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CTPETOBHUY Ceimaana,
acucmenm kagedpu mosapo3Ha8CmMea ma MumHoi cnpasu
Kuiscvk020 HAYl0HANLHO20 MOP208€AbHO-eKOHOMIUHO20 YHigepcumemy

IVIYIIIKOBA Temsana,
K. m. H., 0oueHm Kagedpu moeapo3Hascmaeda ma MumHoi cnpasu
Kuiscbko20 HauioHaabHO20 MOP208eAbHO-eKOHOMIYHO20 YHigepcumemy

KOMAXA Boaodumup,

K. M. H., cmapwuil sukaaday kagedpu mosapo3Hascmeda ma MumHoi
cnpasu Kuigcbko2o HaAyloHa1bHO20 MOpP208eabHO-eKOHOMIUHO20
yHigepcumemy

OIITHMI3BAIISI CKAALY ITIAIIEPY
AAST BIAOBHUX TOBAPIB

Ilpoananizosano eghexmuenicmo BUKOPUCMAHHSA PI3HUX 8UOI6 YeNI0N03U Y 8UPOD-
Huymei nanepy 0 06inosux mosapis. J{ociiodiceHo 3anelicHICb OCHOBHUX eKCNIyama-
YiliHUX enacmueocmeti nanepy 6i0 CKIady KOMHO3UYII Yentoni03H020 Haniegabpuxamy.
Haseoeno pisnanna mamemamuunoi mooeni OMPUMAHUX 3ANEHCHOCHEU Ma SUpiuieHo
3a60anHs OaeamokpumepiaibHoi ONMuMizayii 3 6U6OPY KOMIPOMICHO20 CNIBGIOHOWIEHHS
cynvamuoi aucmanoi, cyivghammuoi x60tiHoi ma cynvimuoi xeounoi yenonrosu. 3anpo-
NOHOBAHO ONMUMATLHULL CKAAO0 UETIO03HOI BOIOKHUCHOL MACU.

Kniwouoei cnoea: cynpdiTHa Ta cynbdaTHa XBOWHA LENIOI03a, Cyldb(aTHa
JUCTSHA TIETI0JI03a, Hamip s OiTOBHX TOBApiB, KOMIIO3WIIS, CIOKHBHI BIACTHBOCTI,
MaTeMaTHYHE MOJICITIOBAHHS.

© Cmpemosuu Ceimaana, F'nywxosa Temsna, Komaxa Boaodumup, 2018
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Cmpemosuu C., I'nyuxosa T., Komaxa B. Onmumuzayus cocmaea oymazu
ona benoevix mosapos. llpoananrusuposana 3¢ghekmuenocms UCNONLIOBAHUA PA3IUY-
HBIX U008 YENLNI0NI03bl 8 Npouzeoocmee Oymazu O0nsi benosvix moeapos. Hcciredosana
3a6UCUMOCTE OCHOBHBIX IKCHIYAMAYUOHHBIX CEOUCME OYyMa2u Om COCMAasa KOMHO3UYUU
yenno3no2o noaygabpuxkama. Illpusedenvl ypasHewus mamemamuieckou Mmooenu
NOLYYEHHbIX 3A8UCUMOCTNEN U peleHd 3a0aid MHO2OKPUMEPUATbHOU ONMUMUZAYUL 1O
8b100pY KOMUPOMUCCHO2O COOMHOUIEHUS CYIbDAMHOU TUCNBEHHOU, CYIbGAMHOU XBOU-
HOU U CYyTbhumHol X60UHOU yenntonosvl. Ilpednodcen OonmuMaibHull COCMA8 Yewno-
JIO3HOU 6OTOKHUCMOU MACCHI.

Kniouesvie cnosa: cynpdpurHag u cynbdaTHas XBOWHAS LEIUTION03a, CyIb(at-
Hasl JINCTBEHHAsl 1LIeJUII0JI03a, IOTPEOUTENILCKIE CBOMCTBAa OyMaru i OeJIOBBIX TOBAPOB,
MaTeMaTUYECKOE MOJICJIUPOBAHUE.

