YHUBEP3UTET Y BEOIPALY

TEXHOJIOWKO-METANYPLWKWN ®AKYNITET

CuvHnwa A. Mawarunh

NMUPOTEXHUYKE CMELLE 3A U3PALY
NMYHBEWBLA TACONEHEPATOPA BASE
BLEED NMPOJEKTUJIA 37 n 57 mm

[okTopcka Anceptauuja

Beorpapg, 2016



UNIVERSITY OF BELGRADE

FACULTY OF TECHNOLOGY AND METALLURGY

SiniSa D. PaSagic

PYROTECHNIC MIXTURES FOR
PRODUCTION OF GASGENERTOR
CHARGES FOR BASE BLEED
PROJECTILES 37 AND 57 mm

Doctoral Dissertation

Belgrade, 2016.



MeHTOp:

Ap Ayman AatoHoBuh, peloBHV npogecop,

YHuBep3uTeT y beorpafy, TexHONOLWKO—MeTanypLUKN (hakynTeT

YnaHoBu Komucuje:

Ap Fopnana Ymhymauh, pefoBHY npodecop,

YHuBep3uTeT y beorpagy, TexHONOLWKO—MeTaypLUKKN (hakynTeT

Ap Ayman Mujun, peJOBH/ npodecop,

YHuBep3uTeT y beorpagy, TexHONOLWKO—MeTanypLUKKN (hakynTeT

Ap 3ujax bByp3uh, Hay4yHN CaBETHUK

BojHOTEXHMYKM MHCTUTYT, Beorpas

[atym oabpaHe:




Joxkmopcka oucepmauuja Cunuwa Hawazuh

Osa Ookmopcka Oducepmauuja ypaheHa je y nabopamopujama Cekmopa 3a
mamepujane u 3awmumy BojHomexHu4Ykoe uHcmumyma. [locebHy 3axeasniHocm
OdyayjeM unaHosumMa KoMucuje Koju cy ucripamunu pad Ha u3padu OOKMOopCKe
ducepmauyuje 00 noYyemHux ucrnumuearba na cee 00 came u3pade OOKMOpPCKe
ducepmauuje. Takohe, 080M npusukoM xeseo bux Oa ce 3axeasnum U CBOjuM
Konezama u3 Cekmopa 3a Mamepujane u 3awmumy BojHomexHU4yko2 uHcmumyma, a
rnocebHo koneau bpsuh Cawu koju je padehu Ha ceom dokmopamy Hecebu4yHO KpYUO
nym u 3a meHe. Koneea bp3uhy, da Huje 6uno mebe cuzaypaH cam O0a He 6ux buo y
npunuyu da nuwem o8y rnocgemy, u 3amo, jedHo eesnuko ,XBAJIA® 3a mebe u meojy

Hecebu4yHocm u npujamerbcmeo.

Hokmopcky Oucepmauujy noceehyjem Hajceemnujim madykama 802 Xueoma,

hepkama HuHu u XesneHu.
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IIMPOTEXHUYKE CMELIE 3A U3PAY
IIYIbEIbA TACOT'EHEPATOPA BASE
BLEED IMTPOJEKTHUJIA 37 u 57 mm

Pe3sume

TOKOM MCTpaXuBara YNoTpede NUPOTEXHUYKMX CMeLla 3a m3pagy Nyerba
racoreHepatopa Base Bleed npojektvna m3paheHn cy pa3iMumMTi cacTaBu Ha 6asu
BUCOKOEHEPreTCKUX MeTa/IHUX MpaxoBa WM OPraHCKMX jedutberba, Y YN03u ropvse
KOMMOHeHTe. J1aKTo3a, rnyKo3a, CopbmuTos 1 ackopbrHCKa K1cenmHa cy KopuwheHe Kao
OpraHCKe ropvBe KOMMOHEHTE, AOK je MarHesumjym Ou0 npeacTaBHUK [pyne

BMCOKOEHEPIreTCKNX ropmBa Mnpu m3spagn nUpPoTeXHNYKMUX cmMewla UCNMUTaHUX y OBOM
pagy.

VcTpaxmBatbe je opraHmsoBaHo y IV hase, 0 KOjuUX je cBaka umana ynory ga
Kpo3 aHanm3y fo6bujeHnx pesyntata, 06e36ean nosasHe NpeTrnocTaBke U CMepHULLE 3a

N3BPLLIEHE HapeaHe (hase UCTPaKMBatbA.

MpBa (hasza MCTpakuBarwa 6GaBWna Ce aHaIM30M W KOMMapaunjom [o6ujeHnx
pesyntaTa MCNWTUBaa BEIMKOr 6poja MUPOTEXHUUKMX cacTaBa W3paheHnx of
pasIMuUTUX BPCTa ropuea, OKCuaaHaca, Be3mBa 1 aauTvBa paan fobujarba nogaraka o
HajOUTHUJUM (DYHKUMOHIHUM  KapaKTepucTMKaMa MUPOTEXHUYKMX cmewa (bp3vHa
caropeBaka, EHepreTCKM MNOTeHUMjan, TemnepaTypa camo3ana/beta Y MakKCUMasTHU
npuTUCaK NpojyKata caropeBara). YOUeHO je Aa cactaBu ca MAWUTONIOM Kao BE3VBOM, Y
O[HOCY Ha cacTaBe ca BUTOHOM A, ocTBapyjy v go 42 % Behe Gp3unHe caropeatba.
CacTaBy N1akTO3€e Ca Kanjym-nepxnoparom U/nnm Kaavjym-HUTpaToM Kao OKCUAHCOM,
caropeBajy CTabW/IHO Y3 reHepucarbe Be/IMKe KOJIMYMHE racoBUTMX Mpofykata Yy
LUMPOKOM CreKTpy 6p3nHa caropeBara, 6e3 MojaBe YUBPCTUX WM TEYHUX MpojykaTta
caropeBatba. Mane kKonnunHe eneMeHTapHor reoxkha, og camo 0,02 g Ha 50 g cmelue,

nokasyjy 3HadajaH yTuuaj Ha Gp3uHy caropesatba, Y3 noseharbe Gp3nHe caropesarba of
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0KO 15 %. CmeLua ca /lakTO30M Yy OHOCY Ha cacTaB Ca MarHes3vjymMoM, Kao ropuBoM
KOMMOHEHTOM-peepeHTHN CmeLLa, ocTBapuna je 43,4 % HUXMN eHepreTCKM NoTeHumjan
n 46,9 % HWXKXyY TemnepaTypy camo3sana/bera. CacTaBu ca 1akT030M, 3a UCTY TYCTUHY
NnyHeHba, MEPeHEM Y MaHOMETapPCKOj 60M6K ocTBapunn cy 1 4o 50 % Behe BpegHOCTH

NPUTUCKA NPOAYyKaTa caropeBatba.

Ha ocHoBy 3ak/by4yaka npBe (hase MUCTpaKuBawa, Agpyra (hasa ce 6asupana Ha
NUCNUTUBaLY (YHKLUMOHANHUX KapakKTepPUCTUKA oOfabpaHuMX OpraHCKUX ropwsa.
Pe3yntatv oBe (hase McnutmBarba Tpeba Aa yKaxky Ha npefHOCTU U MaHe Kopuwhera
ofpeheHor opraHcKor ropuea. Y OfHOCY Ha paHuje ucnuTaHe cacTtase, NpegMeT OBOT
NCTpaKMBarba 6UIM Cy cacTaBu 6e3 aanTMBa, Kako 6V [0 M3paxaja Aowao yTuuaj
ropvBe KOMIMOHEHTE Ha (PYHKUMOHa/IHE KapakTepuctuke. W3paheHa je n notpebHa
KO/IMUYMHa pedpepeHTHe CMeLle paau Kapaktepusauuje U ynopefHe aHanmse. Hajsuie
Op31He caropeBarba NOCTUIHYTE CY Ca cacTaBMMa Ha 6a3u aCKOPOUHCKe KucenuHe, 4,77
mm/s, a HajHWUXe Ha 6a3n nakTo3e, 2,89 mm/s. CmeLle Ha 6a3n OpraHCKoOr ropuea cy ce
nokasasne ,,0TNOPHUjUM™ Ha yTuLaj noBeharba rycTuHe Nykera Ha 6p3nHY caropeBara
Yy OJHOCY Ha cacTaB ca MarHesyjymom. Kako 6w ce wcnutana CTabuiHOCT
npunasbnBama MU caropeBama Nykerwa racoreHepatopa (I'M) Ha 6a3n NUPOTEXHUYKNX
cmewa, m3paheHn Ccy MNUPOTEXHWYKM CacTaBu Ha 6asv /1akTo3e U MarHesuvjyma u
NCMUTaHN KPO3 NOSIMIOHCKA UCNUTMBaHa, Ha NOAUToHY ,,Mnokosun® kop HYauka. Kpos
NMONMIOHCKA MCNUTMBaHa 3aK/byyeHO je da je cmella Ha 6a3n NnakTose, Mako joj je
eHepreTckM noTeHUMjal HWKM 3a CKopo 50% y ogHOCYy Ha pelepeHTHWU cacTas,
norofHunja 3a uspagdy nywera ' o4 npaxa marHesuvjyma ca acrekra noysfaHocTu
CTabWNMHOCTM caropeBata TOKOM JfleTa MpPojeKTWna. AHaM30M CHMMaka yntpabpse
Kamepe ca MOJIMFTOHCKMX WUCMWTMBaka YO4eH je 036ubaH Aemackupajyhu edekat
caropeBarba Nymwera ' Ha 6a3n MarHesnjyma, LUTO HUje 61O Cyyaj KOA NyHEHa Ha

6a3n NakTo3e.

Tpeha asa ncTpakmsarba 3aCHMBasa Ce Ha UCMUTMBAKY yTuLaja PasInunTmX
TEXHO/IOLKMX NapameTapa Ha BPeAHOCTU (DYHUMOHA/IHWUX KapaKTepUCTMKa UCMIMTaHUX
NMUPOTEXHUYKNX CacTaBa. YCTaHOB/LEHO je fa ce NnoBehaweM yaena Be3nBa CMawyjy
BpeAHOCTM Op3nHe caropeBawa W KoeMuMjeHTa Bapujaumje y3 MoCneguyHo
no6osbllake XOMOreHOCTU WUCMUTaHMX MUPOTEXHUYKMX cacTaBa. YTuuaj 6unaHca

KUCEOHMKA Ha BPEeAHOCT 6Gp3uHE CaropeBarba PeNaTUBHO je Malu WU YCKO MOoBe3aH ca
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nosehareM yaena OKCUAaHca, Kao KOMMOHEHTe ca 60/b0M TOMJIOTHOM NPOBOAHOLLNY.
MpnCcycTBO KOMMOHEHTE KOja Ce TOMW Ha HMWKUM Temnepatypama (paBopusyje npeHoc
TON/MOTE Ka Hecaropenum CriojeBrMa cmeLle pe3ynTyjyhn nojaBoM Makcumyma 6p3unHe
caropeBarba NpU HeyTpaHOM OWMNaHCY KUCEOHMKa 3a CMelle Ha 6asv NnakTose, u
MWHUMYMOM npupacTa 6p3nHe caropeBara Koj cmella ca ButammHom LL. Moseharse
r'YyCTUHe Mykerwa OCTBapyje MPUINYHO YjefHayeH YyTulaj Ha CMamere BPefHOCTU
Op3nHe caropesarba (BC) 3a cBe ucnuTaHe cactase. lopep Tora, Ko cactaBa Ha 6asu
BUTamMuHa LI mpeHTM(mKoBaHa je nojaBa fa ce ca nosehawbem TyCTUHE NyHEeHa
yjefHa4yaBa npupact 6p3vHe caropeBara, LITO Ce 06jalibaBa JOMUHAHTHOM YN0roM
Kannjym-nepxnopar y npouecy npearpeBawa Hecaropeimx cfojeBa CMmelle npu
MaKCUMa/lHUM TyCTUHaMa Nykewa. YTuuaj Aeb/bmHe o6nore nywewa I Ha 6p3nHy
caropeBatba, 3aCHOBaH je Ha rnosehatby MOBPLUMHE Ca KOje ce eMUTYje TonsoTa U3 30He
XEMMJCKMX peakumja y OKOMMHY, YMMe Ce OCTBapyje HeraTvBaH e(ekar Ha BpeaHOCTU
Op3nHe caropeBara. BullenapameTapckoM aHa/M30M YTBPhHEHO je Aa Kog cacTaBa Ha
6a3u nakTo3e, Npu NPomeHn ae6/bMHe 3uaa obore, No3MTBaH eekat Ha npupact bC
oCTBapyje ynpaBO Y[eO ropvBe KOMMOHEHTE-300r HeHe (hasHe TpaHcgopmaumje Ha
HWXXUM TemnepaTypama. HacynpoT ToMe, KO cacTaBa Ha 6a3u BuTaMmuHa Ll ognyyyjyhu
yTuuaj Ha BpegHocTn BC ocTBapyje yaeo okcugaHca. [eb/bmHe 0610re nma HeraTneaH
yTmuaj Ha BC NMpOTEXHWYKMX cacTaBa Ca OpraHCKUM ropvBOoM (Mana TonjoTHa
NPOBOA/LUBOCT) M 3a ofpeheHy aebsbrHy 06/10re MOXe ce OnucaTi KOHCTaHTOM Koja

HajBuLLIE 3aBUCK Of, BPEAHOCTM KOe(hMLMjeHTa TOMI0THe NPOBOAHOCTM.

Mocnefwa (hasa UCTPaKMBara 3aCHMBaIA Ce Ha MUCMUTUBaKY aiTePHATUBHUX
meToga ,,(OMHOTr MofeLlaBaHa™ 6p3vHe caropeBara MUPOTEXHUYKUX NMyHEeHa Ha 6a3un
opraHckux ropmea. MoTpeba 3a 0OBUM WCTPaKMBaHEM MPOM3aLLA je U3 HEXE/beHUX
eekata KnacM4yHMX MeToda noBehatba Op3vMHE caropeBakba [04aBateEM METa/THUX
BUCOKOEHEPreTCKMX MnpaxoBa. Yrpafwa GakapHuX kuua y nywewa T, y cBOjCTBY
NMacvMBHMX rpejaya, Nokasana ce Kao MeToda ca BeNIMKMM NOTEHUMjanoM, KOjoM ce 6e3
M3MeHe cacTaBa MMPOTEXHUYKe CMeLle 3Ha4ajHO nosehaBa HeHa 6p3vHa caropeBatba.
Wcnutumeare yTuuaja ,,0akapHMX rpejada“ Ha Op3vHY caropeBarba M3BPLUEHO je ca
cacTaBaMMa Ha 6a3n N1aKTo3e M acKOpPOUHCKe KucenuHe. Pesyntatv MUCnNUTMBara
yKa3yjy Ha BP0 KOH3WUCTEHTaH YyTuuaj 6akapHMX rpejaya Ha BPeAHOCTM Op3MHe

caropeBatba CBMX MCMMTaHUX cacTaBa. [MoBehatbe Gp3vHE caropeBarba y OJHOCY Ha



Joxkmopcka oucepmauuja Cunuwa Hawazuh

cacTtaBe 6e3 yrpaheHuMx GakapHWMX rpejawba KpeTano ce y oncery of 14 pgo 18%.
Mo3uTmBaH yTunuaj GakapHMX rpejaya Ha Op3vHY caropeBarba NOTBPRYjY U CHUMLM
TEPMOBU3NjCKE Kamepe, Ha KOjUMa je YoueHO (Qopmupare YHYTpallke 30He ca
TemnepaTypama BulwMM U Ao 40°C of OHMX Yy OCTaTKy Yy30pKa. 30Ha ca BULIWM
TemnepaTypama HMWje youyeHa KOA Yy30paka Yy Koje Hucy ounm yrpaheHun 6GakapHu
rpejaun. ¥rpafawomM 6akapHUX rpejada y onmnTHa Nykera YCNewHo je nosehaHa 6p3vHa
caropeBara CBMX cacTaBa 6e3 MKakBMX M3MeHa yfena KOMMOHeHaTa MUPOTEXHUYKNX

CMeLLa HATW Npo/lyKaTa NpoLieca HUXOBOT CaropeBakba.

Kibyune peun: base bleed npojektus, racoreHeparop, MMpoTeXHNYKa CMeLLa, OpraHcka
ropuBa, BUCOKOEHEPTETCKN META/THN NPaxoBu, (DYHKLIMOHaNHE KapaKTepucTuKe, bp3nHa

caropeBamna, 6akapHu rpejaum.
Hayuna o6aact: Xemuja
Yixa HayuyHa obaact: OpraHcka xemuja

YJIK 6poj: 662.1
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PYROTECHNIC MIXTURES FOR
PRODUCTION OF GASGENERTOR
CHARGES FOR BASE BLEED
PROJECTILES 37 AND 57 mm

Summary

Throughout the research of deployment of pyrotechnic compositions for
production of gas-generator charge of Base Bleed projectiles various metallic powders
and organic substances, were used as fuel components. In this dissertation lactose,
glucose, sorbitol and ascorbic acid as organic fuel conponents and magnesium, as
representative of metallic powders, were used in production of gas generator charges for

carrying out experiments.

The research was organized in IV phases, and purpose of every phase was to,
throughout the process of results analysis, obtain valid information and guidelines for

planning and execution of next investigation phase.

The purpose of the first phase of investigation was to, through analysis and
comparison process of investigation results of various types of fuel, oxidant, binder and
additive components, provide relevant data on the most important functional
characteristics of pyrotechnic compositions (combustion velocity, energy potential,
temperature of self-ignition and maximal pressure of combustion products. It was
observed that the compositions which had phenol-formaldehyde resin (Iditol), as binder
component, in comparison to Viton A based pyrotechnic compositions, had up to 42 %
higher values of combustion velocity. Lactose based pyrotechnic compositions with
potassium-perchlorate and/or with potassium-nitrate, as oxidation agent burnt stable
throughout wide combustion velocity spectra, generating waste quantities of gases,
without, or with insignificant amounts of solid and liquid combustion products. Even
small quantities of elemental iron, low as 0,02 g within the 50 g of pyrotechnic
composition, had significant rise in combustion velocity, up to 15 %. Lactose based
pyrotechnic compositions in comparison to magnesium based, had 43,4 % lower value
of energy potential and 46,9 % lower self-ignition temperature. Furthermore, lactose
based compositions with the same charge density as magnesium based ones, had up to

50 % higher values of combustion products pressure measured in manometer bomb.
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According to first investigation phase result analysis, the focus of second
investigation phase was on investigation of functional characteristics of pyrotechnic
compositions with specific organic fuel components. Data obtained throughout this
investigation phase should point out advantages and disadvantages of usage of specific
organic fuel component. In this investigation phase, no additives were applied in order
to make influence of used fuel components on functional characteristics more obvious.
Magnesium based composition was also prepared, just for characterization and
comparison purposes. Ascorbic acid based pyrotechnic compositions had the highest
combustion velocities, 4,77 mm/s, and lactose based ones had the lowest values of
combustion velocities, 2,89 mm/s. Combustion velocity of organic based compositions
has proven itself more resistive to changes of charge density than magnesium based
pyrotechnic compositions. For purposes of combustion stability investigation of
pyrotechnic charges for gas generators of base bleed projectiles, one lactose and one
magnesium based pyrotechnic gas generator charge were prepared and investigated
throughout field tests, on firing range ‘Miokovci’ near Cacak, firing form test canon and
recording the projectiles flight with high speed camera. Results of this investigation
have shown that, although, lactose based pyrotechnic compositions had some 50 %
lower values of energy potential they were better solution for production of gas
generator pyrotechnic charges because their combustion process was more stable than
for magnesium based pyrotechnic composition. Through investigation of high speed
camera records, serious unmasking effect of magnesium based pyrotechnic charges
combustion process was observed, unlike with lactose based pyrotechnic compositions.

Focus of the third investigation phases was based on investigation of influence
of various production technological parameters on values of pyrotechnic mixture
functional characteristics. It was observed that rise in binder portion was followed with
decrease in combustion velocity and variation coefficient, and better homogeneity of
pyrotechnic charges. Oxygen balance didn’t show significant influence on combustion
velocity and its influence was closely related to rise in portion of oxidant component, as
component with better thermal conductivity characteristics. Presence of component with
low melting temperature, in lactose based pyrotechnic charges, favors conduction of
heat from combustion zone towards charge layers yet to undergo combustion process
yielding maximal values of combustion velocity for neutral oxygen balance. On the

10
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other hand, ascorbic based composition for neutral oxygen balance had minimal rise in
combustion velocity. Rise in charge density has shown uniformity in decreasing values
of combustion velocity for all investigated pyrotechnic compositions. Moreover,
observing pyrotechnic compositions with ascorbic acid as fuel component, rise in charge
density assimilates rise in combustion velocity, among all of pyrotechnic compositions,
due to dominant role of potassium-perchlorate in heat transfer from combustion zone
throughout charge volume. Influence of gas generator chamber wall thickness on
combustion velocity is based on rise of the surface from which heat from combustion
zone radiates to surroundings, thus reducing combustion velocity. Multi-parameter data
analysis has shown that presence of low temperature melting component in lactose
based compositions has positive effect on combustion velocity, compensating
dissipation of heat due to rise in thickness of chamber walls. While, in case of ascorbic
based composition, compensation of heat dissipation through chamber walls is done by
oxidant component as the most conductive. Thickness of chamber walls has negative
influence on combustion velocity of organic based pyrotechnic compositions, having
poor conductive characteristics, and for certain chamber wall thickness can be observed
as constant value, which is mostly based on heat conduction coefficient of chamber wall

material.

The last, fourth, investigation phase was based on investigation of alternative
methods for ‘fine tuning’ the combustion velocity of organic based pyrotechnic
compositions. Necessity for carrying out this phase of investigation is based on negative
effects observed with classical methods for enhancement of combustion velocity, such
as adding the metallic powders to organic based pyrotechnic compositions.
Implementation of copper wires to gas generator pyrotechnic charges, as passive
heaters, has proven itself as method with great potential which offers possibility to
significantly enhance combustion velocity without making any changes to pyrotechnic
charge composition. Investigations of influence of ‘copper wire heat guides’ on
combustion velocity, has been done with pyrotechnic compositions based on lactose and
ascorbic acid. Investigation results are pointing out consistency of influence of ‘copper
wire heat guides’ on combustion velocity for all of investigated pyrotechnic mixtures.
Values of combustion velocity for all of the investigated pyrotechnic compositions were
14 to 18 % higher to those gained with the same pyrotechnic compositions without

11
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‘copper wire heat guides’ installed. Positive effect of ‘copper wire heat guides’ was
confirmed by thermo-vision camera recordings, on which formation of inner zone in gas
generator pyrotechnic charges, with up to 40°C higher temperatures then in the rest of
the charge, is observed. That, higher temperature, zone hasn’t been observed in
pyrotechnic charges without ‘copper wire heat guides’ installed. With instaliment of
‘copper wire heat guides’ into gas generator pyrotechnic charges significant
enhancement of combustion velocity was obtained without any changes in pyrotechnic
charge or their combustion products compositions.

Key words: base bleed projectile, gas generator unit, organic fuels, functional
characteristics, combustion velocity, copper wire heat guides.

Scientific area: Chemistry
Scientific sub-area: Organic chemistry

UDK number: 662.1

12



Joxkmopcka oucepmauuja Cunuwa Hawazuh

CALPXAJ
CIIUCAK CKPAREHMIA U CUMBOJIA
CIIUCAK CJIMKA
CIIUCAK TABEJIA
1. YBOJ 19
2. TEOPETCKHU AEO 22
2.1 Pa3Boj Base Bleed npojexTniia 22
2.2 Yuora reneparopa raca BB npojexTuia 29
2.2.1 Tompeba 3a yeohervem JeOUHUYE TT ..........cccooviiiiiiiiii it 29
2.2.2 Tupomexnuuxe cmewe 3a u3pady nyrerva jeOuHuye Il ...........ccocoovivviiiniiiiieie, 30
2.3  IlmporexHuuke cMemie 32
2.3.1 Komnonenme nupoOmexXHUUKUX CMEULG ...............cccueeiimeiiieiiiiiie et 34
2311 TOPUBA e 34
2.3.1.2  OKCUOAUUOHA CPEOCHIBA. ...t ettt ettt et e e et eeaee e 40
2.3.1.3  BE3UBA e et e e e et a e e e e e 45
2.3.1.4  AOUMUBU oot e et e et a et b e e e tbaeaeetbbaaesentbaaaens 47
2.3.2 Hooena (knacugpurxayuja) NUPOMEXHUUKUX CMEULA. ............eeevereeesnrreeeeiirreeaesirreaesannenens 48
2.3.3 Hpunyunu uzbopa u nPopavyHa cacmasa RUPOMEXHUYKUX CMEUA..............eeecvveeeeenennns 50
2.3.3.1  BUNAHC KUCCOHUKA  oeeeieieieeeee e eee e et e e e e e e ettt e e e e e e ettt e e e e e e e ennteaaeeeeaeeeeenennnees 53
2.3.3.2  VOCO BE3UBHE KOMIOHEHINE ..........cceevveeeenieiiaeeeiieeeaeeiiteeeeeieteaeseaebteeeestbaeaesnssaeaesessreeaens 55
2.3.4 Texnonoz2uja uzpaoe NUPOMEXHUUKUX CMEUL ..............eeuvreeeeerreeasaierreesairressssisseaasesseens 56
2.3.5 HBPA0G MUPOMEXHUYKUX CMEULA ...ttt 57
2.3.5.1  IIpUNPDEMA CUPOBUHA.  ........covieeieeiiiie ettt ettt 57
2.3.5.2  CY8a XOMOSCHUSAYUUJQA ........coveeeeeiiiee ettt et ettt e e 58
2.3.5.3  PACIMBAPAILE BEIUBI ..ottt et ettt et 58
2.3.5.4  Meware cy80 XOMO2EHU308AHE CMEULE CA PACHBOPOM BEZUBA. ...........eeeeeeeieieeiiaeeanns 58
2.3.5.5  3PDHUGIGE CMEULE  coiiiiiiiiiie ettt et 59
2.3.5.60  CYUICIE CMEULE ottt ettt ettt ettt e e 60
2.3.5.7 IIPECOBAME i 60
2.3.5.8 IIAKOBAILE et a e et aa e e e 60
2.3.5.9 JIA0OPDAUUJA et 60
2.3.6 Dyuxkyuonanne Kapakmepucmuxe nupomexuwuuxux cmewa 3a IT BB
APOJEKMUMA ettt e et e e e e et e e e e et e e e e e et e e e e e e 60
2.3.6.1  Maxkcumannu npumucax npooyKama cazopesarsa y MaHomMemapckoj 6omou................. 61
2.3.6.2  BP3UHA CAZOPEBADA ...ttt ettt et 62
2.3.6.3  EHEP2EMCKU NOMMCHYUJQL............eeeeiiiie et e et ettt ettt e ettt e e 64
2.3.6.4  TeMnepamypa CAMOBANAMBEIOA ..............cocuueieerrireieeiniiee e et e e et e et e et e e sniaee e 65
2.3.6.5  TONNOTHA NPOBOOBUBOCHL. ...ttt et et a et e e e eneees 67
2.3.7 CmabunHOCH NUPOTMEXHUUKUX CMEUAQ ...........eeeeeeeeiieeeaeee et estee et e aeeeanaeeeneaee e 68
3. EKCIIEPUMEHTAJIHU JEO 71
3.1 Jocaganmma MCTPasKMBamkba MIPOTEXHHYKUX cMeia 3a gabopanujy I'T’ BB
NMPOjeKTHJIa Y HAII0j 0A0paMOeHO0j HHIYCTPHUjH 72
3.2  Peanusanmja uctpaxkmBama 74
3.2.1 1 DA3A UCTIPANCUBAIDA ...ttt 75
3211 HBOOD CACIABA  oeoeoee ettt ettt 75
3.2.1.2  HcnumuBarbe OP3UHE CALOPEBATDA. ..............cerueeeaieeeieieeesieeasiee st eateeeaaeeeanaeeaneeeannees 77
3.2.1.3  Hcnumusarse eHEP2emMCKO2 ROMEHYUJAIA ............coeuueeeerniueeeaaiiieeeniieeeennieeeeeniieee e 78



Joxkmopcka oucepmauuja Cunuwa Hawazuh

3.2.1.4  Hcnumusarbe memnepamype CAMOZANADEROA ...............ocuueeernueeeerniieteenieeeesnineeeens
3.2.1.5  Hcnumusarbe MaKCUMAnHo2 NPUMUCKA NPOOYKATNA CAOEPBAFDA ..............ceveeeeraeeeanns.
3.2.2 LI ABA UCTAPAIHCUBAFDA ...ttt ettt
3.2.2.1  U360p cacmasa NUPOMEXHUUKUX CMEUL. ............eeeeurreeeeeirrseesnerreesairseasasssseeesasseeasans
3.2.2.2  HcnumuBarse OP3UHE CALOPEBATDA. ..............cerueeeaueeeiieeeseeasieeaaieesieeesnaeeaeneeeaneeennes
3.2.2.3  Hcnumusarbe eHepeemcKO2 NOMEHYUJAINA ... .........eeeeieeeuereereaaasaaaaiiereeeeaeeasannnneeeeaeaens
3.2.2.4  Hcnumusarbe memMnepamype CAMOZANADEROA ................ocueeeerrueeeerniieeeeniiieeesnineeeens
3.2.2.5  Hcnumugarbe MaKCUMAIHO2 NPUTHUCKA NPOOYKATNA CALOPEBAFDA .........cceeeeeeeeereeaanns.
3.2.2.6  [IONUCOHCKA UCHUTMUBATDA ... eeeeeeeee e e e e e ettt e e e e e e e ettt e eaeeeeenennaeeeeeens
3.2.3 LI hA3A UCTPANCUBAIDA. ...ttt ettt
3.2.3.1  Onmumuszayuja cacmaga RUPOMEXHUUKUX CMEULA. ..............ceerrueeeerniieeeeniieeennineeeenns
3.2.3.2  VOCO BE3UBHE KOMIOHEHMIC ..ot ettt ettt e et et eaeee e
3.2.3.3  Vmuyaj bunanca KUCCOHUKA HA OP3UHY CALOPEEBATDA. ..........cevueeeeeeeeaieeeaieeeeaieeeaieeens
3.2.34  Vmuyaj eycmune nyroeroad Ha OP3UHY CACOPEEBAFDA .............eeerueeeiaieeanieeasiieeanieeeaeeeens
3.2.3.5  Vmuyaj oebmune 3uda 0b1102e nyrera Ha OP3UHY CALOPEBAIDA .............eeecvvreeeeerreaanns
3.2.4 1V Qha3A UCTPAINCUBATDA ...ttt
3.24.1  [Hegunucarwe cacmasa 3a U3BPUIEFE UCHUMUBATDA. ............cerueeeiaeeeenieeasieeeanieeeneeeens
3.2.4.2  Ilpunpema nyrwemwa I'T 3a ucnumusarwe ymuyaja bI" na Op3uny cazopesarva..............
3.2.4.3  Vmuyaj B’ HA OP3UHY CACOPEBAFDA. .............eeseeeiie et
3.2.4.4  Vmuyaj Bl na epexmusry moniomuy npo80OHOCH NUPOMEXHUYKUX NYFEIbA ............

4. TPUKA3 U AHAJIM3A PE3YJITATA HCIIUTUBAIBA

4.1 IIpBa ¢aza ncrpaxxuBama

4.1.1 Bp3una cazopeBarsa ..o
4.1.2 EnepeemcKu ROMEHYUJATL. ...........c..o.coviiiiiiiiiii it
4.1.3 TeMRepamypPa CAMOZANAIDEIDA ...............cceurueiieiiiiit ettt
4.1.4 Oopehusarbe makcumannoz NPUMUCKA cazopesarsa y MaHoMemapckoj bomou............

4.2  Jlpyra ¢a3a uctpaxkmBama
4.2.1 TIONUCOHCKA UCTIUIMUBAFOQ ..o e e

4.3  Tpeha ¢a3a ucrpaxknBama

4.3.1 Ymuyaj yoena 6esusne xomnonenme Ha Op3UHY CA2OPEBAILA ..............cevcueeeeeeeenaieenns.
4.3.2 Ymuyaj 6unanca xuceonuxa Ha OP3UHY CACOPEBAFDA. .............c.ceeveeeieeieiiieaeieeiieeene
4.3.3 Ymuyaj eycmune nyroeroa Ha OP3UHY CALOPEBAFDA ..............ooeeeeieeieaeeiiiieaeeiiieeeeireeeans
4.3.4 Ymuyaj debpune 3uda ob6n02e Ha OPIUHY CALOPEBAFLA.............eeeveeeeiieeeeeeeaieene,
4.3.5 Buwenapamemapcra ananuza npoyeca CacoPeBArLA. ..................ccccueveeeeeeeeeeiiiereeraaanns
4.3.6 Ymuyaj epejaua 00 b6axapue scuye Ha OPIUHY CALOPEBAFLA .............c..vveeeeeereaaairenaanns
4.3.7 Ymuyaj BI” na eghexmugry moniomuy nposoobusoCm NUPOMEXHUUKUX HYFberbd........

5 3AK/bYYAK

6 JINTEPATYPA

7 HNPUJIO3HU

BUOT'PA®UJA AYTOPA

HN3JABA O AYTOPCTBY

HN3JABA O UCTOBETHOCTH HITAMITAHE U EJIEKTPOHCKE BEP3UJE
JOKTOPCKOI' PAIA

HN3JABA O KOPUIIREB®Y

14

141
142



Joxkmopcka oucepmauuja Cunuwa Hawazuh

CIIMCAK CKPAREHHUIIA U CUMBOJIA

rnc IMnpoTexHnyka cmeLla

n ["acoreHepatop

bb Base Bleed npojektun

BC bp3nHa caropesana

CD KoetmumjeHT oTnopa gHa npojekTuna (6asHun otnop),

pB MoTnpuTrcak Ha AHY NPOojeKTnNa,

poo AMOMjeHTaTHX NPUTICAK OKO NpPOojeKTuna y neTy

Moo MaxoB 6poj.

| Mmnync ybpusraBara NpodyKata caropeBarba y OKOHU Basayx,

Tg TemnepaTypa NpojyKarta caropeBama,

B Yrao 3agHer KoHyca,

M MonapHa maca ropmsa, u

dj/dB OfHOC npeyHVKa OTBOpPa KPO3 KOjU MUCTUYY MPOAYKTM caropeBarba U
npeyHnKa 6ase.

B IMnpo BaneHua

XKC XeTeperoH KOHAEH30BaHN CUCTEMMU

KPI” KoMNO3nTHOr pakeTHOr ropusa

E3r EnekTpo-3anasbunsa rnasuiia

EM EHepreTcky noteHumjan

p ['ycThHa nyHwera

bK bBunaHc KuceoHnKa

bIr BakapHu rpejay

Tszp TemnepaTypa camo3anabera

tsr Bpeme nHaykumje

Cs Cpeatba BpegHocT

Ca CraHfapaHa fesnjaumja

KB KoegmunjeHT Bapujaumje

pt TeopeTcka ryctmHa nyrwena

P [Mopo3HOCT NyHweHa

15



Joxkmopcka oucepmauuja Cunuwa Hawazuh

CIIMCAK CJ/IMKA

Cnuka 1. Llseocku apmumwepujcku mon 120 mm, M70..........ccoooviiriieiiiiiie e 23
Cnura 2. Ton-xayouya HOPA B-52 ...ttt 23
Cnuka 3. Ilonpeunu npeceyu nyrwerva I'lT" Hekux apmu/bepujckux CUCIEMA CUCHIEME .........uvvveereeeennannns 23
Cnuka 4. Ynompeba jeounuye I'T KOO PAKEMHUX CUCTHEMA .........eveiiiueeriaiaiiiiaeiaiiia e aiiee et e e siiee e 24

Cnuka 5. Hajjeonocmasnuje mexnuuxo pewerve jedunuye 'l 3a knacuuny apmumepujcky
EVHULUSY oottt ettt e ekt e oottt e o e s et e e e s s et e oo R st e e e ekt e e e aa Rt e e e e n et e e e et e e n et e e s e e 24

Cnuka 6. Pewerve jeOuHUYe Il CA MIABHUYAMA. ...........oiiueiiaiiiiie et ettt e e ebaea e 25

Cnuxka 7. Koncmpyxyuja jeounuye I'l” kiacuunoe apmumbepujckoe npojekmuna ca Mia3Huyom
NPOMEH/OUBOS HONPEUHORL HPECEK . vveeessaeteeeesaaaasssasssssseaaaaasssaasssssseaaaesssaasssssseeaaeasssassnsreeaaaessssnsnnnnees 26

Cnuka 8. I[lobobwarse aepoouHamMuyHOCmU NPOjeKmua NPOMEHOM 1be20802 NONPEUHO2

NPECEKA MOKOM JIEMA NPOJEKIIUIIC ......vvveeiaereeeeestieeeasitee e e et e e st e e s e e e st e e s s e e s s e e e e s nnee e e s nenneees 28
CRUKA 9. MOTIEKYII CTLYKO3. ...ttt ettt ettt e e e e s e 37
Cnuka 10. [lobujarve D-cOpOUMONA U3 D-2TIYKOZE.........coiueiiiiiiiii ettt 38
CRUuK@ 1. BUMGMUH L] .......ooeeiiiii ittt e e e e e e e e s st e e e e e e e e s e snnrrrneeaaeesnanes 39
CRUKA 12. MOBEKYTI JIAKIMOZE ...ttt ettt 40
Cnuka 13. Bepmuranua npeca ,, DUNKES™ ...ttt 63
Cnuka 14. VOD 811 — ypehaj 3a meperve Op3une 0emMOHAYUUJ€-CALOPEBATDA. .........veeiraureraaiireeaasairieaaans 63
Cnuxka 15. Iupomexuuuxe cmeute ynpecosaue y weauyno xyhuwme jeounuye I'T...........cooceeiiiiiininn, 64
Cnuxka 16. Aoujabamcku kanopumemap HKA-LA00.............cccooviiiiiiiiiiie e 65
Cnuka 17. Ypehaj 3a ucnumusaroe memMnepamype CAMOIANABEIOA «..........vvererireessneeriserasneessnneanineeans 66
Cnuka 18. Mynuyuja 57 mm ca yepahenom jeOUHUYOm Tl ........ccc.coocvviiiiiiiiiiiiiii e 81
Cnuka 19. Anam 3a 080D AZHO HPECOBAIDE ...........cuveiiueeirrieiiiieeiitetesee et sstee et 88
Cruka 20. OCHOBA ANLAMA CA 3 MUHGA ...vveeveeeaeiaiiieeeeeeae e e st ee e e e e s s s s b e e e e e e e s s s antsreeeeaeeasasnrrreeeaaeessanne 89
CRUKA 21, JJUCHIGHYED ...ttt ettt e e 89
Cruka 22. ANYMUHUJYMCKA YCBUUY ... eeeveeeaseiaereeeeeeaeaesaaitsseeasaessssassssseeaaeasssasssseeeeaesssaansssrseeeaesssannes 90
Cnuka 23. I paguuxu npuxa3s 3a8UcHOCMU BPEMEHA UHOYKYUJE 00 MEMNEPAMYPE ......evvveeiireeaanirrenaanns 95
Cnuka 24. Uzeneo npojexmuna ca u 6€3 HABUjEeHEe JEOUHUYE T T .........ccccooviciiiiiiiiiiiiiiiie e 99

Cnuka 25a,0,6 Cmabunnocm cazopeéara NUpOmexHuuKoe nyrerva jeounuye I'l" na bazu
JIAGKMO3€ 0€3 NAOOPUCAHE NPUNAIIHE CMEUAC ... veeieeeesseeesiseeessseesnesessse et e s e e nnne e e nne e e s e nnne e neeennneas 100

Cnuka 26a,0,6,c CmadbunHocm cazopesara RUPOmMeXHuuKoe nyretba jeounuye I'l" na bazu
MAZHE3UJYMA O€3 IADOPUCAHE NPUIATHE CMEUAE ... c.veeeeeieieeaeaaiteeaeaaataeeaaabbeeaesaabeeaesanbbeeesabbeeaesanneeeas 100

Cnuka 27a,06 Cmabuinocm ca2opesarod NUpOmexHuukoz nywera jeournuye Il na 6asu
AAKMO03€ U 4 G M4 NPUNGIIHE CMEULE ...ttt 101

Cnuka 28a,0 Cmabuinocm cazopesaroa NUpOmMexHuuKoz nyrwera jeournuye 11" na 6asu
AAKMO03€ U 2 G M4 NPUNGIIHE CMEULE ...ttt ettt 101



Joxkmopcka oucepmauuja Cunuwa Hawazuh

Cnuka 29a,06 Cmabuinocm ca2opesaroa NUpOmMexHuuKoz nyrwera jeournuye 11 na 6asu
MazHe3UfyMA U 2,0 @ M4 NPUNGIIHE CMEULE ..........cccuueeeeieeea it e et e e et r e e e e e s snnrrreeeaa s

Cnuka 30a,06 Cmabuinocm cazopesaroa NUPOMexHuuKkoz nyrwera jeounuye 11 na 6asu
MazHe3UfyMA U 2,0 @ M4 NPUNGIIHE CMEULE ..........cccuueeeeiiaeeiieeiieeee e e e a e st e e e e e s e e aeens

Cnuka 31. 3asucnocm Op3uHe ca2opeBarbd 00 YOCHA BEIUB .........eeueeeeiirreeeiiiuieeaaaaiieeaasaiaeaeaaieeeaaans
Cnuka 32. 3asucnocm Op3une cazopesarbd 00 OUNAHCA KUCCOHUK ........euveeeiiiureeaaiaiieeaasaiieeassiseeaeans

Cnuka 33. Ymuyaj eycmune nymera nHa 8peoHocm Op3une cazopesarba nup.cmeuwa Ha 6asu
BT 1o T T PR O PP RPN

Cnuka 34. Ymuyaj eycmune nymera na 8peoHocm Op3une cazopesarba nup.cmeuwa Ha 6asu
BUIMAMUHA L ..ottt e e e e e s e e e e e e e s s s bbb s e e e e e e e e s s s nnrrnneaeeeessannrrnens

Cnuka 35. Ymuyaj obn02e na épeonocm bpsune cazopesarba nup.cmewia Ha 6asu 1aKxmose
(eycmu Cura 36. HA RYI@HA 1,73 G/CHT) ..o

Ymuyaj obnoze na spednocm 6p3une cazopesarsa nup.cmewa Ha 6asu sumamuna L] (2ycmuna
3
IYIDEIOA 1,73 G/CI) ittt

Cnuxka 37. Ilpupacm 6p3une cazopesarba nup.cmewia Ha bazu 1akmose u gumamuna L] y
BABUCHOCTIU OO OUILAHCA KUCECOHUK «...eeveeeeaauteeeeeaiteeeesaateteeaaatbeeeeabbe e e e s aabbe e e e asbbeeesabbeeeeaabbbeaesanbeeaaaans

Cnuka 38. 3asucnocm bp3une cacopesarba nup.cmewa Ha 6a3u 1aKmose, y CMaHOApoHoj u
MOOUPUKOBAHO] 0ON03U, 00 OUNAHCA KUCCOHUKA «....eeeeeeieieaaaaaiieeaeaaitaeeaaatbee e e s sibeeaesanbbeeesasbeeaesanneeeas

Cnuka 39. bp3una cazopesarba nup.cmewa Ha 6azu eumamuna L, y cmanodapomnoj u
MOOUDUKOBAHO] 00103U, Y 3ABUCHOCTIU 00 OULAHCA KUCCOHUKA ..vvveeiieveeeaaiiieeaasaitieaeasiieeesaibeeaesninneess

Cnuka 40. Ymuyaj yoena naxmo3se na npupacm 6p3une cazopesarba (2ycmuna nyreroa 1,73

Cnuka 45. Tepmanne ciuxe yzopaxa cmeute 007/12111 naxon 0, 10, 60 u 180 s meperva (npsu
peo-y3opyu be3 bakaprux epejaua, opyeu ped-y30pyu ca OAKAPHUM SPEJAUUMA) .......c..eeeericueeeariirieaanns

Cnuxka 46. Ilpupacm memnepamype y3opxa cmewe 001/12111 y ¢pynxyuju epemena, ca (ypsena
JUHUJA) U Oe3 OAKAPHUX SPEJAUA (TILABA TIUHUJA) ......oc.veeeeaieietaaaaiieee e atiee e e tiee e e st e e e abbe e e s abbea e e s aaneeeas

Cnuxa 47. Illpupacm memnepamype y3opxa cmewe 007/12111 y ¢pynxyuju epemena, ca (ypsena
JUHUJA) U Oe3 OAKAPHUX SPEJAUA (MILABA TIUHUJA) «......c.veeeeeieieeaeaaiiiee e atiee e tbee e e st e e e abbe e e s abbee e e s naneeeas

Cnuxka 48. Ilpupacm memnepamype y3opxa cmewe 002/12111 y ¢pynxyuju epemena, ca (ypsena
JUHUJA) U Oe3 OAKAPHUX SPEJAUA (ILABA TIUHUJA) «......eeeeeeaieieeaeaaiiiee e atiee e e e tiee e e s eibee e et e e e s abbee e e s aaneeeas

Cnuxa 49. Illpupacm memnepamype y3opxa cmewe 008/12111 y ¢pynxyuju epemena, ca (ypsena
JUHUJA) U Oe3 OAKAPHUX SPEJAUA (LABA TIUHUJA) «......e.veeeeaieieeaaaaiiiee e ataee e e attee e e et e e e s abbe e e s s bbee e e s anneeeas

17



Joxkmopcka oucepmauuja Cunuwa Hawazuh

CIIMCAK TABEJIA
Tabena 1. Cacmag nupomexnHuuke CMeue Ha OA3U MACHEIUFYMA .......uvevireearineeanreesieeasneeassnee e esneeens 73
Tabena 2. Hcnumanu cacmasy nupomexHuykux cmeua y I pasu uCmpasiCugarod ..............cooouvevereneens 76
Tabena 3. Ilupomexuuuxu cacmagu ucnumanu y Il oasu uCmpasiCuBarba ...............cccvcvveviieeniinenieeans 79
Tabena 4. Hcnumanu cacmasu nupomexnuuxux cmewia y I ¢pasu ucmpasicugarsa..................cceveuee.n. 84

Tabena 5. Pezynmamu ucnumusarba Op3une cazopesarsa nupomexnuukux cmeuia us I gpaze
UCTHDANCUBAFDA ...ttt et e ettt e e ettt e e ekt e oo a e e e e st e e e et e e e e an e e e e s n e e e e s aen et e e e nanne e e e s neneeees 91

Tabena 6. Pezynmamu ucnumuearba o6p3une cazopesarba NUpOmexHuuKux cmeula Ha 6asu
DASTUYUIUX OPSAHCKUX 2OPUBL ... eeeeeeeaaaassaiissseeaaaaassaassssseeaeaeassaassssseeeaaeassaasnssseeaaaeessaassrneeeaaesssannes 93

Tabena 7. Pezyrimamu ucnumuearoa eHepeemckoe NOMeHYujaia 00aopanux nUpomexHuuKux

ementa U3 1 Pa3e UCTIPANCUBATDA ............eueirieeeiiie ettt ettt n e nne e e 93
Tabena 8. 3asucrocm epemena unoykyuje 00 memnepamype 3a nup. cmeuty 027/09111 ........................ 94
Tabena 9. 3asucrocm epemena unoykyuje 00 memnepamype 3a nup. cmeuty 029/09111 ........................ 94
Tabena 10. 3asucnocm epemena unoykyuje 00 memnepamype 3a nup. cmeury 028/09I11 ...................... 95

Tabena 11. Pe3yimamu ucnumugara MakCuUMAIHo2 NPUMUCKa npooyKama cazopeéarsa y
Manomemapckoj bomou 3a ooabparne nup.cmeute u3 I paze UCMPANCUBATLA .............occiiiiiciiaiiiienaann, 96

Tabena 12. Pe3yimamu ucnumugarsa MakCUMAIHO2 NPUMUCKA NPOOYKAMA CA20PEBaAbA Y

MAHOMEMAPCKO] OOMOU OOAOPAHUX UD.CMEULA .......eereveesieeeineeesinee st e stee e s e snee e nee s e nnne e reeennnes 97
Tabena 13. Pezyimamu nonueonckux uchumusarsa paoa I'l” Base Bleed npojexmuna 57 mm............... 98
Tabena 14. Ymuyaj yoena e3uea, Bumon A, Ha OP3UHY CALOPEBATDA .............cvcveeiiieerireeannieinenenneeans 103
Tabena 15. Ymuyaj ounanca KUCCOHUKA HA OP3UHY CALOPEBATDA ..........ovvverreeerireeiineeesinesesneesnneeenneeans 105
Tabena 16. Ymuyaj cycmune nyroerba Ha OP3UHY CACOPEBAFDA...........ueiruveerirerarressssreesineessneesnseeesneeans 106
Tabena 17. Ymuyaj oedvune 3uda jeounuye I'l" Ha OPIUHY CACOPEEATHA ..........vveieueeerireeainieiniinerneeans 110

Tabena 18. Ymuyaj yepaorwe b6axapuux epejava Ha Op3uHy cazopesarsa nupomexHuuKux
IYFOCHOA JEOUHUYE 1T ..ottt ettt ettt e et e e e s bt e e e s it b e e e e anbbe e e e e nees 123

18



1. YBOJ Cunuwa Hawazuh

1. YBOA

Mosehare AOMeTa MPOjeKTMA KNaCUYHOr HaopyXKawa, CTa/Ha je aKTUBHOCT
CBMX apMmja CBeTa, NOLUTO Ce Ha Taj HauMH noeehaBa BaTpeHa CNOCOOHOCT jeAMHMLA Ha
TepeHy, Aaje MpeAHOCT MpPBOr Hanaga W 06e36efyje AOAaTHO BPeMe 3a MpPaBUIHO

rpynucame 1 60/be opraHn3oBarbe 0f6paHe Un Hanagja.

