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BCTYII

[Minpyunuk 3 jgucuuiuniad  «[HHOBaMiHI ~ HEOpraHiYHI  PEUYOBUHI
pPO3pOOJIEHO 3TiTHO 3 HAaBYAJHHUM IUIAHOM MIATOTOBKHM MAriCTPIB 1 MPU3HAYEHO
HaJlaTU CTYJCHTaM JIOCBIJ Y HOBITHIX TEXHOJOTISX OJIep>KaHHs (PYHKIIIOHATIbHUX
MmaTepianiB (OlOHEOpraHIYHMX Ta MAarHiTHUX MarepiaiiB, HaHOMAaTepiamiB,
dboToKkaTami3aTopiB, CEHCOpPIB TOIMIO) Ta CHEeHUPIYHUX TEXHOJOTISIX, IO
CIPSIMOBaH1 HA OXOPOHY JTOBKIJLIA.

HNucrumurina  «IHHOBaIiHI  HEOpraHIYHI TEXHOJIOTI» HAJICKUTH [0
HaBYAJbHUX JUCIUIUTIH MpodeCciiHOT MIATOTOBKHU 1 € 6a30BOI0 1751 MPODUTIOI0YNX
JUCLUMIUTIH Yy HaBYaJbHOMY IUJIaHI MIATOTOBKM MaricTpiB  mpodeciiiHoro
CIpsiMyBaHHS «XIMi4HI TEXHOJOT1T HEOPTaHIYHUX PEYOBHUH Ta BOJOOUYHUIIICHHS» Ta
CKJIQZIAETHhCS 3 IBOX KPEAUTHUX MOJYJIB: «|HHOBaIIiifHI HEOPTaHIYHI TEXHOIOT1»
Ta KypcoBoi pobotu. MeToro MiipydHuKa € MOrIM0JICHO MOJATH JEKIIHHUN KypC
Ta HaJaTh METOJUYHI PEKOMEHJAIlli /10 BHKOHAHHS JabOpaTOpHUX pOOIT,
aHAJITUYHOTO OTJISIY, KYpCOBOi poOOTH Ta CaMOCTITHOTO BUBYEHHS JTUCIUILTIHHU.

JlexuiifHui Kypc MICTUTh 2 PO3IUIH, B IKUX Nepea0ayeHo po3IJisi MPOLECIB
CUHTE3y HEOPTaHIYHUX (PYHKI[IOHATHHUX MaTepiaiiB: MarHiTHUX W OioMarepiaiis,
dboTokaTanizaTopiB 1 CEHCOPIB Ta OXOPOHMU JMAOBKULISA 13 3aCTOCYBaHHSM IHUX
HOBITHIX HEOPTaHIYHUX (YHKIIOHATBHUX MaTepiamiB. HaBeaeHi B HaBuUanbHIN
nporpami po3ain 1 «CydacHi nepeaoBi HEOPraHiYH1 TEXHOJIOTT Y MPOMHUCIOBOCTI»
NoJaHuil B po3fiinax 2-7 1poro miApydHuka, a po3nain 2 «CywacHi mepemoBi
TEXHOJIOTII JUIsl OXOPOHU JOBKULIS» — B po3/iii 4. BucsitiieHo cydacHi TeHACHITT
Iporpecy B TEXHOJIOTISIX HEOPraHIYHUX PpPEYOBUH JJIA PI3HUX Tramy3eu
MIPOMHUCIIOBOCTI, 30KpeMa, HAyKOEMHHUX TEXHOJOTISAX; TPAIAUIiAHI Ta CHeIiaabHl
METOAM OJepKaHHA (DYHKIIOHATBHUX MaTepiamiB (HaHOMarepiaaiB), Cyd4acHi
TEXHOJIOT1i OXOPOHU JOBKIJIJIS.

Y wMexax aucuumuiiak «[HHOBAIlHI HEOPTaHIYHI TEXHOJIOTI» OKpIM

JEKUIMHUX 3aHATh NependayeHo JIabopaToOpHi 3aHATTA, TOMY Y MIJIPYYHUKY
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JIOTATKOBO HABEACHO METOIWYHI PEKOMEHAAIlll 1O BUKOHAHHS JIa0OpaTOPHHUX
pobiT. 3riHO 3 TmporpaMamMu i1 BUBYCHHS JUCHUIUTIHM «IHHOBAIIIHHI
HEOpraHiuyHl TEXHOJOTI» CTYJEHTH CaMOCTIMHO TOTYIOTh aHAJIITHUYHUN OTJIS 3
npe3eHTaiiero B cepenoBuili Power Point, oTxxe, B mMiApyYHUKY HaBEICHO
pekoMeHaanli MmoA0 WOoro miAroToBKU. Takok, HaBeAeHI peKOMeHaalli 0
BUKOHAHHS KYPCOBOi pOOOTH JO3BOJIATH SAKICHO BUKOHATH CAMOCTIHHY HaBYaJIbHO-
HAyKOBY po0OoTy. 3a YMOBHM JHUCTAHLIMHOTO BUBYEHHS JMCUHUIUIIHA BHUCBITICHO
pEKOMEHIAITIT III0/TI0 CAaMOCTIHHOTO 11 BUBUEHHHI.

OTxe, MAPYYHUK HABITh MiJ YaCc CAMOCTIMHOTO BUBYEHHS AUCLMILIIHU Ja€
3MOTy CTYJI€HTaM OIaHyBaTH TEOPETUYHUMU 3HAHHIMHU 3 OCHOB TEOpii i METOMIIB
XIMIKO-TE€XHOJIOTTYHUX JTOCTIKEHb B TEXHOJIOT1i TOHKOTO HEOPTaHIYHOTO CUHTE3Y,
HA0yTU Cy4YacHUX VSBJIEHb IIPO TMEPCHEKTHUBH 1 OCHOBU HAHOTEXHOJIOTIH,
OPUHIIMIIN  MOHITOPUHTY, OIIIHKMA BIUIMBY XIMIYHMX TEXHOJIOTIH Ha CTaH
MIPUPOTHOTO CEPEAOBHINA i OXOPOHY KUBOI MPUPOIH, 3HAHHS W 3aCTOCYBaHHS Ha
MPaKTUIl TPUHIUINB TMOOYJOBH €KOJIOTIYHO YHUCTUX BUPOOHHUIITB, PO3YMIHHS
COIIIaJIbHUX 1 EKOJIOTIYHUX HACHIIKIB CBO€l mpodeciiHoi JIsIIbHOCTI, IO
JormoMarae  iM  OpIEHTyBaTUCAd y  NPUKIQJAHMX  acleKTax  OJeprKaHHs
GyHKIIOHATBPHUX ~ MaTepialiB, SK «PO3yMHI» MaTepiaiu, OlomaTepiaiu,
KOMITO3HUIIIHI MaTepianu, HaHOMAaTepialy, Kl BAKOPUCTOBYIOTh Y PI3HUX Taly3sx

IIPOMUCJIOBOCTI Ta MOBCAKISHHOMY TTOOYTI.



PO3/ILJI 1. CYUACHA XIMIYHA TEXHOJIOI'TSI HEOPTAHIYHUX
PEUOBUH YKPAIHUA

Po3BUTOK XIMIYHOTO KOMILIEKCY YKpaiHu OyB JOCHUTH CKIaAHUM. Tak,
nepIr XiMiuHI BUPOOHUIITBA B YKpaiHi OyJu KyCTapHOTO THITY 1 Ha iX PO3BUTOK
BIUTMBAaB 1HO3eMHUU KamiTan. Yepe3 mei ¢akt Oarato BiIKpUTTIB, MmO OyiH
3po0sieHi y 19 cTomiTTi, He 3HaXOAMIM MIPAKTUYHOTO 3aCTOCyBaHHs. Jlo peBoJIOITIT
PO3BUHYJIHCH JIMIIIE OKpeMi (ITOOJWHOKI) MiAMPUEMCTBA. A TOTYKHHMA XIMIYHUN
KOMIUIEKC B YKpaiHi po3BHUBCS Bxke 3a PangsHcpki yacu. XimiuHa ramny3b B YKpaiHi
B TOI 4ac BupooOsa 10 20 % ximiunoi mpoaykinii 1 6yna Ha II micui y Coro3i [1].

Posnan Papsacskoro Coro3y npu3BiB A0 KpU3U Y IPOMHUCIOBOCTI YKpaiHu,
B TOMY YHUCJHI, i B XiMi4Hii npomucioBocti. B 1991-1999 pokax ximiyHa ramysb
nepedyBajia y TIuOoKii Kpusi. Ajle B el 4ac po3rnoyajiach MacoBa IMpUBaTU3AIlS
XIMIYHMX TIJIMNPUEMCTB, MICHS 3aKiHYEHHS $KOI XiMiYyHA Tally3b IOKa3ala
MO3UTHBHI TEHJACHINI — WIOPIYHUI NPUPICT BUPOOHUIITBA CTAHOBUB O1JIbIIIE
HiK 6 %. CydacHuid XIMIYHHA KOMIUIEKC YKpaiHM HapaxoBye OibIie
200 mpoMHUCIOBUX MMANMPUEMCTB Ta 00’€MHAHb, 26 HAYKOBO-IOCTITHHX Ta
MPOCKTHUX 1HCTUTYTIB. Y CTPYKTypl NPOMHUCIOBOTO BHUPOOHUIITBA YKpaiHU
XiMIYHA TPOMUCIOBICTh 3aiimae 6 wmicne. [IpoMucioBicTiO BUPOOJSEThCS OIS
20 Tucsy HaliMeHyBaHb PI3HOMAHITHOT XIMIYHOI MTPOAYKIIIi.

OTxe, XIMIYHUI KOMIUIEKC — OJUH 13 MPOBIAHUX Y CTPYKTYpl Cy4acHOi
€KOHOMIKM Oyap-sikoi KpaiHu. Bim #oro po3BUTKY, SK 1 PO3BHUTKY
MaIuHOOyAyBaHHS, 3aJI€KUTh HAYKOBO-TEXHIYHHM MPOIIEC.

Oco0MBICTIO i1 OCHOBHUMH 3aBJAHHSIMU XIMIYHOTO KOMIUIEKCY €:

1. 3a0e3nedeHHsl HaApOAHOTO TOCMOJAPCTBA MartepiajaMd 3  Harepes
BU3HAYEHUMH BJIACTHBOCTSIMM, IIEBHOI SIKOCTI 1 B HEOOXI1HIH KIJTBKOCTI;

2. Po3liupeHHs:  acOPTUMEHTY  BHpPOOHMIITBA  TOBapiB  HApOJHOIO

CIIOKHMBAaHHA.
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VY 1ot e yac, xiMi3alis BUPOOHHUIITBA JI03BOJISIE MOCTIMHO 30UIBIIYBATH
BUIYCK HOBHMX BH/IB XIMIYHHUX MaTepialiB IJis 3aJ0BOJICHHS TOCHOAapPChKUX
noTped, 3abesmeuye TIHMOOKY TEpepoOKy NPHPOAHUX PECYpCIB, ITiABHUIILYE
€(EeKTUBHICTh CLIILCHKOTO FOCIOJaPCTBA TOLIO.

VY cTpykTypl XIMIYHOI MPOMUCIOBOCTI YKpaiHU ChOTOJHI BUAUIAIOTH TaKi
IPOMHUCIIOBOCTI: XIMIYHY (y TOMY WYHCHi, TIPHUYO-XIMIYHY), Ha(TOXIMIYHY 1
XiMiKO-(hapMaleBTUYHY (y TOMY YHCII1, MIKpoOioJiorivny) [2].

Jlo XiMIYHOiI MPOMHMCIIOBOCTI HaJIeKaTh TaKi Talxy3l — OCHOBHY a0o
HEOpraHiuyHy XiMil0, TIPHUYO-XIMIYHY MPOMHUCIOBICTb, MPOMHUCIOBICTh XIMIYHHX
BOJIOKOH 1 TKaHWH, MPOMHUCJIOBICTh CHHTETUYHHUX CMOJI 1 IJIacT™Mac, JjakopapOoBy
IIPOMHUCIIOBICTD 1 TPOMHUCIIOBICTh CHHTETUYHUX OapBHHUKIB.

Jlo HadTOXIMIYHOI MPOMHUCIOBOCTI  HaJleKaTh Tally3l MPOAYKTIB
OpPraHiYHOI0 CUHTE3Y, IIMHHY 1 T'yMO-a30€CTOBY POMHUCIOBOCTI.

XIMIYHAa TMPOMUCIOBICTh YKpaiHu € (aKTUYHO Yy KOXKHIA oOmacti. 3a
oOcsaraMy BUpOOHUIITBA XIMIYHOT MPOJIYKIIii HaliBaromii o0JacTi nepedyBaroTh y
HACTYIHIM TMOCHIZOBHOCTI (32 3MEHIIECHHSAM 00csriB): JIHIIpONeTpOBCHKA,
Jlyranceka, KwuiBcbka, Opnecbka, M. KwuiB, Jlonenpka, IBaHo-®paHKIBChHKA,
UYepniriscpka. [lpu posmimieHHI XIMIYHOI MPOMHUCIOBOCTI Yy TMEpIIy Yepry
3BEpTAIOTh yBary Ha CHUPOBHHHY 0a3y, TaJIMBHO-CHEPreTHYHUN (akTop,
PO3MIIIICHHS CITOKUBAYiB.

VkpaiHa Mae BeNMKI MOTEHI[IHHI MOXIJIMBOCTI JIJIi PO3BUTKY XIMIYHOTO
KOMILUIEKCY, 30Kpema XiMigyHoi mnpomucioBocTi. CupoBuHHa ©0a3a XIMIYHOI
IIPOMHUCIIOBOCTI € TIOTYKHOIO Ta HaJ3BUYANHO PI3HOMaHITHA 1 BKIIOYAE KOPHCHI
KOIAJIMHU, CITLCHKOTOCTIONAPCHKY CHPOBUHY, BTOPWHHI TPOAYKTH MPOMHCIIOBOT
nepepoOKy, CHHTETUYHI XIMIUHI MaTepiajiu, MOBITPS 1 BOLY.

Jlo MiHepanbHO-CUPOBUHHOT 0a3u VYKpaiHM MOKHA BITHECTH PYIHI
pOMOBHILIA: 3a]i3HI, MAHTAHOBI, YpPaHOBI, TUTAHOBI, LUPKOHIEBI pyAu. OKpiM
IILOTO, BIJJOMI1 POJIOBHINA 30J0Ta, OEPUIIiI0, BaHAIII0, CKaH/II0, CBUHITIO, ITUHKY,
radHito, cpibna, piAKICHO3EMETbHUX eJeMeHTIB Tomo. Cepel HeMeTaIuHHUX

KOPUCHUX KOMAJIWH 3HAYHE MICIIE BIABOMATH KpEi, KaoJiHy, OEHTOHITOBUM
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rivHaM, ¢ocdartHiii CHPOBUHI TOIIO, CEpPel SKHX € YHIKaJbHI POAOBHUINA CIPKH,
KaTIMHUX cojiel, KaM’ sHOi coii, xjopujaHux cosier Na, Mg, Br, rpadiry
Ta iH. [3,4].

OcHoOBHI ramy3si, 1110 HalO1IbIIIe PO3BUHEHI y TeHepilnHii yac B YKpaiHi, —
II€ OCHOBHa XiMis, XiIMiS OpPraHi4HOrO CHHTE3y 1 TIpHUYOXIMiUHA
IIPOMUCIIOBICT [2].

OcHnosna ximisi a00 HeOpraHiyHa, sKa CKJIAJa€TbCi B OCHOBHOMY 3
BUPOOHUIITBA KUCIIOT, COJM Ta MiHEpalIbHUX N0OpHB. Ll ramy3s BUIlycKae Maixke
50 % Bing Bciei ximiuHOi mpoaykiii. Heopraniuna Ximist BUpOOJIA€ MEPEBaKHO
HamiBpaOpUKaTH, 110 BUKOPUCTOBYIOTh B I1HIIMX Taldy3siX I[POMHUCIOBOCTI.
BunsTOK CKIaal0Th MiHEpaJbHI JOOpUBA.

BupoOHUIITBO MiHEpaNbHUX JOOpPUB — TMPOBIJHA Tally3b XIMIYHOI
MPOMHUCIIOBOCTI YKpaiHu. A30THI aoOpuBa BupoOisioTh B PiBHOMY, Uepkacax,
Jlucuvyanceky. B ocHOBHOMY Ha IMIOPTHIM cHpOBUHI (amatutu 1 Gochoputu
Konbcbkoro  miBOCTpoBa), 3  OpIEHTAIlEl0 Ha  CHOXHUBaya  IPALIOIOTh
cynepdocdarni nignpueMctsa Onecu, Cym, Binnuii, Koctautunisku. Ha kaniiini
com [Ipukapmarts Opi€HTOBaHE BUPOOHUIITBO KadiWHUX H0OpUB (LIEHTpU —
Kamymi, CteOHuUK).

TepuropianbHO BUPOOHUILTBO OCHOBHOI MPOAYKII HEOPraHIvyHOI XiMIi
PO3TAaIlIOBAHO:

®  KaJbLIMHOBAHOI conu y C11oB’IHCBKY, JIucrnyaHCBKY,
KpacHonepekoncekys;

e cynbbaraoi kuciaorn y KocrsgatuniBmi, Cymax, Binawmmi, Opeci,
["opuiBi, JIHinpoa3epXUHCHKY, JIMCUYaHCBKY;

e wMmiHepanbHUX  (¢ochatHux ~ 100puB  Ha  BinHMIBKOMY ~— Ta
KOCTAHTHHIBCBKOMY XIMIYHOMY 3aBOJl, CYMCBKOMY «XiMmpom», Onecbkomy
cynepdocharnomy 3aBoi;

e a3zotHux — y JHinpoazepxuHceky, Jlucuuanceky, Iopmisii,

AmueBcbky, CeBepoaoHebKY, 3anopixki, Hepkacax, PiBHO;
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e kamiifai — y Kamymii ta Cte0iHChbKOMY KalliiiHOMY KOMO1HATI.

ITAT «A30T» OauWH 3 HAWUOLIBIIMX BUPOOHHMKIB XIMIYHOI IPOIYKIII B
Vkpaini. [lo Hboro BigHocATh «PiBHeazor» (M. PiBHe), «UYepkacuazor»
(m. UYepkacu), CeBepoaonenibke 00’e¢qHaHHs «A30T» (M. CeBepo/IOHEIbK,
Jlyranceka 0011.), «JIH1poa3oT» (m. JIHIPOA3EPKUHCHK,
JHinponeTpoBchKa 0011.).

[Tponayxkiis, mo Bupobssietbest [IAT «A30T», BKIIOYAE HACTYITHI MO3MIIIL:
kapOamiz, cemiTpa amiayHa (Mapka b), amiak piikui TEXHIYHHMM, amiaKk BOJHUU
TexHiuHui (Mapka A 1 b), kap6amino-amiauna cymim (KAC) — po3uun cymimii
KapbaMmiqy Ta aMiayHOi CeNiTpH, Cyib(haT aMOHIIO KPUCTAJIIYHHUM, KampoyiakTam
PIAKWIA, KanpojakTaM KpUCTAIIYHUM, CMOJHM 10HOOOMIHHI (KAaTIOHITH 1 aHIOHITH),
KHCEHb PIAKUNA TeXHIYHUN Ta MeauyHui. Ha nomio mignpuemctBa npunamae 15 %
yKpaiHCbKOro BUpOOHMIITBA amiaky, 24 % — xkapbamimy, a IO BHIIYCKY
KamnpoJjiakTaMy Ta 10Ho0OMIHHUX cMoil BAT «A30T» 3aliMae MpoBIiIHI MO3HUIIIT B
VYkpaini.

[Mponykmito 3 wmapkoto BAT «Konmepn Crupon» (M. [oproska,
JloHenpka 00J1.) 3HaIOTh B 0araThoX KpaiHax €Bponu, Amepuku 1 Azii. Crioyatky
['Op;iOBCHKMI  a30THO-TYKOBUM 3aBOJI CTBOPIOBABCA SIK BEIUKHN BHPOOHHK
MiHepaidbHuX J100puB. ChorogHi koHuepH «Ctupom» — ue no 3 % CBITOBOTO
EKCIOpTYy amiaky 1 KapOamily, a TakOX TpeTs YacTHHA BCEYKPaiHCHKOTO
BUPOOHUIITBA MiHEPATbHUX JOOPHUB. «CTUPOI» TAKOXK € HAHOUIBIIUM BUPOOHUKOM
noJliMEepHUX MatepiaiiB B Ykpaini. B koBTHI 1996 p. Ha TepuTopii KOHIIEpHY OYyJI0
CTBOPEHO 1 MOYAJI0 YCHIIIHO AT BUPOOHUIITBO JIKAPCHKUX MperapariB, a cam
KOHLIEPH 13 XIMIYHOTO MEPETBOPUBCA B XIMIKO-(papMalleBTUYHE IMiANPUEMCTBO.

B Opecbkomy mnpunoproBoMy 3aBoai (M. IOxne, Opecbka 00i1.)
BUPOOJISIOTHCS HACTYITHI MiHEpalbHI JOOpPWBA: PIAKWMN amiak Ta TPaHYIbOBaHUI
KapOamijl, a TaKOXX KOMIUIEKCHUX a30THUX J0OpuUB Ta MeTaHoy. OCOOJIUBICTIO
OnechKkoro MpUMOPTOBOTO 3aBOJY € TE, IO BIH PO3TAIIOBAHUKA 01711 MOPCHKOTO

HOPTY, TOMY XIMI14HI IPOAYKTH 3pyYHO BUBO3UTH MOPCHKUM TPAHCIOPTOM.



13

I[IpAT «Kpumcbkuii Tutan» (M. ApwmsHcek, AP Kpum) — onne 3
HaWOUTBIIUX MIAIPUEMCTB XIMIYHOI MTPOMUCIOBOCTI YKpaiHu, OyJo 3aCHOBaHE B
1969 pormi. I'eorpadiune posramyBanss [IpAT «Kpumcekuii TuTan» eKOHOMIYHO
HaJ3BUYAHHO crpusaTiauBe. Tak, Hanpukian, « Tutan» po3TalioBaHUil y MIBHIYHIN
yacTuHi Kpumy Ha nepemmiiky, skui 3'€eHy€ MIBOCTPIB 3 MATEPUKOM, a, OTXKE,
PSI0M PO3TAIOBAHO JIiHIT €JIeKTpOnepeay, 3ai3HULA, aBTOMAriCTPab.

OCHOBHMMH BHJIaMH TOBAPHOT MPOYKIlli KOMITaHii €: MIIrMEHTHUI TIBOOKUC
TUTaHy;, YepBOHMI mirMeHT Ha ocHOBI ¢epymy (II) oxcumy, oOcCHOBHMMHU
CHOXXKUBAaYaMH SIKUX € JakodapboBa mpomucioBicTe. OkpiM Toro, «Kpumcbkuit
Turtan» BupoOnsie gocdarni moOpusa, Taki sik amodoc 1 amodocdar, a Takoxk
Cyab(dar amoMiHId TeXHIYHUN rpaHyiaboBaHui (16 %). JlowipHi miampueMcTBa
KomMranii mponoHyoTh COKMBadyaM HACTYITHI BUJU MPOAYKIIi: a300apBHUKHU Ta
a30MIrMEHTH; TpajbHI MOPOIIKK Ta BiAOUTIOBaYi; jJaku 1 ¢apdbu, B TOMY YHMCIHI,
bapOy /1 po3MivaHHs A0pIr; OCTOHHI CyMilll, OOPAIOPHY IUIUTKY, 3a11300€TOHHI
BUPOOU TOIIO.

[HAT «Cymuximmpom» (M. Cymu) BUpOOIIsie TEXHIYHY CyIb(aTHY KUCIOTY,
peaKkTUBHY Cyib(paTHy KHUCIOTy, ojieyM, ¢ochaTtHy Kuciaory, ¢ocdopHi
MiHepaabH1 10OpuBa, 01Tl Ta KOJIBOPOBI MITMEHTH, KOAryJISIHTH, P13H1 XIMIYHI COJI
Ta TOBapU HAPOJHOTO CTIOKUBAHHSI.

KoctsaTrHiBCchKHUH HallioHaIbHUHN XiM3aBoa (M. KocTsHTuHiBKa, JlOHEIbKA
00J1.) BHUIIYCKa€ HACTYNHY MPOAYKIIO: KHUCJIOTY CyJb(aTHy B MOHOTIIpATI;
docdatHl n00puBa, BKIOYAOUM MyKy (ocdarHy; MHIOYI CHHTETHYHI 3aco0u;
KHUCIIOTY XJIOPHJIHY; MiHEpayibHI JOOpWBa; YUCTSAYl 3aco0u; 3aco0W HOTIISIy 3a
aBTOMOOUISIMH, MOTOLIMKJIAMH, BeEJIOCMIIEAaMH; TOBapu MNOOYTOBOI  XIMIi;
cynepdocdar NpocTuii Ha arfaTUTOBOMY KOHIIEHTpPATI.

I[IpAT JIHITTPOTIETPOBCHKHIA 3aBOJI MiHEpaTbHUX n00puB
(M. JIHinpozepkUHCHK, J[HimporeTpoBchbka 00J1.). 3aBOJ 3aCHOBaHUW B CEPIIHI
2002 poky. Chepa aismpHOCTI 3aBOy — 1€ iepepodka pocharaux pyn Ha a30THO-

dbocdopHi Ta a3oTHO-PochopHO-KamiitHI J0OpUBa.
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Jlo comoBux 3aBojiB B YkpaiHi BigHOcAThCA BAT «Kpumcekuii cogoBuii
3aBo», BAT «JIucnuanceka coma» 1 BAT «CiaBSIHCBLKHN COTOBHIL 3aBOIY.

BAT «Kpumcekuii comoBuii 3aBOA» — HAW3HAYHIMIMKN 13 TPHOX COJIOBUX
3aBoJIIB B YkpaiHi. Bin posramoBanuii Ha miBHO4I KpumchKkoro miBocTpoBa B
M. KpacHonepekorncbky. BuUpOOHMIITBO coaM Ha HbOMY OyJi0o BBEJCHO B
excrutyararito B 1975 p. Kpim kansiimHOBaHOT coau (JIETKOi Ta Ba)KKOi) Ha 3aBOJI
BUPOOJIIETHCA BallHO Oy/iBeJIbHE, KyXOHHA Cljib; TOBAPU HAPOJIHOIO CIOKHWBAHHS:
YUCTSAYI Ta MHIOY1 3aco0u [5].

Ximia opeaniunoco cunme3y, SKa CKJIQJa€TbCi 3 MPOMHCIOBOCTI
MJIACTMACOBUX BHPOOIB, CKIIOIIIACTUKIB, IIMH Ta TYMOTEXHIYHUX BUPOOIB, PI3HUX
XIMIYHUX BOJIOKOH, JIaKiB, (ap0, (GoTOXIMIYHUX BHUPOOIB, 1 CKiIanae BoHA 10 30—
40 % BiI BUMYCKY XIMIYHOI MPOMHUCIOBOCTI. CHUPOBHHHOIO 0a3zor  Ximil
OpraHiYHOrO0 CHHTE3y € HadTa, ra3, KaMm'sHe BYTuUUIs, a TaKOX KyXOHHa CIJb.
3azBuuail 11 XIMIYHI HOIJOPUEMCTBA PO3MINIYIOThCS B pailoHax BHUIOOYTKY
HEOOX1THOT CUPOBUHU 200 B MICISIX BXKHUTKY TOTOBOI MPOAYKIIT [2].

T'ipnuyoximiyna npomuciosicms yTBOPIOE CUPOBUHHY 0a3y mepeayciMm st
HeopraHiyHoi xiMmii. ['ipHHMYO-XiMIYHA MPOMUCIIOBICTh 3alIMAEThCS TOOYBaHHSIM 1
30arayeHHs M CUPOBHUHH, KA OTPUMaja PO3BUTOK Y TAKUX pallOHaX:

e [Ipukapnarts — BUIOOYTOK Ha(TH, ra3y, 030KEpUTY, IPUPOAHOI CIpKU
(Po3zmonsceke 1 HoBosiBepiBchke popoBuia), kamiiiHux comei (Kamycbke 1
CreOnukiBcbke), KyXxoHHOI coiil (COJIOTBUHCBKE) Ta COJITHUX PO34MHIB B IBaHO-
®paHKIBCbKIN 00J1ACTI;

e Jlonbac — BHUIOOYTOK BYTULIS, Kpeiau, BamHAKIB, KaMm SHOi COJIl
(ApTemiBChKe) TOIIIO.

HeoOximHo 3ayBakuTu, IO Taka BaJIMBa Ha CHOTOJHIINIHIN JICHb
MIPOMHUCIIOBICTD, SIK XiMiKO-(hapMalleBTHUHA, HE 3a0€3Medye CBOEH0 MPOMYKIIIEID
notped HaceneHHs. [Ipu piBHI 3a0e3MeUCHHS OXOPOHH 3JI0POB’SI MEIUKAMCHTAMHU
BITYM3HSHOIO BHpOOHHLTBA Yy 25 % 3a acoptuMmeHToM 1 35 % 3a 00csrom Bix

notpedu, 40 % o0cary mpoAyKilii MOCTaBIAETHCS HA €KCIOPT. PO3BUTOK XiMiKO-
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(dapmaneBTUYHOI raily3l CTpUMYy€E TEXHOJOriuHa 1 cupoBuHHA Kpu3a (80 % nikiB
BUTOTOBJISIETHCS 3 IMIIOPTHOT CUPOBUHH) [2].

Haii6inpmn mignpuemMcTBa AaHOl MPOMHUCIOBOCTI po3TamoBaHi B Kuesi,
Kuromupi, Ogeci, JIyrancoky, [lonrasi, Jloneubky, JIbBoBi. 3a paxyHOK BJIaCHOTO
BUPOOHMIITBA JIKIB YKpaiHa 3aJ0BOJIbHSE€ MOTpeOU pUHKY Jmme Ha 1/5.
BupoOuunTBo dapmaneBTUYHOI MpoAyKLii B YKpaiHi MOCTYNAaeThCs 32 TEXHIUHOIO
OCHAILIEHICTIO 3apyOilXHUM TMiANpUEMCTBAM. 3a OCTaHHIM 4ac B YKpaiHi He
CTHIOPY/IKEHO KOJHOTO BIACHOTO HOBOTO (PapMaIieBTUYHOTO MIANPUEMCTBA.

3a 0COOMMBOCTSMH PO3MIIIEHHSI XIMIYHA MPOMUCIOBICTh YKpaiHU €
OJIHIEI0 3 HaWUCKIAAHIMMX. YMCIEHHI MDKraidy3eBi, BHYTPIIIHbOTAIY3€Bl Ta
TEXHOJIOT14HI 3B’S3KH, IIUPOKHA aCOPTUMEHT MPOJYKIi, BUKOPUCTAHHS BEIUKOT
KUIBKOCT1 TajiiBa, €HEeprii Ta BOJM 3yMOBIIOIOTH CBOEPIAHICTH TEPUTOPIATBHOL
oprasizaiii XIMiYHOT TPOMHUCIIOBOCTI.

[Ipy po3MillleHHI XIMIYHUX MIANPUEMCTB ICTOTHE 3HAYEHHS Mae
BpaxyBaHHSl €KOJIOT1YHOTO YMHHUKA. [Ipy HeToCKOHamiil TEXHOJIOTII rajiy3b Mae
O0arato BIJIXOMIB, II0 HEraTUBHO BIUIMBAIOTh HA HABKOJIMIIHE CEPEIOBUIIIC.
Bci Bumie3asHaueHi YUHHUKH TO-PI3HOMY TPOSIBISIIOTHCS MPU  PO3MIIIECHHI
OKPEMHX BHJIIB BUPOOHUIITB raty3i.

3a poku He3zanexxkHocTl (1990-2015 pp.) xiMiuHa IPOMUCIIOBICTh Y KpaiHU
3HAYHO 3MCHIIMWJA O0OCsATH BHpOOHUIITBA. Tak, y 2 pa3d CKOPOTHIIOCH
BUPOOHMIITBO MIHEPAJILHUX 100pUB, a PochopHUX 1 KaTiiiHUX — BIANOBIAHO y 43,7
1y 10,4 pa3u, XIMIYHUX BOJIOKOH y 5,8 pa3u, XIMIYHUX 3aCO0IB 3aXUCTy POCIIUH Y
72 pasu, aBTOMOOLTBFHUX IIMH Maike y 2 pasu. Take pizke CKOpOYEHHsS 0OCSTiIB
BUPOOHMIITBA TIOB’SI3aHE€ 3 HHM3KOIO MPOOJIeM PO3BUTKY Taiy3l XIMIYHOI
MIPOMHUCIIOBOCTI YKpainu, a came [6]:

1. Exomnoriuni npobnemu. [lupoke BmpoBapKeHHS XIMIYHHX IPOIIECIB B
PI3HUX Tally3X rOCHOJIaPCTBA 3yMOBWJIO BEJIMKY KUIbKICTh BUKHIB B aTMochepy,
CTOKIB 1 BIIXOMiB, HEOE3MEYHUX JJIsi HABKOJMIIHBOTO cepenoBHIna. B meHTpax
BEJIMKOI KOHIIEHTpaLlli XIMIYHUX MIAMPUEMCTB, OCOOJIMBO B MIiCTaX, POJIb XIMIUHUX

BIJIXO/1iB 30UIBIIIYETHCSI B HEOE3MEUHUX KOHIICHTPAIIISIX.



16

2. Be3KOHTPOJIbHE BUKOPUCTAHHS Ta HEMPABHIJIbHE 3aCTOCYBaHHS 0aratbox
MPOAYKTIB XIMIYHOI MPOMHUCIIOBOCTI SIK B POMHUCIIOBIH cepi, Tak 1 B HOOYTI.

3. BincyTHicTh a00 HETOCTATHICTh BXKIIMBUX CUPOBUHHUX pecypciB (HadTa,
npupoaHuii Ta3, ¢docdaTu, BICKO3HA IENIOI03a, Kayuyyk, HamiBpaOpukartu,
cyOcTaHIli JyIs JTIKIB TOIIIO).

4. Hu3bkuil TeXHIYHUN Ta TEXHOJIOTIYHUM piBEHb BUPOOHUIITBA, XPOHIUYHE
HEJI03aBAHTAXKEHHS BUPOOHUYMX TMOTYKHOCTEH 1 HEKOHKYPEHTHO-CIIPOMOXHICTb
NPOAYKIIi1 OLIBIIOCTI MiArany3ei KOMIUIEKCY.

5. Bucoka wmarepiasio- Ta €HEPrOEMHICTh 3a MaiXke MOHOIOIBHOI
3aJIEKHOCTI B1J] IMIIOPTY €HEPrOHOCIIB.

6. HeedexTrBHA Tally3eBa CTPYKTypa: MEepeBakaroTh (POHI0- Ta EHEProeMHI
BUPOOHMIITBA, YK€ HU3BKUN PIBEHb HAYKOEMHHMX TEXHOJOTIH 1 BUPOOHUIITB,
BIJICYTHICTh  3aBEPIICHMX TEXHOJIOTTYHUX [UKIIB  MPOJYKIIi  KIHIIEBOTO
CTIO’)KUBaHHS.

OckUIbKH XIMIYHI MIANPUEMCTBA € 3HAUHUMH 3a0pyJHUKAMU JOBKUUIS, Y
MEPCIEeKTUBI PO3BUTOK Tally3l B KpaiHl Mae 31MCHIOBaTUCA Oe3 OyaiBHUIITBA
HOBUX MIANPUEMCTB, 32 PaXyHOK TEXHIYHOTO MEPEOCHAIECHHSA 1 PEKOHCTPYKIIil
JIIOYMX 3  BIPOBADKCHHSIM pecypco30epiraroumx Majno- 1 0e3BIAXOJHUX
TEXHOJOT1M, CXeMH 3aMKHYTOTO BOJOOOOpOTY, TMpH IOMY, OCHOBHHMH
MEePCIEKTUBAMH PO3BUTKY XIMIYHOT TPOMHCIIOBOCTI € [6]:

1. 3anpoBa/pKeHHsI Cy4YaCHUX TEXHOJIOT1M, MOJIepHI3allis 3aBOJIIB, IO
BUPOOJISIIOTh HATHEOOX1AHIII JIIKH.

2. XiMmizallis HapOJHOTO TOCIOJApPCTBA YKpaiHW CHpHUSE ITUPOKOMY
BUKOPUCTAHHIO MIHEPAbHUX JIOOpHUB Yy PI3HUX Trany3six Ta cdepax HapOIHOro
roCroJiapcTaa.

3. BukopuctanHs MOTYXHOi CHpPOBUHHOI 0a3u Ui PO3BUTKY XIMIYHOI
IPOMHUCIIOBOCTI: YHIKQJIbHI POJOBHUIIA CaMOPOJHOI cipku y IlpukapnarTi, 3Ha4HI
pPOJIOBHUIINA KATIMHUX COJIeH, MPAKTUYHO HEOOMEKEH1 MOKIaau KaM sSHOI coil B

Houn0aci, 3akapnarri 1 [Tpukapnarri.
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4. BnpoBa/ykeHHSI KOMIUIEKCHHX TEXHOJIOTIM MepepoOKH CHPOBUHH Ta
yTHII3a1ii 6araTb0X BiJXO/I1B, MAJIOBIAXOIHUX €HEPIrOEMHHUX TEXHOJIOT1M.

5. Ilpono3umii mom0 3amiHU J0pOroi MedilUTHOI CHPOBHMHM Ha OLIbII
JIeTIIEBY Ta PO3MOBCIOKEHY, @ TAKOXK MPOIO3UIIIH 00 BIPOBAIKCHHS.

6. Hanexxne ¢inaHcyBaHHS AJIi PO3BUTKY CyYacCHHMX HampaBjeHb, IO € Y
CBITI, — CTBOPEHHA HOBUX (YHKIIIOHAJIbHMX MAaTepialiB Ui PI3HUX Tay3eu

HpOMI/ICJIOBOCTi, B TOMY lII/ICJ'Ii, 3 BUKOPUCTAaHHAM HAHOTEXHOJIOTIH.

3anuTaHHda Ta 3aBIaHHA 10 CAMOKOHTPOJIIO

1. Slke 3HaYEHHS XIMIYHOTO KOMIUIEKCY B HAPOJAHOMY TOCIIOAAPCTBI YKpaiHU?

2. OxapakTepu3yiiTe OCHOBHI (paKTOpH, IO BIUIMBAIOTH HA PO3MIIIECHHS Taly3eu
XIMIYHOT'O KOMILJIEKCY.

3. OLiHITh CHPOBUHHY 0a3y ramysi.

4. Po3kpuiiTe 0COOIUBOCTI PO3MIIIEHHS MIATany3eid OCHOBHOI XIMii.

5. Ha3BiTh pailoHM 1 1EHTPU PO3MIIICHHS OCHOBHUX BaroMux XIMIYHHUX
MIJIPUEMCTB OCHOBHOT XiM1i B YKpaiHi.

6. BuznauTe ro10BHI IPOOIEMHU PO3BUTKY XIMIYHOTO KOMILIIEKCY.
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PO3/L1 2. ®VHKIIIOHAJLHI HEOPTAHTYHI MATEPIAJIH.
CHUHTE3 TA METOJIM iX JOCJIPKEHHS

2.1. Knacudikanisi Ta XapaKTepUCTHKA HOBUX BHCOKOe()eKTHUBHHUX

Ta PYHKIiIOHAJIbHUX MaTepialiB

Cborogni nayXe axkTyalbHHUMH HampsSMKaMH [UJIsI PO3BHUTKY OyJb-AKOi
KpaiHu € npiopumemni TexHoorii. I1ig IpiopUTETHOIO TEXHOJIOTIED PO3YMIIOThH
TaKy TEXHOJIOT1I0, SIKa 3/1aTHA JOKOPIHHO 3MIHUTH, IIEPEBEPHYTH» YCIO CTPYKTYPY
BUPOOHUIITBA 1 COIIAJIBHUX YMOB JKHUTTS JIIOACTBA. Jl0 TakuxX TEXHOJIOTIH,
Oe3rnepedHo, HalexaTh 1HGOpPMAaIIiitHI TEXHOJIOT1i, 610TEXHOJIOT11, TeHHA THXKEHEePis
Ta, 3BICHO, HOBI MaTepiaiu [7], Mpu [bOMY, IO CTOCY€EThCSI OCTAHHIX, TO ChOTOJIHI
CIIOCTEPITa€ThCS TEHACHINIS IO 3aMIHM MaTepialiB, 1[0 BUKOPUCTOBYIOTh ChOTOIHI,
Ha TPUHIMIIOBO HOBI Matepianu. I[Ipo mepcrneKTHBHICTH PO3POOKHM HOBUX
MarepianaiB CBIAYUTH 1 TOW (pakT, IO Maibke TpeTHHa CBITOBHX HaTEHTIB
BUJIAIOTHCSI HA BUHAXOJM caMe B Iiil ramysi. [Ipo 1e cBiquuTh ¥ fUHaMiKa pocTy
CBITOBUX PUHKIB OCHOBHUX BHJIIB HOBUX MaTepiajiB.

Oco0sMBO MOMITHHI TIporpec y po3poOll BHUPOOHMILTBA HEOPTaHIYHUX
MaTepiaiiB — e KOHCTPYKIIIHHI MaTepiaiu (KOMIO3UIIIiHI MaTepiaiu), MaTepiaiv
JUISL  MIKPOEJIEKTPOHIKM  (HAmiBNPOBIIHUKH, I1€30€JIEKTPUKH, IEJIEKTPUKH),
BOJIOKOHHOI ONTHKH, MaTepiaii OlOMEAUYHOro mpu3HavYeHHs (O10ockio Ta
Olokepamika) Ta 0e3mid 1HIMX (QYHKUIOHAJBHUX MarepianiB. TakuM YHHOM,
BUXOJSIYM 3 BHUILECKA3aHOTO, CaME€ HeOpeaHiuHa XiMisi ChOTOIHI — 1€ OCHOBA
MaiOyTHIX HOBHMX (YHKIIIOHAIbHMX MartepianiB. Jlo Toro > BigOyBaeThCs
{HTEHCHBHHIT PO3BUTOK CIEKTPOHIKH, GOTOHIKM', CEHCOPHKH Ta CIIHTPOHIKH®, SIKi

BHMAararTh HOBUX MaTepiajiB 31 ClelialbHUMU BIACTHBOCTAMH [7].

! ®oronika — me Hayka Mpo TeHepaIilo Ta 3aCTOCYBAHHS CBITNIa Ta iHIINX BHIIB €HEPrii, KBAHTOBOIO
OJIMHUIIEIO K01 € POTOH.
ChiHTpoOHIKa — raiy3b eJICKTPOHIKHM, II0 BHKOPHUCTOBYE KBAHTOBI BJIACTUBOCTI CIiHY €JEKTPOHIB, IO
XapaKTepU3yIOThCS ABOMa KBAHTOBUMH CTaHAMH.
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[lepexim Big XiMIYHUX €JIEMEHTIB JI0 MaTepialliB TOCUThH CkiagHuil. Tak,
99,9 % HeopraniuHuX MaTepianiB nepedyBae y HEpIBHOBRXHOMY CTaHi, TOOTO 3
HUMHU IOCh BIiOYBAETHCS y Yaci, HAMPUKIIAI, METal OKUCTIOETHCS, a, 3HAYUTH,
3MIHIOIOTBhCS 1 Horo BiacTuBOCTI. Lleit mporiec Moxke OyTH JOCUTH MOBLIBLHUM,
TOMY 3/1a€ThCsI, 1110 MaTepiall Ma€ CTaOUIbHI BJIACTUBOCTI.

Yum Bipi3HAETHCS CTAOUTbHMIA CTaH PEYOBMHU BiJ HECTaOUTbHOTO?
CralipHUM CTaH — 1€ CTaH, B SIKOMY CTaOUIbHICTH 30€piraerbcs MpU BEIHKUX
30ypeHHsX. [CHye Takox 1 MeTacTaOlIbHUN CTaH — 1€ CTaH, B IKOMY CTa0lIbHICTh
30epiraeThCsl MPU HEBENMKUX 30ypeHHsX. HecTabunbHMI cTaH — 1€ CTaOlIBHICTD
PYUHYETHCA MPU JOCUTH MAJIUX 30ypPEHHSX.

VY TepmoauHamilll MeTacTaOUIBHUIN CTaH BIAMOBIAA€E OJHOMY 3 MIHIMYMIB
TEPMOJMHAMIYHOTO TOTEHI[laly CHUCTEMH TpPH TEBHUX 30BHINIHIX YMOBax,
CTaOUIbHHUI — BIJIMOBIJIa€ caMOMy IIMOOKOMY MiHIMyMY. SAKio 3adikcyBatu yci
napaMeTpH, 110 XapaKTEPU3YIOTh CTaH CUCTEMHU, TO TUIbKU OAUH OyJie CTablIbHUM,
pemta — mertacTalinbHI. Takux MeTacTaOlIbHUX CTaHIB HECKIHYEHHO OaraTo
HaBITh JIJIsl OJIHI€T peYOBUHU (DIKCOBAHOTO CKJIaay, @ BJIACTUBOCTI y LIMX CTaHIB —
pI3HI.

PosrnsiuemMo fesiki  cydacHI HAyKOBI HAmpaBJICHHS Ha OCHOBI SIKUX
CTBOPIOIOTHCSI HOBI HEOpraHiyHl Mareplajiv, L0 MalTh IMEBHI (PYHKIIOHAJIbHI
BIIacTUBOCTI [7].

Ximis ioHHUX ma MONeKYIAPHUX npeKypcopi63. Konu 3a MeTy mOCHiTHUKI
CTaBJISATh CTBOPEHHS HOBHX MaTepiajliB, TO Y LIbOMY BUMAJAKYy KIHIIEBA LIUIb — HE
CHUHTE3 CIOJYK, a CHHTE3 Ha OCHOBI MPEKypCcOpiB MarepiaiiB 3 TMEBHUM
KOMILJIEKCOM BJIACTUBOCTEHW, MPHU LIbOMY BJIACTUBOCTI MarepialiB 3ajieXkaTh BiJ iX
CTPYKTYpH. Y KOXXHOTO MaTepiayly € KiUIbKa PiBHIB CTPYKTYpH, SIK1 MOB’s3aH1 Mk
co0010, 1 BC1 BOHU BIUIMBAIOTh HAa BIACTUBOCTI Matepiany. Po3pi3HSIOTH Taki piBHI

CTPYKTYpH MaTepialiB:

3 e e e . .
[Ipexypcop — Lie monepenHuUK, B HEOPTaHiuHii XiMil O3HAYAIOTh MM TEPMIHOM BHXIJHY PEYOBHHY, IO
BCTYIIA€E Yy PEaKIilo.
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e miepuIuii piBeHb CTPYKTYpH — KpucTamiuHuil. Lle cTpykTypa Ha aTOMHOMY
Ta 10HHOMY PIBHSIX OpraHizaili pe4oBUHM, TOOTO SK pO3TalllOBaHI MOHH, aTOMH
a00 MOJIEKYJIM B KPUCTAIIYHUN PENIITIII OAWH BIIHOCHO 1HIIIOTO;

® Jpyruii piBeHb, OUTBIN BiIJAJICHUM BiJl aTOMHOTO CTaHy, TOB’SI3aHHUU 3
MIPUCYTHICTIO B TBEPJIOMY TUT1 PI3HUX JIHIHHUX JEe(DEKTIB;

® TpeTi piBeHb — II€ MAaKpPOCKOIIYHI AcheKTH (Hampukiaad, MOpH), sKi
BHHUKAIOTh B TBEPAMX TLIaxX B MpoIieci ix popMyBaHHS a00 BUKOPUCTAHHS.

Hampukinazn, koiau y Hac B pyKax MOHOKPHUCTaJI — Y HbOMY KpUCTAJIYHUN
MOPSIJIOK TIOBTOPIOETHCA Y BCHhOMY 00’€Mi, aje, 4YacTillle MM MaeEMO CIpPaBy 3
MOJIKPUCTAIIYHUMU TU1aMH, TOOTO TakMMHM Marepiajiamu, IO CKIAJal0ThCS 3
MaJIeHbKHX KPUCTAIMKIB — TaK 3BaHMX KPHUCTAIITIB, SIKI MMO-PI3HOMY OpPIEHTOBaHI
OJIMH BIJHOCHO OJHOTO. B 1bOMYy BHMNaAKy BHHUKAIOTh JOJATKOBI Je(EKTH
(zucnoxanli, TpaHyIll MK KPUCTAIITAMH, TOPH, TPIIIMHM), SIKI BHOCSATH CYTTEBHIA
BKJIaJl y GOPMYBaHHS BIIaCTUBOCTEH.

Tak, 3ami30, SKIIO OTPUMATH MOr0 y BHUIJISAI MOHOKpHUCTany, Oyae y
XIMIYHOMY BIJHOIIEHHI a0COJIIOTHO 1HEpPTHO. SIKIIO 3aji30 OTpPUMYBATU
PO3KIIaJJlaHHsIM KapOOHLUTYy a00 OKcaiaTy 3aii3a, TO YTBOPUTHCS MOTIKPUCTATIUHUAN
Matepiall, SKHil Bigpa3y 3ropsie Ha HOBIiTPi 3 yTBOPEHHAM okcuniB. M Te, it iHmie
3aJ1130, ajie TOBOJIWUTH BOHO cebe mo-pizHoMy. [lpu ympaBiiHHI BIACTUBOCTSIMU
(p1BHIB CTPYKTYpH) MalOyTHIX (DYHKI[IOHAJIbBHUX MaTtepiaiaiB HEOOXITHUN MEBHUM
CTaH BUXiJHUX peuoBHH. L{p0oT0, HA XKaJlb, HE 3aBKAU MOKITUBO JTOCSTTH.

CHHTE3yIOUM CKIAAHI PEYOBHMHH, 30KpeMa, THIA (EPUTH  3a3BHYail
BHKOPHCTOBYIOTh BiOMHil Ta IPOCTHii TBepHOhA3HHi CHHTE3 .

Ile#i wmeTon BUSBUBCS JJIS CHHTE3y CKIAIHUX PEUYOBUH, Ha JKallb,
Hee(DeKTUBHUM, OCKUIBKM BIH HE Jae ofHodaszHoro npoaykry. Lle poGuth

BJIACTUBOCTI KIHIIEBOIO Marepiajgy HeCTaOUIbHUMH, 10 3HAYHO MOTIpUIye HOro

4 Deputy — XiMiYHI CIIOIYKH OKCHIY 3aii3a Fe,033 okcumamMu iHIIUX METaIiB.
® TBepaodpasHuii CHHTE3 — Il CHHTE3, IO 3aCHOBAHHMI HAa MEXAHIYHOMY IEpeMilllyBaHHi, IpPeCyBaHHi
OTpUMaHO{ CyMillli Ta HACTYITHOIO BUCOKOTEMIIEpaTypHOI0 006podkoro 1o 1200 °C.
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AKICTh. Jlns momomaHHsA 1€l TpyAHOINI OyJlO 3ampONOHOBAHO BUKOPHUCTAHHS
BUXI/JHAX TIPOAYKTIB (TOOTO IIPEKYPCOPIB) — TBEPAHX CONBOBHX PO3UHHIB'.

[iznime Gyma po3pobiIeHa KpioXiMidHa TEXHOOTiA' OTPUMAHHS TBEPIUX
posuuHiB. Ilicas geTanpbHOTO JOCHIKEHHS TMPOILECIB KPIOXIMIYHOI TEXHOJIOTIT
(kplokpucai3alisi, KpioocaJPKeHHs, KPIOEKCTPaKIlisg, cyOmiMaliiiiHe 3HeBOAHEHHS
Ta 1H.), BOHAa CTajla OCHOBHOIO TEXHOJIOTIEIO [ OTPUMaHHS Oaratbox
GyHKIIIOHATBHUX MaTepiaigiB, a caMe, BHCOKOMIIIHOI KepaMmiKu, IIITMEHTIB,
cOpOEHTIB, KaTai3aTopiB Ta 6araTo 1HIIMX.

BaxxnuBa 0cOOIMBICTE COJICTIONIOHNX 10HHUX MPEKYPCOPIB — II€ TaK 3BaHA
TOMOXIMIYHA TIaM’ATh, TOOTO 3/aTHICTb IaM’ATaTH CBOE IOXOJKEHHS Ta
nepenaBaty 110 1HGOpPMAIlII0 B HACTYIMHI peakilii, SKi Tak 1 Ha3UBAIOThCA —
TOMOXiMIYHIMIE®.

JlocuTh Cy4yacHUMH JIOCHIPKEHHSAMH Ha ChOTOJHI € TaKOX JOCIHIIKEHHS
II0JI0 CUHTE3Y MOJICKYJSIPHUX MPEKypCcopiB, TOMY IO OCTaHHI € 1JeaIbHUMU
BUXITHUMU PEYOBUHAMU JIJII CTBOPEHHS TOHKOIUTIBKOBUX TMOKPHUTTIB Ha PI3ZHUX
MaTepiajax METOJOM MOJICKYJSIPHOTO HamapyBaHHs. Jlo 1HX pedoBUH
Ipea ABJIAIOTh TIE€BHI BUMOTU: BOHMU IOBHHHI BOJIOJITH BHUCOKOKO JIETIOYICTIO,
BIJIHOCHOIO TEPMIYHOIO CTAaOIIBHICTIO, JIETKO T1POJIi3yBaTUCh 200 PO3KIIAIaTUCh 3

YTBOPEHHSIM MEBHUX CMOJYK, HAIPUKIIA/I, OKCUIB METAJIIB.

® 1[0 Take CONMBOBI PO3UMHH, MOXKHA TOSCHHTH HA HACTYIHOMY NpHKmafi. IIpu po3unHenni mpoctoi coui
NaCl y rapsuuit Boi Ta NOAAIBIIOMY 3HH)KEHHI TeMIIepaTypy OTPHMAHOTO PO3YMHY, OCTAHHIH CTaHe IepeCHYCHHM
i Bunane ocajn. SIkio mMu B 1ei pozunH goxamo uie i cinb KCl, To npu 3HIKEHHI TeMreparypy BHIIATHCS HE
inpuBinyaspHi comi NaCl i KCI, a kpucraniti TBepaoro po3uudy. B TBepioMy po3umHi, 5K i B PiIKOMY, PEYOBHHU
3MIITYIOTBCS Ha aTOMAapHOMY piBHI, IO TMPU3BOIUTH IO PiBHOMIPHOTO iX mepemimryBaHHs. Came B IIbOMY TBEpAi
PO3YMHH BiPI3HAIOTHCS BiJ MEXaHIYHOT CYMIIlli KPHCTATIB.

" Kpioximist — e po3ztinn HayKy Ta TeXHiKH, SKi BUBYAKOTH TA BUKOPHCTOBYIOTH XiMiuHi IIEPETBOPEHHS B
pinkiii Ta TBepaiii pazax 3a Hu3bkuX (10 70 K) Ta HanHu3pkux (Hmxkue 70 K) remneparypax.

® Tomoximiuni peaxuii BiaGyBaloThCs Ha MesKi po3iTy (ha3 TBEPIOI BUXIIHOT peHOBHHIL
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Heopeaniuna  namo- i cynpaMOJzeKsz;zp)Lta9 ximin. IHTEpEC 11O
HAaHOMAaTepialiB  MOB’S3aHUH 3  iX  He3BUYAWHUMHU  (HI3UKO-XIMIYHUMU
BJIacTUBOCTAMU. HaHOMaTepiaiu CKIaAaloThCsl 3 YACTHHOK PO3MIPOM MEHIIIE HIXK
100 HM 1 caMe B IIbOMY Jiara3oH1 BiIOYBA€ThCS pi3Ka 3MiHA BJIIACTUBOCTEN Makxke
B ycCIX pedoBuHAx. Hampukian, 3MeHIIEHHsS pO3MipiB HAMiBIPOBIIHUKOBUX
YAaCTUHOK HI)KYE JCIKOT0 KPUTUYHOTO 3HAYCHHS MOKE MPHU3BECTH 10 3MiHU
HIMPUHA 3200POHEHOI 30HU, 3MEHIIEHHS PO3MIPIB YACTMHOK B KOHCTPYKIIMHUX
MaTepiajaXx MPU3BOIUTH A0 OUIBIIOI MIIHOCTI LUX MaTepialiB Ta iH. AJe mpu
IIbOMY HaWO1IbIIa MpobieMa HaHOMATEPialliB — 1€ CXUJIBHICTh BITBHUX YACTUHOK
JI0 arperyBaHHs, 110 3HAYHO BIUIMBAE Ha iX (13MKO-XIMI4HI BiacTuBocTi. OquH 13
Croco0iB MOJIONAHHS Li€l TPoOJIeMH — 116 HAHECEHHS HAHOYACTUHOK Ha 1HEPTHY
MaTpPHUIIO, SIKA 3aXUCTUTh 1X BiJl BIUIMBY OTOYYIOUOT'O CEPEIOBHUIIA Ta ACTh 3MOTY
3anmo0irTy arperamii. MerogamMu OTpUMaHHS TaKUX HAHOKOMIIO3UTIB TaKOX
3aiiMaeThCsl HEOPraHiyHa XiMisl. SIK MaTpULIIO 1J11 HAHOKOMITO3ULIIMHUX MaTepiaiiB
MO>KHa BUKOPUCTOBYBATH CUJIIKArelb, BYTJIeIIeBl HAHOTPYOKHU Ta 1HII MaTepiaiu 3
BHCOKOIO TUTOMOIO MOBEPXHEIO a00 PO3BUHEHOIO MOPHUCTICTIO.

CydacHa HeopraHiuyHa CyMpaMOJICKYyJIIpHA XIMisl — 1€ CyIpaMOJIeKyIsIpHi
aHcaMOJTi, IKi MalOTh 3aBJASKU CBOIH CTPYKTYpi OCOOIMBMMH BIACTHBOCTAMH. IX
Oy/l0Ba BU3HAYAETHCA CTPYKTYpPOI KapkKacy — «rocmnojaapsi», a (yHKI[IOHAJIbHI
BJIACTUBOCTI — TPUPOJIOI0 «TOCTS». Y TaKUX MarepilaiiB 3a3BUYail HU3BKE
3HA4YeHHs TETUIOMPOBITHOCTI, aje BUCOKA PYXJIMBICTH HOCIiB 3apsay. Ha puc. 2.1
300paxkeHo npukian takoi cTpyktypu — [HQeP4](TiCls)Cl, mo cdopmoBana 3a

paxyHoK camo 36ipku TiClg® i CI” y moposuunax kapkacy [HgePa]*".

CymnpamosekynspHa XiMisi — MDKAMCHMIUTIHAPHA Taly3b HayKH, HIO BKJIIOYae XiMmiuHi, (isuuHi Ta
010JIOTiIYHI aCMEKTH PO3TISTY OUTBIN CKIAJHUX, HiK MOJEKYJH, XiMIYHHX CHCTEM, IMOB'S3aHUX B €IMHE IIiIE 3a
JIOTIOMOT'O}0 MI>KMOJICKYJISIPHUX (HEKOBAJICHTHHX) B3a€MOJIIM.
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Puc. 2.1. Cynpamonexymnsipuuii ancam6is [HggP4](TiClg)Cl
(BIOPSIIKOBAHE PoO3TanryBanHs rocreil aox tamis: TiClg® u CI”

B [IOPOXKHMHAX TpuBUMipHOTo Kapkacy [HgsP4]*") [6]

Cnonyku 3minHo2o cknady. CHOIYKHM 3MIHHOTO CKJanay Oyiio BIAKpPHUB
ot HiXkK 100 pokiB ToMy KypnHakoB Mukona CemMeHOBMY, SIKMil Ha3BaB ix
oepronmigamu. byno BuHalineHO, 10 Maibke BCl CHOJYKH, IO OTPUMYIOTHCS
TBEpAO(PA3HUM CHHTE30M 3 10HHUM THIIOM 3B’SI3Ky, MalOThb HEMOCTIMHHI CKIal.
3ajie)XHO BiJI CKJIQAy Y TaKuX CHOJYK MOXYThb OYTH pIi3HI BIIACTUBOCTI.
Hampuknaz, posristaemo ciib NaCl. 3maeThcest, 0 115 C1Tb TIOCTIMHOTO CKIaay, ajie
HacmpaBal — 3MiHHOro. [Ipote kpucTamiuyHa cTpykTypa Horo 30epiraerbes. Tak,
Hanpukiazg, crexiomerpuunuit NaCl — 06e30apBHUM, 1, SKIIO HOTO KpHUCTalU
0o0OpoOWTH MapaMu HATPIIO 332 BUCOKOI TEMIEPATYPH, BIH CTaHE TOJyOMM 1 MMOYHE
IPOBOJUTH €NeKTpUYHU cTpyM. Skmo x kpuctaiu NaCl o6pobOutu mapamu
XJIOPY — BIH TO3€JICHIE 1 TAKOXK CTaHE MPOBIAHUKOM, alie B IIbOMY pa3i BXKe HE 3a
paxyHOK pyXy €JEeKTPOHIB, a 32 PAXyHOK PyXy JipOK.

Heopeaniuni 6iomamepianu. CrorogHi po3poOIIsitoTh Taki BKpail HeOOXiaH1
1 TIEpCTIEeKTUBHI OlomaTrepianu, K OilokepaMmika Ha OCHOBI (ocdaTiB KaJbIliIo
(puc. 2.2), OlomleMeHTH ISl CTOMATOJIOT1i, Ol0KOMIO3UTH, O10CEHCOPH, MITKH

PAKOBHUX ITYXJIMH TOLIO.
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Puc. 2.2. ImnnanTaTi Ha OCHOBI TUTaHy Ta O10KEpPaMiKH

[TomysipHICTIO KOPUCTYIOTbCS PO3POOKH, IIO TPOBOIATHCS 3 METOIO
OTPUMAaHHS TIAPOKCUIANATUTY 3 TEBHUMH (Hi3UKO-XIMIYHUMH BIACTHBOCTSMHU.
Oco0651BOi yBaru HaOyJIu KOMIIO3UIIHI MaTepialid HA OCHOBI T1JIPOKCUAANATHTY,
II0 3aCTOCOBYIOTHCS SIK aHAJIOTH JIFOACHKOT KicTKH. CTBOPEHHS aHAJIOTa JTFOJCHKOI
KICTKH € CKJIQJIHOIO 3a/1a4€l0.

KicTka, 3 mormsmy martepiano3HaBIld, — 1€ KOMITO3UIIMHAA MaTepial, IIo
CKIIAa€eThcs B OcHOBHOMY 3 rimpokcumamaruty ([CAIl) mo 63 % Ta komareHy
omm3bpko 20 %. OkpiM TOro, B KICTII € 3Ha4YHA KUIbKICTh HOHIB Na, Mg, K, Cl, F,
CO,* Tta BOJA. [Tpu bomMy 1110 3a0e3Mmeuye BeTUKY MIIHICTh KICTKH TaK 0 KiHIIA 1
HE 3po3yMiuio. ToMy ChHOTOJHI Cy4YacCHMMH METOJAMH TOKUA IO HEMOXKJIUBO
CTBOPHUTH TMOBHHI aHAJIOT KICTKOBOi TKaHMHHU. €MHA aJbTepHATHBA — CTBOPEHHS
IMITJTAHTATIiB Ha OCHOBI Tigpokcumamatuty. [Ipu mpoMy, cuHTe3, Moaudikaris Ta
JOCIIJKEHHST KanbIlito GocdatiB 13 3aJaHUMU CKJIAJIOM Ta MOPQOJIOTI€0, OIIHKA
iX MaiiOyTHBOI O10aKTHBHOCTI — HEOpIMHAPHA 3a7a4a /I BCiX XiMikiB [7, 8].

Knacughixayia ¢pynxyionanvnux neopeaniunux mamepianie. ICHye nekinbka
BapiaHTiB  kimacu(ikamii  ¢GyHKIIOHATBHUX  MarepiadiB. 3yNmMHUMOCH  Ha
kiacudikaiii, sSKy TPONOHYIOTh Yy Tpaii [9], 3rigHo sKoi (YHKIIOHATIBHI
MaTepiaiy KI1acu(PiKyroTh HACTYITHUM YHHOM:

e KOMIO3UIIIIHI MaTepiay,

® «PO3yMHI» Marepia,

® HaHOMAaTepiaJM 1 CyNpaMoJIeKyJsIpHI aHCaMOTi,
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e OiomaTtepiaiu,
® MarHiTHI1 Martepia,
e MarepiaJii Ha OCHOBI HaIl1BIPOBIIHUKIB,

® KaTaii3aTopu i COpOCHTH,

e MeMOpaHH.

KoMmno3umiitni marepianu — 1e MaTepiaiy, II0 CKIAJaloThCs 3 JBOX abo
outbiie ¢a3. CroidydeHHs PIZHOPIAHUX PEYOBUH MPU3BOJUTH JO CTBOPEHHS
HOBOTO Martepiaiay, BIACTHBOCTI SKOTO KUIBKICHO 1 SIKICHO BIIPI3HSIOTHCS BIJ
BJIACTUBOCTEN KOXKHOTO 3 HOro CKIIAaJIOBUX, B PE3yJIbTaTi YOro KOMITO3MIIIIHI
MaTtepiaiu BOJOJIIOTh OUIbII BHUCOKOK MIIHICTIO, OUIBII BHUCOKOK TBEPAICTIO
i T.1. Bapitoroun crnojgy4yeHHSAM MaTpHIll 1 HallOBHIOBAYa, iX CIIBBIIHOLIECHHSM,
OpIEHTAIlI€}0 HAMOBHIOBAaYa, OJIEPKYIOTh IIUPOKUN CIEKTp MarepiaiiB 13
HEOOX1IHMM HaAO0OpOM BIacTUBOCTEM. barato KOMMO3UTIB MEpPEBEPIIYIOTh
TpaJulliifHI MaTepialii Ta CIUIaBU 3a CBOIMU MEXaHIYHUMU BJIACTUBOCTSAMH 1, B TOU
K€ 4ac, BOHM Jerie. BUKopucTaHHs KOMIO3UTIB 3BUYAHO JIO3BOJISIE 3MEHILUTH
Macy KOHCTPYKIii Tmpu 30epekeHHI abo TMOJIMIIeHHI 11  MEXaHIYHOl
XapaKTEPUCTHUKHU.

«Po3ymHI» wMaTepiaii — 1€ MaTepiaiu, SKi BUKOPUCTOBYIOTH IS
BUTOTOBJICHHS KOHCTPYKIIH 3  aJalnTUBHO-TIEPEMIHHUMHU  BJIACTUBOCTSIMH.
Po3po0nisitoTh  «pO3yMHI» OOIIMBKK KOPITYCIB MOPCBKHX CyJ€H, JIOMari
BEPTOJILOTIB, SIKI 3/IaTHI JO CaMO3MIIHEHHS, 3BYKOINOTJIMHAIBHI MPOMMCIIOBI
KOHCTPYKITi.

3aBAsSKA CTBOPEHHIO «PO3YMHHUX» MaTepialliB Ha OCHOBI JIETEKTPUYHUX 1
MarHiTHUX HAHOYACTHHOK, CTaj0 MOMJIMBUM IIiJl BIUIMBOM EJEKTPUYHUX 1
MarHiTHUX TOJIIB MaHIMMyJIIOBAaTH B’SI3KICTIO piakoi matepii. Ilix BrumBoM moiB
MOPYIIYETHCSA XAaOTUYHE PO3TANIyBaHHS YACTHHOK YCEPEAWHI PIAWHM, IO
MPU3BOIUTH 0 3MiHM (PI3UMYHMX BJIACTUBOCTEW PEUOBMHU. 3MiHA BJIACTHBOCTEU
cyOcTaHIIii psIMO TIOB’s3aHa 3 SIBUINEM, sIKe HA3WBAIOTh MOJISIPU3AIIEI0. 3aTHICTh

3apsily MIHSTH CBOIO MPOCTOPOBY OPIEHTAIIIIO 1] BIUIMBOM 30BHIIIHBOTO MOJIA 1 €
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OPUHLUI POOOTH «po3yMHOI pimuHu» (puc. 2.3). OcTaHHA TaKOX HAJEKHUTh

(3rigHo Kiacudikarrii) i 10 HAHOMAaTepialiB, 1 MarHITHUX MaTepiaiB.

Puc. 2.3. «Po3zymHay piguHa (piguHa Ha OCHOBI MarHETUTY)

ABuie monspuzaiii (3Hailome Bke 3 Kypcy (i3MKM Ta XiMmii) MOXKHa
MOSICHUTH 3a JIOTIOMOI'OK0 HAcTymHoi imroctpamii. Ha puc. 2.4 mpexacrtaBieHa
MOJIeJIb aTOMa, 1 MOXHA MOO0a4YuTH, 0 (GopMa aToma J0 BILIUBY MO (J1BOPYY) 1
micisl BIUTUBY (MpaBopyd) pizHa. Sk BiioMO, pI3HOMMEHHI 3apsiiv MPUTATYIOThCS,
OJTHOMMEHHI BIJIITOBXYIOTHCS, TOMY, CTBOPIOIOYH TIOJIe, MH THM CaMUM
3MYIITyEMO TIO3UTHUBHO 3apsKeHE SAPO 3MICTHUTHCS 10 OUITHKH HETaTHBHOTO
MOTEHI[laTy, a HEraTUBHUN €JNEKTPOH JO0 MAUISHKH TO3WTUBHOTO MOTEHINATY

iHIIoro aroma. [{um 1 nocaraeTbcst IpocTOpoBa OpieHTAIlIS 3apsAiB [10].

>
2 A

Lis nonsa +

Puc. 2.4. Mogens aTroma JI0 BIUTMBY MarHiTHOTO TOJISI (JIIBOPYY)

1 Iicis BIUIMBY MOJIS (TIpaBoOpyY)

Koporka  xapaktepucTtuka  HaHOMAarepiaiiB,  CYNPaMOJICKYJISIPHUX
aHcaMOyiB Ta OloMaTepianiB HaBeJEHAa BHUIIE, a XapaKTEPUCTHUKAa MAarHiTHUX
MaTepiaiiB MpeICTaBleHa Pa3oM 3 «PO3YMHUMMY» MaTepiaaMH.

B ocHOBI HamiBOpoOBIMHHKIB, COPOCHTIB, KaTali3aTOpiB Ta MEMOpaH B
JJAHOMY CEHCI PO3IJISIal0Th KJIAC OKCHJIB METajliB Ta KOMIIO3UTIB Ha iX OCHOBI.

binbim getanbHO BiH Oy/ie pO3TIISHYTHH Aalli.
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2.2. MeToau cMHTe3y HEOPraHiYHUX (PYHKIiOHATbHUX MaTepiaJiiB

Cunte3 (yHKIIOHATRHUX MaTepialiiB 3aCHOBaHMM, B IEpIIy Yepry, Ha
OTPHUMaHHI MaTepiajiB 13 3aJaHUMHU BIACTUBOCTSIMHU, TOMY Y KO)KHOMY OKPEMOMY
BUMAAKY € CBOI 0COOJMBOCTI. TUM He MEHI, Oy/Ib-SKHH HEOpPraHIYHUN CHHTE3
BKJIIOYA€E psii 3arajdbHuX cTafiid. Po3pi3HsAOTh HAcTymHI cTajaii OTpUMAaHHS
matepianis [11, 12]:

1. IligroroBka  BUXIZAHOI CUPOBUHU (monpiOHEHHS, OYMIIICHHS,
pPO3UMHEHHS Ta 1H.).

2. be3nocepenHbo CHHTE3.

3. BunineHHs HUTHOBOTO MPOIYKTY Ta HOTO OUMILICHHS.

4. CywiHHS, TepMOOOPOOIEHHS, NOAPIOHEHHS, YITaKyBaHHS.

Cneundiyde npuzHaueHHS (QYHKIIIOHAIBHUX MaTepiajiiB 1HOAI MOTpelye
3aCTOCYBaHHSA OCOOJMBUX METOJMIB 1 YMOB iX CHHTE3y. Y 3B’SI3Ky 3 IIUM, B
TEXHOJIOT1i CHHTE3y (YHKLIOHAJIBHUX MAaTepiajiiB BUKOPHCTOBYIOTH SIK B1JIOMI
(ToOTO TpaAMIIiiiHl) METOIU OJiepKaHHs, TaK 1 HOBI (HeTpaauiiiui) [11].

Knacugikayia memooie cunmesy @ynkyionanonux mamepianie. IcHye
JeKiIbka MiAXOAIB A0 Kiacudikaiii METOMIB CHHTE3y (PYHKIIIOHAIBHHUX
MaTepiais.

[Mepmmii migxix — ue kimacudikaimis 3a (a3oBUM CTaHOM PEAreHTIB, IO
OepyTh ydacTh y CHHTE31, 3TIHO SKOi PO3PI3HAIOTH I'OMOTE€HHI Ta T'e€TEpPOreHHI
MeToaM cuHTe3y. Taka kiacudikalis MHUPOKO BUKOPUCTOBYETHCS Y HEOPTraHIuHIN
XiMli, y TOMY YHKCII1, 1 B 3arajbHIi XIMI4HIM TE€XHOJIOTII.

Hpyruii miaxil, 10 BUKOPUCTOBYETHCS y KOJOIMHINA XiMIi, 3aCHOBaHUI Ha
croco0ax OTPUMAaHHS YaCTMHOK (PYHKIIOHAJIBHMX MaTepialiB. 3a UMM HIAXOIA0OM
PO3PI3HAIOTH TUCIIEPTaIliiHI W KOHACHCAIliiHI MeTonu. Ha 1boMy X NpUHIUII
IPYHTYETHCS 1 Kiacuikallis 31 CTBOPEHHs] HaHOMATepialiB: 3BEpXYy-BHU3 1 3HU3Y-

BBepX (puc. 2.5).
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Puc. 2.5. 36ipka 3HM3y-BBepX (@) 1 3Bepxy-BHU3 (0)

Tpertiit miaxin IPyHTYETHCS HA MPUPOAL MPOIECIB, IO BUKOPUCTOBYETHCS
JUIsL CHHTE3y MarepiaiiB, a came, Ha XIMIYHUX, (IBUYHHX Ta MEXaHIYHHX
npoiuecax. Y I1pOMY MIAPYYHUKY PpO3MISIAATUMEMO KOHICHCAIIHHI METOJIU
OTpUMaHHS MaTepialiB SK 3 PiaKoi, Tak 1 ra3oBoi ¢a3, MO IPYHTYIOThCA Ha

XIMIYHHUX 1 (PI3UYHUX TTpoIiecax.
2.2.1. Memoou ompumarHs yHKYIOHATbHUX Mamepianis i3 pioKoi ¢hazu

Metoau, 10 BUKOPHCTOBYIOTH I OACpXKaHHS  (YHKI[IOHATBHUX
MatepianiB 13 piakoi ¢dasu, npeactaBieHl Ha puc. 2.6. Knacudikailiss MeTomiB y
OMY pa3l MOB’s3aHa 3 Bapialli€l0 BIUIMBY Ha PiAKY (a3y 3 METO OTpUMaHHS
YaCTUHOK HEOOX1JAHOI AucHepcHOcTi 1 popmu. Ak MoxHa OauutH 3 puc. 2.6, A0
IUX METO/IB HAJIeKaTh XIMIYHE OCA/KEHHS 3 BOJHMX 1 HEBOJHHUX PO3YMHIB,
TIAPOTEPMATBHUI 1 PO3YMHOTEPMAJIBHUA CUHTE3H, 30JIb-T€lIb TEXHOJIOTIS,
KpHUCTaJi3allisl y PO3UMHAX 1y CTPYMEH1 €HEProHOCisl, PO3MUIIOBAIILHE CYIIIHHSA 1

IUIA3MOXIMIYHUEI CHHTE3. PO3TITHEMO 111 METOAU OLIBII IETAJILHO.

Pignna
I XiM1uHe Kpucranizanis y
OCaJUKEHHS CTpyMeEHi N
€HEProHOCis
I'iagporepmansHui
CUHTE3 PoznunroBanbsHa
CyIIIKa
30J1b-Telb
nponec O6pobka B
[JIa3MOXIMIYHOMY
» Kpucramnizaiis peakTop1

Puc. 2.6. Meronu orpuMaHHs QYHKITIOHAJTHPHUX MaTepiatiB i3 piakoi dhazn
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2.2.2. Ximiune ocaoxcents 3 po3uuHie

XiMiYHE OCaJKCHHS 3 PO3UMHIB — 1€ CKJIAJHUM (DI3UKO-XIMIYHUN TIpoIIeC,
KU BKIIFOYA€ HAacTymHi ctamii [13]:

1. 3minryBaHHS peareHTiB;

2. XiMiuHa B3a€MO/I1 OCa/KyBaya 3 KOMIIOHEHTaMH PO3YUHY;

3. YTBOpeHHs TBepnoi a3u;

4. B3aeMojist ocaay 3 MATKOBUM PO3UYMHOM (CTapiHHS Ocany).

3MinryBaHHS peareHTiB — 1e (HI3UYHUN MPOIEC MEPEHOCY MACH pearyrounx
KOMIIOHEHTIB OJMH A0 OJHOTO. E(deKTHBHICTh mepemillyBaHHS 3aleKUTh BiJ
($a30BOro cTaHy peareHTiB 1 YMOB OpraHizailii I[bOro nepemMiiryBaHHs. Y 3B'S3Ky 3
oM, 32 (a30BUM CTAaHOM BHUXIAHUX PEAreHTIB PO3PI3HAIOTH TIETEPOreHHE 1
TOMOT'€HHE OCaJ[KEHHS.

[lim dYac TeTeporeHHOro OCa/PKeHHS OCa/pKyBad 1 pPEYOBHHA, IIIO
OCa/IKY€EThCSI, IepeOyBaloTh y pi3HUX (Da3ax 1 iX B3a€MOJISl IOYMHAETHCS TUIBKH 31
3MinryBaHHsIM (¢a3. [Ipy romoreHHOMYy OCaK€HH1 OCaJKyBad 1 PEUYOBHHA, IO
OCa/IKYy€eThCsl, epeOyBaoTh B ofHIM (a3i (po3uuHi). OcalKEHHsS MOYMHAETHCS
TITBKM TIPU YTBOPEHHI OcCa/KyBada ab0 HOHIB, IO OCAKYIOTh, 3 MPOMIKHOT
PEUYOBHHH B PE3YNbTaTI JOJIATKOBOI peakIlii y BCboMy 00'eMi pO3UHMHY. Y MOBH, K1
YTBOPIOIOTHCA MPU TOMOT€HHOMY 1 T€TEPOT€HHOMY OCAJKEHHI, CYTTEBO PI3HI U
BIUIMBAIOTh HAa HACTYIIHI CTaJii MPOIECYy OCAJKEHHS, BH3HAYAIOYM BJIACTHBOCTI
orpuMaHux ocajiB. [IIBUAKICTE MpOIECIB 3MIIIYBAaHHS 3aJIeKUTh BiJ METO/IIB
opraHizailii B3a€MOJii peareHTiB (MOCHIIOBHOCTI W IIBUJIKOCTI iX BBEJCHHS B
KOHTAKT).

XiMiyHa B3a€MOJISl B PO3UMHAX BHU3HAYAETHCS POIYMHHICTIO BUXIJTHHUX
peareHTiB y po34nHax, Ji¢ BiOYBAE€ThCSI CUHTE3, 1 PO3YMHHICTIO TBEPAOI (a3, Mo
B HUX YTBOPIOETHCS. ¥ MOBOIO YTBOPEHHS TBEPAOi (pa3u mpu XIMIYHOMY OCaKEHH1
€ oJIep)KaHHSA B MPOAYKTAX PEaKIliii MajJOpO3YMHHHUX CIOJYK, IO 1 YTBOPIOIOTH
TBepay ¢azy. Ha cramii ximiuyHOi B3aeMofli HMOHIB oOcaJKyBadya 3 WOHAMU

PEYOBHHH, sIKa OCAKYETHCS, B PE3YJIbTATI peakiii yTBOPIOETHCS HOBA PEYOBHHA,
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KOHIIEHTpAIisl SKOi 30UIBIIYETHCS IOTH, MIOKU BOHA HE MEPEBUIIUTH POZUYUHHICTD
JIaHOI PEYOBHHH y PO3UMHI, TOGTO CTBOPIOETHCS HOTO EPECHUCHHS .
CrymiHb MepecUYeHHsI XapaKTepU3yeTbCs Po3MipoM abCOMOTHOrO (o) Ta

BiiHOCHOTO (P) mepecuuenns [10]:
a=C-Cy; (2.1)

:(C—CO):E
C C’

. . o 3.
IS C- KOHIOCHTPAILA pO3YMHCHOI PCUYOBUHHU Y IdaHUHX MOMCHT 4acCy 7, MOJIL/I[M )

p (2.2)

C, — KOHIEHTpalis (PO3UMHHICTH) HACHMUYEHOTO PO3YHHY 3a JaHUX YMOB,
MOJIB/IM .

OcamxenHs TBepaoi (a3su  BiAOyBaeTbcs  CaMOBUIBHO  TUIBKH 3
NEPECUYECHUX PO3YMHIB. 3aJ€XKHO BIJ CTYNEHS MEPECUUYEHHS 1 30BHIIIHIX YMOB
MEePECUYCHI PO3UYMHU MOXKYTh OyTH JIa0LTbHUMH 1 MeTacTaOUTbHUMU. OCcaKEHHS 3
Ta0UTbHUX TEPECUYCHUX PO3YMHIB TMOYMHAETHCS MPAKTAYHO MUTTEBO, a B
METacTablIbHUX PO3UMHAX T[EpEeCHYCHHsT MeHIIe 1 (a3oBa piBHOBara MoOXKe
30epiratucs TpuBanuii yac. [lepecnyeHHsl 3HAYHOIO MIPOIO BIUIMBAE HA KIHIEBUN
pPO3MIp YaCTUHOK TBEPJ0i (a3u.

3 kiacuvHoOi nitepatypu [13] BioMo, 0 mpoIiec yTBOPEHHS HOBOI ¢a3u
CKJIQJAEThCSl 3 JBOX OCHOBHUX CTaJlil: YTBOPEHHSI 3apOJKIB 1 IXHBOTO POCTY.
3apoakoM Ha3MBaeThCs TBepaa (asa, sKa 3HAXOAUTHCS B pIBHOBa3l 3
CEPENIOBUIIEM, 1110 MA€ HECKIHUCHHO BEJIMKI PO3MIPH B MOPIBHSHHI 3 3apOAKAMU 1
€ TIPECHYCHUM CTOCOBHO JaHOi (a3u. ToMy yTBOpPEHHS 3apOJIKiB € T€TEPOTreHHUM
mpoiiecoM 1 BiIOYBa€eThCA 3a paxyHOK (IIyKTyarid KOHIEHTpAIil y po34yuHl 3a
ectad)eTHUM MEXaH13MOM IPHU MOCIIJOBHOMY MTPUETHAHHI YaCTUHOK 4

a+a:a11 a,ta=a, an+a:an+1-

3apoaku, 10 YTBOPIOIOTHCSA, HE € CTAOUIbHUMU 1 MOXYTh pO3MagaTHUCA.
Buiie meBHMX KPUTHYHHUX PO3MIPIB 3apOJKH € CTAaOUTbHUMH 1 TIOYHMHAIOTH

3poctati. Kputnunuii po3mip 3apoAkiB (I, ) 3aJeXuTh BiJl POOOTH YTBOPEHHS

10 . . .
HepecnquHH — e 301/IbIIEHHS KOHIICHTpAaIlll pYOBUHU BUILC MCK1 PO3YUHHOCT1 3a JTaHUX YMOB.
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TBepAOoi a3, Ka 3yMOBJICHA CUJIOIO TTIOBEPXHEBOTO HATATY HA MEX1 oAty ¢a3s o,
1 CTyIeHsl nepecuueHHs pO3UnHY o

. 2-6-M 23
“10"-p-R-T-la’ (2:3)

ne M — monekynspHa Maca, I/MOJIb;
G — IIOBEPXHEBHIT HATAT HA MEXKi PO3MOILITY «3apOIOK-PO3UHE, [IK/M’;
p — TYCTHHA, T/CM";
R — razoBa nocriiina, JIx/(mons K);
T — abcomroTHa Temmieparypa, K.

IIBuakicte  yTBOpeHHss (W,) CTaOLIbHMX 3apOJKIB  BM3HAYacCThCS
piBHSHHM [12]:

a-c>-M?-N,
3-p-(R-T) Ina )’

W, =K, -exp| - (2.4)

ne N, —auciao ABorapo;
K, a — crani.
[licnss yTBOpeHHsSI CTaOUIBHMX 3apOAKIB MOYMHAETHCA iX 3POCTAaHHA 31

IWBHAKICTIO (W, ), 1110 XapaKTepU3yeThCs TAKOI 3aexHicTio [12]:

b-y*M-N,
p-6°-R-T) -Ina)

Wp = K2 - EXP| — (2.5)

ne K, — crana,;
b — koeditieHT, Mo BpaxoBye GopMy 3apoKa;
4 — IIOBEPXHEBA CHEPTis ABOXMIPHOTO 3apojka, Jx/M’;
& — TOBIIMHA ABOXMIPHOTO 3apOJKa, M.

Po3mipu uyactuHOK TBepnoi (ha3u, 10 YTBOPIOKOTHCA, BU3HAYAIOTHCS
CIIBBIIHOIIEHHSM IIBUJIKOCTEH YTBOPEHHS 3apOjKiB 1 iX pocTy. 3 MpHUBEICHUX
PIBHSIHb BHIUIMBA€E, 1O 31 30UIBIICHHSIM MEPECUYCHHS MOXKIIMBICTH YTBOPEHHS
3apOJIKIB PI3KO 3pOCTa€ 1 BIAMOBITHO 30UIBIIYETHCS AUCIEPCHICTH YACTHHOK
TBepa0i (pa3u, 110 YTBOPIOIOTHCA. Y MPOTHIICKHOMY BHIMAJIKY, KOJIU IEPECHUCHHS

HEBEJIMKE, MePEBAXKAE PICT YACTUHOK HAJl iX YTBOPEHHSAM, BHACIIIOK YOTO PO3MIpH
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YaCTHHOK 30UTbIIYIOTHCS. AHAJOTIYHA CUTYAIllsl BAHUKAE 1 Y TOMY BUNAAKY, KOJIU
B pe3yJIbTaTl YTBOPEHHS 3apOJIKIB MEPECUUCHHS B CUCTEMI 3HIKYETHCS JI0 TAKOTO
piBHS, 110 BUHUKHEHHS HOBHMX 3apOJKIB CTa€ HEMOXJIMBHM, 1 iX PICT IIe MOXKeE
POJIOBKYBATHCS.

Heopraniuni peuyoBUHHM, 110 OJIepkKaHl XIMIYHUM OCaJPKEHHSIM, HAJICKATh,
SK TIPAaBHJIO, JO MaJOPO3YMHHUX CIIOJNYK, yYTBOPEHHsS SIKUX CTBOPIOE BHUCOKI
CTYIIEHI TepecHueHHs. B pe3yibTaTi CcrovyaTKy yTBOPIOIOTHCS BHUCOKOIMCIIEPCHI
cucTeMH 3 posMipamu uacTHHOK 30-50 A, ski HasuBaroTh NepBUHHUMU
yacTMHKaMH. BUCOKoaMCIepCHI CUCTEMH, 10 YTBOPHIIUCS, HECTAOIbHI Ta 3 4aCOM
3aJIEKHO BIJT YMOB YTBOPEHHS 1 MPUPOAM PEUYOBUHU OUIBII-MEHII IIBUKO
KOAryJiOIOTh.

[Ipouiec koarymsmii mepebirae MOCTYNMOBO: y Ppe3yJbTaTi 3ITKHEHHS 13
NEPBUHHUX YaCTMHOK BHHHMKAIOTh arperaT, M0 MarTh (QOpPMY <JIAHIIOTIBY» 1
«TpPOH», Yy SIKUX YAaCTHUHKU O0'€HaH1 CIA0KUMH MIKMOJEKYJISPHUMH CUJIAMU.
Po3mipu arperaTiB NMEepBUHHMX YAaCTHMHOK Y 3aJIEKHOCTI BIJ XIMIYHOI MPUPOIU
pedyoBuHU 1 ymoB ocakenHs (T, pH, MeTony ocamxeHHs 1 T.11.) MOXYThb JIOCATaTH
Bix 200 A mo 1000 A i Ginbrire. Koarynsiiiini 3B'I3kM HEe € MIITHUMU, 1 OCaJl, 1110
YTBOPUBCS, MPHU 3MIHI yYMOB, HAMpHUKJIaJ, MEXaHIYHOMY BIUIMBI ab0 BBEIEHHI
nentu3aropa (JIe3iHTerpaTopa) MoKe 3HOBY MEPETBOPUTHUCS Yy BUCOKOIUCIIEPCHY
cuctemy. KoarynamiitHi arperat, 1o yTBOPHJIHCS, HaJali, B3a€EMOMIIOTH 13
PO3YMHOM, MIAJAIOTHCS CTPYKTYPHUM Ta XIMIYHUM MEPETBOPEHHSIM, TOOTO
B110YBa€ThCS CTAPiHHA OCaly.

