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MIABIP OITUMAJIbHUX 3EPHOBHUX CKJIAJIIB ACPAJIBTOBETOHHUX CYMIIIIENR
Y CEPEJOBUIII MS EXCEL

Anomauis

Beryn. Kommosuiisi 3epHOBOro ckiiajly MiHEpalbHOI 4YacTHHU ac(hanbToOETOHHOT cyMili
CYTTEBO BIUIMBAE Ha BJIACTUBOCTI JOPOKHBOTO ac(haabroOCTOHY, a caMe Ha HOro MIIlHICTh, IOPCTKICTD,
JIOBrOBIYHICTbD, CTIMKICTh, HAIIHICTh, SKICTh TOIIO, OCOOIMBO MPH 3aCTOCYBaHHI BTOPHHHHUX BIiIXOJIB
npomuciioBocti. [lindip 3epHOBOro ckiamy achansrodeToHHoi cymimn (mami — AC) nependadae
PO3paxyHOK TakuX HOro mapamerpiB, sIKi, Yy TOMY YHCIi, 3aJ0BOJBHSIOTH BUMOram Tabin. 6 i tadm. 7
ACTY b B.2.7-119 [1].

Bubip cknany 3amoBHIOBaua Ta BMicTy B’skydoro AC, sika BigmoBigae BUMoram crenrgikarii,
€ TPUBAJIOI0 IPOLEAYPOIO CPOod 1 MOMUIIOK, a ycHixX y npoekTyBaHHI AC 3HaYHOIO MIpOIO 3aJICKHUTh
BiJl JIOCBiJly TpOEKTyBalbHUKA. [lOONAHHIO I[LOTO YTPYJIHEHHS MOXE CIPHATH PO3pOOICHHS Ta
BIIPOBAKEHHS KOMIT IOTEpPHUX IMPOrpaM MPOEKTYBaHHs ONTHUMalbHUX mapameTpiB AC 1jsi OTpUMaHHS
OakaHuX iX BJIACTHUBOCTEH Ta ynpaBliHHSI HUMH.

HaiiGinpmr po3moBCIOMKECHUME Y OyHiBeNbHIN 1HIYCTpPil CBITY € enekTpoHHI Tabmuii Excel.
Ix mpononyioTh Ha PHHKY HPOrpaMHUX MPOAYKTiB a60 PO3POOIAIOTH BIACHUMHU 3yCHILIAMH OKpeMi
cneuiamicta. Y cknani Microsoft Excel € tak 3Banmii po3B’s3yBau (Solver), y sKkOMy BHKOPHUCTaHUN
I'A, 3a 1OTIOMOTOIO SIKOTO MOYKHAa 3HAWTH ONTHMAabHI 3HAYEHHS KITHKOCTI KOMIIOHEHTIB MiHEpaIbHOI
gactuan AC. KpiMm Toro, HasBHITH y cepenoBuini Excel moBu mporpamysanus Vasual Basic for
Application (VBA) mae MOXIMBICTH CTBOPIOBAaTH MPOTpaMH, LIO BiAMNOBINAIOTH CKIAIHOCTI 3aaadi
ontumizauii napamerpis AC, Ta MaloTh 3py4HHH iHTEpdeiic KopucTyBaya.

CydacHMM € MiaXix Ao onrtuMizarii mporecy npoektyBanHs AC Ha 6a3i moxmeneir IITHM
PI3HUX BUJIB, HANPHUKIAJ, 3alPONOHOBaHMN B po0OOTi [4]. B ocTaHHI pOKM IHCTPYMEHTH IITY4YHOTO
iHTenekTy HalOynu momyssipHOcTi. B imkeHepii mpoekTyBaHHS HOpoxkHbOro mokpusy LIIHM moxna
BUKOPUCTOBYBAaTH JIJIsl 1HTEepHpeTamii CKIaJHUX JIaHUX, OTPUMAHMUX Y pe3ylbTaTi IOJbOBUX 1
J1a0OPATOPHKUX TOCII/PKEHb UM HABITH OTPUMAHUX KOMII FOTCPHHUM iMiTaliiiHuM mMojaeatoBaHHsaM. [TIHM
B OCHOBHOMY 3aCTOCOBYIOTh B TPbOX OCHOBHHUX c(hepax OyIiBHHIITBA Ta PEMOHTY JOPOKHBOTO TIOKPHBY,
a caMe B OLIHIOBAHHI CTPYKTYPHOIO CTaHy JOPOXKHBOTO IOKPHUBY, MPOTHO3YBAaHHI aBapiiHOrO CTaHy
JIOPO’KHBOTO TIOKPHBY Ta OIIHIOBAaHHI BiIacTHBOCTEH AC.

Ha namy nymKy, MOXKHa 3pOOHMTH BHCHOBOK IPO JIOLIIBHICTH PO3B’SI3aHHS 3ajadi MOUIYKY
ONTUMAJIbHOT KOMIIO3ULII 3€PHOBOTO CKJIagy MiHEpaJbHOI YacTHHM ac(hanbTOOETOHHOI cyMimn B
TabimuHOMy Tpomecopi Microsoft Excel, sx HaiOULIBII MmommpeHOMy B OymiBelIbHIN 1HIYCTpii i1
JOCTYITHOMY JIJIs OLIBIIOCTI KOPHCTYBaUiB.