MocmaTtpajyhu NpojekTus, Kao 3acebHy KaTeropujy, yKomKo 6v heroBy Macy v
NMOYETHY 6P3MHY Y3e/M Kao KOHCTaHTe, napameTtap Koju 61 mMorao ga yTuye Ha Heros
[IOMET je OTMOP KOju Ce jaB/ba MPWINKOM JieTa NpojekTuna KPo3 BasfyLUHY CPefuHY.
lMomeHYTX OTNOP je pe3ynTaHTa BULLE HErOBMX KOMMOHEHTW Kao LUTO CY: Ta/laCHM
oTnop, OTNOp Tpewa M OTNop AHa npojektuna [1]. MNpee ABe KOMMNOHEHTe OTNopa cy
oune npegMeT UCTpaXKuBawa M ycaBplLuaBawa Off CaMOr MoYyeTKa MPOU3BOAHE
MyHUUMje. Mo3HaTa je YmkbeHnLa fa OTrop AHa NPOJeKTMa, Kao pesy/nTar nojase 30He
noanpuUTUCKa ycnen Bennke 6p3vHe ONCTpyjaBakba Badfyxa OKO NpOojekTuna, genyje y
CYNpPOTHOM CMepy 0f CMepa KpeTawa NpojeTuna ymawyjyhu my LOMeT. Y cnydajy
NPojeKTUNa KNaCUYHOI HaopyXKarba KOoju Ce Kpo3 atmocgepy Kpehy 6p3vHama of
peuumo 2 Mach, otnop gHa npojetuia moxke fa pocturHe v go 50% of BpegHOCTH
YKYMHOr oTnopa KpeTawy npojektnna [2]. Kako je ydyewhe npee gBe KOMMOHEHTe Yy
YKYMNHOj BPeAHOCTM OTropa MapruHaIn3oBaHO Mo60sbLIaBaHEM aepoAvHAMUYHOCTU
npojekTuna, Tpeha KoMnoHeHTa (OTMNOp AHa NPOjeKTMNa-6a3Hn 0Tnop) je Aobuna Ha
3Hauajy u noctana npeaMeT UHTEH3MBHUX UCTPaXKMBara Of CPeAvHe NpOLLIor Beka na

CBe /[0 JlaHac.

lMocToje MHOra pelwerwa OBOr npobnema anv jedHO Ce M3ABaja MO CBOjOj
eMKacHOCTV 1 LUMPOKO] YNoTpedbu y BOjHO] MHAYCTPUjU MHOTUX pa3BujeHnX apMuja, a
TO je YyBOhewe jeauHuue racoreHepatopa (M) y [AHO npojekTuna. Jlocagalurba
MCKYCTBA, 13 pas/siora eKOHOMUYHOCTU U LieHe CpefcTaBa Ymje Cy TaKTUUKO-TEXHUYKE
0COo6MHe Oune npegmeT Mo6osblUaBakba, 6asupaHa Cy Ha yrpafwu jeauHuue Ty
npojektune sehnx Kanmbapa, U y NOYETKY Cy 6Mna Be3aHa 3a yrnoTpedy ABOOGa3HUX U

KOMMO3UTHUX PaKETHUX ropmea Kao nywewa .

MoryhHocT yrpagwe jeguHuue 'y MyHUUMjy Mabux kanmbapa omoryhuno je
pasmatpare ynotpebe NUPOTEXHNYKMX CMELLE 3a M3pady NMOroOHCKOT NMykera jefNHNLE

I'T. Ycnen mawe KonnuuHe nupotexHuyke cmewwe (MC) notpebHe 3a nabopaunjy y
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racoreHeparop npojektuna 57 mm, go 100 g NpUpPOTEXHUYKE CMeLLE, TEXHOMOLIKM
n3a30Bu m3page Behnx kKonmumHa MNC 1 buxoBe nabopaumje y Teno racoreHeparopa,
Koja je noctojana Ko MyHuumje Behmx kannbapa, cy eMMUHUCAaHN a anaTtu 3a bUX0oBY
nabopauujy O4MKYjy Ce MPUAMYHO MNPOCTOM KOHCTPyKuMjom. owTo je ynoTpeb6a
NUPOTEXHUYKMX CMeLLa 3a u3pagy nywera jeanHuie ' HoBuMjer fgaTyma, o4ekyje ce ga
he ce y 0B0j 06nactu y 6yayhHOCTM MojaBUTV [OCTa HOBUX cacTasa Koju he no CBOjoj
eMKaCHOCT! CacBUM YCMewwHo napvpatn AB06asHNM M KOMMO3UTHUM pPakeTHUM

rop1BMMa Koju cy Ao cafa UManan npumar.

CTpyyHa nutepaTypa M3 06/1aCTM NpoyyaBarwa MUPOTEXHUYKMX CMella 3a
n3pagy nywera ' Base Bleed npojektuna nsy3eTHo je ockygHa. OCUM HeKonuumHe
Hac/oBa Koju CNoMMibY MOTEHUMjasIHE KOMMNOHEHTE Koje 61 morne fa ce ynotpebe 3a
n3pagy OBMX BPCTa MUPOTEXHUYKMX CMeLLa, He MOCTOju nuTepaTypa Koja Hyau U
KOHKpPEeTHe pe3yntate ucCnuTMBawa oppeheHMx cactaBa. Y HaBoAvMMa MOMEHYTe
NNTepaType Hasase ce 1 CynpoTCTaB/beHN nofauy o MoryhHocTuma ynotpebe HeKnx og,
NOTeHUMja/IHUX KOMMOHeHaTa, HMp. npaxa MarHesvjyma Kao ropuvBe KOMIMOHEHTe
NUPOTEXHUYKUX CMella 3a u3pagy nywewa [T BB npojektuna. [ok oppeheHn
NNTEPATYPHU HAC/MI0BU CMOMUKbY Mpax MarHe3ujyma Kao Hen36eXHy KOMMOHEHTY npu
n3pagm 0BMX BPCTa NUPOTEXHUUKMX CMeLLa, Y APYrMM Hac/noBUMa Harnallasa ce onpes
npu ynotpebn MarHesmjyma W [OBOAVM Y MNUTawe CTabWUMHOCT caropeBakba
NUPOTEXHUYKNX Nykberwa [T BB npojektuna nspaheHnx of NUPOTEXHUUYKMX CMeLLla Ha
6a3n MarHesnjyma. HapasHO, Kao Mo npasusy, HU jefHa Of HaBefeHWUX TBPAHbU HUje
MOTKPern/beHa KOHKPETHUM pesynTatuma ucnutuBamwa. [JogatHy oTexasajyhy
OKOJIHOCT NpeAcTaB/ba M YMbeHMLA fa Cy UCTpaxuBarba Ynotpebe MUPOTEXHUYKMX
CMmeLla 3a u3pafy nywewa [T BB npojekTuna y Hawoj 3emM/bM MPaKTUYHO TeK Yy
3a4eTKy, Tj. Y NOYETHOj (hasu, ca BP/I0 MasI0 eKCrepuMaHTaIHUX nogataka 6uno Kakee
BpCTe (He MOCTOjU HW jefaH HayyHW paf M3 0Be 06nacTu objaB/beH 6uno y gomahum
WM  CTpaHMM Yaconmucuma, OCWMM Yaconuca MPOUCTEKINX U3 OBe [OKTOPCKe

anceprauuije).

MoA 0BakBMM OKO/IHOCTMMA, MpPeaMeT M LWb LOKTOPCKE AucepTauuje yCMepeH
je Ka ycnocrtaB/bary TEOPETCKE M eKcrepumeHTasiHe 6a3e 13 06/1acTU UCTPaXKMBaHa
NMUPOTEXHUYKNX CMella 3a u3pady nywewa [T BB npojektvna mawux Kanvbapa.

Wmvajyhu y Bugy npumapHy Yynory ropmBe KOMMOHEHTE Yy OCTBapewy QyHKuUuje
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1. YBOJ Cunuwa Hawazuh

NUPOTEXHUYKNX Nywewa [T BB npojektuna, npegMeT UCTpaXusara [OKTOPCKE
AmcepTaumje 3aCHOBaH je Ha UCMUTUBAKY yTUllaja pasiMunTMX rOpuUBMX KOMMOHeHarTa
Ha (PYHKUMOHA/IHE KapaKTepUCTUKE MUPOTEXHUYKMX cMella. V3paheHe cy n ucnutaHe
NUPOTEXHMYKE CMeLLe Ha 6a3n opraHcKuX (NakTo3a, rnykosa, Copouton n ButamuH L)
N MeTa/IHUX npaxoBa (MarHesunjym). icnutrBakeM NOMeHYTUX MUPOTEXHUYKUX CMeLLa
N3BPLLEHA je elMMUHaLMja HeNepCnekKTUBHNX FOPUBUX KOMMOHEHTUN a UCTPaXMBaHe je
YCMEPEHO Ka ropMBUM KOMMOHEHTama 41joM yrnoTpebom 61 ce NOCTUrIM MakCUMasHU
pesyntat ynotpebe jeauHuue I'T. TOKOM M3BpLUEHa CBMX WUCMUTMBAHA BOREHO je
payyHa O eKOHOMCKMM W TELUHOJ/IOWKUM acrekTuma mnspage nupoTEXHUUKUX NyHEeHa
' Bb npojekTvna. ¥ TOM CMUCAY WCNWUTaH je yTuuaj KeanmTeTa YnoTpe6/beHnX
KOMMOHeHaTa (TproBaykm W nabopaTopujckn  KBa/IUTET) Ha  (PYHKUMOHa/HE
KapakTepucTuke wu3paheHuX cacrtasBa Y3 MOLITOBake MpUHUMNA jefHOCTABHOCTU WU
TEXHO/IOLLKE MPUMEHSBMBOCTM peLlera u3page 1 nabopaumje NUPOTEXHUUYKUX MyHEeHa
' BB npojekTunna. MNMopeg ontummnsaumje yaena v BpCTe ropuBe KOMMNOHEHTE U3BPLUEHA
je 1 onTMMmsaumja OKCUALUMOHUX KOMMOHEHTW Ca acrekra MnocTu3aia MakCUMasTHUX
KONMYMHA HUCKOMONEKY/ICKMX NPOoAyKaTa caropeBara, Moy3faaHoCTy npuna/buBakba u
CTabUHOCTM  Mpoueca caropeBatba  MOTEHUMJASTHUX  MUPOTEXHUYKUX — CMeLua.
Kapakrepusaumja NMPOTEXHNYKMX CMeLLA N HUXOBOI MpoLeca caropeBarwa 06aB/beHa
Je KpO03 UCTpaXXMBake yTuLlaja TeEXHOJOLLKMX napameTapa Npou3BoAHe NUPOTEXHUUYKNX
CMeLla Ha (PYHKLMOHa/IHe KapaKTepucTuKe m3paheHux cactaBa. HakoH gethmHuUCcama
HajrepcrnekTUBHUJUX NUPOTEXHUYKMX CMeLlla 3a m3pagy nywewa ' BB npojektuna
NCTpaXXeHa je MOryhHOCT MocTm3ara LUMper CrekTpa 6p3vHa caropeBakba MOMeHYTUX
cacTasa y NpuUXBaT/bUBOM OMCEry HajoUTHMjUX PYHKLUNOHANTHUX KapaKTepucTunka. Kpos
peanM3almjy OBe AOKTOPCKE AMcepTaumje pasBujeHa je U meToda yrpadre GakapHuX
rpejaya y NUPOTEXHUYKA NyHeha. YTpaaoM 6akkapHUX rpejayva nosehaHa je 6p3vHa
caropeBarba NMPOTEXHUYKMX CMeLla Ha 6a3u opraHcKor ropusa 6e3 M3MeHe HUXOBOT

cacTasa 1 NpofyKaTa caropeBatba.
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2. TEOPETCKHU JIEO Cunuwa Hawazuh

2. TEOPETCKH JIEO

2.1 Pa3Boj Base Bleed npojexTnia

[o cpegnHe XX Beka 6UN10 je YTEMEbEHO MULL/bEHE [1a CMaHeHe KOMMUMHE
eKCMnno3nBa y apTU/bePUJCKOM MPOJEKTUNY Y KOPUCT yrpagmwe racoreHeparopa Huje
McnnaTnBo 360r, Kako ce Taga MUCAWMO, Masior noeehara gomeTta. MowTo cy Ao Taja
apTU/bEPU]CKN MPOJEKTMAN BUIM penaTUBHO Masior J0oMeTa, noBehate AoMeTa 0 OKO
30 % Huje npeacTaB/basio 3HayajHMje NobOsbLUaHkE paan Kojer 6u 6uno onpasgaHoO
HapywwmnTy pasopHy Moh npojekTrna. OBO MULL/bEHE BUNO je akTye/HO CBe A0 Mojase
apTubepuje nosehaHor gometa. JefaH of nNpeAcTaBHMKA apTubepuje nosehaHor
fometa 6una je xaybuua GC-45 kopg koje je nosehawe gometa of 30 % WM3HOCKIIO
nsmehly 5 go 10 km, WwTO je npeacTas/basio MPEKPETHULY Y HaUMHY pasMuLLI/baHba

KOHCTPYKTOpa MpojeKTuna.

MoryhHOCTK KOje je yrpagta jeduvHuLe racoreHeparopa y TOM MNPEHYTKY
Hyauna Huje morna ga ce 3aHemapy u 36or Tora cy '60-TUX roguHa npoLusior Beka
npuHuunu paga Base Bleed (BB) npojektvna 6unu petmHUCaHW 3aje AHUYKAM
aHraxxoBarem LLiBeacke ,,AreHumje 3a UCTpaxmBake y 06nactu ogopaHe” (Forsvarets

forskningsanstalt) n aptubepujckor 3aBoga FMV (Forsvarets MaterielVerk).

NcTpaxkmBauun, aHrakoBaHM Ha OBOM MCTPaXXKuBaky YCTaHOBWAWM Cy fa Masna
KONMYMHa racoBa Koja n3nasu 13 6ase NpojekTunia cMakyje noAnpuTMcak HacTao N1eTom
NnpojeKTUNa KpPo3 BasAyLUHy cpeanHy. Paauno ce 0 manoj KoimumHu crioporopeher
nykera, nouupaHor y 6asm npojektuna. Y6p3o 3atum, 1969. roguHe, cy M3BpLUEHa
npBa NOJIMFOHCKa UCNUTUBAKbA Ca YeMYHUM NpojekTuanMa Kanmbpa 105 mm. Buwe
Hero oxpabpyjyhun pesyntaTu [0BENM Cy A0 HEeroBor naTeHTMpara 1971. rogmHe. Ha
camMOM MOYETKY, HajMacoBHMjy NpumMeHy Base Bleed npojekTnnm Hawnm cy y 06anckoj

apTuUbepuju.

MMowTo je nNpoM3BOAHY reHepaTopa raca 3a LUBEACKM apTWbLePUjCKA TOM
120 mm M70 Tpeb6ano ga nsseae gupma n3 CAZL, ca 0BOr naTeHTa je CKMHyTa 03HaKa
,CTPOI'O MNOBEP/bMBO* HakoH Yera Cy npojara MHTepHaUMOHa/IHa MnpaBa Ha 0Baj

NaTeHT.

22



2. TEOPETCKHU JIEO Cunuwa Hawazuh

Cnuxka 1. lllgedcku apmumepujcku mon Cauxa 2. Ton-xayouya HOPA b-52

120 mm, M70

Cnuka 3. Ilonpeunu npeceyu nyrwersa Il nexux apmumwsepujckux cucmema

Y Haopyxawy Halle BOJCKe W3BpLUEHA Je MoAM(MKaumja MpojeKTuna
apTU/bEPUCKOT HaopyXamwa Kannbpa of 75 fo 155 mm, gogasarbem jeguuuue I'T, gok

cy Hajsehe cepuje ' npon3sBeaeHe 3a npojekTusie Kannbpa 105, 122 1 155 mm.

Ynopefo ca pa3BojeM MUPOTEXHUYKMX CMella 3a u3pagy nywewa T BB
MPOjeKTUNa U KOHCTUTYUMje NMyrewa (Myrera ca LeHTPaIHAM KaHaoM, pas/inuuTor
MOMpeyHor npeceka, W Th.), WHTEH3VBHO Ce paguno W Ha nobosbluaBaky
aepofMHaMUUKUX  nepgopMaHcn  (M3MeHama  Y34y)KHOr  Mnpeceka NPOjekTuna,
MOMPeYHUM TMPECceKOM MpOjeKTUa KOju Ce Mewa HaKOH WuCna/bera, YBOhewem
M3MEH/bMBOI MOMPEYHOr Mpeceka [Ha MpojeKTuia y 3aBUCHOCTU 0f 6p3nHe KpeTarba
npojekTuna Kpo3 atMocgepy, ocnobahare 1 KopuLherbe NO3UTUBHOT edieKTa Hajmarbe
Je4HOr Kpuna Ha MpojekTUNy HakoH McnabuBarba 13 opyha, v 14.). ONUC Heknx of
pellewa 3a noBehatbe aepofVMHAMMYHOCTU MNPOjeKTUA M CMarera 0Trnopa [AHa

npojekTuna mory ce Hahn y [2, 3, 4, 5, 6].
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2. TEOPETCKHU JIEO Cunuwa Hawazuh

Cnuka 4. Ynompeba jeounuye I'T" k00 Cnuka 5. HajjeonocmasHuje mexHuuko

PAaKemHux cucmema pewere jeounuye I'T 3a knacuuny
apmu/bepujcKy MyHUyujy

Toe je:

32-komopa PM; 34-mnasznuya,; 36- Toe je:

pakemno copuso, 38-nyrwerve [T’ 10-BbF npojexmun, 12-6a3a Bb

npojekmuna, 14-jeounuya I'T; 16-
nywerwe I'T; 18-npunana nywerva I'T’

Ha Cnvkama 4 1 5 npukasaHa cy Heka jeJHOCTaBHMja KOHCTPYKLIMOHA peLlera
ynoTpeb6e racoreHepaTopa paan nosehawa gomeTta KnacuuHux (Cnvka 5) n npojektuna

ca pakeTHuM noroHom (Cnvka 4).

Cnuka 4 npefcras/ba ynoTpedy Nywewa racoreHeparopa 3a nosehawe gomera
MPOJeKTMMA Ha pakeTHW NOroH [3]. Ha civum 4 npukasaH je NonpevyHn npecek pakeTHor
MOTOpa uYMja je YHYTpalHOCT WCMyHeHa YBPCTUM pakeTHMM ropusom (36) ca
LIEHTPa/IHOM LLUYM/bMHOM MONPEYHOr Mpeceka y 06/nKy 3Be3[e, 40K je nywene ' (38)
nabopucaHo Mo Herosom 06o04y. Ha oBaj HaumH nywewe I'T ce npunasbyje of cTpaHe
pakeTHOr ropuvBa Ha Kpajy HeroBor caropeBatba, Kako 61 caropeBaweM YTULIO0 Ha

CMateHe 6a3HOr 0TNopa Ha 0CTaTKy TpajeKTopuje NPojekTuna.
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2. TEOPETCKHU JIEO Cunuwa Hawazuh

Ha Cnumum 5 nprkasaHo je jeqHoCTaBHUje pellere jeanHuue I'M yrpaheHe y AHO
KnacuyHor aptubepujckor npojektuna [2]. Cnvka 5 ykasyje Ha 70 Aa je y yay6/beme y
AHY npojektuna (12), yrpaheHo kyhuwrte jeguHuue I'T (14), y kojem ce Hanasu
npunana (18) v nywewe jeamHuue I (16). OBo pellerwe npegsuha npunasbrBare
npunane ' (18) of cTpaHe npoaykarta caropeBarba NOrOHCKOr MyHetha MeTKa Y LeBU
opyha, aa 6 HakOH M3nacka MnpojeTuna U3 ycTa UEeBM oOBa npunana 06e36eamna
MOy34aHOCT Mpuna/byBaka W CTabUNHOCT caropeBaka Mywewa [T TOKOM fieTa
npojektuna. Mpunana ' npojekTOBaHa je Tako fa ce npunambyje U caropesa TOKOM
nponacka npojektuna Kpo3 ues opyha. CaropeBare npunane T HacTaB/ba Cce U
N3BECTaH Nepuoj HaKoOH M3nacka NpojekTunna U3 ycta uesn opyha umme ce 06e3behyje
Moy3faHOCT Mpuna/bMBara M CTAaOMIHOCT caropeBarba Nykwewa jeauHuuye Ty
yCnoBMMa ApacTMYHOr nafa NpMTMUCKa KOju Bfafda M3a [Ha NPOjeKTuna HenocpeaHo

HaKOH M3/1acKa NpojekTnna 13 ycra Lesu opyha.

i

532, 5
Cnuka 6. Peweme jeounuye I'l" ca maasnuyama
Toe je:

1-jeounuya I'T; 2-6a3a BB npojekmuna,; 3-nedxcuwme npunaie; 4-npunana
nyrwerwa I'T; 5 (5'u 5")-mnaznuye na ony jeounuye I'T; 6-nyrerve I'T.

Cnuka 6 npefcTas/ba COMCTULMPAHM]E peLLete KOHCTpYKUnje I'T 3a knacu4yHe
apTubepnjcke npojektune. OBO pellere npedsuha Haemjawe jegnHuue ' Ha OHO
npojekTuna 4mMme je nocpegHo moryhe nosehakbe aepoAMHAMMUYHOCTM MPOjeKTUa
HEroBMM M3OYXKEHEM U CMareHeM MOMNPeYHOr npeceka AHa npojekTuna. Takofhe, ca
Cnvke 6 youbMBO je U fda Nyewe nabopucaHo y jeguHuyy I'T un, 3a pasnnky of
nywera Ha Canymn 5, He caropeBa LUrapeTHo Beh pagujanHo y CMepy Of LeHTpasiHe

LWYN/bUHEe Nykerba Ka 3ugosuma . MNMoBehaweM MOBPLLMHE caropeBarba NPOoLLMpPeHem
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2. TEOPETCKHU JIEO Cunuwa Hawazuh

LeHTpanHOr oTBOpa nywewa [T, ycnen Herosor pagujaiHOr cMepa caropeBarba,
npoLec caropesBara KapakTepulle ce v nporpecusHoLuhy, Tj. nosehatem MPON3BOAHE
racoBMTUX npofykKara caropeBaka TOKOM BpemeHa. KOHCTPYUMOHO peLletse,
npukasaHo Ha Cnuvum 6, npefsuha n noctojake mnasHuua (5' n 5") Ha gHY KyhuwTta
jeavHnue T'T (1). Ynora oBMx MnasHuUa je ABojaka. lNMpBa ynora mnasHUua je gda
omoryhu npunabmBame nywewa (6) u npunane (4) T on cTpaHe npopykarta
caropeBarba MOFOHCKOr Myheta MeTKa Yy LeBu opyha. [pyra ynora mnasHuua je
nosehare NOy3HaHOCTV MpunasbyBakba U CTabUIHOCTM NpoLeca caropeBara Mykera
'™ (6) Kpo3 genuMUYHY K30Maunjy Komope 3a caropeBatbe I'T 1 "3agp)kaBane”
npofykara caropesatba npunasne (4) ycMepeHUX Ka LeHTpaiHOM OTBOpY Nywewa Iy
yCnoBMMa Harnor naga npuTuUcka mnsa Komope jeauHuue I'. Ha oBaj HauMH HacTaB/ba
ce M npofyxkasa MNpoLec Npuna/bMBakba W OfpXaBa Ce CTabUHOCTU caropeBaka
nywera . Mopen nobosbluakka cTabunHoCcTM 1 nepopMaHck paga jeanHuue ' oBo
peLlere HyaM M nak NpUcTyn nojeAMHUM NoAcknonosmma jeaguHuue ' pagu wuxose
3aMeHe WIM YaK 3aMeHe KOMMJETHe jeauvHuue [T, weHUM oOfBujakeM ca [Ha
npojekTnna, 6e3 KOMMNJIMKOBaHUX M ONacHUX Mpouenypa, Koje cy 6une HeonxofHe y
NPeTXOAHUM pellewrMa Kaga je jeanHuua T 6una AUpeKTHO nabopucaHa y [AHO

NpojekTua.

KoHcTpykumja jeamHuue ' npukasaHa Ha Cavum 7, nopes npegHoOCTU Koje je
HYAuI0 NPeTXofHO pewwewe ca Cnvke 6, nocegyje UEHTpaHY — MiasHuLY,
NPOMEH/LUBOM NOMPEeYHOr npeceka, nspaheHy of marepujana cknoHor eposnju (Mg)

[4]. 2 1 65 3 9 4

10 3a % 13
Cnuka 7. Koncmpyryuja jeounuye I'l” kKnacuunoe apmumsepujckoz npojekmuna ca MiasHuyom

NPOMEH/bUBO2 NONPEYHOS NpeceKd
Toe je:

1-Bb npojexmun,; 2-6o0ehu npcmen,; 3-jeounuya I'T; 4-yenmpanna wynmsuna,; 5 Hagojuu cnoj
jeounuye I'l" u ona npojekmuna, 6-nywerve I'T; 7-uznazuu omeop na jeounuyu I'T; §-0no jeounuye
IT; 9-npunana nyrwersa I'T; 10-mecmo ocrarwarsa nyrwera Il na onom BB npojexmuna; 11-
sanmuexa jeounuye I'T; 12-nagojruu cnoj maaznuye u jeounuye 11 13- mnaznuya I'T; 13a-

npomenmusu omeop maasnuye I'T; 14- mecmo ocnarwarea nyrwerwa I'l" na maasnuyy I'T’ 26



2. TEOPETCKHU JIEO Cunuwa Hawazuh

MpeaHOCTY 0BaKBOT peLLetba MIa3HNLE CY BULLECTPYKE:

- Mamwu npeyHnK oteopa mnasHuue (13a) y 0AHOCY Ha MpevyHMK O0TBOpa Ha
[HY jeamHuue I'T (7)—ToOKOM nposiacka npojekTunnia Kpo3 Les opyha 1 HakoH
n3nacka u3 ycra Lesun, omoryhasa 3agp)xaBamwe Behe KONMYMHe npofykarta
caropeBatba yHyTap jeavHuue ' a caMum TMM W NPOAYXKEHO [ejCTBO
npuna/bMBama Nykwera jeguHuue M.

- MareHsujym, of Kojer je uspaheHa MnasHuua, Moj epo3viBHUM [AejCTBOM
npofiacka Mpojykata caropeBatba MOTOHCKOI Myeta MeTKa Kpo3
mnasHuuy, 6uBa ybayeH Yy Komopy caropeBara [T, YxapeHe uecTtuue
MarHesmjyma, HOLLEeHe MPOAYKTMMA CaropeBarwa OCHOBHOI NyHea MeTKa,
0CTBapyjy No3nTMBaH yTuLaj Ha Npuna/bmBarke nyrwera .

- Martepujan MnasHuiUe nof [ejCTBOM Mpofykata caropeBarwa epogumpa
ybp3aHO 1 Yy neproay Of OKO 25 HAKOH MCNa/bera NPOjeKTUNA, MaTepujan
Mfia3HMUe Y TMOTNYHOCTM HecTaje, YMMe Ce MOMNPeyHU Mpecek OTBOpa
Mf1a3HMLe n3jefHavyaBa ca NoMpevyHUM MpPecekoMm OTBOpa Ha AHY Kyhuwita
jeanHuue I'T KpO3 KOju MCTUYY NPOAYKTU caropeBara Mymwera jefuHuLe
rr.

- [loBehatbe MOMpeyHOr npeceka MaasHULE BpLIM pefyKuujy NpUTUCKA U
Op3nHe caropeBarba Myeta YHYTap jeauHuue I'T umme ce cMawbyje
MOryhHOCT /loma U eKCno3nje nykera (HEKOHTPO/IMCAHOT caropeBara) a
nosehasa e)eKTMBHOCT YUMHKa Nyrera jeanHuue .

- Tlopep cBMX 0BUX NPEAHOCTU CY)XKEHW [e0 mfasHuue y npegeny (13 v 14)
npe M TOKOM WCMNa/berwa NPOojeKTUna npeactas/ba, nopeg AHa KyhuwTa
jeanHuue ', gopatHu ocnoHal, nywewy T ymMme je noBehaHa CTPYKTYpHa
OTMOPHOCT MyHeHa Ha BWCOKE BPEAHOCTU CU/e WHepuuje NPUINKOM

“cnasberba NPojeKTUNa 13 Lesu opyha.
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Cnuka 8. Ilobomwarse aepoOuHamuyHOCmu nPOjeKmula NPOMEHOM He20802 NONPEUHO2
npecexka mokom iema

Toe je:

202-kowymuya npojekmuna, 204-ynympawirou cioj kowysuye, 206-cnomsauirou cioj
kowymuye, 208- ,,namemnu * pazosajajyhu enemenm,; 209-enemenm ca HenpoMeHbUBUM
obauxom,; 210- eremenm ca ocoounom ,, memopuje-namherna oonuxa*; 212-ocnobahajyhe
nyrwere, 216-pazmax usmehy ciojesa xowryvuuye.

Kao wrto je Beh HarnaweHo, ynopefo ca YcaBpLUaBatbeM KOHCTpyKUuMje W
cacTaBa Nywewa jeanHuue ', n aepoAMHaMMYHOCT MpojekTuna je 6una npegver
OMWNPHUX UCTpaXKmMBara. Kao nnyctpaumja moryhHocTH, 10 KOjUX ce y MehyBpeMeHy
[OLLNO, MPUKa3aHO je pellere Kolly/bule npojektuna uspaheHe of "mameTHMX"
maTepujana CrnocoOHMX [Oa Menajy MOMPeYyHn MNpPeceK MpojekTuna u noeehajy my
aepoanMHamunuke Kapaktepuctuke, Cnvka 8 [6]. Cutyaumja ,,a“ Ha Cnvum 8,
npefcTaB/ba NonpeyHn Npecek NpPojekTua npe ucnabewa a cuTyaumja ,,6“, nonpeyHu
npecek MpojekTnna y HEeKOM MOMEHTY TOKOM JjieTa NpojekTuna. Tako [ApacThyHa
NnpoMeHa MornpeyYyHoOr npeceka npojekTuna moryha je jeAMHO W3pafioM KOLUY/buLe
NMPOjeKTMNa U3 HEKONMKO cnojeBa Kojuma je omoryheHo MeRyco6HO nomepare Yy
oapeheHOM MOMEHTY TOKOM fieTa. Y CYWTUHK, Kowyrbuua npojektmuna (202) cactoju ce
0f ABa vnu BuLLe cnojesa (204-cnosbatliby €noj u 206-yHyTpaLltby ¢oj). YHyTpaLlHbu

cnoj (202) moxke fa npeactas/ba 3Uf MPOJEKTUNA UM HEKY MOTMOPHY KOHCTPYKUUjY
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HeNpPOMEH/LUBOT MOMPEYHOT Mpeceka Koja ApXK1 Ha OKyny CNosballikby CNOj KOLY/bULe
N YHyTpalme efieMeHTe npojektuna. lMpomMeHa MNONpPeYHor mnpeceka MpojeKTuna
YCNOB/bEHA je MPOMEHOM BUCMHE WN NPUMEeHeHe cune enemeHata (208) (,,nameTHM™
pasaBajajyhv eneMeHTW) KOjU NpyXKajy MOTNOPY CrosballkbemM Cojy KOLyrbuue
npojektuna. Crnosballbn 1 YHYTpaLLUHbW CNOJEBN KOLLY/bULLE NPOjeKTMNa Ce pa3aBajajy
y3 nomoh jegHor wnm Buwe enemeHata (208) u jegHOr WM BuULle efieMeHata ca

HenpomeH/bLMBUM 067MKoM (209), cutyaumja ,,B“. Kao WITO ce MOXe MpUMETUTH
NnocToje [1Be BPCTe e/leMeHaTa, jeflHa, Koja y NoYeTKY nomMaxe o4vyBawy LUINHLPUYHOT
NMONpPeYHor npeceka NpojekTuna ga 6m KacHuje, HakKoOH OfiBMjatba KPUTMYHOT aorahaja,
yTruana Ha TpaHcopmaunjy nonpeyHor npeceka pagn noseharba aepoanmHamMnUYKnX
KapaKTepuCTMKa NPOojeKTuia 1 gpyra, HeM3MeH/bUBOT 06/1MKa, KOja CBOjUM pacropeiomM
No MOBPLUMHW YHYTpaLUHEr C/oja Kowysbuue npyxa MoTrnopy HeHWM CrojeBuma u
yCcMepaBa U3MeHY MoJioxaja CrnosballlHUX CNojeBa y OAHOCY Ha YHyTpallke. EnemeHTu
(208) HajueLwuhe ce uspahyjy of CynepnaacTUYHNX UM MaTepujana Koju nvajy ocobuHe
OMPYXXHUX MaTepujasia, KOju ce Yy Tnpouecy wu3pafe Kowyrbuue yrpahyjy vy
,HanperHyToM*“ ctawy. Y TOM CTawy efnieMeHTe (208) 3agpxaBajy enemeHTu (210)-
e/leMeHTN ca 0COBUHOM ,,Memopuje-namhera 06/1Mka™ (Hajuellhe je pey o Xuuama uam

martepujanmMa CIMYHUX 0COBUHA).

Mpun fewaBawy KPUTUYHOT forahaja fonasn 4o nyuakwa Makbux nymwewa (212),
Kao LUTO je MpMKas3aHO Ha cuTyauuju ,,r*, npy 4yemy fgonasm go ocnobahara enemeHTa
(210) unme je omoryheHo 3ay3mmarbe OCHOBHOr-HEHarnperHyTor rnosioXaja enemeHTa
(208) WwTO NocneaMyHO AOBOAM A0 MOMeparba Crosballikber C1oja Kowwyrbule y 0AHOCY

Ha YHYyTpaLlbK, pe3ynTyjyhu npomMeHOM MOMpeyvyHor npeceka npojekTunna.
2.2 Yaora reseparopa raca BB npojextnia

2.2.1 Hompeoba 3a yeohewem jeounuye I'T

Ba3Hu 0Tnop jaB/ba ce Kao nocneauua oncTpyjaBarba Bas3gyxa OKO MPOojekTnna,
TOKOM HEroBOr fieTa, Npu 4Yemy Ce HernocpefHO M3a fAHa MpojeKTWna jaB/ba 30Ha
noAnpuUTICKa Koja ,,noBNaun™ NPojekTUN y CMepy CYnpOTHOM O/ CMepa HeroBor f1eTa u

Ha Taj HAuYMH MY CMatbyje JOMeT.

Kao wTo ce Buan 13 jegHaunHe KoeumumjeHTa 6a3HOr oTtnopa (1), cMareHe

NOTNPUTUCKA Pg YTUYE HA CMakEeHE BPEAHOCTU KoeuLmjeHTa 6a3HOr oTrnopa.
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2i-(py!p.)]

Cp = YR 1)
npu yemy je:

Co — Koe(umumjeHT oTnopa AHa npojekTuna (6asHu otnop),

PB — NOTNPUTUCAK Ha AHY NPOJeKTNNa,

Peo — ambujeHTaNIHM NPUTUCaK OKO MPOojeKTUNa y neTy, u

M.,  — MaxoB 6poj.

Peluete 0BOr Npo6nema, Koje je Halio LUMPOKY MPUMEHY Yy CBMM apMujama
CBeTa, jeCcTe yrpagmwa jeauHuue I'T y gHO npojektuna. lNMoseharke gomMeTa, Y OBOM
cny4ajy, nocneguua je pefykuuje KoeduumjeHTa OTrnopa fAHa MPOjeKTUna Koja ce
ornega y ,ybaumsawy“ npojykaTa caropeBawa Yy PeLMpKynauMoHy 30HY M3a [Ha
NnojeKkTuna Ynme ce MOCTMXKe noeeharbe MPUTUCKA Y HOJ M Ha Taj HAYMH Ce CMakbyje
6a3Ha KOMMNoHeHTa oTnopa. Konuvku he 6utn edekat ' 3aBuCK npe cBera of OnwiTe
npunarofeHocT 06/MKa NPOjeKTUNa aepoAMHAMUYHUM 3axTeBMMA W PEXMMY feTa
npojektuna. NMosehawe epkacHocTn I'T, y cmmncny noeeharba JOMETA, NMOCTUXKE CE KOA,
NnpojeKTUIa Ko Kojux je npunarofeHomM hopmMoM YKYMHM OTNOP MPOjeKTuNa CBeAeH Ha
MUHUMYM. Ko TakBmx npojekTuna y4yewhe 6asHor otnopa y yKyrnHOM U3HOCKU YaK Ao
40-50%.

2.2.2 Hupomexnuuke cmeute 3a uspaoy nymera jeounuye I'l’

Pesyntati focafallbnX UCTpaXKMBarba Nokasanm Cy da je KoeuumjeHT 6asHor
0Tnopa KOMM/eKCHa Be/IMYMHa 1 [ia 3aBUCK Of BENIMKOT 6poja napameTapa, 0f KOjux cy

HajBaXXHWN)U fatu jeaHaumHom (9). [7]

Cp=f M, 1,1, pM,d,ld,, p,lp,) v

rae cy:

I — UMNync y6pu3raBatba NPoAyKaTa CaropeBatba Y OKOHW BasayX,

Tg - TemnepaTypa NpojJyKaTa caropeBaba,
B — yrao 3afrer KoHyca,
M — monapHa maca ropusa, 1
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dj/dB - ofHOC npeyHmMKa 0TBOPA KPO3 KOjW UCTUYY MPOLYKTM CaropeBara 1 npeyHrkKa

6ase.

YKOMMKO Ce W3 pasMarparka WCK/byde MapameTpy KOju CYy Be3aHuM 3a
KOHCTPYKUMjy Jjeauuuue TT, di/ds n B, n pexum neta npojektuna, M, moxe ce
3aK/byunMTU fda je yTuuaj nywewa T Ha BpeAHOCT KoedmumjeHTa 6Ga3HOr oTnopa
n3paxkeH Npexko TemnepaType racoBUTUX MPOJyKaTa caropeBatba Nytewa [T, Ty,
nMnynca yopusraearba npojykata caropeBara y OKO/HW Basgyx, |, M ogHoca npuTucKa
Ha OHY NpojeKTuna n ambujeHTa/IHOT NPUTUCKA Basfyxa Ha NMpPOjeKTU/T TOKOM HeroBor
neTa, ps/p.. Ha 0Baj Ha4MH cy gemHNCAHN K/bYYHN NapaMeTpu o4 Ynjux he BpeaHOCTM
3aBUCUTN MOTYhHOCT MpPUMEHe MOTeHUMja/IHUX MUPOTEXHUYKUX cacTaBa 3a u3pagy

nykena jegHuue M.

CacraBm 3a n3pagy nyrera ' cBojy ynory octeapyjy reHepucarem ogpeheHe
KONIMYMHE HMCKO-MOJMEKY/NCKMX MpoJyKaTa caropeBara Yy jeavHWUM BpPEMEHa WU
MOMpeyHOM TMpeceky, LWTO je pAetmHMcaHO BpedHowhy wumnynca ybopusraBama

racoBUTMX MPOJyKaTa caropeBarba Yy OKOHW (hayun.

MpofyKTn caropeBatba Nyewa jeguHuue T CBOjUM MPUCYCTBOM Y 30HM
noAnpuTUCKa, Koja ce hopmupa ycnef OMCTpyjaBawa Basfdyxa OKO AHa MpojeKTuna
TOKOM HEroBor fleTa, UMajy ynory ga noHuLwTe Taj NOANPUTUCAK U Ha Taj HAYNH CMatbe

6a3Hy KOMMOHEHTY OTrMopa.

YCcnosu Koje MOTeHUMjasHM cacTaB 3a yrpagwy Yy jeauHuyy T mopa fa
3a[10BO/bM, Kako 6M ce MOCTUrao MakCUManHW eekat pafa jeamHuue ' Ha gomet

npojekTuna, cy:

e [a Oyge (WM3NYKM N XEMWUjCKM CcTabunaH TOKOM BpeMeHa CKNaauLLTeHa
MYHULMje Y KOJy je nabopucaH,

e [a 06e36eay MoysdaHy NpUNa/bMBOCT NPOAYKTMMA caropeBara MOrOHCKOr
NyHeHa TOKOM Mposiacka npojekTnnia Kpos3 Les opyha,

e MOpa CTabu/IHO Aa caropesa W Mpw ycoBMMa AeKOMMPeCcKHje HaKoH M3facka
npojekTnna u3 uesn opyha,

e caropeBane NMyhwera [T Tpeba ga npatn ocnobahare BENMKE KOMMUMHE

HMCKO-MOJIEKYNCKUX NPO/lyKaTa Caropesatba,
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e [a TMNPWIMKOM caropeBara Yydyewhe UBPCTUX M TeYHUX MNpofykaTa
caropeBata Y YKYMHOj KOIMUYMHKW NpojyKaTa caropeBara Oy/e WTo Makbe, €
063MpOM Ha fja OHM He YYeCTBYjY Y noBehaky NPUTUCKA Y pPeLypKynaLMoHoj
30HU, U

e [la TeMMepaTypa NpojykKara caropeBara byge LUTO HuxXa.

Ynotpeb6a jeaHuue ' pagn nosehatba AOMETa NPOjeKTUNa 6una je BesaHa 3a

yrpagmwy y aptubepunjcke cucteMe Behux Kanmbapa, a HMXoBa Nykwewa 6una cy

UCK/bYYMBO Ha 6a3n KOMMO3UTHOT PaKeTHOT ropuBa.

3y3eTHWN pe3yntati NOCTUTHYTK yrpagwoM jeauHuua 'y npojektune Behmx
Kanmbapa NOACTaKAM Cy pasmuLL/barbe Aa 6u Ce CAMYHA peLlera Moria NPUMEHUTU U

Ha MBO MyHMLM]Y KOja je TPEHYTHO Y yNoTpeotu.

Mocmatpajyhn caga UCK/bYUMBO NUPOTEXHUYKA NMyHera jeanHuue ' 1 passoj
HUXOBUX peLenTypa Moxe ce pehn ga cy NpBU NUPOTEXHWYKM CacTaBu 3a u3pafy
nywerba ' BB 6Knn cy 3aCHOBaHM Ha MeXaHWYKMM CMeLlama MeTaJIHUX NpaxoBa, Kao
ropuBe KOMMOHEHTE, CONM 3eMHOA/IKA/IHUX MeTana, Kao okcuampajyhe KOMMOHEHTE U
BE3MBHE KOMMOHeHe-3a XOMOreHu3aumjy cactaBa MUPOTEXHUYKMX CMewa. Y TuM
cacTtaBMMa MeTa/IHU MPaxoBy Cy Ce Haasunn y ,,BULLKY", pagy HakHagHOr caropeBara
Yy 30HM nognputucka m3a 6ase npojektuna. Ycned nosehaHor ypena ropuse
KOMMOHEHTe, NMOMEHYTW cacTaBy UMan y HeraTBaH 6MnaHC K1MCEOHMKA Tako ja cy 3a
NOTNYHY OKCUZAUUJy KOPWUCTUAM KUCEOHWK M3 OKOoAMHe [2]. TOKOM YycaBpLUuaBaha
cacTaBa Yo4aBaHW CYy HefoCTauu OBaKBMX peLenTypa Tako fa cy YyBOheHW HOBWU
matepujann Koju cy yTuuanm Ha nobosbluaBare nepdopmaHcy paga jeamHuue I,

CTabUTHOCTY HeHE (hYHKLM]e 1 cacTaBa NpoAyKaTa caropeBatba.
2.3 IInpoTexHuuke cmerne

Peu nupoTexHuka notuye of rpykux peur "PYRO" wWTO 3Haym BaTpa U
"TEHNE" wto 3Haum UCKycTBO WM ymehe, ofakne cneav fda je nUPOTEXHMKa Hayka
Koja ce 6aBM Mpoy4yaBarbeM HauMHa Ao6ujarba U KapakTepusaumje NUPOTEXHUUKUX

CacTaBa.

MUpOTEXHMYKE CMelle Koje Ce Yy BOjHMM CcpefcTBMMa ynoTpebrbaBajy 3a
[o6unjabe pasnnUUTUX edekata MNPeAcTaB/bajy MexaHWuke MeLLaBUHE HEKO/MKO, Y

BehMHM cnyyajeBa, YBPCTUX (PUHO YCUTHEHMX KOMMOHEHTW. Tako ONTUMICaHe CMeLLle
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Yy ersoTepMHOj peakuuju ropewa ocnobahajy ogpeheHy KOMMUMHY eHepruje, vy
ofapeheHoM NpocTopy TOKOM ofpeheHor BpeMeHa. E(DekTy Koju ce ocTBapyjy npoLecom
caropeBara y nornefy 6p3vHe, KoMYMHe 0cnoboheHe TonoTe, CBET/IOCTK, raca uan
[Ma YCNOB/bEHN CY (DYHKLMOHATHUM KapaKTepPUCTUKaMa CBaKe MUPOTEXHNYKE CMELLIE.
PyYHKUMOHAIHE KapaKTEPUCTMKE MUPOTEXHUYKMX CMELUa 3aBUCE Of, BENUKOr 6poja

PasNNUMTKX (hakTopa asn Npe CBera o/ cacTasa U y/iena 0CHOBHUX KOMMOHEHTH.

