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INTAHUPYEMBIE PE3YJIbTATBI OBYUYEHUA
1O OO0I1 18.04.01 XUMHNYECKAS TEXHOJIOT'UA

pelf;;lb— Pe3yabTaTt 00y4eHus Tpe6oanusa ®I'OC, kpuTepues W/ujin
TaTa (BBINYCKHHUK /I0JTKEH OBITH TOTOB) 3aNHTEPECOBAHHBIX CTOPOH
Ilpogheccuonanvuvie Komnemenyuu
[TpumeHsTH 21yb60KUE eCTEeCTBEHHO—HAYJIHEIE, Tpebosanms ®I'OC (ITIK-2, 10, 12), Kputepmii 5

P1 MaTeMAaTUYECKUE U WHXKECHEPHBIC 3Hanus st co3nanus | AWOP (1. 5.2.1), coriacoBaHHEIH ¢

HOGbIX MaTEPUAIIOB. TpeOOBaHUAMH MEKAYHAPOIHBIX CTAaHAPTOB
EUR-ACE u FEANI.

[pumMeHsTh enybokue 3nanus B o6aactu copemennbix | Tpebosanus ®PI'OC (TIK-2, 4-7, OK-4),

TEXHOJIOTUI XMMHYECKOTO TIPOU3BOCTBA IS Kputepnit 5 AUOP (mm. 5.2.1, 5.2.2),

P2 PELICHUS MeNCOUCYUNTUHAPHBIX THKCHEPHBIX 3a71ad. COTJIACOBaHHBIN ¢ TPEOOBAHUAMHU

MexayHapoaHbix cranaaproB EUR-ACE u
FEANI.

CTaBUTH U peuIaTh UHHOBAYUOHHbIE 3ATaUH Tpebosanmns ®I'OC (ITK-2), Kpurepuit 5 AUOP

UHIICEHEePHO20 aHANU3A, CBI3aHHBIC C CO3JaHUEM (. 5.2.1), cormnacoBaHHEIH ¢ TpeOOBaHUSAMHA

P3 MaTEepHAJIOB W U3IETIHA, C NCIIOJIH30BAHUEM MexayHapoaHbix crannaptoB EUR-ACE u
CHCTEMHOTO aHAIN3a ¥ MOJAEINPOBaHUSI 00BEKTOB U FEANI.

MPOIIECCOB XMMUYECKON TEXHOJIOTHH.
Pa3pabaTeiBaTh XUMHKO—TEXHOJIOTHYECKUE mpoliecchl, | TpeGosanus ®I'OC (TIK-1, 17),

P4 NpoeKmupo8ams U UCHOJIb30BATh HOBOE Kpurepuii 5 AUOP (1. 5.2.3), cortacoBaHHBIN C
00opyoBaHue ISl CO3/IaHHS MAaTepHAJIOB, TpeOOBaHUSIMH MEXKAYHAPOIHBIX CTAaHIAPTOB
KOHKYPEHTOCIIOCOOHBIX Ha MUPOGOM PHIHKE. EUR-ACE u FEANI.

[TpoBOANTH TEOpETHYECKHE U SKCIICPUMECHTATBHEIC Tpebosanus ®I'OC (ITK-14-16, OK-2-6),

P5 uccnedoganusi B 00JIaCTH CO3/IaHUS HOBbIX Kpurepuii 5 AUOP (1. 5.2.4), cornacoBaHHBIN ¢
MaTepualioB, COBPEMEHHBIX XUMUIECKIX TEXHOJIOTHH, | TpeOOBaHUSIMHU MEXIyHAPOJHBIX CTAHIAPTOB
HAHOTEXHOJIOTHH. EUR-ACE u FEANI.

Buenpsts, axcnayamupoeams COBpeMEHHBIE Tpebosanus ®I'OC (T1IK-1, 10),
BBICOKOTEXHOJIOTUYHBIC JTMHUU aBToMaTtu3upoBanHoro | Kputepuit 5 AMOP (1. 5.2.5), coriacoBaHHbIi ¢
MIPOM3BO/ICTBA, 00OECTIEUNBATD UX BbICOKYIO TpeOOBaHMAMI MEXTyHApOAHBIX cTannapToB EUR—

P6 aghgpexmusHocmo, COOTIONATH MPABUIIA OXPAHBI ACE u FEANI.
3JI0pPOBBSI U OE30MIACHOCTH TPYyAa HA XUMHYECKOM
MIPOU3BOJICTBE, BBITIOJIHATH TPEOOBaHUS 110 3alLUTE
OKpYXKarolllel cpenibl.

Yuusepcanvnvie komnemenyuu
Vcnonp30Bate enyboxue 3HAHUs TIO NPOEKMHOMY Tpebosanus ®I'OC (ITK-3, 8, 13),

P7 MeneddcMenmy IS BEICHUS UHHOBAYUOHHOU Kpurepuit 5 AUOP (1. 5.3.1), cornacoBaHHBIH ¢
WH)KCHEPHON JIESITENBHOCTH € YYETOM IOPUANIECKIX TpeOOBaHMSIMHU MEKIYHAPOIHBIX CTaHAPTOB
ACTIEKTOB 3aIIHUTHI HHTEIUIEKTyarbHO# cobcTBerHOCTH. | EUR-ACE u FEANI
Axmueno BIaneTh uHocmpannvim a3vikom Ha ypoBHe, | TpedoBanus ®PI'OC (ITK-7, OK-3) Kputepnii 5
MO3BOJISIIOIIEM Pad0OTaTh B MHOS3BIYHOM Cpelie, ANOP (1. 5.3.2), corimacoBaHHBIH ¢

P8 pa3pabaTbIBaTh JOKYMEHTAIMIO, IPE3CHTOBATh U TpeOOBaHUAMH MEKAYHAPOIHBIX CTaHIAPTOB
3aIUIIATh Pe3yIbTaThl MHHOBaIMOHHOU nmkeHepHoit | EUR-ACE u FEANI.

JIEATEILHOCTH.
D¢ dexruBHO paboTaTh HHANBHUIYAIEHO, B KAYECTBE Tpebosanus ®I'OC (IIK-9, OK—4, 5), Kputepwnii
YIeHa u pyKosooumelisi 2pynnbvl, COCTOSIICH 13 5 AUOP (1. 5.3.3), coryiacoBaHHBIN C

Po CMELHUATICTOB PA3INYHBIX HANPABICHUH U TpeOOBaHUAMH MEKAYHAPOIHBIX CTAaHIAPTOB
KBann(UKaLuii, TEMOHCTPUPOBATH OTBETCTBEHHOCTD EUR-ACE u FEANI.
3a pe3ysbTaThl paboThl K TOTOBHOCTh C1€008aNb
KOPROpAMUBHOU Ky1bmype OpraHn3alyu.

JIeMOHCTPHPOBATE 21yO0KUe 3HAHUS COYUATbHBIX, Tpedosanus PT'OC (TIK-5, 6, 10),
OMUUECKUX U KYJIbMYPHLIX acnekmog naHoBanmonuoi | Kpurepuit 5 AUOP (1. 5.3.4, 5.3.5),
P10 WHXEHEPHOU 1eATENbHOCTH, KOMIIETEHTHOCTh B COTJIACOBAHHBIN C TPEOOBAHUAMHU

BoIpocax ycmozthueoeo paszeumusi.

MexTyHapoaHbIX cranaaproB EUR-ACE u
FEANI.

P11

CamocmoamenbHo yuumsbcs U HelIPEPHIBHO
nogvluams Keaiu@ukayuro B Te4EHUE BCETO TIEpHoIa
mpoheccHOHATBHOMN e TETFHOCTH.

Tpebosarus PTOC (ITK-11, OK-1, 2, 6),
Kpurepwnii 5 AIOP (5.3.6), coriiacoBaHHBIi ¢
TpeOOBaHUSIMH MEXAYHAPOIHBIX CTAaHIAPTOB
EUR-ACE u FEANI, TIC per. 853 ot 19.09.2016.
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PE®EPAT

BoeinyckHas kBanudukanumoHHass pabota comaepxutr 127  crpanun, 27
Tabmui, 25 pUCYHKOB, 35 UCTOYHUKOB JIUTEPATYPHI.

[ensro BBIITYCKHOM paboThI SIBIISIETCSA pa3paboTka cOoCTaBa
METAJUTM3AI[MOHHON TacThl Ha OCHOBE MOPOIIKOB BOJb()pama AJii COBMECTHOTO
B)KUI'AHUS C ATFOMOHUTPUIHON KEPAMUKOM.

KnroueBbie cnoBa: merammszarms, AIN kepamuka, Bonbdpam, HTCC,
COBMECTHBIN OOXMT.

OOBEKTOM HCCIIEIOBAHUS SBIISIETCS. TEXHOJOTHS COBMECTHOI'O CIIEKaHUs
METaJUTU3aLNHU U ATFOMOHUTPUIHON KEPAMUKH.

B mepBoil wactu paboThl MPUBEAEHO OMUCAaHUE OOMIMX CBEIECHUU O
METAJUTM3AIMOHHBIX MTOKPBITUAX, UX IPUMEHEHUHU U CBOICTBAX, a TAK)KE CBEICHHUS
0 HUTPHUJE ATTFOMUHUS.

Bropas w4yacth paOOThl COOEPXKHUT ONHUCAHHE METOJOB M METOJUK
MIPOBEJCHUS HUCCIICIOBAHUU.

B Ttperbeit uwactm copepxkarcs oOpaOOTaHHbIE  pE3yJbTaThl IO
IPUTOTOBJICHUIO METAJIM3ALMOHHBIX IMACT PA3JIMYHOIO COCTaBa M B3aMMOCBS3b
CBOWCTB IaCT OT UX COCTaBa.

B uyerBeprom pazgene BKP mnpuBengeHbl aHanm3 U pacy€T OCHOBHBIX
napaMeTpoB JUIsl peaju3alii KOHKYPEHTOCIIOCOOHOTO MPOJAYKTa U TpeOOBaHMS
pecypcodPphEeKTUBHOCTH U PeCypcOCOEpEKeHHUS.

[Iaras TnaBa paccMaTpuBaeT BOMNPOCHI O BBINOJHEHUU TPEOOBAHUI K
0€e30MacCHOCTH M THUTHEHE TpyAd, K NPOMBIIUIEHHON O0€30MacHOCTH, OXpaHe

OKpY’KaFOIIel CPeIbl U PECYpPCOCOePEKCHHUIO.
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BBEJAEHUE

CoBpeMeHHBbIE TEHJICHIIMU PAa3BUTHUS M3JEITUN DJIEKTPOTEXHUKHU SIBIISCTCS
YBEIMYECHHUE YAEIbHOM TEIUIOBOW MOIIHOCTH, YTO HEU3MEHHO MPUBOAUT K
BO3HUKHOBEHHUIO IPOOJIEMBI TETIOOTBOIa M HEOOXOAUMOCTH CHIYKEHUS TEIMIOBOTO
conpotuBiieHus: uenu. OJHUM U3 BaXXHEHIIMX BOMPOCOB MPU STOM SIBIISIETCS
BBIOOpP MaTepuajoB C BBHICOKOW TEIIOMPOBOAHOCTHIO. B 9To#l cBsi3M OmHMM U3
HEePCIEKTUBHBIX MaTepHaIOB sBiseTcs HUTpU amomunans (AIN)[1].

[TockonbKy KepaMHKa W3 HUTPUAA aJOMHUHUS SIBISETCA MNEPCHEKTHUBHBIM
MaTepuajgoM i MOMJIOKEK, OHAa B IMOCJIEAHUE TOAbl IMIMPOKO H3y4yaerci u
pa3pabatsiBaercs. [lonyuenue Bkitovyaer B ceOs mpou3BoAcTBO AIN mopomikos,
U3rOTOBJIEHWE KEepaMUYEeCKHX JIeHT, Mmeraum3auuio u AIN / W-MHorocmioitHoe
COBMECTHOE CIIE€KaHHME MOJJI0KKH. B Hacrosiee Bpems, Ojarogapsi MOsBJIECHUIO
texHosorun MUM (MynbTH 4YUIOBBIA MOJYJIb) MHOTOCIOMHBIA MOJIYJb U3
KepaMHUKA BBICOKOW IUIOTHOCTH CTAHOBUTCS  KJIIOYEBBIM  METOAOM  JUIst
U3TOTOBJIEHUS METAINIOKEPAMUYECKUX U3/ICIIUM.

Obvekm  ucciedoséanusi —  TEXHOJOTHUS  COBMECTHOTO  CIIEKaHHS
METaJUTU3aNU U ATFOMOHUTPUIHON KEPAMUKH.

IIpeomem uccnedoganuss — CcOCTaBa KOMIIO3HMIIMM JJISI METaIU3aIuU
KEpaMHUKH U3 HUTPUAA aTFOMUHUSL.

Ilenpro manHOW pabOTHI SABIsAETCS pa3paboTKa cOCTaBa METaUIU3AlMOHHON
nacThl Ha OCHOBE TMOPOIIKOB BOJIb(pama [JIsi COBMECTHOI'O BXKHUTAHUS C

AJIOMOHUTPUITHOU KEPAMUKOM.
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TJIABA 1. JUTEPATYPHBIN OB30P

1.1 Hutpua agoMuHust

Hutpun amomunus (AIN) mnpeacraBisier co0oil  MOpPOIIKOOOpPa3HBIiA
Marepuaja Oeaoro IBeTa WIW BOMSHUCTO-OCNBIC MPO3padyHble KPHUCTAJUIBI
IreKCaroHaJbHOW KPUCTAIIMYECKON CTPYKTYphI, KOTOpas SBIISIETCSI aHAJIOroM
CTPYKTYPBI CyJibpuaa IMHKA, N3BECTHON KaK BIOPIIUT.

Hutpua anoMuHus ABISETCS KEPAMUYECKHMM MaTepuajioM, KOTOpPBIH
o0JiajaeT BBICOKOM  TEIJIONMPOBOJAHOCTHIO U XOPOIIUMU  HU3OJISIIMOHHBIMU
CBOMCTBAMHU. DTUMH CBOMCTBaAMHU OOYCIJIOBJICHO IIMPOKOE MPHUMEHEHHE HUTPHUA
QITIOMHHUS B SHEPTeTUKE U MUKPOIJIEKTPOHUKE.

1.1.1 ®u3uyeckue CBOICTBA

Hutpun amomunus — matepuall, 001a4aeT KOBAJICHTHBIMU CBSI3IMH, UMEET
reKCaroHaJbHYI0 KPUCTAIUTMYECKYIO CTPYKTYPY, U300pakeHHYI0 Ha pucyHke 1.1,
SIBJISIFOLIYOCSI aHAJIOTOM CTPYKTYpHI Ccynb(uaa nuHka. [IpocTpancTBeHHas rpyina

CUMMETPHH JIJIS 3TOW CTPYKTYphI — P63mcC.

AR N3

Pucynok 1.1 — Kpucrannuueckasi CTpyKTypa HUTpUIa ATIFIOMUHUSA [2]
[TopoiikooOpa3Hblii HUTPUJA aTIOMUHUA OOBIYHO HUMEET OeNblid IIBET,
MOHOKPHUCTAJIIbI, BOJSHUCTO-O€IBIM 1LBET | TMpo3payHbl. YWCTBI HUTPUJ

3
JTFIOMUHUS 00J1a/1aeT IMIOTHOCTHIO 3,26 T/cM”.
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Temneparype mnaBnenuss AIN naxoautcs B auanazone ot 2000 go 2500°C,
YTO CBSI3aHO C Pa3JI0KEHUEM HUTPUJA ATIOMUHUSA HA KOMIOHEHTBI IO IOCTHXKEHUS
TEMIIEPATYPHI IUIaBIEHUA [3].

TBepIOCTh IO MUHEPATOTHUYECKOU MIKalle Mooca CylIeCTBYET B JUANa30HE
oT 5 no 10 enunui, TBeprocts no Kuyny (MukporBepaocts npu Harpyske 100r) B
cpemaHeM cocTaBiisieT okojio 1200 KI/MM’.

[Mupuna 3anpemenHoit 3oubl  AIN  paBna AE=4,26 5B, Takas
TEMIlepaTypHass  3aBUCUMOCTb  BJIEKTPOCONPOTHUBIICHHUS  TUNWYHA IS
MOJIYIIPOBOAHUKOB U JIUAJIEKTPUKOB.

Hutpua anmomunust 061agaeT kpaiiHe BICOKON TEIIONPOBOAHOCTHIO OT 160
no 260 Bt/m-K, 4ro comocraBUMO ¢ OepWIIIMEBOM KEPAaMHUKOW, U JOCTATOYHO
HU3KUM KOA((OUIMEHTOM TEPMHUYECKOTO PACIIUPEHUS 4,5-10° °C* B nnamasone
100 — 500 °C ,uto cxoXke ¢ KpucTalJIaMU KBapiia U CTEKIIOM.

1.1.2 Xumuveckue cBoiicTBa

[ToporkooOpa3HbIit HUTPHU ATIOMUHUS MEIJICHHO PAaCTBOPSETCS B TOPSIUUX
MUHEPAIbHBIX KUcToTax. BzaumonaeiictBue npu 0osee HU3KUX TeMIIepaTypax UaeT
oueHb cmabo. C xomomHoW TUIaBUKOBOM Kucimorod AIN He pearupyer.
KoH1ieHTprpOBaHHBIE TOPSIYME PACTBOPHI LIEIOYEHN pa3iaratoT HUTPU aJTFOMUHUS
C BbIJICTICHUEM aMMHaKa.

Ha Bo3myxe, OKuClIeHHE TMOPOIIKAa HUTPHUJIA ATOMHHHUS HAYUMHAETCS MpPH
temneparype 1200 °C [3], a mo apyrum nanHsiM [4] - mpu 900 °C. CkopocThb
KOpPpO3UM TMPH JIEUCTBUM TOPAYMX Ta30B 3aBUCUT OT IUIOTHOCTH M3JEIUA U3
aTroOMOHUTpUJIa. B HEKoTOphIX paboTax mokaszaHo [5, 6], 4TO mpu HarpeBaHUU
cieueHHoro Hutpuga npu 1200°C B TeueHue 14 mpeBpaimiaercss B OKCHUI
amomuaus 11 % HuTpuaa, IpyU OKUCICHUHM 00paslia, MOJYYEHHOTO IMpU ropsyeM
npeccoBanuu, mpu 1400 °C B teuenne 30 u B okcuj npespamiaercs okono 1 %

HUTPHUJIA.
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Hutpun anroMuHHMs YCTOWYMB K JICMCTBUIO paciuiaBoB [5]: amroMuHus (10
2000 °C), ranmmus (mo 1300 °C), 6opnoro anruapuna (n1o 1400 °C) u ap. Ycroiiuus
TaK)ke B KOHTaKTe ¢ BoJb(ppaMoM u moaudaeHoM 1o 1800 °C [7].

B cpene Bomopoma W YriaeKUCIOro rasa HHUTPUJl QTIOMHHUSL 0OJjajgaer
ycrounBocThio 10 980 °C [3]. C cyxumu ramoreHamu AIN pearupyer kpaiiHe
MEJUIEHHO, YKCTBIM XJIOp HAYMHAET €ro pasznaraTh npu temmeparype 760°C c
obpazoBanuem AlCl; [8], cyxoii XJTOpUCTBIN BOJOPO MPAKTUYECKHU HE JIEHCTBYET.
Hutpun antoMuHUS MOXKET YaCTHMYHO paszjaraTbCd IMPU HArpeBaHUU C CEPOU U
ra3000pa3HbIM CEepOyriIepoaoM, a Takxke ¢ ¢Gochopom; MpU B3aUMOJCUCTBHH C
napamu xsiopuna cepbl AIN pasznaraercs ObicTpo, a ¢ PCl; He pearupyert. Peakius
¢ yraeponoM HaumHaercs npu temmneparype 1200 °C [3]. Ilepokcua HaTpus
pasyiaraeT HUTPHUJ ATIOMUHHS C 00pa30BaHUEM HUTPATOB, MOJHOCTHIO U OBICTPO
AIN paznaraercst GuxpoMaTtoM cBUHIA [9].

Kepamuka u3 HUATpHIA aqtOMUHMUS 3HAYUTEIBHO YCTOMYMBEE K JCHCTBUIO
KHUCIIOT, TIEIOYEH W JPYTruX peareHToB, 4em mopoirkoodpasusiii AIN. Hampumep,
Kepamudeckue oOpasubl u3  AIN, Oonee yCTOMYHMBBI TPU KUINSYCHUH B
KOHIIEHTPUPOBAHHOM CEPHOM KHUCIIOTE, TAKXKE TPYAHO IOJJIAIOTCA BO3JICUCTBUIO
rOpsTYMX a30THOM M COJITHOM KUCTOT [3].

1.1.3 O0siacTH npUMeHEeHUA

Kepamuka w3 HuUTpuIa allOMUHUS HUMEET IPUMEHEHUE B Pa3IMYHBIX
npudopax AIEKTPOHHONW TEXHUKH, B PAJUOIIEKTPOHUKE U B JAPYIHMX OO0JACTAX
TexHUKH. Tak, OHa MOXET MPUMEHATHCS B KAYECTBE TEIJIOOTBOJA B MOIIHBIX
OCBETUTEIBHBIX YCTPOUCTBAX, TEPMOCTOMKOTO IEKTPOUIOIATOPA U MOTIOXKEK TSt
3JIEKTPOHArPEBATEIbHBIX 3JIEMEHTOB.

B kadecTBe NEPCHEKTUBHOIO  TEIJIONPOBOJAIIETO MaTepuana s
UCIIOJIb30BAHUSI B AJIEKTPOHHOM TEXHHMKE MPHU CO3JaHUM KOHCTPYKIUU CHIIOBBIX
ycTpoicTB, diemeHToB IlenbThe, cBeTomsmywaronx auoaoB u  CBY

TPAH3UCTOPOB.
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Emie onna u3 obnacreil B 9HEPreTUKE UCIONb3YIOTCS MOJIOKKH B KaUeCTBE
KOpIIyCOB W HOcUTenel s uunoB cBeronuoaoB. Kepammka u3z AIN 1o
KO3 (ULMEHTY TEIJIOBOr0 PACIIMPEHUS CX0XKa C KPEMHUEM U apCEHUOM Talius,
OCHOBA OOJIBIIMHCTBA KPUCTAJUIOB, MPUMEHSEMBIX B CHJIOBOM 3JIEKTPOHHUKE M
JHEPIETHUKE.

1.2 Cnoco0b1 popmoBanus kepamuku u3 AIN

CymiecTByeT HECKOJIBKO METOJ0B (OpPMOBAHUS HUTPUIHON KEpaMUKH,
TaKue KaK: M30CTaTHYECKOE IPECCOBAHME, TOpsAUYEe IPECCOBAHUE, LIJIUKEPHOE
JUTHE HA IUIEHKY, XOJ0/IHOE MPECCOBAaHKE B Mpecc-popmax.

1.2.1 JIutbe miimkepa

[Ipy HM3rOTOBIEHUM HU3EIWKA METOAOM LIJIMKEPHOTO JIUThS HCHOJIB3YIOT B
OCHOBHOM IIJMKEP HA OPraHWYECKOM CBSI3KE, T.K. HUTPUI AIIOMUHHS TpU
B3aUMOJICMCTBUM C BOAOM TuApoau3yercs. JIuTbe DuIMKepa NpPOBOAMM Ha

naboparopHoii yctaHoBke Tura KEKO, Ha puc 1.3 nzo0paxeHa cxema yCTaHOBKH.