IlocTanoBka npodaemu. Ha BITYM3HSIHOMY PHHKY MpPEICTaBICHO
IMIMPOKHI acOPTUMEHT OUTOBHX TOBApiB, J€ 30IIMTH 3alMalOTh HaiBaro-
MIIITy YacTKy. 3a OCTaHHI POKHU iX BUPOOHUIITBO B YKpaiHi 3p0ciio Maiike B
II’SITh pa3iB MOPIBHIHO 3 BUPOOHHUIITBOM Mamepy, OUIBIIICTh SIKOTO 1IMIIOP-
TyeThes. Hapasi moka3HHKH BIACTUBOCTEHW IMIOPTHOTO O(CETHOTO mamepy
HE BIJNOBIJAIOTh BUMOIraM J0 MHUCAJIbHOrO Mamepy, SKAA TpaauLiiHO
BUKOPHUCTOBYBAJIH i1 BUTOTOBJICHHA 30IIUTIB B YKpaini [1]. Came Tomy
HarajabHOI NMpOOJEMOI0 3apa3 € po3poOKa mamepy 13 3aJaHUMU BIIACTH-
BOCTSIMH, 1[0 BIAMOBiAaB OM Cy4acHHUM BUMOTaMm, OyB KOHKYPEHTOCIPO-
MO>KHUM Ha BHYTPIITHHOMY i 30BHIIITHBOMY PHHKAX.

Ha croromni € akTyanbHUM MOJIMIICHHS CHOKUBYMX BIACTUBOCTEH
nanepy JUisi OUIOBUX TOBapiB 3a PaxyHOK TOIIYKY ONTUMAIbHUX CIIiB-
BIJIHOIIIEHb BOJIOKHUCTHX HamiBpaOpukaTiB — CyJb(iTHOT ¥ cynbdhaTHOI
XBOWMHOI Ta JTUCTSHOT 1[eTf003H. /)11 CTBOpEHHST KOHKYPEHTOCIIPOMOKHOTO
narnepy s 30IIMTIB MOTPIOHO 3a0e3MedyuTd HOro BHCOKY MEXaHIYHY
MIIHICTh 1 Hempo3opicTh. [lanepoBo-0i0BI TOBapu MOBMHHI MaTH OITH-
MajbHy OUIICTh, TJAAKICTh 1 MalOTh XapaKTEPU3YBATHCS HEBHCOKOIO
MOBEPXHEBOIO BOMPHICTIO.

BukopuctanHs MeTOAy MaTeMaTUYHOTO IUIAaHYBAHHS E€KCIIEPUMEHTY
YMOXJIUBIIIOE OTPUMATH MOBHY 1H(OPMAIIIO MPO 3aJEKHICTh 3a3HAUECHUX
MOKA3HMKIB SIKOCT1 Tamepy BiJl CKJIaay KOMIIO3MIN MarepoBOi Macu Mpu
MIHIMQJIBHUX BUTpaTax MmarepiaiiB i dacy. Llei MeTon TakoXX Jae 3MOTy
3HAYHO MIABUIIUTU €(PEKTUBHICTh EKCIIEPUMEHTY i OTpUMAaTH MaTeMaTH4HI
MOJIETIi, 1[0 € OCHOBOKO IS MOJAIIBINOI ONTUMI3allii BOJOKHUCTOTO CKJIaay
namnepy 13 3aIaHUMH BIIACTUBOCTSIMHU.

Crartss mpoAOBXKY€E IMKI TMyOJiKaiii, NPUCBAYEHUX PO3POOIT
CKJIaAy namnepy Juist O17I0BUX TOBapiB Ta OLIHLI Horo BiacTuBocTel [2—4].

AHaJI3 OCTaHHIX aociigxeHnb i myOuaikanii. [lutanasam martema-
TUYHOTO MOJICJIOBAHHS Ta ONTHMI3allli CKJIaay mamnepy 3ajekHO BiJl
TEXHOJIOTIYHUX TMapaMeTpiB MpPOLECy WOro BUTOTOBJIEHHS MPHUCBIYEHO
HU3KY Tpalb BITYM3HSHUX HAyKOBLIB, 30kpema O.MokpoycoBoi,
JI. AunpieBcrkoi, E. Kacesn, B. A. Ocukn, JI. A. Kontioxa [5-6]. IIpote
CKIIAQJHICTh BUPINICHHS OKpECICHUX MpoOJeM 3yMOBIIOE TOTPeOy
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B JIOCTI/DKCHHSIX IOJI0 3aJIEXKHOCTI BJIACTUBOCTEH TMAarepy Bijl BOJIOKHHC-
TOTO CKJIaJy 3a JOIMOMOT0K MAaTEMAaTUYHOT'O MOICIIFOBaHHS.