MUPOTEXHNYKE CMelle MpPeAcTaB/bajy MexaHWYKe CMeLUe HEeOpraHCKuMx |

OpraHcKuX KOMMOHEHTY KOje ce Mory nodenunTu y cneaehe rpyne:

e [OpuBa,

e OKCUAaHCH,

e BesvBau

e aaNTMBMN.

Xemujcke peakumje Koje ce ofBujajy Y MpoLecy caropeBara peakumoHor
cucTemMa YBPCTUX KOMMOHeHaTa creumguyHe Cy 1 pasfinkyjy ce of BehuHe nosHatumx

XEMMJCKMX peakumja.

Yncto XemujcKM  rnefaHo, nMpouec caropeBaka MpeAcTaB/ba  OKCUAO-
peayKUMOoHy peakumjy. Kako ce paan 0 peakumjama caropeBaha, yobuuajeHn Has3uB 3a

peayKLMOHY KOMIMOHEHTY jeé ropuBo, a 3a OKCAALIOHY OKCHIAHC.

YrnaBHOM CBe MUPOTEXHUYKE CMeLle Yy CBOM cacTaBy CafpXXe W Be3uBO, ca
n3y3eTKOM (hoTO-(hneLl cmella. BesnBa ce cMellama 0ajy Kako 6u ce:
e 00e36eM0 WHTUMaH KOHTaKT (PMHO CrpalleHnX YecTula OCHOBHUX
KOMIMOHEHTN,

e V3BPWMMA 3alUTUTA KOMMOHEHTU TNMPOTEXHWUKE CMelle of YTuuaja
crosballkbeHe CpefyiHe,

e 006e36equna XOMOreHOCT cacTaBa MUPOTEXHUYKE CMeELWe Y LENOKYMHO]
3anpemMmmnHu,

e 00e36e1/10 NakLLe NpecoBake N 06/IMKOBarE, 1 Ap.

Mopes ropwBa, OKcufaHaca W Be3MBa KOjU YMHE OCHOBHE KOMIMOHEHTE
NMUPOTEXHUYKMNX CacTaBa, MUPOTEXHWYKE CMeLle YeCTO Yy CBOj cacTaB YK/bydyjy U
pasnnunTe AoAaTtHe KOMMOHEHTe Koje MOTY a U He Mopajy fa Y4YecTBYyjy Y peakuujama

caropeBarba, a CBpXa UM je MHTEBU3MPaHE XerbeHuX eekata. Mpema yHKUNJU Kojy
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BpLUE Y NMPOTEXHUYKOj CMELLN MOMeHyTe KOMMOHEHTe MOry ce cBpcTaTu y cneaehe
rpyne:

e areHcu Koju nosehasajy 6p3vHY ropera - KatanmsaTopu,

e areHcy Koju cMambyjy Op3vHY ropemsa - petapaaropu,

e Marepuje Koje CHMKaBajy TemnepaTypy niameHa,

e MaTepuje Koje fajy oapeheHy 60jy nnameHy Un ra UHTEH3NBUPAJY,

e Marepuje Koje CMamyjy OCET/bMBOCT CMeLLa Ha MexXHUYKa [ejcTBa U apyru
fojaum.

2.3.1 Komnonenme nupomexHuukux cmeuia
2.3.1.1 I'opusa

M36op ropuBa 3a wm3pagy oppeheHe NUPOTEXHWYKE cmelwe onTepeheH je
MHOro6pOjHUM 3axTeBMMa Off KOjUX je HajBakHMjM [fobujawe oparosapajyher
(hbyHKLUMOHaNHOr edekta. PasnuuuTta npupofa (PYHKUMOHAIHWUX egekaTa Koju ce
[0o6unjajy caropeBarbeM ofApeheHnX TWMoBa MMPOTEXHUYKMX CMELIA Kao LTO cy
ocnobahatwe TOMNMOTE, CBETNOCTM, racoBa, AMMa W APYrux 3axTeBajy YynoTpeby

pasnnynTnx TUMoBa ropmsa.

Mpema XemMnjcKoj NPUpPoaK, ropmea ce 06UYHO Aene Ha OpraHCKa U HeopraHcka.
O63MpoM Ha (PYHKLM]Y KOJy roprBa 0CTBapyjy Y NpoLecy caropeBarba MMPOTEXHUYKMX
CMeLla Be/IMKN Bpoj pesyKuMoHUX cpefcTaBa 6w morao 6utn ynotpeb/beH. Mehytum,
360r nMocebHUX ycnoBa KOja OBa cpeAcTBa Tpeba fa 3a40BO/bE Y MOrneay TOMAOTHOD
noTeHUMjana n XeMmjcke cTabuIHOCTM Y NPaKCcu je y MacoBHMjOj yrnoTpebu camo manu

Opoj MOMEHYTNX XEMUJCKNX BPCTA.

lMMpOTEXHMYKE CMeLle BMCOKMX TOMAOTHUX MOTeHuuWjana noapasymeBajy
yrnoTpeby npaxoBa MeTana WUan wUXoBMX nerypa. Of metana Koju umajy npakTuyHy
NPUMEHY Yy MUPOTEXHULM HajBuLle ce yrnoTpebrbaBajy: MarHesujym, anyMuHWUjyMm,
LUMPKOHWjYM, BOApaM, ferype anymmuHujyma v marHesmjyma, fierype LmMpKoHujyma u

HWKNa, 10K ce pefhe KopucTe: TUTaH, MaHraH, LIMHK, aHTUMOH, MOIMGAEH 1 ApYru.

Of HemeTana Kao ropuvBO Yy MMpoTeXHUUM Kopucte ce: docdop, cymnop,

YITbeHVK (4PBEHN yrasb, Un rpaduT), 60p U CUAMLUjYM.

Of HeopraHkuX jeaumera MpakTUYHy npumMeHy umajy aHTumoH(ll)-cyndug,

(hepocnnnUnNjyM 1 KaumjyM-CUIMUnA.
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MocebHy rpyny NUPOTEXHUYKUX rOpuvBa MpPeAcTaB/bajy jefubersa OpraHCKor
MopeKna Kao LWTO Cy pas3Myuntu wwehepn, BOCKOBW, CKPOO, pasnvyunti nosvmepu u
Apyrn. Huje pefak cnydyaj fa OBa jeAuMkera MOpes Ynore ropvea Yy Hekum

MUPOTEXHUYKMM CacTaBMMa MMajy U YNory Be3nBHe KOMMOHEHTE.

Marne3ujym (Mg), Kao jefHO of Hajuewhe KopuwheHUX MeTasa Koju ce
KOpUCTe npu U3pagu NUPOTEXHUYKMX CMeLla KOpULheH je 1 TOKOM UCTpaXkMBarba 3a
noTpebe 0Be JOKTOPCKe aucepTauuie.

Ocob6uHe MeTa/IHOI MarHesvjyma Kao LUTO Cy: PesiaTUBHO /laka Npuna/bMBOCT,
MOrYyhHOCT ropera ca KUCEOHMKOM M3 Ba3fyxa, BUCOKa TeMrnepaTtypa ropewa, YsBpctu v
TELWKO TOMUBKM MPOLYKTU OKCUAaUMje, YMHE ra He3ameH/bMBMM FOPMBOM Y BE/IMKOM
Opojy NUPOTEXHNYKMX cMeLua [8].

Nako wn3BaHpegHuUX o0OcoOMHa Yy nornefy ropewa, MarHesnjym cnajga y
HajHecTabu/HMja NMPOTEXHMYKA ropyBa Koja Ce Haslase y MacoBHOj NpuMeHW. Hberosa
BMCOKA XeMMjCKa aKTMBHOCT YC/IOB/beHa je HOPMalHUM pPefoKC MOTeHUUjasiom
(Mg/Mg*=+2,37V).

Xemujcka peakTMBHOCT MarHesmjyma y BOLEHWM pacTBOpUMA jako 3aBWUCK Of
pH BpefHOCTM pacTBOpa, AOK Ce Mof yTuuajeM Bnare cTBapa MarHe3ujym-xuapoKcug,
(3).

Mg + 2H,0 — Mg(OH), + H, + eHepruja €))

OBa peakuuja je NOCe6HO MHTEH3MBHA Y MPUCYCTBY COMK, KAao LUTO CY HEKM

OKCMAAHCK, Ca KOjUM MarHesnjym ynasm y cactaB nupotexHuyke cmewle (KNOs,
KC|O4, Ba (NOg)z, )

YTnuaj atmocepe Ha MarHesvjym Yy Be/IMKOj Mepu 3aBUCK Of penatuBHe
BNaXXHOCTN Basayxa. Ca noBehareM BNaXKHOCTM Op3vHa KOpPO3uje MOCTEMNEHO pacTe
(Hajseha je npu penatvBHOj BnaxxHocTn of 90%) npu 4yemy ce CTBapa KpUCTa/THU
MarHesmjym-xumgpokcug. MarHesmjym ca KMCEOHMKOM W3 Basfyxa pearyje npema

peakuujn:

2Mg + O, = 2 MgO 4)

OKcuAHa MpeB/laka Koja ce CTBapa MO MOBPLIMHM MeTana He MpeacTas/ba

3alTUTY Of Aa/be KOPO3Kje jep je HEKOMMAaKTHa 1 Nopo3Ha.
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Mo3HaTo je Aa conu xyiopara 1 nepxnopara Mory, ycies Ay>Ker cKnaguiiTera y
NpUCYCTBY Bnare, fa pearyjy ca MarHesujymom W Ha Taj HauMH 3Ha4ajHO MPOMeHe

(hyHKLMOHa/IHE KapaKTePUCTUKE MUPOTEXHUYKINX CMeELLIa.

MarHe3unjym ce Tonu Ha Temnepatypu o, 649°C, a TemnepaTypa Na/bera My je
HEeLTo BMLLA, 0Ko 1107°C, WwTo omoryhasa MarHesvjymy Yy BULLIKY [ja UCNapy U3 CMeLLe
N Cca KWCEOHMKOM caropuy Yy racoBuToj hasm 06e36ehyjyhu pogatHy Tonnoty (u
CBETNIOCT) Y OcCBeT/baBajyhMMm cmewama. 3 Tor pasnora Huje nNoTpebHO [0AaTHO

[0BOf)erbe TOMN/OTE 3a pas/arare OKCUAAHCA.

Mopen MeTaNHMX npaxoBa Yr/beHW XuapaTu MpeacTaB/bajy BP0 BaXKHa
jedubea Koja Ce KOPWUCTE Kao ropuBe KOMMOHEHTe Mpu m3pagn NUPOTEXHUUKUX

CMeLla.

Yribenu xuapatu (LWehepu) npunagajy opraHCKUM jeautberbuma Koja cafpke
NCTOBPEMEHO Y MOMEKYNYy anfexvaHy (UM KeTo-) rpyny MU HEKO/MKO asIKOXOJTHUX
rpyna. Jpyrum pedmma yribeHu Xugpatv cy NOSMXMAPOKCUIHU anfexnaoankoxonu
(MonMxXmapoKeu-angexvian) Uam noan-XuaPoKCUIHN KeTO-aikoxXonun (MoSMXULPOKCK-
KETOHM). YT/beHU XuApatn Cy LUMPOKO PacrnpoCcTpareHn Yy Mnpupoaun, nocebHo y

OWULHOM CBETY, rae unHe 1 1o 80% cyBe mace burbaka.

YI/beHU XnapaTu cy jefaH of, OCHOBHUX YMHWUMALA UCXPaHe. Y UCTO BPeMe OHU
UMajy 1 BENNKM WMHAYCTPWUJCKM 3Hayaj. paHe MHAYCTPWUje, Kao LUTO CYy XEMMCKa,
LIeNyno3HO-NanupHa, ApBHO-npepahuBayka, TEKCTUIHA, NpexpambeHa U MHore apyre,

6aBe ce NpepagoM CMPOBKHA Ha 6a3n YrTbeHUX Xuapara.

JeAHOCTaBHMjM  YITbeHW XuapaTv ce O00MYHO HasuBajy Lehepuma wnm
caxapuauma. Hactasak 3a wehepe je 03a, HMp. apabrHo3a, r1yko3a, Mantosa. YecTo ce
ynoTpebrbaBa HasuB ,,FIMKO3a"™ 0f, KOjer ce u3Boau NPedmKe ranko. MeHepuyKn HasvBu
ce ynoTpebrbaBajy y cuTyauujama Kaf Ce He >Xenu nocebHO 03HauuTu Lehep wnm
fepvBaTt. bpoj yr/ibeHNKOBMX aTOMa MOXKe Ce U3pasuTu NpedrKcom, Ha npumep, wehep
KOJU uma MeT Yr/beHNKOBMX aTOMa HasnBa Ce MeHTo3a, a OHaj ca LUeCT Yr/beHNKOBUX
atoMa xekco3a. C/iMYHO ce MOXe MpeUKCOM O3HauuTU fga v wehep cagpxu
aNaexuaHy rpyny uayM KeTo-rpyny, WTO Ce 03HayaBa HasMBMMa angosa v Ketosa. bpoj
YITbeHWKOBMX aToMa M BpCTa KapbOHWIHe rpyrne MOXe Ce M3pasvTU HasuBMMa Ha

npvMep afgoneHTo3a n KeTo-xekcosa [9].
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Op yr/beHux xupapata KopuwheHMx 3a m3pagy cmewa 3a T, Kao 3ameHa

BICOKOEHEPreCTKUM META/THM MPaxoBUMa, YNOTPEBbEHN CY FYK03a U aKTO3a.

MoHocaxapuan cy npocTu Lwehepn 1 He MOry ce XWAPONM30BaTU Yy MPOCTUje
any Mory HacTaTu XWAPONN30M OIMFO- UNK Nonncaxapuaa. [ene ce Ha angose U KeTose

Yy 3aBMCHOCTV fla /I y CBOM MOJIEKYNY UMajy anfexuaHy nnm KeTo rpyny.

OnuwrTa ¢opmyna moHocaxapuga je C,H»,On. Y npopoau ce 4ewhe cycpehy
xekco3e CgH1206 1 neHTo3e CsHi1pOs. Y 3aBUMCHOCTM 0f OKCO-rpyne (angexugHa unn
KeTo-rpyna) Koja ynasu y cactaB MOHOcaxapwuia, nocneawu ce fene, Kao LWTO je
NPeTX0AHO ONWCaHo, Ha ango3se (NONUXUAPOKCU-andexmae) U Ketose (NONMXMAPOKCK-
KeToHe). Of xekco3a Hajsehn 3Hayaj uma rnykosa (rpoxhaHu wehep) n pykrosa

(BohHwK wwehep). MNyKo3a je NpeAcTaBHUK anfo3a, a )pyKTo3a Ketosa. [10]

Iayko3a (CsH120s, MonapHa maca 180.18 g/mol) je HajpacnpocTpareHujun

MOHOCaxapWf Koju Crajia y anfloXeKco3e.

MpupogHa rnykosa je ONTUYKM aKTMBHA W CKpehe paBaH MNosapu30oBaHe
CBET/IOCTM YAECHO 360l 4era ce YecTO Ha3mBa M AekcTposa. Peakuymjom ca HCN ce
fobuja ogrosapajyhn UMjaHXMAPUH 4YMjOM Ce XUAPOMM30M [obMuja n-XenTaHCKa

KUCEeNnHa.

SN Og
I, I,
H—C*OH HO—C*H
ROm(i??"H Hmcl:?-‘-oa
H—rl:.“—o;-i HO—{ZI)4—H
H-—-—cl:f’-aﬂ H0~Cl:§-§~l
CH,OH CH,0H
D-Glucose L-Glucose

Cnuxa 9. Monekyn enykosze
[MeT artoma Yyr/beHVKa W jeflaH artoM KWCeOHMKa (opMUpajy Tako3BaHU

,MMPaHO3HM MPCTEH”, KOjU je HajcTabunHuja opma ango3e ca LUECT Yr/bEHUKOBUX
aToMa. Y 0BOM NPCTEeHY CBaKW Yr/beHNKOB aTOM Be3aH je 3a xugpokcunHy (-OH) rpyny
C jeOHe CTpaHe M 3a BOOOHWMK Ca Apyre cTpaHe. V3yseTak je jeAMHO NEeTN YribeHWKOB
aTOM KOju Cce BeXe 3a LUeCTU YI/beHUKOB aToM, KOju ce Hasiasu U3BaH MpCTeHa Tako

opmupajyhn CH,OH rpyny.

MoTNyHMM caropeBareM yKo3e y A0BO/bHOj KonnmumHu O, ocnobahajy ce CO,

n H,O 1 TONNOTA, NOLITO je pey 0 er3oTepmMHOj peakumju caropesama (5).
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CeH1206 + 60, —6CO; + 6H,0 + AH°, AH.° = 2805 kJ/mol 5)

Tauka Ton/bera rnykose je, 3a D- rnykosy, 146°C a 3a L- rnyko3y 150°C wTo
je, Yy OfHOCYy Ha fpyra ropvea Koja Ce KOPWUCTE Y MUPOTEXHULM, M3Y3eTHO HUCKa

TemnepaTypa Ton/betba.

360r CBOje [OCTYMHOCTM M HUCKE LieHe FNyKo3a je MoXKe/bHa KOMMOHEHTa
MUPOTEXHUUKMX CMewa (MPenMMmUHapHa MCTpaXMBakba W3BPLUEHA CY ca [yKO30M

Kyn/beHOM Y anoTewy, TProBayuKor KBa/MTeTa).

Copouton (CgH140s, MonapHa maca 182.17 g/mol) cnaga y rpyny
MOHOCaxapuaHux Lehepa ca LWeCT Yr/beHUMKOBMX atoma. [lobuja ce pefyKuujom

anaexuaHe rpyre Monekyna rnykose o ankoxosHe rpyne.

CHO CH,OH

H——OH H——OH
HO—+—H . HO——H

H——0OH — H——0H

H——OH H——OH

CHzOH CH,OH

D - rnyxkoaa D - copGuTon

Cnuka 10. J[obujarwe D-copbumona uz D-enykose

MoTnyHo caropeBakwe copbutona npatu crteapawe CO, n H,O y3 ocnobahare
N3BECHE KOMMYMHE ToMnNoTe Nno peakunju (5).

2CsH1406 + 130, — 12CO5 + 14H,0 + AHCB, Af]ce =-1354.2 kJ/mol (6)

TemnepaTypa Ton/bera copbuTona je 95 °C a TemnepaTypa Kbyuara 296 °C.

Butamun 11 (C¢HgOs, MonapHa maca 176 g/mol, Tauka Ton/bera 192°C) je
KpucTanHa cyncraHua 6ene 60je pacTBOpHa Yy BOAM, MO XEMWJCKOj CTPYKTYpU BpAo
6nncka L-rnykosn. ButamuH L, npeactaB/ba L-eHaHTMOMEP aCKOPOMHCKe KucenunHe. L-
ackopbart je jak peoyKyjyhu areHc, n Kaga fenyje y TOM CBOjCTBY KOHBepTyje ce Yy
OKCKAoBaHu 061Kk, L-gexvuapoackop6ar.

Mo IUPAC HOMEHKNaTypy ackopObuHCKa KWUCeNWHa, OJHOCHO BuTaMuH Ll
npeactasma  (R)-3,4-amxuppoken-5-((S)-1,2-guxuapokecnetun)pypar-2(5N)-oH
Heroea CTPYKTypHa hopmyna nprkasaHa je Ha Cnnum 11. [11]
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g

OH L i

= b= 0 HO. 4
HO “ © o  HO— Cu| — EEL
é HO™
HO— & —H
—H |
HO OH ﬂHgDH CH20H

L- ackopBuHocka kMcenwHa (BMTammH C)

Cnuka 11. Bumamun 1]

[obuja ce n3 D-rnykose y3 nomoh jegHor of ABa HajpacnpocTparbeHuja
npoueca. Reichsteinov npouec, passujeH 1930-Mx, M MOAEPHN [OBOCTEMNEHU
(bepMeHTaLUMOHN Mpouec, OpWUrMHasHO passujeH Yy KuHu, Tokom 1960-mx, V3

anpokKcumaTtmBHU NpuHoc of 60 % 3a 06a npoueca.

YHuUwTaBa ce Ha BUCOKMM TeMrepaTypama, OKCMAaumjomM 1 aenosarem 6a3a, a
OTMNOPaH je Ha 3aMp3aBarbe. Y Mpupoau ce moxe Hahu camo L- 061K acKop6uHCKe
KMCeNIMHe KOju je OGMONOWIKM aKTMBaH. ACKOPOMHCKa KMCeNMHa Ce PenaTtuBHO 1ako
OKCUAMLLE KMCEOHMKOM W3 Ba3fyxa, a HapouMTO Yy NPUCYCTBY jOHA TELLKMX MeTasa
(rBoxha unm Gakpa). Y OACYCTBY KMCEOHWMKa acKopOMHCKa KucenMHa Moxke, 6e3

npomMeHa, n3gpxaru 3arpesane 1 go 100°C.

OJiurocaxapuau Cy C/NOXeHW Yr/bOBOLOHULUM M CacToje ce 0f ABa WM BuULle
NPOCTUX MOJieKyna Lwehepa noBe3aHWX y jedaH Mofekyn. Aucaxapugn cy jedutbera
KOja ce cacToje oA ABa MO/eKyna npocTnjux wehepa nosesaHnx Be3oM n3mehy jegHor

YITb€HUKOBOT aTOMa jeHOT MPOCTOr Liehepa U XUAPOKCUIHE rpyne Apyror.

Jlakro3a (Ci2H2,011, MonapHa maca 342,30 g/mol) je 6enn KpuctasHu npax,

BeoMma Masie cnatkohe ¢nabo pacTBopaH y XnafHoj BoAw.

MpeacTaBHYK je aucaxapuaa u peaykyjyhu je wehep nowTo nocegyje naTeHTHY
Kap6oHunHy rpyny (cnobogHa nonyauetanHa OH- rpyna). CacTtoju ce oa [ABa
MOJIEKYna, jeAHOr MOosieKyna rnykose v je4HOr rasiaktose CrnojeHuUX ecTapCckoM Be3oMm
n3mehy nonyauetanHe OH- rpyne jefHOr MOJEKy/a U UCTe rpyne Ha YeTBPTOM aTtomy

ApYror Monekyna.
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Cnuka 12. Monexyn nakmo3se

NakTo3a cnaga y rpyny OpraHCKMX ropuBa Koja y CBOM cCaCTaBy Cajpe
M3BECHY KONMYMHY KMCeoHMKa. OpraHcKa ropmBa Ce YecTO KOpucTe Yy u3pagu
NUPOTEXHMYKNX CMELLIA Kada je NOTpebHO nopef ocnobahara TONIOTHE EHepruje aa ce

06e36e/¥ 1 3HaTHA KOMIMYMHA FracoBUTMX NpoAyKaTa caropeBara. [10]

Mpn xnaponusn nakrosa ce pasniaxe Ha 0-D-rnykosy m B-D-ranakrtosy. Y
MOJIeKy/ly NaKTo3e Hasiasu ce nosyaueTasHu xuapokcun (y ocTatky rfykose) v 3ato

NaKTo3a MoCcToju y fBa TayTOMepHa 06/11Ka, 0f, KOjUX je jefjaH angexuHu.

JlakT03a, Kao ropvBa KOMMOHEHTa, Halia je LIMPOKY MPUMEHY KOj
MUPOTEXHUYKMX CMELLa 3a FeHepucarbe 060jeHNX AVMMOBA, 300 HUCKe TenmepaType
caropeBatba TVX CacTaBa Koja je 0BO/bHO BMCOKA [ja NpeBe/e NUIMEHT Y CTarbe Mnape a
OneT [J0BO/bHO HUCKA [a He M3a30Be HEroBy Aerpajauunjy. ¥ TMM cmelliaMa NakTo3a ce

YrNaBHOM KOMOWHYje ca Kannjym-X/10paToOM Kao OKCUAAHCOM.

Nakto3a cnaga y rpyny OpraHCKMX ropvea, OMwTe MOJIEKY/ICKe (opmyne
CxHyOz. 3a noTNyHO caropeBake MO/1Ia OBE BPCTE ropmBa NoTpebHo je 2x+y MosoBa
atoma KuceoHuka (6Mno fga OH MOTMYEM3 camor MOJieKyna ropvsa, crobogaHor
KMCOHMKa 13 aTMOCHepn Y KOjoj ropmrBO caropesa Un U3 OKCUAALMOHOT CPeAcTBa Kao
[pyre OCHOBHE KOMMOHEHTE MUPOTEXHMUKE CMeLle). MoTNyHUM caropeBarem jefHor

MO/1a 0BOT ropvBa ocnobaha ce X Mo/oBa YribeH-A1MoKcnaa 1 y/2 MonoBa Bofe.

2.3.1.2 Oxcuoauuona cpeocmea

OrpaHuyerba Be3aHa 3a Cy)XXere 1360pa NOTeHUNja/IHUX FTOPUBUX KOMMOHEHTU
CNeLUPUUHMX MUPOTEXHUYKMX CMELLIA, YC/TOBW Foperba 1 eDeKTI KOju Ce Xene foouTu

HUXOBVIM CaropeBabeM YCroB/baBajy U360p BPCTE 1 KONMYMHE OKCUAAHCA.
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Peakumja okcumaaumje ropvea Ha padvyH pefdykuuje okcmupaHaca Yy Hajsehem
Opojy cny4ajeBa noApasyMeBa M3MEHY KUCEOHMKA, WM Y HEKMM ClydajeBuMa
XaloreHnx enemeHara (Ko AMMHUX CMeLla fonasv Ao u3MeHe xsopa). Of hayopHux
jedubera NPaKTUYHY NPUMEHY je Hawlao camo TethoH (nonuTeTpadyopeTunieH) u 1o

y CMeLlama MarHesujyM-TeqsioH.

YInaBHOM Ce Kao OKcuaaHcy ynotpeb/baBajy YUBpCTa OKCUAaLMoHa cpeacTea y
001Ky (uHOr npaxa (M3Yy3eTHO Ce MOry YNOTPeOMTU N HEKU TeYHM OKCUAAHCW).
Mopepn nocTu3arba YHKLMOHAHOT edieKTa OKCUAaHC Mopa GUTU XEMUCKM NOCTOjaH Y
TeMnepaTypHOM WHTEPBaly KOjU je KapakTepucTMYaH 3a YCNoBe CKnaguiTera

MYHULIMjE Y KOjOj Ce MMPOTEXHUYKIM CcacTaBW Hanase nabopucaHm.

MowTo Cce 0 OKcuaaHca 3axTeBa Aa 06e36eaM AOBULHY KOMUMHY KUCEOHMKA
3a caropeBarbe, MpaTMYyHO, OBW MaTepujain MpPeACTaB/bajy Kpajhe OKCcUAauunoHe
NPOAYKTe eflemMeHaTa LTO UX YMHW MHEePTHMM Npema [ejcTBY aTMOC(EPCKMX racosa.
Y3umajyhu y 0631p 0BY UMHeHMLY, NUTake CTabMNHOCTI OKCKUaHaca nMa apyradnju

KapakTep Y 0[]HOCY Ha CTabWMIHOCT ropyBa.

YTuuaj oKcraaHca Ha KBaIMTET 1 0COGMHE NUPOTEXHUYKE CMELLIE YC/IOB/LEH je

HErOBUM (PU3NYKMM N XEMUJCKMM 0COBMHaMa, a Mpe cBera:

e CK/IOHOCT Ka CTBaparby arsiomepara — 3rpy/asarba,

XN/POCKOMHOCT,

TemnepaTypa TOMN/bekba,

TemnepaTypa pacnajara - OTnyLUTakba KMCEOHVKA,

TeMnepaTypa pefyKuuje y npucycTBy ropvea.

CBaka 0f, 0BUX KapakTepucTMKa MOXKe MCKa3aTu OrpomaH ytuuaj Ha o0cobuHe
NUPOTEXHMYKNX cMeLla. PUHM NPaxoBM MHOMMX OKCMAaHaca MokKasyjy TeHAeHUMjy aa
BPeMeHOM CTBapajy arsiomepaTe OAHOCHO yBehaHa 3pHa Benuke TBpAohe. 3a Bpeme
Jyror cknaguMwiTera OBa MojaBa 4eCTO [JOBOAM [0 TPOMEHe KapaKTepucTuka
NMPOTEXHMYKNX cMella. OBa nojaBa HacTaje 360r AejcTBa Bnare v NpUTUCKa nsmehy
YeCTMLUA OCHOBHMX KOMMOHEHaTa MUPOTEXHUYKMX CMella. Pu3nuka HecTabunHocT

MpOYy3pOKOBaHa CTBapateM arfioMepaTa, Mo3HaTa je U MOXe Ce YCMELIHO OTKIOHWUTY
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[OJAaTKOM ManMx KOMMYMHA HepacTBOPHMX CYMNCTaHUM Yy O6AMKY npaxa, HMp.

MarHesnjym-kapboHaT, Kanmjym-KapboHaT v Kanuujym-gocar.

Moce6HO BaXkHa 0COOMHA OKCMAAHCa, KOja BENMKK Bpoj mMaTepujana UCK/by4yje
13 ynoTpede y NUPOTEXHULM je XMAPOCKOMNHOCT. OBa 0co6WHa, Aa nof oapeheHum
yCNnoBMMa Be3yjy Bary w3 Badfyxa, HUje eKCK/y3MBHa KapaKTepucTukKa camo
martepujana pacTBOPHUX Yy BOAM. [JOK Ce XMIPOCKOMHOCT HepacTBOPHUX MaTtepujaia
objalwbaBa aKTUBHWM [ejCTBOM MOBPLUMHE W KanunapHowhy, oBaj npouec Kog
marepujana pacTBOPHMUX Y BOAU MMa Apyradnjn kapakrep. Mpouec ,,ynujawa* Bnare of
CTpaHe NOTMYHO CYBOI MaTepujana NoYnke Ha Taj HauMH LWTO ce of aAcopboBaHe Bnare
Ha MOBPLUMHL W Yy Kanuiapuma 4BpCTe CyrcTaHue cTBapa Cnoj Boge. Mocne tora Ha
MOBPLUMHN KpUCTasa, CyrcTaHue Koja ce pacTBapa Yy BOAMW, CTBapa Ce TaHaK Cfioj
3acuheHor pactBopa. OBa MojaBa, HOPMalHO, Y MHOrOMe 3aBWCU Of penaTvBHe
BNIXXHOCTU Baszfyxa. 3a CBaKy CyncTaHUy, Ha oppefeHOj TemnepaTypu, MOXe ce
O[peanTn penaTMBHa BMAXHOCT Basfyxa MpW KOjoj OHa He ancopbyje snary. Osa
BPEAHOCT penaTtuBHe BIAXKHOCTWU Ha3uBa Ce XMAPOCKOMHOM TA4YKOM W OHa 3aBUCU Of
TemnepaType. XuWAPOCKOMHA Tayka CMYy)XU Kao KPUTEPUjyM XWUAPOCKOMHOCTU HEKe
CYMnCTaHLe, LWTO je OHa Beha TO je cyncTaHua Makwe XMapockonHa. HeuncTohe 3aoctane
HaKOH CUHTE3e MHOIMX CYMNCTaHLM KOoje Ce KOpUCTe Y 13paan NMUPOTEXHUYKNX CMeLLa,
YeCcTO MMajy BeNIMKM YTULAj Ha XMAPOCKOMHOCT OCHOBHOI MaTepujana, U3 Tor passnora

je NoHekag, ocnarbarbe Ha XMAPOCKOMHE Tauke YACTOr MaTepujania HenoysaaHo.

Bnara MoXe Npoy3poKoBaTh NPOMEHEe Ha CaMUM XMUTPOCKOMHUM KOMMOHeHTama
Koje Cy nocneamLa Xmaponmse Unm AejcTea yribeH- AMoKcuaa u3 Basayxa. OHa 4YecTo
npefcTaB/ba MOroAHY CPeauHy 3a peakuujy u3Melly KOMMOHeHaTa MUPOTEXHUUKE
CMeLle, WITO je Of NoceGHe BaXKHOCTM aKO Ce Kao FOPMBE KOMMOHEHTe KOpUCTe

MarHesujym, aiMMNUHU]yM U UXOBE NIEerype.

MoryhHOCT jOHCKe M3MeHe M3Mehy OKcmupaHaca M ropusa y MnpucycTBy Bnare
NCK/byyyje MOryhHOCT ynoTpebe COMM CBUX MeTana 4Yvjy je HOPMa/HWM pefioKC
noTeHUMjas eneKTPpOHeraTMBHUjU Of OHOr 3a MeTasl KOju Ce KOPUCTU Kao ropuea

KOMMOHEHTA Y MPeTrnoCTaB/beHO] MMPOTEXHUYKO] CMELLIN.

Kako pekoAc MOTEHUMjan CAYXM Kao MEpUSIo XEMMWjCKe aKTMBHOCTW HEKOr

eneMeHarta /lornyaH je 3ak/byyak fa 6w Hajoos/ba ropvBa Tpebana ga 6yay m3pasuTo
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e/IeKTPONO3UTMBHN €eNeMeHTU. HopmasiHW pefoKC MNoTeHuujan 3a anyMUHUjym je
+ 1,66V a 3a marHesnjym + 2,38V. IN03nTVBHW]e eNleKTPONOTEHUM]jase 04 anyMUHUjyMa
nUMajy: NUTUJYM, Kanujym, 6apmjym, CTPOHUMjYM, KalumMjym U HaTpujym, Te jefMHO
HWXOBE COMM fJona3e y 063Mp Kao okcupaHcu. Mpu Tom Tpeba wuctahu ga cy conu
NATUjyMa BeOMa CKyre a Ka/iuyjyma Beoma XUrpocKornHe, Tako fa y 063up fonase caMmo
CONMN KUCEOHWYHUX KMCENMHA TO JeCT, HWUTpaTu, Xnopatu, nepxnopatv U XpomaTu

(HaTpujyma, Kanmnjyma, 6apujyma, CTpoHUMjyMa).

Mopen CONM NPaKTUYHY MPUMEHY, KaO OKCUAAHCK, MMajy MU okcuay reoxha,
0/10Ba, MaHraHa M 6akpa Kao W HEeKW MeTa/HU MEepPOKCUMAM Kao LITO cy Gapujym-
nepoKcua U CTPoHUMjym-nepokena. MpuMeHa Mepokcuaa je orpaHuyeHa npe ceera

360I MX0Be (PU3NYKE N XEMUJCKE HECTAOUTHOCTM.

Kanmjym-xmopar, KCIO3, je 6ena, KpuCTa/lHa CynCTaHUa, HUCKe
XWUFPOCKOMHOCTK ca yyewheM KuceoHuka of 39,2 % y yKynHoj macu. Of XeMUjCKUX
jefntberba Koja MMajy NPakTUyHY MpUMEHY Y MUPOTEXHUYKUM CMeLllama XxaopaTu
cnagajy y rpyny HajCHaXXHUjUX oKCuaaumoHux cpefcrasa. OBa jentera 3601 CBOjUX
N3paXKEHNX OKCUAAUMOHMX OcoOMHa cnadajy y rpyny wmatepujana OnacHMX 3a
pyKoBawe. EKCNNo3nBHO pearyjy ca BehvHOM peayKUMOHUX CPeacTasa, a 'y NpBoM pefy

C OpraHCcKum Martepujama.

Buno je MHOro nokyLuaja fa ce XnopaTu 3aMeHe Make akTUBHUM MaTepujannma,
ann Ce HU A0 AaHac HMje y NOTNYHOCTW YCMeno y ToMe. Y MHOrUM MUPOTEXHUYKUM
CMellama CYy He3aMEeH/bUBM, HApOuuUTO Yy MHULUMjaNHUM TAe je HeonxoAHOo Aa Manu

MMMY/C VHULMPA CMELLY U MOKPEeHe NlaHal, CaMOOPXKMBUX peakuyja.

YnoTpeb6/baBa ce 3a u3pady cMella Koje ocrnobahajy 060jeHe AumoBe, 3a U3pagy
netapau, wmubmua un eatpometa. Cmewe y umju cactaB ynasn KCIlOs; cy npuanyHo
CK/IOHe camo3ana/bety, MOCEOHO ako y cacTaB TMX CMeLla yna3e M KOMMOHEHTe ca

CYMMOPOM.

Kanujym-xnopat uma HUCKY TemnepaTtypy Torn/bera, 356°C, HaKOH Koje ofmax
NMoUNHE U HEroBa [EKOMMO3MUMja KOja je M3Y3eTHO OypHa Ha TemnepaTrypama OKO
500°C:

2KClO; — 2KCI + 30, (7)
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Peakymnja gekomnosmumnje KCIOz (7), 3a pasnuky of Apyrux okcugartopa, je
ersoTepMHOr KapakTepa LUTO 3Ha4yajHO YTU4Ye Ha HeroBy HecTabunHocT. TonsoTta
ocno6oheHa Ha 0Baj HauMH CMakbyje eHeprujy Kojy je noTpebHo foBecTu fa 6u ce TakBa

CMeLla npunannna.

Hucke Temnepatype Na/betha MUPOTEXHUYKMX CMeLla ce A06umjajy YKONUKO Yy
ofpeheHOM MPOLEHTY cadp)Xe CYMNop WAM HeKa OpraHcKa ropuBa Ca HMUCKOM
TemMnepaTypom TOM/bewa, AOK Cy Bulle TemnepaType MHUUMjauuje pesepBucaHe 3a

CMeLle ca MeTaJTHMM NpaxoBhMa 3060T HMX0BE BMCOKE TeEMMepaType Torn/bema.

HeoTtnopHoct cmewa ca KCIO; Ha yTtuuaj KucenuHa, objawwisbaBa ce
ocnob6aharwem ClO, raca Koju npefcTaB/ba jako OKCMAALMOHO CPEACTBO, A0BO/BHO jako

[a NMOKpPeHe OKCU0-PeayKLIMOHE MPOLLECe Y CMeLLN.

Kanujym-nepxsiopat, KCIO,4, je 6ena, HeXnrpockornHa KpucTaiHa cyrncTaHua
ca TeMrnepaTypoM TomM/bera 0KO 540°C 1 3HATHO BUMLLOj TemnepaTypy AeKOMMOo3uLmje.

Peakuuja gekoMno3suumje Kanvjym-nepxnopara je 651aro ersoTepmHa:
KClo, Z2RIoMe , KCl + 20, (8)

KapakTepucTnyHo je fa ce Yy HeroBoMm MpuUCyCTBY W APYrMM OKCUAaHCUMa
CHWXXaBajy TemnepaTtype [eKOMNosuumje, na ce YecTo fJojaje NUPOTEXHUUYKUM
CMeLWaMa Yy KOJIMYMHWM Off HEKO/IMKO MnpoueHata caMo fa Ou ce CHM3WUIe HUXOBE
TemnepaType nasbera. MocebHO je MHTepecaHTHa KOMOMHaUMja Kannjym-nepxaopara u
Gapujym-HMTpaTa. Y OBOM Cfydajy CTBapa Ce eyTeKTM4YKa CMeLla Koja ce Tomnu Ha
PenaTMBHO HMUCKOj Temmepatypu Y3 WCTOBPEMEHY [AeKOMMO3ULMjy  Kanjym-
nepxnoparta. Kopuwihewem oBe KOMOMHaLMje OKCUaHaca ca anyMmuHujymom, gobuja ce
MMPOTEXHMYKA CMeLla Koja ce nanu Ha 400°C. 36or HaBeaeHux ocobuHa KCIO4 je y

BE/IMKOj Mepu 3ameHno HecTabunHu KCIlO3 y n3paay NMpoTeXHUYKINX CMeLLa.

YKO/IMKO Ce Nepx/iopart Haiasn y XeMUjCKM YACTOM CTakby TEPMUYKKN je BeOMa
cTabunaH. TOKOM 3arpeBarba HemMa HUKaKBUX npomeHa Ao 300°C Kaga [onasv fo

MPOMeHe KpUCTasIHe CTPYKTYPe, OIHOCHO 0 Npenia3a U3 POMOMYHE Y Ky6BUUHY.
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Cmelle Kanujym-nepxnopata ca MeTaiMma Cy MOA/I0KHE eKCMI03VBHOM

caropeBatby YKOMMKO ce Hafly Y YCIOBMMa OrpaHuyeHe 3anpemMmnHe U rycTUHE MyHbetba.

360r BMLWIKX Temrnepatypa TOM/beHa, AEKOMMO3ULMjE W Mae KONNYMHE
TONMOTE KOja ce nmpu ToMe ocnobaha, cmewe y Kojuma ce Hanasn KCIO, cy marbe

OCeT/bUBE Ha Crnosballkbe uMnynce (Tperwe 1 yaap) og oHux ca KCIOs.

Kamujym-aurpar, KNOs, CBOjy Be/MKYy pacrnpoCTpaweHOCT Y MOZEPHO]
NMAPOTEXHULUN yryje CBOjOj MPUCTYMAYHOCTU, HUCKO] LIEHN N MasOj XMIPOCKOMHOCTM.
MehyTM 1 Hajmarwa oHeunwhersa y Bugy MgCl, nnn CaCl, 3HavajHO My nosehasajy
xurpockonHoct. OceT/bnBoCcT cmewla ca KNOs, Bedyje ce 3a HUCKY Temmnepartypy
Ton/bera 334°C, 0K Ce Herosa eKOMMo3uLmja y3 ocnobafnare akTUBHOT KUCEOHMKa

0/lBWja Ha BULLMM TeMmepaTypama:
2KNO3; —— Ko O+ N +250, (9)

Ycnen eHOOTEPMHOCTK peakumje (9), 3a CMeLLe ca KannjyM-HATPaToOM NOTPe6HO
Je KOpUCTUTN BUCOKOEHepPreTCKa roprea. YKO/IMKO Ce Taj YC/I0B He UCMyHu, Beh ce npu
n3paam cmewa ca KNO3; KopucTe opraHcka ropvea, peakumja gekomnosuumje he ce

ofBujatn Ha cneaehn HaumH:
KNO; —— KNO, + 1/2 O, (10)

OBakBa gekomnosuumja Kanumjym-Hutpata he yTmuatn Ha npouec caropeBarba,

cacTaB MpojyKaTa CaropeBata U CaMOOAPXKMBOCT CaropeBatba TakBe CMeLLIe.

Ynotpeba Kanunjym-HWTpaTa, Kao OKCWAAHCa, Yy W3pagu [AUMHKX cacTasa

OrpaHuyeHa je lUXOBOM HUCKOM TeMMepaTypoM CaropeBatba.
2.3.1.3 Be3uga

Be3nBO Mo npasuy caunkaBajy Mase KOSIMYMHE OPraHCKUX Matepuja umju je
OCHOBHM LM/ [J00OKWjate KOMMAKTHE-XOMOreHe MMPOTEXHUUYKE Mace, CrpevaBare
pacfojaBaka W arsioMepaluje KOMMOHeHTaTa CMeLle, OJflakllaBawe npoueca
npecoBara, MOCTU3arbe MaKCUMasiHe TYCTUHe MyHera, OMaKllaBawe WHULMpara
CMeLle, UTA. Y nornegy CTabuniHOCTU OBe MaTepuje UMajy 3aliTUTHO CBOJCTBO KOje ce

ncnosbaBa (*)I/ISI/I‘-IKOM |/|30nau,|/|j0|\/| KOMMOHEHTU MNPOTEXHUYKNX CMELLa NpPecBy4YeHNX
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TaHKMM C/lI0jeM Be3MBa 0f HeraTMBHWX aTMOC(epcKmx yTtuuaja. Mo npasuny cy TO

OpraHcKe matepuje Koje Cy HepacTBOPHE Y BOAMN U HUCY XUTPOCKOMHE.

YrnaBHoOM Cce MaTtepuje KOje Ce KOPUCTe Kao Be3MBO /lako OKCuAuLy
KMCEOHNKOM N3 OKCMAALMOHON CPeACTBa, WTO MPaKTUUYHO 3Hauu da y CMellaMa nmajy
YNOry CeKyHAapHe ropuee KOMMoHeHTe. [Mpn n3paam NMPOTEXHUUYKMX CMeLLIA HajueLlhe
ce Kopucre: heHonopmangexmaHa cmona (ManTon), Wwenak, Kono@oHMjyM, Kanumjym-
pe3nHar, HUTpaT Lenynose, eTun-LUenynosa a y nocnefwe Bpeme qnayopen n ken-o.
3aama [Ba NOMeHyTa Be3uBa 3a Pas3/IMKy 0f OCTa/IMX Yy NMUPOTEXHUUYKMM CMeLlama ce
noHawajy Kao CeKyHfapHa OKCMAauMoHa CpeAcTBa a He Kao CeKyHAapHe ropuse
KOMMNoHeHTe. CBa MpeTX04HO nobpojaHa Be3nBa, Ca M3Y3eTKOM HUTpaTa Lenysnose,
BeOMa Cy cTabunHa M OTMOpPHa Ha aTtMocdepcke ytuuaje. Mog ytvuajeM MoBuULLEHE
Temnepatype ocnobahajy racosute npofykte. MehyTum, Temnepatype [Aerpagauuje
BehnHe MOMeHYTUX Be3nBa Cy NPUINYHO BUCOKE U YrnaBHOM cy usHag 200°C. Hutpat
LileNyno3e je OTMOpaH Ha Bnary av je U3y3eTHO OCET/bMB Ha TeMMepaTypHe ocuunaunje
N BPEMEHOM Ce MOoMako pacnaga ocnob6ahajyhu HWTPO3HE racoBe Koju uMajy
KaTasmwyhe [ejcTBO W Bplle fodaTHy Aectabunmsauujy ogpeheHe nNUPOTEXHUUKE

CMeLue.

Momurerpadayopoerninen, (—CF,—CF,—), PTFE, je nonvumep Tetpacgyopo-
eTuneHa Koju je cuHTeTucaH npeu nyTt 1946. rognHe y dabpuum Dipon, CAL. HewTo
KacHuWje je ycneamo 1 npoupaTt HeroBe MHAYCTPUJCKE NMpUMeHe wunpom ceeTa. [dobpe
KapaKTepucTUKe WM nakoha Herose NpPOu3BOAHE AONPUHENN CY HErOBOj LUMPOKO]
npumMeHn. PTFE je XeMWjCKM BP0 CTabW/HO jefintberbe, KaKo Ha YTULaj KUCeNMHa Tako
n 6asa. Takohe, ognKyje ra u gobpa TepMmyKa CTabUIHOCT U HEepPacTBOP/bMBOCT Y
6uno Kojem nosHatom pacteapayy [13]. MoyeTkom 60-Tx Beh je 6GUI0 MO3HATO Aa
PTFE npax nomeLuaH ca MeTa/lHUM NpaxoBMma MarHesujyma unm anyMmuHujyma 6ypHo
caropeBa [14, 15]. Og Taga y Bpno KpaTKOM BPEMEHCKOM Mepuody 0b6aB/beHa Cy
WHTEH3MBHA UCTPaXXKMBakba MUPOTEXHUYKMX CMeLla Ha 6a3n PTFE y ynosu okcupgaHca
[16-31]. MpBa ucTpaxxmsara cy ce Pokycupana Ha ucnutrueawy Mg/PTFE cmelua [16-
18, 20, 27]. OBe cmewe WMajy HEKOMUUWUHY NPeAHOCTU Y OAHOCY Ha C/InM4YHe
NMAPOTEXHWYKE cacTaBe: BUCOKE BPeAHOCTM EHepreTckor noTeHUmjana, HUCKY
XUAPOCKOMHOCT, BWCOKY CTabunHOCT, 6e36eAHOCT MpW u3pagym W pyKoBakwy ca

CMeLlama, jeJHOCTaBHY TeXHO/Orujy NMPOU3BO/HE W MPecoBatba, GP3MHA CaropeBatba
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OBMX CacTaBa je OTMOpHAa Ha yTuuaj Temnepatype M MNpuTuCKa. TepeTCcKM 3a uspagy
NUPOTEXHUYKMX cacTaBa ca PTFE Kao ropusa KOMMOHEHTa MOXe ce yrnoTpebutu 6uno
KOjV eNneMeHT uMja je XeMMujcKa Besa jaya 0f Yr/beHuK-thnyop Bese. Cmelle cnegehmx
enemeHata ca PTFE wmory ce Hahm y pgocTtynHoj nutepatypu AIl/PTFE, B/PTFE,
TI/PTFE, SI/PTFE and Zr/PTFE [16,23,24,27-30].

