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[IpyHIIMTIA HA UMITPETHALIM]aTa KAaKO KOMIIOHEHTA BO

CUCTCMHUTC Ha I/IBOJ'IaI_II/Ija Ha CJICKTPUYHUTC BPTJIMBHU MAllIMHH

1.1 Len u 3HaueH€ Ha UMIIPETHALM]aTa BO U30JIAI[HOHUTE CUCTEMHU

Bo cBojara ¢yHkmja Ha MeryceOHO EeNEeKTPHUYHO H30JHpamhe BO HEKOW JEJIOBH O]
SIIEKTPUYHH YPEIU C€ BIPAJACHU U30IAYUOHU Mamepujaiu TIOUIOKEHU HE CaMO BO CIIy4aj
KOTa MPOTEKYBa EJIEKTPUYHO TI0JIE BO KOE Ce Haora, TyKy M BO HHU3a JAPYTH CIydyaW KOH
MIPOM3JIETYBAaT O] OMIITUTE YCIIOBH 3a paboTara Ha ypeaoT, peXKHUMOT Ha paboTa, aMOMEHTOT
UTH.

Boormiiro cute oBue 10JaTHU Ciaydad MOJXKE Jia Ce CBEJAT HAa MEXaHWYKH, TOIUIMHCKU
1 xeMucku. Hamperamara Kou MpousJeryBaar oJ1 HUB, OJJIy4yBaaT 3a HUBHUOT XKUBOT T.€ 3a
TpajHOCTa Ha W30JalljaTa, ceé MHOTY CIIOKCHH. Bo Toryien Ha TpajHOCTa Ha W30JalMjara
OBHE Hamperama Mopaar Ja Ce pasrjieayBaaT Kako KOMIUIEKC O/ MelyceOHO TOBp3aHH U
OOMYHO JIECTPYKTHBHU JIeNTyBamka KOM CO/ICjCTBYBAaT, KOM BO OJIPENICH CIy4aj JIOBeIyBaar J0
Jerpajalja Ha u3oJaiyjaTa Bo ToJKaBa Mepa J1a HacTaru degekm.

[Ipakcara mokaxyBa Jeka aAeQEeKTOT-HajuyecTo BO OOJIWK Ha erekmpuuer npoous Ha
eleKmpu4Hama u3onayuja-HacTanyBa peIoBHO, KaKO CEKYHJIapHa TOCIIe/IMIIa Ha TPOMEHA Ha
OOJIMKOT WJIM CTPYKTYPHH TPOMEHH KOM HACTaHyBaaT IMOpaJd MEXaHWYKU, XEMHUCKU WU
TOIIMHCKH (akTopu. Bo mocTtojan paboTeH HamoH Jgoafa WM JI0 HArJIM TOjadyyBama Ha
EJIEKTPUYHOTO TI0JI€ HA OJICTHU 3HAYAjHU Mecma — WIA MPAajHO U NOMNOJHO OWMeEmy8arse
Ha croesume 00 uszonayujama (KpaTepu,IyKHATUHW, WUTH), WM jJoara J0 ciabeeme Ha
IMETICKTPUYHUTE CBOJCTBA TIOPAIU KPULIUBOCH UAU NOMNOJHA OeKOMNAKMU3AyUja umu
CMPYKMYpPHO pazepadysarbe, Koja MOKe 3HAUUTEITHO J1a TH TPOMEHU (PU3UUKHUTE U TIOCEOHO
EJCKTPUYHHUTE CBOjCTBA. BO nBara ciiydam 6r1aeama Koja PEIOBHO ja ©Ma BO TIOMAJIA WIIH
MOTOJIEMH KOJHYMHH BO MAaTEpHjajiOT, MOXE EJICKTPHYHHOT MPOOMB 3HAYUTEIHO N1 IO
3a0p3a.

Co men na ce 3aJ0BOJIaT OCHOBHUTE CJCKTPUYHU 3aKOHU M OHHE MOTOpE HaBEICHH
cllydad T.e. Jia ce 3aap>H (YHKIIMOHATHOCTa KOja OJroBapa Ha APYr BPEMEHCKHU IMEPHOI,
KOHIIETIH]a, W300p M M3Bea0a Ha W30JalfjaTa BO CIEKTPUYHUTE MPOU3BOIU UM CE OJIaBa
BaXHO 3Hauewe. O OpOojHUTE TOCTOCUKH MAaTepHjaJid KOWM CTOjaT Ha pacrojiarame 3a
M30JIAI[OHA TIeJI, PETKO IMOCTOM MOYKHOCT Ja €/IeH OJ HHMB TH 3aJI0BOJH CHTE 3aKOHU U
kputepruyMu. ONITUMAIHO PEIICHUE Ce MOCTUTHYBA PEIOBHO CO €IHOCTABHH WM CJIOXCHU
KOMOMHUpama Ha HEKOM OJIOpaHM MaTepHjalid Taka Ja MPETCTaBYBa U30JAYUOHEH CUCTEM
BO KOj CEKOja KOMIIOHGHTa Ha TMOTPeOCH HAuWH TpPUIOHECYBa 32 (DYHKIMOHAIHOCT H
TEXHUYKO CJIOKYBaHbE.

Haxko 1o npaBuiio, CUTE BPCTH TOTOBU KOHCTPYKIIUHU HA CJICKTPHUYHH POTAIHOHHU YPEIU
MPUOHECYBAAT J1a U30JAIIMOHUTE CUCTEMHU BO CICKTPUUHUTE ypeIu KOW BO CBOjaTa KpajHa
cocTojba ce BO IBpPCTa arperaTHa cocTojba co neduHUpaH OOJIMK, W30JAIIMOHUOT CUCTEM U
TEXHOJIOTHjaTa MOTpeOHA 3a TMOCTUTHYBamkbe Ha OBHE (PYHKIIMOHAIHOCTH YCIOBYBaart, Ja

nmoyeTrHara COCTOj6a Ja HCKOU OJ1 KOMIIOHCHTHUTE KO BJIETyBaaT BO CUCTEMOT BO IMOMaJia UJIA
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TorojzieMa Mepa OTCTaIlyBaaT OJ] KJIACHYHATA KPyTa arperaTHa cocrojba, BkIyuyBajKu ru u
TEXHUYKHUTE OApecHH yciaoBu. OBHE KOMIIOHEHTH MOpaaT BO TOj CiIy4aj Aa OugaT criocoOHU
Ja TH U3APXKAT TPETUpamaTa BO IMPOIECOT Ha MPOW3BOJACTBO 32 Ja MPEMHHAT BO IIBPCTA
cocrtojoa.

[Mpuunnarta 3a ynmorpeba Ha BaKBM KOMIIOHEHTH 32 CO3/aBabe¢ M30JAIMOHU CHCTEMH
JISKU BO MPUPOJIaTa HA PACTIOJIOKIMBH KOMIIOHEHTH H3BOPHO BO IIBPCTA COCTOj0a, KAKO U BO
TEXHUYKH MOXHH OOJHMIIM OJ KOHCTPYKIMjaTa Ha HAMOTKaTa M OCTAHATHTE JCIIOBH O]
SJIEKTPUYHHUTE MPOM3BOJIM 32 KOM € MOTpeOHO aa ce u3onupaar. Dakrt e Jeka cekoj yspcm
U301AYUOHEH Mamepujal 60 NOMALA Ul NO20jJemMa Mepa e nopo3eH, 3a KOro MOPO3HOCTa He
3aBHCH CaMO OJi BHJOT Ha MaTepHjalioT TyKy M OJf TeXHOJOrmjara Ha u3padorka. Kako
KOMITIOHEHT O] M30JIALIMOHUOT CHCTEM LBPCTHTE M30JIAIMOHM MaTepHjald MHOTY YeCTO Ce
BrpajayBaar BO clioeBUTE (ci1.1) ma mokpaj nmpuMapHaTa MOpO3HOCT, Tpeba /1a ce BOJU CMETKa
W 32 CeKyH/IapHaTa, 32 KOja MHOTY 4eCTO ITOCTOH I'ojieMa MOPO3HOCT MTOMETY CIIOCBHTE.
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CJIMKA1. BumoBu nopu Kaj M30JIATMOHATE MATEPHjaTl ¥ CHCTEMH Ha M30JIallrja

Jlokosky ce paboTu Ha IpUMeEp 3a HAMOTKa COCTaBEHAa O]l MOBEKe MPOBOJAHUIIU, LITO €
4yecT ciyd4aj, Joafa M JI0 TOPO3HOCTH - BCYIIHOCT 10 UIYIIMHHU-TIOMElY OJeTHU
MIPOBOJOHUIY U30JIMPAHH CO LIBPCT U30JIAIIMOHEH MaTepHjall.
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CJIUKA 2. Cnopenba Ha BIMjaHHETO Ha BilaraTa Kaj HEUMIPETHUPAH U UMIIPETHUPaH
U30JIAIIMHOHEH CUCTEM

Cure HaBeJeHU BUIOBH Ha MOPO3HOCT, 0€3 pasznuKa Jaiu ce padoTh 3a OTBOPEHH,
MOJIyOTBOPEHH WJIM 3aTBOPEHH THUIOBU MOPU M IIYIUIMHU BO IBPCTUTE KOMIIOHEHTU Off
M30JIAIIMOHUOT CUCTEM, OBO3MOXKYBAaaT BO CHCTEMOT Jia C€ IMOjaBH M HEMOXKEJIHA TacOBUTA
KOMITOHEHTa-BO3/yX, KOja COJPIKHU BJIara Wik €BEHTYaITHO APYTH mapeu. Bo3ayxor u Biarara
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uMaaT IOBeKe HETaTHMBHM BIHMjaHMja Ha (YHKIMOHAJHOCTAa M BEKOT Ha TpajHOCTa Ha
U30JIALIMOHUOT CUCTEM.

b prefekiricni
gubici (tgd)

lzofgcion: sisfem sa
zracamm Supiinamo

{zalaciorr sislem bez
zracnih SUpling

Ja
=

fspifni napor

CJIMKA 3.Cnopen6a Ha TUEeeKTPUYHHUTSE 3aryBU BO 3aBUCHOCT OJ] HAITOHOT Kaj
HEUMIIPETHUPAH U UMIIPErHUPAH U30JIALIUOHEH CUCTEM

IIpoouparwemo u npomenama Ha KOIUNUHAMA HA 61a2ama BO W30JIALHOHHOT
CHCTEM, KOH ja ClIe[iaT MpOMeHaTa Ha peJlaTHBHATa BIAKHOCT 011 atMocdepara, JoBeayBa 10
nopacm Ha eieKmpuyHama npogooaIUeoCcm BO BIaXHA arMocepa, ITO BO EKTPEMHHU
ClydyaeBH MOXKE Ja JOBEIE 10 OJBOAM KOW MOXKAT Ja MPETCTaByBaaT KpamKu 6pPCKU.
KonneHnsupanara Biara mpujoHeCYBa Ha MOBEKETO MaTepHjalH Ja HacTaHe MOBPIIMHCKA
nonzeuka namexa, a THE ce IPUYUHA J1a HACTAHE NOBPUIUHCKU NPOOUB.

JluenekTpu4HaTa IBPCTUHA 3HAYUTEIHO Omara CO MOpacTOT Ha KOJMYMHATa Ha Bjara
BO MarepujaioT. [lopagu BiMjaHHjaTa Ha €NEKTPUYHUTE CBOJCTBA MOTPEOHO € Ja ce Harjacu
U T0jaBata Hababpysare Ha uzoanyuonuom mamepujan, 1To ydecTByBa BO NMPUPOAHUOT
UKIYC Ha YPaMHOTEKYBame Ha KOJMYECTBOTO BJlara BO MaTEpPHjaJIOT CO BIAKHOCTA O]
atMocepaTa W JOBeIyBa 1O HEYPaMHOTEKEHOCT Ha MAaTEpPHjaloT OJHOCHO Ha
M30JIAIIMOHUOT CHUCTEM.

Bo3myxoT BO mopuTe M IIYIUIMHUTE Ha W30JIAIIMOHUOT CHCTEM MPHUIOHECYBa Ja J0j1e
10 Ouckonmunyumem Ha cBojcTBaTa. OBOj AUCKOHTUHYMUTET BO 3aBUCHOCT O] CBOJCTBAaTa Ha
yrnoTpeOyBaHUTE IBPCTH KOMIIOHEHTH, JOBEIyBa [0 CMallyBalke Ha KOMITAKTHOCTA,
MeXaHM4YKaTa BPCTHHA U CIIOCOOHOCTA 3a MpeJaBambe Ha TOIUIMHA BO aKTUBHUTE JEJIOBU
HU3 W30JIAIMOHUOT cucTeM. [IpucycTBOTO Ha YKIIjydyoIM BO3AYX BO M30JAIlMOHUTE CUTEMHU
M3JI0KEHW Ha JOBOJIHO BHCOK HAIlOH MOJXKE 3apaid OWTHO MOBHCOKUTE IHEICKTPUYHU
KOHCTaHTH Ha LBPCTHTE KOMIIOHEHTH Ja OWAe MPOCIENeH CO 3HAYUTEIHO 3TOJIEMEHO eIl.
T0JIe BO YKITyHOITUTE, 32 J1a HACTAHE JOHU3AYUja HA 8030YXOM.

CexyHalapHUTE TOIJIMHCKY M XEMHCKH €(eKTH KoM ce Pa3BHBaaT KaKo MOCIEIHUNA Ha
JOHHM3UIMjaTa 3HAYUTEIHO ja 3a0p3yBa Jerpaaanyjara Ha U30JaUOHUOT CHCTEM H JI0OBEIyBa
710 TIPOOUB.

MHory Ba)kHa IOCIEAMIA Ha JETYBAamkETO Ha BO3AYXOT € 3a06p3aHOMO MONIUHCKO
cmapeerbe Ha HU3a OPTaHCKH M30JIALIMOHM MaTepHjaid KOM MEXaHHU3MOT Ha CTapeeme Io
0asupaaT Ha npumapHuom eghexm 00 npoyecom na oxcudayuja. Ilpu mocToemeTo Ha TOpU U
IIYIUIMHU Ha OBaa peakiuuja € AUPEKTHO M3JI0KEHA 3HAYMTEIHO IMOToJieMa MOBPIIMHA O]
marepujanor. Mcro Taka Tpeba 1a ce CIIOMHHU JieKa CO BO3AYXOT M Bjarata BO IOPUTE U
166ILYIUIMHUTE BIIETYBAaT U PAa3AMYHH JPYTH YECTO XEMHCKH MHOTY arpecHBHH COCTOjKM
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KOM CO CBOjaTa EJEKTOJIMTCKAa MPUPOJa INTETH Ha EJIEKTPUYHUTE CBOjCTBA, & AUPEKTHOTO
XEMHUCKO BJIMjaHUE JOBEIyBa J0 3a0p3aHO pa3pylIyBHE HA KOMIIOHEHTUTE BO M30JIAIMOHUOT
CHCTEM.