Kepamu4eckun CBA3KA ¥ A06aBKK

nop g
CmecuTens FomoreHuzaTop Hacoc
¥ AN ! £

PacTeopuTens

HamaTeigaHue E pynoH . NuTernHas
Wnbep ANmE— 112CC3

WcnapeHwe

e, -
pacTeopuTena FiABias

NeHTa

Pucynok 1.2 Cxema nuths Ha ycraHoBke KEKO[10]
Bravane Bce cChIppeBble MaTepuaibl, TaKH€ KaK pacTBOPHUTENH,
I1acTU(UKATOPBI, CBSI3KM U T.J. CMEIIMBAIOT B CHELMAIBHBIX OapabaHax a0
NOJTyYEeHHsI OHOPOJHOM CcycneH3uu (LUIMKepa) ¢ TpeOyeMbIMH MapaMeTpaMH o

BA3KOCTH, COACPIKAHHUIO CBA3KH W PACTBOPHUTCIIA. OOBIYHO JUTHE BCAYT IIpH
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temrieparype 22 — 25 °C u Baskoctu 60 — 80 Ila:c, 3T ycimoBHs SABIAOTCA
ONTHUMaJIBHBIMU JIJISI JIUThA [11].

KonnyecTBeHHOE COOTHOIICHUWE OPraHUYeCKON M HeopraHudeckKou (a3bl
BJIMSIOT HA CIENYIOIIME TapaMeTpBbl:

VYcanka marepuana. C yBEIMYEHMEM KOJIMYECTBA OPraHUYECKOW YACTH,
YBEJIMYUBAETCS yCaaKa.

lepoxoBaTtoctb. C  yBelMYEHHEM  JOJIM  OpraHuyeckod  ¢asbl
HIEPOXOBATOCTh JIEHTHl YMEHBIIAETCS. T.K. MPOMEKYTKH MEXKIYy 4YacTUIAMU
3alOJIHAOTCA OPTaHUKOU.

[Ipenen mnpouyHocty W ymauHeHne. C  yBEIMYEHHEM  KOJIHMYECTBA
OpraHUYecKoil (a3pl Mpeen MPOYHOCTU U Y/UIMHEHNE YBEININBAIOTCSI.

I'oTOBBI HUIMKEp MEpeN JMTbEM BAKYYMHUPYIOT Ul YIAJIEHUs Ta30BbIX
MYy3bIPHKOB U3 00beMa KUAKOW Macchl. CMelaHHbI U MOATOTOBICHHBIN IIIJTUKEP
IpM IIOMOINM HAacoca IOCTYNAeT B PACXOAHYID €MKOCTb, B KOTOpPOH
aBTOMAaTUYECKHU NOJEPKUBAETCS IIOCTOSHHBIN YPOBEHD LIUIUKEPA.

Hist  hopmMoBaHUS KEpaMUYECKUX TMOMJIOKEK M3 HUTPUJA aATIOMUHUSA
npeajgaraercsi MCMoiab30BaTh JUTheBYI0 MamuHy ¢upmbl KEKO. Ha cranune
PacCIIONOKEHA TPAHCIIOPTEPHAS. CHCTEMA COCTOSIIAs U3 HAMPABISIOMINX POJUKOB,
OPHUBOJIOB M JBYX OapabaHOB JJid MPOTSDKKM PYJIOHA MaWaapoBOW IUIEHKH, Ha
KOTOPYIO  OCYILECTBISICTCS  JIUTHE  IJIACTHU(PHUIIMPOBAHHOTO  KEPAMHUYECKOTO
nuikepa. JlurelHas Macca npu IIOMOIIM HAcoca IIOCTYIIAET B PACXOAHYIO
€MKOCTb, B KOTOPOM aBTOMAaTHYECKH IIOAJNEPKUBACTCSA ITIOCTOSIHHBIA YpPOBEHBb
HUTMKepa. ITO 0053aTeIbHOE YCIOBHE JIJISl OCYLIECTBICHUS KAUECTBEHHOTO JIUThS,
IOCKOJIbKY TMJIPOCTaTUYECKOE JaBJICHHE CTOI0a MacChl OKa3bIBAaeT BJIMSHUE Ha
IIPOLIECC MCTEYECHMS LIJIMKEpa U €ro PACHpefecHUe 10 MaWIapoBOM JIEHTE IIPU
IIOMOIIIA CUCTEMBI paKeIbHbIX HOKEH. TonmmuHa copMUPOBaHHON KEPAMUYECKOI
IUICHKU PEryJMpyeTcsl BBHICOTOW MOAHATHUS wmOepa W pakend. i yiydiieHus
CTaOMJIBHOCTH TIpOLIECCa JINThSl PEKOMEHAYETCS OOECHeunuTh YIbTPa3BYKOBBIX

KoJieOaHMi K (PUIIbEPHON YacTH arperara HempephIBHOTO JIUThHS IJICHKH.
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Kepamuueckast rieHka Ha MailJlapoBOM JIEHTE MOCTYIMAET B 30HY CYLIKH TJie
noJl JEHUCTBUEM HWH(PPAKPACHOIO HW3IYYEHHS] WJIA T[OTOKA TEIJIOHOCUTEINS
(ropsiuero Bo3ayxa) MPOMCXOAUT UCHAPEHUE pacTBOpUTENs. B cTpykType miieHKu
ocTaércs CBS3yIOIEe W IUIACTH(UKATOP, KOTOPhIE OOBEIUHSIOT YaCTHUIIBI
MUHEPAJIBHOIO MOPOLIKA, U MPUAAIOT IPOYHOCTh M 3JaCTUYHOCTh IUIEHKE. [locie
OKOHYaHHUs TMpoliecca CYIIKM TMPOU3BOAMUTCS  HAaMaThbiBAaHUE B  PYJIOH
c(hopMHPOBAHHOM TUICHKH, KOTOpas MOCTYIMAET Ha JaIbHEHIIINE MTepeIebl.

1.2.2 XoJs0aqH0€ mpeccoBaHue B npecc-gpopmax

[IpumeHnsieMble  TPECC-MIOPOLIKH  MPEJACTABISAIOT  COOOM  CHIMTYUYYyIO
MOPOIIKOOOPa3HYI0 Maccy, MO3TOMY XOJIOJHOE IMpeccoBaHuE B mpecc-hopmax
TAK)K€ MOXET Ha3blBaThCsl IOJYCyXuM ImpeccoBaHueM. Celllyyass Macca
CMENIMBAETCS C IJIACTU(UKATOPOM U MPOUCXOJIUT MPUTHPAHUE YEpPEe3 CETKU IS
TOr0, 4TOO0BI CPOPMHUPOBATUCH I'PAHYIBI. 3aTEM MOACYIIMBAIOT U YAAISIOT 4acTh
pPacTBOPUTENS 10 JOCTHXKEHHSI HEOOXOAUMBIX CBOMCTB. MOKHO KOHTPOJIMPOBATH
CIIEJIOIIME MapaMeTpbl MPECC-MOPOLIKOB: HACBIIHYI ILIOTHOCTb, CBIIYYECTb,
BJIQYKHOCTh WJIU COJIEPKaHKE IPYTOro paCTBOPUTENIS B IPOLIEHTAX.

[Toporok 3achimaroT B MEPHBIM CTakaH, 4TOOBl OH OBUT BBIIIE €r0 Kpaes,
3aTEM CpPAaBHUBAIOT MOBEPXHOCTh MPSIMOM IJIACTUHOW, Jajnee MPOBOAST
B3BCLIMBaHUE. Tak oOmpeAenstoT HachlHylo Maccy. CrnenuaibHas BOPOHKA C
3aIBIDKKOM HEoOXoauMa JIJIsi HU3MEPEHHsS] CKOPOCTU MPOXOXKACHHUS MOPOIIKOM
KaJIMOPOBAHHOT'O OTBEpCTHs. Takum 00pa3oM ONpeaestoT Chllmy4decTs [12].

Ecinu ckopocTh mpeccoBaHUsl CIMIIKOM BBICOKasi, TO 3arOTOBKa MOXET
3aXBaThIBATh OKPYKAIOIIMA BO3AYyX, TaK KaK OH HE YCIEBaeT YyJIaJuTbCi B
OKPYXAIOILYI0 Cpely. DTO OTPHULATEIBHO BIMSIET Ha 3aroTOBKY, TaK KakK H3-3a
3TOr0 CHWXAETCS IUIOTHOCTh, YTO MOXET MPUBECTH K IOCIEAYIOEMY
pa3pyLIECHHUIO.

Ecnu npuMeHsTh CIMIIKOM BBICOKHE 3HAYEHUS JABIICHHS MPECCOBAHUS, TO

BO3HHKACT IICPCIIPCCCOBKA, TO CCThb IIOABJIAIOTCA PACCIIOCHUS 3arOTOBOK. B Xo0ac
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IMPECCOBAHUA IMPOUCXOAUT YBCIUYCHUC IINIOTHOCTH 3arOTOBKH C YBCIHMYCHHCM

JaBJICHUSI, TaHHAs! 3aBUCUMOCTh M300pakeHa Ha rpaduke Ha pucynke 1.3 [12].

A

P B

>
P
Pucynok 1.3 — 3aBUCHMOCTD IJTIOTHOCTH U3JENUs OT JIaBJIeHUs peccoBaHus [12]

Ha yuactke (a) yacTuilbl YKJIAJbIBAIOTCS B OCHOBHOM 3a CYET HX
CKOJIbKEHHSI M KOHTaKTOB 0e3 JeopMaliuy ¢ pa3pylieHHEM apoK U MOCTHUKOB,
KOTOpble 00pa3yroTcss yactunamMu. Ha ydactke (0) mosiBisieTcs ympyras
nedopmanms  (OTTajdKMBaHHWE). Y4acToK (B) XapaKTepU3YyeTCs  XPYIKUM
pa3pyllieHneM WK riacTudaeckoit neopmanueit. [locie u3BnedeHus 3aroToBOK U3
npecc-popMbl MPOMCXOAUT HMX HEKOTOpOe OOpaTHOE pacUIMpEeHHe, 3a CYET
NEeICTBUS CWl yhnpyrod naepopManuu, H3-3a 3TOr0 B JaJbHEHIIEM HWHOrIa
BO3pacTaeT IMOPHUCTOCTh u3aenus. YToObl NpenoTBPaTUTh TAKOE SIBJICHUE,
3arOTOBKM HYKHO TIOABEpPraTh BBIJACPKKE NPU 3aJaHHOM JaBICHUM IS
ocnabyieHusi HanpspkeHud. Takke, 4ToObl YMEHBIIUTHh MOPUCTOCTh MOJIYYEHHOTO
MOCJI€ CIIEKaHUsl MaTepuajla U CHU3UTh KOJIMYECTBO 3aXBaThIBAEMOI'O 3arOTOBKaMU
BO3/lyXa IMPUMEHSIOT MPECCOBAHUE IMPHU MOHWKEHHOM JIaBJICHUU WM B BaKyyMme
[12].

1.2.3 I'opsiuee npeccoBanue

['opsiuee mpeccoBaHue NPENCTaBIsAeT U3 ce0s COBMEUIEHHBIM Tmpoliecc
IPECCOBAHME U ClIeKaHue. JJaHHbIN IpOoLecC 3aBUCUT OT XapaKTEPUCTUK MOPOILIKOB
U psaa Apyrux (paxkTopoB, ropsyee MpPeccoBaHUE OOBIYHO OCYUIECTBISETCS IMpU
Temreparype, coctasisonieit 0,5-0,8 or TemmnepaTypsl miaaBieHue GopMyemMoro

MaTepHalia, ¥ IpH yAEeJIbHOM JaBiICHUH OT eAMHUL 10 AecsaTkoB Mlla [13].
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[Iporiecc ropsuero mpeccoBaHUsi MOKHO YCIOBHO pa3jeiIuTh Ha TPHU dTara,
XapaKTEePU3YIOIIUXCS Pa3IMYHBIMU MEXaHU3MaMH YIUIOTHEHHUS.

Ha nepBoii cTaguu nmpoucXoauT NEPErpynnupoBKa YacTHI] B PE3yJIbTaTe UX
B3aMMHOTO TIEPEMENIMBAHUS, TIPU ATOM IUTacTHUYECKasi aedopMaims B MPOIEcce
YIUIOTHEHUS HE SBJISIETCS OMPEIEIISIOIECH.

Bropas cramus xapaktepusyercs 0oiee MEIJEHHBIM POCTOM IJIOTHOCTH.
OCHOBHOI MeXaHHM3M JaHHOW CTaJuu — IlacTUdeckas aedopmariusi, CBI3aHHAs C
nepeMeIleHUeM AUCIOKAINI U MPOTEKAIoNIas MPU HANPSKEHUSX, MPEBBIIIAIONIINX
Ipeael TEKy4eCTH.

Ha Tperbeli 3aKki0uuTeNbHON CTaIUK TUIOTHOCTh MaTepuaia pacTeT KpaiHe
MEJUIEHHO, MpPH H3TOM TIPOIECC YIUIOTHEHUs OOYCIIOBJIEH TaK Ha3bIBaeMOM
"MON3y4ecThi0 MOA JaBlieHMeM" W BbI3BaH 00beMHON auddy3ueit aToMoB U
BakaHcuil [ 14].

Memoovl u mexnonozuueckue pexcumvl 2opsiue2o npeccoganus. TeXHOA0rus
MOJIYYEHUE W3JICIIUM TOPSIYMM MPECCOBAHUEM COCTOUT M3 CIEAYIOUIEH OCHOBHOM
OTepaluu:

MOATrOTOBKA MOPOIIIKA;

MOJIFOTOBKA Tipecc-(hopMbl;

3arpyska B rpecc-GhopMy MOpOIIKa U MPeBapUTEIbHOE MPECCOBAHUE;

ropsiuee nMpeccoBaHUE;

CxeMbl YCTaHOBOK JIJIsI OCYIIECTBIICHHS IpOIlecca TopsYero MpecCOBaHUS
BecbMa pa3zHooOpasHbl. Ha pucynke 1.4 mpencraBieHa B KauecTBE MpUMepa cxema

YCTaHOBKH U Ipecc-popma AJig ropsyero npeccopanus [15].
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Pucynok 1.4. Cxema ycTaHOBKH (a) U ipeccOpMBI JIsi TOPSYETrO MPECCOBAHUS
[15]: 1 — Tepmomapa; 2 — cucTeMa BOJHOTO OXJIAXICHHS; 3 — MeTaTHYecKast
TEIIOOTPAKAIOIIAs IIJINTA; 4 — HarpeBaTeNIbHbIM CUIINTOBBIA CTEPIKEHb;D —
KOPYH/IOBBII CTE€p>KEHb JUIsl IIepeiauul 1aBiieHue;6 — mpecc-popma; 7 —
NOJIB>KHOM MTyaHCOH; 8§ — HUKHUM MyaHCOoH; 9 — kopiyc npecc-popmer; 10 —
BEpXHUU MyaHCOH; | |- oTBepcTue st TepMomnapsl.

VYcTaHOBKa COCTOMT W3 I€YM M MEXaHuW3Ma IIPECCOBAHMUS BBICOKOIO
nasieHus. [leuyr mMeer HUIMHAPHYECKYIO (HOpPMY M OOOrpeBaeTCs CHIMTOBBIMU
CTEP>KHAMM.

Ilepen ocyliecTBIEHUEM TOpPSYErO MPECCOBAHUS MPEKIE BCEro MPOBOIAT,
KaK IpaBUJI0, MPEABapUTEIbHOE (ATMOC(PEPHOE) MPECCOBAHME, a 3aTEM IIPECCOBKU
noMeuiaroT B QopMbl i ropstuero npeccoanus. Ilpu ropsuem mpeccoBaHuu
HEOOXOAMMO YCTaHOBUTh TPU OCHOBHBIX IapamMerpa — MaKCHUMAaJIbHYIO
TEMIIEpaTypy IpOLECcca, MAaKCUMAaJIbHOE JABJICHME IIPU  MaKCHUMAJIBHOMN
TeMIepaType, NpoAOIKUTEIIBHOCTh MPUIOKEHUSI MAaKCUMaJIbHOTO JIaBJICHUS MpU
MakcUMallbHOM Temmeparype [15]. B 3Toit xe pa®oTe NnpuBeNEHbI pa3iudHbIe
CXeMbl METO/JIOB TOpSAYEro IMPECcCOBaHUS C BapualMedl paccMaTPUBAEMbBIX

IapaMeTpOB.
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PexuMbl ropsiuero npeccoBaHue CielyeT BbIOUPATh C YYETOM Pa3MEpPOB U
(dbopMBI H3AETHS, KOTOPBIE MOTYT BJIHMATH HA CXEMY HANpSHKEHHOT'O COCTOSIHUE TIPH
nepOpMUpPOBAaHNH, a TaKkke (U3UKO — XMUMHUYECKHX U MEXaHUYECKHUX CBOWCTB
MCXO/IHBIX MTOPOILIKOB.

1.3 Cnoco0bI MeTALIH3ALMU KEPAMUKH

Merammuzanuss HEOPraHMYEeCKUX JUAJIEKTPUKOB MPHUMEHSAETCS C IEINbIO
OpUJaHusl TOBEPXHOCTU JleTaled M3 OTUX MaTepuajoB CBOWMCTB MeTala:
AJIEKTPOIIPOBOIHOCTH, TEILIOIPOBOIHOCTH, CIIOCOOHOCTH K MalKe.

B  HacTosmee BpeMs CyLIeCTBYeT HE MEHEe COTHHM COCTaBOB
METAJUTU3AIIMOHHBIX  TOKPBHITUA. (OCHOBHBIMH KOMIIOHEHTaMH OOJIBIIMHCTBA
MOKPBITHIA SIBIISIOTCSA TYrOIUIaBKHE METAJIbl - MOJHOJAeH uiau Bojdbppam. OHu
BBOJISITCS B COCTAB MOKPBITHS B MEIKOIUCIIEPCHOM COCTOSIHHH.

JlpyruMu  KOMIIOHEHTaMH  METAJUIM3allMOHHBIX  MOKPBITUH  SIBISTFOTCS
N00aBKM pa3iuYHbIX BELIECTB, B KAUECTBE KOTOPBIX MPUMEHSIOTCS MeTasuibl (Fe,
Mo u ap.), okcuasl (A1,03, Cry;03, TiO,), kapouner u "HuTpatel (TIC, TIN),
cumurael (MoSi, FeSi), 6opuast (MoB, Mo,Bs), ruapunsr (TiHy), crekna u
apyrue coenuHeHusi. OCHOBHOE Ha3HAU€HHUE BHEAPSIEMbIX 100aBOK COCTOUT B TOM,
YTOOBI B IMPOIIECCE BKUTAHUS METAJUIM3AIMOHHOTO MOKPBITHUSI ObLIO JOCTUTHYTO
IPOYHOE METAJUIOKEPAMHYECKOE COEIMHEHHE OCHOBHOTO KOMIIOHEHTA MOKPBITHS
(Mo win W) c kepamuKoW, a B MpolecCe MAWKK ObUIM TOJXYYCHBI BaKyyM-
TUTOTHBIE, MEXaHUYECKU TPOYHBIE M TEPMUYECKH CTOHKHE METAIJIOKEpaMUIECKUE
crnam.

Ha mpakTuke wyamie BCEro HaxOAMT TPUMEHEHHE Cleayrolas cXxema

MeTaJJIU3AlMU KEPAMUKH, BKITIOYAIOIIas MOoCcae/oIme onepamnuu [16]:

° Pa3zMona MeTamindyecKkux MopoIiKoB ¢ BBEACHHBIMU JOOaBKaMH;
° [IpuroroBiieHUs: MeTATITU3AIIMOHHBIX T1ACT;

° Hanecenust koMno3unuu Ha KepaMUUECKUE JIETalu;

° Boxuranus MeTamin3aiimoOHHOTO MOKPHITHUS,
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o HaneceHnst BTOpOro ciost Merajiia Ha METaUIM3alMOHHOE ITOKPBITHE
— HUKEJIMPOBAHUE.

IIpy npumeHEHUM TaKOHM TEXHOJOTMYECKOM CXEMbl METAJLIN3aLMOHHBIN
cJoi (popMHpYyETCs MOCIE YETBEPTOM onepaiuu - Bxkuranus. Hanecenue BToporo
ClOs MeTajula HEeOOXOAUMO I  YIYYIIEHHS CMauyuBaHUS TOBEPXHOCTH
METAJUIM3UPOBAHHON KEPaMHKHM IPUIIOSAMM NPHU MAaMKe y3JI0B. MHOrme Inpurou
IUIOXO CMA4yMBAKOT METAUIM3ALUOHHBIA CJIOM, IOCKOJIbKY B HEM HMEETCS
nudIieKTpudeckas ¢asza, KoTopas MOXeT cocTaBiaTh a0 30% B crmoe. B ciyuae
€CJIM MPUITON XOPOILIO CMAYHUBAET IOBEPXHOCTh METAIIIN3ALINH, TO HUKEIUPOBAHUE
HE IPOBOJST.

bonee npocToi SIBISIETCS TEXHOJIOTUS, COITIACHO KOTOPOM IaiiKa KEPaMUKH C
MeTalJlaMi TMPOU3BOJAUTCS 0€3 TNPEIBAPUTENHHOTO BXUTAHUS B KEPAMHUKY
METAJUTU3AMOHHOr0 ciosi [16]. B aTom ciiydae npouecc MeTauiu3ald COCTOUT
TOJIBKO U3 TPEX TEXHOJIOTMYECKUX OMEPALMI: PA3MOJ IMOPOLIKOB, IPUTOTOBJIEHUE
[acThl U HAaHECEHHE MOKPBITHUS. 110 3TOMy crocoOy mpoyHble BaKyyMHO-ILUIOTHBIE
Y TEPMOCTOMKHE CIIaW MOJYYAOTCS NPH MaKe MEAHBIM MPUIIOEM U HEKOTOPBIMU
npunosmu Ha MeaHou ocHoBe (CU—AU, Cu—Ge). Tlpu maiike xe cepeOpsHIMU
IPUIIOAMH HAIEKHOIO Cras MONy4uTh He yaaercs. CyllecTBEHHBbIM HEIOCTaTOK
croco0a COCTOMT B TOM, YTO HEBOXKEHHBIM CJIOM HEJOCTaTOYHO MPOYHO
YJIEP)KUBAETCA Ha MOBEPXHOCTU KEPAMHUKH M IIPU COOpKE JeTajieil B y3el JIETKO
MOJKET OBITh HapyLIEH.

Jpyrum crnoco0oM MeTauIM3alMd KEePaMMKH, KOTOpas COCTOUT M3 Tpex
TEXHOJOTMYECKUX  OINepauuid, SBISETCS MeTaIM3aluusi  [OJyoO0X KEHHOU
KepaMHMKH [16], B KOTOpOM omepanusi BXKUT'AHUS METAUIM3ALAA COBMELIAETCA C
olepanyen 3aBepliarollero ookura kepamuueckux jeraneil. C moMOUIbI0 3TOro
croco0a MoIy4yaroTCsl IIOTHO CIIEYEHHbIE METAJUTM3AIIMOHHBIEC CJIOH, & TIPOYHOCTh
cnaeB Ha 25—30% BbIllIE€ NMPOYHOCTH CIAEB, MOJYYAEMBIX MO OOIEHPHUHSITON
TexHOJNIOrnu. OCHOBHBIM HEIOCTATKOM JAHHOT'O CIOC00a, KOTOPBINA MPEMsITCTBYET

IMUPOKOMY IIPUMCHCHHIO, ABJIICTCA TO, 4YTO CYHCCTBYIOIIAA TCXHOJIOIHUA
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U3rOTOBJICHUS  KEpaMUKHM He  oOecreuMBaeT  MOCTOSHCTBA  YCAalOK W,
CJIeIOBAaTENbHO,  IEOMETPUUYECKUX  pa3MEpPOB  KEPAMUYECKUX  JeTalleu.
MeTamn3upoBaHHbIE JaHHBIM CHOCOOOM JI€Tanu MpPaKTUYECKH HE YHaeTcs
UCIIOJIb30BaTh B y3J1aX ¢ TOYHBIMU T'€OMETpUYEeCKUMU pazMepamu. IIpu maiike xe
MajorabapuTHbIX AeTaliei (pasMepoM 10 5—7 MM) NPUMEHEHHUE 3TOro crocoda
MO’KET 0Ka3aThCsl YCIEIIHBIM.