Buton A, [(—CH:CF2)m(—CF~C(CF3)F—)pln, Jje Kononmmep BUHWINAEH-
(hyopuga n XekcayoponponuieHa Koju MMa LUMPOK CrekTap MpUMeHe, Kako Yy
BOJHOj Tako W Y LUUBWU/IHOj MHAYCTPUJU. Y BOJHOj MHAYCTPUJU KOPUCTK Ce Y M3paau
MAPOTEXHUYKNX CMeLla W TrpaHyIucaHuUX eKCrnjo3vMBa Kao Be3VBHA KOMIMOHEHTa-
(hnermartmsartop. MpegHocTn ButoHa A y 04HOCY Ha CNMYHE maTepuje Cy JIMHeapHo-
NnaH4yacTta CTpyKTypa M npucyctso iyopa, 3axeabyjyhn yemy je BUTOH A nHepTaH
npema pasiMunTum Yys/bMMa, BOAEHO] CPeAvHW U MHOTUM  arpecuBHUM  TEYHWUM
cyncraHuama. TepmonsacTuyaH je, LITO omoryhasa HErosy MpUMeEHY Y LUMPOKOM
TemrepaTypHOM OrMCery 4Yak v npu eKCTpeHWM MpoMeHama TemrepaType U NpUTUCKa.
TemnapaTypa [Jekomnosvumje BuToHa A Hanasu ce usHag 370°C, a 3a pasvKy of
TedpnoHa, BUTOH A, ce pacTBapa Yy aLeTOHY, eTun-auetary, MeTun-n3ooyTun-KeToHy u
TeTpaxuapodypaHy LITO ra YAHU NOroAHMM 3a ynoTpeby y NMPOTEXHUYKUM CMeLLama
Y (DYHKLM)W BE3MBHE KOMMOHEHTE. Y NMPOTEXHUYKMM CMellama yrnoTpeba BuToH Ay
CTapTy 6una je orpaHmyeHa Ha QyHKUKMjy Be3mBa npu n3paanm Mg/PTFE cacTasa, pagu
no6osbllaBaka XOMOrMeHOCTM U MnpecuBoCcTU cMelle. Jopatak fo 20 % BuUTOHA A 'y
NUPOTEXHUYKe ccMmelle ca PTFE He ocTBapyje 3HauajHWjU yTuuaj Ha PyHKLUOHaIHE

KapaKTepmcTnKe 0BMX CMeLLIa.
2.3.1.4 Aoumueu

XOMOreHa MexaHu4Yka cmella ofabpaHOr ropvsa M OKCMAaHCa ca Makbe Wu
BULLE BE3MBa YECTO HMje JOBO/bHA Aa OU ce MOCTUMIM XerbeHU edekT. Kako 6u ce
06e36eanna WTO 60/ba XOMOreHOCT HeKe MUPOTEXHUYKE CMeLle MOXKes/bHO je, rnpe
cBera, KOpUCTUTK LUTO Mare KOMMOHEHTW NPUIMKOM HeHe 13paje LWTo je, BP0 YecTo,
orpaHuyaBajyhn edekat y noctusawe ogpeheHor edekra. 360r Tora cy u4ecrte
KOMOUHaLmje ABa ropvea Uau ABa OKCuaaHca a NoHeKas ce f104ajy W CyrncTaHLe Koje He
cnafajy H/ y jefHy O NOMEHYTUX rpyna, a Koje nMajy akTUBHY Yory y (yHKUnju

NMMPOTEXHNYKE CMELLIE.

47



2. TEOPETCKHU JIEO Cunuwa Hawazuh

Mpema Toj yN031 0BU A0AALM Ce AeNe Ha:

2.3.2

ybp3uBaum 1 ycrnopmaaum ropemsa,

maTtepuje Koje nHTeBu3mpajy 60jy nnameHa,

KaTaIMTUYKKL Jodauum,

[oJaLm Koju CMamyjy OCET/bUBOCT HA MeXaHuyKa AejcTBa,

[oJaum Koju ymaryjy unm oHemoryhasajy HeXKerbeHo [ejCTBO Bfare,

AOALM KOjU LUTUTE CMELLY Of, AejCTBa CTAaTUUKOT eNeKTPULUTETa, UTA.

Ilooena (knacugpuxkayuja) nupomexnuykux cmeuia

Moaena NMPOTEXHMYKNX CMeLLIa OAYBEK je 6una npeaMeT cnopa usmehy aytopa

Koju cy o6jaB/bMBanM pagoBe M3 OBe 06/1acTV Tako fAa Ce AaHaC MOTy CYCPecTw

pasnuunTe nogene. HajnoTnyHMjy n HajcBeobyxBaTHW]y NOAeNY N0 MULLIbEHY MHOTUX

fao je A. A. LUngnosckuid [13]:

ocBeT/baBajyhe cmeLle, Cnyxe 3a nabopaunjy y NpojekTue unja je HaMeHa
OCBeT/baBatbe OfpefheHOr npocTtopa Hohy. NaBHa of/MKa OBUX CMeLUa je
reHepucamwe CBETNIOCTU ofpeheHe jaumHe TOKOM oppeheHOr BpemeHCKor
NHTepBana,

(hoTohnew cMmeLle, CnyXxe 3a nabopauunjy pasnnuumTux NpojekTuna ynja je
ynora fa y Bp/f0o KpaTKOM BPEMEHCKOM WHTepBasly 0cBeT/ie ofpeheHu
objekaT wunM [eo TepeHa paau oTorpaducatba Yy YycnoBuma Masne
BUA/BUBOCTU-HONY M YrNaBHOM M3 Ba3fyXxa,

TpacepHe cMeLLe, N1abopuLly ce y Tpacepe MpojekThna U HaMeHa UM je da
YUMHE NyTawy fieTa NpojekTuia BUA/bMBOM CTpPe/Ly Kako 61 Morao fa Ha
OCHOBY BM3Yye/IHMX MojaTaka W3BPpLUM KOpeKuujy napamatapa 0f KOjux
3aBMCKU npeumsHocT rahawa. Kog oBuX cmelwa Beoma je 6uTHa U 6oja
nnameHa. Tpacepu mory 6UT HOhHW MW AHEBHK, a MOTY Aa Aajy WU CUrHan
y Bug/smBom nnu VL cnekTpy,

CUrHa/IHe CMeLLe, NabopuLly ce Y pasninynMTa CUrHasiHa cpefcTsa Koja Mmory
OUTU HOhHa MK [HEBHA N CNYXe 3a [aBare PasIMuUTUX CUrHana uam 3a
obenexaBare ofpeheHnx MecTa,

3ana/bMBe CMeLle, 1abopully ce y pasfiMunTe MpojeKTue HamerbeHe 3a
YHULITaBae BOjHE TEXHMKe, 040paHOEHNX CpefcTaBa, Kao U 3a YHULLTEHE

XXUBE cune Henpujatesba. Edekat 0BMX cmella ogpehyje ce 6p3vHOM W
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curypHowhy nasberba pasHUX maTepujana cTBaparem BEMKOT noxapa vuje
Ce XKapuLiTe KapakTepuLle BUCOKOM TeMnepaTypoM. OBe CMeLLe caropesajy
y3 ocrnobaharbe BeNMKe KOMUYMHE BPEe L/bake-YBPCTUX OocTaTaka Koju he
NPOropeTy 1 HajoTNOPHM]e MaTepujase,

e [MMHe CMeLle, CnyXxe 3a nabopaynjy AUMHUX KyTuja pasinuuTux HameHa.
lMocToje MacKMpHM AMMOBM KOjU MMajy YNory 3alluTuTe COMNCTBEHUX cHara u
TEXHWKE Off HenpujaTe/bCKOr ocMaTpawa W rahawa y Buambusom n WL
CMEKTPY Kao U off TEPMOBU3NJCKOr OCMaTparba UM 060jeHn AMMOBU KOju
CNy)XXe 3a JaBarbe pasHuWX CurHana wuam obenexasarbe oapeheHnX OGUTHUX
Tayaka Ha TepeHy,

e ycropayke cmelle, nabopuly ce y efieMeHTe unja je ynora obesbehere
oflnarata Xe/beHor ediekta 0f MOYETHOr CcurHasa, 6uno aa je ped o
eKCNno3unju, NpunasmbuBawy, UTA.

e UHMUMja/IHE CMeLle, Nlabopuly ce y pasHe WHUUMjaHe Kanucnie wuau
efleKTpo3anabiBe rNaBuLe KOje CNYXKe 3a WHUuMpare Apyrux CMeLua,
Hajyelthe npunanHmx,

e [punasiHe CMeLle, HaMeHa WM je npuna/buBake MOTOHCKN MyHEeHa
pakeTHMX MOTOpPa MUK PasIMUUTUX MUPOTEXHUYKMX CpeacTaBa nabopmncaHmnx
HEKOM 0[] rope HaBefeHNX CMeLLa, 1

e CMelle 3a racoreHepatope, HamMeHa OBe BPCTE MUPOTEXHUUKUX CMeLla je
reHepucarwe HUCKOMONEKY/ICKMX FacOBUTUX MPOoAyKata ymja je (yHKuuja
HeyTpanusaumja NoANpPUTUCKA KOjU Ce jaB/ba M3a [AHa NPOjeKTuna, TOKOM
HErOBOT fieTa 04 ycTa LeBn opyha [0 umsba.

Bes 063upa ko0joj 0f nobpojaHMx rpyna ogpefeHa NMPOTEXHWYKA CMeLua

npunaga oHa mMopa fja ucnyHu cnefehe 0OCHOBHe 3axTeBe:

e [a je MOTMYHO CUrypHa MpW PyKoBawy M uyBawy 06e3 MoryhHocTu
npeBpeMeHoOr [ejCcTBa,

e (hyHKUM]ja NOMEHYTE CMeLLIe MOpa fa 3afpPXXM XKe/beHN HUBO TOKOM Mepuoga
CKnagmwTera.

[a 6y ofpeheHa nNMpoTexXHUYKa CMella mMorna 6uTn nabopucaHa y ogpeheHo

MUPOTEXHMYKO CPeACTBO MOpa 3a40BO/bUTY crefehe 0COOMHE:
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e U3PAXKEHY (YHKUMOHaHY KapaKTepuCcTUKy Koja MpeAcTaB/ba OCHOBY
(hyHKUMje NMPOTEXHNYKOT efleMeHTa y Koju je nabopucaHa,

e ofroeapajyha Op3uHa caropeBawa TOKOM npedoApeheHor BpemMeHCKOr
NHTepBana,

e  (IM3NUYKY N XEMM]CKY CTABUNHOCT TOKOM JY>Ker BPEMEHCKOI nepuoja,

e LUTO je MOryha mara OCET/bUBOCT Ha MEXaHUYKe M TOMOTHE UMMYy/ICce a Aa
Ce He HapyLUW Noy3A4aHoCT HULUMjaLM]e Y )Ke/beHOM MOMEHTY,

e MWHMMa/IHA UJIN HMKaKBa eKCI03/BHA CBOjCTBA, CaropeBare CMeLLe He CMe

npehn y geToHauujy,

e [a MPOAYKTWM caropeBaka Oydy LITO Make OTPOBHWU LUTO je MNOCEBGHO

N3PaXKEH 3axXTeB KO MaCKUPHUX AVMOBA,

e [a npouec wu3page MNOMEHYTE TMNUPOTEXHUYKE CMewe Oyde LWTO

jelHOCTaBHMju,

e [1a KOMMOHEHTE 0f KOjuX ce uspahyje cMeLla HUCY CKyre U

e [a CMelLe Yy NpecoBaHOM CTawy MOCTMXY W 3aapXasajy oparosapajyhe

MexaHU4Ke KapaKTepucTuke.

Kop n3page NMpoTeXHUYKMX CMeLLa Koje Tpeba Aa 3af0B0/be rope MocTaB/beHe
3axTeBe M3y3eTaH akLeHaT Ce CTaB/ba Ha M300p KOMMOHEHTWM WM MpopayyH cacTasa
CMeLLe, PN YeMyY je HEONXOAHO Y3eTU Yy 063Up PU3NYKO XEMUjCKE OCOBUHE roprBa U
OKCMAaHCa, HUXOBY KOMMATUOUIHOCT Kao W KOMMAaTUOMMHOCT ca  ApYyrum

KOMMOHeHTama Koje ynase y cactas ofpeheHe NMpoTeXHUUKE CMeLLIE.

2.3.3 Ilpunyunu uzbéopa u npopauyna cacmasea RUPOMEXHUUKUX CMeuld

[a 6y ce nocTurao »erbeHn edekat (PYHKLMOHANHOCT) NMMPOTEXHNYKE CMELLE,
Hajrpe ce BOAM payyHa O M360pYy KOMMOHEHTU, a MOTOM O OAHOCY Yy Kojem he ce
HaBefeHe KOMMOHeHTe Mewlatn. po6sem OfHOCA KOMMOHEHTW je BeOMa CJ/IOXKeH
YKO/IMKO Ce CMella caCToju of TPXU W BULLE OCHOBHUX KOMMOHEHTWU. [lOMeHyTU
npo6siemM je TONMKO C/IOXKEH 3a HeKe CMelle Aa Ce PayyHCKMM MyTeM U He MOXKe

pewmnTn, Beh ce npuberasa ekcnepuMeHTaIHOM ofpefuBarby.

Y npakcu ce cpehy cmelle ca no cefam M BULLE KOMIMOHEHTM Tako fja je 6uno
KakaB MpopayyH CKOpPO Hemoryh, MowTo He MOry Aa ce YTBPAe peakumje Koje ce
0fBUjajy 1 Kako ce fo6ujajy KOHauHu NPOAYyKTU. Y 0BOM feny paga 6uhe nprkasaHo
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HEKONIMKO Mnpumepa npopayvyHa ABOJHUX W TPOjHMX Cmewla. Liu/b npopayvyHa je
MakCUMalHW  yuuMHak  ogpeheHe  cmelwle  Kpo3  ogpehuBarbe  ONTUMaIHOr
CTEXMOMETPMJCKOr OAHOCA OCHOBHMX KOMMOHEHTW. PeasiHOCT, ca Apyre cTpaHe, pagw

NOCTM3arba UCTOT LiM/ba AMKTMPA ApYrayunju npucTyn.

CwMmelle MamMx Op3vHa caropeBatba uYMja ropmBa nako CTynajy y OKcuAao-
pefyKUMOHe peakumje ca KMCEOHMKOM, ropuBa KOMMOHeHTa ce Jojaje Y CYBULLKY jep
he feo Tor ropvBa caropeTu ca KMCEOHUKOM U3 Basdyxa M nocTuhu cnnyaH eekar Kao
[a je jeiMHM N3BOP KMNCEOHNMKa 3a caropeBakbe NoTMLao U3 OKcuaaHca MHKOPnopupaHor
y CMeLUKn. 3anasbyBe CMeLLe Cy Apyra KpajHOCT MOLITO Ce KOJ HhUX OKCuaaHe fojaje y

CYBMLLKY Kako 61 ce nofp>kaso ropewe 3anabeHor Matepujana.

[a 61 ce gobuna peuenTypa 3a ABOjHY CMELLY Hajrpe je HEOMXO0AHO HanucaTu
jelHauNHY peaKkumje caropeBarba M [a Ce Ha OCHOBY e HaKHaJHO M3BPLUX MPOopadyH

MaCEHMX Caipykaja KOMMOHEHTU Y CMeLLW.

Ma 4Yak M OBaKO TeMerbaH MPUCTYN ONTUMM3ALMjU cacTaBa He MOXE Aa
npeTnocTasn cee Moryhe cueHapuje HEHOr caropeBata M CBe peakumje Koje 3a
nocrneguuy uMajy opmupare ofpeheHMX npoaykara caropeBaka, Kao wTo he

nokasartu crnegehv nprmep.
IMpumep 1: OppehmBare cactasa ABojHe cmeLle Mg 1 Ba(NOs)s.
JefHaunHe caropesara NPETrnoCTaB/beHe MUPOTEXHNYKE CMELLIE T/1acK:

5Mg + Ba(NOs), = BaO + N, + 5MgO (11)

Mo 0BOj jegHaumHM 121,5 g Mg pearyje ca 261 g Ba(NO3),. Kaga ce npopavyHa

y % pobuja ce :
121.5-100 _ 250010 1 281190 _ 6806 Ba(0,), . (12)
382.5 382.5

Mo3HaTo je, MehyTuUM, Aa Y HedoCcTaTKy KWCEOHMKA MarHesujym pearyje ca
a30TOM, T€ jeAHauMHa roperba rope HaBeAeHMX KOMMOHEHTU MOXE MMaTh U cneaehu

006NUK:

8Mg + Ba(NO3), = BaO +Mgs; N, + 5MgO (13)
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Tafa je cacTaB CMeLLIe CaCBUM Apyravmjn:

1944100 _ 1agtrgg 1w 25100 _70gp,v0,), 4
455.4 455.4

Kop Heknx cMella, cacTaB Ce C HaMepoOM OMTUMMLLE Ca HeraTVBHUM GUNaHCOM
KNCEOHVKa Kako 611 ce y KOMOpY 3a J0ropeBare M3BPLLM/A HakHaaHa okcuaaumja (Koa

Hab0jHO-MNa3HUX NPOJEKTUNA).

Mpumep 2: OpfpefmBawe cactaBa [ABojHe cmewe KNOs wn wungurtona
(dbeHONhOpMangexmgHa cmona).

lMpopayyHn Be3aHW 3a caropeBake MAMTONA Kopucte ynpolheHy dopmyny
C13H120, fOK ce caropeBame MANTO/MA MOXE U3BECTU Ca HEYTPa/IHUM UMW HEraTUBHUM

BUNAHCOM KMCEOHMKA Kao LUTO Ce BUAMN M3 HapeaHUX peakumja:

12KNO3; + C13H1,0, = 6K50 + 6N, + 13C0O, + 6H,0 (15)
34KNOs3 + 5C413H1,0, = 17K,0 + 17N, + 65CO + 30H,0 (16)

Ha ocHOBY npBe CTEXMOMETPUJCKE jedHauuMHe pOobuja ce cnegehn omHoC
OCHOBHUX KOMMOHeHTU KNO3; =86%, namton = 14%, fOK je Ha OCHOBY Apyre Taj 04HOC
KNO3 = 77%, a ugutona = 23%.

MHOTO CNIOXEHWjU CY NPOPaYyHN 3a TPOjHE CMELLIE.

IMpumep 3: OppehuBarbe cactasa TpojHe cmelle Mg - Ba(NOs), - nguton (nog
YC/I0BOM [Ja LeNIoKYNHa KOMMumHa nautona nognexe notnyHoj okempaumjn o CO;
H.0).

JeagHaumHa caropeBatba Mg ca Ba(NOs), pata je y lNpumepy 1, foK ce

jeoHaunHa caropeBana namtona ca Ba(NOs), ogsuja no cnegehoj jeaHaunHu:

6Ba(N03)2 + C13H1,0, =6Ba0O + 6N, + 13CO, + 6H,0 (17)

CacTtaBu BOjHMX CMeLLa cy cnegehu:

Ba(N03)2 - 68% Ba(N03)2 - 88%

Mg- 32% nanTon- 12%
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3 rope HaBeAgHUX cacTaBa ABOjHUX CMeELLa MOXEMO M3payyHaTh cacTaB Heke

TPOjHe CMeLLe.

Peummo pga 4% wngutona y CMelIM cacBUM 3a[0BO/baBa MoTpebe cMmelle 3a
cagp>kajem Be3aua. LLITO 3Haum ga 6u TpojHY cmewy YnHWno 2/3 npee cmelle n 1/3

apyre cMmelle. MpopayyHaBakbeM TpojHa cMeLla 61 nmana cneaehn cacTas:

Ba(NOs); - T + T = 75%
nanTon- &31 =4%
Mg- %: 21%

OBakBa peuenTypa NUPOTEXHUYKE CMeELLE HWje ONTUMasHa W cacTaB TPOjHe
CMeLLe je caMO OpjeHTauUMOHW, MOLUTO HACY Y3eTH Y 0631p (hYHKLMOHASTHW etheKTH Koje
Ta cMelua Tpeba ga mucnosby 360r Yera ce ofpefmBare KOHauYHOI cacTaBa M Herosa

BepumKaLmja BpLLY KPO3 eKCreprMeHTa/IHa UCNINTUBaHA.

2.3.3.1 bBunarnc Kkuceonuka

PyHKUMja NUPOTEXHUYKMX CMeLla NabopucaHnX Yy MUPOTEXHUYKE ENIeMEHTE
oCTBapyje ce Kpo3 ogpeheHe edekTe (3BY4HU (Mpacak), BU3yesHU (AMMOBWN PasINUnTUX
6oja, Tpacepw, ocseT/baBajyhe 6ak/be, CUrHa/IHA MyHULM]R), 3ana/bUBK, YCNOPaYKn Un
Hekn apyrn edekar). 3ajegHnMyka O0COOMHa 3a CKOpo BehMHY MOMEHYTUX
NMUPOTEXHUYKMX CMeLLa je TeXHa Ka He3aBMCHOM OfBMWjakby MpoLeca caropeBakba 0f,
yCnoBa OKOJIMHe Y KOjoj OCTBapyjy CBOjy (PyHKuUM]Jy. TMOTNyHY He3aBMCHOCT npoLieca
caropeBatba Y peasiHMM YC/oBMMa je CKOpo na Hemoryhe noctunhu, anu ce Kpo3 npouec
onTUMM3aumje cactaBa MoOXe 06e30eMTV, peumMmo, He3aBUCHOCT caropeBakba
NAPOTEXHWUYKE CMelle 0f MpucycTBa aTMOCHEPCKOr KMUCEOHWKa [AeNOHOBaHEeM

[0BO/bHE KOJINYUNHE KNCEOHUKaA Y MOJIEKY/IMMa OKCUAaHCa NMPOTEXHNYKE CMELLIE.

[enoHoBaHM KMCEOHVK je [OCTYrNaH ropreoj KOMMOHEHTU 3a OfBUjatbe OKCUI0-
PeayKLUNOHMX peakunja TEPMUYKOM Aerpajaumjom OKCUaaHca. Y CYLTUHN NPBU KOpak
y OnNTMMK3auMju cacTaBa CBake MUPOTEXHUYKE CMelle NpeacTas/ba ofpehmBare
CTEXMOMETPUJCKE jefiHaYMHE OKCUO-PefyKLUMOHOr npoleca caropeBatba umMme ce

[obuja nopebaH OAHOC rOPMBE KOMIMOHEHTE M OKCMAaHca 3a HeyTpanaH 6unaHc
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KMCEOHMKa. Y BehMHM cnyyajeBa 3a HeyTpanaH 6uiaHC KMCEOHMKA Be3yjy Ce 1 HajBuLLIe
BPEeAHOCTM Op3nHe caropeBarba a/ii TO HMKaKo He CMe fa Ce y3Me Kao npasusio, jep je
npoLec caropeBara MUPOTEXHUYKMX CMELWla W3Y3eTHO KOMMIMKOBaH W 3aBUCK Of
BENMKOr 0Opoja MapameTapa KOju OCTBapyjy 3HauyajaH YTUL@j Ha HEeroBy Op3vHY
(cnospawkbKn NpuTUcak, Temnepartypa, OfBWjake Mpoleca caropeBaka Yy YCN0BMMA

orpaHuyeHe 3anpemunHe, n T4.).

MocTaB/bare CTEXMOMETPU]CKE jeflHAUYMHE NpeAcTaB/ba NPBM NPo6aem, MOLLTO
Ce Ha pasIMunTuM Temneparypama opmMupajy pasnmunTin NPOAYKTWN caropeBara Koju
Cy cacTaBHM [e0 MOMEeHYTe jeflHa4yMHe, Tako da je NpeLunsHo JedmHucare npojykara
caropeBatrba, a CaMMM TUM, U CTEXMOMETPUJCKE jefHaunHe roToBo Hemoryhe. MehyTum,
yBeK je moryhe u3abpatu jegHy of moryhmx jefHauMHa Koja ob6yxBaTa BehuHY
npoAaykara caropeBata. Hajuewhe je pey o0 jegHauMHM y KOjoj NPOAYKTe caropeBara
npeacTae/bajy HajctabuiHMje BPCTe KOje MOry f[a HacTaHy caropeBakweM oppeheHor
NUPOTEXHMYKOI cacTaBa. Y O0BOj AucepTaumju 6uhe npukasaH jegHOCTaBaH HauuH
npopadyHa 6unaHca KuceoHuKa kKopuwherem metoge Mupo-aneHue (MB). MeToga
MB y ogHoCy Ha gpyre metofe npopadyHa bunaHca KMCEOHMKa MMa MpeaHocT 360r
TOra LITO MMPOTEXHO/03Ma oMoryhasa nojaTak 0 6uiaHCcy KUCEOHMKa HEKOI cacTasa
Y BP/I0 KPaTKOM BPEMEHCKOM POKY 1 Y3 yroTpeby Bp/Io NPOCTOr MaTtemMaTU4Kor Mogena
KOju MOXKe 6UTU ayTOMaTM130BaH M y G6ecnnaTHUM NPOrpaMckuUM nakeTMma Kao LTo je
peuumo MS Excel. JegHoctaBHOCT meToge B nexu y ToMe WTO je 6asupaHa Ha
OKCUAALMOHOM 6pojy CBakKOr XEMWJjCKOI €efeMeHTa CTEXMOMETPUJCKE jeaHaunHe Yy
HEroBOM HajcTabuiiHnjeM 06/MKYy. 3Hauu, Yy nuTawy CYy KOHCTaHTHE BPEAHOCTH,
[OCTYMHE 3a CBE XEMUjCKe BPCTe Y KOjMa 61 ogpeheHn XeMnjCKM efleMeHT MOorao fa ce
Hahe kao npoAykat npoueca caropeBara. Kako 61 0BO OU/I0 jacHMje 3a CXBaTarbe,
NpUInKoM ogpehuBara BaseHue, a30T 6M Umao BasieHuy 0, MOWTO ce NPeTnocTas/ba
[la ce y NPoAyKTMMa caropeBara OH Hajuelhe Hanasn y suay N, Monekyna, BaneHua
yribeHuka 6u 6una +4 360r NpeTrnocTaBke fJa ce pagv 0 MOTMNYHOj OKCUA0-peayKumjun
npu Kojoj ce nsagaja CO,, n Ta. Kopuctehun ce Tako Ao6MjeHUM BasieHLLaMa, 3a CBaKu
XEMUCKM €NeMeHT MoHaoco6, moryhe je wu3padyHaTy BasieHLY CBakor MOJeKyna
CTEXMOMETPMJCKE jeflHAYMHE N Ha jeAHOCTaBaH HauMH NpopadyHaTh NOTPebHY Macy

OKCcuAaHca 1 ropmea fa 6m ce Xxemujcka peakumja buna CTeXMoMeTpujcka.
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MpopayyH 6unaHca KMCEOHMKa (MMPO-BaseHUe) Heke npeaeuHMcaHe cmeLle

6uhe objalLbeH y cnegehem npumepy. [8]

K*CI'o? + Ti™* — KCI + TiO,

Mpumep.4

Maca, g 80 20
MonapHa maca, g/mol 138,6 47,9
Bpoj Mmonosa KoMnoHeHTe, mol 0,577 0,418
BaneHua -8 +4
BaneHua 3a Macy KOMMOHEHTE -4,62 +1,67

Ha ocHoBy oBora Buan ce fa je 36up Nupo-BaneHun cmelle -2,95 WwTo rosopu

[ia je cmella 6orata KMCEOHNKOM-MMa No3nTMBaH B1UNaHC KUCOHUKA.

2.3.3.2 Yoeo se3uene komnonenme

YTuuaj yaena Be3viBHE KOMMOHEHTE Ha XEMWU|CKY CTabUIHOCT, a NOCNEeANYHO W
Ha BpeAaHoCcTM BC, NMPOTEXHMUKMX CMELLA je CBaKaKO 3HayajaH U Mako ce noseharem
yfiena BesvBa y HEKOj NMUPOTEXHUYKOj CMeLIN NO npaBuy nobossluaBajy 0CoOUHE Kao
LUTO CYy: NaKlle Mellare KOMMOHEHTU, 60/ba XOMOTeHOCT CMeLle, 60/ba OTMOPHOCT Ha
CTaTUYKW eNeKTPUUUTET U aTMoctepcke ytuuaje (NOBULLEHA penaTvBHa BMIaXHOCT),

yTULaj Ha 6p3VHY caropeBamba je 40CTa CIOXKEHN]U.

MosehaweM ygena Be3vMBa MNOCTUXKY Ce Pa3IMuMTL yTULAjU Ha Op3uHY
caropeBaha Yy 3aBMCHOCTU Kako Of, BPCTe Be3mBa Tako M caMor cactaBa NMMPOTEXHUYKE
CMmelle. Peunmo, YKO/IMKO Ce pagn O UAMTONY, YecTa je nojaBa da noseharbem ygena
nautona fonasn Ao nobosbliaka MpuUna/bMBOCTM CMewe M nosehawa Op3nHe
caropeBana. 03nMTVBaH yTuUaj Ha NPUNa/bUBOCT M BP3MHY caropeBaka Be3aH je 3a
CHIKeHE TemnepaTtype camosanasbewa ycnef nosehaHor yziena KOMMOHEHTE Koja ce
pasnaXe Ha HWXO0j TemnepaTypu (NOWTO je wMAMTON 6oraT aTtoMuMMma Yr/beHUKa,
BOJOHMKA W KWCEOHWKA) M caropeBa Ca KWMCEOHWKOM M3 OKcugaHca ocnobahajyhu
TOMNOTE AOCTYNHY 3a WHUUMjauMjy W NoAp>KaBarbe npoueca OKCUMAO-pedyKunje
KOMMOHeHaTa NMMPOTEXHUYKE CMeLle. Heka NCTpaxuBarba Cy yKasasia fa ce noseharem
yfena nautona y cMewwm nosehasa 6p3vHa caropeBarba, MefyTum, ca fApyre cTpaHe

MoCTynak 3pHyara CMeLLie ca yaesom namTtona npeko 15 % je ckopo HensBoL/buB. [31]
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MoBehare ygena ButoHa A Yy CMeWM KapakTepulle HeratmBaH yTuuaj Ha
BPEAHOCTN 6Op3MHe caropeBarba W MO3VBMBaH YTWLAj Ha OTMOPHOCT Ha aTMOCHEpPCKe

yTuLaje Yyak u npu ygenuva ButoHa A marwum og 10 %.

Wcnutmearwa yTuuaja ygena sesvsa (ButoHa A) Ha  Op3vHYy caropeBarba
NUPOTEXHUYKMX cacTaBa Ha 6a3n OpraHcKor ropuea y OBOj AucepTaumju cy usBpLUHa
paau yTephmBara ONTUMaNHOr yaena Be3usa ca acrnekTa 3al0B0/betba YC0Ba XeMUjCKe

cTabunHoctu (buhe ncnuTaHa y HapeaHOM nepuoay) n 6p3vHe caropeBatsa.

2.3.4 Texnonozuja uzpade nupomexHuuKux cmeula

TexHonornja nspage NUPOTEXHUYKMX CMeLLa je NMOo3HaTa, U CYLUTUHCKW Ce Huje
Mehana 0f caMuX 3ayetaka. BUTHUjUX pas3ivka y NPou3BOAHY MUPOTEXHUKMX CMeLla
Hekafa 1 cafla HeMa, OCMM LUTO CYy Ce Heke (hase MPOU3BOAHE MOJEPHU30Bae na ce
BULLIE He BpLUe Py4yHO Beh MalLMHCKK, Takohe, 1 6e36eJHOCT TOKOM NPOU3BO/HE je Ha
MHOIO BULLEM HMBOY. MHaue, (hase m3pafe NUPOTEXHUYKMX CMeELLa Makbe-BULLE CY

OCTasie UCTe.

Cama un3pafia NMPOTEXHUYKMX CMeLIa HUje feTa/bHUje OnuncaHa y nmtepatypu v
TO 13 BuWe pa3nora. Npe cBera, n3paga NUPOTEXHUUYKUX CMeLLa je 3aHaT W m3paja
nojeanHNX (hasa ce ydnm WUCKYCTBEHO Kpo3 npakcy. lMojeauHe dase mn3page, wnsrneq
CMeLLe WK cneumpuyaH TPeHYTaK NpPoM3BOAHE CMeLLe Hemoryhe je onucatun jeaHUM
TEPMMHOM, Na ce npuberasa ONUCHUM AeUHMLMjaMa Kao Ha NpuMep ,,KOersmcTeHumja
norojHa 3a 3pHyare“-TepMUH KOju Ce KOPUCTK 3a CreunuduyHo ctarmbe CMeLLe norogHe
BNaKHOCTWN (3acMheHOCTM pacTeapadem), OMTUMasHE 3a Mpouec opmuparba 3pHa
cmewle. [aHac, y 0306W/bHMM BOjHUM (habpukama rAe ce MUPOTEXHUUYKE CMeLle
n3pahyjy, oBaj Npouec je MoAepHU30BaH U CBe (pase Ce M3BOAE MaLUMHCKK, MyTeM
[LABUHCKMX KOMaHAM. PyyHa Npon3BoAHa CMeLLa joLl YBEK je 3aCTyrn/beHa y 3eM/bama
ca jehTMHOM pagHOM CHarom 1 HUCKUM TEXHOOLUKMM HMBOOM, Kao 1 TOKOM pa3Boja U

OCBajarba HOBUX CacTaBa Kaja Ce Nnpase Masie KO/IMYMHE pagn UCMMTUBAHbA.

Cae (hase m3page NUPOTEXHUYKMX CMeLLa B1/10 fa ce OHe MPOM3BOAE PYUHO UK
MaLUMHCKX Ccy NOTNyHO ucte. be3 063upa pa v ce nspaga NUPOTEXHUYKUX CMeLla
OflBMja PYYHO MM MaLLUMHCKM BEOMa je onacHa W yBeK, 6e3 063upa Ha NpUMEHEHN
CTeneH nMPOTeXHWUYKe 6e36eqHOCTM W NpuApXKaeake nponuca MocToju peaiHa

0NacHOCT O NaJbehsa.
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Mnak, npuapyxaBarem nponuca 1 Mepa 6e36ea4HOCTN Ha pady MUHMMaNu3yje ce
MOryhHOCT HacTaHKa Hecpehe, 1 LUTO je HajBaXKHUW]e, NoBpefnBarba Nmua ANPEKTHO Unn
NHAMPEKTHO YK/bYYEHUX Y M3pagy NMPOTEXHMUKMX cMeLla. MHUMAEeHTM TOKOM n3paje
N pyKoBaka MNUPOTEXHWYKMM CMellama [JewaBajy Ce W HaJUCKYCHUjUM
NAPoOTEXHUYapUMa, LWTO [OJATHO MOTEHUMpa npuapXKaBake MNOMEHYTUX Mepa

6e3begHoCTM Npu pagy. [32]

2.3.5 MH3paoa nupomexnuuxkux cmeuia

2.3.5.1 Hpunpema cupoguna.

Mpe npunpeme CUPOBMHA 3a M3pady NMUPOTEXHUUYKMX CMeELLa, BPLLUKX Ce nMpoBepa
KBa/iMTeTa CUPOBWHA, Tj. Aa /M OHe 3a40B0/baBajy 3axTeBe npornucaHe ogpeheHUM
CTaHgapamma. lpunpeMa cUpoBMHA CacToju ce of cnefehunx onepaumja: Cylleme,
MNEBEHE W MNpocejaBatbe. Kako Bnara vMMa BeVKW yTuULAj Ha CTabuaHOCT
NMAPOTEXHUYKNX CMeLla, cafpXaj Bnare Yy CUMpOBMHama KOju Yynase Yy cacTaB
NUPOTEXHUYKUX CMella He cMe npenasutn 0,4 %, M3 TOr pasnora ux je HeonxogHo
CYLUUTN [OK Ce cafp)aj Bnare He CnycTW WCMOL [03BOJjeHOr HuBoa. [paHynauuja
OCHOBHUMX KOMIMOHEeHaTa je Bpno 6uTaH napametap KOjuU MMa 3HadvajaH yTuuaj Ha
(hyHKUMOHaNHe kKapakTepuctuke. [a OM  (PYHKUMOHa/IHE KapaKTepucTuke 6une
PenpoayKT1BHe, U3Mely LLapXW jefHe UCTe CMeLle, HEOMXOAHO je CUPOBUHE CaM/IeTH a
NMoTOM W3BPLUNTM HUXOBY Cenapauunjy Tj. pasfBajarbe no pakumjama-rpaHynaumjn
npv n3pagun ogpeheHe cMeLLle KOPUCTUTU UCKIbYYMBO jedHY, AeUHMCaHY, rpaHynaunjy
3a CBaKy KOMIMOHEHTY MOMeHyTe cMmeLle. MieBewe CUPOBMHA Ce BPLUM HA M/IMHOBMMA
(nocToje Buwe Tunosa). Cenapauuja BeoMa CUTHUX (hpakumja KOS KOjUX je BenmynHa
yectmuya ucnog 10 um BpLUKM Ce Y NOCEOHUM (hynam3vMpaHuM cenapaTopyuma. HakoH
NMOMEHYTUX MNpUNpemMa, MpoBepaBa Ce CajpXkaj Bnare W rpaHy/I1OMETPUCKM cacTas
CUPOBMHE, HAKOH Yera ce MOMEHYTe CUPOBMHE MOTY YrpaguTu Y HEKY MUPOTEXHUYKY
cmewly. Heke cupoBuHe (MarHesunjym, anymMUHUjyM UTA) Ce He MPUNpemajy Ha rope
NMOMeHYTU HauuH Beh ce Kynyjy ca Beh nosHatum cpegmwumM npeyHmkom. Kog oBakBux
CUpPOBMHA BpLUM Ce camO NpoBepa KBasiMTeTa CUMPOBUHe, Tj. Ja /M OHA 3340BO/baBa

3axTeBe ofrosapajyher ctaHgapaa.
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2.3.5.2 Cysa xomozenuzayuja

CyBa xomoreHu3almja je MexaHM4KO MeLLare rnpaxoBa CUPOBUHA Of KOJUX ce
CMeLLa cacToju. MeLuarbe NpaxoBa Ce MOXe BPLUUTU PYYHO MPOTEpMBaHbeM KpPOo3 CUTO,
ofpeheHe BennUYnHE 0TBOPA, HEKONIMKO nyTa (06MYHO YeTMpuW [0 NeT nyTa) AOK cMmeLla
He Oyae XOMOreHa. YKO/IMKO Yy cacTaB CMelle Yynasu BULLE Of TPXU KOMIMOHEHTe
npuberasa ce BULLE(A3HOM XOMOreHM30Bawy. Tafda Ce Ha NPUMEP Hajnpe MeLlajy
OKCMAaHCU W ropmBa OfBOjeHO, Na Ce OHAAa BpLIM HWUXOBO CacTaB/bake W
XoMoreHumsaumja. Liu/b oBe onepauunje je ga ce MOCTUTHe WTO Beha XOMOTeHOCT
OCHOBHUX KOMMOHEeHTW. OBa orepauuja ce MOXe BPLUUTM U MalLIMHCKN Y 6yOHeBuMa
ca cnupanom unu y B-mewaumma. Bpeme Mewawba ce oapehyje eKcnepMMeHTa/IHO 3a

CBaKy CMeLLly NoHaoco6.

2.3.5.3 Pacmeapare ge3usa

Be3nBo ce, MeXaHMYKOj CMELUM OCHOBHMX KOMMOHeHaTa, 0O6MYHO fofaje Yy
001Ky pacTBOpa a OH/a Ce U3 pacTBOpa NPOCYLLMBaHEM U NPELUUNUTALNjOM HAHOCK
Ha 4YecTuLe CMelle. YKO/IMKO je Be3MBO HeKa ernokcu maca, y TOM Ciyyajy ce y 0BOj
(ha3n BpLUM Meluake CMone U ousplihmBayda y ofapeheHOM OfHOCY. Y 3aBUCHOCTU Of,
BPCTE Be3MBa KOPUCTE CE WM pa3MuMTX pacTBapayn. PacTBapare Be3uBa BpLUN Ce Y
pasINYMTUM NabopaTopujCKMM YallamMa unuM bouama HenpekuaHUM MeLlaweM Wn
MyhKarmeM [0K Ce BE3MBO NOTMYHO He pacTBOpWU. KonmumHa pacTBapava ce nojellasa
Tako ga omoryhu pacTBapawe LIENYKOMHe KOMM4YMHe Be3uBa. KonmumHa pacteapava

MOXe 6UTU 1 Beha YKOIMKO TO MOCTYNaK 13paje CMeLLe 3axTeBa.

2.3.5.4 Meware cyso xomozeHu308ane cmeuie ca pacmeopom 6e3usa

YKONMKO ce 0Ba (pasa pagy pydyHO, Yy PacTBOPEHO Be3MBO Oje Ce Hanasu y
MopLeniaHCKOM WM MEeCUHraHoMm Ccyay Aojaje ce CyBO XOMOreHu3oBaHa CMeLLa.
Mellarwe ce BpLIM NOPLENAHCKMM WU CTakfeHUM TyykoM. TOKOM OBe onepauuje
BpLUW Ce ,,yTp/baBare CMeLLe™ Kako 61 ce cBaka YecTuua CMeLLe LWTo 60sbe ,,0KkBacuia“
pacTBOpPOM Be3uBa U pacTBapaya. VIcToBpeMeHO, OBOM OMepauujoM ce BpLUK W
npocyLuvBarke CMeLle A0 ,,KOersucTeHuumje MorofHe 3a 3pHyarbe® Kpo3 umcrapasarbe
pacTBapaya. YKO/IMKO Ce pacTBapay Hasiasn y BULLIKY, NPOCYLUMBaEe CE& MOXE BPLUNTU

W TonAMM BasdyxoM. Jla 6M ce Be3MBO LUTO PaBHOMEPHWje HaHeNo W Kako 6w
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NPEeKPUBEHOCT YecTuLa CMelle Be3MBOM 6una WwTo Beha, HEOMXOAHO je KOHCTaHTHO
MeLlake CMeLLe. YKO/IMKO Ce BEe3VBO M3 pacTBOpa, Ha YeCTuLe CyBO XOMOreHU30BaHe
CMeLle, HAHOCK  NpeuunuTayMjoM, HaKOH jJojaBakba  CYBOXOMOrEHU30BaHMX
KOMMOHeHaTa CMeLLe pacTBOPY Be3uBa [oJaje Ce HOBW pacTBapay y KOMe Ce BE3VBO He
pacTBapa a Koju ce Ao6po Mella ca pacTBapavyem Yy KOMeE je BEe3MBO MPETX0AHO
pacTBOpeHo. HakoH fofaBakba Apyror pacTeapaya, 4onasv Ao npeuunuraunje Besmsa u
OHO Ce paBHOMepHO pacriopefyje MO YBPCTUM KOMIMOHEHTamMa NMUPOTEXHMUKE CMELLE.
HakoH Tora ce BpWW AeKaHTauuja CMelle pacTBapaya, CMella Ce Maio Npocywn u
npunpemmn 3a 3pHyawe. OBa onepaumja ce Takohe MOXKe BPLUMTU MALLUMHCKU Y
rkbeTamuaMa uam nocebHUm Mewadnma. Heke cmewe (ycnopauvke) je 60/be
n3pahmeatn y rebetainuama jep Kog tux je BeoMa BaKHO Aa Ce U3BpLIM LITO 60/be
»yTp/baBare” KOMMOHeHaTa CMelle ca Be3WBOM Kako Ou ce 06e3beauna BMCOKa
PENpPOAYKTUBHOCT 6Op3nHe caropeBara KOja je KO OBWMX CMewa Bpno OuTHa
(hyHKUMOHaNNHa KapaKTepucTUKa. Py4HMM nyTem Taj CTeneH penpojyKTUBHOCTU 6e3

00631pa Ha YNOXKeHN TPy, je TeLKo nocTuhu.

2.3.5.5 3pruamwe cmewe

HakoH npocylunBara CMeLle O CTakba MOrofHOr 3a 3pHyatbe, Creay 3pHYaHe
CMellle KpO3 MecuHraHa cuta ogpeheHux oTeBopa. Y 0BOj (hasu ce ,,npoTepuBarbem*
CMeLLIe KPO3 NMOMEHYTa CMTa BPLUKX (hopMUparbe rpaHyna-3pHaua NnMpoTEXHUYKE CMELLIE.
Op cagprkaja 3a0CTasior pacteapada y CMeLLM Koja ce 3pHuYa 3aBucuhe msrneq 3pHa
CMeLLe. YKOMMKO je caapXaj pacTBapaya Behu o onTuMasniHor, Aobwjajy ce 3pHa Koja
BULLE /MYe Ha pe3aHUue Hero Ha npaBWHO o06/nMkoBaHa 3pHa. OBakBa 3pHa
NUPOTEXHMYKE CMELLE MMajy CMakbeHy CNo60AHY MOBPLUMHY a 0Tyda U Maky O6p3vHy
caropeBara. OBako NMpPoO3pHYaHa CMeLla Nopes HaBeLeHOr HefocTaTka MoXe Aa 13pasu
jolwl Heke MaHe Yy (pasamMa Cyllewa (fonasv A0 fensbewba rpaHyna v opmupara
[INCKOBA KOju CY HeMoAecHM 3a Aasby ynotpeby), npecoBaka UM nabopaunje Takee
cMewle y ofpeheHe nupoTexHWuKe enemeHTe. Ca gpyre cTpaHe YKO/MKO je CMelua
,CyB/ba" HEro Wwto 6u Tpebano, NPUINKOM NPOTEPMBaHba CMELLIE KPO3 MECUHraHa cuta
nohn he 0o noma opmMmpaHnX rpaHyna U cTeapaka npatlmHe. NomeHyTa npawnHa je
HEMOXe/bHa, MOLLTO HEH CaCcTaB HMje XOMOTEH U CafpXXm Makby KONMUYMHY BE3MBA, TaKO
Ja je MNOANIOXHWja Cho/ballkbUM  yTULUAjMMa W UHUUMjaunju  npu  ,,rpy6roj“

MaHunynaumju.
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2.3.5.6 Cywerve cmeute

CyLlere CMeLle HAaKOH 3pHYaHa BpLUW Ce Y CyLUHMLUaMa ca BOAEHUM OMOTaYeM
WM CyLLUHMLAMa KOje Ce 3arpeBajy TOmnMMm BasfyxoM AoBefeHVM ca cTpaHe. Cmella ce
pacropefyje N0 MeCUHraHUM TalHaMa Y TaHKOM C/ojy U CyLLIM Ha 65+5°C 10K cagpikaj
ncnap/euBmMx Matepuja y cmewn He 6yae ucnog 0,4%. YKOMMKO ce Kao Be3vBO KOPUCTY

enoKcu mMaca OHAA Ce CyLLeHE BPLUM HaKOH NPecoBatba, Kaja ce BPLUM YMPeXXaBarbe.

