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XMeNbHUIBKUI HalliOHATBHUHN YHIBEPCUTET

PO3POBKA MATEMATHYHOI MOJEJII IINIACTUYHOI JE®OPMAIII
HNOJIETWIEHY I AI€I0 BAJIKIB ITIPO®LIIO PEJIO

Cmammio npucesiyeHo po3po6yi modeai HanpysxceHo-0ehpopMO8aHO20 cmaHy noJsimMepHoz0 Mamepiany nio
8N/UBOM HA HbO20 POOOHUX OpeaHie nepepo6.108a/NbHO20 004A0HAHHA. OmpumaHa mamemMamuyHa Modeab 3MiHU
cmpykmypu nosaimepie nio diero HagaHmaxceHHs po3msizy, 3a JoNOMO2010 SIKOI MONCHA pO3PAX08Y8AMU NOJSL HANPYHCEHb
ma degpopmayitl nosiemuseny.

Kawuoei ci08a: sanku, nosniemuser, nepepobka, HanpysceHHs, dedopmayis, nosae, pyliHyS8aHHS.

M. YE. SKYBA, A. YU. KRAVCHUK
Khmelnytskyi National University

DEVELOPMENT OF MATHEMATICAL MODEL OF PLASTIC DEFORMATION
OF POLYETHYLENE BY ROLLS OF REULEAUX PROFILE

The article is devoted to the development of a model of stress-strain state of polymer material under the influence of working
bodies of processing equipment on it. The mathematical model of the change of the structure of polymers under the influence of tensile
loading is obtained, with the help of which it is possible to calculate stress fields and deformations of polyethylene.

Key words: rolls, polyethylene, processing, stress, deformation, field, destruction.

Po3risiHeMo Mozesb HanpyeHo-1e()OpMOBAHOIO CTaHy HECKIHYEHHO Malloro o0’eMy MoJiMepy, Lo
YMOBHO BHpI3aHHUH 13 IOJIMEPHHMX BIIXOHIB, SIKI NEPEpOOJIOIOTHCS B INPUCTPOSX 13 3yO4YacTUMU BaJIKaMH Ta
Baskamu 1po¢imo Peno (puc. 1). B npuctpoi i3 3y09acTMMU BaskaMH MaTepiaji CIoYaTky BHTSATYETBCS, a TOTIM
CTHCKAETHCS, 1110 J03BOJISIE CTBOPHUTH 1 3adiKCyBaTh B Marepiaii OpieHTOBaHY HaJMOJEKYISIpHY CTPYKTypy. Ilicis
L[LOrO OpIEHTOBAaHWH NOJIMEpHHMH MarepiaJl TOCTymae B MpUCTpii i3 Bankamu Pemo, ne BiH miagaeTbhes
nedopmamisM CTHCKY 1 3CyBY, IPH SKHX HOTO CTPYKTypa PyHHY€ETHCS B ITOIIEPEYHOMY IO TIOTIEPEIHBOI OpieHTawil
HanpsMky [1].

1, 2 — BepxHiii i HHKHil Bajiku; 3 — moiMepHi Bigxoan; 4 — HecKiHYeHHO MaJIMif 00’ €M mosTiMepy
Puc. 1. Cxema gedopmauii nosimepy mixk 3y6uacrumu Bajkamu (a) i Bankamu npodimo Peso (0)

ITix BIUIMBOM CKJIAHOTO HAIPY)XEHO-IePOPMOBAHOIO CTaHy B MOJIMEPHHUX MarepiajiaX BHHHUKAIOTh
B’S3KOMPYIKHI Ta TUIACTUYHI e opMartii.

Jnsa  iHTepIpeTyBaHHA B’S3KONPYXKHOTO  HANPY>KEHO-Ie(hOPMOBAHOTO CTaHy MOIiMepy Oyaemo
BUKOPHCTOBYBAaTH CIIBBiIHOIICHHS MK HAmpyXeHHAMH 1 nedopmamisimu y Burimanl inrerpaniB CrinTbeca,
3amKMcaHuX y TeH30pHil dopmi [2]:

‘ dey (7)) 0 doy,(7) 1
O'ij(t)=_(|;Egk,(t—z')- — -drt; gij(t)z‘([Jgk,(t—r)- — -dt (1)
Jie T — vac penakcauii; Ej, Jyu — BianosiaHo ¢yHKUii penakcauii i NOB3y4OCTi, sIKi YTBOPIOIOTh TEH30pH

Y4ETBEPTOTO MOPSAAKY.

