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Anomayia. Y cmammi po3ensaHymo eKono2iuHi NUMAHHA, N08 S3aHi 3i WKIONUBUM 6NAUEOM (penoapopmans-
0e2iOHUX CMOl HA CMAH O08KINIA | IOOUHU, WO BUKOPUCTIOBYIOMbCA NPU 8U20MOGIEHHI pAdy 0ydisenbHUX Mamepianié
2pomaocvkozo OyoigHuymea i npu ix ymuaizayii. Bioomo, wo gopmansoecio sionocumvcsa 00 pevosun 2 Kiacy Hebes-
neyHocmi I He2amueHO 6NAUBAE HA 300p08’s moOuru. DeHonpopmanbO0e2iona cmona € CKIA008UM KOMNOHEHMOM
6y0iseIbHUX | eIeKMPOMEXHIYHUX MAMePIanie [ MiCmums 3aIUWKO8I KITbKocmi popmansoezioy, wo 30amui euoiisamu-
€Al 6 HABKOJIUWHE NOBIMPAHE Cepedosuue NPOMASOM 3HAYHO20 nepiody yacy. Hamu docniddiceno 6 Ounamiyi mooensHoi
excnyamayii 6naue memMnepamypu Ha 8eauyuny emicii opmanvoeioy i3 3pasKie NamMiHOBAHUX 0ePeBOCMPYHCKOBUX
NAUM Y HAGKOIUWHE cepedosuwye. Busnavanu emicm gopmanvoezioy y 00Caiodicy8anux 3paskax 0epesoCcmpyrcKosux
RAUM CHEKMPOGOMOMEMPULHUM MeMOOOM I3 XPOMOMPONOBOI0 KUCIOMOIO 8 cipuanokuciomy cepedosuwyi. Hamu
6cmanosieno, wo & memnepamypromy inmepsani 20-50 °C decopbyis opmansoecioy spocmae. Oonax eenuuuna
emicii opmansoe2ioy iz docnidxcysanux 3paskis 3a 60 0i6 npu memnepamypi modenvrozo cepedosuwa 20 °C Gyna
Hesenuxolo i cmanosuna 6io 3,05 % 0o 14,21 %. L]i docnioxcenns noxkasanu, wo adcopoyis gpopmanvoezioy Ha noeepx-
HI MUpcu € 3Ha4HOIO | 3a1edHCUMb i) YMO8 cepedosuyd, 8 neputy yepzy 6io memnepamyprozo pakmopa. Lle sxazye na
cymmesuii Hedonix euxopucmanus naum JJCII 0na eupobuuymea xopnycuux meois i ix 3acmocysanns 6 nooymi. Oco0-
JIUBUM 3a2P03aM NIO0AOMbCs GUPOOHUYI NPUMIWEHHs CKIA0i8 8UPOOHUKIG ma OyOJiebHUX CynepmMapKemis i meOiesux
2ypmiGeHb.
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ENVIRONMENTAL ASPECTS OF THE PHENOLFORMALDEHYD RESINS
USE IN THE PUBLIC CONSTRUCTION

Abstract. The article deals with environmental issues related to the harmful effects of phenolformaldehyde resins
on the environment and humans, which are used in the manufacture and disposal of a number of building materials.
Formaldehyde is known to be a hazard class 2 substance and has a negative impact on human health. Phenolformalde-
hyde resin is a constituent of building and electrical materials and contains residual amounts of formaldehyde capable
of release into the air over a considerable period of time. We investigated in the dynamics of model operation the effect
of temperature on the magnitude of formaldehyde emission from samples of laminated chipboards into the environment.
The content of formaldehyde in the samples of chipboard was determined by spectrophotometric method with chromo-
tropic acid in sulfuric acid medium. We found that formaldehyde desorption increases in the temperature range of 20-
50 °C. However, the value of formaldehyde emission from the samples tested for 60 days at a temperature of the model
environment of 20 °C was small and ranged from 3.05 % to 14.2 1%. These studies have shown that the adsorption of
formaldehyde on the sawdust surface is significant and depends on environmental conditions, primarily on the tempera-
ture factor. This indicates a significant drawback of the chipboard use for the production of cabinet furniture and their
use in everyday life. Particularly threatened are the industrial premises of manufacturers, construction supermarkets
and furniture warehouses.
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IMocranoBka npodJieMu. Y NnoMenKanHi cyyacHoi JOTIYHO INKIJUIMBMMHU. HacmigkamMu BIUIMBY TaKHX
JIIOJIMHM, TPOMAJIChKHUX 3aKiIafax, poOouux Micusix B BUIIapiB Ha OpraHi3M JIIOJMHU € YacTi TOJIOBHI 0o,
odicax, a Tako)K BUPOOHHYMX MPUMILICHHSIX Ha ChO- OposSBM  alleprii, 4YWXaHHs], KalUllo,  BIAYYTTA
TOJIHI MICTUTBCS 3HaYHA KUIBKICTH BUPOOIB, IO BHUIO- HEMPUEMHOTO 3aJyIUIMBOrO 3amaxy. llepmia o3Haka
TOBJICHI 3 CHHTCTHYHHX IOJIiIMEpHUX Matepianis. e B HAJMIPHOTO BMICTY mapiB (opMaibAeTiny B HOBITPI —
nepury gepry MeOdi, OyaiBenbHI MaTepiand, eIeMEeHTH XapaKTepHUH pi3kuii 3amax. BiH acomitoeTbes sK 3amax
HarpiBaJIbHOI Ta OCBITIIOBAJILHOI TEXHIKH 1 T. . J{oc- JKapHI 9 anTeKu abo K HOBUX MEOJIB i BiTUyBa€THCI
JTHAKA BIAMIYarOTh, II0 y HAIIOMY MOMEIIKaHHI MO- BXKe Tipu KoHIeHTpanii B 10-20 pa3iB MeHIIEe TOMYyCTH-
K€ HapaxOBYBATHCS KiJbKa JECATKIB YU COTEHb BHIB Mofi 3a caHITapHUMH HOpMamu [2].