Taxxe Ha IpaKTUKE TPUMEHSIOTCS METOJIbI IJIA3MEHHOW METaJUTU3aINK K U
METaJUTM3alMi pacTBOpaMu cosie TyromiaBkux meTtauioB[16]. [Ipu mmazmeHHoi
METaJUTM3allMi  MOPOIIOK TYroIUIaBKOro Mmetayiia (0OBIYHO MOJMOACHAa C
no0aBkamMu wuiaM 0e3 HHUX) TMoJaercd B IUIaMs IUIa3MEHHOW TOpeNKH U
HAIpaBJICHHBIM MOTOKOM ILJIa3Mbl TNEPEHOCUTCS Ha JeTalnb. KpaTkoBpeMeHHOe
npeObIBaHWE YacTHUI] MopoliKka B (hakese IUIa3Mbl, MMEIOUIEH TeMmIeparypy B
HECKOJIBKO ThICAY T'PayCcoOB, NMPUBOAUT K TOMY, YTO HA MOBEPXHOCTh KEPAMHUKHU
HAHOCSTCSl OIUIABJIEHHBIE YaCTULIBl TYTOIUIaBKOro Meramia. Takum oOpazom
CO3JAaeTCsl METAJUIM3ALMOHHBIA  CJIOM, NPOYHOCTh CIEIUIEHHS KOTOPOro C
KepaMHKOi O0ObIYHO HeBenuka. Kepamuka, MeTajuIM3MpOBaHHAs 3TUM CIOCOOOM,
JTaeT BO3MOXKHOCTBH TOJIy4YaTh MPOYHBIE M BAaKYyMHO-IJIOTHBIEC CIIAW TOJBKO TPHU
naiike MeIHbBIM mpurnoeM. [[is monmydeHus K€ MPOYHBIX W BaKyyMHO-TUIOTHBIX
craeB JAPYruMH TMPUIIOSIMH HEOOXOAMMa oOlepainusi BXKUTaHUS MeTaulh3aluu |
HAHECEHUs Ha Hee BTOPOro CJI0s MeTallja.

Merannuzamnusi pacTBOpaMu CoOJed TYTOIJIaBKUX METaJIOB (HaImpuMmep,
pactBopom Li,M00O,) cocTtour B TOM, UYTO Ha MOBEPXHOCTh KEPAMHYECKHUX
JeTalIel, TMOUISKAINUX METAJUIM3alud, HAHOCUTCS CIOW pacTBOpa COJH, a 3aTeM
JeTab TOABEpraercs Ccymke W HarpeBy. Ilpm Ttepmmueckoir o00paboTke
OPOUCXOJIUT  PA3JOKEHHE COJIHM, BOCCTAHOBJIEHME €€ JO0 MeTaula |
B3aHMOJICCTBUE C KE€paMHUKOW. B pe3ynbTare 3THX IPOLECCOB HAa MOBEPXHOCTH

KEpaMUKHU CO3/1a€TCA METAJIM3AIMOHHBIN CII0M TOMIMHOMN OT 5 10 15 MKM.
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1.4HTCCulLTCC

OnHOM M3 BaXKHBIX U CAMOM DHEPrO3aTPaTHOM TEXHOJIIOIMYECKON Olepanuei
ABJISIETCSL CTaUsl O0XUTa, MPU KOTOPOM B KEPAMUUECKUX HM3ACIUAX MPOUCXOJUT
psAn GUBHKO-XMMHUYECKHX MPeoOpa3oBaHMA, KOTOPHIE 3aBEPIIAIOTCS IMPOIIECCOM
criekanus. lIpy WM3roTOBIIEHME MHOTOCIOMHBIX KEPAMHUYECKUX MOIYJIEH U
MeTaJIe3alliil KEPAMHUKU CTaausl OOKHTa MOXKET MOBTOPATCS, YTO HEraTHBHO
CKa3bIBACTCSI HA XApPAKTEPUCTHUKAX W3JEIUN, a TaKKe BEAET K YBEIUYECHHIO
pECYpPCHBIX W 3Hepro3arpar. Jns peuieHust AaHHBIX TpoOsieM Obul pa3zpaboTaH
COBMECTHBIM 00KHUT METAJUIMYECKOT'0 CIIOSI M KEPAMUKH.

CoBMeCTHBIN 00KUT MOXKHO pa3fenuTh Ha Hu3koTemneparypuseiil (LTCC), u
BbicoKoTeMmnepatrypHbiil (HTCC).

Bricokotemneparypusie kepamuueckue makerel (HTCC) oOxurator mnpu
temneparype npumepHo 1550-1850 ° C, mpu 3TOM B KadecTBE CJIOSI ITPOBOJHUKA
UCITONIB3YIOTCS TYTOIUIAaBKME METAILIbI, Takue Kak: W, Mo u Pt.

Huskoremneparypasie kepamudeckue mnakersl (LTCC) oGxurator mpwu
temrieparype okoiso 800-1000 ° C, nmpu 3TOM B KauecTBE MPOBOJHUKOB HUCIIOIB3YT
caenytomue metamel: Cu, Ag u Au.

TexHomorusi  NMPOM3BOACTBA  BBICOKOTEMIIEPATYPHBIX  KEPAMUUYECKUX
moayier HTCC sBisiercss OJHOW U3 COBPEMEHHBIX M OOECIIEYHMBACT CaMYHO
HAJECKHYIO T€PMETU3ALUI0 MUKPOIJIEKTPOHHBIX U3EIHIM.

B kaudecTBe OCHOBHOrO Marepuasna Mpu MPOU3BOACTBE IUIAT MO TEXHOJIOTHH
HTCC npumensiror cbipoii kepamudeckuid nuct: u3z Al,Oz, mwimm AIN, a takke
OpYrux KOMIOHEHTOB. CHayalla MOJIy4alrT KEPaMUYECKYyI0 Maccy, KOTOPYIO
pa30aBiAIOT OpPraHUKOM M 3aMeIlMBalOT B HuIMKep. W3 muimkepa Jpercs
KepaMHuuecKast JIHTa. B ChIphIX KepaMHUUECKUX JTUCTAX BBIMOJHSIIOTCS MEPEXOIHbIC
Y BBIPAaBHUBAIOIIINE OTBEPCTHS U IIyCTOTBHI.

Ha xepaMuueckyto JICHTY HAaHOCST METAJUIM3ALUOHHYIO MACTY, KaK MPaBUIIO

C moMoIIpl0 TpadapeTHOW MedyaTH, TaKKe IOKPHIBAIOT BBHIBOJAHBIE OTBEPCTHS,
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KOTOpbIE€ HAHOCSTCA BOJIb()PAMOBOM MACTOM Ha IMOBEPXHOCTh KEPAMHYECKUX
JMCTOB C MOCJENYIOLIEN CYIIKOW U OTBEPCHUEM B TIEUH.

Kaxnpli  KepaMMYEeCKMA  JIMCT C  HAHECEHHBIM  PUCYHKOM U
METaJUIM3UPOBAHHBIMU OTBEPCTUSIMA COBMEIIAETCS W YKJIQJbIBAETCA B CTEK.
[IpoBoasT BBIpYOKY O rabapuTy uisi OTAETCHHS IUIaT OT oOmell maccel u
00paboOTKy MOBEPXHOCTEH. BBIMONHSIOT clieKkaHWe KepaMHKW U BOJb()paMoBoOit
MeTtaumn3anuu npu temmeparype 1500-1850°C.

JIns Jydinero cMadyvBaHUS TMPUIIOA NEpes MalKod BCEe METAJUIMYECKHUE U
METaJUIM3UPOBAHHBIE TMOBEPXHOCTU MOKPBHIBAIOT HHUKeENEeM. BbIBomHBIE paMKu
KOpITYCOB, KOBapoBble O0OJKH U TEIJIOOTBOJbI K METAUIMUYECKUM KOHTAKTHBIM
IUIONIaIKaM  MPUIMAUBAIOT TPU TOMOIIM CEpeOPO-MEIHOTO SBTEKTUYECKOTO
paciaBa (Wi YucThiM cepedpom) nipu Temmneparype 800—1000°C. Bee oTkphIThIE
METaJUIMYECKUE M METAJUIM3UPOBAHHBIE TOBEPXHOCTH KOpIyca MOKPHIBAIOT
METAJUIOM (3a4aCTy0 30JI0TOM C IOJCIOEM HHUKEINS) 3JIEKTPOJIMTHYECKUM WU
AJEKTPOJIM3HBIM METOJIOM JIS 3AIIUTHI OT BO3JIEUCTBUSI OKPYKAIOIIEH CPEIbI.

Hoctouncta Texnomorun HTCC[17]:

. Majble JIOMyCKU Ha pasMmepbl — Omaromaps wmanomy KTP
oOecrieuynBaeTcs MOBBIICHHAS CTAOMIBHOCTh Pa3MEpPOB KOPITYCOB;

o koddunment TernoBoro paciupenus (KTP) BeicokoTemnepaTypHoit
KepaMuku jaoctaTouHo Omm3ok kK KTP kpemHus, 4TO 1MO3BOJSIET MOHTHPOBATH

KpHUCTAJJIBI HCIIOCPCACTBCHHO Ha KEPAMHUYICCKOC OCHOBAHHC,

o JIOCTATOYHO BBICOKHE JUAJIEKTPUUYECKUE U TEIUIOBBIE XapaKTEPUCTUKU
KOPITYCOB;
o BO3MOKHOCTh ~ HW3TOTOBJICHMSI ~ MHOTOCJIOMHBIX  TE€PMETHUYHBIX

KCPAaMHUUYCCKHUX ILIAT, T. K. BBICOKOTCMIICPpATYpPHAsA KCPpaMHKa HMCECT IUIOTHYIO
CTPYKTYPY, a IIOCJIC CIICKaAHUA MHOTOCJIOMHBIC KCPAMUYCCKHUC MOAYJIIN CTAHOBATCA
MOHOJIUTHBIMMU,

L4 KpaﬁHe BBICOKAs TBEPAOCTDH HCITOJIB3YCMBIX KCPaMHUYCCKHX

MaTepUaIOB.
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CBo€ pnanpHeliIee pa3BUTHE MHOIOCIOMHAs KepaMHKa TMOojdy4yuiaa C
BHenapeHreM TexHoimorun LTCC, korgja kepamMHMKy Hadajld CMENIMBATh CO
cnenuanbHbIMM CTeKJIaMu. Temneparypa o0kura KkepaMuku cHuzmwiach 10 850°C,
YTO MPHUBEJIO K CYIIECTBEHHOMY YIIPOLIEHUIO MPOM3BOJICTBEHHOIO Iporecca. B
HacTosmee Bpemss K TexHosnorud LTCC oTHOCAT kepamuKy, O0KHraeMyro HpH
temrieparypax Hmxe 1000°C.

IIponiecc mpomsBoactBa wu3fenuid u3 LTCC kepamMuKuH HauyWHAETCS C
CO3JaHUSI KEPaMUYECKOW CYCIEH3UM MYyTEM CMEIIMBAHUS KEPaMUYECKOrO
HOPOLIKA, OPraHMYECKUX CBS3YIOLIMX, PacTBOPUTENEH U MOAUPUIMPYIOMIUX
no6aBok. M3 cycrnieH3uu BHociaeAcTBUU (OpMUpPYETCsl KepaMuueckas JieHTa. Jlenrta
Hape3aeTcsi Ha JIMCThl HEOOXOAMMBIX pa3MEPOB B COOTBETCTBUU C UMEIOIIUMCS
o0opyaoBaHueM. 3aTeM MPOU3BOAUTCS (POPMUPOBAHUE MEPEXOAHBIX OTBEPCTHUH,
3alO0JdHEHUE NEPEXOAHbIX OTBEPCTHA MNPOBOJAIIEH MNacToil M (OpMHpPOBaHUE
TOMOJOTUUA C TOMOMIbIO CHEUUATbHBIX MNPOBOJALIMX W PE3UCTUBHBIX MACT.
Kepamuueckne JHMCTBI COBMEIIAKOTCSA, JIAMMHHUPYIOTCS, pa3pe3arorcsd Ha
OTJIeIbHBIE DJIEMEHTHI U oOkuratorcs. [Iporiecc TepMooOpabOTKN KepaMUKH, Kak
OPaBWIO, COCTOMT M3 JTala M30CTATHYECKOrO0 JIAMUHUPOBAHHBIE  IPHU
temrieparypax 60-70 °C monx naBieHHWEM, STala BbDKUTAHUS OPTraHUKUA IpHU
temrieparypax 450-500 °C B Tedyenue 2-2,5 4yacoB, 3aTeM CIEAyeT OOXKUT MpHU
temrieparype 850 °C B reuenue 10 MUHYT.

Huskue temmepaTypbl 0OXura MO3BOJSIOT HCIOIb30BaTh METANJIBL C
HU3KUM YJIETbHBIM COMPOTUBJIEHUEM (30JI0TO, Cepedpo). DTO ABISIETCS OJTHUM W3
kioueBbIxX npenmyiects LTCC TexHOmorum, NoCKOIbKY MO3BOJISIET CYIIECTBEHHO
CHHU3UTh CTOMMOCTH CO3JaHHSI MHOTOCIIOMHOM KEPaMHYECKOW CTPYKTYpPbl H
yIAYUIIUTh XapaKTepUCTUKH. Vcmonp3oBaHUE cepedpa CHIKAET JIIEKTPUYECKOE
COIIPOTHUBJICHUE MPOBOJALINX CIOEB, a OKUCIUTEIbHAs aTMochepa (Bo3ayX) Haér
BO3MOXXHOCTb COBMECTHO IPUMEHATh OKCHUAHYIO KEpPaMUKY C BBICOKHM

K03 DUITMEHTOM JUAIEKTPUYECKON MPOHUIIAEMOCTH.
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Cpean ocHoBHBIX mnpeumyniecTB u ocobenHocrer LTCC TexHomoruu
orMeTuMm caenyrommue| 18]:

o Kpaiine xopoline 3JIeKTpUYEeCKHE XapaKTEePUCTUKU U CTaOUIbHOCTD
J10 MWJUIAMETPOBBIX JUIMH BOJIH.

o [IpeBocxogHasi MexaHudeckas CTaOWJIBHOCTH M COXpaHEHUe
JIMHEWHBIX Pa3MEpOB.

o KTP nuskoremnepatypHoit kepamuku Onu3ok kK KTP ocHOBHBIX
NOJYIPOBOAHUKOBBIX MaTepHanioB 31eKTpoHUKH (Si, GaAs, InP). OTo no3Bosser
MOHTHPOBATh IOJYNPOBOJHUKOBBIE KPUCTAJUIBI HETIOCPEACTBEHHO HA OCHOBAHUE
IUIATHI.

o Otanunas TemnonpoBoaHOocTh. TemnonpoBoaHocTe LTCC kepamuku
cocraBisier 2-4 Bt/MK, uTo ropaszno Bbllle, 4eM y Me4YaTHBIX IUIAT Ha OCHOBE
oprannueckux matepuainos (0,1-0,5 Bt/MK).

. I'epMeTHYHOCTH U BO3MOKHOCTBH BBICOKOTEMIIEPATYPHOM MAKKHU.

1.5 IIpobsieMa co3a1aHUSA MPOYHOI0 METAJIOKEPAMHYECKOT 0
COeIMHEeHU S

VYcnemHoe NpUMEHEHHWE KEpaMHKA BO  MHOTMX  YCTPOWCTBax U
KOHCTPYKIIMSIX TpeOyeT ONpelelIeHHOrO THUMa COequHEHUus ¢ MeTtamioM. OmgHako
IIOJIy4EHUE COEAUHEHUN BBICOKOM NPOYHOCTH MEXIY KEPaMUKOW U MeTajulaMHU
ABJISETCA CIHOKHOW 3amader. CBONMCTBA KEpaMHMKH, KOTOPBIE JENAOT HX
IIPUBJIEKATENBHBIMU, MOTYT CO3/1aBaTh CEPbE3HBIE NMPENATCTBUSA 111 COBMECTHOIO
U3rOTOBJIEHUA. J[1sl MONy4YeHus: aJleKBaTHOIO KadecTBa CBSI3U 4YacTO TPeOyroTcs
BBICOKAsi TEMIEpaTypa W JABICHHE, a TAK)KE HCIIOJIb30BaHUs CBA3YIOLIUX CPEX
(CTEKOJNBHBIX KOMIIO3UIMHA) C PpPEAKTUBHBIMU 3ieMeHTamMu. OJHaKo Jaxe
ycnemHoe (GOpMHUPOBAHUE MTPOMEKTOYHOIO €0 HE TapaHTUPYET MEXaHHUUECKYIO
IPOYHOCTh COEUHEHMs. BpoxneHHble paznuuns B GU3HMUECKUX CBOMCTBAX MEXIY
KepaMUKOW M METAJJIOM OY€Hb 3aTPYIHSIOT TOHUCK 3((PEeKTUBHOrO mporecca
COCJIMHEHHUS, KOTOpPbIH OBl COXpaHSJ BCECTOPOHHIOI MPOYHOCTb M THOKOCTH.

MoxHO BBIACIIUTh JABa OCHOBHBIX (baKTopa, KOTOPLIC BBI3BIBAIOT HpO6J’ICMY
28



HAJICKHOCTU COCJIMHEHUS, TaKMe KaK HECOOTBETCTBHE KO3 (DUIIMEHTA TEIIOBOTO
pacmiupenus (KTP) u pasnuuue B XapakTepe CBSI3M METANIOKEPAMHUYECKOTO
cnos[19].

1.5.1 IIpobaema KTP

MerannokepaMUueCKue COCIUHEHHS MPEACTABIAIOT COOOM Ba)KHBIM Kilacc
KOMIIOHEHTOB H3-32 WX IPUMEHEHUS B arpeccUBHbIX cpenax. Kak mnpasuiio,
METaJUIOKEPaMUYECKOE COEIMHEHUE CO3HA€T IM0JE€ OCTATOYHBIX HAMNPSHKEHUH,
KOTOPO€ BO3HUKAET B MPOLIECCE TEPMOMEXAHUYECKOTO U3TOTOBIIEHUS U CBA3AHO C
pazimnuuem B KTP mexny kepamuikodh M MetamaoMm. OCTaTOYHbIE HAIPSKEHUS
OKa3bIBAIOT  CYIIECTBEHHOE BIHUSHME HAa MEXAHUYECKYI0  CTaOMIbHOCTh
MOBEPXHOCTH pa3jieia, Tak KaKk OHM MOTYT BBI3BaTh IIaCTUUECKHUE JeopManiu Ha
METaJUTMYECKOM CTOPOHE M PACTPECKUBAHME B KEPaMHKE, TEM CaMbIM HapyIias
aJIre31I0 WIH JIa’Ke BBI3bIBAS Pa3pyILICHUE COCTUHECHUS.

TenoBoe HanpsiKEHUE MOXKET OBITh CHATO ABYMS Pa3IMUHBIMH METO/IaMHU.
OnuH MeTon BBOAUT METAI C MPUONH3UTENHHO TaKUM K€ KoddduimeHToM
TEIUIOBOT'O PACIHIMPEHUS, YTO W y KEPAMHKH, UYTOOBl YMEHBIIUTH BEIUYUHY
CO3J1aBAEMOr0  TEIUIOBOI'O  HAMpsDKEHWs, TOrJa Kak  Jpyrod  METOJ
IpeayCcMaTpUBAae€T  CHATHE  TEIJIOBOTO  HAMNpPSIKEHHST C  MCIOJIb30BAHUEM
IUTACTUYHOTO METajlla, KOTOPBIM JIETKO pa3BUBAET IUIACTUYECKYIO Je(pOpMallUio
IpU TEIUIOBOM HAIpPSDKEHUH. DTH JIBa METOJa MOTYT TaK»€ HCIIOJIh30BaThCS B
KOMOWHAIAH.

Uto0bl MpeojosieTh JIsi YMEHBIIECHUS YIOMSHYTOI'O BBIIIE OCTATOYHOTO
HAIpSPKEHUs, BBI3BAHHOTO  HECOOTBETCTBHEM  KO3((UIIMEHTAa  TEIIOBOTO
pacliupeHus MeEXAYy COEIUHSIEMbIMU MaTepuajiaMi, MOXXHO HCIOJIb30BaTh
caenyromme meroasi[20]:

o Hcnone3yst MArkue npucagoyHble METallIbl, MSTKHU MPUCATOYHbIC
METajulbl HMMEIOT HU3KHM TMpefesa TEKY4eCTH M MOTrYT CHSTh OCTaTOYHOE

HaIpsIKEHHE.
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o [Ipy wWCHOAB30BaHUM MATKOTO MPOMEKYTOYHOTO CJIOSI OCTATOYHOE
HAIPSDKEHUE MOJXKET OBbITh YMEHBIIEHO 3a CYeT YHNPYrod U IUIaCTHYECKOMN
nedopMaluy MPOMEKYTOYHOTO CJ10sl, Hanmpumep, npu ucnosibzoBanuu Al wiu Cu
B KQYECTBE MPOMEKYTOYHOIO CJI0SI OCTATOYHOE HANIPSIKEHUE YMEHbBIIIAETCS.

o Hcnonp3oBaHue TBEPIABIX METAIOB, KO3(PQUIIMEHT TEIMIOBOTO
pacuMpeHus KOTOpbIX OJM30K K KepaMUKE B KaueCTBE MPOMEXKYTOYHOTO CIIOS.
Hcnonb3oBaHne TBEpPIBIX METAUIOB, Takux kKak W, Mo u Jp. B KaudecTBe
MIPOMEKYTOYHOI'O CJIOS, MOXKET CHU3UTh OCTaTOYHOE HANPSIKECHHUE.

o Hcnonb3oBaHne  KOMIO3UTHOTO  MOPOMEXKYTOYHOTO  CJIOA,  TJIE
KOMITO3UTHBIE TPOMEXKYTOYHBIC CJIOM YacTO TMPEACTABISIOT COOOM TBEpIbIe
MeTaJUTbl U MsATKre Metaubl, Hanpumep Cu / Mo-Cu / Nb, KoTopble OKa3bIBAIOT
3aMETHOE BJIMSIHUE HAa YMEHBIICHUWE OCTAaTOYHOI'0 HANpsDKEHUs, coderas
JIOCTOMHCTBA 3TUX JABYX BUIOB METAJIJIOB.

o CoenvHeHue pyu HU3KOM TeMImeparype, Korja COeIMHEHNE KEpaMUKu
C METaJVIOM IpU HU3KOM TemmepaType SBIIAETCS XOPOIIMM [Jis yMEHbIICHUS
nedhopmanuu  coeAuHEeHUsT U A(OPEKTUBHOTO  YMEHBIIGHUS  OCTATOYHBIX
HaIIPsSKEHUMN.

o JlononHuTeNbHAST TepMHUUeckasi 00padoTKa IJIsi CHATHUSI OCTATOYHBIX
HaIpsKEHUMN.

o CootBeTcTByIOIIAsA KOH(MUTYpaIUs COCIUHEHUS MOXET YMEHBIIUTh
CTENEHb KOHUECHTPAIIMU HANIPSI)KEHUH U YMEHBIIUTh OCTATOYHOE HATIPSI)KEHUE.