Ilpu —oco <t <0 Tensopu Ejy, Jju NOPIBHIOIOTE HYyIIO, TOOTO Ejy(t) =Jju(f) =0, 1 KOXKEH elNeMeHT LHX
TEH30piB Mae 0OMEKEHY Bapiallito B OyAb-IKOMY 3aMKHYTOMY IiJIIHTEPBaIi 3 001acTi —oo < f < oo,

Hampy:keHHsI, M0 BHHHKAIOTH Yy TIOJMIMEPHOMY Matepiaii B Iporeci #oro oOpoOku (puc. 2), BU3HAYUMO 3
BUpa3y y3araJbHEHOro 3aKoHy [ 'yka TakuM YHHOM:
0 =Cip "€y L, k,1=1273, (2)

i
e 0 1 &; — TEH30pH JPYTOTO PaHTy, BiANOBiAHO, HampyxeHHs i medopmariit; Cy; — TeH3op koedimieHTin
4ETBEPTOr0 PAHIY, 1110 ONUCYE B’S3KONPYKHI BIACTUBOCTI NOJIMEPHUX MaTepialis.

[MonimMep OyxeMO pO3IJILIaTH SIK TPAHCBEPCAIbHO 130TPONHHMN Marepiail (B’S3KONPYXHI KOHCTAHTH B
HampsMKkax / 1 2 eKBiBaJeHTHi), IO J03BOJIE OMUCATH HOTro 3a JOINOMOTOI IT'SITH B’S3KO-NPY>KHUX KOHCTAHT.
Jedopmartist moniMepHHUX BIAXOIB y BJIKOBHX NMPUCTPOSX BiOYBAa€ThCS B yMOBaX IUIOCKOTO HAIPYXKEHOTO CTaHy,
1[0 JO3BOJISIE 3alUCaTH: 033 = 0; 03 = 0; 013 = 0.
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[ligcTapnsaioun 11i yMOBU B PiBHAHHA (2), OTpUMaEMO

34 033 CHCTEMY pIBHSHb, IO OIMCYE IIOBEIIHKY IIOJIMEpPY IpHU
031 .
O 1 -Gn | CTBOPEHHI B HbOMY CKJI3JIHOI'O HAIPYXKEHO-1e(OPMOBAHOIO
Or———— S CTaHy 3a JOTIOMOTOI0 YOTUPHOX B’ A3KOMPY>KHUX KOHCTAHT:
1
—
) [ o 02 & VE, ~Vy/Eyp 0 0,
/ —
Z ox & |=|—vi2/En lE;, 0 ||oy |-
Puc. 2. B’s3konpysxna aedopManisi HecKin4eHHO €6 0 0 /G2 ) (o6
MaJioro 06’emy mnoJimepy 3)
ne E,, E,, G, — penakcamiiiHi MOAYJi IOJIMEPHOTO

MaTepiaiy, 10 BU3HAYAIOTECS 3a PIBHAHHAMU, OTpUMaHUMU B [1].

I3 piusgHHEs (3) BU3HaumMoO nedopmamii B OpIEHTOBAHOMY IIOJIMEPHOMY MaTepiali, Ha SKHHA [iIOTh
HaINpyXKEHHsI CTUCKY 1 3CYBY:

& =01/E|~0yy [Ey; €, =0V [E +0,[Ey; 11y =01,/Gy. “)

OCKUIBKM 30BHIIIHE HABAHTAXKEHHs, L0 NPHU3BOAMTH 10 Jedopmauil mojiMepy, 3ajaHe, TO HOpMasbHi
HanpyXeHHs1 o), 0, Ta HANPYXKEHHS 3CYBY G, MaiOTh OyTH EKBIBAJCHTHHMH CEPEJHbOMY HOPMAaJbHOMY abo
TaHTCHI[IATEHOMY HANpy)XeHHIO. B pe3ynpTari NesKux mepeTBOpeHb BUpa3iB (4), BpaxOBYIOUM PIBHICTh HATIPYXKEHb 1
nedopmariil y napanenbHuX IUONMHAX MoIiMepy, OTpUMaeMo [3]:

46 | Ay +V, 4, 46 [ A, +v, A4, 46,
- P > V12 —
Elhz AIIAZZ + A12

o, =

®)

] 2 = I EEE——
by \ A4y, - A122 Gy, 4y
HaIIpy>KCHHS pO3TATY.