[Ipobnemaruka. Komosuuis 3epHOBOTO CKJI1ay MiHEpalbHOI YaCTUHU ac(aibToOeTOHHOT cyMili
CYTTEBO BIUIMBAE HA BJIACTUBOCTI JOPOKHBHOTO ac(haabToOETOHY, a came Ha HOro MIIlHICTh, MIOPCTKICTh,
JIOBTOBIYHICTH, CTIHKICTh, HAAIHHICTh, SKICTh TOIIO, OCOOIMBO MPHU 3aCTOCYBaHHI BTOPUHHHUX BiJIXO/IB
npomucioBocti. IlpuiiMatoun 10 yBaru 3Ha4Hy TPYIOMICTKICTH onTHUMizamii 3epHoBoro ckiamy AC,
il OUiABHO 3A1IMCHIOBATH 32 JONOMOIOI0 KOMII IOTEPHOro 3a0e3leueHHs, CHUpAarYich HAa HaHOLIbLI
TIOTHpeEHi 1 1oOpe BimoMi CrieriaaicTaM mporpaMHi 3acobm, a came Ha TaOauaHMA mporecop Microsoft
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Excel. Po3poOmnenHs i BIpOBaPKEHHS TAKOTO MPOTPAMHOTO 3a0€3MeUeHHs CIPUATUME PO3BUTKY TeOpii
MPOEKTYBaHHS 3epHOBOTO ckiany AC i MOJNErmuTh ii TpaKTHYHE 3aCTOCYBaHHS.

Meta. Metoto cTaTTi € po3B’A3aHHS 3a/1a4i MOIIYKY ONTHMAIbHOI KOMIIO3HUIIIT 36pHOBOTO CKIIAIy
MiHEpaJIbHOI YaCTHHH ac(hambToOOeTOHHOI CyMillli, IO 3aJJOBOJIbHSIE BUMOTaM JepKaBHUX CTaHIapTiB [1,
7-9], i3 3acTocyBaHHAM TaOIMuHOTO Mporecopa Microsoft Excel 6e3 3actocyBanns makpociB i VBA.

Marepianu i _meronu. Jns ontumizanii migbopy 3epHoBoro ckiamy AC Oyiao NpUHHSTO
tTabmnuHuii npouecop Microsoft Excel.

Pesynwrati. Po3pobiena HemiHiifHa MaTeMaTHYHa MOJIEIh 33/1a4i ONTHMI3allii 3epHOBOTO CKIaLy
MiHepaibHOT yacTuHr AC 3 IIJIOYMCIOBUMH 3MIHHUMH Ta OOMEXKEHHSMH, SIKYy CIIiJ] PO3B’s3yBaTu
PO3BHBaHUM METOJOM, MpPOTE, SKIIO HIYKaTH HAOMMKEHHS 10 KPHBOI 3 MAaKCHMAJIBbHOKIO TPaJalli€ro
LIJIBHOCTI, TO CTa€ MOKJIMBUM 3aCTOCYBAaHHS METO/y 3BEJCHOTIO TPaliEHTa.

BucHoBKH. AHaNi3 TOCTYNHHX JDKepen iHpopmarii okasas, 10 BHPIMIEHHS Tpo0ieMu BUOOpPY
ONTUMAJIbHOTO 3€PHOBOTO CKJIAAy MiHEpaibHOI YacTHHM acaiabToO0eTOHy NOTpedye 3acTOCyBaHHS
CY4acCHHX MAaKEeTIB MPUKIAJHUX KOMII IOTEPHUX HPOrpaM Ul 3MEHILIEHHS BUTpaT yacy Ha OOpOOKy i
aHai3 pe3yIbTaTiB Ja00OPATOPHUX JAOCIIHKCHD.

Haii0inpm mommpeHuMHu TMpOrpaMHUMHU  3aco0aMu y OynmiBeNnbHIH iHAYCTpii, 30Kpema B
naboparopHoMy 3a0e3MeYeHHI BHUTOTOBICHHS ac(aibTOOCTOHHOI CyMiln, € TaOauyHHH MpoLecop
Microsoft Excel. ¥V crarTi nmpogeMoHCTpoBaHa METONWKA PO3B’S3aHHS 3ajadi ONTHUMI3aIlii 3epHOBOTO
ckiany miHepanbHol yactuan AC B cepemoBuiii Microsoft Excel 6e3 3acTtocyBaHHS MakpoCiB MOBU
nporpamyBanHsi VBA, 110 1ae 3Mory oOpoOIIsiTH Ta aHajIi3yBaTh pe3yibTaTd J1abopaTOpHHUX TOCIiIKEHb
crierianicram, siKi He 3HalOMi 3 TPOrpaMyBaHHSIM.

Knrouoei cnosa: achanbTo0eTOH, 36pHOBUH CKIIaJ, onTuMizallis, Microsoft Excel.

Beryn

Kommo3swuiist 3epHOBOTO CKIaAy MiHEpambHOI YacTHHH ac(ambTOOCTOHHOI CYMIIli CYTTEBO
BILUIMBAE HA BJIACTUBOCTI JIOPOKHBOTO ac(anbroOCTOHY, a caMe Ha WOro MiIHICTh, MIOPCTKICTb,
JIOBTOBIUHICTh, CTIHKICTh, HAJIHHICTh, SKICTh TOLIO, OCOOJIMBO MPHU 3aCTOCYBAaHHI BTOPUHHUX BIJIXOJIiB
npomucnoBocti. [linbip 3epHOBOrO ckiamy achansrodeToHHOi cymimn (mami — AC) mepemdadae
PO3paxyHOK TaKMX HOTO MapameTpiB, sKi, y TOMY YHCIi, 3aI0BOJBHSIOTH BUMOTaM Talm. 6 i Tabm. 7
ACTY b B.2.7-119:2011 [1].

