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K1M8H

0 ‘2bek18lon Kespubllkasbl yanacla nyopanin3b bo‘ylcHa
“Harakallar 3lrale81lya81”(la bel§8Wan8an besbra mnslllyor yo‘nal3HNTS
Har bln bo‘ylcHa bel§Man8an ya2llalarnt§ la’lT 30Hasbla Tuyal -
Ayalll balanMsbl yan8icba yonclaSbuylarrn, clmnyonT8 nyo)lan8an
Tatlakallantn§ 13blab cblyan3H 3oHalan<3a8l 2atonayly lexno-
lo8lyalatl, {an ya 1a’llT 5o0bazl<3a8l yan§lUklarw uo'HasHw lauoro
elacH

Maxkur iarslk “MalenalsHuno5MNk” Mawiw o ‘ul1Mnisbl a8l yelakcbl
cHel el ofly o‘uny ywllantng Lijnbalan a3o3lcla ya xusm3an w§Hr
1lia cHop ell8an LU.Kalllsler, Oeylcl L|)1aTT8 “Malenal 3aence
anc! en§teenn8” kkobl 8irmkwrasl ya tartuTt”a yelarfcba bart-
oban§ (url~an.

Malenallar oclalcla ncbla ascwy 8urnb$>a boUTtacll. Bular Tebllar,
KerarTka ya polteHar. Bunclay boYbl3H To<l<lant§ alotlar lark|bl
ya K1Tyoy|y 1urll3bl8a aso3lanacll. Ko‘p§Ta Talenallart u yokl bu
énrnb8a kTi3b Tu Tk T. Bunclan lasHuan, kel n”an |kkl yok1wncHla
8nrmH8a CaaHnuH Talenallar larklbicla koTporlUar Tay]uclglrn Hat
aylb o4]3H lo7nT.

Malenallarwng yana bIr lun ratonaYly Tax3u3 talenallar (aé-
yancecl) boYHs, wular yuuyon lexnolo8lyaH (bl8H-lecb) 3obalar(la
uoYlasb mcbun yaraiilacl| bular8a yantoUka28icblar, blolo§lk Tale-
nallar, nanolexnolo8lyalarcla 13Hiallinycbl “ayll” (3tall) Ta(enal ya
To(klalar Klracll

Elexklr asbob-uskunalanw 13blab cbluan3Ma iryenerlk Ta3abl a-
nTt bal ulllsMa Talenallar a3o03ly ryeno bl3oblanacll ya bu walenal-
lar eleklrolexTk Ta(enallar (ETM) cleb ablacrl.

KuncH uo‘yM8an konslrmkslyalarnl ya yor*atchbl clelal ya ylstlariw
yazasH ucbun 1sblalnla(1|8an Talenmallaréa konslrukston Talenallar
(KM) éeyMacll. Ho21rs1 raton eleklr asbob-uskunalan Ju(la ko‘p Har
XM ETM ya KMlarcla yasal8an Turakkab umnltalarcHr. Bu talenal-
lar eleklnk, Texalw K, lexnolo8lk ya Tay u 1 lalab ulMws8an KiTyoY 1y
xo33alar8a e8a blYTsbl kerak. Bu xo33alar Tal:enallarrnng k1tyoYly



larlabl8a ya unwHS$bl§a, la8bAl kwucblar la’8ln§a, Haroral8a, la8L1
ya ener8elnk Tayclonlar 1a’8T T len8lyl§18a (elek!r Tayclow Kucb-
lanl8bl ya cba8lola8l, baroran ya b.k) bo§‘lMa. ETM ya KMlartnn§
a808ly xo88alannl blMTa8clan 1unb, bularw elexklr yokl Ta8w 1l tayclo-
w §a Joyla8bunl8ancla wmlarcla 3ocKr bo‘laclf8an {wkay”y ya knnycuwy
bocH8alarw baTtcla TalenallarTt kKityoyly larklbl ya LWrLU3bl bllan
bo8‘HuHSLWI1 bMTasckn, eleklroliexwk a3bob-usknnabrrt loylHala8H
ya 18blab cbluyan3sb Tu TK T eTasl.

8bunT§ ucbun talenal8Hwno8Mk {anTT§ asosly yazilasl uunyl-
cla8Maréan Hoora!:

1) Malenallar8a eleklr Tayclow, Ta§8§nk Tayclorn, 188lulk Tay -
clow ya TexaTK kucblar 1a’8ir yM8ancla unlarclaél oYayol8§an a3o8ly
M21kaYly Jarayonlarw o ‘r§aw8H.

2) Malenallarrn elek!rlk, TexaTK ya bosbua xo88alanw wular-
nT8 Kltyoyly larklbl§8a ya 1n21M8bl8a bo§‘MuH81w o ‘r§aw8H.

3) Eleklr a8bob-u8kmnalarlnl 18blab cbluansMa en§ ko‘p
uo‘Manfayol8an talenallarw yorll3b ya wular bllan {aT3bl3b.

Eleklr a8bob-u8kmunalan wucbun Talemallarw [ayal eleklroM21k
xo88alan ewa8, balkl M21k -TexaTk, kK1Tyoyly xo3§alan (Tu5labkar-
Mk, yall uHkK, 1551abarck)8bl181, koynuyua cblclatlll 8l ya b.k.) Haw bl-
8ob8a oHnacH.

Malenallarw lanla$Ma ularw 1ul118ocy lotonlan (lannarxl) bat
bl3ob”a oMT13bl 1021T.00‘yM8an lalablar8a Jayob beracl8an yan§l
TalenallarTt Tabally xotasHyo ya ener8lya re8ur8lanclan [oy-
clalan|b. yanuy| lexnoloélyarn yaralsb Tau8acl8a Tuyoiiy.

Ox1r81 yasi(lar<la Tulaxa8818lar loTtowclan balanl8an 1$blanwn§
mcMan bir U18rrn olcltclan be~Man”an X088alan Talenallarw yara-
n3b”~a bayYsblanyan. 8HwuTn{> ucHun yan§l Talenallarw yaraisb
ynuyon (lara)acla o‘8|b borTtoucla. 7atonayly konslruklor (ntuTan
iryener-lexw k xoclT) bn yanyl talenallar xo$$alantlTtkowya(lan-
T ya 18llabollannlyaxkbl bIH3bl lo/nT.

Ener8ellka 3oba3”a wMablwHuan notelall Talenallar8a or8awk
ya noorSawk Ttalenallar klrac!l. PlaalTta88alar a808lc!a§l KOTpPOrK-
8100 Talenallar; kancbuklar, rc/nnalar; klcyar; uyertelklar; lako-bo‘yos

uoplaTtalar; 8raiil; 3blsba; kerartka; yoy'ocb ya Hokarolar kellb cbl-



A15bI8a Ko‘ra or8arnk ya noor8atk labny, 3unyy ya 3ble”k note-
pw rrillenalar. Tabny or8awk Talenallar: kamcbuk, yo§‘ocH, paxla,
yun§, Hayyon len3l ya Hokarolar. Tabny noor8aTtk talenallar: 8ra-
nK, Trator, bo‘r, 8raiil, asbe3!, kaolln ya ba'2l 108‘]t3lan. 8 undy
or8aTtk Talemallar labHy neii pollTer TaHsulol:lanclan oHmacl:
y”3korl lola, 3elblora eiirlan. 8 un4y noor8atk talenallar yarfTta
TTeral talenallarT uayla 13Hlab oHnacH: 3eTen!, belon, 3bl3Ha,
Kerartka, puiten!. 8inlellk or§atk Ta(enallar ockly pa3s!l T o lekular
blnktalarw «pofllTen2alslyalasb», «pollkorkknsablya”sH» wsuH
bllan yokl Turakkab or8atk bTkTalarw «(leslruk8lyalabH» yo‘Il
bMan, neinT yayla I3blasH, uarfTa ko‘rrart, lorl'T yayla 13HlasH, 3Hu
blMan bir8a tebllMk, TTera!, labny ya 3un4y oryaTtk ya noor8artk
Talenallarrn koTblnalslyalanT I3blab cblulsH bllan oHnmacH. 8 un4yy
ya 3lnlevk TalenallatT§ alralll§! sHuwlan lbora(k!, 10217 bo‘18an
xo033atloylHala3H T T K T ya Kerak xo33all taHsulol ya layyor ckbl
OfBHTMTKT. 8 HWTN8 ucHun blarHan Ho21r§! kmnlMa energeHka 3o0Ha-
8lda ken§ so‘llanlMToucla.

Yana (a’cVasH 1021T K1, noTelall Talenmallarw lexnolo§Iks!
ancHa yuuyon ya wulart 13HlamsH 3atara”orfé! c/lusal8a 3aroyor.
Mazalan, plabltassalart 13HlamsHcladl 1A1130cHy Ko ‘rbalklcHlan smyl-
cla8Mar: kon3lrmkalya o8UrM§8TT8 kataylsbl, 13HlaiisH Harorallan-
Tn§ kataylsbl; ToylllasHéa Ho)al yo‘saMns§l; tasHTalart 13HlamsH
13Honcbl181 yuuon; 15blasH Tuc!clalnT8 n2aylsbl ya bokaro.

MalenallatT8 Har bir 371 baylcla8! Ta ’lutollar, Talenallar-
wn§ xm8mblyallan, Marcty ya 3lruklurayly Holall8a bo8‘IMuy Holcla
berMac. Malenallarcla, ayyallan blab e(M8n xu3n3lyanari
bo3M LY-M3H mncHwn wnlar8a 1sHioy bensH ya wlart tm3laHkatlasH
pnn3lplan bayon elllcll. 8HwunTéclek, koTporH Talenallar
naranyasTt” aso3lan berllcH, Ttalenallarw JlanlasH ya lull8ocHy
cbllasH Ttaszablan o‘r8awb cblullcH. Sar3lNkka Talenallar8a, ayLiu3a,
notelall talenallar8a obl Ta’lutolnoTalar kwllcH. Bwular, 3HM
yaul8acHa, ko ‘plab lartoylarTn8 nasbrilanc'a larsioy, HolMa Tay]ucl ecH.
8Hn )1Hadclan Tarkur clar3lk TvHanc115Hk Tnlaxasslslklan bo‘ylcHa bl-
Mt olayol8an lalabalar8a, TasH!na ya nsknnalart H1soblksHcla, loylHa-
lasHcla, Talenallar8a 13Hloy berlsH lexmnolo8lk re]itlannl lanlasHcla
kalla “mlayl”kla™ beracH.



1BOB. METAbbAILULWC 1CHK1 T1WbI8H1

B128a TtauumTtk! Tocla - 1ltcb bolakla Ta33a8a e8a bo‘l8an
Talenya lvn xN bl3oblath 1exTk ya lexnolo8lk]arayonlarcla “TockHy
a303” cleSan 1nm3Huncba o ‘rr8a “talenal imsbuncbasiuabul ulT8an.

Malenallar - Tebna! precltel:lan Ta]tnasl bo‘lb, oclaTt Tebnal
Jarayot<la wulart o‘r8arlanb, TeHna! Tab3ulol:lan8a aylanllracH
(131e’tol buymutlan - precltel:lan ya Bblab cbluansH yoskalan).
Malenallar-tab3nloll3blabcbluansb ncbun clasllabklTocklabo*Hsbl
baTt, 13blab cbluan3H Jarayonlanw ba]an3b ucbun yorcktcbl Tocllla
Haw bo‘Hsbl Tu Tk 7. 8ardan8an teHna! rra<k>n ya talenallatT§
yazilasi8a kKo‘ra, 13blab cbluyansH Jarayotcla Talenallar upmy»claSl
lurlar8a boYtacH. XoTtasHyo yoki xoT Ta(enallar - bwular, M8an
Tebna! la’3lncla bo‘l8an ya yana sayla 15blatsbl 10211 bo‘18an
Tebna! preclrel:lan<lir. Masalan, Tebllur8lya rayocHcla - lertr
rmclasl, lekslll Mabnkasbla - paxla ya 3b.k. XoTtasHyo Hayyonol8a
ya 0‘31THklar8a orc! bo‘Hsbl, TTeralll yo bosbua blr larrcla oHn8an
bo‘Hsbl T TkT. Blrlarcbl xoTasbyo - oclat Tebnaln8a blnncbl
bor ncbrab 1ur8an preéte!, 1kkllatcbl xoTasbyo - 13blab cbluansb
cblutclan, *3Ttonan yokl Ta’man e3kk™an 131’101 precltel:1an
bo‘Hb, bular uayla 13blaT3bl kerak. YanT Tab3ulol - Talenallarwu
uayla 13blasb Tab3ubii bo‘Hb, bular 13le’T018a yaroul buynt boHS8a
Kel13Man okln bIr yok1 bIr necHa tarla uayla 13blaTt3bl 1020n. Bkla
13blab cbluan3bnTé layyor Tab3ubwu bosbua 13blab cblyansblar
ucbun yant tabsnlol bo‘Hb x1rTta! ullacH.

1.1. Melallarning a(oT-kn3bl1l 1w.L bl

AloT - blIr yayllar kityoY1ly eletenltn8 en§ Kkblk 2arrast
cleb blsoblanarcH; eletenlnT8 xususlyal:lan wncla lakrorlaracH. Har
Na’k"ay eletenl Taycla rarralarclan lasbkll lop8an, wular c'mnyo LUrLL-
3blnT8 blrlatcbl “84sblcHa”3l yar”a3w balaracll, (anlaréa cbuuumr
o0 ‘rgatla<W.

Ho21irs1 yaul(la bunclay 2arralar 30T yurlab oYcbanacll. Prolonlar
ya neylronlar Tusba! raryacllan8an aloT yacko3T! l1asbkll sllacH,



eleklronlar esa, yac'ro alroiicla aylamacH. Eleklron 0(1at20cl en§
ayyalo kasHI e!8an eleTenlar rarra bo‘lb, uncH Holalcla8l Ta33a51
T 9.1 10 28, en8 koblk elek!r xaryacH (eleklr kyanu) e=1.6-10 1K1
I lasbuychl blzoblanacH.

Yailro ya utn§ airoiiciasl eleklronlar o‘xaro eleklroslavk ya
eleklroTtaSwl l1a’3lMkla bo‘lb, 1ur§‘wn (baruaror) l20Yly 313leTa
bosr! ulacH. Alobkla (120lalslyalanSanm) aloTwn§ raryacll yo‘u,
AloTtlartn§ eleklronclan nxcx asblsbl yokl nnga o ‘3blMsbl natyasicla
Tn3ba* yokl tanfy raryacHan”an ton bo3sl boYacH.

AloTnT8 ener8lyasl Taywut (cHskre!, un2lnksl2 boUTa8an)
ulyTtallar8a e8a boYacll, ular “ener8lya po§‘onasl” cleb ablacH. Har
blr fiy TataloTwng barsaror bir bolall8a 103 bo‘lb, kyan! oYi3blan
yo‘lMbllan 3akrab o‘28aracH. Kyanl oY13blar aloT 2arralar8a (alotlar,
tonlar) eleklrota8nll nurlat3blarnt8 la’sln na(uaslcla 3oclir boYacll.
EleklroTa8nk TayclonnT§ kyan*lan - [olonlar, Tayclonwng berll-
8an cHa8lolasl(la TM TKT boY8an en§ blcbkTa ener8iya ya 1tpuls-
T lasblcll. Alot 2arrasl Folont ymmb, "0°‘28‘al8an HolalSa oYacll
ya o°‘2iclan lolon cblyanb kaT ener§lyall Holal (umykon ener§lya
po8‘onas1)8a oYisbl TMTKT. AloTnT8 rTTTal ener8iyasi8a 103
po§‘ona - as3o8ly bl3oblaTtb, “oléanla™ uo0‘28‘alsb po§‘onasl (leb
alalacH. Ener8iya po§‘onalannt2 Ta]Tw - aloTnT§ ener8elnk 3pekln,
<3b a(alacl]. ErkT yokl bo‘sb bo§Yan8an alotlarn!ng opiik 3peklrlan
alobl(la 3peklral cblRlularclan iborai boYlb, TayuTt (oYuyw m2umnlisi
bfan layll/nacll ya ocMy aloTlar speklrlan bo‘ylcba §urublar§a
blnkacH. 1/ar Toc!clawng aloT larklbl Hasl(la TayuTtoMar beracH.

Turll kltyoyly eletenllarnt§ alotlan eleklron 3Hakll, ya’T
eleklronlaTtT§ ener§lya po§‘onalan bo‘ylab lassltlanlsbl bllan
Ma” yHacH. Eleklronwn§ alotcla8l bolall lo‘rila kyan! 30T bllan
layslllanacH: a3o03ly 3on -n, neleklronnTt§ yaclro(lano ‘rlacbanrou”r!
(n=1,2,3,...) blcWraclT, orblbl 3on - n eleklron orbia3sTT§
yackoTn§ kulon Tay<3or<3ast 3bakMT (€ =0,1,2, -.,n-1) blklraclt;
Mckka, Ta8nll 3ow - T,ya T 3. AloTaast eleklron ener§lyasl, asosan,
n ya C3onlan8a bo84lu; “n” kalMalasb8ancla ener8lya keskln o3bal/l;
Ckanabsb”anéa - 3u3lroy osbacll; T,ya T ; 8a bo841yMgl - yanac'a
3uzlrod,



KyanlTexaw ka3TT8 “PavH pnrrpl <lebalal8an uonmiw8a Ko ‘ra,
blKa alotcla8l 15lal8an ikkka eleklron LLrH kyan* bolaitcla bo‘5bl
Kerak, ya't lo‘rila kyanl 3oTgan bluasl bosbsiacHa boYacll. Bosb
30T - n bIr xIN boY8an eleklxonlar Ta]Tw eleklron yallatT bosMl
uMacH, b uallat ko‘pl bllan 2n2 eleklronlar bllan 1lo‘18an boYacrT,
uallarnt8 uobl8Y esa € Tn§ Lilytallan bllan laysHlanacll. (Jal:latlar
ya uoblular nya € nT8 Lilytallan8a uarab, iiT3olMar bllan Wkclalancll:

uaHanMar: Kb MN OP uoblular: $pcl/...

n 123 4567... € 0123...

Oayny 813letacla8l eletenllarn!ng alorlancla € >3 bo‘18an uobly
yo‘u. Yaclro8a en8 yaut uaHart - K, KeyT b uallaT kelacll ya 3bu
LUrrita HayoT elacll. Eleklron yacko bllan yancbaHk 313l bo§‘lan8an
boUsa, nnT18§1e813bH Loblu<la8l ener8iya po§‘onasl sbuncbaHk ynuon.

Mwurakkab alotlar nortal ya wuo‘28‘al8an eleklron 3bakl
(koni8uraisiya) blMan layslllanack. Btncbl3l<la alotcla8l eleklronlar
orazlcla8l bo§‘latsH Tusl:abkaT, IKKTCbI3i<& - blr yokl bir
necbla eleklron bo‘sbroy bo§‘lan8an, ya’w u0‘2§‘ail8an ener§lya
po§‘onasl(la LracH. AloTnT§ klTyoyly ya Wik xuauslyal:lanclan
ak3an, lasbyl eleklron soblylannt8 3lruklurasl bllan bo§‘T
larcla8l eleklronlar bir-bTt bMan T3balan 3wl bo§‘lan8an. 1lcbkl
uoblularc'ag8l eleklronlar ancba TuslabkaT bo§‘lan8an; a(:otlar ya
ler barakallanacl8an 2arralar yokl kaKa ener8lyall M'olonlatT§ o‘raro
la’3TT1 o‘r8artb, icbla yoblylatT§ LWrllsbl baubla Ta4uTtoMar
ofI3BbTUTKT.

Alotlar bir-bin{>a yasatlasb8an(la eleklroslaumk o‘raro 1a’lr
3oc/Tr bo‘lb, eleklron uoblalar blr-binnT8 icbl8a klnb keisbl
TUTKT. Buncla eleklronlar ya*ro”a 13balan 3urllb ke”b, alotlar
umlblanacH, ya’w eleklr Tayclowcla tobla uuHelT ToTenl8a e8a
boYacll. AloTlarwng en§ ymuon clarajacla8l c]ulblat$bl 1a3bs1 eleklr
Tayclonlancla ya eleklrota8nk nuHawsb 1a,3lrl o3iicla kuralllacH.
AloTnT§ KelTta-kel torMasbuyllla (ya’w 1a3bsi eleklronclan bo3blab
Kelta-kel wrllb cbluyancla) xmsamslyallan baT 3bun8a T03 bolcla
o‘r8aracll: umlblanl3b kaTayal/l, ener8iya po§‘onalan orasiclagl lary
Kavalaszbacll.



Mebllarwng kn3(all panjaralan(la Tusba* tonlar Tnayyan lar-
nbck Joylasb8anl8Tl Ten ko‘rracllT.

Melallar, bosbua Har uyanclay Tocbla kabl, 3barok8a varab, 1011 xI1
a8re8al Holalcla: uallly, 3mywmu, 8ar ya plarTta bollarcla bo*laolacH. 8ol
Telall bir a8re8al Holalclan IKkTcbl a8re8a! bolal8aTaumTt leTpera-
luracla8ta oYacll ya buncla Telallwung xo33alan o ‘28aracH.

0aM1A Liolamla TellNM 2aracbalan Tunayyan larllbcla Joylasb8an
boYacl'l, bu 2arracbalarntg blr-blnT lorliisb kucbl blMan blr-binT
Kansb kucbl o ‘raro Tuyoranauk LracH, nalya<la uallii”™ 3T o0 ‘r 3bak-
HT 3aslaycll

Car bola(<1a81 Telall rarracbabnlarllb312 barakallanacH, bir-bin-
T KaracH, nalyacla telall 8a2l ITkoT boncba kaiia ba]TT oll3b8a
TLLacr.

8nyuny Kolakla™l Telall 2arracHalannTt§ orroy LIBrT8Ta be-
larvb Joylasb8an bo4ls, bu Joylasbuy 13501k 1a’3lMcla 8oH burllb,
8ob mk!atb Iuracll OeTak, 3uyny bolalcla8l Telall uallly bolalcla8l
Tebll blMan 8ar bolanck8l Telall orasicla orally bolainT eSallaycrl.
MelallnTt§, ntutan Tocklatn§, a8re8al bolall oraslcla8l ary ana
3bu. AloTlarll2 Tarka2lclan oYkarll8an laramy cbl2lalar paryara
boslM Wacll Bir-binSa parallel Joylasb8an bk wancba kn3bllo8rak
lek13lMNk lMaroyly kmelall paryara bosll Yk wi8lall paryarant8 LU+
8unlancla esa allkrTar (tonlar) luracll.MoclclanT8 aloT-kn3lall LLPIMF
3bl 10§ ‘m3lcla lazayyur bosll ullkb ncbun pan)aranTt8 blHa eletelllar
Ka’akcbasbl Ko‘r3aisb klloya (14- rasT).

1,1-ra3t. PaxoYl kn3bll
pa“ara ya uwn8 1m8wmn-
larkla a(oTlarwn” (tonlar-
nTt§) JoylasHnYb



1.2.0aN1y, ]18t1lar(la81 boNYawsMarwn” (MHan

Caltiy, ]1571arcla81 bo§‘lawsblar 10‘Mla a3osly 1urg8a boYuwacH.
Bular ton (8eleropolyar), aloT (§oTeopolyar yokl koyalenl), Toleku-
lar bo§Yawsblar ya Telall bo§‘larsblar<br. Ana 3Hu bo§Yawsblarw
balal3l1 ko‘nb cbluayHk.

lon (8eleropolyar) bo”Yartsblar. Bunclay bo§Yawsbb wuaHnL
1131 lar kn3bll pan)aralartn§ 1u8unlancla tonlar uracrl (1.2 - rasT8a
fAarang). lon bo§‘lat3b eleklrotanbybk “bau”™an blr-btHan kal-
la lary yM~an lkk| eletell orasWa yuucl8a keblb BTobanm, ton
bo§‘latsb binnchbl §urub Telallan, ya’w 3bsony Tebllar blMan yel-
incbl 8urnb eletenllan (8alo8enlar) orasla yumucl8a kelacH.

lon bo™Yawsb Ylyucl8a keH3blT nalny xlor (TMaCl) rwsolfga ko ‘nb
cbluaylMk(1.3 -ra3Tt). XloralorT nalny alort8a uara8anclaancba8ta
eleklroTtanby bo*18anMgl(lan o‘rt 1§ 3lrhd arya”Ha” bireleklrowT
xlor alorT8a beracb, nalyacla nalny alort Tu3bal raryaclld na*ny tow
Ne +8a (kalion8a), xlor alorw e3a blr eleklron blnkiinb ollb, Tanby
raryaéll xlor tow C1' ga (anton8a) aylanacll. C>arata-sarsbl raryaclll
bu ton'ar knlon kucbl yoslas”a o‘raro lorlllb, b TkTa (blaCl) bosll
fAMacH. B Tk Ta (Toleknla) larklbicla8l bar uayslton o ‘x alrob(la elek(x
Taycbw ym)mucl8a keMracll. NeTak, ton bo§‘lawsbl Toleknlalar(la
bir necba (kaTbla lkkMa) clekir Tayc!ow boMacll. lon bo§‘lawsbnT§
8eleropolyar bo*YaT3b cleb baT alallsbl*a 3abab ana 3bwu.

lon bo$>‘1aT3bll blnkralar<la l1a’3lr eluycbl kulon kucblar rarra-
cbalarnlr{> (tonlaTtT8) blr-blnua puxlarou KOrulsbl8a 3abab boYacrTl,
3buwing ucbun bunclay btkTalarnty 3uyuuylatsb letperalurasl ya
AanlaHS! ynuonrou boYacrl.

A(oT (8oTeopolyar, koyalcn() boyHawsMar. A (o1 bogUarsbll
ually ~3nfMar kn3lall panlaralannty 1uw{>vnlan(la o‘raro Koya-
lenl bo§‘lan8an alOnHar lwuracll (1.2 b-rast8a saran§). Koyalenl
bo§Yan8an aloTlar bir-bInT_|ucla kucbW lorub lur§anM§l ncbun bun-
<by bl nktalatT§ 3suyuukTsb letpcralurasl ya tuslabkatH§l w-
boyalcla ynuon boYacll.

EleklroTaniiyl81 blr-bln8a len§8 boYyan eleTenllar8Tta Koya-
ler{ bo8Yanacbhb. Koyalenl bo§Yart3b naxanyas3”a Kko‘ra, bwunclay



bo§‘lawsb bo3l bo'M3blcla elek!ron blr akOrwkn 1KkTcbl alows§a
oUtaycH (cbunkl bu alotlaTtT§ eleklrotaniiyH81 blr xIT), balkl
o°‘raro 1a’31r ulMuycbl 1kkala aloT8a 1e813blM bo'Tb siola<if

AloT bo8‘lausbll wuallly ToclclalarS8a rwsol ullb, olTo3T
kKoYs3a™3H Tm TKkT. 01To3cla u8leroclnt8§ Har bir alorw mn8leroc!nT§
bosbua lo‘rKa allrT blMan bo§‘lan8an, bu lo‘rlala bodarusH bir xI1
bou8anrglclan olto3 kn3lalw blna Bi8an* Toleknla <leb uarasb
TUTKT.

&
M A b
o-/intn (CN o- JlioT
e -Karnon (NO+) b

a

—Kallon (Twba! 1011)
o
¥ —ErkT clelaronlar bulvm
1.2-ra3T. (Mally ]1$rlarcla8l ascwy bogYawusblar:

a- won boMawsb;
b- aloT bo™Yawazb;
(L- To'ekmlar bouYaisb;
e - Te(all bo™Hawsb.



Yalen( clexlron

biraalll A aorT bbn i

a) b)
1.3 -ra3T. lon boMYawsH JarayoT: a- na™ny ya x!ora(ot-
lannw$§ blr-bln bMan ton bo8YawsM; b- N30 blnkTa3s! ton
boM“1an18H|MM™ sxetallk (acTTl

Moleknlar bo*Yawsb. BunHay bo8Yat3HIM wuallly ToHcblar
kn3lall panjaralanwng 1u8unlancla Tolekwmlalar Llracll. Bu Tole-
knlalar blr-bt8a Tolekmlalararo kucblar yoslMas”a HOrHMb (uracH.
Moleknlalararo kucblar tolekmlalarw blr-bln8a wsbaran kKucbsi2
HOrvb 1ur8anM8lclan Tolekmlar bo§‘latsbll wuallls To(klalarwn”
3nymalawsb lernperaivragl ya ualwHs: pasl bo'bl K

Me(all bogYawsblar. BunHay bo§‘lawsbll sallluy ~3rblar (Tebl -
lar) km3lall paryaralannt§ 1u8unlancla Tusba! raryacll tonlar LUracH,
toblarw e3a erkT eleklronlar, ya’w eleklronlar bulvi yursHab ol8an
boYacH. Eleklronlar bulull aynT ton yokl aloTlatT§ uoblulan bl-
lan bo8Yan8an boYTay, balkl kn3lallnTt8 bulun HaTtTaswa 0lclclr.
OerTak, Telall bo8Yartsblar Tusba! raryaclll torMar blMlan erkt elek-
lronlatT8 o‘raro KOrinzHuy”an Meoravir.

Texwk Talenallarwn§ sirnkllrasibawwa yayl Haw, rarralar knabl 1
paryaraHa turllarat Joylasb8an, He8an i(leal lasayywurlar8a 10'§‘n
Kelayertaycll. Kn3lall paryaralarHa nuusoblar Haw ncHrab Liracll Bu
nuuzoblar - km3lUM nwH$bnT8 notukarttall~blan, 2arralartné
kn3lall paryara 1u8unlancla Mayny larrcla ualYy Joylasbl3bnT§
burllsbléan i1borat, Mwuusorllar, kn3lallawsb 3arayolwiHa, elek*r ya

1 CalHsler,\MLat O., Malenal5 Baence arcl en”~Teennn: an Tlrocluclion,
7N e<lp.ct/ - Pnnlecl T Jle UT»lecl 8lale5 ol ATenca/ ,lobn LUMey & 80115,
1nc,- 2014. 33-bel



Ta8nii tayclonlan, 133WlMkya Texaw K la’slrlar nalyaslcla, kn3lallar8a
yol]r3lar kTb uol8anc!a bosl boYacll. KacllablyaH nuusorfar kn3bll
TalenallatT§ rarralar oulrw ya uallly eleklxota8nH nuHaTt3b
3ababll yura8a kelac/l. MuusorMar nuylall, cbl21uM, 31Mxp ya ba]rwy
lvrlar8a boYTacl.

1Umy(@H nwuuysonlar «kn3bllcla8l wuyo‘3bnl alotlar oraslcla§l
Tasolalar blMan ulyo3la8ulk TasolMalarcla kn3bll pan)aratng 3bakMT
burac/l. En§ o/ic/ly nuulln nuuyson - yakan3slya bo‘lMb, bunMa kr151all
pan]arant§ says3H wrellcla aloT yoklion boYTtaycll. Yakanslyalar
paryara blMan lertoclnartk Tuyoranallla boYacll, aloTtlarnT§ 1831u-
Mk barakall na(uaslcla yura8a kelacH ya yo‘uolacll. Haroraltn§ bar bir
ulytall ncbun yakanslyalarwn8 ta4ut tuyoranal! konsenlralslyasl
10'8'n kelac/l. MelallarnT8 kn3bllanclaél yakanslyalar rwuclon er-
KT barorall yaultcla alotlar 3onTT8 1-2% 8a len§. Yakanslyalar
barakall kmzlallcla§l alotlar cMnwya3TT” bosb 3ababl blsoblanacrl.
Kn8lallarcla2l be8ona ”~n3l nusasorfMar be8ona alotlar yokl
tonlar 1ufayH bosll boYacll. Bu alot yokl tonlar asosly Z2arralar
o‘niiw e8allasbl yokl mlar oraswa 3uylllb kT3bl Tu TKT. JYvylal
nuasonlar8a sbunt§clek, (n™mrfararo rarralar bat kkac/l. Bu rarralar
xu3n3ly alotlar yokl paryaratng§ 1u8urtclan cblylb kel8an kn3lall
torflan/lan 1boral. Yakanslyalar, 1u8unlararo torflar, be§ona alotlar
ya tonlar kn3lall ran8tl o‘28arHn3bl T Tk 7. Bun/la nlar yorn§ Tk
3pek1n/ing 3bunflay cbeSaraslcla yulac/lkl, bu 3obafla fla3/labkl kn3lall
ynltaycH. Bunflay nuusor/flar bo‘yasb tarkarlan Jleylla/lb

lonM kn3laMar/la mvylal nuy3onbr .)uit-]uii bosl boYacll. Bllla
Bborall tonlarTn8 yo‘uolsbl nalyasl/la bo3ll boY8an yakanslyalar
Kn3bl1l/la leskan 13borall raryachar bosl boY13bl8a ollb kelacll. lonlar
kn3lall/lan cblylb kelTtay, 1n8mnlar oras3”a uarab 3M”3a, kn3lallnT§
neylralfgl 3a™lan”b solacl. N3173(13 “yakan8lya-1lu8unlararo rarra”
Ne§an MMk bo3M boYacl. Bu bocMsa rosslyallk naranyolcbl W21k
Y.1.Prenkel nort bllan “Prenkel nuuy3ot” cleb yunllacH. Knslall
bosbua blr bolalcla baT, ya’t tonlatTt§ yalenll81 bir x/1 bo4d8an/la
awon ya kaJlon yakanslyalar len§ tluclorcla bo3l boYsa bat neylral
boU1b uolayeracrl. Bu bocMsa neT13 V12181 ¥Y.8boHa noT! bllan “8Holk|
nuu3son|” éeyMacH.



Knsbl18a Texaw k ynklaTtalar LI 3b”aTk cl3lokal5lyalar barakal8a
kelacb. Bywnr8er3 yeklorlan blr xI bo‘18an ikkka cH3bkaya yaaT-
lasb8ancla (b3lokalslya yaulnlcla8l elasknk KucblaTsblar kal-
blasbacbh ya cb3lokal5lyalar bir-binclan HarlMacH. Byur8er3 yekioHan
Aarata-aarsbl bo‘l18an (b8loka*3lyalar blr-blnga lorlliacH ya blr-bTww
yo‘solacll (anw8Mai3lya boch3abl ro‘y beracil). Har sancky kn3lall
Talenal ucbun cl8lokalslyalatt§ krillk 21cbHs1 Tay”“mc! bo‘Hb, u
03blb kel3a, ciizlokalslyalar barakan 3ekblasbacll.

81ry1 nwudasoniar - kr1zlallning 1urH boblarcla8l wucbaslkalan
orasl(1a8l cbe8ara, xm3nsan, laxlat3b nussonlan, e§lraklar ya clonalar
cbe8arasl.

TaxlaTxM nuy$onlan- kn3bl1nT§ rkb laxlan8an lek13bklannT§
altasH1M13H larkblkcla8l xarolklarclan lboral. 1/lar yakanslyalaTtT§
yoK1 ln8unlararo alotlarnTg§ LUrMcba lassltlawsbl naryasbla bosfl
boYacr.

EMmallnblr - Tonokn3blMa kn3bll 3lruklura bolalTT§
AonuTy o°‘x8ar8an 2onalatt8 bosll bo‘l3bl. Bunclay 3lruklura
Talnl3ant8 kKo‘r8mclaél aksblan 1boral yoki unclan 31tTelnyanT§
bosbsa o‘28ansblan orsall olt8an. Malnl3a ikkMan8an o‘28an3b
blMan bir8a e81rak clebablacll. 1kklMaT3bTn§ 3abablan- kn3bl1aTtT§
1331srkclan ken8ay13b yok131alllsbl, (Mortablyalan8an kn3bllartng
A1213bl (rekn5lallawsbnTg e8lraklan), blr kn3lall Tocbbkablyackn
bo3bsa3i8a oYlsb (poMTorinrT) bo‘MbiTUTKT.

Monalllraro cke8aralar - poHkn3lallnTt§ LUrH bolalcla8l
ckHlMan o ‘fla31(iagt a™al3b ywraszl (31rM1). Oelero8en TalenallatT§
follsbralan ya be8ona Jr3lancla8l &?2alarnt§ a”all3b cbe8aralan
bat 3™ nuasonlar8a kxracH. Bunitay nusasonlartng ak3anyall clBlo-
kalslyalar 1o‘n T bosll allacH.

Halnuny nwuasonlar - yakanslyalarnt§ lo‘platb a0* A
bolan bo‘Hb, kn3lallarcla §‘oyaklar ya kanallar, bo3bsa (be§ona)
laralar aralasblb a°”8bxng, 8ar pwulakcbalanTt ya erkrtaw,
(b3lokalslyalarcla ya kn3lallatT8 o0‘313b ronas”a be8ona ]r3lar
lo‘plarTw bo3m slMacK. Bunclay nussonlar TalenallaTT8 plasllklAgTl
kataymracH, Tn3iabkatl1818a, eleklr ya Ta8nk xu3n3lyallan8a la’slr
uHacl.



1.3.Haylllly kn8(allarnwg (u/Mbln

Hacpgy kri8lallarnln2 ~mxLUsbl. Melallarwn§ baululy knsbllan
LUrLLUsbléa, Icleal kn3*alMarwkblan akstoba, blr ualor nuusoblar (no-
TukatTalklar) boYacll. Melallarwng Jucla Tubl T Ko‘p8Ta Texa-
WK ya VeikaY1y xo33alan, Telallarwn§ 8lrukllraslcla 30/1r boYac§an
Ko‘p8Ttajarayonlar 3bu Telallar kn3lallanwn§ vwsblcla8l nuuyson-
larclan kellb cbluacH.

MelallatTt§ kn3bllan LUrll3bl®a® nuasonlar, oclalcla, ucb 8u-
rmb8a boYrtacH. Bulanlan blH nuslayly nussonlar bodlls, 1KKTcbl 31
cbl/nub nusasonlar ya mcblneblzl 3uU1 (1ek13MK) nuuzoblarcbr. Ana 3bu
nuyzonlarrn birta-blr ko‘nb cblaayllk.

1 1Unudayly nmuszonlar. OYcbartlan ucb yo‘nal3bTtn§ bart-
Tazla bat kioblk bo‘18an nuysoblar nuu(aYly nuuysoblar cleyHacll
Buncky nuyzonlar]utla518a yakan8lyalar (1.4 (a) rasT), ya’t kmslall
paryaratn8 bo‘sb Joylan, oraHu alotlar-LLI8unlar oralgys8a 3M~an
alotlar Telall kn3lall paryara3! wm8unianciagl alotlar o‘nHT oll3bl
bat, paryara 1u8unlan oral1848a kTb bonsbl bat Tu Tk T (1.4 - (b)
rasr).

a b
1.4-rasT 1lUma*ayly Tn]80nlar (a-yakanslya, b-Aallla eriTa
8lrnkinra8l)2
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1icbala bollla Haw a3o3ly Telallwin8 kn3lall paryara3! o‘r778
Tulllarat §eotelnk LUrllsblw o‘28ariiracll, ya’'t paryaraéan nuu-
3orfTar bosll boYacll.

1 Knslall paryara 1m8unlancla akOTw bo‘3b uoll3bl bu yakariu-
yaclr. Yakan3lya kn3bll {ebrat3b arpHluclasl kucbay13bl nalyaslcla
bo3l boYacrl.

2. Cbl/nyn nuusonlar. OYcbarrMan lMaua* 1KK1 yo‘nalisbcl!a8ta
Kioblk boYacM8an nuasorMar cbwul ni*o11lar ckylMacH. Cblrn
nuasonlartng en§ Tubl T 1un clBlokaislyaarclir. Yakanslyalarwng
ya bosbsa nuulaYily nuasonlarwn§ raryblan bat CbkiL[1 nuusonbr
]v T1a318a kHacrll.

3. 814((ex!$Mk) wkM)nlar. 0 ‘lcbatlan Mgl biryo‘nalsbcla8ta
Kioblk boYgan nuasorMar 8ir* nuysonlar éeylacH. 81/1 nussoblar JuT-
1a318a bloklar orasicasl ya clomalar orasiciasl cbe8aralar yoki la’slr
cbe8aralar, yallly, Maralar orazlcla8l cbe8ara sMar ya bosbsialar KHacH.

1)|31loka(8lyalar. 0l3lokalslyalar maranyab5l bo2l1r§l raton Telall
8buno3MNg§TT§ V21lkayly asoslanclan btc/Ir. Bu naranya TelallatT§
51ruklLraslcla 3oc/r boYacl8an en§ Tu bl T blir yalor Jarayonlar Texa-
M2lTi 3abablanwi2oblab ben3b8a 1Tk0 Ty a1 yaralllacH.

(113lokar3lyalar 3nyuslanltl8an TelallarnT8 kn3lallarwb Jara-
yonbla, Tebl larnt§ plaslk celortaislyalanisblcia, Tebllar8a lentnk
ya bosbua 1ur 13bloylar bensbck bo3sll boYacll.

013lokalslyanln§ o‘21 ruta? Bwu 3ayol8a smylcla8l la’rHYan Jayob
0aTI12.

Melallnt§ atOnMar 3M”~an (3lrpan8an) 3oba3i bllan atOnllar
51Y¥1ta8an 30bas! orazlcla8l cbe8ara c3bkablya leb ablac/l.

013lokalslyalar, azo3an, cbl2iam (KO'§‘nlM) ya yTbl Ton c/13bkabl-
yalar8a boUTacll. 0131lokal3lyalarlng ana 3bu (MHanw Ko‘nb cblsarwr.

Cbl21LH (8loka(8lyalar. 81Y13b yeklon§a perpencllkular bougan
cM3bkablya cbl/nyl Mblokablya cleylacll. Masalan, blror kn3bl18a
3M"3b yekHOn bo‘ylab lasbal kucb 1a,31r ellin18an ya bu kucb la’atcla
31¢anl8b lexl1sMglcla alotlar blr parateler bo‘ylcba 3lM”gan boysr.
3M"3b 3Hparnsb 1ek13H81n1n§ bosblclan oxT8acba eTas, balkl
nwng AB80 Li5mAcla 3oc/Ir bo‘bb, 1ek13lMkwng a°18an s/3rwéa 30cHr
boUTag8an <3eb arar ulMaybk (1.5-ra3w8a uarans).



1.5-ra3T. §1°18b xonas3TT” $M]i$b yeklon§a perpencHkular
boYran ASD cHe8arasl cbl71ull clM3lokablya(Hr.

YTr3ton cl3bkablyaéa 3loTlaTtTé 5IIN5H yo‘nalsbl 3lM"3b
yeklon8a parallel boYacH. Bunéay cKskakablyawl wupylcla8l riusol-
cla LUsbwMtb bersrwr. Blr knzlall oHb, nnt§ orroy, _JoyTi 1eK13HK
bo‘ylab kesayHkéa, ke3l8an L3rtTng blnw 1kkTcbl318a blsbslan
pan)3r3nT§ blr parateln8a len§ oraHuyua 51Y13b yeklon8a parallel
1ar2ca 3M”"3yMk (1.6-r33t83 uarans).

1.6-ra$w.Yw(31ton (IblokaC$lyalar.

Bunéay ublnuan”a alotl3rwn§ 8onronbl lek1sHklan bir uyaéar
e8MscH ya umlarclan bar bInnT§ cbeln 3bu 1ek13HKka en8 yauT lekls-
Mkwn§ cbeit blMan Llasbacll. Nelysc13, kn3lallnT§ 3bakll yT* bo‘-
ytoba burz183n bliiz 51rparnsb 1ex13H81(1an bosM bo*“183nclek Ko ‘nn3cH3

3 CalUbler\yTrar Malenal5 3aence arxlen§teenn§: an Tlroc!uclion,
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HoslM bo‘18an bu cb3bkablya Yini3imron (b5lokalslyachr. Y wblton
clM3bkablyall kn31allnT§ Mwb3b 3xeTa31 1.6-rasrcla lazylrlanSan.
AO cblri Y1n151ton (M$loka(3lya yuk| éeylacH. By yuk 3M"3b yek-
lon8a parallel(Ur.

Nbk>kaldyalarn T8 surllsbl. 013lokalslyalar Ml yo‘lblMan 3u-
nrsbl TU TKT,; bularclan b 1 strpawsb yo‘lMblMan 3unH3b bo43a, k-
KTcbl31cbliiwya yo ‘MbMan 3unHsbeHr.

1)181oka('»lyalarnin”® clUTu/nya yo‘H blMan 3unH3bb 81LI3b yek-
lon8a perpenclkular bo‘l8an clM3lokalslyalar§ta cHNewya yo‘H
blMan 3urfac. 0131lokal:3lyalarwn8 bunclay 3unfisbl mucbun knsbll
pa“araéa aloTlaTT§ ya nuylayly nuuysonlatlng ancba8ta 51¥13bl
Kerak boYacH. 0131okal3lyant§ cHArwya yo‘HblMan 3unH3b Jarayouu
ek3lra lek13HKNTS 0°313bl yok1 shsAan3bl bl3obl8a boracll. Masalan,
a(otlar paryara *u8vnlan<3an ek3lra lek|3Mk cbeli8a ((M3bkablya”a)
c/LLUTyabnsa, 3bu alotlar o‘Tkla yakanslyalar bosll boYacH, bu-
nT8 nalyasl(la e3a ek3lra lek13lk o‘3acll ya, ak3Tcba, ek3lra 1eKis-
Mk cbenua yakanalyalar clUuwyalansa, ya’w v yeritan alotlar kelsa,
ek3lra lek13Hk al3saracH. By lkkala bolcla bat cl3lokalslya surllacll.
OraHs aloTlatT§ (nusAlayly nuasonlatt8) cl/Biokaizlya8a cHLULW-
yalaTtsbl nalyaslcla baT cl3bkablya 3urllacH, buncla nuaaYly nus-
3onlar yo‘aolacll

Marora! 3aYoWan:

1 Melallar8a 40‘Hsa la’'nlbenn§?
2. MocklalaTT§ a8re8al bolaviwlunsbuniinng?
3. Melallar ucbmn eng ko“p larsial8an kmzlall paryara lvrlarl san-

4. lon bo§Yat3b8a la’nlbenn§?

6. Koyalenl bo§Yatsb 1T1a?

7. 013l0Kal3lyaTTa?

8. MelallaunyTalatT§ kn3lallawsbaayor<"a urflronalar bo-
3 bo“H3bl8a ollb kelnycbl 3abablar TTa?

9. Knslallawsb]arayoT uonuTyaiiw o‘r8arsbwing ataHy aba-
MHyai wraia?



2-BOB. METABbbAK 8TK1)XXT1>XA81 YA X088AbAK1
2.1. Me(allarw kn$(alllk nwH$bI

8anoalwn§ nyo_ |lausblicla Talenalsbuno3sHknT8 yulliulan yuuon
Tnslabkat, ur§‘mn, yen8M Telall ya notelall talenallarT yaralisb
ya u T fo4lasb bllan bo§‘Hs.

Malernal8a uo0‘yl18an lalablar unt§ 13blasb 3barokwa bo§ Wy
TexalwK ynklawsbl8a, barorall8a, 1a3bsiTnbknT8 1a’3T8a ya bokaro.

Maszalan, lraklornt§ 13Hualanmycbl clelallan abrar1y yeylll3b8a
cbiclatH boYrcM rarur (ayTs3a, 0 ‘rla O3yyo 3barolll(1a); paxla le-
n3b tazbrasl 3bpTéelan baTt abra2ly bat korrcwya, yeylllsb8a
cbléatl Talenalc'an yasallsbl kerak; 3atolyol 3tcblan (loryeron,
31nn8er ya bokaro) Texawk Tnslabkart, Kaila blIkkHkka e8a Talenal-
clan yasalaclT; ayiaTol!or TalenaH8a oloybarclosbllk-1331ubar<losblik
(650-850°C baroral8a cblclatlrk) lalablan 5o ‘yMacH; loyusbclan ler
ncbacb8an 3atolyollarwun8 welkl si1-141 fiayaid («obsblyka»3l) 350-
550°C cla 13blaycM8an yen8I Talenallarc'an yasalacll.

8buw la’kkHasb kerakbl, bo2irsl kwncla koTporkston Talenal-
lar (3bular Jutlaslcla “manoTtalenal’lar baT) bor8an 3an ken§
AoYlanfyapcH. BulatT§ ba]tl 5-10% clan 70-80% 8acba yel-
yapcb. KoTporuston Talenallar aJoylb Tax3n3 xusmslyallarSa eSa:
yusion Tu3labkaTHK, 13bsalausb ya yeylllsb8a baréosbH, 13315+
Mk ya elek!r loklw kaT oYka213bu8l, kerak boYsa oYa oYka2§ichb
Talenal olsa bat boYacll, KTycTy 1mr§unlik, yorn§4lkw yaxsbl
oYka2mycbanHs1.

Ener8ellka ya bosbsa 3obalarclasoUlatbll8an talenallar Har xI1
3barokéa 1blay(blar: aylayHk, cbnarwk kucblaTtsblar8a, bar xI1 ba-
roraMa (pa3l ya yuson); LLH tublUarga (13bsiony, kl3lo*all, ney*ral,
akby 8ar) ya b.k. Mana 3bular, 13blanlacb8an Talenallar8a lalablar
HAo‘yacb. Bular baTTa3s1 lMNoyclalausb lexnolo§lk 1s1130cy lalabhrclan
Kelb cblsach.

Poycblatsb (13blall3b) blablanT TalemalnT8 Konslrmksion
Tnslabkatb§T1la'rTlaycll.



Malenalw kon3lruk3ton TusglabkaTHS1 éeb, mwn§ koTpleks
xaraklerl5iika518a ayr!lacH bular Tms*abkaTHK, 13boncblllk, Te-
2onlanwng y~uncHsblt Poycblawsb 3barolll8a uyarab talenallart
Tn5laHkaTHK Texow lanlanacH.

MasblnasorHkiia (aywwssa, aY1a3o2Hbla) 18blalllacl8an Talenallar
ncbun nlart o84rrk bo‘ytoba 3araraclorl181 T bl T abariuyal:8a e8a.
3ataraéorlk 3o0M3bWrTa (13bly) xarak*enslkalar bllan babolana(/1.

3oH3blirtaTnslabkatHk Tero T umyl(1a8l »oclabllan awslanacH:

0=0/ P8

buyeréa, a - talenal tnblabkatl181 (k8/TT72), p - 21cblls1
(8/373 erkT LLsbl3b 1le2lawisbl (8=9,8 K§/T2.

30H3b”rTa blkkHK uuyiclaél rocla blMan awulana(/l:

[c=E/p-8

Bu yerga, E- Yun8 ToénH.

Texnolo81lk blablar (talenalwn§ {exnolo81kIM80 éelallart ya
Kon3irmkslyalarnt layyorlasbcla rarmny xos3sakrw la’tblaéan bobla
en8 kaT Tebna! ba]rT1la'tTlasb8a saralll8an boYacH.

Barcba Telallar ya sollsbrtalar ua«ly bola*cla boYacll, ya’w
TaYnT Haroral8acHa n ua«1a HolanlaboYrts o ‘r 3bakl ya oHcbanManwu
3adlaycll. By baroraMan o ‘18acb v yutaHaycl ya 3uyus bolal8a o ‘lac/l
Kn3blHk ~3nMar 2arracHalannt8 (alotlanwng) [arocla (ariibH
~yla3zH8anH81 blMan 1Moclalana(/1. KIislalHk paryara bu {asayywr allina-
cM8an arcTy paryara bo4H), ntng§ 1n8unlan<la rarracbalar (alotlar,
tonlar) Joylasb8an boYacH (2.1-ra3T).

2.1-ra3t. Kn3blHK
pa”ara 3xeTasb



Melall ya yorisbTakr kd5lall A31lar bo‘lTh wmlarcla Tusba! ton-
lar kn31al paryaralar bosll ullack. AToH'parriarck (3blsba, yo§‘ocb,
cblnw) alotlar 1ariib312”*yk3H”an bo‘lb, kn31a paryara bosl ull-
Taycb. Eletenlar ka(akcba- en§ kaT a(oTtlar 3onH ba,|T eleTenii.
BuT ko‘p Tar1a laxlab Naxoéa bor kKn3bl T KO‘N3b TUTKT.

Melallar ncbun asosan eng Ko‘p laryai8ani 3 x4

-Ha]rt Tarkarlasb8an kub (HMK) paryara, bunclay kmnslall
paryaraga 91a aio T bo‘Hb, nlarwn§ 81a31 kub Kalakcbawwing burcbak-
lan ucblcla, bliias1 knb Tarkarréa Joylasbacll. Bunéay kmslall paryara
al&-lerwr, xroT, yanmaclly, Yollrat, ToHbéen, Hity, lanlal, ualay ya
bo3bsa Tebllar ncbun xosclTr.

-Youlan tarka2iasb8an kub (YOMK.) paryara, bun<lay paryara-
cla 14 1a a10T bo‘lb, n1aTT8 8 1a31 KMb Kalakcba3TT§ burcbaklan
ncbléa, 6 1a3! yon lotonlaTtt8 TarkaxMa yolac/l. Bunéay kriglau
pan)ara §aTTa-1ermr, aknwTy, rr3, Tkel, Kobak, 4o‘r§‘osbln, Ku-
Tn3b, okweéa ucbraycll (2.3-rasr).

-Oek3a8onal paryara, bunclay knslall paryaracla 17 1a alo T bo‘lb,
nlatt8§ 12 1al 6 youll pn2tranTt§ burcbaklan ucbl(la, 2 1a3l pnr-
TanT§ m3lk! ya 031K1youylan Tarkazlancia, 3 1asl pnrratn” o‘rla
ulsrrcla Joylasba(M(2.4-ra3t). Bunéay wkrlslall paryara Ta8Ty, Ko-
bak, Hlan, berly kabl eletenllar ncbun xoscrTr.

a b é
2.2 - ra8T. Ha]T 1tarka/bH"an kub eleten*ar yacbeykanuig
1a’8Y1n: a -uanin) &eralar(lan 1la$bki1lop8an yakka yacbeyka;
b- yakka yacbeykanw§ kn$(all pa”arana” nHmvkW; i -]ucla Ko‘p
alotlarclan (asHkI (op8an kn$(a!l ba.)iw.

4 Callsler,\YLWjatr O., Malenal5 3blence anc! en§Teenn§: an Tlrocluclion,
71b eckp.cT/ - Pnnlecl T 1be Ynkec! 8laleB ol ATenca/ ,lobn MlMey & 5on$,
1nc.- 2014, 56-bel.



(a) (b)

2.3-ra3T. Youlan Tarka/lasb«an kub eletenlar
Ka(akcbanws§ (a8Yin:
a- ualllpg $reralar(lan (a$bkl Cop™an yakka Ka(akcHa;
b- yakka Ka(akcbanwé& kn$(all pardptula™l ToieH;
d- J'ncla ko‘p alotlar(lan (a$bkil (op~an KT(all bajrrm\

(0)

2.4-ra871. Cekso”ana! 2icb paH]ara Ka(akcbawng sxctaHk
(a) ya Ha"1 (b)G

5 Calllner. AMLLaT 3., Malenal$ $clence anc! en§teenn§: an Tlro<luc(lon,
71b ef.p.cT/ - Pnnbl w 1be LW Kein $lale ol ATenca/ ,lobn \YTey & 8ons,
1nc.-2014. 53-be{

6 Calll51er,\VillaT O., Malenal5 3blence anc! en8Teenng: an Tlroc!ucllon,
71b e<1p.ct/ - Pr7bl w 1be bhllecl 8lale$ o ATenca/ M T Mley & $onb5,
1nc.- 2014. 57-bel



ATorr~3TKr larocla beia/1ibpylasb8an: 310la, 3blsba paraHn.

ATor~18tlar Ll2ciT18aicla ynt3baycll, uoymsbsioy bo“Hb LolacH,
keyTcballk 3uyuu bolal8a oYacll. 3oymH18ancla]larayon leskan larHb-
Aa oYacll. Barcba ator”13tlar 1/ol'rop xu3m3iyai8a e8a, ya’w aloT-
laTtT8 Joylasblsb yo‘nalfsblannt§ battaslcla bir xIM xu3n3lyal8a
e8a. Krlslall panjarall ]18T11aT1T8 barcbasl awro(rop xwm3nslyaill
ya’w barcba yo‘nalisblar8a xv3v5lyallan bar xI1.

Ba'21 Telallar(lertr, kobak, ualay, Ta8ty, lan) poHTOrdArT
(allolroplya) boclMza3wa e8a, ya’w bar xIN 3barolla bar xIM 31rvk1luraSa
e8a. Bu bocHsa TelLIVar allolroplya$l éeyllacH.

Allolroplk o0‘28an3H “arayon™("a 1551uHk ajrallb cbk"ac/1 yok1 yu-
LM BIr Telallw bar xIM alpolrolk Mortalan Tay]ucl allayH bllan
bel8Manacll. Masalan, lerwur:

Pea bu baroral!/<911°C-HMK
911°C<I<1392°C-YOMK -Pey

1392 <1<1539°C-HMK. ~pep
Pep - bu yuuon barora(ln PeZa

Bo3sir o0°‘28an3bl bllan allolroplk o‘r8an3b 3ocllr bo‘Mbl Tu T -
KT. Bun8a mn8leroc! rr3ol boYacll: pasl baroralla 8raiil boal boYaclT;
yuuon baroralcla- 0lT03.

PolTtorlrrt boc/13asbl 13blaHb lenuwk 13blasb yorclarwicla LoH3b-
Talanll Tu3*abkanllasb ya bo‘3baH3b TU TKT.

2.2. Kn$(allaws$b Jarayows Texaw rnum ya yonuiyaH

Melallar alowlanning 1arHb312 barakaéast 3uywy, bolalclan alow-
lan larTbH )oylabb8an uallls bolal8a o4l1sb Jarayow /crlllallaTsiA
éeylacrl.

T121LU- uallhy, 3uywu yok1 8ar bola(x1a81 )1stlariuk ywMness Tw T
odtA ya Turakkab bo‘ IBblTu TKT. Ccldly 1+ 2,3 KoTponenHariian
]bora(. Murakkab 11217 blr necba koTponenHarclan iboral botacr.

KoTponen! - bu H21 77§ aloblcla 1a3bki elllycblsb

C?0H3bTanT§ xo033alan MNa2alatT§ bolaH ya wsbaH blMan aTyla-
racl. Paralar kotponenllannt§ o‘raro 1a’3 T nalyaslcla bosll boYacrT.



Mara - {l2www§ VRik ya kntyoYly bir xI L3N Paralar yaiiiy,
3nyny, ya 8a281ton bo‘Hsbl TUTKT.

YananlUMk (8) bu erkTHk (larala8l 30T, ya’w icbkiya 1a5L1 (Ha-
roral, bosiin, 1lo‘plart-konSenlral:51yasl) Maklorlar 307T.

AS8ar yananllUWk 8=1 boY3a (Tonoyananll 1121T), &ralar 30TT
0‘28aritrtasclan TaYwuT cbe8aracla MNaklorlarclan blnT o‘28allT3b
TUTKT.

A8ar yananlLLk 8=0 bo43a (nonyanan! 11217), (121tc1a8l Maralar
30TT 0‘28alllrra8clan 1a3bul Maklorlariy 0‘28arlnnSb TM TK T eTas.

Paralar umyl(la8Mar: koTponenHar, KiTyoY 1y btkralar, uallly ya
3uyuu erktalar batina bugYar.

Crallly noW3bTa - bu Mara 2 ya vnclan oinly kotponenllar(lan LLr-
M§an si8leTa.

KoTponenllar(lan bln bara (Talnl3a) boYlb o‘2 kn3lalllk paryara-
81 3aulaycl ya enllycbl blsoblanack. C?018an koTponenHar erHuychl
kn3lalllk paryarasi8a]oylasbacH. Bu koTponenWarT ernychbl cleb ala-
lad1 Challly erHTa 2 XM bo“ladt 31ullb k1r8an sa”a enina ya o‘nn
altasbuy erllTa.

0 ‘nn altasbu\M ually uyoHsbTta”r. Buncla erknycbl KoTpo-
nenl krlslalHk paryara3iiagl AiTan alotlan o‘rwT ernycbl KoTpo-
nerm™ alotlan eS8allaycH (2.5-rasr).

giylllb kir8an uallly uoHsbTailia ernycbl koTponen! alotlan
erknycbl kotponen! kn3lalllk pan)araslcla8lim8umnlar orasi8ajoylasb-
8an boYacH.

Mexalwk aralasbta. Mayunt koTponenllatT§ kn3lallan blr-
birlan blMan TexaTk aralasba(ll. MexaTk aralasbTa lora Telallar
kn3lallan(lan lasbkl1 lop8an boYibl TUTKT.8Myunsa enina laralar
aralasbra8l ey”eklka éeylMacH. <3allly yousbra laralar aralasbra-
8l ey(ek<wKl éeylacH. (20118btalar xo33alan eletenlar 2arralaTT§
laraéa Joylasblsbl8a, k1Tyoyly 1arkibl8a, kn3bllartng oYcbat ya
&rTalan8a bo8‘Hu, Melall ya uonsbtalatT8 Muwlsblrm nlatTt§
8(rvk(ura LUsbuncbast rotklayd/l No21* rTkro ya Takroslrukrralar
Tay]u(k Bular 3*rukllra lasHkI elllycblanw oYcbatlan8a bo8Yk}.
Malenal 31rvklLLra31 umyl1(1a81 vemnllar bllan o ‘r8anfackt: eleklrono8rasik,
renl8enospeklral, renl8eno8raiik, rTkraskopik, Takraskopi ya b.k.



alybrelsn

2.5-ra871. 0 ‘nn alta$buycbl ya 8uillb k' an yaMy,
erktalar kn$(alllk pan]aralarl.

Makro3koplk o ‘r8awsb(la Telall ya sollsbtalarT LUrLLBbIl aurol-
lanta8an ko‘r bllan yokl or§ta Kaialasbiinb «lupa» yosllazlcla
0 ‘rSauilach.

0 ‘r8arlayol8an ywura oMuwitan Jlayyorlanacb: ]uyirianaci Yya
Tax3n3 reakuyia xurusblanacb. Makro slrukluraw lablll ullisbek
Aylcla8l ko ‘ral8lcblar o ‘r8awlach: 3bl3b («1210T») Ko‘nT3bl (plas-
MK, To ‘rl), umyTa Telall 2arracbalannT§ kKamabsgl 3bakb ya ,)oyla-
3blsbl; TelallaTT8 buxmycbl nussoblarw (kwsblsb bo‘3bli§Y, 8ar
§‘oyaklan, clarrlar, rakoytalar) Tebl1nT8 KTycwy blr xM eTa3Mst
(kn3bllaTt3b, leTnk 1blasb, K|Tyo leTuk 1blasb (layricla); Telal-
latT8 3lrmklvra (urllsM 3lMalwa 3albly 1a’31r elllycbl clelortal8l-
yalan8an TelallnTt§ lolalan.

C?allln _p3tlart aloT - kn3lalllk (urlUsblw o‘r8awsb (atalasb)
ncbun ren”eno”rank wnl ao‘laudacll Bu m3m! orsall kTycnuy
lark)b blMan 3lruk!ura ya ~3T xo33alan orazlcla8l bo8‘HAMKT, rTk-
rokucblawsblarw, nuasonlar yw4Yrsblanw, {b3lokal5lyalar 21cbb8iiu
anlalasb TM TKT. MIkro8ruk(ur anaHr usnmH - bu yuraw mirH nnk-

7  Calln8ler\YMNHatr 3., Malenals 3crence anc! en§teenn§: an 1rfroclvclion,
71b ecl.p.cT/ - Pn'nlec! T (He L kes1 $lale5 ol ATtenca/ ,lobn \YTley & 8ons,
1nc,- 2014. 109-bel



roskop yoriiatMa o ‘r8arsbclir. Yuxa 50-2000 Tarla kalblasbiirlTacll
yabunga 0,2 TK T 0“lcharwicla bo*18an 3lrukllra eleten(lanw Ko ‘n3b
TUTKT.

M1kro51rvikllra anaHr msvH yorn8‘Hkw yura8a bonb wrllb say-
113bl8a ab03lan8at mucbun natunakr-rrkrosblllar ynralan 3aysal-
lan8an yalurouy bo‘H3bl Kerak. Bunéa Taleralcla8l riukroéarrkr ya
notelall sao‘sbltcbalar bor yobl yo‘uH8:, 2arracbalartg sbakManu,
o‘lcbarlanT yayo‘naHsblT - WM an o‘rwT Kuramsb T TKT.

2.3. BlrlatcH| kn3”aHawwusb Jarayowu TexallrmH ya Lonuiiyai

N3tlar lo‘rMa a8re8al: bolaMa bo‘IBbl T TKT: uallla, 3uyus,
8ax ya plarta. 1kkTcbl bolal sbaroklcla yansi Holal ko‘prouy, LLUr§ ‘vin
(baruaror) boYsa” 371 blr bolalclan iKkincbi bola*8a oUl3bl TUTKT.
Tasbul 3barok o‘r§ansbl bllan erkTt ener8lya Turakkab sonuwya!
bo‘yl18a 0 ‘28aracH. 8uywns ya uallly bolalerkTt ener8lyalatT§ baroral
(a’3Téa 0‘28an3bl 2.6-rastcla Ko‘r3alliSan.

2.6-ra3t. ErkT ener8lyawn§ Harorala uarab o‘r*ansbl.

TertocMnanukatné Yckrcbl yonurn8a blnoan Har uanclay Mara
0°‘r8ansbl yasniéa 813ileTan1n§ erkT ener8iyasikartayacH, ya’w 8isie-
Ta erkT ener§lyasl kaita boY8an beuaror bolalclan erkTt ener§lyasi
Klcblk bo‘18an baruaror bolal8a o ‘U3H8a willa(H. ErkT ener8lya lle
Harii blMan bel8Mamac/1:



Cle=11-T -5
bu yeréa,
11- 318letawn§ icbkiener§lyast;
T - ab3olynl; baroral;
8 - enlroplya.

Yuupncla8l 8rabbla 3nywny, ya uaiiy Maralar erkw ener§yasTT8
1troral8a yarab o'r*an3b 8rabsi erkw ener8lya- barora* koorcbnala-
1an<3a ko ‘r3alll8an. Bu cba8ratta<la 1 - e8n cblirly 3myuuy lMara erkT
ener8iyasilto‘r§8ansblTn8, 2- cbirly e3a uaiy Mara erkT ener8iya-
3TT§ o‘r8ansblw ko‘ralacH. T3 baroralla anymu, ya uallly, Mara erkT
ener8lyalan barobar (P 3uyuy Mara=P uallly ara) boYacl. 8buTng§
ncbun T3 nuna/onal yokinarany kn3*allausb Waroral ckyllacll.

T3 clan yuuon baroraléa suyuy larawng erkTt ener8iyasi (p )
Kicblk, yaKuwy, Marant§ erkT ener§lyas1 P resa kalla ya't PA<PY;. T3
clan pa3l baroralla ak3tcba: P§>P4 BTtobann, T8 clanyuuon baroral-
claTtocMa 3uyny bolalcla T3 éan pas!: baroramk LaHw bolalcla boYach.

8uyny, Marawn§ uallly Mara8a o ‘Hsb Jarayorn knzlallawsb Tarkar-
lan bo3l bo‘H3bl ya bu TarkarlatT8 o0°513bl yo‘H blMan borack.
Kn3blkT3b Tarkarlan 3oT uancbaHK Ko‘p ya Kn3bl KTTL 0°313b
1erls1 yancballk Kaiia boYsa, 3nyuu, Mara uallly Mara8a sbuncballk ler
aylanacb.

Melall bir a8re8al bolalclan bosbua blr a8re§al bolal8a oYSancla
1331acl1k a]rallb cbluach yokiymlllach. OeTak, buncky nrinnTt 183k
bocl13a3L ro‘y beracH"an 11217 cleyls3b TUTKT.

8uyuy Tocbla (|13T) 3oylll18ancla T3 barorabéa kn3&Wawsb Ja-
rayow 3ocbr boYTaycb, cburlla buncla P = PMoYacH. 8uyuy Marat
kn3blbnabo3sblasbl ucbmn irHnTNé erkT ener8iyasi katay13bl ke-
rak, ya akstcba, uaKly Farant§ (kn3lallnt§) suyunuHk8a aylatsbl
ncbun 3151etanlng erkT ener§lyasioriisbl Kerak.

8uyma TaranTt§ T3 clan pasl baroralcla8l 3o0yi3bl oUa 30yB3b cleb
alalach. Oallly Maratn§ T3 barorallan ynuon baroral8acba ¢risbl
e3a, 0*la b 213H éeyllacb.



blarany kn3lallat3sb (3uynukT3b) baroraH blMan ataHy kn8lal-
lawb (8nynulanlsb) baroraH orazlcla8l ayTna oUa $<1$b (larajasl
éeylMacll ya AT bllan bel§Manacl:

AT:Tnkr- TaKT3.

- narany kns”allaTt3b barorau;
- aTaHy kn3lallawsb baroraii.

OYa 80Yi8H clarajasl kauaHs1 welallnwsg lablaM8a, nwn§ lorallk
clal”a3l8a (yancba lora boYsa, 3Huncba oYa 3oyi3bl kalla boYacH),
30yLLsb 1e2H818a (30yM3b \eTA% orHnsbl bllan o‘la 30y13b clarajasl
Haw o/lacH) bog41u.

Masalan, surtawng narany kn3(allaws$b (3nymsilawsb) baroram
631 °C 8a len§, oYa 50¥13b clat*a31e3a/1T=41 °C 8a yell3bl TUTKT.
11 boWa ataHy kn3lallawsH baroram 631-41=590° 8a len8 boYacH.

Ko ‘pcblUk Telallar ucbun krislallanisb yauHcla oYa 50Y13H <3are-
]asi]ucla kroblk boYacH.

Yuuorbla ayl8awrtl2clak, kn8(allaw$H - Telallar aloTlannT§
1aMb312 barakalcla8l 3uyumu bolaklan adotlan laritbH ]Joylasb8an
baruaror bolal8a oY13b Jarayow, cleb 1msbunacH. Kn3laT3b 11211
Ko ‘proy, lerto(Hnarwk baruaror bolall8a o 41511 sbaroklcla oUacH (eng
KaT ener8iya bllan).

Melallnl 3uyms bolalclan kn3lalllk bolalSa oY13H]arayowiw yaul-
Harora* koorcHnalalancla upylcla8lcba koY3ainsb T TKT (2.7-rasT).

2.7-ra3t.To/a Te(allw soyllkb cMa”*raTTam:
Tre- Narany kn3(allaw$b baroram.
T .- ataHy kn$Callat$H baroraH.
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BTncbl nuyla8acba welall suyuy boMa kcTycH, 30y13b JarayoLu
baroraiiiilekk13 pa3sayl3bl bllan kuxalllacb. 1-2 ncbaslkacla kn3lalla-
w3b ~aayon™ boracH, 1381k aJraHb cbluyachb. By 1531uHkail knsblla-
webnws3 yasblnn 1$$HS1 iieb ablach. Bu 1331uHk 1a3bg) Tubl18a bir-
upla<H 8bunnT§ ncbun baroral o‘28artay éoiwy (vracH. Kn51lallatsb
1:0'1a LLI§a8awclan 30°n§ (MckTebl nuula), welall encll uallly HokMa
3oylycll MaMuw baroral8acHa 3oykll8ancla 3uywy Teala knzlall-
cbalar (waycla 2arracbalar) bosl bo‘la bosblaycll - bular knz*alla-
W8N Tarka/Nanclr. BulatT§ 0‘313bl ucbun telallT erkT ener§i-
ya3iKaTay13bl Kerak; ak3 bobla 1m8unlar enb ke*achb.

KrilzlallanlsH Jarayow 1Kkl bosdcbclan iborai: 1 - knslallarnsb
Tarka2lannlng bosl bo‘H3bl; 2 - kn3lallaTT§ 0‘313bl (ynMyoniia bo-
3l bo‘18an Tarkarbr alroiicla). 8but (a’blcHasb 10217kl by Mayréa
yansl Tarkarlar payllo bo‘la bosblaycll. Kn3bllaT3b Ttexawrrw
Toéel unyblasl rasTina Ko ‘raalll8an.

1-BeK 2-3eK 3-3eK 4-3eK

5-3eK 6-3eK 7-3eK

2.8-ra8T1. Krls(allanlsb Jarayol ToiieH.

HoslM bo‘18an kn3lallarmsb Tarkarlan youylangan knslallar o‘3a
bosblaycl. Kn3lLaw3sb tarkarlan bosl bo‘bsblcla 3uywnuy, Telalbla8l
be8ona rarracbalar bat kalla rol o ‘ynaycl.

OasHabbl pay!larcla kn3lallar o‘r 8eote{nk 3baklManw 3aula8an
bola beTtabl o‘acH. 0 ‘3sayol8an kn3lallar bir-birlan bMan mcbrasb-



8an .pyéa o ‘315Hclan lo‘xlaycH ya lo*3lular yo‘y loton8a uarab 0‘3a
bosblaycH. OeoTebl k 3Hakl buxHac!!. Bunitay kmzlall clonalar kTlal-
LL1ar éeyllacl.

C)oHsHralarcla bosll boYacHS8an clonalarwng; oYcbanllan kn3!al-
lat3b Tarkarkn 3ow (M8) blMan kn3lallawsb leT\wwia (KT) bo§ Hy,
boYacH. 2.9-ra3t(la kn3lallawsb 0‘313b 1e2Hs1 ya Tarkarlar sonlan-
LWwng oYa 8oYi3b éarajas!8a bo§41yHs1 Ko ‘r3alllgan.

2.9-ra3t. Markaxlar BoT ya 0‘3I*b lerH8II'M oYa
30yé3b lerluwia bo41uHM.

Keskw soyib clarglasl (n) orHsbl bMan, n-wng§ (M8.) alytaH
Wak3iTn T8a ensbacH. n kioblk bo*1Mancla K.T. ya M8 larwn§ orHsbl8a
3abab 3buki, Tyoxana! teTperawrast (T)sl yuuon boYlb, 3uyuy ya
uallly, Maralar erkt ener8lyalan laryl kalla boYacH. blalyacla, kn3lal-
lawsb l1e2lasbacH. n orM3bl bMan rarracbalar barakallanuycban8l pa-
3ayacH (M8 ya KT pasayacH).

A8ar M8 kalla ya KT ktoblk boYsa (n) bosl boYacH. “n” Jucla
Klcblk boYsa, wwun™araw 8eotelnk 3bakMa81, km3lallar bosll
boYacH. “n” blr uaéar kavarow, bo43a, kn3lallar clenc!nl sbakHL olacH.



(kn3lallar, aso3an laroyly kwlall paryaraTn” ascwy o‘ulan8a T03
yo‘maHsbcla o “3acH) “n” ancba kalla boY3a, 3lenlH 3bakilcla8l knslal-
lar bosl boYacl 1.

OYa 80Y13b Hara]asi (AT) orHsbl blMan, ntng dgytaH I, yal, 8a
yel8ancla, knblallanlsb 1e2H 87178 (KT) ya Tarkarlar sowwn§ (M8)
dyrallan Tak3lTtal8a yela<H AT kioblk boY8anéa Kkl ya 73 lannT§
orHsbl8a 3abab 3bukl, Tuyarana! baroraii (TT) yaublHa 3unywnu-
MknT8 barakalan8anHs1 ynuon boYris, suyuy, ya uallly, Maralar erkT
ener8iyalan l'arg kalla boYacll. Nalyaéa kn3&WMaT3b le2lasbacH.

OT orlM3bl blMan 2arracbalar barakaHT pasayacll batHa M8 ya
KT1lar katayacH.

A8ar M8 kaiia, KT krcMk boUYsa, Tayiia kn3lallar bosll boYacll.
Ak3Tcba, M8 kat, KT yuyon boYsa yMk kn3lallar bosll boYacrll.

AT Jucla kreblk boYsa, Tunla/at 8eoTelnk 3baklHa81 wrisl:allar
bo3l1 boYacll. 4T bH uaHar kaMaroy, boUYsa, kn3lallar HenHrk 3bak-
IHTolack ya’w kn3lallar Maroyly kn3bll pan]arant§ a3o3ly o‘ylanga
T03 yo‘mal3b(la o“3a(l. AT kalla boYsa, «"eroM 3baxllcla8l kn3lallar
bo3lM boYacrT.

KnsbllarMsb JarayoTT bosbuanb TayHa Honall 31:ruk urar oll3b
TUTKT. Bunt§ mcbun snyny tebllar8a yo‘sbltcba lasbg Tok-
Malar - Toclllka(orlar uo‘sbllacH. Jlarayon TocHika{8lyalasH cleb
alalacll

MocHTlkalorlar 1a’3k eHsb Texaww 2rw8a uarab 1Kk1 XM boYacll.

1 MoHHa 3nyuy, Tebla entaycll: yo‘sbltcba kn3lallartsb
Tarkazi skaHHa X2t a1 ulacll (karblclMar, ok3kIMar);

2. Yura akity To(lc'alar -bular Tebla enycHS8an o‘3ayolgan
kn3lallar n3lM8a oUThb ollb, T 0‘313bl8a 103U TMK WMlacll.

2.4. TenHrnt§ kn3(allasNe

80K lertr ucbut nnt§ ensb letperaluraslldAtE1539°C boYac.
Ool:ayol8an lertrcla bar bIr krllk nucaHa allolroplk o‘r8ansb yur
beracl1(2.10-ras3T).

Alla-1leTk 911°C Man pas* ya 1392°C clan 1539°C 8acba barora*-
lar orall84Ha Tay]ucl ya ba]rT Tarkarlasb8an kub pan)ara8a e8a



boblk OatTta-Yerwr 911 °C blMan 1392°C baroraHar oraH84cla Tay -
Jidd boYacH, you!an Tarkaziasb8an kub pan)ara8a eSa.

2.10 - ra8w.Tewlrnt§ 30ykb e™n cbixw4 kn3(all
pargTw o‘28an8bl.

Krblalar - ncb oYcbaiiH, clayny aloT 8irukllirai8a e§a bo4y8an
FaMA . p3T boYlb, Hos/1 bo‘IBHL ucbun blir xIM 3baroHlarcla, 3TTeiu kK
Ko ‘p ylrraHklar ko ‘nwsblclag8llabny 3bak18a e8a.

Knslallawsb, ya’w kn3lallar bosll boYlsbl, xona Tubk (3MynuHK,
gar, ualy ~371) cla lertocltarwk Tuyorana! burf”anck kecbacb.
Knslallatsbtn§ bir xM (Tuyorana!) sbarilan kn3lallanuycbl TocMa
bolallan8a oi(1 lerto(ltarwk paratelrlatT§ asla o‘r8ansbl8a 103
kelacK, orally bolallarw e3a, bir XM - Tuyoranalll (lebbl3oblasb Tn T-
KT.

KT(all panjara - kmlallarcla 2arralarwn§ (alotlar, tonlar,
Toleknlalar) Tulllarat “ylasbuyYl boYit, ucb o‘lcbarcla éayny
larrcla lakrorlatsbl bllan layslllaracll. 2arralaTtt§ ucb oYcbaTtH
<laynyHglcla (oriBM3b ya Hanmsb kucblan Ttuyo2anallasbacll ya
bu, uainy _p8nTT8 TinTal polemslal emer8iyasi8a To03 kelacll
Konclenbalslyalan8an bolalcla§l Toicblar ucbun (3uyuy ya uallly



aSre8al bolaMa bo48an) wuo‘3bw 2arralarnt§ Joylasbuylcla
To3lasbuycbanlk x03 - Kaila Tasolalanla natoyon bo‘lacliSn
en§ “yayuT larmb” alotlararo lariib bllan ulyoslanSanllk. Kn§lall
Toc!(lalar “urou lalnb”8a e8a, ya’w blita 3irukinrayiy eletenl knslall
paryara3TT8 yurlab, TT81ab clayn (kyoTWa, HatTa yo‘naHsblar
bo‘yicba ually (akroHanmycbanlkka eSa.

2.5. Ma(enallarnlng xo38alan

Ko*pcbllNk Talenallar ya ularclan layyorlan8an buywtlar 13blall-
Hsb Jarayowcla lasbul kucb ya ymkkwasblar (a’3Téa boYacll. Milsol
Slralcla poYaldan layyorlanan ay!otobll yallT yok1 alurtuwy Ljo-
113bTa31(lan yasal8an 3aTolyol uanoHw ayHsblrwr Tu TKT. BarcHa
bolallarcla mlarw 10°8‘n loylbalasb ya kera8lclan orlly (lelortal-
3lyalar3bl oulbaucla 3bl3b ro‘y bertasHst ncbun Talenallar xo03-
3alanw bliBb rarur. Mexalk xo33a cleSancla Talenal8a ymklanSan
yuk (yokl éel"onnablya”a bank>3bllLis1 LLBbunMacH. A303™y Texalu K
xo33alar8a uallluyHk, TnalaHkatlk, plasiiklk ya oYa ua”alk kuacH.

Malenallar Texallk xo33alar buyuTw real yuklawsb bolaHuw
ak3 ellUrmycbl tnslaHkat loylbalan8an ya layyorlangan laboralo-
nya “borlarkla stalacH. Buymtlar cbo‘213H, 3lulsb yokl 3un3b8a
3Talayol8ancla 1a’3ir elayol8an kucb cblrty yokl yaul éayoTMa
0‘28armnycban bo4lsbl T TKT. Yuklan8an kucb 3owya yokl bir ne-
cba 30al ya ylMiar (layorukla 1a’3ir ek TH3bl TM TKT. YuklatsH 1a’3 T
éayorTtcla yana bir Tubl T o7l bu letperalura blsoblanacH.

MubancH3Tn§ a3o31ly yazilasl buyntéa real 13b 3barollléa, nnéa
kucblatsb ya el ortablyant” laysltlatsblw bloblay oHsbklTr.
Bu blsoblar buynTtlatT§ kucblan8anlk bolallannt§ narany lablLll
YOK1 8inoy 0YKa213b nsnllan layslyalan blMan bir§a oHb bor/lacll.

Bunitay TazalaTt yecblsb ncbun talenallar lukroslrvkl:vrabl (tob-
KL MvrlLisbl) ya Texaww kK xo33alan o‘rlasl(1a8l o ‘raro alouaw LLsbuiisb
rarvr.

Komslrukslyacla loy<lalaubH wucbun talenalt {arlasbHa ntn§
baTTa TexawkK Xarak*en3lnkalan koTplek3l8a e’nbor bensb kerak.
Y3bbu bobpa Telallar, Kerarwka ya pollterlartng texalwk Xxarak-



lensiikalanw anluloycb| <lelartalston xo33alan ko‘nb  cbluflacH.
8bunt8clek, TMbl T bo‘l8n Texawk paratelrlar wubokawa ulll-
nacH.

Melall ya soiisbTalarwng xomalan (leSarcla, kiTyoYly, VRik,
TexawkK ya 1exnolo8lk xo33alan LLkbunllacH.

KltryoY ly xo33alan. KnTtyoyly “a”ayonlar nadgasbla solisbTa
3lruklnraslo ‘28ansbl kunyoYly xo3s3alarw 1roclalaycll.

Melallar ya sonsbTtalaTT8 KTycTy xo033alan oksiillaT3blea
yok11urH Tockblar: Hayoclast K13iorocl, K13lola baTéa 13bdor erkra-
lan ya bosbsialar bllan bink13bl8a var3bl (ura oHsb xu3n3ilyaii8a La-
rab xaraxklerlanacll. Melall bo3bua eleten!:1ar bllan uyancba o3on bin-
K13b8a kT3b3a, u 3buncba ler yeyllacll MelallaTT8 1a3bula8ressy
TMbW lasTtclan kiTyoY1ly yerwrllsbuja korro2lyalanlxk veyllacH.
MelallaTT§ Korro2iya8a, kmytcH bosll bo‘H3sbl8a ya ensblua sarsbl-
He1 yaal blrTst 1chicla 3U1 birl818a 10§ ‘n kela(M8an leksblnlayol8an
natmna Ta38a3TT8 0‘28an3bl blan bel8ManacH. L, yoki bu buyut-
larT layyorlasbcla TelallaTT§ KiTyoY1ly xo33alan alba«a bl3ob8a
oHmacH. Bu ayTuysa, klTyoY1ly a8ress3y TublHaréa 13blallla<HSan
buyut ya éelallarSa {aalAvaHclTr.

Buyutlar layyorlasbcla Tay|ucl Talenallarrn uayla 13blasb 1T -
KoTyalan uanclay clarajacla ekanlis1 Talenaltn§ lexnolo%lk xo.uxau!
geylMacH. C)ol:15HTalaTT§ 30ymalayTt yokl u12(Nrib BblannycbanHS,
unyb, payyarkasH, bol8‘alasb, ke3lb 13bks118a aulayl81 lexnolo§lk
xo33alanw bel§MaycH. MalenalnTty xo33alannl bMgan bobla buywut
yas3a3bnTt8 lexnolo8lk]arayonlantloylbalasb TUTKT.

Ke3sib 13blanuycbanlk en8 Tubl T lexnolo8lk xo33alan(lan bin bl-
3oblanacll, cbunkl ko‘p§Ta {ayyorlantalar, 3bunt8<lek, payyancllab
layyorlan8an wrel ya kon81lruk3lyalat]n§ clelallan8a Texall K 1sbloy
berlacH. Ba’21 Telallar8a o3on§Tta 3bloy benb lora ya 3HMY 3111 bo-
3yl TUTKT. CoalMlyluf pasl bo*18an Jucla yoywsbuol, Telallar
baT yoton 13bbma<il. 81nicla irnaléan Joylar 3ocHr bo‘Ib, § ‘aclr-bu-
(HrebluyacH. 13bloy ben3HT yaxsblasb ucbun, tasalan, poYaHenrnk
13bhnacll, by blMan nwn§ uarwHs1l yo osblrfacl! yokl katayiiracH
13bloy§a To3k3biirMacll.



PayyancHanunycbanHk Tebllarnt8 xo3salan asosly Telall xos-
3alan8a yayT 1lur8an payyané blnkTtalar bo3siluHa oHsb xususlyain-
dT. payyanc!lan8an natunat e813K ya cbo‘213b8a 37ab Ko‘nb
awalanacl.

Bol8&‘alanuycbanHk Telall8a 50YuylayT yokl HA12<1t18an Holalcla
nw yeTTH3b alotalan312 bosun osiicla 13bloy bensb xm3m3siyaud#t.
Bol§‘alanuycbanlk natunaTt benl8an claralaéacba éelortablya-
1ab, lerwrcbllUk n3nHéa bolg‘alab atalana<Wl. blatnnanté cbo‘k13b
balanclLi81, oclalcla, nnT8 1kKilan8an cMarteln8a len§ boYisbl kerak.
A8ar nnt§ yon 3lrllcla clar2lar pay&o boYTasa, bunclay nawwmna
3Toy8a barclosb ber8am, leksblnlayol:éan Telall e3a bo3lT osiicla
13bloy bensb8a yarouH blzoblanacH.

MalenallatT§ umyxHsb xo33alan nlatTt§ clar2312, bo‘sbHs312 ya
bosbua nuasonlar812 anyTa bosll 9/a oHsH xu3n3lyaiiw xarak(;crlay-
<H Aso3ly anyilBb xo33alan8a 3myus bolalcla oupycHanlMk, LL3bny-
cbanlk ya Hkya13lya KlracH.

8nyus Holalcla osnycbanllk suynlvnl8an Tebl 1Tn8 any'sh Hold!
bo*3bH8UwW yax3bl KOHcHN3b xu3n8lyall(lr.

Kn8lallanlsb(la kT3bumycbank 3umyms Holalclan uallly bolal8a
o‘MmbclaTebll ba]TTT8 KataywbiH. suytalarcla kt3HuycHan-
Hk bo‘3blalan ya §‘oyaklan bosl bo‘H3blSa 3abab boYacll.

bikyaslya so”5Sbrtalatllé kn3{allausbcla payclo boYacHSan
K1Tyoyly larkiblnT§ blir 313l eTasl81(lacHr. Bu soii3bTabr 102a
Telallar8a sara8ancla sa*Uy blir letperaluraclaetas, balklletperalu-
ra oraH84cla kn3lallawsbl bllan T3buniiriacH. C>olM3bTtanT§ kn3bl-
laurb letperalura bleryaH sancba kaita boYsa, Hkyablya 3buncHa
ler nyo]lanacH. Bunéa kn3bllat3b (eTperalllra oraH8‘wa kucbll
*a’31r AlMaclk8an uo0”3bTa KoTponen*lan(okT8nM8url, Kiziorocl, o3&,
n8lerocl) poYal ncbun Mkya”ya”a Ko ‘prosi Toy I boYacll.

E8Muycban Telall yasoll3bTalaTT§ lexnolo§lk xo33alani bukb
Inycban81w ya lakror buklnYcbanHS8iT 3tasb, boilluycbanHS8T1
3Ta3b, cbo‘kunycbann8i 3tasb, yasslanuycbanHk, o‘ralnycHanHk,
buraluycbanHk ya bosbua xo33alanw 3tasb nsmlan bllan awsalanacH.

M 21K xo3salan. MelallaTT§ 21k xo33alan8a nwn§ rangi, 21Cbl-
81, 3uyusalar3sH leTperalllrasl, 133xaHK oYkarmycHanll81, 13blsclan



ken8aymycHanMs81, 1381uHKk 3184nH, elek!r oYkarmycbanl81, Tagnk
x033alan ya bosbualar kkacl.

Melall ransi ieb, Ta4mnTt loYuTt m2vnigl<la8l yoru§‘Hk nunTt
HAay*an3b xu3nblyall8a aylllacH. Ma8alan, rt3 pusbH - Li2ll rangH,
alwwTy e3a KNTM3b3ston ou rangH boYacH.

MelallnT§ 21cbHs1 ba]T birH81(la*ylasb8an Ta33a bllan xarak-
*erlanacH. 2\cM'wwa ko‘ra barcba TelliMar yen8M (4500 k§/T13 (lan
KaT) ya o8Ur xllar8a boYtacH. TurH buyutlar yaraiisbcla Telall
21cbHs1 Tubl T 1ol o‘ymaycll. Masalan, 3atolyol ya rakeisorHkga
Jucla yen8M Telall (alwrwTtyH, Ta8TylM, (KanH)ya uoiisbralarclan
lMoyclalanl5H8a baraka* ullna<. Bu buyut Tassasbl katayHnsb 1r-
KOTyaWT beracll

8uynulawsb leTperaiirasl cleb, Telall sa«ly bolalclan suymy bo-
1a18a o‘lacl8an letperalllra8a aylllacll. 8uymulaTtsb 1eTperalllrasi-
8a uarab Ly T 3uymalanac8an (yoiexn 3416°C, lanlal 2950°C,
Lan 1725°C ya bosHualar) ya o3on suyumylanac/18an (ualay 232°C,
Anrg‘osbTt 372°C, rux 419°C, alurtty 660°C) Ttelallar boYacll.
(?nyTa buywutlar, payyancHanacl8an ya kay3barlanacl18an blnkTa-
lar lertoeleklnk mskunalar ya bosbua buyutlar layyorlasb mcbun
TelalllanlasHcla suymylanlsb teTperalllrasi kalia abartyal8a e8a. 81
blrMklar 513letaszlcla snyunsilat3b letperalurasl KeMn (K) 3bkalaszl(la
WMocblanacH.

Melalltn§ 1581 K oUkazuycbanllsl cleb, mwng ko‘p LI1218n
Al5rrclan kaT M2wr™n LisrT8a 138lalk oUka213b xm3n3lyall8a ay-
Lalll. Kntunsb, rt3nt§ ko‘p 15500k oYkazuycbanllst alwtTyS§a
T3bal:an besb Tajla Kicbikclir. OelllMar ucbun talenallar lanlasbcla
13314k oYkaruycbanHk kaKa abatlyal8a eS8a. Masalan, Telall 15
3laHkml yoTon o‘lkar3a, n $12<itl8ancla yok1 ler 3oykl18ancla (ler-
rwk 1bloy bensbpa, payyan(llasbcla) wncla <larrlar payclo boYacH.
MasbTalatT§ aynT éebllan (TolorlatT§ porsberfan, lurblnala-
nnT§ kurakcbalan) 1331aHkT yax3bl oYkaracH8an Talenallanlan
layyorlatsbl kerak. 81 blrHklar 313letaslcla 183LHk oYkarnycbanlk
Y 1/(TK) bllan oYcbanacH.