[Ipouecu B3aeMoaii ocady, IO YTBOPHUBCS, 3 MAaTKOBUM PO3YHHOM
NOAUISIIOTh Ha (I3UYHE 1 XIMIYHE cTapiHHSA. He3BOPOTHI 3MiHU CTPYKTYpU OCaay
Micsl Oro yTBOPEHHSI Ha3UBAIOTHCS (Pi3MuHUM cTapiHHsAM. CTapiHHS 31 3MIHOIO
XIMIYHOTO CKJIaqy Ocaay 1 MAaTKOBOIO PO3YMHY B pe3ysbTaTi iX B3aeMoii —
XIMIYHUM CTapiHHSM.

®dizuuHe crapiHHA, 1O Tepedirae HE3BOPOTHHRO 1 CAMOYMHHO, MOXKE
BIIOyBaTUCS 3a TphOMAa MeEXaHI3MaMu: a) arperyBaHHs; 0) peKpucTaizarlis;

B) OcCTBanbJCHKE 103pP1BAHHSI.
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ArperyBaHHS YaCTHMHOK OCaJiB TIPOSBISIETBCS B  OPIEHTOBAHOMY
YKPYITHEHH1 YaCTUHOK 3 YTBOPEHHSM arperatiB A0 1 MKM 1 OUIBIIMX pO3MIpiB, NpU
bOMY TMOBEpPXHS 3MEHIIyeThcs Outbin HK y 10 pas3iB 1 MoxiuBa OJIOKOBa
KpUCTaTi3alis.

Pexpucranizaiiis 4acTMHOK OcCajay € OCHOBHHUM IIpoIiecoM (Di3MUYHOTO
CTapiHHS, SIKHH BUSBISIETHCS Yy PI3KOMY CKOpPOUYEHHI BHYTPIIIHBOI MOBEPXHI
B IIOPIBHSAHHI 3 30BHINIHBOIO, 10 OOYMOBJIGHO YMOPSAJIKYBAaHHSIM BHYTPIIIHBOT
CTPYKTYpPH OCaay: PpO3YMHEHHSM HAIJIUIIKOBAX IMOBEPXHEBUX JE(PEKTIB
KPUCTAIIYHUX YTBOPEHb a00 arperaTis.

OcTBanpAChKe T03piBaHHS MOJSTAE B POZYUHEHH] IPIOHUX YACTHHOK 0Cay
1 HApOCTaHHI BEJMKUX YAaCTHMHOK 3a PaxyHOK PO3YMHEHOI MacH ApPIOHUX, LIO
0OYMOBJICHO PI3HHUIICIO PO3YMHHOCTI JPIOHUX 1 BEITUKUX YACTHHOK. 3aJIeXKHICTh
PO3YMHHOCTI YAaCTUHOK BiJl iX pO3MIpIB OMUCYEThC PiBHAHHIM OcTBajibaa-
Opeitnamnixa:

RT oG _20(1 1 e
M C) p \r, r) (2.6)

ne C%, C° — posunHHicTs (MOMIB/IM’) chEPUUHIX YACTHHOK 3 paiiycamu (M) Iy i
M, aer; >r;.

[Ipouiec BiIOYBaETHCS MiJ AI€I0 CUJI IOBEPXHEBOIO HATATY, 110 MPAarHyTh
3MEHIITUTH MIXK(a30BYy MEXKY.

Pexpucranizaiito Ta OcTBajdbJIChKe A03PIBaHHSI MOXKHa YMOBUIBHUTU a00
NPU3YIUHUTH  QJICOPOIIEI0 JOMIMIOK OPraHIYHOI 1 HEOPraHIYHOi MPHUPOIH,
HaIMpuKiIag, OapBHHMKA METUIIOBOTO (iojeToBoro abo s>kenmaTuHy. CTpyKTypHa
peKpucTanizalis Moxe OyTH TPUCKOPEHA JIOKAJIbHUM MJIrPIBOM YACTUHOK OCay.

XiMi4HE CTapiHHS XapaKTepHe JJIS CUCTEM TiAPOKCH] MeTaly/Boja, Oyib-
AKa BaXXKOPO3UMHHA CLIb/BOJIA, NPU IOMY 3 MEPBMHHOIO amopdHOro ocany
YTBOPIOIOTbCS APiOHI 1 BeNMKi KpHCTaaM, IO Aal0Th diTki aeGaerpamm’™ i

CYNPOBO/IKYIOTBCSI TIEPEXOJAOM METacTabUTbHUX Moau@ikaiid y cTalliabHI.

1 JleGaerpamu — ne audpaxTorpamy.
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Hanpukita, opy XiMidHOMY CTapiHHI CIiBOCauKeHNX rigpokcuis depymy 3 Ni*¥,
Co?* yTBOPIOIOTHCS HOBI XiMiUHI CITONyKH — (hepUTH, IITTIHEI.

XiMiuHE CTapiHHS CUCTEM OCaJl/pO3YMH MOKE BUKIMKATH TaKi MPOIECH:

1) B3aeMoOisi OCHOBHOI'O 0Caay 3 KHCIOI CULII0 Y MaTKOBOMY PO3YHHI,
TOOTO peakilisg HeuTpai3arliii;

2) B3aeMOIis 0cajy 3 BOAO0, TOOTO peakilis TiApoJizy;

3) B3a€eMOJIis TBEPIOTO OCaay 3 HEHTPaIbHOIO CI/LIIO — PEaKIlisi OOMIHY;

4) B3aeMoOJlisT KOMITOHCHTIB CKJIQTHOTO OCaay MK CO0OI0 3 YTBOPEHHSIM
HOBOI CHOJYKH — pEeaKilisl CUHTE3y, YTBOPEHHS TBEPJMX PO3UMHIB 3aMiIlIEHHS, a
TaKOX B3a€EMOJISl OCaay y BIIKPHUTIM CHUCTEMI 3 PO3UMHEHMMHM Ta3aMu (peakilii
OKHCHEHHSI, KapOOoHi3aIlii Ta iH.).

MoskiiiBHi TiepeOir Ha MoBepxH1 TBep101 (ha3u JEKUIBKOX THUITIB MPOIIECIB,
MOBHOTA 1 Yac mepediry SKUX BU3HAYATUMYTh MPOMDKHI W KIHIEBI BJIACTUBOCTI
CUCTEMHM B LIJIOMY Ta OCaay 30KpeMma. XeMOCTapiHHsl nepedirae OJHOYACHO 3
(GI3BUYHUM CTapiHHSAM, 110 3MIHIOE BJIACTUBOCTI CHCTEMHU OCAaJl/pPO3YHUH Y IIIIOMY,
TOMY BJACTUBOCTI TBepAoi (asu MOXyTb SK TMOJINIIYBaTUCSA, TaK 1
MOTIpPITYBaTHUCS.

Jist  oTpuMaHHS ~MaTepiayiB  XIMIYHUM  OCAJKEHHSIM 3 TEBHUMU
XapaKTEPUCTUKAMU Ha MPAKTHUI[l BUKOPUCTOBYIOTH pI3HI MeToau 1 mpuiiomu. o
OJIHAX 3 TaKMX METOIB HaleXaTh «METOJ| NMPWIUBAHHSI» Ta «METOJ 3JTMBAHHS
(puc. 2.7). Ilpu ubOMy «METOJ IPWIUBAHHS 3A1MCHIOIOTH SIK «IIPIMUM», TaK 1 «HE
npssMuM»  criocoOom. [lopsgok 37muBaHHS Ja€ 3MOTY OTPUMYBATH  OCalu
MOCTIIHOTO 1 IEPEMIHHOTO CKJIaay, TaK SK BiH OpPMY€E CKJIaJ CEpeOBUIIA i 3apsi
TIOBEPXHi yTBOpeHOI TBep/oi (ha3u. FIoHH MaTKOBOTO PO3UMHY, SKi OJHOWMEHHI 3
HoHamu B TBepaii ¢azi, cOpOYIOThCS Ha MOBEPXHI TBEpoi (a3u, BU3HAYAIOYM ii
3apsn. 3HAK 3apsAay TMOBEPXHI BIUIMBAE HA XIMIYHUW CKJIaJ, MIBUAKICTH HOTO

(dbopMyBaHHS 1 BIACTUBOCTI MOBEPXHI Ta 00’ €My ocafy.
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PO3UHH pOo34nH Po3zunH cnionykwy,

oca/l’KyBayda oca/nKyBada 10 0CAKYETHCA

-

Po3uun cnonyxky,
— — — J/ 110 OCaIKYEThLCH — — —

Puc. 2.7. Cxema «MeTOy IPUIHBAHHD» (@) 1 «METOIY 3MBaHHD) (0)

[Ipu oTpumMaHHi oOcaaiB 3 TIEBHUMH BIJIACTUBOCTSAMH KOPUCTYIOTHCS
y3arajibHeHUMU 3aKoHOMipHOCTsIMU 110 1. I1. Beiimapny [13]:

1.V pasi Oe3nepepBHOro 30LIBIICHHS KOHIIGHTpAlll PO3YMHIB, IO
pearyroTh, CEpPeIHI po3Mip YACTHHOK OCamIy, SKHH YTBOPIOETHCS dYepe3 3ajaHi
MIPOMIDKKH 4acy IIICIS MOYaTKy OCa/DKCHHS, MPOXOJWTHh depe3 Makcumywm. [lpum
KoHIeHTparisax po3uuHiB Big 0,001 o 1 M ocaau, 1m0 yTBOPIOIOTHCS, BCE MEHIII
JIOCKOHAJII 3 BEJIMKOI YaCTKOK AEHAPUTHUX (popMm. [Ipu KOHLEHTpalisaxX PO3UHHIB
ot 1 M crioyaTKy yTBOPIOIOTHCSA OCAIH y BUTJISL KeEJIeMoI0H0T MacH, MOTIM
MTOCTYTIOBO TIEPEXOATh Y AP1OHO3EPHUCTHI OCa.

2. JIo6yTok koHmentparii (C, MOIb/IM’) PEIOBHH, IO PEaryioTh, Ha PO3MIp
yacTUHOK (d, M) € BeTMUMHA TOCTIHHA:

C-d" =const, (2.7)
Jie N — TOKa3HUK CTYTICHS.

3. SIxkuo nmaHa peyoBMHA MAa€ Pi3HY PO3UYMHHICTh Y PAMl JAUCTEPCIMHHUX
CEpellOBHUIL, TO MpU Oynb-sKid KOHILIEHTpalli pO3YMHY YACTUHKM HAWMEHIIOro
po3Mipy OyayTh YTBOPIOBATHCS Y TOMY CEPEAOBHIII, A€ 11 PO3UMHHICTh HalIMEHIIIA.

Ha ocHOBI mux 3aKOHOMIPHOCTEH CQOpPMYJIbOBaHE MPABUIIO OJCP>KaHHS
ocaaiB 13 Kpamumu (i3UYHUMH BiacTUBOCTSAMHU (mpaBuiio Belimapna—I'abepa):
XIMIYHE OCAQ/KCHHS TpeOa BECTH 3 PO3BEICHUX PO3YHMHIB, MPH IHTCHCHBHOMY

nepeMillyBaHHI Ta MOBUIBHO JOJIMBAIOYHN OCAIKyBau.
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CriBBIAHOIIEHHS Opil€HTAll] W arperyBaHHs BU3HAa4Yae (GopMmy ocaay, SKHii
YTBOPIOETHCS — KPUCTATIYHUM a00 peHTreHoamopduum. e npaBuino He BpaxoBye
CTapiHHS 1 POJi «3aTpaBKW» («3a4ETUICHHS», 1HIIIIOBAHHS «KPUCTATi3allii») mpu
OCaKEHHI.

M. O. TananaeB chopmyitoBaB Take MNPaBHIO OAEp>KaHHA amMoOp(PHHX 1
KPUCTAIIYHUX OCafdiB: aMOpdHI ocaau HEOOXITHO OCaKyBaTH MIBHAKO 3
KOHIIEHTPOBAaHUX PO3YMHIB; KPUCTAJIIYHI OCaau BapTO OCAKyBaTH MOBLIBHO 3
PO3BEICHUX PO3UYHHIB.

JliopoOHi ocamm, 3a H. II. Knsuko ta HO. A. Kongpatrokom [13], BapTo
0CaJ[)KyBaTH 3a KJIACHYHUM IIPaBUIIOM — 3 PO3BEJCHUX PO3UMHIB 1 MOBUIBHO, a00 3a
npaBuioM M. O. TanaHaeBa — 13 KOHUEHTPOBAHUX PO3YMHIB 1 IMIBUAKO.

3a5ie’)KHO BIJT YMOB OCaJKEHHsSI Oarato ocaaiB MOXYTb OyTH J1i0poOHUMU
abo miounbHUMHU. {11 iX BU3HAUEHHS 3alIPOIIOHOBAHO Psij MPABWI: PEYOBHUHY
OCAJKYIOTh 13 PO3BEAEHUX PO3YMHIB OJUH pa3 IIBHUIKO, APYIHMil pa3 MOBLILHO, 1,
SIKILO 0Ca/l, 1110 YTBOPUBCS, OLIbII KOMIIAKTHUM MPHU MIBUAKOMY OCaJKEHHI, TO BiH
€, B JIaHMX YyMOBaX, JIOQUIBHUM 1 HOro BapTO OCaIKyBaTH 3a IPABUIOM
H.II. Knsuko Ta 1O. A. Konaparioka, m0pu TMOBUIBHOMY — 32 TIPaBUJIOM
M. O. Tananaesa.

O. A. HikonaeB [13] 3poOuUB BHUCHOBOK IIOAO OOMEKEHHSI POCTY PO3MIpPIB
YACTUHOK, SIKUM MOB’SI3aHUN 3 THUM, 110 MaJOPO3YMHHI OCaau SABISIOTH COOOIO
MOBTOPHI KPUCTAJIH, SIKI YTBOPEHI 3 HEMPABUIIBLHO 3POIIECHUX MEPBUHHHUX OJIOKIB,
110 BUKJIMKAE HANPYrd 1 OOMEKEHHS POCTY iX PO3MIpIB, a 1€ BU3HAYAE TYCTUHY
OCaJliB 1 MIBUJKICTH iX QiabTpaliii.

Takum yuHOM, (P13UKO-XIMIYHI BJACTUBOCTI O0CAly BU3HAYAIOTHCSI YMOBaMU
OJIepKaHHsI, CKJIaJIOM, CTPYKTYPOIO 1 HASABHICTIO JTOMIMIOK. JIJ1s1 ocaiB mOCTIMHOTO
CKJIaJy XapaKTEPHO TIIBKH (pi3MUHE CTApiHHSA, a IJIs OCaA1B IEPEMIHHOTO CKIady —
XIMIYHE CTapiHHS.

Jlist onepkaHHs TBEpAOi (pa3u 3 3aJlaHUM XIMIYHUM CKJIAJ0M 1 (13HYHUMH
BJIACTUBOCTSIMU HEOOXIJIHO, MO-TIEepIlie, BCTAHOBUTH (PYHKIIOHAIbHUI 3B'SI30K

CTPYKTYpH 1 BJIACTHUBOCTEH TBepaoi (pa3u 3 mepecuyeHHSM PO3UMHY B MPOIIECi



37

OCa/DKeHHS Ta, MO-Ipyre, 3aJeXHICTh CKJIaay TBepAoi ¢asu Big mepediry
BTOPMHHUX TOMOXIMIYHUX peaKIlii Mpu XIMIYHOMY CTapiHHI B NEPIOJUUYHOMY
poIIeCi.

XiMiuHUH cKJaj TBEpAOi Ga3u B CHUCTEMaxX 3 OcallaMd MEePEMiHHOTO CKIIaTy
3aJICKUTh BiJ] BHOPAHOTO METOAY OCA/PKECHHsA. Y pa3i HaIMIIKy OJHOTO 3
peareHTiB B PO3YMHI MpU XIMIYHOMY CTapiHHI MepediraroTh peakxilii CHHTE3Y,
HeWTpamizamii Ta OOMIHHOI B3aeMOli. Y 3B’S3Ky 3 IIMM OCaJH TEPEMIHHOTO
CKJIagy HEOOXITHO OJepKyBaTH Oe3lepepBHUM a00 HAIIBIEPEPBHUM CIIOCOOOM

IIPU PETYIIIOBaHHI CTEXIOMETPUYHUX CITIBBIHOLIECHb PEAreHTIB.
2.2.3. Cunme3 3016—2eib Memooom

[lix 301b—Tedb METOAOM pO3YyMIIOTh TMEpexiJ BiJA BUIBHOIUCIEPCHOI
cucteMu (30J110) 1O 3B'SI3aHOI  cHUCTeMHM (TeN0) 3a paxyHOK KOaryJsili,
CTPYKTYpOYTBOpeHHs Ta 1H. [Ipu 1mpomy, 305b — IIe yJIBTPaMiKpOreTeporeHHa
CUCTEMa 3 PIAKUM JAUCHEPCIHHUM CEPEOBUIIEM 1 TBEPJIOI0 AUCIEPCHOIO (ha3oro,
YaCTUHKHU SIKOi MaroTh po3Mipu Big 5 10 100 HM (TOOTO BOHHM OepyTh ydacTb y
OpOyHIBCBKOMY pyXy); Teidb — 1€ JIHUCHEpCHA KOJOigHA CHUCTeMa 3 PIJIKUM
JTUCTIEPCITHUM ~ CEpENIOBUIIIEM, B SIKIi YaCTUHKA YTBOPIOIOTH IPOCTOPOBY
CTPYKTYPHY CITKY.

[lepmie BHUKOpUCTAaHHA 30Jb-T€Jb TEXHOJIOTII K CIOCO0Yy CHHTE3y
HEOPTaHIYHUX OKCHUJHUX MarepiaiiB (Kepamikd, CKjia Ta 1H.) BIHOCHTBCS [0
cepeaunu 19 ct. Y pobotax I1. D6enspmana 1 B. I'pexema [12] Oyso noka3aHo, 1110
TIAPOJI3 TETPACTOKCUY KPEMHIIO (TETPACTUIIOPTOCUTIKATY) Y «KHUCIUX» YMOBax
Bene 10 yrBopeHHs SiO; y dhopMi cKiIomoaiOHOro martepiaiay. 3 B’SI3KOTO TejIio
MOXHa OyJI0O BUTSATHYTHM BOJIOKHa a0o0 c(opMyBaTH piBHI MOHOJITHI ONTHYHI
miu3u. Ane motiMm (y 1950-x pp.) modaBcsi HOBHM €Tam y PO3BUTKY 30J1b-T€Ib
TEXHOJIOT1i 3aBISIKM PO3BHUTKY XiMil amKOOKCHIIB MeTamiB. Ha ocHOBI mmx
QTKOOKCHUJIIB OYyJI0O CHHTE30BaHO 0OaraTo HOBUX KEpaMIYHMX OKCHIHUX

KOMITO3HMIIIA, IO BKIOYarOTh okcuau Al, Si, Ti, Zr Ta iHII MeTalM, SKI
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HEMOXXJIUBO OTPUMATH 3a JIOMOMOTOI0 TPAJAMIIIMHUX METOIIB IMOPOIIKOBOT
KepaMiKH.

OcHoBHI cTajii 301b—Tens Mmetoay [10]:

1) 3MmilIyBaHHS BUXIJIHHUX PEarcHTIB,

2) yTBOpEHHs TBepaoi (a3 — 301110,

3) mepexija 307110 B Telb;

4) cyuriHHs;

5) TepMooOpoOKa.

CxemMaTHYHO TPOIECH 30Jb—TEeIb TEXHOJIOTII MOXHa MPEACTaBUTH, SK
300paskeHo Ha puc. 2.8. CrovaTtKy 3MIlIyIOTbCS BUX1JIHI peareHTH 3 YTBOPEHHSIM
ICTUHHOT'O PO3YMHY, B IKOMY MOTIM IT1]T JI€0 30BHIMIHIX 400 BHYTPIIIHIX (DAKTOpPIB
YTBOPIOETHCS 30J1b.

3alie’)KHO BiJ TOrO SAKUH TPOAYKT HEOOXITHO OTpPUMATH, 30JIb-Telb
TEXHOJIOT1I0 TIPOBOIATH 32 HACTYITHUMHU METOaMHU:

1) «Konoigauii» 30/1b-reib METO. Y I[bOMY BHUIIAJIKY MPOIIEC MPOBOISATH Y
JB1 CTajll: TIApOJI3 BUXIJHUX KOMIIOHEHTIB 3 YTBOPEHHSIM CTIMKOIO
KOHIIEHTPOBAHOTO 30J110; (DOPMYBaHHS 3 HHOTO TUIIBOK a00 BOJIOKOH 32 PaxyHOK
renieyTBopeHHs. Lleit MmeTo Mae cBO1 TpyIHOIII, TOMY IO TpU peaiizailii Horo y
BUITAJIKy 0araTOKOMIOHCHTHHX CHCTEM BHHHKA€E CKIIAIHICTh OJCP)KAHHS CTIHKHUX
KOHIIEHTPOBAHMUX 30JI1B.

2) «O0’eqnanuity meton. Cramii oJep)KaHHSA 30JI10 1 Tel0 00’ €IHYIOTh,
TOOTO (QopMyBaHHA Tea0 iae Oe3mocepeHbO YOI 3a YTBOPECHHSIM
BHUCOKOJUCIIEPCHUX YAaCTUHOK, a 1HOMI ¥ mapanenbHo. TpyaHICTh, IO MOXKE
BUHUKHYTH TpPU OJIEp)KaHHI MaTepialliB TaKMX K BOJIOKHA, BHUCOKOIUCIEPCHI
MOPOIIKH, MOHOJIITH, aepo30jii — IIe¢ HEOOXIAHICTh 3a0e3MeUeHHS OJHAKOBOI

IIBUKOCTI T1IPOJIi3y BC1X BUXITHUX pPEarcHTIB.
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Puc. 2.8. TIponiecu 3051b-T€Ib TEXHOJIOT1T

3) MeToi «KOHTPOJILOBAHOTO» TiIpoidy. Y MaHOMY BHIIAAKY Peai3yloTh
YACTKOBUHM TIAPOJII3 MPU HECTayl BOJHU, y Pe3yJbTaTi 4Oro Bijpazy (popMyeTbes
TOMOT€HHHUI renib (200 MOJIIMEpHUN Tellb) 3a PaxyHOK IMOSIBU METaJTOKHMCHEBUX
3B’SI3KIB B yChOMY 00’€M1 po3unHy. YacTUHKM OKCUIIIB (POPMYIOTHCS BXKE TIiJ] Yac
CYLIIHHS Ta TepMooOpoOneHHss remto. Takuih cnocid 307p—Telb METOAY
BUKOPUCTOBYIOTh TpPU OTPUMAaHHI IUTIBOK, BOJOKOH, MOHOmTIB. Lleli meton
HaWOUIBII CKJIAJHUI B TIJIaH1 KOHTPOJIIO MPOIECIB 30JIb—T€JIb METOTY.

«Konoigauit» Ta «00’€IHAHUI» METOAM IyKE€ MOJIOHI MiX CO00I0 3a
xiMi3MoM. [IpHMHIIMIIOBOIO BIMIHHICTIO € T€, IO CTaJli OTPUMAHHS 3010 1 TEJI0
BIJIOKpEMJIEHHI MK COOOI0 y yaci, a B JpyromMy BHUIAJIKy — Hi. BruuBatu Ha
MIBUIKICTh Ti€l YM 1HIIOI CTajli MPOIECY MOXJIMBO 3a JOMOMOTIOK TaKUX
napameTpiB, sk pH (BUXiIHUI Ta KIHIIEBUI) CepeOBUIIA, TEMIIEpaTypa MpoIiecy,
npupoza MPeKypcopy, TUIl pOZUYMHHUKA, KOHLIEHTpALlls COJIE METaIiB y BOAHUX 1
HEBOJHUX po3unHax. Ak mpukiam, Ha puc. 2.9 HaBeneHo BB pH Ha MBUAKICTH

MpoLIeCy T1Ipoii3y, TOOTO MBUAKICTh YTBOPEHHS 30JI10.
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Puc. 2.9. B pH cepeoBuIa Ha MBHIKICTH IPOLIECY TLAPOITI3Y

-

- b}

«KoHTponbsoBaHui» TiApom3 — 1€ TAPONi3 aJKOroJIATIB METaliB Yy
CIUPTOBUX PO3YMHAX IT1Jl 4acC JOJIaBaHHs MEBHOI KUIbKOCTI BoJu. [lonaroun Ty 4u
IHITY KUTBKICTh BOJM, MOKHA BIUIMBATH Ha KUIBKICTh Ta PO3MIP YaCTHMHOK 30JIIO,
10 YTBOPIOKOTHCA.

OTxe, 30/1b—T€lIb TEXHOJIOTISI JI03BOJIIE OTPUMYBATH IMOPOIIKH, MOHOJITH,
MOKPUTTS, IUIIBKU, BOJIOKHA, aeporedl, CKIo, KepamiKy, riopuani matepianu. [Ipu
[OMY, TIOPOIITKA MOXHA OTPUMYBATH SIK B KpUCTaANIUHIN (a3i, Tak 1 B aMopPHiii.

[impois™, KOHACHCALs # CYIIHHS € KIFOYOBHIMH MOMEHTAMH Y 30JIb—Tellb
TEXHOJIOT1i, [0 BU3HAYAIOTh PO3MIp YACTUHOK KIHIIEBOTO MpOAYyKTY. ['iaposi3 mis

EU'IKOFOJ'ISITiB MeTaHiB MOJKHA IIPCACTABUTH HACTYIIHUM YHMHOM:
Me(OR), + X H,0 = Me(OR),.OH +x ROH. (2.8)

MexaHi3M 1€l peakiii BKIIOYA€ BBEACHHS BIJ €MHOI 3apsAJKEHOI TpYyNH
5- < 5+ .
HO"™ B NO3UTHMBHO 3apsypKeHHA LEHTp Merany Me®, micias 4oro HO3WTHUBHO

BapHJI)KGHI/Iﬁ IMPOTOH MPUEIHYETHCA OO0 AJKOIpyllkd 3 HACTYIIHHM BHUIAJICHHAM

ROH:

12 1 . . . . .
Tiapoi3 ankoOKCHIIB METaIB — I1e HyKJIeodiabHa peakilis i3 BOJ00.
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(2.9)

~H
_T—”HO—Me—O\R..—_’* HO-Me + ROH

Konpencaris peanizyeTbCcsi TUIBKH 32 YMOBH, KOJIM MOJIEKYJIH TIAPOKCUAY
3B’SI3YIOTBCSA MIXK CO0O0I0, B PE3yJIbTaTl YOI'0 BUBUIHHIOIOTHCS MOJICKYJIM BOIH 1

YTBOPIOETHCS TeIb-CITKA T1APOKCUIY:

b N

—Me—OH +OH—Me— _—* Me @) Me + H,0

e NS AN

.(2.10)

[IBuaKOCTI TiAPOJI3y 1 MOJIKOHACHCAIT € OCHOBHUMHM IapaMeTpaMu, IO
MaloTh BIUIMB Ha BJIACTHBOCTI KIHLIEBOrOo MNpoaykry. IlloBunbHMII W OuIbII
KOHTPOJIbOBAaHUW TIAPOII3 3BUYANHO JI03BOJISIE OTPUMYBATH OuUIbII  JIP1OHI1
YACTUHKH.

AHANOTIYHUM YUHOM TPOBOJATH CHHTE3 30Jb—TE€lIb METOAOM OKCHUIIB
METaJiB 13 HEOpraHIYHUX TMpeKypcopiB. Peakiiii rimponizy 1 KOHACHcAI],
BIJIMOBIJTHO, I HEOPTaHIYHUX MPEKYPCOPIB MOXKHA MPEICTABUTH HACTYITHUMU

3araJJbHUMHU piBHHHHHMI/IZ
Me(H,0),*" < [Me(H,0),.;OH]“"* + HY, (2.11)
Me(H,0),*" < [(H,0)x.1Me(OH),Me(OH),.1]%*?* + H*, (2.12)

ne Me — ilonu MeTany;
X — BaJICHTHICTh METay;
Z — 3apsi]] aHIOHY.
Buxonsun 3 mpencraBineHux peakiiiii (2.8-2.12) 301b-Teab METO MOXKE
npoxoautu abo depe3 TMpolec Tiapom3y (B3aemojis MeTaidiB 13 BOAOK 3

YTBOPEHHSM aKBaKOMIUIEKCIB MeTaliB), a00 uepe3 TMpolecHu KOHJEeHcallli-
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noJiiMepu3allii (TakoXx 4epe3 yTBOPEHHs akBaKOMIUIEKCiB MeTauiB). | B mepiiomy, i
B IPYTOMY BHUIIAJIKy YTBOPIOETHCS 30J1b, SIKHH JJalli IEPETBOPIOETHCS Y TEIlb.

3rigHo 3 peakuiii (2.8-2.12), cxemy THIIOBOTO 30JIb-T€IIb METOY OTPUMAHHS
HaHOPO3MIPHHX MOPOIIKIB OKCHU/IIB METAJIIB MOYKHA MPEICTABUTH , SIK HABEJICHO Ha

puc. 2.10, a mpuUHIIUIIOBY cXeMy — sIK Ha puc. 2.11.

Me(OR),. pO3UHHHHK

INnopomniz (H,0) [lepemimysanus

Jf

Me(OH),, ROH, po3unHHHK

-H,O, reneyrsopenns
CrapiHus
[IponosxenHs
refleyYTBOPEHHS
I'eas . R
——> l'iapokcua ciT4acTol CTPYKTYPH
+ PO3UUHHHK

ButyueHHs pO3UMHHIKA,
CyLIi HHS

W

Hanonucnepcuuii rizpokena

Tepmoobpobra

v o -
HHHDKPMC TATIYHHH OKCHIO

Puc. 2.10. Cxema oTpuMaHHS TIOPOIIKIB OKCHIIB METAJIIB 30J1b-T€Ib METOAOM [ 12]

Jlo nepesar 30/1b—T€lb METOLy MOKHA BIJIHECTU HACTYIIHE:

* MOXJIMBICTh 3a0€3MEYEHHS] YHUCTOTH KIHIIEBUX MaTepialliB y BHIAJKY
BUKOPHCTAHHS TaKUX MPEKYPCOPIB AK AITKOOKCH/IIB METAIB,;

* MOXJIMBICTh OTPUMAaHHS NMPOAYKTY 3 BUCOKMM PIBHEM TOMOT€HHOCTI;

* MOXIJIMBICTh OJCpP)KaHHS TEIIB 3 PEryJbOBaHOI MIKPOCTPYKTYPOIO
(Y mUpOKHX MEXKax MOXHa BapilOBaTH TYCTHHY, MHOPUCTICTb, PO3MIpU TOD,
NUTOMY IUIOLLY MOBEPXHIi, IO € y>KE€ BAXKJIMBUM y BHPOOHMIITBI KaTaji3aTopis,
COpOEHTIB, TOPUCTUX TUTIBOK Ta 1H.);

* 30Jb—T€llb METOJ J03BOJISIE OTPUMYBATH HOBI KpUCTaNIuHI ¥ amopdHI
PEUYOBHHH Ta 1H.

* MOXJIMBICTH OJIEpKaHHS BUCOKOAMCIEPCIMHUX TMOPOIIKIB 3 HHU3BKOIO

MO AUCIIEPCHICTIO (JIy*e OJM3bKUX 1O MOHOJUCIIEPCIMHUX ).
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[ligroToBKa BUXiTHUX PEYOBUH

i

INapomi3

l

ITosikoHIeHC AL

l

I'eneyTBOpEHH:

l

Cyurinas

l

VuiinpHeHHsS

l

TepmooOpabdka

Puc. 2.11. TlpunnunoBa cxema 30J1b-T€Ib METOAY
2.2.4. I'iopomepmanvHuil cunmes

['iapoTepMalibHUI CHUHTE3 IPYHTYETHCS HAa HarpiBaHHI PO3YMHIB BUXIJHUX
peareHTiB Npu 3aJaHuX TeMIepaTypax Ta THCKaxX BIPOJOBXK IEBHOIO 4Yacy.
CyTHICTh HOr0 3aKIIIOYAEThCS Yy TOMY, IO MPHU MPOBEACHHI MPOLECY HArpiBaHHSI
(rigporepMaibHOI OOPOOKH) BOJHUX PO3YMHIB PEAreHTIB B 3aKPUTOMY PEAKTOPi
aBTOKJaBa N0 Temmeparyp, ski nepeBunyorh 100 °C, miaBUIIYETHCS THCK
HACUYCHOI Mapy HaJ po34rHOM 110 3HaueHb noHaa 0,1 Mlla (1 atm). Ilpu upomy,
temneparypa Moxe caratu 10 550 °C, a tuck — no 100 Mlla [12].

Ileit MeTOI BUKOPUCTOBYETHCS ISl CHHTE3y 0araTbOX OKCHIIB METAIIB 3a

pPaxyHOK MPOXO/KEHHS PEaKIIiil riaposizy 3a JaHUX YMOB:
MeCl, + H,O — MeO + 2HCI, (2.13)
ME(NO3)2 + H,O — MeO + 2HNOs. (214)

3a MiABUIIEHOTO THCKY BIJIOYBAETHCS MPOLIEC MEPEXOAy COJIEH METaliB y
HAHOJMCIIEPCHI TOPOIIKH — OKCHJIM, OMWHAIOUM CTaJII0 TIEPETBOPEHHS COMi B
riipokcui. B 3BHuUaiiHuX ymMoBax I peakiii He BiIOYyBalOTHCS, TOMY LIO OKCUAU

METaJiB PO3UYUHSIOTHCA y KHUCIOTaX. TakKuM CHOCOOOM OTPUMYIOTH OCOOJIMBO
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YUCTI OKCHIIA 3 MOXJIMBICTIO OTPUMaHHS YacTOK B HaHOAlama3oHi. TemrepaTrypa
MOBUHHA OYTH BHIIIE JIIHIT piIBHOBAaru oKcua — rigpokcu Ha P-T miarpami.

ABTOKJIaB, 10 BUKOPHUCTOBYETHCS Yy IBOMY pasi, IIe¢ PEaKTOp Ha OCHOBI
CTaJIBHOI'O TOBCTOCTIHHOTO PEAKTOpa, 1110 MOBUHEH OyTH (yTepoBaHUil Te(DIOHOM,
abo kBapiieM, a00 CKIJIOBYIJIELIEM, SIKMH TepMETHYHO 3auuHseTbes. OTxe, 1e
amapar MmepiogudHo1 Mii.

[NapoTepmanbHUii METOJ| 03BOJIIE OTPUMYBATH HAHOYACTHUHKUA OKCH/IIB
MeTaliB po3MipoM Bij 10 HM 3 BHCOKUM CTyIeHeM MoHoamcrepcHocti [10, 12],
Ipy IIHOMY MOKHA JOJaBaTH KHCIOTH ab0 Jyru s YHUKHEHHS 3Miam pH
PO34YMHIB y TpoIeci OOpOoOKH, a TaKOX MEPOKCHU]I BOAHIO — JIJIsi TalbMyBaHHS
TIAPOI3y ¥ 3a paXyHOK LIbOIO — OTPUMAHHSI MEHIIHX 32 PO3MIpOM 4acTUHOK. [Ipu
OTPUMaHHI HAHOOO’ €KTIB TiAPOTEPMATIBHUM CIIOCOOOM 3HAMACHO, 10 3a OUIBIIOT
TPUBAJIOCTI  TIAPOTEPMAIBbHOI OOpOOKM HAHOYACTUHKM  OKCHIIB  METajiB
OTPUMYIOTh OLIBIIMX pO3MipiB. Te came CTOCyeTbCs M TeMIlepaTypu: MiJ 4ac

00poOJIeHHsT 32 OUIBII BUCOKUX TEMIIEpaTyp OTPUMYIOTH OLIBII BEJIHMKI PO3MIpH

ViIpHIOBaAJIBHE
P KUIBLIE

TBEpJ0i (a3zu.

O6Tfopa7{p\

Tepmonapu
TednonoB

KOMipKa

Puc. 2.12. Peaktop a7t MPOBEICHHS T1IPOTEPMATBHOTO CHHTE3Y

VY 1ol Xe dYac TIAPOTEPMAIbHHA CHHTE3 € CKIIAJIHUM Yy amapaTypHOMY

oOpMJICHHI Ta JOCHTh €HEPrOBUTPATHUM. BUIbII TOTO, 10 MarepiaiiB, 3 SKUX
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BUTOTOBJISIFOTBCSL peakTopu (puc. 2.12) Ta aBTOKJIABU, BUCYBAIOTHCS IKOPCTKI
BUMOTU: BOHH TIIOBUHHI OyTH XIMIYHO IHEPTHUMH B KHCIMX 1 JYXHHX
CepeZIOBHILAX MpU MiJBUIIEHUX TeMIlepaTypax Ta THCKaX, ajie, Ha BIIMIHY BiJ
30JIb-T€JIb 1 TEPMIYHOTO METOMAIB, TIAPOTEPMAIbHUM METOJ, 3 TOYKH 30pYy
OCHOBHUX MapaMeTpiB KepyBaHHS (TUCK 1 TeMIepaTypa), € OLIbII paliOHAIBHUM 1

e(EeKTUBHUM.
2.2.5. Kpioximiuna mexnonozis

CyTHICTb KP1OXIMIYHOT TEXHOJIOT1] MOJISITa€ B TOMY, 1110 BUX1THUN PO3UYHUH 3
PO3UMHHUMH Y HBOMY COJSIMH PO3OPHU3KYETHCSI B HH3BKOTEMIIEPATypHOMY

PO3UHMHHHUKY, IC OXOJIOIKYIOTBCA Kpanni.

IIpuroTyBanHs po3unHiB iHIUBIAYaTBLHHX coseit

l

’ 3milryBaHHS PO3YHHIB ‘

l

’ Kpiokpucranizauis ‘

! r '

Kpioexcrpaxuis ‘ ’ CyOaimauiiine cyminus ‘ ’ Kpioocanikenns

! . '

Jeriaparanis cojieBoro npoaykry

Y
Tepmiuna o6podka npoaykTis
KpioxiMiuHOro CiHTE3y

IIpecyBanns, ¢opMyBaHHs, CIKAHHS,
J0/1aTKOBA TepM0O0OpooKa —
OTPHMAHHS FOTOBOI0 MPOAYKTY

Puc. 2.13. Cxema KpioXiMIi9YHOTO TEXHOJIOTIYHOTO Tiporiecy [ 14]

[licnss OXONOIKEHHs Kpamuil 3aTBEpAiBalOTh y BHUIISAl Kpuru. Ilig
3HM)KEHHM THUCKOM KpHUTra cyOiiMyeTbesi, TOOTO BiAOyBaeTbCsA CyIIIHHS 0e€3
IUTaBJIEHHSI — cyOmimariiiiHe cymrHHs. B mporeci CyuriHHS BOJHUN pO3YMH HE
YTBOPIOETHCS, a 3HAYUTh, HE BIJOYBAETHCS PICT YACTUHOK Ta iX KOAryJIsIII.
Hapuc. 2.13 1 2.14 wmoxHa m100QYUTH THUIOBY CXEMY KpIOXIMIYHOTO

TEXHOJIOTITYHOTO MPOIECY 1 CXeMy OTPUMaHHS OKCHJIHUX MOPOIUKIB BiAMOBITHO.



46

[le#t MeTOn BUKOPUCTOBYETHCS JUIS CHHTE3y 0araThbOX TOPOIIKIB  SIK
HEOPraHIYHOr0, TaK 1 OPraHiYHOro MOXOoJKeHHS. L[o TexXHoJorio myX e 4acTto
BUKOPHUCTOBYIOTh JUIsl 0araTOKOMIIOHEHTHMX CHCTEM 3 METOI0 OuIbIoi ix

TOMOT'OHM3AIlT Ta OTPUMAHHS 3 HUX MOPOIIKIB MEBHOI TUCIIEPCHOCTI.

v

Pinxuit
azoT

[TpuroryBaHHs
6araTOKOMIIOHEHTHOTO
DOSHELY [IBHAKE
3aMOPOKYBAHHS
PO3YIHY
! =

-
Cybaimaliifize
CYIIHHS

‘

COABOBHI ITPOAYKT

TepMiuHHN PO3YHUH
i OKCHAHUIT " J
TTOPOIIOK Y ’

Puc. 2.14. Cxema Kp1oXiMi4YHOT TEXHOJIOT1i OTPUMaHHS OKCUIHUX MaTepiaiis [ 14]

2.2.6. Texmonocii  eazopasznoco  ma  NAAZMOXIMIYHO20 — CUHMeE3)

@DYHKYIOHAILHUX NOPOUIKIB

lNazodazHuii Ta MIa3MOXIMIYHUM METOAU CHHTE3Y 3a MPUPOIOID JyXKe
OMm3bKi MK CcO00I0 3aBASKH CXOXKOCTI iX KJIIIOUOBOTO IIPOIECY — TEPEBOIY
CUPOBUHU B Ta30MOA1I0HUI CTaH 3a JOTIOMOT'0I0 €HEProHOCis (Po3irpiToro razy ado
ia3Mu), MPU I[OMY 13 CHUPOBHHHUMH KOMIIOHEHTAMH MOXYThb BiJIOyBaTHUCS
XiMI4H1 1/a00 (131M4HI NTepeTBOPEHHs. Peryiordn napaMerpu npoIeciB MOKINBO
OTPUMAaHHS YaCTUHOK MEBHOTO PO3MIpY 1 MOP(QOJIOTii, a TAKOXK, 3aJJaHOTO CKIIAdY.

Posnunosanvne cywinna. Po3nuintoBalibHe CYIIIHHS Ha ChOTOAHI BXKe
JIOCUTh BIJIOMHMI mTpolec Ta, JO0 TOro 3, O00pe BiAmpaiboBaHuil. 3a HOro
JIOTIOMOTOI0 OTPUMYIOTh 0araTo Xap4OBHUX CHUIYyYHMX MPOAYKTIB, B TOMY YHUCIHI, 1

0e3:114 (PyHKITIOHAIBHUX HEOPTaHIYHUX MaTepiajiiB TakKi sIK OKCHUIU METAIB.



47

PoznuntoBanbHe CylIiHHS BUKOPHUCTOBYETHCS AJIi OTPUMAHHSA 3 PO3YUHIB
a00 cycrieH3ii MOPOIIKONoII0HOT0 ad0 TPaHyILOBAHOTO CYXOro HpoayKTy. Jliis
MPOBEJCHHS PO3MIIIOBAILHOTO CYIIIHHA BUKOPUCTOBYIOTH CHEIliaibHI MPUCTPOI,
NPUHIIAIIOBA CXeMa SIKUX 300pakeHa Ha puc. 2.15. SIKICTh KiHIIEBOTO MPOIYKTY
3aJICKUTh BiJl TIPOIECY CYIIIHHS, peali3almis SKOTO JOCATAEThCS 3aBISKU
CHeLiaIbHUM MPUCTPOSIM — (POPCYHKaM, IMCKAM TOIMIO, MIPH IIbOMY BiJOYBa€ThCs
IHTEHCUBHUM TEIUIO- 1 MacoOOMIH 3 Ta30BMM HOCIEM (Harpite IOBITps, Tra3u
npoAyKTiB TopiHHs). Cyxuil MpOAYyKT y BUIJISAI MOPOIIKY Maja€e HA JHO KaMepu
PO3MIITIOBANIBHOT CYIIAPKU 1 BUBAHTAXKYETHCS 3 HEl y OYHKEp TOTOBOTO MPOIYKTY.
Ta yacTuHa, siIka HE BUIAja Ta BUIJIETUIA 3 Ta30M, YJOBIIOEThCS B IIUKJIIOHAX 1

MOBEPTAETHCS Y OyYHKEP TOTOBOTO MPOYKTY.

I'az Po3umH g3

T'a3

[Topomok —

Puc. 2.15. TlpuHnumoBa cxeMa po3NUIIOBAILHOI cymapku [15]

Y  po3nwiroBanbpHIA CylIapll OCHOBHHUM TEXHOJIOTIYHUM IPOLECOM €
B3aEMOJIISI  Kpameiab po3unHy (a0o cycmeHsii) 3 BHCOKOTEMIEPATYypHUM
TEIUIOHOCIEM. Po3mmiiioBalibHI CyIIapKH JIISATh 3a IBOMa OCHOBHMMH O3HAaKaMHU:
HaIpsMKY PyXy rasy 1 OpoJayKTy B CYHIWIbHIM KaMepi; 3a COCOOOM pPO3MMIICHHS
piakoi dasu.

3a TepIIoK O03HAKOK CYIIApKU MJUISATHCS Ha Ti, 110 MPALIOTh TPHU
napajielbHOMYy, MPOTUTOYHOMY 1 3MIIIAHOMY IOTOKax Ta3y 1 MPOAYKTY, IO
BUCYIIYETHCA.

HaiiGinporo nommpeHHs: HA0yJId CyHIIapKy 3 MOJABAaHHSAM PO3UMHY 3BEPXY

BHU3 TMpH mapaneibHomy moToii (puc. 2.16, a). IlepeBaru: MOXKIHBICTD
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3aCTOCOBYBAaTM BHCOKY TeMIEparypy Ta3y ©e3 TmeperpiBaHHS pO3YHHY
(TeMIiepaTypa CyXHMX YaCTHHOK BHM3HAYA€THCS TEMIIEPaTypoOl0 Tra3y Ha BUXOJI);
MEHIIIE HaJUMaHHS YaCTUHOK Ha CTIHKM KaMepH; PO3MIPH YaCTUHOK KYJSICTOl
dbopMHU OHOPIJIHI, IPU IBOMY, OKPIM BEPTHKAIBHOTO PO3MUIY PIIUHH, MOXKIIHMBO
peani3oByBatu i ropusoHTanbaui (puc. 2.16, 6).

[Mpu mapanensHuX mMoTOKax (puc.2.16, ¢) HeoOXimHO, MO0 MIBUAKICTH
MOTOKY Ta3y OyJjia BUIE MIBUAKOCTI MOJIbOTY HAWO1IBII BETUKUX YacTUHOK. [Ipu
IIbOMY CIOCOO1 CyIIiHHS Tiepebirae OUTbIT PIBHOMIPHO (BENWKI YaCTUHKU
nepeOyBaroTh JoBmie ApiOHMX). Hemomik: mOTPIOGHO CTPOrO KOHTPOIIOBATH

OJIHOPIAHICTH po3nuiy [15].

Fosan [az{lpodikm

i [ i

Pozar ’B\
o f
Pozau
AAAN
VVVYVY —| [as
+/podxm
a g &

5 15 oy

Posaur

q G

Puc. 2.16. Cxemu poboTH CymmmibHEX Kamep [15]: a, 6, 6 — 3a mapaneIbHUM ITOTOKOM;

2 — 3a IPOTUTEUIEI0; 0, e — 32 3MIIIAHUM [TOTOKOM

Peamizamis mpouecy 3a npotutedieto (puc. 2.16, 2) € 3py4HHM CIOcoOOM
3aBIIIKM BUJAJIICHHIO TPOAYKTY 3HU3Y KaMepH, ajie 4epe3 HU3bKY TeMIlepaTypy
TEIJIOHOCIA €(EKTUBHICTh CYIIIHHS Maja Ta W B I[bOMY BUIAJKYy ICHYE BEJIMKa
WMOBIPHICTh  HaJUTMIAHHA YaCTUHOK Ha CTiHKaXx Kamepu. [Iporureuiro

3aCTOCOBYIOTh NPU CYMIIIEHHI CYIIIHHS 1 BUNangy, abo 3a moTtpedu OoTpuMaru
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BEJIUKUN 00'eM TMOPOLIKY. bBIifgbIl TEXHOJOTIYHUMH € CYyIIapKd 3a CXEMOIO
(puc. 2.16, 0) (BenMKi YacTKM BHBaHTaXXYIOTh 3HHM3Y, a JpiOHI 3Bepxy), aje
e(peKTUBHICTD iX T€XK HU3bKa. 3MilIana cxema (puc. 2.16, e) 6ibin eQexkTUBHA, ale
yepe3 3ITKHEHHS BEIMKUX YaCTHHOK 3 JApIOHMMH Y BHCXIJIHOMY IOTOIII
BiIOyBa€ThC iX 3MMIAHHA 1 OTPUMYIThCA MPOAYKT HEOJHOPITHUM 3a
po3mipamu [15].

[Ipy po3mmIIOBaIbHROMY CYIINIHHI TMOTPIOHO 3a0€3MEeYUTH OHOPIAHICTH
pO3MOALTY Ta3iB Mo mepepizy (MOTpiOHO CTBOPUTH MAKCUMAILHO TYpOYJIECHTHUMN
pexxum). OTHUM 3 BU3HAYAJIBHUX €TalllB TEXHOJIOTTYHOTO TMPOLIECY € pallioHaIbHE
IPUTOTYBaHHS CKJIaxy cycrneHsii ans po3nwieHHd. 1l cknagoMm cycneHsii MaroTh
Ha yBa3l MPOLICHTHE CIIBBIIHOIIECHHS IUCIEPCHOI (pa3u (MOPOIIKY), JUCTIEPCHOTO
cepenoBuia (BOAM) 1 OpPraHIYHUX PEUYOBHH PI3HOTO  (YHKIIOHATIHLHOTO
npu3HayeHHs. Bapioroun ckiaj cycrieHsii, MOJKHA B IIMPOKUX MEXaX PeryiroBaTu
iX BJIACTHBOCTI, XapaKTEPUCTUKU BUCYIICHHUX MaTepialliB, a TAKOX TEXHOJOTIYHI
PEXKUMU X OTPUMAHHS.

Posrnsmemo TtumnoBuit (puc. 2.17) TEXHOJOTIYHHE TIpoILEC OJep:KaHHS
HOPOILIKY pPO3NWIIOBAIbHOK Cymkow. Ha 6a3i Takoro mpouecy CTBOPEHO
BUPOOHMIITBA PSIIy TEXHOJOTIYHUX TMOPOIIKIB PI3HOTO  (YHKIIIOHATEHOTO
npu3HayeHHsa. Ilicas XiMIYHOTO aHami3y Ha BMICT OCHOBHOI PEYOBHHH 1
PO3paxyHKy IIMUXTH BHXIJIHI Marepiald 3BaXyIOThCS Ha Barax, IOMEPEIHBO
3MINIYIOTBCS B 3MINIyBadl 1 pa3oM 3 PO3PAXyHKOBOK KUIBKICTIO BOAM Ta
OpraHIYHUX JT00ABOK 3aBAaHTAXKYIOTHCSA B aTTPUTOPHU JJISl IPUTOTYBAHHS CYCHEH311.
VY pa3i HeOOXiMHOCTI, MIUXTA IMICJS 3MINIYBaHHS MIJAETHCA XIMIYHOMY aHAII3Y.
[IpuroroBana cycrneH3isi NEpPeBaHTAXYETbCA B MEXaHIYHY MIIIAJIKY, 1€ HaJaml
IHTEHCUBHO TIEPEMINIYEThCS W00 YHHKHYTH pO3IIAPYBAHHS Ta YTBOPEHHS
KOaryJsiiHuX cTPYKTyp. OTHOYACHO MiIIajKa CIy>KUTh BUTPATHOIO €EMHICTIO JIJIS
PO3MUITIOBAIBHOI CYIIAPKH. Ha/lalll BiIOYBAETHCS CYIIIHHS 1 TPAHYJIIOBAHHS IIUXTH
B PO3NWIIOBANIGHIN cymiapiii. ['paHynboBaHa MIUXTa MIAMAETHCS TMOMEPETHHOMY
BUMAy B 00eproBiii mneui. [loTiM NpoOBOAMTHCS OJHOYACHO NOAPIOHEHHS

oOmaneHux TpaHyl 1 MPUTOTYBaHHS CycmleH3ili B napyromy artputopi. [Ipec-
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MOPOILIKHA TOTYIOTHCS B JPYTii CYMIUIbHO-TPAHYIIALIMHIA ycTaHOBLI. OTpUMaHu
MIPEC-TIOPOIIOK PO3CIFETHCA (PpakIisIMA Ha CIeMiaIbHOMY BiOPOCHUTI IMICJISI YOTO

HaIPaBJISETHCS Ha OTEpaIliio MpecyBaHHs BUPOOIB.

Buxingai Mmarepianu

l

3MinryBaHHsS

l

Ximiynuii agani3z HIUXT
H20 l

3MinryBaHHS 1 A€31HTETpaIis B
atputopi (1 cramis)

]

PosmumroBaiibHa cytika (1 cramist)

]

BunanroBanHs B medi, o o0epTaeTbest

]

3MilryBaHHs 1 A€3iHTETrparist

]

[MpuroryBauHs cycrnensiii (2 cramis)
l _ Pozunn IIBC i
nobaska [TIAB

PosmumroBanbHa cytika (2 ctamis)

]

Po3ciB o dpakmism

Puc. 2.17. IIpyHIXTIOBA TEXHOJIOTIYHA CXE€Ma OTPUMAHHS MTOPOIIKIB PO3MIIIOI0YOI0
cymkoro [15]

[lepeBaramMu pO3MUIIIOBAIBHOIO CYIIIHHS BBa)KalOTh BHUCOKY IIBHUJIKICTD
MPOLIECY, MOKJIMBICTh PErYJIIOBaHHS B IIMPOKOMY Jiana3oHl XapaKTepUCTUKaMHU
NmopomiKiB  (po3Mip Ta ¢opMa YacCTHHOK, BOJIOTICTh, O0’€MHa Bara TOIIO),
MO>KJIMBICTh CYLIIHHA Yy BEJIUMKOMY TeMIepaTypHOMY Jiana3oHi. Jlo HemomikiB —
BEJIMKI TabapuTH CyIIapKu, 3HAYHI KamiTaJIOBKJIAJEHHS, 30UIbIICHI BUTpaTH Ha

CHEPTiIO.
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IInasmoxiunuti  cunme3. KimoyoBy ponb y 1UbOMY CHHTE31 TIpae
M1a3MOYTBOPIOIOYMI Ta3. TeopeTHYHO MIa3MOYyTBOPIOIOUMM Ta30oM MOXe OyTu
OyIb-sSKHil Ta3, KWW JTO3BOJIIE CTBOPIOBATH B PEAKTOPI HEOOXiTHE CEpeloBHIIE
(oKkucHe, BITHOBHE a00 HEUTpaJIbHE).

[Tn1a3mMoyTBOpIOBAILHUI a3 XapaKTEPU3YIOTh 32 TAKUMHU Mapamerpamu [15]:

1. 3HayeHHSM TUTOMOI EHTaibIii (BOHAa XapakTEPU3yE TEIJIOBMICT,
AH xJIx/kr);

2. MakcuManbHOIO Temneparypoto HarpiBanus (T, K);

3. }i3UKO-XIMIYHUMHU BIIACTUBOCTSIMH (TYCTHHA, B’A3KICTh, KOEQILIEHT
nudy3ii, TEIOMPOBIIHICTh TOIIIO);

4. ¥oro 1mip0BUM MPU3HAYEHHSIM (HOCIH a00 HOCIM-peareHr);

5. TMOBEIIHKOIO MPH 3aKaJIIll Ta OYHIIEHHI.

Ha puc. 2.18 300paxeH0 TPHUHIIMIIOBY CXEMY IIa3MOXIMIYHOTO CHHTE3Y.
[lepen HaAXOMKEHHSAM Ta3y B IJIa3MOTPOH Ta3 CIIiJl OYUCTUTH BiJl MIITY, IOMIIIOK,
BOJIM, KUCHIO Ta MPOKOHTPOJbOBAHUNA Ha BMICT JOMIMIOK. OUHUINEHHS Bl MUY
IPOBOJUTHCA B MaciIHUX (UIbTpax 3 KulblaMu Pamura, ouunieHHs Bij NapiB
BOAM — ajcopOIi€ero cuiikareaseM a00o aKTMBHUM IIHMHO3eMOM. CHHTETUYH1

IIEOJTITH Ta 10HITH BUKOPHUCTOBYIOTH JJII OYMCTKH Bij mapiB Boau, CO,, Ar, O,,

NH3, SOZ, HZS 1 T.H.

Jnst  CTBOpEHHS  IUIa3MEHHOTO — MOTOKY  (TeHepamii  roiasmm’
BUKOPUCTOBYIOTh CIELIAJIbHI TMPUCTPOi — IUIa3MOTPOHU. B  mia3zMoxiMiuHIf
TEXHOJIOT1i TOPOIIKIB BUKOPUCTOBYIOTh $IK JYroBl, TaK ¥ BHCOKOYAacCTOTHI

1a3MOTpoHU. B 3anexxHOCTi Bif Ta3y, M0 BUKOPUCTOBYETHCS, IUIA3MOTPOHU

31aTHI yTBOproBatH Temnepatypy miazmu: 4000-10000 K.

1 . . N
% MnasmMa — me YacTKOBO a0 MOBHICTIO iOHI30BaHHil ra3, IO XapaKTEPU3YEThCSA EICKTPHUHOK
MIPOBIAHICTIO 1 B AIKOMY TYCTHHA MO3UTHBHUX Ta HETATHBHUX 3apsliB IPAKTHYHO OJTHAKOBA.
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CupoBuHa [LrazmoyTBOpIOIOUMiL Ta3
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Puc. 2.18. Tlpunnunoa cxema Mmia3MoXiMidHOTO cuHTe3y [15]

Ha cramii miATOTOBKM CHPOBMHM  XIMIYHY CYMIII  MaKCHUMAalbHO
TOMOTEHI3YIOTh (IpOOJICHHSIM, MOJAPIOHEHHSM, 3MIINIYBAaHHIM) Ta BUIIUISIOTH
MKigIMBI  goMimkn. CHpPOBHUHA TOAAETHCS IKUBWIBHUKOM, SKHA TIOBHHEH
3a0e3MeunT PIBHOMIPHICTh MOJAa4l 1 MOMKIIMBICTH PEryJIIOBaHHS BHUTPATOIO.
TBepay cUpOBUHY MOAAIOTH Yepe3 03aTOP 1 Aalli MHEBMOTPAHCIIOPTOM y PEaKTop.
Pinky cupoBUHY TOJIal0OTh y PEAKTOp y BUIJISIII Kpameb, a Ta30MoioHy — uepes
KaJIiIOpoBaH1 OTBOPH.

CuHTe3 y IUJIa3MOXIMIYHOMY PEakTopl BIIOYBA€TbCS 3a HACTYNHHUMHU
CTaIIsIMU:

1. 3mimyBaHHS CUPOBUHHU 3 IJIA3MOIO.

2. HarpiBaHHSI CHPOBHHH.

3. XimiuHa peakIlis.

4. YTBOpEHHS Ta 3pOCTaHHS YaCTHHOK.

[lepepoOka CHPOBMHHM B IUIa3MOXIMIYHOMY pPEaKTOpl CYIPOBOKYETHCS

mpoliecaMy TIJIaBJICHHS, BUIIAPOBYBAHHsI, KOHAEHcallli 1 Kpuctam3saiii. B 30H1
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BHUCOKMX TEMIEpaTyp MPaKTUYHO BCl PEYOBHHM 3HAXOIATHCSA Yy Ta3onoaioHOMY
crani. Ilpu oxoyomkeHHI 3a Temmeparyp, OJM3bKUX JI0 TeMIepaTypu
BUTIAPOBYBaHHS [UIsl TBepaoi (a3, MOXKHA BHUIOKPEMHTH [IBi 30HH: MAajoro
Nepecu4eHHs] (TPUMIpPHI 3apOJKU HE YTBOPIOIOTHCS) Ta Majoro Ta BEJIHUKOIO
nepecuyeHb (0THOYACHO MepediraroTh JABa MPOLIECH — YTBOPEHHS HOBUX IIEHTPIB 1
3pOCTaHHsI  paHille  yTBOPEHHX  IEHTPIB,  BiIOyBAa€TbCs  YTBOPEHHS
MO AUCTIEPCHOTO MPOAYKTY).

Ha pgucnepcHiCTh KIHIEBOTO NPOAYKTY BIUIMBAIOTH Taki (akTopH, sK
MIBUJKICTh peakilii, TeMmrepaTrypa 1 MBHUAKICTb ii 3MiHU, HAsSBHICTb Y CHUCTEMI
[EHTPIB 3apOJAKOYTBOPEHHS, XIMIYHA NMPUPOJIa PEUOBHH, IO KPUCTATI3YIOTHCS.

3aKkanKy BUKOPUCTOBYIOTh IS (pikcallli yTBOPEHUX 32 BUCOKUX TEMIIEpATyp
MPOJYKTIB Ta 3amoOiraHHs iX pO3KJIaJaHHS. 3aKajdka — II€ OXOJIOHKCHHS, IO
Bupaxaethcsi B K/c, T06T0 Hackinpku KenbBiHIB OXOJIOHKYETHCS Ta30Ba CYMIII 32
CEeKyHAY. 3aKaJKy MOXHa 3a0€3[eYUTH PI3HUMU METOJaMU: PEKyNepaTUBHUI a0o
pereHepaTuBHUI TEIMJIOOOMIH, BBEACHHS B TIOTIK XOJIOAHUX CTPyMEHIB abo
YaCTUHOK PEareHTIB, BAKOPUCTAaHHA corula JlaBas.

[3 peakTOopy BHUXOAWTH B OCHOBHOMY CYMIII 13 IIIJIbOBUX Ta IOOIYHUX
MPOJYKTIB (CHPOBUHA, 110 HE Mpopearysaia; Iia3Myodui ra3; piauda ado ras, 1mo
BUKOPHCTOBYBABCS JUIA 3aKajKku). MeTonu Ta amapartu, [0 BUKOPUCTOBYIOTh IS
BUJIIJICHHSI I[IJIbOBUX TMPOJAYKTIB, HE BIIPIZHSAIOTHCS BiJ METOMIB, IO
BUKOPUCTOBYIOTh B TPAJULIMHUX TEXHOJOTISAX. [l po3AiieHHs cucTeM ras-
TBEpJla PEUOBHHA HAWOUIBII PO3MOBCIOMKEHI HACTYITHI METOAM: PO3AUICHHS Iijl
JIE0 CUJ TSOKIHHS, PO3AUICHHS T i€l 1HEPIIHHUX cuJl, (DUIBTPYBaHHS, BOJIOTE
MUAJIOBJIOBIIOBAHHS, PO3/IIJICHHS M1/ I1€I0 €IEKTPOCTATUYHUX CHUII.

PosrasineMo oTpuMaHHs OKCHIHUX TTOPOIIKIB Y TJIa3MOXIMIYHOMY PEaKTOpi.
[Ipotiec Tepmorizy coiieid, siki 3a3Buuai epeOyBarOTh y piIKuil (a3i, OMUCYETHCS

CYMapHUM XIMIYHUM PIBHSHHSIM:

[Me(NO3)3] - nH,0 - 1/, (Me,05) + 3(NO) + 9/, 0, + nH,0 — Q.
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dopma 1 po3Mip YaCTUHOK OKCHUJIB, IO YTBOPIOIOTHCSA MPHU PO3KIJIATaHHI,
3QJISKUTH BiJ Oarathox akropis [15]:

o BUXIJHOTO PO3MIPY Kparuii, KU BU3HAYAETHCS THUIIOM Ta PEKUMOM
poOoTH GOPCYHKH;

o OUHAMIYHOI B3a€MOAIl Kpamelb 3 IIOTOKOM TEIUIOHOCIS, SIKe
IPU3BOJIUTH A0 NOAPIOHEHHS Kpameb;

o no/piOHeHHA YAacTMHOK Ha eTali YTBOPEHHS TBEPAOi KIpKU B
pe3yJbTaTi BUIIAPOBYBAHHS MPH HASBHOCTI PIAKOrO sijipa (XapakTepHO AJi COi,
10 HE YTBOPIOIOTH PO3IUIABIB B KpUCTaJIi3alliiHIi BOII);

o CaMONOJIpIOHEHHS! YaCTUHKHU Ha JAPIOHIII, IPU PO3KIIaJaHHI IO CXeMi
(AB); — A, + B, xomu obcsr dazu (AB), 3a3Buyaii 6iibIe HIK Y A,

JIO OCHOBHUX IiepeBar LbOTO METOAY CHHTE3y HaJeXaTb: BHCOKI
IPOJYKTUBHICTh METOJY 1 YHCTOTa NPOAYKTIB, IO YTBOPIOIOTHCS; MOKIIMBICTb
OTPUMAaHHSI CKJIAJHUX CIIOJIYK 3 PI3HUM CTYIIEHEM JIETYBaHHS (JIOIIyBaHHs); BUCOKA
aKTUBHICTh TMOPOIIKIB (y BHUMNAQAKYy KarTajli3aToOpiB), IO OTPpUMYIOThCa. [lo
HEJIOJIIKIB CJiJl BIZITHECTH BUCOKY KOPPO31MHICTh 1 BETUYE3H1 EHEPreTUYH1 BUTPATH.

[11a3MoxiMiyHa TEXHOJIOTiS BUKOPUCTOBY€ETHCS AJI1 OTPUMAaHHS MPOCTUX Ta
CKJIQJHUX OKCHJIB METaJliB, sIKI BAKOPUCTOBYIOTh y KepaMilli, MiKpOEJIEKTPOHILl,
gk (hepuTH Ta KatanizaTopu Tomo. [Ipu boMy ocTaHHi, 10 OTPUMYIOTHCS 3 ITIEI0
TEXHOJIOT1€10, BBAXKAIOTHCSI HAMOUIbIII aKTUBHUMU KaTajli3aTopamMu, HiXK OTpUMaH1
32 IHIIMMHU TEXHOJIOTISIMU (32 pPaxyHOK HEPIBHOBAXKHUX YMOB IPOXOJKEHHS
poriecy).

2.2.7. Ompumanns mamepiauis i3 2az060i ¢asu

3a cyvacHow Kiacu@iKaliero MeToAu (PYHKIIOHAIbHUX MarepiaiiB 3
ra3oBoi ¢a3m MOKHa MOAUIATH Ha (i3muHi Ta XiMivHi. Di3uyHi, ad0 fAK Ie iX
Ha3MBalOTh y CBITOBIM nitepatypi PVD (physical vapor deposition) metonwu,
3aCHOBAaHI Ha BUMAPOBYBAaHHI Marepiady 3a KOHTPOJIHOBAHOI TeMIIEpaTypu B
1HepTHIA aTMocdepi abo y Bakyymi 3 HAacTyNHOI KOHJEHcalie€ro Ou1s abo Ha

XO0JIONHINA ToBepxHI. [lel crmoci0 BBakaeThCs HAWUMPOCTIIIMM 3a PaxyHOK HOTO
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BUCOKOI MpOAYKTHBHOCTI. Ha BigMiHY BiJi BUNIapOBYBaHHA Yy BaKyyMi, aTOMHU
PEYOBUHHU, 1[0 BUITAPOBYIOTHCSA y IHEPTHIN aTMocdepi, MBHUIIE BTPAYalOTh CBOIO
KIHETUYHY €HEpPril0 3a paxyHOK 3ITKHEHb 3 aToOMaMH IHEPTHOrO Tra3y Ta
YTBOPIOIOTH KIIACTEPH.

Ximiuni, abo sk mie ix HaszuBaroTh CVD (chemical vapor deposition)
METO/M, 3aCHOBaHI Ha TEPMIYHOMY PO3KJIQJaHHI PI3HUX COJICW TpU 3aaaHii
TEeMIIepaTypli, 3 YTBOPEHHSM LUIbOBUX MPOAYKTIB. CXeMaTH4YHO OOMIIBA METOIU

300paxeHi Ha puc. 2.19 [16].

Physical vapor deposition Chemical vapor deposition
PVD CVD "
ARAAR
C)
0000606 O %@ "
athat o #°%°0 &

(5) () o) )
A AT AT

CyOctpar

Ha moBepXHi IIPOXOINUTE OBHHIA
miposis (Po3KIamaHHs)

Puc. 2.19. Ocamxenns 3 ra3oBoi (azu

[Ipuctpoi, mo npusHayeHi g OTpUMaHHSA (PYHKIIOHAIBHUX MaTepiajiB
MeronoM PVD, po3pi3HsitoTbCS  cOCOOOM — BBEIEHHS — MaTepiaily, 1IO
BUITAPOBYETHCS; CINOCOOOM TMIABOAY €HEprii Juisi BUIIAPOBYBAHHS; pOOOUYMM
CEpPEIOBUIIEM; OpTraHi3aIi€lo TMpoIecy KOHJCHcAIll; CIocoOoM BiIOHWpaHHS
MOPOUIKY, 0 OTpUMYyeThcs. Sk mpuknan, Ha puc. 2.20 ta 2.21 300paxeHo ABa
cocobu peanizarii PVD-meromy. VY mnepmomMy BUNAAKy BUIAPOBYBaHHS
Matepiany (Mijai) BiiOyBaeThcs Oe3mocepeIHIiM HOoro HarpiBOM, B PE3yJIbTaTi YOro
YTBOPIOIOTHCS aTOMHU KYTIPYyMY, TPAHCTIOPTYIOTHCS 1 OCAKYIOThCS Ha TPYOKYy, siKa
OXOJIO/KYETHCS BCEPEIUHI PIAKAM a30TOM. Y JAPYroMy — MaTepiall BUTAPOBYETHCS
3a paxyHOK €JIEKTPOIYyTrOBOTO PO3PSAY B IJIa3Mi Ta OCAKYEThCS Ha CIEIiaIbHO

HiATOTOBJIEHY TIACTUHY — TaK 3BaHUN CyOCTpar.
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AToMH KYIpYMY  _§

S, <

Mikpodoto armomeparis
HAHOYACTHHOK Miji

_KH"CT TpyOka. axa
Mil Py,
i OXOMOAXKYETHCA
pi,’ll\'ll.\l a3’0oToM

Jlxepeno remnna
Puc. 2.20. OrpumanHs TOKpHUTTs 3 Kynnpymy PVD-metonom [16]

3a gomomoror PVD-Merony MokHa OTpUMYBAaTH YaCTUHKUA PO3MIPOM Bif
2 uMm 1 Buie. Llelt MmeTon HalO1IbIIIe BUKOPUCTOBYETHCA Y HAYKOBUX LUIAX — JUJIS

OTpUMaHHS HEBEIMKUX KIIBKOCTEH MOPOIIKIB, 800 HAATOHKHX IIJT1BOK.

[Tpuitmaroua moBepxus (CyOcerpar)
IS — — —
Cepenopuine
(Tlnasma) | Hacoc
-~
[ToTok
PE€YOBHH B&KYYMHa
Kamepa
[Kepeno

Puc. 2.21. Orpumanns miiBok (mopoukis) PVD-MeTon0M 3 BUKOPUCTAHHAM

€JIEKTPOJIYyTOBOT0 PO3psAY B miiazmi [16]

CVD meroa BUKOPUCTOBYIOTH JUIsl OTPUMAHHS (DYHKIIIOHAJIBHUX MMOKPUTTIB,
IUTIBOK 1 TIOPOIIKIB IUISIXOM XIMIYHOTO PO3KJIaJaHHS MPEKYypCOpPiB 3 HACTYITHHUM
OCaQ/KCHHSIM MPOAYKTIB Ha MOBEPXHIO a00 B 00’ €Mi.

['onoBaumu niepeBaramu CVD metony y nopiBHsHHI 3 PVD € MoxuBicTh
OTpUMaHHA (PYHKIIOHAIBHUX MaTrepialiB y MEHIIUX EHEePreTUYHO-BUTPATHUX
pexuMax, o He NOTPeOyIOTh ClelialbHUX YMOB (BUCOKOTO BaKyyMy, pO3UMHIB
CJICKTPOJITIB, PO3IUIABIB Ta 1H.), @ TaKOXX MOKJIUBICTh BUKOPHCTAHHS BEIMKOI
KUIBKOCTI PI3HOMAHITHUX BUXIJHUX peareHTiB (MPeKypcopiB), IO JT03BOJISIE

OTpUMYBaTM OJHI ¥ TI caMi PEYOBUHM 3 PI3HUMU (PYHKIIOHATHHUMHU
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XapaKTEPUCTHKAMUA 1 TaKUM YHHOM OITHMI3yBaTH Mareplaaud 3 3aJaHuMU
BJIACTUBOCTSIMHU.

CrmoyaTky XIMiYHE OJEpKaHHS BUKOPHUCTOBYBAIM IS  OJCPIKAHHS
MOKPUTTIB 13 TYrOIUIaBKUX METalIB IUIIXOM PO3KIJIAJaHHS WOJWIIB, TiAPHIIB,
kapOonimiB. Ile 1 Bu3HaumiIo «xinacuuny» cxemy metony CVD, sikuil MicTUTH y
co0i Taki KOMIOHEHTH 1 riporiecw [17]:

1. sKx mpekypcopu BUKOPHUCTOBYIOTH MEPEBAKHO KOOPJWHAIIIMHI CIOTYKH
METaJiB, MO CKJIATAI0THCS 3 IIEHTPAIIBHOTO aTOMY METAITy i OJTHOTO 200 JEKIIBKOX
JITaH/iB, MO0 CIIPOMOKHI MEPEXOIUTH 1 CTIHKO 1CHYBaTH B ra3oBiil (a3l B ymoBax
PeaKIiitHOro cepeIoBUIla Ha NUISXY J0 MiJIKIaIKH-CyOCTpary;

2. peakIliiHe CepeOBHIIE — II€ MPOCTIP, y IKOMY TPAHCIOPTYIOTHCS MMapu
peareHTy B JUISHKY, /i€ BiI0YBa€TbCs PO3KIIAJaHHs BUXITHUX PEarcHTIB;

3. peYoBHMHA-HOCIH — II€ 1HEpTHA PEYOBHHA JO TIpPEeKypcopa 1 MPOIYKTIiB
po3kiananHsa. Bora 3abe3nedye TpaHCTIOPT MPEKYpPCOPY B PEAKIIHE CEPEIOBUIIE
1 BIIBIJ TIPOJIYKTIB PO3KJIaIaHHA 13 PEaKI[IHHOTO CEPEIOBHIIIA;

4. miakiagka (cyocTpaT) — peuOBMHA, HA SIKIM B1IOYBAETHCS PO3KIIAJAHHS 1
PICT IPOYKTIB 13 PEAKIIHHOTO CEPEIOBHUIIIA.

Cxemy Metony CVD MokHa IIPEACTAaBUTH, SIK 11€ 300paykKeHO Ha puc. 2.22.

B octanHni poku 0yi0 po3pobiieHo yucieHHi moaudikaii meroxy CVD, 1o
BIJIPI3HSIOTECS YMOBAaMU TMPOBEJEHHS CUHTE3Yy, anapaTypHUM O(OPMIICHHSIM Ta
TUIIOM MpeKypcopy. Y 3B’S3Ky 3 MM BOHHM MNOAUISIOTBCA HA: aTMoc(epHi,
HU3BKOTO THCKY 1 BaKyyMHI; aepo30JjbHI Ta 3 MPSIMOIO 1HXEKIIEI pIIUHY;

mia3MeHHi 1 psaj cnerudiaaux CVD-meronis.
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IToTik razy-Hocis [Torik razy-Hocis

m—— m——

BIIpapOByBaHHH HecopGuis ;

abo cyOmimaria AL[COp6L[l$I / 3aponoyTBOpeHHS
/ ,Z[ecrpymnﬂ Tidysis 1 PICT YaCTHHOK

\3:,.

ITigxnauHKas

Puc. 2.22. Cxema ximignoro napogaznoro ocapkents (CVD meron) [17]

Oco6muBum metogom CVD e meron emitakcii. Ha puc. 2.23 npeacraBieHi
NPUKIAAN YTBOPEHHS BYTJCHEBUX HAHOTPYOOK 1 HAHOAPOTIB CHIIIIIO UM
METOJOM. Y TepIIoMy BUIAJKY BYTJELEBa HAHOTPYOKa poCTe Ha KaTaii3aropi, y
IpyroMy — JUIS OTPUMaHHS HAHOJIPOTY 3 CHIINil0 B atMocdepy cimana (SiHy)
BMIIIYIOTh HAHOYACTUHKY 30JI0Ta SIK KaTali3aTop, Ha AKii CUIaH PO3KIIAJAEThCS Ha
Si 1 Hp. Pigkuii Si ckodyeThCcsl MiJi HAHOYACTHMHKY AU 1 KPUCTaJI3yEThCSA TaM.
Hanoxapit 3pocrae poku mpoliec emTakcli TpuBae. JliameTp KaraizaTtopi

BU3HAYAE J[laMETPU HAHOJIPOTIB.

Pict 1000 HM

TPYOKH >
Karaaizatop SiH, H,
pocry \\ X !
Byruenesnii Au-Si Yang, P. etal, Chem
npeKypcop Eur. J. 8:6 (2002)

) CyocTtpar
a o

Puc. 2.23. OTpuMaHHs HAHOJIPOTIB METOJIOM EIiTaKCii

Jyxe 1iKaBUM € CUHTe3 (DYHKI[IOHAJIbHUX MaTepiaiiB aepo3onbHuM CVD
METOJIOM, IO JO03BOJIIE OTPUMYBATH MOpOIIKH chepuyHoi GopMu y BHUTISIL

nopuctoi ab0 UIIbHOI OOOJOHKM (YacTUHKK). Take pI3HOMAHITTS MOXHA
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OTPUMYBATH 3MIHIOIOUM TI€BHI YMOBU CHHTE3y: MPHUPOAY NPEKypcopiB, ix
KOHIICHTpAIlito, TeMmrepaTrypy, THCK Ta iH. Ha puc. 2.24 300paxeHa cxema

aepo3osnbHOro CVD Metony.

5
>

00 %0

e

e

ITopucta
060I0HKa TTopucta

i 0GonmoHKa
XiMmivHa  amm, :
peaxuix 2 ‘%: VunmsHeHHA
—

BunapoByBaHH i i

ocamKEM/V

E Ximiuna
() peaxuis,
AeposonbHa g
Karuig é
\ XimiuHa
HapoEy peakuis g
1 OCaLKeHHA
g ITopucta
II{ineHA

Puc. 2.24. Aepozonbanii CVD meron

HaiiGinemm  mommupenum €  meron CVD, sgkuii  BHKOPHCTOBYE
METaJO0PTaHiuHI  TPEKYpPCOPH. CuHTE3  TPOBOASATL Yy  CICMIiaJIbHO
CKOHCTpYHOBaHOMY peakTopi (puc. 2.25), SKui CKIATAEThCS 3 BUMApOBYBaya, y
KWW BBOJATH BUXIJHI peareHTH (Yepe3 1HKEKTOp) Ta KUCEHb 3 ra30M-HOCIEM.
PearenTn TpaHCHIOPTYIOTBCS 4epe3 rapsdy 30HY [0 KBapLOBOIO pPEAKTOpPy, JI€
B1IOYBAa€ThCS pEaAKIlisl Ta OCAHKEHHS OTPUMAHUX MPOAYKTIB Ha MiAKIAJUHKY.
HenpopearoBanuii npoyKT Ta ra3-HOCii BUAAISIOTHCS 3 peakTopa 3a JOMOMOTOI0

HaCcoCy.
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~ MOCVD |+
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IH}KeKTOPZ\\ =
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BunapoByBady
™~

KBapuierunii
["apstga miHi Peaxtop

Puc. 2.25. Meranoopraniunuiit CVD meTon
2.2.8. Temnaamnuii cunmes

OcranHiM yacoM HaOyB HIMPOKOI MOMYJSPHOCTI TeMmruiatHuii cuutes. Ilin
TEMILIATHUM (200 MaTpUYHUM) CUHTE30M PO3YMIIOTh CUHTE3, SIKHUI BiJIOYBa€ThCS Y
IIPOCTOPOBOMY OOMEKEHHI, IO JO3BOJSIE KEpyBaTH CTPYKTYporo ¢asu, Mo
YTBOPIOETHCS, 1 KA 3a/1a€THCS 32 JIONOMOIOI0 HIa0JOHY — TaK 3BaHOTO TEMILIATY.
[Ipu uboMy BiOYBa€eThCA MoJIiMepu3allisi a00 MOJIIKOHACHCAIlIS TEMILIATY, 3a SKUX
OyZ0Ba YaCTUHOK, IO YTBOPIOIOTHCS, BU3HAYAETHCS MaKPOMOJICKYJIaMH TEMILIATy
(matpuniero). HailOimbimn sIpkuM TPUKIAAOM TEMIJIATHOTO CHHTE3y € CHHTE3
OUIKOBUX MOJIEKYJI, MATPUISIMU ISl SIKUX BUCTYNAIOTh HYKJIETHOBI KUCIOTH [18].

3a J0MOMOTOI0 TEMIUIATHOTO CHHTE3y OTPUMYIOTh MaTeplajid 3 MopaMu
3aJJaHOTO  pO3MIpy (ME30MOpPUCTI Marepiaiv), MEeBHUX (GOpM 1 PpO3MIpiB
HaHOYacCTHHOK. [Ipu 1IbOMy TOpHCTa MaTpuIll BHU3HAYA€E HE TUTBKH (GopMy Ta
PO3MIpH YaCTOK, ajie i iX MPOCTOPOBE PO3TAIITyBaHHS.

Temmat a6o 1m1abI0H € EHTPOM, HABKOJIO SIKOTO OPTaHi30BYIOTHCS OCHOBHI
CTPYKTYpHI OAWHUII MaTpulli, 1 QopMyeThcs Kapkac. Sk TemIuiaT MOKHA
BUKOPUCTOBYBaTH MileJId, MO YyTBOPIOIOTHCS OPraHIYHUMH  MOJIEKyJaMu
(TTOBEpXHEBO-aKTUBHUMHU pEYOBMHAMH) B po3dymHax. [lomanpine BHUIaJICHHS

TCMILIATY HPU3BOJUTH 1O YTBOPCHHA IMOPOKXHHUHH 3 YACTHHOK TAKOI'O KX CaMOI'o
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po3Mipy 1 hopmu, sk opraHigyHa Mimena. Cxema TeMIUTATHOTO CHHTE3Y HaBeICHA

Ha puc. 2.26.

e D=

Puc. 2.26. Cxema TemruiaTHOTO cuHTE3Y [ 18]

TounicTs, 3a siKOI0 Popma TOp MOBTOPIOE GOPMY TEMILIATY, 3AJICKHUTH Bif
TPHOX (HaKTOPIB:

1. mpupou cuil B3aeMOJI1 TEMIUIATa 1 MATPUILL;

2. 34aTHOCTI MaTpULl NOBTOPIOBATH (POPMY TEMILIATY;

3. CIIBBIJHOIIICHHS PO3MIPIB TEMIUIATY 1 «Oy 1IBEILHUX» OJIOKIB.

3aneXHO Bl MPUPOIU MOJIEKYJI TEMIUIAT iX MIAPO3AUISIIOTh HAa HACTYIIHI
TpyIIH:

e aHiOHHI (CyNTb()OKHUCIOTH, KAPOOHOBI KMCIOTH TOIIIO);

® KaTIOHHI (Pi3HI COJII AJIKITAMOHIIO Ta AJIKIIIIPIIHIIO);

® HEiOHHI (IEpBUHHI aMiHU 1 edipn).

OCHOBHOIO BUMOTOIO JI0 TEMIIATIB € 3IaTHICTh yTBOptoBaTH Miienu. Came
YTBOPEHHSIM  MiIleJ1 Ta I1X KOHIIGHTPAIlEl0 1 BHU3HAYAETHCA CTPYKTypa
ME30I0pUCTOro MaildyTHhoro Marepiany. KirouoBy ponas B (opmyBaHHI
MalOyTHBOI CTPYKTYPH TPalOTh KPUTUYHI KOHIIEHTpalii MineroyTBoperHs [IAB y
po34HHAX, e BinOyBaeThes cuuTes, Tak 38ani KKM1™ { KKM2"™. Okpim mporo, Ha
CTPYKTYPY ME30MOPHCTOTO MaTepialy BIUTMBAIOTh YMOBH CHHTE3Y (TemIeparypa,
TUIl PO3YMHHMKA 1 TEMIUIaTa) Ta B3a€EMOJIiSl MPOIYKTIB TiAPOTI3Yy 3 MOJICKYyJIaMu
temmaty. Ha puc. 2.27 npencraBnena (¢das3oBa giarpama  OpoMuiy

neruntpumeruiamonito (CTAB).

Y KKM1 — konnentparist ITAB y posumHi, 3a sIkoi BHHHKae HOBa KOJOiMHA (MillemspHa) pasa.
1 KKM2 — xonnentparis ITAB y posuuni,3a sK0i BiIGyBaeThCs MepeKpHBAHHS MOIBIHHOTO €IEKTPHIHOTO
nrapy Miren npu 30epexenHi ix chepuanoi hopmu.
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Puc. 2.27. Cxemarnuna asosa giarpama Ci6Hz3(CH3)sNBr (CTAB) — Bona

OkcuaHI  ME30IMOPHUCTI  Mareplagd  OTPUMYIOTh  TIAPOTI30M  PIZHUX
MPEKypcopiB (MeTajJoOpraHiuyHi, KOMIUIEKCHI Ta HEOpraHi4yHi) y po34yMHaXx, IO
MICTITh TeMIuiaTH. HailO1IbIn MOBHO, HA CHOT'OAHI, BUBUCHO TEMIUIATHHM CHHTE3

Mme3ornopuctoro Si0,, cxema yTBOPEHHS SKOT0 MpeJCTaBiIeHa Ha puc. 2.28.

AN\ .P\

AN\ e,
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TIAP Y Y% .
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Puc. 2.28. CxemMa oJiep>kaHHS ME30TIOPUCTOTO CHITIIIIFO OKCHTY
2.3. MeToau nociimkeHHs: GyHKIiOHAJBLHUX MaTepiaJjiB

HocnimkeHHs: GyHKIIIOHATFHUX MaTepialliB — TaK 3BaHa XapaKTepU3aIlis —
11 HEBiJl'€MHA YaCTHHA HEOPTAHIYHOTO CHHTE3Y 3 METOI0 KOHTPOJIIO Ta OTPUMaHHS
pPEUYOBHH 13 3aJlaHUMH  BIJIACTUBOCTAMH. PO3pI3HSIIOTH HACTYIHI  METOJU

JIOCIIHKEHHS
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1. XIMI4HI (BUSBJSIIOTh XIMIYHMHA aHali3 Ta BU3HAYAIOTh pEaKUiiHYy
3JIaTHICTh PEYOBHH);

2. ¢i3uyHi (MPOBOAATH 1AEHTU(IKALIIO PEYOBHH, iX (Da3oBHil CKIa,
OyI0BY, Ta BCTAHOBIIIOIOTH 1X BJACTHBOCTI BiJl IICBHUX ITapaMeTPiB);

3. (b13uKO-X1MI4HI (OTPUMYIOTh JllarpaMH «CKJIaI-BIaCTUBICTBY).

[Ipu nocnimxeHH1 HEOPTaHIYHOI PEUOBUHU CIIOYATKY HEOOXiTHO BUABHUTH ii
CTpYKTypy. B 3ajexHocTi Bi TOro SKy CTPYKTypy MaTUMe CHOJyKa
(MOJIEKYTISIPHY ~ a00 HEMOJIEKYIPHY ') BHKOPHCTOBYIOTh [BA Pi3HHX IMiIXO0M P
il TOCITiIKEHHI.

S0 xiMiyHa CIOJIyKa Ma€ MOJIEKYJSIPHY CTPYKTYpPY, TO ii JOCTIIKYIOTh
XIMIYHMMH Ta CIEKTPATbHUMH METOJaMHU aHamizy. s MONEKYISIpHUX pEYOBHUH
1IeHTUdIKAIls Ta JTOCTIKEHHSI CTPYKTYpH, SIK MPaBUJIO, HE € KIHIEBOIO IIJUTIO.
VYBara B 1[bOMY BUIAJKY, [IEPEBAXKHO, 30CEPEIPKEHAa HA BUBUYEHI BIACTUBOCTEH Ta
XIMIYHOI aKTUBHOCTI IIUX CHOJYK.