Mema cmammi — pO3pOOJEHHS MaTeMaTUYHOI MOACT A
IPOrHO3YBaHHS BJIACTUBOCTEH Ta ONTHUMI3aLii CKIaay namnepy Juisi O1710BHX
TOBapIB.

Marepianu Ta metoau. J{ocmiHi 3pa3ku namnepy BUTOTOBIISUTHCH 13
3aCTOCYBaHHSM IIeNMI0103U Cyib(piTHOI Outenoi mapku b-2 (I'OCT 3914),
0 BUKOPHCTOBYETHCS [UISl MHCAJIBHOTO TMarepy, OOKIAAWHOK 3OIIUTIB,
KOJIbOPOBOTO 1 OOTOpTKOBOTO mamepy, cyibpatHoi Outenoi mapku Xb-2
(I'OCT 9571) ta Ob-1 (ACTY 3244), mo 3acTOCOBYIOTH JJII MacCOBHUX
BUJIB TManepy, JpyKy, MHCbMa, MAaJlIOBaHHS, KpecieHHA. Po3MentoBaHHs
CyJb(paTHOI XBOMHOI 1IE0I03U 3/1iiCHEHO 10 cTyneHs nomeny 3740 °LLP,
muctaHoi — no 21 °IHP. Po3meneHi BoOJMOKHA XBOWHOI Ta JIMCTAHOL
HENIOJIO3N 3MINIyBalid B OaceiiHi, M0/JaBalid MPOKICIOBAIBHY Ta 3B s3Y-
BaJIbHYy pedoBHHY (KaH1()OIBHUN KJIEH 1 MojTiamif), HalOBHIOBAY KaoJIiH 3a
MacoBoi yacTku 14 % Big aGCOMIOTHO CYyXOro BOJIOKHA.

MogentoBanHs (i3UKO-MEXaHIYHUX TIOKA3HUKIB SKOCTI Mamepy
MpPOBEACHO HAWOUIBII €(EeKTUBHUM I PO3POOJICHHS MaTeMaTHYHHUX
MoOJIeJIel MeToAoM perpeciiiHoro anamizy [7; 8]. ¥V poboTi BUKOpHUCTAHO
METOJ 1 BIAMOBIAHE mporpamHe 3abesmeueHHs Stat-Sens 6.0 [9]. Hns
OTPUMaHHS MaTEeMAaTHYHUX PIBHSHB 3aJIC)KHOCTEH BUKOPHUCTAHO CUMILIEKC-
IEHTPOITHUN MeTOJ 13 Tpu(DaKTOpHUM D-ONTHUMATBEHUM IIJIAHOM EKCIIEPH-
MEHTY U1l MoJieni, onucaHoi gopmyioro (1), 13 1oJ1aBaHHSIM KOHTPOJIBHOT
Touku. KitbKiCTh BapiaHTIB J0CHi Ty — 15, KIIBKICTD apasieIbHUX JOCTITIB — 5.

y=a4, +a2q2 +a3q3 +a12q1q2 +a13q1q3 +a23q2q3 +a123q1q2q3 - (D
Jlns MmiHiMi3anii 0araToniibOBUX (PYHKIIM 3 ypaxyBaHHSM INEBHOTO
Habopy 0OMEXEeHb BUKOPHUCTAHO METOJ OaraToKpUTEpiaabHOI ONMTHUMI3AIL].
BinHocHY BakiIuBICTH OOpaHUX KpUTEPIiB BU3HAYEHO 3 OIVISIAY Ha (PyHK-
LIOHAJIbHE MpHU3HAueHHs Ta crneuudiky 3actocyBaHHs mnamepy [10]. Llei
METOJ] YMOXJIMBUB OTPUMATH BITHOCHHH ONTHUMYM TapaMeTpiB CKIaIy
KOMITO3UIIIT TIO KO)KHOMY PIBHSIHHIO MaT€MaTHYHOI MOZEI, a B TIOAAJIBIIIOMY —
IUISTHKY TIapaMeTpiB CKJIaay, B MeXax sKOI 3aJ0BOJbHAIOTHCS YCl 3ajaHi
BUMOTH, TOOTO palllOHATIbHY YU KOMITPOMICHY IUISHKY [11].