CoonBaTHaTa KOMIIOHEHTAa, KOja BO MOMEHTOT KOTa C€ MPUMEHYyBa € BO TE€YHA WM
JIOBOJIHO TUTACTMYHA COCTOj0a, OBO3MOXKYBa CO OJIpe/ieHAa TEXHOJOTHja Ja TH HCIIOIHHU
MOpHUTE, MYIUIMHUTE BO IBPCTUTEC KOMIIOHCHTH BO LIEIHMOT W30JIAIIMOHEH CHCTEM, U Ha TOj
HAYMH Jla TO CIPEYd MPOAHMPAETO Ha BO3IYXOT, a NMPBEHCTBEHO Biarara. lMcTo Taka
noTpeOHO € Ja ce HAIlOMEHE JIeKa allColyTHOTO CIIPEeYyBame Ha MPOJUPAETO HA Blarara u
BO3AYXOT HE € MOXKHO, OMJIEjKM HE MOCTOM HJCalTHa MOXHOCT Ja C€ HCIIOJNIHAT MOpUTE U
IIYTUIMHUTE, @ U KOMIIOHEHTUTE 32 WCIOJHYBale HE CE€ alCOMyTHO HEMOpO3HU. Bo cekoj
Cllyyaj ce TIOCTUTHYBa HamallyBame Ha ancoJyTHAaTa MOXHA KOJIMYMHA BJIara W BO3IYX, a
nmoceOHO 3a0aByBame Ha MPOJOPOT HA Biara. AKO ce 3eMaT BO 003Up MOrope HaBeACHUTE
BJIMjaHW]ja HA TIOPH W IIYIUTMHH MOXE JIa C€ 3aKIy4H JieKa HUBHOTO HCIOJHYBAambE MOJI00pO
BJIMjae JOKOJIKY KOMIIOHCHTHTE 33 UCIIOJIHYBamkhE MOCEIyBaaT OAPEIACHU CBOjCTBA, K& MMaat
MOBOJTHO BIMjaHUE HAa (YHKIMOHATHOCTa W TPAjHOCTa HA HM30NAMOHHOT cucteM. OBa
BJIMjaHUE CE OJIHECYBa Ha:

e 3rojeMyBame Ha N30JIAIIMOHUOT OTIOP BO BiIaXKHa aTMocdepa u atmochepa
KOja ja 3rojieMyBa eJIEKTPOJIMTCKaTa KOHTAMUHAIIH]a

e 3rojeMyBame Ha AUEJICKTPUIHATA IBPCTHHA

e HawmanyBame Ha joHM3alMjaTa U HEJ3MHUTE IITETHU MOCIEIUIH

e 3rojeMyBame Ha TOIUIMHCKATa CIIPOBOIMBOCT

e 3rojeMyBame Ha KOMITAKTHOCTA M MEXaHWYKaTa [[BPCTUHA

e 3a0aByBame€ Ha MPOIECOT HA TOTUIMHCKO CTapeeHe

e 3abaByBame Ha MPOLECOT HA XEMUCKa AECTPyKLHWja OF BIUjaHHETO Ha
aTMocdepara.

JIOKOJIKY CeKOj O HaBeIEHHUTE CE pasriieyBa MOSAMHEYHO 3aBHCAT O/ HHU3a (HakTopH.
HajmpBo BHAOT, CBOjCTBaTa U TEXHOJOIIKUTE CIIOCOOHOCTH HAa MaTepHjaIUTE YIIOTPEOCHH 32
UCTIOTYBakhe a MCTO Taka M KBAIATETOT BO IIOCTAllKaTa Ha KCIOJHYBame. MCKycTBOTO
MOKa)KyBa HCTO Taka Jieka € HEONXOIHO CEeCTPaHO YCOTJIaceHOCT Ha CpelcTBara 3a
M3IOJTHYBAKkE CO OCTAHATUTE KOMIIOHEHTH OJ1 U30JIAIIMOHUOT CHCTEM, BUJOT Ha HAMOTKATa,
TEXHOJIOTHjaTa UTH.

BJIaFOIIapCHI/IC Ha M3BOHPCAHUTC TCXHOJIOIIKH JOCTUTHYBakbda HAa BCUITAYKUTC MACH, a
UCTO Taka W Ha TEXHOJIOTHjaTa Ha mpepaboTKa Ha MPUPOJHUTE CYpPOBUHH, JICHEC
eJIEKTPOTEXHUYAPHUTE MMaaT Ha pacrioyiarame CPeCTBa CO KOM CE OBO3MOXKYBa HCIIOJIHYBAamke
Ha MOPUTEC U IIYIUIMHUTC BO Pa3JIN4YHU HU30JIAIIMOHH MaTepI/IjaJ'II/I OOAHOCHO KOMIIOHCHTU Ha
M30JIAI[IOHU CHUCTEMH KaKO M BO H30JIAIIMOHUTE CHCTEMH HA CHTE BPCTH MPOU3BO/IH.

Knacudukanuja Ha MaTepujaauTe 3a HCIOJTHYBabe

Martpujanute KOM MMaar CIOCOOHOCT Jla CO COOABETHH (PU3UYKUTE WIA XEMHUCKUTE
MPOMEHU MPEMHUHYBaaT BO LIBPCTa COCTOjOa, a CIyKaT 3a UCIOJIHYBaWke HA IIYIUIMHUTE BO
W30JTAIIMOHUTE CHCTEMH Ha CJICKTPUIHHUTE W30JIAIIMOHU TIOCTPOjKH, KAaKO M IPYTH MPOU3BOJIH,
MOXXKHO € Ja ce¢ KJIacH(HUIMpaaT KOPHCTEJKH pPa3HH KPUTCPUYMH, Ha IMPUMEP COCTABOT,

HAYMHOT Ha CTBPJHYBamE, arperarHara cocrojoa BO MOMEHTOT Ha ucropaka u np. [Ipu 167
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TOA HEKOHM OJ OBHE KPUTEPUYMH KAaKO Ha MPUMEpP COCTABOT W HAYMHOT HAa CTBPIAHYBAC
MOXaT JIa Ce MOCTaBaT Ha pa3iuuHK riieauita. Bo knacudukaimjata ox “eHIMKIONEANja HA
CJICKTPUYHK M30JIAIIMOHN MaTepHjaiu Koja ja uzpadotun L1IBajiapckuoT eneKTpoTeXHHYKA
KOMHTET 3a motpeba Ha MerfyHapoanara enekrporexuuuka komucuja (IEC) compkar - Bo
KpajHa CcOCTOj0a IBPCTH, BO MOMEHTOT Ha NPHUMEHAa TEYHH WJIM TACTECTH H30JAlMOHU
MaTepHjalii 3a UCIIOITHYBakEe, MMITPETHAIIN]a, TIOKPHBAKE WITH JICTICHHE.

Ilpea noozpyna - V3onanmoHu MaTepHjair KOU BO I[BPCTa COCTOj0a r'M MPOMEHYyBaaT
(¢bu3UYKUTE CBOjCTBA (IIBPCTUHATA, UCTIAPYBAhE HA Pa3pelyBavyoT, KETUPAHE)

Bmopa nooepyna - V3omanmoHu MaTepujaidi KOM BO IIBpCTa COCTOj0a TH
MIPOMEHYBAaT XEMUCKUTE CBOjCcTBA ( MMOJIMMEpHU3alija, OJMKOHCH3AIN]ja HITH TTOJTHaTUIIH]ja
)

Tpema noozpyna - V1301aln0HN MaTepyjalnd KOU BO I[BpPCTa cocToj0a I'M MPOMEHYBaaT
GU3NUKUTE W XEMHCKHTE CBOjCTBAa (WMCIapyBame Ha pa3penyBaduoT | JIOTIOJTHHUTEITHA
OKCHJIallHja, IOJTMMEpPH3aIlHja, TOJMKOHACH3AIM]a WU TIOJTHaIUIIN]a).

[Nonatamy mozpenbara e U3BpPIICHA BHATPE BO TOPEHABEICHHUTE MOATPYITH BO TPYIH O]
KOM 3a WCIOJHYBamke Ha TIOPHUTE M NIYIUIMHUTE BO CUCTEMUTE HA CJICKTPHYHHUTE POTALMOHU
ypenu aoara Bo 003Hp CICIHOTO:

M30JIAI[MOHU JIAKOBU CO pa3peAyBaud KOU CTBpJHYBaaT €O HCHapyBame Ha
paspenyBadoT (rpyna 513 — mpBa nmoarpymna);

U30JIAIIMOHU JIAKOBH CO pAcCTBOPYBaYM KOM CTBPIHYBaaT CO WCIapyBambe Ha
pa3penyBadoT W JOMOJHHUTEIHA OKCHIaIlMja, MOoJMMEpH3alfja, MOJUKOHICH3AIH]ja
wiu nonuaauija (rpyna 531 — tpera moarpyna);

TEPMOpPEaKTUBHM MMIIPETHALIMOHM WM HaJMBHM CMoOJM 0Oe3 paspenyBauu, 0e3
MOJTHUTENH, KOJU C€ CTBPJAHYBaaT cO MOJUMEpHU3alja, MOJMKOHAEH3aluja WIN
noJuaauIja Ha coOHa MM MOBHILEHA TemmnepaTypa (rpyna 521 — npyra noarpymna;

TEPMOPEAKTUBHU MMIIPETHAI[MOHN WM HAJIWBHU CMOJM O€3 pa3pedayBayd, cO (UHO
3pHECTH TOJIHUTENN, KOM CTBPIHYBAaT CO MOJIMMEpHU3aIiija , MOJMKOHICH3aIja WIH
NoJMauIja Ha coOHa MM MOBHILIEHA TeMIepaTypa (rpyna 522 — npyra nmoarpymna);

PactoruinBu u3onannoHu mMacu 0e3 paspeayBaud KOM CTPBPIHYBAaaT BO TEKOT Ha
JasiemeTo Ha coOHa Temneparypa (rpyna 511 — npBa noarpyna);

MN30manMoHy KWTOBM CO pa3peldyBaud KOUM CTBpPAHYBaaT CO MCIapyBame Ha
paspenyBadoT (rpymna 516 — npBa noarpymna);

I/I30J'IaIII/IOHI/I KHUTOBH (6{0] pa3peILyBaqH KOHnu CTBI[HYBaaT (6]0] I/ICHap}IBaH)C Ha
paspeayBavyoT U JOMOJHUTEIHA OKCHAAIM]a, TIOJUMEpHU3alnja, IOJUKOHICH3aInja
Wi nojuaauiyja (rpyna 534 — tpera moarpyna);

TCPMOPCAKTUBHU H30JIAIMOHHU KHUTOBU CO pa3peAyBadd KOU CTBpAHYBaaT CoO

NOoJMMEepH3alltja, TOIMKOHACH3allMja Wi MoJinaaunyja (rpymna 523 — Bropa noarpyna);
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OcranaTuTe rpynu Ha Ha OBaa rpymna mMarepujaid orngakaaT JaKOBH 3a MOBPIIWHCKO
HpeMa‘-IKyBaH)C, JJAKOBU 3a naKHpaH)e BOJOBH U JIMMOBHU, CBp3YBa‘-IKI/I JIJAKOBU HUTH. Toa BO
OBHE PaMKH HEMa Jia OuJie MoceOHO pasriieyBaHo.

Bo cypoBa cocToj0a oBre MaTepujaiu 3a UCTIIOJIHYBakbe MOXKAT Ja Ouaar:
v’ TeuHu Ha cOOHA W TOBHMIIIEHA TemiiepaTypa (rpymu 513, 531, 521, 522),
v/ IBPCTH WITH TaCTacTH HA COOHA, a TCYHW Ha MOBHIEHA Temmeparypa (rpymu 511,
521, 522)
v/ macracTtu Ha coOHa ¥ NOBHIIEHA TeMieparypa (rpymu 516, 523, 534).

Bo TexHonorujara 3a u3ojanyja Ha €ICKTPUYHN POTAIMOHH YPEAH JOCTa C€ KOPUCTH
nojesnda Ha MPAaKTUYHM YNOTpeOyBaHM MaTepHjaiM 3a MCIOJIHYBaWkE MOPU U LIYIJIMHU BO
M30JIAI[MOHUTE CUCTEMHU Ha HAMOTKUTE U OCTAHATUTE JICJIOBU HA CIIEHUTE TPYIIU:

v/ MMpErHalMOHM JIAKOBH (CO paspeyBaun) — MaTepujaiu ox rpymnure 513, 531,

v/ MMpETHAIMOHH CMOJH(MMITPETHAIIMCKY JIAKOBH 0€3 paspelyBaun) — MaTepHjain
ox rpynara 521,

v/ KOMIIayH/IU, — MaTepujaiu oj rpymara 511,

v/ HAJIMBHY MacCH, — MaTepujaiu oj rpymara 522

v’ M30JIaIIMOHY KHTOBH — MaTepHjau of rpymara 516, 523, 534,

Kako IllTo ce rnema, oBaa mojmenda joara oOJf MpakTHYHATA IPUMEHA HA OBHUE
MatepHjamy, He BouejKu cMeTka 3a mpoMeHaTa Koja ce OJJBHBA BO MATEPHjalloT BO HPOLECOT
Ha CTBP/IHYBamE.

Cnopen mpakcara co COOABETHO CTBP/IHYBamkE MaTepHjaJIUTE 3a HCIIOJIHYBAKHE MOKEME
7ia TH TTOJIeIMME Ha:

v/ Marepujaid KOW CTBPIHYBAaT CaMo Ha MOBHIIICHA TEMIIEpaTypa
v/ Marepujaid KOU CTBPIHYBaaT Ha COOHA TeMIIepaTypa
v/ Marepujajii KOW CTBPJHYBAAT CO JIajIckhe Ha COOHA TeMIeparypa

Co TexHoJoIIKaTa OCTANKa Ha UMITPETHAIIM]aTa, KOja Ke Oue ONuIllaHa BO HAPEIHUOT
TEKCT, BO M30JIAMOHUTE CHCTEMU HA EJIIEKTPUYHM POTAIOHUM YpeIu ce BHecyBaar
MMpPETHAIIMOHHU JIAKOBH M UMIIEPTHAMOHM cMonu rpymnu 513, 521, 531) kako u komnayHau
(rpyma 511).

BooGuuaeHo BO mpakca € Ja OBHE MaTepHjajil Ce€ HapeKyBaaT UMNPeSHAHMU.
3anuBHUTE Macu (rpyna 522), uzojgauuoHu KuToBH (rpymute 516, 523, 534), cimyxar 3a
WCTIOJIHYBamkhe KPYIMHH IIYIUIMHA WIH 32 TIOTHOJIHO OOJ0XKYBamke Ha HAMOTKHTE WIH JIPYTH
JIEJIOBU O] pOTallMOHUTE YPEIH.

Kako u cute octaHatu M307allMOHU MaTepHUjain, Taka U MaTepUjaIUTe 3a UCIIOJIHYBAkE
crpema CBOjaTa TOIUTMHCKA MOCTOjaHOCT C€ CBp3aHW BO TOIUIMHCKHU kiacu (IlyOmukarnujare
IEC on 1957r). Ilputroa Tpeba na ce uMa BO NHpeaBUI JeKa MpaKTUYHATA MPUMEHa BO
CIIEKTPUYHUTE POTALMOHM Ypeau OJJIydyBauka € TOIUIMHCKAaTa IOCTOjaHOCT, BO Koja
MaTepHjasioT 3a UCIIOJIHYBakE MIPETCTaByBa CAMO €J€H 0J1 KOMIIOHEHTHUTE.
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1.3 OCHOBHM NPUHUUIK HA UMIIPperHAIAjaTa

Nwmmpernanyjata nperctaByBa HajuecTa ynorpeOyBaHa IOCTaNKa 3a UCIOJHYBambe Ha
[OPUTE U UIYIUIMHUTE BO H30JALIOHUTE CUCTEMU Ha EJIEKTPUYHHUTE POTALMOHM YpPEIH.
bpojHu pa3iauku BO COCTaBOT U CBOJCTBaTa HAa UMIIPETHAHTUTE, BUAOBU KapaKTEPUCTUKU Ha
M30JIAL[MOHUTE CUCTEMH, KaKo U crelu@UIHaTa OIpeMa J0BEJIO 0 leJla HU3a TeXHOJIOIKU
MIOCTAlK{ Ha MMIIPETHAIMja KOU MeryceOHO ce pa3lMKyBaaT BO KOHIENTOT U BO MHOTYTE
TEXHUUYKH NOCTallku. MeryToa cute oBHE MOCTAlKU, CE 3aCHOBYBAaaT Ha OAPEIEHH OCHOBHU
TPUHIHIIH.