PI3HUX, TOKCHYHUX XIMIYHHX CIIONYK SK HEOPraHidHO- Bognodac ¢enon i dopmanmbaerin BiTHOCITH 1O
ro, TaK i OpraHiuHOro MOXo/KeHHs. B 1ei nepenik [1] KaHLIEPOTr€HHUX PEYOBUH, 1110 BUKJIUKAIOTh OHKO3aXBO-
BXOJIUTh TaKa PEYOBMHA CHHTETHYHOI'O ITOXOJPKEHHS, proBaHHs. BcecBiTHS opraHizailis OXOpPOHH 310pOB’S
SIK crmiBmoJiiMep GeHoIy 1 popmanbaeriay, BigoMa I (BOO3) pexyiapaTUBHO BH3HANIA JEPEBOCTPYKKOBY
Ha3BOI (eHondopManbaeriqHa cmona. Bona € ckia- winty (JICII) xaHIIeporeHHIM MaTepialoM.

JIOBUM KOMIIOHEHTOM OyJiBENbHUX 1 EJIEeKTPOTeX- Ilpu oOWiHII eKOJOriYHOI YHMCTOTH TMOJIIMEPHHUX
HIYHAX MarepianiB. Taki MaTepiand 3IaTHI BHIIapo- OymiBeNPHUX MaTepialiB KepYIOThCS TAKHUMH OCHOB-
BYBaTH B HaBKOJMIIHE CEPEJOBHUINE Ha/UINIIKOBI (He- HUMHM BUMOTaMu JIo HuX [1]:

3aIoJIiMepu30BaHi) KITBKOCTI MOHOMepiB (eHomy i - ToJiMepHI MaTepiand He MOBWHHI CTBOPIOBATH
(dopmanpAeriny i3 BHXIIHUX PEYOBHH JaKiB Ta ¢apo, B MIPUMIMICHHI CTIHKOTO cIienu(igHOro 3amaxys;
MeOJIEBOTO KJICH0, 3B’S3YBaJBbHOI PEYOBHHHM, IO Oyia - BHIUIITH B MOBITPS JIETIOUi pEYOBHHH B HebOe3-
BUKOPHCTaHa TP BUPOOHMITBI JEPEBOCTPYKKOBHX TIEYHUX JUIS1 JIIOAMHHA KOHLEHTPALLisIX;

wmwt (JCII), mpoaykTiB necTpykmii mosiMepHHX Ma- - CTHUMYNIOBATH PO3BUTOK ITaTOTEHHOI MiKpodIio-
TepiamiB 1 T. A. SKiCHUI CKax MOBITPS HA CHOTOAHI B PH Ha CBOIil MOBEPXHI;

YKpaiHCBKHX MPHUMIIICHHAX € JIOCHTh HEBTIIIHHUM. - TIOTipUIyBaTH MiKPOKIIIMAT MPHUMIIICHb.

3HayHa dYacTHMHAa MarepialiB Ha OCHOBI JIEpPEBUHHU ®EHOJI

MA®D, danepa, ACII, mamiHaT) CHIBHO HACHYYIOTh 3a manumu Ha 2019 p. cBiTOBE croKUBaHHA (PEeHO-
MOBITPsL sIK ¢eHonoM, Tak i ¢opmampaerizom. [lo- Ty Ma€ BIATIOBIAHY CTPYKTYpPY:

CII/DKCHHSIMM ~ BCTAQHOBJICHO, IO IIPaKTHYHO BCi - 45 % ¢eHomy BHTpavaeThCsI Ha BUPOOHHIITBO
noJyiMepHi OyniBeNIbHI Ta 03700JIOBaNBHI Marepiany, TOJTiKapOOHATIB 1 ETOKCUIHUX CMOI;

SIKI CTBOPEHI Ha OCHOBI BUCOKOMOJICKYJIIPHUX CIIOJYK, - 32 % deHomy BHTpavaeThCsi Ha BUPOOHHIITBO
B IpoIleCi BUKOPHCTaHHS 1 EKCIUTyaTalii MOXYTb (eHonpopMaNBAETiTHUX CMOJT;

BUJIIIATH TOKCHYHI JIETKI KOMIOHEHTH, SIKI TIPH TPH- - 15 % ¢deHony — 11t BUpOOHHMIITBA CHHTETHYHUX
BaJIiii Zii MOXYTh HECHPHSTINBO BIUIMBATH Ha 370- BOJIOKOH — HalJIOHY 1 KalpoHY;

poB’st moauHu. DopManbaeriy € Haa3BHYaHHO JIETIO- - pemTa — Ha BUPOOHUIITBO aHTHOKCHJIAHTIB, TIO-
9UM, IO MOKe TNpu3BecTH ioro Buzinenus 3 JICII B BepxHeBoakTuBHUX pedoBuH (ITAP), mikapchkux 3a-
HaBKOJIMIITHE CEPEAOBHIIE MPOTATOM 5-6 pokiB. Tomy c00iB, IECTUIHIIB TOIIIO.