Buxopucranuii MeTon TIpyHTYeThCS Ha 3BEJEHHI 3ajgadl Oararo-
KpUTEPIAJIbHOI ONTUMI3AIll [0 3a/a4l OJHOKPHUTEPIaTbHOI ONTHUMI3allii.
OnHuM 13 HAWOLIBII BAATUX CHOCOOIB BHUPIIICHHS OCTAHHBOI 3 BEIHKOIO
KUIBKICTIO (DaKTOPIB BIATYKY € BUKOPHCTAHHS SIK Y3arajJlbHEHOTO KPUTEPIIO
ONTUMI3allii TaKk 3BaHOTO KpUTEpito XappuHITOHA, 00 y3araabHeHoi (QyHKIIii
Oaxanocti D [10]. dns i moOyqoBH MEepeTBOPIOIOTH BUMIPSHI 3HAYEHHS
BIATYKIB y 0e3po3MipHy mIKaly OakaHOCTi d 3a JOMOMOTOK METOdY
KUTBKICHUX OIIIHOK 3 1HT€pPBAJIOM 3Hau€Hb 0a)KaHOCTI BiJl HYJIS 10 OJUHHUIIL.
3nayenHs D = 0 BiAmoBigae aOCOMOTHO HEMPUWHATHOMY 3HAUEHHIO IHOTO
dakropa Biaryky; 0.63—0.79 — xopomomy; 0.80-0.99 — myxxe xoporiomy
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3HayeHH; D=1 — Halikpamomy BIATYKYy, NpUYOMYy MOAaJblIe HOro
TIOJITIIIICHHST HEMOXJTHBE a00 He Mae ceHcy [12].

PesyabTraTn gociaigkeHHs. 3 METOK BHSBJIEHHS 3aJIEKHOCTEU
CKJIQAy TEII0I03HOI BOJIOKHHCTOI MAacCH Ha BJIACTUBOCTI TOTOBOI MPOYKIIiT
NPOBEACHO JOCHIKEHHS HU3KHU 3pa3KiB IMarepy, OTPUMAaHUX 13 ManepoBoi
MacH 3 pI3HUM IENIIOJI03HIUM BOJOKHHUCTUM CKIIAJIOM.

[lin wac ekcmepuMeHTy 3a cymimeBi (aKTOpu TPUUHATO: ¢ —
cynbdiTHa XBoWHA 1emono3a (dani — COIXN); g, — cynbdarHa xBoitHA
nentonosa (0ari — COAX]); g; — cynsdaTHa TUCTAHA Tentono3a (dani —
COAJI/I). MacoBa yacTka KOMIIOHEHTIB BOJIOKHHUCTOTO CKJaay B CyMilli
cranoswia 100 %.

Buxonsun 13 cnenudiki BUKOPUCTaHHS OLIOBUX TOBApiB, BUIPO-
OyBaHHS IPOBEACHO 32 TAKUMU MOKa3HUKAMHU SIKOCTI Marepy: y; — pyhHHiBHE
3ycwiuis B cepenHboMy 3 aBox HampsmiB (H); y, — 6Oimicts (%); y3 —
Henpo3opicth (%); y4 — TMOBepxXHEBa BOMPHICTH MiJ 4Yac OAHOOIYHOTO

smouyBanHs Boau (Ko66, rp/m%); ys — raaakicts (¢) (ma6u. 1).
Tabnuys 1

Ilnan ekcnepuMeHTY Ta pe3yJbTATH J0C/IIKEeHHS BJIACTUBOCTEl namnepy
3aJI€2KHO BiJl CKJIAAy 1eJII0JI03HO01 BOJIOKHMCTOI MacH