AKO ce mojme O] TPETIoCTaBKara JeKa € HCIONHET TNPBUOT OCHOBEH YCIIOB 3a
[EJINCXO/THA UMIIPETHAIIH]a, @ TOA € TIPAaBUIICH U300 1 ONTUMAaJTHA YCKIIAJCHOCT Ha IIBPCTHTE
KOMIIOHEHTH OJf U30JIallMOHUTE CUCTEMH M UMIIPETHAHTH, MOXKAaT J]a C€ yTBPAAT €JIEMEHTHUTE
KOM MopaaT Ja OuJaT COCTaBEH JieJl BO TEXHMUYKaTa MOCTalKa Ha MMIIPErHalyja, 3a Ja ce
OCTBapy €AMHCTBEH KOMIUIETEH M30JIallMOHEH CUCTEM U Ha TOj HAYMH Jia C€ IOCUTHAT LIEeJIUTe
3a KOM TOBOPEBME BO MPETXOJHHOT TeKCT. Bo HajommIT ciay4aj mocrankara Ha UMIIpErHalyja
I'Ml COAPKHU CIEAHUTE OCHOBHU E€JIEMEHTH:

-OTCTpaHyBamb€ Ha BjIara M JIpyrd MCNApJIMBH MaTE€pUM OJ KPYyTHTE KOMIIOHEHTH BO
M30JIalIMOHUOT CUCTEM

-OTCTpaHyBambe€ Ha BO3AYX OJ KPyTHUTE KOMIIOHEHTH BO U30JIALIMOHUOT CUCTEM

-BHECYBAmh€ UMIIPEraHTH BO MOPUTE U IIYTJIMHUTE

-OTCTpaHyBame O] pa3peyBayul OJ] UMIPErHaHTaTa BHECEHA BO N30JIALIMOHUOT CUCTEM

-CTBpAYBamkE Ha UMIIPETHAHTOT BO U30JAIIMOHHOT CUCTEM.

OOenMHYBambETO HAa HABEJCHUTE EJIEMEHTH, HUBHOTO MeEryceOHO YyCKIaayBame U
NpWIATOlyBalkbe Ha KPUTCPUYMHTE KOW TMPOU3NIAryBaaT OJ KapakTepoT Ha KPYTHTE
KOMITOHEHTH O] M30JIAIMOHUTE CHCTEMHU M BUJIOBHTE MMIIPETHAHTH, PETCTAaByBa MCTO TakKa
Ba)KEH OCHOBEH YCJIOB 3a OHA IITO HaJMHOTY OJAroBapa 3a jgoOpara ummnperHamujata. O oBoj
YCIIOB TIPOM3JIETyBa MCTOBPEMEHO W KPUTEPHYyM 3a M300p Ha ompeMa 3a MOHATaMOIIHATa
MOCTAIKa.

OTcTpaHyBam€eTO HAa BJIAraTa o/ HOPO3HHUTE IIBPCTH KOTIMIOHEHTH HA M30JIAlHOHUOT
CHCTEM, BCYIIHOCT € CYyIICHEe Ha KPYTUTE H30JIAIMOHM KOMIIOHEHTH KOWM Ounejku e
NPETXOJHHIA Ha OCTAHATHTE OINEpalyy BO MOCTANKaTa Ha MMIpETHAIM]ja, KOe Ce HapeKyBa
npeocyuierbe, IPETCTaByBa MPOIEC KOj Ce TeMENX Ha PeBEep3UOMIIHM MOjaBU BO MOPO3HHUTE
CHCTEMH HU3JI0KEHH Ha HENOCPEeTHH BiIMjaHHja Ha amMOMEeHTOT. Beke mopaHo CHOMHATOTO
YpaMHOTE)XyBamke Ha COJAp)KMHATA Ha Bjara BO MaTepHjaloT CO OKOJHaTa arMocdepa,
JIOBEyBa J1a, BO CIIy4aj MOTIIOJIIHO CyBa OKOJHMHA MPAKTUYHO OCCKOHEUEH KallaluTeT, CEmaK
NOTPEOHO € JIOBOJIHO JIOJTO BpeMe 3a Ja HACTaHEe MOTIOIHO OTCTPaHyBame Ha Biarara OJ
MaTepujaioT T.€ 0 HETOBO CyIIeme. BakBO MpHPHIHO CylIewme € J0CTa AOJITOTPajHO U
TEXHUYKU HeTpu(aTINBO, 11a MOPaIN TOa ¢ KOPHCTH MPHUCUIHO ((OpCHpaHo) Cylieme. 3a
Taa LeJl ce KOPUCTU MOXKHOCTA CO 3arpeBame 3a Jla ce yOp3a McrapyBameTo Ha Biarara oj
MaTepHjasioT UM 00jeKTOT, KaKO U 3aOp3aHo cmpyerve Ha CV8 6030yX, KOE NPUIOHECYyBa 3a
epuKacHO OJIBOjyBam€ Ha HcCrapeHara Biara. Kako HajeqHOCTaBeH NMpUMeEp 3a MPHUCHIHO
CyIlIeEhe MOXE JIa Ce HaBeJe IUIaKHEHkE Ha 00jEKTOT CO 3arpeaH CyB BO3IyX. Bo Toj ciydaj
noara 1o 3a0p3aHO WCIApyBamke Ha BaraTa NMPBEHCTEHO OJI MOBPIIMHCKUTE CIOECBU O]
170MOPO3HUTE M30JALIMOHM CUCTEMM WM MaTepHjanu, Kage IoMely BHETpEUIHOCTa U
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MOBpPIIMHATA HA HEKO] HAUYMH CTaHyBa Ce TOMajKy BJIaXHAa W Joara 10 pa3jihka Ha
BIIQXKHOCTH (OIMarame Ha BJIIAXKHOCTA). 3apajyl KalMJIapHOTO JelyBame U nudys3uja jgoara 10
NIPUWJIMB HA OJIpe/IeHa KOJMYMHA BJara O] BHATPEIIHOCTA Ha TIOBPIIMHATA, U TIOCJIE OJIPE/ICHO
BpeMe 0 TIPAKTUYHO MOTIIOJHO OCTI000/IyBambe O] BlIarara.

bp3uHara Ha cylieme 3aBHCH O] BUCHHATA HA TeMIlepaTypara U Op3uMHATa Ha CTpyeHe
Ha CYBHUTE BO3AYIIHH Macu. 3a MOBUCOKA TeMIlepaTtypa U Op3vuHa Ha CTPYEHE TOJKY MOBEKe
KOJIMYMHA Ha BJlara Ke McrapyBa ¥ ke Oujie OTCTpaHeTa BO MPOCTOPOT. MeryToa, BUCHHATA
Ha TeMIlepaTypaTa 3a CyIICHETO € OrpaHuYeHa 01 HeKoIKy ¢akropu. Kako mpBo Tpeba na ce
BOJM CMETKA JIeKa CO MPEBHCOKA TeMIIepaTypa MOXKe Ja J0j/Ie IO MPEKUH Ha KaluIapHUTE
MPOLIENTM KOM OCHTypyBaaT IOCTOjaH JOTOK Ha Bjara OJ BHATPEIIHOCTA Ha TOBPIIMHATA,
KOja K€ JIOBEJIE JI0 yCIIOpYyBamke Ha MPOIECOT Ha cymieme. VIcTo Taka moTpeOHO € 1a ce Boau
CMETKa M 3a TOIUIMHCKATa MOCTOjaHOCT HA KPYTHUTE KOMIIOHEHTH OJi M30JIAIMOHUOT CHUCTEM
MOJUTO’KEH Ha CYIICHE, Kora BO CIy4aj Ha IIPEBHCOKA TEMIIEpaTypa, CIpeMa BPEeMETPACHETO
Ha HETOBOTO JICNyBamke, MOXE Jla Ouje XeMHUCKH Wi (Gu3nuku aerpaaupad. [IpakTuyHo 3a
OTCTpaHyBambe Ha BIIaraTa ce KOPUCTH TeMIlepaTypa Bo moapadje o 60 °C 1 Hemro moseke.

bp3unara Ha cTpyeme Ha CyBHOT BO3JyX OTPAaHMYECHU CE€ CO TEXHHUYKH M €KOHOMCKH
¢dakTopy, Taka Ja BO TMpakca ce ABIKK 10 2 M/c. JIOKOJIKY IBPCTUTE KOMIIOHEHTH Ha
M30JIAIIMOHUOT CHCTEM KOM C€ CTaBaat Mo/l JICjCTBO Ha CYIICHE CONPKAT U IPYTH UCTIAPJIUBU
TE€YHOCTH, KaKO LITO C€ pa3pelyBaud, WM pa3pelyBayd KaKO COCTABEH €] Ha BP3UBHUTE
MaTepHujajau Co IeJl Jja C€ MOCTHTHE INTO rorojieMa (hIeKCMOMIHOCT Ha MaTepHjaioT, BO
MOMEHTOT Ha BrpajlyBambe BO W30JIAMOHUOT CUCTEM, OOMYHO € MOTpPeOHO Ja BO CUTE OBHE
Cllyyad Ha MpeJCylLIeHe € MOTPeOHO MCTO Taka Jia ce OTCTpaHaT OJ CHUCTEMOT, 3a Ja He Ou
JIOLIJIO 10 HelocaKyBaHaTa peaklyja CO HMMIIpEraHToT. Bo TakoB ciydaj mnoTpeGHO €
JIeTaTHO TO3HABAHk-€ HAa COCTABOT HA LBPCTUTE KOMIIOHEHTH U OJpEIyBame Ha Mporpama 3a
NpeACyIIelhe KOja OCHIYpYBa-HUCIPYBam€ pPAaCcTBOPYBAYM OJHOCHO paspenyBaud. Bo
npakcaTa BO HajYeCTH CIIy4ad C€ 3aJJ0BOJIEHH CO MPOTrPaMoOT YTBPJAEH 3a OTCTPaHyBame Ha
BJIarara.

IIpu ongpenyBameTo Ha MPOrpaMoT, T.€ TEMIIepaTypaTa U TPacHhETo Ha MPOLECOT Ipea
CyIIEHE, YECTO € MOTPEOHO MPH M30JIAIIMOHN CUCTEMH O TOIUIMHCKaA Kiaca B, F u H, tpeba
Jla ce BOJM CMETKa 3a MpUYMHATA Ja MPOU3BOAUTENINTE HA U30JAIMOHUTE MaTepHjalid KOU
I'M UCIOpadyBaaT, 3a Jia MHOTY OJ HHMB I'M paboTaT cO IITO morojiemMa (hIeKCHOMIHOCT BO
MOMEHTOT Ha BIPayBameTO BO COCTOj0a BO KOja XEMHUCKHUTE TporecH (TIONIMKOHICH3alHja,
MOJIMATUIIH]a) HE C€ BO IEJIOCT 3aBPILICHH.

buzejku MMOpPEerHaHTOT NPH BHECYBAKETO BO CUCTEMOT He Tpeba Jja BHECE OJpe/IeHH
Pa3opJIMBU KOMITOHEHTH, KOM BO HEMOTIIOJHA CTa0MIM3MpaHa cocToj0a Moxe J1a Ouje Majaky
OTIIOpHA HAa XEMMCKHM BJMjaHHja, YECTO € MOTPEeOHO Ja BO TEKOT Ha MPEACYIIEHETO BO
NOTIOMHOCT, WM MPAaKTUYHO BO MOTIOJHOCT, Ja C€ 3aBpLIM XEMHCKHOT HpOIeC BO
[BPCTUTE KOMITOHEHTH, T.€ HUBHUTE BP3UBHH MaTepujanu. TemneparypaTa moTpedHa 3a 0BOj
HpOIIEC, 3aBMCH OJI BUIOT Ha BIPaJCHUOT MaTepHjall, ce ABMXKHU 10 moapadje ox 120°C, 3a
HEKOU BPCTU Jak-kwuia, 10 okoiay 200 °C , 3a HEKOM CHIIMKOHCKHM H3ojaiuu. MeryToa
noTpeOHO € J]a ce BHUMaBa IporpaMara Ha TMpe/ICyIIekhe 1a He ce IPUMEHH MpepaHo Taka Ja
HHUeJHA O] HeroBara el He Ouje JoBeaeHa Bo mpamrame. [lopaan 3aBUCHOCTA OJ1 BUCHHATA
Ha Temreparypara U Op3MHaTa Ha CTYyEH€ Ha BO3YXOT TPAacHETO Ha CYLICHE 3aBUCH U O]
Hu3a Apyru ¢axrtopu. Kako HajBakHO MOTPEOHO € J1a ce HAllOMEHE BUJOT U KapaKTepPOTq71
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HAa KOMIIOHEHTUTE COApPXKAaHU BO H30JAIMOHUOT CHUCTEM, IPOCTOPHO TE€OMETPUCKHOT
pacmiop€a W ByIIHAaTa KOJIMYWMHA HaAa BAKBU KOMIIOHCHTH, IIPBCHCTBCHO G(beKTI/IBHaTa
MOBPIMHA HA UCIIAPYBAKETO BO OJIHOC HA BOJYMEHOT HA U30JIIMOHUOT CHCTEM, a UCTO TaKa
M BJIAKHOCTA Ha CyIIeHHOT o0jekT. BakHa ynora mma um (yHKIMjaTa Ha M30JAIIMOHUOT
CHCTEM.

Cute oBue (akTopu KOM BO TMpakca C€ HEOCTBAPJIMBH 3a TPOCKTAHTUTE IIO
MIPECMETKOBEH I1aT, 3a MOCTANKara 3a UMIIPErHalnyja ce 3aCHOBaaT Ha MCKYCTBEHU 3HACHa U
eKCIIepUMEHTH. 3a Taa IIeJ, 33 YTBPAYBAETO HAa MOTPEOHOTO Tpacme 3a CYNICHETO Ce
KOPUCTAT pa3MYHM EKCIIEpUMEHTAaTHH MeToau. HajegHocraBHa e Meromata Ha
KOHTHHYHPAHO TIpaTekhe Ha M30JAlMOHHOT OTIOp Ha W30JMPAHWOT AaKTHBEH JeN Ha
HaMOTKaTa T.¢ IpeMa BUIOT Ha POTOPOT OJTHOCHO CTaTOPOT. KapakTepucTiyHa 3aBUCHOCT Ha
M30JIAIIMOHUOT OTIOP BO OJJHOC HAa BPEMETO Ha CYIICHE € MPUKaKaHa Ha IWjarpamMoT Ha CII. 4
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Cn. 4. BpeMeHCKa 3aBUCHOCT Ha M30JIAIIMOHUOT OTITOP U aroJjioT Ha 3aryOuTe 3a BpeMe
Ha CYILICHETO Ha eNIEKTPUYHATA MallliHA

Bo npBHOT nen o KpuBaTa, U3. OTIOP omara 3apajy 3arpeBameTo Ha M30JalfjaTa Koja
€ ceyllITe BJIaXKHa, a II0T0a pacTe KaKko MpalecoT Ha CYIICHE Ce OJJBMBA, OJJHOCHO HaIpeayBa
OTCTpaHyBameTO Ha Biarata. Kako 00aBe3HO TPaemETO Ha CYIICHETO CE 3eMa BPEMETO
noTpeOHO Ja BPEOHOCTa Ha HW3O0JIAIMOHUOT OTIOp Ce CTaOMiIu3upa. AKO H30JIallMOHUOT
CHCTEM C€ TeMelIM Ha KOMIIOHEHTHUTE O]l KOM HEKOM C€ HEOCCTIMBHM Ha BIHMjaHHETO O]
BJlaraTa, Kako INTO € Ha TMpUMEp € clyda] co Hekou (oiuu, OOJMKOT Ha KpuBaTra Ha
CYIICHETO CTaHyBa 3HAYUTEITHO MaJKy KapaKTEpUCTUYEH M HE OBO3MO3YBa JOBOJHO TOYHO
oJlpelyBame 3a MOTPEOHOTO Tpewe Ha cymemero. Co menm Ja ce yTBpIaT MpoIEeCcUTe BO
HU30JIAIUOHHUOT CUCTCM BO TCKOT Ha CYIICHCTO CC KOPUCTAT U HU3 APYIr'U CKCIICPUMCHTAIIHU
METOM KaKO Ha IPUMEp Meperve Ha 3a2ybume, KOE BO OBOj /I HeMa Jia Oujie ClIOMHATo.