BBaXXa€ThCs, 110 Mebii Ta inmm Bupodu 3 JICII € exo-
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DOOPMAJVIBJAEI'T]

Ll# peuoBHMHa 3a arperaTHUM CTaHOM € Ia30I0-
JIIOHOIO 1 BUKOPHUCTOBYETHCS 51K 40 % HacuueHHH BOA-
HUHA po3unH (popmaniH). € CHIBHUM aHTHUCEIITHKOM,
BUKJIMKAE JICHATypalilo OijKa, BUKOPHUCTOBYETHCS B
MEIMIUHI JUis Oanmp3aMyBaHHs 1 30epiraHHs 0ioJo-
riYHEX MaTepianiB (aHaTOMIYHI penapaTn). B nepeso-
00poOHiH i MeOIIEBil IPOMICIOBOCTI ITHPOKO BUKOPH-
CTOBYETBCS TUTS BHPOOHHUIITBA Kapbamino-
(opManbAETINHUX CMOJI, IO BUKOPUCTOBYIOTHCS LIS
BupoOHMITBa (hanepu, mmony, MJAD i JICII. B xap-
YOBiil IPOMHUCIIOBOCTI popManbieria BiIOMUH SK KOH-
cepBanT nix koxoMm E 240 (B Ilepeniky xapyoBux mo-
0aBOK € KaTeropnyHo 3a00POHEHUM ISl BUKOPUCTaHHS
Ha TepuTopii Ykpainu) [3].

HesBaxkaroun Ha Takuii IUPOKUI CIEKTP 3aCTOCY-
BaHHs, (POPMAJIBICTIN BIJHOCITH 32 TOKCHYHICTIO JIO
2 xyacy HeOe3IevHOCTi i BiH € KaHIeporeHoM. HaBiTh
HU3bKI KOHIEHTpAIlii HETaTHBHO BIUIMBAIOTH Ha 370-
poB’st moauHu, ocobnmmBo Ha [[HC, auxampHi musaxw,
HIKipy, peNpOAYKTHBHI oprany, a 15-45 rpamiB po3dn-
Hy ¢opManpaeriny i3 KoHIeHTpaiieo 35% BuKImM-
KaloTh JICTANIFHI HacHinku. B opranism ¢opmanbaerin B
OCHOBHOMY MOTPAIUISIE THrATIAMIHHUAM [UITXOM.

3aranbHa TPaHUYHO JIONYCTUMa KOHIEHTpALis
dopmansaerixy cranosuts 0,05 Mr/m°, ceperpo06o-
Ba — 0,003 Mr/M°, MAKCHMaIbHA Pa30Ba KOHIEGHTPALLis
— 0,035 mr/M[2].

AHani3 ocTaHHIX gocaigkeHb i myOaikanii. Bu-
MOTH 10 MatepiamiB I ix cepTudikamii HaBITH y
€BpoIi € He TOCUTH KOPCTKHMH, TOMY BUKOPHUCTAHHS
cepTu(iKOBaHUX MaTepialiB MOXE MPHU3BECTH J0 CYyT-
TEBOTO TOTIPIICHHSA SKICHOTO CTaHy TIOBITpS B
mpuMileHHi. YacTHHA POBITHUX €BPOIEHCHKUX (QipM
Bxke BigMoBuwiacs Biag Bukopucranus JICII mnpu

BUpoOHHULTBI MeOniB. ¥ HiMmewunHi BCTaHOBJIEHO 3a-
OOpOHY Ha BHKOPHCTaHHS MeOJIEBUX JIEPEBOCTPYIKKO-
BUX MarepiaiiB, piBeHb Mirpamii Gopmanbieriay SKux
B noitps mepesuye 0,124 mr/ m® (1 ppm). Leii mo-
Ka3HUK NPUHHATO 1 KpaiHax-uieHax BcecBiTHBOI TOp-
roeoi opranizanii (BTO). €aunumM criocobom yoOesme-
gyuTH cebe Bix HeOakaHMX PHU3UKIB € IPOBEACHHS
SIKICHOTO JTOCTIKSHHS TOBITPSI B IPUMIIIICHHI.

Jo MeTomiB KOHTPONIO CTaHy TMOBITpA Yy
MPUMIIICHHAX, SKi BHKOPHCTOBYIOTBCS B YKpaiHi
CBOTOJIHI, € CYTT€Bi 3acTepekeHHS. Po3pexiaMoBaHi
EJICKTPOHHI Ta30Bi JIETEKTOPH, SIKIi BHUKOPHUCTOBYIOTBH
JUISL BU3HAUEHHS SIKOCTI MOBITPS B MPHUMIIIEHHI, YacTO
CIpalbOBYIOTh Ha MPUCYTHICTh B MOBITPiI CTOPOHHBOI
PCUOBHHH 1 HE € CENEeKTUBHUMH Ha (eHol 1 hopMaib-
nerin. He mocuTh KpaliuM BapiaHTOM € TaKOX 1HAMKA-
TOPHI TPYOKH POCIHCHKOr0 BUpOOHHITBA “IMITyJIbC” UM
eBponeticeki “Drager” (Himeuumna) i excmpec-
aHaJi3y Ha BMICT (popMaipaeriay i GeHomy.

