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OPOCPOPUIIOBAHHS HIKAPAJIYII BOJIOCBKHUX I'OPIXIB
JJIA NIIBAINEHHA ECEKTUBHOCTI OYMIIEHHA BOJHUX PO3YUHIB

Axmyanvnicms memu oocnioxcenns. Ilpobnema 3a0pyonenis 600Hux 06’ekmis axmyanvha ons 6cix pecioie Yxpainu.
Tomy npiopumemHum HANPAMKOM € 3ATYHEHHS «3eeHUX MEXHONO0TLY Ol 3a0e3nedents exoao2izayii BUpoOHUYME.

Ilocmanogxa npoonemu. Ha cvozoouiwniii Oenv He icHye eghekmugHux cnocobis nepepobku meepoux pociunHux 6io-
X00i8, momy HeobXioHo po3pobumu Ho6i epexmugHi cnocodu ix ymunizayii.

Ananiz ocmannix docnioxcens i nyonikayin. bynu posensnymi ocmanni nyoaikayii'y 6iokpumomy 0oCmyni, Kaouaoyu
BUKOPUCTNAHH 1K COPOEHMI8 PI3HUX POCTUHHUX Mamepianié y HeoOpoOIeHoMY CIaN.

Buoinenns neoocnioycenux uacmun 3azanvnoi npoonemu. Pocghopuntosanis poCIUHHUX 8i0X00I8 8 YMOBAX HEBUCO-
Kux memnepamyp 015 3abe3neyenisi BUCOKoi copoYitinoi eMHocmi.

Ilocmanogka 3ae0anns. Po3pobka cnocoby Ximiunozo MoOUpIiKyeanHs wKapaiyn 8010CbKUX 20pixié pisno2o gpaxyii-
HO20 CKAA0y 3 6UKOPUCIAHHAM opmogochamuoi kuciomu.

Buknao ocnoenozo mamepiany. Po3pobaeno cnocid ooepoicanns (pocgopunbosanux nicHoyenionosHux copoeHmis iz 6io-
X00i8 azponpomMucio8oco KOMNIEKCy, a came NOOPIOHEeHUX WKAPanyn 80I0CLKUX 20pixXie. Busnaueno eémicm ocHogHUx KOMHOHe-
HmMig y 8UXiOHill cupoguni ma ii copOyitini enacmusocmi 3anedicHo 8i0 @paxyitinoco ckaady. Ilokaszano, wo 3meHuienHs Gpax-
YIIHO20 CKNAOY POCIUHHO2O MAMEPIANY MAE NOSUMUSHUL 6NIUE HA U020 NOSTUHATBHY 30amHicmb. [OCiOHceHo 6nug ymoe
XiMiuHo20 MOOUGhiKysanns, a came KoHyenmpayii opmogocghamuoi kucnomu ma mpusanocmi 06pooKu, Ha 8uxio gocgopunvo-
8aH020 NI2HOYENIONI03HO20 NPOOYKNLY, U020 COPOYIHY 30amHiCMb W00 MEMUIeH08020 CUHbO2O MA CMAMUYHY OOMIHHY €M-
nicmo 3a 0,1 H NaOH. Tlokazano, wo 36inbuients Kitbkocni Heop2aniuHoi KUcIomu npu mpusanocmi npoyecy mMoougikysanms
60 x8 npu36ooums 00 3meHuenHs euxody npooykmy na 10-20 %. Maxcumansvhe 30invuients cmamuinoi 0OMIHHOI eMHOCTE
cnocmepieacmucs npu niosuwenti mpuganocmi oopobxu 0o 120 xe. Egpexmugnicme unyueHHs MemuieHo8020 CUnbo20 3 800-
HO20 po3uuny nioguwyemocs 0o 42 % 3i 36invuennam mpusanocmi npoyecy gocghopumosanis oo 180 xa.

Bucnogxu ¢ionogiono oo cmammi. Odepoicano pieHanis peepecii, o adek8amHo onucyioms npoyec 00eprHCants cop-
benmis, 6CMaAHOBNEHO ONMUMANLHI nApamempu, sKi 3a6e3nedyionms 00epICAHHS KiHYeaUux npooyKmia i3 6UCoKUMU copoyill-
HUMU XApaKxmepucmukamu (epeKmugHicmo GUIY4eHHs MEMUIEHOB020 CUHbLO2O 3 BOOHO20 PO3UUNY MA CIMAMUYHA OOMIHHA
emnicmo 3a Na* cxnadaroms 35 % ma 1,7 me-exe/2, 6i0noiono) npu eucoxomy 6uxodi (80 %).

Kniouosi cnosa: copbyis; cmamuuna 0OMiHHA €EMHICIb, MemuIeHo8Ull CUHill; ghochopuniogans,; pigHaAnHs pespecii.

Puc.: 2. Tabn.: 2. bién.: 13.

AKTyaJIbHiCTh TeMH AocigxkeHHst. [Ipobraema 3a0pynHeHHs BOAHUX 00’ €KTIB HABKOJIHUIII-
HBOT'O CEpEJIOBUILA MOJIFOTAHTAaMU PI3HOT MPUPOAX HHMHI TOCTPO IMOCTA€ mepes OararbMa Kpai-
HaMmH cBITY. CTPIMKHI PO3BUTOK BaXKKOI Ta JIETKOT TPOMHCIOBOCTI BUMarae po3poOKku e(ekTu-
BHUX EHEpPropecypco3oepiraloumx MAaJIOBIIXOJHUX TeXHOJOrid. IlpiopureTHUM Takox €
3aITy4eHHS «3EJICHUX TEXHOJOTI» Ui eKoJori3allii BAPOOHUITB. 3 1I€I0 METOO JOILTHFHO BH-
KOPUCTOBYBaTH BTOPUHHI POCIIMHHI PECYpCH, a caMe BIAXOIM Ta MOOIUHI MPOIYKTH arporipo-
MHCJIOBOTO KOMIUIEKCY B TEXHOJIOTISX 3aXUCTy HaBKOJIMIIHBOIO CEPEJOBHUILA BiJl TOKCUKAHTIB
HEOPraHI4HOI0 Ta OPraHIYHOTO MOXOHKEHHSL.