Melallnt§ 1831L{1an kenéaymycbanllst cleb, ul2cbnl8ancla ntn§
oYcHatlannT§ kallalasbl3H, 3oykl8anc'a esa kioHraysb cbl2iy/



ken8ay15b Koelllblyenit xu5ublyall8a aylllacH. Melallarrnn§ 1551u-
Han ken8aywmycbanlls1 payyanchasbHa, bo§YawbSbcla batHa w12(Mnb
ba]trny sMatpb3Ma, unyl15b Lolplan, Sblatplar, prokal yaHklan, ka-
Hbrlar layyorlasMa, awi bTkTalar bosll ullisMa baTHa pnboHarw
y18*15Hcla, ko ‘pnk Arrtalar umnebHa, lerwr yo‘lreblarw yold215b(1a
blsob8a oHTBbI Kerak. MelallnTt8§ 1551uHk 518UT cleb, h2cknl8ancla
nTn8 Taumt ruuclor(la8l 1351uHKT ywitBb xmbmuSlyaii8a aylllackl.
15511k 5184rw 81 blrMklar 515letablcla .1/k8K. bllan oYcbanacll. TurH
welallarn1ng 1551 Hk 5184rw nlarwng 3oHBbHrTa 1551HK 5184rT nHU-
clon8a uarab 8oH8b(Tlacll. 3oH3blMrra 1551k 5184wl 1 k8§ Telall
{etperallirasbl 10°C 8a ko‘lan3b ucbun kerak boYacli8an, kMo kalo-
nyaHa 1loclalanSan 1551uHk rwHoncHr (v 81 birHk1ar 5151etab1(la
.1/k8K) blMan oYcbanac.

MelallatT§ eleklr 10 K T10Uka215b xm5m8lyalllicklla o ‘raro uara-
Ta-uarebl xaraklen511kalar eleklr oUkarmycbanllk ya eleklr uarsbirgl
bMan bel§Mama<H. Elexlr oYkarnycbanlk 81 birHklar 5151eta51(1a 51-
Ten5 (871) cla 30M3b”rra eleklr oUkarnycbanlk 8 T/T Ha, 3bun™a
0‘x3babb elek1r uar5biMgl e5a O T/T1 (1la oYcbanacll.

Mexaluk xo33a. (3om5bTalaTT8 labbgh kucblarla’sw8a uarsblik
KO ‘r5ala oMi3bl Texall K xo35ab1w Hocblayés A5031y TexaTk xob5alar-
8a ya«iHk, Tns5labkatHK, yoywbuouHK, T3bly urayl5b ya loraylSb
Klracll MelallaTtTt81a5bg kucblar 1a’5T8a uarsblLk xusmuslyaH utn§
TexaTK xobbalan bllan xaraklerlanacll. 8butn§ ucbun bat Telall
kon8lrikSlyalarlnl layyorlaSb mncbun TalenallanlaSblla ayyalo nwn§
TexaTkK xo55alan8a, ya’'w Tuslabkatluwl, ela§(1kH81, plasl1k 18, rar-
bly yoynsbuouMél, uallluMst ya cblHatMM818a eYlbor bensb Kerak.
Bu xo55alar Telall8a lasbt kucb la’blreiiTh, Texawk 5Toylar nai-
]alan8a uarab bel8Manac/1. TaBbg kucblar 5lallk, NTanuk yok1 51Kk
(LLkror o“28arnycban) bo415bl TU TKT.

0ol15bTant§ o‘r 511118 mnlMan uallluroy ]15T boll5bl8a uarsblHk
KO ‘roallsbl yalllylk MeylMacl 1. PallyMkw atyla5bnT§ bir necba msul-
lan Tay]ucl. BnnelA, KokyeH, Y1kker5 nsullan ya b.k. Bnne uoucla
(0819012-59) ualllyg81450 blrMkkacba boY8anuoll5bTalaruaiiluyli-
§1 atulanach. OoiisbTa xM8a ya ualtH§18a ko‘ra aTein 2, 5, 10
TTH (oblanéan poYa! 5barcba natunaga 187,5, 750 ya 3000 k8 kucb



blMan a3la-3ekT bollrMacii. 8barcbawng natuna ymras”®a uolcHr8an
121 cHaTeln8a Ko‘rasiomsbTanT§ ua«iHs1 atalanack (2.11-rasT).

C>olM8bTanT§ Bnnell bo‘ytoba uanwisi uyl(1a8l Hoéayoréats
(laanllana(11:

2P
HB =
T -0 1-c12)

bu yercla, N - 3barcbant§ cHareiiy, 7T ;

¢/- 3barcbant§ natunalla so0l(Mr8an 121 (NaTeidy, TT.

3barcba 121T§ cMate*n Tax3m3 1upa (2.12-ras3Tt) yorclarw(la
oYcbanacH.

2.11-ra3T. Natuna yalidu Inl 2.12-ra3t.BnneH
BnneH u3nHiia anl laNLl mpa$l

C?alllaHs1 ynuon boY8an (loblan8an, 3eTenHWanean) Talenallar
HAalllaHs1 Kokyell n3vHcla (081 9013-59) atalanacH.

KokyeW n3mlnt8 Bnnel msulidan Marut sbungaky, bu nsmia ual-
MyHK roblk solcbr8an 12nT§ ywrl bllan eTa3, bala natuna’a bo-
An18an 01703 konus yok1 loblangan poYa! sbarcba sol<Mr§an 12nT§
cbuanrlsl bMan awslanacH. HAokyell u3ulida natuna8a 1a’3ir ellly-
cbl kncb ya boHnlacH8an mcbHk Talenal xLLI8a ko‘ra o‘28arHrlac/1.
KokyeW unsnHéa salllaHk 3Ta3b “arayon“nng o ‘2lcla TcHka(or 3bka-
1a31(lan atalanacH. lncHkalor 3bkalasl sora ya a1 ran8cla boYacH.



01703 konms uwo‘ylMib, kncb 60 ya 150 kKO bo‘l18anita uallluHk C
(yora) 3bkalaclan o‘ufa(H. Ta’sH- eHT18an kmucb 60 kC bo*l8ancla
ualllynk HKA blMan 150 kC bo‘18ancla e3a HK.C bllan belSManacH.
Bolwlacl8an ncblMk po*lal rol(Hr, kucH 100 k& bo*18arkla aKiyHk B
(uxrT) sHkablan o‘YlacH ya HKB bllan belS§Manacr.

Poll8btalatin§ cko TkMadg TwilakkaTlN%IT 3Tasb ataMa
ken8 laruyal8an bo‘Hb, buncla nTn§ elasllk ya plas!lk xo33zalanLu
atulasb TMTKT. Butn§ ncbun Tax3m3 natuna (2.13-rast) lay-
yorlaTb, 31a3b Tasbrtasl (2.14-ra3Tt) y3aoblan8a TabkanManac/l.
Masblna yur§1rf8acb, aszla-3ekT 03blb boruycbl kucb la’atcla na-
Tuna cbo‘rMa bosblaycH. Kucb tadwnt ~yta’8a yel8acb, natu-
natng§ blror L3rt 18rcbkala$Mb bo‘yTcba bo3ll boYacH ya wrllacH
(2.15-ras3r).

2.13 - rasT. ("oMsbTanw” cHo‘riHslkla™ Tns(abkatMA L
art™axMa Bbla(HacH"an natuna*.

2.14 - ra3T. Cbo‘riH3b8a 3Ta3b Tasblnas!8

8 Calll5ler\Y/IMat 3., Malenal$ 3aence arcl en§Teenn§: an Tlro(lmclion,
7IH enn.p.cT/ - Pnlecl T (He nt(ecl 8lale$ ol ATenca/ ,lobn \Yley & Bons,
1nc,- 2014, 172-bel.



NeTunaw 3Tasbga u urtay cHblasb ber8an en§ kaia (Tak3l-
Tal) kucb (K) nT8, 3bu nawwnna Ko‘nitalang keswrw ywrn (IN) 8a ws-
bau yoinsbtant” clo TwllkkaTlK ckearaa! 6eyllac.

2.15-ra8t. NeTunaw cbo'/nH3H"a 3wasMan! inelortablya
e8M Cb121848

An’anayly Talenallart burllsb P nuuasi8acba o‘rt1 LUusbl
ek3pentenbl clelortalslya e§n cbl21§'1 kellin18an. Mu3&bkaTUk
cbe8aras1 M nuula blMan bel8/an8an. AxeTalik raYlsbcla clelortaf-
3lyalawsb e8n cbl218Ycla Melortal:51lyalawsbntg iril bosukblaniia
natmnalaTtt8 (lo«ra toblHa lasbul ko‘nT3bl ya 3bakllan xaraklen
Ko ‘r3alfgan.

CHo*21Isbcla8l TnslabkaTHK cHe8aras1 umyklast Taletal:1k Mbla
yorHarwiia atylanacH:

Pb- 3Ta3M a” en§ kalla Kucb, K§;

PO- natunanT§ 3tasMan ol 181 Ko ‘n<lalané ke3rt ymm, T 2

C)omsbniawing cbo‘21MHcla8l tnslabkatlk cbetarasbl awulasb
oruall plasiik xo33alanw w3bly cbo‘2LLBbl ya loraylsbinl Haw aTty-
lasb T TKT. Ge13bTanT§ wably nzayisbl amylcla§lchba atulana<ri:



bu yeréa, Bnatunawng éelortablya-

I lar8bclan olcbn§l wrvnlwl, T17; l—Aa-

8 =———+100% Tunant§ NlelortablyakT3biian kKeyT-
0 §1 m2unll8y, T 7.

C>oM3btant§ T3bly 10rayibl ~my™(“a&"cba aTulana<b:
bu yer6a, PonatmnanTt§ 3TasMan

_ PO~ P\ "o<y obl T8l Ko‘nclatang kesiwrT ymr\, T T 2
n P ° /A-naTtunatné cbo‘2M8arklan KeyTsl
Ko ‘nclalang kesurw ym21, 7 17 2

Oo113bTanT§ Xarb kucblan8a la’3T8a 3T1Tay sarsblUk Ko ‘r3atisbl
rarbly “oVwo™\%" éeylMacH. 2arb kucblan 1a’slncla boYacb8an
buyntlar (irsak yallar, 3ballln, poraben, ya8on o°‘ulan) cbnartk
kucblar 1a’5iricla 13blay(b. 2arbly uoymsbuoulkka 3Tabl uwan Loiisb-
Talarclan Tax3n3 natuna (0819454 - 78) layyorlanacllya TayaliliklA
kopyorcla 8wcHnlacH. Ne Tunat 31cln3b mcbun 3ardanacb8an A 13b-
nt§, matunanTt8 378an Joyx Ko‘nclalang keslrw yn21 P 8a T3baii
rarbly yoymsbuoubKT beracb ya uylcla8l1lo<la oruaH atulanacH.

_ A _ <21(co5/3-co$a)
a"~ p-~ p

bu yeriia, () - Tayaltk o8UrHS:, k8; 1- tayalTtk ra(lubl, T7;
a- TayalwknTt8 rarb8acba koYanlMsb burcba8i; b- TayalTknT§
rarbckn Key T8l koYarllsb burcba8t

C)oll5btawng (nxLUsblT ocl</ly ko‘x, 1vpa batcla rwkroskop
yorclaricla leksbln3b Takroana/iT. ya n talenal Takronuusoblanw
babolasbcla uoYlawlacH. Makronuasonlar8a (larrlar, §‘oyaklar, Lo-
113btacla ba'21 eletenllaTtT§ nolekl5 lassltlarsbl (Hkya”ya) kabl
nuuzoblar Kira<i1.

8T Bb ymxalanT o‘r8ar3sb bart TakroanaHr”a kiracll. 8713b
ucb mr8a boYtacH. A8ar 3Huy ywurasi §‘aclir-buclur boYsa, buyut
Ta(enall celorTaislya8a ucbrartaséan, t0 ‘J1 3tacH. 3iiiiy ynxas!
yalllroy, bo‘Hb, ywuraiia 3bl3b Tarkax! \oymc!8a keHb, 3bu Tarkarclan



3LU3b cbl21Lrng yo ‘nalfsbl ko ‘nwb 1ursa, *"OVwk 0" 8LLUSA <leyl-
lclx BunHay 31usH Jucla kaiia Hellortablya malyaslcla 3oc/r boYacr.
ToWubik na]a$lla 3rTxk baT uoymsbuoy 3mmsb kabl 3ockr boYac
ya Harr payclo bo‘Hsbl, nnT8 kaliak3bl3bl buynTnT8 3HM3bl bllan
yakun lopacll.

C)onsbtalarnT§ tobki LUrlU3bIT 0‘r§at3b TWcroanalr Heyllacl.
MrcroanaHr oryaH éonalar larklblw, mlarcla8l nuysonlart, M131okal-
3ton iiwH3bT, Honalar oYcbanlartu atylasH TMTKT. Bunt§ ucbun
1500-2000 Tar'a kaia ulllb ko‘raalac/18an opHK yok1 eleklron riuk-
roskoplar iisMalllacH. Eleklron lwkroskoplar buyutTt 100 000 Man
500 000 Tta/la8acba kavalasbHnb ko‘rsalacll Eletenlar kn3bll pan-
Jaratng lwurlan renl8en nurlan (a’3THa o‘r8anMa(l. Kmslall pan]a-
rallagt alotlar )oylasbuy|, paryara paratelrlan ya clBlokalslya rkbH-
§1 Kabl kaitaHklar renl8enoS8raiiya nsvHMa o ‘r8anfacrl.

Texnolo81lk xo33alan. Melall ya uollsbtalaTT§ lexnolo8lk
xo033alan8a nlaTtT§ lexnolo§lk 1blanuycbanlél blan bo§ My xo03-
3alar: KT3buycbanHk, umymluycbanllk, suyuy bolalcla oumycHanllk,
bol§‘alannycbanHk, payyanclManuycbanlk ya ke3lb 1blannYcban-
Mk ya bosbua xo33alar kiracll Bu xo33alar HaglMa abblHa lo‘xlaHb
oYarwur.

C?0HpnT§ oYcHanlMan ya 3bu uolpHa umy13b yo ‘I bllan boarl
ulln8an umyTanT8 oYcbanMan orasl(1a8l lary KT3buycbanlk Meyl-
lacl KnnsbuycbanHk ol2lara Woclalaracll (}ol:15btalaTT§ KT-
3buycbanllst blr-bTtHan Tary ufecll ya TadumT kallallkka e8a bola-
d1 Cbo‘yanlar ucbun kwsbunycbanllk 1,5-1,75% w lasbkl1 el3a, bu
KaaHk po‘lallar ucbun 1,4-2,2%, kmlran§ cbo‘yan 0,5-1,25 %, rws
uoHsbtalan 0,8-1,6%), alwwwy uonisbTalan 0,3-1,2% ya Ta8Ty
uoHsblan 0,3-1,2% w lasbkl1 e"aHK PoYaHarHa uuylnycbanllk T3-
balan yoTonrou, boYacrl.

8nyny bolalcla oumycbanHk ymnyTtakorfk uollsbralannt§ Tubl T
lexnolo8lk xos3alanclan b T bl3oblanaéb Melall ya uoH3sbtalartng
3uyuy, bolalla uoHpw {oYcln3b xo35a318a 3uymu, oumycHanHk Meyla-
o Melall ya yollsbtalaTtT8 3uymy boblHa ouynycHanlls1 yancbaHk
yunyon boY3sa, n suynylanHnl8ancla yoHpwng lor ya Turakkab Joyla-
n T 3buncballk yax3bl loYclracll



Melall ya sioll3Hralarw bol8‘alasb, 3blaTtplasb, prokaHasb ya bo-
51T la’stcla 13blasb na”asbla 02 3bakHT yetTlTasclan o28a/lT3b
x055a518a bol§‘alanmycbanHk cleylacH. Melall ya yollsbtalart bo-
5171 la’stcla 15blasb yasiHéa n uancballk yuuon clarajacla clelorral51-
yalatb batcla bu clelortalslya ucbun rarur kucb uancballk Kioblk
boY3a, nnT§ bol§‘alanmycbanl8l sbuncHaHk ynuon boYacH.

Melall ya somsbTalartn payyanclasb yauii(la Tu5labkaT ya 2icb
blnkTa bosW aLl3b x033a3La payyancllanuycbanHk «3eylach. Payyanc!
CbOKT Texal K Xo33alan yuuon, 3iwrmkwmrasl bir*n3H batcla Taycla
onall, §‘oyak ya bosbua nmuzonlarclan boH boY3a, payyancHanuy-
cbanlk X055351 3buncballk ynson boYacH.

YasAl biTs1 1cbklaen§ ko‘p yo‘Tb LWsbIrT an winncH nuuiion bl
lan babolanacl8an kafallk rraclon8a ke3lb 13blanmycbanllk cleyllacH.
Melall ya sollsbtalarw lexnolo8lk xo33alant atalasb wucbun vl
cba 51noylar oYkarllac/l. Bu 3Toylar Turakkab etas ya ular 3lanclarl-
lasbl1nl8an.5lanclarlla8bunl8an 3toylar ~tla3l8a e8mlunycbanlk8a
3Ta3b, 50¥ua bolalcla cbo‘kuycbanllkka 3Tasb, boMwuycbanlkka
3Ta3b ya boS5bsalar KiracH.

Eksplua(a(510 xo33alar. Bu xo55alar TazbtanT8 13b 3barollMa
bo§‘My bolcla Tax5m5 3T0oylan oYkaxlb arsilanacll. Eksplualalston
xo55alarclan en8 Tubl T yeylllsb®a cbléaTHHK, ya’w yeylllsb bar-
Cb3blLLKCHT.

Yeylllsb8a cblclatTHHK Talenalwn§ yeylllsbl8a, ya’t 13buala-
T3H Tlrayl buywut lasbul 51MinT§ yettl3blclan oYcbarT ya 3bak-
Hw a3la-3ekT o0°‘r8arlllsb8a yarsblHK kKo‘r3ala oHsb xusublyallcHr.
Melallarw yeyllsbban3o3blllkka 3Tasb laboralonya 3barollléa na-
Tunalarcla, real exkbplualalSlya sbarollicla eba clelallarcla oYkarlTacll.
blatmnalarw 3tasbéa 13bsalatsb 3barolll real sbarol8a yauyt ulllb
oHnacH. blatuna yok1 (lelallatT§ yeylllsb kaialA8ilLl IvrH wsullar
blMan, cbunoncbl oYcbarlarw oYcba3sb, natnnalarT larorlcla iorilb
Ko‘n3b kKabl umaulMar bMan awuylanacll. Ek3plualalston xo33alanga,
3buwin8clek 3oymubarcb3bllk, 1551abarclo$bllk, aniil nk3ton xo3salar
ya bosbualar baT Kkacll.



8woy 3ayoHan:

1. Malenallartnng Texalw K xo53alan cleSancla wraw LL3buna-
3127

2. Malenallarw ualllyH8T13Ta3b wra ya vw yanéay nuifanw
Bbla512?

3. OaHnuWkT atylasbtng necKa mnamllan Tay"é?

4. Melall ya uoi3sHTakTTA kiinyoyly, VRik, Texalk ya
lexnolo§1k xo33alanww 1msbunlinb benns.

5. OuynlnyYcbanHk ya bo§‘lanmnycHanlMk xo33alar Toblya”w
LL3bulllTb benn§.



3-BOB. PA20Y1Y BIACKAMMABAK

1kl ya unéan oriy eletenlt 3uymslanHn3b yokl bo3bua nnMa
olNn8an” 3T aralasbtasl ol xbTa éeyllack.

(3oisbTaw koTponenHar Kukuwiw aralasbHnb yuson baroralla
bogit bllan pres8lab bat oMb T TKT. A8ar soH3bTa Ta33a3TT§
50% éan ko‘p1Telall boYsa, u Telall soH3bTa blzoblanacll. Melall
AoHs3bTalaTT8 TuslabkaTlK ya bo3bua TexaTK xo033alan bosbsa
Te(allanHkuwa wabalan ancba ynsion. 8bunt8 mncbun bat soH3bTa
kon3wuk3ion talenal 3Malléa ken§ f° ‘Mawdacll.

Bn boYknéa 1k koTponenlld sol'8btalatlin§ LUrllisbl ya
xo033alantn§ xwususlyallan ko‘nb cblllacll Bu wncb ya wvnéan orfls
koTponen(lN soHsbTtalartT narany-atally o‘r8at3b wucbun a3o3
boYacl. 1kktcbl lotonclan, ko‘p koTponenll 11217latT§ a303l(la
KK1 KoTponenlld 11217 Tay)mucl. Masalan, le§lrlan8an poYaHar aso-
3bla lerwr-w8lerocl soH3bTasl yolacll

Paroy|y clMaS8rattalarw o‘ruawsb Tassacllanéan blMasi-lfa2o0Yy
(Na8ratralarT blMsb ya Mv3buwsb, lenTk Bbloyw Tagsacll oYka213b
ya narora* a'T13b ncbun TublTclr. Malenallartné’vca Ko ‘p xo33alan
rwkros<:ruklmralan8a, ya’w olcHn8l lentk 13bloylar8a bo™Muy. Ko‘p
bollarcla MaroYly cMa8rartalar (tuyorana!) bolallar ucbun lurlsa
bar, Tmyoranal7la boMTauan 51rukluralatt§ nyo”awsbl vya
3adlanlsbl batHa nlaTtT§ xo033alan baulcla oyéall Ta’lutol bera
olacll. Aynan mn3bbm xo33alar 3*abll xo33alar8a sara8ancla ataHyo!
ucbun TublT. Paroyly cMa8rattalart brHsb Jucla rarur, cbunki
Talenal l1tkroslrmkl:mrabl ya mTn8 Texaw Kk xo33alan orasiclacbart-
barcbas bo§4awsb Tay]ucl, soH3bTa rTkrosun-nklUrasbl sbakMawsbl
e3a mwng laroyly cMa8ratTasl blMan bel8MamacH. Bunéan lasbsan
laroY1y clMa8rattalarw o‘r8arsb ensb, kn3lUMawsb ya ular bllan
bo§Y1sq]Jarayonlar baylclatm bl T Ta ’1nTollarwlasachT elacll

3.1 Ta’nMar ya asosly (n3sbuncbalar

Btncbl nayballa so{'5bTa, lara ya Tuyoranallar§a 1e§13bll
bo‘18an a3o3ly (a’nHdann KT3b ya a303ly lnsbuncbalart Ko ‘nb cbls-



13b 121rn, b MaroY1y cHa8rarTtalarw o‘r8arsb yalablU ylllsb T v T -
KT eTa3. Bu 3baroMa kotponell LL3buncbagl ko‘p 13blailc/1

KoTponen! cleSancla 3ol Telall yokl yoH3bTa larklbl8a kTay-
cbl btkTalar (usbunllacH. Masalan, rt3 ya rux yoH3sbTas1 bo‘18an
bronraéa rt3 ya rux kotponen! bloblanacH. Bronrant§ 3WaH bir
koTponenlTn§ bosbua bir koTponenia ernycbanHst bllan bo§*r,

Ernycbanlk cbe”arasb Ko‘pcblLUk aoHsbTtalar ucbun bar bir
letperaluracla lanlan8an enluycblicla sallly soH3bTa bosl yllb eng
Ko‘pen3bl TM TKT boU8an aloTlaTT§ Tak3ltal Konsenii-a”yasbl
bel8Man8an cbe8ara Tay]u<l Bu cbe8ara ernycbanHk cbe”aras! cleb
nonManacH. Bunclan lasbsian, uo‘3bl8an erkMayol8an Tocbla bosbua
LLIr(1a81 uaii uoii3bTaT yoki larklbl ke3kT MarauMacl8anb TkTaT
bo3M bo“H3bl8a oHb kelacH.

ParcTty clla8rattalar TartuTtw ocblb bensb wucbun [lara
baul(la LUsbuncba Tubl T abarTya!S8a e§a. MalenalnT§ ba21 Wrik
ya k1Ttyoyly ko‘rsalkioblan o‘28arTta3 boYuan §oto8en (blyTtsM)
L3 T 1 [Nara cleb LLsbunlacll. Har blr 30" Talenal aloblcla Mara cleb La-
ralsbl TM Tk 7. Bu la’nlaaiiiy, suyny ya 8a251T1on enltalar8a bat
1e813bH boYacH.

AS8ar Hrrck blifa<lan ko‘p bar bln 0‘218a 1e813bH x033alar8a e8a
boY8an lara Tay]uc! boUYsa, ular orasicla cbe8ara Tay]Jucl boulb,
bu cbe8arac'a xo33alar wrllisbl ya Hrltwn§ b1k bartcla KITyoy)y
Ko‘r3alkk;blant ke3kT o°‘r8ansbl kuralllacH. A8ar H21tcla 1kKKa
lara Tay]ucl boYsa, nlartn§ batTta xo3salan blir-brclan lary ulll-
3bl 3bar! eTas, blifiasl yok1 bir necblas! Mary ulsa yelarM. Masalan,
3ny-tur H21tcla kkua bir-binclan {wk xo33alan Mary uflac/18an ara
Tay]ug, atto mlatTt8 Kltyoyly xo3salan blr xI. A8ar Toc!cla
bar Xl polTorl 3bakManTt oH3bl TM TKT boY3a (Tasalan, youylan
Tarkarlasb8an ya ba]rw Tarkarlasb8an 3lruklura) bu aloblcla arat
1a3bkl1 allacl1, cbunkinlatT§ Ve1k xo033alan bar xI1 boYacH.

Ba’rkla, blr TaraH HrtMarw “8oto8en” 112Irlar, I1KK1 Ya
nnéan ko‘p laralarclan iborai boY8an 11217 lanll “aralasbTa” yok1
“8elero8en” 11211 lar “eb notlanlac/l. Ko‘pcblHk Telall soll3bralar,
KerarTka, pollTer ya KoTpork3ston Talenallar-8e*ero8en M1t arclTr.
Cclalcla, lMaralar oraslcla o‘raro la’3lnm Hritn 8 xo33alan aloblcla



laralar xo33alanclan Maru bo413bl8a oflb kelacllya ba 21 bolaréa bu
lialal koTponendar xo33alan8a uara8ancla yobly nalya boYacll.

MEkros(ruklura. Ko‘p Holallarcla Ttalemaltn§ Veik, 3bm
[nTblan TexaTk xo33alan wuTn8 rrkrosinkllras®a bo§‘Ma
boYacH. Mlkroslruklura opiik ya elek{ron lwkroskoplar yoréarwiéa
o‘r8atlacll. Mebll fs0113HTalaTT§ rwkrosl:rmklurabl Tay™mc! aralar
30T, nlatt8 13bly larklbl ya aroéa Joylasblsb msvH bllan a]rallb
ra</l OoisbTalar rrkrosirmkllragt uyoisbTtaw 1a3HkT e(@an
KITyoY1y eletenllar bisoblanacH, bu eletenllaTtT§ T3bly larklblya
{errwk Bbloy bensb re]ltlan (ya’w letperalwra, 3Hu letperalllracla
HAancba yaul 3aslaT3bl, soyllsb 1erl181) kabl paratelrlar8a bo84ly
boYacrl.

MaroYl twm\o/ana(lar. Muyoxana! - bu yana biIr Tubl T ]bo-
raya ut 1lmsbunlrsb vcbun “erkT ener§lya”, cle8an lertoclrarrmnk
KaiaHkckn oycblanarTr. (~3ga u!lb ayluancla, erkKT enerya - bu
1121tn1ng 1cHkK1 ener8iya3i ya enlrop|ya blMan la’nanac118an aloTlar
Joylasblsbltlarnb8a 3oMn8anlk (yokilariib312lK) clarajaslclrr. Tw T
Tuyoranalla boYacl, uacbonki TaduT letpera{uracla, boslrcla ya
Kowpo2113yaning atuy larklbkla erkt ener8iya rwtral LiyTai8a
e8a boYza. M1kroskoplk kuraisblar nuslayl naranéan bu- 11217 yaul
gayorrnéa o‘28artaycll, bu bolalcla cbek312 urou, 3aslanacH, ya’t u
3labll cle8at. TeTperalllraT, bo3nT yok! larklbT o‘r8ansbl tobkl
ener8lyaT 0‘28ansbl8a ollb kelacH ya 1121T bo3bsia erkT ener§lyasl
rTrral bo48an bolal8a o‘r-o‘2iclan oHisbl TU TKT.

«Paroyly TnyoranaHar» (erniiw Ta/Tunl - Maxalar 30T blitaéan
KO‘p boY8an 1121tcla Tuyorana! Tay)ucll§icH. Paroyly Tuyoranal
cle8ar lMaralar ko ‘r3alklcblan yasl clayorucla o™artaycll ée8au.

Paroyly cba8raTtTtalar u yokl bu 1121tclaél Tuyoranal! bolaiit
1asYIrlaycll Bular TublTcllr, 1ekT Aancba yaal kerak yansi Tuyorana*
Holall8 oY13b ucbun ée8an 3ayol8a Jayob bertaycH. Ko‘pcblHk
Holallarcla (ayTysa sa™d  T1alemallar wcbun) TuyoranalS8a
ntutan ensblb boUYTtaycl, cbunki Tuyoranal8a o4lsb 1erflsi
Jncla bat klcblk. Bunéay bolallar ucbun 11217 notuyorana! yokl
Telaslabll bolalcla éeb aylMlacll. Melaslabll bolal ya un8a yarasba
Tlkroslruklura yaal clayortcla 3e211ar512 o‘r8ansblar bllan cbeksi2



nxou knraHH3bl TM TKT. Tw TN 4 Telasl;abll bola*lan Ko‘pTcha
aTtaHy "bablan 3labl1 bolallarclan TublTrouclir.

3.2. Bwar {wrlarnw{r MaroyEy (MagraTttalan

yokl bu H2w 118§ MaroYly nw3bl™a 1e813blMa303ly Ta *lutollar
LTl 1o*nclan!Mb MaroY1y clMa8ratTtalarclao‘r aksbllop8an. MaxoY1ly
cMa”ratTatnsa Ko‘nT3bl T bel8MaycH8an ncbla paratelr Tay)m<l:
leTtperalura, bo3T ya 11217 larklbl Paroyly clMa{»ratta nsbbu blr-
bTnT8 LUnk3lyas blsoblan|>an paratelrlarrmng o‘raro bo§Uk]Mguu
blzob8a ollb ujrHacH.

ParoYly cHa8rattalatTt§ ‘Uetperalllra-iarkib” koorcknablarck
Annl8an bo§Yatsblar 1lunw ko‘nb cbluaylk, bo3lt bu bolWa
0‘28arTa3z <3b oclalcla 1 altoslera8a len8 slllb, oHmacH. Buncla
bar xIT yananllar payéo bo‘lsbt TMTKT. A8ar H21T8a KO‘pros
koTponen{lar klr8an boYsa, bular ucbun raroyly cHa8rarralar “mc'a
Turakkab boYacH ya nlart 8raiik Ko‘nt3bcla lasYirlasb 11y T boYacH.
5bun8a uarartaséan bunclay cHa8rattalartn§ umnHsbl ya lablMl
ullT3bl blnar asoH3bTtalar rT3obla yauuol ko‘rsallsb TUTKT, lekT
3bunT baTt ayHsb kerakk], real (atalcla8l) uoHsbtalarcla koTponenblar
30T1KkKK1lan Ko‘p boYacH.

Btar HrrtMartt® Tlaroyly cla8rattalan - bu la2alaTT§
Tuyoranal! HolallannTt§ 3obalani Ko‘r3aib lurach8an 11217 larklbl
ya leTperalura bo8Yatsblart la’nflayc/i8an xan'alar. Ko‘pcblIlMk
rrnkro8ltvklvralar letperalurat o‘28arHnsb (ocbléa 30ylusb) yo4l
blMan atal8a o3bacH8an aroyly o‘Hsblanla bosll boYacH. Buniiay
0‘Hsblar blr Maraclan 1Kk Tcbl318a o ‘Hbclan yok1 blrofla Marat payclo
boylsb (yo‘uoH3b) Jarayonlarclan iborai blYHsbl TuTKT. BTar
1121tlatT8 laroYly clMa8rattalanw labllll Maroyly oUlsblart ya
bo3l boYacH8an Tuyorana! ya notuyorana! rwkroslrukluralart
olcHnclan ayHsb iMnkoTyaHT beracH.

Brar yollsbtalarT8 ken§ la"al8an imri rT3-kMTu3b 112uT -
TN§ &20Yy <Ma8ratTasuu ko‘nmb cbluayHk (3.1-rast). Bunclay
cHa8rattalar blnar eylekHk HetlMatT8 cHa8rattalan cleb
nonManacH. Bu Tlaroyly cHa8rattatn8 ba2t xusmslyaHan utu-



riy aHaruyal:8a e8a ya Tubokata8a 3aroyorcllr. Btncbléan
cMa8rattacla ucbla bir Marall 3obat a™allb oHsb TMTKT: a, Pya
amynullk, bat a - lara bu nn38a lo‘yt8an uallly eniina. Kntnsb
b bolcla be8ona so‘3bltcba bo‘lb, enlTta e3a mTuTan youlan
Tarkarlasb8an paryaraéan iborai(lTr. p- Maraéa a3osly kotponen! Ku-
Tn3b bo‘Hb, bu Mara bat you'an Tarkarlasb8an paryaraéan liora*.
8ol rT3 ya KUTU3b a ya p lMNaralarSa 18136 cllr.
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3.1 - ra3t. MB3-kuTtunsb yo(1$btaning Mara (Ha”*ratTas!9

8bunclay ullb bar blr Marata ernycbanllk cbe8aralan8an boYacrlT.
8bunT§ mcbun BEC cbi2luclan pasila kutusb nHaéa cbe§aralan§an
Tlll(lorcla enb, a - [araTt bosll ullacH. XuckH 3bunéay rT3 bart
KnTusbéa cbe8aralanéan lrmuclorcla enb, P - Marat bosll uflacH. a -
lara ucbun ernycbanrllk cbe8arabl a+b, p+b ya a+P 3obalar orasMa

9 CallBler, XVIIMaT 3., Ma(enals 3aence anc! en§teenn§: an w(roc!uc(ton,

7(b ecl.p.cT/ - Pnn(ecl T 1be Ynllec! 8lale$ ol ATenca/ .loHn \YTley & 8on$,
1nc.- 2014. 313-bel



8YA cbeS8araYly cblria bllan bel8MamacH. Tetperalllra 779°C
(1434°P) 8acba koYanl8anc!a ernycbanHk o3blb boracH ya V nmylacla
Tak3lwal ermycbanHk 8% knTtu3bw lasbkil elacll KeyT ernycbanHk
kataylb boracH ya 1085°C (1985°P)(1la - A nuula (30l nH3T en3b
letperalllra) cla nol§acba katayacll. 779°C (1434°P) clan pasiia
ermycbanHk cbe8arasl- a ya a3 laralart ajralvycbl cblriy, 30lyn3s
cbl218‘1 cleb notlana<H. a ya a+b 3obakrt a*alllYcbl cbl21a - bu
(3.1-ra3t8a uara) 30Hémns cbt/ Y. 3 lara ucbun 3oHcIM8 (HC) ya
30Hén3 (CP) cbirlylarl tay)ucl. p Maraéa rmm3w KmTusbcla TakslTtal
ermycbanHs1 C nusala8a 10°8‘n keHb, 8,8% r13 ya 779°C (1434°P) 8a
len8. Kon3seniraizlya o ‘y18a parallel bo‘18an ya Tak3ltal ermycbanHk
nuablarTt 1nlasb Hr8an Sonronlal BEC cbirly bat 3oHiin3 cbi12184
boYacH. Bu cbl2iy Tnyorana! bolaHcla8l rw3-kutusb 4voH3bTack
3nyuny, Mara Tay]ucl boYuan rrrralletperalurat Ko‘rsalacll.

Ko‘nb cbluMayol8an Hrréa 1Kki MaraH bolalcla boY8an ucbla
3o0ba Tay]uc! (3.1-ra3T): a+b, P+b ya a+P 3obalar. a ya p Maralartng
Hallly enitnalan baTtTa letperallra barcla baTTa 1arkiblaréa a+ p
3obalar cbe8aralanc!a Tay]ucl boYacH. Bu 1kl MaraH H2ltlarcla utu-
rwy larkib ya kotponenllartn8 T3bly larklblan ncba§ wuplclasl
yoréatMa atylat3bl TUTKT.

M138a kuTn3b Lo*‘3blM8ancla loYa 3uyms bolal8a o‘HsH {eTpera-
wras1 HkylLns cblr™Y (AE cblrls) bo‘ylcba pasayii boracH. 8bunclay
ullb, rws8a knTnMsb uo‘3bllsa NH3T en3b letperalurasl pasayacH.
Xuckl 3bu narsat KuTu3b baulcla ayHsb TUTKT: KuTM3b8a T3
uo‘sbll8anclaknTn3bT loYa suyny bolal8ao4lsb letperalurasl MkYi-
cluz cb1218Y (E cb12iy) bo‘ytoba pasaylb boracH. Bu cbirlular Maroyly
cHa8ratTat E nuulaslcla mcbrasbacH ya wnclan 8onronlal wrolerTa,
ya't BEC cb1218Y o‘lacH E muula tyanan! nuyla ieylac/l. 1)n8a
10°8‘n kelacH8an larklb 8E- konsenlralslyaya TE- {eTperalllra. Mb
KnTtunsb {1211 mcbun by paratelrlar umylcla8lcba: 8E= 71,9% kntusb
ya TE= 779°C (1434°P).

8e konzen{ra{slyaH uoll3bta TEletperaluraclan o4lsbcla Tubl T
reakslya kecbacH:

L C $LW i#ia(8aE>+ (8pE) (3N)



Bosbuacba yllIb ayl8ancla, 3oylLIsb Jarayotcla Tb lewperalllraga
amyny, Mara 1Kkka ua(iiy, Marata o‘lacH a ya P Maralar8a. CrcHnsbéa
(c3kan Jarayon kecbacH. Bu bocliza eylekHK reakslya <leb nonfManacH
(cyiek(1k - o3on 3uymulanuycbl), 8eys TEparatelrlar 3Hu nmylaclagl
larklbrl ya (eTperallraw, ya’w TEleTperaluraéa 8" ya 8pH aralatT§
korzenlral8lyalannl la’nHay<H. Masalan, rT3-Kumtmsb 121111 ucbun
(3.1) 1en8lara uuybla™oba yorTlacrt:

50 ry13H

[(T19AL ) « )
( A D) iunren

nr(8,8%Cn) + /?(91,2%An)

8oMc1n8wng 8onronlal cblr*Uw TE lewperalllracla ko‘pTcba
eylekiika wrolerTasicleb nonllasbacl.

8oylLLsbcla kecbacb8an eylekiik reakslya xuckll 3ol koTponen*lar
kabl 10‘TL, 1n8alll8ancba o0 ‘28arTa3s TEleTperaluracla, ya't 1201errTk
kecbacH. bekT erkT kn3bllawsb nalyasl(la bar éouu Exlla Mara bosll
boYacrlT, bir kotponenll yoH3bTaéa bar ckmT blir Mara boslM boYacll.
3.1-rastcla keblnl8an LUréay! [aroyly (Ma8rattalar(la eylekHk
reakslya kecb8arclan keyT wular eylekl|k [laroyly (Ma8raTTalar,
KeblrMuan Jarayonlarcla uyalnasba(M8an koTponenMar eylekuk 1121T
éeb notlana</l.

3.3. Teniir - u8lero(1 bola( (Ma”ratTas!

Barcba blnar Hrlrlarclan en§ Ttublnu lenur ya wm8leroc! bosfl
uMsan 1121tlarclr. TeTn ya u8lerocl yoHsbtalan boY8an poYal ya
cbo‘yan ratonaY1y lexnolo81lk xos33alarS8a e8a boY8an en§ TublT
konzlrukston Talenal bo‘Hb o‘r abarwyaHw 3adlab keltouc'a. 8bu
H21tlarnln§ MaroY1y LLla8rattalarw ko‘nb cblsayHk.

TenHr - (cnHr karbkH laxoYly LW a~rattas! (Fe-FeCy. Terwr-
n8leroc! 11211111 ncbun MaroYly (Ma8ratTawn8 blir alsrw 3.2-rastcla
KelLIrM8an. 8ol lerwrtng km3lall panjaras: y12cin3b Jarayow(la k1
Tar'a o‘r8aracll. Xona (eTperallraéa ta”“mc! boYuan lerwTT§
31abl1 (Tuyoranal:1a3b8an) 3bakl Ierrii yokia - lennr éeb notlanalll.
L1 ba]rT Tarka2lasb8an knslall paryarat bosll alflacll Tertr 912°C



(1674°P) 8acba salrclnlsa, uncla o‘v8b kuralllach: ernl am8lenk8a,
ya’w youylan Tarkaxksb”an kn3&W paryarall y - lerwr8a o‘lacH
Ansz™enii 1394°C (2541°P)8acba 3aslawb Lurac ya bu letperalura(la
leskan polltorl Jarayon, ya’w Ha]rt Tarka2lasb8an 8lruklura8a
0‘u3b kecbacH, bu 8lrvklvra 5 - Terrk cleb notlanacll. Bu ${rukllra
1538°C (2800°P)cla enycH. Bu o‘28ansblar lMaroyly (ba8§ratrtant§
cbap lotoncla8l o‘ylbo‘ylab kecball.

C lark[bl %

3.2 - rasT.Teniir-~enur karbkl (YTww>» (a/.<)\ly
(Ha8ratTa8lld

3.2-rastcla8l e8n cblriy m8lerocl 0121 6,7% 8Sacba wray{lnlSan,
by komzenlral8lyacla <Ma8ratta yelllkal cblrw, blMan VoclalanSan
lenmr karblclMw oraHu(1a81 binkta51 - $eten(K (Pe3) bosll bo‘lab
8bunclay u1lb, lertr-n8lero(liriw Kkka List§a ajralllBbl TU TKT:
lerwr8a lo'yt8an LJ15T ya kktcbl List - u8lerocl 0121 6,7-90%

10 CalH$(er,0f1Har O, Malernalb sclence anc! en§Teenn§: an wi(ro<luclion,
TIHec!.p.cT/ - PnnleclT 1be bhllecl 8lale50 ATenca/ ,lobn \YTey & 8on5, 1nc.-
2014. 333-bel



bo‘18an {arknblar (30l 8raiil). Atalcla batTa poYa! ya cbo‘yanlarcla
n8leroc! 0121 6,7 an kaT boY8aw wcbun blr Fayg* lerrnr-lerwr
Karblcl HxirMart ko‘nb cbluarwr. 3.2 - ra3TT enct Pe-Pe3C MNaroYly
(Ha8raTTast <léb notla8anltl2 10‘§‘n boYacH, cbunki Pe encH
koTponen! blsoblanacb. pol(la bo‘yicba larklb Pe3C 012 TK}clon(la
eTas, balkl u8lerocl 012 rwwck>ncla bel8ManmacH, ya’w 6,7% C, 90%
Pe3 §a 10°8‘n kelacll.

1]8lerocl lerwr8a 3781b, a ya 5 - lerrlLar blMan barcla anslenk
blan uallly eniinalar bosl aflacH, bular 3.2-ra3téa blir MaraH a, 8 ya
y 3obalar (leb bel8Man8an. b~ r1 Tarkarlasb{>an kn3lall paryaraSa
e8a boY8an a -I"'errMa en§ ko‘pl 0,022% u8lerocl 727°C (1341 °P) cla
enycll. Cbe8aralan8an ermycbanlkwng 3ababl - ba]rw Tarka2lasb8an
km3lall paryara 3bakH ya o‘TMu bo313b ucbun paryara 1u8mnlarwng
JoylasbBbl(la(Hr. n§leroc! ~cla kaT n”gorpa errklarklbicla boYsa
baTt, unT8 Texawk xo33alan8a 3erMarl 1a’31r ylacH. Tenw-n8lerocl
uoisbTtaning bu Maras! T3balan yntsbos, 768°C (1414 °p) éan pas*
letperalviralarclata8nk xo33alar8ae8ayanwng 21cbH817,88 §/313a
len8. 0 nyicaé13.3-ra3taa a -Metlw rrkrolfolosuraH kellln18an.

3.3-rasT. lerrk (a) ya an3(enk (b) lwkro3(rmk(nralanwn”
kaMala$b(t18an (asyMan.



8woy $ayollan:

ParcTty cHa8ratTa uaniay LUrMacH?

Auzlenk blMan Mernlwng Mary wracla?

Paroyily clMa8rattanTt§ ataHy abartyaun12oblans.

blecba xI' bolal LLla*raTTas! boYaclT?

M15-knTtn8b bolal (Haérattasbllabl/1 ullins.

Tertr-lerwr karbidA (12LLLLLLLE Maroyly cMa8raTtTasim \rob-
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4-BOB. METAbb <}OT18HMABAK T1!KbALL

Melall yollsbTtalar, koTpoxk3ton larklbl§a w3balan NckHa a3osly
31M8a bo'HriacH - lerTr a3o03l soll3bTtalar ya ran8H telallar.

TeTu- a303H uyoiisbwakr 1kklla as3o3ly koTponell 8uwb8a
boUTtacl - poYalar ya cHo'yanlar. Bu Talenallar blan lawsblb
cbluarwr.

4.1. Tewlr a$o$lliagt vo(13bralar

TenHr aso3H uoH3bTtalar- 3Hwunéay Ttalenallarkl, larklbkla
lerTr a3o3ly koTponen! bloblanacH - bo3Hua 13bl8an Telallar bllan
30H3biiréanéa, 13blab cbluanlabl koYarw bo'y icba en§ ko'p rwuclor8a
e8a, bunéan lasbuan uyol8an Talenal LUrlanclan ko‘ra Tuxancl3rk
kon3lrmk3lya51ring en§ Tu bl T TalenaH blsoblanacrl.

Terwr a3o3l uollsbrtalarlng aso3ly katcbIl§l - bu ularTné
Korro2lya8a ToylMHS8KIIr.

Terwr ya nwn§ gollsbrtalan - lexrnkant§ baTtTa 30basl
ucbun en§ Tnbl T ya en§ ko'p 13blllMa(118an kon3lrmkston Talen-
alclr. Ho21rgl yaullarcla 1exTtka mcbun ran§H telallar, plaslras3salar,
Kerarwka Talemallar ken§ uoYlan8aTt8a uarartay, uoYlanayol8an
po‘lalya cbo'‘yanlar ba® 1 wnlaréan ancba oruu,.

TerwTT§, Kkm3lall pan]ara3sl paratelrlan LUrHcba bo‘18an poH-
Torl ToclMNinkalslyalarl bor, nlar ‘Yertr-u§lero<l 3131leta3TT§ lara-
Yy ya 3lrukllraYly bolan xmsrwyallanw bel8MaycH. 3bu 3ababéan,
3butn8clek, m8leroc! (erwréa cbeklan8an rwuéoréa ensbl 1ulfayH,
‘Yerwr-n8lero<l” 313leta3lnlng bolal cllaéraTtTtas”a Ko‘plab rwséor-
Ma laralar ya 3lrukllralar Tay]ucl: n§lerocblIn§ lernircia8! uallly erk-
Talan - auslewl ya lerrk; k1tyoyly bTtkTtalar - lerwr karblcll yok1
3etenld; vallly enltalar ya 3etenlHTné Texaw kK aralasbrtalan.
“Telwr-mn8lerocl 8151eTa3léa8llertocltarTk Tuyoranall T/ x1u3usp
yallan, unéa, tnyoranallasbTta”an kn3lallawsb 3barollarbla bosll
bo‘lacH8an TnY02anallasbTta8an (Telaslabll) Maralar bo‘M3blinl lalab
elacb.



“Terwr-n8lerocl 818letazlcla8l larayly ya 51TklUraYly Ilasbkll
elnycblMartT§ WrH-iInTanHS§1 ayyalllan lalab elli§an Texaw K xu3n3l-
ya{lar8a e8a po'lallar ya cbo'yanlarwisblab cbluyan3sb8a unlay 3barouv
boal ulMacll. Terrnr ya u8lero<l uoiizbTaswa le8lrloycbl eleten{lariu
Ho'3blsb e3a bu xu3mzlyallarw kerakll {oTonka o‘28arit3b wucbun
uo‘sbltcba ITkowyal beracb. Buncla po‘lal ya cbo‘yanlarwng Mara-
y3y o'‘28ansblcla knlMk baroraHan o‘r8aracb, yangl MaraYly ya 3lruk-
LraYly lasbkl1 elllycbMar bosll bo‘ la<H yeyllli3b8a cbléaTHHK, Korro-
2lya barckasbllk, 1831sua cbl(laTll1k kabl ek3plualalSion xusmslyallar
o'‘r8aracll.

Ouylcla8l bo'Hrtcla po‘lal ya cbo'yanlarnTt§ 1wl 31w ya
nlatt§ larklbl, rwkrozlrmkllrasl ya xo33alan ko‘nb cblyllacb. Bu
TalenallarTn§ 3tdawsbl 4.1-ra3tcla kellinl8an.

4M1-ra$T.Tetlr azosH (urH yo(lxbralarnw« bla.umbkablyam.



Tenur (Pe) - 0.1.Mencleleyeywin§ éayny 518leta5lcla8l 8-§urub ele-
Teni bo'lMb, Pe, Co, Ne nucbHkéa”ylasb8an. 11nT§ Yer yobl8ycla8l
rwuyéon laxtran 4,5%. Bu, labbl(la ko'p ucbrasbl bllan 1lo'ritcbl
eletenl blzoblanacH. TerTtr 153915 °C é&a enycH, 2icblM§l 7680 k§/
T 3 cbo'213b(1a81 TuM3l:abkaTtHK cbe8arazl 200...250 MPa, T3bly
cbo'rl3bl 50...60%, uaik]Hs1 70...80 HB. B TayduntoHar 1exTtk]b
balllan lora, barklbkla8l be8ona]r3lar rruckan 0,1% alrobcla bo‘18an
lerwr8a 1e818blN. ToraHk éarajasl orllr/13a, Tu 3labkawHs! ya yalllu-
Hsl kaTayaéb

“Tertr - wu8lerocl 313letaslcla umyl(la8l laralar Tay]ucl: 3mywu,
yonsbTa, uallly yoH3bTtakr (Ferrk ya amslew(), KTlyoYly blnkTta
(3eTenlk) ya Srasd* ko‘nwsblcla8l erkT wm8lerocl. Bularclan lasbuan,
by 5151etanT§ 3lruklurayly lasbkil elllycblMarwa perHl ya blebuny
éeb alal8an Texalw K aralasbrtalar baT Kkacbh.

PerrI-n~XeroAnT?, a-Yertrclagl sal]uy erfMrasibo'Hb, HMK pan-
Jaraéa e8a, 3bnnt§ ncbun m8leroclwn§ ernycbanrllsl Jucla kat. Pasl
baroralll a-lernlcla 0,02% uacba, ynuor! baroralll a-ArrrMa (yok1
5- errMa) 0,1% 8acba wu8leroc! bor. Texrmk lerwr errk 3lruklura8a
e8a, n xurmsblan8ancla 3blllaréa bir ~n3l1 éorlMar Ko‘'nw3bkla naTo-
yon boYacH. PerrHTn§ plaslikiigl ynuon (8=40...50%) ya yuT3boy,
(80... 120 HB), 30yuy, bolalcla bo3ir bllan yax3bl 13blanacH, LLIa8raT-
Tacla ® yokl a bllan MNocblanalll.

AnMenW- 2,14% 8§acba rwu(lor(lag8l n8leroc!nt§ y-lertr<lagl sal-
Hu erkTasy rwkroslrvklurasl - bir_pn3H éonlan 7>911°C éa Tay]ucl;
plasiikMgl ymnuon, lekT MeTl8a sara8anéa uallyroy (160...200 HB)\
n§lerocl(lan bosbua eletenllart baT enlacll; bolal Wa”~rattazla A
yok1ly bllan MNMocblanalll.

3eTenll - kwyoy”y blnkTa, Nortnlasl - Pe3C; m8leroc! nuuéon
6,67%; lerwr-n8lerocl soll3btalannt8 en8 uallly (800 HB) ya T 0 ‘I
lasbkl1 ellycbl3y en3b barorall 1250°C; M'=210°C 8acba Tta8nH xu-
3n3lyall8a e8a; ynuon baroraHaréa Sralll ya anslenlii§a parcbaxknalll;
o'nn altazbacH8an yallly erktalar bosll uMfacb, nlar<lawnglerocl o‘nHL
notelallar (k13loro&, arol) eSallaylll, lerTr o‘rTw bosbua Telallar
(tar8anels, xroTv, yollaT ya b.) e8allasbl Tu TkT. 3etenld aso-
31(1a81 Talenallar 3olbolcla 13blallTay(11. Tetlr-n§lerocl uoiizbras!-



ra 3eTenlk rwyéon yancHa ko‘p boYsa, soH3bTa sia«1aHs1 3buncba
yunyon boYacH. Hola! cHa”*ratTa3”a C Harii blMan bel8ManacH.

n8lerocl lerwr blMan bo3l ull8an uoi3bTaéa KITyoYly bTkTa
(3eTenll), uallly envna (Ferrk, anslenk) yok!l allalrop!k Toclka3!-
ya Ko‘nuw3bléa boY13bl TUTKT.

Perlll - Terrk ya 3eTenlknT8§ Texawk aralasbrta3l, wn8leroé
rnll(lon 0,83%; awmslenk uay'a kn3lallanSancla (parcbalan8ancla),
7E723°C Aa bo3ll boYacll. Bu parcbalawsb eylekiimcll, éeb ablac/l,
nnT§ Tab3ull e3a, perlk —ey”ekiimc! éeylMacll. Perlk Tns{abkatll§1
(0o5=800 MPa) ya ualllyHs1 (200 HB) ynuon, yolisbTanTa TexaTk
xvauslyallarlll o3blraclT; 3irukllrasl- altasblwb Joylasb8an natk ya
3eTelll Kk plasHnkalanclan iboral; bola* ca8rattaslcla M barA bllan
=["ocblanacH.

be/leburH - aunslenk ya 3eTenlknT8 Texalw Kk aralasbra8l, larkl-
bléa 4,3% wn8leroc! boY8an yoH3bTa T=1147°C 8a yel8anc!a kn3lal-
lanlsbkla bos3l boYacll. Harora! 727°C éan pa3l boUY8anlla leéeburk
larklbkla81 am3lenk perlk8a aylana<ll, ya lecleburk 3oyl8anlan ke-
Y'n ey{ekHka8a - perlk ya 3eTen{kwng§ aralasbrta3zl8a aylanacll.
beéeburk uallly (700 HB) wyall ya plasHnkaslton LLxLLI3b™a e§a,
baTtTa oy cbo‘yanlar {arklblck boYacll. Holal cllNa8ratta3slcla J1 baria
blMan bel8MaracH.

4.2. PoaWar

P°Yal- bnleTk a3o3H yoH3bTa bo4ll, larklbklaTt a ' 11T nmuclorcla
bosbua 1e8lrloycbl eletenllar baTt boYacll. PoYallaTtT8 TT8clan
orMy lurlan Tay)ucl boY)b, mlar larklbl ya layyorlat3b JarayoTtcl!asgl
lentk 13bloylar 1uvn bllan larulanacH. Bu TalenalTn8 Texawk
xo033alan8a mn8leroc!Tn§ nnuéon”éa 3erlarH la’3k ko' ralacll, oéalcla
1% clan ko‘'p boUTa8an nMugoréa uoHs3bTtalarklblcla n§leroc! boYacrl.

PoYa*latT§ en§ ko‘p laruyal8an ba’'2l Tarkalan Jlarklbkla§l
n§leroc! ruwuclon8a uarab ncb lur8a boYrtacll: kaT, o'‘rla ya yuaon
n«lero(1ln poYalar. be§klanS8an poUaHarwné aszo3ly lurlan bart
xvéc/T 3bunéay larklbklaS8l 1leSkloycbl eletenllatT§ rruclon8a
uarab boYTacl.



KaT wm8lerocll poHalar. Malenaltn§ musbbu 1un yol8an barcba
po‘lal Wrlanclan ko‘ra ko'proy 13blab cbluarfacll. KaTt w8lerocll
poYaHar oclalcla uollsbtanTt8 0,25% Tas3a wn”eroc™a eSa ya
lenwk 13bloy(lan Ta/len3k 3”rukllra bosll u/la oltaycW. LWarw laua*
soymulayt éelortablya yo'll blMan kncbayHn3b tTuTtkT. Kar
n™lero(LL poHalar wasbalan ynt3bol, ya uncbaHk Tuslabkat eTas,
lekT rarbly yoyusbouyllk ya plasiikHk xo33alan ynuyon boYacll. 1/1ar8a
3lanoklar yoréarrnéa o3on 13bloy bersa boYacll, bunéan lasbuan
nlatt§ payyancllannycbanHsl bat ywuuon. 8bwunt§ wucbun bat
mnlaréan tabsnlolisblab cblyansb arronrou,.

T/Bbbn TalenallaTT§ a3o5ly uoYlanlacll8an 30ba3l - MTUT-
TasbTtasorHk clebllan, ko'pnklar, unyur oUka2§icblar, btolar bar
xN T3booHar ya bosbua 3obalarcla 1urH prolHar (cblriull, aylana,
burcbak1) yanT layyor Tab3nlol ya N3Har 31lalicla uoYlanMacrl.

0 ‘rla m8lerocll poYaHar. Bu Surnbéasl poYallar larklbkla 0,25
éan 0,6 % 8acba mn8leroc! boHacll. Bu poHallaTT§ Texalu K xo33alanw
lentnk 13blasb yo4l bllan o3bln3b T TKT, loblasb ya bo‘sballsb
oruall 3irmkivrasilt amslenk 3bakl8a kelln3b TuTkT. Ular J1oT
bo‘sbaH3b ataH baJanl8anclan 30'n§ 13bkHlac/l, buncla nlaTT§
3lrukinrasl bo'sbaH18an Tallenskéan lasbkl1 lopacll. O‘Ma wn§lerocll
poYaHar lenwk 13blasb oruall TuslabkaTtlawsbl TMTKT ya Jucla
lex 3o0ynH3b oruall loblatb Tn3labkat uaHart bo3/1 ufla olacll, blroy,
yallaT ualinrist nncbaHk ko‘p boYTtaycrll.

Bu po'lalar§a xroT, mikel ya TolMMen wuo'sblikbl ObbaHcla, ular
lerrwk 1Bbloy8a Toyl bo'la bosblaycll, bunt§ nalyabl(la wlaréan LLFH
TusnbkatlkkayaplasHkHkkae8a TarinaHar layyorlasbTn T K T boYacll.

Bun 8urub Talenallan lerwr yoY [M-an3polld §YilcMraklan,
H3bW §UlclMraklar, Hr3akll vyallar ya ywuuon Tuslabkatlkuw,
yeyllsbbaréosblkw, rarbly uoymsbouHkw lalab ullunycbl 1urml
ntntrtasblnasorlk clelallanT yasa3béa uoYlanllacll.

Ynuon wu8leroclld poYaHar. ¥Yuuon wm8leroclH poUaHar larklbkla
0,6clan 1,4 % Sacba m8lerocl boYacll. Bu Talenallar ancba uallly, o‘la
Tn3labkaTtHkka e§a boUTta8an poYaHarclr. 1/lar éeyarl1 bar ckmT
Tnslabkatlan8an ya bo'3balll8an bolalcla 13blailecll 8bu bllMan bir§a
nlar ynyon yeylllsbbaréosbHkka e8a, nlarclan oYklr drraH (kesny-



cbl) buyntlar layyorlasb Tm TKkT. 1/lar asboblar layyorlasMa ya
3bakl bermnycbl kallaklar yasasbéa uo'[lMan/lacH. be8lrloycbl ele-
TenHar 3lMaHcla xroTv, yanacHy, yotatr ya tToMMen sAo‘sbllack.
Wbbu yo'sbltcbalar wm8leroc! blMan blr8&alkcla Jucla ya1”™ ya oYa
yeyll3bbaréosb (Cr2C6, Y4C3 \YC) binktalarw bo3lM y bl . MublT
Tarkalar(lan yana bln eleklrolexrn'k poYaHar, rels podaHan, lerkesar
poYaHan kabl §urublan Tay]u<1i

2an8laTta3s poYalar. 2an§laTtas podaHar 1urM alxolr-tubllicla8l ya
asos3an ocbly alTo3lMerakorroz2iyasu,a yarsbl {uraollsb xn3mn3iyaii8a e8§a
boYs8an walenallar §urmblw la3bkll s/lacl. Bunéay soH3bTalaTTé
a3o031ly fA0‘sbltcba eletenH-xroTtclr. Bunéa yoH3bTaéa xrotnT§
kon5enlralslya8l 11% clan kaT boYTtasHs: lo2in. Nekel ya ToHbé&en
eletenllan baTt uyo'sbllUsbl yoMsbtant”™ Korroziya8a uarsblllk
x033a31lt yaxsbllaycH.

2an8lata3 poYaHar uyo‘sblrtcbalar !'mn8a ya rrokros{rnkivrasi§a
w3balan 3 1ur8a boYTtacH: — Tarlenskll, lerrtHH ya amslenHI. Bwu
TalenallaTT8 xo033alanw ken§ koYaTtéa o‘28rHnN3b TkoTyaH,
Korro2lyabar(l1o3bll salor yananHan wlart aTy Tau3aclld yo'‘nal-
HrM8an LU 3obalarcla yoYlasb T K 0 T T berach».

MaHen3k rang8lata3 poYaHan {eTlNnk 13blasb yoUl bllan bwu-
LWn yoH3bTa rwkrokorponenHanTt as3o3ly bIr ko‘'nt3b8a, ya'r
TarlensH 3lruk{ura bosl ulU3b oryall oHnacH.

PerrlH ran§laTta3s poYaHar u-l'errM (ba]rt Tarka2lasb8an kn3lall)
éan la3bkll lopacl. Ansletl ya Tlerrl1 poHaHarTt 3oyuylayTt 13bloy
bens3b oruall Tns{abkaTl 81w 03bT3b TUTKT.

Auslenk 2an§laTta3z poYHaHantn§ ko‘'p Ai3T1 KornTyabaréosb
poHaHar bl3obl8a klrack, Tkel ya xroT Tluclon8a uarab bel§Mana<H.
Bn poYaHar ko'p rwuclorcla 13blab cblyarfNacH. MaHensI ya enH
poHaHar ta8nW xo33alan8a e8a, an3lenH ran§laTtas poHaHan tagt1l
x033alarT natoyon ernaycH.

AynT ran8latas poHaHar ko‘pTcba ynuon baroralllya]uclao84r
3barokcla8l Tub Ll aréa 13blallla<il. Bunéa nlarok3”~art3bea uyarsbllk
bMan blr8a ynuon Texaw K xo033alant bat 3aykb LUn3bl 1021T. Bu
TalenallaTtT§ ok3”oycbl Tnbkéa 13blasb uoblllyaH 1000°C 8acba
3aulawb Lracll.



ban8latasd po‘la*lart8 bwunéay Ilurlan8a uuyurlar, ywuuon
baroralll bu§' unymHar, erllisb pecblanT, 3aTtolyol, rakeia ya aiwowl
elek!r 3.an3yaiannT§ unrur a :annilayyorlasbcla 13blalllacH.

Po‘lallaTT§ éoiiwy so‘sbltcbalan (un3nHan, be8ona Jt3lan)
8a Tar8aneis, kretwy, MNo3&r ya ollin8u8w1, 3bunt8clek, Ki310roci
ya yoéoroé 8arlan k!raclt BtncbMannT§ rwsckT, oéalla, 0,8%
(Mn), 0,5% (81), 0,05% (P ya 8)clan o3bTtaycll. Bu eleten!:1aTT8
T dkion Tax3u3 poYaHaréa ko‘proy boYacll. Mar§8aneis ya kKreT-
wy royclaH wn3urlar bl3oblanacb. Ma3salan, Tar8aneisrn poYaiSa,
vw “noréorfMasbHns3b”, ya'w rararl 1ertr ok3wculh yo‘uo113b mncbun
yo‘3bllacll Mn+PeO—»MnO+Pe. Bunéan 1a3bsan, 1 oln§mnswitn§
rararfll btktalanTt bo*Mab 1asblayc/: Mn+Pes—Mns+Pe. 8 bn -
Fayl po‘la(:nT§ TusiabkatMs1 serMarll osbacl, 1ekT p@aslikHE1 M8a-
n§lclek 3auianib siolacll, Pes bor bo‘l8aT mcbun ynaon baroraHaréa
po‘lalnTt§T 0 ‘rlM8§l(krasnoloTko3l)yo’uolacll. KreTwy bat poYaiiii
“norcbrMasbHracl1’: 2PeO+81-+2Pe+8Or UlpoYaltn§ oumycbanlk
cbe8ara3sTi1 koYarach, naluacla 3oymu, bolalcla bo3lT bllan 13bloy be-
n3b yotorMasbac/l. 8bu 3ababéan 3blatplab 13blanacl8an poYaHar
larklvcla kreTwy nmaéon kaT boY3bl8a baraka! ulTacrll.

Poslor ya okT§u8url rarar JEnslar blzoblanacH. Poslor poYalnT§
plasHkH81 ya uoym3buouyHSI katayiirackl, 3oywuy bolalHa 3Tny-
cbanl8lnl o3blracl, 3bunt8 wncbmn wnTnN8§ nHAcbnw cbek!asb8a
(0,025...0,045%) baraka! ulllnacll. Bkos ba'ran, poYaiin a b 13b-
lazbrl o3orlMasbiindb ya poYa! rT3 bllan Llasblb 13bla8ancla korro-
2lya bank>8MLL81u o03bln3b wucbun alaylab uo0‘3bllacb. OLLNSn8n/I
poUaHaréa 3ullkl - Pe§ ko‘nT3bkla boYacll, u leTii- blMan bir8a ensb
baroraH 988 °C boU8an eylekmka bo3ll ulacll. Eyrekiika ck>nlartng
cbe8aralan bo'ytwobaJoylasbacH ya 1331y bolcla bosiin o3Héa 13blasb ba-
roraHanéa poYaiin T o ‘Mullb s10'yacl (eylekiika enb keHb, éonlar ora-
3kla8l bo§Yawsb kucbglrlawb uolacll). Mar8anels uo‘3bll8ancla lerrnr
3ullic! plasHnka3lton Tar§anels 3ullic18a aylanacll, nnT§ ensb baroraH
1620° C. OkT8M8unrl po'bl a1 71§ xarball soynsbsoal§iu, plasllkHsl-
w, cbléatlnMnk cbe8arasuu, payyancifanunycHanHul ya korro2lyabar-
closbllLIg1nl pasayHracll. PL poYal8a ruclalarml eniisbéa, sbunilnSclek,
Telall pecb 8arlan bllan o‘xaro LLI3k alsanHa w3blb solacll.



Arol: ya Klslorocl poYalla rno‘rl ok§lcllar ya nkncHar (PeO, 8102
Al203, Pedblya b.) ko‘nT3blcla yok! erkT boHcla nnu80nlar§ajoylasblb
(8'oyaklar, éarrlar) ucbraycll. Bu eleten{lar poYa(wn§ 3oyny boMa
T 0 ‘r(H8LLL o3blracH ya cbléaTHHK cbe”arasbl pasayiiracH. ArolTn§
nHyion Ko'p boYsa, poYa! “<lelorta(:5lyall yar!3b” §a ucbraycH, cbun-
Kl arol cHslokal:8lyalatT§ barakal!8a xalal beracll ya pk3HKHKLW
Katayuracb. Yoéoroc! uaHn soH3bTa8a yok| §'oyaklar8a Joylasblb
olacH, poYaiil §‘oyalcla T o ‘rlallb yo‘yacH. LU T~ rruckan bol§ ala-
nayol8an poYalla ko‘'p boYsa, HokerMar- oyal sbaklll éarrlar boall
boYacH. 1/1arwn§ 3Ny Joylan oy é0§‘ ko'nwsblcla boYacH. Bunéay
nuuyson - Telall icbclan url8aw baulcla xabar beracll. PlokenlaTtT§
okHw oHs3b ncbun poYaiill gll!8an boMa clellortalslyalab boUlb, a3la
3oyklacH yok! 250 °C baroralcla uroy nsblab (urflacH.

2ararl wn3uHar (be8ona ]t3lar)nT§ rrnyéon poYaiill oHsb ya
noréorfMasbHnN3b n3anllanga ko'p claralacla bo§41y. Ma3salan, kl3lorocl,
yoéoroc! ya axol 8a2lanw katayHn3b ucbun poYal uay'a enlllacH ya
yaknunt 3barollléa unyllacH.

118lerocl Ta3zbTasoxlMk cbo‘yanlan 3lrukrraslcla SraH* ko' nT3blcla
boYacH. Oralll nlMuckio cbo‘yancla ko‘p (bir necba loll 8acba), Texa-
Wk xm3mslyallan alroiicla8l Telall lNd anT§ xm3mslyallanclan yoTton
boY8aw 3ababll 8raiil uo0'3blTalar Tn3labkat talnlsacla clarrlar ya
bo'3blMular bo3l a1Hb, cbo‘yanT o~rbniinb yo‘yacH.

Tabunykl, cbo‘yancla n8leroé Sraiil ko‘nwsblcla yancba ko‘p ya
nwn§ yo'sblMralan uancballk 3lyrak boYsa, cbo‘yanTtn§ Ttuslab-
kaTHS§!, ayTy3a, cbo'2llbcla, 3buncballk pa3! boYacH. Blroy ba'll
bollaréa, SraH{ uobly o1l 3ljaHéa natoyon boYacH - cbo‘yannT§
uHXpb [3blannycbanm§]rl yaxsbllaycH, nnga anul nk3ion xmsmslyallar
beracH, 1kra3sblar ya rarbalarT 3o'ncHracH.

Cbo'yannTt§ 3”rukllras! ya xusmslyallan kreTwy ruwuclon8a
(0,3...5,0%) MccHy bo8§Ulu, n 8rallllawsb larayow i kucbayHracH.
Mar8anelsnt§ clolrrny (ya'w labwuy) uo‘sblltalan (0,5...0,8%)
cbo'yanlaTtT8 Texawk xm3mslyallant yaxsbllaycH ya wular 8raH1-
lawsbl8a uarsbllMk ufacH. Poslor cbo'yancla (oéaléa, ko‘pl bllan
0,2...0,3%) en8an bolalclavcbraycH. Il cbo‘'yannTt§ 3nywuy, oymnycban-
H8! M ya yeyllIab8a barck>3blLL§ W o3blracH, 3buwn”™éek, T o ‘NMHSE 8a



xabab boYacH, cbunkl rwuyckan 0,5...0,7% boY8anéa ensb baroraH
950 °C boYs8an, T o0 ‘J1 losiiclll eylekHka (Pe+Pe3dP+Pe3C) boall ullacH.

8bwunga uarartay, loslor cbo'yannTt§ uHupb 13blanuycbanléTl
yotonlasbHracH, sbntn§ ncbun rruéon cbeklanacH (0,12%), ynuon
bar™o3bH cbo'yanlarcla nnéan bart kat (0,03%). “Terwr-n8lerocl
uolMsbTasi8a, ntng8 xm3anbSlyallant yaxsbllasb TaAsacléa Tax3ns
eletenllar uo'ablMacH, nlar “1e%lrlo\cM eleTenl” éeylacH. 8bunéay
eletenH bor soH3bTalar e3a, “1e8lrlan%an” éeyllacH.

be§lrloycbl eleTerMlart§ poYallaTtT§ xm3mblyaHanSa 1a’31r Lii-
Msb TexaTrrt (eTbéa poHTorll o‘28an3blart uo‘r§‘amsbclan 1bo-
ral. Bu o‘r8ansblar baroraH {enlréa erwan baTtTta eletenllarwing
xu3mslyallan8a bo§Uk}. be8iriasb yoUl bllan lerTT1T8 y-fa2a3trt§
Tay”mcllk L15rTT ken8ayHn3b (/14 8a 10‘§‘n kelacH8an barorallar
orHb, J1} §a 108 'n kelacH8anlan - katayacH) yoklloray(Tsb TM TKT
(/14 n T8 baroraHan pasaylb, Ab TKI1 - orlacH (9.1-]aéy., 9-12-rasT).
Ma3zalan, N1, Mn ya b.eletenllar 8urubl Ta4wnTt rruclorclan orHu
1o‘3bll3a, y - bolal LI151wr xona baroraHéan ensb baroraH”acba ken-
8ayHracH. Bunéay uoHsbtalar aw(enUi go.ukTa éeylacll. Bo3bua
eletenllar (V, 81, Mo ya b.) lerrkw en3b baroral”acba baruaror yfla-
cH Bunéay uoHsbTtalar/errHIM woliakTa éeylMacH. 1/larw u12cHr8ancla
ya 3oyk”~anéa eyleklolcll o‘r8an3b ro'y bertaycll.

4.3. Cbo'yanlar

Cbo'yan éeb letlr ub>lerocl uolsbTalan §urmbinT§ larkibklasl
n8leroé rwuéon 2.14 % éan ywuuon boY8an uoH3bTalar8a
ayllacll. Twurtusbcla soYlawlacll8an wu3bbu 8Surub Ta(enallan
lark|bkla n8leroé 3.0 - 4.5 % nnuéonéa boYacH. Bunéan lasbuan,
cbo'yanlar8a bosbua eletenllart baTt uo‘sblsb TUTKT. Terwr
- Jlerrmrkarbkl lara c/1a8ratTaszl8a asosan, uyomsbtalar 1150 éan
1300°C barorallar orall§4cla 3uyuy laraéa boYacH, but poYallar8a
T3balan {auso3k3bHrlMéanéa ancbagta pasHWWH Ko'n3b TUTKT.
8bunT§ mncbun wmlar o3on§ta erkta boll8a oYacb ya mlart yuyta
nsuléa uay™a 15bk3b T T K T. Bunéan lasbuan cbo‘yanlar, ancbagta
To0 'l Ta*enal bo4Ylb, 3HMNT8 wmcbun mnlar8a 3bakl bensbéa aynan
unyTakorfk nsuléan Noyéalan8an 1a’'aul.



Mar”~ane3. Mar8ane3 cbo‘yanlarcla lerur karblcHNT8 baruaror-
Ml orllnb, mn8leroclnlné Sranl latcla aJrallb cblylsbuia yarsbllk
Ko ‘r5alacll. Mar8anes cbo‘yantn8 3HaHw pasayHruycbl oln8n8nrl-
wn§ rararf1 (a’3Tw kataylrac/l. Oéalcla, cbo‘yanlarcla Tar8anesnT§
rruéon 1,2 % éan osbTtayc/l.

KreTwy. Cbo‘yanlarcla kreTwy Jlerwr blMan bTblb 3Mk3kHar
(Pe81, Pe31P2 boall Allb, n8lero(1t erkt bolaMa, ya’t Srallllaracla
apallb cblul31M8a ko ‘Taklasba(ll. 8bu 3ababll ynytalar oll3béa nnT§
rwuéon 0,8-4,5 % oraH&‘Kla boYacrl.

Poslor. Cbo‘yanlarcla lNosror yallly ya 10 ‘rl rosfcll eylekHka bo-
3l allb cbo‘yanwng Texaw kK xo33alanw yotonlasblirac/l. 8bnwng
ucbun Tu bl T ynyTta cdelallarclanntg rruéon 0,3 % éan ofliTasl§l
Kerak. 3Hu bllan blr8a roslfor cbo‘yanwng 3nymnylat3b baroraHuw pa-
3ayHHb, oumycbanM81nl osblrac/l. Poslorll cbo‘yanlaréan ympua ée-
yorH Turakkab 3bakll, 3MNHy ynraH uynytalar ol3béa loyclalamlaclx

OKw8nsur( cbo‘yanlarcla wu8lerocnt8 8rall 1lamicla ara-
M3bl8a wuarsbllk ko‘raafa<H, MlaTtT8 ouunycbanM8UIl pasayHracll.
OWn8mn8unMANTS lenlMrblMan bTkTa3! Pe8 kn3lallawsb éaynéa Pe bl-
lan yo*3bllb 985°C (3a auynulanacH8an eyleknka (Me3+%) bosM ufach
ya bun eylekHka clonalararo kn3lallauwb, cbo‘yanuw T 0 ‘rllasbHracrl.
8bu 3ababll cbo‘yan larklbicla o1HN8M8Mrl rwuc3on 0,08-0,12 % clan
o3bTasl8l kerak.

Kunlran§ cbo'yan. Kulrang§ cbo‘yancla 2.5-4% wu8leroc! ya 1.0-
3.0% alrofcla kretwy, Mn=0,2-1,1%; K=0,02-0,3%; 8=0,02-0,15%
boYacrll. Ko *pcbllMk cbo ‘yanlar(la 8ralll bocHoL, (pop-KOT) Ko ‘nw3bkla
boYacll, alroHcla e3a a-lerrk yok1l perlUn Talnsaloylasbacll. Kulrang
cbo‘yanwn§ Tlkrosb-uklurasl 4.2 (a) - rasTéa kellnl8an. Bunéay
cbo‘yanlar ynuon tnslabkat cbo‘yanlar éeb baTt ymnllacrl.

Bn 1ucla8l cbo‘yanlatt8 larklbicla 8raid! borl81w  umlanl
31</Inl8ancla, 5lupb yurasl kmlran8 LU3éa boY13bl bllan 12obla3b
TUTKT ya by ntng norw 3lfaHclabat yurkiac/l.

Knlran8 cbo‘yanlart  rmmkroslrukvlrazl8a uarab  bo3sbua
Talenallar8a yara8ancla pas! Tnslabkatlkka e8a ya 1o ‘r! Talenal
ekanlM81Nl ko‘n3b Tn TkT. OralllTn8 wmcbkur ulrralan {asbuanéan
benblwan ymklatalart konsellra”ya uflacll. Bu TalenallaTtT§



51q1H3b8a TM5labkalHEL ya plaslikHEl, cbo213b8a Tns{abkatH8Wa
T$balan kararosi ko‘rsal8icblar8a c8a. Knlran8 cbo‘yan blir yancHa
TUbl T Xxo33alar8a e8a ya aral<3a ken8 uo0‘1lanibdl Yibralsion
ener”~yart yaxsbl ynlaH.

8bunTt8 wncbmn kulrang cHo‘yan Ylbralslyacla 13bloycbl o84r
Avnltalarw 13blab cblyansMa uo‘llanleél. Bwunéan lasbuarl
kmlran8 cbo‘yan yeylll3b baréosb Talenal. Kumlran§ cHo'yan
en8an bolléa ymson ounycbanlk xo33a3wa e8a boYacll, bn e3a s>
y T komelikblyacla8l clelallart ofl3b Tkow T beracb bvnéa o84sb
koelllblyeni kaT bo*la<h Yaox1r§151 bn eng§ 11 bl T Ko ‘r3al8lcblar(lan
b T knlran8 cbo‘yan en§ arron Talenal bl3oblanachb.

4.2-razrcla kelllnl8an nukroslrivkluralarclan cbo‘yanlarw larkibl
ya {enrnk Bblazb 1mMn8a ko‘ra mlart o‘r8arltsb TUTKTHS8IT
kKo'msblrwr TMTKT. M130l mcbun kretwy ruwséonw kKataylTb
yokl 3o0ymiisb lerH8wl o3blnb, larklbcla bulvnlay 3etenlld nté
02 rrusiéoréa 8Sranl blMlan bosl bo‘M3blT ko‘n3b TM TKT. Bunéa
rrkroslrkllracla 8raiil clormalan perlll Taln3a8a cbo‘kkan boYacll.
42 a-rastéa - kilran8 cbo‘yan 31lrukllra3tT8 rrkro{olo8raiyasl
keNenl8an 1o0'Aa ran”éaéfan 8rail! clonalan a-ferrk Talnsacla
Joylasb8an rrkrofolo8rabya; b - 3bar ko‘nw3bH (plazllk) cbo‘yan,
bunéa (o‘u ran&clagl 3renk clormalar 8SrafdlcAr, a-letl Talnsacla
JoylasH8an T Ikrololosural; ¢ - oy cbo‘yan, yoryln s'3rw 3eTenlk,
alrod perlk [laraéan l1asbkl1 lopSan, bunéa 3eTenlk ya T[errk
fAallarlantng aralasbrtalan perll ekanl8bl KO‘M3b TUTKT; é -
bol§‘alanuycban cbo‘yan, 1o'a rangllan Sradl (bo‘3Halll§an n8leroc!)
a -CerrkTalnzaclapylasb8an; e - koTpak! Srailllcbo‘yan: 10y ranS8H
cbnyalcban831ton bo*laklar 8ralllcHr, a -I'eTl Ta{n3acla”ylasb8an.

O ‘r8awlayol:8an mc3y>» cbo‘yanwng Tlkroslrvkilrazlcla Srainl
cbmnyalcban851ton ko‘nwsbcla boYacll. Bunéay Talenalwn§
AoYlanllsbl 4.2. é-rastéa kellinl8an. Bn nukraslkluraclan 3buil
Ko‘n3b TUTKTK1, 3barston (4.2.b-rasT) ya knlrang(4.2.a-rasm)
cbo‘yanlatT8 oraH8Yclag8l 3lrukllrar lazbkll uyW8an. Hasilualan
baTt aMal8an 8rablwn8 taydmnT (20%) Al3rT 3lenk ko‘nNT3b8a e8a.
Buwng (a’3téa oYkk fAlrralarr8 yo‘sol8anl8lnl Ko‘n3b TU TKT
ya bunTt§ ralugsicla Talerlalnlng Tt3balan Tm3labkaTtl§l ya uros



Tucllal:8acblclaTlll§l pa3ay§8aTTKo'n3b Tm TKT. BuuolnSbralar§a
bat Tar§anes kaT rwuclorcla o’ sblla<ll,lekt konsenlral3lya rrruclon
pla3llk cbo‘yanwiklclan KaT.

KoTpak! ko‘nt3bcla8l Sranll cbo‘yanlart 13blab cbluansbga
Tar8anes ya 3enyrnn§ nnuéon 3Tcblklab naroral ullnacH, aynan
Tana 3bunéay cbuyalcban§3lton nukrosirukiilraSa eSa cbo'yanTt
oH3béa bo3bua koTponenllaTtT§ rwuclon baT 37cblkkb naroral:
yllinacH. Tenwk 13blasb repnn&a bo§4ry, boMa Tanusaw perllH yok1
MeTll laraéa sbakManin3b TU TKT.

Bu ya bo3bua 1urcla8l cbo‘'yanlaTT§ TexaTk xo33alan, nlarwn§
T 1kro3lrvkllraslcla ko‘nn8an 8raiil clonalannTt§ aTtuy 3bakHSa ya
Ta*M5a571T8 lara *arklbl8a bo§' u. 8lenk 3bakll 8raiil clonalanT
Kaiialasbl1lMlsb cbo'yannT§ TnslabkaTtlMgTl ya plasHkHSET1 o3blracH.
Petl Ttalns3a8a e8a cbo‘yan perHLU cbo‘yan8a T3balan ko'prou
plasHk ya kaT Tnslabkatlkka e8a boYacH.

MunslabkaTHk xo033a318a ko‘ra koTpak( kKo'nT3bcla8l S8ranlll
cbo‘yan plasHk ya bol§alanuycban cbo'yanlatt§ analo§lk
ko‘r3alSioblan8a yauyT, bun8a tuyolly yuuyon TnslabkaTt kulran§
cbo'yanlatT§ TnslabkaTtH8§!1 o3blirMacll. 113bbu Iurcla8l cbo'yannT§
plasiikHk ko'rsal8ioblan kmlran§ ya plasHk cbo‘yanlaTT§
Ko'r3ai§icblan oraH8Ycla boYacH. LI T§ elasHk Toc!mH 140 ya 165
CPa (20m 106—24-106 p3!) oraH8YT la3bkl1 elacll

Bn 1urcla8l cbo‘'yanlaTT§ bosbua lurclagl cbo'yanlarclan upylclaSl
a3o3ly ko'r3al8lcblarl ajraHb LlracH:

e Ancba yuuon 1551uHk oUkarnycbanH§1;

= 135lyHkrarbalan8aywuon cblclatlrrsgl (baroral:Tn§ birclat8a
pa3ayl3bl§a barclo3bll181);

- Yuuyon barorallarcla ok3lc!lanlsb8a uarsblHk ko'rsa*a oHsb
uoblyalTT§ T3balan ynuyon 8l

KoTpak( 8rai!ll cbo'yanlar bo2ir§1 kunéa aso3an uuylcla§l
clelallari 13blab cbluyansbéa uoYlatlacH - cHxel cMS8alellannTt§
Korpusl, cblyrtcll 8arlar ucbun uuymnHar, Habll nraltnalatTt8 Kowms
umllan, ynuon lerHkka e8a poyercllatT§ lorTo2loycbl <M3klan.



4.2-ra8T.Turl cHo'yarManHnsa opMk lwkrololo8raiyalan:

a - Kulran« cbo‘'yan (x500); b - «bar ko'nw$bH (pla$(lk)
cHo'yan (x200);

c- oy cbo'yan (x400); ¢! - bolg& alann\cban cbo‘yan (x150);

e- KoTpack! orallllM cbo‘yan (xtOO).



Cbo‘yanlar kmnycTy larklblya 13blalllisbJoylan8a ko ‘ra unyléasl
lvrlar8a a ralllacl:

CP?ay*a 18blanac8an cbo'yanlar. Bu cbo‘yanlar yaiiu, yaTo ‘P<H:.
8ababl 3bukl, bn cbo‘yanlar<la n8lero<lm§ baTtTa3l yokl Ko‘proy
o3rw lewlr blMan kiIryoYly blnkta {eTk KarblcH (Pe3C) bolalcla,
uols8ar 8raiil LUrrbla boYacH.

<2unyTta cHo'yanlar. Bu cbo‘yanlarcla n§leroclning ko‘p ¢3rw er-
KT bolalla,ya'T §raiil{aTéa boYacH.C)myTa cbo‘yanlaTtT§ bosbua
cbo‘yanlar8a T13balan alralll§l 3bunclakl, ular ynyon oumycbanHk,
LI18ancla HaltnT8 kaT KT3bl3bl, 3uyndarsb letperalurastT§
T3balan pasllgl, o3on ke3]b 13blaT3bl Kabl xo033alarga eua.

Max3n3 cbo‘yanlar. Bun cbo‘yanlar larklbl(la8l ckunlly Tay”é
eletenl 81, Mn 1aTT8 rwuckw oclalda8l cbo‘yanlarTtki8a T3balan
KO ‘p boYacH.

8bnT uayn eHsb kerakkl, cbo‘yanlaTtT8 azo3ly 8lrukrasldan
lasbuan *arklblcla81 SraHIrn 8§ uanclay 3bakicla boU|3bl8a uarab ular
lran§, Jucla puxla ya bol§‘alanunycban cbo‘yanlar8a baTt a>aHlacH.
Knlran§ cbo‘yanlarclan”cla puxla cbo‘yanlar oH3b Tausac/léa 3uyn,
bolalclaél cbo‘yan8a 02 Tluclorcla M8, Ce yokl bosbua elerenllar
L0‘3bllac/l. Bo18‘alanuycban cbo‘yanlar oH3b ncbun e3a oy, cbo‘yanlar
yuytalan tTax3m3 re”téa yntsballlacH.



5-BOB. TEKM1K18H1/18H A808bA M
5.1/1enwk i3blasb naxanyas!

TernHk 1$blasb éeb, Telall sioll8btalancla kerakH xo33alariu
oH3b Taysacléa vlarm yl2cHn5H, nsblab LLIN3b ya 30Y1i3b operablya-
lar y18‘1(b318a aylllacH.

Tenrnk 13blasH cwr§l yokl oraHu operablya bo'H3bl TUTKT.
Tenwk 13blasb nalyasl(la 3lrukllra o‘r8anb, wwuyoranal ya noTuyo-
rana! bolalcla bo'H3bl T TKT.

Mwnyoxana* bolal uollsbtacla§l barcba ]Jarayonlar 1lo‘la 1nSallan-
8anclan 30'n8 atal8a o3bac. bloTnyorana! bobl bun8a fsarsbl 3ba-
rokéa \T1ymucl8a ke8ancla boYacb.

KnTtyoYly-lenwk 13bloy ée8anéa, kiinycmy akily Tubkéa
Telall buyutga lerrwk 13bloy bensb WibunMack, 3111 yallaTtlaTT§
kKiinycTty larklbl, 3iruk(wurasl ya xusmsyaflant o‘28arllnsb wvcbun
bajanlacll. 8bunTt8clek, uaHK]HkW, yeylllsab8a baréosbllLkL, Xi2Tal
TncllaHw, konlak{8a cbl<latlLUKT, ok3klMawsb ya eleklrokltyoyly
Korro2lya8a baréosblLUkw o3blracH.

KeyT§l ylllaréa kTycTy-rénwk 13bloynT§ an’anayly cbe8a-
ralan ken8aycll. Bun8a, yura8a uo‘ylMacl8an ener§lya 21icbl§l yokl
ToclMikal8lyaloycbl eletenl ouHTn 2l1cbHS1 kKe3KT 0J115bl bl3o-
bl8a, lenwk ya kiinycwy oTllar 1a’sin kucbay§at 3abab boYcb.
P o0*1lanacH8an yan§l nsular ton claszlalan,larerH ya eleklron nuHanii-
n3béan Coycblawsb”™a a3o3lanacll.

Po‘la(lar8a knnycty-LUrrwk 13bloylatin§ 1TtkoTyallan lenwk
yoklTexaw K 13bloylar (31rlwlobla3b, 50 pla3llk <lelorralslyalasb
ya b.)wklclan ko'p bollaréa ken§, cbunkl bunéa 31rirT§ 3lrukturasl
0'28an3bl(lan lasbuan, kiinycTy lark!bl baT o‘r8aracb. Ba'ran, cH~-
Mwya Texawrrw oruaH 3irl yallatnif§ bl TycTy larklblu ToclK-
Mkalslyalasb T TKT. Bunéay 13bloy luncla pkoyarc! nalyaw bel-
8Mayc8an a3o3ly oTllar baroral, buyunt yuraslla akily kiinycTty
koTponen! konsenlral5lya5l ya ntn§ buynt bllan o‘raro {a'si
éayorwylngl(lan 1bora{. Ki1tycty-lerrtk 13bloyTn§ en§ ko'p larual-



8an m3vH - poYaliH aro! ya yoclorocl blMan clTu2lyall lo'yTiinsb.
Bunéan lasbuan, poHal buyunt 8iHILL KreTTy, bo'r, Xror, alwuwiuy,
rux bMan baT (o'ytiirMacl.

Tenrnk 13blasb nsnan 3 xIN boYacH:

1. 8ol lenuwk 13blasb.

2. Tenno-Texawk l13blasb.

3. KntyoYly-lenuwk 18bla3b.

8ol lenTk 13blasb8a: a) yntsbansb, b) nortallasbiinsb, cl) lob-
lasb, €) bo'3bali3b operalslyalan baJanlach.

5.2 Bo‘sba(1$b ya norraHasb

Yutsbansbéan Taysac! Tuyoranalla boYTta§an slruklurar Twu-
yorana! bolal8a kellnsbcHr. Cclalcla, yyTxWMaH3k cleSancla buymnTTr
Ta4lunt baroral8acba rcbnb, pecb blMlan blr§alMa 3o0yH13b8a ay-
LLiacH.

Yunrt3balisbning uypylcla8llvrian tay]ucl: reknslallasb; cbalaywnT-
3Ha"3b; 404a ynTt3bausb.

