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KJJACHYECKUST PAJINYC HA EJIEKTPOHA — YHUKAJIHO OTPA’KEHUME HA
EJUHCTBOTO HA MUKPO- U MAKPOCBETOBETE

Wsan JloOpeBckn

THE CLASSICAL RADIUS OF THE ELECTRON - UNIQUE EXPRESSION OF MICRO-
AND MACRO- WORLDS’ UNITY

lvan Dobrevski
E-mail: ivdobrevski@gmail.com

ABSTRACT

The hypothesis that the value of the classical radius of electron in hydrogen atom is a function of
both values of protons and Universe’s geometrized masses’ is confirmed. The established equation of
this function is a unique expression of the micro- and macro- worlds’ unity. The equation allows also
the correct calculation of the Mass of Universes — My, value without astronomical data usage.

Key words: Geomrized masses, Universe’s mass, Classical radius of electron in hydrogen atom

B ocHOBaTa Ha HACTOSIIOTO W3CIEABAHE €
MOJIO’KEH MOAXOoAsT Ha Yuuep [1], cmopen koiTo
Macara MX, Ha KOHUTO U Aa € 00eKT X, KoJaudec-
TBEHO M3pa3cHa B SIWHHUIM Maca — (J, MOXe Jia
ObJIc TEOMETPU3UPAHA, T.€., KOJIMYECTBEHO U3pa-
3eHa B €IMHHIM IBIDKMHA — €M, ¢ ITOMOIITa Ha
u3pasa:

Lx = % M x (1)
c
KBJIETO:

MX - macara Ha oOekra X, KOJHMYECTBEHO
M3pa3eHa B rpaMoBe — J;

LX — macara Ha cplusg 00eKT X, KOIHUYECT-
BEHO M3pa3eHa B CAHTUMETPH — CM;

G - rpaBuTanMOHHaTa KOHCTaHTa — G =
6,679.10-8 cm3.s-2.9-1;

C — CKOpPOCTTa Ha CBETJIMHATA BHB BaKyyM,

2,9979.1010 cm.s-1

Hampumep: reomeTpusupaHaTa Maca Ha Mpo-
TOHa, MMoJI3Baiiku u3pasa (1), e:

G

Lp =—mp )
C

KbAETO:

mp = 1,6726.10-24 g e macara Ha IPOTOHA,

Lp = 1,2419.10-52 cm e reomeTrpu3upaHara
Maca Ha IIPOTOHA.

B m3cienBaHeTo ca M3MOI3BAHU U CIIETHHUTE
0OIION3BECTHH M3pas3y U JaHHH 32!

a) Knacuueckust pajuyc Ha €JIEKTpOHa BB
BOJIOPOJIHUS aTOM, & IMEHHO:

m.c?l =e? (3)
PECIICKTUBHO
e? .
I=—7 (3)
m,C
KBJIETO:

1 =2,81794.10-13 cM ¢ KJIaCHYECKUAT PAIHyC
Ha eJIEKTPOHA BHB BOJOPOIHHUS aTOM;
e2 = 23,0712.10-20, a “e” e eneMEHTApHHUAT

EIIEKETPUYUECKH 3apsij;
me =9, 1096.10-28 g e macaTa Ha elxeKTpoHa

C — CKOPOCTTa Ha CBETJIMHATA BB BaKyyM.

6) Fomsimoto umcno A [2], xoeto orpassiBa
OTHOIICHUETO MEXKIY eIeKTPOCTAaTUYHOTO U
IPABUTALMOHHOTO MPUBIMYAHE MEXIY IPOTOHA
1 eJIEKTPOHA BB BOJAOPOHHS aTOM:

e’ 39
A= =2.2671.10 4

m,m,

KBbAETO:
BeNMYHHUTE M cTOoWHOCTHTEe Ha G, C, Mp, Me,
€2 ca xakro B u3pasure (1), (2), (3).



Ot uspaza (4) crnensa, ye

2 _
e”=AGm, m,

(5)
B cnenamoro pasriexaane u3passt (3”7) ce

Tpanchopmupa B u3pasa (6), usnonspaiiku uspa-
3a (5):

(6)

[Mon3Baiiku uspasza (2) u uszpasa (6°), e oue-
BHUJIHO, Y€:

I =ALp (6")
T.e. croMHOCTTA | Ha KjIacuMueckusi pamuyc Ha
€JICKTPOHA BHB BOJOPHUS aTOM € (PYHKIUS OT
CTOMHOCTTa Ha TeOMETpU3UpaHaTa Maca Ha Ipo-
ToHa Lp.

Ta3u chllecTBeHa KOHCTATAIUsl, KAKTO U YC-
TaHOBeHaTa BB3MOKHOCT [3], Macata Ha Bcene-
gata — MU, 3aeqno ¢ macata MX Ha cbOTBETHHUS
o0ekT X aa ca (pakTopH, OnpeAessIiy XapaKkTrep-
HU IB/DKUHA (pamuycu) B CHEPUYHOTO CHMET-
pU4HO TOJIe, Ch3aBaHo ot macata MX, ca ocHo-
BaHUETO 3a CIICAHOTO JIOMYCKaHB, & UMEHHO, Y
cToitHocTTa | Ha KImacHYecKust paguyc Ha elIeKT-
pOHa BBB  BOJOPOIHHS
TFEOMETPUYHA OT CTOMHOCTHTE Ha TCOMETPH3H-
panuTe Macu Ha mpoToHa LP u Ha Bcenenara,
T.€.

I=yLyle ()

aroM € CpCaHO-

KBIETO:

G
Ly :C_ZMU (8)

KaTo:

MU — macara Ha Bcenenara, ¢

LU - reomerpu3upanusT paxuyc Ha Beenena-
Ta, CM.

OOCTOATENCTBOTO, Y€ CTOHHOCTTAa HA Macara
Ha Bcemenara - MU, ompenensaa upe3 acTpHO-
MHYECKH TaHHH, CE pasriIexkaa KaTo OpHEHTHPO-

BBYHO U3BECTHA, € mMpyOHOCH, KOSTO OU Hampa-
BWJIA TOKa3BaHETO Ha u3pasa (7) HEeBH3MONKHO.

B HacrosmoTro wW3cienBaHe BBIPOCHATA
TPYIHOCT € MPEoJONIsTHa Upe3 MOIXOSIIa TPaH-
chopmanus Ha u3pasza (7). ChiHOCTTa HA Ta3u
TpaHc(hopMaIysl € H3pa3sBaHETO HAa T'€OMETPH-
3upaHara maca Ha Bcemenara LU karo dynnms
OT TeoeMTpHU3UpaHaTa Maca Ha mpotona LP | a

HNMECHHO.

L L
L, =L, —2==Y 1, =FL 9)
U U Lo Lp P P

KBIETO BenuuuHarta F, €:

= (10)

OueBHIHO €, Y€ u3pa3bT (7) € UACHTUYHO pa-
BEH Ha u3pasa:

I=JFLpLp (11)
HU3pazsr (11) no3BosiBa 1a ce yCTAaHOBH, Ue
I=LpVF (12)

T.e. Y€ CTOMHOCTTA Ha KIACHMYECKHs paguyc Ha
CNIEKTPOHA BBHB BOJOPHHS aroM ¢ (pyHKIHs Ha
reoMeTpusupaHaTa Maca Ha mpoTtoHa LP
CpasusiBanero Ha m3pasute (12) u (6”) mokassa,
ge:

I=LpF =ALp

(13)
T.e., ue
JE=A (14)
u ue
F=A2 (15)

Nsnoxenoro mo3BoisiBa m3passT (11) ma ce
MPeACTaBH KaTo:

I ={A%LpLp (16)
CnengoBaTeinHo
LU = A2.LP = 6,3885.1026 cm an

Ort uspa3za (8), nepunupanr LU, crensa, ue



Ly =C%MU=A20%mP (18)

[MocnenHuaT wu3pa3 mnpelyiara yHUKalTHATa
BB3MOKHOCT MacaTta Ha Bcenenara MU Ja c€
HU3YHUCIIU C ToJIsIMa TOYHOCT 663 IIoMoOIITa Ha ac-

TPOHOMHYCCKH JTaHHU:

MU=42mP =8,5967.105 4g (19)
Ort uspasure (17) u (6”) cnensa orue, ye
LU = Al wiu:
L
=Y 20
v (20)

Uspasure (20) u (6°") mOTBBpKIAaBAT 3aKIIIOUE-
uuero [4], 4e “A” e yHuMBepcamHHAT MamiabeH
MHOKHTEN B MAKpO- H MHKPO- CBETA.

3AK/IIOYEHUE

C noka3BaHETO Ha BEPHOCTTA Ha JOIyCKaHe-
TO, Ye!

=Ly Lp

T.€., Y€ CTOMHOCTTA Ha KJIACUYCCKUS pajuyc Ha
SNIEKTPOHA BHB BOJOPOJIHUS aTOM € CPEIHOTeo-
METPUYHA OT CTOWHOCTUTE Ha TeOMETPU3NPaHU-
Te mMacu Ha mporoHa LP u wa Bcenenara LU,
CTaHa BH3MOXHO Jla C€ YCTAaHOBH, Y€ KJIACHYEC-

KUAT PajguyC Ha €IEeKTpOHAa BBB BOAOPOIHHUSA
aTOM € OHAa3U M3KIIIOUUTEIIHO BAYKHA BEIMYMHA,
KOSITO € OTpaK€HHE Ha YHUKaJIHATa BPbh3Ka MEXK-
Iy Makpo- U MHKpPO- CBETOBETE B Hamara Bce-
JIeHa, SIBSIBalKU Ce€ €Ha OT KOHKPETHUTE NPOSIBA
Ha Ta3W BPB3Ka.
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W3CJIEJBAHE KPUCTAJIM3ALIMOHHNUTE MOJIETA HA BAHAIUI(V) OKCO
CEJIEHUTH B CHCTEMATA V,0s — SeO, — H,0

Bensna 'eopruesa, Ceetiiana ['enneBa, Mapuana TaBnueBa

STUDY OF THE CRYSTALLIZATION FIELDS OF VANADIUM(V) OXO-SELENITES IN
THE SYSTEM V,05 - SeO; - H,0O

Velyana Georgieva, Svetlana Genieva, Mariana Tavlieva
E-mail: velyana_topalska@yahoo.com

ABSTRACT

The solubility of V,0s — SeO, — H,0 system in the temperature region 50 — 300°C was studied. The phase di-
agram of vanadium(V) oxo selenites was drawn and the crystallization fields for the different phases were de-
termined. Depending on the conditions of the hydrothermal synthesis, V,Se,Oq and V,Se;01; were obtained. The
different phases were proved and characterized by chemical, thermal and powder X-ray diffraction analyses, as

well as IR spectroscopy.

Key words: hydrothermal synthesis, solubility diagrams, IR spectroscopy, powder X-ray diffraction

BBbBEJIEHUE

Bucokara XuMHYHa pEaKTHBOCHOCOOHOCT,
NPOMEHJINBATa CTEIICH HA OKWCIICHHWE Ha BaHa-
(11, 11, 1V u V) u cmoco6HOCTTa 12 00pa3ysa
KOMIUICKCHU ChEIUHEHHS, Ca MPUIHMHA 32 CHHTE-
3UpaHeTO Ha OTrpOMEH Opol BaHAAWCBH CHEAU-
HeHUs. B mmreparypara ca ommcaHu peanma
HeopraHuvyHu BaHaauesu [1-5] u opraHoBananu-
eBU chequHeHus [6—9], KaTo HHTEpeChT KbM TAX
HEMPEeKbCHATO CE 3aCHJIBA, MOPAIAHN YCTAHOBSIBA-
He Ha aHTuauabernuHute uM cBoicrBa [10] u
anTuTyMopHus uMm edekrt [11]. B gactHoCT, Ba-
Haauii(V) OKCO CeJIeHHTUTE HAMUPAT HPHIOKE-
HHE KaTo MPEKypCcopH 3a IMOJy4aBaHe Ha cele-
HUH 32 HYXXJIUTE HA TONYNPOBOAHUKOBATA TEX-
HUKa W MHKpPOEIEKTPOHHKA, KaTO MperapaTH 3a
pacTHTEeNTHa 3aIliTa W OLBETABAIIM AareHTH B
KepaMHYHATa ¥ CTHKJIAapCcKaTa MPOMHIUICHOCT H
ap.

W3nomspaiik MeroauTe Ha TBBPAOGA3HUSI
cuHTe3, B nuTeparypara [12-18] e omucano mo-
JyyaBaHeTo Ha paszianunu BaHaauii(V) okco ce-
JICHUTH 45e0,-3V,05-4H,0, V,Se,0y,
V5563044, {VO(OH)(HQO)(SEO?,)}42H20, KaKTO
Ha amoHHeBH W OumeranHu BaHamuii(V) okco
cenenutu — AV;3Se,01,, KbeTO A = NHZ, K,
Cs’, Rb"; AVSeOs;, kpmero A = Cs', Rb";
Cd(VOz)4(SEOg)3' Hzo, Bag_5(V02)3(SeO3)4‘ HZO
u Ba(VO,),(Se0s;),-H,0 [19-25]. 3a pasnuka ot
TBBbpAODa3HNS, XUAPOTEPMATHHUAT CUHTE3 U3HC-

10

KBa CPaBHUTEIHO HUCKU TEMIEpaTypu M 3aBHCU
OT MHOTO MPOMEHJIMBU BEIMYMHHU — KOHLIEHTPA-
1IUs1, CbOTHOIIIEHHE Ha U3XOIHUTE BelecTBa, pH,
TemIeparypa u Jp. B MHOro ciy4au, npunarade-
TO Ha XUIPOTEPMAJIHUSA CUHTE3 BOIM JI0 IOJIyYa-
BaHEe Ha METAaCTaOWJIHH MaTEepUalId C HOBHU CTPY-
KTypd © HeoOW4aiiHm (U3MYHU CBOICTBa
[20,26].

Ilenta Ha HacTosIaTa paboTa € Aa ce orpe-
e Buzxa U Opost Ha (asure, HAMHpANIH Ce B
paBHoBecue B cucremara V,0s — SeO, — H,0,
IIPU PA3IUYHU TeMIepaTypu U KOHLIEHTPALUH Ha
SeO,.

EKCIIEPUMEHT

Cunme3. XunpoTepMaIHAAT CHHTE3 Ha BaHa-
nuii(V) OKCO celeHHTHTE € MPOBEICH MPH TeM-
neparypa 50, 100 u 150°C B 3anoenu nebenoc-
TEHHH CTHKJICHU aMITyJId U B METAJI0-Te(IOHOBU
aBroknaBu ¢ odem 20 cm® mpu Temmeparypa 200,
250 u 300°C.

[penBapurento, B ASCTUINpPAHA BOIQ, € TIPH-
roTBeHa cepus ot 14 pasteopa Ha H,SeO; ¢ koH-
uenTparus Ha Se0, ot 5 g0 70 mass%. B cTbk-
JICHUTE aMITyJId ¥ MeTalIo-Te()JIOHOBUTE aBTOK-
JaBM € mocTaBeH npuonusutenHo mo 1 g V,0s u
ca npubasenn 10 CM® OT CHOTBETHHS PA3TBOP HA
H,SeO; ¢ nameHara koHIEHTparus. 3arOCHUTE
aMITyJUTe W aBTOKJIABUTE Ca MOCTABEHU MPH
CHOTBETHATA TEMIIEPATypa HAa XHUIAPOTEPMATHUSI
cunres 3a Bpeme ot 10 mo 90 mau. Cren u3tnya-



HE Ha [epUOMa, AaMIOyIUTe ©  METajo-
Te(hJIOHOBUTE aBTOKJIABH OBP30 CE OXJAKIAT JI0
cTaiiHa TeMIeparypa u ce OTBapsT, KaTo TBbpPAa-
Ta ¥ TeyHa (aza ce pasmessiT upe3 HeHTPoyTrH-
pane. V3mon3Baiikn KOMOMHAIMS OT OKHCIUTEN-
HO-PEAyKIHOHHH TUTPUMETPUYHU Metoau [27],
e ompezeneHo chabpikanuero Ha Se(IV) u V(V)
BBB (QWITpaTa W HENpoOMHTaTa TBBpAa (asza.
Pesynratute ca M3MOJ3BaHU 3a MOCTPOSBAHE HA
M30TepMaTa Ha pa3TBOPUMOCT Ha cCHCTEMara
V,05 — SeO, — H,0 no merona na [llpaiinema-
kepc. Yact oT TBBpHaTa (asa e mpommTa ¢ Jec-
THJIMpaHa Boja, u3cynieHa npu 105°C 3a 24 gaca
U OXapaKTepH3upaHa 4dpe3 (PU3HKOXUMUIHH Me-
TOJM Ha aHAIN3.

Penmeenocmpykmypen ananus. IlpaxoBure
nudpakTorpaMu Ha TBBpAMTE (a3u, MOTydYeHH
OpU  XUIPOTEpMAaTHUs cuHTe3 Ha BaHamui(V)
OKCO CEJICHHTHTE, Ca CHETH Ha IIHPOKOBI'BIICH
pEeHTreHoB TudpakToMeTsp ¢ ToHnoMeTsp URD-
6 (Iepmanus). M3non3Ban € alyMUHHEB AbpKa-
Tes Ha mpobata ¢ auamersp 12 mm, mpu CuK,
npuenne (A = 1.541870 A) u ruxenos untep 3a
[remucust.

HY-cnekmpockonua. TY-cnexkTsp Ha BCEKH
obpaserl e cHeT Ha criekTpodoToMeTsp Specord-
75 IR (Carl Zeiss, Jena, 'epmanus) B UHTEpBaIa
4000-400 cm™'. AHamM3BT € MpPOBEIEH MpH
craifHa Temmeparypa, KaTo ca H3IOJI3BaHH
tabnetkn ot coekrpanno uuct KBr (Merck).
[onyuenure MY-cnektpu ca oOpaboTeHH 4pe3
nporpama Jasc Paint Shop Pro 8.0, mo3BonsBaina
CPaBHSIBAaHETO M THIKYBAHETO HA CHOTBETHUTE
abCcOpOIIMOHHY HBHIIH.

Tepmuuen ananuz. 100 mg ot ¢puno crpura-
Ta B aXaTOBa BUOpALMOHHA MEJTHUIIA H3CTIeABaHA
npoba ca IpeTerjeHd M MOCTABEHH B IUIATHHOB
TATEN ¢ AWaMeThp / MM u BucouwmHa 14 mm.
TepMUYHHUAT aHAIN3 € MIPOBEICH Ha IEepPUBATOT-
pad cucrema Paulik — Paulik — Erdey (OD-102,
MOM, VYurapusi) B AMHAMHYHA BB3IYIIHA CpEIa
(20 cm® min™) npu ckopoct Ha HarpsiBane 10°C
min™ or craiina Temmeparypa no 900°C. 3a
crangapT ¢ m3nomBaH a-Al,O3, HakameH 10
1100°C. Pesomtonusta, Mpu KOSATO Ca PETHCTPHU-
panu TepmudauTe Kprsy, e 1/5 3a JITA kpusara,
1/15 3a JITT xpusara u 1 mg 3a TT" kpuBara.

Enexmponna muxpockonus. MUKpOKpHCTa-
JIMTE OT XUAPOTEepMAaNHHs cuHTe3 Ha BaHaauii(V)
OKCO CEJICHHTH, MOJIYYCHHU 33 OMPEICTICHO BpeMe
IIPU CHOTBETHA TEMIIEPATypa, CIel MPOMIBAHE C
JIleCTHIIMpaHa Bojaa U uicymasane npu 105°C 3a
24 daca, ca MeTaNM3UpaHu C anymMuHHi (nebe-
nuna Ha nokpuruero 200 A) BeB BakyymHa Ka-
mepa Edward 306 (BenuxoOpuranus). Enext-
POHHO-MHUKPOCKOIICKUTE H3CICIBAHUS Ha MPO-
OuTe ca MPOBEICHU HA CKAHUPAI EIECKTPOHCH
mukpockor Tesla BS-340 (YexocnmoBakus) B

pPEXHMM Ha BTOPHYHHU €JIEKTPOHHU IIPU YCKOPEHHE
or 20 kV.

PE3YJITATU U OBCBHXKJIAHE

B Tabn. 1 ca mpenctaBeHH JaHHUTE OT MPO-
BEJICHUS XMMHYEH aHaJIHM3 Ha IMOJyYeHHUTE TpPHU
XUIPOTEPMATHUS CHHTE3 TeuHH (a3 W 4acT oT
OMOKPEHHUTE TBBPAX (azu.

Ta6auna 1. ChcTaB Ha TEUYHHTE ¥ OMOKpPEHUTE TBBpAH (azu (mass %) B cucremara V,0s5 — SeO, — H,0 npu

50°C
Teuna ¢aza OMokpeHa TBbpAA (a3a PaBHoBecHa
V,05 SeO, H,O V,0s SeO, H,O TBBHpAa dasa
0.10 0.90 99.00 31.83 39.10 29.08 V,Se,0q
0.30 6.74 92.97 31.49 40.36 28.16 V,Se,0q
0.47 10.74 88.80 29.74 39.78 30.48 V,Se,0q
0.68 16.91 82.42 30.11 42.15 27.73 V,Se,0q
0.80 21.96 77.23 28.08 42.31 29.61 V,Se,0q
0.87 25.92 73.22 28.21 43.89 27.89 V,Se,0q
0.93 34.54 64.54 26.89 46.56 26.56 V,Se,0q
0.93 34.54 64.54 26.83 51.50 2168  V25e0om
VzSEgoll
0.93 34.54 64.54 24.99 55.61 19.39 V,Se;04
0.91 38.59 60.49 25.70 57.38 16.92 V,Se;0q4
0.79 47.45 51.75 20.96 57.50 21.54 V,Se;0q4
0.72 50.76 48.52 21.21 59.00 19.80 V,Se;04q
0.57 55.73 43.69 21.86 61.21 16.93 V,Se;0q4
0.37 61.12 38.52 20.76 63.19 16.05 V,Se;0q4
0.37 67.84 31.80 22.30 65.85 11.85 V,Ses04;
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Ot Tabxa. 1 ce Bmwxna, ye B cucremara V,05 —
Se0; — H,0 mpu 50°C kpucranusupar 1Be TBBP-
i dazu: V,Se,09 u V,5e;0;. [epuronnynara
TOYKa, CHOTBETCTBAIlA HA CMeC OT JABETe (asy,
OTroBapsi Ha CJICIOHUS CHhCTaB Ha TeuHara (asa:
0.93 mass% V,0s, 34.54 mass% SeO, u 64.54
mass% H,0.

JlaHHWTE OT TPOBEACHUTE XMMUYHH aHAIH3H
ca M3MOJI3BAHU 32 IMOCTPOSBAHETO HA LIECT HM30-
TEpPMHU Ha pa3TBOPHMOCT Ha CHCTeMara. 3a IeTa
o MeToAa Ha [ ubc—Po3eboom ca HaHECEHU TOU-
KATE, OTTOBAPSIIN Ha KOJINYECTBEHUS ChCTaB Ha
criperHatute (asu oT QunTpara ¥ OMOKpEHATa
TBBpHa ¢aza. Ilpe3 Te3nm TOUKM ce mpekapaBaT
CHOTBETHHUTE HOMM. [IpeceuHara TOYka Ha Ipo-
I'BJDKEHHETO Ha Te3W HOJHM OTroBaps Ha ChCTaBa
Ha TBBpAa (asza, KOATO € paBHOBECHATa TepPMO-
IUHAMUYHO cTaOmiHa (asa Mmpu CHOTBETHHUTE
ycioBust. TOUKHTE, M3pa3sBaIly ChCTaBa Ha Ted-
HUTe as3u 3a JajieHa TeMIepaTypa ce CBbp3Bar ¢
IUTaBHA JIMHUS W Ce TONy4aBa CHOTBETHATa Ou-
HojanmHa KpuBa. [1o TO3M HauWH ca MOCTPOECHHU
M30TEepMHUTE Ha pa3TBopu-MocT mpu 50, 100, 150,
200, 250 u 300 °C.

Ha ¢wur. 1 e mpeacraBeHa u3oTrepmaTa Ha
pastBopumoct npu 50°C.

Dur. 1. I/I30TepMa Ha pa3sTBOPMUMOCT Ha CUCTEMAaTa
V205 - SEOZ - Hzo apu 50°C.

Ot ¢ur. 1 ce BwKzAa, 4Ye MpPU Ta3ud TeMIle-
parypa ce ouepTaBaT JBe IoJeTa Ha KpHCTa-
mm3anuss — Ha V,Se,09 m V,Se;04;. Xerepo-
reggara o0JacT € OTjaeleHa OT XOMOTEHHAara
MocpeZICTBOM OMHOaIHaTa KpruBa. Bukia ce, ue
[IOCJIEIHATA JIEXKH MHOTO OJIM30 JO OCHOBAaTa Ha
TPUBTBIIHUKA, KOETO C€ OOSCHSIBA C H3KITIOUH-
TEJIHO HUCKATa PA3TBOPUMOCT B Ta3U CHCTEMA.

JlaHHUTE OT XMMHWYHHS aHAJIHM3 W JHarpa-
MHUTE Ha PasTBOPUMOCT TIPH PA3TUIHUTE TEMIIE-
parypu naBat mH(poOpManus 3a Opos M ChCTaBa B
MEPUTOHMYHHUTE TOYKH HA CHCTEMATa, KaKTO U 3a
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BH/Ia HA PAaBHOBECHUTE TBHPAU (ha3u, 00001eHH
B Ta0x1. 2.

Ta6auna 2. Bunose TBbpau (a3u B MEPUTOHUYHUTE
TOYKH Ha M30TEPMUTE Ha TPUKOMIIOHCHTHATa CUCTE-
Mmata V,05 — SeO, — H,0 B TemneparypHus HHTEpBaI
50 — 300°C u chOTBETCTBAINKS UM ChCTAB Ha TEYHATA
¢aza B mass%

PaBHoBecHH TBBbPAHU

Komnonent, mass%  ¢a3u B nepuTOYHUTE

t°C
TOYKH
V,05 SeO, H,O @azal ®a3za 2

50 093 3454 6454 V,Se,0q5 V,Se;0q4
100 1.11 3845 60.45 V,Se,0q V,5Se;0q;
150 1.90 4175 56.35 V,Se,04 V,Se;0;;
200 1.25 46.98 5178 V,Se,0 V,Se;0y
250 1.35 4992 4872 V,Se,0y V,Se;0y;
300 156 53.72 4472 V,Se,0Oy V,Se;0y

[onyueHuTe eKCOEPHUMEHTAIHH pPE3yITaTu
rmokassar, 4e B cucremara V,0s5 — SeO, — H,O B
3aBUCHMOCT OT TeMIeparypaTa Ha XHIpOTep-
MaJIH{sl CHHTe3 W KOHIeHTpanusaTa Ha SeO, ca
nzonupanu 18e TBepAM (asu — V,Se,09 u
V,Se30;;. Te ca oxapakTepusupaHu ¢ MOMOIITA
HA XMMHYHHS ¥ PEHTTCHOCTPYKTYPHHUS aHAIH3,
kakTo U MYU-criekTpockonusl.

B®3 ocHOBa Ha mpaxoBuTe AHppakTOrpamMu
ca  ompeseJIeHd  MEKIYIUIOCKOCTHHTE — pas-
crosirms d, A u oTHOCHTeNHUTE MHTEH3UTETH, %
HA HAW-MHTCH3UBHUTE JIMHUU HA YHCTHUTE TBHPIU
¢dasu or V,Se,09 u V,563;0;;. B Tabm. 3 ca
OPEACTaBEHH  M3YMCICHUTE IMapaMeTpu  Ha
KpHCTaTHATa  pemieTka Ha  H3CIEABAHHUTE
00pasiiy, KOUTO Ce OKa3BaT IMOYTH HICHTHYHHU C
TE3H, IIOCOYEHH OT Apyru aBropu [14-18].

Ta6muua 3 Kpucranorpagcku mnapamMerps Ha BaHa-
muii(V) okco ceneHnTH

MapameTsp V,Se,0q V,Se;0q;
LBsar TBMHO YEPBEH OpaHKeB
IIpoctp. rpymna P2;/n P2ila
a, A 8.0490 9.1465
b, A 10.3746 6.3401
c, A 8.4345 14.9288
a° - -
B° 102.808 93.531
% - -
z 4 4
Vv, A3 686.80 864.11
dg, gcm™ 3.904 3.955

Cunresupannte TBepAM (hazu ca oOcieaBaHA
u ¢ nomoimura Ha MY-cnextpodortomerpusa. Ha
¢ur. 2 ca npeacraBenn MY-cnektpu Ha H3XOI-
uus V,05 1 Ha unctute TBHPaU (azu ot V,Se;0q
n V,Se;04;.



®@ur. 2. UY-cniextpu Ha uzxoanus V,0s 1 Ha BaHa-
nuii(V) okco cenenntr ipu 25°C: 1 - V,0s, 2 —
V,5e,0q, 3 — V,S5e;04;.

Ot ¢wur. 2 BmkIa ce, 4¢ W MPH TPUTE 00-
pasena ce peructpupar abCopOIMOHHU UBUIU HA
MOTJTBIIAHEe CaMO B HUCKOYECTOTHATa 00JIacT Ha
NY-cniexTbp, KaTto ¢ Hal-MabK Opoil MBHIU Ha
nornbiiane ce xapakrepusupa V,0s. Te ce abi-
KaT HA CHMETPUYHH BAJCHTHU TPENTEHUS Ha
BpB3kuTe V=0 u O-V-0.

B crextbpa Ha V,5€,0q (¢ur. 2, ciekTsp 2)
ce HabOmomaBa nyoner mpu 1000 u 990 cm?,
KOWTO CHOTBETCTBAa HAa CHUMETPHYHH BaJCHTHH
TpenTeHuss Ha Bpb3kaTa V=0 u Tpumier npu
683, 657 u 605 Cm_l, JUBJDKAI Ce Ha CUMETPUYHHI
U aCHMETPHYHM BAJICHTHH TPENTCHUS HA BPB3-
kara Se-O B SeO3 How. Twil karo B aUTEpaTypa

[15] e orGenszano, ue B MU-ciekThp HA MOCOUE-
HOTO CHhEAMHECHUE JTUICBA UBHIA HA MOTIBIIAHE,
KOSITO J1a ChOTBETCTBA Ha TPENTEHE Ha BPB3KaTa
Se=0, Moxe J1a ce MpeIoiokKu, 4e HalIoaaBa-
HaTa WBHIA MpH 555 cm™ ce I'BIDKA Ha Jedop-
MAaIMoOHHO TpenTeHe Ha Bph3kata V-O-V. Tosa
€ TIOKa3aTellHO, Y€ CHEAWHCHUETO HE ChIbpiKa
JIMCENIEHUTEH HOH.

B crektnpa Ha V,S€304; (dur. 2, cnekrsp 3)
ce HaOmogaBa otHoBO ayOiner mpu 980 u 960
CM™, ABIDKAI] Ce HA CHMETPHUYHU BAJCHTHH Tpe-
nteHuss Ha Bpb3kara V=0. HBunure Ha mo-
rabitase npu 827, 510 u 427 cm™ xapaktepusu-
paT CHMETPUYHHTE BaJCHTHH TPENTCHUS Ha
Bpb3kara O—V-0. HabnronaBaHuTe B CIEKThpa
abcopOumonnu uBuiy npu 737, 680 u 630 cm*
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CHOTBETCTBAT HA CUMETPUYHUTE U ACUMETPUYHH
BaJICHTHU TPENTeHUs Ha Bpb3kara Se—0. Xapak-
TePUCTUYHUTE WBHUIM Ha mnorieijade B MU-
criekTpu Ha mpexacraBenute BaHamui(V) okco
CENICHHUTH Ca UHTEPIPETUPAHU KaTO ca B3ETH IO
BHUMaHHUE PE3yJITATUTE W Ha IPYTU aBTOPH, U3C-
neaBaiy paziuudu cenenutu [15,28-34]. Benu-
KK aOCOpOIIMOHHW WBHIM Ha Toribiiane B MY-
CIIeKTpHU Ha moiyuenure Banamuii(V) okco cerne-
uutd U Ha u3xomuus V,0s, KakTo M TAXHATA
MHTEpIpeTaus ca 0000meHu B Tadi. 4.

Tabauma 4. AGCOPOIMOHHM HMBHUIM Ha IIOTIbB-
mane V, M-, B NY-ciektpu Ha BaHaguii(V)
OKCO CheINHEHUS

IIpunanexuoct
VoOs Vo580 V,Se30y HA HBMLIATA
10125 1000vs 980vs =
990vs 960vs W=
857s vs(0-V-0)
807vs 823m 827vs
767m 737sh vas(Se-0)
683s 680Vs (Se0%)
6575 630s vs(Se-0)
605w (Se03")
5555 J (V-0-V)
510w 510vs
475b  467Tm  427vs vs(0-vV-0)

VS — MHOTO CHIIHA, S — CHJIHA, M — cpemHa, W — ciaba, b —
IMpoka, Sh — pamo, V. — BaJleHTHH, Vs — CHMETPHYHH BaJICH-
THH, Vas — ACUMETPUYHU BAIEHTHU U O — Ae(pOPMALMOHHH

EneKTpOHHOMHKPOCKOIICKUTE — M3CIICIBAHUS
HA CHHTE3MPaHUTE TBBPAM (a3 IOKa3Bar, ue
enuacTBeHO TIpH V,S€,09 ce momywaBar moOpe
odopmenn MoHokpucTanu. Ha ¢ur. 3 e mpencra-
BEHa eJIeKTpOHHA MUKpodoTorpadus Ha V,Se;0q
MOHOKPHCTANI B P&KHM Ha BTOPUYHH SICKTPOHU.

®@ur. 3. CkaHupaiia eJeKTpoHHa MUKpodoTorpa-
¢wust Ha V,Se;0g MOHOKpHUCTAI.



Ot ¢ur. 3 ce BIXKAA, Y€ MOHOKPUCTAIBT € C
no0pe W3rpajieHu CTeHU, pbOoBe U briiu. Haii-
nmobpe U3rpaJicHuTe CTEHH, SIBSIBAIIM CE M C Haii-
BHCOKA DPETHKYJIIpHA IUIBTHOCT, Ca YCIIOPEIHU
Ha HalpaBJICHHETO HAa HaW-OBP30TO HapacTBaHE
Ha KpucTana.

IIpoBeneHn ca TEPMOTPABUMETPUYHH H3C-
nenBanus Ha V,Se,09, kato mosyueHute TT,
ATA u ATT kpuBwu ca npeacraBenu Ha ¢ur. 4.

®@ur. 4. TT, ATA u ATT xpusu Ha V,Se,0.

Or ¢ur. 4 ce BUXKJa, Y€ MPOLECHT HA TEp-
MHYHOTO pa3llaraHe MpoTHYa eJHOCTAIMIHO,
karo 3anouBa npu 613 K u 3aBbpriBa npu 753 K.
3arybara Ha Maca MpH HarpsBaHETO BB3JIHM3a Ha
55 mass%, a XUMHUYHUAT aHAIIM3 Ha OCTaHajaTa
TBBpJa (a3a mokaspa, ye ToBa € V;0s. OT peHT-
TCHOCTPYKTYPHHST aHAJIU3 CTaBa SICHO, Y€ IOJIy-
yeHaTa TBbpAa dasza V,0s e amopdHa.

Bb3 ocHoBa Ha maHHuTE, cHeTH OT TI' KpuBa-
Ta W mpumaraiiku meroma Ha Coats — Redfern
[35], ca m3uncieHn CTOMHOCTHTE HAa AKTHBHPA-
mara eHeprusi FE, W NPeleKCIIOHCHIIUATHUS
MHOXHTENl A B ypaBHEHUETO Ha ApeHuyc, ChOT-
BetHO 187.5 kJ mol™ u 2.94x10" min™.

Bb3 ocHOBa Ha pe3ynraTHTe, MOJYyYEHH OT
W3MON3BaHUTE PU3MKOXUMUYHU METOJIH, KaKTO U
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BB3 OCHOBA HAa JJAHHUTE OT M30TEPMUTE Ha PasT-
BOPUMOCT, Ha (QUT. S5 € MpecTaBeHa MmoJIuTepMa-
Ta Ha pa3TBopuMOCT Ha cucremarta V,05 — Se0,
— H,0. B Hes ca ouepTaHu moneraTa Ha KpHCTa-
TM3aIHs Ha CHOTBETHUTE TONYIEHH M OXapaKTe-
pusupanu BaHa (V) OKCO CeNeHHUTH.

@ur. 5. [Tonurepma Ha pa3TBOPUMOCT Ha CUCTEMAaTa
V,05 - SeO, — H,0.

Ot ¢ur. 5 ce BmwKAa, 4e B U3CIEIBAHUS TEM-
mepaTypeH W KOHIIEHTPAIlMOHEH WHTEpBal ce
oQOpPMAT JBE MOJETa HA KPUCTAIM3AIUS, KaTo
mo-rosiMmo ¢ mosiero Ha V,Se,Oo. U nBara
BaHaauii(V) OKCO CelleHHTa ce IOJIydaBaT IpU
BCHYKH W3CIICIBAHU TEMIIEpaTypH, KaTo C MOBH-
nIaBaHe KOHIeHTpanusaTa Ha Se0, ce nmpeMiHaBa
oT V,Se,09 kM V5Se3041. Moxke nma ce kaxe, ue
KaKTO MOBHIIIABAHETO Ha TEMIIEpATypara, Taka u
HapacTBaHETO Ha KOHIeHTparnusara Ha SeO, Bo-
AT 10 (OPMHUPAHETO HA TEPMOTUHAMHUYHO CTa-
OwTHH a3y ¢ O-BUCOKO Chibpxkanue Ha SeO; B
cbcraBa Ha BaHaamii(V) okco cenenurture. [Ipu
M0-HUCKH KOHIeHTpanuu Ha Se0; (< 30 mass%),
¢ MOBUINIABAHETO Ha TeMIIeparypara, KpUCTAIH-
supa camo V,Se,0y, MOKATO TMPHU TMO-BUCOKH
koHueHntpanuud Ha Se0, (> 40 mass%) ce Hab-
moaaBa ciaenuus npexon: V,Se,0q — V,S5e504;.
[lpn nameHa Ttemmeparypa HamaIsSBaHETO Ha
KoHIeHTpaIusITa Ha Se0, U3TerNsi paBHOBECUETO
KBM CEJICHHTA C TIO-HUCKO ChIIbp)KaHUE Ha cele-
HOB JUOKCHJ B CbCTaBa CH.

3AK/IIOYEHUE

B 3akmrouenne Moxke Ja ce Kaxke, 4e Bb3 OC-
HOBa Ha JJAHHUTE OT XHMMHUYHUS, PEHTTEHOCTPYK-
TypHHS ¥ TepMHYHHs aHam3n W WY-crektpo-
cKomus W Tpuiaraiiku Meroxa Ha [llpaiinema-
Kepc ca TOCTPOCHH HW30TEPMHUTE Ha Pa3TBOPH-
Mmoct Ha cuctemara V,0s — SeO, — H,0 B mmpok
TEMIIEPATypeH M KOHICHTPAIIMOHEH WHTEPBAJ,
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A NEW VERSION OF VISUAL COLORIMETRIC ANALYSIS
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ABSTRACT

A visual colorimetric method of analysis in two modifications is developed. The colour of the
solution under investigation is visually compared with the colour of a single standard solution. Then
a standard solution is added to the more deluted solution of the two (method of concentrating), or
water is added to the more concentrated solution (method of delution), until the colours of the two
solutions are equalized. The two modifications of the method are compared with each other and with a
respective spectrophotometric method using as a calibration solution the same standard solution that
served as a standard soluttion to compare with when visual colorimetric analisis is performed .

Key words: visual colorimetric analysis
BBHBEJIEHUE

BusyanHo KOJOPUMETPUYHHAT aHAIU3 € W3-
BecTeH omie OT 19 Bek U e MBPBHUST 10 poja CH
XMMHYEH METOJ Ha aHaju3, HapedyeH I0-KbCHO
criektpooromerpudeH aHanu3. [IbpBOHAYATHO
BU3YaJTHO KOJIOPUMETPUYHHAT aHAIN3 Ce OChIIIe-
CTBSIBaJI, KATO C€ CPaBHJIBA HAa OKO HHTCH3UB-
HOCTTa Ha OIIBETSIBAHETO HA W3CIICIBAHUSI Pa3T-
BOp C TOBa Ha Pa3TBOPU C IO3HATA KOHIIEHTpA-
Uus. AHAIU3BT Ce W3BBPLIBAI M C anaparH, Ha-
pEUeHH KOJOPUMETPH, HO U C TAX CPAaBHIBAHETO
€ CTaBaJio MaK Ha 0KO. VIMEHHO CyOeKTHBHOCTTA
Ha METo/ia U MPOM3THYAIATA OT TOBa HErojsMa
TOYHOCT, € TPHYMHA BU3yaJHaTa KOJIOPUMETPUS
Ja He moyiydd ocobeHo pasBuTHe. B gHemHo
BpeMe BU3YaJHO KOJIOPUMETPHYHUST aHAIU3 Ce
M3I0J3Ba 32 MPUOIU3HUTENIHO ONpEAesiHe KOH-
LEHTPAIMATA HA HSIKOM XUMHYHU €IEMEHTH WITH
fionn. ®upmute Merck [1], Hach [2], Chemtech
[3] u mpyru mpom3Bexmar mpoayKTH 3a OBP3
aHanu3. B TAX ce ChABPKAT CyXH BEILECTBa,
CMECH WIIH Pa3TBOPH, KOMTO MPHOABEHH KbM H3-
MUTBAHUTE TEYHOCTU CH3[ABAT LIBETHU ChEIUHE-
Hus. KoHleHTpanusita ce omnpesens BH3yallHO,
U3MON3BaliKK CTAHAAPTHU I[BETHH CKAllM, CPaB-
HHUTEJHH MaTepuaid, MHKPOQOTOMETPH U Ap.
Crnenu ot autumoH (V) ca aHANU3UpPAHU BH3Y-
aTHO KOJIOPUMETPUYHO, CIe[l HpeIBapUTEIHA
TBhpHo(da3Ha eKCTpaKius C OPraHUYHO ChEIH-

16

menne Ha kobant (III) Bepxy momurerpadiy-
opetusieHOB MeMOpanen Guithp [4]. Busyanno
KOJIOpUMeTpUYHO ¢ aHamusupano xemsizo (I) ¢
¢enanTposuH [5], KaTo BETHOTO ChEAWHEHHE €
IPEBAPUTETHO KOHIIEHTPUPAHO BBPXY MOJH-
yperaHoBa msiHa. BusyanHara KOJOpUMETpUs ce
mpuiiara omie u nox ¢popMara Ha XapTHCHHU JICH-
THUYKH 33 TECTBAaHE HA CHABPKAHHETO Ha pa3-
JUYHUA ChEIUHCHUS, CJICMCHTH WM HOHH, HAll-
puMep 3a aMOHHWH, aHWINH, (EHON, aKTHBEH
xyiop, xpom (V1), Huken, aurputr 1 PH Ha Haty-
panuu Bomu [6]. Or HampaBeHusi Tperjiex Ha
MPUIIOKECHUETO Ha BU3yalHATa KOJIOPUMETPHS Ce
BIDKIA, Y€ ¥ B JHEIIHO BpPEME METOIBT MMa He
MAJIKO MPUJIOKEHUE, HO HE B HETOBUS ITBPBOHA-
JajieH BHJ. 3aToBa IeTa Ha HAacTosAImaTa paboTa
€ He caMo J1a ce M3Kapa OT apXuBa I'bpPBOHA-
YJaJHUS BapHaHT Ha METO/a W Jla ce HAIlOMHH 3a
HETO, a M J1a Ce JOpa3BUe Taka, ue Ja CTaHe Thp-
CeH METOJ U B IHeHo Bpeme. [IpuBnekarenHo-
CTTa HA METOJ[a Ha BH3yaJHaTa KOJOPUMETPHS €
B MPOCTaTa MPOIEAypa U JICCHOTO H3BHPIIBAHE
Ha aHaJM3a, KaKTO M B TOBA, Y€ 3a IPOBEXKIAHE
HA aHauM3a He ¢ HyxeH amapar. Kato ce mma
IpenBUI IIEHUTE Ha CHBPEMCHHHTE amapar,
MOXKE JIa C€ OYaKkBa HAKaKBa peabwiInTalis Ha
MeToJa Ha BU3yaHaTa KOJOPUMETPHS, a U IOJI0-
JKCHUTE YCHJIMS TO pa3pabOTBAHETO TO3H METO[
J1a HEe Ce OKa)KaT HaMpa3HHU.



EKCIIEPUMEHT

PasTBopun. Bcuuku n3non3BaHu peakTHBH ca
C aHANUTHYHA KBaTH(UKaIUs 3a dnucrora. Pas-
TBOPHTE Ca IPUTOTBEHHU ¢ OUAECTIIINPAHA BOJA.

Amnaparypa. Msnomsean ¢ UV-VIS cniektpo-
doromersp Carry 50 Scan (Varian, Australia),
KoHTpoaupan upe3 Cary WinUV software. A6G-
copOuusTa € u3MepBaHa pH IbJDKMHA HA BHJIHA-
Ta A max = 500 nm 3a xems30 (1) v mpu A pax =
525 nm 3a manrau (VII).

W3scnenBann ca ITHPBOHAYATIHUTE BapHaHTH
Ha MeEToJa Ha BHU3yalHaTa KOJNOPHMETPUS H €
CB3aJICH HOB METOJI B JIBE MOIU(HUKAIIHH.

MeTox Ha KOHUEHTpUpaHeTo. B mepurenna
Komba ce mocTaBs TOYHO HM3MepeH (¢ mwmmera)
o0eM OT wu3cienBaHHAT pa3TBOp. JloOaBsaT ce
peareHTH ChIIacHO MpOIeaypaTa 3a MPOBeXKIaHe
Ha CIEeKTPO(GOTOMETPHYCH aHAIN3 BB BUANMATA
YacT Ha CHEKThpa Ha W3CJIEIBAHHS EJIEMEHT.
Meputennata xonba ce JONHMBAa IO MapKaTa C
BoJa WK pa3rBoputen. OT pa3TBOpa B MEpHUTEII-
Hara Kouba ce B3eMa TOYHO M3MepeH (C Murera)
o0eM U ce TOCTaBs B cyxa 4yamia. B apyra cyxa
Yamra OT ChIIUsI pa3Mep U BHJ CE TOCTaBsI ChINUS
o0eM, M3MEpeH C MHmeTa, OT CTaHJapTeH pas-
TBOP Ha M3CIEABAHOTO IIBETHO ChEIMHEHNUE, KOe-
TO ce aHamm3upa. KM mo-paspeneHust oT apara
pasTBOpa, KOWTO ce MO3HaBa MO MMO-CBETIHS LBAT
Ha pa3TBOpa, ce mprbass OT Oropera, Ha MOPIINH,
CTaHIApPTEH Pa3TBOpP Ha LIBETHOTO CHEIHHEHHE.
Crnen Bcekn mpubaBeH 00eM CTaHIApTeH pas-
TBOp, IIBETOBETE Ha PAa3TBOPUTE B YaIIUTE cCe
cpaBHsABAT “Ha oK0”. Yammre ce pasmonarar ef-
Ha 70 apyra B pernuna. CpaBHSIBaHETO Ha JBara
pa3TBOpa B YAIIUTE CTaBa KaTo YallUTe Ce IOC-
TaBjIT Ha BHUCOYMHATa Ha ounTe. CBerTnmHaTa
TpsiOBa Ja maja Hacpenia. [[pubaBsiHETO Ha CTaH-
JApTHHUS Pa3TBOP NPOIABIDKABA JIOKATO [BaTa
pa3TBOpa CTaHAT €IHAKBO OIBETEHH. B ciydas
KOTaTo CTaHNApTHUAT Pa3TBOP ce OKa3Ba C IO-
HUCKAa KOHIIEHTpAIMsA OT Ta3W Ha W3CIICABAHUS
pa3TBOp, KOHIICHTPAIMATA HA M3CICABAHMUS pa3T-
Bop C ce u3uncnsBa o ypaBHEHHETO:

Cx = Cyt( Vag Caa)/ (Vs + Vag), 1)

kbJeT0 Cy 1 Vgt ca ChOTBETHO KOHIICHTPALIUSATA U
obeMa Ha craHmapTHUs pa3TBop, a Cyy U Vyy ca
CHOTBETHO KOHIICHTpAIMATA U 00eMbT Ha J00a-
BEHHsI CTAaHIApTeH pas3TBop. B ciywass korato
W3CIIC/IBAHUST Pa3TBOp CE OKa3Ba C II0-HUCKA
KOHIICHTpAIIMs OT Ta3u Ha CTAHIAPTHHS Pa3TBOD,
KOHIICHTpaIusaTa Ha u3cieasanus pasreop C, ce
M3YUCIISBA MO YPABHEHUETO:

Cx = Cyq— VagCaa / (Vi + Vag) (2)
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KbJeTO Vy € 00eMBbT Ha U3CIICBAHMSI PA3TBOP.

Meton Ha paspexkaanero. B wmepurenHa
KoIba ce MocTaBs TOYHO HM3MepeH (¢ muIera)
obeM oT m3cienBanus pa3tBop. [lodassT ce pea-
TeHTH CHIJIACHO TpOoIexypara 3a IMPOBSKIaHe Ha
CreKTpooTOMeTpHYeH aHaIW3 BHB BHANMATA
YacT Ha CHEKThpa Ha U3cieBaHus eJeMeHT. Me-
puTenHaTa Kojba ce JOoNMBa C BOJA WIIH pa3-
TBOpUTEN 10 Mapkara. OT pa3TBOpa B MEpHUTEIN-
HaTa Koiba ce B3eMa TOYHO HM3MepeH (C muIeTa)
o0eMm H ce TOCTaBs B cyxa damia. B apyra cyxa
Yamra OT CHIIUS pa3Mep U BHA Ce IOCTaBs CHIIUS
o0eM, N3MepeH C NHIeTa, OT CTaHAapTeH pasT-
BOp Ha HM3CJIEABAHOTO IIBETHO CHhEAWHEHHUE, KOe-
TO ce aHamm3upa. KbM HO-KOHIIEHTpHPaHHAT OT
JIBaTa OL[BETEHHU Pa3TBOPa, KOWTO ce Mo3HaBa Mo
MO-ThMHHS LBAT Ha pa3TBOpa, ce MpudaBs OT
OropeTa, Ha MmopuuH, AecTUiupaHa Boja. Crien
BCEKH NpHOaBeH 00eM BOJa, IIBETOBETE Ha pas-
TBOPUTE B YaIlIUTE CE€ CpaBHABAT “‘Ha oko”. [Ipu-
0aBsHETO HA JECTIIMpaHaTa BOJA NPOIBIDKABA
JIOKAaTo JBaTa pa3TBOpa CTAaHAT EJHAKBO OILBe-
TeHH. B ciydas xorato cTaHAApTHUAT pasTBOP
Ce OKa3Ba C MM0-BUCOKA KOHIIEHTpAIMs OT Ta3H Ha
W3CIICABAHUS PAa3TBOpP, KOHIEHTpALHMATAa HA W3-
cneaBanus pa3tBop Cy ce M3UUCIsABa [0 ypaBHE-
HHETO!

Cx =Cq V! (Vs + V), 3

Kpaero V, e obema Ha mnpubaBeHaTa NIECTHU-
JupaHa Boja. B ciydas Korato HM3CIIEBaHUST
pa3TBOp ce OKa3Ba C IMO-BHCOKa KOHIICHTPAIHS
OT Ta3W Ha CTaHAAPTHHS pPa3TBOpP, KOHIICH-
TpamusaTa Ha u3cieaBanus pastBop Cy ce m3uuc-
JISIBa TI0 YPaBHEHHUETO!

CX = CSt (VX + VW) / VX (4)

PE3YJIITATU U OBCBH/KJIAHE

Mma nBa HauMHAa 3a IPOBEXKaHE HA BU3YaJIHO
KOJIOpUMETPUYHHUS aHanu3. EAuHUAT e Kato ce
U3I0JI3BA CEpHsl OT OLBETEHU CTAHIAPTHU PA3T-
Bopu. BusyanHo ce onpezaens uscienBaHUAT pas-
TBOP C KOW OT CTaHAAPTHUTE Pa3TBOPU CHBIAJAA
Mo IBAT. AKO OIBETSBAaHETO Ha W3CIICABAHUS
pasTBOp € MEXAy [Ba CTaHAApTHU pa3TBOPA,
IIpUeMa ce, 4ye KOHLEHTpalKATa Ha U3CIICABAHUS
pa3TBOp € cpenHara OT JABaTa CTaHIAPTHH pa3-
TBOpa. Mnu ce NpuroTBsiT HAKOJIKO CTaHIApTHU
pa3TBOpa C MEXKIUHHU KOHLEHTPALMU MEXIY
JBaTa CTaHIAPTHU pPa3TBOpa M Ce€ OIpenens ¢
KOH OT pa3TBOpUTE C MEKIMHHA KOHLEHTPALUS
W3CIICABAHUS Pa3TBOP ChBIaAa Mo UBAT. Apyru-
AT HAYWH 32 M3BBPIIBAHE HA BU3YaJHO KOJIOPH-



METpUYHMSI aHaJIU3 € Karo KbM BOJa WU pa3-
TBOpUTEN ce NpubaBs CTaHAAPTEH pa3TBOP Ha
AHAJTM3UPAHOTO LIBETHO ChEIUHEHUE, JOKATO IO-
JYYEeHUST pa3TBOP CTaHE EIHAKBO OLBETEH C
U3CJIEABAHUS Pa3TBOp.

B Hacrosmara paboTa ce mpemara MeTox 3a
M3BBPIIBAHE Ha BU3YAJTHO KOJOPUMETPUUYEH
aHaiM3, IpU KOHTO MO CBOEOOpa3eH HauuH ce
o0eIMHSABAT OCHOBHUTE YEPTH Ha JIBaTa MU3BECT-
HU METO/la Ha BU3YaJHO KOJIOPUMETPUYEH aHa-
JIU3, @ UMEHHO CpPaBHSIBaHE ChC CTaHAAPTHH OL-
BETEHU pa3TBOPU M NpUOaBiHE Ha CTaHAAPTEH
OLIBETEH pa3TBOp. B pesynTar Ha MOIXOASIIO Chb-
YyeTaBaHe Ha Te3W JBa €JIEMEHTa Ha aHalu3a,
HOBOIIOIYYEHHMAT METOJA IIPEBB3X0XKIa KaKTo
eIMHHS TaKa U APYTUsS OT CTapuTe MeToau Oe3 1a
ru gyonupa.

[IpyHIMITBT Ha mpeayiaraHus TYK METOJ €
ciennus. CpaBHSBa ce BU3YaJHO H3CIEIBAHOTO
LIBETHO ChEIMHEHNE C €IUH CTaHJIapTEH Pa3TBOp,
YUATO KOHLIEHTpalus € OJiM3Ka A0 Ta3u Ha u3-
cnensanus pa3tBop. [Ipu3Hak 3a ToBa fanu cTaH-
JApTHUA M W3CIEABAHUS Pa3TBOp ca ¢ OJIM3KH
KOHIIEHTpAllUH, € CXOJCTBOTO B OIIBETSIBAHUATA
Ha JBaTa pa3TBopa. AKO JBaTa pa3TBoOpa ca OIl-
BETEHH B €JIMH U CBIII LIBST, TE€ Ca C €IHAKBU KOH-
LEHTPALUN U aHAIU3bT C€ CUMTA 3a 3aBBpIIEH.
SIcHo e, e To3M ciydail € Maiko BepoATeH. Ha
MIpaKTHKa CTAHJAPTHUAT Pa3TBOP ILE € WIH C T10-
BHUCOKAa WJIM C II0-HUCKA KOHUeHTpauus. [Ipun-
LUIOBT Ha IpeajaraHus BHU3YAIHO KOJIOpUMET-
PUUEH aHaJIM3 € Jja Ce M3PABHAT IO LBAT CTaH-
JApTHUS W W3CIEABAaHMS pa3TBOPU U CIEO-
BaTeJIHO J1a C€ M3paBHAT IO KoHUeHTpauus. Ot-
JlaBHa € OMJIO YCTaHOBEHO, Y€ YOBEIIKOTO OKO
CPaBHHUTEIHO TOYHO MOJXKE J1a MPEeLeHH Kora JBa
pas3TBOpa ca €IHAKBO OLBETEHU. MI3paBHABaHETO
Ha JIBETE KOHIIEHTPALlUU MOXE Ja CTaHe WM
KaTo ce mpuOaBH CTaHAAPTEH OLBETEH Pa3TBOP
KBbM I0-MaJIKO OLIBETEHUS OT ABaTa pa3TBop, T. €.
KbM DPa3TBOpa C IO-HUCKA KOHLIEHTpaLus, WIN
KaTo ce pa3peau MO-ThbMHO OLIBETEHUS Pa3TBOP
(pasTBOpa ¢ mO-BHCOKa KOHICHTpalwms). Taka ce
oopMAT Ba BapHaHTa Ha METOJA Ha BU3YaJHO
KOJIODUMETPUYEH aHaju3, KOUTO HapeKoXMe
ChOTBETHO MeToj Ha KOHLEHTpupaHeTo u Me-
TOJI Ha Pa3peKIaHeTo.

JlBata paspaboreHn B HacTosmara paborta
METO/la IPEBB3XOKAAT W3BECTHUTE METOIOH Ha
BU3YaJIHO KOJIODUMETPUYEH aHalu3 II0 TOBa, ue
ce M3IOJI3BAT MO-KPaTKU IPOLEAYpU 3a U3BBP-
LIBaHE Ha aHaJM3a, ¢ I10-MaJIKo Ha Opoil omepa-
UM KaTo MpuOaBsiHE Ha CTaHJApTEH Pa3TBOP
WIM JecTWINpaHa BOJA, C NPUTOTBSHE Ha IIO-
MaJIKo Ha Opoi cTaHIapTHH pa3TBOpH. Thil KaTo
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rpelikara npy U3BbPIIBAHETO HA aHAJH3A € CyMa
OT TPEIKUTE HAa OTACTHUTE ONEPAIlH OT aHAIH-
3a CliefBa, Y€ MPEACTaBEeHUTE TYK METOIU II0
TPUHIAI IMaT M0-MaJlka TPelka Ha aHaIHu3a.

BuzyanHo KOJOPUMETPHYHHAT aHAIHA3 MOXKE
a ce TPHIOKH 32 BCHYKH NMPUMEpH Ha MoJe-
KyJTHO aOCOpOIMOHEH CIeKTPOo()OTOMETpUICH
aHaIM3 BBB BHIMMAra 4YacT Ha CIIEKTBpPa HWIH
WHaye Ka3aHOo - 332 BCUYKH OLIBETEHU Pa3TBOPH.
[lpu aHanm3a OOMKHOBEHO Ce€ HM3HCKBAa BpEME,
Haif-uecto oT mopsaabka Ha 10-15 MunHyTH, 32
NPOTHYaHE HA PEaKUUsTa, MPU KOSATO Ce IOIy-
YaBa IIBETHOTO CHEOMHEHHE. 3a 1Ma ce u30erHe
HEHY)XHOTO yIBJDKaBaHE Ha BPEMETO, KOTaTo ce
npuOaBs Ha TOPIHH CTAHJAPTHHUSAT Pa3TBOP,IPU
NPOBEXKIAHE HA Tpe/UlaraHus B CTAaTHATA BU3Y-
alHO KOJIOPDHMETpPHYEH aHalIMu3, C€ H3I0J3Ba
CTaHJApTEeH Pa3TBOp HE Ha AHAIM3UPAHOTO Be-
IIECTBO, a CTAaHAAPTEH Pa3TBOP Ha OI[BETCHOTO
ChEJMHEHHE.