ITocranoBka npo6aemu. IllopiuHo B YKpaiHM yTBOPIOEThCS MUIBHOHM TOH BIAXOJIB pOC-
JIMHHOT'O MOXO/DKEHHS Ta MOOIMHUX MPOJYKTIB CUTBCHKOTO TOCIOAPCTBA Ta XapyoBOi MPOMHC-
JIOBOCTI, JIMIIIE HE3HAUHA YacTKa SIKMX 3HAXOJUTh MOJIaJIblIe 3aCTOCYBAaHHS SIK CHPOBHHA B HIIIUX
rainy3six IPOMHCIOBOCTI (MIKpOOIOJIOTYHIHM, XIMIUH1H, (hapMalieBTUUHINA, KOCMETUYHIH Ta 1H.), K
KOpM ISl XyZ0Ou Ta NTHULY, a TAKOX sIK 100prBa. HalOuibIn nommpeHnM cnocoooM yruimizanii
TBEPAMX POCIMHHMX BIXOJIB 3IMIIAETHCS CHATIOBAHHS, SIKMHA HE JO3BOJIIE OTPUMYBATH HOBI
MPOJIYKTH Ta MPU3BOAUTH JI0 3a0pyIHEHHS HABKOJIMIIHBOTO CEPEAOBHIIA POAYKTAMU TOPIHHSL.
Tomy € HeOOXITHICTh PO3POOKH HOBUX €(PEKTUBHUX CIIOCOOIB yTHIII3aLlii POCIMHHHUX BIAXO/IB.

AHaJji3 ocTaHHiX Aocaimkens i myoaikanii. OctaHHIMH POKaMU BUEHHUMH BUKOHAHO Be-
JMKHHA 00CsT poOiIT 13 TOCIHKEHHS! BUKOPUCTAHHS K COPOEHTIB PI3HUX POCIMHHUX Marepia-
JIiB, HA OCHOBI JIEPEBHUX BIIXO/IB 200 MPOAYKTIB XIMIYHOTO MepepoOsieHHs AepeBuHH [ 1], Bia-
XOJIIB CUILCHKOTO TOCHOApCTBa [2; 3], mKapatyn KiCTOHYOK IUIOJA0BO-STIIHUX KyAabTyp [4; 5],
JUIS. OUMILIEHHS BOJHHUX CEPEIOBHIL PI3HOTO CKiaay. PociuHHA cupoBHHA MICTUTH OpraHidHi
CMOJIYKH PI3HUX XIMIYHHMX KJIaciB (aJIbJerin, KETOHU, HACUUEH1 Ta HEHACUYeHI )KUPHI KUCIIOTH
Ta 1H.), @ TAKOXK HEOPraHi4H1 PEYOBUHH, 110 i 3yMOBIIIOE MOXKIIMBOCTI i BUKOPUCTAHHS B COpO-
uiitHux TexHonorigx. [Ipote B HeoOpoOIeHOMY CTaHi Taki MaTepialii XapaKTepU3yIOThCSl HEBU-
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COKOI0 COpOLIIHOIO 3/1aTHICTIO, sIKa TOSICHIOETHCS HU3bKO(DIOPHIILOBAHOIO CTPYKTYPOIO, BHCO-
KOIO IIUTBHICTIO Ta HEBUCOKUM BMICTOM JOCTYIHUX aKTUBHHMX (YHKIIOHAIBHUX Tpyn [6; 7].
JIJis mIBUINEHHS TOTIMHAIBHUX BIACTUBOCTEH MOXHA MPOBOJUTH XIMiuHE MOJU(IKYyBaHHS
POCIIMHHMX TOJIMEPIB 3a MIABUIICHUX TEMIIEPATyp 13 BUKOPHCTAHHSM PI3HUX PEareHTiB, IO
JI03BOJISIE€ HAJIaTH iM HOBUX BJIACTUBOCTEN 3aBJISIKHM 30UIBLICHHIO MUTOMOI MOBEPXHI 200 3aB/s-
KU BBEJICHHIO JIOJJATKOBUX aKTUBHUX (DYHKLIOHAIBHUX Ipy1l [§].

OnHuM 13 METOIIB OJiepXaHHs ePeKTUBHUX COPOEHTIB € (ocopuitoBanHs. Onep kaHHs
TaKuX COpPOCHTIB Ha OCHOBI POCIMHHHUX BIIXOJIB MoJisirae abo y (ocopuiitoBaHH1 iXHBOTO
BYIJICLIEBOTO 3aJIMILIKY, OJEP)KaHOTO B YMOBax Mipofiizy, ado B KapOoHi3alil HonepeaHbo
IPOCOYEHOT (POCHOPUITIOIOUMMH peareHTaMH JITHOIE0N03HO1 CUpoBUHM [9]. V pe3ynbTari
Takoi 0OpOOKM KIHLEBUH MPOIYKT HA0yBa€ 10HOOOMIHHUX BJIACTHUBOCTEH 3aBJISKM HASIBHOCTI1
dochoprokucnux rpyn. Buxin mimboBOro mpoaykTy 3 BHUXIIHOI MPUPOIHOT CUPOBUHU IPH
KapOoHi3allii P LIbOMY € JOCUTbh HU3BKUM 1 CTaHOBUTH MeHIe 30 %.

