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I. Bcryn. Exosioriune
MaTepiajio3HABCTBO Ta NMPo0dJIeMHU

“3es1eHoi” hoToximil moJrimepis

By  XiMIYHMX TIPOLECIB HAa CKOJIOTIIO JTOBKIILIS
MOBHHCH TPOSBIATHCA Y KPalHBOMY BHIIQJIKy Ha TPbOX
PIBHSIX PETYIIOBaHHS SKOCTI €KOCHCTEMH, 30KpeMa Ha
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PIBHSX BHPOOHHUITBA XIMIYHHMX PEYOBHH, PaIlliOHATBHOI
ix ekcryaTarii Ta e()eKTHBHOI yTHIIi3allii, 0 € OJHUM
i3 HaWBaXUIMBIIMX TNPUHOUOIB ‘“3eneHOi”  XiMii 3a
Amnacracom — Bamepom  [1].  HocuTh  Ba)JIMBOIO
TEXHOEKOJIOTIYHOIO TPOOJIEMOI0O € pETyJIIOBaHHSI Ta
NPOTHO3YBaHHS EKCIUTyaTalliifHOi aTMoc(epocTiHKoCTi
(AC) mmpoKOro CreKTpy KOMITO3HMLIHHUX MartepialiB, B
ToMy uuc 1 momimeprux [2]. IIpoGiieMa mpoaoBKEeHHS
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TepMiHy ciryxOu nonimepHux marepianis (ITM) nusixom
ix craOimizamifHOrO 3axMcTy (aKTUYHO EKBiBaJICHTHA
30UTBIIICHHIO BUPOOHUIITBA TMOJIIMEPIB, TPUIOMY TIpH
OJJHOYACHOMY 3HIDKEHHI 3arajbHOTO aHTPOIOTIE€HHOTO
HaBaHTKEHHS Ha JOBKLUISA y TpoIleci Horo opraxizarii
[3]. Ommax He 3aBXau IOIUIBHO 100 TOJTIMEpHI

Marepiaii MaJd  MaKCUMaJbHO BEIMKUHA  TEepMiH
eKCInTyaTarii. Hyxe 4acTo M HEoOXiaHO
BUKOPUCTOBYBATH 3a TICBHHUH, 00OMeKeHUI

eKCIUTyaTallitHUMH BUMOTaMH  TEPMiH, TICJIS YOTO
TOJIMEpP MOBHMHEH €KOJOTIYHO YHCTHM CHOCOOOM BHHTH
i3 cucremu. lle Bxke npyra mpobieMa, HampaBieHa Ha
CTBOPCHHS  €KOJIOTIYHO  YHCTHUX  PEIHKII3aIliifHUX
TEXHOJIOTIH.

3 pPO3BHUTKOM ITOJIIMEPHOI XiMii y ABAIIATH EPIIOMY
CTOJIITTI, 30KpeMa y raysi €KOJIOT19HOTO
MaTrepiaJlo3HaBCTBA 3HAYHE Miclle 3 TOYKH 30Dy
MOIM(IKAIIHHOTO MOJISKYJISIPHOTO JTU3aliHy MOJIiMEpiB
Ta OXOPOHW JOBKULIA [4] 3aiiMaioTh PO3POOKH HOBITHIX
TEXHOJOTi e()EeKTHBHOTO 3aXHWCTy 1 TPIOPUTETHOI
“¢poroyrmiizanii” IIM micns 3akiHYEHHS TEpMiHY IX
eKCIITyaTanii HIISIXOM (oToceHcHO1TI30BaHOTO
okucHenus (P®CO) B ymoBax cmpsMmoBaHoi Y®-
Jerpajanii Ta MPUPOAHOTO CTapiHHA [5], MO € TOCUTH
aKTyaJIbHOIO TIpoOJieMoro “3eseHoi” ¢oroximii [6].

®dyHnaMeHTadbHe BUBYCHHA (POTOOKHCHIOBAIHLHOT
nerpanamii (®OJl) momimepiB, 30kpeMa amidaTHIHUX

nomaminis (ITA), 3aliMae BakIMBE Micle cepen
CydyaCHMX  JOCITi/DK€Hb  XIMIYHMX  TPOIECiB,  sKi
BimOyBaroThcss y IIM 1 BH3Ha4arOTh 3MiHY iX

eKCIUTyaTallifHuX TapaMerpiB y daci. Lle 3B’s3aHO 3
MIPIOPUTETHUM BIUIMBOM (OTOOKHUCHEHHS Yy IIpoliecax
MIPUPOIHOTO  CTapiHHs, OCOOJNMBO B yMoOBax jii
atMoctepHoi  ymbrpadioneroBoi  (Y®D)-pamiamii Ta
KHCHIO TOBITps. [lomiaminm 3a3HAIOTh arpeCHBHOTO
BIUIMBY CBITJa 1 KHCHIO Yy NPUPOAHUX YMOBax i Mix 4ac
MIPOBEJCHHS ~ MEpPeBaXHOI  OUIBIIOCTI  BHUPOOHMYMX
nporeciB, mnpu  poromomudikamii momiMepiB, TpHU
oJep>kKaHHI penbeHUX 300pakeHb, (POTOMPOBITHUKOBUX
marepiamiB i iH. [Ipomecn mectpykmii, ski iHimioOBaHi
(hOTOOKHCHEHHSIM,  TPOJIOBXKYIOTHCS ~ HABITh  INPH
30epiranni ITA 'y TempsBi [7]. baratouuncensHi
JOCIiKeHHs (OTOOKUCHEHHS MOJIIMEpPIB CIIPSIMOBaHI, 5K
NPaBWJIO, Ha  BUPIMICHHS  BAXJIMBUX  3aBJaHb
NIPOTHO3YBaHHS  Ta  MNPAKTHYHOTO  PETYITIOBAHHS
aTMoc(hepoCTiiKOCTi, 30KpeMa CBITJIO-KOJIbOPOCTIHKOCTI,
a TakoX Ha BHpINIEHHS (YHIAMEHTAIbHOI NpoOIeMHu
BU3HAYCHHS MeEXaHi3My (OTOOKHCHEHHS MOJIMepiB i
KUTBKICHHX XapaKTePUCTHK HOro OCHOBHHUX cTafiil [8].
IMomiaminHi TOJNIMEpPHI KOMIIO3MIII y  BHIJISIII
BiZIOMUX MPOMUCIOBUX TEPMOILIACTIB 3HAKIILIN MIHPOKE
3aCTOCYBAaHHS Yy PI3HHX raly3fX rocloJapcTBa, 30KpeMa
B Ha(pTOTra30Biil MPOMHCIOBHCTI 3aBISKH CBOIN XiMiuHIH
CTIKOCTI Ta 3HAYHUM (Di3UKO-MEXaHIYHUM TOKa3HHKAM
SIK METAJ03aMIHHUKU TPU BUPOOHUIITBI TPYyO BUCOKOTO
tiucky [9]. TlomiamigHi TpyOM BHUTPUMYIOTH THCK
nopsiaky ~ 40-180 krc/cM’,  TOMy — BOHM  YCHIlIHO
BUKOPHCTOBYIOTBCSl ISl BUIOTOBJIGHHS CTIHKHUX JI0
KOpo3ii OEH3MHOBHX Ta BOJTHO-EMYJIbCIHHIX
TpyOONIpOBOAIB Yy  aBTOMOOUIBHIH 1  XIMIYHIA
MPOMHUCIIOBOCTI, PI3HUX MIATPUMYIOUNX Ta 3aKHUMHHUX
MPUCTPOIB Ha JIHISX TPAHCTIOPTYBaHHS PiAWH YU Ta3y,
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JUIL TICPEMIICHHS Ta HATHITAHHS PIIKAX CHCTEM IIij
BUCOKMM THCKOM B YCTaHOBKAaX KOHIMIIIOBAHHS, Y
BUPOOHUIITBI JleTalield Il MamuHOOYIyBaHHS, IIPH
BUTOTOBJICHHI TUTIBKOBHX Ta TKAaHHMHHUX MaTepiajiB s
CITBCHKOTO T'OCIIOApPCTBA, Xap4yoBOi 1 TEKCTHIILHOT
npomucioBocTi [10-12]. OgHak, TPOMUCIIOBI MOiaMiIn
(ITA-6, TTA-66, TTA-548 Ta iH.) Bigpi3HAIOTHCS MIBUIKHAM
MPUPOAHUM  CTapiHHAM, OCOOJMBO B  YMOBax
MIPIOPUTETHOTO BILIMBY atMocgepHoi Yd-paniamii [13].
Bupobu 3 Takux momiMepiB NpHM  BiACYTHOCTI
KOMIO3HIIHHUX  CTaOLTi3aTOpiB  JOCHUTh  IIBHIKO
BTpAualOTb CBOi KOPHCHI BIACTHBOCTI 1 CTalOTh
TEXHOTCHHO-HCOC3IICYHUMH B YMOBAaX JOBIOXBHIIBOBOL
(hOTOOKHCHIOBANILHOI Jlerpanallii MpakTHYHO BxKe 3a 4—
12 MicAIiB cTapiHHA, B TOH jke€ Yac SK MIKiJIABa Mist
MPOIIECIB TEPMOOKWUCHEHHS JOMIHYIOYOI0 € TUIBKA B
yMoBax mepepooku ITA abo y eKkcTpeMamTbHOMY PeKuMi
ix ekcruryararii [14]. Tomy edexruBHHii 3axuct ITA-
KOMITO3HUIIIH Bl MPUPOTHOTO CTAPiHHS Ta IIiABUINCHHS
eKCIDTyaTaIliifHO1 TOBrOBIYHOCTI IMOJIMEPHOTO BOJIOKHA Y
KOHTEKCTi oOpraHizamii iMIIAKTHOTO TEXHOEKOJIOTIYHOTO
moHiTopuary (ITM) ix armocdepocriiikocTi i3
BpaxyBaHHIM TPOOJIEM OXOPOHH JOBKULIS € BaXKITUBOIO
Ta aKTyalbHOK 3aJauel0 B Taly3l EKOJIOTIYHOTO
MaTepialo3HABCTBA, 3a0MIA/HKCHHS CHEPropecypciB i
TeXHOTeHHO-ekoJoriuaoi 6esnekn (TEB) mocmimkyBaHmx
TIPOIIECIB.

II. Konuenuis xomno3uuiinoi Y ®-
paniauniiiHoi atMocdepocTiikocTi
MoJIiaMiTHOr0 BOJIOKHA

B MeXaHi3Max dboTonerpanmarii oJTiMepiB
MOJICKYJISIpHI peakilii, sSIK MpaBuiio, He MAIOTh BEIUKOTO
3HaveHHs1. Ha mpakTuii HeoOXilHO BpaXxoByBaTH peakii
3 y4YacTIO TPbOX THIIIB aKTUBHHMX IEHTPIB: BUILHUX
paaukaiiB, 30yIKCHUX YACTHHOK 1 B MEHIIINA CTCHCHI —
HoHIB. BuKopHuCTOBYIOYM  TEOpil0  OKHCHIOBAJIBHOI
Jaectpykuii nomimepis  Bywadenka-Emanyens [15,16],
eHepretuuni miarpamu S6moncekoro-I'inera [17,18] Tta
Kinetnuni cxemu JlenucoBa — IlocraikoBa [19,20] 3
BpaxyBaHHAM  E€KOJIOTOXiMiYHMX Ta  (oTodiznyHUX
npoueciB @O/ monimepiB, HA NMPUKIAAL MOTIaAMITHOTO

xiMBosokna [21-24], B pmamid pobGori po3polieHi
I’ ATUMO/IYJIbHA KOHIICTILIiS KOMMO3HULITHOT
atMocdepocriiikocti  (puc. 1) Ta  YoTHpbOXETalHa

mozens @CO [IM (puc. 2); 3anmpornoHOBaHi y3araJbHeHi
CIIPOIICHI KIHETHYHI CXEMH OIMCY TMPOIECIiB Y BUTISAAL
JIeB’SITH  €JIeMEHTapHUX  CTafii 3  BiINOBIIHUMH
koHcTanTamu tBuaAKocTi (k) peakmid (cxemu 1-9),
CTPYKTYpHO-(OYHKITIOHANbHI ~ OJIOK-CXEMH  TEXHOJIOTi1
BUPOOHUIITBA Ta EKOAHATITUYHOI JiarHOCTUKH SKOCTi

noxiMepy B KOHTEKCTI I™ BUPOOHHUYO-
eKCIUTyaTauidHux npoueciB  (puc. 3-5);  po3risiHyTI
MEXaHI3MH  3aXHCTy Ta  NPIOPUTETHI  METOIU

“¢oroyrmiizanii” koHkpeTHUX IIM [25-28]; po3pobieni
KiHETHYHI €KCIIPEC-METOIU OLIHKHA DO Ta
edexTrBHOCTI cBiTIIO3axucHOI (C3]]), poToiHimiror0901
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HaskonuiwiHe npupoaHe cepeposuie y cuctemi ITM komnosumuinHoi atMocdepoCTiiKoCTi
XiMiYHOro BOMIOKHa Ha OCHOBI anicaTuyYHMX noniamigis

v

1. IMNaKTHWUI TEXHOEKONOTIYHUA MOHITOPUHT

1.1. Cuctema BnpoOHMLTBA anidpaTuyHmX > 1.2. TexHiko-eKoHOMIYHI napameTpu
noniamigis — CUPOBUWHHMX, NEPBUHHUX Ta KiHLEBUX
NPOAYKTIB BMPOOHULTBA

L1.1.1. CrtatnyHa Ta guHamiyHa mopenb

ITM BipoBHu-oro npouecy 1.2.1. TexHoekcnnyaTaLiiiHi napameTpML,_
Ta TEXHOTEHHUN pun3nK, Ry

1.1.2. Mporpama eKornorivyHol
MoZzepHi3aLii BUpoOHMLTBa

1.2.2. EKOHOMIiYHI napameTpy Ta

1.1.3. MeTtogonoris, CTpaTeI'iFl Ta eKOHOMIYHUN pU3UK, Re

TaKTUKa npupoaoOXOPOHHOI AOIANTbHOCTI

y npouecax oaepxkaHHs Ta nepepobku 1.2.3. CouianbHi napameTpn Ta
4n MO,D.qu)iKaLl,i'l. noniamiagie coujianbHui PU3UK, RS

Y

2. IMnakTHUM MOHITOPUHI aTMOcdepocTinKkocTi (cTabinizauil) Ta gerpagadii (aecTpykuii)
noniamigis y npowuecax aHTPOMOreHHOro i APUPOAHOrO CTapiHHSA

2.1. Oerpagauia y npouecax ogepxaHHs, nepepobku i cTapiHHsA, npu 36epiraHHi Ta ekcnnyartauii
MA nig gieto NpupogHUX i aHTponoreHHNx dakTopis (atmocdepo-, TepmiyHa, MOpPO30-, padiauinHa,
doToxiMi4Ha, BakyyMHa CTilKIiCTb, CTilKICTb 40 Bonoru i 3abpyaHeHb: O,, O3, SO,, NO,, Cl, Ta iH.,)

v

Y

2.2 MexaHi3mu cTtabiniszadii Ta 3acobu 3axucTy NA Big cnpsaMoBaHOi AeCTPyKLUii Ta NPUPOAHOro
cTapiHHa (OudpysiiHi Ta KiHETWYHI, eKpaHytoui i iHribytodi, i3nyHi Ta XiMivHi, GioxiMiuHi i
MexaHodi3nYHi Ta iH.)

2.3. MogentoBaHHA aBapiHUX CUTyalii, NPOrHO3yBaHHA Ta YMpaBMiHHA eKkchnyaTauiiHO
[OBroBivHICTIO | aTMocepocTinkicTio INMA 3rigHo icHytouoi mogeni TEB

v

3. EkonoriyHun ayamT i naTeHTHO-NILEH3IAHNI MOHITOPWHT NPOLIECIB BUpOOHULTBA, Oe3aBapiiiHOI
eKkcnnyaTtauii Ta aTMocepHoro cTapiHHs noniamigis

Y

4. HosiTHi TexHonorii ITM AC MNA B pakypci 3aBoaHb eKonoriyHoro matepianosHascTea

4.1. Texnomnorii 4.2 HositHi 4.3. ExonoroxiMivHi 4.4. Texnouorii
TTOKPAIEHHS SIKOCTI PO3pOOKH 3 ONTH- METOJIM pereHeparlii, 3HETIKOKESHHS
CHUPOBUHH, Mi3arlii Ta oxep- pexymepartii Ta BUKHIIB, CKUIIB 1
MIPOMIXKHUX 1 XKaHHS, IepepoOKH i yTuTi3anii TBEPAMX BIAXOMIB Y
KIHIIEBUX NPOAYKTIB cTabuizauniiHoro BUKOPUCTAHUX mporecax
HOJIMEPHOTO 3axucty [1A- noimepis (“3enena” BUPOOHHIITBA
BUPOOHUIITBA KOMITIO3UIIIHA ¢doroximis) roJiaMizgiB

Y

5. EkonoriyHunin meHegkMeHT Ta Bi3Hec 3a n.n. 1-4 ITM AC MNA

Puc.1. brok-cxema i’ situmoaynsHo1 koHuenuii [TM komnozuniiiHoi AC nonimepiB Ha npukiani [TA-BoiokHa y
koHTtekcTi TED BUpoOHMYO-eKCIUTyaTalliHUX POLECIB.
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Puc. 2. 3aranpHa MozjenbpHA cxeMa yIbTpadioneToBoi

Jerpanarii Ta CTPYKTYpHO-(YHKITIOHAIBHI
B3a€MO3B’SI3KH MiX eTarnamMmu PO3BHUTKY
(hoTOCEHCHOLTI30BAHOTO  OKHUCHEHHSI  IMOJIIMEPHUX
Marepiais.