Ot mpoBexgaHe Ha EKCICPHMEHTHUTE CE yc-
TAaHOBH, Y€ 3a MOJyyaBaHe Ha IMO-A00pH pe-
3yATATH OT BU3YAJTHO KOJOPUMETPHYHUS aHAIIH3,
€ HeoOXOMMO aHaJIM3bT Ja ce MPOBEXIa B -
HakBU 1Mo (hopma, pa3Mepu U MaTepuall ChIOBE
(vamm, empyBeTku). Taka ce cma3Ba 3akoHa Ha
byre u JlamGepT, criopen KoiiTo abcopOrusTa Ha
CBETJIMHATA, a CIIEIOBATEIIHO U IBETa HA Pa3TBO-
pa, 3aBUCH OT JeOeTMHATA Ha TTOTTBLIAIIHS CBET-
nmHa cinoi. [lo chImaTa mpuYMHA pa3moIoKEeHUTE
B penula ChAOBE, C Pa3TBOPHUTE 3a BU3YaTHO
cpaBHEHHe, TpsiOBa J1a ca IMOCTaBEHW BHHATH Ha
BHUCOYHMHATA HA OYUTE KOTAaTO C€ M3BBPILBA BU3Y-
THOTO cpaBHeHHe. HeoOxoanMmo e olme cBeTn-
HaTa J1a Imajga Hacpema. Korato cBernmHaTa maga
CTPaHUYHO, CIWHHUS CBI XBBPIS CSIHKA BBPXY
IPYTHS W pa3TBOpa B HETO H3TIICKAA MO-THMEH
OTKOJIKOTO B JieiicTBUTeNHOCT €. [Ipu ecTtecTBeHa
CBETNIMHA JOOpH pe3ylTaTh ce MOJy4aBaT aKo
MPO30PIMTE Ca caMO Ha e/lHaTa cTeHa Ha cTadTa
U aHann3a He Ce W3BBPINBA Ha TUPEKTHA CIBH-
YyeBa CBETIMHA. [IpM HM3KYCTBEHa CBETIMHA €
no0pe BU3YaTHOTO CpaBHEHHE Ja Ce W3BBPIIBA
KaTo CBHAOBETE C Pa3TBOPHUTE 32 CPaBHEHHUE ce
MOCTaBST MEXIY U3TOUYHHKA Ha CBETIIMHA M OYH-
T€ Ha mpoBexjamus aHanmza. [logxonsma 3a
aHaJM3a € pas3cesiHaTa U3KyCTBEHA CBETIIMHA.

MeTtonbT Ha KOHIIEHTPUPAHETO B CTATHATA €
WIIOCTPHUpaH C TpHMepa Ha BU3YaTHO KOJOpPH-
merpuueHus ananus Ha Fe(lll) cbe cyndocann-
IIIJIOBA KHCETHHA, @ MeTOIBT Ha pa3pexIaHeTo
¢ a"anm3a Ha paztBopu Ha KMnO,. U npu nBarta
npUMepa CTaHAAPTHUAT Pa3TBOP WM BOJATa Ce
npuOaBsIT KbM aHAmM3WpaHus pastBop. [Bara
METO/la Ha BU3yaJlHa KOJOPUMETPHsI Ca CpaBHE-



HU ChC CHOTBETHHUTE CIIEKTPO(POTOMETPUYHH Me-
TOJIM 32 CHIIUTE aHAIUTUYHU OOEKTH. 3a J1a cra-
HE CpPaBHEHUETO TPU €JHAKBU YCJIOBUS, CIICK-
TpO(OTOMETPUYHUSAT aHAIH3 € TPOBEJCH C SIHH
CTaHJApPTEH Pa3TBOP, CHIIUAT KOWTO Ce U3IMO3Ba
3a ChOTBETHHS KOJIOPUMETPUYCH aHAIIHU3.

Or tabnuna 1 u Tabnuna 2, KpAECTO ca npe-
CTaBEHU pe3ylTaTUTe OT BHU3yaJHO KOJOPHU-
METPUYHHS U CHEKTPOYOTOMETPUYHUS AHATHU3H
ce BMXKJIA, Y€ KaKTO MeToAbT Ha KOHIICHTpUpa-
HETO Taka ¥ MeToabT Ha pa3pekAaHETO TMOoKa3-
BaT HE MHOTO MO-JIOIIU PE3YJITaTH OT CIEKTPO-
(hOTOMETPUYHHUS METOJI, TI0 OTHOIICHUE Ha TOY-
HOCTTAa ¥ BB3IIPOU3BOIUMOCTTA Ha aHAJIH3A.

Ta6auua 1. BusyanHo KoJopuMeTpUYUeH aHaTIN3
Ha pa3rBopu Ha KMnO, mo Metoia Ha KOHIIEHT-
pHUpaHeTo

Ne  Bsero Homyuaeno Mn (V11),
Mn ug / cm?
(VII)  Busyamno ko-  Cuekrpodoro-
Mg/  mopumerpuyeH MeTpHYeH
cm?® MeTox MeTox

1 16.0 15.3 154

2 16.0 15.7 15.8

3 16.0 16.1 16.0

4 160 16.8 16.5

5 16.0 16.8 16.5

3a BU3yaIHO KOJOPHMETPHUYHUS METOJl pe-
synraret ¢ 16.1+ 0.8 ( X £ 1S / \n), pglem®, a
OTHOCHTENTHOTO CTaHIAPTHO OTKJIOHEHHE €
S=4.13 %. S=(S /Xx) 100. 3a crekrpo-
(OTOMETPUYHHS METOJ pEe3yNTaTbT € CBOT-
Berno 16.0 + 0.7 pg/cm®, a orHocuTenHOTO
CTaHJIapTHO OTKIIOHEHuE € Sy =2.94%., kpaero N
€ OposAT mapajenHu onpenensHus, N=5; t e xpu-
TepusaT Ha CriogpbHT mpu 95% cratucTryecka
BEPOSITHOCT; S € CTAHIAPTHOTO OTKIOHEHHE, X €
cpenHara CTOHHOCT.

JIBaTa mpe[yiaraHd METOAW Ha BU3YalHO KO-
JOPUMETPUYUEH aHAIN3 ca MPUOJIU3UTENHO PaB-
HOCTOWHHU, C Mal’bK TpeBec Ha MeTona Ha pas-
peXIaHeTO OPaaN TOBA, Ue TIPH HETO Ce U3MOI-
3Ba €JMH CTAaHIAPTEH Pa3TBOP IMO-MAaJKO, KOETO
ompocTsiBa aHanmm3a. M30arBa ce cChIIO Taka
rpelrkaTa oT MPUTOTBSHETO HA TO3HM CTaHAApPTEH
pasTBop.

Tabauna 2. BusyaiHo KoJopuMeTpUUeH aHaIn3
ua Fe(l1l) mo Mertona Ha pa3pexaanero

Ne Biero Honyueno Fe(lll), ug / cm®
Fe(Ill)  Busyanno xono- CrnektpohoTo-

Hg/ pUMeTpHYEeH METpUYEH
cm® METOJ METO

1 5.00 5.03 4.98

2 5.00 5.04 5.00

3 5.00 5.03 4.95

4 5.00 5.04 5.00

5 5.00 4.80 4.99
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3a BH3yaJIHO KOJOPUMETPUYHHS METOJ pe-
symraret e 4.99 + 0.09 pg/cm® u  orHo-
CUTEJIHOTO CTaHJapTHO OTKJIOHeHHe e S,=1.43%.
3a crekTpo(hOTOMETPHUYHHUS METOM PE3YITAThT €
4.98 + 0.03 pg/cm®, a OTHOCHTENHOTO CTaH-
naptHo otkiaoHeHue Sy = 0.42%.

Ilo mpuHIMI BU3yalHaTa KOJOPUMETPHUS €
MPUIOKUMA U 32 TO-BHCOKH KOHIIEHTPAIUH OT
TE3W aHATU3UPAHU ChC CIEKTPO(DOTOMETPUUHHS
METO/I, 3aIll0TO MPHU BU3yaJTHATa KOJIOPUMETPHUS
HE ce U3Moi3Ba 3akoHa Ha beep. Tvii kaTo BHU3Y-
aJHOTO CPaBHEHHUE CE M3BBPIIBA MO-A00pe mpu
HUCKHU KOHIIEHTpanuy, MeToabT Ha pa3pexiaHe-
TO € 3a MPEJNOYUTaHe KOTaTO Ce aHAIM3UPAT BU-
COKHM KOHIIEHTparuu. ToraBa cTaHAapTHHUAT pas-
TBOp 3a CPaBHEHHE MMa MO-HUCKA KOHIICHTPALUs
OT aHAJIM3UPAHUS PA3TBOP, KOWTO MpU aHAIN3a
ce pa3pex]ia U CpaBHEHHETO Ce HM3BBHPIIBA MU
HUCKa KOHIICHTPAIIHS.
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ABSTRACT

A method for recognition of standard test answers is developed. A program is made, working on
this method. The test is performed manually on a paper strip. Test data are introduced in the computer
by scanning the test strip. When the test form is filled accurately and program is operated carefully,

program results are excellent.
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BBBEJIEHUME U IPEJUCTOPUA

N3non3BaHeTo Ha TECTOBE 3a MPOBEpPKa 3Ha-
HUSITA HA CTYIEHTHTE B TpoIeca Ha TAXHOTO
oOy4yeHre He € HOBOCT 3a HallaTta o0pa3oBaTeinHa
cuctema. bBUBIIMAT MHHHACTHD Ha 00pPa30BAHUETO
no11. BedeB B cBOM M3Ka3BaHUS 3aCTHIIBAIIIE Te-
3ara, 4e TpsOBa YUCHHUIIUTE Ja CE M3IHUTBAT CAMO
¢ TectoBe. TOBa CTaHOBHIIE 3a HAc € TBBPIE
KpaifHo, HO Tps0Ba J1a ce OTOEJEkH, Ye TeCTOBe-
T€ Ca HAaBJIE3JIU IBIOOKO B Y4eOHUS MpOIIEC.
KonkperHo 3a maucuumiuHaTta AHaTUTHYHA XU-
MU, TECT 32 OLIEHKA 3HAHUATA Ha CTYACHTUTE Oe
HalpaBeH HEMOCPEICTBEHO CIIe/l Ch3/1aBaHETO Ha
KaTejpa ChC CHIOTO UME, T.€. TPE3 celeMIeceT-
T€ TOJWHU Ha MUHAIHS BEeK. Berpocure u orro-
BOPHUTE Ha TO3W TECT, KaKTO U Tpadu 3a 0TOes3-
BaHE Ha BEPHHUS OTIOBOp, Ca HAIleYaTaHU Ha Kap-
ToHeH nucT. CTyneHTa oTOemns3Ba ¢ KpBhCTYe B
chOTBeTHaTa rpada BEpHUS OTTOBOp, a rpadara
Ha HEBEpPHHS OTTOBOp OCTaBa mpas3Ha. TecroBere
ce mposepsiBar ¢ mabnon. [Ilabmona mpenacras-
JIsBa CHIIMsI HamedaTaH KapTOH Ha TecTa, Ha
KOWTO B TpaduTe Ha BEPHUS OTTOBOP ca mnepdo-
pupaHu Kpbrim oTBopH. [IpoBepkara Ha TecTa ce
M3BBPINBA KaTO MA0JOHA Ce Hajara BbpPXy TecTa
U ce onpezesst OposT Ha BEPHUTE OTTOBOPH, a OT
TaM U orieHkara. HemocraTek nipu paboTa ¢ TO31
TECT € HEOOXOJAMMOCTTA OT TOJIIM Opoii Hameua-
TaHU Ha KapTOH TecTtoBe. [IpemumcTBOTO € B
TOBA, Y€ MPOBEpPKATa HAa TeCTa Ce U3BBPIIIBA JieC-
HO ¢ 1madiioH. [Ipenu okono 20 roxuuy, 3a quc-
LIUIUIMHUTE AHamuTUaHa xumusi, MHCTpyMeHTa-
neH aHanus, OpraHuueH aHaIW3 HA CTYICHTHUTE
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OT CIIEIUATHOCT XUMHUs 0siXa Ch3JaJICHU TECTO-
Be, MpOBEpKaTa Ha KOWTO CTaBa Oe3 IIa0JIOH.
Hewusmnon3panero Ha 1Ia0JIOH TyK € OINpaBJaHO,
TBHI KaTo TECTOBETE Cca MPEAHA3HAYCHH 33 MAITbK
Opoit crynentu. B chIioto Bpeme 3a rosieMus
Opoil CTYACHTH OT BCHYKH OCTaHAIIN XUMHYECKH
CMEMATHOCTH HAa YHHMBEPCUTETA, 33 MUCIHILIN-
HUTe AHaTUTHYHA XUMUST 1 OU3NYHU METOAM Ha
ananu3, Osxa Ch3JajZeHM HOBHU TecToBe. Te ce
0asupar Ha CTapus TECT 3a TUCIMILIMHATA AHa-
JIUTUYHA XUMUS. BBIIpocUTE U OTTOBOPUTE BEUe
HE Cca HaredaTaHW Ha KapToH, a Ha OOMKHOBCH
muct. KaTto ce m3mon3Ba KOMITIOTHD, CTaBa Bb3-
MOXKHO JIECHO Jla C€ HaIpaBsiT MHOTOOpPOHH
BapHaHTH Ha BBIIpocuTe Ha Tecta. OTOemns3BaHe-
TO Ha BEPHUTE OTIOBOPU C KPHCTUEC BEUE CTaBa
HE Ha JINCTUTE C BBIIPOCUTE, a Ha KHIKHH JICH-
TUYKU C TPU KOJIOHKHU: 3a TIOPEIHUS HOMEp Ha
BBIIPOCa B CHOTBETHHUSI TECT W JIBE KOJOHKH 3a
oTOeNsI3BaHe C KPBhCTUE HA BEPHUTE OTTOBOPH.
B®B Bceku TecT OposAT Ha JaJieHUTE OTTOBOPH Ca
JIBa, HO OpOSIT HA BH3MOXXHUTE OTTOBOPH € TPH,
CHOTBETHO Ha €IWHWsI, BTOpUS WIA W Ha JIBara
€IHOBpeMeHHO. Tl KaTo OpOsT Ha BE3MOKHHUTE
OTTOBOPH HE € TOJISIM, 32 Jla CE HAMaJIu eJIeMEHTa
Ha HAJTy4KBaHE MPH PEIIABAHETO HA TECTa, OPOSIT
Ha BhOpocure ¢ romsim (64 Bempoca). [Iposepka-
Ta Ha TeCTa € C KapTOHEH MmabJIoOH ¢ pa3Mepa |
(dbopMaTa Ha KHIDKHATA JIeHTa Ha Tecta. [Ipeaum-
CTBaTa Ha TO3M TECT B CPAaBHEHWE C MPEAUITHHS
ca B TOBa, Y€ JIECHO CE€ TMOATOTBS - CMEHST ce
caMo JICHTHYKHUTE Ha TECTa, HO HE U JIMCTHUTE C
BBIIPOCHUTE U OTTOBOPUTE Ha TecTa. TecTa e yzao-
OeH 3a mpoBexaHe ¢ royisiM Opoii xopa. Hey-



JOOCTBOTO TpW paboTara ¢ TO3U TecT €, 4e Thi
KaTo JICHTHYKAaTa Ha PEICHUs TECT € TACHA, ABJI-
ra U MeKa, M3BBPIIBAHETO HAa MpOBEpKaTa Ha
pe3yiaTaTuTe OT TecTa ¢ IIabJoHa € 3aTPYIHEHO.
I'osnemusat 6poil Ha BBIIPOCUTE HA TECTa U3HUCKBA
BHUMATEJIHO OIpeJieNIiHe Ha BepHUs Opoil oTro-
BOPH, ITPU KOETO TPELIKH HE Ca U3KITIOUCHH.

ITPOI'PAMA 3A KOMITIOTBPHA
ITPOBEPKA HA PE3YJITATHUTE OT
TECTA. OINCAHUE U OBCBHXIAHE

[IpoBexxaaHeTO HA TECT C IOMOIITA HA KOM-
MIOTHP OOMKHOBEHHO CE W3BBPIIBA KaTo B KOM-
MIOTHPa ca MOKa3aHW BBIPOCUTE HA TeCTa U OT-
TOBOpUTE Ha BBIpocHTe. llomarammsar Tecra
oTOens3Ba, HampUMep 4pe3 KIWKBaHe, Ha Bep-
HUTE OTrOBOpH. Te3u OTrOBOpH CE€ CPaBHSBAT C
BBBEJICHUTE BEPHU OTTOBOPHU, HAMHPA ce OpOost Ha
BEPHUTE OTIOBOPH B PEIICHUsS TECT U CE U3YHC-
JIsIBa OlleHKaTa. T03UW HAYWH 33 MPOBEKJIAHE HA
TecTa € MHOro JieceH M ynoOceH. 3a eIHOBpe-
MEHHO IMPOBEKJIaHE HA TECT OT TOJIIM OpoH Xo-
pa, KaKkBaTo € MpaKTHKaTa Ha y4eOHHUs IpoIlec,
TO3W HAYWH 3a MPOBEKIAHE HA TECTa € HEMoI-
XOJISIII, TOpaJr HEOOXOUMOCTTA OT TOJISIM OpOi
kommioTpu. Ch3/1aJieHaTa U OMKMCaHA M0-JI0JIy B
TEKCTa KOMITIOThPHA MpOorpamMa He BKIIFOYBA MPO-
BEXKIIAHETO Ha CaMMsl TECT, a CaMoO IpOoBepKara
Ha pe3yJTaTuTe OT TecTa. Tecra ce pernaBa 0e3
KOMITIOTBP, HO TOJIKOBa OBP30 KOJIKOTO U C KOM-
moThp. Taka craBa BBH3MOXKHO EIHOBPEMEHHO
MIPOBEKAaHEe HAa TeCT OT MHOro xopa. [IpoBepka-
Ta Ha PE3YJITATUTE TYK CTaBa Mo-0aBHO, MOPajH
HEOOXOJJMMOCTTAa OT BBBEXKJIAHETO B KOMITFOTHPA
Ha pe3yJITaTuTe oT Tecta. [IpequMCcTBOTO Ha TYK
MpesIaraHys HaurH 3a TIPOBEXKIaHe Ha TeCTa € B
TOBA, Y€ MPOBEKITAHETO HA TECT OT MHOTO X0Opa ¢
BB3MOXKHO CaMO C €IMH KOMIIOTHP.

Ta3u mporpama e npejHa3HaueHa 3a oOpa-
00TKa Ha MOMBJIHEH TeCT ¢ 65 BhIpoca ¢ 4 BB3-
MOXHH OTroBopa. OTrOBOpUTE Ce IMOMBIBAT Ha
cnernyainHa OJlaHKa ChC CTaHAAPTHH Pa3MEpH.
OO0pa3um OT Hes, C TOMBJIHEHH OTTOBOPH ca
npeacTaBeHy Ha ¢urypa 1.

®@ur. 1. O6pa3uy Ha MONBIHEHH OJIAHKH
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Pazmepa Ha Onankata e 0,25 oT pa3mepa Ha JHCT
¢ ¢opmar A4. Yerupu WM MO-MaJKO TaKWBa
ONaHKH ce CKaHUPAT €JHOBPEMEHHO U ce 3alluc-
Bar BbB ¢opmar ,BMP”. Taka ckanmpanute
n3o0paxeHus ce HamassiBat Ha 20% W OTHOBO ce
3amas3BaTr B cplms ¢opmar. IlomydeHnure n300-
pakeHHA ca M3XOIHHUTE JaHHHU 3a Pas3lo3HaBa-
mata nporpama. @aitna ¢ gerupure mzodpaxke-
HUS Ce OTBaps MO CTaHAAPTHHUS HAYMH 4pe3 Me-
HIOTO. M300pakeHnero ce mosiBsiBa Ha CHOTBET-
HUSI KOHTPOJI, KaTO MPEeABAPHUTEIHO ce mpeodpa-
3yBa B ,4epHO-0su10”.0OT MeHIoTO ce u3bupa
CHOTBETHUSI U3IHT, TAHHUTE 338 KOHTO CHABPIKAT
MPABIJIHATE OTTOBOPH Ha TeKynmws TecT. ChIIo
oT Tam, ¢ mocnenoBarenHoctTa Data -> Accept
n300paxeHneTo ce mpeodpasyBa B YHCIIOB BUJ,
MpeCTaBIABAIl MAaCHB OT 0alTOBe, OTpa3sBaIln
HIOQHCUTE Ha CHBHA LIBST. L[BeToBeTe ce enmumu-
Hupat. M300pakeHnero ce chXpaHsBa 3a IIO-
HaTaThlIHa 00paboTKa B MPOMEHIMBA OT THII
3aImc:
type TbPict = record

m_Pict;
array[0..nDimSmallPict,0..nDimSmallPict]
Byte;

m_Height,m_Width:integer;
end;

of

View  Recognitic

Accepk I

@ur. 2. [Ipuemane Ha H300pa’KSHUETO U TIPE0O-
pa3yBaHETO My B MOHOXPOMAaTHYHO

Cren W3MBIHEHWETO HA Ta3W ONEpamus, IpH
JIBIOKEHUETO Ha ,,MHIIKATa”, OTASICHO CE MOsSBIBA
yroixeMeH oOpa3 Ha o0iacTTa OKOJO HEHHHUS
nokasanen; (Pur. 1). Cren ToBa TpsibBa ma ce
Mapkupa objactTa Ha enHa OnaHka. ToBa craBa
KaTo ce MPEMHHE B CHCTOSHUE ,,MapKHpaHEe Ha
npaBObrbIHUK” (Pwur. 3).
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@ur. 3. [I[peMnHaBaHe B pEXXUM Ha ,,MapKHpaHe
Ha MMPaBOBI'BIHHK .

Ilenta e ma ce Mapkupa obyacTTa Ha €aHa
6nanka. IIpaBobreiHNKa Ha OlaHKaTa Ciiel CKa-
HUpPaHETO OOMKHOBEHO HE € TOYHO OPHEHTHpPaH.
Tolf e NpPOU3BOJIHO PA3IMOJOKEH B HETrOBUTE
pamku. [IpaBOBIBIHUKBT ce OTOENA3BA C ,,MHIII-




Kara” B IOCJICJIOBATEIIHOCT. TOPEH JSIB BIBI -
JIOJIEH JIECEH - TOPEH JIeCEH - IOJICH JISIB.

CamusaT TpPaBOBIBIHUK € OYEePTaH B CHH
IBST. AKO CHHUST NPAaBOBI'BIHUK HE CHBIIJHE C
NpaBOBIBIHMKA Ha ONaHKara, MOpagd Herpa-
BIJTHO OIIEpHpaHe, OIepaluira TpsAOBa na ce
noBTOpH. M300pakeHHeTo, OrpaHU4eHO OT CH-
HUS TIPaBOBI'BIHUK Ha OJIaHKaTa, ce W3BEXKIA OT
00moTo M300paxkeHne U ce u3obpassiBa B Ipyra
dbopma, Karo TpEIBAPUTEIHO CE 3aBbPTa BBHB
BEPTHKATHO MOJIOKEHHUE).

®ur. 4. MapkupaHe Ha IPaBOBI'bIHUKA HA
OJlaHKaTa

Ha cneppamara ¢urypa e mpeacraBeHa mpa-
BUJIHO OpUEHTUpaHaTa OJaHKa.

@ur. 5. [IpaBIUITHO OPHEHTHPAH MPABOBI'BIHUK
Ha GyiaHKaTa
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Ot u300paskeHHETO, KOETO € BeUe C MPaBUITHA
OpHEHTAlMsl C€ TMPHUCTHIBA KbM CHIUHCKOTO
pasno3HaBaHe.

Upe3 Oyrona, o3nauen c¢ BttnDidision wu3o-
OpaKeHHeTO ce paslenst Ha peloBe W KOJOHH
eIMHCTBEHO B CJydaif, 4e JOKYMEHTAa € CTaH-
JIapTEH.

®@ur. 6. M3rien Ha pa3jeneH NpaBObrbIIHUK HA
OnaHKaTa Ha peIOBE U KOJIIOHU

Upes ToBa pasnensHe Ha OjaHKara, ce orpa-
HUYaBaT TOYHO KBaJpaTueTa CbC 3HAYMMA HH-
¢opmanus. KpaifHure aBe KOJOHM OTISABO U
OTJSICHO Ha OJlaHKaTa, ChIbpKallld HOMepaTa Ha
BBIPOCUTE HE C€ OTUUTAT NPU Pa3lO3HABAHETO,
3a0To MH(MOpMaNuATa ChABPKAIIA CE B TAX Ce
OTYMTa OT CHOTBETHHUSA pell. 3a CpeJHUTE YETUPU
KBaJlpaTyeTa ce OTYUTA CPEAHUs IBAT. Bp3moxk-
HHUTEe cTOMHOCTH ca B mHTepBana 0 - 255 kato
IBeTe KpalHW CTOMHOCTH ca choTBeTHO: 3a 0-
HAITBJTHO YepHO KBajparde W 3a 255 - HambIHO
Osmo. B mbpBus cinywail ce mpearnonara, 4e CTy-
JIEHTa € 3aIlbJIBaJl LSAJIOTO KBajaparye C IIBTEH,
TbMeH LBAT. CpeqHus LBAT Ha €IHO KBajaparde
ce onpenaens ¢ QyHKIHTA!

CalcMeanQuick(bPictF: ThPict;
RRectF: TRRect):real;

HeltHusT nbpBu apryMeHT € MpeJCcTaBsiHE Ha
n300paeHne ¢ HIOAHCH Ha CHUBOTO. BTopuar
apryMeHT € MpPaBOBI'BIHMK - 4acT OT H300pa-
KEHUETO, 3a KOETO C€ OTYUTAa CpPEeJHMs LBST.
Bw3moxkaHTE CTOMHOCTH Ha (YHKIHATA B TO3H
cITydaii ca peaHH 9HCiia B ChIHs HHTepBai oT O
1o 255. IlpeoOpa3yBaHeTo UM B LIENIM YHCIA CE
OCBILIECTBSIBA YPE3 3aKPBIJITHE CIIE U3IIbIHEHNE
Ha QyHkiusaTa. B macua iMeansL ce cbxpansiBa
Opos Ha KBajapardyeraTa, HMMalld CbOTBETHATa
cpenHa CTOMHOCT Ha IBeTa. To3um MacuB € OT
TUIA:



type TiArr=record
Arr:Array[0..255] of integer;
end;

Toit Moe J1a ce peacTaBy Kato Tabnuia ,, BT
- Opo#t kBagpardera”’. ['padmuHoTO My WH30-
OpakeHHE € B KOHTpOJIA, B KOWTO ca MOKa3aHH
M30JIMpaHAUTE KBAJIpaTdeTa 3a Ja MoKe IpH Hel-
paBmiieH U300p Ha OJaHKaTa omepauusiTa Aa ce
TIOBTOPH.
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@ur. 7. N300pakeHre Ha N30JMPAHUTE KBa-
paTHU moJnera

I/ISOHI/IpaHI/ITe IoJieTa, CIy’KaT KaTo M3XOJHa
I/IH(I)OpMaHI/IH 3a TOBA4, JaJIM TTOJIETO € 3a4CPTHATO
WK HE.

®@ur. 8. [[peroBa xucrorpama

Ha rta3um ¢urypa e mokasana xucrorpamara, OT-
passBamia Opos Ha KBajpaTyeTaTta OT CbHOT-
BETHHA CHUB LIBAT. OT11BO HaJsICHO LBETA Bapupa
OT YepeH KbM OsJ1.
SAnpoTo Ha mpoekTa € HaMUPAHETO Ha KpH-
Tepui, NO3BOJISIBALL!
1. OmpeznensiHe Ha TOBa, Jajly KBaJpaTueTO
€ 3aYepTHATO WU HE.
2. OueHssBaHe Ha HAIEKIHOCTTAa HA TO3HU
KpUTEpUH.
ToBa e ochIIECTBEHO € IpoIleTypaTa:
procedure Get2Div( iArrF: TiArr;
var Div1F,Div2F:integer);
Ts ompenens ABara pa3fenuTens 3a 3auepTHATH
W He3auepTHATH KBaJpaTdeTa, OTpa3eHH Ha (u-
rypata CbC CUH MU CBETJIO3CJICH ILBAT. Basgso ot
CHUHHS PA3ACIUTEI Ca JaHHUTE 3a 3a4€PT-HATUTE
KBaJpaTyeTara, a B JSICHO OT 3eJIeHHA - 3a He3a-
yepTHaTuTe. Hanmuuuero Ha mosnera, Mexay /Ba-

Ta pas3/enuTens, Hepaslo3HaTH KBajapaTuyera. B
KpaifHus pe3ynraT OenuTe KBaJpardera ce O3Ha-
yapat ¢ 0, 3auepTHatuTe ¢ 1, a Hepa3mo3HATHTE
CBhC 3BC3aMYKA. HporpaMaTa JaBa BB3MOXHOCT
omepaTopa, paboTen ¢ Hes, J1a TIOBTOPH IpoIie-
Aypara C H36opa Ha TIpaBO-bI'bJIHUKA HJIK 14
HalpaBu pPbYHA KOPEKLHUs Ha HEPa3lO3HATUTE
nojiera. ONUTHT HU TOKa3Ba, 4€ MpH CTapaTciIHO
IIOITBJIBAHEC Ha 6J'IaHKaTa U TOYHHU IlGﬁCTBI/ISI Ha
oreparopa, padoTell ¢ mporpamara, cIy4anTe Ha
HEpa3No3HaBaHE Cca PEAKH.

Ilopann BaxkHOCTTa Ha MpoLenypara, oIpe-
Jensnla JBaTa paslenuTels, HelHara oOpru-
HAJIHOCT W MNPHIIOXHUMOCT B HOI[O6HI/I CJIy4dau,
cyuTraMe 3a HGO6XOI[I/IMO JAa A pas3siCHUM II0-
moipo6HO. OOXOXKIAKK MacuBa, ChIbpPIKAII
6p0$[ Ha 1oJietata ¢ Jaa€H CpE€AC€H LUBAT OTIABO
HagsICHO, C€ HaMupa Ta3d IrpaHula, 3a KOsITO
CpeaHus LBAT Ha IOJIETaTa OTJIIBO MAKCUMAJIIHO
C€ OTJIM4aBa OT TO3H Ha ImoJiertara OTASICHO. Taxka
omnpexnensiMe JeBusl pazgenutes. OOX0Xmalku
MacCuBa B 06paTHa IIOCOKa - oNpeaAciIsaME NCCHUS.

ETo u camara nponenypa. Ilpu peanuzanusra
JBeTe 00XOKJAHUATA C€ M3BBPIIBAT OT MPOrpa-
MaTta €EATHOBPEMEHHO.

KoasT Ha mporienypara Get2Div e creaHusT:
var i,j,5,51,52,S3,Div1L,Div2L :integer;
Mid1L,Mid2L,Mid3L,CriteriaL,MaxCriteriaL:re
al;
begin

S1:=0; S2:=0; S3:=0;CriterialL:=0;

for i:=0 to 255 do S:=S+iArrF.Arr]i];

S3:=S; /' S & S3 - sum of all

MaxCriteriaL:=0;

for Div1L:=0 to 255 do begin

S1:=S1+iArrF.Arr[DivlL];

Mid1L:=S1/(Div1L+1);

S2:=0;

S§3:=S-S1;

for Div2L:=Div1L+1 to 255 do begin

S2:=S2+iArrF.Arr[Div2L];

S3:=S3-iArrF.Arr[Div2L];

Mid2L:=S2/(Div2L-Div1L+1);

Mid3L:=S3/(255-Div2L+1);

CriteriaL:=S1*(1-S2)*(Div2L-Div1L)*S3;

if(MaxCriteriaL<Criterial) then

begin
MaxCriteriaL:=CriteriaL;
DivlF:=DiviL;
Div2F:=Div2L;

end;

end;
end;
end;
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®@ur. 9. O6m unTepdeiic Ha mporpamara

OneHkara Ha Tecta ce (GopMHpa OT MOIy-
YeHWs TP pellaBaHeTO Ha TecTa Opod BepHH
OTrOBOPH M OpOsi BEpHU OTTOBOPH Ha TeCTa, ChI-
nacHo opmynara:

4 . Gpoii BepHH OTTOBOPH,
MOJy4YeHH TPH pelliaBaHeTo Ha TecTa

2+

Onenka
Gpoii BepHH OTTOBOPH HA TeCTa

W3BOIU

Cuunrame, 4e NpeAIoKEHUST TOAX0] MOXKe /1a
ce MPWIOXKHU IPHU JOPYTU CTAHZAPTHU TECTOBE
cliel HeoOXOIMMHTE TPOMEHH B TIPOTrpaMara.
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N3CJIEJBAHE HA CTPYKTYPHOTO PABHOOBPA3HUE U Bb3MOKHA MEXAHU3MH
HA JEUCTBHUE HA AJIIEXUJIUTE B EINECS BA3ATA JJAHHH OTHOCHO OCTPA
BOJHA TOKCHUYHOCT
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INVESTIGATION OF THE STRUCTURAL DIVERSITY AND POSSIBLE MECHANISMS
OF ACTION OF THE ALDEHYDES IN EINECS DATABASE FOR ACUTE AQUATIC
TOXICITY

Yana Koleva
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ABSTRACT

Aldehydes are carbonyl compounds, which are able to interact with proteins, enzymes and DNA
through various mechanisms, and are able to stimulate a range of environmental toxicity and adverse
health effects. The structural diversity of the aldehydes is major, suggesting a variety of possible
mechanisms of action of acute aquatic toxicity. At the same time the experimental data for these com-
pounds are limited, which reduces the ability to find all possible structure-activity relationshipsfor the
acute aquatic toxicity. In the present study the structural diversity of the aldehydes will be investigated
with experimental data for acute aquatic toxicity and EINECS database. Also, the possible mecha-
nisms of action and consequently the formation of reactive categories of the aldehydes will be ex-
plored with experimental data (Tetrahymena pyriformis) and database as EINECS.

Key words. aldehydes, reactive category, acute aquatic toxicity, Tetrahymena pyriformis, EINECS
database

INTRODUCTION used to generate this information, REACH has
provisions to use, amongst others, alternative tes-
Aldehydes are used primarily as synthetic in-  ting strategies to fill in the toxicity data gaps.
termediates, but many are also used in significant ~ These alternative testing strategies include in vi-
quantities for applications that are expected to  tro, in chemico and in silico methods. This is ex-
result in both human and environmental expo- pected to reduce the number of experimental
sure. For example, aldehydes are used in the pro-  animals used, and also to save time and costs [2].
duction of alcohols, carboxylic acids, agricultural Aldehydes are of special interest to industrial
chemicals, pharmaceuticals, disinfectants, dyes, and regulatory toxicologists, because at lower
detergents, food additives, catalysts for cross-  concentration they are more toxic than their non-
linking polymers, and fragrance chemicals [1].  reactive counterparts of equal hydrophobicity.
Therefore, they are among the most numerous  Nucleophilic groups in proteins and nucleic acids
chemicals in global inventories (EINECS, TSCA  are the most likely sites of their action. The cova-
and others). In the framework of the new Euro- lent binding to biological macromolecules can
pean Union (EU) regulation Registration, explain the enhanced acute toxicity, skin sensiti-
Evaluation, Authorisation and Restriction of  zation, mutagenicity, and carcinogenicity [1].
Che-micals (REACH), risk assessment of indus- A conceptual framework is shaping a study
trial chemicals is a very important issue in the  of toxicity pathways to develop a more useful
upcoming decade [2]. REACH requires industry  distinction between the quantitative structure-
to provide toxicity information for the chemicals  activity relationships (QSAR), based on intrinsic
listed on the European Inventory of Existing chemical interactions with models of biological
Chemical Substances (EINECS) [3], with annual ~ systems that link those interactions to down-
production volumes of at least 1 ton. Due to the  stream adverse effects [4]. The framework was
potentially large numbers of animals that may be  developed from the realisation that the majority
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of industrial chemicals are designed for purposes
other than to exhibit potent biological activities.
Except for reactive chemicals, industrial chemi-
cals generally lack the structural attributes neces-
sary to initiate specific toxicity pathways.
Chemicals lacking the intrinsic capacity to bind
selectively to critical biological receptors are not,
however, inert. These chemicals, arguably the
majority of industrial chemicals, interact with
biological systems through much weaker and re-
versible hydrophobic interactions. Non-specific
toxicity from hydrophobic interactions is called
‘narcosis’ [5] regardless of the chemicals causing
it.

H R
N —

N:

H 0

Scheme 1. Reaction of Schiff base formation

Depending on the presence of other adjacent
groups, the mechanism of toxic action by alde-

H

Enz’

Reactive electrophilic chemicals fall natura-
Ily into several mechanistic domains based on
classic organic reaction chemistry. The major do-
mains are Michael type acceptor, SyAr, S\ S
Schiff base formation, and acyl transfer [6].

Whereas narcosis-type mechanisms are the
result of reversible reactions with biomolecules
because of weak interactions, aldehydes can eli-
cit their toxic effects as electrophiles via covalent
bond rearrangement, forming Schiff base with
amino groups in biological macrmolecules [7]
(Scheme 1).

hydes can be more complex (for example, Mi-
chael-type addition) [7] (Scheme 2).

Characteristic: double or triple bond where X = electron withdrawing substituent.

Scheme 2. Reaction of Michael-type addition

The presence of halogen atoms at the B-position
increases aldehyde reactivity [7] (Scheme 3).
Furthermore, alteration of the outlined me-

EY -
O

S~
<

Scheme 3. Reaction of Nucleophilic substitution.

The aim of this study was to research the
structural diversity of the aldehydes with expe-
rimental data for acute aquatic toxicity (Tetra-
hymena pyriformis) and the EINECS database
(without experimental data), and the possible
mechanisms of action, respectively.

EXPERIMENTAL

A list of aldehydes were extracted with ex-
perimental data (98 compounds) to Tetrahymena
pyriformis for acute aquatic toxicity and without
experimental data (the EINECS database) — 1082
compounds.
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chanisms of toxic action can be expected because
of electronic effect or bulkiness of other adjacent

groups [1].

;/ h //», O

- .
v

Enz-_
S

Acute Aquatic Toxicity Data. Toxicity values
to Tetrahymena pyriformis for the aldehydes we-
re obtained from the literature [8]. Population
growth impairment was assessed after 40 h with
the common ciliate T. pyriformis. This assay was
conducted following the protocol described by
Schultz [9].

Log P. Data for the logarithm of the 1-oc-
tanol-water partition coefficient (log P) were ob-
tained from the KOWWIN software [10]. Where
possible measured log P values were verified and
used in preference to calculated values.

Excess toxicity. The aldehydes are of special
interest as they are often found to have toxicity



in excess of baseline. This property - excess tox-
icity - was used to define the reactive toxicity of
these chemicals [7]. The nonpolar narcosis base-
line QSAR model (saturated alcohols and ke-
tones) for the ciliate Tetrahymena pyriformis is
[11]:

log(1/1GCs) = 0.78 log P - 2.01
where
n=287, R =0.96,s=0.20, and F = 2131

@)

and the extent of excess toxicity was determined
as the toxic ratio (TR), which was calculated by
the following equation [7, 12]:

TR =log(1/ 1GCsp)exp - log(1/ 1GCsp)calc (2)

EINECS database. The EINECS list contains
100 204 compounds and for each compound, the
following information is included: name, chemi-
cal abstracts service (CAS) number, EINECS
number, and molecular formula [13]. In the
EINECS database was found 1082 compounds
containing carbonyl group (aldehyde group (-
CHO)) in the structure.

(QSAR Application Toolbox. The software
used in this study for investigation of the struc-
tural diversity and possible mechanisms of action
of the aldehydes is (Q)SAR Application Tool-
box. The Toolbox is a software application in-
tended to be used by governments, chemical in-
dustry and other stakeholders in filling gaps in
(eco)toxicity data needed for assessing the haz-
ards of chemicals. The Toolbox incorpo-rates in-
formation and tools from various sources into a
logical workflow. Crucial to this work-flow
is grouping chemicals into chemical categories.
The crucial features of the Toolbox are:
a) Identification of relevant structural charac-
teristics and potential mechanism or mode of ac-
tion of a target chemical. b) Identification of
other chemicals that have the same structural
characteristics and/or mechanism or mode of ac-
tion. ¢) Use of existing experimental data to fill
the data gap(s) [14].

ECcoSAR classification. ECOSAR software is a
user-friendly computer programme developed
and routinely applied by the US EPA for predict-
ing aquatic toxicity to fish, daphnids and algae
[15]. This software was used for grouping of the
chemicals.
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RESULTS AND DISCUSSION

Aldehydes make up a group of relatively re-
active organic compounds, characterized by the
presence of a polarized carbon-oxygen double
bond. Because of the marked difference in elec-
tronegativity between the oxygen and the carbon
atom, the carbonyl carbon reacts easily with nuc-
leophiles.

EcoSAR classification of chemicals in the
EINECS database. The EcoSAR software clas-
sified the 100 204 compounds into classes. For
compounds containing more than one functional
group, EcoSAR lists all the functional groups
that it can identify in a molecule and may assign
more than one functional class to a specific
molecule. This research study the structural di-
versity of aldehydes in database with experimen-
tal data (Tetrahymena pyriformis) and without
experimental data (EINECS), and their probable
mechanisms of action, respectively. Therefore, a
further grouping of aldehydes will be necessary.

The number of aldehydes, which were found
to Tetrahymena pyriformis for acute aquatic tox-
icity is 98 compounds. In the EINECS database
was extracted 1082 aldehydes. The comparison
between the two databases (with and without ex-
perimental data) found that 92 aldehydes are
common. This shows that approximately 9 per-
cent of the aldehydes in the EINECS database
are found to Tetrahymena pyriformis for acute
aquatic toxicity.

Excess toxicity. All organic chemicals have
the potential to cause narcosis. There are several
modes of action for acute aquatic toxicity. For
example, narcosis is where the fish become le-
thargic and then comatose. For the reactive
mode(s) of toxic action, where toxicity is ob-
served to be in excess of narcosis, the me-
chanism is reaction chemistry-based, involving
covalent modification of proteins [7, 16]. In ge-
neral, chemicals which have a more specific
mode of action, especially hydrophilic ones, pro-
duce greater toxicity than that expected from ba-
seline non-polar narcosis. These chemicals often
contain specific structural fragments responsible
for their mechanism of action [6]. Toxicity of al-
dehydes (98 compounds) to Tetrahymena pyri-
formis varied uniformly over 3 orders of magni-
tude. The excess toxicity of these compounds is
demonstrated clearly in Figure 1 where toxicity
is observed to be not related to hydrophobicity
and clearly in excess of baseline toxicity.
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Fig. 1. Plot of toxicity to Tetrahymena pyriformis vs log P for aldehydes showing baseline toxicity.

Classification of aldehydes by structural fea-
tures. Aldehydes are able to be divided in differ-

ent structural groups according to their chemical
features Tables 1 and 2.

Table 1. Structural classification of aldehydes with experimental values (Tetrahymena pyriformis) and

possible mechanisms of action for acute aquatic toxicity

EcoSAR  Common structure  Functional groups in the common struc-  Possible mechanism of
class of aldehyde ture action(s)
[6,7, 14, 16-18]
Aldehydes  Aliphatic aldehydes
Aldehydes H-atom; Saturated hydrocarbon chain Schiff base formation
Aldehydes Saturated hydrocarbon chain and ether group Schiff base formation
Aldehydes a,B-Unsaturated aldehydes Michael-type nucleophilic
addition;
Schiff base formation
Aldehydes Unsaturated carbonyl compounds (different Schiff base formation
from a,p-UCC)
Aldehydes  Aromatic aldehydes
Aldehydes Aromatic part and carbonyl group Schiff base formation
Aldehydes X= -F,-Cl,-Br,-I (one or more) Schiff base formation
Aldehydes X=-OH (one or more) Schiff base formation
Phenols
Aldehydes X=-NO, (one or more) Schiff base formation
Aldehydes X=-CN (one or more) Schiff base formation
Aldehydes X=-CHan+1 (0ne or more) Schiff base formation
Aldehydes X=-0OH (one or more) Schiff base formation
Phenols Y= -F,-Cl,-Br,-I (one or more)
Aldehydes X=-R(Ar)OR(Ar) (one or more) Schiff base formation
Aldehydes X= - NO; (one or more) Schiff base formation
Y= -F,-Cl,-Br,-1 (one or more)
Aldehydes X=-NHj; - NHR; -NR; (one or more) Schiff base formation
Aldehydes X=-OH (one or more) Schiff base formation
Phenols Y=-R(Ar)OR(Ar) (one or more)
Aldehydes X=-NO, (one or more) Schiff base formation
Phenols
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Aldehydes
Phenols

Y=-OH (one or more)

X=-0OH (one or more)
Y=-R(Ar)OR(Ar) (one or more)
Z=-F,-Cl,-Br,-1 (one or more)

Schiff base formation

“Substituents: X, Y, Z

Classification of aldehydes by mechanism of

toxic action. Aldehydes elicit their toxic effectas  (Tables 1-2).

electrophiles via covalent bond rearrangement

Table 2. Structural classification of aldehydes without experimental values in EINECS database and

possible mechanisms of action for acute aquatic toxicity

EcoSAR Common struc-  Functional groups in the common structure  Possible mechanism of
class ture of aldehyde action(s)
[6,7, 14, 16-18]
Aldehydes Aliphatic alde-
hydes
Aldehydes H-atom; Saturated hydrocarbon chain Schiff base formation
Aldehydes Saturated hydrocarbon chain and hydroxyl Schiff base formation
group(s)
Aldehydes Saturated hydrocarbon chain and halogen Schiff base formation;
group(s) Nucleophilic substitution
Aldehydes Saturated hydrocarbon chain and ether group(s) Schiff base formation
Aldehydes Saturated hydrocarbon chain, hydroxyl and ether Schiff base formation
group(s)
Aldehydes Saturated hydrocarbon chain and (carboxyl)ester Schiff base formation
group(s)
Aldehydes Saturated hydrocarbon chain, hydroxyl and car- Schiff base formation
boxyl group(s)
Aldehydes Saturated hydrocarbon chain, epoxy group(s) Schiff base formation
Aldehydes a,B-Unsaturated aldehydes Michael-type nucleophilic
addition;
Schiff base formation
Aldehydes a,B-Unsaturated aldehydes, halogen and car- Michael-type nucleophilic
boxyl group(s) addition;
Schiff base formation
Aldehydes a,p-Unsaturated  aldehydes and  carboxyl Michael-type nucleophilic
group(s) addition;
Schiff base formation
Aldehydes Unsaturated carbonyl compounds (different Schiff base formation
from a,p-UCC)
Aldehydes Unsaturated carbonyl compounds (different Schiff base formation
from a,-UCC) and ether group(s)
Aldehydes Unsaturated carbonyl compounds (different Schiff base formation
from a,B-UCC) and hydroxyl group(s)
etc
Aldehydes Aromatic alde-
hydes
Aldehydes Aromatic part and carbonyl group Schiff base formation
Aldehydes X=-R(Ar)OR(Ar) (one or more) Schiff base formation
Aldehydes X=-OH (one or more) Schiff base formation
Phenols
Aldehydes X=-C,Haq+1 (One or more) Schiff base formation
Aldehydes X= -F,-Cl,-Br,-1 (one or more) Schiff base formation
Aldehydes X= -F,-Cl,-Br,-I (one or more) Schiff base formation

Y=-SO3H (one or more)
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Aldehydes X=-SO3H (one or more) Schiff base formation

Aldehydes X=-OH (one or more) Schiff base formation
Phenols Y= -F,-Cl,-Br,-I (one or more)

Aldehydes = -NHj,; - NHR; -NR; (one or more) Schiff base formation

= -CyHan41 (ONe or more)

Aldehydes X=-OH (one or more) Schiff base formation
Phenols = -CyHan41 (ONe or more)

Aldehydes X=-OH (one or more) Schiff base formation
Phenols =-NO, (one or more)

Aldehydes X=-NO, (one or more) Schiff base formation

Aldehydes = -NHj,; - NHR; -NR; (one or more) Schiff base formation

Aldehydes =-COOH etc Schiff base formation

“Substituents: X, Y, Z
CONCLUSIONS

The study shows that aldehydes are elect-
rophilic compounds which are demonstrated
great structural diversity in the database. They
can react with several types of nucleophiles.
Amino (-NH2), hydroxyl (-OH), and sulfhyd-ryl
(-SH) groups are the most important of these
from a biological point of view because they are
found in many biological macromolecules.
Therefore, the interaction of the electrophiles (al-
dehydes) with the nucleophiles place several me-
chanisms of action for acute aquatic toxicity, de-
pending on their structure — Michael-type nuc-
leophilic addition, Schiff base formation and Nu-
cleophilic substitution. Reactivity of aldehydes in
these mechanisms may change, depending on the
substituents in their structure. The examination
of their reactivity and mechanism of action for
acute aquatic toxicity is important to form reac-
tive categories of aldehydes.
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ABSTRACT

The structure of a,f-unsaturated aldehydes indicates that they may react by nucleophilic addition,
i.e. Michael-type nucleophilic addition as the initial molecular event to dlicit acute aquatic toxicity.
Thereis a limited number of experimental data on the endpoint (acute aquatic toxicity) of these com-
pounds but they are among the most numerous compounds in the global inventories. Therefore, there
is a growing need for use of non-testing, and in particular in silico, methods to provide information
about the basic physicochemical properties as well as their ecological and human health effects. The
aim of this study is to form a chemical category (a,5-unsaturated aldehydes) and the use of read-
across method to fill data gaps for these compounds in the EINECS database to aid regulatory toxico-

logical decision making.

Key words. a,f-unsaturated aldehydes, acute aquatic toxicity, Tetrahymena pyriformis, EINECS

database
INTRODUCTION

Chemical category formation and subsequent
read-across analysis have been suggested as be-
ing essential if the objectives of Registration,
Evaluation, Authorisation and Restriction of
Chemicals (REACH) are going to be achieved
without the excessive use of animals [1]. In
terms of the Organisation for Economic Co-
operation and Development (OECD) a chemical
category has been defined as “a group of chemi-
cals whose physicochemical and toxicological
properties are likely to be similar or follow a
regular pattern as a result of structural similarity,
these structural similarities may create a predict-
able pattern in any or all of the following pa-
rameters: physicochemical properties, environ-
mental fate and environmental effects, and hu-
man health effects [2-3].

The fundamental requirement for category
formation is the ability to assess how similar a
group of chemicals are that might form a cate-
gory. Unfortunately no single measure of chemi-
cal similarity exists which can be universally ap-
plied across any endpoint. Instead one can con-
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sider a number of general approaches that been
suggested to be beneficial in the formation of a
chemical category, with each one of them trying
to ensure that for differing scenarious the result-
ing category contains chemicals acting via same
mechanism of action [3].

A related approach to chemical similarity that
has been suggested to form useful chemical cate-
gories is the “mechanism-based approach”, with
it being suggested that a number of toxicological
endpoints can be understood in terms of a com-
mon initialising event, usually a chemical reac-
tion between an electrophilic chemical and a nu-
cleophilic side chain in either amino or nucleic
acids. A number of authors have documented
such approaches [4-6].

Electrophilic reactivity is an important issue
to understand and describe interactions between
xenobiotic toxicants and biochemical macromo-
lecules. o,B-Unsaturated aldehydes acting via
Michael-type reactions are considered to be par-
ticularly reactive. They are capable of forming ir-
reversible bonds with biological macromole-
cules, such as proteins or DNA molecules [7].
This covalent reactivity is known to result in a



number of toxic effects, including acute (aquatic,  which are characterised as having carbon-carbon
terrestrial and human) toxicity, allergenic reac-  double or triple bonds conjugated with electron
tions, mutagenicity, and carcinogenicity. Com-  withdrawing substituents (Scheme 1) [8].
pounds with an o,B-unsaturated carbonyl frag- The aim of this study was to form chemical
ment are very important industrial substances, category contains compounds (a,B-unsaturated
for example in the manufacture of polymers, tex-  aldehydes) of the EINECS database with Mi-
tiles, or auxiliary materials in medicine [8]. chael-type nucleophilic addition mechanistic

Type of chemical fragments associated with ~ domain and prediction for acute aquatic toxicity
this mechanism are called the Michael acceptors, by the read-across method.

H
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Characteristic: double or triple bond where X = electron withdrawing substituent.
Scheme 1. Reaction of Michael-type nucleophilic addition

EXPERIMENTAL and ketones) for the ciliate Tetrahymena pyri-
formisis [14]:

A list of a,B-unsaturated aldehydes were ex-
tracted with experimental data (23 compounds)  log(1/1GCso) = 0.78 log P - 2.01 (1)
to Tetrahymena pyriformis and without experi-
mental data (the EINECS database) for acute  where
aquatic toxicity — 230 compounds. _ _ _ _

Acute Aquatic Toxicity Data. Toxicity values n=87, R =0.96, s=0.20,and F = 2131
to Tetrahymena pyriformis for the o,B-unsatu-
rated aldehydes were obtained from the literature
[9]. Population growth impairment was assessed
after 40 h with the common ciliate T. pyriformis.
This assay was conducted following the protocol
described by Schultz [10].

ECcoSAR classification. ECOSAR software is a
user-friendly computer programme developed
and routinely applied by the US EPA for predic-
ting aquatic toxicity to fish, daphnids and algae
[11]. This software was used for grouping of the
chemicals.

Log P. Data for the logarithm of the 1-octa-
nol-water partition coefficient (log P) were ob-
tained from the KOWWIN software [12]. Where
possible measured log P values were verified and
used in preference to calculated values.

Excess toxicity. The a,p-unsaturated aldehy-
des are of special interest as they are often found
to have toxicity in excess of baseline. This pro-
perty - excess toxicity - was used to define the
reactive toxicity of these chemicals [13]. The
toxicity of nonpolar narcotics is related directly
to the chemical’s hydrophobicity as described by
the logarithm of the 1-octanol-water partition co-
efficient (log P). Nonpolar type toxicity is also
called baseline toxicity [13]. The nonpolar nar-
cosis baseline QSAR model (saturated alcohols

and the extent of excess toxicity was determined
as the toxic ratio (TR), which was calculated by
the following equation [13, 15]:

TR =log(1/ IGCsp)exp - log(1/1GCsp)calc  (2)

EINECS database. The EINECS list contains
100 204 compounds and for each compound, the
following information is included: name, chemi-
cal abstracts service (CAS) number, EINECS
number, and molecular formula [16]. In the
EINECS database was found 230 of 1082 alde-
hydes containing a,B-unsaturated aldehyde frag-
ment in the structure.

Computational Chemical Calculations. All
calculations on chemical structure were per-
formed using the Gaussian03 package of pro-
grams utilizing the B3LYP/6-31G(d) level of
theory [17].

Electrophilicity index (w). The global elect-
rophilicity index (w) was then calculated for each
optimized chemical as shown by egs 3-5. The in-
dex is derived from chemical potential (u) and
chemical hardness (n), which in turn have been
shown to be related to the energies of the highest
molecular orbital and the lowest unoccupied or-
bital (egs 4 and 5) [18].
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electrophilicity index (w) = p’/2n 3)
in which 1 = (Eromo + ELumo)/2 4
N = ELumo - Enomo (%)

where Eqomo and Eumo are the one-electron en-
ergies of the highest occupied and lowest un-
occupied molecular orbitals respectively.

Read-across predictions. Read-across predict-
tions for the chemicals in Table 1 were made us-
ing the following methodology [19]. To make a
prediction for a ‘test chemical’, undertaken were
the following steps: 1) The electrophilic index
(w) was calculated for a database of chemicals in
the next mechanistic domain (Michael addition)
with known measured and non measured values.
The mechanistic domains of database were ran-
ked based on @ (Table 1). 2) The two closest
chemicals to the ‘test chemical’ in terms of elec-
trophilicity () were selected, one with a lower o
value and the other with a higher o value. Given
that the database was ranked by w, the closest
chemical with lower electrophilicity will be the
chemical immediately preceding the ‘test chemi-
cal’, while the closest chemical with greater elec-
trophilicity will be the one immediately follow-
ing the ‘test chemical’. 3) Linear extrapolation
between ® and measured values (log(1/1GCsp)
using the two closest chemicals selected in step 1
allowed a prediction to be made for the ‘test
chemical’ on the EINECS database. This step is
equivalent to plotting ® against measured values
(log(1/1GCsy)) for the two closest chemicals and
using the o value of the “test chemical’ to predict
its log(1/IGCsp) value.

RESULTS AND DISCUSSION

a,p-Unsaturated aldehydes belong to the Mi-
chael type acceptor mechanistic domain. These
compounds are a group that contains a number of
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relatively reactive organic compounds that are
characterized by the presence of a polarized car-
bon-oxygen double bond. Those that possess a
double bond between carbons 2 and 3 (o and B)
are conjugated with the carbonyl group, the B-
carbon is positively polarized and become the
preferred site of nucleophilic attack.

EcoSAR classification of chemicals in the
EINECS database. The ECoSAR software clas-
sified the 100 204 compounds into classes. For
compounds containing more than one functional
group, EcoSAR lists all the functional groups
that it can identify in a molecule and may assign
more than one functional class to a specific
molecule. This research study the a,B-unsa-
turated aldehydes in database with experimental
data (Tetrahymena pyriformis) and without ex-
perimental data (EINECS). Therefore, a further
grouping of aldehydes will be necessary.

Number of Michael acceptors (o,p-unsatu-
rated aldehydes) found in the database with ex-
perimental data for Tetrahymena pyriformis are
23 of 98 aldehydes and 230 unsaturated alde-
hydes of 1082 aldehydes in the EINECS data-
base.

Excess toxicity. All organic chemicals have
the potential to cause narcosis. There are several
modes of action for acute aquatic toxicity. For
the reactive mode(s) of toxic action, where toxic-
ity is observed to be in excess of narcosis, the
mechanism is reaction chemistry-based, involv-
ing covalent modification of proteins [13, 20]. In
general, chemicals which have a more specific
mode of action, especially hydrophilic ones, pro-
duce greater toxicity than that expected from
baseline non-polar narcosis. These chemicals of-
ten contain specific structural fragments res-
ponsible for their mechanism of action [4]. Tox-
icity of o,p-unsaturated aldehydes (23 com-
pounds) to Tetrahymena pyriformis varied uni-
formly over 2.5 orders of magnitude. The excess
toxicity of these compounds is demonstrated
clearly in Figure 1 where toxicity is observed to
be not related to hydrophobicity and clearly in
excess of baseline toxicity.
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Fig. 1. Plot of toxicity to Tetrahymena pyriformis vs log P for o,-unsaturated aldehydes showing

baseline toxicity.

Read-across predictions. A number of au-
thors have demonstrated the use of mechanistic
categories (rather than chemical class-based
categories) for acute aquatic toxicity [20, 21].
Five principle organic chemistry mechanisms
can be used as the basis for categorisation [22].
A possible mechanism of action of a,p-unsa-
turated aldehydes which will be researched in
this study for acute aquatic toxicity is Michael-
type nucleophilic addition. Methods to enable
chemicals to be assigned to these so-called reac-
tive mechanisms have been published in the lite-
rature [19, 20] and included in the OECD
(Q)SAR Application Toolbox which is freely
available from the OECD website [23]. Addi-

tional studies have highlighted the ability of
read-across method to fill data gaps within this
reactive mechanism for acute aquatic toxicity
[21]. The current study (some examples) demon-
strated the ability of a computational measure of
electrophilicity in making quantitative read-ac-
ross prediction for a series of a,B-unsaturated al-
dehydes on the EINECS database within the Mi-
chael mechanistic domain by experimental data
of a,B-unsaturated aldehydes to Tetrahymena py-
riformis.

Examples of the acute toxic predictions on the
EINECS database for ao,B-unsaturated aldehydes
are shown in Table 1.

Table 1. Some examples of acute toxic prediction of o,B-unsaturated aldehydes on the EINECS data-
base by the read-across method

NAME EcoSAR  logP o, Exp. Totic a,p- Pred.

classifica [eV] T. pyri- Ratio unsatura  T. pyrifor

tion formis (TR) ted alde- mis

log(1/ hydes in log(1/

IGCso), EINECS  IGCsy),

[mmol/l] database [mmol/l]

3-Phenyl-2- Aldehydes 1.818 2.098 0.68 1.28 available NP
propenal

2,4-Hexadienal ~ Aldehydes 1.369 1.98 0.754 1.70 available 0.744

2,4-Heptadienal ~ Aldehydes 1.86 1.96 0.862 1.43 available 0.917

3-(4-Hydroxy-3-  Aldehydes 1.163 1.857 available 0.879
methoxy-
phenyl)-2-
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propenal

2- Aldehydes 3.839 1.85
(Phenylmethyle
ne)hexanal
2- Aldehydes 4.821 1.844
(Phenylmethyle
ne)octanal
2-Propenal Aldehydes 0.189 1.843
2- Aldehydes 4.33  1.839
(Phenylmethyle
ne)heptanal
2,6,6- Aldehydes 2.9 1.796
Trimethylcyclo
hexa-1,3-dienyl
methanal
2-Methylenebuta  Aldehydes 1.227  1.67
nal
2-Butenal Aldehydes 0.601 1.658
2-Pentenal Aldehydes 1.092 1.621
2-Hexenal Aldehydes 1.584 1.608
4-Methyl-2- Aldehydes 151  1.603
pentenal
2-Octenal Aldehydes 257  1.597

available 0.88
available 0.882
1.873 3.28 available 0.8817
available 1.851
available 1.612
0.911 1.96 not avail- 0.928
able
0.7 2.25 available 0.751
0.66 1.83 not avail- 0.744
able
0.76 1.54 available NP
available NP
available NP

NP means a prediction has not been made as
there is not a chemical more electrophilic (larger
) or less electrophilic (smaller ) in this exam-
ple database.

This study was to assess the ability of elec-
trophilicity index () to offer a quantitative, che-
mically interpretable, electrophilic ranking of a
series of Michael acceptors (o,p-unsaturated al-
dehydes) with measured or nonmeasured value
for acute aquatic toxicity. The ability of this ran-
king to be used as a method to perform mecha-
nistic read-across was investigated for acute
aquatic toxicity on the EINECS database (some
examples are given in Table 1).