2.3.5.7 Ilpecosarve

YKONMKO Ce CMelle He KopucTe y 06/MMKY 3pHa OHAa Ce MpecoBareM W
ekcTpy3njom 06e36efyje 06/MK Koju je noTpebaH 3a nabopauujy y opapeheHn
NMPOTeXHWYKN eneMeHT. OBa onepauuja ce obaB/ba ynoTpeboM pas3nnuunTmX npeca unm

eKCTpyaepmma y oarosapajyhum anatmma.

2.3.5.8 lakosarmwe

YKONMKO Ce CMeLLia He NabopuLLe 1K Npecyje 0AMax HaKOH M3pafie Heonxo4HO
je MponncHO ynakoBaTu 1 YyBaTW. [akoBare Ce BPLUM Y XePMETUYHMM Mocydama of
e/leKTPONPOBOA/bMBE TYMe WM MeCuHra, a uyBajy Yy MNOCeOGHMM npocTopujama

HaMeHEHVM 3a Ty CBPXY.

YKOMMKO Ce NMaHMpa 4yBakbe MOMEHYTUX MUPOTEXHUUKMX CMELIa Y AyXKeM
BPEMeHCKOM Mepuofy npe nakoBara HEOMXOAHA je MpPoBepa caapyaja Bnare v yKynHo

ncnap/bMBMUX Martepuja.

2.3.5.9 Jlabopauuja

Yrpagta NMpoTexHUYKe cMelle y oaroBapyhn NMPOTEXHWYKM eleMeHT BPLUU

ce nocTynuyuma nponMcaHnM 3a 1abopawmjy KOHKPeTHOT CpeacTBa.

2.3.6 @yuxkyuonanune kKapaxkmepucmuxe nupomexuuukux cmewa 3a I'l' BB

npojekmuna

XeTeperoHn koHAeH30BaHu cuctemun (XKC) reHepasHO MpefcTaB/bajy LUMPOK
CMEeKTap eHepreTckM boraTmx cacrtasa Koju yKibyuyjy 6apyTe, UBpcTa NOroHCKa ropmea,
NAPOTEXHMYKe CMewe U ekcnjo3mee. [lpouec  caropeBatba  XETEPOreHmx

KOH/JEH30BaHUX CUCTEMA, Y KOje chajajy W NMPOTEXHUYKE CMeLle, MpeAcTaB/ba
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KOMMeKcaH (PeHOMeH KOju ce kapaktepuile cnegehum cneumuyHocTmMa: (asHUM
NpoOMeHaMa y 30HW caropeBaka, BPEMEHCKa 1 NPOCTOPHa HEXOMOTEeHOCT TemrnepaType
N 6p3nHe caropeBama, arnomepauvja v Aucnepsnja KOMMOHeHaTa W npofykaTa
caropeBatba XKC, KOHLEHTpauUujCKe rpaHuue caropeBara, UTA. Ped M MNOTMYHOCT
XEMUJCKMX peakumja y 30HM caropeBawa XKC He 3aBUCU CaMO Of, E€HEPreTCKMX
napameTapa Beh 1 0f CTPYKTYpe Myherba (MOPO3HOCT, 06/IMK U BENNYMHA YeCcThLa,
ntg.). [33]

OcobeHOCTM  npoueca caropeBawa MUPOTEXHUYKUX CMella  3axTeBajy
cneuujasiHy Naxwy MPUINKOM UCNUTMBaHa (PYHKLMOHAMIHUX KapaKTepucTuka pagu

HUXOBE KOPEKTHE KapaKTepusalyje.

2.3.6.1 Makcumannu npumucak npooyKama cazopesarsa vy MAaHoOMemapcKoj

oomou

MakcrManHu NpuTMcaK Npoaykata caropeBakha Yy MaHOMETApCcKoj 60M6U Heke
NMPOTEXHNYKE CMeLle, 3a oapeheHy TYCTUHY Mykea, Tj. OAHOC Mace CMeLle U
cnobogHe 3anpemmHe y MaHOMETapCckoj 6omM6u, npeacTaB/ba ,,0TUCAK MNpcTa“ 3a

KOHKPETHU CaCTaB.

Uak 1 Bpno masne MpPOMEHE Y XeMWJCKOM cacTaBy, KBa/MTeTy KopuwheHux
CUPOBMHA, rpaHynauunju cMeLle, na Yak U HeHoj XOMOreHOCTU Y OKBUPY LLAPXKe, MOXKe

Ce 0/pa3nTK Ha pPe3ynTaTe UCMINTUBAHbA.

YnpaBo 360r Tora cy pe3yntatm WUCMUTMBarba MakKCUMaHOr MpUTUCKa
npofykara caropeBaka, BaXkaH W3BOP KOPUCHMX MojaTtaka O KOHKPETHOM
NMUPOTEXHUYKOM cacTaBy. OHM MOry yTuuUaTVM Ha yCMepaBawe TOKa HapegHux (hasa
NCTPaXKMBakba WM Ha MPOLEHY CTawa UCMUTaHe MUPOTEXHUYKE CMelle. PesynTatu
MCcnMTUBaba MOTy YyKasaTh Ha: OpjeHTaumMoHM cacTaB mpofykarta caropesanwa (yaeo
YBPCTE M racoBuTe (hase-Ha COHOBY BPeAHOCTM MaKCUMa/IHOT MPUTUCKA), MPUNa/bUBOCT
NMPOTEXHUYKe CMelle (Ha OCHOBY BpeMeHa Kallkberwa npunabuBawa) U Op3nHYy
OKCMI0-PefyKLUMOHNX peakumja (Ha OCHOBY YKYMHOT BpemeHa caropesana). Pesynratu
Meperba MaKCMMalHOr MpUTUCKA MpoJyKaTa caropeBara Y MaHOMETapCKoj 60M6u
cacToje ce of nojaTaka O BpeMeHy Kalltbera npunabrBara, BPeMeHy YKYMHOT paja-
caropeBarba M BpPEAHOCTM MaKCUMAIHOT MPUTUCKA KOjU Ce MyTeM aKBU3ULIMOHOT

cucTeMa Ha OMUTHOj CTaHUUW 6enexke y oapeheHnM (Y 3aBUCHOCTM Of MOCTaB/bEHMX

61



2. TEOPETCKHU JIEO Cunuwa Hawazuh

3axTeBa W OYEKMBaHUX BPeAHOCTM) BPEMEHCKUM WHTepBaiMMma (nepuoanma

cemMmnoBatba, Hajuelhe o4 oko 9,999997x107s).

2.3.6.2 bp3una cazopesarva

OpnpehuBarbe 6p3nHe caropeBarba [34] NoajeaHaKo je MHTEPEeCaHTHO 3a CKOpO
CBE BPCTE MMPOTEXHUYKMX CMeELUa, MOLUTO OHAa MPeAcTaB/ba UHTErpaiHyU napameTap
npoLeca caropeBaka NMPOTEXHUYKMX CMeLLa. Teopuje caropesarba [35, 36] XoMoreHmx
GapyTa 3a CTpesbavyky MyHULM]Y 1 eKCNio3mBa, 360r BeNMKOr 6poja NpeTnocTaBKu Koje
6u mopane ga ce yBefly HUCY npuMeH/buBe Ha XKC M NUPOTEXHUYKE CMeLle Te ce

HEHOM NpoyYaBatby Mopa Npuhi AeTa/bHUM M3yYaBareM YTULAjHUX MapaMeTapa.

Kop cmella koje cnyxe 3a NpoM3BOAHY racosa, 6p3vHa caropeBara YCKO je
nosesaHa ca ()/lyKCOM racoBUTUX MpoJyKarta Ha AHY MpojekTuna, a caMmuM TUM U Ha
BPEAHOCT pPg O uUMjeM yTuUajy Ha KoeuumjeHT 6Ga3HOr oTnopa je 6uno peun y
npeTxogHoMm feny. lpouecy caropeBatba MUPOTEXHUYKE CMeLle MPEeTXoaM npouec
NHULMpara (Npegnabera) U Nasbera. VicnuTnBameM pexkuma caropeBana, 40Ka3aHo
je [ia ce caropeBatbe Yy NMMPOTEXHUYKMM CMeLlama OflBu1ja Of cfioja Ao cnoja, yrepheHo

je 1 ga 6p3nHa caropeBarba 3aBMCK 0f HM3a (haKTopa Koju ce Mory noaenvTu Ha:

e yTMUaj XEMMJCKOI cacTaBa CMeLle KOju ce MaHU(ecTyje Kpo3 (m3muyko-
XEMWNJCKE KapaKTepUCTMKe cacTaBHMX KOMMOHEHaTa 1 hbUXOB MaceHU 0HOC,

e YTNUAj (M3NYKNX (PAKTOPA Of KOJUX CY HAjBAXHUjU: TEMNepaTypa OKO/MHE,
crnosballkby NPUTUCAK, Maca CMeLLe, MPEeYHUK N LY>XXUHA OMUTHOT MyHEHba,
AMCNEepP3HOCT KOMMOHEeHaTa CMeLLe U NPUTUCaK NpecoBakba.

MocTojehe MeTofe Mepera 6p3nHe caropeBana je Moryhe Ha OCHOBY IM3UYKOT

(heHOMeHa NoAEeNUTY Ha TPW Fpyne:

e METOJe KOje Ce 3aCHMBajy Ha perncTpaumju CBeT/IOCTU MNiameHa;
e MeTOAe KOje Ce 3acCHMBajy Ha PeructpoBakby Temneparype WM cTeneHa
JOHM3aUMje (PPOHTa caropeBara,;
e METOAe KOje Ce 3aCHMBajy Ha perucTpoBarwy MpPUTUCKA NpoAyKaTa
caropaBamba y 3aTBOPEHOM NpPOCTOpYy
MpunpemMa MUPOTEXHUYKMX cacTaBa 3a WCMWUTUBAHE, TOKOM M3pafe OBe
aucepraymje, BPLLEHO je npecoBakeM cMewa npecom "DUNKES" (cnvka 13) y3 nomoh

ofrosapajyher anata h KOHCTaHTHOM NPUTUCKY NpecoBara of 200 bar.
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OpMepaBatbe Mace MUPOTEXHUUKE CMeLle 3a ofpeluBarbe 6pP3vHE caropeBarba

BPLLIEHO je Ha ayTOMAaTCKOj Barwm.

Cnuka 13. Bepmuxanna npeca ,, DUNKES*

Meperwe 06p3nHe caropeBarba BpLUEHO je Y3 nomoh ypehaja VOD 811
npouseofhaya OZM Research s.r.0., Peny6nmka Yewwka. MowTo je ypehaj npBoOGUTHO
HaMeteH 3a Meperbe 6p3vHa AeToHaumje eKCnio3nBa M3BPLLEHE CY M3MEHE HEeroBor
coTBepa Kako 6u aobujeHe BpeAHOCTW 6p3uvHa caropeBarba MUPOTEXHUUYKMX CMeLLa
Oune KOPEKTHO NpuKasaHe. Y3umajyhu y 063vp nepuof ,.cemnnoBama” (Bpeme nmehy
[lBa y3actornHa Mepewa) og 10 ns 1 Bpeme Tpajama ,,cemnioBara“ o 1 ns, ypehaj VOD
811 ce NokKazao Kao M3Y3eTHO MPeum3HO M Noy3haHO CPefcTBO UCMUTMBaHa Op3vHe

caropeBatba MMPOTEXHNUYKMX CMELLIa.

Cnuxka 14. VOD 811 — ypehaj 3a meperve 6p3une 0emonayuje-cazopesarsa
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Mopes NabopaTopujcKMX UCMUTUBAHA OP3KHE caropeBatba Y anyMUHUjYMCKUM

LleBYMLlaMa, M3BpLUEHA Cy M Mepetba Op3vHe caropeBarba MUPOTEXHWUKMX cacTaBa y

YyenMYHUM TenMma Koja ce yrpahyjy y kyhuwte opuruHanHor ' BB npojektuna

57 mm. [e6/bMHa 31MaoBa YennuHux tena nywewa I'r je 0,15 mm (Cnuka 15), gok je

rycTuHa OBMX Mytera Ouna WAeHTUYHA TyCTUHAMa MyHetba YNPecoBaHWX Y

anyMUHMjYMCKe LieBUMLE.

Cnuka 15. Iupomexnuuxe cmeue ynpecosane y uenuuno xyhuwme jeounuye I'T’

2.3.6.3 Enepzemcku nomenuyujan

EHepreTcky noTeHuujan ce feMHULLE Kao KOAMYMHA TOM/IOTe Koja ce

ocnoboan peakumjom Aekomnosuumje (caropeeara) 1 g MMPOTEXHUYKE CMeLLEe Y

KanlopMMeTapckoj 6oM6u, a ofpehyje ce caropeBakeM y30pKa y BaKyymy, aTmocthepu

aproHa unv asota [37]. TonnoTa caropeBatba AeuHNMLLE Ce Kao
KONMumMHa TOMJIOTE Koja Ce 0Cnoboau caropeBarbem Yy3opka Yy

aTMOC(epy KMCEOHMKa UK BasayXa.

EHepreTckn edgekat (eHepreTcku mnoTeHuujan) npu
caropeBarby MMPOTEXHUYKMX CMELLIE jedaH je of BUTHMX (hakTopa
Koju ogpehyje HUXOBY YNoOTPe6/bUBOCT U e(PUKACHOCT.
KonmuMHa TonnoTe Koja ce 0cCnobogu npu  caropeBakby
NAPOTEXHUYKMX  CcMmewla  ogdpehyje  ce  Hajuewhe vy
Ka/lopMMeTapckoj 60M6u (MK HEKOM [PYromM eKBMBA/IEHTHOM

cuctemy). EHepretckun egekat ce MOXe O4peanTV N padyyHCKUM

i

S

&1
).

-\\_\\

i

2

s

MyTeM, Ha OCHOBY BPEHOCTU CTaHAAPAHUX TON/OTa (EHTaNMKMja), CTBapatba peakTaHaTa

N NpojykKaTa peakumje caropeBarba (XecoB 3aK0H).
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MpopayyH eHepreTCKMUX KapaKTepUCTWKa faje HerpeuusHe pe3yntare ako ce
y3My Y 003Mp 1 UYMHEHULE [a Ce peaKkLumje caropeBarba 0ABWNjajy Yy YCNOBMMA KOju Ce

[l0CTa pasnnKyjy of CTaH4apaHUX.

MMowTo Ccy peakumje caropeBara BeOMa KOMIMJIEKCHE, U Yy BehnHU cny4vajeBa
pagn ce o0 Behem 6pojy napanesHMX peakumja (4eCTO je ped M O NPeTrnoCTaB/beHUM
peakuujama, Npy 4YeMy ce TELKO MOXXe W3ABOJUTU peakumja Ynju ersoTepMHu edekar
LOMVHMPA, EHEPreTCKe KapakTepucTrKe NMPOTEXHMYKNX CMeLLa ce Hajuelhe ogpehyje

eKCNepUMEHTASTHO.

OppehunBarbe EHEpPreTCcKOr noTeHUMjana M3BPLUEHO je Yy aavjabaTCKom

kanopumetpy MKA-L1400, Cnuka 16, no metoam onucaHoj y [38].

—

Cnuka 16. Aoujabamcku kanopumemap UKA-1]400

2.3.6.4 Temnepamypa camozana.verva

OppehunBate OCET/bLMBOCTM MUPOTEXHWUKMX CMeLlla Ha €HepreTcKU WMMYIC
cacToju ce npe ceera y ofpefluBatby TemnepaType camo3ana/berba, Kpo3 MpoLec

NHOMPEKTHOr 3arpeBara cMele [39].

Cse MeToAe ncnutrBarba TeMnepaType camosana/betba 3aCHOBAHE Cy Ha UCTOM
eKCNepUMEHTa/IHOM MPUHLMNY, NMPU YeMy Ce pas/iMKe 3aCHUBAjy Camo Y MOCTYMKY
Meperwa. MeToga WCNUTUBaKA TemnepaTrype camo3ana/betba rpejabeM Y30pka Yy
MeTaIHOM 610Ky npeAcTas/ba NPUHLMN paga ypehaja Ha KojeM Cy BpLUeHa UCNUTMBaHbA

3a noTpebe n3pagie oBe AucepTaLyuje.

Temnepatypa camo3ana/berba MpefacTasba HajHMXKY TemnepaTtypy Ha Kojoj
[0/1a3n [0 TPeHYTHOr MNa/bera MUPOTEXHUYKE CMeLle. Y MOMEHTY Na/berta CMeLle

jaB/ba ce CUrHan y BuAy pas3MumMTMX edekata Koju MOry OUTW: MaameH, AUM Uu
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npacak, Koju NpeAcTaB/ba 3aBpLUeTak Mepetba. OCET/bUBOCT MUPOTEXHWUUKE CMeLLe Ha
[AejCTBO TOM/OTE je BP0 BXKHO Ca acnekTa 6e36e4HOCTH, MPOM3BOAHE, CKNAAULLITEHA

M NPaKTU4YHE NPUMEHE, Kao 1 3a HEHO NOY3AaHO NHNLMPaHE Y XKE/bEHOM TPEHYTKY.

Temnepatypa camo3ana/betba Huje CTporo ogpeheHa BenmumHa. OHa MOXe
BapupaTty y 3aBUCHOCTM Of, Mace Y30pKa, rpaHynauuje, HauMHa 1 Op3viHe 3arpeBama,
KOHCTPYKUMje anapatype 1 apyrux akropa Koju ogpehyjy ycnose npeHoca TonaoTe u

npoLeca caMoo/p)Katba peakLinje caropeBatba.

AKO Cce 3arpeBarbe CMeLLe BPLUM CNOPO, MOXE Ce AeCUTU fa A0 Na/bera YonLiTe
1 He fohe, YKONMKO ce Behr 4eo cMeLle pasfioxkm y 061acTn HXUX TeMnepatypa Ynve

Ce pa3narake CMELLE 3aBpLiaBa 6e3 nasberba.

3a ogpehuBarbe TemnepaType camo3ana/bera MOry Ce KOPUCTUTW pasnnuuTe
anapatype, MehyTuM, CyLLTHA OBOI MpOLieca 3aCHOBaHa je Ha Tome fJa ce ofpeheHa
KonnumnHa cmete (oko 0,05 g) yHece y OTBOP MepHOr 6/10Ka, Ca TauHo AeHUCAHOM
TEeMMepaTypom, 1 Mepu Bpeme [0 HEHOr camo3anasbera. Bpeme Koje NMpoTekHe of
TPeHYTKa YHOLLIEHA CMeLLIE, Y CPeAVHY 3arpejaHy 1o TemnepaType Ha Kojoj Moxe gohm
[0 3ana/bekha CMelle, 40 MOMEHTA HEHOT CMOHTAHOr MNa/betba, HasMBa Ce ,Bpeme
VHAYKLUMjE™ 1 3aBUCK Of BULLE (DAKTOPA Kao LUITO Cy: TOMMOTHA NPOBOA/LMBOCT CMELLIE,

CMOCOBHOCT caropeBatba, UTA.

Cnuka 17. Vpehaj 3a ucnumueare memnepamype camo3and. bera

PesynTaTty UCNWUTVBatba BPEMEHA HAYKLMje Ha 0abpaHiM TemenepaTypama cy
napameTpu umje ce BPeAHOCTM MpUKasyjy Ha Aujarpamy 3aBUCHOCTM TemrepaTtype

NCNUTUBAKbA M BPEMEHA MOC/e KOjer f0/1a3un 0 caMo3ana/betba CMeLLe.
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HakoH u3BpLUeHa Mepera y AeMH1CAHOM Orcery Temrneparypa, orpaHM4YeHoMm
BpeMeHOM MHAyKumje (2<t<10 s), ekcTpanosaunjoMm npase Temnepartypa-speme (T-t),
[0 npeceka ca T-ocoMm, gobuja ce BPeAHOCT TemnepaType camosana/bera, Koja ce
fe(hMHULLIE Kao HajHMXKa TemnepaTypa Ha K0joj Ao/sas3v A0 TPeHYTHOr nasbetba CMeLLe

(Bpeme nHAYKUMje jeaHaKo Hynu). [28]

2.3.6.5 Tonnomna npoeood.vueocm

3a pa3nMkKy Off €NeKTPOHCKe WHAYCTPUje Yy KOjoj ce MmeTann, Kao Aobpw
NPOBOAHWULM, YrNaBHOM, KOPUCTe 3a 0/BONere TOM0Te Ca eIEKTPOHCKMX KOMMOHEHTH
KOje ce TOKOM paja 3arpeBajy, oABohere TOM/J0Te M3 30HE XEeMMJCKMX peakuuja y
OKOJ/IMHY TOKOM caropeBarba MUPOTEXHNYKMX CMeLLa MpeacTaB/ba HenoxXKesbaH npoLec.
YCnoBum UcnutrBara 3acTyrn/beHn TOKOM 1abopaTopmnjcKUX UCMUTUBaHA HEPETKO Ce He
noknanajy ca ycnoBuma paja racoreHeparopa y peajHUM YC0BMMa eKcrsoarauuie.
HemoryhHoCT umutalmje peasHMX ycnoBa paja, 3aCHOBAHO je Ha YMHeHWLM Aa cama
KOHCTPYKUMja npojekTuna n jeanHuue 'y Bennkoj mepyn Hamehe ogpeheHe TONIOTHE
ryoutke Koje je BP0 Tewko anpoKCUMupaT¥ W NPeAcTaBUTU  YHUBEP3ATHUM
KoedmumnjeHToM. Y3umajyhu y 063up [a rnaBHy pasuky wusMehy pesynrtata
ncnutmBara y 1abopaTopujckMM U peasiHAM YCNOBMMA, MNpeAcTaB/ba HEnocpeaHo
OKpYXKeHe MUPOTEXHUYKOT Nyhena (Apyrn Matepujan u aebrbuHa obnore, Besa obnore
ca OCTaMM efemMeHTUMa BWLLEr ckona), MoryhHocT npeasuhawa BPefHOCTU
(hYHKUMOHANHNX KapaKTepuCTUKa Yy peasHUM YCOBMMA eKcrjoaTauuje Ha OCHOBY
pesyntata [A06MjeHUX nabopaTOpUjCKMM UCnMTUBawkMMa Y3 nomoh ogrosapajyher
(hyHKUMOHaNHOr npeacTasB/baia 61U MOhHO OpyXKje CBakor nupoTexHonora. Kako 6w
yTuUaj TONOTHUX rybuTaka, ckiona y Koju ce yrpahyjy NUpOTEXHUYKA MyHera, Ha
nepdopmaHce ' 6o NpefBuAMB, CyLITMHA MpoLeca NpeHoca TomnoTe 38 KOHKPETHY

KoHdurypauunjy I'T mopa 61UTK NpeameT AeTa/bHUX UCMUTUBAHbA.

TOKOM MCTpaXumBara 3a NoTpebe nspage oBe AucepTaumje nojaBmna ce noTpeda
3a MepeweM U nopehereM TOMIOTHE NPOBOA/LUBOCTU MUPOTEXHUUKMX MyHeha. 3a
notpebe Mepewa Mpupacta TemnepaTtype OMNUTHMX Yy30paka KopuwheHa je
TepmoBu3njcka kamepa FLIR SC620, npounssog gupme ,,FLIR Systems®, Inc. Kamepa je
NPOjeKTOBaHa Tak0 [a CHMMa TepMaslHe C/MKE OMUTHUX Yy3opaka, Y3 MoryhHocT

O3HauaBarba feNa Yy3opKa 0/ MOCEGHOr MHTepeca 3a UCTpaxkuBarbe, uume he ce
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npuKasaHu pe3yntatv Meperba 0A4HOCUTU UCK/bYUYMBO Ha O3HaYeHU Aeo y3opka. Pey je o
Kamepy BUCOKMX NepopmMaHcu Ymju je oncer mepewa feuHucaH VL, cnektpaiHoM
pervjom, fajyhn TepmasiHe CiMKe ONUTHOT Y30pKa Y peasiHOM BpemeHy 1 6e3 notpebe
3a (JM3MYKUM KOHTaKTOM ca Y30pkoM. Kako 6u rpagujeHT Tonnote 610 MpeumsHO
fle(hMHUCaH 3a 3arpeBarbe y3opaka, kopuwheH je ypehaj 3a UcnutuBake Temneparype

camo3ana/bera, Koju je feTasbHO 0bjallbeH Y MPEeTXO0AHOj Taukn 0Be Auceprauuije.
2.3.7 Cmabunnocm nupomexuHuukux cmeuia

Bennkn  6poj pasnnumTux MaTepujana Koju ce KopucTe 3a u3pagy
NMUPOTEXHUYKNX CMeLLa MOry Moz oapeheHnM ycnoBmMma 1N3a3BaT HeXXerbeHe XeMUjCKe
peakumje Koje MOry HeraTMBHO YTULATK Ha HUXOBY CTabUIHOCT. MocToju BEIMKKN 6pOj
PasNINUNTUX MUPOTEXHUYKUX CMELLd, HEKE Ce pasfiMKyjy camo MO YyAeny OCHOBHMX
KOMMOHeHaTa, Apyre no BPCTW yrnoTpeb/beHOr OKCUAaHca, ropmea uam Besnsa. Mopep
cBera nobpojaHOr ca CBakOM Of, MOMEHYTUX KOMIMOHEHTM Yy cacTaB CMeLle ynase u
pasnnumTe npuMece 3aoCTasie TOKOM MpoLeca HUXOBe MNPOU3BOAHbE LUTO A0AATHO
YCNOXHaBa NpoLec npoyyasara CTabUNHOCTU NUPOTEXHUYKUX cMella. CTaHgapan 3a
nojeaMHe CMPOBMHE WUCK/bYYYjy NPUCYCTBO oapefeHMX npumMeca Koje 6w morne jga
OCTBape HeraTvBaH YTuLaj HA Ty KOMMOHEHTY afiv Ce yTuuaj TUX npumeca Ha fpyre
KOMMOHEHTe, peasiHo, 360r pPasHOBPCHOCTU MUPOTEXHUYKMX CacTaBa, He MOXe HU

NPeTnoCcTaBnUT.

MeTa/lHM NpaxoBu MarHesnjyma, anyMuHnjyma v LiMHKa Bp/io Ce YeCTO KOpUCTe
Kao ropuBe KOMIMOHEHTE MUPOTEXHUYKUX CMeLla Yy KOMOMHauuju ca HUTpatuma u
nepxsiopatMmMa y yno3u OKcugaHaca. Y OBWM CllydajeBMMa MpUCYCTBO aTMoCqepcke
B/flare OCTBapyje 3HayajaH yTuuaj Ha Aetepuopauunjy nepgopmaHcy MUPOTEXHUYKE
CMeLle a y eKCTPEMHMM YC/IOBMMA OrpaHunyeHe 3anpemmnHe, y peakuuju ca nobpojaHnum
KOMMOHeHTamMa MOry u3as3BaTh ocnobahare racoBUTUX npofykata W [AeToHauujy
NMAPOTEXHUYKOT  efleMeHTa. [MPOTEXHWYKE CMeLle MOL/I0KHE  MPEBEP3NOUITHNM
peakuMjama ca BOJOM, Yr/laBHOM je pey O CMelama ca MeTa/lHAM MpaxoBMMa,
noHawahe ce Kao 0BNaXXMBaY y CPeANHN Y KOjOj Ce Hasase CBe [0K He npopearyjy ca
CBOM [OCTYNHOM BfaroM WM [OK MeTa/lHa KOMMOHeHTa MUPOTEXHUYKE CMeLle He

noctaHe NOTNyHO HeaKTUBHA YC/e[ y3Hanpeaosasior npoueca koposuje [40].
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M3 Tor pasnora HeEONXOAHO je WAEHTU(MKOBATM HajOUTHMje HEMOXKEerbHe
npouece, 6p3vHYy OfBMjaka TUX MpoLeca Kao M HUXO0B YTULaj Ha (YHKLUMOHA/IHE
KapakTepucTuke oapeheHor cactaBa. Bennku 6poj pa3nmuntux aktopa noBe3aHnx ca
NPEeTXOAHO peyeHMM MpPo61eMOM MOry OCTBapuUTW 3HauvajaH yTuuaj Ha CcTabunHoCT
NMPOTEXHUYKe cMeLle. Hekn of oBMX (hakTopa Ce OAHOCE Ha PasIMUUT KaTaIUTUUKN
yTrLaj (Ynja je nprMpoa jow yBeK NpUanNYHO HerosHata U HeJOBO/bHO UCMWUTAHA) jefiHe

KOMMOHEHTE U HeHUX MPUMECa Ha AerpafaLvioHe NpoLiece Apyre KOMMOHEHTE.

Mpouec pectabunusaymje NUPOTEXHNUYKMX CMeLLA Y MHOTOME je KaTam3oBaH
npucyctsom Bnare. lpoy4yaBarbe OBWUX MOjaBa Yy peasiHAM YCNOBMMAa [A0AATHO je
oTeXaHo cropowhy noMeHyTMX peakumja. W3 pasnora npegsuharma Mcxopa HEKMX
npoueca Aectabunusaumje n ofpehmsara poka ynotpebe MUPOTEXHUYKMUX cacTaBa
BpWW C& WCMUTUBaHEM WCTUX Y BELUTAYKUM YC/IOBUMA, Yr/1aBHOM W3/arakbem
yCNOBMMa MOBUMLUEHE TemrepaType 1 Bnare. Tako f0OMjeHn pe3ynTaTv Hemajy Heky
er3akTHy BpedHOCT Beh ce KopucTe BulIe pagu nopehewa U mn3Boherwa rpybrbux

npeasuhama [39].

MeToge 3a 1abopaTopujcKy KOHTPOY CTabUMIHOCTM MUPOTEXHUYKMX CMeLa Cy
MasiobpojHe, Hemnoy3fdaHe Cy M HUCY CTaHAapAM30BaHe Kao LUTO je TO cniyyaj Kof
pakeTHUX roamea, Beh cy yrnaBHom geuHucaHe of, CTpaHe camMux ayTopa Ha OCHOBY
HUXOBOI pPagHOr UCKYCTBa. 3anpaBo, He NOCTOjU HUjeHa CTaHAAapAM30BaHa MeToa 13
oBe npobneMaTuke Koja 6u nmana wvpy npumeHy. O6jaB/beHn pagoBu U3 oBe 061acTu
CY MasiobpojHM M BeOMa YecTo je Tema CTabunHocTM obpaheHa Kao joll jeaHa of
KapaKTepucTunka Kojy pag Tpetupa. Kputepmnjymm cTabunHOCTU NMUPOTEXHUYKMUX CMeLLa

pasnMunTo cy aedmHMcaHM of ayTtopa 40 ayTopa, HeKe of wux rnace [39]:

e ,Cmewa je cTabunHa yKONMKO HaKOH U3/I0XEHOCTW PenaTuBHOj BNaXKHOCTK
of 100% Ha cobHOj TemnepaTypu y Tpajarby o4 24 h He ancopbyje BuLLE 0f

2% Bnare.”

e 33 AMMHe CMelle OBaj KPUTEPUJYM je HewTo Apyradvju, Hamme ,,Cmelua
N3M10)KeHa penaTuBHOj BNaXXHOCTN of 92,5% y nepuody of 24 h He cme aa
ancopbyje suwe of 1,75% Bnare.”
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MehyTiM, OBe MeTOfe W KpUTepujymm Hemajy Kapaktep OnwiTer 3Hauvaja,
MOroTOBO LUTO HMW jefHa Of MeToJa He [Jaje NpeuusHe Mojatke O BeKy YrnoTpebe

nojeIMHNX CMeLLa.

Mnak, onwTun je yTucak fga je BeK ynoTtpede HeKMX MUPOTEXHUUKMX CMeLla
HeorpaHuyeH, YKO/IMKO He Aofy y KOHTaKT ca Bnarom. los3Harta je uMmweHuua ga je
OTKPMBEH LUPHM 6apyT CTap W BuLWIe O Xubady roaMHa Koju je 6GecnpekopHo
(hYHKLMOHMCAOo 3aTO LUTO HMje [0/1a3M0 Y KOHTaKT ca BnaroM. Takohe, no3HaTo je u aa
CY MUPOTEXHUYKE CMELLE KOje CYy YyBaHe Y XepMETUYHUM NaKoBakMMa cavyBasie CBOje

(hYHKLMOHA/IHE KapaKTEPUCTUKE 1 NOC/E NeJeceT ronHa YyBatba.
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3. EKCIEPUMEHTAJIHHA JIEO

Kao WwTo je Beh nMomMeHyTO, NPBK MOKYLUAjX UMMIEMEHTaUuje NUPOTEXHUUYKNX
CMeLLa 3a n3pagy nyrewa jeamHue ' n3BpLUEHN Cy NPUIYKOM OCBajarwa Base Bleed
MyHUUMje 57 mm. CMeLla Koja je Halna npumeHy Kog TOr NpojeKTuIa 3aCHMBaa ce Ha
yrnoTpebu marHesvjyma Kao ropme KOMMOHeHTe. Kako 6y ce u3bernM HefocTtaum
youeHW TOKOM OCBajatba OBE CMelle, Kao moryha anTepHaTVBa BUCOKOEHEPreTCKOM

MEeTa/IHOM ropuBY Y3eTU CY Y 063Up Yr/beHN XnapaTu 1 BUTaMUH L.

Y 0BOM MOMEHTY KPUTUYHO je HarnoMeHyTW fJa je oBa rpyna OpraHCKux
jefntbersa Beh Hawia CBOjy MPUMeEHY Yy MUPOTEXHMUM ann UCK/bYYMBO 3a U3pady
OMMHUX CMeLla. Hburosa ynora y Toj rpynu nupoTeXHUYKKUX cMella buna je ga cBOjuM
caropeBakem Yy MPUCYCTBY MNOrof4HOr OKcupaHca 06e36e4u [LOBO/bHY KOMMUUHY
TON/OTE 3a UCMapaBare aKTUBHE KOMMOHEHTE, opraHcke 60je, kako 6u ce 06e36eamo
XerbeHn eekat (oapefeHa 6oja auma, mackupajyhmu edekat, utg.). Tonnota Koja ce
ocnobaha caropeBateM AUMHUX CMELLA AANeKO je HMXa Of OHe Koja ce ocnobaha
caropeBarbem MpUNaIHAX CMeLLa na 1 caropeBareM pedepeHTHe CMmelle. Tako HUCKa
TOMN/0Ta caropeBara jeflaH je Of 3axTeBa KOju Ce MNocTaB/ba WCMpef OBe rpyne
NMUPOTEXHUYKMX CMELLIA, & YC/TOB/bEHA je HUCKOM TeMMepaTypoMm ferpajaumnje akTUBHUX
KOMMOHEHTU—-aANTMBA KOJWU Y YKYMNHO] Macu AVMHe CMeLLe y4ecTBYjy 1 ca npeko 50%.
[Jerpafaunja agutnea Kao HeXXerbeHW e(ekaT He or/efa ce caMo M30CTaHKOM AVMHOT
edekta Beh M y WMHTEH3UTETY WU KBaUTETY fJoOujeHOr avma. MMowTo AVMMHe CMeLue
npeLCcTaB/bajy NMPOTEXHUYKE CMeLLIE Ca HEraTUBHUM OMIAHCOM KUCEOHWKA, YKOIMKO je
HMXOBa TemnepaTypa caropeBara BULIA Of [03BO/bEHE M HACTynu Aerpajauuja
aguTuBa Bp/o je Moryha nojasa LpHOr AMma ycnef HenoTnyHOr caropeBatba aKTUBHE
KOMMOHEHTe, YMECTO Peummo MHTEH3MBHO LIPBEHOI AMMA KOjU Ce 0YeKyje YKO/IMKO je

ynoTpe6/beH, Ha MPUMEP, aAuTUB Cy/aH PoT.

Y3unmajyhm y 063up ycroBe caropeBara AVMHUX CMeLLA Y KOjuMa Cce KOpucTe
MOMEHYTa OpraHcka jefutbera M 3axTeBe KOje CMelle 3a racoreHepartop Tpeba fa
MCNyHe, CacBMM je O4Ur/ieaHO oOnpaBdarbe TeMerbHUX WUCTpaxuBara MOryhHocTu

HMXO0BE YroTpebe npu n3pagm nywewa ' BB npojekTuna.
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Mopen BeNMKe KONNUYMHE HUCKOMO/EKY/ICKMX racoBa Kojy jeanHuua ' mopa aa
06e36e1 CBOjM caropeBareM, CMeLLa nabopucaHa y ' Mopa 6uTK nako npunasmsuea
M cnocobHa fJa o4yyBa CTabWMHOCT MpoLeca caropeBarba M (PU3NUKN MHTErPUTET Yy
YCNOBMMA EKCTPEMHUX MpuTucaka. MoMeHyTM MNPUTUCLM OAHOCE Ceé Ha OHe KOju
Bnafajy y uesu opyha a Npou3BOA Cy Harnor caropeBara MOFOHCKOP NMyheHa HaKoH
onasbetba. Takohe, OBe cCMelle Mopajy OMTW MMyHe Ha Harne npoMeHe napameTapa
CNo/balltbe  CPeauHe, YCMOB/bEHMX WHTEH3MBHUM  OMNCTPYyjaBatbeM MpoayKaTa
caropeBarba MOrOHCKOI NyHeHa OKO MPOjeKTMA Y MOMEHTY M3/1acka MpojeKkTuna us

ycTa LieBMm.

Mopepn CBMX NPETXOAHO MOGPOjaHMX YCNOBa, CBOjY MPUMapHy (YHKLM]y, OBe
CMeLLIe OCTBapyjy TEK TOKOM fleTa, KOHTUHYa/THUM 0CnobahaieM HEOMXOAHE KONNYMHE

Mnpo/lyKaTa caropesarba NoTPE6HUX 3a eNeMUHICaHE 0TMOPa HA NPOjeKTUNa.

VpoHujy npobnemaTvike ontummsaymje cmella 3a uspagy ' BB npojektuna
npeAcTaB/ba KOHTPaAMKTOPHOCT NPETX0AHO No6pojaHmX 3axTeBa Koje 0Be cMeLle Tpeba

[a VCMyHe.

Y cKnafy ca NPeTxXoAHO pevyeHUM npaBunaH K36op cactaBa cMmelsa 3a T, ca
acriekTa 1n3bopa onTUMasIHUX KOMMOHEHTU 3a 13pady NMUPOTEXHUYKE CMELLIE, HUXOBOT
MaceHor ogHoca u npefsuharba cBUX MOryhmx peakumuja u rnpoueca Koju 6u morim ga
YTUYYy Ha CTabUIHOCT HUXOBOI caropeBama M (PU3NYKOr UHTEerputeTa je of M3y3eTHe

BaOKHOCTW.

3.1 locagamma HCTPAaKNBakba NMUPOTEXHUYKUX cMelna 3a gadopanujy I'T' BB

NMPOjeKTHJIA y HALIOj 0A0paMOeH0j MHAYCTPHjH

Jocafallma UcTpaxmnsara CnpoBefeHa Ha ocsajawy ' 3a npojektun 57 mm
Ouna cy orpaHuyeHa Ha ynoTpeby MarHesmjyma, Kao ropvee KOMMOHeHTe. CacTaB

CMeLLe KOja je 6una npeaMeT gocafallikbuX CTPaXKmBaka aaTt je y Tabenu 1.

KOHCTPYKLMJCKM, peLlere racoreHepatopa npojektnna 57mm Bpsio je CAUYHO
pelewy Koje je npefcTaB/beHO Ha Cnvum 7, camo 6e3 ynotpebe NpoOMeH/buBe
MMasHULe n nywerweM [T Koje caropeBa WCK/bYYMBO uurapetHo”. Ca 0Bako
nabopucaHnM NPOjEKTMUMMA U3BPLLEHA CY MOMUIOHCKA UCNUTMBaHa NoveTkom 2008-e

roamHe y abpuum ,,Cnoboga“ Yauak n gobujeHn cy nobpu pesyntatu. OCTBapeHoO je
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nosehate Aometa npojektnna ca jeauHuyom T 3a 20-25 % y ofgHoCcy Ha uUcTte

npojektune 6e3 jeanHuue .

Tabena 1. Cacmas nupomexuuuxe cmeuie Ha 6A3U MacHe3Ujyma

OnaroBapajyhu 028/09111
OCHOBHM X€eMHjCKH CacTaB
! cTaHAapA (PedepentHa cMmema)

Marunesujym (Mg), COPC 1404 [41] 40
MaceHa KOHIIL., (%)

Crponnujym-aurpat (Sr(NOs),, COPC 1397 [42] 40
MaceHa KOHIIL., (%)

Tegaron (C2Fn, COPC 1740 [43] 15
MaceHa KOHIIL., (%)

Buron A (C5H3.5F6.5)9 C(I)CH_2175 [44] 5
MaceHa KOHIIL., (%)

Mocmatpajyhu cactaB ped)epeHTHE CMelle MOXe Ce 3aK/byyuTu fga je Bpno
CMYaH nNpuNasHXM CMellama Koje Ccy y CTpaHUM apmujama, 360r CBOr cacTtasa,

obenexxeHe ka0 MTB (MarHesunjym — TepnoH —BuToH) cmelue [45, 46].

Pasnunka n3mehy NomMeHyTUX CMeLLa je Y TOMe LUTO je KOA pediepeHTHe CMeLle Ha
payyH M3BeCHe KOAMYMHE TeioHa, Kao OKCuAaHca, YBefeH CTPOHLMjyM-HUTpaT,
Sr(NO3),, unme cy fobujeHe HMXKe BpP3MHe caropeBaba 0[] OHMX MO KojuMa ce O4/INKYjyY
MTB cmewwa. Mopes HWXe 6p3vHe caropeBara OcTasle kapaktepuctuke MTB cmelwa,
360 KOjUX Ce OHe Hall/ie MpUMMeHY Kao MpunasHe CMmelle KOMMO3UTHUX PakeTHUX

ropvea KPI, 3aCTyn/beHe Cy 1 KOA pedepeHTHE CMeLLe.

Mpunnkom o6aB/bawa MOYETHUX WUCMUTMBaHa, 3a MNOTpebe u3paje OBe
[IOKTOpPCKe AamcepTaumje, npumeheHo je fda je CMella WM3Y3eTHO Ka/opu4yHa, da je
TemrepaTypa caropeBarba 0Be CMelle K3Y3eTHO BMCOKa ([0Na3wuno je A0 TOM/bekba
nBMLa aNyMUHUJYMCKUX LUIUHAApa Y Koje je cmewa 6una ynpecoBaHa) U fa ce
NPUINKOM HEHOI caropeBara 0cCnobaha 3HaTHa KOAMYMHA UBPCTUX W TEYHUX

Mpo/lyKaTa caropesatba.

lMoMeHyTe KapaKTepuCTMKe caropeBaka npeacTas/bajy npegHoct MTB cmelua,

anM 6y Morne MCTOBPEMEHO Aa Ce MOKaxy Kao 036W/bHM HefdocTauu 3a yrnoTpedy y
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n3pagn nywera jeguHuue ' BB npojektnna ca acnekta npeTxo4HO MobpojaHux

3axTeBa Koje NOTeHUNja/THO Nykere jeamHmue ' mopa da 3a40BosbMy.

Ha OCHOBY youeHUX HefocTaTaka pe(epeHTHe CMelle, Aa/ba UCTpaXkusarba
YCMepEeHa Cy Ka NpOoLLUMPEHY CMNeKTpa NOTEHLUMjaNTHUX FTOpUBA Y M3paan MUPOTEXHUUKMX
cacTaBa 3a Nyweha jeguHuue I'T. TpefHOCT Hag BUCOKOEHEPreTCKUM MeTasHUM
ropuBMma [o6una Cy opraHcka ropvea Koja y CBOM cacTaBy cafpxe ofpeheHy
KO/IMYMHY KUCEOHWKAa, [OCTYNHOr 3a OfBWjake OKCUAO-PefYKUMOHUX peakumja

caropesatba MMPOTEXHNYKE CMeLLE.

MoTeHumjanHa ropuBa cy npema [47]: copouton (CeH1406), agunuHcka
kncennHa (CgHi1004), naktoza (Ci2H22011-H20), rnykosa (CgHi1206), ackopbuHcka
KucenmHa (CsHgOg), 1 ap. CaropeBarem OpraHCKMX ropviea nopeg 3HayajHe KonmymHe
Tonnote ocnobaha ce M 3HayajHa KONMYMHA racoBUTUX npogykata, yrnasHom CO; u
H,O.

BUTHO je HanomeHyTW fa cy fiMTepaTypa, KOHCTPYKUMOHA [LOKYMeHTauuja u
peuenType MUMPOTEXHUYKUX cacTasa 3a u3pagy nywewa T BB npojektuna ctporo
yyBaHa TajHa, Tako fda Cy nogaun A0 KOjux ce morfo gohu u3 nuteparype uam ca

WNHTEPHETA, BP0 OCKYAHU U HEMOTNYHW.
3.2 Peanu3anuja ncTpakuBama

NcTpaxmsatrbe 3a NoTpebe nspajge oBe LOKTOPKE AucepTauumje peasm3oBaHo je y
yeTupmn hase. Pa3nor 3a OBakBY OpraHu3auujy UCTpaXkKuBarba Ouna je OnwuMpHOCT U
notpeba 3a KOHCTAHTHNM YCMepaBaha UCTPaXKMBakba 3aCHOBAHOI Ha OCHOBY [100MjeHNX
pesynTata UCNMTUBaHA. 3a Pas3MKy 0 UCTPaXMBamwa Koja MMajy UWb Aa AOKaXY
NUCTUHUTOCT ofpeheHe TBpAHE, OBO WCTPaXuBawe, Ycned HedocTaTka pesy/nrara
BE3aHUX 3a UCMUTMBaHA NMPOTEXHMYKNX cacTaBa 3a u3pady nywewa T nma 3a unmb
[leTa/bHO M CBEOOYXBATHO UCMUTUBAHE MUPOTEXHUYKMX CMELLA 3a u3pamy nykwera M
ca acnekta ynoTpeb/beHWX KOMMOHEHaTa W yTuuaja pPasMuUTUX TEXHOMOLLIKUX
napameTapa Ha hMX0Be (DYHKLMOHAHE KapaKTepucTuKe. Pe3yntatv M 3aKibyuum u3
jedoHe (hase mUCTpaxmBarba MpeAcTaB/bajy MOMa3Hy OCHOBY M YcMepaBajy npasall

NCTpaxunsarba HapeaHe ase.
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3.2.1 I ¢aza ucmpasxcugara

OCHOBHM UWb npBe (hase WUCTpaKMBarka je WUCNUTMBaHE PasIMUUTUX
NMUPOTEXHUYKNX CMewa 3a u3pagy nNykwewa [T Ha 6asnm OpraHCKMx ropvea W
BUCOKOEHEPreTCKUX MeTaHUX npaxoBa pagn nopeherma HUXOBUX (YHKLMOHATHUX
KapakTepucTuka. Pe3ynTar npse hase UCTpaxkuBara Tpeba Aa ycMepu HapegHe hase
NCTpPaXKMBarba Ka BPCTM FOPMBA, BUCOKOEHEPreTCKM MeTa/lHU NPaxoBu WIN OpraHcke
CyncTaHLge, ca Kojuma Cy OCTBapeHe MOBO/bHUMje (DYHKLMOHa/IHe KapaKTepUCTUKE Y

PENPOAYKTUBHWU|W PE3yNTaTh UCMIUTUBAHbA.

3.2.1.1 H360p cacmasa

Kao wTto je Beh peyeHO Yy YBOAHOM [efy, CNpOBeAeHa UCMUTUBaa buna cy
yCMepeHa Ha MUPOTEXHUYKE CMeLle Yy KOojuMa je flakTo3a MpeacTaB/baia OCHOBHY

FOPMBY KOMMOHEHTY.