Bulip cknamy 3amoBHIOBa4a Ta BMicTy B shkydoro AC, sika BiAITOBigae BUMoOram crierudikarii,
€ TPUBAJIOIO TPOIETYPOIO CIPOO 1 TTOMUJIOK, a YCIiX y mpoekTyBaHHI AC 3HaYHOIO MipOIO 3aJICKHUThH
BiJl JOCBilly TpOEKTyBaibHUKA. [lOONAaHHIO IOTO YTPYIHEHHS MOXE CIPHATH PO3pOOIEHHS Ta
BIIPOBAKCHHS KOMIT IOTEpPHUX NPOrpaM MPOEKTYBAaHHs ONTHUMalIbHUX MapameTpiB AC 1iIsi OTpUMaHHS
OakaHUX iX BIACTHBOCTEH Ta yNpaBIIiHHSI HUMH.

B3arai Oysu 3ariporoHOBaHI TPH OCHOBHUX IIIIXO/U 10 KOMIT FOTepH3allii 004KrCIeHh 00pOOKH
pe3ynbratiB 1abopaTopHHUX JOCIiIKEeHb Ta onThUMi3amii napamerpis AC:

1) enexrponni tabmmui Excel nms Bukonanns o6’emuoro ananizy AC (Asphalt Mix Design
Tools), HanpuKIIa, 332 METOJAMKOK YACTHHHU 5 MOCiOHMKA [3];

2) omTuMmizamis mpomecy MpoekTyBaHHS onTuManbHoi AC 3 BHKOPHUCTaHHSIM IITYYHHX
HeliponHux Mepex (nani — [IIHM) ta renetuanoro anroputmy (mani — ['A), nanpuknan, [4];

3) moKpamleHHS TPOEKTYBaHHA Ta ymOpaBiiHHS BupoOHMITBOM AC 3a  JONMOMOIOIO
KOMII FOTEPHOT0 IMITal[ifHOTO MOAIETIOBaHH: Ta onTuMizauii mapamerpiB AC B peaibHOMY Yaci [5].

Haiibinemr posnoBcromkeHnMu y OyniBenbHIN iHAYCTpii CBITY € enektpoHHi Tabmmmi Excel.
Ix mpomoHyIOTh Ha PUHKY HPOrPaMHHX TPOIYKTiB 260 PO3pOOISIOTH BIACHUMH 3yCHIUISIMH OKpeMi
cneuiamictd. Y cknani Microsoft Excel € tak 3Banmii po3B’s3yBau (Solver), y sSKOMy BHKOPHUCTaHUN
I'A, 3a 1OTIOMOTOIO SIKOTO MO)KHA 3HAWUTH ONTHMAJbHI 3HAYEHHs KiJIbKOCTI KOMIIOHEHTIB MiHepaibHOI
YaCTUHH.
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AC. Kpim Ttoro, HasBHIT y cepemoBuili Excel moBu mporpamysanas Vasual Basic for
Application (VBA) mae MOXIUBICTb CTBOpPIOBAaTM MpOrpaMy, LIO BiJNOBIAHI CKJIAAHOCTI 3amadi
orrruMizarii mapamerpie AC, Ta MaroTh 3py4HHH iHTep(deic KoprucTyBaya.

CydacHUM € MiaXig Ao onrtuMizarii mporecy npoektyBanHs AC Ha 06a3i mopmeneir ITHM
PI3HUX BUJIB, HANPHUKIAJ, 3alpONOHOBaHUN y poOoTi [4]. B ocTaHHI pOKM IHCTPYMEHTH IITY4YHOTO
iHTenekry HaOynu momyssipHocTi. B imkeHepil mpoekTyBaHHs HOpoxHbOro mnokpusy LIIHM moxna
BUKOPUCTOBYBATH [JIsl IHTEpPHpETamii CKIAQOHUX MaHWX, OTPUMAHUX Y pe3yiabTaTi TOIhOBUX 1
J1Ta0OPATOPHKUX TOCII/PKEHb UM HABITH OTPUMAHUX KOMIT FOTEPHHUM iMiTalliiiHuM mMojaentoBanHsaM. [TIHM
B OCHOBHOMY 3aCTOCOBYIOTh B TPbOX OCHOBHHUX c(hepax OyIiBHHIITBA Ta PEMOHTY JOPOKHBOT'O TIOKPHBY,
a caMe B OLIHIOBAHHI CTPYKTYPHOIO CTaHy JOPOXKHBOTO IOKPHUBY, NPOrHO3YBaHHI AaBapiiHOrO CTaHy
JIOPO’KHBOTO TIOKPHBY Ta OIIHIOBAHHI BiacTuBOCTeH AC.

TeopeTnyHi Ta MpakTHYHI NMUTaHHS MOOYAOBH i 3actocyBanHsi LIIHM Buknaneni [6]. Y HboMy
TAKOXK PO3MISIHYTI POrpaMHi 3ac00H Il MOZICTIOBAHHS HEHPOHHUX MEPEK, a came:

— MOJICNIIOBaHHS HEMPOHHUX Mepex y makeri Matlab;

— MOJICJIIOBaHHsI HEHPOHHUX Mepex y maketi Statistica Neural Networks;

— MOJIEIIOBaHHS HEMPOHHUX Mepex 3acobamu 0i0moTex MoBu Python.

