ¢ochon y kinmekocri 0,25%, a JTUMOHHY
kucnory — 20 %; y 3pasok 3 — docdon y kinskocti 0,125%, a
nuMoHHy Kucnory — 20 % npexcrasieni y TaOn. 5: cryminb
BurydeHHs1 Boau — CB, %; mexanivyni gominku — M/1.

Tabmurst 5. Xapakrepuctika MOAEbHOL cymimm 1

[okazankn |Buximai |OOpobieHi 3pa3ku

3pasku 3paszok 1 | 3pa3ok 2 | 3pasok 3
Bona 16,60 0,12 1,61 1,92
30IBHICT 0,1095 0,0155 | 0,00070 | 0,000052
MJ] 0,02 0,07 0,032 0,019
CB% 99,2 90,3 88,4

Pesynbratn  mociipkeHHs BinactrBocteit MC 2 3a
00paHOI0 MOJENMBHOKO cymimmmro 2: ckimang 500
Hadromponykry, Boau 150 miu, NaCl 50,76 mr.

Tabmurst 6. XapakrepucTika MOAEIBHOI cymimm 1

INokasunku |Buxigai |OOpobieHi 3pa3ku

3pa3Ku 3paszok 1 | 3pa3ok 2 | 3pasok 3
Bona 23,00 3,10 1,5 0,8
30J1bHICTD 0,0014 0,0013 | 0,00048 0,0001
MJ 0,48 0,09 0,026
CB% 89,6 95,0 97,3

VY 3pasok 2 BBOomwm (pocdon y kimbkocti 0 %, a
nuMorHy Kucnoty — 10 %; y 3pa3ok 2 — docdon y kinekocri 0
%, a mamonHy Kucaory — 20 %; y 3pa3ok 3 — docdon y
kinmpkocTi 0 %, a nmumonHy Kucnoty — 30 % mpexacraBieHi y
Tabnm. 6: crymins BunmydenHs Bogm — CB, %; Mexaniuni
nomimku — M/I.

Pesyneratn  mociipkeHHs BinactrBocteit MC 3 3a
o0paHor0 MoOIENMpHOKO cymimmmro 3: ckimang 500
Hadromponykry, Boau 250 mi, NaCl 121 mr. ¥ 3pasok 3
BBOMATH (pochon y kinbkocti 1,0 %, a numonHy Kucnory — 0
%; y 3pa3ok 2 — ¢ochon y ximekocti 1,5 %, a JTMMOHHY
kucnory — 0 %; y 3pa3ok 3 — docdon y kinskocti 2,25 %, a
numorHy kucnory — 0 % npexcrasieni y TaOnm. 7: cryminb
BriTydeHHs1 Boau — CB, %; Mmexanivni gomimku — M/JI.

Tabmurst 7. XapakrepucTika MOAEIBHOL cymimm 1

[okazaukn |Buximai |O0pobieHi 3pa3ku
3pa3Ku 3paszok 1 | 3pa3ok 2 | 3pazok 3
Bona 33,30 6,1 2,5 2,1
30J1bHICTD 0,0033 0,0018 0,0029 0,0029
M 0,021 0,026 0,058
CB% 81,6 92,5 93,6
Baxxnusum ITOKa3HUKOM e(pEKTHBHOCTI

JociipkeHHsT MokHa BusHaTtH BMicT coneit (NaCl) B

3paskax g0 (JO) Ta micnmat o6podkm (ITO) 3
JieeMynbraropom (tadm. 8).
Tabmumst 8. Bwmict comeir (NaCl) B 3paskax 3
JIEEMYJIbraToOpOM
3pasku [Tokaznuku
Bwmict 10 ,% Bwicr I10,% n %

MC1 |1 0,0075 0,00155 79,3

2 0,0075 0,0007 90,6

3 0,0075 0,00052 93,1
MC2 |1 0,028 0,0013 95,3

2 0,028 0,0001 99,6

3 0,028 0,00048 98,2
MC3 |1 0,068 0,0018 97,3

2 0,068 0,0026 96,1

3 0,068 0,0029 95,7

HeBig’eMHOIO CKIAZOBOIO JOCHIDHKEHHI 3 METOIO
MOJAJIBIION0 BUKOPHCTAHHS OTPUMAHUX PE3YJIBTATIB  HA
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MIPOMUCIIOBHX ~ O0’€KTaX € BW3HAYCHHS Y3araJbHEHOrO
piBESIHHSL Tiporiecy (Tabn. 9) 3 ypaxyBaHHAM OTPHMaHHX
rpadivanx 3anexHoctel (prc. 2 (MC 1), puc. 3 (MC 2), puc. 4
MC3).

2,5

15 ¢ 161

0 0,12
0 0,1 0,2 03 04 0,5 0,6

docdoninign %

Puc. 2. 3anexHicTs 3aMHIIKy BOAU Bif BMicTy doctomimimis 1

KoegimienT  ampokcnmamii 32 OTpUMaHAM
piBHsaHHAM (1)
y=-4,9429x +2,655 R =0,9692 (1)

nopiaioe (0,9692), me cBiguuTh Tpo Te, IO A0Ope
migiOpaHa MOAENb PiBHSHHS.

Koedimient xopemsmii Ilipcona (-0,9845), me
O3HaYae, 0 MM MAaeMO 3BOPOTHIO KOPEIALII0 — MpHU
30inbIIeHH]  KigbkocTi  QocdomininiB Ta JIMMOHHOI
KHCIIOTH, Oy/e 301IbIIyBaTHCS CTYIIIHb BIUIY4EHHS BOJIU
B 00pOOITIOBAaHNX CEpEIOBHUILAX.

3,5
3

Boga %

0 5 10 15 20 25 30 35

JNlumonHa kucnora %

Puc. 3. 3anexHicTs 3annImKy BOAM BiJ BMicTy (ocdomimiais 2

KoegimienT  ampokcumamii 32 OTpUMaHUM
piBastHESIM (2) it MC 2
y=-0,115x+4,10 R*=0,9514 ()

nopiaioe (0,9514), me cBiguuTh Hpo Te, IO A0Ope
migiOpaHa MOAENb PiBHSHHS.
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KoeginienT kopemsuii [Tipcona (0,7289), mis MC 3
O3Ha4yae, 0 MM MAaeMO 3BOPOTHIO KOPEISALII0 — MpHU

30LIBIICHHI  KUTBKOCTI  JIMMOHHOI ~ KHCIOTH  Oyze
3MCHIITYBATHUCh KUTBKICTh BOAX B HAIIUX CyMiIIax.
Koegimient  ampokcumamii 32 OTpUMaHUM
piBasiHESM (3) 1t MC 3
y=-2,9895x+8,30 R>=0,7289 (3)

nopieaioe (0,7289), me cBiguuTh Hpo Te, IO A0Ope
milibpaHa MOJIENb PiBHSHHSL.
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Puc. 4. 3anexHicTs 3aMMIIKy BOAH BiJ BMicTy docdomimiais 3

KoedimienT xopemsmii Ilipcona (-0.8538), me
O3HaYae, MO0 MM MAaeMO 3BOPOTHIO KOPEISALII0 — IpHU
301IbIIICHHI KUTBKOCTI dochomimigin Oyme
3MEHIIYBAaTHCh KUTBKICTh BOAM B HALIMX CyMiIlIax.

BucHoBKM Ta mepcrneKTHBH MOAAJIBIIONO Po3-
BHUTKY JAHOI'0 HANPSIMKY.

3aranbHi MJACYMKH HPOBEICHOTO JOCIIIKEHHS
MOXXHA BH3HAUUTH SIK: OOIPYHTYBaHHS JOLUIBHICTH
BUKopHcTaHHs (ocdornimimiB B AKOCTI Jeemyrbraropa y
mporecax — 3HECOJEHHS Ta 3HEBOAHEHHS  HadTy;
ONTHUMAIBHUM  CTYMiHP  BWJIY4YEHHI  BOmM i3
Ha(TOIPOMYKTIB OTPUMAHO 13 MOAENBHOI cymimi | mpu
00pobmi 3 geemympraropoM, mio wictute 0,5 %
¢docdomiminis Ta 20 % IMMOHHOI KHCIIOTH, TIPH LEOMY
CTYMiHb BHIIy4eHHS Bogu nocsirae 99,4 %. Lle nossonse
PEKOMEHIyBaTH TaKMH COCTaB JIeeMyJbraropa Juis
IIPOMUCIIOBUX BUIIPOOYBAHb.

[IpakTiuHe 3HAYEHHS OJEp)KaHUX PE3YIbTATIB IS
3HEBOAHEHHS Ha()TH MOXKHA O3HAYMTH SIK: BHOIp HOBOTO
eQEeKTUBHOrO JeeMyibraropa Jjisl 3HEBOAHEHHS 1
3HECOJICHHSI Ha(TH, IO ITO3BOJISIE BOIHOYAC PO3B’SI3aTH
NUTAHHA 3  yTHI3ali€lo  MOOIYHOrO0  MPOAYKTY
BupoOHMLTBa Oiommsenst (Qocdomnminignuii KOHIEHTpar)
32 pPaxyHOK BHKOPDHCTaHHS WOrO BIIACTHBOCTEH, SIK
Heionorennoi I[TAP.

OMYJIBCUM: JAKUC. HA COUCK. yd. CTEIl. KaHJ. TeX. Hayk M.,
2002, — 206 c.

3. XyropstHcknit ©.M. Pazpaborka u BHEJIPCHUC
BBICOKOI((EKTUBHBIX TEXHOJOTHI MOATOTOBKM HEe(TH Ha
anekTpoobecconmuBarommx  ycraHopkax —HII3.  //[Tucc.
nokTopa TexH. Hayk. M.: OAO BHUUHIL, 2008, — 362 c.
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JI. H. CO/IOJOBHUKOBA, B. A. TAPACOB, B. H. IIABATHH

CHUXEHUE PATOHOONMACHOCTHU XPAHWJINI PAIMOAKTUBHBIX OTXOJ10B

B paboTe onmcaHa METOAMKA ONpee/ieHUs] 3HaYeHUH 00bEMHOW aKTHBHOCTH pajioHa-222 B aTMOC(HEPHOM BO3IYXE XPAHWIHIIL PaJHOaKTUBHBIX
OTXOJIOB C Y4E€TOM OCOOCHHOCTEH MX 3aKpBITOTO M OTKPBITOrO THIIA. B METOIMKE y4HTHIBACTCS TOT (haKT, 4TO JJIS OLCHKH PaZOHOOIACHOCTH
XPaHUIIHII 3aKPBITOTO TUITA MCIIOJB3YIOTCS 3HAYCHHsI 00bEMHOIM aKTHBHOCTH pajioHa B aTMOC(epHOM Bo3ayxe. st XpaHHIMIL OTKPHITOrO THIIA
TOYHOE OIpeleleHne 3HaUeHNH 00bEMHOI aKTHBHOCTH pajjoHa-222 B aTMOC(HEPHOM BO3IyXe 3aTPyIHEHO H3-32 HEOOXOAUMOCTH y4ETa BIIUSHHS
MHOXECTBAa METEOPOJIOrHUecKUX (haKTOPOB M OI[EHKA PAJOHOONACHOCTU XPAHMIUINA ONpPeeseTcs 3HaUeHIsIMU IUIOTHOCTH II0TOKa pajoHa-222 ¢
€ro IOBEPXHOCTH (dKcxaysnueil). B pabore mpemnoixKeHbl TEXHHYECKHE MEPONpPHUATHS, KOTOPBIC MOBBICAT JKOJIOTHYECKYIO O€30MaCHOCTb ITHX
XPaHMUIIHIIL.
KaioueBble cjioBa: PaJIOHOOIIACHOCTb, 00bEMHAs aKTHBHOCTD pa/loHa-222, XpaHUIIUIA PJANOAKTHBHBIX OTXOOB.

JI. H. COJIO/JOBHUKOBA, B. A. TAPACOB, B. H. IIIABATHH
CHMNKEHUE PATJOHOOITACHOCTHU XPAHUJINII PAJIMOAKTUBHBIX OTXO10B

VY pobori omrcana MeToJHKa BU3HAYEHHS 3HAUEHb 00'€MHOI aKTHBHOCTI pasioHy-222 B aTMOC()epHOMY HOBITpPi CXOBHII PaJiOaKTHBHHUX BITXOXIB 3
ypaxyBaHHSM OCOOJIHMBOCTEH iX 3aKpHTOro i BIIKPHTOro THIy. Y METOMWII BPaXOBYETHCS TOH (haKT, IO AN OLIHKH PaJOHOHEOE3NEKH CXOBHII
3aKPUTOrO THITy BHKOPHUCTOBYIOTHCS 3HA4YCHHs 00'€MHOI aKTHBHOCTI pajioHy B aTMoc(hepHOMy HOBiTpi. JlIsi CXOBHIL BIKPHTOTO THILy TOYHE
BU3HAUCHHS 3HAYCHb 00'€éMHOI aKTHUBHOCTI pamoHy-222 B aTMOoc(epHOMY IOBITpi YTPyJHEHO Yepe3 HEeOOXiTHICTh BpaxyBaHHS BIUIUBY Oe3Jidi
METEOpOJIOTIYHHX (PaKTOpiB 1 OIiHKAa paJoHOHeOe3le CXOBUINA BH3HAYAETHCS 3HAYCHHSAMH INUIBHOCTI IIOTOKY PafoHy-222 3 HOro MOBepxHi
(exkcxansuieit). B poOoTi 3ampornoHoBaHi TEXHIYHI 3aX0/HM, SKi MiJBUINATH EKOJIOTiYHY O€3MeKy X CXOBHUIIL.

Karou4oBi ci1oBa: pajioHoHe0e3eKa, 00'eMHa aKTHBHICTh PafioHy-222, CXOBHUIIA PaJi0aKTUBHHUX BIIXOJIIB.

L. N. SOLODOVNIKOVA, V. A. TARASOV, V. N. SHABATIN
REDUCTION OF RADON SAFETY STORAGE THE RADIOACTIVE WASTES

The paper describes a method for determining the values of the radon-222 volumetric activity in the atmospheric air of radioactive waste storage
facilities, taking into account the characteristics of their closed and open type. The method takes into account the fact that for the assessment of the
radon danger of closed-type storage facilities, direct measurements of the radon activity volumetric activity using radonometers are used. Accurate
determination of the values of the volumetric activity of radon-222 in open air storages is difficult because of the need to take into account the
influence of many meteorological factors. Using special mathematical models, it is possible to predict changes in the volume concentration of radon
with variations in the influencing factors. In any case, the primary source for such a forecast will be the values of the radon-222 flux density from its
surface (exhalation), Bq/m?s. Therefore, in the approach to assessing the radon danger of open repositories, the definition of radon eschalization
from various sites comes to the first place. Naturally, more hazardous areas will be more dangerous. In the present work, the radon hazard of the
objects under study was estimated by the values of the radon activity volume in the atmospheric air of the closed type storages and by the radon flux
density (eschaklation) from the surface of the open type tailing dump. The work proposed technical measures that will improve the environmental
safety of these repositories.
Key words: radon hazard, radon-222 volumetric activity, tailing dump of radioactive waste.

Brepaenne. O6pazoBanue xpanwmny ~ Obutn:  XappkoBckuitk ITMCK  Vkpl'O  «Panmony,
panMOaKTHBHBIX OTXOJOB B YKpamHe OOYCIOBJIEHO  XpaHWIHMIIE TBEPIBIX PAIHOAKTHBHBIX OTXO0B 00BEKTa
UCIIOJIb30BAHMEM  PAJMOAKTUBHBIX MarepuasioB Bo  «MakapoB» (KueBckasi 005acTh) M XBOCTOXPaHHIIHIIE

MHOTHX OTpAciisiX HapoxHoro xossiicrsa. Ilpakrtudecku — Cyxad€Bckoe I CCKIMsA OBIBIIETO 110
BCE XpaHUJIHIIA pannoaKTUBHBIX OTXO0J10B ¢ «lIpunHenpoBcKuii XUMHMYCCKUU 3aBOJ».
CYIIECTBYIOIUMU crocodamu uX XpaHEHHs [Ipeamnonaramocs  pa3paboTaTh  METOOUKY  OLIEHKH

MIPE/ICTABISAIOT TOTEHIHUAIBHYIO paJuodKoiormdeckyto  PaAOHOOIACHOCTH XPAaHWIMIN TBEPABIX PannOaKTHBHBIX

OMACHOCTB JUIS OKPYXKAIOMIEi Cpe/ibl, Tak Kak cojepar  OTXOHOB,  MpPOBCCTH  OLCHKY  PaJlOHOONACHOCTH
OTpaOOTaHHbIE HMCTOYHMKH ypaHa-238 wu paaus-226, XPAHHIHIL HA - OCHOBC IHOIYYCHHBIX 110  MCTOIMKE
DKCIIEPUMEHTATBHBIX ~ JAHHBIX WM TPELIOKHUT

KOTOPBIC BBIACIIAIOT B aTMOC(l)epy paﬂI/IoaKTI/IBHHﬁ ras
MCPOIPpUATHA 111 CHUIKCHUS KOHIICHTpAallunu pazLOHa-222

pagon-222.  VYcunuBaeT — paJOHOONACHOCTb  3TUX
B aTMOC(EPHOM BO3/IyXE XPaHWINIIL.
XpaHWINII TOT (AaKTOp, YTO 3HAYUTENIBHAas YacTh
IHocranoBka mpoOnemsbl. IIpakThuecku Bce
TEPPUTOPUU YxpauHsl pacnosoxeHa Ha

XpaHWina ABJIAIOTCA PaJOHOOIIaCHBIMHA 00BEKTAMHU [2]

KPUCTAJUIMYECKOM I[IUTE ¢ OOJBIIMMHU  3amacamu 0 -~ .
CHOBHBIM HMCTOYHHKOM DPajioHa (*2Rn) SIBJISETCS paguid

MIPUPOJHBIX PAAMOHYKIUIOB YPaHOBOTO U TOPHUEBOT'O 538
PAOB, YTO TAaKKe CIOCOOCTBYeT —WHTCHCHBHBIM — (*Ra) — TPOMYKT memoduku pacmanos o, U [3]. Oto
SMaHalWsM  pajoHa-222 B aTMOC(EPHBI  BO3AYX  ByjHO M3 CXeMBI ero pacmana (puc. 1 a, 6).
OprX(aIOHICﬁ CpCAabl. PaCHOJ’IO}KGHI/Ie XpaHWINI 88y .4,47-10'° rer B4y 24w 234p,  BolISwm
palMOaKTHBHBIX OTXOJOB BOJIM3M HACENEHHBIX IYHKTOB " " "
orpeziensieT HeoOXOIMMOCTh  OLEHKH  CO/CpKaHUS
panona-222 B atMoc(hepHOM BO3ayxe XpaHwmil [1] u
CHIKEHUSI WX PaJOHOOIIACHOCTH MYTEM IPOBEICHUS

234 0,2,45-10% ner 230 B,810% ner 226 ,1,6:10° sier
U o Th s Ra

o 222 «,3,824 nust 218
HEOOXOIMMBIX TEXHUYECKHX MEPOIPHUSATHIA. 5o R — 22 20 Po ——
Henr padorbl. llenpto  Hacrosmied  pabOTHI
sBnsnack  OoTpaboTKAa  TOAXOMOB IS OLEHKH Puc. 1 — Cxema pacriajia npupojHoro ypana-238 (a).

PaaOHOOMACHOCTH XPAaHWIHIL PAAUOAKTUBHBIX OTXO0B

© Cononosuukosa JI.H., Tapacos B.A., Iladarun B.H., 2018
3aKPBITOI'O0 U OTKPBITOI'O THIIA. OCHOBHBEIMH O6’BGKTaMI/I
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Puc. 1 — Cxema pacmaga npupomgHoro ypana-238 (6).

XpaHWIUIA paJMOaKTHBHBIX OTXOMOB OOBIYHO
pa3fensioT Ha XPAHWIUINA 3aKPBITOTO U OTKPBITOrO
tuma. M3 wmccnenoBaHHBIX OOBEKTOB K XPaHMIIHIAM
3aKpBITOro THMa oTHocuTcs XapbkoBckuii ['MCK
Vkpl'O «Pamon». B 3T0 XpaHUIHIIE MONAaat0T TBEPIBIC
U KMJKUE PaJHOAKTUBHBIE OTXOJbl U3 OpraHMU3alnil, He
OTHOCSIIIUXCS K NPENPUITHAM  SIEPHO-TOIUIMBHOTO
nuKia. ICTOUHUKOM pajioHa CILy’KUT IPYHT U HEKOTOpBIE
Ipenaparsl ypaHa-pajusl, HaXOISIUECS B XPaHWUIMIIE.
3anadeil SIBISETCSl CHIDKEHUE COJEpKaHMs pasoHa-222 B
aTMOc(hepHOM BO3/TyXEe XPaHHMIIHIIA /ISl YMEHBIICHUS

JI030BOM HArpy3sku Ha mnepcoHan kareropun A. K
MCCIIE/IOBAaHHBIM B paboTe XpaHWINIIAM PaIHOaKTUBHBIX
OTXOJIOB 3aKpBITOrO THIIA OTHOCHTCSI TaKXe OOBEKT
«MaxkapoBy, NPUHAIICKABIIET0 MUHICTEPCTBY 00OPOHBI
opiBmero CCCP wu  VYKpawHbel, KOTOpbIH HWMeeT
XpaHWINIIE  TBEPIABIX  PAJMOAKTHBHBIX  OTXOOB.
CHWKEHNE PaJOHOONMACHOCTH 3TOr0 O0BEKTa YIYYHIUT
PaIMOdKOJIIOTMUECKYI0  OOCTAHOBKY —IPHJIECTAlONMX K
HEMY TeppUTOpPHUH.

OO6pa3oBaHKe XpaHWIHUIL PaAHOAKTUBHEIX OTXOJI0B
OTKPBITOTO THIIA CBS3aHO C JOOBIMEH M TIepepadOTKOM
YpaHOBOTO ChHIpbsi. B  pe3ynprare HakamiIuBaloTCs
OonpIIMe KOMMYECTBA OTXOAOB B BHJAE OTBAJIOB
COITYTCTBYIOIMX M COaJaHCHPOBAHHBIX Py, a TaKXKe
TEXHOJIOTMYECKUX MyJIbI B XBOcTOXpaHwmmax. K
XPaHWINIIAM PaJHOaKTUBHBIX OTXOMOB OTKPHITOTO THIIA

OTHOCSATCS ~ XpaHWIMIIA  yPaHOBOIO  INPOU3BOACTBA
OBIBIIECTO [IpousBoaCcTBEHHOr O 00BeTMHEHUS
«IIpunHEenpoBCKUM  XMMUYECKHH  3aBOI», KOTOPBIH

skcruryatupoBaiics ¢ 1949 mo 1991 r. u pacmonoxeH
Hefasieko oT T. JlHempomsepkuHCKa. 3a BpeMsl €ro

paboTEl  00pa30oBaANUCH XpaHWIHIIA: «3amagHoey,
«llenTpanbHblit Sp», «HOro-BocTouHOEY,
«JlaenpoBckoe», «CyxauéBckoe»: 1 — cexmusa, II —

cekius, «baza Cy, «JlanraHoBast ¢pakims», «JloMeHHAsS
medb Ne6y [4] (puc. 2).

Puc. 2 — Pazmenienne 06bexkToB ObiBIIero 110 «I1X3» 1 MecT ynajieHusi 0TX00B YPaHOBOT'O MPOM3BOJICTBA B T. JIHENIPOA3ep:KUHCK [S].

I[lo  npenBapuTeNbHBIM  OLGHKAM  TOIOBOE
MOCTYIUICHWE  pajioHa-222 B TPU3EMHBIA  CJIOH
aTMocepsl TonbKo 13 CyXau€BCKOr0 XBOCTOXPaHWIINILA
OBIBIIECTO IIpousBoACTBEHHOr O 00BeTMHEHAS
«IIpuIHENPOBCKOr0 XUMHYECKOrO 3aBOJa» COCTAaBIISET
[4]: 1 — cexmma — 2,2-10° Br/m®; 11 — cexmms — 2,
16-10° br/m®. Cexums 1 «xBocToxpaHWIMIA» (IUIOMAIb
70 ra, oTX0m0B — 5,6 MJIH. TOHH), SKCIITyaTHPOBajach C
1968r. mo 1983 r. Cekmms II «xXBOCTOXpaHUIUILA»
(mwmommame 90ra,  orxomoB @ — 19 mmH.  T),

sKcITyatupoBagack ¢ 1983r. mo 1992r. wm

npefHa3Havagach Ul CKJIaJUPOBAaHUSA
repepaboTKU YPaHOBOTO CHIPHA [6].
IMpomrutomianka ObBIIero  IIpoM3BOJACTBEHHOTO
00bEANHEHNS «IIpuaHEnTPOBCKOTO XMMHYECKOTO
3aBO/Ia» HAXOAWTCS B HEIMOCPEICTBEHHOM ONM30CTH K
JKUJION 30HE T. JlHenmpoazepkuHcKa JIHemponeTpoBcKas
o6siacTb. XBOCTOXPAHWIHIIA  SIBJISIOTCS HCTOYHHKOM
3arpsHeHUs Ha paccrosHum 370 — 860 MeTpoB OT uX
KOHTypa [6] 3a cuer pa3jW4HBIX HPOLECCOB IIEpeHoca
panuonyknmuaoB. CHwkeHne pamoHoomacHoctn 11
ceki «Cyxad€BCKOro» XBOCTOXPAHWININA CBSA3AHO C

OTXO0J0B
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HEOOXO0ANMOCTBIO eé PEKOHCTPYKIHEN u
TIepenpoQILTUP OBAaHIEM TUTSE JTATBHEHTIIETO
WCIIONIb30BaHUA  CBOOOMHOrOo o0béMa wammu [7].
YactryHas H3OJISIIIHS XBOCTOXPAHITUINA oT
OKpY Karomen cpemsl YMCHBIIIHAT BO3/YIITHOE

pacrpocTpaHeHue pajioHa-222 B aTMOC(EPHOM BO3IyXe
Ha ON3Nexalne TepPUTOPHUH, YTO 3HAYUTEIILHO CHU3UT
JI030BYI0 Harpy3ky Ha IepcoHal Kareropun A
npoMiuromiagky  OeBmero II0  «IIpuaHenpoBckuit
XUMHYECKHH 3aBOA» M HACENEHHs MPOXKHUBAIOLIETO Ha
MPWIETAIOINX K XBOCTOXPAHWIUILY TEPPUTOPUSIX.