CONCLUSIONS

The use of calculated electrophilicity to ma-
ke read-across prediction of a,B-unsaturated al-
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dehydes on the EINECS database demonstrated
that for good quality, interpretable predictions to
be made requires subtle mechanistic understand-
ing and appropriate categories to be formed. The
determination of mechanism of electrophilic
compounds (a,B-unsaturated aldehydes) in the
acute aquatic toxicity is an important step to al-
low for the correct application of mechanism-
based read-across on an inventory.
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ABSTRACT

Chitin has been extracted from different marine crustacean from the Black Sea. The content of the
various exoskeletons has been analyzed and the percent of inorganic salts, proteins and chitin were
determined. The experimentally prepared chitins were characterized by FTIR spectroscopy. It was
found that the secondary amide groups in the biopolymer were associated with trans-configuration of

the corresponding structural fragments.

Key wards: Chitin, demineralization, deprotenization, FTIR spectroscopy

INTRODUCTION

About 45% of processed seafood consists of
shrimp, the waste of which is composed of exo-
skeleton [1]. The accumulation of latter poses
some environmental problems. This waste repre-
sents 50-70% of the weight of the raw material;
however it contains valuable components such as
protein and chitin (CH) [2]. Chitin, next to cellu-
lose, is the second most common polysaccharide
on Earth, with a yearly production of approxi-
mately 1010-1012 tons. This biopolymer con-
sists of a linear chain of linked 2-acetoamido-2-
deoxy-/-D-glucopyranose units.

Chitin is usually isolated from the exoskeletons
of crustacean, mollusks, insects and certain
fungi. Three different polymorphs of chitin are
found in nature; the ea-chitin, being the most
common structure and corresponding to tightly
compacted orthorhombic cells formed by alter-
nated sheets of antiparallel chains [3]; the
[-chitin, adopts a monoclinic unit cell where the
polysaccharide chains are disposed in parallel fash-
ion [4]; and schitin, in which, an arrangement of
two parallel and one antiparallel sheets has been
proposed [5]. Roberts [2] has suggested that
chitin can be a combination of o~ and p-
structures rather than as a different polymorph.
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o-Chitin is usually isolated from the exo-
skeleton of crustaceans and, more particularly,
from shrimps and crabs. -Chitin can be obtained
from squid pens, while jchitin exists in fungi
and yeast. Since chitin has a compact structure, it
is insoluble in most solvents. Therefore, the
chemical modifications of chitin should be per-
formed. The most common derivative is chito-
san, derived by partial deacetylation of chitin.
When the degree of deacetylation reaches higher
values than 50%, chitosan becomes soluble in
acidic aqueous solutions, due to the presence of
amino groups, and it behaves as a cationic polye-
lectrolyte.

Potential and usual applications of chitin and
its derivatives, mainly chitosan, have been esti-
mated [6]. These polymers possess antimicrobial
activity, and are biocompatible and biodegradable
[7]. They display a wide range of applications in
different fields, e.g. in cosmetics, agriculture,
food, pharmacy, biomedical, paper industry and
also as absorbent materials for wastewater treat-
ment [8-10]. Chitosan has been used to modify
the surface of nonwoven fabrics and polypropyl-
ene films to improve antimicrobial properties
[11,12].

Several techniques to extract chitin from dif-
ferent sources have been reported. The most
common method is referred to the chemical pro-
cedure (Scheme 1). The chemical method for
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Scheme 1. Isolation of chitin from marine sources

isolation of chitin from crustacean shell biomass
involves major steps such as elimination of inor-
ganic matter (mainly calcium carbonate) in dilute
acidic medium (demineralization). Usually dem-
ineralization is accomplished by using HCI fol-
lowed by extraction of protein matter in alkaline
medium (deproteinization). The latter is tradi-
tionally done by treating shell waste with aque-
ous solutions of NaOH. The effectiveness of
alkaline deproteinization depends on the process
temperature, the base concentration, and the ratio
of its solution to the shells. As an alternative to
the chemical process, a biological process using
microorganisms has been valuated for the dem-
ineralization [13] and the deproteinization [14].
Recovery of the protein fraction in the shrimp
waste by enzymatic hydrolysis has been widely
investigated [15-17].

The aim of the present work was to isolate the
useful polymer chitins from the marine sources
in the Black Sea shelf of Bulgaria. The experi-
mentally prepared chitins were characterized by
means of FTIR spectroscopy.

METHODS

1. Extraction of chitin
1.1. Raw materials preparation

The different local resources used to extract
chitin are described in Table 1. The shells of
these species were scraped free of loose tissue,
washed, dried, and grounded to pass through a
0.315-0.5 mm sieve. Then they were subjected to
demineralization and deproteinization (Scheme 1).
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1.2. Demineralization

Demineralization was carried out in dilute
HCI solution. The mineral content in the exo-
skeleton of crustacean is not the same for each
species treatments. All species were treated with
7% HCI solution at ambient temperature with a
solution to solid ratio of 10 ml/g. The resulting
solid fraction was washed with distilled water
until neutral pH was achieved. Then the demin-
eralized samples were dried and weighed. The
treatments with hydrochloric acid and their dura-
tions (24-72 h) depend on the nature of species.
The emission of CO, gas was found to depend
upon the mineral content of different species and
the penetration in shell's mass. The CO, emission
was higher in the case of rapana, mussel and
snail rather than with other species because the
mineral content in the former was larger.

Table 1. Crustaceans form of the Black Sea
(Bulgaria)

Chitin source  English name  Average

(Latin name) length (cm)

Liocarcinus Crab shell 15

vernalis (CH-Cr)

Caridea Shrimp shell 4
(CH-Ss)

Rapana Rapana 8

thomasiana (CH-Rt)

Mytilusedulis ~ Mussel 7
(CH-M)

Helix pomatia  Snail (CH-Sn) 15




1.3. Deproteinization

Deproteinization of chitin was carried out us-
ing 10% NaOH at 60 °C. The treatment was re-
peated several times. The absence of proteins
was indicated by the absence of color of the me-
dium at the last treatment, which was left over-
night. Then the resulting solution was washed
with water to neutrality and with hot ethanol
(10 ml/g). The purified chitin was dried at 50 °C
to constant weight. The protein content was de-
termined from the weight differences of demin-
eralized sample and that of the chitin obtained
after alkaline treatments.

2. Fourier transform infrared spectroscopy
(FTIR)

IR spectra of chitins obtained from different
sources were recorded with a Tensor 27 Fourier
transform infrared spectrometer (Germany). The
spectral region between 4000 and 400 cm™ was
scanned. Specimens prepared as KBr pellets
were used. Dried, powdery chitin was mixed
thoroughly with KBr and then pressed in vacuo
to homogeneous disc with a thickness of 0.5 mm.
The chitin concentration in the samples was 2%,
which was calculated with respect to KBr.

3. RESULTS AND DISCUSSION

3.1. Chemical composition of raw material
of crustacean shells

Chitin was isolated from five sources
(crab shell, shrimp shell, rapana, mussel and
snail), all from the Bulgarian shelf of Black Sea.
The experimentally established chemical compo-
sition of the source materials is shown in Table 2.

Table 2. Content of mineral substances, proteins
and chitin in raw shells from local crus-
taceans (Black Sea)

Chitin CaCO, Proteins Chitin
source % % %
CH-Cr 45.85 16.31 37.84
CH-Ss 48.47 27.40 24.13
CH-Rt 96.08 0.74 3.18
CH-M 94.92 0.52 4.56
CH-Sn 97.14 0.45 241

The percentage of inorganic matter, mainly
consisting of CaCOj3, was found to be the lowest
in CH-Cr (45.85%), also in CH-Ss (48.47%) and
the highest in CH-Sn (97.14%). On the other
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hand, Mytilus edulis (CH-M) and Helix pomatia
(CH-Sn) were found to have the lowest levels of
proteins (0.52% and 0.45%, respectively). As can
be seen from Table 2, the lower the content of
inorganic matter in raw shells, the higher was the
yield of experimentally prepared chitin, i. e.
37.84% and 24.13%, respectively. The lowest
yield of chitin was obtained from the snail spe-
cies (2.41%).

3.2. Chitin characterization

Various absorption bands within the 4000-
400 cm™ range were recorded in the FTIR spec-
tra of chitin, prepared from shrimp shell (CH-Ss)
and crab shell (CH-Cr) [18-25]. These bands
were compared with those of standard chitins
(CH-Ss and CH-Cr) from Sigma-Aldrich. As can
be seen from Table 3, the absorption bands of
experimentally prepared chitins are identical to
those of standard chitins.

Different stretching vibration bands were ob-
served in the range 3450-2890 cm™ related to
v(N-H) in secondary amides, i. e. in NHCOCH;
groups (Figure 1, Table 3) [21-23]. The band at
3445-3448 cm™ could be assigned to v(N-H),
v(O-H) and v(NH;) which functionalities were
present in chitin in different relative content; the
primary amino groups were found to be of the
least concentration. The band at 3265-3267 cm™
is associated with v(N-H) in secondary amides
only with trans-configuration and usually is due
to the formation of linear associates [22]. trans-
Configuration of NH-CO group in chitins was
confirmed additionally by the lower - intensity

Fig. 1. FTIR spectra of experimental chitins pre-
pared from Shrimp shell-CH-Ss (A) and
from Crab shell-CH-Cr (B)



Table 3. Characteristic absorption bands in the FTIR spectra of standard and experimentally

prepared chitins

Wave number, v (cm™)

Neo Chitin from CH-Ss Chitin from CH-Cr Vibration modes
Standard Experimental Standard  Experimental

v(NH) non assoc. in sec. amides

1 3445 3446 3448 3444 v(NH,) assoc. in primary amines
v(OH) assoc. in pyranose ring

2 3965 3967 3967 3967 v(NH) assoc. in trans-secondary
amides

3 3106 3109 3110 3109 v(NH) assoc. incis- and trans-
secondary amides

4 2961 2961 2961 2961 vas(CH3) in NHCOCHS; group

5 2932 2931 2929 2931 vas(CHy) in CH,OH group

6 2891 2891 2891 2892 v(C-H) in pyranose ring

7 1661-1629 1659-1626 1657-1627  1659-1628 v(C=0) in NHCOCHS; group (Am-

1629 (shouder) (doublet) 1627 (shouder) (doublet) ide I band)

v(C-N) + 3(N-H) in NHCOCH;

8 1559 1559 1559 1560 group (Amide 11 band)

9 1418 1417 1418 1417 8(CH,) in CH,OH group

10 1379 1379 1379 1379 3s(CH3) in NHCOCHj; group

11 1315 1315 1316 1316 d(C-H) in pyranose ring
complex vibrations of NHCO

12 1261;1205 1261;1204 1262;1205 1262;1205 group (Amide I11 band in sec.
amides only)

13 1158 1157 1157 1158 vs(C-O-C) (glycosidic linkage)

14 1117 1116 1116 1117 vas(C-O-C) (glycosidic linkage)

15 1074 1074 1073 1075 v(C-0) in secondary OH group

16 1027 1028 1029 1027 v(C-0) in primary OH group

17 952 954 952 954 pyranose ring skeletal vibrations

18 751 750 751 751 S(NH) out of plane

19 701 703 703 704 d(OH) out of plane

band at 3106-3110 cm™. The presence of methyl
groups in NHCOCHS;, methylene groups in
CH,OH and methyne groups in pyranose ring
was proved by the corresponding stretching vi-
brations of these groups in the range 2961-2891 cm*
(Figure 1, Table 3).

In the FTIR spectra of chitins, two character-
istic bands for NHCOCH; group were registered.
The first one, known as Amide | band, shows a
well defined peak at about 1660 cm™ with a mi-
nor peak (or shoulder) at 1626-1629 cm™. The
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doublet mode of Amide | band is attributed to the
occurence of intermolecular hydrogen bonds
from the type C=0...HN and, also, intramolecular
ones such as C=0...HOCH, [18,19,22]. In the
experimentally prepared chitin, this doublet was
more pronounced than in the standard one, which
proves the higher degree of morphological ar-
rangement (higher degree of crystalline order) in
the former [24]. The second band (Amide II) is
located at 1559 cm™, which corresponds to the
statement that, for the trans-secondary amides,



this band can be detected within the 1570-1530
cm™ interval, depending on the degree of inter-
molecular association between C=0 and N-H
groups [22]. Moreover, within the 1300-1200
cm™ region, the absorption bands at 1261 cm™
and 1205 cm™ were observed, which could be
assigned to complex vibrations of NHCO, with
characteristic frequencies for secondary amides
only [22].

The absorption bands within the 1420-700
cm™ region confirmed the presence of CHs;, CH,
and CH groups as well as the primary and secon-
dary OH groups, attached to the pyranose ring,
and the oxygen atoms in ether groups (Figure 1,
Table 3).

4. CONCLUSIONS

Chitin is prepared by using different local ma-
rine sources from Black Sea as starting materials,
and applying an appropriate treatment with di-
luted HCI and NaOH. The relative content of
mineral substances, proteins and chitin in these
sources is determined. The most convenient raw
material sources for preparation of chitin are
found to be crab shell (CH-Cr) and shrimp shell
(CH-Ss). By employing FTIR spestroscopy, all
functional groups in chitin macromolecules are
elucidated. It is found that the secondary amide
groups in the biopolymer are associated with
trans-configuration of the corresponding struc-
tural fragment.
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ABSTRACT

It is investigated the possibility for composites obtaining on the basis of the polyethene oxide and
sucrose depending on the quantitative proportion, mixing conditions and additionally modification of
the blends with different background. Through diffraction, thermal, spectroscopic and microscopic
control of number fundamental structure sensitive parameters it is studied the systems phase structure.

There is established number of peculiarities in the studied samples behaviour as well as specific
structural changes depending on the specimen modification conditions during the experiment. It is
supposed the existing of equimolar uncrystallizable composite between polyethene oxide and sucrose
that is stable in known temperature interval.

It is suggested a wide range of analyses intended for detail investigation of the possibility for ob-
taining of similar composites, as well as for detail investigation of their characteristics, stability and
structure.

Key words: polyethene oxide, sucrose, blends, complex formation.

BBBEJIEHUE BOPHUMOCT BbB BOJIa U CbBMECTUMOCTTA Ha BOJ-

HUTE UM Pa3TBOPU B LIETUS BH3MOXKEH KOHIICHT-

CMecuTe Ha HUCKO- M BUCOKOMOJIEKYIIHU Chb-  PAlMOHEH W TeMIIepaTypeH MHTepBall. ToBa mo3-
eIUHEHNSI, TEXHU KOMITJICKCH WJIM CIIOXKHU KOM-  BOJISIBA JIETAMIIHO M3CIEABAHE U Ha BH3MOYKHOCT-
MO3UIMK OTKPUBAT HEIOI03UPAHN Bh3MOXKHOCTH  Ta 33 KOMILJIEKCOOOpa3yBaHe MOCPECTBOM 00pa-
3a MoJyJaBaHe Ha HOBM MaTepHaIM C aTPaKTHB-  3yBaHe Ha BOMOpOAHH BpB3ku (H-Bpb3km) mex-
HU CBOMCTBa U mpuiiokeHue. [Ipm MHOTO OT TSIX 1y €TepHHUs KHUCIOPOAEH aToM OT MOJUMEpHaTa
€ BB3MOXKHO pealM3WpaHe Ha MPeIBapUTEIHO  BEpUra W MPOTOHWU3UPAHWUTE BOJOPOJIHU aTOMH

[UIAHUPaHHU JKETaHH W3MCHEHMs Ha mpobiema-  Ha 3axaposara [1-6].
THYHH CBOMCTBA HJIM TOBEACHUE MPH Olpeseie- CuHMSIT cTepuyeH (akTop, IMopaju Hempa-
HH YCIOBHS. BUIIHATa (OpMa Ha 3axapHara MOJIEKYJa, CHIIHO

IMpu nonuermieHokeuaa (ITEO) u 3axapo3ata  3aTpy[qHsBA MBJIHATA BB3MOXHA pealn3alus Ha
€IMH OT Ba)XHUTE pelliaBaHu MpobieMu e cuiHo-  H-BpB3kuTe U oOpazyBaHeTo Ha 100pe moapeaeH
TO CHW)KaBaHE Ha BHUCKO3UTETa, TEPMHYHOTO W  KPHUCTAJIM3HMpam] KOMIUIEKC. ToBa YCIOXKHSIBa
MEXaHHUYHO TOBEICHHE HA CMECH C HE3HAYHTENl-  CHJIHO EKCIIEPHMEHTa B METOHOJOTUYHO M METO-
HU KOJINYECTBA MOJIMMEP B CPABHEHUE C UACTaTa  JUYHO OTHOIICHHE, KAaKTO W HM3MBJIHEHHETO Ha
3axapo3a. Jlopu caMo To3u (akT pellaBa peulia  IJaBHaTa Lel 10 €BEHTYaJHOTO IOJIyyaBaHe U
TEXHOJIOTHYHH NPOOJIEMH U € eTHO3HauHa 000Cc-  OXapaKTepu3MpaHe Ha MOJIEKYJIHH KOMILIEKCH
HOBKa 3a €IHO BCe0OXBAaTHO U AeTaiinHo u3yda-  Mexnay IIEO u 3axaposara
BaHE Ha MOBEIECHHETO TEXHUTE OMHEPHU CMECH,

BB3MOXKHOCTTA 3a IIOJlyyaBaHE Ha pas3InYHU EKCIIEPUMEHT
KOMIUIEKCH M KOMIIO3UIIMU MEXIY TIX WIH C
TAXHO y4yacTHe. OcHOBeH MpobJieM B METOJUYHO OTHOILIEHHE

OcHoBaHue 3a MPOBEXKAaHE Ha HOI{O6HO MHO- IIpyu TE3U U3CJIEABAHUA € MaJIKaTa BEPOATHOCT 3a
r006emaBam0 H3CJICABaHE € ITbJIHATA UM pasT- NOJIy4aBaHC Ha IMO-JICCHUTE 3a U3CJICABAHC KPHC-
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Tanuupanm o0ekTH. ToBa 03HaYaBa MOHIKaBa-
He Ha e(EeKTUBHOCTTA Ha U3IMOJ3BaHE HA OCHOB-
HUTE MIPU CTPYKTYPHOTO OXapaKTepU3HPaHE AU-
(pakLMOHHN METOAM M METOAMKH. Jlumcarta Ha
BB3MOXHOCTTA 32 JUPEKTHO KAUe€CTBEHO U KOJIH-
YECTBEHO pErucTpUpaHe Ha TeMIepaTypHUTE
3aBUCHMOCTH Ha (Pa3oBUTE U CTPYKTYpHH H3Me-
HEHHUs IIPU HarpsiBaHe U OXJIAKAaHe Ha CMECH Ha
INEO u 3axapo3ara ¢ ynoOHaTa BUCOKOTEMIIEpa-
TypHa pPEHTTeHOBa MpaxoBa AH(paxTOMeTpus
(BTPIIA) 3aTpyaHsiBa H3yYaBaHETO HA MeXa-
HU3Ma M KMHETHKaTa Ha IPOLECUTe Ha CTPYK-
TypHa peopranusanusa. Hamara ce Bu3yaiHO
KOHTPOJIMpaHe MOBEJEHUETO Ha INPEIBapUTEIHO
pas3no3HaTUTE KOMIIOHEHTH IHOCPEICTBOM BHCO-
KOoTeMIlepaTypHa MOJIIPU3aHOHHA MHKPOCKO-
mus (BTIIM), uwmero wu3moi3BaHe MO3BOJSBA
MPEU3HO U3MEpPBaHe U Ha U3MEHEHHETO Ha HH-
TerpajHus MHTEH3UTET Ha IOJIApU30BaHaTa CBeE-
TIMHA OT KpucTanHata (asza. OnpenemnsHero,
B3aUMHOTO IOTBBP)KICHUE U MPELU3UPAHETO Ha
TEeMIIepaTypHO-BpEMEHHATa CYINEpPHO3ULUsI Ha
(a3oBUTE N3MEHEHUS Ha KOMIIOHEHTHTE M CMe-
cute ¢ BTTIM u JICK, B mupok TemmnepaTypeH u
KOHIICHTPAIIMOHEH MHTEPBaJ, NO3BOJISIBA TUIAHU-
paHeTO Ha PEHTTeHOBHS BHCOKOTEMIIEpaTypeH
excriepumenT. JICK mo3BonsiBa naeHTHHIHpa-
HETO Ha (a30BUA CbCTaB Ha HEKpHUCTAJIU3Upalla-
Ta Maca or cmecure, a PCA — u3MecHeHUsATa B
KpucTanHaTa (pa3a Ha KOMIIOHEHTHTE, ITOCPEICT-
BOM He I0-MaJIKO HH(POPMAaTHUBHUTE HHAUPEKTHU
W3CJIeABAaHUS Ha BIVIOBUTE AEBUALMU U U3MEHE-
HUE HAa MHTEH3UTETHHUTE CHOTHOIICHUS Ha OT-
IeTHA JUQGPAKIMOHHH OTPaXKEHHSA. YMEIO0TO
U3I0JI3BaHE Ha TaKuBa ClEeLU(DUIHU W3MEHEHUS
B I€OMETpUATa Ha UHTEH3UTETHOTO paslpeerne-
HEE Ha IU(PaKIIOHHATA KapTHHA C PE3yITaTHTE
OT JPYTH CTPYKTYPHOAHAIMTHYHHU W3CIICABAHUS
MOXe€ Ja T HamlpaBHW MOJE3HU U 32 UACHTH(DU-
UUpaHe U CTPYKTYPHO OXapakTepu3upaHe U Ha
HEKPUCTAIM3UpAIL 00EKTH.

ToBa e Bp3MOXHO IPU W3MOJI3BAHETO HA KOH-
KPETHH CHEIU(PUYHN METOANKH, IIOIXOTH U
MPUAOMH, TMO3BOJSIBALM H3MON3BAHETO HA HH-
¢dopmarusaTa 32 HaMaJeHUETO Ha KpUCTaIHaTa
(a3a Ha KOMITOHEHTUTE 32 CMETKa Ha oOpa3yBa-
HETO Ha HEKPHUCTATU3UpAIld ChbBMECTHH WU Ca-
MOCTOSITENTHH MPOAYKTH. TakaBa chbBMeCTHA WH-
¢dopmalusi OT HHMCKO- M BUCOKOTEMIIepaTypHU
MHKPOCKOTICKH,  TU(PPAKINOHHH, TEPMUYHH,
CHEKTPOCKOIICKH, TEPMOMEXaHUYHU U Ap. CTPYK-
TYpHU M3CJIEIBAaHUA MOXKE Aa Oble U3BBHPEIHO
MoJIe3Ha.

3a MakcMMaJHO BB3MOXHO IBJIHOTO W3CIIE-
BaHE HAa XOMOTCHH3AlMATa Ha KOMIIOHEHTHTE 32
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MOJly4aBaHE Ha Pa3lWYHU CMECH U E€BEHTYAIHHU
KOMIUIEKCH OT TsX pasnuuau Bunose I1EO u 3a-
Xapo3sa 0sixa CMecBaHU NPU Pa3IUYHH YCIOBHUS B
Pa3TBOPEHO, CyX0O CHCTOSHHE W B CTOIMIKA. SIB-
JICHUSITA Ha MHKPOJIOKAJTHO 00paTHMO pa3ieisiHe
(mukBarms) U cMmecBaHe (B3aWMHO pa3TBapsIHE)
Morar aa ObJaT MHTEPIPEeTUPaHU TUPEKTHO OT
JAHHUTE Ha KATOPHUMETPHIHUTE W MHKPOCKOIIC-
KM HW3CJIEJBaHMS B Mpolleca Ha TeMIlepaTypHa
MoudUKanus

MUKpPOCKOIICKUTE HW3CIEABaHUA OsiXa Mpo-
BE)XITAaHU Ha CHAaOIICH C HarpeBHa MacHYKa MUK-
pockorr  Amplival-Pol, Karl Zeiss, Jena,
Germany, TEM Opton — 10B, Oberkochen,
Germany, SEM BS 340, Tesla, Chech
Republic.

PentrenoanhpakToOMETpUYHNATE U3CIICBAHUS
ca npoBexxaanu Ha TUR — 61M u ,,UPUC” — 3M
¢ URD - 6 (cHabmeH ¢ MpUIIOKEH MakeT Ipor-
pamu AIIX — 60), Freiburg Precizionmechaniks,
Freiburg, Germany, JIPOH — 3 ¢ HHCKO U BHCO-
koTemneparypuu kamepu YBJI-2000 u YPHT-
200, Bypesectruk, Cankt — [letepOypr, Pycus

MUKpPOKAIOpUMETPUYHUTE H3CICIBaHUS Ca
nposexxaann Ha JICK Setaram — 111, “Comef” —
France u F3 STA “Netzsch”, Germany.

CHeKTpOCKOIICKUTE M3CIEIBAHUS ca MPOBEXK-
nIaHu Ha MHQpadepBeH crekTpodoroMeTsp M —
80 ¢ BHCOKO TemmepaTypHa Kamepa U MoJsipu3a-
[OHHa TprcTaBka, Karl Zeiss, Jena, Germany u
FTIR “Tenzor” — 27.

JehopMamoOHHO-IKOCTHUTE M3CICIBAHIS Ca
npoBexxaanu Ha Tiratest — 102 ¢ HuCKO U BHCO-
KoTeMmIieparypun kamepu, “Tlringer Test”,
Germany u Instron 402, Philips, Holand.

PE3YJIITATU U OBCBHXKIAHE

3a mony4yaBaHe Ha JOOpU MakKpo- M MHKPO-
xomoreHHH cMmecu Ha ITEO u 3axapo3zaTa oT oco-
OeHo 3HaueHHEe € HaYMHA UM Ha cMmecBaHe. Haii-
W3I0JI3BaHU HAaYMHU ca B pa3TBOp, CTONMWIKA U B
cyxo cbcrosHue. EctecTBeHo, Hali-eekTUBHO e
CMECBAHETO Ha JIOCTAaTh4YHO Pa3pelieHn pa3TBOpU
B IIMPOK KOHIIEHTPAlUOHEH M TeMIepaTypeH
uHTepBal. OT ocoOeHO 3HAYeHHWE ca U peaula
JIpYTH YCJIOBHSI Ha CMECBaHE U XOMOTCHHU3UPAaHE,
KaKTO M IPUCHCTBUETO HA UMILIAHTU OO0JIeKYa-
Balllid CBBP3BAHETO M IPOCTPAHCTBEHATa OpUEH-
TalMsd Ha KOMIIOHEHTUTE IIpU B3aUMOEHUCTBHE.
B TOBa OTHOLIEHHE caMHUTE MOJIEKYJIM Ha PasT-
BOPUTENS], AUMEPU3UPAHU HWIN TPUMEPUZHPAHU
YCHEIHO MOTaT Ja M3MbIHIBAT POJIsAiTa Ha MOC-
TOBE U CUIMBKHU.



®@ur. 1. [TonspusaoHHa MUKPO(OTOr-
padus (50°) Ha NOIMETUIEHOKCH]L, WITIOC-
Tpupaia o-) cheponuTHa KapTHHA.

@ur. 2. [TonspuzaoHHa MUKPOPOTOT-
padus (50%) Ha 3axapo3a, mmocTpupama
o(+) cheponurHa KapTHHA.

MUKPOCKOTICKUTE W3CIIEBAHUS TTOKA3BAT, e
Clie] IIBIHOTO OTHAEISIHE HA PA3TBOPHUTENS BOJA
CHCTEMaTa € XeTeporeHHa, Chabpikamia o-) u
o(+) chepomurn 3a ITEO u 3axaposara, CbOT-
BETHO, KOUTO B IPHUCHCTBHE HA IPYTHsA KOMIIO-
HEHT TIPU PA3IMYHM YCIOBHS MOTAT CUIHO Ja
U3MEHST IUCIIEPCHUS CH CHCTAaB U MOP(HOJIOTHs-
ta (¢ur. 1 - 5).

®ur. 3. Honspuzamuonna mukpodororpadus (50%),

WIIOCTPHPAILA Pa3InyHa MOP(OJIOTHs Ha KPUCTAIU-

3Mpalia 3axaposa Cliel IMKBAIKs PH HarpsiBaHe Ha
CMECH C TIONHETUIICHOKCH]L.
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®ur. 4. onspuzaumonna mukpodororpadus (50%),

MIIIOCTPUpAIa pa3IndHa MOP(OIOrUs Ha KPUCTAIIH-

3Upalla 3axapo3a clie/l TUKBALs IPH HarpsiBaHe Ha
CMECH C MOJHETHUICHOKCHI,

®ur. 5. Tonspuzauonna mukpopororpadpus (50°),

WIIIOCTPUPALLA Pa3InyHa MOP(OJIOTHs Ha KPUCTaJIH-

3Upala 3axapo3a clie/l JIMKBALys IPH HArpsiBaHE Ha
CMECH C MOJIUETUICHOKCHI,

®ur. 6. TEM mukpodororpadus Ha cmec ot 80%
3axapo3a u 20% nonmerunen okcun, 5000%.

EnextponnnTe Mukpogororpaduu Mmokaspar
OpH MO-TOJIEMH YBEIUYCHUsT (DHUHOAMCIICPCHH
croectd 00pa3yBaHUs C BETPHIOOOpa3HU paju-
AJTHO PAa3IoNIOKEeHN (PHOPUITONION00HN elIeMEeHTH
(¢ur. 6). BeposTHO TeXHUTE pa3MepH W CTEIEH
HA ChbBBPUICHCTBO B MUKPOJIOKAIHU YYaCTBIIU Ca
CHJIHO pa3lidyaBally Ce, MOKa3BaIld JU(PpaKIu-



OHHU KapTHHU XapaKTePHU OT Me30(a3HO ChC-
TOSIHHE 10 CHCTOSHUE Ha CHIHO jAedopMHpaHa
KPHCTalHA pEIIeTKa HAa MPEXOJHA KPUCTAITHO-
amMop(Ha 30HA XapakTepHa 3a (azoBa I'paHHIIA
Ha MEXTy KOMIIOHCHTHTE Ha HEKPUCTAIN3UPAIIH
WA TPYJHO KPHCTAIM3UPAIIN IIPH HOPMAITHH
ycnoBus cucreMu. CpaBHUTENHHS aHAIU3 Ha
BU3yaJIHO M aBTOMATHYHO OMpENENITHHS HHTCH-
3UTET Ha MOJSIPH30BAHATA CBETIMHA OT KPUCTAI-
HUTe (a3u HA CUCTEMHUTE MMOKa3BaT, Ye IMPHCHCT-
Buero Ha [IEO 3arpynHsiBa kpucranusanusita Ha
3axapo3ara. ToBa BEpOsTHO ce peanm3upa 3apa-
IV TIPOCTPAHCTBEHO INPEYeHEe M MUKpPOHAIpexkKe-
HUs 1mpu obpasyBaHeto Ha Bogopoxnu (H-
BPB3KH) U 1p. GU3UYHK BPH3KU. PEHTreHOBHTE
uscnenBanus ((Gur.7) He MOKa3BaT MPU HUKAKBU
YCJIOBHS TOJy4aBaHE HAa HOBA KPHCTAIM3UpAIA
¢aza. HabnronaBar ce cienuuyHu JIeBUAIIMHA U
M3MEHECHNE Ha HHTEH3UTETHUTE CHOTHOLICHNS Ha
OCHOBHH XapakTepHU AU(DPAKIUOHHU OTpaxe-
HUS Ha KOMIIOHEHTHTE B HHTepBanute 19,2 —
19,5 (BepositHO KOMOHHaIMs ot 21-3, 13-2, 21-
2) 3a ITEO u 19 — 20 (210) u 24 - 25°26 (211) 3a
3axapo3ara. ToBa IO3BONIsIBA Ja ce IUTAHUpPAT
JIETAIHN W3CIICBAHUs HA TEMIIEPATYpPHUTE 3a-
BHCHMOCTH Ha CHOTBETHHUTE MEXIYIUIOCKOCTHH-
T€ Pa3CTOSHUS C €BEHTYaJTHHUTE KpUcTajorpadc-
KATC HaIpaBlICHHS Ha BB3MOXKHHATE H-BpB3KH
CHpSIMO PA3IOJIOKEHHETO Ha 0a3uca B KpUCTall-
HHUTE KJICTKU Ha KOMIIOHCHTHTE.

60 50 40 30 20 1026

®ur. 7. Penrrenosa npaxosa qud-
pakrorpama Ha cmec ot 80% 3axa-

poza u 20 % TONUETUICHOKCH].

[TpoBeneHnTe KATOPHMETPUIHN H3CIICIBAHUS
(¢pur.8) mokazaxa eIHO3HAYHO HAITMYMETO HA
MexuHHa (aza B uscienBanure cucremu [1EO
— 3axaposa. B mnTeppana 130 — 170°C ce na6-
JF0/IaBa 3HAYUTEIIHA PEOPraHU3aUs HA CMECHUTE
B IIeJIMsl KOHIICHTPAIMOHEH WHTepBal. [lo moss-
pH3alMOHHUTE U AU PAKIMOHHH JaHHH MOXE [1a
ce TIPEIIoNIoXKH, Ye HabmogaBaHaTa KaJlopuMeT-
PHYHO CTPYKTYpHA PEOpPTaHHU3aIMs Ce N3BBPIIBA
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B HOBo(opMHpaHaTa NpU CMECBaHE U TeMIIepa-
TypHata MoauuKkanus HoBa amopdHa dasa.

SIBHa TpoOMOpIMOHATHA OHIEHTPAIOHHATA
3aBUCHMOCT Ha TeMIlepaTypaTra Ha MaKCHMalHa
MHTEH3UBHOCT Ha HaOJIIOJaBaHUTE peopraHu3a-
LMOHHM IPOLIECH C€ BMXKJA HA MIIOCTPATUBHO
npeAcraBeHata ¢urypa. ToBa Moxe Ja CIIyXu
KaTo JOCTAaTBhYHO JIOKA3aTEICTBO 3a XapakTepa
Ha QopmupaHe Ha HoBaTa (aza. Haii-BeposiTHO
3a CMeTKa Ha o0pa3yBaHe M IpepasmpeieeHne
Ha H-BpB3kHM W Ap. BUIOBE (DUBUYHU BPB3KH.
ITonumonaHUAT XapakTep Ha HAKOM OT ITUKOBE-
T€ Ha TOIIeHEe OT chllara (uUrypa, KakTo u JIMIca-
Ta Ha MPONOPLMOHATHOCT MEXIY IUIOIITa UM H
M3XO/IHaTa KOHIIEHTpalMs Ha 3axapo3ara B cMe-
CHUTe, M0Ka3Ba CHJIHOTO BJIMSHHWE Ha Tpoleca Ha
CBBbp3BaHE Ha KOMIIOHEHTUTE U BBPXY HECBBHP3a-
HaTa WIH MM0-c1ad0 CBbp3aHaTa 4acT oT TAX. T.e.
CBILIECTBYBAHETO Ha MPOTSKHU MEXIUHHU 30HU
C pa3IMYHU CBOMCTBA.

@ur. 8. ICK-rpamu Ha cmecu ot ITEO u 3axaposa ¢
pasIMYHO ChABPKAHUE Ha 3axapo3a B %: 1) 0; 2)

0,5; 3) 1; 4) 2; 5) 5; 6) 20; 7) 40; 8) 95; 9) 100.

W3Ki1r0unTeIHO TIONIE3HH MOraT Ja ObIaT u
Bucokoremneparypuure WNYC-uscnenpanus u
0COOEHO BHCOKOTEMIIEPATYPHUTE CIIEKTPOCKOII-
CKH M3CJIE/IBAHUSI B KOMIUIEKC C OCTAHAIUTE BHU-
cokoTemreparypHu uscnensanus. Oco6eHo Karo
ce MMa TIpe[, Ye PaslereHuTe UBUIM B TUAa3o-
ua 800 — 1500 cm™ (¢pur.9) ca mpusnax 3a npu-
CHCTBHE HA KPHUCTATHO CHCTOSIHUE M MO3BOJISIBAT



nepeKTeH KauecTBeH U KOJMYECTBEH KOHTPOIL,
KaKTO Ha THhHKHM (HONTUH, TaKka U Ha MMPaXxOBU Tal-
JIETKU OT IOJIyYE€HH KaTO MOKPH U CyXH CMECH
Ha IIEO wm 3axapoza. BucokoremmneparypHara
CIEKTPOCKOMNHUS II03BOJIABA PEAIHO H3CIICABAHE
Ha IOBEJIEHHETO M Ha CTONMJIKUTE OT BCHYKHU
BHJIOBE CMECH U KOMIUIEKCH B PEXHUM Ha Harps-
BaHE U OXJIaX/JaHe NP eJHOKPATHO U LUKIMYHO
TeMIepaTypHo HartoBapBaHe. IlokazaHo e uHTe-

pecHo moBefieHNe Ha cMecuTe B nHTepBana 800 —
960 cm™.

®ur. 9. MH(ppauepBeHa criekTporpaMa Ha cMec OT
90 % monuernneHokeun u 10 % 3axaposa npu
20°C B nrepsana 500 — 3800 cv™ (1 — 500—-
1700cm; 2 — 1700-3800 cmY).

OcBen ToBa nuTepBaaute 1600 — 1700 cm™
(pur.9.1) u 2700 — 3400 cM™ ca HBKITIOUATETHO
MH(OPMATHBHH THPEKTHO 33 BHAA U KOJIHYECT-
BOTO H-BpB3KH, KaKTO M 32 HAJIMYHUETO HA pas-
JMYHO CBBp3aHa Boja B cucremute. [loaxosimio
[UIAHUPAHKUTE U MPOBEACHH JCTANIHH CIIEKTPOC-
KOIICKH H3CJEBaHUS B KOMIUIEKC C JIPYTUTE BU-
COKOTEMITEPATYPHH H3CIICNBAHMS, BKIIOYUTEIHO
U 1oaXo s 1ehOpMAIHOHHO-SIKOCTHH U JIp.
TepMoMeXaHUYHU H3CICABAHUS MOTAT J1a W3HI-
pasiT ompeessiiia posis IpH U3sICHsABaHe Ha (da-
30BHsI CBHCTaB, CTPYKTypaTra M CBOWCTBaTa Ha
CMECHTE OT TOJIMOKCHETIIICH U 3axapo3a. Hskou
oT JeOpMAIMOHHO-SIKOCTHUTE —H3CICIBAHUS,
Hamp., Ha Pa3iMYHA CMECH, TOJIYYEHH OT PasT-
BOP U CYyXO CBhCTOSIHUE Ha KOMIIOHEHTHTE MOKa-
3axa 1o 20 % pa3nuka B OCHOBHH jedopMariu-
OHHHU TIOKa3aTeNll KaTO OTHOCHTENHO YIBJIKe-
HHeE, SKOCT Ha OIBH M elacTHYeH MOIys1. Makap
U J1a TIO/UIeXKAT Ha IOYTOYHSIBAaHE, HSIKOU OT TE3H
pe3yntarth, 6e3 ChMHEHUE Ce IBJDKAT Ha Pa3jind-
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HaTa BB3MOXKHOCT 32 XOMOTEHH3alUs HA CMECH-
T€ U CHIBpP)KaHHUETO Ha CBbp3aHa (haza MEeXIy
ITEO u 3axapo3ara

B 3axmrouenue, Moxe J1a ce 0TOENeXH mepc-
NEKTUBHOCTTA Ha CHhbBMECTHOTO M3IIOJI3BaHE Ha
BHUCOKOTEMIIEpAaTYpHU MHKPOCKOIICKH, AU(pPaK-
LUUOHHH, TEPMUYHH, CHIEKTPOCKOICKU IIp. METO-
I1 U METOIUKU 3a JeTaliIHOTO (ha30BOTO H
CTPYKTypHO H3ydaBaHe Ha cMecHu oT [IEO u 3a-
Xapo3a.

B nHacTosmara npeaBapuTeHa, Io-CKopo Me-
TOJIOJIOTMYHA ¥ METOJMYHA yTOYHsBAIa paboTa,
Hapel ¢ YCTaHOBSIBaHE Ha IOAXOAa W peauua
METOAWYHU NPUHOMH 32 MPOBEXIAHETO HA IO-
JIOOHM U3clieiBaHus Oe €IHO3HAYHO YCTaHOBEHO
CBILECTBYBAHETO HA caMOCTOsTeNHa (paza B cMme-
CUTE Ha MOJHMETHIICHOKCHIa U 3aXapo3ara Moiy-
YEeHU OT pa3peleHd BOIAHU Pa3TBOPU MPH OTAE-
JSIHE Ha PAa3TBOPUTENS upe3 M3MapeHue Ipu
HOPMAJIHU yCIOBUS.

[IpennonoxeHo e, ue 000co0sABaHETO HA IO-
noOHa (aza e B pe3ynraT oT oOpa3yBaHETO Ha
BOJIOPOJHU M JAPYI'M (PU3NYHHM BPB3KU MEXIY
KOMITOHEHTHTE.

[Inanupano e gAeTailyiHO MEPMAHEHTHO CTPYK-
TypHO H3CIieBaHe Ha BCHYKH (a3u B MOJOOHH
CMecH, KaTo He00X0IUMO U IOCTaThb4HO yCIOBUS
3a JIOCTOBEpHA €AHO3HayHa (a3oBa HUACHTH(U-
Kalusl, KaKTO M 3a M3SICHABAaHE Ha THIIA, MEXa-
HHI3Ma W KWHETHKara Ha (GopMHpaHe M YCHBBP-
LIEHCTBaHE Ha (ha3uTe.
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ABSTRACT

By means of light microscopic, calorimetric and X-ray analyses, the structure and the behaviour of
some poly(ethylene oxide)(PEQO)-sucrose mixtures were studied at room temperature and by heating
and cooling within the temperature range 20-200°C.

On the basis of the data obtained it was found that PEO hinders crystallization of sucrose from its

aqueous solutions during liberation of water.

It was supposed that, at an equimolar ratio between the components, PEO and sucrose form an un-
crystallizable ionic complex which decomposes at about 140-150 °C accompanied by crystallization of

liberated sucrose.

Key words: poly(ethylene oxide), sucrose, micstures, structure, DSC.

INTRODUCTION

Poly(ethyleneoxide)(PEO) is known to be a
water soluble polymer forming molecular or io-
nic complexes. The ether oxygen atom of PEO
possessing an unshared electron pair forms com-
plexes with suitable organic compounds or inor-
ganic salts by hydrogen bonds or donor-
acceptic(ionic)interactions [1-6].

We have been carrying out systematic inves-
tigations on the structure and structural transfor-
mations when binary systems of highmolecular
PEO and various lowmolecular compounds (wa-
ter, urea, salts of alkali metals) forming com-
plexes with it are heated and cooled [7-9].

Having in mind the chemical composition and
the functional groups of disaccarides and the fact
that they are water soluble, they may be expected
to interact with PEO.

No data concerning the structure of PEO-
sucrose systems are available. The aim of the
present work is to fill in this gap.

EXPERIMENTAL
Initial compounds

Lowmolecular polyethylene glycol (PEG) of
mean viscosity molecular weight M=4000, and
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superhighmolecular PEO (SHMPEO) having
M=1,8 — 5,6.10° were used. Both are comercial
products of “Chemist” (Dimitrovgrad, Bulgaria).
The second initial compound was sucrose of pu-
rity 99,9%. Samples were obtained by mixing a
1% aqueous solution of PEO with a 30% aque-
ous solution of sucrose and evaporating the water
at 50°C under vacuum.

The concentration of PEO in the mixtures was
varied from 0,5 to 98,0 wt %.

Methods

Light microscopic analyses of thin lauers of
PEO-sucrose mixtures were made by means of
an Amplival Light polarization microscope (Carl
Zeiss, Jena) supplied with a heating table. For
that purpose, drops of 2% solutions of the mix-
tures were dripped on a slide, the solvent was
evaporated at room temperature and then the
samples were heated and cooled from 20 to 170
°C.

Calorimetric measurements were performed
using a DSC-Ill (Seteram, France) at a heating
rate of 5°C/min.

X-ray patterns were obtained on a TURM 6l
apparatus (Carl Zeiss, Jena) wide angles, Cu an-
ode, K, emission and a nickel filter for B-
emission.



GENERAL PART

I. Light microscopy

Light microscopic observations of thin lauers
of PEO - sucrose systems show that both compo-
nents crystallize forming separate crystalline
phases after liberation of water at room tempera-
ture. The first process observed during water
evaporation is crystallization of PEO which, both
individually and in mixtures with sucrose, forms
negative double ray refracting o(-)spherolites
(fig.1.1) within the whole concentration range.
After that, sucrose crystallizes to form positive
double ray refracting o (+)spherolites (fig.1.2.).

1 2 3

Fig. 1. Polarized light microphotographs, 50™:
1) PEO; 2) sucrose; 3) PEO / sucrose — 10/90.

A measurable increase in the induction period
and a decrease in the crystallization rate of su-
crose was observed with increasing PEO concen-
tration. For example, when the concentration of
PEO in the system is 10 wt %at 24°C, crystalliza-
tion of PEO begins about 3 hours after dripping a
drop of 2% aqueous solution of PEO-sucrose
system on the slide. At concentration of PEO of
60 wt %, sucrose crystals are formed and grow at
the same temperature not until 24 hours.

Therefore, PEO hinders crystallization of su-
crose from aqueous solutions when the solvent
evaporates at room temperature. In addition, it
was found that HMPEO hinders crystallization ro
a greater extent than PEO.

At room temperature, when the concentration
of HMPEO is 10 wt %, sucrose crystallization
begins 20 hours after dripping a drop of the solu-
tion on the slide.

After water evaporates, the systems are heter-
ophase and consist of a(-)spherolites of PEO and
o(+)spherolites of sucrose.

When heated, a(-)spherolites of PEO melt at
46-50°C. By further heating over 55-66 °C, the
size of the spherolites of sucrose increases and
more of them crystallize. The rate of crystalliza-
tion of sucrose is greatest when it is heated at
about 145-150 °C. The crystals of sucrose melt
irreversibly at 170-180 °C.

I1.Calorimetric determination
Figure 2 shows characteristic calorimetric
curves of PEO-sucrose mixtures obtained from
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agueous solutions by evaporation of water. Two
endothermal and exothermal peaks are observed.
The endothermal peaks at 60-63 °C and 193-190
°C are assigned to the melting of PEO and su-
crose, respectively, and the exothermal peak at
140-160 °C is due to crystallization of sucrose
upon heating. This is confirmed by light micro-
scopic observations when thin layers of the sys-
tems are heated.

Fig. 2. Calorimetric curves by heating of
PEG-sucrose mixtures, obtained from
aqueous solutions by evaporating of water.

At a concentration of PEO lower than10 wt
%, the endothermal peak of melting of sucrose is
a doublet. Two peaks are observed at 180 and
190 °C. At a higher concentration of PEO, the
endothermal peak of melting of sucrose at 190 °C
is single. It is known that sucrose forms two
crystalline modifications with melting tempera-
tures 170 and 185 °C. This fact account for the
more complex type of the exothermal peaks on
the curves when the samples are heated and the
concentration of PEO is under 10 wt %.

When the mixtures are cooled, the DSC
curves have only one exothermal peak of crystal-
lization of the PEO component at about 27-30 °C
at a concentration of PEO higher than 10-15 wt
%. At a lower concentration of PEO in the sys-
tem, it is uncrystallizable when cooled from the
molten state.

Figures 3 and 4 present the concentration de-
pendences of the temperatures and the enthalpies
of the phase transitions of PEO-sucrose mixtures
upon heating. The calorimetric determinations
reveal an increase in the melting temperatures of
PEO, T "5° (Fig.3, curve 1) and the two crystal-
line modifications of sucrose, T, 5, (Fig.3, curves



3’ and 3”’). The temperature of the exothermal
peak on the DSC curves obtained on heating
(curve 2) decreases with increasing concentration
of PEO from 0 to 10-11wt%. After that, the three
temperatures remain constant, i.e. they do not
depend on concentration.

Fig. 3. Concentration dependences of the
temperatures of the phase transitions by
heating of PEG-sucrose mixtures: curve
1-T, % curve2-T,>: curve 3-T,°.

Fig. 4. Concentration dependences of the
enthalpies of the phase transitions by heat-
ing of PEG-sucrose mixtures: curve 1 —
AH,, of PEG ; curve 2 — AH,, of the su-
crose; curve 3 - AH, of the sucrose.

When the concentration of PEO increases, its
enthalpy of melting increases linearly (Fig.4,
curve 1).

The enthalpy of the exothermal peak (Fig.3
curve 3) assigned to crystallization of sucrose
upon heating changes nonlinearly and extremely
with increasing the concentration of PEO and has
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a maximum value at about 11 wt % of PEO. This
concentration corresponds to the equimolar ratio
between PEO and sucrose.

The temperature of crystallization of PEO
when the systems are cooled increases with in-
creasing the concentration of PEO from 15-20 to
100 wt %. At a lower concentration of PEO,
there is no exothermal peak of crystallization of
PEO on the DSC curves on cooling. The mix-
tures of HMPEO and sucrose obtained from an
aqueous solution after evaporation of water be-
have in a similar way on heating.

When the systems of PEO and sucrose (10
wt%), obtained by mixing the components in the
solid powdery state, are heated, the DSC curves
have only two exothermal peaks at 62 and 186°C
assigned to the melting of the initial components.
The absence of an exothermal peak at about 140-
150 °C shows that PEO and sucrose interact only
when they are mixed in the form of solutions
with the same solvent (H,0), and this solvent is
removed by evaporation.

1. X-ray analysis

Fig. 5. Characteristic wide-angle X-ray
patterns of PEG-sucrose systems, ob-
tained from aqueous solutions: 1 and 4
— patterns of the PEO-sucrose mix-
tures; 3 — patterns of PEO-sucrose mix-
tures after heating around 150 °C.



Characteristic wide-angle X-ray patterns of
PEO-sucrose systems obtained from aqueous
solutions are shown in Figure 5. They contain
peaks of crystalline phases corresponding to
crystallization of the initial components PEO and
sucrose. After heating the mixtures of PEO and
sucrose at 150 °C, the intensity of the peaks of
crystalline phases at 6,8 ° and 19,3 ° 26 ° due to
crystallization of sucrose on heating increases.
These results are in a satisfactory agreement with
the temperature range of sucrose crystallization
on heating determined by light microscopic and
calorimetric analyses.

CONCLUSION

On the basis of the data obtained, it was found
that PEO hinders the crystallization of sucrose
from aqueous solutions by evaporating the water.

It may be supposed that PEO forms an un-
crystallized complex with sucrose at an equimo-
lar ratio between the components. It decomposes
when heated at 140-150 °C, and the liberated su-
crose crystallized.

The financial support of the Bulgarian Minis-
try of Education and Sciences (National Science
Fund), contract DO-02-61/2008, is gratefully
acnowledged.
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ABSTRACT

The paper presents the results obtained from a study showing that polyacrylonitrile (PAN) mem-
branes can be prepared from polymer solutions containing butadienakrilnitrile (BAN) elastomer and
copper anions. The optimal concentrations for the formation of membranes by the phase inversion me-
thod were established and the membranes obtained were characterized to find their basic technological
parameters which are compared to these of pure PAN membranes.

Key words: ultrafiltration membrane, polyakrilonitrile membrane.

BBBEJIEHUE

IMonuakpunoHuTpuIa UMa jgobpa TepMHYHA
crabmmaocT (mo 130 °C) u mobpa ycroddmBOCT
Ha MHOTO OpPraHW4YHHU pa3TBoOpHTENH. Yirpadui-
TPAIMOHHUTE MEMOpPaHU OT TO3H MOJUMEP UMaT
[IMPOKO TPUIOKEHHE MPU MPEYHCTBAHETO Ha
BOIH, OTIEJSHE, W30JHpaHe U (PpakIuOHHpAHE
Ha npoTtenHu U Oentouu u T.H. [1-3]. Tlonyyasa-
HETO Ha MOJYMPOHUIIAEMU MEMOpPaHH OT MOJH-
AKPOJIOHUTPHUI 110 (pa30BOMHBEPCUOHHHUSI METOJ
ce ompesess OT ChCTaBa Ha MOJUMEPHHTE PasT-
BOpU ¥ ycnoBusita Ha (opmupane. OCHOBHHTE
TEXHOJIOTHYHU TTapaMeTpyu Ha MeMOpaHUTE KaTo
MPOU3BOTUTEIHOCT M CEJICKTUBHOCT 3aBUCAT OT
paslpeieliecHHeTo Ha IMOpOoBaTa CTPYKTypa B
MemOpanute. [IpoMsiHaTa Ha Tasd CTPYKTypa
MOJKe J]a Ce OCBLIECTBH C TIOMOIITA HA Pa3INYHH
n00aBKU B monuMepHust pa3tBop. Llenrta Ha u3c-
JIZIBAaHETO € JIa Ce MPOBEPSAT YCIOBHUSITA 32 TOJTY-
yapane Ha mnonuakpwinutpwinu ([IAH) mewm-
OpaHH ¢ y4acTHeTO Ha OyTaJAHCHAKPHIHUTPUIIOB
(BAH) emactomMep M MEIHU KATHOHUA B IIOJH-
MEpHHUTE Pa3TBOPH.

EKCIIEPUMEHTAJIHA YACT

Karto cypoBuHa mpu moiyuyaBaHETO Ha MEM-
OpaHUTE ca W3MOJI3BAaHM NONHAKPHITHUTPUITHH
BJIAKHA TMOJYYEHU OT TPOEH CHIIOTUMEp: aKpHUII-
HUTPAI-METHIAKPHIAT—2-aKpHIaMUI—2—METHII-
mpornaH-cyn(oHOBa KUCEMHa U OyTaJueH-
akpuIHHTpHIIeH enactomep e Mapka CKH - 40.
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Ot aBaTa momUMepa B3€TH B OMPENCICHU OT-
HOIIICHHSI ca TPUTOTBEHH Pa3TBOpH ¢ o0Ima mo-
muMepHa KoHueHTpauus 18% B pastBopHTENn
muMermidopmamu (JIM®P) 3akymen ot dupma
»Merck”-I'epmanus. MemOpanute ca moay4eHH
0 CyX0-MOKBp (hazoBonHBepcHOHEH MeTo [4] B
yTauTelHa Cpela - JSCTHUIIUpPaHa BOJAA, U3ION3-
BaHa CBHIIO M MPU MOCIEIBAIIO HAKAISIBAH IPO-
MHBaHE W OXapaKTepH3HpaHe Ha MeMOpaHHTe.
KaTto ocHoBa Ha MeMOpaHHUTE € W3MOJ3BaH MO-
miectepeH Mar  Mapka FO-2403 Ha dupma
»Velidon Filter”, I'epmanust. 3a MoguduKausaTa
uMm e manon3BaH Y.3.A. CuSO,4.5H,0, npowusse-
neH ot,,Teokom” Bobarapus. Ilpu xapakTepusu-
paHeT0o WM KaTo KaluOpaHT € WU3M0I3BaH
Albumin mpouszsoacrso Ha ,,Merck”, I'epmanus,
a M3CIIeIBAaHETO Ha TPAHCIIOPTHATE XapaKTepHC-
THKH Ha MEMOpaHUTE € U3BBPILICHO C yaTpadmi-
TpaluoHHa JrabopatopHa kiertka SM-165-26 Ha
¢bupma “Sartorius”, Anrius. CkaHupaiia eixexT-
POHHA MUKPOCKOITHS Ha MeMOpaHHUTe ¢ HalpaBe-
Ha ¢ eNeKTpoHeH Mukpockon — JSM-5510.

OBCBXXIAHE HA PE3YJITATUTE

[IpenBaputenHuTe W3CiIenBaHUS  TOKa3BarT,
ye nobaBsiHeTo Ha BAH enacromep Bomu 10 mo-
BHINIaBaHEe Ha MPOW3BOAMTEIHOCTTa Ha MeMOpa-
HUTE B IMPOKH TpaHunu. [lopaau ToBa KOHIIEH-
TpanusTa Ha BTOPHS TOJHMEp CMe H30panmu na
ce MpOMEeHs B JIBa pa3NuyHu auana3zona ot 0,1
10 0,4 % u ot 0,8 1o 6 %.

®dopmupanure memOpanu ot [TAH ca oxa-
pakTepu3upaHu CHOPSIMO OCHOBHHTE TEXHOJO-



TUYHU TapaMeTpU MPOU3BOLUTEIIHOCT U CEIEK-
TUBHOCT. M3cnenBanHusTa ca MpOBEJNEHU IOCIe-
JIOBaTEeIHO IpUM HapacTBalla W IOHMKaBalla
CTOWHOCT Ha HAJIATAHETO, 3a Ja Ce OTYETaT peo-
JIOTUYHUTE XapaKTepUCTUKU Ha MEMOpaHUTe.
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@ur. Ne 1 Xucrepe3ucHu KpUBH Ha MeMOpaHU
nonyuenu ot 18% ITAH u HapacTBaio koiu-
yectBO BAH 1o 1%.

Ha ¢ur. Ne 1 ca mocodeHu pe3yiaTaTute OT
H3CIICBAHETO HAa MEMOpaHHWTE ChIBPXKAIIUA OT
0,1 no 0,4 % BAH.

B cpaBHeHHME ¢ MeMOpaHHTE MOJYYCHH CaMO
OT TMOJIMAKPUIIHUTPWI, J00aBKaTta BOIU JO IO-
BHIIIaBaHE Ha MPOWU3BOJUTEIHOCTTA HA MeMOpa-
HUTE U TOBa 0COOEHO ToOpe ce yyBCcTBa MpPHU Ha-
nsranus ot 0.2 go 0.5 MPa. Tlpu Te3n manku
KOHIICHTpAIlMd Ha ellacToMepa MpPOHM3BOJIHUTE-
HocTTa HapactBa 1wiaBuo ot 80 mo 350 I/m?h.,
MpPH JOCTATBYHO MajKa XHUCTEPE3WCTHA ILIOII.
Ha ¢ur. Ne 2 ca moco4yeHu chUiuTe 3aBUCHMOC-
TH, HO TIPH CKOKOOOpa3HO M3MEHEHHE Ha ejlac-
toMmepHata nobaska ot 0,8 1o 6 %. [Ipu 4 u 6 %
npou3BoUTeNHOCTTa qocTrra a0 3000-3500
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®ur. Ne 2 XucTpe3ucHH KpPHUBH Ha MeMOpaHH
nonyueHu ot 18% ITAH w HapacrtBamio koiu-
yecTBo bAH .

I/m?h., KOATO TPOM3BOMMTETHOCT HA MpPAKTHKA
HA[BUIIIABA Ta3d Ha MHUKPO(PUITPAIIMOHHHUTE
MeMOpaHHu.

EcrecTBeHO Ta3n BHCOKa IPOM3BOAMTEITHOCT
e neuHIpaHa OT CTpyKTypaTa Ha MEMOpaHUTE U
[I0-TOYHO OT TEXHUS CENEKTHBEH cioifl. [Ipoms-
HATa B CTPYKTypaTa Ha Ta3W 4acT OT MeMOpaHara
MOXe 1a Obie ompenereHa 4pe3 U3MepBaHEe Ha
HeWHaTa CENeKTHBHOCT WIIU Ype3 BHU3YalHO HU3-
clienBaHe MPU U3IMOJ3BAaHETO Ha CKaHHUpaliara
enekrporna mukpockomnus (CEM). Pesynrarute
OT CEJIEKTUBHOCTTAa Ha MEMOpPAHUTE ca TOCOYCHHU
Ha Tabmuma. Ne 1.

Ta6muua Ne 1 [Ipon3BOIUTETHOCT U CENEKTHB-
HOCT Ha MeMOpanuTe crpsimo Albumin ¢ Mm 76
000 nmomy4enu ot 18% monumepHH pa3TBOPH Ha

ITAH u BAH.

[Monmumepuu Gan,)/m*h oalb %
pasTBOpH

18%IIAH 24 96
17.9%ITAH+0.1%FH 27 83
17,8%ITAH+0.2%FH 37 73
17, 7%ITAH+0.3%FH 41 58
17,6%I1AH+0.4%FH 49 48
17.2%I1AH+0.8%FH 58 45
16%I1AH+2%BH 77 40
14%I1AH+4%BH 119 21
12%ITAH+6%BEH 125 19
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[IponsBoguTenHOCTTa HA MEMOpaHUTE CIIPs-
Mo Albumin mapacTBa He3HAYUTENHO NPH KOH-
nentpanuu Ha BAH B muamazona 0,1 mo 0,8 %, n
Te3W MEMOpaHW MOTraT Jia Ce M3IOJ3Bar 3a 3a-
I'bp’KaHe Ha BEIECTBA C IMO-BHCOKA MOJEKYJTHa
Mmaca. [Ipu xonnentpanuu Ha BAH ot 2 no 6%,
HACTHIIBAT YyBCTBUTEIHH W3MEHEHHS B TPOU3-
BOJHUTEITHOCTTA U CEJIEKTUBHOCTTA U Ta3u MeMO-
paHHa CTPYKTypa Ha MpaKTHKa HE MOXE Ja ce
M3II0JI3BA 32 MEMOPaHHO pa3zielsHe.