1.5.2 Paziiuuue B xapakrepe CBS3U

B coeaumHeHMsX KepaMHMKH M METajula CBOWCTBA MOBEPXHOCTEW pasznena
3HAQUYUTENIBHO BJIUSAIOT HA MEXAHMYECKYI0 HAJEKHOCTh COEAMHEHUW. MexaHu3m
o0pa30BaHus CBSI3M Ha T'PAaHULE pasjiena ONpelensieT CTPYKTYpY cllos, KOTopas
CUJIBHO 3aBUCUT OT YCJIOBUH 00pabOTKH, a Takke OT MaTepuanoB. MexaHU3MBbI
CBSI3bIBAHMSI MOT'YT OBITh KJIACCU(UIIMPOBAHBI C TOYKH 3PEHMsI MaccolepeHoca
yepe3 MpOMEXyTOuUHbIN cioil. Korjma ecth TonbKO mepeHoc 3apsiga 6e3 mepeHoca

MaCChl, CBiA3bIBAHHC HA3bIBACTCA XHWMHYCCKHM CBA3BIBAHUCM. B HGKOTOpOﬁ
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auTepaType 9TO TakXke Has3biBaercs ¢Gusnmyeckum unu aaresued. Korma
MIPOUCXOJAUT MACCOBBIM TNEPEHOC Ha TpaHUIIE pas3jiesia, TaKOW KaKk XHUMHUYECKas
peakius U g dy3us, MEXaHU3M CBS3BIBAHHS Ha3bIBACTCS XUMHUUYECKOUN peakie
cBsi3biBaHMsA[19,21].

XUMUYECKHE pEaKIMu Ha TpaHWIle pasjesia NPUBOASAT K 0O0pa3OBaHUIO
MeX(}a3HbIX PEAKIIMOHHBIX CJIOEB, CBOMCTBA KOTOPBIX OTJIUYAIOTCA Kak OT
KepaMHKH, TaK U OT MeTajlyla. DTO MOXET OKa3aTh OJIArONpHATHOE BIHSHUE Ha
KA4eCTBO COCAMHEHUS MYTEM YBEIMYECHHUSI HAYAJIbHOM CMAaYMBAEMOCTH METAJLIIA Ha
KEPAMUYECKUX MMOBEPXHOCTAX, OAHAKO, TOJICThIE PEAKIIMOHHBIE CIIOW YBEIIMYUBAIOT
00bEMHBIC  HAINPSKEHUS] HECOOTBETCTBUS M TEPMHUYECKHE  OCTaTOUYHBIC
HanpsKEHUs, KOTOPbIE YXYAIIAOT MPOYHOCTh coeauHeHus. Hampumep, naiika -
3TO METOJ| COCIMHEHUS, BKIOYAIONIM aHOMAIUU U 3a30Pbl, KOTOPhIE BO3ZHUKAIOT
HA TIOBEPXHOCTSAX pPaOOThl, MPUBOJUMONW B COCTOSIHUE IUJIOTHOTO CIICTUICHUS
MOCPEICTBOM KUIKOU ha3pl. Takyke M3BECTHO, 4YTO TBepAO(a3HOE COCIUHECHUE,
BKJIFOYAsl XOpOIIEe CIEIUICHUE, KOTOPOE JOCTUTaeTcs 3a CYET HarpeBaHus,
MOBBIILICHUSI JABJICHUS, MCKaXXCHMsS, KOTOpPOE TMPOUCXOJUT uepe3 pabdoune
MOBEPXHOCTH, a TaKXE€ B3aMMO3aBUCUMOCTh €CTECTBEHHOW TemMmnepaTypsl. OH
BKJIFOYAET B ce0s1 pe3b0bl C HOPMAJIbHBIM TEMIIEPATYPHBIM HATS)KEHUEM, KOTOPhIE
V3TOTABJIIMBAIOTCA JUISI CO3JIaHUSl IIOJHOCTHIO KOHTAKTHOM TpaHUIBl pasjena
MEXAy ATHUMH MaTepuajiaMyd ITOCPEICTBOM HMCTOYHHMKA SHEPrHU OT HCTOYHMKA,
OTJIMYHOTO OT TEIUIOBOrO, W JUISl CO3/IaHUSl COCAWHEHWA Ha TpaHUIE pas3jena
BOJIM3H €r0 HOPMAJILHOM TeMIepaTyphl.

JIBMKyIIEN CUIIOM XMMHUYECKOW PEAKIUU ABJISACTCA XUMUAYECKUN TTOTEHIINAT
ATOMHBIX YacTHUIll. Bo MHOIHX cUCTEMaxX XMMHYECKasl PEAKIUS HE OKUIACTCS, €CIIU
paccMarpuBaTh  TOJBKO  B3aUMOJICUCTBHE METAUIA C  HEMETAIUIMYECKUMU
3JeMEHTaMM  Kepamuku. (OJIHAKO KOrjla YYWTHIBAIOTCA BCE€ BO3MOYXKHBIC
MOTEHIIUAJIBI PEaKIIMM, MOXET BO3HUKHYTh YHCTas OTpHUIIATENIbHAs CBOOOIHAsS
SHEPTUsS, KOTOpas YKa3blBAET HA TO, YTO XUMHYECKAs pEakIus SBISCTCS
TEPMOJMHAMHUYECKH  BBITOJHOW. PaBHOBECHYIO  TEPMOAMHAMHUKY  MOXKHO
WCIIOJIb30BaTh ISl MPOrHO3UPOBAHUSI BO3MOKHBIX PEAKIMK Ha TPAHULIE pa3lelia.

Ho Korga B CHCTCMC MCTAJNI — KCpaMHKa HMCCTCA Ooiece TpEX JSJICMCHTOB,
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npe/icka3aHue BCEX BO3MOXHBIX peaklMii Ha OcHOBE (Da30BOM JuarpaMMbl
NPAKTUYECKH HEBO3MOXKHO. KpomMe Toro, creneHb M BO3MOXKHOCTb pEAKIIUH
OTpaHUYEHbl KHHETUKOMW, JAHHBIE TT0 KOTOPOU MOT'YT OTCYTCTBOBAThH[ 19].

Peakuuonnsie ¢aspl, Takue Kak XpYINKHE WHTEPMETAUIUIbl U TBEpAbIE
pacTBOpBI, YaCTO BBI3BIBAIOT pa3pylleHWE IOBEPXHOCTU pas3fela IMpU OYEHb
HU3KOM HanpspkeHuH. [loBblllIeHHE TemmepaTrypbl CBS3BIBAHHS U UYPE3MEPHOE
BpeMsi OOBIYHO YCWJIMBAIOT XMMHUYECKHE PEAaKIHUM U MPUBOAAT K OOPa30BAHMIO
TOJICTOTO PEAKLIMOHHOI'O CJI0Sl, YTO MOXET CHU3UTh MPOYHOCTh coeauHeHus. Ha
IpaHULIaX pas3fena, rae o0pa3yloTcs IUIOCKUE PEaKIIMOHHBIE CIIOW, TOJIIMHA CIIOS
4acTO  ONTUMHU3HMPYETCS IyTeM  KOHTPOJISI  YCJIOBUM  CKJIEUBAaHUA IS
OpEeJOTBpAIICHUS MEX(Pa3HOTO pacCIOCHHS WIM XPYNKOro Mexga3zHOro
paspylieHus BAOIb PEAKIIMOHHOTO cnosi[21].

1.6 BiBoabI

AJFOMOHUTPHUIHASL KEpaMuKa 00J1aJaeT YHUKaIbHbIM HaOOpoM CBOMCTB. Ee
MIMPOKOE MPUMEHEHUE CIAEPKUBAETCA pPAAOM (HAKTOPOB, OCHOBHBIM M3 HHUX

ABJIIACTCA OTCYTCTBUC KOMIUICKTA MCTAJUIM3AMOHHBIX IIAaCT JId IIPOBCIACHHA

MCTaJTJIN3all1H.
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I''TABA 2. METObI HCCJIEAOBAHUSA
2.1 Heab u 3aapa4un
Llenv pabomul: pazpaboTKa cOCTaBa METAJIM3AIMOHHON MAcThl HA OCHOBE

MOPOIIKOB BoNb()paMa IS COBMECTHOI'O BXXHTAHHS C aJIOMOHHUTPHUIHON

KEpaMHUKHU.
3aoauu:
1. AHanu3 UMEIOIIENHCS JHUTEPaTypbl MO COBMECTHOMY BXUTAHUIO /

CIICKAHWIO MCTAJUIM3AIMHOHHBIX IIACT U KCPAMHUKH U3 HUTPU A AJIFOMHUHUA,

2. BriOpaTe 1 000CHOBaTh COCTaB METALIM3AIMOHHOMN MACTHI;
3. BriOpaTh 1 000CHOBOTH PEKUM TEPMHUUECKONU 00pabOTKH;
4, AHau3 CBOMCTB MOTYYEHHBIX 00pa3IoB

2.2 MeToabl MCCIEA0BAHUS

2.2.1 Pentrenoga3oBblii aHau3

Pentrenoda3zoBeiii ananu3 (POA) sBisiercss OAHUM U3 CaMbIX COBEPIICHHBIX
OPSIMBIX METOAOB HM3YYEHHUSI COCTaBa M CTPYKTYpPbl TBEPJbIX KPUCTAIITUYECKHUX
MaTepuasioB. B ocHOBe JaHHOrO MeToja JISKHUT sBIeHWE Iudpakiuu
PEHTI€HOBCKUX JIydeld Ha KPUCTAIMYECKOW pEUIETKE AaHAIU3UPYEMOTO
MaTepuaa.

OcHoBHOI 3amauell peHTreH0(ha30BOr0 aHaIU3a SIBISETCA UACHTU(DUKAIIS
Pa3IMYHBIX KpUCTAJUIMYECKUX (a3 B CMECH HAa OCHOBE aHaiM3a IU(paKIMOHHON
KapTUHBI UccaeayeMmoro odpasua. Hanbonee yacto npuMeHsIeMbIM MPAKTHYECKUM
merogoMm P®A  gBusercs  MeTOoA — NOPOWIKA,  MOJYYMBIUMKA  IIHPOKOE
pacripocTpaHeHHE B CHITY CBOCH IMPOCTOTH M YHUBEPCAILHOCTH [22].

Jlist peructpanmuu TUPPaKIIMOHHONW KapTUHBI MPUMEHSETCS COBPEMEHHAS
anmaparypa — peHTT€HOBCKHE TUGPPAKTOMETPHI, KOTOPHIC MO3BOJISIIOT MPOBOIUTH
aHaM3 o0pa3IoB OBICTPO U C OOJBIION TOYHOCTHIO.

Pentrenorpamma ananusupyemoro oOpasiia MpeacTaBisieT co0oil rpaduk
3aBUCUMOCTH WHTEHCHUBHOCTH OTPa)KEHHBIX O0PA3IOM PEHTTEHOBCKUX JIy4e OT

yrila HuX OTPaXCHUAI. Ha PCHTI'CHOI'paMMCEC Ha6JIIOILaeTCH paAad YCTKHUX IIMKOB
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(pediiekcoB), eciu BEIIECTBO KPUCTAUIMYECKOE, M PA3MbIThIE MHKH, €CJIH
BelecTBO amop(dHoe.

B mHacrosdmee Bpems miig oOpabOOTKH pEHTreHOrpauyecKux JaHHBIX
pa3paboTaHo OOJBIIOE KOIUYECTBO KOMIBIOTEPHBIX mporpamM. OHU MO3BOJISIIOT
NPOBOJAUTh  WACHTH(PUKAHUIO a3 TMMyTeM CPaBHEHHUS  PEHTTEHOTPAMMBI
aHAIM3UPYEMOro 0Opasiia ¢ KapTouyKaMu U3 0a3bl TaHHBIX.

Pentrenoga3oBbeiii  aHaIM3 MCXOJHBIX MAaTEpUATIOB IPOBOJWICS Ha
pentreHoBckom audpakromerpe Shimadzu XRD — 7000S, yron nudpakuuuor 10

1o 80 rpan, ¢ CuKal kaTogom.

Pucynok 2.1 — Iudpakromerp Shimadzu XRD — 7000

2.2.2 PacTpoBasi 3JIEKTPOHHAsI MUKPOCKOIHUA

PactpoBast  snektponHHas Mukpockonus (POM). Ilpunuun POM
3aKJIIOYAeTCsl B CKAHUPOBAHMU  TIOBEPXHOCTH  MCCIeAyeMoro  obpasia
y3KOC(POKYCHUPOBAHHBIM 3JIEKTPOHHBIM IMYYKOM (30HJIOM) M OJIHOBPEMEHHOM
JETEeKTHPOBAaHUHM BO3HHUKAIONIMX TMPH OTOM M3Iy4YeHHd. Perucrtpupyemsie
JaTYNKaMHd CUTHAJIbI (BTOPUYHBIE W OTPa)KEHHBIC AJIEKTPOHBI, PEHTTEHOBCKOE
U3JIy4YeHUE M Jp.) HECyT OOJIbIIIOE KOJIWYECTBO HH(OpMAIMU [JIsi ONMHUCAHUs
TPUPOJIBI M CBOMCTB M3ydaeMoro oobekra [23].

[Ipoctora moAroTOBKM  00pa3LoB A7 HMCCIEAOBAHMSA,  BBICOKAs
UH(POPMATUBHOCTh, @ TAK)KE BBICOKAs CTENEHb aBTOMATU3allMU KOJMYECTBEHHOTO
aHanm3a U 00pabOTKHM pe3yabTAaTOB U3MEPEHUN JENAr0T JaHHBIM METOJ| Hanboiee
YHUBEPCAJIBHBIM JIJII MCCIIEIOBAHUSA CTPYKTYPbl MaTepHalioB ¥ Tomorpadpuu
MOBEPXHOCTH.
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st uccnenoBaHust MOp(OJIOTMK U pa3MEpPOB YACTHUIL MOPOLIKOB, U3yUYEHUS
CTPYKTYpPbl KEPAMHUKH HA U3JIOME, a TAKKE CTPYKTYPhl METAJUIM3ALHOHHBIX CJIOEB
OB MCHOJIB30BaH PACTPOBBIN (CKAHUPYIOIIUI) 3JEKTPOHHBIN Mukpockon JEOL

JCM-6000 Neoscope II.

i,

- LT

Pucynok 2.2 — Cxanupyromuii 3nekTpoHHbd Mukpockon JEOL JSM-7500FA

JIaHHBIN HACTOJBHBIM MHUKPOCKOII MMEET AMana3oH yBenudeHus or x10 mo
x6000 xkpat m crmocoOeH paboTaTh B PEXUMax BBICOKOTO M HH3KOTO BaKyyMa.
JlaHHas MOJeJb MUKPOCKOIA OCHAIIEHA JETEKTOPaMU BTOPUYHBIX U OTPAXKEHHBIX
AJNIEKTPOHOB, 4 TAK)XE HHEPrOJAHMCIEPCHOHHBIM PEHTIC€HOBCKUM CIEKTPOMETPOM
(OAPC), st BHIIOIIHEHUSI JIEMEHTHOTO MUKPOAHAIH3a.

2.2.3 OnpenesieHue yaejJbHOU MOBEPXHOCTH

VY enbHas MOBEPXHOCTh MOPOLIKA MPEACTABISET COOOM CyMMY Hapy’>KHBIX
MOBEPXHOCTEN BCEX YaCTHI], MPUXOIALIIMXCS HA €AUHUILY €r0 Macchl UK o0beMa.
Jlnst ompeneneHus yAENbHOM IMOBEPXHOCTH HauOoOJee YacTO HCHOJb3YIOTCS
METO/Ibl, OCHOBAaHHbIE Ha W3MEPEHUHM Ta30NpPOHULIAEMOCTH WJIN aJCOPOLIMOHHOMN
CIIOCOOHOCTH TTOPOIIIKA.

Jliist onipenenienns yaeabHON MOBEPXHOCTH MCIONb30Bajics mpudop [1CX-4
(puc. 2.3 ) [24]. KroBera 1 npenHazHaueHa 1Jisd YKIAAKU B HEH CII0S1 HCTIBITYEMOTO
maTtepuasia. OHa Tpe/ICTaBIsAEeT COO0M UCTBITATENBLHYIO KaMepy, MeperopokeHHYIO
Ha HEKOTOPOW BBICOTE€ AUCKOM C BBICBEPJCHHBIMH B HEM OTBEpPCTUAMH. YacTb
KaMepbl, OrpaHWYEHHAas AUCKOM W JIHOM KIOBETHI, C IMOMOINBIO IUTyLEepa 2 U

pPE3UHOBON TPYOKH 3 TIPUCOEAUHACTCS K >KHJIKOCTHOMY MaHoMmeTpy 6. Ha
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BHEIIHEH MOBEPXHOCTH KIOBEThl HAHECEHA MWLIMMETPOBAS IIKaja C HOHUYCOM
JJ1s1 A3MEPEHUS TOJIIIMHBI CIIOS MaTepurala.

[lnyH)kep Cy UT Ui YIUIOTHEHUS CJIOS MaTepralia B KIOBETE.

Pe3uHoBas rpymia 8 ¢ kianaHaMH OPUMEHSIETCS JJIS CO3JaHUsl Pa3peKEeHUS
IIOJT CJIOEM MaTepHaIa.

CTekIsHHbIA OTHOKOJICHHBIN MaHOMETP 3aMOJHEH MOJKPAIIEHHOW BOJIOM.

OH npenHa3sHayeH [Jis OMNPEAEICHUs JaBJIEHUS BO3JyXa IOJ CIOEM
UCIIBITYEMOIO0 MaTepuana M IMO3BOJISIET MPOCIEAUTh CKOPOCTh HM3MEHEHUS

JaBJICHUA B HIKHEH IT0JIOCTH KIOBETHI BCJICACTBUC BO3AYXOIIPOHHUIIACMOCTH CJI0A

Martcpuala.

T W

(|

Pucynok 2.3 Cxema npubopa [1CX-4[21]
VIeTbHYIO HOBEPXHOCTD Sy, CM°/T, PACCUMTHIBAIOT 110 (hOPMYJIE:

M+t
Sy = K- Pk

rae K — nocrosuHas npubopa (3HaueHus K s HuKHEH W BepxHell map

PHUCOK IPUBOJATCS B TaciopTe npudopa);
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M —kodpurmeHT, 3aBHCSIIUA OT TOJIIMHBI CJIOS HCIBITHIBAEMOTO
MaTepuana L u TemMmeparypbl Bo3ayxa MpH U3MEpEeHUH (3Ha4eHUS M CIpaBOYHBIC
JTAaHHBIE);

T— BpeMs, B TEUEHHE KOTOPOTO MEHUCK XHUAKOCTH OIyCKACTCS MEXIY
COOTBETCTBYIOIINMH PHUCKAMU;

g — HaBeCKa UCIIBITHIBAEMOTO TIOPOIIIKA, T.

CnenaB nomyimienue o cdepudeckoir (opme dYacTHI] MOPOIIKA, MOXKHO

paccyMTaTh UX CPEIHUN TuaMeTp no hopmyre:

6

= S p, racp— y,HeHBHBIfI BC€C MaTcpualia rnmopoIika,
ya

Syx — yZAenbHas NOBEPXHOCTh MaTepUala MOPOILKA.

2.2.4 OnpeneseHne peoJOrui4ecKuX CBOMCTB MACT

Baxxnyto ponb B obecriedeHne xapakTepuCcTHK TpadapeTHON eYaTH UrparoT
PEOJIOrMYECKUE CBOMCTBA MACT.

OmHuM W3 BaKHEUINHNX TEXHOJIOTMYECKUX CBOWMCTB METAJUIM3allMOHHOU
IaCThl SIBJISIETCS BS3KOCTb. BSI3KOCTH — 3TO COIPOTHBIIEHUE HBIOTOHOBCKOMY
TE€YEHUIO.

CylHOCTh KOHTPOJIS BSI3KOCTH MACT 3aKJIIOYAETCS B U3MEPEHUM JTHAMETpPa
MsATHA, OOpa3yrIIerocss M3 HABECKU MMACThl IMPU BO3JEHCTBUU Tpy3a Maccou
(250£1) r.

B3pemmBator HaBecky mactel  wmaccoit  (0,15+0,01)r Ha  uucroH
MPEABAPUTENBLHO  MPOMBITOM  W30NPONWIOBBIM  CIHMPTOM WM  al€TOHOM
CTEKJIIHHOM miactTuHe pazMepoM (60x60)+5 MM, pacmnonoXuB MacTy B LEHTpE
mactuHbl. [Ipy 3TOM macra nomKHa 3aHMMATh MUHUMAIBHYHO IUIOIIAIb U HE
JoJKHA OBITH pa3MasaHa 1o TUIACTHHE.

HakppiBatoT HaBECKY MACThl BTOPBIM YHCTHIM CTEKJIOM, B LIEHTPE KOTOPOTO
SMOKCHJIHOM CMOJIOM TIpUKJIeeH Trpy3 Maccor (250+1) r. HaBecky mnactsl

BBIACPKHUBAIOT B TAKOM COCTOAHHNU B TCUCHUC 15 MuH.
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W3mepsroT nuaMerp msTHa C MOMOIIBIO JIMHEHKHU. 3a BEIIMYMHY YCIOBHOM
BA3KOCTH NPUHUMAIOT CPEIHEAPU(PMETHUECKYIO TPEX UBMEPEHUN JuaMeTpa MsATHa.
Onpenenenue BA3KOCTU NPOBOJAT HA IACTE, BBIACPKAHHOW B TEUEHHUE 24Y. IIPHU
TeMIlepaType okpysxkaromiero so3ayxa (20...22)°C.

2.2.5 OnpeneseHue NPOBOAUMOCTH METAJIM3ANUN

KOHTpOb ya€nbHOr0 MOBEPXHOCTHOIO CONMPOTHUBIIEHUS IIFIEHKH HEOOXOIUM
JUISL TOTO 4YTOOBI OMNPENEIUTh HACKOIbKO A((PEKTUBHO Tmacra MPOBOIUT
ANEKTPUUECKUI TOK. [[J1s1 TOro, 4ToOBI ONPEAEIUTh IEKTPOITPOBOIUMOCTh MACTHI,
HY>KHO OIPEJEIUTh YIEIbHOE MOBEPXHOCTHOE CONPOTHUBIICHUE IUICHKHU, U B3ATh
BEIUYHMHY 00paTHYIO eHl.

I[J'IH HN3MCPCHUSA YACIBHOI'O IMOBCPXHOCTHOI'O COIIPOTHUBJICHUA

UCIIOJIB3YIOTCSL:
o [MudpoBoit MyabTUMETD;
° NHpaukatop MHOrOOOOPOTHBIH;

Omnpenenenue yaAeIbHOIO MOBEPXHOCTHOI'O COMPOTHUBICHUS MPOXOAHUT B
HECKOJIBKO 3TanoB. JUJIg Havayia 3aMepsrOT TOJIIHUHY NMPOBOAHMKA mmpuHOU 0,5
MM C noMmompr wuHAuKaropa IMHMIT Ha kaxaoM W3 [ABYyX JIMHUM [STH
KOHTPOJBHBIX OOpa3sLOB M pPacCUUTHIBAIOT CpEJHEE 3HAYCHHE U3 JIECATH
u3MepeHuid. /lanee 3aMepsifOT CONPOTHBIIEHUE HA Ka)KJOM U3 JIBYX IPOBOJHUKOB
mupruHoN 0,5MM Ha KaXKIOM U3 5 KOHTPOJIBHBIX OOpa3IoB. 3aTeM MOJY4YEHHOE
3Ha4YeHUE conpoTuBieHus aenat Ha 100 u paccuuThIBalOT cpeaHee 3HaueHue u3 10
U3MEPEHUM.

B koHeuHOM wWTOre HEOOXOIUMO pPACCUUTATh 3HAYECHHUE YACIBHOIO
NOBEPXHOCTHOIO  COMNPOTHUBJIEHUS, MPUBEICHHOE K 3HAYEHHUIO  TOJIIUHBI

IPOBOJHUKA, paBHOMY 15 MKM 110 opmyiie:
Rl'Dl
15 '

R =

rae R — ynenpHOE MOBEPXHOCTHOE CONPOTUBIIEHUE, IPUBEAEHHOE K 15 MKM,
MOM/KBaapar;
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R1 — ¢akTuueckoe cpeaHee 3HaUeHUE CONPOTHUBIEHUS, MOM/KBaapar;

D1 — paktuueckas cpeaHsist TOIIIMHA TPOBOAHUKA, MKM.