Crnenyer OTMETHUTb, 4YTO IOAXOABI [UIS OLCHKU
PaZOHOONACHOCTH 3aKPBITBIX U OTKPBITHIX XPAHWIIHL]
PaAMOAKTUBHBIX OTXOAOB OTIWYAIOTCS. [l XpaHHIHI
3aKpBITOr0 THIA MPEANONIAraeTCsl PpPaBHOBECHAs WIH
MEVICHHO M3MEHSIOMAsACs KOHLEHTpalus pajJoHa B
BO3AyXe. B 3TOM ciyd4ae BO3MOXKHBI IPSMBIE H3MEPEHHUS
O0BEMHOM  aKTMBHOCTM  pajioHa C  IOMOIIbIO
panoHoMmeTpoB.  TouyHOEe  ompeAeNeHue  3HAuYeHUU
00BEMHOM AaKTHBHOCTH pajoHa-222 B aTMoc(hepHOM
BO3AYyX€ XPAHWIMI OTKPHITOrO THIA 3aTPYOHEHO U3-3a
HE00X0ANMOCTH yuéta BIIUSIHUS MHOXECTBA
MeTeoposiorndeckux  ¢akTopoB. C  HCIOIB30BAaHHEM
CHElMAIbHBIX MATEeMaTUYECKUX MOJENEH BO3MOXKHO
MIPOrHO3MPOBAaHUE U3MEHEHUS! 00BEMHON KOHIICHTpauu
pazioHa IpH BapHallMM BIMSIOMUX (hakTopoB. B 1ro00om
cilydae TEpBOMCTOYHHKOM JJIsl TAKOTO IIPOTHO3a OyayT
3HAYCHUsl IUIOTHOCTH IOTOKa pafoHa-222 ¢ ero
nosepxHoctd  (9kcxansuus), br/m>-c. Tlostomy B
MOAXOAE€ K OLEHKE PAJOHOONACHOCTH  OTKPBITBIX
XpaHWINI] Ha MEpBOE MECTO BBIXOJAWUT OIpPEHEICHHE
JCXalsIMM  PajoHAa € PAVIMYHBIX  YYacCTKOB.
EcrectBenno, Oonee omacHBIMH OyayT YdYacTKH C
BBICOKOM  acxamsiuedl. B Hacrosmeidt  pabore
PallOHOONIACHOCTh HCCIIEyeMbIX OOBEKTOB OIICHMBAJIACH
10 3HAYCHWAM OOBEMHOW aKTHBHOCTH paJloHAa B
aTMOC()epHOM BO3/1yXe XPaHWIIHIL 3aKPBITOrO THIA U TI0
TUTOTHOCTH ITOTOKA PajioHa (ICXAKIISIMHN) C TIOBEPXHOCTH
XBOCTOXPAHMWIHUILA OTKPHITOrO THIA.

PesynbraTrel  ucciaenoBanmii. B pesynbrarte
MIPOBEZICHHBIX ~ HCCIeqoBaHMKH  Obula  paspaboraHa
METOAMKA OLIEHKH PaJJOHOOACHOCTH XPAHWIIHL]

paIMOaKTHBHBIX OTXO/IOB OTKPBITOTO M 3aKPHITOTO
TUIIOB. MeTo/IMKa OLIeHKH PaJ0HOOIaCHOCTH XPAHUITHII]
COCTOMT M3: 1) KaJMOpOBKHM CPEICTB H3MEPHUTEILHOM
TEXHHKH, H3MEPSIOIINX BEJIMYNHY 00BEMHOMN
aKTUBHOCTH pajioHa-222 B aTMOC(HEpHOM BO3IyXe
XpaHWIMII 3aKpBITOro THMAa, Ha [ocynapcTBEHHOM
MIEPBUYHOM JTAJIOHE EAWHHUIBI OOBEMHONH aKTUBHOCTH
pamona-222 (JETY12-01-97) [8] ¢ wucnonb30BaHUEM
rocynapcTBeHHoi moBepounoi cxemsl (JICTY 3536-97)
[9]; 2) xamuOpoBKM CpEeACTB M3MEPUTECIHHON TEXHUKH,
N3MEPSIOINX BEJIMYUHY IUIOTHOCTH ITOTOKA pajjoHa-222
JUTS XpaHWIHI OTKPBITOTrO THMa, Ha [ocymapcTBEHHOM
MIEPBUYHOM JTaJOHE EAWHHWIB OOBEMHON AKTUBHOCTH
panona-222 (JJETY12-01-97) ¢ ucnons3oBaHuEM ToCy-
nmapctBeHHOM moBepounoi cxemsl (JJCTY 3536-97) [9];
3) HENOCPEICTBEHHBIX HU3MEpPEHUI 00BEMHOMI
aKTHBHOCTH pajioHa-222 B aTMOC(EpHOM BO3IyXe
XPaHWIXIL 3aKPhITOr0 THHA TBEPIABIX PaAMOAKTUBHBIX
orxonoB XappkoBckoro I'MCK VYikp 'O «Pamon» wu
XPpaHWINIIA TBEPIBIX PAJHOAKTUBHBIX OTXOJOB 00BEKTa
«MaxkapoB»; 4)  HENOCPEACTBEHHBIX  W3MEpPEHHH
IUDIOTHOCTH ~ MNOTOKAa  PajoHa C  IIOBEPXHOCTH
XBOCTOXpaHWIuIa orkpeiToro tuma Cyxauésckoe II
cekmmst ObiBrrero IO «IIpuaHenpoBCKMiA XUMHYECKUI
3aBOM»; 5) OLIEHKH Pe3yJabTaTOB M3MEPEHHUH Ha MpEIMET
PallOHOOTIACHOCTH HCCIIEyEMBIX 00BEKTOB.

N3mepennss 0OBEMHON aKTHBHOCTH pajoHa-222 B
aTMoc(hepHOM BO3JlyX€ XpaHWINIIA TBEPIBIX
paanoakTUBHBIX 0TX0n0B XapbkoBckoro I'MCK Vkp
I'O «Pamon», xpaHwiuma TBEPABIX PaTUOAKTUBHBIX
0oTX00B 00BekTa «MakapoB», ¥ XBOCTOXpaHWIIHINA
CyxauéBckoe cekmus 11 ObIBIIIETO o
«[IpraHenpoBCKUil XMMHUYECKUH 3aBOA» ITPOBOAMINCH
crenyonmMu panos-moantopamu: Alpha GUARD PQ
2000 ¢ nuama3oHOM HM3MEpeHHs] 0OBEMHON aKTUBHOCTH
pamona-222 or 2 mo 2-10° Bx/mM®, ATMOS-12D ¢

JINaIia30HOM HM3MEpeHHs] 00BEMHON aKTUBHOCTH pajJioHa-
222 or 1 no 1-10° Br/M, pamon-monurop PIA-09
JMara3oH HM3MepeHHus: OOBEMHON aKTUBHOCTH paJioHa-
222 or 50 no 1-10* Br/m® (puc. 3), oTKaMMOPOBaHHBIX 1O
l'ocymapcTBeHHOMY NEPBHYHOMY STalIOHy panoHa-222
(AETY 12-01-97) ¢ ucmonb30BaHUEM TOCYIapCTBEHHON
moBepouHoit cxemsl (JICTY 3536-97).

Alpha GUARD PQ 2000 ¢ guanasonom
usMepenus ot 2 1o 2:10° br/m?

PI'A-09 ¢ mana3onoM m3Mepenus ot 50
o 1-10* Bx/M?

ATMOS-120 ¢ qrnana3zoHOM H3MEPEHUS
pamona-22 ot 1 go 1-10° Br/m?

Puc. 3 — PamoH-MOHMTOpHI Ui M3MepeHHsT OOBEMHOW aKTMBHOCTU pajioHa-222 B aTMOC(HEpPHOM BO3IyXE

XpaHWIHl paAuOaKTUBHBIX OTXOH0B.
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N3mepennst 00OBEMHON aKTHBHOCTH pajoHa-222 B
aTMochepHOM BO3yX€ XpaHWINILIA TBEPABIX
panuoakTHBHBIX 0TX010B XapbpkoBckoro I'MCK YkpI'O

«Panon» (puc. 4) mpoBOAMINCH HAa YPOBHE 3aIMTHBIX
IUIUT MOJ3EMHBIX EMKOCTEN B X OTKPBITOM U 3aKPBITOM
COCTOSTHHH.

Puc. 4 — Cxemarnuecknii Bun Xapbpkosckoro 'MCK YkpI'O «Pamon»:
2 — XpaHWINLIE TBEPABIX PAAUOAKTUBHBIX OTXO/O0B.

3amepsl panoHa-222 OCYWIECTBISUINCh PAJOH —
monuropom Alpha GUARD PQ 2000 u pamon -
MoHuTopoM PT'A—-09, peamusyronmii meron K. Mapkosa
mogupukanmmu M. TepeHtseBa. M3mepeHus pajgoHa B
syelike TBEPIBIX PaIUOAKTUBHBIX OTXOMOB  ObUIH
BBINOJHEHBI Ha JHE sueiiku (Z= -4,0M) B IIECTH TOYKAX:

A (0,5; 2,0; -4,0); B (0,5; 6,0; -4,0); C (0,5; 10,0; -4,0); D
(2,5; 2,0; -4,0); E (2,5; 6,0; -4,0); F (2,5; 10,0; -4,0) u Ha
riyoune 2m (Z=-2,0) B cnemyrommx toukax: A’ (0,5;
2,0; -2,0); B’ (0,5; 6,0; -2,0); C' (0,5; 10,0; -2,0); D" (2,5;
2,0; -2,0); E" (2,5; 6,0; -2,0); F' (2,5; 10,0; -2,0) n
IIpe/icTaBIIeHBI B Tabmumel.

Tabnuma 1 — Pe3ynbratel u3mMepeHuii 00bEMHONH aKTUBHOCTH pafioHa-222 B XpaHWIHIIE TBEPIBIX paJdOaKTHBHBIX

orxonoB XapbkoBckoro 'MCK YkpI'O «Panon»

A B C D E F
1250Bx/m° 1200Bx/m° 1250Bx/m° 1243Bx/m> 1200Bx/m° 1247Bx/m>

A B’ C D' E F
1000Bx/m> 960BbKk/m° 1000Bx/m> 993bk/m° 955Bk/m° 994Bk/m°
AHanmu3  pe3ynabTaTOB  M3MEPEHHH  O0OBEMHOM Wzmepennss 00BbEMHON aKTHBHOCTH pajoHa-222

aKTHUBHOCTH pajJioHa-222, TpUBEAEHHBIX B Tabmuue 1
mmoKa3ay, 49to OOBEMHAs aKTUBHOCTh paaoHa-222 B

XpaHWInIe  TBEPABIX  PAJMOAKTHBHBIX  OTXOZOB
Xappkockoro 'MCK B 10 pa3 npeBslaeT JOMYCTHUMBIE
yposau (HPBY-97 [10]). W3mepenus oObvEMHON

aKTHBHOCTH pajioHa-222 B aTMOC(EpHOM BO3IyXe
oobekta «MaxkapoB» (pHuC. 5) OCYHIECTBISUINCH Kak
BHYTPY XpaHWINIIA TBEPABIX PaIMOAKTUBHBIX OTXOIOB,
TaK ¥ Ha IIPWIETAIOIIEH K HEMY TEPPUTOPHH.

Puc. 5 — BremHuii Bua xpaHununia TBEPIbIX
PaIMOAKTUBHBIX OTXOMIOB 00BbEKTa «MaKkapoBy.

BHYTPH KOHTEHHEpa XpaHWINIIA OCYILECTBIIINCH
panon-monutopoM Alpha Guard PQ 2000. Bryrpnu
KOHTEMHepa XpaHWINIIA UCTOYHUKU Macchl paaus-226
BBICISIOT pafoH-222 ¢ OOBEMHOW AaKTHBHOCTHIO B
BepxHel uactu xpanwmmma 1,2:10° Br/m® B 00néME
nycror xpanwmma 3 M. Vi3smepeHus oOBEMHON
aKTUBHOCTH pajioHa-222 Ha TEPPUTOPUH, MPUIIETAIOLIEN
K XpaHWIUILy TBEPABIX pAJUOAKTHBHBIX OTXOIOB
oobekTta «MakapoB»  OCYHIECTBISUINCH  PaJOH -
monuTopamu Alpha Guard PQ 2000 u Atmos 12D, u
ObUTH BBINTOJHEHBI B NPU3EMHOM CJIO€ aTMOC(epsl B
MOJISIPHON CUCTEME KOOPAMHAT.

PesynpraTel m3MepeHMH O00BEMHON aKTHBHOCTH
pamona-222 B TIpHU3EMHOM cjoe arMmocdepsl mpu
paguycax 10m, 100M, 200m 1 300M ¢ weHTpOM B supe

XpaHWIUIIA  TBEPABIX  PAAUOAKTUBHBIX  OTXOIOB
MpUBEJICHEI B Tabmume 2. AHamU3 pe3yibTaToB
M3MepeHuii  00BEMHOM  aKTHUBHOCTH  pajioHa-222,

MPUBEJICHHBIX B Ta0uwIle 2 TIOKa3ajd, 4To OOBEMHAS
aKTHUBHOCTh  pafioHa-222 B  XpaHWIUIIE TBEPIBIX
PaIMOAaKTUBHBEIX OTXOA0B 00BhekTa «Maxkapos» B 100 pa3
npesbimaer pomycrumbie  ypoHu (HPBY-97 [10]).
PacripocTtpanenue paaMoakTUBHOIO ra3za pajoHa B
aTMOC(EpHOM BO3IYXE XPaHWIUII PaIHOAKTHBHEIX
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OTXOAOB OTKPBLITOrO THUIIA HOPOUCXOAUT CJICAYIOIIUM

obpazom (puc. 6).

Tabmmma 2 — Pe3ynpTaTsl m3MepeHU 00bEeMHOM aKTHBHOCTH PafioHa-222 B MPU3EMHOM cioe arMocheps! 00bekTa «Makapoy.

OGbéMHast aKTHBHOCTS panona-222, br/m?

[0} 0° 60° 120° 180° 240° 300°
R, M

10 56-10° 58,7-10° 58,8:10° 55,1-103 53,2-103 53,3-10°

100 600,0 650,8 666,0 590,7 570,3 570,5

200 143,1 1575 157,3 140,9 130,7 130,9

300 66,6 72,3 72,7 66,0 60,3 60,8
BeipenuBmmmiics ¢ HOBEPXHOCTH  XPAaHWIMINA  XBOCTOXPAHWIMINA 3aTPYAHEHO JAXE C UCIOJIB30BAaHUEM
oOpa3zoBaBmmiics  pagoH  nyréM  au(p(y3MOHHO-  CHEIMANbHBIX ~ MaTEMaTHUECKHX  MOJENed  u3-3a
KOHBEKTHBHBIX  IIPOLIECCOB  paclpocTpaHseTrcs B  HEOOXOAMMOCTH yuéta BapHanyn Pa3IUYHBIX
MIPU3EMHOM CJI0€ aTMOC(EpHl U CO3AaET paJIOHOONIACHYI0  MeTeopoiornieckux (aktopos. B  mrobom ciydae
00CTaHOBKY Ha TEPPUTOPUU OKpyXaromied  MCXOAHBIM  (aKTOpOM JJIsi TPOrHO3a  COZICPIKAHUS
«xBocTroxpanwmie» [2] (puc. 6). pamona-222 B arMoc(epHOM BO3IyXEC XPAHWIAIIA
paIMOaKTHBHBIX OTXO/OB OTKPHITOI'O THIIA SIBIISETCS
I MEperi R IUIOTHOCTb TOTOKAa pajoHa-222 ¢ €ero IMOBEpPXHOCTH

B atMochepe )
— (oxcxamsus), bx/m™c.

aubdyemn R Usmepenue KOHILICHTpAIU1 panona-222 B
atMochepHOM  Bo3myxe Tepputopum Il cekumm
«XBOCTOXPAHWJIHIIA»  HOPOBOAWIOCE € IOMOILBIO
panuomerpa PI'A-09M (ompeneneHne 3KBHBAJIEHTHOW
paBHOBECHOM  OOBEMHONH  aKTMBHOCTH  pajoHa-222
(BPOA)) wu pammomerpa AlphaGuard PQ-2000

L

2 ™ mogzenmme
mnepermd R

Puc. 6 — Pactipoctpanenue pagona-222 B
aTMoc(hepHOM BO3AYyXE XPAHWIUIIA PaJHOaKTUBHBIX
OTXOZOB OTKPBITOI'O THIIA.

Pacripoctpanenne pagoHa-222 B arMocdepHOM
BO3AYyX€  XpaHWIUINIA  PAJHOAKTUBHBIX  OTXOJOB
OTKpBITOTO THUIA ONPEAENseTcss NPOCTPAHCTBEHHBIMU
BapHalsIMH METEOPOJIOTNYECKUX (PaKTOPOB, TAKHX Kak
HaNpaBJICHHUE U CKOPOCTh BETPA, CKOPOCTb CMEIINBAHUS
BO3JIYLIHBIX ITOTOKOB B MNPU3EMHOM CIJIO€ aTMoc(epsl,
BIIQXKHOCTBIO U JIp.

TouHoe  ompenencHWe  3HAYCHUH  OOBEMHOU
aKTHBHOCTH paJioHa-222 B aTMOC(hEPHOM BO3TyXE

(onpenenecane scxamsnun). Mzmepenus DPOA panona-
222 B BO3OyXE€ MPOBEIEHBI 3KCIPECC-METOAOM C
noMonso paguomerpa PI'A-09M. 3amepsl npoBoaAHINCH
Ha CpEeNHEH BBICOTE OpPraHOB JABIXaHUS B3POCIOrO
yenoBeka (1,5 m). Okcxamauust  pagoHa-222 ¢
MIOBEPXHOCTU ONPEAEIUIach C IOMOIIBI0 paJlOMETpa
AlphaGuard PQ-2000 u mpo0GooTOOpHOTO YCTpOICTBa
[2]. U3 cpaBHenus 3HaueHuit OPOA, nprBeCHHBIX B
Tabmuie 4 co 3HAYEHUEM ITOrO Mapamerpa, yKa3aHHOro
B HPBVY-97 [10] cnenyer, uto Benuunna DPOA nist Bcex
TOYEK U3MEPEHUH HEe TMPEBBINIACT KPUTHYECKUX
3HaueHud. B To ke BpeMs Ans psAa TOYEK U3MEpEHH
BEIMYUHBl  ACXASILUM  3HAUYHUTEIBHO  IMPEBBIMIAIOT
HOPMAaTHBHBIE 3HAYCHHUS COIJIACHO KPUTEPHIO
panoHOOmacHOCTH  Teppuropuid  (tabmmma 5)  [2].

Tabmmma 4 — [IpeBblimeHns: KOHIEHTPAILMH paioHa-222 BOKPYT TePPUTOPHH XBOCTOXPAHIIININA

Ne Homep Touku OPOA panona-222 Okcxansanus pagoHa-222 ¢ Koopaunats! Touku 3amepa
n/m M3MEpEHHS B BO3/IyX€, BK/M> noBepxHocTH, MBE- M2 -¢7! N48° E034° H, cm
3 S47 373+ 14 25,448 43,057 132
9 S82A 5,23 162 £8 25,307 43,171 122
10 S85 4,83 25749 25,363 43,137 117
11 S99 4,8 181+£7 25,433 43,073 128
16 S170 13,28 317+ 12 25,239 43,338 120
Tabmmma 5 — Kputepun noTeHImaIsHOH paloHO0IACHOCTH TePPUTOPHIA
Kareropuu noreHuuanbsHou OPOA papona, [InoTHOCTH MOTOKA pajoHa J, OA panona
PaZIOHOOMACHOCTH TEPPUTOPUI Bx-m MBk-M 2 ¢! Crn, KBK'M3
I <25 <20 <<10
II 25 -100 20-80 10 —40
111 > 100 <80 > 40
AHanmu3 pe3ynbTaToB W3MEpeHWi KOHHeHTpamuu  (Tadu. 5). PanonoonacuocTh Cyxad€Bckoro
panona-222 (tabn. 4) mokasaj, 4yTO 3HAaUCHMS IUIOTHOCTH  XBOCTOXpaHW-IMINa cekiust Il ompenensiercst 1o

IIOTOKa PajJOHa B ONPEAEHEHHBIX TOYKAX TEPPUTOPHUU
BOKPYr XBOCTOXpaHWIMIIA mpeBbimaroT 80 MBr/M?-¢

BEJIMUMHE 3HAYEHUH IUIOTHOCTH MOTOKAa pajoHa-222 ¢
€ro MOBEPXHOCTH.

Bicnux Hayionanvrnoeo Texuiunozo Yuisepcumemy «XI1Iy». Cepia: Innosayivini
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Takum o0pa3oMm, aHaIM3 H3MEpPEHUH OOBEMHON
aKTUBHOCTH pajioHa-222 B aTMOC(PEpHOM BO3AYXE
XpaHWINII  TBEPABIX  PAAMOAKTHBHBIX  OTXO/OB
3akpeIToro tTuma XapbekoBckoro 'MCK Ykp I'O «Pamon»
n o0bekTa «MaxapoBy», 1 aHAJIU3 U3MEPEHUH IIJIOTHOCTH
moToka pagoHa-222 ¢ mnoBepxHOcTH Cyxad€BCKOTro
XBocTOXpaHwinma cekuust Il mokaszan  BBICOKYIO
PallOHOONIACHOCTh JIaHHBIX OOBEKTOB.  JTO SBIACTCS
OCHOBaHHMEM JUISI MPOBEJCHUSI MEPONPHATHH, KOTOpHIE
CHM3AT YpPOBEHb 3HAueHWH OOBEMHONH aKTUBHOCTH
pamoHa-222 B BO3AyXe XpaHWIHMI 10 3HAYCHUM,
ompenenéunpix B HPBY-97 [10]. [lns cHmwkeHus: ypoBHS
3HAa4eHUH 00BEMHON aKTHBHOCTH pajioHa-222 B BO3AyXeE
XpaHWINIIA  TBEPABIX  PAJAMOAKTHBHBIX  OTXO/OB
XapbkoBckoro 'MCK HeoOxonnma ycTaHOBKa TaTYHKOB
panona-222 tuna Hanewell ¢ curnanmsaropom, KoTopsie
obecreunBaroT aBTOMaTHYECKOE BKJTIOUCHHE
MIPUHYANTEIBHOW CHCTEMBbl BEHTWIALMM BO3JyXa MpH
COOTBETCTBYIOIIEH peakuy AaTYnKoB. JlaHHyto cucremy
MIPOTUBOPAZOHOBOM 3aIIUTHl MOXKHO TPHUMEHHUTh H K
npyruMm crierikomoruHaram Ykp 'O «Panon». CHmkenue
YpOBeHs 3HaUCHNI 00BbEMHOM aKTUBHOCTHU pajioHa-222 B
aTMoc(hepHOM BO3JlyXe XpaHWINIIA TBEPBIX
palMoaKTHBHBIX OTXOJOB 00BekTa «MaxkapoB» ObUIO
JIOCTUTHYTO IIYyTEM €ro O0E3BPEXMBAHMS OT TBEPIBIX
palMOaKTHBHBIX OTXOJOB M BBIBO32 MX C TEPPUTOPHH

a) pparMeHTHI TEXHOIOTHH PEMEIUAIINN
XBOCTOXPAHWIHIIA, TIOKPHITOTO BOJIOH.

0) naHma TppTOpHH peabunurarmu Konig

Ykpannsl cornacHo porosopy CHB-1. [lnst ymenbienus
MIOCTYIUICHWE pajioHa B aTMocdepy C ITOBEPXHOCTH
xBocroxpanwiniia Cyxauésckoe I cexuust 6p1BIIero I1O
«[IpugHenpoBCKkUid ~ XMMHYECKUH  3aBOA»  MOXKHO
WCIIONIb30BaTh IPOMBINUICHHBIE OTXOABI [7], a Takxke
BO3MOXXKHO TIPUMEHEHHE TEXHOJIOTHH DEeKyJIbTHBAINU
(pemenuanyn) N30JISIIAN XBOCTOXPaHMIIHL]
panMOaKTHBHBIX ~ OTXOJOB  HEMELUKOW  KOMITaHHEH
«Wismut GmbH» [11]. Ilpomenypa peKyJabTUBALNN
(peMenuanyy) XpaHWINWIIA paJUOAKTHBHBIX OTXOJIOB
Hemenkoi kommnanuei «Wismut GmbH», moxpsiToro
BOJIOH, cocTOUT B ciexnytomeM (puc. 7a) [11]: 1) ycrpa-
HEHHE NPYJHOM BOJIBI, IOKPHIBAIOUIEH XBOCTOXPaHH-
mumie; 2) pa3MeMIeHHEe CETOYHOTO IMOKPHITHS JUIS
BBICBIXaHMSI XBOCTOXpPaHWIMINA W TPUIAHHT €My
ycToiunBoi 1maathopMsel; 3) ycTpaHeHHE TTOPOBOI BOIBI
B TeJIe XBOCTOXPAHMJIMIIA C TIOMOIIBIO CKBAXHH; 4) c03-
JIaHW€ YCTOMYMBOW MOBEPXHOCTH XBOCTOXPAHWIIUILA JIJIS
JTABHEHIeH ero M30JSIIMH; 5) pa3MeIleHHe MPOMEeXY-
TOYHBIX MOKPBITHH Ha OCHOBE MEMOpPAHHBIX TEXHOJIOTHH
C 1IEJBI0 N3OJLIINY pajioHa-222; 6) ykiiaaka (GUHAIBHOTO
TIOKPBITHS, OOECIIEUMBAIOIIETO MOJHYI0 H3OJSIIUIO OT
OKpYXarollel Cpeabl BBLACISIIONIETOCS U3 XBOCTOXPaHH-
JTUIA pajgoHa-222 W MEXaHWYECKYI0 CTOWKOCTh JUIS
JTANTbHEHIeH SKCIUTyaTallil TEPPUTOPHH XBOCTOXPAaHH-

JIMIIa HUIN €ro pea6I/IJ'II/ITaLII/II/I.

o
TEPPUTOPUIL

OBIBIINX
00eTHEHHBIX Py U XBOCTOXPAHIIIHIIA MIPEATIPHATHS «BrcMyTY;

B) COBpPEMEHHBIH  BHJI OTBaJIOB

stein (fép

R 38
MaHUs).

Puc. 7 (a, 6, B) PexynpTuBaIust XBOCTOXpaHIIIHII paIHOAKTUBHBIX 0TX010B KommaHued « WISMUT GmbH».

BeiBoasl.

Pa3zpaboransl 1OXXOABI JUIS OLCHKH COCTOSTHHSA
XpaHWIUI] PaAUOAKTUBHBIX OTXOJOB OTKPBITOTO U
3aKPBITOr0 THIIOB OTHOCHTENBHO HX PAJOHOOHNACHOCTH
no xputepwsiMm HPBY-97. Jlns XpaHwnuin 3akpbITOro
TUIIa KPUTEPUEM pPAJOHOOMACHOCTH HaMH BbIOpaHa

BeIMYMHA OOBEMHOW aKTMBHOCTH pajoHa- 222 B
aTMOC(EPHOM BO3yXE, a JUIS XPpaHWIINII
paluoaKTHBHBIX OTXO/I0B OTKPBITOTO THIA

00BEKTUBHBIM KPUTEPUEM PaZTOHOOIMACHOCTH — BEJIMYUHA
IJIOTHOCTHU MOTOKA paoHa € €ro noBEpXHOCTH.