3 piBasHHs (3), BpaxoByrouw piBHAHHS (5), OTpUMaeMoO Taki BHpasu IJisl BH3HAUCHHS HOPMAIbHHX 1
JOTHYHUX HAIPYKEHb:

2 2
1 _( Vin j 1 _[ Vio ]
EER | Eh EER \ Eh
2% W) g e g, BB A Gy (6)

2
L Vs Yo Vi

Eyhy  Evhy Ehy  Exhy

0'1=51'E12h2'

Ie vy, — koedirient [lyaccona.

OtpumaHi BHpa3u Ui pPO3PaxyHKy HampyxkeHb (6), sKi CTBOPIOIOTH B’SI3KONMPYXHI Aedopmarii B
MOJIMEPHOMY MaTepialli, MO)KHAa BUKOPHCTOBYBATH JIJIsI BU3HAYCHHS paIliOHAJbHUX KOHCTPYKTHBHHUX ITapaMeETpiB
nepepoOIIOBAIBHOrO 00JIaiHAHHS Ta €PEKTHBHUX PEXKUMIB HOro poOOTH, NpU AKX 3a0e3MedyeThesi HeOOXiaHa
Opi€HTALlsl CTPYKTYPH MOIIMEpY Ta Horo pyHHyBaHHS.

lgo PyiinyBanns TIOTIMEPHUX Marepiaiis, SIKi
BUKOPHCTOBYIOTBCS B JIEIKiil POMHUCIIOBOCTI, MOXXE MaTH Taki
BU/IM: KBa3ikpuxKke Ta IacTnaHe. HaBeneHi Bume piBHSHHS (6)
JNO3BOJNSIIOTH ~ BU3HAYATH  HANPY)XEHHS, IO  IIepeayloTh
KBa3iKpUXKOMY DPyWHYBAaHHIO MOJIIMEPHOIO Marepialy ado
TUIACTUYHIH Aedopmartii.

Y pa3i KBa3iKpUXKOTO pPYHHYBaHHS, JIOCSATHYBILH
TPaHUYHOTO 3HAYEHHS B S3KOMpPYKHOI nedopmartii, momimep
pyliHyeThes 6e3 Tedii. Ha po3mip pyiHIBHUX HAlpyXeHb, KpiM
nedopmaiii, CyTTeBO BIUTMBAE ii MIBUAKICT. Sk BUAHO 3 puc. 3,
3pocTaHHs  WBHIAKOCTI  nedopmauii  po3rsry  30uIbliye
JIONYCTHME HarpyxeHHs. Lle MmoscHIoeThCS TUM, LIO0 33 TaKud
KOpPOTKHUIl [POMDKOK 4acy piBHOBakHa Jedopmaliis HE MOXKe
PO3BHUHYTHCSI, TOMY IO JIAHIIIOTH MaKpOMOJICKYJI HE BCTHTAIOTh
MEepexXoqUTH 1O  TOTCHI[AJBHUX sIMaX, B  PE3yJbTaTi

1,2

e X

¥ g
-4.0 3,0 2,0 -1,0 lgv

1-T=20°C; 2— T=50°C; 3 — 7T=80 °C B’SI3KONPYXXHUM MOJyJh 3HAYHO MEPEBHIIYE PIBHOBAXKHUN
Puc. 3. 3ajexuicTh pyiiHiBHOr0 HANpYKeHHS Bix MOAyJb, 4epe3 M0 pyHHYBaHHA Bi[[6yBa€TI>C$I Ipyu BHIIUX
IIBHAKOCTI pO3TATY NoJiiBiHiIX10puay HANPYKEHHAX.

[Micng mocATHEHHS TPaHWYHOI B’S3KONPYXHOI Medopmarii A MONETHSICHY Ta TMONIMPONUIEHY B HHUX
BUHHUKA€ IUIacTHYHA gedopmanis. B pe3ynbrari JOCATHEHHS IPaHUYHOTO 3HAYCHHS TUIACTHYHOT Aedopmanil 3raiaHi
BULLE [OJIIMEPHU IUIACTUYHO PYHHYIOTHCS.

s  wMopemoBaHHS Tpolecy IDacTU4HOI Aedopmariii mOJIIMEpHOrO MaTepiary MK —BallkaMu
nepepoOITIOBATLHOTO MPUCTPOIO CKOPHCTAEMOCS BIJOMHM 3 TEOpPil IIIACTHIHOCTI PiBHAHHAM [4, 5]:

—_ — niu

O-nm_O-'é‘nm-’_snm_(A'(:vt'é‘nm-’-z/u'enm)'t’ (7)
Iie S, — KOMIIOHEHTH JIeBiaTopa TeH30pa HANPYyKEHb; 0°0,, — KOMIOHEHTH KYJIHOBOTO TCH30PY HAIPYKECHb;, 0 —
TiIPOCTATUYHUI TUCK; J,, — cuMBOI KpoHekepa; 4, 4 — koedirientu Jlame, I1a; o, Ta e,, — KOMIIOHEHTH TEH30pa
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HANPYKEHb Ta TEH30pa WIBUAKOCTEH AepopMariii, ¢'; & — mBHAKiCTs 06’ eMHOI nedopMarii, ¢'; ¢ — yac xii Bajkis
Ha IOJIIMEPHUH Marepiall, c.

BB temneparypu Ha aKTHBHICTh PyXY CErMEHTIB JIAHIIOTIB MaKpOMOJIEKYJ, a OT)Ke, Ha HalpyKeHO-
JeopMOBaHMH CTaH y MOJIMEPHOMY MaTepiasi BU3HaYaeEMO 3a JOTOMOTOI0 piBHSIHHS AppeHiyca [6]:

n =1, exp(U/RT), )
qe U — eHeprist akTuBaiii B’s3K01 Tedii; 7o — MOCTiiHa, sika MOe OyTu Bu3HaueHa 3 ymoBu 1'>T,, ne T,, —
TeMIepaTypa IJIaBJICHHS MoaiMepy.

Jiama3zoH TUCKY, MpU SIKOMY IIOJIIMEp 3MILlHIOEThCS (3MILHEHHS BPaxOBYEThCS KYJIBOBHM TEH30POM
HanpyXeHb G+0 (7)), BH3HauaBCcs 3a JOMOMOTOI MOOYJOBM TPAaHWYHUX MOBEPXOHb B O0JIACTi IUIACTUYHOL
nedopmanii. B pesynbraTi IbOro BCTAaHOBJICHO, IO 3HAYEHHS THUCKY, AKHHA CTBOPIOETHCA B MOTIMEpi poOOYNMHU
OpraHaMu IMepepoOIOBAILHOIO OOJIa{HAHHS, 3HAXOJUTHCS 3a MEKaMH 00JacTi 3MilHIOBaHHS. TakuM YHHOM, B
JIUCepTaliiHiii poOOTI MOJEIIOBABCSA BIUIMB Ha MOJIMEPHUI MaTepiall Halpy»KEeHb 3CYBY, [IO CTBOPHOIOTHCS
Baskamu nipodisro Perno, sik Hachinok — gopma mosiMepy 3MIHIOETBCS @K JIO HOTO pyHHYBaHHS TPH IILOMY 00’ €M
JIMIITAETHCS HE3MIHHUM.

BinmoBinHO 10 IHKPEMEHTATBHOI TEOPil MIACTHYHOCTI MIBUJIKICTH IUIACTHYHOI jJedopMariii mpomnopiiiHa
JIeBiaTOPY HAIIPYKEHb, SIKUH € TOCTIHHNUM [6]:

> ©)

Jie dA — MHOXHUK TIPOTIOPLIHHOCTI B TU(EpeHIianbHill GpopMi.

Ha ocHoBi piBusHHS Jlame, BpaxoByroun Mopaens KenbBiHa mis B S3KONMpPYXKHUX Jedopmariil momiMepy i
YMOBY HECTHCIIMBOCTI Ta BHMKOPHCTOBYIOUHM TilOTE3y KBa3iCTAI[lOHAPHOCTI ILIACTHYHOI JiedopMallii, 3anuiieMo
PIBHSIHHSI, 1110 TIOB’SI3y10Th HAIPYXEHHS 1 IBUAKOCTI AedopMalliil TAKUM YHHOM:

ot/ox=n-Viu; 9r/dy=n-V?v, (10)

Jie 7 — AMHaMIiYHa B A3KiCTh MmojiiMepHoro marepiany, [la-c; u, v —
KOMIIOHEHTH BEKTOpa MIBHIKOCTI ILIACTWYHOI nedopmariii, m/c; 7 —
JOTHYHI HaNpy)KE€HHS, 1[0 BUKJIMKAIOTh TIACTUYHY Jedopmariiro, [1a.