Onx HMCKyCTBOTO BO IpaKca MOXKE Jla C€ 3aKIy4yH JIeKa € IMOTPEOHO TpaewmeTo Ha
CYIIEHETO HAa HAMOTKHATE HA HUCKOHANIOHCKUTE CJICKTPHUYHU YPEIH CO HUCKH U CPEIHU
MOKHOCTM M BO Cllyyaj Ha MpUMEHa Ha COBPEMEHH H30JIAMOHU MaTepujalu BO
M30JIAlIMOHUOT CUCTEM, JIa Tpae €/IE€H /10 OCYM CaaTu MPHU KOe IITO BPEMETO 32 3arpeBambeTo
HE € MMPECMETAHO.
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Opn mpakTUYHa IJIeJHa TOYKa MHOTY € MHTEPECHO MPAIIakEeTo AAIH MPe CYIICHEeTO Ha
u30janyjaTa Ha EJIEKTPUYHHUTE MPOM3BOAM BO MPOIECOT HAa HMMpETHAIMja MOXE Ja ce
M30CTaBH a CEMaK Ja ce Jo0Ke eKBUBAJICHTEH Win OapeM 3a10BOyBadyku pe3yiarar. Ha oa
HE € MOKHO J1a Ce /1a/ie¢ KaTeTOPHYEH OJrOBOp OHMJIEjKH BO MpAIlamke ce OKOJHOCTHTE, KOU
MOBEIIETO C€ CIIOMHATH BO NPETXOAHOTO pas3rjeqyBame 3a BUCHHATA Ha TEMIIEpaTypara U
TaCHETO Ha CYIIEHETo. MICKyCTBOTO MOKaKyBaar Jia Kaj €IHOCTABHUTE HAMOTKH 3 ITOMaH
SNEKTPUYHN ypelu Ha HU30K HAINOH CO Maja BKyIHa KOJMYHMHA HM30JIalfja,lipea ce Kaj
‘YCUIIHH® ¥ ‘TIPOBJICYHHM‘ HAMOTKH, MOXeE Ja C€ IMOCTUTHE J00pa uUMIperHanuja u 6e3
npeTxoaHo cymeme. [IpeaycnoB 3a Toa e ymoTpeba Ha gocTa OTHOPHM Ha Bjiara OJ
BEINTayKa CMOJIa JIAK-)KUIA MM CO CTAKJIO — M30JIMPAHH U MOTONEHH BO COOJBETEH JIaK
KWW 32 U3padOTKa Ha HAMOTKATa, U OCTaHATH KOMIIOHEHTH O]l M30JIALIMOHUOT CHCTEM CO
3aHeMapiIiBa MOK Ha BIIMBAE BJara Kako IITO C€ HEKOM BEIITA4YKH (HOJIMH WIIM KOMOWHAIINU
CO MOMHPOK CO T0JIeMa CO/IP’KUHA CBP3yBayH O/ BEIITAYKH CMOJIH.

[ToHaTamoIIIeH MPEIyCIoB € J1a KOMIIOHCHTUTE Ha U30JAllMOHHOT CUTEM MPAKTUYKH HE
COJIpKAT PacTBOPYBAYM WJIM pa3apeayBadyud KO OW MoOKesne BO OWJIO KOj TOTJIE] IITETHO Aa
BIIMjaaT Ha UMIpErHATOT. Brarara xoja € BO HE MPEACYIICHUOT CHUCTEM C€ 3aJpkaia U BO
MOMEHTOT Ha TPEHECYBame€ Ha HMMIIPETHATOT, MOKHO € BO CIIy4aj Ha JOBOJIHO IIa3€He
MPAKTUYKH TOTIOJHO Ja C€ OTCTPAaHW BO TEKOT Ha IIOCTalKaTa 3a OTCTPaHyBame Ha
pa3peayBadoT O] UMIIPETHATOT OJTHOCHO BO TEKOT Ha CTBPIHYBAETO.

W Bo ciyyaj Ha W30CTaBame Ha MpEJ] CYIICHETO CO MOCTaKa Ha WMIIPETHAIMja Ce
npernopavyBa 3arpeBambe Ha HAMOTKaTa Ipell CYHICHETO Ha HMIIPETHATOT, OCOOCHO aKo
UMIIPETHATOT € TIOBEKe BHCKO3€H, BO BpPCKa CO MOAOOPO TPOAMPAEE BO HM30JAMOHUOT
CHCTEM M MaJla 3aBUCHOCT Ha €IHOJHMKOCTa Ha MPOM3BEACTBOTO OJ TeMIleparypara Ha
aMOMEHTOT.

Bo HuWKO] cimydaj HE MOXKE Ja c€ IIOCTHTHE 3aJI0BOJYBAaYKH KBAJUTET Ha
UMIIperHanyjara 0e3 mpen cymemne Kaj rojieM Opoj Ha MpuMeHH. Toa o pa3TudHU MTPHYNHH
Ce OJIHECYBa MPBEHCTBEHO Ha M30JIAIMOHUTE CUCTEMH CO TOTOJieMa KOJIMYMHA Ha OPTaHCKH
BJIAKHECTH KOMIIOHEHTH (TIPBEHCTBEHO XapTHja) WM HUBHA MPEPaOOTKU HA W30JIAIMOHUTE
CHCTEMHU KOW BO CBOjaTa (pyHKIIMja c€ M3JI0KCHHM HA BHCOKU Harmperama (BHCOKO HAIOHCKU
CJICKTPUYHKM YPEIH), KaKO M Ha WM30JIAIlMOHUTE CUCTEMH HAMEHETH 3a TEUIKU KIMMATCKU
ycnoBu. Bo BakBM mpHMeHHM ce MOKaxyBa moTpebara Ja W30JAllMOHUOT CHCTEM Oulie BO
TOJIKABA MeEpa KOMIIAKTHUPAH, Jia OCBCH KOMIIOHCHTHUTEC Ha W30JIAIMOHUOT CHUCTEM W
UMIIPErHAaTOT HE COJPKM HUKAKBHU APYTH COCTOJKH ( BJara, pa3peryBadd, BO3IyX U CIUYHO).
[Ipen cymemeTo BO THE clydaw € HEM30€KHO HO YeCTO W HEIOBOJIHO, A CEe MPHMEHYBa
BaKyyMCKa TEXHUKa.

IIpnvMena Ha BaKyyMcKaTa TeXHHKA, Ha3HAYCHA € BO MPETXOAHUOT TEKCT KAKO METO/
3a omcmpanysarse Ha 6030yxom, BO oBaa (paza mocTankara 3a UMIIPETHAIMja KMa BCYIIITHOCT
nBojHa yiora. Op mMo3HaTH NpPUYMHM JIeKa TOYKaTa Ha BpHUEHE C€ HaMalyBa Co
HAMAJICHIIPUTHCOK Ha BO3JIyXOT, IPOU3JIETYyBa JIeKa CO MPUMEHATa Ha BAKyyMOT MOXeE Ja Ce
OBO3MOKHM Op30 M MOCTETIEHO OTCTaHYBamke Ha Bilarata Of M30JIAIMOHMOT cucteM. [Ipu Taa
TeMIepaTypara Ha TpeJ CYCHmEeTO MOXKE Ja OuJe TMOHHUCKAa KOJIMYHMHU O]l OHHE KOH Ce
MIPUMEHYBAAT Kaj MpeJl CYyMIeHe CO HOpMalieH aTMOC(HEPCKH MPUTHUCOK. 173
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Y TIOKpaj TPETHOCTA KOja ja OBO3MOXKYBa MPEICYIICHETO BO BAKYyM TOA OJ1 EKOHOMCKH
NPUYMHA Ce NMPUMEHyBa C€aMO BO CIIy4aj KaJe € MOTpeOHO OCTBapyBame M Ha JIPYTH
(GYHKIINH Ha €BAaKyHPAKETO T.€ OTCTPAaHyBambe Ha BO3AYXOT HAa M30JIAIIMOHUOT CHCTEM CO IIelT
Ja ce MOCTHI'HE MITO TIIOTMOTIONHO W JMa00KO NPOHMKHYBAaKkE€ HAa HMIIPETHATOT BO
M30JIALIMOHUOT cucTteM. OBa € MmoTpeOHO Kaj CUTe MPaKTUYHM M30JallMOHU CUCTEMHU CO
HAaMOTKH 3a BHCOKO HAIIOHCKU EJIEKTPUYHU ypeau KOW C€ MMIIPETHHUpaaT CoO JIAKOBH Oe3
paspeayBayM, KaJe H30JIAIMOHUTE CHCTEMH CO MHOTY HAMOTKM CO TaHKU JKHUIM, Kaj
M30JIAI[MOHUTE CHUCTEMM Ha €JIEKTPHYHU HUCKO HANOHCKU ypeAu HaMeHeTH 3a paboTa BO
TEIIKH KIIMMATCKA YCJIOBU, KAKO W IPYTH CIEIHjaTHA TPUMEHH.

Bo mpakca ce ymorpeOyBaaT HEKOJIKYy BapHjaHTH Ha IIOCTAallKM Ha €BaKyaldja BO
3aBHUCHOCT OJ] TOa JaJIi M BO KOja MEpa 0Baa MOCTAIKa CaKaMe J1a ja NCKOPHCTHUME UCTO Taka
M BO IIJ 3a CyIIeHEe Ha W30JAlMOHUTE CHCTEMHM, KaKo M BO TOa KaKBa ONpeMa HH CTOM Ha
pacnonarame. Bo ciydaj Kkora cakamMe BakyyMOT Ja TO HCKOPHCTHME 3a CYyIICHE H
OTCTpaHyBame Ha BO3AYXOT HAJIIOBOJIHO € IleJlaTa MOCTaIKa Ja Ce M3BPIIM BO BaKyMCKHU
KOTEJ KOj CIY>KH 3a BHECYBam€ MMIIPErHAHTOT. Bo BakoB citydaj, 0BOj KOTEN Mopa Jia Ouze
CHaOZECH CO CIIOKEH CHUCTEM 3a TpeeHmhe U JIaJeHhe KOj Mopa J1a OBO3MOXKH pallMOHAITHO
3arpeBame W Jajeme Ha objekrute. Hajuecto HamecTo Toa, 3arpeBameTO CE W3BEAyBa H
JIETUMUYHO TIPEACYIICHe Ha O0jeKTH BO IMOCEOHHM CYyIIAIHH HAa HOPMAaJeH aTMOC(EpCKU
MIPUTOCOK (CO TOTOJ CYB BO31yX), a TOTOA 00JEKTOT CE CTaBa BO BaKyyYMCKH KOTEN Kaje Cce
BpIIM eBakyupame. OBa e€BaKkyWpame NpPUYMHYBAa YIITE M TOTIONHO CyImIeHe Ha
M30JIALIMOHUOT CUCTEM HH3 UCTOBPEMEHO OTCTPaHyBambe Ha BO3ILYXOT.

AKO €BaKkyHpameTO C€ BPIIM HCKIYYUTEIHO CO IIeN 3a MpEACYIICHE, Ce€ KOpPHCTaT
CTELHUjaTHA BaKyyM CYIIQJHM KOM OBO3MO3yBaaT 3arpeBame Ha HAMOTKHUTE CO TOIOJ CYB
BO3/1yX,a [I0TOA MOTIOJHO CYLIEHE CO IPUMEHA HAa BaKyyM. 3a LIEJIUTE Ha MPEACYLICHE U
OTCTpaHyBamke Ha BO3IYXOT BO IMPOIECOT HA MMITPETHAIMja HA HAMOTKATa Ha POTAI[HOHUTE
MAIIMHA BaKyyMH co cpeger usHoc ( 1 - 100 mmHg ) 1 ¢un msuoc (o 10° xo 1 mmHg ).
CpenHHOT BakyyM ce MPHMEHYBa Kaj HUCKOHAMIOHCKHUTE HM30JAI[MOHU CUCTEMH, a (PUHUOT
BaKyyM Kaj BHCOKO HAIIOHCKH M30JIALIMOHU CHCTEMH.

Crpema BpeMeTpacHETO Ha MPOILECOT Ha eBakyalja M MOCTOTHATHOT BAaKyyMCKH
CTCIICH BO MOPUTC U IIYIINIMHUTC HAa U30JJAUOHUOT CUCTCM MOXKHO € IMPAKTUYHO [1a CC I[Oj,[[e
710 TIOCaKyBaHaTa Mepa Jia ce OTCTPaHAT 8030VUHUMeE MeypyYurba KOU CTIpedyBaat MpoAnpame
Ha uMIiperHatoT. OBa € 0c00EHO BaXKHO BO CIIy4ad IPU MOCTOCHE Ha MOJTy3aTBOPEHU TIOPH U
IIYTUIMHU BO M30JIAIIMOHUTE CHCTEMH KaJie HajuecTo T cpeKaBaMe BO IpaKcara.