(®1H) um porocencudinizyrouoi (OCJI) aii BiamosimHO
BBEJICHUX CTPYKTYP-AOAATKIB UII TONIMEpiB B yMOBax
MaKCHMAJIbHO HAONIMKEHUX [0 MPHUPOJHOTO PEKUMY
Y®-perpaganii  [21,29,30], a Tako Ha OCHOBI
aBTopchkoi Mozeni AC [5] Bmepine BHIIJICHI OCHOBHI

HaliBaxxIMBIIIMMH  TIOJIOKEHHSIMH 11’ ITHMOYJIBHOT

KOHLISTIIIT KOMITO3HLIiTHOT aTMocdepocTilikocTi
mommMepiB, 30kpemMa [IA-BoJIOKHa, €  €JIEMEHTH
IMIAKTHOTO TEXHOEKOJIOT19HOTO MOHITOPHHTY
BUPOOHHYMX 1 TEXHIKO-€KOHOMIYHHX  TapaMmeTpiB,

crabimizanii Ta mecTpykuii koHKpeTHOro IIM y cuctemi
30epeKEeHHST JOBKULIS Ta 3a0e3MedeHHs TeXHOTESHHO-
€KOJIOTIYHOT ~ O€3MeKHu  BUPOOHHYO-EKCILTyaTaIlifHUX
MpOILIECiB B yMOBaX aHTPONOIEHHOTO 1 IPHPOIHOTO
crapinas  momimepi  [5,14], ski cTpykTypHO Ta
(hyHKIIOHATBHO B3a€MO3B’sI3aHi Mixk co00r0 (puc.1).

Ha ocHOBi anamizy BimoMux ¢QyHAaMEHTaIBHUX
JocIipkeHs B obnacti poronectpykuii, pOTOOKNCHEHHS
ta crabimizamii momiMepHux MarepianiB [13-18] Ha
NMpUKIani  XimiyHoro BojokHa [8,11,12], Bmepiie
npoiecu aTMOC(epOCTIHKOCTI i crabimizanii,
¢doronerpananii Ta necTpykuii, onepKaHHs 1 HepepoOKH,
30epiraHHs Ta eKcIulyaTamii, (OTOCEeHCHOLII30BaHOTO
OKHCHEHHA 1 pereHepaunii BropmHHHX [IM B ymoBax
MIPUPOTHOTO qn aHTPOIOTeHHOTO CTapiHHs
KOHIIENITYaIlbHO 00 ’€IHaHI y €IUHY YOTHPHOXETAITHY
MOJICNIbHY CTPYKTYpY (pHc. 2) 32 €KOJOTOXIMIYHHUMH Ta
(dhoTodizuaHNMHU 3B’s3KaMH 1 (PYHKITIOHATILHO PO3IiTCHI
MOKOMIIOHEHTHO Y  TOPSAAKY ~ METONOoJorii  Ta
MIPIOPUTETHOCTI Mii TEBHMX IIKIIIMBHX (akTopiB Ha
(hOTOOKHCHIOBAITEHY JIeTpaIaIlio MOJIIMEPHUX
KOMIIO3HUIIH YM BU3HAYEHI KIHETUYHO B 3aJIEKHOCTI Bif
MEXaHi3MiB 1 MIBUAKOCTI CTapiHHs, NPUHLMIIB 3aXUCTY

TEXHOTEHHO-CKOJIOTIYHI aCIIeKTH Y®-paniariitaoi noiMepis Big Y®-pamiarii 4y METO/IiB
Aerpajauii XiMI4HOrO BOJIOKHA Y BIANOBIAHOCTI 10  “doroyrwmizauii” BKe BHKOPHCTAHHX  MarepiaiiB
MNOCTAIMHOCT1I OKHCHO-ACCTPYKUIMHUX Q)OTOHpoueClB 1 [22’30]’ 10 IIOBHICTIO BiﬂHOBiﬂae 3araJJbHUMU
IPIOPUTETHOCTI Aii WKIAMMBUX (DAKTOPIB; BH3HAYCHHS MIPUHIAIIAM €KOJIOT19HOTO MaTepiajo3HaBCTBA.
mepeBaxarogoro MexaHismy ®OJ IIA, kiHETHIHUX
rapameTpiB 1 KpUTepiiB aTMocdepocTiiikocTi, METOIIB Ta
TIPHUHITUITIB YIIPaBIiHHA eKCIlTyaTaniiHoo
JIOBTOBIYHICTIO B pexumi CITPSIMOBAHOTO
(OTOOKHCHEHHS B KOHTEKCTI CydYacHOi ,,3€JeHOi”
(dhoToximii (puc.6).
Kanpo-
JlJaKTam
T=358-368 Kl OuTOBa$$ Boga *r:sgs-sa.z K
Kucnora ©
[
T=388-398 K T=363 K nctunLoBaHa T=285-289 K =
0
BaKkyym BoAa o
NI
o
nA ]
- <_ﬂ'.

EOHOKHO < <

< < <+

Puc. 3. 3aranpHa cxema TEXHOJIOTI9HOTO IPOIeCy BUPOOHHUIITBA ITOMiaMiIHOTO BOJIOKHA, A€ | — MIHMH-TIOApiOHIOBaY
(mpobapka); 2 — OyHKepHHI pO3PHUXITIOBAY; 3 — ITiY IJIABJICHHS KalpoJIaKTaMy; 4 — elIEMEHT CHCTEMH 3 (DiIbTPOM i
amapaToM-3MiITyBadeM; 5 — rmoJyiMepu3aliiiina KojoHa Oe3rnepepBHoi Aii; 6 — 0X0JI0KyBallbHa BaHHA; 7 —
CTpIYKOpi3aNbHUI BepcTaT; § — IpOMHUBAIBHUIT arperat; 9 — 00epToBi BakyyMHI cymapHi nepiogudsoi aii; 10 —
OyHKep-CXOBHILE MPIIUIBHOTO 1exy; 11 — dinpepHuii hopMyBad KaipOHOBOT HUTKH (IOJTIaMiTHOTO BOJIOKHA).
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Puc. 4. CtpykrypHO-(QyHKIIIOHATIBHA OJOK-CXeMa OaraTopiBHEBOT €KOAHATITUYHOT 1IarHOCTUKU

(BHMXIJJHOTO KOHTPOJIIO SIKOCTI) BUpoOHHITBa [TA-BosIOKHa y KoHTEeKCTi [TM.

III. CTpyKkTypHO-(pyHKIiOHAJIBHI
B32€MO3B’S13KH (QiZMKO-XiMiYHHX
NMPOLECIB | MpiOpUTETHI MeTOAH
“¢poroyTHiizanii” moJiMepHHUX
MaTepiajiB y KOHTEKCTi “3es1eHoi”
poTroximii

3aranpHa MOAENb yabTpadioneToBoi merpanarii
MOJIIMEPHHUX MaTepiaiiB y KOHTEKCTI CyJacHOi “3eeHoi”
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(hoTtoximii, mpecTaBiIeHa HA PUC. 2, MICTUTH MOCIIOBHO
B32€MO3B’s13aHI YOTUPH eTary po3BUTKY mporecy PCO,
a came:

1 — dakTopu atMochepHOTO BILTUBY, SKi HEOOXiTHO
BpaxoByBatn s opranizamii ITM AC moniMepis,
mojaHi B TOPAAKY  TNPIOPUTETHOCTI  nii  Ha
(hOTOOKHCHIOBANIBHY JETpaalliio;

1.1 — ¢iznuni pakTopH (KOMIIOHEHTH BILIUBY);

1.1.1- ynpTpadionerona pamiamis (hv);

1.1.2 — nponukaroya pagiamis (Y, 3, 0, x)- mpomeHi;

1.1.3 — Temneparypa (T);

1.1.4 — tuck (p);
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1.1.5 — Bonorictsb (%);
1.1.6 — HanpsM 1 mBHAKICTH BiTpY (“po3a” BITPIB,

v ); 1.1.7 — mexaniude HaBanTaxenHus (F);

1.1.8 — yapTpasByk (V);

1.1.9 — mym (D);

1.1.10 — rpasirauis (F,);

1.1.11 —manpyxenicts MaraiTHOTO O (H) Ta i
(hakropu;

1.2 — ximiuHi pakTopu (KOMIIOHEHTH BILIUBY);

1.2.1 — kucenp (Monekymspauii O,, aromapauii O,

cuHrIeTHuUi 10} );

1.2.2 — 030H (03);

1.2.3 — Boma (H,0);

1.2.4 — nuokcun cipku (SO,);

1.2.5 — quokcun azoty (NO,);
1.2.6 — nuoxcua Byraero (CO,);
1.2.7 — monookcwun a3zoty (NO);
1.2.8 — monookcwun Byriemnto (CO);

1.2.9 — xnop (monexymsipuuii Cl,, aromaphwmii Cl);

1.2.10 — xsopoBonens (HCI);

1.2.11 — niTparHa kuciora (HNOj);

1.2.12 — nitpurHa kuciora (HNO,);

1.2.13 — cynmedatna xkucnota (H,SO,);

1.2.14 — cympitHa kuciota (H,SOs);

1.2.15 — cipkoBonens (H,S) Ta iHIII KOMIOHEHTH
AHTPOIIOTEHHOTO 3a0pyIHEHHS;

1.3 — Oiosoriuni  Qakropu (MiKpoOpraHizmu-
0i0/1eCTPYKTOPH Ta MPOAYKTH iX MeTaboi3my);
1.3.1 — mpomecu Qotoabcopbrii Ta axaresii

MIKpOOpraHi3MiB, picT iX KOJIOHIH 1 KOJIareHOIIOXiOHMX
Karcya INpH BHUKOPHCTaHHI IIOJIMEPHOTO BOJIOKHA B
SKOCTI IMIUTAaHTaHTY;

1.3.2 Oiomectpykmiss [IM B pe3symibTari
crienudivaol Nii )KMBUX OpPTraHi3MiB NpPH BUKOPUCTaHHI
MaKpOMOJIEKYJ B SIKOCTI JDKepela XapuyBaHHS abo Tmif
JI€I0 arpecUBHOTO HABKOJUIIIHBOTO CEPEAOBHIIA, B TOMY
YUCJII — MMPOIYKTIB MeTab0IIi3My MiKpOOPTaHi3MiB;

4. TlixrotoBKa MoMiMEpHUX
3. Oll.ep)KaHHﬂ (cunres) kommo3u i (XB+momarku)
HOJIIMEPHOTO BOJIOKHA — 710 GopMyBaHHs
1. OzmepxaHHsl Ta HOPMYBaHHS (t=15+30  rop) (u=10+15 ron)
BHXIZHOL
CHPOBHHH [MOHOMEPH,
KaTali3aTopH, +
oliromepu, JOJAaTKH:
cTabimizaTopy, iHiniaTopH,
ceHcubiizaTOpu, OapBHUKH, 5. TIponec opmyBanHs
BinbioBayi, — 2. OBpodKa cHpoBHHH MPOMIKHUX Ta KiHIIEBHX
1aCTH(IKATOPH, (©2=1+3 rox) TIPOYKTIB BUPOOHUIITBA
Moz[u(i)iKaTOPH, (15=0,1+2,5 ¢)
a/Ire3nBH, aHTUITIPEHN
aHTHU3MIMBAYI,
aHTHO30HATOPHU, IOBEPXHEBO - ¢
aKTUBHI PCYOBHHHU Ta iH.]
(11=25+150 ron)
.. 6. TexcTuibHa 00poOKa
7. Kontpons rotosoi . .
npoayKuii : HOJIl(i)yHKHlOHaHLHHMI/I
(£17=500 rox) JOJaTKaMH B PEXKUMI
Texnpouecy (t ¢ =8 rox)

y

7.1. OuiHka sKocTi
onepxkanux XB 3a
(i3uKo-MexaHIYHUMHU,
JlieNeKTPUYHUMH,
copOLiftHUMH, aAre3UBHIMHU
Ta KOJIOPHMETPHIHHMH

(t72=2+5

7.2 HopmyBaHHS Ta
CTaHJApTU3ALLis
KiHI[EBOI TIPOYKII{

roJ)

7.3. IlporHo3yBaHHS Ta
MOJICITIOBAaHHS YaCOBHX
(axTopiB Ge3aBapiiiHOT
ekcrutyaranii XB B
MONTiMEPHUX KOMIO3HUIIIsAX
y KiHEeTHYHO - TU(y31HHIX

CTaH/IapTU30BAHUMU
XapaKTEPUCTUKAMH B PEXKUMI
AC XB (17.1=25+450 rom)

PEXHMax CIPIMOBaHOTO
aTMOC(epHOro crapiHHs
(17.3=5+45 ron)

Puc. 5. MonynbHa CTpYKTypa €TamiB BUPOOHHIITBA TOJTiaMiTHOTO BOJIOKHA Y PEKHUMI aCOBUX
¢akropis ITM.
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H{l —=H+{ v ) wag (2R < 30 )
VI, daxtepm  Ta Digng (IR = 30-100 rocs)
xperepii ITM  AC — O)gog (2R = 100-240 pcs)
$01 XB:

1. diero, ivimm
ta Giomoriwmm ap
TRATARA  {Be M-
BT MpaIPcin);

1. Einerssmi o gm-
dvifas  epurepii
B0 XE;

¥ lmrpegioomd 12
KO BT eatgi e
xpEmepil 0] XB:
4. “laconi dacrops
(RiHiepe ERHEA e
wTaTMEee  np
mrmmti XE @
efnacti & npocTopy
Yiv.yo¥e- Nl mig
micw o e pE
jaETopis X, BIom-
!J’.;

£ Mogemhee  npo-

N

Vil e %

VIL Merogn saxmcTy Ta MpHIEDOmE
FIARMREA SECTUTEA TR -
roEismicTIo [ CIenesn” deoroxising:

1. Mevogm FAEMCTY TA  Mexamie
crafimmaanm;

2. Homimin exoxizd 'nd Texmnoril (om
Tomaandl cyEmery sosmeepie, [T Ta
mpETER A HEE mepepalin
gapiyeasen, pemmcnisauil, perese-

poagii, Eropesee [TV, pesynepadi
T oTeyTicnivanil Tamureanoe XE;

. ¥onpanaisn AC XE y xosmwommg
A% 0 pomETEaME  (d  CyMEHICTE,
POTHRHEIC TR Ta METKICTR, Mirpangdi-
Hn, TepMookmcEn Ta poroxiise

V. Exoamamreama garmoc
THER  TEAHODEHHD e imey-
HEY  PIYRTIE  apcvpys
XE:

L. Maaie (CO Hy. NHy HCOH,
CHyCOH,COy, xetew, am
farmmmi  asdnm, ameemm,
AT AR}

T Fpm (CHOH,C HOH,
CHCOCH;, CHyCOC,; Hs,
HCOOH, CHy;COOH,
CgHy COOH, CgHy, COOH,
JNETOHE, NOKTAKMH, NRHTH-
HOME, THMCETHN,  WpOoTE,
KeToiMLM, Dok TN, riapo-
MoK 0 T i

3. Teepanx npogyETin mMomo
T3 OMTOMEpES] CTEYETYRH 1
[ R B CTRETPOM
MAMP memompox poapEmin Ta
TMMAGK T MNK MOy TR

THOTYRAHHA fiea-
B HEE BT Vi

¥ koETeReTi TEL

crifikicTs, somupixysed, wacrndi-
EYRE Ta ToORCHEameTiHl BcTHBeCTE, Y d-expasyRanma, goredin-
e | xisgisme ribveaneos S0 Ta imoi mapaseTpn

4. Eenayan Ta exosemsgaoeent [T AC mpe 907 XB

Puc. 6. TexHoreHHO-€KOJIOTi4HI actiekTH atMoceproi Y P-paniariitnoi nerpanarii XiMigHOTO BOJIOKHA THITY
TTOJTIiaMiTHIX KOMITO3HIIK B paKypci 3aBIaHb €KOJIOTIYHOTO MaTepiao3HABCTBA.