HaBenena Buie MaTeMaTHYHa MOJENb IpOLECY IUIACTUYHOI
nedopmartii mojiMepy MK BallkaMH TepepoOIIoBaNbHOTO MPUCTPOIO
Oyna po3paxoBaHa 3a JJONOMOI0I0 CKIHYEHHOPI3HUIIEBOTO METOJY, 3Ti/IHO
3 SIKUM BC1 JIn(epeHIlialIbHI PIBHSAHHS Ta IPAHUYHI YMOBH 3aIMCYIOThCS Y
CKiHYCHHUX pI3HHIAX Ha CiToi (ikcoBaHUX KOMIpok (puc. 4), 1o
TIOKpHBAE 001aCTh Ae(hOPMOBAHOTO TIOIIMEPHOTO MaTepiaiy.

VY pesynbTari [bOro OTPUMAIIH TaKy CUCTEMY PiBHSHb:

u;, :O’ZSI[MHIJ A = (T —r,.d.)-h/nij} ;
V; :0’25‘[1)141,/ FV; Y Y _(Ti,/ﬂ —T,-,,)'h/ﬂ,-/} 5 (1 1)

T, =025 (Tm.j F T, t T n +Ti.j—1) ;

Puc. 4. Citka ¢gixcoBaHux KOMipoKk, 1110
NOKpHBaE 06J1acTh Aedopmanii nojimepy

T, =0.25-(Ty  + Ty, + T + T, )
N; =My -exp( U/RT,',' ).

Jo miei cucTeMu piBHSAHB JIOJIAIOTHCS TTOYATKOBI 1 TPAHNYHI YMOBH OIS TIOBEPXOHB BAJIKIB, IO BPaXxOBYIOTh
paniycH, KyTOBY IIBUIKICTh BAJKIB i MPUTUCKHE 3YCHILIA, SIKE 3aJIEKUTh BiJl MiHIMAIbHOI MIXKBAIIKOBOI BIICTaHI Ta Bij
TOBLUMHH 0OPOOIIOBAJIBHOrO Matepiany. UKciioBe MOJETIOBaHHS HAIPYKEHO-1e(OPMOBAHOIO CTaHy 3HiHCHIOBAIOCH
TIOCTIJOBHUMH KPOKaMH MPOTSATOM IIEBHOTO IEPioAy Yacy HpH 3MiHI HABaHTAKEHHS. 3a Pe3yIbTaTaMH YHCIOBOTO
MOJICTIIOBAHHST OTPUMAaHO Tpadiky, 10 MOB’A3yIOTh MIBUAKICTh 3CYBHUX nedopmariiii, CTBOPIOBAHUX POOOUNMHU
OpraHamu rnepepoOIIoBaIbHOrO 00 JHAHHSL, 3 JOTUYHUMH HAPYKEHHSIMH, 1[0 BUHUKAIOTh y Marepiaii (puc. 5, 6).

T, T,
Mlla 1 [/;/-»—;—-1 MITa |
0,75 /2,#/] 1,00 J l/
‘)%/]I/./' k./ 2
0,50 L= s 0.75 RS e
3 0 —— 3 1.
0,25 S 3 n pan/c 0,50 pam/c
10° 107 100 1 10 102 10t 1 100 10
1 — npu remneparypi T= 20 °C; 1 — nIpH THCKY, 110 CTBOPIOETLCA Bajkamu, 6=5 MIla;
2—-T=50°C;3—-T=80"°C 2 - 0=3,5 MIla; 3 — 0=2 MIla
Puc. 5. 3anexuicTh 3cyBHOI0 HANPY:KeHHS Bil mMBUAKOCTI Kedopmamii Puc. 6. 3aj1esHicTh 3CyBHOI0 HANPY KEHHs! BiJl LNBUIKOCTI
noJlieTHIIeHY aedopmanii nosxinpomniieny

3 puc.5, 6 BUAHO, O B pe3ynbTaTi 30UTBIIEHHS IIBHAKOCTI nedopmarlii, sika BHU3HAYAETHCS KOIOBHMH
MIBUIKOCTSIMH Ta pajiiycaMd BaJIKiB, 30UTBIIYEThCS 3HAYCHHS MAaKCHMaJIbHUX JOTHYHHWX HANpPYXEHb y MaTepiai.
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OHOYaCHO CIIOCTEPIraeThcs CYTTEBHI BIUIMB Ha BEJIMUMHY LIMX HANpPY:KCHb TEMIIEpaTypd Martepialy i THCKY, IO