BHecyBame Ha MMPErHAHTOT BO H30JIAIIMOHM CHUCTEMH MPETCTaByBa IICHTpalHA U
OutHa asza oj mocrankata Ha UMperHaija. Cure IpeTXOIHU M CUTE MOHATaMOITHH (a3u o1
MPOIIECOT MOXKAT Jia Ce MOCMAaTpaaT caMo KaKo CPEIICTBO CO KO OBaa (paza MoTIOHO Ou ce
octBapmia. Kako mro mperxomo KakaBMe IIeJl Ha OBaa OIepaluja € UCHOIHY8Albe HA CUme
ROCMOeYKU Nopu U WYRIUHU HA U30IAYUOHUOM CcucmeM BO KOW TPETXOJHO C€ Haoral
BO3/AYX, WM JIPYTH HEMOCAKyBaHH TEYHOCTH WJIM TaCHU COCTOjKH, CO HMMIIPErHainuja co
CBOWTE IMOBOJIHM CBOJCTBA M KOja BO TOJOIHE)HATa ()aza Ke MPEeMHHE BO IBPCTa COCTOj0a U
ke TM TPUMOM M OCTAHATHTE KOMIIOHCHTH M aKTHBHHU JICJIOBH KOM Ke JaaaT KOMIAKTEeH
174¥30J1aHOHEeH cucTeM. U mpema Toa KakBU ce OCTAaHATUTE KOMIIOHEHTH OJ1 H30Jal[IOHUOT
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CUCTEM, KaKBU C€ UMIPETHAHTHTE U BO KOja Mepa cakaMme Jla C€ UCIOIHAT MMOCTOCYKUTE TIOPU
W IIYIUTMHA, K€ Ouje moTpeOHO na ce m30epar HajIOBOJHHUTE OJf HEKOJKYTE TEXHUYKH U
€KOHOMCKH TPpHUQATINBA METOIU KOW 32 OBa L] HM CTOjaT Ha pacroyiarame. bunejku u 3a
on0upame Ha MPETXOJHUTE TOCTANKU (TPEICYIICHE, €BaKyHpame) CO TOCTaBEHH HCTH
KPUTEPUYMHU, TIOTPEOHO € U HAYMHOT Ha BHECYBAmkE€ HA UMIIPETHAHTOT Ja Ouje BO BPCKa CO
CIIETHUTE U MPEeTXOAHUTE omepanuu. O] MPaBHWIHOTO W CKJIAJHO MPUMEHETUTE HAYMHHU Ha
BOBE/IyBamkbECTO Ha MMIIPETHAHTOT, K& 3aBUCH M MCKOPHCTYBAaHETO HA MPETHOCTHTE KOW 32
UMIIperHanyjara TU J1aBaaT MPETXOJHO U3BPIICHUTE MPE CYIICHE U eBaKyHPambe.
BHGCYBaHneTO Ha HMIIPCTHAHTOT T.C TOMNOJIHYBAKC HA HU30JAUOHUOT CHCTEM CO
WUMIIPETHAaHT, MOKE Jla Ce MOJEeNM Ha JBa HAa4YMHA, U TOA HAMONyearbe Npu HOPMAIHU
ammocgepcku npUMUCOK, Uil HamMony8arse 80 8aKyym (KOTEl 3a €BaKyHupame).

HaromyBameTo BO HOpMaleH aTMOC(EpPCKH MPUTHCOK INPETCTaByBa BO TEXHHUKA
CMHMCIIa JOCTa €IHOCTaBHA IOCTAIKa KOja MOXE Jla CE€ pealn3upa CO €IHOCTaBHA U EBTHHA
ornpema. O OCHOBHaTa IOCTalKa Koja c€ COCTOM Ja MPEeAMETOT CO ojpeseHa Op3uHa ce
MOTONH BO CaJ KOj COAPXKH JOBOJIHA KOJIMYMHA UMIIPETHAHT, BO IpakKca ce pa3BUEHHU U
HEKOM JIPYTH BapHjaHTH.

3a nma ce wum3berHe morpedara o1 CTPOro KOHTPOJIMpPaHA MaHUITyJalyja Ha MPEAMETOT
BO TEKOT Ha M3BJIEKYBAH-ETO OJ] HIMIIPETAHTOT, KOja BO CITy4yaj Ha TEUIKH MPEJAMETH MTOTPEeOHN
Ce CIELHjajIHH JAUTAIKH, a BO ClIydaj TOJIEMOCEPHCKO IPOM3BOJCTBO HA Ml MPEIMETH Ce
KOpHUCTAaT TPHUKIAAHN KOHBeepH (TOJIBIDKHHM JIEHTH), M YECTO HAMECTO BHECYBame Ha
IpeAMETOT MMIPETHAHTOT CE CTaBa BO MPA3eH call KOj OJroBapa Ha rojeMUHaTa M OOJHKOT,
KaJie Ha CaJ0BHUTE CE BIrPaJCHU CUCTEM O] IyMITM HJIM HAjMHOTY OJl HMB MCTO TaKa COIpXKAaT
LIEHTPaJIeH OTBOP MPEKY KOj ce J0BEIyBa UMIIPETHAHTOT TaKa IITO HUBOTO Ha UMIIPETHAHTOT
ce MOJUTHYBa ce KOHCTaHTHa Op3uHa /10 BUCHHA HAa HajBHCOKaTa TOYKa O MPEIMETOT KOj €
notpe0Ha J1a ce MOTOIIH.

Bo cnywaj kora mmMamMe MHOTY TOJIEMH TIPEIMETH, 32 KO€ He IOCTOjaT MM HE €
ONpaBIaHO [ia Ce€ TrpajaT CaJoBH CO MOTpeOHaTa TrojJeMHHA, KaKO €IUHCTBEH HAa4YMH 32
HATOIyBamke IPEOCTaHyBa CaMO BHUMATEIHO TIOJNIMBAakbE€ HAa OJPEICHU JICNIOBH CO
UMIIPETHAHTOT. [l0ceOHO MHTEpECeHO TOJIPMOCEPHCKOTO MPOU3BOICTBO HA MHOTY Malli WIIN
MOMaJI €JICKTPUYHM MAalllMHU CO pa3IM4yHU M3BENOM, MOCTAIllKa pa3BHEHA BP3 OCHOBATa Ha
KJIACUYHOTO IOJIEBambE, KOja BO MpaKcara € IMo3HaTOo yIITe KaKO NOCMANKa HAd NpoKanysarve.
Bo oBaa mocramnka co npokaryBame, KalKUTe WM (UH KOHTPOJIMPAH MJIa3 CO UMIIParHaHT
nara Ha eJHO WJIM TIOBeKe OJIpe/ICHH MIPUCTAITHA MEeCTa Ha OHHE JIeJIOBH 3a KOM € MOTpeOHO Ja
ce Haronar. Co 3aBpTyBame Ha TNPEIMETOT C€ IMOCTUTHYBa Taka Jla CO HEIOCPEAHOTO
MPOKAIyBalkETO Ja Ce TOCTHTHE BO pPEIATHBHO KPAaTKO BpeMe Ha Iejara IpHCTaITHa
MOBPIIMHA, a CO HABATyBaWkETO Ha NMPEIMETOT IeJICHhe Ha MMIPETHAHTOT O]l 3aCHTEHHUTE
NPUCTAIHM JEJIOBY 3a MPOKAIyBambe 10 HEMPUCTAITHUTE JICJIOBH 0] cucTeMoT.OBaa mocTarnka
€ JIocTa MHTEpecHa 3aToa IITO UMIIPETHAHTOT Ha 0a3a Ha BEIUTAYKH CMOJIM 0€3 pa3peayBadn
3a MHOTY KpPaTKO BpeMe Ha yroTpeda ce CTBp/AHYBa.

HartonyBawero mnpu arMocepckd MPUTUCOK MOXKE Ja Jajae 3aJ0BOJIUTEIHH
pe3yaTaTd U ce NMPUMEHYBa NMPBEHCTBEHO OHAMy Kaje IITO ce paboTH 3a MOPU U IIYIUIMHH
MPETEKHO OJ OTBOPEH THII, T.€ KaJe IITO IMOCTOHM JEIMMHYEH KOHTUHYUTET Ha MOpPUTE U
IIYTUIMHUTE OapeM BO HEKOja HAacoKa O] LEIHOT M30JIallMOHeH cucteM. Bo Toj cimyuwaj ce
OBO3MOXKYBa []a UMIIPETHAHTOT Ja I'O HMCTHCHE BO3AYXOT OJ HOPUTE U LIyIUIMHUTE,q{75
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NPOHHMKHYBA O]l €lI€H Kpaj Ha CHUCTEMOT Ha JAPYrHoT. MeamHo M MOTHONHO HATOIyBambe,
oco0eHO Ha ()MHHUTE CTPYKTYPH O] H30JAIIMOHUOT CHCTEM, HE € MOYKHO Ha OBOj HAUMH Ja ce
MOCTUTHE, Ta 3apaji TOa BO KOHIICTIHjaTa Ha W30JIAIMOHHUOT CHCTEM Kaj POTAIlHOHHTE
MaIlHH, 32 KOH ce n30Mpa J1a ce MMIPErHUpa BO HOPMaJIeH aTMOC(EPCKH MPUTUCOK, 33 TOA
MOpa J]a ce BOAM CMETKa. 3a /la OBOj HAYMH HAYMH HAa HATOIYBamhE IMOCTUTHH MaKCHMaJeH
edekt, moTpeOHO e, 6e3 003up Ha TEXHOJIOIIKUTE BapUjaHTH 3a HATOITyBamke, Jace 3a0BOJIAT
OJIpe/icHH OCHOBHHTE KpuTepuyMH. [10oTpeOHO € NpPBEHCTBEHO Aa ce OIpEAM IPaBeloT Ha
MOTOMyBamke Ha MOPO3HUTE OOJeKTH OJ] M30JAIMOHUOT CHCTEM OWJe TakoB, IITO IMPHU
CIIOMEHATOTO MOTHCKamkhe Ha BO3AYXOT M MPOAMPAEmE HAa MMIIPETHAHTOT BO MOpUTE Ouje
ocurypano. Kaj enekTpuuHuTe ypend KOWM pOTHpaaT Toa 3HAYM JeKa € MoTpeOHO na
MOTOITYBamkeTO Tpeba /1a ce M3BPIIU CO IMOJ0JDKHATA OCKa OJ] POTOPOT OJHOCHO CTaTOPOT
HOPMAJIHO Ha HHBOTO HAa UMITPETHAHTOT.

bp3unaTta Ha moTomyBame Tpeba Ja ce MPHIAroay IMpeMa CTENeHOT Ha MOPO3HOCTa U
BEJIMYMHATA HA COAP)KAaHH IMOPH W IIYIUIMHH, Taka Ja BO TEKOT Ha MOTOIYBambe HE OCTAaHAT
OJIOKMpaHW BO3IYLIHM YKJIyYOLM BO CAMHOT W30JAIIMOHEH CHCTEM KOW BEKe ce HaoraaT
UCTOJ HUBOTO Ha UMIperHaHTor. OOM4HO Op3uWHATa Ha MOTOIMYBAHkE WU MOJUrame Ha
HUBOTO Ha MMIIPErHAHTOT Tpeba ga Ouje MCKIYYUTEIHO Majia, BO M3BECEH Clydyaj U 10 2
CM/MUH.

Kako koHTpoIa 3a ocTpaHyBame Ha BO3IYXOT CIYXKH IMPECTAHOKOT Ha M0jaByBamke Ha
BO3IyIIHH MEypYMiba Ha MOBPIIMHATA OJ] MMIIPETHAHTOT, ITa BOOOWYAEHO € Ja ce 4yBa
00jJEKTOT BO MMIIPETHAHTOT JI0 BpeMe Kora MeypuMmbara Ke MpecTaHaT Ja ce TojaByBaart.
MeryToa, Toa He 3Ha4M JIeKa BO3AyXOT BO CHCTEMOT € TIOTIIONIHO ojcTpaHeT. Toj ocTaHyBa BO
CeKoja IOJy3aTBOPEHA M 3aTBOPEHA MHKpOMNOpa (Kamwiapd, M CI.), KaJe MOKacHO CO
CTBPAHYBAambETO Ha HMMIIPETHAHTOT Ke OCTaHe TpajHO OjokupaH. 3a na ce u30erHe oBa
MOCTANKaTa 32 MOTOIYBAahE CE OJJBUBA BO BAKyyM.

[locrankaTa 3a mamonysare 60 6aKyym C€ COCTOM BO TOa LITO NPEAMETOT KOj €
noTpeOHO Ja ce HaTomu Tpeda HEMOCPEIHO TOCNe CYHICHETO Ja Ce CTaBU BO BaKyyMCKH
KOTEJ, KaJie BO HEro ce eBKaKyHpa 0 TMOCaKyBaHHUOT CTEIEH, Ma MOT0a M TOJ BaKyyM BO
KOTEJIOT CE€ BHECYBa MMIIPETHAHT. BO TakoB cily4aj MpH JOBOJIHO JIOJITO €BAaKyHpame, NpU
JOBOJIHO BHCOK BAaKyyM, BO3JPYXOT Ke OHJie OACTPAHET TaKa IITO € OCUTYPaHO MPOIUPARETO
Ha UMIIPErHAHTOT W BO HajUHUTE CTPYKTYPH OJf H30JAIMOHHOT cucteM. CeKako Mo
NPETIIOCTaBKa J1a € 0JOpaH COOJIBETEH UMIIPETHAHT.

Bo mpakcata, eBakyHpameTo € cO IIeJl Ja C€ OTCTPaHHM BO3YXOT, KaKO INTO BeKe
CIIOMHaBMe, PEHOBHO C€ KOPUCTU M 32 UCTOBPEMEHO MOIOTIIONHO Mpeacyemke. [lotpedHo
€ Ja ce HallOMEHEe JeKa Kora ja m30upaMe rojeMHHaTa Ha BaKyyMoOT, KOja ce€ TMOJecyBa
HETIOCPETHO TPeJl BHECYBakE Ha UMIIPETHAHTOT BO KOTEJIOT, MOTPEOHO € Ja ce BOJM CMETKa
M 32 COCTaBOT Ha HMMIIPETHAHTOT, T.€ 3a MOJKHOCTAa O] HCIAapyBambe HAa HEKOM HETOBU
COCTaBHH JICJIOBU.

Jlocta 4ecTo mocje HaTONMyBameTo, 0e3 orien mainu ce padOTH 3a HATOIyBame BO
HOpMaJIeH aTMOC(epCKH MPUTHCOK MM BO BaKyyM, c€ KOPHUCTH TOCTAaIlka 3a JeTyBambe Ha
HATONCHUOT MPEAMET CO 3rojeMeH npuTrucok. OBa ce BPIIM Taka IITO Ha MOBPIIMHATA HA
MMIIPErHAaHTOT BO KOTEJIOT BO KOj € MOTONEH 00jeKTOT 3a HATOIyBamhe Ce JIENIyBa 3a KPaTKo
BpEMe CO KOTIPHUMHPAH BO3AYX WM CO HEKOj O MHEPTHHUTE TaCOBU TIOJ OJPENEH MPHUTUCOK.
Co oBaa mocTarika ce 3a0p3yBa MPOIECOT 32 HATOITyBame HAa CTPYKTypaTa Ha W30JIAIIHOHUOT
176CUCTEM.O0 UMIIPETHAHTOT. MeryToa Tpeba Ja ce MMa Ha MaMeT JAeKa BO3AYXOT KOj
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OCTaHal BO IIYIUTMHUTE HAa W30JAI[MOHUOT CHUCTEM, KOj MPEKY HAJIBOPEUTHHUOT HAATPUTUCOK
NPUTUCHAT CO TIOMOII HA WHOPETHAHTOT, MOCJE OTCPTPAHYBAmHETO HAa HAIBOPEIIHHUOT
HA/IMPUTUCOK, TIOBTOPHO Jia CE€ €KCIaHAMpa M JCIMMUYHO Jla CE€ MOTHCHU CEYIITe TEYHHUOT
MMpPETHAHT O] IIyTUINHUTE.