Buainenns HeqocCaiTzKeHNX YACTHH 3arajbHoi mpodJjeMu. [HImuM criocoboMm, sSkuil na-
I0Th 3MOT'Y OJiep»aTH e(peKTUBHI cCOpOEeHTH 0araToliIbOBOro MpU3HauYeHHs, MOxe OyTH (oc-
(doputOBaHHS POCIMHHUX BIIXO0/IB 0€3 MoAaibIIOro 0OpoOieHHsI B yMOBaX BUCOKUX TEMIIe-
paryp 6e3 JOoCTyly KUCHIO. Y TakoMy BUMNAJAKY (pochopuitoBaHHIO OyayTh MifgaBaTHCS K
(GYHKLIOHATBHI TPYNHU L0031, TaK 1 JirHiHy. KpiM Toro, 3ajiexHo Bifi yMOB MpPOBEICHHS,
BIIOYBaTUMEThCSl YAaCTKOBA JECTPYKIISl HU3bKOMOJEKYJISIPHUX MoJlicaXxapuiiB, BUAAICHHS
EKCTPAKTUBHUX PEUYOBUH PI3HOI NPUPOH, IO MPU3BOIUTH O YTBOPEHHS OUIbII PO3BHUHEHOI
MOPYBATOI CTPYKTYPH COPOLIIHUX MaTepialliB.

IMocTanoBka 3aBaaHHs. MeToto po6oTH € po3poOka crocody XIMIYHOTO MOJTU(IKYBaHHS
HIKapaIyll BOJIOCHKUX TOPIXiB Pi3HOTO (PpakLifHOro CKiIaay 3 BUKOPUCTaHHAM opTodocdat-
HOI KHACIIOTH.

Jlnst focsiTHEeHHs! BKa3aHOi METH TIOCTAaBJICHO TaKi 3aBAAHH:

- BU3HAYUTH XIMIYHHMH CKJIaJ MOAPIOHEHOI MIKapalylu BOJOCHKOTO TOPIXY Ta OI[HUTH
MOTJIMHABHI BIACTUBOCTI pI3HUX (hpakiliii BUX1IHOT CHPOBUHU 00paTH;

- JIOCIIIUTH BIUIMB OCHOBHUX (haKkTOpiB MOJIU(IKYBaHHS, a caMe KOHLEHTpallii KUCIOTH
Ta TPUBAJIOCTI 0OPOOKH, Ha BIACTUBOCTI KIHIIEBOTO MPOIYKTY.

- IPOBECTU MaTeMaTU4YHy 0OpPOOKY €KCIIEPUMEHTATBHUX JAHUX Ta Ha OCHOBI OZIEPKAaHHX PiB-
HSIHb perpecii BAKOHATH ONTUMI3AILi0 MapaMeTpiB oJepkaHHs (HocPOpUiIbOBaHUX COPOCHTIB.

ExcnepuMeHTa/IbHA YaCTHHA

Jlnst JOCHDKEHb K BUXIHUNA MaTepial BUKOPUCTOBYBAIM MOAPIOHEH] HIKapalyny BOJIO-
CHKUX TOPIXiB, BMICT OCHOBHUX KOMIIOHEHTIB B SIKMUX BHM3Ha4yalld BIAMOBITHO JO 3arajibHO-
NPUAHATUX METOAMK, L0 HMIMPOKO 3aCTOCOBYIOTHCS B Taly3l XIMIYHOI NEpepoOKH IEepEeBUHU
Ta pocauHHOi1 cupoBuHH [10]. O6’eM afcopOLiIHHUX MOP BU3HAYAIN aJICOPOITI€r0 MapiB OCH-
3eny 3a Temnepatypu 18 °C B ekcukatopi [11].

[lonpiOHeHy cHpOBHHY cOpTyBanu Ha (pakiii Ta 30epiraiu B €KCHUKaTopl Ui MiATPU-
MaHHs OCTIHHOI BOJIOTOCTI Ta XIMIYHOTO CKJIaAy. Y JOCHIiAaX BUKOPUCTOBYBAIM TPH (Ppakiii
BuximHoro marepiany: 0,5 mm >¢pakuis A> 1,0 mm; 1,0 mm > ¢pakuis B> 1,5 mwm;
1,5 mm > ¢pakuis B > 2,0 mm.

Mo udikyBaHHS TOPIXOBUX LIKapalyl MPOBOIMIM HUIIXOM 00poOku po3unHamu H3POq4
B TEPMOCTIHKUX CKJISTHUX KO0JIOaX Ha BOJSAHIA OaH1 3 BUKOPUCTAHHSAM 3BOPOTHHUX XOJIOIAMIIb-
HUKIB abM 3amo0irTv BTpaTaM KOMIIOHEHTIB MOIM(IKYIOUOTO PO3YMHY Ta [yl MIATPUMKHU IO-
CTIAHOTO 3HauYeHHs Tigpomonyns Ha piBHI 5:1. TpuBanicts 06poOku craHoBuia Big 60 10
180 xB, KOHILIEHTpAaLlst KUCIOTH Bix 5 10 75 %, Temneparypa peakuiiinoi cymimi — 95 °C. I1i-
Il 3aKiHYEeHHSI 00poOkH (HOCPOPUIHLOBAHUI JITHOLETIONO3HUI MPOAYKT BiTOKPEMIIIOBAIN
BIJ] PO3UMHY LUISIXOM (DUIBTPYBAaHHSAM, IPOMUBAIN JTUCTUIHLOBAHOIO BOJIOIO 10 HEHTpPAIbHUX
3Ha4eHb pH NpOMUBHUX BOJI, 3HEBOAHIOBAIIM TA BUCYILYBAJIH JI0 BOJOTOCTi 5—6 %.