C HapacTBaHe Ha KoHIeHTpauusTa Ha BAH,
HACTHIIBAT YYBCTBUTEIIHU W3MEHEHHS B CEJICK-
TUBHUS ClIOW Ha MeMOpanuTe. Hamansat mukpo-
MOpUTE, a2 MAaKPOIIOpOBaTa CTPYKTypa HaBIIH3a B
MOBBPXHOCTHUsL cioi. C ToBa MoraT aa Owbaar
00sICHEHU | pe3yaTaTuTe oTpaseHu B Tabm. No 1.

AnNOyMUHBT € €IWH OT HaW-TOYHHTE KaJlu-
OpaHTH, TIOpaJy TOBA, Y€ € MPUPOJCH MPOAYKT C
HaAW-TACHO pa3mpeseiieHHe Mo MOJCKYJTHa Maca.
[ToyuenuTe CTOMHOCTH 3a MPOUZBOJUTEIHOCT U
CEJICKTMBHOCT TIPEAINOJiaraT MpoOMsHA B CEJCK-
TUBHHUS CIIOM Ha MeMOpaHHTe, KOETO MOXE Ja
O0bae ordereHo m OT pesynrarute Ha CEM

(dbur.Ne 3).



TyK BBb3HHUKBA HJCATA Ja CC 3al1a3u ITIOBHUIIC-
HaTa MPOU3BOAUTEIIHOCT Ha MeM6paHI/ITe " 4pe3
JONBJIHUTEIIHU YCIOBHUA Ja C€ BB3CTAHOBU CE€-
JICKTHUBHATa IOBBbPXHOCT.

r

®ur. Ne 3 CEM Ha cpe3 oT MeMOpaHH MONy-
yeHu ot 18 % mosymmMepHU pastBopu c. A- 0%,
b-08%,B-4%ul-6%BAH.

To3u mporec Moxke Ja c€ OCBUIECTBU Upe3
IIPOMsIHA B CTPYKTypaTa Ha IOJUMEpHUTE pa3-
TBOpHU. 3a Ta3u LeNl B MOCIEIHUTE MPUOaBUXME
MelleH cyndaT ¢ pasTMyHa KOHIIEHTpPAIHs, KaTo
IIPY TOBA OYaKBaxMe Ja Ce MPOSBAT KOMILIEKCO-
oOpa3yBallluTe CBOMCTBAa Ha MeATa U B3aUMO-
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JIEHCTBUETO U ¢ (PYHKIMOHAJIHUTE TPYIH Ha I0-
JUMepa WM C IH-eNeKTPOHHUTE JBOMKH, KOH-
LEHTPUPAHU TPU KUCIOPOJHHSA aTOM Ha JUMe-
TIipopMamMua.  BEB3HUKHANOTO  B3aUMOJEH-
CTBHE B TIOJIMMEPHUS pa3TBOP BOJIHU IO HETOBOTO
CTPYKTYpHUpaHe, KOETO Ce OTpa3siBa U Ha Ipoleca
Ha (pazoBaTa UHBEpCHSI.

WscnenBanmsta orpazenn Ha ¢ur.Ne 4 rmo-
Ka3BaT, Ye C HapacTBaHETO Ha KOHIICHTpaIHATa
Ha MeJIHUTE KaTHOHU B MeMOpaHHATa CTPYKTypa
3aroyBa €JMH INPOLIEC HA HapacTBaHE Ha acH-
METPUYHOCTTA, MOHIDKABaHE Ha MPOU3BOIUTEI-
HOCTTa W TOBHWIIABaHE Ha CEJICKTUBHOCTTAa Ha
MeMOpaHHTE.
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@ur. Ne 4 Xucrepesuc Ha MEMOpaHH TOTY4ECHU
ot 17.2% ITIAH u 0.8% BAH u HapacTBamo ko-
smmuectBo CuSO,.

C HapacTBaHe Ha KOHIICHTPAIUATa Ha MEIHU-
T€ KaTHOHH, MPOM3BOJIUTEIHOCTTA CHPSIMO Ka-
mubpanta Albumin ce monmkasa ot 47 mo 24
I/m?h., a cenexTuBHOCTTA HapactBa ot 45 o 68
%. TlomyueHnuTe pe3ynTaTd ce MOAKPENSIT U OT
uscnensanuaTa Ha CEM (¢ur. Ne 5 A no B). Ot
CTPYKTYpUTE Ha MEMOpaHUTE Ce BIDKIA, Y€ Cce
OCBIIECTBSIBA €IUH TPOIEC HA BH3CTAHOBSBAHE
Ha MPBCTOBUIHUTE U MHUKPO IMOPH B CTPYKTYypa-
Ta. M3rpakgaHeTo Ha CENEKTUBHHUA CIIOH, MOXeE
na Ob/Ie OCBHIIIECTBCHO B PE3YIITAT Ha MOBHUINABA-
HE Ha MOJMMEpHAaTa KOHIIEHTpAIUs Ha MOBBPX-
HOoCcTTa Ha ¢wiMa npenu (asoBata WHBEpCHS.
ToBa eBeHTyaTHO MOXKe Ja OBJie OCBIICCTBEHO
4pe3 3aIbpykaHe Ha MOJICKYJIUTE Ha pa3TBOPHUTE-
JIsS B coJIBaTHATa OOBMBKA Ha MEIHUTE KATHOHHU.

Pesynratute ot ¢ur. 4 u 5 nokasar, ue ce-
JICKTHBHOCTTA Ha MEMOpaHUTE Ce IMOBUINABa B
pe3yiaTaT Ha BH3CTAHOBSIBAHETO CaMO Ha CeJeK-
TUBHUSI clloi. ToBa ce MOTBBPKIAaBa OT HAJMYH-
€TO Ha MHKPOIOPH Ha MOBBPXHOCTTA M OT Ha-



pacTBaHe Ha XHCTepe3UCTHATa IUIOI] Ha MeMO-
paHuTe, T.€ MaKpoIopuTe B MeMOpaHuTe ce Gop-
Mupar nox BiausHMeTo Ha BAH emactomep, a
acUMETpUYHaTa CTPYKTypa IOJl BIMSHHETO Ha
MEIHUTE KaTHOHM M OpPraHU3alMATa, KOSITO Te
Chb3llaBaT C B3aUMOJEHCTBHETO Ha KaTHOHA C
(YHKUIMOHAIHUTE TPYNH Ha MOJUMEpa U Pa3TBO-
purend. Hanuumero Ha TakbB IIPOLEC C€ IOT-
BBpXKJaBa M OT (akTa, 4e Ha MpaKTHKa HUE pPa-
00THM caMO C TOJIMMEPHHU Pa3TBOPU C €IHAKBa
KoHIeHTparus ot 18 mass %.

B

®ur. Ne 5 CEM Ha cpe3 Ha MeMOpaHU TOIY-
YeHU OT MoJIMMepHH pa3TBopu Ha 17.2 % [TAH u
0,8% BAH enactoMep B MPUCHCTBHETO Ha: A —
0,1 % CuSO4; b - 0,3 % CuSO, u B -05 %
CuSQO, .
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W3BOIN

1. C mnon3sanero Ha BAH enacromep karo
nobaBKa B IOJIMMEPHHUTE Pa3TBOPU € BB3MOXKHO
Jla ce rojyyaT MeMOpaHHH CTPYKTYpU C IIOBH-
IieHa IPOU3BOIUTENHOCT. OnNTUMalHaTa KOH-
LEHTpalusl Ha MOJUMepa ce OIpesens OT Kela-
HaTa XapaKkTepUCTHKAa Ha MeMOpaHHUTE U 3a 00-
nactTta Ha yarpadunrpauusta 1 € ot 0,4 mo 1,2
% .

2. Tlpu wu3non3BaHEeTO HA MEIHU KATUOHH
MOXe J1a OBJic OCHINECTBEH €IWH O0paTeH Mpo-
LIEC HA BB3CTAHOBSBAHE HA CEJIEKTHBHUS CJIOH Ha
MeMOpaHUTE B Pe3ylTaT Ha COJIBATHPAHETO Ha
MEJTHUSI KATHOH C MOJICKYJIHTE Ha Pa3TBOPHUTEIS.
OnTumanHaTa KOHIICHTpAlus Ha KaTUOHUTE € B
rpanurure 0,2 o 0,3 %.

3. M300pbT Ha pa3IUYHU YCIOBUS MOXE Ja
JoBeIe 70 TOy9aBaHeTO HA MEMOpaHHU C JKena-
HU XapaKTEePUCTHKH, OMpPENeNeHH OT IMoKa3aTe-
JmTe Ha IpepaboTBaHaTa CypOBHHA.
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ABSTRACT

Studies on the removal of organic components from natural waters were carried out aiming to im-
prove the processes of ion-exchange during desalination of water. For this purpose, flat and spirally
wound modules of membranes UPM-50 made from polysulfone and UF-60 — PAN made from poly-
acrylonitrile. The residual amounts of humic acids, suspended substances, colloidal and dissolved iron

were measured.

Key words: ultrafiltration membrane, polyakrilonitrile membrane.

BBBEJIEHUE

B npuponauTe BoaH, Hape ¢ HEOPTaHUIHHUTE
HOHHO- ¥ MOJICKYJIHO Pa3TBOPEHH, KOJOMIHO- U
rpyOOIUCTIEpTUPAHH BEIIECTBA, CE CHIBPXKAT H
OpPTaHMYHH BEIIECTBA C pa3lUyHa CTEIeH Ha
mucrtepcHoct [1].

lomunu Hapen CTENeHTa HAa OTCTPaHsSBAHE Ha
OpPTraHWYHHUTE BEIIECTBA OT BOJUTE, ITOCTHUTaHA
IpH T. HAp. MPOLIECH Ha MPEIOYMCTBaHe (Koary-
Jamysl, BapoBa JeKapOOHM3AIWsA, pPEarcHTHO
OMEKOTSBAaHE W CJEIBAIIO MEXAaHUIHO (IITPY-
BaHe), Ce OLCHSBAIIIE KaTO JOCTAThYHA MMPU KOH-
TUIHOHUPAHETO HA BOIHUTE 33 HYKIUTE Ha MpO-
MUIIUICHOCTTa U eHepreTukaTa. B kpas Ha 50-Te
TOIMHHM, KOraTo HOHOOOMEHHOTO 00€3COoJIIBaHE
u oOe3cunuIsiBaHe O€ IIUPOKO BHEAPEHO BBHB
BOJIOTIOATOTOBKATA, CE OKa3a, 4e HEeroBuTe Oe3c-
MOPHU TEXHOJOTMYHU MPEAUMCTBA TIpeI anTep-
HATUBHUTE METOJIH, MOTaT Ja OBJaT KOMIIpOMe-
TUpPaHH, KOTaTo BOJHUTE, KOUTO ce 00paboTBar B
jiornTHHTe O6e3comsBanm nHctamamun (MOM)
CHABPXKAT OPraHUYHH BEIECTBA — B PUPOIHHUTE
BOJIM TOBA Hal-4eCTO ca XyMHHOBHTE BEIIECTBA.

YcranoBeHo Oe, Ye WMEHHO OpTaHUYHHTE
BEIIECTBA, OCTAHAIIM BBHB BOJUTE U CIIEI TSIXHATA
KOaryJanys ¥ MeXaHHuHO (QHITPYyBaHe, ca MpH-
YHMHATA J]a CE BIIOLIABAT KAa4yecTBaTa Ha IBIOOKO
o0e3coneHaTa 1 00€3CHIUIICHA BO/IA, TPOU3BEK-
aHa B MON.
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KoHBeHIIMOHATTHUTE METOAU 32 MPEIOUHCT-
BaHe, OCBEH C HEJOCTaThbuHATA CH €(DEKTHBHOCT
CTIPSIMO OTCTPAHSBAHUTE OPTAHUYHH U KOJIOWTHU
BEIIIECTBA, C€ XapaKTePH3HUPaT U C TBBPIC TEXK-
KaTa CH EKCIUTIOATaIlls, C TOJIEMUTE KOJIMYEeCTBa
OTHAAbYCH IIUIaM, 33 TPAHCIOPTUPAHETO M ChX-
paHCHHETO Ha KOWTO BB3HUKBAT 3HAYUTEIHU
TpynHoctu. He ca 3a mpeHeOpersate u rojJeMure
Pa3XOoaH 3a pearcHTH.

lopensnoxkeHOTO CBHIETENCTBA 32 HE00XO-
IMOCTTa OT yCHBBPIICHCTBAaHE HA CBHINECTBY-
BaIlUTE TEXHOJOTUYHH CXEMH 32 IIPEIOINCTBAHE
Ha BOZATa Mpeau HeifHoTo obe3coinsBaHe. Exna
BB3MOXKHOCT 33 TOBa mpeiara KOMOHHHUPAHOTO
npuiarane Ha WOHHUS OOMEH ¢ MeMOpaHHU Me-
TOJH U B YaCTHOCT — C ynTpaduiarpanuara. To3n
MeToJ] OOMKHOBEHO Ce MpHjara B CXCMHUTE 3a
MPEeIOYNCTKA TIPEeq HMHCTANAIMsATa 3a oOpaTHa
ocMo3a [2+4]. Uurtepec mpencraBisBa H3CIE-
BaHETO Ha BH3MOKHOCTUTE My KaTo 3BEHO IIpEITH
1on.

EKCIIEPUMEHTAJIHA YACT

[pouecsT yarpadpunTpanus e peaan3upan
nBa Buga MmemOpanu. [IspBara memOpana e UPM
—50-Pycus u3paboTeHa oT momucyindoH, a BTO-
para memOpana e UF-60-PAN npousBoacTBo Ha
»Exoduntep” - (bbarapus) uspaborena ot Tpo-
€H CBIOJMMED aKPHIHUTPUI-METHI-aKpHiar-
HATpUEeB BUHWI-CyIdonaT. V3nomsBanu ca mio-



CKH W CITUPATHHA MOIYJH., OT Ta3Hh MeMOpaHa.
W3mon3Banu ca aBa THIA MEMOpaHHH MOIYIIH
IUIOCKOpaMeHeH Ha Sartorius-Anrmust u TpsOeH
ua Millipore (CAILI) .

ExcrniepuMeHTHTE Cca NMpOBEACHH C I1Ba BUA
BOja: muTeiHa OT s30BUp ,,Kamuus” u YepHo-
Mopcka Boma. OmpenensHa € OTHOCHTEIHATa
MIPOM3BOJUTEITHOCT HA MeMOpaHaTa 3a JiBaTa eK-
cnepumenTa. Ha cyposata Boga u ynrpapunrpa-
Ta ca ONMPECISHKM CICIHUTE MOKAa3aTeH. Iep-
manraHatHa okucisiemoct (I10), xymMHHOBH KH-
cemuun (XK), o6mo xensi3o (Feys), cycnenaupa-
uu BemiectBa (CB) npu mo6uB Ha yntpaduirpart
0, 20, 40, 60, 80%. IIpouechT ynrpaduirpamus
€ TPOBEXIaH MPH MOCTOSIHHU ycious: P = 0,3
MPa, t = 20°C, cpaBHHUTEITHO IIOCTOSHEH ChCTaB
Ha 00paboTBaHaTa BOJA.

OBCBKIAHE HA PE3YJITATUTE

Kakto Oe¢ moguepraHO CHIIECTBYBAIIUTE WU
MpUJIaraHd [0 MOMEHTA KOHBEHIIMOHAIHH METO-
IIA 32 TIOJITOTOBKA HA TPHPOJHHUTE BOIH MPEIH
JIEMUHEPATU3aI[MsITa UM HE MOTaT JIa TapaHTHPAT
JIOCTAThYHO IBIHOTO PEAyIMpaHe Ha OpraHHY-
HUTE BEIIECTBA B TsAX. ToBa 0cOOEHO Kacae op-
TaHUYHUTE BEIIECTBA, KOWTO ca moja (opma Ha
KOJIOJTHU CyOCTAaHIIMK OT THIA Ha XYMHHOBHTE
KHCeIUHU. IMEHHO Te 0CTaBaT BbB BOAMTE CIIE[
TAXHaTa 00paboTKa Ype3 KoaryJjarus, MOCIea-
Ballla MexaHW4yHa (unTpanus u gopu cien ¢Gu-
HUITHOTO WM XJIopupaHe. ToBa € MpHYMHATA B
IIOCIIEIHUTE TOAWHHM BCE II0-4ECTO YHUCTOTO, Ca-
MOCTOSITETHO HOHOOOMEHHO 00€3COJsIBaHe Ha
BOJIUTE Ja ObJie MpeHeOperBaHo 3a CMeTKa Ha
MIPUJIaraHeTo Ha T. Hap. KOMOMHUPAHU TEXHOJIO-
THYHH CXEMH, BKIIOYBAIM MEMOpaHEH METO]
KaTo MPeIBapUTEIHO 3BCHO MpEAW HOHHWTHATA
obe3corsiBalia HHCTATANUA. Y ITpapuITparoH-
HUAT MEMOpaHEH METO]l He € M3CJICJIBaH B KOM-
OMHUpaHa TEXHOJOTMYHA cXema yiTpaduirpa-
1usi/fioHeH 0OMEH OTHOCHO BB3MOXKHOCTHTE MY
3a pelylrpaHe Ha ChAbPXKAIIUTE ce B 00paboT-
BaHaTa BOJla XyMYCHH BEIECTBA, PeCl. OCHOBHA-
Ta UM KOMITIOHEHTa, & HMEHHO XYMHHOBUTE KH-
cenunu. [locnennure ch3gaBaT OCHOBHUTE TPO-
6nemu B MMOU, aTakyBaiiku HeoOGpaTHMO 3BEHATA
ChC CHJTHOOCHOBHM AHWOHHTU C BCUYKH TIPOM3-
THYAIIM OT TOBA HETATUBHU ITOCIIEICTBHS.

OcBeH KooumHUTe (HOpMAIMK OT THTA HA
XYMHUHOBHUTE KHCEIIWHH, IPYT HEXeJIaH KOMIIO-
HEHT BBB BOJATa, IOJJIaraHa Ha HOHOOOMEHHA
JMeMUHEpaInu3aIus ¢ sxensa3o (00mro), T.e. HOHHO-
Pa3TBOPEHO M KOJIOMTHO-Aucneprupano. Ot aBe-
Te KOMIIOHCHTH Ha OOIIOTO JKEJIA30 I0-OIlacHa €
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KOJIOM/IHATa My CHhCTaBKa, Thi KaTo MOHHOPA3T-
BOpEHATa Ce 3a/IbpKa B MMO-TOJsIMATa CH 4YacT OT
KAaTHOHHUTOBOTO 3BeHO B MOM. IIpupoauute Bo-
JTA MHOTO YE€CTO ChIBPIKAT KOJIOUIHU (POpPMAIHH
ChC CIIOXKEH cberas, BKirouBamu SiO,, Fe,0;,
Al,O3 ¥ XyMHHOBH KHCEJIMHH, KOETO PABH HU3K-
JIOYUTEITHO CJIOKHO TSAXHOTO OTCTPaHSBAHE OT
BOJIaTa, MPEAU MOCTHIIBAHETO U B MOU.

JlaHHUTE OT M3ClIeNBaHETO Ha Ipolieca C MIIo-
CKM MeMOpaHH ca Toka3aHu Ha Tabmia Nel.

Ta6auuma Ne 1. Crenren Ha cHmkernne (R,%) Ha
KOHTPOJIUPYEMHUTE TTOKA3aTEeNN Ha BOJIUTE

PaGotHO JobuB Ha R, % R, %
Hamsrane, yarpaduia- — COpsAMO  CHPSIMO
MPa Tpar epM. XyM. KH-

m®/m?.d OKHCIL., celL.,

A. Ilnocka memopana UF-60-PAN

0,2 1,52 27,2 68,0

04 1,58 29,4 73,2

0,6 1,72 31,2 75,6

0,8 2,06 39,4 76,6

B. Ilaocka memopana UPM - 50

0,2 1,56 22,8 22,5

0,4 2,08 26,2 27,5

0,6 2,60 34,1 32,4

0,8 2.75 38,2 48,5

ITo moka3zatelns epMaHTraHaTHa OKUCIISIEMOCT
pe3ynTaTure ¢ JBere MeMOpaHu ca OJU3KU, Ch-
otBeTHO 29,4 u 26,2 % npu NpUIIOKEHO HaATa-
ue ot 0,4 MPa. II]o ce kacae 10 CTEIEHTa HA OT-
CTpaHsBaHE HAa XyMUHOBUTE KUCEIHHH, Pa3JIHKa-
Ta Beue € MHOTO MMO-TojisiMa B I0JI3a Ha OBJTrapc-
KHTE M3cieaBann MmeMopanu — 73,2 % u 27,5 %
MIPH CHIIOTO HAJISATAHE.

I'opensnokeHOTO MOTBBPIKAaBa U APYT (akT
— IOKA3aTelNIsAT MMePMAHTaHATHA OKUCIISIEMOCT HE
MOXE M HE TpsOBa Ja ce CuuTa 3a MEPOJaBEH,
KOTaTo C€ M3CJIe/BAT OPTraHUYHH BEIIECTBA, ChC-
TOSIIM CE MPETUMHO OT KOJOHIHHU (POPMAITHH.
3a chKaleHue, TOBa € MOKa3aTelsT, 3aJerHal B
MpWJIaraHusi ONEPaTHBCH XMMHUYECH KOHTPOJ BHB
BOJIOTIOITOTBUTETHUTE MHCTANIAINN [TOPaId eKC-
MPECHOCTTA TIPU OCHIIECTBsIBaHETO My. [lopasau
Ta3u MPUYMHA OTICPATHBHHUS MEPCOHAN HE MOXKE
Jla TIOJTyYd HaBpEeMEHHA MH(OpMAaIs 3a CTeIeH-
Ta Ha HEOOPaTHMMOTO 3aMbpCSIBaHE Ha aHUOHU-
TUTE, KaKBaTO OM UMaJ MIPH KOHTPOJ BBPXY I0-
Ka3aTelss XyMUHOBH KHCEIHHU.

Januure ot Tabnuia Ne 2 naBar undopmanus
3a mocTuranus e(eKT Mpu MpuiiaraHe Ha yjiaTpa-



¢untpanys ¢ ObArapcKka CIUpaIHOHABUTA MEM-
OpaHa Tpu HU3cleBaHE Ha JIBa BUAA BOIU IIPH
no6us Ha yntpaduntpat 0 — 80%.

Tadaunma Ne 2. CpenHu CTOHHOCTH Ha KOHTPO-
JU-paHUTE TIOKa3aTelN MpH yaTpaduiTpanus Ha
MMOBBPXHOCTHH U MOPCKH BO/JIH.

Hobus, R,% R,% R,% R,%

% CIIPSIMO  CIIPSIMO ~ CHPSIMO  CTIPS
mepM.  XyM. 001110 MO

OKHC. KHC. KEIA30  CYCIL

B-Ba

A. Compan.moayna UF-60-PAN Boga Kamuus

0 27,6 27,1 66,0 34,3

20 34,2 30,9 83,0 42,9

40 34,2 34,3 88,5 42,9

60 42,1 34,3 >00,0 429

80 42,1 37,3 >90,0 48,6

b. Cnupau. moaysn UF-60-PAN mopcka Boaa

0 20,3 26,4 66,9 63,6

20 23,4 27,6 71,0 63,6

40 25,8 28,4 71,0 59,1

60 28,1 31,6 78,6 54,5

80 29,2 33,3 84,1 50,0

U 3a nBara BHAa BOIM IPH YBEIWYIAaBAHE JIO-
OnBa Ha ynaTpadUTPaT CHIBPKAHUETO Ha OOIIO
KN30 B MONTyYaBaHUS NPOIYKT HaMalsIBa UyB-
cTBUTENHO. [0 OTHOIIEGHHE HA TMOKA3aTeNuTe,
JaBaiy MHPOpPMANKs 32 OPraHHYHUTE U KOJO-
WJIHU BEIECTBA B yNTpaduiITpaTa IpH yBEInU4a-
BaHe HA HErOBHs JOOUB, CEICKTUBHOCTTa Ha
mpolieca HapacTBa HEe3HAYNTENHO. ToBa mosexe-
Hue Ha MeMOpanHust moayn YO 60 ITAH e B pe-
3yATaT Ha MOBHUINCHATa KOHIIEHTPAIMS Ha KOM-
MOHCHTHUTE HaJ MeMOpaHaTta 1 OT HapacTBaHE Ha
KOHIICHTpAIlMOHHATA TTOJIsIpu3anust Hajx Hest. [Ipu
TOBa BCEKH KOMIIOHEHT OT MOTOKa MOXKE Jla pea-
rupa ¢ MmemOpaHara o pasnuucH HaduH. ToBa e
eIMH €CTECTBEH IPOIIEC, XapaKTepeH 3a BCUYKU
BH/IOBE MEMOpaHH, CTEIeHTa Ha TOBa KOJIMATH-
paHe 3aBHCH OT TypOOJHM3aIHsATa Ha IIOTOKA B
MeMOpaHaTa T.e. 0T KOHCTPYKIIMOHHHUTE O0COOCH-
HOCTH Ha MeMOpaHHHUS MOJYIL.

H3menennero Ha aeOuTa Ha CIOUPATHHUS MO-
IIyJ1 B TIpOIieca Ha KOHIICHTPUPAHE € ChII0 BaXKEeH
dbaxrop oxapakrepusupai mnpoieca (pur. Ne 1).
W 3a nBata BUIA NMPOHM3BOAWTENHOCTTA OEIEKH
eIHa YCTOMYMBAa TEHACHIUS HA ChXPaHCHHE Ha
MIOTOKA ITpe3 MeMOpaHaTta, KOeTo € ITOJI0KUTETHO
Ka4ecTBO Ha MOAYJIA.
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®@ur. Ne 1. M3meHeHre Ha TPOU3BOUTEIHOCTTA
Ha MEMOpaHHUTE MOJYJIH B TpOIleca Ha KOHIICH-
TpHUpaHe.

CpaBHUTEHATE JaHHU 3a CTENEHTa HAa CHH-
JKEHHE Ha OPraHMYHUTE W KOJOWIHM BELIECTBA
4pe3 Hal-uecTo MNpUIIAaraHds KOHBEHIIMOHAJICH
METOJ] 3a IMPEJNOYMCTKA Ha BOJAaTa—KoaryJarus
(Ta6muma Ne 3) mokassar, ue

Ta6anma Ne 3. CpaBHUTEITHY JJaHHU 33 CTCIICH-
Ta Ha CHW)KCHHE Ha OPraHUYHHUTE M KOJOHIHH
BeIllecTBa ype3 Koarysarms [5,6].

R,%
CIpSIMO
II€PM.OKHC.

VcaoBus Ha
MIPOBEK/IaHE HA
mporeca

R,%
CHpsIMO
XYM. KHC.

Koarynant FeClj
Ik = 0,6 meq/l
t,= 20°C
Tronr = 30 MIN

27,2 34,9

Koarynant FeClj;
Jx = 0,6 meg/l
t,=30°C
Tronrr = 30 MIN

32,0 32,2

Koarymant Alp/SO,/3
Ik = 0,6 meq/l
t,=20°C
Trorr = 30 MiIN

30,8 46,5

Koarymant Aly/SO,/3
Ik = 0,6 meq/l
t,=30°C
Tronr = 30 MIN

33,2 50,4




npu 1o3a Ha koarynanrta 0,6 meqg/l B 3aBucumMocT
OT BHUJIA HA KOATYJAHTa U MPHIOKECHUTE YCIOBUSI
3a pabota ce nocrura 27 —33%-no u 35-50%-Ho0
penynupaHe, CHOTBETHO Ha OpPraHUYHUTE Be-
IIECTBA M XyMHUHOBHTE KHUCCITHHL.

ITpn mpoBenenara ynrpaduiaTpamis MOCTHT-
HATUTE PE3yNTaTH 3a CHIIUTE MOKAa3aTeld ca,
KaKTO CJeIBa:

. 3a ocka MmemOpana UF-60-PAN e 27 —
41% w 68 — 79% npu npunoxkeHo Hansrade 0,2 —
0,8 MPa;

. 3a iocka MmemOpana UPM -50 e — 23 —
34% u 23 — 32% npu npwitokeno Hamsrane 0,1 —
0,3 MPa;

. 3a crnupanen matpon UF-60-PAN
MOBBPXHOCTHU BOJAM € CHOTBETHO: 28 — 42% m
27 — 37% npu npunoxeno Hasrane 0,3 MPa u
nmo6uB Ha npoaykt 0 — 80 %;

e 3a cnmpaieH narpoH UF-60-PAN u mopcka
Boma ¢ cwhorBeTHO: 20-29% wm 26-33% mpu
npwioxkeHo Hamsrane 0,3 MPa u nobuB Ha
npoaykT 0 — 80 %.

B3umaiikun npensua M U3KIIOYUTETHO BHCO-
KaTa CTEICH Ha MPEYNCTBAHE Ha MOMYYaBaHUsI OT
yaTpaduiTpanuaTa MPOAYKT OT MEXaHHIHU
NPHMECH U Haili-Bede OT 00110 kKeJsa30 (ChOTBeT-
HO, 34 — 49 % u 66 — Haxg 90 % moxke na ce 3ak-
JFOYH, 9e yATpadUITpanusiITa € eIHa MHOTO J00-
pa anTepHATHBA Ha KOAryJaIysTa.

W3BOIN

1. Tlocturanuar edexT Npu INpwIaraHe Ha
mporeca yaTpapuITpalys ONPEAeTICHO Cce
BIMsC OT BHIAa Ha yITpaduITparHOHHHS
MOIyd U MeMmMOpaHaTa B HEro, KakTo ¥ OT
MpUJI0KeHOoTo Hamsrane. [Ipenopbunrento e
BJIMSIHUETO Ha Te3H (PaKTOpH Jja ce M3cienBa
3a BCEKM KOHKPETEH ClTy4ai.

2. TlokazarensiT TepMaHTaHATHA OKHUCIISIEMOCT
HE JaBa uUHpOpPMalMs 3a CTelNeHTa Ha
penyuupaHe Ha KOJOWAHUTE CyOCTaHIMM B
mpomeca  Ha  ynrpadmiarpamus.  [Ipe-
MIOPBUYUTENIHO € OIEpPaTUBHUS KOHTPOJI Ja
BKIIIOYBA W TIOKa3aTelsl XyMWHOBU KHCe-
JIMHU.

3. MemOpaHHUST Oe3peareHTeH MeTOJ
yaTpaduITpanus € HNKOHOMUYECKH M eKOJI0-
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THYHO MO-ONaronpusaTeH BapuUaHT Ha MpPeao-
YUCTKAa TpEeA peareHTHUS TNpuiarad o
MOMEHTa METOJI KOaryJiaiusl.

[oyueHnTe eKCIEpUMEHTANTHN pPe3yITaTH
OTHOCHO BB3MOXKHOCTHTE Ha ynTpagmi-
TpPAallMOHHHUS MeMOpaHeH MeTon 3a OT-
CTpaHsABaHE OT BOJATa Ha ChIBbPKALIUTE CE B
Hesl KOJOWIHM (OpPMalny, BKITIOUBAIIH
KeJS30, XyMUHOBU KHCETTMHU M KOJIOMTHH
CUJTUKaTH, O0OCHOBAaBaT KaTCTOPHYHHSA W3-
BOJ 3a MpeJuMCTBaTa OT MpHJIaraHeTo Ha
KOMOHMHHpaHa TEXHOIOTHYHA CXeMa OT THUIIa
yarpaduTpaius/ioHeH 0OMeH ¢ oTrnagaHe Ha
KOHBEHIIMOHATHHTE METOIH 3a
TIPETOYHCTKA.

[Ipen Bua KoHCTaTHpaHaTa KOIMAaTanus Ha
ynTpadUITPpallHOHHUTE MeMOpaHHu, H3IO0J-
3BaHU 32 EKCIIEPUMEHTUTE € IeJIechoOpa3Ho
W3CIENBAHETO Ha PA3MYHU CIIOCOOM  3a
MMOYUCTBAHETO UM.
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SELECTIVE TRANSPORT OF METAL IONS THROUGH A CARBOXYLIC MEMBRANE
BASED ON PVC/POLY (MMA-CO-DVB) POLYMER SYSTEM

loana Alexandrova

ABSTRACT

The selective transport of magnesium, calcium and barium through a carboxylic ion exchange
membrane was investigated by using a system containing HCI as a receiver solution and metal chlo-
ride as a feed solution. The transfer rate was found to be affected by the H* concentration in the re-
ceiver solution and the affinity between the membrane and the metal ion. The magnesium and barium
were permeated more preferentially through the membrane than calcium, when Mg-Ca and Ba-Ca
binary system were used The values of Tc,"? and Tc.2*were more than unity.

Key words: carboxylic membrane, selective transport, calcium, magnesium, barium

INTRODUCTION

Much attention has been paid to the develop-
ment of metal transport in Donnan dialysis using
ion-exchange membranes.

Wen and Hamil [1] studied the transport of
Cu?®, Ni*, Co*, Zn*" and Fe** ions through sul-
fonated styrene-grafted or acrylic acid-grafted
ion exchange membranes. It was found that the
transport of ions through the membrane in-
creased with increase of the membrane ion ex-
change capacity.

Macenauer et al [2] studied the transport of
Ni%*, Co?*, zn*, Cu®, and Fe* ions through a
perflorosulfanate ion exchange membrane
(Nafion 427) in Donnan dialysis with metal sul-
fate-sulforic acid system. The efficiency of the
dialysis was found to depend on the initial con-
centration ratio of the metal sulfate and sulfuric
acid solutions.

Xue et al [3,4] described the transport of K,
Na'*, Li*, Cs*, Ca®*, Sr**, Ba*" ions through a per-
florosulfonate membrane in interdiffusion of
metal ion — hydrogen ion couple process. The
results obtained were interpreted in terms of
ionic size and ionic charge of ions.

Other authors [5-16] studied the selective
transport of mono- and divalent ions through ion-
exchange membranes. It was found that the ions
were transported through the membrane with
different rate according to the nature of the
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ion and properties of the membrane, respectively.
The transport of the ions, which have the same
valence were influenced by the ionic radius.

The purpose of this paper is to study the se-
lective transport of divalent ions, such as Mg*,
Ca?* and Ba”* through a carboxylic ion exchange
membrane in Donnan dialysis.

EXPERIMENTAL

Membrane preparation

Fine power of poly (vinyl chloride), PVC
was mixed with a monomer mixture containing
methylmethacrylate,, MMA, divinylbenzene,
DVB (5wt.%) and benzoyl peroxide, BPO
(2wt.%) to prepare a paste. The composite ob-
tained was cast between two cellophane films
and heated at 373 K for 10 h to copolymerize the
monomers into PVC. The PVC / Poly (MMA-co-
DVB) polymer film synthesized was treated with
glacial acetic acid at 353 K for 3h to introduce
ion-exchange groups. The carboxylic membrane
obtained was washed consecutively with acetone,
methanol and water.

The membrane used in this study had an ion
capacity of 3.41 meg/g (dry membrane in H-
form), water content of 0.320 g/g, an electrical
resistance of 40 Q.cm” and a thickness of 0.200
mm.



Methods

Transport experiments were carried out at 298
K using a dialysis cell with two compartments
(47 cm® each), equipped with a glass stirrer. The
effective membrane area was 4.5 cm®. The com-
partments were filled with MgCl,, BaCl,, CaCl,
and their mixture (as a feed solution) and HCI (as
a receiver solution). Both solutions were sampled
periodically and the metal concentration was de-
termined by titration with EDTA solution. The
HCI concentration was determined by titration
with NaOH solution.

The pH of solutions were monitored by pH-
meter, model OP 205 (Radelkis, Hungary).

The experiments were carried out at stirring
speed of 700-800 rpm.

The transfer rate of ions, (V, mollcmzh) was
calculated from the amount of transferred ion
through the membrane from the feed to the re-
ceiver solution with the respect to the effective
membrane area and the dialysis time.

The transfer fraction (in %) was calculated
from the relationship: (C;/ Co) x 100, where C; is
the concentration of the ion in the receiver solu-
tion after 7 h dialysis time and Cy is the initial
concentration of the ion in the feed solution.

The permselectivity coefficient, T,® was cal-
culated from the equation:

T ={(Cs) / (Ce)} /{(Ca) / Ca)} (V)

where r and f denote the concentration of each
ion in the receiver and feed solution after 7 h di-
alysis time. The Ca®" ion is denote as A and Mg?®*
and Ba®* are denote as B ion, respectively.

The separation factor, S,® was calculated by
the formula:

Sp®=(Cg/Ca )/ (Cg/Cn) (2)

where: Cg and C,  are the concentration of each
ion in the membrane phase at equilibrium and Cg
and C, are the concentration of ions in the exter-
nal solution at equilibrium, respectively.

RESULTS AND DISCUSSION

The transport behavior of divalent ions, like
Mg?*, Ca?* and Ba®* through a carboxylic ex-
change membrane was investigated under vari-
ous conditions. It was used individual electrolyte
solutions and their binary mixture. The receiver
solution was HCI acid with concentrations from
0.1to 1 mol /dm®
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In Table 1 are listed the results of transport
experiments for single electrolyte solution as a
feed solution.

Table 1. Results of transport experiments

Feed Receiver Transport rate,Vx10°
solution solution mol/cm? h

Mg?* Ba?* Ca®

0.1MMeCl, 01MHCI 345 298 224

0.3MHCI 4.03 373 2.69

05MHCI 477 418 3.28

0.01 M MeCl, 0.1MHCI 0.36 050 0.60

0.3MHCI 044 060 0.70

05MHCI 055 070 0.95

It can be seen that the transport rate of ions
increases with the increase of HCI concent-ration
in the receiver solution and the initial concentra-
tion of ions in the feed solution, respectively.
The highest rate of the transfer was observed
when 0,5 mol/dm® HCI and 0.1 mol/dm® MeCl,
(Me = Ca, Mg and Ba) were used as a receiver
and feed solutions, res-pectively. It indicated that
the ions were transported through the membrane
by diffusion flux based on the concentration gra-
dient and active transport driven by the H" flux
through the membrane in the opposite direction.
The transfer fraction observed of magnesium was
32% and 27 and 20% for barium and calcium,
respectively.

The results obtained of the selective transport
of the ions through the membrane are shown in
Table 2 and 3. A binary systems of Mg-Ca and
Ba-Ca were used as a feed solution. The con-
centration of mixed salt solution was 0.1
mol/dm?® at 1:1 molar ratio of the ions. The re-
ceiver solution was HCI acid with different con-
centration.

Table 2. Results of transport experiments

Feed Receiver Transport rate,Vx10°
solution solution mol/cm? h
Mg®* Ba*" Ca*
MgCl,-CaCl, 0,AMHCI 0,60 - 0,51
03MHCI 183 - 150
05MHCI 305 - 249
BaCl,-CaCl, 0.1MHCI - 092 0.69
03MHCI - 152 125
05MHCI - 260 224




As can be seen from the table 2 the transport
of ions through the membrane also was influen-
ced by H" ion concentration in the receiver solu-
tion. On other hand magnesium and barium
were permeated more preferentially through the
membrane than calcium, when Mg-Ca and Ba-
Ca binary ionic systems were used. The values of
permselectivity coefficients Tc,"? (magnesium to
calcium) and Te.™ (barium to calcium) were
more than unity. It indicates that the transport of
ions from feed to receiver solution were affected
by the ionic size of ions and the affinity between
the membrane and the ion.

The values of permselectivity coefficient (T),
separation factor (S) and relation mobility of ions
in the membrane (U) are presented in Table 3.
The mobility of ions (U) was calculated from the
relationship: Ucs" = Tea/ Sea

It was found that the separation factor has
predominant effect on the selectivity at Ba-Ca
binary system (Sca™ > 1, Uga™ < 1 i.e Te? >1.
For Mg-Ca binary system the both values, S M9
and UM% were larger than unity.

Table. 3 Permselectivity coefficient (T), separa-
tion factor (S) and relative mobility (U)

T,S,U lon A
magnesium barium
Ted 1.24 1.12
Sca 1.14 1.20
U 1.09 0.95

Figure 1 shows the changes in permselectivity
coefficient (T), separation factor (S) and mobility
(U) of the ions with the equivalent fraction of
magnesium in MgCl, — CaCl, solution.

2
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Fig. 1 Permselectivity coefficient (Tc."%), sepa-
ration factor (Sca"?) and mobility (Uc,"®) versus
equivalent fraction of Mg®* ion in the mixed feed
solution. Receiver solution: 0,5 M HCI acid.
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Obviously, the permselectivity coefficient,
Tca"? and separation factor, Sc," decrease with
increasing equivalent fraction of magnesium in
the feed solution. The mobility of ions was
changed negligibly.
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YPABHEHHE 3A YACTHUSA KOEOUIIUEHT HA MACOIIPEHACAHE ITPU
MN3IAPEHUE OT OTKPUTU BOAHU NIOBBPXHOCTHU
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EQUATION FOR PREDICTION THE VALUES OF GAS-FILM MASS TRANSFER
COEFFICIENTS
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ABSTRACT

An equation is developed, based on mass transfer equation for calculation of the gas-side mass
transfer coefficient for vaporization of volatile organic compounds from water. This equation can be
used for estimation of emissions of volatile organic compounds from wastewater treatment. The com-
parison of the equation with models of Rathbun and Bunyakan showed that results are comparable.
The statistical analysis showed that the results of the equation did not differ (statistically) from
Rathbun’s model while the Bunyakan’s model was rated as "statistically different".

Key words: mass transferr, gas-film coefficients, emissions, WWTP;

BbBEJIEHUE 1_1, 1 !
K k. kgm ’

HedtonpepaboTBaTenHute MU XUMHYECKHUTE
MPEANPHUITUS ca TOJNAM MOTpeOUTEN Ha BoJa 3a
TEXHOJIOTMYHHM HYXIU. YecTo OTXOIHHUTE BOIU
OT Te3H NpPENNPUATHS, KOUTO MTOCTHIIBAT 3a Ipe-
YUCTBaHE B NPEYMCTBATEIHUTE CTAHIMU 33 OT-
nagpudn Boau (IICOB), chabpKar IeTIHBH
opraununn cheauHeHuss (JIOC) BBB BHCOKH
KOHIeHTpauuu. [TouTH BCHUKM CHOPBKEHUS Ha
[ICOB ca ¢ oTkputa KbM aTMoc(epara BOAHA
MMOBBPXHOCT, OT KBJETO HENPEKbCHATO CE W3-

kpaero K — 0011 KoeuIHeHT Ha MaconpeHa-
csaHe, M/S; K. — yacTeH Koe(HUIMEHT Ha Macoll-
peHacsiHe B TeuHata (asa, m/s; Kg — gacten koe-
¢dumeHT Ha MacomnpeHacsHe B rasomara (hasa,
m/s; m — KoHcTaHTa Ha (Ha3oBO paBHOBECHE,
Oe3pa3MepHa.

B o0mims ciyvaid, TOYHOCTTA Ha TpeaACKa3Ba-
He Ha K 3aBHCH OT TOYHOCTTa, C KOSTO Ca OIpe-
IeJICHH yJacTBamuTe B ypaBHenue (1) Bemmuu-

BppmBa usnapenue Ha JIOC. Ot Tasu rneaHa HH-

touka IICOB cnemBa ma Obmar pasriexIaHd Llen na nacmoswama paboma e jia ce nony-
KAaTO M3TOYHWIM HA 3aMbPCABaHe Ha atMocep- M HOBA KOPETAllMs 3a ONMPEENIHE Ha JaCTHHS
Hust BB3yX ¢ JIOC. Koe(UIMEHT Ha MacollpeHacsHe B rasoBa (asza

OT KII0YOBO 3HAYCHHE IPU ONpeneisiHe ro-  1PM usnapenue Ha JIOC oT OTKpUTH BOMHH
nemuHata Ha emucuute Ha JIOC e TounoTo om-  IVIONIM. 3a IENTa € M3M0JI3BaHa M3BECTHA KOpe-
pe/IsHE Ha 00K KOSUILHMEHT HA MacoNpeHa- AL 33 MACOIpPEHACSHE IPH 00THYAHe Ha ILI0-
csine. CBIVIACHO TEOPUSTA HA MACONpeHacsiHe, ~ CKA IUIACTHHA. 32 OUEHKATa HA W3BEJICHOTO ypa-
0GIIOTO CHIPOTHBIIEHHE IPU NPOLIECATE Ha pe- ~ BHCHHE Ca M3IION3BAHH MOXO0HH KOPEIAUHH OT
HOC TIPEICTABIIABA CyMa OT ChIOpOTHBIeHHeTo B~ APYTH aBTODU.

TeYHaTa M rasopara ()aza IpH JOMYCKaHETO, Ye M3Be:xnaHe HAa MOJE 32 NMpPeICKA3BaHe HA

Ha (1)330B3Ta T'paHulla C€ YCTaHOBsIBa paBHOBEC- YACTHUS KOC(l)I/IIII/IeHT HAa MacompeHacsiHe B
cue. B choTBETCTBUE € TE3U AOIIyCKaHUs, 06H_II/I' razoBara (1)333

ST KOS(QHUIMEHT Ha MAacONpeHacsHe ce 3alKcBa Mackay u Yeun [1] mokmazxsar, de gacTHHTE
ChC CICIHUS U3pas. KOe(HIMEHTH Ha MacolpeHacsHe B ChbOTBETHATA
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¢a3za ca MpomOPIMOHAIHE Ha KBaIpaTeH KOPEH
0T Koe(pHIMEeHTa Ha MOJIeKyJspHa AuQY3Us Ha
KOMITOHCHTa B ChOTBETHATa cpeia. 103U TexeH
W3BOJ 3aJIsiTa BIIOCIEACTBHE B OCHOBATa Ha I10Y-
TH BCHYKH M3BECTHH HH OT JIUTEpaTypaTa ypaB-
HEHUsI 32 Tpe/ICKa3BaHe Ha YaCTHHUTE KOe(HIIH-
eHTH Ha Macompenacsine. Munz u Roberts [2]
Opa3BUBAT Ta3W WHAes, Karo BMECTO KOPEH
KBaJIpaTeH, W3MON3BaT CTEleHHA (YHKIUS |
OTIPECNIAT TPAHUIIUTE HAa M3MECHECHUE HA CTEIICH-
HUS TIOKa3aTell B ypaBHEHHETO. To3u moaxos ce
OKa3Ba H3KIIOUUTENHO yMOOCH MNpU W3BOI Ha
ypaBHEHHE 32 OTpe/eIITHe Ha YACTHUS KOSHITH-
SHT Ha MacoIlpeHacsiHe B Ta3oBa (asa, ThH KaTo
MOTYYSHUTE PE3yJITAaTH 32 YaCTHHS KOS(PHUIHCHT
HA eIHO BEIeCTBO (OMOpHA CTOWHOCT) MOTaT 1a
ce W3IOJN3BAT 3a M3uMciIsiBaHe Ha Kg Ha apyru
BemectBa. [Ipu n300pa HAa BEMIECTBO, Ha KOETO
na ObIe ompeeneHa onopHara croiHocT Ha Kg,
Hail-uecTo ce M3mnoi3Ba Bojara. [IpuumHaTa 3a
TOBa €, Ue CHIPOTHUBICHUETO W B TeyHaTa (hasa
ce mpueMa 3a HyJia U o0mMAT Koe(UIMEHT Ha
MacoIlpeHacsHe CTaBa paBeH Ha YacTHHS Koedu-
ueHT B ra3osa (asa, T.e. K= Kg. ToBa no3sos-
Ba Kg(H20) na 6bae ompenensHo eKCIepuMEH-
TaHO C BHCOKA TOYHOCT. B Hacrosimara pabora
€ M3I0JI3BaHo TpemIokenoto ot Schwarzenbach
[3] ypaBHenwue, koeTo MMa BHIA:

0.61

a(X

Da(X)
Kg(X)=Kg(H,0 m 2,

KkbleT0 Kg — yacTeH Koe(HUIIMeHT Ha Macol-
peHacsiHe Ha KOMIIOHeHT X B rasosa ¢asa, m/s;
Ks(H20) — gacren koedHIHEHT Ha MacompeHa-
CsIHE Ha BoJa BBB BB3AYX, M/S; Da(X) — koedu-
UHUeHT Ha auy3us Ha KOMIIOHEHTa X BBB Bb3-
ayx, m?s; Da(H20) — xoedurment Ha audy3us
Ha BOJA BB BB3yX, M7/S.

B Hacrosimata pabora 3a ompejensHe Ha
Ks(H,0) €  U3NO0N3BaHO  KPUTEPHATHO
ypaBHEHHE, TMOJYyYeHO 3a YCIOBHATA HaA
KOHBEKTHBHO MAacONpEHAcsHEe OT TeueH (UM

KbM raszoBarta ¢asa [4]:
1

Sh=0,036.Re%® .Sc3 3,

kpaeTo Sh — kpurepuii na IllepByyn; Re —
Kputepuid Ha PeiiHomuc, SC; — KpuTepuil Ha
IIIMuAT 32 KOIIMIIOHEHT |.

Kpurepuute na Peitnonac u llmuar ce us-
YUCIISIBAT CHOTBETHO 110 CIEAHUTE YPaBHEHUS!

_pUd
u

Re 4,
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Sc; = £ 5,

p.D;

KBJETO P - ITBTHOCT Ha BB3IyXa, kg/ma; U-
CKOPOCT Ha BATHPa, M/S; d — eKBUBaJICHTEH JHa-
METHP HA OTKPHUTATA KbM BB3/yXa BOJHA ILIONI
Ha ChOPBKEHUETO, M; |L - BUCKO3UTET Ha BB3/Y-
xa, Pa.s; D; — koeduimenT Ha qudysus Ha KOM-
MTOHEHT | BBB BB3/YX, m?/s.

Ipu npuiaranero Ha ypaBHenus (4) u (5) Os1-
Xa U3MOJI3BAHK CIICTHUTE YUCIEHH CTOMHOCTH 3a
BB3ayxa — P=1,81.10" Pas; p=1,2 kg/m®. Crexn
NPEBPBINAHETO HA CHOTBETHUTE JUMEHCHH Ha
yJ4aCTBAIMTE BEIMYMHH M 3aMECTBAHETO UM B
ypasuenus (3), (4) u (5) ce monyuasa ciaeqHUs
u3pas 3a kpurepus Ha [llepyn,

Sh :=216.11- (U - d)*® 6

a YaCTHHUAT KOC(HUIIMEHT Ha MAacOIpeHACsSHEe
111 Ce OMpe/ess OT yPABHEHHETO:
Sh.D,(H,0)

d

3a koeduimenTa Ha ANQY3Us HA BOJATA € H3-

non3Bana croitnoct — Da(H;0)=2,6.10° m?/s [4].

Uszpas 3a Kg(H,0) ce monyuyaBa crnen 3amecTBa-
ue Ha (6) B (7):

Ks(H,0)=

Ks(H,0)=0,5619.U %8 d 2 8

OxkonuarenHusat u3pas 3a Kg Ha kol jma e
KOMITOHEHT B rasoBara (a3a ce moiaydaBa ciel
3amectBane Ha (8) B (2):

Ks =3,519.d 2 U %8 D% 9

B ropHoTO ypaBHEHHE CKBUBAJIICHTHUSAT JHAa-
MeThp d € ¢ TUMEHCHsT M, CKOPOCTTa Ha BATHPA
U e B m/s, a xoebpuuneHTbT Ha Audy3us Ha
KOMITOHEHT | BbB BB3/IyX € B m?/s.

H300p Ha 00eKT 3a npuJjaraHe Ha MojaeIa

3a omenka Ha ypaHenue (9) e m3bpaH mbp-
BuueH yrauten ot [ICOB nHa ¢upmara “Jlykoiin
— Hedroxum” Byprac. Toit e ¢ muamersp 30 m.
Msnon3paHa e CpeqHOTOAMINIHATA CTOMHOCT Ha
CKOpOCTTa Ha BATHpa 3a rpax byprac — 4 m/s.
Benuky cBoiicTBa ca OIpe/eneHy Ipy TemIiepa-
typara 25 °C. Karo 3aMbpCUTENH B YHCICHUS
eKCIIEPUMEHT Ca HW3IOJI3BAaHU JIEBET BEIIECTBA!
alleTOH, METAaHOJI, €TaHol, XJIopodopM, TeTpax-
JIOPMETaH, JUETHIOB eTep, TeTpaxuupodypas,
M3MOPOIUIIOB allkoxon u 1-Oyranon. Bemecrsa-
Ta ca MoAOpaHd MO TaKbB HAuYWH, 4e jJa Obaar
BKIJIIOYEHH JICCHOJICTIIMBH, CPEIHOJICTIUBU U



TPYJHOJIETINBY BellecTBa. TexXHUTE CBONCTBA ca
naneHu B Tabmuna 1.

Omnpenensine Ha YacTHHS KOe(PHIIMEHT Ha
MacolnpeHacsiHe B ra3opaTta (paza mo mojaeau
Ha IPYTH aBTOPH

3a oleHka Ha pe3ynrarute oT ypaBuenwue (9)
ca M3MOJI3BAaHM J1BA EMITHPIYHA MOJIENa 3a ompe-
JIeTIsTHE HA YaCTHUS KOS(UIMEHT Ha MacoIpeHa-
csHEe B TazoBa (ha3za, W3BEICHM CIEHHATHO 3a
cropbxkerusta ot [ICOB:

Mopuen va Bunyakan [5]:

29107 D.(X)
Ko(X)={13910 ulmm+122104{DA(C|_§o Hj 10,

kbaeTo Kg — yacteH koe(UIMEeHT Ha Ma-
cornpeHacsiHe Ha KOMIIOHEHT X B rasoBa (asa,
m/s;

Dg(X) — koedurpienT Ha audy3us Ha KOM-
nosenTa X BB BB3IYX, M2/S;

Dg(CH30H) — koedurent Ha audy3us Ha
METaHOJI BBB BB3AYX, M/S;

Mopuen na Rathbun [6]:

Ko(X)=442M 2 K (H,0) 11,

B ypasuenue (11), Kg(H20) ce uzuncnssa no
ypaBuernero na Mills et al [7]., mocoueno B
cratusra Ha Gualtieri [8]:

Ke(H,0)=168U,, 12,

kb1eto Ujy € ckopoctTa Ha BaThpa Ha 10 m
HaJ| 3eMHATa HOBBPXHOCT, M/S, a Kg e wacTHus
KOe(HIMEHT Ha MacOIpeHacsHe B rasoBa (asa,
m/day;

CBoiicTBaTa Ha BEIIECTBATa, HEOOXOAMMH Ka-
TO BXOJHH IAHHU 33 MOJEJINTE Ca IIOCOYCHH B
tabmura 1 [9,10].

Tao6auna 1. CBoiicTBa Ha BelllecTBara, U3-
MOJI3BAHU TIPU U3YUCIUTEITHUTE MPOLIEYPH

Koed. na Monna
audy3us Mmaca,
Bemecrso m,g) wx. kglkmol

D.10° m%/s
alleTOH 1,049 58,08
METAHOJI 1,520 32,042
€TaHoII 1,181 46,069
xopohopm 0,888 119,378
teTpaxiopmeran 0,828 153,823
JIETHIIOB €Tep 0,918 74,123
terpaxuapopypan 0,956 72,107
H30TPOTIAHOI 1,013 60,096
1-OyraHon 0,861 74,123
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PE3YJITATU U OBCBHXKIAHE

PesynratuTe OT mpuiaraHeTo Ha M3BEIECHOTO
B Ta3u pabora ypaBHeHue 3a Kg, KakTo U pe3yi-
TaTUTE 32 MOJYUYCHHUTE CTOHHOCTH Ha Kg 1Mo mo-
nmenute Ha Bunyakan u Rathbun ca 06061enu B
tabnuna 2. OT Hes ce BUXKIA, Y€ TPUTE Mojeia
Mpe/IcKa3BaT CTOMHOCTH OT €IHMH U ChIII MOPSIBK
3a JIEBETTC BEINECTBA. BBIpeKu, 4e HIKOU OT
cBoiicTBara Ha BerectBara (tabmmia 1) ce pas-
JIMYaBaT 3HAYUTEITHO, MPEJICKA3aHUTE CTOHHOCTH
3a Kg ce oTianyaBaT ¢ OTHOCUTENIHA CTaOMIHOCT
¥ 3HAYMTEITHO MO-MaJKH pasiukd. ToBa roBopu
32 OrPaHMYEHOTO BIIMAHHE HAa XMMHYHATA TPHU-
poJia Ha UHIWBUAYATHUTE BEIIECTBA BBPXY ChII-
POTHBIIEHHETO B Ta3oBara ()a3a 3a CMETKa Ha
npyru ¢axrtopu. Ilpu ckopoct Ha BAThpa 4 mM/s
BEPOSITHO TYpOYJICHTHHS MPEHOC CTaBa Ompese-
TSI, & PoJIATa Ha MOJIEKYJIsipHATa TU(Y3Us Ha-
MaJjsiBa.

Tao6una 2. [TomyyeHu pe3ynTatu 3a CTOU-
HOCTHUTE Ha YaCTHUA KOe(UIIEHT Ha MacoIpe-
HacsiHe B ra3oBa (aza

Ke.10%, m/s
Bemectzo Rathbun Bunyakan Tazu
pabota

alleTOH 5,26 3,92 4,96
METaHOJI 6,93 5,68 6,22
€TaHoJI 5,86 442 5,33
xmopohopm 3,77 3,32 4,48
TeTpaxJIOpMeETaH 3,36 3,10 4,29
JIETHIIOB €Tep 4,70 3,43 457
terpaxuapodypan 4,76 3,57 4,69
H30IPOTIAHON 5,18 3,79 4,86
1-OyraHon 4,70 3,22 4,40

3a moxy4aBaHETO Ha KOJHMYECTBEHA OILICHKA
Ha NPWINKUATE U PA3IMKUTE MEXAY MoJenuTe 0e
W3BBPIIEHA CTaTUCTHYECKa 00paboTKa Ha MOIy-
YEHUTE Pe3yJITaTH. 3a LeNTa € U3MOI3BaH KpUTe-
puatT Ha CTIOABHT BEB BUIIA:

t=(x-my/m/c

KkpaeTo t — kpurepuit Ha CTIONBHT; X — cpen-
Ha  pa3IuKka MeXay — MojenuTe; M
JIEHCTBUTEIHA pa3ivKa MEXIy MOAeIuTe; N —
Opoii Ha croiiHOcTHTE (B TO3M Cilydaii Ha
BEIIIECTBATa); G — TUCIEPCHS.

THi KaTo HAEMCTBUTENHATa pa3iuKa MEXITY
MozenuTe M He e u3BectHa ce npuema M=0 [11],
YUHATO CMHUCHI €, Y€ TeCTBaHATa XUIIOTE3a € “Hi-
Ma CTaTHCTHUYECKa pasjifKa MEXTy CpaBHSBaHU-
Te Mojenu”. B cioydamte KOraTto M3YHCICHUST

13,



kputepuii Ha CTIOOABHT € MO-MaJlbK OT
TaONUYHUsL, TECTBaHATA XUIIOTE3a CE JI0Ka3Ba, a B
o0paTHUs ciiy4ail ce OTXBBPIIS.

PesynratuTe OT CTaTHCTHYECKOTO CpaBHEHHE
ca mocoueHr B Tabmuma 3. OT Hes ce BIXKIa, Ue
npu HUBa JoctoBepHOCT 95% u 99% HsaMa cra-
THCTHYECKA pasjinka Mexay mosmena Ha Rathbun
U TpeAoKeHUsl B HacTosImata padora Mojedw,
JOKaTo CpaBHEHHETO ¢ Mojena Ha Bunyakan
COoYH, Y€ M MPH JBETe HUBA HA 3HAYUMOCT (Ioc-
TOBEPHOCT) [BaTa MoOJela Ce pas3iudyaBaT CTa-
THUCTHYECKH.

W3BOIN

Ha 0a3ata Ha W3BECTHO KPUTEPHAIHO YpaB-
HEHHUE 33 MacCOIPCHACSHE B yCJIOBHATA HAa 00THU-
YaHe Ha TUIOCKA TUIACTWHA € W3BEJICHO ypaBHe-
HHE 3a U3YHCIIABAHE HA YACTHUS KOCPHUIIMCHT HA
MacoTpeHacsHe B razopara (aza mpu M3MapeHue
Ha JICTJINBHA OPTaHUYHU CHEIUHEHUS OT OTKPUTHU
BOJHU IwIomd. To Moxe fa Objie H3MOJI3BAHO 32
oreHka Ha emucuure Ha JIOC oT mpeuncrparen-
HHU CTaHIMU 3a OTHagHu Boau. CpaBHEHHETO Ha
MOJIy4E€HOTO ypaBHEeHHe ¢ MoxenuTe Ha Rathbun
u Bunyakan Ha mpuMmepa Ha peajieH MbpBHUYEH
yTauTen T0Ka3a, 4e pe3yiITaTUTe ca CHIIOCTaBH-
MH.