2 — XiMi3M OCHOBHHUX CTaJliii poToerpaaii;

2.1 - oroiHinitoBaHHA  (IIOYATOK  MPOLECY
(hOTOOKHCHEHHS TOTIMEPY);
2.2 - PO3BUTOK paanuKaIbHO-TAHITIOTOBOTO

OKHMCHEHHS (TIPOJOBXKCHHS, 30KpEMa PIiCT, PO3TaTy>KEHHS
1 Iepeaya JaHIIoTy);

2.3 — [pe3aKkTHWBaIlisl AaKTUBHHUX IICHTPiB (0OpHWB
JIAHIIOTY);

3 — MexaHi3MH (METOIH) 3aXHCTY Bif arMocgepHoi
Y ®-pamiarii;

3.1 —  ¢oroekpanyBanHs  (BBemeHHI ~ Y®-
a0copOIiIHHUX NOAATKIB);
3.2 — TraciHHS eJNeKTPOHHO-30y/PKEHUX CHHIJIET-

tpumwietHux (S-S, S-T, T-S, T-T) craHiB (BBemcHHS
raciiB S,T-30y/keHIX CTaHiB);
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3.3 — iHriOyBaHHS BUIBHOPAJUKAIGHUX IPOLECIB
(BBeneHHS ~ aHTHOKCHJAHTIB,  aHTHO30HATOpiB  Ta
aKIETITOPiB BUTBHUX PaIUKaiB);

3.4 — mudysiiiHo-KIHETHYHUI CUHEPTI3M (BBEICHHS
JOJATKIB  pPI3HUX 3a TPUPOAOID Ta MeEXaHI3MOM

¢doroximignol  ail,  moBepxHeBa  (i3UKO-XiMiYHA
Moaundikaris);

4 — wMeromu “doroyrmmizamii”’  (€KOIOTIYHOTO
(oToceHcHOLITI30BaHOTO OKHCHEHHS) TBEpANX

MOJIIMEPHUX KOMIIO3HUIIH, SIKI MOJaHi 3TiHO MPHUHITHITIB
“3eneHoi” poToXiMil;

4.1 — BBemeHHA (Qi3MYHUX (POTOCEHCHOLTIZATOPIB
(®DC), sxi BIUIMBAIOTH Ha XEMUIIOMIHECLCHTHHI
(pocdopecuenTHuit U QIYOPHCHEHTHUH) BHYTpPILIHBO-
Ta  30BHIIIHBOMOJICKYJSIDHHM  CHHTJIET-TPHILICTHUHA
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nepenocu eneprii B [IM;

4.2 BBEJICHHS  JIOJATKiB-JICCTPYKTOPIB
aHTHU3MHMBAYiB (PI3UIHUMHU CTIOCOOAMH;

4.3 — BBeICHHA XIMIYHUX (OTOCEHCHOLTI3aTOPIB
(XDC), sxi BIIMBAaIOTh HA (HOTOTUCOIIAINIO XIMITHHUX
3B S3KIB, JECTPYKITITO qu 3IIUBKH
BHYTPIIITHBOMOJICKYJISIPHi (dhoTomeperpynyBaHHs,
JIeTIOJIiMEpH3aIliio, BiIIEIICHHS OJIirOMepiB, MOHOMEPIB
Ta IHIIUX HU3BKOMOIICKYJSIPHUX MPOAYKTIB, 30KpeMa, il
CHHIJICTHOTO Ta aTOMApHOTO KUCHIO, 030HY, TIEPOKCHU/IIB,
XIHOHIB,  KETOHIB, a30CHOJYK, pPCaKIiHHO3IATHUX
3a0pyAHIOIOUMX IHTPEIIEHTIB arMoc(epH THUILYy JIYTiB,
KUCIOT Jeskux ras3iB (SO,, NO,, H,S) Ta iHmmx cronyk;

4.4 — ximiuna Moauikauis makpomosekya [IM mpu
OesmocepeIHiii MaTPUIHIM TPHUBHUBIII MOHOMEPHHX T'PYI
3 TABWINEHOI YyTIUBiCTIO 10 Y®d-pamiamii Tumy
KapOOHITPHUX  YM  aJKEHUIBHUX  CIONyK  abo
onpomineHusiM [IM B atmocdepi O, uu CO;

4.5 — eKoNIT-TIpoIiec 32 YMOB MPSIMOTO CHHTE3Y
HOBHUX 1M 3 CBITJIOUYTIMBUMH rpynamu
MO YHKIIOHAIBHOT Jii;

4.6 — dpotobiogectpykiist [IM B ymoBax GiHapHOTO
BBy Y ®-panianii Ta MikpoopraHismis;

4.7 — ¢doroMexaHONECTPYKILiS NPH OAHOYACHIH aii
Y®-paniarii Ta MEXaHIYHOTO HABAHTAXXCHHS;

4.8 (hoTomomi IeCTpyKITis (komIUTEeKCHA
“doToyTHmizalis’’) 3MIMIaHOTO THUITY, SKa 3yMOBIIEHA
OJIHOYACHOIO [Ti€I0 aTMOC(HEPHOT UM 3MOIeTIhOBaHOT Y -
pamiamii Ta cHHEpriuHO MimiOpaHWx JBOX abo Oinbime
(iBUYHNX, XIMIYHUX YW OIOJIOTIYHMX KOMITOHEHTIB
(dakTopiB) CIPSIMOBAHOTO BIUTMBY Ha pPEAIbHUH MPOIEC
OCO.

Cnin 3ayBakuTH, 1O B OONACTI HOBITHIX
EKOIIOJIMEPHUX TaK 3BaHUX ‘3eleHUX~ (OTOXIMIYHUX
TEXHOJIOTI# 3HaYHE Miclle 3aiiMar0Th PO3POOKH HAYKOBUX
ocHoB 3axucty IIM Bix armocdepHoi Y®D-pamiamii
[31,32] un HaBmaku — NPUHOMIIB “QOTOYTHIIZALii” BXKE
BIIPAIbOBaHUX  TOJMIMEPHHUX  KOMMO3WIii  [5,27],
MPOTHO3YBaHHSA aTMoc(depocTiHKocTi Ta oprasizarii

Ta

IMITAKTHOTO ~ TEXHOEKOJIOTIYHOTO  MOHITOPHUHTY  ITHX
MPOIIECiB y KOHTEKCTI €KOAHATITUYHOI iarHOCTUKH
TEXHOTCHHO-HEOE3MEYHNX  MPOAYKTIB  (HOTOXIMIUHOI

nectpykuii [21,25]. OcobauBuii iHTEpEC Ta aKTyaIbHICTh
npeacrapisaiote @CO-mpomecn  OECTPYyKIi  mpu
BUKOPHCTaHHI TexHoiorid moamdikanii [IM 3 metoro
MOKpamieHHsT X  eKCIUTyaTallifHMX  BJIACTHBOCTEH,
30KpeMa [ (i3uKo-xiMigyHOI Moandikauii moBepxHi, a
TaKOX  CTBOPEHHS  TOJIMEPHHX  KOMIIO3MLIH i3
peryJbOBaHUM ‘“4acoM JKUTTS’, 10, 3 OJHI€] CTOPOHH,
PIBHOIIHHE 30UIBIICHHIO MOJIMEPHOI'0 BHPOOHHUITBA Ta

3HW)KEHHIO ~ TEXHOTEHHOTO  PU3UKY  BHHHKHEHHS
aBapiiiHOi cuTyalii, a 3 Apyroi CTOPOHHU, E€KBiBAJICHTHE
BUpINICHHIO  MPOOJIEeM  OXOPOHU  HABKOJHIIHHOTO
MPUPOJHOTO  CEPEeIOBMINA  LUIAXOM  3MEHIICHHS

HAKOIMMYCHHS MOJiMepHUX Bigxomis [ 14,33].
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IV. TexHoeko0JIOTiYHUIi MOHITOPHHT
noJiiaMiziB y BUpOOHU40-
eKCILUTyaTaAliiHUX nmpoiecax i
3arajibHa KiHeTHYHA MOJ1eJIb
(pOTOOKHMCHIOBAJIBLHOI Ierpaaamii

moJimMepiB
OmauM i3 HAWNOMMPEHIMWX  MPEICTABHHKIB
CHHTETHYHOIO  BOJIOKHA €  T[ojiaMigd  JiHIHHOI

CTPYKTYPH, MAaKpOMOJIEKYIIH SIKAX MIiCTATh aMiIHi

-NHCO-dynkmionaneHi Ttpymu. L{i BolokHa BHeprne
noyanu BupoOisiTa B 1940p. y CIIIA. V pi3aux kpainax
[TA-BonoKHa MaloTh pi3HY ToproBy (¢pipMoBy) HazBy,
Hanpukian, v Himewunni — nenepos, nepios, y CIIA —
HaiinoH, y [Toxpmi — monoH Tomo. Y Hac iX Ha3WMBaroTh
karmpoH ab6o amig [34]. TexHonoris BHPOOHHUIITBA
CHUHTCTHYHOTO BOJIOKHA, B OCHOBHOMY, TpHUCTafiiiHa. Ha
nepuiid  cTafii OTPUMYIOTH TNPSAWIBHUH PO3YMH abo
po3miuaB, [0 SKOTO Ticis OYHINCHHA JOJArOTh
crabimizaropu, OapBHUKH, IACTH(IKATOPH, aHTUITIPEHH,
tomo. Ha npyriit cramii GopMyIoTh XiMidHE BOJIOKHO 32
noroMororo ¢imbep. Y dimbepi Moxe OyTH Bia OJHOTO
mo 100000 i1 Gimpme oTBopiB. DopMmyBaHHS — IyKe
BaXIIMBA CTajis BUPOOHUIITBA, OCKUIBKH BiJ] IIHOTO
npouecy 3aJexarThb OCHOBHI (hi3uKO-MeXaHIYHi
BJIACTUBOCTI BOJIOKHA. Ha Tpetiéi cramii cdopmoBane
BOJIOKHO  IPOMHBAIOTh,  BUCYIIYIOTH,  3MAaIIyIOTh
AHTUCTATUYHUMH pPEYOBHHAMHU, CKPYIyIOTh Tommo. Ha
mif  cramii [TA-BONIOKHO  JONATKOBO  BHTATYIOTH
HarpiBalOTh 1 BHUCYIIYIOTh. TEXHOJOTiS BUPOOHMIITBA
OKpPEMHX THIIIB XIMIYHOTO BOJIOKHA Ma€ Ie W YeTBEPTY
CTaif0, Ha SKi MOIU(IKYIOTh CHHTE30BaHE BOJIOKHO,
BHACIIZIOK YOTO 3MIiHIOETHCS HOTO XiMIYHA CTPYKTypa Ta
OyZoBa IMOJIMEPHOI MAaTpHIli, a pa3oM 3 THM 1 (i3HUKO-
XiMigHI BJIACTHBOCTI. Bracnigok CIIPSIMOBAHOT1
Moaudikaii Ha deTBepTill cramii BupoOHHMITBA I[IA
OTPUMYIOTh CBITJIOCTIHKI, XeMOCOpOLiiHi,
OaKTepHIU/IHI, BOTHECTIHKI, BHCOKOCIACTHYHI Ta 1HIII 3a
BJIACTHBOCTSIMH  ToJIiMepHi  mpoxyktu [35-37]. Ha
OUTBIIOCTI 3aBOJIB CHHTCTHYHOTO BOJIOKHA, 30KpeMa
kanpoH (ITA-6) BupOONAIOTE 3 KampojakTamMy Ha
ycTaTkyBaHHI OesmepepBHOi aii. Hampuknam, sxmo
KaIrpaJIoOKTaM HaIXOJUTh Ha 3aBOJ Y TBEPAOMY CTaHi, TO
TEXHOJIOTIYHA CHCTeMa BHPOOHHWIITBA TOJIKAIpoaMiTy
(ITKA) ckmagatuMeThbest 3 11-TH CTPYKTYpHHUX €IIEMEHTIB
(puc. 3). CrodaTky KampojakTaMm TMOAPIOHIOIOTh Ha
npobapkax (emeMeHT 1), pO3pHXIIOIOTE y OyHKepi
(emeMeHT 2) 1 pO3IUIABISIOTH Yy TEYaxX MpH TeMIeparypi
358368 K (emement 3). Ilicas  posmuiaBieHHS
KaIpoyakTaM 4epe3 (HiIbTp MOMaNae B anmapar-3MilryBad,
y SKOMYy 10 pO3IUIaBy JOJAlOTh AaKTUBATOp (BOAY) 1
perynarop (OUTOBY KHCJIOTY) Texmpolecy (enemeHt 4),
CyOCTpaT MmepeMilIyioTh, a ofepxKaHa CyMIIll HaAXOIUTh
y ToJIIMEepHU3aIliiHy KOJIOHY (eJeMeHT 5) Oe3nepeBHOl
nmii. Yci amapatd Ta TpyOHI 3’€qHaHHA OOIrpiBarOThH
raps4ol0 BOAOIO, a CHPOBHHY 3aXHIIAI0Th  BiJ
OKHCHIOBAJTBHUX TPOIECIB  a30THHM  CEPEJOBHIIEM
OUIIXOM  YHUKHEHHS KOHTakKTy 3  aTMOC(epHUM
moBiTpsM. [lomiMepur3aliito KanpoJiakTaMmy HTPOBOIATE 3a
temneparypu 529+3 K. Ilicns 3akiHYCHHS MOJTIMEpH3aIii
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OTPUMAHUIl KaIllpOH MEPEMIIIYyIOTh i3 MOJiMepH3aTopa
(5) y oxonomkyrouy BaHHY (6) 3a JIOTIOMOTOIO
ra3omnoiOHOr0 a30Ty, KWW MomaloTh mix TuckoM 0,3—
0,5 MIla. CuHTe30BaHuU# MOTIMEpP BUTHCKYIOTH Y BOAY Y
BUTJIAI CTPidYOK 200 TOHEHBKHX JKUJIOK (E€JIeMEeHT 6), ne
BiH TBepaHe. TemmepaTypa BOAM Y OXOJOKYIOTii BaHHI
cknagae 285-289 K, a mBuakicts ButucHenHs I[TKA — 1o
1,33 m/c. MakcumanbHa KUIBKICTh BHUTHCHEHHUX JKHIIOK
20 mryk, a cTpidok — 6. Ilpu BHXOAi 3 BaHHM ITy4OK
KHJIOK ab0 CTPIYOK PIXYTh Ha BIAPI3KH IOBXHHOIO 7—
8 MM (cTpiuku) i 2-3 MM (KWJIKM) Ha BiATIOBIIHOMY
BepcTari (ememeHT 7). OTpuMaHi BiIpPI3KH pETENHHO
MPOMUBAIOTE B  arperati (emeMeHT §) YHCTOM
JMCTHIBOBAHOIO BOJIOIO, SIKY TIOJIAIOTh Ha 3YCTpid pyXy
kycoukiB [TKA. Ilfo omepariro mpoBoasaTh 3—4 pasu npu
temmeparypi Bomu 363 K. Tliciast mpomMuBaHHS KampoH
BHUCYIIYIOTh TIpu Temmepatypi 388—398 K B obepToBHX
BaKyyMHUX CYIIapHSAX TepiogumyHoi mii (emement 9)
npotsarom 24-36 roxuH. Yac BUCYIITYBaHHS 3aJIS)KUTh BiJl

CYyIIapHi, IOYATKOBOi Ta KIHIICBOI BOJIOTH KAIPOHY.
Ilicns BucymIyBaHHS KampoH T THCKOM  a30Ty
HaAXOOUTh 10 OYyHKEpa-CXOBHWINA MPSIMIBHOTO IEXy
(emement 10). V mnpsaunbHOMY IIeXy HUTKH KalpoHY
(hopMYIOTECSI POTUCKYBAHHIM PO3IUIABY Kpi3h (QiIbepu
(emement 11). ¥ nporneci npsininas [TKA 3MinmHIO€THCS,
OCKIJTBKH MOJIEKYNIH TOJIMEpY HParHyTh PO3TaIlyBaTHCS
mapajie)JbHO OCi BOJIOKHA. BHAcTimok CKpydyBaHHSI
MTOKPAIIYETHCS CTPYKTYpa BOJIOKHA. KampoHOBE BOJOKHO
BJIBIYi MIITHIIIIC HIX MPHPOJHE IIOBKOBE i B IIICTh pa3iB
MillHIIIe, HIX BOBHSHE. BoHO crifike mpoTm mii
MIKpOOpPraHi3MiB, JIETKO EJEKTPU3YEThCS 1 IOTaHO
nornuHae Boay (mo 3%). ToMy 3 HBOro He IOLUIBHO
BUTOTOBJIATH TKAHWHH IS TOCTLIBHOT YM HATUTBHOI
6inmmzanm [38,39].