Buxin npoaykTy BU3Ha4ai M rpaBIMETPUYHUM CIIOCOOOM.
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[lornuuanbHy 31aTHICTH BUXITHOTO Ta MOAM(DIKOBAHUX MarepialliB 1100 METUICHOBOIO
CHUHBOTO BU3HAYAJM B CTATUYHUX YMOBAX 13 BUKOPUCTAHHSAM MOJIEIIbHOTO PO3UMHY 3 KOHIEH-
Tpauieto 6apBHuKa 100 mr/n. Tpuamicts npouecy — 2 roj. Buxiqny Ta piBHOBaXHY KOHIIEH-
Tpauii copOaTy BU3HA4YadM CHEKTPO(POTOMETPUYHUM METOJOM Ha CHEKTpO(POTOMETpPi
SPEKOL 11. loBx1Ha XBUJI1 TPHU LIbOMY cTaHOBMIA 630 HM.

JlocimkeHHs 10HOOOMIHHUX BJIACTHBOCTEH (cTaTyHa 0OMIHHA €MHICThH) HEOOpOOIeHOT Ta
(GochopuIbOBaHOT CUPOBUHM BU3HAYAJIM 32 BEIMUMHOK copbuii Na* 3 0,1 H. posunny NaOH
BignoBigHO 10 ['OCT 20255.1-89 (Ionitn. Metoau Bu3Ha4YeHHS CTaTUUHOT 0OMIHHOT EMHOCT1).

MaremaTnuHy OOpOOKY €KCIEpHUMEHTAIbHUX Ta OaraTOKpUTepiajibHy ONTUMI3AIlil0 Ha
OyJl0 BUKOHAHO 3 BUKOPUCTAHHSAM KOMII IOTEPHOTO 3abe3nedyeHHs. s BIATBOPEHHS eKCIe-
PUMEHTAIBHUX JaHUX OyJI0 BUKOPUCTAHO IOJIIHOM JPYrOoro MOPSIIKY, SKUH Ui JBOX He3a-
JISKHUX 3MIHHUX Ma€ BUTJISA;

yi= bo + bix; + baxa + bsxixz + baxi? + bsxo?,
1€ yi — MOKa3HUKHU (ochHOoprIbOBAHUX JIITHOLEIIONO03HUX COPOCHTIB;

bo, b1, bz, b3, bs, bs — KoedirieHTH MaTeMaTHYHOT MOJIENI;

X1 1 X2 — 3HA4YEHHS (PAKTOPIB.

3miHHUME (YyHKIIAME (yi) Oyau BU3HAUEHI Takl MOKa3HUKU COPOCHTIB: Y1 — BUXIJ MPOIY-
KTy, %; y2 — €(eKTUBHICTh COpOLIi METUIICHOBOTO OJaKUTHOTO, %; y3 — cTaTU4YHA OOMIHHA
€MHICTb 3a Na', Mr-exs/T.

Onrtumizaiiito TEXHOJIOTTYHUX MapaMeTpiB BUKOHAHO METOJIOM OaraTOKpUTEepiaibHOI OIiH-
KU 3 BUKOPUCTAHHSM y3arajgbHeHOi (QyHKIIi O6axaHocTi XappiHITOHA. BinnmoBigHO 10 1bOro
METO/y 3HaueHHs apaMeTpiB y1, Y2 Ta y3 NEPEBOUIM Y BiINOBiAHI 6axkaHocTi (di, d2, d3), Bu-
KOPUCTOBYIOUM IIKaly O6axaHocTi B iHTepBaii Big 0 10 1, To6TO Bin «ayxe morano» (0,20 —
0,00) o «myxe moope» (1,00 — 0,80) [12].

Buxnan ocHoBHoro marepiany. Ilepimodeprosum 3aBraHHsM J0CHiTHOT poOOTH Oya0 BH-
3HAUYEeHHs XIMIYHOTO CKJIaJy BHXIJHOTO MaTepialy Ta OLiHKa 00’eMy aJcopOLIHHUX MOp. 3 €0
METOI0 BUKOPHCTOBYBAIM IMOJPIOHEHI IIKapaaylld BOJOCHKHMX TOpiXiB, a came ¢pakuiro A. Pe-
3yJBTATH JOCIHIKEHHS HaBeleHo B Ta0. 1. Y Tabm. 1 i nopiBHSAHHS TaKOXK HaBEACHO XIMIYHUN
CKJIaJ] IHIIMX MPEJICTABHUKIB TBEPIMX POCIMHHUX BIIXO/IB arpOIpPOMHCIOBOrO KoMIuiekcy [13].

Ta0mums 1
XapaKmepucmuKa POCIURHUX 610x00i6 xapltoeoi' npomucxzoeocmi
Bwmict koMnoHeHTiB, % B
PedoBuHM, 1110 €KCTPAryIOTHCS _,E
3 o 2 £
Martepian 2 E g S 3 % = g S
@ B 3 I~ s 5 S =)
= = ] &z d = 5 Q S O
o O g o) o S = =
= 5 2 a m &z W
g ° X o
— o
I kapajnynu BoJ0CHKHX IopixiB 41,2 37,5 2,3 5,2 10,4 25,0 0,03
[ITkapaymi BUIIHEBUX KiICTOYOK 41,2 | 51,3 3,8 - - - 0,01
[Tkapaxyrni aOpMKOCOBUX KiCTOYOK 34,6 | 48,1 2,5 - - - 0,03
[ITkapaynu MepcUKOBUX KiCTOUOK 38,3 | 50,3 5,1 - - - 0,02
JlymmuHHS rpedkn 46,7 | 52,4 3,5 - - - 0,03
Kykypynzsni kauanu oOpymieHi 70,7 | 28,6 4,3 - - - 0,16