- Keknslallasb ncbun buynt 650-700°C 8acba drcbrilb, 3bu
baroralcla Taydnt yad usblab 1vnl8anclan keyT pecb blMan birta
3oykllacb. Bunéa lernl yayla kn3lallanacb ya 3etenM blr or o'‘3acb.
Malenalwn§ plasllki181 ollacH.

- Cbala yunt3sbalizb wucbun bunyut yunuyon baroral8acba dr-
cfecH ya Tadnt yad wmsblab 1lunl8anclan keyT pecb bllan birta
3oyinlacb. Bunéay lenrnk 13bloyclan Taysacl plaslTta ko'nnisblclasl
perlkTt yutaloy 3baklSa kekT3béan 1boral. LU T/ ualllyHs1 plas-
Mnaston perllUéan bIror pa3l boYsaiia, plasmkl]81 ymuoncHr.

ToYa yntsba™3b éeb, éonacbalanTt T3balan tayclalasb ya
yolcby, 1cbkl 20‘nuyl3dblannl kataynnsb Tauysacllck poYaéart dr-
cHnb, 3bu barorala Ta4 T yad msblab lvnlSanclan keyT pecb bllan
bir§a 3oylli3b8a aylllacb. Yuuon baroraMa msblab LUn3b yaun bnyuTt
Talenallcla lMara o‘28an3blan yur ben3bl vicbun yelarll boYl3bl ke-
rak. blalyacla bosll boYpan Ttayia éonaH amslenk 3o0yl3bl bl3obl8a
perbl éonacbalan baTt TaycblasbacH.



8oyLL3b yauHw katayHn3b tausacHéa amsletl en§ kaw barua-
rorfNkka e§a bo‘ 18an baroralcla 1o'1a parcbalan8uncba msblab (1rfacrl.
Awnslenk perll8a 1o' My parcbalan8anc!an 30'n§ asla-3ekT 3oykllacb.
Buniiay lenwk 13bloy ben3b 120lernHK yntibaH3b éeyllacH. Bunga
(0o*layutsbaH3bpa yara™anéa 2-3 TaHa kaT yaul kelacH.

1Yortallasb. blortallasMan Tay3ac! bnymntt keyT§l lenwk
13bloy bensb ucbun layyorlasbclan, o‘J/lacba u§leroclll poHallaTtT$§
e3a 3lrukiurasilit yaxsHMasbéan 1boral. blortalasb 1lo'laynt3balisb-
éan 3oylL3b 1e2Hs1 blMan !lary, ufacH. MortalasH éeb, po’ lallar g 2-
cltb, Ta4dunT yaul nsblab lvnil8anclan 30‘n§ bayoéa 3oylllzb8a ayllla-
cH BuyuntTt bayocla 30yLL3b 1e2lE1 pecb blMan bir8a 3oyki3b8a yara-
8ancla kaiaroy, bo‘ 18anM8l ncbun perlk8a parcbalat3b JarayoTt pa3s(-
roy, baroralcla boracH. blalyacla 10'1a ynt3baiisbga uara8ancla buymnt
3lrnkivraslitayéarouy bo‘lacll 3bu 3ababH, buyntnt8§ Tn3labkaTHS!1
ya uallluHs1 15-20% ywuuon boYacH. Mortaasb poYa(wlenriik 13b-
la3bTn§ layyorloy bo3dcbl yokl o‘Jlacba m8lero<!I1 po‘lallar ncbun
ox1r§1 bosdcb 5SlMalicla o' 11anlach.

5.3. Tobla3H ya bo‘ $ba(1$H

Tobla3b. Toblasbéan Tauy3sac! Talenallanwné Tm3slabkaTHS8IT
03bT3bcHr. ToblasbnT§ bo3sbua 30l lenwk 13bloy ben3béan a3osly
[arul n T kalla lerHk bllan 3oyLUlMN3bléacbr.

Toblasb baroraii Pe-Pe3C bolalcHa8ratta518aruyobuartylanacll.
Toblasb baroraH buyntTtn§ bullin Ko‘nclalang ke3Tu bo‘yoba blrxr
bo'Hsbl ncbun ko‘p yauy! kelsa, ansletrltn8 o‘3k keHsb xayin bor.
BuynTtTt pecbcla Ta’'1uT baroralcla 1vvb LUN3b yauH nnt§ 3bakl8a,
pecb8§aJoylasb n3ull8a ya 1unga bo§41u,.

XoTakMarTt yuuon baroralll pecbé&a ¢ 2cHr8ancla n§leroc! knyacH.
bbluacla buynttn§ yurasia wm§leroc! rwuéon karayacll. Bunrt§
okHw olM3b Tausacbla 13b TublH narora* ulllb ntlacH8an pecblar
poYlanMacH. Toblasb TubLlWwlo'§‘n lanlasb Tu bl T abatlyal8a eSa.
An3leTtlnT8 120lerrTk parcbalawsb cHa8rattaslclan tayuntkl,lob-
lasb mcbun kerakll boY8an en§ klcblk soylllsb 1e2B1 e§n cbirluyya
mnnta boUTo84Y kerak. bekT 30yM3b *e2lM8bl Tarlen8k8a parcba-



laub cbeSaraslcla 3ekblaiabl rarur, 3burncla bnynTtéa ynra8a kelacH-
8an Icbkl lenTnk Kucblawsblar Tu TK T uaéar katayacH.

3oyll3b Tublu 3/1aliéa 3uy, TTeral toylar, lur erktakn 13blaH-
lacH 118lero<LLl poYaiiarw {oblasbéa 3uy, ynuon le§lrlan§an poYallart
{obla3béa e3a TTeral toylar 13blalHaclil.

A8ar xoTakTT§ ko'nclalan§ ke3snw kalla ya 3bakH Turakkab
boUTasza, 1o‘xloy312 bir Tubiiéa 3oyllUsb Tu Tk T (5.1-ra3T, 1-e8n
cbl21u).

Yunuon wm8lerocld poYablart loblasbcla 30yinnsb mncbun 1Kkl Tnbl*-
éan lMoycblanMacll. Bunt§ ncbun podal an3letlnTt§ baryarorlsl eng
Kioblk payréan oU8uncba 3my bllan 3oykllacl, 30‘n8ra TaJlenBk™a
parcbalat3b baroranéan 80-100 °C yuuon baroralcla Toyéa 3eKT
3oyklacH (5.1-rasT, 2-e§n cblrk}).

A8ar asbobnln8 nwl3bl Turakkab ya ba]rt kaHa bo43sa, po§‘o-
naH lobla3b yoYlartlacll (5.1-ra3T, 3-e8n cbirly).

Bunéa asbob 3unynuy tnbMa TaJlen3k”™a parcbalarsbclan yunuon-
roy baroralla msblab LUr/lacll, 30'n§ra bayoéa 3soyr™Hackl. 8Hunclay
ylr8ancla Tarlensll8a parcbalarsbclan olcln barora* buiit ba”
bo‘ytoba blr x1 boYacll.

Ko'‘p bollarcla o ‘rlacba m§leroclll poHallan3an layyorlanacl18an kon-
51rmk3lyalatll2 Tturakkab ¢3tlan 12o0lerrTk baroralcla loblanacH.
Bunéa poUa* beynk8acba ler 3oykllacll. BeyTl parcbalatb bo48achb,
30yK13b éayoT eirMacll (5.1-ra3t, 4-e@n cblrw). Nelyacla poYal
3lTukiilrazicla parcbalanTtay uol8an amslenil payéo boYacll. Bunéay
loblan8an poYallarcla plaslkik ya uallyHkNT8 yax3bl Tu lano3iblisl
yura8a kelacll.

Masblna3orHk ataHyonéa 0‘2-0'ri(lan bo‘3baiisb nNKoTT bera-
cMsan loblasb n3ukan Tay)ucl. Bnunt§ ncbun drecHnl8an buymtnts§
bir ¢p3rwpata 3oyllkc. 8oyllllTa8an ¢p3TnT§ 1831HS1L bl3oblga
30yklM”~an ¢ 3T bo‘3ballsb baroraH8acba ¢ 21ycl. blalyacla bo‘3ball3b
JarayoT 0‘2-0'rulan yur beracb. Bunéay loblasb naunlféa wrfd3tlan
bar Xl uallluHkka e8a bo48an buyutlar oMnacl.

Tobla3b naluasicla en3bllacl8an en§ kalla uyallluMk poYa{wn§ l.ob-
lannycHanH81 éeyMacH. L, azo3an poYalwn§ larklbkla8l nugleroc! rrnu-
c'on8a bo841y, boYacll. Har xI' Tubkéa 3oyklM8§an poYaiiHru, eng kalla



ualllurst yvnra uyailyH81cH. Yuraéan 50% Tta/len3k ya 50% 1roslk-
8an lboral yallaTt8acba bo48an orally (oblawsH cbnunrHs! éeykacb.
Toblawsb cbuymrHgW awylasbela (Hatenn 25, v2mnlfgl 100 Tw 8a
len§ natunaéan roycblanMacb.

Toblasbéan keyT 3etenllan8an uallaTt 3lrvkllrasicla tayiia 18na-
51T1on Ta”en3k, uplclliy anslenk (200% 8acba), ba'ran orlucba Kar-
bkl yo‘3bllTtalan boYacH. C>nyl bo‘8baH3b 160...180°C éa, bIr taHa
loblan3a Haw, 1kk! TaHa loblan3a Haw, balanlacll. Buncla loblasb
TaHensLll bo‘3baH3b Ta/lensll”a oYacH ya clelablk8l kucblaT3blarw
yo'uo*acll, S111ua*latnt§ yalllyHs1 58...62 HKC 8a yelacll, poUalnT§
barckasblllk cbe8ara3sl koYarllacH, kucblatsblarw 1o‘ploycbllar§a
8e28 1181 paszayacH.

8eTenlal8lya uyllin§an ya bir taHa loblanSan ynuon le8klan-
8an poYallarcla uplcHy amslenk T 1klol ko‘p boYacH (50 % 8§acba).
1N aTtT§ uyalllyH8IT o03bln3b ncbun loblasbclan keyT 3oymnuylk bl-
lan 18bloy berkacH yokl yuuon bo'sbaH3b, keyT loblasb ya uunyl
bo‘3baH3b 18bloylan ber/lacH.

Oa«ly, karbywunzalorcla 3etenllasb pls3la kKo'T K (YyoKl yanTKOK3
ya lorl” Kok31) m8leroc! ok3icll bany bllan bir8a, kably yokl nalny
30lT8an Tax3u3s yasblklarcla baJanlac/l. Yasblkcla8l buyutlar karbyu-
nralor uallarw blMan bk8a 3bunitay o‘cblnb wo'ylMacHKL, buywrlar-
wn§ nturwy bajrw karbymnxalorba]TTtT§ 10...15% T lasbkl1saHacl

C>allhy karbymnralorcla 8etenlalslya 1sbloyl balanl8an<la uuyMa-

Jarayon!ar kecbac/l. Karbynnxalor baYOcla8l k|3lorocl bllan o‘raro
{a’3k"a Kws3blb, nsleroc! okslcllanac!l (n§leroc! ok3sicl8acba). n, leTk-
wn§ 13blirokicla cMB50151al51yalanacl1 ya akHy alotlar w§lerocl cbluya-
racli: 2 CO—»C02+C. Bu u8lerocl poYal8a cHNewyalanacH. Yasblkcla8l
n8lero<l ok3lclH lurlar karbymun2alo T T 8§ mn§lerocH bJlan o'raro la'3k§a
KT3blb, Tubkw w8leroc! blan boykacH (BaC03C—BaO+2CO),
3eten/lawsbuilerlalacb.

Bo‘3sbansb. Bo'3baH3bclan Tausac! loblasb nalya3sicla buymnt/la
bo3/1 bo'18an 1cbkl kucblatsblarw katayHn3b, plasHk xo3salarniu
o3bln3bcHr. Bo*‘3baH3b loblasbclan key T balanH3sbl 3ball boY8an ~a-
rayoricHr. B o'3baHsb ncbvn bnynt P8K. krllk nuu*aclan pasl baroral-
8acba drcHrMacH. Bo*3baH3b ncb Xl boYacH:



- pa3l baroraMa bo‘8ballsb. Buwn§ ncbun buynt 160-250°C
baroraMa f12cltla(ll, TaY 1 yaulluminb lmnl8angan Key T bayoéa 30-
Y1111ac1l

HoslM bo‘18an 3lruklura bo'8balll8an Tar(en$k éeylacK. Toblasb
naluasl(la bo3l bo‘18an yalllyHk éeyarH o‘28artaycll. MuslabkaTHk
ya uoymnsbouHk 3erlMarH éarajacla orlacll. Toblan8an poYaiclagl tobkl
kucblawsblar katayacH. Ko‘ptcba kaTt le§lrlanSan, yurasl loblan-
8an ya k1tyoY1ly-lertlk 13blan§an poYallar ana sbunéay bo'‘3sballlacH;

5.1-ra3T. Toblasb nanfanw (M3HuNrnycM cblrTa.

- o‘rlacba barorallla bo‘'sbalsb. Bunt8§ ucbun buymnt 350-
450°C barorala utWrhacH, Ta’'luTt yayl Wb 1vni§anclan KeyT
bayoéa 3oykllac. Ho3lM bo‘18an 8lrvklura bo‘3balll8an (roslU éeyb
lacll O ‘Nlacba baroralla bo‘sballsb ko‘p boHarHa pnyTa, ressor,
3blaTp kabl buywrfarT {errtk 13blasb ncbun o' 1lanfac. Toblan8an
buyntwng uvalllyHs1 35 HKC 8acba katayacb ya plasvk xo33alan
oflacl.



ynuon baroraMa bc3baiisb. Butn§ ucbun buymut 550-650°C
baroral8acba urcHNHb, Ta4 Tt yayllumb lvnl8anclan keyT bayoéa
80yLLllac. Ho3lM bo‘18n §lwklura bo‘8balll8an Sorbl( éeylMa-
cH. Bunéay lentnk i3bloy, le8lrlan8an w8§lerocld poYa(lar wcbun
uoYlalacH.

8w oy $ayollan:

Tentnk 18bla8bnT§ 1urlan ya Tau3sacll?

PerliT an8lenk8a aylawsb yaui wrtaga bo§‘ Hy boYac?
MaJlen3k 8lrukllra uanéay xo3saH boYacH?
blonnalasbHn3b cle§ancla wrtatln5bnnad12?

Yutrsalsb oruyall wtalar8a ensb/lacl1?

blortalasb”an poYa! 8lruklurabl baul(la 1m8buncba benn§?

Nk ODN R



6-BOB MATELWLWAbbAK T1LW 40 ‘1XAM1J/18H
80HAbAK1

6.1. be§lrlan8an poYal!lar§a le§lrloycbl
eleten(larwng 1la3 1

“Tewlr-nalero(l” uyoiisbtaswa, ntn§ xwu8lya{lant yaxsbllasb
Tay3acéa tax3ns eletenllar uo'3bllacb, nlar “1e%lrloYcbl eleTenl”
éeylMacl. 8bunclay eletenii bor yoinsbTalar esa, “/e#/r/lan#an” éeyb
lac

be8irioycbl eleten!lar poYallarcla erkT bolalcla, lerTr bllan yok]
o‘raro KityoY 1l blnkrta 3baklléa, ok3icliar, 3ublc/ar ya bo3sbua
notelall uo‘sblltalar ko‘nt3blcla, karbbl [arasicla, 3bwunt™aek,
le T Ir(lagl uanily enltalar ko‘nT3bl(la boYacH. 1J/lar ko‘pTcba,
“lenur-un8lerocl yollsbralannT§ asosly la2alancla (lerni, ansle 11,
3eTenH!) enyélyoklTax3nsa karblcHar boslM ullach.

Turllsbl ya xo33alanT o‘28arin3H Tay3acMa poYal8a taywuT
Kon3serniral8lyalarcla Tax3n3 u,0'8blMacH8an eletenllar 1le%lrlo\cblele-
Ten(lar éeyMaclk.

be§irioychbl eletenllar uo‘3bM§an poYallar le#lrlan#an p o‘la(lar
(Beylack.

be8irloycbl eletenllar poYal8a alayT kblHHb, nnT§ xo033alanga
ya umnHsbl8a 1a’3!l" ullacH. 8bunaua eletenllar kT{lM§an poYallar
le§1irian8an poYaslar éeyllachb. PoYaiiH o‘ricla kreTTy ya Tar™anes
boYacH, 1ekT kKreT1Ty rwuyéon 0,4% éan o3b3a, Tar§anes 0,8% éan
03b3sa bunéay podallar bat le§irlanSan blsoblanacrl.

Ba'21 1e8irloycbl eletenl:1atT8 rTuéon Jucla kat blYHsbl Tu T -
KT: 14b, T1 rwuéon 0,1% éan o3btaycH; V bat 0,005% éan o03b-
TaycH.

be8irlan8an poYaslar lexTka larauulyol1 lalablan naluaslcla pay-
(1o bo48an. be8irlasb Texawk xo33alart (Tu3labkatlk, plasHk-
Mk, uoymsbuoylk), VR1k xo353alart (elek!r oYkarnycbanlk, Ta§-
M1 xaraklerisnkalan, racHalzlya8a cbléatlrs81y), kKiryoY ly xo33alan
(2an81aTtasHk) yaxsblla3b Tauy3acHéa uoYlawlacH.



be§Hlan8an poYaHar w8lerocll poYallar§a wsbalan epwunT!
boYacll. 8bunT§ ncbun nlarw yana lentuk 13blab uoYlasb Tausaéuyn
TnyoHu,.

A308ly le8lrloycbl eletenHar8a Cr; N1; Mn; 8u XV; Mo; V; Al; IM;
Cu; B; lar kHacW. Ko'pTcba blita eTas, bIr necbla eletenllar: Cr ya
Ne ; Crya Mn; Cr; Ne; Mo ya V bllan le§lrlanac/l.

be§lrlan8an poYa(larcla le§Hloycbl eletenllar uwuyiclagl bolal-
larcla bo413bl TU TKT:

- erkT bolalcla (nM3 blMan s0'r§03bT po‘lalla entaycH ya
Te*all yo'sblltalar{aTéa erkTt bolaléa boYacll);

- karblclMar bollcla (n8leroc!8a yau T boU8an ko‘p§Ta eletenl-
lar 3eTenWa enycl yokl Tn3lxpl karblcMar bosM yllacr);

- lenlr bMan yokl blir-bin bMan bo3lM yM8an Tlertelall blnk-
Talar bollcla (ko‘p8Ta leS8Hloycbl eletenHar Tmayyan konsen-
lral3lyalancla 1 ler talenal blnkTtakr bo3ll uflacll, 3bu 3ababH, nlar
Ko‘pTcba yuuonleélrlan8an poYallaréa mcbraycll);

- ok3lclMar ya 3ullklar bolMéa (po* lail ok3ici312lanHN5b ncbun
uo0'3bllacl8an barcba eletenllar ok3icUarw ynra8a kellracll, lerwwir8a
uara8anc'a 01HN8M8M/18a Ko proy, yau T boUs8an eletenllar esa 3ulbl-
lar bosll yfacr);

- leTlrcla8l envina bolléa (Bayny Hrinéa lenlMrclan cbapéa
Joylasb8an eletenllar {erwréa ensbl baT, karblcMar bo3/1 ullisbl bat
TuUTKT, lenlrclan o'n8cla]oylasb8an eletenllar esa wlar bllan MNaual
uallly enltalar bosll ufacld).

6.2. beMan”an pokla(lartrn« (aswJl

be§lrlan”an poYablar yutsWall”an (Tuyorana!) bolaHclas!
(uruMsbl™a ko'‘ra WxulMlsbléa orHuycba lMerrk bo' lacl8an e\leklollan
ollT& po‘lllar8a, perlld LUPRulMsblsa e8a boU8an e\lekml(l
poHanawa, LUrnM3bluya orHucba OkkIMatcbl) karblclMar boYac8an
eyleklolliclan keyT%l poYanawa, LWrmM3blMa 3uyuy erktaéan
aJralb cbluyan blHaTtcbl karblclMar boYacl8an bleburlMMpo Yaiiar™a
boYTac/l.



AtaHy ~baMan po‘lalt T1e'yorlasb8an bolalicla8l Mull3bl™a
ko'ra lasnllasb TwublT blsoblanac. 118leroii ya le81irloycbl
eletenllarTng nuuyiorwa uyarab, le§lrlan8an po‘la(larw upylclagl
3t1Hdar8a a™am3b Tn TKT: le8lrlan8an lernl LUrmH3blNa e§a bo‘ 18an
/ert N po'lanar\ perlk LUruH3bl™Ma eSa bo‘18an perllH p o ‘la(lar;
TarYensk LWrnH3bl™a e8a bo'l18an TalleTWW po ‘la(lar; anslenk
n2ulsbi8a e§a bo'18an awlenHI poYawnar. Bunéan lasHuan, ZerrU
- perlUH, yanT aumsleniya bokaro po‘lallar baT bo'H3bl TUTKT.

YarHaswa ko‘ra poHaHar yunyMap! §urnblar8a blHasbWrMacH:

< TasbTtalar clelallarlnl layyorlasb8a T 0 ‘¥YallanSan kon.4Cruk-
Xwon p o ‘laiiar;

Ke3nycbl, oMcba3b asboblan, 3blatploycbl ya bo3Hua
asboblar layyorlasb ncbun 13blalllacb8an asbob3orlikpo Yaiarr,

- bloMLLa xoxxaH po ‘lal ra yo$kTalar.

P o’ lallar claylal 3lanclarl:lanu bl3ob8a oHb TarkalanacH. Har uay3l
le8lrloycbl eletenl barlbWan bel§Marwb: A-arol, P-Io3dar, O -rT3,
- Tar8anes3, B - yollraTt,®- yanacHy,K - kobob, M -Tollbéen,
H- wkel, B- bor, T - Wan, C - kretwy, X - xrov, L, - 3akouwy,
A-alvrwTy, Y- noyob-yer Telallan.

A8ar eletenlnT8 rrruéon 1% clan kaT yokl unsa len§ boYsa, n
boMa rauyat boYTaycW.

Yuuyon 51MalllpoYa*lanla bel§77§ oxTéa A barin luracll. Ma3zalan,
larklbkla 0,28 - 0,35% C,0,8- 1,1 % Cr, 0,9- 1,2% Mn, 0,8- 1,2%
§1 bo4gan poYa! 3OXbCA 1lar2i(la bel§Mana<.

Mwurakkab 1le8lrlanSan asbob3orHk poYallanTt Tarkalasb kons-
1lrukston poYallanu Tarkalasbclan blrtuncba lary ulflacb. Ma3salan,
X12M poYal larklbkla 1,45 - 1,70% C, 11 - 12,5% Cr, 0,5 - 0,8%
Mo boYacll. 8bankll poc!3blpTklar yasalacll8an poYa/lar LU bari
bMan, leskesar poYallar P barii bllan bel§Manacll.

be§lrloycbl eletenllaTtT§ poYalnTt§ xm3mslyalla 131, ayyalo,
Mlernltn§ xum3mslyallan o‘28ansblcla, karblc! Ma2anTt§ cb3per8rigi(la,
bo'sbaiisb ataHéa Tarlen3un 1§ baryarorH8kla, loblanmYcbanllkcla,
éon oYcbarlan kabllaréa natoyon boYacll. Penll - Kon3lrmvkslion
po‘lallaTT§ a3o03ly laras! bo'lb, poHal ba]tTT§ 90% éan orll84r
lasbkl1 yllacll. be§lrloycbl eletenllar uvncla enycll, krl13lall paryarac!asgt



rrnr aloTlan o‘rww e8allaycii ya paryarat u Sbaylircl, nalya<ln
lernlnt§ Tu3slabkaTHS§! ya yalllyHS81 o3blrac. CMalliuHk o3blsblun
KretTy, Tar8anels ya wkel ko‘prou yoréat beracH. Blrou, ak3ar le-
§irloycbl eletenllar &rrkTn§ uoymnsbuouyl§ill pasayriracH, 3oyuucla
T 0 ‘rllk o8lona3il koYaracH. Nekel bunéan Ttmslasno, u po‘laluné
xu3muslyallann] yax3bl 1loton8a o‘28arHraél.

6.3. A3bob3orHk n™lero<LU poHaMan

A3bob30/lNk po‘lallan ynuyon uaHMuVkka e8a bo‘18an, e§LLI3b8a
cbléaTtH, n8leroclll ya le§1lrlanSan po* lallarclr.

A3bob3oxlMk po*la*lan 1531ullkka cbléaTHIMK, ya't asbobnT§ 13b
Liina31 LI1218anicla, Tazalan, kana lerlk blMan ke313b(]a, Lii218an Telall
éellortalslyalan8ancla baTt yuuonéa ko‘rsalll8an xo33alanw 3aulab
uolMsb xmnsmslyall8a e8a. Asbob3orHk poHallancla n§leroénT§ ruiy-
gon, oéala, 0,7-1,5% boYacH. Bular a3o3an umyléashar; Y7A; Y8A;
Y8rA; Y9A, Y10A, YIOTA, Y12A, Y13A. 0 ‘uyll3bl: Ma3zalan Y7A:
Y-n8leroéH ée8at; 7-o'néan blIr mnlusbcla mn8leroé rwuyéon, ya'w
n§leroé C=0,7%, A-poYal ynuyon 3/Malll, ya't rararH eleten*lar P, 8
lar bar bInnT8 rTyéon 0,025% éan o3bTa8an ée§aw. Ular albaina
lenTk 13blanacb (6.1-paéyal). Toblasbéa dxcln3b uo‘r§ o3binll yan-
nalaréa, lvr ennakn yannalanéa ya eleklr pecblaréa ollb bor/lacH.
KaKa oYcbaTH a3boblar loblasbéan 01é11=350"50°C éarr ke!Tas-
81 ucbun éaszéab prétb oHnac. CMréT3sb yauH asbob ko'néalan§
Ke3lrT kavall88a uarab bel8lMana<H: bar bIr T T ko'néalan§ ke31T8a
unyléa8l birHk bo'ylcba Lo‘r§'osbln yanna ncbun 6-8 3ek, lur yan-
nalan ncbun 12-14 3ek, eleklr pecblan ncbun 50-80 3ek oHnacH.

n8leroél poYaiiarw lentnk 13blasb JarayoTc!a lob lasblasb, éarr
Keli3b oéau bor.

Y7A, ¥Y8A, Y9A, poYaéaréan 3lesarHk ya (enHrcblUk asboblan,
n3bla8icblar, uallly yonsbTall Ke3ktoblaTT§ Koduslan yasala(H.

Y10A,Y12A, poYaéaréan lokarllk ya ranéalasb kesklcblan, par-
Talar, Telcblklar, raxyerlkalar, plasbkalar, uo4 ana, lastaH (lenla-
31Ton) analar yazalacH.



Y KOT A poYaiéan yo§‘ocb ya Telallarw ulruacli8an lastaH len-
laglton arralar 13blab cbluar/lacb. n§leroclld asbob3orHk po'lallariu

{obla3b baroraH §raliig§l 6J1-ra3téa kelllnl8an

TernHk kKMasb reptlan

Po‘lal Toblasb

. 8oyllsb
Tar- baroraw,
Tub LW
Ka3l 1-C
Y7A 800—-830°C 8uny

Y8rA 800-830°C 8uy 3o‘nraes§’
Y9A 790-810°C 8uy 80nsracs§’

YIKIrA 760-810°C rem
Y10A 770-790°C 8wuy 8o'nSrae§’
Y12A 760-780°C 8uy ko'nSrac§’
Y8A 790-820°C 8ny

C>alllyHk,

loblan-
8anclan
50'ns§,
HKC
61-63
61-63

62-64

61-63
62-64
62-65
61-63

6/1-]aclyal

Bo‘3bal8an-
ran
Bo'kbaunsb 30'N§

ualllyHk
HKC
Pa3l 60-63
bo'sbalikb 60-63
160-

180°01a 60-63
L3blab 60-63
1nnsb 60-63
1-2 60-63
8oal 60-63

1181eroclll axbob3aoxHk po‘la(lanw (obla$b barorallan

6/1-ra3T. 118leroclll asbob3orHk po‘1lallarw (obla3b baroraH
8raiigl.



6.4. beM1rlan8an as3bob3oriik poaMan

be§lrlanSan asbobsorHk poUallan wn§leroc!l poYaldar larklbl§a u
yokl bu 1le§lrloycbl eHtenllarw (Cr ,¥Y, Mo, XV ya X.K) Ki-LLsb bl-
lan oHnacl. Bunéan tauy3ac! 10211 boU8an xo33alart oHsbcHr. XroT
yo‘3bllza, poda* ran§8a bar(lo3bH§1 ya 13bualaub yeyl-
H3b8a sar3blLi§1 orlacH.

YoWrat ya Tollbéen kTLU 3a poYanii aa«1ul8L18bualatb yeyll-
3blga sarsblLI§11881ubarcio 8bl181 orlach.

Yannaclly poYalTt 3lruklvraslnl yaxsbllay(b: Tur§' vn karblcMar bo-
3M uMacb, loblan8anclan 30'n8 Tayéa éonaH 3lrukllra bosl ufacH.

1. YoMratH poYablar: B1, B2. Bu yeréa yollrat rrnugon 1%
ya 2%. YoUraTtw s0‘3bllisbl poYa*w oYa s11213b8a Toy MM 8bl pasay-
JlracH; nymnsbsonlsl oflacb. Pannalar, kioblk oUcbat(laél Telcblklar,
raryyorlkalar, plasbkalar ya b.K. ya3zalacll.

2. XroTH poYaHar: 9X, X05, X. XroTT uo‘3bllsbl (obla3b-
8a8l krllk 3o0y1(13b lerM§T1 pasayiracll; birtuncba 13bsalawb yey!l-
M3b8a cbl(latTHHS8T1 o3blra<; uallyMkw koYara(H. ONLL3bI: 9X-cla
8=0,5% 8r=1%; Bu po'~4al7|an lokarllk ya rarkblasb kes3kiwoblan, par-
Talar, Telcblklar, ra2yyorlkalar ya b.k. lar yasalacb.

3. Xrot-tar™ene”3W poYaHar: XBI'; XI', XBI' w o‘allsbl:
8=4%; 8r=0,9-1,2%, W=1,2-1,6%, Mn=0,8-1,1%, XI w {arblbl:
8=1%; Cr=1,3-1,6% Mn=0,45-0,7%.

Bun poYallarw yax3bl xo33alan(lan b T bu- loblasb]arayoT(la lob
lasblasb (clellortal5lyalawisb) claralaSl ancba klcblk. 8bunT§ ucbun
bu poYaMan urun 3lepn3sinion ya oYcbanlMan 13blan8an clelallar8a
oYacl8an keskioblar yasalacH: prolya]kalar, Tax3u3 partalar ya rar-
yyorlkalar .

4. XroTt-yoll'rot poYallar: XB5: Ilarklbl 8=1,25-1,5%;
Cr=0,4-0,7%; ¥/=4,5-5,5%; Jwla yallly. HKC=70 1loblan8anclan
30'n8. Yuuonlsbuyalablb yeylllsb”™a cb1(laTH-LUrg vn. Bu poYaHarHan
lokarlk ya rancblasb ke3blcblan, lmeralar, Tax3n3 kKeskwblar yasala-
[N

5. Xrot-krettyH poYaHar: 9XC, 9X; 9XC W kKityoyly
{arkiim: 8=0,9%; C= 1%, 81=1,4%. KreTwy poYaiin (oblawsbHk uo-



bllyallln o3blracH; 13bualarnb yeyli13b8a LUrg' vnlll81, cbklatTHHS§1-
T, nymsbuyouyll§lw o3blracH. Melcblklar, partalar, plasbkalar, re2alar
yasalacH.

6. Yunuon xrotH poYaHar: X12; X12M. larlabl 8=1,45-2,3%;
Cr=11-413%; Mn=0,5-0,8%; HKC=62-65% loblan8anclan 30‘'n§. Bu
poYaldan lreralar, raryyorl:kalar, partalar, prolya]kalar yasabl k

6.5. Texkesar poYaHar

Terkesar poYalclan ya3al8an keskwoblar ke3lsb lerHsi yuuon , Ke-
513H cbnumnrrisl kaKa, éetak, yuuon baroralcla 13blay(Lar. n§leroc!ll
asbob3orHk poYaHan 200°C 8§a ¢218ancla nwn§ yanniyHS8!L leT- pasaya-
<H(keskiob oY Tb yolalll), (erkesar poYai 600°C éa bat yutsbartay
¢ripsb yoblUyani 3aylab uolach.

Terkesar poYaJlarw lurlan ko‘p. 1/1atT§ ba'rManw klTyoyly
(arklbl ynyicagicHa:

Terkesar poHaHarw k1tyoyly (ark!bl

6.2-]aclyal
Po4al
8,% Cr, % XV, % Y., % Co, %
Tarkasl
P18 0,7-0,8 3,8~1,4 17,5-19,0 1,0-1,4

P9 0,85-0,95 3,8-4,4 8,5-10,0 2,0-2,6
PO®5 1,4-1,5 3,844 9,0-10,5 4,3-5,1
PI9K5 0,9-1,0 3,8-4,4 9,0-10,5 2,0-2,6 5,0-6,0
P9K10 0,9-1,0 3,864,4 9,0-10,5 2,0-2,6 9,5-10,5

P18K5®2 0,85-1,95 3,8—44 17,5-19,0 1,8-2/4 5,0-6,0

Terkesar poYantn§ 1331uHk 0 ' 1ka213b uoblllyab kicblk, blréarnsa lob-
lasb baroralll pecb8a 10'y/13a arr kela<b. 8buTng§ ncbun oblTéan
2-tala ¢rebnb olMlnacb: 1) 500-600°C, 2) 830-860°C. Bunéan 30°'n§
ler dorcbriacl. K18 wmucbun 1@#1280-1300°C. P9 ucbun 17=1240-
1260°C, Amnslenk 3iyakllras! obnacH. Ma’'1nTt yad usblab 1nnl8acb



(T=1-271T1) Toyc3a 30yklacH (WUr erktasbla baTt bo'IBbl TUT-
KT). Albalia bo‘sballlac/: 3-tarla 1 303lclan bo‘3b3lM3cH, bncbl
bo'3sball8an(la 3u3lenHT 85%, Ikkincbl bo‘3balll§8ancla 95-97%,
ucbincbl bo‘3ball8ancla 98-99% Ta/len3k”™a aylanacH. 8buncla ual-
HuHk HKC=64 §a yelscH.

Bo‘3bari8b rerww KkTcbl yanan*l bat bor. Po‘1al 3oymu bllan
13blana(: -80°C clan -100°C 8acba 30yklMacl. BunH3n 30'n§ bir ta/la
560°C pa bo'sballlac. 8bun<33 3u3letlw 97-98% T13rlen5HS8a ayls-
racH.

Terkesar po‘lallsrrloblasbclan olcHn yntsbanb ollnackl.

6.6. (ally yo(13bTalar

Oallly, yonsbTtalar asbob3orHk Talenallan lmrkwiw8a KvdkH.
Crallly, u0113bT1313r ko‘p 13ru3l83n asbob3oxMk Talenall bo'llb,
vlar kmkun Telallur§lyasl aso3l(la oHracll. T33bkI1 ellycblMart Tay-
Halab kuknn bob8a kelllnMb araksbirMscll. M33313n, BK6-tarkall
yorisbta ncbun "C=94% ya Co=6% ba]rwcla bar 1kl 133bkI1 eLLlycbl
Knknrisnlsyyorlanac/l. OMNn8an Ta333T KerskH MNorta ya oYcbatH
yolp”a (3b13Tp8a) 30lMb b o3T bllan pressknacb ya 1021t oUcbatH
plasl:Tk3lar olnackl. Pla3ltk313r §r3iilll lrmbkall yoklywnuon cba3slo-
laHyaknunt pecblan8ajoylasbltlb lok oUkaxIMacK. (0=4500A).

Yuuon barora* {a’3THa karblHlar (Tazalan ~C) rarracba-
lan kobob r3rracbalan bllan blnkacH yop13bacll Bu yerHs koboU
2arracbalan bo§4oycbl yar”~a3sw o‘laycbh. Ne{y3cl3 o‘13yuuon uallly
Ta333 bo3l bola<b. Cx3MiLl3Tcblan 2icb yollraT ys 1k3n k3rblcllan
kn3lallanclan lboral bo‘Hb, nyn3sboy TocKUa-k3rblcH3rT kobol/clagl
uslly en!tasl blfan bo§‘ lan8an boYacll. (ally uorsbTt3lar a3o33n
1kl Surubclan iborsl: 1-bir k3rblcll - yollroT karblclld - BK ys 2-
XKK! Karblcll YoHrat ys 1H3n k3rbicll - TK. bekT mncb ya vnlfan ko‘p
karblcLl uallly, uoHs3bTtalar bat bor - TTK.

Alballs TK 8Surnbl BK §3 w3b313n 3ncba ya«ly 1331ia baréosbH-
He1 yunuon. bekT BK 8urubl Tuslabkatroy ys rarbly uoymnsbuouHs1
yuuornrodw,.



BK 8urmbl 1551ua baréosblisl 800°C boY3a, TK §urublwki 900-
1000°C 8a yela(b.

Eny ko‘p laryal™an yallly uoH;>bTalar KITYy<Ty
larklbl ya xo033alan

6.3Naéya!
(Nor3bTa 8blxla (wa3alllfn) larkibl, % a MPa HKA
warkas! \YC TiC TaC Co Bunéan kaw eTtas
Ybl&aTtH poiisbTakr
BK3 97 3 1100 89,5
BK4 96 4 1400 89,5
BK®6 94 6 1500 88,5
BKS8 92 8 1600 87,5
BK10 90 10 1650 87
BK15 85 15 1800 86
BK20 80 20 1950 84
BK25 75 25 2000 82
Tkan - YoHtatH pgollsbtalar
T30K4 66 30 4 950 92
T15K6 79 15 6 1150 90
T5K10 85 5 10 1400 88,5
TWan - lanla! - Yollraw 1aollsbrnalar
TT7K12 81 4 3 12 1650 87
TT8K6 86 6 2 6 1250 90,5

laclyalclan ko'nwb Wnblla, TarkalaTtT8 o‘ullsbl ynybla~cba:
BK6 - bu yeréa Co=6%. XK >94% ; T15K6 - claCo0=6%; T1C=15%
Hol8anl, ya't \YC=79%. BK 8urnbéasl soiisbtalar larklbkla kobob
rndi(lon 0J113bl blMan nlarw 1 0 ‘nHS1 katayacb. §bunTt§ ncbun BK8
AOra-cla81labkl AN N8cla 13blatlMa(b. TK8nrnbl BK Surubl8a wsbalan
wo'viroa. 8bu 3ababH, ke3kiob cbl<laTHHSNN 3aylasb Tausacllla TK
8urnbl azo3an poHaHanw salruylsbcla 13bla(lL3sbHS11ay31ya yllinacH.

Oallly soli3bTalannl y”~3busblasb uoblHyanw Taycla rarra-
cbaH (Bonalar oYcbarw 0,5-0,15wk 8a len§) yoiisbtalar oH3b bllan
03bT3b TUTK T, Taszalan, BK6M.



YTnwan ol8ancla, BK3 - BK8 wuallly nollsbralan, a3osar, nyol,
utncl (urng-mnrny, utnck) oltacb8an talenallar crcp3béa 13blall-
laH Maszalan, cbo‘yan, ran8H Telallar, Marfor, kerarwka ya b.K.

BK10 vya BK15 wuollsbralan ancba ywuuon LoymsbLiOL
bo*18anHg1clan 3HN oH3b asboblan/la (“Weralar” cla) bur§*alasb asbob-
lan(la rablalllacH.

1kk| karbkll ualllly, LoM3bTalar ko‘pTcba, ler drsb Jarayonlan-
clayo‘NaudadA

Ycb karblcll uaiiw, 1ol113btalarT1C-ToC-\\"*C-Co 11211 Kla boYacH.
Bn 8nwb yoHsbtalan ynuyon tnslabkaTt, ylbrablyalar8a ya vugla-
T3b8a cbléatH.

6.7. Max3n* xo33aH poYaHar

2an™lata$ poYallar. Melallart lasbd Tubll blMan kiryoYly
yokl eleklrokltyoyly o‘raro la’slr eii3bl opbaHéa yertnH3bJlarayoTt
KO TLW ya ran8lasb ieb ablacH.

Konslrmkston Talenallar 18blasb éayn/la, aywusa aSres3-
3lY mblcla yuuon 2an8latasHk xo033a3l8a e8a bo4lsbl 1021T.
Melallar ya wmlarung uowusbtalan ko‘prou, 2an8laycll, cbunkl,
nlartr8 klryoYly akiiyH8l ya elekir lok! oYkarlsb uobllyaH
yvuorn.

KoTwyabarclosb-2an2lartay(l8an poYallar éeb bayo 3barolll-
cla, naryo, clerg§l2 suylancla, (urlar enltalancla, 13buor ya ba'2l Ki3-
lolalarla (MTuTan lasbul Tubiiéa) uy batia ymyon barora(lariia
KIryoYl ya elexklrokluyoYly yeTTH3b”a-koTwyaéa uarsblHk
Ko ‘rzalaolac18an poYallar8a aylllacll. 2an8laTa3 potallar<layeTT-
Hsb wsbalan ancba 3ekT 0‘lad1 Mellarw yeTTH 3b ~a™ayort™ 1Kkl
X ko‘nw3bcla oYacH: eleklroklTtyoY1ly ya KIryoyly.

Kono2lyabarclosb poYa/larymuon 1e§lrlangan poYal bo*Hb, buncla
XroT rruéon Cr-13% ko‘p bo‘lMsbl 3ball. XroT 1elall 3lrHla avsl-
lasbHruycbl bl Toya plyonkaslT bos»1l bo‘H3blnl(@'tMaycH.

Plyonkalar, Talenal ynuon baroralcla gorcHnHb bayoéa $oylll18an-
(1an 30‘n8 (nortalla5bltl8anclan 30‘N8) bo3l boY8anlan: TaHen3k-
M, Talensk-rernll, ("ferrk T luclon 10% Jlan kaT boUTta8an Holcla),



Fernld, awuslen-retll (Fetl rruyéon 10% clan kaT bo'lTa8an
boMa), awusleTlld, auslenk-tallen3kl 3lrukllralar 6.2-rastcla
Ko'r3alll§an.

6.2-rast.Korro2lyabarclo$H poHaWaTTy 3(ruk(nralan
nlarw k!TyoY1ly (arblbl™a Bbo§ HuHSb

Perrk ya anslenk bo3sll ylnycbl eletenllarw y™4UncH 1850 MM xroT
(Crey) ya wkel (N1 ) ekylyalenllanblalaycW:

Cr ¥=Cr+281+1,5Mo0+5Y+5,5A1+1,7514b+1,5T1+0,75\Y.

N~=N1+ 0,5Mn+30C+35070,3Cwn.

81Ty ollar le81irloycbl elTtenHarT po'lal(la ta3zall mnlusblt ya
rauanllar nlart ak*yHk koeAH3lyenlilt ko‘rsalacH.

XroT1l korro2lyabarclo5H po* laHarcla n8leroc! rwuHon Mop boncba
kaT bo'Hsbl 1021T, cbunkl yonsbTtawn§ 2an§laraslk uobllyaii bir
araH 3lruklurac3a 1mr§ wn boYacb. bl8leroclung ko' paylsbl karblcllar
bo3ll bo'lM3bl8a oHb kelacll, bu e3a 3lrukllUraw blir xIN eTa3lNkka én-
cbor ylach. bekT n8leroclloblasb 3aTaraclorH81w ko'p o3blrac.

Ho21irs1 paybla kat w8leroclll ynuyon arolld kowwyabaréosb
po‘lallanu bir yancHa Surublan 13blab cblul§an.

PoYalr Tn3labkatl§iMo3sblnsb ya lannanuw pasayinnsb yo‘'cla
en§ yaxsbl le§lrloycbl el Ten! bu-arokbr.



Ar0120'r amsl:en bo3l ulfuycbl ya wn3slabkat o3blngycbl 1e§lrloy-
cbl eMTen!. Aro! poYalHan uw lerrwk 13bla8Sbcla ya payyancHasbéa
cblulb kelacll.

6.8. CHoybar/1o3b poYaMar

MelalHk kon3lrukston Talenallarw 13blasb ya wularclan oyclala-
wsb (ek3plmnlalslya) <layricla ymuon barora/larHa Li12cltl8ancla a8res-
8lY TubHpa kiTyoY ly reakslya8a kr3bacH ya yeniirlacl.

Yunuon baroraHarHa wroy yaul ¢2cltl8an(la wuncba ok3lcllarn-
Tayc™an - ya'w kmymncH bo3ll ulTtaycb8an Ttelallar (poYallar)
oloybarclosb Telallar (poYaliar) (leb ablacll. CHoybarHo3bHK by yuLio-
n barora(larcla 2an§latasHk clesabaTt boYach.

Terwr ya poYanH oloybarcloSbH81T xroT, alurwty ya KreTwy
bMan 1e§lrlasb blMan o3blrMac. Terwr ya poYaliin bulvn balt yayura-
51M1e8irlasbclaens Ko'p yoYlawlacHSaw xrot ya vwng nnuéon 30%
8acba yelacll. PoYal larklbkla xroTt rwuyHonw or~3bl bllan batga
baroralnt§ koYarllasbl ya uncla nsblab 1mnsb yauiw orb3bl blMan ok-
3lclcla xroT rwuronw Ko'paynra(b. Terwrw le8lrlanSan ok3lcll XroTt
ok8l(b blMan altasba(l, bu obybaréosbWkw o3blracb.

PoUala yancba xroT ko‘p boYsa sbuncba yunuon baroralla 13blal-
3a boYacll, nnéan MNoyiabT3b yaui bat uroy, boYacll. CHoybarcb3sblk
poYalnT§ k1tyoyly larklbl bllan (a3o3an xroT rwuclon blMamn) atyla-
nac.

OloybarMo3sb poYaHarw kretwy (2-3%) ya alurwTty (1-2%) bl-
lan yo‘3bltcba l1e8lrlasb v 13blansb baroraiw koYaraclT.

CMoybariio3b poYa*larwng k1tyoY1ly (arklll ya xo33alan

6.4%allyal
Po'lal Eleten{larrr™iion, % Xo53alan
Tarkab1 C Cr No 51 °bMPM 5,%
08X17T* <0,08 16-18 0,7 0,8 450 20
15X28* <0,15 27-29 0,8 1,0 450 20
20X23H18** <0,2 22-25 17-20 1,0 500 35
20X25H20C2** <0,2 24-27 18-21 2-3 600 35

ExkmTa: po 18l 08X171e/a 77=0,4-0,8; *—ormallas/8an Vobla - 1oblnSan
VoL,



Cr ya $1 blNan 1e§lrlanSan obybaréosb po'lallanu“3Mxrot”; Crya
Al blMan le§lrlanza“xrotal’;Cr-A1-§1 bllan le§lrlan5a“clxrotal” cleb
norblanacb. "8MxrotalrlaTtt§ umynncH bo3l bo'H3b barorav an-
cba ynuyon (850-950°C). Bular yo§'cla loblanacll (1000—1050°C) ya
o' 3balllacH (500-540°C).

6.9.Muuybarviosb po‘lallar

Malenallarw o‘r en3b barorant 0,3 dh3rwickn yuuonsicla nroy yaul
clelortnal5lya8a (Texalu K na8rm2kalar8a) baréosb bensbHS1 ya burll-
TazHs§l (yetrTltadH§1) nw 158luparck)8bllal éeylMacll. Ho21r§l raton
Tasblna clelallarl ynuyon baroralla kaKa kucblar cslicla 13blaycblar:
Te*anr8lya pecblan, 8ar lrubTtalan, Icbklyonar clylSalellar ya b.K.

OTKn3b alotlararo bo§'lausb kucblanTt pasayiracll,yuuon ba-
rorallarcla elaslk Ttoclull klcblklasbacll, yaullncba uarsbllk bart
kaTtayacW, oymycbanHk cbe8arasl baT, yallluHk baT pasayacH.

Ywuuyon barora/lar/la uroy, yaul kucb ynklan8anc!a8l talenal bolau
(o021 1ninsbl) nncla8l cHA'mrion ~aayonla”™ blMan awulanacH. By 3ba-
roklanla ouunycbanHk Marayonla™ ya kucblat3b reloksalslyasl ~a™a-
yonlan xm3n3lyali§a e8a.

OuwnycbanHK cbeMarasblan pa3l kucblar 1a'3lricla plasllk clelor-
Tal3lyanin§ asla-3ekT o0'313bl8a ounycbanHk éeylach.

1331ubarcloSbllknlla’ tTla3b mncbun c3lokal:3lyalariu baraka/lanny-
cbIT8T1 cbe8aralasb ya cH>Xwyaw 3eblblasblT3b lorlt. Bunga
alotlararo bo§'lasb kucblanTt kafab3blT3b bllan en3blblk Jlona-
lar oraszl(la cll3lokalslyalatl ko‘cbl3bl8a 1o'3lular wo‘yllacll, <lonalar
oYcbaTtlan kalak3bHrMacH.

Alotlararo kucblar Tu3slabkatl81r le§lrlasb bllan osblirllacH:
kKn3blHK paxata LWnw o‘28J/11rlsb bllan, Telalllk bo§Yat3bclan
bauunyyalroy koyalenl bo§' lat3b8a o‘i3b bllan.

be§lrlasbnl tauysa(l8a TuyoAuHS:d yT enycHuan Ttebll bllan
le8lrlasb(Hr, ba]rT Tarkarlasb8an kn3bllMk pawaraH 1331lubarclosb
po‘lalrt TolbJlen (1%8acba) bllan, youlan tarka2lasb8an kn3blHkK
pan]arall 158lubar(k>8b poYaiin yollrat, ToHMen, kobak (]JaTl5-
20%8acba) blMan le§lrlanacll.



1351ubarclosb po‘lallaTtt8§ gonalan cbe8aralanw Tu3labkaTtH81-
Ww o3bT3b wucbun or ruwuclorcla le§lrloycbl eHtenHar (0,1-0,01%)
klnlla(H. Bular (lonalar cbeSaralancla ywYHb clona cbe§araH 3M~3buwu
Bexinlasbliracll. Terto-Texaw K 13blasb baTt poYaiin 133lubarclosbH-
§ 1M o3blracH.

PerHLU, TtaJlen3kH ya anslenlM 1831ubarclosb po‘lallar 450-700°C
cla ko'p 13MalllacH. NekelH ya kobabH 133lupar(k>5b po‘lallar 700-
1000°C cla 13blal11a(H.1000cC clan yuuon baroraii3a 1831ubarclosb
poYHaii 3lbll(la ¢y T enyéuwan Telallar ya nlatTt§ uollsbralan 13b-
lalllach.

Arora* sayollan:

Po‘la*nT8§ 2an§latasHk x033a3T yay3sleletenl(a’tMaycH?
Oloybarclosb ya 1551ubar(lo3b po‘ lallanu Marylab benn§?
Max3u3 xo33all po‘bllar§a lanlbenn§?
Terkesar poYa(lanu uanclay lurlan tay]ucl?

5. >Hkelt uo'sblM3bl poYalnTt§ uay3l xo33alanSa 1a'sir
Ko' r3alacb?

6. 4X12H8I8 M®b uanclay po‘lalimn8a k«racH?

7. ¥Ywvuon baroralll talenallar uayerlarcla uo‘ 1laudacl T

8. XH55BMT®K.KO yanlay yorizbta?

A WD p



7-BOB. AbOHI'OA X088Abl PO'bATbAK
7.1.0 1 uonuwi

Oally, ToécblarT TnblT x033alanclan bin nlarrt
oYkarmycbanH8)(Hr. Bu O T uonuw bllan 1loclalanaH O T uonuww
lok | w (eleklr raryacHT o413b 1lerl80 wo‘ylM8an kucblat3b v bllan
bo§Hay<H:

Y=1K(7.1)

K - lok oHayol8an natuna sar3blHSL.

OUcbasb birHklan: yok (LL/K1), ATper (K1/3), O T (Y/A)

Eleklr yarsblHS§! kanaHs1 natunanTt§ oYUcbartlan8a ya ko'pcbIlMNk
Toclclalar ncbmn lokka bo8' My boYacH. TVBbl uarsblHK p natuna
3bakll ya oHcHartlan8a bo84H1lu eTa3 ya umyl(lastoHa atulana</l.

p=KA-1(7.2)

1- kucblaTsb o lcbanMacl§an 1kk1 nuula orasiliesl Tasola.

A - natuna ko‘'nclalang ke3T yurasulok yo'nalsbl§a pedencll-
kular Nk bolcla oUcbanacll, oUcHasb birH§1 - O T T.

p=YA/1L7.3)

OUYkaxmycbanHk. Ba'xan tocblalarTt eleklnk xo33alanw babo-
la3b ncbun oUkarnycbanlk < éan NoycblanMacll. OYkarunycbanlk bls-
bly yarsbllkka le3kan kaOaHk

« =M"'P(7-4)

Bu kanaHk TocWa oruall 1okt 0Y15Hyen8MMs§irt osobluwkn 1M0-
cblaycH. OUkaxmYcbanlk birHs1 T3bly eleklrouar3blrgl birlg§i8a les-
Kan, ya'w (OT1 1)"1

(7.1) Ten8latao‘Twa O T gaonuT umylcla§8l boWa yoxLLsbl Tw T -
KT:

JiFo E

Bwu yeriia 1-eleklr 1okl rrcblwl, ya't ko‘nclalan§ ke3T yuraswia

10'8‘n kel8an 1lok:

| =1/A: E - eleklr Tayc!oT kucblawsbHS§], ya't urunHk birTl-

§18a 10'8‘n ke!8an kucblaTt3bllk.



Craiwy, Tcklclalart ~3T1lar klaslllkalslya uyll3bT en§ (arualuan
m3anarblan b T - bu eleklr 1okl o4ka213b Loblllyancr. 3bm nuylaylna-
ran3an barcba Tockblar ucb 8urnbl8a boUTtacH: oUkar8icblar, yanT
oUka2§icblar ya (beleklnklar. Melallar oclal<la yaxabl oYkar§wob
blsoblanac ya wmlarw oYka2ny§banHS§TT8 kallaHsL 107(O0OT1 1)1
12o0lalorlart§ oUka2wmycbanH§l e3a 10-1010-20 (OT T) ‘S8a lens.
Bulart o'‘rlabiila yantoYka2§icblar yola<b; oUka2uycbanHsl 10"4
104(O T 1) '8a lena.

7.2. Me(allarw elek(r uarabliuy]

Eleklr 1okl eleklr 2aryacllanS8an rartalarw barakai, eleklr Tay-
ck>T 1a'3 T nalyaskla bo3ll bo4Y8an kucb 1a3 T nalyaslcla yuwin(18a
kelacll. Musba! raryacllan8an rarracbalar eleklr Taycb 1 yo‘na/isbl
bo'ylcba lerlatsb bllan baraka! ullacll, Tandy raryacllan8an rar-
racbalar leskan loton8a baraka/lanacb. Ko'pcblVk bolaHarcla ual-
my, Toclclalarcla 1ok - bu eleklronlaTT§ xaraklkencbr ya bu bocbsa
elek(ronl oYkarmycbanlk cleb nonfManacll. Bularclan lasbuan tonH
Tockla raryacHan”an torllar barakaHat3bl T TK 7. Bu bocll3art tonH
oUkaruycbanlk (leb alalacb.

Ko'pcblMk Tebllar Jlokw oYkaraclllar. Ouylcla8l Ja<3yalcla
(7.1-]Jaclyal) bIr uancba telallatT§ ya ssollsbralatT§ xona barora-
11(1281 ol Kka2umycbanrllgl benl8an.

Me(allarnwE ya soM3bTtakw T~ oUka/mycHanmn»

7.1-]aclyal

Melallar OUYkarnycbanHk
Kntnsb 6.8-107
M15 6.0-10 7
011r 4.3-107
AlwTwy 3.8-107
Bronra (70%rT3, 30rux) 1.6-107
Terwr 1.0-107
Plarina 0.94-107
bl~erocll poYa! 0.6-107

2aniilataycbiian po4a! 0.2-107



7.3. Elek*rolexuwk po4al!

TerTtr blMan kreTwywn§ uolizbtas! eleklrolexnlk poYa! geyb
lacH KreTTy nnuclon 0,5% boYacH. Bun/la mn8lerocl ya ollingmn8wl
uo‘sbltcbasl boYlsbl TMTKT. bekT nlatt§ nlfuyiion 0,01% <lan
olMsa yoH3btanTt§ Ta8§Ty yo'uonsblan 3erlMarH osbacH. KretTy
uo‘3sblsancla Tag8tl xm3m3slyallant yotonlasbHruycbl Pe3 larkb
bkla8l w§leroc! 8raili!8a uaylanlacH. KreTTyT uo'3blUsbl Ta8t1l-
31rlkdlyabllM ya aw2olroplyaTt pasayHracH, po‘laly Tk clonaH 3iirvk-
LraH boYacH. KreTTy kn3blHK paryaraw or~*"ta burin ylysbayHnb
T3bly yarsblHkp T 60 10'60 T 3T 8acHa o3blracH.

KretTty rwuygon 8>3% orHsbl blMan 1nclmkslya {o‘ylwsbl pa3a-
yacH, uallluHk ya T o ‘rlLLk oHacll. Bu poYaliar ikkr xIM 13blab cbluaniacrT.

1. 1331qa proka! ullin8an poYallar. (}Jarnri§11=0,35-1,0 7 7 uyllb
prokallanacH, cHa3lolasl 50 ya 400 013 ucbun 1=0,1-0,2 T T ywuuon
cHazlol;alar<la 13blaycHS8an aSre8allar ucbun;

A8ar poYa! larklbkla 8=1-2% bo43a, b polal cHnat poYal ée-
ylMacH. A8ar 8>2% boUsa, {ran3lortanarll «3eyllac/l. MexaTK Kucb-
latsblar nalyaslcla Ta8T1 xusmslyaHan pasayacH. 8butn§ wucbun
3blatplan8an 1a8T1l o‘'ka2§icblar bo'3baHlacH. 13317 prokallanSan
bu poYallar 50013 13blaycl18an 8eneralor, lran3lortalor ya clyl8alellar
ncbun uoYlanrlacH.

2.  8oywuy proka! ylln8an poYallar. 133l boWa prokal uyllT-
8ancla proka! bo‘'yicba baTtTa yo'naHsblarcla Ta8Ty xo033alan blr
XN boYacH (Ta§nkol2olroplya). A8ar 3bu uayla 3oyuy bolcla pro-
kallatb, ynuyon baroraMa wroy bo‘3balll3a, Telall 2arracHalan-
éonalan proka! yo‘'nalsbl bo‘ylcba yoYdlan8an (eksllraH boYacH.
Ma8nllan8ancla prokal yo‘nalsbl bo‘'ylcba Ta§nH xu3suslyallan
ynuon boYacH: aT2o0lroplya boYacH. 1331y proka/lasb bllan uaHnM-
H8§11=2,5-2,8 T T boY8an polosa oHnac/l. 8oyuy prokallasb 2 ya 3
3McMan 1borail:

1. 1=17T 8acba proka! ya bo‘sbaHsH yoéoroc! Tnbiin3a (yokl
yakuuntiia) 750°C cla;

2. 1=0,5-0,357T 8acba 3oyuu prokallasb, bo‘3sbaH3b 1100°C cla
Kerak bo4sa,



3. 1=0,2-0,1Tw 8acba prokallasb, bo™baii3b.

Bo‘3baiizb nmalyasi(la icbkl kucblawsb bo'yicba pasayacH, rararll
uo'3sblrcbalar cbluyanb 1asblanacH, 3oyuu prokallan8an poYa! ancba
ynuon 1nclvkSlyaS8a eSa. 1331y bolcla prokallanS8an poYaiiH Tas§-
nillasb ya proka/lasb o‘ulan 10°8‘n kelSancla saTtaraéorlNk kucbll
boYacl. 1) kala boYTa8an lransii>rralorlarcla soyuuy, prokallanSan
MBIt uo4lasbcla poYa! 3arii 30% §a katayacll, yo‘L0113b e3a 40%8a.
8oyuy, prokallan8an lenlalar ualinlfig11=0,2-0,5 7 7 boY8ancla 50013
cbaslo*acla 13Malllacl 1.

13314 prokallan8an eleklrolexTk poYallar: E11-E13, EP1-E23,
E43A, E45-E46, E47-E48. BTtncbl rauart 81 nHuygon IKKTcbl rauar
13blab3b]oy 1.

8oyuu, bobla prokallan8anlar: E310-E330, E370-E380. licbuuchbl
rauart “0” soyuvy, prokallangan. “A” yaxsbllangan.

7.4. 3oynuyua cbliiat Ta(enallar

3oyuuua cbléatl Talenallar cleb, pa3sl barorallarcla (0-260°C)
baTt 0'2T 1 yoymsbuoyHS8IT yelarH cla’@ac™a 3aulab vracli8an T a le-
nallar8a aylllacll. 8oyuu, 3baroMa 13blaycb8an poYal kon3lruk3slyalar
(ko'pnklar, 3lalbalar, lerwryo*lrelslan, §ar ya nei lrubalan) uprllisb
Tasblnalan, ay”otobllar (3blTolly Joylarcla -60°C cla 18blaycb8an)
Jvcla ko' p.

Malenallart 13blasb barora/l pasaylsbl bllan nlatt8 uoynsb-
uouls8y pla3llkiisl pasayacH 1o ‘rl yertrillsb8a (burllisb”™a) ToyIl-
Hg1 orlacll Bm ta(enabl T 0 ‘J13bl3b”a ollb kelacb. Mo‘nl *errnr8a,
po'lallarup, balrt Tarkarlasb8an ya 8ek3o8onal paryarall poYa! ya
uolisbralar§a xo3. Malenal 13boncbll 15blasbl ucbun uoymsbuoyMk
barorall 2axirasl bo‘Msbl lorlt. Bun8a talenalTt 3oywu 3w 3b cbesa-
rasl u T 13blall3b baroraiT pa3sl boU8an bolalclaensbllacH. Ma(enaliu
rarvr boY8an uoyunsbuoulk barora! raxirasl talenalT 3oyuy, 3ni3bl-
8a la’3lr yluycbl {aklorlar8a bo8‘'IMu; kucblaTtsblart lo‘plaTt3bl§a,
kucl uo'y13b lerf8i8a, clelal oUcbatlan ya b.k.

C)oyusbuoullkT barora! raxirasl yancba kalfla bo43sa, 3oyl 3bl3b
xayb klcblk boYacl, 13blasH 13boncbHIN81 yuuon boYacll.



Youylan warka2lasb8an knslalllk paryaraH Telall ya uoi3sbTa-
lar, {kan ya nnTt§ 8eks3o8onal pan]arall yoiisbtalanw 3oyuy 3bl3b
cbe8araslyo‘y, nlart 3oyn~anfia rarbly uoyn5buyoaHS§1 blir 1lek13 Ka-
TayacH.

Bunéay Ttalenallarw 3oyuy 3w3bl wvw xarbly uoymsbuoullsl
0,3M0O./T2(1"=0,3) <Bn ko'p bo'18arncla8l Harorav bllNan baHolanacrl.

7.1-ra3t. Kon$(rnk$kw ta(enallarw rarbly uoymsbsoulwlni
(O) ya oumycbanHk cbe”arasT! (b) barora*§a bo§' MuHs1.

112 X 18H 10T-3uy/la tOblasb (1100°C); 2-0H9-3mycla HOblasb
(980°C), bo”bainsb (600°C); 3-BT5-1-norwallasH (750°C); 4-
O3X9K14H6M3T-bayocla Hblasb (950°C), e3kMn3b. 5-AM,5-
bo‘3HaH3b (400°C).

8oywuy, 8ilMsbéa yana umyl<la§l lNaklorlar Haw 1a'3k ullacb: wmnslaH-
kawrlk (oy,089, 21k ya lexnolo§lk xo3salar, 1a3bul Tubk bllan T03-
HS1.

Malenalw 153k]HkK 318 kw ya 13314k oYka213bHs1 yancba koblk
boY3sa, nw soylsbl 3buncba o3on bo‘ la

PlasllkHk ympua Bllar ya ynpua geyorH eHtenllar oHsb Tkow T
beracH. Yupua éeyorH clelallar (kon3slruk3lyalar) ualin ckyorHéa wis-
balan 3oyny 3uu3b8a ToylNMHSEL karT.

Yocbroé TeblWa, aywusa I1kancla enb ww yax3bl§Ta
T 0 ‘rllasbiira(.



8oymyuya cbllatll poYablar. Ha]t ya youlan Ttarkarla8b8an
kKn3blHk paryaraH poYaHar wlrt 3oymuy 3barolllarHa 13blaillecll
BulaTtT§ baroraH cbe8arasl 0° - (-60°C), bu cbe8ara poYaiill Te-
1lallur§lk xo33alan8a bo§'INy kaT wm8lero<ll ya Taycla clonall (10-
20TKT) 3lruk*ura olsb; rararll yo‘3bltcbalann katayHnsb, ulart
KaT mncbrayllléan telallar uo‘3bl3b bllan neylrallasb ya VNb, T; bllan
le§lrlasb, batlMa lertTk yaxsbllasb.

En§ ko'p 13blatlMac/i§aT - kaT wm8lero<Ll poYaHar, cbunk| n8leroH
nMuéon oriisbl blan 3oyuy, 3bl3b cbe§arasl koYarlacb ya payyanc!-
lannycbanlk yotorasbacl.

OHcHy 31bIH poYaHarw telallur§lk mnsmlcla (Honalanll taycblasb,
nlMkrole§lrlasb) 13blab 30yuy 13blasb baroraHw -50°C 8acba kelllnsb
TUTKT; bu le8lrlasb n3mnH bllan olTt§anga uara™anHa arron. Bu bol
yupua MeYOrl kon5lrmk3lyalar vcbun, lekT y 1Mk konslruk3lyalar
ncbun kaT le§lrlan8an ymnuon puxlaHk(1a8l payyancllanac/18an yuuon
puxlalkcla8l 09M2C, 14IM2Ad poYaHan 13blailMa(/1. 0 ‘rla w§leroclll
yaxabllanacléan ya prupna poYallan (45, 40X65IC, 60C A) baT 13bla-
UBaH. Mkelll poYaHar 12XH3A yal8X2H4MA 1lerrwkyax3bllangan-
clan 30'n§-196°C 13blay</1.

8oymy 1uylircla 13blaycl8an poYa! uywmyrtalarw larklbl Oaylal
8lanclarll (281) 21357-87 bllan la'ttlan8an: C=0,08-0,20% 1e8H-
loycbllarbll, Mn, Cr ya 02-02 rwgHorHa V, blb, "I1ya rararl elltenllar
cblutcblart katayiinsb, aywusa, 8 ya P (bar blnt nlMylMon 0,02%
Jlan kaT). 2ararH eletenllar Pb, 8n, 2n, 8b, B1 (bu 3baroii ncbun)
baT katayHrINacb.

Kno8en lexTka<3a anzlew(H poYallar 12X18H10T/;
10X14P4H4TN; 07X13ArI 1971 13blatfacH Amns™ewlld ynyTta podaHar
08X8I28J1 ya 07X8IM28H3 P J1 3lruklvralanw -253°C MNMa baTt 3aulay-
(M. OwuyTa amslenH poYaHarMan yen*I ko n3lya 3nynu 8ar lasbuychl
ya ymyunycbl H21it lar artaluralan yasalacll.

lnyar 36H (bunlla 36%Ne, noléat Pe) woiizbTas! 1ur§ vn youlan
Tarka2lasb8an kmzlall pan)ara8a eSa. ¥Yr»1 1331yl lkclan ken§aylsb”™ucla
kaT: lertnlk](lan 8 barayar kioblk. Bu uoH3bTtaTt cbl2iuyll nrayisb
koelllblyenH -80° +100°C ora3lcla o‘28artaycll. "1lnyar” 30‘21 T§-
MrcHala o‘r8arta3 He8at. JeTak, bu yoH3bTtallan yasa!S8an elal



lenrnk clelortal5lyalantaycH bl3ob, lerrtk kucblat3b boUTaycH.
bekT Korro2lya barclo8bH81 kaT ya yHnTa(.

CbirlgH ken8aylsb koelllt3lyenH kioblk boY8an yana bliia Tkel
yoH3bTa3l plalTtk clebablacH. Pbl Tiiw ken8ayi3b koelllblyenll 3bl-
3baTtk1 kabl: 9><10“68a lens.

A8ar Tyar larklbkla8l wkelnT§ bir 151wy kobak”™a altasbHnl-
3a, 3upennyar uoH3bTa31 bo3l boYacH ya nn T8 urayisb koelllblyenH
TyartTkMan bat kioblk boYacH: 0=10" gracll

goYillsa cbMaTtn yo(1$bTalar. AlwTwy ya utn§ goHsbrala-
nw 3oympa 3un3b oslonaslyo'n, 3bntng ncbun nlatt§ goymsbpaos-
Hg1 -2537--269°C Jla 3aulanacH. 8oykl8ancla nlartn§ Tn3labkaTHS!1
(ay) 35-60% 8a, ounycbanHk cbe8arasl (00B) 15-25% 8§a koYarSlac/l,
rarbly uoyusHuyonalMél bir leklscla 0,2-0,5MLU,)/T2 ylytal8acba kKa-
TayacH. 1331alk oYkari3b uoblHya/l kaihia bo48aTt wcbun mnlart 13
51uHkcla ken§ay13bl kalla boYacH. Bu - Jlel'ortalslyalatb abariuyalll
lenwk kncblawsb8a oHb kelacH Jle§aw. Bu T 3albly {2'3w T yo'uoH3b
ucbun, eHten/lan uallly TaHkatlanacH8an konslrukslyalar§a KoT-
pensalorlar uo‘yllac.

8oywuu, Haroral:larcla (-253 clan-269°C 8acba) lerrtk 13blab pux-
lalantaycH8an alurTwy goHsbTtalan AMG AM&, AMB5 lar 13bla-
LLlacH.

Tllan ya nnt§ pgoHsbrtalan barora! -196 clan-269°C cla bat
To ‘rllasbraycH. 8bwunTt8 wucbun bisbly Twn3labkatll§l kaKa
boY8artclan Ko3rTkK lexTtkacla 13bbHlacH TexTk Ora lkan ya uu
MaraH goHsbTtalan BT5-1, OT4 ken§ uoYlarlac/l. Bular ancba plas-
MK, 030N payyanc/lanacH.

M13 ya ntn§ uoHsbtalan. Bulart 3oymg 5113b o3lonasl yo'pd.
8oyniizb Jarayonkla wtn§ bwurll3sb soymsbpgogHSsL koYarMacH.
Bularclan -269°C §acba 3oyuuck 13blaycHSan 1rvbaM konslrukslyalar,
TabkaTk3b clelallan, payyancllan8an kogu3slar yasakcH.



Ma(enalw kboricbH 1$Ma$H HaroraH cbe8arasl
7.2"aclyal

Malenalw 18borncbH 13H-
la3b baroraii cbe8aras1°C

3oynuua
Malenallar Oo'3sblTtcba
Bbl cbblaTHHKLW
OX yax3blla8an-
berTasnan
clan 50'n§
Po*1al nglero(1H ockHy 81&LLI -20 -50
n8loroél 3kall -30 -60
KaT le8lrlan8an,09r2Cuplaa -40 -60
TMkclLNe=6% (O H 6) -100 -150
Nekelll ,Ne=9%(OH9) -150 -196
MaJlen3k-e3~ruycbl
-196 -253
O3X9K14bIbM3T
Anzlewilll 03X13AI19 -130 -196
Ansletlld 12X18H10T -253 -269
1nyar 36H -269 -269
AlwuwTy ya nwun§ uyollsbralan
vy su -269 -269
AO01,AM,
AM 1, AM 5 -253 -269
2 16 -196 -253
B 951pl(1a8l -196 -253
Tkan yollsbralan BT5-1 -253 -269
BT3-1 -196 -253
M13 ya ntn§ yollsbralan
-269 -269
M1,M2.,M3.
BpA>XH 10-4-4 -196 -253
}163,I'I>KM559-1-1 -253 -269

Bpb2 -269 -269



7.5. Ka(Ha($wya8a cbl/1latH (barclo3bll) Ta(enal!lar

Neir 1a'3Tcla Talenallarcla 3lruklura o‘28an3sblan boYacH ya Tale-
nal xo33alanw (ayTy3a 13blaH3b yauH<la) notasnl o‘28an3blar§a oHb
kelacH. En§ ko'prog l1a’3ir yMacrgaw neylron nuHancHr. Kaclla{3lyaSa
cMiatHHK (barck>3bHK) bu-talenal 3iimkllra ya xo33alanrm nurla-
w3b 8baroliicla mr§ nnHSicH. MuHawsb l1a'3tcla bosl bo‘18an 3MnK-
LUra o‘28an3blan Texal K xo33alar8a ya Korrorton 1nr§ vnHkka 1a’sir
ulMacH.

KnHawsb nuglaYly ya cblrklld nuusorMarw bo3/1 boYl3bl§a oHb
kelacH. Murlanayolpan talenal alotlan o‘r o'rllarblan 3uvnHb, 1n-
8unlar orasiSa )Joylasblb yakanslya Tk}3ow T baT bosll uflacllar.
B Ta rarracba kellnb cbluyar8an yakanslyalar 30T uT Ko'nw3bl§a
ya ener8lyasi8a bo§'lMg ya yana nurlanayol8an talenal xo33alan8a
bo§' Ha.

Ba’'2l Talerlallarcla yaéro reakslyalan o4lb §a231ton Tabsulol
a”™akcH.

blurlanisbnl reknslallawsb baroraHclan pasbla oHb borll3a, bunga
pa3l baroralll nuHawasb cleylacll. Buncla siuvkllra o‘r§ansblan ya
Telall batcla soiisbTalaTT8 Texawk xo33alan, xuclcH 3oyng cle-
lortablya nalyalan8a o‘x3baycH: ya'w Talenal pwuxblanacll, lekTt
plasHKI81M1 yo‘yoltaycH. wnl8lerocll po*la*lar 20°C cla neyion nwur-
lan oaliw dp=2x102nr2boYsa en§ kaKa TnslabkatHkka e§a boYacH.
A8ar p=3x1023r 2boY3a, poYa( en§ ynuyon puxblanacH (7.2-rasT ).

Yunpgon barorall nnHawsbck-reknsblkwsb baroraHéan yusaon
barorala racHablon nortallasb Jarayow o‘lacH Ta(emalw 31ruk-
lvralan ya Texawk xo33alan HklanacH. PerHLU poYallarw 250-
450°Ccla nurlalSancla xo33alan kaT o‘r8aracH, 450°Cclan ywuorcla
atalcla o‘r8artaycH. Ausletll poYa*lar 600°Ccla LLUr§'mn. AlwTtwy
yaTaSwyuw reknslallar3b baroraH pasl.1/lar 150°CMan yunuonéa ra-
cHalslya8a barcb3bH, alurwTy pla3sHkI8l o‘28artaycH, Tnslabkat-
81 ballo o/lacH baT (7.3-rasr).



7.2-ra3T. Au$(ew(H po‘la( 12X18N10T w 20°Ciia Texall K
xo3$alanw pa«l Harorall nuHartMa
(ney*ronlar blMan) o‘28an$bl.

7.3-ra3t. Allnnwyw ney(ron'ar bMfan ynuyon Varoralla
nurlasH(la 20°C iia Texaw Kk xo$$alan o‘28ansbb

Yunuon baroralll kaia ouHnH neylronlar bMan nurlan8ancla, ba’2l
Telallar (an3”enHr-xroTM po‘la(lar ya uoll8btalar, N1, Mo, T1, 2r,
Be a8031(1a81 uowusHTalar) 13bacH. Benlly 800-900°C [lan neylron



polok h=1024u'2bllan nurlan8ancla baJrrm 3-5% 8§a orlacl!, an5Slenk-
Hpo'lal 450°C cla oylr ¢d=102Zmr2bllan nurlan8ancla ba” 10% 8a

orlacH (7.4-rasT).

OKIK, %

7.4-ra3t. Ans(enHH poYa! 12X181410Tw 450°C iia
nuHawsbl nw HalnuTt wsbly ka((@alazlH<>M"a 1la’'3w .

810y 3ayoHan:

1 Ot yonunuwa lanl benn§?

2. MalenalnT§ eleklr sar31nl§l (leSan(la w T a T Wm3blnas12?

3.  Msbly yarsblHk yaniiay arnulanacll?

4. OYkarmycHanlk blMan w3bly yarsblHk orazlcla8l bo§Yalusbu
LW3bunlTng?

5. EleklronH ya tonH oUkarunycbanlkka la nlrbenng?



8-BOB. KAIUCIJTMETAbbAK YA LUILAKOYLLC
0OOT18HMAbBLAL

8.1 AlunHwy ya nnws§ yoH$bTtalan

AlwTty (Al) - Tasblnasorlk ya eleklrolextkacla en§ ko‘p
uo'1lana(%an ta”enallaréan bincHr. 1l clunyo bo‘yobayl8a 15 t1n.
lonnaclan ko‘p 13blab cbluarfacl. B Tk Ta 51&11(1a labklcla ko'p lar-
ual8an, telallar 1cbkla binncbl, batTa eletenllar 1cbkla- wucbincbl
o‘nncla luracH. MasbTa3oxlk TalenaH 3Waiicla alralllklan - ywuuon
3olM3biirtna Tnsabkatllk, eleklr ya 13l lo‘ 1ka2unYcbanlk bartcla komno-
2lyabar(lo3bHk{lan 1boral. Mrlc - Texaw K xm3m3lyallanw yaxablla3b
ucbun le§lrlamacll. Aylasorlk, KeTa ya Tasblnasorflkck alntuHy
uyolsbTtalan - auyTa wm3mbla oltac8an cluralutt, 3MNwnTT, Ta§-
naHn ya 3bu kablMar, 3butn§clek, kukunH Telallnr8lya nsmH bllan oH-
nacf8an alwTtwy blnktakn - CAIll ya CAC kon3lruk3stoon Talenal
SiMalicla ko' p 13blalllacll

Alwwwy uyosbTakn layyorlasb lexnoloélyasl, lenTK 13bloy-
(lankeyT81 TM3labkaTlaT3b claralas! ya ek3plualalslya xusmnslyallarl
bo‘yicba layslllanacll. KukmnH Ttelallur§lya usvH bJlan ollnacMSan
aluTtTt uyousbralan alobléa e’iibor8a loyla. 1/1atT8 Tn3(abkat-
Mk, KoTwyabaréosblk, 1331uua Tnslabkatlk Ko'‘r3alkicblan ancba
kaOa. A1nTT KmkmnlanT uyrcHnb yopl3blTtl8an Talenallarw o84Ur
Telall yomsbTlan o‘rT8a 18blalM3b T TKT. A1lnNTT a3o3lkasl Ta-
lenallar8a {enwk 13bloylar benb, Tn3labkaTtHK ya lexnolo8lc lay3ll-
lanT 03bT3b TUTKT.

NilnrwTy Tebllar orasbla en§ ko'p larual8ar ya bu~baKk bl-
nncbl o‘nncla luracb. MasblnasoxMbla en§ ko‘p larual8an, cbunki
T3bly puxiaH8i, eleklr ya 1351uHK yaxsbl oUka213bl, 2an§latasH§1
(korro2lyabar(!08bH81) yaxsbl.

Kn3(all parg tw: youlan Ttarkarbsb”an kumb; 3 =9--12 K§/TT2
(90-120 MPa/T2; (1=10-25%; HY=25-35; 2t0bl81 §=2700 k§/T73

/ 1cblMs1 - 30M3bHrTa 0§ 1rTE1 5000 k §/73clan kaT bo‘ 18an Telal-
lar yen8l Telallar cleb norrManacb. AlnTbly 3irlicla 2icb alunrTwy



ok3bl (Al120 3 paréas! bo3ll bo'Hb, Tebl1nT§ Iicbkl L18udannl kor-
ro2lyalarwbclan 3asakycH.

Ener”eiika 3obasbla alwTwywn§ sousbrtalan ken§ 13blai-
laat hnramitw y (A1-Cn-M8), 3MunutT(AL-81), Ta”naly (Al-MS§)
lar, bular, anylsb mn3vH bllan oHnacH. Bungan {asbsan, alwiwy Kn-
KU sfolizbTalan bat ken§ “sbhlllach: pi3blni§an akTnwy KWUKuK-
1 (PAK),buncla Al120 3 ranacbalan (6-22%) Al bllan blinkirMacH;
p3bini8an alwTwy sfo*13bTalan (PAO), bular larkibl8a A120 3 éan
lasbsian Pe, P, Cr, Mn, Cu s0'3bllacl (le§1riana().

Akntwy larklbkla ckHnny eletenllar bor: Pe, 81, Cun, 2n, 'Tl
BulatT§ baJrw8a sarab, loraHkK bo‘ylcba alwwTy Anyiclagl 8§u-
rnblar§a boYTtacH:

1 Nlobkla *oxaHk(1a81 aluTbly: A999. Buncla sio'sbltcbalar
rraHon 0,001%.

2. Ynaon (o/albla” abwwuwy: A995, A99, A97, A95. Buncla
Ao‘sblTcbalar 0,05% §acba.

3. Texwk (o/alk(la~l abHwwy: A85, A8, A7, A5, AO.
0o ‘3bltcbalar 0,15....... 1,0%.

Oo‘sbltcbalar alurTwynTt8§ elek*nk ya 1exnolo81k xo33ala-
n8a kucbll 1a’31r aHacH, bularclan Pe ya 81 - a3o03lylan. Pe elek*r
oUkarnycbanlkw ya pla$iikHkw kataynnb, pux&Hkw blror o3bl-
raHb 81, Cu, M§, 2n, Mn, P, Cr -1lar puxlab8bl o3blracb. Puxiallsl
yusaon boYTa8atclan alurtry(lan kmcb kaTt fo‘yl8an clelallar,
Konslrmkalyalar, 13319Hk oYka213b kerak bo48an, koTw ya bariiosb
yen§I clelallar yazalacb. TexwkaYly alurwruyclan yanTt Tab3ubl
M3Han ya probMar cblsarlacll. ¥ usonilorallkclagl abuniiiiyHan Mol8a,
lok oYkaracb”an ya kabel Tab3nlo(lan yasalacH.

MasblnazorHkHa alwwwy fa°/~s5btalan  ken8 5o llanfach.
be8irloycbl eletenHar sMaiiHa Cu, M§, 81, Mn, 2n, bl, N1, T1, 8b lar
13blarilacb.

A - barii lexwkayly alwwwyHS8uU ko‘raalacll

AK - bol8'alanunycbl lexwkaY1l akTl Ty A0”3bTa3sb

B - ynsaon puxlalkHagl aluTiiHy fsoH3bTasb

AJl1 - anyTta alwwy aoH3bTask

Kasanlarckn KeyT§1 bardar auylclagMarw brcrracr T



M - yuntsbou,.

T - lerw)k 13blan8an (lobla3b ya puxbla3sb).

N - pacbaulasb bl3obl§a pux(aHkw o3bln3b.

Belortalslyalana(18an almnMuwy  yo(1$HTalan. Oelor-
Talslyalana<b8an alwTwy uoH3bTalan Ikk1 §urmb8a boYTacll: a)
{errTk 13blasb nalyasl(la puxlalanacli8an; b) puxlalantaycl8an.

TenTnk 13blasb nayasMa puxblanacléan Al uyorisbtalan: 1) o‘r-
lacba puxlaHkcla8l, 2) ynuon puxlaHkHa8l, 3) o48a barHosb, 4) bol-
§‘alanuycbl ya 3blatplanuycbl uollsbTtalar§a boYTacH.

OwuraluTtt - bu o'rlacba puxlalkHasl uyoH3bTa, 3 barii bllan
bel8Manacll. T121MU- A1l-Cn-M§. Maszalan: 01; 016; 318 uo0‘3bll8an
M§ koTwya barclosbH81ML o3blracH, uay(a krl3lallanlsb baroraiiw
KoYaracb, Texal K xo033alanw yaxsbllaycl.

Toblasb: yl2cHM3b 415-505°C (31, 918) yok1 490-500°C (916)
cla oMb borlMacb, 30'n§ 3uycla 3oyullacH. 80‘n§ labny ya 3unMy cbl-
wiyprfaclA.

Kono2lya barclo5blrglll o3bln3b mncbun 31ridl yurasl lexTkaYly
aluwnuwmy blflan uoplanacll.

Ynuyon pux(alk(layt uo(13lHnalar8a B95, B96 kitacH. Tranfl -
Al1-2n-M8§-Cu. be8lrloycbl eletenHar-M8§, Cr. Korrcwya barclo8bHS1-
m ya cblnup3sb 3atara(lorlM§1rl osblracll. Tobla3b 460-480°C, 3un4y
cblwyHM3b (1=120-140°C)c3a oHb borlMacb.

O4S8a barllosb uo(13HTalara AK-4, AK-4-1 «kiiacb. Bun8a le-
§ Tbycbl eleten(lar - Pe, N1, Cn uyo'3blla<H, unlar puxbloycbl laralar
CuAl12 CnMS§A12 A11I2Mn2Cu bosll ullack.

Bolit‘alasb ya 3blatpla$b u3ul bllan 3bloy benlac%an uoi3b-
Talar (AK6, AK8) yax3bl plasHkHkka eSa. 1/lar bo31lt o3HHa 13bla-
8anHa Marrlar bo3lNn boYTtayc. BunHay uollsbralar A1-Cn-M§ 1urku-
Tw a kitacH. 8blatplasb ya bol§'alasb 450-475°C [Ma ollb borllacb:
(oblanacH, cbltyMrMacb.

Tenwk 13blazb nalyaslcla puxlalantaycb8an [Melonnal3lyalana-
cM8an alunnwy yoH3bTalan8a Al-Mn A1-M§ kbacb: AM3; AMS§2;
AMSE83 ...5, 6. Bular ynuyon plasHkllkka, koTwyabarHosbbkka e8a;
yax3bl payyancllanacb.



C?nyTta yo$bralar. Bu'larga A1-81; A1-Cu; A1-M§ iiriirMan birac.

8MutTtlar (A1-81) en§ yaxsbl ynytakorHk xo33alan8a e8a L0-
3bTa bo'Hb, yaxabl ke3lb 13blanacll ya payyanchanacH. KoTpressor
kotpuslan, bloklar, 3IHKIr porabenlanT oH3biia 13blalllacl. AJ12 (10-
13%80, AJ1 (8—10%81) Tarkalanachb.

Ma”naHnlar (A1-M8§) o'rbla eylekiika Maras! yo‘ugiclan unyTa-
Korlk xo33alan yelarl (laralaclayvuon etas, bar xH yo'sbltcba ele-
Tenllar8a 3er8ir. Markalasbl: AJ18, AJ12. Bular yuuon Korrcwyabar-
803b, puxla, yaxsbl ke3lb "3blanacH, le§1lrlanSan(la, Texal K xo33alan
yax3bllanacH.

Poisblpwk wucbun ~Mallaiwan aluwnwTt uyomn$bTalan.
0 ‘21annln§ 13bualatb yeylllsb8a uarabl§l bllan yo‘r8o3btll bron-
raian yoHsbTaycl. A TTo koTwya barclo8bH81 ya lexnolo§1kHS§1
blMan vnclan ynuon. Marka3l ACM. Oo”3bTta ACC - 6-5 larklblkla
5% uo‘r§‘osbln bor. ACM ya ACC - 6-5 poésblpwk Talenallanclan
8lhan13H pod$blpwklan yasakcb ((Hrel ynnl8iwoblan ucbun).

Kukunn te(alimr8lyasl asosbla oHn”an alwwwy uo(]$bTtalan.
Mwu3slabkaTtll81, x033alannT§ ynuonletperalura8a baruarorl1 batéa
koro2lyabarclo8bl181 ]1baléan unyTa alwwwy yosbTakninan wslln
Lracll. 1/7ar 2 xI' boYacH:

1. CAIN - drcHnb pres3lanSan akuniny KUMKW («CeY€HHbIN
aIlOMUHNEBBIA MOPOLLOK»),

2. CACIM - ylz2cifb pres5lanS8an  alurtwy uousbTasl
(«cre4YéHHbI aNtOMNUHNEBBINA CN1aBy),

CAIll - bn alwuwy ya alurwty ok3kH aralasbraslclan lboral
(A1203) nT§ kukmnlanwng aralasbraszlélr. Kukun loxa (exwkayly
alurtwyw arolld Tnbk8a purkasb yo‘H blMan oHnacll. 8o‘nsra Tax-
33 3bankH le§lnnonlar(la TaycblanacH. 013per§alslya (Taycblasb)
Jarayotcla 2arracbalatt8 wu3tkl cp3rw 0,01-0,1 TkKT uyaHncllbla
aluTTt ok31cH blMan uoplanacll. Tayyor knkun larklblla 6-22% Al 3
boUacH. Markakw3sbl: CATl1-1, CATIl1-2, CATIl1-3, CAIll-4. Kukun
3oyuy, bollla yollpiia 31dHb, bnkellar ollnacll. 8o‘n8ra T = 260-400
MPa ga 13blanacH. Alwwiy bu yercla bo84oycbl ya2ilrasilt bajaracH.

CAC - bnPe, Ne, Cr, Mn, Cu blMan 1e8lrlan8an aluTT KMk bun<3a
02 rwuéoréa A120 3oYacH. CAC - 1(1a25-30% 81 ya 7% N1bor.



NHHWWY vo(13btalanw bla33llkablyadb A1uTT soi3bTalan-
Tn§ aso3ly le8irloycbl eletenllan: Cn, M§, 81, Mn, 2n ya KaTroy,
Tluclorcla: N1, 1n, "M, BenHy, 81rkoty boYacll. Bulartn§ ko‘pcblHSs1
cbe8aralan8an uaiily eniina bo3l ullacll. A1nTT yoHs3btalan uyuyl-
clagl Teronlar bo'yicba Klas5LLkal5lyalanaclt:

a) 13blab cbluyansb lexnolo8lyasl;

b) leTlMNk 13bla3b8a ToylMI8y,

c) xo38alan§a uarab.

Barcba alnTTt soH3btalanrl ucbla §urmb8a bo'HBb TN TKT:

1. Oelortal5lyalanacb8an uoiisbTalar (lerrwk 15blasb nalyasi(la
puxlalanacll8an ya puxlalantaycM8an).

2.  C?7nyrta faollsbralar.

3.  Kwukun Telalimrélyasl azosl(la oHnaclan yoH3btalar: CATl.
Oelortalslyalanac8an ya uywmyta aluTTt uyoll3dbTakn orasi(lasl
cbe§ara- bu akwHwy uallly, eriTasbl eylekHka baroraMa 10'yT13b
cbe8arasicbr (8.1-ra3t). A - clelortral5lyalanacbéan LoH3bTa. Bu
baT 1Kkl boYablan 1boral:

| - puxblanTtaych~an (enwk [3Hlan8ancla;

Il - puxblanacl”™an (ernHK 13Man8ancla.

Puxlalanacl8an ya puxlalantay<[l8an uoH3bTalar cbe8arasl- bwu
alunMTy uallly eniinasHH ny baroraH<la 10 ‘y 1M3b cbe8ara3lc/r.

8.1-rasT. Al(Hwwy uaMxy, cn(ta3w! ey(ekiika barorallla
(0‘yinH3b —-éelortablya™nacH”an yol3bTa; B —yunyta
uoMsbTta | -puxblantayyH”an (erniik [3MasH bl1an 11 - pnx(ala-
racluan (ermHK [3blasb brlan.