Matlab — e matrdopma nporpamyBaHHS Ta YUCIOBHUX OOUHCIICHbB, SIKa BUKOPUCTOBYETHCS IS
aHajizy JaHWX, po3poOJIICHHs aJTOPUTMIB 1 CTBOpEHHS Mojenei. Matlab po3pobieHa creriaabHO IS
IH)KEHEpiB 1 BUCHMX JJISl aHaJi3y Ta MPOEKTYBaHHSA cucTeM i nmpomaykriB. Jns monemoBanus [IIHM 3a
noromororo makera Matlab HeoOXimHO BcTaHOBUTH 1 BHKOpHCTOBYBaTH 0Oibmioreky Deep Learning
Toolbox. bibmioreka MicTuTh QyHKIIT 11st MoaemoBaHHs HermuOokux (shallow networks) 1 Tmmbokmx
(deep networks) HEHPOHHUX MEPEK.

Statistica Neural Networks — e yHiBepcalbHHMI TTaKeT HEHpOMEpPEKEBOrO aHalizy Bif (ipMu
StatSoft, sskuii MoXke MpaIfOBaTH SIK CAaMOCTIHHUH JTOATOK, a TAKOXK Y paMKax cucTeMu Statistica. Bin
MICTHTh METOIW HAaBYAHHS MEPEXkKi, MA€ MOXJIMBICTh CTBOPIOBATH CKJIATHI KOMOIHAIIIT 3 MEpEX Pi3HUX
apxiTeKTyp, [I03BOJIsIE BUOIpKOBE HaB4YaHHS (parMeHTIB HEHpOHHOI Mepexi, 3abesleuye MOBHUN
KOHTpOJIb Haj BUOOpoM (yHKUIN akTuBauii; mictuth cucteMy Network Wizard (Heiipo-Maiictep), mo
JoTIoMarae KOpUCTyBady MpHUMaTH pileHHs i Buouparu mapamerpu. Ilaker Statistica Neural Networks
HiATpUMYE iHTEpQeiic TPUKITATHOTO MPOTPaMyBaHHS, 3aBISIKH SKOMY JOCBIUEHI KOPHCTYBaui MOXYTh
BHUKOPHCTOBYBaTH OOUMCIIOBAIbHI MOKIMBOCTI Momyns Statistica Neural Networks y cBoix BiacHuX
J0f1aTKax.

Moga Python € oxni€to 3 HaOLIBII TOMYIIPHUX MOB MIPOTPAMyBaHHS B OCTAaHHE JAECSITHPITYS.
3aBasiki OE3KOIITOBHUM 3aco0aM po3poOieHHs Ta MOTy)XHUM OibmioTekam Python 3Haxomuth mmpoke
BUKOPHUCTaHHS NPH PO3POOJICHHI MPHUKIAJHOTO MPOrPaMHOro 3a0e3MeUeHHs] Ta BHUPIIICHHI HAayKOBUX
3a1a4. 30KpeMa BeJMKa KiTbKICTh TMOTYKHUX 010mioTek Python mis MomenroBaHHS HEHPOHHUX MEPEX Ta
po3mi3HaBaHHA 00pPa3iB J03BOJISIE BUPILITYBATH 3a/1a4i IITYYHOTO 1HTENEKTY Ta IHTEIEKTyalIbHOTO aHalli3y
JaHuX.

TpeTiit migxin (3a MOMOMOTOK KOMIT FOTEPHOTO IMITalliiHOTO MOJIENIOBAHHS Ta ONTHMi3arlii
napametrpiB AC B pealbHOMY Haci) TakoX MOTpeOye 3acTOCYBaHHS MAaKeTy MPHKIAJHUX MPOTrpaM
JUISL IMITalliHOTO MOJICJIFOBAHHS — CTBOPEHHS LU(POBOTO JIBIHWKA HA OCHOBI ICTOPHUYHHUX JAHUX 1
MOPIBHSHHS 3 (AaKTUYHUMH pPE3yJabTaTaMu JOCTiAKYBaHOI CHCTEMH. Y TpOrpaMHOMY 3a0e3leueHHi
Arena™ Simulation BHUKOPHUCTOBYETBCS METOI AWCKPETHHX Tofilt (ocobmuBux craniB AC y xomi
il BUpOOHMIITBA), aje MPOrpaMHHI KOMIUIEKC TaKOXX OXOIUIIOE OOJacTi MOTOKOBOTO Ta areHTHOTO
MOJICTFOBaHHA [5].

3ayBa)kUMO, 110 BHUKOPUCTAHHS LMX MAaKeTiB NOTpeOye 3HAYHUX 3YCHJIb KOPUCTyBada IS
iX 3aCBOEHHs 1 Ui [OJAJBLIOTO IPAKTHYHOIO 3aCTOCYBAaHHS BIJIMOBIJIHO CYYacHid Mapaaurmi
npoekTyBaHHs AC.

Ha Hamy nymKy, MOXKHa 3pOOMTH BHMCHOBOK IPO JIOLIIBHICTH PO3B’SI3aHHS 3a7adi HMOLIYKY
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ONTUMATBHOT KOMITO3HUIlIi 3€PHOBOTO CKJIAMy MiHEpadbHOI 4YacTHHH ac(aibToOETOHHOI CyMiln B
TabmuyHoMy Tiporiecopi Microsoft Excel, sx HaiiOinpm mommpeHoMy B OymiBeNbHIH 1HAYCTpii i
JOCTYITHOMY JJ1s1 OLIBIIOCT]I KOPHCTYBaUiB.