[TomydyeHHOE 3HaYEHUE YIENBHOIO MOBEPXHOCTHOIO CONPOTUBIICHUS OepeM
B O00OpaTHOM »JKBHBAJIEHTE M OIPEAEISEM BEIUYMHY 3JIEKTPOIPOBOJUMOCTH

MCTaAJ1JIM3allvH.
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_ 3AJIAHUE JUIS PA3JIEJIA
«®PUHAHCOBBIIl MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
CryneHry:
I'pynna DPUO
4I'M82 Kyrumey Anekcero CepreeBuay
xoaa WIIHIIT Otaenenue mxoasl (HOL) Hay4Ho-00pa3oBarebHbIi
nentp H.M.Kmwxnepa
YpoBeHb 00pa3oBaHus Maructparypa HanpagJjienne/cnennajbHOCTh XuMuueckas TEXHOJIOTUS

18.04.01

HUcxoanble JaHHBIE K pa3aeay «PUHAHCOBBIA MCHECIKMECHT, pecypco:)(b(l)eKTI/IBHOCTb Hu

pecypcocoepexeHne»:

1. Cmoumocmv pecypcos nayurnozo ucciedoganus (HHU):
MAMEPUATLHO-MEXHUYECKUX, IHEPLEMUUECKUX,
DUHAHCOBBIX, UHPOPMAYUOHHDBIX U YETOBEUECKUX

Bromker mpoekra - He Gonee 266 TEIC. pyo., B T.U.
3aTpathl Ha oruiaty Tpyaa — 120 TeIC. pyo.

2. Hopmbvl u Hopmamussl pacxo008aHus pecypcos

PacueTHple BEIMYMHBI MaTepUaloB, ChIPbI H
000pyIOBaHUS HAYIHO-TEXHUIECKOTO TIPOEKTA.
3HaueHue HoKa3aTens MHTErpaIbHON

pecypcoaddexkTuBHOCTH - He MeHee 3,6 0aioB W3
5,0.

3HayeHue IoKa3aTesns CPaBHUTEJIBHON
3¢ PEeKTHBHOCTH BapHAHTOB HCIOJIHEHUS HE MeHee 1
Oasa.

3. HCI’lOﬂbSyeMaﬂ cucmema HCl]ZOZOO6JZOOfC€HU}Z, cmaeku

HAl02os, OmllMCJle‘HulZ, aZ/lCKOHmMPOG(lHu}Z u er()umoeanz

JononuutensHas 3apadotHas miara 10%, pailoHHbIN
koapdumuent 1,3, xk03QOHUIMCHT OTYHUCICHHI BO
BHEOrOKeTHBIC (OoHIBI 27,1%, HaKIagHBIe PACXOJbI
16%.

Hepeqenb BOIIPOCOB, MOAJICKAIIUX UCCIICTOBAHUIO,

NMPOEKTHPOBAHMIO U pa3padoTKe:

1. OUEHKG KOMMepUYeCcKozco U UHHO6AYUOHHO20 nomeryuala
HTH

JloCTYyMHOCTh UCXOJJHOTO CBIPbSI, SKOJIOTUYHOCTb,
TEMIOU30JISIUOHHEIE CBOWCTBA, MIPOYHOCTH,

SHEPro3PPEKTUBHOCTD.

2. Pa3pa60mi<a ycmaea Hay4YHO-mexHu4YecKkoco npoexkma

Pa3paboTarh coCTaB METaJLTM3AIIMOHHOM MACTHI Ha
OCHOBE TIOPOIIKOB BOJb()paMa Jjisl COBMECTHOIO
BXKUT'aHUS C AJTIOMOHUTPUIHON KEPAMUKOM.

3. IInanuposanue npoyecca ynpasienus HTH: cmpykmypa u
epagpux nposedenusi, 6100xHcem, PUCKU U OP2AHU3AYUS
3aKYNoK

[TnanupoBaHue CTPYKTYphI paboT, UX TPYAOEMKOCTb,
paspaboTka Tpaduka NpoBeAEHHS WCCICIOBAHMS,
pacuer OroJpKeTa UCCIEIO0BAHUS: 3aTPaThl HA CHIPbE,
obopynoBaHue, 3apa0OTHYIO IUIAT, OTYHCICHUS BO
BHEOIO/KETHBIC (POHJIBI M HAKJIaIHBIE PACXOJIbI

4. Onpeodenenue pecypcHol, QUHAHCOBOU, IKOHOMUUECKOU
agppexmusHocmu

Pacuer mHTErpansHoro mokasarteins 3(h(GEeKTHBHOCTH:
ompexnereHne  (QUHAHCOBOW  A(PQPEKTHBHOCTH W
pecypcoaddexruBHOCTH; cpaBHEHHUE 3P PEeKTHUBHOCTH
pa3paboTKu ¢ aHAJIOTaMU

HepequL rpa([mllecxoro MaATEPHAJIA (c mounvim yraszanuem obs3amenvHblx Yepmediceli).




«Ilopmpemy» nompebumens pesyromamos HTH
CeemenmuposaHue pvlHKA

Oyenxa KOHKYPEHMOCHOCOOHOCTU MEXHUYECKUX PeuleHUl
Mampuya SWOT

Ipaguk nposedenus u 6r00xcem HTHU

Oyenka pecypcHoi, puHancosol u sxoHomudeckoll sgpgpexmusnocmu HTH

NoakrwbhE

HomeHuuaﬂbeze PUCKu

JlaTta BbIIa4YM 3aJaHUA /151 pa3jieia 1o JuHeiHHOMY rpaduky

33}]31—[“6 BbIJ1aJ1 KOHCYJbTAHT:

JlosKHOCTH (1% (0] YueHnas creneHb, Moanucek Jlara
3BaHHe
JIOIIEHT Crunpiga JIr000Bb K.D.H.
IOpneBHa
3aua}me NMPUHAJT K HCIIOJTHEHUIO CTYACHT:
I'pynna ()7 (0} Moanuck Hara

4I'M82 Kyruies Anexceit CepreeBny




I'JTABA 4. DPAHAHCOBBIA MEHEJI’KMEHT,
PECYPCO2®D®EKTUBHOCTb U PECYPCOCBEPEXEHUE

Bsenenne

B nannowm pasnene BKP BoinonHseTcs aHanu3 U pacy€T OCHOBHBIX NapaMeTPOB
JUTSL peaju3alii KOHKYPEHTOCIIOCOOHOI O MPOYKTa, KOTOPBIA NPUHOCHUT JI0XOA, HO U
OTBEYaET COBPEMEHHBIM TpeOOBaHUSIM pecypcodhHEeKTUBHOCTH u
pecypcocOepexeHus.

Jist Toro 4ToObl pemUTh 3aJaud, CBS3aHHBbIE C (DUHAHCOBOW OIICHKOM
NPOYKTA, €ro pecypcodPPeKTUBHOCTHIO U PECYpCOCOEPEKEHUEM, B IKOHOMUYECKOM
paznene BKP HyxHo:

- IPOBECTH aHAJIU3 U UCCIIETOBAHNS PhIHKA MTOKYIIATEIEH;

- PacCMOTPETh U UCCIIEA0BATH Pa3pabOTKU KOHKYPEHTHBIX PELCHUN;

- npoBectu QuaD-ananus;

- nposect SWOT-ananus;

- npoBecTH ranupoBanue HNP;

- paccuuTaTh MaTE€pUaAIbHBIE 3aTPAThl HA U3TOTOBJICHUE.

- OIpeneNnuTh pecypcHyr  (pecypcocOeperaromyro), (GUHAHCOBYIO H
AKOHOMHYECKYIO A((HEKTUBHOCTH UCCIIEIOBAHUS.

4.1 IlpeanpoeKTHBINA AHAJIU3

4.1.1 lloreHuHMaNbHBIE OTPEOUTEIH PEe3YJILTATOB HCCJIEI0BAHUSA

JUis  aHanmu3a CyHIECTBYIOLIEH KOHKYPEHIMM HEOOXOAMMO pacCMOTPETh
LEJIEBOM PHIHOK U MPOBECTH €r0 CErMEHTHUPOBAHUE.

OCHOBHBIM MPOAYKTOM, IIOJIYyYa€MbIM B XOJAE€ HAYYHO-UCCIEHOBATEIbCKOU
padoTHI SABIIAETCA METaNIN3UPOBAHHbIE KepaMUYEeCKHe W31 U
METAJTOKEPAMUYECKUE MOTYJIH.

MeramiokepaMuyeckue H3AeNusl HUCHOJb3YIOTCSA B NPUOOPOCTPOCHUM U
AJIEKTPOHUKE.

['maBHbBIE cepbl MPUMEHEHUS METAUIM3UPOBAHHBIX KEPAMHUUYECKUX H3JICITHMA
HA OCHOBE HUTPHUJA aTIOMUHUSA:

L HpOI/I3BOIICTBO MHOTOCJIOMHBIX MHUKPOCXEM,
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o [1pon3BOACTBO COTHEUHBIX DJIEMEHTOB;
o [Ipou3BOACTBO CBETOMO/IOB;
o [Tpou3BOACTBO AIEKTPOBAKYYMHBIX TPHUOOPOB.

OCHOBHBIGHOTCHHI/IaJIBHI)ICHOTp€6I/ITeJ'II/I PEIYIBTATOBUCCIICAOBAHMA:

o 3A0 «H3B3-KEPAMMUKCy»,r.HoBocubupck MIPOU3BOJICTBO
KEPaMUYECKUX MOJIJIOKEK U KOPITYCOB MUKPOCXEM;

° OAO «HUUIIIT»,r.ToMCK—TIpOU3BOICTBO CBETOAMO/IOB;

o AO "HIII "Hcrox" wum. Illokuna", r.OpsizsuHO —IIPOU3BOJCTBO

AIEKTPOBAKYYMHBIX PUOOPOB.
CerMeHTHpPOBATh PHIHOK MPOU3BOJICTBA KEPAMHUYECKON MOIJIOKKA MOYXHO IO
CIIEAYIOIIUM KPUTEPUSIM: pa3Mep KOMIIaHUM-3aKa3unKa, BUJl u3aenus 1adi.4.1.

Tabnuua 4.1 — Kapta cerMeHTUpPOBaHUS pbIHKA 110 BUAY PUMEHEHUS MaTepuaia

Marepuan moaiioxKu
BeO Al,O; AIN
MHOT'OCJIOMHBIC
» + + -
. = MHUKPOCXEMBI
=R
Q g CBCTOJAUOJbI + + -
= 0]
g = 5JIEKTPOBAKYyMHEIE + i +
e IPHUOOPHI

Kak BuAHO U3 npuBEeIEHHON KapThl CETMEHTUPOBAHUS, YPOBEHb KOHKYPEHIIUMH
U3JIENUI U3 HUTPHJIa ATIOMUHUAS UMEET HU3KHE MOKa3aTeld B 00JIaCTH MPUMEHEHUs
CBETOJMOTHOM OCBETUTENHbHON TEXHHUKE U MPOU3BOACTBE MUKpocxeM u3 AlN..

Heobxonumo cocpenoTounTbesi Ha 00JACTH NPUMEHEHHS MHOTOCIOMHBIX
MHUKPOCXEM € Ucmoib3oBaHueM AIN, T.K. OH ABISETCS €IUHCTBEHHBIM TEXHUYECKUM
MaTEpHAJIOM, KOTOPBIM COYETAET KpailHE BBICOKYIO TEIUIONPOBOJAHOCTH U OTJIUYHBIC
U30JSIUOHHBIEC CBOMCTBA U UMEHHO 3TOT CEIMEHT HE 3aHAT Ha HUILIE PHIHKA.

4.1.2 AHa/IU3 KOHKYPEHTHBIX TEXHUYECKHUX pPeleHu i

MeratokepaMuyeckue MOJZYJIH JOJIKHBI obnanaTh Xopouen
TEIUIONPOBOIHOCTBIO, T.€. MEPEHOCUTH TEIUIO OBICTPO KO BCEM OCTAJIbHBIM YacCTSAM
npenMeTa, HU3KUM KO3(D(PUIMEHTOM TEIJIOBOr0 PaCHIMPEHHUs, YTOO MPU HArpeBaHUU

JI0 BBICOKHX TEMIIEpaTyp HE YBEIMYMBAIACH MOJJIOXKKA B pa3Mepax. XOpOIIUMHU
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JURJIEKTPUYECKUMHU CBOMCTBAMM, KOTOPBIE IIOKA3bIBAIOT, HACKOJIBKO XOPOIIUM
U30JISITOPOM SIBJISIFOTCSI TOJJIOKKH. TONIIMHA MJIEHKH JO0MKHA OBITh OOJBIION, YTOO
TPaTUTh MEHBIIE ChIPbS HA CO3/JaHME IUIEHOK, U3 KOTOPBIX HAOMpaeTcs MOJJIO0XKKA.
[Inenka momkHa OBITH THOKOM (37ACTUYHOM), 4TOO HE pBajlach M HE JIOMAJIaCh MPH
ucronbp30BaHuM. [loBepXHOCTh JOMKHAa OBITH KadecTBeHHOH (0e3 mop, 0Oe3
y3bIPBKOB, TPELINH), T.K. 3TO CHHYKAET TEIUIONPOBOIHOCTD U U30JISILIUIO.

B ta6n.4.2 npencrasnena OiieHOYHAsi KapTa JJisi CPABHEHUSI KOHKYPEHTHBIX
TEXHUYECKHUX perieHnil (pa3padoTok). B Hell ncnonb3yroTes caeayonmne KpuTepuu:

° TepMuueckass CTOMKOCTh — CBOWCTBO MAaT€pHANIOB IMPOTUBOCTOSATH, HE
pa3pyliasch, HANPSHKEHUSIM, BI3BAHHBIM U3MEHEHUEM TEMIIEPATYPHI.

. TermnonpoBOJHOCT, — CIOCOOHOCTh MATEPUATBHBIX TEI K IMEPEHOCY
SHEpruu (TerI000MeHy) OoT Oojiee HAarpeThIX YacTel Tella K MEHee HarpeThIM YacTsM
Tena.

o VY nenbHOE 3JIEKTPUUYECKOE COMPOTUBIEHUE — CIOCOOHOCTH BEIEeCTBa
IPENsITCTBOBATH MPOXOXKIEHHUIO IIEKTPUUECKOT O TOKA.

° TBEpmOCTh — CBOMCTBO MaTepHalia CONPOTUBISATLCA BHEIPEHUIO Oolee
TBEPAOrO TeNa.

o Koaddumment termnoBoro pacmupeHuss — CHOCOOHOCTh Marepuaia

U3MEHSTh CBOl 000bEM C POCTOM TEMITEPATYPHI.

o [IpouHocTs Ha uU3rKO6 — CHOCOOHOCTh MaTepuaia MPOTUBOCTOATH
nedopmanusim.
o WM3omsiumst —  CIOCOOHOCTh  MPENSITCTBOBATH  MPOXOXKIEHUIO

QJICKTPHUYCCKOI'O TOKaA.

L KauectBO IMOBCPXHOCTHU — BHCIIHUN BUJ IOBCPXHOCTH.
L [InotHOCTH — 00BEM IMyCTOT HAXOOAMUXCA MEKAY YaCTUIIAMU.
L MexaHuuecKkass U XUMHUYECKas CTOﬁKOCTL, CTOMKOCTh P BBICOKHUX

TEMIICpATypax — CBOMCTBO 3JIEMEHTOB U MaTCpPUAJIOB BBIIIOJHATH CBOU (IJYHKIII/II/I 151

COXpaHATh CBOM IMApaMCTPbI B IIPEACIaX YCTAHOBJIICHHBIX HOPM.
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Tabnuua 4.2 — OneHoyHas KapTa AJisi CPABHEHUS KOHKYPEHTHBIX TEXHUYECKUX

pelienuii (pa3padoTok)

Kprreprt omenir Bec bambr KoHkypeTHOCTIOCOOHOCTh Panr
KPUTCPHA "B T Bkl | Bk2 | B Bkl | B2
1 2 3 4 5 6 7 8 9
XUMHUYECKUE KPUTEPHUHU OLICHKH pecypcodh(HEeKTHBHOCTH
1 Tepmudeckasi CTOHKOCTb 0,11 8 8 8 0,84 0,84 0,84 1
2 Bricokas

0,10 10 10 10 0,99 0,99 0,99 2
TEIIONPOBOAHOCTh

3 VaenbHOE 3JIEKTPUUYECKOe
0,06 7 6 7 0,45 0,39 0,45 8
COTIPOTHUBIICHUE

4 TBepaocThb 0,08 8 7 7 0,62 0,55 0,55 6

5 KoadduimeHT TermnoBoro
0,03 9 8 8 0,26 0,23 0,23 14

pacuMpeHus
6 [IpounocTth Ha H3rud 0,04 10 9 9 0,35 0,32 0,32 13
7 Xoporrast u30JIA1Us 0,06 8 8 8 0,47 0,47 0,47 9
8 KauecTBo moBepxHOCTH 0,05 9 9 8 0,42 0,42 0,37 11
9 IInoTHOCTH 0,04 4 3 4 0,16 0,12 0,16 12

10 Mexaaudeckas 1
XHMHYECKAST CTOMKOCTD,
0,07 8 9 10 0,54 0,63 0,70 7

CTOMKOCTB IPH BBICOKUX

TeMIepaTypax

DKOHOMUYECKHE KPUTEPHH OLICHKH YPPEKTHBHOCTH

1 YpoBeHb NIPOHUKHOBEHHMS Ha
0,02 8 7 6 0,19 | 0,16 0,14 15

PBIHOK

2 Ilena 0,02 8 7 6 0,14 | 0,12 0,11 16

3 [IpennonaraemMselii cpok
0,09 3 3 3 0,26 | 0,26 0,26 4
JKCIITyaTaluu

4 Hanuuue ceptuduxanuu
0,09 10 10 10 | 094 | 0,94 0,94 3
pa3paboTku

Htoro 1,00 6,64 | 6,44 6,53

bo — Meranmokepamuueckue usgenus u3z AlN;

b1 — MeTamiokepamuueckue n3aenus u3z BeO;
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b, — Meraymutokepamuueckue usaenus uz Al,Og.

B PE3YJbTATC aHAIn3a, MOXKXHO CACIATh BBIBO/J, UYTO U3TOTABJIMBATH U3ACIINA U3

AIN moxHO,

T.K.

MaTepHaJlJlaMy B JAHHOW padoTe.

4.1.3 SWOT-anaaus

ba3oBbpIiM

PBIHKOM

cObITa TPONYKIIUU

OHM HMCHOT IMPCUMYHICCTBO 110 CpPaABHCHHIO C JpPYIUMHU

ABJISICTCS PBIHOK Poccuiickoi

Oenepanuu. SWOT-aHan3 UCONB3YIOT ISl KCCIIEAOBAHNS BHEILIHEW U BHYTPEHHEH

cpennl mpoekta. SWOT-ananu3 npejcrasieH B Ta061.4.3.

Tab6auma 4.3 — SWOT-ananus

CuiibHbBIE CTOPOHBI HAYYHO-
HCCJIEA0BATEIbLCKOI0
NnpoeKTa:

1. be3oTxoaHOE MPOU3BOICTBO
2.Beicokas TepMUAYECKast
CTOMKOCTB;

3. Xoporas THOKOCTh

4 .Bricokas TCIUIOMPOBOAHOCTD

Cialble CTOPOHBI HAYYHO-

HCCJIeI0BATEIbCKOI0
NpoeKTa:
1.Beicokne  TpeOoBaHUSA K

MIPOJTYKTY
2. Vcnonp30BaHre UMIIOPTHOTO

CBIPbs

Bo3moskHocTH: Pesyabrarel aHaausa PesyibTarsl aHaau3a

1. Hcnonp30BaHne | MHTEPAKTUBHOM MATPHIbI UHTEPAKTUBHOI
HETOKCUYHOTO npoekrta noJieid «CujibHbIe MaTpHIbI POEKTA MoJiei
3JIEKTPOTEXHUYECKOTO CTOPOHBI U BO3MOKHOCTH «Caadble CTOPOHBI H
dapdopa 1. TlpumeHEeHHWE B CIIOXHBIX | BO3MOKHOCTH»

2. lHHOBaIMOHHbBIE JeTansx, TeM caMbiM | 1. Pacumputs o0racThb
TOCTHKEHUS B 001acTH pacumpeHue 00acTH | MPUMEHEHHUS 3a CYeT
kepamuku (HUOKP) MIPUMEHEHHUS SKOJIOTUYHOCTH U YIY4YIICHUSA
3. IlosBieHue QOIOIHU- 2. Tlombop cocraBa il | KauecTBa IO CPaBHEHHUIO C
TEJIBHOTO cripoca Ha | yIYYIICHUS CBOMCTB U | IpyTUMH HUTPHIAMU
yIyUIIeHHBIA TPOAYKT KadecTBa MPOIyKTa 2. AHamm3 cnabbIX CTOPOH
4. Vcnions30BaHue HaHO- | 3. JloOGaBUTh B  COCTaB | KOHKYPEHTOB u
MTOPOIITKOB METaJIJIOB B | METAJUIM3AIIMM HAHO-YACTHIIBI, | COCPEAOTOYCHHE  HA  JTHUX
MEeTaJUTU3ALNH JUTSl YBEITMYEHUS] IPOYHOCTH CBOMCTBAax B CBOEM IPOJIYKTE
Yrposbr: Pe3yabTaTsl anaauza Pe3yabTaThl aHaIM3a

1. Bricokas CTOUMOCTh | HHTEPAKTUBHOW MaTPHUIIbI HHTEPAKTHUBHOM
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00opynoBaHus (3ameHa, | mpoekTa moJei «CuiabHbIe MAaTpPHIBbI POEKTA MoJiei

PEMOHT) CTOPOHBI U YIPO3bD» «Cna0ble CTOPOHBI U

2. IIponsBogurenu ¢ 1. CoBepiieHCTBOBaHUE YIpo3bI»

6onee Pa3BUTBHIMHU | METOIUKU u cocraBma | 1. PazpaboTtats Oonee
TEXHOJIOTHSIMU MOJJIOKKH, B COOTBETCTBUHU C | KAUECTBEHHBIN MPOAYKT

3. [loTeps mocTaBUIMKOB KOHKYPEHTHBIMU 2. yyacTMe€ B TIpaHTax U
4. N3MeHeHHE  BAIIOTHBIX | IPEUMYILECTBAMU KOHKYpcax

KypCOB 2. Ilepexon Ha oteuecTBeHHOe | 3. [lognep:kka nHBECTOpaMu

5. CI0XXKHOCTb MPOJABUKEHHUS | ChIPbE
6. Iloctymnenue Ha poiHOK | 3. Co3maHue CcOOCTBEHHOTO
aNbTePHATHBHBIX TOBAPOB 00opya0BaHUs L

MMPOU3BOACTBA IIJICHOK

B pe3ynbrate Boinonnenuss SWOT-aHanu3a MOXKHO c/iefiaTh BBIBOJ O TOM, YTO
IIPOAYKT HMMEET MNPEUMYILIECTBA II€pel KOHKYPEHTAMHU IIPU BBIXOJAE HA PBIHOK:
0€30TX0IHOE TMPOU3BOJICTBO, O00JIAAE€T BBICOKOM TEPMHUYECKON CTOMKOCTHIO,
BBICOKOU IIPOYHOCTHIO, BBICOKOM TEIJIONPOBOAHOCTBIO, JOCTaTOYHOU
AKOHOMHUYHOCTHI0. HecMOTps Ha mpeumyIiiecTBa, ecTh U cjaabble CTOPOHBI MPOJIYKTa:
BBICOKME TpeOOBaHUS K NPOAYKTY, Majblii PBIHOK CObITA HM3-3a KOHKYPEHIUH C
0O0JBIIMMU 3apYOEKHBIMH (PPMaMH, HCIOJIb30BAaHUE HMIIOPTHOIO ChIPbS, Majblid
Kpyr notpeduteneit. s ymydineHus U ycTpaHEHHs CIa0bIX CTOPOH HEOOXOAUMO:
YCOBEPIIEHCTBOBATh CBOWCTBA MPOAYKTA, YIYYIIMTH COCTaB WA 3aMEHUTH
VMIIOPTHBIE KOMIIOHEHTHI OT€YECTBEHHBIM CHIPHEM.