Bicuux Hayionanvrnozo Texuiunoeo Ynisepcumemy «XI1l». Cepis: Innosayitini
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AHanmu3 3HaYeHUH 00BEMHOW aKTUBHOCTH pajiOHa-
222 B arMmoc(epHOM BO3JyXE XpaHMWIHMIIA TBEPIBIX
panuoakTHBHBIX 0TX010B XapbkoBckoro ' MCK moka3zan
€ro paJOHOONACHOCTb AN IMepcoHana. s CHXKEHUs
PaloHOONIACHOCTH HEOOXOIMMO YCTaHOBJICHHE TATIYHKOB
panona-222 tuma Hanewell ¢ curHamu3aTopoM, KOTOpBIC
o0ecreunBar0T aBTOMAaTHYECKOE BKIIIOYEHHUE
MPUHYIUTEIbHON CHCTEMBl BEHTWIALMU BO31yXa IpH
COOTBETCTBYIOLIEH peaky JaTYUKOB. Takike Ha OCHOBE
M3MEPCHUI W aHaJM3a 3HAYCHUH 00BbEMHON aKTUBHOCTH
pamona-222 B aTMoc(epHOM  BO3/AyXe IIOKa3aHa
panoHoonacHocTh 00bekTa «MaxapoBy. Jlyist ycrpaneHus
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pamoHOOMacHOCTH 00BekTa «MakapoBy» TIPEIIOKEHO
00e3BpeKUBaHUE TBEPIBIX PATHMOAKTUBHBIX OTXOJOB C
BBIBO30M HUX C TEPpUTOPUM YKpauHbl. Pe3ynbrarsl
M3MEPEHUl  IUJIOTHOCTM  IOTOKa  pajoHa-222 ¢
MOBEPXHOCTU  TeppuTopuu  BOKpYyr  Cyxau€BcKoro
XBocToXpaHwivia cekius Il mokazanu 3HaYUTENbHYIO
PaJOHOONACHOCTh €ro  OTHENbHBIX y4acTKoB. Jliis
CHIW)KEHHMSI ~ PAJOHOOMACHOCTH  IMOTOK  paJioHa-222
HEOOXOIUMO YMECHBIIIUTh, WCIOIB3YS COBPEMCHHBIC
TEXHOJIOT U H30JIAIIIH H PEKyJIbTUBALIUU
XBOCTOXPaHWIINLI.
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N. KONDRATJUK, T. STEPANOVA

PROSPECTS OF AMARANTH USING IN THE BRINE SYSTEMS BASED ON
URONATE POLYSACCHARIDES

The article is devoted to the problem of improving the nutritional value of meat snack products by improving the composition of marinades
with amaranth oil and mixtures for injection such as amaranth protein hydrolyzate. The authors considered the reasons for the creation of improved
meat snack products with increased nutritional and biological value. The prospect of using amaranth in the composition of brine systems (mixtures
for injection, massaging and soaking) for the production of meat snack products has been substantiated. The chemical composition of analogue
brine systems and systems with the inclusion of amaranth is given. Use in the composition of brine for the injection of well-digestible proteins of
vegetable origin is based on the fact that, together with the total increase in the moisture content of salty model fermented meat systems they allow
to regulate the mass fraction of protein in the composition of finished products. Adding to the brine composition of animal protein in the amount
from 0,5 to 1% allows to get meat systems with stable structural and mechanical characteristics.

Keywords: meat snacks, uronate polysaccharides, brine systems, injection, amaranth.

H. B. KOHJIPATIOK, T. M. CTEIIAHOBA
HEPCIIEKTUBU BUKOPUCTAHHSA AMAPAHTY B PO3COJIbHUX CUCTEMAX HA OCHOBI
YPOHATHUX NIOJIUCAXAPUAIB

CraTTs IpHCBSIYeHa MMPOOJIeMi MiABUIIEHHS Xap4oBoi IIHHOCTI M’ICHOI CHEKOBOI IPOAYKILIi 3a paxyHOK MOKpPAIeHHs CKJIaTy MapHHAIIB MaclIoM
amMapaHTy 1 cyMmiIueil juisi iH’€KTYBaHHS - TiZPOIM3aTOM NPOTEIHY aMapaHTy. ABTOpaMH PO3IJISIHYTO NMPHYMHH, IO NPU3BEIHM 10 HEOOXiTHOCTI
CTBOPEHHS IIOKPAIeHOi M’SICHOI CHEKOBOI NpPORYKHii 3 MiJBHIIEHOI0 Xap4oBOIO i Oionorignorn miHHiCTI0. OOIPYHTOBAaHO IIEPCIEKTUBY
BUKODPHCTaHHSI aMapaHTy y CKJIaji PO3COJBHUX CHCTeM (CyMilluedl [UIsi iH’€KTYBaHHS, MAaCaKyBaHHs Ta 3aMOYYBAHH) IJIsi BUPOOHHUITBA M SICHOM
CHEKOBOI mpoaykiii. HaBeneHo XiMiYHUI CKJIAJ| aHAIOTOBUX PO3COIBHHUX CHCTEM 1 CHCTEM i3 BKIIOUSHHSM J0 CKJIaJy aMapaHTy.

Kiro4oBi ciioBa: M SICHI CHEKH, YPOHATHI IOJiCaXapy/IH, PO3COJIbHI CHCTEMH, iH €KTyBaHHS, aMapaHT.

H. B. KOH/IPATIOK, T. M. CTEITAHOBA
HEPCIIEKTUBbBI UCIIOJIb30BAHUA AMAPAHTA B PACCOJIBHBIX CUCTEMAX HA OCHOBE
YPOHATHBIX HOJIUCAXAPHUIOB

Cratbhs IOCBAIICHA npoGneMe TIOBBIIICHU A HHHIEBOﬁ LIEHHOCTH MSICHOW CHEKOBOM TIPOAYKIHWU 3a CYET YJIYYLICHHUS COCTaBa MapWHAJI0B MacClIOM
aMapaHTa u cMecei JUIsT UHBEKTUPOBAHUSA - THAPOJIM3aTOM IIPOTEUHA aMapaHTa. ABTOpaMI/I PacCMOTPEHBI IPUYNHBI, IPUBEAIMNE K HCO6XOI[I/IMOCTI/I
CO31aHuA ynqueHHoﬁ MSICHOM CHEKOBOM NIpoAyKOHuu C TTOBBIIIICHH O HHHIEBOﬁ U OGHOJIOTHYECKON ICHHOCTBIO. O6ocHoBaHa TIEPCIIEKTHBA
HCIIOJIb30BaHUS aMapaHTa B COCTaB€ PACCOJIBHBIX CHCTEM (CMeCeﬁ JI1 UHBEKTUPOBAHHUS, MAaCCUPOBAHUSA U 33Ma‘IPIBaHI/I$[) JUIsT TIPOU3BOJACTBA

MSICHOM CHEKOBOU IpOAYKIOHUH. HpI/IBe[[eH XUMHYECKHI COCTAaB aHAJIOT OBBIX PacCOIBHBIX CUCTEM U CHCTEM C BKIIIOUCHUEM B COCTAaB aMapaHTa.

KiroueBbie c10Ba: MSICHBIC CHEKH, YPOHATHBIC ITOJIMCaXapuAbl, paCCOJIbHbIE CUCTEMbI, HTHbEKTHUPOBAHUE, aMapaHT.

Introduction. The popularity of meat products, in
particular meat snacks, occupies a leading place among
Ukrainian consumers. Recently, the number of
publications on the improvement of meat products
technologies has considerably increased. Their result
testifies to a number of technological and economic
advantages over the existing analogues of meat semi-
finished products and meat and sausage products.

The authors [1], for example, cite the results of an
analytical study based on the study of auxiliary materials,
nutritional supplements and ingredients for brines,
minced meat and shells. This allows to obtain high
organoleptic characteristics, a good digestibility of the
edible part of the product, and, above all, a high degree
of readiness for further processing or consumption. The
added nutritional ingredients have a tendency to improve
the quality and increase the yield of cooked meat
products. This is a necessity in the case of supply to the
enterprises of the meat processing industry of raw
materials with obvious and numerical signs of deviation
from the standards. The negative tendency of increasing
the low-quality raw materials intended for the
manufacture of meat products and meat snacks is

primarily due to such unfortunately erratic phenomena as
breeding achievements associated with the acute need to
increase the rates of meat productivity, as well as stress
factors that arise not only at the technological level, but
also in the feed [2].

Nowadays, salted meat products belong to a group
of delicatessen products and are quite popular. The
assortment of snack meat products is widely represented
by products made from beef, pork, lamb, horseradish etc.
It is necessary to take into account the high quality of the
input raw material and the main processes occurring with
the meat salting in connection with the increase in
demand for meat snack products.

This requires a comprehensive approach to the
technological process. Firstly, it is necessary to make the
right selection or regulation of raw materials, using
innovative approaches related to the development of the
composition of brine mixes [3]. Secondly, it is necessary
to know perfectly the main changes occurring in the raw
material during the biochemical processes associated
with the stage of fermentation of the meat raw material in
the marinade mixes both in the traditional dry method
and in the wet, which is becoming popular [4].
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Thirdly, to know ways to improve the water
holding and moisture-absorbing capacity of meat
products prepared for drying, by means of additional
injection gel systems, in particular on the basis of
uronate polysaccharides [5].

It should be noted that at each stage of meat snack
production, it is recommended to add various types of
food ingredients, which not only increase the quality
indices, but also improve the biological value.
Nevertheless, in spite of high value of the last indicator,
given products require the enrichment of a number useful
substances, which are not contained in natural raw
materials. They include vitamins, minerals, food fibres,
biologically active substances, such as flavonoids and
antioxidants.

Such an approach to the production of meat snack
products is relevant and effective, both in terms of the
people's nutrition strategy, taking into account their taste
preferences as well as in terms of the profitability of the
proposed technologies.

A known method of wet marinating in emulsion
mixtures using vegetable oils (in most of the rapeseed)
and the addition of spices, salts and extracts of spicy
plants allows to soften the fibers and prevent the
emergence of pathogenic microorganisms. Vegetable oils
have several important technological functions, in
particular, protecting protein substances of meat raw
material from the denaturizing action of organic acids,
which are present in marinating mixtures, prevent
untimely drying of products and are good extracts for
aromatic substances and fat-soluble vitamins [6].

One of the ways to improve the quality of snack
products from meat is the addition of new non-traditional
types of plant materials. They contain a balanced
complex of proteins, lipids, vitamins and minerals and
have a high nutritional, flavoring and therapeutic and
prophylactic  properties. Amaranth is the most
perspective type of non-traditional plant raw materials
for the obtaining assortment of snack products

A special interest is the use of amaranth as a
valuable ingredient that has a high nutritional (Tabl.1)
and biological value (Tabl. 2).

Table 1. Nutritional value of amaranth, g /100 g

Proteins| Fats | Carbohydrates| Water | Food fibres

21,6 | 4,1 58,6 12,8 6,7

By amino acid score amaranth seeds hydrolyzate is
very similar to breast milk, which is considered to be a
standard (Table 2). Furthermore, fats, which are in the
amaranth seeds, have a high content of polysaturated
fatty acids and biologically active components. The
composition of fat includes olein, linoleic, linolenic fatty
acids. Lipid fraction contains up to 10 % of squalene
hydrocarbon. This is an unique substance, that precedes
the synthesis of triterpenes and steroids, including sterols
and their derivatives. They are very effective in the
treatment and prevention of atherosclerosis [9].

Table 2. Comparative analysis of amino acids score of
amaranth seeds hydrolyzate and breast milk, %

Amino acid Contents
Amaranth U] Breast milk [
Valine 49 5,13
Isoleucine 3,9 4,59
Leucine 6,76 9,91
Methionine 1,84 1,82
Phenylalanine 4,18 7,61
Tyrosine 2,71

Threonine 3,69 5,06
Lysine 6,4 7,74
Alanine 4,54 4,45
Arginine 10,64 4,35
Asparagine 8,48 9,62
Glycine 8,12 2,88
Glutamine 19,69 17,21
Histidine 2,98 2,86
Proline 4,61 8,06
Serine 5,55 5,27

Solving of problem in general and its connection
with important scientific or practical tasks. Thereby,
taking into account the wuseful physiological and
technological properties of amaranth seeds, it is possible
to predict that its oil is included in the emulsion mixture,
intended for marinating (massaging) meat products
before fermentolysis and an amaranth seed protein
hydrolyzate added to the gel mixture for pre-drying
injecting, able to improve the quality and increase the
yield of meat products and snacks on their basis.

The purpose of the work is the analyze of
possibility using oil and amaranth seeds hydrolyzate in
the composition of emulsion mixtures for massage
(marinating) and brine systems based on uronate
polysaccharides for injection in order to improve of
technological characteristics of raw materials and
increase the consumer properties of finished products,
namely meat snacks.

Presentation of the main materials. It is necessary
to create the model, that take into account all stages of
production, quality indicators and functional properties
of product, according to the modern ideas about the
principles of "designing" food systems.

Models are best represented in the form of
mathematical dependence. Such equations can accurately
describe changes in mineral, vitamin, amino acid and
fatty acid composition, taking into account the quota of
raw materials used. This reduces the matrix of
experiments in relation to the composition of products
and analyzes only developed mathematical models.

Created recipes are based on the concept of rational
nutrition, according to which the normal human life
requires the income of an amount of energy and basic
nutrients in the body that would be adequate to daily
expenses. Modelling also allows to calculate strictly
certain relationships between many nutritional factors, as
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proteins, fats, mineral and vitamin
components [10]

Regardless of the used methods, the formulation
and justification of the recipes involved the following
stages:

¢ definition of requirements for ingredients and
product in accordance with the task;

* selection of ingredients that provide the necessary
properties of the product;

* determination of criteria and permissible limits
(the smallest and largest fraction) of the ingredient in the
recpes;

« search for the optimum ingredients in the recipes.

The task of calculating the optimal recipes was as
follows:

*make a list of ingredients allowed for the
production of beef based meat snacks;

. determine the basic characteristics of the
control sample and each of the samples under study
(moisture content, fat, protein, amino acids);

* establish the necessary mass of the resulting
product, taking into account the quantitative ratios of the
ingredients in the recipes, which allows to state that the
finished product provides a set value of the optimization
criterion.

The method of solving the task was, primarily, in
the choice of the target function, the criteria of which
were the balance of food and energy value. The food
value was first determined during the construction of the
model:

carbohydrates

MPa: ZMPai; ( 1)
MFa = ZMFai; (2)
MCa= EMCy; 3)

EV=MP,4 + MF, 9 + MC,"4; 4)

where MP, — actual protein content in the finished
product, g; MP, — actual protein content in the i-th
ingredient, g; MF, — actual fat content in the finished
product, g; MF, — actual fat content in the i-th
ingredient, g; MC, — actual carbohydrate content in the
finished product, g; MC, — actual carbohydrate content
in the i-th ingredient, g; EV — energy value of finished
product, kcal; coefficients 4, 9, 4 — quantity of kcal,
which are formed in the human body at oxidation of 1 g
protein, 1 g of fat, 1 g of carbohydrates, respectively.

The assessment of the constraints on the main
components was made taking into account the
recommended daily allowance (RDA) [11-13].

Restriction criteria were set for the ideal protein and
determined as a percentage of RDA for each amino acid.

If you need to get the protein content in the mix
within certain limits (Pmin, Pmax), than the restriction on
the content of amino acids is determined by the formulas
5 and 6:

Fa*Fmin

Hmii'!k = - (5): ﬂm&rk =
LoD

FaPmox
100 (6)

Where F, — the amino acid the content, corresponding to
the scale of FAO/WHO (or ideal protein for this
product).

Calculations of the recipes versions under the
chosen optimization criterion, which was determined in
the first stage, and the established restrictions were
implemented, performing the input of the initial data, the
formation of a simplex-table, calculations on the
computer. The ingredient composition and the expected
values of product characteristics were determined as a
result of calculations.

The limitation on the amaranth oil and amaranth
protein hydrolyzate amount was due to the rheological
changes of the emulsion and gel for injection on the basis
of uronate polysaccharides. In the first case, there should
be no dissection, in the second case - sedimentation of
coagulated particles of polysaccharides and proteins
macromolecular solutions.

The production verification of the substantiation of
recipes results was carried out according to traditional
technology. After making the real product and
performing the assessment (measurement) of its
characteristics, they were compared with the estimated
values and control dishes. If the deviation of the
characteristics did not exceed the permissible level
(meaning, within the limits), then the technical
documentation for the product was developed. If the
deviations were above the permissible level, then showed
the reasons that caused them. The errors in measuring the
actual characteristics of the ingredients, incorrect
assessment of the level of technological losses,
inaccurate dosage of ingredients, etc were considered of
them.

The purpose of the recipes optimization is the
product's balance on the main nutrients, the maximum
approximation to the following requirements of healthy

eating.
Discussion  of results. Compositions  of
multifunctional brines of colloidal systems for

marinating, massaging and further injecting of meat raw
materials were selected and calculated. These
compositions allow you to get a high-quality product, as
"Dried&Salted Snack" (Beef).

Determination of the quantitative composition of
multifunctional brines of colloidal systems for
marinating, massaging and further injecting was carried
out by calculation using the principles of combinatorics.
The stability of rheological, physico and chemical
indicators was taken into account in this case.

The process of making snack products was in three
stages:

I — marinating into the brine, that contain enzyme;

II — massaging in the emulsion brine mixtures with
the amaranth oil addition;

IIT — injection with gel solutions based on uronate
polysaccharides and enriched of amaranth seeds protein
hydrolysate;

IV —drying in the infrared field.
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The complex of components, that take part in the
first three stages is given in the Table 3. It was used an
unsaled meat raw materials with DFD classification
during the research.

The meat salting had a preserving function at the
beginning.

Simultaneous use of pepsidase with sodium
chloride at salting and other salting ingredients, including
extracts of spicy plants, stabilizes the color of meat raw
material. During the biochemical and chemical reactions
product becomes a specific taste and aroma. The
principle of using instead of the plant part their extracts
allowed increasing the environmental friendliness of the
process, reducing the storage area and the amount of
waste. The muscle tissue has swelled and its volume was
increased during the salting. The water holding capacity
was increased because proteolysis and protein salting out
were carried out at reduced pH.

Diffusion and filtration processes took place at the
first stage. The inorganic and organic salting ingredients
come in deep into the meat at the same time. The number
of centers for the binding of moisture decreases as a
result of proteins coagulation. A part of moisture,
extractive and protein substances, amino acids and other
useful ingredients are lost from meat. These components
should be stored as part of the finished product.

Therefore, at the second stage, the principle of
massage was used in the same solutions that were formed
at the end of the first stage. The amaranth oil was added
to the meat juice that appeared at the end of the first
stage in order to improve the composition, look of meat
products and inhibition of moisture removal processes.
The emulsion formed during this was used during
massaging.

Massage lasted no more than 2,5 hours, since after
this time the solubility of the proteins begins to decrease.
The hydrophilicity of the meat products is reduced. n
addition, prolonged mechanical processing can lead to
significant destruction of meat structure. This will lead to
unwanted additional moisture losses with dissolved
substances in it. The method of preserving meat juice in
the composition of sarcoplasmic proteins is necessary,
since these proteins have enzymatic activity.

An adequate level of moisture in the product
provides the process of ionization of sodium chloride in
both the sarcoplasmic and myofibrillary proteins of DFD
meat.

A nitrogen extractives, in particular, free amino
acids accumulate according to this method, as a result of
biochemical processes. Loss of free amino acids from the
product is quite undesirable.

The method of maintaining free amino acids in the
matrix of the gel based on the uronate polysaccharides
composition was developed by us earlier [5].

It is known that pH affects the aroma of meat
products. At pH 6,1-6,6 the taste and aroma are better
than at pH 5,4-5,6. However, an increase in pH is
undesirable because it will interfere with the biochemical
processes and contribute to the emergence of pathogenic

microflora and is dangerous for the second stage.
Therefore, the addition of gels in the mixture for
injection is definitely a rational solution for simultaneous
rising pH.

Gels have a pH of 6,9-7,2, a significant number of
centers for the formation of hydrogen bonds for the
accumulation and maintenance of hydrophilic substances
in the gel and finished product, in particular protein
molecules and free amino acids, minerals.

The amaranth hydrolysates, incorporated into
injection mixtures based on uronate polysaccharides, are
also well kept in the matrix of gels due to the
implementation of the van der Waals gravity forces and
increase the amount of amino acids in the finished
product.

The products got a tender consistency, became
more delicious and acquired a higher digestibility level at
the end of the third stage of salting. The addition into a
brine for extrusion a mixture of uronate polysaccharides
with amaranth seeds proteins hydrolysates significantly
increases the yield and provides high consumer
characteristics of meat snacks.

It was noted that only gels based on uronate
polysaccharide addition into the injection solution
forms a defect in the cut of products in the form of gel
formations in local breakdowns of the muscle structure
and in the myofibrillar space.

Such defects in ready-made dry snacks were not
observed, in the case of the amaranth seeds protein
hydrolysates addition for the correction of structural
and mechanical characteristics and nutritional value
regulation.

The control sample was DFD beef, with pre-
marinating, fermentation and drying.

Sample 1 —beef DFD with pre-marinating, massage
in solution with enzyme preparations and extracts of
spicy plants, injection of a gel solution on the basis of the
uronate polysaccharides.

Sample Ne 2 — beef DFD, with pre-marinating,
massage in solution with enzyme preparations and
extracts of spicy plants with the addition of amaranth oil,
injection of a gel solution on the basis of the uronate
polysaccharides.

Sample Ne 3 — beef DFD, with pre-marinating,
massage in solution with enzyme preparations and
extracts of spicy plants with the addition of amaranth oil,
injection of a gel solution on the basis of the uronate
polysaccharides, enriched of amaranth seed protein
hydrolysate.

The samples before the treatment had a mass of 100
g, but before the drying, the mass differed, as there were
processes of hydration of different intensity.

The moisture content in the finished snacks did
not exceed 13%. The amount of intra-linked moisture
in samples Ne 1, 2 was equal to 0,63% due to the
binding of the uronate polysaccharides. In sample Ne 3
— 1,78% at the expense of binding of the uronate
polysaccharides and amaranth protein hydrolysate.
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Table 3 Optimization of the recipe composition of meat snacks

Name of ingredients, % Virtual models of recipes «Beef snacks»
Control | 1 | 2 | 3

Chemical composition, %
Moisture 12,83 10,95 9,30 6,80
Fat 5,3 5,3 7,3 7,3
Protien 79,27 79,5 79,15 81,6
Undigestible sugars 0 2,1 2,1 2,1
Ash 2,6 2,15 2,15 2,2
Dry matter (DM) 87,17 89,05 90,70 93,20
Energy value, kcal 364,78 365,7 382,3 392,1
Amino acid composition, g
Asparagine 8,18 8,20 8,26 9,05
Threonine 3,70 3,71 3,73 4,08
Serine 3,60 3,61 3,64 3,75
Glutamine 14,18 14,23 14,32 14,54
Glicin 4,34 4,36 4,39 4,54
Alanine 5,03 5,05 5,09 5,16
Valine 4,76 4,77 4,81 4,87
Methionine 2,08 2,09 2,10 2,12
Isoleucine 3,60 3,61 3,64 3,69
Leucine 6,84 6,86 6,90 6,99
Tyrosine 3,05 3,06 3,08 3,11
Phenylalanine 3,70 3,71 3,73 3,78
Histidine 3,28 3,29 3,31 3,35
Lysine 7,34 7,37 7,42 7,49

In tabl. 3 shows the results of beef meat snacks
optimization enriched with amaranth oil during
massaging and hydrolysing the amaranth protein during
injection with gel solutions on the basis of uronate
polysaccharides.

Conclusions and perspectives of further
development of this direction. Studies have shown that
30 ml of gels based on a 2% solution of uronate
polysaccharides containing 5% dry amaranth seed
protein hydrolysate can increase the content of useful
amino acids by almost 11% compared with the control
sample. The developed approaches are able to regulate
deficiencies of DFD type meat products and help to
obtain more stable quality indices in finished products.
The enrichment of useful substances and the use of the
developed sequence of technological operations
minimizes the syneresis of model meat systems during
their storage and allows them to make meat snacks softer
than the consistency of their control analogs.

During the tasting, it was found that meat snacks, the
method of preparation of which is given in the article,
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€. 0. TOHYAPOB, ®. ®. I'TA/IKHH, O. A. JHTBHHEHKO

TF'EOMETPUYHA I3OMEPU3AILIISI HEHACUYEHUX AIVWITJIINEPUHIB

CraTTs IpUCBSAYEHA OCIIIKEHHIO MOXUIIMBOCTI BHKOPHCTaHHS yIbTPaioNeToOBOro BUIIPOMIHIOBAHHS I 3MIIEHHS PIBHOBArM IUC-TPAHC-
i3oMepu3arii, 110 BiI0YBa€ThCs MPH TiPYBaHHI KUPIB B OiK YTBOPEHHS LIMC-i30MEPIB Ha CTaJlil BAHUKHECHHS HAMIBTiIPOBAHOIO KOMILUJIEKCY (i0HA
kapOoHis). JloBemeHo, mo mpu abcopOuii HeHaCHUEHNX AIMIITIEPUHIB Ha AKTHBHOMY AalIOMOCHIIKAaTHOMY KaTali3aToOpi IIPH TeMIIepaTypi
6mu3pko 240 °C crocTepiraeTbesl MiABUINEHHS BMICTy TpaHC-i30MepiB Maibke BABIUI IMOJO BHXITHOTO Npoaykry. OOpoOka peakiiiHOl cymimi
yIbTpadioneToBUM BUIPOMIHIOBAHHSM B TaKHX YMOBaX IPaKTUYHO IIOBHICTIO OJIOKY€ yTBOPEHHS HOBHX TpPaHC-i30MepiB HEHACHYEHUX AllMIBHUAX
IpyI, TOOTO JOBEJeHAa MOXIMBICTh TallbMyBaHHS YTBOPCHHS TpaHC-i30MepiB. 3a3HaUeHUH BHUI 0OpOOKH MOXe OYTH BHKOPHCTaHO JUIS CTBOPEHHS
HOBOI e()eKTHBHOI TEXHOJIOTII TiJIpyBaHHs KUPIB 3 OJCPKAHHIM MPOAYKTY, 1[0 MICTHTh MiHIMaJIbHY KiJIbKICTh TpaHC-i30MepiB a00 HE MICTUTH iX
30BciM. JIo TOro 3k, MPOAyKTH, 0 OyayTh OJepKaHi 3a I[i€I0 TEXHOJIOTIEI0 OyIyTh CyTTEBO MEIICBIII BiJ THX, IO IPONOHYE CydacHa TEXHOIOTIL
(BHYepIIHA TiApOreHi3alis ol + nepe erepudikais 3 He TiAPOBAHOIO OII€I0).
Kaio4oBi ci10Ba: oJ1ist, )KUPH, TiAPYBaHHI, TPAHC-KUPH, yIbTpa(ioneToBe BUIIPOMIHIOBAHHS, 111 C-TPaHC-i130MepH3allis.