[lnan [Toka3HUK BIACTUBOCTEN manepy
g ol gk
. ° - =~ ~ . = 3

AR R Rl R -
: eS| S8 |225 = | e2|8822| 52
2| S| 88|58 S| 52| g2 ES
& S = O o lz 2 g 5 g X ©©° 3= = o
s 2s|les|es|E2ESl 2|5 I - Nl s
s | E=l=s=|s=|E3c|] & |2 g g =
=i & A |Egg| BT S

[=S3) é = %
1 100 0 0 344 | 784 | 90.5 26 96.0
2 0 100 0 36.2 | 782 | 90.5 22.7 100.0
3 0 0 100 299 | 773 | 91.2 28.7 83.0
4 25 0 75 35,7 | 78.4 | 90.6 26.7 93.3
5 50 0 50 314 | 77.5 | 90.8 28.7 96.6
6 75 0 25 323 | 77.2 | 90.7 28.0 101.3
7 0 25 75 309 [ 774 | 90.8 2.08 93.3
8 25 25 50 313 | 77.6 | 90.8 28.7 89.3
9 50 25 25 33.1 78.1 | 90.6 27.3 96.0
10 75 25 0 348 | 783 ] 90.1 27.7 94.6
11 0 50 50 332 | 779 | 90.8 28.7 93.3
12 25 50 25 33.8 | 78.1 | 90.6 28.7 94.6
13 50 50 0 36.0 | 77.8 | 90.5 26.0 97.3
14 0 75 25 353 | 77.6 | 91.0 26.3 100.0
15 25 75 0 35.3 78 90.4 25.3 101.3

[NobynoBano aBTopom 3a [7].
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Halininmuii mokasHuK pyHHIBHOrO 3yCHWJUIS B CEPEAHBOMY 3 JIBOX
HanpsiMiB Mae komno3uiliss Ne 13, ane moBepxHeBa BOUPHICTh BOJM IiJl Yac
OJHOOIYHOTO 3MOYYBaHHS IS Hel 3aBHcOKa — 28.7 T/M?, 1110 € He OakaHUM.
Bucokuii piBeHb TMIaKOCTI, IO 3a0e3Me4y€e 3pyUHICTh MUCAHHS, OTPUMAHO
B Kommo3uilii Ne 6 1 Ne 15, mpoTe 3a MEXaHIYHOIO MIIHICTIO KOMIIO3UIiS
Ne 6 mocrynaetscss Ne 15. HaliHmk4l TOKa3HUKH PYHHIBHOTO 3YCHIIIS B
cepeHbOMY 3 JBOX HampsiMiB 1 miaakocTi Mae kommosuilis Ne 3. Ile
nosicHIoeThes 11 ckinagom — 100 % CDAJIJ. Komno3umis Ne 2 mae Haii-
JINIIAA TOKAa3HUK MOBEPXHEBOI BOMPHOCTI BOJU MPU OAHOOIYHOMY 3MOUY-
BaHHI 22.7 1/M?, IO J1a€ 3MOTY YOPHUJIAM HE PO3TIKATUCSA M1/l YacC MUCAHHS.
VYci 15 3paskiB manepy MaioTh BHCOKY HEMpo30picTh, Oinmbine 90 %, 1o
MOSICHIOETHCSl YAaCTKOIO HAMOBHIOBaua B kommosuiisx — 14 %. Bognouac
piBeHB O1TOCTI BCiX 3pa3KiB MOTPEOYyE MiABUILICHHS.

[Ipu mepeBipii Mozeneil Ha aJeKBaTHICTh BUKOPUCTAHO KPUTEPIH
dimepa B KOHTPOJIBHUX TOUKAX (maobi. 2).

Tabnuys 2
CepenHi 3HaYeHHS Pe3yJbTATIB eKCIIEPUMEHTY B KOHTPOJIbHUX TOYKAX
ScS| o 92
O X P 5
2 g mac. | wmac. q3,;\//£ac. yi.H % | »:.% V4 T/M ¥s.C
T o % %
________________ 1 | 50 S0 0 36.0 | 77.8 | 90.5 26.0 97.3
2 1 0 75 25 353 77.6 91.0 26.3 100.0
3 25 75 0 35.3 78.0 90.4 25.3 101.3

[NobynoBano aBTopom 3a [7].