Y  npomucimoBocti  “‘gucti” Ta  “3mimani”
(MomudikoBani) amiaTUUHI TOJAMIiIW  ONEPKYIOTh
TaKuMH MeTosiaMu [34]:

1) momiMepH3aIli€ro JIAKTaMiB aMiHOKHCIIOT

TEMIIEpPaTypH, BaKyyMy, pO3Mipy BiApi3KiB, OymoBU
C—o
n(CHz)m\ >
NH
NONIKOHJCHCALIEI0  JiaMiHIB 3  JAWKapOOHOBHMH
KHCIIOTaMHU

nH,N-R-NH, + nHOOC-R-COOH ——p>
—» [-NH-R-NHCO-], + 2nH,0;
3) moMiKOHJIEHCAINIEI0 MiaMiHIB 3 XJIOpaHTiIpUAaMU
JIMKapOOHOBUX KHCIIOT
nH,N-R-NH, + nCIOC-R—COCl ——»

—» [-NH-R-NHCO-], + 2nHCI;
4) rOMOIIOJTIKOHICHCALIIEI0 (0-aMIHOKHCIIOT

nH,N-R-COOH —»
—» [ NH-R-CO-], +n H,0,
Jle MOHOMEPHI KOMIIOHEHTH MOXYTh OYTH Pi3HOTO THIY,
a cuHTe30BaHi komojdiMepHi [TA “3mimanoi” CTpyKTypH
oJiepkaHi KilbkoMa criocobamu (1-4) omHO9acHO.

Texnomnoriuni mporecu BUPOOHHUIITBA Ta
eKCIUTyaTalii XiMiYHOTO BOJIOKHA € Oe3mepepBHO-
JMCKPETHUMH, AKi BaXKKO HiJUIATaloTh
aBTOMAaTH30BaHOMY KoHTpomo [40-42]. Sk o0'exr
TEXHOEKOJIOTIYHOTO MOHITOPHHTY Ta YIPaBIiHHSI BOHH
MaroTh TaKi OCHOBHI 0coOMBOCTI [43]:

1) 6araTtocTamiiiHiCTh, TEPUTOPIAUTEHY
O3IOPOIIICHICTS;

2) HasBHICTh BEJTMKO1 KITBKOCTI
CKIIQJIHOB3a€EMOMIFOUMX  XIMIYHHUX  PEYOBHH,  sKi

XapaKTepU3YIOTh TEXHOEKOJIOT19HI TIPOIIECH;
3) 3HayHa yacoBa iHEPILIHHICTH BUPOOHHIITBA ;

4) HasBHICTP ~ BENHMKOI  KUIBKOCTI  NPAaKTHYHO
HEKOHTPOJIbOBAaHUX 30yIKyI0uuX (pakTopis;
5) 3HauHa KUTBKICTB TTOKA3HUKIB SIKOCTI
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PI3HOBEKTOPHOTO XapakTepy JUlsil BHXIIHOI CHPOBHHH,
HAITIBIIPOIYKTIB Ta TOTOBOI IMPOYKIIii;

6) BenMKa PO3MIpHICTh OJHOTHITHUX KOHTPOIFOIOYHX
1 Kepywouux oOlepariii y JUCKpPEeTHIH  dYacTHHI
TEXHOJIOT1YHOTO BUPOOHHMIITBA;

7) 6aratoakTOPHICTh 1 CKIQJHICTh MOJETIOBAHHS
aBapiiiHMX CHUTyarii , MPOTHO3YBaHHS Ta YIPaBIiHHSI
eKCIITyaTaliifHoO0 JOBroBIUHICTIO oxepxkanux [1M;

8) MOCTIHHO 3pOCTar¥i TEXHOCKOJOTIYHI MPOOIeMH
aTMocepocTiiikocTi BUX1/THOT CUPOBUHY,
HaIlBIPOAYKTIB 1 TOTOBOi TPOAYKWii, a TaKoX
MOJJIMBOCTI PELMKJIi3allii IPOMHCIIOBHX BIIXOMIB Ta iH.

Tomy mis opranizamii komrutekcHoi moaeni ITM AC
moiaMigiB B acleKTl  BIOMOBIMHOT  KOHIEIINT
TEXHOTC€HHO-EKOJIOT1IHOT Oe3mnekn BHPOOHUYIO-
eKCIUTyaTaIlifHUX TPOIECiB XiMiYHOTO BOJIOKHA (puc. 1)

HamMu OyB 3alpoNOHOBAaHWH OJMH 13  BapiaHTIB
PO3TOPHYTOI CTPYKTYypHO-(QDYHKITIOHATBHOI OJIOK-CXEMHU
YOTHPHOXPIBHEBOT €KOaHAJIITUIHOT JIarHOCTUKH

(BUXITHOTO KOHTPOJIIO SIKOCTi) B PEXHUMi KiHETHYHO-
bavz (10)7%31%15120:4 Ta IHTpeIi€EHTHO-KOHIICHTPAIIHHUX
KputepiiB  (puc.4), a TaKkoX CEMHUMOJIYJIHHOTO
BupoOHuITBa [TA-BOTOKHA B acriekTi 4acoBUX (akTopiB
ITM (puc. 5) [22]. 3Bu4aiiHo po3pobieHi MoJesl MaloTh
BUKIIIOYHO TIparMaTHYHUM XapaKTep, MOXYTh ITOCTIHHO

3MIHIOBATUCh, HAKOIMYYIOYH SKICHY Ta KUIBKICHY
iH(QopMaIlif0 B 3aJeKHOCTI BiJil YMOB BHPOOHHIITBA Ta
3aBIaHb eKCIUTyaTaIlifHOi MPHIATHOCTI TOJIMEPHOI
KOMIIO3MIIIT.

B nmanmiii poboTi i3 BpaxyBaHHJIM 3arajbHOI
kounenuii  TEB  B.O.Jleracoa [44], piBHIHB

JIOBIOBIYHOCTI KOMITO3MLIHHNX IOJIMEPHUX MarepialiB
C.M. XKypkoBa [45,46], dorodizmuaux niarpam A.
SAbnoucekoro, JI. Tmera, B.S.Ilmsmiatoxa [13,18],



I.M. CMoeHChKHI

Teopiii  (hpaKTaTBHO-MOJICKYJSIPHOTO pPYWHYBaHHS —Ta
crabimizamii HoJTiMepiB M.M. Emanyens,
A.JI. bydauenka,, 10.C. JlinaTosa, I".Kayma,
B.V. Hosikoga, I'.B. Kosnosa [15,47-51],
OKHCHIOBAJBHOTO CTapiHHS, JNECTPYKINI Ta TEXHOJOTii
3aXUCTy BHCOKOMOJEKYIsIpHHX cmoinyk [I. Ckorra,
H. I'pacci, S1. Tocmimmuna, 1. ®oiirra, B. Penoi,
S1. PaGexa, T".€. 3aikoBa T".I1. 'nagumiesa,
10.0. €pmoBa,  [7,17,52-56], MoIeNbHO-KIHCTUIHUX
3akoHoMipHOcTel €.T. lenncora, JI.M. IlocTHikoBa,
B.b. IBanoBa [11,20,57,58], mudy3idiHO-KIHETUIHOTO
MOJICIIIOBaHHs ~ eKCIUTyaTalifHol aTMocgepocTiiKocTi
MoJTiMepiB H.M. IlaBnosa, O.H. KapmyxiHa,
O.JI. Mapronina, A.B. €mpmoBa, H. AreHa,
I'.€. Kpuuencwkoro, I.4. Kononraposa [8,12,59-63] i
BIacHOi aBTOpchkoi Moneni Ta xoumemnii I[ITM AC mns
XiMigHOTO BOJIOKHA (pHC. 1,2) Ha mpuKIami amdaTuaHIx
nomaminis  [5,14,21] Bhmepmie  BUAUIEHI  OCHOBHI
TEXHOT€HHO-EKOJIOTiTHi aCTeKTH Y®-papiariitaoi
Jlerpaaamii moxiMepiB B pakypci 3aBIaHb €KOJOTIYHOTO

MaTepiao3HaBcTBa  (puc. 6) 'y  BIIONOBITHOCTI 0
MOETAITHOCTI ~ OKHCHO-JIECTPYKUIHHUX  IpOLECiB  Ta
MpiOpUTETHOCTI NIl IMKMBUX (akTopiB (COHSIYHA

IHCOJISILIISA, O30HOBWH (iNbTp, MPUPOIHHI Tigpoii3aTop
AepOTEXHOTCHHE 3a0pyTHCHHS), BHU3HAYCHHS
MOJKJIIMBOCTiI E€KOAHAIITUYHOI TIarHOCTUKH EKOJIOTi9HO
HeOe3nmeyHnx  MpomykTiB  gerpamamii  [IM  Ta
nepeBakarounx (pakropiB i kputepiiB ITM AC DOJ]
TOJTIMEPiB, PO3POOKH e(hEKTUBHUX METOIB iX 3aXHCTy 3a
paxyHOK oOprasizaiii eKoayauTy Ta palliOHaJbHHUX
MPUHIMITB  YIPaBITiHHA, 30KpeMa eKOMEHEIKMEHTY
SKCIUTyaTaliiHOi JOBMOBIYHOCTI KOMIO3HIIT Y TpoIecax
MPUPOJHOTO 1 AHTPOIOTCHHOTO CTapiHHA (TPUHIIUIIH
»»3€NIeHO01” HOTOXIMIT).

Ha ocHOBI aHamizy BHUIICHABEICHHUX JDKEPEI
3allpOTIOHOBAHI  CHPOIIEHI KIHETHYHI CXEMH OMNHCY
mporecie @OJ] y BUTISIII IEB'SITH SIIEMCHTAPHUX CTaIiH
(1-9) 3 BignoBigHuMU KoHcTaHTamu mBHAKOCTI (ki+ko)
criBpo3mipaux ¢otodizmannx (A) i poroximiuaux (b)

peakuii y 3arajdpHHIH MopaeNi (OTOOKHUCHIOBAIBHOI
Jlerpajamii moriMepHuX MaTepialliB:

A. @oTodiznuHi npouecu

1. ®oroinimiioBane 30y IKEHHS MOJIIMEPHUX

MaKpoMOJIeKyJl (p) Ipu HOIJIMHaHHI KBaHTy cBiria (hv)
3a MexaHi3MoM (S-S) nepeHocy eHeprii:

k
(So)p + hv L = (S W

ae (So)p 1 (S1)p — BIAMOBIAHO MaKPOMOJNEKYIU TOTIMEDY,
0 MicTATh XpoModopHi rpymu B He30ymkeHoMmy (Sy) i
30ymKeHOMY (S1) CHHIVIETHOMY HIDKHBLOMY CTaHi.

2. ®ayopecrieHTHEe BHUITPOMIHIOBAHHS 13 CTOKCOBUM
3CyBOM (Av’) IIPU JIC3aKTUBAIll CHHIJIETHO 30YyHKEHOTO
CTaHy MoJiMepHoi MakpoMonekynu (S;), y BuXinHe
nonoxeHHs (Sy), 3a MexaHizMoM (S-S) nepenocy eneprii
mpu V' < v:

k
(Spp 2 » (Sp)p + 1V, @
3. Konsepcii 0e3BUMTPOMIHIOBAIIBHI
iHTepkoMOiHariitHi  (3) 13 HIDKHBOTO  CHHIJICTHO
30ymxeHoro  craHy (S;)p, B HWKHIH  TPHUIUIETHO

36ymxennii cran (T,), abo KoHBepcii BHYTpilIHI (3/) -
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MOCJIITOBHUI Tepexi] B HACTYIHI KOJIMBAJIbHI CHHIJICTHO
30ymxeHi cTaHu (Sp)p, (S3)p, ... (Si)p BiAMOBiZHO 3a
Mmexanizmamu (S-T) gu (S-S) mepeHocy eHeprii:

(S)p—rnrn—(T))p;

3)
K
(S)y—r v r—(S) 3/)
nei=2,3,..x.
4. ®nyopeciieHTHe  raciHHs — (OTOIHIIIHOBAHOTO

30y/UKEHHSI HUKHBOTO CHHIJICTHOI'O CTaHy IMOJIMEPHOL
MakpoMoJieKyIu (S;), A0JaTKOM aKIENTOPHOrO racis —
crabinizaropa (St):

(Spp+ (SO)St_'\MfH(SO)p +(Spse 4)
Ta CEHCHOUTI30BaHE IHIMIIOBaHHS 3BOPOTHOTO TPOIECY
gepe3 JOJATKU-TOMIIIKH 91 TpoMixkHI mpoaykta @CO
IIM nonopa-cencudinizaropa (Phs):

Ky
Solp + (Sprs — YV (S + (So)ps:

)
3a MeXaHi3MaM# TOHOPHO-aKIenTopHoro (S-S) mepeHocy
eHeprii.

5. ®ocdopecueHTHE BUIIPOMIHIOBaHHS 3
AHOMAaJbHUM  CTOKCOBHUM  3CyBOM (Av/ " Ipu
JIe3aKTUBALlil HIDKHBOTO TPHUILIETHO-30Y/PKEHOTO CTaHy
nomimepHoi  makpomonekymu  (Ty), y  Buximue
noJnoxeHHs (So)p npu Vi<

ks
(T ——————— (Sp), + v/} )

Ta KOHBepcCil Oe3BUNPOMIHIOBAIBHI 1HTEPKOMOIHAIINHHI
(5) npu Tpumrer-cunriernux (T-S) mepexomax um

pHytpimei  (5) npH  TpUIUIET-TpHIUIETHHX (T-T)
nepexoiax Me3aKTUBaIlii eHeprii:
(Tpri?
e AVAVAVAC L N
Up (S1)p , (5/)
1
—A N N—
(T (To)p (s
b. ®oroximiuni npouecu
6. [TepuHHa (nmpiopuTteTHa) (dhoToaucortiaris
XpoMOGOpHUX Tpyn 3a MeXaHi3MamMH  PO3PHBIB

MOJIIMEPHUX MAaKpPOMOJIEKYJI 3 YTBOPEHHSM BUIBHHUX
panukanis (R'):
6
(S)p—rnnn—»2R’ 6)
7. ®oTOI3 MOHOMEPHOI AIISHKUA MaKpOMOJIEKYITH
(-M-M-), ska He MICTUTH XpoMOGOpHOI TpynH, B
TEMHOBOMY PEXHMi 3 YTBOPEHHSM BTOPMHHHUX BUIBHHX
panukanis (R) Ta KiHIEBUX MOJEKYIAPHUX MPOLYKTIB
(R doronecrpykuii 3a MexaHi3MaMH INPOJOBKECHHS
JaHIIOTY:

(-M-M-), + R ko

8. YrBopenHs 3mmToi cTpykTypH (C), (8) Ta qudysisa
HU3BKOMOJICKYJISIPHUX PaIUKaJiB 13 TOJIMEPHOT MaTpHII
xonjeHcoBaHoi (asu (F), BHaCHiJOK epeKTy KIITKH (8)
3a MEXaHi3MOM OOPHBY JIAHITIOTY:

. k
ZR—8>(C)p;

®)



TexHoeKkoJIoTiuHi acieKTH (poToerpaaamii TBepANX MOJIMEPHUX MaTepialliB

/
() (R)gas, )

9. ®OTOOKWCHEHHS TPH 1HIMIHOBAHOMY TOTJIMHAHHI
kBaHTiB cBiTia (hv) Ta KHCHIO (10*2, 0, 0, 05 3
YTBOpPEHHSIM TPOIYyKTiB (P, P,, P, P,") uepes
nepokcuaanii (RO, rigponepokcumnmii (HOO') T1a
nenepokcuanui (R;") BinbHI pagukanu:

. hv, kg .
R+ 02—> PO + Rl’ (9)
. Ko .o
R + 02—> R02 + P O; (9/)
. ko .o
R+ Q——— RO, +P'; (9//)
. hv, ko’ . .
R+ 05RO, +RO + P, "
ta 1iHmi QoTookucHoBanbHI TnpouecH, xge (k) -—
BIJMOBIZIHI ~ KOHCTAHTH  INBHAKOCTI  CHIBPO3MIPHUX

tdorodiznuanx (1-5) ta doToximiuamx (6-9) peaxiiii
cTabini3aniitHO-ceHCHO11I30BaHOTO OKHCHEHHS
MOJIIMEPHHUX MaTepiaiB.

TakuM YMHOM, Ha OCHOBI aHaNi3y iICHYIOUHMX TEOpii
OKHCHO-AECTPYKIIHHUX (hOTOMPOIIECIB BIIEpIe BUIIICHI
OCHOBHI TEXHOT'€HHO-EKOJIOTIHI aCTIEKTH
dboTtomerpamamii  XiMi4YHOTO  BOJIOKHa,  PO3pOOIEHI
OaraTroMoyIbHA KOHIIEILIIsS Y ®-paniamiiaol
aTMoc(epoCTiiiKoCcTi Ta 3aranbHa (OpMaNbHO-KIHETHYHA
MoJenb  (DOTOOKHCHEHHS ~ TBEpAWX  IOJIMEPHUX
MaTepialgiB y KOMIUIEKCHOMY MO€IHAaHHI YCiX eTamiB
eKxojoroximMiuHux i ¢orodiznunux npouecis POJI , a Ha
MIpUKITaal axipaTHIHNX MOTiaMijliB y KOHTEKCTI Cy4acHOi

“zenmeHoi”  QoroxiMii  3ampONOHOBaHI  CTPYKTYPHO-
(dbyHKITIOHATBHI OJIOK—CXeMHU IMITAKTHOTO
TEXHOEKOJIOT19HOTO MOHITOPHHTY BAPOOHHIO—

eKCIUTyaTalliIfHUX TPOIECIB Ta METOAHM CHpPSIMOBaHOT
“dotoytmmizarii” TIM - KOMIIO3HIIIH.