E. 0. TOHYAPOB, ®. ®. ITTAJIKHH, E. A. THTBAHEHKO
TFEOMETPHUYECKAA N30MEPU3AIINA HEHACBIINEHHBIX AIITMJITJIMIHEPUHOB

CraTbsl IOCBSINEHA MCCIENOBAHHIO BO3MOXHOCTH HCIIONB30BAaHUS YIbTPAHOIETOBOTO U3IYYCHHUs JUI1 CMEIICHHS PAaBHOBECHS IUC-TPAHC-
M30MEpH3alUy, YTO MPOHCXOAUT IIPH THAPHPOBAHUM JKHPOB B CTOPOHY 0Opa3oBaHMs IMC-H30MEPOB HA CTaAUH BO3HUKHOBEHUS
MOJyTUIPUPOBAHHOTO KOMIUIEKca (MOHa KapOonus). JlokasaHo, 4ro Inpu aOCOPOLUM HEHACBHIIEHHBIX AaIUIIIHIEPUHOB HA aKTUBHOM
AIIOMOCHJINKATHOM KaTalM3aTope HpH Temieparype okoio 240 °C HaOmomaeTcs HOBBIIICHHE COIEPXKAHMS TPAaHC-U30MEPOB IOYTU BIBOE
OTHOCHUTEIBHO HCXORHOro Ipomykra. OOpa0oTka pEakIHOHHOM CMecH yIbTPa(HOICTOBHIM H3IyYCHHEM B TaKHX YCIOBHUSAX IIPAKTHYCCKU
MIOJIHOCTBIO OJIOKHpYET oO0pa3oBaHHME HOBBIX TPAaHCH30MEPOB HEHACHIIIEHHBIX AIMIBHBIX TPYII, TO €CTh J0Ka3aHa BO3MOXKHOCTb TOPMOXKEHUS
00pa3oBaHUs TPaHC-M30MEPOB. YKa3aHHBIH BHJ 0OpaOOTKM MOXET OBITh HCIIONB30BAaH UL CO3JaHUS HOBOH 3(P(EKTHBHOH TEXHOIOTHU
THAPUPOBAHHS JKHPOB C OTyYeHHEM IIPOJYKTa, COAEPKAIero MUHUMAIFHOE KOJIMIECTBO TPAHC-U30MEPOB IIIH He CoAepKaIuX ux Bosce. K Tomy
e, IPOYKTHI, TOTydeHHBIE 10 dTOH TEXHOIOTHH, OyIyT CYIIECTBEHHO JelIeBIIe TeX, UTO IPEIIaracT COBPEMEHHAsl TeXHOJIOT s (M CUePIBIBAIONIAsT
THAPOreHN3anus Macia + nepesTepupUKanis ¢ HeruApUPOBAHHBIM MACIIOM).
KiioueBble c10Ba: Maciio, )KUPHL, THAPHUPOBAHKE, TPAHC-KUPBL, YIbTPahHOIETOBOE H3ITyIeHNE, I C-TPAHC-H30MEPU3ALIHSL. .

Y. 0. GONCHAROY, F. F. GLADKIY, O. A. LITVINENKO
GEOMETRICAL ISOMERIZATION OF UNSATURATED ACYLGLYCERINES

The article is devoted to the study of the possibility of using ultraviolet radiation to shift the equilibrium of cis-trans-isomerization, which occurs
during the hydrogenation of fats towards the formation of cis-isomers at the stage of the appearance of a semi-hydrated complex (carbonium ion).. It
has been shown that when absorbing unsaturated acylglycerols on an active aluminosilicate catalyst at a temperature of about 240 ° C, the content of
trans isomers is increased almost twice as much as the initial product. Treatment of the reaction mixture with ultraviolet radiation in such conditions
almost completely blocks the formation of new trans isomers of unsaturated acyl groups, that is, the possibility of inhibition of the formation of
trans isomers is proved. This type of treatments can be used to create a new effective fat hydrogenation technology to obtain a product containing a
minimal amount of trans isomers or does not contain them at all. In addition, products that are produced by this technology will be significantly
cheaper than those offered by modern technology (exhaustive hydrogenation of oils + re-esterification with non-hydrogenated oil).
Keywords: oil, fats, hydrogenation, trans fats, ultraviolet radiation, cis-trans-isomerization.

Beryn. Jleskmit wac TOMy Ha pPHHKY OKHDIB
3'SIBUJIMCS. TIPOYKTH 31 3HIKCHUM BMICTOM HACHYEHHX
KHUPHUX KHUCIOT 1 TpaHc-i3omepiB. Ilpuxiamamu Takmx
MIPOAYKTIB €: PinKi (PUTIOPHI XHUPH, NPU3HAYEHI JUIA
3aMiHM  IUIACTMYHUX  (PUTIOPHUX  JKUPIB,  SIKi

3HM3UTH PIiBeHb X cnokwBaHHA 10 | % Big m000BOI
KaJopitHOCTI pamiony (2-3 1), a B 2009 poti — MOBHICTIO
BHJATUTH TIPOMHUCIIOBI  TPaHC-)KUPH 3  XapUYOBUX
mponykTiB. Ha  chorommimmHi  Je€HB  iCHYIOTH
pexomenaanii €C mono oOMEXEHHsS TpaHC-i30MepiB

BHUKOPHCTOBYIOTBCS TP CMa)KeHHI 3a IHTEHCUBHMMH
peXMUMaM Ha HiAIPUEMCTBAX I'POMAJICHKOTO XapyyBaHHS;
3pimKeHi  xiiOomekapchki MIOPTEHIHTHM, B  KOTPHX
(G yHKIIOHATIBHI BJIACTHBOCTI 3a0e3MeuyoTh
eMYJIbraTOpH, PU3HAYCH] IS 3aMiHM TUTACTH(IKOBAHMX
LIOPTEHIHTIB; PELEeNnTypH >XHPOBOI OCHOBH OPYCKOBOT'O
MaprapuHy 3 BHCOKMM BMICTOM DiJKOi OJii /Ui 3aMiHH
pelenTyp 3 TiIPOreHi30BaHNMH ONiSIMH; CTOJIOBI CIIPEIH
31 3HWKEHUM BMIiCTOM JKUPY JUIS 3aMiHM Maprapusy [1].
3HMKEHHS BMICTY TpaHC-i30MepiB B  ONIHHO-
KHUPOBUX TPOAYKTaX — 3arajJbHOCBITOBA TEHACHIIS,
TIOB's13aHa 3 BIIKPUTTAM POJIi TPAHC-130MEpiB y PO3BUTKY
CEepIeBO-CYAMHHHUX Ta PI3HUX XPOHIYHHX 3aXBOPIOBAHb.
Tomy BcecBiTHS opranizamis OXOpPOHH  310pOB’S
(®AO/BOO3) Bu3Haumia, MO CHOXHUBAHHA OYIb-SIKOI
KIUJIBKOCTI ITPOMHUCIIOBHX TPAHC-130MEPiB )KUPHUX KUCIOT
IKIUIBO U1t 3710poB’st 1 B 2003 pomi pekoMeHIyBasa

KHUPHUX KUCJIOT Y Xap4oBHX MPOAYKTax — He Oinbie 2 %
BiJl 3araJlbHOTO BMiCTY Xupy [2, 3].

OCHOBHHM JUKEPEJIOM HA/IXOUKEHHS MPOMHUCIOBUX
TPAaHC-KHUPIB B NPOAYKTH XapuyyBaHHSI € YaCTKOBO
TiIPOTeHI30BaHI POCIMHHI OJii, SKi YTBOPIOIOTHCS B
mporeci TiAPyBaHHS POCTUMHHUX omiid. IcHye Oe3mia
MOXJIUBOCTEH 3HIKEHHSI PiBHS TPaHC-130MEpPIiB >KUPHHUX
KHCIIOT, ajie, SK IPaBHWJIO, 32 PaXyHOK IIiJBHUIIEHOTO
BMICTY HaCHYCHMX XUPHHUX KUCIOT. Ha ocHOBI *kwupiB i
MaceJ MOXKJIMBE BHUTOTOBJICHHS MPOIYKTIiB, BIJIBHUX BiJl
TpaHC-i30MepiB, OHAK MMPUCYTHICTh HACHYEHHUX KXUPHUX
KHCIIOT TIOTpiOHa /11st 3a0e31edeHHs] He0OXiJHOTO 3MICTy

TBEpAMX  TPHUIJILEPHIIB, Bi  SKOrO  3alieXaTh
(YHKIIOHAJBHI  BJIACTHBOCTI IUIACTHYHUX 1 PIOKUX
MIPOIYKTIB.

© I'onuapos €. O., I'magkuit @. @., JIutBunenko O.A., 2018
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VY nmeskux BWITAJKaX MOXIIMBE 3HIDKEHHS BMICTY
HaCHYEHMX JXUPHUX KHCIOT, IIPOTE MOBHE BUKIIOYCHHS
ix 31 cKiagy HeMOXJHBe 0e3 BTpaTH (YHKIIOHATBHUX
BIIACTHBOCTEH.

IHocTanoBka mpobJjieMu y 3araaibHOMY BHIVISIAI
Ta ii 3B'130K i3 Ba2KJINBHMH HAYKOBMMH YH NPAKTHY-
HUMM 3aBJaHHIMU AKTyaJIbHUM [HUTaHHIM € MOIIyK
MeTony Momudikamii JKHpiB, SKHH J03BOJIMB O
OTpUMaTH BUIBHHM BiJl TpaHC-i30MepiB IPOAYKT abo
TaKWi, 0 HE MICTUTH IX Yy BEJIMKIH KUTBKOCTI, a TAKOX
SIBIISIETBCA  TEXHOJIOTIYHO MPOCTUM Ta EKOHOMIYHO
BurimHUM. He3Bakatoum Ha TPOBEACHI JOCIHIIKECHHS B
obJylacTi muc-TpaHc-i3oMepii, Ha JAHWH MOMEHT IIe He
OyJ10 TIPOBEICHO MOIIOHNX EKCIIEPUMEHTIB 1010 XKHPIB.

Y 3BSBKy 3 muM Oylo IIOCTaBIICHO 3axady
BHU3HAUYUTH  MOXJIMBICTH  3aro0iraHHs  IMC-TpaHC-
i3oMepu3anii B XoZi TiApyBaHHS, TOOTO 3poOWTH Liei
MIPOLIEC E€HEPreTHYHO HEBUTiAHUM. BupimmTtn BKazaHy
3aJady HaMH 3allpPOITOHOBAHO IUIIXOM BHUKOPHCTaHHS
eHeprii ynpTpagioneToBOro BUIPOMIHIOBAHHS, IO, SK
BiJOMO, OUIBII IHTEHCHMBHO HOIJIMHAETHCS —TpaHC-
i30MepamMK PEYOBHH, SIKI MAIOTh MOABIHHI 3B’ S3KH.

MexaHni3M  ¢oTOoXiMiuHOI i30Mepu3anii MOKHa
MIPE/ICTABUTH TakuM dYuHOM. Ilpm mornmHaHHI cBiTiIA
MoJIeKyJa onediHa NepexoAnTh B 30YyIPKEHHH CTaH,
€HEepris SAKOTr0 3HAYHO BHUIIE HaiBuioro Oap'epy. Skmio
€HEeprisi He BTPAYaETHCS TYT K€ Ha (HIyOpecleHIiio, TO
BOHA MOXE MEPEXOJUTH B KOJHMBAJIBbHY 1 0OEpTalbHY
eHepriro, i 00epTaHHS HAaBKOJIO LEHTPAIBHOIO 3B'S3KY
MOXE CTaTH TaKHM, IO NpPHW TOPYIIEHI cTaHy Iuc- i1
TpaHC-i3oMepH OyayTb TII€pETBOPIOBATHCS OIWH B
omHoro. OCKUTBKH eHepris 30YyIKeHOro CTaHy IHc-
i30MepiB BHIIE, TO MOJIEKyla, M0 00epTaeThes,
nepeOyBae OLTbII TpUBaMMi Yac B mid Qopmi, HDK B
¢opmi, IO BiANOBiZa€e MOPYIICHIH CTAaHOM TpaHC-
Mojiekynu. OckuIbkn — 30ymKeHa  MOJIeKyJda, IO
obepTaeThesl, 3HAXOMUTHCS OlbIIe yacy B KOH(Iryparii,
sKa BIAMNOBIAa€E IMC-OCHOBHOMY CTaHy, TO Ouiblia
HMOBIPHICTB, 1110 IPH BTPATi €HEpTii BOHA TOBEPHETHCS B
OCHOBHHMH IIMC-CTaH, a HE B TpaHCc. TakuM UYHHOM, B
CTalliOHApHOMY CTaHi OyAyTb TIiepeBakaTH IIHC-
MOJICKYJIH.

Crnix po3ristHyTH 1 Jesiki iHIOI TOYKH 30py Ha
MexaHi3M (DOTOXIMIUHOI i3oMepm3arllii. 3a3BUyail muc- i
TpaHC-I30MEepH TOTJIMHAIOTE CBITJIO KiJbKa Pi3HOL
JIOBXKMHH XBWII. SIKmo 71X ONpPOMIHIOIOTH CTPOTO
MOHOXPOMAaTHYHUM CBITJIOM, TO i30Mep, KUl ITOTJIMHAE
CBITJIO, TOBUHEH KiJBbKICHO ITEPETBOPIOBATHCS B i30Mep,
110 HE TOTNIMHAE CBiTJIO. HaBiTh SIKII0 BUNIPOMiHIOBaHHS
sBisie  co00r0  ynbTpagioneToBe CBITIO 3 HIMPOKHM
CHEKTPOM 1 3 NPHOJIU3HO OJHAKOBOIO IHTEHCHBHICTIO B
yciii obnacti mornmHaHHA 000X i30MepiB, Bce XK
HEOoOXiTHO BpaxoBYBaTH TOH (akT, 10 TpaHC-i30Mepu
MTOTJIMHAIOTH 3a3BHYAll CHIIBHINIE, HIX IUc-izomepu. Lle
MPU3BOJUTH JIO TOrO, IO HAaBITh IIPHU OIHAKOBIH
HMoBipHOCTI TIepexony (HoTo30yHKEHOro cTany B uC- 1
TPAaHC-OCHOBHHMI CTaH Ma€ MaTH MICIe JAesSKe CyMapHe
riepeTBOpeHHs TpaHc-hopMu B nuc-popmy [4].

MeTa Ta 3a3a4i g0CaiIKeHHsA. MeTa TOCiHKEHHS
— BU3HAYCHHS paliOHAIGHUX YMOB  IPOBEJICHHS
i3oMepu3anii XHpiB y IPHUCYTHOCTI Karaiizatopy i
yIBTPadioNeToBOro BUMPOMiHIOBaHHA. J{JIsl MOCATHEHHS
MIOCTABJICHOI METH BHPILIYBaJIUCs HACTYITHI 3aadi:

— TpoBecTH peakmii i3omepusamii KHpY Y
MIPUCYTHOCTI KaTaji3aTopy 3 Pi3HUMH YMOBaMH KO>KHOTO
JIOCHiY;

— JIOCIIIZIUTH TTOYaTKOBUH Ta 130MEpH30BaHi 3pa3Ku
KHUPY 3a JIONOMOTOI0 XpomarorpadidHoro aHamizy Ta
iH(pauepBOHOI CIIEKTPOMETPII;

— BU3HAUUTH pAIliOHAJIbHI YMOBH IIPOBEACHHS
mpouecy — i3omepusamii  KHpiB y  HPHCYTHOCTI
AIFOMOCHIIIKATHOI'O KaTalli3aTopy Ta YIbTpadioleToBOro
BUIIPOMIHIOBAHHS, OTPUMAaTH MaTEMAaTUYHHUH  OIHC
IPOLIECY.

Marepiann i MeTOoaH
JocmimKkyBani  marepianu  Ta
BHUKOPHCTOBYBAJINCH B EKCIIEPUMEHTI:
—  ONis COHAIIHMKOBA padiHOBaHA [€30/10pOBaHA
sriguo 3 JICTY 4492:2005;

—  canomac padiHOBaHMH N1€300pOBaHMI Mapku MS
srigHo 3 ICTY 4050:2008;

—  aJIOMOCWIIKaTHHH KataiizaTtop (BimOLIbHA TJIMHA)
3rigHo 3 COY 15.4-37-210:2004

- T'mnan B1IOLIBHI KUPHI Ta
(GITBTPYBaNBHI KUPHI;

—  Ksapuesa Jamia; (paphopoBi crakaHYHMKH.

MeTtoanka mpoBeeHHS JOCHiTKeHHs . OCKUTBKH
TEeMIlepaTypa, TPHUBAIICTh IPOLECY Ta KOHIEHTpamis
KaTaJli3aTopy € OCHOBHHUMH IIapaMeTpaMH IPOBEICHHS
peakiii TimporeHisamii, SKi BIUIMBAlOTh HA IOBHOTY
MIPOTiKAHHA TPOLECY B IOYAaTKOBOMY JKHpi, TO iX
Bapiarisi B EKCIICPUMEHTI J03BOJWIA O OTPUMATH IaHi
IIOJI0 KUIBKOCTI YTBOPEHUX TpaHc-i3oMmepiB. Tomy Oyio
BUPILICHO MPOBECTH peakiii i3omMepu3amnii B pe3yabTaTi
HarpiBaHHS )XHPY 3 KaTaJi3aToOpoM IIpH NEBHUX YMOBaxX
JUIS HACTYITHOTO aHaJi3y Ha XapaKTepHCTHKY >XHPHO-
KHCIJIOTHOTO CKJIafy, a TaKOX IOIIYKY YMOB, IIPH SIKHX
BMICT TpaHc-i3oMepiB OyB Ou MiHiMambHUM. [jist
MEpIIOro €KCHepHUMEHTY OyJI0o BHUPIIIEHO IIPOBECTH
i30MepH3allilo COHSIIHMKOBOI padiHOBAaHOI J1€3010pOBa-
HOI OJ1i{ Y MPHUCYTHOCTI aJIFOMOCHIIIKATHOT'O KaTai3aTopy
(BimOimbHOI TJIHMHH), OCKIIBKH 3arajbHO TPHHAHATO
BBaYKAaTH, II0 AIIOMOCHJIIKATHUH KaTajli3aTop BHKIHMKAE
MOJSIpU3aLlilo MOABIHHOrO 3B'S3KY ojediHiB 1 mepemae
OCTaHHBOMY ITIPOTOH, B PE3YyNbTaTi 4Oro 3a0e3nedyeThCs
YTBOpEHHs1 1i0oHa KapOOHis, TEPETBOPEHHS SKOTO
BUKJIMKAE i30MepHu3aliio i moiiMepu3alito onediHis,
napadinis i iH. Ha mepmomy eram gocimimKeHHS
TIepeBIPEHO AMFOMOCHIIIKATHUN KaTani3aTop Ha eeKTHB-
HICTH i30MepH3amii Ta BHUSBICHO 3araJbHy KiJIbKICTh
TpaHC-i30MepiB, IO YTBOPWJIMCS Yy NPOAYKTi [5, 6, 7].
Omisg HarpiBanacsi Ha mimadid OaHi mpu Temmeparypi
145-155 °C B Tppox ¢aphopoBUX CTaKaHUMKax: B IEp-
oMy HarpiBajacst 1 roa. 6e3 karami-3aTopa (3pa3ok 1), B
JIpyroMy — 2 TOf. 3 KaTaji3aTopoM (3pa3ok 2 ) i B Tpe-
THOMY — 5 TOJ. 3 KarajizaropoMm (3pa3ok 3). Bmict xup-
HUX KHCIIOT B 3pa3kax i30MepH30BaHOI OJii BHSBIEHO
XpomaTtorpaivHUM METOJIOM Ta IPeCTaBIeHO y Tabm. 1

JOCTiIsKeHH.
00JIalHAHHS, IO

ITOPOLIKU
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Tabnums 1 — BMicT )KHpHUX KHCIIOT B 3pa3Kax 130MEpPH30BAHOI OJii y BiZICOTKax

YKupHi kucnotu 3pazok 1, % 3pazok 2, % 3pazok 3, %

Mipucrurosa xkucnora, C 14:0 0,0973 0,1247 0,0963
ITanemiturOBa Kucnora, C 16:0 6,7626 6,7194 6,9368
ITansmiToneinosa kucmora, C 16:1n9 0,0932 0,0978 0,1181
Creapunosa kucnora, C 18:0 3,5701 3,5285 3,7479
EnainnroBa kucmota, C 18:1n9t 0,2889 0,7834 1,1144
Oneinosa kucnora, C 18:1n9¢ 27,4798 27,4979 28,0612
Jlinonenainunosa kucinora, C 18:2n6t 0,4411 1,1279 1,5192
Jlinonesa kucnora, C 18:2n6¢ 59,8454 58,5709 56,6702
ApaxinoBa kucinota, C 20:0 0,2363 0,2251 0,2621
Jlinonenosa kuciora, C 18:3n3 0,1417 0,1341 0,1550
Eiiko3amienoBa kuciora, C 20:2n6 0,1142 0,2901 0,3659
Berenosa kucnora, C 22:0 0,6714 0,6772 0,7096
Eiiko3anenraenoBa kuciora, C 20:5n3 0,2580 0,2230 0,2433

B  pesymprari  xpomartorpadigHoro  aHajmizy IpeacraBiieHa y Tabmuui 2. B pesynbrati iHppauepBoHOi

BUSIBJICHO, IO KUIBKICTD TpaHC-130MepiB y 3pa3Ky, SIKUi
HarpiBaBcs 5 TOJMH 3 AMIOMOCHIIIKATHUM KaTaJli3aToOpoM
BHUINIE Maibke B 4 pasu, HDK y 3pa3Ky Oe3 KaTajisaropa,
o HarpiBaBest 1 roquny 6e3 kaTasizaropa.

B npyromy ekcrmepuMeHTI B SKOCTI Matepiary
BHKOPHCTOBYBABCSl cajiomMac Mapku M5, a B sKocTi
KarajizaTopa TigpyBaHHsA — BinOuIbHa rimHa. [TomiOHO
JIO TIOTIEPEAHIX EKCIIEPUMEHTIB, OYyII0 B3sITO 3 3pa3ka
cajioMacy B Takiil e KiJIbKOCTI, sIKi HarpiBaIncs 5 ToANH
npu Temneparypi 180-240 °C: 1 — camomac y uncromy
BuAi (3pas3ok 1), 2 — cajgomac 3 almOMOCHIIIKAaTHAM KaTa-
Ji3aTopoM (3pa3ok 2), 3 — cayoMac 3 aJlOMOCHITIKATHAM
KaTaJli3aTopoM 1 YJIbTpadiolleTOBUM BHIIPOMiHIOBAHHAM
(3pazok 3). JloBXnHa IMiKiB HOTIMHAHHS XUPHUX KHCIOT
BH3HAYEHAa METOJOM iH(]pauepBOHOI CHIEKTpOcKomii Ta

CHEKTPOCKOMIi{ OTPHMAHO CIIEKTPH ITOTIIMHAHHS JKUPHUX
KHCIIOT, SIKI BXOISTH IO cajomacy. 3a MiK HOIIMHAaHHS
TpaHc-i30MepiB IPUIHATO 969 cM™ — CIEKTp MOTIMHAHHS
enaianHoBOl kuciotd. ITicns mpoBeneHHs TOpU3OHTANI
Ha pIiBHI CIIEKTpY NOITMHAHHA KOHTPOJBHOI'O IIKY
1602 cm! i mepmemmmkynspa 10 WBOTO CHEKTpa B
969 cM ! MOXHa yMOBHO CyIWTH PO KUIBKICTH TpaHc-
130MepiB y 3pa3Kax.

TakuM 9MHOM, MOXKHA CIIOCTEpIiraTH, 110 3pa3ok 2
Ma€ 3HayHy KIIBbKICTh TpaHc-i30MepiB, a 3pa3ok 3 —
OMMBBKMH 3a CKIagoM [0 3pa3Ka cajJioMacy, SKHiH

HarpiBaBcs Oe3 Karamizatopa 1 yabTpadiolIeTOBOTO
BHUIIPOMIHIOBaHHSA, IO CBiTYATh TMPO  3JIaTHICTH
yIbTPadioNeTOBOro  ONPOMIHEHHS  IEepEeUIKOPKaTH

YTBOPEHHIO TPaHC-130MepiB.

Tabnus 2 — BMict TpaHc-i30MepiB B 3pa3Kax i30MEpH30BaHOI0 cajIoMacy

Ne /i | Temneparypa HarpiBauus T, °C |Yac HarpiBanus t, X8| Konnenrpariis katamizaropa C, % | J{oxuHa miky moriuHaHHs [, MM
y

1 240 300 10 37
2 240 300 10 52
3 240 300 10 38

3 METOI0 IOUIYKY paliOHAIBHUX YMOB, IPH KX
Ou yTBOpIOBajiacs MiHIManbHa KUTBKICTh TPaHC-130MepiB,
CITAHOBAHO 1 BUKOHAHO MTOBHO()AKTOPHUI €KCIEPHMEHT.
JlocnipkeHHIMH  BCTAHOBJICHO, IO HaWBaXJTUBIIIUMHA
¢dakTopamMu, SIKi BIUIMBAIOTH Ha IMepedir BKa3aHOTO
TIpolLecy, € HaCTyNHi: X| — TeMIeparypa HarpiBanus, °C;
X, — TpHUBaNiCTh HarpiBaHHf, XB; X3 — KOHIIEHTpamis
KaraiizaTtopa, %. Jlus peanizawii 1ociigiB 3a 00paHuM
IUTAaHOM OyJI0 TIPOBEIEHO BH3HAYEHHS IHTEPBAJIIB
BapitoBaHHA (Tabn. 3), a TakoX CKJIAZEHO MAaTPHIIO
IUTaHYBaHHS eKkcnepuMeHty (tabn. 4). B pesynbrarti

Tabnuma 3 — Pe3ynbraTtu BapitoBaHHS 3MIHHUX

00poOKM mocHmimHUX nMaHuX [8] oTpuMaHO pPIBHSIHHS
perpecii, IO aJEKBAaTHO ONHCYE EKCIIEPUMEHT Ta
BiToOpaxkae 3aJeXKHICTh KITBKOCTI TpaHC-i30MepiB (3a
MOBXXKUHOIO ~ TIKy  IOTJMHAHHS)  Bil OCHOBHUX
mapameTpiB: y= - 3218,34+0,2125T + 0,197t - 0,025TC
ITpoBeneHi ekcrieprMeHTH 1 BUBEICHE PIBHSHHS perpecii
JUIs TIpoliecy i3oMmepu3alii casoMacy 3 aJFOMOCHII-
KaTHAM  KaTaJi3aTopoM BKa3ye Ha Horo Oijpmry
YYTIMBICTh A0 TEMIIEpPAaTypH Ta dYacy HarpiBaHHSA, 1 B
MEHIIIH Mipi 10 KOHIIEHTpamii Karai3aropa.