SIK BUAHO 3 HAaBEACHUX JAHMUX, BMICT LIENIOJO03H Y LIKapalynax BOJIOCHKUX TOpiXiB € OJu-
3bKMM JI0 BMICTY LIbOTO K KOMIIOHEHTa y HIKapanynax KICTOYOK BHIIHI, EPCUKY, aOpUKOCY
Ta JIYIIIUHHI [PEYKH, aje 3HAYHO HUXKYUM, HDK B OOpYIIEHUX KYKYpYI3SHUX KauaHaX. BmicT
JITHIHY B JOCIKYBaHIA CUPOBHHI, SIKMH 3a3BHuail JiMmirye mporec audysii peareHTiB 110
MDKKJIITUHHOTO MPOCTOPY, € 3HAYHO MEHIIMM Y MOPIBHIHHI 3 1HIIMMU MPEJCTaBHUKAMU POC-
JUHHUX BixoaiB. Te jx caMe MOKHA CTBEPUKYBATH 1 PO BMICT MiHEPaIbHUX KOMIIOHEHTIB.
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MeHIuii BMICT MOJiapOMAaTUYHOT CKJIaI0BOI MOXKE CBIIYMTH MPO OUIBIN MIBUIAKUI mepedir
copOuiitaux mporeciB. Jlo pedoBuH, 110 EKCTPAryroThes BOAOIO Ta 1 %-UM pO3YMHOM YTy
BIZTHOCUTBCSI HEOPTaHIUHI COJi, KPOXMaJlb, MEKTUHH, JAEIKi HU3bKOMOJIEKYIISIPHI MOJicaxapu-
I, IUKJIIYH1 CIUPTH, OApBHUKH 1 TaHIIM TOLIO, TOOTO Pi3HI KJIacH OPraHIYHUX PEYOBHUH, K1
MalOTh Y CBOEMY CKJIaJi pi3Hi (DYHKIIOHAIBHI TPYIH, 1[0 MOXKYTh OpaTH ydyacThb y peakxiiisix
NpUEIHAHHS, 3aMIIIeHHs] KOMIUIEKCOYTBOPEHHS Ta iH.

3a 00’eMOM aCOPOLIMHUX TMOP IIKAPATYIH BOJIOCHKUX TOPIXiB HE MOCTYMAIOThCS IHIIMM
Npe/ICTaBHUKAM POCIMHHUX BIAXO/IB, MPOTE 3HAYHO MOCTYNAIOTHCA OOPYILICHUM KYKYPYA3SHUM
KauaHaM. 30UTBIIUTH COPOLIiiHI BIACTUBOCTI POCIMHHUX MaTepiaiB MOXKHA IIISIXOM MEXaHIuHO-
ro 00poOIeHHS, SIKE MOJIATae B MOAPIOHEHHT CHPOBUHH, IO JI03BOJISIE 30UTBIIUTH JIOCTYITHICTD aK-
TUBHUX (DYHKITIOHAIEHUX TPYII, @ TAKOXK MUTOMY TIOBEPXHIO MaTepiaity, 00’ eM aJcopOIiHHIX TOP.

Ha puc. 1 HaBeneHO pe3yabTaTH JOCIIPKEHHS COpOILIMHNUX BIACTUBOCTEH, a came edek-
TUBHOCTI BUJIYYE€HHSI METHJIEHOBOTO CHHBOTO 3 BOAHOTO PO3YMHY Ta CTATUYHOT OOMIHHOT €M-
Hocrti 3a Na" BUXiZHOTO Marepiany pi3HOTO (GpakiifiHOro CKiIamy. Pe3ynbTaTu M0CTiKEH s
MoKa3any, o (GpakUifHUN CKiIaq MaTepialy 3Ha4YHO BIUIMBA€E HA HOTO MOTJIMHAJBHI BIACTH-
BOCTI. 3MEHILIEHHS PO3MIPIB BUXIAHOI MPUPOAHOT CHPOBHUHHU TMPHU3BOAUTH JIO 30UTBIICHHS
e(eKTUBHOCTI BIIIYUYEHHSI METUIICHOBOTO CHHBOTO 3 17,2 % mist ¢pakuii B 3 po3mipamu 1,5—
2,0 mm 10 39,20 % s paxuii A 3 po3mipamu 0,5-1,0 mm. Ctatnysa 0OMiHHA €MHICTH TPU
IbOMY 30UTBIIYETHCS B cepeqHboMy Ha 30 % 11 KO>KHOT HACTYIHOT (paKilii.
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Puc. 1. Copbyitini éracmusocmi wkapaiyn 8010CbKUX 20pixie pizHo20 pakyilinoeo ckiady:
a— ed)eKmueHicmb GUJIYUEHHA MEeMUJIEH08020 CUHbO2O 3 6800H020 PO3UUHY;
0 — cmamuuna 06minHa emHicms 3a Na*

JIns HajgaHHS BHUXITHOMY Martepiajay IOJAaTKOBHX COpOLIMHUX BIACTUBOCTEH Hapsly 3
MEXaHIYHOIO0 0OPOOKOIO OITFHO 3aCTOCYBAaTH XiMiuHe Moau(dikyBaHHA. Y poOOTI s Aoc-
nipkeHHs BIUMBY KoHueHTpauii H3POs Ta TpuBanocti 0o6pobku Ha BiactuBocTi (ocdopu-
JLOBAHUX JITHOIIEIIONIO3HUX MaTepialliB BAKOPUCTOBYBaIM (Pppakiiito Y moapiOHeHHX IKapa-
JyH BOJIOCBKHX TOpixiB. Pe3ynbpTaTu AOCHIPKEHb peICTaBlIeHl Ha pucC. 2.