Upe3 cTAaTHCTHYESCKH aHAIHM3 € MOKa3aHo, 4e
pe3yNTaTUTE HAa WM3BEICHOTO YpPaBHEHHE HE ce
pasnuyaBar (CTaTHCTMYECKH) OT Mojeida Ha
Rathbun, moxaro Tesu ot momena ma Bunyakan
ca OICHEHM Karo ,,CTATUCTHYCCKH Pa3lIndaBalli

ce .

Tab6auna 3. CTaTUCTUYECKO CpaBHEHHE Ha
pe3ysITaTHTe MOJIyYeHH 10 ypaBHEHUATa Ha
Rathbun u Bunyakan, u ypaBHeHueTo u3BeaeHO
B Tasu pabora

Pasnuku B cT-TuTe Ha Kg, m/s

Bemectso  Rathbun/Tasu Bunyakan/Tasu
pabora pabora

aIeToH 3,05E-04 -1,04E-03
METAHOI 7,10E-04 -5,36E-04
€TaHoI 5,27E-04 -9,16E-04
xmopohopm -7,07E-04 -1,16E-03
TeTpaxJIOPMETaH -9,37E-04 -1,20E-03
JIMETHIIOB €TEP 1,31E-04 -1,14E-03
TeTpaxuapodypan 7,70E-05 -1,11E-03
N30IPOTIAHOI 3,26E-04 -1,07E-03
1-6yranon 3,07E-04 -1,18E-03
CpernHa pa3nuka 7,094E+00 8,972E+01
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Crang. otknonenne  4,748E+01
2,25E+03

0,448

1,791E+01
3,21E+02
15,030
2,306 2,306
1,86 1,86

Hswma pasnuka Hwma paznuka

9

tPlS'-Il/ICIICHO

tTaﬁJ‘IH‘IHO (95%)
tTa6nuqu (99%)
W3Boa mpu 95%:

W3Bog mpu 99%:  Hsama paznmuka Mwma paznuka
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UTILIZATION OF WASTE POLY(ETHYLENETEREPHTALATE) AS INGREDIENT IN
RUBBER COMPOSITIONS
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ABSTRACT

The depolymerization of poly(ethyleneterephtalate) waste, obtained by milling of drinking bottles,
was conducted under the influence of mixture of glycols, obtained by a vacuum-distillation of the resi-
due from the ethilene glikols production. The process was carried out in the presence of NaHCO; as
catalyst at the temperature of 220°C and under reflux in nitrogen atmosphere.

Oligomer products (fractions B and C) were separated from the remaining glycols, catalyst and
unreacted monomer by dissolving in cold distilled water and filtering. The electric isolation rubber
composition of DSM company was used as a base compound to which 3 to 20 wt.% of the oligomer
products were introduced as ingredient. The rheological characteristics and their main physicome-
chanical and dielectric properties of the vulcanization products obtained were investigated.

Key words: depolymerization, glycolysis, poly(ethyleneterephtalate), rubber composition

BBBEJIEHUE

Orno30TBOPSIBAHETO HA OTMAABUCH ITOTUCTH-
nen-tepedranar /[IET/ e 3maunmM npobiem B
CBETOBEH Mamad ¢ MHOTOCTPAaHHH W3MEpEHUS,
Cpen KOHUTO ce OTKPOSBAT CKOJIOTHATA, PasIInps-
BaHETO Ha pecypcHara 0a3a Ha IOJIMMeEpHATa
MPOMHIIUICHOCT, MOTyJaBaHe Ha HOBHU IOJIMMEp-
HU TPOAYKTHU ¢ TogoOpeHn kadectsa u ap. [1,2].
YeTnpyu OCHOBHH TOAXO/a Ca MPEMIOKCHH 3a
JETIOTTMMEPH3aLIHsT XUAPOJN3a, aMUHONIU3A,
METaHOJIM3a U rTuKom3a [3,4].

I'nmukonuzara € METOJ, KOMTO JaBa BH3MOXK-
HOCT J]a C€ M3MON3BAT MAaJKH KOJMUYEeCTBAa pea-
reHTd. Peaknusata 0OMKHOBEHO CE M3BBPIIBA IPH
cpaBHUTENHO Jieku ycnosus — 180-260 “C u npu
arMochepHo Hamsirane. OCBEH TOBa IJIMKOIU3aTa
HE MPEeIN3BUKBA IPOOJIEMH, CBBP3aHU C KOPO3HUS
u 3ambpesiBane [1,5]. Imukonuzara moxe aa ce
OIUIIEe KaToO JETOIMMEpH3anisl upe3 TpaHcecTe-
pudukanus mexay ecrepaute rpynu Ha [1ET n
muonu [6,7]. B nureparypara [8-17] e omucana
JETTOTIMMEpH3anisl 4pe3 TIINKOIH3a B IMPUCHCT-
BHETO HA CTWJICHIIIUKOJ, AUCTUIICHIIIUKOIN, TIPO-
OIJICHIINKOJN,  TPHETHWIeH  rmmkon,  1,4-
Oytuinenraukod, nonuriukonu 400, rmunepuH u
CMECH OT JUCTWICHIJMKON WIH MOHOETH-
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JICHIVIMKOJI WJIM JUINPONMIEH IJMKOJI C IJIHIEe-
puH. He e ommcana nemonumepusanus ¢ OTIa-
JI'BYHH TIHMKOJIH, KOUTO MPEACTaBIsIBAT CMEC OT
MOHO-, AH-, TPH- U BUCIIU TIHKOIH. Tasu cmec
ce IoJIyyaBa IpU BaKkyyM JAecTHjalus Ha Ky0o-
BHS OCTaThK IPU peKTUPHUKALUATA HA JUETHUIIEH-
TJINKOJ OT MPOU3BOJICTBO ,,I mukomn” B ,,JIykoin
Hedroxum — byprac” AJl.

B mpenummna Hama pa3zpa0oTka € mpoBeacHa
nenonumepusanus Ha [IET mox neiictBueTo Ha
otnaabyau raukonu [18]. OcHoBen HemocTaThk
B pa3paboTkara e, 4e IVIMKOJM3aTa € IpOBeJeHa
B IIPUCHCTBHE Ha KaTaTU3aTOPUTE OJIOBEH JIHOK-
CHJl ¥ KaJlaeH AMKOCH[, KOUTO ChABPMKAT TEKKU
MeTand. Te3u KaTalnu3aTopHu IOKa3BaT BUCOKa
KaTaIUTHYHA aKTHUBHOCT, HO TAXHOTO OTAEISHE
CJIe/ TIHMKOJIN3aTa U TOBTOPHOTO UM HM3IIOJI3BaHE
€ HEBH3MOXKHO, 3aTOBa BHACSAHETO UM B Mpolieca
Ha JENojJuMepHu3alus He € eKOJIOrocho0pasHo.
WnTtepec npencrapisiBa Ja ce NPOBeIe ITIHMKOIH-
3a C OTIAJbYHU IVIMKOJIM, HO B NPHUCHCTBHE Ha
Oe3BpeHaTa COJl HATPUEB XUAPOTCH-KOPOOHAT,
KOSITO ce mpernopbya ot LOpez-Fonseca R. [1].
Tasu con nmaBa JOOpU pe3yaTaTHd MPH XUMHY-
HoTo peuuknvpane Ha IIET rpanynu c etunen-
riuko [19].



JenonumepusnupaHuTe TPOAYKTH OT TIIMKOJU-
3ata Ha PET HamupaT pa3iu4HU NPHIOKEHUS —
MoJly4aBaHe Ha HEHACUTEHHU MOJTUECTEPHH CMOJIH,
oIAMep-0€ToH, CHITONMMEpH U Ip. B nutepary-
parta HsAIMa JaHHH 32 W3MOJI3BAHETO UM KaTO HHT-
paIreHT B KayIyKOBU ChCTaBU. B mabopatopmsra
o “EnexTpon3onallioHHA MaTepuanu” ca paspa-
OOTEHH ENEeKTPOM30NAIMOHHN CHCTaBH, KOHTO
noBede oT 30 TOOWMHH YCIENIHO ce MpuiaraT B
MIPOMHUIIIEHOCTTA.

Hacrosimmara paboTta e mpoAbikeHHe Ha mpe-
aumHa pabora [20] u uma 3a men jga w3cnenBa
BIMSTHUETO Ha JICTIONIUMEPHU3UPAHUS TIOHCTIIICH-
Tepedramar BepXy Ipoleca Ha BYNKAaHH3ALUS W
OCHOBHHTE (H3MKOMEXaHWUYHH H EJIEeKTPOU30IIa-
LUOHHH CBOWCTBA Ha BYJIKAHU3ATUTE.

EKCIHEPUMEHT

e Martepuaan

Otnagbuen monuerwieHrepedranar /IIET/ —
MIOJTY4YeH € OT OYTHJIKH OT 0e3aJIKOXOJIHH HaIHT-
ku. Te ce moramst 3a 1 yac B 1 % BozeH pa3TBop
Ha HaTPHEB XHIPOKCHJ 3a TpEeMaxBaHE Ha 3a-
MBPCSABAHUATA OT IOBBPXHOCTTA, H3MHUBAT CE
cbe Bozia U ce cymar npu 80 °C. Cmunar ce Ha
miteHku ¢ pasmep 0,8-1,2 mm.

Otnagpunn riukonu /Ol - momydaBar ce
IPU BaKyyMIECTHJIANMS Ha KyOOBHS OCTATBK OT
pEeKTU(UKAIMATA HA AUSTUICHTITUKO.

¢ AHanu3upane Ha OTHAIBUYHHUTE TIIUKOIH C
MeToJia Ha ra3oBarta Xpomarorpadus - aHaIu3bT
€ TpoBeleH Ha ra3oB xpomarorpad ,,SIGMA
2000” na ¢upmara ,,PERKIN ELMER”. Pa3ne-
JSTHETO € OCBUIECTBEHO C KaIlIIIpHa KOJIOHA C
HeroaBmkHa (paza Kapoosakc 20 I1 ¢ mapikuHa
25 m, Bprpemen quamersp 0,153 mm u nebenu-
Ha Ha (UIMa Ha HemoABmXkHaTa (aza 1 um mpu
Temneparypa Ha aHanmusa 230 °C u ras-Hocuren
N> c¢be ckopocet 5 mi/min.

o I'iukosmmza na IIET

Ksm 1409 (~2,5 mol.) ortnagbudm TMKoIH B
Ka4yeCcTBOTO Ha JACCTPYKTHpAL arcHT, MpeaABapu-
tenHo Harperu 10 200 °C, ce npubasst 96 g (0,5
mol) mneHkn OT monHeTHIeHTepe(pTanaT ChC
cplara temneparypa. [lpubassar ce u 0,2 g Hart-
PHEB XHIPOTeH KapOOHAT KaToO KaTaIu3aTop.

IMpomecsT ce mpoBexna mpu arMochepHO
HaJSITaHe B TOK OT a30T IIPH pa30bpKBaHE, TEM-
neparypa 200 °C ¥ IpOJBIKUTENHOCT Ha MPOIIE-
ca 180 min [1].

3a menuTe Ha HacTosIIATa paboTa ce U3MOoN3-
BaT camo oauromepute. Te ce OTIensIT OT cMecTa
o cieanus HauuH. Ce MPUKITIOYBaHe HA TIIH-
KOJM3ata, TBhpaara (asa oT mojmeTmwieHTeped-
Tajar ce OTAeNs OT TeyHata (asa upe3 QuiTpy-
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BaHe M Ce MPOMUBA TPUKPATHO C ropelia AeCTu-
nupaHa Boja. [IpomuBHaTa Boma ce cmecBa C
Teunara (asa. [Tocnennara ce oxnaxaa 1o 4 °C u
ce TPOBEXKAa TPUKPATHO TIPOMHBAHE Ha IOJTyde-
HUTE TIPH OXJaXIAHETO OJUTOMEPH ChC CTyACHa
(4 °C) necrunmpana Bosa. B cryznenara Boma ce
pa3TBapAT OCTaHAIMTE TIUKOIH, KaTaau3aTopa u
HICKOMOJICKYJTHITE TIPOAYKTH Ha JCTOIUMEpH-
3arus (o3HadeHu kato (pakuust A). Tasu dpak-
¥ € BaKHa, HO HE MPEJACTABIsABAa MHTEPEC 3a
Hacrosmara padboTa.

Hepa3TBopeHHUAT B cTyIeHa BOAa MPOIYKT ce
CBCTOM OT OJINTOMEPH — 03HAYCHHU KAaTO (PpaKIIuu
(B+C). Omuromepure ce cymar npu 80 °C, ana-
JIM3HUpPAT CE W Ce BJarar KaTo WHTPAJUCHT B Kay-
YyKOBHU ChCTaBH.

¢ Onpedensane Ha OUHAMUYEH GUCKO3UMEM —
ompeneNs ce Ha POTAlHOHEH BHCKO3UMETHP
,,Brook-field” mpu 23 °C, ckopoct 50 r.p.m. u
umuHaen (BpereHo) 4.

¢ [lupepenyuanen mepmuuen ananuz. Ilpo-
BeZieH ¢ Ha nepuBarorpap NETZSCH STA
449F3 B a30THa aTMocdepa.

e M3paboTBaHe HA KAYYYKOBH CMeCH

CwMmecure ca n3pabOTEeHH Ha OTKPUT CMECUTEN
(Banmuu) mpu 50 °C. CMecBaHETO ce M3BBPILBA IO
crenuus HauwH: B mpoabmkenue Ha 4 min ce
IUTACTULUPAT. eTHJICHIIPONMICHOB Kaydyyk *
Keltan-778” - 30 wt.% u Oytun kayuyk - 70
wt.%. Cren ToBa IOCIEROBATETHO CE NMPHOABAT
(Wt.%): mrcnonusonperoB kaydyk - 40, Bapu-
pamm KOJMYECTBA OT MOJTYYCHHUTE ONUTOMEPH —
ot 3 no 20, cTeapuHOBa KHCEIHMHA - 2, I[UHKOB
OKCHJI - 5, mupoiieH - 5, caxau [IM-50 - 10, kpe-
ma - 60, kaommm - 40, capa 2, 1u-
¢enmaryanunud - 0,5, MepkanTtoGeHOTHA30M -
0,8 u dpexron H - 0,2. Tasu penentypa e ¢ 100-
pH CBOIiCTBa M € MpeIOKeHa B IPOCHEKT Ha
¢upmara ,,DSM” - Xonanmausi, KosATO € BojJeIa B
MPOM3BOJICTBOTO HA €IEKTPOM30JIAIMOHHN MaTe-
pHanm.

o ByakaHu3anus Ha KayYyKOBH CMeCH

UsebpimBa ce Ha npeca npu 155°C, Hansrane
20 xg/cm’ u Bpeme, mocoueno B Ta6m.3. Marpu-
mara 3a BYJIKaHH3aLUs Ce TPETHPa ChC CHITHKO-
HOBa EMYJICHSL.

e Onpeaesine HA Pe0JIOTHIHATE XapaKTe-
PUCTHKH HA KAYYYKOBH CMeCH

Peorpamure ca perucrpupanu Ha Peomersp-
100 na ¢pupmara “MONSANTO” npu cneanus
pexxum Ha pabora !

- aMIUITY/a Ha oclunanus Ha potopa — 1 °C;

- TemnepaTtypa -155°C.

o Ou3uKOMeXaHUYHH MOKA3aATeTH



Tewprocrra no Hlop e ompenenena no bBJIC
ISO 868:1985, a skocTTa MpU OMBH U OTHOCH-
TEJIHOTO U OCTaTh4HO yabmkeHue — no bJIC 1SO
37:2002.

e Omnpenensine HA AHEIEKTPHYHHUTE MOKA-
3aTes I

Benuky auenekTpudHN 1oKa3aTean ca Ompe-
nenenun o BJIC 5357:90.

PE3VJITATH U OBCBKJAHE

OTHagbyHy TIIMKOIW Ca WM3IMOJI3YBaHU B Ka-
YeCTBOTO Ha JemonuMepusupani areHt Ha PET.
Te ca anamu3upaHu 4pe3 METOJla Ha ra3oBara
xpomatorpadus - Tabm.1. Bmwxna ce, e ToBa e
CMEC OT TJIMKOJIM, B KOSITO MOHO-, JI- ¥ TPUETH-
neH riaukonute ca 86% u camo 14% ca Terpae-
TWJICH W MO-BUCIIH DIUKOJU. C MMBPBUTE TIIAKO-
JM3aTa IpoTHYa MPH Mo-JIeKH ycnosus [8-17].

Tao6auua 1. CocraB Ha OTHATBEYHUTE TIIHKOIH

I'nukon Cncras, %
MOHOETHUIIEHTITUKOI 1,2
JneTunenrioko 25,4
TpueTHIeHr UKo 59,4
TeTpaeTHIEHIIINKOI 7,9
Buciim eTuineHrmmkom 6,1

I'mukonu3sara e mpoBeZeHa MPU ChOTHOIICHUE
Mexay u3xomaaure MoHomepu ITET:OI'=1:5 mol,
KOETO CHOTHOLICHHE C€ MPEHophuBa OT PeIHia
astopH [1,9,17]. Cnen npukirouBane Ha rmpoieca
€ TIPOBEJICHO pa3eliTHe Ha HeB3auMOAeHCTBAIIH-
TE TIIMKOJIH, KaTaJu3aTopa W HICKOMOJIEKyITHAaTa
¢pakuus (ppakius A) upe3 U3MHBaHE CbC CTY-
nena (4°C) nectunupana Boja.

3a menmuTe Ha HacTosIIATa paboTa ce U3MON3-
Ba caMo TeuHara ¢paximsara - dppakuus (B+C),
kpreTo B m C ca chOTBETHO Pa3TBOPUMHTE H
HEpPa3TBOPHMHUTE B TOpEIla BOAA OJUTOMEPH.
Te3n ommromepu He ce pa3TBApAT B CTyAEHA
Bojma. TSAXHOTO KOJMYECTBO M MOJICKYJIHA UM
Maca 3aBHCAT OT YCIIOBHATA Ha TIIMKONW3aTa H
JETOIMMEePH3UPAIIKs areHT. [pu HammTe ycio-
Bus dpakuus (B+C) ce monmyuaa ¢ nodus ~ 50
%. UscnenBanu ca HAKOM OCHOBHH XapaKTEpHC-
TUKH Ha Tasu (pakiust. Bwkna ce /Tabn. 2/, ue
OPOAYKTBT € C BHUCKO3HOTEYHA KOHCHCTCHIIHSI
ChC CPaBHHUTEIHO BHUCOKA ILTBTHOCT, HAMIBIHO CE
pasTBapsi B TeTpaxunpodypan. B ropema Boma
(100°C) ce pastBapsat 80 %, T.e. ppaxius B e 80
% ot 1s1mo-TO KoytmdecTBo U camo 20 % e ¢pak-
nus C.

3a oxapakrepuszupane Ha ¢pakuuu (B+C) e
M3MO0NI3BaH AHU()EpeHITNATHO-TEPMIUEH METO Ha
aHaNN3.

Ot aepuBarorpamara /®dur.1l/ ce Buxaa, Ue B
G — kpuBara ce HaOmIOAaBaT TPU CThIaja Ha
3aryba Ha Maca, KOUTO Ca Pa3IuyHH 10 TOJIeMH-
Ha. ITepBoto cremano e or 220 mo 260°C, mpu
koetro ce ryosat 3,5 % or macara Ha mpobara.
Bropoto e ot 260 mo 340 °C u npu Hero uma
12,4 % zaryba Ha Maca. TpeToTo cThmano € oT
340 10 500 °C u e cBBp3ano ¢ 85,2 % 3aryoa.

Tab6auna 2. Hs ko OCHOBHHU XapaKTEPUCTHKH Ha
¢pakunn (B+C), mosydeHn npu TIMKONIN3aTa Ha

PET ¢ OI'
No
1o XapakTepucTruKa @pakiun (B+C)
pen
1. Koxcucrenums BHUCKO3HOTEYHa,
cMoJI000pa3Ha

2. Ipsar cBeTiokadsB
3. IImerHOCT, glcm3 1,35
4.  PasrBopumoct (%) B!

- ctynena Boga (4 °C) 0

- ropera BOJA 80

(100°C) 100

- TeTpaxuapodypan 0

- TETpaxJIOpMETaH
5.  Jloous, % 52

Ot DTG - kpuBa ce BIXk/1a, 4e MaKCUMalTHaTa
ckopocT Ha mbpBoTO crhnano e npu 230°C. To
CHOTBETCTBA Ha pa3iaraHe Ha JuUMepH. Bropoto
e ¢ makcumaiHa ckopoct npu 340°C u ToBa Cb-
OTBETCTBAa Ha TEPMUYHO pa3jiaraHe Ha TPUMEpPH
U mo-Buciim omuromepu [21]. MakcumanHara
cKkopocT Ha Tperoto crhnano ¢ npu 430°C. Tosa
CBOTBETCTBA Ha TEPMUYHOTO pasnarade Ha [IET,
MOJTy4YeH MpY TEPMUYHA MTOJIMMEpHU3aNns Ha OJU-
TOMEpHTE.

DTG /(%/min)
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HampaBenuTe m3cinenBaHus MOKa3BaT, ye OT-
JIeTICHUTE OT TMPOAYKTa Ha JCTIOIMMEPH3ALHs
bpaximu (B+C) cbappxar IUMEPH U ONUTOME-
pH, KOHTO Ce HapuyarT Hai-00LI0 OIIMrOMEpH.
TsxHara CTpyKTypa €:

o
I

o}
I @ |
HOCH,CH, o—=C C—{QC CH)—}70H
2 z{‘ _ _{ Hy 2}“1

kpaero x = 1-7; n=2-10.

@pakiun (B+C) ca BIOKEHH KaTo MHIPad-
SHT B KaydyKOBH CMeCH Ha 0a3a MOCOYCHHTE B
eKCIIepIMEHTalTHaTa 4acT exacTomepu. Omuro-
MEpHTe, TMOMYYCHH MPH pa3riiekIaHaTa TIHKO-
TM3a, ca oJHro-rauKondranati. M3sectHo e, de
ChbeIMHEHHUs C MOMO0Ha CTPYKTypa ca MHOTO
no6pu mwiactudukaropu [21]. Moxe na ce npen-
moyara, 4e Te HAMa Jia JIOBENaT 10 CHIIECTBEHO
BJIOIIABAaHE HA Ka4eCTBAaTa HAa KaydIyKOBHUTE CMe-
CH, HO 3HAYHUTEIHO IIe MOJOOpST TAXHATa Mpe-
paboTKa ¥ e HaMaIsIT Ce0ECTOMHOCTTA UM.

KayuykoBuTe cMecH ca MOATOTBEHH IIPU
Cla3BaHe HA KAYCCTBEHUS M KOIUYECTBEH ChC-
TaB, NPEIOKEH B TPOCIEKT Ha (upmara
»,DSM”, kosTO € BOjela B MPOU3BOJICTBOTO HA
KayJIyKOBH ENEKTPOM30NAIMOHHN MaTtepuani. B
KaydyyKOBUTE cMecH ca BIoxeHdu oT 3 go 20
wt.% ot onmuromepute Ha 100 wt.% enactomepu.

[Ipu miacTUIHpaHEeTo HA CMECUTE € YCTaHO-
BEHO, Ye BHACSHETO Ha OJIMTOMEPHTE MOI00psBa
TEXHOJIOTHYHOCTTA HA CMECTa, a €IHOBPEMEHHO
C TOBa M BB3MOXHOCTUTE 3a HambiBaHe. Cte-
IIEHTa Ha U3MEHEHHE Ha Te3U CBOIicTBa HapacTBa
C yBEJIN4aBaHE Ha KOJMYECTBOTO UM.

Ha Bcuuku monydeHH ChCTaBH ca PErUCTPH-
panu peorpamure. OT TAX ca ONpelesIeHH Peo-
JOTHYHHUTE XApaKTEPUCTHKA HAa CHCTaBUTE
/Ta6m.3/. Hamepeno e, 4e ¢ HapacTBaHE Ha Cb-
nepkanuero Ha ¢pakipu (B+C) ce moHmkaBat
KaKTO MUHHMMAQJHUA, Taka U MaKCUMaJHHUS UM
BUcKo3uTeT. C TOBa ce 00ACHABA IOA00PSIBAHETO
Ha TEXHOJOIMYHOCTTA HAa CMECHUTE, KOETO € yKa-
3aHHe, 4e IOJYyYEHUTE OJIUIOMEPH NpPHUTEXaBaT
IacTU(QUIUPAILO JeHCTBHE.

CroifHOCTHTE Ha BpeMeHaTa Ha CKOPYUHI U
ONTUMAJIHUTE BpEMEHa 3a BYJIKAaHM3aLUUS Ha
CBbCTaBUTE HE CE INPOMEHAT IPU HapacTBaHE Ha
cpappxannero Ha Qpakuuu (B+C) B cmecwure.
Ot peorpaMuTe ce omnpeaens onTUMyMa Ha BYJI-
KaHU3aIHA.

B Ta61.3 ca moka3aHu W pe3yiTaTHTE 3a
TBBpaocrTa no lop. Buxnaa ce, ue ¢ HapacTBaHe
Ha ChABP)KAHUETO Ha J0OaBEHHUTE OJUTOMEPHU J0
9 wt.% TBBpHOCTTA ce 3ama3Ba, CJell KOETO 3a-
[I0YBa J]a ce MIOHMXKaBa.

Ta6anna 3. Peosoruunu XapakTepucTUKy Ha kayuykosute cmecr (Ha 100 wt.% enactomepu) mpu
paznu4HO chabpkanue Ha ¢pakiuu (B+C) , monydenu npu raukonusara Ha PET ¢ O

Cpabpx. Ha Munnmanes Maknuma- Bpeme na OntumainHo Bpeme TeBpIOCT
(bpakuuu BHUCKO3UTET  JIEH BUCKO3U- CKOPYMHT  HA BYJKaHU3AIHA no Hlop,
(B+C), wt.% Mmin, °M TeT t, 5.107 top, $.107 o1
Mmax, °M
0 9,8 32 1,64 3,58 63
3 9,8 32 1,64 3,58 63
6 9,8 32 1,64 3,58 63
9 9,8 32 1,64 3,58 63
12 9,2 31 1,70 3,60 62
15 8,9 31 1,74 3,68 61
20 8,4 30 1,92 3,84 58

Kato ca B3eru moji BHUMaHUE PEOJOTHYHUTE Xa-
PaKTEpUCTUKH Ha KayIyKOBHUTE CMECH € IPOBE/ICHA
BYJKAHU3ALUS MPU OMHCAHUTE B €KCIICPUMCHTAJHA-
Ta 9acT yCIOBHAL.

Ot mpakTHyecka IIeqHAa TOYKA € BaKHO Ja ce
MO3HABAT (PM3MKOMEXAaHWYHUTE TOKA3aTeNd Ha MO-
Jy4eHUTE ByJIKaHu3aTH. M3cieaBanu ca Moaysa mpu
200% yapmkeHue, SIKOCTTa PU OMbH, OTHOCUTEITHO-
TO ¥ OCTATHYHOTO yabiKeHue /Tabm.4/.

Bmxkia ce, 4e ¢ HapacTBaHE Ha ChABPIKAHUETO HA
opakmuu (B+C) mo 9 wt.% moxymsr mpu 200 %

YIBIKEHHE Ce 3ama3Ba MOCTOSHEH, a 33 KO-
nudectsa oT 12 no 20 wt.% ce monwmkasa.
AHaOTMYHM PE3yNTaTd ca TOJyYeHH U 3a
SIKOCTTA TPH OITBH.

OT NOJyYeHHUTE TAaHHU 32 OTHOCHTEIHOTO
M OCTaThYHOTO YIBJDKEHUE CE BHKIA, 4Ye
TE3W MOKa3aTeId HapacTBAT HE3HAYUTETHO C
yBeJMYaBaHe Ha KOJMIECTBOTO HA BHECCHUTE
omuromepu Hax 9 wt.% l3MmeHeHusITa BBHB
(hM3NKOMEXaHNYHUTE CBOWCTBA HA BYJIKAHH-
3aTUTE MOTAT Jia ce OOSICHAT ChC CTPYKTypa-
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Ta Ha BHeceHHTe onuromepu. Te ca MIUKOI-PTanaTy,
a (Tanmatute Ccropen IUTeparypHHTe AaH-HH [21],
UMaT 100pa ChBMECTUMOCT C Kay4yIIUTE U MO3BOJIS-
BAT JIa ce MOJy4aT BYJIKaHU3aTH C I00PH SKOCTHH U
JIMENIeKTPUYHH CBOWCTBA.

N3roTBeHnTe KaydyyKOBH BYJIKAHH3aTH Ca MpPE-
HAa3HAYEHH 33 EIEKTPOU30JALM, 3aTOBA Ca U3CIIEC/-

BaHU TEXHUTE JIUCICKTPUYHH XaPAKTEPUCTH-
ku. OnpeneneHu ca cnenuGUIHOTO 00EMHO
CBIIPOTUBJICHHE, CIICKTPUYHATA SKOCT M TaH-
TeHCa Ha bI'bJIa Ha JUCICKTPUYHHTE 3aryou -
Tab6m. 5.

Taomuna 4. du3ukoMexaHUYHY MOKa3zareny Ha Bynkanuzatute (Ha 100 wt.% enactomepu) mpu pas-
JUYHO ChAbpxkanue Ha Pppaximu (B+C)

ChIabpx. HA Moayn npu Skoct Ha OTHOCHTEIHO OcTaTh4HO yIBI-
¢dpakuuu 200% ynbimxeHue ON'bH YIBIKEHUE JKEHHE
(B+C), wt.% Mopg0, MPa o, MPa g, % 5, %
0 31,8 51,5 540 28
3 31,6 51,5 540 28
6 31,6 51,2 540 29
9 31,4 51,2 540 29
12 26,2 46,0 560 35
15 21,7 42,4 570 39
20 17,4 35,5 590 44

[IpaBu Brneuarnenue, ye BHacsHeTo 10 20 Wt.%
ot ¢ppaxiuu (B+C) B kaydyKoBUTE BYJIKAHH3aTH HE
BOJIM JIO CHIICCTBEHH M3MECHEHHS B JHCICKTPUIHUTE
UM Toka3zatenu. ToBa Moxe Jja ce 00sicHH ¢ 100puTe
SNIEKTPOM30JIAIIIOHHA CBOMCTBa Ha H3IMOJI3BAHUTE

enactomepy, Ha [IET m Ha HeroBute mo-
HUCKO MOJIEKYJIHM TIPOU3BOJHHU, KOWUTO C€
[I0JIy4aBaT IpH AENOJMMEpHU3aLusiTa My B
MPUCHCTBUE HA OTIAABYHU ININKOJIH.

Tab6auua 5. J{uenexkTpudHu nokaszarenu Ha Bynkanusarure (Ha 100 wt.% enacromepn) npu pa3ingHoO
chabpxkanue Ha dpaximu (B+C)

Copabpx. HA Crnennpuaao 00eMHO JuenekTpuyHa SKOCT JuenexTpuyunu 3a-
¢bpakipu (B+C), CBIIPOTHBIICHHE, Ep, ryou nipu 50 Hz,
wt.% Qm.10" KV/mm tg 0.10°

0 9,0 26 3,5

3 9,0 26 35

6 9,0 26 3,5

9 9,0 26 35

12 9,0 27 3,5

15 8,9 26 3,4

20 8,9 26 34
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BBH3MOXHOCTHU 3A IPUJIOKEHUE HA TPOAYKTHUTE INIOJYYEHU OT TEPMUYEH
KPEKHUHI' HA IPOTEKTOPHU BYJIKAHU3ATHU

Hopnanka Tamesa, Iletko Iletkos, Munen /lumoB

POSSIBILITIES FOR APPLYING OF PRODUCTS OBTAINED FROM THERMAL
CRACKING OF PROTECTED VULCANIZATES

Yordanka Tasheva, Petko Petkov, Milen Dimov
E-mail: jtasheva_2006@abv.bg

ABSTRACT

The behavior and degradation of protect vulcanizates by thermal cracking were studied. The main
products were determined on the base of a process and its origin was estimated. It’s established that
the thermal recycling of protected vulcanizates produces a liquid which is an important source of hy-
drocarbons in the petrochemical industry and the method is convenient for environmental protection.
The obtained liquid product called pyrolysis oil was investigated in detail.

Key words: thermal cracking, vulcanizates, fuel

BBBEJIEHUE J0po (OKHMCIIMTENHO pasrpaXkIaHe), B MHEPTHA
cpena, 6e3 pa3TBOPUTEN WK PEIyKITHOHHO [1-4].
Exeroxnoto ortnazane ot ynorpeba Ha roJsi- TepMUYHUAT KPEKUHI € TEXHOJIOIHUs, KOSATO

MO KOJIMYECTBO NPOTEKTOPHU BYJIKAHU3ATH BOAM  YCIEIIHO C€ MPHUJAra 3a pasrpaxkiaHe Ha TEXKH
JI0 3aMbpCsABAaHE Ha OKOJIHaTa CpeAa, MOpajd  BBIVIEBOJOPOJHM OCTATBIM C LIEJ M0JIyyaBaHe Ha
BHCOKAaTa MM YCTOMYHMBOCT CIPSMO AEHCTBHETO  I10-JIEKU FOPMBA U Ia30Be, KAKTO M 3a IPEBPBIIA-
Ha C'bHYEBA CBETJIMHA, BlIara, KUCIOPOJ, O30H U HETO Ha TBHPAWTE IOJMMEPHH OTIAAbIH O
ap. TAXHOTO ONON3OTBOpABAHE HMMa HE CaMO  pPa3sHOOOPAa3sHHM XMMHUKANIM, BKIIOYBALIA OCHOB-
€KOJIOTMYHO, HO U MKOHOMUYECKO 3HAYEHHE, Tl  HuaT MoHOMED [5].
KaTo B TYMEHHTE OTHAABLIM CE CHABPKAT HE IO~ JloknaznBaHo e, ye Ipu MUPOJIM3a Ha IOJIHUC-
manko or 60% opranmyHa maca ChABPKAllA  TUPEH ce IOJNyYaBaT OEH3€H, CTHPEH, TOIyEH,
BBIJIEPO/ ¥ BO0po. ChBpeMeHHUTE TeHAECHIMH  HadrateH u ¢pakuus C;-Cy. IIpomechT ce och-
3a OTOJ30TBOPABAHE HA OTMAIABLKUTE M ONOJN30T-  IeCTBABA B PEAaKTOp IIpu Temieparypa ot 700-
BOpsIBAHEC Ha MNPOTCKTOPHUTE BYJIKAaHU3aTH 3a- 875 °C [6]
HUMaBaT y4eHUTE OT s cBAT [1]. [lonmy4yeHu ca HUCKO-MOJIEKYJIHH BBIJIEBOMO-
JlHec 3aMbpCSBAHETO Ha OKOJIHATA Cpefia U pOIH IIpH OKHCIUTEIHO pasrpakIaHe Ha ITOETH-
eCKTHBHOTO PCLMKINPAHE HA OTMAXBUMTE M jeHOBM OTMAXBLH npu Temmeparypa 350 °C u
TAXHOTO M3MOJI3BAHC Ca OCHOBHU NPUOPHTCTH B y3mon3pane Ha Karanuzatop Ni/Pt Ycranoseno
cBeTOBeH Mamab. HapacTBa TeHIeHUMATAa 33 ¢ ye IOy YCHNATE HPOLYKTH Ca ChC CPEIHA MO-
HAyYHH M3CIICABAHUs BBPXY IPEPAabOTBAHETO HA nekynHa Maca okosio 2500. M3y4eH e chiio Taka
OTHajbIH OT BYJKAHW3ATH C LEN MOMYYaBAHETO  ppopeca HAa TEPMHYHO PasTPaKIAHE HA MOIIME-

Ha JIONBIHATEIIHA KONIMYCCTBA XUMHYHHA BEUIEC-  TyjeH BHCOKO HAISTaHe MPH W3ION3BaHE HA
TBa M peakTHBH. OMNOI30TBOPSBAHETO HA TE3M  garammsarop TiCls wim KaranusatopHa cucreMa
OTHaABRIM € BAXXHO M OT CKOJIOTHIHA M OT MKO-  HZSM — 5. YcTaHOBEHO €, 4e pU U3MO0I3BaHETO

HOMUUYECKA INefHa Touka. ChINECTBYBAT HAKON-  pg [ppBHAT KATAIM3AaTOP ce MONydYaBa HedTeHa
KO METOJIa 3a MPepabOTBAHETO HA MPOTEKTOPHH-  (hpakiusi, ChAbpKala OKoIo 84 % mapaduHu.
T BYJIKAHH3ATH M HONMMEPHU OTHanbLM. ENMH  Or npyra crpana mpu M3moN3BaHETO HA KATAH-
OT TAX € TEPMHYHOTO pasrpakiaHe, Koero OM  saropuara cucrema HZSM — 5, momyuenara
MOIJIO J1a Ce OCBIECTBH B MNPUCHCTBUE HA KHC-  pedrena dpakuust chabpxa g0 34 % apeHoBH
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BBIJIEBOIOpOH, KaTo 22 % oT Tsax ca Hadrane-
HOBH MpU3BOHH [7].

EnvH 0T mepcneKTHBHUTE METOAM 3a OMOJ-
30TBOpSIBAHE Ha M3HOCEHH aBTOMOOWIIHU TYMH €
HagpOOsIBaHETO UM BBB BHJ HA YaCTHIU U HU3-
MIOJI3BAHETO Ha MOCIIEAHUTE B HEMOTUPHITNPAH I
MOU(UITUPAH BUJI, WK Cliea 00paboTKa ¢ arpe-
cuBHHU peareHTH. OT Ipyra cTpaHa, IpU HEMoC-
pencTBeHa 00paboTKa Ha MJIICHKH OT MOJICITHU H
OTHAJbYHU MPOTEKTOPHU BYJIKAHHM3AaTH C KOHII.
a30THA KHCEIMHA Ca MOJYYCeHH TPHU KpalHH Ipo-
nykra: noaupyHkipoHareH mpoaykr (ITDIT),
TEXHUYECKH BBIJIEPOJ (Ca)kau) U HHUCKOMOJIE-
KymHH jukapbokcmtan  kucemnan (HMJIK)”.
VYcranoseHo €, e [IDII moxke ma ce m3moias3Ba
KaKTO KaTo yCwiBaiia Jo0aBka B CMECH C TO-
JHUXJIOPOTIPEH U KAaTO pacTexHa a00aBKa, Taka U
KaToO XpaHUTEIHA Cpelia 3a MUKpoopranusmu [8].

B mocnemHuTe rOANHM, MTOTYyIEHUTE MPOIYK-
TH MPH PEIHUKIMPAHETO HA MPOTEKTOPHUTE BYII-
KaHM3aTH CE M3IOJI3BaT KaTo JT00aBKH B IIMMEH-
TOBUTE CMECH, CMECH 3a TOJOBU M TMOKPUBHU
HACTHJIKH, KaKTO U B JPeHaXHH cuctemu [9] .

[Muponuzata MPOTEKTOPHU BYJIKAHH3ATH CE
U3BBPIUIBA B Cpeda OT HEIOCTUT Ha KHCIOPOJ,
BBB BaKyyM, BbB BojmHa arMocdepa, B IPUCHCT-
BHE U OTCHCTBHE Ha KaTaJIH3aTOp, B PEaKTOPH C
MEPHOTUYHO W HENPEKBCHATO IeHCTBHUE, B TICEB-
JOKHUIIALI CJIOH, TPH Pa3TUYHH TEMIIEPaTypPH.
[MTomyyaBaT ce cMecH OT OMTOMEPHHU MPOIYKTH,
KOUTO C€ W3IOJ3BaT B KaueCTBOTO CH Ha IUIac-
tudukaTopu. Hampumep, mpu NIpOM3BOACTBOTO
HA KaydyKOBO — OHTYMHH XHAPOHU3OJIAI[MOHHH
MaTepHaIH, BMECTO MHICH, XyMapHHOBH CMOIIH,
KONMO(GOHN M aHTPAIICHOBH Macna, Ce M3I0JI3BaT
MUpOoNM3HK Tactudukaropu. Hapen ¢ mractu-
¢uKaropa, TIpH MUPOJIHM3aTa HA IPOTCKTOPHUTE
BYJKAHU3aTH CE MOJy4aBa U BBIJIIEPOI, OT KOHTO
Yype3 JOMBJIHUTENHAa 00pabdoTKa ce MoiTydaBa
aKTHBEH BBIVICH, [IPUTEXKABAIll Pa3BUTa MOBBPX-
Hocr150 — 500 m%/g u moprcrocr 0.6 — 1.2 cm®/g
U IO CBOWCTBA € PaBHOCTOEH Ha I'bPBECHHUS aK-
THBEH BEIVICH. [Ipn HarpsBaHe Ha ByJIKaHH3aTO-
pa mazx 500°C Ge3 HOCTBII Ha KUCIOPO, IIPOTHYA
IHPONN3, TPH KOUTO ce OTHeNAT OKojo 25%
nuponusen ras, 40% teunun mpoayktu u 35%
Kokc. [TMponu3HUAT ra3 ce U3Mmoi3Ba KaTo ropu-
BO 32 MOJIbpIKaHe Ha MUPOJIM3HUS Tporec. Teu-
HHUTE TPOAYKTH ca OoraTé Ha OCH3EH, a KOKCHT
MIOpajx CBOSITA MOPHO3HA CTPYKTYpa MOXKE J1a ce
M3M0J13Ba KaTo (IITHP 32 IPEUNCTBAHE HA BOJH.

ITpu BucokoTemIieparypHa 00paboTka Ha OT-
NaJbYHN BYIKAHW3aTH B TEXKKA MHUHEPATHH
Macja ce ToJydaBa CYCIEH3Us OT ,,pa3TBOpEH”
KaydyK, BBIJIEBOJIOPOJCH KOHJIEH3aT, Ta3 U Me-

Tan. B 3aBHCHMOCT OT ycCJiaBuUsTa, MONy4eHara
CYCIIeH3HsI MOKe 1a ObJie M3I0JI3BaHa 3a IPOuU3-
BOJICTBO Ha XHPOU3OIHMPAIIN MaTepualid B Ka-
YEeCTBOTO CH Ha CypOBeHa 3a HeTOXUMHUYECKaTa
MPOMHIICHOCT KaTo ropuBo. CBHIIECTBEH He-
JIOCTaThK Ha NECTPYKTUBHOTO ,,pa3TBapsiHe” Ha
UIIB B TexKn MHUHEpPAJIHU Maclia € TsIXHaTa Io-
KapOOIMAaCHOCT.

Uscnensan e mpoleca Ha MHPONIU3 MOJ BAKy-
yM, KaKTO U Pa3BUTHETO Ha THPrOBCKHS Ma3ap Ha
MOJIYYSHOTO MUPOJIH3HO MAcio U Kokc. [IbpBo-
HAYaTHO TIpoIleca € OCHIICCTBEH B JIAOOpATOPHU
YCIIOBHS C M3IOJI3BaHE HA CYPOBHHA OT aBTOMO-
OWJIHHM TyMeHHU oTnaasiy. [locTpoeHa e miioTHa
urcranamus ¢ kamamurer 100 kg/h, xosto ce
excrutoatupa noseue ot 10 rogunu. Cera TexHO-
JIOTHSITA 32 OMOJ30TBOPSIBaHE Ha T'YMEHH OTHa-
maeiu e o3armaeena Pyrocycling™ u mammpa
WHIyCTPUAIHO TPWIOXKEHHUE, KaTo TMPOMHIIIIE-
Hara uHcrananus e ¢ kanaurer 3500 kg/h [10].

EKCIIEPUMEHT

3a mocTUraHe Ha IeNTa Ha HACTOSIOTO H3C-
nenBaHe Oellle HM3MOJI3BAHO MUPOJIM3HO MAcIIo,
MONTYYeHO OT TPOTCKTOPHU BYNKAaHH3aTH —
MIICHKH ¢ IuameTsp Ha gacturure 0.4-0.5 mm.
[IpomecsT Ha pasrpakmaHe Ha CypOBHHATa ce
OCBIIECTBH Upe3 METoJa HAa TePMHYCH KPEKUHT,
KOHUTO ce mpoBene B 1a00paTOPHU YCIOBHS MpPU:
temneparypa — 400-450 °C u HansraHe OJIHM3KO
10 atMocdepHOTO, U Bpeme Ha KOHTakT — 4 h.
Temneparypata Ha mporeca Oeme choOpaseHa
CBC ChCTaBa Ha CypOBHHATA W IMoxOpaHa Ha 06a3a
JUTEPATypHU AAHHA U TPOMHIIICHO MPUIIONKE-
Hue Ha mporieca [7]. Bpemero Ha xoHTakT Gerie
YCTaHOBEHO 10 EKCIIEPUMEHTAJIEH ITbT.

OU3NKOXVUMIYHATE CBOMCTBA HA MUPOIH3HO-
TO MacJo, MOJIyYeHO MO eKCIIEpUMEHTANIeH ITbT B
7a0OpaTOpHH YCIOBUSI M HW3MON3BaHO OT Hac
KaTo 0a30B KOMIIOHEHT ca NpEICTaBeHH B Tal-
jmma 1.

B Tabnuua 2 ca mpeacTaBeHH H3CIeIBaHUTE
GU3MKOXUYHKM TOKa3aTend Ha HW3M0JI3BaHATa,
KaTo ocHOBa HepreHa (hpakuusi.

Ta0auna 1. PU3MKOXMMHUYHA XapaKTepUCTUKA
Ha MUPOJIU3HO Macjo

[Tokazarenu M3nomsBan  Pesynraru ot
METOA U3IUTBAHETO
Kunematnuen BJIC EN
BHMCKO3UTET NMPHU 1ISO3104 4.32
80 °C, mm?/s + AC




[Tmamua Temmepa BJIC EN

Typa B OTBOPEH I1SO 2592 210
THUTEII, °c

TemmnepaTypa Ha BJC

3aMpB3BaHe, °c 1751 +2
Cspa, % BJIC 8428 0.29
Bona u yraiiku, ASTM D 95 0.10
%

KokcoB ocraTspK, BJIC ISO 0.32
% 6615

Coabpxkanue Ha  BJIC EN ISO 0.21
nenen, % 6245

Crieruduina Cr. na CUB

TOILJTMHA Ha 3965 39.18
nsrapsie, kJ/kg

ILteTHOCT, BJIC EN ISO 0.8858
g/lcm3 3675

Tadomuma 2. OU3UKOXUMIYHA XapaKTEPUCTHKA
Ha HedTeHa (ppakiys, U3MOI3BaHa 32 OCHOBA

M3CIIEABAHU 10 OCHOBHH (PM3MKOXHMHYHH IOKa-
3aTeNd, XapakTEePHHU 328 KOTEJIHO TOPUBO 10 bhil-
rapcku JIbpxaBen CtannapT.

[IppBOHAYATHO TPUTE CMeCH OsiXa W3CieBa-
HU 32 (QU3WYHA ¥ XUMHYHA CTAaOMIIHOCT, OCHOBA-
Ballla CE€ B HM3CIEABAaHE Ha CKiagoBara CTaOmMII-
HOCT M CHBMECTUMOCT Ha [BaTa KOMIIOHEHTA.
TpsibBa na ce oTOenexu, 4e U MPH TPUTE KOYM-
MaHIUpaHy IPOIYKTa HE ce HabIromaBalie pasc-
JIOSIBaHE, yTasBaHE WM JEeCTa0WIH3UpaHe Ha
MOJYYEHUTE TIPOIYKTH, T.€ 1BaTa KOMIIOHEHTA Ce
CHBMECTSBAT HAITBIHO.

B Tabmuna 3, 4 u 5 ca npencraBenu HpU3NKO-
XHUMHYHUTE XapaKTEPUCTUKHA Ha TIOJYYCHHTE
CMECH.

Ta6auna 3. PU3UKOXUMUYHA XapaKTEPUCTHKA

[Toxazarenu Wsnomsean  Pesynrartu ot
METOZ, HM3IUTBAHETO

Kunematnuen BJIC EN
BHMCKO3UTET NTPH ISO 3104 59.22
80 °C, mm?/s +AC
[Tmamua Temmepa BJIC EN
Typa B OTBOPEH I1SO 2592 115
THUTEII, °c
TemmnepaTypa Ha BJC
3aMpB3BaHe, °c 1751 +25
Cspa, % BJIC 8428
Bona u yraiiku, ASTM D 95 0.10
%
KoxcoB ocTarsk, BJIC ISO 0.25
% 6615
Coabpkanue Ha  BJIC EN ISO 0.14
nemnen, % 6245
Crnenmpuina Cr. ya CUB
TOIUTMHA Ha 3965 43.18
nsrapsiae, kJ/kg
ILteTHOCT, BJC EN ISO 0.9425
g/cm3 3675

PE3YJITATH U OBCBhXKJAHE

Ha 6a3a nutepaTypHU HaHHM U WU3CIEIBAHUS
HUE KOyMIlayHAHMpaxMme HedTeHaTa (pakuus c
TOPENOCOYEHOTO MAacio B TPU CHOTHOLIEHUS U
n3CiIeABaXMe HOBOIOIYUEHHS IPOIYKT.

Baxa cecTaBeHM cMecH OT TbMHa He(dTeHa
(dpakLus ¥ MUPOIHU3HO MAcClIO B TPH CHOTHOIIIE-
aus: 1:1; 1:2 u 1: 3, o3Hauenu kato cMec A; B u
C. Cnen koyMmIayHAMpaHE TPUTE cMecH Osxa

Ha cMmec A
[TokazaTenu W3nomsBan  Pesynratu
METOo[ OT H3IUT-
BaHETO
Kunematuuen BJIC EN
BHCKO3HUTET MPH I1ISO 3104 42.12
80 °C, mm°/s +AC
[Tnamua Temnepa BACEN
Typa B OTBOPEH I1ISO 2592 175
TUTEII, °c
Temmepatypa Ha
3aMpB3BaHe, °c BJC 1751 + 23
Cspa, % 0.65
Bona u yraiiku, % ASTM D 0.10
95
KoxcoB ocraThk, BJIC ISO 0.21
% 6615
CopabpikaHue Ha BJIC EN 0.13
nenen, % 1SO 6245
Crnenndnyna Cr. Ha
TOIJIMHA Ha ClUB 42.25
usrapsine, k/kg 3965
IMnerHOCT, g/cm3 BACEN 0.9417
ISO 3675
Tadomauma 4. OU3UKOXUMIYHA XapaKTePUCTHKA
Ha cmec B
ITokazarenn Wznon3san Pesynraru
MeTo[ OT M3IUT-
BaHETO
Kunematnuen BJIC EN
BHMCKO3UTET NMPHU 1ISO3104 42.04
80 °C, mm®/s +AC
[Tnamua Temmnepa
Typa B OTBOpEH BJAC EN I1SO 156
Turen, C 2592
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Temnepatypa Ha

3ampb3BaHe, C BJIC 1751 +21
Cspa, % BJIC 8428 0.52
Bona u yraiiku, ASTM D 95 0.10
%
Kokcos ocratek, BJIC ISO 6615 0.33
%
ChIbpxaHue Ha BJC EN ISO 0.14
nemnen, % 6245
Crnenmpuana Cr. ya CUUB
TOIJIMHA Ha 3965 42.18
nsrapsiae, kJ/kg
[TnpTHOCT, BJC EN I1SO 0.9321
g/lcm3 3675
Ta6auna 5. PU3MKOXMMUYHA XapaKTSPUCTHKA
Ha cmec C
[Tokazarenn Hsnon3Ban Pesynratu
METO/ OT U3IIHT-
BaHETO
Kunematuuen BJIC EN
BHMCKO3UTET NTPH 1ISO3104 41.80
80 °C (cwotBeTcT +AC
BaIl 0E), mm?/s
[Inamua Temnepa BJAC EN ISO
Typa B OTBOpEH 2592 154
THTEII, °c
TemmnepaTypa Ha
3aMpB3BaHe, °c BJC 1751 +23
Cspa, % BJIC 8428 0.29
Bona u yraiiku, % ASTM D 95 0.10
KokcoB ocraTspk, BJC ISO 0.28
6615
%
ChIbpxkaHue Ha BJIC EN I1SO
merren, % 6245 0.11
Crneun¢uana
TOILJIMHA Ha Cr. va ClB 42.05
usrapsie, kJ/kg 3965
ImerHOCT, g/cm3  BJIC EN ISO 0.9258
3675

7

Kakro ce BmxkIa oT mpeAcTaBeHUTE JAaHHHU H
TPHUTE CMECH IMOKa3BaT 100pHu (PU3MKOXUMHYHH
cBoiicTBa, oTroBapsinii Ha bwearapckus Jvpxka-
BeH CraHJapT, KOeTo Ipearoara eHa HalbJIHo
pearcTUYHa BB3MOXKHOCT 3a 100aBsHE Ha MHa-
4e TPYIHO MPUII0KUMOTO MMUPOJIU3HO MACIIO KbM
TBMHUTE HE(PTONPOIYKTH, KaTO MO TO3H HAYUH
ce IOCTHTa, OCBEH CKOJIOTHYEH e(eKT, a U UnuCTOo
WKOHOMHYECKH.

Ha 0a3a momyuenure pe3ynratu, MOXe Jia ce
00001111, Ye MprOaBsSHETO HAa MUPOIM3HOTO Mac-
JI0 KbM He(TEHH MPOIYKTH OM MOTJIO 1a ce Io-
Jy4aT ION'BIHUTENIHU KOJIMYECTBA IOpHBa, KaTo
IIPY TOBa Ce€ OuepTaBa €IHa TEHICHLUS U Bb3-
MOXKHOCT 3a YTHJIM3UpaHe Ha HPOTEKTOPHHUTE
BYJIKAHM3aTH OT €JHA CTpaHa W OT JAPYra Bb3-
MOYKHOCT 3a OTIOJI30TBOPSIBAHE HA TEXKKHUTE Hed-
TEHH OCTaThIIH.
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OIIOJI3OTBOPSABAHE HA OTITAABYHU TIPOTEKTOPHU BYJIKAHU3ATH YPE3
TEPMUYEH KPEKUHI'
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UTILIZATION OF WASTE PROTECT VULCANIZATES BY THERMAL CRACKING
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ABSTRACT

The thermal cracking of waste protect vulcanizates was investigated with a view to comparing the
process with other processes, which are used to obtain an additional quantity of motor fuels from one
hand and from another to utilize the wastes from different protect vulcanizates. The results indicate
that the used process is available to produce additional quantity of fractions, which may be used as

additives in some oil fuels.

Key words: thermal cracking, vulcanizates, fuel.

BBBEJEHHUE

Pa3srienanyn ca OCHOBHH 3aKOHOMEPHOCTH Ha
TEpMHYEH COJIBOJIM3 HAa MICHKH B OpPTaHHIHU
Pa3TBOPHUTENN M BAPHAHTH HA TIXHOTO HPHIIO-
KEHHUe 3a YTHUIU3alus Ha ByJkaHuzatu. [lokaza-
HU ca TpEHMyNIecTBaTa Ha TEXHOJOTHATA Ha
npepadoTKa Ha MJIEHKUTE C HU3IOJ3BaHeTa B Ka-
9YeCTBOTO Ha pA3TBOPUTENT TEKKH HePTCHH
dpaxium.

Pa3paborena e¢ 0e30TXOMHA TEXHOJOTHS 32
yTHIIM3anusl Ha MIICHKHYpe3 IpUIIaraHeTo Ha
mporieca TepMHUYHA COJBOJIM3a B IPHCHCTBHE Ha
TEXKH He(pTeHN (paKkUuU 3a TOTy4aBaHETO Ha
OuTyMeH octaTbk. M3s5CHEHH ca OCHOBHHUTE 3a-
KOHOMEpPHOCTH Ha MOIU(UKaNusi Ha OUTYMHH
MPOAYKTH Ype3 TEPMUYHA COJIBOJIM3A HA MJICHKH.
CrpueraBaHeTO Ha TPOIECUTE Ha TEPMUYEH COII-
BOJIM3 M TEPMUYHO OKHCICHHE TO3BOJISIBA Ja CE
KOHTPOJHPAT (PHU3NKO-XUMHUIHUTE CBOMCTBAa Ha
nony4eHust outym. [loaydyenure Monubuuupanu
ONTYyMH TpUTEXaBaT OTJINYHO CIEIUICHHE C
MpaMoOp M TPaHUT U MOTaT Jja ce U3MOJ3BaT ca-
MOCTOSITETHO B ITBTHOTO CTPOUTEICTBO HIH B
Ka4eCTBOTO CH Ha J00aBKM KbM CTaHAApTHU
OutymMn 3a TomoOpsBaHe Ha agXe3HATE WM
cBoiictra [1].

[Mpu yTunuzanus Ha IMUHA U TYMEHH OTIa-
B Ype3 TepMHYHA JAECTPYKIHS, OCHOBHHAT
OPOJYKT € CYCIIEH3Hs OT pa3TBOpeHa (AecTpyk-
THpaHa) TyMa HsMalla aHamor jo cera. IIpoBe-
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JICHH ca YCHENIHU W3MUTaHUS IO TMPUIATaHETO
Ha Ha TO3U MPOAYKT B KaueCTBOTO CH Ha MOJH-
¢ukarop 3a acdanTHa cmec, BHCOKOTEMIIEpa-
TypHa CMa3Ka ¥ aHTHKOPO3UATOP.

[IpennaranusT mMerox 3a mpepaboTKa Ha Ty-
MEHU OTHAJbLU U U3MOJ3BAHUSAT METOJ 3a TpH-
JIO’)KEHHETO My B OMTa HE camo MO3BOJISABA TIOY-
YaBaHETO Ha CHIIECTBEHU MPUXOAU, HO U MO3BO-
nsiBa €(heKTUBHOTO H3IOJI3BaHE HA BTOPHYHUTE
CYpPOBHHM M pellaBa CEPHO3eH EKOJIOTHYEH
npo6iem [2].

Mmoro aBTopu pabOTAT BBEPXY OMOI30TBOPSI-
BaHETO HAa M3HOCEHHUTE MPOTEKTOPHU BYJIKaHH3a-
TH, W3MON3BaWKU pa3audyHu Meroau. Enun ot
Te3W MeTou e muponusara. Ha nuponus ce moj-
Jlarat efii TyMHU JI0 MJIEHKH oT TsX. [luponuzata
ce U3BBPIIBA B Cpefla OT HEJOCTUT Ha KUCIOPO/,
BBB BaKyyM, BBB BOJIHa aTMoc(epa, B MPUCHCT-
BHE W OTCHCTBHE Ha KaTaIM3aTOp, B PESIKTOPH C
MIEPUOANYHO M HEMPEKbCHATO ACWCTBUE, B TICEB-
JIOKMITAI CJIOM, TMpH pPa3Iu4HU TEMIEpaTypH.
[TomyuaBaT ce cMecH OT OJIUTOMEPHU MPOIYKTH,
KOUTO C€ M3I0JI3BaT B KaueCTBOTO CH Ha Ijiac-
tudukaropu. Hampumep, mpu mpowu3BOJCTBOTO
Ha Kay4yKOBO — OWTYMHH XUJAPOM30JAIMOHHH
MaTepuand, BMECTO MHJIEH, XyMapHHOBH CMOJIH,
KOJIOPOHHM ¥ aHTPAIICHOBH MAclia, Ce HM3I0JI3BAT
nuponu3Hu iactugukaropu. Hapen ¢ mmacru-
¢ukaropa, Ipyu MHUpOJU3aTa HAa MPOTEKTOPHHUTE
BYJIKaHH3ATH CE MOJIy4aBa U BBIIEPO, OT KOUTO
Yype3 JOMBJIHATENHA 00paboTKa ce TMoiydaBa



aKTHBEH BBIVIEH, PUTEXKAaBall pa3BUTa MOBBPX-
Hocr 150 — 500 m?/g u mopucroct 0.6 — 1.2
¢m’/g 1 10 CBOHCTBA € PABHOCTOEH HA IBPBEC-
HUS aKTHBEH BBIVICH. [Ipy HarpsiBaHe Ha BYIIKa-
auzaropa Hag 500 °C Ge3 IOCTBI Ha KHCIOPOI,
[POTHYa MHUPOJIN3, IPU KOWTO c€ OTHEIAT OKOJIO
25% mnuponuzeH ra3, 40% TeyHH TPOLYKTH M
35% xoxkc. [Iuponm3HMAT ra3 ce W3Mmon3Ba Karo
TOPUBO 3a MOAIbPKAaHE HA MHUPOIU3HUS MPOLEC.
Teunure npoxykTH ca 6oraTi Ha OCH3EH, a KOK-
CBT TIOPaJN CBOSITA MOPHO3HA CTPYKTypa MOXKeE
J1a ce M3MOJI3Ba KaTo (IITHD 3a MPEUYNCTBAHE Ha
Bou [3-6].