®daxTopu YMOBHE IO3HAYECHHS Jiama3on 3MiHK HynsoBwuii piBeHb IaTepBan BapitoBaHHS
T, °C Xi 200-240 220 20
T,XB X2 30-360 195 165
C, % X3 10-30 15 5
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Tabnuma 4 — MaTpulig miiaHyBaHHsI €KCIIEPUMEHTY Ta HOTO pe3ynbTaTu

Ne dakTopu B HaTypaIbHOMY BUIIISII Pe3ynpraTu eKCIepUMEHTY
3paska T, °C T, XB C, % JloBxuHa miKy mornmuHaHHA [, MM
1 240 360 20 44
2 200 360 20 52
3 240 30 20 44
4 200 30 20 49
5 240 360 10 51
6 200 360 10 65
7 240 30 10 47
8 200 30 10 46
9 220 165 15 37
BucHoBKM Ta mepCHEeKTHBH  MOJAJILIIONO  YCEPEIHEHWX YyMOBax. TakMM UYMHOM, IiATBEPHKEHO
PO3BUTKY [JAaHOr0 HANMpPAMKY. B  pe3ynpTari ranbMyBaHHS YTBOPCHHS TpPAaHC-i30MEpiB Y XKHUpI TpH

EKCTIEPUMEHTY BH3HAYE€HO BIIACTHBICTH BiZIOLIBHOI TIIMHU
SK KaTaji3atopa, a TaKOX YMOBH, NpH SKHX HE
YTBOPIOIOTBCS TPAaHC-i30MepH ab0 BOHU YTBOPIOIOTHCS B
MiHIMaJbHIH KITBKOCTI.

OTpMaHO MaTeMaTHYHWH  OIHC  3aJISKHOCTI
YTBOPEHHS TpaHC-i30MepiB Bif TeMIepaTypu
HarpiBaHHs, TPUBAJIOCTI HArpiBaHHSA Ta KOHIEHTpaLii
Karanmizatopa. Halikpamuii pesynprat (MiHIMaibHA
KIUIBKICTB TpaHC-130MepiB) OyII0 OTpHMaHO NpH
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€. A. IIOJTHBAHOB, M. B. MAJIEI[bKHH

THHOBAIIIMHI TEXHOJIOT'Ti EKCTPYJOBAHOI MPOJIYKIIII 3 AJIKOITPOTEKTOPHOIO JIE€IO
HA OCHOBI PUBHOI CHPOBUHHA

V crarTi HaBeIeHUH aHAaTi3 IUHAMIKH CIOKHBYHX BIOJZOOAHb EKCTPYIOBAHOI CHEKOBOI IPOAYKII] Ha OCHOBI pHOHOI CUPOBHHH Ta OOTpyHTOBaHA
JIOLINBHICTH CTBOPEHHS XapuOBHX KOMITO3HIIIH 3 KPYIIOK 3€pHOBHUX Ta KapTOIULIHUX IIIACTIBILIB, 30araueHUX PUOHUMH IIOPOIIKAMH, 3 PETyII0EMHM
XIMIYHUM CKJIaJIOM Ta 6iOJIOTIYHOIO I[HHICTIO. 3 TOYKU 30py XiMiYHHX Ta 6iOXIMIYHHX IIpOIECIB OMMCAHO BIACTUBOCTI INIHHY Ta OypIITHHOBOI
KHUCIIOTH, SK PEYOBHH, [0 HEHTPAIi3yIOTh TOKCHYHY Jil0 aleTajbJerily B OpraHi3Mi JFOAMHH IIiJ{ 4aC BXXHBAHHS CIa00aJKOrOJBHUX HAIOIB.
O6rpyHTOBaHA IEPCIIEKTUBHICTh BUPOOHUITBA EKCTPYJOBAHOI MPOAYKIii 3 KOMIIOHEHTAMH, IO [IEPEIIKOMKAIOTh PyHHYBaHHIO KIITHH IICUiHKU Ta
MO3Ky y pa3i CHOXHMBaHHS CIa00aJKOrOJILHHX HamoiB. IIpoBeseHa opraHoienTHYHA OI[iHKA PO3POOJICHHX EKCTPYHZOBAaHUX IPOIYKTiB, 3a
pe3yJibTaTaMu SIKOI 0OrpyHTOBaHa MEPCIEKTHBHICTh BUKOPUCTAaHHsI pPUOHMX MOPOIIKIB 11 BUPOOHHIITBA EKCTPYJOBAHUX HPOIYKTIB.
KoiouoBi ci1oBa: cHexs, pubHi HOPOIIKH, EKCTPYAOBaHa IPOAYKIis, aIKOIIPOTEKTOPH, TJIilUH, OyPIITHHOBA KHCIOTA.

E. A. ITOTHBAHOB, M. B. MAJIEITKHH
WHHOBAIIMOHHBIE TEXHOJIOT AU SKCTPYINPOBAHHOM MTPOJIYKIIUA C
AJIKOIMPOTEKTOPHBIM JIEFICTBUEM HA OCHOBE PHLIBHOI'O ChIPhSI

B cratbe TIpUBEACH aHAJIN3 JUHAMUKU HOTpe6I/lTeJ'II)CKI/IX HpeI[HO‘ITeHI/II\/'I BKCprZ[I/IpOBaHHOI\;I CHEKOBOI TIPOAYKOHUHN Ha OCHOBE pI)I6HOI‘O CBIPpbS U
000CcHOBaHA I_IeJ'IeCOO6p6.3HOCTI) CO3MaHusA THIICBBIX KOMHOBI/IHI/Iﬁ N3 KpPYNOK 3€PHOBBIX H KapTO(i)eJ'II)HLIX XJIOIIBEB, 060I‘aHICHHI)IX pI)IGHLIMI/I
TIOpOIIKaMH, € PEryJIupyeMbIM XUMHYECKUM COCTaBOM U OGHOIOTHYECKOM LIEHHOCTBIO. C Toukn 3pCHUS XUMHUYCCKUX U OHOXUMHYECKHX TIponeccoB
ONMCaHbI CBOWCTBA TIIMIIUHA U SIHTapHOI\/'I KHCIIOTBI, B KA4Y€CTBEC BCIIECTB, HeﬁTpaJ’IHSyIOIlIPIX TOKCHUYECKOEC HeﬁCTBHe anerajapAerujia B OpraHu3smMe
YEJIOBEKa IIpu yHOTpe6J'IeHI/II/I C1ab0aNKOroJIbHBIX HanmuTKoB. O60OCHOBaHA TIEPCOEKTUBHOCTE MPOU3BOJCTBA BKCprI[HPOBaHHOﬁ IIPOAYKIIMU C
KOMIIOHE€HTaMH, MNPEMATCTBYIOINMHU PaspyMICHUIO KJIETOK II€YEHU U MO3ra BO BpPEMS yHOTpe6.HeHPI$[ C1ab0AIKOTOJIbHBIX HAIIUTKOB. HpOBeI[eHa
OpraHoOJICTITHYECKAasl OLCHKa pa3pa60TaHHBIX OKCTPYAUPOBAHHBIX TIPOAYKTOB, IO peE3yJibTaTaM KOTOpOI\/'I 000CHOBaHA TIEPCEKTUBHOCTDh
HCIOJIB30BaHUA pI:I6HI)IX TIOPOIIKOB IJISI ITPOU3BOACTBA DKCTPYAUPOBAHHBIX IMTPOAYKTOB.
KioueBbie cioBa: CHCKH, pI)I6HI)Ie TIOPOLIKH, SKCTPYAUPOBAaHHASA IIPOAYKI U, AJIKOMIPOTEKTOPHI, INIMIWH, SHTapHAasA KUCJI0Ta.

Y. A. POLYVANOV, M. V. MALETSKY
INNOVATIVE TECHNOLOGIES OF EXTRUDED FOODS WITH ALCOPROTECTIVE ACTION ON
THE BASIS OF FISH RAW

The article analyzes the dynamics of consumer preferences of extruded snack foods on the basis of fish raw materials and substantiates the
expediency of creating food compositions from grains of cereals and potato flakes enriched with fish powders, with regulated chemical composition
and biological value. From the point of view of chemical and biochemical processes, the properties of glycine and amber acid are described as
substances that neutralize the toxic effect of acetaldehyde in the human body during the use of low-alcohol beverages. The prospect of production of
extruded products with components that prevent the destruction of liver and brain cells in the case of low-alcohol beverages is substantiated. The
organoleptic evaluation of extruded products developed, the results of which proved the prospect of using fish powders for the production of
extruded products. In the given work the technology of innovative food product - with functional alkoprotektornymi properties was presented. It is
assumed that this product will expand the range of snack snacks to low-alcohol beverages and will be a reliable protection against the harmful
effects of alcohol and its metabolism products in the human body.
Keywords: snacks, fish powders, extruded foods, alcoprotectors, glycine, succinic acid.

Beryn. BixuBanHS cra0o0anKoOrogbHUX HAmoiB —
Oyllo 1  3aJMIIAE€ThCI  HEBIA'€MHOK  YaCTHHOIO
BiMOYMHKY Oarathox mroned. CraboamkoronpHi Hamol
JTyXe TIOMYJISIPHI Cepell HaCeIICHHs, He3alIe)KHO Bifl CTaTi
1 BiKy. AJe HaBiTh BXXMBaHHS HE3HayHOI KUIBKOCTI
€TaHolly, MOXeE TIIPU3BECTH JI0 OTPYEHHS OpraHi3My
MIPOAYKTaMH1 HOro po3mnamy.

3a icHyrounmu qaHuMu [ 1] ctano Bigomo, 1Mo cepen
YKpaiHLiB JiANpYyOYi Mo3uii 3aiiMae nuBo. Maiixe 50%
YKpaiHIiB BBaXarOTh CBOEIO0 HOpMOIO — 0,5 1 1 Onm3bKO
30 % BBaXkaroTh, IO HE 3aBaAWUTH OpraHiamy i 1-2 .
[Tpn upomy, OinblIe TOJOBUHU PECHOH/ICHTIB YOIOBIYOT
CTaTi BiATIOBLIN, 10 BXKUBAIOTH MTHBO IIIOJHS.

PerynsipHe B)KMBaHHS ~ajJKOrONIO, HABITh 1 B
HE3HAYHMUX KUIBKOCTSX, TaKOX 3/IaTHE 3aBJaTh MIKOJIU
OpraHi3My 1 CHPHUYMHHTH IHTOKCHKAIIO HPOAYKTaMHU

posmany, a came, aleTanbIeriIoM. 3HIDKCHHS
KOHIICHTpAIii yBarW, 3MaTHOCTI [0 HaBYaHHSI |
comiaJbHOI  ajamramii  — 1€ OCHOBHI  HACIHIIKHU

IHTOKCHKAIIi{ OpraHi3My areTaibaerigoM.

Haymi BioMi pedoBHHH, SIKi 3HIWKYIOTh IIKIIJTHBHNA
BIUIMB aJIKOTOJIIO 1 TMPOAYKTIB Iforo merabomizmy Ha
oprauiam. Jlo HHMX HaneXaThb aMiHOKHCIIOTH, 30KpeMma
TJIIMH, TernaToNpOTeKTOpH 1 OypHIITHHOBA KHCJIOTA.
lenaromporekTopn 3axWINAlOTh MEYIHKY IIJ — 4Yac
BXHMBAaHHS  QJKOTONIO, TIONEPEKAIOTh  IOPYLICHHS
GYHKII mediHKkn 1 pO3BUTKY nwmpo3y. [minmH i1
OypIITHHOBA KHCJIOTa MPUCKOPIOE BUBEAEHHS AJIKOTOJIIO
1 3axWIiae oprafHi3M BiJ TOKCHYHHX IIPOAYKTIB
MeTabomi3My.

Ha cporoanimHiil 1eHp HE iCHye NPOAYKTY, SIKMUA
MIir OM BHCTYHaTh 3aKyCKOIO 10 CJa00aJKOTrOJIbHUX
HAIIOiB 1 ITPH IbOMY MaTH aJIKOINPOTEKTOPHI BIACTUBOCTI.
ToMy, METOI0 JTOCIIJDKEHHSI CTaJI0 CTBOPEHHS IPOIYKTY,
SKMH HE TIOCTYNAEThCS 33  OPraHOJNENTHYHHUMHU
MOKAa3HUKaMHU IIOMYJSIPHAM 3aKyckaM (CHekam) 1 mpu
IIFOMY Ma€ aJKOIPOTEKTOPHI BiacTHBOCTI. [Ipu mpomy
€co0JIMBO BpaxOBYBaTHMETHCSI EKOHOMIYHA CKJIAI0Ba

* PoGomy suxonano nio kepieuuymeom K.m.u., doyenma Konopamiox
H.B. © IMonuBanos €.A., Manenpskuii M.B., 2018
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IMocranoBka npodiemMu y 3arajibHOMY BHIJISIAL
Ta ii 3B'A130K i3 BAKJINBHMH HAYKOBMMH YH NPAKTHY-
HUMH 3aBJaHHsMHU. [IpoOnema HaaMipHOrO BXKHUBaHHS
AJIKOTOJIBHUX 1 CI1a00aJIKOTrOJIbHAX HAIOiB Ha CHOTOIHI
TOCTPO CTOITh B YKpaiHi.

3a ITaHMMM JOCIHiKeHHs, rnpoBegeHoro B 2015-my
poui mixkHapomauMm @®onmom UNICEF «3mopos'ss Ta
TIOBE/IIHKOBI OpieHTaIil Mojoai» Maibke 84% ykpaiHILiB,
SKi He gocsariau 18 pokiB, mMpoOyBay ajIKOroib, a IHUBO
ByxuBanu Oinpmre 20% miIiTKiB.

HesBakatoun Ha Te, IO INHBO HAICKHUTH [0
c1a00aJKOrOIBHAX ~ HAmoiB 1 HE  BBaXaeThCs
CHOXKMBAYeM, K CEPHO3HMH aJKOTOJILHUNA Halil, BOHO
BCE OJTHO 3aBJIAEE KON OPTaHi3My.

Jis Ginbmocti ykpainuiB (50,2% pecnoHIeHTIB)
cepeqHs HOpMa CIOXKHMBaHHS mmBa crimagae 0,5 1 i
mennte (16,3%). Ognak 0J1M3bKO TPETHHN PECTIOHJICHTIB
(29,8%) cnoxkuBaroTh MOmHSA 1.2 11 THBa. BiTemIicTh
PECHOH/ICHTIB-KIHOK TaKoX cnoxuBae nuso: 0,5 1
(55%) 1 0,33 1 (31%). Cepen *iHOK HaWOUIBITY TPYILY
CKJIaIal0Th PECTIOHJCHTH, SIKi CIIOKMBAIOTH ITMBO MEHILE
1 pasy ma TmwxmeHs — 59%. Y Toif ke wac, ymcio
PECIIOHIICHTIB, SKi M'IOTh NMUBO 1—4 pa3u B TIKJICHB,
Oinmere cepen 4oioBikiB — 41,3%. 1, BiAmoBiqHO, MEHIIIE
YOJIOBIKIB CITOXXHMBAIOTh MIMBO MEHIIE | pa3y Ha THKIECHBb
-29,5%. [1]

3a00pOHNTH CHOXXKMBAHHSA ~aJIKOTONIO, 30KpeMa
¢11a00aJIKOTOJIFHUX HAIMOIB, HEMOXKJIMBO, OCKIJIBKH IIE -
YacTMHA KYJIbTYpH BIiANOYMHKY OLIBIIOCTI JIIOJEH.
IIpore Takmii BIONMOYMHOK MOXKHA 3pPOOMTH MEHII
HeOE3MEeYHNM JUTs OpTaHi3My.

Binowmi Haymi ¢akTy cBigYaTh IpO iCHYBaHHS TaKMX
PEUYOBHH, SIKI BiIMOBINAIOTH 32 PO3MICIUICHHS AJTKOTOJIO0
y TreviHmi (TernmaTonpoTeKTOpH) 1 PEYOBHH,  SKi
MIPUCKOPIOIOTh PO3MAJA  AJKOTOJI0  (AJKOIPOTEKTOPH).
OpHak BOHM JyXKe PiJIKO HAIXOSTh B OpPraHi3M 4epes Te,
10 BUITYCKAIOTHCS y (OpMi MeAWYHUX npenaparis. Taki
PEUOBHHH € 1 y CKIIaJli XapuoBOi CUPOBHMHH 1 y BHTJISII
IieTHIHUX 100aBOK 10 Tki. TOMy TONOBHUM 3aBHaHHIM
pobOTH cTallo CTBOPEHHS! OPTaHONENTUYHO PUBAOINBOI
3aKyCKH JI0 IIMBA 3 AJIKOITPOTEKTOPHUMH BIACTHBOCTSIMH.

O0'eKTOM IOCHTIPKEHHS CTajla TEXHOJIOT1sI CHEKOBOI
eKCTPYIOBaHOI MPOIYKII 3 aJIKONPOTEKTOPHOIO JIIET0.

IIpeameroM fmoCHiDKEHHS cTajlla — CHEKOBA
eKCTpylOBaHa TMPOAYKIiS HAa OCHOBI KPYNOK 3
KYKYpyZ3H, IIICHUI, PUCY, KapTOIUITHHUX IUIACTIBLIB Ta
PUOHMX TOPOMIKIB i3 MiJBHIIEHNH BMICTOM IJIIIMHY Ta
OypIUITHHOBOI KHCIIOTH.

JxepenoM TINIUHY CTaB Cyxwil puOHMKA apor 3
cylJaka Ta KoOpoma i3 JomaBaHHAM cyxoro ¢apury 3
sococst. BypIiTHHOBY KHCIOTY Oys10 BHECEHO Y BHTIISI
PO3YMHY, SIKMH TOJA€ThCS 1] 9ac 3MOUyBaHHS KPYIT'THOI
cyMilli Tiepes] eKCTPYAYBaHHIM.

BukiagaHHsi OCHOBHOI'O MaTepiaJly 10C/IixKeHb.

lenaromporekTopn — 1me Taki pEYOBHHH, SKi
MiATPUMYIOTE poOOTYy MEYiHKM 1 3aXMIIAIOTH ii MifJ 4ac
aTaky TOKCHYHHMX PEYoBHH abo BipyciB. Bonu OyBaroTh
HaTypaJIbHOTO MOXO/KEHHSI:

- EKCTPaKTH POCIIUH;

- maBoHOIIH;

- OpraHiuHi Ipenapary TBAPUHHOIO ITOX OPKCHHS;
- eceHIiabHi (ocdominian.

I  HamiBCHHTETMYHOTO -  HANiBCUHEHTHUYHI
¢raBoHOIAN.
VYci  remaronpoTeKTopu  IMiACHWIIOIOTH  poboTy

MEYiHKA Ta MiJBUINYIOTH i CTIHKICTh IO MATOJIOTiYHUX
BIUIMBIB, B TOMY YHCIIi 1 BiJl BIUIUBY ITPOAYKTIB PO3MaIy
AJIKOT'OJTIO.

CnniGiHnH — O10NIOTiYHO aKTHBHA PEYOBHHA
eKCTPaKTy PO3TOPOMNIII IUISIMHUCTOI - CTHMYIIOE CHHTE3
MPOTEiHIB 1 MPHCKOPIOE PEreHepaIito IOMIKOPKEHUX
TeraToluTIB.

HamiBcuHTeTHYHUM  aHajIoOroM CuIiOiHMHY 3a
XIMIYHOIO OY/IOBOIO € TeTpa-Tifpokcu-5,7,3-4-dpaaBanon-
3, MexXaHI3M  TemaTonpoTeKTOPHOI  Oii  SKOro
O0OyMOBJIEHHH  3B'A3yBaHHSAM  TOKCHYHUX  BUIBHHX
pagukamiB 1 crabimizali€ero KIITHHHAX MeMOpaH 3
jmizocomMam# (10 BJIACTMBO M IHIIMM (hIIABOHOIAAM).
KpiMm Toro, mig BIUIMBOM TeTpa-Tigpokcu-5,7,3-4-
¢maBanon-3 BinOyBa€eThCs cTUMYIIsILisS OiocuHTesy ATO
B NEYiHIi, THM CaMHM TIOJETIIYEThCS  Tepedir
010XIMIYHUX peakxiil, ITOB'sI3aHNX 3 BUTPATOIO €Heprii Ha
¢dochopumoBanns B mewiHmi. Terpa-rigpokcu-5,7,3-4-
¢maBaHon-3  3maTHME  crabumizyBaTM  MeMOpaHw,
3MEHIIYIOYN iX MPOHMKHICTH UISi HU3HKOMOJIEKYIISIPHUX
BOJIOPO3YMHHHUX CIIONYK, 1[0 TPAHCHOPTYIOTHCS IUIIXOM
BUTBHOI 1 0OMiHHOT TUY3ii [2].

Ciperap — opraHiyHMH Ipenapar TBapUHHOTO
MOXO/KEHHSI — SIBJISIE COOOIO TiJpONi3aT eKCTPaKTy
TICYiHKM BEJIMKOI poraroi Xynoou, mo mictuts B 1 mur 10
Mr 1iaHokoOanmaminy. PenapatuBHy nifo mnpemapary,
OYEBHIHO, IIOB'S3aHO 3 HASIBHICTIO B HOro CcKiajii
aMIHOKHCIIOT, HH3BKOMOJICKYJISIPHUX METa0oMNiTiB, 1,
MOXIIUBO, (parMeHTiB PpPOCTOBUX (HaKTOPIB MEUIHKH.
[penapar cnpusie perenepaliii napeHXiMHU MEYIHKY 1 Mae
JIETOKCUKAIIIHY [iTO0.

Ecenmiansui  Qoctominiqn  (EDPJI)  okazyrors
BIJHOBIIIOIOUY 1 pereHepylody Jil0 Ha CTIPYKTypy i
(GyHKIIT KITHHHAX MEMOpaH 1 YIIOBUIBHIOIOTh ITPOLIECH
JIECTPYKIIii KITITHH. CyOcTaniis E®JI €
BHCOKOOYHIIICHNM EKCTPakToM 3 000iB coi i MiCTHTh
MIEPEBAYKHO MOJIEKYIH (PocaTHIMIKONIHY 3 BHCOKOIO
KOHLICHTPALIIEI0 TOJMiHEHACHYCHUX JKHUPHUX KHCIIOT.

lomoBHuM akTwBHEUM iHTpemieaToM E®JI € 1,2-
niiHoneolt-hochaTHANIX OiH, CUHTE3 SIKOTO
JIFO/ICBKAM OpraHisMom HEMOJINBUH.

Mewmb6panocrabinizyroua i rematonporekTopHa nist EDJI
JIOCSITAETHCS [IUISIXOM  0€3110CepeAHbOr0 BOY/IOBYBaHHS
Moiekyn E®JI B dochonminminny  cTpyKTYpy
TTOITKO/PKCHUX MMEYiHKOBUX KIIITHH, 3aMiIlICHHS Te()EKTiB
1 BigHOBNEeHHS Oap'epHoi (yHKOIi JimigHOro OGiomapy
MemOpaH. Henacuueni >xupHi kucnotu docdomimiain
CHPUSAIOTh MiJBUINEHHIO AKTUBHOCTI Ta IUIMHHOCTI
MeMOpaH, 3MEHIIYIOTb IIUIBHICTH  (hocdominmignux
CTPYKTYp, HOpMaJli3yloTh MpoHUKHICTh. Ex3orenni EDJI
CHpUAIOTH aKTHBALlil pO3TAIOBaHMX B MeMOpaHi
¢dochominmigzanexxkaux  GpepMeHTIB 1 TPaHCHOPTHHUX
O1JIKiB, 1110, B CBOIO YEpry, MATPUMYE BIUIUB Ha OOMiHHI
MPOIIECH B KIIITHHAX TCYIiHKU Ta CIPUSE MiIBUINCHHIO ii
JICTOKCHKAL[IHHOTO 1 CEKpEeTOpHOTro moreHmianry [2].
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Takok, A7 3aXHUCTy TEYiHKH 3aCTOCOBYIOTHCS
BiTamMian rpymu B, E 1 aMiHOKHCIOTM METIiOHIH,
aJIeMeTIOHIH, OpHITHH [3].

BypmtnHOBa KHMCIIOTa 1 TIOMH TNIPHCKOPIOIOTH
MpoIec po3Maay ajKOroll0 B OPraHi3Mi 1 TEPEBOISATH
TOKCHYHI NPOAYKTH y TakKi, II0 HE MalOTh TOKCUYHOTO
BIUIMBY. BypIITHHOBa KHCIOTa CTUMYJIIOE €HEpTeTHYHNIH
OOMIH B TKaHWHax, Ma€ iMyHOMOJYNIOIOUY Jilo, i, Tak
camo, SIK 1 TJIIWH, MiABHIIYE OMIPHICTH OpPTaHi3My IO
cTpeciB. bypmTnHOBa KHCIIOTa TakoX HeHTpamilye
IIKIJUIMBUHA BIUTMB alleTaJIbAETioy, KOHIIEHTPALs SKOTO
3pOCTaE MMpH BXXMBaHHI aJKoroiio [4].

Bubip pubum B sAKocTi JoKepena  TIIIUHY
OOyMOBJIEHMH THM, IO caMe 3 Ii€l CHPOBHHHU
BHUTOTOBJISIOTh O€3J1iY4 CHEKOBOI MPOIYKINi 10 pPi3HHX
¢71a00aJIKOrOJILHMX HAIMOIB, B T.4. 1 10 muBa. Y Tabmui 1
HABEJCHO aHaji3 BMICTY TJIIWHY Y MOCSIKHUX BHIIAX
npoMucioBux pu6 (Tadmuns 1).