OnTumm3aumja cactasa je nogpasymeBana U3bop NOrofHOr OKCuaaHca 1 Besnsa
Koju 6u panu XerbeHe edekTe. Takohe, m3pafjeHa je M3BEeCHA KOMMYMHA CMELLEe
028/09M1 (pethepeHTHa cMella) pagn aHanm3e u nopehewa A0OMjeHUX pe3ynTaTa.

McnuTaHu cacTaBum 1 HUXOBW OA3VBU NpKKasaHu cy y Tabenu 2.
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Tabena 2. Ucnumanu cacmasu nupomexuuuxux cmewa y I ¢pasu ucmpasicusaroa

Komnonenra cmeme/yaeo [%]

Ha3zus cmemne Hanmomena
TI'opuso Oxkcupance | AquTus Be3uso
002/09111 Nakrto3a/25 | KCIO./70 - ButoH A/5|Caropesa cTabuiHo 6e3 YBPCTUX NPOLYyKaTa caropeBarba.
003/09111 I'Iia\:;c()éa;//SZS NH4C104/65 - ButoH A/5 |Huje ycneno npuna/bmsatbe CMeLLe.
004/09M1 NakTo3a /20 KCIO./65 3 ButoH A/5 MocTurHyTe cnmMyHe 6p3vHe caropeBawa kao M Kog 002/09MM1, nosehaHa
Mg(C)/10 KO/IMYMHa YBPCTUX NPOAYKaTa caropeBarba.
006/09111 NakTo3a /20 ﬁ?:?ggg - ButoH A/5 |MNopef fosatka nssecHe konndnHe KClO,4 cmeLla Huje npunabersa.
4
KNO+/63 360r BenMKe eHAOTepMHOCTM npoueca fekomnosuuuje KNOs, HM npw
009/09111 NakTo3a /17 KCIO3 15 - ButoH A/5 |popatky KCIO4 Huje MOCTUrHYTa XXerbeHa npunasbyveocT. Tpeba fofatu
i BMUCOKOEHE-PreTCKo ropumeo.
010/09111 NakTo03a /23 KF(§|283//§3 - ButoH A/5 | Beha 6p3nHa caropearba, Beha KoIMumHa YBpCTUX NPOAyKaTta caropesatba.
4
014/09111 NakTo3a /15 | KCIO4/75 - Wpnton/10 | Behe 6p3viHe caropeBarba 0, OHUX Ca BATOHOM A Kao BE3VBOM.
015/09M1 Naxto3a /15 | KCIOL/70 3 ViauTon/15 MoBehaHa je 6p3vHa y ogHocy Ha 014/09M1 ann je OTeXaHO 3pHYaHe
cmeLe 360r Beher ygena uaurtona.
016/09111 Naxtosa /15 | KCIOL/70 Fe VauTon/15 Wctn cactaB kao v kog 015/09M1 y3 popatak 0,02g reoxha pagm
no6o/sbLlarba ToMn/1. NPoBOA/LMBOCTU. MoBehaHa 6p3.caropeBara 3a 5%.
027/09M1 NakTo3a /15 | KCIOJ72,5| uah/2,5 |Manton/10 [opatkom yahy Ha padyyH okcugaHca nosehaHa 6p3nHa caropeBarba 3a 0KO
12,5%, 6e3 noseharba yfenia UBpcTe hase y NpoAyKT1Ma caropeBamba.
028/09111 Mg(C)/40 Sr|:$1,\-||9|2§/; 0 - BUTOH A/5 |CMella Koja je 6una npegMeT focafallbnx UCTPaXKmBatba
Nakto3a /10 | KNO4/60 Jopjatkom MarHesnjyma v 3aMeHOM Be3uBa Kog cmelwse 009/09I11, osa
029/09111 3 - WpuTton/S [cMella je ycnewHo npunabeHa W caropesa Bp/iI0 BUCOKOM Op3vHOM Y3
Mg/15 KCIO4/10
ocno6ahare 13BecHe KOIMYMHE YBPCTUX YECTULLA.
031/09111 Nakrto3a /21 | KCIO4/74 | Fe(0,069) | Uauton/5 |Cactasm npunpem/beHn 3a UCNNTUBaHE yTULaja efleMeHTapHor reoxha Ha
032/0911 Nakto3a /21 | KCIO,/74 - WanTon/5 |6p3nHy caropeBara. bp3uHa caropesana cactasa 031/09111 seha 3a 18%.
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Ha oCHOBY aHanuM3vpaHux OA3MBa, 3a fa/ba WCMUTMBaa HUCY Y3eTW Y pasmaTpare
cacTaBu:

- KOjU HUCY 33a[0BO/bUM 3aXTeB MUHUMaHE 6p3nHe
caropesama (002, 004, 014, 031 n 032/09I11),

- KOju Hucy mornm ga ce npunasne (003 n 006/09111),

- unju je npouec caropeBawa 6MO HecTabunaH
(009/09111), n

- KOju Cy CBOjUM caropeBarem reHepucanu Behy
KOMMMUYNHY YBPCTUX N TEYHUX NpoJyKaTa caropesana (010/09111).

3.2.1.2 Hcnumuearve Op3une cazopesaroa

Nabopaunja yzopaka 3a UICNUTMBaHE OP3UHE caropeBarba U3BPLLEHA je MPecoBaHem
CMeLLle y LeBuunLe 04 nerype anymyHujyma (npeyHuka 8 mm un gyxxuHe 15 mm), Tako ga
ncnpecoBaHa NoBpLUMHA Byae y paBHY ca MBMLUaMa LeBumLie. Maca NMpoTeXHUYKe CMeLLe
3a NpecoBae y ayMUHUjyMCKe LieBYMLLEe OIMEpaBaHa je Ha agurutanHoj saru ,,Metller* ca

TayHowhy og £ 0,005 g.

3a noTpebe HaluMX UCMUTMBaKbA HA alTyMUHUjYMCKUM LieBUMLIAMa Hanpas/beHa Cy
no fABa oTBopa (MepHe Tauyke) MpeyHMKa 2 mm, y Koje cy ybayeHa 2 Kpaja ONTUYKUX
BflakaHa nose3aHux ca VOD 811 ypehajem. ONTUYKO BNaKHO NOCTAaB/bEHO Y MEPHY TauKy
B/IMXKY MeCTy npunasbrBakba NMMPOTEXHUYKOT Mykera cTapTyje ypehaj, a OTNUYKO B/IaKHO
MOCTaB/bEHO Y MepPHY TayKy Ha CYNpOTHOM Kpajy 3aycTaB/ba NpoLec Mepera-pasa ypehaja.
PacTojatbe n3mehy NOMeHYTUX MepHUX Tayaka u3Hocu 10 mm LTO yjeAHO NpeacTas/ba U
MepHW oncer ypehaja, a 3ajefHO ca NoJaTKOM O BpPeMeHy nepuofy u3mely asa curHana
perncTtpoBaHa oA CTpaHe ONTUYKUX BflakaHa MOCTaB/beHUX Y MOMEHYTe MepHe Tauke
ypehaj VOD 811 Bpwm ayTtoMaTCKM npopadvyH Op3vHe caropeBawa KOHKPETHOr

NMMPOTEXHUYKOT CaCTaBa.

Paay noTepge Ao6ujeHnX pe3ynTtata Meperba HarnpaB/beHe Cy joLU fIBe MEepHE Tauke
ca CynpoTHe CTpaHe afyMUHUjyMCKe LieBUMLEe U NoBe3aHe ONTUYKMM BnakHMMa ca VOD
811 ypehajem, uMmMe je MOCTUrHYTO WCTOBPEMEHO Mepere WCTMX napameTapa jefHor
y30pKa Ha fjBa MecTa y3 nomoh ABa, of YKYMNHO ocaM, KaHana 3a Mepete ca KojuMa OBaj

ypehaj pacrnonaxe.
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3.2.1.3 Hcnumueare enepzemcKo2 nomenyujania

MpUAMKOM MCNWTMBAba EHEPreTCKOr MoTeHUMjana BakHO je Aa Maca Ysopka
MUPOTEXHMYKe CMeLle Gyae A0BO/bHA, fla MOpacT TemnepaType Boje Y KanopyMeTapcKoM
cyaly He 6yae mawk of 0,3°C. Paau fo6ujatba NOy3aaHUX W PenpoAyKTUBHUX pe3ynTaTa,
rnopep, OBOr Yc/oBa, NOTPe6HO je YTBpAUTY M 0abpaTi cpeanHy Y Kojoj cMella Tpeba Aa

caropesa, Kao " 061K Y30pKa KOjI/I MOXe 6UTK pacTpecuT Uin nNpecosaH.

3 Tor pasnora npo6a, 3a UCNMUTVBAE EHEPreTCKOr NoTeHLMjana, cactojana ce o
3 gr NMpoTexHWuKe cMeLle (y PacTPeCUTOM CTatby) U jefiHe eneKTpo-3anasbiBe rnaBuLie

LANLWB (E3I AMLLB) nabopucaHe y NOMETUNIEHCKY KECULY.

3.2.1.4 Hcnumuearee memnepamype camo3ana. berba

TemnepaTypa camo3anabewa ogpeheHa je 3a cactase 027, 028 wu 029/09011.
JeonHMLa opBare cmelle 3a MOjeAMHAYHO Mepere BpeMeHa WHAYKuuje 6una je mana
mepuua (=0,05 g). [owy rpaHuLy WHTepBasia Temrepatypa Yy KOjeM Cy W3BpLUEHa
NCNUTUBaKa, NPeACTaB/ba/a je TemMneparypa npu Kojoj je BpeMe nHAyKumje t=10 s. Fopra
rpaHuLa MOMeHYTOr MHTepBala 6una je Temneparypa npu Kojoj je t=3 s. VIHTepBan

Temnepatrypa NCnnTrBaka 3a CBakn NCNNTaHW caCcTaB ﬂ'eCpI/IHI/IC&lH je 3acebHo.

3.2.1.5 Hcnumuearme mMaKcumaaino2 npumucKka npooyKama cazoepearsa

Y3opum 3a UCNUTUBaHKE MakKCUMalHOr MNpUTUCKA MNpoAyKaTa caropeBaka Cy
MOTMYHO WCTU Kao W 3a WCMUTMBAHE €eHepreTcKor noTeHuujana (Tauka 3.1.2.3).
McnnTvBarba Cy M3BpLUEHA Yy MaHOMeTapckoj 6om6u 3anmpemuHe 300 cm®, Ha OMWTHO]
craHuum C-02 BTW. 3a npukyn/bare nogaraka KopuwheH je MepHU npeTtsapay npuTucka
Teledyne Taber, Type 2210, ca mepHum oncerom 0-200 bar. Bpeme cemnsioBarba

(oumTaBama) pesyntara ucnutmaarba 61no je 300 ps.
3.2.2 1l ¢ghaza ucmpaosicusara

MoLITo Cy pe3ynTaTi UCMMTMBAbA NMPOTEXHUUKUX CMeLLia Ha 6a3n NakTose Guu
MO3UTUBHMW a OpraHcka ropuBa MoKasana Kao [IOCTOjHA 3amMeHa BMCOKOEHEPreTCKUX
MeTa/IHUX NpaxoBa 3a U3pagdy nyrewa [T, gpyra (hasa ncTpaxmBara 6una je ycmepeHa Ha

ynopeaHa WCNnTBaka yTVILl,aja pasnmMynTnX OpPraHCKMX ropmBUX KOMIMOHEHaTa Ha
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(YHKUMOHA/IHE  KapaKTepUCTUKE MUPOTEXHUUKMX CMella. Pesyntatu  apyre (hase
NCTpaXnBarba Tpebanu 61U fa u3aBoje jeiHO WM eBEeHTyasIHO [Ba OpraHcka ropvsa ca

KojuMa 61 ce yLino y HapeaHy asy MCTNTMBakbA.

3.2.2.1 H360p cacmasa nupomexnuukux cmeuid

3a notpebe wusspwera Il ase ucnuTBarba M3paheHW Ccy cactaBu Ha 6asm
OpraHcKux ropmsa 6e3 ynotpebe MKakBUX afuTNBa, Kako OU1 Ce akLeHaT CTaBMO Ha yTuLaj
ropuBe KOMMOHEHTE Ha (PYHKUWMOHA/IHE KAapaKTepUCTMKE MOMEHYTUX cacTaBa. Takohe,
n3paheHa je n3secHa KonnumHa pedepeHtHe cmele (023/10MM11) pagy aHanm3se n nopehersa

[o6VjeHnX pesynTara.

Tabena 3. Iupomexnuuxu cacmasu ucnumanu y Il ¢pasu ucmpasgicusaroa

O3Haka Komnonenra cmeme/yneo [%]
cmemie TI'opuso Oxkcumanc | Besuso
KNO5/65
020/10M1 | Jlakto3a/15 namton/10
KCIO4/10
KNO5/65
021/10M1 | Copbuton/15 namton/10
KCIO4/10
Ackop6uHcka | KNOs/65
022/10011 namton/10
KucenuHa/ls | Kclo,/10
ST(N03)2/40
023/10M1 | Mg(C)/40 ButoH A/5

PTFE/15

Ca cactaBuma U3 Tabene 3 W3BPLUIEHA CY WCMNUTKBatba (YHKLUMOHANHUX
KapaKTepuCTMKa npema TEXHOMOLLKM NOCTynuMMa Koju cy Beh o6jallitbeHn Y Taukama of
3.2.1.2 po 3.2.1.5.
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3.2.2.2 Hcnumuearve Op3une cazopesaroa

Vicnutneare 6p3|/|He caropeBsata, MMPOTEXHNYKNX CaCTaBa U3 Tabene 3, M3BpPLUEHO

je npema TeXHONOLLIKOM NOCTYIKY Koju je Beh objalltbeH y Taukmn 3.2.1.2 oBe AucepTaumje.

3.2.2.3 Hcnumueare enepzemcKo2 nomenyujania

VcnnutuBarbe eHepreTcKor noTeHUMjana, NMPOTEXHUYKMX cacTaBa U3 Tabene 3,
M3BPLLEHO je npema TEXHOIOLKOM MOCTYrNKY Koju je Beh objaeH y Taukmn 3.2.1.3 oBe

fnceptaumje.

3.2.2.4 Hcnumuearwe memnepamype camo3ana. berba

VcnnTtuBarbe TemnepaType camosana/bera, NMMPOTEXHUYKNX cacTaBa 13 Tabene 3,
M3BPLLEHO je npema TEXHOIOLKOM MOCTYrNKY Koju je Beh objaeH y Taukmn 3.2.1.4 oBe

fnceptaumje.

3.2.2.5 Hcnumuearme mMaKkcumanno2 npumucKka npooyKama cazopesarsa

Vicnntrearbe MakCcMMasnHOr npuTUCKa NpoAykata caropeBara, MUPOTEXHUUYKUX
cacTaBa 13 Tabene 3, M3BPLLEHO je Npema TEXHO/OLLIKOM MOCTYMKY Koju je Beh 06jallteH y

Taukm 3.2.1.5 oBe aucepTtauuje.

3.2.2.6 Hloauzoncka ucnumuearsa

Mopes NPeTXoAHO MOGPOjaHUX UCMUTMBAbA, CacTaBa MpuKasaHux y Ta6enu 3,

M3BPLLEHA CY M NOMMIOHCKA UMUTKBAHbA, HA MOMUIOHY ,, MMOKOBLIM® y Yauky.

Lin/b MOSMIOHCKMX UCMMTMBAtba, KOjUMa je 61no npeasuheHo ucnambuBakbe 10
npojekTuna 57 mm ca yrpaheHum I'T 1 CHMarbe NleTa NPojeKTMNa ynTpabp3oM KaMepom,
610 je cTULAbE YBIUAA Y CTabUHOCT MpoLeca caropeBarba NMPOTEXHUYKUX CMELLA HAKOH

n3nacka npojeKTvma N3 yCTa LieBN.

Y CBpXY M3BpLLEHA MOIMIOHCKUX UCMUTMBAKbA U3BPLLEHA je nabopaunja jeamHunLa
T Ha 10 npojektuna, nNpy Yemy cy nywewa jeauHuua T um3paheHa npecoBarbem
NMUPOTEXHUYKNX cacTaBa, pedepeHTHe cmewle (023/10MM1) u cmelle ca NakTO30M Kao

ropmeom kKomnoHeHToM (020/10M11), y yennyHa Tena nywerwba I koja cy yrpaheHa y
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jeamHunuy I'T a ucTa HaBMjeHa Ha JHO MPOjeKTU/Ia, HAKOH Yera je U3BPLLIEHO UCMa/blBatbe

OBAKO MPUMPEM/bEHUX NPOjeKTUNA U3 peasiHOT opyha.

Cnuxka 18. Mynuyuja 57 mm ca yepahenom jeounuyom I'T

3a M3BpLLEHE MOSIMIOHCKUX MUCMUTMBaKba M3abpaHn je cacTaB ca J1akTO30M, 360r
CBOI M3Y3eTHO HWCKOI eHepreTckor noTeHuujana (4363,00 J/g) n pedepeHTHa cmeLla.
NakTo3a je n3abpaHa Kao MpeAcTaBHUK OPraHCKUX ropmea 360r Tora LUTO Cy YNpaBo ca
cacTaBOM Ha 6a3n NaKTo3e PerucTpoBaHe HajHMXKe BPEAHOTU eHepreTCcKor MoTeHLumjana.
Kako je m3paxkeHa Cymba fa 6M CMelle ca HUCKUM eHepreTCKUM MOTeHUMjasioM Morfie
MMaTu npobnem ca HecTabUNHWM caropeBareM MPeTnocTaB/beHo je fga he, YKOMMKO
MAPOTEXHUYKN CacTaB Ca HajHMXKMM EHEepreTCKUM MOTEeHLMjaloM OCTBapy MOoy3AaHo
npunabMBare U CTabUIHO caropesare Nywerba [T, 1 ocTann cacTasy Ha 6a3n OpraHCcKor

ropva nocTuhmn cMyHe Unn 6osbe pesynTare.
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3.2.3 I ¢paza ucmpaxcueara

Pesyntat npeTxofHe ase Cy YykasaaM Ha MOY34aHOCT Mpuna/buBarkba U
CTabM/THOCT caropeBarba NMMPOTEXHUYKMX cacTaBa Ha 6a3n OpraHCKMX ropusa, kao U Ha
3aBMCHOCT 6p3nHe caropeBara Y OJHOCY Ha BPCTYy MaTtepujasiia of Kojer je m3paheHa
KoMopa caropeBarwa [T. Takofe, youeHO je M fa je yTuuaj MaTepujana KOMOpe 3a
caropeBatbe I'T pa3iMuMTo M3paXKeH Kaja ce nopese CMeLle Ha 6a3v OpraHcKor ropmea u
OHe Ha 6a3u meTanHor npaxa (Beha nNpomMeHa Gp3vHe caropeBarba je PerucTpoBaHa Kop
cacTaBa Ha 6a3n MarHesmjyma). Kako 6u pe3yntat 1abopaTopujcKMx UCNUTMUBAHA MOT N
Ja nocnyxe 3a npefsuhare 6p3vHe caropeBakba racoreHeparopa y peasHUM YCnoBMMa
eKcrnoarauuje HeOMXO4HO je YTBPAUTY Be3y M3MeRy BpcTe MaTepujana U aebsbuHe obnore
Ha 6p3uHy caropeBatba. OBaj nofjaTak je Bp/io 6UTaH NOLUTO Ce NMUPOTEXHUYKE CMeLle 3a
n3pagy nywewa T yrnaBHom nabopuily y 4enmuyHe obnore nywewa T a oHa v,
HajyeLlye, YennyHa Tena jeguHuue I'T van 4HO npojekTuna Koje je, Takohe, n3paheHo of
yenuka. Ha Taj HauMH nopep oasoherwa TONIOTe Mpeko 3ufa o6nore nywewa T kao
[O4aTHY MOHOP TOMJIOTE jaB/ba Ce W Teno racoreHeparopa. OBO MOXe 6UTU 0f U3Y3eTHOr
3Hayaja YKOMMKO Ce pagu O CMellama Koje ce O4NUKYJYy HUCKUM BpefHOCTUMA TOM/OTHe
MPOBOA/bMBOCTA N €HEPreTCKOr MoTeHLMjasia, NowTo 61 TonaoTa Koja ce 0A4BOAM MPEKo

Tena jeaHuue ' Morna fa foBefe Y NTatkbe CTaBUNHOCT NPOoLIeca caropeBarba.

Mopep yTuuaja obnore nymwerba ' Ha 6p3MHY caropeBarba 1 rycTuHa nykerba (p)
je mpernosHata kao jow jedaH napameTap KOjU OCTBapyje 3HauyajaH yTuuaj Ha Op3uvHYy
caropeBatwa. BWMTHO je HarnacutT W TO, Aa TYCTWHA MyHeHa 3a pas3nynTe BpcTe
MUPOTEXHUYKUX CMeLla OCTBapyje pas3/iMuMT yTuuaj Ha BPEeLHOCTU HUXOBe O6p3uHe
caropeBata (KO HEKMX CMella MHeapHOo noBehatbe rycTMHE nywewa npaheHo je
CMYHUM TpeHAoM nosehawem 6p3vHe caropeBara, KO ApYruxX yTuuaj rycCtTuHe nykerba
Ha 6p3WHY caropeBama je cnabuje n3paxeH, a y HEKMM CUTyalmjaMa ce MOXe nokasatu u

Kao HajyTuLajHuju napameTap, AMPEKTHO 0AroBOPaH 3a NPeKWA NpoLeca caropeBarba).

Kako cmewe 3a nywewe [T CBOjy (YHKUMjy oOCTBapyjy YybauuBarbem
HUCKOMOJIEKY/ICKNX MPOAYKAaTa caropeBara y peunpKynaunoHy 30Hy 1U3a AHa npojekTuna,

MOfe ce 3aK/byuuTu fa je PyHKUMoHanHocT T ycnoB/beHa KOMMYMHOM OCMOGONHeHUX
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npoayKaTta caropeBata Yy jeaMHuUM BpemeHa-iyke. 3a oapeheHy 6p3vHY caropeBatba,
KONMYMHA NpoAyKaTa caropeBarba AeMHMCaHA je NPeKo MaceHe Gp3vHE caropeBara Koja
je AVMPEKTHO MPOMOPLMOHa/HA TYCTUHN Nytberba, LUTO je A0AATHWU Pasnor 3a UCMUTUBatbE

yTuuaja rycTvHe nytetba Ha Gp3vHY caropeBatba Y 0BOj (ha3n MCTPKMBatba.

MoLwTo NpeTXoAHO No6GpojaHK akTopw, y peanHumM ycnosuma ynotpebe T, He
[enyjy 3ace6HO jeflaH Of ApYyror, y Uuby cuMynauuje peanHux ycnosa paga T cBu
pe3ynTaTu UCMUTUBatba W3BPLLUEHWMX Y OBOj (hase UCTpaxuBarba Guhe MckopuluheHn Y

aHa/M3u NCTOBPEMEHOT /IgjCTBA BULLIE (haKTOpa Ha BPeAHOCTM GP3MHE CaropeBatba.

3.2.3.1 Onmumuzauuja cacmaea nUPOMexXHuYKux cmeuld

MowTto he y 0BOj (a3 uCTpaxKmBarba OUTU WCNUTAH YTULAj HajOUTHUUX
napameTapa Ha Bpe4HOCTU Bp3uHe carpoeBamba, ay Lnby NocTu3aka pernpe3eHTaTuBHUX 1
nopef/bMBUX pesyntata WCMNUTMBaHa, W3BPLUEHA je onNTUMK3aLMja cactasa Mo [Ba

KpuTepunjyma:

- BunaHc KnceoHUKa, 1

- Y [eo Be3BHE KOMIMOHEHTE.

Kako 61 ce omoryhuno npahetbe yTulaja jefHOr of napameTpa, MUPOTEXHUUKE
CMellie Cy ONTMMMUCaHe Tako Aa CBOjUM CacTaBOM CBefly Ha MUHUMYM YTWLaj OCTanux
napameTapa (Hnp. npahetse yTWUAja yaena BesvBa Ha 6P3KHY caropeBatba Mpu Yemy je
NCK/bYYeH yTULaj GunaHca KMCeOHMKA WCMUTUBAHUX cacTaBa-npeu fAeo Tabene 4).
OnTuMM3aLMja cactaBa MUPOTEXHUUKMX CMeLla M3BpLUEHA je Tako, Aa UCTakHe YTuLaj
6unaHca KWCEOHMKA W Yyfena Be3MBHEe KOMMOHEHTe Ha 6p3uHy caropeBata. OBako
no6ujeHe BpeaHocT BC y HacTaBKy UCTpaxuBarba NpeAcTaB/bahe MosasHy OCHOBY 3a
aHa/ M3y yTuUaja ocTanux napametapa (rycTuHa nytewa W Ae6/buHe 06710re) Ha

BpeaHocTn bC.

CacTaBy NMMPOTEXHUYKMX CMeLLia KOPULLINEHNX Y 0BOj (hasn UCTpaxknBarba AaTu cy

y Tabenu 4.
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Tabena 4. Ucnumanu cacmasu nupomexnuuuxux cmewia y 111 gpazu ucmpasicusaroa

Ha3us nup.cmemie

Komnonenra cmeme/mMacenu yaeo, [%]

TI'opuso

Oxkcuaanc

Be3uso

Bbuniaanc

KHCEOHUKA, [%o]

HeyTpajan 6mi1anc KHCEOHMKA

010/12M1 NakT03a/27,6 KCl04/69,4 BuToH A/3 0,06
006/121M1 NakT03a/26,8 KCI04/69,2 ButoH A/4 -0,02
001/12111 NakTo3a/26,1 KCI0,/68,9 ButoH A/5 -0,70
004/12M1 Nakto3a/25,2 KCl0,/68,8 BuToH A/6 0,06
005/12111 Nakrto3a/24,4 KCIO,/68,6 ButoH A/7 -0,02
013/12111 Butamun L/30,9 | KCIO4/66,1 ButoH A/3 -0,26
012/12111 ButamuH L/30,0 | KCIO4/66,0 ButoH A/4 -0,33
007/1211 ButamuH L/29,1 | KCIO4/65,9 ButoH A/5 -0,46
011/12111 Butamun L/28,0 | KCIO4/66,0 ButoH A/6 0,46
IMo3uTuBaH OMJIAHC KMCEOHUKA
002/1211 NakTo03a/22,9 KCIO4/71,8 ButoH A/5,3 15,24
008/12I11 ButamuH L/25,9 | KCIO4/69,1 ButoH A/5,0 15,52
HeraTuBan OMJIaHC KM CEOHUKA
003/1211 Nakr03a/29,3 KCIO4/65,7 ButoH A/5,0 -14,39
009/12111 Butamun L/32,5 | KCIO4/62,5 ButoH A/5,0 -14,26

Kao wwTto ce u3 Tabene 4 MoXe NPUMETUTH, Y CNydajeBUMa Kaaa je BapupaH Yaeo

Be3vBa (ButoH A, yaenu of 3 o 7 %) 6unaHc K1ceoHMKa 610 je KOHCTaHTaH (M3abpaH je

HeyTpasiaH 6WNaHC KUCEOHWKA), AOK je y cnyyajy Bapuparba 6uUnaHca KKUCEoHMKa

(I'I03I/ITI/IBaH N HeraTneaH GunaHc KI/ICGOHI/IKa) yAeo BE3BHE KOMIMOHEHTE OMO KOHCTaHTaH

(5 %). CmeLua ca BuTamMmmHoM L v yaenom ButoHa A of, 7 % Huje nspaheHa 3601 oTexxaHor

3PHYakba 1 fiowe npunabUBOCTH, KOja je npmmeheHa KO CMeLle Ca /1aKTO30M (CMELIJa

005/12111). [48]
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3.2.3.2 Yoeo eezuene komnonenme

Kako 6u pe3yntatn MUCNUTNBaka ounm  WwTo pel'lpe3eHTaTI/IBHI/IjI/I yCnoBu

NncnmnTnBaka yTvlu,aja YA€eNa BE3NBHE KOMIMOHEHTE Ha 6p3|/|Hy caropesata onnu Cy.

- MycTuHa nywersa 1,73 glem?,
- CraHfapHa ueBuunLa of gypanymMmuHujyma, v

- HeyTpanaH 6unaHc KCEeOHWKa.

Vcnntrearbe yTulaja yaena BesnBHe KOMMNoHeHTe Ha bC M3BpLUEHO je ca cMmellama
n3 npeor Aena Tabene 4. Pe3yntaTy ucnutuBawa YyAena Be3uBa Ha BpefHocTM BC

npeacTas/beHn cy y Tabenm 14. [49]

Y[eo Be3vBHE KOMMOHEHTe 3a cacTaBe ca /lakTo30M 610 je og 3 fo 7 % , [OK je
yAeo ButoHa A 3a cactase Ha 6a3u ButamuHa LL 6ro og 3 1o 6 % . Cactas ca 7 % ButoHa
A Huje n3spaheH 360r Tewwkoha youeHUX MPUIVKOM M3BpLUEHA (ha3e 3pHYarba cacTaBa ca

NTAaKTO30M U1 yaenom of 7 % Be3nBHE KOMIOHEHTE.

3.2.3.3 Ymuuaj ounanca kuceonuka na Op3uny cazopeearva

Kako 6m pe3yntatm MNCMUTUBaka oM WwTo penpe3eHTaT|/|BH|/|j|/|, YC/10BU

MCNUTKBatbA YTHLAja BrNaHca KNCEOHMKA Ha GP3VHY caropeBarba Gunm cy:

- NycTvHa nywera 1,73 g/cm3,
- CraHpgapaHa uesuvua of gypanyMmHujyma, u

- Y[eo Be3vBa NUPOTEXHUYKUX cMeLla je 5 %.

PesyntaTtu MCNWTMBaKba YTWLaja 6GUNaHca KUCEOHMKA Ha GpP3MHY CaropeBatba

npeacTas/beHn cy y Tabenm 15. [48]

3.2.3.4 Ymuuaj cycmune nyrerma na 0Op3uny cazopeearva

Kako 6m pe3yntatm MNCMnUTUBaka oM WwTo penpe3eHTaT|/|BH|/|j|/|, YC/10BU

MCNUTKBatbA YTULAja FYCTUHE NMyHetba Ha BP3KHY caropesarba 6unu cy:

- MycTuHa nywetba 1,73; 1,87 1 2,00 g/em®,
- MoguduoBaHa  UeBuMLa 04  AypanyMUHUjyMa

(pebrbuHa 3nga je 1 mm), n
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- WcnwutaHu cy cBu cactasu u3 Tabene 4.

Pe3ynTaTi UCNUTKBakbA [JaTh FYCTUHE MyHeta Ha OP3UHY caropeBarba MprKasaHu
cy y Tabenu 16. [49]

3.2.3.5 Ymuuaj 0eb.oune 3uda 06102e nyrerva na Op3uny cazopesaroa

Kako 6m pe3yntatn MNCMUTUBaka oM  WwTo penpe3eHTaT|/|BH|/|j|/|, YC/10BU

MCNUTKBatbA YTULAja Ae6/brHe 31aa 06/10re NyHera Ha 6P3KHY caropeBara GUnu cy:

- NyctvHa nywewa 1,73 g/cm3- 3a cacTtaBe Ha 6a3n
NaKTo3e

- N'yctvHa nywewa 1,73; 1,87 n 2,00 g/cm3- 3a cacTaBe
Ha 6a3un BUTamMuHa L,

- CBu cacTaBM CYy MUCMMTaHW Y  MOAUDMOBAHUM
(pebrbuHa 31aa je 1 mm u npeyHrka 10 mm) u ctaHgapaHUM (aeb/buHa 3ua je

2 mm 1 NpeyHrKa 12 mm) uesumLama of AypanymuHujyma.

Pesyntatu ucnuTVBatba yTulaja AeG/bMHE 3Maa 06nore Myhera Ha Gp3vHY

caropeBarba npukasaHu cy y Tabenm 17. [49]

3.2.4 1V ¢paza ucmpasricusarna

Ontumusaumja, (UHO MofellaBare, 6p3vHe caropeBarba HEKOr MUPOTEXHUYKOT
cacTasa Hajuellhe ce MOCTWXKE N3MEHOM PeLLenType, Tj. JoLaBare UM CMambMBabeM yaena
ofpeheHnx cacTaBHMX KOMMOHeHTW. Hajuellhe je pey o0 oTUMM3aUMjU yaena MeTaiHUX
npaxoBa (Kao LUTO Cy MarHesnjym, anymvHujym, 6op, rsoxhe, u TA.) KOjU OCTBapyjy
no3uTMBaH YyTuUUaj Ha TOMJIOTHY MPOBOA/LMBOCT W EHEPreTCKW MNoTeHuujan onpeheHor
NMAPOTEXHUYKOr cacTaBa. Mnak, OBO pellere HUje YBEK W HajonTUMasiHMje, MNOLUTO
yrnotpeba MeTa/HMX MNpaxoBa 3a CO60M MoBnays M nojaBy nosehawa KOHLEHTpauuje
UBPCTUX W TEYHUX MpoAykaTa caropesawa. Vmajyhu y Bugy ocHoBHY ynory T Koja
nogpasymeBa YybaluuBarwe TayHO ofpehieHe KO/MIMUMHE TacoBUTUX MNpojykata y 30HY
NnoAnNpuTUCKa, Koja ce ¢opmupa u3a 6ase npojektuna [1], Beha KoNnuUMHA YBPCTUX U

TEYHMX Npo/yKaTa caropeBarba CBakako 61 MMana yTulaja Ha edmkacHocT jeauHuue .
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OBa uMkbeHULA Y BENMKOj Mepu orpaHuyaBa yrnoTpeby MeTaHMX npaxoBa paju
nosehara Op3vHe caropeBawa Nywera T, ycnen yera je ypaheHa cepuja TecToBa ca
aNTepHaTVBHUM HauMHMMa YTuLaja Ha Op3vHY caropeBarba MUPOTEXHUUKMX cacTasa.
JelHO of MHOLUTBA UCNUTAHWX anTepHaTUBHUX MOTryhHOCTU noBeharba 6p3nHe caropeBara
Jano je ybel/bmBO Hajoosbe pesyntare. Peu je 0 yrpafwy TaHKUX 6GakapHUX Xuua-
ycMmeprBada npoToka Tonsote-6akapHux rpejada (bI) y nupoTexHuyka nywewa . Osa
naeja 3a yrpagwy bIT y nupoTexHuuka nywerwa ' 3acHOBaHa je Ha 3Ha4vajHO 60/bOj
TONJ/IOTHOj MPOBO/BUBOCTU GaKapHUX XXULA Y OAHOCY Ha MUPOTEXHUYKM cacTaB Ha 6a3u
OpraHCcKKor ropusa. bosba TOMI0THA NPOBOA/BMBOCT BakapHUX Xuua nckopuwheHa je 3a
yCcMepaBatbe NPOTOKa TOMJIOTE M3 30HE CaropeBarba, KPO3 LEHTPa/HU [e0 MyHera Ka
CYNPOTHOM Kpajy, 06e36ehyjyhn no6osbluaHo NpearpeBare Hecaropenx crojeBa Mykerba
M. Ha oBaj HauuH, YMECTO pacunaxa Aena TOoM/IoTe KOju Ce U3 30He caropeBarba NpeHocu
Yy OKONMHY Mpeko 3ugosa komope ', TonsnoTta ce Kpo3 oBe bI™ U3 LeHTanHor aena, y Koju
Cy uctu yrpaheHu, pacnopehyje Mo LEMOKYNnHOj 3anpemMmHu MNyHwera U BPLUN HEroBO
npearpesare. Ha 0Baj HaunH cnojesn nywewa ' Koju Tek Tpeba fa nogsierHy npouecy
caropeBarba 61Bajy 3arpejaHu Ha BULLY TeMMepaTypy Of OHe Koja 6u 6unia nocTurHyTa 6e3
ynotpebe bI', ycnos/baBajyhy 3Ha4ajHO Maky KOSIMUMHY TOM/IOTE U3 30HE caropeBara 3a
noyeTak OKCUAO-pPefyKUMOHMX peakumja, LITO NOCMeAMYHO yTuye Ha nosehare 6p3vHe
caropeBarba. Bpno je GUTHO HaNnoOMeHyTH, Aa MaKo je Ha 0Baj HA4YMH MOCTUTHYTO noBehatbe
Op3vHe caropeBarba, cacTaB Mpojykara caropeBarba Nyera [T 0CTao je HenpoMmerbeH,

MOLLTO MaTepujan 6akapHUX rpejada He y4ecTBYje Y NPOLIeCy caropeBarba.

3.2.4.1 /leqpunucarmwe cacmaea 3a uzepuierbe UCRUMUBAILA

3a ncnuTueame ytuuaja yrpaheHux bl y nMpoTexHUUKa Nyketba Ha 6a3n nakTose
N aCKOPOUHCKe KuUcenMHe YnoTpeb/beHN Cy CBWU MUPOTEXHUYKM CacTaBW HaBEAEHW Y
Tabenu 4. [50]

3.2.4.2 IIpunpema nywemwa I'l 3a ucnumuearwe ymuuaja bl' na opzuny cazopesarva

3a noTpebe oBuX ucnuTmBarka bIT cy yrpaheHn y nywewa T Kpo3 npouec
npecosatba Yy ABe (hase. MupoTexHNUKe CMeLLe CY NPecoBaHe y allyM1HUjyMCKe LieBunLe ca

3maoBMMa Ae6/bMHe 2 mm, pagM UCMUTUMBakba 6p3nHe caropeBarba. Takofe, 3a
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NCNMTMBaHa, KOja Cy CHMMaHa TepMOBM3MjCKOM Kamepom, u3paheH je ogpefeH 6poj

oTnpecaka 6e3 anyMUHMjyYMCKMX LieBUMLLA.

20
- - 020

016

4

41

_ /]

D25 D25

st - o

¢a3§1ml<a' 19. Anam 3a dsogpasno npecosare  gasa ||

Ioe je:

1-TpH, 2- guctaHuep, 3-yBOAHWK TpHa, 4-MMPOTEXHUYKA CMeLLa, 5-0CHOBa anara ca
3 NMuHa, 6-anyMUHMjyMCKa LieBUMLa, 7-Teno anata, 8-6akapHe Xwuue, 9-ocHoBa anara 3a

3aBPLLHO MPEecoBatbe)

3a ucnuTMBarba 6Gp3vHe caropeBara ca U 6e3 BIN, npBa (hasa npecoBarba je

NAEHTMYHA W BPLUM Ce ca OCHOBOM anata ca 3 nuHa, Cnuka 20.

1.5
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Cnuka 20. Ocnosa anama ca 3 nuna
Tokom npBe (hase NpecoBarba, ca TPONMHCKOM 0CHOBOM anata (Cnuka 19, nosuuuja

5), Y MMPOTEXHNYKOM MyHetby ce (hopmmpajy 0TBOpM 3a BI'. HakoH 3aBpLUeTKa npBe (hase
npecoBatba, YKnawa Ce TPOMMHCKA OCcHoBa anata M 3 BIN ce y6auyjy y oTBope Y
MUPOTEXHUYKOM MyHety. HakoH yb6auuvBarba Bl y MUPOTEXHWUKO MyHseHe, BPLUN Ce
apyra (hasa npecoBatba ca AncTaHuepom (Cnuka 21) nosuumoHMpaHnm ucnog TpHa (Cnuka

19, no3nymja 1) 1 0CHOBOM afiaTa 3a 3aBpLUHO npecoBarbe (Cnmka 19, nosuumja 9).

3a ucnuTUBaHKe MpeHoca TOMAOTE TEPMOBU3UJCKOM KamepoM, MUPOTEXHUYKN
cacTaBu Cy MpecoBaHW AVPEKTHO Yy Tefo afarta 3a fpecoBakbe 6e3 anyMUHWUjyMCKOX
LleBuMLa, ca n 6e3 yrpaheHux bI.

¢\|‘2

\

018

Cnuka 21. /lucmanyep

3.2.4.3 Ymuuaj bI na op3uny cazopesarva

Kako 6m pe3yntatm MNCMnUTUBaka oM WwTo penpe3eHTaT|/|BH|/|j|/|, YC/10BU

ncnuTuBama ytuuaja bI Ha 6p3uHy caropeBarba 6mnm cy [50]:

- npeyHuK bI™ yrpaheHnx y onutHa nykwera 6uo je 0,1
mm, y CBaKO OMWUTHO Myere yrpafheHa cy no 3 br.

- [yCTUHA OMUTHUX Nykera 6una je 1,73 glem® (1,3 +
0,01 g nNUpOTEXHWYKe CMeLle je YNPecoBaHO Yy alyMUHUJYMCKe LeBUULe

AMMeH3Mja NprKasaHux Ha Cnnum 22.
08
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Cnuka 22. Anymunujymcka yeguuya

Mepetba 6p3viHe caropeBatba BpLUEHA Cy, Kao M Yy NPeTXoAHUM (asama

ncTpaxunsama, ypehajem VOD 811.

3.2.4.4 Ymuuaj BI" na edekmugnHy moniomuy npooOHOCH! NUPOMEXHUUKUX

nyrerna

Kako 6u pe3yntatn MNCMnUTUBaka oM WwTo penpe3eHTaT|/|BH|/|j|/|, YC/i0BU

McNUTKBatba yTuUaja BI” Ha e(heKTUBHY TONNOTHY NPOBOA/LUBOCT BN CY:

- MMPOTEXHUYKIN CacTaBy 3a UCMNTMBAHE UCTIPECOBaHM
Cy afiaToM 3a [BO(asHO MnpecoBamwe Yy UuAMHApe, ca u 6e3 yrpaheHux bI,
npeyHnKa 12 n BucuHe 15 mm, 6e3 o6nore.

- Temnepatypa ypehaja 3a ucnuTuBatbe Temrneparype
camo3ana/berba je nofeleHa Ha 200 °C.

- [yCTUHa CBUX OMUTHIX Nyketba 6una je 1,76 glem’.

- CBa onuTHa NyHera, 0, MOMEHTa MOCTaB/bata Ha
rpejHy nospwuHy ypehaja 3a oapehuBatbe TemnepaType camo3ana/bewa,

CcHumaHa cy FLIR SC620 TepmoBM3njcKoM Kamepom y nepuogy og 180 s. [50]
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4. IIPUKA3 1 AHAJIN3A PE3YJITATA UCIIMTUBAIbA
4.1 llpBa ¢a3a ucrpaxuBama
4.1.1 bp3una cazopesarva

Pesyntatu ucnuTvBarba 6p3KHe caropeBatba cactaBa M3pahieHVMX Yy npBoj hasu

MCNUTKBakba NpUKasaHu cy y Tabenu 5.

Tabena 5. Pesynmamu uchnumusarba Op3uHe cazopesarba nupomexsuykux cmewia uz I gasze
ucCmpaxcusarba

bp3una
Hasus cMmelue BpemMme caropeBama, [s]
caropeBama, [mm/s]

002/09111 22,54 0,66
004/09r11 22,9 0,65
010/09r11 13,6 1,1
014/09r11 8,45 1,77
015/09111 8,25 1,82
016/09P1 7,03 2,13
027/09111 7,54 1.99
028/09r11 10,03 1,5
029/09r11 4,65 3,22
031/09r11 13,52 1,11
032/09r11 15,89 0,94

Ha ocHoBy aHanu3e go6ujeHNX BPeAHOCTY 6p3nHe caropeBatba, 3aK/byuyeHo je aa
cacTaBy Ha 6asn mauToNna ocTapyjy U o 42 % BULLE BPeAHOCTY 6p3KHe caropeBatba 0f
cacTaBa ca ButoHom A. 360r 3axTeBa Aa 6p3vHa caropeBatba He Gyae Marba 0f 2 mm/s,

BUTOH A je y KacHMje n3paheHnM cacTaB/Ma 3aMetbeH UANUTO/OM.
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CBM HaBefleHW cacTaBW Cy caropeBai CTabUMHO Y3 reHepucare BENNKe KONMNUNHE
racoBMTUX NpoayKaTa. Y 3aBMCHOCTU O[] cacTaBa CMeLle OCTBapeHe Cy 6p3nHe caropeBarba
y wimpokom oricery og 0,65 mm/s (004/091M1) go 3,22 mm/s (029/09I11).

Hdopatkom Fe,O3 nosehaHa je TOMIOTHa NPOBOA/LMBOCT CMeELLE WM MOCTUTHYTa
HajBMlla Op3nMHa caropeBaka Ca BUTOHOM A Kao BesnBoM (1,1 mm/s), MehyTum,

NCTOBPEMEHO je 3HaLIajH0 nosehaHa KonM4mHa UBPCTUX NPOAyKaTa caropeBatba.

Tokom ucTpaxmBarba YTBpHEHO je Ja W BP0 Mane KONMYMHE efleMeHTapHOr
reoxkha mmajy 3HauajaH yTuuaj Ha 6p3vHy caropeBara. [la 61U ce 0OBa NpPeTnocTaBka
noTspauna uspaheHa cy jow pfsa cactasa, 031 u 032/09M1. Osa pfBa cacTaBa cy
onTYMUCaHa Aa O0CTBapyjy HWXKe 6p3vHe caropeBara, Kako 6w yTuuaj rsoxha Ha 6p3vHy
caropeBata 610 ounrnegHuju. Kao WITO ce aHasmM3oM pesynTata npumehyje, 6p3nHa

caropeBarba cMelLe ca reoxxhem, y of4Hocy Ha oHy 6e3 reoxkha, Beha je 3a 15,3 %. [51]

CacTaBM y KOjuMa Ce Kao rMlaBHO OKCWUAALMOHO CPeACTBO KOPUCTM KasinjyM-HUTpaT,
009/09IM1 n 029/09M1, 3axTeBajy NPUCYCTBO BMCOKOEHEPreTCKOr ropmea koje he CBOjUM
caropeBarbeM HeyTpaancatm eHAOTEPMHOCT Mpoueca Aerpagauuje Kaamjym-Hutpata.
Bp3nHa caropesarba cactasa 029/09INM1 6una je 3,22 mm/s, fok ce cactaB 009/09M1 Huje

MOrao npunanTn.

MoBehatbe yaena maMToNMa y CMeELIM Ha pavyyH OKcMAaHCa yTude Ha noBehane
Op3nHe caropeBatba CMelle. 3a cacTtaB 03Hake 014/09M1 gobujeHa je BpeaHOCT 6p3viHe

caropesara 1,77 mm/s, a 3a cactas 015/09111, 1,82 mm/s. [31]

Mopeherem pesynTata UCMUTUBaHa 6P3UHE caropeBarba NMUPOTEXHUUKMX CMeELLa,
yTBphHEeHO je fda je 3a UCTW cacTaB CMelle Hajeha Op3nHa caropeBara permcTpoBaHa ca
ackopbuHckoMm KkucenmHom, 022/10M1, fOK je HajHuka 3abenexxeHa Koj cactaBa ca

nakto3om, 020/10MM1, ka0 OCHOBHOM FrOPMBOM KOMIMOHEHTOM, Tabena 6. [52]
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Tabena 6. Pesyimamu uchumugarba Op3uHe CA20pesarba NUPOMEXHUUKUX cMewld Ha 0a3u
PA3IUYUMUX OP2AHCKUX 20PUBA

Ha3sue cmenre Bpeme caropeBaba, Bp3unHa
s caropesama, [mm/s]
020/10rM1 5.19 289
021/10M1 4.42 3.39
022/10M1 3.15 4.77
023/10rM1 7.46 > 01

4.1.2 Enepcemcku nomenyujan
Pe3ynTaTui NCMMUTMBaA EHEPreTCKOr NOTeHLMjaa NprKasaHu cy y Tabenu 7.

Tabena 7. Pesynmamu ucnumugarod eHepeemcKoz NOMeHYUujaia 00aOpaHux NUpOmexHuuKux
cmewa uz 1 gpaze ucmpascusaroa

O3HAaKA CMellIe Eneprercku norenumjaJ,
[J/g]
027/09r11 4363.00
028/09111 7698.95
029/09111 5089.89

Pesyntatn ncnutreama ykasyjy [a HajBuLLM eHepreTcku noTeHuujan uma cMeLla
028/09I11. Pagy ce 0 BUCOKOEHEPreTCKOM CacTaBy UMjy je eHepreTCKu MoTeHUmMjan Yak v

[0 76,5 % B/LwN 0f cacTasa ca nakto3om, 027/09M11.