[Ipn copoBeneHata omepaiyja 3a HaTONyBalkbe Ha  M30JAMOHUOT CHUCTEM CO
UMIIPETHAHT, JOCTa BaKHA yJora Wrpa TemImepaTypaTa Ha HATOMEHHOT OOjeKT U CaMHOT
ummperdanT. O acmekT Ha CIOOOHOCTa 3a MPOJUpPaEke BO TMOPUTE U UIYIUIMHUTE BO
M30JIAIIMOHUOT CHUCTEM TMOTPeOHO €, a 3a HEKOM BHJIOBM HUMIPETHAHT M HYXXKHO, Ja
HATOMEHUOT CUCTEM WJIM HMIIPETHAHTOT OWJie 3arpeaH BO TEKOT Ha HATOIMYBamEeTO BO
TOJIKaBa Mepa Ja BHCKO3HOCTAa Ha WMIIPETHAHTOT, JOKOJKY Ha coOHa TemIiieparypa e
MPEeBUCOKA, J1a JI0jAe M0 MOoTpeOHaTa MOHMCKAa BPETHOCT 3a Ja ja M3BpIIM MoTpeOHaTa
¢ynkiuja. Kako mTo mpeTxoqHo Ka)kaBMe, Kaj HEKOU MOCTanKyd Ha UMIPErHUPAHE TOKMY
3aToa ce BPUIM MPETXOJHO 3arpeBambe Ha 00JeKTOT.AKO BO MPETXOJHUOT TPETMaH BPIIU
CYyIIEHE CO IIe Ja Ce OJCTPaHU Bjarara, 00jeKTOT BO TOj MOMEHT € CEyIITe TOIMOJ Taka Ja
HeMa noTpeda 01 HEroBO JIOTIOJHUTEITHO 3arpeBabe.

MeryTtoa norpeOHO BHUMaHME Tpeba Ja ce MOCBeTH Ha BUCHHATA HA TeMIleparypara
Koja Tpeba W cMee Ja ja MMa HMIIPETHUPAYKH OO0jeKT BO MOMEHTOT Ha KOHTakKT CO
UMIperHanTor. M300poT Ha BHCHHATa Ha TemmepaTypara Tpeba Ja  IMpeTcTaByBa
KOMIIPOMHUC 3a HITO MOYCIEIIHO MPOJUpPame Ha MMIIPETHAHTOT, 3a IITO € MOTPEOHO IITO
MIOBHCOKA TeMIIEpaTypa 1 noTpedata a KynaTWioTO Ha UIMPETHAHTOT Jla Ce OAp KyBa Ha LITO
MIOHUCKA TeMIIepaTypa 3a Jla ce CIPEeYHd MOCTENEHOTO OTBPAHYBAaHE HAa UMIIPETHAHTOT BO
caJloT, 3a J]a MOXKE Jla ce€ HaTOIyBa U Ja OBO3MOXHM LITO Nojoira yrnorpeda. Ceto oBa 3aBUCH
O] TPACHETO Ha KOHTAKTUTE Ha UMIIPETHAHTOT 3a 3arpeaHu 00jeKTH, OJ] BKyTHAaTa KOJINYMHA
MMIIPErHaHT M MacaTa Ha HAaTOIyBaHM 00jeKTH, KaKo M 3a MOTPOIyBauyKaTa U MOXKHOCTTA 32
JI0JIEBam€ Ha CBEXK MUMIIPETHAHT.

3a BOOOWYAEGHWUTE WMIIPETHAHTH CO PACTBOPYBAaYM T.€ HWMIIPETHAIIMOHU JIAKOBH,
MIOBOJIHO € J1a TeMIIepaTypaTa BO MOMEHTOT Ha HaTOIyBamweTO J1a Ouje Bo rpaHunute ox 40-
50 °C.

Bo cnenujannu ciyuyan, Kako Ha IpUMEp BO MOCTANKaTa Ha npoxanyearbe, Kajie BO
JONMUPOT CO HATOIyBaHUTE OOjeKTH Joafa caMO OHAaa KOJMYMHA HUMIPErHaHT Koja M Ke
OCTaHe BO HET0, MOXKHO € U NMOTPEOHO €, CO OrJie/l Ha KapaKTePUCTUKUTE Ha UMIIPETHAHTOT U
rocTankaTa, Ja ce Ipea3arpeBa NpeAMETOT 3a HMMIIPETHHpamke Ha TeMIepaTrypa Koja
JOCTUTHYBA 3HAUUTEIIHO BUCOKH U3HOCH.

AKO HaTOIyBameTO CE€ BPIIM BO MPOCTOPHja BO KOja TemmepaTypara ( Ha MpUMep BO
3UMCKH [IEPHO/IH) 3HAYHTENHO Tara oy 25°C, moTpeGHO e TeMIepaTypaTa Ha HMIPErHAHTOT
CO CHUCTEMOT 3a Ipeewme Ja ce oJpxKyBa. [locie M3BpIIEHOTO HATONMyBame, OOMYHO Ha
3aTOIJIEHUTE 00JEKTH 3a Haora BHUIIOK OJI UMIIPETHAHT KO € MOTpeOHOo /Ja ce oTcTpaHu. Bo
TOj Ciy4aj ce BpILU omKanysare. 3a a ce CIpeun HacoOupame Ha yIITe TeYeH HMIPErHaHT
BO JIOJIHUTE JIEIOBH U OCHPOMAIIlyBamhe BO TOPHU JIEJIOBH, YECTO OTKAIyBAaHETO CE BPLIH CO
MOBEKEKPAaTHO  JBIKEHEe Ha o00jekToT. OTKamyBameTo HOPMAJIHO Ce€ BpIIM Ha COOHa
TeMIeparypa.

AKO BHECEHHOT UMIIPETHAHT COJIP’KU pa3pelyBadyl WU IPYTH MOMOIIHU COCTOjKU KOH
IITETHO BJIMjaaT Ha MPOLECOT OTBPAHYBAKE WM HA CBOjCTBATA 32 OTBPAHATHOT UMIIPETHAHT,
HOTPEOHO MpeJ MNpPOLECOT Ha OTBPAHYBAKE OBHE COCTOJKM Ja C€ OJACTpaHaT C0q77
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ucnapyBame. Tpeba 1a ce crioMHe Jeka BO IMPETXOIHUTE ONEpalMy Ha LeJemhe Joara caMo
710 MUHUMAJIHO UCIIapyBamke Ha pa3peayBavyuTe U Toa camo oJ1 MoBpiuuHaTa. Bo oHue ciyyau
KaJIe CUTE COCTOJKH CE COAPKAHU BO TEUHHOT UMIIPETHAHT IAaTEM CUTE XEMUCKH pEakLUu BO
MOMEHTOT Ha CTBPJHYBaWk€ MOpaaT U MOXAaT Ja BIe3aT BO CTPYKTypaTa Ha CTBPJHATUOT
UMIIPETHAaHT U T'M JlaBaaT OHHUE IMOCaKyBaHM CBOJCTBA, MOTPEOHO € IMOCTamkara Ja ce
HaperyjMpa Taka /1a He JI0j1 10 HUBHO UCIapyBame.

HcnapyBameTo HAa pacTBOPYBaYHMTe U pa3peayBauyuTe KOU OOMYHO CE€ COIPKAaHU BO
UMITPETHAIMOHUTE JIAKOBH KOU CO HATOIYBaWmE C€ BHECEHU BO HEKO] M30JIAIIMOHEH CHCTEM,
MPEeTCTaByBa JOCTa JSIMKATHA 3a/1a4a. 3a pa3iiuKa OJ1 MOCTalKaTa 3a OTCTpaHyBaHe Ha Bjara
(mpeacymieme) OBl MOCTOjaT U CE T0jaByBaaT JOJATHU OTE)KHYBAYKH OKoJHOCTH. Kako u
Kaj OJICTPAaHYBamkETO Ha BJlara M OBJIC 3a 3a0p3yBame Ha MPOIECOT CE KOPOPUCTH MOBHIIICHA
TeMIIepaTypa, OJJHOCHO 3arpeBame. bujejku nmpu 3arpeBameTo BO UMIIPETHAHTOT BO HCTHOT
MOMEHT C€ CJIy4yBaaT M XEMHUCKUTE DPEaKIMU 3a CTBPAHYBamke, MOTPEOHO € TPACHETO U
BHCHHATA Ha TEMIIEpaTypara Jia ce MOJECH TaKa Jia BHECEHHOT UMIPErHAHT OCTaHE JOBOJIHO
TE€YCH W OJI OBOXKMOJXKYBa IMPOIYIITAlkE Ha Mapeara co pacTBOPYBaYl U pa3peayBayd TOJIKY
JIONITO J0JIEKA CUTE MCIIAPJIMBH COCTOJKU HE MCILTUBAAT HAJIBOP BO OKOJIHATA aTMocdepa U o
HajJTa00KUTE MECTa O] H30JIAIIMOHHOT CHCTEM.

OBue yclnoBH BO TOTIOJNHOCT € TEIIKO Jia Ce 3a/JI0BOJIAT, OWJICjKM € TEHIKO Ja ce
MMOCTUTHE MOCTEIICHOTO MUCIapyBamke Ha PACTBOTYBAYMTE, a TEMIIEpaTypaTa Koja ce KOPUCTH
3a Taa 1eJ JIOBEIyBa M JIO MOOP30 OJIBUBAKC HA XEMHUCKHUTE PEAKIMH U JI0 CTBPIHYBambE Ha
UMIIPErHAHTOT.

AKO 3arpeBameTO Ha HATONCHHOT MPEIMET CE BPIIM CO OIUIAKHYBAEHE CO TOMOIM
BO3/yX, @ TOA € PEJOBEH Clly4yaj, HA BHUCOKM TEMIIEPATypH HAjMHOTY Ke OHMIAT M3JI0KCHU
HOBpH_II/IHCKI/ITe JCJIOBH. T.C CJIOj ol I/IMpeI‘HaHTOT Ha HOBpH_II/IHaTa. CO HCIOBOJIHO yCKJ'Ia,[[CH
nporpaM 3a HCHApYBamkETO MOXE MHOTY JIECHO Ja [JOjAd JI0 Harjo HCIapyBamke H
OTBPIHYBaWkE CaMO Ha HAJBOPEIIHHOT CJIOj KOj MOAOIHA TO OTSIKHYBA WJIM IICIOCHO HE TH
HpOHYHITa aa chapaT OCTAHATUTC KOJIMYWMHHU Ha paCTBOp}IBa'-I on BHaneIHHOCTa Ha
cucteMoT. [Ipy MOKacHO TMOBHINYBAmkETO Ha TEeMIIepaTypara co e Ja J0jIae JIO MEeJOCHO
CTBPHYBamk¢ Ha MMIIPETHAHTOT OM JIOILIO JIO 3HAYUTEITHO MOBHINYBAmkEe HA MPUTHCOKOT BO
MapuTe O] PACTBOPYBAYOT, M OBa MOKE K€ JIOBEJIC JI0 JIOKAIIHU MUKPOEKCIUIO3UH 3apai KOU
K€ ce jaBH pa3opyBamke BO BEKE IBPCTHOT WJIM TOJXYCTBPAHATHOT HMMIIPETHAHT O]
M30JIAIIMOHUOT crcTeM. KOHEUHHOT pe3yiTaT of] Taka CIpoBeieHaTa UMIIPETrHaIija OCTaHyBa
HOpOSGH 3a BJIarata 1 MEXaHMUYKHN HC JOBOJIHO KOMIIAKTCH U L[BpCT.

HajroBosmHM  pe3yniTtaTd W HAJIIOTIONHO WCIIApyBamke HA PacTBOPYBAUOT Ce
MOCTUTHYBAAT TaKa Jia OTICICHUTE HATOIEHU OOJeKTH CE CTaBaar Ja ce CymaT CO TOMOJ U
CYB BO3JyX, YHMja TEeMIIEpaTypa MOCTENeHO M ToJjieka pacte. KoJnmynHata Ha TOILIMHCKATa
eHepruja JIOBEJCHa CO TOIUIMOT BO3AYX Mopa Ja Ouje TakBa Jia He JIOBEJC JIO TOBEKe
UCTIapYBamke Ha PACTBOPYBAYOT O] MOBPIIMHCKUTE JICIOBH, OTKOJIKY OJf BHATPEIIHOCTA KOja
710 TIOBPILIMHATA J0ara 1o mat Ha qudy3uja.

33 a ce cnpetm CTBp,Z[HyBaH)eTO Ha HOBpIJ_II/IHaTa oI I/IMHpeFHaHTOT, IIOBOJIHO € BO
HpBI/IOT pi(S2) eIt chapyBa}LeTo Ja ce ILOHYH_ITI/I TOIININOT U CYB B03I[yX CC 3aCUTHU O HapI/ITC
Ha pacTBOPYBAa4yOT. bujiejkum KoJIMUMHATA HAa HWCHApEHHW pacTBOpyBauM € (yHKIMja Ha
pasiuKaTa O]l MPUTHCOKOT Ha IMapUTe HAa PACTBOPYBAYOT BO H3OJAIMOHUOT CHUCTEM U
178IPUTUCOKOT Ha IaperTeHa pPacTBOPYBAuOT BO HATONEHHOT W3O0JALHOHEH CHCTEM, U
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MPUTHCOKOT Ha MaperTe Ha PAaCTBOPYBAUOT UCTAPEHU U COAPXKAHU BO OKOJIHATA aTMocdepa,
MOMmpeuu3HO Ha TMOBpHIMHMATA Ha JAKOT W TOIINIMOT BO3AYX, Ke [[OjI[C BO CIIOMCHATHUOT
Cllydaj, ako TemIieparypara He ce MPOMEHH, K€ J10j/Ie O YCIOPYBamke Ha HCHApyBambETO.
MeryToa, ak0O KOHTHHYUPAHO CE 3rojieMyBa TeMIepaTypara, HUCHapyBameTO K€ MPOI0IKHY.

Bo BTOpara ¢aza norpebHO € 1a ce oApKyBa NOCTOjaHA KOHLIEHTpAIMja Ha mapeu of
pacTBOpyBauoT BO OKOJHAaTa arMocdepa, 3a Ja MOCTENEHO ce J0jJe 0 MPOBETPYBame Ha
OBME IIapu HaABOp OJ cylanHara. [IpakTMuHO OBaa IocTanka cé COCTOM BO TOa LITO BO
npBara ¢a3za Ha ce BPIIM OIUIAKHYBA MPEIMETOT CO CO3/AyX KOj IUPKYJIHpa BO CYLIHMIIATA,
0e3 OBOJ Ha CBEX BO3/YyX, a BTopaTa (haza ce BOBEAyBaaT BO CYIIMJIHHIATA C€ TIOTOJIEMHU
KOJIMYMHMA CBEX BO3AYyX CO TIOCTOjaHHOT IOpacT Ha Temmeparypara. IIpomecor Ha
UCIApPYBalkE BO CIIy4ajoB Ha HMIIPETHAHTOT Oa3upaH Ha NPUPOJHU U YHCTU OPraHCKU
BEIITAYKA CMOJIM MOpa J1a OuJie U3BPIICH BO TEMIIEPATYPHU TPAHUIIA OKOJTY 100°C. Bpemero
Ha MCIapyBamke 3aBUCH O]l HU3A JAPYTHM OKOJIHOCTH, a BO CIIOKEHHM CIy4dal JOCTUTHYBa U
npeky 12 caru.