[Ipy BUBYEHHI HEMOJICKYJIAPHUX KPUCTAIIYHUX TUI BHUKOPUCTOBYIOTH
3e€01IBIION0 PEHTIEHIBCbKI METOAM, $KI JOMNOBHIOIOTH pe3yibTaramu abo
XIMIYHOTO, a00 CHEKTpaJbHOrO MeroaaMu aHanizy [19]. Jlns HemoJeKyIspHUX
CHOJYK TOHATTS «CTPYKTypa» Mae€ BeJIMYE3HE 3HAueHHsA. TBepra peuoBUHA
BBYKAETHCS TIOBHICTIO 0XapaKTEPU30BAHOIO, SIKIIIO BCTAHOBJICHO:

1. MoHOKpHCTANIIYHE 200 MOJIKPUCTATIYHE TUTO (711 MOTIKPUCTATIYHUX T
BKa3ylOTh KUIbKICTb, PO3MIp, (POPMY KPUCTAIIITIB);

2. TUT KPUCTATIYHOI CTPYKTYPH;

3. po3noAlT pi3HUX Je(EeKTIB KPUCTAIYHOI CTPYKTYpH, iX mpupoaa i
KOHLIEHTpALis;

4. HasSBHICTH JOMIIIOK, IO TMOTPanWId BUITQJAKOBUM 1 HEBHUIIAJKOBUM

YHUHOM, Ta iX PO3MOJIUICHHS B 00’ €Mi;

16 MornekynspHi peYOBUHH — [Ie PSYOBUHH, HAMIPiIOHIIIUME CTPYKTYPHAMHU YACTHHKAMH € MOJICKYJIH.
= HemonekymsipHi pe4OoBUHU — 1€ PCUYOBHHHU, HAWIPIOHIIIMMU CTPYKTYPHUMH YAaCTHHKAMHU € aTOMH a0o
WOHU.
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5. CTpyKTypa TMOBEpXHI, B TOMY YHCIi, il HEOJHOPIAHICTH 1 HASBHICTH
a0COpOIIMHUX IIapiB.

Sk mpaBwIi0, TBEPAY PEUOBHMHA HEMOJIMBO MMOBHICTIO OXapaKTepHU3yBaTH 3a
JIOTIOMOTOI0 TUTBKM OJIHOTO METOAY JOCHiKeHHs. Tomy, HaWgacTimie s ii
XapakTepu3allli BUKOPHUCTOBYIOTh JICKUJIbKA METO/IIB, sIKi, 3a3BHYal, BIAHOCITHCS
no ¢izuyHuX MeroxiB. Bci  (i3muHI METOAM, IO BUKOPHUCTOBYIOTH JUIA
JOCITIKEHHS TBEPIUX T1J1, MOJKHA PO3JIUIUTH Ha TaKi OCHOBHI TPYIIH:

1. nudpakuiiini METOAH (pentrenorpadis, HeilTpoHOrpadis,
eeKTpoHorpadis);

2. criekTpanbHl Metoau (konuBanbHa: [Y- 1 KP-cnekrpockomnii; pe3oHaHcHa
SAMP-, EIIP-, AI'P-, AKP-cnektpockomii; enexkrponHa: Y-, ®EC-, PEC-,OXE-
CIEKTPOCKOTI1);

3. MiKkpockomiuHi MeTou (enekTpoHHa Mikpockoris: TEM a6o [IEM, CEM;
ACM; onTuyHa MIKPOCKOITIs);

4. repmiuni Mmetoau (tepmorpadis: TT'A, ATA, AT ; kanopumertpis);

5. esekTpod13UYHI Ta MAarHITHI METOJIN.

VY tabn. 2.1 momaHo BIJOMOCTI MPO Te, AKYy 1H(GOpPMAIII0 MPO CTPYKTYPY
pPEUYOBHHH MOKHA OTPUMATH, BUKOPUCTOBYIOYHM JI€KI METOJU JIOCIHII>KEHHS

MaTepianis.



65

Tabauys 2.1. Xapakrepu3ailiss TBepPAHX TiJI JeIKHMH MeToAaMM JocTiKeHHst [19]

MeTtoa DoCTiIKeHHA

Tun ximiu"oro

€JIEMCEHTA

Enekrponna

EnexTponnuii anami3

MakpocTpyKTypa
MOPOIIKOBHX

MarepiaaiB

CTpykTypa noBepxHi

BauxHiil nopsaok,

i Vad 8 8

Kpucraniuna

EnemenTapna
KOMIpKa, MPpOCTOPOBa

(v

Amopduuii a6o
KPHUCTAJTIYHUI CTaH

InenTudikauis pasu

CTpykTypHIi nedexkTu

Pentrenorpadis

—~
+
~

—~
+
~

—~
+
~

—+

+

—~
+
N

Enextporpadis i
CIICKTPOHHA
MIKpPOCKOMIst

+

Heiitponorpadist

(+)

(+)

OnrTuuga
MIKpPOCKOTIist

(+)

(+)

IY-cnextpockomis

(+)

(+)

Y ®-cnexTpocKortis i
CHEKTPOCKOITIS
BHIUMOTO
BUITPOMIHIOBAHHSI

(+)

(+)

SIMP- i EITP-
CHEKTPOCKOITIs

(+)

(+)

(+)

(+)

Enexrponna-
CHEKTPOCKOITis
(ECXA, POC, YOC,
Oxe-CreKTPOCKOITis
CXBEE)

(+)

Pentrenisceka
cnekrpockornis (PO,
TCKII, ITTCPC)

(+)

(+)

(+)

SlnepHa y-pe3oHaHCHA
(MeccbayepiBcbka)
CHEKTPOCKOIis

(+)

(+)

Jluppaxyitini memoou — 11e HAUOLIBIIT BaXXIIMBI METOAW IIPH JTOCIIIKEHHI

KPUCTAJIIYHUX TBEPIUX T, CEPEll SIKUX HaWOUIBbIIOI MOMYJISIPHOCTI HA0YB METOJ

penmeenocpaii,

CYTHICTh SKOTO ToJjisirae B HactynmHomy. [lpum maminHi

PEHTIeHIBCHKOTO TIPOMEHIO Ha BIOPSJIKOBAHO OPTraHi30BaHY KPUCTAIIYHY TPaTKY

KpUCTaTy, aTOMU OCTAHHBOTO CTalOTh IIEHTPAMM BUITYCKAaHHS BTOPWUHHOI XBWJII.

[ mpu meBHIN AOBXUHI XBWJII PEHTTCHIBCHKE BUIPOMIHIOBAHHS MOCUITIOETHCS T

NEBHUMM KyTaMH po3citoBaHHs (puc. 2.29, a). B pesynabTaTi Mu OTpUMYy€eEMO

peHTreHorpaMy, 10 CTAaHOBUTh HAOIp MIKIB PI3HOI 1HTEHCHUBHOCTI, TOJIOKEHHSI
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SKMX BH3HAYAETHCS MIKIUIOMIMHHAMU BijcTaHsmMu (d) abo OperiBCbKHMMH KyTaMu
poscitoBanHs (6) (puc. 2.29, 6). Iyl KOKHOT KPUCTAJIIYHOT PEUOBUHHU TTOJIOKEHHSI

PEHTTEHIBCHKHX JIiHINM CTPOTo (HIKCOBAHO 1 XapaKTEPHO TIIBKU iH.

W
H
]
2 |
m |
5
E I
: : |
& \
O————————0—0 J_L Al !l "[
©  «<MixmwiomyuHHa BifcTaHb, A
ey 0°  Bperiecekuii kyT 0 (abo 20)—
a o

Puc. 2.29. ludpakiiiss peHTTeHIBCbKOT'O0 BUIIPOMIHIOBAHHS Ha KPUCTaJIi (@) Ta TUIIOBA

peHTreHorpama (6)

Ko’kHa kpucTajliuHa peyoBUHA Ma€ 1HAUBIAYaIbHY (TUIBKH il IpUTaMaHHY)
mudpakTorpamy, SKy MOXXHA BHUKOPUCTOBYBAaTH It 11 igeHTUIKaII].
InentudikyroTh, HaKJIaalO4d EKCIEPUMEHTANbHI JaHI Ha JlaHl CTaHJAPTHHUX
mugpakrorpam (puc. 2.30).

30ir OCHOBHHX TIKIB Ja€ MiJICTaBH JJIsl BU3SHAUYCHHS pedoBUHHU. CTaHmaapTHI
nugpakTorpaMu 310paHi y KapTOTELl MOPOIIKOrpam, fka Bigoma gk kapToreka JC
PDS (panime ASTM). B naniit kaprotemi 3i0pano Oumeme HDK 35 000

MOPOIIKOTPaM HEOPTaHIYHUX PEYOBHH, K1 IMIOPIYHO MOMOBHIOIOTHCS.
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[nenTHdiKaIig
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Puc. 2.30. Peutrenorpama (NHg)s(NiM0gO3;)-6H,0

3a oTpumMaHuMU 3 JudpakTorpaM JaHUMU MOKHA pO3paxyBaTd BiJICTaHI
MDXK IUTOIIMHAMHU KpUCTaIiyHoi penitku (hopmyna bpera) [19]:
2d * sinf = n, (2.13)
1e J — MOBYKHMHA XBHII, A
d — MDXKIJIOIIMHHA BiJICTaHb, A;
n=1 (nopsaok audpaxiii, 6epyts 1);
0 — OperiBCbKUil KyT, paj.

[Tiku, sxi micTaThesl Ha audpakTorpami, mMarTh cBoi iHaekcu hkl, 1o
Ha3uBaIOThCs iHAekcamMu Mimnepa. [licna imenTudikamii Ta Bu3HaueHHs hkKI,
MO>KHA pO3paxyBaTu MapaMeTpu penritku ta po3mip kpuctaiis (OKP).

[TapameTpu penriTku po3paxoByOTh 3a (POPMYII0I0

1 h%*  k* 12
-2t trta (219
ne hkl — ingexcu Mimiepa;
a, b, c — mapamerpu enemeHnTapHOi KOMipKH (TIEPiIOIN PEIIITOK).

3 BHHANACHUX 3HAYCHb MDKIUIONMIMHHUX BiJCTaHEH 1 KBagpaTHIHUX (BopM,
10 3B’A3YI0Th d* ta nepiogn rpatok (tabi. 2.2), MOKHa OOYMCIIMTH peayibHi
NEeploJId PEIITOK JIJIsl BCIX KPUCTATOrPpAPIUYHUX CUCTEM.

Po3mipu kpucTaniTiB po3paxoByroTh 3a ¢popmysoro [lepepa:

0.91

t = Brcosd’ (2.15)
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ne B — ymupenns mikiB, pagiaHu.

VYmpeHHs mikiB 3HaXO0ATh 32 POPMYJIIOLO:

B = /B;;, — B2, (2.16)

ne B,, — ymupeHnHs niky 3paska, paz;

B, — ylMpeHHs miky [ MaKpOJAUCIIEPCHOTO MOPOIIKY, pal.

Tabnuya 2.2. KBagpaTuuHi Aj1s Beix KpucTaaorpagiyHux cucreM

CuHrouis MiknmomuHHi Bincrani dpk,
Ky6iuna i_h2+k2+|2
d2 a2
TerparonanbHa 1 h2 4 k2 N E
d 2 B 3.2 C2
PomOGivna 1 _ﬁ . E +ﬁ
d 2 B a2 b2 C2
PomGoeapurna 1 (W% +kZ% +1%)sin® @ + 2(hk + kI + hi)(cos® @ - cos @)
d a2(1—3C052a+2C053 a)
I'ekcaronaibHa 14 (h2 +kh+ K2) . 12
=—. —
MomnoktiHHa 1 h? k? |2 2hlcos g
— et — + —— -
d*> a’sin*p b®> c?sin?p  acsin’p
TpuxivHHa 1 1
i :\7[sﬂh2 + S,k + 5517 + 5,0k + 5,.kl +5,,hk]

Orxe, audpaxiiiHi METOAW JIO3BOJSIOTH TPOBECTH  1ACHTU(IKAIIIO
PEUYOBHMHHM, pO3paxyBaTH MapaMeTpH eJleMeHTapHoi Komipku Ta po3mipu OKP,
BUSBUTH OyZ0BY KpucTainiyHoi Ipatku. Hanpuknan, TiO, mae Tpu moaudikamii —
pyTui, aHataz 1 OpykiT. Y KOXXHOI 3 HHUX CBOA OyJI0oBa, a OTXKe, W CBOS

pentrerorpama (puc. 2.31).
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Puc. 2.31 PedoBuHY 3 0THAKOBUM XIMIYHHUM CKJIQJIOM, aJie PI3HOIO KPUCTATIYHOIO OYI0BOIO

Jo mudpakmiiHUX METOAIB TaKOX HaJeXaTb elekmponozpagis 1
HelimpoHozpagisn. EnexrtpoHorpadisi IpyHTYEThCS Ha XBWJIHOBHX BIIACTHBOCTSIX
€JIEKTPOHIB Ta 1X BUCOKIN PO3CIIOBAIbHOI 3/1aTHOCTI. HefosikomM 1IbOro MeToay €
BTOpHHHA Audpakuid. Lleil Merom 4YacTto BHKOPHUCTOBYETHCS 3 MPOCBIYYHOUOI
CJIEKTPOHHOIO MiKpockomiero. HelTpoHorpadiss BiIHOCUTBCS 10 KOIITOBHHUX
METOJIB aHali3y, TOMY IO MJii CTBOPEHHS IHTEHCHUBHOTO JDKEpesia HEHUTPOHIB
HeoOXiqHe saepHUl peakTop. Jlume okpemi mabopaTopii CBITY MaioTh I
yctatkyBaHHsa. lleil merom € nayxke IIHHUM TpU JOCTIPKEHHI MAarHiTHHX
MaTepianis.

Ha cworomni ansa gociipkeHHsT OyJJOBU PEUYOBUH BUKOPUCTOBYEThCS OaraTo
pI3HUX cnekmpanvHux memooise (Tadia. 2.3), B OCHOBY SIKUX MOKJIaJCHO OJUH 1 TOU
caMU¥{ TIPUHITUIL: 3a MEBHUX YMOB PEYOBHHHM 37aTHI MOTJIWHATH a00 BHITYCKaTH
pi3HI BUIU eHeprii. 3a3BuYail, 11e eJICKTPOMArHiTHI BUITPOMIHIOBAHHS, aJie¢ MOXKYTh
OyTH i 3BYKOB1 XBUJIi, MaTepialibHI 4acTOUYKH Ta 1H. OTpUMaHi B X0l JOCIIIXKCHHS
CHEKTpalbHI JIaHl (CTIEKTPH) CTAHOBJISTH 3aJICKHICTh 1HTEHCUBHOCTI TMOTJIMHAHHS

ab0 BUITYCKaHHS BiJ eHeprii (a00 4aCTOTH UM JOBKHUHA XBUJI1).
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Eneprist yacTok Ta TOBXHHA XBUII1 OB’ S13aH1 MK COOOIO CITIBBIAHOIIICHHSIM:
E = hf = hed ™, (2.17)
ne h— crama ITnanka, JIxx-c;
f —gacrora, ¢ (I');
¢ — IIBUAKICTB CBITJIA, M/C;

A — IOBYKHMHA XBUJII, M.

Tabauys 2.3. XapakTepuCTHYHA IIKAJA CNIEKTPOCKONMIYHIX MeTO/1iB

xana/ 'amma- X- Y Bunnme ™ Mikpo- Panio-
CIIEKTP mpoMeHi | mpomeHi | ob6nacThb CBITJIO o0acThb XBUITI XBUI
20 18 18 17 17 15 14 13 12 2 9 9 7
Yacrora, 'l [ 10 —10 10 —10 |10 -10 10 10 —-10 10 -10 10 -10
XBUITbOBE 0 8 8§ 7 7 s 4 3 2 2 - a3
-1 10 -10 10 -10 10 -10 10 10 -10 10 -10 10 -10
YHCII0, CM
JloBxrHa 10 -8 8 7 75 -4 32 201 13
XBHIIL, CM 10 -10 10 —10 | 10 -10 10 10 —10 10 —10 10 -10
. 7 5 5 3 301 12 2 5 5
Enepris, eB 10 -10 10 -10 10 -10 1 10 =10 | 10 =10 | 10 —10
Cuexrpo- 18 19 20 21 SIMP,
cKomis AP POEC YO, Buanma 4, KP EITP AKP2

8 Meron sepHOro ramma-pesoHaHcy (MeccOayepiBChbKa CIEKTPOCKOINis) 3acHOBaHHMi Ha edeKTi
Meccbayepa, sSKHH TONSTa€ B PE30HAHCHOMY IIOTJMHAHHI MOHOXPOMATHYHOTO Y-BHIIPOMIHIOBAaHHS, IO
BUITYCKA€THCS Pa/liOaKTHBHIAM JDKEPEIIOM.

9 PenrreniBchka (JOTOEIEKTPOHHA CIIEKTPOCKOINiS — 3aCHOBAHA HA SBHII 30BHILIHEOrO (OTOS(EKTY.
Cnexrpu POEC oTpuMytoTh ONPOMiHEHHSIM MaTepialy Iy4KOM PEHTTeHIBCbKUX IPOMEHIB B HaJIBUCOKOMY BaKyyMi
3 PEECTPALIEI0 3AJIEKHOCTI KUIBKOCTI €JIEKTPOHIB, LI0 BHITYCKAIOTHCS, BiJl iX KiHeTW4HOi eHeprii. JlociimpkyBaHi
€JIEKTPOHH BUITYCKAFOTHCSI BEPXHIM IIAPOM JIOCIIPKYBaHOTO MaTepiainy ToBuirHO0 1 — 10 HaHOMeTpiB.

CrnexTpockornisi KOMOIHaI[IfHOro po3CitoBaHHS (pamMaHiBCbKa CIEKTPOCKOIS) — PO3JIiT ONTHYHOT
CIEKTPOCKOTI{, II0 BUBYAE B3aEMO/IIF0 MOHOXPOMATHYHOTO BHIIPOMIHIOBAHHS 3 PEYOBHHOIO, 10 CYIPOBOJDKYETHCS
3MIHOKO €HEpTii PO3CISTHOTO BUIPOMIHIOBaHHS B IOPIBHSHHI 3 €HEPri€l0 MMagarodyoro Ha 00'eKT (30YIKYHOUOro)
BUIIPOMIHIOBAHHS.

2! CHekTpocKoIis eNeKTPOHHOTO MapaMarHiTHONO PE3OHAHCY, BiOMA TAKOXK I1il HA3BOK CIEKTPOCKOIIi
eJIeKTpOHHOTO criHoBoro pe3onancy (ECP), sBisie co0or0 MeTon, IO pEeecTpyloe MEPEeXOAW MK CIIHOBHMH
PIBHSMHM HeCIlapeHHX EJISKTPOHIB MOJIEKYJIH B 30BHIIIHbOMY MarHiTHoMy mousti. EITP (ECP) — cnexTpockormis
3aCHOBaHA Ha IMOTJIMHAHHI MIKPOXBHIIBOBOI €HEPTii €JIEeKTPOMATHITHOTO TIOJISA 3Pa3KoM, HNOMIIIEHNM y Take IIoJe.
[MornmmuanHs ABs€ 00010 (PYHKIIIO HECTIAPEHHX €JIEKTPOHIB, IO MIiCTATHCS B MOJIEKYJI.

%2 SnepHuit KBaAPYIONBHAN PE3OHAHC — PE3OHAHCHE TOTTHHAHHS PaTiOXBHIb, 00YMOBICHE KBAHTOBHMH
MepexoiaMu siiep MiXK €HepreTHYHHMH CTaHAMHM 3 PI3HOIO OPIEHTAINIE€I0 NeKTPUYHOT0 KBAIAPYIOJIEHOTO MOMEHTY
A7pa y 3B'A3Ky 3 HAsBHICTIO T'PAJi€HTIB €IEKTPHUYHOTO IMOJI B KpHcTamax. Ha BiIMiHy Bix s/IepHOTO MarHiTHOTO
pesoHancy (SIMP) uuctuit IKP Moxe croctepiratucs i 3a BiICYyTHOCTI 30BHIIIHEOTO MarHiTHOTO TTOJISL.
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CrmoyaTky CHeKTpajdbHI METOAM  3aCTOCOBYBAIMCH IS  BUBUYEHHS
MOJIEKYJIIPHUX PEUOBUH, MEPEBAKHO, PiAUH a00 rasiB. ChOrojHi ix 3aCTOCOBYIOThH
1 JUId BHUBYEHHA TBEPANX PEUYOBHH — SK KPUCTANIUYHUX, TaK 1 aMOppHUX.
JlocnimpKkeHHsT TBEpAUX TUI CIIEKTPAIbHUMU METOJaMHU JOTMOBHIOIOTH AUPaKIliiHI
pesyabTat. JudpakiiiiHi MeToau J03BOJISIOTH OTpUMaTH i1H(oOpMaIlio MoA0
JTATbHBOTO TIOPSAJKY B PpEUYOBWHI, a CHEKTpajdbHI METOAM TPU3HAYCHI IS
BU3HAUYCHHsI OJIM)KHBOTO MOPSJIKY, & caMe CUMETPIi MOJIeKyJI, A€(EKTiB, IOMIIIOK.

14- ta KP-cnexmpockonii 3aCTOCOBYIOTBCS, TIepeayciM, s imeHTrudikarii
(GYyHKI[IOHaTBFHUX TPy, MEPI 32 BCe OPraHIuHUX, Ta AeAKkuX Heopraniunux: OH,
C032', SO42', NO5, PO43' Ta iH. KoauBasbHI CIIEKTPH HEOPTaHIYHUX TBEPAMX TiJ
MOXHa  BUKOPUCTOBYBaTHM 1 ifeHTUdikamii  ¢a3, ajge  OJHO3HAYHO
11eHTU(IKYBaTH HEOPraHiyHI CIOJYKH ITUM METOJOM TOKM HEMOXJIUBO (Ha
BIIMIHY BiJI OpraHiyHUX crHoiiyk). KonuBanabHI METOIM MOXYTh TaKOX OyTH

KOPHUCHI JJI1 OTpUMaHHs CTPYKTypHOI 1HQopMauii (puc. 2.32).

S
O
I

[Ipontyckanus, %
|

4000 2000 1000 10

Puc. 2.32. Cniextp, oxepxanuii MmetogoM [Y-crieKTpocKoIi€ero

Enexmponna cnekrpockonis (BuauMuii ta Y®) BUKOPUCTOBYETHCSA IS
OoTpuMaHHA 1H(pOpMAIIii MO0 CTPYKTYpU aMOp(hHUX T 1 JJa3epHUX MaTepiajiB, 3a
paxyHOK OTpUMaHHS iHopMallii IIOJ0 EHEPreTMYHUX PIBHIB Ta MOXKIMBHUX
CJIEKTPOHHUX TEpeXoiB. PezonancHa crieKTpockoris, 30kpema SIMP, nosBoise
MPOBOJUTH CTPYKTYpPHI JOCHIIKEHHS, BHU3HAYaTH CTYIIHb KOBAJIEHTHOCTI

XIMIYHUX 3B’s3KiB Ta 1H. [19].
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3a JOMOMOTOI MIKPOCKONIYHUX OO0CNIOJdHCEeHb, OKPIM PO3MIPY YaCTUHOK,
MOXJIMBO BCTaHOBJIIOBATH MopdoJorito (To6To (popMy 4aCTUHOK) IMOPOIIKIB, IO
OTPUMYEMO, fKa 1HOJ1 Tpa€ BUPIMIATbHY POJb Y BIACTUBOCTSAX Ti€i YW 1HIIOI
peuyoBuHHU. {15 IpoBEeACHHS MIKPOCKOIIYHUX JOCIIPKEHh BUKOPHUCTOBYIOTh Pi3HI
TUITH MIKPOCKOITIB, SIK1 MO>KHA TOJUIMTH Ha ONTHYHI Ta CJICKTPOHHI.

3a 10TOMOTr010 ONITUYHUX MIKPOCKOITIB MOYKHA OAYUTH YaCTUHKHU JA1aMEeTPOM
B JICK1JIbKa MIKpOMETpIB. [ paHUUHUM pO3MIp YACTHHOK, 10 MOKHA CIIOCTEPIraTH B
ONTUYHUN MIKPOCKOM, OOMEKECHUI MOBKWHAMH XBWJIb BUIAUMOTO cBiTia — 0,4-
0,7 mxm. [l DOCHIAKEHHS MEHIIUX YacCTHHOK BUKOPHCTOBYIOTH €JIEKTPOHHI
MIKpOCKONHU. 3a JIOMOMOTOI0 €JIEKTPOHHUX MIKPOCKOMIB MOXKHa CIIOCTEpiraTtu
YACTUHKU JllaMeTpaMu B JIeKiJIbKa aHICTPEM, TOOTO CBOTOJHI BXKE CTajo
MO>KJIMBUM MOOAYUTH OKPEMI aTOMHU.

Sk B onTHuHINA, TaKk 1 B €JEKTPOHHIA MIKPOCKOIIi BUKOPUCTOBYIOThH JIBa
tunu npuianiB. Ilepmnn — me Ti, SKI NpanolOTh Ha peecTpauii 300paXeHHs B
BIIONTOMY CBITJIII (KOJIM TPOMEHI CBiTJIa a00 €JIEKTPOHMU BiJIOMBAIOTHCSA BIJ
MOBEPXHI 3pa3ka), Ipyri — SIK1 MPaIO0Th Ha TPOXOHKEHHI CBITIIa a00 €JIEKTPOHIB
Kp13b HBOTO (MPOMIHB CBITJIa 400 €JIEKTPOHH MPOXOAATH CKPi3b 3pa30K).

B onTuuHiil MiKpocKOMii 10 MEPIIUX HAJIekKATh MOJISIPU3ALIIHI MIKPOCKOITH
(CBITJIO B1IOMBAETHCA BiJ JOCIHIKYBAHOTO 3pa3Ka), 10 APYrux — MerajgorpadiyHi
MIKPOCKOIIK (CBITJIO MPOXOIUTH Kpi3b 3pa30K); B EJIEKTPOHHINA MIKPOCKOMIT —
ckanytoun Mmikpockonu CEM  (enexkTpoHM BIIOMBaIOTBCS  BiJ — 3pas3ka),
npocBiuytoun mikpockonu TEM a6o ITEM) (enekTpoHu mpoXoAsTh Kpi3hb 3pa3okK).
B 3anexxHOCTI Bil BHUKOPUCTAHMX MIKPOCKOIB OTPUMYIOTH  €IEKTPOHHI
dbotorpadii, o 300paxkeni Ha puc. 2.33, ne a 1 6 — ue TEM-300pakeHHs, a ¢ 1 2 —
CEM-300paxxenns. Otmxe, [IEM-300paxkeHHsT JI03BOJISAIOTH  OTPUMYBATH
1H(DOopMaIrio moI0 po3MipiB Ta POPMHU YaCTUHOK, AEPEKTIB KPUCTAIYHOT IPATKH,
oynoBu kpuctaniB; CEM-300pakeHHsI O3BOJSIOTH OTPUMYBATH 1H(QOpPMAIIIO
10JT0 PO3MipiB Ta (POPMU YACTOK, TEKCTYPH, OYT0OBH IMOBEPXHI.

Ha mpakTuili BUKOPUCTOBYIOTH SIK TMPOCBITIIOIOYI, TaK 1 CKaHyul

enexkTpoHHi Mikpockonu. bararo CEM Ta IIEM 3abe3neueHi 1mie ¥ 4MCICHHUMHA
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JIOTATKOBUMU TIPUCTABKaMHU, 5Kl JAIOTh 3MOTY JOCHIKYBaTH €JIEMEHTHUN CKIIaJl
3pa3kiB (TOYKOBHI), oTpuMyBaTu enekTpoHHi criektpu (OXE-cnekrpockomisi) Ta

SJIEKTPOHHI qudpakTorpaMu (eaeKTpoHorpadis).

J

A

% N i

PANIEAN T
o 2
Puc. 2.33. TEM (a i 6) Ta CEM (8 i 2) 300pakeHHS

[lin mepmiunum ananizom (TA) po3ymitoTh 3MiHY (GI3MYHHX Ta XIMIYHUX
BJIACTUBOCTEHN MaTepiasliB 3aJekKHO BiJ TemriepaTypu. Ha npakTuiii 3a J0MOMOTroro
TA Bu3HA4aIOTh TakKi BJIACTUBOCTI PEUYOBHH SK CHTAJIBITIS, TEIJIOEMHICTH, Maca,
KOe(DILIEHT TEPMIYHOTO PO3LIUPEHHS.

Tepmiunuii aHami3 BUKOPHUCTOBYIOTH ISl JOCHIDKEHHS TBEpaoda3sHUX
peaxiiiif, peakiiiii TepMIYHOTO po3KJafaHHs, (DA30BUX TEPETBOPEHb, MOOYIOBU
dazoBux miarpam. barato pedoBUH, 0 3MIHIOIOTH CBOi BJIACTHUBOCTI 31 3MIHOIO

TEeMIIepaTypHy, MO’KHA BUBYATH 32 JIOTIOMOTOI0 TEPMIYHOTO aHAII3Y.
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OcHoBuumu  pizHoBHIamMu TA € TtepmorpaBiMerpuunuii (TI'A) Ta
nudepenmiansHoTepmiuauil anam3 ([ITA). B mepriomy BHUIIaIKy peecTpyeThCs
3MiHa Macu B 3aJIKHOCTI BiJ TemrmepaTypu abo dvacy, y APyromy — pi3HHLSA
temnepatyp (AT) B pexumi HarpiBaHHs a0o oxojopkeHHs. Ha puc. 2.34

IMPpUBCACHA TUIIOBA KpHUBA BTPATH MACH 3pa3Ka y Hpoueci PO3KIadJaHHA pCUYOBHUHH.

Ti Tt Temmeparypa

Puc. 2.34. TunoBa Tepmorpama

VY Xoal ekcrnepuMeHTy 3pa3ok (3a3BUuail ~ JEKUIbKa MT) HarpiBa€Thbes 3
nocTiitHor0 mBUAKICTIO (1-20 °C/xBununy, 3a3Buvail 10 °C/xBununy). Sk BugHO 3
pHC., pO3KJIaJJaHHs MOYMHAETHCS 3a TeMrepaTypu T; 1 3akiHuyeTbes Tr. 3HaueHHs
Wi, W, AW — 11e 0CHOBHI XapaKTepHUCTHKH, IO BU3HAYAIOTHCS EKCIIEPUMEHTAIHHO
1 BUKOPUCTOBYIOTh B MOJANBIIOMY JJIs KUIbKICHUX po3paxyHkKiB. Temnepatypu Tj,
T; 3anmexaTh B[ WBUIKOCTI HAarpiBaHHS TBEPAOI PEYOBUHHU, OTOUYIOYOIrO
cepeloBHIla. BNIMB HAaBKOJIMIIHBOIO CEpPEAOBUILNA IPU IOMY MOXE OyTH

3Ha4HUM (puc. 2.35).
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CaCO;—Ca0+CO» 10Mmr CaCOs
10 rpan/xe
3
& [ToBiTps CO,
= [Bakyym “
| i | 1 ] = 1 1 1
400 600 800 1000

Temmnepartypa, °C

Puc. 2.35. BimuB 0TO4y1040ro0 cepeioBuIla Ha TEMIEpaTypy pO3KIIadaHH

HudepeHIiaTbHOTEPMIYHUN ~ aHaNll3  IPYHTYETHCA  HA  TOPIBHAHHI
TEMITepaTypH 3pa3ka 3 TEMIIEPATYyPOI0 ETAIOHY B MPOIIEC] 3apoTrpaMOBaHOi 3MiHU
TeMIIEpaTypH, y pe3ysibTaTi 4oro oTpuMyroTh 3anexHicTe AT Big T. Meton [ATA
JI03BOJISIE BCTAHOBUTH TEIUIOBI €(EKTH, SIKI BUHUKAIOTH y MPOIECI HarpiBaHHS

3paska.

ITuTaHHA 10 CAMOKOHTPOJIIO

1. HaBeniTh CyTHICTh Ta mHepaBard 30Jb-T€JIb TEXHOJOTIi IJs OTPUMAHHS
(GyHKIIIOHATFHUX MaTepiaiB.

2. llpuBenith GyHKIIIOHATBEHY CXEMY 30JIb-T€JIb TEXHOJOTII.

3. Oxapakrtepu3yiite TazodazHuil 1 TUIA3MOXIMIYHUA METOIU CHUHTE3Y JUIs
OTPUMAaHHS MaTepiajiB 3 3aJJaHUMH BIACTUBOCTSIMHU.

4. Hapaiite XapakTepUCTUKY KPIOXIMIYHINA TEXHOJIOTIi Ta HaBEITh ii MPUHLIUIIOBY
CXEMY.

5. o Ttake PVD 1 CVD meroan?

6. IlpuseniTs ciocobu peanizarii PVD-metony.

7. HaBeniTh KOMIIOHEHTH 1 MPOIIECH «KJIACUYHOI» cxemu metoay CVD.

8. ki nmepeBaru CVD metony nepea metojgom PVD?

9. o po3ymitoTh mig TeMIIaTHUM (200 MaTpUuyHUM) cuHTe30M? SIKi mapameTpu

B IIbOMY CHHTE31 € BUPIIIATIbHUMHA?
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10. IIpuBeniTs kiacu@ikamiro METOAIB IOCHIIKEHHS, 10 BUKOPUCTOBYIOTH IS
JTOCTIKeHHST QYHKI[IOHAJIbHUX HEOPTaHIYHUX MaTepialiB.

11. Sy iH(OpMAII0 OTPUMYIOTh MPU AOCTKEHHI TBEPAUX TUT PI3HUMH
METOJIaMH JTOCIIiIKCHHS?

12. Sy iHdopMaliito OTPUMYIOTh IMPU BUKOPUCTAHHI TUPPAKIIIHHUX METO/T1B?

13. Ha yoMy 3acHOBaHi CIIeKTpabHI METO/IU aHANi3y PEUOBUH?

14. SIxy 1Hdopmalliio MOXKHAa OTPUMATH 3a JOIMOMOTOK  MIKPOCKOMIYHHUX
JOCTIIKEHb?

15. SIki B1aCTHBOCTI pEYOBUH BU3HAYAIOTH 3a JOIIOMOTOI0 TEPMIYHOTO aHAITi3y?
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PO3/11J1 3. XIMIYHUH 3B’S130K, EJJEKTPOHHA TA PEAJIBHA
CTPYKTYPA KPUCTAJIIB

3.1. XimMiuHu 3B'130K

Y mpupoji BiIOMI TpU CHUJIOBUX TOJISA, K1 3/IaTHI JISTH Ha MaTepiaibHi
YaCTHHKH: €JIEKTPOHHI, MarHiTHI 1 rpaBitauiini. OCTaHHI 1Ba BUIH Iye clIa0Ki Ta
HE MOXYThb OYTH BIJNOBIJANbHI 32 EKCIIEPUMEHTAIbHO BCTAHOBJIIEHY BHCOKY
MIIHICTh MIKATOMHHUX 3B’SI3KiB, TOMY 3B'SI30K B aromMax OOYMOBJICHUU TIJIbKU
CHJIAMH €JICKTPUYHOT B3a€EMO/IIT Mi’K TIO3UTHBHUMU Ta HETATUBHUMH 3apsTaMH, 110
MPU3BOJUTH JI0 3MEHIICHHS MOTEHINaIbHOI €Heprii yciX aToOMiB PEYOBHHHM Ta
€HEprii BAJICHTHUX E€JIEKTPOHIB, Kl i OEpyTh y4acTh y XIMIYHOMY 3B SI3KY.

KoHkpeTHHiIT MeXxaHI3M €JIeKTPUYHOI B3a€MO/IIi 3aJekKUTh Bl €JIEKTPOHHOI
CTPYKTYpH aTOMIB JaHOI PEYOBHHH, TOOTO BIJ iX TIOJOKEHHS Yy TaOuIll
Menneneena. [Ipyu boMy poO3pi3HAIOTH HACTYMHI BUJU €JIEKTPUYHOI B3a€MOJIII 1
BIJIMOBIHO JI0 IIHOT'O TUITH XIMIYHOTO 3B’ 513Ky [20]:

1. Kynouiscorka 63aemooisi. Bona Moxke OyTH CTaTUYHOIO (B3a€EMOJIISI MiX
HoHamu a00 3MIIIEHUMU LIEHTPAMU TsDKIHHS 3apsiiiB PI3HOrO 3HAKy — 1I€ BUIAI0K
ionno20 (TeTeponoOJIIPHOIO) 3B’S3KYy) Ta AWHAMIYHA (B3aEMOJII0 MIKATOMHHUX
(MDKMOJIEKYJISIPHUX) 3apsiiB PI3HOTO 3HAKy, BU3BAaHUX SBUIIEM JUHAMIYHOI
TOJISIPU3AIIiT — 1€ BUTIAJIOK 8aHOEPB8AANIbCOB020 3B SI3KY).

2. Bszaemoois pywitnux eanewmuux enekmponié 3 sopamu. ller Bun
B3a€EMOJIIi TaKOX HOCHTH [BOSKHH XapakTep. B mepmomy Bumaaky mpu
HAOMMKEHHI aTOMIB TIEPEKPUBAIOTHCS OpOITali Mapu BAJICHTHUX EJEKTPOHIB 3
NPOTUJICKHUMU CHIHAMU, SIKI JO0 HAONMKEHHS HAJCXKWIA OJHOMY 3 CYCITHIX
atomiB. Taki mapu Oe3nepepBHO PYXalOThCS BiJ OJHOTO aTOMy N0 1HIIOTO. AJe
nepexisl BiI0yBaEThCS 32 TaK 3BAHUMU «MOCTHKaAMU», 10 MOETHYIOTh HAHOIMKY1
aTOMHM 3a TICBHUMH HAINpaBIICHHSIMH. EJIGKTpOHHA I'yCTHHA 30CepeKEeHa TUTBKH 3a
UMW HAaIMpaBJIEHHSMH, OTKE, BAJCHTHI €JIEKTPOHU € JIOKATI30BaHI — 1€ BUIIAJIOK

KoganeHmHo2o (FOMEONOJIIPHOIO) 3B’A3Ky. B apyroMy BuHIIQAKy BHHHUKAE
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B3aEMOJIIS JEOKATI30BaHUX (KOJIEKTUBHHUX) BAJICHTHHUX EJIEKTPOHIB BCIX aTOMIB,
K1 yTBOPIOIOTHCA 3a HACTYIHHM MOXJIMBHM MEXaHI3MOM J€ JIOKami3amii —
OaraThOX MepeKpuBaHb BaJCHTHUX opOita seil. Lle Bunamnok memaniunoeo 3B’ A3Ky.

3aragbHOI0 XapaKTEPUCTUKOI0 THIIY 3B’SI3KYy € CICKTPOHHA TYCTHHA O-.
Bona omucye xapakrtep poO3MOAULYy BAJICHTHHX €IEKTPOHIB y MPOCTOPI
KPUCTAIIYHOI PeunTKU. Y XIMIYHUX €JIEMEHTIB (TUM OLIbIlIe CIOJIYK) Ma€ MICIE
HaKJIaJJaHHs JCKIJIbKa THUIIIB 3B’s3Ky. [Ipy 11bOMy, 3 YOTHPHOX MOXJIMBHUX THUIIIB
3B’SI3KYy: BaHJIEPBAaILCOBOTO, KOBAJCHTHOTO, METAJIIYHOTO Ta 10HHOTO, B
€JIEMEHTAPHUX PEYOBMHAX MOXJIMBI TUIBKM TEpIIl TPHU, a y CHOJyKax -—

yC1 YOTUPH THIIH.

3.2. CTpyKkTypa Ta BJACTHBOCTi PEYOBHH 3 Pi3HUMH THIIAMH XiMiYHOT0

3B’A3KY

lonnuii 36’30k peaizyeTbesl 3a PaxXyHOK €JIEKTPOCTATUYHOI KYJIOHIBCHKOI
B3a€EMOJIIi MDK PI3HOMAHITHUMHU 3apsAUKEHUMU HOHAMH, IO PO3PI3HAIOTHCA
3ATHICTIO MPUTATYBAaTU 10 ce0e eNEeKTPOHU. 3JaTHICTh aTOMIB MPUTATYBATH 10
cebe CJIEKTPOHM Y XIMIYHOMY 3B’SI3Ky Ha3UBAIOTh EJIIEKTPOHETATUBHICTIO.
Enementn | rpynu XapakTepusyrOThCS MIHIMAJIBHOIO €IEKTPOHETaTUBHICTIO,
VIl rpynmn — makcumanbHOO (puc. 3.1). B 3arampHOMy BUNAAKy, 0 10HHHX
CHOJIYK BITHOCATHCS, B SIKMUX PI3HUILISI €JIEKTPOHEraTUBHOCTI KOMIIOHEHTIB CIIOJIYKH
ckinanae 1,5-20 eB [22].

[oHHMIT 3B'I30K HECHPSAMOBAHMI, TOMY PEIITKA 10HHUX KpHUCTAJIB
MOPIBHSIHO KOMITIAKTHI Ta BOJIOAIIOTh BUCOKOIO CHMETPI€r0 (YacTilie KyOluyHOIO).
Haii6Ginpmr kommaktHOtO € pemritka mo tumy NaCl (puc. 3.2), Ky MoxHa
po3risgaTu K 1B KyOiuHi I” K> peuritku (Na ta 1 Cl). Pazom 3 num iH111 10HH1
KPUCTaIM 3 TaKOK ke cTexiomerpuuHow ¢Gopmyiorw (Hampukman, CsCl, ZnS)

: " : : 25 -
MaroTh 1HIMHN i KyOiuHux pemnitok — OLIK™ pemritku. Ile o6ymoBiieHO TUM, 1110

% PO3MIpHICTb €NeKTPOHHOI rycTHHH & — en/HM°. ENeKTpOHHy TyCTHHY IIe HA3MBAIOTh TyCTHHOIO
BipOTiIHOCTI.

%4 'panenenTpoBana KyOiuHa.

® 06’ eMHOLICHTPOBAHA KyOiUHa.
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PO30DKHICTH TUIIB IPATOK Y PEUOBUH 3 OJJHAKOBOIO CTEX1IOMETPUYHOIO (HOPMYIIOIO

3aJICKUTh HE TUIBKH B1JI CTEX1IOMETPHYHOI (opMyJIH, ajie 1 Bl po3MipiB aHIOHIB Ta

KaTioHIB. J{J1s1 I0HHUX KpHCTaJIiB XapaKTepHI KOOpaAuHaIliiiHI uncia 4, 6 1 iHKou 8.

«——— Howmep nepiona

Howmep rpynu

O —————
m -

—

Pa ®U_ N
——7
L Il L —l L 1

3B’ 520K eJIeKTPOHETATHEHOCT]
pt CIEMEHTIB 3 iX [TOJIOKEeHHIM
2 B Iepionudmiit cucTemi

1.5 25 a5
EnexTpoHeratuBHICTE, €B

Puc. 3.1. 3aneXHICTh €IEKTPOHETAaTUBHOCTI €JIEMEHTIB BiJl IX PO3TAIlyBaHHS B MEPiOIUUHIN

TadIuLi

Eneprist kpucTamyHoi IpaTKu sl I0HHUX KPUCTAJIB MPAKTUYHO MOBHICTIO

XapaKTEPU3y€EThCSl CUJIAMH  KYJIOHIBCHKOI B3a€EMOJIII.

BaxiuBa 0COOIUBICTH

10HHOTO 3B’SI3KY — I1€ 11 MOJSPU30BAHICTD, III0 3yMOBJICHA MOJISIPU30BAHICTIO HOHIB,

TOOTO PO3OIKHICTIO B HUX LIEHTPY TSHKIHHS HETAaTUBHOTO Ta MO3UTUBHOTO 3aPSiIiB.

)
A

d

5

2 cI”
Puc. 3.2. I'patka kpucrany NaCl

'/'A
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-
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Banoepsaanvcosuii (nonspuzamiitauii) 38's30k (BaB-3B's130K), sk i 10HHUIA,
O0OYMOBJICHHHM KYJIOHIBCHKOIO B3a€MOJIIEI0 MDK PI3HOMMEHHHMMH 3apsijiamMu, B
SKOMY TICHTPH TSOKIHHS 3MIIMIEHI OJWH BIZHOCHO OJHOTO. AJie, SKIIO Y BUTMAIKY
10HHOTO 3B’SI3Ky, PI3HOMMEHHI 3apsi¥ Hajie)KaTh PI3HUM aToMaM — KaTioOHaM 1
aHloHaM, TO y BUMajaky BaB-3B’s3ky, pi3HOMMEHH1 3apsau, 0 3MIMIEHI OJUH
BiJTHOCHO OJTHOTO (JIMITOJIi), CTBOPIOIOTHCS BCEPEIMHI JAHOTO aTOMY (MOJICKYJIHN) 3a
paxyHOK MOJsipU3allli 3apsiB siipa 1 €JEKTPOHIB — 1€ TaK 3BaHa E€JIEKTPOHHA
nossipu3anisi. BaB-3B's130k BimHOCHTBCA 10 cnabkux 3B°s13kiB. OKpiM TOTO, €HEepris
BnB-3B’s13ky gyxe pi3Ko 3MEHIIY€EThCS MPH 301IbIIEHH] BiICTaHl MK aToMaMu. [3
BHUIIIE CKAa3aHOTO, BUILUIMBAE, IO 1€ THUIl 3B’S3KY, MOBUHEH OyTH MpUTAMaHHHM
aTOMaM YCIX PeUOBHH O3 BUKITIOUCHHS. AJIe aTOMHU THX PEUOBHH, Y SKHX HaPSAY 3
BnB-3B’s13kaMu MatoThesl ¥ 1HIN (CHITBHIII) 3B S3KH, 1€ THUII 3B’ 3Ky a00 30BCIM
HE TPOSBISIIOTHCSA, a00 TMPOSBISIOTHCS Y THUX HAMPABICHHAX, B SKUX CHJIbHI
3B’s13kM cnaOki. Y Tux eneMeHTiB llepiognyHoi cucTteMu, B SKMX 30BHIIIHI
BaJICHTHI OOOJIOHKM 3allOBHEH1 IMOBHICTIO, CHJIbHI 3B’SI3KM HE MPOSBIAThCA. B
npoMy Bunaaxy BaB-3B’sa3ku € equnnmu 3B’ a3kamu. Tomy enementu VIII rpynm —
0J1aropo/iHi ra3u — XIMIYHO 1HEPTHI 1, 3a3BUYAiA, HE YTBOPIOIOTH CIOJYK Ta MalOTh
caMy HM3bKY TeMIlepaTypy IuiaBieHHs. BaB-3B’s3ku HecnpsMmoBaHi, TOMY IIi
PEYOBHHM MAIOTh IPOCTI KyO14yH1 pemnitku [21].

Memanesuii 38’130k BUHHMKA€ 3a PAaXyHOK JeJoKami3ailii BaJeHTHHUX
€JIEKTPOHIB aTOMIB. BalleHTHI €JIeKTpOHM MeTajiB BHACHIOK psAy NPUYHH
cialkKimie 3B’A3aHl 3 SAPOM, JIErlie BIAPHUBAIOTHCA BIJ SI€p, YTBOPIOIOUM TaK
3BaHUM €JEKTPOHHUM Ta3, IKUM BUIHHO MEPEMINTY€EThCS B siipa A0 Aapa.

BaxnuBow BIAMIHHICTIO METalIB BiJ 1HIIMX TBEPAUX PEYOBUH €
HECIIPSMOBAHICTh 1 HEHACHUYCHICTD iX XIMIYHUX 3B’S3KIB, YHACIIJOK YOTO METaJI
MalTh CTPYKTYPY 3 BHCOKMMH CHMETPIEI0 Ta KOMIAKTHICTIO CTPYKTYP.
Haii0Oinipiie  po3MOBCIO/DKEHI Cepeli METaliB  IIUILHOYIAKOBaHI PENIITKH 3
KoopauHaiianMu guciamu 12 1 8 (puc. 3.3), a TakoX uepe3 HEHACHUYEHICTh
MeTaJeBUX 3B’SI3KIB METalu, 3/1€01IbIIOr0, 3aTHI YTBOPIOBATH TBEPAl PEUOBUHU 3

BEJIMKUM B1JCOTKOBUM BMICTOM JOMIIIOK.
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Excnepumenrtanbho nokazaHo [20], mo B KpucTalax 3 KOBALIEHMHUMU
36’s3kamMu  CIIGKTPOHHA TYCTHMHA BAJCHTHUX CJICKTPOHIB  HEPIBHOMIPHO
po3noaiieHa y mpoctopi (puc. 3.4). 3B'I30K 3MIMCHIOETHCSA TapaMH BaJCHTHHX
CJICKTPOHIB, IO 3HAXOAATHCS HA 3arajbHIN JIS JBOX CYCIJIHIX aTOMIB 3B'SI3yI0Uiil
opOiTi, IPH IILOMY B pa3i €JIEMEHTAPHUX CIIOJYK KOKEH aTOM «BiJa€» Ha 3B’ S30K
110 OJTHOMY BaJICHTHOMY €JICKTpOHY. TakuM 4MHOM, ISl YTBOPEHHS KOBaJECHTHOTO
3B’S3Ky HEOOXiJHA HASBHICTh JBOX HECHAPEHUX EJEKTPOHIB 3 MPOTHUIICKHOIO
opieHTamie0 cmiHiB. Ilpu yTBOpeHHI KOBaJEHTHOTO 3B 53Ky KOXXEH aTOM
100yI0BY€E CBOIO 0OOJIOHKY 0 8 €JIEKTPOHIB 3a paxXyHOK HECHAPEHHX 3B’ A3YIOUHNX

€JIEKTPOHIB BiJ] KOKHOTO 3 4 HAaHOIMKIUX CYCIJIIB Y PEIIiTIIL.

Puc. 3.3. Haii011b111 pO3MOBCIO/KEH] THIIH PELIITOK METaNIB:

a — 00’ eMHOIIEHTpOBaHa KyOiuHa pelriTka, 6 — TpaHelleHTPOBaHa KyOiyHa peliTka, 6 —

reKcaroHaJlbHa IIUIbHOYTIaKOBaHa PEIIiTKa

B yTBOpeHH1 KOBaJICHTHUX 3B’SI3KIB B 3arajlbHOMY BHUMAJKy O€pyTh y4acTb
S- , p- i d- enekTpoHH. B omHMX BUNAIKax MpH YTBOPEHHI 3B’SI3Ky OpOiTH
BaJICHTHUX EJIEKTPOHIB MaiKe HE 3MIHIOETHCS, B IHIMUX — BIIOYBAETHCS pi3Ka
3MiHa OpOIT: BUHHUKAIOTH 3MilIaHl Ta riOpuaHi opOith. KoBajgeHTHUH 3B'S30K
CIpSMOBaHUHN. YSBICHHS MPO CHPSIMOBAaHICTh KOBAJICHTHOTO 3B’SI3KYy B KpHCTaii

MPEICTABICHO B Teopli COpSAMOBAHMX BaJeHTHOCTEH. CHpsMyBaHHS XIMIYHOTO
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3B 3Ky BU3HAUAIOTh 32 METOJOM MOJIEKYJISIPHUX OpOIT Ta 3a METOJIOM BaJCHTHHUX
3B’s3KiIB [22].

KoBaneHtHi 3B’S3kM  OPU3BOAATH JO BUHUKHEHHS  CHEIH(PIYHUX
KPUCTATIUHUX CTPYKTYp, @ TaKOXX CBOEPIAHOMY EHEPreTUYHOMY CIIEKTPY
BAJICHTHUX €JICKTPOHIB. [ OJIOBHA CBOEPIAHICTD CTPYKTYp 3 KOBAJICHTHUMU
3B’A3KaMU — II€ HasBHICTh 3a00pOHEHOI 30HH €HEpriii M BaJEHTHOIO 30HOIO 1
30HOI TpoBigHOCTI. IllupuHa Takoi 3a00opoHeHOi 30HU (AE) 3aneXuTh Bij
TEeMIepaTypu Ta TUCKY. 3a Temreparypu 0 K BasieHTHa 30Ha 3a110OBHEHA MOBHICTIO,
a 30Ha MPOBIAHOCTI MOBHICTIO BibHA (puc. 3.5, a). TakuM YUHOM, EIEKTPOOIIp

TaKOTO HaITIBIIPOBIHHKA IIParHe J10 HECKIHYEHHOCTI 1 BIH HE € CJICKTPOIIPOBITHUM.

T
e . s =

Puc. 3.4. Po3nofineHHs eJIeKTPOHHOI T'YyCTHHH B perniTii anMasa [20]

[linBumenns temneparypu mnoHany OK mnpusBoguts 1[0 TOSBU Y
KPUCTAJIIYHIA  pewnTui TemneparypHux  (QuiykTyaunid, ski  3a0e3neuyroTh
NEPEKUIaHHs €JICKTPOHIB 3 BaJCHTHOI 30HH Yy 30HY MpoBimHOCTI (puc. 3.5, 6).
Taxkum yuHoM, nipu T > 0 K B HamiBnpoBigHUKAx 3'SBISIOTHCS €JIEKTPOHH B 30HI1
MPOBIAHOCTI 1 JIPKW B BaJIEHTHIN 30HI. OTXe, BOHU CTAIOTh €ICKTPOIPOBITHUMHU.
Takox, y KpucTanax MOXXYTh YTBOPIOBATHCH i 600He6I 36 ’513KuU, K1 YyTBOPIOIOTHCSA

Yy ACIAKHUX MOJICKYJIIIPHHUX PCYOBHHAX, B CKJIa[J SAKHUX BXOJHWTH BOJCHBL 1 OIHUH 13
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CHJIbHO €JICKTPOHETaTUBHUX eNeMeHTIB ((dpTop, KuceHb, HITporeH). Boaneswii
3B'SI30K € CIIPSIMOBAaHUM 1 3a MIIHICTIO BiH mepeBuinye BJIB-3B's130k, ane 3Ha4yHO

MOCTYITIA€THCS KOBAJICHTHOMY.

|
|
|
2'

\\\\\aV

e, A, e
t |
20| |
\ B 24

Puc. 3.5. Cxemu po3moIiIEHHS €IEKTPOHIB MPOBITHOCTI 32 €HEPTisIMU B HEJIETOBAaHUX

(memonoBanux) HamiBnpoBigHuKax [20]:a—nmpu T — 0K, 6 —mpu T >0 K

V 1a651.3.1 HaBeneHO MPUKIIAANA CHOJIYK 3 PISHUMHU TUIIAMU 3B’ SI3KY, 1X €Kl
Y,

XApaKTCPHUCTUKAMM Ta BJIACTUBOCTAMMU.
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Tabauya 3.1. llpukaaam cCNOayK i3 pi3HUMHM TUIIAMU 3B SI3KY, IX JIesIKi XapaKTepUCTHKHU Ta

BJIACTHUBOCTI [21]

XapakTepucTHKH PeYOBHH
THH . Eneprisa 3araJjbHi BJacTHBOCTI
3B H3KY PeyoBu- | Kpucrasiuna 3B’SI3KY, a A
Ha cTpykTypa | eB/mouiexy ?
y
3a HU3BKUX TEMIIeparyp
JIETeKTPUKH. 32 BUCOKHX
KCl 7.3 3.14 [remmneparyp ioHHa
lonnwmit AgBr Ky6iuna 5.4 2.88 |mpoignicTs. [Ipo3opi B
BaF, 17.3 2.69 |BuAMMIi YaCTHHI CHIEKTY.
[Tornunanus ceitna B [4-
obmnacri
KoBanentnu 51 . 3.7 2.35 EJII/I;];);:HT};MTII;I/I::;}(’: )
i InSb Ky6isna 34 2.80 MIITHICTh )iieneKT WK abo
Mg,Sn 1.0 2.92 |MTEEET: S P
HAMIBIIPOBIIHUKH
Na OILIK, 1.1 3.70 | Bucoka
MertaseBwii Ag 'K, 3.0 2.88 | eMEeKTPOIPOBITHICTB.
Ni 'K 4.4 2.48 | BincyTHICTh IpO30pOCTi
Bonoponuuit Jlin T'excaronanpua 0,5 1.75 IIICJICK”Fp HKd. OrTeHa
MIPO30PICTh
Bannep- Ar 'K, 0.1 3.76 |Husbki Temmeparypu
BaaJIbCOBUM Cl, TeTparoHajbHa 0.3 4.34 | utaBIICHHS 1 KUTIIHHS

3.3. EnekTpoHHa cTpyKTypa

3aKOHOMIPHOCTI €JEKTPOHHOI OYy/IOBM aTOMIB PI3HMX PEUYOBHUH JiekKaTh B
ocHoBi Ilepioguunoi cucremu /[I. . MenneneeBa. I'muboke  po3yMiHHS
€JICKTPOHHOT OYyJIOBH aTOMIB Ta MOBEIHKH €JIEKTPOHIB J1a€ KBAHTOBA MEXaHIKa,
mo 0a3yeTbcs Ha XBUIBOBUX (YHKINSX EJIEKTPOHIB, SKI OMHCYE PIBHSIHHS
[peninrepa. Pimenns piBHaHHs lpeninrepa ais OAHOrO E€IEKTPOHY Ja€
MO>KJIMBICTh BU3HAUNTH 3HAUYCHHS CHEPTil eJIEKTPOHY B KpucTami [21].

[Ipu yTBOpEHHI KpHUCTATy CHEPTETUYHUIN PIBEHb €IEKTPOHA PO3IMICTUIIOETHCS
B CHEPreTWdHy 30HY>. JIasi 300paKeHHS CHEPreTHYHHX 30H KPHCTAmy

KOPUCTYIOTBCSl  3a3BHYail  CHPOIIECHOI EHEPreTHYHor cxemoro  (puc. 3.6).

2 .
6 yTBOpeHHH CHEPIreTUYHUX 30H PO3TJIAaac 30HHA TEOP1.
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OCKUIBKM YWMaJio TPOIEeCiB B KpUCTami (EIEeKTPUYHI, MAarHiTHI, ONTHYHI)
MOSICHIOIOTBCS CTAaHOM BAaJICHTHHUX €JIEKTPOHIB, TO Ha CXEMi BiJOOpaxkaroThCs
TITGKH JIBl 30HU: BaJCHTHA 30HA, IO BIAMOBIAAE HOPMATLHOMY (HE30YIKECHOMY)
CTaHy IIMX €JEKTPOHIB, 1 30Ha MPOBIHOCTI, 10 BIANOBIIAE 30YIKEHOMY CTaHy
CHIEKTPOHIB. 30HHA TEOpis’ IOSCHIOE PO3MOIII PEYOBHH HA IIPOBIIHUKH,
HAMIBIIPOBITHUKU Ta JIEIEKTPUKU Yepe3 OCOOIUBICTH 3alIOBHEHHS BaJICHTHOI 30HU

Ta 30HHU HpOBi,ZIHOCTi KpucTraja CJICKTpOHaMHU.

E
A

30Ha
POBLIHOCTI

AE

30Ha

BamneHTHA

Puc. 3.6. CriponieHa eHepreTuyHa cxeMa KpHCTary

Posrnsnemo, ik yTBOPIOIOTHCS €HEPTeTUYHI 30HU B KpHUCTalaX B JESKHUX
XIMIYHHMX €JIEMEHTIB, 1 5K Il 30HH 3aMIOBHIOIOTHCS €JIEKTPOHAMM.

B aromi niTito B HOpMaJIbHOMY CTaHi 2e¢ Ha 1S piBHI 1 OJIMH €JIEKTPOH Ha 2S
piBHi. [Ipu yTBOpeHH1 KpucTaay 3 HOHIB JITiIO BIIOYBA€THCS PO3IMIMPEHHS 1
po3iieruieHHs: 000X piBHIB B 30HU. Ha puc. 3.7 300pakeHo po3IIeruieHHs (CpaBa)
X PIBHIB B 3aJ€KHOCTI Bix Bimctami mixk aromamu d (me dg — mocriiHa
KPUCTAJIIYHOI pEHIiTKU (mapameTp eIeMEHTapHOI KOMIPKH) JIITII0 B 3BUYAHOMY
CTaHl) 1 cXxema €HepreTMYHUX 30H KpucTaia JiTiro (37iBa). B 1S 30H1 BCi piBHI
3alI0BHEHI, BOHM HE MOXYTh OpaTH y4acTh y CTBOPEHHI €JIEKTPUYHOIO CTPYyMY B

Kpuctami. B 2S 30H1 3amoBHEHA TIJIbKU IOJOBUHA PIBHS, TOMY Il €JIEKTPOHU

%" KBaHTOBOMEXaH{4Ha TEOPisi PyXy eIEKTPOHIB B TBEPIOMY TiJi.
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o . .28 o . ..
IPUMMAIOTh Y4acCTh Y €JEKTPOIPOBIIHOCTI, TOMY KPUCTAJIA 3 HOHIB JITIIO €

MpOBITHUKAMU. Tak caMo i KpUCTav 3 HOHIB HATPIIO, KaJIio Ta iH.
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Puc. 3.7. Eneprernyna niarpama Kpucraia Jitito [20]

B aromi 6epuitito 2S piBeHb MOBHICTIO 3alIOBHEHUN 1 TEOPETUYHO BOHH HE
OepyTh y4acTh y €IEeKTPONPOBIIHOCTI, ajie 2p pIBeHb MYyCTHH 1, IK MOKHA Oa4UTH
31 cxemu (puc. 3.8), 3alOBHEHA 30HA 2S MEPEKPUBAETHCS 3 BUIBHOIO 2p, 1 MpHU
3HaueHH1 d=d0, B HhOMY YTBOPIOETHCS YAaCTKOBO 3allOBHEHA 30HA. 3aBMASIKU LIbOMY
KpHUCTaj 3 HOHIB OEpuUIIit0 MPOBOJIUTH EIEKTPUYHHI CTPYM.

Ski10 B KpucCTall MOBHICTIO 3allOBHEHA BAJICHTHA 30HA BIJJiJIEHA BiJ 30HU
MPOBITHOCTI 3a00POHEHOI0 30HOK0, TO Y BIJCYTHICTh 30BHIIIHBOTO 30YyMKCHHS
(HampuKIIal, HarpiBaHHS, ONMPOMIHEHHS ) KPUCTAJ HE €JeKTPOIPOBITHUH.

B aromi amma3zy (kKoBaJeHTHUM 3B'S30K) 4 BaJICHTHUX E€JIEKTPOHA, IO
PO3MOAUIAIOTHCS 110 2 Ha piBHAX 2S 1 2p. [Ipu 301amKeHH1 aTOMIB BYTJICIIO PiBHI 2S
1 2p CIoYaTKy pO3LIEILIIOTHCS Ha 2 000c00IeH] 30HH, a moTiM mpu d;<d<d, 30HK
3MUBAIOThCA. [lpm  momampmioMy  30JMKEHHI  CHEpreTHYHa 30HA  3HOBY
po3uieruiroeThes Ha 2 30HU. ONHAaK, BC1 €NEKTPOHU 1 2S, 1 2p 3HAXOASATHCA Ha
HIDKHBOMY PiBHI IJIKOM 3allOBHIOIOYH ii 3a PaxyHOK SP° TiOpHamsarii, TOMY
BEPXHS 30HA 3aJIMIIAETHCS HE3aMOBHEHOK. AJIMa3 € JICIEKTPUKOM, Y SKOTO

AE=5,6 eV.

28 . . .
3riJHO 3 30HHOK TEOPI€I0: SKIIO BaJCHTHA 30HA KPUCTANy 3allOBHEHA HE MOBHICTIO, TO KPHUCTAl €
MPOBITHUKOM.
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PiBH1 BUIBHOI'O aTOMAa Be

Puc. 3.8. EnepreTuyna niarpama kpuctana oepurito [20]

YMOBHO BBakalOTh HAIIBIPOBITHUKAMH PEYOBHHH, IIMPHUHA 3a00pOHEHOI
30HM B SKUX MeHma HDK 3 eV (B Jedakux mkepenax weHme 3a 4 eV).
JienexTpukamu (130JATOpaMH) BBAKAIOTh PEUYOBUHU 3 IIUPUHOIO 3a00POHEHOI

30HHM OLIbBIIE HIXK 3 V.
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Puc. 3.9. Eneprernuna niarpama kpucraia anmasy [20]

B kpucranax NaCl (ioHHU# 3B'SI30K) €HEPreTUYHl 30HU YTBOPIOIOTHCSA B
pe3ynbTaTi PO3MIMUPEHHS Ta PO3UICIUICHHS] €HEPreTUYHUX PIBHIB MOHIB HATPIIO Ta
XJIOPY, SIKI MAIOTh 3alIOBHEHI €JIEKTPOHHI OOOJIOHKH TUITY 000JI0HOK 0J1aropoHux
rasis (Na" mo tunmy Ne, CI" mo Tumy Ar). 3 puc. 3.10 MoxkHa 6auuTH, IO B
po3ainennx aromax 3S piBeHb atoma Na posramoBanuii Hux4e 3p piBas Cl, a npu

HAOJIMKEHH] IUX aTOMIB 30Ha 3p BUSBISETbCS HIKYE 30HU 3S. Lle 3ymoBieHo Tum,
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0 BajeHTHI 3S enekTpoHu aromy Na mepexonsats y 30Hy 3p aromy Cl i
3alIOBHIOIOTh B HIA BCI BaKaHTHI €HEPreTHYH1 piBHI. TakuM 4YMHOM, 30Ha 3p
3aifHsITa, a 30Ha 3S BUTbHA. [Ipu 11b0MYy, 111 30HU PO3AICHI MUPOKOIO 3a00POHEHOIO
30HOI0 (6 €V), 0TKe, KpUCTaJl € HE EJICKTPOIPOBIIHUM.

TakuM 4YMHOM, OCHOBHA BIJIMIHHICThH HAIIBIPOBIJHUKIB 1 JIICJICKTPUKIB Bij
METaJIiB TMOB’sI3aHa 3 PO3XO/KEHHSAM MPUPOJIU XIMIYHOTO 3B’S3KY 1 €JIEKTPOHHOT
CTPYKTYPH LIUX MaTrepialiiB, 3 XapaKTepOM 3alIOBHEHHS BAJICHTHUMH €JICKTPOHAMHU

30H J03BOJICHHHX €HEPTii, 3 HASBHICTIO HOCIiB 3apsiIy ABOX 3HAKIB 1 T.1I.

E—li E-Ji. E

- 3p-pieens Cl

- 3s-piBeHBb Na

Puc. 3.10. Eneprernyna giarpama Kpucrania Xjaopumry Hatpito [20]
3.4. ledexTH y KpUcTaisax

Bynp-siki BiIXuieHHS B CHUMETPIl KpHUCTAy HA3UBAETHCA JIe(PEKTOM.
Jledektn MOXKYTh TMPOSIBIATHUCA, SIKIIO aToMa HEMae y BY3Ji IPaTKd, € aToM
IHIIIOTO COPTY, € J0JaTKOBI aTomiB Tomlo. JlepekTu cyTTeBO BIUIMBAIOTH Ha
BJIACTUBOCTI KPUCTAIIYHUX peyoBUH. HallOUIbll 4yTIMBUM [0 HaBITh HE3HAYHOI
KUIBKOCT1 A€(EKTIB € TaKl BIACTUBOCTI SIK €JIEKTPONPOBIIHICTh, (POTOMPOBIAHICTS,
IJIACTUYHICTb, IPO30PICTh, KOJIP, TIOMIHECIICHITIS.

Po3pi3ustoTh Taki MM nedextis [21]:

e ToukoBi (HyJBMIpHI).

e JliniiH1 (0THOMIpHI).

e [loBepxHeBi (IBOMIpHI).
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e (OO'eMHi1 (TpuMIipHI).
Jlo moukosux Oeghexmie HanexaTh BaKaHCIi, MIXKBY3JIOBI aTOMH, JOMIIIKH

iHmmx mMetanis (puc. 3.11).

i
— i — — — — ——
— — — — — — —

[ e — | — — — — —
[ e —_ — — — — —_

[
0
0
[l

6 2

Puc. 3.11. 306pakeHHs TOUKOBUX Je(EKTiB: @ — BiJICYTHICTh aTOMY,
6 — BUKPHUBIICHHS KPUCTAIIYHOT PEIIITKH BHACIIZIOK BiJICyTHOCTI aTOMY,
6 — IOJJATKOBHIA aTOM y KPUCTAIIIYHIA PEIiTII Ta 2 — BAKPUBIEHHS PENIITKA BHACHIIOK 1IHOTO [19]
IcHye 1Ba OCHOBHMX MEXaHI3MHM YTBOPEHHS TOYKOBHX nedekTiB. B
MEepIIoMy BHUIMAIKY 3 BY3JIa KPHUCTAIIYHOI PEIITKH aTOM TMEepPEeXOJUTh ¥y
MDKBY3JIOBUH TIPOCTIp, TPU IOMY OJHOYACHO YTBOPIOETHbCS W BakaHClA, U
MDKBY3JI0BUI atoM (puc. 3.12, a). Taki napHi ne@extu Ha3uBaOTh Mo OpeHKEIIO.
[{i nedexkTn HaluacTilie BUHUKAIOTh y TUX KPUCTAJIAX, B SIKUX BEJIMKI MIKaTOMHI

OPOMDKKH. Y UIUIBHO YNaKOBAaHUX CTPYKTypaX BHUHMKAIOTh IHIII AePEKTH, SKi
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Ha3uBaloThes 1o [llorTku. [Ipu boMy BHHHKAE BakaHCid, a 3aiiBUN aTOM MOKHIa€
CTPYKTYpy Kpuctana (puc. 3.12, 6). SIx npaBuio, 1e BiAOYBa€eThCA Ha MOBEPXHI
KpPUCTaIly, KOJIU aTOM Yy pe3yJbTaTi TEIUIOBOTO PyXy BUXOJUTH 3 BEPXHIX IIApiB

PEYOBMHU Ha MOBEPXHIO. Y TBOPEHA BAKAHCIA MITPYy€e B 00’ €M KpUCTaIy.

O O O O O o o/0 o ©

= O\O,;O S o ¢ O O O

O O O O O O 0 O O O

O O O O O O O O O O

O O O O O O O O O O
a 7]

Puc. 3.12. JTledextu 3a @penkenem (a) ta lllortkoro (6) [19]

ToukoBi ne(eKTH MOXKYThb 3 SBIIATUCS y pe3yJbTaTl HArpiBaHHs TBEPIAUX
TIJ, BIAXWICHHS BiA cTexioMeTpii, miactuyHoi aedopmariii Tomo. TodykoBi
neexT MaroTh BEIWYE3HHI BIUIUB OCOOJMBO B 10HHUX KpHUCTallaXx Ha Takl
BJIACTUBOCTI SIK €JIEKTPONPOBIIHICTH Ta (DOTOMPOBITHICTb.

Jlo ninitinux Oeghexmis BITHOCATHCS PI3HI JUCIOKAIll Ta JAHIIOXKKU
TOUKOBUX JehekTiB (puc. 3.13),59Ki NpoCTATaAIOTHCA Ha BiJICTaHl HabaraTo OuIbIII,
HDK TIapaMeTpu eJIeMEHTapHOi KOMIpKH. Jluciokariii BUHHMKAalOTh, 3a3BUYaid, B
npoleci IIacTuyHoi nedopmaiii, B Mpoleci 3poCTaHHs KpucTaly abo mnpu

HACTYyIHUX 00poOKax.
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Puc. 3.13. 306paxeHnHs qiHIHHUX ASPEKTIB: a — TUCITOKAITIi,

0 — JMaHITIOKKKA TOYKOBUX JedekTiB [21]

llosepxnesi deghexmu MaroTh pO3MipH, IO y OaraTo pasiB MEPEBUIILYIOTh
napaMeTpu €JIeMEHTapHOI KOMIpKU. Jlo HUX HalekaThsl I'paHUIl 3€peH, IpaHi
KpUCTaiiB, MDbK(pa3Hi rpanumi Ta 1H. [loBepxHeBlI ne(eKTH BIUIMBAIOTH Ha
KaTaJlITUYH1, CCHCOPHI Ta COPOIIifHI XapaKTEepPUCTUKU MaTepialiB.

Ho o06'emnux Oeghexmie HallexkaTh MIKPOIMYCTOTH, UIUIMHH, BKPAaIUICHHS
inmoi ¢asu. IX BIIMB PO3MOBCIOMKYETHCSA HA TaKi BIACTHBOCTI AK MIIIHICTB,
copOr1iifHa Ta #OHOOOMIHHA 3/IaTHICTH TOIIIO.

Jomiwku — € HaOUTBII BAXKJIMBUMH Ta PO3MOBCIOKEHUMU JedeKTaMu
CTPYKTYpU peEallbHUX KpHUCTaIIB. BOHM 3HA4YHO BIUIMBAIOTh Ha EJIEKTPOHHY

CTPYKTYpy MatepialliB, 0COOIMBO HaIIBIIPOBITHUKIB.

IIuTaHHs 10 CAMOKOHTPOJIIO

1. TlpuBeniTh MeXaHi3M YTBOPEHHS XIMIYHOTO 3B’A3KY Ta BIJIMOBIJHO JI0 HHOTO
TUIH XIMIYHOTO 3B’SI3KY.
2. SIxi BugM B3aeMoO/Ili BU 3HAETE?

Hagenith 0cOOIMBOCTI YTBOPEHHS 10HHOTO 3B SI3KY.

3
4. OxapakTepusylTe BaHAEPBaalIbCOBHI Ta BOAHEBU 3B A3KH.
5. IlpuBeniTh BIACTUBOCTI METAJIEBOTO 3B’ A3KY.

6

IIpuBeaiTh 0COOJIMBOCTI PEYOBHH 3 KOBAJIEHTHHUM 3B’ SI3KOM.
pusen p
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7. HapaiiTe cipollleHy EHepreTUYHy CXeMy KpUCTaly.

8. HageniTh cxemMy €JIEKTPOHHOI CTPYKTYpH Hi€JIEKTPUKIB, HAIIBIPOBIIHHUKIB 1
MeTaiiB. BkaxiTh OCHOBHI BIIMIHHOCTI MK HUMH.

9. ki Tunu aedeKTiB MOKYTh BUHUKATH y KPUCTATIYHUX TiIax?

10. IosicHiTh yTBOpeHHS AcedekTiB no Openkento Ta HloTTku.

11. Ha siki B1acTUBOCTI BIUTMBAIOTH Pi3HI TUIH 1€(DEKTIB?
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PO3J1J1 4. HAIIIBITPOBITHUKU: XIMIYHI CEHCOPH,
OPOTOKATAJII3BATOPU, KBAHTOBI TOUKHA

4.1. XimiuHi ceHcopH

3rigro i3 knacudikamicro IUPAC® xivivnuii oamuux — ue TPUCTpIH, 110
NEePeTBOPIOE XiMIUuHYy iH(oOpMalio B aHamTUYHUN curHan. [Hdopmaris moxe
OTPUMYBATUCh a00 3 mepediry XiMigHOI peakilii aHamity, abo 3MiHU (I3UYHUX
BJIACTMBOCTEH JOCIIKYBAHOI CUCTEMH. 3a3BHUail XIMI4HI CEHCOPH CKIIAJalOThCS 3
pELEnTOopIB 1 MEPETBOPIOBAYIB.

Icnye nexinbka kiacuikamiii XiMIYHUX ceHcopiB. [lyxe 3pydHOI0 €
KJ1acudikali€ero, 3aCHOBaHa Ha MPUPOJIl B3aEMO/I1i pEeLIENTOPY 3 aHATITOM. 3T1IHO 3
HEIO XIMIYHI CEHCOPH MOIUIAIOTh Ha (i3u4Hi, XiMiuHi Ta OioxiMivni [23].

@Di3U4HI JaTYUKUA PEECTPYIOTH 1HPOPMAIIi0, SIKa € pe3yiabTaToM (hi3UUHOTO
IpoIeCy TaKoro fK 3MiHAa MacH, TMOTJIMHAHHS, 3aJOMJICHHS, TeMIepaTrypu abo
npoBiaHOCTI. [IpuHIMN A11 XIMIYHKUX JaTYUKIB 3aCHOBAHUHN Ha peecTpallii nepediry
XIMIYHUX PEaKIiil MK aHaJITOM 1 peuenTopoM. bioxiMiuHI CEHCOpH € MiIKIACOM
XIMIYHMX CEHCOPIB 3 OJIHIEI0 BIAMIHHICTIO — BOHH PEECTPYIOTH 1H(GOPMAILIIIO 1IO0A0
MPOXO/KEHHS O10XiMIYHUX TIporeciB. binbm neranpHime Po3risHemMo XiMiuHi
CEHCOPH.

XiMi4HI ceHCOpH KiIacudiKyroTh 3a [23]:

1) NPUHIMIIOM Aii: ONTHYHI, eJICKTPOXIMiUHI, MArHITHI Ta 1HIIII;

2) TunoM perenropa (4yTIUBOTO MaTepiany): METaJOKCHIHI, TOJIMEpHI,
HEOpTraHIvHi;

3) TEXHOJIOTi€I0 BHUTOTOBIICHHS: TpadapeTHUH IPYK, Tra30TPaHCIOPTHHI
CUHTE3, TabJIeTyBaHHs, TPECYBaHHS, CIIIKaHHS,

4) cdeporo 3acTocyBaHHS: aBTOMOOIIbHI, MEIUYHI Ta U1 CKOJOTIYHOTO

MOHITOPHUHTY.

 JUPAC — Mi>kHAapOIHHIT COI03 TEOPETHUHOT i IPHUKIAAHOT XiMil.
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Posrnsmemo MertamokcuHi (HAMIBIPOBIAHUKOBI) Ta30BI CEHCOPH, IIIO
BUKOPUCTOBYIOTh [IJIi J€TEKTYBaHHS Ta30BUX KOMIIOHEHTIB y cCywmimn 1
CTBOPIOIOTbCSI Ha OCHOBI HEOPraHIYHUX METAJOKCHIHUX CHCTEM, SKi I
Ha3UBAIOTh  XEMOPE3UCTUBHUMHU.  CyTHICTb  XEMOPE3UCTUBHOTO  €(EeKTy
3aKJIIOYAETHCS Yy 3MiHI MPOBIIHOCTI HAIIBIPOBIAHUKIB MPU XEMOCOPOIli rasis.
OCHOBHUM YYTJIUBHUM €JIEMEHTOM (PEIENTOPOM) TaKHUX CEHCOPIB € METaJIOKCHIHI
crionykd, Haivacrtime cranymy (IV) okcua (SnO,). CrpykTypa THIIOBOTO
METAJIOKCUHOTO TUTIBKOBOTO Ta30BOTO JATYUKY, YYTIMBHUM MAaTepialioM SIKOTO €

SnO,, 300paxkeno Ha puc. 4.1.

e YYTAMBH} MaTepian

——— cyberpaTt

OAATHHOBIL ENeKTPOOH

OAATHHOBHH HarpiBay

}
3

IAATHHOBHH
TeMIe paTyPEHI JaTUMK

Puc. 4.1. Cxema TUIIOBOTO I'a30BOT0 CEHCOPY Ha OCHOBI OKCHUIIB MeTaily [24]

UyTnuBuil 1map OKCUAY METally HaHOCATh Ha CyOCTpaT, Ha SIKOMY BXe
3a37aJIeTiib HAHECEHl IJIATUHOBI (MOXJIMBO CpiOJisiHI abo 30JI0T1) ENEeKTPOIU
TOBIIMHOIO 0,5 MM, SIKi 1 BUMIPIOIOTh €JIEKTPONPOBIIHICTh YYTIUBOTO IIapy. Sk
cyOcTpaT  BHKOPHUCTOBYIOTH  JICJEKTPUYHI ~ Marepiaiw, Taki SK  CKIJIO
(B mabopatopaux ymoBax), Al,O; ta Si (B mpomucioBocTi). 3a3Buyaii cyocTpat
mae po3mipu 10 mm x 10 mm. 3HU3Y cyOcTpaTy HaHECEHUH IJIATUHOBUI HarpiBad
Ta PEryJasITOp TeMmmepaTypu HJis CTBOpPEHHS pobodoi TemmepaTypu Tpu

BUMIPIOBAHHI.
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Ha cborogni HailO11bl1 BUKOPUCTOBYBAHUMHU Y TMPOMHCIOBOCTI € TITIBKOBI
ra3oBl JIaTUYMKH, SKI PO3PI3HSIIOTH 3a TOHKOIUIIBKOBUMH (10 2 MKM) Ta
TOBCTOTUTIBKOBUMH (O1bIIe 2 MKM) ceHcopamu. HasiBHI ¥ iHIII BUAM CEHCOPIB.
PizHOBHIM OJIOKOBHX CEHCOPIB CXeMaTHYHO 300paskeHo Ha puc. 4.2. B mux nBox
NPUCTPOSX  MPHUHIUIIOBO  TO-PI3HOMY  OTPUMYIOTBCS  YyTJIMBI Iapu 3
METAJIOKCUIHUX MaTepiaiiB. Y TepUIOMy BHIIAJKy BHUKOPHUCTOBYIOTH METOIU
TpadapeTHoro Apyky abo razoda3Huil cuHTe3. Y JIpyromMy BHUNAAKY MOPOIIOK
MIPECYEThCSA y TAOJIETKY ¥ CIIKAEThCS a00 HAHOCUTHCS Ha MOBEPXHIO KEPaMidHO1
TPYOKM HANMIIOBAaHHSM 3 TIOJAIbIINM CIIKaHHSIM.

Cneuenuii 0110k Kopnyc natuuka

2 mm

5
mm > .
2 Binkputwhit

OTBIp

1.5 mm . 10 mm r

HarpiBau ta
€JIEKTPO/JL

ITopuctuii

Enexrpoan

-]

w

Kepamiuna tpyoka

ww G|

IlInoun

TepMooOpoGIeHIii Orsip st
SnO: obGnagHaHHA APYKY

THYYKHiT HarpiBa4y 6

Puc. 4.2. PizHOBUIM OJOKOBHUX CEHCOPIB: a — y BUTJISI/II TAOJIETKH,

0 — HaHeceHul Ha TpyOKy [24]
CbOro/iHi HAMMOLIMPEHIMIOW TEXHOJOTIEID HAHECEHHS YYTJIMBOIO IaApy
y IPOMUCIIOBUX MaciTabax € TpadapeTHHI IPYK, ajie B IbOMY BUTIAJKY Uy TIUBUN
map € TOBCTUM, IO OOYMOBIIOE BEJIWKI BUTpPATH €HEPrii I MIATPUMaHHS
pobouoi TemnepaTypu. ToMy Ha TaHUH MOMEHT aKTyaJlbHUM € BUPIIICHHS JaHOi
npo0JeMu — OTPMMAHHS HaHOIUTIBKOBOTO YYTJIMBOTO IIapy OKCHAY METaly Ha

cyOcTtpari.
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EdextuBHICTh pOoOOTH Tra30BUX JaTYMKIB XapaKTEPHU3Ye€TbCS HACTYIMHUMU
BOXJIMBUMHU TMapameTpamu [25]:

1) Yymausicme (Sensitivity) — 3miHa BUMIPIOBAIbHOTO CHUTHANY MPH 3MiH1
KOHIICHTpAIlii aHaJIITy, TOOTO HaXWJ TPaayrOBaILHOTO TpadikKy.

2) Cenexmuenicmo (Selectivity) — 1e xapakTepucTHKa, IO BH3HaYae
HACKIJIbKU €()EeKTUBHO JATYUK pearye Ha I[UIbOBUN aHAIIT y CyMIIIi.

3) Cmabinouicms  (Stability) — 3gaTHicTP JaTyMika  3a0C3MCUUTH
BIITBOPIOBAHICTh PE3YyJIbTATIB Yepe3 MEBHUM NEPIO yacy.

4) Meowca susignenns — HAMHIWKYIA KOHIICHTPAIlIS aHANITY, SKa MOXE OyTH
BUSIBJICHA.

5) UYac 6ioeyxy — dac, SKUi HEOOX1THUM JJIT OTPUMAHHS CHTHAITY.

[HmMMu  mapameTpamMu ISl OXapaKTepU3yBaHHS Ta30BHX JIATYUKIB €
JUHAMIYHUHN J1ana3oH, JiHIAHICTh KadiOpyBajgbHOTO Trpadiky, 4ac BiJIHOBJICHHS,
JKUTTEBUM ITUKJI TOIIO.

VYci 1l napaMeTpu BUKOPUCTOBYIOTH ISl ONUCY BIACTUBOCTENH KOHKPETHOTO
YyTIUBOIO Marepiainy, ado NpUCTPOIO. [aeabHuil XIMIYHUI CEHCOP TOBUHEH MAaTH
BUCOKY YYTJMBICTb, BEJIMKUN JUHAMIYHHMM J1alla30H, BOJOJMITU BHCOKOIO
CEJICKTUBHICTIO Ta CTAaOUIBHICTIO, HU3BKOIO MEXKCIO BHSBJICHHS, JIHIHHICTIO,
MajuM 4YacoM BIATYKY, TPUBAJUM >KUTTEBUM LMKJIOM. Pi3HI TUNM peanmbHUX
CEHCOPIB YaCTKOBO BOJIOAIIOTh THMH YH IHIIMUMH OLIBII-MEHII HAOIMKCHUMHU JI0
17IeaTbHUX XapaKTePUCTHUKAMHU.

PosrasiHeMo MexaHi3Mu, 110 BiAOYBalOTHCS y MPOLEC] BUMIPIOBAHHS aHAJITY
METaJOKCUAHUMHU  Ta30BUMH  CeHcopamu, Ha npukian  SnO,. 3MiHa
€JIEKTPOIPOBIAHOCTI METAJIOKCUJHUX HAMIBIPOBIAHUKIB TMPHU BUMIPIOBAHHI
aHAITIB CIIPUYMHEHO HacaMIepe.l 3 XeMOCOPOII€0 KUCHIO 3 TIOBITPsI HA MTOBEPXHI

SnO,. [Ipu oMy, MOKYTh MaTH MiCII€ HACTYITHI peakiii [25]:
Ogus T € — 02 wocy (80-150°C) (4.1)
Oz wect e =207,  (150-260°C) 4.2)

Owete — 0%,  (300-500°C) (4.3)
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Otxe, sk BUAHO 3 peakmiil 4.1-4.3, dopma KHCHIO, IO ajcopOOBaHa Ha
noBepxHi SnO,, 3anexuTh BiJl poOOYOi TeMIlepaTypu JaTdyuka. 3a TeMIlepaTypu
Hxde 150°C kuceHb HAa MOBEPXHI 3HAXOAWTHCS y MOJICKYJspHiA (opmi Oy,
BHIIE — B ioHHEX (opMmax: O” Ta O°. B pe3y/IbTari IbOro MepeIaBaHHs CICKTPOHIB
3 moBepxHI SnO, 10 XeMOCOPOOBAHOIO KHCHIO YTBOPIOETHCS 00JACTh, IO
no30aBiieHa ENEKTPOHIB, 1 ska € objacTio BucOKoro omopy. Otxe,

€JIEKTPOIPOBIAHICTS UYTIMBOTO Matepiany nanae. Lleit mexanizm 300paxkeHo 3i1iBa

Ha puc. 4.3.
TToBepXHsi YACTHHOK IToBepXHs YaCTHHOK
SnO: Ha noBiTpi SnO: mix giero rasy
0, R
N O- 0- ¥
=
[te]
3
=
E
£
28
5 g
= 5
o=
=4
&
3.
= &
E g
A =

©  Esaextpon

] SnO,

|:| 3apsi B mapi
=  JlumsgHka ajcoOuii

Puc. 4.3. Tlpouecu Ha moBepxHi SnO; y BiICYTHOCTI (J1iBOPYY) 1 MPUCYTHOCTI (IIpaBOPYyHY)

aHamTIB [25]

B mpucytHocti ananmitiB (Hanpukian, CO) mnepebiraroTb  HaACTYyIHI

MOBEPXHEBI peaKilii 3 XeMOCOPOOBAHUM KHUCHEM:

2C0 + Oy g — 2CO, + €, (4.4)
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CO + Oy — CO,s + ¢, (4.5)

B pe3yJbTaTl YOTO BHUBUIBHAETHCA €JIEKTPOH 1 ToBepTaeTbes A0 SnO, —
CJICKTPOIIPOBIAHICTH MaTEPialy 3pOCTAE.

Ha croromni ms onucy (Qi3MUHMUX 1 XIMIYHUX IPOIIECIB, SKI BiOYBaIOThCS
py B3aeMOJIT Ta3iB 3 moBepxHel SnO,, HAOyIu MOIIMPEHHS JBa MEXaHI3MH —
CINeKTpOHHUU ((pi3WuHM) Ta KartamiTHdHud (Ximiubauii). EnextponHmii Ta
KaTATNTUYHUN MEXaHI3MH, 10 BiJI0YBalOThCS Ha IOBEPXHI UYYTJIMBOTO Iapy,

PO3TIITHEMO Ha TIPHUKIAAl IOMOBAHOTO METAIOM OKCUIY MeTaly (puc. 4.4).