Mefhyco6He pa3nnKe eHepreTcKux MoTeHUMjana UCMMTaHUX cacTaBa ca /lakTO30M
noTudy of, npucycTtea MarHesmjyma, y cactasy 029/09I1, koju je fojar Kako 6w ce
yTBpaMna MoryhHocT 3HauajHujer noseharba Op3vHe caropeBatba [OLATKOM Matbe
KO/MIMUMHE MeTasIHOT BMCOKOEHEPreTCKOr ropmea, 6e3 3HauyajHujer noseharba eHepreTckor
noTeHuMjana WM KOMMYMHE UBPCTUX W TeUHUX npofykata caropesawa. BpefgHocT
eHepreTCcKor noTeHuujana cCMeLLe lakTo3a-mardesunjym, 029/09111, y ogHoCy Ha CMmeLly rae

je jeanHo ropmeo nakTo3a, 027/09M1, Beha je 3a 16,7 %. [53]
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4.1.3 Temnepamypa camozanamverna

Pesyntat wucnutMBaka 3aBUCHOCTM BpeMeHa WHAYKUMje of Temmneparype
npvkasaHu cy y Tabenama 8, 9 un 10.

Tabena 8. 3asucnocm epemena unoykyuje 00 memnepamype 3a nup. cmewy 027/09111

I'panynanuja 0,75-1,02mm s 5
T['C] 2E |go
o = )
& g 3 &
Bpeme unaykuuje[s] SO '_f §
|
500 | 10,80 10,33 10,63 106 |83
=~
510 8,44 8,72 8,70 8,6 ‘I’l’ X
S, =

530 531 5,66 511 54

Tabena 9. 3asucnocm epemena undykyuje o0 memnepamype 3a nup. cmewy 029/09111

I'panynanuja uznan 0,7Smm s 5
T(’C] = |80
9 = <
. Sa |32
Bpeme nnaykuumje|s] 2 + %
ol
470 7,28 7,90 8,64 79 |89
32
500 4,87 4,84 4,96 4,9 | S
>,

510 3,61 3,78 3,53 3,6
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Tabena 10. 3asucnocm epemena unoykyuje o0 memnepamype 3a nup. cmeuty 028/09111

I'panynanmja usnax 1,02mm s B
TI’C] 22 o O
o = gﬁ%
. g | g2
Bpeme unaykuuje, [s] + %
Al
650 8,4 8,4 9,0 8,6 €=
=X
660 8,1 8,0 8,5 8,2 1§
>

680 8,8 6,0 59 6,9

3aBMCHOCT BpeMeHa MHAYKLMje off TeMnepaType nprKasaHa je Ha Cnmum 23.

w 10,1 |
P
S
g 79- \ + 027/09M1
> ’
= = 028/09M1
= » 029/09M1
= 57 '
o
Q.
@ \
3,5 A

450 500 550 600 650 700
Temnepartypa, [°C]

Cnuxka 23. [ paguuku npukasz 3a6ucHocmu gpemena uHOyKyuje oo memnepamype

AHanusa pesynrata MUCNUTMBaKa TemnepaType camo3anabera, ykasyje pga je
Temneparypa camo3ana/berwa HajHwka 3a cmewy 029/09M1, a Hajsuwa 3a CMeLly
028/09r11. Tako HUCKa BpefHOCT TemrepaType camo3ana/berwa Be3aHa je 3a npouec
caropesata pactsopeHor KCIO, y TeuHoj nakto3un. OBaj NpoLec je Bpao Cnop 1 eHepruja
Koja ce Ha OBaj HaumMH ocnobaha je 3aHeMap/bMBa Y O[HOCY Ha eHeprunjy Koja ce ocnobaha
Ha HewTo BULWIMM TemnepaTtypama, aan je Heros yTuuaj Ha BpefHOCT Temnepatype

Camo3sala/beha EBUAEHTAH.
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YKO/IMKO Ce Ta eHepruja rnosexe ca rnosehaHOM CNOCOBHOCTM MpeHoca TOM/oTe
Kpo3 cMeLly, 360r ydyelha MeTa/IHOI BUCOKOEHEPreTCKOr ropuea (MarHesnjym) y cmeLuu
029/09IM1, HwXKa TemnepaTypa camo3anabera Y 04HOCY Ha cacTaB 6e3 MeTasIHOI ropuea

027/09r11 je cacB1M norvyHa nojasa.

3a pasnKy Of CMella Ca /aKTO30M, pediepeHTHa CMella y CBOM cacTaBy He
nocefyje KOMMOHEHTY 4MjoM GM Pa3rpagbOM Ha HUDKMM Temnepatypama Morfe Aa ce

MOKPeHY OKCKA0-peayKLIMOHe peakLinje 1 U3a30Be Nasbetbe NMMPOTEXHMUKE cMeLle. [53]
4.1.4 QOopelhusare maxcumannoz RPUMUCKA CA20PEBAILA Y MAHOMEMAPCKOj 0oMou

Pe3ynTaT|/| NcnnTnBaka MakKCUMa/IHOI  MPUTUCKa MpoAyKaTa cCaropeBaka
NCNUTBAHMX NPOTEXHNYKMX cacTaBa y MaHOMETEPCKoj 6oMou aaTtu cy y Tabenama 11 n
12.

Tabena 11. Pesynmamu ucnumuearba MAKCUMAIHO2 HPUMUCKA NPOOYKAMA CcAz2opedarsd Y
Manomemapckoj bombu 3a ooabpane nup.cmewie u3 I pase ucmpasicusarba

Hasus 027/09111 028/09111 029/09111

cMelne

Osnaka | Tp |Tmax|Pmax| Tp (Tmax|Pmax| Tp |Tmax| Pmax

npoée [ms]| [ms] | [bar]|[ms]| [ms] | [bar]|[ms]]| [ms] | [bar]

1

0,065(0,094| 53,3 |0,073|0,122 | 37,4 [0,033({0,057 | 44,9

2 0,062/0,093| 53,4 10,080]0,129 | 33,9 [0,035[0,053| 45,2

3 0,176/0,213| 53,2 10,160]0,221 | 34,3 [0,030({0,048 | 46,2

Cpeama
0,101(0,133| 53,3 |0,104/0,157 | 35,2 {0,033({0,053| 45,4

BPETHOCT

Ha ocHoBY pe3ynTtarta UCMMTUBatba NPUKazaHux y Tabenn 11, eBUAEHTHO je fa je ca
cacTaB/Ma Ha 6asy OpraHckux ropuea moryhe noctuhy Bulle BPeAHOCTU MpUTUCAKa
npoaykaTa caropeBatba Yy MaHOMETapckoj GOM6M, LITO je YCKO MOBE3aHO ca MasioMm

KONMYMHOM YBPCTMX M TEYHMX NPOAyKaTa caropeBatba. [53]
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Tabena 12. Pesynmamu ucnumuearba MAKCUMAIHO2 HPUMUCKA NPOOYKAMA cAz2opedarsd Y
Manomemapckoj bomou 00abpanux nup.cmeua

Ha3zus
— 020/10111 | 021/101I11 | 022/10I11 | 007/111I11 | 008/11111
O3Hnaka
npoGe MakcuMaJIHi IPUTHCAK MPOIYKATa caropeBama, [bar]
1 33,8 34,2 37,6 35,0 37,1
2 35,2 338 36,9 334 364
3 34,9 34,6 35,7 - _
Cpenma
BpeIHOCT 349 34,2 36,7 34,2 36,8

Kao wto ce n3 Tabene 12 moxke NpUMETUTK, BPELHOCTWU MpUTMUCaKa NpofykaTa
caropeBarba UCTUX cacTaBa M3paheHUX 1 UCMUTaHUX Y PasInunTUM (hasama UCNnTUBaHa
cy Bpno 6nmcke (020/10M1=007/11M1, 022/10M1=008/11M1). Takohe, ounrnegHo je n 1o
fa ce oOcCTBapyjy Bpfo 61MCKe BpegHOCTM MNpUTUCKA MpofykaTa caropeBawa Y

MaHOMeTapCcKoj 60M6Y 3a cBa KopuLLheHa opraHcKa ropuBea.
4.2 Jipyra ¢a3a ucrpakuBama
4.2.1 Iloauzoncka ucnumueéarsa

360r W3Y3eTHO [AMHAMWYHMX YCNoBa KOju Bnadajy Yy HenocpeaHoj OKOMMHM
npojekTuna y LeBn opyha U NPUAMKOM M3Nnacka NpojeKkTuna U3 ycta LeBW, a Y Uuby
yTBphMBatba CTAaGUNHOCTM MpoLeca caropeBarba NUPOTEXHWUYKUX CMeLla, W3BPLUEHa Cy

NOIMIrOHCKa NUCMUTUBAKA Ha NOIMIOHY "MuroKoBUU" y Yauky.

M3BpLueHa je nabopaumja nymwewsa y 10 npojektrna 57 mm, ca yrpaheHum raco-
reHepaTopoM, 1 To ca pedepeHTHOM cmewioM (023/10MM1) n cmeloM Ha 6a3n NakTo3e Kao
ropumee KomnoHeHte (020/10M1), a 3aT¥M je W3BPLUEHO HWUXOBO MCNyLlaBake pagu

npahetba paja racoreHepaTopa y AnHaM1UuKIM YCoBKMA.

CacTtaB ca /1aKT030M je |/|3a6paH 3a HaBedeHa WNCnnTrBaka 360r cBor MN3Y3ETHO

HMCKOI eHepreTckor noteHyunjana (4363,00 J/g-027/09MM1). [31]
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Kako 61 ce 06U LITO KOPUCHMjW NOAALIM CauMtbeH je MnaH UCMTUBAtbA, KOju je

3aje[]HO ca pesynTaTuMa peanusatimje NpeacTaB/beHn y Tabenm 13.

Tabena 13. Pesynmamu nonuzouckux ucnumugama paoa I'l’ Base Bleed npojexmuna 57 mm

CacraB nywetba [T
O3Haka ; , H
: O3Haka | 5 anomeHa
npojekTha . Maca (g) | Mpunana : Maca (g)
cMewe 5

Iy 28 - MyHetbe ce HMje NpunanuIo

E ey ) Mpunanuno ce, Hema Orbecka Ha YCTUMA

Iy 020/10M1 ' M4 LleBM, CTabMNHO caropesa

| 278 4 Mpunanuno ce, nojasa 6/becka Ha YCTUMA

4 )
LLIeBM, CTabWIHO caropesa.

Iy 30 - MyHetbe ce HMje NpunanuIo
Mpunanuno ce, nojasa 6/becka Ha YCTUMA

1I% 30 - LLeBM W M3a NPOjeKTUNa, HEeCTabunHo,
caropeBame.
Mpunanuno ce, nojasa 6/becka Ha YCTUMA

I, LIeBM 1 M3a MPOjeKTWUNa, cnabuje reHepucambe

023/10M1 M4 nmMma.
27 4

Mpunanuno ce, NojaBa MHTEH3MBHOI 6/beCKa

I Ha yCT1Ma LeBUN 1 13a NPOJEKTUNA, N3PAKEHO
reHepucarbe anma.

I3 Mpunanuno ce, nojaBa 6G/becka Ha YCTUMA|

28,4 2,6 LLeBM W M3a MNPOjeKTUNa, HEeCTabunHo,
I CaropeBatbe.

Pe3ynTaT MOMMIOHCKUX UCMMTMBatba TpeGano 61 fJa Aadajy OAroBope Ha Heka

BP/io OMTHa 1 OCeT/bMBA NWUTaHa 3a HaCTaBakK NCTPaKNBaha, Kao LITO CY:

[a nn nywewe ' nabopucaHo 6e3 npunanHe cMeLle

MOXXe Nnoy3aaHo fa ce npunain npoayKrtmnma caropesamba MOroHCKOr nykwera 1

cTabunHo caropesa TOKOM /ieTa I'IpOjeKTI/Iﬂa?
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- [Ja nvu ycnoBu koju Bnafjajy Ha ycTMMa LEeBM
HenocpefHO HaKOH M3/acka MpojeKTuia 13 LeBn Mory Aa yrpose ctabuiHoCT
npoueca caropesarba MyHera?

- MocToje v pasnuke y pagy nNykwewa ' naboprcaHnx
ca ped)epeHTHOM CMELLOM M CMELLIOM Ha 6a3mn 1akTo3e Kao ropuBe KOMMOHEHTE?

Ha Cnuun 23 npukasaH je MNA npojektn 57 mm u jeauHuua ' oaBojeHo-feTarb
"a“

, W CTW NPOjeKTWN ca HaBNjeHOM jeanHuLoM I'T-getam ,,6%.
. ,v'r By Fosi- B

Cnuka 24. Uzeneo npojexmuna ca u 6e3 nasujene jeounuye 11

Pe3ynTaTi NOAUTOHCKUX UCMUTUBarba Ty AMHAMUYKM YCOBUMA NOKa3yjy:

. [a ce nywewe I'T ca naktozom (Cnuke 25a, 256 1 258) 6e3 npunasHe cMmeLle Huje
npunanunno,
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B

Cnuka 25a,06,6 Cmabunnocm cazopegaroa nupomexnuuxkoz nyrera jeounuye I'l na 6azu
nakmose be3 nabopucane npunaime cmeuie

« Ja cy nywewa [T ca peepeHTHOM cMellom 6e3 npunaiHe CMele umana
MOMIOBMYAH YYMHAK, Tj. jefHO Mykete Ce Huje npunauio [oK ce Apyro
npunanuno. Kog apyror nywera (Cnvke 26a, 266, 268 1 26r), nako je JOLI0 A0
npuna/berba Nywerwa [T, caropeBawe HWje 6KUN0 cTabunHo M 6mno je npaheHo
WNHTEH3MBHWM 6/bECKOM U3a NpojekTunna. [53]

Cnuka 26a,6,6,c Cmabunnocm cazopedarna nupomexHuykoz nyrerd jeounuye 11" na
bazu maenesujyma b6e3 nabopucane npunaine cmeule
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. [laycnosu kojv Bnajajy Ha yctuma LieBu, TOKOM M3/1acka NpojeKkTuia n3 ycra LieBu,
MMajy Makm yTuuaj Ha nymwera ' naboprcaHa cMeLloM Ha 6a3v nakTo3e, MoLwTo
Cy CBa NpunasbeHa Nykera caropeBaia CTabuiHo, Tj. AUMHM Tpar 13a npojekTunia
je 6uo KoHTUHyanaH. MprmMeheHa je nojasa niamMmeHa Ha ycTMMa LLeBM KOJ, NyHetba
nabopucaHux ca 4 g npunanHe cvewwe M4 (1,-Cnuke 27a n 276), JOK KOA MyHera
ca 2g npunanHe cmelle M4 (13-Cnuke 28a n 286) oBa nojasa Huje npumMeheHa. [53]

Cnuka 27a,6 Cmadbunnocm cazopesarba nupomexnuikoe nyreroa jeounuye 11" na 6asu
aaxmose u 4 g M4 npunanne cmewe

Cnuka 28a,6 Cmabunnocm cazopesara NUpomexHuuKoe nyrera jeounuye I'l" na 6azu
nakmosze u 2 g M4 npunanne cmewe
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« [Mywere ca pedepeHTHOM CMeWwoM, Y Koje je nabopucaHa Marwa KOIMYMHA
npunanHe cMele-2.6 g, caropeBano je HecTabunHo. OBa KOHCTaTauuja ce orneda y
NCNPEKNJAHOM AMMHOM Tpary M3a AHa MpojeKTuna TOKOM HEroBOr NeTa, CMKe
(M3-(Cnuke 29a 1 296) u Il5-(Cnuke 30a 1 306)). [53]

Cnuka 29a,6 Cmabunnocm cazopesara NUpomexHuuKoe nyrera jeounuye I'l" na 6azu
maznesujyma u 2,6 g M4 npunanne cmewe

Cnuka 30a,6 Cmabunnocm cazopesara NUpomexHuuKoe nyrera jeounuye I'l" na 6azu
maznesujyma u 2,6 g M4 npunanne cmewe
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4.3 Tpeha ¢a3za ucrpaxuBama

4.3.1 Ymuuyaj yoena ee3uene komnonenme Ha Op3uHy cazopesarsa

AHaIM30M pesynTaTa UCNTMBara NpeAacTaB/beHnx y Tabenu 14, yoursus je nag

6p3nHe caropeBatba ca noseharbem yaena ButoHa A.

Tabena 14. Ymuyaj yoena eesusa, Bumon A, na 6p3uny cazopesaroa

Hasns Yieo 3

nup.CMeLLe Be[izl]aa, p, [g/cm’] | Bp3nHa caropesatba, [mm/s]| Cs Cop | KB

CacraBu Ha 0a3u J1aKTO3€
010/1211 3 0,73 10,70 | 0,68 | 0,74 | 0,71 | 0,03 | 3,94
006/12111 4 0,69 | 0,67 | 0,66 | 0,70 | 0,68 | 0,02 | 2,40
001/121M1 5 1,73 0,70 | 0,66 | 0,70 | 0,71 | 0,69 | 0,02 | 2,98
004/1211 6 0,68 | 0,67 | 0,64 | 0,67 | 0,67 | 0,02 | 2,30
005/12111 7 0,64 | 0,63 | 0,63 | 0,64 | 0,64 | 0,00 | 0,71
CacraBu Ha 6a3u BuramuHa I
013/1211 3 2,25 | 2,23 | 223 | 2,18 | 2,22 | 0,03 | 1,30
012/1211 4 1,60 | 1,66 | 1,64 | 1,64 | 1,64 | 0,02 | 1,47
007/1211 5 b 1,21 | 121|119 | 1,20 | 1,20 | 0,01 | 1,01
011/12M1 6 1,13 | 1,13 | 1,14 | 1,13 | 1,14 | 0,01 | 0,52
I"oe cy:

Cs- Cpeftba BpeHOCT,
Co— CraHpapfHa fesujaumja, v

KB- KoethumunjeHT Bapujauuje

Takohe, nag Gp3vHe caropeBakba MpaTu U CMakbere KoeuuMjeHTa Bapujaumje,

cTeneHa penpofyKTMBHOCTU pe3ynTata, Koju ce nof UCTUM eKCriepuMeHTaHUM YCNoBMMA

MOXKe NnocmaTpaTt 1 Kao CTerneH XOMOreHOCTU NMUPOTeXHUYKe cmelle, Cnivka 31.
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23

N

JIluHapHa Bp3uHa caropeBamwa, mm/s

\.‘H ——[lakTo33
—8— Butamud L
038 —
03
02 2 3 - 5 6 7 8

Yaeo ButoHa A, %

Cnuka 31. 3asucnocm 6p3une cazopesarba 00 yoena 6e3usd
YoueHa oacTynara y ogHocy Ha TpeHg naga BC n KB ca noseharwem yaena Besvsa

Be3aHa Cy 3a HexXOMOreHOCT cacTaBa KOjy je Hemoryhe enemmHmcaTy TOKOM npoLieca
n3page NMPOTEXHUYKMX CMeLla. Y3umajyhu y 063up BpegHoctn KB, koje cy mucnog 5 %,
NMoMeHyTa OACTyMaHwa MOry ce 3aHemMapuTh, MOWTO CMelle Mpunagajy rpynv m3y3eTHO
xomoreHux cmewla, KB<5 %. BpegHocTt BC (0,69 mm/s) 3a cactaB ca nakto3om u 5 %
Be3uBa je Bpno 6nucka BpegHoctuma bBC cactasa ca 4 (0,68 mm/s) n 6 % Besusa (0,67

mm/s) TaKo fa Ce YOYEHO 0ACTynaHe MOXKE NMpUNncatn HEXOMOIreHOCTH CMELLIE.

Mag BC cactaBa Ha 6a3K NnakTo3e 3a yaeo Be3uBa of 3-6 % M3HocK camo 5,63 %,
[OK je Kof cMmella Ha 6a3n BuTamuHa Ll 3abenexeH naf of Yak 48,65 %. Y3umajyhu y
063up fa cy CBM napameTpu MUCMWTUBaHa 3a CMewle Ha 6a3u NnakTo3e M BuTammHa L,
NaeHTMYHW, pasnuka y nagy BC nosehawem ygena Be3Ba MOXe Ce TPaXWUTWU Camo Yy

pasimvynTnm (*)I/I3I/IHKO-XGMI/IjCKI/IM ocobvHama yn0Tpe6rbeH|/|x ropumea.
4.3.2 Ymuuyaj 6unanca kuceonuxka Ha Op3UHY cazopesaroa

Pesyntatu MCNWTMBaKba YTWlaja 6GUNaHca KWCEOHMKA Ha GpP3MHY CcaropeBatba

npeacTaB/beHn cy y Tabenm 15.
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Tabena 15. Ymuyaj dunanca kuceonuxa Ha Op3uny cazopesarsa

nmlp_)l.?:?\;ﬂeBLue KMCS(';':V?:; [%] Bp3uHa caropesatba, [mm/s] Cs Ca KB
CacraBu Ha (6a3u JlaKkTO03€e
001/12111 -0,69 0,70 | 0,66 | 0,70 | 0,71 0,69 | 0,02 | 2,98
002/12111 +15,24 0,69 0,71 | 0,69 | 0,69 0,70 | 0,01 | 1,56
003/12111 -14,39 055 | 055 | 054 | 055 | 055 0,00 | 0,88
CacraBu Ha 6a3u BuramuHa I
007/1211 -0,46 1,21 1,21 1,19 1,20 1,20 | 0,01 | 1,01
008/12111 +15,52 1,24 1,23 1,20 | 1,26 1,23 0,03 | 2,03
009/12111 -14,26 1,28 1,27 1,26 1,28 1,27 | 0,01 | 093

AHanu3om pesyntata n3 Tabene 15, youeHO je Aa Cy CMeLle ca /laKTO30M U

BUTaMMHOM L| HeoceT/bMBe Ha MpomMeHy GunaHca KWUCceoHWKa, Gap y oncery of -14 ao

+15 %. Kog cmelua ca nakto3om, Hajsuwa 6C peructposaHa je npu nosutusHom bK (0,70

mm/s), a HajHuxa 3a HeratmeaH BK (0,55 mm/s), 1j. nag BC 3a 21,4 %. Pe3yntatu

MCNUTMBaKa cacTasa ca BUTaMMHOM L yka3syjy Ha TpeHA nosehana bC 3a cactase unju BK

OfCcTyna of, ypasHoTexeHor, Tj. Behe cy bC 3a cactas ca HeratusHuM BK (1,27 mm/s) un

no3utneHMM BK (1,23 mm/s) Hero LWITO je TO Cfyyaj 3a CMeLLy ca ypaBHOTeXeHuM BK

(1,20 mm/s). Mopeherem NoOMeHYTUX pesynTata UCNUTUBAKA, 3a CacTaB Cca BUTaMUHOM L,

perucTpoBaHo je nosehawe bC cacTtasa ca HeratueHuM BK 3a 5,83 % y ofHOCY Ha cacTas

ca HeytpanHuMm BK. OBako Mano ofctynawe BpefHoctn BC rosopu ga je ytuuaj BK, y

NnocTaB/bLEHOM Orcery BpefHOCTU, Ha BpefHoCcTN BC 3aHemapuB. Pe3yntaty ncnntmsama

npukasaHu cy Ha Cnuun 32. [48]
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Cnuka 32. 3asucnocm 6p3une cazopesarba 00 OUNLAHCA KUCEOHUKA

4.3.3 Ymuuyaj cycmune nymwerma Ha op3uny cazopesaroa

Pe3yntatu ucnutmBara ryctuHe nymwera Ha 6p3|/|Hy caropesara rnpukKasaHu cy y

Tabenu 16. [48]

AHanusom pesyntata n3 Tabene 16 youyeHO je ga ce ca nosehaweM ryCTUHE

Nytera (CMarbeteM MOPO3HOCTM) CMakbyjy BpeaHOCTUM BC MMPOTEXHUUYKMX CMella Ha

6a3n opraHCKor ropuea (N1akTo3a 1 BUTamMuH L1).

Tabena 16. Ymuyaj cycmune nyrmera Ha Op3uny cacopesaroa

Hasue nup.cmewse |py, [g/cm®]|p, [g/cm®]| P, [%] Bp3|/|Ha[r(r:]a;rr];)Sp])eBa|-ba, Cs | Co | KB
1,73 17,85 |1,02|1,02099 101]|1,01|0,02| 1,65
001/12111 2,11 1,87 11,53 | 0,7 | 0,86 0,91 /0,87 |0,87|0,02| 2,38
2,00 521 |0,78|0,79|0,79 0,79 0,79 | 0,01 | 0,68
1,73 19,38 |0,91|0,92|0,940,94|092|0,02| 1,68

002/12111 2,15
1,87 13,18 |0,87|0,86 0,87 089|087 |0,01| 1,53
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2,00 6,98 0,79|0,78,0,81|0,80| 080 |0,01| 1,73

Hasus nup.cmetue |py, [g/cm] |p, [g/em®]| P, [%] Bps”“?r%?;;)sﬁ%%a’ Cs | Cn | KB
1,73 16,67 |0,77]0,79,0,81|0,79 0,79 | 0,02 | 2,00

003/1211 2,08 1,87 10,26 | 0,64 | 0,68 | 0,67 | 0,66 | 0,66 | 0,02 | 2,78
2,00 3,85 0,64 |0,65|0,65 0,64|0,65|0,01| 1,02

1,73 18,24 |0,89|0,90|0,89 091 |090 0,01 1,09

004/121M1 2,12 1,87 11,9 |0,71|0,74|0,76 | 0,73 | 0,74 | 0,02 | 2,58
2,00 5,66 0,76 | 0,80 | 0,80 | 0,78 | 0,79 | 0,02 | 2,48

1,73 18,24 |0,81|0,88|0,83|0,84|0,84|003| 3,53

005/12r1 2,12 1,87 11,9 10,81(0,83(0,79|0,79 0,80 | 0,02 | 2,02
2,00 566 |0,68|0,68 0,66 0,68]|0,67|001| 1,64

1,73 17,85 [ 0,95|0,96 0,99 0,94 0,96 | 0,02 | 2,44

006/12M1 2,11 1,87 11,53 |0,78|0,80(0,82|0,79|0,80 | 0,02 | 1,95
2,00 521 0,710,741 0,75 | 0,771 0,74 | 0,02 | 2,93

1,73 1938 |1,74|1,75|1,75|1,72|1,74 | 0,02 | 0,89

007/12rM1 2,15 1,87 13,18 |1,60|1,67|156 154|159 0,06 | 3,51
2,00 6,98 1,391,444 11,48 | 1,44|1,44| 0,04 | 2,66

1,73 20,49 |1,67(158|1,70|1,62|1,64|0,06| 345

008/1211 2,18 1,87 1437 156|156 |146| 154|153 0,04 2,87
2,00 8,26 1421140|1,45|1,37|141|0,03| 2,35

1,73 1503 155|158 |160|152|1,56|0,03| 2,15

009/121 2,04 1,87 8,50 1451471143 |1,46|145|0,02| 1,15
2,00 1,96 1311137131 | 137|134 | 0,04 | 2,69
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Hasvs nup.cmelue |py, [g/em®] |p, [g/em®]| P, [%] Bp3MH?r%?;?SF])eBal-ba’ Cs | Ca | KB
1,73 1785 |0,98|1,00(100|09099|0,01| 0,83
010/121NM1 2,11 1,87 11,58 |0,88|0,86(0,85|0,83|0,85|0,02| 2,14
2,00 5,21 0,81,0,84(081|0,79|081|0,02| 2,67
1,73 19,38 149|158 (156|151 |1,53|0,04| 2,65
011/121M1 2,15 1,87 13,18 |1,42|145]1,48|1,48|1,46|0,03| 2,09
2,00 6,98 1,3811,38|1,33|1,34|1,36|0,03| 2,17
1,73 19,38 |2,25|2,12 (2,14 | 2,17|2,17|0,05| 2,54
012/1211 2,15 1,87 13,18 |1,88|19(1,88|191(191|0,04| 1,95
2,00 6,98 1,86(1,75|11,79|180|1,80| 0,04 | 2,42
1,73 19,00 |2,37|2,37(240|2,37|238|0,02| 0,71
013/121N1 2,14 1,87 12,77 219219214 |2,17|2,17|0,02| 1,10
2,00 6,54 2,08 12,03 |206|205|2,05|0,02]| 1,14

"pe cy:

pt— TeopeTcKka ryctmHa NMpPOTEXHUYKOT cacTaBa,

p— PeanHa ryctuHa nyretba,

P— Mopo3HoCT (0AHOC peasiHe U TEOPETCKE TYCTUHE).

YTuuaj ryctrHe nywena Ha bC npukasaH je rpagmuku Ha Cnvkama 33 n 34.
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Cnuka 33. Ymuyaj eycmune nyrmera Ha peOHOCH Op3UHe Cazopedarsd nup.cmeula Ha

basu 1akmose
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Cnuka 34. Ymuyaj eycmune nyrera Ha 8peOHOCH Op3UHe cazopedarsa nup.cmeula Ha 6asu
sumamura I

4.3.4 Ymuuyaj oeowune 3uda o6102e nHa Op3uHy cazopesarsa

PesyntaT wucnuTuMBamwa YyTuuaja [eb/buHe 3upa  jeauHuue T Ha  6p3viHYy
caropeBatba NpuKasaHu cy y Tabenun 17. [48]
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Tabena 17. Ymuyaj oebmune 3uda jeounuye I'l" na 6p3uny cacopesarba

Hasus BpcTa

p, [g/cm®]| BpauHa caropesarba, [mm/s] Cs Co | KB
CraHg,. 0,70 | 0,66 | 0,70 | 0,71 0,69 0,02 | 2,98

001/12M1 1,73
Mogaud. 1,02 | 1,02 | 0,99 | 1,01 1,01 0,02 | 1,65
CraHg. 0,69 | 0,71 | 0,69 | 0,69 0,70 0,01 | 1,56

002/121N1 1,73
Mogaud. 091 | 092 | 0,94 | 0,94 0,92 0,02 | 1,68
CraHg. 0,55 | 0,55 | 0,54 | 0,55 0,55 0,00 | 0,88

003/121N1 1,73
Mogaud. 0,77 | 0,79 | 0,81 | 0,79 0,79 0,02 | 2,00
CraHg. 0,68 | 0,67 | 0,64 | 0,67 0,67 0,02 | 2,30

004/121N1 1,73
Mogaud. 0,89 | 0,90 | 0,89 | 0,91 0,90 0,01 | 1,09
CraHg. 0,64 | 0,63 | 0,63 | 0,64 0,64 0,02 | 0,71

005/121N1 1,73
Mogaud. 0,81 | 0,88 | 0,83 | 0,84 0,84 0,03 | 3,53
CraHg,. 0,69 | 0,67 | 0,66 | 0,70 0,68 0,02 | 2,40

006/121NM1 1,73
Mogaud. 095 | 0,96 | 0,99 | 094 0,96 0,02 | 2,44
1,73 1,21 | 1,21 | 1,19 | 1,20 1,20 0,01 | 1,01
CraHg. 1,87 1,10 | 1,04 | 1,05 | 1,07 1,06 0,03 | 2,47
2,00 0,96 | 0,98 | 0,99 | 0,97 0,98 0,01 | 1,05

007/12N1

1,73 1,74 | 1,75 | 1,75 | 1,72 1,74 0,02 | 0,89
Mogud. 1,87 1,60 | 1,67 | 1,56 | 1,54 1,59 0,06 | 3,51
2,00 1,39 | 1,44 | 1,48 | 1,44 1,44 0,04 | 2,66
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Hasus BpcTa s
P, [o/cm’]| Bp3uHa caropesatba, [mm/s] Cs Co | KB
nmp.cMeLle 06n0re
1,73 1,24 | 1,23 | 1,20 | 1,26 1,23 0,03 | 2,03
CraHg,. 1,87 1,11 | 1,122 | 1,16 | 1,10 1,13 0,03 | 241
2,00 1,00 | 1,01 | 1,07 | 1,03 1,03 0,03 | 2,91
008/121N1
1,73 1,67 | 1,58 | 1,70 | 1,62 1,64 0,06 | 3,45
Mogaud. 1,87 1,56 | 1,56 | 1,46 | 1,54 1,53 0,04 | 2,87
2,00 1,42 | 1,40 | 1,45 | 1,37 1,41 0,03 | 2,35
1,73 1,28 | 1,27 | 1,26 | 1,28 1,27 0,01 | 0,93
009/121N1 CraHg. 1,87 1,12 | 1,08 | 1,13 | 1,11 1,11 0,02 | 1,76
2,00 0,99 | 0,97 | 0,95 | 0,98 0,97 0,01 | 1,45
1,73 155 | 1,58 | 1,60 | 1,52 1,56 0,03 | 2,15
009/121N1 Mogud. 1,87 1,45 | 1,47 | 143 | 1,46 1,45 0,02 | 1,15
2,00 1,31 | 1,37 | 1,31 | 1,37 1,34 0,04 | 2,69
CraHg. 1,73 0,73 | 0,70 | 0,68 | 0,74 0,71 0,03 | 3,94
1,73 0,98 | 1,00 | 1,00 | 0,99 0,99 0,01 | 0,83
010/1211
Mogaud. 1,87 0,88 | 0,86 | 0,85 | 0,83 0,85 0,02 | 2,14
2,00 0,81 | 0,84 | 0,81 | 0,79 0,81 0,02 | 2,67
1,73 1,14 | 1,13 | 1,14 | 113 1,14 0,01 | 0,52
CraHg,. 1,87 0,99 | 0,99 | 1,00 | 1,00 0,99 0,01 | 0,70
2,00 0,97 | 0,96 | 0,95 | 0,96 0,96 0,01 | 1,07
011/12M1
1,73 1,49 | 158 | 156 | 1,51 1,53 0,04 | 2,65
Mogaud. 1,87 1,42 | 1,45 | 1,48 | 148 1,46 0,03 | 2,09
2,00 1,38 | 1,38 | 1,33 | 1,34 1,36 0,03 | 2,17
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Cunuwa Iawazuh

5.
Hasus BpcTa
p, [g/cm®]| BpauHa caropesarba, [mm/s] Cs Co | KB
nmp.cMeLle obsore
1,73 1,60 | 1,66 | 1,64 | 1,64 1,64 0,02 | 1,47
CraHg,. 1,87 150 | 1,45 | 154 | 149 1,49 0,03 | 2,30
2,00 1,34 | 1,40 | 1,35 | 1,37 1,37 0,03 | 2,13
012/12111
1,73 2,25 | 2,12 | 2,14 | 2,17 2,17 0,05 | 2,54
Mogud. 1,87 1,88 | 1,96 | 188 | 191 1,91 0,04 | 1,95
2,00 1,86 | 1,75 | 1,79 | 1,80 1,80 0,04 | 2,42
1,73 2,25 | 2,23 | 2,23 | 2,18 2,22 0,03 | 1,30
CraHg. 1,87 201 | 1,97 | 199 | 1,99 1,99 0,01 | 0,67
2,00 1,89 | 1,89 | 1,88 | 1,89 1,89 0,00 | 0,25
013/121N1
1,73 2,37 | 2,37 | 2,40 | 2,37 2,38 0,02 | 0,71
Mogaud.
1,87 2,19 | 2,19 | 2,14 | 2,17 2,17 0,02 | 1,10
2,00 2,08 | 2,03 | 2,06 | 2,05 2,05 0,02 | 1,14

AHanmsa pesyntata npukasaHux y Tabenu 17, HeABOCMUCIEHO yKa3yje Aa 06nora,

y CNy4ajy CMella ca OpPraHCKUM ropyvBOM, OCTBapyje KOMMeKcaH YTuLaj Ha BpefHOCTY

BC. lMNopact 6p3|/|He caropesata Ca CMatbeeM CrosballHber npeyHnKa obsore, cacTaBa Ha

6a3n nakTo3e 1 BUTaMmHa LI, npunkasaH je rpagmukm, Cnunke 35 un 36.
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1.2 .
Cnuka B5. Ymuyaj obn02e na spedHocm 6p3une cazopesarsa nup.cmeua Ha 6asu 1axmose
3
14 (eyemuna nvwersa 1,73 g/cm’)
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Cnuxka 36. Ymuyaj ob102e na apedHocm 6p3une cazopesarba nup.cmeuia Ha 6asu
sumamuna L] (zycmuna nywera 1,73 g/em’)

MowWTo Cy KOMMOHEHTe CMella Ha 6asy OpraHcKor ropuea Mane TOM/OTHe
MPOBOA/LMBOCTM, edieKaT MpearpeBatba HECaropenMx CnojeBa CMelle 3HATHO je yMatbeH
ryouTKoM TOMJIOTE MPEKo 06/0re umja je TepMUUKe MpPOBOA/LMBOCT 3HauajHO Beha of
TEPMUUKE MPOBOA/LMBOCTU MUPOTEXHWUUKMX CMella. Mnak, Aeo TonjoTe Kojy o6nora
MPUMU 13 30HE XEMMJCKMX peakumja, ycnen 60/be TOMIOTHE MPOBOA/BMBOCTM Of came

cMelle, 6MBa NPeHELLEH Ha Hecaropene crojese (NMpearpeBarbe CMeELLE Koja Tek Tpeba aa
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y4yecTByje Yy npouecy caropeBaha) nosehasajyhn joj Ha Taj HaumH BC. [Moeharem
feb/bmHe o6nore nosehaBa ce Maca Matepujania ca 60/b0M MNpoBog/bMBOLWhY Y3
NCTOBPEMEHO MoBehare MOBPLUMHE Ca KOje Ce eMUTyje TOMN/oTa Y OKOMMHY (NOBpLUMHA
oMoTaua MoAMdMKoBaHe Lesume je 4,71 cm®, [OK je moBplMHA OMOTaya CTaHAapAHe
LesunLe 5,65 cm®). Mopeaehn npupact BC pasnuunTiX cacTasa youasa Ce fa je YTULaj
o6nore Ha BC npunM4YHO yjefHayeH, MOCe6HO aKo ce nocMatpajy cacTasu Ha 6a3v NakTo3se.
Y3umajyhun y 063up fa je pey o0 cactaBMma Koju Cy Bp/i0 CIMYHMUX TOMJIOTHUX NOTeHUMjana
yjeaHaueH ytuuaj obnore Ha bC Morao ce n oyekmBaTu. Marba OACTYNaka BU/bMBA Ha
Cnukama 35 1 36 Mory ce TymaumTy camo 3ajefHUUKMM YTWLajemM BuLle napameTapa u

6uhe geTasbHMje 0bjallbeHa y HapeHOj Tauku. [48]
4.3.5 Buwenapamemapcka aHaIU3A RPOUECA CAZOPECAIbA

Y npeTxogHMM nornas/bMMa MOFIM CMO Aa MocMarpamMo MojeAvHauyHu yTuuaj
ofabpaHnx napameTapa Ha BpegHocT BC (rycTuHa nywewa, cacTas, yTuuaj obnore,...).
Kako 6ucmMo wu3BpwmMAM  CBEOOYXBaTHY KapakTepu3auujy rpoueca caropeBarba
MUPOTEXHUYKNX CMELLIA Y peaiH1M YCI0BMMA eKCnJioaTaLpje, HEONX0AHO je aHaim3mpaTtu
3ajelHUYKM YyTULla] peneBaHTHUX MNapameTapa npoLeca caropesawa. To je Bpo
KOMM/IMKOBaHa npouesypa nowTo 6v ce y TOM Cydajy y jeaHaumHun Koja 61 onvcusana
yTnuaj ogpeheHor napameTpa, Ha PYHKLMOHaIHE KapaKTepUCTUKe NUPOTEXHUUKE CMeLLe,
oCTan GUTHM NapaMeTpy MNojaB/bMBa/IM Kao KoepuumjeHT (4njy BpeLHOCT 3a cafa He

n03Haje|v|o) nAn Yak NnpomMeH/bnBe BEJTMHUNHE.

BuwienapameTapcKy aHanm3y 3arnodyehemo aHanmM3oM napameTpa uYvju ytuuaj Ha 6C
HajMatbe 3aBICY Of, CamMor MpoLieca caropeBatba 1 0CTaMX napameTapa. Ha 0Baj HauuMH 61
y HapeiHMM KopauyMa yTuLaj oBor napameTpa 610 No3HaT M NpeacTaB/bao 61 KOHCTaHTHY
a He NPOMEH/bMBY BENMYMHY, LITO [OAATHO ONakllaBa Lo MocTynak. [peTxoiHo
13BPLLEHOM aHaNM30M YOUeHO je Aa AebrbmHa 0610re ocTBapyje Bpo yjeaHadueH yTuuaj Ha
BC wncnutaHMx cacTaBa 6e3 063Mpa Ha cacTaB CMelle WM GUNaHC KWUCeoHWKa (Koju

npousnnasn u3 Tor cacrasa), Cnvke 37 n 38.
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Cnuxka 37. Ilpupacm bp3une cazopesarba nup.cmewa na 6azu 1akmose u sumamuna I y
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Cnuka 38. 3asucnocm 6p3une cazopedarna nup.cmeuia Ha 6a3u 1aKkmose, y CmaHoapoHoj u
MOOUuxo8anoj oo103u, 00 GUNAHCA KUCEOHUKA
Kao wrto ce ca Cnvka 37 n 38 mMoXe MpuMETUTW, Hajsuwie BpeaHocTn BC

perncTpoBaHe Cy KOJ cacTaBa ca HeyTpaHUM GUIaHCOM KUCEeOHWKa, 6e3 063vpa aa nu je
ropyBa KOMMOHEHTA /lakTo3a UM BuTaMunH L. OBO Npov3nnasy U3 UnkeHuLe ga je npu
HeyTpa/IHOM 6KNaHCy KMCeOHMKA OAHOC ropvBe M oKcuavpajyhe KOMMNOHEHTe onTManaH,
LUITO MOB/AYM MaKCUMasHy KOMMYMHY TOM/OTe Koja MOXe Aa ce ocno6oan y npouecy

caropeBatba Nup.cMeLLe Tor cacTaBa. Ha Taj HauMH 1Mamo Hajehy KonmumHy TonnoTe Koja
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je nytem KOHAyKUMje, KPO3 Hecaropene C/ojeBe MNUP.CMeLle WUCMOL 30He XEeMWjCKUX
peakumja M npeko o6s0re Ka Hecaropenoj MUPOTEXHWYKOj CMelln, [AOCTynHa 3a
npesrpesare CNojesa Nup.CMeLLe, UCMOZ 30HE XeMUJCKUX peakuuja, Ynme ce nocneguyHo
nosehaea BEC. Ca Cnunke 38 moxe ce yountu ga je npupact 6C nsmehy moammkosaHe n
cTaHfapiHe o6nore n ekcTpemHux BpegHoctu BK, op -14,26 n +15,24 %, roToBo
naeHTMyaH 1 wmsHocn 0,22 n 0,24 mm/s. HewrTo Buwe BpegHocTM BC nup.cmewwa ca
no3utneHMM BK y ofHOCy Ha cMmelle ca HeraTmBHUM BK moxke ce noses3atn ca Behum
Y[e/lOM KOMMOHeHTe ca 60/b0M TOM/I0THOM NPOBOA/bMBOLLNY (Y OBOM Cny4ajy pagu ce o

Kannjym-nepxsopary).
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Cnuxka 39. bp3una cacopesarba nup.cmewa na 6azu eumamuna Lf, y cmanoaponoj u
MOOUuUKo8anoj 0o103u, y 3a86UCHOCU 00 DULAHCA KUCEOHUKA
N3rnen Kpvee 3a BpegHoCTM BC y3opaka Ha 6a3n BWTaMMHa Ll y CTaHAapAHO]

0651031, Cnnka 39, MoXKe fja HaBefe Ha pasMuLLIbakse fa ce yTuuaj obnore n bK Ha npouec
caropeBata CMella Ha 6a3n BuTammHa Ll pasnmkyje of OHOr 3a CMeLle ca JJaKTO30M.
WN3rneq KpuvBMx 3a cnydyaj cactaBa Ha 6asu naktose (Cnvka 38) v BuTamuHa L,
YMpecoBaHNX y MOAUMUKOBAHY LEBYMLY BPf0 je CAn4YaH-CKOpo MAeHTUYaH. Pasnuka
n3mehy rpaguka ca Cnmnka 38 n 39, 3acCHoOBaHa je Ha pasnLM 13rnefa KprBmMx 3a cactase
yrpecoBaHe y cTaHZapAHy ueBuuyy. CyluTMHa 0BOr npob6siema nexu yrpaso y npoLecy

npeHoca TOMMOTe U (PU3NYKO-XEMMjCKOj PasSHOPOAHOCTU FOPMBUX KOMMOHEHTW OBUX
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NMUPOTEXHUYKNX cacTaBa. MOroHCKy cuily 3a pasMmeHy TOMIOTe, 0Ccno6oheHe MpoLecom
caropeBara MUPOTEXHUYKMX CMeLla Y 30HW WHTEH3WBHUX XEMWjCKUX peakuwuja, ca
OKOJIMHOM M Hecaropesium C/iojeBUMa CMeLLe, YAHU MaTepujan 1 aeb/buHa o06sore y Kojy
Cy ynpecoBaHe cMmelle. lMoBehareM 0cnoboheHe KONMUMHE TOM/IOTE Y 30HWU XEMMUJCKUX
peakuuja (HeytpanaH BK) nosehasa ce 1 pa3nuka n3mehy Temneparype y 30HM caropeBara
N Temnepatype HeNnocpefHe OKOMMHe LUTO MoBehasa NOrOHCKY CU/Y pasmeHe TOMJoTe ca
OKOJIMHOM-(haBopun3yje ce ofBONere TOM/oTe Yy OKONMHY. CMarereM AebrbunHe obnore,
KO4 MOAM(MKOBaHEe LEBUMLE, CMatbyje Ce MNOBPLUMHA Ca KOje Ce eMuTyje Tonjota Yy
OKOJ/IHY, & WCTOBPEMEHO je MOBpPLUMHA Ca KOje Ce MPeHOoCH TOM/oTa Ka Hecaropenvm
C/ojeBMMa CMeLle oOCTala HenpomeweHa (YHYTpawby MpPeyHuK craHgapaHe u
MOAM(MKOBAHe LieBUMLE je OCTa0 WUCTM) Ma je 3a MpearpeBarbe CMeLle Ha Taj HauuH
focTynHa Beha KonMuMHa TOMMOTe-OTyda M NpupacTt 6p3vHe caropeBara CMella Yy
MOAM(MKOBAHO] LieBUMLM Y oaHOCY Ha BC cmellla ynpecoBaHWX Y CTaHAapAHY LesumLy. Y
CNy4ajy cactaBa Ha 6a3v NakTo3se, MOFOHCKY CW/y 3a MPEHOC TOM/0Te 0f LeBunle Ka
Hecaropesnvm c/iojeBrMa CMeLLe NoApXKaBa HUCKa TeMnepaTypa ToM/berwa NakTo3e Ynme ce
nosehasa TONJIOTHa MPOBOA/LUBOCT CMeLLe Tako Ja Cy 3a 06e BPCTe LieBunLia 3a HeyTpasiaH
OUNaHc KNCeOHNKa, HajBuLLe BPeAHOCTN TOMJIOTHUX MOTEHUMjana, PermcTpoBaHe HajsuLle
BpeaHocT BC-makcumymn Ha Crnnum 38. Kof cvella Ha 6asv ButammHa L, cyTtyauuja je
HewTo Apyrayvja. HemoryhHoCT cTBapara pacTona, Kao Yy C/y4ajy cactasa Ca /IaKTO30M,
MOLUTO Ce TemrepaTypa TOM/bera Mnokana ca TemnepaTypom ferpajauumje sutamuHa L, y
cnyyajy nosehara NMOrOHCKE Cu/e 3a pasMeHy TOMoTe ca OKONMHOM (HeytpanaH BK u
cTaHgapfHa uesumua-Beha NoBpLUMHA Ca KOje ce eMUTYyje TOMJIOTa Y OKOJIMHY) YTUYY Ha
nojasy MuHnumyma BC, Cnuka 39. Y cnyuajy Kafa cy CMeLLe ca BUTaMUHOM Ll ynpecosaHe
Yy MOAM(MKOBaHY LIeBUMLLY, OUUTNIEAHO je [a je CMaHEerbe Cnosballiber npevyHnKa LesumLe
(cMarer-e MOBpLLUKMHE ca KOje ce eMUTYje TOM0Ta Yy OKOJIMHY) UNak [0BO/LHO Aa ce noseha
npeHoC TONoTe ca 06/10re Ha Hecaropesie c/ojeBe cMelle 360r Yera je 3a HeytpasaH BK
(HajBMwa BpeAHOCT TOMMOTHOr MOTEHUMjana) peructposaH Makcumym BC, Cnuka 39.
YKonnko ce naxwusuje nornegajy Cnvke 38 n 39, you/bmBa je jowl jefHa 3aHUM/bMBA
rnojasa a To je ga cy cBe BpegHocTy BC (ocuM Kof cmellie Ha 6a3v BUTamuHa L, yrnipecoBaHe

y CTaHAapAHy LeBuMLly) 3a No3uTnBaH BK BuLLEe 0f BPEAHOCTU PErMCTPOBaHMX Y Cyuajy
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HeratusHor BK. CywwTnHa oBe nojaee nexu y nosehaHoM yaeny KOMMOHEHTE ca 60/b0M
TEPMUYKOM NPOBOAHOCTY (Kannjym-nepxnopar) y cny4ajy nosutusHor bK, Koja ytuue Ha
(haBOpmM3aLMjy npoLieca npeHoca TOmn/0Te ca 06/10re Ka Hecaropesvm CfiojeBrMa CMeLLe.
HenocTtojate pactona, y cnydajy cactaBa Ha 6a3v BuTamMuHa Ll, mapruHanusyje ytuuaj
nosehaHor yzena Kannjym-nepxnopara y ogHocy Ha nosehare noBpLUMHe 0610re ca Koje
ce eMuUTyje Ton/oTa y OKO/IMHY Ma je Ha Cnvum 39, Kof KpuBe 3a CTaHZapAHY LeBuunly,

perncTpoBaH MUHUMYM 3a HeyTpanaH BK-Hajsehn TONNOTHM NoTeHLMjan.