Tabnum 1 — Bumict rninuny y icTiBHIN 9acTrHI puOHOT
cupoBuHi [5]

Hazga pubu Bwicr, 1/100r
An4YOyCc €BporneichKuit 0,98
TlopOymia 1,5
3ybaTka 0,84
Kambana 0,64
Kopom 0,86
Kera 0,97
Kedams 0,93
Kopromxka 0,85
JIponsiHA 0,81
Jlococh 1,06
Macnsna 0,83
MuHTait 0,93
OKyHb MOPCBHKHI 0,68
Cesprora 0,83
CxymOpist 0,93
dopenb 1,0
Cynaxk 0,92
Tynenp 1,12
[lyka 1,0

3 Tabn. 1 BuaHO, MmO BMICT IIIIUHY Yy pPHOHIN
CHPOBHUHI JTOCTaTHHO BUCOKHH 1 3HAXOAWTHCS B MeEXKax
1,0740,43 /100 r mpoxyty, mo Bignosigae 30,9+12.4 %
Bil PEKOMCHIOBaHOI J00OBOi HopMmu. Sk Bxe Oyio
CKa3aHO BHINE, OYpIITHHOBAa KHCIIOTa, TaK caMmo, SK 1
TJIIWH, HiABUILYE OMIPHICT OpraHi3My 1O CTpeciB i
CTHUMYJIIOE €HEepreTMYHWH OOMIH B TKaHWHAaX, Mae
IMYHOMO/IENIOIOUY J1if0, BUPaKEHY 3JaTHICTh 3B'S3yBaTH
BiJIbHI paJMKaIM, NPUTHIYYBATH IPOIECH HEPEKHCHOTO
OKMCJIEHHs JimifiB OiomemOpaH i, y Takuii cmociO,
3MEHIIYBaTH IHTEHCHUBHICTh OKHCIIOBAILHHX IPOLECIB B
OpraHi3Mi, 3aXWINaroYd MeMOpaHU i BMICT KIITHH BiJ
pYHHIBHUX BIUIMBIB. YHIKIBHICT Aii OypIITHHOBOI
KHCIJIOTH TIONISiTa€ B TOMY, IO BOHA IrHOpYE 3II0pOBi

KIIITHHY 1 aKTUBYETBHCS JIMILE Y TUX TKAHUHAX 1 KIITHHAX,
SIKi 3HAXOSAThCA Y 30yIKEHOMY cTaHi abo rmorepraroTh
MIATOJIOT1YHUX 3MiH.

Sk mokazaym  JOCTIDKEHHS ~ BueHUX  [6],
OypIITHMHOBa KHCJIOTa Oe3MocepelHbO BIUIMBAE Ha
JIOCTAaBKY BUTLHOTO KUCHIO B TKAHWHM; TIOKPAIIye poOOTY
SHJJOKPUHHOI CHCTEMH; ITOMIIIIYE 3aCBOEHHS MOKUBHHUX
peuyoBuH. BupakennMm ¢apmaxonoriayHuM eexToMm BoHa
BOJIOZIi€ BXX€ B MiHIMaJbHOMY a03yBaHHI 10 Mr/kr macu
Tijna.

3acTocoByeThcsl  OypHIITHHOBA  KHCIIOTAa  TIPH
JIKyBaHHI aJIKOTOJIBHOI 3aJISKHOCTI, OCKUIBKN aKTHBI3ye
IIpoLleC po3Majgy ajKOroJl0 B KpPOBI, 3aBASKA 4YOMY
MOXMIJIBHUI CHHIPOM 3HHKA€ ayxe mBHAK0. Ha gymMKy
JIKapiB-HAPKOJIOTIB TP BUKOPHUCTAaHHI  J]AHOTO
IIpenapary CyTTEBO IMOKPAILY€EThCS! CTaH MEYiHKA 1 CKIas
KpOBI.

JloBesieHa HEWIKIMBICTH 1 coneil OypmITHHOBOL
KHCJIOTH - CyKIMHATiB. JlomaBaHHS CyKIMHATa, aKTHBYE
muks Kpebca BiamoBimHo no mpunimumy Jle-Illarense
(3MiHa pIBHOBarm y CHCTEMi NUIAXOM JOAAaBaHHS
BUXIJHHX pedoBHH) [7].

[Mpuponni kepena OYpIITHHOBOI KHCIOTH: arpyc,
BUHOTPaJ, Kamycra, OypsK, HacCiHHS COHSIIHUKY,
KHCIIOMOJIOUHI TPOJYKT, HaKalb HE MOXYTh OyTH
IHrpemieHTaMy pUOHMX CHEKIiB, HaBiTh EKCTPYIOBaHMUX,
OCKIJIBKHM II€ 3aXOIUTh Yy MPOTHPIYYS 3 TapMOHIHHHMH
MIOETHAHHSAMH CMAaKy Ta €KCTPY3iHHUMU IPOLIECaMH.

KiinigyHO MOBENEHO, MO CHHTETUYHO BUPOOJICHA
OypIUTHMHOBAa KHCJIOTa BOJOAIE TaKUM K€ CaMHUM
CHEKTPOM BJIACTHBOCTEH, IO 1 PEYOBHHA IPHUPOTHOTO
MOXO/UKEeHHS.  bimpmiicte  cmocobiB  oTpuMaHHS
CHHTETHYHOI OYpINTMHOBOI KHCJIOTH 3acHOBaHE Ha
BUKOPHCTaHHI MaJICTHOBOTO aHTiApuAy 1 MaseiHOBUi
KHUCIIOTH, $IKI B CBOIO 4YEpry OTPHUMYIOTH 3 Ha(TH.
Buenumu [8] B maGopatopii KyoI'TY pospobnennit
crocid oTpuMaHHA OYpIITHHOBOI KHCIOTH OKHCIICHHSIM
bypdyponry  mepokcumom — BomHIO.  CHHTE3yBaTH
OypIUTHHOBY KHCIIOTY JUIS NPOMHCIIOBOTO OTPHUMAaHHS
MOXYTh OakTepii, I[BiIeBl IpuOH, APKIKI, HAIPUKIAL,
Actinobacillus  succinogenes, E. coli AFPI111,
Saccharomyces cerevisiae i Yarrowia lipolytica.

Tomy, mo® He 3HIKYBATH OPraHOJEITHYHOI
IpHUBadIMBOCTI roToBOi  pHUOHOI 3aKyCKH 3
AJIKOIIPOTEKTOPHUMH BJIACTHBOCTSIMU Ta HE CIIPUYINHHUTH
MOPYIICHHS  TEXHOJOTIYHOI'O  MPOIECYy BHECCHHSIM
PEUOBHH, SIKI HE MiJIAIOTBCS eKCTPY3ii, OyI0 mpuiHATO
pilleHHS BHOCHTH OypIITHMHOBY KHCJOTY Yy BHIJISII
PO3YMHY JUIS 3MOYYBAaHHS CYMIIlli CYXHX PEUOBHH Iepen
MI0IaYEeI0 B EKCTPY/Iep.

Onuc 0CHOBHOr0 MaTepianxy 10CHilzKeHb

Cymiaas  pubHOro (¢apury 3aiHCHIOBAIOCH 32
JIOTIOMOT'OI0  BaKyyMHOI CymKH. OTpUMaHHH HOpPOLIOK
BBOJWJIM Yy CyXy CyMIII 3€pHOBHX KpYIIOK Ta
KapTOIUIIHUX IUIACTIBLIB, JOJAaBaJM CUIb KyXapCbKy y
KimpkocTi 1%,  3MouyBanmM  CyMill  PO3UYMHOM
OYpIITHHOBOI KHCJIOTH 10 BOJIOTOCTI Y CHIIKii cyMmimn He
6inbie 12% i mingaBanu excrpysii.

3a  pe3ynpTaraMM  OpPTraHOJENTHYHOI  OIIHKH
BUTOTOBJICHUX JAOCTIIHUX 3pa3KiB, 1 ONTHMI3aIli€l0

Bicnux Hayionanvnozo Texuiunoeo Yuisepcumemy «XI1I». Cepis: Innosayitini
docaidicen s Y HayKosux pobomax cmydenmis, 2018, Ne 40 (1316) 79



Innosayitini 00CnioNcents y HayKkosux pobomax cmyoenmie

ISSN 2220-4784

CKJIaZly TOTOBOI CHEKOBOI MpOAYKILii OyJI0 BH3HAYEHO
CHIBBi/IHOIICHHS 3a3HAYEHMX IHTpeNieHTiB. B pe3ynbrari
Oyna BUBeJEHA HACTyIIHA PELENTypa: PUCOBE OOPOIIHO
mo 10+5%, xaprorursHi mnactiBmi 10 12+2%, mimeHuns
rpyooro nomeny no 15+5%, cine 1%, cyxuii pubHnit
¢dapmr 1o 7,5 +2,5%, xkykypymzsue 6opomrao mxo 100%.
KykypynzsHe OGOpomrHO MOKHA 3aMiHUTH IIICHUYHUM
rpy0boro momMeny.

Tpagumiiiai mixzcwmoBadi cMaky 1 apoMarty —
TiIyTamart, TyaHinaT i iHo3iHaT HaTpito — Oynu 3aMiHeHi
Ha TIOBHICTIO HaTypasibHi 1 ©Oe3me4yHi eKCTpaKTH
JIpikmKiB. HaHeceHHS cMako-apoMaTW4HOI cyMimn y
BUTIIAII JPIXKKOBUX EKCTPAKTIB 3MIHCHIOBAIOCE y V-
MoAIGHOMY TOMOTEHI3aTopi 3 IOMEpeHIM PO3IMUICHHIM
onii COHSIIHMKOBOI padiHOBaHOI /e30/0poBaHOi Ha
eKcTpy3iiiHnii HamiBaOpukar.

OcoOnuBiCTh  BHTOTOBIICHHS JAaHOI  MPOMYKIIT
nonsAra€e B BHKOpUCTaHOMY  oOmagHansi. s
BUPOOHMLTBA TaKOro pOAY EKCTPY3iHHMX BHPOOIB
HEOoOXiTHO BUKOPHCTOBYBATH JIBOLIHEKOBHH €KCTpPYIep.

BucHoBKM Ta mepcneKTHBH MOAAJIBIIOTO PO3-
BHUTKY /AaHOr0 HampsiMky. Y JaHii pobori Oyna
MIPE/ICTaBJICHA TEXHOJOTIS 1HHOBAILIfHOIO Xap4oBOTO
MIPOAYKTY — 3 (PYHKUIOHAIFHUMH aJIKONPOTEKTOPHUMH
BJIACTHBOCTSIMH.

[epenbavaeTpesi, MO AAaHUKA MPOAYKT PO3IIUPUTH
ACOPTHMEHT CHEKOBHX 3aKYCOK 10 CJIa00aJIKOTrOJIbHUX
HAmoiB 1 CTaHe HaIIWHMM 3aXUCTOM BiJ IIKIJIMBOrO
BIUIMBY aJIKOT'OJNIO Ta MPOXYKTiB HOro meradoinizmy B
OpraHi3Mi JTIOWHU.

Metab031i3M 3HEMIKODKEHHS HaJIXOIUTh E€TaHOIY B
opraHismi BiZOyBa€eThCS MEPEBaXHO B IEUIHI TphOMa
crocobamu.

[Nepmmii MIIsIX TOYMHAETHCS B IATO30TI 1 TIONISTAE B
OKHCIJICHHI CITUPTY IO AJIKOTOJIBAETIIPOreHa3Has NIIsIXy
JI0 ameTaib/eriay, SKUid HEepexXOAUTh B MITOXOHApPIT 1
OKHCIIIOETHCS. 710 ONTOBOI KHCIOTH. OCTaHHS y BUITIAIL
anetw-SKoA namxomuts B LITK (ki Tpukap6oHOBHX

kucnord, abo mmkn Kpebca). UYepes medd mnmix
npoxoauts 80-90% ycboro eranony.
3a okwmcnenHs 10-20% eraHomy BimmoBimae

ankoronpokcugasa (umroxpom P450), Takok 3BaHa
MiKkpocoMaibHe eraHonokicistomas cucrema (MEOC)
IIpn perynsipHOMYy HaIXOIKEHHI €TaHONY dYacTKa
MIKpPOCOMaJIbHOT'O OKHMCJIEHHS 3pocTae (1o 7 pasiB), Tak
SIK €TaHOJ € IHIYKTOPOM aJKOTOJIbOKCHJa3H 1 KUIBbKICTh
i1 MOJIEKy 301IbIIYETHCS.

Tpetiii cmoci® - peakiist OKHCICHHS €TaHONy
KaTasia30i 3 BUKOPUCTaHHM IepeKucy BonHio. [Iporikae
peakuiss B IIEpOKCHCOMax 1 LuTO30JIe. 3HAueHHS il
HeBeJnKa, He OibIie 2%.

I[Ipn  mporikaHHI  BWIIEONMMCAHUX  IIPOLECIB
MeTaboJi3Ba AJIKOTOJNI0 NPUCYTHI TakoX 1 MOOIUHI
epeKkTH 3HEIKOMKEeHHA eraHoiy. OCKUIBKH —TpHU
yTwiizalii €TaHoNy YTBOPIOETHCS BEJIHMKa KIJIBKICTh
HAJIH (HEKOTMHAMUIAICHUHINHYKICOTHIA), TO B
LUTOIUIa3MI TeMaToOLUUTIB aKTHBYeThes 11-a  peakist
TJKONi3y (TepeTBOpeHHs mipyBaTy B JIakTaT) 1
BIJHOBJICHHSI  JAioKcuareroHdochar B  TiinepuH-3-
¢doctar. lle npusBOIUTH MdO TINOTTiKeMil, TaK SK

MipoOBHHOTpasHa KHUCIOTa 1
cyOcTpaTaMu IITIOKOHEOT €HE3Y.

OaHOYaCHO HAKONWYEHHS «aJIKOT'OIEHOT0)» alleTHII-
SKoA npurHivye mipyBaTaeriiporeHass, mo e Oijbiie
MiJACHIIOE  HAaKONWYEHHs  Jaktary  HakonwdeHHs
MOJIOYHOI KHCIIOTH B KPOBI 00YMOBIIIOE JIaKTaTaliJeMiI0
(JrakTOaMO03). OnHouacHO yepes BiJJTHOCHY
HEJIOCTaTHOCTI ~ OKCaJIoalleTaTa, BHKOPHUCTAHOTO B
TJIIOKOHEOT€He31, HAUIMIIOK «AJIKOTOJIBHOT0» aleTHII-
SKoA He BCcTHrae  OKHCIIOBATHCS B IHKII
TPUKapOOHOBUX KHCIIOT i NEpeHaNpaBIII€ThCS HA CHHTE3
KETOHOBUX  Til, IO  3a0e3rnedye  BHUHUKHEHHS
KeToanumo3y. SKmo 3amack TIIKOreHy B IEUiHII
CHOYaTKy HEBENHKiI (IpH TOJOAYBaHHI, HEIOINaHHI,
acTeHIyHOMY cTarypi) abo BuTpaueHi (miciust (izumaHOl
poboTH), TO NpPHM NPUHOMI AIKOTONIO HATIIECEPIE
TiMOrIIiKeMisl HAacTae MIBHIIIE 1 MOXe OyTH NPUYHUHOIO
PI3KOro MOTIpIIEHHS CaMOIOYYTTs 1 BTpaTh CBiJJOMOCTI.
Jlo 1poro BapTO AONATH CHIIBHUN JiypeTH4YHHiH edekT
eraHony (TIPUAYIIEHHS CEeKpelii Ba3oIpecuHy), 10 Bele
JI0 [IBUJKOTO 3HEBOJHEHHS OpraHi3My 1 3HWKEHHS
KpPOBOIIOCTaYaHHS ~ TOJIOBHOIO  MO3Ky 3  yciMa
BHUTIKalOUMMH HacIigkamu [9].

BxuBaHHS CIIMPTHHUX HAIoOiB - ITOMIMPEHa MPUYUHA
rimoryikemii SIK y JOpOCIHMX JIONEH, Tak 1 y JIiTew.
Po3mieruienHs eTaHony 3 yTBOPEHHSIM alleTallbACrioy B
MeYiHmi KaTalli3yeTbesi (EPMEHTOM aJIKOT OJIBAETHIPO-
reHa3oi. Lleil ¢epMeHT mpamioe TLIBKH B HPUCYTHOCTI

nmiokcuareroHpocdar €

ocoOsmBoro Koakropa — HIKOTIHAMIAJIHYKIEOTi]
(HAI). Ame me > pedyoBHHAa HEOOXimHO 1 JuIA
MICYiHKOBOTO  TIIIOKOHeoreHe3y. llpumifom — ankoroiro

NpU3BOOUTh 10 IBWAKOI BuTpatn HAJl 1 piskoro
rajJbMyBaHHS TJIIOKOHeOreHesy. Tomy  aJkoroibHa
rimoryikeMiss BUHMKa€ TIpH  BHCHAXEHHI  3amaciB
TJIKOreHy, KONW JUIS MiATPUMKHA HOPMAJIbHOTO PiBHS
TJIIOKO3W B KPOBI 0COOJIMBO HEOOXIIHNH TITIOKOHEOTeHE3.
IIpn npuifomMi BeNMKOi KUIBKOCTI aJIKOTOJIIO BBEYEi,

CAMIITOMH TiHOIUIKeMii 3a3BHYaili BHUHHMKAIOTH Ha
HACTYITHUH paHOK.
Haituacrime AJIKOrOJIbHA TIOrJIiKeMis

CIOCTEPIraeThesl y BUCHAXKEHNUX XBOPUX Ha aJIKOT'ONI3M,
aryie OyBae 1 y 37JOpOBHUX JIFOJICH TICIIS MIPUIAOMIB BEITHUKOI
KUTBKOCTI alTKOroJt0 abo IMpH BXKWBAHHI AJIKOTOIIO «HA
TOJIOAHUH TITYHOK». AJIKOTOJNBHA TIiMOTITiKeMis HEepiaKo
TPAIUIAETBCS y MiTeH, sKi IOMHIKOBO a00 HaBMMCHO
BHIIMBAIOTh IIMBO, BHUHO a0o0 OLIbII MII[HI HAroi.
Oco0naMBO 4YyTIMBI 10 aJKOTONIO TiTH 10 6 POKIB -
aIKOTOJbHA  TINOMJIIKEMis  3yCTpidaeThes  MICIA
cnupToBHX KommpeciB. CMEpTHICTh TPH  aJIKOTOJILHOT
rinoraikemii y mitei gocsrae 30%, Tomi SK Y TOPOCTUX
BOHa craHOBUTH mnpuommsHo 10%. [10]. [iaruos
AJIIKOTOJIBHOI ~ TIMOIJIiKeMil TPYHTYEThCS Ha JaHHUX
aHaMHe3y 1 BHSBIICHHs TiNOrJikeMmii B TIOETHAHHI 3
MiJBUIICHAM PIBHEM AaJKOT'OJIO 1 MOJOYHOI KHCIIOTH B
kposi [11].

B ocranHi poku 3'BUIMCSA AaHI pAOy KIIHIK, IO
JUIS yTHITi3amii ajJkoroiio, peBepcy HOro TOKCHYHOI il
na I[HC 3 ycmixom 3acTOCOBYIOTH IIpenaparu
I'myrapruna, mo € cuUDIIO apriHiHy 1 TIIyramMiHOBOI
kucnotd (L-aprininy L-rimyramar) [12]
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Bigomo, mo npuiioM eTaHoly CYIPOBOIKYETHCS
MIIBUINCHHSAM  KOHIICHTpAIll  alleTalubJACTixy, SKHiA
TopyImye OKHCITIOBAIBHO-BITHOBHI TIPOIIECH,
M030aBIAIOYN KIIITKY 3aTHOCTI OKHCIIOBATH LIUTHUA PSIJT
eHepro3abde3neyydnx cyOcrpaTis (i3omiMOHHas,
sIOJTy4qHy Ta IHIII KACTIOTH). Y IUX YMOBaxX HAaKOIMYCHHS
ereprii y ¢opmi AT®D BinOyBaeTbcs IEepeBaXHO 3a
paxyHOK OKHCJIEHHS OypmuTHHOBOI Kuciotu. Ilpm
BHCOKiH KOHIIEHTpalii aneTaibIerily B OpraHizMi HacTae
MIPUTHIYEHHS  CYKIMHAT-3QJIEKHOTO  TUXAHHS, IO
BimmoBimae HapkotuuHOi (as3i co'sHiHHA. Kpim TOrO,
areTaybAeri, 3B'I3yI0YHCh 3 OIIKaMH 1 HYKJICTHOBUMH
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1. V. ROZHENKQO, O. O. AHEICHEVA, Z.V. DERKUNSKA, N. G. PSHYCHKINA

EUROPEAN DISTANCE LEARNING EXPERIENCE AT HIGHER EDUCATIONAL
INSTITUTIONS IN UKRAINE

The problem of European distance learning experience implementation at higher educational institutions of Ukraine is
considered. The relevance of the article due to the need of implementation of distance learning and use of the opportunities offered
by on-line learning. Existing practices and methods of ensuring the quality of distance learning, which create the necessary
foundation for scientific achievements are systematized and analyzed in the article. The study of conceptual ideas of distance
education in the European Higher Education Area, the definition of further perspectives for the development of domestic practices
in the implementation of information and communication technologies in the distance education is investigated. The comparative
analysis is based on sources of information collected and analyzed using European countries standards for monitoring
colleges and universities.

Keywords: distance education, on-line learning, ICT

L. B. POJKEHKO, O. O. ATEH YEBA, /K. B. JEPKYHCBKA, H. I'. IIIITHYKTHA
BITPOBA/IZKEHHA EBPOIIEMCBKOI'O JOCBIAY JUCTAHIIIMHOT'O HABYAHHSA
Y BUIIIUX HABYAJIbHUX 3AKJIAJIAX YKPATHA

B po6oTi posrasgaeTbes mpobiieMa peatisallii €BpOrneHCchKOro TOCBi Ty AUCTAHIIHHOTO HABYAHHSI Y BUIIMX HABYAIBHUX 3aKIIagax
Vkpainu. AKTYyaldbHICTh pPOOOTH 3yMOBJICHa HEOOXIAHICTIO BIPOBAIPKCHHS NUCTAHIIHHOTO HABYAHHA Ta BUKOPUCTAHHSIM
MOXXJIMBOCTEH, sIKi JJa€ €JICKTPOHHE HABYAHHA. Y CTATTi CHCTEMAaTH30BAaHO Ta IPOAHAI30BaHO ICHYIOUY NPAKTHKY Ta METOIH
3a0e3redeH sl SKOCTI AWUCTAHLIITHOrO HaBUYaHHS, SIKI CTBOPIOIOTH HEOOXiIHY OCHOBY AJISI HAYKOBHX NOCATHEHb. JlociimkeHO
KOHIIENITYaJIbHI el AuCcTaHmiiHOI OCBiTH B €BPONEHCHKOMY PETiOHI BHIIOI OCBITH, BU3HAYCHO MOAANbII IEPCIEKTHBH PO3BUTKY
BITUM3HSHOI IPAKTUKH Y BIIPOBAKECHHI iH(pOpMaIiHHO-KOMyHIKanitHUX TEXHONOTiH y NUCTaHIIiHII OCBITI.

KuniouoBi c1oBa: nucranmiiiHa ocBiTa, €IEKTPOHHE HaBUaHHS, iHQOpMamiHHO-KOMYHIKaTHBHI TexHonorii Hadanust IKT

H. B. POKEHKO, A. A. AT, EHYEBA, K. B. JEPKYHCKAA, H. I. ITIITHYKHHA
BHEAPEHUE EBPOIIEMCKOI'O OIIBITA JTUCTAHIIMOHHOI'O OBYUYEHHUA B BBICIIUX
YUYEBHBIX 3ABEJEHUAX YKPAUHBI

B pabore paccMorpena mpobiemMa peau3aiyy eBpOoIeiHCKOro OmbITa TUCTAaHIIMOHHOTO 00ydeHHs B BrICIINX y4eOHBIX 3aBECHHUAX
Vkpausbl. AKTyaldbHOCTH 3TOH paboTel 00yclOBICHa HEOOXOAMMOCTBIO BHEAPEHUS IUCTAHIMOHHOIO OOYYEeHUS U
HCIIONB30BAHMEM BO3MOXHOCTEH, KOTOpHIE IIPEOCTAaBIISICT JJICKTPOHHOE o0ydeHWe. B crathe CHCTEMAaTH3MPOBAHBI H
MIPOAHATM3UPOBAHBI CYIIECTBYIONIHE METOIBI M METOIBI O0ECIedYeHHs KauecTBa TUCTAHIMOHHOIO OOy4eHHs, KOTOPHIE CO3MAI0T
HEoOXOIUMYIO OCHOBY JJISI HAYIHBIX JOCTIDKCHUH. Mccnenyercs m3ydeHne KOHIENTYalNbHBIX UIeH MUCTAaHIMOHHOIO O0y4eHHs B
EBponeiickoM MpoCcTpaHCTBE BBICIIET0 00Pa30BaHUs, ONpPECICHIE NaTbHEHIINX MTEPCIIeKTHB Pa3BUTHS OTEUYCCTBEHHOM MPAKTUKI
B 00yacTv BHEAPEHUS HH(OPMAIIMOHHO-KOMMYHHUKAIIIOHHBIX TEXHOIOTHH B TUCTAHIIMOHHOM OOYICHUH.

KnioueBble cji0Ba: AWCTAaHIMOHHOE O0pa3oBaHUE, JJIEKTPOHHOE OOydeHHE, HH(POPMANNOHHO-KOMMYHUKATHBHEIC
texnonorun UKT

Introduction.

European experience in distance education is
becoming increasingly relevant to higher education
institutions in Ukraine. The distinction of distance
learning between Ukraine and European countries is that
distance learning of Ukraine takes place at the stage of
formation. The process of developing distance learning
in Ukraine is constrained by a number of reasons:

- Insufficient legal and normative provision of the
distance learning process;

- Limited composition of participants in the
experiment on the introduction of distance learning
system;

- Lack of unified approaches when creating
electronic teaching and learning complexes;

- Lack of development electronic teaching and
learning complexes in foreign languages;

- Absence of special programs for distance learning
of socially vulnerable groups of people and persons with
disabilities;

- Insufficient financing of the distance learning
system of Ukraine at the expense of budget funds;

- Problems in organization distance learning in the
magistracy.

Statement of the problem in general and its
connection with important scientific or practical tasks.

European countries significantly outstrip Ukraine
in the implementation of information and communication
technologies, so the study is necessary and relevant. The
comparative analysis is based on sources of information
collected and analyzed using Swedish standards for
monitoring colleges and universities.

Problem research. The main principles of
constructing distance learning in an educational
institution are the unified methodological basis, the
decentralization of the creation and management of
distance education, the most favored mode, the
complexity, accessibility, modularity.

© Rozenko I.V., Aheicheva A.O., Derkunska Z.V., Pshychkina N.G.,
2018
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Distance learning is also based on some important
principles: the principle of interactivity [1-4], the
principle of starting knowledge [5-8], the principle of
individualization [11], the principle of identification [9,
10, 12, 13], the principle of regulatory training, the
principle of pedagogical feasibility using new
information technologies. Distance learning has many
advantages both social and economic. As in the case of
corporate learning, economics is a major driving force,
since it easily determines economies and economic
justification. Distant education also has many benefits to
society, although they are more difficult to quantify.
Despite the huge number of educational institutions in
the world, the demand for the educational services
market is still higher than the supply. Distance education
creates equal opportunities for those who wish to study,
improve their qualifications, undergo retraining and find
work. This system enables to get higher education in
parallel with the basic human activities, expands the
ability to study abroad, obtaining degrees recognized by
the international educational community.

Distant education provides a wider perspective in
choosing a higher education. The basis of the educational
process in distance learning is focused and controlled
intensive independent work of the student, who learns on
an individual schedule in a convenient for him tempo.

Of course, the level of education and access to
education through communication technology varies
depending on the economic development of a single
country. Systematization and analysis of existing
workshops and methods for ensuring the quality of
distance learning provide the necessary basis for
scientific advancements.