XKenbara 3a moOp30 M MITO MOMOTIONHO HCHApyBamke JOBENAa O HU3a Pa3IMYHU
cenujanay pemennja. Mel'y OBHe ¢ M HCHApyBameTO CO TOMON BO3AYX KOj HPHCHIHO
IIUPKYJIMpa BO 3aTBOPEH KPYT, IIOMHHYBAjKW HU3 €ICH JIENI O] CBOjaTa MUPKYJAlHja MpeKy
TUTAMEHHK KOj TO TOPU pacTBOPYBAYOT.

buznejku oBaa mocramka € Bp3aHa €O NPOJIA3HUOT CYIIMIHUK BO KO] HATOIEHUTE
IPEIMETHU ce IBUXKAT CO Ofpe/ieHa Op3KMHa, MOXKE Jla C€ ITOCTUTHA TAaKOB TEK HA 3aIPEaHuoT
BO3/YyX, JIa TOj KOra € MOTIIOJHO CYB U HajXKEKOK Jjoara Bp3 BO rojieMa Mepa Ha HCIapeHHUTe
00jeKTH, OA3eMajKH ja O] HUB M MOCJIeHaTa KOJIMYMHA Ha pacTBOPYBay, a IOTOa ce MoBeke
3aCUTEH CO Mapeu O] paCTBOPYBAYOT U C€ MOJIAJIH, HO CEeMaK CEyIITe JOBOJIHO TOIMOJ, Ha ce
MOMAJIKy ¥ IOMaJIKy UCIApPEHU HATOIIEHU MPEAMETH - Ja IPHUTOA CE JBUKH BO CIPOTHUBEH
IIpaBel] O] MPaBELOT Ha JBHKEHE HA KOHBEEPOT.

Bo MHory cimyyan ce KOpUCTH ¥ KOMOMHHPAHO IPeee Ha HATONICHUTE MPEIMETHTE CO
uH(]pa-1[PBEHO 3pauckhe U IUTAKHEHE CO TOTUIN BO3AYIIHU CTpyHu. MH(ppa-npBeHOTO 3pademe
MMa TaKBa MMPEJHOCT IITO MOXE J1a MPOJIPH U BO UTAOOKHUTE CIOCBH O MMIIPETHAHTOT, U Ha
TaKOB HaYMH Ce 3a0p3yBa UCIIapPyBambETO O] BHATPEIITHOCTA.

[Tonekoram, wako € JOCTa PETKO, 3a HCIApBAETO CE KOPHUCTH M 3arpeBame CO
eJIEKTpUYHA CTpyja co moTpedHaTa jaunHa, Koja ce MylITa HU3 HaToNeHuTe HaMOTKH. OBaa
MoCTarnKa JaBa J0cTa J00pU pe3yaTaT ako Ce OCUTYypa U3MEHa Ha BO3AYXOT CO OKOJIMHATA,
HO 32 TOJIEMHU HHYCTPHUCKH PUMEHH € HETIPAKTHUYCH O/ TEXHUYKH U TEXHOJIOIIKH MTPUYNHH.

HaramoriHa MOKHOCTa 3a HCIapyBame Ha pacTBOPYBAdOT IPETCTaByBa METO/AA Ha
eBakyupame. [loctankara ce COCTOM BO TOa J1a Ha 3aTOIUICHUOT MPEIMET BO aTMOCT(HEPCKU
NPUTHCOK CE 3arpee BO BaKyyMCKa CYIIHHIIA Ha TeMIlepaTypa HemTo Haja coOHara (50 mo
60°C ), a moToa CylIaTHATA HAM3MEHHYHO CE €BAKYHMpa M IPOBETPYBa CO 3arpeaH CyB
BO3/YX, IIPU ILITO CEKO] UUKIYC Ha MPOBETPYBamE TOIUIMOT U CYB BO3AYyX MMa C€ MOBUCOKA
TeMIIepaTypa Taka INTO Ha KpajoT Ou mocTuraan oxomxy 80 mo 100°C. ITposerpysamero co
3arpeaH BO3AyX CIyXKH Jla c€ JOBeJe TOIUIMHCKAa CHepruja MoTpeOHa 3a HMCIapyBame M Ja
OBO3MO’KM HETOB KOHTHHYHTET a UCTO Taka U OHEBO3MOXKYBamhe¢ Ha KOHJICH3UPAkE Ha Mapea
Ol pacTBOpyBadoT. Bo cekoj LuKIyc 0] €BaKyHpameTo, BaKyyMOT IOCTEHNEHO C€479
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3rojieMyBa, Taka MITO BO MPBHOT LIUKIYC C€ MPUMEHYBa Ipy0 BaKyyM OJ HEKOJIKY CTOTHHHU
mmHg. U kaj ucnapyBameTo CO MOMOII Ha BaKyyM IOTPEOHO € Ja ce BOAW CMETKa 3a
M0jaBUTE OIUIIIAHU BO BPCKa CO MCIAPYBAKETO CO TOMOJ BO3IYX BO HOPMAJICH aTMOC(HEPCKU
MIPUTHUCOK.

JlenukaTHOCTa M CII0O)KEHOCTA, a UCTO Taka U ToJIEMaTa BaKHOCT HA MCIApYBambETO BO
MocTanKaTa Ha MMIIPETHAIMja, YKaXXyBa Ha MPEJIHOCTA OJ MMIIPETHAHT 0e3 pacTBOpYyBauW,
TOKMY 3apajii TOa IITO Kaj TAKBH UMITPETHAHTH OTHara MOCTOjaHaTa IMOTEHIHjaJIHA OMTACHOCT
Ja eleH JAel OJ THE pacTBOPYBaud OCTAaHE BO CHCTEMOT, U BO HEro Ja IpeIu3BHKa
HECOBPILEHOCTH KaKBHU IITO TOKMY CO MMIIPETHAHTOT C€ [T0CaKyBa Aa ce orcTpaHar. CaMuor
(bakT mITO TUMMYHUTE UMIPErHALMOHHU JJAKOBU CO PACTBOPYBAUM COIprKaT Bo cede okory 50
% pacTBOpYBauM M pa3pelyBadyM 3a KOe BO IMPOLECOT Ha HCHapyBame MOTpeOHO € Ja ce
OJICTpaHaT OJl CHUCTEMOT, jJaCHO YyKa)KyBa Jla CO €JHO HATOIyBame€ CO OBHE JIAKOBH, BO
CHCTEMOT OCTaBa IIOCIE CTBPAHYBAaWmETO CaMO €IEH Jel O OJ BHECeHaTa Marepuja
(TakaHapeUYeHU YBPCMU mena ulu CMOIHU KOMNOHeHmu), KOU 3apajy Toa IITO UMaaT moMal
BOJIyMEH 3apajii BOJYMEHOT KOj TO MMaJI JIAKOT, TOj HEe € BO cOocToj0a /1a TH MOTIOJIHH CHTE
nopyu W WIyIUIMHU. 3aTtoa Tpeba na ce uMa BO MpEeABUA JIeKa H30JallMOHUOT CHUCTEM
MMPETHUPAaH CO UMIIPETHAHT KOj COAPIKH MCIIApyBAaYKH KOMIIOHEHTH HHKOTAIl HeMa J1a Ousie
ujeaseH, Ia HU TOTall Kora MpolecoT € CIPOBEIEH U N0 HajONITUMAaJIHA [Iporpama.
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cimka.S. Criopenba Ha UCTIOJIHYBamke Ha IIYTUTMHUATE CO UMITPETHAIMCKY JIaK CO
pacTBOpyBauu U 0€3 pacTBOPYBAIIIX: a) IOTIOIHO CyBa €BaKyHupaHa HU30JIalrja Ipe;t
HATOIYBamkeTO; 0) HATOTICHA M30JIaIlM]ja; 1) TOCIIC CTBPIHYBAaHkE HA UMIIPErHAHTOT.

Ha oBa mecto e moTpeOHO Ja ce CIIOMHHU JeKa BO TMPOIECOT Ha HCIapyBame Ha
pacTBOpyBauMTE MOXKE UCTO Taka Ja IOCIYXH W UCHapyBamke Ha Bilarata OJ CHUCTEMOT
JIOKOJIKY Taa BO IPOLECOT Ha Mpeacylieme He Omia ojacTpaHeTa. buuaejkm mpomecor Ha
HCIIapyBamke Tpae MPIIMIHO KPAaTKO BpeMe, MOKHO ke OWJie BO OBaa MPHIIMKA Ja Ce UCYIIaT
caMO peNaTHUBHHU CYBH CHCTEMH, CO €HOCTaBHA CTpykTypa. OBaa MOKHOCT € TpUYHHA Ja
TEXHOJIOTOT KOj TO TMPOEKTHUpPa MPOIECOT Ha WMIIPErHalfja Ha €JIHOCTaBHU EIICKTPHYHH
MamuHu Ouje 0e3 MPeTXOAHO Ccymeme. AKO 01 CHUCTEMOT HE ce 0OapaaT eKCTpeMHHU
CIOCOOHOCTH, OBaa MOCTAlKa JlaBa 3HAYUTEITHH PE3YJITATH.
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Ilenra Ha oOTBpAHYBaWme€TO, KOja MpETCTaByBa IocieaHa ¢asa o MpOoLecoT Ha
UMIIpErHaIfja, € Ja OCHOBHHTE KOMIIOHEHTH OJf WMIIPETHAHTOT KOW OCTaHaje I0cCIe
HCIIapyBalkETO HA NOMOIIHUTE UCHAPIMBU KOMIIOHEHTH, OUAAT BO yerocm WM MPAKTUYHO
nomnoano cmpeponamu. OBa CTPBpIHYBambe CE€ OCTBapyBa CO XEMHUCKH pEaKIHH BO
CMOJIHUTE KOMIIOHEHTH, M TpeMa HHUBHHUTE BHUIOBH ce paboTh 3a OKcHJalwyja,
nmoJMMepH3aIija, MOJIMKOHACH3allMja Wik nonuaaunuja. [IpBara o HaBeJEHUTE PEaKIHK CEe
OJIBUBA 3a MOCTapyd MMIIPETHAHTH HAa 0a3a O] CYIIMBHU Macia, WIM Kaj HEKOW CO CYLIMBU
Macliia MOAM(ULIMPAHU CUHTETUYKU MUMIIPETHAHTH, JT0JIeKa Kaj CHHTETUYKUTE UMIPErHAHTH,
ce MojaByBa e/lHa Of MOCIEAHUTE TPU PEAKIINU.

Kako mTo Beke kaxxaBMe, TIOXKEITHO € J1a XEMUCKUTE PEaKINK Ha CTBPAHYBAKETO, J1a Ce
OJIBUBaaT IMOCJE€ HUCHAapyBameTO Ha pPACTBOpPYBAauMTE M pa3penyBauMTe. 3a Taa 1€ BO
MPOLIECOT Ha MCHapyBambe Ce KOPHUCTAT JOBOJHO HUCKHM TeMmiiepartypu. Jypu mocie Toa ce
mpeora Ha TOBHUIIEHHM TEMIIEPaTypH KOjU OAroBapaaT 3a KOHKPETHHOT HMIIPETHAHT, Ma
KpajHaTa (ha3a Ha MHIpErHanujaTta - CTBpAHYBameTO. bujejku 3a Aa HacTamu CTBPAYBambe,
T.€ 3aBPIIYBakE HA CUTE XEMUCKH PEaKIMU KOM TOa ro MpeIu3BUKYBaaT, OMTHO BIUjaaT Ha
CBOjCTBaTa HAa WMIIPETHAHTOT, Ma MpEeMa Toa W Ha CBOjCTBATAa H IIETUOT HMIIPETHUPAH
M30JIAIIMOHEH CHCTEM, TIOTPEOHO € J1a ce TIpe3eMaT MEPKH 3a IETHOT UMIIPETHAHT CPBPIHE BO
1enara CTpyKTypa Ha UMIIPETHUPAHUOT M30JIAIMOHUOT cucteM. Co oryien Ha (GakToT JcKa
CTBPJIHYBam-ETO PEJOBHO CE€ BPIIM CO JOBE/IEHA TOIUIMHA MPEKYy HaJBOpEIIHATa IOBPILIUHA,
TakKa IITO JOBeJeHaTa TOIUIMHA € BO MpaBell 0]l U3BOPOT MpeMa BHATPELIHOCTa, MOTPeOHO €
nmoceOHO Ja ce BHMMaBa Ha CTBPAYBAameTO HAa MOJIA00KUTE T.6 BO BHATPEUIHOCTA O]
JICNIOBUTE Ha W30JIALIMOHHOT CHCTEM, KaKo IITO Ce€ KaHAJIWTE Ha POTALIMOHUTE ypeau, WU
BHATPEIIHUTE CIIOEBU HA HAMOTKH Kaj TpaHC(HOpMAaTOpUTE, MPUTYUTHUIIUTE UTH.

[TocebHO Tpeba ma ce BHMMaBa BO CTBPAHYBAaHETO HAa MMIIPETHAHTOT HM30JAIIMOHUTE
CUCTEeMH BO POTHPAYKHUTE JIEIOBU, KaJe MOCTOM OMACHOCT HEHTPU(YTaTHUTE CHIM Ja TH
pa3opar TaHKWTE TMOBPIIMHCKU CJIIOCBU CO CTBPAHAT MMITPETHAHT, TaKa IITO HECTBPIHATHTE
JUTA0OMHCKH CJIOEBH €THOCTABHO UCTEYAT OJ1 CUCTEMOT.

HectBpaHatute nnabMHCKH CIO€BH CO MMIIPErHAHT BO HM30JAIMOHUOT CHCTEM KOU
paboTH BO BIIaXKHU, Tla U BO TOIUTMHCKM aMOWEHT, K€ JOBEJE /0 3HAYUTEITHO KoJjieOame Ha
OTIIOPOT BO M30JAIIMOHUOT CHCTEM, KaKO U HACTaHyBam€ Ha MYBJH, I1a U BO OBOj CIy4aj €
MOTPEOHO MOTIIOJIHO CTBPIHYBAE.

CaMo BO HEKOM €THOCTaBHH CITydad MOKE JIa C€ CMeTa JieKa MPOIECOT Ha CTBPIHYBAHE
Ke OuJIe IOTIIOJTHO 3aBPIIICH CO 3arpeBamke BO TEKOT HA MPBaTa MepHoja O] MOTOHOT, Ma aKo
BHATPCIIHUTE IMOTOHCKM HAIperama M HalperamaTa OJ HAJBOPCIIHU BIIMjaHUA CE TOJKY
MaJ¥, IMTO W HE IOTHOJHO CTBPJHAT UMIpErHaT OW MOXKen Jna TW W3Ipku, (azara Ha
CTBPIHYBAH-E BO IPOIECOT HAa MMIpErHaIMja MoXKe HeITo M aa ce ckpartd. Mel'yToa, Bo
TaKBU KOHKPETHH CITydad € MMOTPeOHU c€ HAJCOBECHU aHATU3H.