V. BuzHaveHHs eKCIJIyaTaliiiHOT
NMPUIATHOCTI MoJiiMepy 3a
30epeskeHHAM OCHOBHMX (izuKo-
MeXaHIYHUX Ta iHrpeli€HTHO-
KOJIOPUCTUYHMX NMOKA3HUKIB
CIIPSIMOBAHOI0 (DOTOOKUCHEHHS

Binbuiicte MosiMEpHUX CUCTEM ICHYIOTH B yMOBaxX ,
SKi  3HAXOMATHCS  JAIEKO Bil  TEPMOIAMHAMIYHOL
piBHOBarv, BOHU 3aliMarOTh IPOMDKHE MOJIOKEHHS MIiX
’mepiogMyHO’’  CTPYKTYPH30BaHWMMH Ta  TIOBHICTIO
PO3YIOPSIKOBAHUMHU CTPYKTypamu [7,45], ToMy BaKKO
(DYHKITIOHATHPHO OMHCYBAaTH 1X BHKJIIOYHO KiJTbKICHUMH
CTaTUYHUMHU mNapaMmeTpamu. IcHyroumit mporpec y
BUpINICHH] Ii€i TpoOaeMu 3B’S3aHMIA 13 BBEACHHSAM Y
MpakTUKy (i3uko-ximii moyiMepiB imeil Ta MeTomiB
CHHEPTeTHKH — BIJHOCHO MOJIOJIOi HAYKH, sIKa PO3TJISAAE
BUSBJIICHHS ~ 3arallbHUX  3aKOHOMIPHOCTEH  MpOIIECiB
YTBOpPEeHHS (CHHTE3y Ta MOAUdiKalii) YHOpsSAKOBaHHX
TUMYACOBHX Ta TMPOCTOPOBUX CTPYKTYp Y CKIAIHUX
HEpIBHOBaXHUX CHUCTEMax pi3HOi, 30KpeMa MoJliMepHOl
npupoau [15,51] .Jlng momimepiB e, mepmr 3a Bce,
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CyMillli Ta KOMIIO3UTH, 5IKi € 1 OynyThb B HaHOMMKIOMY
MaifOyTHEOMY OCHOBHHMMH Ta YHIBEPCAIbHUMH THIIAMU
ToJTiMepHUX MatepianiB. Ha qanuii 9ac He Mae CyMHIBY Y
TOMy, IO HaOMWKEeHHs OCHOBHUX QyHkuid I[IM mo
BJIACTUBOCTEH CYIIIBHOTO CEpPEeJOBHINA HE MOXKE
CIyTyBaTH aAeKBAaTHOIO MOJEIUII0 Ui  peaJbHUX
nmoiMepHuX 3B’s3kiB [4]. Bxke mpu ix onepkaHHi B
TOJIMEPHOMY ~ CEpPEIOBHIIN  TOSBISETHCS  MHOXKHHA
MIKpO-, Me30- Ta MakpojedekTiB, SKi MOXYTh
po3BHBaTHCS B TIpolecax IepepoOku Ta 30epiraHHs,
eKCIlTyaTanii Ta NMPHUPOXHOTO CTapiHHA Hoiimepy [46-
49]. Binpmie Toro, eMIipU4YHO BCTaHOBICHO [50], 1m0 mpu
nedopMyBaHHI HaBiTh NEPBICHO OJHOPITHUX CEPEIOBHIII,
BOHM HaOyBaloTh OJIOYHOI 1€papXidyHOi CTPYKTYypH,
XapaKTepHi TMPOCTOPOBI MacmTadH SIKOI 3 JTOCTATHHOIO
CTEIHHIO TOYHOCTI 3a0BOJILHAIOTH CITIBBIIHOIIEHHS:
A; =L;,\/ Li=const;

ne A; — xoedimieHT cmiBBimHOmeHHs; Ly, 1 L; —
BIJIMOBITHO TpocTOopoBi MacmrTadu (i+1) ta i — TOTO
OJTHOPITHOTO cepenoBHINa MEeBHOT iepapxigHoi
cTpykrypy; 1=0,1,2,3,.... Taki cucTeMH ONKHCYIOTHCS 3a
JONOMOTol0  (pakranbHoro  asanmizy. ®pakramamn
HA3UBAIOTh CaMOIOMAIOHI 00’€KTH, SKi € IHBapiaHTHUMH
BIJTHOCHO JIOKAaJbHMWX JWIATAIllii Ta y mporeci
CIIOCTEPE)XEHHSI TPH pPIi3HUX Macmradbax 30UTbIICHHS
MOBTOPIOIOTh OAHY 1 Ty X camy (opmy [64]. TToHATTS
mpo ¢GpakTalvd y BHIIAII CaMOIMOMIOHMX MHOMHH, IS
SKUX po3MipHicTh Xaycmopda-besukoBuua 3aBxau
MIEPEBUIIYE TOMOJOTIYHY PO3MIPHICTh, BHEpIIe OYII0
3ampornoHoBaHo  Manzaens0potoM [65]. ®DpakTanbHa
po3MmipHicTh D-00’eckTa, skwid BBemeHWd y d-mipHUi
eBKJIIIOBUH TIpOCTip, 3MiHIOeThes Bix 1 mo d. Tomy
¢pakranbHi  00’€KTHM € TPUPOJHUM  3aAIOBHEHHSIM
MHOXHUH MIX BiJOMHMH €BKJIIJIOBUMH OO0 €KTaMH 3
IUTOYHCENBHUMHU PO3MIpHOCTIMHU 0,1,2,3,...[66].
Binburicte icHylOWMX y TpHpoAi 00’€KTIB BHSBHIHMCS
(¢pakTanbHUMM, IO 1 CTaJO OCHOBHOIO IPUYNHOIO
MIBUAKOTO PO3BUTKY METOMIB (PAKTATLHOTO aHATIZY
[50]. Ho dpakrampHUX 00’€KTIB BiTHOCATHCS MPHUPOJIHI
Ta TONIMEpHI ciT4acTi TOJIMEpH, TONIMEpHI Teli Ta
KOMITO3UTH, MAaKpOMOJIEKYJIH Ta CYMilli IOJIIMEpiB,
TOOTO BCi ToOJIMEpHI O00’€KTH, SKi  BOJOIIIOTH
OaratopiBHEBOIO  (MOJIEKYJIIDHOIO,  TOMOJIOTI4HOIO,
HaJMOJICKYJIIPHOIO) CTPYKTYpOIO pi3HOi iepapxii Ta
CKJIQIAIOThCSl 13 B3aEMO3AJICKHHMX  CIEMEHTIB 3
BU3HAYEHUMHU KiHeTHYHUMH (b13UKO-XIMIYHUMH
napamerpamu  [67]. Tomy 3acrocyBaHHS METOJIB
KIHETUYHOTO CHHEPTri3My 1 (pakTalbHOTO aHalizy €
JOCUTh TEPCHEKTHBHUM 3 TOYKH 30pY OJACpKaHHA
KOMIUIEKCHHX  KpHUTepiiB  aTMoc(hepocTiikocTi  Ta
3arajbHUX TMapaMeTpiB, SAKi XapaKTepU3yIOTh 3MiHH
CTPYKTYPHO-(OYHKIIIOHATBHUX BJIACTUBOCTEH MOIIMEPHOT
koMmmo3utii [16,28,51]. OcobmuBO 1me aKTyasbHO IS
omucy (Gi3uKo-MexaHIdYHOi ToBemiHku I[IM 3 dacom
HETaTUBHOTO BIUIMBY SIKOTOCh aTMOc(epHOro ¢axropy
Ta  YTBOPEHHS  OKHCHO-JIECTPYKLIHHMX  JIe(eKTiB
(MIKpOTpIIINH, TOPOXXHUH, 30H IUTAcTHYHOI aedopmarii
Ta iH) Yy  TEpMOJWHAMIYHO  HEPiBHOBAXHOMY
noJiMepHOMY cTaHi [68,69].
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3rifHO BiJOMHUX HAYKOBO-TCOPCTHYHHUX MIAXOIB

AKICTb HOJIMEPHHUX Marepianis, 30KpeMa
atMocdepocTiikicTh [IM — 1e CyKymHICTh NMPaKTUIHO
BOXUIMBHX 1X BJacTHBOCTeW [17], sKi BHACIiZOK

AQHTPOIIOTEHTHOTO BIUIMBY B YMOBAaxX eKCIUIyaTamii Ta Iii
npioputeTHUX QakTopiB atMochepHoro crapias (Y d-
pamiamii, KUCHIO Ta TEXHOTEHHO 3a0pyIHEHOI BOJIOTH)
3a3HAIOTh CYTTEBUX 3MiH - JECTPYKIIii, IO B KiHIEBOMY
paXxyHKy TOpHUBOAWTH JO BTpPaTd iX  KOPHUCHHX
(xonopucTHUHHX 1 (i3UKO-MEXaHIYHUX) XapaKTEPUCTUK
Ta 70 MOXJHMBOI aBapiifHoi cutyauii. IlpiopuTeTHHM
(akTopoM aHTpomoreHHoro BIUMBY Ha IIA-3pazku B
YMOBax  INPHPOAHOTO  CBITJIIOCTapiHHA  BHUCTYIAe
JOBrOXBIIIbOBe Y ®— paniarfiiiHe  ONpOMiHEHHS 3
JOBKHHOI XBHII(A) B Mexax 290-400 um [13,14],
EHEepris SKOTO JOCTaTHA s iHimiroBaHHI DOJ]
OLTBIIOCTI TIPOMHUCIOBHX MapOK XiMI9HOTO BOJIOKHA
[12,18]. Crapiaas I[IM 'y 3aralbHOMY BHITQJKy
KiHEeTHIHOT Mozeni TepMOQIIYKTyaIlifHOTO Ta
aTepMIYHOTO PYHHYBAaHHS TIOJIMEPIB 13 BpaxyBaHHIM
piBHsHL OOBroBiuHOCTI JKypkoBa - TepMiHy CiyXOu
Kommo3uuiiinoro  marepiamy  [45,60] Ta  Teopii
(pakTambHO-MOJIEKYIIPHOTO ~ pyHHYBaHHS — IIOJIIMEpiB
Bydauyenka-Emanyens [15], HosikoBa-Ko3moa [51]
MOXKHa pO3IJIAgaTté sk OaratodakTopHMH mpouec, ae
€IMHOI0  CHCTEMOI0  JHU(epeHUiaIbHUX  pIBHIHBb
OIMUCYEThCS aTMOC(EPOCTIHKICTD (BIANOBIIHA SIKICTB)
ToJTiMepy B KOMIUIEKCI i3 3MiHOIO HOTo BIACTHBOCTEH Ta
BH3HAYCHUMH (DaKTOpaMH aHTPOIIOTEHHOTO BIUIHBY:
Y(O=F[X; (1); Tl. (10)
I3 3amexnocti (10) BUTUIMBaE, MO YacoBi (akTopu
eKcIUTyaTamiiaoi  mpugatHocTi  [IM BU3HAYArOTHCS
NEepEeBaKHO 3MiHAMH HOTr0 MHTTEBHX BIIACTHBOCTEH Y| y
0araToBUMipHOMY mpocTopi Y(Y1,Y2,Y3,...,Y)
nosiMepHux (pakrams [70,71] B Mexax KOHKPETHOT
(S3) (S0)
eKCIuTlyaTamii 10 1 Mmicias —[IKAJHUBOTO  BIUIUBY
aTMoc(epHUX (AKTOPIB aHTPANOTEHHOTO XapakTepy
(X;), 3okpema  Y®-pamiamii, KHCHIO, O30HY,
TEeMIIepaTypd, BOJIOTH Ta IHIIMX (Hi3UKO-XIMIYHHX
mapaMeTpiB MpPOTATOM TEBHOrO dYacy (T) cCTapiHHA
noaimepy (puc. 7).
YmoBHHH TepMiH mnpumatHocti [IM, Hampuknaz,

JIOTTYCTHMOT Ta  KPUTHYHOI obmacTi

xiMigHoro ITA-BOJIOKHA, BH3HAYAETHCI MOMEHTOM
KPUTUYHOTO dYacy (T;), KOJIH BEKTOp BJIACTUBOCTCH
(Y<Y;) He BHXOAMTH 32 MEXi  KOHKPETHOI
excIutyaTamiiHoi obmacti (S}) 1 mpuiiMae mgeske

TpaHWYHE JIONYCTHME 3HAa4eHHS Y, HE3aJICKHO BiX
BIUIMBY aHTpomoreHHux ¢axropis X;. Toxi 3rimHO
cucTemMu nudepeHmiaabHux piBHIHD (10) MaTHMeMo:
T=FaY(=FIX AL (11)
e X; IHTCHCUBHICTh  (Di3MYHMX, XIMIYHHX Ta
OiosioriuHUX (AaKTOPIB aHTPONOTEHHOTO BIUIMBY; A; —
Koe(illieHTH, sKi BH3HAYAIOTh aTMOC(EpHE CTapiHHI
(mecTpyKiiro i 3IIMBKH; IUKITI3aIli0 Ta KPUCTATI3AIliio;
copO1ito 1 JecopOIiro; BIUIMB arpeCHBHUX CEPEIOBHIIL,
30KpeMa KHCHIO, 030HY, JMOKCHIB a30Ty UM CIPKH Ta iH;
e(eKTUBHICTh Aii cTabimi3aTopiB 4K CeHCUOLNi3aTopiB,
AQHTHOKCHJAHTIB 4 (oToiHimiaTopiB, MoaudikaTopiB i
0apBHUKIB, IUIacTH(IKaToOpiB Ta 1H.) KOHKPETHHUX
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NOJNIMEpHUX 3pa3KiB  Ha MIKpO- Ta MakKpoOpiBHIX
eKCITyaTaliiHol TpHIaTHOCTI mojiMepy. Tomy dac
3HaxomkeHHs BekTopy (Y) B obmacti (S?) BU3HAYA€ETHCA

4acOBHM KpHUTEpieM eKcIntyarauiidHoi ciyxou IIM (Ty).
VYV mporeci ekcrutyaranii 4m 30epiraHHs TOJIMEPHOTO
BUpOOYy HOTO OCHOBHI BJIACTHBOCTI 3MIiHIOIOTHCS, pajiyc-
Bektop (Y) TmepeMimiyeTbcsi y  OaraToBUMipHOMY
HPOCTOPI BJIACTUBOCTEH 3a PI3HUMH TPAEKTOPIsIMU Ta 3
PI3HMMHM IIBHJIKOCTSIMH, a TPAEKTOpil Ta IIBHIKOCTI
3Minn BekTopy (Y;) 3ajexkarh Bl YMOB €KCIUIyaralii,
nepepoOku,  30epiraHHs Ta  IHTGHCHBHOCTI  Jii
aHTponoreHHux ¢akropis (X;).

3a aHasyori€lo, 3BUYAiHO, y NEpLIOMY HaOJIMKEHHI
JUISL  OIIHKA  CHpSIMOBaHOTO  ¢oTookucieHHs [IA-
KOMITO3UIIi, B YMOBaX MaKCHUMAaJbHO HAOJMKCHHX JIO
MPUPOJHOTO CTapiHHSA, HaMHW 3alpoOIIOHOBAaHI YaCOBI
¢dizmko-MexaniuHi kputepii omiakm DPOJ[ XB 3a
30epeKeHHAM OCHOBHHUX eKCITTyaTaIliftHIX
XapaKTepUCTHK TONiMepy 3a oaHakoBui dac(l) Y-
pamiamiifHOTO CTapiHHSA, B INEHTHYHUX YMOBaX OJHIEl
cepii, mpu sKoMy croctepiraetecsi 25+50%-Ha BTparta
KOHKpeTHOro mnapametpy (Y;) HpOTArOM TECTOBAHOTO
MoJieNtoBaHHs  (poToAerpananii B amaparax IITy4HOI
MOro/IM Y¥ HATypHOMY BHMIpPOOYBaHHI Ha BIiINOBIAHUX
MOJIITOHAX.

Tomi edexruBnicTh cBiTno3axucHoi mii  (ELA)
BBE/ICHOTO JIOJATKy (a;) BHM3HAYa€ThCS BiHOCHUMH
koedimieaTamu cBitio3axucHoi aii (Ky) 3a Bupazom:

Ky=[(Y:-Yo)/ Yol +1; (12)
ne Y:1 Yo — BinnoBiaHi ¢i3uKo-MexaHiuHI mapamerpu
(3anumikoBa MinHICTs Py i Py ; momoBkeHHs mpu po3pusi
Ey 1 E; ; 3anmmkoBa MoyiekynspHa Maca M, 1 My
XapaKTepUCTHYHA B'I3KICTh [No] 1 [N+] , IKi BU3HAUEH] Ha
MOYaTKy Ta depe3 NeBHWM dac (T) kBaHTOBaHOTO Y ®D—
onpoMiHeHHs A 3abapeieHux OapBHUKOM [Col]>0 um

Y.