VY crarTi HaBeJCHO PO3B’SI3aHHS 3aJ1a4i MOIIYKY ONTUMAJIbHOT KOMIIO3HIli 3€PHOBOTO CKJaLy
MiHepaibHOl yacTuHM rapsuux AC 3a momomoror po3s’sisyBada (Solver) Excel (na mpukmaai ACT.
Kp.LII.B1.HIT). Pesynsratn nmabopaTopHHUX AOCTIIHKEHb 3BHYAHO OGOpMITIOIOTH y Tabmuisix Excel,
HaBegeHnx Ha puc. 1 ta nozuavennx zHomepamu (1), (2), 3), (@) i (5). Kuituuu, ki MokHa pearysaru
3aJIMTi 3eJICHUM KouibopoM. [Ipu BBeneHi gaHux apKyml moBHHEH OyTu 3axuineHuM. Humxde Ha pue. 11
PHC. 2 HaBeJCHO apKyll i3 TaAONULIAMHU Ta rpadikamMu migoopy 3epHOBOIO CKIaxy MiHEpPaJbHOI YaCTHHU
AC. Ta6muui, mo3Haueni Ha apkymi Homepamu (2), (3), 4) i (5), po3paxoByIOTh i3 BUKOPHCTAHHAM
dbopmyn (Ha npuknani cura 20 MM 1 mebHst ¢ppakmii 20-40):

(2) — «=(E3/$P$3)*100», (3) — «=C17+E10», (4) — «=100-E17», (5) — «=($B$31*E24)/100»
Cymim — «=SUM(E31:E35)»; cepemusi cymim — «=AVERAGE (E37:E38)»; Bimxunenas -
«=(E36-E39)"2». [HII1 KIITHHA PO3paXOBYIOTh 13 BUKOPUCTAHHSIM aHAIOTIYHUX (POPMYIT 13 BIIITOBITHOIO
ajipecatie€ro.

3 METOoI KOHTPOJIIO JaHUX 3acTocoBaHe yMoBHe (opmaryBanus. Tak, Ha pwue. 1 cBiTio-
YEpPBOHOIO 3AJIMBKOIO BiJIMIUYCHHH BWIAJIOK TEPEBHIICHHS BEPXHBOI TPAHUIN, a KOBTOK — 3HAUCHHS
MEHIIIT BiJl HIYKHBOI TPAHMIII TOTTYCTUMOI 00IacTi.

Jns moOymoBr MareMaTHdHOI MOJeNi 3aJavi ONTHMi3amii KOMIO3MINI 3epHOBOTO CKIAmy
MiHepanbHOi yacTHHU rapaunx AC Mo3HaYMMO:

X, = mebinb ¢ppakiii 20-40, BiZICOTKIB 3a Macoro;

x, — mebinb dpakuii 10-20, BiACOTKIB 3a MacoI0;

x, — mebinb dpakuii 5-10, BiACOTKIB 3a MacoI0;

X, — TCOK, BiJICOTKIiB 32 Macolo;

X, — IOPOLIOK MiHepaJIbHHUH, BIICOTKIB 32 Macoxo.

[Ipuiimemo, 1m0 X, X,, X, X,, X, IPUAMAIOTh LiJIi 3HAYEHHSA IPH OOMEKEHHSAX :
LinpoBa GyHKITIA:

i=5

x, =100 %; @)
i=l1
x, > x"™i=1,.,5; (2
x, <x™,i=1,.,5. 3)
j=N i=5
F(xl,xz,x3,x4,x5):i/ Qs —(u;—1,)/2)> = min; 4)
j=1 =l
u >, j=1..,N, &)

e — KUTBKICTh cHT (opiBHIOE 11);
BiJICOTOK IMPOXOJI’KCHHS i-T0O KOMIIOHEHTa Yepe3 j-T€ CUTO;

— BEpXHs TPaHUI % MPOXO/HKEHHS JIOMYCTUMOT 00I1acTi CyMillni Ha j-My CHTI;

RGN Efﬂ 2
|

— HWKHS I'paHuLs % MIPOXOIKEHHS I0ITyCTUMOI 00J1acTi CyMillll Ha j-My CHTI.
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Taxum 9rHOM, 3HAYEHHSM ITBOBOI (PYHKIIT € KOPiHh KBAJAPATHUH i3 CyMH KBaJIpaTiB BiIXHMIEHb
rpadika JiHii mykaHoi cyMinn Bij rpadika JiHii cepeHboi cymirri (u—1) /2. KpurepieM onTUMAaIbHOCTI
€ MiHIMaJIbHE 3HAYCHHS I[UTbOBOT (PyHKIIIT. o

VY po3’szyBaui (Solver) Excel nepea0aueni Tpu MeTOAM BUPILISHHS 3a1a4 ONTHMI3aLil:

—  CHUMILICKC-METOI TS JTIHIHHUX 3a/1a4;

— w™erop 3BeeHoro rpagienTta (Generalized Reduced Gradient — GRG) st HeiHIHHEX 3134 13
rankoro gyHkiiero [10];

— po3BUBaHMWI (EBOJIOIIIHMIT) METON pO3B’s3yBavya Ui HENIHIHHUX 3a7a4d i3 HErIaJIKO0
(hyHKIi€RO.