Statement of the problem in general and its
connection with important scientific or practical tasks.

The study of current IP policy in research
universities in relation to online distance learning
materials is a very important aspect of the research. The
dissemination of distance learning convinces teachers,

administrators and institutions that institutional policies
must protect and maintain an environment that
encourages creativity, productivity, and academic
freedom. It provides the foundation for analyzing,
criticizing and further developing consistent copyright
and intellectual property rights associated with distance
learning materials. Investigation of the security of
information resources of this study represents a great
scientific and applied interest. In the implementation of
the distance learning system, there are problems with the
protection of the intellectual property of the training
courses, control of student knowledge, and confirmation
of the authority of the remote client.

With the development of information technology,
more and more attention is paid to research in the field of
distance learning [14—16]. The above problems are
caused by large losses from the leakage of information
provided by the authors of the training courses, the loss
of credibility in the control and accounting positions, as
well as the ability to substitute the results of distance
learning by students. The security of information in the
system of distance learning affects many aspects of
functioning, often being the main factor in its existence
and development. To successfully solve the above
problems, it is necessary to determine the necessary and
sufficient level of protection of information resources. As
the criteria for the necessity and security measure
adequacy, criticism, value of information resources of the
distance education system, and, accordingly, actual tasks
are the development of methods for assessing the value,
criticality and security of information resources of the
distance learning system.

An important factor in the development of
intellectual property in the system of distance education
is to determine the levels of legal protection for them.
For example, the levels of legal protection (Table 1) the
objects of intellectual (industrial, technical and
technological) property can be defined as: individual
private, production service, state and transnational.

Table 1 Intellectual property objects legal protection levels

Individual private Production service State Transnational

Own publications Production standards License Foreign patent

Models Specifications of the enterprise |State patents Conventions
Certificates of activity type Technical documentation Laws Transnational Contracts
Certificates of quality Corporate publications Standard Acts Others

Work of authorship Agreement, contract Contracts

Others State standards Certificates of quality

It should be noted the following possibilities of
classification and identification of intellectual property
for students’ competence innovative innovations at
higher educational institutions:

1) The basis of copyright is the concept to
determine the original result of creative activity,
available in some form of objective;

2) Compatible rights are a group of exclusive rights,
formed on the basis of a model of copyright for types of
activities that are not sufficiently creative to disseminate
their results to copyright;

3) Patent law is the order of inventions, utility
models, industrial designs and breeding achievements
protection through the issuance of patents;

4) The rights to individualization mean a group of
objects of intellectual property, the rights which unite
into one legal institution the protection of marketing
indications: trademarks, trade names, the name of the
place and origin of goods;

5) The right to production secrets (know-how) is
information of any nature, for example, original
technology or technical solutions, knowledge, skills and
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others that are protected by the regime of commercial
secrets and may be the subject of sale or used to achieve
a competitive advantages over other subjects of
entrepreneurial activity;

6) Protection of new varieties is a system of legal
norms governing the copyright for new varieties of plants
brought out by breeders.

Researchers argue that the transfer of copyrighted
material is illegal, even if there was no personal benefit
to the seller [17].

Studying current policies in the field of intellectual
property at universities in relation to online materials is a
very important aspect of the study. The dissemination of
distance learning convinces teachers, administrators and
institutions that institutional policies must protect and
maintain an environment that encourages -creativity,
productivity, and academic freedom. It provides the
foundation for analyzing, criticizing and further
developing consistent copyright and intellectual property
rights associated with distance learning materials.

Main research material statement.

The number of online courses is increasing in
higher education institutions. The increasing use of
online courses raises issues of ownership of course
materials and increases the tension between teachers and
universities regarding the rights and responsibilities
associated with online courses. Electronic means are
protected from piracy, but this does not apply to
information that is posted on the Internet. After all, this
information, especially concerning science, education,
refers to intellectual property. At present, the vast
majority of distance learning courses are closed, only
demo versions are shown, for which it is sometimes
impossible to judge their quality. Open courses, articles,
and books are explicitly used without any references.
There is no quick solution to this problem, but it is
necessary to solve it, because the distribution of
educational and educational information in the world's
network space, the quality of the educational products
being created and used is directly dependent on it. These
problems are mainly related to the pedagogical side of
distance learning. Of course, there are other issues
related, for example, with the need for a systematic
upgrade of the hardware park, software, respectively,
consistently improving the level of proficiency in the
user's personal computer teachers. A typical justification
for such an approach, the use of intellectual property
means that teachers are not authors of works created with
the resources of the university.

With the introduction of distance learning through
digital delivery facilities such as training, e-mail and
other Internet technologies, intellectual property rights
violations have spread. As soon as copyrighted material
is recorded in a material format such as a manuscript or
electronic file, it automatically becomes protected.
Nevertheless, registration  with  the  Copyright
Registration Office provides additional protection in case
of violation and is often in the interests of the author, if
the violation becomes a problem. Copyrighted works
may be reproduced, adapted for the creation of derivative

works, distributed and executed by other authors. The
latter may also transfer rights to others. If copyrighted
material is reproduced without the consent of the owner,
the offender may be held responsible for copyright
infringement. Such an example of copyright infringement
is the use of software and multimedia materials.
Materials such as ideas, facts, and discoveries are not
covered by copyright, since they are not recorded in
material form. If there is no written agreement granting
the right of ownership to a teacher, then upon dismissal,
the property rights may remain with the employer. Under
the terms of employment, the right of ownership moves
from the original owner to the employer, which in turn
changes the term of the copyright from 50 years in the
case of individual ownership for 75 years with the
organizational rights of ownership. This corresponds to a
change in defense that the university's policy defines
them as traditional scholarly work [18].

Intellectual property issues relating to software and
other electronic materials are more complex with the
increasing number of online courses and programs at the
universities and the increasing use of technology faculty
to administer their courses. It should be borne in mind
that in the past, traditional scholarly work was not the
main source of income for the university. The emergence
and development of digital formats, such as courses and
programs, may affect the right of universities to define
traditional scholarly work by future policy of educational
institutions [19].

As part of distance learning, some institutions and
teachers solve the problem of authorship of digital
personal materials. One problem is that the materials
advanced digital course content often use a significant
amount of organizational resources such as design,
location on the server management and maintenance,
specialized software and other costs associated with
infrastructure. Teachers spend a lot of time and effort and
want to be recognized accordingly to help finance and
develop their future research and publications.

One element that complicates the process is that
materials developed by instructors with institutional
resources can be easily transmitted through the media
and quickly disseminated among large audiences.

Undoubtedly, online learning will in no way be a
substitute for traditional teaching. It is unable to create a
student atmosphere and to replace communication with a
living teacher. With the help of distance education,
residents of small cities have the opportunity to pass and
successfully complete the courses of metropolitan
universities and academies. With the help of distance
learning, it is possible to strike a balance between the
public demand for education and its offer. All
educational institutions that wuse information and
communication technologies are in fact out of the legal
field. It should be noted that today for the development
of the system of distance education practically there is no
regulatory and legal basis.

In higher educational institutions and other
organizations, electronic textbooks and libraries of them,
information and educational environments are gradually
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being created, but there are no legal bases for the use of
these materials placed on the network. For the effective
work of educational institutions using remote learning
technologies, coordination of their activities is necessary,
as well as the creation of a relevant regulatory framework
and the provision of distance learning for official status.

The regulatory framework of distance education
should be formed in the form of a package of national
acts on the organization of legal regulation of relations
between objects and subjects in the field of distance
education, taking into account the uniform requirements
defined by the Ministry of Education and Science.

The following principles should be based:
accounting of constitutional norms, openness and
availability of information, protection of intellectual
property rights, information security, coherence of norms
with acts of other branches of legislation, as well as with
international law. If the distance education system has a
regulatory framework, it will become one of the official
forms of education. It is determined that technical means
should provide a program of students' work on the
content of the educational material (program of its
learning process), a combination of training and
education functions, strengthening the control and self-
control of the process and its results of the process of
learning knowledge, assistance in implementing the ideas
of differential and problem learning. However, it should
be noted that today, speaking about distance education
and solving the problems of its introduction into practice,
leading Swedish scientists pay much attention to the
main aspects of information exchange as a basis of
advanced education, oriented to the existence of a person
in the information society [20].

Educational process in distance learning is focused
and controlled intensive independent work of the student,
who learns on an individual schedule in a convenient for
him tempo. Intellectual property is a term that
encompasses many different forms of creative work. It
includes the primary fields of copyright, patent, and
trademark law, as well as incorporating trade secrets,
unfair competition, and other subspecialties of the law.
Generally, intellectual property covers the principle
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rights governing the ownership and disposition of an
individual's creativity.

Conclusions and prospects for further research
into the problem. The priority of the development of
education is the introduction of modern information and
communication technologies, which provide
improvement of the educational process, accessibility
and efficiency of education, preparation of the young
generation for life in the information society.
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of society and ensure the implementation of the
constitutional right to education of every citizen of the
country. That is why the concept seeks to complete
distance learning. Prospects for further study may be
related to study characteristics of distance education,
comparing domestic and foreign distance learning
technologies, development of new forms and methods of
distance education. At this stage of development distance
education is heavily in the education sector, due to the
many benefits of this educational system. Moreover,
some experts believe such education is the most effective
form of training persons, regardless of their age. Based
on modern media learning tools in conjunction with the
information and communication technologies and
modern methodological support allow to master the
training activities, creating the conditions for
independent mastering academic subjects. Distance
learning is characterized by high professionalism, desire
for cooperation, and self-development, which is
essentially the result of the use of computer-based
training and modern means of communication.

Overall, the hardware must provide a program for
students over the content of the training material
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JI. JI. TOBAJKHAHCBKHH, IT. 0. KAITYCTEHKO, B. €. BE/b, C. I. FYXKAJIO, O. I1. APCEHbEBA

IHHOBAIIMHI HAITPSIMKH PO3BUTKY XIMIYHOI I XAPYOBOI IH)KEHEPIi

YV  crarri HaBemeHo iHdopmamito mpo XVIII  MibkHapomHy ~— HayKOBO-IPAaKTHYHY  KOH(pepeHHilo IHTerpoBaHi  TexHONOril
Ta eHepro3oepexenus «ITE-2018», Ykpaina, B micromani 2018 poky, sika mpoBejeHa 3a iHII[IaTHBOIO IIPEACTAaBHUKIB €Bpomelchkoi (emepanii
ximiynoi imkenepil (EFCE) i Vkpaincekoi acomiamii ximiuxoi Ta xapuoBoi imkenepii (CFE-UA) ta mpucssuena 85 piunumi 3 AHS YTBOpEHHS
kadepy IHTETpOBAHUX TEXHOJOTiH, nponeciB Ta amapariB (ITIIA) HTY «XIll». Hagana yHikanbHa MOXIMBICTH M1 KOMIAHIM, opraHisamii,
BuKJanauiB, HaykoBLiB, wieHiB EFCE ta CFE -UA BHecTn cBiif BKJIaJ B PO3BHTOK i PIllIEHHS Cy4aCHUX i IIPOrPECUBHUX HAYKOBHUX Ta TEXHIYHUX
[IUTaHb, [OB'I3aHAX 3 XIMIYHOIO Ta XapYOBOIO TEXHOJOTIAMH, a TAKOX XIMIYHMM MAIIMHOOYZyBaHHSM, 3 METOIO BHPIIICHHS INIOOAIBHUX 3aBJaHb
cporofieHHs. IIpencraBineHo mMaTepiany iHHOBamiifHUX po3pobok kadenpu (ITIIA) HTY «XIII» y Bursan yHiKaIbHOrO MAaKeTy iHTEPaKTHBHOIO
MaTeMaTHYHOrO 3a0e3IeUeHHs, IKHIl I03BOJISIE IPOEKTYBAaTU TEXHONOTIUHI CXeMH CKIIATHHUX TeIIOOOMIHHUX CHUCTEM 3i CIIOXKUBAHHSAM €Heprii, 1o
OJIM3bKa 10 TEPMOIMHAMIYHO-00IPYHTOBAHOTO MiHIMyMY.

KumouoBi cioBa: €pporeiiceka denepanist ximiunoi imkenepii EFCE, Ykpaincebka acomiamis ximigxoi i xapuoBoi imxenepii CFE —UA,
HAYKOBO-00I'DYHTOBaHi iHHOBAIIii{Hi pillIeHHs I7I00aIbHUX 331a4.

JI. JI. TOBAJKHAHCKHH, II. A. KAITYCTEHKO, B. E. BE/lb, C. H. BYXKAJIO, O. Il. APCEHBEBA
WHHOBAILIMOHHBIE HATIPABJIEHUS PA3BUTHS XUMUYECKOM U MUILIEBOA MHKEHEPUU

B crartee mnpuBemena uHdpopMamus o XVIII MexnyHapoqHOH HaydHO-TpaKTHYeCKOW KoH(epeHIHH IHTerpHpoBaHHBIC TEXHOIOIHH U
sneprocoepexenue «TD-2018», Ykpauna, B HosOpe 2018, xoropas mpoBeieHa IO MHHIMATHBE IpexcraBuTeneil EBpomelickoi deneparnuu
xumuueckoil nmxenepun (EFCE) u Ykpaunckoi acconuanun xummudeckoi u mumesoil nmxenepun (CFE -UA) n mocssmena 85 ropoBimHe co
IHA 00pasoBaHHs Kadenpsl HHTEIPHPOBAHHBIX TEeXHONOruif, mpomeccoB u ammapatoB (UTITIA) HTY «XIIW». IlpenocraBieHa yHUKadbHAs
BO3MOXKHOCTb JJIs1 KOMIIAHUM, OpraHU3aluii, IpenojaasBareneit, HaydHbslx coTpyIHuKoB, uieHoB EFCE u CFE -UA BHecTu cBOH BKJIaJ B pa3BUTHE U
pellIeHHe COBPEMEHHBIX M HPOrPECCHBHBIX HAYYHBIX M TEXHHYECKUX BOIPOCOB, CBA3aHHBIX C XUMMYECKON M IHIIEBOH TEXHOJIOTHH, a TaKXKe
XUMUYECKIM MaIIHHOCTPOGHUEM, C LEIbI0 PelIeHUs INI00AIBHBIX 33124 COBPEMEHHOCTH. IIpeicTaBieHbl MaTepralibl HHHOBAIMOHHBIX Pa3paboToK
xadenpsr (UTIIA) HTY «XIIM» B BuJAe YyHHKaIbHOrO IIaKeTa HHTEPAKTHBHOIO MAaTEMaTHYECKOTO OOECIeYEHHs, KOTODBIA II03BOJLIET
IPOEKTUPOBATh TEXHOJIOTMYECKHE CXEMBl CIOKHBIX TEIIOOOMEHHBIX CHCTEM C MOTpPeONCHMEM OJHEpPrHH, OJNH3KOH K TepMOIMHAMHYECKU
000CHOBAaHHOMY MUHUMYMY.

KamwueBbie cioBa: Esporeiickas ¢enepauun xumudeckoir umxkeHepun EFCE, VkpauHckas accoupianus XUMHYECKOW M IHIIEBOM
nmxenepun CFE-UA, coBpeMeHHbBIe HayYHO-000CHOBAHHbIC HHHOBAI[HOHHbIC PEIICHUS INI00AIBHBIX 3a1a4.

L. L. TOVAZHNYANSKYY, P. O. KAPUSTENKO, V. E. VED, S. I. BUKHKALO, O. P. ARSENYEVA
INNOVATIVE DIRECTIONS OF CHEMICAL AND FOOD ENGINEERING DEVELOPMENT

The materials are presented to inform about the XVIII International Scientific and Practical Conference Integrated Technologies and Energy Saving
"ITE-2018", Ukraine, in November 2018, which was initiated by representatives of the European Federation of Chemical Engineering (EFCE) and
the Ukrainian Association of Chemical and Food Engineering (CFE-UA ) and is dedicated to the 85th anniversary of the establishment of the
department of integrated technologies, processes and devices (ITPA) NTU «KhPI». A unique opportunity is provided for companies, organizations,
teachers, researchers, members of EFCE and CFE-UA to contribute to the development and solution of modern and progressive scientific and
technical issues related to chemical and food technology, as well as chemical engineering, in order to solve global tasks of modernity. The materials
of the innovative developments of the department (ITPA) NTU «KhPI» are presented in the form of a unique interactive software package that
allows you to design flow diagrams of complex heat exchange systems with energy consumption close to the thermodynamically reasonable
minimum. The use of the developed methods also makes it possible to estimate the energy-saving potential and the potential to reduce harmful
emissions not only from enterprises, but also from large industrial complexes.

Keywords: the European Federation of Chemical Engineering EFCE, the Ukrainian Association of Chemical and Food
Engineering CFE-UA, progress science-based innovative solutions to global challenges.

Xap4uoBOi MPOMHCIIOBOCTI 1 SIK 3aci0 CHPUSIHHS PO3BUTKY
XIMIYHOI Ta Xap4OoBOi TEXHOJOTil, IO IUIAHYETHCT ¥

Beryn. B VYkpaini y M. Xapkis 26-28 nucronana
2018 poky mposemena XVIII wmixkHapomHa HayKOBO-

IpakTHYHa KoHQepeHwiss IHTerpoBaHi TexHONOTIi Ta
erepro3oepexxenas «ITE-2018» ma 6a3i HTY «XIII»
(xadenpa InTerpoBaHMX TEXHONOTiH, TMpoIEciB Ta
amapartiB), 3acHOBHMKHM KoH(pepeHnuii Harionansanit
texHiuHNH yHiBepcuTeT «XIII»; Ykpainceka acomiaris
ximiyHoi 1 xapuoBoi imxenepii (CFE-UA); Sustainable
Process Integration Laboratory (SPIL) NETME Centre;
Faculty of Mechanical Engineering Brno University of
Technology — VUT Brno, Czech Republik; AT
«CriBapyxHicts — T». YkpaiHcpka acomiaris XiMIigHOT i
XapuoBoi iHXeHepii SIBISEThCS CTPYKTYPHO CKJIIA0BOIO
YacTHHOIO €Bpornelchkoi (emepariii XiMidHOI iHXeHepil
(EFCE). VYxkpaincbka acomiarmis XiMigHOi 1 Xap4oBoi
imkenepii cnpusie  cniBpoOiTHUITBY 3 EFCE  Mixk
HEKOMEpPIIHHIMHU TPO(ECifHUMH HayKOBO-TEXHIYHUMHU
TOBAapPHCTBAMHU ISl 3arajbHOIO PO3BUTKY XIMIYHOI Ta

HaCTYITHHUX 3axofax Uil WieHiB acomiarii: 1) ykpinutu
NIPE/ACTaBHUNTBO YKpaiHn B poboumx rpymax EFCE
JlerieraTaMy BiJl acomiamii 3a 03HaYEHUMH HaIPSIMKaMH;
2) KJIONOTaHHI KEpiBHUIITBA YKPATHCHKOI acomiamii
ximiyHoi 1 xapuoBoi imxkeHepii no EFCE mono
0e3KOIMTOBHOI IyOJiKamii HayKOBHX pPO3POOOK UIEHIB
acormianii y TNPOBIJHMUX €BPONEHCHKHUX JKypHadax; 3)
YTBOPEHHSI CHPUSTIMBUX YMOB IJISi y4acTi MOJIOJIUX
BYCHMX Yy €BpONEHCHKUX KOH(EPEHLIsX 3a paxyHOK,
HaIpHKJIIaJl, 3HIDKEHHS] CyMU OpTaHi3alliifHiX BHECKiB; 4)
CHPUSHHS MiABUILEHHIO IPOQEciiHOro Ta ETHYHOTO
PIBHS CBOIX WICHIB IIISXOM HaJIaHHS iM O€3KOIITOBHOI
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METOIO0JIOrYHOT 1 KOHCYJIBTaIlifHOT JIOTIOMOTH,
OpraHizaiisi i MPOBEJCHHS JIEKI[ii, CEMiHApIB Ta 1HIIKX

3axofiB; S5) HaJAHHA MaWJaHYMKIB 1 TUTONI OIS
NIPOBEIICHHS  3aHATb, TPEHYBAJbHMUX  3aXOMiB 1
03/I0pOBYMX TIPaKTHK; 6) po3poOKa NPOMO3HIIH 10
JIep>KaBHUX mporpam, 3aKOHOJaBYMX aKTIB,
CIpSIMOBAaHMX HAa  PO3BUTOK 1  YAOCKOHAJICHHS

TpPOMaJICBKOTO CYCHIIbCTBA B YKpaiHi, €Bpocoro3i Ta
IHIIUX KpaiH, CIPUSHHSA BTUICHHIO 1X Y KUTTS, 1 T.1.

OCHOBHOIO  METOI0  JISUTBHOCTI  I'POMAJCBHKOI
opraizamii «YkpaiHCbKa acorjiamis XiMiyHOI Ta
XapuoBoi IH)KEHepii» € BUPILIEHHS NUTAaHb PO3BUTKY
XiMigHOI Ta XapuoBOi NPOMMCIIOBOCTI Ta CIiBOpali 3
€sponeiickkoto  Denepaniero  Ximiunoi  [Hxkewnepii,
y4JacTh Ta Oprasizamis YKpaiHCBKHX Ta MDKHapOIHMX
HayKOBHX KOH(EpEeHIiH, ceMiHapiB, CHMIO31yMiB, OOMiH
HayKOBUMH JIOCSTHEHHSIMM, OpraHi3amis BHCTaBOK,
eKCKYpCIIHUX BiIBiAyBaHh HAYKOBHX I[IHHOCTCW UIICHIB
Opranizamii. BignoBigauMu HampsMaM#d — JisUTBHOCTI
Opranizanii €: BUpIIICHHS NHUTaHb 3 PO3BUTKY XiMI4HOI
Ta XapyoBOi IIPOMHUCIIOBOCTI; BHpIIICHHS IHTaHb
coiBnpamni 3 €sponeticbkoro  Denepamiero  XimiuHOT
[mkenepii; y4acTp Ta oprasizamis YKpaiHCBKHX Ta
MiKHapogHMX  HAayKOBHUX  KOH(epeHHid;  oOMiH
HayKOBUMH JIOCSTHEHHSIMH; CIIPHUSHHS CTaHOBJICHHIO
TBOPYMX IHIIIATHB, CHPSAMOBAaHMX Ha IOJIMIICHHS
CTPYKTYp OCBITH;  HaJaHHS OCBITHIX, iH(popManiiHuX,
MOCepeTHUIBKNX Ta IHIIMX IOCIYT  HACEJIEHHIO,
TiITPUEMCTBAM 1 OpraHi3amisiM; 3MIHCHCHHS COIiabHOI
pekyiaMHOi, BHIaBHMYOi Ta iHImOI iH(pOpMaLiiHOI
IisTPHOCTI B YKpaiHi Ta 3a ii Mexamu; 37ifCHCHHS
IHIIUX BHIIB JiSJILHOCTI, IIOB'3aHUX 3 JOCATHEHHSIM
CTaTyTHMX Iijed, sKki He 3a00pOHEHI YWHHHAM
3aKOHOJABCTBOM. PO3IIOBCIO/DKCHHS iH(opMaIiii 1mpo
nistibHICTH OpraHizaliii Ta iH.

IMocranoBka npodiemMu y 3arajibHOMY BHIJISIAL
Ta ii 3B'A130K i3 BaKJINBHMH HAYKOBMMH YH NPAKTHY-
HUMH 3aBIaHHsAMH. [locTiliHe mparHeHHs BUKIaAadiB
BUIMMX HaBYaidbHuUX 3akianiB (BH3) Ta nHaykoBIiB
VYKpaiHu [0 yIOCKOHaIEHHS NPOQeciiiHOl MiATOTOBKH
MaiOyTHIX (axiBIiB y Tamxy3sx XiMi4YHOI Ta Xap4oBoOl
TIPOMUCIIOBOCTI CIIOHYKa€ 0 MONIYKiB HOBUX CYYaCHHX
METO/IB BHKJIAJaHHS AWCUMIUIIH, BIPOBa/DKEHHS 1HHO-
BaIlifHUX TEXHOJNOTIH Ha yCiX cTamisx HaB4YaHHA [1-21].
HeoOxinauM Takox € GpopMyBaHHS MO3UII CYCIIILCTBA
W ep>KaBU 1O 3HIKEHHIO TEXHOT€HHOTO HaBaHTaXKEHHS
Ha HaBKOJIMIIIHE CEPEIOBHUIIIE.

Jo posrmsigy Ha XVIII  MikHApOmHY HAyKOBO-
MIPAKTUYHY KOH()EpeHIi0 InTerpoBani TEXHOJOT11
ta eHeprosbepexents «ITE-2018» Oynm 3armporoHoBaHi
IUICHAPHI JOMOBIi 3 KIFOYOBHUX MUTAaHb IHHOBAIIHHOTO
PO3BUTKY XIMI4HOI Ta Xap4yOBOi TEXHOJIOT1i:

1) mpop. Knemem M., Bapbanos II1.C., Apcenpesa
O.JI. Eneprernuna edextuBHicThb. [HTErparis mpomeciB
Ta 0XOpPOHA HAaBKOJIHIIHBOTO CEPEIOBHIIA;

2) npo¢. TopaxusHCchkmiA JI.JI. MaTemaTnaHe MOIEITIO-
BaHHS Ta EKCIEPUMEHTAIBHI TOCIIPKEHHS KaTaliTHIHIX
TIPOLIECIB B iHXKeHepil BUPOOHHIITBA aMiaKy;

3) npo¢. Hikomscekuit  B.€., Omneitnuk  O.1O.,
Jlobonenko A.B. EneproedexruBHi yHidikoBaHi TemioBi
amaparty JUIs €eHeproTeXHOJIOTIYHUX BUPOOHHUIITB;

4) nmou. benmror B.I., Komapucra b. M. KutteBuii muxt
MIPOAYKTY Ta OLIHIOBAHHS €HEPTeTHYHNX BUTPAT;

5) mpod. Kamycrenko I1.0. VYkpainceka Acomialris
Ximiynoi Ta XapuoBoi ImxeHepii Ta ydactb B poOoTi
€Bponeticokoi Penepartii XimiuHoi [mxeHepii;

6) mpod. Atamanrok B.M., Cumak JI.M., CxnaGiHCBEKHiA
B.I., Aramanok BM. Tigpogunamika 1  Teruio-
MAacoIIepEHECEHHS B CHCTEMI TBEp/E TLIO-Ta3.

7) mpod. I'ymaunskuit AM., Cabanam B.B.
TepMmomuHaMika, cTaTHKa 1 KiHETHKa aacopOii Ha
MIPUPOJHIX copOeHTax.