4.1.3 Inarpamma UcukaBbl

JUiss  BBISIBJICHHS  PA3JIMYHBIX  NPUYMHHO-CIEJICTBEHHBIX  CBA3EH  OBLI
UCIIOJIb30BaH METOA AuarpamMm Vicukasel.

Huarpamma VcukaBel — 3TO cmoco® MO3BOJSIET TIpaduuecku H300paxaTh
UCCIIEOBAaHUsA W  OINpPEIECIEHUs, C T[OMOLIBIO KOTOPBIX MOXHO BBIPAXKaTh
B3aMMOCBSI3e Mexay ¢GakropaMud M TOCIEICTBUAMH KAaKOTro-HUOYIb TPOEKTa,
cuTyanuu, npodiaempl. C MOMOUIBIO JAHHON JuarpamMmbl ObUIM PACCMOTPEHBI BCE

(dbakTophl JaHHOUN PabOTHI.
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HE BCeraa HMeeTca
B HaDMHE
obopynopanue H3HOLICHHOS
NePCOHAN HECOOTECTCTEHE oGopyaosanme

obopynosamisa
UMITeCKaa nocyga

Bomon irs c1poz

PYKOEOOHTEIDE \\
obopy

CIIOXHOE

HE OPHEHTHPOBAHE!  MarHCTPaHTH TEeXHIYeCKHe
Ha pelierye obopynosarie
JaHHBIX npobnem HeXBaTKa
obopynopamt

Marno omsma e
pelleHInt 33024

, bpaxoBaHHbIE
MKM

Bonsuiaz ceipsesan 6asa,
Hegocratox mireparyps! npobnenna ¢ momckoM

OTPRHITYEHHBIE HCTOUHITOL TPYAHOCTH 00paboTki

passeie pe3ybTATOR
nposenemie TMOCTABLIG
3JKCIIepUMEHTa

OTCYTCTEYHOT NOAXOAAIHE

HCXOIHEIE MPOIVKTE METOMIE! i 060pyoBame

TpebYIOTCA CIIOKHEE

YCTARIBEE OwitcTxa 1 NOATOTOEKA

METONE MaTepHaIEL

Pucynok 4.1 — lnarpamma McukaBbl
4.2 Unnuuanus npoexkra
4.2.1 Lenu u pe3yJibTaT NPoeKTa
Nudopmanuss mo 3auHTEpEeCOBaHHBIM CTOPOHAM MPOEKTa MPECTaBIeHA B
tabmune 4.4. Llenu u pe3yabTaThl MPOEKTa MPEACTaBICHbI B Tabuiie 4.9.
Tabnuua 4.4 — 3auHTepecoBaHHbIE CTOPOHBI MPOEKTA

3aMHTEpPECOBAHHBIE CTOPOHKI IPOEKTa OUIaHNs 3aUHTEPECOBAHHBIX CTOPOH
HaYLIHBII;'I PYKOBOJIHTENH HOqueHI/Ie COCTaBa MeTaJNIM3aIlMOHHOM MMacThl Ha
OCHOBE MOPOIIKOB BOJIb()paMa Juisi COBMECTHOTO

Maructpaur . o
p B)KUTaHUS C AJTFOMOHUTPUIHON KEPAMHUKOM

Tabnuma 4.5 — Lenu u pe3yabTaT IpoeKTa

Pa3paboTka cocraBa MeTalNIM3allnOHHON NIAaCThI Ha
Ienu poexra: OCHOBE MOPOLIKOB BOJIb()pama JijIsi COBMECTHOT'O
BJKUT'aHUs C AJIIOMOHUTPUIHON KEPAMUKOU
ITonydeHnne cocTaBa METAIUIM3ALMOHHON MACThl HA

OxunaeMple pe3yabTaThl
OCHOBE IMOPOLIKOB BOJIb()pama /i1l COBMECTHOT'O

IIPOEKTA! . .
BXKUT'AHUA C ATFOMOHUTPUIHONU KEPAMUKOU

Kpurepun npuemMku CooTBeTcTBUE CBOMCTB MPOTOTHUIIA MaTepHaia

pe3yapTara MpoeKTa: yKa3aHHbIM TPEOOBaHUSIM
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Temneparypa o6xura 1650 °C
TennonpoBogHocTs He MeHee 180 Br/m-K
TpebGoBanus Kk ITony4yenune MmIOTHOW CTPYKTYPBI
pe3yabpTary: METAJUIOKEPAMHUYECKOTO CIIast
Huskoe ynenbHOE HOBEPXHOCTHOE CONPOTUBIICHUE
CJ10s METAJIN3aLUN

4.2.2 Oprasu3anMoHHasi CTPYKTypa NpoeKTa

B »TOoM pasnene HeoOXOoauMO paccMOTpeTb  pabodyl0 TPyHIy JaHHOTO
NPOEKTa, POJb KaKIOTO y4YacTHUKA B JAaHHOM TPOEKTE, a Takke (QYHKIIHH,
BBIMOJHSEMbIE KKIBIM W3 YYaCTHHUKOB M HUX TpPyAO3aTpaThl B JAHHOM Hay4YHO-
UCCIIEZIOBATEIBCKOM MPOEKTE.

Ta6muma 4.6 — Pabovas rpynia npoekra

)%(0) Tpynoza
No ’ Ponsb B Py
MeCTO paboTHI, OyHKIUH TpaThl,
/T MIPOCKTE
JIOJDKHOCTD qac.
Koopaunupyer
NEATENbHOCTh YYACTHUKOB
IIPOEKTA;
vt ALA., p P ’ .
OBOJHWTENIL IOCTAHOBKA IEJIEH U
1. noueHt HOLJ K 77
IIPOCKTa 3a7au4;
H.M. Kuxnepa P ’
KOHTPOJIb CPOKOB
BBITIOJIHEHUSI HAYYHBIX
paboT Mo NMPOEKTy
5 Kyrtumes A.C., HUcnomautens  BeimonHeHne HAyYHOTO 390
' MarucTpaHT MPOEKTa MPOEKTa

Tpyno3arpatrsl ObUTH pacCUYMTaHbl HA OCHOBAHUU CIIEAYIOIINX JTaHHBIX: MPOEKT
BBITIOJIHSIETCA 3 Mecsilla, PYKOBOAMUTENIb NPOEKTAa MPUHUMAET y4yacThe 2 pasa B
HECN0 Ha TPOTSHKEHWH 3 4YacoB, WCTOJIHUTENHW paboOTaloT B CPENHEM S5 NHEH B
HEZEIO 10 6 YacoB.

4.2.3 OrpanuyveHus U J0MyIEHUS MPOEKTA

OrpanuyeHusi MpoeKkTa — 3TO Bce (HAKTOPbl, KOTOPHIE MOTYT TOCIYXHUTh

OI'paHUYCHUCM CTCIICHU CBO6OIII>I Y4aCTHUKOB KOMAaHABI IIPOCKTA, d TAKIKC «KI'PaHUIbI
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OpOeKTay - TMapaMeTpbl MPOEeKTa WM €ro MNpoAyKTa, KOTOpble He OyayT
peaM30BaHHBIX B paMKaXx MPOEKTa.
Orpannyenus u (HakTopbl MOKHO paccMOTpeTh B Tabmuue 4.11

Tabnuna 4.7 — OrpaHudeHus MPOEKTa

daxrop OrpanuyeHust/ JomyieHus
brojker npoekra 266 000 p
Ucrounuk ¢punancuposanus HU TITY HU TITY
Cpoxku npoekTa 20.09.2019 - 5.06.2020
JlaTa yTBepkKAEHUS TUIaHa YIPABJICHUS MPOEKTOM 05.09.2019
JlaTa 3aBepIieHus: MPOEKTa 7.06.2020
Bpewms ncnionbs3oBaHus
[Ipourie orpaHuyeHus U TONMyIICHUS ™
0o0opy10BaHUS.

4.3 IlnanupoBaHue HAYYHO-HCCJICA0BATEIbCKUX PadoT
4.3.1 Ctpykrypa pa0doT B paMKax HAYYHOI0 HCCJIeIOBAHUS
[InanupoBanue KOMILIEKCca HAy4YHO-UCCIIEI0BATEIbCKUX pabor
OCYUIECTBIISIETCS B MOPSIJIKE:
e  ompeaeneHue CTpykTypsl padbot B pamkax BKP;
®  OnpelereHUEe KOIMYECTBA UCIIOTHUTENEH IS KaXKIoi U3 pador;
®  YCTaHOBJICHHE MPUMEPHOr0 BPEMEHU MPOAOKUTEIBHOCTH PadoT;
®  [IOCTpOEHHUE IpaduKa NPOBEICHUS HAYYHBIX UCCIIEIOBAHUA.
Beinonnenne nanHoit BKP He TpeOyeT 001b1I10r0 KOJTUYECTBAa YYaCTHUKOB. B
pabouyro rpynmny BXOAUT HAYYHBIH PYKOBOJIUTENb U CTYIEHT.
[Topsimok 3TamoB padoT U pacnpeAeIeHne UCTIOTHUTEIEH ISl TaHHOW HAy9HO-
UCCJIeIOBATEIBCKON PabOTHhI, MpuBe/eH B Ta0I. 4.8.

Tabnuna 4.8 — Iopsimok 3TanoB padoT U pacnpeieseHue UCIIOTHUTEIEH

No JIOKHOCTH
OCHOBHBIE ATaIbI Conepxanue padboT
pab UCTIOJTHUTENS
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Pa3pabotka 1 CocraBiieHHE U YTBEPKICHUE PykoBonurernb,
TEXHUYECKOT0 3a/IaHHsI TEXHUYECKOT0 3aJIaHHUs Nuxenep
Bri0op HanpaBneHus 5 Bre16op HanpaBienwust PykoBogurerns,
UccnenoBannit HccnenoBanunit Nuxenep
[Togbop u uzyueHue MaTepuaion
3 Nuxenep
10 TEME
KanennapHoe nimanupoBaHue PykoBonurerns,
4
paboT 1o Teme Nuxenep
Teopernueckue 51
[IpoBeneHrne TEOPETUYECKUX PykoBoaurens
AKCIEPUMEHTAJIbHbIE 5
pacueToB U 000CHOBAHUM Nnxenep
UCCJIEA0BaHUsA
6 | [IpoBeneHue FKCIIEPUMEHTOB Nuxenep
CorocTaBiieHHE pe3yJIbTATOB
. AKCIIEPUMEHTOB C PykoBonurernb,
TEOPETUYECKUMHU Nuxenep
UCCIIEIOBAHUSM
o Ouenka MOJIy4YeHHBIX | PykoBoauTens,
pe3yabTaToB Nuxenep
O6o0menne u OIEHKa
Onpenenenue
pE3YJIbTATOB PykoBoauterns,
9 11e71ec000pa3HOCTH MPOBEICHUS
Nnxenep
BKP
IIpoBenenne BKP
Pa3zpaboTka TexHuueckoit
P&3p36OTKa TCXHOJIOT'NHU PYKOBOI[I/ITGJIB,
JIOKYMEHTaIINH ul| 10
Nnxenep
IIPOEKTUPOBAHUE
Nsrorosnenne u| 11 |IlonyyeHue onbITHBIX 00pa3LIOB Nuxenep
UCIIBITAHUE onbiTHOro | 12 | JlabopatopHsie ucneITanus | PykoBogurens,
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oOpasna OTBITHBIX 00Pa3IoB Nuxenep

OdopmieHue KOMIUIEKTa CocraBieHre  MOSICHUTEIbHOU
13 Nuxenep
nokymeHnTanuu no BKP 3alIMCKU

4.3.2 Onpenesnenne TPYA0eMKOCTH BBINOJTHEHHS PadoT

TpynoBele 3aTpaTbl B OOJBIIMHCTBE CIydasX OOpa3ylOT OCHOBHYIO YacTh
CTOMMOCTH pPa3pabOTKH, TO3TOMY BaXHBIM MOMEHTOM SIBJISIETCS  OIpE/eSICHUE
TPYAOEMKOCTH pabOT KaXKAOT0 U3 YIaCTHUKOB HAYYHOTO UCCIIEIOBAHUS.

Jlns omnpeneneHus, OXHUAAeMOro (CpeIHEro) 3HAYEHUSI TPYMAOEMKOCTU o
UCTIOJB3YyeTCs caeayomnas popmyna:

3tmin i + 2tmax i

tO)K i = 5 . (41)

e Ly — OXKHUIaemMasi TpyJ0€MKOCTb BBITIOIHEHHS i-0i paboThI Yel.-/IH. ;
tmin — MUHUMAJIbHO BO3MOJKHASI TPYIOEMKOCTh BBITTOJTHEHUS 3a/IaHHOM 1-0i
paboThl (ONTUMHUCTUYECKAS OIEHKA: B MPEATNOI0KEHUH Hauboliee OJaronpusiTHOrO
CTEUYEHMSI OOCTOSITENIbCTB), YEI.-/TH.;
tmax — MAKCHMAJIBHO BO3MOJKHAsI TPYAOEMKOCTh BBITTOJHEHUSI 33JJaHHOM I-
oii paboThl (MEcCUMHCTHYECKass OLIEHKa: B  NPEANOJOKEHUH Haubosee
HEeOJIaronpuaTHOIO CTEYEHUS] 00CTOSATENBCTB), Y. -IH.
Ucxons u3 0XKUIAEMOM TPYAOEMKOCTH,  PAaCCUUTHIBACTCS
POJIODKUTENBHOCT KaXI0M pabOThI B paboYnX JHSX:

tox(i
Tpi - qi ) (42)

rae T, — IPOJOIKUTENBHOCT OJTHOM paboThI, pad. THEH;
o i — OKUZaEMas TPYJOSMKOCTb BBITIOJTHEHHS 1-0f paObOThI, Yell-HH;
Y; — 9UCICHHOCTh UCTIOIHUTENEH, BHITIOTHSIONINX OJJHOBPEMEHHO OJHY U TY
e paboTy Ha JaHHOM dTare, Yyed.
4.3.3 Pa3paboTka rpadguka npoBeieHUs1 HAYYHOT0 HUCCJIeOBAHUS
JIJ1st mepeBoia TUTETLHOCTH KaKI0TO dTarna u3 pabounx B KaJeHAapHbBIC THHU,
HE00XO0IMMO BOCTIONBE30BaThCs hopmyrnoi (4.3):

Ty = Tpi *Kyan » (4.3)
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riae Ty — IPOJOIKUTENBHOCTD BHIIOJHEHUS 1-i pa0OThI B KaJIEHJAPHbBIX JTHSX;
T, — IPOMOIKUTENLHOCTD BBHINIOJIHEHHUS 1-i Pa0OTHI B pa00YUX JHAX;
Kyan — KO3 (GUITUEHT KaJICHIapPHOCTH.

KoaddummenT kaneHnapHOCTH ONpenesnseTcs Mo Cieayromiei hopmye:

T
Kyan = , (4.4)

TKaJI - TBbIX - Tnp

1€ Ty, — KOTUYECTBO KAJICHIAPHBIX JHEN B TOY;
Ty1;x — KOJIMYECTBO BBIXOJHBIX JHEU B TONY;

Top

— KOJIMYECTBO MPa3IHUYHBIX JHEH B rOAy.
B 2017 roxy 365 xaneHmaapHbIX AHEH, U3 HUX BBIXOJHBIX/Tpa3AHUYHBIX 118 u

pabounx 247 nuent. Torma kodpuimeHT KaaeHAAPHOCTH PaBEH:
365
365—118

B tabmuue 4.9 npencraBneHsl BpeMEHHbIE MMOKa3aTeld MPOBEACHHS HAYyIHO -

1,48.

kyan =

UCCIIE0BATEILCKON paOOTHI.

Tabnuia 4.9 — BpeMeHHbIe MOKa3aTeNH MPOBEACHUS HAyYHOT'O

HCCIIEA0BaHUA
TpynoemkocTs pabor |-
-5
Ha3BaHHe tmin, tmax, tODK! E Tpia Tkia
£ =
Pador yeJ- yeJs- uer- ¢ pad.aH. | KaJd.JaH.
JAHH AHH JTHH E
CocraBieHHE U YTBEP)KIECHUE 1 2 1,4 P 0,7 1
TEXHUYECKOTO 3aJ]aHUs 1 > 14 I/I 07 1
Br100op HarnpaBiieHHS HCCIICTI0BAaHUH 1 2 1,4 P 0,7 1
1 2 1,4 nu 0,7 1
[MonGop u u3yueHNe MaTepruaIoB O
16 22 18,4 nu 9,2 14
TeMe
KanengapHoe nianupoBanue
1 2 1,4 P 0,7 1
pabort o Teme
CornoctaBneHue pe3yabTaToOB
SKCTIIEPUMEHTOB C TEOPETHUYECCKUMU 3 4 3,4 nu 1,7 3
HCCIEeIOBaHUSIM
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[IpoBenenue TeopeTnyECKux

20 22 20,8 10,4 15
pacdeToB ¥ 00OCHOBaHUI
[TpoBeneHne 3KCIEPUMEHTOB 21 23 21,8 10,9 16
ConocraBneHue pe3yabTaToB
SKCTIEPUMEHTOB C TEOPETHICCKUMU 3 4 3,4 1,7 3
HUCCIIENOBAHUAM
O
[IEHKA TTOJTy4YSHHBIX 1 » 14 07 1
pe3yIbTaToB
4 7 5,2 2,6 4
Omnpenenenne 2 3 2,4 1,2 2
1e71eco00pa3HOCTH MPOBEICHUS
3 4 2,8 1,4 2
BKP
Pa3zpaboTtka TexHoI0THN 2 4 2,8 1,4 2
2 4 2,8 1,4 2
[Tomygenue ONMBITHBIX 00pPa3IoB 9 11 9,8 49 7
JlabGopaTopHbIe HCIBITAHUS
17 20 18,2 91 13
OTIBITHBIX 00Pa3IOB
CocraBlieHHE MOSICHUTEILHOMN 3alIUCKA 20 25 22 11 16
5 8
Htoro
66 98

P — pykoBonurens; 1 — Hxenep.

Ha ocnoBe Tabnuipl 4.9 ObLT OCTpOEH KaJICHJAPHBINA TUIaH-TpaduK Tadbauia

4.10 B Buje nuarpammbl [aHTa.
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Tabnuua 4.10 — Kanennapusiii man-rpaguk nposeaenuss HUOKP no teme

T
A,
[1poaomKUTEILHOCTD BBIMOTHEHUS paboT
Jnen
By paGoTsr
P n
1 2 3 1 2 3
CocraBieHue U yTBEpKAECHUE
1 1
TEXHUYECKOT0 3aJJaHus
BriOop HampaBieHus
. 1 1
UccnenoBannit
[Ton6op u n3yueHune MaTepHuaioB MO TEME
- 14
KanennapHoe mianupoBanue
1 3
pabor 1o Teme
[IpoBeneHne TeOpETUIECKUX
. - 15
pacueToB U 000CHOBaHUM
[IpoBenenue SKCIEPUMEHTOB
- 16
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ConocraBieHue pe3ynbTaToB
AKCIEPUMEHTOB C TEOPETUUECKUMU - 3
UCCIIEIOBaHUSIM
O1ieHKa MOTyYEHHBIX PE3YJIbTAaTOB

1 4
Onpenenenue

2 3
nenecoodpasHoctu nposeaeHuss BKP
Pa3paboTrka TexHomoruu

2 2
[Tonydenue onbITHBIX 00pa3IoB

- 7
JlaGopaTopHbIe HMCHIBITAHUS OIBITHBIX

- 13
00pasIioB
CocTaBieHHE MOSICHUTETbHON

- 16
3anucKu

PYKOBOIH/ITGHB B I/IH)KeHep




4.3.4. Boaxer HayYHO-TexHHYeckoro ucciaenopanus (HTH)

4.3.4.1 Pacuer matepuajbHbIx 3aTpaT HTU

Pesynprarel pacuera 3arpar Ha ChIppe B mporecce mnposeaeHus HUP

npeacTaBieHbl B Tabauie 4.11.

Tabnuma 4.11 — 3atparsl Ha MaTepHabl

HaumenoBanne | Ennnnna KonunuectBo | llena 3a | 3atparel Ha
U3MEpEHUS en. pyo. | marepuansi 3,, pyo.

[Topomox

KT 0,70 7800 5460,00
BOJIb(pama
AIN mopormox KT 1,25 2750 3437,50
DTUIOBBIN

hi§ 5,00 100 500,00
CIUPT
Tepnuneon 1 0,30 7000 2100,00
Htoro 11497,50

4.3.4.2 Pacuet 3aTpar Ha 000py/0BaHNe ISl HAYYHO

JIKCIEPUMEHTAJIBHBIX PadoT

Pacuer CBOAUTCA K OIIPCACIICHUIO aMOPTHU3aITMOHHBIX OTQHCHCHHﬁ, TaK KaK

o0opyoBaHue ObLIIO TPUOOPETEHO 0 Havasa BBHIMOJHEHUS JAaHHOW pabOThI

¥ SKCILTyaTUPOBAJIOCH paHHEE, MOATOMY IPH pacueTe 3arpaT Ha 000pyIOBaHHUU

YUHUTBIBAEM TOJILKO paboyue JHU MO AaHHOU TeMe. Bce o0opynoBaHue uMmeercs B

HaJIU4HH.

AwmopTuzanus 000pya0BaHUs paccUUThIBaeTcs 1o ¢popmyiie (4.5):

rac Cn — I[ICpBOHAYAJIbHAA CTOUMOCTD O60py,HOBaHI/ISI;

_Cy-Hg'n

100k ’

H, — nopma amoptuszauuu, %o;

(4.5)

N — KOJIHNYECTBO ,Z[Heﬁ HUCIIOJIB30BaHU 060py,I[OBaHI/I}I;

k — xonmaecTBO pabounX JHEH B TOy.
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Tabnuua 4.12 — Pacuer 3arpat Ha 000pyaAOBaHHE

2 = 7R = =
= Z 3 > EElEEsgs s B | B
= : 2 P 52238 58 2% &
2 Sz 5 ga BmERT H 2 % &
5 3 M a8 = 3 >
- O S 2 o <
1 2 3 4 5 6 7 8
1 | POM- ycranoska JCM-6000 1 13 12 | 180000 631
2 | POA- ycranoska JIPOH-3M 1 17 2 | 12 | 180000 | 195
3 | Teus kamepHas 1 15 3 12 | 3000000 | 4865
4 | lllapoBas menpHHIIA TaOOpaTOpHAS 1 12 8 12 100000 502
6 | Becwl ananutuyeckue Becta B153 1 12 12 - 15000 -
HTOI'O: 21243,00
3arpatsl snexrposneprun; 2001,00
Hroro o crarse: 23244,00
3arpaThl Ha SJIEKTPOIHEPTHIO PACCUUTHIBAIOTCS 110 popmyrie 4.6.
3, =N-t-P, (4.6)

rae N — MOIIHOCTB AseKTporpudopa, kKBT;

t — BpeMst HCTIOJIb30BaHMs 000pPYA0BaHUs, Yac;

P — ctoumocTh aekTpodHepruu, 5,8 py0./kBT.

Pacuer 3aTpaT Ha 3J1€KTPOIHEPIHIO MIpeIcTaBieH B Ta01.4.13.

