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BiHHHUbKHI HaLiOHAIbHKUIT

TEeXHIUHHH YHIBEPCHTET

BAFATODAKTOPHUW AHANI3 TE_I‘IJ‘IOI3OJ’IS|U,II71HMX
MATEPIANIB A9 TEPMOPEHOBALIII BYAIBEJIb HA OCHOBI
NIHrBICTUYHOI IHOOPMALLII

Vkpaina npub;insHo Ha 50% mosxe 3abe3neunTi notpedM B naiMsi
3a paXyHOK HalllOHATbHUX 34M1aciB, TOMI IK BTPATH I1aJIMBHO-CHEPTeTHY-
HUX pecypciB B KOMyHanbHO-noOyTOBIit chepi gocaraots 50-60% [1,2].
3MEHILUUTH BHUTPATH EHEPrOpPecYpCiB MOXJIMBO LUISXOM BHKOPHCTaHHS
edeKTHBHUX Teroizoaauiitnmux matepianis. L{i Marepianu aaroTh 3MOry
3MIMCHIOBATH TEpMOpPEHOBALiK OyaiBesb, AKI MAKOTbh TEPMIYHMIT omip
30BHIILIHBOT Oroposki Oijiblie HDX nependayeHo JIUYMMHM CaHITApHO-
riricHiuiMMu HopMamu [3]. JdociipkeHHAM [4] peKOMEHIYIOTbCS 3alex-
HOCTI €KOHOMIYHO JIOLITBHOTO TEPMIYHOTO ONpY BiJ BAPTOCTI TEILIOI30-
JAMIHHAX MaTepiaiB AJs BCIX YOTMPbOX KIIMATHYHMX 30H YKpainu. Ha
CbOTOHILUHINA JeHb BIACYTHS HayKOBO-OOIDYHTOBaHa METOAMKa Oara-
TO(PAKTOPHOTO aHaI3y TErUIOI30AALIMHUX MaTepianiB Al TEPMOPEHO-
Ballil 6yaiBesb 3 BpaxyBaHHAM iX KiJIbKICHUX Ta SKICHMX apaMeTpiB.

IcHytO4i TerUIoi30NsLiHHI MaTepiaid XapaKTepH3yITbCs KpiM eKo-
HOMIYHHX MMOKA3HMKIB TAKOX KIJIbKICHUMH Ta SIKICHUMM XYI0XKHbO-eCTe-
TUYHUMH, TEIUIODI3UUHUMH i eKOTOoTiYHUMY napaMeTpaMu. [TopiBHsb-
Ha XapaKTepHCTHKa MOKAa3HMKIB TEMUIOMPOBIIHOCTI Marepiany Ans 3a-
Oe3redyeHHS HOPMOBAHOTO ONOPY TerUIonepesayl Ta BapTocTi MatTeplany
HaibinblIe BUKOPUCTOBYBAHUX TCILIOI3OMALIIIHMX MaTepialiB HaBelcHa
B TadI. 1.

IMpoexTyBaHHsI, TEXHOJIOTisl BIAIUTYBAHHS H YMOBHM eKcILlyaTauii
30BHILIHIX OropoX OyaiBenb BHUMAraloTbh [OLIYKY ONTHMaThHOTO
pilieHHs TepMoOpeHoBaUil OydiBesab Ha 0a3i 0araropakTOpHOro aHa:lizy
XapaKTCPUCTHK TEIIOI30MALIHHUX MaTepianiB. Bupimuty o 3agauy Ha
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eTari TeXHIKO-eKOHOMIYHOTO OOrpYHTYBaHHS MOXXHA 3 BUKOPHCTaHHAM
Teopii HeYITKMX MHOXHH Ta JIHIBICTUYHOI 3MIHHOI 3a pe3ylbTaTaMH

BIpTyaJIbHOTO eKCIIEpUMEHTY [S].
Tabauys 1

IlopiBHus/ibHAa XapaKTepHCTHKA NOKA3HHKIB TENJIONPOBLIHOCTI, BHTPAT
Ta BAPTOCTi TeNn10i30/AuiiiHHX MaTepianis

Heobxiana ToBuinHa
Tenuoiaonsguiﬁﬂuﬁ npc}:i];ljlli?c-n,, MaTtepially juis 3a6c3nquHHﬂ BapTim;b,
marepian Br/(M2K) oml)gy( :ﬁ%?é?ﬁ}:f'" rpH/M
CknoBaTta 0,03...0,04 40 130...150
[Mosictupon 0,03...0,04 46 150...160
MiHepanbHa BaTa 0,04...0,07 67 130...160
IazoninobeToH 0,1..04 348 220...240
Kepam3utoderoH 0,2...0,7 490 120...140
Llerna rnmusina 0,5..0,8 672 300...500
Llerna cusiikaTHa 0,7..0,9 840 500...600