Enexrponnuii mexanizm Karagirnannii mexanizm

R R
O- O-
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AjicopOutist

O-

o- R
| |

— )

1
—
.

~

N

1

iy
Z
<
o

O-

~
~
~

.I
‘i

Enexktpon
SnO:2
3aps1 B mapi

Meran

| M He

AncopOriiiHa aiIsiHKa

Puc.4.4. CxematnuHe 300pakeHHS €J€KTPOHHOTO Ta KaTaIITUYHOTO MEXaHI13MiB, 10

BiIOYBArOTHCS Ha MOBEPXHI TOMIOBAHOTO METATIOM OKCHAY MeTany [25]

3a CICKTPOHHUM MEXaHI3MOM, SIKHM TaKO)XX HAa3MBAETHCS MEXaHI3MOM

.30 o
KOHTpoJto eHeprii depmi™, CTUCHEHUW Tra3 pearye 3 IMOBEPXHEI0 METaleBOTO

%0 3Hax0AUTHCS IPUBITH3HO OCEPE/IHH] 3a00POHEHOT 30HH.
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JIOTIAHTY, TPU IIHOMY BUBIIBHSETHCA €JIEKTPOH, MO TPAHCHOPTYeThes Ha SnO..
3MiHU B €JEKTPOHHIM TycTHHI Ot moBepxHi SnO; NpU3BOAATH 10 3HUKEHHS
OTIopYy.

3a KaTadITUYHUM MEXaHI3MOM METaJeBUN IOMAHT BUCTYIMAE K KaTali3aTop,
3 SIKOTO CTHUCHEHUW Ta3 TPaHCHOPTYeThcs a0 moBepxHi SnO,, ae pearye 3
a7cOpOOBaHNM OKCUTEHOM, a BUBUIBHCHHUH €JIEKTPOH MPU3BOIUTH 0 3MEHIIICHHS
ornopy. TakuM YMHOM, PI3HUIIS MK ITMMU MEXaHI13MaMHM — 11€ CIIOCI0 MepeHeCeHHs
3apsIiB.

3rifHO TPEACTaBICHUX MEXaHI3MIB MOXHa 3alpONOHYyBaTH HACTYIHI
3arajbH1 CTail IETeKTYBaHHS aHATI3y YyTJIMBUM MaTepiaioM:

1. azncopOriisi OKCHCEHY Ha MOBEPXHI;
nepeaaya oMy eJeKTpOoHa,
azIcopOI1is aHATITY;
XIMIYHA peaKilis;

nepecaada CICKTPOHY MCTAJIOKCUAHOMY MaTepiaJIy;

o oA w N

JecopOIIisi MPOAYKTIB peaKIlii.

CTBOpEHHSI CEHCOPHHUX MartepiajiB, Kl O BOJIOAUIM BUCOKOI YYTIUBICTIO 1
HU3BKOIO MEXEI BHSBICHHS, CTa0 CHOTOJHI MOXMJIMBUM 3aBISKH OCTaHHIM
CBITOBUM HAyKOBHUM HAIpaIFOBAaHHSM. 3TiJIHO OCTAHHIM HaWOUIBIIMN BIUJIMB Ha
CEHCOPHI XapaKTePUCTUKH YyTIIMBOTO MIaPy MAIOTh PO3MIpHI €PEKTH 1 JOIMyBaHHS
METAJIOKCUJIHUX MaTepiaiaiB MeTajlaMi a00 OKCHIaMU 1HIIIUX METaiB.

Ha puc. 4.5 300pakeHa eKCIEPUMEHTAIIBHO 3HaiifieHa 3aJeXKHICTh
YyTIMBOCTI Ta30BOro ceHcopy SnO; BiJl po3MipiB HOTO KpUCTATITIB [26]. Ak BUAHO
3 puc. 4.5, 3Ha4HE MiIBUILEHHS YyTJIMBOCTI CEHCOPY MOUYMHAETHCS MPU 3MEHIIICHHI
po3mipiB kpuctamTiB 10 10 HM 1 MeHmre. OiHaK, Taki MaJleHbKI PO3MIPH YaCTHHOK
BKKO BIPOBAJUTH HA TPAKTHUIl, TOMY IO CEHCOPH, UYTIWUBUMA MaTepiasl SIKUX
CKJIaJlaeThcsl 3 KpuctamitiB SnO, po3MipoM MeHiie 10 HM, BOJOMIIOTh HU3BKOIO
MeXaHIYHOI MimHICTIO. /o Toro », B mporeci poOOTH 3a poOov0i TeMIeparypu

200-500 °C kpucTamniTé MaroTh 3aTHICTh 10 arperyBaHHS.
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Puc. 4.5. 3anexHicTh 9yTIMBOCTI BiJ po3Mipy kpuctaiiB cranymy (IV) oxcuny [26]

Jlns  moposiaHHS  1i€i  OpoOJeMU  ChOTOAHI  BXKE  3alpONOHOBAHO
BUKOPUCTAHHSA PI3HUX HOCIIB, HaNpUKIaA, BYIJCIEBUX HAHOTPYOOK, SIKi
cTabUI3yI0Th YacTUHKU SnO?2.

HamisnpoBimauku N-tumy31, Taki gk SnO2, BOJOAIIOTE HHU3BKOIO
agcopOiiitHoro 3natHicTio 70 O2  TOPIBHSHO 3, HANPUKIAJ, OJaropogHUMHU
Metanamu. Lle cnprurHEHO MOTEHUIATbHUMU Oap’epaMH Ha MOBEPXHI YACTUHOK.
OxpiMm 1boro, yactka moBepxHi SnO,, ska moxke OyTu 3aiiHsATa, AOCUTH Maja
(<1%) [26]. Takum YWHOM, JOJABaHHS CIIOJNYK, IO YTBOPIOIOTH J0JATKOBI
a7cOpOLIitHI LEHTPH, MOXKE CYTTEBO 30LIBIIMTH YYTJIMBICTH Marepiany, aie, siK
MOKa3aHO Ha puc. 4.6, HASBHICTH JIOMAHTIB MOXE€ MaTH 1 HETaTUBHUN BIUIMB:
30iIbIIyBaTH (y BUNAAKY JOAaBaHHS anoMiHilo 10 SnO;) abo 3meHmyBatu (Y
BUMAAKY J0JaBaHHs cTuOI0 10 SnO;) ae06aeBCHKY )IOB)KI/IHygz, a oTKe "
YyTJIUBICTH ceHcopa. Takoxk, mpu MoaudikyBaHHI moBepxHi cranymy (IV) okcumy
PI3HUMH JOTIAHTAMH 3MIHIOETHCS XapaKTep B3a€MO/IIi ra3iB 3 MOBEPXHEIO CEHCOPY,
a 3HAYUTh 1 TIEPEHECEHHs 3apsiiB MO MOBEepXHi. Bce 1ie y KiHIEBOMY BHIAJKy

BIUIMBA€E HA YYTJIUBICTh CEHCOPIB.

%! Jlo N-THIy HaneXAaTh HAMIBIPOBITHUKH, B SKOMY OCHOBHI HOCII 3apsly — eIeKTPOHH IPOBiTHOCTI.
Le paniyc ekpanyBaHHs — JOBXXHHA, 1110 XapaKTepH3ye EKpaHyBaHHS KYJIOHIBCHKOTO IOTEHIIIATY.
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Puc. 4.6. BiuiuB pi3HUX JOIAHTIB HA YYTIUBICTh ceHCcopa [26]

Ha puc. 4.7 nokazaHo MexaHI3M BUHUKHEHHS CEHCOPHOTO CHUTHANy IMpHU
BUMIPIOBaHHI BOJHIO y TOBITPI: 3a KaTAIITUYHUM (a) Ta eneKTpoHHHM (0). Sk
BUJIHO 3 PHUCYHKA, 3a KATAJIITUYHUM MEXaHI3MOM peakilisi BiJI0yBa€eThCcs Ha
MOBEPXHI OKCHJY, a 3a €JIEKTPOHHUM — Ha MOBEPXHI MeTajeBOro jaomnanty. [Ipu
bOMY OKCHJ MeTaly BHUKOPHCTOBYETHCS SK Marepiaj JJisi BUMIPIOBAHHS 3MIHU

CICKTPUYHOI'O CUTHAILY.

Puc. 4.7. MexaHi3M BUHUKHEHHSI CEHCOPHOT'O CHTHAITy: a — 33 KaTaJliTHYHUM MEXaHi3MoM, 0 — 3a

EJICKTPOHHUM MeXaHI13MoM [27]



102

4.2. doTokaragiizaTtopu

doToKaTaji3 BIAHOCUTHCA 10 IPOIECIB MPUCKOPEHHS XIMIYHMX peakIiii
(okucHeHHST a00  BIJHOBJEHHS), BHUKJIMKAaHE aKTUBAIlI€I0  Karaji3atopa
(HamiBOpPOBIAHUKA), 3a3BHYA OKCHAY METally, YiabTpadiojieToBUM ab0 BUIUMHM
BUINIPOMIHIOBaHHSIM. BiH OCTaHHIM YacOM CTaHOBHUTHCS JOCUTH PO3MOBCIOIKEHUM
METOJIOM JIJIsSI OUHMIIICHHS BOJIU 1 TMOBITPS BiJ OPTaHIYHUX, a, B JIEIKMX BUIAIKAX, 1
BiJl HEOPraHIYHMUX CHOJYK. SIK QoTokaTanizaTopu, y mepury 4epry, po3risaatoTh
TaKi HaIBIPOBITHUKOBI Matepiaym sik Ti0,, ZnO, CdS, Fe,031 WO3.

B 1972 poui simoHcbki BueHi DyxaziciMa i XOHJAa BUHAWIUIM, IO Ha
enextponai 3 TiO, mia nmiero YO Bojga MOKe OKHMCHIOBATHCS 10 KucHio [28]. Lle
BIIKPUTTS  TOKJAJI0  TMOYATOK  JOCHDKEHHSAM 1040  (OTOIHAYKOBAHHUX
OKHCITIOBAJIbHO-BIIHOBHUX PEAKIlI Ha MIOBEPXHSIX HAITIBIIPOBITHUKIB.

doToKaTaNITUYHI BIACTUBOCTI KaTai3aTOPiB XapaKTePU3YIOThCS TaKUMHU
napamMeTpaMH SIK aKTHBHICTh Ta €(EKTHBHICTb. AKTUBHICTH (DOTOKATANI3aTOpPy
3aJIeKUTh B1J 3/TATHOCTI KaTalli3aTOPy CTBOPIOBATU Mapu €JIEKTPOH-IIPKa; OCTaHHI
3/1aTHI T€HEPYBaTH BUIbHI PaJMKaIM, 110 BCTYNMAIOTh Y BTOPUHHI (POTOKATAIITUYHI
peakuii. EdexktuBHiCT, (oTOKaTanmizaTopy BHU3HAYAETHCS KBAHTOBHUM BHUXOJIOM
dboTOKaTAMITHYHOT PEaKIIii 1 CIeKTPOM il poToKaTaIi3aTOpPYy.

KBanToBuii Bux1i7 (hoTOpeakiii — 1e BIAHOUIEHHS YUCIa MOJIEKYJ IPOJYKTY,
[0 YTBOPIOIOTBECS Yy Pe3yiabTari (hOTOKATATITHYHOI pPEaKilii, O YHuClia KBAHTIB

CBITJIa, 1110 MOTJIMHEH] KaTaaizaropoM. KBaHTOBHUI BUXiJ MOYXHA NPEICTaBUTH SIK:
D= n, (4.6)

JIe #;— 9acTKa HOCIiB 3apsay, 0 JT0CSTIIa MMOBEPXHI;
¥y — 4acTKa HOCIIB 3apsly, 1110 BTYIHWJIA Y KOPUCHY peakilito (ToOTO Ti HOCIT, sIK1
. ...33
YHUKHYJIH PEKOMOIHAIIT™).
JIns HamiBIpPOBIIHMKOBUX YAaCTHHOK SK (POTOKATAII3aTOPIB PO3PI3HSIIOTH

HACTYITHI CTa il mpoiiecy (poTopeakiii.

% PexoMOinaris — I1e Tporec, M0 XapaKTePU3YeThCs 3MEHIICHHSIM HOCITB 3apsily 33 PAXYHOK 3iTKHEHHS 3
3apsAAaMu IPOTHIICKHOTO 3HAKY 1 SIKUH € 3BOPOTHIiH mporiecy ioHizarii.
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1) TormuuanHS cBiTJIa (OTOKATATI3aTOPOM 1 CTBOPEHHS Y HBOMY
€JIEKTPOH-I1POYHOI MapH;

2) Judys3isg eJeKTpoHiB 1 AIPOK J0 MOBEpXHi (poTOKATAII3ATOPY;

3) O06’eMHa pekOMOIHAIIIS €JICKTPOHIB 1 JIPOK;

4) TloBepxHeBa peKOMOIHAILIS €IEKTPOHIB 1 JIPOK ;

5) Ilepebir QoTOKATAMITUYHMX pEaKIii ENeKTPOHIB 1  JIpoK 3
azcopOOBaHMMU Ha (DOTOKATAII3aTOP1 MOJICKYJIAMHU.

MexaHni3Mm yTBOpeHHs (OTOAKTMBHOI TOBEPXHI KaTami3aTopy BKIIOUYAE
YTBOpPEHHs JipoK y BaneHTHii 30Hi (h'yg) i eeKTPOHIB y 30Hi MPOBiTHOCTI (€ cp)
3a paxyHOK NOTJIMHaHHS (POTOHY eHeprii, ska Ouiblne abo JOpPIBHIOE HIMPHHI
3aboponeHnoi 308U (hv > Egg) HamiBnpoBignuka (1is TiO, mmupuHa 3a00pOHEHOI
30HM JopiBHIOE: g pytuny — 3,0 eV, mis anarazy — 3,2 eV) [29]. [Ipu upomy,
JUPKU CIPUAIOTH YTBOPEHHIO TIAPOKCHUIHUX PAJMKATIIB 1 OKUCHEHHIO OPraHIYHHUX
CIIOJIYK, @ €JEKTPOHU — CYMEPOKCUIHMX PaJUKaAIIB 1 peakiisiM pPO3KJIaJaHHS Ta
okucHeHHs [29]. Omxke, ¢oToKaTalITUYHA AKTUBHICTh HAIMIBIPOBIIHUKOBUX
CTpYKTYyp (30kpeMa, TiO,) XxapakTepu3yeThCs T1IPOKCUIHUME 1 CYNEPOKCUTHUMHU

paguKasaMu, siki OTPUMYIOThCS 3a peakiisimu [30]:

TiO, + hv — TiO, (e” 31T+ h* B3), (4.7)
TiO, (e" 311 + h" B3) — TiO, (pexombinaiis), (4.8)
TiO, (" B3) + OH — TiO, + OH’, (4.9)
TiO, (e 311) + O, — TiO, + O, (4.10)

ne 311 —30Ha NpoBITHOCTI,
B3 — BaneHTHa 30Ha.
CxeMatnyHO MexaHi3M (DOTOAKTUBALll HAMIBIPOBIIHUKOBOI YaCTUHKU

ybTpadioseTOBUM BUIIPOMIHIOBAHHSIM 300pakeHo Ha puc. 4.8.
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Puc. 4.8. Cxematnune 300pakeHHs MexaHi3My (poToakTuBartii i porokaranizy Ha moBepxHi Ti0O,

[30]: P — momtoranTH, E — mmpuHa 3a00pOHEHOT 30HU

Po3paxyBaTu JOBXKMHY XBWJI1 KBaHTy CBITJIA, IO Ma€ MOTPIOHY €HEPriio

MOXKJIMBO 32 B1iJOMOIO (hOpPMYJIOHO:
E=h-v=h-c/A, (4.11)

ne h—mocriiina I[Tnanka, eV-c (Jx-c);
v —ygacroTa, 1/c (I'n);
¢ — IIBUAKICTB CBITJIA, M/C;
A\ — IOBYKHMHA XBUJII, M.

[lincraHoBIIOIOUM 3HAYEHHS eHeprii B popmyny 4.11, 3Haxoaumo, mo s
CTBOPEHHSI BUIBHUX €JEKTPOHY 1 JIpkH y yacTuHul T10,, 10BXKMHA XBUJIl KBAaHTa
CBITJIa JIJI1 ONIPOMIHEHHSI IOBUHHA OyTH HEe MeHIe 390 HM.

OT1xe, mpyu ONMPOMIHEHHI (POTOKATAI3ATOPIB 3 €HEpriero OuIblle, Hix 3,2 eB
YTBOPIOIOTHCS BIJIbHI €JIEKTPOH 1 JipKa. 3aXOIUICHI TOBEPXHEIO EJIEKTPOH 1 JipKa €
IiTKOM KOHKPETHHMH XiMiuHUMH yacTuHKamu. Hampukiaz, exektpon — e Tio' Ha
noBepxHi T10,, a nipka (€IEKTpOHHA BaKaHCIs) JIOKATI3YEThCS HA MOBEPXHEBOM
okcureHi, ytBoprworoun O (muB. puc. 4.9). BoHu € peakiiiHO 3AaTHUMH 3
BIIMOBITHUMU TIOTEHIIalaMu: enekTpony ~ -0,1B, a mipku ~ +3B (BigHOCHO

HOPMAJIbHOTO BOJHEBOTO E€JIEKTPOLY).
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Enextpon, skuil mocsar moBepXHI YAaCTMHKU HAMiBIOPOBITHUKA TMiJ i€I0
BUIIPOMIHIOBaHHS, 37aT€H pearyBaTH 3 aJCOpOOBaHUM Ha HBOMY OKCHICHOM,

y pe3yNbTaTi MOXKYTh epedyBaTh HACTYITHI PEaKIIii:

e+0,— 0y, (4.12)
0, +e — 0,7 — 0+0, (4.13)
0,” + 2H" — H,0,, (4.14)
O +e— 0%, (4.15)
H,0,+ e — OH +OH, (4.16)
O +H'— OH, (4.17)

IpU I[bOMY YTBOPIOIOTHCS TakKi CUJIbHI OKHUCHUKH, SK OKHCHUK (O7), Tak 1
cynepokcuguuii (Oy) 1 rinpokcuanuit (OH') pagukany.

YTBOpEeHHI TIAPOKCUIHI 1 CYNEPOKCUJIHI paJuKald BCTYNAIOTh Y PEaKIli 3
OpraHIYHUMHU MOJIFOTAHTAMH 1 BIJIOYBA€THCSI OKUCHEHHS! OCTaHHIX. 3arajibHy CXemy
(dboTOoKaTANITUYHOI JIerpajallii OpraHiuyHUX MOJIOTAHTIB MOKHA MPEICTAaBUTH SIK:

TiOu/hv

Opraniuni [TomoranTtu (P) — Ilpomixkni nponyktn — CO, + H,O. (4.18)

Takum ywHOM, mepedir (POTOKATATITUYHOTO OKHUCHEHHS OpTraHIYHUX
MOJIFOTAHTIB B1JI0YBAETHCS 32 HACTYITHUMU CTaJISIMU:

1. TlepeneceHHss Macu OpPraHidHOTO TOJIOTAHTY 3 piakoi ¢asu 10
noBepxHi Ti0,.

2. AncopOrris OpraHiyHOro MTOJTIOTAHTA Ha (OTOAKTUBOBaHY
noBepxHio Ti0,;

3. ®orokataniTuyHi peakxiii Ha moBepxHi Ti0;.

4. JlecopOuis MpoyKTiB (B TOMY YHKCII, 1 IPOMIKHUX) 3 ToBepxH1 Ti10,.

5. MaconepeHoc NpoayKTIB Y BOJHE CEPEIOBHIIIE.

3riIHO TPEACTaBICHOI0 MEXaHI3My, BOYEBHIb, IO M e()EKTUBHOTO
IpOBEJEHHS (OTOKATANITUYHOTO Mpoliecy y BUAMMOMY Aiama3oHi cBitia TiO,

NOBMHEH MAaTH BHUCOKY IMUTOMY IUIOLLy TOBEPXHI (3 METOI0 MiJABUIICHHS



106

e(eKTHUBHOCTI aJCOpOIlii OpPTraHiYHUX CIIONYK), MaJi PO3MIPH YaCTHHOK (Iis
3MEHIIIEHHS pPEeKOMOiHaIlli EJeKTPOHIB 1 [IPOK), a TaKOX MEHINY IIHPUHY
3a00poHeHO1 30HU. OCTaHHE BUIUIMBAE 3 HACTYMHUX MIpKyBaHb. J[OBXKMHA XBHIII
CBITJIa, sIKa HeoOXiaHa 11 hoToakTUBAIlll MoBepxHI TUTaHy (IV) okcuay, moBMHHA
oytu menmorw 3a 390 um. Buxoasuu 3 nporo, TiO, Oyae morauHatu TUIbKKH Y D-
BUIIPOMiHIOBaHHs. YacTka OCTaHHBOTO y BHUIMMOMY Jiana3oHl CBITIa OJM3BKO
4 %. Otrxe, Takui QoTokaranizaTop He OyJe ePEeKTUBHUM Yy BUAMMOMY Jiana3zoHi
ceiTma. Jlo Toro ok, 3abe3nedeHHs Y®D-BUNPOMIHIOBaHHS I Tmepeodiry
(GbOTOKATAMITHYHOTO TIpoIlecy Oy/ae BUKJIMKATH JOJATKOBI €HEpro3arpatu. Y TOu
K€ 4ac, 4aCTKa BUJUMOTO MPUPOTHOTO BUIPOMIHIOBAHHS Y CHEKTPl CTAHOBUTH JI0
43 %. TakuMm YMHOM, CTBOPEHHS KaTamizaTopy Ha ocHOBI TuTany (IV) okcuny,
KU O TpalfoBaB y BUAMMOMY Jialia30H1 BUIPOMIHIOBAHHSA, € YK€ BaXKIUBOIO
HAyKOBO-TIPAKTUYHOIO 3aJlayelo, I PIIICHHS $AKOi HEOoOXiHEe 3MEHIIyBaTH
HMIMPHHY 3200pOHEHOT 30HU KaTalizatopy Ha ocHOBI TiO,.

@omokamanimuyne oyuwenns (OTO) y npukiagaux 3acrocyBanusix. ®TO
MO>K€ BUKOPUCTOBYBATHUCH JJI OUYMILECHHS BIJ OpPraHIYHUX CHOJYK SIK 13 MOBITPA,
TaK 1 BOJHUX pO34MHIB [29].

Jlo mepeBar TexHoOJIOTIM oumiieHHs mnoBiTps 1 cTiunux Boxa (CB) Bix
HIKIJJIMBUX CIIOIYK MOXHA BIAHECTH T€, IO OpPraHiyHl pe4yoBUHU ab0 MOBHICTIO
JerpaayroThcsl (MIHEPATi3yIOThCs), a00 pPYHHYIOTbCS J0 HEmKimBuX. Jlo
HenodikiB OTO mnoBiTps BigHOcUTbCS HuU3bKa edektuBHicTE DOTO Bomororo
MOBITPA 32 paxyHOK He3MouyBaHOCTI noBepxH1 T10,. Jlo HeponikiB ®TO cTiuHmMx
BOJ — TPOTOYHI PEaKTOpH MaioeeKTHBHI 13-3a MOBUIBHOI AudYy3li y BOII
OpraHiyHuX cnoiayk Ao mnoBepxHi TiO,, a BukopuctanHs cycnensii TiO, He
TEXHOJIOTIYHO Yy  pe3yJabTaTl CKJIQJAHOCTI  BUJAJICHHS  TOHKOIUCIEPCHHX
gacTuHOK T10,. Jlo Toro %X, fK mpu o4yuIieHH1 nmoBitps, Tak i CB 3acTOCOBYOThCS
Y®-namnu, 1m0 TaKoXX MNPUBHOCUTHL Aesiki Hemosiku DTO-texHosorii, a came:
HEOOXITHICTh 11X TMEpIOJANMYHOI 3aMiHHM, 3HAYHI EHepPro3arpaTd, HEOOXITHICThH

yTHIII3alli y BUNIAJKy BUKOPUCTAHHS PTYTHHUX JIAMII.
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Tunosi mpuctpoi Mt (HOTOKATATITUYHOTO OYHUIICHHS MOBITPS 300pa’kKeHO Ha
puc. 4.9. [lanmii mpucTpiii CKIamaeThCSA 3 MOPUCTOTO HOCIA (3BUYAMHE MOPHCTE
CKJ0), Ha sikomy HaHeceHHH TiO,, 1 skuii ompomiHioeThcst Y D-cBiTiom. [lpu
MPOMYCKaHHI 3a0pYJHEHOr0 OpraHIYHUMU pPEYOBHHAMM TIOBITPSI OpraHidyHi
MOJIEKYJId copOyroThesi Ha moBepxHi TiO, 1 mig giero Y D-onpomiHEHHS
PO3KIIAAIOThCs (B 1ACIBHOMY BHITQJIKy OPTaHIuHI MOJEKYJIH OKHCIIOIOTHCS 0
CO; 1 Boamu). TakumM YMHOM, TOBITPS OYHUINYETHCS 1 BUBOIAUTHCS 3 IMPUCTPOIO
BeHTWIITOpoM. Taki mpuctpoi @OTO moBiTpss  BUPOOIAIOTHCS — TaKUMHU

BUpoOHUKaMH, sik «Toshibay, «Sharp», «TOTOw.

. . it hi ToBiTps 3 165 MM
Hamipamit TRt QiTbTp TOKCHUHHMH
BEHTIILITOP | dorokaramizaTtop Tomimkaua ==
Jlamna YO-A nianasony DoToKATATIHAT
e e b GimTp  —f 5
- { ‘[ f BeHTHIATOp —f— g
Y ¥ S AR M AR g
: ) o % VO®-mamma __ |
fucre ‘ - ‘ BpynmHe =
TOBITPA TOBITPS
(-] ‘-] ﬁ (nmoiggp aTbHA
TR e o
ToBiTps 3 =
TOKCHUHHMH -
JOMiIIKaMH
a o

Puc. 4.9. ITpuctpoi st @TO nositps: a — nadbopaTopHuii poTopeakTop, 6 — IPOMUCIOBUI

¢doropeakTop

AHanoriyHo nepeliraroTb (GOTOKATAIITUYHI peakiii ¥ y BOAHUX PO3YMHAX.
[Tpudyomy, 3rimHo miteparypHux gaHux [31] cborogui Maibke BcCi OpraHivHi
CIOJIYKH MOXKYTh OyTH OKMCHEH1 Ha (poTOKaTajizaTopax mia giero Y @-cBitia.

Ha puc. 4.10 300paxkeHi mpuCTpoi, 0 BUKOPUCTOBYIOTh JUISl TOCIIIKCHHS
dboToKaTANMITUUHUX peakIlii y BOAHUX po3unHax Ta mnpoBenaeHHs DPTO Bomu y
IIPOMHUCIIOBUX MacIlTadax.

Sk nabGopaTtopna komipka (puc. 4.10, a), Tak 1 TPOMHCIIOBI peakTopu (puc.
4.10, 6) micTATh TaKl OCHOBHI €JIEMEHTH, SIK 3aHyproBajibHa Y ®-namma, map TiO,
HAHECEHMI Ha TMOBEPXHIO peakTopa, pyodallika 0XonomxkyBaibHa. OKpiM LBOTO,

y TMPOMHUCIIOBOMY PEAKTOpI MICTUTHhCS MATPyOOK 3 TAHTEHINIAJIBHUM BBOJOM
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CTIYHO1 BOJU. Y pe3yJbTaTi OCTAaHHBOTO 3a0e3MeUy€eThCsl TYpOYJICHTHUN PEeXUM Y
peaKkTopi, KUK CIpuUsie€ 301IBIIICHHIO IBUIKOCTI (POTOKATATITUYHOTO PO3KIIAaHHS

OpTraHIYHUX PEYOBHH.

& Y@ mxepeno

2 ceiTia

)

5

%

g - "

[=]

5 Keapuora
=1 TpyOKa

g

m 125B smamna

pPTyTHa
IPOCENBHOTO

=4 BKJIFOYEHHS
e (365uMm)

5 L

2 A

2 \ Pozuun

2 GapeHHKA +
B \ KaTagizaTop
]

7

5]
1=

=

m

MarniTHuii 3MinryBad |

a 0

Puc. 4.10. IMpuctpoi mins ®TO Boau: a — maboparopHa KOMipKa, 6 — MPOMHCIOBHI peaKkTop

3 MeToro 1HTeHCH(iKalii poOOTH MPOTOYHUX PEAKTOPIB (A1 301IbILIECHHS
MBUAKOCTI Udy3ii) po3poOsieHi O0I0KOBI (HOTOpEeaKTOpH, KOHCTPYKIIT SKHUX

300pakeHo Ha puc. 4.11.

Puc. 4.11. Tlpuxnaau 610K0BUX (POTOPEAKTOPIB, BUKOHAHUX I10 TUITY «OyTepOpo1»
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i ¢oTtopeakTOopu MICTATH OJOKM 3 MAHENSIMH PEAKTOPIB MOB’SI3aHUX MIXK
cobor manensmu Y®-jgaMIi, 1m0 BHUKOHAHI IO TUITY «OyTepOpoa». Mix coboro
MaHelNl PeakTopiB 3B’sA3aHI KaHaJaMH 3 METOI0 30UIbIIEHHS 4yacy nepeOyBaHHS y
peaktopi. Taka KOHCTpyKIis (GoTopeakTopy 3a0e3mnedye JTOCUTh BHCOKY
e()eKTUBHICTh (DOTOKATATITUIHOTO PO3KIIAJAHHS OPTaHIYHUX PEUOBHH.

[Ipu BuKOpHCTaHHI JOCUTH (POTOAKTUBHUX KaTali3aTOPIB  MOMIHUBO
OUMIIYBAaTH BOJHI PO3YMHU BiJ OapBHUKIB, (PEHOIBHUX CIIOJYK, MECTUIIMIIB,
(dbapmalleBTUYHUX MTpenapaTiB, 3HUILYBATH MIKPOOPTaHi3MHU TOIIIO.

OpHuM 3 MPaKTUYHHX 1 IIKaBHX 3aCTOCYBaHb (POTOKATaIi3aTOpy Ha OCHOBI
TiO, — 1e BHUKOPUCTAHHS MOro y BHUIVIAAI IUIIBKM Ha CKIi, SKa 37aTHa
CaMOOYMIIYBaTUCh 1 He 3amoTiBaTu (puc. 4.12). 3maTHICTh CKJa, IO MOKPUTO
TOHKOIO IUIiBKOIO Ti10,, 10 CaMOOYHMIIEHHS Ta CTIHKICTIO IO 3alOTIBaHHSA
nosicHIoeTbes HacTynHUM 4dnHOM. Ckiio 3 TiO, mijg mi€ro cBiT/ia 1 3a paxyHOK
(OTOKATANITHYHOTO MPOLECY OUYUILYETHCS BlJI OPraHIYHMX CHOJYK, Y pe3yJbTaTi
4YOro TOBEPXHS CKJIa J1I0Ope 3MOUYYETHCS BOJOIO 1 HE 30HMpaeThCs y Kparuii, a

PO3TIKAETHCS HA MOBEPXHI Ta BUIAPOBYETHCA.

ConsguHe i
CBITJIO OH

on \
Y

ITosepxusa skpura TiO>

Puc. 4.12. CaMOOYHCHE CKJIO

OpmHuM 3 AOCUTH I[IKaBUX, HAYKOBO 1 TPAKTUYHO aKTyaJIbHIX BUKOPHUCTAHb
dboTokaTamizaTopiB — 1€ IX 3aCTOCYBaHHS y Tporecax (OTOdi3y BOJAU 3 METOIO

OTPHUMAHHA BOIHIO.
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Ha puc. 4.13 mnokazana TumoBa (OTOENEKTPOXiMIYHA KOMIpKa, sKa
CKIagaeThes 3 enekrpoay N-tumy TiO; (aHOY), TUTATHHOBOTO €NEKTPOAY (KaTomy),
MeMOpaHHu, Ta30BUX OMOpeToK, omopy 1 BoiabTMeTpy. I[lpm VYD-ompomiHeHH1
enektpoay 3 TiO, Ha HbOMY BIZIOYBA€ETHCS pPEaAKIlisl OKUCHEHHSI (BUALICHHS KUCHIO),
a Ha TJIATHHOBOMY €JICKTPO/I1 peakKilisl BiIHOBJICHHS (BUIIJIEHHS BOJIHIO).

[Ipu VY@-punpominioBanHi moBepxHi Ti0O, BiAOyBaeThCs TreHepalis

CJIEKTPOH-AIPOYHOI Mapu:
TiO, + ho — ¢ +h". (4.19)
[Ipu npomMy Ha aHO/I Nepedirae peakiisi OKUCHEHHS:
2H,0 + 4h™ — O, + 4H", (4.20)
a Ha KaTOJI1 — BIJTHOBJICHHS:
2H" + 2¢” — H,. (4.21)
CymapHa peaxkitist ¢poToJ113y BOJIH:

2H20 +4hv — 02 + H2. (422)

Puc. 4.13. ®oroenexTpoxiMiyHa Komipka: 1 —anon, 2 — katof, 3 — memOpana, 4 — razoBi

OropeTkH, 5 — orip, 6 — BOJIBTMETP

Ha crworomni, Ha Xanb, IyXe MaJCHbKUN KBAHTOBUU BHUXIJ Yy TaKoi

cucremu. HeoOXxiHe BpaxoByBaTH, LIO AJsi OTPUMAHHA | MOJIEKYJIM OKCUTEHY
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HEOOXITHO PO3KIACTH 2 MOJIGKYJTHW Boau. J[ims mporo HEOOXITHO 3aTpaTUTH
113,4 xkan/monb. YnbrpadioneroBe cBiTiao (252 HM) NPaKTHYHO BIJCYTHE Yy
constuHOoMy BunpoMiHtoBanHiI (0,3-1MKM), sike Tagae Ha TOBEPXHIO 3eMili. 3a JuIs
30UIBIICHHS] KBAHTOBOT'O BUXOAY Y Ipolieci (oToJi3y BOAY HAYKOBIl B YChbOMY
CBITI CHHTE3yIOTb BHCOKOAKTUBHUX (oTokaTamizaropiB, ski O© 70 TOro X
MpaLOBaIN y BUIUMOMY J1ana3oHi CBITIIA.

Jlo MeroxiB iHTeHCcHDikarii PoToKaTaTITHYHOT aKTUBHOCTI (SIK y Mpoliecax
®TO, tak 1 mpu ¢(oTom3zi BOAM) Ta 3O0UIBIICHHS i y BUAUMOMY Jliara3o0Hi
BUTIPOMIHIOBaHHS HAJICKUTh METOJ] HAHECECHHS MeTalliB Ha moBepxHio 110, abo
CTBOPEHHSI HA OCHOBI OCTAHHBOTO HAHOKOMIIO3HTIB.

HanecenHns MetajieBUX [IOMaHTIB (3a3BUYaid, OJIArOPOJHUX METalliB, a B
OCTaHHIM 4Yac — 1 d-MeTasiB) Ha TMOBEPXHIO HAMIBIPOBIJTHUKA ICTOTHO 3MIHIOE
G13MKO-XIMIYHI ~ BJIACTUBOCTI  MOBEPXHI, 3aBASKA YOMY 3MIHIOIOThCA |
dboTokaramiThuuHi BracTuBocTi. HasBHicTh Metasly Ha moBepxHi TiO, Moxke
3MIHIOBaTH KIHIEBUNA CKJIaJl TPOJYKTIB 1/a00 MIBUAKICT (OTOKATATITHUHOT
peakiii [32]. doTokaTamiTUYHUNA MPOIEC HAa TaKUX HAHECEHUX CHUCTEMax
MOXJIMBHM 32 YMOBM HE3HAUHOTO TOKPHUTTS HAMIBIOPOBIAHMKA MeTaiaoM. [lpu
[bOMY Ha KOHTaKTI MeTaj-HamiBIpOBIAHUK BUHUKae Oap'ep IloTTku, me meran
rpae poiib BIIACHE KarTaji3aTopa 3a paxyHOK 3MIHH EJIEKTPOHHOI CTPYKTYpH
HamiBrnpoBigHuka. [licns 30ymKeHHS €NEeKTpOH MITpye 10 MeTaly, SIKUM BiH 1
3aXOIUIIOETHCS, A EJEKTPOH-IIPKOBAa peKoMOiHalllsl mpurHiuyerbes. Jipku
Tu(YyHAYIOTh 10 TOBEPXHI HAMIBIPOBIAHMKA, A€ BCTYMAIOTh y (POTOKATAIITHYHI
peakiii. 3MEHIIIEHHS €JIEKTPOHHOT TYCTMHM B HAMIBIPOBITHUKY BeIE 10
30UTBIIEHHS! KUCIOTHOCTI TIAPOKCUIHUX TPYI Ha MOBEPXHI, 0 TAKOX BIUIMBAE HA
dboToKaTaNMITUYHI BIACTUBOCTI HamiBIpoBiAHWKA. Ha mpaktuili ocoOIuMBO 4acTo
BUKOpUCTOBY€EThCs cuctema Pt/TiO,. Hanecenns miaruau Ha moBepxHio TiO,
BUSIBIISIETHCSL OCOOJIMBO €(EKTUBHUM Il (POTOKATANITUYHUX PEaKLii, B SKUX
BUIISIETHCS Ta3.

CTBOpeHHsI KOMIIO3UTIB (30KpeMa, TeTepOCTPYKTYp) Ha OCHOBI JBOX

HAIIBIPOBITHUKIB TIPEACTABISIE TEPCIEKTUBHUNA HAMPSMOK 711 301IBIIICHHS
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e(peKTUBHOCTI (POTOKATAIITUYHOTO MPOLIECY, 3aBASKH KPAIIOMY PO3MOILTY 3apsiiiB
1 pO3mMpeHHI0 Jiama3oHy gitoyoro cBimia [33]. Tak, nHampukimam, i
KoMmmo3uiliitHoro ¢orokaranizatopa CdS-TiO, nmpu BHUKOPUCTaHHI KBaHTY CBITJIA
meHme 3,2 eB (mmpuna 3aboponeHoi 3oHu TiOy), ame Outbine 2,5 (mmpuHa
3a0oponeHoi 30Hu CdS), iioro eHeprii He BUcTauyae Jyist mpsimoro 30y keHHs Ti0,,
aJie IIKOM JO0CTaTHBO IS IEPEHECEHHS eJIEKTpOHa 3 BaieHTHO1 30HM CdS y 30HY
MPOBITHOCTI. BiAMOBIAHO 70 Ii€1 CXeMH JIIPKH, 1110 YTBOPUJIMCS Yy BaJCHTHIN 30HI
CdS B pe3ynbrati 30y/KEHHS, 3anumaioTbes y yactuHil CdS, Tomi sk eneKkTpoH
MEePEHOCUThCST ¥ 30HY mpoBimHOCTI TiO,, 3aBOsgKu dYoMy 1 301IBIIYETHCS
edeKTUBHICTh (POTOKATATITUYHOTO TIpoliecy. Po3/isieH! eneKTpoHU 1 IpKH TOTIM
MOKYTbh OpaTH y4acTh y MPOLECI EIEKTPOHHOTO NMEPEHOCY Ha MOBEPXHI 32 y4acCTIO

ajcopbara.
4.3. KBaHTOBI TOYKH

KBaHTOB1 TOUKM — 116 MAJICHbKI YACTUHKHU 3 aTOMIB OJHOTO MaTepiaty, 110
CKIaJaloThesl y cepenHboMy 3 50-10° atomiB. EqeKTpoHHHI CIIEKTp imeanbHOI
KBAaHTOBOI TOYKH BIAMOBIJA€ E€ICKTPOHHOMY CHEKTPY OJAMHUYHOTO aToMy, Xoua
KBAaHTOBA TOYKa 1HOIl CKJIAJAcTHCS HABITh 3 JEKUIbKA THUCSY aToMiB. CaMme 3 1€l
MPUYUHA KBAHTOBI TOUYKH HA3UBAIOTh TAKOXK «IITYYHUMH aTOMaMU».

Ha puc. 4.14, a Bu MoxeTe 0aYUTH KBAaHTOBY TOYKY Y BUIJISAI MipamiaKHu,
[0 pO3TalllOBaHa Ha MOHOKPHUCTaJl 3 IHIIOTO MaTepialy, Ha OCHOBI TaKuX
KBaHTOBUX TOYOK 3apa3 CTBOPIOIOTH pPI3HI HAMIBIPOBIAHUKOBI MNPUCTPOI, SKI
BUKOPUCTOBYIOTh JJI1 CBOEI pOOOTHM KBAHTOBI po3MipHI edektu. I[lpu upomy,
BapilOI0YM PO3TallyBaHHs, po3Mip, Mopdosorito (mipamiaka, OIoaIe Ta IHIIE)
MO’KHa BapilOBaTH BIACTUBOCTSIMH KPHUCTATY.

KosmoigHi KBaHTOBI TOYKHM — II¢ HAIMBIPOBIIHUKOBI HAHOKPHUCTAIH 3
po3mipoM Bix 2 10 10 HM, mo ckmamatorscs 3 10%-10° atomis. 3a3Buuail KoIoinHi
KBaHTOBI TOYKHU CTBOPIOIOTHCS 3 HEOPraHIYHMX HAIIBIPOBIIHUKOBUX MaTepialiB
(Si, InP, CdS Tomro), mo BKpPWUTI MOHOIIAPOM CTaOLII3ATOPY — TaK 3BAHOIO

«y6oro» (puc. 4.14, 0).
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a 9]

Puc. 4.14. KBaHTOBI TOUKH: @ — y BUTJISI IPaMiJIKH, 110 PO3TAIIOBaHA HA MOHOKPHUCTAI 3

IHIIIOTO MaTepialy, 6 — KOJIOiIHa KBAHTOBA TOUKA, BKPUTA «ITy0O0I0»

KBaHTOBI TOUYKM XapaKTepuU3YIOThCS CKJIAJOM Ta po3MipoM. Takox,
KBaHTOBl TOYKM  KJAcU(IKYyIOTh Ha  [IMPOKO30HHI (mornvHAHHSA B
yibTpadioseToBOMy Jianas3oHi), CEpeIHbO30HHI (BUIUMOMY Jiala3oHi) Ta
BY3bK030HHI (OnmxHbOMY [Y 1iana3oHi) HaniBIPOBITHUKH.

Oxkpim ckiaay 1 po3Mipy, 3HAYHUHN BIUTMB Ha BJIACTUBOCTI KBAHTOBUX TOYOK
YUHUTH iX Qopma. Po3pi3HsAOTH cdepudHi, eNiNncoiiHi KBAHTOBI TOYKH 1
HAHOKPUCTAIM 31 CKJIaJHOW TeomeTpiero. Cepen mnepenidyeHux HalOuIbIe
MPaKTUYHE 3aCTOCYBaHHS MarOTh ChepuyHi 3a paxyHOK MPOCTOTH BUTOTOBJICHHS.
Takox po3pi3HAIOTH JETOBaHI 1 KBAHTOBI TOYKM Ha OCHOBI TBEPAMX PO3UMHIB Ta
TeTepPOCTPYKTYD .

JUist  cMHTE3y KOJIOIMHUX KBAHTOBUX TOYOK BHKOPHUCTOBYIOTH XIMIYHI
METOJY, IO 3aCHOBaHI Ha 3pOCTaHHI HaHOKpUCTamiB. OTpUMaHHS SKICHUX
KBaHTOBUX TOUYOK 3 BY3bKHMM PO3MOJIJICHHSM 3a PO3MipamMH MpeACTaBise 3HAYHI
TpyaHoIIi. binbil sKiCHI KBaHTOBI KpamKd OTPUMYIOTHCSI METOJIOM 3pPOCTAHHS Y
HETOJIIPHUX PO3YMHAX, TaK 3BAHUM KOJIOITHUM METOJOM, KM Ma€ psij repesar:
MOXJIUBICTh ~KOHTPOJIFO TMPOIECY 3pOCTAaHHS KBAHTOBHUX TOYOK, BY3bKE
PO3MOIIJICHHS] 3a PO3MipaMu Ta MOXJIMBICTh HACTYITHOTO BHAUICHHS 1 OYUCTKU
KBAHTOBUX TOYOK [34].

B konoimHOMY CHMHTE31 MOKHA BHOKPEMHTH 3 OCHOBHI CTajii: HyKJearlis,

3pOCTaHHS 3apoAKIB 1 cTaais Ao3piBaHHsS OcTBajibaa. 3rigHO KJIACUYHOI Teopii
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3apOJKOYTBOPEHHST HYKJIeallis BimOyBaeThcsi crioHTaHHO (puc. 4.15). HIBuakicth

YTBOPEHHS 3apOJIKIB TMPOIOPIiHHA BIJIHOCHOMY IIEPECHUUCHHIO 1 MOXeE OyTu

BUpa)KeHa PIBHSIHHSIM:
(4.29)

U=kS=Kk(c,— ci)lcy,

ne K — koedimieHT mponmopIiiHOCT,
S — cTyniHb NepecuveHHs,
. 3
¢ — KOHIICHTpAIlis IePECUICHOr0 PO3YUHY, MOJIB/IM ",

THUM IBUAIIC

. 3
Cy — KOHOCHTpPAN1s HACUICHOI'O PO3UHUHY, MOJ'IB/I[M .
Ch,

Cy) 1 YMM MEHIIUN

Yum Oinpma pizHUIS  (Cy
YTBOPIOIOTHCA 3aPOJIKU, TUM OUIbIIIE BUHUKAE IIEHTPIB KpUCTATi3allii 1 TUM OJMxK4Ie

32 PO3MIpOM YTBOPIOIOTHCS KOJIOiTHI YJACTHHKHU JI0 JIEIKOTO CEPETHBOTO 3HAUCHHSI.
3pocTaHHS KPUCTAJIB Mepedirae 3 BEIMKOIO MIBUAKICTIO 1 3aJICKHUTh TITHKH

BiJl IIBHUJKOCTI JIU(]y3ii. 3riTHO I[LOTO OCHOBHUM I1apaMETPOM pEryJIOBaHHS

3pOCTaHHS 3apPOJIKIB € TEMIIEpaTypa.

Hyxmeanis
Pigens myxmeamnii

PicT 3 cuneHO
[epeHacHIeHOTO
pPO3UHHY

!,
Pieenr HacHmeHHS

KonnenTtpamnias —

Yac —
Puc. 4.15. 3miHeHHS KOHIIEHTpAIlil peYOBHHH, 110 KOH/ICHCY€ETHCS, Ha eTanax HykJjearii i
3pOCTaHHS 3 CHJIBHO IEPECHUEHOT0 PO34YnHY [34]

Konu pearenTu Buyepriani 13-3a 3pOCTaHHS KPUCTAJIB MOYMHAETHCS MPOIIEC

no3piBanHa OcTBanmpaa. SKo peakiiro 3yNMUHUTH HA I CTajaii, TO YaCTUHKHU

OyIyTh MaTH IIMPOKE PO3MOAUICHHS 3a po3Mipamu. Ha mpoMy erari HEMOMKIMBO

CTPYKTYpH, IIO CKJIQJAIOThCA 3 IIapiB PI3HOPIIHUX

¥ TerepocTpyKTypH — HAIiBIOPOBIIHHKOBI
HalliBIIPOBITHUKIB i3 TeTepONepexoaaMt MK HUMHU.
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OTPUMAaTH MOHOJUCIEPCHI YaCTUHKU. Taki 4aCTUHKH MOXKJIMBO OTPUMATHU JIMIIE
Npu BUOYXOBIM HyKJIeallii Ta 3yMUHIN peakiii Mmcis il 3aKIHYeHHS 1 0 MOYaTKy
no3piBanHs OctBanpaa. [ns BuOyxoBoi HykJealii HCOOXiHO CTBOPUTH BHCOKY
CTYIiHb TIEPECUUCHHS.

Jlns oTpuMaHHS CTaOUIBHOTO 30JIF0 HEOOXITHO JTOCATTH HE TUIbKH 3aJaHOi
JUCTIEPCHOCTI, aje 1 cTabumi3yBaTu po3MipH YacTHHOK y vaci. Lle mocsraeTtncs 3a
PaxyHOK BHKOPHUCTaHHS cTabu113aTopiB. AMcopOyrounch Ha TpaHUIll po3aity das,
BOHH CTBOPIOIOTH CTPYKTYpPHO-MEXaHIYHHM Oap’ep 1 TakMM YUHOM 3amobirae
arperauii (puc. 4.16). IlpaBunbHuii BuOip ctabimizaropa rpa€e BHpIIIAIbHE
3HAYEHHS Y KOJIOiJTHOMY CUHTE31 KBaHTOBUX TOUYOK.

Bumorun g0 crabinizatopy € BKpall BUCOKMMH. BiH moBUHEH 3amobiratu
arperauii 4aCTMHOK AMCIEPCHOI (ha3u, He MEepeliKopKATh AUPY31HOMY pocTy
KBAaHTOBUX TOYOK. Jl0 TOTO K OpIEHTYIOUMCH Ha MOBEPXHI KOJIOIAHOI YaCTUHKH,
MOJIEKYJIM cTaOuIi3aToOpa MOBUHHI OYTH MILHO 3 HEIO 3B’513aHI 3 OJIHIEI CTOPOHH, a
3 1HIIOI BUIBHMMA KiHEIb MOBMHEH MAaTU CUJIbHY CHOPITHEHICTH /10 PO3YMHHHUKA,

1100 320€3MeUnTH JOCTATHHO BUCOKY «PO3YMHHICTH» KBAHTOBUX TOYOK.

Puc. 4.16. Mexani3Mu, sIKi TPOTHUAIIOTH 30JIMKEHHIO KOJIOTIHUX YaCTUHOK: @ — 32 PaXyHOK
JIOKAJIbHOTO 30UIbIIIEHHS KOHIIEHTpAIlil cTadl1i3aTopy, 6 — 32 paXyHOK MEXaHIYHOTO

BIJIIITOBXYBAaHHS
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MOXIMBUMH OpraHIYHUMHU CTa0LII3aTOpaMU  MOXYTh OyTH OyAb-sKi
HYKJICO(iTbHI peareHTy 3 JOBro JAHIFOTOBUMH pagukanamu. Jlo HUX HalexXaTb
amiH# (B OLIBIIIA Mipi amiaTHyH1), TIOIH Ta BUI KapOOHOBI KUCIOTH (HalKpalia
3 IBOTO KJIacy OJICTHOBA KUCIIOTA).

KBaHTOB1 TOYkKM 3a CBOIMH po3MipaMu OlIblle TPAAUIIAHUX IS XiMil
MOJIEKYISIPHAX KIACTepiB> (~ 1 HM, SKIIO TOYKA CKIAAETHCS HE OLIbIIE, HiXK
100 atomiB). KonoigHi kBaHTOB1 TOUKH 00’ €HYIOTH (h13UYHI1 1 XIMIUHI BJACTUBOCTI
MOJIEKYJT 3 ONITOCIIEKTPOHHUMH BJIACTUBOCTSIMU HAIIBIPOBITHUKIB.

KBaHTOBO-pO3MipHI €(peKTH TparoTh KIOUYOBY POJb B ONTOCICKTPOHHUX
BJIACTUBOCTSX KBaHTOBUX TO4YOK [34]. EHepreTMuHMii CHEKTp MNPUHIIUIIOBO
BIJIDI3HIETHCS BIJI 00’eMHOro HamiBrpoBiaHuka. Ha puc. 4.17 300paxeHo
TpaHchoOpMaIlito  30HHOI  CTPYKTypU  HAIIBOPOBIJHMKA TMPU  3MEHIIEHHI
1oro po3mipy.

(a) CdSe ocHOBa HAMIBIIPOBITHAKA (6) CdSe KpanTosa Touka (KT)

] )(C)

mmm |P(c)

Ctas rpymn
FET 82
Ll koA Eg(r,!yna) FD) P R

| P.& l iz
& "‘l ; \\ H'""i..uu"

s = | S(h)
=== 1P(h)

s | (1)

BamenTHa 30Ha

Puc. 4.17. Tpanchopmartist 30HHOT CTPYKTYPH HaMiBIPOBIIHUKA Y pa3i 3MEHIIEHHS HOro

PO3MIpY: @ — MIKPOKPUCTAJIIYHUN HAIIBIIPOBITHUK, 6 — KBAHTOBA TOYKA 3 HAMIBIPOBiaHUKA [34]

® Knacrepu — cluster (ckymuenns, rporo) [35].
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Enextpon y KBaHTOBiM TOYIll (HAHOKPHUCTANl) TIOBOAUTHCS SIK Yy
MOTEHIIAIbHIN «siMi». J[JIT 1IbOTO BUIAJKY €HEPTis eJeKTPOHY abo JIPKU MaroTh

JIEKiJIbKa CTAI[lOHAPHHUX PIBHIB 3 XapaKTEPHOIO BIICTAHHIO M1 HUMH:
B2/(2md?), (4.28)

ne d — po3Mip KBAaHTOBOI TOYKH.

Takum YuHOM, CHEPTETUIHHMN CTIEKTP 3aJICKUTh BiJ i1 po3Mipy.

AHAJIOTIYHO TIepeX0oly MK PIBHSAMH €HEprii B aToMi, MPU MEPeXoi HOCIiB
3apsAy MK €HepreTUYHUMH PIBHSAMH Y KBAaHTOBIM TOYIl MOK€ MOTJIMHATUCH a00
BUIIPOMIHIOBAaTUCh (POTOH. YacToTamMM IUX MEPEXOAIB (IOBKUHOIO MOTJIMHAHHS
ab0 JIIOMIHECIIEHIIIT) JIETKO YIPABJISITH, 3MIHIOIOYM PO3MIPH KBAHTOBOI TOYKH

(puc. 4.18).

Puc. 4.18. ®ayopecnieHttis cycriensii konoinaux yactuaok CdTe pizHoro po3mipy [34]: 3miBa

HamIpaBo BiJ 2 10 5 HM

KBaHTOBI TOYKM MarOTh pO3MIpU ONM3BKO OJMHUIL HM, Y JESIKUX
BUMAJKaX — JIECITKM HAHOMETPIB. 3TiIHO 3aKOHAM OINTHKH, SKIIO PO3MIpU
YaCTUHOK MeEHIIe JoBXuHM XBuJi cBitia (A = 400-800 HM), TO BOHH HE MAIOTh TiHI
1 BIJT HUX HE MO>K€ B1JJOMBATHCH CBITJIO, TOOTO 1X HE MOKHA OQUuuTH.

Opnak, CBITJIOBa XBUJISl BCE-TaKW MTOBUHHA JiSITH HA HAHOOO'€KTH, SIK 1 Oy/1b-
sIKe eJIeKTpoMarHiTHe nosie. Hampukiaz, cBiT/IO, ynaBlId Ha HaIiBIPOBIIHUKOBY

HAHOYACTUHKY, MOKE CBOIM E€JEKTPUYHHUM IOJIEM BIAIpBaTH BiJ i1 aTOMy OJUH 3



118

BaJICHTHUX €JEKTpoHIB. llell enekTpoH Ha SKHIICH 4Yac CTaHE eJIEKTPOHOM
MPOBITHOCTI, @ TOTIM 3HOBY TOBEPHETHCS «IOJAOMY», BHUITYCTHUBIIN TMPH I[HOMY
KBAHT CBITJIa, IO BIAMOBIJA€ MIUPHHI «3a00pOHEHOI 30HU» — MIHIMAJIBHOI €HEePTii,
HEOOXiHOT I TOro, mo0 BaJCHTHOMY €JIEKTPOHY cTaTh BiibHUM (puc. 4.19).
TakuM YMHOM, HAMIBIPOBIJIHUKH, HABITh HAHOPO3MIPHI, MOBHHHI IOYyBaTH
najarye Ha HUX CBITJIO, BUITYCKAIOYH MPHU I[bOMY CBITJIO MEHIIOI YacTOTH. [HakIe
KOKy4H, HAMIBIOPOBIIHMUKOBI HAHOYACTMHKMA Ha CBITJII MOXYTh CTaBaTH
¢biIyopecueHTHUMH, BHUIIPOMIHIOIOYM CBITJIO CTPOTO TIEBHOI YacTOTH, IO

BIJINOBIIa€ MIMPHHI «3a00POHEHOT 30HNY.

»

30HA HPOBIIHOCTI

AE

; WH =%

BaJIeHTHa 30HAa

eHeprist eJIeKTpony

Puc. 4.19. Cxema BunukHeHHs (iyopectenirii [35]

Xoua mpo ¢iayopecieHTHY 3JaTHICTh HaMiBIPOBITHUKOBUX HAHOYACTUHOK
Oyno Bigomo 1ie Hanpukidii XIX CTOMITTA, AOKIAAHO 1€ SBUIINE OYyJIO OMHCAHO
JIMIIIE B CAMOMY KiHIII MHHYJIOTO CTOJITTS. | came 1ikaBe y bOMY BHUIIAJKy Oyi10
Te, M0 YacTOTa CBITJIA, SIKA BHUITYCKAEThCS IMMU YacCTKaMH, 3MEHIITyBaiacs 31
30UIBIICHHSIM PO3MIPY HMX YacToK. Taky 3ajekHICTh MOXHA MOSICHUTU y TaKui
cnioci6. MiHiMasibHA €Hepris, sika He0O0X1IHa JIJIsl BIIPUBY BaJICHTHOTO €JIEKTPOHY 1
MepeBoly MOro y 30HY MPOBIAHOCTI, 3aJIeKUTh HE TUIBKU Bij 3apsay aTOMHOTO
sfipa 1 MOJIOKEHHS €JIEKTPOHA B aTOMi, ajie 1 BiJl KUIBKOCTI HaBKOJIO aToMiB. Yum
OuIbIlIe HABKOJO aTOMIB, TUM JICTIIIE BiJIIPBATU EJIEKTPOH, aKe slpa CYCIIHIX
aTOMIB TEX MPUTSTAIOTh HOTO JI0 cede.

3ale)KHICTh €HEPTeTHYHOTO CHEKTPY BiJl pO3MIpY Ja€ BEIUUYC3HHM
MOTEHITIaN JIJIi MPAaKTUYHOTO BUKOPWUCTAHHS KBAHTOBUX TOUOK. Y TMEpIIy 4Yepry

KBaHTOBl TOYKM TMPEACTABISAIOTh MPAKTUYHUN IHTEpEC SIK JIFOMIHECUEHTHI
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MaTepianu. BoHu 3HaX0ASTh BUKOPUCTAHHS B ONTOEJICKTPUYHUX CUCTEMAaX, TAKUX
SK CBITJOBUIIPOMIHIOIOUI JI0/M, IIJIACKI CBITJIOBUIIPOMIHIOKOYI MaHENl, Ja3epH,
KOMIDKM COHSYHHX OaTaped, (OTOENEeKTpHUYHI MEepPEeTBOPIOBadi, O010JIOTIuHI
MapKepH, TOOTO BCIOJIM, /1€ HEOOX1{HI ONTUYHI BIIACTHUBOCTI, SIK1 IEPEOYI0BYIOThCS
3a JIOBKUHOIO XBUJII.

Jly’xe KOpuCHE BUKOPHCTAHHS KBAaHTOBMX TOYOK — 1€ fAK O10JOTiuHI
MapkepH. Pi3HI KIIITHHHI CTPYKTYPH OJHAKOBO Mpo30pi Ta He 3adapOoBaHi, 1 AKIIO
MOJIMBUTHUCS HA HUX y MIKPOCKOII, TO, OKPIM iX KpaiB, Hiyoro He moOauwmml. Jlyis ix
po3dapOyBaHHS i1 3aCTOCOBYIOTh KBAHTOBI TOUKH.

Haiimenmni (3eneHuil  KoJip) MNPUIMNAIOTH JO0 MIKPOTPYOOUOK, SIKi
CKJIJal0Th BHYTPIIHIN KICTSIK KMTHHU. CepelHi Mo po3Mipy KBaHTOBI KpaIlKH
(CKOBTHI KOJIp) MPWIHMAKOTh 10 MeMOpaH amapaTy [onpmpki, a caMi BeJHUKi
(kpacHU#l KoJip) — 10 sAnpa KITUHU. KoM KIITHHY 3aHypUIIM y PO3YHUH, IO
MICTUTh BCI Il KBAaHTOBI Kpamk{, 1 MOTPUMAJIM y HbOMY SIKHIICh 4ac, TO BOHHU
MPOHUKHYJW YCEepeAUHY W MPUIUIUIM Y TEeBHUX MicisaX. [licas mporo KITHHY
CIOJIOCHYJIM Yy PO3YHMHI, 10 HE MICTUTh KBAHTOBUX KpAamokK, 1 MOKJIJIM Mif
MIKpPOCKOIIL. SIK 1 ciiji Oy0 CIo/AiBaTUCS, BUIE3ralaHl KIITUHHI CTPYKTYpHU CTalIA
p13HOOAPBHUMMU 1 JOOPE MOMITHUMH.

Ha puc. 4.20 BugHoO, 110 MIKpOTpyOOUKH 1odapOOBaHi 3€J1€HUM KOJIbOPOM,

MeMOpaHH — KOBTHUM, a SJIpa — YSPBOHHUM.

Puc. 4.20. PozpapOoByBaHHS pi3HUX BHYTPIIIHBOKIITUHHUX CTPYKTYP Y Pi3HI KOJBOPH 3a
JIOTIOMOT'0}0 KBAaHTOBUX KPAroK: YepBOHUHN KOJIpP — Ap0; 3€JIEHUI — MIKPOTPYOOUKH; JKOBTHHA —

amapat [ osb ki
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IIuTaHHd 10 CAMOKOHTPOJIIO

1. HaBeniTh BU3HAUYEHHS CEHCOPIB 1 iX kinacudikariro. Ha skux mpuHunax BOHU
IPALOOTh.

2. 3a SKMMHU MPUHIUIIAMU KJIacU(PIKyIOTh XIMIYH1 ceHCopu?

3. OCHOBHI CTPYKTYPHI €JIE€MEHTH THIIOBOTO METAJOKCHIHOTO Ta30BOT0 JATYHKY
1 IX KOPOTKa XapaKTEPUCTHUKA.

4, TlpuBeniTh MmapaMeTpW 3a SKUMH XapaKTepHU3yloTh €(QEKTUBHICTH POOOTH
ra30BUX JIATYMKIB HA OCHOBI OKCH/IIB METAJIIB.

5. Hamenitp MexaHi3Mu, IO BiOYBarOTBCS B MPOIIECI BUMIPIOBAHHS aHAJITY
METAJIOKCUIHIUMH Ta30BUMHU CEHCOPAMH.

6. HasBiTh Ta oxapakrepusyiite (pakTopH, 10 BIUIMBAIOTH HA UyTJIUBICTh Ta30BUX
METAJIOKCUIHUX CEHCOPIB.

7. Haenitb Bu3HaueHHS (oTokaTanizy. ki maTepialii pO3MVISNAIOTh SK
doTokaTamizatopu?

8. IlpuBeniTe mapamMeTpw 3a SKUMH BH3HAYAOTh (DOTOKATATITHYHI BIACTHBOCTI
(doTOKaTaN3aTOPIB.

9. Tlepemiuuts ctajii hoTopeakilii Ha HAMIBIPOBITHUKOBUX YaCTHHKAX.

10. [IpuBeniTh KOPOTKO MeXaHi3M (oTokaTamizy Ha HamiBIPOBIIHUKOBUX
JaCTHUHKAX.

11. ®TO BoaHUX PO3UYMHIB 1 MOBITPS: TMEpEBAry 1 HEAOIIKH.

12. HaBenite ixmi (oxpim ®TO) BukopuctanHa ¢oToKaTandizaTopy Ha OCHOBI
TiO..

13. [IpuBeniTh Ta  KOPOTKO  OXapakKTepU3yWTe MeTOAu  iHTeHcHdiKailii
(hoTOKaTAIITUYHOI aKTUBHOCT1 HAM1BIPOBIIHUKIB.

14. o Take kBaHTOBI TOUKU? SIKi BOHU OyBarOTh?

15. HaBenaiTh 0COOJMBOCTI €HEPTETUYHOT'O CIIEKTPY KBAHTOBUX TOYOK.

16. HaBeniTh mpakTHYHE BUKOPUCTAHHS KBAHTOBUX TOYOK.

17. Yum xapakTepu3yrThCs KBAHTOB1 TOUKH?
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PO3/1J1 5. HAHOMATEPIAJIA I HAHOTEXHOJIOI'TT

B ocranniii yac TepMiHM «HAHOTEXHOJIOTiS» Ta «HAHOMATepiaanmy CTalId
nocuth nonynasapaumu. 1o x Take «HaHo»? «HaHo» (Tpelbke CIOBO «hannosy) y
nepeKsaal 3 TPEUbKOro O3Hauvae «Kapiuk». Hanomerp nyke Manuid: BIH MEHIIE
OJTHOTO METpa y CTUIBKH X pasiB, y CKUIbKH TOBIIMHA IMAJBI MEHIIE J1laMeTpy
3emuti.

binbmicts aromiB maroTh aiametp Big 0,1 mo 0,2 HM, a ToBmmHa HUTOK JJHK
— 6ins 2 mm. iamerp eputpouutiB 7000 HM, a TOBIIMHA JIIOJICHKOTO BOJIOCCA
~80 000 uM. Ha puc. 5.1 371iBa HampaBo y MOPSAKY POCTY PO3MIpIB MOKa3aH1

pizHOMaHITHI 00’ €xTH: Bix atoMmy 10 Constanoi cuctemu [10].

.mmm(na IUTAHEeTH

T T T T 1 T T T T T T
10-omiI = 10°m 104 m 102m 1m 102 m 104 m 10°m 108 m 10%m
Bionorin Couiays xi T'eomorist
HAYRH 4

;

R
-« 3
ey

Xinrist, aHATODIIA i PP HA
disHxa
HANOTEXHOJIOTN

Puc. 5.1. PizHOMaHITHI 00’ €kTH — BiJ aTroMy 10 COHSIUHOI cuCTeMu

HaHoTexHOmNOTiE CHOTOAHI  PO3TISAAETHCS K KITIOYOBA  TEXHOJIOTIS
21 cronitta. BoHa MOe 3amponoHyBaTH pillieHHS 0araThOX iICHYIOUHX MPOOJIEM.
HanoTexHomoris BiIKpUBaE HOBUI PUHOK MOXJIMBOCTEH, a caMe: y po3poOJieHH1
HOBUX MaTepiaiiB, PO3BUTKY OIOTEXHOJOTIH, KaTAMITUYHUX 1 COPOIIHHUX

IIPOLIECIB, HAHOEJIIEKTPOHIKHU, EHEPTETUKU, OXOPOHHU 310POB’ S, 030pOECHHS.
2 2 5 5
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TepMiH «HAHOTEXHOJIOTISH» 00’€IHY€E pI3HI YABIEHHS 1 MIAXOIU, a TaKOX
pi3HI METOAM IUIMBY Ha pe4yoBUHY. HaTroTexHONOriro MOKHa pO3IIISIAaTH SK
nepesiK TEXHOJOTH a00 METOUK, IO IPYHTYIOTHCS Ha MAHIMYJISIISX 3 OKPEMUMU
aTomMaMu a00 MoJIeKyIamMu y maciTa6oi Big 1 #M g0 100 HM.

Ines mpo Te, 1m0 MOXKHA MpaIoBaTH 3 00’ €KTaMU, sIKI MalOTh HAHOPO3MIpPH,
Oyrna Bmepiie BHUCIOBJEHA y BHUCTym Jjaypeata HoOGemiBcbkoi mpemii Pigapma
@eitnmana y 1959 pomi. KnacuyHuM mnpukiagoM AOCATHEHb HAHOTEXHOJIOT1H
cTasia po3poOKa CKaHYIUHUX TYHEIbHUX MiKpocKkomiB. [lepiuii Takuii MikpocKoI

OyB cTBOpeHuit y maboparopii IBM.

v

Puc. 5.2. T'onka cKaHyIOYOTO TYHEJIBHOTO MIKPOCKOMY: @ — I'OJIKa, 10 epe0yBae Ha MOCTIHHIN
BiJICTaHI HAJI IIApaMU aTOMIB JOCITIDKYBaHOI MOBEPXHI, O — CAMOOpPTaHi3aIlis 3a JOIMOMOTO0

TOJIKK CKaHYBAJIbHOT'O TYHCJIBHOT'O MiKpOCKOHy

[Ipuniun  poOOTH  TaKOro  MIKPOCKOIY  HACTyNMHUH: KOJIU  30H]
HaOMIKAETHCA JI0 TOBEpXHI 3pa3ka MeHmie Hik 0,1 MKM, MK HAMU BHHHKAE
CICKTPUYHUNA CTPYyM, IO OOYMOBJIEHUN KBAaHTOBO-MEXaHIYHUM TYHEIHHUM
edexktoM. CyTh TYHETBHOTO €(DEKTy MOJISATAE Y TOMY, IO €IEKTPUYHUN CTPYM MIXK
TOCTPOI0 METAJIEBOIO TOJIKOKO 1 TTOBEPXHEI0, MOYMHAE 3ajIeKaTH Bij BIJICTaHI MIXK
HUMH. UuM MeHIIa BiJCTaHb TUM OUIbIIME cTpyM. Bumiproroun neit ctpym i
MIATPUMYIOUM HOTO TMOCTIMHUM, MOXXHa 30epiraTd IMOCTIMHOI 1 BIJCTaHb MIXK
HUMH, THM CaMUM CKaHyloud TmoBepxHi. lleil Mikpockom MoKe BHBYATH

MOBEPXHIO TUIBKU METaB 200 HaIIBIPOBITHUKIB.
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CkaHyBaJnbHUIl TyHENIbHHUNH MIKPOCKOIl TaKOX MOKHA 3aCTOCOBYBATH IS
HNEpEeMILLIEHHsT aTOMIB a00 MOJEKyJl IO MOBEPXHI JUIsl CTBOPEHHS IE€BHUX
HAHOETEKTPUUHUX cXeM. Sk mpukiad, Ha puc. 5.3 MoKazaHa IJIACTUHKA 3 HIKEIO,

Ha K1 HaHECEHO 35 aTOMIB KCEHOHY Y BUTJISI1 Ha3BU KoMItaHii IBM.

Puc. 5.3. Ha3ra xommnanii IBM, sika ckiiazieHa 3 35 aToMiB KCEHOHY Ha IUIACTUHII 3 HIKEITIO

(3pobiieHe ciBpOOITHUKAMH I1i€1 KOMITaHii 32 JOIIOMOTOI0 CKaHYIOUOT0 30HI0BOTO MIKPOCKOITY
y 1990 pori)
Lle#i crioci6 CTBOpEHHS Ha MOBEPXHSIX MOHOIIAPIB 3 MOJIEKYJT a00 BI3€pPYHKIB

3 HUX Ha3WBA€EThCS HaHoJTOrpadiero [36].
5.1. Knacudikauisi HaHoMaTepiaiiB

Po3pizHsitoTh HAHOOO’€KTHM Ta HaHOMAaTepialiu, SKI JIeKaTb B OCHOBI
HaHOTeXHoJor1i. HaHoTexHosorii — e CYKYNHICTh METOIB MaHIMyJIOBaHHS
PEYOBMHOIO Ha aTOMHOMY a0O0 MOJIEKYJISIpHOMY pIiBHI 3 METOI OTpPUMAaHHS
00’€KTIB 3 HOBUMHU XIMIYHUMH, (PI3UMYHUMU Ta OIOJIOTTYHUMH BJIACTHUBOCTSIMHU.
Jlo HAaHOTEXHOJIOT1M  HajeXkaTh TEXHOJIOTIi, W0 3a0e3MeuyloTh MOXKIIHUBICTD
KOHTPOJIbOBAHUM YMHOM CTBOPIOBATH 1 MOJM(DiKyBaTH HaHOMATEpialik, a TaKOX
3MIACHIOBATU iX IHTErpalil0 y MOBHOLIHHO (DYHKIIOHYIOYl CHCTEMH OUIBLIOrO
Maciitaoy.

Ha choromHi OCHOBHMMH Taly3siMH HAHOTEXHOJOTIM €: HaHOMaTepiad,
HAHOITHCTPYMEHTH, HAHOEJIEKTPOHIKA, MIKPOEJIEKTPOMEXaHIYHI  CUCTEMH 1
HaHOOl0oTexHoJor1i. HanomaTepianu, 3aBAsKd CBOIM YHIKQJIbHHUM BJIACTUBOCTSIM

MOKJIAJIA TIOYaTOK HOBUM Taiy3sM (puc. 5.4).
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Hanoenexrponixa Crintponika Hano6iosoris

<

Hanomexanika l«— Hanorexuonorii >

™

Hawnoonruka Hanocencopuxa

Mornexynspna
eJIEKTPOHIKA

Puc.5.4. T'any3i HayK#, 110 TIOB’s13aHi 3 HAHOTEXHOJIOTi€K0 [37]

Pi3HOMaHITTS HAHOOO €KTIB 1 HAHOMATEpiaiB MpeCTaBIeHO y Tao. 5.1.

Tabnuys 5.1. HaHo0’€kTH Ta HAHOMATePiaJIu, 10 JIeKATh B OCHOBI

HaHoTexHoJoriii [38]

Hanoo6’extun Hanomarepianu
Hanoknacrepu Aeposoui
HanotpyOxku,

Hanonopomku
HaHOBOJIOKHA
HanokpucTanm, HAHOTEXHoOJIOI'I ‘

‘ [Topucra HaHOKepaMika
HaHOKPHUCTAIITH
' [lineHa  HaHOKEpamika,

[[TapyBaTi HAHOCTPYKTYpH

HAaHOKOMITO3UTH
AncopOiitHi mapu I'erepocTpykTypn

Icnye Garato pi3HUX cnoco6iB kiacuikailii HAaHOOO €KTIB. 3TiIHO OJHIN 3
HUX BCl O00’€KTH MiAPO3AUISIOTBCS Ha CYLUIbHI («30BHIIIHI») Ta MOPHUCTI
(«BHYTpIIHIY). Jl0 CYIIIBHUX HallekKaTh HAHOKIJIACTEPHU, HAHOIUTIBKH, HAHOHUTKH,
HAHOTOYKH; JI0 MOPUCTUX — HAHOTPYOKHU, HAHOTIOPUCTI MaTepialiu.

Cy1inpHI HAHOOO €KTH Y HAHOXIMIT kinacudikytors Ha 0D, 1D, 2D 1 3D

00’ektu (puc. 5.5). O6’ektu, mo Hanexarb A0 0D o06’ekTiB — 1I¢ 3BHYaiiHa

36 .. o . . .. . . o
Hanoximis 3aiiMaeTbCsi PO3pOOKOI0 METOIB CHHTE3a 1 BUBUCHHSM XIMIYHHX 1 (pI3UIHUX BIACTUBOCTEH
HaHOOO €KTIB.
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HaHOTOYKAa (200 KBAHTOBI TOUYKH), SIKa B YCIX HANpaBIICHHSX Mae HaHOpo3Mip. J[o
1D o006’exTiB HajeXaTh BICKEPH, HAHOHUTI Ta 1HIII, JIe OJHE 3 HAIMpaBJIICHb HE €
HaHO. AmnanoriyuHo 2D-00’ekTM — 1I€é HAHOIUTIBKMA (/IBa HAmNpsIMKH HE B
HaHoxiana3oH1), a 3D-00’exkTu — 00’€MHI TPUMIPHI CTPYKTYpH, iX HA3HBAIOTh
HaHoKJacTepamu. [Ipu 11bOMy, HAHOKJIACTEPH CKIIAJIAIOThCS 3 aTOMIB METaliB abo

BIJTHOCHO TIPOCTHX MOJICKYJI 1 XapaKTePU3yIOThCS BICHOIO KiacHudikariero [39].

P 2D I D 0D

LS o

Puc. 5.5. D po3mipHiCTh HAHOO0'€KTIB

Jlesiki BIACTUBOCTI HaHOMATepiaiiB (HAMPUKIIAM, iX 3a0apBJICHHS, TEIUJIO- i
€JICKTPONPOBIHICTh, TEMIIEpaTypa IUIABJICHHS) CYTTEBO BIAPI3HSIOTHCS BiJl
BJIACTUBOCTEH THUX K€ MaTepiajiB TUIbKU 3BUYAHUX PO3MIPIB — 116 00YMOBJIEHO
TaK 3BaHUMH po3MipHUMH ehekTamu3’.

Jlo Takux po3MipHUX €(EKTIB HajlexkKaTh, y MEepIIy Yepry, KBAHTOB1 pO3MIpHI
edpextu [40]. 3amexHo Biag po3MipiB 00’€KTIB PO3PI3HAIOTH KIACHYHI i KBAHTOBI
po3mipHi epekTn38, sSKi MOXKYTh BIUIMBATH MPAKTUYHO Ha OyAb-sIKI BIACTUBOCTI
peUYOBUHU. 3pO3yMiNO, L0 JII HAHOMETPOBUX OO’€KTIB, /€ PO3MIPH YACTHHOK
NOpIBHAHHI 3 J€ bBpoilieBChbKOI0 JOBKMHOIO XBUJIL €JIEKTPOHY, JOBKHUHOIO
BUIBHOTO MPOOITy HOCIS 3apsily, XapaKTepHI caMe KBaHTOBI PO3MipHI €(eKTH, 1110
BH3HAYAIOTh TaKl BJIACTUBOCTI PEUOBUMHU K TEIJIOEMHICTB, €IEKTPOIPOBIIHICTS,

JESK1 OIITUYHI BJIACTUBOCTI 1 T.II.

37 PosmipHHii epeKT — Iie 3aIeKHICTh THTOMOT XapaKTEPHCTHKH PEYOBHHH Bijl PO3MIpy HOTO YaCTHHOK.
%8 TToni6HO ToMY, sIK 3aKOHH (i3HKH MOLUISIOTHCS HA KiacuuHi (32 HIOTOHOM — CBITIIO PO3IIISIAETHCS K
MOTIK YAaCTHHOK (KOPITYCKY)) 1 KBaHTOBI (32 ['FolreHCOM — SIK XBUIJIbOBHH MPOILIEC).
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CaMuM SICKpaBUM TPEACTaBHUKOM KBAaHTOBUX pO3MIPHUX €(EKTIB €
TYHEJIbHUN €(QEeKT — SIBUILE, L0 I'pa€ BaXIJIUBY posib Yy HaHOTexHojorii. CyTHICTh
TYHETBHOTO €(EeKTy ToJsrae y TMOJ0JaHHI MIKPOYAaCTHMHKOIO TOTEHIIIHOTO

Oap’epy, Ko ii MOBHA €HEPIisl MEHIIIE «BUCOTHY I[LOro 0ap’epy (puc. 5.6).

fesnmnnenen -

Puc.5.6. YMOBHa cxema TyHEIbHOI'O IIepexoy

Ile sBUIE CYTO KBAHTOBE, aJKE KJIaCHMYHA YaCTHHKA HE MOXeE mepedyBaTu
yCepelliHI MOTeHIIHHOTro 0ap’epa «BucoToro» V, sxmio ii eHepria E<V, Tomy 1o
KIHETUYHA €HEprisl YaCTKU CTa€ MPU LbOMY HETaTUBHOIO, a 1i IMITYJIbC — YSIBHOIO

BCIIMYHUHOIO.

—=E-V (5.1)

7€ p — IMITYJIbC,
M — Maca MIKpPOYaCTUHKH.

OpHak A7 MIKpOYAaCTUHKHU L€l BUCHOBOK HE € clipaBeuIuBUM. BHacmigok
CIIBBIIHOIIIEHHSI HEBU3HAYEHOCTEH (iKcallisi YacTKU ycepeauHi 6ap’epa poOUTh
HEBU3HAUYCHUM 11 iMITysibC. OCKUIBKM MOTEHIIAJIbHA €HEPrisi YaCTKU OJTHO3HAYHO
BU3HAYAETHCS il KOOPAWHATOIO, KIHETHYHA EHEprisi — IMIYyJIbCOM, a B CHIIY
CIIBBITHOIIIEHHSI HEBU3HAYEHOCTEH OJHOYACHO 1 TOYHO KOOPJIUHATY Ta IMITYJIbC
YaCTKHA BU3HAYUTH HEMOKIIMBO, TOJI1 MOALI €HEprii Ha KIHETUYHY Ta MOTEHIIaIbHY
y KBaHTOBIA izuui Oe3rmy3nuid. BiamoBigHo, 3’SBIsSETbCS HWMOBIPHICTD
MPOXOJIP)KEHHS YAaCTKU Kpi3b MOTEHIIHUMN Oap’ep.

Posmipuuii edekT — 11e ouH 3 HaWBaKIUBIMIUX e(ekTiB y HaHOXIMIii. Bin
BXKE 3HAHIIOB TEOPETHUYHE MOSICHEHHS 3 TOYKH 30py KJIACUYHOI HAYKH — XIMIYHOI

TEPMOJUHAMIKUA. 3MIHY MEPMOOUHAMIUHUX XAPAKMEPUCMUK 31 3MEHIIEHHSIM
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PO3Mipy YaCTHHOK PO3IIITHEMO Ha MPHUKJIall TEMIEPAaTypH TUIaBIEHHS. 3aJIeXKHICTh
TEMIEPATypU IUJIABJICHHS BiJ PO3MIPY MOSCHIOETHCS THUM, IIO0 aTOMH BCEpEIUHI
HAHOYACTHMHOK BIAYYBAIOTh JOJATKOBUN TOBEPXHEBUU THCK, IIO 3MIHIOE iX
eneprito ['166ca.

3aneXHICTh TEMIIEpaTypH IUIABJICHHS Bl pPO3MIPY IOSCHIOETHCS THUM, ILO
aTOMH BCEpEAMHI HAHOYACTUHOK 3a3HAIOTH JJ0JIATKOBUH MOBEPXHEBUIN HATAT, KU
3MiHIOE iX eHepriro ['160ca. AHamizyroun 3ajie)kHICTh eHeprii ['166ca B THUCKY 1

TEMIEPATypy, JErKO MOKHa BHUBECTH pPIBHSIHHS, IO 3B'A3y€ TeMIEparypy

IUTaBJICHHS 1 paJlyCc HAaHOYAaCTHHOK, - HOro Ha3WBaloTh piBHAHHAM [106ca-
Tomcona [41]:
20,
T, =T, (0)A-—"")
AHn.'lper

ne T, (r) — TemmepaTypa 1miaBjaeHHS HAHOOO'€KTIB 3 pajiilyCOM HAHOYACTHUHOK T,
T (00)— TemnepaTypa IiaBJIeHHs 3BUYaitHOro MeTay (00'eMHOT a3n),
Orpp — HOBEPXHEBHI HATAT MK PIIKOIO 1 TBEPAOIO (pa3amuy,

AH,, — muTOMa TEMI0TA IJIaBJICHHS,
Prs — TYCTHHA TBEPJIOT PEUOBUHHU.

BuxopuctoBytoun 1€ piBHSHHS, MOXHA OIIHUTH, TMOYMHAIOYH 3 SIKOTO
pO3MIpY BJIACTHBOCTI HaHO(pa3M MOYHYTh BIAPI3HATHCS BIJl BJIACTUBOCTEU
3BUYAMHOrO Matepiany. Sk KpuTepil BI3bMEMO BIAMIHHICTE y TeMIepaTypi
mnaBiaeHHs 1% (ang 3omota - ue 6nuspko 14 ° C). V «KopoTkoMy XiMIYHOMY
JTOBITHUKY» [42] 3Haxoaumo st 3oi0ta: AHy, = 12,55 x/x/mons = 63,71 JIx/T,
pws = 19,3 T/cM®. Y HayKOBiif JiTepaTypi I OBEPXHEBOTO HATATY HABOJUTHCS
3HAYEHHA Oy = 0,55 H/m = 5,5-10'5 )1>I</CM2. Po3B’spkeMO 3a UMM TaHUMU

HEPIBHICTH:

(%) > 0,01,
AH}’L’Zp}'n({r

-5
( 2-55-10 ) 0,01
63,71-19,3-r
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r<8.95-10° cm=89,5 nm.

Ileti po3paxyHOK, X04 1 JOCHUTH TpyOuH, ajiec OTpUMaHE 3HAYCHHS 32 HUM
qyJI0BO Kopestoe 31 3HaueHHAM 100 HM, sike 3a3BUYail BUKOPUCTOBYIOTh, KOKYUH
Ipo TPaHWYHI PO3MIPM HAHOYACTHMHOK. 3pO3yMIJIO, TYyT MU HE BpaxOBYBaJU
3aJIeKHICTh TEIUIOTH IUIABJICHHS B TEMIEpAaTypud 1 MOBEPXHEBOTO HATATY BiJ
pO3MIpy 4YacTOK, a OCTaHHIA edekT Moxke OyTH LUJIKOM 3HAuyylIuM, MOpO IO
CBIYaTh pe3yabTaTH HAYKOBUX TOCII1IKEHb.

Ha puc. 5.7 mnoka3zaHo, SK 3MIHIOETBCS TeMIlepaTypa IUIaBICHHS
HAHOYACTUHOK 13 aJIIOMIHIIO TTPH 3MEHIIIEHH1 iX po3MipiB. BuniHo, mo temmneparypa
MIaBlIeHHs 4YacTok posMmipoM 4 HM (40A) ma 140°C MmeHme, Hik y 3paska

QTIOMIHII0 3BUYAHHUX PO3MIpIB.

700 . T T T T

N N
o h
== <
T T
1 1

0 350 100 130 200 250 300
R(A)

Puc. 5.7. 3anexHictp Tp;; HAHOUYACTUHOK 13 ATIOMIHIIO BiJ] IX PO3Mipy

AHanoriyHi 3aJeXHOCTI OyJM OTpUMaH1 JJisg 0aratboxX IHIIUX MeTaliB. Tak,
Ipy 3MEHIICHH] JlaMeTpy HAHOYACTUHKHM 13 OJIOBa JO 8 HM IX Temmeparypa
masieHHs najgae Ha 100°C (Big 230°C go 130°C). Ipu upomy HaWOLIBIINNA criaj
temriepaTypu 1iaBiaeHHs (Outein Hik Ha S00°C) Oys0 BUSABICHO Y HAHOYACTUHOK
30JI0TY.

OTxe, TPUYMHOIO 3HWKEHHS TEMIIEpaTypyu TUIABJICHHS TPHU 3MEHIIEHHI
YaCTUHOK € T€, 110 aTOMH Ha MOBEPXHI BCIX KPUCTAJIB MepeOyBatOTh B OCOOIMBUX
YMOBax, a 9acTKa TaKWX «IOBEPXHEBUX» aTOMIB y HAHOYACTHHOK CTa€ yKe

BeNIMKO10. OIIHUMO «IIOBEPXHEBOI» YACTKHU IS ATFOMIHIO.
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Bigomo, 110 B 1 cM® ATIOMIHIKO 3HAXOIUTHCS pUOIU3HO 6:10?% aTomiB. Jlost
MPOCTOTH OyJIeMO BBaXKaTH, IO aTOMHU Iepe0yBalTh y BYy3lax KyOl1uyHOT
KPUCTAIIYHOI PEIIITKH, TOJII BiICTAaHb MK CyCIIHIMH aTOMaMH y I1iHi peuriTii Oynie
JIOPIBHIOBATUCS  OJIM3BKO 41078 CM, OTX€, NIJIBHICTh aTOMIB Ha TOBEPXHI
amoMiito cranoButiMe 6°10™ cm™.

Tenep BizbMeMO KyOuK 3 anmoMmiHiio 3 pedpom 1 cM. Uucio moBepxHEBUX
aTOMIB y HBOTO 6yzxe mopiBHIoBatH 36°10™, a wmcio aromis ycepenuni — 610%.
TakuM 4YHMHOM, YacTKa MOBEPXHEBHX AaTOMIB y TaKOro alIOMIHIEBOTO KyOHKa
«3BUYAIHIX» PO3MIPIB CTAHOBHTH ychoro 6107,

S0 3poOuTH Taki K 0OYMCICHHS JIJIs KyOHKa 3 aJIFOMIHIIO pO3MIpOM 5 HM,
TO BUSIBUTHCS, 110 HA MOBEPXHI TAKOT0 «HAHOKyOMKa» nepedyBae Bxke 30 % Bcix
roro aromiB. Hy, a Ha moBepxHi kKyOuka po3mipoMm | HM, B3araiui, nepeOyBae
OiMbIlIe TIOJIOBUHHM BCIX aTOMIB! 3aie’KHICTh «IIOBEPXHEBOI» YaCTKH BiJI 4HCIa

aTOMIB MMOKa3aHa Ha puc. 5.8.