I'padikm BepXHBOI Ta HIDKHBOI TPAHUIF HOPMATUBHUX BUMOT, CEPEIHBOI CYyMIIITi Ta OIIHIOBAHOI
CyMillli SIBJISIFOTH COOO0T0 JIaMaHi JTiHii pH JorapuMidHIN IKalli po3MIpy CHT, OTKE 3a/1a4a € HeJliHIHHOI0
1 Mae HeTmaaKy (QyHKIIiTO.

[IpoTe, HaWUIIIMBHINTY MOXJIIMBY T'pajallilo 3epHOBOTO CKIaAy MiHepanbHOi yactTuHU AC, ska
HA3MBAETHCS MAKCHUMAJILHOIO Tpajalli€ld MIUIBHOCTI a00 1HOMAI KPWUBOK MAaKCHUMAaJIbHOI IIJIbHOCTI
Oymepa (W.B. Fuller), MmoxxHa npuOIu3Ho po3paxyBaTa 3a Takoro Gopmyrnoro [3, c. 32]:

d 0.45
%PMD :[5) 100 %, 6)
ne %PMD — BiCOTOK MPOXOKEHHSI, Tpajiallisi MAKCUMaIbHOI IIITBHOCTI;
d — PO3MIp CHTa, PO SIKHH HICTHCS, MM;
D — MaKCUMAJIBHHHA PO3MIp CUTA, MM.

Oyuxis (6) € T1aAKoI0 HENHIMHOI0, OTKE, Ha HAILY AYMKY, JIsl OITUMI3allii MOKHA 3aCTOCYBaTH
TaKOX METOJI 3BE/ICHOTO TpaiieHTa po3B’sizyBaya MS Excel.
[Mopsinok 3actocyBanHs po3B’s3yBaua MS Excel HaBenenwmii Ha puc. 3 — 9.

#PDF  ABBYY Fing

Pucynox 3 — 3BepHenHs 10 po3B’szyBaua B Excel

JIJis pakTUYHOTO BUKOPUCTAHHS 3alIPOIIOHOBAHOTO ITiIXO/TY, MOJJAHOMY Y CTaTTi JJIsl IPUKIALTY,
CIIiJi CTBOPUTH TEBHY KiJIbKICTh TaK 3BaHUX HIA0JIOHIB, SIKi OyIyTh BiPI3HATUCH 3HAYEHHSIMH BEPXHBOT 1
HWKHBOI TPAHUIIb BiJICOTKIB IPOXO/IiB Uepe3 CHTa Pi3HUX PO3MIpiB, sIKi BCTAHOBIIEHI cTaHaapTamu [1, 7, 8],
MIPUAHSABIIHN 32 OCHOBY BHKJIQJICHHUM y CTATTI 1 BKIIOYMBIIH B HHOTO cHuTa 25 MM. Lle macTs KopucTyBadeBi
MOXITUBICTh 36KOHOMUTH BHUTpPaTH 4yacy Ha (OpPMYyBaHHsS NpPaBWJI YMOBHOTO (hopMaTyBaHHS, 3MEHIIHUTH
HMOBIpHICTh BHECEHHSI IOMUIIOK.

Microsoft Excel x

b AKTUBHMIA JOKYMEHT HE £ 3pKYLWIEM, SAXMLEHMIT a60
NepeByBac & PEXUMI CninsHOro gocryny.

oK i AoEigka I

Pucynok 4 — 3a00poHa BUKJIMKY PO3B’si3yBaya MPH 3aXUIIICHOMY apKyIili
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MapameTpn poze'Asyeaqa >
ONTUMIZYETH LinboBy QyHKLiD: 50547 50
Aoz (O Makcumym (@) Minimym () 3HaueHHs: 0

IMIHKDYA KNITUHEN 3MIHHWG

$B531:5B535 55

Mignarae oBMexeHHAM:

$B531:8B535 <= SC544:5C548

SBS31:SB535 = wine doaam

$B%31:5B535 == 5B544:56548

$B5%36 = 5B%49 SMiHMTIN
EnganiTti
CEWUHYTH

3aBaHTaXMTKH/36eperTk
|:| 3poBUTH HEOBMEREHI IMIHHI HE Big EMHUMK
EBubepite MeTOA POZEMEIHMH PO3IE AZYEIY it MapameTpn

PO3E AZAHHA:

MeTog po3s AsaHHA

[na po3E AZaHHA ragKuy HENIHIRHWK 38434 BMBEDITE POZE AZYEAY HENIHIAHWK 38484 33
METOA0M IEELEHOMD rpagieHTa. J8 po3s a3aHHA NiHINHWY 38648HE BWBEPITE PO3E ASYEaY 38
CHUMMNBKE-METOA0M, ANA HETNAAKWX 33E643HE BUBEDITE PO3EMEAHWIA PO3E ASYEIY.