Bonn npusHaueHi 111 KOHTPOJIIO Yy BHUPOOHHYIHMX
MPUMIMICHHAX MOBITPsA. SIKmio TpyOka He MoKa3aia
3a0pyAHEHHs, IIe IIe He 03Hadae€, 0 BMICT (GopMaib-
neriny B Mekax HopMmu. CyTTEBUM HEIOJIKOM iHIWKA-
TOPHUX TPYOOK € Te, 110 BOHM pearyioTh He JIMIIe Ha
dbopmanperin, a W Ha IHII PEYOBUHH — TOMOJIOTH
¢dopmanpaeriny anpaerind. ToMy Npu HO3UTHBHOMY
pe3ynbTati TeCTy TPYOKH HEe MOXKHA CTBEPXKYBATH TIPO
NEPEBUIIEHHS BMICTY TUIbKH (OpPMalbIEriny, a mpo
NEPEBHUIIIEHHS CYMapHOTO BMICTY ajbJerifiB. BupoO-
HUKHU 3aCTEPIrarTh, MO TPYOKH BOJIOMIIOTH IEepexpec-
HOIO YYTJIHBICTIO IO CTHUPOJY, BiHIJIAIIETaTy, aleTaib-
Jeriny, akponeiny. | me oguH cyTTEBHI HENOMIK TPY-
00K — cTaHAApTHE BIIXWIECHHS y BU3HAUYEHHAX CTaHO-
BuThb + 20-30 %.

Tabauys 1
XapakTepucTHKa 3a0pyIHIOBAYiB
3abpyaHioBay Krnac ne6e3neunocri I'’IK, mr/m3
dopmanbaeria 2 0,05
denon 2 0,01
Tabnuys 2

XapakTepuCTHKA iHAMKATOPHHUX TPYOOK /15l BU3HAYCHHS
dopmanbaeriny i gpenosy

Moaudikaris iHIMIKaTOPHUX TPYyOOK dipma-BUpOOHUK 'K, mr/m3
TpyOka ingukaTopHa J/B hopmaibaeriay Immynbc 0,25-1,5
TpyOxa inaukaTopHa 1/B hopmanpaerixy UT- i
CH20/0,005 hmyse 02550
TpyOxa inaukaTopHa 1/B hopmanpaerixy UT- i
CH20/0,1 Dunystee 1-100
TpyOka inaukaropsa 1/ penoay UT-C6H50H/0,3 Immynec 0,3-3,0
TpyOxa inaukatopHa 1/ enoxy UT- i
C6H50H/0,3 Dunystee 2-300
TpyOxa innukatopHa a/B popmansaeriny 0,2-2,5, Drager 02-25/0.5-5.0
0,5-5,0 ppm o
TpyOka inaukaropHa 1/ ¢penoiy Drager Phenol
®enon 1/b 1..20 ppm Drager 1,0-20,0
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[Tonpu BigMideHi HEMOMIKH BOKIHUBOIO MEPEBATOI0
IHANKAaTOPHHUX TPYOOK € iX MPOCTOTa Yy BUKOPUCTAHHI i
eKcIIpec-aHali3.

XiMikaMH-aHATITHKAMH TIPOIIOHYETHCS P METO-
UK JUTS KUTBKICHOTO BU3HAYEHHS (hOpMaNBICTiNy K B
CHUHTETUYHUX (EeHON(POPMANBICTITHUX CMOJIaX YU B
MaTepiaiaXx JepeBOOOpOOHOI MPOMHUCIOBOCTI, TaK i B
MOBITPi KUTJIOBUX YM BUPOOHUYUX NpUMILIEHb [5-9]. 1
TYT IOCTa€ Ipo0ieMa B TEXHIYHOMY BHpILIEHHI IH-
TaHHs. SIKIIO A aHami3y Ha BMICT (OpMalbACTiny B
Marepianax IMPONOHYIOTbCS  METOAWKH  CHEKTpO-
(OTOMETPUYHOTO BH3HAYCHHS 13 3aCTOCYBaHHSAM XpPO-
MOTPOIIOBOI KHCIOTH [8], dheHUITiApa3sHH Tigpoxiopu-
1y [8-9] um ameTnaneToHOBOTO peareHra [6], Kimacud-
HUH HonoMeTpudHni MeTon [7], TO IS BU3HAYCHb Y
MOBITPi Ha CHOTO/HI UM HE €AMHUM TOYHHM METOIOM €
METOJ i3 BHKOPHCTaHHAM COpOIIHHUX MPoOOBimOip-
HUKIB Ta METOA Tra30Boi xpomarorpadii i3 wmac-
CHEKTpOCKoMiuHOI aeTekuieto. Lleit meron no3Boisie
BUSIBJISITA Ta BHUMIPIOBaTH BMICT y TMOBITpi B
MPUMIIIICHH] HE JIMIIC anbICeTiH, a i IHII 3a0pyIHIO-
Bayi. OnmHak Ieil MeToa MOTpedye YHIKaIBHOTO J1a00-
paToOpHOTo i amapaTypHOro oONIaJHaHHS, [I0 MOXe
3a0e3nMeYnTH TIIBKH cepTu(dikoBaHa i oOnagHaHA CY-
gacHa yaboparopis. B Vkpaini Taki mociayrn Hamae
ykpainceka komnasis (HCO “OTABA”) y criBmparti 3
nmabopaTopiero amepuKaHcbkoi pipmu Prism Analytical
Technologies.