CTBOPIOETHCS BAJIKAMH.
BaknuBe 3HaueHHs JJIs IPOEKTYBaHHS IEpepoOJIIOBANbHOrO 0o0JajHaHHA Mae rpaHuyHa jaedopmariis
MOTIepeTHBOI OpieHTAIl] CTPYKTYpH MOJIIMEpHOTO MaTepiany (puc. 7, 8).
8'2) Y2 y

2,0 / 1,6
s yll i
1.8 ! / ped -2 /
/ / =2 A
A : 0,8
1,6 =g > *
T . I S | N
1.4 1 ’
0 06 08 10 12 14 0 04 06 08 10 14
1 — LUBMAKICTH PO3TATY Uy =02 =1,5-10‘3 m/c; 1 — WIBMAKICTH PO3TATY V1 = 1,5-10‘3 m/c; ny =0,15 c";
2-0,=1,510" m/c, v, =3,0:10° m/c 2-0,=1,510° m/c, n, = 0,30 ¢
Puc. 7. I'padixn 3anexnocri pyiinisnoi nonepeunoi nedpopmanii posrsiry  Puc. 8. I'padixn 3anexnocri pyiinisnoi nonepeunoi nedopmanii
JUIS1 TIOJIieTHJIEHY Bijl MONEPeHBOr0 PO3TArY 3CyBY LIl NIOJINPOIILTEHY Bi/l NONEPEIHBOI0 PO3TATY

ExcniepumenTanbHi focnimpkents BuMBy wiel nedopmariii Ha gedopMailiio B MONepeyHOMy HanpsiIMKy J10
Opi€HTaIlli CTPYKTypH NOKa3aiH, IO 30UIbLICHHS CTYINEHS IOMEPeJHLOr0 BHUTAIYBAaHHS IOJIMEPHOIO Matepiary
IPM3BOAUTE 10 30UIBIIIEHHS 3HAUYeHb PyHHIBHUX Ae(opMalliil y MOoMepeyHoMy HalpsIMKy. B pe3yibTati mpoBeaeHnx
eKCTIepUMEHTAIbHUX NOCIIHKECHb BU3HAUCHO ¢()eKTUBHI 3HAUCHHS I'paHUYHOI AedopMalii MONEepeHBOr0 Po3TAryY,
SIKI CTAHOBJISITH JJISL ToJiieTHiIeHy & = 1,3; ans mosinponuieHy — & = 1,2; mis noniBiHuixiopuny — & = 0,32, 3a
TaKWX 3HAYEHb 'PAHUYHOI JiehopMallii MOTIEPEIHBOTO PO3TATY MOJIIETIIICHY pYHHIBHA JedopMallist B MONEPEIHOMY
HarpsMKy 30U1b1IyeThes Ha 18 %, a BesMunHa pyHHIBHOTO HANpyXeHHs 3MeHuyeTbest Ha 10 %.

BucHoBku. TakuM 4WHOM, OTPUMaHO AHATITHYHI BUpA3W JUIS BU3HAYCHHS PYWHIBHUX HANpyXXeHb, II0
CTBOPIOIOTh TpaHW4HI Jedopmanii B TONIMEPHHX BiXO/aX 3aJISKHO BiJ (i3WKO-MEXaHIYHMUX XapaKTEPHCTHK
ToJIMEpy; YHCIIOBHH METOJ /ISl BU3HAYCHHS JOTHYHMX HAIIPY’KEHb 3aJIS)KHO BiJl MIBHJIKOCTEH aedopmariii, ski
TO3BOJISIIOTh BU3HAYATH PALliOHATBHI KOHCTPYKTHBHI IapaMeTpH HepepoOIIOBAIBLHOTO OONafHAHHS IIPU Pi3HUX
TEXHOJOTIYHUX PpEeKUMax MNepepoOKH MOMIMEPHUX BIOXOMiB Ui OTPHMAaHHS YAacCTHHOK 3 aHI30TPOMI€I0
eKCIUTyaTallifHUX BJIACTUBOCTEH, AKi MOXYTh BHKOPHCTOBYBATHCS SK apMyBalbHI €JIEMEHTH Yy BHPOOHMITBI
MOJIIMEPHUX BUPOOIB JIETKOT ITPOMHUCIIOBOCTI.
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