[Ticnsa perpeciiiHOTO aHaNI3y pe3yJbTaTiB €KCIIEPUMEHTY OTPUMAaHO
Taki a/JeKBaTHI, 3riAHO 3 kpurepieM dimepa, piBHAHHA MOJEN 31 3HAYH-
MUMU Koe(illieHTaMU, K1 MPOXOAATH MOPIr 3HAYUMOCTI (2—6):

¥, =34,46q, +36,41q, +29,95¢, +81,87¢9,q, —259,564,4,9; . (2)
v, =78,43q, +78,11q, +77,25¢, - 1,14,9, +1,084,9, + 7,659,9,9; - 3)
v, =90,856¢9, +90,78¢, +91,65¢, - 2,21q,9, + 7,239,9,9; - (4)

v, =258q, +22,401q, +28,65¢, +8,87¢,q, + 6,56¢,q, +13,098¢,4,.  (5)
¥s =96,31q, +100,2¢, +83,35q; +259¢,9, +7,399,q, — 54,919,9,9; (6)

I'padiuny iHTEpHpeTaliito BIUBY (HaKTOPiB HA KOKHY BUXITHY
3MIHHY Npe/CTaBIeHO Ha puc. .

PyiiHiBHE 3yCcWIIIi B CEPEAHHOMY 3 JBOX HampsMiB () 3aJEKHUTh
NEPEBaXXHO BIJl BMICTY XBOWHOI LIEJIIOJIO3U PI3HUX BHJIB. 31 CBOIO OOKY,
30impmeHHss yactku COAJIJ[ BiIHOCHO IHIIMX KOMIIOHEHTIB CyMIilli
3HAYHO 3HW)KY€ MEXaHIUYHY MILHICTh Manepy 3a MOKa3HUKOM pPYHHIBHOTO
3yCUJUISL B CEpEHBOMY 3 IBOX HaIpsAMIB (AUB. puc. 1, a).
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[EJIIOJIO3M B TArepoBiil  Maci.

[lokaznuk Oinmocti mamepy ();) 3al€KUTh BiJl CHIBBITHOIICHHS
KOMIIOHEHTIB XBOHHOI 1 JIMCTSHOI LEII003U. HIDKYMMH IOKa3sHUKAMU
OUIOCTI XapaKTepU3yIOThCA CKIAAN 3 TEPEBAKAIOUMM BMICTOM JIMCTSHOI
Opnak iHTEpBaJll BapilOBaHHS IHOTO
MOKa3HHUKa mepeldyBae B IOCTATHHO By3bKOMY Aiama3oHi. lle cBimuuTh mpo
T€, IO BaroMHWi BIUIMB MAa€ TAKOX IMPOIEC O3M00JIEHHS Ta MOMAJBIIOI

00poOku marnepy (nuB. puc. 1, 0).

9)

PyiiniBHe 3ycHns B cepe/HBOMY
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IToGymoBano aBTopom 3a [9].
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Henpo3sopicte nanepy (;) HECYTTEBO 3aJI€KUTh B1Jl BUY Ta CIIOCOOY
OTPUMAaHHS ILEJIIOJIO3M, OJIHAK BapTO 3a3HAYUTH, IO 31 30UIBIICHHSAM
yacTtk COAJIJ] y xommno3uiiii manepy #oro Hempo30picTh, HA BIAMIHY BiJl
MoKa3HuKa OUTOCTI, 3pocTae (IuB. puc. 1, 8).

[loBepxHeBa BOMpHICTH mamepy ()4) 3alNEKUTh HAacaMmIlepell BiA
BmicTy CDAJIJ] 1 3Ha4HO 3pocTae 31 30UIBIICHHSAM 11 YaCTKH B KOMITO3HIII1
(muB. puc. 1, 2). Cnig 3ayBaKUTH, IO CTaHAAPTOM HepeadadyeHo obme-
JKCHHS TIOBEPXHEBOI BOMPHOCTI Marepy Julsl 30LIHTIB — He Oinbmie 27 /M’
I3 ornsimy Ha 3a3HaueHi pekomenpanii BMict COAJIJ] B manepoBiit maci He
Mae niepeBuiiryBatu 3540 %.