IocranoBka 3aBmanHs. Ha ocHOBI 1mx nocmi-
JOKEHb HaMu Oynu 3poO0sieHi BUCHOBKH TPO MOXKIIH-
BICTh 3aCTOCYBaHHSI HaBEJCHHUX METOJUK y TPAKTHIII
aHaiizy gpocmimpkyBanux 3pa3kiB JICII aist BU3HAUYCHHS
BMICTY B HHX 3aJIMIIKOBHX KUIbKOCTEH (hopMasibaeriay

1 fioro mirpartii B HABKOJUIIHIA TOBITPSIHUNA TPOCTIp B
TUHAMII MOJeNbHOI excruryartarii. bymn anpo6oani i
YacTKOBO MOAM(IKOBaHI 3alIPONOHOBaHI Pi3HI METOAH-
KM JJIs KUTbKICHUX BU3HA4YeHb (POPMAJIBACTINY B Iepe-
BOCTPYXXKOBHX MaTepianax.

Bukiaax ocHOBHOro Martepiany I0CTizKeHHS.
3pa3ku ISt aHaUTi3IB IUIUT AEPEBOCTPYKKOBUX JaMiHO-
BaHMX BUPOOHUIITBA KiIBKOX BITYM3HSIHUX BUPOOHHKIB
(pexBi3UTH BUPOOHMKIB HE HABOAUMO Yy 3B’S3KY 3 He-
CaHKILIOHOBAHOIO PEKJIAaMOI0) BIIOWMpanu B CHCTEMI
OyniBenpHUX MapkeTiB “EnineHtp” i rypriBeHs Oyama-
TepianiB M. JIpBoBa. JlocmimKkyBaHi 3pa3ku 30epiraiu B
TepMETHYHIH Tapi i 3rifHO 31 CBINONTBOM IPO BiImO-
BIHICTH BOHM ITOBHHHI BiJITOBIZaTH YHMHHUM BHUMOTaM
TV V 20.2-31147999-003:2002 “IInuté AepeBOCTPYK-
KOBI JIamiHOBaHi”. MapkyBanu Aaty BimOopy 3paskiB i
JaTy HaJIXOJDKEHHS B MEpeXy A peamizamii, sKy
BCTaHOBJIIOBAJIM 32 CYNPOBOKYIOUUMH JOKYMEHTaMH.

Byno BcTaHOBIICHO, 110 B OUTBIIOCTI BUXIAHUX Bi-
nMiOpaHUX 3pa3KiB Uil aHali3y BMICT (opMalibaeriay
NPaKTHYHO HE TMEpEeBHIIYBaB HOPMAaTHBHI [NaHi, 3a
BUHITKOM OKpPEMHX 3pa3kiB (Ta0i. 3).

[Ipu upoMy ciig BiIMITHTH, IO 32 JaTOK BHPOO-
HUNTBA 3pa3ku Ne 7-9 Oynu HOBIIMMH Ha 3-6 MicSIIiB,
HiX 3pa3ku BUpoOHUKIB XXX i YVVY, mo mnoriyao
MOJKHA TOSCHUTH TUHAMIKOIO €MicCii B HABKOJIHIITHE
cepenosuine Gpopmanbaeriny 3 ACII 3 gacom.

Hamu mpoBemena cmpoba IOCHIOUTH AWHAMIKY
NpoTiKaHHs eMicii Gopmanbleriany npoTsIroM MoJelb-
HOTO TEepMiHy eKCIUTyaTauii 3pa3KiB IUIUT 3 4acoM 3a
pisHux Temmeparyp. [aHi IOCHIIKEHb HABEJCHI B
Tab. 4.

Tabauys 3

Bwmict dpopmanbaeriny y Buxinnux spaskax J{CII (miutu nepesocrpy:kkosi JjaminoBani Tumy K I ta 11
kareropii 1 kaacy emicii gpopmaasbaeriny E1)