Puc. 7. CxematnuHe 300pa)k€HHS IS TOSICHEHHS
dbopMynr ommcy eKCIUTyaTamiiHOT — MPUIATHOCTI
MTOJIIMEPHOTO MaTepiaiy.

06e30apBHUX [Col]=0 3pa3KiB MOTIEPETHHO
MOTU(IKOBAHUX JOJJATKaMU a;, 30KpeMa
crabumizaniiiHoro (St), ¢otoceHcubinmizamiitnoro (Phs)
gy ¢oroiHimitorogoro (Phi) tumis.

AmHanorigno m0 Bupa3sy (12) Bu3HA4YaeThCS BiTHOCHA
aTMOoc(epOoCTIHKICTh 3a0apBIIEHHS XIMITHOTO BOJIOKHA 32
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IHTPEeIiEHTHO-KOHIICHTPAIITHIM KOJIOPUCTUYHUM
KpHuTepieM (KOJIBOPOCTIMKOCTI) y mporeci 30epeskeHHs
KOJIbOPY TKAaHWHM 32 OJIHAKOBUX YMOB Ta 4acy
aTMoc(epHOTo CTapiHHS B amaparax IITy4YHOI OTOIH YU
HaTYpHOMY BHIPOOYBaHHI Ha JOCTIIHUX MOJITOHAX, JE
e(heKTUBHICTh 3aXUCHOI [ii MOJMaTKy (a;) pO3paxoBYIOTh
3a KoediriecHTaMy iHTIOyBaHHS TMPOLIECIiB 3HEOAPBICHHS
BosiokHa (Kco) BIAMOBIMHO 11O TpamieHTy MaiHHSI
3IMNTKOBOI  KOHIIEHTpalii  OapBHHKA d([Col{] -
([Colp])/dt y mocmimkyBanomy 3pasky ao [Col]y i micns

[Col]y V®-onpomiHEHHS OPOTATOM  BH3HAYCHOTO
TepMiHy (T) TecT-BUIPOOYBaHHS:
Keq= ([ColJ - [Col]o/ [Col]y ) + 1. (13)

Creminp 3HeOapBiICHHS BOJIOKHAa (“BHIBiTaHHS
OapBHHKA) y Tporeci Y®-gerpanparii xapakTepu3yrOTh
3AJINIITKOBOIO KOHIIEHTPAITIEI0 OapBHHKA iCs
ornpominenHst [Col], y npouenrax mo Horo BHXiIHOT
koHuenTpanii [Col],. 3aranpHy KiNBKICTH MIIPYHOYOr0O
OapBHMKA T[O0 BCiii TOBIIMHI TKAHWHU BH3HAYAIOThH
CHEKTPO(POTOMETPUYIHUM METOAOM 33 KPUBHMU BiJOUTTS
(poHTaNBHOT Ta TWIBHOI CTOPIH ONPOMIHEHHX 3pa3KiB
srimHo popmymu Kybenku-Mynka-I'epesuua [72]:

kS =H1-R) 2R7(1-R,) 2R (14)

ne k; — KoedillieHT MOTIMHAHHS CBITIA UL 3aaHOL
JIOBXKUHU XBWIi; S — KOCQII[iEHT BIIOUTTS PO3CISIHOTO
ceitia; R 1 Ry — xoedilieHT BimOWUTTS BiAMOBIIHO
3abapBieHoi Ta ©Oe30apBHOI TKaHWMHM TIpH 3aJaHid
IIOBXXHHI XBWII.

3 dopmynu (14) po3paxoBYIOTh BEIMUNHY 3HAUCHHS
dynkwii (k. S™), sixa 3HAXOMUTHCS Y MiHINHIHA 3aTeKHOCTI
BiJl KOHIIEHTpaIlii OapBHUKA Ha TIOBEPXHI ONMPOMIHEHOTO
nojiMepHOro 3paska [73]. 3a onepKaHMMHU JaHUMH
BIATIOBIZIHO OyIyl0Th KaniOpyBasbHi rpadiku , 3a SIKUMHU
BU3HAYAIOTh HEOOXITHI 3HAYCHHS BEIIMYMHU 3aJIHIITKOBOT
KOHIeHTpalii 6apBHUKA. J[)11 TOPIBHSIHHS IHTpEi€HTHO-
KOJIODUCTHIHUX XaPaKTEPUCTUK TAKOXX BUKOPHCTOBYIOTH
Bimomuit Mmetoq MLR, (I'IC — Bu3HaYeHHS TPaHUYHO
JIOTTYCTHMOi CBITJIOCTIHKOCTI 3a0apBIeHHSI TEKCTHIHLHHUX
MaTepiaiB 70  ONPOMIHEHHS  JIFOMiHECIICHTHUMH
JaMIaMH) TaK 3BaHOi YMOBHOI KOJBOPOCTIHKOCTI
BOJIOKHA BHpaXEHOIO B Oamax 3a 8-mMu OambHOIO
OIIIHOYHOIO ITKAJIOK0 32 BiJHOIICHHSM J0 KOHTPOJEHOTO
He wMoaudikoBanoro momatkamu (St, Phs, Phi)
aHaJIOTIYHO 3a0apBJIEHOTO MOJIMEPHOTo 3pasky, ae (1-2)
Oanu SHIKCHHS CBITJIOCTIMKOCTI BiAIOBIAIOTH
IIPAKTUYHOMY KOHIEHTpAIIHHOMY “BHLBITaHHIO”
OapeHrka B Mexkax 50-150 %-HOi BTpaTH KOIBOPO-
CTIHKOCTI TKaHUHU [36,74].

OnHak, ciix BIAMITHTH, WO TpH IPOBEICHHI
mapajeNbHuX JTOCTIDKEHb B amaparax IITyYHOI HOTOIH
tuny  Besepomerp, ®Pemomerp-25F um  Kcenorect-
150(450,1200) mix miero CreKTpy KCEHOHOBOI JaMIH Y

TOBITPSIHOMY ~ CepemoBHINI  (i3WKO-MEXaHiuyHi  Ta
IHTPEIIEHTHO-KOJIOPUCTHYHI ~ KpUTEpii  CIPSIMOBAaHOTO
(hOTOOKHCHEHHS BOJIOKHA HOCSITh BUKJTFOYHO

nopiBHsUIbHUN Xxapaktep [8,75]. IIponec poronecrpyxuii
MOJTIMEPHUX 3pa3KiB y TaKMX yMOBaX KIHETHYHO HE
perinaMeHTOBaHMH, TPOXOANTD MEPEBAXHO Y Mudy3iiHiH

obmacti  okumcHenus [21,61], me 2R;>>30Mkwm,
noBepxHeBUX (¢pakTtaniB [70], 30kpema amopdHUX
YaCTHH ToJTiMepy [13,14]. Oneprxani naHi
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CBITJIO3aXHUCHOT uln ¢oro(cencudinizyroqoi Ta
¢doroinimirorouoi)  epextuBrocti  (ELA, Ky, Kco)
BBEJIEHUX Yy TIOJNIMEp JOJATKIB, SKi OIHCYIOTHCS
MaJOYyTIMBUMH  (Tpg™25 TOM  Ta  Tis,ys->300 rom)
KapOOHITPHAMH,  IHTPEIi€HTHO-KOJOPUCTUIHUMHU YU
CTaHAAPTHUMH (i3HMKO-MEXaHIYHUMH MOKa3HUKAMU, HE €
aJMTUBHAMHU 1 MalOTh BHKIIIOYHO YMOBHO-KOPEISIIiHI
3HaueHHs1 [24,76]. Po3paxoBani 3a Bupaszamu (10-14)
npiopuretHi gnst  ®OJ]  MOKAa3HUKM  NPAaKTHYHOT
MPUIATHOCTI KOHKPETHOTO IOJIIMEPY CYTTEBO 3ajICiKaTh

BiJl CTaHAapTU3alii YMOB MiATOTOBKH, MEPEPOOKH,
Momudikamii (crabimizamii um “doroyrmimizamii’) i
eKCIUTyaTalii KOMIIO3HIli, BIAMOBIAHO HE HECYTh

BU3HAYEHOTO (PI3UYHOrO 3MICTy Ta pealbHO Ci1abo
33/I0BOJIGHSAIOTh ~ MeXaHi3M  (hOpMalTbHO-KiHETUIHOT
MO OKHCHO-ACCTPYKIIIHHNX MIPOIIECiB Ha
MOYaTKOBOMY €Tami ctapiHHs momimepy [77-80].

IIpu mpakTraHOMY BuKOpucTaHHi I[IM y KOHTEKCTI
CIIPSIMOBAHOTO  MOJIETIOBAaHHS  aTMOC(hepOCTIHKOCTI
TOJTIMEPIB, K OYII0 TIOKa3aHO BHWIIE , CYTTEBE 3HAUCHHS
Ma€ 3HAHHS KIHETHKH 3MiHM iX (i3MKO-MeXaHIYHUX
XapaKTCPUCTUK, HAMPHKIAA, BIIHOCHOTO ITOJIOBXKCHHS
TP PO3PUBI, 3aJMIIKOBOI MIIIHOCTI YU MOJIEKYIISIPHOT
Macu Ta IiH. Bu3HaYCHHS JETANBHOTO MEXaHI3My
¢doronerpanamii KOHKPETHOTO  IOJIMEpY  JIO3BOJISIE
3B’SI3aTH 3MIHM IIUX XapaKTEPHCTUK Y PI3HUX YMOBax
eKCIDTyaTarlii moJiiMepiB 3 KIHETHYHUMH TTapaMeTpamu ix
cBiTiocrapinas [11-18].

TakuM 9rHOM, TUHAMIKa 3MiHH (i3HKO-MEXaHITHUX
BIIACTMBOCTEH TmosiMepy Tig giero Y®-pamiamii B
YMOBaX, MAaKCUMAaJbHO HAOMMKEHHX OO0 MPUPOIHHUX,
BUSIBIISIETBCS CTPYKTYPHO B3a€MO3B’SI3aHOIO 3 KIHETHKOIO
XiMigYHOro Tpouecy (OTOOKHCHEHHS 1 Moxe OyTn
3MOZIETThOBaHA HAa OCHOBI BIATIOBIMHUX HOTO KIHCTHUIHUX
rapameTpiB.

VI. Oco6suBuii THI KiHETMKH Ta
KiHeTHYHO-1M(Y3iliHi KpuUTepii oOWiHKHN

CIIPSIMOBAHOI'0 ¢oTooKkuCHEeHHSA
noJiiaminis
XapakTep ~Ta  MEXaHi3MH  IpOLECiB,  sKi

BiZIOYBarOTHCSI I CBITJIIOCTApPiHHI TOJIIMEpPIB, 3BUYAIHO,
BCTQHOBIIIOIOTh NPU BUBYCHHI iX CBITJIIOCTIHKOCTI B
yMOBax 3arajbpHOi QoTromerpamaii TmiJg BIUIUBOM
HPHPOIHOTO YU IITYYHOTO OIPOMIHEHHS Y MOBITPSHOMY
9l KHACHEBOMY cepenoBuili. OCHOBHHM IPOIECOM
CBITJIOCTapiHHSA TOJIMEPiB € (OTOOKUCHEHHS 3pa3Ky, SKe

MOYMHAEThCS 3 TormHaHHA kucHIO [13].  Tomy
BU3HAYEHHS TTOYATKy i KUTBKOCTI MOTJIMHAHHS KHCHIO Ta
KIHeTUYHUX napameTpiB (hOTOOKMCHEHHS npu
ONMPOMIHCHHI ~ HECTa0UMi30BaHMX 1  CTaOLTI30BaHUX

CIeliaJIbHO BBEICHHMH JOJATKaMH ITOJIIMEPHUX 3pa3KiB
€  BHCOKOYYTIMBMM  METOJOM  BH3HA4YeHHS  iX
CBITJIOKOJIbOPOCTIMKOCTI, @ B NPaKTUYHOMY acCIIEeKTi
MOJICIIIOBaHHS. TIPW BpaxyBaHHI IHIIMX IIKIAJIMBUX
(haxtopin OMHAM 13 HAWBAXKIMBIIINX KPUTEPIiB
3arajgbHOi atMocdepocTiikocti [16,17].

3 MeTo  po3poO0KHM  KIMBKICHUX  KIHETHIHHX
KpUTEPIiB CIPAMOBAHOTO (HOTOOKUCHEHHS XIMIYHOTO
BOJIOKHA 32  OCHOBHMM  mapamerpom  DOJ —
CTaITiOHAPHOIO0 MIBUAKICTIO OKWCHEHHs moiiaminiB (ITA-
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548, IIA-6 Ta iH.) IpU KBAaHTOBAHOMY MOJEILHOMY
JIOBIOXBWJILOBOMY ompoMineHHi (3 A >300 um abo
365 <A <436 HM) p-3pa3KiB B yMOBaxX MaKCHMAaJbHO
HaOJMKEHHUX JI0 TIPUPOTHOTO CTapiHHS HAMH BIIEpIIe Ha
CTEIIAIbHO  CKOHCTPYHOBaHIH  MiKpOMaHOMETPHUYHIH
YCTaHOBIII B JMHAMIYHOMY KBa3iCTaI[iOHAPHOMY DPEKUMI
BHU3HAYCHI IIBHUAKOCTI IIOTJIMHAHHS KHCHIO TOHKHUMH
miiBkamu [1A-548 y nmpucyTHOCTi Ta BIACYTHOCTI
CHUHTC30BaHUX [IOJIATKIB TIEBHOI CTPYKTYpPH 13 KIACY
AKIENTOPIB BUTBPHUX pPAJUKANB THUIy CKPAaHOBAHUX
MINEPITMHOKCHIIB, AHTHOKCHJAHTIB THITy MPOCTOPOBO-
3arpyaHeHux (eHoniB, Y ®-acopOepiB Ta raciiB CHHIIIET-
TPUIUICTHUX  CIICKTPOHHO-30Y/DKCHUX  CTaHIB  THITY
apmIOEeH30TPUA30IbHIX, 06eH30(eHOHOBUX,
apWIOKCaMiHUX  TOXimHMX abo ix  “TiOpmaHHX”
MOJCNBHUX CTONyK [75-104]. Po3poliienuit KiHeTHIHUH
npuctpii g pocmimkenas  DPOJl  momiamimgHOTO
BOJIOKHA METOJOM JHHaMi4yHOi MiKpOMaHOMETpii 3a
MBUAKICTIO TIOTJIMHAHHS KHCHIO (WOz) 3 YYTIUBICTIO

1,7900"" moms[O,]/mM 1pu BinbHOMY 00’€Mi YCTAaHOBKH
AV =400 ° v, momi mosepxui S<107 ™ Ta
nmiametpi 2Ry < 30"MKM moJiMepHOI IUTIBKH, BIAMOBIIHOL
napaxku [TA-3pasky B Mexkax (1-5)007 kr, npakTHdHO 3
nepioi XBHJIMHHM JI03BOJISIE 3[IHCHIOBAaTH KiHETHYHHI

KOHTPOJTb DO/ Ha IMOYATKOBUX CTamisIX
JIOBTOXBHJILOBOTO (POTOOKHMCHEHH:[21], mpudomy Ha 1-2
MOPSOKA  TIBHUIIIE, HIX 32  KapOOHITHHUMH,

MIEPOKCUTHUMHY 9H B’SI3KICHUMH Ta (Hi3UKO-MEXaHIIHUMH
nmokasHukamMu [14]. B ymoBax MoOJiXpoMaTHYHOTO Ta
MOHOXpOMaTu4HOro Y ®-0onpoMiHEHHS 3 JOBXHHOIO
xBwt A >300 M, A=313 aM Ta 356<A <436 M npn
HeceHCHO1Ti30BaHOMY  (DOTOOKHCHEHHI — HoOliMepy Y
KiHeTH4Hi obnacti crmocrepirascst npotsiroM 30 roauH
BU3HAYCHUI CTAlllOHAPHUN PEKUAM TOTIMHAHHS KUCHIO
MOJIIaMITHUMHA IUIIBKaMU B 3aJI€XKHOCTI BiX
CHieKTpabHOTO CcKiamy Y®d-pamiamii i3 MBHIKICTIO B
MexKax (WO2 ) =(1,5-2,8)00” mons/krld y BincyTHOCTI a;