8) mpod. Caxumenxo M.JI., ITocnenos O.I1., Kamapuyx
I'.B., I'yaumenko B.O., Benp M.B., €pmonenko [IO.,

CauanoBa IO.I. Tepnapuuii cmiaB Co-M-W sk
YYTIMBAH  Martepial  HaHOCTPYKTYPHOTO  Ta30BOTO
CeHCopa;

9) nmpod. Apcenbesa O.I1. CyyacHi KOHCTPYKIIii
TEIJIOOOMIHHUX ~ amapariB 3  JIMCTOBOTO  METaly.
IMporpama ¢ouxy Omnekcangpa ¢on ['ymGonpara,
Himeyuuna.

10) mpod. Tosaxmsucrkuit JLJI., Kamycrenko I1.O.,
ITepesepraitnenko O.1O., byxkano C.1., ApcenseBa O.I1
Amnaiis TEIIO00OMIHHUX CUCTEM abcopOiHHIX
YCTAaHOBOK  OYHMCTKM  CHHTE3-Tasy rasudikamiitanx
arperariB BEJTMKOI OMHUYHOI ITPOIYKTUBHOCTI

3rifHO 3 HAayKOBHMHM HamnpsIMKaMH pPO3BHUTKY
kadpenqpu ITITA HTY «XII» mnpamoBany cekii
BianoBiHO 3 porpamoro X VIII Mi>kHapoaHOT HAYKOBO-
npakTHYHOi KoH(epeHwii InTerpoBani TexHonoOrii Ta
erepro3oepexenns «ITE-2018»: cexmis 1 — Eneprernka
TEIUIOTEXHOJIOT] Ta eHepro30epexeHHs; CeKuis 2 —
[HTETrpOBaHI TEXHOMOTIi MPOMHUCIOBOCTI.

Y xomi nuckycii OOTOBOpPEHI TaKOX Ba)JIUBI
TIUTAHHS T10B’A3aHi 3 IHHOBALIITHUM PO3BUTKOM Xap40BO1
Ta XiMIYHOI iHXKeHepil:

1) BigHoBmIOBaHI Ta HETPATUWIIWHI JDKEpena
eHepril: BHJIOOYTOK,  3aCTOCYBaHHS, €KOJIOT1YH1
po0dJIeMu.

2) InHOBamilHI ITPUPOJOOXOPOHHI TEXHOJOTII.

TexHomorii migBHIICHHS €(QEKTHBHOCTI BUKOPUCTAHHS
MaTepianiB, BOAM Ta €HEPTii.

3) ®opMyBaHHS OCBITH Ta BHXOBAaHHS IS
30aJIaHCOBAHOTO IPUPOJOKOPHCTYBAaHHS Ta CTaJIOro
PO3BHUTKY: 3MICT, MeTOAM 1 3aco0M OCBITH, pOJIb
IPOMaJICHKHX €KOJIOTTYHHMX OpraHi3ariii.

4) TeopernuHi Ta NpPUKIAIHI ACHEKTH CTaJIOrO
PO3BHTKY Ta iH.

Tak, HampukiIan, y 3alpolOHOBAaHOMY Martepiaii
IUIGHAPHOIO  JOKJIaay  mpod. Knemermn M.
MIPE/ICTaBICHUI OIJISI OCHOBHHMX BHCHOBKIB OTPUMAaHHUX
octaHHIM 4YacoM [1-3] 3a pe3yiabTaTaMu IOCHTIIKCHb B
pi3HOBHIAX 00JacTel, BKIFOYAOYX: OUTBII e(eKTHBHE
BUKOPHCTAaHHs €HEPrii; 3acTOCyBaHHS OLIBII YHCTOTO 1
610JIOT1YHOTO ITAJIMB; BIPOBA/KCHHS €KOJIOTTYHO YHCTHX
BUPOOHHMIITB; YJIOBJIIOBAHHS JBOOKCHIY BYTJIELIIO;
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ONTUMI3alis 1 parlioHaJIbHE BUKOPHCTAHHS BOJHU 1 Bil-
XOJiB; MiHIMI3aIlis IKiIJTUBUX BUKUIIB B TMPOMHUCIIOBUX
TEXHOJIOTIYHUX IIpoliecax; caM03a0e3eYeHHs PErioHiB i
iHTerpanis IIPOMHUCIOBUX T ATIPUEMCTB JUIst
OINITUMAJIFHOTO BUKOPHCTaHHS €HEpril BipanboBaHOTO
TeIia 1 BiIXOXIB BUPOOHMITBA. B sKOCTI mpuKIany
pO3IIIsiAY CKIAJHOI CHUCTEMH HABOAWTHCS TEMaTHYHE
JIOCHI/DKEHHS i3 3aCTOCYBaHHAM  YIOCKOHAJEHOI
Metoxonorii [aTerpamii mporeciB. [laHa MeTomoNOTis
3'sIBUJIacsi 3 PO3BHTKOM OCHOBHOTO METOAY IHTerparii
TEIUIOBUX  TIPOLECiB, IO JIO3BOJIIE  MiHIMI3yBaTH
CHOXKMBAHHS TEIUIOBOI €Heprii, i oTpuMaia PO3BHTOK B
HAaCTYITHUX METOJax: aHali3 BHPOOHWYOI0 KOMILIEKCa,
JIOKAIBHO IHTEIPOBAaHMX CHEPreTHYHHX CHUCTEM 1
MIPOEKTYBaHHS caMoI0CTaTHIX perioHiB. 11106
PO3IIISTHYTH TaKe CKJIQJHE 3aBIaHHS 5K 3a/1a4a iHTerparii
BOJIM, BOJHIO 1 €HEPrii, a TAKOXK 1X KOMOIHAIH, pa3oM 3
BUKW/IAMH  TIApHUKOBUX  TasiB,  IHTerpamiero 3
MIOHOBJIIOBAHUMH  JDKEpeslaMHM  eHeprii, OlomaauBom,
MEpeX TIomavi 1 CKHIIB CTiYHUX BOJ, I1HBECTHIIIMH,
IHBECTHIIIi B HEpyXOMICTh 1 MaTepianbHi pecypcu
HEOOXITHUM € BUKOPHUCTaHHSI METOHOJIOrIT
KOMIUIEKCHOTO BHWpimeHHs mpobnemu. IcHye Oarato
pI3HUX HOBUX MeTojoJyorii ominkm criiikocti. Cepen
HUX METOJIOJIOTISt BW3HAUCHHS EKOJOTIYHUX CIiJIiB
HETaTUBHOTO BIUIMBY 3aiiMae ocoOumBy yBary. OOk
CHIZIIB MApHUKOBHUX Ta3iB (AKi BKIIIOYAIOTh HE TIIBKH
JIBOOKHC BYIJICIIO) CTAHOBUTHCS INHUPOKO IOMIMPEHUM
3acoboM OONIKy cTaHy JOBKULISL [y Oi3Hec-
MEHEKepiB, MOJITUKIB 1 HEYypsIOBUX OpraHizalii, mo
HaMaraloThCsS BU3HAYMTH Ti 3aXOAM, SKi 3MEHIIATh
3arpo3y 3MiHM KiimMaTy. B maHmii 9ac mpoMHCIIOBi
MAIIPUEMCTBA BCE 4YacTimie OepyTh ydacTb B po3poOIi
METO/iB OXOPOHM HAaBKOJHUIIHBOTO CEpeOBUINA TPH
BIIPOBA/PKEHHI HOBMX TEXHOJOTiH BHUpOOHHMITBa. 3apa3s
METOJI0JIOTisSI BM3HAYEHHS CJiJ{iB HEraTHMBHOTIO BIUIUBY
3aCTOCOBYETBCSI B YCbOMY cBiTi. PosrmstHyti 3 i
JIOTIOMOT 010 mpobIeMu CTaloTh BCE OLTBII
pizHomaHiTHUMU. Lle edeKkTHBHE BUKOPHUCTAHHS MPiCHOI
BOIM B OOyacTsAX 31 3MiHaMH KiiMaTy (BOOHUH CIif),
3eMJICKOPHCTYBaHHS (3€MENbHUI CIlij), BUKOPHCTaHHS
MaTepianiB (MarepianbHUil ciin), Oi3Hec (pinaHcoBHIt
CIIIT), @ TAaKOX HIPH PO3IIBIII PO3BUTKY CYCHUIBCTBA 1
YMOB XHUTTS (CIM BIUIMBY Ha 370pOB'S 1 3alHATICTH
HACCIICHHS).

Ha xondepenmii mpeacraBiaeHi HayKOBO-IPaKTHYHI
MaTepiaiy 3 MOJAJBIIOr0 TPAAMIIHHOrO JuId Kadeapu
ITHA HTY «XIIl» po3ButKy 3  ONTHUMI3amii
eKCIUTyaTalliiHUX  XapaKTepPUCTUK  IIACTHHYACTHX
TEIJIOOOMIHHUKIB. 3alPOIIOHOBAHO y3arajbHEHY MOJENb
¢opMyBaHHS 3a0pyJHEHb Ha MOBEPXHI TeIuIonepenadi
TEIJIOOOMIHHUX amapariB. Mozenb mpeacTaBieHa B
0e3po3MipHOIO  (opMi, IO O3BONSE  PO3MIHUPHUTH
niama3oH ii 3acTocyBaHHS Ha OINbII INIMPOKHH Kiac
IpOLECiB 3a0pyIHEHHS TEIUIONEPEAAlOYNX ITOBEPXOHb B
YMOBax, KOJIM IHTEHCHUBHICTH IIPOLECY KOHTPOIIOETHCS
MacoIlepeHOCOM B OCHOBHOMY IIOTOLI 1 IIBHAKICTIO
peakuii Ha Mexi momiry pigkoi 1 TBepmoi (das.
3acTocyBaHHS 3alpONOHOBAHOI MoJeli (OpMyBaHHS 3a-
3a0pyaHEHb  JO3BOJIHMJIO  PO3POOMTH  MaTeMaTUYHY

Mojenb  (GopMyBaHHS  3a0pyiHeHp B KaHajax
TUTAaCTHHYATOr0 TEIUIOOOMIHHMKA 3 YpaxyBaHHAM 3MiHH
OCHOBHHMX TIapaMeTpiB TPOLECY Yy3/I0BX ITOBEpPXHi
terionepenadi. Jlis mepeBipku OTpUMaHUX MozeneH i
BH3HAYEHHS BXOIATH JI0 HUX O€3pO3MipHUX IapaMeTpiB
TUTAaHYETHCS TTPOBENICHHS PO3PAXYHKIB JUI KOHKPETHHX
YMOB 1 TIOpIBHSHHS 3 JaHUMH EKCIIpUMEHTAIbHUX
JIOCITIKEHb i IIPOMHUCIOBUX BUNIPOOYBaHb
IUTAaCTUHYATUX  TEIUIOOOMIHHMKIB TpH  poboTi i3
CepeIOBUIAMH CXWJIBHUMH JI0 YTBOPEHHS 3a0pyqHEHb
Ha ITOBEPXHI , 110 TIEPEIAE TEILIO.

VY  3amnpormoHOBaHOMY MaTepiaji BHIIEBKa3aHOL
JIONOBiAI Ha KoH(epeHLii «AHam3 TeI000MiHHIX
cucteM abCOpOLIHHUX YCTaHOBOK OYHMCTKH CHHTE3-Ta3y
ra3udikamifHuX  arperaTiB  BENUKOI  OAMHHYHOI
MPOAYKTUBHOCTI» BH3HAYEHO: OIHMM 3 OCHOBHHX
3aBJlaHb Cy4acHOCT] € 3a0e3MedYeHHs CTaJoro po3BUTKY
CycniyibcTBa. Ba)kiIMBHIT KOMIIOHEHT BHPIIICHHS ILOTO
3aBJIaHHS — CKOPOYECHHS BHTpAaT TEIUIOBOI eHeprii i
nanuBa [1]. Bupimenss miei npobieMu Biiodae B cede
0e31114 acreKTiB, B TOMY YHUCIi: €KOHOMIisl CIIOKHBAaHHS
€HEepPropecypciB, PO3BUTOK eHepro30epiraroymx
TEXHOJIOTi}l, BUKOPHCTaHHS BTOPMHHUX EHEPreTHYHUX
pecypciB 1 T.0. [2—4]. VYV 3B'I3KYy 3 muUM po3poOka
eHepro3oepiratogmx TEXHOIIOTIN HaOyBae
MIEPIIOYEePTroBOro 3Ha4eHH. OHIEI0 3 TAKUX TEXHOJIOTIH
€ ra3udikamis TBEPAUX 1 PIIKUX TOPIOYHX MAIUB.

IMpoumec rasmdikamii Byriuisg, BYIJIEBOAHIB 1
BYIJICIIEBUX BiJIXOIB SBJISIE COOOI0 CYKYIHICTh XIMIYHUX
peakuiii, B pe3yabTaTi SIKUX YTBOPIOETHCS Ta30Ba CyMill,
mo ckiagaeTbess 3 okeuny Byremio (CO), BomHio i
niokcuny Byriento (CO;), sKa Ha3HBAETHCS CHHTE3-
ra3oM [5]. CuHTE3-Ta3 TaKOXK MICTUTH P JOMIMIOK, IO
YTBOPIOIOTHCS 32 PaxyHOK MOOIYHHMX XIMIYHHX PEaKIlii.
lasudikariifai arperati KOHBEPCii, HATIPUKIIA], BiTXO/IiB
HagTONEpepOOHUX BUPOOHUIITB TaK CaMo, SIK 1 arperatu
rasudikamii Byriuisi, SBISIOTE COOOI0 B Til 4M iHIIIH
Mipi IHTErpOBaHY CYKYITHICTh XiMiKO-TEXHOJIOTTUHHX
CHCTeM: TIOAUI TOBITPS JUI OTPUMAHHSI KHCHIO, IIO
MOMAEThCST B rasoreHeparop (rasmdikarop), BiacHE
mporec ra3ugikailii, CHCTEeMH OYHIICHHS CHHTE3-Ta3y,
BKIIOYHO 3 ouuiieHHsM Big HpS 1 COs, ouwnmeHHS
CTIYHHX BO.

3 T1[UUI0 TJABWINEHHS BHW3HAHHA JOCSITHEHb
YKpaiHChKOi XiMiYHOI 1 Xap4oBOi iHXeHepil BUCHHMH
€BpONEHCHKOl CMUITBHOTH 3aJlauaMM MOXKHA BBa)KaTH:
MiJABUIIEHHS PpIBHA IMTYBaHHA HAyKOBUX pOOIT Yy
MDKHapOJHUX HAayKOBO-METPUYHMX 0a3ax; 3MiIIHEHHS
MIPE/ICTABHUNTBA YKpaiHU B POOOUYMX Ipymax Ta CeKIisX
EFCE  pgeneratamu  Big  acowmiamii CFE-UA  3a
O3HAYEHNMHU HANpsIMKaMH{; CHPWSHHS OE3KOIITOBHIN
myOsrikamii HayKOBHX pO3pOOOK 4JIeHIB acomiamii y
MPOBIJHUX  €BPONEHCHKUX  JKypHalax;  ITyOuikaris
MaTepiagiB PEKIaMHOTO HAIpsSMKYy BHPOOHHMKIB Ta
PO3pPOOHUKIB XIMIYHOI 1 Xap4oBOi MTPOAYKIIi y BUIAHHSX;
HaJaHHA peryisipHoi iHQopmamii Tpo MpoBENeHHS
pi3HOro piBHS Mi>KHapOAHUX KOH(epeHLiH, popyMiB Ta
ceMmiHapiB B YKpaini Ta  €Bpomi;  YTBOpPEHHS
CHPUATIMBUX YMOB JJIsI y4acTi MOJIOAMX BYEHUX Y
€BpONEHCHKIX KOH(EPEHIIsX 32 paxyHOK, HalpUKIA,
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3HWKEHHS CYMHM OpraHi3allifHNUX BHECKIB; CIIPHSHHS
IiABUIIECHHIO TPO(QECIHHOrO Ta ETUYHOrO PIiBHS CBOIX
WIEHIB ~ [UIIXOM  HaJaHHA iM  OE3KOIITOBHOI
METOIO0JIOrYHOT 1 KOHCYJIBTaIlifHOT JIOTIOMOTH,
oprasizaiis i IpoBeIeHHs JIEKIiH, ceMiHapiB Ta IHIINX
3axO0/iB; HaJaHHI MalaHYMKIB 1 IUIONI /ISl IPOBEJCHHS
3aHATh, TPEHYBAJIBHUX 3aXOIIB 1 O37J0POBYMX IPAKTHK;
po3poOka  IpOmo3Wmii 70 JEepKaBHUX  Iporpam,
3aKOHOJABUMX aKTiB, CIPAMOBAaHMX Ha PO3BUTOK 1
YIIOCKOHAJIEHHS TPOMaJICEKOTO CYCIIIbCTBA B YKpaiHi,
€Bpocoro3i Ta IHIMX KpaiH, COPUSHHS BTUICHHIO iX Yy
JKUTTS, 1 T.1.

BucHoBKM Ta mepcneKTHBH  NOJAJIBIIOTO
po3Butky. CFE-UA crpuse BTiICHHIO TOJOBHOI 3a1adi
CBOET MiSTIBHOCTI — CHIBpPOOITHULITBY BYEHHX Ta
BUPOOHMKIB XIMIYHOi Ta Xap4yoBoi HPOMHCIOBOCTI
Vxpainu crnineHo 3 EFCE anst 3araiabHOro po3BUTKY

XiMigyHOI Ta XapyoBOi IPOMHCIIOBOCTI, HANPUKIA,
PO3IOBCIO/KEHHST  JIEIKUX HAyKOBHX PpO3pOOOK 3
HamnpsIMKIB  [TO3HAYEHWX BHUIIE 3a TEKCTOM Ta B
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AT «YKPTA3BUJIOBYBAHHS» — JIIAEP 3A KIJIBKICTIO ITPOLEAYP 3 OBl TA OTPUMAHUX
BHUCHOBKIB ITPO JIOITY CTUMICTH IINTAHOBAHOI JISITTbHOCTI

Oninka BBy Ha noBkuuit (OBJ]) — mpomenypa, IO HPOBOXMTHCS IIepes IMOYATKOM IUIAHOBAHOI
IISUTPHOCTI, SKa MOXE MAaTH 3HAYHMN BIUIMB Ha JOBKUDIL. BoHa mepenbavae migroroBky cy0’ekraMu
TOCTIO/IapIOBAaHHS, OpraHaMH JIep KaBHOI BJIaJM UM OpraHaMM MiCLIEBOTO CaMOBPSAyBaHHS 3BITYy 3 OL[IHKM BIUIMBY Ha
JIOBKIJUIS, TIPOBEACHHSI TPOMAJICHKOTO OOTOBOpPEHHs, aHai3y iH(opmamii, HagaHOI y 3BITI Ta Ha/JaHHS BHCHOBKY 3
OLIIHKY BIIIMBY Ha JIOBKUIJISI YIIOBHOBa)KEHUM HA 1€ OPT'aHOM.

Ha cporomni B Ykpaini, MeHII, HiX 3a piK, po3moyaro Oin3bko 1,5 THCAY mporenyp 3 OLIHKH BIUIMBY Ha
JIOBKIJUIS,, 1O SKMM BXXe OTpuMaHo 589 BHCHOBKIB Bix ymoBHOBaxkeHOro oprany AT «Ykpra3sumoOyBaHHS
posmnovaino 131 mponenypy 3 omiHKHM BIDIMBY Ha T0BKULTA. I1o 87, 3 sIKMX BiKe ITPOBENEHO TPOMAJIChKI ciryxaHHs (69 —
Ha ITPOIOBXKEHHS i1 a00 OTPUMAaHHS HOBUX CIELiaJIbHUX JJO3BOJIIB Ha KOPUCTYBaHHS HajpaMHu Ta 18 — 1o OypiHHIO Ta
T AKITIOUEHHS CBEP/UIOBUH). B pe3yipraTi mpo JOMycTUMICTh IIAaHOBAHOI JiSUTBHOCTI BXKE OTPHMaHO 69 BUCHOBKIB 3
OB/, o cknanae 12% Bin 3arajabHOI KiJIBKOCTI OTPUMaHUX BHCHOBKIB B Y KpaiHi.

Taxwii puBok o OBJl 0oO0ymMOBIIOETBCS OOpaHMM KypCOM Ha JOCATHEHHS €HEPrOHE3aJISKHOCTI JEpiKaBH.
[Monpwu 306inbmieHHs MacmraliB AisiabHOCTI ToBapucTBa, NMHUTaHHA OXOPOHHM JOBKULIS OJHWUM 3 IIPIOPHUTETHHX.
JloTpuMaHHS Ha TPaKTHLI BCTAaHOBJICHMX BHCHOBKAMM EKOJIOTIYHMX YMOB, IOKJIMKaHE MiHIMI3yBaTH BIUIMB Ha
JIOBKULIA BiA moiaHoBaHoi mismbHOCTI. OB/l /uts BUAOOYTKY BYTJIICBOAHIB CTAIH CBOT'O POAY JIAKMYCOBOKO CMYXKKOIO
IIOJI0 TPOSIBJIEHHSI TPOMaJIChKOro iHTepecy. Ha choroini MoXHa criocrepiraTd abo akTHUBHY ITO3MIIIO TPOMaj, Je
TUTAaHYETHCS iSUTbHICTB, a00 cHTyamii, KoM Ha TPOMaJChKi CIyXaHHS B3aralli HiXTO HE IPUXOANTH. 3a pe3yJabTaTaMu
TaKMX MpPOLEAYp, NMEBHI BHCHOBKM IOJO BJOCKOHAIIIOBAHHSA MHpoLenyp, 3podmino sk MiHicTepcTBO ekoiorii Ta
MIPUPOJHHX pecypciB YKpaind, Tak 1 AT «YKpra3zsuno0yBaHHs.

Koxkna HoBa cripaBa 3a 3akoHoM Ykpainu «IIpo OIiHKY BIIMBY Ha JOBKULIS» € KPOKOM BHEpen, ajKe e
MOXJIUBICTh BIPOBAKYBaTH €BPOICHCHKUI MiJXiJ 1O OIHKM BIUIMBY Ha JOBKULIL. HemonaBHo Oynu mpoBeneHi
TPOMaJIChKI CIyXaHHS IUIaHoBaHOi mismbHOCTI AT «YKpraBumoOyBaHHS» 13 TIPOJOBXKEHHS BUIOOYBaHHS
ByriieBoAHIB JlobawiBckkoro pomoBuma  (doto 1):  mpencraBieHHs npeseHTanii «Ormuc miIaHOBaHOI AiSIIBHOCTI
AT «VYkprazBumoOyBaHHS»» — HAYaNbHUK BIiMUTYy 3B’S3KiB 3 MICIEBUMH TpOMaJaMd Ta OpraHAMH BIIAJH
JlenapramenTy 3emenbHUX BimHocuH Omekciit CepaiodeHko; InpencraBHUK MiHicTepcTBa €KOJIOTIT Ta MPUPOIHUX
pecypciB Yipaiam Amnapid TimeHKo, HAaYadbHWK BiJJUTYy €KOJOTIYHUX JOCIIIKEHh OXOPOHH HAaBKOJIHIITHHOTO
cepemoBuIna i mpoMucitoBoi canitapii YkpH/IIraz Himens Hartas.

®oro 1 — IIpencrasnenns npeseHranii «Onuc mranoBaHoi AisuibHOCTI AT «YKprazBunoOyBaHHD»
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CrpaBu AT «YkprassunoOyBaHHS» Ha HPHUKIIA/AI TOKa3ylOTh, 10 MOXKHA 3IHICHIOBATH €KOHOMIYHHUN PO3BHUTOK
KpaiHH i IpH IbOMY HE HEXTYBAaTH IMUTAaHHAMH JOBKULIA. HemonaBHo Oyiau TakoX MpoOBeIeHi TPOMaJIChKi CIIyXaHHS
ruraHoBaHol JisibHOCTI AT  «YKprazBumoOyBaHHS» 13 TPOAOBKEHHS BHIOOYBaHHSA BYTJIeBOAHIB UyTiBCHKOTO
ponosumia (doro 2). IIpencrasnenns npeszenranii «Omnuc mranoBaHol AismbHOCTI AT «YKprazsuno0yBanus» (¢hoTo
2) mpoBOMMIIM HaYaJBHHUK BiJILTY €KOJIOTTYHHUX JOCHTIPKEHb OXOPOHHM HAaBKOJIHMIIHBOTO CEPENOBHINA i ITPOMHUCIOBOT
canitapii YkpH/lIraz Himens Harans ta romoBuuii axiBerns 3 KomyHiKamiid /lemapraMeHTy 3eMENbHUX BiJHOCHH
Hap's UepkainHa.

®oto 2 — [IpoBeeHHs rpOMAICEKOTO CITyXaHHS ITaHOBaHOI AisTbHOCTI AT «YKpra3sunoOyBaHHD i3 MPOTOBKEHHS
BHI00YBaHHS BYIrJIeBOAHIB UyTiBCEKOTO POIOBHUINA

KiHneBnM Ta BaXXJIMBHM pE3YJIbTaTOM MNPOBEACHHS IPOLENYPH 3 OLIHKH BIUIMBY HA JOBKIJUIL € OTPUMaHHS
BUCHOBKY 3 OBJ] Bix yNOBHOBa)XEHOTO TEPUTOPIAJIFHOrO YW LEHTPAIBHOIO OpraHy, B SIKOMY BH3HA4a€ThCs Ta
OOTPYHTOBYETHCSI JIOMTYCTUMICTh UM HEIOIYCTUMICTh IUTAHOBAHOI iSUTBHOCTI HAa BH3HAYCHIA TEPHUTOpPil, a TaKOXK
BH3HAYAIOTHCS YMOBH i MPOBa/KEHHA. Ba)kinMBiCTh BUCHOBKIB 3 OLIHKHM BIUIMBY Ha JOBKULISA ITOJNATAaE y TOMY, IO
TIBKK Ticast iX orpuMaHHsA ToBapucTBO MOke 3a0e3ledyBaTH BUIOOYTOK BYIJICBOIHIB, 1 TAKMM YHHOM CHPHSITH
3a0e3MeUEeHHIO CHEPIOHE3aJIeKHOCTI Y KpalHH.

Hapasi AT «YxprazBunoOyBaHHs» BIIEBHEHO pyxaeThcs npoueaypamu 3 OBJ] mnst momanpmioro 3xaificHeHHS
TUTAaHOBAaHOI MiSIIBHOCTI, $IKi, 7O pE€dYi, CTAIOTh OCHOBOIO PO3BHUTKY BiZIHOCHH i3 3aiHTEpECOBAaHUMH CTOPOHAMH
ToBapucTBa Ta OHUM 3 OCHOBHHMX IHCTPYMEHTIB €(h)eKTHBHOI B3a€EMOIiT 3 MiCIIEBUMH I'pOMaJIlaMy Ta OpraHaMH BJIAJIH.

Hap s Yepkawuna, 201068nuil ghaxiseusv 3 komynikayiii /lenapmamenmy 3emenbHux 6iOHOCUH
AT «Ykpzazeuoooysannsy

Bicnux Hayionanvnozo Texuiunoeo Yuisepcumemy «XI1I». Cepis: Innosayitini
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