100
| .-....-I--I------ . i
* - ATOMH B 06°enmi
80 | |
. | !'f |
| || Ilr
60 'i ‘,l"
| |
I\
40+ we

20 I-' \_ |

| - |
- “*eeq, ATOMI HA MOBEPXHI |

| *e0sce

| *eceensse

KinbKicTh aTOMiB Ha IOBEPXHI/B 00’eMi, %

=]
|

(.]. o _5_7' id “ﬁIS? Zb 25 30 35
Po3Mip YaCTHHOK, HM

Puc. 5.8. 3anexHICTh KUIBKOCT1 aTOMIB Ha MOBEPXHI BiJl pO3Mipy YaCTHUHOK

Cunu, mo 3MyLyIOTh iX nepedyBaTH y By3Jax KPHUCTAIIYHOI PEUIITKH,
JIIOTh HAa HUX TUIbKH 3HU3Y. TOMY NMOBEPXHEBUM aTomMaMm (200 MOJIEKyJiaM) HIY0ro
HE KOILUTY€E «yXWUIUTUCA BiA OOIMMIBY» MOJEKYJ, 110 MepedyBaOTh y PEIIiTI], 1
SKIIO 1€ BiAOYBa€ThCS, TO O TAKOTO K PIMICHHS MPUXOIATH BiApasy KijbKa

NMOBEPXHEBUX IlIapiB aTOMiB. Y pe3yibTaTi, Ha TMOBEpPXHI BCIX KPHUCTAIIB
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YTBOPIOETHCS TUTIBKA piauHM. [0 peul, KpUCTald KPUTH HE € BUKIIIOUEHHSAM. Tomy

Kpura i ciamsbka (puc. 5.9).

IlmBka
BOIU

WNUY Nt

A g R £
Kpura — Son, FopyiigSiop i,
- e -

R

Puc. 5.9. Cxemarnune 300paXeHHS IOMIEPEYHOTO 3Pi3y KPUTH

Ha mpukmaai kpuru Mo>KHa MOOAQYUTH BIJMIHHICTb MIX IMOBEPXHEBUMU
aToMamH 1 B 00’emi. Y MOBEPXHEBUX aTOMaX 31 30UIBIIEHHAM TEMIIEPATYypPU JTOCUTh
JIETKO PYMHYETHCS KpUCTaJlyHA PEIIITKA, 1 Ha MOBEPXHI YTBOPIOETHCS IUTIBKA
piauHu (TOMy W Kpura ciusbka). [Ipu 30U1blI€HHI TeMrepaTypu TOBIIMHA TaKOi
IUTIBKK 30UIbLIY€EThCSA. SIKIIO TOBIIMHA TaKOl IUIIBKM IOYMHAE MEPEBUILYBATH
1/10 po3mipy kpucTana, TOJAi BCS KPUCTATIYHA PEUIITKAa PYHHYEThCS 1 MaTepiai
crae piakuMm. ToOTO, 3 TaKMX HNPOCTHUX MIPKYBaHb TaKOK BOYEBH[b, IO
TeMIlepaTypa IJIaBJICHHS Maja€e 31 3MEHIIICHHSIM X po3Mipy.

Takox mpW 3MEHILIEHHI PO3MIpIB YACTMHOK 3MIHIOIOTBCS 1 iX €JIEKTpHUYHI
xapakTepucTuku. BusBunocs, mo omip (R, Om) uuiaiHapuyHOro pe3ucropa

HAHOPO3MIpPIB HE MO’KHA OOYHUCITIOBATH 3a BijoMoro Gopmydoro [10]:
R=pL/S, (5.3)

ne L — moBxkuHa, M;
S — MIIOIIIA MOIEPEYHOTO Hepepisy, M*;
p — MUTOMHUM OTip MaTepiay pe3ucTopy, OM-M.
[Ipu upomy, iHOMI omip R, HAHOPE3UCTOPIB B3arajal HE 3AJIEKUTH BIJ IiX
pO3MIpIB 1 PEUOBHUHM, 3 SKOTO BOHHM 3pO0JICHI, a BU3HAYAETHCS TIIBKU JBOMA

byHaamMeHTanbHUMU (Bi3nuHuMHU KoHCcTaHTamu [10]:

R, =h/(2e*)=12.,9 kOmM, (5.4)
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ne e —3apsig enextpona (1,6%10™° Ku),
h — mocriitza [anka (6,6%10 Jix/c).

Benuunny R, Ha3Banu KBaHTOM €JIEKTPUYHOTO OIOPY, MAlO4yu Te€, IO Y
HAHOCBITI OMIp BCIX PE3UCTOPIB OJJHAKOBUH.

KBaHTyBaHHS €JEKTPUYHOIO OMOPY — HE €MHA OCOOJIUBICTh MPOBIAHOCTI Y
HAHOCBITI. BusBHUIIOCS, O 1HOAI Y HAHOPE3UCTOP1 HE BUAUISETHCS «IKOYJIEBa
TEIUIOTa» MPU MPOXOKEHHI cTpymy. L0 He3BHWUaliHy MpPOBIAHICTH Y HAHOCBITI,
IO HE 3aJICKHUTh B JOBXKHHHU PE3UCTOPY, IUIOMII HOTO MOMEPEUHOTo mepepizy i
HE CyIPOBOKYEThCS BH/UICHHSIM TOIUIOTH, HAa3Bamd OamicTidroo . Lliero
HA3BOIO MOTO aBTOPU XOTUIM MIAKPECIHUTH, 10 €IEKTPOHH, SK 1 BMIJIO 3aIlyIIeHI
CHapsAIU, PYXarOThCs Yepe3 HAaHOPE3UCTOp, HE 3IMTOBXYIUYHUCH 3 HOr0 aToMamu,
10 1epedyBalOTh y By3JIaX KPUCTATIYHOI PEIIITKH.

[IpukiagoM HAHOPE3UCTOPIB, IO BOJOJIIOTH OATICTHYHOIO MPOBIJIHICTIO, €
ByIJIELIeBl HAHOTPYOKH. BIOKpUTTS KBAaHTOBOrO (JIMCKPETHOIO) XapakTepy
MPOBIIHOCTI y BYIJIENEBUX HAHOTPYOOK Oysio 3po0JieHO, KOJIW BUMIPIOBAIH
3aJIEKHICTh 1X OMOPY BIJ IOBKWHU, 3aHYPIOIOYH iX Y pTyTh. JliaMeTp HaHOTPYOOK
IiJT 9ac eKCIepUMEHTY cTaHOBHB BiJl 1,4 1o 50 HM, a noBxkuHaA — Big 1 10 5 MKM,
ayie, HE3BKAIOYM HA TaKWW BEJIMKUW PO3KHUJ Yy PO3Mipax OMip BCiX HAHOTPYOOK
ckianaB O0m3bKo 12,9 kOM.

IcHyBaHHS GadiCTHYHOI MPOBITHOCTI Ja€ 3€J€HE CBITIO 1HXKEHEpaMm, IO
HAMararThCs Ie M IIe 3MEHIIUTH PO3MIpH EIEKTPOHHUX MIKPOCXEM, TOMY IO
TEOPETUYHO €JIEMEHTH MIKPOCXEM, 3MEHIIEHI [0 HAHOPO3MIpIB, MOBUHHI
nepecTaTy HarpiBaTUCh.

K 3MIHIOWOTBCS ONMUYHI XAPAKMEPUCMUKYU Bl 3MEHILICHHS PO3MIpY
HAHOYACTMHOK MU BXX€ PO3TISJaIM Ha TMPUKIAAl KBAaHTOBUX TOUYOK y 1. 4.3.
JlopeuHo TaKoX PO3TISHYTH I11e i (OTOHHI KPUCTAIIH.

@DOTOHHI KpHCTAIM — II€ MaTepialid, CTPYKTypa SKUX XapaKTepHU3YEThCS

NEPIOIMYHOIO 3MIHOIO MTOKAa3HUKA 3aJIOMJICHHS y MPOCTOPOBUX MPOSBISIHHSIX ab0

% Bin rpeu. ballo — kuzato; GagicTika — Hayka PO PyX apTHIEPIHCHKHX CHAPSIIB, Ky/Ib i T.IL.
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CEepPEeOBUINE 3 MPOCTOPOBO-TIEPIOAUYHOIO  MICIEKTPUYHOK  ITPOHUKHICTIO.

.....

POBOAUTHCA HE CTPYM, a cBiTio. Ha puc. 5.10 mpexncrasneni npupoani GOTOHHI

KpHUCTaJIN — MIHEpaJ oraj, Kpujia MeTeIrKa 1 mip's maBuya.

P s
o~ i
R BT

Puc. 5.10. TTpuxnagy npupoHuX (GOTOHHUX KPUCTATIB

doTtouHI KpUCTaIn BUTOTOBJIAIOTHECS 3 J1EeeKTPUUHUX abo
HAIIBIPOBITHUKOBUX CTPYKTYp 13 3a00pOHEHOI0 30HOI0, IO TMEPEIIKOKAE
NOIIMPEHHIO CBITJIA Y BHU3HAUYE€HOMY 4acToTHOMY Jiana3oHi [43]. CtBoproroun
TOYKOBI JEPEKTH y TaKOrO pOAY CTPYKTypax, MOXKHa peaii3yBaTH TaK 3BaHi
«(QOTOHHI MACTKW», Y SIKUX MOIIMPEHHS CBITJa HE MOXIIMBE 32 IXHIMH MEXaMHU.
CrBoprotoun  kKOMOiHaIlli TOYKOBHX Je(EKTiB, MOXXHa peayli3yBaTh OCHOBHI
€JIEMEHTU CYYaCHHUX ENEKTPHUYHUX CXeM y (DOTOHHUX KpHCTanax, 0 JAO3BOJIUTH
3HAYHO MIABUIIUTH MPOAYKTHUBHICTH 1 SKICTh OOYMCIEHb Ha Cy4YacCHHUX
KOMIIT I0TEpax.

3anexHO BiJ KUIBKOCTI HAmpsIMKIB HEOJHOPITHOCTI (POTOHHI KPHUCTAIU
NOJIISIOTH HAa OJHOBUMIPHI1, IBOBUMIPHI Ta TPUBUMIPHI (DOTOHHI KPUCTAIIH.

OnnoBumipHui  (HOTOHHUN KpHUCTaJT MOXKHA OTPUMATU TOYEPTOBUM

HAHECEHHSIM J1eNIEKTPUUHUX IIapiB 13 PI3HUM MOKa3HUKOM 3aJIOMJICHHS, TaK 3BaHe
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BbperiBchke n3epkano. Hampukian, mapa gienekrpukiB TiO,/SiO, npu HaHeceHi
S mapHuX 1apiB Aa€ Koe@iieHT BiIOUTTS 0113bK0 99%. JIBoBUMIpHUI (HOTOHHMIA
KPUCTAJI OTPUMYIOTh, (POPMYIOUM TMEPIOJUYHY CTPYKTYpPY 13 BEPTHKAIbHUX
CTEep)KHIB KpeMHito (Si), moca/pKeHy Ha MiIKIaIKy 13 JIOKCHHY KpeMmHio (Si0y),
a00 3 BUKOPUCTAHHSIM MAaKpOMOPUCTOTO KPEMHII0, Y CTPYKTYPi SKOTO IPHOUPAIOTH
"3aiiB1" makpomnopu. TpuBuMipHi (POTOHHI KPUCTAIU € PETYIIPHO-CUMETPUYHOIO
CTPYKTYpOIO, SIKa CKJIaJla€Thcs 13 KyOiB abo cdep, po3TamioBaHUX y KyOIYHOMY
HOPSIKY.

Ha puc. 5.11 mpencraBieHO cxeMaTH4HE 300paKeHHsS THUMIB (POTOHHHX

KPUCTAITIB.
: ;\
N
|1qu [ N N N
'AQI EENRI
NE R RO
B N N N
1D 2D 3D

Puc. 5.11.Tunu GOTOHHUX KPUCTATIB

@OTOHHI KpPUCTAIA MOXYTh OyTH BHUKOPUCTaHI JJii PpO3B’A3aHHS
rJI00aIbHUX TTPOOJIEM, TAKUX K CTBOPEHHS HAAMOTYKHUX KOMIT FOTEPiB HA OCHOBI
dbotonnux iHTerpanbHUX cxem (DIC). Takox Ui HU3KKM  CKJIQJIHUX
(GYHKIIOHATBHUX 3a/a4, TaKWX SK: MOBOPOT mpomeHst Ha 90°, mepeTwH IBOX
XBUJIEBO/IB, (DUIBTpAIlisi OKPEMOi CBITJIOBOI XBUJI1 13 3arajibHOTO MOTOKY Ta Oarato
inmmx [44].

[Ipu mocuTh BEMMKOMY HAaBaHTA)KEHHI BC1 MaTepiaiy JaMaloThCs Ta y MICII
3]IaMy CYCIIHI IIap¥ aTOMIB Ha3aBXIW BIIXOMATh OAWH Bia oxHoro. OmHaK
MiyHicms 0araTbOX MaTepiaiiB BU3HAUAETHCA HE TUIBKM CHIIOK, fAKy Tpebda
MPUKJIACTH, 100 BIJOKPEMHTH JiBa CYCIIHIX Imapu atomiB. Hacrmpasmi, po3ipBatu
OyIbp-sKMil MaTepiall Habararo Jieriie, K0 y HbOMY € TPIIMHU. TOMY MIIHICTh
TBEpJUX MaTepiaiiB 3aJI€KUTh Bl TOTO, CKUIBKHA Y HOMY MIKPOTPIILIHUH 1 SIK BOHU

MONIUPIOIOTECSA TIO IIBOMY Matepiaii. Y THUX MICISX, JIe € TpiluHa, CUjia, IO
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BUIMIPOOOBYE HA MIIHICT, MaTepiaj, NMPUKIAJACHA HE 1O BCHOIO IIapy, a Jo
JIAHIIOKKA aTOMIB, 10 NepedyBa€e y BEPIIMHI TPIIIUHU, 1 TOMY PO3CYHYTH IIapu

nyxe Jerko (puc. 5.12).

Puc. 5.12. CxemaTuuHe 300pakeHHS TPIIIMHU MK JBOMA IIIapaMU aTOMIB, 10 TOIIUPIOETHCS
npu Aii cuit (4epBOHI CTPLIKH)

[TomupeHHIO TPILIMH YacTO 3aBa)Ka€ MIKPOCTPYKTypa TBEPJIOro Tija. AKiio
TIJIO CKJIQNA€ThCs 3 MIKPOKPUCTANIB, $IK, HAMPUKIAL, METaliu, TO TPIIIHUHA,
PO3KOJIOBIIM HAJBOE OJUH (MIKPOTPIIIIH) 3 HUX, MOKE€ HATKHYTHUCS Ha 30BHILIHIO
MOBEPXHIO CYCIIHBOI'O MIKPOKPUCTAJA 1 3yMUHUTUCA. TaKUM YMHOM, YUM MEHIIE
pO3Mip YacTOK, 3 SKHX 3IIIUIEHUHA Marepiaid, THM CYTYXHIIIE IO HbOMY
MOIIHUPIOIOTHCS TPIILMHH.

3pa3ku MarepiaiiB, «GIIIUICHD» 3 HAHOYACTHHOK, BUSBISIIOTHCS Habarato
MIIHIIIIMHA, YUM 3BUYaiHI. MexaHi4yHe HaBaHTaXKEHHsS HaHO(pa3HOTO Marepiaiy,
AK 1 Yy 3BHYAlHOrO, BUKJIMKA€ BUHUKHEHHS y HBOMY MIKpoTpimuau. OpHak
MPSAMOJIIHINHOMY TOIIMPEHHIO I[i€]l MIKPOTPIIIMHA W TEPETBOPEHHIO 1i Y
MaKpOTPIIIMHY 3aBa)KalOTh YUCJICHHI IPAHMIII HAHOYACTHHOK, 3 SKUX CKJIAJAEThCS
net Marepian. TomMy MIKpOTpIlllMHa HATUKAEThCS HA TPAHULIO OJIHIET 3
HAHOYACTUHOK 1 3yMUHSIETHCS, & 3PA30K 3ATUIIAETHCS IIITHM.

Ha pwuc. 5.13 mnokazaHo, K MIIHICTh MiJl 3QJICKHUTh BiJ PO3MIpY

MIKpOKpPHUCTaIiB a00 HAHOYACTUHOK, 3 SKUX BOHA CKJIaJacTbcs. BumnHo, 110



135

MIIHICTh 3pa3ka HaHo(a3HOi MiAl Moxke B 10 pasiB mepeBHIyBaTH MIIHICTh

3BUYAMHOI MiJIi, sIKa CKJIQIAEThCS 13 KPUCTAJIIB pO3MIpoM OJM3bK0 50 MKM.
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3euHaiHuIl 4/ HAHOPO3MIpHUL Mamepian
po3Mip rpaHy.J, HM

Puc. 5.13. 3aexHicTh MIITHOCTI Mifi BiJ pO3Mipy rpaHyI

BBeneHHsT HEBENHMKO1 KITBKOCTI HAHOYACTUHOK B 1HIII MaTepiaiau J03BOJIsIE
3HAYHO MIJBUIMUTHU iX MIIHICTh. Tak, r'yCTMHA HAHOTPYOOK y M'SATh pa3iB MEHIIIE,
HIXK Yy CTajl, a MILHICTh Y JECSATKH pa3iB OuIblle, TOMY, 1100 3pOOUTH MOJIIMEpHI
Matepiany OLIbII MIITHUMH, HE 30UIbIIYIOYM iX Baru, A0 iX CKJIaAy BKIIIOYAIOTh
BYTJICIIEB] HAHOTPYOKH. SIKIIIO M1 CyCIIHIMU BOJIOKHAMH TIOJIIMEPHOTO MaTepiary
MIOMICTUTH HAaHOTPYOKY, 3B'sI3aBIIN i1 3 HUMH BYTJICBOJHCBUMU JIAHITIOKKAMH, TO
MILHICTh JAaHOI MJISHKM MaTepialy HaOMU3UTHUCA OO0 MIIMHOCTI HAHOTPYOKHU
(puc. 5.14).

OTtxe, BBeJIeHHSI HAHOTPYOOK y moJiiMep y KuibkocTi 0,6% nae 4-xX kpatHe
30UTBIIIEHHST MIITHOCTI MOJIiMepy. BueHi BBakaroTh, 110, SKII0 HAHOTPYOKH OYIyTh
zaiimatt 10 % 00'emy moniMepy, TO 3MOXYTh 30UIBIIMTH KOTO MIIHICTh B
20 pas3is!

Peakyitina  30amuicmes  30UIBIIYETHCST 31  3MEHIIEHHSM  YaCTHHOK.
Hanpuknan, «iHepTHe» y 3BUYAMHUX YMOBaX 30JI0TO Ta CpiOJIO MPH 3MEHIIEHHI

YacTOK /10 3-5 HM MOYMHAE BCTyNaTH Y PI3HOMAHITHI XIMIYHI PEaKIii:

2Ag + 2HCI — 2AgCl + H,. (5.5)
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OyTHabHA
pyna

MOJIEKVIA DOMMEPY

Puc. 5.14. CxemaTnuHe 300pakxeHHsI HAHOTPYOKH, sika BOyJOBaHA MK MOJIEKYyJIaMH MOJIiMepy

Ta 3'€/IHAHA 3 HUMU 32 JOIOMOI'0I0 OyTUIIbHUX TPyl

[Ilo6 omHa pedyoBMHA BCTyHWIa Y XIMIYHY PEakIlilo 3 IHIIOIW, HEOOX1gH1
NEBHI YMOBH, 1 Jy’)K€ 4acTO CTBOPUTU TaKl YMOBH HE Ma€ MOXJIMUBOCTI. Tomy
BEJIMYE3HE UYMCIO XIMIYHMX PEaKlid ICHye TUIbKM Ha mamepl. [[ns mpoBeaeHHsS
TaKUX peakulid HeoOXIAHI xamanizamopu — PEYOBHHH, SIK1 CIPUAIOTH MEpediry
peaxiiii, ajie KUIbKICHO HE BUTPAaYalOThCsl.

Bueni [10] BcTaHOBWIN, 1110 BHYTPINTHS TMOBEPXHS BYTJICIEBUX HAHOTPYOOK
TEX Ma€ BEIUKY KaTaJITUYHY aKTUBHICTh. BOHM BBaXKarOTh, 110 MPH 3rOpTaHHI
«rpadiTOBOTO» apKylla 3 aTOMIB BYTJICII0 Y TPyOOUKY KOHIIEHTpAIlisl €JIeKTPOHIB
Ha ii BHYTpIIIHIN TOBEpPXHI cTae MeHIIow. []e 1 MosCHIOE 31aTHICTh BHYTPIIHBOT
MOBEPXHI HAHOTPYOOK MOCTAONIATH, HANIPUKIIAA, 3B SI30K MIX aTOMaMH KHCHIO i
Byriento y monekyii CO, craroun katanizatopoM okucHeHHs1 CO no COx.

OO0’eqHaHHs BYTJICLIEBUX HAHOTPYOOK 1 HAHOYACTUHOK MEPEXITHUX METAIliB
(;1iBa wactuHa puc. 5.15) A03BOIMIIO 3aIyCTUTH PEAKIIIIO, PO AKY PaHIIIe TUTBKH
MpISUTM — TPSIMUA CHHTE3 €TWJIOBOTO CHHUPTY 3 CHHTE3-razy (CyMilll OKCHUAY
BYTJICIIO 1 BOJHIO), SIKHH OJEPKYETHCS 3 HATypaJbHOTO rasy, BYTijUiid 1 HaBiTh

Oiomacu (mpaBa yactuHa puc. 5.15).
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«— HaHOTpYOKa

HAHOYACTHHKA
Ha ocHoBi Rh

€TaHOa

Puc. 5.15. CuHTe3 €THIIOBOTO CIIUPTY 3 CHHTE3Y-Ta3y 3a TOMIOMOT0I0 HAHOKOMILIIEKCY
KaTaji3aTopis: 1ieopyu — MiKpodoTorpadis HAHOTPYOOK, ycepeanHi SKUX 3HAXOIAThCS
HAHOYACTUHKHU METAJIB; Ipagopyy — CXeMaTUIHE 300pXKEHHS MTPOIIECy OJIep)KaHHs €TaHOMy 3

CHHTE3-Ta3y 3a JIOIIOMOI0l0 HaHOTPYOOK 1 HaHoyacTHHOK [10]

O1xe, HEOOXIAHO JOJATH, 10 BUHUKHEHHS HAHOTEXHOJOTI] HE € YNMOCH
panToBUM — paHillle TaKoX BHUKOPUCTOBYBAJIMCh HAHOYAaCTMHKH. Tak,
HAHOYACTHHKHU cpibiia — sIK OaKTepUIMAHI areHTH, HAaHOYACTUHKHU METAlliB — Y
CKJII, KepaMiYHUX MaTepiajiax TOIIO, TAKOXK PO3MIp MOp a00 YaCTHHOK B a€PO30JIIX

1 MIrMEHTaX 3HAXOJIUThCS Y HAHOIMAMAa30HI.
5.2. HanoedexTHn y npuposui

Jlueni nanku. I'eKoH — ripchKa fAIIipKa, 0 TaBHO MPUBEPHYJIA yBary BUCHHUX
CBOE€I0 YHIKAJIBHICTIO: JIA3UTH JI€ 3aBTOAHO 1 SK 3aBrojHo. [loBruii yac BuUeHi He
MOTJIM 3pO3yMITH SIK T€KOH Oirae ro 30BCIM IJ1aJ€HBKOMY CKJIi, HE TaJadu 1 He
3icKOB3ytoud. Po3rajgka 1poro sBUINA Bpaswiia TPOMAACHKICTh — MPU PYCi T€KOH

BUKOPHCTOBYE 3aKOHU MOJIEKYIsipHO (hi3uku. Bes cnipaBa y smankax (puc. 5.16).

Puc. 5.16. T'exon (a) Ta #ioro namnka(o)



138

VYBaXHO pPO3AMBHUBIIMCH OyAOBY JIallKH MiJ MIKPOCKOIIOM, 3’SICYBalid, IO
BOHAa TIOKpUTa JApiIOHMMH BOJIOCMHKaMH, JlaMeTp SKUX MEHIIe jJiamerpa
Joackkoro Bojoccst (puc. 5.17). Ha KiHYMKY KOXKHOI BOJIOCHHKH 3HAXOJSATHCS
TUCSY1 APIOHKUX MOIYIICYOK, K1 MMOKPUTI JINCTOYKAMH, a T1 B CBOIO Yepry, OKPHUTI
COTHSMH THCSY TOHKMMH BOJIOCOMOMIOHMMH IICTHHKAMH, a MICTHHKH —
JomaronoaiOHnMu KiHdukamu, giamerpom 10 200 aMm (0,04 % mocTaTHBO).

MaKkpo

MiKpO

Puc. 5.17. 361bmeHe 300pakeHHS JIalKU TeKOHA

3a anasoriero BYeHI i KoHCTpYKTOpU IBM po3pobmu pobota, sikuii moB3ae
no ckim (puc. 5.18). Ilnanyerbcs 1eil epexkT BUKOPUCTOBYBATH IMPHU CTBOPEHHI

ACAKOI'O OLATY.

Puc. 5.18. Po0or, sikuii CKOHCTPYIOBAJIU CIIIBPOOITHIKK aMeprKaHChKol kommaHiil iRobot [10]
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Hanompasa. Jlucts notocy 1 MarHomii pi3Ko BIAPI3HSETbCA OJUH BiX
onHoro. Ilepii 3aBXau 9UCTI, X04a W MPOPOCTAIOTh Y O0JI0TaX, a APyri — OpyIHI.
CmpaBa y OyfOBi iX JUCTKIB. Y MEPIIMX JHUCTS MOKPUTI MOXHATUMHU HapOCTaMH,
BOPCHHKH SIKMX Y AlaMeTpi ckiamaroTh 01u3pko 200-400 uM. Taki JIMCTKHA BOJIOIO
HE 3MOYYIOTBCSA, a BOJA, IO TOTpamuia Ha TaKe JIMCTSA 3aBXKIU CKOUYETHCH,
3axOIUTIOI0UN 13 coboro Opya. Lle siBuIle HAIITOBXHYJIO BYEHHX Ha CTBOPEHHS
YUCTUX  TOBEPXOHb, M0 BUKOPHUCTOBYIOTh y  OYAIBHHIITBI, OCOOJIHUBO

0araTornoBepxiBOK.
5.3. lIpukaaau HaHOMAaTepiaaiB

Posrnsimatoun  HaHOMaTepiaid, HEMOXJIMBO HE TOPKHYTHUCA  TaKUX
HaHOMATepialiB sIK rpadeH, ByrieneBl HaHOTPYOKH, (yJIepeHH.

Byriens — 1e yHikanbHHE eneMeHT. BiH e€IuHMIA, 110 MOXKE YTBOPIOBATH
JOBI1 (0 COTEHb THCSY aTOMIB) JIAHILIOTH 3B’SI3aHUX MIXK c000r0 artomiB. Lle
MOSICHIOETBCS, y MEPILY YEPTY, BIACTUBOCTSIMHU BYIJIEIb-BYIJIEIIEBOIO 3B S3KY. 3
Tabi. 5.2 MoxHaA 6AYNTH, IO ATOMH BYTJICIIO YTBOPIOIOTH MK COOOI0 HANO1IBII
MILIHI 3B’SI3KH y TOPIBHSAHHI 3 I1HIIMMH €JI€MEHTaMHU. 3aBIsSKU TaKii BHUCOKII
MIITHOCT1 BYTJICIIEBUI CKEJIET MOJICKYJl 3aJIMIIA€ThCcsl HE3MIHHUM Yy Oararbox
XiMIyHUX peakiiax. Kpim Toro, BOHM MOKYTh YTBOPIOBAaTH MIXK COOOIO Pi3HI BUIU
3B’SI3KYy: OJMHApHI, MOJBIHI, MOTPiHI 1 KOXKHOMY 3 HHUX XapakTEepHUIl CBId
riOpuaHuil craH Byryemio. I sk BuAHO 13 Taba. 5.3 eHepris 3B’SI3Ky 3pOCTae

30UTIbIIEHH]1 KPATHOCTI.

Tabnuys 5.2. Eneprii romosiiepHux 3B’ si3KiB [45]

XimiuHuii 3B'930K C-C N-N O-0 Si-Si P-P S-S
Eneprist 3p’sisky, 348 163 146 226 201 264
k/:x/monb

CaMe pI3HOMAHITTAM THMIB XIMIYHOTO 3B’SI3Ky MDK BYyTJeneMm 1
MOSICHIOETHCS BEJIMKA KIJIBKICTh BIJOMUX Ha ChOTOJIHI aJIOTPOMHUX (OPM BYTJICIIIO.

Jlo HUX HanexaTh BXK€ JAaBHO BiJoMI rpadit 1 aaMmas, Ta HEU[OJIaBHO BIJKPUTI —
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MosiekysisipHa dopma (ynepeH i «HaHOGOpPMH» — BYTJICIEBI HAHOTPYOKH Ta

rpadeH.

Tabnuys 5.3. Eneprii 3B 93KiB Byriienb-Byrienp [45]

XimiuHuii 3B'5130K C-C C=C Cc=C
Emnepris 3B’s13Ky,
348 612 838
kJ:x/Moab
I'iopuannii cran 3 2 1
aToMy BYIUIEII0 SP SP SP

I'paden — Mae BUIIISLA OAMHOYHOIO IUIOCKOTO apKyllla, IO CKJIaJa€eThCs 3
aTOMIB BYTJICIIO, SIK1 MIO€THAHI M1 COOOI0 i yTBOPIOIOTH PEIIITKY, KOKHA KOMIpKa
AKOi Harajaye OpKOMMHUM CTUIBHUK (puc. 5.19). Binctane MiX HaWOMMKYUMU
aToMaMu BYTJIEI0 Y rpadeHi cTaHOBUTH 01m3bK0 0,14 HM.

OpuHokuii map rpadeHy Mae XBUIIEHOJIOHY CTPYKTYpY, IO MIATBEPIKYE
HECTIUKICTh JABOMIpHUX KpucTamB (puc. 5.20). SAkmo aexinbka mapiB rpadeny
po3TanlyBaTH OJUH HaJ OJHUM, TO MOBEPXHs CTa€ Mmiackoro (puc. 5.19). ¥V rpadeni

2 .
aTOMM BYTJICIIO 3HaXOJATHECA B SP r16p1/1m/13au11.

Puc. 5.19. CxematnuHe 300pakeHHS TPHOX apKyIIiB Tpadeny, mo nepedyBaroTh OAWH Hall

OJTHUM Y rpaditi

3a BigkputTsa rpadeny O0yno orpumano Hobenechky mpemito y 2010 porri

Annpeem I'eiimoMm Ta KoctssatnHoM HoBocenoBum.
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Puc. 5.20. [ToBepxHs rpadeny

Sxuro 3 rpageHOBOTO MIapy BUPI3aTH NPAMOKYTHHK 1 3’ €IHATH MPOTUIICKHI
Kpai, TO OTPUMYEThCS TIOJUI HUTIHIP-BYTIICIIEBY HAHOTPYOKY (puc. 5.21).

Kpucraniyna pemiitka ByrJelleBUX HAHOTPYOOK CKJIAJA€TBCA 3 OKPEMHX
IUTACKHUX IIapiB, IO YTBOPIOIOTHCS MPABHIIBHUMU IIeCTUKyTHHKaMU. KoxkeH aTom

BYTUICIIO Y HAHOTPYOLI 3HAXOJUTHCS B SP°-TiOPHIHOMY CTaHi.

Puc. 5.21. YsBaeHHs Ipo BUTOTOBJIEHHS] HAHOTPYOKH (IIPaBOpyY) 3 MOJIEKYJISIPHOTO IIapy
rpadity (JiBOpyH)

ByrneneBi HaHOTpYOKHM CHHTE3YIOTh HE CKpydyBaHHsSM rpadeny, a CVD
METO/IOM, a00 EJIEKTPOJAYTrOBUM METOJOM. ByriereBi HAaHOTPYOKH MOIUISIOTHCS
Ha OJHOIIAPOBi, OaraTomapoBi, 3 PI3HUMH KyTaMHu 3aKpy4dyBaHHs (puc. 5.22).
VY 3anexHOCTI Bl CTPYKTYPH (XIpaJIbHOCTI) BYTJIEIEBI HAHOTPYOKH MOXYTh MaTu
MPOBITHUKOBI a00 HaMiBOPOBIAHUKOBI BiacTUBOCTI. Jlo Toro x  ByrjeneBi

HAHOTPYOKU € Jye MIITHUMHU 3a PAXYHOK 1JI€aJIbHOCT1 CBO€I CTPYKTYpH.
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Puc. 5.22. CxemaTuune 300paxxeHHs OJJHOLIAPOBOI BYIJIELIEBOT HAHOTPYOKH (&) 1 ABOLIAPOBOT,
MPSIMOI 1 CIipaibHOT HAHOTPYOOK
(3Bepxy BHU3) (0)

B3aemHa opieHTaIisi TeKcaroHaJbHOI CITKH TrpadiTy 1 MO3A0BXKHBOI OCI
HAaHOTPYOKH BH3HAYA€ YK€ BAKIMBY CTPYKTYPHY XapaKTEPUCTUKY HAHOTPYOKH,
sgKa OTpUMaJia Ha3BY XipalbHOCTI. XIPAJIbHICTh XapaKTEPU3YETHCS JABOMA LITUMH
guciaaMu (m, n), sSKi BKa3yHOTh MICIIE3HAXOKEHHS TOTO IIECTUKYTHUKA CITKH,
KWW BHACJIIJIOK 3rOPTAaHHS MMOBUHEH 30IrTHCS 3 MIECTUKYTHUKOM, 110 3HAXOISATHCS
Ha moyaTky koopauHaT. CkazaHe UTIOCTpye puc. 5.23, 1€ TMoKa3aHa dYacTHHA
reKCaroHaJIbHOI TpadiTOBOT CITKH, 3rOPTAHHA SKOi Y HUIIHAP TPU3BOAUTH 0

YTBOPEHHS OJIHOIIAPOBUX HAHOTPYOOK 3 PI13HOIO X1paTbHICTIO.

9000098
P00000s =T 0000008
o R S ey ¥
o,

YYXYXIXIXYXXT)
(X L3821
T 1 O

Puc. 5.23. Monens YyTBOPEHHS HAHOTPYOOK 3 Pi3HOKO XiPaJIbHICTIO MTPH 3TOPTaHHI Y MIJIIHID

reKcaroHajabHOI CiTKH rpadity [45]
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XipanbHICTh HAHOTPYOKU MOXKe OyTH TaKOK OJJHO3HAYHO BHU3HAUYEHA KyTOM
0., yTBOPCHUM HAIPSIMKOM 3TOPTaHHS HAHOTPYOKH 1 HAIPSIMKOM, B SIKOMY CYCifHI
MIECTUKYTHUKA MalOTh CHOUTBHUN 3B'S130K. L[I HampsMu TakoX TMOKa3aHI Ha
puc. 5.23. € nyxe Oararo BapiaHTIB 3ropTaHHsS HAHOTPYOOK, ajie cepell HUux
BUJIUIIOTBCS Ti, Y pe3ysbTaTi peaizallli SKUX He BiJOYBA€ThCS CIIOTBOPEHHS
CTPYKTYpHU TeKcaroHaiabHOi CiTKd. LluM HampsiMkoM BiAmoBinaioTh KyTH o = 0 1
a = 30°, sKi BiAIOBiAa0Th XipaasHocTi (M, 0) 1 (2N, N).

[Hexcu XipadbHOCTI OTHOIIAPOBOI TPYOKM BU3HAYAIOTH 1 AiameTp D:

3-d
D =+/m2+n2—mn- no'

ne dp = 0,142 HM — BiJICTaHh MIXXK aTOMaMHu BYTJICLIO y T'€KCAarOHaJIbHOI CITII
rpadity.

bararomapoBi HaHOTPYOKHM BYIVIELIO BIJPI3HSIOTHCA Bl OJHOIIAPOBUX
OUIBIIOID  pi3HOMaHITHICTIO ¢dopM 1 KoHbIrypamiid. MOXIUBI  PI3HOBUAU

MONIEPEYHOI CTPYKTYpHU OaraTolrapoBUX HAHOTPYOOK IMOKa3aH1 Ha puc. 5.24.

Puc. 5.24. Moneni nonepeyHoro nepepizy dararomapoBux HaHOTPYOOK: @ — MaTpbOILKa, O —

3rOPTOK

VY Mipy 30UIbIIIEHHS YUCIa MIapiB BCE O1IbINE MPOSBISIOTHCS BIIXWICHHS
BiJl 171€ajibHOI IWIIHAPUYHOI GopMu. Y HesKUX BHUMaJKax 30BHIIIHSA O0OJIOHKA
HaOyBae Qopmy OaratorpaHHuka. [HOAI TOBEpXHEBHM Iap SBISIE COOOIO
CTPYKTYPY 3 HEBpEryJbOBaHMM pPO3TAllyBaHHSIM aTOMIB BYTJeI0. B 1HIIUX

BUMAJKaX Ha 1JIea]ibHIM TeKCaroHajabHOI CITII 30BHIIIHHOTO IIapy HAHOTPYOKHU
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YTBOPIOIOTHCA A€(PEKTH y BUTISAII M'ATUKYTHUKIB 1 CEMUKYTHHUKIB, SIKI IPU3BOJATH
0 TOpyHIeHHs MWnHApUYHOI (opmu. HasBHICTH MN'ATUKYTHHUKA BUKIIUKAE
ONMyKJIMH, a CEeMUKyTHHKAa — YBITHYTHH BHUTUH UWIHIPUYHOI TOBEPXHI
HaHOTpYOKH. [lonmiOHI nedexTH BeayTh 0 IMOSBH BUTHYTHX 1 CIIpaJICToOII0HUX
HAaHOTPYOOK, SKI B TPOIIECI POCTY 3BHBAIOTHCA, CKPYUYIOThCS MIXK COO0OIO,
YTBOPIOIOYM TETIII Ta 1HIII CKIaHI 32 (OPMOIO MPOTSKHI CTPYKTYPH.

OpHuM 3 camMux JOCIIKYBaHUX 00 €KTIB y CBITOBIM JiTepaTypi 3a OCTaHHI
25 pokiB € (ynepenn. DynepeHn — 1ie MOJICKyJsipHA (opMa BYTJICIIO, 0 Mae
dbopmy chepuunnx O6araTorpanHukiB 3 Cn, ae n mounHaeThes Big 20. Y dynepeni
aTOMHM BYTJICLIO TaKOXK 3HAXOJATHCS B Sp2-TiOpuau3aiii. 3a BIIKpUTTS (yrepeHiB
Oyna takox mnpucymxeHa HoOemiBcbka npemis y 1996 pomi Pobepry Képiy,
Xapoasay Kpoto ta Puuapay Cmomnm.

Mosekyau caMoro CHMETPHYHOTO 1 HaWOUIBII BHUBYEHOTO (QyliepeHy
ckJiamaeTbest 3 60 aToMiB ByTJIELIO, JlaMeTp sKOro Onu3bko lHM (puc. 5.25).
®dynepeHu Jerko MOAU(BIKYIOThCS SK BCEpeIWHI, Tak 1 30BHI. /[0 TOro >k BOHH
JIETKO MPOHUKAIOTh Yepe3 O01070TiyHI MeMOpaHH. 3aBISKH LbOMY iX MEPEBAXKHO
BUKOPUCTOBYIOTh Yy MEIUIMHI SIK MITKH a00 Yy MEIUKO-010JIOTTYHHUX

JTOCITIIKEHHSAX.

Puc. 5.25. Cxematnune 300paxeHHs gpynepeny Ceo

Bci mi MonexkynspHi CIOAyKH aTOMIB BYTJIEHIO Has3BaHi (yliepeHamMu 3a
IMEHEM aMepUKaHChKOTO IHXKeHepa, nu3aitHepa i apxitekrtopa P. bakmincrepa

@dynepa, 10 3aCTOCOBYBaB JUisl OY[IBIl KYyMHOJIB CBOIX OYIUHKIB I'SITH- 1
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MIECTUKYTHUKH, 110 € OCHOBHHMH CTPYKTYPHUMHU €JIEMEHTAMH MOJEKYISIPHUX
KapKaciB BCIX (yJepeHiB.

[ammm npukamom HaHoMmatepianiB € aeHapumepu [10]. Jdenapumepun — 11e
JIePEBOIIOI0H1 MOJIMEpU, HAHOCTPYKTYpH po3mipoM Bia 1 1o 10 um. Ha puc. 5.26
MOKAa3aHO K YTBOPIOIOThCS AeHApuMepu. OCHOBHE iX BUKOPUCTAHHS Yy MEIUIIMHI
JUTS TIaTHOCTHUKY PaKy 1 JOCTaBKHU JiKiB.

Bcepenuni nenapumepa MOXKYTh YTBOPIOBATUCSA TMOPOXKHUHHU, SIKI MOKHA
3allOBHIOBATH OyAb-IKOI0 PEUOBMHOI. SIKIIO JEHAPUMEP CHHTE30BAHUU Y
PO3UMHI, 0 MICTUTh AKUI-HEOY b JIKAPCHKUN Mpenapar, To el IeHAPUMEp CTae
HAHOKAIICYJIOI0 3 JIaHUM JIKapchKuM TmpenaparoM. Kpim Toro, mopoxXHUHU
ycepeauH1 ICHIPUMEPY MOXKYTh MICTUTH PEUOBUHU 3 PaIlOAKTUBHOIO MITKOIO, SIKi
3aCTOCOBYIOTBCS ~ JJIi  JIIaTHOCTHKW  PI3HUX  3axBopioBaHb. [loTparisitoun
BCEpEANHY MyXJMHA BOHU 3MIHIOIOTH KOH(OpPMAIIIO JIAHIIOTIB, 1 JIKH, IO

MICTUJIUChH YCEPEINHI, BUBUIbHIIOTHCS.

- B

NNNN
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Puc. 5.26. 36ipka nenapumepy 3 riyuisicToi Mosiekynu Z-X-Z (BBepxy) 1 pi3Hi BUAU ACHAPUMEDPIB
(BHu3y) [10]

SIk KOHTeWHEepH AJid JOCTABKHU JIIKIB TAKOK BUKOPUCTOBYIOTh i pi3HOMaHITH1
OakTepii (epUTPOIUTH TOMIO). SIKi MalOTh MPUPOJHY 3/1aTHICTh TPOHUKATH Y JKUBI
KIITHHA. BoHU € Malike 17ealbHUMHU KaHIuIaTaMy JJIs JOCTaBKHU JIIKIB.

Binomo [10], 1o 3apa3 ymkoKeHHsI CIUHHOTO MO3KY YacTO HE MiIa€ThCs

J'IiKYBaHHIO. vy NUX BUIIAJKaAX TpaBMa CIIMHHOTI'O MO3KY Ha BCC KHUTTA IIPUKOBYE
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JIOAUHY A0 1HBaMiAHOTO Kpicha. IlpuymHOI0 Takoi HEBHJIIKOBHOCTI TpaBMHU
CIIMHHOTO MO3KY € 3aXHMCHa (YHKIIISI HAIIOrO0 OpraHi3My — IIBUIKE YTBOPEHHS
pyOIst 13 TBepAOi CIOJNYYHOI TKAHUHH, WO CIYT'ye KOPAOHOM TPOMIXK
VIIKO/P)KEHUMH 1 HEYHIKOJ)KCHUMH HEpPBaMHM, SIKI MPOXOJATh Y3J0BXK CIHMHHOTO
MO3KY.

PyOeup 3aBxkau 3axuiliae XUBI KIITUHU Bl MEpPTBUX, SIKI PO3TaIIOBaHI
NOopy4Y 3 HUMHU, 1 YTBOPIOETHCS MPHU YIIKOJKEHHI BCIX TKaHUH opraHizMmy. OJHak,
IpU YIIKO/DKEHHI COUHHOTO MO3KY, pyOellb, 110 YTBOPUBCS, MEPEUIKOIKAE POCTY
HEPBIB 1 BIJHOBJIEHHIO OCHOBHOI (DYHKIIii CHMHHOTO MO3KY — MPOBOJIUTH HEPBOBI
IMITYJIbCH B1J] TOJIOBHOT'O MO3KY JIO PI3HUX YACTHH Tij1a 1 Ha3al.

HepBu He MOXyThb pocTu dyepe3 pyoOui 1 mopoxHuHu. o6 iM poctu
noTpiOeH kapkac abo HampsIMHI, a TaKOX BIACYTHICTh MEPEIIKOJ. TakuM YHHOM,
JUI  IIBUJKOTO BIJHOBJIGHHS YIIKOJDKEHHS CIMHHOIO MO3KY HEOOX1JIHO:
1 — mepemKkoIuTH BUHUKHEHHIO PYyOls, 2 — 3allOBHUTH KapKacoM IPOCTIp MiX
YIIKO/UKEHUMH Ta HEYIIKO/UKEHMMHM HEPBOBUMHU BoJIOKHaMu. HaHotexHomorii
BUPILIYIOTh OOW/IBA MOCTABJIEH] BUIIE 3aB/IaHHS.

Binomo, 1o amdidinbHi MOJIeKyTH, TOOTO MOJIEKYIIH, Y SKUX TIAPOQUIBHI i
ripodoOHI IUISTHKU MPOCTOPOBO PO3/LIIEHI, MAIOTh 3AaTHICT 0 caMo30ipku. L1
MOJIEKYJIM 3pEeHITOI0 30UpaOThCA Yy HMWIIHAPUYHI HAHOBOJIOKHA, MPH IIbOMY Ha
MOBEPXHI IIUX HAHOBOJOKOH MOXHAa PO3MICTHUTH PI3HI MOJEKYJIH, HAPUKIAA, Ti
[0 TEPENIKOHKAIOTh YTBOPEHHIO PYOIlIB 1 CTUMYIIOIOTh PICT HEPBOBOT TKAHUHHU.
Taki HaHOBOJIOKHA YTBOPIOIOTH IPaT4acTi CTPYKTYPH, CTBOPIOIOYHM KapKac s

pocty HepBiB (puc. 5.27).
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Puc. 5.27. YTBOpeHHSI HAHOBOJIOKOH 13 aMpipIIbHIX MOJIEKYII: 1PABopyY — CXEMATHIHE
300pakeHHS] HAHOBOJIOKOH, 1110 YTBOPIOKOTHCS 3 aM(i(hiIbBHIX MOJICKYIT;
nigopyy — MikpodoTtorpadis kapkaca, yYTBOPEHOTO 3 TAKUX HAHOBOJIOKOH

y MICIIi YHIKO/DKEHHS CIIUHHOTO MO3KY [10]

Skmo 3a gomomorow mmmpuna (puc. 5.29) BBeCTHM PO3UYMH TaKUX

aM(pipiTPHIX MOJICKYJT Yy MICII€ YIIKOJDKEHHS MPOTATOM TO0OM MICIs TPaBMH, TO

BOHH, 310paBIINCh Y TPUBUMIPHY MEpEXKY HAHOBOJIOKOH, MEPEIIKOKATUMYTh

BUHUKHEHHIO pYOIls, a HEpBOBI BOJOKHa 3MOXYTb POCTH, BIJIHOBIIOIOYU

MPOBEJICHHS IMIYJIbCY Yepe3 COMHHUM MO30K. Taki jgociiau Oyl MpOBEISHI Ha

IIanroKax 1 BUSIBUJIHACS BOaJIMMU.

N o gk~ DR

Puc. 5.28. CxemaTruHe 300pakeHHs YIIKO/PKEHOT TUISHKA CIMHHOTO MO3KY (CTpiiKa) i
LINPULA, 32 TOTIOMOTOI0 SIKOTO B 110 JUISHKY BBOASTH PIAMHY 3 aM(1(iTbHUMU

mosekynamu [10]

ITuTaHHA 10 CAMOKOHTPOJIIO

JlatiTe BU3BHAUYCHHSI HAHOTEXHOJIOT].

[I{o Take po3mipHi epeKTH?

Sxe miciie 00'eKTIB HAHOCBITY Ha 3arajbHii MIKajl pO3MIpiB.

[TpuBeniTe kmacudikailiro po3MipHOCTI HAHOOO €KTIB.

OxapakTepu3yiTe 1Ba OCHOBHUX ITiIXOJIN 0 OACPKAHHS HAHOCTPYKTYP.
Uum Bigpi3HAETHCS aBTO301pKa Bl caM0301pKu?

[TpuBeniTh KiJIbKa peaJbHUX MPUKIAJIIB 3aCTOCYBAHHS HAHOMATEpPIaiB.



10.
11.

12.
13.
14.
15.
16.
17.

18.

19

20.
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HaBenith 0coOMMBI BIACTUBOCTI BYTJICIIO, MO CIPUYUHSIOTH (POPMYBaHHS 3
HBOTO PI3HOMAHITHUX HAHOCTPYKTYP.

SIKi MEeTOIM BUKOPUCTOBYIOTH MPH JOCHIKEHHI HAHOMATepiaiB.

Sxuit npUHIKIT 117 CKaHYIOYHUX MIKPOCKOITIB.

JlaiiTe Bu3HaueHHs TrpadeHy, BYIJVICIEBUM HAHOTpyOkam Ta dyliepeHam.
Cdepu X BUKOPUCTAHHS.

Jaiite Bu3HaueHHs nenapumepam. Cdhepu iX BUKOPUCTAHHS.

JlaiiTe BU3HaUEHHS KBAHTOBUM Kparkam, IpoTaM Ta IJIOIUHAM.

HaBeziTe MeTOAM Of€pKaHHS HAHOAPOTIB.

Sk Bi1OyBa€ThCS TEPTS Y HAHOCBITI?

[TpuBeniTh MeTOIM OJIep>KaHHS HAHOYACTHHOK.

HaBeniTh mepeBarm Ta HEJOJMIKM TEPMIYHUM METOJAM  OJepKaHHS
HAaHOYACTHHOK.

ki HaHOE(DEKTH 3yCTPIYaAIOThCS y IPUPOIL?

JlaiiTe BU3HaU€HHs1 HAHOKOMIIO3UTIB. Cdepu iX BUKOPUCTAHHS.

HaBeniTh BUKOPUCTAaHHS HAHOTEXHOJIOTIM Y MEIUIINHI.
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PO3A1JI 6. MATHITHI MATEPIAJIN

6.1. Kimacudikauia MmaraiTHux martepiaJjis

3a xapakTepoM B3a€EMO/IIi 3 MAarHITHUM TIOJIEM BCl MaTepiaJid MOAUISIIOTH Ha
cnabomarHiTHi (cmabo B3a€MOIIOTh 3 MArHITHUM I10J€M) 1 CHJIBHOMArHITHI
MaTtepianu (CHIBbHO HaMar"iuyroTbes) (puc. 6.1). Miporo B3aemomii MatepiaiiB 3
MarHiTHUM TIOJIEM € MarHiTHa I1HAYKIA B, TOOTO cepeaHs HaIpyKeHICTh
Mar"iTHOTO TMOJsI yCepeAuHi MaTepially NpH 3HAaXOKCHHI Y 30BHIIIHBOMY
MarHiTHOMY TMOJII HamnpyxkeHicTio H. /o c1aboMarHiTHUX MarteplaiiB HaJleKaTb
JlaMarHeTUKU ¥ TTapaMarHeTuky, a 0 CHIIbHOMAarHiTHUX — (hepOMarHeTukH, siki, y
CBOIO Yepry, MiPO3IIISIOTHECSA Ha MarHITOM sIKi Ta MarHiToTepi [46].

Jiamaenemukuy — 1€ pPEYOBUHU, IO HE MAIOTh BJIACHOTO MAarHiTHOTO
MOMEHTY 3a paxyHOK BIJICYTHOCTI HECIApeHMX €JIEKTpOoHIB. BoHu 31atHI
HaMarH14yBaTHCh JIMILIE 1] €0 MATHITHOTO MOJIsL, Ta HAMArHIYYIOThCS Ha3yCcTpIy
HAMpsIMKY JIII0Y4OMY HA HHUX MAarHITHOMY TIOJIO. 3OBHIIIHBO J1aMarHETUKH
BUIIITOBXYIOThCSL 3 MarHiTHoro mosjs. Jlo Hux Hamexats Cu, Zn, Au Ta 1HII
MaTepiau.

llapamaenemuxuy — PEUYOBUHHM, IO BOJIOAIOTH BJIACHUM MAarHITHHM
MOMEHTOM 32 PaxyHOK HAasBHOCTI HECIAPEHUX EJIEKTPOHIB, ajie y BIACYTHICTb
30BHIIIHBOTO TOJS BOHU OPIEHTYIOTHCS BUITQJIKOBUM YHHOM 1 iX MarHiTHUMN
MOMEHT JOPIBHIOE HYIIO. Y 30BHIIIHbOMY MAarHiTHOMY MOJII MarHiTHI MOMEHTH
YIOPSIAKOBYIOTBCS 1 OPIEHTYIOTHCS MEPEeBaKHO MO Touo. Lle cTBoproe HeBeMKuit
CyMapHUW MArHITHAA MOMEHT. 3O0BHIIIHBO TIAPAMArHETHKW BTATYIOTHCA Y
MarHiTHe noje. Jlo aux Hanexars Al, Pt, N1 Ta 1Hmmi.

Depomachemuxu — 11¢ PEYOBUHHU, B SIKAX 32 BIJICYTHOCTI Mar"iTHOTO TMOJI,
Mar"iTHI MOMEHTH OpPIEHTOBaHI B OAHY ¥ Ty X CTOpOHY. BoHM mpUTSATyIOTBCS 110
NOCTIMHUX MAarHiTiB. Y MPUCYTHOCTI 30BHIIIHBOIO MarHiTHOTO MOJis, BHYTPIIIHE
M0JIE MOXE y COTHI ¥ HaBITh TUCSYl pa3iB MEPEBUIIYBATH 1€ 30BHIIIHE MarHiTHE

none. Jlo aux Hanexats Fe, Co, Gd, ix cmnaBu, marnetut FezO4. @epomarHiTHi
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BJIACTMBOCTI CHJIBHO 3ajieXaTh Bia Temmeparypu. [lpum HarpiBaHHi 10 MEBHOT
TeMIIepaTypH, SKa Ha3uBaEThCs TemmepaTyporo Kropi, epomMarHiTHi BJIaCTHBOCTI

3HHUKAIOTh.

\ / — — — — — — — — —
\\ — — — - - ‘- -

RS
K

\ — — — — — — — — —

—

[TapamarHeTHKH  @epoMarHeTHKH AHTH(pepoMarHeTHKH DeppHMarHeTHKH
Puc. 6.1. depomaruiTHi B1acTUBOCTI MaTepiaiis [46]

Aumughepomacnemuxu — MarHiTHOBIOPSAKOBAHI KPUCTAIIYHI PEYOBUHH, SIKI
IIPU HU3bKUX TEMIIEpaTypax MaroTh JIB1 IOBHICTIO HAMAarHi4eH1 CII1HOBI I'PaTKH, 5Kl
MOBHICTIO KOMIIEHCYIOTh OJlHa OJIHY. Temneparypa nepexony
aHTU(EPOMArHEeTUKIB 13 MarHiTHOBHOPSJAKOBAHOIO CTaHy y PO3YHNOPSIKOBaHUMN
CTaH Ha3uBaeTbcad TeMmmeparyporo Heens. o aHTudepoMarHeTukiB HajlexaTb
FeO, NiO, CoO, CoF,, NiSO, ta ixmi.

[Ipy mManux 30BHINIHIX Mar”HiTHUX MOJSIX aHTU()EPOMArHeTHUKH MOBOIATH
ce0e, sIK MapaMarHeTUKU. YTIM, MOYMHAIOUU 3 MEBHOIO KPUTUYHOI'O MarHiTHOTO
MoJIs, y HUX 3'SBISE€THCS HAMArHIYEHICTh, SIKa CIOYaTKy POCTE JIHIHHO 3 POCTOM
HAIPY>KEHOCT] 30BHILIHBIO TMOJIs, a TOTIM BUXOJIUTh HA HACUYEHHH.

Depumachemuxy — 1€ MarHITHOBIOPSIKOBAaHI PEUOBHHU, SKI 3a HU3BKHUX
TEMIIepaTyp CKIaJalThcsl 3 JABOX (200 OuIblle) CHIHOBUX IPATOK 13 PI3HOIO
Opl€HTAIlI€I0 (3/1e01IBIIOT0 — AHTUIIAPAIENIBHO) 1 MAarHiTHI MOMEHTH IIUX PEIIiTOK
HE TMOBHICTIO KOMIIEHCYIOThes. [loBeninka (peprMarHeTukiB y Mar"HiTHOMY MOJi
Jy’)K€ CXO0’Ka Ha TOBEIIHKY (epoMarHeTuKkiB, MpPOTE /Jii HUX ICHYE TIE€BHA
TeMIIepaTypa, 3a K01 MarHiTHI MOMEHTH I'PaTOK MOBHICTIO KOMITEHCYIOTHCS.

Temneparypa nepexoay 3 (EpUMarHiTHOro CTaHy 10 MapaMarHiTHOTO

HA3WBAEThCS, SK 1 1 (depomarHeTukiB, Temmeparyporo Kropi. [o
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dbepomMarHeTukiB HajexaTh (EpPUTH, IO SBIAIOTH CO00I0 abo okcuaw, ado
KOMIUIEKCHI COJII MepexigHuX MeTaniB, Hanpukian, MnFe,O,4 FeFe,O,4 CoFe,O,
TOIILIO.

Haii61s1b111 BaXXJIMBI XapaKTepUCTUKYA MarHITHUX MaTepiaiB:

® 05 — MUTOMa HAMAarHiYEHICTh HACHYEHHS, SIKAa MOKa3y€e MAarHiTHY CHITY
matepiany, A-MY/kr;

e H. — KOepUMTHBHY CHIy, fKa XapaKT€pU3y€ MarHiTHY 3>KOPCTKICTb
Matepialy 1 JOpPIBHIOE HAMPYKEHOCTI MarHiTHOTO TOJIs, Ky Tpeba MPUKIACTH JI0
Marepiaiy, o0 MOBHICTIO po3MarHiTuTu Woro. SAkmo H, < 80 A/M, To Marepiain
M’sikui (MarHiTHI mwiiBkm), 80 A/m < H, <8000 A/m — cepeannboi xopctkocTi, H, >
100 A/M — MarHiTHO->KOPCTKUN Matepiai (MMOCTIHHI MarHiTH).

e B, — 3aMIIKOBY 1HAYKIIIIO, SIKa XapaKTEpHU3y€e CTYMiHb HAMArHi4eHOCTI,
110 3aJIMIIAETHCA Y MATHITHOMY MaTepiali, KOJIM 30BHIIIHE MarHiTHE MOJIE 3HUKAE,

T (Tn — pociiicbke MO3HAYEHHS).
6.2. Hanopo3mipni MmarniTHi MaTepiain

VsBIEHHA TPO HAHOPO3MIPHI MAarHiTHI MaTepiajii JEMOHCTPY€E Take

- ~ -4 -6
MOHATTS K JoMeH. JlomeH — 1e oOmacTh kpucrtaimita posmipom 107—107 M, ne
Mar”HiTHi  MOMEHTH  aTOMIB  OpPIEHTOBAaHI  TapaJieTbHO  BU3HAYCHOMY

KpuctajiorpadiuHOMy HanpsMKy (puc. 6.2).
\___,, /‘
/‘—‘\1

Puc. 6.2. EHepreTHuHO BUT1/THA YOTHPHIOMEHHA CTPYKTYypa 3 3aMKHYTHM MarHiTHUM

nosiem [47]
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[Ipu BiACYTHOCTI 30BHIIIHBOTO MArHITHOTO TOJSI KOKEH JOMEH CIIOHTaHHO
(MUMOBUIPHO) HaMarHiY€HUM 10 HACUYCHHS, ajié MarHiTHI MOMEHTH OKpPEMHUX
JIOMEHIB CIPSIMOBAaHI MO-PI3HOMY 1 MOBHUM MAarHiTHUI MOMEHT ()epOMarHeTUKy
nopisaioe 0. Mix [OMEHaMH € mepexiaHi mapu (JoMeHHi crinkn) mupuHoo 107-
10® M, ycepemmHi SKOi CITIHOBI MarHiTHi MOMEHTH IMOCTYIIOBO MOBEPTAFOTHCS

(puc. 6.3).

b 44 4 R N wreweies
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y 24 4 § WSS
§ ALY 8 U St
R R et g
t PR 3 Mo Nemenee
ti 4 AN N

Puc. 6.3. 3miHa opieHTAIlil MATHITHUX MOMEHTIB aTOMIB Y JOMEHHI rpanwuii [47]

KoepiutuBna cuna H, pi3HUX Mar”HiTHUX MarepiaaiB HEMOHOTOHHO
3aJIeKUTH B po3Mmipy ix kpuctamiTiB. Jo 30 — 70 HM BoHa 306iibiyeThes, ipu 30
—70 HM Ma€ TUTOCKUN MaKCHUMYM, a MOTIM 3MEHIIYETHCS IPH TOJATBIIOMY PO3Mipi
KpucTamiTiB (puc. 6.4).

JUIss MarHeTuty, HampuKiIaa, 3MIHa MEXaHI3My I[epeMarHiuyBaHHS Bij
nepeopieHTalli MarHiTHUX MOMEHTIB (OAHO JOMEHHUM CTaH) [0 3MIIICHHS
JIOMEHHUX CTIHOK (TIOJIIIOMEHHUHN CTaH) BinOyBaeThcs npubmu3Ho npu 30 HM.
OAHOJIOMEHH] YacCTUHKH NPUOJU3HO OJHAKOBOTO pO3MIPY MAalTh OJHAKOBY
HAaMarHi4eHICTh BHACIIOK PO3MIIIEHHSM YCIX CHIHIB B OJHOMY HaIPsIMKY.

[Ticnst mepexoAay HAHOYACTMHOK MArHITHUX OKCHAIB JO0 OJHOJOMEHHHOTO
CTaHy ICHye JesKe KpUTHYHE 3HA4YCHHS iX pO3Mipy, MpU SKOMY 3HHKAE
KoepruThBHA cuia. Y Bunaaky Fe;O, kputuunuii miametp BiamoBimae 5 — 6 HM.
VY cynepnapamarHiTHOMYy CTaH1 HAaHOYACTUHKHU BEAYyTh ce0e SK KBaszinmapaMarHiTHa
pPEYOBHHA, IO CKIATAETHCA 3 AyKe Manux (depo- abo hepuMarHiTHUX YaCTHHOK,

K1 CJTA0KO B3a€EMOJIIIOTH MiXK c00010 (pHc. 6.4).
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Puc. 6.4. Bruiu po3mipy MarHiTHUX 4aCTMHOK Ha MarHiTHI BIacTHBOCTI [47]
6.3. BUuKopuCTAHHSI MATHITHUX MaTepialiB

MarniTHi Martepiadd BUKOPUCTOBYIOTH B EJIEKTPOTEXHIIll, EJIEeKTPOHIII,
MEJUIMHI Ta PI3HUX TaTy34X XIMIYHOI T€XHOJOr1i. JIJIsi BUKOPUCTaHHS MAarHITHUX
MatepiaiiB y 30epiranHi iH(opMalli CbOTOJHI HaAMararoThbCs OTPUMATH SKOMOTa
Maji YaCTUHKU MPUOIU3HO TOPSIKY HAHOPIBHS, OTXKE 3MEHIIYIOTHCS PO3MipU
HoCI1s J71s1 30epiranHs iHGopMaIlii.

JIo OKCHIHUX MAar”HiTHHUX MarepiajiB HajieXaTh, B OCHOBHOMY, (EpHUTH
MeO*Fe,0;, mmineni, rpanatu MesFesO;,, amominatn MgO*Al,O3 1 marHeTur
Fe;0,.

Oeputn — 1e (pepuMarHiTHa Kepamika, SIKy OTPUMYIOTh 3a KEepaMiduHOIO
TEXHOJIOTIEI0, a caMme, CIIKaHHSIM OKCHUJIB a00 KapOOHAaTIB BIJMOBIAHUX METAJIB,
OTPUMAHUX XIMIYHMM CIHIBOCQ/KEHHSM Yy PO34YMHAX, 3 HACTYIMHOIO TEPMIYHOIO
00poOKO10.

B psany depomarniTHux MarepiaiiB 0ocoONMBE Miclle 3aliMarOTh MAarHiTHI
piguHU. MarHiTHI piIMHU — 1€ KOJOiAHI PO34MHM HaHo4dacTMHOK Fe3O, abo
beputiB. [Ins HagaHHa (QEpOMArHITHUM piAMHAM  CTIHKOCTI  JIOAATKOBO
BUKOPUCTOBYIOTH pi3HI cTabum3aropu, 30kpema IIAP. Sk pigky dazy

BUKOPHCTOBYIOTh BOY, €TAHOJI, Pi3HI HETIOJSIPHI PO3ZYUHHUKH.
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Puc. 6.5. MarniTHa pinuna

SIKicH1 MarHiTHI piAMHU 30€piraroTh HE TIIBKU CTIMKICTH y Yaci Ta HE3MiHHI
MarHiTH1 BJIACTUBOCTI, @ ¥ BOJIOJIIOTh BHCOKOK IUIMHHICTIO. 3aBISKH LIBOMY iX
MO>KJIMBO BUKOPUCTOBYBATHU MPHU MEPETBOPEHHI MEXaHIYHOI €HEPrii B €JICKTPUUHY,
y MEIWINHI, SIK 3Ma3Ky, Y CHCTEMax OXOJIOKCHHSI.

OTpumaHHSI MArHITHUX PIAMH CKJIQJAa€TbCs 3 2-X OCHOBHHMX CTaJli:
OTPUMAaHHS MArHITHUX YaCTOK KOJIOIHOI'O CTYNEHsS JAMCIIEPCHOCTI Ta cTadlii3amii
iX y piakid OcHOBI. BukopuctoByeTbcs 2 MiAXOAM O OTPUMAHHSA MAarHiTHHX
PIIUH: 3BEpXy-BHU3 1 3HU3Y-BBEPX.

Jlo mepiioro migxoy HajieKaTh JUCIHEpraiiiHi METOIH, 110 3aKII0Yal0ThCs
y TOApiOHEHI MarHeTHTy Yy IIapOBUX MJMHAX y MpHUCyTHOCTI pizHuX [IAP.
HaMarHiueHiCTh HACHINIEHHS y 1IbOMY pa3i CTaHOBUTH Onu3bko 8 — 80 kA/M,
po3Mip dYacTmHOK Onu3bko 10 HM. OCHOBHI HEJOJIKM METOAYy: HH3bKA
MPOYKTUBHICTh, 3a0pyAHEHHSI MArHiTHOI PIAMHU MPOAYKTaMH CTHPAHHS IIapiB,
3HAYHUN PO3KHU]I YACTOK 32 PO3MIpAMH.

Jlo npyroro cmoco0y OTpUMaHHS Halle)KaTh KOHJCHCAIlIHHI METOIH:
KapOOHUIbHHM,  €JEKTPOJITUYHHUM,  EIEKTPOKOHJICHCAlIMHUM,  BaKyyMHUH,
xiMiuHMi. Hamar"iueHicTb MarHiTHUX PIAWH, 10 MOXE OYTH JOCSTHEHA ITUMU
MeTOoJlaMU MpuBeaeHa y Tadi. 6.1.

KapOoninbauit  peanizyetbes CVD  merogoMm, 110 3acHOBaHUM Ha
tepMmiuHoMy poskiaganHi Fe(CO)s Ta nmepenbavae BUIIApOBYBAHHS, NMEPEHECEHHS
1HepTHUM ra3oM Ta posknamanHs 3a 250 °C. He3Bakaroun Ha BHCOKI MarHiTHI

XapaKTEPUCTUKU PIAMH Ha OCHOBI HAHOYACTHHOK (pepyMy, BOHU MaIOTh HEBUCOKI
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MAarHiTHI XapakTepuctuku uepe3 Benaukuit map [TAP (~ 20 HM) Ha MX YaCTUHKaX,

HEOOXIIHMM I 3amoOiraHHs iX arperarii. Pemra MeTOMIB J103BOJISAIOTH
OTPUMYBAaTH MAarHITHI PIAMHU 3 KpallUMU MAarHITHUMH XapaKTEPUCTUKAMH, ajie
XapaKTEPU3yIOThCA HHU3BKOIO TMPOAYKTHBHICTIO Ta HE 3HAWIUIM IIIHPOKOTO

IMPAKTUYIHOI'0 3aCTOCYBAHHAI.

Tabauys 6.1 HamarHiveHicTh MarHiTHUX PilMH, 110 A0CATAETHCS Pi3HUMH MeTOAAMH

cunre3y [48]

MeTtoa cuHTE3Y Hamarnivenictb, KA/M
KapOoninpHuii 0,5
Enexrponitnunuii 10
EnexTpo-koHaeHcainHui 2-6
Bakyymuuit 13,1
XiMIYHUH 30-90
Haitbinpmoi  momymnspHocTi  HaOyB  MeTOJ  XIMIYHOI  KOHJEHcarii
BHCOKOOUCIICPCHOI'O MAaracTury, 3aHp0HOHOBaHI/Iﬁ EHMOpOM: B3a€MOI[i$I

po3unHeHux coiiert pepymy 3 nyramu y criBpigHomenHi Fe(Il) : Fe(Ill) = 1:2 npu
pH 7-9 ta 3a temmniepatypu 70-70 °C. Po3mip HAHOMarHeTUTy OTPUMAHOTO JTAHUM
criocoOoM BapitoeThes Bij 2 HM 10 20 HM npu HamarHiyeHocTi yacTuHok 400 kA/Mm
Ta PO3BMHEHIM MOBEPXHi, L0 3a0e3leuye BHUCOKY aAcOpOLiiiHy 34aTHICTh Ta
edexTuBHy cradumizaito [TAP.

BukopucTaHHs MarHiTHHX PIiAWH € JOCTaTHBO IINUPOKWM, aje 3HAYHO
MEPCIEKTUBHUMHU € Ti, IO 3aCHOBaHi, y TeEpIly 4Yepry, Ha TeIulonepeaaBaHHI
MarHiTHOI PiAMHM. SIKIIO MOAISTH MAarHITHUM MOJEM Ha (epPOMArHiTHY PIAUHY 3
PI3HOIO CHOPUUHSTIMBICTIO (HAaNpUKIIAL, Yepe3 TEeMIepaTypHUU Tpaai€eHT) TO
BUHHUKA€E HEOJHOpPIAHA MAar”iTHa Cuia, IO MPU3BOAUTH 10 TEPMOMATHITHOT
KOHBepcii. [Hakie, MarHiTHI piAMHU CTAIOTh MEHIII MAarHITHUMU MPH I1IBUIIICHH]
TEeMIIepaTypy Ta OUTBII MAarHITHUMU TIPH 3HWKEHH] TEMIIEpaTypH.

OTxe, BUKOPUCTAHHSI MAarHITHOT PITUHU Y CUCTEMAX OXOJOJKEHHS MOJISTaE

y HacTynHoMmy (puc. 6.6). CUIbHMI MarHiT NPUTATYE XOJOAHY MAar”iTHY piiUHY



156

CIJIbHIIIE HIK TapsAdy. TakuM YWMHOM, SIKIIO TaKWi MAarHiT MOCTABUTH TMepea
MPOIIECOPOM, TO MarHITHA piguHa Oyje MOCTIMHO IUPKYIIIOBATH BiJl MPOIIECOPY 10
MmarHity. JlaHuii MeToa OXOJIOJKEHHS He MOoTpeOye JOJAaTKOBUX BUTpAT €HEprii,
0 € BaroBOIO IEPEBarol0 TaKUX CHCTEM OXoJoJKeHHS. Jlanmii meton Oynme
3HAYHO MEPCHEKTUBHUM MPH OXOJIO/KEHHI IIPOLIECOPIB KOMIT IOTEPIB, 10 3aMiHITh

KyJIep, a OT)Ke ¥ 3HAYHO 3HU3UTh BUTPATH MIPH 3aCTOCYBaHHI KOMIT IOTEPIB.

MarsiTHe nose 3 sapa

Piauna
PiguHa BXOOUTH BUXOIHUTh
{‘i’onnom rap;;oro

/ .
®epoMaHriTHA
piauHa

Teruio Big 0OMOTKH

Puc. 6.6. BukopucTaHHs Teruionepeadi MarHiTHOI PiTHHA y CUCTeMaXx 0X0J10 keHHs [48]

MarHitHi piIMHHA, IO CTBOPEHI HAa OCHOBI BYIJICBOJAHIB (OKTaH, JCKaH,
KEpOCHH), 3aCTOCOBYIOTH JIJIi OUMIIEHHS BOAU BiJ HAadTONPOAYKTIB. OUUIICHHS
BOAM BIJ Ha(TONPOIYKTIB MOJATaE y IMOMNEPEAHbOMY OMAarHiuyBaHHI OCTaHHIX
IUIIXOM BBEICHHS Y HUX MArHiTHOI pIJIMHA Ta HACTyMHUM 30HUpaHHAM iX
CHeliaJbHUM Mar"iTo301ipHUKOM. 3a3BUYaii BUKOPUCTOBYIOTh MarHiTHI PiIMHUA Ha
BYIJICBOJHSX, 1110 HEPO3YMHHI Y BO1 Ta J00pe po3unHHI Y HAQTONMPOAYKTaX.

MarHiTHi pIIMHKM Ha BOJHIM OCHOBI BHKOPHCTOBYIOTH [IJIsi Cemaparii
HEMarHiTHUX MaTepiajiB, y IPyKapChKuX (hapbax Ta METUIMHI.

3acTOCyBaHHsS MAarHiTHUX pIOIUH AK JpyKapcbkux ¢ap0 mnondrae y
HACTYIMMHOMY . 3 COIlIa APYKApChKOi MAIIMHKU BUJIITAE Kparulsi MardiTHoi ¢gapowu,
MarHiTH CTBOPIOIOTh HEOJIHOPITHE MarHiTHE MoJie 1 KePyITh MOJL0TOM (puc. 6.7).
VY pe3ynbTaTi Kparmis BUSBISETHCA Y MOTPIOHIN ToUIll mamepy ado mpeaMeTy, Ha
KWW HaHOCATH 300paxeHHs. [lo mepeBar maHOro METOMY HalekKaTh BIAMOBA Bijl

PYXOMUX YaCTHUH JPYKAPCHhKOI MAIllMHU Ta BUCOKA SIKICTh JIPYKY.
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MarHiTHa JApyKapHA

Puc. 6.7. MarnitHa apykaphs [48]

I1poKOro BHKOPHUCTAHHS MAarHiTHI PIAMHU HAOynau y OlOMEIMIMHI, SKi
3aCTOCOBYIOTH JJI JJOCTaBKU JIIKIB (32 JJOMIOMOTOIO MAarHiTy), /Uil JTIKYBaHHS paKy
(mig mi€r0 mepeMiHHOTO MAarHiTHOrO MOJIE YACTUHKH MAarHeTHTY PO3IrpiBalOThCA 1
MOJIABJISIIOTH PICT PAKOBHUX KJIITHH), Y Xipyprii (MarHiTHI OpOOKH JUIsl IEPEKPUTTS

TOKY KPOBI).

IIuTaHHs 10 CAMOKOHTPOJIIO

HanaiiTe KOpOTKY XapakTEepUCTUKY HEMArHITHUM MaTepiajam.
OxapakTepu3yiTe MarHiTHI MaTepiaiu Ta MPUBEIITS 1i KiacuDiKalito.
JlaiiTe BU3HAYEHHS TTOHATTIO «IOMEH).

[TpuBeniTh MEXaH13M HAMArHIYyBaHHS.

HaBeziTh OCHOBHI METOJIU CUHTE3y MArHiTHOI PiUHHU.

o ok~ w D e

[TpuBeniTh 007aCTi 3aCTOCYBaHHSI MAarHITHUX MaTepiaiB.
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PO311J1 7. PEHOBUHU BIOME/IMYHOI'O ITPU3HAYEHHSA

7.1. 3arajbHa XapakTepucTHKa OioMaTepiajiB HeOpPra”HiuyHoro

NOXOJ?KCHHSHA

XapakTEpHOIO PUCOI0 TPETHOI'O TUCSUYOJITTS € MParHEeHHS 10 MABUILIECHHS
SKOCTI Ta TPUBAJIOCTI XUTTS JIOAUHHU. [CTOTHY pOJb y JMOCSATHEHHI IUX Il
IparoTh TEBHI YCIIXH y po3poOlili 1 KOPUCTYBaHHI HOBHX OiomarepiajiB, TOOTO
MaTepialiB, sIKl 3aCTOCOBYIOTHCS Y MEIULIMHI JJISl MATPUMKH JKATTEAISIIBHOCTI Ta
HOPMAJIBHOTO (DYHKIIOHYBaHHs OopraizMy. [Ipu upoMy y po3BUTOK OloMarepiaiiB
BKJIQJAIOThCS BEJIMUE3HI KOIITH, a PUHOK OloMaTepiayliB OIIHIOETHCS B JECATKU
MUIbSIPJIIB A0JIapiB.

3riHO 3 Cy4YaCHUMHM YSIBICHHAMH Oiomamepiaiu — ye mamepian, sKi
HOCMIUHO KOHMAKMYIOmMy i3 mKaHuHamu opeaizmy. llpu 1bpoMy BOHHU
NOAUIAIOTHCS HA HACTYITHI KaTeropii y BIAMOBIAHOCTI 3 XapaKTePOM iX O10JIOTTYHUX
(OioXIMIYHMX) peaKIliii 3 HAaBKOJHUIIHIMU TKaHUHAMHU [8]:

1. TokcuuHi (L€ CTOCYeThCS OLIBIIOCTI METaliB, BOHM BHKJIMKAIOThH
BIJIMUPAHHS TKAHHH );

2. OloiHepTHi (1[I Mareplaad HE BUKJIMKAIOTh IMyHHUX pEaKIii 1 He
BIJITOPraloThesi opraHizMoM. /o HMX HajlekaTh KepamidyHi MaTepiaid Takl K
A|203, ZnOQ),

3. OioakTuBHI (BHKOHYIOTH OioyioriuHi (yHKIi, IMITYIOYH TPHUPOJIHI
TKaHUHU: TOJIMepH1 MaTepianu, rigpokcunanatut (I"AIT), 6iockno);

4. Oiope3opboBaHi MaTepiaiy (TOCTYIOBO PO3UMHSIOTHCS B OpraHi3Mi Ta
3aMINLYIOThCS] HATYpaJIbHUMU TKaHUHAMM — MOJIIMEPHI MaTeplajn).

Jlo 6ioMarepiaiiB BUCYBalOTh MEBHI BUMOTH. HaliBa)K TMBIIIIOI0 BUMOTOIO 10
OlomatepianiB € O010CyMICHICTh. bIOCYMICHICT — 1€ CYKYNHICTh T€BHHUX
Ol0XiMIYHUX 1 610MEXaHIYHUX XaPAKTEPUCTHUK.

Jlo OioXIMIYHUX XapaKTePUCTUK HAJIEKATh PO3YUHHICTH IHTPEHIEHTIB Yy

010JIOTIYHOMY CepeJIoBHIIl (KOPO3is TOINO), HarpoOMaKEHHsS B OpPraHi3Mi IUX
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IHTPEIEHTIB, 1X BIUIMB Ha JKUTTEAISUIBHICTD, BIACYTHICTh 3allalbHUX MPOLECIB Ha
IpaHMIll IMIUTAaHTAT-TKaHWHA Ta 1H.

biomexaHiuHi  XapaKTePUCTHKH  XapaKTEpHU3YIOTbCI  MEXaHIYHUMHU
BJIACTUBOCTSIMHU, BIJICYTHICTIO TMEPEBaHTAXEHb Ta MIKPO3PYIIEHh Ha MOBEPXHI
pO3MOALTY «IMIUIAHTAT-TKAHWUHA OPraHi3My», TpPUBAIUM (YHKIIOHYBAHHSIM
IMIUTAHTATY Y JIIOJICBKOMY OpPTaHi3Mi TOIIO.

IMIutaHTaTH  HEOPraHIYHOIO  IMOXO/JKEHHS  3HAaXOJATh  3aCTOCYBaHHS,
y Teplly 4epry, A BUTOTOBIEHHS CYTJI00iB, KICTKOBOi TKaHWHHU, 3y0iB. Takox,
BOHM BXE BUKOPHCTOBYIOTh MpPH TPAHCHOPTYBaHHI JIKIB 1 SIK 010CEHCOpH.
Posrnsaemo nesiki mpukiaan HEOpraHiYHUX IMIUIAHTATIB.

Jlo MeTasieBMX IMIUIAHTATiB HaJEKaTh MarTepiajid, BHUTOTOBIEHI 3
HEp)KaBilOYO1 CTadi, CIUIaBiB Ha OCHOBI Tutany (puc. 7.1). Hemomiku mwux
IMILJIAHTATIB — B1OYBAa€TbCS KOPO3is, 32 PaxXyHOK YOr0 3HIKYETHCS MEXaHIYHA
MIIHICTh, BHUHHMKAIOTh 3alalibHi MPOIECH, MOXYTh YTBOPIOBATHCH TallbBaHIUHI

napH y JIIOJChKOMY OpraHi3Mi.

Puc. 7.1. Meranesi iMIUTaHTaTH [T 3aMiHH YIIKOKEHHX Ta30CTETHOBUX CYTII001B

JIisi TofoNlaHHS HETaTHMBHUX PEakiliid, M0 BUHUKAIOTH NP 3aCTOCYBaHHI
MeTaJIeBUX IMILIAHTATIB, HA 1X MOBEPXHIO HAHOCATH OloKepamiyHi Mmatepianu. J[o
OCTaHHIX HaJeXaTh OKCHJM CHIIMi0 Ta aeskux metaiiB (Al, Ti, Zr, Y), a Takox,
kapOimu 1 wmiTpuay, Oiockino (Na,O0*CaF,*P,05*Si0,) 1 kanbmito ¢ocharu
(puc. 7.2) [49].
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!

Puc. 7.2. KepamiuHi YaCTHHU IJIs1 IITYYHUX CYTJIO0IB

Jlo mepeBar KepamidyHUX MaTepiadiB BIJHOCHUTHCS HACTYIHE: BOHHU MIIlHI,
XIMIYHO 1HEPTHI, HE IIJJAI0ThCA KOpO3ii, HE CTUPAIOThCS, MAalTh HU3BKY
HIUTBHICTB, 010CyMICH1, 010aKTHBHI. J[0 HEJOJIKIB — KPUXKICTh (JIETKO JaMaroThCs),
HETEXHOJIOT1YH1 Y BUPOOHUIITBI. 3 METOIO MIJBUIIEHHS TBEPJIOCTI OlOKEpaMIYHHX
MaTepianiB y ASSKUX BUIAJKaxX il BATOTOBIISIIOTH MOPUCTOIO (puc. 7.3), M0 TaKOXK

MIJBUINYE ii 010aKTUBHICTb.

Puc. 7.3. Tlopucra kepamika (Ha OCHOBI TiIPOCUIATIATUTY)

OgHuM 13 TPUHIMIIB CTBOPEHHS HOBUX MarepiaiiB OlOMEIUYHOTO
NPU3HAYCHHS € T€, M0 iX HAaMararThCsl OTPUMYBATH MaKCUMaJIbHO HAOIMKECHUMU
0  KICTKOBOI  TKaHWHU 32  XIMIKO-O10JIOTIYHOIO Ta  MOP(OJIOTTYHOIO
XapaKTEepUCTUKaMU. BiIXuieHHs 3a po3MipaMu KPUCTAIITIB 1 CKIaJA0M IITYYHOTO
MaTepiany BiJl IPUPOJTHOTO aHAJOTY MOYKHA BUKOPUCTOBYBATH ISl CIIPSIMOBAHOTO
CUHTE3y OioMarepiaiiB 13 3aJaHO0 O10aKTHBHICTIO. Y 3B’S3Ky 3 IIMM JOPEYHO

OyJ10 O pO3TISHYTH XIMIYHUM CKiIaj 1 Oy/I0BY KICTKOBOI TKaHUHHU.
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VY T1abn.7.1 MmoxHa OaUUTH XIMIYHMM CKJIaJ KICTKOBOI TKaHUHU 1 3yOiB, K1

CKJIaJIaf0ThCA 3 OpraHiuHoi ckianoBoi, ['All, Boau Ta JOMIIIKIB pi3HUX HOHIB.

Tabnuysa 7.1. XiMiuHuii cKJIax KicTKOBOT TKaHUHM i 3y0iB (B Mmac. %) [49]

Kommnonent KicTkoBa Tkanuna 3y6a
TKAHMHA (n1eHTHH)
Ca 34,8 35,1
P y Burnsmi PO*, 15,2 16,9
Na 0,9 0,6
Mg 0,72 1,23
K 0,03 0,05
C y Bursii CO%; 7.4 5,6
F 0,03 0,06
Cl 0,13 0,01
Heopraniuna 65 70
CKJIaJI0Ba
OpraniuHa cKJIaJIoBa 25 20
Bona 10 10
Bignomenus Ca/P 1,71 1,61
(MoJIBHE)

3 TOYKM 30py MaTepiajo3HaBCTBA KICTKOBA TKaHWHA — II€ KOMITO3HUIIMHUN
matepian. Kictka Mae 1ocuth ckianny OyJ0BY 1 pI3HOMAaHITHHM TKAHUHHUN CKIIA]T.
3HauHI MEXaHIYHl XapaKTEPUCTHKM KOMIAKTHOI PEYOBUHHU 3a0€3MeUyIOThCs
OCOOJIMBUM TIPOCTOPOBHM PO3TAIyBaHHSM YTBOPIOIOUHUX MOTO CTPYKTYPHUX
KOMIOHEHTIB — KICTKOBUX IJIACTUHOK TOBIIMHOIO 3-10 MKM.

Tpu OCHOBHI TpynH PEYOBHUH YTBOPIOIOTH KICTKY: KojareH (mpuOIu3HO
25 % mac. — opraHiuyHa CKJaJ0Ba KICTKOBOI TKaHMHH, a00 KICTKOBHUH MAaTpPHKC),
dbocharu kanpiito (mpubiauzHo 65 % mac. — HeopraHiyHa CKJajoBa) 1 Boja
(10 % mac.). Kpim 3a3HaueHHX PEUYOBMH, y KICTKOBIM TKaHWHI MPUCYTHI y MaJux
KUIBKOCTSIX 1 1HIII OpraHiyHl CHOJyKH (BIAMIHHI BIJl KOJareHy OUIKH,
noicaxapuau, Jinian). Kpim Ca* i PO,> 1o CKJIaJly KICTKOBOT TKAHUHH BXOJSTh,

TaKOX, 1 1HIIN HEOPTaHI4YHI HOHHU.
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Konaren namae TkaHMHaM OpraHi3My HEOOXIJHY MEXaHIYHY MILHICTh HpU
nedopmarlisix TUILY po3TATY 1 CTUCKaHHS. MoOJeKynu KojareHy, 1o CKIagaloThes 3
TPHOX CKPYUEHHUX CHIpaTbHO MOJIMENTUIHUX HUTOK, 3/1aTHI 30UpaTHCs y BOJIOKHA
niameTpoM 100-2000 HM. MiIHICTh KICTKOBOT TKAHMHU Ha CTUCKAHHS 00yMOBJIEHA
MIHEpAJIBHOIO CKJIaJloBOI0 — (ocdaTtamMu Kaibllilo (mepeBaxHO Yy dopMi
rigpokcugamatuty Ca(POg4)s(OH),). Kpucramm rigpokcupamatuTy NPUCYTHI y
KicTIl y hopMi T1acTuH 3 po3mipaMu 50x20X5 HM, OpIEHTOBAaHUX MEBHUM YHHOM
CTOCOBHO OC1 KOJIATEHOBUX BOJIOKOH.

Ha puc. 7.4 naBenena OynoBa KICTKOBOi TKaHMHHM, B SIKIM BHAUISIOTH 10
CEMU PIBHIB OpraHizailii (apxiTeKTypH) KICTKOBOi TKaHMHH. HalfHmkuuii piBeHb —
11e CBOEPITHUNA HAHOKOMITO3HT, 10 CKJIAJIAETHCS 3 BOJIOKOH KOJIAreHY JliaMeTpoMm 1
HM 1 yactuHoK ['All 3 po3mipom mnactunok 0 50 HM. Lleit KOMIO3UT € OCHOBOIO
G10pwi1, 3 SKUX CKIAMAIOThCSl BOJIOKHA. 3 BOJIOKOH YTBOPIOIOTHCS Jameni, 3
OCTaHHIX — OCTEOH, 3 TKOTO CTBOPIOETHCS KICTKOBA TKAHWHA.