Alwwwy - oy kKUTM3b ran8l Telall, kn3lall panjarasl - youylan
Tarka2lasb8an kmb. 0 ‘218a x03 xm3m3lyallan: kalla boYTaSan
rioblMNk (2700 k§/13, ynuyon eleklr oUkarnycbanHk (0=3,4107
51/1) ya pla3llklik, yax3bl payyanclfanacll, bo3T o03licla yax3bl
13blanacH, 1ekT yax3bl ¢prgpd 13blanTtay(H, uny8anclan key T kaKa
rwuéorga cbo‘k1sb bos/1 ulacH. Hayocla yen8I ok3icHawb, riob
o0k3bl plyonka- A 1203 bo3ll ullacH, bu p!lyonka kono2lyabarclo5b-
Hkw {a’'tTlaycl. Mexawk xu3m3lyallan t3balan pa3l boYlb, Ta-
lenalnT§ 301§ 18a bo§4ll,

Oolrty wucbraycln8an beSona ~n3latT§ rruclon8a uarab, Jucla
3ol alunnwy - A999 (uyo‘sblltalan 0,001%), 30LL81 yuuon alwuru-
Ty - A995 A99, A97, A95 (0,005...0,500% uo‘3blTalar) ya 1exTK
loxa alwTwy - A85, A8, A7, A5, AO (0,15...1,00% wuo‘3bllTalar)
lvrlan boYacH. <30'3blMTalar (beSona ]t3lar) alurttynT§ eleklr ya
lexnolo81lk xm3m3lyallanSa, koTwyabaréosbH™a NicHy 1a'sir uflacH
(8.1-ra3T). AlurTtwy larklbl(la ucbrab luracli8an a3o3sly u0‘3blltalar
lertr ya krettycHr. Terwr alwuwwywng tu3labkatM§lT blrtun-
cba o3blr3a, eleklr oYka2wuycbanll§l ya plas{lkH§1lw pasayHracll.
KretTty bo3sbua yo‘sbllralar: n/i13, Ta8Ty, rux, targ8anels, xror,
TKel 3T78an, alurwtyw TmilabkaTtloycbl a3so3ly uo‘sbllralarclan
bin blsoblanacll.

AluvTtTnT8 TM3labkatl§l T3balan kiwoblk boY8aTt wucbun yuk
1nsbtaycHS8an clelallarm ya konslrukslyalar eletenllanT layyorlasb
ncbnn 13blHlacll, 1331l oYkarunycbanHk, konorlyabarclosbllUk, yen-
8MHK Kabl a303ly ek3plunalalslya xu3nslyaHan blMan o‘21T Ko'r3alacll
AL ya AO-1 lexTk aluTtT IB*lar, cblylular, prodHar ko'nT3bklas!
yanTtTtab3nlo! 51MaHcla 13blab cblulfacH. Yuuon claralacla lora alwu-
TTéan raruo8‘or, lok o4karmnycbl ya kabel buyntlan 13blab cbluya-
rMacH. . (layvuyonlora aluTtTt oH3b ucbun ronall enH3b yokl1 ronall
uyay'a kn3lallarsb nsuH yoYlanacH. Bu m3nl yaiily ya 3nywvy, Maralarcla-
§1 yo‘sblMrtalaTtT§ 1urH ernycbanH818a aszoslanacll. lonall erllal
WwunH 102alanacH8an Tebl blan layyorlan8an urun 3legencla lor engan
rona bosl uyllb, vw 3”euen urnnHsL bo‘ylab 3unb bonsb8a aso3lan-
8an. Bum usml bMan be8ona ~n3slar rruclon 0,0001% 8acba boY8an
loraalnTT OH3b TUTKT.
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8.2-ra3T. AlntTwn” elek(r- ya 1Rl loUkarnycbanH”"a
be”ona Jw3slarnw? (a) ya uo‘8bMTalarwng (b) (a’'mn; (§kMr§'a
cln/Jular - elek(r odkarnycbanHk o, punkWr clii2lular - 1331
oUkarnycHanMk koel Cblyenn.

AlnTtTt uyonsbrtalan TasbTasorHbla ken§ soYlanacl.
AlnTtTwle8lrlasb ucbun, asosan, rT3, Ta§Ty, KreTwy, Tar§anels,
wkel,Man, benlly, yalay uoYlanacH. be§lrloycbl eletenllaTTé ak-
3an almtTt bllan uallly enltalar ya Ttlertelall laralar bosll ullach:
CunAl2 A1XCuM§, A1M§ ya b.

AlunTTt uyollsbralan layyorlasb lexnolo8lyasl, lenwk 13bloyclan
KeyT Tnslabkartlat3b éaralaslya ek3plualalslya xu3smnslyallan bllan
(alr3sManacb.

AlunTT yollsbralanw Tm3labkarlasb ucbun 415...505 °C (41,
[18) yok1490...500 °C ([16) barorallarcla loblab, 30yuy 3uyiia 30-
ylllacH. §bunéan 30‘n§, esklrlitla(b, nalyacla, korrcwya baréosblLLIs§1
o3bacb. Tabny (blr necHa 3nlka (kyorwicla) yokl saun4yy (10...24 3oa!)
e3kMn3b nalyaslcla oHa lo'yt8an Al-Cu ya Al-Cu-M$§ uallly enl-
Talar parcbalawsbl nalyasicla yo3bTanT8 TmS5labkatll81l orlacll
Korro2ilya8a barclo3blllnglt o3binsb wncbun aluTT uyollsHrtalarclan
layyorlan8an buywuTtlar 31rin plakirlanacH, ya'tlexw Kk akutnTty bllan
uopbnacb yok! anoc!l anlblawsb 13bloyl benb uoplanacll.



Owralurwnlar aylablyacla ken§ uo‘llanacll. A1 uomsbtasllan
parraklar, [ 16 inan - Nyn2elyallarnt§ eletenllan, A 18 éan - parcblin-
rwxlasb elewenllan layyorlana(11l.

MwlakaTlwl yworr alnTT pgo$Yunalar¥%a Al-2n-M§-Cwu
313leTa3l(1la8l B95, B96, B968 Tarkalar kHacH. be§lrloycbl elewenl
3lralicla Tar§8anels3 ya xrot 18bla(MacH; vlar yoiisbtaTné Korro2lya
barclo5blM§lw ya e3kT3b 3atarasbl o3sblracll. Bunclay uollsbtalar-
nT§ Tuslabkatlk xm3mslyamTt kerakll clara]a8a yelka213b wucbun
(a=600...700 MPa) 460...480 °C cla lOblab, keyT, 120...140 °C (la
3un4yy eskMrlaéb By nollsbtalaTT8 TN3labkatlk koYsaHucblan
cluralmTttTtkl(lan ywuuon, blroy plasllkHk pbaii katrou, Kucbla-
w3brn 1lo'ploycbl 3bakllarSa ya kucblat3ib o3méa konyraya TublH
la'3T§a 3er8ir. BuymntnTt§ korro2lyabarclosbll181lnl o3binsb wucbwun,
311 A1+1%2n yownsbTasl bllan pkkblanacb. Bu uollsbraclan, ayla-
3orHbla, 120°C 8acba barorallarcla 13Mallla(M8an, ynklata o3Ma
boYacHSan kon3lruk3lyalar layyorlarnacll.

300 °C §acba barorallarcla 13blaila(b8an buynTlar kalla barorallar-
8a TnslaHkart AK-4, AK-4-1 uollsbralanclan layyorlanacH. 1/1aTT8§
K1Tyoyly larkibl Turakkab, lerTr, wkel, rT3 ya CnAl2 CnM8A12
Al2MnZXn ya b. laralart tuslabkartloycbl eletenllar blMan 1e§lr-
lanacl. OMLWwya Jarayonlanw 3ektlalmycbl rt3, tar8ane4s, Llan
blMan le§lrlasb uoiisbTa8a kala barorallarcla bat TnslabkaTtHST1
yo'uolraycsi8an xm3mslyal beracll. Bunclay uo(l3btalarclan <lylSalel-
laTT8 porsbenlan, por3sben kallaklan, koTpres3orlartng parraklan
layyorlana(H ya loblab, 3unYy eskinllnlaal.

8.2. M&ya nnws§ yon«bralan

M 13 - pusbl-L12IM ran8M Telall bo4Ylb, 2icbll1§l 8,95 §/3T3 en3b
baroravi - 1083°C. M13 oltacH8an Tmubl T labHy Tanba - ollUn-
8n8uIM:MN ruclalar: rw3 kolcbeclan (xalkopTl), bo'TH, xalkorT ya
ok3klMan”~an rTt3 rucblanclfir. M13nT8 xu3mslyallan ko'p J1Halclan
uncla8l be8ona ~n3lar rrruclonSa ya nlartn§ rwséa ernycbanrigi8a
bo§'lMu, Bunclay JT3lar rt3 ya mnt§ uyomsbralan8a lurlcba la'3lr
yMacH: TnslaHkatM81T yo osblracll, yo pasayiracH, ulrylb 3bakl-



lawsblw yax3blaycb, 1351y ya elek!r o‘lka2mnycbanlulul, Korrcwya-
§a barclosbllL§1w kaTayiiracl.

M13nT§ Tasblnaszorbk TadenaH 3lMab(la8l a3o08ly alralll§l 18-
8l ya eleklr oYkarmycbanHk, pla8iikMkK, Kkorro2lyabar(108bHk
Ko‘rsalklcblannT§ balancllE>cHr. M138a xo03 bo‘l18an kartcblllklar:
Avyllisb xn3u3lyaltT§ yotonHS81, ulralb 13blasb noanlayb8§l, 13-
balan kaT TnM3dlabkaTtHK bo‘Hb, nlart yo‘aob3b ucbun rws lurH ele-
Tenllar blMan le§irlanacll.

M 18I rux, Aalay, 40'r§'o3bT ya bosbsia eletenllar bllan fo-
n3btalan - 7e2 (lalvn)lar ya bronralar bat TasblnasorHkéa ko'p
Ho' Manacb. BronranTt§ Tax3m3 lurlan - Telxtor, neyrllber, knppal,
kopellar Ta4YwnT. Jlerlar ya bronralar TasbtasorflMa Korrcwyabar-
Mosb ya aniilnkson <lelallar layyorlasb ncbun 13bhllMlach.

Be§ona ]t3lar T15nT§ WRIK-TexaTk laysifdan§a Jiciclly 1a'slr
o‘lVka2a(b. 8bunga sarab, beSona ~T8larw sauY>"aé' 8urublar§a
aganmsb TUTKT: a”™™an ya 3oyma bollcla bo3T bllan 13bloy ber-
8ancla TnslabkaTb§1M pasayiiracb™an (02 Pb, 8, 8e, Pe, 8b, Bl);
Arybb 13blannycbanllslill yaxsbllaycb8an (8e, Pb, Te, 81); 13314 ya
eleklr oUka2mnycban8iu pasayiiracb™an (Pb, A3, 8b, Pe, Al, P); Kor-
ro2lyabarclo3blMMknl pasaybracb8an (0 2 Pe); korrcwyabarlo3blLUKT
o3blracb8an (Be, Al); TuslaHkaTl§T103blracb8an (Pe, P).

M | 3nT§ xm3mn3lyallan ko' p]lbalclan beSona]t81aTT§ rws talnl-
8azlcla ernycbanll§l blMan atalanacb. 8bun8a sarab, rr3cla enycb8an
(N1, 2n, 8b, Al, H2 A3, 8n, 8) ya aral(la entaycb8an yok1 cbekll
enycb8an (02 Pe, Bl, Pb, 8e, Te, P) do‘sblltalar (beSona ]JT3lar)
boYacrl.

M3H Tartlakallan 3anoabéa rT8nT§ aAmMy”é* Tarkalan 13blab
cblsanlacb: kaloclll - MB4k, MOOK, MOkto, MOk, M1K; Kl3lorocl312
- MOOG6, MO6, M16; kalocLll, sayla erLLi18an - M16; norclonlasbl:T1-
8an - M1p, M2p, M3p, M3.

Be§ona]T3laTT§ rraclon§a sarab, rwswng tarkalan avyillagt-
cba bel8Manacll: MOO (99,99% Cun), MO (99,95% Cu), M1 (99,9%
Cu), M2 (99,7% Cwun), M3 (99,50%).

M13nT§, Tasblnasorbk Ta(emaH 3/laiicla8l a3zo3ly alralllklan
- kKaKa fA'ytalb 13314 ya eleklr o'‘lka2uycbanH8§1, plasbkHS1, korro-



2lyabarck>gbllLs1 ya wnlar blMan bir§a kel§an yuuon Texalw K Xu3u3sb
yaHancHr. M13nT18 kartcblHklan uuyllisb xu3n3lyail ya uHupb 13b-
lannycHanH8TT8 yotonH §1clT.

M 18 eleklr ya 1531y, o4 karnycbanHkKT oYcbasb mncbun elalon ulllb
oHn8an, nwn§ bu ko'rzallocblan 100% éeb uabul yllTacH, bosbua
Ta(enallaTT8 koUsaHacblan rw38a wasbalan oYcbanacll. Alwvrrn-
rny ya lerw T8 3bu Ko'r3al:kicblan,le§13bl! larxcla 60% ya 17%.

C>unylM8an Kolalcla8l rw3nT§ (aysMan: o=160 MPa; 05=35 MPa;
8=25%. ("™{rwan boMa (lelonnal3lyalan8an rrn3éa bu koUsaHacblar:
250 MPa; 95 MPa; 50%. M13nT8 Texalw kK, lexnolo8lk, alLlNHK3on
ya bosbua xm3mslyallan pytaMan yanéay 2awirHg18a uarab, nnsa le-
g1rloycbl eletenHar uo0‘3HMacb.

8.3-ra3T. Be8ona]t3lar (a) ya yo‘'sblltalar (b)ning elek(r
oUkaxmnycbanHkka (NH3) 1a'3T.

Ho2w* yaullarcla rTr$wing wx, yalay, alurwrty, KreTTy, benllly,
Tar§anels, nlkel blMan uoisbTtalan ko'p uyoYlanacll. M15 yonsbTa-
lancla yo‘3bllta 3lMaiiéa 13blallla(H8an ekTenlar yoinsbTa Tarka-
3kl!a weclekslar yorclarwcla ~ocblanacll: Al-A; Ba-bp; W-Bam, BHMm,
Ban; B1-Bu; ¥-B; Ccl-I'm; Ca-I'n; Ce-I"; Pe-XX; An-3n; Co-K(Ko); 81-
Kp(K); M§-Mr; Mn-M3; Cn-M; A3-Muw; 1Y4HH 8n-0; Pb-C; 8e-CrT;
AS8-Cp; 8b-Cy; /1-Tu; P-®; 2n-C.



M15 yoiisbTakn, kltyoyly larklbl8a ko‘ra, Je2(lallm)lar, bron-
ralar, rw3-tkel yorsHTalari8a: lexnolo8lk ya2ilalan8a ko'ra - <3
lMorralslyalanacll8an ya yuyllac%an; lerrwk 13bloyclan key T Tuslab-
KaTH 8TT§ o0‘28an3bl8a uarab - Tu$labkarlanacll8an ya Tuslab-
katlanTayc!l8an lurlar§a a”alllacll.

A3031ly le§lrloycbleleTenit rux bo‘18an rws sonsbtakn]er(la(vn)
lar <leylacll be8lrloycbl eletenllaTtT§ rwu(lon8a uyarab, 1KK1 ele-
Tenlld (oncly) ya ko‘p koTponenlld (le§lrlanSan ) Jerlar boYacH.
BTncbl 31 /1 barii ya rayatlar blMan Tarkalanalll. Bu rayatKr 0ii3b-
Ta(laél rr3 rruclonnT§ o‘rlacba u”yTaiiT Ko'raalackl. Masalan, J190
Tarkall lalvncla rws rwugclon 90%, wol8art - rux.

Ko'p kotponenll ~e2lar™n§ Tarkaslcla8l Harfar ya rauartlar
le§lrloycbl eletenllar ya vlatTt§ rwucbnuw (Molrlarcla) bliclralll
Maszalan, aluTT-wkel-kretry-Tar8anel:5MN Ilalvn (Jer): JIAHKMc
75-2-2,5-0,5-0,5c1a 75% nu3, 2% alurwwy, 2,5% wkel, 0,5% krert-
wy, 0,5% Tar8anels bor, Lol8aT rmuxclan |boral.

Bronralar - a3o03ly koTponenWan salay, aluTT, benllly, Kret-
wy, A0‘r§03bT ya bo3bua eletenllarclan iboral rws woisbTtaknclr.
Hux le§irioycbl eletenl (uo‘3bllTa) 3lMalkla 13bllok eisbl TU TKT.
Bronralar “Bbp” barAdan ya radartlar bllan tarkalanalll, Jer\ar Tarka-
3icla8l kabl Ta'no8a e8a. Masalan, BpO® 6,5-0,15-Tarkasunla 6,5%
ualay, 0,15% roslor bor, uol8awu - ruws.

M13Tn§ Tkel ya bosbua le§lrloycH1 eletenllar bllan uyoilizbTas!
- Tax3uns3 lircla8l bronra bo4ls, nlar Teblor, neyrlber, kuTal, Kopel
ya b. notlar bllan alalacll 1/lann Tarkalasb pnn3lpl ~e2la™ ya oécHy
bronralarwkl kabl. Mazalan, “MH>XM3 30-1-1" TarkaH Tebloréa
29...33% wkel ya koball, 0,5...1,0% Tar8anels, 0,5...1,0% lerTr bor,
HAol8ar - rw3. “MH8C 16-29-1,8” tarkaH neyrlbercla 15...16,7%
wkel ya kobak, 1,6...2% uo0‘r§‘osbln, 51...55% rws bor, yol8aw rux.

8nynslawsb baroraii - 1083°C, 21cbHs1 - 30H3bllUTa 0§UrHs1
§ = 8,93 k§/313 8a len§. Knslall pamnjara5l youlan Tarka2lasb8an
kub. MunstabkaTtHg1 oy= 240 MPa (24 k8/17T12), w3bly nzayisbl
8 = 50%, Ya«1lUre1Hy = 35.

Yunuonl331allk ya elexk*r o4karnycHanlk, plasliklik, Korro2lyabar-
(303bHK sioblLlyallan8a eg§a.



KaTtcb W kkn - pa3s! ynytakorHk xmsmslyallan, ke3it yoton 13b-
laT3bl, w3balan pux{atasHHklarw Har xI eletenHar blan k~"Ha3b
oryaH yo‘uon3b T TKT.

MISMLME M2ik-Texaw K xo35alan§a uo0‘sbltcbalar ye*arH 1a’sir
ylacH. 8bn mmulayl nararitian uyo‘sbltcbalar umylcla8l Surublar8a
boYTacW:

1. Bo51T blMan 13blksbcla (30ymy, ya 15511 bola) puxlaHKT pasay-
virmycbMar eletenllar: 0 2 Pb, 8, 8e, Pe, 8b, Bb

2. 01rylb 13blaszHni o3onk3burnyYcbllar: 8e, Pe, Te, 81.

3. 1331 ya elekir oHkarnYcbanHkKT pasayiruycbl eleteniiar:
Pb, A3, 8b, Pe, Al, P.

4. Korro2tyabarcioaHUKT katayiirnycblMar: 0 2, Pe.

5. KonywyabaréosbHKkKT o3blrnycbl elerenllar: Be, Al

6. M15 puxblwbl osblwycbl eletenllar: Pe, P.

0 nyi1gasl tarkall rt3 cblyarfacll: kalocld - MY4k MOOkK MOw
MOK M1k k13loroci812 - MOOb, MOb, M1b, ka*o(LU yayla erHMsan -
M 1y yaylarf8an- M1r, M2r, M3r, M3.

0 0'3bwicbalarnt§ rrny(lon8a uarab: MOO (99,99% Cwu), MO
(99,95% Cwu), M1 (99,9% Cwu); M2 (99,7% Cu); M3 (99,5% Cwn).

M13 yoiisbTakn klTyoyly larklbl8a uarab: la(unlar, bronralar,
nw-wkel yo(3bTtalan”™a boYTtacK. Texnolo8lk yarilasi8a uarab
<le&nnal5Slyalanacll8an ya uwuyuwa boYacH. Mexalwk 13blasbclan 30°n§
puxlalawsbl8a uarab: puxlalanacll8anlar, lenwk 13blasb bllan puxia-
lanTtaycl8an boYacH.

ba(nnlar. M 15 yoiidbTasbla rmx a3osly le§lrloycbl koTponen! -
1a3bkl1 elnycbl boYsa, yos3bTa lalvn éeb nonlManacH. 1/1ar IKK1 KOT-
porienll ya ko‘p koTponenlld boYacH.1kkl koTponenlilan /190 kabl
TarkalanacH: bunga 90% rws, yol8at rux blsoblanacll.

Ko‘p kotponenlld 3k JIAHKMc 75-2-2,5-0,5-0,5 bn 75% Cu; 2%
- Al1;2,5% - N1;0,5% - 81; 0,5% Tar§8anes; uol§art rux cle§ar.

ATaHyoWa 1arkibkia 45% §acba rux boUgan lalvnilar 13blaiMac/l.

MexallK ya 1exmno1o § 1K xo33alanw yaxsbllasb ncbun Pe u,0°3bllacH.
Oo'r8o3blin plasiikHkw yotonlaszbHracM, loslor yallluHkKT o03blnb,
pla3Hklkw ancba pasayllacll. Al; 81; Mn xo33alan8a la'slr ylrtay-
cH KorrcwyabarckasbHkrn o3bTt3b mncbun Al; 81; Mn; N1 yo'3bllacll



C2alay u,0‘3bll3a Texaw K 13bla3b o3orfMasbacb ya 13bualawb ycy|-
H3b8a uar3bllisl oHacl.

Bronralar. M 15 yoiizbTtaszWa asosly kotponenllar 8m, J11, Bc,8]
,Pb boY3a, yousbTa bronra éeylacH. M13wné wkel ya bosbua le-
§lrloychbl eleTtellllar blMan yollsbTtalan bronranTt§ aloblicla lurlan
boUHlb, mnlarw Telxtor, neyrlflber, kutal, kopelyat cleb notla-
3bacrll.

Bronralar 2 1ur§a boYTtacl: a) ualayll; b) Tax3n3 ualaysl2.

CalayH bron/alar yunuon anuink3lOn-13Hualanlb yeyll13b8a bar-
closH xn3un3iyall8a e8a, xH3a kensb§a belraru, 3oyvyua cbiclatH, Ta§-
nk eta3. Karcblls§l unyTtacla §‘oyaklar bo3ll boYisbl8a ToylMM§u.
Poslor blMan le§lrlansa, Texaw K, lexnolo8lk ya arlLlMmk3ton xo33a-
lan oflack. Oo‘r§‘o3sbln uo‘3blMza 2icbll§l o3bacll, anlllmkslonl1gl
olMack, Lilnib 13blasb o3orlMasbacll, 1ekT Texal K xo33alan yoTon-
lasbacll. Aux lexnolo8lk xo3zszalarwi, lerwir(0,09%) e3a Texall K XO03-
3alart yaxsbllaycH. be§klasb (laralasl T e 'yonian 03bTb yuborllsa,
korro2lyabarclo5bl]§1 ya 1exnolo§lk xo33alan Ke3KT pasayacH.

M13 ya uo‘r§'o3bT, ually boHHa, bir-btcla Tullauyo enTtay-
dl 8bunTt§ wmcbmn uo‘r§'osblnl bronralar uol8awclan keyT alo-
bkla rw3 kn3lallan ya aloblcla uo'r8‘o3bln aralasbraszl(lan lboral
boYacH. Bunéay 3luwklura uoH3kTaw 18bualat3b8a cbk!aTtH ya 1s.
31y oUkaxmnycban boYacH. 8buwng ncbun bat uo0'r§‘o5binl bronralar
kaKa lerlk blMan 13blayc/18an 13bualawsb Jullan mncbun 15bb1Mecl
11aTT8 Texawk xm3mslyallan ya korro2tya8a cblclatlrsrl osbl-
n3b ncbun wkel ya ualay blMan le§lrlanac/l.

M]3 uoH3bTalan 1cbkla berlryM bronralar ynuyon Tu3labkatll8§y,
yeyLLI3H8a bar(103blMr81 ya korro2lyaloycbl Tub k8a cbklatlrgl bllan
ajralb LUracl. Cn-Be uollsbtalancla, berMMywn§ a-erktasl - rws-
ra, y-larasl - nlatT§ eleklron blnkraslcla Tay)u<l. Harora! pasay-
8ancla a-Ma2anln§ rrnuclon katayacH. Bu, berMyl bronxaw loblab,
3unYy eskMr/ania lenwk Tuslabkartlawsb e<Tekii 30cHr boUl3bl8a
olb kelacl. BerlryM bronravan layyorlan8an buymntlar 500 °C 8acba
barorallla 13blay olacH, ukdb 13blawsbl ya payyancHat3bl - yaxsbl,
Kala (erlklar ya ynklatalar8a bat cbllayc/l.



Bronralarw arrorfasbkn3b ucbun tar8anels, lkam, TKel, Kobak
blMan 1e81lrlana<k, nlarTtng larklbl, TexaTK xm3n3ryallan ya 10‘11aT3k
3okalan benl8an.

M 13 a3o3Ma 3kumnHay uon3kTtalar 13blab cblyl8anki, nlaTT§
ek3pluala{8lya {ay3lllanT, TexaTk leSklasb yo'H bllan kerakH bo-
lalSa keliinsk Tu TKT. BunMa kukun koTponenar Taxsns uurliTa

“allrkor” yorclarw(la aralasbknlacH. Ok3blblr, nknckar ya bo3kua
bl nktalaTT§ nanock3pers rarralan ko'nt3blcla8l tnslakkartloycbl
[ara rw3 bMan le8kloyckl uo‘3klMTalar o'rlaslcla8l TexanoklTyoyly
reak3lyalar natyaasicla bo3l boYacll.

8.3. Tkan ya unln§ yoiskrtalan

8anoal ya lexwkanT§ nyo~awsbl Jarayowcla ensb baroraii
ynuon boY”an ta{enallar8a boY8an lalabii o3blrck, LlyT eny-
ck8an Tebl 1aTT8 en3k leTperallrast 1539°C (lora leTk ensk)
clan ynyon boYack ya bular8a ynyiHa8Mar Kiralt LWWan, 3akowy, 8al-
wy, yanacly, wobly, (anbl, xrot, Tokb/len, rewy, o3rwy, rallly.
Plakna Surmblcla8l Telallar bat ¢y T enyck8an Telallar8a Kkack,
lekT ularw uabul yllin8an uoblaS8a uarab nockr Te(allar Surubl8a
uo'sbllack.

Oakky, raeky, o3ruy, rewylar kat mcbrayck8an eletenllar8a Kk
rack. ATakla ko'p 13blaklack8aw - yokrat, Tollbclen, (anlal, 1kan,
3kKkowy bl3oblanack.

En3k baroraan: \¥=3400°C; A4e=3180°C; Ta=2996°C; M0=2625
°C; bIb=2500°C; Hb=2222°C; Cr=1910°C; ¥= 1900°C; 2r=2860°C;
T1=1725°C.

0lyT enyck8an TelallarnT§ TexaTk, elek*nk, Krlk xossalan-
TN§ bk-bT8a To3ks§l (“opiiTal) nlank Ko‘p 3okalarcla 13blaksbl-
§a 3ababCkr.

|1y T enyck8an Telallankn8 Texawk Xxo33alan wnlankn§
uo'3bltcbalar(lan (b2 02; 8) lorak§i8a, 1eTKK ya Texawk 13bloyi-
8a bo§'ka.bl2 C; Or; H2 lar yokrarT, lamlal, Tokbllen, woblylarTt
T 0 ‘rllaSbiirack. Baslab plasiik Melortalslyalab, 30'nN§ bo‘3kaiilsa
TnslabkaTkk ollack.



CAyT enycH8an Teilaular ((BEM)Tn§ en§ kerakH eks3pivalaliston
xo033alan8anlaTT§ 13blasb baroraid, lertoert3zlya 10 K TT§ rkblu\,
T3bly elekirouarsbilgl kkacH. sbunTt§ ucbun mnlar racHo ya eleklron
apparaluralancla ko'p 13blallacH.

\\"-Mo; \Y-Cu; LLI-A8 1aT1T8§ elekliroerro2lya yeylll3b”a uarsbllisi
kalla, 3bunin§ ncbun mlar ynuyon ymnklan8an konlakllarcla 13blaiitacM

nT§ en3b baroralll ancba ynuyon - 3410°C. Il uallly ywonsbTa-
larT13blab cbluyansbck ya poUa/larw le§1iriasbcla 13blalllacll.

Nb - aloT {exwka3Ma, elekirolexwkacla, raclioelekirowikacia, as-
bob3orlk ya o4§a cbl(latl poYa(lanm 13blab cbluansbaa uocHanHac.

Ta - 1a3bo Tubk {a’3T§a cblclaTillist noclr Tebllarclan uwoH3b-
TaycH. 8bnnT§ ucbun n koTwya”a ya yeylllsb8a cblclatll yonsb-
Talar olM13Ma 13blalllacH.

Ke - Texaw Kk xo33alan yuuon, eb3lik clelortal5lya8l yuuon, Kor-
ro2lya bariiosb. K.ewywng toHbéen ya nlkel bllan yoiizbTastiyuuon
baroralcla baTt yuuon puxlaHkka eSa.

2r - (JEM1lar icbkia en§ ko'p uoYlawlacll. 8 ababllablal<la yelarll
1aryai8anHs§1, korro2iyabarciosbHS1, 1lexnolo§ikH§LLwloralab “nak-
lep” -
T e laumr8iyast nsuH bflan yay{a 13blanacH.

T1- 1725°C (la enycH, 3000 °C cla uaynaylll. 3oH3biirta o84rllp
§=4,54k8/373 1kkl xI allolroplk 3bakl8a e§a: 882°C <lan yuuorbla
b-1kan, pa3nk a-1kan boHcla. a-1kanwn§ kn3blHK pan]ara3si §ek3ag§o-
nal, alotlan 2icb ~Nylasb8an. blkanTn§ kn3lalllk paryarast ba]riu
Tarkarksbpgan kub.

Tuan 1791-ykcla kasbl eill8an bo'lb, yer po‘3ii084Yclaél raxu
bo'yicba 4-0'nn<la (A1, Pe, M§ clan keyT) *uracll.

Tkan yax3bl kesHacH, bolu alanacH ya prokaJlanacH. TkanT pro-
Ka/lab, wkKa, lenlaya ballo rarH (‘Tol8a”) 1kan 108021 bo3ll ullsb

uyllinza, nwn8 TexawK xo33alan oiacll. KEM aso3an KuKunm

TUTKT.

TkanTn§ Korto2lyabarciosbllsl ran§laTtas poYalaréan bat yuuon.
TJian annoslreraéa, cbucbuk 3nycla, clensi2 3nyMa, or§awk kl3lolalarcla,
ba'm anor§atk ki13w1alarcla, o'yuycbl 13buoriarcia korrcwyalanTtayc!t.
Tkan bayocla 400-600°C wu12cliril8ancla ntn§ 3k ympua okslcl ply-
onkas! bkan (parcla blMan) uoplanacll, bu pariia 0‘21 0311cla8l b 3rTT



Korro2lyaitawsb(lan 3aylaycH. Yana urrcHrl/iza, k13lorocl eny bosblaycll.
1Yalyacla 1kanwng plasilkHsl pasayk) Ketacll Tkan xlorlcl, 3ullal ya
rMoncl Kislolalar la'3Tcla§Ta Korro2tyalanacH.

Tkan ynuyonéasl xo3salan8a asosan bo2il8l knnéa ener§eka 30-
ba3iéa koncknsallHar, LUrbinalar, 1331HK aknasblT3b apparallanga
ken§ yo'1lawb kelTtoucla.

T1lan alurwwyclan orroy 08‘k (rioblNk - Al ucbun §=2,7 §/373
T1 ncbnn 8=4,518/373 Pe nucbun §=7,68 §/373. bekT puxiallsl alu-
TKiiy puxiaH§18a uaraSancla 3 barobar oriid,.

TkannT§ KawcblHklan baT bor: elasHkHK Toclull po‘lalr K idan
1KK1 barobar klcblk. Bu blkk ya uslllyor kon5lruk3lyalar yaraiisabT
sty T 1a3bliiracl Yvuon baroralcla8ta eTtas, balkl nortal baroraMa
baTt yeylunycbanHk xo33a3bl natoyon uflacll.

0 nyldagl HAMMNaéyalllan ko'nnk> LWnbclla, 1kan 1larkibklagt
yo‘'3blrcbalar Tk}clonnT8 orHb bonsbl bllan, nTn§ yalyHSs1L, TM3-
tabkatlsl oriib piasllkHs1 kaTtaylb boracll.

TKannt§ xo33alan
8.1 Maclyal
0 ‘oyak 1kancla8l uo‘sbltcbalar

o MexaTK x033aKn
niuclon, % blsobbla

Tkan
Tarkasi 4 v An

Ppe 8 C CI2 02 N Hr o % " 'CE HY
BTOO 0,15 0,05 0,05 0,06 Q 003 - 38 36 64 — 115
BTO 0,15 0,05 0,05 0,06 01 003 001l 46 28 50 10 145
BT1 001 01 o006 008 02 005 003 53 24 42 5 165
BT2 o3 01 o006 01 02 o006 002 60 20 35 5 185

BT1, BT2-tarkaH lexwkaY1ly LanMan xTcb (pruiok), LLnuka,
lenla, pokoyKa Kabl yanT layyor Tab3nlollar layyorlanacH.

MexaTk xo033akn yuuyon etasHs§1 3ababH lexTkayly {kan Kor-
3nmkston Talenal 31&1kla/mck KaT r3blalllacAl.

Tkan yonsbTakn ynylcaSiba kk33l ka”ya ullnacH:

1 <3ayla 13bla3b lexnolo§lya3i§a uarab: yunyTa, éelortablyak-
nacHpan.



2.  Mexawk xo33alan8a uarab: Te’'yony puxiallkcia8i, oY8a bar-
(losb, yuuon puxilaHkciagl, p1asiiklisl osblinlgan.

3. Tenriik 15blanlsbl8a uarab: puxlalanacHS8an ya pwuxlalan-
Taycl8an.

4. 8irukllUrasi8a uarab: a-; a+b, ya b-yoiisbralar.

0 ‘rla puxilaHkciasl 1llan uolldbTalan: BT5, OT4. A3o3Ma Al (3-
5%), Mn(1,5%).

Yunuyon puxlallkclagl 1kan uolidbralan: BT14, BT15, BTI16.
A3031(1a A1(2,5-4%), Mo (3-7,5%).

OY8a barclosb iilan yonsbTtabn: BT3-1, BT8, BT9. Azo3Ma
A1(5,5-8%), Mo (1,5-3,5%).

Yuuon baroralla - 300-600 °C Llan yolisbtalan Tu3labkaTHs1
Al, M§ yownsbTalanwkican blr necHa barobar ynuon.

Nerora! 3ayoHan:

Clarklay uelallar tTa3z3zasl yen8ll blsoblanacH?

AK-4;AK-4-1 uolizbTalar8a1a'nlbenn§?

3AP - T1Ta? (Janclay oHnaclll

M13Tn§ a3o3ly yaniiay uonsHTtalanTt blia312?

Tkan xo33alan8a uyo‘3bltcbalarwng larklblu 1a’3 7 yanéay?
TkanT bo3sillosiiéa 13blasH TMTKTrw ?

TkanT 2an8lata3lnk xu3uslyarirm T3bnnunnng?

NO UAWN



9-BOB. 1HOMETA1X MATELW AbbAK YA
11bAK1IYLIC 1O ‘bbAM1J18H1

9.1. 8bl$balar

8bl3sHa (u/LLU3bl. 8bl3ba iwH3bl <le8ancla, unclan8l a(oT batcla
tonlaTtT§ o‘raro]oylasbl3b §eoTetnyas!l ya unw rarracbalan orasMa-
§1 0‘xaro KNTycmy bo§'lawsb xaraklen ko‘2(3a TlUacll. Ma’'1uTkl,
3bl3ba 31TKLL ras1 amymulk g(tukllUrasziga 108 ‘n kelacll.

Oallly, ]J13wlarcla barcba alotlar kn3blHk paryara8a Joylasb8an
boYacH. 8bl3ba3lton bolaléa aloTlaTT§ bunéay Joylasblsb lalllbl
yo‘sa, awTo 3bl3baw 3uyuny cleb baTt boUTtaycH. 3bl3baéa alotlar
0'rlalarllbclajoylasb8an. 1_1tn§ Tasol a3l alorlararo tasolasblan 02-
8§Ta kalaroy. KreTwy 1Kkl ok31cHMwH3bl 9.1-ra3stcla ko'r3abl8an.

a b
9.1-ra3T. 8102nT§ (UrllsM a- kyar($H krblaH ko' nwsblc!a,
b- kyar18H 3blHa ko' mw3lula.

8bl3ba xo033alan. 8bisbawn§ bar xIN lurlan Jarwyaltn§ barcba
3obalancla ken§ 13MalllacH: uunl3bck, lasylny 3an’aMa, opukaéa,
ribblyoMa, o‘1lcba3sb asboblanlla, ener8eiika 3obalanc'a, aY'alslyaso-
rHkcla, barbly lexTkacla ya b.K.



8bl3balar a8re331Y Tubli8a cbliiaTH bo‘8anH§1 3ababH, Tax3us
TausacHar ucbun kuwiyoYly 1mr§'wvn 3bl3ba 13blab cMuarlacH. Ba*m
1exwkK 3blsbalarw K TyoY ly larkibl 9.1%aclyalcla kellinl8an.

Ba'2l (exwk $blsHalarwlatyoY1ly (arkibl

9.1-laéyal
ap. MA W3 Mp no bvio BYO BA)
Ma1d Mb 1%/(3 — 15 M 3n _7 — — yr —
* —_— — — — &, _ = - M
PRicay % om0 34 o O — — . b
rNn||N|k* v K5 v 20 — — — — —
In||\] S V
AwroTrbprbl 7*3 %’9_ w5 — = — \VERRT:
Ynpngll 50 3?2 1 47 «7 — — v 0
Tnn g 6/1 2+ VI 70 — -— 140 —
WiKwb A (e —  — —  —  — vV
L aH «.3 15* 35 _— — — <2 120 — —
AnAaDbk MP 12 120 170 g1 — — — 10 —
Knbl1l 9% — o1 o3 Wl — — — 0 —

/ncblMk - bu 3bl3bawng kltyoyly larklblSa bo§'Hu, En§ kaTt
_ 2:0Ka
21cHMk 31Hka(H 3bBbacla ¥ ~ ~. boYacH. OckMy naiiuy-kably-3b

Hkalll 3bl3ba 21cbH§1 y = 2600k a/T 38a 1en8. Haroral koYHanHsbl
blMan (1300°C 8acba) 3bl3ba 21cblM§1 6-12% §a katayacH.

Mwus(aHkaTHK. OécHy 3bBbalar(la 31luylll3b8a Twu3labkaTHkK

= 500 —200MPa boYacH. Toblasb bllan Tun3labkaTHKN1

3-4-Ttarla koHansb T TKT.

gsllka( 3blsba oH3bT ne8§i2H- baraYly wsvH bu kyaJI13H uut
(807, 30cla (blag CO,) ya obak (Ca O) arakabTasiiii erlLi3b, naiya-
3kla J1/a20O «CaO =6 5102 1arkiblMKiTyoY ly KoTplek3 bo3ll boYacH.
8 blsbant$> a303ly ucb LWn lMarylanacH: kably-nanuyH, kally-kablyH,
kally-uor§‘osblnH. Bularclan tasbuan §‘oyakH, boro3llkalll, VILUU,, op-
Hk, ran8H, bacbly ya b.k. lurlan baT bor.

KaMyH-na(nyLl (3oclaH-obakH) 3bl3ba(LlYa20O «1CaO =6 51 02)
onson enycH, ynt3sbou ya 3bnwn§ ucbun nnsa 13bloy bensb o3on.

Kyar!3H 3bl3ba ynuoniorallkciaél kretneryotll xotasbyoT er-
b oHnacH, kityoYly lNortniasl 3]02. KyallsH 3blsba labny bobla



bat wucbraycll. Bu uut kon -nyntlan8a yasbln LU3busbl nalyaslcla
bo3lN boYacll. KyariiH 3bl3baw baroralla’slncla ken§ay13b koelll131yen-
M Jucla baTt Kicblk. 8bunT§ mcbun awy TexawkanT§ clelallan ya-
3alacll, Tazalan, TayaniikH 3oallar clelallan.

OpHk 3bl3ba Hnralar, pnrralar yasasbcla 13blailMacl Xiwya-
laboralonya 3bl3basl - bu 3bunéay 3bl3baky ynuon Xirwk ya 1lerrtk
1nr§ nnHkka e8a. Bunclay 3bl3balaring a3o3ly lasbkllellYcbl3ikreT-
Wy 1KK10K31cH ($10 2), bo'IMb70-75% Tlasbkll elac!l. 8blsbanT§ k-
KTCcbl la3bkll ellycbl3l kably ok3ic! (CaO),u 3bl3baw lenwk 1mr§ mn
ya uw yanaiia yallkou, yflacrl.

blaybalclaél la3bki1 elllycbl bu 13buony Tebllarwing ok3kMancHr:
N/a20 yoW K20, vlar 16-17% lasbkil yflacl. Opiik 3bl3balar8a alo-
bkla lexwk lalablar uo0‘yMacH, nlar bTncbl naybala bir xIM ya i,
bo‘Hsbl kerak.

KaHy-kablyH (kaHy obakrll YOK1 polasbH) 3bl3ba
(LA'a20 : 1Ca0:6 510 2) ancba ¢y T enycl8an, ualllu, plasiikHS1
KaT, kucbll yalllroylkka e§a boYacl.

KaHyH-uo'r§;'o8bTH (1#a20 : 1Pb0O:6 5] 02). Nesbalan yunTt-
3boy, ya ermycban, lekt o84r, ugHm, yallrouyllst ya ywuyon nwur
31cln3b koell 31yenll bllan aaHb LuracH.

Kan” 3blsba yol8anclan 30'n§ 3anu-yasbll yokl bayoran§ -ya-
3bll Lkcla boYacll. K.an8bl o'rSarl1lMsb Tu TKT: 3blx larklbi8a un
yoK1 bu Talenallar ok3lcH L 0‘3bll3a (yaynaisb <layncla) 3bl3ba ransi
o‘r8aracH. Terwr ok31cH uo'3bllza 3blsba ranst bayorang-yasbllclan
ya 3anugan ¢rliigacba o‘r8aracll. Mar§anels ok3kH u0‘3bll3a 3any,
ya _p8ar ran§clan 3lyobran§8acba, xrot okslcll uo0'3bll3a, o4-ya3bll,
vran ok3id1-3anu-yasbll, kobok ok31d1- bayoran§, Tkel ok3iiH-3xyob
rangclan kulran§- ~8arran§8acba, 3urta ok3kil yokl ¢rll rang§ 1us
beracl.

Bacllly 3aM3Ha yauli kel8ancla narxl bllMan okTéan uol3brtaycll.
Ouylcla8l 9.2-ra3Téa bacllly 3blsbaéan oltack8an buywutlar ya oH3b
]larayoT ko‘r3alll§an.

8bl3ba pulagicbni azo3ly asbobl vwng lrvbkaslclTr. Telallclan
yazal8an bo‘lb 1-UN,5T7 nrunlkka e§a ya mncbHan blIr ¢h3rw yo8§‘ocb
blMan uop'an8an, ucbkla lalunclan yasalSan pun3bluk bor. Trubka yor-



fanuéa erHrM8an 3blsbaw pecbiian olb 3bar MNorwa8a pudanacH. Bunéa
gasHab 13blan§an 3blsba yo§‘ocb yoki poMallan yasal§an onna’a
yo‘'ylb, lNorwa oxT8a 1o 18uncba mn8a pudanacll. Tayyor Tab3aulol:
lrvbkaclan ke3i oHwb, pecHéa pl3sbinlacll. P13bln3b 500°C cla bir ne-
cHa 30a* clayorrm<3a ollb borllacb, bunckn Ttau3aH 1cbkl kucblawsb-
larw oHsb. Ak3 bobla 1e81b kelll3a baT yen813bl T TKT.

L / n
n
* % )
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9.2-rasT. Baiiny 3blsHanan yasa!~an Ttab3nlo(lar - a;
3bl3ba pusoycbl 1$H n$(kla-b.

Tnpleks (lorincba “1nplex” - ucblan8an - mcb&I1 30°riclan oMn8an) -
bu ko'p uallaTtH 3bl3ba, IKk1yok1Ko'proy or§aTk yokl 3llka! 3bl3ba-
lar o‘rato Tax3m3 poHTer plyonka blMan yok1 No(ouo(aclwan KoTpo-
2113lya blMan yebtlangan ya ur8ancla 3ocbIlNb keltasclan parcbalanT
“03kopka’'HarT nsblab 1mn3b8a uoclr. Ocblcla u12(Mn3bcla presslab oH-
nacb. Tnpleks 3blsbalan {ranspor! oynalancla i13blaiilacil, ay”oTobll-
tarcla, (erTr yo‘Ma, 3aTolyollar(la, KeTalarcla, yana mnoraiar clerara
ya laszacllancla, bronlasb(la, clar2 kela<b.

9.3-ra3T. Tnplek$ 3blzbasWan yaszal8an ay(owobll oynas”™a losb
nrulsbliia bo3l boY8an sMkasMaw3H-burllU3b-3w/b.



Max3u3s 1lnpleks3 3blsbalar baTt Tay]ucl: loymsb ywiisb (oYkar-
TaslMk) xm3mnblyalH, 131181cb to3laTtall, ran8H, ko'r§uH ya b.k.

3J/1aHar 3blsbalart oH3b éaynéa kn3laHart3b u3vHga ollnacH. B1r
yokl blIr necba kn3bllMk laxalarclan rbora!. 8ilallarcla Tayéa (H3spersH
kn3lallar (2000 MM uacba) 3bl3ba3sTon Talk3ack blir 1ek]3 larual8an.
3blsba larklblT, kalabralor LLUnw ya lenwk 13bla3b rgnniiii o ‘28ariinb,
Kerak bo'18an xo33aH 3kaHart oHsb Tv TK T. Ya2llra318a uarab stiaMar
1exTKkayY1ly ya uuniisb ncbun T o ‘ Yallan8an boYacH. Texwkay |y 3lallar
o'r obl™a bl, Al, 81, Mo, M§, Ca 2n, Bo, ok3i<Hanw ol{»an 1121T a3o0-
3lcla onacb. Xo33alan ya yar~asuwa uarab ular ynuon puxialbla8y,
KITyoY 1y LUr§ wmn, ATy, racHoiTy, lerto 1nr§ mn, 13bualawsbsa cbl-
clatH, Iblosballar, 3lynck>511allar, blasbaHar, Tax3un3 eleklroxo3sall
S§nwblar8a boYTtacl. 8hallar ko‘proy rakela ya aylaso2llk(la, rac!i0
eleklroTka(la, ko3rwk ya larer lexTtkacla 13blatla(H. 13bualaTt3b8a
cbliatl ya kltyoY1ly 1ur§'wn 3ballar 1ek13slll, ayloTtobll, blTyo
3anoal:lancla, bwurolasbcla, 10§' bwurolasb lextkaslcla 13blallla(H.
BioskaHar tnslabkat ya orawrT lemsl bllan o'‘nnclosbl§lclan HbbF
yola baT Ko‘p yoYlanfach, Tasalan, Hsb ya 3uyak prole2lancla. 8|lallar
Tax3un3 elek*r xo33alar§a e8a: ynuon clleleklnkHk, 3llallarclan yanT
oUkars8icblar, lenota8nHlar, 5e8neloeleklnklar ya b.k. ya3salacb.
9.2-]aclyalcla ba’21 3kallaTT§ x033alan benl8an.

3bl3ba (olalar. Ocl(by 3bl3baiian T8§iobka ancba-tuncba e8Mwuy-
cban 1lola (3blsba 1ola) oH3b TMTKT. Ho2irs1 ratonHa Tax3ns
x033aH 3bBbalarclan ya3al8an 3bl3ba lolalar ken§ i13blailacH: lolal
opuka(la ya kotporH3siwon talenallart (bber§las), elek1r01201ya{310n
(3bl3ba lenlalar, 3bl3ba lek3labl) batcla 133lloYkartaycH”an (3bl3ba
paxla) Talenallanm layyorlasb(la.

3bl3ba lolalaTT§ abartyalll x033a31nnT§ ymnuon tns{abkartlisl
blsoblanach. Mu3tabkaTtH§1 labuy ya 3un4Yy lolalar Tu3slabkatb§i-
clan blr necba bor kala. 1l ynyon cbeleklnk xo33alar8a, yonTtaslik,
blolur§ wn, kityoY ly 1ur§ un, obybaréosb ya b.k. xo33alar8a e8a.

3bl3ba *olalan ko'pTcba 13buorsi2 alutoborallkalll 3bl3baiian
oHnacH. BorH an8lcincl (Y20 3 lolatr a(to3leraS8a wr2'mnHS8TL ya
3ny8a mr§' mnHS1W ko' laracH. bekT ancba pTTal. 13buorll (borsir)
3blsba Tu3labkatH§1 20%8a kaT. T3buorb ya 13buorsi2 3blsba lola-



lanwn8 Tn3labkatlsl nlatTt8 cHatein8a bo§'Hu, cHatein uancHa
Kioblk boUsa, Tu3slabkaTllsl 3buncba kalla boYacH (9.3"a<lyal).

3Kallarw xo33alan

9.2-]aclyal
N O vinluu |l m]inggy)
Xo-LW pcbl a! 9605
w B
AH.H.MA 2.60 270
Bbliikbk Tw b LLI KOBN 2 _ 11 860 12 MO u 70
wsbl J1Wwii3K
OUBLUYAC/wiw! 26N 25.? 224 lBa
bnwb’'C 1000 1330 1230 1230
Owsan b 4 a
bm/biysitl a10 1rc 100 14 57 2-20
250b 0,1*5 0.190 0,190
Orwk+» 25-4000* - 0,230 0y17 0,235
25C  peull oYAuwre-
bl yb A w 11I - 0,01 0.008 0,004
rsabMmr rb n
10*~M1 52 6.» 5.C 6.7»
25C<blll bW y '
-7 0.01 0.014
250C65 baprry cKkblk
3nlbldw». xT 10 10 *n

$M$ba lolaw cHate(nnlnunt8§ tu$laHkatHkK cbe”araswa

bo™ Hul1s1
9.3%aclyal
. Tolaw TnslabkaTHK cbe8arasl
Tok Naweln, MKM
18650512, MPa 13bsiorH, MPa

3 3500 2700
2470 1650
10 1700 1370
20 1300 1050

50 800 700

1Yoor8alHk $No$balar. Moor8aTtk 3blsba bu kn3lalllk bo‘lta8an
Talenal. Tarklbkla 3bl3ba bo‘18an koTponenllar (kreTwy, bor, alu-



Tuny, loslror, Wan, 3kkowy ya bo3bualar ok3llan) ya rnelallar (1LLly,
kaHy, nalny, kably, Ta”wy, 1o0'r§'o3bln ya bosbualar) ok§lcllan en(-
Talanw oYa soyllb oHnacH.

By Hritnnws 3uyny, bolalclan 3bl3ba8a o0 UYisbl ya orua8a uayi13bl
o3on. 0 ‘2-o‘rklan oYisbl bat T TKT. Bu 3blbalar 3lruklura8l(la
lwkroknslalHk bosllanw, ya't kn3lallllart ko‘'risb Tm TKT. Bular
icb Icla kn3lallk paryara bor. bekT, lasbuanslcla 3iygkllra larlTE612
~ylasb8an boYacH.

Eng§ ko'p laryal8ar - 3llika! 3blsba. A3031y la3bkl1elllycbl3l-kreT-
Wy 1KK10K31cU($H02 3lrukllra8a uarab 1kkl XM boYacH.

KyariiH I3bporH
9.4-ra8t. Oa§'al 3blsbaH “xo0131”.

Eng ko'p laryal8an 112171 blad-Ca0-80,. Bun8a A1,03ya M §0
Lo‘3bllack.

Kyalls3H 3blsba 4abuy yokl 3Tlelik 3bl3bat eniisb bllan oHnacH.

TexwkaYly 3blsba a5031cla-alntTt bor-sllka* 1121rrclaél 3bl3ba
bo3I ulfnycbl yolacll.

MocHiikalorlarTn§ larkibl8a uarab 3bBbalar 13bsorl1 (HD K~O
CalOlar 15%8acba) “15bupor812” (18bsior ToclMHAkalorlar 5%8acba) ya
KyaJ13l boYacH.

Toblan8an 3blsba Lilrralan ya ucblan unHsblarga “3e281r”. Buncla
unyuy, clarr cbirlylar bllan uoplanacll. ASar 1kkl Bl oraswa HTy po-
HTer plyonka yeHTlansa, 3blsba 318ancla baTt 3ocbllb keinayc/l.
Masalan, ay*oTobl1nT§ pesbona oynas1(9.3-rasr).

KyaJ13I'1 3bBbalarclan plyonkalar baTt oHnacH (1=5-1 OO TKT). Ular
1561l loUkartaycH8an talenal 3Hallck 13blatlMed1 Ko'plk bo3sll uyMiny-
cbl 3blsbalar-cllelexl:nk 3lMraHcla 13blailMacll



Yax3bl ({er-oson) enycW8an 3blsbalar (600°C<la enycHS8an bor-
uo'r8o3bT) Telallart 133Lclan 3aylasb mcbun sbl3Ha-eTal 3lMan(la
13blalllacH.

Or8awk 3bl3ba. Or8awk 3blsba bu pollTtellTelaknlal aso-
51cla§l Talenal(Hr(PMMA). Bu nwy ML 3HaMa oHnacH. Il aiinos-
lera8a ynuon cbléatH, yorn§'rkr ya vbrablnalsba nnuHanTt yaxsbl
oUkaracH, ik Texalu K xo33alan yaxabl, elekiroi2olyalslyasiyaxsbil.
21cblBl ka1 (3l@@ll{a t3balan) To ‘r! eTa3. bekT 13blasb baroraH
120°C clan 03bTasls§1l kerak.

9.2. Keranmk Ta(enallar

Kerarwk talenallar lextkacla boruan 3an ko‘p yo‘llawlToucla. Bu
TalenalTn§ bar xI' 3obalarcla (ayTy3a, lextka(la) ken§ uo‘ 1lawsbi8a
3abab, v o‘ruia xo3 xusmnslyallar8a eSal18lclr. Melall ya pollTer Kor-
3rvk3ion TadenallarSa wsbalan kerarwk TalenallatTt§ alralllsi
ynuon baroralla ya kanorlyall laol (a§ressly) Tublllariia Texaw k
xo033alan yotonlasbTta3clan betalol 13blasbl(tacbr. Kerarwk Tta”en-
allar lNorta - o‘lcbartlanT yax3bl 3aulaycll, ymuon uallliHkka e”a,
ynuyon Texalw K Tuslabkat barcla ymuon <Helek(nk xo3zaH.

Ox1rgl 20 yI icblcla ynuon 3aTaranor Kerarwk Talenatlar yara-
nl8an. Masalan, “3lalon” Ta(enaH. Bu kreTTy nkncH (813Y) ya
alnrwty ok3icHTN8 (Al120 3 aratasbrtasidT. Tarblblck 81; Al; O; N
eletenllan bor aralasbta pl3blinib (“3pekawwe”) oHnacH. 81alon 30°rl
bneletenmatT§ blnnebl rauarlanw y184rkHs1.

A8ar kerarTka larklbl8a Telall knrsa v kerTel éeyllacH. Cclal<la,
Kerarwika polnkn3bllk 3irukllra8a e8a, 3irukivra yallaTt-uyallaT oyna
ya larHb512 Joylasb8an rarracbalar(lan iboral. (9.5- rasr).

1-ara: rarracbalarclan iboral kn3lalllk rona;

2-Tara: atorl (oynaston) lNara, ranacbalararojoylasb8an uallart;

3-lara: 8arll-ranacbalar orasi(lasl §'oyaklar ko'nuwsbl<la, atorl
lara blMan o‘rab olTt8an.



9.5-ra8t1.KeralwkanT§ 3(ruk(mnrasi.

Keranunk Ta(enal!lar lurlan Ho21rsi raton Kerarwkasy, [arlor,
kerarTk pHblan, yunlsb ya obyban3o3b ~UsblWar loyclan yasala<H.
Pi13blni8acH, Talenal kn3lalHk larackn (a3o3an 3llkal [araslclar)
1a3HkI 10p8an ya aTorl lara a3o3”a bo§'lanSan (kretwy <3uwk3icH
(302 boMacH.

Kerannk Tab3ulo(latT§ TwmslabkatHsl mlatt§ burllblla8l
nynsHuouyMé! ya miarclagl rwkro clarrlart8 oUcHart bllan awuknacll.
Ho2irca ynyon puxia, ynuon 2icH kerartk talenallar lextkacla kalla
rolo'ynaroucla. Buniiay Talenatla 17§ burllsbiciasl nymsbuouyrsi-
w kawnallsl mlann Ttelallar, kertellar ballo olto3lar bllan rauobal-
1la3bi3H Tk oTw beracH (9.4, 9.5-]aclyallar), aywu3a ke3”~cH asbob-
larw yaszasMa, press-lortalarcla, TeH k3Ta It p lanla(lan(la ya (lyl8a-
le! (lebllanT 13blab cblyan3Ma ko‘p 13blaile3 |

Ywnuon 3ataranor keranumk talenallar (srlan.
9.4-]a<3yal
KerarTtka Tarklbl 1$bl ans$b Ay 1

Karbl i, kreTtw y Keskio b asbobl , prexsalforTta, yunuyon
niirict1 robMkcla§l lkbyalanl5b8a [ury'un Tale-

' .

Gl 1ontar Sw A0 bl 3 nallar, poci5blpniklar, Tecll 3ta 1T p lan

(korlan, clylBa(el (lelallan, bronyalar
Kubl kH 8lrkonly 220 2+5% To3

oKk 3l M o~o



TabHy kerarwk wa(enallar lmrlan

Kerarwka Hpr1arklbl 13blalllib )oy1
Obak (1roTor) A3o3an CaCoO, Ny
cor L danoor P v e
OranH Aluwy 3kka( Y

Kerarwk Ttalenallart bok, raklepka, payyarclasb bllan blr-
lasbltb boUtaycb. Bu Ttalenallart cHLWwon ya {~arur bllan blir-
la5biinla(H. 01Murion bogYasbHa <lelallar bir-bin~a ~p3 $51b-bo3lb
drcbriacH. Bkk3bl3b p13bln3b]arayotc!agt 3arayon lanuasl(lao‘lacH
Bun un3nl bllan bar xI larklbH Talenallart bat blHa3bltsb Tn -
KT. Clavrer blMan yebnMasbHa lMelal yuralan o3on enycl8an 3bl3ba
(oyna) blan uoplawb blr-bT8a ~p3 dul1> 3blsba ensb baroraii8acba
tprebriacH.

Keranlk Talenallar KiTyoY1y 1arkibl8a uarab uunyiles: lurlara
boUTacl - ok3klU, karblcll, nHncLU, 3MN3kLU ya b.K.

Ok31dll kerannka. Bular 13bly eleklroyar3blH81 ynuonH” bl-
lan xaraklerlanacH - 103—10" O T-3T; ¢ 813b8a Tnslabkatlk cbe8a-
rasl ok55 OPa 8a len§, barora! TeryaHHa ok3lclloycbl TubHS8a cbl-
(1atH, ba'21 bir 1urlan ynuyon barorallla o4a oUka2§1icb batcla ynuyon
obybarHo3b Talenalclr. Ok3kll kerartkanT§ en8 ko'p larual8an-
1an:

a) AblTo3llka! 8HO2A1D 3 aso3bla”™ kerarwka. KyaHsU
Kerariwika yvuon lenno-1urg'vn; racHatslya8a 1ur§ mn; raHwolo' lyrlarw
yax3bl oUkaraclTl; ynuon kl13lolaSa 1ur§'mn ya oloybarHosb. TarblblHa
A1203 orusbl bllan kerarnlk Talenalcla 3A120 3*28t02 tullUw or-
b3bl8a obb kela<b. Bu o'‘r naybaiiHa kerartkasl Twu3labkaTHS§uu
ya lennowmr§' mnHS8iM ko‘lara<H, kl13lolaY1lyHg1lw o3blrac. Tark&bla
28% alroiHa A12 3 bo'18an kerarwka “yanTtkl3lolayly” bl3oblanacii
(oloybar(lo5blar, larfor, Mayans, kublcblHK Tab3nblHan), bular 3bun-
clay kaoHnNH paxla; bu a3o3Ha 1331y, o4Ykartaycl1”an talenallar; 3ba-
Toll oY8a cblHatH Talenallar ya b.k. Tarklbléa A120 3 90% [lan
Ko'p kownlH kerarwka ¢ 8i3bHa ynuon tuslabkaTtlk cbe8arasi8a
e§a 0 =3-4Pa.



Alnwo$llika(H kerarwkaHan bar xIM 1<Bb *oyoular, Helallar ya
KOK3 cbluaracb8an ya Tarilen pecblan ncbun Ttalenal, KO3rTk appa-
rallan ncbun Helallar, yaHro reaklorlar yoplatalan, 8alo8en latpalar
Korpuslan, 3umyak 1T p lanllian, racHoapparallra Helallan ya b.k.lar
13blab cbluarllacH.

b) 8023 bo3bua ok3ldlar a3osiclasl Kerarwka. Bunclay kerarT-
kaTlayyorlasbHa oclalcla 8M-loy, kaoHn, lalk, Ba, blbatHa Ca, M §0
karbonallan, eyknpllU, 3poclmnlen, pecblk, asbork, [repen TTeral!-
lan 13blaitlacH Kacllolexwk celalla 11, 13814k altasbuycbllarT,
ayiis ya aylasyecbalan 12o0lyaloriarT ya b.k. larw 13blab cblyansbHa
1o’ 1lanfMach.

¢) THO2 a3o031dasl kerarwka; lkanlar ya 3kkonaHar Ba, 8r,
Pb a3031(1asl batHa wobollar ya lanlolallar Pb, Ba, K ya Ne a3o-
3lcla8l kerarwka. BunHay kerarwka yuuon elekiroyarsblHs:l bllan
xaraklerianaHi eleklrowkaHa ya ralolexwkacla ken§ 13blalliacrl.

® MS80 aso3lzasl kerarwka. Ma8nerk, HoloTk, obak,
xrotota8ne211, 5Inlellk M &0 TMMan olnac. P o‘3bltcbalar 3kaHHa
Ca0,Cr20 3 Al120 3 13blaillacb. 80 % M 80 boMS8an Kerarwika o ‘18a cbl-
HatH TalenalTt layyorlasbHa uo‘llawbll. Tora M §0 [Man olT8an
Kerarwka §eneralor 120lyaloriani, ucbisb apparallan MNMlyutralorla-
nw yasasblla 13blaiiall]. Ma8nertol-obakH (50% M§0, 10% CaO),
Ta”nerkoxTtoTl (60% M§O0, 5-18% Cr203, xrotoyota”nerki
(40-60% M§O0, 15-30% Cr20 3 ya xrotll (40% M~O, 25% Cr20 3
KerarTkalar o‘18a cblHatH Talenallar layyorlasbcla 13blaHiach.

e) 8bpTelH kerarwka Nenk asoslcla olnacll, azo3an N1, Co, Mn,
Ca, M§, 2n. OlaiHa Nertota8nkH xo033a8a e8a ya o'nn oll3bw uat-
iy erkta bosl ¢H3b yobllNyaH8a e8a. Magnk oYkaruycbllar, Tagnk
§'akasl 0'ras!t ya b.k. lar layyorlanacH.

Karblcll keraniika. Bular8a karborvnll kerarwka ya T1, TMy XV
karblclMan a3o3lla oMnacll. ¥Ynuyon eleklr ya 1831yl Ik oUkarack, oloybar-
Ho3b, 81C a3031lMas1 kKerarwka 1500°CHa bat wmr§'wun. C/3lUsblla
yuuon Tu3slabkart. Eleklr pecblan yaszablk XV, T1, Nb karblcll Telal]
u!ru3b 3anoalfMalula ko'p Bblallalll: BK6, T15K6, TT7K12.

Ne(nclll kerarwka. Bbl, Albl, 813bH, Publ a3o3icasl Talenallar,
3lapon, larklblHa 2r, O ya N bo48an blnkTtalart plsbinb olln§an



Talenallar klracil. Bunclay kerarwkawl kukunlar<lan arol tublUHa
1700-1900°C baroraMa FOOMPa b 03T o03iHa oHnacH. 81 knknwly2
TubLlUa reakstoon pisblnisdan §‘oyak kerarwka bo3ll bo'la<H Ne(ncll
Kerarwka 1mr§'mn <Helek(nk xo33a8a, yunuon Texaw kK Tu3labkatllk-
Ka, lertotur§ unlfkka, bar xN Tnbklarcla k1tyoyly 1mr§' unlikka e8a.
Bbl (lan yasal8an kerarwkaiw e§llsbiciagl TnslaHkatl81 0es=75-80
MPa, Al'bl éan olT18an Kerarwka ucbun oe=200-250MPa; 813K
ncbmn 0e=1000 MPa; 813HM clan olT8an kerarwka oloybariiosbHs1
Co, N1, Cr, Pe lar(lan ollngan poYaHartkMan uol3bTtayéb

8LUbI(LU kKerannka. Eng ko‘p larual8an Mo (M3Hk3Mb Ok3Mbycbl
TnbMa wmr@wmn (1650°C pa bart). Elek*r 13k8icblarcia 13blalLiacH.

OHy claraJaciagl oloybarclorsb ok3i(LU Kerarwkatu yvpua cH3persfl
akuwiwy, 3ukowy kislolayly ok3icliarcian ya benby, Ta§wy, kably,
Neny ya uran a3o3ly okslcllarclan oHnacH.

PoHkn3lalllk kerarwkaHa oyna3Tton ya 8aroyly Tlara yo'y,
Bunéay 3™rukllraH kerariwika yuuon 15514 o4Ykarmycbl ya oloybar-
Ho3bHk; lenwk ya kK| TyoYly 1ur§ un; blkn ya oymycbanlkka 1mr§ nn
xu3nzlyallar8a e8a.

O@BlclN kerarwkaw Kn3blHK Tarasl ensb barorall Te=2000-
3300°C, 13b baroraii T.85(0,8-0,9) T o8& Cbl21LH ken8ay13b koeAH51-
yenii (a) ensb baroran”a propor5tonal ya a=8,5* 10'643,8* 10'6*K/' 8a
1en8§. 1331k oYkarlsb koeNei3tyenu A=H3 Y1(M.K.) 8a 1ens.

(uruy, ya oksiclioycbl tmbllanla ok51(LU kerarwka yumuon oYS§a
cbk!atlMs: wir§'wn. (Yaylarnycbl Tnbk(la m8lerocl ya okT§mgunri bl-
lan reakslya8a kin3bl3bl T TK T. TarkrblHa tony, benly ya 51rkouy
bo‘18anlan ynuyon Haroralclalucla baTt katayacl. sbnunt§ ncbun mnlar
bosbualar§a w3balan yaknutéa yaxsbl 13blaych.

Oxk31(1M kerarwka 5lullBb ya e§13b8a yaxsbl 15blyc. Harora!
koYanH3bl blMan ya Tab3nlol §‘oyakH 0iMsbl blMan Texalu K xo33alan
katayacll. (9.6 - ra3T) A1 3 N kerarwwka 8§ ‘oyakls1 10% bo‘ 18ancla,
nwing oymycbanlkka yarsbllfst 10 Talla pasayacll.



9.6-ra8w. Har xIN keranHka ya §ralllw TnsCabkatH W
barora”a bo§'HyHSL.

P18binl8an Al120 3ya BeO 1lar ynuon Harora! o4karnycban bo‘l'b
en§ kalla lerTowmr§ nnHkka e8a.

Kns3loroé812 kerarwka o0‘2T7T§ olly 183lubar(108bi181, ualllulls:
ya 18bualaw8HSa cblclatlrs:t blMlan ajraHb 1uracH. Bwular uatoncla
ns8leroc!t eleten!lar bllan blnktalan: bor bllan - boncllar, aro1l bl-
lan- miiricllar, KreTwy bllan - 3MksiiHar, okT 1~ nJ1 bMan - 3ullklar.

Ko‘pcbllk Kl3lorocl512 kerarwkalar po‘lal ya uo8bTalar§a T3-
balan ynuyon barorallarcla T v slabkaTHKW KaT yo‘yola<ilar.

KreTtwy karblcH bl Toya uoplata 8llMaHla 13bla(ttacit (81C - Kor-
borunc!) eleklr drc/irnycbl pecblaréa. .llyblasbaa abra21y Ta lenaH
3Halic3a baTt r3blallacH.

Tuan karbiol TIC reakHy M8aileliar ya alo T lexwka51l(la yuuon
oloybarclo8b (lelallan 13blab cbluansbcla lNoycblanMac/l. T1C uunyl-
clagl xo88alarS8a e8a: y=4920 k§/13 T1/1=3150°C; a=9,6*10'6*K";
0 =280-400MPa.

BoncMar ynuon uaiiiy, ensb baroraH balancl: CrB2nlMa Te=2200°C,
HB ucbun Ta=3250°C. BoncllarnT§ 183lucla kaTtay18blyo'y bl3ob-
callgl ncbun 5500°C clabaTt 13blaHb berllacH.

Bor nkncll Jlyi8a{el “3o0plo” lancla 13blaHiacH, yut3sbou, uaylaruny-
cbl ya neylral TubMa 1Mr§ un. Yuuon baroralla xaT 1erTo1nr§ vn.



Yuuyon baroral ya bo3ltcla obno3 3Hal kublk 3irukllra8a oUkaz213b
TUTKT, not! “boraron”, 2wbHs1 3450k§/T3 en3b barora-
MW T=3000°C. (JallyHs1 olTo3 uallluH818a 1en§. Ok3l(1laT3b8a
Wr§ vn, 1900-2000°C xoT, uacbonki 0lto3 880°C cla *erwr Pe 8a
reakslya berachb.

1Hny ok3kb 120 2(5-10%) blMan le§irlan|ran kretTy NnincH1370°C
Ma 13blay(b8an (M8alel %ar LUrblnasMa w0* 11anlach.

1KK1 Keranunka asosbla, ya't ok3lc! tonH A120 3 (kownc!) ya kl13lo-
rocis12 koyalenlll 8§12l (kreTTy nincl) asosbla 371 1le21ab yanst 3a-
TaraHor talenal “8laton” olTt8an, 1loclasl 816 xX*Alx*blex*Ox Bwu
KerarTkagan yasal8an clelal 1700°C éa p13b Ti1ach. OlNn8an Tab3nlol
oloybar(lo3b po‘lallar§a w3ballln 3 TaJla yen8l ya KO-taHa arronmn.
8buwng ncbun mnitan cM8alel 3lUnHN bloklan, §a20lUrbin lopalka-
lan yazalyab(I, uay3larkt 1351k kucblaT3blga 13blay(M8an.

8MH3Y(HaTT8 ro‘r xm3mslyallanclan b 1 ¢ 2(HrM8ancla knywmnc/l
bo3lM bo'M3bl8a wmré'vin (obybarHosb) : 1300-1700°C cla baTt. En§
taruyai8an Mo81r

Mollbclen (b3aullcb - Mo82 13buyalaTb yeyl13b8a yarsbllist yuuon;
yakKnnT-Ko3nnk lextkasl(la umruy Toyloycbl larkibkla 13blatlMach.

OY”a cbMaTtM Talenallar.

OUYsa cbk!aTH Talenallar§a u0'ylr8an lalablar:

1 ¥Ywvuon baroraiHa baTt yelarH claralaciasl Tn3ilabkaTHKKa e8a
bo‘H3bl

2. Tertlk WMr™mnHkK: barora! o‘28an3bl bllan lnylwTt
o‘28annasHpa1.

3. KunyoYiy lur™unHk: en8an Telall, sblak ya §a2lar8a wsbalan.

9.3. Kerwa ya yo§‘ocb Ta(enallar

Kerwa Ta(enallar. MaUlunHa, bo2irsli raton (exTkaslili rerb
nasi12 lasayywr eiib boUtaycb, ya't aylotobll, 3aTolyol, yelo3ipecl
3bwakn, oUkaréicblannTt§ iwrolalslyalan, §'oyyo3laTT§ Klyihnian,
aero3ll ballonlan, 3blanglar, clat benb 3bBblracfan uay|ular, pro-
Hyo8arlar, 3butn§(lek ko‘p8§Tta xaly xo‘laHs1 TasbTta-Texartrr-
lan, ymnlrtalar ya tMbancb3Hk kon3lwk3lyalan(la rerTa Julla ken§
13Mallla(H.



KerTta Talenallar, azo3an, kauncbuktlUrH 1o' 1cHruycblMar, plasHii-
kalorlar, ynlkarH2al5lyaloycbl a8enllar, te21a3bHruycblMar, akllyalorlar
ya bosbualar 10‘3blb, uay!a 15blasb oruaH bosll ullinacl. AerTta Jucla
KO'p xm3mslyallar8a e8a bo‘18an kons!rmkston Talenalcllr. Bular<3an
eng Tnblrw nnT§ ynyon cla”acl!a elasiikiuil, ya't kalla (100 % 8a-
cba) (tellorrnat3lyactan Haw clasllabkl bolaHS8a uayla ol BbkcHr.

Kerta oH3b mncbun a3sos3ly talenal kaucbukclr, ya't rertaclasl
aralasbtaning 10-98 % T kaucbuklar 1a3bkl1 uflacH.

Kauncbwuklar, asosan, lablly ya 31lnlellk poHTerlar bo'llb, ocl<Hy ba-
rorallla ynuon pla3HkIk xo33a318a e§a.

Tabny polwer-kancHuk, blT3cba “kaocbn” 30'‘rlclan olln8an
bo'Hb, “éaraxL T8 Ko'r yosbl” cle§an wa’now anglalacll. Oarbadua!
KancHuk (3araxHw kes8ancla wurklan 3uvynuyHK (ko'r yosbl) ajrallb
cblua(H. 5bmnnT§ ncbun bincHar Jw3a wacHTckN oy yo§‘ocb 310lasl
(kancHuK) clan MNoyclalatb kelSanlar. S8bunclay ulllb, 1abny kancbuk
(TK) kaucHwukIl o‘3ltlMklar ((3araxllar)clan oHnacllll eiir, benrrT,
TTeral toylancla yaxsbl enycH, 3unycla e3a entaycll. Kancbuk 90 °C
8acba ¢pr<3rl8ancla ynt3bab Jucla yoplsbuou bo' b yobll, 0 °C clan
pas! barorallla e3a uyaKlulasblb, T 0 ‘nlasblb boracH. TK u(ladg tta!-
babo Talenal.

TexwkanT§ Jaclal LraygyoH LUMayH Maua! TK c3an MNoyclalawlTtas-
(1an, balkx 3Teik kKaucHuklar (CK) bo3l ylwb, vlarc3an ken§ oy-
(latawiTou<3a.

Ho21rs1 yaukla LLUrH tatlakallarcla 1e813bH 3anoa! korxonalancla
Jucla ran§-barang 3Teiik Kaucbuk ya 3bunga o ‘x3basb KoM3irnkaton
Talenallar 13blab cblyanlToucla. ELU 3pM, aiseillen, buian, elllen,
benrol,irobmlllen, ba 21 §alo8enH m8leyoclorocllar ya bosbualar 3T le-
Hk kaucbuk bosll yluycbl a3o3ly Talenallar bl3oblanacb.

8buw ayHb o413b kerakki, labny kavcbuklaring 3 T leMK Kaucbumk-
lar§a T3balan Tn 3labkatllsl yuuonclr, 1lekt TK 1aTT§ 30ymuua ya
LUrH erktalar 1a’'3st§8a ban3o03b bensb xu3usilyallan CK 8a wa3balan
ancba pas!.

K.ertalar yarilraslyokiisblanH3bl8a uarab ntunuy ya tax3ms 1ur-
lar8a boYTtacH. (-[Tnnny 13blar8a T o0 ‘Yallan8an rertalar 3uycla, Ki3-
lola ya 13buoriarwing kucb3si2 enltalancla, bayoéa (50 °C clan 130 °C



§acba) baroralla ya bosbua TublllarHa !sbla{Misbl Tn Tk T. 3bluHlay
rertaclan Tasblna 3blnalan, birH lastalar, 3blan§lar, lransporlyor
lastalan, kabellatT§ 12o0lalslyalan (yoplatalan) ya bosbua vl
buyunwilar 13blab cbluarllacll.

Max3un3 ya2llalar8a 1 o ‘Llallan8an rertalar, o'r naybanéa, T1oy-
ben21n8a, 15314 ya 3oymuua cblHatH, eleklr oUkartaycb”an; 8arlar
ya 3unynuliklar§a cblckTH 1urlar§a boYtacll. Bunckn 1asbuari, Tax-
313 rerta 1vn8a artallraH rertalar baTt kuacH (presslasb ya yul-
kanl2alslyalasbJarayonlcla telalllvriar, p51tnalar rerta aralasbra-
3loraswa yo'ylllb nTn8§ Tnslabkartbsl ya e§Muycbanllsl o3MrllacH).
Bun(lay re2talan!an ay{otobll 3blnalan, ynrkrta lastalarl, lrans-
poHyor la3talan ya bosbualar layyorlanacH.

KextaH yeHTlar, a3o3an, en!talar8a kaucbuk yokl rertall
aralasbtalarTt u0'3blb eniisb oryall bo3ll yllinacH. Buniiay yeHTlar
ynlkanl2alslyaloycbl (labuny kamcbuknT§ or8aTk enina bllan ara-
lasbTtasl), 133Uliglaymikanlralslyaloycbl (140-150°C barora! 1a'3lncla)
ya 0'21 ymlkanl2alslyaloycbl (xona barora/lHa) yeHTlar Surnblanga
boUTtacW. 1kkTcbl ya ucblncbl Surublar8a Ernycbl yellTtlar8a, a3o-
3an, 5w(eHk 3tolalar uo0'3blla(. blsbbu yeHnMar blMan bosl yllngan
blnkTtalar yunikanizaiztyaloycbl yellTlar yorclarwcla olfln8an blnkrta-
lar§a ni3balan ancba Tn3labkat boYacH. 88 ya 88bl Tarkall rertaH
yelltlarclan en§ ko'p MNoyclalanMacll.Ular, a3o3an, rertall arala3sbTa-
lanm ya bullMrenollrortalcle§icll stolalarnl elllalselal ya benrtHa en-
Hsb oruaH bosl yllnacH.

HAertraH yeHTtlar yoréarwcla rertaTt rerta bllan, Ttelallar,
3blsbalar ya bo3sbualar blMlan blHa3biinb, yeHTH bTkTalar oHnacH.

Bunlan lasbuyan, lexTkanT§ vl 3obalancla Telallartn o‘raro ya
notelall konaiinkaron Talenallar blMan yeHnlMab blnkTa bo3M yllsb
ucbun larklbl 5tlellk 3tolalar ya 31lnlellk kancbukllan ibora! bo4Y”an
yeHTlar (BP-2, BPML, YC-IOT ¥YK-32-200, YK-3, YK-4, K-153)
ya epok3l(1l yelMrlar (Prya PYK-1, YK-7, P11-2, YK-5) baT ken§
13blailMach.

ElasMklk xu3u3lyail yuuon boY8an talenallar ratonayly lexTt-
kaHaTu bl T rol o ‘ynaycH. LLlaréan Texaw Kk ynklaralann yntsbala(b-
8an ya 5o‘nclracl18an, nskuna ya konslrukslyalawl ]1p3lab, KTyoY ly



{a’sblarckn blToya ullacb8an buyntlar layyorlanac/. Ela5iikHS1
ynuon Tal:ienallar§8a labny ya 3Tleiik poHTerlar kkacH, ular kana
nnuyo3kréa éelorta”yaknsa baTt o'r boH8a uaylN3b xn3uslyar§a
e8a. 8bungay labny Talenallarclan b T nalliral kancbuk bl3oblanacH,
lekT bo21rs1 yayléa yunuon Toleknlar btktalarT 3un4y 8tlerlasb
oruall kancbmnkTng WrH ko‘nT3blan 13blab cbluarMayapii (3liréeik
kancbuklar). Kancbuklar rerta 13blab cbluan3sb ncbun a3o8ly xoT-
asbyo ya21& 81t 0 *laycH.

KerTta buyutlar (rerta - lexwk buyutlar) tasbtaszorHkTn”
baTTta lartoylan(la uo‘llanacH. LWaréan en§ tubltlan aylotobll
3blnalan, konlakl rioblatalar, atorvrallrkr, e§Muycban mnrannakr
1a3Tasl, 3bunt8clek, yowl§Ular, §lclrayHk 313leta 3uynuHkKkn, 3k}l-
8an bayo baTéa bo3bua 1exTk 3nymyHkKKr ya Sarlarw 30'nb, bosbua
_)oy8a oUkaz213b 3blanglan bl3oblanacH. To§' ya213b n3kunaknnTt§
Tebll 13bcbl or§anknnT§ yeylllsbckn 3auk3b mncbun mnlar§a rerta
LopKTa benkcH.

Kerta - lexwk bwuyuTtkrT olBH 1lexnoloulyasl kaucbukrt
uo‘sblltakr ya W4Ycbruycblkr blkn aralasbrtas3tl ymlkawralSlya
LiH3HS8a a3o3knacH. TurH rerta araksbTaknckn ek3plualll$lya
laysian bar xI, alrol-Tubk oTll an (a’3T”a baréosbH rerta Ta-
lenallan oHnacH. Yormn§' Hkka, oron8§a, ractjaslya nurlan8a cblckTH
ya bosbua Tax3n3 yarlkkr§a 10 ‘Yallan8an rertakr ana 3bwunclay
Talllnallarcbr.

KerTta 13le'tolcbllar8a yanTt Tab3nlol - rerta araksbtakn
(uoMpk3b, artalllrak3sb ya yulkanlasb yo‘'H blkn buyuTt yasasb8a
layyor), ymlkanlan8an pk3iinakr, 3bnurlar ko'nT3blck yok1i (ayyor
Tab3nlolkr (lastalar, lenlalar, yen§lar, 3blnalar ya b.) ko'nT3blck
yelkarib berfMacH. Kerta aralasbTta3TT8 Tarka Kock3bla, TexaTk
xu3uslyallan, 1331uHk(lan e3kH4Y3b, 3oyuyua ya Toykr§a cbxclatlHs:
ya bosbua bel8Man bo‘yoba rerta LUn kocllar blkn ko' r3aiilacH.

KerTa (ynlkanlral), uo‘l1lausb 3o0ba3swa uarab, 1Kkl a3o3ly Surub-
8a bo'lta<H: uTurTy 13blar ya Taxau3s yarkakr”~a 1 o ‘ Llallan8an.

11tnTly 13blar8a T 0 ‘Yallan8an rerTa nallral kancbuk, bulacHen-
W, 120prenH, bunlacHen-3iirolH, xlorprenH, kavucbuklar, bulll-kancbuk-
lar ya n K TT§ kKotblnalslyasl(lan {ayyorknacH. Bu rertakr 117uv 3



50 °C IMan 150 °C §acba baroraHan3a 13blay olacll, 3blnalar konyeyer
lastalan, yuniisb kataHan ya bosbuarerta-"exTk buyntlar ucbun
13blaiMaclt plasiinalar, M3Har, rulonlar ya sbnnHar ko' nwasblcla, CO8T
7338-90, 008T 6467-79 lar8a Tuyoiy, 13blab cbluarfacl.

Max3n3 ya2iblar8a 1o ‘1]allan8an rertalar alobl<la 3barolllaréa
10' 1lanacl8an blir necba 11r8a a™alllacH.

EllLlen-propfen ya bull-kancbuklar asoslla Zlayyorlan8an 13
3wbarllosb rerralar 150...200 °C baroraHakk 13blay olac. EleTenl-
or§awk kaucbuklar (clMok3iad kreTTy blMan loY(1tl8an boYsa) a3o03b
éa layyorlan8an rertalar, 3buwng(lek, polrosronkril xlonHinnciast
noor§atk poHrerlarclan layyorlan§an re2talarwn§ 13bcb1 barorai-
lan yanacla yunuonrod,.

MTun3 50 °C ya vnéan pa3sl barora(larcla mnroy yaul 13blaiiia<i8an
3oynubarcbs3b rertalar, 3blabakT3b baroraH pa3s! kaucbuklar (kKret-
Ty-or8aTtkaH, 3lereo-tunta2aTt bu(acHenH) aso3la yok! 3bl3bala-
wsb baroram oHaiiy (Tazalan bu(acHen-nknlH), 1ekT Tax3n3 plas-
1llika*orlar (3eba*3tallar ya b.) uo0'3bll8an kaucbuklar a3osi(la layy-
orilanacb.

Buiacen- nknll, poMaullclU, nrelanH, xbdgprenH, ytMpTtcHNW ya
larklbkla nor bor kaucbuklar a3o3Ma layyorlan8an, Toy ya lerwn8a
cbl<latH rer!nalar nein Tab3unlo*lan ya o‘31TlMK Toylan bllan wvroy,
yaul Konlakilda 13blay olach.

AS8res31yY Tubllar (ki3loblar, rsbuoHar, oron ya b.) 1a’3T18a cbl-
Hatl rertalar bull-kancbuk, buia<Hen-niirll, kretwy-or8aTtkall,
viorM, xbroprenH, kaucbuklar, aknlal-kancbuklar ya xlor-auliicllan-
8an polleiilencian layyorianacll.

Elek(r oUkaraéwan ya tagnHH rertalar ywn/lH bula<ilen-nnl
Kaucbuklarclan ya sbunHay xu3uslyaill loYciirnycbllan bor bosbua
kauncbuklarclan oHnacii.

Oleleklnk (kabel) re2Talan Kretwy-or8awkaH, erilen-proplienH,
12oprenll ya noor8atk toYciirnycblMan bor bosbua kancbuklarclan 13b-
1ab cbluarlacrl.

Oo'‘r§‘osbln ya bany ok3sicilan blMan lo'blTl8an iiorH, bu(a<ien-
nkrMH ya butacMlen-5/roil kavcbuklarflan layyorlangan, racllaislyaga
cblHatl rerinatar(lan reni8en apparaHan celalian, racHoakuny rolop-



Kr ya bosbua raryacllan8an rarrakr bllan 13blaycb8anlar ncbun bl-
woya klymnlan layyorlanacH.

Kertawn§ yuuonc3a ayll8an lurlanclan lasbuan, yana, yakuniiH,
1krasb-. 3ny-, oloy- ya yoruné'Hkbarclo5bH, opiik akity, 'mksion, Vb-
bly, 021uy-oyual blkn konlakl<la i8blaycl18an ya bo3bua lurlan baT bor.

Tayyor rerta-lexwk buyuWKr rerta asosiclasl KOTPOrKKr ya
artTallrabycbl 3T1cb (karkas)<lan layyorlanacH. Llaréan ko'p lar-
ual8aw: arvorinra”™orkr, poésblpwkkr, welall korc! yokl 31T bllan
annalllrakn8an 3blnalar (08 7199-77, 08 4754-97); annalllrakn-
Ta8an lo'g Ta ya Telall karkasll yen8lar ya ynyurkr (08 5398-76,
08 18698-79); 2icbloycbl Taryeblar (08 14896-84) ya bo3bua ua-
lor byuwkr.

KerTakTT§8 brrk-texawk, bltoyaY1ly ya bosbuaxusnslya{knt
Kancbuk a3o3 bel8lMaycH. 8bun8a uarartay, Texawk otllar 1a'31ruyfl-
§anck baTTa rertakr ucbun xo3s bo‘18an uturwy uonuwyallar bor-
Kl, bukr, rertakr cklortablyackn cbldb, ayyal8l bokii§a kT3b
xn3uslyall blMan bo8'Mu. Meblkrckn lary oYarou, rertTakr ncbun
“kucblanlsb-(lelorta{Slya” cbag8ratta3TT8 3bakll8-3iTon bo'lM3bl,
xona barorallanck yuuon suclraluycbanllk ya yoicly, clefortalslyaxr,
TexallK Xxmsn3lyalk T T § yuMkKKwWw3b ya barora! re*Tkn”a bo§'buyHS§i,
delorTalslyalan8an(la ba]t o‘r8artasHs1 xo3.

KertalaTT§ ek3iikHkK Tockll (0,5...8,0 MPa), cbo‘risb ckrajasi
0'Jlacba bo'l18anck, po‘la ncbun ¥Yunn§ 1o<3ull hyTaiickn o‘n-yur
TT8 Talla KiobkTa. Kncblk (klFortablyakr rruyosick, 3M”™3b 10-
culM ek3MkHK Toc!n1TT8 1/3 dh3rw8a lens.

Yuuon ek3likHK bokiicla8l rerta8a TexaTK YUKKTa berll-
8an<la rekk3ablya bocb3a3l kuralllacl, ya'wl TalenalnT8§ Texawk
1a’'3irkr8a reakslyasl yad Tobayuick Kecblkacb. K.ertalaTT§ re-
lakslyaH xm8umslyalkn notuyoranall boblckn Tuyoranal8a o'isb
ckyorwyWs8uu ko'‘rialalb. Bunck kucblawsb o blMan, (lelortalslya B
0'riasi<ksl wasba! yadh8a bos§ Hy boUrtaycH, Tnyoranalll T4 eK3iik-
Hk Toc!ul blir xLUuwircHa 3auknacH.

ntnrwy boMa ale wsban ynkktanT§, ya'w Helortal5lyanTt§
oriisb 1erHs§1 yok1 kucblawsb rekksablyas3TT” 'mnk3lyasicr. Bkou,
rerinaning (3elortablyakwsb xu3udryan 3bunclaxk], o/e T3ba! na-



lNaug* Texaw K ymklawsb replusa, balkl o yokle wn§ absolynl yly-
TaHS8a baTt bo8' Iy (xm3m3lyallarwng e§n cbwuyH uwonutyaC bllan
o‘r§ansbl). Bunclay bo§Hawsb bat Tnyoxanall, bat tTnyoranalsl/.
ynklawsb ncbun xo03. 0 yokl BnT§ chytan vancbaHk kalla bo4sa, xu-
3nslyallatt§ e§n cblrk] bllan o‘r§ansbl 3buncballk kncbH boYacH.

MwubancH3Hk ataHyoriHa rertalar 3laiik ynklan8anc'a8l Texal K
xvsuslyallar! koYsalWacblarWan le2-1e2 MoycblanfacrT:

- cbo‘21Bbclagl T3labkaTHK cbe8arasl- cm(bagdy Tnslab-
KaTHK);

- TmslabkatHkwng 3baHW cbe8arasl - cmy, (natnnaw ur8an
kucbwn§ clasllabkl ko‘nclalan§ K e 3T yurasl§a wsbaH);

- 1n21H3b(1a8l T3bly cbo‘2Ll3b - er;

- T3bly uolcly cbo'2lBb - € ;

- naTtunatn§ benl8an cbo‘2LL3bl8a 103 3baH/ kucblat3b - oe;

- HraH3b8a uarsbllk - B (uruycbl yuklatatng natunaHa
undb wo‘yrsaryoy uaHnbs88a t3baH; Tay un T lerHk blMan HralacW);

- 8boY bo'yba uallliHk - H.

Kertabrw RIk-Texawk 3Tasb ucbun uo‘yMsan nturwy lalablr

CO08T 269-66éa kellrlacH.

Ek3plnalalslya Jarayotcla rertalar 1lurll koUblabHa e3kT3b8§a
clncb kelacH (1331ufkclan, yoru8'lMk(lan, oron raclfablya ya yaknnt
{a’sublan e3kT3b) ya 13blasb uoblllyaH yo‘uolacH. Kertawn” es-
KT3b8a uar3bllgl kancbuk bllan lo'yTl3b Maralasl§a TonoToleku-
lalantn§ e8Muycbanll8l8a, 2anprHa8l k1Ttyoyly bo8Yaw3sblaTT§
Tn3slabkaTHK éaralasl8a, yo'naHsb (onenlalslya) ya kn3lallat3bS8a
bo84Y1L.