31 30UIbIIEHHSIM KOHIEHTpallii HeopraHiyHoi KUCIOTH Bix 5 10 75 % cmocrepiraerscs
3MEHIICHHSI BUXOJy KIHIIEBOTO MPOAYKTY JUIsI BCHOTO JOCIHIKEHOTO Jliala30Hy TPUBAIOCTI
nporuecy (puc. 2, a). [lpugomy nepmmm 60 XxB 00poOKH BiAMOBITAE MAKCHMAIIbHE 3MEHIIICHHS
MacH npoaykty. Lle, B cBOIO 4epry, Moke CBIIUMTH MPO PO3UMHEHHS €KCTPAKTUBHUX PEUO-
BUH Ta HU3BKOMOJIEKYISIpHOT (pakiii momicaxapuay. HacTynmHe 3011bIIeHHS TPUBAJIOCTI 00-
poOku 10 180 xB Maso BrjMBae Ha BUXi (OC(HOPUIBOBAHOTO JIrHOLETIONO3HOTO TPOIYKTY.

[Tpu 30inbIIeHH] KOHIIEHTPALlIl HEOPraHIYHOT KMCIOTH CIIOCTEPIraeThesl 3pOCTaHHs CTaTHY-
HOi OOMIHHOI €MHOCTI, aje 3a YMOBH, 10 MOJM(iKyBaHHS BinOyBaeThcst He Outbiie 120 xB
(puc. 2, 6). Ilonanpiia 06poOKa He MPUBOAUTH 10 MiABUILEHHS 3a3HAYCHOTO MTOKA3HUKA.

VY nporieci pochoputoBaHHS POCTMHHOT CHPOBHHH 31 30UIBIICHHAM MapaMeTpiB MPOLECY
TAaKOXX 30UIbIIYETHCS TOKAa3HUK E€(QEKTHBHOCTI TOIJIMHAHHA METUJICHOBOIO CHHBOTO
(puc. 2, ), mpuYOMY 3pOCTaHHS HOTr0 3HaYECHHS BiIOYBAETHCA 1 3 MIIBUILICHHAM KOHIICHTpaLlii
H3PO4 1o 75 %, 1 3 migBumieHHsSM TpuBanocti 00pooku 10 180 xB. Lle MokHA MOSICHUTH THM,
mo B mnpoueci MoaudikyBaHHS BiZOyBaeThCs BUIAJICHHS 3 POCIMHHOI CHUPOBMHH YaCTHHH
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eKCTPAaKTUBHUX OPraHIYHHUX Ta HEOPTraHIYHUX PEUOBHH, JETOTIMEpH3allis MoJlicaxapuIHUX
CKJIaJIOBHX, 1[0 MPHU3BOAUTH J0 YTBOPEHHS MOPYBATOi CTPYKTYpH Y (HOCPOPHIBLOBAHUX JIIr-
HOIIETIIOJIO3HUX TpoAyKTax. [loriiMHaHHA KaTIOHHOTO OapBHMKAa Ha TakUX cOpOeHTax BifOy-
Ba€ThCA SIK 32 paxyHOK (pi3M4HOi ajcopOuii, Tak 1 3a MexXaHi3MaMH XeMOCOPOIIii 3a y4acTio
(GYHKIIOHATBHUX TPYH MOJU(IKOBAHOTO POCIMHHOTO MaTepiany.
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Puc. 2. Bnaue konyenmpayii H3PO4 ma mpueanocmi 06pobku na uxio (a)
@ocpopunvosanozo nicnoyenro103H020 NPOOYKMY, CIMAMUUHY OOMIHHY EMHICIb
3a Na" (6) ma eghexmuenicmo 6unyueHHs MEMUICHOB020 CUHLOZO (8)
3a pe3yabTaTaMu €KCIEPUMEHTY Oyau po3paxoBaHi pIBHSHHS perpecii npouecy ¢ocdo-
PHIIIOBAHHS ILIKAPATYI BOJIOCHKHUX FOPIXiB, SIK1 MalOTh TAKUN BUTIIS:
y1= 98,084 — 0,0377x1 — 0,101x> — 0,0013x:x2 — 0,0005x; + 0,0003x2%;
y2 =25,25 - 0,1589x; + 0,0128x2 + 0,002 1x:1x2 + 0,0012x,% — 0,00069x7%;
y3 =0,937 + 0,0051x; + 0,0051x> + 0,000077x:1x2 + 0,00023x:% — 0,00014x72.
3Ha4yeHHs Koe(Dil[ieHTIB KOpeIsLii Ui HaBeJJeHUX PIBHIHb HaOMMxkaeThes 70 1, mo cBija-
YUTh PO AJEKBaTHE OMHCAHHS IpoLecy ojepkaHHA (HocHOpUIbOBAHUX JIITHOIEIIOIO3HUX
copOenTiB. s 3HAXOKEHHS ONTHMAIBHOTO pilleHHs Oylo BHpIIIEHO 3aCTOCYBAaTH
00’€IHaHHS TIOKA3HUKIB SKOCTI 3 BUKOPUCTAHHIM y3aranbHeHoi ¢pyHKuii 6axanocti. [kany
0a)KaHOCTI IO KOKHOMY 3 MOKA3HUKIB y; HABEJCHO y Tabm. 2.

Tabnurg 2
LlIxana 6asxcanocmi 0151 NOKA3HUKIE ochopubosanux
JLI2HOYENIONIO3HUX COPOeHmi8 ma pe3yibmamu onmumizayii
[ITkama 6axaHOCTI 3Ha4YeHHS B TOUIll ONTHMYMY
Ioxa3HUK y;
Jyxe 1oope JyXKe IIOraH0 | PO3PAaXyHKOBE | EKCHEepPHUMCHTAIBHE

Buxin copbenry, % 92,8 74,4 80,1 80,8
EdexTuBHICTh MOTTMHAHHS

METHJIEHOBOI0 OJIaKUTHOTO, % 42,2 249 35,2 36,0
CrarnyHa OOMiHHA €MHICTH 32

Na®, Mr-ekB/r 1,9 1,2 1,7 1,7
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3a pe3yabTaTaMu pPO3paxyHKIB OyJI0 BCTaHOBJIEHO, IO ONTHUMAJIbHUMHU HapaMeTpamH
mpoliecy € KoHIeHTpalis Kuciotu 54,8 % ta Tpusamnicts 120 xB. Came A7 WX TEXHOIOTIU-
HUX MapaMeTpiB y3arajibHeHa QYHKIIs Oa’kaHOCTI XappiHITOHA XapaKTepU3yeThCsl MaKCUMa-
JHHUM 3HAUYEHHSM, sike cTaHoBUTH 0,7612. Po3paxoBaHi Ta ekCriepUMEHTaIbH1 3HAYEHHS i B
TOYLII ONTUMYMY TaKOX HaBEJEHO B Ta0I. 2.