MogentoBaHHs 6araTo)akTOPHOrO BIUIMBY NapaMeTPiB TErUi0i30-
NAWHHUX MaTepianiB Ha MPUAHATTS pillieHHs 1o ioro BUGOpy ans Tep-
MOpeHoBaLlii 6yaiBesb BUKOHAHO HAa OCHOBI METOAY ifieHTHUdiKaLlii Hei-
HIHHUX OO’€KTIB HEYITKMMH OazaMu 3HaHb. CriovyaTky OyayBaiWcCh
CTPYKTYPHI 3aJIE)KHOCTI €KOJIOro-eKOHOMIYHOI mouiibHocTi (V) Ten-
noi30aAUiHHOrO MaTepiany BiJl BMIMBAIOYUX XYAOXHbLO-ECTETHUHMX
(X1), rennodizuunux (X2), ekonoriynux (Xs) Ta ekoHoMiuHux (X4) dak-
TOPiB 3 34CTOCYBAHHAM €KCIEPTHUX HNpaBun “skwmo-to”. Ha erani
CTPYKTYPHOI iAeHTH(DIKaLlil BAKOHYBABCS y3arajlbHEHWH €JIeMEHT B BH-
[7ISA1 JepeBa JIOTIYHOTO BHCHOBKY i€papXi4HMX 3B’A3KiB (paKTOpIB, L0
BIUIMBAIOTh Ha BHUOIp Teruoisonsuiiinoro Marepiany. KopiHb AepeBa
JIOTIYHOTO BHCHOBKY BIANOBI/Ia€ €KOJIOTO-eKOHOMIUHIi JOLINBLHOCTI Te-
TJIOI30JIALIAHOrO MaTepiaiy, a BUCAYi BEPUIHHN ~ (AKTOPH, WO BHILIU-
BalOTh HA NPUAHATTA pillleHHs. JIoriuHuii BUCHOBOK OIUCY€ 3a/IEXHICTD

Y = f(X\, X5, X3, X4) mix npuunnamu X,(i =i,n)Ta HACMIAKOM Y BHU-
INIA1 CHCTEMH HEYiTKMX JIOTIYHUX BUCHOBIIIOBaHb [5].

Ai n . —
ko | J [(x; = X/P)), o y=Y, j=1m. (1)

p=l =l
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Ne Y, — HediTKHil TepM Ui OUIHKK j-ro PiBHA BMXiAHOI 3MIHHOT, M —
KiNbKicTh TepMiB IS ouisku Y; X/° — HewiTKuii TepM Ul OL{HKHM
BXiJIHOT 3MIHHOI X; B p-My PA0Ky MaTPHLi 3HaHb, 110 BiNOBIAAE TEPMY
Y, p =l,_K_; . K; - xinbkicTh psjiKiB, WO Bianosifae Tepmy Y U(ﬂ) -
cumson onepauii ABO (7).

SIKiCHMI HEYiTKHI TEPM € JIIHIBICTUYHOIO 3MIHHOIO, 3HAUYEHHs SKOl
BHPaXaeTheA CJI0BOM. Bci dakTopy BIulMBY Ha BHOIp TENJIOI30JIALIHHO-
ro MaTepiaiy s TepMopeHoBauii OydiBenb PO3INANAIOTHCA AK JIHIBi-
CTHYHi 3MiHHI, 110 3a/laHi Ha BiAMOBIAHMX YHIBEPCaJbHMX MHOXHHAX i
OLIHIOIOTBCA HEYITKMMH TEPMAMM, B IKOCTI SIKUX MPUNHATI KiJIbKICHI BU-
pasu “Hu3bka” (H), “HIXKYe cepenHboi” (HC), “cepenna” (c), “BHiLE ce-
peanboi” (Bc) Ta “BHcoKa” (B). BUKOPUCTAHHS HEYITKUX TEPMIB JIa€ 3MO-
ry nobyayBaTH eKcrepTHi HeuiTki 6a3u 3HaHb, SKi BIAA3EPKAIIOIOTH
3B’M3KH MK BXiZIHUMH T2 BHXiZHUMH 3MiHHUMHU. 3MICTOBHA IHTEprpe-
Talis napameTpiB, WO BIJIMBAIOTh HA €KOJIOTO-EKOHOMIYHI NnapaMeTpu
TeIJIOI3ONALIMHMX MaTepianiB, Ta BiNOBIHI MHOXMHHU THIBICTHYHHX
OLIHOK (TepMiB) HaBe/eHi B TabauLi 2.