Bwmict ¢hopmanbaeri-
HaiimenyBanns Bupobuuk Bﬁ;;ﬁ;ﬂﬁxiﬁ/ﬂiﬁg ia ay ;?/(Il)gl(;T:M,
3pazok Ne 1 XXX <8 7,240,2
3pazok Ne 2 XXX <8 7,6%0,1
3pazok Ne 3 XXX <8 7,1£0,2
3pazok Ne 4 yvyy <8 6,9+0,1
3pazok Ne 5 yvyy <8 7,8+0,3
3pazok Ne 6 yvyy <8 7,5+0,2
3pazok Ne 7 2727 <8 8,6+0,1
3pazok Ne 8 777 <8 8,4+0,2
3pazok Ne 9 777 <8 8,2+0,2
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Tabnuys 4
3mina BmicTy dopmasnaeriny y Buxignux 3paskax JICII 3 yacom npu pisHUX TeMImepaTypax
Yac 3pazok 1 ‘ 3pazok 2 ‘ 3pazok 3 ‘ 3pazok 4 ‘ 3pazok 5 | 3pa3ok 6 | 3pazok 7 | 3pazok ‘ 3pazok 9
BUTPH-
MYB;%H’L Temneparypa moaenabHOro cepenonuina 20 °c
il
0 7,20 7,60 7,10 6,90 7,80 7,50 8,60 8,40 8,20
10 7,12 7,3 7,05 6,88 7,75 7,45 8,55 8,38 8,18
20 7,00 6,91 7,01 6,85 7,65 7,35 8,45 8,3 8,1
30 6,93 6,70 6,80 6,75 7,6 7,28 8,35 8,25 8,06
40 6,85 6,55 6,58 6,71 7,53 7,2 8,25 8,15 8,04
50 6,83 6,54 6,55 6,70 7,52 7,18 8,23 8,12 8,00
60 6,72 6,52 6,52 6,70 7,50 7,15 8,05 8,1 7,95
Temneparypa mozaenbHOro cepenonuiua 30 °c
10 7,00 7,20 7,05 6,85 7,65 7,38 8,52 8,28 8,15
20 6,80 7,15 7,00 6,80 7,60 7,35 8,43 8,25 8,08
30 6,75 6,70 6,75 6,73 7,55 7,25 8,38 8,20 8,06
40 6,70 6,45 6,55 6,71 7,53 7,22 8,23 8,15 8,04
50 6,65 6,34 6,48 6,65 7,50 7,20 8,21 8,12 8,00
60 6,60 6,30 6,45 6,60 7,45 7,17 8,15 8,08 7,93
Temneparypa MmozaenabHOro cepenonuia 50 °c
10 6,85 7,00 6,80 6,45 7,35 7,00 8,05 8,00 7,85
20 6,55 6,85 6,65 6,30 7,10 6,85 7,80 7,55 7,50
30 6,35 6,50 6,25 6,20 6,85 6,65 7,50 7,05 7,00
40 6,25 6,30 6,00 6,00 6,55 6,40 7,00 6,45 6,85
50 6,07 6,00 5,85 5,80 6,30 6,00 6,51 6,30 6,40
60 6,00 5,52 5,50 55 6,00 5,65 6,30 6,10 6,05

B T1abn. 5 HaBenmeHi eKcriepuMEHTaNbHI NaHi, 0
XapaKTepU3yI0Th BIUIMB TEMIIEPATypH Ha eMicito (op-
Manpaeriay 3 mociimkysaHux 3paskiB JCII npu Bu-
TPUMYBaHHI B MOJICILHOMY CEPEJOBHUI MPOTIrOM

Ha puc. 1-3 mokazaHo 3MiHH BMICTY (opMaibaeri-
ny y Buxinaux 3paskax JACII mpu remneparypax 20 oc,
30 °C i 50 °C. TIpu upOMy IIiIBHIIEHHS TeMIEpaTypH
MOJIETILHOTO CEPEeIOBHINA MPU3BOJUTE 10 301IbIICHHS

60 mi0. emicii popmanpaerimy.
Tabauys 5
Bnuius TemnepaTypu Ha eMmicito opmanbaeriny i3 3paskis JICII
Temmnepa- Ewmicist popmansaeriny i3 ACII 3a BuTpuMyBaHHS B MOJETIBHOMY cepeioBHIi potsiroM 60 116, %
Typa, °C
3pa3ok
3pasox | 3pasok | 3pasok | 3pazok | 3pasok | 3pasok | 3pa3ok | 3pazok 9
2 3 4 5 6 7 8
20 667 | 1421 | 817 | 290 | 38 | 467 | 640 | 357 | 09
30 833 | 1711 | 915 | 435 | 449 | 440 | 523 | 381 | >
26,22
50 16,67 21,37 22,54 20,29 23,08 24,67 26,74 27,38
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3pa3ok | —&—3pazok 2 =>=3pa3ok 3
3pa3ok 8§ —®—3pa3ok 9

—+—3pa3ok 6 =—3pa3ok 7
8,5

Bwmict popmansaeriay, mr/100 T
&
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Yac BuTpumyBaHHs, A10

Puc. 3. 3mina Bmicty dopmannaeriny y suxignux spaskax J{CII npu Temneparypi 50 °C

Puc. 4 imrocTpye 3anexHIiCTh 3MIHH BMICTy Qop-
Manpaeriny y Buxigaux 3paskax [JCII mpm Butpu-
MYBaHHI IX Y MOJEIBHOMY CEpemoBHIIl mpotsirom 60
mi6 (y) Bim Temneparypu B koopaunatax Y = f(1/T).
XapakTep EKCHEPHMEHTAIBHUX 3aIEKHOCTEH OIH3b-
KW 10 JIIHIHHOTO, 110 MOTO/KYETHCS 3 TCOPETUIHUMHU
MOJIOKEHHSAMH XiMiYHOT TepMonuHamiku. [Ipu 1pomy
TAHTeHC HAXMIYy KyTa LUX 3aJeKHOCTeH € MPaKTHYHO
OJIHAKOBMM JUIs BCIX IOCTI/PKYBaHHX 3pas3KiB, IO

MATBEPIKYE OIHAKOBY XIMIYHY NPUPOAY IMPOIECY
JecopOIIii pe4oBHH 3 TOBEPXHi aJcopOeHTa (MaTepiary
JCII). Pizni Bemmuman BMicTy (opmanpaeriny (Y) y
BHXITHUX 3pa3Kax MpH 3aJaHiil TeMIeparypi CBiqdaTh
po Te, IO 3pa3KH BOJOMIIOTH Pi3HOK MOPHCTICTIO
3aXHUCHOT JIaMIiHATHOI IUTIBKH, IO TEK BIUIMBAE Ha
BEJIMUMHY eMicii ¢popmanpaeriny 3 nosepxni JCII.