Yo8'ocb Talenallar.Yo8'ocb kon3lruksion Talenal 3Haii™a
3anoalnin§ irll 3obalancla (ay”otobll3orHkiia, Tebel 3anocaHéa,
¢3bloy xo‘laHk TasbTazorH”bla ya bosbua Joylar(la) rablalllacH.
Yo08'ocbwng alr2alHsl umyiclasianlan lboral: 3o0H3bHrTa Tnsll bkarT-
H81 ynuon, rarbly ya LWrasb naSwrkalan8a uarsbll§l yaxsbl, 1331k
oYka2uycbanHSl kat, cbirruH kenSayl3b letperalllra koellll3lyenl
pasl (poYalwkl8a uaraSancla 2-3-taHa kaT). Yo§‘ocb kl3lola, (ur,
Toy la51n8a cbiMatl. Yo§'ocb katcblUklan8a unyl(!aSMar kuacH:
yo§‘ocb §18roskoplk bo48anMglclan buymnt 3bakl1lTT§ 3labllb8l bu-



rMacH; yax3bl yonacH, Texawk xo033alan awro!roplk. Yo8'ocbwin§
Texalw K xo33alan nwng natH§!L ya lolalannt§ yo'naH3bl8a bo§* Hy,
Yo08§'ocb xo033alanw 3o0M3blnnsb ucbun 15% 8a len§ 3lanclall naTHK
bel§Mangan.

Eng§ ko'p laryal8an yo§‘ocb lmrlanlolalan bo‘ylab 3laMk e§lM§an(la
umyl(la8lcba TnslabkaTtHk cbe8aralan8a (MPa) eS8a boYacll: raran§
- 105,lLl08'0cb-98, yayT-96, yorauayTt-95, yara8‘ay -76, arcba -72.

Tabny yo§‘ocb W T8an bTokorfNk talenallan ko'nw3bk3a 13b-
lalllacH. Ko‘nclalang ke3T o‘lcbaTtlan8a uarab yo§‘ocb Talenallar
lo'atlar (100x100 T 1 clan kalla); brmusoklar ko‘pl bllan (et ualln-
HSblan Ikkltalla kana) laxlalar (ew uaHnNW”~Man karwcla lkklTar'a
kaKa) kabl xLLlar§a bo4YTtacl.

Nena bar8M (larax{larclan LLIT8an yo§‘ocb Talenallar Ko'proy Bb-
la(Macll, cbunk! nl1aTtT8 TnU3labkartlélkalla, kaTtroy, cbinycH. 1MTta
bar§H ya yaproull uyaiily éarax! (<ib, 3bntlol) Man olT8an yo§'ocb
Talenallar kucb lusbacb8an clelallarcla 13bla(MacH.

Paner - ualath yo§‘ocb Ta*enal bo' b, iilb ofn”an 3sbponlari
youocb lolalanw blr-bt8a ko'nHalan§]oylasbllnb, ncb ya wnclan or-
vy uallat yllb yop13blTt3b yo'Mbllan boslM ulllnacb. 8bl1T§an 3bpon
éeb, yo8‘ocb §‘o4art aylaniltb, nnéan 0,3-3 T 7 uallnHbla yo‘'Tb
oltacl8an yupua yo8‘ocb HsllarSa aylllacH. 5bponlarw yopl3sbiinsb
ncbun enol-Nortalcle§lcll, karbartcll ya bosbua yellTkréan roy-
clalanfacb. YelMNT 1vn FaneTT§ 3uy8a cblclaTlll§18a, Tnslabkatll-
§18a la’3lr yacll. Oy, uayT 3bpowéan Menol-Mortalcle8!(JM yeHT bllan
yop13biinb layyorlan8an, bakellrablya ullin§an laner wsbalan ancba
Tnslabkat ya 3uy la3Tt8a cbblatH boYacll.

Ou uayTéan yasal8an ManetT§ lolalan bo‘'ylab Tm3labkaTHS§!
65-80 MPa. Pre3slan8an yo§‘ocb 3ny bu§Uancla okbnéan 100-105°C
leTtperalura8acba bu8Yan8an yok1 1531y 8arlar blMan drcbnl8an bru-
30K ya laxlalart Tebl1 upllplarcla pre33lasb yo‘Hbllan ollnacl1. Hosll
boY8an yo§‘ocb 3bakHw uolinb 1,0'y13b ucbun nw b o3T 03fick 100-
120°C 1letperalura8acba 5-8% naTHK bo3ll bo‘18uncba uraHrHacH.
2arbly naSrurkalar o3liéa 13blaycb8an Tasblna éelallannl (knlacbok-
lar, Ylnlkalar, polsblpnlklar ya bokaxolar layyorlasbcla presslangan
yo8‘ocb, ran8H Ttelallar, pla5{tas3alar) o't Il bo3a olacb.



Yo§'ocb payraxalan<lan yasal8an plka yo8'ocb payrux«lmrinl
bo§‘loycbl Toiga blMan bir§a 1331ulayT pre3sk3b yo'HblMan olntrl.
Bwn ualaTtH, ncb uallatll ya laner yokl u08‘or blMan yopkogan pblin-
lar 13blab cbluarlach. Bunéay plkakr umnH3bck, Tebelisblab ebluya-
n3béa uo‘llanfacb.Yo§ocb 10kH pbblar TayclalanSan yo§'ocbuH
bo§‘loycbl To<Malar uo‘3blb layyorlanacH. TeTtperallra ya bo3lTt
o3lick yo§‘ocb 1o0kkn blr-bT8a presslana(ll ya batta yo‘naHsblan
bo‘ytoba Tn31abkaTl§l bir xM bo‘ 18an Talenal8a aylana<H. Y 0§'ocb
lolaH pliblar ynnH3bck, aylobu3 batla ya8on woblanw berasbck ya
bokarokrck 13blalllac.

Yo8'ocb Talenallar c¢gprTtalll xm3smslyallar8a eSa: 3o0H3biirta
Tuslabkartb§l yunuyon, Mekoraily, 2icbHS1 kaT, 13bloy ben3sb o030m,
13314k ya eleklr oYka2uycbanMs1 kaT. 3bu xusmslyallan 3abab-
H yo§‘ocb Ta”enallar sanoainT§ ko‘p lartoylancla 13MailbcH
Yo8‘ocbning konsirmkston Ttalenal 3™\aiick alralllsl 3buki, 1 1abny
raY13b<k Ko‘payacll, 1ablaiciagi rwuéon 3anoalla uo‘Matsb ba]rt bl-
lan len8lasbiinb bo‘1Ttay(M8an (laralack Ko'p.

Yo8‘ocb TalenatlaTiMé KaTcblU Kkn baT Ko'p. Bularclan a3so-
5lysl TexaTK xusmnslyatlarning bir xMetasHs§1 (ani2oiroplya), yonuy-
cbanHk, cbinsb, 2atbunrng’ bos13zb8a ToylNMHK. 3bn katcblHKlar 1u-
layH Tocbiikal5lyalanta8an yo§‘ocb Talenallarckn TasblnasorHk-
<K§1 Ta3'uHyalll konsii-nk3lyalarw, ynkiata Ko'‘laracl8an cle*atlarTt
layyorlab boYTaycH.

Yo§'ocb Talenabl TocMiikablyaksbnTé /Rik ya KTyoyry usml-
lan Tay”umc!. Yo8'ocb kapllar-§oyak nwH3b”a e§a bo‘l18at ucbun
MT 10'kHN3b TkoTyallan bedyos3. Bun koTponenHar $w(eik 310-
lalatT§, yen8I enycHSan Ttelallar ya uolisbTtalaTT§, LWrlar ya
TonoTerlatT§ enltalan ya 3sMynmuKntakn Ko'nmw3bHK KTLUach.
Mocbbkal5lyalasb nalyasl<k yo§'ocb Talenal ntutan yo§‘ocblar§a
X03 bo‘lT1a8an yan§l xnsuslyallar8a e§a bo‘ lacl Bular - ynuyon tm3-
labkatllk, yeylllsb8a cbkkTHHK, naTt§a barinosbHHk, yontasHK.

Yo§'ocb azo8lcla layyorlan8an konsirvmksion Talenallar Tasbl-
nasoxHklMa uo'1lanacH. Bular yo§'ocb-plaslklar, yo§‘ocb-uallartrll
plasliklar, artalllralanS8an yo§‘'ocb plasiiklar. WWart oHsb wncbun
yo§‘ocb8a LM TocMbkalorlar berlMacll, Tax3mM3 1lexnolo8lyaknkinm,



bo8* boycbl Toécblarnan loyclalanfacH. Yo0§8‘ocb koTpork Talenal-
lar noTenklalllrasli TniiasJ/l ken8ayii) borrouc3a.

Yoé‘ocH Ta(enal!lar ya wularcla wucbrayiiwan nuyzonlar.
Yo8‘ocb Talenallar layyorlasH.Yo§'ocH Talenallar8a uo0'ylla<HSan
lalablar {€813bH 08 bllan bel8Mana(H. 08 éa yo8§‘ocb TalenallaTT§
0'lcbaTtlan8ga,}olr nuysonlanga, 3bloy bensb silali8a, oUcbasK nsmH-
8a, naylar8a a”aii3b, Tarkalasb ya bl3oblasb8a w3ba(an yo0'yllac'i8an
lalablar ko' rzaHlacH.

Xaly xolaH 8TT§ 1urH 3obalan(la a3o3ly yo§‘ocb Talemallar
- 1urH xo<lalar, laxla Talenallan, bruslar, lanerlar (ranclalanSan, 1b
1718an, yo‘'nrs8an, yelNTlan8an lManeHar ya b.), clura<lSorHk pHblan,
yo§'ocb payraxaH plkalar ken§ 13blalllacH.

Xocla 3Hox-3babbalan ke3ll8an, po‘3110o84 loralanSan éarax! la-
nasTT§ blr p3TkHr. Xoclalar 3 §iruH8a boYrtacH, ya't T8lcHka
(kioblk cHarelrl) xoclalar - (Haweii! 8-13 3T 8acba; o‘rlacHa xo-
(1alar (o‘rlacba cUaTelrH) - (Haweid! 14-24 3w 8acHa; yo'§‘on (kal-
la cHateiiH) xoclalar - (Hateln 25 3T ya wn/lan yo‘§8‘on boYacll.
XoclalaTtT§ aso3ly m2mnHsl 6,5 T bo'lMb yunlfzMa 13blaiilacl18an
xoclalar ko‘ptcba 4-7 1 urnnHkga layyorlanacll.

Y08 ocH- o‘3ltlMk 10'hTa3l, ynyon toleknlar or§awk blnk-
Talarclan lasHkl1 lop8an (39-58% 3eWNubra, 17-34% HSEnT1, 15-
35% 8ertl3eHwulo2). Bular<3an lasbuan yo8‘ocMa or rwuyéoréa uuyl
Tolekunlar Tto(l(blar (k13loLatar, 3Toblar, eiir Toylan, yo§‘lar) ya
TTeral Toclclalar (3lUkallar, MNosbllar, Telall ok3lcllan) bor.

18na bar§ (uara8‘ay, arcba ya b.) ya yaproyH (etan, yayT ya
b.) clarax{lar yo§8‘ocbl bir-binéan rary uflacH. bekT nrTl ] 1n3cla8!
yo8‘ocblaTtT8 KiTyoY ly 1arkibl c3eyarll bir xM: 49-50% w8lerocl,
43714% k!3lorocl, 6% yoéoroé, 0,1-0,3% a2o0!.Yo08§'ocH (laraxllana-
3T T8 a3o3ly Taszza3bl lasbkll elacH ya bdayralarclan viwl8an. 1/ar
lurMya21ilala T 1 bajaracl1 ya (urHcHa xn3n3iyallar§a e8a.

Yo§'ocbnT§ Takroslrukluraslcla o ‘rak, yaclro ya po‘3lloy o3um ual-
lat Tay]uc! (9.7-ra3t). O rak - TuslabkaTt bo'lta8an blHartchbl
10‘U4iTa, ympua ScyorH bulayralar(lan ora!. Yaclro (p13b8an yo§‘ocH)
- oY8an bwu)ayralar 1o'plarw bo' b, yaiion osbloycbl Toclclalar 3bl-
TM8an; (laraxllana3TT§ en§ yintall ya Tnslabkat ¢3rT1 bl3ob-



lanacb. Po 'aiiol 03H gaMaT - 0‘3ayolgan (larax1nln§ iink bu)ayralan
bo‘ Hb, nlar oryaH oxmnua Tocklalar barakaHanacl.

Har uyanHay yo8‘ocbnT§ asosly 3(rwklurayly blrisl - buayra-
cHr. LW T8 uobl8Y 3ellmlo2a, ~etll3eHrlora ya H8ntclan Jfloral.
Hulayralar bir-bln8a yopi13blb keHs3bl nalyaslcla <Harte(n 50-400
TKT ya mzunlsl 0,02 t.Han - 3,0 T.8acba lorrnrlar bo3ln boYacH.
TorwrlaTtT§ Heyoiian clelorralslyalanlsbclan $aulaycb8an Tocklaclan
TrM8an. 8my yokl o‘3iTHK 3blra3l blMan 1oY8an lorwrlar yo§‘ocb(la
oYkarnycbl 513leta yar”~a3sbl balaracll. Yo08'ocb LLikrosirukivrasi-
nT§ eletenllan rrkro3koplya manllan bllan (ackpy ellacH. Bu ele-
TenHar8a oYUkarnycbl bulayralar (lraxelcllar, lortrilar), Texawk bwu-
Jayralar (Hbnlorta lolalan) ya raxkabycbl buwayrabr (parerratH b)
KiiacH.

Yac/ro .
Po 'biloy .0 .al&
03/K/ Po'5/1084
pLKyT

9.7-ra3T. barax! (anas3ww” (prywHar (ek13Hklan:
M - ko'n(lalano; p - raclal; T - lan8en$lal.

blbnl onna *olalan nrunfisi 0,7-1,6 ww ya ew 0,02-0,07 77, ua-
Mn vobluH bujayracHr. Llcla81 buiayralar 30T yo§‘ocbTn§ Texawk
xmn3arwyaHanTt bel8Maycll. 2axlraloycbl bu)ayralar - ew 0,05-1,0
TT bo'l8an (a3Tta3ton 3ballla buwayralar 1o'plarwclan iora*. Ular
0'‘rak nunHanTtlasbkI1 e(acl1ya yo§Yar, n§leyocllar, ou3llarwlo’plasb
mncbun X2t a1 yllacH.



Yo§‘ocbnT§ en§ Tubl T ya abarwyalll koTponenllanclan b T 3uy
bo'Hb, 1 naTHKT bel8MaycH. Yo§8'ocHNT8 maTlwl erkT (kaplUar)
natfNknT8 TaY]ucllsi blrlan {ayslllanacH. Bu natlMk bu]ayralar tobl-
w 10'blmkN ya nlatTt§ uoblylancla boYacll ya bo§‘ lan8an (818ros-
Koplk) bolala boYacll. blaTMk lMoizlar blMan awulanac/1 ya yo§‘ocb T
umrllsbclan oicHs1 Tassasbl, ymn8anclan keyTs§l was33asi8a T3bai
oryall 1opfacl1 (100-105 °C barorala uwrkflacll). Yo§‘ocbnT§, er-
KT natH§1 bu(knl yo'uol8an, bo§4Hangar esa bipayralar éeyorlaniu
lo'ytlT3b8a yelacb8an bolaii 10‘yili3b mmylasl yokl 8uiro3koplk
naTtHk cbe§arasi éeylMacl. Bun bolaliaxTtan 30% natllkka T03 Ke-
1l (yo8‘ocb knlaswa uarab 23% éan 35% 8acHa o ‘r8aracH).

8uny blMan 10'yinBan yo8‘ocb naTM kKT bayo8a o3on larualackt; oYa
yun8an Harax! e3a, ak3Tcba, natl kKT 0‘218a 1oriacll. Yo§'ocb ocbly
bayocla uroy yaul nsblab 1vnilSancla len§ natHK bolail (oclakla 10-
20%) yura8a kelacl'l. Bu bolal bayo barorai ya natlsl bllan atula-
racH.

Yo§‘ocbwng Rik-Texanik layslfan nnT§ TaKro ya rwKro siuk-
wrasi8a bo§‘ Hu,

Yo8‘ocbnT8 Tubl T xmsmslyallanclan bin - ymn8an<3a cbo‘kl3bl-
. Buncla yo§‘ocHNT8 cbl2iull oYcbanlan raclkl ya lan8enslal
yo'naH3blarga blr x/Icla o ‘28artaycH, 3bu 3ababéan yo§‘ocb ragaloy-
kalar ysbayacH ya yonHb kelacl.

Yo§'ocbnT§ 21cbl§l Haraxinné imn8a bo§‘MMuy, blMa imMr cbe8a-
raslla esa, yo§8'ocbnt§ natHS1 ya 3MaiiSa bo§4ly. 21cbllsl kana
cHe8araiarcia o ‘r§aracH. MObWa o'3a(/18an HaraxHar tobléa 21cblls1
en§ kann - 8bargy 8iblrcla o'3acléan plxla (345 k§/73, oy 1ol (415
k8/T3 ya b.; en§ 2icb yo§‘ocb - 3bat3boc! (3araxiiéa (960 k§/T3,
terwr uyayTina (970 k8/T13, 3ak3oymMa (1040 k8/T73. Cbel eHaréa-
§1 Jlarax! lurlan kblHa 20bHS§1 en§ kanwn (100-130 k§/T13, .lanubly
ATenkanT§ 1ropik ronasla o‘sacll8an balra, 2icblls1 en§ kallasl
(1400 k8/73 - bakan* inaraxi (Anilorolan ya Oortwkan re3pvb-
Hkasbla o ‘ 3acH) blsoblanacH.

Tax4a Ta<:enallar.Yo‘8‘on xocblar pMoratalar, 1a3Ta arraH,
(H3k anall éasiSoblar yorciarTtcia (1Hnib Har xJ1 1axia Talenaltiar
boslM yilNna(H. Bnnéay 1axtataniing uaHnHs1 7, 10, 13, 16, 19, 22,



25, 32, 40, 45, 50, 60, 70, 75, 100 T T yaew 80 &an 250 T T 8acba
(10 T T clan oralaHb) boYacH.

Paner - §‘oYalarw HH3b, rancblasb, yo't3b yoUl bllan oHnacHSan
ympua yo§‘ocb-laxia talenal.Tayyorlasb unsnHS8a uyarab willn8an, ran-
clalan8an, yo‘nl8an, yeHTlan8an ManeHar boYacH. TLUb, ranclalab oH-
nacH8an ManeHar etan, 3butlol, yon§‘oy, yayro§‘ocb, raran§, nok ya
bosbua ynnTta/labo yo8'ocblarclan layyorlanac. PaneHar bar xI' Hu-
rac!8orlk 13blancia, TebeborHbla woplata Talenal 3llalrla13MalllacH.

Kanclalan«an [anerlar - [aner ranclaloycbl Tax3n3 Hasl8oblarcla
yo§‘ocblarw rancblasb yoUl blMan bosl uyllnacH. Bunclay Manerlarwng
uaHnHs1 0,8-1,5 7117, eT 80 T T yaunclan olMw, n2mnHs1 100 T T ya
vniian 21yoc! boYacH.

TLIn8an lNaneHar - buran§ yok1 bngHasb nalyaslcla T o ‘H boU/l
olacHS8an ba'2i yo§‘ocb §‘oYalanw iHsab yo4l bllan bosll ylMTacH.
Yo‘8'on §‘oYalart racHal yo‘naH3béa HH3b yo4l bllan oHnacH"an
ManeHar bosbua yo‘naH3bcla MHb oHn8an ManerlarSa uaraSancla yuuon
babolanacH.Cbunk! racbal yo‘naHsbcla LLIT§an lanerlarcla o‘rak nur-
lan Jucla cblroyll 1ek3iura bo3/1 ulfacH. Bn boWa lManeHar ptta&abo
Tebellar (ayyoHasb ya uoplasb TausacHIa 13bla(lMacH. Trt8an aner-
larwn§ uyallnHs1 0,8-2 T T 8acba boYacH. Panerwng natlisit 10 %
boU413bl8a ruxsa! elllacH.

Yo‘tl{ran [anerlar (3bporfar) yo‘nuycbl cla3zléoblarcla 1ay-
yorlanacH. Yo'nlM8an Manett§ uyallnlfst 0,3-3,5 T T 8acba, eT e3a
§‘oYaTn8 m2unHS88a 1en§ boYacH. Bulln §‘oYaT yo'nM8ancla 3pl-
rablton 3bpon bo3l boYacH. 8bu yod (n3ml) blan raran§, kareHya
uvaylrclan “umsb ko'21” MNeb ablnycbl cblroyl §11H 3bpon oHnacH.

YellTtlan8an laneHar yo‘nr8an 3bponlart blr-bt8a yeHnMasb
yoU41l blMan layyorlanacH.Bunclay Maner 3-15 1a8acba bo48an 10 3ornck-
§1 3bpon yarauylanclan iayyoHanac/l. PaneHar karetH, albnttH ye-
Htlar blMan ya 3w(eHk 3Ttolalar bllMan yeHTlanacH.

YeHTtlan8an laneHar 1axia Talenallar8a uara8ancla ualor alral-
MNkiar8a e8a:

1 HartTa yo'naHsblarcla puxiaHsi blir xI'1.

2. TaxlaTtalenalSa T3balan kaT 1ob 1asblaycH. K.o'y ber§an 10b
la3blasb yeHTla3b yo‘HbIllan o3on ballaralellacH.



3. Kart yorMacH. YonuylatT8 bIr {oTonéan 1kklncbl 1oTton8a
0‘l3blTHayo ro‘y berrtaychb.

4. Paner laxlalatT§ oYcbarw kalla bo' 18anH81 ncbun laxlata-
(emaHanii y184b blHasbiinsb”a bo™a™ yolraycH, 13blar ul3uaracH,
o3onlasbacl.

5. O3on e8lMacb (xn3n3an, buklanganclan 30‘n§).

6. Te3sbl3b ncbun uulay ya b.k.

Yo8'ocManla wucbrayclgan nmu80Onlar.Te§13bll 3anoa! Kor-
xonalanHa bo3l uyllnacl8an yokl layyorlanacll8an yo§‘ocb Tale-
nallar batta yaul baTt yuuyon 8ilalH bo‘layertaycb.Yoé'ocb tale-
nallaTtTt8 nayjy, 31&I7I, lexwk xo33alanw pasayiirnycbl, 13blaillisb
3obalanw cbekloycbl, Xi2Tta 1 TMHJ/1anT d3uariirnycbl, 13b8a yarouy-
512 bol8a kelllrmycbl labuy bola Tay)ucl bo'18an yokl keyTtcballk
ynra8a kel8an bu xIN kartcbllMklar yo§‘ocbl atT§ nuusonlan cleyl-
lacb.Yo§'ocblarcla wucbraycb8an nwnuy3onlaTTt§ aksanyam asosan
0'513b (layncla yura8a kelacb, ba'ran e3a Talena! layyorlasb, 1a3bi3b,
3aulasb, nnHan MNoycblaTt3b yaulick bat payHo boYacll. Yo8'ocb Ta-
lenallarcla lablly Tay]uc! bo'l18an ya keyTcbaHkK payHo boYacll8an
nuuzonlar - ko‘rlar, yo§‘ocb ran§tT1§ burllsbl, cbinsb, Wl yonu-
lar, basbarolar blMan 3blkasMaT3b 3bular JutlazlclancHr.

9.4. bok -bo'yoy ya yeHT Ta(enaMar

bok ya bo'yoy Ta(enallar. Xaly xo”all8T1T§ 1mrH 3obalancla
13blaniacb8an 1ok ya bo‘you, Talenallar aszosan 3uyuu, XarTr (pasia)
ya knkun ko‘nwsblancla boY1sbl T TKT.

Har uan/lay 1ok yokl bo‘you Ttalenallar bllan 1wl 31rllarl uopla-
8an(la yupua parlfa yok? uallat bosll boYacll. Ho3lN boYacsi18an bun-
clay uallar 1le§13bH buyut (<lelal) TalenaHT konxwyac3an (Telall
ya uo!lsbtalar8a xo3), e§lLU3b (buklU3b) ya nanfartsbHan (yo§‘ocb
ya plaslrtassalar8a xo03) 3aulaycll yokl wnlarS8a lasbu! cblroy, e3™iik
Ko‘rkaTHkK bax3b elacll

8bunTn§ ncbun bo21rsl yau*cla clelallart (buynnliarTt) lok-bo‘you,
Talenallar bJflan uoplasb yok!l Tubolara ullsb 3anoa! rwuyosa
kKen8 uo‘llanfroucla. bekT 3buw baTt l1aklcllab oYToy 21021TK1,



lok-bo'yoy Talenallar bllan uoplan8an (lelallar (bwuywnlar) nT§
Ko'nw3blT ya xu3mstyaltanw (uroy yaul) yo‘uolrtabrgl ko‘p8rta
oTlar8a bo§ Hy boYacH. Masalan, lok-bo‘yoylart 1lo'8‘n lanlasb,
*e813bH yola”a noya uylln8an boMa uoplasb, mnlarw yopl3buouyHk
(ac!8e21ya) kucblwng pyTamw, lok-bo'you Talenallar blMan yop!a-
nac8an Melal (bnywnT) Talenallanning lenrmk kenSaylsb koelllblyen-
NT, buyntéan Foycblawsb sbarollT (TubW, barora! ya b.) blsob§a
ol8an bobla 18blan8b oruaH X121 a 1 Tcllallw nraynnsb TM TKT.

bok ya bo'yoular larklbl8a ko‘ra, loklar, etaHar, Srunloykalar ya
3bpal:lyoykalar8a boYTachb.

boklar or§atk erHtalar8a (5plJ1, enr, 5klplckr8a), azosan, 3T0la
ya 370la8a o0'x3ba3b Tab3ubWarw uo'3bl3b oruaH layyorlanacli8an
parHa bosll uluycbl Talenallar. boklar LM buywntlar (clelallar) §a
uoplasb oruaH wmlart(urf l1a'slrlarclan Tnolara uyllsb ya ko‘nT3bl T
Ko‘rkaT ull3b, urH Talenallartn elek(r oUkartaycH”an yll3b baTt-
cla etal bo'youylar layyorlasb mucbun xaly xo”~aH§8TT8 1MrH 3anoa*
lartoylancla ken§ 13blaitlacb. boklaTT§ aso3an labny (ToyH) ya
3mnMy (xloryTlH, bakeHLU ya b.) 1urlan boYacl.

Ewal bo‘youylar azo3an LLUrH p18tenllarw loklar8a u0‘3blsb oruall
bo3lM ullnacH ETtallar, etal bo'yoular, nHroetalar (tlrozellnlo2al
bo‘yoylar), 3tolaH, ToyH ya bosbua (urllast bo‘yoular8a boUTtaclA.

Bulartn§ wobMa T(roetal “wvcla ler umnycb. 8bunTt8§ ucbun nkro-
etalar ya t{roloklartn§ 507, 508, 907, 230-tarkalanclan yuk ay-
lotoblMlannTt§, kabtalan, KapoManT bo'yasb ucbun 13blailach,
660-TarkaH uora ran™Ha”3™an es3a ratalar ya {ransuu3s3slyalarii
bo'yasb(la MNoyclalanaci.

M1lroetal yenS§8lN TasbTalarT bo'yasb mcbun 1sblaiilacb. bekT
larklbl a3o3an 31lellk 3t0lalar(lan tbora( boY8an loklarclan bosll ulLl-
nacl8an 1e§1sbll Hebl yokl buyntnTt§ yopbycbl par<iasl kiTyoyly
ya lenTk cblclatlMHS1 J1baiiclan ancba ynuon boYacl.

Crun(oykalar loklar§a 50..70 % (urll pl8tenWar (xroT klslo-
lanT8 nw, yo'r§'os3binH 3nnk ya b.) 1o'3blb layyorlanacrl. 1Slar LLiiA
TelallarT korro2tyaclan, yo§‘ocblart cbtsbHan tubolara ull3b
ncbun ToYlallan§an.



Orunloykalarnt§, asosan yeHTH, ToyH ya Ttiussellblorall lurlan
boYacll. Buywurn (clelal)T 3bpallyoykalasbclan okln SrunloykalanacH.

8bpa(lyoykalar. .icla Tayc3akn”an TTeral kvkunlar (bo‘r, §1p3,
obak) w WrH Toy, yeHT, 1ok ya bo3bua bog8Yoycbl ToHcblar bllan
aralasbltb, ko'nTt3bkla81 umywny Toc!cla-sbpaHyoykalar bo3ll ulLL-
nacl.

8bpallyoyka clelal (buywnTt) 3Irliclagl Iurl1 yonularTt, le3blk-Ko-
yaklarTt, hrgsblarw loYcHnb, 8iMnT§ 1ekl3 bo‘H3blT laTtTla3sb
Tauzach(la 13MalllacH. 8bun§a ko'ra, sbpal/lyoyka uuyu, ya auyu, bo-
1alcla layyorlanacll. 8bpal:lyoyka blr yokl blr necba bor Tax3mns kurak-
cba-3bpalel blMan swiilacll. 8bpallyoykaT beyo3ska 13blaiisb olclclan
layyorlasb Tausac!§a TMYOWuchr.

8bpallyoykalar larklbkla8l uo‘3bllmnycbl ToclclalaTT§ rruclon8a
(éoraswa) uarab bar xIN bo'I3bl T TKT. Masalan, yeHTIN 3bpal-
lyoykawn§ larklbkla3 % cluraHSorHkyellrT, 65 % bo‘rya p1§tenl,30
% 3uy boYacll. 11ler uolacH. 11nT8§ ynT3bou ya yoplsbuoy bo'H3blT
la'tTla3b mncbun larkibl8a 2 % aHinoy o‘3bMacll

Moyl 3bpaHyoykanT§ larklbkla 70 % bo‘r ya pl8tenl, 30 % lok
bo'lb, yeHTH 3bpal:lyoyka8a uara8ancla TuslabkaT boYacll, lekT
3eKT uyunycl.

A8ar yuralart Jucla nrouy tuclclal8a tnbolara uyllisb lalab ulMT3a,
n boNa, ynxalart ko'p uaHartl uoplaTtalar bllan, ya't §runloyka,
3bpaHyoyka, etal, lok uaHanlMan blMan yoplasb Tay3allS8a Tuyownu-
.

bekT ywralarcla§l sbpallyoyka uaHaTTT§ nturty ualinHsl 2
T T clan o3bTta3Hs§1 kerak.

YelT Ttalenallar. Xaly xo”aH§wT§ 1murH 3obalancl!a LLIH clelal-
larclan (buynnlarHan) ajraltas blnktalar bosl yll3b ncbun yellT-
lasb ~a™ayorv c™an keng§ loycblanMacll. BunT§ ucbun LM yelnMarHan
lNoycblanacrT.

YeHTtlar - Tnayyan 3barokéa uallly, parfa bo3/1 yLlb, nlanaciigan
konslruk3ton TalenallarT (bunywntlar yok! clelallarw) bir-bln8a tab-
KaT yopi3biiraéizan yop1sbuouy Talllmallarcrr.

Xaly xo™aH§Tw§ LUrH 3obalancla 13MalllacH8an yelTlar, aso3an,
bayyon, 0‘3!THK ya 310la yeTlan8a boUTtach.



Hayyon yellTnw§ aso3w or§artk Ttoclclalar, o'sknHK yetlan-
azo3iw ouysllar, 3Tola yeHnMNan a303wWw e3a 3T 1elK Toliiakr 1a3bkll
eladl. Hayyon yeHTlan8a kolla8en yeHTtlar, 3bunt8clek, karewH ya
albuttH yeHnMar, 0‘3TrHK yeHTlan8a 3oya, kanakwuyn! (xazbal
no‘xal) gan oln8an yeHtlar, 3tola yeHTtlan8a b-3, Kb-3-TarkaH
[enollbrral geylacH, M K-1, M-2, KM-12, K-17-tarkaH karbanncLL
(tocbeyTa lNortale§1¢H) batHa LLHNWMMC-2 yeHnMan ya bo3bua-
1ar Uracl.

YeHnMar uanclay tocl(lalarclan layyorlawsbl8a yarab, §o'‘3bHarcla,
3nyak, baHu, karet, albuttH bayyono* yeHnllan, loylya, no‘xal,
Kurymn*, kaJlosbka, Jo ‘xon, 8urucb kraxtalanHan oHna(%an o‘31TH K
yeHnMMan ya 310lalarclan layyorlanacli8an yeHTtlar8a bo‘ Hracl

Paner (ayyorlasb<la, azo3an, allliunH, kareT, 0‘31THK yeHTlan-
clan Poyclalan'iac!l. KaTt§a, 3uy8a cblclatH laneHar ya yeHTlan8an
yo§‘ocH(lan umnlsb kon3lrmk3slyalan layyorlasbcla 3T1ola yeHn[Man-
clan lNoycblanacA.

Oo'3blparcla ya 3uyak yeHnIMan (luracl8orHk yeHnlMan bl3oblatb,
vlar umsbxona ya len rayocllan cblutHManT pi3bin3b yo‘ll bllan
layyorlanacl.

Ho21rs1 yauk!a 13blab cbluanlacH8an yeHTlar yorclarwicla bar yan-
clay Talenalw 3bu mréast yokl bosbua lacliagt talenal blMlMan (Tasa-
lan, yo8‘ocb bllan yok! Telall blMan) biHasblnnb iurH ajraltas blnk-
Talar bo3lM yllsb TUTKT.

Tarklbl 31nleiik Talenallaréan Jlora! bo‘18an yeHTlarwng aso3sly
batia rarnny xusmsryaHan 3bunlan SloraHa, ular yoréatbla bo3all
yMt8an brtkTalar aito3lera8a, korro2tya8a ya cbt3ab8§a cblilMatH-
cH. YeHTlaTT8 yana bir a&al(otoT 3bunciaki, yeHTH bTkTalar
bar uanclay ajralnycbl (boHH, 3bplkaH, yTLU ya b.) batHa a]Jralrta3s
(parcblwTnxH, payyancllanSan) blnktalar§a T3ba™an ancba yen§ri
boYacH, (annarx1 arron, LUrLL3bl 3ocMa boYacH.

8T lelik yeHnMar, aylotobll, aylaislya, keTa3orHk, eleklro ya
racliolexTka, yo§‘ocb T uayla 13blasb, poyabral, poHS8raiiya ya xaly,
x0”aH 817§ bosbua lartouylancla ken§ 13blailToucla

YeHTH bTkTalar puxia cblg3bl ncbun: a) yellrlanacH8an sMar
3MNHY bo‘1TasMs§y ya'w 3Mar, §'acHr-buclur, nolek1s bo' H3bl kerak;



b) yeHTlan8an blnkta yeHT uyunb uol8nn8a uaiar uayla 13blanTtas-
He1 1021T; c!) bo3M uyllin8an bTkTaw wul3uylcblar orazl8a oHb, uun-
8un8a uaclar yo'rannasHk rarur.

C™ybla Taklablar, Llseylar, koHe™ar ya oHy o‘uny ymrllannt§
o'uny wuslaxonalan<la ko'proy, 13bla{llacb8an ba'21 yeHTlaTT$§
larklbly ulstlan ya xu3m3lyal:lan batéa yeHTtlasb Ilexnolo§lyasl
bauida al3yacba T a'lutollar kel nblb

Konslrak3ion Tebllar ya nortelall Ttalenallart lertol2olalsl-
yalar8a, 8arlaTtalar8a ya (3ekoraily uoplarta talenallan8a yellTlab
bTkinn3b ncbun BK-32-2, BKT-2H, 88H, MY-2M, AK-20, NMK-
10, XBK-20 ya bo3bua yeHTlar 1"Hallkcll

Melallta3 Ttalenallar (yo8‘ocblar, 3bl3ba, pla3l:taz8alar, lek3lolk-
lar, penoplasl:larya b.) BMAM-B3 ya Y -2 yeHTlan bllan binkurMacrl.

Or§aTk 3bl3ba™a bo3bua Talenallarw yellTlasb wucbun B3-®9,
BK-32-70 yally-2 yeHtlan 13blalllacb. Kertalar o‘raro ya telallar
bllan 88H, KI1-6-18, UHB, BKP-7, KT-15, KT-25 yelltlan yor-
clarvcla bTtk1ltlacly.

YelTtlasb JarayoT umylcla§llalllbcla balanlabl kerak: a) yellTla-
nacl ™ an yuralar 1vrl1 14o3lNklarclan loralarnsbl ya ™ acbr-buénr ullw-
3bl 1021T; b) binklTtla(b8an 31rllatT8 bir loTtoT8a UL0'Ma cboUka
ya pulyenralor yor/latlla yeHT 3vHLLBbI kerak; c!) binkllnla<118an
<lelallaml bayofla (xona baroraMa) 1lumb 1lunb yeHT larklbkla§l
ncbuycbl Toclclalar cblylb keiisb”a Tkon bensb rarur; e) binkurMa-
<H8an 31Mlarl blHasbiinb, yl3nycbl yokl bo3nycbl umnlralar bllan
Li31b o'y 13b kerak; IN L31byok1 bo31lTb yo'yM8an (lelallarl ta’1umT
baroral/la Tuayyan yay! (layortcla 3aylasb 10217, cbunki Ml yellT-
laTT8 uoi3b barorall ya TucMaii bar xI' boYaclT; §) blnk(1lnl8an cle-
lallatl loralasb ya blnktawn§ Tu3labkatH81wW lek3bT3b (buncla
bTkTay uol8an,oylar yo‘HS§i8a e’ibor bensb) kerak ya b.

8nyak yeHnH yo§‘3lrlaniinl8an bayyono! 3uyaklan ya 3boxlaniw
p13binb layyorlanacH. YeHTtla3sb xwu3uslyal!lan8a ko'‘ra §o'‘sblparcla
yebrT 3unyak yeHTblan n3lln LUracb.

O o'3blparcla ya 3nyak yeHTlan uallly plka 3bakH/la layyorlanacll.
PHblar wuy, 3ar™ysb yokl uoratllr rangcla boYacll. Tora, 31blH ye-
HTlaTtT§ 311§ 1 3bl3ba kabl yalllraych.



(urny, yeHTlar lolon, Tayia bo‘laklar ya bo3sbua ko‘nuwsblarcla
bart layyorlanacl.

YeWTtlasb 3oyuy, (-12...-30 °C) (1a, 1551 (+40...+70 °C) claya uay-
nov, (80 °C ya uniian ynuyon) boMa oHb bonHsbl T TKT.

Buynt yokl clelallart blnkiinebHa, ManeHarTt o'rlacba nortal
unynyHblast yeH T erktaBblan Noycblanlacb. 8uyuu yeHT erTast,
a505an, §runloykalaSb Taugaclkiia 18MalllacH.

YeHTlaTT§ puxialsuu aTtylasb ncbnn yeHtlan8an cbok (blnk-
Ta) ta)nba yo'l blMan (exk3blrHacH. Bnnt§ mncbun natHs1 7-12 %
bo'18an 3butlol yokl eTan yo§‘ocblclan natunalar (25x50x50 ya
25x50 T T oYcbatll) oHTb, lolalar yo'nalsbkla bir-blnga parallel
uylllb yeHnManacb, 50‘n8ra natmna blnktawng yellTlan8an cbokl
15kana yorinarTtéa yonb ko‘nlac. ASar bunHa blnkta yeHTlan8an
Joyl(lan aJrair a 5(1an yo8‘ocb yorll3a yok> ko‘cblb cbluga, yeH TN T8
yopl5b11li5b xmSmSlyall yaxsbl, yeHTH cbok puxia Heb blsoblanacl.
Talnba sbaroi(]l'a e5a, yeHTlan8an cbokTng§ pmxiaHS8IT press yor-
HatMa 50‘wycbl kucbnt§ doytaii T 05blra bonsb yo'l bllan lek-
3blirlacH ya b.k.

Owvraln”orlk yeHnMan nat {a'5lr<la pux{al8ir yo‘uolall (nat-
8a cblclat512 boYacH). sbutn§ ucbun nat sbaroMa 15blaycll8an
buyutlar nat§a cblifatl Taxsus yelTtlar blMan yeHtlanacll.

/MbuTtTtl yeHT bayyon uoT§a obak aralaSbinsb yo'H bllan
oHnacH. AlbutwH yeHT blMan yeHTlanacH8an b Tk Ta 15514 bola(-
cla pre55lab yopl5bHrlMac/l. YeHTtlan8an oycla uoraTiir cbok bo5SI1
boYacH. A1buntTH yelTtlar layal yebtlan8an aneHar ncbun 15bla-
LLiac.

Ka/eTl yeMTnTp a505ly laHubly 0 5rTT yo84 oHn8an 5Suiclan
layyoHan8an uvruy 3urTa lasblal elacH. Ouruy karexn yelnll 5-10
T T Wuallly Monacbalar ko‘nt3blcla yokl ogp3b, ba'ran ocb 5any, LLSTM
kukun bolkla layyorlanacl. Kukmn (lolon boHcla8l) kareT yeHT1 Ka-
reT, 50'ncHrlM8n obak, na*Hy iioHH, 50cla N T kuporo51 ya Kero5T
aralaSbraSlclan mora*. Bu Toclclalar 1e815bN yeH Tn T8 vl xo53ala-
nT yaxsbllasb ucbun yo‘3sMlacH. Ma5alan, rw5 kuporo51 yeHTTN§
nat ya 5uy8a cblclat1lU§1T 05blnb, cbin5bclan Saulaycll; kerosT e3a
lolonnT§ TMSblla5blb uolta5H§1Tla' TTlaycH; nalny MonH ya 50(1a



erknycbl 3kaJléa uo0'3blla<b; 30'n(brfgan obak yeHTW N8 oYa pux-
laH81M1a’'t 1 laycll.

ganoal rrruyosi(la karetH yelltlaTtT§ “EK31ra” ya ockHy naylan
13blab cbluarllach.

KareTtln yeHT be3b oy Tuc!(lalicblcia Nnoycblawsb”a yaroyHcHr.

Yuuoncla norrMan uyayé uylfrt8an yeHTlar lNayat yo§‘ocb ta*enal-
larw o ‘raro blnk/in3b ucbun toYlallanS§an.

Turl Ta(enallarw blir-bwsa yelTlab yopi3blin3b mncbun esa Kar-
bToll yellTlarclan ken§ lMoy<tala T 1acll.

Karbwolll yeHT (MMO®-1, BK-2, /1-4 ya b.) 1a3bth ko'nT3b
baMan ran8lN §lks3enn8a o ‘x3basb xu3bbo'y, ocb 3any ran8, Muwu,
3nyvu, Hkebr.

Malenal wmsiiSa ympua ullb 3wiM8an bu yeHT lexcla uoib, ben-
2ircla, Toylar/la entaycbéan, 3ny ya Kislola 1a'318a cbléatl pan3a
bo3IM ullacH.

Karblnolll yeHT blManyo§‘ocb T Telall8a, Telallw 3bl3ba, cbarr,
Tartar8a yoplsblrtb, Tnslabkart, ajraltas bTtkTalar bosll ullnacll.

Clyn(wH yeHT. Ho2lr§! yagéa bu yellrrfar o ‘rlannwsg Ko‘p8ta
yobly xm3m3slyallan (yunuon Tu3labkaTHkka e§a boY8an brtkTtalar
bo3lM yl3bl,layyorlaTt3blnT§ oécMyHS81, kKiTyoY 1y Terll §1, rarar3si2-
H81, 1ayyor yeH Tw 3aulasb]ucla o3onbsl ya b.) (ufayH 3anoatl riiyo-
3icla 31n1ellk yellrrMarrn éeyarll 51gb cbluyarToucia.

bekT, bunéay yeHTH bTkTtalaTTt§ wuroy uobsbl yeHTlaTtT§
KaTcbll §1 blsoblanach.

Clyun(tH vyeHrrMar ilarkibklasi bosblan§84Ycb Toclclalar8a uarab
§0‘3blparcla, 3uyak ya bally yeHTlan8a bo4TtacH.

PoHyuw!blze(all yeHTlar il cbarT, 1,0§'0X, yo§‘och, Ta*o,
3blsba ya Telallann bInkiT3b wucbun 13bla(MacH. Aywiusa, abra2iy
3anoari lartoulancla Jucla ken§ 13blailacb. PoHywHa(3e(all yeHwlar
poHTeHar erktasi(yeHrw); tarkibkia ncbuycbl (bnl§ anuycbl) To/1-
Nalar boYTta8an yeHTlar; etnlsion barkebyellTlar kabl §urublarga
boUTacb. 8buTt ayiib oU13b kerakkl, o‘yny mnslaxonalan<la, LLIrtnsb-
Aa, kKo'pTcba 3my-etublon yellTtlar ken§ 1$bla(Macll, cbunkl bunéay
yeHTlaTT§ lannarxi arxon, xarar3i2, yontaycb, yeHTH cboklar bl-
HntaycH (ko‘nntaycW).



Ke/Tall yeHnMar, a3o3an, enltalar§a kaucbuk yokl rertaH ara-
lasbtalarT uo0'3blb enH3b oruaH bosll ullinacH. Bunéay yeHTlar ynl-
kKatrablyabycbl (labny kancbuknTt§ or8awk ennna bllan aralasb-
Ta3sl), 1¥lxla ynikaTalzlyaloycbl (140-150 °C barora* {a'a3Téa)
ya 0'21 yuikaniralslyaloycbl (xona barorallla) yeHTtlar S§urublanga
bo'Hnacll. 1kkTcbl ya ucbincbl 8urublar8a klruycbl yeHTlar8a, a3o-
3an, 3nHelik 310lalar uo‘3bllacH. Yl3bbu yeHTlar bllan bo3l ylln™an
bTkTalar yblkatrablyabycbl yeHnlMar yorclart(la oHn8an blnkTa-
lar8a T3ballin ancba Tn3labkaTt boYacH. 88 ya 88H Tarkall rertaH
yeHTlarclan en§ ko'p lNoyclalanlacH. LWar, a3o3an, rertaH aralasbra-
larw ya buill(enoilrortal(le8icH3ToblanH eHlalselal ya benrtHa en-
M3b oruaH boslN ylnacH.

AertaH yeHtlar yorHatbla rertat rerta bllan, Telallar,
3blsbalar ya bosbualar bllan bblasbHnb, yeHTH bTtkTtalar oHnacH.

BunlMan 1a3buan, texTkan T8 1mrH 3obalancla Telallarw o‘raro ya
rnotelall konsirnk3ton Ttalenallar bllan yeHTlab b TkTa bo3l ullisb
ucbun larkibl 3T1eHk 3Tobl ar ya 31(eHk kaucbukclan 1borat bo48an
yeHTtlar (b®-2, b®-4, BC-IOT BK-32-200, BK-3, BK-4, K—153)
ya epoka3iclllyeHTlar (Mpya MBK-1, BK-7, I'TY-2, BK-5) baT ken§
13blablacH.

9.5. PoHTer ma<enallar

2atonayly ayloTtobl 1302IMKT pollTer Talenallarw ken§ koYatH
uoYiatH3bl312 (a3ayyur eHb boUTaycH, ular ay{oTobllaTT8 Tas-
3a3bl yen8lMlasbHracl, nlanllayyorla3b8a 3arHdanacHSan 13b ba”~bl,
utta/labo Ttalenallar 3ardT karayHracH, 13boncbllUst ya xayl 312-
M81 o3blracH, unlayrglr yaxsbllaycH, rauoba{barc!o8bHST1 o3blracH.
PolMTer ta(enallarw aylotoblllarcla uyoYlawHsbl ckvetny raYisbclia
orHb borTtoyMa, bu bolal 3ancaH nyo]lan8an Tatlakallarcla8l M§‘or
Hrralar OTowéan oHaHy ya Tax3n3 aylotoblllar 13blab cbluansb-
cla, aywiuysa, 3erlarH bortouHa.

PoHwrelanlar, poHyblbloncWar, pollproplenlar, poHe(Menlar ya
30lMbolaasl bo3bua polTeHar batla nlatT§ aralasbralan ya mlar-
clan oltacH8an 3bl3ba3ton plasllklan, mn§leroclll plasHklar, or8awk



plasiiklar ya baral LU pila3iikiar ko‘'nT3bk1agl poHwerH koTtpork3wn
Tta{enallar ayloTtoblllarwng kuroylan(la, tayancbh 11217 lancla, rans-
rrn3slya 3tlan<la, yunsb ¢3rlan<la ya uyuyya! beruycbl yurlra-
lancla ken§ yoYlatlTou(la.

PoHTer Talenallar. Ho2irsi yad8a keHb, o‘r xo33alan ~ba-
néan xlMta-xlN plasltassalar, yo§'ocb Talenallar ya rerrvakr,
3bu JuTlaclan, Jucla pmxla kon3iruvksion Talenallar, plaslTaa3salar,
yanTto4kar§icblar, oUkar8icblar, Ta§nkH ya bosbua plasiTa3salar
yaralll§an.

Bu walenallar ko‘p bollanla ¢p TTa* LUra(HS8an Telallar o'‘ruicla
13blaMironcla. Texwka larauulyoll 3anoal8a plasitassalaraing _Jony
¢pMuwsbl8a ko'p AawaAa bo§ IudlT.

C/M3tan yok!l bulknl ynuon tolekular blnkralar, ya't pollTter-
larclan ]boral bo'Hb, 3unYy raYisbcla layyorlang8an ya Tuayyan ba-
rora! ya bo3Tt/1a plasiiklk xo33alan8a e§a bo‘18an Talenallar plasuk
Tas3alar (pk3nnassakr) éeyllacH.

Ko'pTcba plaslrtassalar bir necba xI' To/1(1alar(lan iboral boYacrl.
1MaTw@ larklbl8a, Tazalan, bo§Uoycbl ya loYcbruycbl Tockblar,
piasiilkaloriar, bo‘you, To/lcblar ya bosbualar K|rach. Ba’'21 plaszlTtas-
3alar, Tazalan, or8awk 3bl3ba, pollarriic!, polelllen laua! polTeHar-
J1an 1boral boYacH.

Mwurakkab larklbl1pla3lTta3salarcla bo§4Yoycbl Toflclalar yaz21lasir
poHTeHar o ‘*aych.

PolMTeHar ~cla ko'p-blr necba rrn§clan {or/1b, *o bir necba TI1-
Mon8acba alotclan iiora! binkralarcHr. PollTerlar tabny ya 3unYy
boYacll. Tabny poHTerlar8a 3ellulora, Jun, Ipak, lablly kancbuk ya
bosbualar, 3unyylanga e3a or8awk 3bl3ba, polelllen, Y13k02a, Kapron,
naylon, s3un4y kKancbuk ya bo3sbualar kiracll

Ynuon Tolekular orSawk blnkralar yokl n!aTtTt§ pgurmblan
Ko'pTcba 3t1olalar Jieb alala(b.

PoHTerlarnt8 oHwsbb PolMTeHar 1kki xM m3nl bMan: pollTer-
la3b ya poHkonJlensa/lasb n3ullan bllan olMnacl.

Pollterlasb msmH/la biIrxMTonoTeTT§, Tasalan, ellennHu,Jucla
Ko'ptoleknlalan blnn-kenn blnkrb, o‘3ba {arkiill, aTtTto 1atoTlla
bo3bua xo033aH yansi TocMa (polelllen) bo3l ufkrl.



/

PolMTeHasb yo'l bMan polsHro!, poHyTHxloncl, poHakrMa! (or-
8aTK 3bl3ba) ya bosbua pollterlar oHnacH.

1kkka bar xI'1 TonoTerw blir§aHkcla poHTerlasb yo'H bllan baTt
yangl pollTer oH3b T TKkT. Bu bolHa oln8an yuuon Tolekular
Tockblar 3opollterlar éeb ablac/l. 8opollTercla ikkala TonoTer-
nT§ xo033akn Tn]azszatlangan boYacH.

PoHkonHensaHa3sb wu3nHcla cbl yok! uvngan orHy xIN Tonoter
o‘raro K)Tyoyly 1a’sir eiitlacll. Buncla pollTter blan bir yatorcla
uo'sbltcba Tab3nlo( (3ny, aTrrak yoki bosbuya tocbla) bat boall
boYacH. Masalan, l'erol blMan & rralegia t 2<HrM8an bobla ya kalaH-
ralor 13bHrokica o ‘xaro 1a'3lr elMHIN3a, pollTer-penoplasl ya 3uny bo3sll
boYacH.

Makrotoleknlalannt§ (urllsbuwa yarab pollterlar ywnyiliagt xI-
lan8a boYTac/l:a) cblriyl; b) 1artoylan8an; c)HklM8an; e) 3e!'ka3zlton
(9.8-rasr).

9.8-rast.PoHTer takrotolekmnlalannt§ (urilsblnw”
sxeTaH K Kko‘n lw bl n:
a) cMwuM; b) lartoylan”an; cf) HkM am; e) $e(ka$lton

n Calrbsler\YIrar O., Malenal5 3aence anc! enyTeenn§: an Tlro<luclion,
7(b eti.p.cT/ - Pnnleclw {He 11udecl 8lale$ ol ATenca/ .(obn XYy & $on5, 1nc,-
2014. 558-bel



Cbl21uH TakroTolekulalarwng n2unHsl kKo'nclalang KesiT ywura-
318a T3balan bIr necba T T § Tarila kaa. C2cbni8arkia yutsbaycb,
3o0ylMM3a yolacH C?ayla rcHn3b nalyaslcla yayla yntabaych. Ma3salan,
polarTc!, poHellen.

TikM8an Asrtalar (po§‘onaH, 3e&a3Tton, lMaroyly) ancba Tn31lab-
KaT, enimycblMan8a mncHa entay<b8an, yntabartaycl8an polTer-
lar§a Tan3ub.

To‘rslton wucb oYcbawH TlorwaH wakrowoleknlall poHTeHar
wo'rilel ya lasbd kucblar8a ymnuyon 1mr§ wnlst (yntsbartayll, 13b-
Taycb) bMan xarakierH.

PoMTterlarnt§ 3(ruk(uraslt ya xo$$alan. PolMTer/ar (yunon-
cbaéa pol!yTere$ - ko'p ¢p3rlarclan 1a3bkll 1op8an, ko‘p 3baklH
cleSan Ta’'nmoT beracllya wvnclagl poly - Ko'p ya Tero3 - 3T, bo'lak
Ta'nolant Hoclalaycll) - ywuuon Tolekular Tasz3za8a e8a boullb,
niaTT§ To leknlalan Ko'p 3onH 1mMr§ vn yok1 noinr§' mn lakrorianuy-
cblalot!ar ranpn Surmblanclan 1a3bkl1 1op8an boYacH.

Ko‘p 3onH eleten(ar boYaklarclan (tonoTteHarckn) 1asb-
K 1op8an, bIr xIN kityoY1ly larklb8a ya 3!lrnkivra8a eSa bo'18an
Toleknlalar TakroTolekmlalar MNeb yurMMacll. MocblanT§ xo33alan
Takrotolekmnlalatt8 kltyoyly Ilarklbl bllan§ta artulanTtas-
clan, nlaTtT§ o'‘raro Joylasblsbl ya nwH3bl bllan baTt atylana-
<H MakrotolekmnlalaTtt8 ko‘nclalang ke3Tu, oéallla, bir necba
nanotelrw 1asbkll etacll, urunllsl esa bir necba T T§ nanoTelr§a
yelal'l yokl bIr necba rwkrorteir§a yeHsbl Tu TKT, 3bnwing vicbun
Takrotolekmnlalar yaxabl e§Muycbanbkka e§a boYacrl.

PoHTerlarwn§ 3sw/lawsbl. PoHTeHar xo33alanTt vwn§ lark|bl ya
3irmkimrasi8a bo§' Hub8uu o'‘r§at3bw o03onk3bbn3b TausacHéa wlart
LLIF bel8Man (larlabl, Takrotoleknlalar 3bakH, Maroyly bolaii, umiblHS:,
ui2(bn3b8a Tnnosabaii) bo‘yoba 31Hasb T1 T K T. TaHWbl bo'yioba bar-
cba poHTerlar or§aTk, eleTen(H or%aTk, neowaTk LUrlar§a bo4Tacl.

C)atron ya Kaucbuklar or8aTtk pollTerlar blsoblanacblar. Eleten(M
or8aTk blnkralar a3o3ly ranpr larklbkla neor~aTtk atOTtlan (57,77,
Al), or8awk raclkallar (C 1 C ~y CH2) blMan blnktalla boYacb. Bu
racbkallar poHTer Talenal8a Tun3labkatlk ya elasiikHk xo033a3bl
bersa, neor§aTtk alotlar ynuyon 133lubarclosbHk x033a3T beracb.



bleor§atk poHTterlar8a 3llika! 3bl3ba, kerarwka, 3lyucla, asbes!
kabllar kiacH. Bun bTkTalar 1arkibkla un8lero<Ll 3kelel boYTaych.
Neor§atk TafenallaTT§ a303W Kretwy, amrTTy, Ta§ty, Kably
kKabllaTT§ ok3i(llan 1a3bkI1 elacl.

Plas$ik Taxxalar (plas!:tas3zalar, plasliklar)- builabny yok1 5imlel;1k
poHTeHar asosiaas! Talenal bloblanacH. Ular 1331uHk ya bo3w 031i-
cla Turakkab 3baki<asl buynt bo3ll yll3b ya o‘rwa benl8an 3baklw
wmr§ vn 3aulay oH3b x033a3”a e§a boYacll.

Pia3tTas3ala TT8 xo33alan bar blir 1a3bkl1 elllycbInT§ 1arkibl§a,
nlatTt§ 10381 ya nnuckTy T3bari”™a bo§' 'y boYacll. Bu e3a, plas-
11k1laTT§ xm3m3lyallanT Ken§ ko' larclao‘28ariin3b Tkow w beraJl.

Tasbkll ewmycblMaTtT§ 30w8a uarab barcba plalTtas3alar oclclly
ya Turakkab lurlar§a boYTtacH. OJicHy (poHelllen, poll3iirol ya
bosbualar) plaslrtassalar blr§ta 1asbkll ellycbléan - 3T17elik
3tolaclan 1borat boYacll. KoTpork3awr/lar esa ([enoplasliar,
aTToplasllar ya bosbualar), bir necba 1a3bkll eluycblclan 1boral
boYacll. 1lncla bar blr 1a3bkll ellycbl TalwnTt blr yar'at ba™a-
n3b8a ToYlallanS8an boYacll. KoTpork3ion plaslrassalar(la
3T0la bo3bua (a3bkll eluycbllar ncbun bo8Yoycbl bo4lb Xi2T a1
uMacr. Bo§YoycblnT§ xo33alan piasiTazzaning M2ik-TexawKk ya
1exnolo§1k xo33alanw bel§Mab beracb. Bo§YoycbTT§ pla3lrassa
larklbkla8l nnuclon 30-70% 8a yelacll

Bo§Uoycbl<lan 1asbuan koTpork3ton plaslraszalar larklbl§a
umyun'la8iar KT3bl TUTKT:

1) TexaTKk xo33alanw,153K]barck>5bl81T osblwychbl, cb0o'K13bT
KaTaynrnycbl ya koTpo2113lya lannarxbl pas/lalllYcbllo Ycrvyckilar
(yo&‘ocb ww, 3elmioz2a, paxla-lolall Tai1o, yo§‘or, yo§‘ocb LipwH,
§ralil, asbesl, Kyaris, 3blsba-101a31, 3bl3ba Ta 103! ya bosbualar);

2) elasiikHkw, ounycbanlKT, bIKFHKW osbl wycbl ya plas(:Tas-
3awny 7o ‘rlUSHH kaTaynrmnycbl plaxldkalorlar (c/bullinalal, kas-
lroyo TOY1ya bo3sbualar);

3) oumycbanlKT osbl wycbl, KOTPOrk3rya 2arracbatan orazMa-
81 13bualaT3bw kataynruycbl, press-forrant” 3bakl bo3l uyluny-
cbl yuralan8a yoplsblb uoll3bléan 3auyloycbl Toylo\cbl Talerlaarl
(3leann, oleT Ki310la3l ya bosbualar);



4) Tallnalwn§ uonsb JarayoTT LWrk3bHruycbl kalalra(orlar
(obak, Tagne2ly ya bosbualar);

5) layyorlanayol8an Helallar8a kerakH rang beruycbl o yoglar
(3unk, nuwrorTt ya bosbualar);

6) ul213b nalyasléa parcbaktTb 8ar8a o‘x3basH Tab3ubHar
aJralllycbl koH/ aMwcbl Toclclalar (§ar bllan 1o 1cHrl8an plasl-
Tas3sakr layyorlasb ncbun).

Bo§'loycbl3TT§ xm3umslyain§a ko‘ra plaslwasszalar lertoplasllk
poHTerlar azosl oHnacHSan lertoplaSrik (lerToplasliar)
ya (ertoreakiy ualronlar as3o3Ma ollnacH8an {ertoreakiiy
(reaktOplaaiiar) plaslTtassalar8a bo4TacH.

Tertopk3dHar buynt bos3l ulllsb ucbun 13bloy bensb8a unlay
bo'Hb, 3bakManHnN3bck 3erMarH boYUTa8an (1-3%) cbo'kl3bS8a eSa.
Malenal ynuon ek3HkH§1 ya kEcblk 1o ‘rllst bllan agaHb Llracrl.
Ocklla lennoplasllar 1o‘1cHruycblMar31l2 layyorlanacll. A TTo 0X1rst
yllarck Tteral ya sbleHk ko'nw3bcksl {oHclMrnycblH {owanoplasal-
lar) lertoplasllar u0'1lanMa bosblacll.

C>o18anckn ya bo§‘oycbl31ilertollr§‘mn bolal8a oY8anclan KeyT
reak(oplasllar T o ‘nlasblb uplacll ya ko'pTcba mnkr8a 13bloy bensb
cbo8'MkK cbo‘ki13b Hara]as! ancba ka«a (10-15%) boYacH.

Piasiinassala TiNn§ o0‘218a x03 lotonlanS8a 2wbl§TT§ Kart-
M8y, pas3! 1381alk oYkarmycbanHS81, 3erlMarH ck”™a™ack 1331uHkKekn
ken8ayisbl (po‘lalSa wsbalan o'n-o'M2 Tar!a ko'p), eleklr 1201a131-
yaloycbl x033a3TT8§ yax3ablU§1, kitryoY 1y LLUr§vnHSETTE ynuyonlsy,
rMukston ya ariiHTuksion xo35aknwng yaxsblHS), cblyrtcl rwuclon-
wn§ kawHS§!L.

Piaslllia33alarning kawcblH§18a 155K1barclo5bl8TT§ pasllist
({erTopksHarw 13blansb T TK T bo'l8an Tak3irallieTperallrast-
250° 8acba, lertoreakily pk3inassakrtk! esa- 400° 8acba), Telall
ya uollsbTtalar8a w3batlan ek3HkHK Toc!nMtn§ kwoblkHS1 ya rarbly
uoymsbouyHSTTS pasilsy, e3kinsb8a Toyllsl yok|] bosbuacba ayi-
8anlla yaul o ‘H3bl blMan x033aknnT§ o'r§anb keHsbl kablMarw rwsol
KelUnsb TUTKT.

PoHTer Tatni*a3TtTt” (un bo'ykba. PollTerkr reakllpks!,
lertoplasl: ya ek3Hk koTporH3wn Talenallar8a boUTtacll. T3blab



cbluansbrm lasbkll eiisb wncbun un3bbu ko‘rsalkiob poHTerlarclan
buyntlar 13blab cbluan3b lexnolo8lya3tl ya ulart uay*a uwnyisb
nnkowyaliw belSMab beracll, nlarclan MNoycblar3b 3oba3sl ncbun esa
- 3oyuy, bollla ounycbanHk ya ko‘p boar/la 1351uparclosbigiri SlioSla-
laycH. PoHTeHar yon3bTT” leTperalura re)iiw8a yarab 3oyuy ya 18-
8ilboWa uollycbl (ny {eTtperalllrasMa yok1yuuonleTtperaluralaréa
uallly bol§a oUwnycbl) LWrlar8a boUtacH. 8bwn bllan bir§a Tainisast
bosbléa cbl21yl 3lruklura8a e8a boYwnycbl lertopla3llk KOTpPOrK-
8ion Talenallar uoymsboy - oumycban bolal8a oYa oll3b xu3uslyall
bo'yioba 3mymylanuycbl, ulyTt erunycbl ya entay/lwan lurlar§a
boYTacH.

PoHTerlar Ta(n (w 1nin§ cleforralslyalanlsb xnsmmyal™a ua-
rab Loymnsbou-blkr ya elas/lk koTporklar§a stanacH. Elasiik KoT-
porklar§a kancbuk ya rertakrT rwsol kellnsb TM TKT.

Puxlaloycbl ekTenMannTt» 3bakH bo'yii:ba uallath ya lo-
1laH 1wrlar§a boYtacH. 1Jlarw xaly xo‘laH8lcla artaluralar cleb
yurklacH. Xusnsan, lekslolllaTt§ uyaflatll puxblat3bl Talolar,
lenlalar ya Talo boYTa8an Talenallar yorclarlcla atal§a osblirMacl.
Plyonkaslton puxlalan8an Talienallar e3a uo08§‘orlar, 3bponilar,
plyonkalar yoréartéa ollnac. Tblaston PKM1lar elewenlar wr-
k312 T8iobka lolalar, 1plar, ar§‘atcbllar ya bun lolalaTtT§ Tayck
boYaklan yorcktbla oHwsbl TUTKT.

PoHTerlar ywuuoniia”Harian (asbuan Ta(n(3a$l ya
pux(aloycbl$1nlng 1ntyoY1ly keHb cbld3blga uarab baTt 3wHana-
<H 8bwun8a ko'ra v lasbk elnycbl3TT§ norw bllan alaH3bl TU T -
KT. Masalan, Talxk5a5TT8 noTw a uarab: lenoplasllar, epok3lplasl-
lar, lruxlopla5llar yok1 poUeirllar, poHartiiHar, krettyor§arnk ya
b.k. Tola bo3ll ulnycbl Talenall bo‘yoba T03 raYisb/la: oploplasllk,
n8leplaszllk, or§anoplasiik, ba7.alYoplasl]k ya 3HunSa o ‘x3basb bo3bua
pHTterH kotporkston talenallar8a boYrtacH. Tabllyk), 1kkalabel8131
bo‘yitoba notlasb PKM bauyMa ancba loYaroy 1lasayyur beracH:
epok3lslekloplasliklar, [enom§leplasiiklar, 1tlcloba2al 1l:0plaslikiar,
bat/la poHTerlar loYa yoyl8an bollla norrMawsbl baT TU TKT: po-
HatkLU or8anoplasiiklar, poHeiirH 5lekloplasiiklar ya b.k.



PoMTerlarwng cpnusboulk ya (epiol2ik xo$salan. Paroyly
bolali8a ko‘ra poHTterlar atorll ya w15lall lurlarS8a boYTacH.
ATorlr poHTeHar bir MNaraH ya bo8Yatlar8a ]Jatlan8an ranprsb
Ton Toleknlalarclan iboral boYacH. Bo§Yat blir-bin bllan yonTta-
yon JoylasH8an ko'plab Takrotolekulalar ua*oriclan 1a3bkl1 lopa-
cH Bo8Uart uyo'sbt elerenllar8a T3ba&n 51LI1sb yoblHyal18a e8a
boYacH. Cbunk» nlar aloblcla 3irukivra eletenllan bl3oblanacH.

Knslall 8iruk(ura bosl yllin8an bolalcla Lo0‘8bT ranprww* aloT -
lan, TayYwuT laroYly paryara bo3/1 yll8an bolcla, ncb oYcbatH 1ar-
ibck (0‘8‘n Nylasb8an boYacH. PoH TeTT8§ km3lall boWast Li5mwu
atorl L3t bMan altasblb (uracH. 8bunTt§ ucbun poHTerlatT§
kr15lallan1sb Harala3sl, Telallarclan lMaryl1 oYaroy, becb uacbon 100%
8a yeiinaycH. Kn3lallatsb poHTterlar8a kalla bikrHk ya uallluHk, bat-
cla 1881upbarclosbllk beracH. LU oy, yaul 3aylasb, 13blaH3b ya uayla 13blasb
nalua8icapoH TeTT8 Tolekmnlar 51ruktrasl o‘r8anb keHsbl TU TKT.

C>u{blMuit bo‘yoba pollTterlar yn/IH ya umii>3121urlar§a boYTacH.
CMbIlLUk Tu3bal ya TtanHy raryaclar Joylasblsb Tarkarlan§a
boUTt8an TayclonlaTtT§ Tay]uclHS§1 bllan awulanach.

B 1kr, 1331ubarclo8b, Tn3slabkat (ay= 100-200 MPa), atT10 uyusl-
3121ar8a T3balan 3oynuua cblclaT312 boYacH.

13314HK 1a’3incla o0°'21T  1wMH3bl8a uarab barcba poHTerlar
leTtoplaulk ya lerToreakii\ lurlar§a boUTacH.

TertopksaHkK poHTeHar 1331wHk 1a3ilida ywut3baycb, baKo
suymulanacH baTt, 3oymH3blla e3a, uo(acH; bu Jarayon uaylanlnycbl
xn3nslyai8a e§a boYacH. Bungay poHTterlar TakrotolekmlalannT§
3irukllrast cblriuH yokllartoylan8an boYacH.

TertoreakHy poHTteHar blnncbl bor bo3ll bo4l3b bo3uylcblcla
cb121uH 3irukinra8a e§a boYacH ya mw LiircHn3b nalyaslcla ynt3sbay-
cH KeyT KTyoY ly reakslya natyasida uolacH (MlarxTty 3trukllra bo3sll
ylMacH) ya keytcbaHK ckHruwy uaiily bol8a oYacH.

PoHTerlartn8 texaw K xo33alan. Plaslta33alarwng texalk
xo033alan nlaTT§ sirukllrasi§a§ina bo§4iy boYTasclan Mrik boiaii§a
ya (eTperaivrasi8a bat bo841ly boYacH. Plasltassalar ncb Hrik bo-
1alcla boY13bl Tn T K T: $bixMa8a o 'xxkauk, ymuorl-elakiik ya Aoyl Koa-
oaTckan bolallarcla.



8blaka%a o 'x3ka3k LWallla (uaHny yokn atorl’) Tolekmnlalar ran-
11t bosr uyMwuycbl alotlar 1ur§'vin bolal alroiicla lebranta barakal
ulacb; xyernolar barakaii ya Takrotolekmlalarwn§ 8illlsbl kuralll-
Taycb.

Ynuorl-elasmk bolalcla Ta(enal, 2Yenolanwn§ {ebrartsbl ya
TakrotoleknlalartT§ e§lU3b uoblHyaluwa eSa bo'Hb uol3bl na-
lyazicla, ko'p bo‘lta8an ¢rcHn3b naluaslcla uyaylar kalla 3bakl
o‘r8arinsb xmsmslyall blMan lay3lllanacb.

Malenalwng po\wkouy-oum\ckan kolal 3umyuy, bolal8a o‘x3bab
kelac, aTTO0 barcba Takrotoleknlalanwng barakaicbanllgl bl3so-
bl§a, ynuon uoyusbouHs1 blMan Marulanach.

Konsirmk3ion pla5lrta33alar Texawk Twu3labkaTHK Ko'rsat-
kioblan bo'yicba ucbla a3o3ly §nwb8a boUTtacH: pasl, o'rllcka \a
ynyon TwlakkaTUK.

Plaslta53alatt§ asosly lexnolo§lk xos3alan boUlls: oumyckarn-
MK, ckKo 'kKukK, uokxk lerluy (reakloplasllar) ya lerTolur%‘mnHk
(lertoplasllar) kabl ko‘r3alkoblan bl3oblanach.

OuuycbanHk - bwn Talenalw wun8a benl8an 3baklt, Taulwut
(eTperallra ya bo3sltcla, 104(Hra oll3b uobllMyaii boUlls, n talenal
1arkibl(1as1 104cHruycbl, piasiikaior, Toyloycbl Ta*enalTT§ mn ya
rTu(lon8a bo§U1ly boYacll. 8bu blMan bir§a pre3s-ii>rrant§ Kons1irmk-
My 0‘218a x03lM818a bat bo§Uk} boYacll. T o' 1c/Trmycbl312 lennoplasllar
vcbun ouymycbanHk ko'r3alkiobl 3/laliéa «xmyulanlxk Tclekyl» cleb
norrMannycbl ya ta4dut letperalura ya bostéa cllarein 2,095
TTH 3o0ploclan yaul bIrfst obH3a 51L)b cbluanlacb8an talenal Tuy -
<lon uabul ullingan.

Cko 'b'5//1:n3buncbasl oruaH press-lorta icbkiymras! oUcbartlanga
T3balan clelal oUcbaTTT§ ab3olynl yokl w3bly kaTayi3bl 1msbu-
nflacll. Ab3olyml kallaHkc”™ cbo‘ki3b rwuclonnt§ kaHa ¢3rwT
pres3-lforta ya clelal talenallan letperalwura koelll3iyenilian ora-
31(1a81 lary, lasbkll e*acH. Cbo‘k13b nnuéon bo8Yoycbl 3TolanT§
VRik-kiTyoYly xo3salan8a, loYcHruycbTT§ rTuéon ya lablaiiga,
urcla naTHK ya ncbuycbl Tof1cblar bor-yo‘yH818a, 13bloy ben3bnT§
leTperalllra re]lrt8a ya bosbuaotllar8a bog4ly boYacH. Cbo‘K13bT
press-iiartaw loylbalayol8ancla bl3ob8a oll3b Kerak.



KeaktOpla5llarnt§ ywuuon-elasiik yokl uoyusbouy-oumycban bo-
1lal(lan 104a poHTeHaT3b bolal|8a oYl3b JarayoT uoMak lerlugl
blMan awuknacH. <3oHsb 1e2Hs1 (poHTerlawsb) bo8UoycbTT§
(tertoreakily 3toblar) xo33alan8a ya 13bloy bensb leTperaiurasi8a
bo~MHy boYacH. (3oH3b 1erH§Tw§ paslls: Ta(enalw bo3T 03-
Hla press-lortaiia m3blab 1vnsb yauiit o3blnb ymboracH ya "aa-
yonnT§ 13b mnwrnt pasHaHb ymboracH. C"oHsb 1e2H8bIN§ orHucba
kaliaHs1 Ta(enalw kuHi8an yaulan ayyal press-Fortawng o‘ridga
poHTerlawsbl8a oHb kelacH, natyaHa uoHp icblclaél bo'sbHyning
ba'r~oylar uuylayoi§an Ttalenal blMan (oYTay uvoH3bI TN TKT.

Tertowr§ mnlik o3ula 3buvnclay yaul imsbunilacHkl, bu clayr 10 -
baynWa lertoplasl parcbalantasclan TayunT leTperaiura8a barcbsb
berac/1. ¥Yuuyon terto LUr§ mnnlMkka poHellen, polpropMlen, pol3llrol
Kabllar e8a boYacH. Oelal oHsb mcbun nlarga i13bloy bensb T3ballln
3oclcla. Pas! lertollr§‘wmnlkka e8a Ttalenallar (polllortalcle§lcl,
polyTtlxlonc! ya bosbualar) ucbun wnlar8a i13bloy bensb ~a™ayon”-
Ha parcbalatb keH3blT 0lcHT oH3b cboralant ko‘nb oH3b Kerak
boYacH. Masalan, uoHplar ke3Tbl , c/lateinrn o3blns3b ya 3bu kabllar.

PolMTer ta(enallar™a (onTk BBMoy bensb. PollTer talenal-
larclan layyorlan8an buyutlarwing xossalan serllarH claralacla wlar-
T layyorlasb yokl Talenainl yayla 13blasb lexnolo§iya3i8a bo§41ll,
boYacH. XuckH 3bunclay boSY1lullk Telall buywntlart layyorlasbcla
baTt kuralllac/l, aTTo uayla 13blazb re]HnTT§ poHTer Talenallar
xo033alan8a 1a’'3ir eHsbl, Wwlsbl ya Toleknlalararo 3uukllra
o0'‘r8ansbl blMan bo§Y1y boY8an, o‘218a xo3HkKKa e8a.

Tertoplaslclan 1layyorlan8an clebllarnt§ 3Jlfam pollTeTT§
Takrotoleknlalar ya Tolekmlalararo 3irukimraYly xos3alan bllan
atulanacll. Bu xo33alar talenalTt clelalSa aylanHn3b ]Jarayotcla bo-
3M uylnacH ya lexnolo§lk re.pT ko'‘r3alklcblan8a bo§Yly boYacH.
Bu pollkaproartc! umytasbl layyorlasb rr3oHIMNa yax3bl ko‘nnacll.
(JuytanT§ {eTperallra3t 220 clan 265°C 8acba Ko‘lan3b unT§
Toleknlar Tasz3asil 29600 Gan 16800 8acba kaTayi3bl8a oHb kelacH.
OwnyTa leTtperallrast T § orHsbl bllan lertopla5llatTt§ (pollelllen,
polproplen) TexaTk xo33alanTt 1loclaloycbl: Tu3labkatllk, elasHk-
Hk Toclull, T3bly cbo'rlLsbl kabl a3o031ly xu3n3lyaHan 3erlarl clarajacla



pasayacH. PoHweréan bob1LL osiicla unylb layyorlanSan clelallartiu§
x033alan bo31TnT8 LyTamn8a baTt bo§* Ny boMacH.

PoHTeHar™a (erniik lsbloy bensbnw§ asosly (urlan. PoHTer
Talenallar8a terrTk 13bloy bensb pollTterlarw uayla 13blasbnin§ Tn x 1
lexnolo81lk Jarayonlanclan bin bloblanach. Hallo pias3it a53alarclan lay-
yorlan8an buyntlar8a yvuon Tu3slabkatlk yok1yeyllldb8a cMclarlliik
kabl lalablhr yo'ylMNTa8an bollarcla baTt bar uanéay clelal layyorlasb<la
bat yura8a kell3bl T TK T bo‘18an icbkl kucblat3blart ba/laral eb3b
vcbun bat wmlar§a lenrnk 13bloy berlMacH Knslallanuycbl lertoplaslik
polTer Talenallar8a ralsional rerblan3alerrTk 13bloy bensb yo‘ Hbllan
nlatTt8§ 2acbHS8wi, yany T, Toleknlar Tazsasbl, cbo‘2llBb ya 3L {-
Hsbclagl Tmslabkatlk cbeparasT, rarbly uoymsbouyHS8i, yeylllzb8a
cMéaTtHHAT o3blnsb8a ya lNoyclalanlsblarayonlclaclelallaro‘lcbaTtTT§
Mrg§'mnb8Tl laTTlaszb8a ensbllacb.

TerrTkK 13bloy ben3bnT§ 3ataraclorHél pobteHarckn buyutlar ol3b
|arayonl barcba bo3uicblancia811etperallira re]ltlanSa bo§‘Huy boYacll.
Melallar kabl poHTeHar ucbun bat 10°'rl X1 1enTnk 13bloy ben3b inn
uoYlanacH: toblasb, yutsbab3ib, norraHasb ya bo'sbab3b. (“3ua ulllb
ayl8ancla poHTerlar8a lentnk 13bloy bensb - bw, kerakll xo033aKrT oH3b
Tausacllla atal8a o3blnbl”~an, <lelalt Ta'luT leTperaluraSacba Li2-
cKnsb, 3bu leTperaluracla nsblab 11n3b ya 3oymiisbéan iiora! larayonciir.

KoTpo21151lon Talenallar toblUla 3tleuk pollterH koTporkstwon
Talenallar bo3b o‘nnT e8allaycll. PoHTerl koTpo2llsion Talenallar
(PKM) unyi(tagt ko‘r3aikioblan bllan Vb/laknach:

- 3unYy kellb cbiLi3bl;

- TaCena! larklbtla kityoYly larklbl bo'ylcba 1kkUaclan kaT
bo'lta8an ya atu, cbeSaralan bllan bir-bTtéan ajJrabb 1mra<Hgan 1asbkH
elllYcbMaréan 1boralll§1;

- lasbkl ellYcblMaro'r TT§ balrtry ko'nT3bl bllan koTpo2113lya
bo3/1 ulli3bl;

- KOTpo23lya bar bir 1a3bkl1 elllycbl3”a 1e§13bH boYTa8an yan-
81 xo33alar8a baT e§a bo4lsbl kabl ko'rsaHocblan bllan.

PobTerH koTtpo2113ton TalenallatTt§ ko'plab LUMHuTan larklblan
IcblciaT bl Tu T 1kKlla aloblkla Maralan boMacH- T a 1n13a3lya puxbloycbl
(artallra) eletenb, uvnclan 1a3buan oraHy, (Taralararo) yallar (eletenl)
bat bo'H3bITUTKT.



Main3a LUsbuncHas™a urlmk512 laroYly [arast UBbunllacH ya un
bnyntwng§ sHaxklMNw 3auyloycbl, 1a’3ir elnycbl kncblatsb puxlaloycbl
eletenl8a uraHb berunycbl, bosbua Llrc)agl 1asbdg otllar8a wvarsHLLK
Ko'‘r3aimycbl 3Haiiéa natoyon boYacH. Ba'ra TaNe 13a bo§Uoycbl yaun-
Masi(la bat natoyon boYacH. Bo§* loycbl ancba ken§ T a’'no8a e§a bo' Hb,
Ta(n13a lNaua! ualny, (1ayyor) PKM 1lar ncbmn 1e813bl1 x0l03. Maini3a Na-
2a31w 1loclaloycH1 ko'r3allacH bodris §'oyakHk, §erteHkKHK, 1asbd Tnbll
(natHk, berwn, Toylar, kl3lolalar ya bosbualar) 1a'3T8a cbliiatTHHK,
uolcly, kucblaTtsb, puxlaloYcbl bllan o‘raro bo™Yarmsb Tuslabkatll8y,
Texall K xo33alan, yertnlisbcla8l LoymsbouHS1 kabllar kkacll.

Bo§‘'loycbl LU3buncHa3! lexnolo8lk Ta'moT Hbceblaycll. 8bunT§
ncHun boNYoycbl Talnlsaclan [lary1 oYaroy pollter MNartasTtt™ ya-
3boycHanM§1nl, uyoymsboulM8lw, Ho'lMa5b uyobllyaHT, acl82lyasllll,
lexnolo8lyaboplélnl, yoc! yo‘abltcbalatT8 Tay)ucllérl, cbo'k3blT,
ekolo§lyabopl§lw MbcblaycH.

Puxlaloycbl (artallra) laras! HonaHor 2arracHalar, m2imk3si2 lola-
31ton puxlaloycbl eletenllar, IBMar, yallatlar ko‘nuwasbl(la boYlsbl
TUTKT. PKM larcla ko‘ptcba lolaslton puxbloycbl eletenllarclan
loyclalanecll. Ular eleten!ar lola, ipiar 1o plarTt, bo§Yartlar, cblylular,
ar§‘arcbllar, lemlalar, LU wsulcla 10'uyluyan Talolar, LLH1 oYUcHat ya
21cHIMKclas!l 3elkalar, MaroY1ly xaoHk (erkT) JoylasHS8an Ttaycla lolalar ya
bosbua ko'nw3blarc'a blYH3bI TUTKT.

OraHuy, (MTaralararo) yaHat ({ara) Talnlsaclan Mary WecH ya ta(n(3at
puxlaloYcbl eleten{ blMan10‘8§‘n binklsblwla 1Tla3b ya kerakll balTtrii
eS8allasH ncbun X2t a1 yacH.

8T1oy 3ayollan:
1. 3bl3ba uanclay Talenalclan ollnacb?
2. gblsualar 3irukinrasi8a yarab necba imr8a boYraclN?
3. 8 blsba3t8anclaparcbalawb keltasl§l vcbun uanéay Lo‘3bltcblar
1 0‘3bl3b 1alab elllacH?
4. bok bo'yoy, TalenallannTt§ uoYanlblya xo33alanT wroblab benns.
5. KerTta Talenallan ya nlatT§ xo33alanwinsbuniinb benns§.
6.Yo08'ocblar yanlatT§ xo33alanwsia’ nfab benns.
7. PoHTeHar liwH3bl, 51rukllrasl ya bularm xo33alanga bo§4iuyrisu.
8. PolNTerlarnt§ lirnk-texaTk xo33alan.



FO-BOB. LHLEBEKTKXEAK, YALUMO'TKA2C1CHbAK YA
0 ‘TKA2C1CHbAK

Malenallar eleklr xo33alan bo‘'ylcba 3 1wr8a boYTacH:
oUkaruycbllar, yantoYkar”~cblar, c/elekriklar.

OUkaz81cblarwng w3bly eleklnk uar3bllgt 10-810-5 O T*T
boMacH ya barora! ko Yanl/xbl bllan n bat ofiacH.

YantoYkaz28icblarwkl 105108 O T*T boMacH ya baroral
Ko‘(anH$bl blMan n katayacH. Bular 10K T 10'§‘rlMasb, elek*r 318mal-
lanTt ko'payHnsb, bar xI' iurclaél ener8lyalarw elexklr ener§lyasuia
aylanHn3b ncbun 13Ma(MacH.

OleleklnklatT8 T3bly eleklr uarsblHs:1 10'810'166 O T*T
8a 1en8. Bwular 120lalor 8lMaHcla 13blaMa(/l. Melallar uancba loxa
boY3sa (yo‘'3sbltcbalar boMTa3a yokl kaT boMsa) 3buncba nlartTt§
oYkarnycbanHeé! ynuon boMacH.

Ok31(HanTay<lg8an oYkar”~cblar, ynuyon ya oMa yuuon cba3siolall
asboblaTtT8 konlakllan ya pecballl rTkrosxetalar ucbun kuTtnsb
13blabla(H. Kutnsb bayoéa ok3iclMantaycH. bo21T boMS§ancla rws,la-
mn ya 10K oYkaxtaycH”an Ttalenallar (kerarwka, oyna, Kyars, poH-
Ter) mnsH8a tax3n3 m3nl bllan kuTn3b uoplarta berlacH. Ba’21 bol-
lar(la kMTK3b o K T bllan altasbunla(H.

M 13 ataHyollla Jucla ken§ 13blarMa(H. L, ynuon o ‘1ka213b yobllya-
H8a e§a, TexaTk xo33alan yax3bl, arron. 1néukslya namb6a yakumT-
éa olt8an (k13loro(1312) rw3 ynuyon oYkar~*cbHk ya pkaHkHK uoblH-
yaliSa e§a..

MexaTk xo33alan yuuyon boYisbHs1 lalab ullin8an Tab3nlollar
ucbun lautlar, kacHwWyl ya berlHyH bronralar kMallacH.

KaclriwyH bronraéan ‘4Yrolley” lar, 51lrpanuycbl konlakllar, TeT -
branalar yasala<ll. Ealvnlarclan bar xI'l Ok oUkarnycban éelallar ya3a-
laH

10.1.01elek(nkKiar

Oleleklnk TocMalar (leb 3bunbay To(1l(lalar8a ayillacbki, bularcla
yalenlH rona oYkari3b ronaslla ken§ Tan elliSan ener§lya bllan ajra-
M18an. 0 lelekITiKiar La«iy (Kerarwka, poHteHar, 3bl3ba); 3nyny, (ben-



xol, lolunol, yoéoroc!, k13loroci, ar8on) bolal<@a boYacH. Bularcla erkTt
elek!ronlar boUTtaycH, bo8Yawsb - yalenll yokl koyalenll boYacH.
0lelek*nkiar 120 1a*oriar yar~asbl balarucbl 1ok oYkartaycll”™an Ta-
lenallar: T3bly eleklr yarsblHKp=1012-10200 T* T .

<Ballly cHeleklnklarcla ulliblat3b bar xI boYacH, 1ekT baTtTtasb
Tn§ y184wH31 E wn§ kalMaH"T-yryTtaH t1&«calaycH. KonéensallrH
clMeleklnklarcla E kalla Ttayéonéa o'r8aracH (E=(12-15)-100000).
<Bublaw3bntg en§ asosly LUrlan: elek*ronH, tonW, cUpol-relak3alsl-
yall ya o'2-o'rklan, tonH um”blat3b uyoplatalannTt§ elasHk 3un-
Hsbl bl3obl§a boYacH. surllsb Ta3ol a3l tonlar orasiclagl Ttasolaéan
kaT boYacH. ManHy tonlar Tusba* eleklrocl 1o0ton8a, Tusbal tonlar
Taniy eleklroc! 10Ton§a 3surllacH. lonl unblarnsb clayn Jucla kaT
(=10'133. 0O1pol-relak3a(stonil au”blaT3b un(bH <Heleklnklarcla naTo-
yon boYacH.

(n(bn ya umMuwr (Helek(nklar. Oleleklnklar, aszosan, um(bH
ya umib3i2 Llrlar8a boYTacH. 13lal8an toclclanTt§ Tolekulalan rar-
racbalarclan (alo T yok! Surublan, tonlarclan) itborai boUlb, nlarnt§
bar bin Tnsba! yokl Taniy elek*r raryacH”a eSacllr. Bu raryacHar
ora3siclaglt o‘raro 1ori13blsb kucbl ] 13TniM§ TexaTk TM3labkaTlM§TL
tFoctalaycH. TurH xIN Tockbl aTT§ T o0 lekulalanclagl 2aryacHartT§
MaroYly Joylasbuy1 bar xIN bo4isbl TM TKT. A8ar TolekmlalaTT§
barcba Tusba* yokl Taniiy raryaclant blnanturty TanHy ya bliia
nTurTy tusbal raryac! blflan altasbHr3ak, To3 rayisbéa tnsba! ya
TanHy raryac/lannTt§ o§4YrHk Tarkaziancla Joylasb8an tarkur rar-
yacHar Taropa blr-bt8a 103 1n3bl3bl yokl T03 mM3bTasH§1 TUTKT
(10.1-rasT).

b)
10.1-ra3t. (u(bH ya un(bs12 clMelek(nk Tolcknlalanniu»
Joyla$1HSM.



Paxcwy blir-binga 103 1msb8an raryackar umnib3iz toleknla8a eSa
boY8aw 3ababH, bunclay toleknlalarclan lasbklllop8an ~3niiar uu/l-
512 ~3T1lar éeyllacH. 1kktcbl bolcla Tolekula 1a3bul eleklr TayéoT
1a’3tr elta8an bolaléa bat o‘r eleklr Totenu nollan MaruH bo‘ Hb,
cpol bo3l ulM8aw 3ababll, Toleknla utbl bl3oblanacH ya wnlar a3so-
51cla 1a3bki1 lop8an]lstlar un/ir]!5tlar éeb ablacH.

MolekunlanT§ eleklr TotenH uyuyl(la8lcba atulanac/l:

M = A1, K17 (10.1)

bunéa, ~-tolekmnlant§ Jarrn Tnsba! (yoki un8a 3on ~“baMan len§
boM8an]arw Taniiy) elek{r raryacll, K1; I - clipol yelkasl, T.'2

On(bH TolekmnlanTt§ elek!r Totenl 10~30 K171 alroiicla, uunib3si2
Toleknlawkl e3a 1=0 boY8art 3ababH T =0 boYacb.

N3tnT§ eleklr xo33as3”™an uall narar, nwng§ umbllls: Tole-
knlant§ kiTyoY1y wwHsbl oruaH awudlanacl. 81TTelnya Tarka-
21 bo'l8anéa, 31TTelnk raYlsbcla Joylasb8an Ttolekulalar umlbH
boMacH. Bir alotll Tolekulalar (He, bk, Kr, Xe) ya 1k alotH §o-
Teo um/lH bo8Uart3bH (H2, C1, ya bokaro) toleknlalar ymib3si2cH.
lon bo8Yat3bH Tolekmnlalar un/1H bo8lawsblar yalon8a Kiracii n§-
leyocloro(LLl TocMalan e5a auib3i2(JT. Mabalan, umn/1312 bo§YawusbH
Toc!(lalar8a paraiin, 3ererT, pollpropllen, poblrobulllen, poli3Hrol,
eskapon, nenll 1rolalslya Toyl ya bokarolar, uym(bllMan8a e3a po-
Hywsorial, 3ellnlo2a ya mn!n§ Tab3ulollan [lenollortalcle§l<l ya
bosbualar klrac!l.