EKCIIEPUMEHT

3a u3cieaBaHe Bb3MOXKHOCTTA 32 OMOJ30TBO-
psiBaHe Ha OTMAIHMU MPOTEKTOPHH BYJIKAHU3ATH
0s1Xa M3MOJI3BaHN (DUHHO CMIICHH MIICHKH C €I-
puna Ha yactunute — 0,5-0,4. U3non3Banara ot
HAC CYpOBHHA, KaKTO W TMOJYYCHHUTE IMPOTYKTH
0sxa U3CIIeBaHU Ype3 MeToa Ha HH(]ppauepBeHa
CIIEKTPOCKOITHSL.

Tao6auua 1. Visuny Ha orIbIaHe Ha U3II0/I3-
BaHAaTa OT HAC U3XOJHA CYpOBHHA

PE3YJIITATU U OBCBHKIAHE

B Tabmuma 2 e mpencraBeHa (u3MKO-
XAMHYHATa XapaKTepPUCTHKa Ha MOJIYYCHOTO
MHPOJIM3HO MAaCllo - MPOXYKT Ha JECTPYKIHATA
Ha CypOBHHATa 4Ype3 TEPMUYEH KPEKHHT MpH

YCJI0BHs OITMCaHU ITO-TOPE.

Ta6auna 2. PU3UKOXUMUYHA XapaKTEPUCTHKA
Ha MOJIy4€HOTO MUPOJIU3HO MAcio

Yecrora, (Y, em™)

Bua xonedanmne

3070 Yac CH, = CH,
3020-3006 vy CHs = CH,
2050-2915 Yac CH>

2850 v. CH,

1665 v=(1,4-1uc)

1645 v.=C(1,2)

1460 & CH,

1400 3 CH(1,2)

1300 5 B-CH,-

1275 y-C-C-

1245 v-VC-CH,-

990 dmr.CH(1,2)

965 dmr.CH(1,4-tpamc)

910 3 CH(1,2)

730 SCH(1,4-1uc)

IHoka3zaTes HN3non3san Pesyarar

MeTOJ

Kunematudaen BJIC EN

BHUCKO3HUTET MPH ISO 3104 4.32

80 °C, mm®/s +AC

[Tmamua Temmepa BJC EN

Typa B OTBOPEH 1ISO 2592 210

THUTEII, °c

Temnepatypa Ha

3aMpB3BaHe, °c BJC 1751 +2

Cspa, % BJIC 8428 0.29

Bopa u yraiiku, %  ASTM D 95 0.10

[rerrocr (20°C), BACENISO  0.8858

g/lcm3 3675

KoxcoB ocraThk, BJC ISO 0.52

% 6615

Mex. mpumecu, %  Cr.va ClUIB  orcbcTBHE
2876

Cnemm¢uuna ton-  Cr. Ha 3965 39.74

JIMHA Ha U3TapsHe,

kd/kg

Memnen, % (m/m) BAC ISO 0.23
6425

[TpomeckT Ha TepMUYEH KPEKHWHT CE TPOBEIE
B J1a0OpaTOpHH YCJIOBHS TIPH. TEMIepaTypa —
400-450 °C u Hansrane 6Ju3K0 J10 aTMOC(HEPHO-
TO, ¥ Pa3IMYHO BpeMe Ha KOHTAKT, C IeN ycTa-
HOBSIBAHE HA ONTHUMATHOTO BpeMe Ha KOHTAaKT 3a
MoJTydaBaHe Ha ONTHMAJICH JOOHB OT JOITBIIHH-
TEITHU KOJIMYIECTBA TeUHH HePTOMPOAYKTH. Tem-
meparypara Ha mpoleca Oemie choOpa3eHa ChC
chcTaBa Ha CypoBMHaTa W mojxdpaHa Ha 0Oaza
JUTEPATypPHU JAHHA U TPOMHIILICHO MPUIIONKE-
HHE Ha mporieca [7].
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Pesynrarute mpencraBeHu B Tadiuna 2, 1mo-
Ka3BaT, 4e MPOJyKTa, MOJYYECH OT JECTPYKTHUB-
HOTO 00pa0OTBaHEe HAa CypOBMHATAa OTrOBaps, B
[TO-TOJIsIMA YacT OT U3CIEABAaHNTE MTOKa3aTelld Ha
¢dpaknus, modyvyeHa TpU TEPMUYEH KPEKHHT Ha
HedT. M3cnenBaHuTe MoKasaTend JOKa3BaT, ue
Mpy TEPMHUYHATA JECTPYKIMS HA H3IMOJI3BaHATa
OT HaC CypOBHHA € Bb3MOXHO Jia CE MOJIy4H, HE
caMO JIOIIBJIHUTEIHO KOJUYECTBO IMHUPOIU3HO
MacJio, KOETO O MOTJIO Jla CIYXH Karo Jo0aBKa
WJIA KOMIIOHEHT KbM pa3InyHU BHJI0BE HE)TCHU
TOpHBA, a OT JIpyra cTpaHa 4pe3 ONOoJI30TBOPSIBa-
HETO Ha MPOTEKTOPHUTE BYJIKAHH3aTH c€ Tpel-
mojiara, 4e OM ce HaMalwio 3aMbpPCSIBAHETO Ha
OKOJIHATa cpela OT Te3M yCTOMYMBU HA BIara,
CITbHYEBA CBETJIMHA U JIPYTH (PaKTOPH MPOTYKTH.

[Tosy4eHOTO MUPOJIM3HO MACIIO € U3CIECBAHO
0 MeTo/1a Ha MH(ppadepBeHaTa CIIEKTPOCKOITHS.

Ha ¢wur. 1 e npencraBeH MONMyYeHUs CIIEKThD
OT HaNpaBeHUs aHAIN3.



Ha ¢wur. 2 ca npencraBeHu JaHHU 3a MONyde-
HUTE OOCMHM TIPOICHTH OT NPOAYKTHTE CIEI
TEPMUYHOTO 00pabOTBaHE Ha CypOBHHATA B 3a-
BHCHMOCT OT BPEMETO Ha KOHTAKT.
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[o6ue Ha nuponusHo macno, % (v/v)

35 4 4,5 5 55

BpeMe Ha KOHTaKT, h

®ur. 2 J[oOuB Ha MTUPOIUZHO MACIIO B 3aBHUCH-
MOCT OT NIPOABJDKUTENHOCTTA Ha nporeca Ha TK

Ha ¢ur. 3 e mpeacraBeHa 3aBUCHMOCTTa Ha
no0MBa Ha MHUPOJIU3HO MAcio OT NMPOABIDKUATEN-
HOCTTa Ha Tpoleca Ha JECTPYKIHs Ha CypOBHU-
Hara.
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Oo6uB Ha nuponu3seH ras, % (v/v)

45 - - - - -
3,5 4 4,5 5 55

BpeMe Ha KOHTaKT, h

®@ur. 3 Jlo6uB Ha MUPOJIU3EH T'a3 OT
BpEMETO Ha KOHTAKT

Ot pe3ynTaTuTe MOKa3aHH Ha (ur. 2 MoXke 11a
ce 3aKIII0YH, Ye IPH MPOBEKAAHE Ha mpolieca Ha
JECTPYKLHUS HA M3MOJ3BaHATa OT HAC CypOBHUHA,
no0KBa Ha MUPOJIKM3HO MACIO B 3aBUCUMOCT OT
BpPEMETO HAa KOHTaKT MPEMHHABAa IPe3 MAaKCH-
MyM, KaTo ONTHMAITHOTO BpeMe Ha KOHTAaKT C
el MOoJTydYaBaHe Ha HaW-TOISIMO KOJHYECTBO
MIIPOJIN3HO MAcio, KaKTo ce BIDKZA OT (HUrypata
€ MEXIy YSTBBPTHAT U MeTHsIT yac /max. 4.5 h/.
OT mosydeHUTE MaHHHU HpeNcTaBeHd Ha ¢ur. 3
ce BIKIA, ue J00MBAa HA MHUPOJIU3CH ra3, Moiy-
4YeH OT TePMUYHATA JCCTPYKIUS Ha MPOTEKTOP-
HHUTE BYJKaHU3aTH B 3aBHCHUMOCT OT BPEMETO Ha
KOHTaKT ITbPBOHAYAJIHO HAPACTBA, KaTO MHHaBa
Ipe3 YCTAaHOBEH MaKCHMYM OKOJO YETBBPTHAT
gac, cJe]] KOeTO Ps3KO HaMalsiBa M MHHaBa IIPe3
MHHHUMYM YCTAQHOBEH, KaTo BpeMeTpacHe - MeTH-
AT Yac Ha MPOBEXKAAHE Ha Mpolleca, Cliell KOeTOo
OTHOBO 3amoyYBa J1a HapacTBa. Karo o0o0menue
OT MOJYYCHUTE CKCICPUMEHTATHH Pe3yJITaTH
OTpa3eHH Ha JBeTe (QUTYpH MOXKE Ja ce 3aKJIo-
9H, Y€ [PU MPOBEXKIAHE HA Mpolleca Ha TePMHUY-
Ha JIECTPYKINS Ha W3MONI3BaHaTa OT HAC CYpOBH-
HA C IIEN OIMOJ30TBOPSIBAHE MM, CE MOJyd4aBa
Mexay 36-38.0 % (V/V) mUpoaM3HO Maciio mpu
BpeMe Ha KOHTakT — 4-4.5 h, koeto 6u Morio na
ce M3MOoN3Ba KaTo J00aBKa WIIM KOMIIOHEHT Ha
HiIKOW HedTeHNM (QpakIuy WM 33 KOyMIaHAH-
pane Ha nocnenHuTe. ChIIECTBYBa TOMIsIMa BEpo-
ATHOCT TOJYYaBaHUAT THPOJH3EH Ta3 na Obne
M3M0JI3BaH, KaTO TOPHUBO 3a HArpsiBaHE Ha Cypo-
BUHATA.

Ha ¢ur. 4 e npeacraBeHa 3aBUCHMMOCTTa Ha
I00WBa Ha MUPOIN3HO MACIIO OT TeMIIepaTypara.
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[o6uB Ha NUPONU3HO Macno /TeyYeH
npoaykt/, % (viv)

®ur. 4. JIoOuB Ha MUPONU3HO MACIIO B 3aBUCHU-
MOCT OT TeMIIepaTypara

Ha ¢wur. 5 e mpencraBeHa 3aBHCHMOCTTa Ha
J0OMBa Ha MUPOJIU3EH ra3 OT TeMIepaTypara.
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@ur. 5. JIoOuB Ha MUPOJK3EH ra3 B 3aBUCUMOCT
0T TeMIlepaTypara

OT mnpeacTaBeHHTE NO-TOPE pEe3yNTaTH Ce
BIDKAA, Y€ TMpPH TPOBEACHUAT JECTPYKTHBEH
TIPOIIEC C€ MOJy4YaBa, OCBEH MHUPOIU3EH Ta3, H-

81

POJIU3HO MAcCiIO, HO ¥ HE3HAYUTEITHO KOJINYECTBO
KOKC. Bb3 OCHOBa Ha JUTEpaTypHU JTaHHH, CKC-
MEPUMEHTAIHU PE3YJITaTH U HE Ha TOCJICIHO
MSCTO TIPOMUIIDICHO MPHJIOKEHUE Ha TIpolieca Ha
TEPMHUYHA JECTPYKIIHSA, CE YCTAHOBH, Y€ HE00XO-
JIMaTa TeMIlepaTypa 3a MPoBeXkJia He Ha Mpolie-
ca TP U3MO0JI3BAHE HA CYPOBHHA OT MPOTEKTOP-
HU BYJKaHU3TH ¢ eapuHa Ha gactuiure 0.5-0.4
mm, tps6Ba na Obre ¢ okono 35-45 °C mo-
HHUCKA, OTKOJIKOTO MpH Ipolieca Ha TEePMUYCH
KPEKHHT C M3IOJI3BaHEe HAa TEKKUA He()TCHU OCTa-
TBIU KaTO CYPOBHHHU.

B®3 ocHOBa Ha MOJIyU4EHHUTE SKCIIEPHMEHTA-
HU JIaHHU U PE3YJITaTH CE YCTAHOBH, Y€ Mpejia-
TaHUSAT METOJ 3a MpepadOTBaHe Ha MPOTEKTOP-
HUTE BYJIKAHW3ATU MO3BOJISIBA HE CaMO TOJyva-
BaHETO Ha JONBJIHUTEIHU KOJIUYECTBO (DpaKIus,
KOSITO MOXeE Jla HaMEpH MPHJIOKEHUE, KaTo HOB
SHEeprueH W3TOYHWK, HO M TO3BOJIsABA e(DEKTHB-
HOTO M3I0JI3BaHE HAa BTOPUYHUTE CYPOBUHHU H
peliaBa cepruo3eH eKOJOrHYeH MPoOIeM.
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ABSTRACT

All technical subjects require knowledge of designing technical documentation. Therefore, it is
necessary to consider implementing BDS 1SO and BDS EN 1SO standards in the learning process.
Information on the newmly introduced standards must be obtained in due time and they have to be im-
plemented in preparing term papers, projects, etc. The future engineering and technical specialists
must learn how to apply the standards to practice properly. Therefore, the issue of obtaining prompt
and accurate information about the new standards is particularly topical both within industry and the
course of training.

The present paper deals with the use of the developed automated information system. It has been
integrated into the Internet environment of Prof. Dr Assen Zlatarov University, Burgas. The system
provides quick, accurate and up-to-date information necessary to design technical documentation.

Key words: technical documentation, automated information system, distant learning

BBBEJAEHUE HOBHTE CTaHAAPTH HE CaMO B IPOMMILIEHOCTTA,
HO U IIpH 00yYEHHUETO.
BbB BCHMUKM AMCUMIUIMHU, KOUTO (hopMHpaTr OTnuuuTenHa OCOOEHOCT B  ChBPEMEHHUS

3HAHUS ¥ YMEHHS 32 pa3paboTBaHe Ha TEXHWYEC-  €Tall Ha pa3BHUTHE Ha BHCINUTE ydeOHM 3aBere-
Ka MOKyMEHTalus, ¢ HEOOXOMUMO €IHOBPEMEH-  HUs M paboTara Ha HAyYHHUTE PAOOTHHUIIM CE SIBSI-
HO Jla ce 00bpHE BHUMaHUE HA BHEJPSBAHETO HA  Ba HEOOXOAWMOCTTa OT aKTyallHa W TOYHA WH-
crargaptute BJIC 1SO u BJIC EN ISO B yue6-  dopmanms B chOTBETHATa 00JIaCT HA OOYyYEHHE U
U mporec. CBOEBpeMEHHO na ce IodydaBa  H3cieaBaHe. ToBa Hamara cONMkaBaHe Ha Tpa-
uH(opMaIys 3a HOBOBBBEJCHHTE CTAHIAPTH M JUIMOHHHUTE (OPMH 3a MOTYYaBaHETO H, C IIH-
T BEJHAra Jia ce MpIjlaratr MpH U3MBIHEHHE HA  POKO Pa3lpOCTpaHEHaTa B MOCIEIHO BPEME JUC-
YepTEekKH, KypCOBH 3aJaud, MPOSKTH M J1p. 3a  TaHIHWOHHA MH(OpMaIoHHA cucTema. M3moms-
HenTa TpsaOBa Ja ce ChCTABH U MOJAbp)KA BB3-  BAHETO HAa CHBPEMEHHH CPEICTBA 3a MUCTAHIIM-
MOXKHO Haif-TOJISIM KOMIUIEKT OT CTaHAApTH, OHHO IIONy4aBaHe Ha HWHQOpMaIus, I0 TOIMa
yKa3aHus, Karamos3u, oOpasuu 3a opopMsiHEe Ha  CTENEH IOBHIIABA KAa4eCTBOTO M aKTyalTHOCTTa
YepTEeKUTE, TOSICHUTENHH 3aIIMCKH M APYTH Har-  Ha TEXHUYECKaTa NOKYMEHTAIlWs M HMHTCH3U(U-
JeHA TOCOOWs, OTroBapsIld Ha Mmpoduia Ha  IUPa HHKECHEPHUS TPYI.
BUCIIETO TEXHUIECKO 00pa30BaHME WM KOJIEKa. B Hacrosimata pabota ce mpemiara mHOP-
Upes TsX MpenojaBaTeld W CTYICHTH Ja MOraT  Mals 3a pa3paboTeHara aBTOMAaTHU3HpaHa CHUC-
J1a mojydyar HeoOxoqumaTa UM MHGOpMAIHs, [a  TeMa HHTeTpUpaHa B MHTEPHET cpeaara Ha Y HU-
CIIeAAT M3MEHEHHATa Ha CTaHaapTuTe W Jga ce  Bepcuter ,[Ilpod. a-p Acen 3matapo”. Cucre-
3aII03HaBaT C HOBOBHBEACHHSATA. Mara Ipemyiara Obp3a, TOYHA W aKTyaJlHA WH-
bpremure WHXEHEPHO-TEXHHYECKH Kaapu  (opMmarms 3a CHCTOSTHHETO M M3MEHEHHTa Ha
TpssOBa Ma ce HaydyaT MpaBWIIHO Ja TpwiIaraT  M3UCKBAaHMATA 32 oQOpMsIHE Ha TEXHHYECKa JO-
CTaHIApTUTE B IPAKTHUKATa, T.C., Ja UMAT CTaH-  KyMCHTAIHs.
JApPTU3AIMOHEH MOJX0/] IIPH PelIaBaHe Ha Mpoo- Hudopmarmsara ce moMmectsa B Ch3ajcHaTa
nemure. ETo 3amo, ocobeHo akTyalieH € BpOpo-  crenuanusupana Web-ctpanuia, kato ce moiy-
CBT 32 OBP30TO U TOYHO MH(OPMHUpaAHE OTHOCHO  YaBa, CUCTeMaTH3Hupa, 00paboTBa U aKTyanusupa
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nepuoanyHo Ha 0a3zaTa Ha exeMecedHuTe odu-
[UATHU OIOJICTUHNA Ha BBIrapcku MHCTHTYT IO
craunaprusaius (BUC) u HoBou3maneHu y4eOHu
nomaraia. [lo To3u HaYMH Ha CTYICHTHTE, M-
JIOMaHTHTE, MPETOIABATEIIUTE, CIICIIHANCTUTE U
HaygyHUTe paOOTHHIM B YHHBEPCHUTETa IIE Ce
MPEAOCTaBAT aHAM3U, KOMEHTapu W passiCHe-
HES, HEOOXOAUMH 3a M3paboTBaHe Ha TEXHHIEC-
Ka JIOKYMEHTaIus U HHPOPMAIIKs 32 HACTHITMIU-
T€ Hal-CHIECTBEHU TPOMEHHU.

N3JI0KEHUE

Ce3naneHara aBTOMaTH3MpaHa HH(popMa-
L[IMOHHA CcHCTeMaTa € CboOpa3eHa ¢ OCHOBHMTE
HarnpaBJIeHUsI Ha HH)KEHEPHOTO 00y4YeHne B yHU-
BEpPCHUTETA U € IpeJHa3HaueHa He caMo 3a CTy-
JIEHTH, JAWIJIOMAHTHUTE W YHUBEPCUTETCKHUTE
MIPENIOIaBATENH, & U 3a HYKIWTE Ha IIHpPOKaTa
ayJIUTOpPHUsl OT XOpa, MPOSABSIBAIIM HMHTEPEC KbM
TEXHUYECKUTE HAyKHW. B Hes ca 3anernamm roire-

MHUTE BB3MOKHOCTH Ha CHCTEMAaTa 3a TUCTAHIIM-
OHHO 00OyueHue.

OOyueHHeTo MO MOBEYETO TEXHUYECKU IHC-
IIUIUTAHY ce COBCKBA C €INH OCHOBEH MPOOIeM.
Toit mpomstiya ot ¢axra, ye 00eMbT Ha MOJe3-
HHUTE 3HaHUSA U yMEHHUS 3a pa3paboTBaHe HA TeX-
HUYECKa JOKYMEHTAllHs, HeMPEeKbCHATO U OBbp30
pacTe, TOKaTo BpeMeTO 3a IOATOTOBKA Ha CTY-
JIEHTUTE HaMalsiBa. Y4YeOHHUTE MOCOOHS M MaTe-
puanHata 0a3a 3a cekajieHue Obp30 ocTapsBar, a
3a HOBU Ca HEOOXOUMHU TIOBEYE CPEACTBA, KOUTO
Hal-4ecTo JIUICBAT.

HamamenusaT XopapumyM O OTHOCITHHTE JIHC-
[IUIUTMHY BBB BPB3Ka ¢ BHBEKIAHETO HA Oakaa-
BBPCKHUTE MPOTpaMH, Hajara 3HaYUTEeITHa HHTCH-
3MBHOCT Ha TpenojaBaHe W yCBOsIBaHE Ha y4ued-
HUs Marepuan. Tyk Ha MOMOII MOXe Ja Joiine
KOMITIOTbpHAaTa TEXHUKA U CHbBPEMEHHUTE HH-
(bopManMOHHH TEXHOJOTHH. Upe3 TAX Moxke Ia
ce U3BBPLIAT peaulia PyTHHHHU OIepaluy B Ipo-
meca Ha o0yd4eHHe, ¢ KOETO J1a Ce MECTH BpeMe.
Jlo TonsiMa cTerneH ¢ U3NoI3BaHe Ha

@ur. 1. Opopmienne Ha crieUATH3UPAH pa3/el
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MYJITUMEIUWHNA CPEACTBA MOXE Jla C€ KOMIICH-
cHpa Jurcarta Ha y4eOHH momaraia, CrpaBOYHHU-
11, MAaKETH, CPEICTBA 3a BU3yJIM3aLusd U Jp.

W3xokaaiik OT Te3W MPEANoCTaBKH, € pas-
paboTeHa OCHOBHATa CTPYKTypa Ha CHCTeMara H
oopMAHETO Ha OTAEIHUTE paszaenu. Ha ¢ur.l e
MPECTaBeHO O(POPMIICHHETO Ha CIEIUATU3UPaH
MOJTyJI 32 O3HaYaBaHE Ha TpanaBOCTTa Ha MOBEHP-
XHUHHUTE B YEPTECIKUTE.

B cbcraBa Ha y4eOHO-METOIUYECKUSI KOMII-
JIEKC HA AaBTOMAaTH3WpaHaTa WHQOpPMAIMOHHA
CHCTEMa, JIOCeTa ca BKIIIOUEHHN
CIIETHUTE TEMaTHYHH Pa3JICIIH:

- TexHnuecko JOKyMEHTHpAHE;

- OCHOBM Ha KOHCTPYHPAHETO;

- KoMItoThpHO U3NMbIIHEHNE HA YEPTEXKH;

- MammHocTpoeHe.

M30upaneTo HA BCEKH €MH OT OCHOBHUTE
pasgenu B HadalHATA CTPAHWIEA, HPEXBBPIA
HO’I’pe6I/ITeH$[ KbM MOAYJIM IO CHbOTBETHOTO HaIl-
pasienue (¢ur.2). Tam B nsBata 4acT Ha CTpa-
HUIIaTa, Ca HU3HCECCHU Hal-Ba)XHUTE TEMaTUYHU

HampaBlieHHsd, TPYNUPAHU B ClHElHATH3UPAHU
MOJYJIH, KaKTO M CIIUCHK Ha OTMEHEHHTE U HO-
BOBBBEJICHH CTaHIAPTH MO CHOTBETHOTO TeMa-
TUYHO HalpaBJICHHE.

KbM Bceku crenuanusupad MOAYJ ca BKIIIO-
YEHU Ol1le!

- Tabauuu u cCipaBOYHM AaHHH;

- KomeHTapu u passiCHEHUs, CBBP3aHH C
HACTBHIIMJIMTE NMIPOMEHHU B CTaHIApTHUTE, HEOOXO-
JUMH 32 pa3padOTBaHe HA TEXHHYECKA JTOKYMEH-
TaIus.

Cp3maneHaTa aBTOMaTH3WpaHa HWH(OpMAIH-
OHHA CHCTeMaTa € Be4e PEaHOCT U T € UHTer-
pUpaHa B HMHTEpHET cpelaTa Ha YHHMBEPCUTET
»lIpod. n-p Acen 3matapo”. Cucremara ce
MOJI3Ba Haii-Bede OT 3aJOYHUTE CTYIEHTH, IpHU
TAXHATa MOJATOTOBKA 3a MU3MHUTU U pa3paboTBaHe
Ha KypCOBH 3aJjayll, MPOEKTH U AUIUIOMHU pado-
tu. IlpencraBenata wHMOpPMANUS € W3KIIOUH-
TEJIHO TIOJIE3HA M 32 MHXKEHEPHU M CHECHUAIUCTH
pabotemn B 001acTTa Ha MAIIMHOCTPOEHETO U
WHIYCTpUSATA. Cucremara

®@ur. 2. Moy OT ClieNHaTM3uPaHOTO HAPABJICHHE 3a MMPAKTHUECKO MPEICTaBAHE Ha H3MCKBAHHUATA
mo craraapT BJIC EN 1SO 1302.
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naBa B 0000IIEH BUJ HaW-BaXHUTE U3UCKBAHUSA
OT HOBOBBBEJICHUTE CTAHIAPTH.

PazpaboTBaHero Ha WH(pOpPMAaLMOHHATA CHUC-
TeMa 3a IoJlyyaBaHe Ha aKkTyalHa MH(opMauus
3a U3paboTBaHEe Ha TEXHUYECKA JOKYMEHTAIs €
(uHAHCUpPaHO KaTo HAayYHOU3CJIEAOBATEICKU
npoekt kbM HUC Ha Yausepcuter ,Ilpod. n-p
AceHn 3mnarapos”.

3AK/IIOYEHUE

[IpemtoxkeHo € eHO pelIeHue 3a MoJTyJyaBaHe
OT paboTenuTe U 00yJaBallly Ce B YHUBEPCUTETA
Ha OBbp3a, TOYHA M aKTyasHa HH(poOpManus 3a
CBCTOSIHHETO M M3MEHEHHATA HAa W3MCKBAaHUATA
32 0)OpMSIHE HA TEXHUYECKA JOKYMEHTAIIHSI.

3a menrta ca BbBEJEHH ChbBPEMEHHU CPEJICTBA
3a TUCTAHIIMOHHO Mpe/aBaHe Ha MH(pOpMaIus 1Mo
Tas3u TemMa. TO3M MOJXOJ JIaBa PEIUIla TIPEeIUMC-
TBa W JIOMBJIBA TPAIUIIUOHHUS METOJ Ha OUOIHU-
OTEYHATa JICHHOCT, KaTO MOJI3BATENIAT MOJyYaBaT
BB3MOXHOCT Ja paboTu ¢ Ta3su uHPoOpMaLus B
yIOOHO 3a HETO BpeMe M MSCTO, TIPH U3IOJI3BaHe
Ha CHBPEMCHHHTE KOMYHUKAIIMOHHU TEXHOJIO-
THH.

[Ipennoxen e pa3pabOTeH KOMIIOTHPEH COd-
Tyep 3a o0paboTBaHe, CHCTEMAaTHU3UpPaHEe, apXH-
BHpaHe U e(hEeKTUBHO MpeCTaBsIHEe HA ChOpaHara
unpopmarys. [lo TO3W HAYMH c€ ENMMUHUPA
cyOeKTHBHHUS (DakTop, MKOHOMHUCBAT Cce XapTHe-
HU HOCHTEIU M CE€ ChKpallaBa TEXHOJIOTHYHO
BpeMe 3a paboTa ¢ xKelaHaTa HHPOpMAITHsl.

Ha Obpemn eranm oT pa3BUTHETO Ha pa3padboT-
KaTa ce MPEBIDKAA, C M3IOJI3BaHE Ha M3rpaje-
HaTa Bede MH(OpMAIMOHHA M MaTepHaiHa 0a3a,
Jla ce pa3paboTAT HOBH MOJYJIH 3a TPE/ICTaBsIHE
Ha mo-o01mMpHa HHpOpMaNuUs, CBhp3aHa ¢ U3pa-
OOTBaHETO HAa TEXHMYECKA JOKYMEHTAIus B 00-
JIACTH, TEMAaTUYHO CBHP3aHU ChC CHEIHATTHOCTH-

85

Te, M0 KOUTO c€ 00ydaBaT CTyIEHTUTE B HAIIHS
YHUBEPCUTET.
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ABSTRACT

One way to improve the quality of teaching is to use informational technology. It is a fact that there
are contrasts between the motivation of the students and the technical capabilities of the personal
computers. A possible solution of this problem can be the usage of learners who use computers them-
selves. A research regarding the education in Automobile technics with the use of informational tech-

nology in the learning process was made.

Key words: education, computer methods, automobile technics

BBBEJIEHUE

JMHaMHYHOTO pa3BUTHE Ha CHBPEMEHHOTO
o0mrecTBO 00ycnaps mpobieMa 3a BHEAPSIBAHETO
U OIMPOKOTO H3IOJ3BaHEe B yueOHUS Mpolec Ha
HOBHUTE BHUCOKOE()EKTUBHH HH(OPMALMOHHU
TEXHOJIOTMH M Ha OrPOMHUTE BB3MOXKHOCTH Ha
MEpCOHATHUTE KOMIMIOTpH. B mocnenHure roau-
HU ce HaOjrolaBa 3HAYUTEIHO HapacTBaHe Ha
pa3paboTkuTe B 0OJacTTa Ha KOMIIOTHPHU3HUPA-
HOoTO oOyueHue. ToBa n0 ronsiMa CTEleH ce
IBJDKU Ha PSI3KOTO yBEIMYaBaHE HA CTYICHTHUTE,
W3MOJ3BAINM TEPCOHANHM KOMIIIOTPH, Hempe-
KbCHATOTO 00OpYyJBaHE Ha YHUBEPCUTETUTE C
KOMITIOTbPHA TEXHHMKA, HapacHaJIUTE BB3MOXK-
HOCTH 3a BKJIIOYBAaHE KbM CBETOBHATa Mpexa
UHTEPHET. HoBocwk3nageHuTe NOporpaMHU
CpeICcTBa IaBaT BB3MOXKHOCT 32 OBp30 U edek-
TUBHO pa3paboTBaHe Ha OOydyaBallld MPOTPaMH,
ENEKTPOHHU YUYEOHUIIM, NHTEPAKTUBHH CPEICTBA
3a MPOBEpKa HA 3HAHHATA, BUPTYAIHH J1abOPaTo-
puu u ap. EnHa oT ocCHOBHMTE 3a7auul Ha ChbBpe-
MEHHOTO 00pa3oBaHME € HM3IOJI3BAHETO HAa TE3U
HHCTPYMEHTH €(peKTHBHO B OOYYEHHETO IO WH-
JKeHepHUTe mucuuiuinHu. KpaitHata 1en e cb3-
JITaBaHETO Ha KOHKYPEHTHOCIIOCOOHU CIIeLalIiC-
TH.
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Kommrorspuzupanoro obydeHune ce mpuiiara
B CBETOBEH Mamlad, KakTO B TPaJAWIMOHHATA,
Taka ¥ B JAUCTaHIMOHHATa ¢opMa Ha oOydeHHe.
B Hacrosmms MOMeHT pa3paboTeHaTa HOpMa-
THBHa 0a3a JgaBa BB3MOXHOCT 32 pa3rpbLIaHETO
Ha eJIEKTPOHHOTO oOpazoBanue u B brirapus. B
peanIia YHUBEPCUTETH € 3all0YHaJIo pa3paboTBa-
HETO Ha CaliToBe M KypCOBE 3a EJIEKTPOHHO 00y-
YeHne, KaTo ca 00XBaHATH B Mpeka — BupTyanen
YHHUBEPCUTET. BBIpeku siCHOTaTa Ha IEIUTE Ha
€JIEKTPOHHOTO OO0y4YeHHE, OCHUICCTBSIBAHETO MM
€ CBBP3aHO C OrpoMeH o0eM paborta. JleiHOCTH-
T€ MO0 pealu3aluusiTa IO TojsAMa CTEeTeH 3aBUCST
oT crnenuduKaTa Ha KOHKPETHATA JUCHIUTUIMHA U
OT 3aJI0)KEHOTO B y4eOHWs IJIaH Ha Crenua-
HOCTTA..

B Tasum BpB3Ka ce mpeasara METOAMKA 32 MO-
JIEpHU3ANMS Ha YYeOHHS TPOIeC M 3a IMoaoopsi-
BaHEe Ha KOHTpOJAa MpU OOYyYEHHETO Ha CTYJeH-
TUTE 10 aucrumuinHara “OcHOBU Ha aBTOMOOWII-
nara texauka” (OAT).

Karo ocHOBHa 3ajada Ha MoOcTaBeHAaTa IEN €
pa3paboOTBaHETO Ha EJIEKTPOHEH CalT, KOMTO 1a
npeayiara wH(GOpMamms MO OCHOBHH TEMH OT
JUCIMITIMHATA, KAKTO U JIa OCHINECTBSABA BPBh3Ka
MEXIy MpernoJaBaTeIuTe U CTYJCHTUTE.



IIOCTAHOBKA HA 3AJAYATA

VYuyeOnara nucruminHa “OCHOBU Ha aBTOMO-
OwmTHaTa TeXHUKA” € 3aJI0)KeHa B yUeOHHS TUTaH
Ha CHEIHWaTHOT ,, paHCliopTHA TEeXHUKA U TEX-
Homoruu” B YHuBepcutet “ Ilpod. n-p Ac. 3ma-
tapoB” — Byprac. CprimacHO TO3M TJIaH TS ce
M3y4aBa B IBPBU Kypc M 0OXBalmla OCHOBHH Te-
MH, KOUTO BBBEXJaT 00ydyaeMUTE B CIelUa-
HOCTTA.

JucuumiuaaTa ,,OCHOBM Ha aBTOMOOMIIHATA
TEXHHKA~ WMa 3a IeN Ja 3aMo3Hae CTYJSHTHUTE C
KOHCTPYKIMSITA Ha AaBTOMOOWJIHATAa TEXHHKA.
WzscHaBa mpeaHa3HAYEHWETO, TPHUHIMIA Ha
paboTa Ha OTHOEIHWUTE CHUCTEMH H pa3Tiexia
B3aMMHATa BPb3Ka MEWKY TSX.

Ilen Ha nucnumuiMHaTa € Ja u3rpaau ¢GyHaa-
MEHTa Ha MPWIOXKHATA TEOPUs B MPAKTUKATA HA
WHXEHEPHUTE, KOUTO CE TOATOTBST KaKTO 3a Mpo-
EKTUpaHe, Taka U 3a MPOM3BOJCTBO M EKCIUIOA-
Taus Ha Pa3IMYHATE BUIOBE aBTOMOOMITHA TeX-
HUKA.

[Ipn oBmagsBaHeTo Ha AWCHIWIUIMHATA CTY-
JIEHTHTE TPsIOBA J]a Ce CIPAaBAT C YCBOSIBAHE Ha
MHOKECTBO HEMO3HATH 3a TIX HHXKXCHEPHU Tep-
MuHHM. B Ta3u BBBeX7alla B CBETa HA aBTOMO-
OwmiTHaTa TEXHWKAa AWCHUIUIMHA y OO0ydYaBaIluTe
TpsiOBa Jla ce Ch3JaBaT yMEHHUsS 32 M3BBPIIBAHE
Ha KOHKPETHU U3YHCIICHHUS W OCMHCISTHE Ha T10-
nydeHuTe pesyntatu. TpsOBa nma ce ¢opmmupar
HABUIM 3a IIOJI3BAHE Ha CIPABOYEH MaTepual,
n300p HAa KOHCTPYKTIKHU cxemu. CTyneHTHTe
Ce HACcOuBarT Jia paboOTAT MO pellaBaHe HA MHIKE-
HEpHU 3aJ]a4d B CKHII.

YcTaHoOBEHO €, 4e CTYICHTUTE 0/100psBaT H3-
MOJI3BAHETO HA HOBUTE WH(POPMAIMOHHH TEXHO-
JIOTUM B Y4€OHWMSI TIPOIIEC.

Karo ce umma mpenBuja TropensIOkKeHOTO €
paspaboTeHa MeTouKa 3a 00y4eHHe 0 AUCIHII-
grnHa “OCHOBM Ha aBTOMOOMIIHATA TEXHMKA',
KaTO Ce M3IMOJI3BAT WHPOPMAITUOHHHUTE TEXHOJIO-
rud. Metoaukara ce 0a3upa Ha pa3pabOTBaHe Ha
porpaMeH MOJyJ, KOWTO MOXe Ja Oblie Mmoi3-
BaH kakto B MHTEPHET, taka u Ha paboTHO
MSICTO B KOMIIIOTBpHA 3alia.

OuyakBaHUTE pE3yJITaTH OT OOYYECHUETO ca
MOJTyYEHUTE TCOPETUYHH M MPAKTHUCCKU 3HAHMS
Jla ObJaT OT MOMOIIl Ha CTYJICHTHTE MPH YCBOS-
BaHE Ha JIUCIUILTNHATA, KAKTO U 32 MIBIIHOIEHHO
MIPOBEXKIaHEe HA yYeOHATa MPAKTHKA, KOSATO H3II-
peBapBa M3y4aBaHETO Ha CIICIUAITHUTE AVCIIUII-
JIUHH.

[{enta mpu To3u MOIXO 32 OOyUYCHUE € J1a Ce
WHTCH3U(UIMPAa W TIOBUIIM Ka4eCTBOTO Ha
yuebHus npouec. [Ipunaranero Ha uHGOpMAIH-
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OHHUTE TEXHOJOIMU HMMa peAula IMpPeauMCTBa,
KaTo JIOMbJBA TPAIUIMOHHUS METOJ Ha 00yue-
HUe. MeToaukara W3MOJI3Ba IpeIuMCTBaTa Ha
JIMCTAIMOHHOTO OOydYeHWe M CTYACHTUTE IOJY-
gaBaT BB3MOXHOCT 32 JIOCTBII KBM YYEOHHUTE
MaTepuand B YAOOHO 3a TAX BpEME U MACTO TIpH
M3I0JI3BAHE Ha CHELUAIU3UPAHU TEXHOJIOTMHU U
CpencTBa.

EJIEMEHTU HA TIPOI'PAMHUS MOJIYJI

IIpu cp3paBaHeTo Ha nporpaMHusi YydeOeH
MOZYN M3XOJCH € (aKThT, Ue YISOHHUST MpoIeC
uMa Tpu 0a30BH (a3 — TONydaBaHE HA HOBHU
3HaHM, 3aTBBbpXKIaBaHe Ha 3HAHMUATA, KOHTPOJI
Ha 3HAHUATA.

Haamas crrassnia
I
Baod 3 VUERHTE
ETHHINIT MEI0

VUEEA TFOTRAMA |

_|
_|

EpRins - QAT |

Famed, HEOEL O HEA MRV UARAE 1 OAT

_|

—| Kotmea 3.4 immur 4 THTERATYRA |

Trasim A JAMAT AT A |

—| CLOEIEIA 3.4 KOMC Y ITAIDGL KOMTTOTHH HIHEIITH

T=anm

A TAWH SA YIRS IR ANE |

TECTORE, KONTPOTHA SHANHATA |

EATA TANHHCTIFABROUNA MRS OFMA]THE CTARTAFTH

L LT 1T

HPRIA CTREMOTABATEN |

®@ur. 1. CTpykTypa Ha IPOTrpaMHHs MOJYJ 32
oOy4aBaHe 1o ,,OCHOBM Ha aBTOMOOWIIHATA TEX-
HHKa”

B [2] ca namenu cnepHute y4eOHH eIUHHIH,
KOUTO OTTrOBapsT Ha M3MCKBaHUsATA Ha ['eHepai-
HaTa TUPEKNnsA Mo oOpa3oBaHME M KyIATypa KbM
EBponeiickata Komucus 3a ye0-0asupanu Kyp-
coBe. AHOTanus Ha JUCHUIUIMHATA, YdueOHa



nporpama,; Jluteparypa; Jlekuuu; Tectose; Y-
paxHeHus, 3anmaud; PwvroBoacTBo; I'paduk Ha
saugTuaTa, Koncrekr 3a uznura, Cro0IeHus 3a
KOHCYJITalluK, KOHTPOJIHU W n3nuTtH, MHbopma-
[Usl 32 TPETNOAABATENCKUS eKUI. Te3u KoMITo-
HEHTH ca JIOTHYHO CBBP3aHU W Ca €IEeMEHTH Ha
MPOrpaMHUS MOMYI.

N30poeHusT cruchbk 0baye He BKIIIOYBA €IHA
BaKHA €JIMHUIIA, KOSITO CHOPE] HAC € €IUH OT
omnpeaensmure (GakTopu 3a OBIAJIBAHETO HA
3HaHusATa. TOBa € MpPOBEpPKaTa U YCTAHOBSBAHETO
Ha HUBOTO Ha 3HAHHUATA IO JUCHUIINHUTE, HE-
00X0IMMH 3a 3aI04YBaHeTo Ha Kypca 1o “OcHoBH
Ha aBTOMOOMIIHATa TEXHUKA .

[Ipu pa3paboTBaHeTo Ha METOAMKATa € 00Bp-
HAaTO BHUMaHHC HAa MSJCTOTO Ha AMCIMILIMHATA B
TEXHHMKATa U HayKaTa, KaKTO U Ha Bpb3KaTa i C
JIPYTUTE JUCIUIUIMHUS, KOWTO C€ H3y4yaBaT B
ChOTBETHATA CIIENHUATHOCT. B Ta3m Bpb3Ka e
BKJIIOUEHa y4yeOHa €JMHMWIIA, KOSATO TpsAOBa 1a
Jlajie TpejcTaBa 3a BPh3KaTa HAa TEOPETHUHHUTE
3HaHUs U ObJenara NpakTHKa.

Jucrumanaarta “OcHOBH Ha aBTOMOOHWITHATa
TEXHMKA” € WHXXCHEPHA IUCIMIUIUHA, B KOSATO
CTyJIEHTUTE TpsOBa Ja OBIANEAT yYMEHUATA 32
paboTa ¢ rojsM 1o 00eM CIpaBOYEeH MaTepuall.
[Ipu TpaagMIIMOHHOTO MpenoaBaHe ce OTOEI3Ba
HAIAYHETO Ha TaKbB MaTepual, HO 3aJO0XKCHHST
XOpapuyM HE TIO3BOJISIBA Ja C€ OTIEIH II0-
roisiMo BHUMaHue. ETo 3amo ch3gaBaHETO Ha
cnpaBodeH (OHJI, O KOWTO Ja UMArT JOCThII
CTyIEHTHTE, € €IHa OT 33/Ia4iTe MpH pa3paboT-
BAaHETO Ha METOUKATA.

Ha 6a3ara Ha ropensnokeHOTO € pa3padoTe-
Ha cllefiHaTa CTpyKTypa Ha [Iporpamuust Mmomyn,
KOSITO € TIoKa3aHa Ha Qurypa 1.

CTPYKTYPA HA CAUTA

Pazpaborenara meromuka e 0a3a 3a paspa-
00TBaHETO Ha UHTEPHET-CAlT 110 AUCIUILUIMHATA.

CailTbT uMa HepapXWUUHU HHMBA C HayajHa
CTpaHMIA, BXOJHA CTPaHMIA 3a BCEKH OTIEJIEH
MOJYJ W BBTPEUIHN CTPAHUIM. BCHYKH BPB3KU
MEXY CTPaHULUTE OT Pa3jINYHUTE HUBA, KaKTO
U ISUTOCTHATa (PYHKIIMOHATHOCT Ha caidTa Tps0Ba
Jla ce OOMHCIAT MPEABAPUTEHO U Ja CE 3aJI0kKaT
npu nu3aitHa. BaxkHo € 51a ce W3siCHM HeroBara
CTPYKTypa U apXUTEKTypa U Jia ce cb3nane Qop-
MarT 3a BCAKO OTIENIHO HHMBO. B HsAKOM OT ciyda-
UTE ca MoAO0paHH Pa3JIniyHU LIBETOBH PELIEHUS 3a
pasinyHuTEe MOAHMBA. VIHTYMTHUBHO Haii-pas-
Oupaemara 3a TOTpeOUTENUTE € MUpaMUAATHATA
CTPYKTYypa, IPU KOSTO MMa €IHO BXOAHO IEHT-
palTHO HUBO, KOETO BOJIU KbM HAKOJKO ITOJTHUBA,
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Mpernpalany noTpeouTes ome “mo-ani0oko” B
caiita. Cp3l1aZicHa € JIOTUYHA U JIECHA 3a pa30u-
paHe HepapxudyHa CTPYKTYpa, MO KOSTO MOCETH-
TEeJsI Ce JIBIDKU C JIEKOTa OT BHHITHUTE HHUBA Ch-
JIbpKalM mo-obo01IeHa wHGopMaIrs KbM I10-
BBTPEUIHUTE KBJETO Ca KOHKPETHHTE JaHHU U
obparHo. ChIEBPEMEHHO, 32 Ja Ce CIEeCTU He-
HY>KHO JIBW)KEHHE TIO CaiTa, ce Ch3/aBaT M Ipe-
KM BPB3KH MEX]ly HUBATa, KAaKTO U 33IbIKUTEII-
HO Ha BCHYKH CTPAHUIM C€ TMOCTaBAT BPH3KH
KBbM TaKa HAPEUCHUTE JOMbIHUTEITHA CTPAHUIIH.

Haii-nobpu pesynratu ce moirydaBaT, KOTaTo
ce TOATOTBHU OJIOK cXeMma, Ha KOSITO CTPaHUIIUTE
ce n300pa3sBaT Karo KyTUHKH, a JMHKOBETE Ce
MOKa3BaT C JMHHUU, KOUTO TH CheAWHABAT. Mex-
Iy CTpaHUIIUTE B CaiiTa CHIIECTBYBAT MHOXECT-
BO BpPB3KH, HE BUHArW MOJYUHCHU HA Hepapxu-
YeH MPUHIIUII.

OCHOBHHTE €TeMEHTH Ha BCEKHU CAWT ca:

0 Hauanna crpanuna.

0 ['naBHU BBTpENIHN HUBA.

0 Bworpenmnu crpanuim /mogausal
JIOBTHATETHY €IeMEHTH
Kapta Ha caiira.

0 ®opma 3a KOHTaKT.

0 Crpanuiia ¢ OTpaHUYEH TOCTHII.

[Inanupanero Ha CTpyKTypaTa Ha caita 3a-
BBPINIBA C U3TOTBSIHETO Ha OJIOK CXeMa ¢ pa3iny-
HU HHBA, JOI'BIHUTEIIHU CTPAHULUA M BPB3KH
MEXIy TAX.

(0]

@ur. 2. ['1aBHM HUBA Ha calTa.

HavanHaTta crpaHuia jgaBa OCHOBHAa HWH(OP-
Manys 3a JUCHUIDIMHATA W JHHKOBE KbM OCHOB-
HUTE [VIAaBHU BHTPEIIHU HUBA ((ur. 2).

Teopernynara wact oOXBalia HIKOJIKO OC-
HOBHH TEMH OT KOHCIICKTa, KaTO JCKIIMOHHHUSAT
MaTepHal € ChIIPOBOJICH ChC CXEMH, YSPTEKH U
CHUMKH - [IpuHIMN Ha NefcTBHE Ha JBYTaKTOB
OeH3uMHOB ¥ au3enoB asurarenu; OOiact Ha
npwioxkenue; KommaHoBka Ha TpaHCIOpPTHATA



texHuka; Kommanoska Ha JIBI'; KopmycHu uac-
1 Ha JIBI'.

CripaBoyHUMSAT Marepuan npejyiara uHpopma-
WS OT KAaTaJlo3HW Ha BOJEIIN (pUPMH B 00JIacTTa
Ha aBTOMOOWJIOCTPOCHETO W aBTOMOOWITHATa
texuuka (dur. 3), KaKTO W JIUHKOBE KbM CaMTO-
Be, JIaBallly MMoJIe3Ha UH(opMalms B Te3u ooJiac-
TH.

®ur. 3. ['opuBHHU ypenou.

CaiiTeT € pa3paboTeH ¢ H3IOJA3BaHE Ha
HTML[1],[4]

TecroBere ca 4acT OT KOMIIIOTBPHOTO y4eOHO
MSICTO M BCEKH CTYJEHT MOKE []a HallpaBHU CaMo-
OIICHKA, KAaTO M3MO0I3Ba M TEOpPETHYHATa 4YacT,
naBama (pyHIaMEeHTATHU 3HAHUS 110 pa3riiexa-
HUTE TEeMH, ChOOpPa3HO JIEKIIMOHHUTE KYpCOBE,
YTIBBPJCHU OT Y4eOHHUS TIIaH.
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Cnen 3amo3HaBaHE C TEOpeTHYHATa IOCTa-
HOBKa Ha pasjienia, Ha oOydaBainus ce mpezasara
Jla MpOBEPH YCBOEHUTE 3HAHMSA IIO Temara.
IIpemnaranara HoBa cucTeMa Ha KOHTPOI MpeJic-
TaBJIsIBa IPOrpaMeH MPOAYKT ¢ 0a3a OT JaHHH,
BKJIFOYBAIIA KOHTPOJIHU BBIIPOCH OT W3y4aBaHU-
T€ TEMU.

JAK/IIOYEHUE

[Ipennoxena e HOBa METOAMKA 32 OOy4YeHUE
Ha CTyIeHTH mno auciuiumHata “OcHoBH Ha
aBTOMOOWMITHATa TEXHHWKA’, BKJIIOYBAIIA paspa-
0OTBaHE Ha MPOTPaAMEH MOAYJ 3a KOMIIOTHPHO
y4eOHO MSCTO, KOWTO MOXKE J1a HaMepH MpHIIO-
JKEHHE W B JUCTAHIIMOHHOTO oOyuenwme. M30pa-
HUST MOJIXO0/] ]aBa Ha CTYJEHTHTE OCHOBHU yMe-
HUS U TEXHUKH 32 PabOTa ChC ChBPEMEHHHU Telle-
KOMYHHKAIIMOHHU TEXHOJIOTUM W CpeACTBa 32
oOyueHue.

MertonukaTa naBa peauiia IpeauMcTBa U JI0-
ITbJIBA TPAUIIMOHHUS METOJ Ha O0ydYeHHE, KaTo
CTYACHTHUTE MOJYYaBaT BB3MOXHOCT Jla ce 00y-
YyaBar B yJI0OHO 3a TSAX BPEME U MACTO.
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KACKAJIHU CAP C U3IOJI3BAHE HA CUHY COUJAJIEH KOHTPOJIEP
YACT 2. EKCIIEPUMEHTAJIHU TAHHU U PE3YJITATH

Henemgo M. Henenues, EBnoxust H. CotupoBa

OBJECT IDENTIFICATION METHOD OF UNSTABLE PROCESSES FOR SINGLE OR
CASCADE CONTROL BY USING SINUSOIDAL CONTROLLER
PART 2. EXPERIMENTAL DATA AND RESULTS

Nedelcho M. Nedelchev, Evdokia N. Sotirova
E-mail: nnedelchev@btu.bg

ABSTRACT

A software application was developed on the basis of the algorithm for identification of control
processes (Annual Assen Zlatarov University, Bulgaria, Bourgas, 2009, 38 (1), p. 132-138). It can
work with critical parameters of a single loop control system or frequency data of the control process
of a single loop or cascade control system. The data is obtained via a sinusoidal controller. All 32
possible models of processes from zero to third order with delay were included. The software algo-
rithm for the identification eliminates the insignificant coefficients and determines the significance of
the models. When sorting the models, parameters of all possible (up to 15 out of 32) models are de-
fined, sorted by their respective correlation coefficients.

The suggested examples of identification of an unstable model and real processes demonstrate the
precision and reliability of the method. The optimal tuning carried out on a single loop and cascade
control system based on the models identified demonstrates that the method is suitable for identifica-
tion of static, neutral and unstable processes.

Key words: object identification, sinusoidal controller, relay controller, unstable process,
UFOPDT and USOPDT model, sorting of models

BBBEJIEHUE Henocrarbk Ha ATV -Metoza e, ue ce paBu
n300p MEXAY MpeIBapUTENTHO 3a1aJACHN MOJIENN
Kpurepuii 3a n360p Ha MozeNa € KBaapaTHUHaTa
Ipellika MEXAY eKCIepUMEHTAJIHUTE [aHHH U
M3YUCIICHUTE 10 Mojiena croiHocTu. [Ipu Omus-
KU pe3ysITaTh M300pbhT Ha MOJAEN C€ M3BBpILBA
10 eMIIMPUYHM IpaBUiIa. METOABT HE OIpeieNns
3HAYMMOCTTa Ha KOC(QHUIMCHTHTE W aJeKBar-
HOCTTa Ha MOJIEJINTE, KOETO MOXKE J1a IOBEIE 10
HempaBwieH u300p Ma Mozen. MerombT He e
pa3paboTeH 3a paboTa ¢ YECTOTHM HAHHH, pa3-
JUYHU OT KPUTHYHHUTE, KOETO OrpaHHYaBa MpH-
JIOKEHUETO My 3a CJIOXXHH OOEKTH, KOHWTO Ce
ynpasisBaT ¢ kackagHu CAP.

3a mpeoosiBaHe HA Te3W MPOOJIEMH € pa3pa-
O0TEH aIrOpUTHM 3a MIEHTU(UKAIM Ha IpoLe-
CH, HeOOXOJUMH 3a M3TrpaXxIaHe Ha CTPYKTYpPH 32
yIpaBJIeHHUE C €IHOKOHTYPHM MWIM KacKaJHH
CAP [5]. ExcniepuMeHTaTHUTE AaHHA 3a WIEH-

3a uiaeHTU(UKANUS HA HAITBIHO HEMO3HAT
MPOIIEC B JIUTEPATYypara ce MPernopbuBa METOABT
ATV (AutoTune Variations) u HeroBoTo pa3BH-
tue ATV" [1]. Toii e paspaboren 3a o6paboTka
Ha KPUTHYHU JAHHH, TOJyYaBaHU C MPOMOPIIHO-
Haner (P) wiu peneen xoutposepu. Ilpu Kpu-
THYHU JIaHHH, TIOJYYEHH C PEJeeH KOHTPOJep,
rperikara, 0coOEHO MpU HEYCTOHYHMBHU MPOLIECH,
Moke na gocrurie 28% [2]. Tlpu omepupane ¢
P-KOHTpOJIEp MOTYYEHUTE KPUTHYHH [ApaMETPH
ca Omm3ku g0 Teopernunute [3], HO ekcrepu-
MEHTHUTE Ca MPOIABIIKUTEIHH, [0 BpeMe Ha KOUTO
Ce HapyllaBa TEXHOJIOTUYHHS pErJaMeHT. 3a
MOJTy4aBaHEe HA KPUTHYHH JAHHU C BUCOKA TOY-
HOCT TP €IHOKPATEH E€KCIIEPUMEHT ¢ pa3pado-
TeH cunycouoaien konmponep [4].
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TUUKAIMATA ca KPUTHYHU napamerpu Ha CAP
u/unmn panau 32 ADX Ha mporieca MmojydaBaHH
ot ynpasienue cbe cunyconnanet (SINC) kour-
ponep. Heycroiunusar mpouec (Win HEyCTOM-
4ypBaTa My 4acT) MOxe ja OblIe oOxBaHaTa J0-
eJIHUTENHO ¢ P- i PD-konTpomep.

EKCIIEPUMEHT

Cxema 3a moJydYaBaHE HA EKCIIEPUMEHTAIHU
NaHHU (KPUTHYHH WJIM YECTOTHH) Ha CIOXHH
npotiecd B On-line pexum e mamena B [5]. 3a
MOoJTy4aBaHe Ha JAaHHH, 32 HEYCTOWYHBY MPOIIECH
BBB BCsKa YacT Ha MpOIeca Ha yIpaBICHUE, O
aHAJIOTUsI C BBTPEIIHATA YacT Ha Mpoleca, ca
no0aBeHH [(Ba MPOMOPLHOHAIHO-AU(EpeHHal-
uu (PD) kourponepa (¢ur.1):

WSZ(S) = K52(1+ TsZS)
Wio(S) = Ko(1+ Tr,8).

(1)
(@)

MsSCTOTO Ha TIOCIEIOBATEIHO CBbP3aHUS
koHTposiep We(S) e cieqr KOHTypa 3a cTabuinsa-
uus Ha mpouec G, (S), Thil KaTo mporechT Ha

yIpaBieHUE € TEXHOJOTHYIHO Heaeaum. I1o ana-
JIOTHYHA MIPUYUHA 3aKbCHEHHETO Ap € B Kpas Ha
mpoireca.

HannureTro Ha 5 aKTHBHH KOHTpOJIEpa, KaKTO U
BBBEXKIAHETO Ha JOMBIHUTECIHN 3aKbCHEHHS HA
JIBE MeCTa B CXeMara 3a HACHTH(DHUKAIMS YBEIH-
9YaBa MHOTOKPAaTHO BapHAHTHUTE Ha MICHTHU(HKA-
LHOHHU CXEMU B CPaBHEHHE C pasriicaanure B [4].

JlonbIHUTETHATE KOHTpOJepu (C HM3KIIOUe-
uue Ha Wy(S)) Morar aa ce M3moa3Bar ¥ B IpoO-
1eca Ha yIpaBlieHHE 3a CTaOWIIM3HUpaHe Ha Xa-
PaKTEpPUCTHKUTE Ha HEYCTOWYMBUTE YACTH Ha
TEXHOJOTHYHHS TPOIIEC.

Paspaborenusat B [5] anropursM e mporpam-
HO peanu3upad. [IporpaMHUAT MakeT BKIIOYBA
CIIEZIHUTE KaTErOPHH BXOAHA HH()OPMAIIHS:

1. OcnoBuu mxannu. ToBa ca 4ecTOTHa WH-
dopmarus 3a mporieca MpU Pas3IuIHA EKCIIEpHU-

MEHTAIHU YCIOBUS (TOUYKH, |). OCHOBHUTE TaHHU
Morar aa ObAaT 1Ba THMA!

- Kpumuunu (ultimeted) dannu Ha 0600611Ie-
HUs npouec, XS) - KPHTUYHU YECTOTH @] M
KpUTHYHH KoeduuueHTH Ha ycunsae Kyj. Ilpu
M3M0JI3BaHe HA KPUTUYHH JaHHU, &(S) TpsiOBa na
BKJIIOYBA [EJIMSA [pOLeC Ha  yIpaBlieHHE
(D(s) = D(S). Dy(S)). Pesynrarure or uaeHTUDH-
KanusTa e ObJaaT o0y MOJEIU Ha Mpoleca OT
HYJIEB JI0 TPETH MOPSAABK ChC 3aKbCHEHHE, O3
pasnensiHe Ha HWICHTH()UKAIIMOHHH MOICTH 3a
Gpi(s)n G,(s). Tasu mpentuduranms e no-

XOJsIIa MPH CTPYKTypHpaHe Ha €IHOKOHTYPHA
CAP, xaTo npu HEyCTOWYMBH MPOLIECH T€ MOrar
na ce crabmmzupar ¢ P unu PD-konTponepy;

- Yecmommnu oannu 3a 0000IIEHUTE 00EKTH
@Dy(S) u D(S) - 4ECTOTH @)}, AMILTUTYIHO-YECTOT-
Hu Al(@) u dasoBo-uectorHH G)(@) XxapakTe-
puctuku. M3nons3ea ce npu HACHTU(DHUKAIUSA Ha
Gpi(s)u Gp,(s) . Beeku ot mpouecute ce uien-

TUHUIEPA OTACITHO, KaTO € Bh3MOXKHO TAHHUTE
OpHU JBeTe HICHTH(UKAIMS Ma ca MpU eIHAKBU
@), Beexu ot MozenuTe Moxe Ja Obe OT HyJIEB
[0 TPETH MOPSABK ChC 3aKbCHEHHE, a LENHSAT
00eKT G (S) . G, (S) - OT HysIeB 110 wiecTn mopsi-

I'BK ChC 3aKbCHEHHE.

2. JIonbJIHUTETHHA JAHHU — TOBA Ca BXOJ-
Hu 3a CAP mpum mpoBexmaHe Ha CHOTBETHHSA
excniepuMeHT. [Ipu ekcriepuMeHTHpaHe € HeoO-
XOJIUMO JIa HSIMa EKCIEPUMEHTH C €JHAKBU JIO-
MIBJIHATEIHN JaHHH.

- Jlonvanumennu 3axvcnenus B CAP - Ay,
A,. Tlpu excriepuMeHTHpaHe ¢ KPUTHYHU JaHHU
Ce M3I0JI3Ba 00IIOTO JOMBIHUTETHO 3aKbCHEHUE
A=A+ A,, a Ipu YECTOTHH JaHHU — 3aKbCHEHU-
€TO, BKJIFOYEHO B M3CIIeABaHNs 00001meH 00€eKT;

- Ilapamempu na OoonviHumennume KOHm-
poepu, BKIIOYECHH B 000011eHnTe 00eKkTH D (S)

®ur.1l. O6ma crpykrypHa cxema Ha CAP 3a momyuaBaHe Ha BXOAHU JaHHU 32 UACHTU(DUKAIMS Ha

CJIOKHHU ITpoLeCu

91



u @,(s). Cnopen croitnoctute Ha K 1 Kpp; (1=1,
2) ce KOH(UTYpUpAT pa3IUYHUTE CTPYKTYpU Ha
00001meHnTe 00ekTH. Becexkn 0000meH 00exT
MOXe€ J]a C€ HaMKpa B €IHa OT CTPYKTYpHUTE:

¢ be3 nonbiaHUTENEH KOHTPOJIED;

¢ P-KOHTpOJIEp B €THOKOHTYPEH O0EKT;

¢ IIpouec, o6xBanart ot P-koHTpoOIEp C OT-

punarensa obparta Bps3ka (OOB);
¢ PD-koHTposep B €JHOKOHTYPEH 00EKT;
¢ IIpouec, o6xBanar ot PD-xoHTposep c
OOB;

¢ [locnenoBarenHo cBbp3aH P-mMoayn KbM
CBOTBETHUSI ITPOLIEC,

¢ IlocmenoBarenno cBbp3an  PD-momyn
KBbM CHOTBETHHS IPOILIEC.