Amnani3 rpadika (quB. puc. I, 0) MOKa3ye, 1O TIAIKICTH BUPOOY (1s)
3poctae npu 301abieHH] BMicTy CDAX]] B KOMITO3HIIIT ManepoBoi MacH,
ne crnocrtepiraetbes ii mik, a came — 101 c. Bmict COIX]] Tex cnpuse
3pocTaHHIO riaaakocti BupoOy, a BrumB CDAJIJl monsrae B 3MeHIICHHI
[bOT'O MMOKA3HUKA SKOCTI.

[3 MeTor0 BUSBICHHS ONTHUMAJbHUX CIIBBIJIHOIIEHb PI3HOTO BUIY
LEJIOJIO3H JIJISl 33/1aHOT0 JI1alla30Hy 3HAYEHb BUXIJHUX 3MIHHUX MPOBEACHO
OaraToKkpHuTepianbHy ONTUMI3AIIIO0 (Mmab. 3).

Tabnuys 3
IHapameTpu onTUMi3anii 32 NOKA3HUKAMH AKOCTI
PiBeHb v H 1, % 3. % v, K066, T/m” Y5.C
Hwoxwii 30 70 90 20 80
BepxHiii 45 88 120 27 150

[TobynoBano aBTopom 3a [7].

Ha ocHoBi afiekBaTHUX PIBHSIHBb MOJIEINI 3aJIEKHOCT TTOKA3HUKIB SIKOCTI
narnepy BiJ CHIBBIIHOIIEHHS PIi3HMX BHIIB IIEIIOJIO3M B TArepoBid maci
no0y10BaHO TepHApHUI rpadik 13 MO3HAUYESHHSIM 30HH KOMIIPOMICY (puc. 2).

- PyHHIRHE TYCHIUTE B CCPEIRBOMY 3 TBOX
manpanin, B
& Oimer., %

%  BENPOZOPICTE, %

DOBCPXECE: BJHPHICTE BOIH A 980
ommofitmoro morysunm Kolo,, o

Buict CRIXJL, Mac. %

Puc. 2. KomnpoMicHa 30Ha CKJIay manepy Ajs Oi10BUX TOBapiB

[NoGymoBano aBTOpOM 32 [9].
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VY pesynbrari aHamizy TepHApHOro rpadika OTPUMAHO KOMITPOMICHI
KOMITO3UIIli mamnepy st OUTOBMX TOBapiB BIAMOBIAHO JI0 30HH KOMIIPO-
MICHHMX 3Ha4€Hb B 3aIITPUXOBAHINA YACTHHI PUCYHKA.

BucHoBok. JlochipKeHHS YMOXJIMBUJIO 3HAWTH ONTHMAJIbHE CITiB-
BIJTHOIIICHHS CYJb(GaTHOI JIMCTAHOI, Cylb(aTHOI XBONHOI Ta Cynb(iTHOT
XBOMHOI IIETI0JI03W B KOMIIO3MIN Tamepy i BHUTOTOBICHHS O1710BHX
TOBapiB. Y CTAHOBJIEHO, 1110 Oa)kKaHWIl piBEHb AKOCTI 3a MOKa3HUKaMHU (PyHK-
IOHAJIbHUX, €PrOHOMIYHUX, €CTEeTHMUYHUX BJIACTHUBOCTEH MOKHA JOCSITH
TPy BMICTI JTUCTSHOT 11erosio3u 30-35 % 1o BiHOMIEHHIO /IO 1HITMX BOJIOK-
HUCTHX KOMIIOHEHTIB Kommo3uii. BmicT ke COAX]] mae ctanoBut 45-50 %.

3 METOr TIJIBHINCHHS EKOHOMIYHOI e(EKTHBHOCTI Mmamepy s
MIKIJTBHUX 30IIUTIB JIOCATHYTO MaKCHUMAaJbHO JIOMYCTUMOIO PiBHS BMICTY
COAJI] mpu 36epekeHH] 3aJaHIX MMOKA3HUKIB SIKOCTI, a caMe: PO3PUBHOTO
3YCHIIJISL B CEPEIHBOMY 3 JIBOX HAMPsIMIB, O17I0CT1, HEMPO30POCTi, TOBEPXHE-
BOi BOUPHOCTI BOJM TI1]] 9ac OJJHOOIYHOTO 3MOYYBaHHS Ta TJIaIKOCTI.