© g5 —&o—3pazoxk | 3pa3ok 2 =&—3pa3ok 3 =>=3pa3ok 4 3paszok 5
§ 7 3pazok 6 =—+=3pa3ok 7 —=—3pa30k 8§ 3pa3ok 9
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Puc. 4. 3mina Bmicty dopmanbaeriay y Buxinnux 3paskax JICII npu BUTpUMYBaHHI B MOAeJILHOMY
cepegoBuii mpotrsirom 60 1id6 npu migBUIEHH] TeMnepaTypH
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Sk moKasyroTh JaHi JOCHIIKEHb, IO HAaBEICHI y
TabIMUIIX 4 1 5, BC1 3pa3Kul BOJIOAIIOTH CTAJIOK0 EMICi€r0
(dopmanpAeTiny B HaBKONWIIHE ceperoBuie. Illpu
IFOMY 3MiHH BMiCTy (popMaibIeriqy B IDIMTaX BinOy-
BaIOTHCS TIOBUIBHO — 3pa3ku “ponsTs”. 3a 60 mib BTpa-
Td (GOpMANBACTIAYy TPU TEMIEPATypi MOJCIHHOTO
cepenoBuia 20 °C nexars B inTepBan — Bix 3,05 % no
14,21 %. Ilpu npoMy ciij BIAMITHUTH, IO TUIBKH 3pa-
30K 2 TPOSBISAB MiJBHIIEHY €MICil0, pelira 3pasKiB
BOJIOJILTH MEHIIOK BEJIMYUHOIO eMicii hopManbieriay.
MoxiuBo, Lei (akT HOB’SA3aHUH 13 BHYTPILIHBOIO
TEKCTYpPOI0 IUIUTH ab0 X MOPHCTICTIO JIAMiHATHOTO
mokputts. [ligBumenHs Temmeparypu Ha 10 rpamycis
(temmepartypa cepenosuma - 30 °C) cyTTeBO He BIUTH-
HYyJIO Ha BEJIMYUHY BTpaT (HopManpIeriay 3pa3kaMu —
BEJIMYMHM BTpaT Jexanu B iHTepsam Bif 3,81 % mo
17,11 %. 3a remnepatypu 50 °c BTpaTH CYTTEBO 3pOC-
U 1 jgexanu B iHTepBani Bim 16,67 % no 27,38 %.
O4eBHIHO, 11€ CYTTEBO BILIMHYJIO HA MPOIIEC AecopOITil
(dopmanperiny Ha nmoBepxHi THpcu nepeBuHU. OnHaK,
SIK TIOKA3aJId JOCIIDKEHHS, aacopoiis hopMalbaeriay
Ha TOBEPXHI THUPCH € 3HAYHOIO 1 3aJICKUTHh BiJl YMOB
CepelOBHINA, B IEpIIy HYepry BiJl TEMIEpPaTypHOTO
¢axropa.

MeTtoauka BU3HAYEHHS

Busznadennsi popmasibaeriny y BOAHMX BHTSIK-
Kax 3 MoJIiMepiB 1epeBOCTPY:KKOBMX MaTepiaiiB

HaBaxxkn moapiOHEHWUX MOCTIIKYBaHUX 3pa3KiB
JCII nmoMimaroTe B MipHY KoJOy i3 JUCTHIHOBAHOO
BOJIOIO 1 TEPMETHYHO 3aKpHBAIOTh. BUTpUMYIOTH 3pa3-
KU y BOJII MPOTATOM 24 ToJuH i Oiybllle B TEpMOCTaTax
mpu Temmneparypax 20, 37, 60 OC. Burskku i3 3pa3kiB
¢bineTpyroTh uepe3 ckistuuil ¢ineTp Llora Ne 3, nepuri
mopiiii ¢ineTpaTy BigkumawTs. Hamgami otpumani mpo-
OU aHANI3YIOTh HA BMICT ()OPMAITBIECTITY, 3aCTOCOBYIO-
YM BUIIETIEpepaxoBaHi MeToaukHu. Hamu 3acTocoByBa-
Jacst CeKTPOPOTOMETPUIHA METOJIMKA 3 XPOMOTPOIIO-
BOIO KHCIIOTOIO.

OH OH

2 O
HOLS l S0,

S0.H

HO \ /

HO

S0, H

Merton Ga3yeTbcsi Ha peakiii Gopmanprerimy i3
XPOMOTPOTIOBOIO KHCIOTOMO (1,8-murinmpokcuHadranin-
3,6-m1cynb(OKUCIIOTOI0) 3 YTBOPEHHIM B CEPEIOBHIII
Cynb(aTHOI KUCIOTH CHOIYKH ITypIypPHOTO (4€PBOHO-
(ioneToBOr0) KOIBOPY, IHTEHCHUBHICTH 3a0apBIICHHS
sKol TporopuidHa BMICTy (opMalbierity B J0-
CllijpKyBaHOMY po3uuHi. [Ipy oMy mpoTikaroTh Taki
peakuii: crovYaTtky OTPUMYETHCS OE3KOIBOPOBUII MpO-
IOYKT KOHJEHcAIlii, SKWil Hajani OKHUCHIOETHCS CYJb-
(haTHOIO KHCIIOTOIO JIO MPOAYKTY MYPIyPHOTO KOJIBOPY
(e=1,2-10%.

Bwmict  ¢opmampaeriny BH3HAYald ~ METOIIOM
KaJiopyBajpHOTO Tpadika.