- Cmenen na noaunommuus mooen — ot 1, 11
wu 111 crenen (pen) . M3mon3ea ce mpu uscnen-
BaHE Ha OTAEJCH MOJMHOMEH Mopel. Makcu-
Manuusam 6pou Ha onpeoensaHu NOAUHOMHU, KaAK-
mo u Ha peannu Koeguyuenmu e pagen Ha cme-
NeHma Ha NOIUHOMA NIIOC 2;

- Hueo na 3mauumocm Npu OlLICHKA HA 3HA-
YUMOCT Ha KOE(UIMEHTHTEe M aJeKBaTHOCT Ha
MOJCIIMTE,

- Tounocm ma usuucneHusma W TpencTa-
BSIHE Ha pe3yATaTUTE Jp.

[IporpaMHUST MPOAYKT W3BBPILBA H3UHC-
JIEHUSATa OCHOBHO B JIBa PEKUMA.

1 M3caenBaHe Ha oTAes]eH INOJHMHOMEH
Mozaea. M3nomnsBa ce mpu npeaBapUTeIHH H3C-
JieBaHMsI WIIM TIPH M3CJIeIBaHe Ha BIMSIHUETO Ha
OTJENHUTE TOJMHOMHU KOS(QHIUEHTH BBPXY
aJIeKBaTHOCTTA, CTPYKTypara W MapaMeTpure Ha
peanHus Mojen. B To3u pexxum Morat zia ce oTc-
TpaHsABaT BCEKH OT MOJUHOMHUTE KOS(UIIMEHTU
(HO HE W BpPEME3aKbCHEHHETO 7), KaTO OCTaHE
MOHE euH OT TaX. ONpenensiT ce U AUCIepCHsTa

2
Ha CKCIICPUMCHTA SE , OCTaTpdHaTa AUCHICPCHUA

2
SR, creneHute Ha cBOOOAA V4, CKCIIEPHMEHTAI-

Hara CTOHHOCT Ha Kpurepus Ha Oumiep, Fep,
KOS(UITUCHT Ha OTPEICICHOCT R?, 3HaunmocT Ha
OTNIENHUTE KOe(UIIMEHTH W aJeKBaTHOCTTA Ha
Mo/Iena.

2. Coprupane Ha monenu. [Ipu Hero ce
u3cnenBat noiauHoMHute moaenu ot [ — 1T cre-
nedH. Ot obmo 32 peanHu Mojena, 3a JaJlEHO
W3CIIeIBaHE MOTaT Aa ce uaeHtudummpar 1o 15
MoOJIeNa, HIKOM OT KOUTO Ca C €HAKBU CTPYKTY-
pu. Mozenurte ce copTHpaT CIOPE] N3YUCICHUTE
KOe(UIIMCHTH Ha OMNPECNICHOCT. 3a BCEKH pea-
JIEH MOJIEJT C€ U3BEX/Ia CTPYKTypara My, HEroBu-
T€ MapaMeTpu TaOJIMYHA CTOMHOCT Ha KPHUTEPHS
Ha @umep, F; kakTo 1 BCHYKM OLIEHKH, ITOCOYE-
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HU TpU H3CIEJBaHE Ha OTHENIEH MOJIMHOMEH
Mojen. ToBa u3cnenBaHe MOXe Ja ce TPOBeEJe C
nnu 0e3 OTCTpaHsABaHE HAa HE3HAUMMHTE Koedu-
IIHEHTH.

PE3VJITATH U OBCBhXKJAHE

[IpunoxumocTTa Ha pa3paboTeHUs METOH 3a
uaeHTHQUKAUSA € J0Ka3aHa dYpe3 HACHTH(H-
Kallusl Ha HEYCTONYMBU CHMYJIAIIMOHHU U PEaHH
nporecd. HeycroiunBuTe mpouecu ca Tal-TpyIHU
3a W3cieBaHe M yIpaBlIeHHUEe MOpaau HEMPEKbC-
HAaTO yBeJIMYaBaHE Ha CKOPOCTTa Ha IpoLeca.
[Topagu ToBa, Hal-MaJKUTE TPELIKU B Ipolieca
Ha U3CJIe/IBaHE U YNpPaBJIeHUE MOraT MHOTO Obp-
30 Jla ce yBemu4YaT OTKJIOHEHHsATA Ha YIpaBisBa-
HaTa TMPOMEHIMBA JO0 KPUTUYHH U aBapHiHU
CTOMHOCTH.

Ipumep 1. Uneatndukanns Ha HEYyCTONUUB
cumyrnaioneH (TeoperndeH) nporec ot I pex
(USOPDT) ¢ npenaBarenna QpyHKIUSL

T _ 1 -1.2s
Gp ()= (55 —1)(1s +1) ®

IIpeJHa3HauYeH 3a yIpaBlieHHe C €AHOKOHTYpHa
CAP.

[IpumMepbT MO3BONIABA EKCIIEPUMEHTHUTE J1a Ce
mpoBenaT 0e3 BBBEXKAAHE Ha JOMBJIHHUTEICH
koHtpoiuep (Py(s) = Gp(s).e'AS, @y(s)=1). Cneno-
BaTeJIHO €KCIIEPUMEHTHUTE 1lle ce NMPOBEXIAT Ipu
pa3n4Hu 100aBAHU 3aKbCcHEHUs A. Pesynrarure
OT eKCIIEPUMEHTUTE Ca KPUTUYHU TaHHH, peaju-
supanu cse SINC, kouto ca najgenu B Tadi. 1. 3a
CpaBHEHHE, B TabIHIaTa ca MOCOYEHU U Teope-
TUYHUTE KPUTHYHH MTapaMeTpH, KaKTO U Ompee-
nenute ¢ BBC. /lanHnTE MOTBBPKIABAT KOPEKT-
HOCTTa Ha KPUTHYHHTE MapaMeTpH, MOJIYyYCHU
cbe SINC.

Pesynratute oT MueHTH(UKAIHATA CHC COp-
THpaHe Ha MOJIENTH ca NajaeHu 1adm. 2. Jlanenu ca
II'BPBUTE TPU 3HAYMMHU MOJIeJIa COPTHPAHU CIIO-
pen R%. 3a cpaBHeHHe ca MOKA3aHM M MOJEIHTE,
MOJIy4EeHU OT TEOPETUYHHUTE KPUTHYHM JJaHHU U
nonyuenure or BBC.

Pesynrarute uiaroctpupar OMM30CTTa Ha HIIEH-
TUQUIMPAHUTE MOJENIN M TEXHUTE MapaMeTpH ¢
MOJIENTUTE, TIOIYYEHH OT TEOPETUYHUTE KPUTHY-
HU napaMeTpu. [lopanu cucreMaTHyHaTa rperka
Ha KpUTHYHHTE MapaMeTpH, noiydenu ¢ BBC, to
B MHOI'O Clly4ad CTpYKTypaTa Ha MOAEJIHTE, I10-
Jy4EeHH OT TAX ca KOPEKTHH, HO CTOMHOCTHUTE Ha
IapaMeTpUTe Ce pa3IuyaBaT ChLIECTBEHO.

B Tabn. 3 ca mameHm mapaMmeTpHTe OT ONTH-
MaJlHa HacTpoiika Ha eqHokoHTypHa CAP, momy-
genn ot Mozenure ck¢ SINC u 3a TeopeTnaHUs
(cumynamuoHeH) Moen. 3a CpaBHEHHUE ca ajie-



Tadauna 1. Kputnunu nanau 3a uaentudukanus Ha cumynanuonen USOPDT-mponec
(1(5) = Gyl9)-¢*, Bi(5)=1).

JobaBeno Kpurnunu napamerpu
Ne 3aKbCHeHHE TeopeTndHN CTOHHOCTH Csc SINC CBBC
A Ky ay Ky @y Ky ay
1 0.0 3.6310 0.5920 3.5242 0.5889 3.2421 0.5435
2 0.4 2.7364 0.4560 2.6642 0.4533 3.3774 0.4022
3 0.8 2.1826 0.3589 2.1418 0.3589 1.8343 0.2941
4 1.2 1.8024 0.2833 1.7815 0.2817 1.4208 7.1789

Taéauuna 2. Coprupanu HICHTH(QUIMPAHH MOJIENH, CIOpea AaHHHTe OT Tabn. 1 (mazeHu ca camo
OBPBUTE TPU MOJIETA)

TeopeTuyHu cTOifHOCTU C nannu cbe SINC C nanuu ¢ BBC
IIpenaBarenna GyHKIUSL R? [penaBatenna GyHKIMS R? IIpenaBarenna GpyHKIUSL R?
0.9998e %% 0.9975¢ %% 0.8889¢ 197
1.0000 : 0.99999 0.99997
(4.9994s —l)(0.99995 +1) (4.94345-1)(0.9295s +1) (4.0034s-1)(1.2205s +1)
- 0.4590 %%
1.0001e-120%5 0.95836 2.1623s .
2 5065 7 1)6.005 o 07653 10000 T 157351 0.99997 (3.88s —1)(T %s + 27.0.927s +1) 0.9996
) T=0.5326
~2.1657s —1.2554s -2.2199s
3 0.9513e 0.9996 0.2484e 0.9620 0.8600e

(5.2156s 1) 114475 +1)s “aares-y) OO

Ta6muna 3. OnTuManHa HacTpoiika Ha exHoKoHTypHa CAP ¢ mporiecy, 3aaieHn 4pe3 MOACIH ¢ AaH-
HH cbe SINC ot Tabn. 2 u IDFC (N = 20)

Onr. napa- Teopernuen Mogenu, onyderu cbe SINC Mogen Ne 1
METPH Ha MOJEN Mogmen Nel Mogmen Ne2 Mogmen Ne3 (BBC)
IDFC
K, 3.7515 3.5872 2.989 3.0008 4.2314
E; 0.1596 0.1567 0.1217 0.2144 0.1034
T4 17.1497 18.5041 0.9121 1.1469 1.2311
B._ A
E
E >
é 2
g 17
g
; 1.0
% [
- T

b
=

namn

n = n 1% o g an .\IF al:n 45 pav)
Fpewe r
®@ur.2. TIpoiiecu Ha ynpaBieHNUE NPU ONITUMAIHU TTapaMeTpy OT Tab. 3, MPUIIOKEHH KbM TEOPETHY-
HEsE Mozel (2) ¥ ONTHMANTHHU ITapaMeTpr
Iporecu 1, 2, 3 — 3a mozaenu, cborBeTHO Ne 1, 2, 3 3a SINC; 4 — 3a Teopetnunust mozen (3); 5 — 3a mMo-
nen Ne 1 3a BBC.
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HHU ONTHMAJTHHUTE MapaMeTpH 3a Hal-BEpPOSTHHUS
Mojien, nonydeH ¢ panau ot BBC. Pesynrature
ca 3a yIpaBIeHHE C HWICAIEH KOHTPONep C
D-punrsp (IDFC) [5] ¢ N=20. Karo kpurepuii
3a ONTHMAJHOCT € HM3IIOJ3BaH KOMIUIEKCEH KpH-
Tepwii, paspaboreH B [7]:

_ 1ITAE ITAE
I=30F 4T,

(4)

kbpaeTo ¢ € 3amanuero Ha CAP, 77 -cMylueHHe
no naroapsaune, ITAE (Integral Time Absolute
Error) — xputepuii Ha ONTHUMAIHOCT MO abCo-
JIFOTHA TPEIIKa U BpeMe Ha MPOSIBIBAHETO .

3a II0CTHA MPOBEpPKa Ha KOPEKTHOCTTA Ha
uaeHTH(GUKaMOHHaTa Tpolieaypa, Ha ¢wur. 2 ca
MOKAa3aHU MPOIIECUTE Ha YIpaBICHUE HA Teope-
tiuHus Moxen, ¢ IDFC ¢ mapameTpu omnpexaene-
HU 3a pa3imdHuTe Mozenu ot tabi. 3. [Iponecu-
Te ca IpH BXoAHM curHanu: ¢°(t) = 1(t) mpu t =0
u 7(t) = 1(t) mpu t =25. Ot rpadukute ce BIKIA,
4e TPOIECUTE Ha YNPAaBJICHHE C ONTUMAIHH Iia-
pamerpu, monyuenu 3a mozaen Ne 1 (mpouecu 1)
ca MHOT0 OJIU3KH 10 MPOLIECUTE MPHU MapaMeTpH-
Te 3a Teopetrynus Moaea 1 (mporecu 4). IMapa-
Mmetpute oT Mozen Ne 2 (mpotecu 2) ChIIO MOraT
Jla ce MpUeMaT KaTo MOJIXOAIIN 32 YIpaBJIeHHeE,
IOKaTo ¢ mapamerpute oT momen Ne 3 (mporecu
3) ympaBiIeHHETO € Iajed OT ONTUMAIHOTO. YII-
paBlieHHETO ¢ mapamerpure oT momen Nel 3a
BBC (mporiecu) chIio He ca IpenopbIUTETHY.

Ipumep 2. Unentndukanms Ha CIOKESH
CHMYyJalMoOHeH (TeopeTuyeH) Mpoliec, MpeaHas-
HaueH 3a KacKaJHO yIpaBl€HHE, NPEICTaBeH C
npeaaBaTenHu QyHKIHH:

. 1
Gpa(s) = e "

(s-1)

1 e—l.Os
(2s+1)

(%)

Gp2(s) = (6)

[PH YCIIOBHSL:
Wea(S) = Wsa(s) = Wra(s) = Ky 1(1+ Tya8) (7)
W;,(S) = 1;Weo(s) =0; 4, =0 (8)

ExcriepuMeHTaIHUTE JaHHU ca TOYKH OT Yec-
TOTHHUTE XapaKTePUCTHKH Ha 0000meHnTe 00eK-
™ Pi(S) u Dy(S) u ca gagenu B Tabm.3.

BxrouBanero Ha 7Ty yBenMdaBa 4ecTtoTara Ha
mpoleca @, KaTo ¢ HOBAa CE HaMallsiBa aMILIH-
TyZJara Ha U3XOIHUS TPoIec @, a ortaM U A;(@)
(3a excriepuMeHT 6 TOBa HaMaleHHE € TIOBEYE OT
10 bTH B CpaBHEHHE C EKCIIEPUMEHT 7).

Twii kaTo 0GsacTTa Ha u3MeHeHHe Ha Ay, K, u
T4 Tipu U3cieBaHe Ha HEyCTONYMBUTE IPOLIECH €
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OTrpaHHMYeHa, TOBa OTpaHMYaBa W O0JIACTTa HA
uscnensane u Ha @i(S). [lopamu ToBa, cTOHOC-
TuTe Ha Ax(w) 1 Gy(w) ca OIIM3KH, a TOBA TIPEATIO-
Jlara rmo-rojJieMH TPEIKY PY HACHTH(UKAIUATA

WneHTHduKanusaTa cbc COpTUpaAHE HA MOJe-
JIMTE Ompenenu cienuute moaean G" karo npu-
OpPHUTETHH:

A. 3a cmaburuzupawus npoyec:

A.l. Ira 3Haunmu monena UFOPDT ¢ R? ¢b-
orBetHo 1.0000 u 0.9792, oT KOUTO IO-BHUCOK
paHr € MOACIHBT

1.0040¢ 7071765
Gsl\:ll(s) = ( ;

1.0176s-1) ®

A.2. Tpu 3naunmu mojena USOPDT kato ¢
Haii-Bucok panr (R? = 0.99999) e MozensT

1.0223¢70-3624s
GYy(s) = ' :
52(%) (0.3358s +1)(0.9644s —1)

A.3. JIpa 3maummm mopena ZOPDT xaro ¢
Hal-BUCOK paHT € R?=0.9905 e MOOEIBT

(-;Sl\jl3 (S) — e—0.71625

B. 3a cmabunuzupawus npoyec:

(10)

(11)

B.1. /Isa 3naunmu moxena FOPDT, naii-3Ha-
YHUM OT KOHTO €

1.0077¢ 709923
Gei(S) =~ ——————
(2.0009s-1)
B.2. [Ira 3naunmu moxena IPDT, Haii-kopek-
TEH OT KOHUTO €

e—0.95825

2.0401s
B.3. Tpu 3naunmu mozena IPDT, Haii-kopek-
TEH OT KOHUTO €

SI\:I3 (S) — e—0.6573S

, (12)

Gea(s) = (13)

(14)

[IpoBeneHa e u uaeHTH(UKALUSA C JaHHU OT
BBC. Ilpu excnepuMeHTHpaHe, HIKOH OT YCIO-
BUATA OT TaOi. 4 He MoraT aa ce U3NBJIHAT. Pe-
3yJITaTUTE OT HACHTU(HUKAIMATA Ca MOJEIH ChC
CBOICTBA, 3HAYUTEITHO OTIMYABAIIH CE OT TEOpE-
TUYHUTE.

3a teopernunus (T) u ObpBUTE TPU PEUTHH-
TOBU MOJIENIU € MPOBeJIeHa ONTHUMAaIHA HACTPO-
ka Ha kackagHa CAP. Karo koHtponmepm ca
skirouenn IDFC (N; = N, = 20). Karo xpurepuit
32 ONTUMAJIHOCT € M3IO0JI3BaH pa3paboTeHHs B
[8] xomruiekcen kputepuit Jec 3a mocnemxoBaren-
HO JICWCTBHE Ha BXOJAHUTE CUTHAIIH!

N
Jec :ij(aj‘]lj +ﬂj‘]2j)'
=1

kbJeTo: N € OposT Ha BXOJHUTE CUTHAJIH;

(15)



J1 e mHTerpanHa rpemuka 3a crabuimmsu-
paiys KOHTYp;

J, e MHTerpagHa rpemka 3a KOpUTHpa-
s KOHTYD;

au f ca TErIoBHU KOCPUIIUEHTH 32 Ch-
OTBETHATa MHTETPaTHA TPEIIKa;

Wj e TeriaoBeH KOe(UIIMEHT, OTYHUTAl]
BIIMSIHUETO Ha OTACITHUTE BXOIHU CUTHAJIH.

[TpoBexxgaHuTe ONTHMH3AHOHHH IPOIETYPH

ca TIpH TIOCIEHOBATENHOTO MACHCTBHE HA IBa

BXOZHM curHana - @ (t)=7(t) =1(t), Kowmmn-
nekcHuAT Kputepuit (15) ce ompenerns npu Bemu-
upny Ha J; 1 J; - ITAE, ¢5=0.5, = 1.0, W, =1.

[NonyueHuTe ONTHMAIHU MAPAMETPH HAa KOH-
TPOJIEpUTE Ca MPWIOKEHU KBM TEOPETHYHUS
Mmozen. KadecTBoTo Ha yrpaBieHHE € MOKa3aHO
Ha ¢ur.3. IIpomecure Ha ympaBieHHE ca HpPH
CJIeOHATE BXOJHM CUTHAIIU. ¢§ (t) =1(t) mpu t=0
u 7(t) = 1(t) mpu t =30. Ot rpadukuTe ce BIKIA,
4e MpOIECUTE HA YNPaBICHUE C ONTUMAJIHU I1a-
pameTpu, TONy4YeHH 3a perTuHroB mozaen Ne 1
(mpouecu 1) ca MHOTO GITU3KH JI0 MIPOIIECUTE MIPU
napameTpure 3a TeopeTnuHus Mojen 1 (mpouecu
T). [apamerpute oT Moaen Ne 2 chII0 € GIU3BK
JI0 OTITHMAJTHMS, a Mozen Ne 3 Mojke J1a ce TpHe-
Me Karo npuemiuB. CleI0oBaTeIHO UACHTU(H-
KaIusiTa Ha ITBPBUTE PEHTHHTOBH MOJENHN € KO-
PEKTHa.

Ta6anna 4. Uecrorau nannu, nonydenu cbe SINC 3a naentuukanys Ha cIoxeH HecTaOuIIeH mpo-

1eC ¥ CTPYKTypa OT IpUMep 2

Newa JogaBemo Ilapamerpuma Kpwropa 060611eH 00exT Py(S) 06061eH 06eKT Py (S)
CKCIIC-  3aKbpCHEHME W,1(S) 4ecToTa AUX dUX AUX oYX
pHUMeH-

Ta 4 Ko Taa ® A(@) 1) A(®) (o)

1 0.0 1.2 0.4 07728 2.4867 -1.3661 0.5439 -1.7754

2 0.0 1.2 0.2 0.7083 4.0173 -1.4681 0.5898 -1.6734

3 0.0 14 0.4 09253 2.2953 -1.1697 0.4873 -1.9796

4 0.0 14 0.2 0.8861 3.7283 -1.2265 0.5004 -1.9150

5 0.0 1.0 0.5 0.6208 2.2241 -1.6142 0.6223 -1.5273

6 0.2 1.0 0.5 0.5506 3.3031 -1.7425 0.6678 -1.3990

7 0.2 1.0 0.0 02278 32.7429 -2.4009 0.9074 -0.7406
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®ur.3. [porecn Ha yrnpasienne Ha mporec oT teopernunus mozen (5, 6) ¢ kackagna CAP ¢ IDFC
mapamMeTpH OT TapaMeTpUYHATa ONTHMH3AIHS Ha TbPBUTE TPH PEUTHHIOBU HIICHTUDUITMPAHU

MoJe€iia U 3a TCOPECTUIHUA MOJCIT

1, 2, 3 — npu onTHMaNHK. TApaMeTpH MBpBUTE Tpu Mozena; T — 3a mapamerpu Ha Teopetianus mozern (5,6)

OOmmTe TEOPETHIHUTE MOJEIH OT HMPUMEPH
1 u 2 ca 6GMU3KHK TIO CTPYKTYpA, KaTO MOAETBT OT

mpuMep 2 € ¢ TMO-TOJSIMO 3aKbCHEHHE, T.e. TolT-
pynHo ynpasisieM. OT cpaBHSIBaHETO Ha (ur. 2 1



3 ce Bmwxka, ye kackagHata CAP perymupa MHO-
IO MO-TOYHO, KOETO MOTBBPKIaBa KOPEKTHOCTTA
Ha pa3paboTeHaTa ONTHMHU3AIMOHHA TPOLEAypa
[9] ¢ u3non3BaHe Ha KOMIUIEKCEH KPUTEpHil 3a
ontuMaiHocT [8].

[pumep 3. Unentudukanus Ha peajieH mpo-
nec. IlpuMepbT e acTaTH4eH ABYKalalUTHBEH
00eKT ¢ ynpasisBaHa MPOMEHJIMBa - HIUBO. Obe-
KTBT CE€ CHCTOHM OT J]Ba pe3epBoapa, CBHP3aHH B
ocHoBata cu. [IppBHAT pe3epBoap € BepTHKaICH
IIIMHABD ¢ muaMeTsp 1.5 M, a BropmsT e Bep-
TUKaeH Tul ,,bapen” [10] ¢ auameTsp B cpenara
20 mu 1.5 m B aBara my kpas. TeunoctTa ce
MOJ[aBa B IBPBUSI pe3epBoap, a Ce OTBEKAA OT
BTOpHUs upe3 nomma. PaboTHO HHUBO B pe3epBoa-
pute e 2.5 M mpu gomycTHMH OTKIoHeHus 11.0
M u 1e6ut Ha BxoxHus notok 0.012+0.006 m¥/s.
W3X0qHUAT MOTOK € YIpaBisiBalll, KaTo yIIpaB-
neHunero e ¢ exHokoHTypHAa CAP 1 ce n3BbpIBa
C MHKpOTIPOIIECOpHA cHcTeMa. JlOMbIHUTETHUTE
3aKBCHEHUS TIPU EKCIEPHMEHTHpaHEe ce BHBEXK-
Jar mporpamHo. TwH Karo cHHycouJanHaTa
GYHKIMSA HE € BrpajieHa, TO TS CE pealn3upa
uype3 ampokcumarms [11]. Tlopamu ocoGenust
npodur Ha BTOpHUS pe3epBoap M U3BSKAAHETO Ha
¢rynaa ¢ momrma, MPOIECHT € XHOPHUA MEXIy
HEYTPATHUTE U HEYCTOHYUBHTE.

[NoxyueHnTEe KPUTHYHN TTapaMeTpH ca Jaje-
HU B Ta0M. 5.

Ta6muna 4. Kputuunu JaHHHA 33 HIICHTH-
¢bukarus Ha peaneH nporiec (mpumep 3)

Job6aseno Kpwut. koed. Kputnuna gec-

[NapamerpuyHaTta ONTUMH3ALUS 33 TE3H MO-
nenu e mposenieHa 3a CAP ¢ uneanen KoHTposiep
¢ meaen purrep (IFFC) ¢ T;=0.2, koiiro 1o
TEXHUYECKa JOKyMEHTAlLUs € IPeABH/CH 32 Ta3H
CAP. OnrummzanusTa € IpoBeieHa IPH KpUTe-
puil 3a TMocnemoBaTeNHO ACWCTBHE HA BXOTHHU
CUTHAJIH:

J =053, +1.00,,°, (19)

Kb1eTO: A¢’ € CTHIATOBHUAHO U3MEHEHHE Ha 3a
nanesoro HuBo — 0.5 m;
A7)’ € CTBIATIOBUIHO H3MEHEHHE HA JIe-
6uTa Ha BXOAHM TOTOK - 0.006 m*/s.

Ot kpurepuii (19) ce Bmkma, 4e € 3aJI0KEHO
JIBa OBTU T0-TOJSIMO TErJIO HA CMYIIEHHUETO, B
CpaBHEHHE ChC 33IaHHUETO.

PesyntatuTe OT onTHMajHaTa HAacTpoOiika ca
najieHd B Tabi. 5, a mpolecuTe Ha ynpaBieHHE C
Te3u mapamerpu — Ha ¢ur.4, durypara e u3ror-
BEHA 4pe3 HAClarBaHe Ha TPU AUATPAMHH JICHTH.
PesynraTuTe mokas3Bar, ye HE3aBHCHMO OT pas-
JUYHUATE CTPYKTYPH W MapaMeTpH Ha HIACHTU(U-
uupanute monenu 1 (16) u 2 (17), To ontuman-
HHUTE TApaMeTPU U MPOIECUTE Ha YIPaBICHUE ca
MOYTH eIHAKBU. TOoBa MOTBBPIKAABA KOPEKT-
HOCTTa Ha WIeHTH()UKAMOHHATA IPOLIEyPa.

Taoauma 5. Ontumanna Hactpoiika Ha CAP ¢
obexru, 3aganenu upe3 monenu (16)-(19) u IFFC
(T¢=0.2)

NE 3aKBbCHCHHUC HA YCI/IJ'IBaHe TOTa
4,5 Ky @, s* Onrt. napamer- Homepa na Mozennte (1 hopmyimi)
1 0.0 44.94 0.0544 pu Ha IFFC Nol (16) No2 (17) Ne3 (18)
g 421 g;gg 8'8323 K, 76.34 7903  30.71
4 6 28.83 0.0416 E,min® 1782 1801  1.620
' : Ty, Min 0.292 0.287  0.347

Pesynrarute ot naentudukanusra ca 15 mo-
JieNa, OT KOUTO IbPBUTE TPU C HAU-TOJISIM R? ca
CIIETHUTE:

. 0.00234¢ 7100145
G'(8)="3038s 715

19.15¢ 71001

R?=0.998 (16)

G (s) = ,R?=0.987 (17

2(8) (30.27s +1)(8221s 1) )
—26.65s

Gyi(s)=210% T oo 5968 (18)
(120.57s-1)s
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®ur.4. [lpouecn Ha ympaBieHHE Ha HHBO Ha
peasieH mporec ¢ eqHokoHTypHa CAP ¢
IFFC mpu onTumanHM mapaMeTpud OT
Tabi. 5

3AK/IIOYEHUE

1. Pa3paboreHa ¢ U ¢ peaan3upaHa YHHBEpCaHa
crcTeMa 3a MOoJTy4YaBaHe Ha eKCIIePUMEHTATHU
JaHHU 33 WACHTU(UKAINI HA HEYCTONYHBH
nporecu. CxemaTa MO3BOJISABA MMOJTyYaBaHe Ha
KPUTUYHU W YeCTOTHU JJAaHHU OT MPOLECH, KO-
UTO Ce YIPaBIABAT C €MHOKOHTYpHA HJIH C Ka-
ckamna CAP.

2. Pazpaboten e mporpamMeH NPOXYKT 3a HACH-
TU(UKAIWS Ha TPOIECH C M3IIOI3BaHU Ha KPH-
THUYHH JaHHU WM TOYKH OT YECTOTHO Xapak-
TEPUCTUKHU Ha MPOIIECH U 0000IIECHU 00CKTH.

3. Pasrnenann ca CUMyNalMOHHH NpUMEpU 3a
HUACHTU(UKAIS, KaKo W MpOBeJcHA M WJCH-
TU(UKANWS Ha pealieH 00eKT.

4. IIpoBeneHNTEe WACHTU(DUKAIMK ca ChUCTaHH
ChC COpPTUpPaHE Ha MOJIEIH, KaTo Ce ONpPEeAesT
napaMeTpuTe Ha BCUYKU BB3MOXKHH (10 15 ot
32) monmenu, copTHpaHu cropen KoeduieH-
THTE Ha OMpPeeTIeHOCT (Kopenarus).

5. Pasrnenanure mpuMepH 3a HICHTH(DHKAIHS
IIOKa3BaT, 4Y¢ METOABT € MOIXOJIII 32 WJICH-
tuduKaImsa Ha cTaTH4YHH, actatnaHu (neutral)
U HEYCTOMYHBHU MIPOLIECH.

JIUTEPATYPA

97

10.

11.

Scali, C., G. Marchetti, D. Semino, Indust
rial and Engineering Chemistry Research,
38, (1999), p. 1987.

Li, W., E. Eskinat, W, L. Luyben, Ind. Eng.
Chem. Res., 30 (1991), p. 1530.

Ziegler I. G., N. B. Nicols, 1942, Optimum
Settings For Automatic Controllers. Trans.
ASME, 64 (1942), p. 759-768.

Nedelchev N., Sci Conf.with Internat.
Particip. Stara Zagora-2008, June 5-6, (in
CD).

Henemges, H. M., E. H.Cotuposa, 100. Yu-m
WIIpog Ac. 3namapos”-Bypeac, 38, (2008), 1,
ctp. 133.

Henemues H. M., II. . Wnmesa, IX meoncoy-
Hnapoona Hayuna Kougepenyus BCY’2009,
4-5 rouu 2009, Codust, bwirapus, 11, ctp.
IV-13.

Henemues H. M., I1. . Wnmesa, IX meancoy-
napoona Hayuna Kougepenyus BCY’ 2010,
3-4 roum 2010, Codwus, bwarapus, 11, crp.
VII-23.

Nedelchev, N. M., XX" Sci Conf.with
Internat. Particip. Stara Zagora-2010, June
3-4, VII, p. 56.

Nedelchev, N. M., XX Sci Conf.with
Internat. Particip. Stara Zagora-2010, June
3-4, VII, p.62.

Henemues, H. M., Hayuna xongpepenyus c
MmedcoyHapooro yuacmue Cmapa 3azopa’ 2005,
2-3 ronw, I, ctp.421.

Henemges H. M., E. U. CrostHOB, X Mmedrcoy-
napoona Hayuna Kougepenyus BCY’ 2010,
3-4 rvoum 2010, Codwus, bwarapus, 11, crp.
VII-11.



IroJUullIHUK HA YHUBEPCUTET ANNUAL ASSEN ZLATAROV
“IIPOD. I-P ACEH 3JIATAPOB” - UNIVERSITY, BURGAS,
BYPT'AC, 2010, T. XXXIX (1) BULGARIA, 2010, v. XXXIX (1)

OCHUT'YPSIBAHE HA 31PABOCJIOBHU U BE3OITACHU YCJIOBUS HA TPY /I IIPU
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PROVIDING HEALTHY AND SAFE WORKING CONDITIONS IN CONSTRUCTION AND
INSTALLATION WORK IN THE PETROLEUM REFINERY.
PART 3. PLAN FOR SAFETY AND HEALTH

Aleksandar Dimitrov, Dobromir Yordanov, Zlatocvet Tsonev, Petko Petkov
E-mail: al_dim_2000@abv.bg

ABSTRACT

Pre-planning activities, preparation of a risk assessment, elimination of possible risks and planning
of appropriate organizational, technical and protective measures for minimization of residual risks are
vital for the safe conduct of construction works in the refinery. These activities are accomplished by
making a Plan for Safety and Health.

Key words. working condition, constuction works, petrolium facility

OCHOBEH eJNeMEeHT 3a OCHTypsiBaHe Ha 31pa- - paboTH B OJIM30CT IO EIEKTPOMPOBOAM C
BOCJIOBHHM ¥ Oe3omacuu ycmosus Ha Tpya (3BYT)  manpekenue Han 1 KV,
npH cTpouTenHo-MOHTaXHH pabotn (CMP) B - IOA3eMHH padoTH;
He(TonpepaboTBarenuu 3aBoau (HII3) e mpen- - paboTH ¢ BoONIa3HA araparypa;
BapUTEITHOTO TUIAHUpaHE Ha JEWHOCTHUTE, M3TOT- - pabOTH B KaMepH ¢ BB3AyX MO HAJIATaHe;
BSHE OIICHKA Ha PHCKA, OTCTpaHsIBaHE HA BB3- - pabOTH ¢ M3MOJI3BaHE HA EKCIIO3HBH,
MOXHHTE PHUCKOBE, IUIAHWPaHE Ha MOIXOJSIIN - paboTH, W3UCKBAIIM MOHTaX/IEMOHTaX Ha
OpraHU3alMOHHY, TEXHUUECKHU U 3alIUTHA MEPKU  TEXKH WIIM 00EMUCTH CTPOUTEIIHH eIEMEHTH;
32 MUHHMH3HpaHe Ha CHOTBETHHTE OCTATHUHH - IpyTH;
PHCKOBE, KOETO CE OCBHIIECTBSABA Upe3 N3TOTBIHE 2. Ilpn Hanmaue Ha POU3BOACTBEHN JIeiHOC-
Ha “Tlnan 3a 6e3omacuoct u 3apase” (IT63). TH Ha WM B OJIM30CT JI0 CTpOEXKa.
« Kputepun 3a msrorBsaHe na “Ilnan 3a 3. [Ipu nnanupana:
0e30macHOCT U 37paBe” - IPOIBIDKUTENTHOCT Ha paboTHUTE, MO-ToJIsIMa
[InanbT ce pa3paboTBa B CIEAHUTE CITyYaH: ot 30 pabOTHH THH, U BB3MOXKHOCT 3a paboTa Ha
1. Koraro pemontHnTe 1 CMP ca cBpp3ann  mosede oT 20 yoBeKa eTHOBPEMEHHO;
ChC crenmu(UIHA PHCKOBE 32 0€30IacHOCTTa H - pabota 3a moBeue ot 500 YoBeKOIHU.
3paBeTo Ha paboTelyTe NPy U3BbPIIBAHE HA! + O6xBaT U chabp:kanue Ha “I[153”
- paboTH, TP KOUTO NMa PHUCK OT 3aTPyIIBaHE B 3aBucmMOCT OT KOHKpeTHara IEeHHOCT,
OT CBJIMYAIIM CE€ 36MHH MacH, OT MOTHbBaHE BbB  CJIOKHOCT, MPOXBIKUTEIHOCT, CleUU(pUKa U .
BOJIa WM OT MaJaHe OT BUCOYMHA U TE3H PUCKO-  (PAKTOpH, TOW ChABPIKA CISTHUTE YACTH!
BE C€ YBEJIMYaBaT B 3aBUCHMOCT OT BHJA Ha Jeii- 1. opranu3annoHeH IUIaH,
HOCTHUTE, TIPWIAraHUTe TEXHOJIOTHH WM 3a00H- 2. CTPOHTENICH CUTYAIMOHCH IIIaH,
KaJsimara cpena Ha paboTHOTO MSCTO; 3. aH-rpadUK 3a IMOCIIEAOBATEIHOCTTA Ha
- paboTH, IpH KOWUTO MIMa BB3JCHCTBHETO HA  W3BBPIIBAaHE Ha PabOTHTE;
XMUMHYHH, GU3UYHHM W OHOJIOTMYHU areHTH, 4. miaH 3a IpeAOTBpaTsIBaHE U JIMKBUIHPAHE

MIPECTABIABAIM PUCK 3a O€30MacHOCTTa WM  Ha MOXKapH W aBaphH W 3a eBakyalus Ha pabo-
3/[PaBETO HAa PAa0OTEIIMTEe, WM KOWTO M3MCKBAT  TEHIMTE M HA HAMUPAILIUTE CE HA CTPOUTEIHATA
NMPO(QUIAKTUYHN METUITMHCKY MPETIIe/Iu; TJTOIIA/IKA;

- paboTH B cpenia Ha WOHU3UPAIIY JThUCHUS;
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5. MepKM M W3UCKBaHUs 3a OCHTypsIBaHE Ha
0€30MMacHOCT W 3]IpaBe NpPHU H3BBPIIBAHE HA
CMP, BkJI. 1 MecTaTa ChC Cenu(pUIHN PUCKOBE;

6. CIMCBK Ha HWHCTAJIALMHTE, MAIIMHATE |
CBHOPBKEHUTA, TIOJUIeKAIIN Ha KOHTPOJT;

7. CIMCBHK HAa OTTOBOPHUTE JIMIIA 32 MPOBEXK-
JIaHE Ha KOHTPOJI U KOOPJMHUPAHE HA TUIAHOBETE
Ha OTJIEIHATE CTPOUTENM 3a MECcTara, B KOWTO
vMa CHenupUYHA PUCKOBE, W 3a EBaKyarmus,
TPEHUPOBKH W/WK 00yUeHHE;

8. cxema Ha BpeMeHHara OopraHu3alus U Oe-
30MaCHOCTTA Ha JIBIKEHHUETO IO TPAHCIIOPTHHU U
€BaKyalMOHHH ITHTHUIA U TIENIEXOJHN TbTEKN Ha
CTpOMTETHATA TUIOMIAIKA 1 TIOAXO0JIUTE;

9. cxeMa Ha MecTaTa, Ha KOUTO Ce IPEABIIKIA
Jla paboTSAT IBaMa WM TIOBEYE CTPOUTEIIH;

10. cxema Ha MecTaTa, Ha KOWTO HWMa CIie-
UU(PUYHA PUCKOBE;

11. cxema Ha Mecrara 3a WHCTaJMpaHe Ha
MOBJIUTATEITHU CHOPHIKCHUS U CKEIIETa;

12. cxema Ha MecTara 3a CKJIaJWpaHe Ha
CTPOUTEITHU TPOJAYKTU U 000PYABaHE, BpEMEHHH
PpabOTHITHUIN ¥ KOHTEHHEPH 32 OTIaIbIIH;

13. cxema Ha Pa3MOJIOKESHUETO HA CaHHUTap-
HO-OHMTOBHUTE ITOMEILIEHMNS;

14. cxema 3a 3axpaHBaHE C CJICKTPUYECKHU
TOK, BOJIa, OTOIUICHNE, KaHATU3aIUs U JIp.;

15. cxema u rpaduk 3a paboTa Ha BpEeMEHHO-
TO U3KYCTBCHO OCBCTJICHHUC,

16. cxema ¥ BHJ Ha CHTHaIM3anuATa 3a Oezc-
TBHE, aBapusl, MOKap WU 3JIONOIYKa, C MSICTOTO
3a OKa3BaHE Ha MIbPBa MOMOIII.

« Copabpkanue Ha “I1B3”

1. [len u mperHa3HAYCHHE

I1B3 ce m3roTBs BB3 ocHOBa Ha Hapenba Ne2
or 22.03.04 r. ¥ uMa 3a 1eN Aa ONpeneNTd Ha
erarna Ha WHBECTHIIMOHHOTO TMPOEKTHPAHE MH-
HUMAJIHUTE W3UCKBAaHUS 3a OCUTYpsSBaHE Ha
3bVYT npu n3bpiBane Ha peMoHTHH 1 CMP.

Ha 6a3a nHa paspaborenus [1b3, U3nbiaauTe-
JISIT OCUTYPSIBA U3BBPIIBAHETO HA HEOOXOIUMUTE
JIECTBUS — U3pa0OTBA U aKTyaIu3Upa UHCTPYK-
nuuTe 32 0€30MacCHOCT U 3/IpaBe ChOOpPa3HO KOH-
KPETHHUTE YCIIOBUS, aJaliTUpa CTAlMTe WM BU-
noBere CMP xbM JneficTBUTENHATa UM MIPOJIBII-
JKUTEITHOCT MPH OTYUTAHE TEKYI[OTO ChCTOSHHUE
Ha JEHMHOCTUTE.

IIB3 ce pa3paboTBa ¢ 1e:

- J1a TIpeArnas3y >KUBOTa U 3APaBETO HA XOpaTa,

- Jla ce OLIEHW pucKa OT m3BbpmBanuTe CMP
¥ Ha0enexxaT MEpKH W JIEWCTBUS 32 MPENOTBpa-
TSIBaHE Ha 3JIOTIOIYKH, aBapuu U JIp.;

- JIa ce 3aro3HasT pabOTHUIIUTE C PUCKOBETE,
KOUTO CBIIECTBYBAT Ha IUIOIIAAKATa U HAUNHUTE
3a HEIOMyCKAaHe Ha PUCKOBU CUTYAIIUH,
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- Jla ce 3aro3Hae MePCOHAIBT ChC cXemara 3a
eBaKyalus Ipy eBEHTyaJHa aBapus,

- Jla ce 3alo3Hae MEePCOHAIBT C MecTara, Ha
KOWUTO Ce€ HaMHpaT Cpe/ICcTBaTa 3a OKa3BaHE Ha
IIbpBa MEIUITMHCKA MTOMOII ¥ CPEeJCTBaTa U Mec-
TaTa Ha MOYKAPOTACUTEIHN YCTPONUCTBA.

- Jla ce 3aro3Hae MePCOHANBT C TeJe(hOHUTE U
MecTara, OT KOUTO TpsiOBa Jja CHTHAIM3UPAT NIPH
3JIOTIOJTYKa WM aBapusi ChOTBETHUTE CITYKOU.

2. JlaHHU ¥ XapaKTepPUCTUKA Ha 00EKTa

BxiarouBa - HaMMEHOBaHHE Ha 00€KTa; IOJ0-
OEKT; BB3JIOKUTEN, BU M paOH Ha CTPOUTEICT-
BOTO; Kareropus Ha obekTa mo 3YT.

3. CtpouTeneH CUTYaIlMOHEH TUIaH

Ompeniens ce Kb/ie ce HaMHupa 00EKTHT - TPO-
W3BOJACTBeHa Iutomaakata Ha HII3, rpanuimy,
CXeMa, KOOpJAMHAIUATA Ha 00EKTa.

4. OpraHu3aiMoHeH IIaH

4.1. O0mu N3NCKBAHUS:

4.1.1. Bo3noxutenaT ¥ M3OBIHUTENAT ca
JUTB)XHU JIa C€ PBKOBOAAT B TOATOTOBKAaTa M
n3nbaHennero Ha CMP oT Bcuuku 3akoHOIa-
TETHH aKTOBE B o0JjacTTa HAa OCHTypsiBaHE Ha
3bVYT, oT yTBBpAEHUTE NpaBUia U UHCTPYKIMU
Ha BB3moxxuTelns, KOUTO onpenenat 0e30macHo-
TO ipoBexkane Ha CMP.

4.1.2. I3TBIHUTEIAT € JUTEKEH Ja OCHIIECT-
BsIBa JICHHOCTTA CH caMo MpW HaJu4ne Ha BCHUY-
KM TPEABUICHU OT 3aKOHOJATEJICTBOTO pa3pe-
[IUTETHA JOKYMEHTH.

4.1.3. I3ObIHUTENAT € JUTHXKEH Jla U3BBPIIBA
CMP ¢ xBanuduIppan 1 00y4eH MepCcoHal.

4.1.4. Bw3noxuTensaT npenaBa Ha M3mbiaHu-
Tenst o0eKTa ¢ ABYCTPAaHHO TOANHCAaH AKT 3a
JIOITycKaHe 710 padoTa.

4.1.5. Tlepconanbt Ha V3mbiaHATENS, U3BBHP-
mBan; CMP ua o0exktn Ha Bb3moxurens, wim
0JIM30 70 JeicTBaIM MPOU3BOJICTBA, CE 3ar03-
HaBa U oOy4aBa oT Bb3noxwurens na jaelictsa B
CBOTBETCTBHE ¢ AciicTBamuTe I[lnanose Ha Bb3-
JIOKUTENST 332 MPENOTBpaTsIBAaHE W JIMKBUAMPAHE
Ha aBapuu (I[I[TJIA) B ChOTBETHHTE IPOU3BOJCT-
BEHU OOEKTH.

4.1.6. Ilpean OTKpUBAaHETO Ha CTPOUTENTHATA
mIonaaka Be3aoKUTeNAT € JThKEH:

- Jla HampaBu orneHKa M rapaHTHpa CHa3BaHe
Ha 3YT, U 4e B mpoekTa ca OTPa3eHU BCUUKHU
HWHCTAJIAIUY, Monafamy B 30HaTa Ha CMP;

- Jla mpemoctaBu Ha W3mbeiaHHTENS IsiIaTa
HeoOXOAMMa paspemuTeNHa AOKYMEHTalusl W
nH(pOpMaIUITa, OTHACAIIA CEe 10 U3BBpIIBAHATA
OT Hero paboTa;

- Jla onpenenu peia 3a U3BECTSABAHE U €BAKY-
anusl TIpyU BH3HUKBAHE Ha OMACHOCT 3a padore-
IIUTE WIN aBapuiiHa CUTYyallusl;



- Jla mocraBu cxemu 3a IBH)KEHHE HA Mallld-
HU M TEMEeXOJIH, CXeMH Ha pa3loj0KEeHUE Ha
OTAEIHUTE MOA00EKTH;

- Jla mocraBu Ha BHMJHO MSCTO, CBIVIACHO
411.13 ot Hapen6a Ne2, napopmanmonsu Tabna,

- CeBMecTHO cbc CrpouTens Ja yBEIOMH
WTAT” u ,, JHCK” 3a 3amouBaneTo Ha CMP;

- Jla ompenenu ¢ JOKyMEHT ITBXKHOCTHO JIH-
1e, KOETO J1a U3I'bIHABA (DYHKUUUTE Ha PBKOBO-
nuten 00eKT OT cTpaHa Ha Beanoxurens;,

- Jla Ha3HAYW U BB3NOKHK PYHKIUH 1O wi. 11
ot Hapenba Ne2 na Koopaunatop mo Oe3omac-
Hocr u 3apaBe (KB3) 3a erana Ha U3MbIHEHHE HA
CTPOUTEIICTBOTO.

4.1.7. Ot 3armouBaneTo Ha paboTa /10 3aBBPIII-
BaHETO Ha CTpoexka, VBIIBIHUTENAT € JIIBKEeH J1a
W3TOTBH 3a€IHO ¢ BB3moxuTeNns u moan3mbiIHH-
tenute, ONeHKa HA PUCKa, 0OXBallala eTanuTe
Ha CTPOUTENCTBOTO, M30opa Ha paboTHO 000-
pyABaHe M MapaMeTpuTe Ha paboTHaTa cpena.
AxTyanusupa ce IpU BKJIIOYBAHE Ha HOBHU IIO-
nusneiHutenu B CMP.

4.1.8. M3UBIHATENAT € JUTHKEH J1a OCHTYPH
koMmiuiekcHu 3BYT, akTyanusupanu HHCTPYKIMH
mo 0e30MmacHOCT U 3/paBe Ha Tpyna, HeOOXoau-
MHUTE TpeATa3Hu CPeaCTBa U IP.

4.1.9. V3UBIHUTENAT € ATBXEH J1a OCHUTYPH,
cerimacHo Hapenba Ne2, cpencrea 3a WHAMBHIY-
aJlHa 3allUTa W CHEeUUaTHO PabOTHO 0O0JIEeKIIo,
00yBKH, KackH, JIp.

4.1.10. KoopauHaTophT Ha eTana Ha H3MbI-
HEHHE Ha CTPOUTENCTBOTO akTyanusupa I1b3 u
mucMeHo uHpopMmupa Bbi3noxurens mpu Heus-
meHeHne m3uckBaHuATa 3a 3BYT ot crpoute-
sre. [IpaBu nMCMEHH 3alI0BEAM.

4.2. TloarotoBka U 00y4eHHE Ha PabOTENIUTE
Ha CTPOMTEJIHATA IUIOLIAIKA.

4.2.1. 3a wanbanenre Ha CMP ce momyckar
JUIa, KOUTO ca IPEMHUHAIIH:

- BeTpuTeneH HHCTPYKTaX 1O MpaBUiIaTa 3a
BBTpEIIeH pea Ha Bw3noxurens, no Th, xurnena
Ha TpyZa 1 MPOTUBOIOKapHA OXPaHa,

- NHCcTpykTaxk 3a obema Ha CMP, paboTtauTe
WHCTPYKUHUH 32 JaJeHO0 PadOTHO MSCTO U IO
npaswmiata 3a BXTIIB 3a paboTHOTO MSICTO.

4.2.2. OcobeHo BHUMaHKE Ce 00pbhINa Ha:

- OOe3omacsiBaHe Ha €J. MHCTAJAIMUATE OT
MOpaXKeHUsI ¢ €. TOK MPH U3MoJI3BaHe Ha (yp-
TOHH, €JI. MAIlIUHY, CbOPBKEHUS U 1.,

- OO6o3HauaBaHe HAJMYUETO Ha HAIIPEXKEHUE
1 MOILIHOCT Ha U3II0JI3BAHUTE KOHTAKTH;

- M3mon3BaneTo Ha MPEHOCHMH TpaHchopma-
TOpH,  3aBapbyHM  amapat, el  ype-
JTA,0CBETUTEJHH JIAMITH, HHCTPYMEHTHU U 1.
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- O6e3onacsBane Ha pabOTHOTO 0OOpyABAHE -
W3I0JI3BaHE Ha TMOCTOSIHHU WM BPEMEHHH OT-
pakaaHus - mapaneTH, eKpaHu, JIEHTU U 1p.,

- O6o3HauaBaHe ChC 3HAIM, CHTHAIIM U Jp. Ha
30HUTE, KBJIETO € BH3MOXKHO TaJiaHe Ha TOBapH
ipu paboTa ¢ TOJEMHH ChOPBKEHMS;

- BprpemHo-pupmenuTe HHCTpYKUUHU 3a Oe-
3omacHo npoBexaane Ha CMP B HIT3.

- Ha TITLJIA,;

- Ha man 3a eBakyanus Ha paOOTHUIUTE,

- MHCcTpyKIMU 32 IOKapHa U aBapHiiHa 0e30-
nacHoct B HIT3.

4.3. CnennpuYHU W3UCKBAHHSA M JCHHOCTH,
KOHWTO CJIE[BA J1a CE€ U3ITBJIHSIT:

1) Ipenu 3anouBane Ha CMP:

- Jla ce oTCcTpaHAT OT MJIOMIaAKATa BCHYKH
TOPUMHU U 3alaJIIMHU BEIECTBA U MaTEPHAIIH;

- Jla ce mpomue ¢ Boza, Iponapu U MpOBETPU
ChINECTBYBANIOTO 00OPY/IBAHE;

- Jla ce 3aTamsT ¢ 4YyBalH C MACHK aXTHUTE;

- Jla ce B3emu razoB aHanu3 OT 0OOPYABAHETO
U OT aTMocdepa,;

- Jla ce ocurypAT cpecTBa 3a MoKaporaceHe
- IOI'BJTHUTEINIHH MTOXKAPOTaCUTENH U Jp.;

- Jla ce ocurypsT cpelncTBa 3a OKa3BaHE Ha
I’bpBA MCAUIIMHCKA IIOMOIII,

- [la ce ocurypu BpeMEHHO €Jl. 3aXpaHBaHe;

- Jla ce 3amo3HAAT U3IMIBIHUTEINTE C MECTaTa
Ha cpejcTBaTa 3a MOXKaporaceHe M MecraTa U
HAYMHUTE 32 OKa3BaHE HAa IbpBa MEAMIIMHCKA
IIOMOIII, J1a C€ 3amo3HasAT U ¢ Hactosmus [163.

2) Tlpenu u3BBpIIBaHE HAa H3KOIHHA PabOTH:
Ja ce yrounsr, o003Ha4aT ¥ 0Oe30macsT
MTOJI3EMHUTE KOMYHHKAIIHH;

- Jla ce m3ommpar TprOONpOBOAM M KaHAIH-
3aIuy,

- [Ipu pabota B OH30CT 110 €11. Kabenu, Te na
Ce M3KIII0YAT OT 3aXpaHBaIllO0 HAPEKEHHE.

3) lIpenu u3BbpIIBaHE HA OTHEBU PAOOTH:

- Jla ce 3armymat TppOONPOBOAUTE A0 MBPBA
3aJIBMKKa CIIE/l y9acThKa Ha CpS3BaHe;

- Jla ce mpoMusAT ¢ BoJa, Aa Ce MPOMapAT, a
ce MpoJryXaT C asor;

- Jla ce B3eMe Ta3oB aHaIU3 OT aTMocepara
Ha MSCTOTO Ha 3aBapKHUTE, OT KaHAJIW3aIUH,
IIaXTH, TPHOONPOBOJM U amapaTu B OJU30CT, OT
en. Tabnara, B KOMTO CE BKIIIOYBA 00OPY/IBAHETO;

- Ha ce oxmagat TppOONPOBOAUTE MPEAH MO-
JlaBaHE Ha IPOAYKT TIO THIX;

- Jla ce mpekpatAT orHeBHTE PabOTH IIpH TIO-
siBa Ha 3ara30BaHOCT;

- Jla ce cma3Bat m3uckBanusATa o Hapenoa I-
209 u nma ce cbcraBu “AKT 3a M3BBPIIBAHE HA
OTHEeBH PadOTH HAa BpEMEHHU MecTa”.



4) Ipenu uzsbpuBane Ha CMP.

- MPaBWIHO Jia Ce€ CalaHupaT OETOHHUTE U
METaJIHU KOHCTPYKIIHY,

- 3a0paHsBa ce I0J, MeKAY U BbpXY BAMIHA-
TH TOBapH U Iperpajy Ja 3acTaBaTr Xopa,

- J1a ce U3I0JI3BAT U3NPaBHU CallaHH;

- JIa c€ YKPETISAT U3KOIUTE.

3a ynecHeHue Ha TexHHYEeCKHS PBKOBOAMTEI
u KB3 ce paspabotBar Hupopmayuonnu aucmu
(UJI) 3a moaroToBKaTra Ha CTPOMTEIHATA ILIO-
magKa ¥ 3a eramna Ha u3nbiaHeHne Ha CMP, B
KOHTO ca [IOCOYEHHM eTaluTe Ha JajieHa JeiHocCT,
CTelleH Ha TOTOBHOCT W M3NbiHeHue. lIpu 3at-
PYAHEHHs ce IOCOYBAaT NPUYMHHUTE M BpeMe 3a
OTCTpaHsBaHE. AKO ce Hajara IpOeKTHO pelle-
HUe, M3IbIHUTENAT U3UCKBA HETOBOTO Bh3Jara-
HE U pa3paboTBaHe.

[Ipu nHeoOxomumoct UJI ce aktyanmusupar u
netaitmusupar ot M3menaurtens u Kb3 cerimacHo
[1b3 u HannyHaTa JOKYMEHTAIUs 32 00EKTa.

5. O606mmeH rpaduk 3a n3nbaHeHHe Ha CMP.

CscTaBsg ce Bb3 OCHOBa Ha paszpaboreHara
IIPOEKTHO-CMETHA JOKyMEHTalus 3a oOeKTa u
obOxBara ocHOBHHUTe eTanu U Bugose CMP, xou-
TO Ile Ce M3MBJIHABAT. | padUKBT MOIIEKH Ha
aKTyanu3anus, AeTaian3anus U KOHKPETH3aLus
ot M3menautenst, ceraacyBano ¢ Kb3 u Iloams-
IIBJIHUTEIUTE.

6. Mepku M M3UCKBAaHHA 32 OCHT'YpsSBaHE Ha
3BYT npu m3BbpuiBane va CMP, BirounTenHo
3a MecTara CbC ClieU(pUIHN PUCKOBE

3a msnenHeHuero Ha CMP, cBBbp3aHH C BB3-
MoxxHuTe onacHocTH, Kb3 m3uckBa ot U3nbiaHu-
TeJI1 NMUCMEHAa HHCTPYKLHUS 3a 0e30I1acHOCT U
3IpaBe, ¢ KOSTO cieaBa Ja OBAaT 3allo3HATH
W3IBIHSBALUTE 5.

v Ilpn u3BbpmBane Ha CMP - na ce cmassar
BBTPEIIHATE HHCTPYKIIUU 32 O€30I1aCHOCT.

v Tlpu paboTa ¢ CTPOUTENHU MAIIMHH U YCT-
pOMCTBa - 7a ce cra3BaT M3UCKBaHUATA Ha [ aBa
BTOpa oT Hapenba Ne2.

v Tlpu pabota Ha BUCOYMHA M PabOTa ChC CKe-
Jiera, mIaThOpMH, JIIOJIKU U cTHI0H - Pasmen IV
u ['maBa tpera ot Hapenba Ne2.

v Tlpu u3BbpIIBaHe HA 3eMHH paboTh - Hapemda
No2, Tlpunoxenne Nel.

v Tlpu u3rpakaaHe Ha CTOMaHOOETOHHH KOHCT-
pykuuu - Hapen6a No2, ITpum. Ne2.

v Tlpu M3rpaxkiane Ha 3UIAHU U MOKPUBHU KOH-
cTpykumu - Hapen6a No2, [Tpwi. Ne3.

v [lpy MOHTaX Ha CTPOHUTENHH KOHCTPYKIIUH,
TEXHOJIOTMYHO 00OpyzABaHe, TPHOOIPOBOIU HU
uHctanaryu - Hapen6a No2, [Tput. Ne4.

v TIpu M30JIaIIMOHHY U JOBBPIIUTEHU PaboTH -
Hapen6a Ne2, ITpu.Neb.
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v Tlpu paspyiiaBade Ha CTPay ¥ ChbOPHKEHUS -
Hapen6a Ne2, ITpun. Ne6.

v Tlpy u3BBpPIIBAHE HAa TOBAPHO-PA3TOBAPHU
paboTH U CKIanupaHe, W3MBIHCHHE HA MHJIOTHA
pabotu - Hapen6a No2, [Tpwi. Ne7.

v TIpu razoomacHd paboTH, OTHEBH pPabOTH U
paboTa B 3aKpuTa amaparypa — BbTPEIIHH HHCT-
pykuuu Ha Bu3noxurens.

v Tlpu usebpiieade Ha CMP Ha BUCOKHM Crpajiu
U chopwxkeHus - wi. 45 or Hapenba Ne2.

v Tlpy wu3BbplIBaHe Ha paboTa BHB B3PHUBHA
armocgepa - Hapenba Nel1/27.12.2004 r. u Ha-
penda 3a ycTpOHWCTBOTO, Oe30MacHa eKCIUIoaTa-
LUl U TEXHUYECKH Hag30p Ha Ta30BUTE ChOPb-
KEHUS U MHCTAJALMUTE 32 BTEUHEHH BBIJIEBO-
JIOPOJIHU Ta30Be.

v [Ipyru CMP cbe crienuuyer pUcK - Chriac-
HO MHCTPYKLMWH, U3TOTBEHH OT M3MbIHUTENS 32
BCEKU KOHKPETEH Cilydail.

v Tlpy u3BBpIIBAHE HA BCUYKM JEHHOCTH Ce
cra3BaT MHCTPYKLMUTE Ha Bb3noxurens.

7. Ilnan 3a npenoTBpaTABaHe U JUKBUIUPAHE
Ha noxxapu u aBapuu (ITT1JTA) u 3a eBakyanust Ha
XopaTa OT CTpOUTENHATa IJIOUIaJIKa.

Omnpezpenar ce Iuna, OTTOBApsAIIN 32 JHKBH-
JIUpaHe Ha MOXapH M aBaphH U He3a0aBHO yBe-
JIOMSIBaHH 32 THX.