1)|eleklnk un~blawsbnw” azo3Ey (MHan. o1elek(nkcia kurallla-
cH8an ymiblani3b aso3an 1kkK1 lur8a: eleklr Tayclow la'slnclalu<la ler
30cUr bo' 1a(/18an (eleklronton) ya 3eKT 0‘3lbbaTéa 3eKT pasayacll8an
(relakszal8lya) umlblawsblan8a boUTtacH. Btncbllurcla8l uu(blawsb
Jn<la ler o Yisbl nalyasicla cllelekirlkcla elek{r ener§lya51 sarHdantaycH,
1IKKTCbl 1nrcla8131(la e3a uu”blat3sb asla-3ekT 30(Hr bo4ii, cHelek(nk
Lh215bl nalyasl(la ener§iya sarlanacH.B

P T.K. Basak. Eleclncal en§teenn§ taleral®/MVe\y ASe 1n(enaional, bH
ecLlkon. b18A, 2009. 47-bel

B CGallbler\WHar O., Maleral8 severee an(l en8teenn§: an T(rekluclion, 71
ecl.p.ct/- PrHal 7 ke Mt lalsialesolr Atenca/ 1obn \Ylley& 5om5,1nc.- 2007.45kel
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10.2-ra8w. 1)leleklnMa ku/.alllacl”™an c|u(blawsMar.

Konéensallr 3184rw ya konclen5Salorcla yl84l8an saryac! cHelek-
Inkcla 3ocHr boYacHSan aulblawsb Jarayonlanw o'2kla ak3 elllrecll
(10.2-ra8rn). Eleklron uywblaTxbly™® Cy aloT yoki tonlar elek-
lron uobl8 T T8 s1™sbl ya erllsbl bl3obl8a 3ocHr bo'lMb, b 1luréa-
§1 AnlblaTt3b kalia (exHbla (10 [Bek.) kecbacH ya falyTtal ~baHéan
yorn§ HknilMé 3tcHn3b ko‘r3aHacbl kyaclram8a (M2 lenmScHr. Buncla
un~blarsb barcHa cHeleklnklarcla kura(llb, wulartn§ alorlanclagl
eleklronlar Tnsbal eleklrocl 1oton 3lLiycll (“n/IH boUTa8an 3unymsa
bolal(1a8l ya fallly cHeleklnklarcla un”blat3b 3u3! kecblb, er ylytaH
2,2,5 alxoiicla bo' 1acll Eleklron simlblarnabclaelek1r5ly1sb (O) taylon
kucblan8anHs: (E)%a 103 raYisbcla o ‘r8arac/l, sbuwn” ucbun bat er
kucblan8anHkka bo§‘ A boUTtaycH. Jlat sally bolalclan 3uywsa bo-
lal8a oY8artcla 2:cbHs: kartayacll, nalyacla un”blatsb baT 3eKT
3u3ayac/l. Eleklron suvlblawisbcla eleklr ener§iya3: 3aH' boYTaycH.
Buncky saulblartb nei Toylancla (oklol), sallla To(lclalar paraiin,
poH3Hro!, poHelllen ya bo3sbsalarcla kuralllacH.

lon unlblaT3k(Cl, u) km3lall paryaraH uallla ]13tlarcla bo‘sb
bo§Yan8an tonlar 3lMp3bl nalyaslclaro‘y beracH.lonH slllblawsb elek-
1ron au{blawsb8a T3ballln kncblMros kecbacH yaernt8 LiyTau 5,30
oraH8Ycla boYacH. lon oUcbat ~ballckn elek*ronclan kalla bo4ll,
Anlblawsb \eT\ul e3a, ak3Tcba, pa3s! bodacH (b>10 ).



Bunéa eruylyTtall cba3lola8a bo8'HuyeTas. lon unlblat3bléa elek!r
3M"3b Tayéon kucblanéanlst E 8a, erdyTai esa tarkur kucblan-
8anlNkka bo§' Hy boYTtayéli Harora* ko‘lanHsbl blMan kn3bll pan]a-
raéasi tonlar oraséast Tasola oHaéb blalyaéa oraHugas: lorinsbl3b-
kucbl pasayacll ya ton um(blaw$bl kucbayacH, ya'tionH cHeleklnklar-
claTasalan, 3lywéa, ba'211mréas: 3opollarclaermpyTai o'3b boracll.

lon uulblaTt3bléa ener8iya 13roi kuranltayél, cbunkl uu!bla-
T3b8a sarfdanacM8an energ§lya tanbaga 1o Hy uralllaék Paual ynuon
cbaslolaéa tonlaTT§ reronansi bl3obuwa Ttalenallaréa eleklr ener-
§lya 157OA kuravila(H.

Olpol-relakxablya unlblaT$bl(CO™ uOK ros) be(ariib 1331uHk
Harakaiiiia bo'18an rarracbalar (cHpol Tolekmlalan) eleklr Tayéo-
T lasTtéa o‘r yo'naHsblT o‘8ariin3bl bl3obl8a ro‘'y beraéb A8ar
Tolekulalar, kucblar €| pollaTtt§ Tayéon wuxra yo‘nallsb oHsbl§a
xalal bertasa, n bolcla (Hpol uu(blaw$bl 3ocr boMacH. CMbI1 cHelek-
Inklaréa8l clpol ToleknlalannTt§ Tusba! ya Taniy 2aryaélannt§
08MrTk Tarka2lan blir-bln8a To03 ke!Tay, balkl Toleknla cbekka3si8a
3lM”an boléa eleklr ToTen bo3l yHaée Eleklr TayéoTéa uwng
Taniiy cbekka ¢3nH Tusba{ uoplarta8a, Tusba! 3rw esa taniy
uoplarta8a KOTon bunH3b8a willacH. 0lpol Tarkur bunlfsbéa TaynT
uarsbllikka (r/)K) wvcbraycb ya mw yen813b mcbun enerpya 3arl” elacl
0lpol yulblatsb ancba 3ekT (1=10[ 10 &) kecblsbl 3ababH raciio
(oUdweéa (106,108C3) Tayéon o‘28ansbl umHartsb yauiisa yauyt-
lasblb yolaci; opbaléa ynyon cbaslolaéa clpol Tolekmlalar Tayéon
yo'nal3bTT§ 0'28an3bl8a nisurolray uolaél ya umCblatsb 3usay/l, er
yTal pasayaél 01lpol ymlblaT3b umilbll 8arlar, 3uymyllklar ya ba' 21
or§aTtk uallly ToééalarS8a xo3éi. Kucblan8anlk wrM8anclan 30‘n§
81polnlng 1331k barakai 1la'3Téa larnbl1 3usayr3bl yauii (ek3ponen-
315l o'r8araél8an e=2,71) relakualxlya \auii éeb alalaélld CwilbH éb
eleklnkéa e yTaiwng baroral8a uarab o‘'r§ansbl, pas! baroraléa
~ 3T uoymsbuoullsl ynuyonHSL wlrayH élpollar barakalsl2 ya e=el8a
len§ bo'1aél; Talena! LI2é1rT3a, n yntibab tobkll3bualanlsb 3usayl-
3bl nalyasléa é«pol bunlMabl yen§lllasbaélya erllyTain orlaél; ynuyon

U Byay Kwutar 5Halra.,Eleclncal anc) Eleclron(c Malenab Bcience./ -
Open8”axCNX,/ 1ncya—2014, 31-bel.



barorallla e3a cHpolnw@ awu yo‘naMsb oH3bl8a 2arralartn§ belarHb
1881UHK barakaliwng orinsbl xalal beracH ya o‘r nayba(bla ec(\yTa\\
katayacll (KO .3-rasT).

a) b)
FO.3-ra3Tt. Kelak$a(8ion (4HblaTxb.
lon-relabalxlya ubiblaT3bl(C.r, €.r, r.r) ba21 anor8awk Tocl-
clalarcla kuralllacll. BunHa TocManin§ o‘raro bo'8Hbo§' lan8an tonlan
1a3bsi eleklr Tayiion (a'3Téa awpg yo'naH8b olacH. A8ar eleklr Tay-
clon olMn3a, unHar3b eksponenslal gonun bo‘yioKa pasayacll.B
Eleklron-relak3alllya ymMaT3k (Cer, g r, r ) 3rncHn3b
Ko‘r8ariacbl yngon ya kalla icbki Tayclon8a e8a bo‘ 18an c/lelek(nklar
ucbun xo03 bo'lb, uo'3blTcba eleklron yokllesblklarw 13314k ener-
§1ya31 blMan la'51lrlanlTt3H oruaH yunra8a kelacll. Bu lurclagl anlblawsb
a3031 Telall ok3lcH bo'l8an ba'r1 k1T1ycTy bTkTalar (1Han, wobly,
Y1371 1) §a xo3cHr. Tarkiblicla Lan bo*18an eleklron-relak3alslya un(b-
law$bH 30poMa elek(r Tayclon cHasio1a31 olli3bl blMan cHelek1nk 3T§-
cMruycbanlk katayacH (10.4-rasT).

PELE R S

10.4-ra8LU. lon-relak$ablon cuyHblaTtxb.



Muwrallon anlblankk(Cu, ym, rn) larklbl bilr “n3 bo‘lTa8an
yanly ~3rrfMaréa uml:blatsbnt8 uyo‘sbltcba TexawrrT 8llabrla
ro'y beracH. Il pa3s! cbaslolacla ynra8a kelacll ya eleklr ener§lyasl
Ko'p nuuéoréa sardawsbl blMNan xaraklerlana(H (10.5-ra8T1). Bunéay
yn(blawsbw kellnb cblyaracb8an o T War lexwk clleleklrlklarcla8l
o4Ukarnycbl ya yantoUkaruycbl Ll3tlar batéa oYka2mycbanH§1
LrHcba boY8an uyallarlarcllr.16

a) b)
10.5-ra8w. Mwrablon (uMblaT3b.

O'r-o'rlan (uponCan) uniblaTHk(Co., 40, r(y) 8e8neloeleklnklar8a
x03 bo'lMb, binncbl bor n 3e§nel nw (KC4H40 4AH20) éa kuralllacb.
TasbsalTayckT boUTa8ancla 3e§8neloeleklnknt8 Tay nt A15T1<3a (L-
pollar o‘2-0‘21éan blr-bT8a wsbalan T03lasblb, awuy yo‘naHsb ola<b.
0 ‘r-o‘2iclan unlblanuycbl Tolicblarwné alobl(la 3obalarkla (cloTen-
lancla) eleklr TotenH yo‘nalsbl WrMcba boYacb. Tasbuyl Tayéon
la’'atcla (lotenlaTT8 eleklr ToTenb Tayéon loton yo'nala<b
ya 3Hu 3ababH kuncbU L|,V|I7IHaLu3b 30ciIr boHach. 8e8ne*oeleklnkwing
clMelek!nk 3718cbruycbanlg§l Jucla bat ywunyon (500-20000) bo4rls,
n Tayéon kwucblan8anl§l ya baroral8a u2Yly raYl1sbcla bo§4lucbr.
Oleleklnk 8§15(ere215 3e§neloeleklnkwng xaraklerH xmn3n8lyallanclan
btcr. Kymnn nuula5l bMan bo§‘ Huy Harora! ulytallancla6otenH uun/l-
lawsb knraMacb ya un elek{r Taygow kucblan8anHS§k!a nocbl21ull
bo§UaTt3b8a e8a bo'laxll TasbulTtaynon kucblan§anH8TT§ TaylmnT
ulyrtabclan bosblab 1lo'yTl3b ro‘'y benb, uulblawsb o‘28arTtay uo0-
la<b, ak3Tcba, Tayclon l1la'aT pasayinrlfl8ancla ya n orcHnala o ‘ulw
Ke3lb, nol8a len§ boU”an/1a”3T unlblawsbl Tay nT Ly Tal8acba pa-

16 Cal1151er \\,11Mat 3., Malenab 3aence axl en8Teenn§: an Tlrocluclion,
7lbeli.p.cT/ - Pnnlec! T 1be bhllecl 8lale$ ol ATenca/ ,lobn LUMey & 8on5, 1mc,-
2007. 51-bel.



3ayac/1. 8bnwing vcbun baTt 0‘2-0'rklan umMlblaw5Sb™a™ayor’("a cHelek-
1nknT8§ 3718cHrmycbanHS81 elexk*r Tayclon kucblanS8anlwwa bo8‘ Hy,
boYacH (10.6-rasT).

10.6-ra3t O‘r-o‘2klan (3pon'an) un(blaws$b.

Olelekwk 3T§cHruycbanHknT§ baroral8a bo§4lull8lcla kuraH-
lacHSan yvuon ylytal Kyun baroraH yoki Kyuvn nwlaii éeyllacH.
Ana 3bu Taubul barorallla yuuon 371§cHruycbanHkka ensbllacH,
buncla p3tcla 3lruklura o ‘28ansbl 3ocHr boYacH. Bu nuulaclan ywnuo-
n barorallla Ta(enal o‘27 178 3e8neloeleklrlkHk xu3usiyaHT, ya'w
er ulytaHTn§ elcklr yokl tagnl Tayclows8a boY8an bo§UluyH81Lw
clotenlar {o‘plarTwng _)oy: o‘r8ansbl bl3obl§a 3eSneloeleklnklarcla
eleklr e3kT3bl kuralllacH ya erulytaiinT8§ ke3kT 0‘28an3bl Kyun
baroraHcla socHr boYacH. A§ar 3eSneloeleklrlk Kywun nuuy*asl8acHa
y121MHb, 30‘n8ra Ke3kT 30ykl3a, nwng cHeleklnk 3T§cHruycbanls:
o‘rTT8§ a3l ylytaHS8a yaylacH. 0leleklnk 318cHrunycbanHkwillklasb,
3e8neloeleklnkka ynuon kucblawsbH eleklr Tayéow 1a’slr elUnHb,
atal8a osblrHacH.I7

Olelek(nknln§ Texaw K Xxo33abwuy. 1201ai8lya Talenallan-
clan 13blab cbluyanl8an kon3lruvk3lyalar TexaTkK Kucb 1a3T o3HIMa
bo413bl 3ababH nl1atT§ TexaTk TndlabkarH§1 ya clellortal5lya8lw
0'r8awsb kalla abarwyal8a e§a (10.7-rasT).



a) b)
10.7-ra3T1. Malenallarwny TexaTK xo033alan.

§lallk cbo‘rlU3b, 51ullBkb ya e§LLU3bnT§ oacby ko‘nT3blan atally
Texalw KanT§ a3o31ly yonutyallan§a bo'ysunacb ya buncla8l Tuslab-
kaTlk cbeSaralarwng ylyrallan (ud/ixc, xe, 5/iia PaskalllaoUcbanachb
(1 PA=1 bl/T2=10 5k83/372). Cbo'21IMN3kcla8l Tu3slabkaTtlk ymnpua
Yaray, ya la3Tta 3bakHcké! (beleklnklar§a xo3 bo'Hb bu Talenallar
oUkar8icb yurasl8a, Ttasalan, kabel o‘xa8i8a uoplanayol8ancla bl-
30b8a ollnac/T:

8cH=Kcb/p Pa>

buncla, Pdd- cbelek*nknt§ urll3b labrablcla8lla 3lr kucbl, k§; P -
cbelek{nkwng ko‘'n(lalang ke3ir yu2asl, T2 LW 3b TasblnasMa Ta-
lenalnt§ yetTM3b” a bo'l18an TnsiabkarHs:t (P~ nT§ cbo'rllsbl

/| =— mo00% baT aTtyknacl.

10.8-ra3t. Cbo'riM$bclagl tns(abkatHkKW iielorrablya”™a
bo§' HuHSL1.



Nesbly cbo‘2lU3bwng kwoblk Llywallan wo'rt ya uallly ~31lar
(cblnw, 3bl3ba, §eHnaks) ncbun 1e8§13bH bo* IMb, yayi3buoy Talenallar
(rerTa, elasloTer) éa e3a / ko‘r3ailacbl wsbalan kaiia ylytallar§a
boYacH (10.8-ra3T). CHwHa uaylsbuoy Ta{enalnTt§ Texawk TU3-
tabkaTtllst blcblk Lilytallar§a e§a. Ba’21 plasHk Talenallarcla / Lhy-
Taun uallly ya uayxsbuoy TalenallatT§ xaraklensHkalan oraHp4éa
boYacH. Malenalnt8 Texaw kK Tu3labkaTHst Tax3mu3 layyorlan8an
natunalar yorgatbla atyuknac. Malenablan (ayyorlanacH8an na-
TunalaTtT§ 3bakll mlarSa yo‘yMacHS8an kucb yo‘naHsblw bl3obga
0l8an bolcla 13blab cbkplacH. Ma3alan, c/lelek1nkTtn§ cbo”LL3b (a),
31LHBH (b) ya egll3b (x) 8a boY8an TnslabkaTtH81w awlasb ncbun
layyorlanS8an natumnalaTT§ 3baklan kelHnl8an. MalenallaTT§
51LI1MsH8a boY8an yauHncba uyarsbIl8:  yuuoniia kekTl8an 1&é&a8a
0 ‘x3ba3H bo4lb, umylclagicba awuylanacH:

Ta]nba8a aso3an, uwelallarcla ac = a5boY8aw 3ababH ularcla 31L1{-
Mbclagl kucblawsbw awnla8Sb 3ball etas. Oleleklnklarcla e3a aA dV
boU8aw 3ababH, Texaw k TMslabkaTHK 1kkala yo‘naHsbcla aloblcla-
aloblcla awylanacll. Tolall ya uallawH <Helekl:nklarw 3ta3b wuc-
bun natmnalar layyorlasbcla mlarcla§l lola yo‘naH3bl e’Hbor§a oH-
nacH. Ko'pcblHK cHeleklnklatTt§ 31yllisb8a boY8an Tmn3siabkatHs1
cbo‘2llIsb8a boY8an TmslabkatH8lclan ancba yunuonlls: (od< a)
3ababH wnlarwi, azosan, 31LiH3b yo‘naH3bl bo'yoba 13blaH3b Tay3acl§a
TMYOWLCHT.

N3Twn§ e§llsbclagl 20 'rkp3bl e§nycbl Totenl (M) Tn§ uarsbl-
Hk ToTtenn (IV) 8a wsbaH oryaH artylanacH:

M
a, =1r-

Axksanya! TalenallarTng texawk Tn3iabkatHs1 nlatT8 Kes3lr
yurasi8a nz2 Yy ray”3bck bo§H1uy boYacH. 0leleklnkwng TexaTK X03-
3a81 baroral8a bat bo§4Yluy boYJsl, 13314k lastcla MnT8 Texawk
Tu3labkaTHs1 kaTtayacH.Ca8ro3kopik Talenallarcla natlk or(a bor-
8an 3an nlartng Texawk Tu3labkaTHs1 pasaylb boracH.



M o‘rlUk pla3uk (lelorrmal5lya812 yerwinHsb 1nn8a kTbh, n talenal
8lrvklLra51 ya lek3bT3b 3baroll8a bo§' Iy boYacll. Malenalpa 1a'3i+
ellinlacH8an kucblawsb 1e2k1 03blnb bonHb, nTN§ baroraH ke3kuw
kaTtaylTtlsa, ]13TnT§ To0 '‘nlMkka boY8an Texawk Tum3iabkaTHs1
katayacll. Ko'p8ta Talenallar kalla 3ialik yerwrll3b kucblaws3bl-
8a e8a bo'Hsbl bllan blir yalorcla, T o ‘rlls1 3ababH, n1atT§ cbnarlk
yerwnH3b kucblat3sbl kioblk boYacll. MalenallaTT§ c/lnanvk Kucb-
laTt3blT aTtulaycHS8an nanl - bu nnlsb e8MNuycbanHs1 yok1l unlsb uo-
ynsbuoyH81cHr. J131n T8 mnH3b yoymsbuouHS: y vw 3TcHN3bNa 3arl”
elllacH8an uynyyalnT8§ (A) 3bu ~3T Kc3iT yurasi8a (P) boUSan 13-
baii (3 = ~.M T 2 oruall atylanacll. Bu pytal poHelllencla 100 ¥ /12
bo‘18an boWa, 30pol ya ruwkalekscla bor-yo‘84 2-5 k.1/T 28a lenScHr.18

3uyny, cHelekl:nklar§a (Toy, 1ok, KoTpamnc!) Tn§ TexaTK xo33a-
lanT o'r8ar3bcla uoynsbuoulk uo‘lkelacH. (~ ‘ynsbuouHk cleSancla
anymulk ya 8ar Toleknlalannt§ 3lyisbcia§iicbkiisbuyaiat3bl IulfayH
ynra8a kelac/18an icbki uarsblHk LWibunlMacH. V W bllan bel8Matb,
cHmarwk uwoymsbuoulk (icbki 13buyalasblsb) cleyllacH ya 1 Pax3 = HOP
= 1000 3P (Pawur)cla oYcbanac/1 (10.9-rasT).

10.9-rasT. (“oyumsbuouylkwn” baroral8a bo§ HuHS:.

7
Y= kKTeTallk uoyusbuouyllk cleyllacll ya 3lok3larcla oYcbacH.

Olelek1nknln§ Veik xo3salan. Olelek1nknT§ 2icbllst % w bk
Hsb Tab3nlollayyorla3sbcla Talenal8a boU8an ebiiyo]t, unT§ balr



yokiTa3s3asbl arylasb ncbun rarurcHr. 21cblMNk”™ 3T Ta33as31(T) NT8
mnt8§ A r1 V8a wsbali oruaH atylanac/l:

r=yk8/T 3.(10.2)

Or8aTtk walenallarclay = (0,5-1,5)x103 anor8awkc'!a e3a bu yly-
Tal blr o2 ynuyonrou: y = (2,571,0)x 103k 8/73

MalenalTtn§ §18ro3kopikHs1 A 37T (matmnart) TayumT yaul 3ny-
éa usblab LLUn3b oruaH artuylanacll:

Y= T\ -'nr .100% . (10.3)
L,

bunHa, 7/- uuruy natunawng Tassas!, r; T2- naTmnartng suy-
clataywuTt yaul nsbla8anclan keyTs§1l Tas3asi, .

Bn kaKaHk cHelek(nknw§ nat8§a cblclarlll§1Lll babolasbcla yor-
clat beracll. Ko‘p8Tta cHeleklnklar TaymnT clarajacla €18ro3kopik
bo48anHs1 3ababH, 120lal3lyatr natHan blToya w/lacll.®

12o0lyablyaw natfblan blTtoya yllsb. 3blTHT3b n3nHHa 120-
lalzlya bo‘3HMuylan §18ro3kopik boUTa8an yoki KaT 8§18ro3kopik
uallly, yok1l 3uyuny cHeleklnk bllan (oYalllacK. 8bltclTtl8an Talenal-
lar8a ayyaluia naTt 37~Tay, Tayunt yau! od8anclan 30'n§ bm xo33a
yoTonla3sba boracll. Ba'21 3bltclrM™an Talenallar o‘218a nat olTay-
c/ Masalan, 3bltcnl8an tartarHa r dpytaH wuroy yad o‘28artay
LracH. TolaH 3blT(Mnl8an Ttalenal (Lo8'or, kaJlon, Ta'!o 3ellnlo2a)
larcla e3a r pyTam asla-5ekT pasaya boracH. 8bltcltlTa8ancla8l
kabl 3blTclTl8an uyaHn uyo8‘or (kalkon) Ma bat natHkK Talenal8a
a3la-3ekT 3781b boracH ya TalwuTt yadhHan 30‘n§ IV chytaH 1kka-
1a yo8‘orcla HeyarH blir xI ¢pyTtal8a e8a boYacH. Hayo bo‘sbHulan
bo4s8an ya 3bltcHnl18an Talolar g3ua TméHall natHkka barHosbl1
boYlb, ularcla E/ hyTan uurmy 3bltcHnl8an talenllar8a T3balan
ynuyon boYacH.

120lyalslya xara&ensHkaslin o'28arlrrasclan 3aulasb ya naTtHKk
la'sTw katayllns3b tausaclHa 3bltcn3b m3nHc3an lasKuan, loklasb

19 ByayKuTtar 8barta.Eleclncal anc! Eleclrowic Malenals5 Baence./ -
Open$laxCblX,/ inchya - 2014, 51-bel.



n3mlf(lan Haw rloycblanMacl. Bwunpga, 3bltclnl8an ~ 371 uaHnHs:
0,1-0,2 T T H1lok ua(larw bllan uoplana(H. bekT by nsmnl natHK 80%
(3an oii8ancla o‘rtl ouylartaycH.

Bunclan 1asbuan, 31cd3b wm3ull yorpgarwck tab3mlol yurasr uaHn-
Hs1 1-2 T T bo'l8an plasiinassa yopiaTtas: blMan yoplanaclfl. Bunéay
uopiatanT§ TexaTk xarakiensllkaian 10K yopiata TexaTK TU3-
labkatlg8klan ancba yuyon boYacll. so‘nss: n3snl tab3nlol:wun§ bayo
natls: 90% Sacba boY8an bollarcla :3boncbH bl Toya uMacrl.

Mab3unlol ynrasw uyoplasb unsmlanclan bln 13bloy benlacll8an yun-
raga layyorlan8an koTtpawunc! ynylsb mnaullclr. Buncla (lelalnT§ 1:a3bd
dp3rT8a 103 ullb Tax3ui uyolp yasalacH ya wun8a 3mymy boMas:
plasltassa {oYcHrlMacH. Masalan, epok3l<3 3Tolaslclan layyorlanSan
uoplaTtant§ uyallnHs: 10-20 7 T ullb olnacll. Mab3ulol 3uyullrli-
8an koTpaun<l8a boinb olnacll. Bu mn3mnl cHeleklnklart 95% 8§acba
natHk (a’'stéan bl Toya yllacl.

Barcba bollarcla bat ~3T7w natHMan bl Ttoya ull3bcla or§aTtk
Talenallar yoYlanMacH. Bu Tal:enallar §:8ro3kopik xn3mn3iyai§a e8a
boU8aw wncbun o‘2i1ccan naTl KT oYkaracll. 131lal8an or8aTk (Helek-
*nk yanéaycbr rwuclor(la nat 318cHruycbanHkka e8a.

Ba'2:1 or8atk clleleklnklar ncbmnn nat 317~cbn3b koellli3iyenu

unyicia§icba(rr:
Parabm.........ccco.... 5x 10' 10
PolMellen.......ceeueeee. 3><10 10
Epok3k! 3Tolasl.......... 5710"9
bIeNM b KU T oo 1x tO' 8

OleleklnkT natlblan 13boncbH bl Toya ull3b Tausza<lWa bo3T
o311aa unylsb unauml yoYlartlacll. Cbunk: bn nanka ollnaclfg8an uopla-
TanT8 yaHnNHs: kalla g yTai18a e8a boHach ya tab3nblrn natHblan
yax3bl bl Toya uylla(/1. A8arcla bl Toya yopiata3si(a (3arryoklyeTT-
M3b 30cUr boUsa, natTHK yoplaTta tobl8a lercla KTb boracll.

Yakuuntcla rrcblasb usullitia bl Toya uyllnaclf8an Tab3ulol Telall
uoblyua JoylasbltlacH ya uwopuyoy bllan kaysbaHanacH. Melall uopla-
Ta clMelek{nkw naTtéan a'lo AawaAa bl Toya ullacll.

C?08'or 1201a13wyall ynyon kucblatsbl kabeWart natckn Tubo-
Fara uMaclM8an blToya uyoplaTta3s! 3lMalicla 1201yai3iya yurasl8a wur-



k312 uoplanacH8an welall (uo'‘r§‘osbln, alunHuwy, podal) uoplarta
13blalllacH. Bu uoplatalar 12olyalslya yurasl8a tax3u3s pre§slarcla
uoplanacH. Eleklr Tazblnalanwng 12olyalslyasl naTHK (a’3Tckn 1lok-
lasb, 3bltcHN3H ya koTpaunc! unylsb nsuan oruaH bl toya yllTacH.
1bInk512 13blaycHS8an eleklr TasblnaslnatHkka cblnaTtl boYacH. Bu
TasblnanT§ Tniiasl 13b Tobaynbla ¢ 213bl nalyaslcla 120lyal8lyasl-
nT§ nartlanta3H§1l bMan 1usbunltlacH. Woy TtucMa! 13blaTa8an
(oTborb6a 3aulan8an) eleklr cbi8aleH yokl §eneralorlartT§ 120lyalsl-
ya bolaHlek3bTHb, rarur bolallarclanlaTtT§ 120lyalszlyasl yunHH-
3bl 3bar!d

KilTyoyly larklbl8a uarab <Heleklnklar 2 1ur§a boYTtacH:

1. Or8awk (polTerlar, rerta, 3boyO.
2. bloor8awk (3lywucla, kerarwka, 3bl3ba 3iollar).

Eleklnk xu3u3lyallan8a uarab 2xI1: pa3l cHa3slo(all (eleklrolexnik),
yuuon cbaslo(aH (racHolexTk).

Oleleklnklarwn§ bal uluycbl xvm3nslyall - bu 1551upa barck>5bHSK
0'r xmsuslyalannlvroy yay! dp2cHnl8ancla baT 3aulab uoH3sb. 1331lyua
ban303bHk LobllyaH claralazléa uarab, cHelek!nklar 7 31 8a boYTacH:
EL A, E, V, P, M, 8. “L|” 13blazb 3HarolLl 90°C clan pa3! bo413bl kerak.
En§ ynuyonsl “8” 8urmbl: 180°C ya vin<3an yvuon Haroralw msblaycH:
3lywncla, kerariwka, 3blsba, 311allar.

OleleklnklatrTt8 xo33alanS8a naTt oYkarlsbHk kala 1a’slr
Ko'r3alacll. Oleleklnklarcla lok oYkaruycbl plyonkawn§ ya uaHart-
wng bo3slM boYl3bl 120lyalorHk uwoblllyaHS8a 3albly la’slr ullacH, ballo
lesblb oH13bl baTt T TKT. 8ny ToleknlasTT8 cHareln ¢1=2,5-10-10
T Jucla klcbkTa boYacH, 3sbntné ucbun 3ny pan HatTta yoyua KTb
ke*ayeracH. Eng §18roskoplk Ta(enallar 2lcb ya §‘oyak3l12 talenallar
3ny paHanw oYkartaycH, bunlar§a 3kallar, 3bl3ba, kerariuka, epok3c!-
HplaslTassa, unlb312 poHTerlar biracH.

OleleklnklawllanlasbéanlaTT§ T 31abkaTllsl ya Texall K X03-
3alan baTt eUlbor8a oHnacH. Kerariwka, 3bl3ba, 3kallar ancHa tu3slab-
kKaT cHelek!nklar, 1ekT T 0 ‘I boYacH, nlatT§ e§llI3b8a Tnslabkar-
Hs1 8en=(30-300)-500MPa.



$1ltkllra ya xo33alanwng§ wmr§ mnHs: <Meleklnklarwng 13blain3b-
ek3plnla(:8lya ulllsb TmuclUalkiw bel8lMaycH, 3blsba”a PbO ya BaO
uo'sbllisbl nnT8 eleklrolatyo “esblH3blMa wuar3blU8iu o3blrac.
Ko'pcblIlNMk pla3lTtassalar rarryac! 1a’3tcla kuylb ko' rwrlasba<H (yola-
WNyao'rTT§ 120lyalsion uoblHyalwl yo'uolac.

PoH3IMrol, or8awk 3blsba, Morop!asl ya kreTwy or§aTtk plasllklar-
clabu kaTcblK yo'L,

Oleleklnklar orasbla keranuk Talenallar (ayTuy3a, 3e§nelokerarT-
ka) alobkla abartyal8a e§a. Bular eskirtaycll ya drelnsb”a wabalan
1vrgnn.

Kerarwka 12olyalorlarwi, koloclkalarT, plalalarw, §‘allaklarw ya-
3a3b(3a 13blanlagl.

Pasl cbaslolalarcla elek!rolarlor 13blaiilach: arron, yaxsbl eleklnk
xo33alan, lekT Tu3labkaTHg§1 pa3! ya 200° C éan ymuonéa Kalla
“yo'uolllisb” 8a mcbraycrll.

Yuuon cbaslolalarcla 13blaycHS8an clelallar azo3an 3leok noTH Ta-
lenallarclan yasalac!i. Buwné larklbkla rararH uo‘3bltcbalar yo‘y ya
100°C 8acba o'r x033alanT yax3bl usblab lura olach: yaxsbl pre3slan-
8an<3a, kmycHnl18an(la-pl5btl8ancla kT3bl3bl 1-2%. 7ncb ya §‘oyak
sllkllraH batcla awuy oYcbatH clelallar ncbun 13sblalllacH. sieo1k
yax3bl druack. KatcbllN8§1: baroraHer o‘r8ar8ancla garm. kelacll

Yunuon cbaslolall konclen8alorlart yasasbcla wkralaH'or, 3”eolll,
3lannalll, keranuka 13blalllach. En§ yax3bl x033aH kerarwka THO 2a30-
3licla boYacll. Bunclay kerarwka 2 X[ boYaclT:

1. Tikon(lalar: T-60, T-80, T-150.
2. Tertokoncblan T-20, T-40 rauatlar “E” wn8 rwuyclonT
blclMracH.

Tlkonclalar asos3an lensiokoTpen3al8lyaloycbl konclensalorlar
ucbun 13blalllac/1.Ternmokonclalar ynuyon 1mr§ unlfkclaél konéensa-
lorlar ucbun 13blailNMacH

Oleleklnk TocKalar cleb, s3bunéay Tocl(lalar8a ayblacbla, bularcla
yalenlH rona oYkarnsb ronasbla ken§ Tan elll8an ener8iya blMan ajra-
LUSan. Oleleklnklar ualllu: (kerarwka, pollTerlar, 3bl3ba); 3unywvu;
(benrol,101uo1l, yoclorocl, k13lorocl, ar§on) bolalcla boYacll. Bular<laer-
KT eleklronlaryo'‘u, boMdryHk yalenll yok! koyalenll. Oleleklnklar-



120lalorlar lok oYkartayclUar: w3bly elekltouarsbllk <5=1024 02
0T T. OlelekTklarnlng xaraklerH xu8msiyall nlatTt§ yrblawsblicHr.
(Eleklr raryaclar 31LLycH).

10.10- ra3T. 1)]elexklnklarntg kn3(allk (UxLLU3M.

Konclensalor yoplaTtalan oraH8Yc!a8l bo‘3blk] boY8ancla 3184riu
80bllan belSMayrw?2. KonlMensaiar yoplartalan orall§Ycla <Helek(nk
bo‘ 18ancla8l yuYncH3k

§=E-30 '

E-cMeleklnk ckmrity, konclensalor uoplatalan orall§Ycla bo‘3blMly,
o0'Tkla blror clleleklnk boY8ancla, korclen5alor 31&4rTwng necba
Tarla ori3blw ko' r3alacH.

Hayo wucbun E=1, okt*n™nJ/1 E=4, Tut E=7,8, parain E=2,1;
3blsba E=7, cblnw E=6,3; ebonk E=2,5; kerortka E=20, 3unylar
ucbnn E=81.

Onlblaw3bnTt§ aso3ty ToblyaH 3bunclan 1boralkl, blir-binga
boMHL eleklnk raryacHar tay6on l1a'stcla 3urllacllar-3M"ycllar.
8 JT18an raryacHar o‘rlannT§ xn3usly icbki tayclonlanru bo3l uflac/l-
lar, bn Tayclon yo‘naHsbl 1a3bui Tayéon yo‘naHsbl8a le3kan boYacH.
OwblaT3b oYcbartn-cHeleklnk ckmrrylkclr.

Oallly, cHeleklnklarcla ulllblawsb bar xI boYacH, 1ekT baTtTtasi-
Tn 8 ywHncHs: E wn§ kaaH§T1-LiiytaHT1MNoclalaycll. Konclen5SalorH
cHeleklnklarcla E kalla Taycloncla o‘r8aracll. E=(12—15)-100000.

Onlblawsbwng en§ a3osly lurlan: elexk*ronH, wonll, c/ipolrelaksalsl-
yall ya 0‘2-0'21clan (“3ponlaynaya”) yu(blawsH (10.11-rasT).



10.11- ra3T. EleklronH, wnH yn(blar 3xetas!2l

Elekb-onlar bir rutéa avnlaciMar. C>ulblat3b yaub Jucla kaT 1=10"18.
Cba3lola8a bo§'Hu eTas.

lonlM ymlblaTt3b yoplatalanTtn§ elasHk 3unlisbl bl3obl§a boYacrl.
8unlsb Tasola3l tonlar orasiclagt Tasola<lan kaT boYacll Manlly
tonlar Tnsba* elek*rocl loton8a, Tusba! tonlar tanHy eleklrocl lo-
Ton8a 3urfacl. lonH umlblawsb ckyn ~cla kaT *=10'13. 0lpol-
relak3al810nl uywul!blat3b uw/IH cbelek!nklarcla natoyon boYacll.
OlpollatT§ bunMsbl E T yax3bl§Ta o'r8aruracll CMblanta8an
cbeleklnklarcla E nT8 urytan 2 clan or§ta olly. (ulblan8anlarcla
n blr necba bor kaiia. 01lpollatT§ Tayéon lastcla bunlsbl ya E
ofb lasblan8anclan 30‘n§ orua8a uayHsbl ncbun tolekmnlar kKucbT
yen8i13bl kerak. 8bnnT§ ncbmn bun8a yaul kerak, ya'w yuuonclagl
utblawsb 3ekTroy o‘lacll CHrclMza, (erk3bacll, cbunki Toleknlar
kucblar katayacll.

0 ‘r-o‘2clan uymblanisb Tladal bTa cHelekTkcla- 3e8nelo elek-
Inklarcla boYacll. Bnt Kymnn nuutasi§acba 3oY1iMgancla o ‘r-o‘2l<lan
unlblanacrl.

oleleKinkiarwn§g-izolalorjarTng eleklnk uarsblllsr  ywuuon
<S>0 1 1. Bu yl2cknlSan(la katayacrll.

2 Calli5ler,\YLl]ar O., Ma”enab 3aence anc! en§teenn§: an Tlrcxluclion,
TIHec!.p.cT/ - Pnnleclt 1be W kec! 8lalesol ATenca/ ~oHn Mley & 3ons, 1nc.-
2014. 685-bel



Oleleklnklarwng elek(nk Tu3ilabkaTtlsl lesblb oYi13bl§a uarsbl-
Hk blMan oYcbanacH. Te3blb o413b - bu uallly cHelek{nkT Tayéon
1a'8incla LraHb boYTaycH8an (uay”~Ttas) burllsbl™a ya 1rolyalorHk
x038as81lt yo'uoH3b8a aylllacH.

Eleklnk TusrabkaTtHK le3blsb kucblat3bl Ye cleb, 1ok unyyall
Ne3bBb N*<Helek*nk uallnl§i8a T3baHcHTr:

E,=YT/5

Te3blb 0413b 3 xI' bo* lact eleklnk, 1381UHK ya elek1rokHMyo.

Eleklnklesblb oYl3bkavaba]tcla8l elek{ronlarlUr§ MmnHS&TTS ton-
lasbBbl nalyaslcla ro'y beracll. Bu kalla kucblat3b (E >1000M Y /T)
la'stcla birrutcla (1=10 M (M3) oYacH. Oclalcla, le3blsb 1ok umyyaHLu
oUcba8anc!a yok1 nnT§ kaiia 3akrasblck boYacH.

1331aHK le3sblsb Tayéow ya 1331yHknT§ blr§aHblas: 1a'3 T o3Hcla
boYacH. 8bunT§ mncbmun konlaklr 30yllb nT3H Kerak.

Elek(rokltyo lesbl3b eleklr TayclonTT8 uroy 1a31ln o3Hcla J1-
eleklnkwng 3irmkuirasl o‘r8ansbl ya ETTn§ pasaylsbl nalyaslcla
boYacH.

KntyoY1y larklbl8a uyarab cHeleklnklar 2 1ur§a boYTacH:

1 Or8atk (poHTeHar, rerTa, 3boyy).

2. Or”™artk eTas3s (3lyméa, kerariwika, 3blsba 3kollar).

Eleklnk xn3u3lyallan8a uarab 2x11 pa3* cbaszlolall (eleklrolexuik),
ynuon cbasl:olaH (raclfol:exuwk).

OleleklnklatT§ Hal ulwnycbl xu3m3lyaH - bu 1331uyabarcloSbll-
81: o'r xm3m3lyallarlnl wroy ya ulrcHnl8ancla bat 3aulab uoll3b.
1351upabarclosbHk uoblllyaH claralasl8a uarab, cllelexirlklar 7 3Tl 8§a
boUTacH: n, A, E, V, E bl, 8. “11” en§ pa3l 90°C clan pa3l bo4lsbl
kerak. En§ ymuyonsi “C” 8urubl: 180°C ya wunclan yuuon baroratl
nsblaycH: 3lyucla, kerarwika, 3bl3ba, 3xkollar.

OleleklnklaTtT§ xo33alan8a nat oYkaz13bllk (“§18roskoplcb-
no3l”) kaka 1a’3ir ko'r3alacH. Oleleklnklarcla 1ok oYkarnycbl plyon-
kawng ya uallatnTt§ bo3l boYx3bl lrolalorHk uoblHyaHS8a 3albly
1a'31r yfacH, ballo lesblb o YisblbaT TM TKT. 8ny ToleknlasTT§ cHa
Teln <1=25= 10~'°T —ucla kKiobkTa, 3bunt§ ncbun 3ny pan bartra



youua KTb kelayerack. En§ §18ro3koplk walenalar rrcb ya §‘oyak3iz
Talenallar 3uy parlanw oYkartaycW, bular 8aszllaplar, 3bl3ba, 21ya
Kerarwka, epok3”™H plasl:ta53a, Aanlb312 pollTerlar kmacb.

BleleklnklarwlanlasbclanlatT§ Tu3tabkaTHs! ya Texall K X03-
3akn bart e'libor8a oHnacH. Kerarwka, 3bl3ba, 3kalar-ancba T13-
labkat cHeleklnklar, 1eKT 170 ‘I, nlaTtTt8 e§lli3b8a Tn3iabkatlls:
568=(30-300)-500MPa.

8lwkllra ya xo88alanwng wmr§ mnHs: cleleklnklatTt§ 13blansb-
ek3plnlalslya s”b3b TuclllaHw belSMaycH. Ko‘pcblHK plaslrtassalar
rarryaii 1a’atcla kuylb ko‘rrrlasbacb (solacb) ya o‘r T T § 12olyalston
HAoblllyaii yo‘solack.

Pol3lrop, or§awk 3blsba, Moroplasl ya kreTwy or§aTk plasuklar-
éa bun kKatcblUK yo‘sa-

Olelek(nklar orasiaa KeraTlk Talenallar (ayTs3a, 3e8nelokerarTka)
abbléa abartyal8a e8a. Bular e3kirtaycll ya shecbnab8a usbalan 1vr§ vn.

Kerarwka 12olalorlarwi, koloclkalarT, plaflarw, §‘akaklann ya-
3a3béa rsblablacb.

Pa3l cbazlolalarcla eleklrolarlor 1$blalllacH: arron, yax3bl eleklnk
X033akn, lexkln Tu3llabkaTtHs1 pa3! ya 200°C ckn yusonck kalla
“yullaz13bl” - “polen”. Yuson cbaslolakrck 13blaycl8an clelaMar
aszosan 3leok noTll Talenallarckn yasakcll. BunT§ larklbkla rararll
Ao'sblTcbalar (pnrwskr) yo'sa ya 100°C 8acba o'r xo33aknuw yaxsbl
nsblab 1vra o bl 1: yax3bl preszakn”anck kny<Hnl8arkk-pl5blnl8arkk
(ob)18) kT3blsbl 1-2% T 1lasbkll yllaJl. 21lcbya §‘oyak 3lliklliraH
barcla aTta oYcbatW clelalkr ncbun 1$Malllackl. 5*eo*k yaxabl #*T_
alacH. KatcblH81: barora! ler o‘r8ar8anck clarr kelacb.

Yusaon cbaslolall konclen3alorlarnl yasasbck wkralarlor, 3leoul,
3lannalll, keranunka 13blailNac/ En§ yaxabl x033aH kerariwka TH 2a30-
31(la boYacll. Bungay kerarwka 2 xIN boYaclT:

3. Trkonckkr: T-60, T-80, T-150.
4., TerTokKonckkr: T-20, T-40 ragawkr “E” wWwn8§ nusckwiLw
bl craci/

Tlkon(lalar a3o3an lertokoTpensablyaloYcbl koncknsalllHar
ucbun 13blalllacH. Tennokonclalar ynaonlur§' nnHkcla8l KOrkKnN3akar-
lar ucbmn 13bb111acll



Peroelek(nklar - bwular 3burncky Ta(enalkl, Texaw kK kucblaTsb
(a’'3Téa ular um(blanaclllar. Perokerarwk Ta(enallar - bular bany (i-
(ama@t (TB8 ya TBKS8) a3o031(la8l uallly en(ta. Bany woba@ (N68)
yalay (kanaii (N18), aso3lancla bat bo'HsbI T TKT.

10.2 YantoUkar”~cMar

Bular 13bly elek(r odkarnycbanHk chara™ad bo'ylcba (Helek(nklar
bllan oYkarnycbanHk o‘Ha3kla]Joylasb8an. Xarak(erll (otow wnlart
elek(r odkarmnycbanHk uoblHyaliw (a3bui ener8eHk (a’31r 1 Nac™all”§"sa
bo8YiuM81: elek(r Tayéow kucblawsb8a; barora(§8a; yon(LU3bl8a; nur
bermnycbl (o4YuTt mrnnHS818a; boslT8a ya b.k. Bu xmn3mslya(lar yanT-
oUkar§8lcbH pnboiiarTt asboblart 13blasbl8a a303 3018an: c/loclarT,
(ran215(orlatl, (enro(la(cblklarw ya b.K.

YantoUkar§iob Ta(enallar8a T3bly uarsblls: r=10-3-10-10
O 7*3T boU8an Ta(enallar kuacH. Bun8a Mencleleyey (layny 315(e-
Taslcla8l 12 eleten( kkacH: bor, n8lerocl (01103), KretTty, §errarTy,
yo‘r§‘osbln(8n), loslor, rwsbyak, 3urta, o!(t§mnsur(, 3elen, (ellwr,
yo<l. Bunclan (asbuan, bIr yancba k1tyoyly blnktalar baTt kkacll.
En§ ko'p (aryal8at Sertaty(Oe) ya kretTy(81) bloblanacll.

YantoYkar8§ioHlarcla (okT payio bo‘I'sBbl nucbun yalen( ronasia-
§1 elek(ronlatTtg blir Lharrn (ok oYkarisH ronasi§a oYlb elek(r rar-
yacHT (asbuycbl3wa aylan8an bo' lall

YantoUkar§iwob Ta(enallar8a T3bly uar3blls: r=10'310'1D0
O 17*3T bo'l8an Ta(enallar kkacH. Bun8a Mencleleyey éayny 313(e-
Taslcla8l 12 eHten( kkacll: bor, n§lero(l (01T03), KreTTty, §erraTy,
HAo‘ré'o3bT1(8n0, Coslor, rwsbyak, 3urta, ol(t8mnsur(, selen, (ellwr,
yocl. Bunclan (asbuan blryancba klrtyaYly bTkTalar baT kibkH.
Eng ko'p (arual8at §ertaTty(Oe) ya kretty(81) bloblanacll.

YantoYkar8§ioHlarcla (okT payclo bo' Msbl ucbun yalen( ronaslcla-
§1 elek(ronlaTtT§ bIr ul3rw (ok oUkaridb ronasi8a o'vib elek(r rar-
yacHT (asbuycbl3iwa aylan§an boYacH.

8bnnT§ wmcbun, kns(allk paryaralan nuuy3onsiz yanT oYkar-
8icblar Tonokn3s(allar 13bla(Mac/1. Yuuon 31Ma(ll asboblar (“pnbor”)
§ertaTy ya KreTtTy Tonokn3(allanclan yasalacH.



Tora yantoUkaz2§icblar(tan 1asbuan Turakkab yantoUka28icb
bTkTalar bart 13blalllacl. Men(leleyey sigleTa3siciast A4 B4, mncblin-
cbl ya besblncbl A3B s ya A2B 4, A4B 4 11pciast blnkTta yakll 81C, A3Bs5
yakll 2n8b ya OaAs3 (8aHy arsety), A2Y4bular 8ullkllar (2n8e), OK-
51<llar (Cun20).

Aralasbtall yantoUkax”Kkblar. OeyarH barcba 3anoalla 13b-
lab cbluanlacb8an yanTtoYkar8icblar aralasbrall mr§a knacb. Bu
3but an8lalaclla, nl1atT§ eleklr xo33alan rwwTal rwuclorcla Tay-
3uc! bo48an ya oTtWucba eleklronlar yoki lesblklarw bo3lM wuMacf8an
be8ona eletenllar bllan belSManach. Ma3alan, 10121a KreTwy aioT -
lancla blna 1ariibéasi aralasbtaH aloTlaTT§ Konseniraisdlyasl Krert-
wy xona baroraiicla aralasbtall yanTto4Ykaz28b8a aykwsbl ucbun
yelarl1bo' a1

Nn-(un(la8l aralasbrtaH yantoUkar”~cblar. AralasbraH lurcla-
§1 yanTo'ikaz§icblar uanclay 13blasblw 1asayywr uyllsb ncbun yana
yantoUka281cbln kretty”a e'Hbor uaraiarw2. Har bIr kreTtwy
alortT Kretrywns bra uo‘sbw atort blMan bo§Yan8an 10°rfMa elek-
iron8a e8a boYacb. Encu kretwy LrMtasMa yalenlllst 5 §a 1en§
boY8an aralasbtall aio T uo0‘3bll8an éeb larax yMarwr. Bu V “A”
8urublclas1 eletenllar alorw bo'H3bl T TK T, Tasalan, losfor, Tar-
§1Tn3b yoki 3urrta. Paual besblaclan 10 LLa yalenlll elekixT aloualar-
w yara113b(ia 13bi11lok eb3bl Ty TK T, cbunki yo'sbw alorlarcla Mauat
10‘rMaéan eleklron boYacb. Oriucba besblncbl elek!ron (10.12 (a)
rasT)(la ko'r3a*lM8anclay aralasbtall aio T airobciasi rall bo§‘ lauisb
bMan eiekirosiaiik LUriisblsb kucblan bMan alouya uflacH. 5bnnT§
ncbun un aralasbrall alotclan o3on§Ta ajralacH ya erkt bo' b uolacb
, ya'w oYkarnycbanllk elek*row8a aylanacb (10.12-rast, bya cl).



10.12 ra3t. KretTy nm3oHa o‘rwa 1e8lsbHyanT
oUkar~cMarina oUkarnycbanHk vcbun (@™lump elek(r Tayionsb
nT§ yo'yllU$bl na(uasl(lagl a*otlararo o‘raro aloualar ToiieH: a
- A0'28'aHsb8acba, b ya i —tj0'r§'ansb(lan keyT (T03 ray1$b(la

erkT elek(ronlar ya (e3!'nklar barakaH vncbun)2

Bun<lay elek!ronnT§ ener§eHk bolai ronall LWrMTa nuuylayl na-
ranclan ko‘'nb cblyll3b! TMTKT. Har b& bo§'lan8an eleklron
ucbun ya8ona eleklron caaay™ yok! ener8eHk bolal Tay|ucl bo' b,
n oYkarnycbanHk ronas3TtT§ la8lcla Joylasb8an laululanSan rona
tobl8§a Joylasbacll.

2 Calll5ler,\Yillar O., Malenal$ 5clence arcl enyTeenné: an lruroclmclion,
7rb e<1p.cT/ - PnnleclT 1be 1 Irkecl 8lale5 olf Atenca/ ,1oHn XYTley & 8on5,1nc.-
2014. 742-bel



Xona barorabla 1331ulk ener§iya3s1 kalla rmuclorcla8l eleklronlanH
clornorflk Holaliclan oYkaruycbanlk 2ona3i8a oYUkar™3b ucbun ye-
larf1 boYacll. Bunclan lasbuan, o‘218a 1e813bH oUkarnycbanllk bllan
Sbarlasbll8an yalernllk ronas”~an oUkaruvycbanlk 20na318a oY13blar
atal8a osbacll, blroy bu eAlek! bl3ob8a olwaycHSan claralaéa kioblk
boYacr.

/>-(uncla81 aralasbtaH yanTtoUkar”cblar. Agar kreTTty8a
yok1 8ertawy8a wucb yalenll o‘rww bo3snycbl aralasbta, Tasalan
alwTwy kTl 3a, bor yoki ayny 1121Tn T8 WA gurmbl(la8l 8al-
Hy uo‘sblM3a, Toblyaii bo‘yicba leskan efek* yur beracb. Har blir
aloTnT§ airobclast koyalen! akx]alarrnng biHa3l eleklron8a Tubwny
bo'Hb uolacb. Bu yeinsbTtoycbllMk aralasbwaH aloT bllan kucb3ai2
bog8Yan8an lesblk (leb saraH3bl T TK 1. Te3blk aralasbra a”™onu-
Man (10.13-rasT)(la ko'rsalliSanclay uo‘sbT aloTclan eleklronnT§
oMb oYLUsbl blMan bo‘sballlBbl TM TKT. Moblyaii™a Ko‘ra, elek-
ron ya lesblk o‘r bolallan bllan altasbaclllar. Harakallanayol8an
lesblk ynson6a tubokata ullin§arclay nonor eleklron8a T3balan
uo‘1lanlMgan lalyr kabl 02§ all8an bolaléa8l obyek! éeb uarala(b.
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10.13-rasT1. P lurnla«l arala$btaH yantoUkar~kblar ncbun
elek(ron aloualar ToieH: a- borTn§ wucb yalenll a(onH kabl be-
gona al'oT KreTwy a(onnw alta$buracfA

23 Calllsler,\YillaT 3., Ma(enal5 3aence acl en§teenn§: an tlrocluclion, 71H
ecl.p.cT/ - Primlecl T 1He lufecl 8lale5 ol ATenca/ .1obn \Yley & 8ons, 1nc,-
2014. 743-bel



Bun bolal blina yalenll eleklron gelll3k1l8a yokl aralasbtall aloTt
blan bo§Yangan (esblkTn” ynra8a keHsbl8a oHb kelaclT; b -elek(r
Taypow (a'stéa lesblknT§ 3urllsbl.

YantoUka28ob TalenallarS8a T3bly uarsblli§l r=10'310'1D
O 17*3T bo'l8an Talenallar kuacll. Bun8a Mencleleyey clayny 313le-
Ta3lcla8l 12 eletenl klracH: bor, n8leroc! (017103), KreTTy, §errtarTy,
uo'r§‘o3bln(8n0, loslor, rr3byak, 3urta, olmnam8ur(;, 3elen, lellvr,
yocl. Bunclan (asbuan, bir yancba k!Tyoyl blnkrtalar baTt KjracH.
Eng ko'p laruyal8aw Sertaty(Oe) ya kreTtTy (80 blsoblanacrl.

YantoUkar§lcblarcla 10kT payiio bo' sbl nucbun yalen! ronaslcla-
81 elek(ronlatT§ bir ulsrt lok oYka2l3b ronaswa o'b eleklr rary-
acllw lasbuycbl3l8a aylan8an boYacH.

10.14-ra3T. TurH xM 3obalaniia MNoyclalawla(HSan
yantoYkar”cblar.

Eleklronlar bir ronagan IkkTcbl318a o'H3b wucbun ruxsa! eHl-
Ta8anTtan ell8an ener§lya ronasllan 0Y13bl kerak.

Buwn§ ncbuntay mnt ener8lya kerak. Bu lasbulener§lyayorn§4ilk
yok1 13319Hk ener8lyasl boUlsbl Tu T K T. (212cltl8ancla eleklr lok T1
lasbuycbllar “konsenlralslya”z3l ko‘payacH ya yarlTo‘ka28lcbniln§
eleklr yarsbIH81 katayacll. \Xvo yancba ko‘p-ken§ karia boYsa, 3bwun-
cHa ko'p ul2cHn3b Kerak.

OUkarnycHanHkka 1ok lasbwuycbllaTT8 barakalcbanllgl bart
(a’3k uacH. Knsl;alllk paryarant§ nuuysoblan buT pasayiracl (ée-
Tak, oUkarnycbanHKT baT). Xuckll 3buniiay 1a'31r ylacH (a3buycbl-
laTT§ “bayol ayn” bar.



8sbunTt8§ wncbun, kn3blHK paryaralan nuy3onsi2 yanT oYkar-
81cblar-tonokn3(allar 1i3bla(Ma<M. Yuuyon 3kalll asboblar (“pnbor™)
Sertawy ya KretTty Tonokn3lallanclan yasalacH.

Tora yantoYkars§icblarcian (asbuan Turakkab yantoYkar”chb
bTkTalar bat 13MalllacH. Mencleleyey 518(etaslcla8l A 4Y 4, ncbincbl
ya be3blncbl A3Y 5/a A2Y 4A 4Y 4Hpcla8l bl nkTa yakll 81C, A3Y SyaklLl
2n8b ya CaAs3 (8allyarsetcl), A2Y abular sulliclar (2n8e), ok3icHar
(Cu0).

10.3. OUkax8lcb Ta(enallar

OUkaz22icbTa4enailiario‘lrNnawmnlréaboYracH: ynuon oUkar™obH
Ta(enallar, oUkar8icblar ya gysbly o‘lkar§lcblar, ynuyon (bel8Man-
8an) uarsbllkH Ta(enaziar, kon(ak( Ta(enaziar.

YuuorioHkaz§1icbl Ta(enallar kaT yo'uyoH3bH (ok o‘(acH8an My -
lar(la 13MalllacH.

Bunéay Tta(enallar8a Te(allar Cu, Al, Pe, A8, An, P(ya ular a3o-
51c1a81 uo(13btalar kkacH. Bularclan elek(r umnlrtalannng 81tlan, Ka-
bellar ya bosbua (ok oUkarnycbl ¢p3tlan yasalacll.

Kriwoo‘(kaz§icblar - bular ynyon oYkar§lcblar, kno8en baroraMa
(3uyuny azo(wn§ uaynasb baroraiicla -195,6 °C) 13blayclLiar.

Yunuon uarsbllNkH oUkarnycbl ta(enallar bular Te(alll yoH3bTa-
lar bo'Hb, ya((1y, en(Ta bosl uHaclllar. Ular<lan rerl3(orlar, (ertopara-
lar ya elek(r 181(§icblar eleten(lan yasalacll.

Kon(ak( Ta(enallarclan 31lcgpanuycbl ya uruluycbl kon(ak(lar yasa-
ladll Bular8a yo‘yr8an (alablar bar xIN boU8anklan, nlarT (arblbl ya
umnHsbl bar xIM boYacH. Bular§8a bir (otonéan ywuuyon oYkar™tobH
Te(allar (Cu, A8, An, P() ya unlar a3031(1a8l uyo(1l3bralar, ikkTCcbl (0-
Tonclan ¢ yT enycH8an Te(allar (~, Ta, Mo) ya koTpoxH3ton Ta(e-
nallar KHXH.

Ma8T(lM Ta(er'allar8a (exTkac!a Ko'p 13bla(Macl8an MenoTagT-
(Iklar ya lerrllar biracH. 1/1art Ta8T1( oYkarnycbanH”uck yuuon
(1,5.1068acba) ya (asbp Ta8§7( TayéoT kucblarsbl8a ya barora(§a

bo§'Hy,



Ma8wl Talenallan Tclmk8lya §‘allaklan o‘ra8icla Ta8nk Tay-
(loww y1843b wucbun 1$blalllacH. Eleklron blsoblasb Tasblnalan ya
bosbua konsluwk3lyalarnllé eslab uoluycbl (lrozellan mcbun barn
13blalllacH. Bular kuncb3i2 Ta8nk Tayéowéa bat kucbH Ta8Ttl-
lanacH. Ba'rMan ta§Tl Tayiiow ollb lasblanSanclan keyT bart
o‘rlanTt TaSwillarlan8anlant saulayclar. TexTkaéa en§ ko'p ya
ken§ yoYlanMacl8an talenallar8a Pe; Co; Ne ya b.k. lar ¥YracH.

Malenallarnw§ (urll3bb 2arracbalatTt8 (aloT, ton, Toleknla)
1331y baraka! ener§lyalanTtn§ T3baii8a ya o‘rat 1a'3lr ener8iyasi8a
uyarab, nortal 3baroiicla barcba Talenallar 8ar, 3uyuy ya uallly bolal-
cla boYacll. Mo<MalaTT§ aloblclako'nTsbl ynuon baroral/a (5000°C
cla) plarTta bola*lcla boYacll. PlarTta- bu kucbH tonlasb8an 8ar.

Mockla 8ar bolalcla bo‘IBbl ucbun 2artacbalatTt8 1331UHK bara-
Ka(l ener8iyasl nlarT o‘raro 1a'sir (m3blab LLUN3b kucbl) ener§iyasi-
clan ynuyon bo‘lsbl kerak. Carlarcla bunclay xarracbalar Tolekulacbr:
kaTtroy bir alotH (He, ble, Ar, Kr, Xe, Kn); ko‘proy Wcki, ncb ya
Ko'p a*otl (b2 H2 C02 HXD, CH4 C2H8ya b.k.). Car Toleknlalan
goTny xaolik-beiarlb barakala boYacll. Tasbd ener§eHk la'sln
Tolekmnlalarwn{”ucla kat c3nu tonlasbacll (tonlar ya eleklronlar bo-
3M ylb).

3uyny, bolal(la8l 2anacbalatT§ 15511 baraka* ener§iyasilt nlarr
o‘raro la'51r ener8iya3s: blMan lauuo3lasa boYacll. 0leleklnklarcla bun-
clay rarracbalar Toleknlalaniir, yay3larkl1lur§ un etas, KoTplekslar-
T bo3l uMaclllar lo‘xloy312 parcbalanacli§an ya yana bosM boYacl18an.
AS8ar Toleknlalar un/1H boYsa, nlatT§ blIr d3rw Tnsbal ya tanlly
tonlar8a cl3soblyaknacl.

lonlasbTta8an 8arlar ya <H3s5ol3lyalanta8an 3uyuuHklar cllelek-
Inklar blsoblanacll. KucbH tonlasb8an 8arlar (plarTa), enltalar ya
elexklroHl:larwn§ 3uyclasi enltalan bular ikkTcbl 1ur oYkar§!cblar
bl3oblanaéb

C)allly bolalcla tocaTtlasbkll uluycbl rarracbalarT o‘raro *a'sir
ener8iyasl nlart 1331uV/k barakaH ener§|yasklan ancba ko‘p bo4Yacll.
Bular yokl §eotelnk 1o'§'n larVbcla]oylasblb kn3bIMk A 37 bosll
ulMacll; yok1 betariib xaoiitk atorl" 31 bosll ullacll.



ATorl ~3rrflank rarracbalar (a(otlar, tonlar, Tolekulalar) laual
“yauTt larHbcla’ Joylasb8an boYacH. p12ik x033akn iroTe1nk xarak-
lerH. ATorl bolal(la8l uallly, p3TlaTT8 uunH3bl 3MyMUHKKTTS
umnH3buwa o ‘x3baycll. Krizlalllk~3TK N K rarracbakr yayT lariibck
bart, wroy larllcla baTt Joylasb8an; ya'w rarracbalar bir-birlan bl-
lan TaUwnT 8eoTelnk 10'8‘'n larllkcla aw Tas3olack lMarock Joyla-
3bac. Kn3lall<k laroY1wy kn3blHk paryara Tw,as3aTt boYacH; ya'r
krn3lall bosl boYacH. Kn3slallck MaroY1y kn3lalllk paryara lasbkl1 1o-
pacH. Paryaralarw ko'p Talla lakrorlanacHSan eletenH bu eletenlar
(kn3lalloSraiik) “yacbeyka” blsoblanacll. Butn§ cbo‘yhp3lw LUSun
ckylMacH; 1kk1 1 0'3bw 1n8mnlar oraslclan Ta3ol a CKyr yoK1 paryara CKH-
riyHs: cleb ablacH.

Monokn3lallar bu biIr xINMyo‘nallTtléan”3TKr yacbeykalarw “wmha
Kaa (nlkam) 30T; ya'w Kaia yakka kn3lall. Tablalik ba'xi TTeral-
lar Tonoko'pcblHK kn3blHK Toclcklar poHkn3bllar ko'p mcbraycH.
bekT Ko‘pcblHK Kn3blHK Toclclalar poHkKN3blkr boYacH. J/1ar kKo‘p
Tayck kn3bllaTT§ o0‘813blckn bo3l boYacH.

Teksllraksb - bu kn3blHk ranacbakrw Joylasblsblw 3tan lar-
Hblasbl3bl; bun8a poHkn3blHK Talenallarw Tax3m3 13blasb bllan
ensbllacH; Tasalan, prokalla3sb yo4l bllan.

Ba'21 Tocl(klar atorll - kn3bll bolalcla boYacH, nlank ikbl ara
Tay]u(n atorld ya kn3blHk. Buncky Hola! ko'pcblHK pollTerknk,
3Hallarck (Tax3u3s (arblbH 3bl3ba) boYacH.

Har xIM 31 <kK§1 elekiol:exwk Talenallariw eleki o ‘1karnycbanHs:
lNaugl nlarwng lablaHS8a bo§Yill eTa3; lasbd ener8eHk la3 T Jackl-
18wa bat bo§Yuw. 00 ‘3blTtcbalar oUkarnycbanHkw tayunT iipbl
ya ¢pytalrtl-kanaH8§1lw bo3M ¢pM3b wucbun uo'sbllacH. Asboblar
ncbun 13blaHlacHSan yantoYkar8lcblar ynuyon clarajacla8l (oraHkka
eSa boYi3bl 1021T.

YantoUkar§lcblarw eleki oYkaz nycbanl8uu baroral, yorn§4lk,
elekii TayHoT, Texawk kucblaTt3b (a’'3b ulllb bo3buansbHk TayunTt
asboblartn§ bl3k pnn51lpl8a-13bla5b pnn3ipi8a as3o3 30l8an: ler-
Tore218lorlar, olore213(;orlar, l1en20re31310rlar ya b.k.

Mwurakkab larklllH yanTtoYkar”~cb Ta(enallar. Yanto4kar-
81cbH koTplekslar - ko‘p laraH yantoYkarmnycb Talenallar, yobl



oUkarnycbl lMaxall (tazalan, kreTTy Karbkll bular loy, 3bl3ba) Tale-
nallar. Yok1 bo3sbuya bo§YoycblMNar bllan btkHrM8an: Hrk, yrk, clell,
3lU1. Yana or8aTtk yanto4kaz§woblar bat bor: an*resen, polunoela-
Hn, polna*selllen ya b.k. 3bl3ba3ton ya 3uyuy yantoYkaz8icblar
bat Tay”w!.

Malenallar elek{r xo33alan bo'yioba 3 1urS8a boUTacH:
oUkaruycblar, yanT oUkars§icblar, <[eleklnklar.

0 ‘1ka281cblarnt§ T3bly eleklnk uarsblHs: 10°8-10'5 O T*T
boYacll ya baroral koYanl3bl blMan n baT or(acH.

YantoUkaz28uy;blarwk: 10'5-10'8 O T*T boYacll ya baroral
koYanlsbl blMan un katayac/l. Bular 1okt 1o'84lMa3b, eleklr 318nal-
lanTt ko'paylinsb, bar xIN 1urcla8l ener§lyalarT eleklr ener§iyasi8a
ayknln3b ncbun 13blalliacll.

OleleklnklaTT8 T3bly eleklr uar3blls: -10%8-10"16 O T*T 8a
len§. Bular 12olalor 3Waiick 13blalllacll.

Texwkacla, ayuwiy3sa aylalslyacla 10kt yuuon clarajacla oUkaracHSan
yuuon oYkar§icb Telallan ya uoH3btalan ken§ uoYlanlac/1: olln,
KUTn3b, rws, bronra, lallt ya b.k. Bularyunuyon eleklroYkarnycbanrllk;
plaslkHk awnoslera 3baroklcla kornorlyabarclo3bllk uobllyallanSa
e§a.

Melallar yo'‘3bltcbalar (pnte3lar ya nvyzonlar) clan uancba (ora
boY3a, nlarnt§ oYkarmnycbanllsi 3buncba ynuyon boYacrl.

OkslcllanTaycll8an oUkar§icblar, ynuon ya o‘laywnuyon cbaslolarl
asboblar-pnborlarTt§ konlak(lan ya pecballl rTkrosxetalar ucbun
KnTnsb rablalllacH. Kutnsb bayocla ok3iclMantay<H. b or 7 bo48ancla
rr3,lalvn ya lok oHkartaycl”an talenallar (kerarwka, oyna, Kyars,
polTer) mn3i8a tax3n3 m3ml blMan kuTN3b uyoplata berlMacH. Ba’21
bollarcla knTn3b olln bllan altasbHnlacll.

M 13 ataHyoMa]ucla ken§ 13blallacll. 11 ynuon oYkarlsb uoblllyal-
18a e8a, TexaTK xo33alan yaxsbl, arron. incimkslya namkina yakmmT-
<laolTt§an (k1l3lorocl3l2) rt3 yuuon oYkar~cblk ya plasHklk uobll-
yaH8a e8a. “bla8arloyka” ylln8an rws3-MT yuuyon puxlallkka eSa.

Yuntsboy rw3-MO, M1 kabellaTtt§ I1cbaklanw, “obTolka”-
oYara 3ltlarw yasasb mncbun 13bbHlacll



Kbloro&k rr3-MOO (02<0,02%) e3a elek(royakumTt asboblariia,
CBUY-a3bobléa, rws “dgonracn” yasasb ncbun 13MalllacH. M2, M3,
M4-tarkaH 31tlar asosan uyon3bTa oH3b ucbun 13bla(Hacb. Mexawk
xo033alan yuuon bo'M3blMs: (alab yllingan Tab3nlo(lar ucbun lawnlar,
kackwyW ya benllyH bronralar 13bla(/lacA.

Kac3rtyll bronraéan “(rolley”lar, 31d¢panunycbl kon(ak(lar, Liewl-
branalar yasalack. ba(unlarclan bar xI'l (ok oYkaruycban (lelallar yasa-
lack

Alurwwy ymnuon elek(r odkarnYcbanrl8:, pla3(lkHg81l ya ka1 rk;bH-
§1 bkan xarak(erlanack. <3(a (ora alwwwy-A999, A995 ya yunuon (ora-
Mbla8l alutkHy A99, A95 13blab cbluarlacll. Bularclan elek(roH(1k
Konéensalorlar, kabeartné bltoya uoblylan yasalack. Texwkayly
alurwy(lan-A85, A7 kabellar ya (ok oUkarunycbl 3blnalar yazala(b.
Elek(r ura(uycbl (121tlar ncbun aluTTt uo(13brtasi A1-M§-51 13bla-
(MacH, ynuon pux(alkka e8a. (?obly Salyawk n3vMa yokl blakkoyka
n3nHéa oHnacll. TetkTnNn§ oYkarnycbanl” ancba pa3(,1ekt Tu3(ab-
kaTls1 ynuyon (30(H700MPa). Bu nT oulaycH. Aso3an kaT m8lero<Ll
(C=0,1-0,15%) ya ockHy 3ka(Il poYa(lar (CTO,CT1,.....CT6) 13bla(l-
lacl]. Bularclan (ok 3blnalan, (ratyay, Te(ro (eTk yoYlan (elek(ro-
poyerckar) relslan yasalack.

Ko'rsza”*cblar An Cu Al
21cbl1K,K8/T! 10500 19300 8900 2700
En3b baroraO,°C 960 1063 1084 658

Elekir yar8blLIKTN§ baroralll
koerAH51yenn,a.103°C 1
N8y cleklro uarsblLUk, r, TK O T*T 0,016 0,024 0,018 0,027

3,6 0,4 4,5 4,3

C?'3bltcbalarwné borHs: (ok oUkarnycbanlkw ancba pa-
3ay(kack. Masalan T 13Tn§ oYkazmycbanl8Ti kKreTTty ya Tar-
8ane(3wn§ or8Tta nnuy(lon bat ancba pasay(ka(k. Pux(alatsb bart
oUkarnycbanHKT ancba pasay(kacll: Tasalan: 3b(atplasb, blryabsb
n3nHaniia o1t8an Ttabsunlo(lar.



OYa oUYka/~cblar. Ba'21 welallar (30 xI eleTen!:lar) ya uo-
Hsbtalar (10000 xIT) ab3olynl nol baroraii8a yauTt barorallla oYa
oYkar”~cb bolallSa o‘laclar. Buncla T3bly eleklrouarsblHkK yo'y bl-
3oblcla boYacll: r=H0'Z20 1*T1. (0Yka28lcblarcla en§ kaTt uar3blLk
r=l0'BE 17*71).

MalenalnT§ oUa oYkar§ichb bolaHSa uwn§ barorafga (TK), Vkik
xo083alari8a, TalenalnT§ 1orall8i8a, kn3blHK paryarasTt”™ nuuson-
Hk clara]'a518a bo§4 1Ly,

Maunt kueblawsbcla8l TtaSwl TayéoTr (P4 lastcla oYa
oUka213blk yo'uolacH. Buncla Ta§w™ Taylioww lasbuyl tanbal<lan
baT, 0‘la oYkar§lcbclan o‘layol8an cleklr 10K1 yo3kas3la bat bado
ullsb TMTKT.

En§ ko'p largal8an o‘laoYkar§iob sollsbTtalan8a yny”a™llar Kb
racH: 1Mb-2r; blb-T1; ¥-IM; Ta-T1. Markalawsbl: 65BT ya 35BT (Co31
10994-74).65BT cla 22-26% b, 63-68% Tbya 8,5-11,5% 2r bor.
Tkr=9,7K(-263,3°8). 35BT cla60-64%.

81Oy xad/at

Clanclay yonsbTta”a eleklrolexTk poYa! éey/lacb?

E13-barl ya rauatlar w taT bel8/laycb?

Clanclay Telall8a cbeleklnk éeyllaclN?

(3aliny, ya ynt3boy ta8nkll Ttelallarw blir-binclan larul ru-

Cranclay Talenallar§a Ta§w(H Talenallar ieyllacll?

M13ollar bllan 12oblané-
YantoYka281lcblaTT§ a3o3ly yar/lalan wralarclan iborai?
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11-BOB. MAC14ITUT MATEK1A1XAK

11.1. Ma8nH Talenallar bauHla ntunny taydmnrtoar

Mag§nk Talenallar yoréartéa ta§w ( ounTn Ke3KT KucbayiirlacH.
Ma8w1 oynwéan pa8l kucblawsbl1 loklar ynyon kucblawsbll (oklar§a,
yok1l eleklr ener8iya3it TexaTK ener§lya8a aylanlr3lkla ya elek(r
enenpyasbl 3bun8a o‘x3ba3b larrcla Seneralslyalasb(la loyclalanliiacll
(11.1-rasT).

/ M n 4 & ¢ 1 - 1 »

* *
(Y [/ u ¢ + * * * | R
n A\ \ \ o * * + F 1 *
n* |1 A\ \ \ A 4 ! I |
Parata”nefl k Perrota“nef k AnlW ertotaanel K PeTta “nef K

11.1-ra3t. TurH wa”nk (ablall nwcl(lalarwn”® 0°K (la yo‘$bw
a(ow wa™nK ToTen(lan.

Tasbg Ta8nK Tayihow la'stcla tanlllawsb xo33a318a e8a Ta-
(enaHar Ta8rLU Talenallan cleb ablacH. A303ly Ta8nk Talenallar8a
wkel, kobaH ya loxa lerTr aso3l<la8l LU yon3sbTakr rwsol bo‘lall
(11,2-rasT). Texwka abannya”™a e§a ta8nK walenallar8a Nerrotag-
nK Talenallar ya Nenota8nk kKiTyoY 1y blnkrtalar (errllar) krrac!!.24

2 CallBler \Ylllarn O., Ma(enal5 3aence anc! en§Teenn§: an w(rocluclion,
71b eckp.cT/ - PnnleclT (be WKec! 8la€5 ol ATenca/ .(oHn ¥YYTky & 8ons, 1nc.-
2007. 408-bel.



a) b)
11.2-ra3T1. Kerrllar.

Malenallarnt8 Ta§wl xo33alan eleklr raryacHantn” icbki ba-
rakanéa bo'lb, bunita raryaclar elernenlar aylanta 1ok ko‘nrn3bicla
1lroclalanacll. Bunclay aylanwa loklar eleklronlarrnng o‘r o'yl anius-
bcla aylatsbl (eleklron 3ptlar) batcla nlatT8 aloT Icbkla orbka
bo‘ylab aylarsblclan bo3ll boMacH. Perrota8tl bocb3a3: ba'2i Ta-
lenallaTT§ 1cbki 1Tnkroskopik Lilsrrcla kr1slall slruklvralar {asbkll
yllsbl blMan bo§'Hy bo'Hb, bunéay 3lrukluralar TaSwl clotenlan
ckylNach. Buncla eleklxon 3pTlar o‘raro parallel raylsbcla bir loton8a
yo0'‘nal8an boYacll.

.M3Twng Ferrota8nklk Holalcla bo H$bIw Hblabycbl xusunsiyai
1a3buyl Ta8nii TaycloT la'slncla nnt§ o‘2-o‘rlclan (3ponlan) Tas§-
nlllasblsbléan 1borai(br. Perrotagnii Tag§tl ToTenllannT§ ba2l
clotenlan toblclast 3pTlar LLFH yo‘nallsb8a e8a bo'lBbl TUTKT
(11,3-ra3T). Tasbul TnbllUa bo‘18an bunclay TalenallaTtT§ nturrny
Ta§nk OATL no!8a len§ boYacl.5

M.3-rasr. W3bly Ta”nW 3w~ cHrnycbanHkw H 8a boMyH”b



Ba’'21 walenallar (yallat cbe8aralan oraszlcla8l uaHnlMk bir necHa
o'n-yur alllT Ta3ola3i8a len§ bo'18arkla) clacloTtenlaTtT§ oUcbart
(axtTan 0,001-10 T T 3 oraH84cla boYacH. OYa (ora Ttalenallarcla
e3a (lotenlartn§ oUcbarT yunuonéa kellnl@an ¢ytal(lan baTt kal-
laroy, boYacH.

Perrota”™nk Toclclalarrvn§ Tonoknslallan Ta§nk aw?2olroplya5l
blMan xaraklerlanacH. Ma”nk aniz2oiropiyas: LWrH o‘ular yo‘naHsblicla
Ta8nklart3brnng LWrH dgytallan bllan 1&lalana<i(11.4-rasT).

a) b) @
11.4-ra3t. M<kl<lalarnt” Taynl1 xo3salan.

PolMkn3lall Ta8neHklar(la aw2o01roplya Ke3kT 1loclalan8an bollar-
cla lerrota™neiik Tagnk leksllraSa e8a boYacH (5.5-ra3T). Kerakrll
Tag§nk (eksllra oHsb oruaH Talenabla Ta4wnT yo'naHsbcla yuuon
Ta8nk xaraklensHka8a ensblsbl TN TKT.

11.5-ra3T. Perrota™nW tak'nallarwnuy ta™nllawsbl.

Tasb( Ta8nk TayioT lastcla lerrota8nk TalenalnT§ Ta§-
nklar3b JarayoT uuylcla8lcba kecHacH: 1)Ta8nk ToTenwu Taypgon
yo'nalsbl blMan klcblk burcbak boslM yigan <lotenlar kallalasbacH ya
bosbua (lotenlar oYcbarTt blcbrayacll; 2) Ta8nk ToTen/lan Tay-



vion yo'naH3sbl urra burllach ya bir x/1 yo'naH3b”a e8a boYacH. Magnk
lo'yllusbl Hotenwng kallaksblsbl 1lo‘xla8an<la ya 0‘2-0‘2blan Ta§-
nHlan8an barcHa Tonokn3{all A1371aTT§ Ta8nk ToTenH Tayéon
urra yo‘naléarcla 3ocHr boYacH.

Perrota™nk tonoknsbllan Tta8nklanayol8ancla nlaTtTt§ cblriuH
0‘lcbarlan o‘28aracll. Bu HocH3ata§rnl-$1nk51ya ieylacH. TerTr wo-
nokn3lallTn§ TasnH-s*nk3itya31 kNn8lallwng bar xM yo‘naH3blancla
LUrMcba boYacH.

Perrota8wl talenalTtT§ ta”nllat3b ]'arayoTr §islere2is e8n
cbl218M B (H) blMan Hbcblanacllya v barcba lerrota8tl:lar<la blr-bT-
8a 0'x3ba3b boYacH (5.6-rasT).

a) b)
11.6-ra8T1. Magnk Ta(enal B(H) o‘r8an8b §raii~1 a)
ya §184ere218 sireto§4ning barora”a bo'HuH b&

Ma{enallarwn§ w3bly Ta8nH 3T18cHrmuycbanls: Tag§nk Tclmk51-
yast (B) nT8 Ta8nW Ttayéorn kucblan8anH§gi8a t3bali bllan atyla-

nacH:
B

Ma8nk Talenallatln§ Ta8nH 578cMruycbanl8l birclan ynuyon
TO1(T=T10XT, T 0=1,2566Xx10'6Cn/T) boYacH.

X% Calll3”er, AYIHar O., Malenal3 3aence en8teenn§: an Tlro-
cluclion, 71beckp.cT/- Pnnbl T 1be ¥nkec! 8lale3olr ATenca/ Jlobn
\YTey & $on3, 1nc.- 2007. 410-bel.
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Perrota8wl talenallart8 1a8Ttl 8st8cbrumycbanMs: baroralSa
boé'Huy bo'Hb, Kynn nusiasi8a yauT ayTaaréa wro'r 717§ yuuon
ulyTtariSa ensbacl. Kyun muala8lclan ymuon barorallarcla 3pollan
Ta8T11laTt8b 30basiia 18819HK barakall burlllb, Talenalwng Tasg§-
wl Xoss3sl yo‘siolacll. Cbul§'aTcla Ta8wl o‘rak bo‘lra8ancla Ta§-
nii 1Mamk8lya a~yTtam unéan oYayol8an (ok bl3obl™a 3ocr boYacH.
AS8ar cbul§at8a TaSwl o‘rak KTl3ak, elek!T lokl bl3obl8a 30cHr
boYacH™an Ta§nk Tayck>w o'‘rakrn yanaéa taSnllab, sio‘8blwcba
kucb cblirlalan bo3/1 bo'IM3bl nalyasicla wa”™nK Lwc!Mk3ly a3TT8 yokl
TaSw! oA !TTT8 Ke3KT 03bl3bl™a oHb kelacb. O‘rak Ke3nn ymnrasb
clan bo3lM bo‘laclugn so0‘3blTcba kucb cblirlalan sayla tagnllaw3sb
éeylMacb ya / bMNan bel8xlanacH.2z7

Bu anyTal: Ta8nk Tayclon kucblan8anms: (H) ya ta§wl talenall
3Haii (x) 8a yok1]15TnT8 Tagwil sabul A'b3b koelllblyenH ~=xH 8a
bo§'Hs Cbule'at8a Tagnll o‘rak kTbl8anclan 30‘ng TagnM TéuK-
s51lya3TT§ Ko'pay8an a”ytaH auylcla8ioba bo' lacll:

B =Mo(H+/1 =Mo(H +xH)=uy0H (1+x)=uH,

bunéa, T = TO(1+x) - Ta8T1l TalenaHnNT8 Ta8wil 3T8cUrUNy-
cHanH8:1.

Mag8nk TalenaH 51Malrl atalasbcla wsbly Ta§nk 318cbrmnycban-
Nk kalMaH§1(1an MoycblanMacrT:

M=M 1IHO=1+*

MaSwl 3t8clruycbanlk cbul§'at§a Ta8nk o‘rak krll8ancla
Ta8nk oal1tlnT§ Ko'payl3bTtl bikHracH. Bu ynk3aH3sb blr necba o‘n
T 71§ Talla8acba ollacrl.

urmnHs: b, ke3lT yurasl 8 bo‘l18an o‘raknT§ Ta™nW aal8blHgl
Any~a~cba aralanacll:

Kwv="//n8 = bl u-1,05.
8bunclay sllb, §‘allakka o ‘rak KTbH3bl natasMa Tagnk sarsbi-

V61 T 8a bo§'Ha raylsbcla kaTtayach.

Zr ByayKwntar 8barta.,Eleclncal anc! Eleclrowc Malenab 8clence./ -
Open8”axCNX,/ 1ncKya- 2014, 182-bel.



Mag8nk 318cMruycbanHs: bo'ylcba barcHa uaMny~3Ttlar 3usl (c/la-
Ta8nk w<1, parata8nk T<1) ya kucbH Tagnk Talenallar8a ([er-
rota8nk T » 1) boYtacH. Ma8nk Ta(enallan 3llraHla kucbH Tag§nk
Talenallar yabu! yllTh, nlarta8nk Tayéon kucblanganrgi8a kucb-
M raYisbcla bo§*Hy boYacH. Ma§nkTtclnk5lya51 B ya Ta8nk Taygon
kncblan8anls: H o‘rlaslcla8l bo§YiyHk [B=I(H)] Ta8§nk TalenaH-
nT8 Ta8nklaTt3b e8n cblrwH cleb ablac/l. Bunéa tagnk Ttal:enaH
H=HT#Hlytalxla lo'ytacH.

Ma8nk 3T8cHrunycbanHkTnN§ baroral8a uarab o‘28an3bl Tagnk
818cbrunycbanlkning barora* koelllblyenH blMan ank]lanacH:

TKUr = W ={\1y1)(1/nr 1 cl).

AS8ar lerrota”™nk 1asbui Ta8nk Tayclotla’stcla a3la-zekT 1a§-
nklansa ya Ta4unt ulyralclan 30'n§ taypgon kucblan8anHsi1 pasay-
Hra borlM3a, inémnksiya baTt Kataya boracH. beKT bu kaTtayl3bl a3os1y
cblriy bo'ylab eTas, balk] Ta4 nTt kecblk13b blMan (§8131en213 bocH3as!
LWrayH) ro'y berac/1. Mayclon kucblan8anlls: leskan yo'nal3bcla o3bl-
nlgarla Ttalenal ta8nk3i2iawsbl, o‘la Ta§nklat3dbl TUTKT ya
Ta8nk Tayéon yo'naHsbl yana o‘28arHrlM3a, Tclmk8lya yana asl bola-
HS8a uaylacH, ya’'w §131en218 baluasl payclo boYacH.2B

Ma8nk TalenaH boYTta8anc!a o‘ratlan 30T n la boY8an s8iT
cbnlg artclan lok oYka213b oruaH Tagnk oulrw bo3lM yllsb T TKT.
A8ar o‘ratclas1 31TnT§ Ke3T yurasi s, cbnl§at nrmnn”™ b bo4aa,

Tagnk ouTn P ywuylcla8lcba anlulanacll:
r =yim]ls$n
yokl bo3buacba ko‘nw3bHa:

P =P/K/b,

buniia, P - Ta8nk yurkuycbl kncb, A; Kt= b/ T 5- Ta8nk uar-
3bllk, On1l



B=P/5 =MOHYDB/T2.

Ma8nk TtalenaH wucbun cblrf8an B=I(H) xaraklensiikaéan [oy-
(lalawb, Ta”™nk 3tclrnycbanHK T rnT§ Ta8w( TayckT Kucblan-
8anHs1 (H) 8a boY8an bo§'Hsals1 atalanaél.

A8ar Ta8wl Tayclon kucblan8anHsi ya ta8nk Tclukslyalan
nol8a len§ boYsa, nl1aTtT§ wa3baii Taybunt bo'bb sola<H. Talnbaclan
atsalawsblcba, kucb3iz Tag8nk TayionMa Tr AYra”N tauwur
bo3sblan8Ucb 3T8cHruycbanHk T U$a wlllacH. Ma8nk TayiioTnT”
Tauunt a'yraHéa ta8nk s18cbrnyYcbanHk (T ~ o'rTT§ yudon
Ay Ta1wa ensbacH. Maycbn kucblan8anHs: yana™a o3bkll3a, Ta§nk
TalenaHnTg A'YTal' pasaya boracH.

MNeTak, Ta8nk TalenaH(la Ta§nk 3t18cHruycbanlMk o‘2T T § aws
bIr alytall8a e8a boUTay, balk> Ta8nk Taypon kucblan8anli§i8a
Jucla baTt bo§YK[ ekan. 3bu 3ababH, Tag8nk TalenaHTNg T raiytaH
kellln18ancla Ta8nk Tayclon kucblan8anHs: (H) baT ko‘rsaHH3bl
3baJl.

Magnk Tayclon kucblanS8anHs1 0'2 7 17 § # THAlyTaliclan kaTaynnl-
3a, (Inclvkslya BT8acba), §13lere213 bocH3as! kuralllacH, ya't Tagnk
Tclnk51ya3TT§ Kecblkisbl Tayclon kucblan8anlwTT§ 0‘28an3bléa
bo§4K] boYacH. Maycbn kucblan8anHs1 nol8a len§ boY8auicla Ta§-
NK 1rcinkslyast sanéaycHr solcHssa eS8a boYHs, 1 Tclmk51lya s0lcHSY
(B) éeyHacH. 1nclukslya siolcl1§48a Ta§nk Tayilion kucblan§anH§:i-
nT8§ leskan yo‘maHsblcla, nt8§ H=0 a”ytaHéa ensbllacH, bun(la
H koer$LLI\ kncK (leb alalacH2

AS8ar xaraklenslkacla Tayclon kucblan8anlls: - # TalALYT a Helan +
H AwYtar'S8acba say*anlsa, TaS§nk TayclonTT§ §13lere213 balsa-
8. kelb cblsacb. Crzlere215 bocU3asitia aNetlannt8§ o‘r o‘sl alro-
réa aylartsbl maluasicla Ta(enalcla 1cbkl 13bsialawsb 3ocHr boYacH.
Bun bocHsa, §15len213cla 3oc!ir boUunycbl ener8iya 13ron cleb alalacH
Perrota8THkK1aTT§ o‘r8arnycban ta8nk Tayclotcla slayla Ta§-
nllar3sbl 13314k ener8iyas: 18rolr boYacH. Ma8nk TalenaH Tas3a-

2 Byay Kwutar 5barta.,Eleclncal acl Eleclrowc Malenals 8clence./ -
Open8”axCNX,/ 1ncya -- 2014, 186-bel.



3llla T<3uk3lyalan8an guyuvy, ok cHeleklnk 13roiiarw kelllnb cbluyaracll.
Owuyuy lobla 3ocr bo' bl ] 8an 13rodar Nenota8nenkTn§ elek!r uar-
3blU8wa bo§'Huy Ta8nH TalenaHclast nTUrTy ener®ya 13roii Unyb
<3a8icba aTulanaclk

PE=Pn +P.
Kucb312 loklar 30basa uynyiHas: pytalllan MNoycblawblk
() = coblr,

buniia, H - burcbak cbastOla, C3; /, - cbul8aT TclnkuyMs8i, Cn;
r-o‘raxcla8l ekylyalenl yarsbllk, O T.