BucHoBku BignoBiaHo 10 crarri. JlocnipkeHO XIMIYHUM CKITaJ] IIIKapamyl BOJIOCHKOTO TO-
piXy Ta OLiHEHO 00’eM ajcopOuiiiHuX mop. BeraHoBneHo, 0 BUXIIHA CUPOBHHA CKIIAIA€ThCS 3
41,2 % uemronosu, 37,5 % NirHiHy, TaKOK MICTUTh Y CBOEMY CKIIaJIi 30JTy B KUTbKOCTI 2,3 %, pe-
YOBHUHHU, II0 €KCTPAryloThsl CIUPTO-OEH3EHOBOIO CYMIIIIIIIO, FApSY0I0 BOAOKO Ta 1 % po3unHOM
ayry —5,2; 10,4 Ta 25,0 %, BianosigHo, 06’eM aacopOwiiiHux nop cranoButs 0,03 cm™/r.

JlocmipkeHo BIUIMB (DPaKLIHHOTO CKJIaly BUXIJHOI CHPOBHHU Ha COPOLIMHY 3/1aTHICTH, a
came Ha CTaTH4Hy OOMiHHY eMHICTh 3a Na’ Ta e()eKTHBHICTh BHJIYYEHHS METHIEHOBOTO CH-
Hporo. [Tokazano, mio 3MeHIIeHHs po3MipiB ¢pakuiit 3 1,5-2,0 mm 0 0,5-1,0 MM pU3BOIUTH
710 MIIBUIEHHS €()eKTUBHOCTI BUJIYUYEHHs OpraHiuHoro 0apBHUKa Ha 22 % Ta 10 30UIbIICHHS
CTaTUYHOT OOMIHHOT €MHOCTI 3a Na+ BJIBIUI.

JlocmipKeHO BIUIMB OCHOBHUX YMOB Ipolecy (oc(opuatoBaHHS BUXIIHOT CHPOBUHH Ha
BJIACTUBOCTI KIHIIEBOTO MPOJYKTY. BU3HaueHo, 110 31 30UIbIIEHHSAM KOHIEHTpallii KUCIOTH
10 75 % Tta tpuBanocti MoaudikyBaHHs 10 120 XB NOKa3HUK CTATUYHOT OOMIHHOT €EMHOCTI 32
Na® csrae HaiOUIBIIOro 3HAYEHHS, IO CTAHOBHUTH 1,9 Mr-ekB/r. MakcHMallbHE 3HAYEHHS
e(pEeKTUBHOCTI COPOIIii METHIIEHOBOI'O CUHBOTO JIOCATAETHCS 32 KOHIIEHTpaLii MoaudikaTopa B
po3uuni 50 % Ta TpuBanocti 180 XB 1 craHOBUTH 42,4 %.
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UDC 544.723.2
Alona Kovalchuk, Tetiana Pochechun, Vita Halysh, Inna Trus

PHOSPHORYLATION OF WALNUTS SHELLS TO INCREASE
THE EFFICIENCY OF WATER SOLUTIONS PURIFICATION

Urgency of the research. The problem of water objects pollution is relevant for all regions of Ukraine. Therefore, the
priority direction is the attraction of "green technologies" to ensure the ecology of production.

Target setting. Nowadays, there are no effective ways of processing solid plant wastes, so new effective ways to dispose
them must be developed.

Actual scientific researches and issues analysis. The latest publications in the open access were considered, including
the use as raw materials of various plant materials in the untreated state.

Uninvestigated parts of general matters defining. Phosphorylation of vegetal wastes under low temperatures to ensure
high sorption capacity.

The research objective. Development of the method of chemical modification of walnuts shells of different fractional
composition using orthophosphate acid.

The statement of basic materials. A method for obtaining phosphorylated lignocellulosic sorbents from waste of the
agro-industrial complex, namely, crashed walnuts shells, was developed. The content of the main components in the raw
material and its sorption properties, depending on the fraction composition, were determined. It was shown that the
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reduction of the fractional composition of the plant material has a positive effect on its absorption capacity. The influence of
the conditions of chemical modification, namely the concentration of orthophosphatic acid and processing time, on the yield
of phosphorylated lignocellulose product, its sorption ability in relation with methylene blue and static exchange capacity for
0.1 N NaOH was investigated. It was shown that an increase in the amount of inorganic acid within a 60 minute modification
process leads to a 10-20 % reduction in the yield of the product. The maximum increase in static exchange capacity is
observed with an increase in processing time of up to 120 minutes. The efficiency of methylene blue removal from aqueous
solution rises to 42 % with an increase in the duration of the phosphorylation process up to 180 minutes.

Conclusions. The regression equations that adequately describe the process of obtaining sorbents were obtained, and optimal
parameters that provide final products with high sorption characteristics (the efficiency of methylene blue removal from aqueous
solution and the static exchange capacity for Na + are 35 % and 1.7 mg-eqv/g, respectively) at high yield (80 %) were established.

Keywords: sorption, static exchange capacity, methylene blue; phosphorylation; regression equation.

Fig.: 2. Table: 2. References: 13.