C IITJTA u man 3a eBakyanus Ha paboTentu-
Te TpsAOBa Ja OBIAT 3allO03HATH BCHYKH JIUIIA,
paboTeIy Ha CTpONTeNTHATA IUTOMIaKa. 32 IIenTa
MIEPUOJMYHO CE MPOBEXKIAT HHCTPYKTAXKH, KOUTO
ce BIIMCBAT B Ch3JajJieHa 3a LenTa kuura. Ilocra-
BAT ce Tabenu ¢ TejleoHHUTe HOMEpa Ha OTAeN
“Tlo>xapHa 0e30MacHOCT W 3allKTa Ha HACEJICHH-
ero” (OIIB3H) u meamimHCcKara ciyxou. Ilo-
XKapHUTE TabJsla U KPaHOBE C€ IOCTAaBAT Ha JI0C-
TBIIHU MECTa.

[Tpu moxapu W aBapuM W NpU MOAAaBaHE Ha
CUTHAJl 3a TAX, CBIVIACHO YTBBPICHHUAT CIHCHK
Ha JIMLATa, OTTOBAPALIM 32 JUKBHIUPAHETO MM,
Ce OpraHu3upar JeicTBUATA 110 HEYTpaIU3UpaHe
Ha BB3HMKHAlIAaTa CUTyalus M €BaKyauus Ha
xopara. Koraro moxapbT wiM aBapusiTa € Ha
JIeCTBAIO MPOU3BOJICTBO, HA IUIOINAJKAaTa Ha
koeto ce m3BbpmBar CMP wimm Ha neiictBaiio
MPOM3BOJICTBO, B CHCEICTBO C IUIOIIAAKATa Ha
koeto ce u3BbpiBaT CMP, 1stata opranu3zanus
ce PBKOBOIM OT HAYalIHUK WHCTANAIMA WIA OT
HaYaJIHUK Ha CbOTBETHOTO HAIIPABJIEHUE U HEro-
BUTE 3aMECTHULU U JIBKHOCTHUTE JIMLA, ChI-
macHo yreepaenus [ITUIA.

IIpu BB3HMKBaHE Ha MOXKap WIK aBapHsl BIIU-
3aT B JIGHCTBUS ra30CMHaCUTENTHUTE TPYNH U IIPO-
TUBOIIOXKapHUTE SiApa, MO CHHCHK YTBBPACH B
MITJIA.



7.1. Tlpu BB3HUKBaHE HA aBapUU MU IOXap B
JIECTBAIO MPOU3BOJCTBO, Ha IUIOIIAJKAaTa Ha
Kosito ce m3pbpmBar CMP unu B chcencTso c
IUIOIA/IKaTa, Ha KoATO ce u3BbpiiBaT CMP.

AKO BB3HMKHAIMAT IOXKap WM aBapus 3acT-
palaBar >KMBOTa Ha paboTelIUTe Ha CTPOMUTEN-
HaTa IUIOIAAKa, TEeXHUYECKUAT PBHKOBOIMTEI,
KBb3 3a crpourennara miomanaka, Opuragupure,
IIpY TIOJJaBaHEe Ha CUTHAII 3a aBapUHHO MOJIOXKe-
HUE TpeArnpHeMar:

- [lepconansT mo CMP ce eBakyupa Ha 6e30-
[IaCHO Pa3CTOSIHUE 110 CXeMa 3a eBaKyalus,

- IlepcoHanbT Ha HHCTalaUMATa, CHIVIACHO
[TUUIA, nukBuOMpa aBapusaTa W OKa3Ba IMbpBa
IIOMOII] Ha ITOCTPaJauTe;

- [Ipu eBeHTyanHO 3acTpalleHHW OT MOXap
y4acThliM ce MpeKparsaBar Besikakbs Bux CMP;

- HeszabaBHO mHpOpMupaHe Ha paboTeuuTe
3a OIACHOCTHUTE, HA KOUTO ca M3JI0XKEHHU, KaKBU
JEMCTBUS J1a peANpHeMaT U Kak Ja Ce 3aIlUTsT
(;aHYM TpeATIa3Hy CPeNCTBa U Ip.);

- Ilpu nunca Ha pHcK 3a 37paBeTo U Oe3omac-
HOCTTa Ce U3KJII0YBA €. Hallpe)KEHHE, 3aracsr ce
JIBUTATETINTE Ha aBTOMOOHIUTE U 1P.;

- B3emart ce crenuaigHu MEpKH 3a 3allluTa Ha
OYTHJIKUTE 3a KUCIOPOJ, MPOMaH-0yTaH U Ap., Ha
HaJIMYHUTE MaTepuasu, o0opyIBaHe U T.H.;

- Opranusupa ce JeXypHa OXpaHa,

- Paborara Ha crpouTenHaTa IUIOIIAAKA Ce
BB3CTAHOBSIBA Clle]l JIMKBUIMpaHe Ha mnoxapal
aBapusTa MO pa3NopexkJaHe Ha PHKOBOIUTENS Ha
[Ifaba 3a nuKBUAMpaHE Ha Ch3JlajlaTa Ce€ CUTya-
s, ceracyBano ¢ OINB3H u I'CC (I"azocnacu-
TeJHa ciyk0a), PbKOBOAMTEN HA OpraHNU3alUsITa
Wsnemauren u KB3;

7.2. Ilpu BB3HUKBaHE Ha TOKap W aBapyuu Ha
CTpOUTENHATa IJIOLIAIKa.

Crnen momaBaHe Ha CHTHaJl, OTTOBOPHUTE JIU-
1[a, TOJ] PHKOBOJCTBOTO Ha TEXHUYECKUS PBKO-
BOJUTEN WM HErOB 3aMECTHUK He3a0aBHO Tpel-
Ipuemar:

- Cpo01IaBa ce Ha eIMHEH aBapueH TenedoH,;

- EBakyupaHe Ha BCUYKM PaOOTHHULIM 110 Hai-
OBbp3ust 1 6e30MaceH HAuMH - ChITIACHO CXeMa,

- IIpekparsiBaHe W3BBPILIBAHETO HA BCSKAKbB
BHJ[ paboTH;

- UzkimouBaHe Ha ell. HalpeKEeHHETO.

- 3amumTa Ha OYTHIKH ChC CT'BCTEHH T'a30BE U
JIpyT¥ TOPUMU MaTepuainy - 60H, JJaKoBe U Jp.;

- HezabaBHOo mH(pOpMupane Ha paboremmre
3a OIIACHOCTUTE, Ha KOUTO Ca U3JI0KEHU U KaKBU
JIeMCTBU 3a 3allyTa Ja IpeaIpueMar;

- Hapexxnane u mpenmnpueMaHe AEHCTBUS 3a
He3a0aBHO MpeKkpaTrsABaHe Ha paboTa U HaIycKa-
He Ha paboTHATA IUIOMA/IKA,;
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- Opranmsupa WU JIOKAIW3Upa MACTOTO Ha
noJkapa WIHM aBapusTa, U3MOJI3BAUKNA HAJTMYHHUTE
MPOTUBOTIOKAPHU CPEICTBAa, WHCTPYMEHTH U
CBHOPBHKEHUS JJ0 IPUCTUTaHE HA IIOMOII OT BbH,;

- Hapexna He3a0aBHOTO OTCTpaHsBaHE Ha
JMLaTa, KOUTO HE y4acTBaT B JIMKBUAUPAHETO HA
MoJkapa WK aBapusaTa Ha 0e30MacHO MSACTO;,

- Axo paboTu BEeHTHJIALKS, TS C€ U3KIII0YBA,

- Ha BXOomHWTE M W3XOAHM MecCTa Ha CTPOU-
TeJIHATa TUIOIIA/IKa Ce TIOCTaBs OXpaHa,

- Oka3BaHe Ha IIbPBa MMOMOIIl Ha TOCTpaIalu-
Te, M3BEeXKIaHe Ha 0€30acHO MACTO.

Pabomama na cmpoumennama niowaoxa ce
8b3CMAN0656aA Ce0 OKOHYAMENHO Npemaxeane
HA NpuduHUmMe 34 Aapuasma u 2apaHmupawe
HeB8b3MOICHOCH 3G HEUHOMO NOSMOpeHUe, pasn-
pocmpanenue, papacmeane, u npu yciosue, de
ca e3emu 6CUUKU MEPKU HeoOX0OUMU 34 NbIHO-
mo obe3onacsaeane Ha Xopa u CbOPbICEHUs! Clled
6v3cmanosasane Ha pabomama.

7.3. Mepxku 3a peoTBpaTABaHEe HA aBapyuH
noxap:

- TexHuueckusaT ppKoBOAMTEN, PBhKOBOAUTEN
Ha 00exT, Kb3 ynpaxHsBaT exxeIHEeBEH KOHTPOII
3a clla3BaHe Ha U3UCKBAHUATA B paOOTHUTE UHC-
TPYKUMH U ATBKHOCTHUTE XapaKTEPUCTHKH 3a
6e3omacHa pabora nmpu CMP;

- Pa3paboTBaT ce KOHKPETHHTE CHUTYalWH B
pabOTHUTE MHCTPYKLMH 3a Oe3omacHa paboTa, 3a
BCEKH BHUJ paboTa 1 33 BCIKO pabOTHO MSCTO;

- Texanueckust ppkoBoauten u Kb3 mpose-
psiBaT MEPUOJUYHO, C MPOTOKOJ, H3IPaBHOCTTA
Ha MPOTHBONIOKAPHUTE CPEICTBA,

- Henomyckane paborta mo HeoGe3omaceHO
obopy/BaHe;

- Pasnosiarane u nBHXKEHUE HAa TPAHCIOPTHH
CPEACTBA, HENO3BOJSIBAILO CHIPUKOCHOBEHHE C
paboTHOTO 0OOpY/ABaHE.

7.4. Mertonu 3a TpoyuBaHE Ha BB3MOXKHUTE
aBapUMHU Cllydau:

- AHanu3 Ha IPUYUHMTE, JOBEJIH A0 aBapuid-
HU CIIy4au Ha CTPOUTETHATA IJIOIAJIKa;

- 3amo3HaBaHe ¢ WHQOpMAIUS 3a aBapUHHH
Clydad Ha IpyTd CTPOUTETHH TUIOIIAIKY,

- JomenBane Ha mepkuTte B [ITIJIA;

- AHanM3 Ha pe3yNTaTuTe OT MPOBEACHH 3a-
HATHSA M OLEHKAa Ha TOTOBHOCTTa HA BCHYKH
ydactHuIM B CMP B cirydaif Ha moxxap ¥ aBapuH.

7.5. 3ampinKeHHs Ha TUIATa, KOUTO Y9acTBaT
IIPY JIMKBUAMPAHE Ha I0XKap U aBapHH.

7.5.1. 3agpmxenus Ha TeXH. pPHKOBOIMTEI,
Opuranup:

- la ce 3amo3Hae ¢ oOcTaHOBKaTa U He3abaB-
HO Ja TIPUCTBIIM KbM U3IIBIHEHHE HA ONepaThB-
Hata yact Ha [1T1JIA;



- Jla mpoBepu U3BHKAHU U YBEIAOMEHU JIA Ca
I'CC, OIIB3H, m1bXHOCTHHU NHIa, OTTOBApSIIU
3a JJUKBUMPAHE HA aBApUU U MOXKAPH;

- KoHTpoimpa M3nbIHEHHETO HA JEeHHOCTHTE
OT OlepaTUBHATA YacT Ha IUIaHA W JIQJCHUTE OT
HEro paslopexIaHus,

- YTouHsBa OpOs HA €BEHTYaITHO 3aCETHATHUTE
OT aBapusATa X0pa, KaKTO U MCTOTO Ha TAXHOTO
npebuBaBaHe U HACTaHSABAHE;

- JlaBa yka3zaHus 3a OTCTpaHSIBaHE HA aBapHsi-
Ta W TPOBESXKIA BH3CTAHOBUTEIHH pPabOTHU 3a
3anouBane Ha CMP.

7.5.2. 3ampmkenne Ha KoopauHaTopa 1o Oe-
30MaCHOCT | 3]IPaBe.

- OTroBopHHTE JHIA MO PHKOBOACTBOTO Ha
TEXH. PBKOBOJIUTENI U CHBMECTHO C HETO MPSIKO
OTTOBAPST M y4acTBAT B JIMKBUUPAHETO HA aBa-
pusiTa ChIIacHO IUIaHA.

- Jlo mpucturane Ha OTTOBOPHUSI PHKOBOIH-
TEN O JIMKBUJIMPAHE Ha aBapusTa, paborara ce
noema ot Kb3 u Opuraampa.

- Cnacurennure paboOTH Ce BOJAAT OT Hayal-
HUKa U ppKoBoauTeln cMmsiHa Ha ['CC;

- Tloxaporacurennure paboTH ce BOISAT OT
OIIB3H. [lo mpuCTUTaHETO UM TE3U 3aIBIIKCHUS
ce TMoeMaT OT OTTOBOPHHUS PBHKOBOJUTEN, ChI-
nmacHo [1ITJIA;

- V3BuKaHWTE JIMIa 3a cracsBaHe Ha XOpa U
JIUKBHJIUPAHE Ha aBapusATa Ce SBSBAT MPH OTrO-
BOPHHUSI PBKOBOJMTEN H IO/ HETOBO PBKOBOJICT-
BO MPOBEKJAT IIsJ1aTa ONepanus Mo JTUKBUIUPA-
HE Ha aBapuATa.

7.6. Mecra 3a ckiagupaHe W ChbXpaHEHHE Ha
MaTepuad, MHCTPYMEHTH, CPE/ICTBA 3a 3aIINTa.

- Ha paGotHaTa miomaaka - BCIKO pabOTHO
MSICTO ce 00opyaBa ¢ mKadoBe, B KOUTO IO OIHC
ca nocraBenu ponbaautenHu [T u I'C cpenct-
Ba, chriacyBano ¢ OITB3H,;

- Ilpu TexHUYECKUs PHKOBOAMTEN - YaHTA C
MEMKAaMEHTH 33 OKa3BaHE Ha IIbPBa MTOMOIII;

- Ha Bcsiko pabOTHO MSICTO - TPEHOCHMH TI0-
JKapOTacUTENI ¥ MPOTUBOTIOXKAPHU JIeTa.

8. HMHcramanuu, MallMHU W CHOPHKCHHS,
MOJIICIKAIIM Ha KOHTPOI.

BonasT ce Ha oTUeT 32 MOAAPHKKA U PEMOHT.

9. CriuchK Ha OTTOBOPHUTE JIMIA 33 TPOBEK-
JlaHe, KOHTPOJ M KOOPJAWHUPAHE Ha TUTAHOBETE
Ha OTJICIHUTE CTPOUTEIU 32 MECTara, B KOWTO
UMa CHenu(QUIHA PUCKOBE, W 3a eBaKyarws,
TPEHUPOBKH U O0YUCHHE.

10. Cxema Ha BpeMEHHATa OpraHHU3aIus 1 Oe-
30MaCHOCTTA Ha JIBIKEHHUETO 10 TPAHCIIOPTHU H
€BaKyallMOHHH ITbTHUIIA U MENIEXOIHU IBTEKH Ha
CTPOMTEIHATA TUIOMIAJIKA U ITOAXOIUTE KbM Hesl.
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11. Cxema Ha MecTaTa Ha CTPOHTENHATA
TUIOINA/IKA, HA KOUTO ce MPEABIKAAT Ja paboTaT
nBama wik noseue Msmeiaautenu (IToau3mbinu-
TEITH).

12. Cxema Ha MecTata Ha CTPOMTEIHATA
TUTOTIAIKA ChC CHCIU(PUIHN PHCKOBE

13. Cxema Ha MecTara 3a HMHCTaJIHpaHe Ha
MIOBJIUTATEIHU ChOPBHKEHUS U CKeJIeTa.

14. Cxema Ha Mecrara 3a CKJIaJupaHe Ha
CTPOUTENTHH MPOJYKTH U 00OpYABaHE, BPEMEHHU
paOOTHUITHUIIM U KOHTEHHEPH 3a OTHaIBIIH.

15. Cxema Ha pa3nojoKeHHEe Ha CaHUTaAPHO-
OUTOBUTE TOMELICHUS

16. Cxema 3a 3axpaHBaHe C €. TOK, BOJA,
OTOILIEHHE, KaHAJIU3aLMs U JIp.

17. Cxema u rpaduk 3a paboTa Ha BPEeMEHHO
M3KYCTBEHO OCBETJICHHE Ha CTPOMTETHATa ILJIO-
aJIKa U pabOTHUTE MeCTa

18. Cxema u BUJ Ha CHTHaJIHM3aIHATa 32 Ocn-
CTBHE, aBapuH, MOXKap M 3JIOMONYKa, C OMpeie-
JIEHO MSACTO 32 OKa3BaHE Ha IIbPBa IIOMOII

3AK/IIOYEHUE

[IpeaBun BHCOKOTO HUBO Ha TPaBMaTH3bM
IpU CTPOUTENHO-MOHTaXHHU padotu “Ilman 3a
Ge3omacHOCT U 3/1paBe” ce SBSIBa OCHOBEH MHCT-
PYMEHT 3a ocurypsiBaHe 6e30macHOCTTa Ha pabo-
Ta B HepTompepaboTBarenHuTe 3aBoau. C Hero
ce MmocTUraT epeKTUBHU PEe3yITaTH 33 MHUHUMU-
3UpaHe U OTCTpaHsBaHE HA BB3MOXKHUTE U TPeJ-
BUJINMH PUCKOBE B OCHOBHH aCIIEKTH:

1. 3agbKUTENHO ycaoBUe 3a 0€30MmacHo mpo-
tngane Ha CMP e mpenBapuTenHo miIaHupaHe B
OpTaHM3aIMOHEH U TEXHUYECKH IUIAH, OIEHKA Ha
PHCKOBHTE ACHHOCTH W IUTAHUPaHEe Ha MOIXOMIS-
I MEpKH 32 MUHUMH3HPaHE W MPEeNoTBpaTIBa-
HE Ha OMAaCHOCTUTE 3a MepcoHala U UMYLIECTBO-
TO.

2. 3a rapaHTupaHe Ha 0€30MacHHU yCJIOBHS Ha
TPy € HeoOXOIMMO Jia ce MpennprHeMarT MepKH
3a Oopba ¢ pucKa Mpu U3TOYHHMKA HA BH3HHMKBA-
HETO My, KOETO OIpeness] BHCOKH HM3HUCKBAHUS
KBM JHIaTa, u3roreaiy “Ilman 3a 0e30macHOCT
u 31pase”.

3. 3a U3MBIIHEHHE Ha TUIAHUPAHUTE MEPKH 110
MUHHMH3UpAaHE Ha PHUCKOBETE € HEoOXOIUMO
ocurypsiBaHe Ha e(eKTHBEH KOHTPOJ 32 HU3BBP-
mBaHe Ha paborara 0e3 PHUCK 3a 3APaBeTO U IO
Oe3ormaceH Ha4MH, CHIVIACHO MpaBIIaTa W Hpen-
nucannaTa B [Lrana.

4. B cpoTBeTCTBHE C NMPHUHIMINTE 32 IIPEBaH-
TUBHOCT Cpelly MPEABUIUMH OIMACHOCTH U Hell-
JAHUPaHU CHOUTHSA € HeoOXOAUMO MpeanpuemMa-
HE Ha MEpPKH 3a KOOpAWHALHWS ACUCTBHATA 32



OCHTYpsIBAHE Ha 37PaBOCIOBHU M O€30MacHH
YCIIOBUSI Ha TPYJ, KOraTO Ha €IUH OOCKT WM
paboTHa TUIOMIaZKa C€ U3BBPIIBAT JIECHHOCTH OT
paboTHUIM W Ha Apyru paboToAarenH, KOETo ce

10

10.

11.

12.

13.

14.

ctura c “Ilnan 3a 6e3omacHocT U 31pase”.
JUTEPATYPA

Konekc Ha tpyna

3aKkoH 3a 37paBOCIOBHU M 0€30MacHH YCIO-
BUSI HA TPY[

3aKoH 3a yCTPOUCTBO HAa TEPUTOPHATA

3aKkOoH 3a TEXHHYECKHTE W3HUCKBAaHUS KBM
MIPOIYKTHUTE

Hapen6a 1-209/2004 r. 3a nmpaBuiara u HOp-
MHTE 3a T0KapHa W aBapuiiHa 0e30macHOCT
Ha O0EKTHUTE B EKCILIOATAIHSL.

Hapenoa Ne3/2004 r. 3a ycTpOHCTBOTO Ha €11
ypenodu U eIeKTPOIIPOBOIHH JIMHUH

Hapenoa Ne2/1994 r. 3a mpoTHBOMOKAPHUTE
CTPOHUTENTHO-TEXHUIECCKH HOPMHU

Hapemba Ne7/1999 r. 3a MHHMMATHUTE
m3uckBanus 3a 3bYT Ha paboTHHTE MecTa
NIPY M3II0JI3BaHE Ha pabOTHOTO 000pyIBaHE;
Hapen6a Ne5/1999 r. 3a pea, HauMHA U Tie-
PHOIMYHOCTTTA HAa W3BBPIIBAHE Ha OIICHKA
Ha PUCKa;

Hapen6a Ne9/2006 r. 3a 3ammra Ha pabore-
HIMTe OT PUCKOBE, CBBP3aHU C EKCIIO3UIIHS
Ha a3becT npu padorTa,

Hapen6a Ne 6 3a 3ammra Ha paboTemuTe OT
PHICKOBE, CBBP3aHU C EKCIIO3WIUS Ha IIyM
npu pabora,

Hapenfa Ne3/1996 r. 3a mHCTpyKTaka Ha
pabOTHHIMTE W CIYXUTENUTEe 1O Oe3omac-
HOCT, XHT'HIEHa Ha TpyJa ¥ MPOTHUBOIOKapHA
OXpaHa,

Hapen6a Ne3/1998 r. 3a dyHkuuuTe U 3a1a-
YUTe HA JATBKHOCTHUTE JIUIA U Ha CIelna-
JIM3UPaHUTE CIYKOW B OPEANPHUITHATA 32
OpraHu3NpaHe M3MBIHCHHETO Ha JCHHOCTH-
TE, CBBP3aHU ChC 3alUTaTa U MPOQUIAKTH-
KaTa Ha Ipo(eCHOHATHUTE PUCKOBE;
Hapemba Ne3/2001 r. 3a MHHMMATHHTE
W3UCKBAaHHUA 3a 0E30IIacHOCT M OIla3BaHe
3paBeTo Ha PadOTEIUTE MpPHU H3MOJI3BaHE
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ha JIMYHU TIPENasHu CPeAcTBa Ha pabOTHO
MSICTO;,

Hapen6a Ne4/1995 r. 3a 3HaIMTe U CUTHAIH-
Te 3a 0E30IacHOCT Ha TpyJa W MPOTHBOIIO-
JKapHa OXpaHa;

Hapen6a Ne 13 3a 3anura Ha paboTeIIUTE OT
PHCKOBE, CBBP3aHM C EKCIO3HWIMSA Ha XH-
MHUYHU areHTH MPH padboTa;

Hapen6a Ne 15/1999 r. 3a ycrnoBusTa, pena u
W3WUCKBaHMATA 33 pa3paboTBaHe W BbBEXKIa-
He Ha (DU3HOJOTHYHN PEKUMHU Ha TPY H IMO0-
YHBKa IO BpeMe Ha paboTa;

Hapen6a Ne 16/1999 r. 3a ¢usnoIOTHYHH
HOPMH W TIpaBHJIa 3a pbYHa paboTa ¢ Texec-
TH;

Hapen6a No2/22.03.2004 r. 3a MUHMMATHUTE
n3nuckBanusa 3a 3BYT mpu u3BbpiiBaHe Ha
CTPOUTEITHH U MOHTaXXHHU paboTH;

Hapen6a Ne9/23.09.2004 r. 3a ocurypsiBaHe
Ha 3BYT mpu ekcrmoatanust U MOAIPHKKA
Ha BOJOCHAOIWTENIHH W KaHaJIH3alHOHHU
CUCTEMH;

Hapenba 3a chlecTBeHUTE W3WCKBaHUSA H
OlLIEHSBAHE CHOTBETCTBUETO HA MAIIMHU M
CHhOPBIKEHHS, KOUTO PabOTIT HA OTKPHUTO, IO
OTHOIIIEHHE Ha IIyMa, U3bYBaH OT TSX.
Hapen6a Ne11/27.12.2004 r. 3a MUHHMAITHH
W3WCKBaHMs 3a OCUTypsiBaHe Ha Oe3omac-
HOCTTa U 3/[paBETO Ha pabOoTEeIIUTe MPH I10-
TEHIMAJIEH PUCK OT eKCIUIO3MBHA atMocpe-
pa,

Hapenba 3a ycrpoiicTBoTO, O€30macHa eKcI-
JI0ATaI|s U TEXHHYECKH HAI30p Ha Ta30BUTE
CHOPBHKEHHUS M HHCTAJIAIMUATE 33 BTCUHCHH
BBINIEBOOpOaHM TrazoBe, I[IMC  Ne243/
10.09.2004 r., (/IB, 6p. 82/21.09.2004 1.).
[IpaBminHUK 3a GE30MACHOCT W 31paBe IpH
paboTra ¢ e1.003aBeXIaHETO C HAMpPEKEHHE
o 1000V, (B 6p.21/11.03.2005 .).
[IpaBuHKUK 3a GE30MACHOCT M 3[ApaBe TNPH
paboTa ¢ eJeKTpHUYECKH YpeaOU Ha elIeKTpo-
¥ TOIUIO(UKAIIMOHHN [ICHTPATIH B €J1. MPEXKH,
(IIB 6p.34/2004 . u 6p.19/2005 1.).
Hapenba mo 6e3omacHOCT Ha Tpyna MpH pa-
00Ta Ha BUCOYMHA.
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ABSTRACT
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BBBEJEHUE

MecHara uHIycTpUsi B Bhiarapus € B mepuoa
HA TMPECTPYKTYpUpaHe, mmpe3 KoiTo TpsiOBa aa ce
OTrOBOPH HA CHbBPEMEHHHUTE M3UCKBAHHS 32 HPO-
M3BOJICTBO Ha 0€30MacCHM MECHH CYpPOBHHH H
MmecHU mponaykTu. Hapea ¢ ToBa motpeburesnnte
CTaBaT BCE IMO-B3HCKATEHU KBM Ka4eCTBOTO H
0e3BpeHOCTTa HA Mpe/IaraHuTe XpaHu. BaxkeH
MOMEHT B TOBA OTHOIICHHE € 33aIBIKUTEIHOTO
XapMOHHU3MPaHe Ha OBITapcKOTO 3aKOHOMIATEINC-
TBO C €BPOIEHCKOTO, TapaHThpamo Oe3omnac-
HocTTa Ha xpanute [1]. OTroBopHOCTTa 32 Ka-
Y4eCTBOTO M 0E30M1ACHOCTTA Ha XPaHUTE Ce roemMa
M3ISUI0 OT MPOHM3BOJHUTEINTE, KOSTO BOAU U 1O
NpOMsIHA B JIbpKaBHATA MHCIEKIHUS U KOHTDPOJ
Ha XpaHuTe. BpBexmaneTo Ha cucremMa 3a aHaju3
HA ONACHOCTUTE M KOHTPOJ HA KPUTHYHHUTE TOY-
ku (HACCP) e enuH OT HaYMHHTE 33 OCHILECT-
BSIBAHE Ha TE3U W3UCKBAHHUI.

N3JI0KEHUE

OmacHOCT € BCHYKO, KOETO MOXKE Ja HaBpeIu
Ha 37paBeTo KoHCymaropute. OmacHOCTHTE MO-
rar ja Ob1aT OmooruyHu, GU3NIYHU U XUMHUY-
Hu [4]. Karo ce u3monsBa auarpamara Ha OC-
HOBHUTE JCWHOCTH, C€ UACHTU(DUIUPAT BCHUYUKH
BB3MOXXHU OITACHOCTH, CBBP3aHU C MECOAOOMB-
HaTa IeWHOCT.

DOU3HYHH ONIACHOCTH

- Uyxnau Tena, HampuMmep METATHH 4YacTh
(cuymeH HOX, YacTH OT MaIllMHA), CTHKICHH
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mapuera, IUIACTMACOBM YACTHYKH, YACTHIH OT
KOCTH

Oyenxa: Tlpu ciazBane Ha 00II0 BHUMaHHUE U
PEIOBHO MOAIBbpPKAHE HA MAIIMHUTE OMAaCHOCTTA
3a 3/[paBETO MOXeE J1a CE CUMTA 3a OTpaHUICHA.

XUMHYHH ONACHOCTH

- JlekapcTBa 3a JKMBOTHH, XPaHHUTEIHH I0O-
0aBKM 3a JKUBOTHH, OCTATBIH OT 3aMBPCUTEIH
HA OKOJIHATa cpefa (Hamp. TEKKU METalld, TUOK-
CHHH)

Oyenka: llpensua npeanucanute “HHpop-
Maluy 3a XpaHUTEeTHAaTa Bepura” W TIpH CIa3Ba-
He Ha 1o0para CeJICKOCTONAaHCKa MpaKTHKa, IpU
SIBHO 3JpaBHUTE 3aKJIaHHU >KUBOTHH, 3aIulaxara 3a
3[PaBETO € OTpAaHUICHA

- Ulpuxu ot 60s1, Ma3HHHA OT JIEHTATa, PasT-
BOPUTENH, CPEJCTBA 3a YHHUILOKABAHE HA BPEAH-
TEJIM, OCTAThLUU OT MOYHUCTBAIIM U JC3UH(EKIH-
pary npenaparTy.

Oyenka: Tlpu cnazBaHe ykazaHHsTa 3a YHOT-
peba, KakTo M Ha ITAHOBETE 3a MOYNCTBAHE, Jie-
suH(pekms nu 6opba ¢ BpeauTeNwTe, 3aruiaxara
3a 3]IpaBeTo € OTpaHUICHA.

BuojiornyHu onacHocTH

[Ipu kmaHeTo Ha XUBOTHH M Pa3IpoOsSIBaHETO
Ha MeCOTO, TpI0Ba Ja ce OYaKBaT CICAHUTE OMO-
JIOTUYHH OTIACHOCTH:

- 3ambpcsiBaHeTo Ha MecoTo ¢ TCE- B30y au-
temn: EO e mpemocraBmia moAapoOHa OICHKA,
OTHOCHO OITAaCHOCTHTE 3a 3/paBeTO Ha Xopa U
xuBoTHH 0T BSE/TSE xbM Permament (EC) Ne
999/2001 na EBpomeiickus mapiameHt u Ha Ch-
BeTa C MPEANUCaHUs 32 MPEAOTBpaTsIBaHEe, KOHT-



PO U YHUIO)KABaHE HA OMPEHCICHH MpeaaBac-
mu crionrupopmun eniedanonaruu [3]. Ta He e
00eKT Ha Ta3u Hapenoa .

- 3aMBbpCABaHUA C TATOT€HHH 3aPOIHIIH: TIPU
o0MyaiiHUTe KIAHUYHHU TEXHOJIOTHH MOXKE Ja Ce
MOJTYYH 3aMBPCABAaHE HA MECOTO C IAaTOTCHHH
Mmukpoopranuzmu (caamonenu, Staphylococcus

aureus, Listeria  monocytogenes, entepo-
narorenna  Escherichia  coli,  Clostridium
botulinum, Clostridium perfringens, Bacillus

cereus, Campylobacter jejuni / coli, Yestinia en-
terocolitica). BuasT W KOMHYECTBOTO Ha 3apo-
TUIIATE 3aBUCH OT MOIIBPKaHeTo Ha jxobpa Xu-
THeHHA MIPaKTHKA.

Oyenxa. BUOJIOTHYHAUTE OITACHOCTH, KOHUTO CE
MOSBSIBAT 10 BPEME Ha KIIAHETO MPU 3aMbpCsBa-
HETO Ha MecoTo (MATOreHHH MHKPOOPTaHM3MH)
HE MOraT HHUTO Jia C€ OTCTPaHAT, HUTO Aa Ce pe-
IyIMpaT B MPUEMIIMBA CTEIEH 0 BpeMe Ha Ipo-
Leca U B IOCIEABAIOTO chbXxpaHeHue. Cria3BaHe-
TO Ha 3aKOHOBHTE MPEANICAHHSI MOXE J1a BB3-
JIeiiCTBa Cpelly MO-HaTaThIIHOTO Pa3MHOYKaBaHE
Ha 3apOJIHIIHTE.

OnacHocTUTE MOrar Ja ce Kiacupuiupar
KaTO OrpaHHYCHH MPH ONTHMAIHO OPraHU3UPAHEe
Ha pabOTHUTE MPOILECH, ChOOPa3eHU C AaAeHOC-
TUTE Ha CHOPHKCHUATA, KAKTO W IIPU KIIa3BaHEe
Ha 100pa XWTHeHa 1o BpeMe Ha KilaHe, He3a0aB-
HO OXJIaXKJJaHe Ha MeCOTo, J00pO M3CylIaBaHe Ha
MOBBPXHOCTTA (MPEAOTBpaTsiBaHe Ha OOpa3yBa-
HETO Ha KOHJIEH3 C TIOMOUITa Ha J00pa BEHTUIIA-
ITHsT).

KoHTpo/iHM OMOpPHU TOYKH HA XHTHEHATA
NpHu KJIaHe

Ha 6a3ara Ha aHaymi3 Ha OMACHOCTUTE ca KOH-
CTaTHPaHH OITMCAHHUTE MO-T0Jy KOHTPOJIHH OII0-
MIOPHU TOYKH, OTHOCHO XHWTHEHATa IPH KIaHETO
[2]. 3a monmy4aBane Ha yka3aHus 3a paboTa u 3a
penoBHA IPOBEPKA Ce MPEMopbUBAT crieupUIHN
KOHTPOJHU KapTH.

Cvopvoicenust, MawuHy u ypeou

[Tpu HOBUTE CHOPBKEHHS, MALIMHA U YPEIU
TpsiOBa 11a ce BHUMaBa 3a TsAXHATa U3pUYHA IIPH-
TOMHOCT 32 ILIENUTE HAa XPaHUTEIHATA MPOMHUII-
JIMHOCT; TOBA € Taka, KOTraTo amapaTuTe ChOTBET-
crBat Ha CE-HopMmuTte. [Tomemenusra, o0opya-
BaHETO W pabOTHUTE MHCTPYMEHTHU TpsiOBa 1a ce
MOJABPKAT W TIOYHMCTBAT penoBHO. Te ce mon-
IBPXKAT TOCTOSHHO B YMCTO M O€3ympeyHo ChC-
tostaue. [IpemopruBa ce 1a ce BOIM JOKYMEHTa-
U 32 MO IPBKKATA.

- Jlocmassne na scugomuu 3a Kiame

[MpeBanTHBHA MspKa Cpelly BHACSHE Ha Ma-
TOTeHHH MHKPOOTAHU3MH B KJIAHUYHHS [IPOLIEC €
OCUTYPSIBAHETO HA YHCTU KIAHUYHU JKHBOTHH.
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Ilpu mocraBkata Ha KMBOTHH 3a KJIaHE TPsOBa
MaKCHUMAJTHO Ja ce u30srBa crpechT. [Ipu pasro-
BapBaHe, MOJITOTOBKA 3a KJIaHEe, 3allleMETSABaHE €
Ba)KHa CIIOKOWHATa W Imaasmia oOpaboTka Ha
*uBOTHHTE. [Ipyn O6e3cTpecoBOTO KIaHEe ce Hama-
JIsiBA HATOBapBaHETO Ha KPHBOOOPBIICHUETO H
MMYHHATa UM CHUCTEMa U BIIOCIIE/ICTBUE 3PECHETO
Ha MECOTO MPOTHUYA ONITHMAITHO.

- Knanuuen npoyec

Bceku cnenpang eram ot padorara 1o Bpeme
Ha KJIaHE € MO-YUCT OT IPEAXOJHUs, 3aTOBa
TpsiOBa J1a ce M30srBa MPEeCHYaHeTo Ha TTHIIATA
Ha pabOTHHUTE TPOILECH U OCOOCHO MPEeMUHABA-
HETO OT IO-YHCTO B IO 3aMbPCEHO MOMEIICHHE.
ToBa Baxxu u 3a pabOTHHUTE ChOPBKEHHS. TpsOBa
Jla ce W30srBa M M3JMIIHATA Bjlara U 3aMbpCsIBa-
HUS OT BIPBCKBAHETO HA BOJA.

I[To BpeMe Ha OTCTpaHSBAHETO HA KOXKaTa,
BBHIINHATA i OKOCMEHA CTpaHa He Tps0Ba Jia mo-
majsia B KOHTAKT ¢ KJIAHUYHHUS TPYI M ITOMOIITHH-
T€ ChOPHKEHUS B HUKAKbB CiTydail He TpsAOBa jaa
JIOKOCBAT MECOTO. 3a M30ArBaHe Ha 3aMbpCsIBa-
HETO Ha MECOTO C MATOTeHHH MHUKpPOOPTaHW3MH
MIpU KPUTUYHUTE €TANKHA Tpolieca, TpsioBa 1a ce
M3I0JI3Ba TEXHHUKATa C JBa HOXKA. KO)KaTa Ja ce
OTHENsl C IBPBHS HOX, a CIIEABAIIUTE PaObOTHH
CTBITKH J1a C€ U3BBPIIBAT C BTOPH, YUCT HOXK.

XpaHOMIPOBOIBT U TPHKISHBT HE OHMBa Jia ce
HapaHsBaT Mpu 00e3KbPBIBAHETO U TPsIOBa Ja ce
MpeAnpreMaT MEpKH Cpelly H3THYaHEeTO Ha CTO-
MAIIIHO-YPEBHOTO ChABPIKAHUE. 3aTOBAa € HEoo-
XOJIMIMO XPaHONPOBOIBT M TPHKISHBT Jla CE 3a-
MyIIar.

KnannyauAT Tpymn He TpIOBa Jia € 3aMbPCEH C
W3MpaXHEHUsI. 3aMBbPCSIBAHETO BelHAra Ce OTCT-
paHsBa ¢ U3psI3BaHe WIN JAPYT METOJ ChC CHIIOTO
BB37ICHCTBYE. M3MIIaKBaHETO HE Ce MPEANOYHnTa,
TBH KaTro 3aMBPCSIBAHETO C€ PA3MPOCTPaHsIBA
BBPXY MO-TOJISIMA TIOBBPXHOCT M HATHYHUETO HA
BJIara O6JaromnpusTCTBa Pa3BUTHETO HA MHKPOOD-
TaHW3MH.

[Ipu oTcTpaHsBaHE Ha BHMETO KIAHHYHHSIT
TPyH He TpsiOBa Jia ce 3aMbpcsiBa C MIISIKO M KO-
jacrtpa.

[Ipenu kpas Ha pOBEpKaTa HA MECOTO, BCHY-
KM Y9acTH Ha TSAIOTO Ha KHBOTHOTO TpsiOBa 1a
ObJIaT OJPEJICHN TaKa, Y€ TPYII'BT U CYOIpPOIyK-
THTE Ha €QHO JKMBOTHO Ja HE JOKOCBAT TE3H Ha
JIpyTo KUBOTHO. IIpW KilaHe Ha TPEKUBHU HKH-
BOTHHU TpsiOBa Ja ce MPEJOTBPATH 3aMbpCsBaHe-
To ¢ SRM (crienmduiMpann puCKOBH Marepha-
). SRM e HeoOxoaumo aa ce chOupar B cre-
UAIHO 0003HAYEHH U OLBETEHU KOHTEWHEpH, 3a
Jla ce PeOTBpaTH pa3MsiHa.



TpsabBa na ce rapanTupa B3emaHero Ha BSE u
TPUXHHOBH MPOOH, KAKTO U MPOOH 3a MECTUIIH-
mu. ToBa M3UCKBA MEPCOHATBT A € MOAXOMISIIIO0
0o0y4eH 1 MOTHUBHpaH.

Oxnasicoane na mecomo.

Koraro mexbT 3a TpamkupaHe ce HaMHpa Ha
CBIIOTO MSCTO, KBJETO € KIAHUYHHAT LeX U
TPYyI’T TMpEeMUHaBa AWPEKTHO OT KIAHWYHATA
JUHUSA B TIOMELICHUETO 3a TPaHXHpaHE WU ce
ChXpaHsiBa BPEMEHHO B MOMEUICHHE 32 OXJIaX-
JlaHe, TO TPaH)KUPAHETO Ha MECOTO TpsAOBa Ja ce
M3BBPIIN B HEOXJIAZACHO CHCTOSHUE, WK BBB (a-
3aTa Ha oxyaxkmaHe. Ciex TOBa MECOTO, KOETO
HsMa Ja ce TIpepaboTBa 10 ONpeeieHH IPOIYK-
TH B HEOXJIQICHO CHCTOSTHHE, C€ OOBHMBA, OIAKO-
Ba 1 ce oxmaxa 10 +5°C.

3a mpou3BOJCTBO Ha ONpeAeIeHN pa3(hacoBKH
B HEOXJIAJICHO CHCTOSHHE CE€ M3HMCKBA pa3pellu-
TEITHO OT OTrOBOpHATA WHCTAHIIHS, TaKa, Je:

A) TpaHCHOPTHT OT €AHO HPEIIPHITHEC KBbM
JPYTO J1a Ce W3BBPIIBA B CHOTBETCTBUE C MPEA-
MUCAaHUATA Ha BJIACTUTE,

B) Mecoto na HanycHe He3a0aBHO KITaHWYHO-
TO MPEANPHUITHE WIH TPAHXXOPHHS LEX U TPaHC-
MOPTHT Ja He MPOABIDKH MOBeUe OT 2 yaca.

Cren mpoBepkaTa M TPaHCIIOPTHPAHETO MY,
MecoTo TpsOBa BeIHAra Ia ce OXJagl paBHO-
MepHO U 0e3 MpeKbCBaHMA 10 MaKCHMAalHa BBT-
pemHa Temmeparypa +5°C, a cyGmpomykrute —
no +2°C.

MecoTo, npenHa3HaueHO 3a 3ampassiBaHe, ce
3aMpassBa He3a0aBHO cien (azaTa Ha OXJIaKaa-
HE.

ITpu TpancmopTa W CHXpaHEHHETO, KaKTO U
IIPU TPAHKUPaHETO, OOBHBAHETO M OMAKOBAHETO
Ha MEcoTo, TpIOBa Ja ce cra3Ba TeMIepaTrypaTa
oT +50C, a 3a BBTPEIIHOCTHUTE +2°C. 3a tasu el
TeMmIreparypara B TOMENIEHHETO TpsOBa 1a e
makcnmanto +12°C. Mecoto ce u3Hacs B pabort-
HUTE TIOMEIEHHS CaMO ITPHU HEOOXOJUMOCT

TemmeparypaTa Ha OXJaKAaHe W 3aMpassiBa-
HE 3aBUCH OT NpeNHa3HAYCHHETO Ha MECOTO U
IeTICBUS CPOK Ha rogHOCT. OXITaXIaHEeTO Ha Me-
COTO ce Ha00AaBa ¢ KAIMOPUPAHH U Y3aKOHEHU
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u3MepBarenHu amnapati. OXIaKIaIUTe HHCTa-
JIAlUK J1a Ce MOAIbPKAT PEIOBHO, & TeMIepary-
parta B IIOMEIICHHATA JIa Ce U3MEPBA U JOKYMCH-
tupa. Temmeparypara Ha MECOTO C€ KOHTPOJIHpa
C IIeJ MPOBEpKa Ha OXJIAAHUTEIHUS PEKUM, KaTo
ce B3eMaT IpoOH 3a Cria3BaHe Ha HEOOXOANMHUTE
Y TPaHUYHHU CTOMHOCTH.

C HabiroaBaHETO Ha OXJIAAUTEITHHUS PEXKUM
Cce HamajsBa OMACHOCTTA OT Pa3MHOXKABAaHE Ha
MHUKPOOPTAaHU3MUTE - MPUIUHUTEIN Ha OOJIECTH
U pa3Bajia Ha MECOTO, MOPOJICHH OT HEAOCTaThy-
HOTO My oxJaxknane. EnHo nobpo moncymapaHe
Ipenu U Ciel OXJIaXIaHeTO IPEeNoTBPaTIBa Chb-
0 HEeXETAHOTO pa3MHOXKaBaHE Ha MHKpPOOpra-
HH3MH.

Krnannunurte TpymoBe u CyOHPOAYKTHTE MM
He Tps0Ba J1a ce ChXPaAHSBAT MPEKAJICHO HATBCTO,
WITH []a CE OIAaKOBAT MEeKAIEHO ILTHTHO.

Oco0eHo BaKHO € KalaluTeThT 1 MOIIHOCTTA
HA OXJIAXIAIIMTE HHCTANAIMU Ja € JOCTaTh4eH
3a KOJIMYECTBOTO OXJIaXKIaHO Meco. TpsoOBa na ce
n304rBa TMPENBIBAHETO HA XJIAJUIHOTO IOME-
meHne. BaxkHo e ma ce pa3paboTsAT M TecTBaT
aBapuitHU (IPEAYNPEIUTETHI) CHCTEMH.
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“THEORETICAL CHEMICAL ENGINEERING. MODELING AND SIMULATION”
by Prof. Christo Boyadjiev

Dragomir Dobrudzhaliev
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ABSTRACT

The theoretical methods of chemical engineering for modeling and simulation of industrial
processes are surveyed in this book. On this basisit is possible to formulate correct experimental
conditions and to understand correctly the experimental results. The book uses the mechanics of
continuous media approach for modeling of the simple processes as hydrodynamic processes, mass
and heat transfer processes. The theory of the scalar, vector and tensor fields permits to create the
basic equations and boundary conditions. The problems of rheology, turbulence, turbulent diffusion
and turbulent mass transfer are examined too. This book can be used as a basis for theoretical and
experimental investigations in the field of the chemical engineering. The methods and analyses
presented permit theoretical problems to be solved, the experimental conditions to be correctly
formulated, and the experimental resultsto be interpreted correctly.

The fundamental suggestion in this book is the necessity for full correspondence (direct and
inverse) between the separated physical effect in the process and the mathematical (differential)
operator in the model equation.

Key words. chemical engineering, modeling, simulation, theoretical methods

TEeXHOJIOrHYHU Tiporiecu. [{enta Ha MoHOTpadus-
T Ta € MpeAcTaBeHa W Ha HEWHOTO MOTO, KOETO €
OpunsHTHaTa MUCHI Ha Maxkc Ilnank 3a poinsita
Ha TEOpHATa B HAyKara.

Enna ot ocHOBHUTE 3a/1a4M Ha WH)KEHEPHATA
XUMHS, KaTO M3KITIOYUTETHO MPUIOKHA HAyKa, €
KOJIMYECTBEHOTO OMHCAaHUE Ha TPON3BO/ICTBEHU-
I T€ TpOIleCH. 3a TOBa B I'bpBaTa 4acT aBTOPBT
Modding o Simslation [N pasriex/ia MOJENINTE Ha eJIeMEHTapHUTE Ipolie-
CH KaTo XUAPOJAUHAMUYHH, TU(DY3UOHHH, MTPOIe-
CH 3a MIPEHOC Ha TOIUTWHA M Maca U JAp., KOUTO ca
B OCHOBaTa Ha XMMHKO-TEXHOJOTUYHUTE IIPEB-
phianus. MoaenrpaHeTo Ha CJIOKHHUTE MPOIECH
B XMMHUYHOTO WHXEHEPCTBO CE€ IMPEACTABST MOC-
PEICTBOM BpbH3Ka HAa MEXaHH3Ma Ha MPOILIECUTE U

B moHorpagusita ,, TeoperniHa MHKCHEPHA  TSXHOTO MATEMATHYHO OMHCAHHE. W3BbpmieHa e
xumus. Monenupane u chmepaHe"l, U3MAZCHA  kjracH(UKAIMsI HA MOJICIUTE CIIOPE/T MO3HAHUSTA
OT  HOPECTHXKHOTO  TCPMAHCKO  M3IATCIICTBO 3a TEXHHUAT MEXaHW3bM, KaTO MpHU JIUIICA Ha Ta-
Springer, ¢ asrop npodecop Xpucro Boswkies’  xupa ce mmonssar PErpecHoHHM MOJEIH. Pasr-
Ca NpEACTaBCHU TCOPCTUYHH MOICIHM 3a MOAC-  jenaHU ca ChIIO MHOTO NMPUMEPH 3a JUHEHHO U
Jmpane M CUMyJIHMpaHe¢  Ha  XHMHKO-  genuMHEWHO MacOIpeHacsHe.

Theoretical
Chemical

Engineering
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B®B BTOpaTa yacT ce aklEHTHpa Ha Teope-
TUYHUS aHAM3 Ha MOJENUTEe Ha HHKECHEPHO-
XMUMHYHUTE TMpouecu. KauyecTBeHHAT aHamu3
H3UCKBa 0000I11€H! IPOMEHJIMBY U IT0Ka3Ba CTe-
MIEHTa Ha pa3INYHATe QU3NIHU e(eKTH, ydJacT-
Balll B CJIOXKHUTE Iponiecu. Ha Ta3u 6a3a ca no-
Ka3aHU KpUTepUHTE 3a Tojodue M Qu3ndecko
Mojenupane. KoInuecTBeHUAT aHaIN3 € CBbpP3aH
¢ mpobieMuTe Ha MamaOHUs MPEXox W CTaTHC-
TUYECKUAT aHaJIM3 Ha MOJeNuTe. AHAIU3BT 3a
TAXHATa CTaOWJIHOCT TMO3BOJIsIBA TMOsBaTra Ha
eexTH TpH HENMHEHHOTO MAacOoIpeHacsHe W
KpPUTEPUHU 3a CaMOOpPraHHW3MpaHe Ha JUCHUIIATHB-
HU CTPYKTYPU C HUHTEH3UBHO MacOIpEeHacsHe.

Tperara yacT € HacoueHa KbM HM3UUCIUTEN-
HUTE TPOOJIEMH NPU MOJAETHPaHe W CHMYJIUpa-
Hero. IIpencraBeHn ca peauna aHATUTHYHUA U
YHCIOBU METOJM 3a pellaBaHe Ha TE3W MOJEIH,
omnucaHu ¢ gudepeHuuanHu ypaBHeHus. Orpe-
JIENITHETO Ha IapaMeTpuTe Ha MOJeNa € CBhp3a-
HO C pelllaBaHeTo Ha oOpaTHH 3azxaud. [Ipencra-
BEH € ChIIO M UTEPATUBEH METOJI 3a pelllaBaHe Ha
HEKOPEeKTHUTE 3a1a4u. Pa3rienanu ca MHOXeCT-
BO ONTHMH3ALMOHHU METOIM MpPU TapaMeTpuy-
HaTa UICHTU(DUKALIUS.

YerBbpTaTra 4acT NpEACTaBs MOAEIHPAHE H
CHUMYJIUpaHE Ha XMMHUKO-TE€XHOJOIMYHH CHUCTE-
Mu(XTC). Cumynammsata Ha XTC e B3 OCHOBa
Ha CTPYKTYpHHsI CHCTeMeH aHanu3. ONTHMaIHU-
st cuaTe3 Ha XTC e pa3rinenan B ciydail Ha TO-
TUIMHHO-UHTETPUPAHU CUCTEMHU.

Ta3u MoHOrpadus MOXKe Ja ce H3IOoJ3Ba 3a
TEOPETUYHHU U EKCIIEPUMEHTAITHN U3CIIeABAHUS B
o0nacTTa Ha XUMHUYHOTO MHKeHepcTBo. Ilpexc-
TaBEHUTE METOIU M aHAIM3M I103BOJIIBAT pella-
BAaHETO Ha TEOPETUYHU NpoOJIeMH, KOPEKTHO
¢dopMylupaHe Ha €KCIEPUMEHTAHUTE YCIOBUS
W TPaBWIHO HHTEPIPETUPAHE HA IIOJyYEHHUTE
eKCIIEPUMEHTAITHU Pe3yITaTH.

OcHoBHaTa uzaes Ha MOHOTrpadusiTa € Heoo-
XOAUMOCTTa OT IbJIHO ChOTBETCTBUE MEXIY OT-
JnenHuTe Gusndecku epeKTH Ha mpoleca U Ma-
TEMAaTUYECKUTE OIepaTOpU B YpaBHEHHATA Ha
MoJena.

[TosBata Ha Ta3u MoHOrpadus € IUIOX Ha
IBITOTOUIIHATA paboTa W TMOCTHXKEHHUATa Ha
npo¢. Xpucro bosipkueB B o0iacTTa Ha MHIKeE-
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HepHata xumui. Ts e 1o6po ydaebHo mocobue 3a
CTYAEHTH IO CHCHHUATHOCTTA ,, XUMHYHO HHXKE-
HEPCTBO”, KAKTO W 32 BCUYKU OCTAHAIM XUMHUKO-
TEXHOJIOTMYHHU CIEIUAIHOCTH, HOATOTBSIIIMN Ob-
NSl WHKEHep-XUMHUI. MoHorpadusta Moxe
Jla ce U3MO0J3Ba KaTo e(eKTHBHO HHCTPYMEHTAJ-
HO CPEICTBO OT MAarucTpH, JOKTOPAaHTH, HU3CIe-
JIOBATENIM M HAyYHH PAOOTHHUIM, TEXHOJO3U OT
MIPOM3BOJICTBATA, KOMTO BHHUKBAT B IBJIOOYHHA
HAa H3BBPIIBAIIMTE TPOIECH MPH XHUMHKO-
TEXHOJOTHYHHUTE MPEeBpPhIIaHus. Tasn M3KITIOUH-
TelHA MOHOTrpadus MOXe Ja ce mpuiara u 3a
pelaBaHeTo Ha pas3jMyHH TpoOJIEeMH B CHBpe-
MEHHOTO XMMHUYHO WH)KEHEPCTBO, KAaKTO U B 00-
JIaCTTa Ha JIPYTH MPWIOKHU HAYKH, U3TOI3BAHKH
METOJUTE Ha MOJCIHUPAHE B CUMYITHPAHE.

1. Boyadjiev, Christo. Theoretical Chemical
Engineering. Modeling and Simulation.
Springer-Verlag, Berlin Heidelberg, 2010.

2. Ilpod. Xpucto bosypkueB e poieH mpes

1936 r. 3appmBa XTU — Codus, mpes
1960 r. ITocrpnBa B BAH nipe3 1962 r., Ha-
yueH chbTpyAHHK — 1963 T., cTapim Hay4eH
cpTpyaHuk — 1971 r., mpocdecop — 1981 r.,
KaHIUIaT Ha TeXHU4YeckuTe Hayku — 1968
r. (MockBa), IOKTOp Ha TEXHUYECKUTE Ha-
yku — 1978 1. (Codwms). UyxmectpaneH
qieH Ha Pyckara akajgeMusi 3a €CTECTBEHU
Hayku — 2008 r., HocuTel Ha opJeHH ,,Ku-
pun u Metoawii | cr.” — 1986 r. u ,,Muxa-
wio JlomoHocoB” — 2006 r. (ma Pyckara
@eneparms). Aprop Ha Hajg 190 Hay4ynm
Tpyna (Hax 85 % myGiuKyBaHH B 4y)KOMHA
u Hag 25 % camocrostentn) U 6 MOHOTpa-
¢un Ha Gbarapeku — 1 (1993), pycku — 2
(1988, 1996) u anrnuiicku — 3 (1984, 2000,
2010), ot koWTO 2 CAMOCTOSITETHH U 2
nyonukyBanu B uyxOuna  (Elsevier,
Springer). WUsroteun nan 100 penensuu Ha
IUCEPTaliOHHN W XaOWJIMTAlMOHHH IIpO-
uenypu B bwiarapus u uyxOuna. ['maBeH
penakTop Ha HAayYHOTO CITHcaHWe Ha Pyc-
kara Akagemust Ha Haykute ,, Transaction
of Academenergo” (Kasan). Isnroromau-
IIeH JIeKTop B YHuBepcuteT ,lIlpod. n-p
Acen 3narapoB” — Byprac.
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ABSTRACT

Two-year project ““Programs and tools for enhancing the scientific potential of PhD, postgraduate
and young scientists in the field of chemical and biochemical technology and environmental protec-
tion”, funded by European Social Fund, has been implemented in partnership by Institute of chemical
engineering — BAS and Assen Zlatarov University — Burgas, under the guidance of prof. Venko Besh-
kov and prof. Petko Petkov.

Key words. project, programs, scientific potential, young scientists, chemical and biochemical
technology, environmental protection.

[MpoekrbT € paByromumieH, c¢ Owomker  JlsTHa mkona u cebTeTBamna PaboTHa cpera 3a
311 225,64 nB. u ce usnbiaHsABa chBMecTHO or LI
Hucruryrta no umxeHepua xumus (Bomemia Op- C ¢unancosara momoin ot EBporneiickus co-
rannsauust) npu BAH u YauBepcutera ,IIpod.  umanen GpoH[ 10 MpoeKTa 3a IMepruoia OT FOHHU 10
n-p Acen 3natapos” — byprac (ITaptabop) upe3  okrtomBpu 2010 Gelire H3BBPIICHO CIEAHOTO:
Iorosop Ne BG051P0O001 — 3.3.04/30/28.08.2009. [IpoBenenu 6sixa 2 OOYYHUTEITHH CITCIIHAIIH3H-
IleneBata rpyma (L) mo mpoekra BkiIrouBa 22  paHu Kypca B YuuBepcurer ,IIpod. a-p Acen
YOBEeKa — JOKTOPAHTH, IOCTJOKTOPAHTH U MJaly  3JIaTapoB” W €3MKOBH 0OyU€HMs 110 aHIJIMICKU U
yueHHu. PpkoBoauTen Ha mpoekTa € mpod. OTH  HEMCKH €3WK 3a wieHoBere Ha LI
Benko bemkoB or BO, a otroBopuuk ot II — VYyactaumure oT LI mirotBuxa 18 nayunu
npod. Ilerko IlerkoB. Llenute Ha mpoekTa ce  MyONMKAIMK 32 PEHOMHPAHU HAYYHH CIIHCAHHA,
peanm3upar upe3 M3IIbIHEHHeTo Ha Tpu JleifHoc-  3amurenu ca 2 guceptarun 32 OHC nokrop u ca
. YUpes Meitnoct 1 u Jleiinoct 2 ce ocbinectBs-  otkputu /1 murara. Eqna ot my6nukanuure (Ha
BaT TPUMOIYJIHU TporpaMu 3a obydenue, mon-  EmwmcaBera Kupuinosa) e cenekiuoHupana B 0ro-
[IOMaraHe Ha u3ciiefioBaTesicKaTa JeffHocT U Mo-  JieTWH KbM Jlupektopara nmo OkojiHa cpega Ha
OMITHOCTTa 3a JOKTOPAaHTHTE M CHOTBETHO — 3a  EBpomeiickaTa KOMHCHS.
MIOCTAOKTOPAHTUTE U MIIAJUTE Y4EHH. 3a BCEKU VYyactauure ot L' npexcraBuxa Ha HaLuo-
or L' e onpeneneH pbKOBOAMTEN WIM HACTaB-  HAIHU U MEXAYHapoJHH KOH(pepeHuuu B brira-
HHK, KOWTO CIIEIV 3a M3MBIHCHHETO Ha mporpa-  pust 29 NOKIaga M TMOCTEpPHH CHOOIIEHHS Ha
Mmarta my. [leiiHoct 3 e cBbp3aHa ¢ Habmonenne — yuactHunmre B L. Tpu ot ydactusita 0sxa oT-
Y OlICHKA Ha TeKyIIOTO Hay4YHO HMBO Ha BCHYKM  JiMueHH u ¢ rpamotH ([ecuciasa Konesa, Anpu-
yuactaui B L' u mpoBexnmane Ha exxerognud  ana ['eopruesa, JKusko BaHOB).
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Ot 6 no 8 ronu 2010, [TapTHROPBT OpraHU3H-
pa u nposene B byprac JlaTtHa mkona u PaboTHa
cpema 3a 1sutara LI, bsxa npencraBenu 21 nok-
naga ot ' 3 mieHapHM JIEKIWH OT BOAEIIN
YY€HU B HaIpaBICHUS XuMUuHa mMexHoI02us,
buoxumuuna mexnonocua n Onaszeane Ha OKOJ-
Hama cped, KouTo ca myonukysanu Ha CD.

Ilonawppkar ce nBe MHTEpHET CTPAaHULHU 3a
U3IBITHEHUETO Ha NEHHOCTUTE M MOCTUTHATHUTE
pe3yaTaTu:
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www.btu.bg/bg/Aktualno/site-proekt-
final/meeting.html,
www.pse.ice.bas.bg:8080/PhPS_WWW _Finale/b
ulgarian/PhPS_HOME.html

Hpe3 BTOpaTa IPOCKTHA I'oAWHa II€ CE U3-
IIBJIHABAT OCHOBHO MOJAYJIM M3CJIICAOBATCIICKA
pabota u MmoOunHocT Ha I[I" u ce mnanupa npo-
BCKIAAHETO Ha BTOpara JIstHA HIKOJIAa.