BiaTBoproroun 1ieif KOMIO3UT TUIBKK 32 XIMIYHHUM CKJIaJ0M HEMOIKJIHUBO
JIOCSITTH TI€1 MIITHOCTI, 1[0 MPUTaMaHHa KICTKOBUM TKaHUHaM. BaXXJIMBOIO € TaKOX
1 OynmoBa kicTku. Ha cborojHi HaMararoTbCs BIATBOPUTH NPUPOAHY TKAHUHY
KICTKH. | BXKe Maiike HaONM3MIIKNCH, ajie IIl€ Ha CHOTOJHI HEMAa€ aHajora Iiel
TKaHUHU. CKIIaJHICTh BIATBOPUTH caMe MOP(QOJIOTiIO 1 Oy/TI0BY KICTKOBOi TKAHUHH,
a He XiMIyHMH ckjajg. OnHak, XIMIYHUH CKJIaJ HOCUTH HeaOMsKe 3HaueHHsS. Tak,
HasBHICTh HEBEJIUKOI KUIHBKOCTI KapOOHAT-MOHIB 301IbIIIyE€ MIIHICTh TKAaHWHU, a
BEJIMKA KUIbKICTb LHX HOHIB pPOOUTH KICTKOBY TKAaHMHY KpuUxKorw. OTxe,
BIITBOPUTH JOCKOHAJIBHO MOP(OIOrif0 KiCTKOBOI TKaHMHHU IN VItro — TOOTO,
eKclepuMeHTanbHo — (1, OTXKe, JOCITTH Takoi K, SK y KICTKH, KOMOIHAIil

010JIOTIYHUX 1 MEXaHIYHUX BIACTHUBOCTEH ) HAWOIMKUYMM YaCOM HEMOKITUBO.
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Puc. 7.4. lepapxiuni piBHI Oprasi3aiii KicTkoBoi TkanuHH [49]

Sk mpuknaa Ha puc. 7.5 HaBeIECHO AepopMallilo KepamMiKu, MeTaly, KICTKH,
MOJIIMEPIB BiJ HAMpyTu. SIK BUIHO 3 PUCYHKY HAWOUIBIIOI KPUXKICTIO BOJIOIIE
kepamika. /11 3MINHEHHS Kepamiku OyJo 3ampOolOHOBAaHO BUKOPUCTAHHS
KOMITO3UIIIMHUX MaTepiajiB Ha OCHOBI, HANpUKIAJ, KEpaMmikd 3 BYIJICIEBHUMHU
HAaHOTPyOKaMu a00 BYTJICIICBUMU HAHOBOJIOKHAMM.

biomarepianu, 1moO MNOpPeTEHAYIOTh HAa POJb IMIUIAHTATIB, ITOBHUHHI
3aJI0BOJIHATU BUMOTaM, SKI JUKTYIOTbCS MPUBEIEHOIO BHILE CTPYKTYpOIO,
CKJIaJIOM 1 BJIACTUBOCTSIMU KicTKOBOI TKaHMHHU [50]:

1) xiMi4HI BJACTMBOCTI — BIJCYTHICTh HEOaKaHUX XIMIYHMX pEaKUid 3
TKaHMHAMU Ta MDKTKAHUHHAMU P1AMHAMU, BIJICYTHICTH KOPO3ii;

2) MexaHIYHI XapaKTEePUCTUKU OloKepaMiKK MOBUHHI OyTH OJIM3bKUMU 0

XapaKTEPUCTHK KICTKH (HAMIPHUKIIA], BIIMIHHICTh Y MPY>KHOCTI MOKE MIPUBECTHU JI0
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BTpaTH IMIUIAHTATy BHACIIOK pe30pOIlii KICTKOBOI pedoBHMHH, IO TMepeldyBae 3
HUM Y KOHTaKT1);

3) 6loJOTiYHI BIACTUBOCTI — BIJICYTHICTh pPeakiiii 3 OOKy IMyHHOI CHCTEMH
OpraHi3aMy, 3pOCTaHHS 3 KICTKOBOIO TKaHHWHOIO, CTUMYJIOBaHHS IMPOIECY
YTBOPEHHS KICTKOBOT TKAaHUHU (OCTECOCHHTE3RY);

4) s IBUIKOTO TPOPOCTAHHS KICTKOBOI TKAaHWHU B IMIUIAHTAT OCTaHHIN

MMOBUHEH MaTH HacKpi3Hi mopu po3mMipoM 100-150 mxm.

Kepawmika

MeTtanu

KicTka

Jedopmariis

i
|' [TonmiMepu

Hampyra

Puc. 7.5. lebopmartist pisHuX MarepianiB Big Hanpyru [49]

Cepen wmartepialiiB, MO 33J0BOJIbHAIOTh Malke BCIM BHMOraM — II€
Olokepamika. Y 3B’SI3KYy 3 IIUM PO3PI3HIIOTH O101HEPTHY, 010aKTUBHY KEpaMiKy 1
MaTepiajid Ha OCHOBI Kajblito pocdaris.

Jlo GioiHEpTHOI KepaMiKu HalleaTh, B OCHOBHOMY, Al,O3 1 marepianu Ha
ocHOBi ZrO,. IX MexaHiuHi XapakTepucTUKK NpuBeieHi y Tabm. 7.2.

Jlo mepeBar Oi10IHEpTHUX MareplaldiB MOXHA BIAHECTH HACTyMHHE: ii
BUHATKOBA XIMi4HA 1HEPTHICTh, BUCOKa MIillHICTh. Ha >xanmb, oOMaBI 111 TIepeBaru
MalOTh CBOIO 3BOPOTHY CTOpPOHY. Tak, CTIMKICTh KEpaMIKH CTOCOBHO CEpEIOBHUILA
OpraHi3my MpU3BOAUTH JO TOTO, IO KICTKAa HE MOKE BPOCTH B IMIUIAHTAT, 1 MiCIIe
KOHTAKTy 3allOBHIOETHCS BOJIOKHHCTOIO CIIOIYYHOIO TKAaHHWHOIO, SIKA MEXaHIYHO
OXOIUTIOE CTOPOHHIM MpeaMeT. 3pOo3yMilo, M0 TaKWWA KOHTAaKT HE MOXe OyTu

MIL[HUM.
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Tabauys 7.2. MexaHiuHi XapaKTepUCTHKH KepaMiku Ha ocHOBi Al,O3 i ZrO; [49]

BuacTusictb Al,O3 Mg-PSZ TZP
XiIMIYHUNA CKIIaJ 99.9% ZrO, ZrO;
Al,03+MgO
['ycruna (r/cm’) 3.97 5.74-6 >6
Minnicts Ha 3ruH (MIla) 500 450-700 900-1200
Minnicts Ha ctucHeHHs (MIla) 4100 2000 2000
Moayns FOnra 380 200 210
Tpimusoctiiikicts (MIla/m?) 4 7-15 7-10
Tertonposiamicts (Br-m-K™) 30 2 2
Teepaicts (o Bikkepcy) 2200 1200 1200

Jly’)xe TNepcreKTUBHOIO € Ol0aKTMBHAa KepaMiKa, sIKa XapaKTepU3yeThCs
BUCOKHMH 010CYMICHICTIO Ta 010aKTUBHICTIO. J[0 X MaTepialiB, y MEpILy Yepry,
HaJICKHUTh 010CKJI0. Bi0aKTUBHE CKJIO MICTHTh Y CBOEMY CKJIaJli Taki okcuan Na,O,
Ca0, SiO,, P,Os. Takum 4uHOM, OIOCKJIO BiJ 3BHYAMHOIO CKJIa BIAPI3HAETHCS
HasBHICTIO Yy HboMYy P,0Os. MexaHiuHi XapaKTepUCTHKU O10CKJIa HE HACTUIbKU
MO3UTHUBHI, SK iX OlOCYMICHICTh 1 O0l10aKTHBHICTh. BHac/IioK I1hOT0, O010CKIIO
3HAXOJHTh 3aCTOCYBAHHS y BUIJISI/II MaJuX IMILIAHTIB Y CTOMATOJIOTIT i 0COOIUBO
y LIEJIENHO-JIMIBOBIA XIpyprii.

biockio Ta mMarepiaiM Ha WOro OCHOBI HE CHPHUIMAIOTHCS OPraHi3MOM SIK
I0Ch 1HOPOJHE, HABMAKH, cepis Ol0XIMIYHUX peakuii (puc. 7.6) HA KOPIOHI
010CKJIO-KICTKA MPU3BOAMTH JI0 IHTEHCHUBHOTO YTBOPEHHS KICTKOBOi TKAHWHHU B
00JacTi KOHTaKTy 1 B OCTaTOYHOMY IIJICYMKY JI0 BpPOCTaHHS IMIUIAHTaTy Yy
KICTKOBY TKaHuHy. CIiJ 3a3HAYHUTH, 110 TIEPEXITHAN 1Iap MK O10CKIOM 1 KiCTKOIO
MO>K€ MaTH TOBIIMHY 10 | MM (IpM BUKOPUCTaHHI SIK IMIUIAHTATy O101HEPTHOI
KEepaMiKH, I1ap BOJOKHUCTOI CIIOJYYHOI TKAHWHU Ma€ TOBIIUHY MOPAAKY 1 MKM) i
OyJZie HACTUIbKK MILIHUM, IO MEpPeIoM BiAOyAEThCS y OyAb-SIKOMY 1HIIOMY MICII,
ajie HE Yy 30H1 3pOIICHHS. 3a paxyHOK MoBepxHeBHUX 3B’s3KiB (-O- abo -OH) Ha
010CKJII MOXKJIMBE 3pOILYBaHHS KICTKOBOI TKAHUHHU 3 O10CKJIOM 32 MEXaHI3MOM, 1110

npejCcTaBiIeHU Ha puc. 7.6.
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Puc. 7.6. «Ilonii» Ha rpanui 6iockia i KiCTKOBOi TkaHuHU: 1 — ¢opmyBanus Si-OH-rpyn Ha
MOBEPXHI CKJIa y pe3yJbTaTi HOHHOTO 0OMiHY, 2 — yTBOpeHHs aMopdHOTO PocdaTy Kaabllifo Ha
MOBEPXHI TiAPaToOBaHOrO CKJa 1 HOro KpuCTami3alis y TiAPpOKCHIANaTUT, 3 — aacopOuis
010JI0T1YHO AKTHBHUX PEYOBHH alaTUTOBUM INapoM, 4 — «aKTHUBAaLis» IMYHHOI CHUCTEMHU;
CIIpsIMOBaHE BUIICHHSA 1 axcopOmis crenudiyHuX KICTKOBUX OUIKIB, 5 — MNPUKPIIUICHHS
Heau(epeHiHoBaHNX KIITUH 1 IX MEpPeTBOPEHHs y KICTKOBI KIITHHH, 6 — PICT KICTKOBOTO
MaTpHUKca i Horo MiHepaizais, 7 — nmepeOy1oBa KiCTKOBOi TKAHUHH M «3apOCTaHHS» MPOMIKKY
MDK CKJIOM 1 KICTKOIO. YMOBHO KaXXy4H, KOPAOHOM MK «HEKHUBHUM» 1 «OKHBHM» MPOXOIHUTH TI0
craminx 4-5 [49]

[Ipu cTBOpeHHi Oiockiia y OLIBIIOCTI BUMAAKIB BUKOPUCTOBYETHCA CKIA:
24,5% Na,0O, 24,5 % Ca0, 45 % SiO,, 6 % P,0s. 3miHIOIOYM CKJIaJa, MOXKHA Y
MIMPOKUX MeXaxX 3MIHIOBAaTU OI10aKTUBHICTh Takux wmatepianiB. [loBiabHE
OXOJIOJPKCHHS PO3ILIaBy 3a3HAUYCHUX OKCHJIIB 3a IMEBHUX TEMIIEPATYPHUX PEKUMaX
JT03BOJISIE YACTKOBO 3aKPUCTAIII3YBATH CKJIO (IIPU LIbOMY Hal4acTillle YyTBOPIOETHCS
MeTacuiikar Kaiublito — BonacToHIT CaSiO3) Ta ojaepkaTu 3MilllaHi,
CKJIOKpUCTAJIIYHI MaTepiaau — 010CUTalH, Kl MatOTh OUJIbII BUCOKI TOPIBHSHO 31

CKJIOM MEXaHIYHI XapaKTEPUCTHUKH.
7.2. biomaTepianu Ha ocHOBI ¢docdaTiB KaIbLi0

3a paxyHOK OJM3BKOCTI XIMIYHOTO CKJIaJy 3 KICTKOBOK TKaHHHOIO
HAWOUTBII TPUAATHUMHU MaTepiaiaMu JUIs 11 3aMiHM € Kaubliio ¢ocdaTu.
HaiiGinpiie 3acTocyBaHHS 3HaxXonAdTh Kaibllito Qocdarr, 1o mnpeacraBiaeHi

y Tabm. 7.3.
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Tabauys 7.3. @ocdaTi KaIbILi0, 0 3HAXOAATH 3aCTOCYBaHHS AK OiomaTepiaim [8]

PochaTn KaIbLiIO

| Po— InrepBan Jo0yTOK po3uMHHOCTI
®opmyJia, Ha3Ba HS YKP. Ca/P CT:f;mi;m_ pIIP pIlIP
(anr..) 25 EC) (25 °C) (37 °C)

Ca(H,P0O,). MK® 05 B 1.14 _
MOHOKaJIbLI€BUH ocdat (MCPA) ' ’
Ca(H2P04)2'H20 MKOM
MOHOKaJbIlleBU pochar (MCPM) 0,5 0-2 1,14 —
MOHOT1IpaT
CaHPOQO4-2H,0 JKO/1
JMKaJblieBuid pocdar (DCPD) 1 26 6,59 6,63
JTUT1apaT
CaHPO, JAK® (DCP) 1 ok 6.90 702
JTUKaIbIieBUi docdar ' '
Cag(HPO4)2(PO4)4'5H20 OK®
OKTaKaJbLieBHi ocdar (OCP) 133 551 9.6 9.9
Ca,(POa), zH,0 amopduwmii ADK
docdar kanpwio (ACP) 12-22 >0 25,71-32,1 -
Calo.X(HPO4)X(PO4)5.X(OH)2-X ATl
(0<x<1) HecrexioMeTpUIHUI (CDHA) 1,5- 6.5.95 851 .85 1
riagpokcuaanaTuT (KaibIlii 1,67 ! ' ' '
JedIUTHUI)
Caio(PO4)e(OH)2 FAILHA) | 67 9,5-12 116,8 117,2
T1IPOKCHIAIATUT ’ ' ' ’
(X—Ca3(PO4)2 o—T®K (o— e
O—TpUKaJIbII€BUN GocdaT TCP) 15 255 255
B_Ca3(PO4)2 B_T(DK (B_ T
B—TpuxanbuieBuii pocdar TCP) 15 28,9 29,5
Ca4P209 TTOK ekek
TeTpaKanbLieBuii Gpocdar (TTCP) 2 - 36-44 37-42

* Cralineuuii mpu t>100°C; ** yMOBM OTpUMaHHS — KOHIEHTPOBAHUN pO3uMH coueld, t>60°C;

*#* TReprodazHuil CUHTES.

BaxnuBuMHu mnapameTpamu, IO XapakKTepu3yloThb Kamiblilo (ochatu sk

Oiomarepianm, € ix crexiomerpis N (Ca)/n (P) i po3uuHHICTE. Y 3arajipbHOMY

BUNAJKYy, YdM MeHie criBBiaHomeHHs N (Ca)/n (P), TuM OUIbII «KUCIAMY i

OBl PO3YMHHIM € Kaibllito (ocdar. Takox, 3 Tabna. 7.3 BUIHO, HaWMEHII

PO3YMHHUM, a 3HAYUTh, HAMOUTBIIT TEPMOJTUHAMIYHO BIPOTITHUM € YTBOPEHHS caMe

["ATL Ile miaTBEpIKYETHCS 1 JAHUMH TI0 130T€pMaM PO3YMHHOCTI PI3HUX KaJIBIIIIO

dbocdaris, 1110 npeacTaBieHi Ha puc. 7.7.




168

g? CaHPOs4-2H20
o] Cas(HPO«)2(PO4)s- SH20
% [

Cas(PO4);OH

11

4 6 8 10
pH

Puc. 7.7. 130TepMu pO3YMHHOCTI pi3HKX Kaibilito ¢ocdaris 3a Temneparypu 37 °C [49]

Takox, 3a puc. 7.7 MOXXHa OIIHIOBaTH BIPOTIAHICTh YTBOPEHHS KaJbIIIIO
docdaTiB y BOAHUX PO3UMHAX Y 3AJI€KHOCTI BiJl yMOB CHHTE3Y.

Bci metonu oTpumanHs Kanblilo (ocdariB y po3uynHaXx YMOBHO MOKHA
PO3IUIMTH Ha Bl BEJIMKI TPYIU: XIMIYHE OCAKEHHS 1 T1ApOJi3 (B TOMY 4YUCHi U
TIpOTepMalIbHI METOAMKH). BuKOpucTaHHs METOAIB OCaKeHHS a0o TiApomizy
JUIsL OTpUMaHHs OIOMOPOLIKIB 33aCHOBAHO HA PI3HIM PO3YMHHOCTI KaJbI[IO
docdariB. Sk OGiocyMicHI Marepiaaud Ha OCHOBI Kaubllito ¢ocdaTiB HaAWOUTBIIHIA
IHTEpeC SIBISIOTh JTUKANbLIEBUM Qocdar aurigpar, OKTakalbLieBUH ¢ocdar,
amop(dumit KanbIlio Gocdar i TIAPOKCHU]T aTlaTHUT.

Kanpmiit rigpodocdar muriapar (puc. 7.8) HAMOUIBII PO3YMHHUN cepen
010CyMICHUX Kanbllito ¢ocdaTiB. Bin OyB BUsIBIIEHU B 001aCTI KICTKOBOI MO301i,
HUPKOBUX  KaMEHsX, 3yOHOMY  HalbOTi,  XOJECTEPHUHOBHX  TpoMOax.
VY nabGopaTopHHX yMOBax Kajbllito riipodocdar AUTIApAT MOXKHA OJEpKATH 3a

pH=3-4,5 3rigHo peaxii:

CaCl,+ Na,HPO, + 2H,0 = CaHPO,2H,0 + 2NaCl. (7.1)
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§ '\L' % 2 Monoeclinic
a=6363A
b=1519A pf=11848°
c=58154A

S| 10 mkm 7

Puc. 7.8. Kanbmiii rizpodocdar aurigpar [49]

OxrakanbiieBuii  gocdar (puc. 7.9), sSKHil YaCTO YTBOPIOETHCA SIK
MPOMIXKHUI MPOAYKT Mpu cuHTe31 ['A, MOXKHa OTpUMYBATH:

® 33 peaKII€I0 TAPOoi3y (32 HaAsIBHOCTI JIYTY):
8CaHPOQO, + 4NaOH + H,0 = Cag(HPQ,4)2(PO4)4 5H,0 + 2Na,HPQ,, (7.2)
® 33 PEaKIIIEI0 OCAKCHHS:
8CaCl, + 6Na,HPO, + 4NaOH + H,0 = Cag(HPO,),(PO,),-5H,0 + 16NacCl. (7.3)

Kanbmiit oktadocdar (sik 1 amopdumitl Kambiid Gocdar) € npekypcopom s

MOJAJIBIIOTO OJIEP>KAHHS KICTKOBOTO T1IPOKCUAANATUTY MTPH (OPMYBaHHI KiCTKH:

Cag(HPO,),(PO4)s5H,0 + 2Ca®" + 40H™ = Cayo(PO,)(OH), + 2H,0. (7.4)
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Triclinic

P1 a=9529A  a=90.13°
b=18.994A  p=9219¢
c=6885A  y=103.36°

Puc. 7.9. Kanbmiii okradocdar [49]

AMopduuit kanbiito ¢docdhar y J1adOpaTOpHUX yMOBaxX OJIEPKYIOTh 3a

HACTYITHOIO PEAKIIIEIO0:
xCa”" + yHPO,” + yOH" + (n-y) H,0 = Ca,(PO,), nH,0. (7.5)

AMopduuit kansiiit dochar (puc. 7.10) Takoxxk € OIOCYMICHUM Ta
BHCOKOO10pe30pOOBaHNM MaTepiasioM. PaHillle MOMUIKOBO BBaXXayiH, IO caM
amop(uMil Kanbiii dochaT € OCHOBOIO HEOPraHIYHOI CKJIAJ0BOi KICTKH, a He
kpuctamiuauii ['A. HacnpaBnai yTBOpeHHsI KICTKUA BIIOYBA€THCS Yepe3 MPOMIXKHY
dbopmy amopdroro kanbiid Gocdaty 3 nmoganepiIor Kpuctamzaiiew oro y I'AlT

3a JBOMa MOXJINMBHUMH HIJISIXaMU:

v

AK® TAIL (7.6)

AKD

v

OK®

v

TAIL (7.7)

BBaxkaeTbcs, 110 TIAPOKCHUIANIATUT € 1JICaJIbHUM KaHIWJIATOM JJIsS 3aMiHU
KicTkOBO1 TkaHuHM. llepmia cnpoba Bukopuctatu ['All y 3a3HaueHMX LUIAX
BimHOCUTHCA 10 1920 p. OnmHak, mmpoke KomepiliiHe po3noBcrokeHHs ['ATl
OTpUMAJIO HE TaK AaBHO (3 80-X pp. MUHYJOrO0 CTOMITTA). ['iApokcuaanaTuT nodpe
CYMICHUH 3 MYCKYJIbHOIO TKAHMHOIO 1 IIKIPOIO, a MICJs IMIUIAHTAlil BiH 3/1aTeH

3pocTaTucsl 3 KICTKOBOI TKaHMHOIO B oprasizmi. Bucoka 6OiocymicHiTe ['AIl
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MOSICHIOETHCSI KPHUCTAJIOXIMIYHOIO MOAIOHICTIO INTYYHOTO Marepianxy KiCTKOBOT

TKAHUHI.

- OH = : %
:_. o “Cay(PO),* xH,0
@—-Cn
Q-p

Claster CafPO,)

Puc. 7.10. Amopduuii kanbiiiro Gpocdar [49]

Hacnpasni Al (puc. 7.11) € peuoBHHOIO 3MIHHOTO CKJIanay, 1 Horo gopmyiia
Moke Oyt mpenctaBieHa SIK Cajgx(HPO4)ex(OH)2x, e 0<x<1 (TOOTO MOJBHE
BimHomeHHss Ca/P moxxe Mingatucsa Big 1,5 mpu x=1 mo 1,67 mpu x=0). ¥V
KPUCTAJIIYHIN CTPYKTypl anaTtuTy MOXJIMBAa YacTKOBa 3aMiHa (3aMiILIEHHS)
KaTiOHIB KalbIif0 Ha iHuN HoHHM, Hampukiax Ha Sr>', Ba®*, Be?*, Pb*. ®docpar-
jionn MOXyTh OyTH 3amimmeni Ha SiO,* a6o CO5*, a OH-rpymu — na ionu CI', Br,

F . 3nayna kuIbKICTh PTOPY BXOAUTH 10 ckiany ['All mio micTuthes y 3ydax.

Hexngonal :
Péyfm a=9422A
c=6880A

Cay(HPG,), (PO, )e(OH),.

Puc. 7.11. T'inpokcunamnarut [49]
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KapboHnaT-iioH € 0JHUM 3 OCHOBHHUX JDKepen aedopmarlii rpaTku anaTury,
[0 CTBOPIOE JIOKAJIbHI MeXaHIuHI Hampyru 1 jaedektu y kpucranmax [All me 1
BU3HAUa€ OIOJOriYHY aKTHUBHICTh KICTKOBOTO amaTUTY, SKHM Ha3UBalOTh
KapOoHATamaTUTOM. Y 3aralbHOMY BUTIAAKY (OpMYITy MiHEPATbHOTO KOMITIOHCHTA
KICTKOBUX TKaHUH MoxHa mpenctaBuTH y BHIIIII Cag(CO3)x(HPO,)y(PO4)s(OH)
(me X +y = 1). LikaBo, mo 3 BikoM BMICT KapOoHaT-ioHYy y KicTkoBomy ['AIl
3poctae. lle BUKIHMKAE 3HUKCHHSI MEXaHIYHOT MIITHOCTI KiCTOK Y JIFOJICH MTOXHIIOTO
Biky. [lpm omepkanni cuuTetmyHoro ['AIl GakaHo mo0 BiH, SIK 1 KiCTKOBHI
amaTuT, CKJIaJaBCs 3 IUIACTUHYACTUX KPHUCTaiB Majoro po3Mmipy (50 HM) 1 MaB y
CBOEMY CKJIaJll KapOOHAT-HOHHU.

OpepxaHHs TOPOIIKY TiAPOKCHAANATUTY MPOBOIATH a00 «MOKPHUMMI»
MeTogaMu, abo y xoai TBepaodaszHoro cuHTtedy. Ilpu ocakeHHI 3 BOJHHX
po3uuHiB nipu pH>6 0AepKyIOTh APIOHOKPUCTAIIYHUNA TOPOIIOK. J[0 KIacMYHMX

«MOKpux» MeTo1B cuHTe3y ['All Hanexxarb HACTYIHI PIBHAHHS:
10Ca(NO)3 + 6(NH,4),HPO, +8H,0 = Ca;9(PO4)s(OH),| + 20NH4NO3, (7.8)
10C8.(OH)2 + 6H;PO, = Calo(PO4)6(OH)2 + 18H,0. (79)

[Ipuyomy B gKOCTI peareHTiB y peakiiii (7.8) MOXyTh OyTH B3sTI W 1HIII
COJIl, HANpPWKIaA, XJOpHUH Kaublito 1 ¢ocdar Harpiro. Ha mouarkoBiit cramii
peakKIlii 4acTo yTBOPIOIOThCS amopdHi ocanu ¢docdatiB Kaabllilo 3 BIAHOIMICHHSIM
Ca/P, skl MOXKYTh HE 301ratoThCs 3 17IeaJbHUM BITHOIIEHHAM 1,67, 1 JUIIE TOTIM,
IPOTArOM TPUBAJIOTO MEpIoAy 4Yacy (YacTto 3aiiMae KulbKa JHIB), BIIOYBAa€ThCS
KpUCTali3allisl BiacHe TiApokcuaanatuty. dopma KpUCTAB, SKI OACPKYIOThCS
OCaJDKEHHSIM 13 PO3YMHIB, MOXE OyTH PI3HOMAHITHOI: CTPUXKHI, TOJIKH, OKPYTJi
YacTKH, TOHKI TutacTUHHU. OKpIM yacy KpucTaizalii ¥ KOHLIEHTpalli pO34YHHIB
peareHriB, po3Mipu i (HOpMy KPUCTATIB BHU3HAYAIOTHCS MPUCYTHIMH Yy PO3UHMHI
nomimkamu. Binm posmipy Ta dopmu kpuctamB ['A  3anexuTh, HACKIUIBKA
010aKTUBHUM OyJle OTPUMAHUI MOPOLIOK.

['AIl omepyroTh TakoXX 3a peakiliero B3aeMoxii (ocdariB kampiiro 3

ayramu (Hampukiaj, riapodocdaTy KaubIliioo), ajae el CUHTE3 BUKOPUCTOBYIOTh
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MOPIBHAHO PIJKO 4Yepe3 AyXKe HHU3bKI IIBUIKOCTI MPOIECIB CHUHTE3Y MOPOIIKIB

AL
10CaHPO4 + 8NaOH = Ca;g(PO4)s(OH),| + 4Na,HPO, + 6H,0. (7.10)

[IpoTe moaiOHI TiAPOIITAYHI peakilii BIAINparOTh 3HAYHY POJIb B Mpollecax
TBEPJIHHS, JI€ BOHU BHUKOPHUCTOBYIOTh SIK ¢ochaTHi IEMEHTH IIBUIKOIO
Ty>KaBIHHS.

TBepnodasuuit cuHTE3 J03BOJSE OAECPKYBATH KPYMHOKPUCTATIUHUN
MmaTepian 13 3ajanuM BigHomeHHsSM Ca/P, ane Bumarae TpuBamoro HarpiBaHHs 3a
temneparypu 1273-1573 K. BumamioBanHs TpW  BHCOKIM  TeMmeparypi
3aCTOCOBYIOTBCS 1 AJIsl CHIKAHHS MONEPEAHbO OTPUMAHUX (HAPUKIIAA, «MOKPUMU»

METO/IaMH ) MOPOLIKIB MPU CTBOPEHH1 (hoCcHaTHOT KEpaMiKH:

6CaHPO,2H,0 + 4Ca0 = Calo(PO4)6(OH)2 + 4H20T, (711)
10CaCO; + 6(NH,),HPO, =
= Calo(PO4)6(OH)2 + 10C02T + 12NH3T + 4H20T (712)

[Ipu BUroToBieHHi kepamiku Ha ocHOBI uuctoro I'All, Ha kanb, HE 3aBXKAU
BJIA€THCS OACPKATH ii 3 HEOOXIAHOI MIIHICTIO, 1[0 CYTTEBO OOMEXy€e 00JacTh ii
3actocyBanHsa. Kepamika Ha ocHoBl ['All xapakTepusyeTbcss JOCUTh HU3BKOIO
CTIUKICTIO JI0 TIOUIMPEHHS TPIIIMH 1 BEITUKUM PO3KHIOM EKCIIePUMEHTAThHUX
3HauU€Hb MIIHOCTI BiJ 3pa3ka A0 3pa3ka. Boisore cepenoBuiie, IO IMITYE
CEpENIOBUIIIE OpraHi3My, JIMIe 30UIbIIYE 11l HETaTUBHI BJIACTHUBOCTI KEpPaMIKH.
Yepe3 11 TPUYUHU BEJETHCS IHTCHCUBHHMI TMOMIYK HOBUX KOMIIO3UIIIMHUX
MarepiaidiB 3 MOJIMIIEHHMMH MEXaHIYHUMU  XapakTepucThukamu. Husbka
po3unHHICTh cuHTeTUYHOTO ['AIl 00epTaeThcsi MOro HEBUCOKOK O10AKTHUBHICTIO:
KICTKOBI KJITMHU TOBLIBHO «IEPETPABIIOIOTHY 3alPONOHOBAHE 1M JIKEPEIIO
Kanmpliro Ta ¢Gochopy; SK HACTIAOK, KICTKAa TMOBUIBHO BPOCTAE€ y KEepaMiuHUN
iMmradTar. Jlisg  migBumieHHs  OiloakTuBHOCTI  ['AIl  po30aBisioTh  OUIBII
po3uMHHUMHU (ochaTaMu Kajbllil0, HAMPHUKIAA, TpU3aMillleHUM opTodocdaTom,

a00 x BUTOTOBJISI0TH opucty ["All-kepamiky (puc. 7.12).
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Puc. 7.12. Tlopucra kepamika uHa ocaosi I'AII [50]

[Topucra kepamika 3 TIIPOKCHUAAMATUTY IIUPOKO 3aCTOCOBYETHCS SIK
KICTKOBHI 3aMIHHMK, BHACJIIJJOK BHCOKOTO 3pOIIEHHS 3 KICTKOBOIO TKAaHUHOIO.
KicTkoBa TkaHWHA IPOPOCTAE y MOPH IMIUIAHTATY, MPOTE HASABHICTH BEJIUKUX TOP
MOMITHO TOTIPIITY€E HOTO MIIHICTb.

OcoOsuBHii 1HTEpec fAK Olomarepiagud CTaHOBJIATh KaibLii-(pocdarhi
KICTKOB1 IIEMEHTH, IO SBJSIOTH COOOK CyMilll MOpOIKIB ¢ocdaTiB KalbIiio
pisoro ckiany CaHPO42H,0, Cay(PO,),0, CaHPO,, CagHy(PO,4)s5H;0,
CaHPO4 H,0, a-TK® i Bogu (ab6o posumniB H3PO4, Na,HPO,). Ilogidua cymimn
nepetBoproeTbesi y ['AIl HaBith mpu 37 °C 'y Xoll TyXaBIHHA IIEMEHTY,
yTBOPIOKOYM MOpUCTy Macy. KitacuuHoro € gocdarHa 1ieMeHTHa cucTema, B OCHOBI

SKOT JIGKUTh PEaKIis:
2CaHPO, + 2Ca,4P,0q = Ca]_o(PO4)5(OH)2. (713)

Ipgpodpochpar CaHPO, — Oumemn  kmcma  (Ca/P (=1) <1,67), a
TeTpakanblieBuii pochar — Oumein ocHoBHa pedoBuHa (Ca/P (=2)>1,67) y
MOPIBHSHHI 3 T1IPOKCHUIANATUTOM, TOOTO peakiis (7.13) mMoxe po3risaaTucs sk
CBOTO poay peakiiss Heurtpamizamii. [lo mepeBar ¢ochaTHUX IIEMEHTIB CIIijT
BITHECTH iX BHMCOKY O10aKTHBHICTb, OlocyMicHicTh. Kpim Toro, memeHTHiil maci
JIETKO Hajatu Oyab-saky (opMy, IO IyXKe 3pYyYHO MPU 3aMOBHEHH1 KiCTKOBHX
nedexTiB abo mIomMOyBaHHI 3yOHUX KaHaiB. ['OJOBHUI ke 1X HEMOJIK — HU3BKI
MIIHICTHI XapaKTEPUCTUKH. SIKIIO BIACTHCS MOJIMIINATH X MILHICTh, TO hocdaTHi

HEMEHTH 3MOXKYTh 3aMIHUTH COOOIO0 LIEMEHTH Ha OCHOBI MOJIMETUIMETAKPUIIATY,
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K1 BUKOPUCTOBYIOTH JJisi (ikcamii kocTter 1 immianTatiB. [Ipu npomy ¢ocdarni
IIEMEHTH BHUKOPHCTOBYIOTH [UIsl TUIOMOYBaHHS 3YOHHMX KaHaliB, y CHCTeMax
MEepPeHOCy JIKapChKUX 3aco0iB. Kpucranm amatuTy, MO0 YTBOPIOIOTHCS 3T0JIOM
TICIIA TBEPAIHHS IIEMEHTHOI CyMillll, MaloTh HEBEJIUKI po3MipH (50 HM MIMPUHOIO 1
1000 BHM noBXHMHOIO). Maji po3Mipu KPUCTAITIB, iX HEBIOPSIAKOBAHICTD,
HAsIBHICTH MOP — yC€ 1€ MPU3BOAUTD J0 KpPaIoi pe3opOilii IeMEHTHIX MaTepiaiiB
y TOPIBHSAHHI 3 IIIJILHOIO BUIIAJICHOIO KEPaAMIKOIO.

[IparHeHHsT TOMINIIATA MEXaHIYHI XapaKTEPUCTUKU KambliiidocdaTHOl
KepaMiKy MPHUBEJIO 0 CTBOPEHHS KOMITO3UIIIHMX MaTepiajiB Ha OCHOBI KaJbIIiIO
docdatiB 1 pi3HUX MOTIMEPIB. Y MOAIOHOMY HAMpPSMKY PO3BUTKY OlomaTepialiiB
MOJKHA CIIOCTEpIraTh 3arajibHy TEHJEHIII0 CYYacHOTO MaTepialio3HaBCTBA [0
IIMPOKOT0 BUKOPUCTAHHS KOMITO3UIIITHUX MaTtepiaiiB, ajie, IMOBIPHO, BaXKJIMBIIIE
no0auYuTH TYT CIpoOy MOBUUTUCA Y MPUPOU, CIIPOOY NOCTYMHUMHU JJIsi Cy4acHOT
HayKH 3aco0aMM MOJEJIIOBATH CKJIAJl 1 OpraHi3allilo KICTKOBOI TKaHUHU. Y IIei yac
y SKOCT1 OpraHI4HOi CKJIaJJOBOI BUKOPHUCTOBYIOTH MOJIMEPH, AKi 010AeTpagylOTh:

YKEJIaTHH, KOJIareH, MOJIITIIKOJIIIN, NodiIakTiau (puc. 7.13).

Puc. 7.13. Tlokputts ['All Ha monimMepi Ta THTAaHOBHX ciutaBax [49]

Komnosutu I'All-komareH 3a XiMIYHMM CKJIQJIOM BIJIOBIAAIOTh peaibHIN
KICTIIl, X04a ¥ HE MalTh BIJAMOBIIHOI CTPYKTYpHOi opranizauii. Taki KoMno3uTu
MOXYTh OyTH OTpHWIMaHi, HAMpUKIaJ], TMPECYBaHHSIM MPOTITOM EKUIBKOX JIHIB
CYMIIIIl KOJIAareHy 1 MOPOIIKY TiAPOKCUIANaTUTy ad0 ocaKeHHsIM kpucTaiiB ['All

3 PO3YMHIB, IO MalOTh CKJIaJ MIXTKaHWMHHOI PIIMHM, HA KOJAreHOBI BOJIOKHA.



176

VY nepmioMy BHUMAAKYy BHUXOASTh MaTepiaad 3 JOCUTh HHU3BKHUMH MEXaHIYHUMU
XapakTepucTukamu. J{pyra MeToanKa MOJIENIOE€ HE TUIBKU CKIIaJl, ajie ¥ MeXaHi3M
YTBOPCHHSI KICTKOBOI TKaHWHH (MiHEpaTi3allis OpPraHidHOTO MaTpukca). 3 Iiie€l
NPUYUHU MOMIOHUNA MPUHOM HA3MBaIOTh O10MIMETHYHHM, TOOTO BiATBOPIOIOYHM
OpUpOAHUIN Tpoliec. BiacTaHb MK BOJIOKHAMHM KOJAreHy BH3HA4Ya€e po3MIp
3pOCTalOUMX KpUCTaNIiB anaTuTy. OTpUMaHUi y Takui Crocid MOpuUcTUil Martepiai
XapaKTePU3Yy€EThCS BUCOKOI 010aKTUBHOCTIO, O11bII01, Hixk ['AIT 1 KOTaren okpemo.

VYceimomnenass toro dakry, mo ['All-komareHoBi KOMIO3WUTH 3a CBOIM
CKJIa/IOM TOTOKHI KICTKOBIM TKaHWHI Ta (AaKTUYHO € JHKEPEIOM MIHEpaTbHUX 1
OpraHIYHUX PEYOBUH IS KICTKOBUX KIITHH, TPHU3BEIO JI0 BUHUKHECHHS
pereHepamniiHoro miaxoay, y AKOMYy aklleHT pOOUTHCS HE Ha 3aMIIIEHHS A€PEKTY
IMIJTAHTATOM 3 TNPUAHATHUMH MEXaHIYHUMU XapaKTEepPUCTUKAMHU, a Ha IIBUIKY
Olojerpananio MaTepialy Ta 3aMiHy MOro KIiCTKOBOIO TKaHMHOW. [Ipu mpomy
TaKUl KOMITO3UT-IMIUIAHTAT CIIOYATKy BIAIrPa€e POJb OMOPHOIO 1 HAMPSIMHOTO
CJIEMEHTY, 110 CIpHUAE€ POCTYy KICTKOBOI TKaHWHHU, a HaJall TOCTYIOBO
PO3CMOKTY€EThCSl. 3BUYailHO, Oa)kaHo, MO0 IMIUIAaHTAT MaB 1 TEBHUN pIBEHb
MEXaHIYHUX XapaKTEPUCTUK Ta MIr OM HECTH HABAHTAXKECHHS Y MicisionepaliiHui
1epio 10 MTOBHOI 3aMIHHM MOT0 KICTKOBOIO TKAaHUHOIO.

Cepen 3aMiHHUKIB KICTKOBOI TKAaHUHU OCOOJIMBE 3HAYEHHS MAarloTh
MeXaHIYHI ¥ O10JIOTIYHI BJIACTHBOCTI IMIUTAaHTATIB. [lOpIBHSHHA MeEXaHIYHUX
BJIACTUBOCTEHN LIMX MaTepialliB 1 KICTKOBOI TKAaHUHHU HaBeJleHe Ha puc. 7.14, ne Bci
Marepiaiy poO3TallOBaHI Ha KOOPJAWHATHIA IUIOLIMHI Yy BIAMOBIAHOCTI 31
3HaUEHHAMHM iX TBepAOCTI (MPYXKHOCTI) 1 TPINIMHOCTIMKOCTI. Po3ymHUM
KOMIIPOMICOM MIDX CYIMEpEeYIMBUMH BUMOTaMH, 3alpPONOHOBAHUMU /10 KiICTKOBHUX
IMIUTaHTaTiB, € KoMno3uTu ["All-oxiMep, ki MarOTh OJIM3bKI 10 KICTKH MEXaHIuHI

BJIACTHBOCTI Ta MPOSIBJIAIOTH BUCOKY O10aKTHBHICTb.
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1 Ti 3 TA-noKpATTAM

KICTKa

T'A - KepaMika

TpimiHOCTHKICTS

I'A - IonmiMep

TA TA -cxmo

Y

IIpyxHICTE

Puc. 7.14. TlopiBHAHHS MEXaHIYHUX BJIaCTUBOCTEH pisHuX OiomaTepiamis [50]

JlocuTh MEepCreKTUBHUMU TIPH JIIKYBAaHHI HEBEJIMKUX KICTKOBUX JE(PEKTIB €
3aCTOCYBAaHHSI pEreHepaliiHOro MiAXooy, JIeé Ha IMeplie MiCLe y MaTepiajax
BUXOAATH iX Olonoriydi BiactuBocTi. CaM QakT po3poOku marepiaiiB, Kl
CTUMYJIOIOTh OCTEOCHHTE3, O3Hayae€, IO MIC/Is MaiKe MIBBIKOBOI'O aKTUBHOTO
3aCTOCYBaHHs OioMarepiaiiB MPUXOAUTH PO3YMIHHS CKJIQHOCTI 3aBAaHHS
BIJIHOBJICHHS M 3aMiHM KICTKOBOi TKaHMHH. 3aCTOCYBaHHS TOTro abo 1HIIOTO
MaTtepiany 3alleKuTh, SK Bl MEIMKO-O10JOTIYHUX XapaKTEPUCTHK KICTKOBOTO
nedeKTy, Tak 1, IMOBIPHO, BiJl KOHKPETHOI'O KJITHIYHOTO BUMAJKY. OTkKe, pO3B'I30K
3a3HAYEHOTO 3aBJaHHS MOKJIMBUM JIMIIE TPU HASBHOCTI IIUPOKOTO CIIEKTpa
O0iomatepiaiiB. Bubip 3 HUX martepiany, 10 MaKCUMaJIbHO 3aJ0BOJILHSIE BUMOTaM
KOHKPETHOTO BUMAKY, — KJIFOY JI0 YCIIXY.

Takum 4HOM, 13 BCHOT'O BUIIICHABEACHOTO PO OloMaTepiaid BUIUIMBAE, 1110
IMIUTaHTaTH ab00 mnpocTo OiloMarepiadd MOBUMHHI OyTHM XIMIYHO 1HEPTHUMH
MaTtepianamMu y O10JOTIYHUX CEpEJIOBHINAX, MOBUHHA OYTHU BIJICYTHS KOpO3isS B
yMOBaxX JIIOJCBKOTO  oOpraHiaMy a00 TOBHHHO OyTH  pO3YMHEHHS 13
KOHTPOJIbOBAHOIO IIBHJKICTIO, OyTH MIIHUMH, CTIMKMMH, MaTd OIMIp [0
pyHHYBaHHS, MaTH BIJICYTHICTb pe€aKkiliii 3 OOKy IMYHHOI CHUCTEMH, MOBHMHHI

3pOCTATHUCh 13 KICTKOBOIO TKAHUHOIO, MOBUHHI CTUMYJIFOBATH OCTEOCHHTE3.
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IIuTaHHd 10 CAMOKOHTPOJIIO

HaBenith BU3HaUeHHS OiomMaTepiaiB.

HaBenite kiacu@ikaiiro BHUXOASYM 3 XapakTepy B3aeMOAil 3 TKaHWHAMU

JIIOJICBKOTO OpPTaHi3My.

3
4
5
6.
.
8
9

o Take 610CYyMICHICTB?

HapeniTe npuHLIMI CTBOPEHHS OioMaTepiaiB Jijisi KICTKOBOI TKAHUHH.
OxapakTepu3yiTe HaTypaJibHY KICTKOBY TKaHUHY.

HageniTh xapakTepucTuky 0101HEPTHOT KEPaMiKH.

[ITo Take GioakTHBHA Kepamika. HaBeaiTh npukiaam.

[TpuBeniTh 0COOMMBOCTI KEpaMiKi Ha OCHOBI (hOc(haTIB KaIbIIIO.

Axi docdaru kanpLi0 € HAUOLTBII NEPCHEKTUBHUMU JIJISl IX BUKOPUCTAHHS SIK

IMIUTaHTaTH?

10. HaBenitTh MeTOIu OTpUMaHHS O10KepaMiKi Ha OCHOBI (pocaTiB KambIliio.

11. Hanaiite xapakrepuctuxky [I'AlL

12. TopiBusiite metoau oaepkanns ['All Ta 3anponoHyiiTe cxemy HOTo CHHTE3Y.
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METOJIWYHI PEKOMEHJIALII IO BAKOHAHHS
JIABOPATOPHUX POBIT

Jlaboparopna po6ora Ne 1. Cunre3 uupkonii (IV) okcnay romoreHHuM
0Ca/I>KEeHHSIM Ta BIJIMB TeMIlepaTypH KiHLeBoi 00pO0KN HA MUTOMY IJIONILY

MOBEPXHi

Mema pobomu: CHHTE3yBaTH METOJOM TOMOTEHHOTO XiMIYHOT'O OCa[KCHHSI
noporiky mupkoHiit (IV) okcuay Ta BCTAHOBUTH BIUIMB KIiHIIEBOI TEPMOOOPOOKH

Ha MTUTOMY IUIOILY MOBEPXHI.
Cmucni meopemuuti 6i00MoCmi

Kpucraniunuit nupkonito (IV) oxcun (ZrO,) Moxke iCHyBaTH y MOHOKJTIHHIM
(tepmoauHamiyHO cTabuibHOI 10 Temmeparypu 1170 °C), TerparonansbHii
(crabinsHoOi Big 1170 °C mo 2370 °C) 1 kyOiuniit (craduibHoi Bim 2370 °C no
temrneparypu poskiamganHsa crnoiayku — 2700 °C) momudikamisx [51]. Ha puc. 1
npexacrasiieHl nommMopdHi Mmoaudikamii ZrO, — iX aTOMHI CTPYKTYpPH 1 BIJIIOBIIHI
€JIEMEHTapHI KOMIPKH.

Hupkoniro (IV) oxcug y NPOMHUCIOBOCTI OTPUMYIOTH METOJaMH, IO
BKJIFOYAIOTh OOpPOOKY ULMPKOHIEBUX MIHEPAIB 3 MEPEBEICHHAM LHUPKOHIIO Y
pPO3YMH 1 HOTO HACTYMTHUM CEJIEKTUBHUM OCaJKEHHAM. OCHOBHUM MPOMUCIOBUM
MIHEpAJIOM, 3 SKOTO OAepXkylTh Zr0,, € mmupkoH (ZrSiO4). Cyth mporecy
onepxanus ZrQO, mnonsrae y BigokpemsieHHi I[lupkoniro Big Cumimiro. s
NepeBe/iIcHHsT Y BOAHUN PO3YMH OTpUMaH1 croiyku [lupkoHito (1IMpKOHATH
JY>)KHUX METaliB) 0OpOoOISIOTh PO3UMHAMM KUCJIOT (SIK MPABUIIO, XJIOPUAHOKO abo
cyabdarnoro) [S51]. Takum 4MHOM OAEP>KYIOTh MOHOKJIIHHY a00 TeTparoHajbHY
moaudikamii ZrO, 3 po3mipom kpuctamiTiB 300-500 HM, 10 3aCTOCOBYIOTHCS SIK
HOCIi KaTai3aTopiB, HAHOKEpaMiKa, 3aXUCHI MOKPUTTS, a TAKOK OCTAaHHIM 4acoM 1
y cToMartojorii sk Olokepamika /i BUTOTOBJICHHS iMIiaHTaTiB. Kpucramiuny

dazy ZrO, kyOiuHOi MoAM(pIKALl OTPUMYIOTH BBEACHHSIM Yy peakiiiiHe
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CepeloBUIIe 3HAUYHOI KUTbKOCTI pinkicHo3emenbHUX (Y, Yb, Ce) metamiB Ta Ca i
Mg. Jlnga oTpumaHHA HaHOYacTUHOK HupkoHid (IV) okcuay y nabopaTopHHX
yMOBaX  BHUKOPHCTOBYIOTb  HACTyImHI  METOAM:  XIMIYHE  OCAJDKEHHS,

riApoTepMalbHUM, TEPMIYHUHN, 30J1b-T€Nb Ta 1HII [52].

a 4] 8

Puc. 1. AToMHI CTpYKTYpH (3BEpXY) Ta KOOPIWHOBAHI OJJUH BIJHOCHO OAHOTO aTOMU OKCUTCHY
(gopni) Ta Llupkoniro (O111) eeMEHTapHUX KOMIpOK (3HH3Y) pisHUX Moaudikaiii ZrOo:
@) KyOi4HOI; 6) TeTparoHaIbHOI; 8) MOHOKJIIHHOT

Metoa XIMIYHOTO OCaJKEHHS TPYHTY€EThCSI Ha B3a€EMO/IIi PO3YMHHUX Y BO/II
a00 1HIIMX PO3YMHHUKAX CIOIYK 3 OCaJKyBayaMu, BHACIIJIOK YOT'O YTBOPIOIOTHCS
MaJOpO3YMHHI CHOJIYKH, $5Kl, 3a TOTpedu, NpPOMUBAIOTH, BIIJUISIOTH 1
MPOKAPIOIOTh JIJIi OTPUMAaHHS KIHIIEBOTO MPOAYKTY. XIMIUYHE OCAJDKEHHS 5K Y
BOJAHUX, TaK 1 y HE BOJHUX CEPEAOBHINAX — L€ CKIATHUN (PI3UKO-XIMIYHUN
mpoliec, IO Hajuidye KulbKa cTaniid: 1) 3MilmryBaHHS peareHTiB; 2) XiMiuHa
B3a€EMOJIISI 0CAKyBaya 3 KOMIIOHEHTAMU PO3YHMHY 3 YTBOPEHHSIM MaJIOPO3UYHMHHOT
CIIOJIYKU 1 CTBOPEHHSIM TepecuyeHHs; 3) yTBOpEeHHs TBeploi ¢a3u; 4) B3aeMois
YTBOPEHOTO OCaay 3 MAaTKOBUM PO3YMHOM, 3MiHA XIMIYHOTO CKJIAAy 1 CTPYKTYpHU
TBepnoi da3u (crapinHa ocany) [13]. BaximBoro € KoxHaA CTajis XiIMIYHOTO
OCaQ/KCHHS, TOMY II[0 OpraHizailis KOKHOi 3 HMX BIUIMBAa€ Ha KiHIEB1 (i3UKo-

XIMIYH1 BIACTUBOCTI 1 MOP(OJIOTiI0 0CAIKEHOTO OCaIy.
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3a J0MOMOrol XIMIYHOTO OCAPKEHHS MOXKHA Y IIUPOKOMY Jiama3oHi
BapilOBaTH BIACTUBOCTSMU Ta MOP(OJIOTIEI0 OACPKYBAaHUX YaCTHUHOK, MPOTE,
HEJOJTIKOM IIbOTO METOJAY € CKJIaJHICTb KOHTPOJIOBAHHS (DI3MKO-XIMIYHUX
XapaKTePUCTUK OCaJiB. BiJbI MOCTIMHI BIACTUBOCTI OCAIB y pe3yJIbTaTi XIMIYHOI
peakilii OTPUMYIOTh TaK 3BaHUM METOJOM FOMOTE€HHOTO OCAJ[KEHHSI.

[Ipu peanizatii memoody como2enHo020 XiMIYHO20 OCAOMCEHHs OCAIKyBad 1
pEUYOBHHA, IO OCAKYETHCS, 3HAXOIATHCS B OJHIN (ha3i (po3urHi) 1 HE BCTYIAKOTh
y XiMiyHy peakiito. [Iporec B3aemonii Moke BIZOYTHCS TUIBKH 32 pPaxyHOK
JOMATKOBOI XIMIYHOI peakmii (HampuKiIam, y BUIAAKY OCA/PKCHHS CoOJieh
[UPKOHII0 — PeaKilii riaposi3zy CEYOBUHU y pe3yJbTaTli HarpiBaHHS 3 YTBOPEHHSIM
T1JIPOKCUTY aMOHII0).

XiMIYHUM TOMOT€HHUM OcaKeHHSIM IupKoHik (IV) okcua onepKyeThes y
BurisiAl cycrnensii mupkoHit (IV) oxcurigpokcuny (ZrO(OH),), sikmii micins
(GIBTpYBaHHS, NPOMMBKH, CYHIIHHA 1 MPOKAPIOBAaHHS TIEPETBOPIOETHCS Ha
noporikonoaiouui ZrO, [53].

CyTb MeTOomy XIMIYHOTO TOMOT€HHOTO OCaKEHHs s oaepxkaHHs ZrO,
noJyisirae 'y HactrynHomy. [Ipu HarpiBaHHI BOJHOTO PO3YMHY OKCOCOJII IIMPKOHIIO
(HampuKIan, XJIOpuay, HITpaty Ta iH.) g0 temmneparypu 95-100 °C 3a HasBHOCTI
HAJUIMILIKY OcajkyBadya (kapOamimy) BiIOYyBa€eTbCS IMOCTYNOBHHM  TiApOIi3
OCTaHHBOTO 3 YTBOPEHHSIM T1APOKCUTY aMOHIt0 [53]:

(NH2)2CO + Hzo — 2NH3 + COZT, (1)
NH3 + Hzo = NH4OH (2)

YTBopenuit 3a peakiiero (2) NH,OH pearye 3 okcocUuIIO HIHUPKOHIIO 3
yrBopenHsim ZrO(OH), [52]:
ZrOCl, + 2NH,OH = ZrO(OH), + 2NH,CI. (3)
Perymntoroun Temneparypy, MOXHa 3MIHIOBaTH CTYIIHb TAPOII3Y Kapbaminy
1 TAKMM YMHOM BIUTUBATH Ha po3Mip yTBoproBanux yactuHok ZrO(OH), [53].
[Ipu mpomy, xapaktep piakoi (a3sm y HOBOYTBOPEHiN cycrieHsii Oyje

3aJie)aTu BiJl BUAY aHiOHA coil HupkoHito. Lli aHloHM MOBUHHI OyTH BUIIYYEHI 3
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CycreH3ii, OCKIJIbKH, OCIJal04d Ha TOBEPXHIO YAaCTHMHOK, BOHH 3a0pyIHIOIOTH
KIHIIEBUI OKCHUIHUM IMOPOIIIOK.

Excnepumenmanvnua wacmuna

IIpunaou, nocyo, peakmueu

MarnitHa mimanka 3 migirpisoM, 1 mt. Baru Texsiuni (3 Tounictio £0,02 1).

Barun anamituuni (3 tounictio +0,0002 r). CymmnsHa mada. Burskna mada.
Mydenbna miu. Jlilika broxuepa 3 kon6oro byH3ena Ta Bakyym-Hacocom, 1 1miT.
OinpTp «cuHsa cTpiukay. Tepmometp (mo 100 °C), 1 mrt. PapdopoBa crymka 3
nectukoM, 1 mt. @apdoposa yamika, 1 mr. @apdoposi Turii, 4 mr. ExcukaTtop 3
6ensomom, | mwrr. Ximiunmit crakan TepMocTiiikmii mictkicto 250 cm®, 1 .
brokcu ckiisHi 3 kpuikamu, 4 mt. CkiasHa npooipka, 1 mr. Kpucranizarop, 1 mir.
[TomieTuneHoBl makeTH g 3pas3kiB, 4 wt. [upkoniit (IV) okcuxnopun (ZrOCl,) ,
nopomiok. Kapb6amin ((NH,),CO), mopomok. Aprentym (I) nitpar (AgNO3),
po3uuH (0,1 M).

Onuc 1abopamopHoi ycmaHoexu

JlaGopaTtopHa ycTaHOBKAa CKJIQJA€ThCS 3 MArHITHOI MIIIQJIKK 3 MIAICPIBOM Ta

mTaTuBa 3 IIJICTaBKOIO, Ha SKOMY 3akpirjieHud Tepmomerp. OCHOBHI
KOHCTPYKTHBHI €JIEMEHTH J1a0opaTOpHOi ycTaHOBKH (puc. 2). 1 — Kopiyc
MarHiTHOI MIIIAJIKK 3 MIAITPIBOM, 2 — PEryJsTOp IHTEHCUBHOCTI MEPEMIIIYBAaHHS,
3 — OIryHOK, 4 — XIMIYHUI TEPMOCTIMKUHN CTakaH, 5 — TepMOMETp, 6 — IITATUB 3
MIJCTAaBKOIO, 7 — KHOIKA YBIMKHEHHS JXUBJICHHS, 8 — KHONKAa YBIMKHEHHS

HarpiBaHHs, 9 — CBITJIOB1 IHAMKATOPU TOTOBHOCTI.
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== O
2/ s/

Puc. 2. JlabopaTopHa ycTaHOBKa Jisi oaepkaHHs nupkoHid (IV) okcuay mMeTomom XiMi4HOTO

TOMOT€HHOTO OCa/DKCHHS: | — KOpImyCc MAar”iTHOI MIMIAJKK 3 TiAIrpiBoM, 2 — PEryisaTop
IHTEHCUBHOCTI TMepemilnyBaHHsi, 3 — OIryHok, 4 — XIMIYHUH TEpPMOCTIMKUN CTakaH,
5 — TepMomerp, 6 — IITATHB 3 MiJCTaBKOK0, 7 — KHOIIKA YBIMKHEHHS JKUBJICHHS, 8§ — KHOITKa

YBIMKHEHHS HarpiBaHHs, 9 — CBITJIOBI iHAMKATOPU TOTOBHOCTI

Ooepoicanns cycnenzii yupkowuit (1V) oxcueiopokcuody

B xiMi4HHiT TepMOCTIHKHiT CTAKaH OMyCKAIOTh OIryHOK i HanuBaoTh 200 cM®
JUCTUIBOBAHOI BOAM 1 CTaBIATh HMOro Ha Mar”iTHy Mmimanky. IloTim y crakan
3aHYPIOIOTh TEPMOMETpP, SKHM 3aKpIIUTIOITh 3a JIOMOMOTOI0 JIAMOK IITAaTHBA.
HaTuckaroTh KHONKY YBIMKHEHHS >KUBJICHHSI 1 KHONIKY YBIMKHEHHSI HarpiBaHHS.
CBITJIOBI  IHAMKATOPHM TOTOBHOCTI  TOBHUHHI  3aropituca. Perynsropom
IHTEHCHUBHOCTI TIEPEMIIlyBaHHS TPUBOAATH Yy pyX OITYHOK. 3BaXylOTh Ha
TexHiuHux Barax 2 1 coii ZrOCl; ta 4,8 T kap6amiay (1711 yTBOPEHHSI HACUUYEHOTO
po3unHy 3 KoHueHTpamiero (NH;),CO 0.4 moss/mv°. Hasaxkku ZrOCl, i (NH,),CO
MepPEeCUnarTh y XIMIYHUA TEPMOCTIWKHI CTaKaH, 4YeKalOoTh, IOKA PEAKTaHTH HE
PO3UYMHSATHCA 1 3aJIMIIAIOTH CyMilll HarpiBatucs. [licns TOCATHEHHS TeMIiepaTypu
posunHy 95 C iioro BuTpuMmyioth me 20 XBWIHH, a IHOTIM, IPH YTBOPEHHI
reJIenoI0HOTO Ocay, NPUMHUHSIOTH HarpiBaTH (iHOAI HEOOXITHO BHUTPUMATU

PO3YUH MPOTIroM OLIBII TPUBAJIOrO0 4Yacy). BHUMHKalOTh MarHiTHy MIMIANKY 3
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HiAIrpiBOM KHOMKAMU YBIMKHEHHS JKUBJICHHS 1 YBIMKHEHHS HarpiBaHHs. CBITIIOBI
1HAMKATOPU TOTOBHOCTI MOBUHHI 3racHyTU. OOepeXHO BUHUMAIOTh TEPMOMETp 3
pO3YMHY, BIIKPYTHBIIN TBUHT-(IKCATOp JIAMOK ITaTuBa. PO3UuMH y cTakaHi
CTaBJIATh HAa OXOJOJKEHHS /10 KPHUCTali3aTOpy, HAIOBHEHOI'O BOJOIPOBIIHOIO
BOJIOI0.

Dinempyeanns 1 npomusanus — cunmezosano2o  yupkouiu  (IV)
OKCULIOPOKCUOY

[TigkTro9aroTh BaKyyM-HacocC 10 MEepeXi BOAOMOCTaYaHHs, MiJ €IHYTh JIHKY

broxuepa a0 xonbu bynsena. @inpTp omyckaroTh y Jiliky broxHepa, HaIMBarOTh
TyI1 HEBEJIUKY KUIbKICTh JUCTUILOBAHOT BOJY 1 BIIKPYUYIOTH KpaH MOOYTOBOTO
Bojonoctadanss. [Ipu 1boMy AMCTUIROBaHA BOJAA MOBHMHHA 1HTEHCHUBHO MPONTH
yepe3 pinbTp y kosnOy bynzena. Ile cBimuuTh, 1o cucrema repmerudsa. Ilicims
NEPEeBIpKM Ha TE€pPMETHUYHICTh BMICT CTakaHa IEpesMBalOTh 10 Jiiiku broxhepa.
BiryHOK BIIOKpEMIIIOIOTH BijJ Ocaay MeAuYHUM miHineToM. Ocal NpOMHUBAIOThH
YOTUPU Pa3d JUCTHILOBAHOIO BOJOIO, MICII YOro, Bia €lHaBIIM JHKY broxnepa
BiJl K0iOM byH3eHa, HaOMPAIOTh KIJIbKa Kpareiab (QiIbTpaTy Yy CKISHY MPOOIPKY,
Kyau aojaiTh 2-3 kpamiuau po3unHy AgNOs. Skmo ¢iumeTpaT 3 mpo30oporo
NEPETBOPUBCS HA KaJaMyTHUH, TO MPOMHUBAHHS IMPOJOBXKYIOTH IO BIJCYTHOCTI
KaJlamyTi Tipu oAaBaHHi po3uuny AgNQOs. e cBiquuTh, 110 0caj BIAMUTUNA BiJ
rionis CI.

Cywinns i npoxcaprosants yupkoriu (IV) oxcuziopoxcudy

[Ticns mpoMuBaHHS ocan 3 (UIBTPOM MOMIIIAIOTE A0 (apPopoBOi YAILIKH,
Ky CTaBJIATh A0 CyumwibHOI madu. CyliiHHA TPOBOASTH BIPOJOBXK 2 TroJ 3a
temnepatypu 110 °C. Ilicna cymriHHS HamiBOPOAYKT BUKWMAIOTh 3 CYIIMIBHOI
madu, BIIOKPEMITIOIOTh Bl (GUIbTpa 1 MOMIIIAOTh 10 PapdopoBoi CcTynku, B sKii
MOPOIIOK PO3THUPAOTH JO APIOHOAMCIEPCHOTO cTaHy. [lopoImok 3BakyrOTh 1
3aHOCATH Horo macy (3 TounicTio 0,01 1) 10 Tabm. 1 (Mypax, ). IToTiM oxepxannit
MOPOIIOK PO3IISAIOTh Ha MPHUOJM3HO YOTUPU PIBHI YACTHHHM, HACUIAIOTH Y
dapdopoBi TUTIL, SKI TO 4Yep3l CTaBIATH y My(QenbHy MY 1 HPOXKaprOITh

BIIpoIoBXK 1 rogunu 3a Temmepatyp 150, 250, 350, 450 °C. Ilicns mposkaproBaHHS
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Jal0Th OXOJIOHYTH TOTOBOMY MponaykTy ZrO,, He BuiMarouu ioro 3 my¢eiabHoi
meyi, a TMmICAsA OXOJO/KeHHS mepecunaroTs 3 ¢dapopoBoro TUIIS 110
MOJTIETHJICHOBOTO TaKeTa, Ha IKOMY 3a3Ha4aloTh XIMIYHY (HOpMyYITy 1 TeMIepaTypy
KiHIIeBOi TepM0ooOpoOkH. [lakeTn 30€epiraroTh HIIJILHO 3aKPUTUMU 11 YHUKHEHHS
NOTPAIUISIHHA BOJSHOT Tapu 3 aTMochepHu.

Busznauennsa numomoi niowi nogepxmi oodepcanux 3pasxie yupxouiu (IV)
oKCcuoy

[lomepeanro BHUCYIIEHI y CymWIbHIN 1madi Orokcu 3 mpunuiioBaHUMU
KPHUIIKaMH 3BaXYIOTh Ha aHANITHYHUX Barax. [loTiM B HHUX HACHUMaIOTh OJHAKOBI
HaBaXXKH 3paskiB ZrO, macamu 0,5-1 r. 3BaXKyrOTh Ha aHAIITUYHUX Barax OIOKCH 3
KpumkamH 31 3pazkamu (3 TounicTio 0,0001 r) 1 3HaiiAeHi macu (Mo, T') 32aHOCATH 10
Tabs1. 2. BigHsaBIIM Macu OIOKCIB 3 KpUIIIKAMHU 31 3pa3kaMH BiJl Mac IMMyCTUX OIOKCIB
3 KpHIIKaMH, OJIEPKYIOTh Macu 3pas3kiB (M., r). Iicas nporo 3HiMarTh 3 OIOKCIB
KPUIIKK Ta CTAaBIATH iX 1O €KCHKaTopy 3 O€H30J0M /Jii HACHUYEHHS Maporo
6en3oity. ExcuKaTop HIUIBHO 3aKpUBAIOTh KPHIIKOIO. 3 1HTEpBaJIOM 15 XB OrOKCH
BUMMAIOTh 3 E€KCHKATopa i, 3aKPUBIIW KPHUITKAMH, 3BAKYIOTh HAa aHATITHYHUX
Barax. Macu 3aHocsaTh 110 Ta0n.2. Ilicns 3BaxyBaHHSI 3HOBY 3HIMAIOTh 3 OIOKCIB
KpUIIKA 1 CTaBJIATh JIO0 eKcukaropa 3 OenzosoMm. [lpomemypy 3BakyBaHHS
MOBTOPIOIOTH JI0 TUX MIp, NOKU PI3HMIISI HACTYMHOI 1 MONEPEIHbOI Mac OIOKCIB 3
KPHUIIKaMH 31 3pa3kaMH 32 YOTHUPHOX OCTAHHIX BUMIPIOBaHb OyJle MEHIIO0, HiX
0,05 .

Po3spaxynox euxody npooykmy ciopamosarnozco yupxoniii (IV) oxcuoy

Pospaxysaru macy ZrO(OH), (ZrO,-H,0) 3a crexiomerpiero peakiiiit (1-3),
HABEJCHUX Yy TEOPETUYHHUX BITOMOCTAX (Myeep, I), 1 3aHecTH 10 Tabm. 1.

Pospaxysatu Buxia npoaykty ZrO, -H,O (D, %) 3a hopmyiioro:
D = (Mypaxe/ Mreop) 100 %, (1)

1€ Myparr — Maca ofiepakanoro npoxykry ZrO,-H,O micis cyminns, T.



186

Tabauysa 1. TeopeTHuHa Ta eKCepUMeHTaJbHA MacH 3pa3ka Zr0O, -H,0

3paszok ZrO;,-H;0 nicasi cyminus

meaKT) r mTeopa r

Buxig nponykry @ = %.

Ilob6yoosa i3omepmu adcopoyii ma 8uU3HAUEHHS NUMOMUX NAOU, NOBEPXOHb
3paskie yupxoniu (IV) okcudy
3a 3HalJIcHMMU MacaMu aJcopOOBaHOi Mapu OEH30Jy 3HAXOMASTHh BEIHMUYUHY

MOJISIpHOT aacopOItii (8, MOJIB/T) 32 HOPMYIIOLO:

am = (My=-Mo)/(McgHs™M.), (2)

1€ M, — Maca O0roKca 3 KpUIIKOIO 31 3pa3KOoM IICIIsl HACUYEHHS [aporo OeH3011y, T,
My — Maca OroKca 3 KPHUILKOIO 31 3pa3KOM J0 KOHTAKTYy 3 Maporo O€H30:1y, T,
McsHs — MOJISIpHA Maca O€H30.1y, 78 T/MOJIb,

m, — maca 3paska ZrO,, T.
OpeprkaHi 3Ha4YEHHS 8y, 3aHOCATH 0 Tabu. 2. byayroTs 130Tepmy ancopOuii

K QYHKIIIIO BEJIMYMHN MOJISIpHOT ancopOitii Bia yacy (z, xB.) (an=f(z)).

3a BeIMYMHAMM MOJIAPHOI ajcopOuili po3paxoBYIOTh MUTOMI IUIOLI

OBEPXOHB 3pa3kiB ZrO; (S,.m, MZ/F) 3a GOpMYJIOIO:
Snum =am NA'S01 (3)

ne Na — ctana ABoraapo, Monb'l,
Sy — Mo, SIKY 3aiiMae oHa MoJeKyia 6ersomy, 39-107° v,
Opnep>kani 3HAYCHHS S, 3aHOCATD 110 TabOJ. 2 Ta OyayroTh rpadik 3aJeKHOCTI
MUTOMOI TIJIOLII MOBEPXHI Bl TEMIIEpaTypHu KIHILIEBOi TEpMOOOpOOKH 3pa3kiB ZrO,

(T, °C) (Suum = (T)).



187

Tabauya 2. 3Imina mac 3pa3kiB ZrQ; npu HacHYeHHi NApPoI 0eH30J1y Ta BEJIUYUHH

aacopouii (MoJb/r)

Brokcu | Mo, T | My, T | M5, T | M3g, T mlfs’ m;so, My, T M(?JTI;/F i’[’é‘;”r’
150 °C
250 °C
350 °C
450 °C

PoGnaTe BHUCHOBKH, INTOAO IIPOBCACHOIO CKCIICPHUMCHTY Ta OTPHMAHHX

pe3yIbTaTiB.

Texuixka b6e3nexu

1. BukonyBaTu mpaBmwia poOOTH 3 €IEKTPUYHUMHU HarpiBalbHUMHU
IpUIagaMH.

2. He 3anummaTtu ycraHoBKYy B poO04OMY CTaH1 0€3 HarJsLy.

3. HeoOximHO mnposiBIATH 0OEpEeXHICTh MNpPU MOBOHKEHHI 31 BciMma

XIMIYHHUMU PEYOBUHAMH, K1 BAKOPUCTOBYIOTH Y POOOTI.
Koumponwni 3anumanms

Jlonyck 0o pobomu
1. B domy momsirae mera pob6oru? HaBecTn BUMOTH TEXHIKH O€3MEKH

IPY BUKOHAHHI POOOTH.

2. [Ilo Take XIMIYHE TOMOT'SHHE OCaIKCHHS?

3. Sk 1 3a siKkUX yMOB Tiepebirae riaposi3 kapoaminy?

3axucm pobomu

1. B yomy nossirae MeTo ] XiMi9YHOTO TOMOTE€HHOTO OCaIKEHHS?

2. OnumriTe XiMi3M TIEPETBOPEHD, 110 NEpediraloTh Mij 4ac OJep:KaHHS

nopoiky ZrO; MeTo 1 XiIMIYHOTO TOMOT€HHOTO OCaJIP)KCHHS.
3. Yomy mnwuromMa mioma moBepxHiI ZrQO, 3aleXuTh BIJ KIHIEBOI

TeMIiepaTypu o0poOku?




188

JladopaTropna po6ora Ne 2. I'inporepmajibHuii cuuTe3 30.1iB ZrO; ta

SnO; Ta gocaiazkeHHs iX po3MipiB TypOiIMMeTPUYHUM METO0M

Mema pobomu: CUHTE3yBaTH TiIPOTEPMATLHUM METOJOM HAHOYACTHUHKHU
mupkoniro  (IV) Ta cranymy (IV) okcuaiB Ta BH3HAYUTH IX PO3MipH

TypOIAMMETPUIHUM CITIOCOOOM.
Cmucni meopemuuti 6i00MoCmi

I'aporepManbHMii METOJ, Ha BIAMIHY BiJ I1HIIMX, TaKUX SK XIMIYHE
OCaJDKEHHS Ta 30J1b-T€JIb, 3 TOUYKH 30py OCHOBHUX TMapaMeTpiB KEPyBaHHS (THUCK i
TeMIlepaTypa), € OUIbII panioHaIbHUM 1 edekTuBHUM. [Ipu mpoBeneHHI mpouecy
riIpOTepMalIbHOT OOpOOKM y pEakTOopi aBTOKJIABa 3a HASBHOCTI IOBITPSHOTO
npowmapky (0e3 NepenoBHEHHS PpO3YMHOM peakTopa IO BIHIA), B MpoIeci
HarpiBaHHS BOJHHMX PO3YHMHIB PEArceHTIB [0 TEMIEpaTyp, SKi MEepPEBUIYIOTh
100 °C, miaBUIIYETHCS THUCKY HACHYEHOI Mapu HaJ PO3YMHOM JI0 3HAUYEHb MOHA]l
0,1 MIIa (1 atm). 3a miABUIIEHOTO TUCKY Ma€ PO3BUTOK MPOLEC MEPEXOAY COJIi
IUPKOHII0O a00 CTaHyMy B HAHOJMCIEPCHI TOPOIIKH BIAMOBIIHUX OKCHIB,
OMMHAIOYM CTAJII0 MEePETBOPEHHS coJil y riapokcua. [Ipu npomy xapakrep piakoi
¢da3u y HOBOYTBOPEHIN CycCIIeH31i Oy/ie 3ajeaTu BiJl BUAY aHIOHAa OOpaHUX COJICH.
Sk npaBuiio, 111 aHIOHM Y KIHIIEBOMY BUTAJKy TOBUHHI OyTH BIIIYY€HI 3 CyCIEH31],
OCKUJIbKH, OCiJaloud Ha TOBEPXHIO HAHOYATHHOK, BOHM 3a0pyJIHIOIOTh
HAHOJIMCTIEPCHI MTOPOIIIKH.

['iapoTepmanbHUii METOJ JTO3BOJIIE OTPUMYBATH HAHOYACTHHKUA OKCH/IIB
MeTaiaiB po3mipoM Big 10 HM 3 BHCOKMM CTymnmeHeM MoHoaucnepcHocTi. [lpu
IbOMY, MOXYTh JOJIaBaTUCh KHUCJIOTH ab0 Jyr" [js YHUKHEHHs 3MiHu pH
pPO3UMHIB B MpoIeci 0OpoOKH, a TaKOX MEPOKCHJ BOAHIO — JJIsi TaJIbMYyBaHHS
riipoyidy W 3a paxyHOK IbOTO — OTPMMAHHS MEHIIHX 3a PO3MIPOM YaCTHHOK
okcuaiB MetaiiB [54]. IIpu oTpuMaHHI HAHOOO €KTIB TiAPOTEPMATBLHUM CIIOCOOOM
3HAWJIEHO, 10 NP OUIBIIIN TPUBAJIOCTI T1APOTEPMATIbHOT OOPOOKH HAHOYACTUHKH

OKCHUJIB METaTIB OTPUMYIOThCS OUTbIUX po3MipiB. Te X caMe CTOCYeThCS W
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TEMIEpaTypu: Mpu oOpoOIl 3a OLIBII BUCOKHX TEMIEPATYP OTPUMYIOTHCS O1IbII
BEJIMKI po3Mipu TBepa0i ¢aszu [55].

CyTb ripoTepMaiIbHOrO0 METOMy MoJyiArae y HactynmHomy. [Ipu HarpiBaHHI
BOJHUX PO3YMHIB PEAreHTIB Y 3aKPUTOMY PEaKTOpl aBTOKJIABY JI0 TEMIIEpaTyp, sKi
nepeBuinytoTh 100 °C, miABUIIYEThCA TUCK HACHYEHOI MapW HaJ PO3YMHOM JI0
sradenb nonan 0,1 Mlla (1 atm). [Ipu migBUIIIEHOMY THCKY Ma€ PO3BUTOK MPOIEC
nepexoay Coji  MeTaly B OKCHUIHUW TMOPOUIOK (JAMCIIEPCHICTh IMOPOIIKY
PETyNIOEThCA  TPUBAIICTIO 1 TEMIIEPaTypol0  TiApoTepMaibHOi  0OpOOKH),

OMHHAIOYH CTAJIIf0 MIEPETBOPEHHS COJIi Y Tiapokcu [52]:
MeCl, + 2H,0 = MeO; + 4HCI. 1)

[Ipu wnpomy, xapakrep piakoi (a3su y HOBOYTBOPEHIN cycleH3li Oyze
3aJie)aTH BiJl BUAY aHIOHA COJII IIUPKOHIIO. SIK MpaBWiIO, 11l aHIOHH y KIHIIEBOMY
BUIIAJIKY MMOBUHHI OyTH BUJIYy4Y€HI 3 CYCIEH31i, OCKUIbKH, OCI]Tal0ud Ha MOBEPXHIO
HAaHOYACTHHOK, BOHU 3a0pyIHIOIOTh HAHOAMCIIEPCHUHN OKCHUTHUI MTOPOIIIOK.

['inpoTepmMallbHUM METOAOM OKCHJIM METAJIB OJEP>KYIOThCS Y BUIJISL Tak
3BaHUX «O1UX» 30J1B (TOOTO y BUIIISAI 0€30apBHUX TUCIIEPCHUX CUCTEM), pajilyc
YaCTUHOK SIKUX BapitoeThes Big 5 10 100 HM [56]. V Takux «Oimux 30JsX» MpH
B1JIOMI1# KOHIICHTpAIii MOJKJINBE BU3HAYEHHS PO3MipiB YaCTUHOK
TypOITIUMETPUYHUM METOJIOM, SKUH € MPOCTHM, JCIIEBHM, HETPUBAIUM Y 4YacCl.
3BICHO Il METOJ HE € TaKUM TOYHHM, SIKICHUM, SIK, HallpUKJIaJl, €JIEeKTPOHHA
MIKPOCKOIIiSI, MPOTE ISl MOMEPEAHBOI OILIHKU CEPEIHHOTO PO3MIPY YTBOPEHUX
YaCTUHOK Ta AOCHIPKEHHS BIUIMBY MapaMeTpiB TiIpOTEPMAIbHOTO CHUHTE3Y Ha
JUCIIEPCHICTD OJCPKAaHUX 30J1iB HOr0 BUKOPUCTAHHS € AOIIBHUM [56].

Typ6igumertpis (Bix nat. turbidus — MyTHUH 1 METpis) — METOJ KIJIbKICHOTO
XIMIYHOTO aHaji3y, 3aCHOBAaHMN Ha BHUMIPIOBAaHHI I1HTEHCHUBHOCTI CBITJa, IO
IPOMIIIO KPi3b CYCIIEH3110, YTBOPEHY YaACTUHKAMH PEYOBHHU, 1110 BU3SHAYAETHCS, Yy
piakiit ¢as3i [57]. SKmO pO3YMHHMK 1 YaCTUHKH, WIIO0 PO3CIIOITH CBITIIO,
O€3KOJIpHI, MaKCHUMaJlbHa YYTJIUBICTh JIOCATAETHCA TPU  BUKOPUCTAHHI

BUMNPOMIHIOBaHHSA OJlakuTHOT 1 OJMWKHBOI yhbTpadiosneroBoi obnacti. Jis
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3a0apBJIEHUX CHUCTEM ONTHUMAJbHY IOBXKHUHY XBWJI HaWAOLUIbHIIIE MigiOpaTH
€KCIIEPUMEHTAJIBHO.

3actocyBaHHSA TypOIAMMETPii JOCHTh OOMEXKEHE MepemyciM ToMy, 0 Ha
BUMIPIOBAHUN CUTHAJ 3HAYHO BIUTMBAE PO3MIp YACTUHOK. TomMy HEOOXiHE CyBOpe
JOTPUMAaHHS 1IEHTUYHOCTI YMOB TMOOYJIOBU TPaayrOBaJIbHOTO rpadika 1 aHajizy
JOCTIKYBAHOTO pO3YMHY. TakuM YMHOM, MO>KHA 3a3HAYUTH, 10 TYpOITUMETPIA €
1€ ¥ KOPUCHOIO y BUMAJIKY CEJICKTUBHUX aHANITHUHUX PEAKIIH, y pe3yIbTaTl IKUX
YTBOPIOETHCS TBEP/IA CIIOTYKA Y TIEBHUX MEKaxX KOHIICHTPAIIIH.

Jlo mepeBar wmeTomy TypOITUMETpii CJiJ BIIHECTH EKCIIPECUBHICTD,
MIPOCTOTY Ta BIJCYTHICTh CKJIQJHOTO BUCOKOBAPTICHOTO OOJagHaHHS (HEOOX1aHUN
auire cnekrpodorTomerp) [58].

Bingomo [56], mo sikio pajaiyc 4acTUHOK He Ounbine HiX 30 HM (ITOJIOBUHA
JIOBKMHU XBUJI1 MAJar04Yoro CBITIA), TO JJIsi PO3PaxXyHKY PO3MIPIB IIMX YACTUHOK
MOXJIMBO BUKOPUCTaHHsS pPIBHSAHHA Penes. 31 30UIbIICHHSM pajilyCy YaCTHUHOK
3aKoH Pernest nmepectae BUKOHYBATHCS, 1 B I[bOMY BUMAIKy MOKJIMBO BUKOPHUCTAHHS
pIBHSIHb, 10 BHIUIMBAIOTh 13 3arajibHOi Teopli CBITJIOPO3CIIOBaHHs, abo
EMITIIPUYHKUX CHiBBIAHOMIEHb. HallO1IbIl TOMyISIpPHUM CepeJl OCTAaHHIX € PIBHSHHS

['ennepa [56], sske Mae BUTIISA;
A=k-A", (1)

ne A — oNTUYHA TYCTUHA PO3YHHY;

k — KoHCTaHTa, SIKa HE 3aJI€)KNATH BiJ JOBKHUHU XBUJIL

A — IOBXKHMHA XBUJI1, HM;

N — KOHCTaHTa, sIKa HE 3aJeXKWUTh BiJ CHIBBIAHOIIEHHS MIX pO3MipaMu
YaCTHUHOK Ta JIOBKWHU XBUJIi TIAAAI0Y0T0 CBIiTIIA.

Ile piBHSIHHS BUKOPUCTOBYETHCS, SKIIO Pajlyc YaCTHHOK ckianae Big 20 10

100 am (Bim 1/10 mo 1/3 nmoBxkuum cBiTOBOi xBwii). [Ipu 1mpomy niama3oH
pPO3MIpIB YACTUHOK Maike CHIBIAAae 3 J1ala30HOM PO3MIpIB YACTUHOK OKCHUIIB
MeTajiB, M0, 3TIHO JITEPaTypHUX JaHUX, YTBOPIOIOTHCA TMPU BUKOPHCTAHHI

TAPOTEPMAIIBHOTO CUHTE3Y.
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EKcnepwweHmaﬂbHa yacmuna

IIpunaou, nocyo, peakmueu

ABtokuaB. Peaktop tedionosuit, 2 mt. Ciekrpodorometp. KioBetn. Konba
mipHa MictkicTio 100 cm®, 4 mr. Konba mipHa micTkictio 50 ev®, 2 wr. XiMiunmii
crakan MicTtkictio 100 CM3, 2 mr. ITinetku, 10 CM3, 2 mt. CKiIsgHa MajadJka, 2 IIT.
Posunn nppkowiit (IV) okcuxiaopuay (ZrOCl,) 3 koHmerTpamieto 50 r/am°. Posunn
osioBa (IV) xnopuny (SnCly) 3 koHmenTpartiero 50 /nm°.

Onuc nabopamopHoi’ ycmanosKu

JlabopaTtopHa ycTaHOBKa SBIsie COOOIO0 CTajeBy IMOMITY 3 Te(pIOHOBUM

PCAKTOPOM Ta aBTOKJIAB 3 HarpiBaqu.

Puc. 1. CraneBa nomma 3 T€(pJIOHOBUM PEAKTOPOM

OO0epoicantsi 301i8 OKCUOI8 Memaie

B omaun Tednonoswuit peakrop emuictio 100 cm® 3ammBaroTh 50 M pO3UUHY
ZrOCly, a y mpyruii — 50 cm® posunny SnCl,. Peaktopu MIIBHO 3aKpHBAIOTH
Te(JIOHOBUMU KPHUIIIKAMH 3 P13b00I0 1 TTOMIIIAIOTh Y CTaJEBY MOMITY, SIKY BHOCSATH
10 aBToKIaBy. HarpiBauHs mpoBoasTh 10 Temmeparypu 140 'C, mOTiM aBTOKJIAB
BUMHMKAIOTh | YeKAIOTh, JOKH TEMIIepaTypa He omyctuThes Hikde 100 "C. Tlotim ix

OXOJIOJKYIOTh TIiJI CTPYMEHEM XOJIOJHOI BOJOIMPOBIHOI BOJAM, PO3KPYUYIOTH 1
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BMICT peakTopiB (MOBUHEH OyTH KajlaMyTHUM) MEPENUBalOTh Y XIMIYHI CTaKaHU.
Opep>kaHi 30711 IHTEHCUBHO NEPEMINIYIOTh CKIISTHOIO MAIMYKOIO.

Buwmiprosanns poszmipie uacmunox oxcudie memanie mypoioumMempudHum
Memooom

[IpoBoasATh TYpOITMMETpUYHE BHUMIPIOBAHHS PO3MIPIB YaCTHHOK OKCHJIIB
METaNliB y 30J5IX 3a JOMOMOToI0 crekTpogoromeTpy. s 1poro oaep kaHuii
3pa30K 30110 MepeHocsaTh 10 kioBeTd (1=10 Mm), sKy momimawoTh y BIJICIK
BUMIPIOBAHHA CIIEKTpoPoTOMETpa. BHMIPIOIOTH 3HAUEHHS ONTUYHOI TyCTUHU
3omo y aiana3oni 400-600 HM 3 KpokoM 25 HM, 1I0pa3y OOHYIIOIOYM 3HAUYEHHS
ONTUYHOT TYCTUHU TICIS 3MIHU JIOBKMHU XBUJIl. EKCieprMeHTaIbHI J1aHi 3aHOCSTh

1o tao. 1.

Tabnuys 1. EkcnepuMeHTANIbHI 1aHi

JoBxuHa xBWJi (1), | OnTHYHA ryCTHHA
HM (4)
400
425
450
475
500
525
550
575
600

Ig A lg A4

Busnauenns noxazHuxa 3a10M1eHHs 00EPAHCAHUX «OINUX» 307116
Jliist 06poOKM eKCIIepUMEHTANBHUX JAHUX BUKOPUCTOBYIOTH JIOTApUPMIUHY

dbopmy piBHsHHA (2.1). [Ticas morapudmyBanss s popmyrna HaOyBae BUTITISIIY:

lgA=n-1gi+Igk. (2)

3a nmomomororo jorapudmigHoi Gopmu piBHsSHHA ['ennepa Ta ojeprkaHux
CKCIIEPUMEHTAILHUX JaHUX OYyIyIOTh MNPAMOJIHIAHUNA Trpadik 3aJIeKHOCTI

lg A=f (Ig2). 3a moOymoBaHuM rpadikoM BH3HAYAIOTH MOKA3HUK 3aJOMJICHHS N SIK
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TAHT€HC KyTa HaxWIy MPsSMOI 10 JOJAaTHOTO HaIpsiMy Oci abciuc. 3a OTpUMaHuM

3HAYCHHSIM N BU3HAYAIOTh BIJAMOBIIHUM oMy Z (TabI. 2).