Magnk Talenall(la81 ener8lya 13roAnT8 cdhyTam B=/(H) xarak-
len3nkaslcla8l 813(erez18 balua ywurasi bllan arylanacH. MagnH Ta-
lenall(1a81 ener8iya 13roii cbaslola oriisbl blMan Ke3KT Ko'payach. Bu
e3aynuyon cbaslola8a T o ‘ Yallan8an ta§nH Talenallanisblab cbluya-
n3blla karia yTtcblMklar 18 cracH PTw kaTtayiin3b TauysacHcla
byTa ynuyon bo‘l8an Ta8nk Talenallar uo‘llanlac/l MaSnH Ta-
lenaHnNT§ a303ly xarakiensiikasir Wb(laloycbl T ryTan Ttayéon
kucblan8anrsgi8a bo§' Ny bo‘Hb, Talenal ¢ 213bl nalyasl(la bu pyta*
Ke3KT kKatayacH. Kyumn nudasbla talenal o‘rT71§ lertota8wllk
x038a51M1 y 0 ‘yolachb T®0. Bunitan lasbuan, cbaslola oriisbl nalyaslcla
Talenala 3ocbr bo'lacb8an umyun 10k1 bl3obl8a Ta§w1312lawsb ro'y
beracl1.3

Perrota§nH Mirkurcla§l azosly TalenallaTT§ Ta§nk xusmsiyai-
lan 11.1-]'a(lyaMa kelllnlg8an.

112Fcrrdl
Bb/w?2
Mefall g W H.AI BregTz (MM AR
Terwr 10000 2,163  0,0015- 11 787
15000 0,004
bHcl 1120 0,64 0,012 0,33 358
Kobak 174 177 0,10 0,34 1115

Call]5ler,\Ylllar O., Malenal$ 3clence anc! en§teenn{>: an Tlro(lmclion,
{becl.p.ct/-Pnnbl T {He binkec! 8{a(e3 o ATenca/ .(obn \¥y & 5on3 1nc -
2007. 413-be{.



Ma8uw( talenallar yntsbou ya uallly lurlar§a boUTtacH. Yutsboy,
Ta8nk Talenallarclan Ta§TLU oYkaz§icblar layyorlanacH. Bu Tale-
nallaTtt8 Ta811l 378cMrmnycbanl8rTé bo5blang tob ylytaH kaiia
boYlsbl kerak. ¥Yunt3boy Tta§nk Talenallancla 3oH3bHrrTa uarsbl-
Hk wsbalan kalia Lhy Ta18a, koerslly kncb (He<0,1 A/T) e3a Kicblk
LiyTa18a e8a bo‘Hsbl kerak. Bu Ttalenallar8a 3ol lertr, 1eTKNT§
KreTTy, wkel ya kobaH blMan yonsbTtalanT rr3ol (anuas”a kelll-
nbTNTKT.

TexTk 30l {eTK (yo‘3bltcbalan 0,1%) ockHy pecblariia oHnacH.
W 1é aynT Ta8nk xo33alan 112-]aA\a\A& kelHrM8an. Bu leTk
o‘r8arnycban lok rawTAa I13blaHlacl8an elek(r TaSnllU yoki rele
ucbun o ‘xaklar layyorlasbcla 13bbB111a</ 1/1ar yaray, yok1 3 1ckK 3Hak1-
Mayuvpua (0,2-47171) ulllb layyorlana(H.

TurHcba 1*bloy benl8an (enHrwn3 larklbl ya Ta§nk xo8»alan

M.2-]JaAxal
Ma”nk xo88alan
(20'5blTcbalaTT§ Koel5111Y
Malenal Ma81l 3T§-
MHA<K>M,% Kucb, Hc,
cnn'cbanHkK
AlT
mn8leroc!  Ki1310roct Kb m
TexTk 8o icrmr 0,020 0,060 250 7000 64,0
EleklrolMK (ertur 0,020 0,010 600 15000 28,0
Karbon/1 lerrnr 0,005 0,005 3300 21000 9,4
Yakunwicla erlll18an elek- 0,010 ) 61000 72
FoHwuk 1erwr
Yosloro<lelassbloy berml- o o5 9003 6000 200000 32
~an lerTr
Yocloroclcla yaxsbkab i 20000 340000 2.4

1$bloy benl8an (erTr

TexTk 30l 1cTK (d0'3bltcbalan 0,02%) nT§ as3o3ly Hrlc xo3-
3alan Aunylda8!cba:



2LCHITEL ... 7880K8/T3

Ensb baroral...........cocooiiii 1539°C

g8oH3biirta 1331IWHK 3L U T oo, 0,46H0/k8xK
1331HK oY karnycbanllk koelli3yenit.......... 715 YiYTxK
CbuwuH ken8ayl3b koelll blyenii.................. 11,6x10'6K 1

8 oH3binTna uarsblHs1
(2ay13buouyHk ToclnH

0 ‘28anna3 lokcla 15blaycb8an eleklr Tasblnasbla uo0'l1larlacHSan
{enur 1arkiblcia C, 81, Mn kabl yo‘sbltcbalaTT8 nnugon 1,2-1,5%
8acba, kaT le8lilan8an poYai larklbkla esa C, N1, Cr 1aTT§ niiu-
clon 2,5-5% 8acba boUacH. Bn Ttalenallanla texaTK Tu3labkatllk
0‘313bl blkn b»r ualorcla, Ta8tllat3b xmu3msryai bir tuncba yoton-
lasbacl.3t

Eleklrolllk 1e Tir 1eXTK 30l tleTuw elekiroH2 yllsb nmH oruaH
ofnacH. Buncky 1er TTT§ 1arkiblcksl uo‘sbltcbakrtng mrturwy
nnucbn 0,05% clan o3bTtaycll. Eleklrolklk ierTr8a :3bloy benb, rar-
rakntng oUcbart 50-100TKT boY8an kmkun oHnacH. Bn knkunt
bo31T 03unckK 13blasb oruall vnclan o‘rakkr tayyorknacH. (Jlar cbas!o-
1a31 100-1000C3 aiusiick boU8an asboblarck Lo4Yknllac/l.

Karbonll {ennr penlakarbotl [Pe2(CO)s5 3nynyls8iy w 200-25°C
baroral/la K| Tyoyly parcbalasb oruall oHnacH. Karbonll iertr Tayck
Knkun ko‘nt3blcla bo'Hb, nnclan yuuon cbasioliall ta§w! o‘rakkr
LWyyorknac. Kncblk 3bar 3bakiclasi rarracbalar o‘rabla 3ocHr
boYacHS8an unyun 10K1 nnuéonw Ke3KT KaTaymracH.

Yo<lorocl(k 1480°C cla 30-40 ckdua (Kyorwck kumycltl8an 3ol
{ennr blnkTta3slckn m8lerocl ya k1310roct agallb cbluacl:

PeC+2H2RCH4+3Pe; PeO+H2H2D+Pe.

Markur 1erwr o‘ia Xo2a\u\ blMan a™alb (uracH; kucb3i2z Tag§T1
TayioTck bu walenalnt§ 7 ryTan yuuyon boYacll. TeTu wo-
noknsblH oYa ynuon Tagnlllawsb xo33a3”™a e8a.

KrettyW eleklr iexwk poYar ienur ya Kretwy uohsbTtasz™an
vioranHr. 11n(lan1ayyorkn8an Hs(lar eleklr iexwk poYa! Msllar cleylla-

i T.K. Baszak. Eleclncal en§teenn{> Talenals.ble\y A8e lnlenalional, M/1
eclkion. bI3A, 2009.196-bel



cH Bu poYal a3o31ly Tag§nk Talenallanclan b T bo‘lb, 3anocal cbasLl-
1a31(la 13blaycl18an eleklr Tasblna ya apparallaniia ken8§ yoYlanMacH.
TerTr 1arkibl8a kreTwy KTiisbéan a3o31ly Tauysac! TalenalnT§ 30-
H3sbiirta yarablM8ill o3blnsb ya unclast ymymn 1okl niiuclonw cbek-
lasbclan iborawdr. KreTTy eletenll lerwTT8§ Ta§nk xo33alanTt
vieyarH o‘28arurwa8an bollla P arytanw 3erUarH clarajacla osblracH.

Elek(r (exwk poHaHarwn” larklbl(la™ kreTwy nnuyion”a ws-
ba(an 21cbHs1 ya 30H3blErta yar$blHs1

M.3-]Jaclyal
5olM81LUrTta
Marka81(1a81
PoYalnT§ kretwy bllan 1e§lr- Krebl 2 1obll@l, x KO3 elek(nk
KTC
larwb clarala8l K§/T’ Liar8bLLEL
rauart
TKOTXT
beslrlantasan 0 7,85 0,14
KaTt le§lrlan8an 1 7,82 0,17
0 ‘rlacba(lan kaw leulrlanuan 2 7,80 0,25
0 ‘Macba k§lrlangan 3 7,75 0,40
Ynuon claraja(la 1c§lrlanuan 4 7,65 0,50
OYa yvuon clara)acla leulrlar-
ynu aa 5 7,55 0,60
§an
Eleklr lexTk po‘lalwng b1k xo33alan:
21cHHEL ... 7800k8/T3

Tarkibl(1agt KreTTy rraclon.......ccccceeeneneee. 0,4-2,8%

3oH3blnarra sar3blls 1 (0,14—0,50)xFO60 TXT

13314k oYkarnycbanHk koelllblyenH............ 0,46-0,25Y1/(TxK)

PoYal o‘rarT, yaray ya la3sta ko‘nr3blcla 13blab cblaarllacll. Ular
120lyalslya uopbTl bo'Hb baT cbluariiach. Po‘lallar appara!, lrans-
Mortalor, eleklr TadbTa3: ya a3boblanwng TagTtl 2anprlancla
Ao* 1larlach. TeksllrlanSan poYalar lranslorrnal:orlar o'rasi ucbun
13blaiilacH. Bunclay poYaMan [oy(lalawsb yuyyalll lranslortalorlar
bar 1 ya 1a3buyi oUcbarTTt 20-25% katayHn3b nnkoTT beracH, ra-
cbo 1ranslortafon ba]lnmT e3a 40% 8acba kiobrayiirach. Eleklr 1exTk




po‘lallarwng larlabkla8l kreTwy rruclon8a T3balan 2tobHs1 ya 30-
H3sbiirta yarsblHs: 20-Jaclyalcla kellT18an.

PerTaloy lertr-tkel yo113btas1 bo'Hb ntng§ bosblangYchb Tta§-
nkK 3t1§8cHrnycbanHs:1 T3bazlan ynuoncUr. Tarblblck wkel nuuyéon 70-
83% bo'18an pertalloylar ymuon Tkell, 40-50% bo'18an pertal-
loylar e3a pa3s! Tkell pennalloylar geyllacW.

Tarklblcla 2% Tollbclen bo'l8an pertalloynTt8 p hyTab kalla
bo'Hb, n yaxabl Ta8nnlawsb xu3nsilyai8a eSacHr. Pertalloyéan ua-
Mnrig: 0,1-0,5 T T Wyaraylarlayyorlanachb. Kukun ko' nw3blclasi per-
Talloy8a bo3iT o31icla 3bloy benb, o'‘raklar layyorlanacll. Bungay
o0 ‘Taklar 100 KC3 cbas*oia blMan 13blaycH8an vskvnalarcla u,0‘ 11anflacA

Abl/er - 1ertrnT§ Kretwy ya aluwrwwy (9,5% 81, 5,6% Al,
84,9% Pe) blMan blir8allkcias: uo113bTaszich. Bu uyolisbTta uallly ya
T 0 ‘rt bo'Hb, unitan Turakkab 3bakll yuyTtalar oHnmacH. A131leTT§
a3o3ly xo33alan: X¥**=35500,T n=120000, H=1,8 A/T, r=0,8 TKXO T.
A13ilercian Ta8TLU ekran, asboblaTtT§ n3lii ul3rm ya bosbua Tab-
3ulollar umylsb nsmH bllan layyorlanach.®

<30 llatH3bl Ta8nk xo033alannT§ n yokl bu xnsm8lyallanga a3os-
lan8an Talenallarw aloblcla 1Mrknt8a KTuU3b TW TKT. Bunclay
Talenallar8a umuylcla8Mar rwsol boMacH: 1) Tayclon kucblan8anHs:
o‘r8ar8ancla Ta§nk3t§cruycbanHs1 Jucla kaTt o‘r8aracH8an Lo”3b-
Talar; 2) Ta8nk 318cbruycbanHs: barorai§a kucbl1 rayisbcla bo§' Iy,
bo'18an uo<nsbrtalar; 3) 10'y T 11n3b TclMk8lya51 o0'1a ymuon bo‘18an
yoiisbrtalar.

BkTcbl 1urciast yoilzbTtalarwng norw pertryar bo'lb, nwng
larklbkla 29,4% Pe, 45% N1; 25% Co ya 0,6% Mn bor. Markur o-
113bTta 1000°C clayut3sballach, keyT 400-500°C cla u3blab 1vnlacll
ya asla-3eKT 3o0ykllac. Penxnnyarwn§ bosblan84cb Tag8nk 3T§-
(bmiYcbanHs: 3008a 1en§. PertTyar barora! 1a’s3st8a ya Texawk
kucblawsblar§a 3er§ir talenalclTr.

1kkTcbl 1mr§aNe-Cun, Pe-M yok1 Pe-Tull-Cr azo3sicla8iiertotaénk
uoll8btalar Kitacll.

k2 T.K. Baszak. Eleclncal en§teenn§ Talenal$.Ne\y A8e 1nlenalional, 141
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Wnncbl 1mrSa lertr-kobak uoH3btalan kibkH. Tarkiblicla 50-
70% Co boY8an Tarkur uyoH3btakr pertenclyurlar cleb ablac/l.
Pertenclyurlarrmng nanu pttalroy boY8anHs: lvlrayH nlarclan laual
Tax3ns apparallarcla, xusmsan, cHnarTk reproclukl:orlar, o33llo8§radar,
lelelon TeTbranalancla lNoyclalarlacH.

PerrlUar. Tarblblina, lerwrclan lasbuan, 1KK1ya uniian Ko'‘p yalenlH
Telall (N1, Co, Mn, 2n, Cu, Ccl, Pb, M§) ok3lcllan baTt bo48an blnk-
Talar lenllar geyMacll. Ular ¢p3T1an eleklronH eleklr oYkarnycbanHk
xo033a318a bat e8acHr. Perrkwn§ kmnslall panjarast knb 3baklléa
boYacH. Ocblcla, yax1k 'errklayyorlasb vcbun llerrk knkuniwg8a poHyb
wl 3plrH plasHHkalon uo'3bllacH ya bu Ta33a ynyon bo3sTtiia uollpla-
nacH. 1)Tn8 30H3bHrTa yarsblls: 3ol lertrTn§ 3oH3bHrTa uarsbll-
818a T13balan 105-106 barobar yunuoncHr. 3bu 3ababH, MewMa uuyun
1okl bl3obl8a 3ocHr boYacl18an 13rofar ke3kT kaTtayacH ya Ta(enalw
yunyon cHaslolalarclabaTt 13blai3a boYacH. Perrktng§ tag§nk3tc/irny-
cbanHs1 3ol lerwrrkl18a Tt3balan 102-103 barobar yuuon boY8anHs1
ncbun wnclan layyorlanacHSan o‘raklar ba]rTT Ke3KT Kiobrayiinsb
TUTKT. Permeéas: (rrgr) dpytallar Merrota8wl (yokl ockHy Telall)
cla§l8a T3balan Jucla klcblk boYpaw mncbun, u pas! cba3(olaH asbob-
larcla baT yoYlawdlacH.

P eT1liarkibl oclcly8Ta yllb ymylclaSioba Woclalana(H:

MPe2 4 yokl MoPe2y

burcla, M - 1kk1 yalenlH blror Telall.

Penllar larklbkla8l uo‘sbrlcbalar8a rr3, rux, TKel-rux, Tar-
Nanes-rux 1lBol boYacH. Lar eleklr lextkacla ken§ rryyoscla
yoYlarHlrtoucla. Petllarcla Kyun mmlazlcla8l barora* ancba pas!,
ya't 100-150°C alroiicla boYacH. LU T~ 30H3bHrTa o84rHs1 3700-
4800 k §/T13alroHcla boYlb, a3031y xo33alan 11,4-]aclyalcla keMn!§an.

11.4-]aclyal
NeY1 T HLAYT B.,T1 1,MC§ I o r,0TXT
20000HM 15000 35000 0,24 0,11 01 110 0,001
6000HM  4800- 8000 10000 8 0,11 0,5 130 0,1

1000HM 800 - 1200 1800 28 0,11 5 200 0,2



toooHm 800- 1200 3000 24 0,10 3 110 10

600HM 500 - 800 1500 40 0,12 5 110 100
2000HM1 1700- 2500 3500 25 0,12 15 200 50
700HM1 550- 850 1800 25 0,05 8 200 140

100B4 80- 120 210 300 0,15 80 400 105

20BY2 16-24 45 1000 0,1 300 450 106

300Mbl 280-350 600 80 0,13 20 120 106

9BY 9-13 30 500 0,06 600 500 107

200BY 180-220 360 70 0,11 - 360 103

50BY3 45-65 200 100 0,14 . 480 104

Pernlrnng 818lere213 Halupbl 10'§'n burcbakka yauw bo'Hsbl vrn
Tax3nsi appara/larck uo‘1lasb nnkoww yarala<. Perrk, aso3san, aloua,
raclolexwka, bl3oblazb 1exTkasi, ayloTamka asbob-uskunakrnck
Kens§ rryyo3ck uo‘ 1laudacH.

Cisicrc218 baluasl 1o'§‘n burcbakH lerrllar bl3oblasb iexTkasi-
nT§ xoiira yurfrtakn ucbun aso3ly talenal bo'Hb Xi2ta1 ullacll
Buncky TalenallaTT8 X033aKnTi20blasb ncbun yo'sbltcba Tax-
3u3 parartelrlar krllacl.

Buncky paratelrlarckn bln §13iere218 baluya3sTT§ 10'8§8'n burcbak-
H koelLi131yen11é1r:

K=B/B ,

ax

bunia kn AlyTtan boncba blr§a yauTt bo'Hsbl kerak. 0 ‘raklar
ler(la yayla Ta§nllawsbl ncbun nlatt§ vayla mkT3b koelll13tyenu
8ukkblk LyTa(:8a e§a bo‘Hsbl kerak. Perrk 0‘2akKKnnT§ X033aKn
11.5"a<lyalcla kelllnl8an.

Pern( o‘2aklannw(> xo033akn

11,5-Jacblal
Br,T1 K 851
Ma(enal H. AT r g KK
TwrH nayclaSl Mertlllar  10-1200 0,15-0,25 0,9 25-55  110-630

PertalloyH o ‘raklar
(la5tanlng uyaiTHs: 8-50 0,6-1,5 0,85-0,9 25-100 300-630
2-10 TKW)



Kons”~ruk3ton cbo‘yan ya poYa*lar asbob3orHk, apparaigoxllk ya
eleklr Tasblnasor”a ken§ aoYlawla<lgan talenallar<Hr. Magnk
xo35alarl8a ko‘ra, nlar Ta8nkH (kmulran§ cbo‘yan, mn8leroclll ya 1e81r-
lan8an poYal) ya Ta*tblrlurlar§a bo4YracH.

Kunlran§ cbo'yan larklbkla 3,2-3,5% wn8lerogé, kreTwy, tar8anes,
loslor ya 0olHN8M8w1 boYacH. B Talenalwn§ e§lU3bclast Tu3blb
kaTtls:1 200-450 MPa. Ynclan eleklr TasbTtalaTtT§ KOPM3l, a3o3l
ya 3bu kabl <lelallar layyorlanacH.

Oclalcla, auyTalar ol3Ma larkiblcla 0,08-0,2% w8lerocll boY8an,
n8lerocll poYalllan Moyclalanflac/l. Buncla ymnyTtalar 85-900°C Haroral-
cla 3ekT-a3la yursbaHla<H. Max3u3 eleklr tasbTtalancla, sbunt8clek,
Konsiwk3lyas: yen§llasbHnlaan tasbtalarcla Tkel, yanacHy, xroT
ya Tollbclen blMan le§lrlan8an poYa*lar 1sbkHlac/l. Bn poYallatT§
e8llsbcla8l TexaTk Tu3labkatHs1 500-950 MPa oraH§Ucla boYacH.

11.3. C?aH1a Ta™nl Ta(enallar

Csallla Ta§nJ1 Talenallar 1arkibl, bolaH ya oHw3b nanllanga ko‘ra
umylclaélcba lastHanac/l: 1) le§lrlanSan Talien3k poYaHan; 2) uwny-
Ta uallly Ta811 soH3bTalan; 3) kukunlarclan layyorlan8an Ta8nk;
4) yallly Ta8w1M Tlerrklar; 5) e§MNuYcban yorisbtalar ya Ta§tllas-
Talan. (julblar oraslcla bayo bo‘3bll84 Ttay”uc! boUs§ankla ener§iya-
nT§ blr Lisrws ta8wl talenaH ~rwclan lasbsancla8l tayéon bllan
bo§Yiy, boYacH. Markur ener§iyatn§ ylyrall bo‘sbHunlng n2mnH8:i-
8a bo8U1sa. Ma8Tl umlblanwng Ta8t13121aTt3bl bl3obl8a oraHucla8l
Inclnkblya BMuok/Iy Telnk3ilya Br8a Tt3balan klcblkrou boYacH.3B

Hayo oraH8Uclas: 30lM3HHrTa tag§t1l ener8iyask

2.

buniia, - Balnclmkslya8a 103 kelacHS8an Ttayclon kucblangan-
H81L.

B Byay Kwutar 5barta.,Eleclncal arcl Eleclrowic Malenal5 3aence./ -
Open8”axCNX,/1ncMya—2014, 193-bel.



Tula5blwil8an Ta8nkcla Ba= BN Ha= () bo‘l18aT 3ababH, Tarkur
ener8iya nol8a len§lasbacll. A8ar umlblar oraH8Y Jucla kalla bo43a,
Ba= 0,H a= Hcbo'18anH§1 3ababH bun<labaT ener§lya nol8a tllacl.

Oaniiaycbr B 'a H 'aylytallarcla ener8iya o'r 77§ en§ ymuon uly-
T a 118a ensbacl/:

IV, =B '*H*

Bwn Htcla blMan Ta8nkclan en§ yaxsbl MNoycblatsb nnkowyan aTu,-
latb, n o‘28arTa3 Ta8nklar layyorlasbcla 15blalllacli8an Talena!lar-
nT8§ 81&1T 1 anlalay<H8an Tm bl T xaraklensiika bloblanacb.

Po'lallarklbl8a yoll'rat yokl xroT kKabl Telallar kTLU 3a, Tallen-
3K (urll3bH Talenal bo3ll boYacH. Buniia poYa(nw§ cblrwy ta§nk
e3KT3b Jarayow 3usayacll. Ybl&atH po‘lallarklbkla 0,6% C, 5-6%
XV, xroTH po‘lallarklbklaesa 1% C, !,%-3% Cr bo‘'lb, n1aTtT§ X03-
3akn wu8lerocll po‘lalnfa8a T3balan ancba yaxsbllan8an. Markur
TalenallaTTk Tagnk xo33akn: H = 0,45-0,5 kA/T, B =0,9-1,1
Bb/T2 \yB:O,,9-12 M/T3 3

Eleklir lexTkacla Ta§nk TalenaH 3iialiiia Nk bor yo‘1lanl8an uo-
113bTtaal/«/clebalal8an. nwnglarklbl 11-16% A1,24-30%Ne, 54-65%
Pe eletenllanclan Loral. A1lTnT§ Hculyrtall w8lerocll po'lalTtkl8a
wasbalan 10 barobar yuuon. Jiéa yallly tTalenal bo‘18anHS81 3ababH,
alw8a TexaTkK 13bloy benb boUTtaycH. Altclan Ta§nk uwnylsb usmH
blMan oHTb, kerakH LUrLl3b 30ylL3b Jarayotcla boslM ullnacH. LW w g
Ta8nk xo33alan umylcla8lcba: H=4-4,5 kA/1T, B=0,55-0,65Yb/T12
XV8:5 bl /T3

AlTKO UoliHkTaMm alTt8a o0‘x3ba3b bo'lb, nTN§ larklbkla 5-10%
CO ya 6% Cwu uo‘sbltcbalar bor. A1TkoTn§ Ta8nk xo3szalan:
H=4,04,5 kA/T, B=0,7-0,8 Bb/T21U,=6,0-7,0 n /T 3

Ma%Tko w/lvkTaax altkoclan larklbkla8l kobak rruclonwng 13-
balan ko'pHs: blMan (10%A1, 17% N1, 24% CO, 6% Cu, 43% Pe)
Mrulana<fl. Ma8TtkonT8 Ta8nklMk xo33akn: Hce4,00M1,5 KAI/T,
B=1,2-1,3 Bb/T2 )(\/8: 16-20 ¥ /T13.

A Calll5ler,\YLlllar O., Malenals 3aence anc! en§teenn§: an ww(ro<luclion,
71b e<1p.cT/ - Pnnlec! w 1be 1urdecl 8lale3 ol ATenca/ ,1oHn \YTey & 8ons, 1nc.-
2007. 428-bel.



CousbTta Tagnk xo38alannt§ yaxsblarsbl, wnuy 1nrklbl bk
lan8Ta ewa8, balkl Tax3u3 13bloy bensb - yunyTtaw kicbH Tnyriom
(a’'s3Téa 3oyllsH]'arayoT blMan baT aTtylanacH.

Aluw, altkoyaTta8§Tko yoH3btalannTt§ katcblHUY! nlarclan (]
oUcbaTtH kioblk Tab3nbWar layyorlasbnt§ TmsbknlHS§1cHr.

Pla(waH uonsbTtalar lertr yoki kobak larklbl8a 77-78% pla(wH
uo'3bl3b oruaH oHmacH. Bn Talenala Hcsalytain ke3kT o3blb, T-
clnkslya ylytaH e3a pasayac/l. nnt§ Ta”nk xossalan ((envrH uoHsb-
Taéa): H.=12,5 kA/T1; B=0,58 Bb/T2 XV =12 k1/13 KobakH3W/a e3a
H=21 kA/T, B=0,45 Bb/T2 \YB=15x1($ k1/13 plaltall yoH3bTa-
laTT8§ yolcHy Tclmk8lyasl kioblk silytal:8a e8a. bl aT balanclLigl 3a-
babH, bn Talenallar Tax3n3 apparallaréa”cla kwoblk ba]Tl Tagnk-
lar layyorlasbcla yoYlarlacH.

AynT TalenallarT (lolrwy Ta8nk xo33alanw an§laiilycbl Texa-
Tr77 blH3b Talut Ta§nk xo33aH TalenallarT yaraH3H 1TkKoT-
yaHT beracl. Masalan, kerarwkaw k1Ttyoyly iarkiblw o‘r8arltb
Ta8nk xo33alannl bo3buyansb ko'nb cbluylfgan.

bBHbK TayrnT o'r8awb cbHpb umyl(la8l TazablarTt yecba oH-
3blng12 Kerak:

1. AS8ar bir ya(or toclclalart Ta8wllat5b8a ToylMHs1 ya 1a’31r
elllycbl Ta8wl Tayckw aTty boYsa, nlarw ta8nklawSblT atulans.

2. Moclclawng eleklron (urll3bl lasarrmHclan keHb cbluyan bol-
clannTt8 rkklla ta8Ttl ToTtenH T Tanba3wu artylan§ ya ulssdacba
la'nAans.

3. CMsuacHa a) cHata”*neHrT; b) parata”™neHrT; (1) lerrotas§-
neHrT {ablanTt ya Tanbasbl1lu5bunHnNnS.

4.  Knzlall wH3HW xususlyallanclan keHb cbluuan HoMa ler-
rknT§ knb kn3lallancla8llerrata8neii2tTn§ lablaw LsbunHMNS.

5. a) Ta8nk §13lere213 bocH3a3T! larMab yorT§; b) ne8a 8§15-
lere215 lerrotaSwl: ya Netta8wl Ttalenallarcla kwralllacH; (1) 1w-
3bunlnnng, neSa bu talenallar cblrwy Ta8w{larrnlayyorlasb mncbun
uoYlarlacH.

6. Ywut3sboy ya uaMy Ta8T1 Talenallar8a x03 Ta8nK x033aKr-
W yo21b 1nsbuniinns.

7. 0 ‘laoYkaruycbanHk HocH3asbl 1a'nfdab yorT§.



11.4 Ma”nkH Ta(enallarnws§ a$(wy ko' nnkblan

Mag8neii2t bocW3a3TT™ TarTuw 3bunéan Mworaiki, ba21 Toé-
(1alar bo3bua Toclclalarwioritsb, nan3b yoblla’'5lr oUkarisb kucbl™a
e8a. Bu bocH3a T 1 8§ ylMlarclan ben tTaYwuTt. Blrou, bu tagnei2r
bocb3a51M1ng ne8121M lasbkl e*nycbl mnslublar ya texatrrblar eno-
Tew T W3bunuruycbl oTlllan no2ik Tazala boYlb, yayT kunlarSa-
cba olMTlar bn bocH3a bayléa 1041 1nsbuncba8a e8a etasclUar.

Ko‘p8Ta 2atonaY1 1lexTk uunlrtalar Ta”neurT bocHsa3l ya
Ta§T1{ Talenallart uyoYlasb a3o3”a bago elll§an. Bular: kucbla-
w3b eleklroSeneralorlan ya lranslortalorlar, eleklroclyl8alellar, racbo
ya leleYl(lenlya, lelelonlar, koTpyulerlar, loyusb ya ykleo lexTka
513letalan.

Masgnl1 xo33alan unyl(la8l yaxsbl Ta4 T boU8an Toclclalarcla ak3
elac, bu lerwr, ba'21 poYallar, labny lerwr 2axnalan. Ma8Ttl Tay-
clonl barcba Toéclalar§a ko'p yokl kat rruclor(la boYsa bat 1a’3ir
oUkaz213bl, batTa8a bat yaxsbl TaluTt eTas.

Markur bobcla Ta8§nk Tayclonlar bosll bo' M3blwng ulsuacba las-
nll berlMacH, Ta”nii Tayclonlar blMan bo§' My 1urM yeklor kavallklan
Tubokata ulltacll, Ta8nH xo033aknT 1lo(laloycbl paratelrlar ya
cHa-, para-, lerro,-l'etra8nen2t kabl bo(b3alar ko‘'nlacll. 1Jn(lan
lasbuan Tagnu Talenallarclan rr3ollar kellrllb, o4a oYkarnycban-
Hk bocii8as: yonllachb.

Ma”nk (Mpoll. Ma8nH kucblan elek*r unyyallan§an 2arracbalar
barakaH nalya3l(la paycka boYacll. Bu kucblar blrlatcbl bo4rT3b
eleklro3lallk kucblar§a T3ba”an ikklatcblcHr. Ma8tl kucblart
Tayclonlar nuulldy: naxan 1lototclan 120blasb uywnlay. Buncla bu
kucblartn o7l olcbcla8l baraka! yo' narsblan ko4Y3salllycbl kucblawwisb
cbl2luylarl xayolan nararck Tlackl. Ma8nk Tayiion sirukinrasi Kucb-
laTt3b cblirlylan bllan ak3 eliklMacll. 11.7-ra3tcla eleklr 1okl aylanasl
ya ta8nlllan8an naycba alrolicla8l kucblawsb cbirlylan ko' r3aril8an.

Ma”nk xo33alan. Awylatsblcba, xuckll elek(nk cHpollar Tay-
Juc! boY8art kabl, Ta§nkl Toclclalarcla Ta§wl cHpolar Tay]u<l
Ma8§tl cbpollar§a 3blToly ya Janubly polym3lar8a e8a, xwuckll
eleklnk cHpollarcla Tandy ya yobly raryaclar rolluya o‘x3ba3b yarl-



lam bataacl”an kioblk éounTy Ta§nllar 3MaliHa uaralsbl TUTKT.
Kuralllgancla Tagnk clpolar TotenHan 3lrelkalar blan ko' r3alllacrl
(11.8, 11.9-ra3n)d

N
11.7-raxT Elek(r 11.8-ramn. Ma8u ( 11.9-ra$r. a-$lin<ink
(ok! aylanabl ya ToTen (bl u'aHak yorclarTt{la

Ta™nlan™an y0‘naH$Ne. yarall”~an TagT( Tay-
naycba roii- (]()l'llecbIaanM NV, wnlan
(laylkncMankH oYkarMayo”an (oK /,
cH|ZlJ4]an $(ruk- Halualar *>ow Nya A'akak
(urasl nrunH” wa bog* Hu,

Ma8nk TaynoT Ta”™nH (bpollar§a xuH(J1 elek!nk TayHon elek*nk
(bpollar8a 1a‘3ir o4kar§art kabl 1a’sir elacll Ma8nH TayHon Tay-
Jucilngl(la, bu tayclon cHpoMart TaMwuw ~balllan yo‘nallln3b8a ba-
rakal alluycbl ToTerMuw yuwmnc™a keldracll. Markur eAd'ek18a yoryT
rwsol - yer kurrastt8 Ta8wl kncblaTt3b cblrlalan8a To3 bolalcla
KoTpa3nT§ Tanll 3lrelkalan barakaHcHr.

Ma8nK Tayéon yekdorlan. O ‘allak(la8l Ta8nll Tayck>Ll Kucb-
lat3bl-balaalar 30T, 1ok nnuéon ya §'akak mrunlfl”~a bo§' Ha.
<BaHly, Talenallarcla Ta§nk ToTenllarT yaraHsblw TnbokaTta ub
H3Man ayyal, Taygon yeklorlan im3buncbasi8a aszozlanS8an ta§nk
TayHoT(a3wnT ko'nb cblsaarTr. Kellrl8an lasbul Ta§nH Tayclorn
Ta8T1l TayHon kucblat3bl kucbl bllan b(lalanacllya N barii bllan
bel8Manach.

5 Calll5ler\\Y11Vart O., Malenal5 3blence anii en§Teenn§: an w(ro<lmclion,
7lbecl.p.cT/ - Pnnlec! T 1be ¥YnKec) 8lale3ol ATenca/ ,lobn Mley & 8on5, 1nc.-
2014. 805-bel



A8ar Ta8w{ Tayclon, ~p3lab o‘'ral8an balualarclan N la3bkl1 lop-
8an 3llnclnk §‘akak (30lenolcl) yoréannéa yaralllza, §'alak balualan
n2unHs1 1pa len8 ya mnclan | nua<loncla lok oYkarl3a, Ta8nk Tay-
clon kucblaT3bl yuylcla§lcba 1roclalarecll:

Mag8nK Tclmkmya$l. Tok balugbl yoki Ta§tllan8an naycba yor-
clarrmcla yaralll8an Ta§8nk Tayé&oT N bllan 1loclalangan. N TaycloT
kucblatsbl - (J1-balua).T yok1A/T.

Ma8nk Tclmkslyasl (ba’'2icla Ta§nk oyl 7§ 21cbllst bat cle-
ylMack) K-bel§181 blan 1Mxlalarb, N kucblawsb 1a'3lncla boU§an lasbil
Toclclacla 3oc/Ir boHwnycbl icbki Taycloncla8l kucblat3bT blklracll V
bel8151 Teslacla oYcbanacll (yokl Yeber/t2 Y /T2. 1lkkala V ya
7YB oUcbaTt bat yeklorlarclir, cbwlln mnlar nalaual oHcbartéa, balkl
3albcla8l yo'nalsbl blMNan baTt kocblanacb. Ma§tl Taycbn kucblaT-
3biya TaSnkTank3~Nya unylcla8l t3bal blMan bo§U]s<Mr:

B =/nH (M.2)

Ma8nk 1nclvkslyasl - Ta”“nk ocprTTn§ 2icblBl<llr. 11.3.a-rasrcla
Tarkur §‘akakwng (urllsb 3xeTas: ko‘raalllgan 11.1-ra3tcla8l 1ok
balsasl yokl Ta§nMan8an naycbayoréartga yaralll8an TaSnk Tay-
clot  bllan koclalan8an. N Tayc!oT kucblatsbl - (J1-balaa)T yokl
A /Ty parateiiy Ta811 oUkarnycbanlk geylMacH: bu N kucblaTtabll
Ta8nk Tayclon 1cbkla8l Ttoclclatn§ TcHyklmal xo33a3l bo4lb, uncla
V TK”on oYcbanacb. Ma|>nk oUkarnycbanlk Yeber/A-T (¥Yb/A-T)
yobl Oenn/t (Cn/T) cla loclalanach.

Bo = HoH (.3

Bu yercla, }A() - yakumT oYkazumycbanb8§i, utyersal kon3lan-
la bo4lb 4 k x 10'7 (1.257x10'6bl/T 1en§ boYacll. YO T3ball bu
yakuntcla8l Ta8nk Tc!ukstyacr. Mo<Macla8l Ta§nk 1nclvkslya -
Ta8nk o'lkarmycManlk ya ta8w( Tayclonnt§ kucblar3bl ocbaHclTr.



Malenalwng Tagnk xo33alanw 3barblasMa LU xI1 parawelrlar 13b-
laHMBbI T TK T, ularclan bir1 - TUbl1nT§ Ta8nk oYka2uycbanH§1
yakuunTnt8 oUkarnycHanH” oraslcla8l Tnnosaba* yokr,

(11.4)

Bu yeréa, p bel8151 13bly oYkarnycHanHkw blLlLhilib, cbek312 kal-
laHkcHr.

Malenalnt8§ Ta”nk oYkarmycbanHk yokl T3bly TaSwl
oUkarnycbanHk, Ta(emalw uay3! (larala8acba Ta8nllasb TwuT-
KTH 8TT8§ Te'yoncHr, blTak3 toclclacla N lasbul TtaSwl Tayiow
{a’sTéa VTayclonTT§ bolaliw bel§MaycH.

Yakuuntita® tagnH tcllkaEya MasnI xossalanclan yana b T-
bu Ta8nnlan8anHk M. OunyWauy! nasba! blMan atylanacH:

B = H0Aa + MoM (11.5)

Tasbur TayHonw N uoYlaSan(la toclcla<la8l ta§nll ToTenMar
Tarkur tayclon8a uarab onelllablya uflacH ya o‘rlannTt8 TagnW
Tayclonlan bllan n T kucbayllacll.

Ne$bly TaunH oYkarmnycbanHk {n$buncbafl A/oHcbarT 1a3buy
TayHon kucblaTt3bl8a Tnlano3lb(r.

M = X TH 11.6)

Ynson(la8l wsballla kellln18an 3~oUcbarTt, Tag§nk 1a’sircbanHs:
cleb ablacH, bu oUcHat cbe8arasi2. Ma§nJ/1 1a'swrcbanllk ya T13bly
Ta8nlW oYkarmycHanlMk oHcHy 13bal blMan bir-blnSa bo™MMu;:

XT=M~1 11.7)

MalenallaTT8 <Heleklnk xaraklensHkalan brlan yuuonc3a Ko‘nb
cblaM8an Ta8nii xo33alan paratelrlan o'‘rlasiaa o'x8basbllk Tay-
Jvé. Vya N oYcHartlan o‘'x3basH boY8aw wcHwn, 3bunga to03 ra-
yrabiia cHeleklnk 31L43b /) ya eleklr Tayclow kucblat3sbl Ye kabl,



L, oUkarnycbanlk e3a e cbeleklnk oYkazuycbanl8i8a TaxTunan
o'xsbaycH. XuclcH sbunéay M Tta8nlllan8anHk ya K polan2alslya
o‘rlagiclabaTt o0‘x3ba3sbHk Tay]ucl.

81 ya 8C8 818(etalar™a8l blrilklarnl oYcboybl gayla bl3obla3b

Hoi(lalan
11.6-]ag\al
57 swWeTas! 5C5
{ay'a wuwblaxk
Kalalk Belyl blrHkl1lan 3bleTasr ‘nialan
bo$Ma  (laf(labk] birvMan Ho
Mal?uwil 1incinksiya \% ¥YIblTt2-  «si5-c Oaun3 1\Yb/T2104
Ma{>T1 Tayiion ) latm’ 7= 4k X
wichlaTebl N Jrrn/t Clw-5 Er8(ecl 10
M(50
Mas§T11lan6anHk 1(Cés- A'rn/t ClTs CTt2 laT’ 7= 10®T
eLn)
Yakunt A -
0 m kgs-c2 ° AT 4 ) 107=1
oYkarvycbanlk 512
M15bly U.(80  geicbat- o‘lcbar- oYcbart-
OUYkaruycbank Mi(cae- 512 312 512 n=u
cTn)
X7 (50 oYcbar- o'lcbar- oYcbar- ,
Ta'51rcbanfk X,,(C}'I- o1 o1 o1 XT=4 n X

ernv)

Bun yen'a 13blalll8an XT-kallaHs1 ba]t blrH8icbr. 81 birHklar 513le-
Taslla Xn,™11? Tayéon kucblat3bl§a N ko'pay*Ta3l TalenalTtn$§
ba” birHs: (m ') 1e813bH Ta§nllan8anbkT Ko'r3alacH.

MocMant”~ Ta”nk xo33aknuw {a'rloycbl birHklarclan 1byclala-
wsb LW3bunTtoycblHklar§a oHb keH3b: T TK T, cbubla parallel ra-
Y13béa 1kkka blrHklar 513letaslclan NoycblanHacH.

Bularclan bin bu - 81 xaluaro s131eTa31 (ralstonallasbunl8an 5181e-
Ta Telr/kHo8ratT-5ekmnncl). Bosbua 513leta e3a 808 blIrHklan8a
aso3lan8an (3aniTelr-8raTT-3eKUrkl).

1kkala 318letacla8l birHklar oY cbl 7T uayla bl3oblasb uoMalan
11.6"aéyaHéa kelltl8an.



MagnK TtoTten(wn§ (ablaH. Malenalnt§ Takroskop|lk Tas§-
nK xossalan aynTt eleklronlar Ta§nk Totenl1Tn§ nawoyl3sbtlng
Ko‘nwsblcHr. Malenallanla Ta”newrT bocHsas: 3abablw LUsbuilllra-
cH8an ba' 21 naranyalar o‘laTurakkab bo‘Hb, LU3bnT3b ncbnn kyanl-
Texaw K 1msbuncbalanru blab elacll, bu e3a Tarkur KKkobnT§ yarii
MalanSa birtaycb. 8buwng ncbun bir Tanewvr 1ablai baullla 1ar3rol-
lar312, 3olcblasblrlMéan LL3buncba benb o ‘ larwir.

Alotcla81 bar blIr eleklron ikkka 3abab bllan yaralacHSan ta§Tt1
ToTenn8a eSa. Brncbl3! eleklron yaclro alroii(la orbkal baraka!-
lanacll, ya't wn barakaHanuycbl raryackllr, lNeTak, eleklron barakal-
laubl Ta8nk Taygon ya rwkroskop™K tag8nk toTten! yaralllycbl
lok balsasl 3lMalicla ko'rllsbl Tu T K T. 1kkTcbl3l bar blr elekit-on o‘r
3pTi8a e8a, buw eleklronTt o'r o‘s1 aio/IHa aylaTtsbl8a aylllacll. Bu
aylat3b o'yl bo'ylab yo‘naktl8an ta8nk 1toten! yaraHsbl ncbun
Ho'sblTcba Tanba yaralsbl8a X2t a1 uflacll. Markur 3pTH Tag§nk
ToTenl yo “ynAon8a” yoki “pa3l8a” yo‘naktl8an bo'b3bl Tn T-
KT. 8bunclay ulllb, alotcla8l bar bir eleklron8a <k>KTy orblalya 3pT
Ta8nk ToTen W ruwkroskoplk Ta8nk 3”aiilla garalsa boYacH.

@ (b)

MNO-ra3t. Ma”nk Toten ( payiio bo'Hsbl. (a)-eleklronnTt§ or-
bkal Harakaiiiia, (b)-elek(ronwn§ 3pln barakaH”a uarab
awnalana(NMxa
b Calll51er,\YTIMar O., Malenal3 3cmerice arcl en§teenn§: an Tlro<3wucwuon,
TIHecl.p.crn/ - Pnn(eclt 1He unKecl 8lales ofATtenca/ JSiobn MrlMey & 8on3, 1nc.-
2014. 807bel



Ma8nk Towenl. Ma8§tl ToTenl:wn§ a3o3ly bIrHs1 31{all(la P.Bor
lototclan kTOdan. Bor TagneloT uy-9,27*1024A * T 2gabul allin-
8an. Alotcla81 bar blir eleklron ucbun 3pT ta§MuTtotenH ty8a len§
(+ bel8151 “ymnuonga”, - bel8l5l “pas{8a”T anglala(/). KeyT, orbllal
Tagnk totenllan Ty 8a len§, bu yeréa, T - eleklronnT§ Tagnrl
Kyan* 3oblancbr.

Har blr aloTt(la ba'21 eleklronlatT§ orblbl ToTenHan bir-binT
Jnii-lnin bo‘ Hb, y184ncH51 nol8a len§ bo'Mb uoplasblan T TKT. Bu
3pT ToTenl:lar8a bart 1e813bll. Masalan “ynuyon8a” yo'nakrtl8an
3pTH elek*ronnT§ 3pT ToTeni “pas3l8a”’yo‘nablnl8an 3plnll elek-
lronnT§ 3pT TOoTenWw bulmnlay yoplaycb. AloTnT§ 1o'Hy Tas§-
nK ToTeni, nnt§ barcba eleklronlan Ta8t1 ToTenHan yi184nclla:
bo'Hb, bu yeriia orblbl TotenMar bat 3pT ToTen/lar y!§4ncbs1
Ao‘3bllacll. 8buncla n yobl b TotenllaTtTé o‘raro yoplartsbl bat
nararcla Wnblk A8ar aloTtcla barcba uoblylar loYa boYsa, wniia
JarT elek{ronlar nol8a len§ orblbl ya 3pT Ta8wl Totenllar8a e8a
boYacrlT.

5bnnT§ mncbun, buniay a*orlarclan lasbkl1 lop8an Tockblar ckii-
rTy taéwllartsb8a e8a boYa oltay<b. Bu kale8onya8a barcba oll-
lanob (Ter*) 8arlar, 3bunt§(lek kKo'p§Ta ton blnkralan kHacll.

Pa5lroucla tagne112tn 7§ bar xIN lurlan TnbokaTta ullnacll -cMa-,
para-, Ferrota™neHrT; anulerrota”™neiirt ya lercta”™neHrrblar ler-
rota§nell2tnling boU tkn 3lWbla ko‘nb cblyfacll. Barcba Tocl-
clalarcla Tagne{i21 T becb boYTasa blr (unw kurallsb TUTKT.
A3Héa To(1(latn8 le'NM unt§ eleklronlan (alot Ta§nk cllpoHan)
yautlasbltl8an 1a3bui Ta§nk Tayclows8a boY8an reakslyasi§a.

11.5. Blata8ne(lrT ya parata™nenrtT

1)lataoncl]/:Tt Ta8ne1u121Tn8 o0‘la Kucbsz ko'nwsbl bo4Ylb,
bunita Ta8nl(;lanSanHk Maual8wa 1a3Hu TaSwl TayéoT 1a’3ir ebb
lur8ancla8ta 3auylaTtb wuolacll. Buniay Lcla81l tagnellrT, lasbu]
Ta8Tl Taynow 1a’'3il oUkar8ancla eleklronlatT§ orbllal barakaH
o'r8ansbl na(ua8kla \aymucl8a kelacb. 1n<luk5lyalanS8an Ta8mkK ToO-
Ten! kalaHs1 ~cla 02 bo4J1, ToTen! e3a lasbal Taylion yo‘nalisbi8a



HAarata-aarsbl loTton8a yo‘malldnlacH. 8butn§ wucbun T3bly
oUkarnycbanHk M, blriian kaT boYacH (orgta boYsa bart), Ta8nH
1a’31Mcbanlk bel18131 e3a - 3albly. Bu esa, cHata8Tl sa*Hs.M51cla Ta§-
nKk Taynon Tcluk8lya8l V oUcboyl, yakmmtcla§lclan Ko'‘ra KaTrouy,
boU3blw blcHracH. 0lata8nk uya«ly ]J13tlar ba]t la'slrcbanrigl
10'3 oUcbarT8a 1len8. A8ar cHata”nk Talenallarclan layyorlan8an
~ 37T KucbH eleklrota8nk polymslan orasi8a”ylasbHrll3a, ntagnk
TayHon kncb312 boU8an Joy§a siakpb cblsacH.

Tasbu! Tayéon yasaTtlasbinl8ancla ya n20salasbHrlM8ancla cHartas-
1 talenabla aloT Tagnk ToTenllanTtn§ Ko'nwsbl ak3 eiikl8an.
11.11-ra3THa 3it-elkalar bMan, aloTTn§ barcba eleklronlan Toten1-
lan lotoTclan yaral8an alOTlar Ta§nk ToTenllan ko‘r3alll8an
(ynsaonéas: Tubokartalar8a uarans).

Parata”™neHrt 11.11-rastcla cHarta8nk xo33alan bor ToCl-
clacla VTN § YYasbsal Tayclon8a 1obeHs: ko‘rsaH18an. 11.77aclyalcla
ba'21 clMata8nk Toclclalarwng {a’'akcbanHk LhyTau ko‘r3alll8an.
OlaTta8nell2t barcba Toclclalarcla Tay]ucl. Bkos bu 3buncballk
kucb3s12 eflekla, T atylasH ucbun TagneH rTTn8 barcba bosbua
Iurlan 1o'Ha yo‘a boYisbl 3bar*. Bn Ta§nk bo(H3salar LUnTnN§ iieyarH
ataHy abartyaH yo'a- Ba’'21 Toclclalarcla bar bir aloT eleklron 3pblar
yok1 orbkal Tagnk ToTtenllarTn§, 1o41a312 o'raro uoplanlsbl naH-
laslclaHouty Ta§nk toTenH 8a e8a boYacH. Tasba® Ta§nk TaygoT
yo‘all8icla Tarkur alot tag8nk ToTenHar oneniat3lyast lasocHSAy
bo'Hb, 3bunHan ~ 3T Tag§nk xmu3mslyallarSa eSa boYTtaycH.11.11 b-
ra3tllla koYsalllhanin3ek Ta8nk ToTenllar erkTt baraka! yllsbl
TUTKT, ular 1asbai Taygon {a’'3Téa a3o3ly yo'naHsblant TayckT
loton8a o‘28arHr8ancla parata”™ne(12T bocH3a31 ynm<l8a kelacH.
Har xIN alotlaTtT§ Ta8nk TotenHan bxr bTiian tnslasall raYisb-
cla Haraka*latb, f0‘3bT cHpollar o /lazlcla8l becb fanHay bo§' MaHk
boYTaycH.

Olpollar 1a3bsi Tayclon§a barakallat3blT Tobal8a oHb, nlar nt
kucbayHracH ya 13bly oUkarmnycbanHk salytaHS8a, kala bklklar§a,
ni3batan klcblk boYgan, birosi Liobly Alytalclagl Ta8nk 1a’3ircbanHkka
baT T03 kelacH. Parata8nk Toclclalarcla 1a'skcHanHk a>ytallan 105
éan 10'2cHaparotHa boYacH (11.77aclyal). Paratagnk Toclclalarcla



Vwng N 8a10'beHs: 11.12-ra3tcla kxeTa (aTéa Ko‘rsalll§8an. Jla
ya pararta8iwil: toclclalar aso3an Ta§nk312 cleb sanalacl, cbunk] mnlarcla
Ta”nelirT Mauyallasbal Ta§nk Tayion (a’'3Téa yduina kelacH. bun-
éan lasbsan mlar<la Ta8wl Tclukslya FyTall yakmnutéa§i(lan kart
[arylanaél.

11.11-ra$1. a- (asUcp Taywnon yauinlas¥irilNancla ya
n2oyla$buriiran(la (Hata™nk ta(enakla a(ot ta™nkK
ToTenHannTy kKo'nw$bl. TazbAlwayvon yorH” na Ta8nk
ToTen(lar nol8a (en§. Mayiion yaublasblTbgan”a, Tayinon
yo‘naH8bl™a saraTta-gar3bl yo‘nallrM8an Ta8nk totenWar
ywuniina kelacH. b- parata”nk Ttoclclacla (axlup Ta§nk
Taynow yaswlasbllrH8ancla ya mn2(” 1asillirMéan(ia a(oTt
Ta«w ( ToTenWan koni8ura(slyasid.

11.12-ra8T Bla- ya parata8nk uanny J18tlar(la V Ta”nkK
Tclnk81lya$tT8 N Ta*nk Tayclon kucMawsbl™a
bo§8' "ng§1l3r



Xona barora(kla"l (Ha- ya parata”™nk 1o(blalarnw8§ ta™nH
(a’xncbanH” ylyta(lan

11.7-]agyal
Olata™nellclar ParaTtaenenk!ar
ba]Tt ba]t
ralenal cbanH"3? ralenal 1a’3KcbanHst1
AlrLLlly oksi(H -1.81x10"5 AlwTTy 2.07x10'5
Mmi8 -0.96x10'5 XroT 3.13x104
TLLa -3.44x10'5 Xrot xlorxH 1.51x10-3
81lob -2.85x10'5 MaS8wy 3uKai 3.70x10°3
Kretwy -0.41x10’5 MoHbckn 1.19x 104
Kntunsb -2.38x10'5 Kaiiuy 8.48x10'4
blalny xlorncH -1.41x10"5 Tkan 1.81x104
8TK -1.56x10'5 3KKowWwy 1.09x10'4
MublT (ernun ya Ko(3ep3oyalar
Aruvkerrota™neHrT Polcby ta™nllan”anlk
Cna8lererl8 Ma”nk Tayéon kucblawsbl
Dlartarinell2r To'yknHHK Ta]»nklan8aniwl
OoTen Paratagnenrr
KoerslLly kucb Ma§nk oYkarnycbanHk
Bor TaknetlOT Ma”nk oyTu rioblwl
Ma”nk{a’skcbanlk OYa oYkarnycbanHk
Ma#nk 1M(inkslya8l Kywnn baroraH
Ma~nk-yntibog walenalar PettakneHTrT
Marnk-uatg Talenallar PerrlUar (kerarwk)
MavinLlan™anHk PerrotagneHrT

8woy 3ayoHan:

MaS§nk Talenallar cleb uanclay walenaHar8a ay™/lac!!?
Ma8nk Talenallar8a rwsolar kelllnns§.

OaNes Ta8w1 Talenallar.

Ynt3bos Tagnk talenallar.

PenoTta8nk Talcnallar.

SRl T



(~y T enycl”an Telall <lebuanitay Telall8a aylllacH?
8oywusaa cbléatH Talenal ieb yancky Talenal8a aylllacH?
Panéay walenallar racllablyaéa cblclatll aeyiiaclT?

(Janclay yonsbTta™a eleklrolexwk po“lal éeylMacH?

(2anclay Telall8a clMeleklnk aeyHaci1?

Challly ya yut3bou TaSwll Telallarw blr-brtéan larul T-



12-BOB. KOMP021T81C>X MATELUAbbAK
12.1. Me(all a3o3Ma koTpork3wn Ta(enallar

Bunéay kotpork3ton Ttalenallar taini3ast Telali<lan rboral: Al,
M§,Ne, Tl ya nlarwng yo*13btalan. Bular ynuon puxlalkclagllolalar
yok! ynpua cb3persl1 ¢ y T enyc%an 2arracbalar blMan puxblanacH.

Melall aso3l(la koTpork3ton Talenallar alralllklan uyyl(la8Mar:

Mexal Kk xo33alan- xarak!ensukalan yuuon, Ta(nl3sa xo3salanga
bo8‘by, (TM3labkaTHK cbe8arasl, 31 oychbl loblar yo‘nafsbl8a per-
pen<bkular yo ‘nal3bcla8l e§Muycban ToHWH); ynuon plas!lkHk, buri-
b3b8a uymsbuoyHS81, aso3ty Telallw ensb baroraii8a TnslabkaTHk
barakalensmkalanw 3aulasb.

P121k x033alan - yuuon 1531 ya elek*r 10 K T1 oUkarnycbanH”b

KukunH koTpork3ton Talenallarcla telall aso3kla Al 3 8O 2Ya
Karblc/arT @ y T enyck8an aralanT ck3per3 rarracbalan Xi2tat ufla-
cH Bu koTpork3ton talemallartng TexaTk ya brlk asoslan 120-
1roplk (bIr xI' barcba yo ‘naHsblarcla).

Melall a3o31(la81 kmkunH koTporkston Talenallar8a 8AP nn3ol
bo‘la ola(H. 8AP - pi3blrf8an alurwiy Kukut - larklbkla alw-
ruwy knkiw ya alwwty ok3k (AlD 3 (6-22%) aralasbraslclan
iborat. Ho21rs1 yagHa 8APclan Jucla Ko ‘p clebllar yasalacll: por3ben-
lar, sbalunlar, klapan pnyTtalan larelkalan. 8AP yuuon lexnolo8lk
x033alar8a e8a: ywuuon Helortalslyalanacll, payyancllanacll, ukdb
13blanacb, rang8a barckasb ya oloybariiosb. CHoybariiosb alutT uo-
nsbwalan 300°C cla 13blaSancla 8AP 500°Céa bart 13blayyeracb. ASar
bular larklbl8a bo3sbua eletenl;lar (Pe, N1, 'M, ya b.Kk.) 4o*3bl13a, 8AP
aylanacb 8A8 - pi13bkM8an alurwwy Loin3bTa3! boYacH: xo33alan
yanac!a yaxsbllanac/l.

Oyi8atentaTT8§ 8klrayHk <lelallan (c3ktar, laloklar, rolorlar)
yuuon baroralll cHsper3l1 Ttn3labkatlan8an kukuw uoH3bTasz™an
yasalacll. Yuuon baroralll cH3persl1 Tu3labkatlan8an KMKUT LoOH3b-
Ta3!l larklbl bu Tkel - xrot uoll3bralan ya 8alwy ok3td1 (Hb02
yok! lony ok3:d1(Tb02 kukunlan aralasbraszlcHr. Yuuon baroralll



cb3persll TnslaHkawlan8an KMKWUT Lo113bTa3l Texawkayly 1e8irk3b
n3vH blMan oHnacH. Yuuon baroralll (M3per3 Tu3labkatlan8an ku-
KNT uoldbTalaTtT§ o0loybarck>3bligl ya 1331upbarclo8bllél bosbuak-
Mw KKK ynuon.

Mek1l a3o3i(ag: *okH koTporkston Talenallartn8 Tu3kb-
KaTbychbl 10‘kHr8woblan 3*aHck 10KKr ya iora eletenllar ip3iTon
Kkn3kHan yokt Ly T enycM”™an bTktakr (B, C, A120 3 81 C) 13bla-
LllacH. TolaH koTpork3ton Talenallar xo33akn 3Tcblasb 3xeTa3l8a
bo§*Hs.

C>nykksl 12.1"aclyalcla welall a3o3i(kst blr xI yo‘nallrl8an
KoTpork3ston Talenallar xo33akn benl8an.

KoTtporKston Ta(enallar xo33akn
12.1-]aclyal.

KM Heb Eia3(ikHk Musllbkart- CblgaTH-
wmnya  ToUcHr™ob Cb-  tocimH Hkcbe§arast Mk
bclaVla-  iarkibl I E,CPa ayMpa  cpcgara OYP KT
LkbI P 0., MPa
cbo'rLllisMa
Soynull 5 7o 7 150 ; ;
Jnyaian8an
C)oilsbTalar
Y95 ALMS.2n 2,72 - 600 55 88
YKA Al-B 2,65 240 1200 600 45
YKXI! Al-C 2,25 270 950 200 44
Al- po‘lal
KAs po 4,80 120 1600 350 33

81rmi1

Barcba koTpork3ton Talenallar 31kHk na8u2kakr8a yaxsbl 13b-
KycH. KoTpork3ston Tal:enallatt8 Tu3stabkatlgl KO‘proy 10 KKrT
Taint3a blkn bo§‘lawsbHk, birksblsbHK ck”a318a bo§‘Hu. Matni3a
blkn 1o‘lcbr8ioblar orasi(ias: bo§*lawsHIK bar XM bo‘M3bl TUTKT.

1 MexaTk bo8‘lawsb - Taini3a ya to‘icHr8icblar nolek1s yu-
rakn orasMa bo3ll bo‘lacH8an bo§‘lawsb baTCk WMKr 0rasicks!
18buakni3b kucblan l1a’stcla bosll boYdacH. MexaTk bo§Yartsbuu



Ko‘n<3alang cbo‘2llBbcla8l Tum3iabkaTlst ya urunaswa L|1813b(1a8l
Tn3taHkatHs1 pasl.

2.  YwuralarT tort13b kucblan oruaH bog8Yartsb. Bu lolaw 3unyuy,
Talik3a bllan boYlasb bo'k/In3b ya Ly3Tan kotponenHanll ensbl3b
na(yaslcla ym)ucl8a kelacll (tazalan, M8-B 400°C 8acba).

3.  KeakstyaH bo8Yawsb bu koTponenllarru o‘raro kltyoyly
la’stclan keHb cblyach (/1 ya B). KnTtyoyly reakstya bular cbe8ara-
8l(la 0“lac/ ya yanst k11yoyly bl nkTa bo3ll boYacH.

4. AlTasbuy- reakslya bo§4awsb 1kb ya nnitan Ko ‘prouy hayny
bosutobH reakstya o4isbl bllan payHo boYacH. Malrksa 1kan LoH3b-
Tasl,lana 3bu 1kan fol3Hrnas!t uallly eniTa3! bor 1anast bllan birla-
3bacl1- Al B2 bunHan 30‘n§ LUan bllan reaksiya8a k13bacll ya TiB2w
ya aHnwwyw uallly eninasHi boalM yflacH.

5. OkskLl boYiiMsb - reakslya Telalllk Talnl3a blMan ok31(1loy-
cbl {oUcNrnycbl (N1 - A1 3 cbe8arazl<la oYacll. NelyaHa Turakkab
0K3K! bosl boYacH.

6. Aralasb bo§Yar3b ok3lc! plyonkalar yenHnHb, koTponen!-
lar o“xaro KiTyoY 1y cHinrion reakslyast nalnaslcla ro‘yobea cblaacH.
(Al1-B, Al-poYaO

Melall a3os3iclagl KoTporkstwon Talemallar lolalar bllan Talrksa
oraslcla8l Tmslabkat bo8Yar3sb mnlart o‘raro 1la’slrl ya Jucla T81ch-
ka-yupua(l-27kT) kKerteblH Mara bosll bo413b Mara]asi8a bo§Ulu,

Melall eTa3 a3o3H koTpork3ton Talenallar koTponen(lan
oraslcla8l bo8Yart3b aHSerlya yorMarTéa aTtal8a osbacH. Ywuuon
puxialblagt bor, wu8lerocl, kerarwka lolalan Talrk3a8a yoton
aHSerlyalanac/l. Yopl3blsb yobllyaHw o3bln3b ncbun yura k1tyoyly
yecHracH, lola ywralan 13blanac/l, ya’t MY$kenra($iya uyllnacH.
Y13kerl2alblya by u8lerocll, brofl, ya b.k. lolalan ywralancla KreT-
wy Karblcl Tonoknslallanw o‘3Hn3b (ular urwiwuwa perpencHkular
bollMa). 8bu u3nllia ofn8an 1kM8an, belarHb - cbl8al yurall bor lolasl
“borsik” éeylacW. 1p3lton kn3lallar ba”bl 4-8% 8a oli3bl 3unsb
Tm3labkaTH81M1 1,5-2-TaMa, elasiik TOHMHT ya L|1813bcla8l Tn3lab-
KaTM kT 40-50% 8a koYaracrl.

Alwwwy, Ta8wy ya ular yosbtalanw Ttmuslabkarlasb ucbun
borH ya wu8leroclll batita o48a cblHaTl blnktalar (karblcWar, nknc!-



lar borkWar ya ok3slc!lar) 1olalan 13blavlacll. ¥Yuuon puxtallblaéi po“lal
8lwilan Haw 13blallla(H.

T|lan ya ww uolnsbtalant 377a3b ucbun tolMbagenn 3un, 3allr
lolalan, kreTwy Karbl<ll, inlan bonc 13blalllackl.

Nokel uoisbTakn oloybarck>5bH§1w o03bln3b ucbun yolrathi
yok! ToblblenH 8ludar 13blailMacll Yuuon 15514 oHkarnycbanlkw ya
eleklr o4ka213b T 03bln3b ncbun Haw Tte*alllolalar 13blailMacH. Ynuon
TnslabkaTtHK ya ynuon toclnlH koTporkston talenallart Tuslab-
kaTla8H mcbun 1311upol puxlaloycbllan 815allcla ok3lcllar ya alurwTy
nkncllanw 1p3iTon Kn3lallan, kreTwy Karblch ya nkncH, bor karbicH
ya 1Han boncHéan loyclalanflacH.

AlwuwTy, Ta8Ty ya lkan uollsbralanw wurluk512 bor, KreT-
wy kKarblchb LWan cHbonclanu ¢ y T enycH8an lolalar blMan 3181a3b
oloybar<lo5bHkw ancba o3sblracb. KoTpoxk3ton Ta{enallatT§
0‘218a x031|81 barora! ko‘lanb3bl bllan yadg bkM81lcla TuslabkaTtlkT
yo‘uousbllk terfst K1cblk.

018per3 Tuslabkatlan8an koTpoxk3ton Talenallar Talrk3alan
asosly kucblat3sbTt 0218a olacK, cb3pers rarracbalar e3a (b3loka(31-
yalar barakaiit 3ekblasburacH. 2arracbalar o‘lcbarlan 10-500nT
ya oralancla8l tazola 100-500 nT bo*18ancla ynuon puxlallkka en-
3blMacH.

12.2. PoHTerH koTpo/kmon Tta(enallar

PoHTterH koTtpo/K3ton ta(enallar oHsb nauannty ntunt
xu3mnslyallan. Turll 3baroklar(la loy(lalawsb8a yaroull ya Kerakll
(TK-Texaw K ya ek3plualalston xm3m3lyallar8a e§a bo*18an poHTerH
KoTporkston Ttalenallar TaywuT {arblb ya rru(lorcla8l bo§‘loychl
ya loUcHrnycbMatT8 aralasbraslclan oHnmacH. Buncla bo§*loychl 8i-
MaHcla poHTer ta&k3as! yok! yeHTloycbhl Toclclaclan, loY(Hruychl
3lalicla esa, Taycla clspersll, blaston, Taloll, bajruwy, Ko‘plkll
yok! §‘oyakH 3lwkllira8a e8a Talenallarclan loycblanMacll. Oclalcla
ya Ko‘p8Ta bollarcla poHTerH koTpork3ston Ttalenallar layyorlasb
ya ularclan buyutlar 13blab cbluansb Jarayonlan blHa3sblb kelacH. Bu
bol buyunt layyorlasbnt§ uturwy {annanaw 3erkarll (lara]acla ka-



Taylllac ya TeHnal 3arinT§ t3balan kanall8§!8a uaratasHan nlart
bosbua 3anoca! Tab3ulo(lan8a uara8anc'a lullsocby rauoba/larHosb
bo‘Msblwla’tTlaycl.

PoHTerH koTtporkston Talenallar<lan buymutlar 13blab cbluansb
lexnolo§lyasl blir ualor operalblyalar (Jarayonlar) kotpleksl(lan lasb-
Kklop8an bo‘Hb, nlar buyntwlalab eH18an xo33alanwla’ttlay(H.
Buyut I3blab cbluansb Jarayot nnt§ en§ taubnl konslrukslyasirt
loylbalasbclan bosblaracH ya keyT v labmy 13blaH3b 3barokuwia ya-
rouH bo‘MsblTla’tTloYcbl nn8a T03 Talenallar lark!bl bel§ManacH,
30‘nSra nT 3bakllaniin3bnlg en§ Taybul manH lanlanacH ya nanlt
aTalua o3blnsb 3barolll bel8Mab oHmacH.

Har xM LLk/B8l aTy bk buynTtw 3bakllaniinbnlng en§ taubul
n3nHT lanlasb ko‘p§Ta otlMlar8a bo§‘Hy bollla atal8a o3blrMac/l.
11aTT8 toblMa en§ abarlyalHlanclan bo‘I'b buynTtwing konslruk-
lly o0218a xo03HS8!, buyntHan loycblawsb 3barok!l ya vnllan keHb
cblupycbl lalablr (ywratn§ loraHS8!, o‘lcbatlannT§ awyHS8! ya
bosbualar), bo§‘loycbl3TT8 LUn ya xo033akn, lexnolo8lk o‘ri8a
x03H8§!, 1o*lcHruycbInT§ 3lrukllrasl bartiia (yHsoclly oTtlUar -
Ho? ya To3laTtalarTn§ nana, nlarwng 13b mnurw ya 13b8a yaroyHHK
TmcMaH, teHna! 3arii, 1xH3o3lasb8anHS1 ya bosbualar. BunHa 13blab
cbluanla<H8an buymntTn§ or-ko‘pHSl uaniiay LLicla8l ~borbrHan
MNoycblaTsb kerakM8lw bel8Mab beracH. ntyersal yokltaxsns ~bor-
larclan lNoycblawisb yakka larvibcla, 3enyalab yobl oTTaYly (yalpl)
13blab cbluan3b LWn8a bo§*‘Hy boYacH.

TertoplasHk bo8§Yoycbl a303lcla8l poHTerH KoTporksion
Talenallarclan buyutlar layyorlasb(la vnéa kecbacHSan WRIk ya
KITyoYly Jarayonlarw alobkla bl3ob8a oH3sb rarur boYacH. Cbunkl
by LLHa8! poHTerlaTT§ ynuon uoymsboulsl nlart sbakHanHM3bMNa
nr1 xINM obk! nuugonlar payiio bo‘Hsbl8a oHb kelM3bl TU TKT.

TertoreakHy poHTteHar as303lcla8l poHTerH koTporkston
Talenallar(lan buyunTt layyorlasH Jarayotcla mnT§ xo33alan woiisH
le2H8! ya uoH3bnT§ yakunlarsbl8a bo§ Iy boYacH. 8HMTNS ncbun
reakloplazllar(lan buymutlar ol/Bbcla nTn§ uUoH3b JarayoTT 3Hakl-
lanHm3b JarayoT bllan uo‘sblb oHb borHacl. Ka*allralorlatT§
LLIn8a uarab reaklopla3llaTtT8 LoH3b JarayoT blr necba 3o0a!8acba



cbo‘2iMsbl T Tk T. Bu albaKa”boriian lMNoycblatsb koelll blyenHT
ancba paspaiib ymboracH. A TTo reakloplasllarTt§ sbunclay blr
xmanslyall borbl, nlarclan aksanya* ¢3rT lo‘la yoHb boYTasiian oy
LLIr§‘vn 3bak18a e8a bo‘Ib olaclllar. 8bun<lan MNoy<lalan8an bolllanlart
uoHpclan {asbuanéa (oYa LoH3bl8a ensbllacH.

PolMTer koTpork3ston talenallarclan buyut oHsbéa unT§ Keskrn
bo‘yioba letperalllranT§ Tlarggan kellb cblpb unéa LUrH tobbl
kucblatsblar ya nuysonlar payito bo‘Hsbl TM TKT. Ba'2t 1cbk« nuu-
3onlarw ya tobki kucblablsblart keyTsl leTuk 13bloy bensb yo‘H
blMan balaral eiisb T TKT. ATT0 wnlart oblkn oH3bnT§ en§ 3a-
Tarall yo‘MN bu ynyisb Jarayowcla 3lrukllrasbl benuuszon blYH3sbIbl
la’tTlasb<lan tborai.

PoHTerH koTpork3toon Talenallar(lan buyutlar 3sbakManHn3bck
nnT8 strmkllrasTitadmT I7Iara]aclao‘r§ar1T3b TUTKT, bunéan esa
poHTeTT§ x033abnw bat o‘r8arHn3b8a ensblMacH. 8bunT§ ncbun
blr xI' {arkkaH Talenalclan LLlyyoHa3b lexnolo§lya3l8a bo§‘Hu bolcla
xo033alan blr-binclan lMary ulfnycbl buyuntlar of13b Tu Tk 1. PoHTerH
KoTporkston talenallarTt8 8lrukllrasl ya xo33alan8a 1a’sk ellly-
cbt Tubl T oT Lhrelan bo*Hb 13bloy bensb Jarayowung ko ‘r3alktoblan
blsoblanacH. Bular letperalllra, bo3kn, ywHM3b ya 3oynHsb reytH ya
bosbualar. Texnolo8lk paratelrlanu KO'§‘n lanlasb ya ulanu bl3ob8a
oHb bonsb layyor buyut 3(rukllra$tT8§ bk XK bo‘lM3blT, uolcHL kucbla-
w3btng TTknal bo‘H3blT, LoH3b ya kn3lallarsb Jarayonlant yuuon
claraJacla LLl 8abl 8aTT, ya’w yuuon 31MaHbuynT oH3bTla’tTlaych.

TurH 1ip<3a81 koTpork3ton Ta*emallart 3iruklUrasi bIH3b, bu
TalenalT xo33alanw xaraklensHkalan8a, lasbkllellycbllanT (KoT-
ponenHar)~ylasbl3b §eotelnya518a ya layzltlawsbl8a bo§Y|yHSbI
bllsb TaluT Telall uollsbralar, Kerartka ya plassltaS8alar(lan
n3llinroy (yaxsblrou) X083alatl nnyas3art yl18an Talenallarw Kons-
irukstya ullisb nnkowyariw beracH.

ToYcHruycbHar. ToUcHruycbllar larklbl MbaV<"an or§atk ya an-
or8atk loYcHruycbllar8a, 3irukllrast “ba(iilan e3a lolaH ya ionaéor
(ba’ran kukun) k>Y(Hruycbllar§a boYTacH. Plaslrtassalar 13blab
cblyansbga LWYcHruycbMar 51MaH(la or8atk  loYcHruycbllarclan-
yo§‘ocb KMKUT, yo8‘ocb 3eHbloras!, yo§‘ocb 3bpoT (yupua aner),



paxla lararlan, ip §arlaTa, 3w(eHk waloclan oycblanMacii; anor8a-
WK oYclruycHMarlMan-asbes!: 10la3l ya 10 ‘L1t a 31, 3bl3ba 1olasl, 3bl3ba
lolazl<lan lo‘al8an Talo, yi3ua lolaH asbes! (kmkun 10‘1cHr8lch 31la
icla), kaoHn, 3lyncla, kyars kKukuT, lalk, obak, klrel8ur ya bosbua-
lar 13MalllacH. Plaslrtas5alar larklblS8a k1r8an lo‘lcHruycbllar n1atT§
xo053alant yaxsbllaycH, bunHan lasbuan, wsbalan arron bo‘l18aw
ncbun buyunfiart arronksbliracrT.

1 Yuuon uallar. Pa3l barorallla 3bl3ba-
lamacljuan  AB8-plaslk(lan layyorlan§an.
Tasbuyt aHaT ya clekorally iTk31lya8a eSa.

2. bbl3ba plasHkclan 1Kk! o ‘uH yo‘nallinl-
8an uaHart warka2ty L3TT ULobl§‘l
Tor3ston rolw bajaracl ya 1a3but uallanarwy
Kon3iwkK3tyani Tarkaz! blfan birlasbllracll.

3. Markaz21y yl3t-polwrelanH 1o°1crStob.

4. Oetplerloycbl uyaHart. Polwrelanclan
layyorlan8an. Tebrawsbw Kkawayunsb8a
T 0 ‘1)allanSan.

5. A303 (1a8Mk). PresslanSan w8lerocl
(poHTer Talrksa8a wuylerocl 2arracbatan
presslan8an). AbrariYyeylllsb ya blkHIMKww
la’tTlaych.

6. CbeHan. PuxlalanSan po‘lal Oorua
«KkH-8ancla» uayLl3bT yenulllaxblracH.

7. 8blsbaplaSHblan layyorlan8an bl
o‘yM yo‘nallni8an uallar. 0°ya ylsTtan
90°cla yo‘mallin8an bo‘ylata blknHKLW
laTwlay(A.

Or8atk {oYclruycblar polMTerlart yax3bl 318cbracH. Tolall
lo*bllruycbllar buyntlarwng m2113b(1a8l ya rarbly e§81M3H(1a8l Tn3-
labkaTtM§1l o3blracH. Anor8aTtk kukun 1o‘lcMruycbllar buyunMar-
wn8 3uy8a ya 138luyua cblHar1ll81 batHa ualllyM8iLll o3blracH, nlar-
wn§ §‘oyakl1LL8! ya 818roskoplkl81lw pazayHracll.



Tertoplasllk 3tolalar8a uo‘sbllacM8an pla8Hiikalorlar mlarwing
ynT3basb baroraHT pasayiiracH, bu e3a ulart yoHplasbT o3on-
1aBbliracll PlasHiikalorlar skaHéa ynuon baroralla yaynoycbl kicblk
Toleknlar suymuyHWar: turakkab eiir'ar, xlorlan8an n8leyocloro(Har
ya bosbualar en§ ko‘p 13blallla(H. PoHTerlar plaslniikalorlarw 3bl-
rTb bukacll, bunck plaszlniikaloTT§ Tolekmlar uallatlan TAWTY
Takrotolekmlalar alroii(la Joylasblb, mnlar orasl(la8l bo§‘laTtsblarT
ralllasbHracll. PoH 1eTT§ yuTt3basb baroraH pasayisbl ya nnt§
8blsbalanl3bl8a, ya’w wul2(Hnl8ancla 3blsbasiton bobléan uoyu-
3bou-oumycban bolalSa ya 3oykM8ancla yana 3bl3ba3Ton bolalSa
0‘H3bTT§ 3ababl bat ana 3bw.

En§ ockHy ulllb cM3per3l (kukun3ton) lo‘lcHruycbllarw or§atk
ya noor8aTtk lurlar§a bo‘Hsb TMTKT. ATTO bunéa nlartrt8§ bar
birbl yana lolaslton ya lolaslton bo‘lta8an Llrlar8a bo‘Hsb kerak
boYacH. Buncla nlatt8 boYblsbl 2analaTtTt§ oYcbart ya 3baxll,
21cblMs1 ya 3bun8a o ‘x3basb Ko‘r3alkwoblan bo‘ylcba bo4lb cblyflacrl.

PoHTerH koTpork3ton Ttaknallar uuymb»” ko‘rsza(kkMan
bo‘yicba 3wfanacH.

- PoMTer TalrM5a57178 LUn bo‘ylcbg;

- PKM lar Ta(n(3a3Tw8 clelortalblyalawsb xususlyai
bo‘yicba;

- Puxbloychl eleten{lannTt§ 3bakl1 bo‘ylcha;

- Kityoyly larklbl bo‘yicba;

- PKM lar kon3"rukity bel§131 bo‘yicba;

- Puxlaloycbl3TT§ 1mn bo‘ylcba;

- Puxlalasbnt§ ba]rt bo‘ytoba;

- 13blaH3bcla8l yarllalan bo‘yicba;

- MexaTtk xo33alan bo‘yicba;

- Texnolo8lk (aToyllan bo‘yicba.

12.3. ToY<Hruycblar 1mirlan ya a3osly xo33alan
013pers (kukmunaton) loYcHruycbllar oYcbatlan 1 Tk T alro-

H(la bo‘l8an kukumnston Talemallarclan sbakManirfacll. Buncky
1o*1(Hrunycbllar oclalcla uallly k1Ttyoyly Tell Toclclalar blsoblanMac/l.



1Mar poHwer larklbi8a polTerlarwng Veik-Texawk ya lepioli2ik
x033alant yaxsbllasb yokl konslrukston plas!:tazbalaTTt8
(anmarxw katayinsb wucbun s0°sbllacH. 013persll (kukun3ston)
lo*1cMruycbllar umyk'as: bel8Man bo‘ylcHa 3TAar8§a aJraila(:

- KlwyoYlylarklblbo‘ylcba-bularkalslykarbonall,kretne2et
KablMar bo*113bI TN TKT;

- OoHsb m3vH bo‘yicba - 3TLUIiK, TTeral!, o‘siinHkclan olT18an
bo‘MBBblI TUTKT;

- yazilas8a ko‘ra - pwuxlaloychl, artbloYcbl, lannatrm ka-
Taylirnychbil;

- 2arralannT§ 3bakH bo‘ylcba - lolaslton, 3bar3ston, lan8a-
3ton yokl plaslraSlrnon.

En§ ocl(y uyllb cH3pers (kmkun3ton) 1o‘l<Hruycbllart or§aTk
ya noor8atk lurlar8a bo‘Hsb TMTKT. ATTO bunHa nlarnt§ bar
blnw yana lolaslton ya lolaslton bo‘lta8an lurlar8a bo‘Hsb kerak
boYacH. BunHa nlatTt§ boUiwbl 2arralatt§ oYcbarw ya 3baki,
21cHIMs1 batcla 3HMNSa o ‘x3basb Ko ‘rsallacblan bo‘ylcba bo‘Tb cblu-
MacH. OnyMa or8atk ya noor8atk loUcHruycblMaTT§ a3osly lurlan
KelLIrMgan.

Oruawk (oYclruycHMar.

- bl8nin asosicas!t Talemallar - Harax[llaTTy Tayclalan8an
lorwrlan, loralan§an H8MM kablMar.

- Prolet a3031Ma81 Talenallar - keraHn, 1oYlyaHo3sblatT§ uo-
blalan.

- 81leHk lolalar - poHatklU, poHakrMonHrMM, polleiirH, or
a303”a bo48an pollTerlar ya bosHsalar.

- 5ellnlora- yo§‘ocb ut, yon§‘oalatt8 tayHalan8an Manak-
lan, lolalar (paxla cblutcllanHan olT8an, Yi3kora, aila-3e111102a).

J\oor8awk (oYcHruycbHar.

8llka(lar - Llprou, upa, 3lywcla, asbes!, Hala 3bpaH, benlonk,
peTxa, Kably ya Ta8 Ty 3llkallan ya bosbugalar.

Okzlcllar- alunHTy oK3icH 3urTa ucb oksicl, A0r8‘o3b T 1KK1 OK-
51 Ta8 Ty ok3KM, rux ok31(M, HLUN 1KK! ok31(H.

n8lerocll loY</Iruycblar-n8leroH kulr, n8leroclll ya 8rainlll lolalar,
Tayclalan8an Koks.



Melallar - rws, alwwy, bronra, 10r8‘03bT, rmx kukmnlan.

3bl3ba-1olalan, kukunlan, 3w yKnM.

Har Xll - TolMbiien Icbl akOcH, Ta8nelk, bany lerrLLl

PoHTerH koTpork3ton Ttalenallartn§ xo33akn btncbl nay-
baMa n T lasbkk elllycbllartng xo33alan ya Ttluclony blsbaH orua-
H atuknacH. 3bu blkn blr8a ukrtng§ bink13b yuralar<k81 o ‘raro
TnnosabaH ya fallatlannTt§ [laralararo xo33alan8a batT bo8‘Huy
boYacH. 8bun8a ko‘ra 1nbolexTk ya2ikbl ba“a™mVcbl poHTterH
KoTpork3ton TalenallatT§ larklbl8a Tasz3ast bo‘ykba 2..10%
ckn orHy boYTa8an rruclorck loY(Twychl L0‘3bl3b layslya e(Va<H.
BunHa loucHwycbinIng <lonaclorl8l ~ancbal”k yuuon boYsa, 2icbrl-
§1 e3a uancHaHk ka1 boY3a, poHTerH koTporkston Talenal larkb
bkla8l loYcHruycbInT§ nnuclon 3buncba kat boYlsbl kerak boYacH.
8barszlton8a yauTt boY8an 3bak!(1a8l loYcHruycbllatT§ Tak3lTal
tarkiblnt bel8Masb(la umylcla8l 1M ockecknlroycklatsb layslya elllacH:

Bwu yercla, dn- loYcHruycblbIn§ ba”1ly rwyHon; </- (oYcHruycbl
ranasTtT§ oYcbarT; 3 - loYcHruycbl rarrastT8 yunrasltlo‘la bur-
kab olM3b ncbun kerak bo48an poHTer uaHN b

N\oorSawk (oYcHruycbHarw bo8Yoycbl larklbl8a kkbl3b
PKM1lar xos33zalannl kerakH yo‘naH3b8a 3orbsb”a (uoywsboall8ilt,
eleklr oYkarnycbanH”bl ya b.k. x033aknT o03bln3b), unckn oH-
nacH8an buyuTtnT§ lannarxlt kaTayHn3b8a aszo3lan8an. Ockl(K,
loYcHruycbkar bir yasalnt8§ o‘21(k ualor WTk3lyalart balaracH:
lexnolo81k xo33abnw yaxsblaycll, icbla kucblawsbbl, ba”1y
cbo‘ki3blT ya yonuycbanH8iT katayHracH, 3suy8a LUr§‘wunMgki,
a8res3styY Tubk 1l1a3aT8a cbl<kTHHSIT o3blracH. ToYc/lrnycbMar
bo§Yoycblning uyl2cHm3bcla8l ya uwoH3b(k§! lentnk xo033alant
yax3bllat3bl”a ollb kekcH.

ToYcHruycbllarwng 3kaH 2arrakntng oYcbart ya 30H3bHrra
yurasi, natknn§ niuiion, k|tyoY1y larblbl batcla Tax3u3 lalablar
bMan atuknacH. En§ arron Ten loYcHruycblkr bodlb anT, §1p3,



kaoHn, <lala 3bpaii, wel, lalk, Llproy ya karbona(lar blzoblanacll.
8bl3baslton plasllklar 13blab cbluan3b ucbun 1o*lcMrmycbl mralula
aero3ll ya oy, cbo‘krcllclan, KiTyoYty (ur8mnH"T1 o3bln3b ucbun -
8-1-tarkaH kollolcl-8rad1H Toééaéan, bo§‘loycbInT§ LoymsbouM-
81l ya eleklr oYkarnycHanM”w o3bln3b baTtga bo§‘loycbhu uora
ran88a kTi3b mncbun 8a251ton 30-100-TarkaH Toicblan, kKuTu3b
ran88a bo‘yasb ucbun akuwwy puclrazlclan, tes1 1lo‘lcHruychbl ucbun
- P-1-8 tarkall kaoHnéan, uoymnsbouyHKT o3bln3b ya cbo‘ki3bl Ka-
Tayinsb ncbun MMO Tarkall Taycbla®b boykl8an Teblan, yoyw-
3Hou™Mu o3bln3b ya yonuycbanM8lw kataylT3b ucbun E-62-
TarkaH etublon pollytlixlonclclan MNoycblanMacH.

Ba’'21 bollar*a ualronlar8a kerakll alan8a barcb3sbHkw {a’Tbl a3b
ncbun yowsH t81bkorlan uo‘sbllacH. Bu tollcblar ualron loTow-
dan WVrlk-Texawk la’slrlarsb yobl k1Tyoyly reakslya oruaH usblab
uoHnmack. Yo13b T181bkorlant uo'sblsb oryaH PKMTng rang8iw,
cbo‘2LlI3Mast TuslabkaTlk cHe8arasiw, elek*nk xo33alanw ya ual-
ron HosM bo‘Msb xu3m3lyallannl o‘28arlin3H T T K T boYac!!.

8bl3ba Talenalclan ol78an icbl bo‘3H3baraton cH3persM (Kukun-
31rnon) lo‘lcMrmycbllar 21cblst kaT bo‘18an (0.3...0.7 §/373 3bl3ba
plasllklan yaraiisbck ken§ wo‘1lanMacll Bu talenal 51L{115<layuuon
Tnslabkatlkka e8a bo‘lTh, yuuon clelek*nk ya eleklr 12o0lalslya-
loycbl xusmn3slyai8a e8a, ynuon sHoyyrt, lebrawsH ya 1551uHblan 120-
1a13lyaloYcbhl xo33alar8a eSa. 8bl3Ha kukutéan tborat (oYclrnycblLl
poHTerH koTporks3ton Talenallar pnbor3orHk lextkaslcla yuuon
eleklr 12o0lyal3lyaloYchl xo33alar8a e8a boY8an Talenallayyorlaslkla
Ken8 uoYlarlack. XX asrwné o‘rblanc!an bosblab 1T *exnolo8l-
yalarcla noyob xo033alart Tu]assatla8an Ttalenallar rawr boYcH,
but e3a an’anayly Ttelall uollsHralar, kerarwka ya poHTteHarw
1o ‘1la8anclalaxrwnlab beraoltayapii. HadhuaMa, ynyon TnslaHkar-
Hkka e8a Talemallarw 30H3biirta o84rHs: ynuon, tnslabkatHk ya
blKKHKT 0°313bl e3a rarbly yoynsHuouHkw pasay{kack. Malenallank
lalab yllin8an LLIH xo33aknw nuyas3ankasH ya 1TkoTyallanw ken-
8ayiin3b koTpork3ton Ttalenallarw (koTporklarw) uoYlasb bllan
ensbllack.



M ¢passaT la’slr einsb pnn3lpl8a blnoan xo33akrw en§ yaxsbl
bIrH81 1 kK1 ya nnckn ko ‘proy Talenallarw blrksbiinsb bllan ensbMa-
cH Har Xl Talenallarw blHa3sbiinsbckn Moyck urM koTporH3ton ta-
lenallarw yaral3b bllan ensbllacH.

B1r8a 1a’sileliBb pnn3lpl unyMa 1urll 1pcla8l koTporllar ko‘nb
cblulMacH, xu3nsan, ko‘p lNaraH Telall yoHs3bTalar, Kerarwka ya po-
Hrterlar. Masalan, perlLlH poYaHar altasblb Llrac/18an a - Tlerr ya
3eTenllckn 1boral rrkroslruklura8a e8a. PerrH lara5l yutsboy ya
pk3"kHkka e8a, 3eTenll - blkir ya“uc’a 170 ‘rL PerlHM poYaHarck
ensbllacH8an xo33alar (yuuon plasHklk ya Tu3labkatllk), 1a3bkrl
eiigycbl koTponenHar xo33aknckn wsLLncrr.

KoTporksiwon Talenallarw labhkilcla bat ucbraycll. Masalan, aa-
raxl TmslabkaT ya uayisbuou 3ellulora KO kknckn l1asbkll lopSan,
nlar esa V6T Heb notknacHS8an yut3boy Tubk bllan bkk3bHMb
bo§Yab LUrMac. 3uyakkr bat Tu3labkart, lekT lMeyarH yut3boy
8olla8en ya ualHuy 10 ‘/1 TTeral Toclckckn lasbkll lop8an KOTpoO-
FKKrcHr.

Bu bobwing an§laH3sblcba koTpork Heb labuy usunlclaetas, balll
3unYy yara(l8an Ta*enal IvsbunacH. LLclan lasbuan, KOTPOrKCKEL
aloblck laralar aty ajralb 1ur8an Marakraro uaHat bllan cbe8aralan-
8an TMHauo bar xJ1 TalenallarcHr. 8bunclay ulllb, ko ‘pcbIlMk Telall
LoH3bTakr ya kerarwka bu la’nl8a laallvul1eTta3s, cburka MkKnks!
Ko ‘p lNaraH 3lruklura labny bolcla bo3sll boYacH.

OfMrtlar ya Tubancl3kriw KOTPOrKKrt yaraH3bckél barakallan
Telall, kerarwka ya pollterkrT 3un4y raYisbck blHasbHnb, ek3lra
orcHnar xo33aH yans: ayloc! TalenallanT yaraiisb”a uaralllgan.

Ax3anya* bollarck koTporLllarw oll3bckn Tau3aH a3o3ly TexallK
X033aKnH rryassatHELL! - xona ya ynuon barorallarck bIkkHK, rar-
bly uoyusbuoullk, TnslabkaTHKT yaxsbllasb.

Ma(rKsa (Hsper3 lara ko‘pcbllMk koTpork3ton Ttalenallar 1kl
lMarackn lasbkll {opuan. (Jlankn bT Ta(n(3a cleb notknacH, ik-
KTcbl 31 (H3pers Nara. KoTporklarw xo33akn ulartlasbkH elllycbl
KoTponelkr xo33alan8a, mkrwn§ wsbly rwuyclon8a ya cllspers lMa-
rawng §eoTeinyasi8a bo841lu,. “013per3 Maratn$> Seotelrlyasl” cle-
8ancla rarralar 3bakH, oYcbart!, baJrcla8l lausltlanlsbl ya Tarock”



onenlalslyasl nararéa willlacb. Aynrn cH3per3 Marakr 8eoTelnya5TT8§
yananHan 12.1-ra3téa kellln18an.