VY By3nax jepeBa JIOriYHOrO BHCHOBKY ans 6GaratodakropHoro
aHani3y TeruIoi3oNAUIMHMX MaTepialiB Juis TepMopeHoBalii Oyaisens
npeacTasiedi GopMyiu, WO OMUCYIOTh 3a AONOMOIOK JIHIBICTHYHHX
3MiHHHX CITiBBiJHOUWEHHS MK (akTOpaMH BIUIMBY:

Y =f, (X1, Xa, X3, Xa), @
Xy =[x, (X, Xi2s X3, X140, Xo5), (3
Xy = [y, (X2 X 025 X35 X4y X5 X6, X7, X)), C))
X3 = [y, (X3, X3y, X33, X34), (5)

Xo=Fx, (X, X205 X3, X aa) - 6)
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Tadnuys 2

MAKTOPH BILTIBY ~ SIK JHHIBICTIYHI 3MiHHI

[Tapa- -
[TosHauennss Ta nasea | YHiBepcaioha | .. i
Merpn | L Lo e I'epamu a71s OLiHKH
JUHIBICTHYHOT 3MiH10T MHOKITHA
X1 — acKpaBicTb I...10 6anis HH3bKa, CEPE/IHs, BUCOKA
1
2E | Xi2 - KoNbOPOBICTH 1...10 6azie HHU3bKa, CepPe/IHsl, BHCOKA
I =
2 E | Xi3- TOHATBHICTL 1...10 danis HHM3bLKA, cepelis, BHCOKA
ge
;‘ 2 | Xia - dakrypuicr 1...10 Ganis HHU3bKA, CCPCAHSA, BHCOKA
Xis - xonip 1...10 dauis HH3bK4, CCPEIHA, BIICOKR
0.03..0.9 HU3bLKA, MEHLIE CEPEAHbOI,
X121 — rerniionpoBiaHicTh g cepeitisi, Oiibluc ccpe-
Br/(m K) o
HLO1, BUCOKA
; 10...1700
X2 - rycruna . HH3bKA, CEPE/IHS, BUCOKA
) Kr/m3
’ 0,01...0,06
X23 — NApONMPOHUKHICTH HH3bKa, Cepe;ltst, BUCOKA
r(m-roj Ila)
X24 - rirpockoniyHicTh 0...100 %% HH3bKA, CCPCIHA, BUCOKa
; 5 200...500
X325 — Mopo3ocTiiikicTs — HII3bKA, CCPE/IHS, BHCOKA
F . 0,05...4,0
= X2 -~ CTHCKYBAHHICTh N AT A HH3bKA, CCPCIHs, BICOKA
a : : MYMH A GRS,
z X27 - MiuHiCcTh Ha 0.02..20 )
= HHU3bKa, Cepe/IHsI, BUCOKA
g CTHCKYBaHHS Mna
= Xog — 3ByKOMOIIINHANHA 10...40 1b HH3bKA, CCPCIHS, BUCOKA
-~
. 300...1400
X31 — BOTHETpUBKICTI oC HM3LKA, CEPE/IHS, BUCOKA
. o 0...80
X532 — XiMiyHa cTifikicTb - HI13bKA, Cepe;uis, BUCOKA
70
. . . 0..10
.- Xs;  Oionoriyna
T o VMOBHHX HHU3bKA, CEPESIHS, BHCOKA
T cTifkicTn i
= O/IMHHLIb
(o] =
5 0.5
R X34 — WIKIAMBICTE YMOBHHX HHU3bKA, Cepel(is, BUCOKA
OJIHHHILL
Xa1 - Bapricrs 110...1000 . i
g 3 HII3LKA, CEPeillist, BHCOKA
Marepia:y IpH/M3
; Xa2  BapTicThL pOOIT 60...300 rpi/m3 | 1n3bKa, CCPCAH, BICOKA
s Xa3 — TPYJLOMICTKICTD 15-35 moum-
) g s HHU3LKA, CEPE,LHS, BUCOKA
= pobit HO_TOTITH/M3
g B o 50...100
o Xas -~ JIOBroBidIiCTD o HHM3bKA, CCPEJIHS, BUCOKA
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ExcrniepTHa MaTpuus 3HaHb Ui 6aratoakTOPHOrO OLHIOBAHHS
Marepianip [j1s TepMopeHoBauil OyaiBeNnb Bii BMIMBAIOYMX (DAKTOPIB
nobyjaoBaHa 3a MeroinKow [5] I H4 cucTeMHOMY PIBHI HaBejieHa B
Tadmn. 3. AHaNOrMHO OyAYIOTbCS MATPHLL HEHiTKOT 6a3u 3HaHb Wi Xy-
JIOKHbO-ECTETHUHUX, TeruIogi3uyHuX, eKOJOTIYHHX Ta EKOHOMIUHHX
(daKTopis, 1O BILIMBAIOTH Ha BUOIP TErIoi3onsuifHuxX MaTepiasis.