CrannmapTHUE po3unH (OpMaTBACTIAY TOTYBaIA
po30aBneHHsIM BuxifgHOTO 1 %-HOro po3dnHy (opmaib-
nerimy. BmicT ¢opmanbaeriny B HbOMY BH3HAYAIOTH Y
MI/MJI  HOJZOMETPUYHHUM MeTomoM. Jlias mporo B
KOHIYHY K00y emkictio 200 M BHocaTh 1,0 M 1 %-
HOT'O PO3YUHY (pOpMabaCTiny, 10Aar0Th 10 M BOAH, 3
oropetku mpwimBawTh 10,0 mu cranmaptaoro 0,1 N
po3uuny Hony. [lotiM mo kparmisim noaaroTh 20 Yo-Huit
PO3YMH HATPiH TIAPOKCHUAY IO MOSBH OJIi0-’KOBTOTO
3abapenenHs. Yepes 10 xB. gomarots 2 ma 10 %-Horo
PO3UYHMHY XJIOPHIHOI KHCJIOTH IO TIOBHOTO BHIIUICHHS
oy, THTPYOTh HammumkoBuii om 0,1 N po3unHOM
HaTpii TiocynbdaTy B npucytHocTi 0,5 %-Horo po3un-
Hy kpoxmaito. [Tapanensro Tutpyroth 0,1 N po3unHOM
HaTpiit Tiocymsdary 10,0 mm 0,1 N posumny #Hony.
Bwmict popmansaeriny B 1 ma 1 %-Horo po3uuny ¢op-
MaJIBJICTI Iy BU3HAYAIOTH 33 (hOPMYJIOKO:

X=(V-Vy - L5, mr/mi,

ne ViV —o00’em 0,1 N po3unny Hatpiii TioCyJib-
¢ary, BUTpaueHUH Ha THTPYBaHHS KOHTPOJBHOI 1 J10-
CJIIKYBAHOT TPOoOH, MII;

1,5 — wugmcno wimirpamiB  QopMmanbIeriay, sKe
Bignosigae 1 M toudo 0,1 N po3unny Hony.

HCHO &—————

S0,H

\ / OH

CH, — \ / OH

S0,H
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S04H 50,H
HO OH
+ Hy50, R
HO CH;—— \ / OH
S04H S04H

&1,H

HO

HO

S,H

[Micns Toro BiAMOBIIHUM pO30aBICHHSIM TOTYIOTH
CTaHIAPTHUHA PO3YNH, IKHHA BMIITye | Mr/mi ¢opmainb-
nerixy. TepMmiH NPUIATHOCTI LBOTO PO3YMHY CTaHO-
BUTh 70 | MicsIl. 3 HBOI'O TOTYIOTh CEPIil0 CTAaHIAPT-
HUX po0OYMX PpO3UMHIB i3 BMicTOM (opmanbaeriay
0,005-0,1 mr/mn Oe3mocepenHbO Mepea 3aCTOCYBaH-
HsaM. KaniOpyBanbHuii rpadik 3aexHOCTI ONTHYHA
TYCTHHA Bi BMicTy opManbaeriny OyIyroTh 3a CIleK-
TPOPOTOMETPUIHOIO METOIMKOI0 3 XPOMOTPOIIOBOIO
KHCJIOTOIO, OIINCAHOIO BHUIIIE.

BucHoBKkM i mepcneKTHBH NOAAJBIINX J0CJi-
JAKeHb y 1aHOMY Hampsimi. BuBueHo BIUTHB Temmepa-
TypHOTO (haKTOpa Ha BEIWIHHY eMicii (hopManbaeriay
3 naMiHOBaHMX JepeBocTpyxkoBux mut (JCIT), mo
MICTSITh SIK KOMITIO3UTH (peHOI(POpMAaTbICTIIHI CMOJIH.
BusiBneHo, 1mo Iii BUpOOM MPOSBISIFOTH HETaTUBHUI
€KOJIOTTYHMI BIUIMB Ha HABKOJIMIIHE IOBITPSIHE cepe-
JIOBUILIE 32 PaxyHOK BHIIApPiB OTPYHWHOI peuoBHHH 2
kinacy HebOe3medHocTi ¢opmanpaeriny. Ewmicis miel
PEYOBHHH IMPOTIKA€E MOBLIBHO, i 32 60 1i0 3a KIMHATHOT
TEMIIEpaTypu BTpaTH He nepeBuInyrots 15 %. Ilinsu-
LIEHHS TEMIIepaTypy CHpHs€ BUALICHHIO (OpMallb-
nerigy. OnHak 3pa3ky MPOAOBXKYIOTH IIIe TPUBAIMHA Yac
“¢ponutn”. lle BKa3zye Ha CyTTEBHI HEIOJNIK 3aCTOCY-
BanHs T JCII 1y BupoOHHMITBAa KOPITyCHUX MeO-
7iB. OcobnuBHMH 3arpo3aMu € BUPOOHWYI MPUMIIICH-
HS CKJIaJliB BUPOOHUKIB BUPOOIB i OyniBEIBHUX Cymep-
MapkeTiB 1 MeOneBHX TypTiBeHb. SIK pexomeHmarii
MOXKHa MpOMOHYBATH  BCTAHOBJEHHS B  TaKHX
MIPUMIIIEHHAX 3ac001B BEHTHJIAIIIT MTOBITPS 1 3MEHIIICH-
HS TOBapHUX 3aIacis.
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