BB3LL
© ®
12.1-ra3T1. TurH lMakdorlarn! 3xetaHkK Ko‘r3am$b - KOTpPOrkK-
wn§ xo38alan8a (a’sEre(nycbl <Hsper8 Mara rarracbalannuig
8eoTelnyas!l ya laroyly Joylasbl3lu: a - konsen”~rablyasy b -
o‘lcHartlan; 4-3HakH; e - onenlUblyasb

8lruklurall koTtporllarck koTporfll3ton ya uoTto”en Talenallar
rryassaTtkn”an.

Bu bobck koTporlllari TubokaTa3s: keMnl§an kla881/kal8lyaSa
Tonanc! oHb bonkcW.

D|8Dcr8 (oY cbH koTporllarw 1kkka 3T bor - (H3pers
lara3t ylnk rartalarclan bosll bo*18an koTporllar ya Talik3ack lar-
ual8an (Joyla8b8an) Tayck cHspersll (oYcbr*cbll koTporllar. 1/1ar
orasiclag! lary artalllraksb yoki kucbaylTt3b Texaw rTiik. “Y 7K
rarra” 1eTunT Talnlsa ya (M3pers lara o‘rlaskk aloTlar yoki Tole-
kulalar clara]a5l(3a o ‘raro bo§Yawsb boYTasH§1LL an§lala(b, MeTak,
buncky 8igleta8a yaxll Tubk Texarukasi8a uarab yoncksbllacH.
Ko‘nlayol8an ii T K §1 kKoTporllarnTy Ko ‘pKK cH3pers Maratn§ rar-
ralan Tairit3a8a wsbakn yainwroy ya blkitHrou. Buncky rartalral
Tay)uclll&l Talnlsa Ttalenallw rarralar alroii<la Ko‘cbl3blT cbe8a-
ralay(H. Martunan, bu yerck 1a’3lr elllYcbl kucblaTtsblarw uayla
(au3TKw3b o‘rT bor, ya’w wlar Li3tan (M3per3 Maratn§ rarralan8a
oYac ya mynmkkTaw bxr Ai3rwt Ko ‘laracH.



Ko‘nlayol8an bobla kucbayiirsb clarajasl yokit talenaltn8 texa-
Wk xo88alanw o3bln3b Talrk$a-1o‘1cHr8lch cbe§ara8blag! bo~YaTtTh
("a"a"a8"8a bo§“Hu.

Malnl18aéa lau51ltlan8an Tayéa cH3per3lo‘lcHr8wobtnéo‘1cHarlan
Acla kwoblk: nlart (Katein! 0,01 éan 0,1 TkT (10-100nT) (bapa-
rotcla. Bu bolWa (J13per3 lara ya Talrksarn o‘raro l1a’sln a*ot yokl
Toleknlalar claragfa8lcla boYachb.

Y Ttk rarraH (0°1<Mr8kbll koTpo/LW ar. ToUcKr cblar 50 ‘3bl8an
aynT poHTerkr, ko‘nlayol8an lurcla8l koTporMarw 2lasbkll yflacrl.
Bu bolcla 10°1(Urélch baraY1y Ta(enalT xo033alant yax3bllaycll yok!
TocUinkal8lyalay(A, yoki Littat poWMTert bir L3I arronroy,
1o*1cHr8ob8a altasbllracrl.

Bosbua bir yaxsbl TaluT y 1K xarrall 10*1(1r81cbH koTpork3ston
Talenal - 3eten! (Talrksa), unT ya 3ba§‘al(lan (lo*1cHr8lch rarralamn)
"NasbkH lop8an belon. Artaluralasb yelarll saTtarall bo‘Hsbl ucbun
rarrakr odcHarrn wsbaan klcblk bo‘Mabl ya Tainin3a bryTkk blr le-
K18 (ay3wHar3sM kerak.

KoTpo21inibolalllkkala FaraTn§ wunclast ba]rTy w3sbaii8a bo§ Iy,
KoTporkcla8lio‘kbr8icbT Tk”on orl3bl8a uarab arala8brart Texa-
wk xaraklen8Vkalan oflackl. 1kkl laraH 51$letacla ek3ikMK TolinH W
cb3per8lan8an larawng bajrwy ruwuc'on8a bo&‘HuM&T Ko‘r3ali8b
ncbumn ikkia Mortula lakHr elk8an. 3M”3b wMcbw”™a btoan elasik-
Mk To<1ull 1KK! cbe8ara o°‘rlabkla Joylasb8an - ywuuon cbe8ara, uu-
y1<381 NorTtula bllan 1Moclalangan:

E(n)=E V. +EY (12.1)
ya umnyl cbe8ara unyl(1a8l Nortmla blMan 1Mo(lalanSan:

w Ve (122)

Bu len8latalar('a Vya E - baJrwy rwuéor ya elasiikHk Toc!mH,
¢, T, ‘3alr osil Tclek8lar bo‘lb, koTpork, Talrk3a ya (M3per5langan
rarralar8a 1e81sbll. Tolalar bMan artaluralan8an KoTpork3ton tale-
nallar ucbun (12.2) ya (12.3) len§laralarcla kekT!8an.



Pk3lllT33a ya ek3loterlarw nuws3labkatl8lw ko‘pTcba ck3-
per3lan8an rarrakrt wLo‘3blb en3bl3b8a baraka! ullaclllar. Ko‘p8&Ta
rawonayly re2talarw uo‘llasb artalllraksb ucbun *exwk wm§leroc!
(uoraknya) kabl Talemal rarraknw uo‘llasb bl3obl8a erlsblich.
Oorakunya labny 8ar yoki meiT bayo kl13loro<k cbeklan8an TubKCK
you13b nalyasl(labosll boY”™an Juck Tay<layutalow, n8leroH rarracba-
lariclan inora*, .LLHaarron TocMa bo‘18an buncky uorakmya rarracba-
Knw ywnlkanl2alslya ylT8an Kaucbukka uo‘3blM8anck cbo‘2llikbclagl
Tn3labkaTHK cbe8arast, rarbly uoymsbuouHk batck yeTkllU3b ya
abra21ty yeylllsb8a uarsblHK o3bacll. AyllUTobJ/1 3blnalancla8l uora-
knya 7 luclorl 15-30%.

(Uorakunya uo‘3bll8anck kucbay”n3b efleklwa ensblsb wucbun
ntng 2arracbalannt8 oYUcbart kioblk bo‘Hsbl kerak, (Jlateln
20-50 nT. 11n<kn lasbuan, uorakuya rarrakn Ttalrksa bllan Tn3-
labkat aHéerton bo§‘lat3b bos/1 (b, kancbuk balnn bo‘yoba bk
lexk13 lausltkn8an bo‘lsbl rarur. ArtalllralasH koTponenii 51Ma-
(bla bosbLa TOCKKKrLW, Ta3akn, KretnereTTt uo‘1lasbw 3aTaras!
paslrou, cbunkl kancbuk ya 1o°1clr8lcb Tolekulalan oraslck 3pebl-
Ak o‘raro bo8‘lat3b bo3/1 boUTayc/l. 12.6-ra3t<k uorakuya bllan
lo‘'yTlT1l8an kKancbukTt eleklron rrukTosuraii KekkJsl8an.

Bellln bu yilik artaluraloycbl rarrabrekn lasbkl1 lop8an KOoTpo-
rkston talenal bo‘Hb, unMas: Talrk3a ya loYclkStoblar kerariika 37 -
V8a (aalvuH. “Belon” ya “seTenl’ (erTwkn bar ckuT baT 10§‘n
uo‘llawlTa8ar, aynTt boMarfa blr-bTT o‘raro abnasbiirnychbl
bl3oblan8anHs1 3ababH nkr orasi(kst Maryt la’kk/laTou, rarur.

MTUTTY Ta’nock belon uaHny 2arralar a8re8allclan lasbkl1 lop8§an,
o‘raro uanckyclr bo§‘loycbl Tubk yonkrwck, ya't 3eten! bllan
blrlasbHr/18an koTpork3ton Talenalclk. BellnTt 1kkl(a LLin en§ Ko‘p
Tauut - bu porfanH 3eten! a3o031(k ya aslakobelOn, nn<kg: uallly
a8re8alkn8an rarrakr - UMt ya 3ba8‘al. Aslakobellln ayyakTbor
yoUYlarT yoplasb ucbun ken8 yoYknlacl, porfanH 3eTelll a303iiks!
belon ken§ larual8an umnH3b TalenaH 3kanMa uoYkn/lacH. (“nybla
betOnw 30‘nst LLN Ko ‘nlacll.

Poranii 3eTen! am>3kla«l beCon porHamcl 3etelll a3031<k-
§1 bellnw 13blab cbluansbHa xoTasbyo 31kllck-8etenlT o ‘21,



loY</Ir8lcblarclan Tayiia (HspersH lrakSlya (uuT) ya yTK (H3persH
Jraxz’ya (3bag‘al). PorHané 5etenlw TnslabkaTHE&TL orH3bl8a ya
uonsb”aoHb kelacHS8aryarayonlarboUTklaul5uacba ko‘nb cbluM8an.
paKla rarralar lou<Mrglcb roHT balara<r, cbunkl ~a arron bo‘Hb
Talenalw nturrny naTT pasayHrac/l, 3eten! e3a t3ba™an ulrtral-
dir. Belon aralasbTastl oputal TuslabkatM8l ya I3sbloy bensb8a
umlayHSILL rTyassaTk3b ucbun lasbkl1 elllycblMarTt (T8racHyenllar)
T3baliw Jucla yalYyan bajansb rarur. (Jallu rarralarTt riob “yKk3bH-
n3b ya yaxsbl [aralararo konlakl aralasbracla Bl xJ1 oYcbatH waitly
rarralart yo4latHsblT {a’tilMaycll; 3bv blMan birSa unTNT8 Tayéa
cHspers rarralan ywk 3ba8‘al orazlcla8l bo‘sbHuT (oUcHN3bl kerak.
OckMa loY<Mrélcblar rwycbn ba]TnTg 60-80% w lasbkielacl

8uy-3ewenl: pasla3TT8 nlMucbn barcba unT ya $bag‘alwing ual-
Hu rarraknT yoplasb ncbun ye*arl1 bo‘Hsbl rarur. Ak3 bolcla zeten!
bos3lM uylacl8an bo§Yatsblar yelarH boUtaycH. Belon aralasbra-
3nn layyorlasb(la barcba lasbkl1 eluycbl koTponenHar 3Ttcblklab
aralasbirLLisbl rarur. 8etenl ya a8re8allarw sallly rarralanw 1ol
bo8Yawwsbl suy niiuéonTtlo‘§‘n uo'sblH3bMa. A8ar 3uy kaT boYsa
bo§UaT3b 1lo‘Iy boYTaycll. A8ar 3uy orlucba boYsa § ‘oyaklar bosll
boYacl. Bu bollarcla tabsulol: ruslabkati8l opHTal Lilyralclan pasl
boYacH.

ASre8allanunycbl 2arralarws xaraklen TublT Toblyal8a e8a.
2arralarw oYcbariw bo‘ylcbalas8iinlatsbl ayTusa TublTellr, cbunkl
3eTen! paslawlayyorlasbcla rarur boY8an sny rruclon8a la’sllMelacl
Mwuslabkat bo8UaTt3sbT bo3l boYlsbl8a 10°31 boYacHSan 2artalar
yvrazl<la loy ya 1/oslar boYlsbl kerak eTa3, ular lora bolsbl kerak.

PorManc! 3eten! - bu saunH3béa sio‘llanfa<8an a3o3ly Talenal,
cbunk! nw ~ylarcla yoHplar8a umylsb ya keyT xona baroralcla LoH-
n3b TUTKT, a8ar loYly 3my osHHa boYsa baT. bekT kon8lrukslOn
Talenal 3llalicla soYknllsbHa TayunT cbheklasb ya karcbllklar8a
e8a. Ko‘pcblHk kerarwkaHan layyorlan8an Talenallar kabl por(-
lar(l 3eTenléan layyorlanS8an belon, T3balan Tu3labkaT eTas ya
To ‘Tl 11Tn8 cbo‘2llbkbcla8l TmslabkaTlk cbe8arasl 31ul13bclagl8a
T3balan 10-15 barobar kaTt. ¥Ynclan (asbuan belornclan 3bakHaniirl -
8an yIrlk 3lrvkllralar barora! o‘réan8bl8a Jucla 3er§lilT Ya nlboyal 3wy,



8‘oyaklar8a KTb pa3l baroraHarHa clar2lar bos/1 ulacH ya ayTL3a yax-
lasb-en3b 81kllan(la. Belonw Tn3labkarlasbcla LU yo“sblTcbalar(lan
Moyclalawb, ayHb oUM8an katcblHklarw ko ‘pHM baHaral elisb yok!
cleyarll abarwyablr ullUsb TUTKT.

Bi3persion pu\lalan8an kotporllar. Melall ya Te(all uoH3b-
Talarw Tu3labkatllst o3bIrllsbl Tv Tk T, a8ar ular toblHa bir necba
012 Jucla uallly ter! Tocat tayHa 2anacbalanT blr 1ek13 tay3iT -
laza. By (H3per Caratelall yobl notelall boYl3sblTu TKT. Ko‘pTcbha
3bu TaszaHHa oksblar yoYlanfacH. Ayyal8l boMarHa pux{alasb clt-
perston uoisbck ensbl1l8aTHek bunHa baTt puxblasb cH3perston rar-
ralarw Talnlsacla8l clM3lokal8lyalar bMan o‘raro {a’3 T nalyaslcla en-
3bllacH. Bu bola puxblasb eAekH cH3perston uol3bHa*Hek eTas.
A TTO, Ko‘Hlayol8an usullla puxblaTt3H barora! or8arcla uroy yaul
1cbl(la 3aulanac/l, cbunbl cl3pers 2analarTt lanlasbcla ulart TalrHsa
Talllnall bllan o‘raro la’sT yo‘urst blsob8a ollnacH. 013perston-
puxlalanacl8an uyoH3bTakr ncbun puxlallkT orMisb elTeki yuuon
baroralll 13bloy bensblMa Tyellroyablya ulllsbl Tu Tk T LU3blnl8an
xarrakr yobl a*allb cblyuan aranlng ensbl bl3obl8a.

Ynyon baroralarfa wkelll yoisbTtalart Tu3tabkartls: éeyarH
orHsbl Tn TK T, a8ar 0,3% lony ok3lcl (Tb02 Tayla cl3pers xanalar
3MalMHa wo*3bll3a. By Talenal cH3perslanSan - lony nonflat3sbl bllan
Tauut (abbreyalllraTO). 0 ‘x3basb eiek! alwwwy-alurwwy ok-
Slc1 5131:eta3l(la kuralllacH. JWa ympua tayHalan8an all Tbly ok-
Sldlyuras”~a o0‘la Tayc'a (ualfnfst 0,1-0,2TKT) alwHTY pa§‘alan
(xlopya) bosl boYacH ya alllrwwy talrH3a8a c/13per8iya uflac/l. Bu
TalenalT noetv 3blaklan8an alwwwy KUKUT (abbreYialllra 8A” -
3tlerec! aluTTUT Ouyller).

2atonayly lexnolo§lya nuutay! naranckn cll3pers M2 a3t lolalarfan
lasbkl1 lop8an KoTpork3ton talenallar en§ Tubl T abatlyal8a e8a.
TolalarT artalllralasb wucbun yoYlasbnt§ tarTu T TU3labkaTHK
yobl blkrMkT o3blnb o8YrlMkrH katayHracH. Bu elieklw rwuéony
oYcbarTt 30H3bHrrTa Tn3labkatHk ya 30H3bHrTa elasHklk TollMH-
Mn§ rwuéon.

1Mar Tnslabkatlk cbe8arasilt ya elasHkHk TolMulnl Talerlal 3o-
H3bHrra o84rM&i8a nisbaiT! bl3oblab anlulamacll. A8ar Talnlsa ya



lolalarw kioblk 2toblLLS1w olMn3a, 1okkr blMan arwalllralan8an ko -
pork3ton walenallar oYa yuuyon 3oMsbiinna Tu3kbkatHK ya 30-
Hsbiirta woclul atytaH 8a e8a boYacH. Kala lolalar TnslabkaTHKL
cleyarH o3bln3b”a uockr eTas.

Tola81ton lo‘klMru\cbllar, (mHan ya a3o3ly xo33alan.

MasblnaszorHkck uyoYlanfMacb8an konslrukston PKMlar icblck
3bl3baswon plaslnklar (8leklopk3lnklar-8P) ken§ uyoYknkacH. 8Plar
puxlaloycb|51 3bl3ba lolalanclan iborai bo4d8an poHTer TarrksaH
PKM blsoblanacb.

Malenal8a 1msbacH8an a303ly yukkTaTt yuuon Tuslabkatlkka
e8a bo‘18an 3blsba 1okKn 0218a uabul ukach ya Talenalnlng blkrHs:
ya Tu3labkatl8irt la’ttkycll. PoHTer talrksa esa, talenalTn§
buz-bninnM8&ir,1okkr oraslcla8l kucblat3bT blr-bln8a uraHH3blww,
kucb 1a’3tr ef13bl blkn 1 o0 kK rT113b8a LLU3bl3blT,101(braycbl 1olalart
lasbuyl TMbknT§ rararM 1la’a3t(lan blToya yll T3bltla’rTlaycH.

8Plartng§ o0°‘218a xo03 yuuon Twu3labkatl§1, Korrcwyabar-
CK)3blM81, KltyoYlybar(lo3blMHé&L, racllooYkarnycbanH”, elexir-
120lal51yaloycblIl8l, Ta§nkknTa3M 81, 1831ulk oYkaruycbanllél ya
21cblM81MMg pasllist kabl noyob xo033akn Tay]u<l

8bl3ba a3o$lLLiag! pla$mk!ar - ko‘p koTponenll Talenallar blzob-
lanacll. 1/1aTT8 X033aKn AMYKKS! Lalor oTKKr8a bo§*Ty boYacr:

- lo*blkunychbl 3bakH, o‘lcbarlan, *ylasblsbl ya larklbl, yura-
518a 13bloy benll3bl;

- polTer TalTk5a57T§ LUnN ya xo33alan;

Tasbkl1 elnycbl 10°kMrnYchbl, Talrk3a ya bosbua uo‘5bltcbakrwné
rruéon ya §‘oyakHs1;

- layyorksb unsuH ya re”nkan;

- 13blattHsb 3barolll (alrol-Tubk, letperalllra, yukkT3b 3ba-
roLwl).

8bl3ba a3081<ks§! plaslnklarwng xo3salan8a la’slr elllycbl a3o3sly
otllarckn bln bo‘Hb lo‘kbruycblnt§ 1un blsoblanacb. 8bl3ba a3o-
3lcla§l pK3MKKTTA 1o‘lcbruycbllar un bo‘yioba 3TMaTt3bl uuybla
(12.2-ra3T) kellini8an:



12.2-ra3T. 8bl3Ha a3o3kiasl plasiik KOTPOTrK3HM
Talenallarnta (o4HkuycHMan (nn bo‘ykba mnHawsbl.

MasblnazorHkHa” en§ ko‘p uoYlatH3b8a e8a koTporkswon
Talenallar yuuon Tm3labkatlkka e8a bo‘l18n T8§icbka (5...20
TKT) 3blsba 1okkn blsoblanaHk Bu Talenallar ikkka kaKa Surub8a
boUTtacH: 1okkn (arHbH Joyk3b8an ya *oklan {arHb3lr Joyk3b8§an
poHTerH KoTporkston Talenallar.

Tolalar bkan artal:urakn8an KoTpork3ston talenallatT§ Texa-
WK xo33alan nalaua! 1o0KKTT§ Xxo33alan8a, balla Talrk3a8a la’slr
e*nycbl ynkktaT uay Harala(k (ola8a nraHMs3bwa kaT bo§‘Huy, Bu
bola Talrk3a ya lolalar oraslHa8l Narakraro bo§Yawsb Tu bl T rol
0 ‘ynaylll.

KoTtporkston Talenabl Twu3stabkatllsgt ya bIkrf8tT8 or-
H3b efekin yelarll boY13bl ncbun yo‘llankack8an lolawn§ urunHs:
uanHayHk knink hytaMan orHy bo‘Hsbl kerak. TolanT8 bu kniik
urunHst X (Harteln-cl, cbo‘rfM15bck81 Tn3(abkatbk cbeSarasl - o.
ya Talrksa blMan 1okkr orasl(la8l bo§Yar3b Tn3tabkaTHS§18a (yokl
Talrk3a TalenalTn§ ounycbanHk cbe8ara3l8a, agar ntng§ Li!'yTtam
bo8Uar3b Tuslabkatl§1l(lan blcblk boYsa) - T.bo§‘Hu. Kelllnl8an
Ko‘rsai§icblar oraskkgt blsbal unykla81l Mortuk blkn kocManacH:

1=11 (12.3)

TurH Talrk3akrT 3bl3ba ya u§leroHH HO kkr blkn bir uakor ko T-
blnatsiyast ucbun nrunHkwn§ krlk pytain 171 lokTn§ <Hate(n
20 Man 150 Tarla8acba o‘r8ar8anHa.

AS8ar TairksaHa bosll boY8an kucblawsb o. 8a ya (oK urunW-
§1 Krliik Lhyta(:8a len§ boYsa, n bolHa kucblatsblar proHH 12.2-a



rasrclaglclek boYacH. 8bunéay ulllb Tak3lTtal kucblat3sb lolanT§
TarkarMa (a’sk ela<H TolanT§ knHk urunHs: gpytaHé&an orisbl bl-
lan artalllraksb eliekH abartyalllroy boYacH. Bu kucblatsblar pro-
VH 1> WNola ucbun 1a’5ir elllycbl kucblatsb 1olatn§ rnuslabkaTHk
cbe8ara3si8a len§ 3baHi blMan ko ‘r3al:Mgan.

87*eHk lola ko‘nT3bl (1a8! (propllen 101a31, kapron, laysan, yTol
kabJlar) loYcKruycblH lertoplasllar 1$Hubolll bisoblanacHlar. BunMay
lolalar KiTyo Y1y lablaH bo‘yicba bo8Yoycbl Talenal8a yauT LlracH
ya sbuwin”™ ucbun bat ularclayunuon tuszlabkatlk la’ttlanacH (lola
ya Ta(TK3a blr§aHkcla 13blaycH). TolaH lennoplasl:lan11n§ ouynycbanlst
1o0la3128a w3ba*an 5 TaHa8acba katayacH, TucMalll Tu3tabkatllst
esa 0‘nlab taHa orHb kelac/l. TolaH lennoplasllarclan pocl3blpluklar,
H3bH §YlcMraklar, lrubalar, yenHMar, a8res33ty (U|aymrkor) tubllar
ncbun kH3sblar ya bosbualar layyorlanacH.

TerToreakiy plasltassalar. Bu lurcla8l poHTerH koTporkswon
TalenallaTT§ bo§Yoychl Toclclabl 31&Hcla lennoreakHy 3Toblar-
Man TFoyclalanMa<rl. 1/1ar8a, oifaiia, uo‘ylM8an lalab8a uarab plasHH-
kalorlar, uoHr8toblar, lerlal8ioblar yok: 3ektlal8lcblar, enluycbar
1o‘3bllacfl. Bo§Yoycbl8a wLo‘y/la<l18an a3o3ly lalablar8a yebTtla3sb
x033a3TT78 (all8e2tya) ywuuonll81, 1351ubarcloSbl18l, KiTyoY1y
mr§ mnlist ya eleklr 12o0lalslyaloycbl xo33alannt8 yuuonll8y, uayla
13blasb lexnolo§lyasTT§ 3oclclaligl, cbo‘kisbliung katH§1, rabarH
eTasls1 kabJlar kkacrl.

PlaslTas3a 13blab cbluansbcla Nenokortalle”kll, kreTtTy or8a-
TK, epok3lclstola5l, poHeHHar ya ntn8 vl tocHHkalzlyalan ken§
uoYlanslacll. BulatT§ tobllMa epok3M 3710la3l loYcHuwycbllar bllan
T3balan yunuyon yellnMaT3b xo033a3”a e8a boYlb, TexaTK X033aKn
ynuon bo4y8an PKM 1lar oHsb kKnkoTT beracH. KreTTy or8atk
loYcHuwycblll 3bl3ba lolaH plasHklarwn§ uroy yad Hayorwick preHn-
M3bl nalyaslcla81l 1581ubarclosbiul 260...370°C w, Menollorralcle8kLL
1oYcHruycbIH3: 260°C w, epoksid 3tolall3l 200°C 1, pollatklls:
280...350°C wla3bkJ/1 elacll. YuuonHaslar a3oslcla8l plaslrtassalarclan
kala oYcbawl buyuTKr of13b T TKT.

TolaH (oYcHrmnycHLU pla3(wassalar. Bu 8urubclas: plaszlrassalar-
8a yoloknklar, asbololal/lar, 3blsbalolal/lart KKLLU3b T TKT.



Ybloknl cle8ancla paxlawn§ cblyrtcl 1o01a3iw {enol&rrnal<le§icLL
bo§‘loycbl bMan lo‘yTlTb oHn8an Talemal LlsbunllacH. Bo3sbua
press3-porosboklar(lan ofin8an lolalar8a yara8anc!a bular ancba yuuon
rarbly yoymsboullkka e8a boUacH. 8bunT§ ucbun ular e§Mizb8a ya
buralsb™a 13bloycbl nturwy lexuwk éelallar layyorlasbcla LoYlanfacH
(Maslaklar, wslunlar, uopuoular, yo‘maluruycbl Ylulkalar, sbklylar,
TaxoY1klar ya 3bu kabJ/lar).

Asboyoloknklar larklbl8a asbeslld  loYcllruycbllar  KxacH.
Bo8Yoychbl bo‘lb e3a azo3an Armol/>rral(1e§1<1 3101a3l Xi2Ta! uflacrl
AsbololaHlatt8 allralloToT boUlls ynyon 1381ubarclo8bHS1 (200°C
éan orHu), k13lolaH TnbHS8a cbklaTHHS! ya ynuon 'mk3ton xo33as!
kabllar bl3oblanacb. 8buwng ncbun asbololall PKM 1larclan {ortor
uunlrtasl Ttalenall, kl13lolabarclosH appara*lar, yannalar, lrubalar
kab[llar oHnacH.

8blsba lolalMlar bu 3t1leHk 3To!a a3o3l(la8l bo8Yoycbl ya 3bl-
3ba lolaH isYcHrMYcblln poHTerH koTporkston ta(enakHr. Bunclay
Talenallartn§ loYcHruycbMan bo‘bb urlnksl2 ya ¢3ua 3blsba lo-
lalan Xi2rmat uHacH.

8bl3ba lolawng Tn3tabkaTHs§! 1olasl clMatelnTng kataylsbl bl-
lan ke3kT orHb boracll. ArnaHy Tausacllar(la 1olant§ cHare*n 5...20
TKT (Tnslabkatlk ko‘rsaHucblan or=600...3800 MpayaB=2...3,5
% 8a len§) oHnacH.

ToblantarHb3i2 Joylasb8an talenallar. 8bl3ba lolaH PKM larwng
bu 1un loYcHruycbInTt§ muncba urun bo‘lwa8an kalla lolalan lallb-
312 Joylasb8an TalenalcHr. Bu bolal PKM larclan Telall artalllraH
TUrakkab 3bak1éa81 clelallar oH3b 1Tk 0 TT beracll. Orn8an Talenal
pres3-porosboklar8a uaraganc!a ancba Tuslabkat boYacH. M1301 uylllb
ATl-4B ya CB tarkaH Talenallarw kelllnsb T Tk 1. LWan3an kucb
nraiigychl elek(rolexwk <lelallar, TasblnasorHk Velallan (201olwkiar,
naso3larwng 2icbla8icblan ya bosbualar) layyorlanacH. 8bu Llrias:
yana bo3bua Tarkaéas! talenallarclan aylotobll kuroylan, loclkalar,
pnborlatT§ Kogmslan ya bosbualar layyorlanacH.

Toblan larHbH Joylasbltl8an 3bl3ba lolaH PKM lar. Bu Iurcla-
§1 Talenallarcla urun lolalar TaYwuT larHbcla Joylasbllrl8an ya
bo§‘loycbl blMan 13boncbH bTkkan boYacH. 8bl3ba lolaH Ttalenallar



60...200°C 8acba letperaiilracla, lroplk 3baroklarcla 13blay ollb Kaiia
Terston yuklawsblar§a cblHaTH boYacH. 1kbl yIM (3ayortHa e3kT3b
ko‘raallacbl Kc= 0.54...0.7 §a ten§Hs1 awylanSan. 1/1artn§ TexaTk
ya eleklnk xo033alan8a yoru8‘Hknin§ tonlasbHruycbl 1a3T KarT.
LlarHan ynuon atyHkcla81 Helallar layyor!anacH.

8lekloplasHklarw an’anayly konsiukston Ttalenallar (poYallar
ya ran8l telallar) o‘rrn8a i3blaH3b nalyaslcla Komsiink3iya Ta33a-
51111 15...40% 8a katayHn3b nnkow T beracH, layyorlasbcla8l texna!
3arii 1.3..3 Tar!a katayacH, katyob ran8H Ttelallar ya ranybarcb3b
poYallar o‘rw T alrtasbHra<H, kon5iukslyaw a8ressty Tubklarcla-
§1 13boncbllUs: ya uroy Tuclclal 13blay oHsb uoblHyaiT o3blracH,
Tax3m3 xo33alar8a (racHo batcla yorn8 Tk sbaiiolll81, ¢ y T yonuychl
ya bosbualar) e8a boYi3bl T1a’tTlaycH.

3bl3ba lolalan. 3bl3ba lolalan ancba Kk;blk rioblkka e8a bo‘lM3b
blMan blrg8a 1331ybarck>8blMlk, kK1TyoY1ly 1mr8‘mnMk ya TuslabkaTHK,
pa3!1331ulik oUkarnycbanHk ya bosbua xo33alar8a e§a boYacH. 1/1ar
oloyclayonTtaycH, blolo81lk la’slrlar8a cblHatl boYacH.

3bl3ba Nelalanwng§ i1kki XM L0 Ttay]ucl: wrlnksl2 ya 3blapelll.
Brncbl3wa cbeksi2 kaita urunMsgy, 1o0'§8‘n cblrk]HHk ya |pclas: lo-
lalatT8 parallel "ylan8anH§1 xo03 boYsa, 1kkTcbl318a - kal(aH81,
e8nHs! ya laroYiy larl1b312”ylasb8anr§1 xoscHr.

OfMallla 3bl3ba lolalan Mwutaloy 3LUnér sbakHMa boYacH, bosbua-
lan e3a, tobl bo‘3b, Turakkab 3bakll boYacH. Mwurakkab 3bakllllar-
§a ke3T yurasl ucbburcbak, kyac'ral, olliburcbak sbakHarlla, 1zl
lenlaslton ya yura3! 1lek13 yok! nolek!s sbakWa bo41sbl TU TKT.



12.3-ra3T1. 8bl3Ha lolall talenal!lar8a ba’x! nusoMar.

OnMsb lexnolo§lyabl. n21mk3l2 3blsba lolaMlar yo‘§‘on lolat blir
yoK! 1Kk! bo3utoMa cbo213b oruall yobl 3bl3ba 3blapelgan ollnacH
(12.3-ra3sT).

8bl3ba larklbl oH3b M3nHT, 3bakManHn3b 3barollw, uoYlanllsb
30basw bel8May</1. TexTK 3obalar ucbun 3blsba lolalan lurH {arblbH
3blsba oynalanéan ywuon tmuslabkaTtHk(1a81 ywuon Toéull 3blsba
lolalan, pa3l ya yuuon cMeleklnk oUka2 nycbanllblag: 3blsba lolalan,
yanTto4karunychl ya bosHualar Tax3u3s “arblbl1 3blsbalarclan oHmacll.

2atonaYly TasblnasorMk Ta(enallanw3blab cbluansbéa aJoyib
x033alar8a e8a boY8an poHTer koTpork Talenallar8a bo‘18an eYlllor
kunclan-kmun8a orHb bortouéa. .blTblan 2016-ylkla clvnyo rtuyo-
3l(lapollTer koTpork Talenallar 13blab cbluan3b ba]rw 12 tin. lon-
naclan o3blb keitH. PolMTer koTpork Talenallar 13blaHM3b 3obalan
Ken8ayib bortoucla. Bu§uns:t kunéa o ‘la puxla boYd8an nllenalar
olM3b lexnolo8lyalan 13blab cbluM8an ya wnlar aso3lcla puxla ya pi3bly
Ta(enallar olttoucla. AylLlToblM3orHkK, ketazorHk, racliolexuika,



sisbloy, xoMaHsg1 wasblnalan, 3aTolyo1802HK ya Ko3Tonayika lexuw-
kalanwn§ 20-60 % ebityo* L§311an aynan pollter koTpork Ta(en-
allarclr.

PoHTer kotporH Ttalemallatrt§ ~cla ko‘p 1urlan Tay)ucl.
,ntlaclan, plaslrta5salar, Telall plasliklar ya bosbualar.

Plablras3zalar asosan poHrterlarc'an oHwb, n!atT8 o084rHs!
Telallar8a wsbalan 4-8-tarla kat, plsbly ya puxla, KoTwya
(cbT3b)8a baruaror, oHT3b 13nH 030N ya XxoTazbyo resurai8a boycHr.
PlaslTta3zsalatllé pl3blyHS81, puxtallgl ya lannarxtl arroblasbiinsb
Taysaclléa 1urH xe1 loYclrmycHrarclan K>yclalanllacll.Pla51ta53alar
larklblcla81 loYclMruycHMatT8 1mMn8a ko‘ra wlar umyl(la8l 1wurlar8a
boYTacH:

2

12.4-ra3t. KukunsEton (oYcHruycbMar blan (oYUcHrlA™an plas(-
Taszalar: 1-bo8Yoycbl a303; 2-kmknnslton (oYciirnycbl.

Kuknnston ZloYc/irmycHrMar blMan (oYcltl8an plasuklar raTo-
nayly talenalsbunosHkcla clunyo rwuyosla ken8 ya ko‘p tluclorcla
13blab cbluyanltoucla. Buncky plaslrtassalarcla bo§4oycbl a3o3 3Ha-
1iik {erToreakiiy yellTkrckn (epokslc! yeHrT, lenollortalcle8kl ye-
Hruw, Wranrortalcle81(1 yelrT ya b.K.) ken§ Foycklatkcll, loMcHruychbl
3Hallck kyars, cblnT lolkow, 8rainl, yollaslonii, uunT, kaolln kabl
TTeralarckn ken§ loyckknMacll. Bunclay talenallar 133lubar(losb
boUlb, 13bualanuycbl ckblkrck ken§ 13blatlMacrl, sbuwngclek unnH3b
Talenallanclan éekora™y Ttalenmallar oH3bck ken8 rruyosck i3blab
cbluarfTouyck. Knkmnaton loYcHrnycbllar blMan 1o*1<rM8an pla3(1k-
lar ancba yen8Il, arron ya 13blab cbluansb lexnolo§lyaslTt umlay ya
ar2onHs! blMan bu8mnst xanclorkr ucbun 1 a 'um! kelrosacla.



12.5-ra$1.Tolalar bMan (oYclrM”™an pla$(ta$$alar:
1- bo"Yoycbl a«0$; 2- (oYclruycbl (ola.

Tolalar blMan 1lo‘lcltl8an plasltassalar Jucla yuuon puxbllicka ya
p18HLUHKKa e8a, W 1kb(la8l ya cbo‘21H3b8a TusllbkaTH” yuuon
bo‘Hb, Telallar8a wsbalan 30H3burta o8UrH8! 4—8 Ttalla Katcllr.
Tolalar blMan lo‘lcllnl8an(8lncblan8an) pla8lta83alar bnsungl kunlla
8atolyol8orHk, ketasorHk, kostonay”~ka lextkalan, ay{otobll-
3orHk ya TasbTtasorlk Helallant layyorla$bcla Ju<la ken§ nllyyoséa
13blab cbluarMToula. (Juylclag8l 12.1-]aclyalla 3bl3ba, w§lerocl, or-
§aTk lolalar blMan 3Tcblan8an plasl:ta58alarung TexaTkK xo88alan
kelllni8an.

12.2-"a<lyalcla keliinl8an TayuTtoMar n2luksl2loblar bMan 31cb-
lan8an plaSMklarcHr. 8bl8bapla8Mklar Mpik kon$lrmkston Talemallar
bo‘Hb, nlaréa bo8‘loycbl a3o3 3Haiiéa poHkonHensablon yeHTlar,
lo*1cHruychbl silait(la e3a 3bl3ba lolaH Talenallar 13blalilactt.

Tolalar bMan $incblan8an pla8(tassalarnin” xo$$alan

12.2-]ac1\>al
Xobxalar 8bl5baplasiklar m8leplasMklar Or8anoplaSiiklar
Tola nuuckT, % 70-75 60-70 65-75
3°HKbani7g°bH§l' K8/ 20002100  1550-1600 1350-1400
8 pBclatl
2,5-2,8 1,8-3,5 -
Tn5labkatlgl, CPa T T 3,5-4,0
2,0-2,5 12-1,8 0,35-0,40

TuslabkatH§!, CPa
Pllast ikHK Toé8nH, CPa 70-75 150-200 100-120



$blsbaplasmklar rarba la’slnclaél ya clnarwk ymklawsblar§a yax-
3bl bariio3H beracH ya konsiink3ton eletenllanwn§ (ebrawsblaniy
30‘n(llracll. KnTyoYly baruaror 3blsbapbsiiblar 13blalllisbl 150°C
an yunuon bo‘lta8an barorallarcla a§re38lY Tublllar 13blallsb bllan
bo&‘Hu bo‘18an ken§ nnyyo3H *exnolo8lk prolsesslari (wasalan, 3ul-
Ml k13bla, xlor, TTeral o‘§‘Llar ya kan3Hk 30éa 13blab cblyansb) an-
cba ralstonal atal8a o3blnsb8a ITkon beracll. 1/1ar orasl(laeng Tubl-
rw Ko‘p uaHaTH 3bbbaplaSVklar<iir. 1/1aTT§ 2-3 T T ualtlikclagl
</ls11abkl kbl uallarukla Ta33a51 J1bal(lan le§13bHcba 10-25% 3bl3ba
lola bo b, larklbicla 60-65% 3bl3ba 1ola loYc/Irnycbl bo“lacll8an kon-
31ruk3ton uallat8a (kncb paHatwa) a8ressly smynyHKTNg 0°113bl8a
10*8uTHK uflacH, ya’w v 1lertTk to‘siy roHw ba‘aa(™. Moleknlalar
lalllb8a 30HbIb, parallel JoylasblTt18an 3bl3ba lolalar(lan bo§*loychl
Toc!cla (yeHT) uo‘3blsb yo‘HblMan olMna(M8an 3bl3ba lolall koTporH
Talenal blboyal7|a Tn3ll bkat boMacH ya y Tk otborlar, lrubopro-
yocHar, eslakaclalar, yuuon bosinH %ar ballonlar ya bokarolar oHsbga
13blalLlacH.

n8leplasfklar ratonayly TasblnasorHk Talenallanclan blin
bo‘Mb, bunclay ynuon tnslabkatlkka e§8a bo‘18an n8leplasHklar8a
c'vnyo Tluyoslcla lalab yrclan-yl8a orHb bortoucla. bl§leplasllklar
Juclayen8llya o‘layuuon Tu3labkaTtlkka e8a bo*18an koTporH Ta-
lemalcHr. Y8leplaslklarclan 3atolyol50rTlk (lelallan, o “1a ler ucbuychbl
rakela lexwkalan, tasblnasorHk, Kko3rTk lextkalar, Tecbl3ta a”oT-
lan, prolerlar, yen8I yeloslpec!lar ya 3poll yeloszlpecllan ya bosbua-
larT13blab cblyansbiia ken§ nnuyoscla uo*“1lanllb kellnToucla.

Or8artkplasl|klar bat ken§ rwuyoscla aylliToblM3orHk, Ketasor-
Mk, TasblnasorHk, 3atolyolsorHk, ko3tonayHka lexTkalan, ra-
clMoeleklrowka, k1Tyoyly TasblnasorHk, 3poi anjotlan ya bosbua-
lar 13blab cbluanlrtoucla.

LLI1mk51210l1alar blMan 1o 1cHrlM8an plasltasbalar(lalola rrucbn 60-
80 % 8acba ruu(lorcla 3Tcblab oHnacH. 13Hlab cbluan3sHTNg xaTo-
naYly wmmllancla lola rwuéonw plaslrassalar larklblkla ko‘paylTsb
borasla 121awsblar olb borlTouéa ya 1olarTtuclonw 85-90 % 8acba
yelka213b Ko ‘rcla 1nlLi8an.



12.6-ra$7. (}l3ua lolalar bMan (oMcHrMan plas(tassalar:
1-bo~Yoycbl a$o$; 2- (oYclruycM ul8ua (o!a.

C"3ua n2vnHkcla8l(n2lmkll) lolalar blMan 3Tcblan8an pla8lta88alar
bat yax3bl TexaTk xo033alar§a e§a bo‘Hb Tasblnasorik, ay'otobrl-
3orlk, keTazorHk 3obalan(la ken§ rruyo3éa éunyo bo‘ytoba 13blab
cbluan3b yo“18a yo‘ylM8an. Tolalar blMan 3Tcblan”™an plaszlrtassalar(la
bo8§ ‘loycbl 3808 (lertoreakny yeHTtlar) ya loUd/naycbl lolalar bllan
yuuon TuslabkatHkcla81l Talenallar oHTb keHnTouéa. C/3ua lo-
lalar bMan 3Tcblan8an plas{ras5alar(la lola rwyéon 10-25% 8acba
bo‘lb, ynuon, pi3blylkka, puxlaHkka eSa bo*Hb klTyoyly a8re3siy
TnHLaruya cbléatMcHr.

12.7-ra3T. Car blMan (cUHTan pla*(ta**alar:
1-b of¥ loycbla3zos; 2- loYcUruychbl 8ar.

Car blMan 1o0‘1c1t18an plaszlta83alar baT yax3bl TexaTk xo33alar-
8a e8acHr. /lurrTaéan bunéay Tta(enllar umnH3b Talenallan, ketasor-
Hkla ken§ Tloyclalaniacll. Bunéay Ttalenallar bat yuuon pi3bluHk
ya puxlaHkka e8acHr. AyTu3a bwolanu, ayloToblllar, 31y lransporl
Y0511alan, d3bloy, xo”aHs! lexTkalanT 8erteiikH8iLl 1a’1Tla3bcla



ken§ TloycblanMacll. Cbunk! bunclay talenmallar 1551, ya BoyuuTt
0‘l1Ka2ta3H 81, 3uy ya natHkwWw o‘21(la 3aulab uOH5bI, (ebrarwb ya
rarba8a tTnslaHkatH81, yen8I ya puxiall8y, Moylatsb umnlayl81 bllan
o°‘r al2a1H818a eSa<lrr.

Melallp'abliklar TasblnasorHk Tta(enallanw 13blab cblyan3sb-
cla ken§ Tloyclalatb keHnayol8an ya yléan-yM8a ular8a bo‘18an
lalab orilb borayol8an 2aTtonmayly 1511ubolll Talemallarclanclir.
Mebllplasmklarclan uunH3b T13boo{lancla, blno ya t5HooHaTT§
1a5biyl be2a81(la, esblk ya clerara rorrManw 13blab cbluyansbéa ken§
Moyclalanlacll. Bwnclay talenallartn8 cblclarlll§l wrouy TwMall
bo‘Hb, bayonT§ a8res33iY la’3t8a, uuyosb racHablyass naTHK ya
1551una ban3o3bIWA!, yen8M ya puxialls: blMan o‘r 77§ alrallkkn-
8a eSacHr. 8bmwn8clek TtasblnasorHk, ketaBorHk (lelallanw 15blab
cbluansH 1luyo51 ylclan-yl8a ormb bortouck.

Ouylclaél  12.4-12.8-ra5tlarcla TelalplabllkM  uuymrlarT§
Ko‘nclalang8 ke3T ywuralan kelllnl8an. Tasbg ¢3nn pla5llk bllan
uoplan8an uuyurlarclan 5wy, neii ya 8ar lartouylancla oycblanMacll.
Bunclay Telallpla511kil umyurlarnt§ al2allls: nlart Telall umymHar-
bing msikl LIS plaSta55a(lan bo‘l8aT bcH3 cblnTaycH, elek!r 120-
1a151yab1 yuuonclr.

a) b)
12.8-ra3T. a-te(a!l unyur”a (a$bg vo‘llansan plaxik, b- te(all
umynr~a kblu yo‘Manpan pla$Hk: 1-tebl 1 uyuywur, 2-plasMk
yoYlanra.
8bunt8clek TelallplaSuklarT8 13blal3b 5oba518a uarab Telall
H$(larwn§ lasHdg,1cHk1 ya TelallatT§ orabl8a baT plasliklar uo‘1lab



13blab cbluarlacH. Bunéay talenallarclan ketasorHk, aylltobll3or-
Hk, 3atolyol1302lK ya bosbua Ko‘plab Tasblnasorbk, 3anoal ya wny-
Joy uunHsbl lartoulancla 13blaiilacH.

a) b)

12.9-rasT. a-Te*all H$(8a (a3bul uo'Man”an plasMk, b-telall
H3*8a lcbkl 1o 1lansgan plasHk, i-Te(all H34 oraswa woMlan”an
plasHk: 1-te(all Hel, 2-plaslik yo‘llanTa.

PoHTterlar(lan buyuTtlar 13blasb nsnHan. PoHTer ta(enallar-
c)an 131a18an 3bakMa”! xIMta-xM buywuTtlar, 3bunlMSclek, Xp, plyonka,
VL, umywur ya bosbualar layyorlanach.

PolTerlartng o‘riSa xo3 Vkik ya lexnolo§lk xos3alan ularw
buyntlar8ayayanTt layyor Tab3nlollar8aaylanlrabcla Tax3un3s usnl-
larclan MoycblaT3b lalab elllacH. PoWTerlarT buyntlar8a aylanlT3sb-
nT§ aso3ly mamllan8a ekslnwyalasb, oclalcla8l usnbla unyisb, boslt
o3liéa umy13H, oclal(la8lcHa presslasb, uuyTa presslasb, Ko ‘plriinsb,
payyancWasb, uircHnb purkasb, rancblasb, 3butn§<lek, (la3lSoblarcla
utncH yo‘tb oH3b yo‘H bllan 13blasb n3ullan kiral

8woy 3ayolan:

1 KoTpork3ton Talenallann a3o3ly ucb HpHH ayHn§ ya aszosly
Ko‘r3al§lcblant notlans.

2. Malnlsar taycla ranacbalar bllan koTporkT artallblasb
(anTnroya!) yr~anéa 1o‘1cHr81lcbt y Tk rarralant uo‘llab kucbayH-
n3b Texanlrrlanéa8l laruw ko‘rsarins.

3. ToblarTt urunfis: ya ulanf onenll51yaslclan cbluyan bol<la,
lolalar blMan antnroya! uylln8an wcb Hpcla§! kotporlann laru/t
Ko‘rsaHn8. Har bir upéa81 koTpo2knT8 TexaTkK xo038alant larubl
120blans.



4. MaHsbloMa bo‘ylata Joylasb8an wrinksl2 lolalar blkn ar-
Ttalllraksb ylMrtgan Ttalenallarw tu3labkatHS§! ya bo‘yKTa eks-
11kHk Tock LU w bl3oblans.

5. Mabsunlolcla bo‘y kTa Joyksb8an kaka 1okkr blkn artalll-
raksk ylln8an talenallarw bo‘ylata Tm3(;abkat11811l bl3oblang,.

6. Pbsinassakrw kucbayltsH wucbun uyo‘llablk(M8an wucbla
as3osly Mp<ksi artalllraH *olakrw notlab benn§; Har bl nt alralllk
ya kaTcblHkKknw ko‘r3alrs.

7. Mebll Ta(rk3all koTporllarck wuancky xo033akrw oHsb
Taysacl8a Tmyoiiy?

8. Kerartk Ta*rk3aH kotporklar oH3bnT8 a3o3ly 3abablT
KO ‘r3aiin§.



13-BOB. NANOTEXNO”OCIVA A808IOA OMEUYCAN
MATELWA1IXAK

13.17anoTalenallar bauH!a utunHy (M3buncba

“blanolexnolo8lya” lerrtw binncbl Ta/la yapon oHrrH N. Tankuchl
{oToTpan 1974-yM(la 13blaiM8an.

“blano” 80*21 rrllarcMan blr L§31, rrllarc1wng bir a13rrn cleSaw ya
(bIM)=109r cle8aw. E3lalann2, an§51ret=10 X8 T (1TMHTelr=10"3r,
LTkroTeir=107T1). QeTak, mano bu urunHK birH8. BuT “3erll”
{asuo3b3b ncbun, 3but ayHsb kerakbl, T30n 30cblnT§ saltH81 It
ateln laxTtTan 50000 nanotelr§a lenS.

Horkéa nanolexnolo8lya8a yLll8a 9-10 tlWaré éollar sarl” uLlin-
yapH: A()8H cla4-5 TMHan!, YapoTtyaéa 2-3 TlMarc!l. bekT nano-
lexnolo8lyaclan kelacH8an Noyéat 2015-2020-ylllar éayoTMa blIr
necba 1nllon ck>1lar8a yeHsbl kulll Toséa.

Nenolexno!o§|ya 3anoallla 1994-ylclan bosblab soYlanla bo3sb-
1a8an.

NanoTtalenallar - bular To<3(lalar ya To<klalar kKoTporH”yasb
cH, sayslarki, 3unYy yobl labny lariib8a 3oHn8an yok! 30lTTa8an
nanoTteiyk xaraklensHkall oYcbaTH barayly eleterlar 11211111
- 813leraslcllr. Bula«la nanotelnk oYcbatH eletetlart Koope-
ral5lya uMgan(la (blrlasb11r§an(la-yluuan(la) nlart o‘raro VeikaYiy ya
KiTyoY1y 1a’3T alobl(la (tax3m3) natoyon boYacH. BnlatTt§ Hart-
Ta” T1alenmallar ya 313letalar<la H8an taluT boYTagan xo33alarw
payéo bo4lsbinl {a’Tblaycbh: TexaTk, k1Tyoyly, eleklroltk, opHk,
leploA21k ya b.k.



Ho21rs1 yauyiia nanotal:enallarrm (tolekmnlar oHcHatM yokt unga
yauT <3arajacla siinklurala8H1t18an) bar /1 18Mubolll nsuManiian Foy-
clalaniacll. LnHanwn nanoobyek™ yura8a kell3H pnn3ipi8a uarab aso-
3an 1kk! 8urnb8a boYrtacH. 1) Malenallar yuralancla nanosirukiiira
Ho3/1 ullisb: neylronalotlar, tonlar elek!ronlar 1mlatlan bllan M3blasb
plarTa bllan xurusblasb (“lraylewe”) ya bosbua nsular bllan 13blasb.
2) blanoobyeklnl-nanotalenalnl aloTTa-alorn yokl TolekulaTa-
Tolekunla y1843b. blanoobyekllar ikk! n3ubla oHnacH.

HayoHnHrw yorHuycbl nanotalenallarclan layyorlan8§an
latpocbkalar

1) 8unYy m3ular: OHnayol8an nanoobyek! xaraklen8a uarab
bar xIM usular yoYlanMacll; M2ikaY1ty, k1Tyoyly, blolo§lk ya bosbuja-
lar. Ba’21 bollarcla bir necbia3: blr8allbla. blanoobyekHartn oYa
yakunt 3barolléa, smyuy TublMa yok! 8ar altoslerasléa oHsb
TUTKT.

2) O‘r-o‘2nlan yu»YHsb: Bun8a nanolexnolo8lyac'a kalla e ‘mbor
berfMacH. 0 ‘2-o‘rklan ywYH3b Toleknlalarw HatTta yaul ener§iyast
KaT 3alH8a oY13H8a TMH3bl natyasi8a aso3langan.



0 “2-0‘2k1an ywYHsbck nanokonslruklor yura8a yokl oblt/lan
y18418an nanokon3ltuklmra8a Tu bl T TadutoHar yokt Tolekmulalar
kTlacl. 8o°‘n8ra Toleknlalar o‘rlant Ta4unt bolaMa {ekblayclLlar
- lo‘8‘nlay(Hlar, ba’ran kucb312 bo84at3b bo3/1 ullb, ba’ran kucbH
Koyalend bo§Yar3sb ulLlib.

0 2-0°21(1lan y1843bnT§ yana blr 1un - bu kn3lalart o™in3bcHr.
KnslaMarT eniinaéan o‘3iin3b Tm TKT, clasllabkl (kuitak, boTMa)
kn3lall(lan Moycblawb. Bunéa kaina eTa3 kn3lalllarklblcla 021 Tale-
naH ko ‘p boY8an TnbJi8a (ko ‘proy erkta8a)]Joyla8bltla(H. 8o‘nsra
bu koTponen!lar8a blcbkTa km3lall yobl kurlakka-bot/la8a layicl
(*Yrllalslya’-o‘x3Has3b) ull3b8a ruxsal! ufltacH. MIcrocblpkrT yara-
HsbJla 13blalllacki8an kreTwyH bloklar 3bu larréa o ‘31tlacl.

Kanoslrukitlralart labny bos3/l boYi8bl. Bu bocHsa ko‘proy ru-
clalariws bo3/1 boYl3bl8a 1e§13bH. An’anaYl yonéasblsb bo‘ywoba
kn3&Mar3b yunyiclast yoYlar bllan atal§a osbacl:

- TockblarTt konéensablyasbla” (ener§iya yl184sbcla8l) bos/l
boU8an parlarclam;

- erktalarclan, ulanu 3oyii-yoHsbléan;

- er/ltalarclan, en8an tocblat cbo‘ki3bl nalyaslcls;

- uallly bolalcla8l cMiamrion o ‘28ansblanclan.

Bular 108‘]t31anT barcbasiua, 3bu bJlan bir8aolling8a baTt 1e§13bH.

13.2. NenoTtalenallarw uoMbTLUMbI

Ho21rcla nmanotalenallar ~cla kop 3obalarcla uoYlan/lacll; 3ano-
aMa, nanoeleklrotka(la, nanoopiikaéa, nanoblolo§lyacla, nano3pek-
lroskoplyacla, nanoTtecbl3Taéa, nanoeletenllaréa ya b.k.



Nernotalenallarw 3anoaMa uo‘llanllibl alobl(la abarTyal:8a e8a.
Bu Talenallanln§ xo33alan pnn3lplal lary uM8aTt ucbun 3anoaiin
Kop 3obalancla 13blatlMacH.

Albaita btncbl nayballa nanotalenallann yoYlasb yuuon Texa-
WK xo033aH yansg! konslrukston talenallanH yaraH3b8a unkon berac.
blanoslryklUraH TocMaitan yaszal8an rerbaH Tab3ubl (éelal) yuuon
Tn3labkat boYacll. Masalan aVla ya ay!otobl 1302Hk#a 13blalllacH-
8an Manéan yasal8an Tab3nlo! namoslrukluraH ulllb oHn3sa, nnt§
cbiclatHHS1 wrou muTr ko‘n3bl (clol8oyecHnos3l) 1,5 tarla osbacH,
rerbaw yasasb tebna! 3w4rw katayacll.

LWno3~rmkllraH alurwTy uoisbtalanclan Turakkab [onna(la§l
yen8M Ttab3ulo{larw ywuuyon lerHkcla o‘la plasHk clelortalslyalab
(bo3lT bllan 13blab) clelallar yazasb Tu TKT. Bu 3baroMa 3blatpH
barcba *esbik, burcbak ya b.k. lanloUYly loYacll, clelortalslya kucbl
pasayacH, "orta bosll yllsb baroraH pasayacll (450°C clan 350°C 8a-
cba). MauuTki, borbla bu n3nl bMan tobkt yonar clyl8alell porsben-
lan (Turakkab lortacla8l) yasalacll.

blknclll 1e81rlan8an kerannk nano3lrukllraH Toclclalarclan LUxIM an
Talenal oloybarclosb boYacll ya wlarclan icbk! yonar cM8alellar, 8ar
LWrblnakn, ke3kiob pla3l;lnkalarl yasalacll.

Melallur§lyacla e3a nanotalenalclan ya3al8an oYaabarckasb rnas-
Ha! Kerarwka uo‘1lanllaclT.

Horwla nanoparosboklar ko‘p M'mnk3tyall yo'sbHncba 3*aiiéajucla
ken§ uo‘llanfacH: Ttolor, lramsrwb5lya ya Tcluslnal toylar8a, plas-
Mk Toylar8a, bl w T o03Hcla 13blaycl8an Jarayonlarc!a 1sblaHlacllgan



lexnolo81k Toylar8a, Telallart uiruisbclagt Toyloycbl-3o0ykuychbl
suymullklar8a, 3ayuallasbclagl (cdoyocino prnHMCHMNUE) pasla ya 3us3-
pen2tyailar8a 10 ‘3bllacH.

Tarklblcla plaslwassa ya pollterlar boY8an koTporkstoon Ta-
lenallar8a Telallartng nanokukurilanTt uo‘3bl3b ancba 131ubolll
yo‘nalisbcHr. Bu yo“1blMan plas!nkra8wl, eleklr oYkaracHS8an rerTa,
lok oUkaracH8an kraska, kley ya b.K. x033aH koTpork3ton Talenal-
lar oH3b T TKT. Melallarw nanokukurfan 0 ‘3blHb yontaycHS8an
poHTeHar oHnacH.

Y tntan, nanotalenalll yoYlaralar blir leklscla, bir xIM yaHNHbIa,
blr X rioblMk”a ye*aclT, oloybarc!o3H boYacH.

AC)8HwNS Yelekly ntyerslllen oHTlan8a HbblyoMa nanotalen-
aHart (lexnolo8lyar) uoYk3Hbl o‘r8at3sb8a 6,5 T1n. cbHar ba*Ma
pul a*alll8an. OMtlar T3onlatT8 ink lo‘yltalan8a i1 p mMalaidtya
uMracM8an blorwTel|k nanooYkar§icbw yaralyaplliar.

nu

Bunéan buyon umyosb ener8tyasiclan oycblat3b ener8euka 3o-
basblag! ck>1rarb Taszala boUlls siolayerac/l. blanolexnolo§lya azosbla
yarall8an rr3-tclly-cMe5eletcl-8alHy (CHO8-plyonka) plyonkasbl
loloeleklnk eliekii (3ataraclorH§l) borirst raton uuyosb elertenl-
lanuwikiclan 20% 8a ko‘prou,.

13.3. *nooUckaTH Ta*enallarw oH3b un3snHan
HanoTtalenallarTt oH3b n3nllan8a boy”3sb ne”rbla nanotalenal-

M 3tler boYlsb]arayoT yolacH. 8Hu nuu(ay! nararéan oHsb nsnkan
umylcla8llurlarS8a boUtacH: TexaTk, irlk, kTyoY 1y ya blolo§lk.



Mexawk un3ml Talenallar8a kaiia (lelorta{51lyaloycbl kuchb 1la’3T§a
asoskrwan: bo3sit, e§13b, ylbralslya, 13bualasb, kayiablon Jarayon-
lar ya b.k. p121k usuhar aso3Ma ik o‘r§ansblar yolack: bug§Uauusb,
kKonéensablya, Tobla3b, lerto81kllasb ya bosbualar. KntycTty usml-
lar k!TyoY 1y reakslyalar8a aso3zlan8an: ekkitioHr, uaylanHsb, lerrtk
parcbalawsb. Bolo81k nanl ous/l lanacbalancla o ‘lacH8an bo10§1k &
rayonlar8a aso3lan8an.

Mayiia 2arracbalar8a bo‘H$HT (cH3persk3sbw) TexaTk usml-
lan. 0 ‘r naybaiéa bn nanotalenallarl oHsb usuHan unylcla8l §u-
rublar8a boUTacH: TexawkaY1ly Ttaycblasb, 3blcbla* JaéalHk bllan
ée&rra*8lyalasb, bar xJ1 TublHarT Texawk 1a’srcla.

NenoTta{enallart TexaTk Taycblasb bllan oH3b. Bu wu3nl
Tayéalanayol8an uaiiiy Talenallar8a kaia wrllsb kucbl ya kalia
13bualanisb 1a’3T8a aszo3lan8an. Bunéa Texawk l1a’z3ln 1tpulsH
boUl1sbl kerak. Mexaluk 1a’3ir rarracbant8 Ta4wmt blr*ywa-nuyla-
318a (lokalno) {a’3in sHacH. Kucb nnpbl3l ya lokal boY8awclan Ko bkb
na yau!cla wabalan Kaiia kucb 1al3lr sflacH. Mexawk Taycblasb bar x/1
unmnlTa ya to3latalarc!a oHb borHacH: 3baroyty, planelar, ylbralsl-
yaH, 8lrclob (yixr), 8lclro8koplk, oaiinH le8lrtonlarcla bajanlacH, al-
ikorH aunltalancla baJanlacl. Te§lrTonlarw toblcla en§ 3oclclasl ya
ken§ lardal8aw bu sbanTty le§lrTowcHr.

Te8wrton 3MTér boUlls, tobléa Taycbloycbl ~3T1  boUacH:
Ko‘pTcba poYa! yoki Aaiiy yoHsbtaH 3baHar. 8LUnclr aylan8ancla
bu 3barlar aylawsb bo‘ytoba baraban bo‘ylab ko‘lanllb, en§ iepa3i8a
cblauanéa o‘r o§UrHs! bllan pasl8a oHHb liisblb, Taycblanuycbl Ta-
lenalw unb, Tayéalab cMorTal8lyalaycH. Maycblawsb terHs: bara-
bannT§ aykwa3b terH818a bo§41A- Maycblan§an rarracba Nortasl-51-
Ms (o3kolocbTy)§ ‘acHr-bucHr boYacH. AiirkorH aurfnblar, 3baroyly
le81rTonlatT§ blr LUncHr.

AnooUcbatH kKukmnlart yw4sb wusumHan. blanotalenallar
OH3b m3uManw ko ‘pcblH81W nalyaY1ly Tab3ubln bu - kukun. Ba’2i
Talenallarw nanoslUklUraknw kaia ba]rcla yaraHsb a'Y'n, ba’ran
e3a TU TKT eTa3s. Kanokukunlarclan ba]rty talenallar oHsb ucbun,
blnncbl naybabla, bar Xl presslasb |arayow yananian soYlanfacr.



Np3k3b”™an buynt oll3b ucbun, pressksbrt, pl5binsbw (*“3pe-
KaTe”), prokaHasbbl bar xIT 1exnolo81lk Jarayonlan uoYknllacH.

ATtaHyo! ko‘raalllcHkt, Ta(enalw cH3persHs: olU3bl bllan .pp3k-
3bl3bl” katayacH. Presslasb - bu kukun8a bo3lt {a’3Tck lorra
bensb-lortaksb. Nelyacla blab ullin8an lorta, o‘lcbaT ya riobHk
oHnacH. Presslasb 3M1k ya cHnarwk §ruppakr8a boytacH. BMKTT§
bar bln yana §urublar§a boYracH:

1. Pre33k3b baroraH8a uarab: 3oyuu ya 15511 pressksb.
2. Oo‘yMN8an kncb xaraklen8a uarab: bIr o‘uH, ebl o ‘uH, Har
loTtonlara.

Kukun pre33 {orta8a JoylasbiinlacH. blanoTta”“enalar presskn-
8anck Jarayon yakunt katerasbla oHb bonkcH. Bu usnl blkn ynyb
ck§l nanokukmnkr 0y 3+THO2 arak3sbTa3! koTpaklasbiinl§an-
presskn”an.

A8ar buyut balancll81T ko‘nclalang ke3it oYcbartwa T3balii
blrckn kaia boYsa, 1kk1 0 ‘yH preS5lanacH, kaTrou kucb 3arfanacH.

Har loTonlaTa ¢ sib presskn§;ancla kucb kaT sarlawb, 51M 1
yuyon boYacH. Bun8a 11301 8lclroSlaiik pre55k5b. (Mallly ta*enal-
Krw oHsbck Ta8nk-1TpulsH pressksb 13blalllacH. 1tpulsH Ta8wil:
TaycloTtckn “proyoc!wk® w oHHb cblh3bl§a azo3kn§an.

OkTa8Tl Ta8nll Tayclowclan kanlb cbluuan kabl, wWeéunkrorw
1tpmlsH Tagnil Tayclow blkn komsenlral:or yurasw o‘raro la’sln
nalyasnk Texawkayly 1tpul3 kucbl press-lonnack ywYkcH. Eleklr
2arylrlan8anck konsenlralor Ta”nkK Tayc!oT ronaslclan 1anb cbluya-
rfacH ya kukun presslanacH. 1tpuls blr necba rTkro sekunc! ckyoTt
elaclt bo3t K.=1-2 Cpa.



OasHabla wa'enal yunkloycbl To3laTtaclan blr-bTt8a uarsbl ayla-
nayol8an ]o‘yalar ora$i8a yo‘naktla<ll. 13bgalawsH kucblan bllan
kmkunn er8asbHnlNb polo3a8a-len'a8a 21cblanacH.

Bu un3nl blMan Har xI' uallatlar oHnacH ya cHiinston payyancllanacll.

MwunésblukH orta bensb Lilyln presslana(H8an talenallar(ylyT
eny(H8an Talenallar ya wuoWsbtakr, wuallly wuo(13btalar)8a
uoYlawlacH. Kukun taywmnt lorta ya oUcbarclas: {esblkéan L{131b
cbluarlacl.

Kuknn Te(allnur8lya8l baullla TaUwuTolMar ya kukunlarwns
oHwsH mn3nMan. Knkun telallnr8lya51 nanian bMan suynlinl8ancla
bir-btMa entaycH8an Telallarclan, 3bunt8clek Liy T enycHS8an ya
oYa lora Telallarclan yonsbTakr oHsb TM TKT. KukunH telallur-
8lyacla xoTakllar, 3bmutn8clek, aty oYcbatH WgrH clelallar layyor-
lamacH. KnkunH Ttelallur8lya §‘oyak talenallar ya wlarclan clclallar,
3buntMéek, 1kklla (bltelallar) yokl WirH Telallar ya solisbTalar-
nT§ blr necba yaHanH ko ‘nwsblcla8l éelallar layyorlasb MNKOTL
beracl. KvkunH Tel:allnr8lya namian o*a3b8a cblgawMHs:, yeyllisH a
cbl(laTllL81 ywuuyon, uaiiullst kaia, bel8Man8an baruaror (Ta§nk
x033aH, 3bunTtMéek ak>blicla H21k-k1TyoY1ly, TexaTK ya *exmnolo8lk
x033aH - éelallar oH3b T K 0 T T beracll. Bunéay (lelallarm umylsH ya
bosiin o3Héa 13blasb yoUl bMan oH3b TM TK T eTas.

Kukun talenallarclan <3Xlal ya buywutlar oHsb prol3e83l Telall
Knkuww layyorlasH, mlaréan 3blxla hwsb, pre3sbsb, ragoloykar
plsblnsHclan iora*. Melall kmkunlan TexaTK ya I7I21K-K1Ty0y1y
nsnliar blran oHnacH.

Mexawk wm3ularitia kmkwar uaMy Telallart Tayclalab, 3uywy,
Telallarw esa k1tyoyly larklblw o ‘28ariirtasclan lo‘rllb boslM wulll-
nmacH. Mo‘H yaiiiy Talenallarw taycblasb ucbun 3barll, nyurta ya
ylbralston le§lrtonlarclan loycblanfacH. 13bloy benlacli8an Ttalenal
poYa! yobl cbo‘yan 3barlatT§ rarbly yobl 13busloycbl (a’3w bllan
TayclalanacH. Melall kukurllarw Texaw K usnlar blflan oH3béa unlar-
Tn§ Lo3slawsblw blzob8a oH3b rarur.

3HarH 1le8lrton poYa! barabanéan iborai boUYii, un8a taycbloy-
cbl 3barlar ya taycblanacH8an talenal 3oHmacH. 8Harll le8lrtoncla
olT8an kukun 2arralan 100-1000 Tk T oYcbatH nolo‘§‘n ko‘pyou-



HK ko ‘nuwsblcla boYacH. ¥Yyurta le8lnnonlaréa taycblasb 3barH le-
81rtonlar8a t3ba*an lerroy KecbacH. LlynrTa 1e§irrowwng katera-
8lcla 1kkila parrak bo‘lb, yarata-yar3sbl lowonlar8a aylawb, o‘raro
Ke313buycbl bayo oghnlMan boslM uflacll. Kateraga 3oHn8an talenal
(3trn boYa8t, utncH, dgydgniar ya bosbua TayHa boYakcbalar) w
bayo oynw Masbiinb oHb kelacH, ular o‘rato blr-bT8a unHb 50 <lan
200 rnkT 8acba oUcbartH 2arralar8a TaycblanacH. HoslM bo48an xar-
racbalar larelka ko ‘nwsblcla, cbellan arraston boYacH.

Mo‘lM Telall karblcllan ya okslcllanclan Tay T Kukunlar oHsb
ncbun Yibratzion l1e8lrtonlarclan [loyclalavlacll Ylbrole§lrtonlar
en8 mnutH boYlb, nlatT§ 13bl poYal 3bar ya 3llnclrlarT8 1e§ur-
Ton barabawnT§ kaiia cba8(olal aylanTa lebranta barakall 1nlrayH
TaycblanacHéan talenal8a yuuon cbaslola blMan {a’3k ull3bl8a a303-
lan8an.

C?alay, uo‘r8‘osbr, alurwuwy, rru3, 3butngclek, lerwr ya po4al
kukunlanw ollsb ucbun bayo, 3uy, bnu8‘ yokl TeJl 8axlar KTeikK
ener8tyast bllan 3uyumy Telallt lorllsb m3mHéan baTt &yclalaw-
lacl OMn8an kmkun rarralan 50-350 TK T oUcbatH bodm), 3lenk
Ko‘nwsb8a yauT.

p12ik-kiTyoY 1y mamMar bllan kukunlar oH3béa bosblan§Ycb Ta-
lenaltn§ k1ltyoY1ly *arkibl ya xo033alan o‘x8aracH. Melallart ok3lcl-
larclan k1tyoyly uayllinsb, smywmliinl8an 1wu/larw eleklroHr ullisb,
karbonM ya §lclro8et2alslya u3ullan a3osiy I7I21K-K1TyOY1y nukar
blzoblanacH.

Ox3lcllarclan TalenallarT k1tyoyly uaylansb 8a231ton yok! ual-
My uay'ar8toblar blMan atal8a o3blrMac/1. Oax3Ton nkla8woblar 3lasl-
MMa labny, clotna 8axlan, karbonal an§lclr<l, sbuwingclek yollorog ken§
uoYlanfacH. Kityoyly uaylansb nalyaslcla bosll bo*lac/18an §‘oyak
Telall Ta33a Tayclalanacll. Kukun oH3bnT8 Jix1k-k1TyoY1ly nsullan
1cbkla bu m3nl en§ arron blsoblanacH. 1-100 Tk T oYcbaTH clenclnl
Ko‘nni3biiagl loxa ya nocHr telallar (lan(al, 3kKoTy ya bosbualar)
nT8 Kukunlan wywnllinl8an Telall Lixlanw eleklroH2 ullisb usuH bl-
lan ofnacll. EleklroH2 u3avH Wloslan8an xotasbyoclan loxa Kukunlar
ofsb iTkow T berack. Karbonl n3nH 1-800 TK T oYcbatH 3lerok!
Ko ‘nnl3bcla8l Ta§w Ll (erTr, wke! ya kobak kukunlanT olsb 1TKoO-



wuw beracll. Bu n3ul blan olfn8an tab3nb* 200-300°C {eTperallra-
claTtelall kukumw ya m8lerocl okslcléa parcHalanacH. Cnclro8ew?2al5lya
m3nH asoslcla kably 8lclrall blMan xroTw uayllinsb yolacH. Bunéa
bo3lM boY”an obak 3uy bllan yuyllacll, welall kukuw e3a 8-20 W KT
oYcbatH clenclrHlarclan lasbkl1 lopacll.

pl21k-k1tyoY1ly nsmular bllan oHn8an kukmnlar Tayéa clapersH ya
lora bl3oblanacrll.

2artalan oYcbart8a ko‘ra kukunlar §ranulotelnk larblbl
bo‘ytoba:

- 0,5 TkT 8acba oUcbatH wukra Tayéa;

- 0,5-10 Tk T oUcbatM]ucla Tayéa;

- 10O TKT oYcbartH Tayéa;

- 40-150 7k oYcbatH o‘/lacba Tayéa,;

- 150-500 Tk T oYcbaTH y Tk xINlar8a boYTacrl.

To‘kLLIXH nwi33axt, ounycbanHk, presslannycbanllk ya pisbuycban-
Hk kukunlarwng asosty lexnolo§lk xaraklenslkalan bl3oblanacll.

To‘klU3b Ta33ast erkt 1lo‘kM8an 1 373 kukunnt§ 8rartTlarcla
oYcban8an Ta33asidT.

AS8ar kukun o‘r8arrta3s 1o‘kM1sb Ta33aswa e8a boYsa, pi3blrfgan-
éa unT8 o‘28arTa3 kr3buycbanllst la’ttlanac/l. OMNT3b wn3ul8a
uarab, blita kmknnnt§ lo‘klUsb Tasszasl LUrlMcba bIYT3bl TM TKT.
C ‘oyakls: ynuon bo48an buyut layyorlasb ucbun 1o‘kMisb Ta3-
3a3! Kloblk boY8an kmknnéan, asbob ya TazblnalatT§ 1wl clelallanw
layyorlasbcla e3a 10°kLL3b Ta33a3s! kaia kukvnlanlan Moycblawsb 1021T.

OaunycanUk-kmknnnT% uyolpt loYclra oH3b wuoblllyaHellr. /1
TaYut clatelrH lesblk oruaH KMKW TT8 0oY13b 1e2Hs1 blMan xarak-
lerlanacll. Kwukun ranalanwng oYcbart kaTtaylsbl bllan unt§
oumycbanlls: yotonlasbacll. Kukunwng uollpTt bir 1ek13 loYclMnsbl
ya presslasbcla rioblaT3b 1e2ls1 ko ‘p]1Halclan oumycbanlkka bo§4Y1u.

Pre$$lanuyckank-\.a3bgp na8rurka la’sllMlclan knkuntn§ rkbla-
T3b x033a31dT, u presszlan8an kukun rarralan o‘raro uancballk Tn3-
labkaTla3b8anM81Ml xaraklerlaycl. Presslanuycbanlk Talenalwn§
pla3/ikM8l, knukmn ranas3TT8 oUcbart ya 3bakl8a bo§Uly boYacll.
Kuknn larklbl8a 31rlg akHy Toclclalar uo‘3blMsbl blMan nlatT§
presslanunycbanl8l orlacrl.



MaHwnycHanHk (leyM8ancla presslan8an xoTakT! (ernmk i3b-
lasb nalyasl(la 2arracHalarwn§ Masblsb Tu3taHkatMst LU3HWW-
1a1.

8kbclaT layyorlaull. Mauut kityoY1y ya 8rannlotelnk larklb-
<la§8l baTéa lexnolo§lk xo33akr™a e§a boY8an kukmunlarTt§ (3orakn-
8an porstyalan barabankréa, le§lrronlarcla ya bosbua yurfTalarc!a
araksburlacl. 8blixlaw blr lek13 aralasb1t3b xaruraii i]8413a 3p'yb,
benrT, 8lk3enn ya (H$lMlan8an 3ny yo'BblMacH. Ba’xan aralasb{t3b
Jarayot<la LLH yaxkaw oYoycbl lexnolo8lk uo‘sblltalar s0 ‘3bllacH:
pre3skT3bT yen*lllasHHN3b TayzacHiia plasHiikalorlar (paraiin, 3lea-
nn, §L3enn ya bo3sbualar), kerakH § ‘oyakHkka e8a boU8an buywutlar
oH3b ucbun o3on 3uyusilanacl8an uo‘sbllwalar, ucbuycbl Tolicblar
$0“3bllacH.

XoTak1ya buynninarT xkakHaniirbk. Kukunlar 3oynsalayT yoki
1331qlayln prokaHasb bartcla bo3bsa n3auMar bllan presslanacll.

8oyusalayT presslasb(la press Norta taiiH3a3” a 3blxla 3oMnacllya
13b puans3oT bllan presslana<H. Bo3Hn olln”acb, buyuT 3unb cblaa-
ruycbl pwanson blMan Talnlsa(lan cblsarMack. Pre3sksb JarayoTck
Kukun rarracbalan ek3Hk ya pk3Hk (lelorral5lyalanacll. Bunck Ku-
Kun rarracbakn ora3sickg:i *p3k3bl3b orlacH, § ‘oyakHk kaTayacll. Bu
e3a KerakH 3bakl ya TnslabkaTHK<k§1 xoTakl oH3b iinkoww beracH.
XoTak! §klraylk yokt TexaTk (ek33enblkll, knyosblpH) presskr-
cla presslana(ll. Pre3sk3sb bo3tu kukun larklbl ya buyuTt yarliasi8a
Ko‘ra200-1000 MPa boYacH.

AylotaHk WarakallanacHS8an presslar ken§ larsal8an. Oabml Li-
lnycbl bunker8a 3olMna<H8an 3blixla o‘r o84rHs: blMan LUYcHruycbl
3blan§8a o‘lacH 8blang§ press-yoHp wu3licla LLSay<H, n press 3loH
bo‘ylab 3unl3bl T TKT. PasHu 3unb cblaarnycbl pruan3on yarlyaH
lo‘kMacH8an kukun rwa(lonw bel8MaycH, ya’w usbbu bolcla press-
LoMpT (lo2alasb ya n1 LWWYcHm3b bir yasck baJanlacH. Pre3s-soHp
loY8ach, 3blan§ cbel8a aurlacH ya ynsion 13b pnan3oTt blan Kukun-
T #*5>3b TKowyal LU§YlacH. XoTak! pasim puanson blMan sunb
cblsarMac, soHpT yana wYcHn3b ucbun 3blan§ 3urfacH, xoTakl bir
yoYa 31ol<kn Tax3u3 noy8a 3unb LiblracH. Buncky presslar ba’ran
blr necba press-aoHp o‘raH18an aylanuycbl 3lollar blMan]lborlanacll.



AyiiaTalik pre33latT§ 13b ununu blir 30allla bir necba T 78 xoTabl
cbluyaracl8an c@a"ac™a bo‘M3bl TU TKT.

1381ulayT pressk3béa press-yollpéa buyut 3bakllanllnllb8Ta
uol!tay, plsblrflacll Hat, bu e3a I7I21K-K1Tyo}’1y xo033alan ywuon
bo‘18an §‘oyaksl2 Talenal ol3b Tkow w beracll. 1331luylayT press-
lasbT yakuunTéa, blToya ullisb yobl uay'ansb aiinoslerasbla, ken§
leTperalura oral§4(la (1200-1800°C), 3oymuylayT presslasb8a T3-
balan ancba pa3l bo3Tck baJansb Tu Tk T. Oéallla, kukmnlar kerakH
leTperalura8acba ¢ 2cHrM8acb bo3nn o3iéa 3Wykcll Bu nsnaréan
Lyw <le&rral5lyalanaclii8an Telallar (boncMar, karblclar ya bosbua-
lar) éan buyuntlar layyorlasbcla FoycblanacH.

Melall kukurllanw prokaHasb soyuulayTt yobl 1331ulayT éelor-
Talslyalasb maull bllan 1a3Ta, 3un, polo3a Ko‘nT3bkla8l buywutlar
oMs3bnTt§ urimksl2 prolsessldT. ProkaHasb yerllkal, gpya ya §onron-
1al yo‘nalsblar(la baJanlacll. YerHkal bolalcla prokaHasb buynTuw
3bakHanHM3b ncbun en§ yaxsbl sbaroH blzoblanacll. Ayyall8a Kukun
bunkeréan aylanTta 3lumycbl yalklar oraslcla8l raror8a LLikbacll, xo-
Takl bolwa kebln3b ucbun ¢allach, 30‘n8ra p13bin3H ucbun pecb8a
yo‘nmallrTack, keytcballk lora yallklan3a prokaHanac/l. Prokallasbcla
Kukun ba™ 1 blr necHa Talla bicbrayacll. Ta3Taw prokallasbcla yallk
<3latelntng lasTa ualnrs§l8a wabaH 100:1 clan 300:1 8acbabo‘Msbl
Kerak. KukurMarw prokaHasb leT\u)\ umyTta Telallart prokaHasb ler-
M§l8a T3balan ancba Krcblk bo‘Mb, kKnkMnwNg oumycbanMsl bllan
cbeklanacll. 8bunTt8 ucbun aylanuycbl yalklar 31r11T18 cbirlufl ler-
Bl Telall kKMkMrTTS bunkeréan cbldb, yallklar oraslcla8l raror8a
3unlMsb 1e2M8lclan blcblk bo‘IMsbl Kerak. Prokallasb w3ull blMan bir ya
Ko‘p uaHatM buyutlar, ualnMfsgl 0,025-3 717, eT 300 T T 8acba
bo*‘18an lastalar, clMateln 0,25 T T ya unéan Kala bo‘18an 3TMar ya
bokarolar oHsb T TKT. Prol3e38nT§ um2luk12sl nw ayllitalasbii-
n3bw batéa ynuon unmutclorH§lwla’rrlayc/l.

Oelal ya buyutlar8a kerakH Tmslabkatlk ya ualllylk bensb
ncbun wmlar pisbirflacll. P13bln3b operalslya3l buyntTt a3o3ly KoT-
ponen* 3uywmulanach8an letperaluratng 0,6-0,8 thann8a uaéar ¢ 2-
clnsb ya 3bu {eTperalllraéa TaYuT yag umsblab (Mn3béan iora!.
p3blnsb uarsblMkI elek!r pecblarcla Tcblkston ¢relnsb yobl beyo-



511a plsbwlacH8an buyuT oruall lok oYkarisb yo‘H blMan atalua
o3blirMacH. Melall kvkunlar okslcllantaSH81 mcbun pi3binsb ar8onfl,
8ellyUl TubMarck, yaknutéa yokl yoclorocl TublLl ck balanlacH. Tob
laSblatasH81 ncbun yupua ya yassi clelallar b o3t o3H&a pisblrfacl.
Buyutlar8a wxI-ke3ll 3bakl ya aTd o0°‘lcbarlar bensb ucbun ular
parcbrk3b operalslyalanc!an oYkarllacH; kaHbrlanacll, keslls 13bloy
berlMacH, U TycTy lenrnk 13blanacH, eleklro!Tk nsular bllan kerakH
oUcbanll8a yeHcaxIacH, Layla presslanacl.

Kallbrlasb pre3slan8an buyuTT press-uoHpcla8l to3 yuxpTH le-
3blMan 8lulb oYka2l13bclan iboral. KaHbrlasb naluaslcla buyutwing
oYcbanllan atylasbacl, 31111 3MMdlanacH, § ‘oyaklls: katayacll.

Presslan8an /.aSoloykalarclan Turakkab 3baklH éelallar (cbo‘213b
ncbun yolokalar, yaiiid soHsbTtall aHrTakr, 3blaTtplaTtT8 Talrk-
3alan ya bokarolar) oHsb; tobkl ya lasbsil rerbalar s 3b ; cMareiiu
Kioblk, 1ekT cbuaur lesblklar oH3b ncbun nlar§a kes3lb 13blanacH.

KntyctyUenuwk 13blasb (aroHasb, xroTk3b, 3lanlasb ya bokaro)
Telallarcla8l kabl ba]anlacH. C ‘oyakHkning Ttay)uaW§i, HeTtak, yo-
yM8an 31mAlllg Tay)ucllls: kityoY1y lenwk 13blasb prolsesstl akHy
aTal8a o3blnsb nnkow T beracH.

Eleklr ucbaunH ya elekir 1tpulsM elexkirol21k usuMar Turakkab
3baklll clelallar ol13b ncbun do‘1lanfacH. Eleklr ncHavnl n3nkK 13b-
lasb ToblyaH ikki(a eleklroc! oraslcla elek(r 1tpulsl ucbsaunH rar-
ryaclclan loy(lalar8b(lan [Moral. Bwncla i13bloy berlMacHSan xoTak!
anoc!, asbob, kaloc! yar”~asbl o‘laycH. Eleklr 1tpunlsll nsnya 13blasb-
claelek!rocllarw nlasbcla leskan allbllkekn MoyclalanfacH. Bu nsulAar
1ok oYkarnYcbl eleklrocllar oruyall 1tpmlsll eleklr 10k1 oYkarM~aniia
nlaTT§ ero2lyalarsbl8a (yeTTH3bl8a) bo§‘Ha. HoslM boY8an rar-
ryac! wirayH 13bloy ber/lacH"an xotakl-eleklrocl31lril<la clasizsa yasl
orall8Ycla letperalura 10000-12000°C 8acHa ko ‘lamlacll, 3bu oncla
Telall 3uymalanacll ya bwu8Yanacll. 2a8oloykaclan a]raHb cblsasan
Telall cHeleklnk 3uymaHk TubWbla rarralar ko ‘nt3blcla solacH.

C?ayla presslasb msullckn Turakkab sbakll clebllar ollsbHa [Moy-
clalanlacll. <3ayla pre3sksb nalyaslclaxoTakTT§ KeraklloYcbarlan
ya 3bakll la’ttlanacH. Btncbl TaHa presslanSancla XxoTakKTTS§
3baklT oHcly, oYcbanlMan laxnHTy boYacll.



Mab3ub* 13blab cblsansb Jarayowcla Talenal yokn yanT layyor
Tab3nlol, xoTasbyo 3bakH, xo033alan ya bolaiT o‘28ariirac/i8an
mamAar rerATmy”~a lexnolo8lya éeylacH.

13.1  -ra$rlarcla8l urunHkéarajasl nanoTeiw anglalacl. Kellln18an
Ayrallar 1Teitéan 10-"° Teii oraHsw lasyirlaycH. Yer sban iinbol
kop{o81(lan 100 OO0 000-Talla Kaiia, xuckll 3bunt8clek 8" Toleku-
laslclan J/libol kopiost 3buncba TaHa kaita. 100 ntéan 1 nt8acHa
bo*18an oralls pasllla iib(lalan8an. blanolexnolo§lya ucbun kerakH ya
Fi219arH oraHa 100-0,2 n 1 bl3oblanalll.

13.1-ra31. “nolexnolo™Naw (M3Hwunnrnycbl rasr.

OoTHY barakal(1a81 nanoéunyo nyopéa yur ber§an suylcla8l ik-
Kllayosiea Tubl T abaTiyai8a e8a boYcH:

1. 8kanerloycbl iiTnelll rTkro3koptné yaraiil3bl(0. BenTs§,
O. Kobrer, 1982-y.) ya 3kanerloycbl kucbl1-aloT rTKroskop
(C. BenT§, K. Knaii, K. Cerber, 1986-y. Nobel Tukol oin, 1992-y.).

2. u8leroclnln§ 1ablaii'agt yans:t [orta3tt® kasbl eliH3bl-
Mllerenlar (H. Krolll, I. HeallH, 8. CrBnen, K. Curl, K. 8Talley,
1985-y., Nebel Tukol o, 1996-y.).

Yans! rwkroskoplar nanotelnk oYcbatéa tonoknsslUMar yu-
rast alov-tolekmlar WwHsblw o‘r§arsb #WrkowyaHwWw yaralcH.
(JunlTta nanoTeiinT§ yuréan bir a'37bl ko‘ralacll. 8kanerloYchl
lvnel rwkroskopl 13blasbl, yakunt 1o‘slalan orsall elekitonlar nte!-
lasbny18a aszo3lan8an. A>T oYcHanii kaiiaH§lcla #>3ls ken§lst



o‘r8ar8ancla (unellokl rTuéon 3 barobar8a o‘28aracl, bu esa nwn§
yuyon atuHS8:iW{a’rrrMaycH. TuneMoycbl kyanl naranyas! 1928-yrl-
cla0.A.Oartoy loTtoTclan alla-parcbalaTt3b 13bklaa3o3 3oHnSan.

Ho21r8a yauMa blolo81k obyekllar, or8aTk Tolekmlalar, balan(l
barorallla 13blaycH8an ywuuon oYkaruycbllar, yanTo ‘lkar§toblar,
Telallar Tonoknslallan yura3! alot 8lrukluralan 3kaner!oycbl nnk-
roskoplar yoréarweéa o‘r8anfiroucla.

Yansg! rrkroskoplar naraua! To<MalatT8 aloTt-tolekular LUr-
LL3blT o°‘r8anlsbcla MNoyéaH boYTouéa. 1/lar yon3arwéa nanosmTak-
lvralar bo3/1 pHnNTOUEA. Mikroskop atu o ‘lkH barakallan nalyas!cla
aloT 3lwkllralan yaralllToucla.

Inlleren-olcMnclan TaywuT boY8an olTo3 ya Sraiil 378an
n§leroclnT§ bu 3bak 1985-yMéa asloli21klar loToTclan yuléurlararo
cbang 3peklnt LW3bunHM3b yayHeéa atulanSan.n8lerocl alorw yuuon
3T Teitnk Cm Toleknlastl bosl yllsbl T Tk T. Bunclay Tolekula
60 w8leroc! alotlanclan LUrM~an boYrs ular o‘raro 1 nt <Harelr§a
1en§ 3baréa Joylasb8an ya lbol koplo8uia o ‘x3baycl. b. Eyler leo-
retasi8a ko‘ra u8leroc! alotlan 12 la 10‘§‘n besbburcHak ya 20 1a
nolo‘§ ‘n ollburcbalar payéo wilacH. n8leroc! toleknlasl olHya besH
burcbakll ny umr8an arxkeklor K.PLLer 3baraH8a uo‘yl8an. 3a3Hab
lMvMeren kaT nMuéoréa, 1990-ylMéan e3a kaila Tas3blabéa 13blab
cbluansb lexnolo8lyasl yaralllcrl.

KuHereHar. Cm Tolekunlan o‘r naybaHéa youlan Tarka2lasb8an
Knb paryara8a e§a ya yelarlcba kucb3i2 Tolekulalararo bo§4Yarsb8a
e8a MuMerk kn3lallant bo3M dH3bl Tn Tk T. By kn3lallcla oklaeclnk
ya lelroeclnk bo*sbMular Tay)ucl ya wularcla bosbua alotlar bo'H3bl
TUTKT. A8ar oklaec!nk bo‘sbHy 13buony Telallar (( =K (kaHy), Kb
(rmblcHy), C3 (3erty)) bMan loYcHrM3a xona baroraHclan pasl barora!-
€a bu Tocklalar 3irmklUrasilt o‘28aHkacll ya yanst pollter talenal
" C@payclo boYacH. A8ar lelroeclnk bo‘sblMy baTt {oYcHrM3a knHk 20-
40 K baroral8a e8a ynuon oYkarnycban '*C”~ta”na! payéo boYacH.
Yuuon oYkarunycban MilMenHanl $blnlSariclaloylasb8an Maks Plank
norwic'as: T3lkulc'a o‘r8anflacM. Malenallar8a noyob xo33alar beracH-
8an bosbua uo‘3bltcbaH lulMenHar bat Tay]ucl. M130l ncbun "\Cbt
eHlen N'enoTa8nk xo033a8a e8a. Kntyo 3obasbla oHb bonl8an HTT-



10 nanoTelr ekanH81w bl3ob”a 013ak, b Hrwéa xonra 21obHg1 bar
Kyaira! 3anllrte!r8a 10 8e8abaylwlasbkll e*a<H.

8Toy $ayollan:

Ne no oYcbarrn wTtaga len§?
blano oUcbatH Talenallar uanclay oHnacH?
013per3H 1121t wra?

Oel uanclay 11217 ?
2arracbalarw kyallbkal5lya ullisb Llrlan?

a bk wd e
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