Pucynox 5 —DopmyBaHHS apaMeTPiB pO3BUBAHOTO PO3B’sA3yBaya

Mapamerpn ? X
3a MeToAoM 3BeMeHOro rpadicHTa  PO3BMBAHWI po3s'Asyeay ] .il;
HoHeepreduia: G,CBDDll
MokasHWK SMiHEHHA 0,075
Po3smip CyRynHoOCTI: 300
EMI'IEAKDBE NOYaTROBE SHAYEHHA 5
MakcrmanbHWi Yac Bes NoKpaweHHA: 30

OB0B ASKOBI MEKI SMIHHWE

ORr Cracysain

Pucynok 6 — opmyBaHHS TapaMeTpiB PO3BUBAHOTO PO3B’sI3yBaya
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Mapamerpu 7 ks
Yei metogu ] 3a meTogom 3eeAeHoro rpagienTa | POSBHBEHWIA pose's 11 3
TouHicTe oBMEHEHHA: 0,000001|

[ Buropucrosysath asTomatiuHe macwrabysanHa
[ BigoBpamarn pesynstarn iTepauii
P03B'A38HHA 3 UINOYMCAOBUMY OBMEREHHAMN
IrHOpYBaTH LinouwMCnoei oBmemeHHs
LlinouncnoBa onTUMaNBHICTE (%) 2
NimiT po3e'A3aHHA
MakcumansHWA yac (cex): 200

Irepauii: 400

PO3BWHEH] Ta LiNOUMCNOBT OBMEHEHHS:

MakcumansHa KinbkicTe Nig3anay: 500
MakcmMansHa KinbKicTs ACOYCTUMMX 500
PO3B'A3EHE:
OK CracysaTm ]

Pucynok 7 — ®opmyBaHHS apaMeTpPiB yCiX MapaMeTpiB po3B’si3yBada
Mokasath npobHe po3e'AZaHHA >

JOCATHYTO MEKCHMENLHOT KiNbHOCTI Nig3anay. NpogoesuTi?

SYNHHKMTH 36EperTd CUeHapik...

Pucynox 8 — YupapiiHHSI pe)KHMOM pO3B’3aHHS PO3B’sA3yBaya
PesyneTath pose'asyeaqa >

P03E'ASYEEY SYMUHEHD HE BMMOTY KOPWCTYEAUS.
3BiTH
Bignoeige
@éﬁe PErTH pOE'AZAHHA pozE'AIYEIYE | CyKyMHIiCcTE

O BigHOEMTH NEPEUHHI SHIYEHHRA

D MoBepHYTHCA A0 AI8A0r0BOMD BiKHE NapameTpie e
pO3B'ASYBaYa [ crpykrypy ssirtis

oK CracyeaTu 30EpErTH CUEHaPIN...

P03B'A3YBAY 3YNHHEHO Ha BUMOTY KOPHCTYBaua.

Po38'A3yBaY 3yNuHKE poboTy 40 3HaXo4#EHHA rnofansHo NpUAHATHOMD po38'AsaqHA. Byae Hagato
Halkpawe sHafgede po3e'A3aHHA, AKWD TaKE £

Pucynok 9 — Pexxumu miciist po3B’si3aHHS 337241 ONTHMi3allii
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BucHoBkn

Amnanmiz goctynmHHX Jokepen iH(opwmamii TokazaB, 10 BHpINIEHHS TpoOlieMH BHOOpPY
ONTUMAJIbHOTO 3€PHOBOTO CKJIAAy MiHEpaldbHOI YacTHHM acaiabToO0eToHy MOTpedye 3acTOCyBaHHS
CY4acHHUX IaKEeTIB MPUKIAIHUX KOMII'IOTEPHUX HPOrpaM JUIsl 3MEHILIEHHS BUTpAT yacy Ha OOpoOKy i
aHai3 pe3yIbTaTiB Ja00OPATOPHUX TOCIIHKCHD.

Haii0inpm mommMpeHuMH NpOrpaMHUMH 3aco0amMu y OynmiBenbHIH iHAYCTpii, 30Kpema B
naboparopHOMy 3a0e3leYCHHI BHUTOTOBICHHS ac(aibTOOCTOHHOI CyMimll, € TaOaMYHHHA MPOLecop
Microsoft Excel. ¥V crarti mpogeMoHCTpOBaHa METOAMKA PO3B’s3aHHS 3a7adi ONTHMI3allii 3¢pHOBOTO
ckiany minepanbHol yactuau AC B cepenoBuini Microsoft Excel 6e3 3acTtocyBaHHS MakpoCiB MOBU
nporpamyBanHsi VBA, 1o 1ae 3mory oOpoOIisiTH Ta aHajli3yBaTu pe3yibTaTd JabopaTOpHHUX TOCIiIKEHb
crerianicram, sKi He 3HalOMi 3 TPOrpaMyBaHHSIM.

Po3pobrena HeniHiliHAa MaTeMaTHYHA MOJIENb 3a/1a4i ONTHMI3allii 3epHOBOTO CKJIay MiHEpPaIbHOT
gactuH AC 3 [IJIOYMCIIOBUMH 3MIHHHMH Ta OOMEKECHHSIMH, SIKYy CIJiJ PO3B’sI3yBaTd PO3BHBAHUM
METOJIOM, MPOTE, SIKIIO LIYKAaTH HAOIMKEHHSI 1O KPUBOI 3 MAKCUMAJIBHOIO IPaJalli€ro MIBHOCTI, TO CTa€
MOXJIUBUM 3aCTOCYBAaHHSI METOLY 3BEAECHOTO IPAI€HTA.