HakoH oBora, npo6nemaTvky BuLlenapameTapcke aHaimse hemo [oAaTHO
YCNOXUTIN aHanIM30M CBUX n3paheHnx cactaBa 6e3 063mpa Ha BK 1 yfeo Be3nBa, 1 Ha Taj
HauMH MOKYLIaTW WU3ABOJUTU NapameTap Koja MMa npecyfaH ytuuaj Ha BpegHoctn BC y
3aBMCHOCTU 0f, 06/10re Y KOjy CYy CMeLle yrnpecoBaHe. Y TOM CMWC/Y, aHa/ins3a ytuuaja
ne6/bmHe obnore Ha BC cactaBa Ha 6a3n nakTo3e NOCe6HO je 3aHWM/bMBA MOLWITO je
npupact 6C 6p3nHa n3mehy MoanuKoBaHe 1 CTaHapAHe 06/10re NPUINYHO YjeaHaueH 3a
cBe ucnutaHe cactase u u3Hocu 0,25+0,05 mm/s, WTO yKasyje Ha NOCTOjaHke napameTpa
KOjuU OCTBapyje penatvBHO YjeaHayeH yTuuaj Ha BpegHocTn BC. Mako je KOHCTaTOBaH
yjeaHaueH npupacT BC cMmella Ha 6a3u nakTo3e, pas/vke y BpegHocTMa bC y 3aBUCHOCTY
o[, BpcTe 06s10re mMnak nocToje n npeactaB/beHe cy rpagmukn Ha Cnvkama 40 n 41. Ca
MOMEHYTUX C/NKa YOU/bMBO je da je npupacT bC 3a cactaBe Ha 6a3n NakTo3e N3pakeHuju

Hero Koj caCtaBa Ha 6as3n BUTaMMHa L.

MowwTo je Beh peueHo Aa BpcTa 06s0re, Ha BpeaHoCTM BC, yTuye crnoco6HoLhy
npeHoca TOMIoTe U3 30He XeMUJCKMX peakuyja Ka Hecaropesum c/ojeBrMa nup.cMeLLe n
OKO/MIMHK, a Kako je (haBopu3auuja jefHOr WM Apyror npoleca YcKo MoBe3aHa ca
Ae6rbuHoM o6nore (ae6/ba 06nora-sehn crnosballitbi NPEYHUK-UCTI YHYTPaLLIFbW NPEUHUK-
3a UCTY KOMMUMHY TONnoTe (haBopu3yje ce MpoLec emMucuje TOMMOTE Ka OKOMMHK), Y3POK
pa3MuMTOr yTuLaja MOMeHyTUX o6nora Ha BC, HEOMXOAHO je TPaXWTW YnpaBo Y
(hM3MYKO-XEMM|CKO] Pa3HOPOAHOCTM NaKTO3€e M BUTaMMHA LL Kao Hocmoua pasnuke namehy
MOMEHYTMX cacTaBa. Y CKnafy ca TUM, Bp/o je 61TaH nojaTak fa ce N1akTo3a-MOHOXUAPaT
npe TOMMOTHE ferpajauuje NPBO TONM Ha TemrepaTypu of Ooko 214°C, [0K je Ton/bebe

BUTaMMHa L| nctoBpemeHo npaheHo HeroBom ferpagauunjom.
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Ynpaso 3axsabyjyhu hopmupary TeuHe (hase, TON/bereM N1aKTo3e, No6o/bLIaBA Ce
nposohere TOM/oTe U3 30He XeMUCKUX peakLnja - MPeko 0bsore - KPO3 Hecaropeny Macy
CMeLLle, LITO nocnegnyHo Boan ka nosehawy BC. OBa TBpAHa L0JATHO je MOTKpPen/beHa
YKO/IMKO Ce YOeO ropuse KOMMOHEHTe MOBeXe ca MnpupacTom 6p3vHe caropeBama. Besa

n3mehy npupacta 6C 1 yaena nakro3se npukasaHa je Ha Cnununm 40.

80.0

70.0 —

60.0 —

50.0 —

gnpvpact
BC
40.0 —

oyaeo
ropvsa

30.0 —

20.0 —

10.0 —

D,O I T T T T T 1
0027121 005/121M1 0041211 001712 006/12IM1 010712 003/12M

Ha3ue cmewe

Cnuka 40. Ymuyaj yoena nakmo3se na npupacm 6p3une cazopesarsd (2yCmuna nyrerbd
1,73 g/em’)

Mocwmarparem Cnvke 40 npumehyje ce fa je perncTpoBaH HajMamwmn npupacT bC 3a
cmetue 002/12M1 n 005/12MNM1 a Hajsehn 3a cactase 003/12MM1 n 001/12MM1. YKonnko oBa
3anaxara NnoBexxemo ca nogauyma u3 Tabene 4 younhemo [fa je Kof cacrtaBa ca HajMaruMm
npupactom bC, yaeo ropmee KoMnoHeHTe HajMawu (002/121M1-22,94 % wn 005/121M1-24,35
%) [OK je Kof cacTaBa ca Hajsehum npupactom BC yzaeo naktose 6uo Hajsehu (003/121M1-
29,3 % wn 006/12M11-26,12 %) WTO je y MOTNYHOj CarnacHoOCTW ca CTaBOM [a pacTor
NaKTo3e NobosbLIaBa NPOBOA/LUBOCT CMELLE U OCTBapyje MO3UTUBAH YTULAj Ha BPeLHOCTH
BC.

Kog cactaBa Ha 6a3v BuTamuHa Ll TpeHp yTuuaja obnore Ha BpegHoctn BC je
YOU/bMBUU YKONIMKO Ce Y BULLIeNapameTapcKy aHanusy y3my y 063up 1 pasinynTe ryctmHe

nywera. Cactas 013/12IM1, kako ce Beh Ha MpBK Nornes yovasa, ce 6UTHO pa3fnKyje o
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4. ITPUKA3 U AHAJTH3A PE3YJITATA Cunuwa Ilawazuh

OCTaMx cactaBa Ha 6a3v BuTamuHa L|. CyliTuHa pas3finke y 0HOCY Ha OcTasle cacTase,
npeacTas/beHe rpagnukn Ha Cnvkama 41, 42 n 43, ogHOCK Ce Ha Bp/o Mann yeo Be3VBHE
KOMMOHEHTE KOja Ce CBOjUM (hM3MUKO-XEMUJCKMM 0CO6MMa NoHaLla Kao fobap n3onarop u
petapgaropa bC, na je ytuuaj Bpcte obsore Ha 0Baj cacTaB, Y 3aBUCHOCTU Of TYCTMHe
nyHwera, BPO YjeAHauyeH y OAHOCY Ha Apyre cactase. V3 noMeHyTux pasfora y famsoj

aHasM3m oBaj cacTaB Hehe 6UTK pa3maTpaH.

25
@
E
E
g 2
2
2
215 gnpupact
e - BC
S
o mbC
z 1
(]
o
1]
05
0

007/12M 008/12M1 009/12M1 011/12M 012/12M 013712

Hazue cmewe

Cnuxka 41. Ymuyaj 0ebune ob102e Ha npupacm Op3ume cazopesarba (2ycmuHa nyrera
1,73 g/em’)
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25
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1.5 Bpaznuka
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Haaus cmewe

Cnuka 42. Ymuyaj 0eboune 06102e Ha npupacm Op3uHe cazopedarsa (2yCmuHa Nyt erbd

3
1,87 g/em’)
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HasuB cmewwe

Cnuxka 43. Ymuyaj 0eboune 06102e Ha npupacm Op3uHe cazopedarsa (2yCmuHa nyterbd
2,00 g/em’)
Mocmatpajyhm Cnuke 41, 42 n 43, Ha KojuMa je npefcTas/beH npupact BC y
3aBUCHOCTYW 0f Ie6/biHe 06/10Te U TYCTUHE NyHeHa, NOTMYHO je 0UUrNeaHO Aa je nopea
CMatberba BpegHocT BC, 3a 06e BpcTe 06/10re, YOU/bUBO W YjeHayaBare BPeAHOCTM

npupacTa 6C cBMX cacTaBa ca noBehakeM ryCTUTUHE Mybetba. YKOMMKO Y3MEMO Y 063Up
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4. IPUKA3 H AHAJIU3A PE3YJITATA Cunuwa Iawazuh

npeTnocTaBKy fa ce yTuuaj o6nore Ha 6C Hajbo/be MOXe 06jaCHUTN KOHCTaHTOM, pas/ivka
y npupacty BC Ha Cnmum 41 Haj6os/be ce MOXe 06jaCHUTU pas/iKoMm Y (PU3NYKO-
XEMWjCKUM 0CO6MHaMa ynpecoBaHMx cactaBa. OunrfiefHo je fa ce ca nosehaweM ryctuHe
nyrwewa, YTuuaj pasuke y (Pr3nyKo-XeMujcKMM ocobuHama cactaBa Ha npupact BC
CMamYyje-LUTO pe3ynTyje yjegHayasawe npupacta BC 3a cBe mocmartpaHe cactase. OBo
yjeaHauaBare BpegHocTn npupacta bC nosehateM rycTuHe nykera, MoXe ce 06jacCHUTH
caMO0 NOCTOjaweM (hakTopa KOoju urpa Kby4yHy ynory y npoiecy npeHoca TonsoTe Kpo3
Hecaroperse c/iojese rnocmarpaHmx NUPOTEXHUYKMX CMeLla. 3ajeHNUKO 3a CBe cacTaBe Ha
6a3n BMTammHa Ll jecte nosehaH yaeo okcupaHca (>60 %), kOju y OAHOCY Ha OcCTane
KOMMOHEHTE YjeAHO MMa M Hajsehy KOoe(uUWjeHT TOMIOTHE MNPOBOA/LMBOCTU. W3 0Be
KOHCTaTaumje 13BoAW ce 3aK/bydak Aa npu nosehawy rycTuHe Nywea, cactasBa Ha 6a3u
BUTaMuHa L, fonasn g0 nosehara MaceHe KOHLEHTpauumje Kainjym-nepxiopara Ymme ce
no6osbLIaBa TOMA0THA MPOBOA/LMBOCT CMeLLe. Ha Taj HauuH ce, NOCTojatbeM JOMUHAHTHOT
(haKTOpa, pasnuke y PyHKLUNOHASIHUM KapaKTepycTMKama nocMaTpaHUxX cactaBa CMamwbyjy,
[OK npupact bC Texu fa nonpuMy BpeAHOCT KOHCTaHTE 3a CBe cacTaBe-NoLUTO ce 1 yaeo
OKcupaHca Kpehe y BpNo yckum rpaHuuama (of 62,5 go 69,1 %). Pasnunke Koje cy mnak
You/bMBE, 3a MaKCUMaHe BPeAHOCTU MYCTUHE NyHetba, NOTUYY 0f Pa3/IKe Y XeMUJCKUM
cacTaBMma MUPOTEXHUYKMX CMeELUa, Tj. Of PACrofioKUBE KOMMYMHE TOMM0THE eHepruje
ocnoboheHe y 30HK caropeBarba AOCTYMNHE 3a MPOLEC NpeArpeBara Hecaropenvx crojesa

cMeLde.
4.3.6 Ymuuyaj cpejaua 00 6akapue yncuye Ha Op3UHy cazopesaroa
Ycnosu ncnnTtrBamkba Cy.

- FycTUHa Nyersa je 1,73 glem’,
- [eb6rbmHa 3upa obnore nywerba M je 2 mm,

- OnuTHa Nyrera ca 1 6e3 bI.
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Pesyntatu mepema 6p3|/|He caropesaka UCMNTaHUX NMUPOTEXHUYKUX CaCTaBa AaTu

cy y Tabenu 18.

Tabena 18. Ymuyaj yepaorwe baxapuux epejaia Ha Op3uny cazopedarod NUpOmMexHuyKux nyrerod

Jjeounuye I'T’
Bp3uHa caropesatba, | PCa, | Mpupact Gp3uHe
Hasns cmelue P, [g/cm3] P P bip P
[mm/s] [mm/s] caropesatba, [%]
001/12M1* 0,79 (0,77(0,79/0,83| 0,80
15,94
001/12 N1** 0,70 {0,66|0,70|0,71| 0,69
004/12 Nn1* 0,77 {0,76(0,78(0,79| 0,77
14,92
004/12 MN1** 0,68 [0,67]0,64|0,67| 0,67
005/12 n1* 0,71 {0,79(0,76|0,74| 0,75
1,73 17,19
005/12 MN1** 0,64 [0,63(0,63|0,64| 0,64
006/12 M1* 0,77 (0,81(0,83/0,81| 0,80
17,65
006/12 M1** 0,69 (0,67/0,66|0,70| 0,68
010/12 n1* 0,81 {0,79/0,87|0,79| 0,81
14,08
010/12 MN1** 0,73 (0,70/0,68|0,74| 0,71

* ca OakapHMM rpejaunmva; ** 6e3 GakapHuX rpejava; bCa — cpeawa BpPeaHOCT 6p3viHe
caropeBatba.

Kao LWTO ce MoXe BUAETU U3 pe3ynTaTta Meperba 6p3nHe caropeBarba NpuKasaHux y
Tabenn n3Hag, perucTpoBaH je 3HayajaH npupact 6p3nHe caropeBarba KOA BUX cacTaBa ca
yrpaheHum BI". OBaj npupacT 6p3nHe caropeBarba, Kao LUTO je 6110 1 NPeTrnocTaB/beHO,
610 je BPNO yjefHayeH, U Yy 3aBUCHOCTM Of cacTaBa MUPOTEXHUYKE CMELLE KPeTao Ce 0f
14,08 po 17,65%.
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4.3.7 Ymuuyaj BI' na eghexmueny monnommuy npoeoobuUeOCm RNUPOMEXHUUKUX

nymera
Ycnosu ncnntmBaka Cy.

- WcnutaHu cy y3opum ca n 6e3 bI,

- MUPOTEXHNYKN CacTaBW Cy YMNpecoBaHW Y LUUHApPe
6e3 ayMUHNjyMCKe 06/10re Mpu YeMy je TyCTUHA Mykera 6una 1,76 g/lcm’,

- M3Bop TonnoTe je 61o 3arpejaH Ha 200 °C,

- Mepnopg cHMMara y3opaka, HakOH MOCTaB/bata Ha
rpejHy nosplumnHy, je 180 s u BpweHa cy FLIR SC620 TepmoBU3NjCKOM

KaMepoM.

Tepmosu3ujcka kamepa FLIR SC620, nofelueHa je Tako Aa obpahyje perncrpoBaHe
nojaTtke 3a Ta4yHo fAedmHMCaHy NOBPLUMHY ONMUTHMX Y30paka-03HayeHy ca npaBoyr/iioM Ha
Cnukawva 44 un 45.

MowrTo je npeasuheHo fa jeanHuua ' cBojy dyHKUM]y ocTBapyje Tokom 20 S of
MOMeHTa Mcnasbera NnpojekTunia u3 opyha, oBaj BpeMeHCKU nepuof he 6UTK aeTasbHUje
aHanuM3unpaH, Lok he ocTatak nepuofa cHuMara FLIR SC620 TepmMOBM3NJCKOM Kamepom
MOCNY>XUTW 3a [OHOLUeHE 3aK/byvaka Be3aHuX 3a yTuuaj bIT Ha edeKTUBHY TepmaiHy

NpPoOBOA/bUBOCT MUPOTEXHNYKNX MYyHEHA.
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Cnuxka 44. Tepmanne cauxe yzopaka cmewe 001/12111 naxon 0, 10, 60 u 180 s meperva
(npeu peo-y3opyu be3 bakapHux epejaya, opyeu peo-y30pyu ca 6aKapHum pejavuma)
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Cnuxka 45. Tepmanne cauxe yzopaka cmewe 007/12111 naxon 0, 10, 60 u 180 s meperva
(npeu peo-y3opyu bes bakapHux epejaya, opyau peo-y3opyu ca 6aKapHum pejavuma)
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Kako 61 nopehere pesyntara ucnutmearba 6uio WTo KopekTHuje, Cnuke 44 n 45
npeacTas/bajy y3opke cmewa 001/12 n 007/12, koje MMajy HeyTpanaH 6unaHc KMCEOHMKA U
y[eo Be3nBHe KOMMOHeHTe of 5 %. Kao wTto ce ca Cnvka npumMehyje, oba y3opka ca
yrpaheHum BT nokasanu cy 3HayajaH nopacT Temneparype y MepHOj 30HW Yy OAHOCY Ha
y30pKe UCTUX cacTaBa am 6e3 yrpaheHux BIT. Takohe, kog y3opaka ca yrpaheHum bl
npvMeTHa je 1 60/ba 3anpemMrHcKa AUcTprbyLmja TonIoTe y 04HOCY Ha y30pKe 6e3 BIT, kog,

KOjUX ropkm f1eo Ha Kpajy nepuoja of 180 s fenyje gocra ,XnagHuje™.

Pa3nnMka y TOMNOTHOj MpPOBOA/BLMBOCTM M3MeR)y Yy3opaka ca u 6e3 Bl
HajoumrnefHuja je Ha cnvkKama ys3opaka HakoH ucteka nepuofa og 180 s. Ha npumep,
YKONMKO NOrfefamo Mnocnefiby CHUMaK y3opka y ropwem pegy Cnuke 44, npumeturhemo
[ia Cy roptbu CojeBn y3opka 06eneXxeHn TaMHUjOM HUjaHCOM NJaBe Y OAHOCY Ha CHUMaK
1CNoJ Koju npeactas/ba y3opak ca yrpaheHum bl Takohe, nocneftwy CHUMaK y pyrom
pesly OBe C/MKe, yKasyje 1 Ha hopMuparbe YHYTpaLlihbe 30He Y Y30pKY, OKO perunje y Kojy
cy 6unm yrpaheHu bI', ca 3Ha4ajHO BULLOM TeMMepaTypoM Of ocTaTka y3opka. OBa nojasa
fofatHo notephyje npetnocTtaBky fga he yrpaheHun BT ocTBapuTu 3HayajaH MO3UTMBaH

e(*)eKaT Ha e(*)eKTI/IBHy TOMNOTHY MPOBOA/BMUBOCT MUPOTEXHNYKOT MYyHEHA.

UunrbeHMLA aa Kof y3opaka 6e3 BIT Huje KOHCcTaToBaHa NojaBa LieHTpasnHe 30He ca
BMLUOM TemMNepaTypoM Camo Wfe Yy NPUAor 0BOj KOHCTaTauuju. OcTanu CHUMUM ApYruxX
MUPOTEXHUYKUX cacTaBa Hehe 6GWTKM MPUKasaHW MOLITO Cy BPAO CAMYHW CHUMLMMA

npukKasaHum Ha Cnvkama 44 un 45.

Y1nyaj yrpaheHux Bl Ha npegrpesarbe cfojeBa M3Haf ,,30HE caropesara“, y
HalleMm cny4ajy, 30He 3arpeBarba, 6vihe aHanmsmpaH nopeherwem BpeAHOCTY Temnepartypa y

30HM Mepetba Koje je 3abenexuna TepMoBU3njcKa Kamepa TOKOM neproga o 180 s.
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Cnuka 46. Ilpupacm memnepamype y3opxa cmewe 001/12111 y ¢hynxyuju epemena, ca
(ypsena nunuja) u b6e3 baxkaprux epejaua (niasa munuja)
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Cnuxka 47. Ilpupacm memnepamype yzopxa cmewe 007/12111 y ¢hynxyuju epemena, ca

(ypsena nunuja) u b6e3 baxkaprux epejava (niasa iunuja)
Mocwmatpajyhm Cnuke 46 n 47 HEKO/IMKO 3aK/byyaka ce camu no cebu Hamehy.

MpBKn, ga je npupacT TemnepaTtype KoA y3opaka ca yrpaheHum BIC 3HayajHO CTpMUK Y

nepvody Npeux 60 s Mepera. MakcManHa pasnuka usmehy TemnepaTtype y3opaka ca W
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Cunuwa Iawazuh

6e3 yrpahieHnx BIC nocTuxe ce y npeux 40 s Meperba, NOC/e Yera ce TemnepaTtype y3opaka

npnbnuxaeajy jeaHe ApyrnmMa, oBa rnojaea je HaouurneaHuja Ha Cnuum 47.
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Cnuka 48. Ilpupacm memnepamype y3zopxa cmewe 002/12111 y ¢pynxyuju epemena,

200

180

=
N
Q

ca (ypsena nunuja) u 6e3 bakapHux epejava (n1aea 1uHUja)

S

—

e

——008/12 6e3 BT

ca
[w]

/4

——008/12 ca BI'

Temmneparypa, [°C]
o
Q

(=)}
o

IS
Q

N
(@)

(
I
J

o

20

30

40

50

60

70

80

0

Bpewme, [s]

Cnuxka 49. Ilpupacm memnepamype y3opxa cmewe 008/12111 y ¢pynkyuju epemena,
ca (ypsena nunuja) u 6e3 bakapHux epejava (n1aéa TuHUja)
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Ha Cnukama 48 v 49 npukasaHa cy jow [Ba NUPOTEXHWYKa cactaBa, Ha 6a3ui
NaKTo3e W acKOpPOMHCKE KWCeNMHe, 4uCTO pagu noTBpAe Teopuje O MNO6OSbLUaHY

epeKTMBHE TON/IOTHE NPOBOA/LMBOCTY Yrpaawom Bl Cea 3anaxara NpuIMKoOM aHanuse
Cnwuka 46 n 47 Baxke 1 3a OBa [jBa cacTasa.
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5 3AK/bYYAK

TOKOM UCTpaxuBawa YNoTpebe MNUPOTEXHUYKMX CMella 3a u3pagy nNyhera
racoreHepatopa BB npojekTuna, wu3paheHW Cy pasInyuMTU  cacTaBu  Ha  6asm
BUCOKOEHEPreTCKOr MeTa/iHor npaxa (MarHesnjym) M OPraHCKuMX jefutbera (N1aKrosa,
rNlyKo3a, copouTosi, BUTaMuH LL) y yno3un ropree KOMNoHeHTe. Kao Be3MBHe KOMMOHEHTe
3a u3pafy NUPOTEXHUYKUX cacTasa KopuiiheHu cy BUToH A v nguton. VicnuTaH je ytuuaj
pa3IMUnMTUX aguTuBa (enemeHTapHo reoxhe, Fe,Os, YrbeHUK, 1 4p.) Ha noBehawe 6p3vHe
caropesawa. Y npBoj (pasn UCTpaKMBara M3BPLLUEHA je aHanm3a U nopeherwe pesyntara
NCNUTMBaa MUPOTEXHUUYKUX CMelwla u3paheHUX Of pasiMunTux BpcTa ropuBea,
OKCufjaHaca, Be3vBa M aguWTMBA Pagu y UWBY WCNUTMBaKkA HUXOBOT YyTuLaja Ha
(hYHKUMOHa/THE KapaKTepUCTMKE NMUPOTEXHUYKMX CMeLLa (bp3nHa caropeBatba, EHepreTCKu
noTeHumjan, Temneparypa camo3ana/betha W MakCUMaHW NpUTUCaK MpoAyKaTa
caropesara). YCTaHOB/LEHO je fa Cy cacTaBW ca MAMTONOM, Kao BE3MBHOM KOMMOHEHTOM,
ocTBapun 1 o 42% Buie 6p3viHe caropeBara 0f, aHaI0rHMX cacTasa ca ButoHom A.
CBM MCMUTaHW cacTaBu Cy caropeBa/iv CTabUIHO Y3 TeHepucame Be/MKe KONMYUHE
racoBMTUX NPoAyKara. Y 3aBUCHOCTY 0f cacTaBa CMeLLIe OCTBapeHe cy 6p3nHe caropeBarba
y wmpokom oncery og 0,65 mm/s (004/091M1) go 3,22 mm/s (029/091NM1). AopaTtkom Fe,Os3,
Kao aauTumBa, nosehaHa je TOMI0THA NPOBOA/LMBOCT CMELLIE M NOCTUrHYTA HajBMLa 6p3nHa
caropesara Koj cmewla ca ButoHom A, of 1,1 mm/s, y3 3Ha4yajHO nosehare KoNnyuHe
YBPCTUX NpoJyKaTa caropeBawa. VcTpaxmBarwem yTulaja agMTnea Ha BpeAHOCTU Gp3uHe
caropesaa YTBpheHO je [a 1 BP0 Mase KOMUMHE efleMeHTapHor reoxha 1nMajy 3HavajaH
yTuuaj Ha 6p3vHy caropeBawa, M 0 15,3 % Buwe BpegHocT BC y ogHocy Ha ucte
cacTaBe 6e3 oBor agMtmea. CacTaBM y KOjUMa Ce Kao rNaBHO OKCMAALMOHO CPeiCcTBO
KOPUCTWO Ka/lnjyM-HUTpaT 3axTeBaii Cy YnoTpeby BMCOKOEHEpPreTcKor ropmea Koje he
CBOjJUM CcaropeBatbeM HeyTpanucaty eHZOTePMHOCT MpoLeca Jerpajaunje Kanujym-
HWUTpaTta. Pe3yntatM UCMUTUBAHa EHepPreTcKor MoTeHuujana ykasyjy Ha uukbeHuuy fa
pedepeHTHM cacTaB ca MarHesnjMoM, Kao ropvBOM KOMIMOHEHTOM, 1Ma Yak 76,5 % BuLue
BPeAHOCTM 0f cacTasa ca fiakto3oM, 027/09IM1. CacTtaBu ca 1aKTO30M, 3a UCTY TYCTUHY

MyHerba, Y MaHOMEeTapckoj 60MGM ocTBapuan cy 1 Ao 50 % BuLle BPeAHOCTY MPUTUCKA
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npojykara caropeBara Of CMelle Ha 6a3y MarHesvjyma. BpefHOCTM MakCUMasHOr
NpUTUCKa NpoJyKaTa caropeBama NMPOTEXHUYKMX CMeLLa Ha 6a3u pasnnunTX OpraHCKmnx
ropuBMX KOMMOHEHATa He MokKasyje 3HayajHa OACTynawa. Y [Apyroj asa ucTpakmsarba
MCNUTaHN Cy cMeLle 6e3 ynoTpebe aauTUBa, Kako 61 0 M3paxkaja fowlao yTuuaj ropmse
KOMMOHEHTE HAa (DYHKUMOHa/IHE KapakTepucTuke. Hajsuwe 6p3nHe caropeBarba
MOCTUIHYTE Cy Ca cacTaBMma Ha 6a3n ackopOUHCKe KucenuHe, 4,77 mm/s, a HajHMKe Ha
6asn nakto3e, 2,89 mm/s. Cmewe Ha 6a3n OpraHCKOr ropuBa MokKaszane Ccy ce
LOTMOPHUJUM® Ha YyTWUUaj TYCTUHE Myhewa Ha O6p3nMHy caropeBawa Yy OAHOCY Ha
MMPOTEXHUYKY CMelly Ha 6asM MarHesnjyma. Kako 6u ce wucnutana crabuiiHOCT
npuvnabMBara U caropeBarba Nymwewa I Ha 6a3n NUPOTEXHUUKMX CMeLla, u3paheHe cy
NMUPOTEXHUYKE CMeLle Ha 6a3n flaKTo3e M MarHesujyma UM UCMUTaHE KPO3 MOJIMIOHCKA
NUCNUTMBaKka, Ha NoANroHy ,,MuokoBuu® kop Yauka. Kpo3 nNOAMroHcka MCNUTUBaHa
3aK/by4eHo je fa je CMella Ha 6a3un N1akTo3e, Mako joj je eHepreTCKu MoTeHUMjan HUXKM 3a
43,3 % y 0fjHOCY Ha cacTas ca MarHesnjymom, NorogHuja 3a uspagy nywena ' of npaxa
MarHesmjyma, ca acrnekta moy3jaHOCTU W CTabWIHOCTM caropeBata TOKOM JleTa
npojektuna. NMupoTexHnyka nywewa N Ha 6a3n MarHesnjyma, ocTeapuia cy rnosoBmyaH
ycnex Mo nuTakwy CTabUNHOCTM paja TOKOM JfieTa MpojekTuna. HacynpoT wuMa,
nMpoTeXHUYKa Nymwewa [T Ha 6asn fakTo3e nocTurna MOTNyHY MPUNa/bUBOCT U
KOHTUHYWUTET npoLieca caropeBara, Kaja je ca OCHOBHOM CMeLLOM 6ufia yrnpecoBaHa Y
npunasHa cvewa. MNywerba ' ca NMMPOTEXHNYKOM CMeLLOM Ha 6a3n f1akTo3e, caropeasa
cy 6e3 nojaBe G/becka M3a f[Ha NpOjeKTUna, LWTO je NOTBpheHO CHUMUMMa ynTpabpse
Kamepe. Y Tpehoj hasv MCTpaxuBarba UCMUTAH je YTULA] PasInMuUTUX TEXHOMOLLKUX
napaMeTapa Ha BPeAHOCTU (DYHLMOHA/IHUX KapaKTepUCTUKA UCMNUTAHUX MUPOTEXHUYKUX
cacTaBa. YCTaHOB/bLEHO je fa ce noseharbeM yfena Be3vBa CMawyjy BpefHOCTU Gp3uHe
caropeBata W KoeuumjeHTa Bapujaumje, y3 nocnefuyHO Mno6osbliakbe XOMOreHOCTM
NCNUTaHUX MUPOTEXHUYKUX CacTaBa. YOueHa OACTYyrnara Yy 0fHOCY Ha TpeHA naga BC u
KoedumjeHTa Bapujaumje ca nosehaweM yaena Be3nsa, 06jalltbaBajy ce HeXoMoreHoLwhy
CMeLla, Kojy je Hemoryhe eneMmHMUcaT TOKOM MpoLeca uspage nupoTeXHUYKUX CMeLLa.
Mag BC cmewa Ha 6a3v nakTo3e npu nosehawy yaena BesvBa o4 3-6 % W3HOCKU caMo

5,63 %, [OK je Kof cMmella Ha 6a3n BuTamuHa Ll 3abenexxeH nag of 4ak 48,65 %.
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Y3umajyhn y 063mp fa cy CBM napameTpu UCMUTMBara 3a CMelle Ha 6a3n fakTose u
BUTaMuHa L upeHTuuHn, pa3nnka y nagy BC nosehatem yaena Be3vBa MOXe ce
06jacHATL camo PasINUMTUM  (OU3NYKO-XEMMUJCKUM 0COBMHAMa rOpMBE KOMIMOHEHTE.
YTuuaj bunaHca KMCEOHMKA Ha BPeAHOCT Bp3vHe caropeBarba, pefiaTMBHO je Main U YCKO
nosesaH ca nosehartem ydena OKCUAaHCa, Kao KOMMOHeHTe ca 60/b0M TOMJIOTHOM
nposogHoLhy. MNprUcycTBO KOMIMOHEHTE KOja Ce TOMW Ha HKUM TeMnepaTypama, 1aKTo3a,
(haBOpM3yje NPeHOC TOM/I0Te Ka Hecaropenum CcfojeBMMa CMelle pesyntyjyhu nojasom
MakcuMyma Op3uHe caropeBara MNPU HeyTpasiHOM O6unaHcy KuceoHuKa. [loseharem
rYCTUHE NyHera 0CTBapyje ce NPUIMYHO YjeflHaueH yTuLaj Ha CMarere BpeaHocTy BC 3a
CBe ucnuTaHe cacTase. lMopes Tora, Koz cacTaBa Ha 6a3v BUTaMuHa L naeHTugrkosaHa je
nojaBa fja ce ca nosehaweM rycTMHE Myhewa YjefHavyaBa npupact 6p3vHe caropeBarba
MMPOTEXHUYKNX CMeLLa, LWTO ce objallraBa nosehaweM yTulaja Kaimjym-nepxiopar y
npoLecy npearpeBatba HecaropenMx cfiojeea CMeLle Mpu MakCMMaIHUM TrycTuHama
nyrwewa. YTuuaj aebssmHe obnore nywerba T Ha 6p3vHY caropeBarba, 3aCHOBaH je Ha
nosehaty NOBPLLMHE Ca KOje ce eMUTYje TOMNI0Ta N3 30He XeMUJCKNX peakLinja y OKOSIMHY,
yume Cce OCTBapyje HeratuBaH YTWLA] Ha BpeaHOCTM  6Gp3vMHe  caropeBawa.
BuwenapameTapckoM aHasM3oM yTBpHEeHO je fa KOA cacTtaBa Ha 6as3n faktose, npu
CMarbery Aeb/bMHe 3uga obnore, nosuTuBaH edekaT Ha npupact BC ocTBapyje yaeo
ropvBe KOMMOHEeHTe-360r HheHe (ha3He TpaHChopmMaLmje Ha HYXKUM Temnepatypama, Ymme
ce nosehasa KOHAYKTVMBHM NPEHOC TOMJIOTE KPO3 Nykere. HacynpoT Tome, KoZ cacTasa Ha
6a3n BuTamuHa Ll, opnyuyjyhm ytuuaj Ha BpegHocT BC ocTBapyje yAeo OKcuAaHca.
MoBehatbe AebsbMHE 06/M10re MMa HeratMBaH ytuuaj Ha BC NMPOTEXHWYKMX cacTaBa ca
OpraHcKUMm ropveomM (Masa TOMJ0THa NPOBO/LUBOCT) U 3a ofpeheHy AebrbuHY 06nore
MOXe Ce OnucaTu KOHCTAaHTOM KOja HajBuLle 3aBWCKM Of BPefHOCTM KoeduumjeHTa
TON/IOTHe NPOBOAHOCTM MaTepujana obsore. Mocnefwa (hasa cTpaxmsarba 6asupaHa je Ha
NCNUTUBaKY aNTepPHATMBHUX MeTofda ,,MHOr nojellaBawa“ Op3vHe caropeBara
MUPOTEXHUYKNX MYyHeHba Ha 6a3n opraHcknx ropmsa. Kpo3s ABoaszHu npoLec npecoBara
MUPOTEXHUYKNX Nykbetba T, M3BpLLEHA je yrpafma No Tpu 6akapHe XXULe Y LeHTpasHK
[le0 NMyherwa, pagu nobosbluaka npoueca npoBofera TOMA0Te KPo3 Mykere. Yrpaiwba

GakapHUX XuLa y Nyretba [T, y CBOjCTBY MacMBHKX rpejaya, NOKasana ce Kao MeToa ca
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BE/IMKMM NOTEHLMja/IoM KOjoM ce 6e3 M3MeHe cacTaBa NMPOTEXHUYKE CMeLLe U NMpoAyKaTta
caropeBarba nosehasa 6p3nHa caropeBawa. Vicnutusamwe ytuuaja ,,6akapHUX rpejada” Ha
Op3vHYy caropeBarba M3BPLUEHO je ca CMellama Ha 6a3u N1akTo3e Y aCKOPOMHCKE KMUCeNMHE.
Pe3yntatu ucnuTuBamwa YyKasyjy Ha BP0 YyjefHayeH yTuuaj GakapHWX rpejaya Ha
BpeLHOCTY 6p3uHe caropeBara CBUX UCMMTaHMX cacTaBa. Moseharbe 6p3nHe caropeBarba y
0AHOCY Ha cacTaBe 6e3 yrpaheHux 6akapHUX rpejara Kpetano ce y oncery og 14 no 18 %.
Mo3ntuBaH YyTuLaj GakapHWX rpejadya Ha Op3vMHY caropeBata NOTBPRYjY M CHUMUM
TEPMOBM3NJCKE Kamepe, Ha KOjUMa je YO4YeHO opMupare YHYTpallke 30He ca
TemnepaTypama BuLLUM 1 A0 40°C o/ OHMX Y OCTaTKY Y30pKa, MOMeHYTa 30Ha HUje youeHa
KO Yy30paka Yy Koje Hucy 6wunu yrpaheHn 6akapHu rpejaun. MakcumMasHo noBeharbe
Temneparype nocMaTpaHe 30He Y30pKa, KOHCTATOBAHO je HaKOH npBux 10 s 3arpe.arba, €
TUM, [la Ce 0Baj TPeHA HacTae/ba CcBe 0 60 S 3arpeBarba Yy30paka, Kaja Temneparype

nocmaTtpaHe 30He ca 1 6e3 BI” nountby fia KOHBEPrupajy.

Ha ocHOBY pe3ynTara UCnuMTUBaba MOXe Ce 3aK/bydnTu [a Ce ONTUMAasSIHWN CacTaB
NMUPOTEXHUYKE CMeLLe 3a 13pagy NUPoTeXHUYKOT nywewba ' BB npojektuna 37 n 57 mm,
Yy 3aBUCHOCTW 0Of Kasmbpa M ycnoBa fieTa MNPOjeKTWAa, Hanasn y rpaHuuMMa Koje
JenHMLWY cMelle Ha 6asn naktose (002/12M1) n sutamuHa L, (009/12M1). Ycnoswu
nabopaumje NUPOTEXHWUYKOr nywewa [T gemHUcaHW cy cnefehum napameTpuma:
ryctmHa nywera 1,73-1,87 g/lcm3 - oBaj oncer 06e36efyje HEOMXOAHW CTPYKTYPHU
NHTErpuTeT NyHEa; Maca npunanHe cmewe M4 og 1,5 go 2,0 - y 3aBUCHOCTU Of, AY>KUHE
uesn opyha M3 Kojer ce ucnabyje NPOjeKTUN, YyrpecoBaHe 3ajefHO Ca OCHOBHOM
NMUPOTEXHNYKOM CMeLLoM. HakoH uspage nywera ' 06aBe3Ha je XxepmeTusaumja Nyrera,
OUNno Ha HWMBOY camor nykwewa um jeguHuue T, TMoxersaH maTepmjan obnore
NUPOTEXHUYKOT Nykerwa [T npeacTaBba anymMuHujym. Crosballiby MPeyYHuK o6sore
nyrwewa Tpebao fa 6yge 6ap 3a 1,5-2,0 mm mamwmn 0f YHyTpallber npevyHuka Kyhuwra
jeamHunue I'T. Mpunnkom pasmatparba HauvHa yTBphuBara 06s10re nymwewa y jefUHULM
T, Tpeba TEXWUTU MWHMMASIHOj KOHTAKTHOj MOBPLUMHWU K3MeRy ob6siore nywera WU
Kyhuwita jeanHuue I'T pagy cMarbera aucunalmje TonaoTe npeko Kyhuwta jeauHuue I
(onTuUMaHK crosballby U3rnes obnore NUPOTEXHUYKOT Nykerba jeauHule I'T oarosapa

u3rnefy nabopucaHmx Nykerba npeacTaB/beHnx Ha Cnmum 15 ose gvcepTaumje).
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BUOI'PA®UJA AYTOPA

Cunuwa [. Mawarwuh, poheH je 26.08.1979.roguHe y Hosom Cagy, Penyb6nvka
Cpb6uja. OcHOBHY wWkony "hypa Jakwuh" y Kahy, onwtnHa Hoeu Cag, 3aBpliaBa 1994.
roguHe. Lllkonosawe Hactas/ba Yy BojHOj rumHasvju y Beorpagy, a 3atum u BojHOj
akagemunju, Opcek-Jlornctnka, Cmep—TexHuuka cnyxb6a KoB, CneuujanHocT—Y60jHa
cpeacTBa, Kojy 3aspwasa 2003. roguHe ca npocevyHoMm oueHom 8.13. BojHy Kapujepy
3anounkbe Kao 3aMeHMK Hauve/HMKa CeKTopa 3a PemMOHT U femunutapusauyunjy Y6C y
TexHWYKOM peMOHTHOM 3aBofy Yy Kparyjesuy. CTpyyHa 3Harba U3 061acTi MUPOTEXHUKE
cTuye of 2007. roavHe Kaja ca Cnyx6oMm npenasn y BOJHOTEXHUYKU WHCTUTYT Y
Beorpagy, rge fo 2012. roguHe CTwKe [0 3Barba Bofeher ucTpaxusaya y 06/1actu
nMpoTexHuke. [10 caja je 0BjaBMO 2 Hay4yHa paja y yaconucuma mMehyHapogHor 3Havaja, 1
paf, y 4aconucy Off HauMOHa/IHOr 3Hayaja W caonwTho 2 paja Ha CKynosuMa

MefyHapoAHOT 3Hayaja, Koju Cy LUTaMnaHu y LieNocTu.
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Hpuor 1.

HU3JABA O AYTOPCTBY

Tlotnucanu Cunuma J1, TTamaruh

bpoj uageca  4016/08

HU3JAB/bYJEM

Jla je HOKTOpCKa AucepTallija MoJi HaCJIOBOM

HI/IDOTCXHH‘IKC CMCIIIC 3a M3paay nybeha racoretHeparopa Base Bleed HpOieKTI/IJIa 37
uS7 mm

s P €3yJiTaT CONICTBCHOT UCTPaXXUBA4YKOrI' paja,

¢ Jla mpennoxeHa IWcepTaldja y LEIMHHA HU Yy JeJOBUMa Huje Owia MpelioxkeHa 3a
nobujare OMI0 Koje AUMIOME MpeMa CTYAMjCKMM MpOorpaMUMa APYTHX BHCOKOIIKOJICKHX
yCTaHOBA,

o Jla cy pe3yNTaTH KOPEKTHO HaBEACHH U

s Jla HUCaM KpLIKO ayTOPCKa MpaBa U KOPUCTHO HHTENEKTYalHy CBOjUHY APYTHX JHUIIA.

IoTnnc fokTOpaHTa

V Beorpazy, 28.038. 2016 /\C),\WCW T
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pusor 2.
H3JABA O UICTOBETHOCTHU HITAMITAHE ¥ EJIEKTPOHCKE BEP3UJE
JOKTOPCKOI' PAJA
Vme 1 npesnme ayTopa Cunninia [amaruh
bpoj nnnekca 4016-2008

Crynujcku mporpam Xemuja

Hacnop pama I[lupoTeXHMYKe cMellle 3a WM3pajy OYb€iba racoreHeparopa Base Bleed
npojekrwia 37 ¥ 57 mm

MenTop npod.ap. Jyman AntonoBuh

[ToTnucanu Cuaniia [amaruh

U3jaBipyjem Oa je mtaMIada Bep3dja MOT JOKTOPCKOT paja MCTOBETHA €JIEKTPOHCKO] BEp3UjH KOjy
cam mpeznac Ha o0jaB/bUBabE Ha NOpPTaNy JJUrHTalHOr peno3uTopujyma YHuBep3uTera y beorpany.

HOBBOJ’L&B&M Ja ce 06jaBe MOjI/I JINYHU IoJaiu 3a 11061/1jaﬂ>e aKaJICMCKOrI" 3Bakha IOKTOpa HayKa, Kao
OITO Cy KM€ U NPE3UME, rOAUHA U MECTO pOhCH)a H JaTyM 0;16paHe paza.

OBu JMYHU TIOHAllE MOTy c€ O0jaBUTH Ha MPEXHHM CTpaHHWllamMa AWTWTanHe OubmuoTeke, y
eJIEKTPOHCKOM KaTasory u y mybnnkanujama YHuBep3utera y beorpany.

[Tornuc noxropanra

Y beorpany, ?,li geory ‘W G . pa C ﬁ cun Ob,:u»ﬁf' .
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Mpunor 3

HN3JABA O KOPUIIRELY
OenamhyjeM VYuuBepsutetcky OuGnmoreky "Cserozap Mapkosuh" ma y [lurutanHom
penosuToprjym YHuBep3uTeTa y Beorpany yHece Mojy IOKTOPCKY AMCEpTALi]y MOJ HACTIOBOM:

[TupoTexHUUKe cMellle 33 U3pany Mylkema racoreneparopa Base Bleed nipojextuna 37 u 57
mm

K0ja je Moje ayTOPCKO JENO0.

JlucepTanyjy ca CBUM TIPHJIO3UMa MPEJao caM y eleKTPOHCKoM (opMaTy MOrOAHOM 32 TPajHO
apXUBUPALE.

Mojy IOKTOpCKY AuMCEpTauujy IOXpawmeHy y JIMTHTalHH pEeno3uUTOpUjyM YHHBEp3HTETa Y
Beorpay Mory [a KOPMCTe CBU KOjU MOLITYjy oipende caipxkaHe y oaa0paHOM THIY JIMIEHLE
Kpearushe 3ajexuuue (Creative Commons) 3a KOjy aM Ce OJULy4HoO.

1. Autorstvo
2. Autorstvo — nekomercijalno

P -
Q) Autorstvo — nekomercijalno — bez prerade

4. Autorstvo — nekomercijalno — deliti pod istim uslovima
5. Autorstvo — bez prerade

6. Autorstvo — deliti pod istim uslovima

IToTnHC JOKTOPAHTA

V Beorpany, 2(103 Ul e

/\(o j‘}\ Q(A/ at Vé)—
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