VIIK 544.723.2
Anena Kosanvuyk, Tamovana [loueuyn, Buma ['anvuu, Huna Tpyc

POCPOPUJINPOBAHUE CKOPJIYIIbBI
I'PELHKOI'O OPEXA JIUISA TIOBBIINEHUSA DOPEKTUBHOCTHU
OYUCTKHU BOJHBIX PACTBOPOB

Axkmyanvnocms memol uccnedoganus. lIpodrema 3acpsasnenus B00HbIX 00bEKMO8 akmyanbha O 8Cex pecuoHos Yx-
paunvt. [losmomy npuopumemnvim HanpasieHuem A81Aemcs UCNONb308anue “3e1eHblx mexHoao2uti” 0ns obecheyeHus IKo-
Jo2u3ayUY NPOU3BOOCHE.

Ilocmanogxa npoonemut. Ha cecoonawmuil dens ne cywjecmgyem dghgexmugnuix cnocobos nepepabomru meepovix pa-
CMUMENbHBIX OMX0008, NOIMOMY HEOOX00UMO pa3padbomams Hogble IPpexmusHbvie cnOCoObL UX YMUAUZAYUU.

Ananu3z nocneonux uccnedosanuii u nyonuxayuii. bvinu paccmompenvt nocieonue nyoauxayuu 8 OmKpuimom oocmyne,
BKII0UAS UCNONL30BAHUE 8 KAHecge COPOEHMOB PA3TUYHBIX PACIIUMETbHBIX MAMEPUANO8 8 HeOOPAOOMAHHOM COCOSIHUU.

Buioenenue neuccnedosannix uacmeii odugeil npoonemut. Pocopunuposanue pacmumensHblx 0MxXo008 8 YCI08UAX
HU3KUX memnepamyp ois obecneueHust 8blcOKOU cOPOYUOHHOU eMKOCTU.

Ilocmanogka 3ad0auu. Paspabomxa cnocoba xumuuecko2o Mooupuyuposanus cCKOpayn epeykux opexos paznoco Gpax-
YUOHHO20 COCMABA C UCNONB308AHUEM OPMOPOCHOPHOT KUCTOMbL.

H3znoscenue ocnognozo mamepuana. Paspaboman cnocob nonyuenus gocghopunuposantsix IUSHOYELIONO3HbIX COPOEHMO8
U3 0Mx0008 AzpONPOMbIUIEHHO20 KOMNIEKCA, 4 UMEHHO UBMETbYEHHbIX CKOPIVA epeykux opexos. Onpedeneno codepoicanue ocHo-
BHBIX KOMNOHEHMO8 8 UCXOOHOM Cbipbe U e20 cOpOyUonHble CBOUICMBA 8 3ABUCUMOCHIL Om ghpakyuonnoeo cocmasa. ITlokaszano,
Umo ymeHbuieHue GPaKyUoHHO20 cOCMABA PACMUMENbHO20 MAMEPUANA OKA3bIBAEH NOJOAICUMETLHOE BNIUSHUE HA €20 NO2TIOWAI0-
wyio chocobnocmy. Hccnedosano enusanue ycnoguti XUMuiecko2o MoOUGQUYUpoBanus, a UMeHHO KOHYeHmpayuu opmogocghoproii
KUCTIOMbL U NPOOOIANCUMETLHOCIU 00PAOOMKL, HA 8bIX00 (HOCHOPUTUPOBAHHOLO TUSHOYETIOTIO3HO20 NPOOYKMA, €20 COPOYUOHH)IO
CHOCOBHOCHL NO MEMUNEHOBOMY CUHeMY U cmamuyeckyio oomennyio emkocmo 0,1 H NaOH. Ilokazano, umo ygenuyenue Konude-
CMBa Heop2anuieckoll KUCIomyl npu NpoOoIdiICUmensHoCmuy npoyecca moouguyuposanus 60 mun npugooum K ymeHbuleHuio
svixooa npooykma na 10-20 %. Maxcumanvhoe ygenuenue cmamuieckol 0OMeHHOU eMKOCHU HADTI0O0aemcs: npu noGblueHUU
npoodondicumensiocmu obpabomku 0o 120 mun. IghpexmusHocme ussneveHus MEMUICHOB020 CUHe20 U3 B00OHO20 pPACMEopa
nosviuaemcs 00 42 % c ysenuuenuem npooondicumensHocmu npoyecca gocgopunuposanus 0o 180 mum.

Bu1600b1 ¢ coomeemcmeuu co cmampeii. [lonyyenvt ypasHenus pespeccuil, adek8amHo OnUCLIBarowjue npoyecc NOay4eHus
copbenmos, ycmaHogieHbl ONMUMANbHLLE NAPAMENPbL, KOMopble 00ecnewusaom noayieHue KOHeuHblX NPOOYKMO8 C BbICOKUMU
copoyuonHbLIMU Xapakmepucmuxamu (3ghgheKkmueHocmy u36e4eHus MemuieH08020 CUHe20 U3 600HO20 pacmeopa u cmamuye-
cxas obmennas emxocms no Na* cocmaensiom 35 % u 1,7 me-3x6/2, coomeememeeiio) npu evicokom 6vixooe (80 %).

Knrouesvle cnosa: copbyusa; cmamuyeckas 0OMeHHAsi eMKOCb, MeMuneHosblll cunuil, ghocopunruposanue, ypaghe-
Hue pezpeccull.

Puc.: 2. Tabn.: 2. bubn.: 13.
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Fanmum Bira BacuiiBHAa — kaHIMIaT XiMIYHAX HayK, CTapIIMii BUKIamad Kaeapu eKOJorii Ta TEeXHONOril
pociIMHHMX ToiMepiB, HarioHanbHuit TexHIYHUIA yHiBepcuTeT Y KpaiHu «KuiBCbKUI MONITEXHIYHUI IHCTUTYT iMEH1
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