[Momanpini JOCHIPKEHHS y JaHOMY HampsMi, Ha Hamy JIyMKY, 3B’s3aHi i3 CTpaTeri4HOIO
MEPCHEKTUBOI0 CTBOPEHHSI Ha OCHOBI Cy4acHOI MapajurMH HAayKOBUX JOCITIJUKEHb JKUTTEBOTO IMKITY
MarepianiB A Oy[IiBHUITBA, PEMOHTY Ta YTPHUMAaHHS aBTOMOOITBHUX MOPIT AHAIITHYHOT €KCIepTHOI
CHUCTEMHU YIIPABIIHHS JTaO0OpPaTOPHUMHU MOCTIKEHHAMH Ta JaboparopHUM Oi3HECOM. Y HaWONMKIHIA
MEPCIEeKTHBI JOLITbHE YIOCKOHAJICHHST METOIUK PO3B’S3aHHS 3a/adi ONTHMi3alii 3epHOBOTO CKIaLy
MminepansHoi wacTmHn AC B cepemoBumii Microsoft Excel i3 3actocyBanHsM MakpociB Ta VBA 3
PO3pOOJICHHSIM BiATIOBITHUX ITA0IOHIB Ta 1 3p0O3yMIJIOTO 3pyIHOTO iHTepdelcy KOpHCTyBaJa.
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DESIGNING OF OPTIMAL GRADING OF ASPHALT MIXTURES
IN THE MS EXCEL ENVIRONMENT

Abstract

Introduction. The composition of the grading of the mineral part of the asphalt mixture significantly
affects the properties of road asphalt, namely its strength, roughness, durability, stability, reliability,
quality, etc., especially when using secondary industrial waste. The designing of asphalt mixture grading
(hereinafter referred to as AM) involves the calculation of its parameters that, among other things, meet
the requirements of Tables 6 and 7 of DSTU B V.2.7-119:2011 [1].

Designing the aggregate composition and binder content of an AM that meets the specification
requirements is a lengthy trial-and-error procedure, and success in designing an AM largely depends on the
designer’s experience. This difficulty can be overcome by the development and implementation of computer
software for designing the optimal AM parameters to obtain the desired properties and control them.

In general, three main approaches have been proposed to computerize the computations for
processing laboratory test results and optimizing the parameters of the AM:

1) Excel spreadsheets for performing a volumetric analysis of AM (Asphalt Mix Design Tools),
for example, according to the methodology of Part 5 of the manual [3];

2) optimization of the process of designing the optimal AM using artificial neural networks
(hereinafter referred to as ANN) and genetic algorithm (hereinafter referred to as GA), for example, [4];

3) improving the design and management of AM production by means of computer simulation
modeling and optimization of AM parameters in real-time [5].

Excel spreadsheets are the most common in the construction industry worldwide. They are offered
on the software market or developed on their own by individual specialists who are familiar with Excel.
Microsoft Excel includes a so-called Solver, which uses a GA to find the optimal number of components
of the mineral part of the AM. In addition, the Visual Basic for Application (VBA) programming language
available in Excel makes it possible to create programs that correspond to the complexity of the problem
of optimizing the parameters of the AM and have a convenient user interface.

A modern approach to optimizing the process of AM designing based on ANN models of various
types, for example, is proposed in [4]. Artificial intelligence tools have gained popularity in recent years.

In pavement design engineering, ANN can be used to interpret complex data obtained from field
and laboratory tests or even computer simulation modeling. ANN is mainly used in three main areas of
pavement construction and repair, namely, in assessing the structural condition of the pavement, predicting
the emergency condition of the pavement, and evaluating the properties of asphalt concrete.

In our opinion, we can conclude that it is expedient to solve the problem of finding the optimal
composition of grading of the mineral part of the asphalt mixture in the Microsoft Excel spreadsheet
processor, as it is the most common in the construction industry and accessible to most users.

Problem Statement. The composition of grading of the mineral part of the asphalt mixture
significantly affects the properties of road asphalt concrete, namely its strength, roughness, durability,
stability, reliability, quality, etc., especially when using secondary industrial waste. The designing of
asphalt mixture grading (hereinafter referred to as AM) involves the calculation of its parameters that,
among other things, meet the requirements of Tables 6 and 7 of DSTU B V.2.7-119:2011 [1]. Taking
into account the considerable labor intensity of optimizing the grading of AM, it is advisable to carry
it out using computer software, relying on the most common and well-known software tools, namely
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the Microsoft Excel spreadsheet processor. The development and implementation of such software will
contribute to the development of the theory of designing the grading of AM and facilitate its practical
application.

Purpose. The objective of the article is to solve the problem of finding the optimal composition of
grading of the mineral part of the asphalt mixture that meets the requirements of state standards [1, 7, 8, 9]
using the Microsoft Excel spreadsheet processor without the use of macros and VBA.

Materials and methods. The Microsoft Excel spreadsheet processor was used to optimize the
designing of grading of the AM.

Results. A nonlinear mathematical model of the problem of optimizing the grading of the mineral
part of the AM with integer variables and constraints has been developed, which should be solved by the
developed method. However, if we look for an approximation to the curve with the maximum density
gradation, then it becomes possible to use the method of the reduced gradient.

Conclusions. The analysis of available sources of information has shown that solving the problem
of designing the optimal grading of the mineral part of AM requires the use of modern computer software
packages to reduce the time spent on processing and analyzing the results of laboratory tests.

The most common software in the construction industry, in particular in the laboratory support for
the production of asphalt mixtures, is the Microsoft Excel spreadsheet processor. The article demonstrates a
methodology for solving the problem of optimizing the grading of the mineral part of the AM in Microsoft
Excel without the use of VBA macros, which allows processing and analyzing the results of laboratory
studies by specialists who are not familiar with programming.

Keywords: asphalt concrete, grading, optimization, Microsoft Excel.
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