Tabnuua 4.13 — Pacuer 3arpat Ha 3JIEKTPOIHEPTUIO

HaumenoBanue o6opynoBanus N, xBt/u | t,u | 3arpatsl, pyo.
POM- yeranoska JCM-6000 3,00 16 278,40
P®A- yeranoska JJPOH-3M 3,90 8 162,40
Teus KamMepHas 5,50 14 446,60
[lapoBast MeNBbHHIA JIA0OPATOPHAS 3,00 48 835,20
Becs! ananurnaeckue Becra B153 0,50 96 278,40
Hroro: 2001,00
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4.3.4.3. OcHoBHasl 3apabdoTHAsl MJIATA UCTIOJHUTEJIeH TeMbl
Oxnan pykoBogutens ot TIIY (mouenra, k.T.H) cocTtaBiser 33664 pyOis
(0e3 yuera paiioHHoro ko3¢ duimenta). Oxnaa uHxXeHepa cocrabisieT 9489 pyo.
(0e3 yuera pairioHHOro Kod(dumuenTa), (MPUHATO HA OCHOBE JAHHBIX C OKJIAJ0B
po¢eccopCKO-NPEno1aBaTeIbCKOTr0 COCTaBa M TUIIOMHUKOB-CTY/ICHTOB).
CraThsi BKJIIOYACT OCHOBHYIO 3apa0OTHYIO IUIaTy U JIOMOJHUTEIBHYIO
3apalbOoTHYIO IJIATY:
3sn = 3ocu + 3pom (4.7)
r1ie 3,c; — OCHOBHAsS 3apaboTHasl 1iaTa;
3 1on — JIOTIOJTHATEbHAS 3apaboTHas tiata (10 — 20 % ot 3 ).
OcHoBHast 3apaborHas 1wiata (3,; ) pykoBomuTens ( WHXKEHepa) OT
npennpusTus (Ipyu HATMYUUA PYKOBOJUTENS OT MPEANPUITHS) PACCUUTHIBACTCS T1O
cienytouieit hopmysne:
Bocn = 3an Tp; (4.8)
rae 3, — CPEeAHEIHEBHAs 3apa00THAs IJ1aTa pabOTHHKA, PYO;

30ci — OCHOBHAs 3apabOTHAsI TUIaTa OTHOTO PabOTHUKA,

T p MMPpOAOJZKUTCIIbHOCTD pa60T, BBIIIOJIHACMBIX HAYYHO —

TEXHUYECKUM PabOTHHUKOM, pabd. JH.

CpennenneBHas 3apaboTHas m1aTa paccuuTbiBaeTcs 1o dpopmyie 4.9:
3y M

AH ’
E,

3 (4.9)

rze 3, — MECSYHbIN JTOJKHOCTHOM OKJIaJ| pabOTHUKA, PYO.;
M — konnuecTBO MecsLeB paboThl O€3 OTITyCcKa B TEUEHHE IoJ1a:
npu otnycke B 24 pab.nust M =11,2 mecsdua, S-1HeBHas Heaens,
npu ornycke B 48 pab.nueit M=10,4 Mecsitia, 6-1HEBHAs HENENs,
F. — nedcTBUTENBHBIN T0A0BOM (DOHJ paboyero BpeMEHH Hay4HO-

TEXHUYECKOro NepcoHasa, pad.aH.
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B tabmuie 4.14 npuBeneH 6anaHc pabouero BPEMEHHM KaKJ0ro padOTHHKA

HTH.

Tabnuua 4.14 — bananc pabouero Bpemenu 3a 2017

[Tokazarenu pabouero PykxoBoaurens Nnxenep
BPEMCHHU

Kanennapraoe uucio gaei 365 365
KonnuectBo Hepaboumx

JTHEH: 44 48
(BBIXOJIHBIC THU/ 14 14
npa3IHUYHbIE JHH)

[Totepu pabouero

BPEMCHH:

OTIYCK 56 28
HEBBIXO/BI 110 O0JIE3HU 2 2
JleCTBUTEIIBHBIN

royioBoi (poH1 pabouero 249 273

Bpemenn

MecsiuHbIN TOJPKHOCTHOU OKJIaJl paOOTHUKA:

3 = oxn " Kps (4.10)
rae 3, — 3apaboTHas miata mo TapudHO cTaBKe, pyo.;
K, — paiionnsIil ko3¢ dunnent, pasusiit 1,3 (a1t Tomcka).
Pacuér ocHOBHO# 3apaboTHOM TUIaThl IpUBEAEH B Tab1.4.15.
Tabnuna 4.15 — Pacuer ocHOBHO# 3apaOOTHOM TUIaThHI

Hcnonuurenu Jon Ko = S T pab. Soaw

pyo. pyo. pyo. JTH. pyo.
PykoBonuTenb 33664 1,3 65644,8 2741,8 16 43868,8
Nuxenep 26300 1,3 51285,0 2104,0 44 92576,0

Hroro 3,.; 136444,8
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Pacuer nonosHUTENBHOM 3apab0OTHOM TUIATHI BEAECTCS O CIICTYIOIICH
dopmye (4.11):
3pon = k,uon *Boci » (4.11)
r1e Kyon — KOO GHUIUEHT TOMOTHUTEILHOM 3apa00THOM I1aThl (HAa CTaIHH
npoeKTUpoBaHus npuHuMaercs paBabiM 0,10 — 0,15).
OG6mras 3apaboTHas UCTIONHUTEINEH paOOThI MpeacTaBieHa B Tadauie 4.16.

Tabmuma 4.16 - O0mias 3apaboTHA IJ1aTa UCTIOTHUTEIEH

HUcnonnurenn 3ocus PYO. 3 0m> PYO. 3.1, PYO.
PykxoBonuTens 43868,8 4386,9 48255,7
Nmxenep 92576,0 9257,6 101833,6

4.3.4.4. OTuncjieHus1 BO BHeOIOKeTHBIE POH/IbI (CTPAXOBbIE
OTYHCJIEHHUS])

Benuuyuna oruucienuii Bo BHEOIOXKETHBIE (DOH/IBI PACCUUTHIBACTCS
nocienyroeit hopmyne (4.12):

3gues = kBHe6 ’ (30(:1-1 + 3,:[011)' (412)
T71€ Kynes — KOO PUITMEHT OTUKCIICHUI Ha YIIJIATy BO BHEOIOKETHBIC

douasl, 27,1%.

B 1a6:1.4.17 npencTaBieHbl OTYUCICHUS BO BHEOIOKETHBIE (DOH/IBI.

Ta6muma 4.17 —OTuyucieHus: BO BHEOIOHKETHBIE (hOH/IBI

JlononauTenpHas
OcHoBHas 3apaboTHas
HcnoaHuTe b 3apaboTHas TUIaTa,
miaTa, pyo.
pyo.
PykoBoauTens mpoekTa 43868,8 4386,9
Hmxenep 92576,0 9257,6
Koaddunment oruncnenuit
0,271 0,271
BO BHEOIOPKETHBIC (DOH/IBI

Hroro: 40674,2
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4.3.4.5. HaknaaHbie pacxoabl

HakmamHaeie pacxonmbl BKIOYAIOT B ce0s CICAYIOMHUE PacXobl: TEYaTh
KCEPOKOTMPOBAHNE MATEPHUAIOB MCCIICOBAHMUS, PA3MHOKCHIE MAaTEPUAJIOB | T.]I.

Bennuuna HakIaaHBIX pacxomoB onpenensercs mo ¢popmyne (4.13):

Buaxn = (cymMma cTareit 1+ 4) - kyp, (4.13)
rae Ky, — Koo puuuent, yunTsIBaromni Hak1agHbie pacxoasl (16%).

Benmnunny kodduumenta HakIaIHbIX PacXonoB Ky, OMYCKAETCS B3ATh B
pasmepe 16%. Takum oOpa3om, HakiIajaHble pacxoasl Ha JnaHHeie HTU
COCTABJISIOT: 3.1, = 0,16 ¢ (15068,87 + 60867 + 136444,8 + 40674,2) = 40488,78

4.3.4.6. ®opmupoBaHue 0101KeTa 3aTPAT HAYYHO-HCCJIEA0BATEIHCKOI0
NMpoeKTa

Pacuer Oromkera 3aTpar Ha HAYYHO-UCCIIEIOBATEIHCKUM MMPOCKT MIPUBEACH
B Ta0auie 4.18.

Tabnuna 4.18—Pacuer Grokera 3atpat HTU

Cymma, pyo0.

HanMmeHnoBanue ctaTtbu [Tpumeuanue

PykoBoautenn
Nuxenep

1. Matepuanshusbie 3aTpatsl HTU 11497,50 Tab6n.4.11

2. 3atpathl Ha cnenuaibHOEe 000PYI0OBaHNE
23244,00 Ta6m.4.12
JUTSI HAYYHBIX (9KCTIEPUMEHTAIBHBIX ) padoT

3. 3aTpaThl MO OCHOBHOM 3apabOTHOM
43868,8 | 92576,0 Tabmn. 4.16

J1aTE UCIIOJITHUTEIEU TEMBI

4. 3aTpatsl o JIOTIOJTHUTEIIbHON
4386,9 | 9257,6 Tabm. 4.16

3apabOTHOM IJIaTe UCIIOTHUTEIEH TEMbI

5. OTunciieHus BO BHEOIOKETHEBIE
40674,2 Tadon.4.17
DoHabI
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16 % ot
6.HaxkmaHbie pacXosl 40488,78
CYyMMBI CT. 1-5
7.bromxer 3atpar HTU 265993,78 Cymma ct. 1-6

Kak Bumno u3 Ttabmuimpsl 4.14 ocHoBHblie 3aTparsl HTU mpuxonsrcs Ha
OCHOBHYIO 3apa0OTHYIO IUIaTy UCIIOJIHUTENEH TEMBI.

4.4 OnpenesieHne pecypcHou, PUHAHCOBOM, OIOIKETHOM, COUMATBLHOM U
IKOHOMMYECKOU IPPEKTUBHOCTH UCCICAOBAHUSA

Jist onipenenenust 3pHEKTUBHOCTH HEOOXOAUMO CPABHUTH TEKYIIHM MPOEKT
C pa3nuuHbIMU ero ucnoigHeHusamu. Mcn. 2, Mcn. 3 — TeXHOIOrUM U3roTOBJIEHUS
METAIUTIOKEPAMUYECKUX U3JENUI U3 OKCHIA AIIOMUHUA WU OKCHJa OepHIuIus
COOTBETCTBEHHO C Mocleayroie Boiab(dpamMoBoil Meramnuzarnued. PaznuunHoe
UCIIOJIHEHNE MJIET C MCHOJIb30BAHUEM DPA3JIMYHOIO ChIPhS U PEaTU30BBIBAIOCH HA
npeanpusatuax 3A0 «HOB3-KEPAMUKC» u HIIIT "HMctok" cOOTBETCTBEHHO.
Texymmii MpOeKT OPUEHTUPOBAH HA COBMECTHO CIIEKAEMYIO AIIFOMOHHUTPUIHYIO
KepaMUKy U BOJIbPAMOBYIO METAILTU3AIIHIO.

Onpenenenue >(G(EKTUBHOCTH  MPOUCXOAUT HAa  OCHOBE  pacuera
UHTErpajgbHOro nokazaresns 3p(HEeKTUBHOCTH HAYYHOI'O UCCIIETOBAHMS.

WNHuTerpanbHblil pUHAHCOBBIN MOKa3aTenb pa3pabOTKU PACCUUTHIBACTCS KaK:

ucni chi 4.14
Iynup = ’ (4.14)
d
max
1€ [y, — MHTErpaNbHbIH (UHAHCOBBIH MOKa3aTenb Pa3paboTKy;

(Dpi_ CTOMMOCTH I-TO BapHaHTa UCIIOJIHCHUA,
(Dmax — MaKCUMaJIbHas CTOMMOCTDH HMCIIOJTHCHHSI.

CDTeKym.npoelcT:265993'78 py6, CI)ncn.l = 280000 py6= (Dncn.2 =290000 py6

s 265993,78

e = 390000 — 092
e _ 280000
¢unp T 990000 7’
o 290000

P T 990000
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WNHuTerpanbHblil mokazarenb pecypc 3pGEeKTUBHOCTH PACCUUTHIBACTCS KaK:

Iy

= z(ai - by),

e I,; — MHTErpaIbHbIA MOKa3aTenb peCypcodPHEKTHBHOCTH,

(4.15)

a; — BECOBOM KOA(DPHUIMEHT 1-TO BapHaHTa UCTIOTHEHHSI pa3paboTKu;

b; — GanbHas oleHKa I-ro BapHaHTa MCIIOJHEHHS Pa3padOTKH.

CpaBHuTeNbHas OIIEHKA XapaKTEPUCTUK BapUAaHTOB O0BEKTa MPEACTABIICHAB

tabmurie 4.15.

Tabnuua 4.15 — CpaBHUTENbHAS OLEHKA XapaKTEPUCTUK BAPUAHTOB UCIIOIHEHHUS

IPOeKTa
Becosou
Texkymuit
Kpurepun koA PUIMEHT Ucn.2 Hcn.3
[Ipoekt
napameTpa
1.CnoXHOCTh TEXHOJIOTUH 0,3 5 4 4
2. JvsnekTpuyeckue
P 0,25 5 5 3)

CBOMCTBA
3. Temnopusznueckue

0,1 5 4 5
CBOWCTBA
4. KoadpduuueHnt  TemioBoro

0,1 4 4 4
pacIIpeHus
5.CriocoOHOCTh K

0,15 4 4 4
MeTaJUTA3 K
6.MartepuaioeMKoCTh 0,1 5 4 5
Htoro 1,00

HOI[J'IO)KKI/I JOJIDKHBI 06HaIlaTI> XopomuM TCIIOOTBOAOM, OTBOA TCILJIAa OT

HarpeBaTCIbHbIX 9JICMCHTOB

(Termoduznyueckue

CBOICTBA),

HHU3KHUM

K03 (OUIIMEHTOM TEIJIOBOTO PACIIMPEHHUs, 4yTOO TMpPU HATrpEeBAHUU 10 BBICOKUX

TEMIIEpaTyp HE YBEIMYMBAIOCH B pa3Mepax. XOPOIIMMH JUAIEKTPUUYECKUMU

CBOﬁCTBaMH, KOTOPBIC IMOKA3bIBAKOT, HACKOJIBKO XOPOIIUM H30JIATOPOM ABJIAIOTCS
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IHOAJIOKKH. C0XHOCTh TCXHOJIOTHH, HC KaXKaasd KOMIIaHUuA CIIOCOOHA M3TrOTOBHUTH
IMTOAJIOKKH.

I

o, = 03°5+025-5+0,1-5+0,1-4+0,15:5+0,1+5 = 4,9;

Ipyen1 =0,3:4+025-5+0,1-4+0,1-44+0,15-4+0,1-4 =4,25;
Ipyenz =03-4+0,25-5+01-5+0,1-4+0,15-4+0,1-5 = 4,45;
CpaBHuTeNbHAsA OIEHKA XapaKTEPUCTUK BAPUAHTOB OOBEKTA IMpECTaBIICHA

B Tabaune 4.16.

Ta6numa 4.16 - CpaBHuTenbHas 3¢ (HEeKTUBHOCT pa3pabOTKH

Texymun
ITokazarenu Hcen.1 Hcn.2
MIPOEKT
WNuterpanbHbiii GMHAHCOBBIN MOKa3aTeh
0,92 0,97 1
paspaboTKH Igyyp
NHTerpanpHbIi TOKa3aTenb
4,9 4,25 3,45
pecypcodddextuBHoCTH paspaboTku I,
WHTerpanbHbIil moka3arensb d3GdekTuBHOCTH | 5,326 4,381 3,45
CpaBHurenbHas 3(pPEeKTUBHOCTh BAPUAHTOB
1,083 1,025 1,000
Ucnonuenus

B xone onpenenenus 3pHEKTUBHOCTH UCCIICIOBAHUS HAIIl IPOEKT SIBJISIETCS

6osee 3pPEeKTUBHBIM 1O CPABHEHUIO C KOHKYPEHTaMHU.

3aki04eHue Mo pasjery

B Xoxe momHO#N OIEHKH CTOMMOCTH TMPOBEIEHUS HAYYHOT'O HCCIIETOBAHHS
obL1 chopmupoBaH ero Orojker. Bece nmeBiieecs Ha MOMEHT Havajla POBEACHUS
UCCIICZIOBAHNSA XHMHUYECKOE ChIpbE OBLJIO TPUHATO, KaK BHOBb KYIUIEHHOE IIO
TeKymuM 1eHaMm. [[ns mMeBmierocs oOOpyIOBaHUS pacCUYUTaHA aMOPTHU3ALINA,
obopynoBanue croumoctbio MeHbie 100000 py6. cuuranoch MprHOOPETEHHBIM.

O6muit 6r0xer HTU coctaBun 265993,78 py6.

C Touku 3peHHs pecypcodPPEeKTUBHOCTH, MAaHHBIA TPOEKT SBISETCS

INCPCIICKTUBHBIM U KOHKypeHTOCHOCOGHBIM M0 CPaBHCHUIO C CYIICCTBYIOIIMMMH
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TEXHOJIOTUSIMM, TaK KaK B OTJIWYHME OT aHAJIOIOB B IPOEKTE MPEAyCMOTPEHBI
MEHBIIIME 3aTpaThl Ha C€e0EeCTOMMOCTh Oyaylied MNPOAYKIMH 3a Cuer
UCIIOJIb30BAHUSI MECTHBIX HEJOPOTMX CHIPhEBBIX MaTEpHAIOB U  Oolee

COBEPIIICHHON TEXHOJIOTHHU.
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CHAPTER 1. LITERATURE REVIEW

1.1 Aluminum nitride

Aluminum nitride (AIN) is a powdery white material or watery-white
transparent crystals of a hexagonal crystal structure that is analogous to the zinc
sulfide structure known as wurzite.

Aluminum nitride is a ceramic material that has high thermal conductivity
and good insulation properties. These properties are due to the widespread use of
aluminum nitride in power engineering and microelectronics.

1.1.1 Physical properties

Aluminum nitride is a material that has covalent bonds and has a hexagonal
crystal structure, shown in figure 1.1, which is an analog of the structure of zinc

sulfide. The spatial symmetry group for this structure — P63mc.

AR N

Figure 1.1 — Crystal structure of aluminum nitride [2]
Powdered aluminum nitride is usually white in color, single crystals are
watery white and transparent. Pure aluminum nitride has a density of 3.26 g / cm®.
The melting point of AIN is in the range from 2000 to 2500°C, which is due
to the decomposition of aluminum nitride into components before reaching the
melting point [3].
The Mohs mineralogical scale hardness ranges from 5 to 10 units and the

Knup hardness (microhardness at 100g load) averages about 1200 kg/mm2.
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The band gap width AIN is equal to AE=4.26 eV. This temperature
dependence of electrical resistance is typical for semiconductors and dielectrics.

Aluminum nitride has an extremely high thermal conductivity from 160 to
260 W/m * K, which is comparable to beryllium ceramics, and a fairly low
coefficient of thermal expansion of 4.5¢10-6 °C-1 in the range of 100 — 500 °C,
which is similar to quartz crystals and glass.

1.1.2 Chemical properties

Powdered aluminum nitride slowly dissolves in hot mineral acids.
Interaction at lower temperatures is very weak. AIN does not react with cold
hydrofluoric acid. Concentrated hot solutions of alkalis decompose aluminum
nitride with the release of ammonia.

In air, the oxidation of aluminum nitride powder begins at a temperature of
1200 °C [3], and according to other data [4] - at 900 °C. The rate of corrosion
under the action of hot gases depends on the density of products made of alumina
nitride. Some studies have shown [5, 6] that when sintered nitride is heated at 1200
° C for 1 hour, 11% of the nitride turns into aluminum oxide, and when a sample
obtained by hot pressing is oxidized, about 1% of the nitride turns into oxide at
1400 ° C for 30 h.

Aluminum nitride is resistant to melts [5]: aluminum (up to 2000 °C),
gallium (up to 1300 °C), boric anhydride (up to 1400 °C), etc. It is also stable in
contact with tungsten and molybdenum up to 1800 °C [7].

In the environment of hydrogen and carbon dioxide, aluminum nitride has a
stability of up to 980 °C [3]. With dry halides, AIN reacts extremely slowly, pure
chlorine begins to decompose it at a temperature of 760°C to form AICI3 [8], dry
hydrogen chloride practically does not act. Aluminum nitride can partially
decompose when heated with sulfur and carbon disulfide gas, as well as with
phosphorus; when reacting with sulfur chloride vapors, AIN decomposes quickly,

but does not react with PCI3. The reaction with carbon begins at a temperature of
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1200 °C [3]. Sodium peroxide decomposes aluminum nitride to form nitrates, and
AIN is completely and rapidly decomposed by lead dichromate [9].

Aluminum nitride ceramics are significantly more resistant to acids, alkalis,
and other reagents than powdered AIN. For example, ceramic samples from AIN,
which are more stable when boiled in concentrated sulfuric acid, are also difficult

to react to hot nitric and hydrochloric acids [3].

1.1.3 Application area
Aluminum nitride ceramics are used in various electronic devices, radio

electronics and other fields of technology. Thus, it can be used as a heat sink in
high-power lighting devices, a heat-resistant electrical insulator and substrates for
electric heating elements.

As a promising heat-conducting material for use in electronic engineering in
the construction of power devices, Peltier elements, light-emitting diodes and
microwave transistors.

One of the areas in the energy substrate used as cases and carriers for chip-
to-chip LEDs. AIN ceramics are similar in thermal expansion coefficient to silicon
and gallium arsenide, the basis of most crystals used in power electronics and
power engineering.

1.2 Methods of forming AIN ceramics

There are several methods of forming nitride ceramics, such as: isostatic
pressing, hot pressing, slip casting on film, cold pressing in molds.

1.2.1 Slip casting

In the manufacture of products by the method of slip casting, mainly a slip
on an organic bond is used, since aluminum nitride is hydrolyzed when interacting
with water. Casting of the slip is carried out on a laboratory installation of the

KEKO type; figure 1.3 shows the installation diagram.
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Figure 1.2 diagram of the casting on the installation KEKO[10]

First, all raw materials, such as solvents, plasticizers, binders, etc.are mixed
in special drums until a homogeneous suspension (ceramic slip) is obtained with
the required parameters for viscosity, binder content and solvent. Usually casting is
carried out at a temperature of 22-25 °C and a viscosity of 60-80 PA*s, these
conditions are optimal for casting [11].

The quantitative ratio of the organic and inorganic phases affects the
following parameters:

Shrinkage of the material. As the amount of organic matter increases,
shrinkage increases.

Roughness. As the fraction of the organic phase increases, the roughness of
the tape decreases, Since the gaps between the particles are filled with organic
matter.

Ultimate strength and elongation. As the amount of organic phase increases,
the tensile strength and elongation increase.

The finished slip is vacuumed before casting to remove gas bubbles from the
volume of the liquid mass. The mixed and prepared slurry is fed by a pump into the
flow tank, which automatically maintains a constant level of the slurry.

It is proposed to use a KEKO injection molding machine for forming

ceramic substrates made of aluminum nitride. On the frame is a conveyor system
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consisting of guide rollers, drives and two drums for drawing a roll of Mylar film,
on which a plasticized ceramic slip is cast. The casting mass is fed by a pump into
the flow tank, which automatically maintains a constant level of the slip. This is a
prerequisite for high-quality casting, since the hydrostatic pressure of the mass
column affects the flow of the slip and its distribution along the Mylar tape using a
system of squeegee knives. The thickness of the formed ceramic film is regulated
by the height of raising the gate and squeegee. To improve the stability of the
casting process, it is recommended to provide ultrasonic vibrations to the die part
of the continuous film casting unit.

The ceramic film on the Mylar tape enters the drying zone where the solvent
evaporates under the influence of infrared radiation or a flow of heat carrier (hot
air). The structure of the film remains a binder and plasticizer, which combine the
particles of mineral powder, and give strength and elasticity to the film. After the
end of the drying process, the formed film is wrapped in a roll, which is sent for
further processing.