Marpius HeuiTRol 6a3i 3HANb HA CHCTEMHOMY piBHI

Tabimys 3

AKIO

TO

X,

X;

X;

i

X,

|

-

]

4

|~

Husbki (11)

Husbki (1)

Husbki (1)

Husbki (H)

Hiokue cepexnmix (1ic)

Hu3sbki (H)

Husbki (H)

Husbki (1)

Husbki (H)

Husbki (1)

Cepesi (c)

Husnki (1)

Husnki (1)

Hivkue cepeanix (He)

Husbki (1)

Husbki (1)

Huzoki (1)

Hitzbki (H)

Husbki (H)

Cepeni (c)

Huseki (1)

Husbki (H)

Huscue cepeanix (iie)

Cepesni (¢)

Cepenni (c)

Cepemni (¢}

Huxcue cepejinix (He)

Husbki (1)

Husbki (1)

Cepesini (¢)

Hiokue cepeanix (1c)

Cepeniii (¢)

Hu3bki (1)

Cepenti (c)

Hipkue cepesHix (He)

Hu3bki (H)

CepenuHi (c)

Hikue
cepenHix (He)

Cepeani (c)

Cepesni (c)

Cepejtni (¢)

CepeitHi ()

Cepe;ni (¢) Cepeani (¢) Huswki (1) Hnabki (1)
Cepeatii (¢) Hukye cepe/inix (1Hc) Cepeni (c) Cepenti (c)
Cepestai (¢) Huxue cepennix (Hc) Cepeati (c) Bucoki (B) i
R . - - Cepensi (c)
Cepeari (¢) Huxue cepenHix (He) Bucoxi (B) Cepeani (c)

Bucoki (8)

Buiue cepensix (Bc)

Huski (1)

Cepeapi {c)

Bucoki (B)

Brtine cepenHix (8e)

CepejHi (¢)

Husbki (H)

Hu3spki (1)

Buuie cepennix (Bc)

Cepenni (c)

Cepeni (€)

Cepeati (c) Buie cepesnix (Be) Cepei (¢) CepefHi (¢)
Butcoki (8) Buwe cepeanix (Be) Cepenti (c) Cepesi (¢)
Cepestii (¢) Buute cepeanix (c) Bucoxi (B) Cepeatii (¢)
Cepeani (c) Buite cepejiHix (8c) Cepestni (¢) Bucoki (B)
Brcoxi (B) Cepestni (¢) Cepeni (¢) Cepei (c)

Bucoki (B)

Buiue cepensix (Bc)

Cepei (¢)

CepejiHi (¢)

Buuie ce-
PeHIX (BC)

Cepeni (¢)

Bucoxi (B)

Bucoki (B)

Bucoki (B)

Bucoxi (B)

Bucoki (8)

Buue cepeanix (Bc)

Bucoki (B)

Bucoki (B)

Bucoki (B)

Bune cepenix (Be)

Cepeni (¢)

Bucoki (8)

Bucoki (B)

Buute cepeanix (Be)

Bicoki (B)

Cepenni (c)

Bucoxi (B)

Brcoki (B)

Bitcoki (B)

Biicoki (1)