Tabnuya 2. BinnoBigHicTh NOKa3HUKA 32JI0MJIEHHS KoedilieHTy Z

n Z
3,812 2
3,868 2,5
3,573 3
3,436 3,5
3,284 4

3,06 5
2,659 6
2,457 7
2,329 8

Po3spaxynok paoiycy vacmunox «6inux» 301i6
3a 3HalJICHUM 3HAYEHHSM IMOKAa3HUKA 3aJOMJICHHS N PO3PAXOBYIOTH Pajlyc

YACTUHOK «OLITMX» 30J1iB 3 PIBHSHHS [2]:
Z=8nrl <A>, (3)

ne Z — Koe]iIieHT, SKUM XapaKTepus3ye BIIHOIIEHHS PO3MIPYy YACTHHOK JI0
JOBKWHU XBHJII (BU3HAYAETHCS 3 Ta0II. 1),
I' — cepe/iHii pajilyc YaCTUHOK, HM,
<A> — cepeliHe apuU(PMETUYHE TIOBKUH XBUJb, HM.
OpneprkaHi 3HaYEHHS CEPEIHIX paaiyciB 4acTHHOK () 3aHOCATH 10 TaoOuI. 3.

VY dopmyni (2.3) mnpuryckaeTbcs, IO YACTUHKH JHCHEPCHOI (a3 MaroTh

chepuuny hopmy.
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Tabauysa 3. Pagiycu 4acTHHOK «OLIHX» 30.1iB

dopmyaa .o .
pMy Cepenniii paagiyc
pe40BUHU
. YacTHHOK (), HM
AUCIEPCHOI (pa3u
ZrO,
SnOs,

Po6msTh BUCHOBKM, MO0 MPOBEAECHOTO EKCICPUMEHTY Ta OTPUMaHUX
pe3yJIbTaTiB.

Texnixa b6e3nexu

1. BuxonyBaTu mpaBmia poOOTH 3 HarpiBaJbHUMH MPHIAJAMH, IO
MPAIOIOTh 1111 TUCKOM.

2. He 3anumaru ycraHoBky y poOodoMy cTaHi 6€3 Harsiay.

3. HeoOximHo mnposiBIATH 00EpEek HICTh MPH TMOBOHKEHHI 31 BciMma

XIMIYHUMU PEYOBUHAMH, K1 BUKOPUCTOBYIOTh Y POOOTI.
Koumponwni 3anumanns

Jlonyck 0o pobomu
1. B domy mnonsirae mera poboru? HaBecT BUMOTM TEXHIKH O€3MEKU

pY BUKOHAHH1 POOOTH.

2. [Ilo Take «O1m1» 30m1?

3. Ha yomy ocHOBaHM# TypOiAMMETPUYHUI METO/1 aHaT13y?

3axucm pobomu

1. B yomy nonsirae rigporepManbHU METON?

2. OnumriTe XiMi3M TIEPETBOPEHD, 10 NEpediraloTh Mij 4ac OJep:KaHHS

30711B Z10O; 1 SnO, rigpoTepMalIbHIM METOIOM.
3. SIki e MeTonu oiepKaHHsI HAHOYACTUHOK Bu 3HaeTe?
4, YoMy TypOIIUMETPUYHUNA METOJ| TIOJISATaE came B OIHIN PO3MIPIB

HAHOYACTUHOK, a HE Y BUMIPIOBaHHI?
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JlabopaTtopna po6ora Ne 3. Cunre3 cranymy (IV) okcuay TeMniaiaTHuM

30J1b-T€JIb METOJA0M Ta BU3HAYEHHS MO0 MUTOMOI IJIOIII MOBEPXHi

Mema pobomu: cunte3dyBaTtu cranymy (IV) okcuna 301bp-rens MeTonoM 6€3
Ta 3 BHUKOPUCTAHHSAM TeMIUIaTa, BHU3HAYUTH Ta TMOPIBHATH MUTOMY ILIOILY

MIOBEPXHIO OJIEP’KaHUX 3Pa3KiB.
Cmucni meopemuuti 6i00MOCMi

Cranymy (IV) okxcun (SnO;) npuBepHyB 10 cebe 3HAYHY yBary BUCHHX-
XIMIKIB 4Yepe3 MOro 3acTOCyBaHHS y BHPOOHHUIITBI JITiM-IOHHUX aKyMYJIATOPIB,
COHSIYHMX OaTapeil Ta KaTajal3aTopiB, Ta30BUX NATYUKIB. Ajie Uisl €(EeKTHBHOIO
HOT0 BUKOPHUCTAHHA Yy 3a3HA4eHUX O0JacTsIX HEOoOXiMHO 100 BiH OyB Yy
HAHOKPHUCTAJIIYHOMY CTaHi Ta MaB BUCOKY IIUTOMY ILIONLY OBEepXHi [59].

BnactuBocTi, siki BU3HAYarOTh MOTEHIIMHI cepu 3acCTOCYBaHHS OKCHUIY
cranymy (IV) ta marepiamiB Ha HOTO OCHOBI, 3aJIeKaTh 3HAYHOIO MIpPOIO BIJ
croco0iB Oro OTpuMaHHs. BIJIMB METOAIB CHHTE3Yy Ha Takl Ba)JHMBI MapaMeTpu
HAHOCTPYKTYPOBAaHMX MaTepialliB, SK PO3MIp, KPUCTAIIUHICTh CTPYKTYpH,
MOPQOJIOTIsl Ta YUCTOTA.

HaiiGinpm po3nOBCIOHKEHUMHE  CIIOCOOaMU  OJIEp>KaHHS HAHOIMCIIEPCHUX
nopomikiB okcuay cranymy (IV) e pinkodasui metonu ximii: XiMidYHE OCa/HKCHHS
3 BOJIHMX 1 HEBOJHUX PO3YMHIB, 30JIb-T€Ib TEXHOJIOTIS 3 PI3HUMU BapiallisiMu, 1110
MaloTh Y CBOIX CXEMax, SIK MPABUJIO, CTAJII0 PO3KIAIaHHA XIMIYHO HECTAOUTbHUX
CIOJIYK CTaHyMmy, Ta Ta3zodasni meroau: ¢izuunoro (PVD) ta ximiunoro (CVD)
ocapKeHHS 3 ra30Boi ¢asu [60].

Cepen pigkoda3HUX METOJIB HANOUIBINE MOMUPEHHS OTPUMAIH 30JIb-TeIb
TEXHOJIOT1i, M0 IPYHTYIOThCA Ha METOJaX KOJOiAHOi XiMmii. BuximHi koJoimHi
pPO3UMHHU, W0 BHUKOPUCTOBYIOTH Yy JaHId TEXHOJOTIi [UIsi CHHTE3y pI3HHUX
HEOPraHiYHUX PEYOBHUH, CKIIANAIOThCA 3 Ayke ApioHux yactuok (10...100A), ki
IpU BUCYUIYBAHHI MO-PI3HOMY PO3MOAUISIOTECS Yy MHPOCTOPi, 1, TAKUM YHHOM,

MOXHa OTpUMAaTH HANPI3HOMAHITHINI 3a BJIACTUBOCTSAMM Marepiaau. B oCHOBI



196

MpOIIEeCiB, IO TNepediraloTh y 30Jb-T€Nb TEXHOJOTI, JEXKHUTh TNEPexin Bif
KOJIOTTHOTO PO34YMHY (30JI10) 10 KOJIOITHOTO ocay (Tero).

'eneyTBOpeHHsT MOXe OyTH OpraHi3oBaHO pI3HUMH crnoco0aMu Ta
MPU3BOIUTH a00 10 MILIETSIPHUX, a00 10 MOJIMEPHUX TelliB. Y MeplIIioMy BUIAIKY
YMOBU OCa/DKCHHS BH3HAYAIOThCS HASBHICTIO Y PO3YMHI €JIEKTPOJITIB, SKI
HEUTpai3yloTh TMOABIWHUN €NEeKTpUYHUN IIap Ha TMOBEpXHI Milea, abo
MPOCTOPOBUMH (HaKTOpaMH, MOB’SA3aHUMH 3 ACOIIAIIEI0 Ta 3JIUIMAHHIM YaCTHHOK
(oOuzmBa TpOLIECH YCKIAJHIOIOTH MIIEIIOYTBOPEHHS). Y JPYroMy BHIIAJKY
BU3HAYAIBHUMH IapaMeTpaMu € TIHOWHA Ta MIBUAKICTh MPOTIKAHHA XIMIYHHX
peakiliii, 10 PpEeryiolTh pPICT Ta PO3TATYXKEHICTh TMOJIMEPHOTO JIAHIIIOTA.
VY mnoniMepHUX cucTeMax refib MoOyJoBaHUM 3 JOBTOJAHIIOTOBUX MOJIEKYJ, SIKi
3IIMBAIOTBCA OJHA 3 OJIHOI, YTBOPIOIOUM INUIbHI CITKA. MinenspHi remi
CKIAJAIOThCAd 3 OKPEMHX KOJIOITHUX YaCTHMHOK, $IKI YTBOPIOIOTH 3a PaXyHOK
BOJITHEBUX 3B’S3KIB 200 €JIEKTPOCTATUYHOI B3AEMO/I11 pO3TaTy>KEH1 JAHIIOTH.

307b-T€Nb  CMOCIO peam3yeTbesl INUIAXOM  TIAPONi3y Ta  HACTYMHOI
MOJTIKOHJIeH caMii  mpekypcopiB SNO, 'y BOAHOMY Ta CHHPTOBO-BOJIHHX
cepenoBumiax. Sk TOpekypcopu i OJEpKaHHA  HAHOCTPYKTYp  SnO,
BUKOPUCTOBYIOTh cTanyMy (IV) xsnopua. CyTTeBOIO MepeBarord METoay 30J1b-T€llb
TEXHOJIOT1i € MOXJIMBICTh JOCATHEHHS BHCOKOI OJHOPIAHOCTI MmatepiamiB. [lpu
IIbOMY BC1 BUXIJTHI pEUOBUHU 3HAXOMATHCS Y PiAKii (asi, a, oTxe, iX 3MINTyBaHHS
peanizyeTbcsi Ha MOJIEKYJSIPHOMY PiBHI, 3aBASKH YOMY 1 JOCSITAETHCS BUCOKHIA
CTYMiHb OJHOPITHOCTI. TakuM YMHOM, MOXHa 3a0€3MEUYUTH BHUCOKY SKICTh
MarepiajgiB MO YHCTOTI, CKJaay Ta OJHOPIAHOCTI CTPYKTYPH 1 CTBOPHUTH
BHCOKOPO3BUHEHY MMOBEPXHIO MaTepiany.

Hocutb Gararoo0imsitouoro € 1D cTpykTypa, Tak 3BaHMM HUTKOIOMIOHHIMA
SnO,. 3a3Buyaii 1D HanoctpykTypu SnO; cunte3ytorh CVD, BunapoByroun 4ucti
nopoiku cranymy, cranymy (II) abo cranymy (IV) okcuaiB abo ix cymimni i3
NoJajibllIo KoHJeHcamieto. [Ipore, s mpoBeneHHs 3a3HAYEHUX MPOIIECIB

HEOOXITHOI YMOBOIO € 3a0e3neucHHs TemmepaTyp nopsaaky 900 °C Tta pumie [61].
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Jl7is OTpUMaHHS B MPOILIEC] 30J1b-Te€lb CUHTE31 OKCUIIB METANIB CTPYKTYp 3
MIEBHOIO MOPQOJIOTIEI0 Ta BUCOKUMH CTPYKTYPHO-COPOLIITHUMU
XapaKTEPUCTUKAMH, JOJAIOTh PI3HOMAaHITHI TEMILJIATH, 3aBISKH YOMY METOM, B
SKOMY BHUKOPHUCTOBYIOTH TEMIUIaTH, HaOyB Ha3By — TEMIUIATHUW CHHTE3.
TeMmIIaTHUM CUHTE30M Ha3UBAIOTh MPOIIECH, IO BIIOYBAIOTHCS IiJl BIUIMBOM THUX
9y 1HOMX (PAKTOpIB MPOCTOPOBOTO OOMEXKEHHsI, SIKI JO3BOJIAIOTH KEpyBaTu
CTPYKTYPOIO YTBOPEHOI (ha3, sika 3aJa€THCS 3a JJOTIOMOT'0I0 CBOEPITHOTO MIA0TI0OHY
— TemIuiata. Y BUTAAKy cuHTe3y 1D HaHOCTpyKTYp 1mabiioH 3abe3nedye KaHaIH
JUTSI HAMPSIMKY POCTYy abo ocamkeHHs marepianiB y 1D Burnsgi. Bzarami BmiuB

TeMILIaTa MOke OyTH HaiipisHOMaHiTHIIMM (puc. 1) [62].

Aggregation [
7 : :. ®
o 0®
Sn(OH),
SnCl @ o
$ Nucleation . PEG
NH,OH N ® ® o _
Distilled water ® 06 o
® ® O

Puc. 1. BruiuB TemMniatiB Ha MOPQOJIOriio OTPUMYBaHOTO MaTepiary

Cepen TemmuiaTiB  HaWOUIBIIOI MOMYJSPHOCTI HAaOyJlIW HEIOHOTEHHI
MIOBEPXHEBO-aKTHUBHI PEYOBUHH, 30KpeMa, MOJI1€TUJICHTJTIKOJIb.
[TonieTHUACHTITIKOb 3aBISKHA CBOi OyIOBI «BUIIMKOBYIOTE» 3aponku cranymy (1V)
TIAPOKCUAY Yy JIHIIO Y3A0BX CBOiX MOJIEKYJ, M0 W CHOpHUs€ YTBOPEHHIO
HUTKOIOAI0HOT CTPYKTYPH.

Ak BiIOMO, HUTKOMOAIOHI CTPYKTYpH MalOTh BHCOKI 3HAUYEHHS MUTOMOI
wioni noBepxHi. Taki XapaKTepUCTUKH MaTepiajliB, sIK KaTaJITUYHA aKTUBHICTb,

€JIEKTPOCTATUYHI  BJIACTUBOCTI TOPOIKIB, CBITJIOPO3CISIHHS, 3JIaTHICTh [0
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aryiomMepartii, 34aTHICTh YTPUMYBATH BOJIOTY, TEPMIH 30epiraHHs Ta 03714 1HIINX
BJIACTUBOCTEN CWJIBHO TMOB’SI3aHI 31 3HAYEHHAM MUTOMOI IUIOLI MOBEpXHI. Tomy
BU3HAYEHHS MUTOMO] IUIOIII MOBEPXHI € OJHUM 3 HaWOUIbII MOMIUPEHUX METOIIB
JOCITIKEHHSI TIOKa3HMUKIB JUCIEPCHOCTI HaHoMartepialiB. IIluToMy mOBEpxHIO
BUPAXalOTh BIAHOIIEHHSM 3arajibHOi MOBEPXHI MOPUCTOTO ab0 AMCHEProBaHOTO
TiJa 0 #oro macH, abo, piamie, OuHUIl 00’ eMy.

3a3BUuail po3AUISIOTh 30BHINIHIO T4 BHYTPIIIHIO MUTOMY MOBEpXxHIO. Take
po3aiIeHHs y TIeBHIN Mipi ymoBHe. [IpoTe mia 30BHINTHROIO 3a3BUYall PO3YyMIIOThH
3arajibHy TIOBEPXHIO BCIX YaCTHHOK 3 BpaxyBaHHSAM IX IIOPCTKOCTI, IIif
BHYTPIIIHBOIO — 3arajibHy MOBEPXHIO BCIX TNIMOOKUX TPIIIUH, MOP, BIAKPUTHX 10
MOBEPXHI. 3aKPUTI MOPH, HEJOCTYIIHI JUIsl MPOHUKHEHHSI Y HUX MOJIEKYJ] razy abo
pIIUHU, TpPU I[LOMY HE BPaxXxOBYIOTbCS. 3arajibHa IOBEPXHS JOPIBHIOE CyMi
30BHINIHBOI Ta BHYTPINIHBOI. Y TOM 4Yac SK 30BHINIHIO TOBEPXHIO MOXHA
BU3HAYUTU 3 JIOMIOMOTOK0 MIKPOCKOMIYHUX METOMIB aHajizy, JJisl BU3HAYCHHS
BHYTPIIIHBOI MOBEPXH1 HAUO1IBII TOYHUMU 1 IIIUPOKO MOMIUPEHUMHU HA CHOTOJIHI €

a7CcopOIiifH1 METOIH.
Excnepumenmanvna uacmuna

IIpubopu, nocyo, peakmusu

Tepmocrar. Barum enektponni (mauckpernicts 0,01 r). Barm anamiTHuHI.
Kowmmpecop. [imunbHa BopoHka (TUTpyBaibHa Oroperka). Jlilika broxnepa.
CymmnibHa mada. Mydensna mu. Peppaktomerp. CkisiHa nanuuka (IImatesns).
Mipruit mtinap, 100 cm®. Konidma tepmocriiika kox6a. LlpmiHapraHa eMHICTS 3
bineTpom  [Horra. Yamka Ilerpi. Crynka 3 TOBKaumkoMm. Kepamiuawii
TEPMOCTINKUN 4YOBHUK (4amika). Excukarop 3 Oenzosiom. brokc. IIpoGipka 3
OpUTEpTOI0  Kpuikor. [lamipens iHAWKATOpHUW  yHIBepcanbHUN. DUIBTP
nanepoBuid. Kpucramiunuit cranymy (IV) xmopuay nentariapatr — SnCly-5H,0.
[Momerunenrmikons  (IIEI")  kpucrtamiunuii. Boguuii  po3unH  amiaky,

W(NH3) = 25 %. Po3uun HiTpary cpidia, C(AgNO;3) = 0,1 u. Tonyon. [300kTaH.
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Cunmes cmanymy (IV) oxcuoy

Po3paxoBytoTh HEOOXIJIHY HABAXKKY KPHUCTAJIOTIApPATy Jii NMPUTOTYBAaHHS
100 cm® 0,5 M posunny cramymy (IV) XI0pHIy, 3BaXKYIOTh PO3Pax0BaHy KiTbKiCTh
SnCl,-5H,0 Ha eNEeKTPOHHHMX Barax Ta PO3UMHSIOTH Y ~ 75 cM® IHCTHIBOBAHOL
Boau (y pasi HEOOXiTHOCTI cymiml mimirpita). OTpuMaHui PO3YMH KiIBKICHO
MepeHocsTh 10 MipHOI kombu 06’emom 100 cM® Ta KpamelTbHHYKOI TOBOISTH
MEHICK 710 TTo3Ha4Ku. [[puroroBanuii TakuM YMHOM PO3YUH BUJIMBAIOTH Y KOHIUYHY
KoJ0y Ta 3a BKa3iBKOIO BHKJaJada MOAAOTh MeBHY Macy temruiaty: [TEI'1500,
[TET'6000 a6o ITEI'10000. [TepeMimnytoTh cymiml 10 MOBHOTO PO3YHMHEHHS.

CuHTe3 NpOBOASATH Ha YCTAHOBLI, 300paxkeHid Ha puc. 2. CHoiay4aroTh
peakTop 13 KOMIIPECOPOM PE3MHOBOIO TPYOKOI Ta BMHUKAIOTh OCTaHHIM.
[IpuroroBanuii po3urH MEPEHOCATH 10 PEAKTOPA, SIKUW 3aKpIIUIIOIOTh Ha IITATHUBI
y 3aBYaCHO YBIMKHEHOMY TEPMOCTaTi SK MOKa3aHO Ha PUCYHKY. BUTpuUMyIOTH
15... 20 xBuWH 334715 MIAITPIBY PO3YMHY 10 TEMIIEpaTypH MPOBEACHHS TPOIECY
(32 BKa3iBKOW BUKJIajnaya). JUIMIbHY J1HKYy BCTaHOBIIOIOTH HAJl PEaKTOPOM Ta
HATIOBHIOIOTh PO3YMHOM amiaky (~ 35 cm°). BiZkpuBarOTh IifiKy TAKHM YHHOM,
1100 MIBUJIKICTh BUTIKAHHS aMiaqyHOi BOAM CTaHOBWIJIA MPUOIU3HO 1 Kparuio y Tpu
CEKYH/]IH.

Cunrte3 3akiHUylOThb, Koinu 3HadyeHHs pH carme 7-8. Ilicia uporo
MEePEKPUBAIOTh KPAHUK JINKH, 3JIMBAIOTh 3AJIMIIKH PO3YMHY aMiaKy B €MHICTh Ta
BUTPUMYIOTh OTPUMAHY CyMIIll Y TEPMOCTATI MPOTITOM JBOX TOJIHH.

[licns BUTPUMKM y TEpMOCTaTi peakuiiHy cymiml (UIBTPYIOTh 4Yepe3
nanepoBuil punbTp Ha mil broxnepa. OTpumanuit Ha GUIBTPI O0ca] MPOMUBAIOTH
JMCTUJILOBAHOK BOJIOKO JIO HETaTUBHOI peakilli Ha XJIOpUI-WoHM (peakiis 3
HITpaTOM cpi0ia), BUCYImIylOTh y dammii I[lerpi 3a KiMHaTHOI TeMIiepaTypu
npotsrom 11 rop, micas 9Oro BUTPUMYIOTh Y CYHMIWIBHIN 1madi 3a TemmepaTypu

100 °C npoTaromM JBOX TOJUH.
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NH,OH
(25%)

Komnpecop

Tepymocmam
(50 °C)

Puc. 2. Ycranoska juis cunresy cranymy (IV) okcumy

OTpumaHi Ha ILOMYy e€Tami KPUCTadd 3BAXKYIOTh 3 METOI0 BH3HAUYCHHS
BUXOJIy PEaKIIii:

O = %.

KinmneBa tepmMooOpoOKa mosisirae y MmposkaproBaHHI PO3MEIEHOTO y CTYIIII
ocanay 3a temmeparypu 350 °C mpoTsIroM ojHi1€l TOAUHHU.

Busznauenus numomoi nnowi nogepxui 3pasxie mMmemooom adcopoyii ben3ony
3 2a3060i ¢azu

Ilepen mouaTkoMm JOCHIIKEHb HABAXKKW 3pa3ka Macow ~1 1, B3sTI 13
toyHicTiO A0 0,001 r, momimawTe y MONEpPeAHBO 3Ba)K€HI (Pa3oM 3 KPHIIKOIO)
CKJISIHI OFOKCH 1 BHUCYIIYIOTh 3 BIJIKPUTOIO KPHUIIKOI y BaKyyMHINA Cymapii 3a
temrepatypu 100-150 °C Bnpogosx 1 rogunu.

brokc 3 HaBaXXKOIO MOMIMIAIOTh B €KCUKATOp 3 OEH30JI0M 1 Yepe3 KOXKHi
30 XBWJIMH 3BaXyIOTh Ha aHAJITUYHUX Barax /10 BCTAHOBJICHHS MOCTIMHOI MacHu.
Ilicast bOro MPOBOASTH PO3PAXYHOK MHTOMOI ILIONI TMOBEPXHi (S, MY/T) 3a

dopmystoro [63]:
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_ Ag - NA ) S0 (1)
" gcop6 ’ Mﬁe[-ﬁ ’

ne Ag — maca copOoBaHOro O€H30:7Y, T;

N, —uucio ABorajpo, 6,02-10%° momp ™

. 20 2.
S, — IJIoIIa, AKy 3aliMae oJfHa MoJeKya 6ensomy, 39-10°" Mm%,

9. — Maca HaBaXKH, T

M, — MoispHa Maca 6eH3oiy, 78 T/MOb.

bens

Busnauennus numomoi nnowi nosepxui 3pazxie mMemooom adcopoyii moayony
i3 PO3YUHIB 1020 8 I300KMAHI

Ilepen mouaTkoMm JOCHIIKEHb HABAXKKW 3pa3ka Macow ~1 r, B3TI 13
toyHicTio A0 0,001 r, MOMIIalOTh y MOMEPEAHHO 3BaKEHI (Pa3oM 3 KPHIIKOIO)
CKJISIHI OIOKCH 1 BUCYHIYIOTh 3 BIIKPUTOIO KPHUIIKOK y BaKyyMHIA Cymapiil 3a
temneparypu 100-150 °C Bnpomosxk 1 roguHm.

Hapaxky SnO, mnomimawTs y HOpoOIpKy 3 MNPHUTEPTOI IPOOKOIO,
MPAINBAIOTE 3 CM° PO3YHHY, 10 MicTHTh 40% 06. Tomyory Ta 60% 06. i300KTaHy
(TOKasHHUK 3a’loMileHHA Np, = 1,4329). Ilicnms BcTaHOBIEGHHS ancopOLIHHOL
piBHOBaru (uepe3 24 TOIWHW) BU3HAYAIOTH MOKA3HUK 3aJIOMJICHHS PO3YHMHY Ta
PO3paxoBYIOTh TUTOMY IMOBEPXHIO 3a opmyJioro [64]:

V- (Npy —Np(y) - Pr

S,,,=a, N, o, 107 = =
g-100-k-@A-c)-M | (2)

=47400-(V/Qg)- (nD(e) - nD(p))

Je a, — KUIBKICTh aJIcopOOBaHOTO TOJIYOJTY, MOJIB/T;
N, —uucio ABoraapo, 6,02-10% moms™;
w, =53 A;
V — 06°eM BHXiZHOTO PO3YHHY TONYOIY B i300KTaHi, CM°;

g — HaBa)xKka COpOEHTY, T;

Np(s Ta Np,) — TOKA3HUKHU 3aJIOMJIEHHS BUX1/THOTO Ta PIBHOBAa)KHOI'O PO3YHHIB;
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P - TycTuHa Tosryony, 0,86694 r/em’;
k — 3Mina koedimienTy pedpaxiiii mpu 3MiHI KOHICHTpalii Toayony Ha 1%
(00.), 0,001054;
¢ — 00’eMHa J10J1s1 TOJTyOJy y po3uunHi, 0,4;
M — MonsipHa Maca ToIyoury, 92 T/Mob.
3a oJepKaHMMHM 3HAYEHHSMHM TMTOMOI TIOBEPXHI, MPUITYCKAIOYH, IO
YaCTUHKUA MaroTh cPepuuHy (GopMy, pO3paxoOBYIOTh J1aMETP YaCTHHOK OKCHIY

cranymy (IV) 3a popmyoro:

6

d=— >
Snum ) IOSHO2 ! (3)

ne Pspo, — TycTuHa okcuay cranymy (IV), 7,036 r/em’.

Bci oTpumani ekcriepuMeHTalbHI Pe3ybTaTi 0(hOpMITIOIOTH y TabI. 1.

Tabnuys 1. EkcnepuMeHTANIbHI pe3ybTaTH

ITnToma mionia
NOBEPXHi 3a
TOJIY0JIOM 3

i300KTaHOM, M%/T

IMuToma miioma
3pa3ok Temmneparypa, K Buxin, % MOBEPXHi 32

2
0eH30J10M, M°/T

PoOnsiTe BUCHOBKHM, MO0 MPOBEIECHOTO EKCIEPUMEHTY Ta OTPUMAaHUX
pE3yNbTATIB.

Texnixa b6esnexu

1. BukonyBaTu mpaBuwia poOOTH 3 €IEKTPUYHUMHU HarpiBalbHUMHU
pUIaJIaMU.

2. He 3anumaTty yctaHOBKY y poO04OMy cTaHi O3 Harjsiay.

3. HeoOxinmHO mnposiBIATH 0OEpEeXHICTh MpPU MOBOKEHHI 31 BciMma

XIMIYHUMHU PEYOBUHAMH, SIKI BUKOPUCTOBYIOThH y POOOTI.
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Konmpononi 3anumanns

Jlonyck 0o pobomu

1. OxapakTepHu3yiTe 30J1b-T€lIb Ta TEMIIATHUH METOJIA CHHTE3Y.

2. HageziTe MeTOIM BU3HAYEHHS TUTOMOT TUIOIII TTOBEPXHI.

3. YuM pi3HATHCS METOAM BU3HAYCHHS MUTOMOI IUIONII TMOBEPXHI 3a

OCH30JI0M Ta TOJIyOJIOM?
3axucm pobomu
1. Hapaiite Bu3nauenns 0D, 1D, 2D ta 3D manoctpykrypam?
2 Hagenite o6macTi 3acrocyBanss cranymy (IV) okcuny.
3. [IpuBeniTh METOM BIUIMBY Ha BJIACTUBOCTI PEUOBHHHU.
4 Hagenitb Meromu cunTesy SnO;, 3a SKUX MOXIHUBO OTpPUMAaTH

IIOPOUIKH 3 p13HI/IMI/I BJIaCTHUBOCTAMM.

JlaGopaTopHna pooora Ne 4. Cunre3 cranymy (IV) okcuay ta

JOCJIIKeHHS HOr0 ONTHYHHUX BJIACTUBOCTEH

Mema pobomu: cuntedyBatu cranymy (II) oxcamaty wmertomom mapo-
ra3oBOro TPAHCHOPTY; BU3HAYUTH Kpail BIACHOrO MOIVIMHAHHS Ta po3paxyBaTH

IUPUHY 3a00pOHEHOT 30HHU.
Cmucni meopemuuti 6i00MoCmi

Okcuau  MeTamiB  CKJIAJal0Th  OCHOBY  Cy4aCHUX  PI3HOMAaHITHHX
IHTENEKTYyaJIbHUX Ta (QYHKIIOHAIBHUX MaTepiaiB Ta MIPHUCTPOIB 3a PAXYHOK
MO>KJIMBOCTI PETYJIIOBAaHHA 1X (PI3UKO-XIMIYHUX BIAcTUBOCTEH. DyHKIIOHAJIBHI
BJIACTUBOCTI OKCHJIIB METAJIIB 3aJIe’KaTh BiJ 0araTh0X XIMIYHHMX Ta CTPYKTYpPHUX
XapaKTEPUCTHUK: XIMIYHOIO CKIIaay, Pi3HOTO poay AedekTiB, Mopdoaorii, po3Mipy
YAaCTUHOK, IMHUTOMOI IUIONI TIOBEPXHI 1 T.A. 3MIHIOIOYH Oyab-SKy 3 IHX
XapaKTepUCTHK, MOXHa KEpyBaTH €JIEKTPUYHHUMHU, ONTUYHUMH, MArHiTHUMH Ta

XIMIYHUMU BJIACTUBOCTAMHM. Y HIKaJIbHI XapaKTEPUCTUKUA OKCHUJIIB METaJIB pOOJISAThH
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iX HaWOIBII PI3HOMAHITHUM KJIacOM MartepiaiiB 3 BJIACTUBOCTSMH, IO
OXOIUTIOIOTh MPAaKTHYHO BCl1 aCMEeKTHW Marepiajo3HaBCTBa Ta (I3MKU B 0OJACTIX
IPOBIHOCTI, CETHETOCIEKTPUKH Ta MarHeTu3my [65].

Cepen METaJIOKCHJIHUX HAIMBIPOBIIHUKIB cTaHyM (IV) okcua € HaiOuIbII
JOCITIKYBAaHUM 1 MOMYJISIPHUM Y JIITEPaTypl 3aBASIKA TEXHOJIOTTYHOCTI Ta HU3BKIN
BapTOCTi, BUCOKIH XIMIUHIA CTaOlILHOCTI, MEXaHIUHIA MIITHOCTi, TEPMOCTIHKOCTI,
BHCOKIH aaresii 10 Ckja Ta IHIMUX HiAKiIagok [66]. SnO, HamexuTh 10 Kjacy
MaTepialiB, sIKI OEJHYIOTh BUCOKY €IEKTPUUHY MPOBIAHICTH (HAMIBOPOBIIAHUK N-
TUITy IPOBIAHOCTI 3 MUPHUHOIO 3a00poHeHO0i 30HU 3.6 eV mpu 300 K [67]) 3 psaaom
(GyHKIIOHATBHUX BIIACTUBOCTEH — HU3BKUM EJIEKTPUYHUM OIOPOM, BHCOKOIO
ONTUYHOIO MPO30PICTIO y BUJIUMIM 00JIaCTI CHEKTPY, XIMIYHOIO CTAOLIBHICTIO 3a
BHCOKHX TeMIlepatyp Toiio [68].

st onepxanusi ctauymy (IV) okcumy 3aCTOCOBYIOTH Pi3HI METOJIU: 30J1b-
resib TEXHOJIOTI0, Mapo-Ta30BUN TPAHCHOPT, TAPOTEPMAIbHUN METOJ, TEpPMidHE
BunapoByBaHHs. Cepel BENMKOi KUIBKOCTI TMIAXOJIB METOJ Mapo-ra3oBOro
Tpancnopty (Meton CVD) 3aciyroBye ocoOJMBOI yBaru, OCKUIbKH 3a0e3rmeuye
BHUCOKY TPOJYKTUBHICTh MPU BIIHOCHIA MPOCTOTI Ta JNOCTymHOCTi. KpiMm Toro,
JAHUW METOJ| J03BOJIIE OTPUMYBATH MOHOKpUCTaIH SnO,; KOHTPOJIHOBAHOI 1
pi3HOMaHITHOT MOP(OJIOTii 3 BACOKUM CTYIIEHEM KpHcTamigyHOCTi [69].

Meron CVD peanmizdyerbcss B 1HEpTHIM aTtMocdepl 3a MiIBUILEHUX
temrepatyp (no 1300 °C). SIk BUXiJIHI p€HOBMHHU 3aCTOCOBYIOTh METAIIUYHE OJIOBO,
cranymy (II) okcua, cymim nopoinkis Byriemnto ta cranymy (1V) okcuny [70].

Ontuyni Ta  enexkTpuyHi  BractuBocTi  cranymy  (IV)  oxcumy
BCTAHOBIIIOIOTHCS 32 HIMPUHOIO 3a00poHeHor0 30HU. [IlupuHa 3a60poHEHOT 30HU
HAIBMIPOBIJTHUKA MOXKE OyTH BH3HAauU€HA 3a JIOBXKMHOIO XBWJI, IO BIiJIMOBIJA€
Kparo BIJIACHOT'O TMOTJIMHAHHS, CYTHICTh SIKOTO TOJSrae y HacTymHomy [71].
[Ipu nagiHHI MOHOXPOMATHUYHOI'O CBITJA IHTEHCUBHICTIO lp Ha TOHKY IUTIBKY
HaIMBIIPOBITHWKA, YaCTHHA  I1aJIaAl0YOr0  CBITJIa  BIOOMBA€ETHCS, YacCTHHA
MOTJIMHAETHCS Y Hill, @ YaCTHUHA, IHTEHCUBHICTIO /, MPOXOIUTh Yepe3 IumBKy. Jis

TOHKOI TUTIBKH TOBIIKHOO d cripaBeiMBUM € 3aKoH byrepa:
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| =1, -exp(-a-d), (1)
Jie 0. — Koe(IIeHT OTJIMHAHHS.

PiBusHHS (1) MOXKHA TTepenucaTH HAaCTYITHUM YHHOM:

1
a=a-ln(|—°). @)

Takum  4YMHOM,  SKIIO  EKCIEPUMEHTAIbHO  BU3HAYUTH  NaJarovy
IHTEHCUBHICTb |, IHTEHCHUBHICTH [/, 10 MPOXOAUTH YEpe3 IUIIBKY, Ta TOBIIMHY
IUTiBKH O, TO MO’KHA BUPAaxyBaTH 3HA4YCHHS Koe(DillieHTa MOTJIMHAHHS .. 3pOOUBIIIH
e JUisl JIEKUIbKOX JIOBKMH XBWJIb A Ta MOOYAYyBaBIIM 3aJICKHICTh KOE(QILIEHTIB
MOTJIMHAHHS Bl IOBXKHWHU IMaJat04yoro cBiTia (puc. 1), MokHa 3HAWTHU 3HAYCHHS
KpPal0 BIIACHOTO TMOINIMHAHHA Ar,. 3aJIEXKHICTh o=f(A) € XapaKTEpUCTUKOIO

Matepiany 1 BiI0Opa)kae MOKJIMBI TUIH €JIEKTPOHHUX MEPEXO/IIB Y HHOMY.

Aep A
Puc. 1. 3anexuicts KoedilieHTa MOTTUHAHHS BiJ JOBKUHU XBUIII (CIIEKTpP MOTTIMHAHHS)

[To mipi Toro sik eHeprisi KBaHTa /v 3MEHIIYEThCS Ta HAOIMKAETHCS [0
HIMPUHA 3a00POHEHOT 30HHM, KOE(MIIIEHT MOIJIMHAHHS KPUCTady 3MEHIIYEThCH,
TOOTO IHTEHCUBHICTbH CBITJIA, IO MTPOXOAUTH, Oe3nepepBHO 3pocTtae. [lpu v = AE
koedimieHT norauHaHHSA o=0 1 Bce CBITIO (32 BUKIIFOUECHHSI BIIOUTOTO) MPOXOIUThH
Kp13b KpPHUCTAJI, TaK IO 3a MOAAJIBIIOTO 3MEHIIEHHS €HEeprii KBaHTa IHTEHCUBHICTh
CBITJIa, M0 TMPOXOAWTh Kpi3b KPHUCTAN, 3aJUIIAEThCS TOCTIHHOIO Ta

MaKCUMaabHOI0. TakuM YMHOM, MOKHA BBa)KaTH, IO JOBXKHHA XBUII A, 32 SKOI

rp>
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IHTEHCUBHICTH CBITJIA, 10 IPOMIILIO, IIEPECTAE 3aJeKATU BiJ A, 1 Oy/ie BiANOBIAATH
IMIMPHHI 3a00POHEHOT 30HH, SIKa BU3HAYAETHCS 3a (popmMyIioro:
h-c

]

AE=h.v=—"-CY
V= ©

D

ne h— crana Ilnanka;
. C .
v — eHeprist poToHa, v = i

¢ — MIBUIKICTH CBITJIA.

JIisi BU3HAYEHHS IIMPUHU 3a00pPOHEHOI 30HU 3a CIEKTPOM IMOTJIMHAHHS
HEOOX1IHO ToOyayBaTh rpadik 3aJIekKHOCTI KBaapary JI00yTKy KoedilieHTa
MOTIMHAHHS HAa eHeprio ksaHta (ahv)® Bim eHeprii kBauta hv (puc.2),
BUJIOKPEMUTH HA HHOMY JIIHIMHY JIUISHKY 1 €KCTpAIlOJIOBATU il JO MEPETHHY 3

Biccro abcuuc. Touka nepeTuHy IpsiMOi 3 BICCIO 103BOJIsi€ BUSHAUUTH AE.

»
o<

1 -
A E Frv

Puc. 2. I'papiunmii MeTo]] BU3HAUCHHS IIMPUHU 3a00POHEHOT 30HU
EKcnepumeHmaJlea yacmuHa

IIpubopu, nocyo, peaxmusu
Baru Texniuni. Baru anamituuni. Bonsna O6ans. Bakyym-dinbTpyroua

yCTaHOBKA. YJIbTpa3ByKoBui 10HI3aTop. CymuiabsHa mada. Jlamma. TpyOuara miu.
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Crexrpodoromerp. Konba tepmocriiika mictricTio 250 cm®. Konba tepmocriiika
mictkictio 500 cm®. ®apdoposa uvama. Yosuuk. Kaprosa TpyOka. ITpobipka.
Ilierka MmicTkicTio 5 cm°. KBapuosi kioBern — 2 wit. Ilamip (inpTpyBanbHUL.
Cranymy (IV) xnmopun. Hatpito okcanat. Hitpar cpibna. ETuiioBuii ciupT. A30T.

Cunmes cmanymy (I1) oxcanamy

Cranymy (II) okcamar OoTpUMYIOTH HUISXOM 3JIMBAaHHS TapsS4yuX PO3YUHIB
cranymy (II) xnopuay SnCl,-2H,0O Ta Hatpito okcanaty Na,C,0,. HeoOxiany
HABaXXKy HATPIIO0 OKcalaTy 3 BpaxyBaHHSIM MIBTOPAKPATHOTO HAJIUIIKY HATPIO
okcamatry Ha 20 r SnCl, po3paxoByOTh 3a XIMIYHHM piBHSHHSM (CKIIACTH
CaMOCTIHHO).

Hapaxku BUX1THUX peareHTiB po3uuHsoTh B 200 o TUCTWILOBAHOI BOOU 1
HarpiBaroTh Ha BoJisHIM OaHi. [Ipu gocaruenni temneparypu 333 — 343 K po3unnu
3MuBalOTh (10 po3umHy cranymy (II) xyopumy m0IuMBaIOTH PO3UYMH HATPIIO
okcanary). Onep>xaHuid po34uH OXOJOKYIOTh IiJI CTPYMEHEM TeIUIOi, a MOTIM
XO0JOAHOI BOAW. BijaiieHHS OTpUMaHOrO OcCagy MPOBOASATh y BaKyyM-
(GUIBTPYIOUI  YCTaHOBLI 3 BHUKOPUCTaHHSIM JBOX-TPbOX (UIBTPIB «3€JieHa
cTpiukay. OTpuManuii Ha QUIBTPI OcaJ MPOMUBAIOTH JUCTUIHLOBAHOIO BOJOIO JI0
HEraTUBHOT PeaKIlli Ha XJIOPUA-WOHU (peakilis 3 HITpaToM cpibiia), BUCYIIYIOTh Y
cymnibHIN mwadi 3a Temmnepatypu 378 K npoTsarom IBOX TOJWH Ta 3BaXYIOTh Ha
TEXHIYHUX Barax.

Buxin npoaykTy BU3Ha4a0Th 3a (OPMYIIOH0:
D=(Myp/Myeop) - 100%, (4)

1€ My, —Maca OTPMMAHOIO MOPOIIKY, T;
Mieop — TEOPETHYHO MOXKJIMBA Maca IOPOIIKY, PO3paxOBaHa 3a XIMIYHMMH
PIBHSIHHSIMU, T.
Cunmes cmauymy (IV) oxcuoy
s ogepxkanus ctanymy (IV) okcuy MeTo10M Mapo-ra3oBOro TPaHCIOPTY
KBapIIOBY MIAKJIAIKy 3 HaBaxkoio cranymy (II) okcamaty BHOCATH y KBapIioBY

TpyOKy (puc. 3), Ky MOMIIAIOTh y TpyOuaTy Mmid TaKMM YHWHOM, 1100 HaBa)kKa
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po3TaloByBajiach y UEeHTpl TpyOuaroi meui. Jlo KiHIIB KBapIoBOi TpyOKu
i1’ €JHYIOTh [IUTAHTY [10/a4l a30Ty. 3aKpIIUBLIM PEAYKTOP, TOYMHAIOTH IOBUIBHO
Ta 00EpeKHO BIAKPUBATH BEHTWUJIb OallOHA, TOBEPTAIOYM MAaXOBUX MPOTHU YACOBOT
crpinku. Komu MaHoMeTp BHCOKOTO THUCKY Ha PEIyKTOpi MOKake TUCK Taszy y
0ajoHi, 3 JOMOMOTOI0 PEryJIOBAaJbHOIO TBUHTA PEAYKTOpa BHITYCKAIOTh TIa3
BCTaHOBIIIOIOTh HEOOX1THY BUTpATy Ta3y (3a BKa3iBKOIO BUKJIaaya).

Posknananns cranymy (II) okcanaty BinOyBaeThCcsi mpoTiIroM 1 roauHu 3a

temneparypu 1123 K 3a HacTynHOIO peakili€ro:
SnC,04 — SnO; + 2CO. (5)

Onep>xanuii nopomiok SNO, 0X0JIOIKYIOTh, 3BaXKYIOTh HA TEXHIUHUX Barax i

BU3HAYAIOTh BUXIJl IPOIYKTY 3a popmyInoro (4).

Keapyoeuii
Memaneea  peaxmop

nIacmuHda
4oeHUK3 (Sn)
SnO

Vo

100 cxi/xe

Puc. 3. JJabopaTropHa yCTaHOBKA JIJIs O/Iep>KaHHS HUTKOMOAIOHUX KPUCTANTIB

crauyM (IV) okcuny

Busznauenus wupunu 3a60ponenoi 30Hu 00epaicanoco 3pasky cmanymy (IV)
OKCUOY ONMUYHUM MEMOOOM 3a CHEKMPAMU NO2TUHAHHS

BuwmiproBannst npoBoasate Ha crnekrpodoromerpi UV-5800 PC (Texniuni
XapakTepucTUku HaBeneHi y J[omarky 1). YmpaBninHa crnekTpodoromeTrpoM
peami3yloTh 3 JOTOMOTOK CHEI[aTbHOTO MPOTPAMHOTO 3a0€3MEUCHHS Y
cepepouili MS Windows, MiAKIIOUEHHS 10 KOMIT IOTEpa 31MCHIOETHCS Yepes

USB-ka6enp (Onrc nporpamMHOro 3a0e3nedeHHts Mictutbes y Jlogatky 2).
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Bwmukaiote npuctpiii y Mepexy 1 naiwoTb oMy nporpituchk 10-15 xB. Tum
4acoM TOTYyIOTh po3unH cTtanymy (IV) oxcuay B eTWiIOBOMY CHHUPTI 3
KOHIEHTpalieo 1 r/M°, omepKaHMii PO3YMH IHCIEPrYIOTh Ha YIbTPA3BYKOBIA
OaHl BIOPOJOBXK 5 XBUJIMH, MICJSI YOTO BHOCATH Y KBaploBy KioBeTy. [lomimaroTh
KIOBETY 31 3pa3KOM Ta KIOBETY 3 JUCTUILOBAHOIO BOJIOIO (TIOPIBHSIHHS) 10 KaMepu
IPUCTPOIO, MIAKIIOYAIOTh CHEKTPOPOTOMETpP [0 KOMIT'IOTEpa 1 3amyCKaroTh
nporpaMHe 3abe3rneueHHs. BumiproBanHsa Koe(illieHTy MOTJIMHAHHSA TPOBOJSTH Y
mianmazoni goBkuH xBwil  200-900 wM. Ilepen mowyaTkoM BHUMIPIOBaHHS
KOeQIII€HTIB TMOTJIMHAHHS MiJTOTOBICHOTO 3pa3Ky 3MIHCHIOIOTh aBTOMATHYHE
KaJiOpyBaHHS NPUCTPOIO 32 JOTIOMOT'OK0 KIOBETH MOPIBHSIHHSL.

[licns 3aBepiIeHHS BHUMIPIOBAHHSA CHEKTPIB MOMVIMHAHHS TEPEHOCATH
omepkani mami y xuury MS Excel. PospaxoByiors 3Hauenmsi (ahv)? Ta hv Ta
NepeHocsITh OTpuMaHi JaHi y Tabn. 1. byaywoTs rpadiuyHy 3alexHICTh

(ahv)? = f(hv) Ta BU3HAYAIOTH MMPHHY 3a60pOHEHOT 30HH 3pasky cramymy (IV)

OKCHAay.
Tabmuis 1. EkcnepuMeHTANIbHI pe3yibTaTH
JoB:knHA Koedinient | Koedimienr Absl Abs...

Ne XBIII, J;[‘gl:ﬁil/";f MOIJIMHAHHSA | OTJIMHAHHSA A2 | h A2 | h

HM ) (Abs1) (Abs...) | (@) v | (ahv) v
1
2
3

Po6nsiTe BUCHOBKHM, MO0 TMPOBEICHOTO EKCIEPUMEHTY Ta OTPHUMAaHHUX
pE3yJbTATIB.
Texnixa be3nexu
1. He 3anumaru ycTaHOBKY y poOO4YOMY CTaH1 6€3 HarJsy.
2. JlorpumyBaTucs TpaBuia poOOTH 3 XIMIYHHUMH PEYOBUHAMH,

CIICKTPUYHUMHU IIpUIagaMH Ta ra30BUMHU OaJIoOHAMHU.
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3. Jlns 3amoOiraHHs TEpPMIYHHUX OIIKIB MPU BWIYYEHHI Tapsyoi
dapdopoBoi yaii i3 CymmIbHOT madu Ta KBAPIOBOTO peakTopy 3 Tpyodartoi

nevi KOPUCTYHUTECh METAIITYHIM 3aXBaTOM.

Konmpononi 3anumanns

Jlonyck 0o pobomu

1.  Mera po6otu. Texnika Ge3meKu.

2. Cdepu 3actocyBanHs okcuay cranymy (IV).

3. Meronu oaepkaHHsa okcuy crauymy (IV).

4, Jlo sKOro THUIY HamBOPOBIIHUKIB (BY3bKO30HHI YM IIMPOKO30HHI)

HanexuTh cranymy (IV) oxcun? Yomy?

3axucm pobomu

1. Hanumnite peakiiio yTBOPEHHS OKcallaTy CTaHyMy 3 XJIOpUIY
cranymy (I1).

2. PospaxyBaty HEOOXiAHY HABaXXKy JUIsi TPUTOTYBaHHS PO3YHUHY

xaopuny cranymy (IV) y cyMyli eTaHoI : Boga 3 KOHIEHTpariiero 0,5 Mob/am’,

3. Meronuka cuHte3y okcuay ctanyMy (IV) 30mb-renp TEXHOJIOTIEO
(pO3YMHHUK €TaHOI).

4, 3 KO METOI0 Y 30JIb-T€JIb TEXHOJIOT1i PO3YMHU MIIIaI0Th CTAPIHHIO
(BuTpuMIIi Ha noBiTp1)? SKi mpoluecu MpHu LbOMY MOXYTh niepediratu?

S. SIka MeTa 3acTocyBaHHs yJIbTPAa3BYKOBOTO 10HI3aTOpa?

JlaGopaTopna pooora Ne 5. Cunrte3 turany (IV) okcuay Ta gocsizkeHHs

HOro agcopOouiiiHux i (POTOKATATITUIHUX BJIACTUBOCTEN

Mema pobomu. CUHTE3yBaTH CEpIiI0 3pa3KiB COPOCHTIB-(OTOKATANI3aTOPIB
Ha ocHOBI TuTaHy (IV) okcuay cyinbpaTHUM METOJOM; AOCHIIUTH X COpOIliiHI Ta
(doToKaTa ITUYHI BJIACTUBOCTI; BHUSBUTH BIUIMB yYMOB CHHTE3y Ha COpPOLIIHO-

dboToKaTaAMITHYHI XapaKTEPUCTUKHU 3pa3kiB TuTany (IV) oxcumy.
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Cmucni meopemuuni 8i00MoOCHi

Tutany (IV) okcua icHye y BUIIsIl ASKIIbKOX Monuikaiii. Y mpupoi
3YCTPIYAIOTHCS KPUCTAHU 3 TETPAroHaJILHOK CHHTOHIEI0 — aHaTa3, pyTui (puc. 1, a
1 0) Ta poMOIYHOIO CHHTOHI€0 — OpykiT (puc. 2). llITydHo oTpumaHni e ABI

MoaudiKallii BUCOKOTO TUCKY — pombiuHa [V Ta rekcaronanpHa V.

[001)
1940 A THTEH

a)
{010)
1.960 A

iy 102.308°
02604

71937 A

(001)
0) .

[001) (100) | o

Puc. 1. KpucraniuHa cTpyKTypa: a — aHatasy; 6 — pyruiy [72]

[lin yac HarpiBaHHS 1 aHaTa3, 1 OpYKIT MEPETBOPIOIOTHCS HA PYTUI
(remneparypu niepexoay 400-1000 °C Tta 6mm3eko 750 °C, BigmosigHo). OCHOBOIO
. co . v A4+ o

CTPYKTYp 1ux momudikaiiii € okraenpu TiOg, T0OTO KOXKHUK HoH Ti™ oToueHuUi
. o 2- . o 2- o o 4+
mictbMa WoHamu O, a koxHUM HOH O° oTtoueHuM Tpboma MoHamu Ti .
OxTaenpu po3TamioBaHl TAKMM YMHOM, IO KOKHUW WOH KHUCHIO HAJICKUTH TPHOM
OKTaeqpaM. B aHaTazi Ha OJMH OKTaeAp MNPUXOJATbCS 4 CHulbHUX pebpa, y

pyThmi — 2.

Puc. 2. Kpucraniuna ctpykrypa opykity [73]
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Binkputts  @ypazicimoro Ta  XoHmoro y 1972 pomi  sBumia
doTokaTamTHUHOrO po3kiany Boau Ha TiOj,-enexkTponi, ONPOMIHEHOMY
yibTpadioseToM, mago TOMTOBX JJIs MOTIUOJICHOTO TOCHTIDKEHHS (i3UKO-
xiMiyHUX BiacTuBoctel Tutany (IV) okcuay, po3poOku crocoOiB OJep>KaHHS
MOPOIIKOBUX MaTepialiiB 3 YaCTUHKAMU HAHOMETPOBOIO MaciTady, MOIIYKY
HOBHUX oOOyacteii Horo BuUKOpUCTaHHs. /o 3a3HayeHOro uacy KOMeEpLiMHMN
tutany (IV) okcun 3acTOCOBYBaBCS MEPEBaKHO K IMITMEHT Yy JakodapOoBHX Ta
MOJIIMEPHUX  MaTepiajiax, CTOMATOJIOTIYHMX TacTaXx 1 SK  KOMIIOHEHT
coHIIe3axucHOI kocMeTuku. Kpim toro, Tutrany (IV) okcua BUKOPUCTOBY€ETHCS IS
BUTOTOBJICHHA Ha HOTO OCHOBI (OTOHHUX (YHKIIOHATBHUX MaTepiajiB Jyis
Cy4aCHUX ONTHYHUX MPHUIAJIB, TUIIBKOBOTO €ICKTPOXPOMHOTO TOKPHTTSI, Ta30BUX
CEHCOPIB, aJICOPOCHTIB /Il HAKOITMYEHHS Ta 30epiraHHs BojHIo [72].

Ha cydacHomy erami po3BUTKY Hayku (OTOKaTasli3 BU3HAYAIOThH K «3MIHY
HMIBUAKOCTI a00 30y/KEHHS XIMIYHMX pEakUid MiJ €0 CBITIA Y HPHUCYTHOCTI
pedyoBuH ((oToKaTanizaTopiB), IO MOTVIMHAIOTH KBaHTH CBITIA Ta MPUIUMAIOTh
y4acTh y XIMIYHUX NEPETBOPEHHAX YYACHUKIB pEaKIii, 0araropazoBo BCTYMAKOYH 3
HUMH y TIPOMIXKHI B3a€EMO/IIT Ta pEreHepyIOUYH CBiM XIMIYHUN CKIIAJT TICTST KOXKHOTO
IIUKJTY TaKMX B3a€MOJIii» [74].

MexanizMm QopMyBaHHsS (OTOAKTHBHOI IMOBEPXHI KarTajai3aTopy BKIIOYAE
YTBOPEHHs JipoK y BaneHTHiil 30Hi (h*yg) i eTeKTpoHiB y 30Hi mpoBigHOCTI (€7¢cR)
3a paxyHOK TOTJIMHAHHS (POTOHY €Heprii, sika Oiable ado JOPIBHIOE HIMPHUHI
3abopoHeHnoi 30HU (hv > Epgg) HamiBmpoBigHUKa (IIUpUHA 3a00pPOHEHOI 30HU ISt
pytuny cranoButh 3,0 eV, mnsa anarazy — 3,2 eV) [30]. Ilpu 1pomy, aipku
CIPUSIIOTh YTBOPEHHIO TIAPOKCWIBHUX paIUKaIiB 1 OKHUCICHHIO OpraHigYHUX
CIIOJIYK, a €JIEKTPOHU — CYMEPOKUCUIHUX PAJAUKATIB 1 PEAKIIIM PO3KIaJaHHs Ta
okucieHds. OTxke, (GOTOKaTATITUYHA aKTHUBHICTH HAIIBIPOBITHUKOBUX CTPYKTYD
(3oxkpema, TiO;) xapakTepu3yeThCcsi TIIPOKCWIBHUMU 1 CYHNEPOKHUCHUIHUMHU

paarKagamMu, OTPUMAHHS SKUX CXEMaTHIHO 300pakeHO Ha puc. 3.
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| OpraniuHi pe4yoBHHH
Yacrunka Ti0, O2

3oHa 2- .
[POBIIHOCTI e O2ads™> OHads

V®-cBiTio AA

—
—

BanentHa

+
30HA h B OHads

v

OH- [Hpo;[ymn omlcﬂemm}

Puc. 3. Mexani3m ¢ortoaktusaliii i porokaranizy Ha mosepxsi TiO, [29]

YTBOpEeHHI T1IPOKCUIIBHI 1 CYMEPOKCHIHI pauKalid BCTYNAIOTh Yy PeaKIii 3
OpraHIYHUMH NOJIOTAHTAMM 1 BIIOYBAETHCS OKUCIIEHHSI OCTaHHIX. 3arajbHy CXeMy

dboToKaTANMITUYHOT AeTpajallii OpraHivYHUX MOJIOTAHTIB MOKHA MPEJICTABUTH SIK:
TiOo/hv

Opraniuni [HomoTanTu (P) — [pomixai npoayktu — CO, + H,0. 1)

[Ipaktnuno TiO, sk ¢oToKaTam3aTOp BUKOPHCTOBYIOTh Yy HACTYIHHUX
HanpsMkax [73].

Ouucmka nogimps 6i0 opeauiunux Odomiuiok. Ha moBepxni TiO, MOXyTb
oytu okuchHeni 10 CO, ta H,O npakTruHo Oy/1b-gK1 OpraHiyHi COIyKH. SKII0 10
CKJIaJly CTIOJYK BXOJSTH HITPOTeH a00 aTOMU rajoreHy X, TOo y MpOAyKTax peakilii
OynyTh crioctepiratucs nomimku HNO3 ta HX.

Camoouucni ckna. TiO, — crionyka, mpo3opa st BUIAUMOTO CBITJIA, TOMY
ToHKI TUTiBKH 3 T10,, HaHECeH1 Ha CKJI0, HEMIOMITHI JIJIsl OKa. A came CKJIO, TTIOKPUTE
TOHKOIO TUTiBKOIO T10,, 31aTHE CAaMOOYMIIYBATHUCH TI1JT €0 CBITJIA B1Jl OPTaHIYHUX
3a0pyIHEHb 32 PaXyHOK (POTOKATATITUYHOTO MPOIECY OKHCHEHHS.

Izeprana ma ckno, wo He 3anomigaioms. 3aNOTIBAHHS CKJa MOB’A3aHE 3
MOTaHOI0 3MOYYBAHICTIO MOBEPXHI, TOOTO YTBOPEHHSM Ha MOBEPXHI KpareaboK
BOJIM, 1[0 PO3CiIOIOTH CBITIIO. HaluacTime moBepxHs ckiia abo J3epkajiia MmoraHo

3MOUYETHCA Uepe3 3a0pyAHEHHSI OPraHIYHUMHU PEYOBHHAMM, 1110 MOTPAIUISIOTH Ha
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HUX 3 MOBITps a00 Mpu AOTUKY, HANpUKIaA, pykamMu. TOHKa mpo3opa IUTIBKa
dbotoakTuBHOTO T10; M7 Ji€I0 CBITIIA pYHHY€E OpTraHiuHi 3a0pyAHIOBaYl, IOBEPXHS
no0pe 3MOUyeThCA Ta BOJA, IO MOTpAIUIAE€ HAa TaKy MOBEPXHIO, HE 30UpaeTbes y
Kparuii, a pO3TIKAETHCS 1O MOBEPXHI, a IMTOTIM BUIIAPOBYETHCS.

Bukopucmannus gpomoxamanizamopis ons owucmku 60ou. Tak caMo, K 1y
MOBITP1, Y BOJ1 OpPTraHiyHl JOMIIIKH, MOTPANUBIIN Ha TMOBEPXHIO YacTUHKH Ti0,,
MOXyTbh OyTu okucHeHi 10 CO, ta Boau. HaltOuibI nepcrneKTuBHE BUKOPUCTaAHHS
TiO, nang OYMCTKH CTIYHHX BOJ Yy HAKOMUYYBAJILHUX pe3epByapax Ta
BiJIcTIHHMKAX. Hampukiaa, NECTUIMIU, 10 BHUKOPUCTOBYIOTH Yy CIIBCBKOMY
roCIoAapcTBi, y BOJONMAaX PYWHYIOTHCS MPOTATOM KUIbKOX MicsiiB. JloaBaHHs
HEBEJIMKUX KIUIbKOCTeH HemKigiuBoro TiO, M03BOJSIE CKOPOTUTU IIeH 4Yac A0
KUIBKOX JHIB 0€3 BUKOPUCTAHHA MTYYHUX JKEPEN CBITIA.

Icnye nekinbka MetoaiB oaepxkaHHsi T10,, HaWOUIBII PO3MOBCIOKEHUMHU 3
SKHUX TIpeJICTaBIeHI HuxK4e [29].

3onp-Tenib MeTon oxaepxaHHs Tutany (IV) oxcuay mnoegHye mnporecu
XIMIYHOTO MEPETBOPEHHSI PO3UMHIB COJIEH TUTaHY a00 TUTAHOPIaHIYHUX PEUYOBUH

y rigpokcuy tutany Ti(OH),:
Ti(OR)4 + 4H,0 = Ti(OH), +4ROH. (2)

1 MOro mnojaajsplly IOJIKOHACHCAIIID 3 YTBOPEHHSM KOJIOIJHUX YacCTUHOK Y
MOPIBHSHHI 3 1HIIUMH METOJaMHU 30Jb-T€lIb TEXHOJIOTI] Jal0Th MOXKJIUBICTh
BIUIMBATU Ha CTPYKTypy Ta wMopdororito uvactuHok TiO,, onTtumizyBatu
€HEepreTUYH1 3aTpaTH, a TAKOK BUKOPUCTOBYBATH MPOCTE 1 AOCTYITHE TEXHOJIOTTYHE
oOnaHaHHS.

[ppoTepManbHUid Ta PO3YMHOTEPMAIBHUM METOAM 3aCTOCOBYIOTH ISt
OJIep>KaHHS OJHOPIMHUX Ta J00pe 3aKpucTadizoBaHMX HaHOYacTUHOK Ti0,.
CuHTe3 371ICHIOIOTh Y PEakTOpl BHCOKOIO THCKY. 3a MiJIBULICHOTO THCKY Mae
PO3BUTOK TMpPOLIEC NEPEXOAY COJl TUTAHYy Yy HaHoaucrnepcHud mnopomok TiOs,

OMHHAIOYH CTaJIIF0 IEPETBOPEHHS COJII Y T1IPOKCHUI;
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Ti0OSO, + H,0 = TiO, + 2H,S0,. (3)

PozunHOTepMasibHUET  MeTOJ  3abe3reuye  OUIBII  BHUCOKY  CTYIIIHB
KpUCTamiYHOCTI cuHTe30BaHOMy Ti0,, a TakoX pO3MipHY OIHOPITHICTH
HAHOYACTUHOK, aHDXK T1APOTEPMAIbHUM.

TemmaTHUIl MeTOJ 3HAWIIOB 3aCTOCYBaHHS NMpU ojepkaHHI TUTaHy (IV)
OKCHJy Yy BWIJISAI HAHOCTPIIKHIB, HAHOTPYOOK abo0 MOPHCTUX MaTepiamiB i3
OJIHOPO3MIPHUMHU 1 30pIEHTOBAHUMH B OJJHOMY HanpsMKy rnopamu. CHHTE3 Takux
MaTepialiB 3/A1MCHIOETHCS 3 BUKOPUCTAHHAM P1AKO(GA3HUX 30JIb-T€lIb TEXHOJOTIH B
00’eMi Mop 1HIIOrO MaTepiany — TemIuiaty (anr. template — mabmoH, Jekano), 1o
Mae€ BIJIMOBIIHY MOPUCTY CTPYKTYpY. K TEMIIaT pU OJEp>KaHHI HAHOCTPHKHIB
aHatazy a0o pyTHJIy BHKOPHCTOBYIOTH 3a3BHYall MOPHUCTY MEMOpaHy Ha OCHOBI
amomiHito okcuay (Al,O3 memOpana).

["a3odazna KoHBEpCis TUTAHBMICHOTO MpEeKypcopa 0a3yeThes Ha OCaKEHH1
yacTuHOK T10, 3 ra3zoBoi ¢azu. OauH 13 cnocoOiB razodaznoro cunresy TiO,, 110
BUKOPUCTOBYETHCSI Yy TMPOMHCIOBOCTI, Oa3yerbcsi Ha cnamoBanHi TiCl, B
atMmocdepi kucHio (texHosorisi CVD — Chemical Vapor Deposition) BiAmoBigHO 3
PIBHSHHSIM:

T1C14 + 02 — T102 + 2C|2 (4)

PizHoBumOM razodazHoi KOHJEH Al € TIa3MOXIMIYHUN CIIOCiO ofep KaHHs
Ti0,, sKMii peanizyeThCs 3a PaXyHOK TOTO, IO Y PEAKIifHY CyMIIll, IKa MICTUTh
napy TiCl,, BoieHb Ta KHCEHb 1HXEKTYIOTh elekTpoHu 3 eHeprieto 450-500 keB 3
yactoToro mogaui immyinbciB 0,5 I'u. B3zaemonist TiCly 3 BojgHeM Ta KHCHEM MpH
1HXKEKITIT eJIEKTPOHHOTO IPOMEHIO HOCUTh BUOYXOBHM XapakTep.

Cynbsdatauit meton oTpuManHs Tutany (IV) okcuay 6a3yeTbcst Ha riposisi
tutany (IV) okcocynbdaty y cepenoBuiil cyib(aTHOT KUCIOTH 3a MiJBUIIEHUX
temriepatyp 80-100 °C. Ilpu 1mwomy yTBOproeThess tutany (IV) rigpokcun
(TiIO(OH),;'nH,0), sxuil mpoxkaproroTh 1 OAEPKYIOTh KPHUCTAIIYHUN MOPOIIOK

TiO, (B 3a/1€)KHOCTI BijJl TEMIIEPATypPHOTO PEeXUMY — aHaTasy abo pytuiy) [52].
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EKcnepumeHmaJlea yacmuna

IIpubopu, nocyo, peaxmusu

MarnitHa Mimanka 3 migirpiBoMm. Enekrpuuna mnutka. CymuiasHa mada.
®DOTOENEKTPOKOJIOPUMETP.  YIbTpa3BykoBa OaHsi. Barum TexHiuni. Baru
aHamituuHi. pH-Metp. AncopOiiitHo-doToKaTamiTUYHA YCTAaHOBKA. TepMOCTIMKUN
CKISHMH peakrop. XiMiuHmit crakan wmictkictio 250 cm’. CkisiHa mammuka.
dapdopoa uyama. Tepmomerp. Bakyym-dinpTyroua ycraHoBka. Excuxatop 3
oenzonom. I[lamip ¢inerpyBansHiil. Okcocynbdar turany. CynbdaTHa KuCIOTa.
MetunenoBuil 6J1akuTHUN. MEeTUICHOBUN YEPBOHUM.

Cxema ycmanosku 0ns cunme3zy mumany (IV) okcudy cyrvgpamuum
Memooom

st cunte3y tutany (IV) okcuny cynbdarHUM METOIOM BHUKOPHUCTOBYIOTH
7abopaTopHy YCTaHOBKY, sika 300paxeHa Ha puc. 4. BoHa ckinamaerbcs 13
MarHiTHOI MIIIAJKK 3 MIAICPiBOM (200 €NeKTPUYHOI IJIUTKUA) 1, TEpMOCTIMKOTO
CKJISTHOTO peakTtopa 2, B SAKUW MOMIINIEHO MarHiT y TedimoHi 3, a Takox
TepMomeTp 4. JlaGopatopHa YCTaHOBKa oOJsiaiHaHa MOBITPSHUM

XOJOIWJIBHUKOM D.

Puc. 4. Cxema 1ab0paTopHOi yCTaHOBKH: 1 — MarHiTHa Milianka; 2 — TEpMOCTIHKUN CKISTHUI

peakTop; 3 — MarHiTHUHM eJIeMeHT y Te(IoH1; 4 — TepMOMETP; 5 — MOBITPSHUM XOIOAUIBHUK
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Memoouka cunme3y mumany (IV) okcuoy

HaBaxxky BuximHOro OKcocynbdaTy THTaHy Macoro 5,00 r 3a J0HOMOroo
cyxoi XIMIYHOI JIIHKK BHOCATb Y TEPMOCTIMKUN CKISIHUH peakTop, KyAH TaKOXK
J0JAI0Th PO3YMH CYJIb(aTHOI KUCIOTH. (s bOr0 KOHIIEHTPOBaHY cCyib(daTHy

KHCJIOTY P0o30aBisitoTh Boaoio (Obepekno! HammBaTty KUCIOTY Y BOJY) 0 MEBHOI

KOHIIEHTpaIi (3a BKa3iBKOIO BUKIagada). [IpuroroBanuii Takum YHHOM PO3UMH

KHCITOTH eMHicTIo 100 cM® BHOCSTH y peakTop, SIKHil JErKO CTPYIIYIOTh PYKOIO.
TepMOCTIMKUN CKJISHUN peakTop OOropTaroTh (OIBro0 ISl  TEIUIOI30JISIii,
BCEpeNMHY WOro MOMIIIAI0Th TEPMOMETpP, 1 CTaBJISATh HA MAarHITHY MIMIAJIKY,
BBIMKHYBIIK miairpiB. CuHTe3 copOeHTy-(poToKaramizatopy MpOBOISTh IPHU
3nayeHH1 Temneparypu 50-100 °C i tpuBanocti cuatesy 60-120 xB. (32 BKa3iBKOIO
BUKiIanaya). [lo 3akiHYEHHIO MPOIECYy BUMHUKAIOTH MIAITPIB 1 MIIMIAJIKY; BMICT
KOJIOM OXOJIO/KYIOTh Il CTPYMEHEM TEIUIOl, a TOTIM XOJI01HO1 BoAu. BimmiieHHs
OTPUMAHOTO  OCaay MpPOBOAATh y  BakyyM-(QUIbTPYIOYId  yCTaHOBII 3
BUKOPUCTAHHSAM JIBOX-TPHhOX (DUIBTPIB «3elieHa cTpiukay. OTpumaHuii Ha QuUIBTPI
ocaJi MPOMUBAIOTh BOJIOIO (I’ ITUKpAaTHUM 00’emMoM Boju 1o 100 ). [TpomuTuii
3pa3ok copOeHTy-(poToKaramizaTtopy BHCYHIyIOTh 3a Ttemneparypu 100 °C
BIIPOJIOBK 2 TOJIMH Ta 3BAXKYIOTh HA TEXHIYHUX Barax.

Buxix npoaykTy BU3HAYarOTh 32 (POPMYJIOH0:
b= (mg / ml) : 100%, (5)

Je m; — TeopeTUuyHo MoxjauBa Maca tutany (IV) okcuamy, po3paxoBaHa 3a

XIMIYHHMH PIBHAHHAMU (CKJIACTH CAMOCTIWHO), T

m, — Maca otpumanoro tutany (IV) okcuny, r.
Jocniooicennss  aocopbyiiinux i omoxkamanimuyHux — 81acmueocmeti
mumany (1V) oxcudy
JlabopaTopHa  ycTaHoOBKa  JUIsi  JOCHIDKCHHS — aAcoOpOLIMHMX 1
(doTOoKATATITUYHUX BIACTUBOCTEH 300pakeHa Ha puc. 5 (a 1 6 BiANOBIIHO), BOHA
CKJIaJa€ThCs 3 MArHiTHOI Mimanku 1, ckmsHOro crakany 2 emmictio 100 ecm® Ta

yibTpadioneToBoi Jammnu 3.
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a 4]
Puc. 5. JlabopaTopHa ycTaHOBKa JUTsl TOCHTIDKEHHS aIcOpPOLIMHMX 1 (pOoTOKATATITHIHUX
BJIACTUBOCTEH 3pa3KiB: @ — JOCTIKCHHS aJICOPOIIHUX BIACTHBOCTEH, 6 — MOCIIIKEHHS

KaTaIITHYHUX BIACTUBOCTEH

JUiss  BU3HAaueHHA COpOUIMHMX Ta (POTOKATAIITHUYHUX BIACTHBOCTEH
OTPUMAHOTO KaTalli3aTopy CIOYaTKy TOTYIOTh PO3YMHU OapBHHKIB. [[ns 11010
3BaXXYIOTh Ha AaHAJITUYHUX Barax y ckiastHomy Orokci HaBaxky 0,01 r BiAmoBiIHOTO
OapBHMKA (METUIIEHOBOTO OJAKUTHOTO a00 METUJICHOBOTO YEPBOHOI0) 1 KIIBKICHO
MepeHocsATh 10 MipHOi Kon6u Ha 1 am°. JIoBOAATH M0 MITKH IHCTHIIBOBAHOIO
BOJIOI0, 3aKpUBAIOTh MPOOKOIO 1 PETEIbHO MEPEMIITYIOTh. BUMIpIOIOTE ONTHYHY
TYCTUHY TPHUTOTOBAaHOTO PO3UMHY, MiAOMparoud HEOOXIJHY JOBXKHUHY XBHJIl Ta
TOBIIMHY KIOBETH, a TakoK pH oTpumaHoro po3unHy OapBHUKA.

Copoyitini enacmusocmi gomoxamanizamopié JIOCHIIXYIOTh HACTYITHUM
YUHOM. Y CKJISSHMM CTakaH 3a JOTOMOTOIO IHJIIHJIPY HaauBalOTh S0 cm® pO34YUHY
OapBHMKa 1 aojaroTh HaBaxky 0,05 r turany (IV) oxcuay 3BaxeHOro Ha
TexHiyHMX Barax. Tutany (IV) okcup nucneprytorh y po3duuHi OapBHHMKA Ha
yJIBTPA3BYKOBINA OaHi BOPOJOBXK S5 XBWIWH, MICIS YOr0 BUMIPIOIOTH pH po3unHy.
CKJISIHMI CTakaH 3 CyCHEH31€10 BCTAHOBIIIOIOTh HA MArHITHY MILIAJIKY 1 MPOBOJSITH
copb6ito mpotsirom 30 xBuiwH. [lo 3aBepiieHHIO MPOIECY OCaa BIAILISIOTH Bif
po3unHy Ha HeHTpu@y31 (4ac 1 KUIBKICTh 00EpTIB 3a BKa3IBKOI BHUKIagaya). B
OTPUMAHOMY PO3YHHI BUMIPIOIOTH ONTHYHY TYCTHHY.

Domokamanimuyni  eracmueocmi - pomoxkamanizamopié  JOCIIIKYIOTh

aHAJOIIYHO, ajie JO0JATKOBO BHUKOPUCTOBYIOTh Y® mammy st ONpPOMIHEHHS
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cycrneHsii (Jammy MiJHOCATH SKOMOTa OJNMKYe 10 MOBEpXHI CTakaHy, JAHMB. PHUC.
1.3,6).
AncopOmiitai 1 QorokaramiTuyHi  BiaactuBocTi THTaHy (IV) okcumy

OHiHIOI-OTL 3a CTYIICHEM 3H€6apBJICHH512

X:u-lOO%, (6)
A4,

ne Ap— ONTUYHA I'YCTUHA BUXIHOTO PO3YMHY OapBHUKA;
Ay — onTHYHA TYCTHHA PO34YMHY OapBHHKA IicIsl copOItii (poTokaTamisy).

Busnauenns numomoi niowi nogepxui 3paskie

[lepen mouaTkoM JOCHIIKEHb HAaBaXKy 3pa3ka Macorw ~1 1, B3sATy 13
toyHicTiO 70 0,001 T, MOMIIIAIOTh Yy MONEPEIHbO 3BAKECHUI (Pa3oM 3 KPHUIIIKOIO)
CKJISHUM OIOKC 1 BHCYIICHHMH 3 BIIKPUTOIO KPHUIIKOK y BaKyyMHIN cymapii 3a
temriepatypu 100-150 °C Brpomosxk 1 rogunu. s 1mporo OGrOKC 3 HaBa)XKOIO
MOMIIIAIOTh B €KCHUKATOp 3 OCEH30J0M 1 depe3 KokHI 30 XBWIMH 3BaXyHOTh Ha
aHATITUYHUX Barax JI0 BCTAHOBJIEHHS MOCTIHHOT Macu. Ilicis 1mboro mpoBOASITH

PO3PAXYHOK ITHTOMOI TLIOLI TOBEPXHi (Sum, M2/T) 32 hopmyioro [63]:

_Ag-N,-S,

gcop6 ) M oens (7)

ne Ag — maca copboBaHOro 6€H30:7y, T;
N, —uucio ABoraapo, 6,02-10% momns™;

S, — IJIOIIA, SIKY 3aiiMae ojiHa MoJieKyJja OeH30ITy, 39-10° Mm%

J.ps — MacCa HABAXKKH, T}

M, —MoJspHa Maca 0eH301y, 78 I/MOJIb.

bens

Bci orpumani ekcriepuMeHTalbHI pe3yabTati 0(hopMITIOIOTh y Tab. 1.
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Tabauys 1. Pe3yabTaTH eKCNIEPUMEHTATBHUX T0CTiIKEeHb

AncopOuiiini doToKkaTAJITHYHI
BJIACTHUBOCTI BJIACTHUBOCTI

Ha3zgpa
0apBHUKA
MF/I[M3
O0apBHHKA Aj
Cryninb

X

OnTHYHA rycTHHA
3HeOapBiaeHHs X, %

po3uuny 0apBHuKa Co,
BHUXITHOTO PO3YMHY
micast copouii Ay
OnTryHa rycTuHa

Konuentpanist Buxignoro
OnTuyHa rycTuHa

3pa3ok
ITuToMa muioma nmoBepxHi,
m%/r
micjst poTrokaTandizy
A
Cryninb
3HebapBeHHs X, %

PoOiaTh BUCHOBKH, OO TMPOBEACHOTO EKCIIEPUMEHTY Ta OTPUMaHHUX
pe3yibTaTiB.

Texnixa b6e3nexu

1. ITix yac po6oTH He 3anuInaTu 6€3 JOTIIAIy JTabOpaTOPHY YCTAHOBKY.

2. JUist  3anmoOiraHHs TEpPMIYHUX ONIKIB TpPU BWIYYEHHI Tapsa4yoi
dbapdopoBoi yamii 13 cymuiabHO1 madu KOPUCTYUTECh METATIYHUM 3aXBaTOM.

3. JlotpuMyBaTucs mpaBwil poOOTH 3 XIMIYHUMH pPEUOBHHAMU Ta

€JIEKTPUYHUMHU TIPUIaJaMH.
Koumponvnui 3anumanus

Jlonyck 0o pobomu

1. ki monudikauii Tutany (IV) oxcuny Bu 3Haere? llepeniyuiTe MmeToau
MOro OTPUMAaHHS.

2. B yomy nonsirae meta poOoTH?

3. Onuurite 1a00paTopHy METOAUKY OoTpuMaHHs TuTaHy (IV) okcuay Tta

JOCITIJIKEHHS HOTO COpOIiHHO-(OTOKATAIITHYHUX BJIACTUBOCTEH.

3axucm pobomu
1. Haenith ximi3M cynbdaTHOTO MeToay oTpumanHs TutTany (IV)
okcuay?

2. Ha3BiTh cdepu BukopuctanHs tutrany (IV) oxcuay 1 Ha skux
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BIacTUBOCTAX Ti0; BOHU 0a3yIOThCS?
3. Oxapakrepu3ydTe NPUHOMHU, SKI BUKOPUCTOBYIOTH Ui OTPUMAaHHS

Ti€i un 1HMIO0T Moaudikamii Tutany (IV) okcuny.

JlabopaTropna po6oTa Ne 6. Moae/1r0BaHHSI KiHETHKH Ta aJcopouii

0OApPBHMKIB 3 BOJHUX PO3UYMHIB

Mema pobomu: NOCHIIATA KIHETUKY afCcOpOIlii 3a TOMOMOTOI MOCICH
MICEBJIO-TIEPIIOT0 Ta TICEBJO-IPYroro MopsAlKiB, Audy3iiHo Moaemno boiina-
AJllaMCOHa; BM3HAYWUTHU aJCKBaTHI MOJEIl aJcopOIlli, MO0 OMUCYIOTh MPOLEC
BUJTyYECHHsSI OAapBHHKIB, Ta BHU3HAYUTH TEPMOJMHAMIYHI BEJIIMYMHU MPOIECY
COpOIIIHOTO BUITyYeHHs OapBHUKIB.

Cmucni meopemuuti 6i00MoCmi

AncopOriiiHe OYMIIEHHS TPU BEJIMKOMY ACOPTUMEHTI COpOIIHHUX
MaTtepiaidiB Ta OOJIaJHAHHS € YHIBEpCAIbHUM METOJIOM [UJIi OYHUIICHHS SIK
BHCOKOKOHIICHTPOBAHUX, TaK 1 HU3bKOKOHIIEHTPOBAHMX CTIYHUX BoA. Jlms
BU3HAYECHHS OCOOJIMBOCTEN mepediry ajcopOIi MoMIOTaHTIB PI3HOTO T€HE3UCY Ha
OyIb-aKOMYy  CcOpOILIfHOMY  MaTrepiaji ~ BHUKOPUCTOBYETbCS ~ MaTeMaTH4YHE
MOJICITFOBAHHS.

MaremaTudHi MOJell KIHETHKM 0a3yloThCsS Ha BIiAMOBIIHOCTI IIBHIKOCTI
afcopOuii IMBHAKOCTI HAWOUIBII MOBUILHOT cTaail. JlimiTyBaHHs amgcopOiil
3a3BUYail BU3HAYAETHCS 1HTEHCUBHICTIO MU(Dy3il y 30BHINIHIA TUTIBII TpaHyJId
COpOCGHTY Ta B BCEpPEIUHI MOPHUCTOI CTPYKTypu copbOeHty [7/5]. i omnwmcy
KIHETUKMA  aJCOPOLIIITHOrO  BWJIYYEHHS MOJIOTAHTIB 3  BOJHUX  CHUCTEM
BUKOPUCTOBYIOTh MOJI€JNIl  TICEBNIO-TIEPIIOT0, TICEBAO-APYroro TMOPSAKIB Ta
nudy3iitny mozensb boiina-AnaMmcona.

B ocHOBYy Mojeni TCeBIO-TIEPIIOTO TMOPSAKY TOKJIAJACHO 3aJICKHICTh
MIBUIKOCTI aAcopOIii BiJ aacopOIiitHOI €MHOCTI COpOEHTY, B OCHOBY IICEBJO-
JPYroro MOpSJIKY — aHAJIOTI4HA 3aJ€KHICTh BIJl KBaapaTry COpOLIMHOI €MHOCTI.

Mopnens TICEBIO-TIEPIIOTO TOPSAAKY aJCKBAaTHO OMHUCYE ancopOIlito, KOJIU
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BUPIMATHHUM € BIUIMB Ha MIBUAKICTH SBHINA TUIIBKOBOI Audy3ii. MoaemoBaHHs
KIHETUKU aJcopOIlli 3a MOJEIUIIO ICEBAO-APYroro MOPSIKY € JOCTOBIPHHUM 3a
YMOBH JIMITYBaHHsI MPOIIECY B3a€MOJII€I0 COPOEHT-cOpOaT Ta MIXKMOJIEKYIISIPHOIO
B3aEMOJIi€I0 ajicopbary. MaremaTudHe MOJCIIOBAHHS 3T1THO KIHETHYHOI MOJEl
bolina-AnamMcona 103BOJIsI€E YITKO PO3MEKYBATH IMEpeOIr Mpolecy y 30BHIIIHBO
nudys3iiiHii abo BHyTpimHboaUDY3iliHiN 0bmacTi [76—77].

Jlo HaMiOUIbII JOCTOBIPHMX MaTeMAaTHYHHX MOJCJICH Mpolecy aacoporii
Hanexats. piBHAHHA Jlenrmiopa, @penmgmixa, Tromkina Ta JlybOiniHa-
Panymkesuya.

Mopaenb ancopOrii Jlenrmiopa KuUIbKICHO omnucye (OpMyBaHHS MOHOIIAPY
ajcopbaTy Ha TOBEpPXHI NOp COpPOEHTY Ta mependayae pPIBHICTb €HEPrii yciei
noBepxHi copOenty. g ommcy ajacopOIii Ha TEeTepOreHHi MOBEpXHI
3acTocoByBajach mojenb POpenmiixa. 3riHO 3 II€I0 MOJCIUIIO aacopOIiiiHi
LIEHTPU BOJIOJIIM PI3HUMHM 3HAYEHHSIM €HEprii B3aeMojli 3 ajcopOaToM.
AncopOriiiHa Mojenb ThOMKIHA, BPaXOBYIOUM B3a€EMOJII0 MK aJICOPOCHTOM Ta
aacopOaroM, mependavana JHIMHY OOEPHEHO MPOMOPIINHY 3aJEKHICTh MIXK
TEIJIOTOI0 aACOpOIlli MOJEKyn ajfcopbaTy Ta CTyNEHEM 3alOBHEHHS IOBEPXHI
ancopOeHTy. [l BCTaHOBJICHHS MeEXaHI3My ajcopOIlli Ta pO3MOAUTY TEIJIOTH
['ayca Ha reTeporeHHid NOBEpPXHI aJCOPOEHTY BUKOPUCTOBYETHCA MOJENb
Jy6inina-Panymikeuua [76-77].

JUist BU3HA4YeHHS TPUPOAM anCOPOLIMHOI B3a€EMOJII BHUpIIATBHUMHU €
3HAYCHHS TEPMOJMHAMIYHMX BEJIWYWH Tporecy. Jo OCHOBHUX TEPMOJIMHAMIYHHUX
XapaKTEPUCTHK MPOLECY aJcopOIil HAICKUTH [ 75]:

— 3MiHa BUIbHOI eHepris ['100ca (AG) — yacTMHa €HEpPreTMYHoro edexrty
ajcopOIIii, Mo BHU3HAYAaE€ MOXKJIUBICTH (IMOBIpHICTH) mepediry (AG < 0) mporecy
CaMOYUHHO;

— 3MiHa eHTanbmii (AH) — ternoBuit egext aacopOiiitHOi B3aeMo1ii COpOEHT-
copbOar;

— 3MiHa eHTporii (AS) — Mipa HEBIOPSIKOBAHOCTI MOJIEKYJI aicopOaTty.
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EKcnepumeHmaJlea yacmuna

IIpubopu, nocyo, peaxmusu

Boasuuit  meiikep. Cnekrpodoromerp. KioBetu. ILlentpudyra. Baru
aHamiTH4Hi. Barum TexHiuHi. 3pa3ku copOeHTIB Ta OapBHUKIB. MipHa Kkoi0a Ha
1 nv®. Koniuni konbu na 250 cm®, 8 . MipHni minetku Ha 1, 2,5, 10, 25, 50 oM.

Memoouxa susnauenns KOHyeHmpayii OapeHUKa y po3uuHax

Jlis BHU3HAUEHHS KOHIICHTpAIii OapBHUKIB (0OMpA€eThCs 3a BKAa3iBKOIO

BUKJIQ/Ia4a) y PO3YMHAX BHKOPHCTOBYETHCS CIEKTpodoTOMeTpuaHUNA MeTox. Jlist
OTO TOTYIOTH MOJENbHI BOJHI pO3YMHH OapBHUKA (Jiama3oH IMOYATKOBUX
koHueHTpauii  Cp 10-4000 mr/av®)  Ta  GOTOMETpPYIOTH IpH  HEOOXiZHOMY
po30aBieHHI (32 BKa31BKOIO BUKJIaJa4ya) BIIHOCHO AUCTHIIATY MPHU JTOBKUHI XBHIIL,
0 BIJMOBITAE MAKCUMyMy 3aliekHOCTI A = f(A) Ha CHEKTpi BiJAMOBITHOTO
OapBHHKa. byayroTh kKamiOpyBasibHMM rpadik y KOOpJUHATAX ONTHYHA TYCTHHA —
BMICT OapBHUKA.
Memoouka nposedernns npoyecy aocopoyii

HaBakky TBOX MOPOMIKOMOMIOHUX COPOCHTIB (32 BKa3iBKOI BHUKIJIAIa4a)

macor 0,5 2 BHOCSTh Y NPOHYMEPOBaHI KPYIIOZOHHI KOIOH 06’eMoM 250 cm®,
3aloOBHEHI MPOGAMH 3 MOMACIBHHMH po3uMHAMH 00’eMoMm 50 cM® (tabm. 1).
OpnepxaHy CYCNEH31I0 CTPYIIYIOTh y mieiikept mpotsirom 1 roxa. Ilicis 1poro
COpOEHT BIIAUISAIOTH BiJl PO3UMHY HA HEHTPHU(Y31 BIACTIHHOTO TUITY 3 YACTOTOIO
3000 06/xB. Onmepxanuii Qyrar BUKOPUCTOBYIOTH JJIsi BU3HAUYCHHS PiBHOBAXHOI
KOHLIEHTpal[li OapBHUKA.

Kopuctyrouncs rpanyroBaibHUM TpadikoMm, BpaxoBYHOUH pPO30ABICHHS
aHaI30BaHOI MNPOOM, 3HAXOMATH BMICT 3aJMIIKOBOI KOHUEHTpalii OapBHHKA.

Po3paxoBytoTh BMICT OapBHUKA Y pO3UHHI 32 OPMYIIOO:

c :C-Vk. M2
P 1 3!

aiz.