1.2.2 Cold pressing in molds

The applied press powders are a loose powdery mass, so cold pressing in
molds can also be called semi-dry pressing. The bulk mass is mixed with the
plasticizer and lapped through the mesh in order to form granules. Then dry and
remove some of the solvent until the desired properties are achieved. You can
control the following parameters of press powders: bulk density, flowability,
humidity, or other solvent content as a percentage.

The powder is poured into a measuring Cup so that it is higher than its
edges, then the surface is compared with a straight plate, then weighing is carried
out. This is how the bulk mass is determined. A special funnel with a valve is
necessary to measure the speed of passage of the powder through the calibrated
hole. This method determines the flowability [12].

If the pressing speed is too high, the workpiece can capture the surrounding

air, since it does not have time to escape into the environment. This negatively
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affects the workpiece, as it reduces the density, which can lead to subsequent
destruction.

If you apply too high pressing pressure values, then there is a re-pressing,
that is, there are stratifications of the workpieces. During pressing, the density of
the workpiece increases with increasing pressure, this relationship is shown in the

graph in figure 1.3 [12].
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Figure 1.3 the Dependence of the product density from compacting pressure
[12]

On the site (a), the particles are laid mainly due to their sliding and contact
without deformation with the destruction of arches and bridges that are formed by
the particles. Elastic deformation (repulsion) appears on the site (b). The section
(b) is characterized by brittle destruction or plastic deformation. After removing
the blanks from the mold, their reverse expansion occurs, due to the action of
elastic deformation forces, which sometimes increases the porosity of the product
in the future. To prevent this phenomenon, the workpieces must be subjected to
exposure at a given pressure to reduce stress. Also, to reduce the porosity of the
material obtained after sintering and reduce the amount of air captured by the
blanks, pressing is used at low pressure or in a vacuum [12].

1.2.3 Hot pressing

Hot pressing is a combined pressing and sintering process. This process
depends on the characteristics of powders and a number of other factors, hot

pressing is usually carried out at a temperature of 0.5-0.8 of the melting
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temperature of the formed material, and at a specific pressure from units to tens of
MPa [13].

The hot pressing process can be divided into three stages, characterized by
different compaction mechanisms.

At the first stage, the particles are rearranged as a result of their mutual
mixing, while plastic deformation during the compaction process is not decisive.

The second stage is characterized by slower density growth. The main
mechanism of this stage is plastic deformation associated with dislocation
movement and occurring at stresses exceeding the yield point.

At the third and final stage, the density of the material increases very slowly,
while the compaction process is caused by the so-called “creep under pressure™ and
Is caused by the volume diffusion of atoms and vacancies [14].

Methods and technological modes of hot pressing. The technology of
obtaining products by hot pressing consists of the following main operation:

- powder preparation;

- preparation of the mold;

- powder loading into the mold and pre-pressing;

- hot pressing.

Schemes of installations for the implementation of the hot pressing process
are very diverse. Figure 1.4 shows an example of an installation diagram and a hot

pressing mold [15].
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Figure 1.4. Installation diagram (a) and mold for hot pressing [15]: 1 -
thermocouple; 2 - a water-cooling system; 3 - metal reflective plate; 4 - heater
silicon carbide rod; 5 -corundum rod for transmitting the pressure; 6 - the mold; 7 -
movable punch; 8 - the lower punch; 9 - case mold; 10 - the upper punch; 11- hole
for thermocouple.

The installation consists of a furnace and a high-pressure pressing
mechanism. The furnace has a cylindrical shape and is heated by silite rods.

Before the implementation of hot pressing, first of all, pre - (atmospheric)
pressing is usually carried out, and then the pressings are placed in forms for hot
pressing. During hot pressing, three main parameters must be set — the maximum
process temperature, the maximum pressure at the maximum temperature, and the
duration of applying the maximum pressure at the maximum temperature [15]. In
the same paper, various schemes of hot pressing methods with variations of the
parameters under consideration are presented.

Hot pressing modes should be selected taking into account the size and
shape of the product, which may affect the stress state scheme during deformation,

as well as the physical, chemical and mechanical properties of the initial powders.
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1.3 Methods of metallization of ceramics

Metallization of inorganic dielectrics is used to give the surface of parts
made of these materials metal properties: electrical conductivity, thermal
conductivity, soldering ability.

Currently, there are at least a hundred compositions of metallization
coatings. The main components of most coatings are refractory metals-
molybdenum or tungsten. They are introduced into the coating in a fine state.

Other components of metallization coatings are additives of various
substances, which are used as metals (Fe, Mo, etc.), oxides (A1203, Sg203, TiO2),
carbides and nitrides (TiC, TiN), silicides (MoSi, FeSi), borides (MOV, Mo2b5),
hydrides (Tin2), glasses and other compounds. The main purpose of the
implemented additives is to achieve a strong metal-ceramic connection of the main
component of the coating (Mo or W) with ceramics during the incineration of the
metallization coating, and to obtain vacuum-dense, mechanically strong and
thermally resistant metal-ceramic junctions during the soldering process.

In practice, the following scheme of ceramic metallization is most often
used, including subsequent operations [16]:

- Grinding of metal powders with added additives;

- Preparation of metallizing pastes;

- Applying the composition to ceramic parts;

- Incineration of the metallization coating;

- Applying the second layer of metal to the metallization coating-Nickel
plating.

When using this technological scheme, the metallization layer is formed
after the fourth operation - incineration. Applying a second layer of metal is
necessary to improve the wetting of the surface of metalized ceramics with solders
when soldering nodes. Many solders do not wet the metallization layer well, since
it has a dielectric phase that can be up to 30% in the layer. If the solder is well

wetting the surface of the metallization, then Nickel plating is not carried out.
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More simple is the technology according to which soldering of ceramics
with metals is performed without preliminary incineration of the metallization
layer into the ceramics [16]. In this case, the metallization process consists of only
three technological operations: powder grinding, paste preparation and coating.
According to this method, strong vacuum-tight and heat—resistant junctions are
obtained when soldering with copper solder and some copper—based solders (Cu-
Au, Cu-Ge). When soldering with silver solders, it is not possible to obtain a
reliable junction. A significant disadvantage of the method is that the unabated
layer is not firmly held on the surface of the ceramic and can easily be broken
when assembling parts into a node.

Another method of metallization of ceramics, which consists of three
technological operations, is the metallization of semi-burnt ceramics [16], in which
the operation of incineration of metallization is combined with the operation of
final firing of ceramic parts. Using this method, tightly sintered metallization
layers are obtained, and the strength of the joints is 25-30% higher than the
strength of the joints obtained by conventional technology. The main drawback of
this method, which prevents widespread use, is that the existing technology for
manufacturing ceramics does not provide constancy of shrinkage and,
consequently, the geometric dimensions of ceramic parts. It is almost impossible to
use parts metallized in this way in nodes with precise geometric dimensions. This
method can be successful when soldering small parts (up to 5-7 mm in size.

Also in practice, methods of plasma metallization to and metallization with
solutions of salts of refractory metals are used[16]. During plasma metallization,
the powder of a refractory metal (usually molybdenum with or without additives)
Is fed into the plasma torch flame and transferred to the part by a directed plasma
flow. Short-term residence of powder particles in the plasma torch, which has a
temperature of several thousand degrees, leads to the fact that fused particles of
refractory metal are applied to the surface of the ceramic. This creates a

metallization layer, whose adhesion strength to ceramics is usually low. Ceramics
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metallized by this method make it possible to obtain strong and vacuum-tight
junctions only when soldering with copper solder. To obtain strong and vacuum-
tight junctions with other solders, the operation of burning the metallization and
applying a second layer of metal to it is necessary.

Metallization with solutions of salts of refractory metals (for example, with a
solution of Li2Mo00O4) consists in applying a layer of salt solution to the surface of
ceramic parts to be metallized, and then the part is subjected to drying and heating.
During heat treatment, the salt decomposes, restores it to metal, and interacts with
ceramics. As a result of these processes, a metallization layer with a thickness of 5
to 15 microns is created on the surface of ceramics.

1.4HTCCuLTCC

One of the most important and most energy-consuming technological
operations is the firing stage, in which a number of physical and chemical
transformations occur in ceramic products, which are completed by the sintering
process. When making multilayer ceramic modules and metallization of ceramics,
the firing stage may be repeated, this negatively affects the characteristics of
products, and also leads to an increase in resource and energy costs. To solve these
problems, a combined firing of the metal layer and ceramics was developed.

Co-firing can be divided into low-temperature (LTCC) and high-temperature
(HTCC)

High-temperature ceramic packages (HTCC) are fired at a temperature of
approximately 1550-1850 ° C, with refractory metals such as W, Mo and Pt used
as the conductor layer.

Low-temperature ceramic packages (LTCC) are fired at a temperature of
about 800-1000 ° C, and the following metals are used as conductors: Cu, Ag and
Au.

The technology of production of high-temperature ceramic modules (HTCC)
is one of the most modern and provides the most reliable sealing of microelectronic

products.
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As the main material for the production of boards using HTCC technology,
raw ceramic sheet is used: from Al203, or AIN, as well as other components. First,
a ceramic mass is obtained, which is diluted with organic matter and mixed into a
slip. Ceramic tape flows from the slip. Transition and leveling holes and voids are
made in raw ceramic sheets.

A metallization paste is applied to the ceramic tape, usually using screen
printing, and the outlet holes are also covered, which are applied with a tungsten
paste to the surface of the ceramic sheets, followed by drying and curing in the
oven.

Each ceramic sheet with a printed pattern and metallized holes is combined
and stacked. Carry out cutting down on the size to separate the boards from the
total weight and surface treatment. Sintering of ceramics and tungsten
metallization is performed at a temperature of 1500-1850°C.

For better wetting of the solder before soldering, all metal and metallized
surfaces are coated with Nickel. Output frames of cases, Kovar rims and heat sinks
to metal contact pads are soldered using silver-copper eutectic melt (or pure silver)
at a temperature of 800-1000°C. All exposed metal and metallized surfaces of the
housing are coated with metal (often gold with a Nickel sublayer) by an
electrolytic or electrolysis method to protect against environmental influences.

Advantages of HTC technology[17]:

- small size tolerances — thanks to the small CTE, increased dimensional
stability of the housings is ensured,;

- the coefficient of thermal expansion (CTE) of high-temperature ceramics is
quite close to the CTE of silicon, which allows you to mount the crystals directly
on the ceramic base;

- sufficiently high dielectric and thermal characteristics of the housings;

- possibility of manufacturing multi-layer sealed ceramic boards, since high-
temperature ceramics have a dense structure, and after sintering, multi-layer

ceramic modules become monolithic;
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- extremely high hardness of the ceramic materials used.

Multilayer ceramics received its further development with the introduction
of LTCC technology, when ceramics were mixed with special glasses. The firing
temperature of the ceramic has decreased to 850°C, which has led to a significant
simplification of the production process. Currently, LTCC technology includes
ceramics fired at temperatures below 1000°C.

The production process of LTCC ceramic products begins with the creation
of a ceramic suspension by mixing ceramic powder, organic binders, solvents and
modifying additives. A ceramic tape is subsequently formed from the suspension.
The tape is cut into sheets of the required size according to the available
equipment. Then the transition holes are formed, the transition holes are filled with
a conductive paste, and the topology is formed using special conductive and
resistive pastes. Ceramic sheets are combined, laminated, cut into separate
elements and fired. The process of heat treatment of ceramics usually consists of
an isostatic laminated stage at temperatures of 60-70 °C under pressure, the stage
of burning organic matter at temperatures of 450-500 °C for 2-2.5 hours, followed
by firing at a temperature of 850 °C for 10 minutes.

Low firing temperatures allow the use of metals with low resistivity (gold,
silver). This is one of the key advantages of LTCC technology, as it significantly
reduces the cost of creating a multi-layer ceramic structure and improves
performance. The use of silver reduces the electrical resistance of the conducting
layers, and the oxidizing atmosphere (air) makes it possible to jointly use oxide
ceramics with a high coefficient of permittivity.

Among the main advantages and features of LTCC technology, we note the
following[18]:

- Extremely good electrical characteristics and stability up to millimeter
wavelengths.

- Excellent mechanical stability and preservation of linear dimensions.
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- The CTE of low-temperature ceramics is close to the CTE of the main
semiconductor materials of electronics (Si, GaAs, InP). This allows you to mount
the semiconductor crystals directly on the base of the Board.

- Excellent thermal conductivity. The thermal conductivity of LTCC
ceramics is 2-4 W / MK, which is much higher than that of printed circuit boards
based on organic materials (0.1-0.5 W/MK).

- Tightness and possibility of high-temperature soldering.

1.5 Problem of creating a strong metal-ceramic connection
Successful application of ceramics in many devices and structures requires a

certain type of connection with metal. However, obtaining high-strength
compounds between ceramics and metals is a difficult task. The properties of
ceramics that make them attractive can create serious barriers to joint production.
To obtain an adequate bond quality, high temperature and pressure are often
required, as well as the use of bonding media (glass compositions) with reactive
elements. However, even the successful formation of the gap layer does not
guarantee the mechanical strength of the joint. The inherent differences in physical
properties between ceramics and metal make it very difficult to find an effective
bonding process that preserves all-round strength and flexibility. There are two
main factors that cause the problem of connection reliability, such as mismatch of
the coefficient of thermal expansion (CTE) and the difference in the nature of the
bond of the metal-ceramic layer[19].

1.5.1 CTE

Cermet compounds are an important class of components due to their use in
aggressive environments. As a rule, a metal-ceramic compound creates a field of
residual stresses that occurs in the process of thermomechanical manufacturing and
is associated with the difference in CTE between ceramics and metal. Residual
stresses have a significant impact on the mechanical stability of the interface, as
they can cause plastic deformations on the metal side and cracking in the ceramic,
thereby breaking the adhesion or even causing the joint to break.
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Thermal stress can be removed by two different methods. One method
introduces a metal with approximately the same coefficient of thermal expansion
as that of ceramics to reduce the amount of thermal stress generated, while the
other method involves removing thermal stress using a ductile metal that easily
develops plastic deformation under thermal stress. These two methods can also be
used in combination.

To overcome and reduce the residual stress mentioned above caused by the
mismatch of the coefficient of thermal expansion between the materials being
joined, the following methods can be used[20]:

Using soft filler metals, soft filler metals have a low yield strength and can
relieve residual stress.

When using a soft intermediate layer, the residual stress can be reduced by
elastic and plastic deformation of the intermediate layer, for example, when using
Al or Cu as an intermediate layer, the residual stress is reduced.

The use of solid metals whose thermal expansion coefficient is close to that
of ceramics as an intermediate layer. Use of hard metals such as W, Mo, etc. as an
intermediate layer, it can reduce the residual stress.

Use of a composite intermediate layer, where the composite intermediate
layers are often hard metals and soft metals, such as Cu / Mo-Cu / Nb, which have
a noticeable effect on reducing residual stress, combining the advantages of these
two types of metals.

Low temperature connection, when the connection of ceramics with metal at
low temperature is good to reduce the joint deformation and effectively reduce the
residual stress.

Additional heat treatment to remove residual stress.

The appropriate connection configuration can reduce the stress concentration

and reduce the residual stress.
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1.5.2 Differences in the nature of communication

In ceramic and metal joints, the properties of the interface significantly
affect the mechanical reliability of the joints. The mechanism of bond formation at
the interface determines the structure of the layer, which strongly depends on the
processing conditions, as well as on the materials. Binding mechanisms can be
classified in terms of mass transfer through the intermediate layer. When there is
only charge transfer without mass transfer, the binding is called chemical binding.
In some literature, this is also called physical or adhesion. When mass transfer
occurs at the interface, such as a chemical reaction and diffusion, the binding
mechanism is called a chemical binding reaction[19,21].

Chemical reactions at the interface lead to the formation of interfacial
reaction layers, whose properties differ from both ceramics and metal. This can
have a beneficial effect on the quality of the joint by increasing the initial
wettability of the metal on ceramic surfaces, however, thick reaction layers
increase the volume mismatch stresses and thermal residual stresses that degrade
the strength of the joint. For example, soldering is a method of joining that
includes anomalies and gaps that occur on the surfaces of work that is brought into
a tight coupling state by the liquid phase. It is also known that solid-phase
coupling, including good adhesion, which is achieved by heating, increasing
pressure, distortion that occurs through work surfaces, and the interdependence of
natural temperature. It includes threads with normal temperature tension that are
manufactured to create a fully contact interface between these materials by means
of an energy source from a source other than thermal, and to create a connection at
the interface near its normal temperature.

The driving force of a chemical reaction is the chemical potential of atomic
particles. In many systems, a chemical reaction is not expected if only the
interaction of metal with non-metallic elements of ceramics is considered.
However, when all possible reaction potentials are taken into account, a net

negative free energy can occur, which indicates that the chemical reaction is
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thermodynamically advantageous. Equilibrium thermodynamics can be used to
predict possible reactions at the interface. But when there are more than three
elements in a metal — ceramic system, it is almost impossible to predict all possible
reactions based on a phase diagram. In addition, the degree and possibility of the
reaction are limited by the kinetics, data on which may be missing[19].

Reaction phases, such as brittle intermetallides and solid solutions, often
cause the interface to collapse at very low voltage. An increase in the binding
temperature and excessive time usually increases the chemical reactions and leads
to the formation of a thick reaction layer, which can reduce the strength of the
compound. At the interface where flat reaction layers are formed, the layer
thickness is often optimized by controlling the bonding conditions to prevent
interfacial delamination or brittle interfacial destruction along the reaction
layer[21].
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CHAPTER 2 RESEARCH METHODS

2.1 Goal and tasks

Goal: to develop the composition of a metallization paste based on tungsten
powders for co-firing with aluminum nitride ceramics.

Tasks:

Analysis of available literature on co-incineration / sintering of metallization
pastes and aluminum nitride ceramics;

Choose and justify the composition of the metallization paste;

Choose and justify the heat treatment mode;

Analysis of the properties of the obtained samples

2.2 Research methods

2.2.1 X-Ray diffraction analysis

X-ray diffraction analysis (XRD) is one of the most advanced direct methods
for studying the composition and structure of solid crystalline materials. This
method is based on the phenomenon of x-ray diffraction on the crystal lattice of the
analyzed material.

The main task of x-ray diffraction analysis is to identify various crystal
phases in the mixture based on the analysis of the diffraction pattern of the sample
under study. The most commonly used practical method of XRD is the powder
method, which is widely used due to its simplicity and universality [22].

To register the diffraction pattern, modern equipment is used — X-ray
diffractometers, which allow the analysis of samples quickly and with great
accuracy.

The x-ray image of the analyzed sample is a graph of the dependence of the
intensity of x-rays reflected by the sample on the angle of their reflection. The x-
ray shows a number of clear peaks (reflexes) if the substance is crystalline, and

blurred peaks if the substance is amorphous.
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Currently, a large number of computer programs have been developed for
processing radiographic data. They allow phase identification by comparing the x-
ray image of the analyzed sample with the database cards.

X-ray phase analysis of the source materials was performed using a
Shimadzu XRD — 7000S x-ray diffractometer with a diffraction angle of 10 to 80
deg with a CuKal cathode.

Figure 2.1 — Diffractometer Shimadzu XRD — 7000

2.2.2 Scanning electron microscopy

Raster electron microscopy (SEM). The SEM principle consists in scanning
the surface of the test sample with a narrowly focused electron beam (probe)and
simultaneously detecting the resulting radiation. Signals registered by sensors
(secondary and reflected electrons, x-rays, etc.) carry a large amount of
information to describe the nature and properties of the object under study [23].

The simplicity of sample preparation for research, high information content,
as well as a high degree of automation of quantitative analysis and processing of
measurement results make this method the most versatile for studying the structure
of materials and surface topography.

A scanning electron microscope JEOL JCM-6000 Neoscope Il was used to
study the morphology and size of powder particles, the structure of ceramics on the

fracture, and the structure of metallization layers.

123



La '::

- LT

Figure 2.2-JEOL JSM-7500FA Scanning electron microscope
This desktop microscope has a magnification range from x10 to x6000 times and
Is capable of operating in high and low vacuum modes. This model of microscope
Is equipped with secondary and reflected electron detectors, as well as an energy-
dispersive x-ray spectrometer (EDXRS) for performing elemental microanalysis.
2.2.3 Determination of specific surface area
The specific surface of a powder is the sum of the outer surfaces of all
particles per unit of its mass or volume. To determine the specific surface area,
methods based on measuring the gas permeability or adsorption capacity of the
powder are most often used.
To determine the specific surface area, the PSX-4 device was used (Fig. 2.3)
[24]. Cuvette 1 is intended for laying a layer of the test material in it. It is a test
chamber, blocked at a certain height by a disk with holes drilled in it. The part of
the chamber bounded by the disk and the bottom of the cuvette is connected to the
liquid pressure gauge 6 using a fitting 2 and a rubber tube 3. on the outer surface of
the cuvette, a millimeter scale with a Vernier is applied to measure the thickness of
the material layer.
The plunger is used to seal the material layer in the ditch.
8 rubber bag with valves is used to create a vacuum under the material layer.
A single-track glass pressure gauge is filled with tinted water.
It is designed to determine the air pressure under the test material layer and
allows you to track the rate of pressure change in the lower cavity of the cuvette

due to the air permeability of the material layer.
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Figure 2.3 Diagram of the PSX-4 device[24]

The specific surface Sg,, cm2/g, is calculated using the formula:

M-\t
9
where K is the constant of the device (the values of K for the lower and

Ssp =K

upper pairs of figures are given in the device passport);

M-coefficient depending on the thickness of the test material layer L and the
air temperature during measurement (values M reference data);

T — the time during which the meniscus of the fluid descends between the
corresponding risks;

g-the weight of the tested powder, g.

Assuming the spherical shape of the powder particles, you can calculate their

average diameter using the formula:
D= Wf-p’ where p is the specific weight of the powder material;

Ssp— specific surface area of the powder material.
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2.2.4 Determination of rheological properties of pastes

Rheological properties of pastes play an important role in ensuring the
characteristics of screen printing.

One of the most important technological properties of metallization paste is
Its viscosity. Viscosity is the resistance to Newtonian flow.

The essence of the paste viscosity control is to measure the diameter of the
spot formed from the paste suspension when exposed to a load of mass (250+1) g.

Weigh the weight of the paste weight (0.15+0.01) g on a clean pre-washed
glass plate with isopropyl alcohol or acetone size (60x60)£5 mm, placing the paste
in the center of the plate. In this case, the paste should occupy a minimum area and
should not be smeared on the plate.

Cover the paste suspension with a second clean glass, in the center of which
a weight of 250+1 g is glued with epoxy resin. the paste Suspension is kept in this
state for 15 minutes.

Measure the spot diameter using a ruler. The value of the conditional
viscosity is taken as the arithmetic mean of three measurements of the spot
diameter. Determination of the viscosity is carried out on a paste kept for 2 hours
at an ambient temperature (20 ... 22)°C.

2.2.5 Determination of metallization conductivity

Monitoring the specific surface resistance of the film is necessary to
determine how effectively the paste conducts electric current. In order to determine
the electrical conductivity of the paste, you need to determine the specific surface
resistance of the film, and take the inverse value of it.

To measure the specific surface resistance, the following methods are used:

. Digital multimeter;

. Multi-turn indicator.

Determination of the specific surface resistance takes place in several stages.
To begin, measure the thickness of the 0.5 mm wide conductor using the 1mig

indicator on each of the two lines of five control samples and calculate the average
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value of ten measurements. Then measure the resistance on each of the two 0.5
mm wide conductors on each of the 5 control samples. Then the resulting
resistance value is divided by 100 and the average value of 10 measurements is
calculated.

In the end, it is necessary to calculate the value of the specific surface

resistance, reduced to the value of the thickness of the conductor, equal to 15
: Ry'D

microns by the formula: R = %,

where R is the specific surface resistance reduced to 15 microns, mOm /
square;

R1-actual average resistance value, mOm / square;

D1 — actual average conductor thickness, microns.

The resulting value of the specific surface resistance is taken in the reverse

equivalent and determine the amount of electrical conductivity of the metallization.

127