Bucoki (B)
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MaTeMaTUYHOK MOIEUIK MPOTrHO30BAHOI'O MaTepiany JUis TepMo-
peHoBauil 6yaiBens 3a ONTHMAaNbHUMH €KOJIOr0-eKOHOMIYHUMM MOKa3-
HMKAMM BUCTYMAE CUCTEMA HEYITKMX JIOTIYHMX piBHAHb. HeuiTki goriuui
PIBHAHHS i30MOpGHi 6a3aM 3HaHb Ta OTPUMYIOTbCS 3 HMX 3AMIHOIO JIIHI-
BICTHYHHUX TepMiB (YHKLIAMM HAJIEXKHOCTI i 3aMiHOIO JIOLIYHUX oOre-
pauiit “I” i “ABO” Ha onepallii 3Hax0/PKEHHS, BIAMOBIAHOTO MiHIMyMY
(A) ii makcumymy (V). HediTki noriyHi piBHSHHS A1 BUOOpPY eKONoro-
€KOHOMIYHOTO MaTepiajly AN TepMOpeHoBallii OyaiBenb, 10 BiAnoBiAa-
10Th aKTOpaM BIUIMBY K JIHIBICTHYHUMYU 3MIHHUMHU (T261. 2) Ta HeYiT-
Kiit 6a3i 3HaHb (Tabn. 3) MAlOTh BULIAL:

Uy (V) =g (XD AU (X)) AL (X)) AR (X )V e (X)) AR (X)) ARE(XG) A 7
ARG (X )V Ry (XD AU (X)) ARC(X) ARL (X )V By (X)) Abpc (X)) Al (X5) A ™
AR (XD VR (X)) AR (X)) AR (X3) ARC(X),

Rrac(Y) =0 (X)) AR (X)) ARC(X ) ARC(X )V R (X)) ARpe (X)) ARy (X5) A
ARG (XD V UAX) AREc(X) AUC(X ) AL (X )V R (X)) AR ge (X)) ARE (X)) A

ARC(X )V HAX ) ARC(X) AR (X3) AL, (X)), 8)
oY) =He (X)) AR (X)) ARC(X ) ARC(X ) Y He (X)) AR (X)) ALC(X ) A ©
AUR(X)VR(X) ARG (X)) ARG (X)) AR (X )V R (X)) ARC(X ) ARC(X ) A )
ARC(Xy),

Hpc () =1p(X)) A (X)) AR (X)) ARC(X ) Vv g (X)) AR (X)) ARC(X ) A

AR (X DV R (X)) Al (X)) AHC(X3) ARC(X ) VR (X)) AR (X2 ) AR(X;) A

AR (X )V Up(X ) Al (X)) ARC(X3) ARC(X ) VR (X)) Al e (X)) AMG(X3) A

ARC(X DV HAX) AR (X)) ARC(XG) ARB(X ) VR X)) ARC(X ) ARC(X) A

AB(X )V g (X)) ARpc (X)) ARC(X;) ABC(X), (10)

Hp(Y) =Uc (X)) ARG(X,) AL (X3) ARR(X,) v U (X)) Algc (X3) AUB(X;) A
AR (X )V Hg(X ) Appc(X2) ARC(X3) AUB(X )V Rp(X ) Algc (X)) Al(X3) A
AU(X)VHa(X)) AHg(X3) AHB(X3) AR(Xy). (n

CucreMa He4iTKUX NOTi4YHUX piBHAHB (7-11) nae 3amMory ysBuTH mo-
BEPXHIO HaJexHocTi 3MiHHUX (X1, X2, X3, X4) 3a BIINOBIAHMMH TEpMaMH
11{O10 KOXXHOTO JIHIBICTHYHOTO BUCioBMoBaHHA. 1106 nepeiitu Bin o1-
PUMaHUX HEYITKHX MHOXHH OO KiNIbKICHOU OLiHKW MartepianiB ans Tep-
MOpeHoBaLil OyaiBenb HEOOXiJHO BUKOHATH npouenypy fedaszudikalii,
TOOTO NEPEeTBOPEHHS HEYiTKOI iHpopMalli B HiTKy.
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BucHoBkH

1. BukonaHo knacudikauiro GaxkTopiB BMIMBY SIK JIHIBICTUYHHX
3MIHHHUX, 110 BIUIMBAIOTh HA NPUIHHATTS pillleHHs 3a pe3ylibTaTaMu Gara-
TO(hAKTOPHOTO aHalli3y SKiCHMX Ta KiJIbKICHUX MapaMeTpiB Teruioizos-
LIifHUX MaTepiailiB.

2. Pesynbraty MOAENIOBaHHS 3a HOCTYMHOIO €KCIIEPTHO-JIIHIBICTHY-
HOIO IH(pOpMaLieI0 MOKYTb OYyTH BHKOPHUCTaHI Py BUOOPI Tersoizons-
LiiiHoro Mmarepiajly Alis TepMopeHoBauii OyaiBenb 3a ONTHMAbHHUMH
eKO0JIOr0-eKOHOMIYHUMH TTOKAa3HUKAMH.
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