Boobuuaenn Ttemmneparypu MOTpeOHU 3a CTBPAHYBAmkE 32 HAjUeCTO yHOTpeOyBaHU
uMInpernanTy on toruuHcku kiacu AE,B i F ce nsmwxkar Bo moapauje ox 120 mo 160°C, a
3a CHJIMKOHCKH JAKOBH BO mozpadje oa 150 1o 250°C Bo tpaeme ox 1 10 24 cara, Koe 3aBHCH
OJl BUJOT Ha UMIIPETHAHTOT. BakHO € Ja ce CIIOMEHe J1a TIOJl TPacke Ha CTBPIAHYBAHETO CE
moapa30dupa BpEMETO HA TPECTO] Ha JajeHa Temmeparypa. Bpemero morpebHO 3a
MOCTUTHYBaWkE Ha 0Baa TeMIlepaTypa € pa3InyHoO 3a Pa3IMuyHU UMIPErHUpaHu 00jeKTH, KOe €
HOTPEOHO Ja ce MpecMeTa. 181
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Han ozxpeneHn MUHUMAaTHU TEMIEpaTypH MOTPEOHU 3a YCIEIIHO CTBPIHYBame Ha
MUMIIPErHaHTOT, TEMIIEpaTypara U BPEMETO Ha CTBPIHYBambe ce BO MeryceOHa BpCKa Koja ce
0a3mpa Ha 3aKOHUTE 3a Op3MHATa Ha XeMHCKHUTE peakuuu. Co MOBHCOKA TEMIIepaTypa MOKHO
€ Ja ce CKpaTH BPEMETO Ha CTBPIHYBame€ CO IOCTUTHYBame Ha HCT edekT. Meryroa,
TeMIIEpaTypuTe HE MOXEME IO JKeaba Ja T oa0epuMe BHUCOKH, OHICjKM TPEBUCOKHU
TeMIeparypu Ou mpUOHEcaT 3a TOJIEMH pa3jifKa Ha TeMIIepaTypH nmomMery HaJpBOPEUIHUTE U
BHATPEIIHUTE TOBPIINHM, a CO TOA U HEESAHOJIMYHO CTBPIHYBAHEC M CO3/1aBabe¢ MyKHATUHU
BO HMMIIPETHAHTOT, U OM TNpenu3BHUKaJe MPEKyMEPHO CTapeermhe Ha TOIUIMHCKUA HEJIOBOIHO
KPYTH KOMIIOHEHTH OJ H30JallMOHHOT cucteM. [la mpema Toa, Temmpeparypara Ha
OTBpIHYBame Tpebda na ce n3depe nmpema BUAOT Ha UMIIPETHAHTOT, O] OCHOBA HA TIOAATOLHN
OJ1 TIPOU3BOMTENOT U CIIpeMa TOTUTMHCKATa TIOCTOjaHOCT Ha M30JIAIMOHUOT CHCTEM.

MHOIITBO U3BPIICHUTE E€KCIEPUMEHTH MOKaKyBaaT JieKa cO Ies 3a 3a0p3yBame Ha
MPOLIECOT Ha CTBPJIHYBaHE, U30JAllMOHUOT CUCTEM CMEE 3a PEJIAaTUBHO KPATKO BpeMe Jia ce
MOJJIOKK HAa TeMIepaTypa 3HAYMTETHO TMOBHCOKA OJl TpajHaTa TEeMIlepaTypHa TOILTUHCKA
nocrojaHocT. Taka Ha mpuMep, U30JAIMOHEH CHCTEM CO TOITMHCKA Kiaca E Bo TekoT Ha
CTBPJIHYBamETO cCMee Ja Ouie TOI0KEeHa HEKOJIKY Yaca Ha Temmeparypa on 150 mo 160°C,
MM aNTepPHATMBHO HEKOJKY AECeTHHA MMHYTH Ha Temreparypa ox okomxy 170°C. Oaaa
MO>KHOCT € 0J1 TOCEOHO 3HaUCH-E¢ BO COBPEMEHHUOT KOHTHHYHPAH MPOIeC HAa HMITPETHAIIH]ja CO
TYHEJICKU TeYKH (TTPOJIa3HHM).
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Cnuka 6. Bpemero noTpeOHO 3a CTBpIHYBakhE Ha JAKOT BO 3aBUCHOCT Of
TeMIIepaTypaTa Ha CTBPHYBambe (YTBPACHO 32 HAMOTKH CO ITOMAJIU M CPEIHHU CICKKTPHYHH
MaIINHHN)

Kaj n3onanmonure nakoBu Ha 06a3a o] CyIIMBUBH Macia, KOU CTBPIHYBAaT CO XEMHUCKHU
peaknuy Ha OKCHJalWja, MOTpeOHO € BO TEKOT Ha CTBPAHYBAHETO BO CyIIANHATa Ja ce
JOHECe CBEX BO3/AYyX 3a Ja C€ OCHrypa MOTpeOHaTa KOJMYMHA Of KHUCIOpOJ MOTpeOeH 3a
peakuujata. [TotpeGHa e qocta Gorata BeHTUJIAIM]A.

Kaj cuHTeTMUKHTE HUMIpPETHAHTH HE € MOTPeOHO Ja ce JOoHece KHCIOPOZ, HO
BEHTHJIAIMjaTa CemaKk Mopa Ja Ce BPIIM 3a CE€ OTCpeaHaT E€BEHTYaJHO HY3IMpPOHM3BOIU O]
XEMHUCKa peakilija Ha CTBPAHYBambe KOM MOXKE Ja Ou/ie HEMOKeIHa M MITeTHA OJ Pa3InYHU
IPUYHHH.
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JIokoJIKy BO UMIIpETHaIMjaTa ce YMmoTpeOu Jak Koj ja uMma crmocoOHocTa 3a
CTBpAHYBamke€ Ha COOHa TemIepaTypa, MPOIECOT Ha WCIapyBamke Ha pPAacTBOPYBAYHTE WU
paspeayBadynTe, Kako W MPOLECOT Ha CTBPIHYBAaHkE CE BPIIM BO COOJIBETHO BpeMe Ha COOHa
Temreparypa. Bo HMHIyCTPHCKOTO NpPOM3BOACTBO Ha EINEKTPHYHHM MAIIMHHU JICHEC HE ce
ynoTpeOyBaaT TakBM HMMIIPETHAHTH MOpaadl HUBHUTE CKPOMHHM CBOjCTBA, IIa TOpHATa
HaloMeHa Ce OJHEeCyBa BO IPB pEJ Ha CIydyad KakBU CEYIITE Ce HaoraaT BO PEMOHTHHU
PabOTUITHHULIH.

Beke xakaBMe Jleka UMIIPETHAHTUTE CO PacTBOPYBAuH, 3HaYH, U30JIallMOHU JIAKOBH BO
KJJacCUYyHa CMHCJa, OCTaBaaT BO M30JAllMOHUOT CHCTEM IIOCIE HCIApyBamEeTO Ha
pacTBOpyBauMTe M pa3peAyBauHMTe BO WACAJCH CIy4aj OHOJIKY CTPBPAHAT el KOJKY IITO
MMa COJPKAaHO MMIIPETHAIIMOHEH JIaK BO ce0e, MakcuManHo okoiy 50%. 3a MHOTY U MaJiky
MOJEJINKAaTHU (DyHKIIMH BO MU30JIALIMOHU CUCTeMH Kazie caMo 50% of1 mopuTe U LIyIJIMHUTE ce
UCTIOJTHETH CO CTBPJHAT UMIIPETHAHT, HE CE JJOBOJHO CHUTYPHH OJ €IEKTPUYHU, MEXaHWUKH,
TOIUTMHCKH, KJIMMAaTCKA WM JPYTd NMpUYMHU. Bo cuTe BakBU ciydau ce HAcCTOjyBa Ja ce
UCIIOJTHAT IIYTUIMHUTE CO MOBTOPYBamE Ha IOCTANKaTa Ha WMIIpETHanuja, ABOKPATHO WIIN
IIOBEKE KPaTHO.

3acera He HaBJIETYBajKM BO KPUTEPHUYMOT 3a HM300pOT HAa HAUYMHOT U OpOjOT Ha
UMIIpETHAIIMUTEe Ha KOM Tpeba Ja ce IMOMJIOXKH HEKOj CHCTEM, 3HayH, JeT OJ OJpEICHU
CJIEKTPUYCH TPOM3BOJ,, MOTPeOHO € Ja ce KOHCTAaTHpaaT HEKOM TEMENHH MpaBuia 3a
MMOBEKEeKpaTHaTa WMMIIPETHAIMja, Koja € TMOTpeOHa 3a IMOCTUTHYBamkE Ha KBAJUTETUTE H
ONTHMAIIHU pe3ynTaTh. [IpBeHcTBEeHO Tpeba /1a ce KOHCTaThpa JIeKa MAKCUMAITHHOT e(eKT Ha
MOBEKEKpaTHaTa HWMIIPETHALlMja € YCJIOBEH OJ TpaBWJIHA M TOTIOJHO CHpPOBEJCHA
NpeTXoJHaTa HMMIIperHanuja. Toa 3Ha4YM JeKa BO CEKOja NPETXOAHA HWMIIPETHAIuja, a
noceOHO BO MpBaTa, BO KOja BO CHCTEMOT C€ BHECYBa HajrojeMa KOJMYMHA MMITPETHAHT,
Tpeba J1a ce MOYUTYBAaT MPUHIUIINTE KOU MPETXOAHO T'M pasriieyBaBMeE.

JIOKOJIKYy TocTamkaTa Ha MMIpErHalyja ce BpPIIM KOHTHHYUPAHO, T.¢ 0€3 BPEMEHCKH
3aCTOj, BO CIICJHUTE HMMIIPETHAIMM HEMa Ja Oujae MOTpeOHO MpeACylIeHme, TyKy IOCie
CTBPAHYBAmHETO 00jEKTOT Ke OWIie M3JIaZieH U OIMa TIOJUIOKEH Ha HATOIYBamke, HO JOKOJIKY
ce pabOTHM BO BaKyyMCKa IIOCTalmKa Ke Oujae eBakyHpaH W HATONEH BO BaKyyM.
OTkamyBameTO Ha HMMIIPETHAHTOT W HCHApPYBAambETO HAa PpacTBOpyBadMTe Tpeba na ce
CIPOBEIU KaKo IITO € u3HeceHo. Co ores] Ha MoMajauTe KOJMUYMHU UMIIPETHAHT BO BTOpATa,
TpeTaTa WM CJICAHUTE UMIIPETHUPAka, MOXKE J[a CE CKPAaTH Ha BPEMETO.

Bo onHOC Ha CTBpIHYBaWkETO, IOCTOjaT PA3IUYHU TJISIUINTA BO MIPAKCATa, O KOU €IHO
noara o]l MPETIIOCTaBKaTa JieKa BO CIIy4ajoT CO NMOBEKEKpaTHAaTa MMIIPETHAIMja BO TEKOT Ha
MPETXO/JHAaTa OTBP/AHYBAKHETO HE Tpeba Ma ce M3BPIIM A0 Kpaj, OWIejKH MOTIOIHOTO
CTBpAHYBamk€ Ha WMIPETHAHTOT BHECEH BO CHCTEMOT BO MpBaTa, BTOpaTa M OCTAHATHTE
MOCTANKKW Ke Ouje 3aJ0BOJyBAaYKH aKO BO IOCJTETHATA ITOCTAlKa C€ CIPOBENE LEIOCEH
TEeMIIepaTypHO-BpeMeHcKa nporpama. Co ories Ha NMPHIMYHUOT PU3HMK KOj NMPOU3NIEryBa O
MOXHOCTA JIeKa OJIPEJICHN PAaCTBOPYBayl BHECEHH BO CHCTEMOT BO TEKOT Ha HATOIYBAHETO
BO J[pyrara I0oCTanKa Bp3 HEAOBOJIHO CTBPJHAT HMIIPErHAHTOT O] IPBATa IOCTAaNKa U Taka Co
peln, Kako M MOCJIEOBAaTEIHUTE TEIIKOTUH 3a IEJIOCHO HCIapyBambe Ha pacTBOPYBAuUTE O]
LIEJIOKYITHO BHECEHHOT HMMIIPETHAHT HETOBOTO CTBPJIHYBAaWkE, BAaKBOTO TJICTUINTE HE €
npernopawinBo. Co 1eJ 3a MOCTUTHYBamkE Ha MITO MMOMAKCHMAIHU CBOjCTBA CE€ MPETopavdyBa
IITO TIOTIOTIIONHO CTBP/AHYBAkE BO MPETXOHATA MOcTarnka. JIoKonKy o Oniio Koja mpudrHa
cakaMe J1a OZICTaIMMe OJl OBa, IOTPEOHO € Jla ce KOHCYJITHpaMe CO MPOU3BOJUTENIOT Ha{g83
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UMpPETHAHTOT, KOj IO TMO3HaBa HErOBHOT COCTaB, WJM Tpeda Jla ce CIpoBenaT MOTpeOHUTE
EKCIIEPUMCHTATHY HCIUTYBamba.

Co ornen Ha oApeneHHU TMPEAHOCTH, CE TMOCTaByBa MpalllalkbeTo Koja € edukacHaTa

OpojKa Ha TIOCTANKHUTE 32 UMIIPETHUPAHE BO BAKYYM MUMIIPETHAIM]a WIH BaKyyM-TIPUTHCOYHA
MMIIpErHaiyja T.€ J0 KOoJIKaB Opoj Ha MMperHanmuu Tpeba Ja ce yrmoTpeOu TOKONIKY ce
yInoTpeOyBa BaKyyM HMIIPETHUPAHE WU BaKyyM-IIPUTUCOYHO UMIIPETHUPARE, 3a JIa TI0T0A
0e3 mocleAWId MOXE Jia ce TPUMEHH I[IOCTalKkaTa Ha MMIIpErHaluja BO HOPMAaJCH
aTMoc(hepcku mpUTUCOK. Mako TEOpeTCKH MOKHO € Jla c€ OYeKyBa MPEIHOCT aKo BO CIy4aj
Ha Makap ¥ KOJKY UMIIPErHUpamka, CUCTEMOT CEKOj MaT Ja Ce UMIPErHUpPa BO BaKyyM, CEemaK
npakcaTta MOKa)XXyBa JieKa I0CiIe YeTBpTaTa UMIpErHanuja, 0e3 orjen Jaiu € U3BpIIeHa BO
BaKyyM WJIM Ha HOpPMaJieH aTMOC(EPCKH MPUTHUCOK, MTOKPA] MIPEIXOTHUTE TPH BO BaKyyM, Ce
MOCTUTHYBAaaT CKOPO WCTH CBOjCTBA. Bakyym WMIperHamujara crpema OBHE TOTJICIH 32
CBOjCTBATa Ha MMITPETHAIIMOHUOT CHCTEM HE € MOTPEOHO /1a ce W3BPIIN MMOBEKE O] TPU MaTH.
3eMajKu U BO Tperjel 1 eKOHOMCKUTE MOMEHTH, OOMYHO HE ce M3BPIIyBaaT MOBEKe O] JIBE
BaKyyM-UMIIPETHAIIMH, a JI0JIcKa BHECYBaHETO HA IMOHATAMOIIHUTE KOJMYUHH MMIIPETHAHT
Ce BpIIM CO €IHOKpaTHA WM TMOBEKEKpaTHA WMIIPETHAIja BO HOpPMAaJeH aTMOChepcKu
mpoTUCOK. Ha 0BOj HaUYMH MOXKHO € J1a ce MOCTUTHAT 3a/JI0BOJIUTEITHH PE3YJITaTH 3a CUTE
MpakTUYHU npuMeHu. [ToHaraMy, ako ce 3eMe BO 003Wp OJATHUTE MOJ0OpyBama, KOM Ha
UMITPETHAITMOHUOT CUCTEM My TH JlaBa BOOOMYAacHA MPHUMEHA CO MOBPIIUHCKU 3aIITUTHU
MIPEMavKyBamba.
Kaj ummnpernanTu 6e3 pacTBOpyBauM CHUTyalMjaTa € 3HAYUTETHO TOMOBOJHA, MOPaad TOa
IITO BO CUTE MPAKTHYHHU MPUMEHU MOXE Jla OMIaT 3aJI0BOJICHH CBOjCTBATa CO €/IHA JIO JIBE
UMIIPETHAIUH, OJ] KOU BTOPUOT MPAKTHYHO CEKOTrac € JOBOJIHO Jia C€ M3BPIIM BO HOpPMaJCH
aTMoc(epcku MPUTUCOK. 3a MOCEOHHU ETUKATHU MPUMEHH MOKHO € M CO €IHa MOocTarka Ja
Ce W3BPIIM WMIIPErHalMjaTa a UCTO TaKa WU 3ajJeBambe HAa CHCTEMOT CO JeOeiy CIOeBU O
UMIIpETHAHT 0€3 pacTBOpPYyBauH.
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