OTpumaHi 3alneXHOCTI YMOXKIUBIIOIOTh OJEP)KaTH HOBHH KOHKY-
PEHTOCIIPOMOXKHMM Tamip Jyuisi OUTOBHUX TOBapiB, 30Kpema JUisl 30LIUTIB,
BJIACTUBOCTI SIKOTO BiAMOBIIaI0Th Cy4YaCHUM BUMOTaM.

Y momanbIIMX JOCHIKEHHSIX TUIAHYETHCS TPOBECTU MPOMHCIOBY
ampo0arrito 3 BUBHAUYEHHSIM COLIaIbHO-€KOHOMIYHO1 €()eKTHBHOCTI PO3p00-
JICHOTO TIarepy.
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Stretovych 8., Glushkova T., Komakha V. Optimization of paper
composition for paper goods.

Background. A wide range of stationery products presented on domestic
market and notebooks occupy the most important share. Indices of the properties
of imported offset paper do not meet the requirements for writing paper, which
has traditionally been used to make notebooks in Ukraine [1].

The development of paper with specified properties, which would meet
modern requirements and would be competitive, is an urgent problem now.
Today, improvement of the consumer properties of paper for stationery goods due
to the search of optimal ratios of fibred semi-finished products is relevant.

Using the method of mathematical planning of the experiment makes it possi-
ble to obtain complete information on the dependence of these indicators of paper
quality on the composition of paper mass at a minimum cost of materials and time.

This method also makes it possible to significantly increase the efficiency
of the experiment and obtain mathematical models that are the basis for further
optimization of the fibred composition of the paper.

Analysis of recent research and publications. The works of domestic
scientists, O. Mokrousova, L. Andrievskaya, E. Kasyan, V. A. Osyka, L. A. Kop-
tyukha [5-6] are devoted to questions of mathematical modelling and
optimization of the composition of paper, depending on the technological
parameters of the process of its production. However, the complexity of solving
these problems leads to the need for research on the dependence of paper proper-
ties from the fibred composition through mathematical modelling.

The aim of the article is to develop a mathematical model for predicting
the properties and optimizing the composition of paper for stationery products.

Material and methods. The object of research is a paper for stationery
products. The modeling of physical and mechanical indicators of paper quality
was conducted by the most efficiently for the development of mathematical
models method of regression analysis. In this article are used the method and
corresponding software Stat-Sens 6.0.

Results. In order to identify the optimal ratios of different types of
cellulose for a given range of values of initial variables, multicriteria optimization
was carried out. During the experiment, mixed factors were taken: g, — sulfite
coniferous cellulose; g, — sulphate coniferous cellulose; g3 — sulfate leafy
cellulose. Based on the specifics of the use of white goods, tests were conducted
on the following indicators of paper quality: y; — destructive effort on average
from two directions; y, — whiteness; y3 — opacity; ys — surface integrity during
unilateral wetting of water; ys — smoothness.

Fischer’s criterion at checkpoints was used to validate models for ade-
quacy. In order to identify the optimal ratios of different types of cellulose for
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a given range of values of initial variables, multicriteria optimization was carried
out. The ternary graph with the designation of the compromise zone in the shaded
area was constructed on the basis of adequate equations of the model of the
dependence of the quality indexes of the paper on the ratio of different types of
cellulose in the paper mass.

Conclusion. The research allowed to find the optimal ratio of sulfate leafy,
sulphate coniferous and sulphite coniferous cellulose in the composition of paper
for the manufacture of stationery goods. It has been established that the desired
level of quality in terms of functional, ergonomic, aesthetic properties can be
achieved with 30-35 % leafy cellulose content in relation to other fibrous com-
ponents of the composition. The content of sulphate coniferous cellulose should
be 45-50 %. In order to increase the economic efficiency of paper for school
notebooks, the maximum permissible level of leafy sulfate cellulose content has
been achieved while preserving the specified quality indices, namely: discon-
tinuous effort on average from two directions, whiteness, opacity, surface water
absorption during unilateral wetting and smoothness.

Keywords: paper, cellulose, mathematical model, optimization of
composition, consumer properties.
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