OPUYOMY HAa PI3HHX IPOMHUCIOBUX 3pa3Kax IMoJiMepy,
30KpemMa YECHKOTO, SITOHCBKOTO, POCIHiCBKOTO
BUpOOHUIITBA. L[eli pexrM BCTAHOBIIIOBABCS HE3JIEKHO
Bil cmoco0y oaepKaHHA Ta TPUTOTYBaHHSA TOOTO
TEXHOJIOTIYHOT ~ “IoTepeanboi  icTopii”  MOJIMEpHOTO
3pa3Ky 3  TPOIOPIIHHOI  3aJEKHICTIO  KOpPEHEBi
KBaJIpaTHOMYy 3 1HTEHCHBHOCTI IIaJlal04oro CBiTa

~CONHCH(OO"CH:CH; ~ ————

SKUI MapaJieNIbHO JIETKO OKHCHIOETHCS KHUCHEM IOBITpS
JO  TOJIOBHUX  MAaKpOMOJIEKYJSIPHHX  IIPOAYKTIB
craioHapHoro ¢gorookucunenns I1A, a came, HaCHIEHOTO
o-keroimiry (K) Ta iioro ximiuHOrO  i30MeEpy
HeHacuueHoro B-rixpokcukeroiminy (K') 3

T EPEHINIOI0YO0I0 JIIE€I0 TOBrOXBIIILOBOTO OMPOMiHEHHS
Ta MPIOPUTETHUM YTBOPEHHIM BiJIMTOBITHOTO
MPOMIXXHOTO NMPOIYKTY (0-KeToimimy mpu A = 365 HM abo
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J1, [81]. 3rigao kinetuuHoi mojeni [loctHikoBa [20] B

pexchi MakCHUMaJIbHO Ha6.]'H/I)K€HOMy A0 HOPpUPOAHOTO

CTapiHHSA IpH  JOBTOXBHJILOBOMY  OIPOMIHEHHI
(A>365um) HeBucokoi inTeHcuBHOcTi (Ip < 6.500
¥ Enmrreitn /em-c) TIeBHI KOHIIEHTpAITii

HU3BKOMOJICKYISIpHUX paaukaiiB ([r]), TPOMIXHOTO o-
keroimizaoro mpoxykry ([K],[K']) Ta mepoxcumHoro

makpopanukany ([PO,]) Bu3Ha4YeHI BiAMOBITHUMH
sanexnoctavu:  [r]=4/keIok, /k ks 5 [KK']=const;
[POZ] - \/i i VVO2 - f(k] + 21(2)1[[1)02] , SIK1

eKCIIEPUMEHTAJIBHO PEeali3yloThCs B YMOBaX 0-KeTO-
iMigHOTO MexaHi3My K-iHimitoBaHHsS (OTOOKHCHEHHS
nmomiamifgiB [105]. Lle#t mexanizm OyB MiATBepIKEHUI

EKCIIePUMEHTAIILHO MOPiBHSHO HEJIaBHO Ut
HECEHCHO1Ti30BaHOTO i CEHCHO1TI30BaHOTO
6en3odeHoHoM (porookucHeHHs amiparuanux [1IA [106],
a OJep)KaHM{ HaMH  paHilie BHpa3  IIBUIKOCTI
MOTJIMHAHHS KUCHIO( w, ) [81]:

Wo, T (ki+2k) 175 (15)

KIHETUYHO MOXIIMBUHN JIMIE y BHUIAIKYy (OTOXIMIYHOT
peaxiiii 3 KBaJipaTHIHUM OOpPHUBOM KiHETUYHHUX JIAHITIOTIB
IpU JIAHIIOTOBOMY YTBOPEHHI Ta BHTpPAaTi HPOMDKHOIO
doroininiatopa (K,K') [107,108]. Takuii Mexanizm
BUSIBJICHUI BIIEpIIC MOKH IO TUIBKH JJIs TOJIiaMiJIiB
T00TO € yHikampHUM [14,20]. Bin Moxe OyTH 4acTKOBO
MOSCHCHWH 3a JONOMOTOK  (PPAKTabHOI KiHCTHKH
okucHeHHs ompominenux ITA [109,110] i BupaxeHuit
BiJIOBiTHOIO (hOpMaIbHO-KIHETHIHOIO cxeMoro M1-MS§

(puc. 8).

3rigHO 3aMpOTIOHOBAHOTO MEXaHi3My, y
IpeCTaBIeHHX  CXeMaxX  I[PUBEICHI  INO3HA4YeHHS
O3HAYalOTh HACTYIIHE:
PO, - HIEPOKCHUTHI MaKpopaguKanIu TUITY
~CH,CONHCH(OO")CH, ~;
I — HU3BKOMOJEKY/SIDHI  pagukain  (TIepeBakHO

rinponepokcun HO,™ a6o cynepokcun-anion O, ; A, K,

K' - mnpoMikHI MONEKyISpHI TPOIYKTH, 30KpeMa
amiparnuauid  enamig  (A)  YTBOPIOETBCSL  IpHU
Bimmemtenni pagmkany HO,  Bim mnepokcumnoro
Makpopagukairy PO,:
HOw® + ~CONHCH=CHCH:~ {A),
iioro isomepy K’ mpu A <313 um):

THO, OH7 = LCONHCOOODCH~ (K

] OH
T HO; -OHF T ~CONHCOCH=CH- (K]
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0y
POy + TTA >
PO -
F"::-'.l_ -
H
r+ 1A - -
L
A L »
A +a0 -
K+r >
K+t *
<0
POy + 1 >
K LE~L »
[ +30 -
K -
[y +20
IlA - L

Cxema M1-M8
POOH + POy (M1)
A+ (M2)
B+ (M2')
rH + PO, (M3)
K (M4
K (M4
Py + 8 (MS5)
POy + 8 (M)
3 (M85)
2P0, + 5 (M7)
P02 + 3 (M)
PO, + 5 (ME)

Puc.8. [IpuHnmmnoBa cxema MexaHi3My Ta OCOOTUBHIA THIT KIHETUKH JTOBTOXBHIIBOBOTO
(hoTookHCHEHHS alTi(haTUIHUX ITOJTiaMiJliB.

B - kiHmeBumii MONEKYNAPHHHA TPOAYKT, SKHUN
YTBOpIOEThCS TpH nopaipliiid B3aemoxnii K abo K' 3
rigponepokcuauum pamukaiom HO, 32 mexanizmom

~CONHCOCOCH~ _ THOs

aHAJIOTIYHUM JI0 peaKIii Tmepedadi JaHmiora 3
paavKaIbHUM PO3PUBOM MAaKPOMOJIEKYJI O~IMKETOHIB:

» CONHCHO + O=C CHa~

0=C CHow~

S — o3Hawae po3pHB  MaKpOMOJIEKYNH; I
IHTCHCUBHICTH ONPOMIHEHHS TPH TIEBHOMY DPEXHMIi
¢doToiHILIOBaHHA IOJIMEpYy, 30KpeMa IOCTamiiHuI
Bkian peakuin (M7), (M7") i (MS8) 3amexurh Bif
BeJIMUMHN KBaHTy cBimia (hv), mpudyoMy B pi3HHX
pexumax ©O/J] [80], sk mpaBuiIO, MPIOPUTETHOIO € OJHA
13 UX CTaJiil; HAPUKIAJ, MAKCUMAJIbHO HAOIMKEHE JI0
TPUPOJHOTO JIOBIOXBIWIIbOBE CBITIIO 3 A =300 HM He
MOTMJIMHAETHCS XPOMOGOPHUMH TPYIIaMU MOJIIMEPY, TOMY
i #oro BITUBOM peaxilist (M8) He mpoxXoauTh, a BKIIAJ
peakuin (M7) i (M7') BU3HAYa€ThCSA CIEKTPATHHOIO
JTU(epeHIIaIlier0  JOBIOXBHIBOBOTO Y D-0mpoMiHeHHS,

PO, + O=CHCH=~ (B},

L

BHACIiIOK 4Ooro (QopMaibHO-KIHETHYHA CXeMa Y
mexanizmi @OJ[ ITA ckopodyeTscsi Ha onHy abo maBi
cTaii POTOIHII[IFOBAHHSI.

KiHeTrka cTaiiioHapHOTO PEKUMY TOBrOXBUIILOBOTO
onpoMiHeHHs (365 <A <436 um), sike crpuunnse POJ]
3rifHo  MexaHi3My peakuiii (M1-M7), Bu3HauyaeTbcs
repeiavyeio  KiHeTUYHOTO JIAHIIOTY dYepe3 HPOMIXHI
mpoaykta (K i K'), me ¢otoinimiatopom € Tinbku o-
keroimin (K); BimnmoBigHa 3MiHa KOHIGHTpAId I[HUX
npoaykTiB Big moyatkoBoi Ky i K’y mo cramionapuoi K i
K'sy mnpm BupimeHHi cuctemu IudepeHIaTbHIX
KIHETHYHUX piBHSHB (16):

ks[K] [[]ﬂ _k7I<[ I<1 :

(16)

PO~ i, 1y fpo.] i [d o1 el § +kd K} - [P0 #2114
-, g0l 14T ol ] ik} -k o] B
dK] K, k,[PO,] -
dr  k,+k, " 7
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di]_
dr k, +k/
do.] _

Oco0muBO  Ciiy  BiAMITUTH, 10 JaudepeHIiaabHe
PIBHSHHSL JUIS PO3PHUBIB MakKpOMOJEKYNT 3a (QyHKITIEO
dS/dt y cucremi piBHsHb (16) HE pPO3MIIAIAETHCS
BHACIIZOK JTOCHUTH MaJIol TOYHOCTI B’SI3KICHMX METOIIB
BH3HAYEHHS pO3puBiB — S mpu (orookucHenHi [1A y
KIHETHYHI  oOylacTi, B  yMOBax  MaKCHMAaJbHO
HaOJIMDKEHUX JI0 MPUPOJHMX Y HOPIBHSHHI 3 TOYHICTIO
BU3HAYCHHS IIBUJKOCTI MOTJIMHAHHS KHCHIO -w, [14],

sIKa OTTUCYETHCS TAKUMH (DYHKITISIMU:

KthBF_G%
U O 2

ksG
(th KO) 1nhBL%

K' =K - ;
sinhBEH
0o
ne F, G, A, K5 — sigomi rnapamMeTpu 3 BH3HAUYECHUM
(i3UYHUM 3MiCTOM:

O(K,)"2 - (K, )2 O
gK T0)2 - (K/ )1/25

& LR, + 4R E;
a: 5 ke 2

A=2Xagll g o
k3 k6k2 )

ne k; — KOHCTaHTa MIBHIKOCTI, iHAekc (i) BimmoBimae
MOPSIKOBOMY HOMEpPY pEakilii B TNPUHIMIIOBIA cxemi
Mexanizmy (M1-M8) noBroxBHILOBOTO (DOTOOKUCHEHHS
amiaTHIHUX TOJTiaMiIiB.

BpaxoBylo4u, 110 OpH  YCYHEHHI  BIUIUBY
mudysiiiaux obmexenb (W, ), << Wp y KiHeTHuHiii

F=In3

obsacti ®OJ] mosiMepy BH3HAYAETHCS CTALIOHAPHOIO
IBUIKICTIO MormHaHHs —kucHio (W, )« [21], a
2

e(heKTUBHICT, Jil BBEACHHMX JOAATKIB (3;), 30Kpema
KiHeTHuHa QoTo(ceHcuOLTi3yoya Ta IHILiIOIOYa) YU
cBiTno3axucHa (ELAy) — BIXNOBIAHMM CITiBBIIHOIICHHSM
CTalllOHApHUX WIBHAKOCTEH oOkuCHeHHA [IA-3paskiB y

1=y o0, i1 )y 11

Ha mixcraBi peanizauii B yMOBax JOBIOXBHJIbOBOI'O
KIHETUYHOTO PEXUMY (OTOOKHCHEHHS JOMIHYIOUOTO 0O-

v,=4p, +D,)(1-10"")(k +2k,)

—ky[po,] k([ |

= (k, +2k,) PO, | +k,[] -k { PO ) [} +2k.1] ¥

BigcyTHOCTI (W02 Jo Ta  mpucyrHocti (W, ),

nonipysknionansHoro monmatky (Phs, Phi, St) y (p-a)-
kommo3uii [29,30] srigao Bupasy (17):

L4, =(,,) /(7 )
Toni 3aranpHa edexTuBHICTH (Y;) 3 BpaxyBaHHIM

edekty eKpaHyBaHHS (ke,E)
pO3paxoByBajacs 3a CITiBBiAHOIICHHSIM:

> )0 /(Woz )a, ;

y=k(v, )

ne k.- koedimieHT QoTOeKpaHyBaHHS, SIKHH 3TiIHO
Pen6i-Pabexa [17] Ta IBanoma-lllnsminToxa [13,58]

7

Y®-papiarmii

BU3HAYa€ BeNMMYMHY (I3UYHOTO 3aXUCHOro edekTy
KOHIICHTPALIHHO-1HIPEIIEHTHOTO (oToekpaHyBaHHS
(PE) 3a CHIBBIOHOIICHSAM  C€HEPrid  MOTIMHEHOI

HecTabOUTi30BaHUM 1 CTaOUTi30BaHUM  TMOJIIMEPOM Y
MIPUCYTHOCTI BBEACHHOTO JO/IATKY a;:

AZZIM (1-e)

£,0Cp +E4ACyy )ID g,,,\cp
DEMCP +£a.AC

PE = (19)

S

Jst mpocToi GiHapHOT (p-a;)-CHCTEMH B TOHKHX TUTIBKax
nomimepy (p) mpu 2R f(l)s 30 MkM Ta yMmoBax nii

MOHOXPOMATHYHOTO CBiTHA (dA /dT = const ) KoeillieHT
(hoTocKkpaHyBaHHs CKJIQAATUMETHCS 3 CHIBBIAHOIICHHS
KUTBKOCTI CBITJIA MOTJIMHEHOTO MOJIIMEpOM 0e3 TOJNAaTKYy i
B 10r0 NPUCYTHOCTI:

k.=(,+p, )(1-10™ D, [1-10®2)]. (20

€

ne D, i D, — onruyHi rycTMHM nosiMepy i J0AaTKy
1
BITIOBITHO.

Tomi ©Ha ocHOBi ¢opmyn 18 1 20 matumemo

HACTYNHMI BUpa3 3aranbHoi eexTuBHOCTI (V) s

[TA—3pa3kiB, skui noeauye GpoTodiznuHi (eKpaHyBaHHS,
racinst S,T—enekTpoHHO-30y/DKEHHX CTaHiB) Ta XiMIi4HI
(HagexpanyBaHHs) (OTO(CEHCHOUTI3YI0Ul Ta IHINiIOIOYi)
YH CBITJIO3aXiCHI epeKTu:

000, i, )a‘ Q1)

keToiminHoro Mexanizmy ®O/] amidarnynux mosiamiais
[105] ta cneundiku paHime oxepxaHoi [83] 3anexHocTi:

0o, g 107 )0, +2k,), ; (22)

B
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SKi ~ TPAaKTUYHO  HAmpsAMy  3B’s3YIOTh  CCKTH
KOHLEHTpaLiiHO-1HrpeaienTHOro (oroekpanysanns (k.)
Ta TPIOPUTETHI CTadii CEHCHOUTI30BAHOTO IHIIIIOBaHHS
(k;) um kiHeTHYHOTrO IHTIOYBaHHS 3arajJbHOTO TIPOIIECY
(dhoTonerpamarii MOJIIMEPHOTO Marepiary 3a
KOHCTaHTaMH  MIBHAKOCTI ~ HAKOIMYEHHS  OCHOBHHX
npoMikaUX —TpoaykTiB  (k,) 3rimHO  (pakranrbHO-
KIHETHYHOI MoJei (OTOOKHCHEHHS TOJiMepHOi (p-a;)-
KOMIIO3HIIIT.

VY kontekcti ITM AC TIA 3rigHO BH3HAYEHUX
mojened (puc. 1-7) Ta KIHETMYHOTO O-KETOIMIJHOTO

MeXaHi3My, SIKAH OIUCYETHCA PO3B’sI3KOM
mudepeHnianbHUX piBHSIHE (16), HaMH 3anpoNOHOBaHI
y3arajJbHEHI KpuTepii OIIHKKM  (OTOOKHCHIOBAIBHOI
Jerpaaamii  XiMigHOTO  BOJIOKHA, 30KpemMa  (hi3HWKO-

mexaniuHi (Ky), audysiitno-kinernuHi (y; , ELA, ELA,),
inrpenieaTHo-konopuctraHi (Ko , MLR, ) [76,77].
IIpu BiTHOCHOMY KOPEJSAIHHOMY MOPiBHSHHI
mapameTpiB  atMocEepoCTiHKOCTI  TodimMepy,  sKi
BH3HAUYEHI 3a TIONMEpPEeJHbO HaBeneHUMHU BHUpazamu (12,
13, 17, 22), Bkazani kpurepii ominku Qoroxerpamarmii
MOJIMEPIB BiJIIOBITHO MAaTUMYTh BUTJISI;

SKIIO

Ky, vi(St, Phs, Phi), ELAy, ELA; K¢o = 1; (23)
TO a; — MPAKTUYHO He BIUMBawTh HAa DO/ nomiMepy ado
(dboToximMiuHa Jis iX MPAKTUYHO 3HiBEIHLOBaHA I1HITUMH
napaMeTpamMu KOMITO3HIIIHHOI CHCTEMU;

SIKIIIO

Ky, 7i(St, Phs, Phi), ELAy, ELA,; Ko <1; (24)
TO a; — MPOSBISAIOTh BUPaKEHi (HOTOCEHCHOUTI3yIOUi Un
(hOTOIHIIIFOIOYi BIACTHUBOCTI;

SKIIO

Ky, 7i(St, Phs, Phi), ELAy, ELA; Kco > 1; (25)
TO a; — e()eKTUBHI CBiTIIOCTa0LII3aTOPH, SIKI 1HTIOYIOTH Ta
aKTHBHO €KpaHyIOTh 3arajbHuil npouec Y d-paniauiiinol
Jierpaaii moJiMepHOro BOJIOKHA.

B ymoBax  JIOBrOoXBWJILOBOTO  ONpPOMIHEHHS
HEBHUCOKOI 1HTEHCHBHOCTI Iy < 6,5010'8 Eitrmreiin/cm’sc
Ta MPAKTUIHOTO HiBeTMOBaHHS e(heKTy (hOoToeKpaHyBaHHS
a; (k.<1.02) y ximernunii obmacti POJ[ mpu
2R, <30 MKM 3aranbHa eeKTHBHICTb (OTOXIMIYHOT Aii
BHU3HAYAETHCA BUKIIOYHO KOHCTAHTaMH  IIBUIKOCTI
¢oroiniuitoBanns (k;) Ta HaKOIMUYEHHS NPIOPUTETHUX
npoMmikaux  nponykriB  (k;) y  BigcyrHocTi  Ta
NPUCYTHOCTI BBEAEHOTO J0JaTKy (@;) TOOTO mepummMu
JBOMa CTaaisMH (OTOOKHCHEHHS mojiMepy (p), TOMY

BUpa3 (22) 3HAYHO CHPOIIYEThCS JO BUKIKOYHO
KiHETHYHOT 3aJIeXKHOCTI (26):
vi = ELA = (ki+ 2ky)o/(ki+ 2ks) , . (26)

BaxnmuBo BigmiTHTH, O NpH (HOTOOKUCHEHHI [TA-
BOJIOKHA Yy AMQy3iiiHO-KiHeTHuHiH obnacti (2R, = 30-
250 mxMm) Bupas (17) mae e MopiBHUTLHUN XapakTep
BimHOocHOT omiakn DOJ] TIA 3a kputepiem ELA,
BiJIMOBITHUX CTPYKTYp a;, B SKOMY  TIpH
CTaH/apTH30BaHUX yMoBax Y®d-onpoMiHEeHHs, 30KpeMa
KBaHTOBaHa iHTEHCHUBHICTH (I) 1 KOHKpeTHHUH criekTp (A)
MOHO- YU MOJIXPOMATHYHOTO ONPOMIHEHHS, TPUBAJIICTh
(tv) i pexum (T.p,%,0) crapinus B i30TepMiuHOMY
(T=const no +0,05K) kucuHeBOMy YM MOBITPSHOMY
cepeJIoBHILi, MaKCHUMaJIbHO HaOMmKeHoMy IO
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npupoaHuX yMoB Y®-merpanarii, BHKOPHUCTOBYETHCS
BUKJIFOYHO  KBa3iCTAlliOHAPHA BIHOCHA IIBHUJKICTB
MOTJIMHAHHS KUCHIO [21,22].

Ha ocHOBI onepxaHuX KIHETHYHUX TapaMeTpiB
MO)XKHa KIUIBKICHO BHM3HAYaTH TPAKTHYHI MOMJIUBOCTI
crabimizamii [24,29] un cnpsMoBaHoi “poToyTHImIZaIii”’
ITA-3paskie  [5,27] Ta  TPOBOOUTH  MOJCIbHE
MPOTHO3YBaHHS  aTMOC(HEPOCTIHKOCTI  BOJOKHA Y
crabinizaniitHo-cencuOimizyroyoi edexruBrocti (ELA,)
BBEJICHHX JOJATKIB Yy IojiMepi peanbHO 3a 5-20 roauH
KBaHTOBaHOTO JIOBrOXBWIbOBOro Y ®-onpomineHns [14],
3aMiCTh 3HA4yHO jAopokdoro i Tpusaioro (400-1200
TOAMH)  ONpPOMIHEHHS Mg  Yac  JabopaTopHUX
BUNIpOOYBaHb B amaparax IITYYHOI T[OTOMU THITY
“Kcenorect”, “Besepomerp” um OGaraToMmicsuHux (6-24
MICAIIIB) HATYPHUX IOCTIKEHHIX IMOJIMEPHUX 3pa3KiB
Ha BIANOBIAHO oOnagHaHux nosmironax. Cinix BIAMITHTH,
0 HAsBHICTh 3AIUIIKIB MOHOMEPHO-OJIITOMEPHUX,
KaTaTITHYHUX 94 (POTOCEHCHOUTI3YIOUMX  CHCTEM,
YTBOPEHUX B TIpOIECi OJeprKaHHs, TMepepoOKn Ta
MATOTOBKU TOJIMEPY JO BHKOPUCTAHHS, BH3HAYAE
BUKJIFOYHO TIOYATKOBY CTaJil0 (OTOOKHUCHEHHS, ¢
CIOCTEpITAlOTBCS  PIi3HI  3HAYCHHSA  aOCOJFOTHOTO
okucHeHHs nomimepy ([O,]) Ta BiAnoBinHI HeixeHTHUYHI
KyTH Haxwly KiHCTHYHHX KPHUBHX, OJHAK 1€ HE 3aBXKIH
BIJIMOBiTaTUME KIHIIEBUM pe3yJbTaTaM MOJCIEHOTO
tectyBaHHs [21]. ToMy 3acTOCyBaHHS B SIKOCTI KPHTEPIiB

ebexTUBHOCTI 101aTKiB (2, ) a0COMOTHOT OKUCHEHHOCTI

MoJIIMEPy, AaHaJOTiYHO 1O KpHUTEpiiB 3a MepiooMm
IHAyKIii, B yMOBaxX, MAaKCHMaJIbHO HAONMKEHHUX JIO
NPUPOJHUX, € HEKOPEKTHHM Ta MIIKOM HEIOLITBHAM
[77,82]. Ananiz KIHETHYHHX KPHUBHX IOTJIUHAHHS KHCHIO
(Wo ) 1 pospuBiB Makpomosekyn (S) mig niewo

JIOBrOXBWILOBOI Y ®D-pamiarii, sika HE MOTIMHAETHCS
XpOMOGOPHUMH TPyHaMH TMOJIIMEPY, B IbOMY PEKUMIi Ta

M7  Ji€0  COHAYHOTO  OMPOMIHEHHS  BHUSBHIIHCS
coiBpo3mipaumu [107,108], a gomiHyrOUHA MEXaHI3M Y
000x Bumaakax (OTOOKHCHIOBAIBHOI  Jerpamii €

saragbHuM [80,81]. OpgHOuacHO B I1BOMY “M’sIKOMY”
pexuMi (POTOOKHCHEHHS JOCHTH CKOPO BCTAHOBJIFOETHCS
CTalioHapHa HIBUJKICTH [TOTJIMHAHHS KHCHIO
(dW07 /dT=const) i3 KopeHeBow 3anexHictio (15) Big

IHTCHCUBHOCTI MAJal04yoro CBITIa, YMM 1 3yMOBJICHA
MpaKTHYHA 0e3nepCIeKTHBHICTh 3aCTOCYBaHHS
“kmacuuHux”’ Y®-abcopOepiB UM X MOIEIBHHUX CITOJYK
y  pealbHHX  yMOBax  eKCIUTyaTamii  BHACIIJOK
HiBemOoBaHHS e(deKkTy (OTOeKpaHyBaHHS  BBEICHHX
JIOJIaTKiB Ha TIOBEPXHI ompoMiHeHoro mojimepy [82,83].
JlimifiHa  KOpemsAIliss TEOPETHYHO PO3PaxOBAHUX 1
CKCIICPUMCHTAIbHIX 3HAYCHb MIBUJIKOCTI
¢dorookucuHenHss [IA 'y pi3HEX pEKUMax OKHUCHO-
JECTPYKLIIHUX MPOLECIB i3 BpaXyBaHHAM (paKTaIbHOTO
mapameTpy  dg =4/3  (CIEKTpanpHOi  PO3MIpHOCTI
pexomoOinamii pamukaniB) [109] cBimuuTh TPO €IUHY
MPUPOY CEHCUOTI30BAHOTO Ta HECEHCHO1II30BaHOTO
KIHETUYHOTO MeXaHi3My (OTOOKHCHEHHsS ali(haTHIHUX
noiamifis [14,106].

TakuM dYWHOM, 1€ TMIATBEP/DKYE IPABOMIPHICTH
3aCTOCYBaHHS METOJOJIOTIi opraHizamii iMIAKTHOTO
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TEXHOEKOJIOTIYHOTO MOHITOPHHTY BUPOOHUYO
ekcrutyatamiiaux — mpouecie  [TA  [111]  mosixom
BIIPOBQ/DKCHHS TOHKHMX KIHETHYHHX JOCIHI/KEHb JUIA
MOJICTIIOBaHHSI Ta TMPOTHO3YBaHHS aTMOC(HEpOCTIHKOCTI
nostiMepiB [107,112] um MOKIUBUX aBapiiHUX CUTYyaIliit
BHACIIIJOK Y®-nerpanarii TS MIBUIKICHOTO
TEXHOJIOT1YHOTO CKPUHIHTY HOBOCHHTE30BaHUX JOJATKIB
qu cHemiaabHo migiopaHux CHHEPTETHKO-
AHTArOHICTUYHUX CyMiIlIcH Ha iX ocHOBI [28,29] 3 MeTOIO
¢(EKTHBHOTO 3aXHUCTy YH HAaBIAKU CIPSIMOBAHOI
“¢oToyTHiizamii” BXKe BiJNPalbOBAHHX IMOJIMEPHHUX
KOMITO3MLi# [5,27] y KOHTEKCTI Cy4acHOI eKOJIOTIYHOTO
Matepiao3HaBctBa [113] Ta po3poOKM  HOBITHIX
ANbTCPHATHBHUX TeXHONOTIH [114].

VII. BucHoBku

1. Ha ocHOBiI aHamizy iCHYIOYHMX TEOpii OKHCHO-
JECTPYKUIHUX  ¢oTompoueciB i3 BpaxyBaHHAM
MCPBUHHOTO  BHU3HAYCHHS  TEXHOTCHHO-CKOJIOT1YHOI
oesnexkn (TEB) 3a JleracoBuM 1 TMPWHIMITB ‘3eJIeHOT”
ximii 3a AHacTacoM-BamepoMm Ha mpukiani atMochepHoi
Y®-paniariitaoi (hOTOOKHCHIOBAIBHOT Jerpaaaiii
(®OJ1) amidparnuanx momaminie  (ITA)  Bmepmie
chopMynboBaHi Ta BHAIICHI OCHOBHI TEXHOTCHHO-
eKOJIOTIYHI  acmeKkTH  (OTOXIMIYHOTO  TpoIrecy
BIJIMOBIZTHOCTI 3 MPIOPUTETHICTIO Ta MOCTAIHICTIO Jii
IIKIJUIMBHX aTMoc(epHUX (aKToOpiB 10 MOXKIMBOCTI
BUKOPUCTAHHS €KOaHATITUIHOT JUIarHOCTUKU
€KOJIOTIYHO-HEeOE3eUHIX HPOJYKTIB JecTpyKuii
NOJIMEPHUX MarepialiB 1 CHCTEMaTHYHO OIHCAHUX
mudy3iitHo-KiHeTHIHUX (Y , ELA, , ELAy) Ta
inrpenientHo-koHUenTpauiitnux (K, , Kg , Ky ,Kco)
KPUTEPIiB iIMIMAKTHOTO TEXHOEKOJOTIYHOT'O MOHITOPHUHTY
(ITM) armocdepocritikocti  (AC) momiamimiB y
koHTekcTi TED ekcruryarariiiHo-BUpOOHUYNX MTPOIIECIB.

2. 3anponoHoBana 3aranbHa koHueniis [TM AC ms
XIMIYHOTO  BOJIOKHA 3  PO3POOJICHUMH  METOJaMHU
kineTnaHOTO KOHTporo DOJ i eheKkTHBHOTO 3axXUCTy
ITA Big atmocdepHoi YD-pamiamii, a TakoK BKa3aHUMH
TPUHIAIIAMHI €KOJIOTIYHOTO MaTepiallo3HaBCTBA,

30KpeMa IJBHIIEHHS EKCIUTyaTalliiHOi JOBrOBIYHOCTI
4y (QOTOpElMKIi3anii BXKEe BHKOPHUCTAHHUX IOJIMEPHUX
KOMITO3HIIIH 32 METOJOJIOTIEI0 €KOJIOTIYHO CIIPSIMOBAHO1
“doToytumizarii” TIM.

3. Bnepme  mpomecu  arMmocepocTidKocTi i
crabimi3amii, dboTonerpanarii Ta JECTPYKIIII,
moaudikarii i mepepoOku, 30epiraHHs Ta €KCIUTyaTarlii,
(hoToCceHCHO1TI30BaHOTO OKHCHEHHS 1 (oToyTHmi3aril
MOJIMEPiB B YMOBax IMPHUPOJHOTO YH AHTPOIIOTEHHOTO
CTapiHHS  KOHIENTyaJbHO  O0’€qHAaHI y  €AuHY
YOTHPHOXECTAIHY MOJIETIbHY CTPYKTYPY 3a
€KOJIOTOXIMIYHUMHU Ta ¢dorodiznuHUMHU
B32€EMO3B’S3KaMH 1 (DYHKIIIOHAJIBHO pO3JiIEHI 3a
(akTopamu TpiopUTETHOCTI Aii Ha (OTOOKHUCHIOBAIBHY
JIETpajaiifo TMOJIMEpHUX MaTepialiB 4Yd BH3HAuUEHi
KIHETHYHO B 3aJIEXKHOCTI Bil MEXaHi3MiB CTapiHHS Ta
METOMIB  3aXUCTy TmodiMepiB  Big  YD-pamiarmii.
BukopHCTOBYIOUM TEOPiI0 OKUCITIOBAILHUX TIPOIECIB
noiMepiB bydadenka-Emanyens, eHepreTHdHi JTiarpaMu
€JIeKTPOHHO-30y/DKeHNX  CcTaHiB  SIOnoHChKOTO-I iMeTa,
MOCTiIOBHI KiHeTH4Hi cxeMu Jlenucosa-IlocTHikoBa Ta
BJIACHI €KCIIEpUMEHTANIBHI JTOCIIPKEHHS 3aIllpOIIOHOBaHA
crpolieHa KiHeTMuHa Mojenb omucy POJ] IIM y
Burimsiali 5 ¢orodizmuHux  Ta 4 (HOTOXIMIYHMX
€JIEMEHTAPHUX CTaiil €JMHOTO MPOLECY 3 BiIIOBIIHUMHU
KoHcTaHTamu mBUAKoCTI (k;) peakiii.

4. Ha mpuxiagi  HeceHCHOLTI30BaHOTO  Ta
CeHCHOITi30BaHOr0 MO YHKITIOHATFHUMHE  JOJAaTKaMHU
(hOTOOKHCHEHHS amidaTHIHUX TOJTiaMiIiB i3
BpaxyBaHHIM (bpakTarbHO-KiHETHUHOL Mozei
ITocTHiKOBa  pO3pOOJICHI  MPUHIMITIANBHI  CXEMH
MexaHi3My iX Y®-pamianiiiHoro cBiTIO3axHCTy Ta
CKCIIEPUMEHTAJIBHO  MIITBEP/UKEHMH  Ha  MOJEIX
ocoOnmBHiA THII KiHEeTHKH CHPSIMOBAHOTO
JIOBIOXBHJILOBOIO  (poToOKHCHeHHS [IA-BosiokHa B
YMOBaX MAaKCHMaJIbHO HAOMKEHUX [0 IPHPOIHOTO
CTapiHHSL.
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It is the first time when on the basis of the existing oxidation and destructive processes a multimodule concept
of UF-radiation atmosphere resistance was developed, as well as general model of photooxidation degradation (POD)
of the polymer materials (PM) within the ecological material study context with a complex union of all stages of
ecologichemical and photophysical processes of POD. On the example of polyamids (PA) within the context of
modern “green” photochemistry, structural, functional block-schemes of the impact technological monitoring of
production and exploitation processes were suggested alongside with the methods of the directed “photoutilization”
of specific PM; there were also developed speedy methods of kinetic control ( Wo,, SE,, Y,) they can be applied in
the mode of temporal diffusive-kinetic ( y;, ELA,, ELA,) or physical-mechanical ( K, K¢, Ky) and ingredient-color
(Ko, MLR,) criteria of POD.
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