224

ne C — KoHIEHTpalisi OapBHMKA, BH3HAU€Ha 3a KamiOpyBaJbHUM TpadikoM,
MF/ILM?’;
Vi — 00’em xoa6m (V=100 CMS), oM

- 3
V,; — 00’€M aJlIKBOTH, CM".

Tabauys 1. Craaa BUXiTHUX MOIeJbHUX PO3YUHIB BOIH JJIsl MOIeJTIOBAHHS

aacopouii

Z

bapBHuk

10
50
100
250
500
1000
2000
4000

O IN|O|ON B WIN|F-

Po3paxoByroTh 3HaY€HHS aacopOLli s KOXKHOTO COPOEHTY MO OapBHHUKY

3rigHo hopmynu [75]:

Qt:%,Mele, (2)

ne Q¢ — agcopOItis X MT MOJTIOTAaHTy Ha 1 T copOeHTy, MI/T;

X — KiTbKicTh amcopGoBaHOro 3a0pymHioBada B 50 cM® po3umHy (ITOKa3HHK
azcopOItii), Mr;

M — maca COpOeHTY, T.

KinbKicTh afcopGoBaHOro 3abpyqHioBada B 50 cM® pO3UMHY 3HAXOITH 3a

dhopmyIioro:
(G —C,)-50
= ’M H
1000 ) ()
ne Cp, — modvaTKkoBa KOHIIEHTpalis 3a0py/HIOBaya y MOJENbHOMY pO3YUHI

(Co=100 mr/mm®), mMr/om>;
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: 3
C, — 3aJIMIIKOBA KOHILIEHTPALisl TOJIOTAHTY, MI/IM .

3aHOCATh BU3HAYEHI Ta PO3paxoBaHi AaHl a0 Tabu. 2. byaywooTs i30TepMu

agcoponii Q=f(C,) mna koxHoro copOeHTy Ta HOPIBHIOIOTH iX aACOpOLiiHi

BJIACTUBOCTI. PO3paxoByIOTh CTYMiHb BUITy4Y€HHsI OapBHUKA!

X :M.loo, %, (4)

0

ne Cp — TMOYATKOBAa KOHIIEHTpAIlisl 3a0pyJqHIOBaya y MOJEIHLHOMY pPO34YHHI
(Co=100 MF/I[MS), MI/IMC

Cy — 3JIMIIIKOBA KOHIIEHTpaIlis OapBHUKA, MF/J:[Mg.

Tabnuysa 2. Pe3yabTaTH A0CIiKeHHs copOuii opraniynnx 6apBHUKIB

Ne | Ap M;g;ug M;S;ug X, % X, M2 ap, M2/2
1 copbeHT

1

2

3

4

5

6

7

8
2 copOeHT

1

2

3

4

5

6

7

8

Jlocnioocennsn Kinemuxku adcopoyii

B 1I’siTh MPOHYMEpOBaHMX Koib MictkicTio 250 cM® BHOCATH MO 50 cm®
MOJICIIBHOTO PO34YMHY 3 KOHIIeHTpallieo OapBHuKa 100 MF/JIM3 Ta HaBaXXKHU
BIZIMOBITHOTO copOeHTy macoto 0,5 r. Konbu, 3 onep>kaHIMU CyCTIEH31IMH IILUTEHO

3aKpUBAIOTh MPOOKaMM Ta MOMIIIAKTE Yy cTpymryBad Ha 5, 10, 15, 30, 60, 120 Ta
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180 xBunuH. Ilicns crnamHy BKa3aHOTO dYacy CycHeH3ii HeHTpudyryoTh Ta
BHU3HAYAIOTh 3aJIMIIKOBY KOHIIEHTpaIlito OapBHUKA y TIpo0i. OTpuMaHi pe3ybTaTu
3aHOCSTH 10 TaOy. 3 Ta OyIyrOTh KIHETHYHI KPUBI aJCOPOIIHHOTO BHIyYEHHS

OapBHUKaA 3 BogHOTO po3unny C,=f(t).

Tabauys 3. Pe3yJbTaTH J0CJiIKeHHsI KiHeTHKH cOpOuii 6apBHUKIB

Ne | ¢, xe szl”é A Mzit)’ms X, % Qe m2/2
1 copbeHT

1

2

3

4

5

6

7
2 copOeHT

1

2

3

4

5

6

7

Buznauenns mepmoounamiunux napamempis aocopoyii

B TpH KPYIIOZOHHI MPOHYMEpOBaHi KOIOH MicTKicTiO 250 cM® BHOCATH IO
50 cM® MOJEIBHOTO pPO34MHY OapBHHKA 3 KoHmeHTpamicro Co= 100 mr/mv° i
HaBaXKU copOeHTiB Macow 0,5 r. Konbu, 3 oaepXaHUMH CYCNEH31IMH IILIBHO
3aKpUBAIOTh MPOOKAaMHU Ta MOMIIIAIOTH y CTpylIyBad Ha 60 XB mpu Temmeparypax
293, 323, 343 K. Ilicns crumMHy BKa3aHOTO Yacy CYCHEH31l0 HeHTpUQyryroTh Ta
BH3HAYAIOTH 3QJTHIIKOBY KOHIICHTPALIIO MTOMIOTAHTY Y 1po6i Bogm Cae, MI/aM® Ta y
copberti Cp., Mr/am’ (3a pI3HHICI0 MDK BHXiJHON0 KOHueHTpamiero Co Ta

3auIIKOBOIO Cye). OTpUMaHi JaHi BHOCITH y Ta01. 4.
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Tabauys 4. Pe3yJbTaTH J0CiIKeHHSI TEPMOIMHAMIKH cOpOILii

T, K | A | Cer M2/OM® | Cpe, M2/OM®

1 Copbent

293

323

343

2 CopbOeHt

293

323

343

Mooenrwsanusa adcopoyii
Mooenv Jlenemwopa. 13otepma ancopOuii  JleHrmiopa mpejncTaBieHa

piBHSAHHSAM [76—77]:

Qo ' KL 'Ct(e)

1+ K, -Cyey ()

Qt(e) =

ne Ciye) — pIBHOBa)KHA KOHIICHTPALIS ITOJIIOTAHTY, MF/):[Mg;

Qie) — pIBHOBakHa ajacopOLis (KUIBKICTh IOJIIOTaHTY aacopOOBaHa rpaMoM
COpOCeHTY), MI/T;

K, — koHCTaHTa piBHsHHS JIGHIMIOpa, M°/MT;

Qo — MakcuMasibHa EMHICTh MOHOIIIAPY, MI/T.

Jlineapu3oBaHa (hopma pIBHSHHS Ma€ BUTJISI:

Cio _ G P (6)
Qt(e) Qo Qo : KL
y =ax+b. (7)

Jlns mepeBipkd BIAMOBIAHOCTI ancopOiii moneni Jlenrmiopa OyayroTh
rpagik 3anexHOCTI Ciye)/Qqey = f(Cye). 3a TaHreHCOM KyTa HaXMIy OTPUMAaHOI

npsIMOi pO3paxoBYIOTh Qg, MI/T:

a=tga=—=0Q, =—. (8)
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Koncranty 130tepmu Jlenrmropa K (M°/MT) BH3HAYAIOTH BUKOPUCTOBYIOUH

3Ha4eHHs b BUIbHOTO uieHa JiHiiHOI 3a1eKHOCTI Ciyey Qye) = f(Cye)):

b:_—:>KL:.—. (9)

PesynbTaTu 3aHOCATH 70 TAOII. 5.
Mooenv Dpetinonixa. PiBHsIHHSA Mojieni agcopOirii dpeitHtixa onucy€eTbes

piBHSHHSM [76—77]:

1

Qt(e) = Kf 'Ct(e)n! (10)

ne Ciye) — pIBHOBa)KHA KOHIICHTPALIS ITOJIIOTAHTY, MF/):[Mg;

Qi) — piBHOBakHa aacopOLis (KUIBKICTH IOJIIOTaHTy aacopOOBaHa IpaMoM
COpOCeHTY), MI/T;

Kt — koHCcTaHTa piBHOBaru ®peitHaixa, Mr/r;

1/n — mapameTtp, 1110 BKa3ye Ha IHTEHCHUBHICTh B3a€MO/Iii aJicOpOCHT-a1copoar.

Jlineapu3oBaHa (hopma pIBHSHHS Ma€ BUTJISI:

1
INQ,, =InK; +H-In Cie)s (11)
y =ax+Dh. (12)

BianosigHicts ancopOuii g0 13orepMu PpeHiiixa BU3HAYATH IUIIXOM
noOyI0BH JIHIHHOT 3a/IeKHOCTI, 1m0 Bianosinae koopauHataM IN(Qye)=f(In(Cye))).

3a TaHreHCOM KyTa HaXWly OTPUMaHOI NPAMOi pO3paxoBYIOTh MapaMeTp n:

a=tga=2=n=—
g 0 g (13)
Po3paxyBaTtu koHcTaHTy 130TepMu @peniixa Ky (Mr/r), BUKOPUCTOBYIOUH

3Ha4eHHs b BUIbHOTO WieHa diHiiHOT 3anexHocT] In(Qye))=f(In(Cy))).
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b=InK, =K, =¢". (14)

Pe3ynpraT MaT€EMaTUYHOTO MOJIETIOBAHHS 3aHECTU 10 TadI. 5.

Mooenv Teomxina. PiBusHHS agcopOiirinol mozaeni TroMkina [76-77]:

Qt(e) =B In(AT 'Ct(e))' (15)
R-T
B = .
b, (16)

ne Ciye) — pPIBHOBa)KHA KOHIIEHTPALIs [TOJIOTAHTY, M2/0M3;

Qi) — piBHOBakHa aacopOLis (KUIBKICTH IOJIOTaHTy aacopOoOBaHa IpaMoOM

COpOEHTY), Mme/2;
At — KOHCTaHTH piBHOBarH i3otepMu ThoMKiHa, OM’/2;
bt — xoHCTaHTa 130TepMU ThOMKIHA;
B — xoHcTaHTa TerioTH aacopouii, [oc/monw;
R — yHiBepcanbHa ra3zoBa crana, o/ (monv-K),
T — remneparypa, K.

Mopenb TroMKiHA Y JTiHEapU30BaHii (HOpMI BUTIIAIA€ HACTYITHUM YHUHOM:

Qt(e) =B-In4;, +B-In Q(e), (17)

y =ax+h. (18)

MareMaTnyHe MOJICTIOBAHHS 3a JaHOK MOJECIIIIO TPOBOISATH HACTYITHHM
YyiuHOM. bByayloTh JiHIMHY 3aJeXHICTh pIBHSHHA ThOMKIHA y KOOpJAMHATAX

Qie=f(In(Cye)) 1 3a TaHTeHCOM KyTa HaxWiIy OTPHMAaHOi HPSAMOI BHU3HAYAIOTH

napametp B:

a=tga=0b. (19)
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PO3paxoByIOTh KOHCTAaHTY piBHOBark izotepmu Toomkina Ar (am/r),

BUKOPUCTOBYIOUM 3HAY€HHS b  BUIBHOTO WIEHA JIHIMHOI  3aJ€KHOCTI

Qio=(In(Cy))).

B

b=BInd, = 4, =e". (20)

Po3paxoBani mapameTpy BHOCATH 70 Ta0I. 5.
Mooenv  Jybinina-Paoywrkesuua. Monenn azcopOrii OTIUCYEThCS

piBHSHHSAM [76-77]:

Qt(e) = (Qs )exp(— Kad -&° ), (21)

e=RT- In(1+i), (22)
t(e)

ne Ciye) — pIBHOBa)KHA KOHIIEHTPAL1s MTOJIOTAHTY, Mr/am>;

Qi) — piBHOBakHa aacopOLis (KUIBKICTH IOJIIOTaHTy aacopOOBaHa IpaMoM
COpOEHTY), MI/T;

Qs — TeopeTUYHA EMHICTh HACUYCHHSI COPOCHTY, MI/T;

Kad — KOHCTaHTa piBHOBaru izorepmu [lyoinina-PagyiikeBuua, MOJ'IBZ/KI[)KZ;

€ — KoHcTaHTa 130Tepmu JyOiHiHa-PanymikeBuya.

JlineapuzoBana hopma piBHSHHS:
INQ,, =K, -&*+InQ,. (23)

Jlns  monemroBaHHS — ajucopOIii  BiAMOBiAHO g0 13otepmu  J[yOiHiHa-

. . . 2
PagymkeBudya HeoOXimHo moOyamyBaTu rTpadik 3anexHocTi INQ,, = f(°). 3a
TaHT'€HCOM KyTa Haxuily OTPUMAaHOl MPsIMOI PO3PaxOBYIOTh KOHCTAaHTY Kgq,

MOJIB /K JIK:

a=tga=-K,, = K, =-tga. (24)
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BusHauaioTh TEOpeTHMUHY €MHICTh HacuueHHS copOeHty Qs (Mr/r),

BUKOPHCTOBYIOUHM 3HAYEHHA b BIIBHOIO WICHA JIIHIIMHOI 3aJIeKHOCTI InQy(e) = f(e):
b
b=InQ, = Qs =¢". (25)

Po3paxoByloTh €Heprito, 3aTpauyeHy Ha BWIYYEHHS MOJIEKYJ MOJIIOTAHTY 3

copOmuiitHoro cepenosuma E, x/{oc/monw:

E = - (26)

PesynbTaTi po3paxyHKiB 3aHOCSTH Y Ta0JI. 5.

Tabauys 5. KoHcTaHTH JIiHeapu30BaHUX i30TepM coOpOuii

I30Tepma Jlenrmiopa [3orepma ThoMKiHA
Cop6ent | ITomotant | Qg, me/z | Ky, om/me | R® | Ay, on’/z br B, R?
Jloic/monn
I30Tepma @penpixa [3orepma JlyOinina-PamymikeBnua
CopOent | [Tomorant n Ki, me/z | R® Qs, me/2 Kad, E, R?
monv? /it | klowe/monw

3a koedimicaTroM kopemauii (R?) BHM3HAYAIOTH MOJENTI, IO HaMKpamie
OMUCYIOTh MpoIec copOIlii OapBHUKIB HA MEBHUX 3pa3Kax COPOCHTIB.

Mooentosanns Kinemuxu

Jugpysitina modenv boitida-Aoamcona. {udysiiina moaens kineTuku boiina-
AaMcoHa OTMCY€ETHCS PIBHAHHAM [76-77]:

0 6 1 D-7%-n*-t
F=—t=1-—-) —exp| ———— |, 27
0, ﬂ;ﬂz p[ r? ] (27)

ne 0 1 0, — e cTymiHb HacMYeHHs COpPOEHTy Micli CIUIMHY 4acy t Ta Impu
Oe3KiHEeUHI TPUBAJIOCTI MPOIIECY, BIJINOBITHO;
F — cTyninp 1OoCSTHEHHS pIBHOBArH;

D — nudysiitauit koedirienT audysii, cm?/c;
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I' — pagilyc YaCTUHOK COPOCHTY, MM;
N — psia muux uucen 1, 2, 3, 4, 5.

Kpurepiit @yp’e:

D-7°-t

ne Bt — koHcTaHTa MBUAKOCTI AUQY3ii, IO JOPIBHIOE:

D z?
B= rf (29)
[Tpu migcranosi (29) y piBHsHHS (27) 01€pPKYEMO:
6 1
F=1-—Y—exp(-Btn’), (30)

743n

ne Bt — 6e3po3MipHa BeanMUKHA, IO € PIIEHHSIM MoieNl AuQy31i y TBEpAlM YyacTil.
3HaueHHs Bt BCTaHOBIIOIOTH BIAMOBIIHO /10 €KCIIEPUMEHTAIBHO BU3HAYEHOT

BenmunHM F 3a Tabnuiero pimieHb qudysiinoi Mmoaeni boiiga-Anamcona (ta0:. 6).

Tabauys 6. Pimenns moaeni qnudysii [78]

Bt-10* F Bt-10° F Bt F
0,1 0,0035 0,2 0,035 0,8 0,720
0,2 0,0050 1,0 0,090 1,0 0,775
0,4 0,0070 2,0 0,125 1,3 0,818
0,6 0,0083 3,0 0,155 1,5 0,865
0,8 0,0095 4,0 0,180 2,0 0,915
1,0 0,0105 5,0 0,205 2,5 0,950
1,5 0,0130 6,0 0,225 3,0 0,970
2,0 0,0153 8,0 0,265 3,5 0,980
3,0 0,0190 10,0 0,300 — -~
4,0 0,0228 15,0 0,365 — —
5,0 0,0240 20,0 0,420 - —
6,0 0,0260 25,0 0,462 ~ —
8,0 0,0300 30,0 0,497 — —
10,0 0,0340 40,0 0,555 - -
15,0 0,0420 50,0 0,605 — —
20,0 0,0480 60,0 0,650 — —
30,0 0,0590 70,0 0,690 — —
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Jlnst Bu3Ha4ueHHS Au(Y31MHOTO JIMITYBaHHS MpoIecy aacopOiii OymyroTh
rpadiuni 3amexsHocti Bt i -In(1-F) Bixg t. HasBHicTh NiHIKMHOI 3anexHOCTI Bt=f{(t)
CBIYUTH, IO JIMITYIOUOIO CTaAI€I0 aACcOopOIli € BHYTPIIHSA AUQPY3is TOJIOTAHTY B
YacTIi COpOCHTY, a JHiiHOI 3anexHocTi -IN(1-F)=f(t) — mo mBuaKicTh amcopOIii
BU3HAYAETHCSI CTATIEI0 30BHIMHBOT JUPY3Ii.

3a ymoBu JmiHIHHOCTI 3anexHocti Bt = f(t), BenmmumHa koHcTaHTH B
BI/IMOBIZIa€ TaHTEHCY KyTa Haxuiy npsMoi Bt=f(t), po3paxoByOTh SIK CepeaHE

.. 2, L.
3Ha4YeHHs KoedimienTa Audy3ii 3a GopMyor, cM ¢

B-r?
D= Z2 (31)

OTpumaHni pe3yJbTaTu JOCIIKEHb BHOCSTh y Ta0. 7.
Mooenv ncesdo-nepuioco nopsaoky. Mopaenb MBUIKOCTI ICEBAO-TIEPIIOTO
HOPSZIKY, 10 3alpOoINoHOBaHa JlareprpeHoM, mpejacTaBieHa y BUrisiai [ 76-77]:
dQ,
dt

ne Qe 1 Qr — copOLiiiHA €MHICTh OAapBHHKIB IIPH PIBHOBA31 Ta y NEAKUNA MOMEHT

= k1 '(Qt(e) - Qt )’ (32)

qacy t, MI/t;
K; — KOHCTAHTa MIBHAKOCT] IICEBIO-IIEPIIOrO MOPSIAKY, XB .
PiBusinng (32) npu iHTErpyBaHHI 3 TPaHUYHUMU yMOBaMH Bimt =0 g0t =t
ta Big Q; = 0 10 Q¢ = Q; npuiiMae HACTYIHUI BUTTIAL:

kl
2,303

In (Qt(e) - Qt ) = In(Qt(e)) - 1. (33)

MopentoBaHHs KIHETUKH afcopOIlii 3rigHO MOJENl ICEBAO-TICPIIOTrO
HOPSIKY IPOBOJATH MIIAXOM H0Oy0BH MiHiiHOI 3anexHocTi IN(Qye) — Q)= 1(t). 3a
TAHTE€HCOM KyTa HaXWJly OTPUMAHOI IPSIMOi PO3PaxOBYIOTh KOHCTAHTY HIBUIKOCTI

-1.
MICEBJIO-TIEPILIOTO MOPSIKY, XB

K
=toq=——— =k =-2,303-toq.
e B 8¢ (34)
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BusHauaroTh 3HAa4YEHHS BEIMYMHU PIBHOBAXHOI COpOLINHOI eMHOCTI Qe

(mr/1T), BUKOPHCTOBYIOUM  3Ha4eHHd b y  JHIAHIA  3aJIeXHOCTI
IN(Que) — Qr) = (V):
b=InQ,, =Q, =¢" (35)
Pe3ynbratu po3paxyHkiB 3aHECTH y Ta0d. 7.
Mooenv ncesdo-opyeoco nopsaoky. JIns onucy mpolecy copOIlii y BOTHUX
pO3UMHAX TaKOX BHKOPUCTOBYETHCS MOJENb IMIBUIKOCTI TICEBIO-IPYrOro

nopsaky [76-77]:

d;% =k, '(Qt(e) -Q )2 , (36)

ne Qe 1 Q — copOLiiiHa €MHICTh OapBHMKIB IIPH PIBHOBA31 Ta y NEAKUNA MOMEHT
yacy t, MI/t;
K, — KOHCTaHTa MIBHIKOCTI [ICEBIO-APYTOro MOPSKY, I'MI XB .

[aTerpansHa (opMa KIACHMYHOTO PIBHSAHHS IIBHJKOCTI ICEBAO-APYIroro

HOPSAIKY Ma€ BUTIISIL
Q = t
,—+
kz ‘Qt(e) Qt(e)

JIaHe piBHHHHH MOHa IpEaACTaBUTH SIK:

A — (38)
Qt k2 ) Qtz(e) Qt(e)

MogentoBaHHs KIHETUKHM aJIcOpOIlli 3a MOJACIUIIO IMCEBIO-IPYTroro Mopsiay
MPOBOJIATh HACTYITHUM YWHOM. BynyroTh JNiHINHY 3aleXHICTh, IO BIAMOBIIAE
JaHOMy piBHSHHIO y KoopauHatax t/Q=f(t). 3a TaHreHcom KyTa HaXHIy
OTPUMAHO1 MPSIMOi PO3PAXOBYIOTh 3HAUEHHS BEIMYMHU PIBHOBAXKHOI COPOIIAHOT

eMHOCTI Q) (MI/T):
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a—tga——l =0 —i 39
Qt(e) ) [(s]27 . (39)

Po3paxoByi0oTh KOHCTaHTy HIBHAKOCTI BHUKOPHCTOBYIOUM 3HA4YeHHS b y

JiHifHIT 3anexHocTi t/Q=f(t):

1 ~ K 1
= 2 2 = 2 (40)
kz ‘Qt(e) b- Qt(e)
Pesynbratu gociiKeHHs 3a3HaYUTH Y Tabm. 7.
Tabauys 7. llapamMmeTpu KiHeTHYHUX MoOJIeJIei

JAuysiiina moxeas boiiga- Mopean nnceBao- MopeJsb nceBao-
CopGent _ AjlamMcoHa _ MEepPIIOro MOPSAKY |  JAPYroro mopsiaiky
“In@-F)=1(t) Bt=1() ky, x6™ R? ko, 2:me ™t xe™ R?

Busznauenns mepmoounamiunux napamempis aocopoyii

3a IOMOMOrol HACTYIHOTO PIBHSHHS MOXXHA OOYMCIHMTH 3MIHY BUIBHOI

eHeprii [1066¢ca a1 mporiecy afcopOIiii mpu pisHUX TemrepaTypax [76—77]:

AG =-RTInK, (41)

ne R —rasoBa noctiitna, [oic/(monv-K);
K — xoHCTaHTa piBHOBary;
T — remnieparypa, K.

Po3paxyBatu 3Hau€HHSI KOHCTAHTU PIBHOBATH:

C
K=—>, (42)

Ae

A

ne Cp, 1 Cy, — piBHOBaKHI KOHIICHTpAIlIl TOJIOTAHTY B aJICOPOCHTI 1 B pO3YMHI,

BIJIIIOBIIHO.
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3miny BuTbHOI eHeprii ['160ca Mo)kHA 3amucaTH 3a JOMOMOTOI0 BEITUYHH

3MiHU eHTanbIii (AH®) i 3MiHu eHTpormii (AS°):
AG =AH" —T-AS°. (43)

Kom6inyBanus piBusHb (41) i (43) npuBOAUTH K TAKOMY BHpa3y:

y=ax+h. (45)

Bynyiote 3anexxHocTi jorapudmy KOHCTAHTH pPIBHOBaru ajacopOrii Bif
ob0epHeHoi 1o Temneparypu BesmunHd InK=f(1/T). 3. 3a TanrencoMm KyTa Haxmiry
OTPUMAaHO1 IPsIMOi pO3PaXOBYIOTh 3MIHH €HTalbIi AH®:

~AH®
a=1ga=

= AH°=-R-1ga. (46)

3miny eHTpomnii AS° po3paxoByOTh 3riIHO HOPMYIH:

b:AS

= AS°=h-R. (2.43)

3 BuszHaueHux AH° ta AS° po3paxoByIOTh 3HAUYEHHS 3MIHHM BIJIbHOI €Heprii
['160ca 3a Temmnepatyp 293, 323 ta 343 K.

Bci BunalifieHi 3HaueHHS TEPMOIMHAMIYHHAX TTapaMeTPiB BHECTHU A0 TaoOI. 8.

Tabnuya 8. TepmoamHamiyHi mapamMeTpu agcopouii

CopOeHt IlosroTant T, K AG° AH°® AS°
293
323
343
CopOeHnt T, K AG° AH°® AS°
293
323
343

PoOnsaTh BUCHOBKH, WIOJO MPOBEAEHOTO EKCIEPUMEHTY Ta OTpPUMaHUX

pe3yJbTaTIB.
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Texnixa 6e3nexu

1. He 3anumaTtl ycTaHOBKY B poOOUOMY CTaH1 0€3 Harjsay.

2. HeoOximHO TIPOSBIATA OOEPEKHICTh MPpU POOOTI 3 MIEUKEPOM, OCOOTIUBO
3a YMOBH ITPOBEICHHS JOCII/IIB 32 MiBUIICHUX TEMIIEpaTyp.

2. byt obepexHUMU TpU MOBOJKEHHI 31 BCiMa XIMIYHUMH PEUYOBHUHAMHU,

K1 BAKOPHUCTOBYIOTh Y pOOOTI.
Konmponvui 3anumanms

Jlonyck 0o pobomu

1. Merta nabopaTopHOi poOOTH.

2. [IpuBeniTh NMPUUMHM HEOOXITHOCTI MaTEMaTHYHOTO MOCIIOBAHHS
MpoIIeCy aacopOIii.

3. JlaiiTe BU3HAUEHHA TMOHATTSAM: 3MiHA BUIbHOI eHepriga ['160ca, 3miHa

CHTaJIbIII1, 3MIHA CHTPOITIi.

3axucm pobomu

1. OxapakTepu3yiTe MaTeMaTUYHUM OMTUC MOJIeNIel KIHETUKHU aJCcopOIIii.

2. Hapnaiite MmaTeMaTuuHMi onuc Moeen 130TepM aacopOIii.

3. OOGrpyHTYMTE PO3paxyHOK OCHOBHHUX TEPMOIUHAMIYHHUX
XapaKTEPUCTHK.

4, HaBeniTh mosiCHEHHS MIOAO MPUIATHOCTI MaTEMaTUYHUX MOJeiei

KIHETHKM Ta TIporecy ajacopOIli s omucy aicopOLIMHOTO BHIIYYCHHS

IOJIFOTAHTIB.

JlaGopaTopna pooora Ne /. CuHTe3 MarHiTHOI PiiMHUA Ta MAarHITHUX

COpOeHTIB HAa ii OCHOBI

Mema pobomu: cMHTE3yBaTH MArHITHY PiAMHY Ta COpOLIiHI MaTepiany Ha 1l

OCHOBI Ta JOCJIITUTH TPOIIEC iX MArdiTHOI cemapariii 3 BOJHUX PO3YHHIB.
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Cmucni meopemuuti 6i00MOCMi

MarunitTHa piguHa 3 TMOMISAAY KOJOITHOT XIMil SBJIsS€ €000 CTIHKY
BHCOKOJIUCIIEPCHY T€TEPOTreHHY CUCTEMY J1I0()OOHOTrO TUMY 3 BUCOKUM CTYIIEHEM
miodumizaiii cTabiI30BaHMX YAaCTMHOK MAarHiTHOTO MaTepiany y JAUCIEepCIMHOMY
cepeloBUIll. MarHiTHi BJIACTUBOCTI HAHOYACTUHOK, KOTPl MICTATbCS y HIH,
BU3HAUAIOThCA OaraTbma (akTopamu, cepel SKUX — XIMIYHUHA CKJIaj, THII
KPUCTIIYHOI PEeHITKH 1 CTymiHb 11 AedeKTHOCTI, po3Mmip 1 (opMa dYacTok,
MopdoJtorist (1T 94aCTOK 3 KOMIUIEKCHOIO CTPYKTYPOIO), B3aEMOIISI YacTOK 3
MaTPHIIEIO Ta CYCIAHIMU YacTKaMH. 3MIHIOYH po3Mipu, Gopmy, ckian i OymaoBy
HAHOYACTMHOK, MOXHa Yy TIEBHUX MeXaX  yNpaBIsITU  MarHiTHUMU
XapaKTepUCTHUKAMU MaTepiaiiB Ha iX ocHOBI [79].

MarHiTHi HaHOYACTUHKHU IIMPOKO MOIIUPEH1 Y TPUPOAL M 3yCTpIdalOThCs y
Oaratbox O10J0TIYHUX 00'ekTaXx. MarHiTHI HaHOMaTepiaidi BUKOPUCTOBYIOTH Y
cucTeMax 3amucy Ta 30epiraHHs iH(dopmallii, y HOBUX MOCTIMHMX MarHiTax, y
CUCTEMaX MarHiTHOTO OXOJIOJKEHHS, SIK MarHiTHI CEHCOPH 1 T.]I.

OcHOBHMMH  crnoco0amMu  CHHTE3y  MArHiTHOI  pPIAMHHM, 1[I0  BXKeE
BUKOPHUCTOBYIOTh y TNPOMHCIOBOCTI ab0 JIETKO aAanTyKOThCA IO MPOMHUCIOBUX
YMOB, BBa)KAIOTHCS METOJ MOAPIOHEHHS, TEPMIYHI METOAM Ta METOJ XIMIYHOTO
ocapkeHHs [79].

Meron moapiOHEHHS 3aKITIOYAETHCS Y HACTYIMHOMY: TMOPOIIOK MAarHeTUTY
FesO4 pa3zoMm 3 KepoCcHHOM a0o0 I1HINOI OPTaHIYHOI PITUHOIO 3aBAHTAXKYIOTH Y
KyJIbOBUH MIIMH 1 MIJJAIOTh MEXaHIYHOMY MOJAPIOHEHHIO; TPUBAIICTH OOpPOOKH
npubIM3HO JaBa THXHI. Y Tporect MOApiIOHEHHS y Macy BBOJSTH OJIETHOBY
KHCIIOTY, KA BHKOPHCTOBYETHCS SIK IOBEpXHEBO-akTMBHAa peudoBuHa (IIAP).
TakuM YMHOM  OTPUMYIOTH CTaOUIbHY MAarHITHY pPIAMHY 3  BHCOKOIO
HaMarHi4eHICTIO.

TepmiuHi MeTOAM OCHOBaHI Ha TOMY, IO METAJIOOPraHiyHI CHOJYKHU

(XIMI9HO HECTaOUIbHI) MIAI0Th TEPMIYHOMY PO3KJIQJTAHHIO, BUAUISIOYA YUCTHM
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MeTaJl y BUIJIAJIl YIbTPAMIKPOCKOMIYHUX YACTHUHOK, sIKl, OyJIy4Yd AUCIEProBaHi y
BIJIIIOBITHOMY PO3YHMHHHUKY, YTBOPIOIOTh MarHitHy piauny [80].

XiMIYHHN METOj mependadae B3aEMOII0 PO3YMHEHUX coie (epymy 3
ayramu y criBBigHomenHi Fe(Il) : Fe(Ill) = 1:2 npu pH 7-9 1 T=50-80°C. B sikocTi
oca/pKyBada BUKOPUCTOBYIOTh po3unau NaOH, KOH, NH,OH [81].

XiMiuHI METOAM CHUHTE3Y CTaOUIbHUX MAarHiTHUX HAHOCTPYKTYp B
KOJIOIIHUX pO3YMHAX CIPaBEUIMBO BBAXKAIOTh HAWOUIBII MPOAYKTUBHUMH,
JICIIEBUMH, TPOCTUMH 1 HaIHHUMH.

CxemMaTHYHO pEeakilil0 YTBOPEHHS MAarHETUTY XIMIYHUM CIIOCOOOM MOXHa
MPEICTaBUTH SIK:

FeC12 + 2F6C13 + 8NH3H20 — FegO4 + 8N H4C| + 4HZO (1)

[IpoBoasiun cUHTE3 3a IiI€I0 METOAMKOIO Ta MiAOMparoYd yMOBH, MOKHA
OJIep’KyBaTH HAaHOYACTHHKHU OakaHOTo po3Mmipy, opmu Ta BractuBocteil. [Ipouec
OJICp>KaHHSI Mar"iTHOT PIAMHYU CKJIAJAETHCA 13 IBOX OCHOBHUX CTafid: OACp>KaHHS
OI0 MpOIECY MOoJIArae y TOMY, IO OOWJIBI CTajili CHOJy4YeHl y d4aci: o0
3armo0IrTH 37UMAHHIO YacTOK i JIEI0 CUJI TSOKIHHS, YTBOPEHHS aJICOpOLIMHUX
IapiB Ha MOBEPXHI MArHITHUX YaCTOK MOBHHHE BiOYyBAaTHUCA Y MOMEHT MOSIBU
OCTaHHIX.

Takox, y X011 XIMIYHOT'O CHHTE3y MarHiTHMX HaHOYACTHHOK MOXJIMBO JBa
3arajibHi BapiaHTH — OJIeP>KaHHS YaCTUHOK, TTOBEPXHs SKHX IMMOKPUTA MOBEPXHEBO-
aKTUBHUMH PEUYOBUHAMH a00 crienuPIUHUMHU ISl MaTepially YaCTUHKU JITaHAaMH,
a00 K YTBOPEHHS HAHOYACTHMHOK 3 OJIHOYACHOKO 1X “TBEpJ0r0” CTaOLII3aIl€e0 Y
MaTpuil. Y TepuoMy BHUIMAAKY 30€pIira€eTbCsi MOXIMBICTH ONEPYBAaHHA 3
MOBEPXHEI0 HAHOYACTMHOK, HANpPHWKJIAJ, 3aMiHa JiraHaiB abo mojasblia
noBepxHeBa Mopaudikaiis, OACpKaHHA MOHO IIapiB Ha YacCTHHKaX 1 T.1I.
Ay IpyroMy BUTIQJIKy Hai4yacTillle MalOTh CIPaBy 3 HaHOMATEpiaaoM, AJIs SKOTO
0CO0JIMBO BaKJIMBI KOJICKTUBHI BIACTHBOCTI HAHOYACTHHOK [82].

MarHiTHi piIMHU 3HAUIILIM CBOE 3aCTOCYBAaHHS y HACTYNMHMUX oOnactsx [83]:

XIMIYHA TIPOMHUCIIOBICTh (CTBOPEHHS MAarHITHO-PIIMHHUX YIIIJIbHEHB), O10JI0Tis,
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MEAMIIMHA, JIarHOCTHKA, CHUCTEeMH 3amucy Ta 30epiranHs iHQopmarii,
nakogapOboBe BHUPOOHHUIITBO, HOBI TIOCTIMHI MAarHiTH, CHCTEMH MAarHiTHOTO
OXOJIO/DKCHHS, HAJaHHS MAarHITHUX BJIACTUBOCTEH HEMAarHiTHUM MaTepiajiaM,
MarHiTH1 CEHCOPH TOIIIO.

Cepen mepenmiyeHMX 3HAYHO TEPCIEKTUBHUM BUTIISAJAIOTH CTBOPEHHS
Mar"iTHUX COPOEHTIB Yepe3 MOXKIIUBICTD iX €)EKTUBHOTO Ta MIBUAKOTO BIIIYUYECHHS
3 BOJIHMX PO3YMHIB MarHiTHOIO cemapailieto. MarHiTHi COpOEHTH CHHTE3YIOTh 13
pPI3HUMH  MaTPHISIMU: aKTHBOBAaHUM BYTUUIA, TJAWHUCTAMH  MiHEpajaMH,
dbynepenamu Tommo. HalGiapIl €eKOHOMIYHO JOIUIBHUM € CTBOPEHHS MAarHITHHUX

COpOCHTIB 3 IIIMHUCTUMH MiHepajiaMu [84].
Excnepumenmanvua wacmuna

IIpubopu, nocyo, peaxmusu

Curo 3 posmipom 63 memr. CymmuinbHa mada. Baru anamiTH4HI Ta TEXHIYHI.
Crekrpodoromerp. KroBetn. Mipai ko16u Ha 250 cM, 2 mt. MarsiTHa Mirmanxa 3
CIeKTPONPHBOIOM. TepMocTiiikuii ximiunmii crakan (peaktop) Ha 250 cm®,
broperka. Tpumau 6ropetku. @epym (I1I) xnopug 6-soguuii. Gepym (II) cynsdar
7-onumii. Kucnora xmopuana. ['iapokcua amoHiro. ['mmAUCTHIT MiHEpan (CamoHiT,
MaJUTOPCHKIT, CIOH/ILIOBA TJIMHA) 3 PO3MIPOM YAaCTUHOK < 63 MKM.

Memoouka cunmesy maznemumy

MartHeTuT OTpUMYIOTH METOJOM XIMIYHOTO OCaPKeHHS TBepaoi (a3u 3
po3unHiB cynbdaty ¢epymy (II) ta xnopuay depymy (III) pozumnHom myry.
OCK1UIbKM MarHiTHi BJIaCTUBOCTI HAHOYACTUHOK MAarHeTUTY 30UIbIIYIOTHCS B PAY:
NH;-H,O > NaOH > KOH > LIiOH, To sk ocampkyBad BHKOPHUCTOBYIOTh
KOHLIEHTPOBAaHUN pO3YMH TIIPOKCHAY AaMOHII0 3 MacOBOK KOHUEHTPALIED
25 % [85].

Cunre3 MarHeTuTy y (opMi MarHiTHOI PITUHU TMPOBOJASTH HACTYITHUM
gyuHOM [86]. Po3paxoByloTh HaBakku BiAmoBigHux cojied ¢epymy (III) Ta
dbepymy (II) y cmiBBigHOmeHHI 2:1 y mepepaxyHKy Ha KPHUCTaJOTiapaTH 3a

CKJIAJE€HUM CaMOCTIMHO XIMIYHUM pIBHSHHSIM 32 YyMOBHM, IO MOJSIpHE



241

.. 2+, . . ey .
ciBgignomenns Fe :HCI=1:6. 3pakeHi HaBa)KKH PO3UYMHSIOTH Y MipHiil K016i Ha
3 . .
250 cm® y momepeaHhO MPUTOTOBAHOMY pO34YMHI 2M XJIOPUAHOI KHCIIOTH.
PerenbHO mepemimnyioTh 1 JOBOAATH O0’€M KOJOW [0 MITKH JUCTHIIBOBAHOIO
~ bl ~ 3
BOA010. OTpUMaHMI PO3YUH NEPEHOCATh Y TEPMOCTIKUIA cTakaH 00’ emoM 250 cm
1 MpHU TIOCTIMHOMY TEepeMilTyBaHHI Ta KOHTpoiai pH momaroTh KOHIICHTPOBaHUMN
poO34MH Tiapokcuay amoHito a0 3HadeHHS pH 9-9,1. CunTe3 MarHiTHOI pinvHU

npoBOAATH 3a Temnepatypu 313-323 K (puc. 1).

3

-

‘
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-®

h\

d -

Puc. 1. JJaboparopHa ycTaHOBKa JUIsl CHHTE3Y MarHeTuTy: | — MardiTHa Milajika 3

€JIEKTPONPUBOIOM ; 2 — TEPMOCTIMKHM XIMIYHMM cTakaH; 3 — OropeTka; 4 — TpuMay

Memoouka cunmesy maeHimno20 copbeHmy

OTpuMaHy MarfdiTHy piAUHY MPOMHUBAIOTH 3a JIOMOMOIOK MOCTIHHOTO
MarHity. J{is mporo peakTtop 3 MarHiTHOIO PIAMHOIO BCTAHOBIIOIOTH HAa MATHIT 1
BIIUUISIFOTh Mar”iTHI YacTUHKHM BIJ po3uuHy. PO3YMH aKypaTHO 3JIMBarOTh,
MOIAI0Th [0 MarHiTHOro ocaxy 100 cM® AMCTHIBOBAHOI BOMH, HEPEMIIIyIOTh Ta
BCTAHOBITIOIOTH HA MarHiT 3HOBY. J[aHy omnepaitito mpoBoaaTh Tpudi. [licis TpeTboi
MIPOMUBKH JI0 MarHiTHOTO OCay MOJal0Th JAUCTHUIHOBAHY BOJAU Y KiJTBKOCTI, 1100
octaTouHmii 06°em GyB 100 cm’. Jlo 0IepaHOro PO3YHHY MATHETHTY IONAIOTH
HABaXKY CYXOTO IPOCISHOIO 4Yepe3 CUTO TIMHHCTOro MiHepany (HaBakka 3a

BKA3IBKOIO BHKJIajJaya) Ta OTPUMAHy TaKUM YUHOM CYCIICH3II0 MEpPEeMilllyIOTh
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BrpogoBx 30 xBunuH. Opjep’kaHUN MarHiTHHM COpOEHT BIIAUIAIOTH Ha
MOCTITHOMY MarHiTi Ta IpocyIryoTh 3a Temneparypu 110 °C npoTsirom 2 roauH.
Memoouka maenimnoi cenapayii
[Ipomec MarHiTHOI cemapariii MPOBOASATH Yy JOCHITHIM YCTaHOBII, sKa
MPEICTABIISE COOOK0 CKIISHHIT LWIIHHAP eMHICTIO 250 cM°, OTOUCHHIT KOPITYCOM, 10
SIKOTO KPITUIATHCS MOCTIMHI MarHiTH. 3pa3Kd MarHiTHOro cCOpOEHTy Ta HaTHBHOI
[JIMHYU TIOMIIIAI0Th Y 30BHIIITHE MarHiTHE M0JIe, HAPYKEHICTh SKOTO BapIFOETHCS Y

3aJIEKHOCT] BiJl KOH(}Iryparlii po3MilmeHHs MariTiB mixk HuMH, Big 20 MTa go

200 mMTx (puc. 2).

1 =
A I
2 2
8 '8
/// ///
3 3
] =4
JIBopsimHUIT MarHiITHUN MOIYJIb 3 [TipaminanbHU MarHiTHUI
HanpyxeHictio 3MII B = 66 mTn MOJyJb, HanpykeHicTs 3MIT
SIKOTO 3MIHIOETBCS 32 TPATIEHTOM
320 mo 200 mTn

Puc. 2. BapiaHTy KOHCTPYKITIH MardiTHOTO MOYJIS JIJIs TOCTIJDKEHHST MarHiTHOI cenaparrii: 1 —
MarHiTu; 2 — CKJISIHUH MITHAP; 3— KOPITyC

Busznauenus szanuuixoeoi KoHyewmpayii 3a8uciux YacmMuHOK copboeHmy 8
YMOBAX MASHIMHO20 NOJII0 Ma 6e3 Hb020

3aMITKOBY KOHIIEHTPAIlIF0 BU3HAYAIOTH SIK JUIsl MAaTHITHOTO COPOEHTY, TaK U
JU1s. HaTUBHOI ruHU. [Iporec cemapartiii JOCTIKYIOTh SIK B YMOBax MarHiTHOTO
noyit0 Ta 0e3 Hporo. J[ias IbOro roTyITh CyCHEH31i MarHiTHOro cCOpOEHTy Ta
TVIMHUCTOTO MIHEpaJly 3 KOHIEHTpali€r 3aBUCAUX dYacTuHOK 2000 Mr/am°
06’emoM 250 cm’. OTpumaHi CycreHsii MOYEproBO HAIMBAIOTH Y LITIHAPH Ha

3 . .
250 cM™ Ta B yMOBax MAar”iTHOTO MOJIO Ta 0O€3 HBOTO JOCHIKYIOTh MPOILEC



cemaparrii

CHEKTPOPOTOMETPUUHUM

YaCTHUHOK.

3aJIMIIKOBY

KOHIICHTPAII O

3
criocoboM. IIpobu o6’emom 2 cMm
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BH3HA4YalOThb

BIJIOMPaIOTHCS

BIIPOJIOBXX TPHOX TOAMH dYepe3 BHU3HAUeHI 1HTepBaiu (Tabn. 1) Big MOMEHTY

HAJIXO/DKCHHS CYCIeH3I11

0 TWIIHAPY 1 BHUMIPIOETHCS ONTHYHA TyCTHHA 3a

noBKKMHOIW XBWI 500 HM. J[J1s BU3HAUEHHS 3QJIUIIKOBOI KOHIIEHTpAIIll 3aBUCIUX

YaCTHHOK

BHKOPUCTOBYETLCA

KaJTIiOpyBaIbHHM

rpagik

IIPEACTABICHUN Y

Honatky 3. Pe3ynbratil JOCHIKEHHST MPOIIeCY MArHiTHOI cemaparlii 3aHOCATh J0

TadI. 2.
Tabauysa 1. ONTHYHA TYCTHHA PO3YMHIB MicCJIA BiIileHHs
FJII/.IHI/ICTI/Ii/‘I MC FJII/.IHI/ICTI/Iﬁ MC r JII/.IHI/ICTI/Iﬁ MC
MiHepaJ MiHepaJ MiHepaJ
t, XB B ymoBax
J{BOpSIAHMIA MOYJIb HipaminaabHuii MogyIb CaMOBILJILHOI'O
ocaIKeHHS
0 - - - - - -
5
10
30
60
90
120
150
180
Tabnuya 2. 3aaUIIKOBAa KOHIEHTPAaLisi cCOpOeHTiB
FJII/.IHI/ICTI/Iﬁ MC l“m.mncnu"l MC FJ‘II/.IHI/ICTPlﬁ MC
MiHepaJ MiHepaJ MiHepaJ
t, XB B ymoBax
J{BOpSIAHMI MOYJIb IMipamiganbHuii Mmoayab CaMOBIIbLHOTO
0CaIKeHHS
0 2000,0 2000,0 2000,0 2000,0 2000,0 2000,0
MF/,Z[M3 MF/,Z[M3 MF/,Z[M3 Mr/,uM3 Mr/,uM3 Mr/z[M3
5
10
30
60
90
120
150

180
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PoOnsiTe BUCHOBKHM, IIOJ0 MPOBEIEHOTO EKCIEPUMEHTYy Ta OTPUMAaHUX
pe3yJIbTaTiB.

Texnixa 6e3nexu

1. He 3anumaru ycraHoBKY B poO0ouOMy CTaHi 0e3 HarJsay.

2. HeoOxigHo mposBIATH OOEPEXKHICT, MpU  POOOTI 3 Mar”iTHOI
MIIIAIKOI0, OCOOJIMBO 32 YMOBH MPOBEACHHS CHUHTE3Y 3a IMIIBUIIEHUX TEMIIEPATyD.

3. bytu obOepexxHuMuU npu  TOBOMKEHHI 31 BCiMa  XIMIYHUMH
pEUOBHUHAMH, SIKI BUKOPUCTOBYIOTH Y POOOTI.

4. ¥Yci poboTth 13 3aCTOCYBaHHSM amiaky BOJHOTO HEOOXiIHO
BUKOHYBATH TUIbKM y BUTSKHIM mmadi. [lim gac pobGoTH 3 KOHIEHTPOBAaHUM
BOJHUM pO3YMHOM amiaky TpeOa BBIMKHYTH BUTSDKHY Iady Ta OMYCTUTH i

IITOPKY BUTSDKHOT MIadu.

Konmpononui 3anumanns

Jlonyck 0o pobomu

1. Cdopmymroiite 1 o0rpyHTYiTE METY poO0TH. TexHika 6e3meKH.

2. Metoau oTpruMaHHS Ta BUKOPUCTAaHHS MarHiTHUX PiIuH.

3. HageniTe nmepeBaru MarHiTHUX KOMITO3UIIIMHUX COPOCHTIB.

3axucm pobomu

1. Oco06aMBOCTI BIJIJICHHS COPOEHTIB BiJ OYHUIIEHOT BOJAM METOIO0M

MarHiTHOi cemapariii.
2. 3anponoHylTe BaplaHTU KOHCTPYKUIA amapaTiB Juisl  peajizaiii
MpoLIeCy Mar”iTHOI cenaparli y IpOMUACIOBUX YMOBaXx.

3. HaBenith nmepeBaru BUKOPUCTAHHSI MarHiTHUX COPOCHTIB.

JlaGopaTopHa pobora Ne 8. CuHTe3 riipoKCcCHaaNaTUTy Ta

BCTAHOBJICHHS MOJIAPHOTO cniBBifHOmEeHHs Ca/P B HbOMY

Mema pobomu: CcUHTE3yBaTH TiIPOKCHUIATIATUT METOJOM XIMIYHOTO
OCQ/KCHHSI 3 BOJHMX PO3YMHIB, JOCIIIUTA MoJsipHE cmiBBiaHOmIeHHsS Ca/P B

HBOMY Ta BHXI/I.
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Cmucni meopemuuti 6i00MOCMi

OcHOBHa puca HOBOTO THUCSYOPIUYs — 1€ 3pOCTAlOYUN 1HTEpec [0
30UTBIIIEHHS SIKOCTI W TPUBAJIOCTI JIFOJICHKOTO JKUTTS. J[OCATHEHHS MOMI0HOT METH
MPUITYCKaE, 30KpeMa, CTBOPEHHS MaTepialliB JUIsl IITYYHUX OPraHiB 1 TKaHUH. 3a
octanHl 30 pokiB BuUkopucTaHo Ounbiie 40 pi3HUX MaTepialiB (Kepamika, METaju,
MoJTIMEepH) IS JIIKYBaHHS, BITHOBJICHHS W 3amiHu Oumbiie 40 pi3HUX YacTHH
JIOJICBKOTO TiJIa, BKJIIOYAIOYM MIKIPHI MOKPUBU, M'A30BY TKaHWUHY, KPOBOHOCHI
MOCYAWHH, HEPBOBI BOJIOKHA, KICTKOBY TKAaHUHY.

biokepamika MOBMHHAa MAaTH TIE€BHI XIMI4HI BIJIACTUBOCTI (BiJICYTHICTb
He0aKaHUX XIMIYHMX peakIii 13 TKaHMHAMH W MDKTKAaHCBUMHU PiJIMHAMH,
BIJICYTHICTh KOpo3ii), MEXaHIYHUMHU XapaKTEPUCTUKAMHU (MIIHICTB,
TPIIMHOCTIMKICTh, OMIp  YHOBUJIBHEHOMY pYyHHYBaHHIO, 3HOCOCTIHKICTB),
O10JIOTIYHUMHU BIIACTUBOCTSAMHU (BIJICYTHICTh peakilii 3 OOKy IMyHHOI CHCTEMH,
3pOIIEHHS 3 KICTKOBOIO TKAHWHOIO, CTUMYJTIOBAaHHS OCTEOCHHTE3Y).

[Io xapakTtepi BIATYKYy OpraHisMy Ha IMIDIaHTaT Olomarepiaiu
KJIaCU(IKYyIOTh HACTYITHUM YHHOM [8]:

1. TOKCUYHI1 (SIKIIO HABKOJUIIHI TKAHUHU BIAMHUPAIOTH MIPU KOHTAKTI1) —
O1JBIIICTh METAIB;

2. O101HEepTH1 (HETOKCUYHI, aje O10JOTIYHO HEAKTHMBHI) — Kepamika Ha
OCHOBI A1203, 710y;

3. 010aKTUBHI (HETOKCUYHI, OI10JIOTIYHO AaKTHUBHI, IO 3pPOCTAIOTHCS 3
KICTKOBOIO TKaHUHOIO) — KOMITO3UIIIHHI Marepianu TUITY
6iomoimep/docdaT Kamblliro, Kepamika Ha OCHOBI ocdaTiB KaJbliito Ta 010CKIa.

Jlo HalOlIpIml  ACKpaBUX IMPEACTAaBHUKIB  OIOAKTHMBHUX  MarepiajiB
CTaBIAThCS MaTepianu Ha ocHOBi Tigpokcuaanatuty ([AIT) — Cao(PO4)s(OH),
(puc. 1) — mimpHa Ta mopucta Kepamika; [AIl-mokpuTTs Ha MeTaleBUX
iMmIanTaTax; kommo3utd ['All-momimep, IO MOJCTIOIOTH, K, HANPUKIIA]I,

kommo3uT I'All-konaren).
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Puc. 1. Kpucraniuna ctpykrypa ['All

[Ipu TemmepaTypi JIOJACHKOrO TiJIa Y KOHTAaKTI 3 BOJHHUM CEpPEIOBHUIIEM
CTIMKI TUTbKM YOTUPH 1HAUBIAyalbHUX docdaTy Kanbilito. Bogue cepenouiie npu
110 K u pH>5 posknanae dochatu kampliito 3 yTBOPEHHSIM TIAPOKCUAANATUTY —
HalOUIBII cTiHiKOro (hocdary KaabIlil0 B yMOBaxX OpraHizmy. Y NPUCYTHOCTI Mapu
Boau ["All criiikuii 10 HarpiBaHHS ax 110 Temreparypu 1633 K!

[{ikaBo, moO MIa3Ma KpoBi (Tak camMoO SIK W 1HIII MIDKTKAHEBI PIIUHN)
nepecuuena BigHocHO ['AIL Ile o3Haudae, M0 y MIKTKaHEBUX PIIUHAX MOXKYTh
MUMOBUIRHO Bunaaatu kpuctanu ['All, 1 Ko 1poro He BiOYBAETHCA, TO JIUIIE
3aBASKA CKJIAQAHUM  OIOXIMIYHMM TIpollecaM JIOKaJIbHOTO 3B'SI3yBaHHS U
BUBUIbHEHHS HOHIB KaibIlito ¥ d¢ocdaT-iloHIB 3a yyacTio OiomomimepiB 1
dbepMenTiB. [lpu mnopymieHHAX HOPMalIbHOTO OOMIHY pPEYOBHMH B OpTraHi3Mi
BinOyBaeThcsi Kpuctamizamiss ['AIl y Oyab-skux (HEOOOB'S3KOBO KICTKOBHX)
TKaHWHAX — MPOIIeC MaTOJIOrYyHO1 Kanbludikallii TkaHuH. Lle sBulie cynpoBoxye
yTBOpeHHsI ¢dochaTHUX KaMEHIB, PICT aTePOCKIECPOTUYHUX OJAMIOK Ta 1H. Y
nivicnocti ['A € cromykoro mepeMiHHOi CIONyKH, 1 Horo dopmyna Moxe OyTu
npenactaBieHa K Cajgx(HPO4)x(PO4)s<(OH),—y, me 0<x<1 (TOOTO BiJHOIICHHS
Ca/P moxe wminstucsa Bin 1,5 mpu x=1 mo 1,67 mpu x=0). Y xpucramiuxiii
CTPYKTYp1 anaTUTy MOXJIMBA YaCTKOBA 3aMiHA (3aMillIeHHs) KaTIOHIB KaJIbLiI0 Ha
i ifonu, Hampukiman, Ha Sr’t, Ba®*, Be®*, Pb®*. ®dochar-iionn MoxyTh GyTH

samimeni Ha Si0,> a6o C032', a 3amicte OH-rpyn — #ionu Cl , Br, F . 3nauna



247

KUTBKICTh (Topy BxoauTh 10 ckiaay ['All, mo mictutbes y 3ydax. OCHOBHI BUIU

dbocdariB KanbIlito 3Be/ieH] y Tao. 1.

Tabnuys 1. lesiki pochaTn kaabuiro Ta ix Biaactusocti [49, 87]

MoJasipae hity
Ximiuna popmysia Ha3zga BiITHOILIEHHS pH o
Ca/P (37°0)
Momnoxkansitieochar
Ca(H,POy), (KanpIio 0,5 <1 pacTs.
nurigpooprodocdar)
CaHPO,-2H,0 Muxanbuieocdar yiriapar | 4 <1 | 1099
(kamItiro rizpooptodocdar)
Huxanpiiedocdar (Kanbiiro i 7,02
CaHPO, rigpooprodocdardocdar) 1 2-4 10
glig(é-lPO4)z(PO4)4- Okrakansitiepocdar 1,33 6-7 107950
2
Ca1o(PO4)s(OH), | Tizpokcunanatut 1,5-1,67 >5 1077
Amopduwmii Awmopdnwmii kanbsiiro gocdar | 1,33-1,67 >5 -
Tpuxkansiiedocdar
Caz(POy)2 (KaJIbIit0 optodocdar | 1,5 - -
0e3BOTHUIN)
Cay(PO,4),0 Terpakanbitiepochar 2 - -

Memoou  oodepycanna  ciopokcudanamumy.  OnuepKaHHS  TOPOIIKY
TIPOKCUIANIATUTY MPOBOJATH a00 OCaKEHHSM 13 pO34MHIB, 200 TBEpAO(ha3HUM
cuntezoM [88]. Ilpu ocamkeHHl 3 BOAHMX pPO3YHMHIB Tpu pH>6 onepxyroTh

JPp1IOHOKPUCTATIIYHUIN TOPOIIIOK, HATPUKJIIAI;:
10Ca(NQg), + 6(NH,;),HPO, + 8H,0 = Ca;9(PO,)s(OH),| + 20NH;NO; (1)
abo
10Ca(OH), + 6H3PO,4 = Ca;9(PO4)s(OH),| + 18H,0. (2)

[Tpuduomy, sk pearentu y peaxuii (1) MoxyTh OyTH B3SITM W 1HIII COJI,
HAIPUKIA, XJOpUA Kaubiito Ta ¢ocdar Hatpiro. Ha moyaTkoBiii cTafii peakirii
4acTO yTBOPIOIOTHCS aMmop(PH1 ocanu GocdaTiB KaJIbIiI0 3 MOJbHUM BiTHOIICHHSIM
Ca/P, sixke He0OOB'SI3KOBO 30iraeTbes 3 ijeanbHUM 1,67, 1 JUINE MOTIM MPOTATOM

TPUBAJIOrO0 TMEpIOAy 4Yacy, SIKMA 4YacTo 3aliMae KiulbKa [AHIB, BIJIOYBa€ETHCS
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KpHUCTaJi3alisi BIACHO TiApokcuaanatuty. dopMa KpUCTATIB, IO OJEPKYIOTHCS
OCQDKCHHSIM, MOXE€ OYyTH CaMOI0 pPI3HOMAHITHOIO: CTPHXHI, TOJKH, OKPYIJi
YacTKH, TOHKI TuiacTuHu. Po3mipu it popma kpucTtaniB, OKpiM yacy KpucTami3arii
1 KOHIIEHTpaIlli peareHTiB, BU3HAYAIOThCS MIPUCYTHIMU y PO3UMHI AOMIIIKaMu. Bi
posmipy ¥ dopmu kpuctamiB ['All 3amexuTh, HaCKIIbKM Ol0aKTHBHUM Oy1e
OTPUMaHUM MOPOILIOK.

[TopiBHSHO piJKO yepe3 JyKe HU3bKI IIBUAKOCTI IPOIECIB I CHUHTE3Y
nopomikiB ['AIl BHKOPHUCTOBYIOTH peakIlii TiApofizy Kajibllito (ocdaris,

HAIPUKJIIA, KaIbIiIo TiapodocdaTy y Ty)KHOMY CEpEIOBHIII:
10C&HPO41, + 8NaOH = Calo(PO4)6(OH)2l + 4N32HPO4 + 6H20 (3)

[Ipote moaiGH1 TAPOTITHYHI peakuii BIAIrPalOTh 3HAYHY pOJib y MpoLecax
oTBepIiHHA PochaTHUX IIEMEHTIB, 110 CaMi CXOIUTIOIOTHCS.

TBepnodazuuit cunres (peakuii  (4), (5)) mA03BoNiAE  OACPKYBaTH
KPYIHOKPUCTAIIYHUN Martepian 13 3aJaHuM MoJibHUM BigHomeHHsMm Ca/P, ame
BUMAarae TPUBAJIOro HarpiBaHHs mpu Ttemmepatypi 1273-1573 K. Bunan npu
BHUCOKIA TeMIlepaTypi 3aCTOCOBYIOTHCSI 1 JJISI CIIIKAHHSI MOMEPEIHbO OTPUMAHUX
(HampuKIiIaa, PO3YMHHUMHU METOJaMH) TMOPOIIKIB TMPU CTBOpeHHI ¢ocdaTHOI

KEepaMIKH:
6CaHPQO,-2H,0 + 4Ca0 = Calo(PO4)6(OH)2 + 4H,0, (4)

10CaCO; + 6(NH,),HPO, = Ca;o(PO4)s(OH), + 10CO,1 + 12NHs1+ 8H,01. (5)

Excnepumenmanvna uacmuna

IIpubopu ma peaxmusu

CymmunsHa mada, BopoHka broxHepa, konba byH3eHna, BomocTpymMHUI
HACOC, marmip (iTbTpyBambHHil, MarHiTHa Mimanka, cTakaH Ha | aM°, Koiba
KoHiuHa Ha 1 aM°, mimerka Ha 100 cM®, TEPMOCTIWKUN cTakaH Ha 150 cm® (4 mr.),
MipHi xon6u Ha 100 cm® (9 mt.), Bopouku (10 wrT.), rpamgyifoBaHa mimerka Ha 1

3 . - 3 . - 3.
CM", TpaJlyiioBaHa MmineTKa Ha 5 ¢cM”, rpajyioBaHa minerka Ha 10 cM”, mineTka Ha
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25 cM’, mamp OiTBTpyBadbHMI, ABTOMATHYHA OIOPETKA, KANBLII0 OKCHI,
optodochopHa KHCIIOTA, IHAUKATOP XPOMOBO-TEMHO-CHHIM, aMiauHuii Oydep,
posunr Tpmiony B (0,01 wmoms/am’), 3mimraHmii peaxtwB Ha Qocdarn,
CTaHJApTHUN PO3YMH OJHO3aMminieHoro (ocdopHokucioro kamw (4 mr P,Os B
1 cM®), po3unH HiTpary JNaHTaHy (a60 OKCHXJIOPHAY LIMPKOHII0) 3 KOHICHTPALIE0
0,5 MOJTB/ M.

Onuc 1abopamopHoi ycmaHo8xu

JlaGopaTopHa ycTaHOBKa I OJEP>KaHHA T1APOKCHAANATUTY 300paXkeHa Ha
pHcC. 2, iKa CKIIAJA€THCS 13 MarHiTHOI MIMIAJIKH 3 MiAIrpiBOM 1, CKIISTHOTO CTakaHy

3 .
2 Ha 1 TM° Ta aBTOMaTUYHOI OIOpETKH 3.

( B

-© O

Puc. 2. JJaboparopHa yCTaHOBKH JJIs1 O€P>KaHHS TAPOKCH]T allaTUTy: 1 — MarHiTHa Millaika,

2 — CKJIITHMM cTakaH, 3 — aBTOMaTH4Ha Ol0peTKa, 4 — coCy/l 3 peakTHUBOM, 5 — rpylia

Memoouka odepaicanns 2iopokcuoanamumy

3amany HaBaXXKy KaJbIlII0 OKCUIY (32 BKa31BKOIO BUKJIaJa4a) PO3YUHSIOTH B
1 )1M3 JTUCTUIILOBAHOI BOAM. B oTpuMaHuil pO3UMH KaJbllil0 TIAPOKCUIY JOJAI0Th
HEOOXIHY KIJTBKICTh (32 PIBHSHHSM peakilii) po3unHy opTohochaTHOT KUCIOTH
Ipy 1HTEHCUBHOMY IMepeMimryBaHHl npoTsroM 10-20 xBwiuH. Ilicns uporo

oJlepKaHUil OUTMH pUXJMH ocal BiA(UIBTPOBYIOTh Ha MONEPEIHBO 3BAKEHOMY
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¢binpTpi HA BOpoHII broxHepa 3a 10IOMOT0I0 BOJIOCTPYMHOTO Hacocy. BimaineHwnit
0caJl BUCYIIYIOTh a00 IpHW KIMHATHOI TeMmIiieparypi, abo y cymwibHIA madi (3a
BKa31BKOIO BHKIJIajada). BusHauaroTh HOTO XIMIYHUHM CKIaJ, BUXIJ MPOIYKTY,
JOCITIKYIOTh HOTO Ha PO3YMHHICTH Ta 3a JIoroMoror [Y-crekTpockorii.

JI1si BU3HAUEHHSA BUXOJY TIAPOKCHAANATUTY PO3PAXOBYIOTh 3a PIBHSIHHIM
peakuii TEOPETHYHO MOXKIUBY MacCy (M;eop) TIIPOKCHIANATUTY Ta BH3HAYAIOThH
(3BaKyIOTh) IPAKTUYHO OJepkKaHy (My,). Buxia mponykry (P, %) po3paxoByroTh

3a (hopmyoro:
D = (Mpy/Myeop)- 100. 1)

Bcmanoenenns monaproeo cnissionowenus Ca/P y cunme308aHomy 3pasky

[linroToBka 3pa3ka rIAPOKCHIAMATUTY. 3BAXYIOTh 4 HAaBaKKHU (OJIM3BKO MO
0,2-0,5t 3 Tounictio a0 0,0001 r) rigpoxcuganaTuTy (g4;) Ta MOMIMIAIOTH iX Y
TepMocTiiiki crakani Ha 100 cM®, HanuBarOTh Tymu mo 20 cm® CyMIIll KHCIIOT
(xsopuaHa : HiTpaTHa = 1 : 3), HOBOJATH O KUIIHHS ¥ KUIM'STATH MMiJ TOAUHHUM
ck1oM mpoTsirom 30 xB. IToTiM 101a10Th 50 cM° AUCTHIHOBAHOI BOAM Ta KHIT'STSTH
e 5 XxBWIMH. OX0J0/KYIOTh Ta QIbTPYIOTh. DUIBTPATH KIJTBKICHO MEPEHOCATD Y
MipHi kosiou Ha 100 e (V1) Ta 1OBOIATH IO MITKH.

BusnauenHss Kanplit0o y TIAPOKCHIANATUTI. BU3HAUYEGHHS  KaJbIlIIO
NPOBOJISAITh KOMIUIEKCOHOMETPUYHHM THTPYBaHHsM [89]. AHaii3 BHKOHYIOTH 2
pasu (mapayensHi gociiau). s mporo 2 3paska, 1mo mpuroTtoBaHi 3a m. 2.5.1,
KiNIbKICHO MepPeHOCATh y KOHidHI ko6m Ha 250 cM®. Jomarorh Tymu mo 10 cm®
pPO3UMHY HITpaTy JaHTaHy (200 OKCUXJOpUIY UHMPKOHIIO) [JIsi 3B'sS3yBaHHS
docdar-ifoHiB, TOJAIOTH 1O 5 CM° aMiadHOTO PO3YHHY, IHIHKATOP (XPOMOBO-
TEMHO-CUHIN) Ta TUTPYIOTh po3urHOM Tpuiiony b.

ATOMHHMII BMICT HOHIB KalbIiIO (Ac,, %) y I'All BU3Ha9aroTs 3a popMynoro:

:Vmp 'Cmp .MCa'Vl'

Ac. :100%, )

gFAH
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o . 3
ne V,, —o0'em pozuuny Tpunony b, skuii minos Ha TUTPYBaHHS, M,
. 3
Cm,, — KoHIeHTparis Tpuwiony b, Moas/ M,

M., — MoJsipHa Maca KajibIlito, I/MOJIb.

Busznauenns ¢hochopy y CHHTE30BaHOMY T1POKCHIAMATHTI.

[To6ynoBa kamibOpyBanbHOro rpadika. s moOymoBu rpadika y JeB'siTh
MipHHEX K016 MicTkicTio 100 cM® BBOIATH MOYEProBO BiAMIpsHi 06'eMH pobOUHX
po3unHiB (0,2 mMr P,Os B 1 CMS): 5, 7,5; 10; 12,5; 15; 17,5; 20; 22,5; 25.
Po36apisatore Boo0 10 00'emy nipubiauszHo 30-50 eve. TTicns IILOTO MPUJIUBAIOTH
25 cm® peaktnBy Ha docdar. Uepes 15 xBummH (ale He Oimblre HiK depes
60 XBUJIMH) BHUMIPIOIOTh ONTHYHI TYCTHHM a00 BEJIMYMHHU CBITJIONMPOITYCKAHHS
3adapOoBaHUX POOOUYUX PO3UMHIB BIJIHOCHO PO3UMHY MOPIBHSIHHSA (IUCTHUIHLOBAHOT
BOJM) mpu AoBkUHI XBuial A=450 HM (KioBeTy oOpaTu caMOCTiiiHO). 3a
OTPUMaHUMH JaHUMH OYIyIOTh KamiOpyBaldbHUN Tpadik, BIAKIAAAI0YM IO OCI
abcmuc xonnenTpariro P,0s B 100 oM PO3UYHHY B MT, @ Ha OC1 OpJIMHAT BiAMOBIIHI
iM BEJIMYMHU ONTUYHOI I'YCTUHH.

[IpoBenenns anamizy. KoxHuil aHaini3z BUKOHYETbCS 2-3 pasu (mapaiesibHi
nocminu). V mipay xonby Ha 100 cm® (V,) BHOCSTH Gmm3bko 0,5-1 cM® amikBOTH
dinerpary (V,), momaroth 25 cM> peakTHBy Ha (ochatH Ta JOBOIATH,
JTUCTUIIHLOBAHOIO BOIOKO 10 MITKH. Uepe3 15 XBUITMH BUMIPIOIOTH ONTHUYHI TYCTUHU
po3unHiB. 3a KaliOpyBaIbHUM rpadikoM BU3HAYAIOTH KOHIIEHTpaio P,Os.

Atomuuii BMicT Gochopy (4p, %) y I'All po3paxoByroTs 3a hopmyIioro:

P,O;, . -6-M,-V,-V,-1000

A = 2 Spat :100% . (3)
" 3-M P,0; 'Va O

ne M, —MoJsipHa Maca gocdopy, 1/MoIb;
Mg, — MossipHa Maca P>Os, r/Mosb.
Po3paxyHok  MoJsipHOrO  crexioMeTpuyHoro cmiBBigHomeHHs  Ca/P.

Po3paxyHok MossipHOTO cTexioMeTpudHoro cmiBBigHomeHHs Ca/P mpoBoasTs 3a

dbopmyiioro:
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Ca_A, M,

P A Mg “

Jocniooicenns ciopoxcuoanamumy 19-cnekmpockoniero

3a pomomororo [Y-cmekTpockomii mpoBoAsTh sikicHuii anamiz ['AIl nHa
HasBHICTH (ocdar-, TIAPOKCUI- Ta MOXKIUBUX KapOoHaT-ioHIB [90]. [dns 1mporo
aHamizyroTh orpuMani [Y-cmexktpu 3paska ['All, BuU3HAyalOTh YacTOTH, €
CTHIOCTEPIraloThes MKW, Ta MOPIBHIOIOTH 3 JITEPATYPHUMHU JAHUMHU, 1110 MPUBEICHI
y Jonarky 4. HasBHICTh MIKIB, sIKI XapakTepHi s docdaT-HoHIB €, 3BUYAITHO,
000B's3k0BUM. HasiBHICTh TiKIiB Il TiApOKcUI-HOHIB (630 et Ta 3575 CM'l)
CBITYUTH PO Te, 110 oTpuMano came ['All

Buznauenns posuunnocmi ooepacanoco 2iopokcuo anamumy

Bu3HaueHHS! pO3UMHHOCTI MIPOKCUAANATUTY JOLIBHO MPOBOJUTH 110 HOHY
KaypIlito. JIJIs 1IbOT0 BHM3HAYAIOTh KOHIICHTPAIlII0 KaJIBIIIIO (MOJ]B/I[Ms) y PO34HHI
micist «pozunHeHHs» ['All Ta po3paxoByIOTh PO3YHHHICTD (S) TiIPOKCHIANATUTY

3a (hopmyutoro [89]:
S = [Ca®"]/5, (5)

e [Ca2+] — pIBHOBa)XHA KOHIICHTPAIIisl HOHIB KaJbIII0 Y PO3UHHI, MOJ'IB/I[M3;
5 — iHAeKC HOHY KaJIBIIIIO y T1IPOKCUIAMATHTI.

Jlnst BU3HauYeHHST PIBHOBAXKHOI KOHIIEHTpAIlli HOHIB Kajblil0 Yy PO3YMHI
3BXYIOTh CyXy HaBaXKy TiIpOKCHIANaTUTy Ha aHanmiTuuaux Barax (0,1-0,2 ) ta
posummsiots ii y 1 am’. Ilicas peTenbHOro IMepeMillyBaHHS, BiAOHPAIOTH 3
BEPXHBOTO CIIOI0 amikBoTy 100 cM® 3a JOMOMOTrOIO IHIETKH Ta MEPEHOCSTH ii y
KOHIUHY K0j10Yy. [{lonarots 5 cM® amiagHOro pPO3UMHY, IHAUKATOP (XpOMOBO-TEMHO-
CUHIN) Ta TUTPYIOTH po3unHoM Tpusnony b. KonmeHnrtparito HOHIB KaJbIIifo

(MMOJIB/ZIM®) Y PO3UHHI BU3HAYAIOTH 33 (HOPMYIIOO:

vV, -M, -1000
[Ca®]=—~ v , (6)

a

e V, — 06'eM amiKBOTH, KA B3STA UIS THTPYBAHHS, CM .
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Tabauys 2. ExcniepuMeHTaJIbHI JaHi
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PoOnaTh BUCHOBKH, WIOJI0 MPOBEJEHOTO EKCIEPUMEHTY Ta OTPUMaHUX

pE3yNbTATIB.

Texuika b6e3nexu

1. BukonyBaTu npasuiia poOOTH 3 HarpiBaJIbHUMU NPUIIaJaMU.
2. He 3anumaTtu yctraHoBKYy y po6odoMy cTaHi 0e3 Harjsiy.
3. byt MakcumanabHO OOEpPEeKHMMH TpU TOBOKEHHI 31 BciMa

XIMIYHUMH pEUYOBUMHAMH, SKI BUKOPUCTOBYIOTh Yy poOoTi. Ilpu mnomananH1

pPEaKTUBIB HA IIKIPY, 3MUTH HETANHHO.

Konmponwni sanumanms

Jlonyck 0o pobomu

1. Cdopmymroiite 1 o0rpyHTYyiiTE METY poO0OTH. TexHika Oe3neKu.

2. ki meToau ofiepKaHHA Tiapokcuaanatuty Bu 3naere?

3. Hasenits chepu 3acTocyBaHHS IIpOKCHIANATUTY.

3axucm pobomu

1. Hapenite Qi3uko-ximMiuHI 3acaaud OJCpKaHHS T1IPOKCUIAMATUTY

XIMIYHHM OCQ/DKCHHSIM 3 PO3YHHIB.
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2.  HamumiTte peakiiito po3urHEHHs TBEPAOi (pa3u TipoKcHIaNaTUTY Ta
PIBHSIHHSI TOOYTKY PO3YMHHOCTI IS ITi€T pIBHOBArH.

3. Pospaxyiite 1P 1A T1IPOKCUIANIATUTY 3a  Bammmu
CKCIICPUMEHTAIbHIUMHM JJaHUMH Ta MOPIBHSMTE iX 3 TaOauuHuMu (Tadsm. 1).

4, SAxuM BUMOTaM TIOBUHHI BIAMOBiAaTH OloMarepiajii Ha OCHOBI

T1IpOKCUAANIATUTY?
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METOJIWYHI PEKOMEHJIALII IO BAKOHAHHS
AHAJIITUYHOI'O OTJISIAY

3MicCT Ta CTPYKTYpa OrJasiay

AHaNITUYHUN OIJISIT BUKOHYEThCSI Ha 0a3l 3allpONOHOBAHOI BHUKJIAJa4eM
TEMATHKH, 1110 BIIMTOBITa€ TEMaM, SIKi BAHOCSIThCS Ha CAaMOCTIHHE OMPAITFOBAHHSI.

[Tpubau3Hi TeMH, 3a SKUMH CKJIAJal0Th aHATITHYHI OTJIAIW, HaBEACHI
HUXKYE.

1. OTpumaHHsT PI3HUX HAHOCTPYKTYP OKCHJIB METANIB HETPaIULIMHUMHU
METOaMH.

2. IlpucyTHIiCTh HAaHOCEKTIB y MPUPOI Ta iX 3HAUCHHS.

3. CyuacH1 TeXHOJIOT1i OTpUMaHHsI METAJIEBUX IMIUIAHTATIB Ta 010CKJIA.

4. O0nacTh 3aCTOCYBaHHSI MAarHITHUX MaTepiajiB Ta iX CTPYKTYpa.

5. TeXHOJIOTIYHI CXEMH OKHCHEHHS OPIraHiYHUX pPEYOBUX TOMOTE€HHUMU
dboToKaTAMITHUHUMU METOJaMU Ta MOPIBHIHHS 1X 3 T€TEPOTeHHUMHU.

6. Cdepu 3acTOCYBaHHSI ONTOCICKTPOHUX MaTepialliB.

7. Oco0IMBOCTI MAarHITHUX BIACTUBOCTEW MAarHiTHOT PiJIMHU.

8. Komeprritini XiIMi4HI Ta30Bi JaTYUKW. XapaKTEPUCTHKA, HEIOJIKH,
nepeBar.

9. MexaHi3MH JeTeKTyBaHHS BIJTHOBHUX, OKHCHHUX, KUCJIOTHHX 1 OCHOBHHUX
ra3iB METAJIOOKCUIHUMH Ta30BUMHU JaTUNKAMHU.

AHaTITUYHANA OTJIAI MAa€ MICTUTHA MA€ MICTUTH:

. TUTYJIbHUN apKyll;

*  pedepar;

. 3MICT;

. OCHOBHY YaCTHUHY;

. BHUCHOBKU;

. CIIMCOK BUKOPHUCTAHUX JKEPEIL.

[Ipuknan mumyavroco apkyuty MicTuThes y Jlonatky 5.
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Pegepam mpuszHaueHmii juisi O3HAMOMIIEHHS 3 poOoToro. Bim mae OyTtu
CTUCTUM, 1HGOPMATUBHUM 1 MICTUTH I1HQOpMAIlI0, IO JJO03BOJSE PO3KPUTH
CYTHICTh JOCHIJDKEHHS oOcsaroM 1o 650 3HaKiB yKpaiHCHKOIO MOBOIO Ta Ma€
BiloOpakaTu 1H(GOpMAIII0 Y TaKik IMOCIIOBHOCTI: METa aHaJITUYHOIO OTJISAIY;
KOPOTKHW OTJISII TOTO, IO PO3TJISIIAIOCh; TOJOBHI BHCHOBKH Ta TMPOTO3MIIII;
nepemik 5...10 KIo4oBHX CIIB (CIOBOCIONYYEHB), MO € HAHICTOTHINIMMHE IS
PO3KPUTTSI CyTi POOOTH, HAAPYKOBAHMX MPOMUCHUMH OyKBaMH Yy Ha3MBHOMY
BIIMIHKY Y PSIIOK Yepe3 KOMHU.

3micm Mae BimoOpaxkaTu KOHKPETHHUU MOETANMHHM IUIaH peami3allii orisidy,
HOTO CTPYKTYpY. 3MICT MICTUTh BCTYII, PO3/ILJIH, BUCHOBKH, CIIMCOK BUKOPUCTAHOT
JITEpATypH.

OcnosHna ywacmuna poOOTH MICTUTH «BCTym» Ta Mae CKIaAaTUCh 13 PO3ILTIB,
Ta BUCHOBKIB (3arajibHi). KosxHU po3/1J MOYMHAIOTH 13 HOBOi CTOPIHKH.

Chnucok euxopucmanux oOdxcepen CIIJ PO3MIIIYBaTU y MOPSAAKY TMOSIBU
nocusianb y Tekcti. KoxkHe pkepeno, 1o BKIIOUEHO A0 CIUCKY, Ma€e OyTH BIIOUTO

B TEKCT1 aHAJIITUYHOTO OTJISITY.
IIpaBuia opopmiieHHS OTISIAY

AHamTuyHUN orisin HeoOXiHO 0hOpPMITIOBATH BIAMOBIAHO A0 Jlep:kaBHOTO
cranaapty Ykpainn JCTY 3008-95 «/loxymenrauiga. 3BiTH y cdepi Hayku i
texHiku. CTpyKTypa i mpaBuiIa opopMIeHHs». oro rotyiors sk pykomuc (Ipugt
Times New Roman, 14 nt, nonyropHuid iHTEepBay) 0o0csroM 10 15 cTOpiHOK
YKpaTHCHKOI0 MOBOIO. 3 OTJISiIy Ha BHCOKI BUMOTH HOPMATHUBHUX JOKYMEHTIB,
HEOOXITHO HEYXWIbHO JIOTPUMYBATHUCS TOPSIKY TIOJAHHS OKPEMHX BH/IIB
TEKCTOBOI'O0 MaTepiaily, Tabiuib, GOpMys, UIHOCTpaliid 1 COUMCKY BHUKOPHCTAHHMX
JTITEPATYpPHUX JIKEPEIT.

bibmiorpadiunnii ommc KepeNn CKIAmaloTh BIAMOBIAHO /O YHHHOTO

cranaapty 3 6i16miorpadiunoro onucy JJCTY I'OCT 7.1:2006.
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METOJWYHI PEKOMEHIALII 1O BAKOHAHHSI KYPCOBOI
POBOTH

3arajbHi MOJIOKEHHS

KypcoBa pobora € momepemHiM eTamoM Tepea HalWCaHHSIM JTUTIIOMHOI
pobotu (uceprallii) OCBITHbO-KBai(DIKAIIHOTO PIBHS «MaricTpy, BII3EPKAIIIOE
Cy4yaCHUU CTaH OOpaHOro HAIPSIMKY JOCHIKEHb MariCTepChbKOi JucepTarlii Ta
MICTUTh JIeSKi pe3yibTaTH BIACHUX EKCIIEPUMEHTAIBLHUX JOCIITKEHb, Mae
BHYTPIIIHIO €JIHICTh 1 CBIJYUTH PO T€, 110 aBTOP BOJIOJIE CYYaCHHUMH METOJIaMU
JOCII/DKEHHST Ta 3JaTHUW CaMOCTIMHO MPOBOJUTH BJIACHI €KCHEPUMEHTAJbHI
JOCITIKCHHS Ha I11JICTaBl OTPUMaHUX 3HaHb, YMIHb 1 TJOCBIJTY.

Ha3sga i 3micT KypcoBoi poO0TH MOBUHHI OYTH MOB’3aHi 3 MPOOJIEMATHKOIO
MaricTepchbkoi auceprarlii. ¥ KypcoBid poOOTI HEOOXIAHO CTHUCIO, JIOTIYHO M
apryMEHTOBAaHO TIPOAHANI3yBaTH, CY4YaCHUW CTaH NPOOJIEMHUX TUTaHb 3a
TEMAaTUKOIO JUCEPTAIliiHOI pOOOTH, YHUKATH 3arajJibHUX CIiB, O€3/10Ka30BUX
TBEpJUKEHb, TaBTOJIOT1i. [IpM HammcaHHI KypcoBOi poOOTH y pa3l BUKOPUCTaHHS
pe3yibTaTiB JOCHIKEHb 1HIIUX aBTOPIB CTYACHT MOBHMHEH OOOB’S3KOBO HANaTU
MOCWJIaHHS Y TEKCTI Ha JuKepeso ado poOoTy, 3 IKMX BiH 3alI03WYMB MaTepianu ado
OKpeMi pe3yJbTaTH.

KypcoBy po6oTy mosiatoTh y BUTJISII CHEIIaTBHO M1ATOTOBICHOTO PYKOIUCY
(mpudpt Times New Roman, 14 nt, nomyrtopHuil iHTepBas) oOcsrom n0 50
CTOPIHOK (OCHOBHA YaCTHHA), 1110 BUKIIAJAETHCS YKPATHCHKOIO MOBOIO.

KypcoBy poboty HeoOXinHO o¢opMIIOBaTH BiAMNOBIAHO 10 Jlep:KaBHOTrO
cranaapty Ykpainn JCTY 3008-95 «/loxymeHnTauis. 3BiTH y cdepi Hayku 1
texHikn. CTpykTrypa 1 mpaBuia oQopMieHHS». 3 OIJIAAy Ha BHUCOKI BUMOTH
HOPMATHBHUX JIOKYMCHTIB, HEOOXITHO HEYXWJIBHO JIOTPUMYBATHUCS TIOPSIKY
MOJIAaHHS OKPEMHX BHJIIB TEKCTOBOTO MaTepiairy, Tabmuilh, GopMy, LTFOCTparliil i

CIUCKY BUKOPUCTAHMX JIITEPATYPHUX JIKEpET.
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Bumoru 10 3mMicTy KypcoBoi podoTu

KypcoBa poGotra — 1e BuA CaMOCTIMHOI HaBYaJbHO-HAYKOBOI POOOTH 3
eJIEMEHTaMHU HAayKOBOTO JIOCII/DKECHHS, II0 BHUKOHYEThCS 3 METOIO 3aKpIIUICHHS,
NOTIUOJIEHHS 1 y3arajdbHEHHS 3HaHb, OJIEpKaHUX II1]1 4aCc HAaBYaHHS.

KypcoBa poboTa mae Oyt noB’si3aHa 3 BUPIIIEHHS KOHKPETHUX HAYKOBUX a00
NPUKJIATHUX 3aB/AaHb, AKi 00yMOBIeHi crenudikoro cremiaabHocTi 161 «Ximiuna
TEXHOJIOTIsI Ta 1HXKeHepis». OO’€KT MOCHIKEHHS y JaHii KypcoBiii poOoTi Mae
HaJIe)KaTH JI0 HAYKOBOi TeMaTuku, sika mputamanHa kadenpi THP, B ta 3XT
Ximiko-TexnonorigyHoro gakynbrery KIII im. Irops Cikopcbkoro.

KypcoBa po0OoTa BUKOHYETbCS Ha 0a3l TEOPETMYHMX 3HAaHb 1 MPAKTHYHOIO
JOCBITY, IO OTPUMAaH1 CTYJEHTOM HpPOTAroM 1,5 poky HaBYaHHS y Marictparypi u
CaMOCTIMHOT HayKOBO-/I0CIIITHOT pOOOTH.

3micT poboTH Mae Bianosinaty ii Temi. Marepian poboTu Mae OyTH IITKOM
IPUCBAYEHUN TeMi pOOOTH, IOCSITHEHHIO METH, BHUPIIIEHHIO 3aBJaHb, IO
noctasieni. Henpumnyctumi Oyab-siki BiACTYIH, IO HE MalOTh BIJIHOUICHHS /10
3aBJaHb JOCTIKEHHS. 3MICT KYpcOBOi poO0TH nepeadayae:

o dbopMyrOBaHHS HAyKOBOi (HAYKOBO-TEXHIYHOi) MpoOJemMu, 3ajadi,
BU3HAYCHHS O00’€KTa, MpeIMeTa Ta METH JOCHIDKEHHS, aHayli3 CTaHy pIleHHS
npoOieMu 3a  MarepiajaMd  BITYM3HSAHMX 1  3apyOLKHMX — MyOJIIKalii,
OOTpyHTYBaHHSI I1iJI€H JOCIIIIKEHHS;

° aHaji3 MOXJIMBHUX METOJIIB Ta METOJIMK JIOCTIIKEHb, OOTPYHTOBAHUI
BUOIp (po3poOKy) meroay (METOAMKHM) JOCHIKEHHS abo amapaTypHOro
3a0€3ICUCHHS;

o HAyKOBHMI aHami3 1 y3arajdbHEHHA (AKTUYHOTO MaTepiany, SKHi
BUKOPUCTOBYETHCS B TIPOLIECT JOCIIIKEHHS;

o BUKJIAJCHHS OTPUMAaHUX pE3yJbTaTiB Ta OIIHIOBAaHHSI IXHBOTO

TCOPCTUIHOI'O, TPUKIAAHOTO Y1 HAYKOBO-METOANYIHOT'O 3HAUYCHHA.
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Y mpoueci MIATOTOBKM M 3aXUCTYy KypcOBOI pOOOTH MariCTpaHT Mae
IPOJAEMOHCTPYBATH:

o 3116HOCTI TPOBOAUTH CUCTEMHHMI aHaNI3 POOJIeMHU Ta po3B’sI3yBaTH 1l
Ha TMIJCTaBl BIJOMHUX MIiAXOJiB, MPOMOHYBaTH HOBI MNUISIXU A0 BHUPIIICHHS
npooJieMu;

o yMiHHA  OOTpYHTOBaHO  BHOMpATH  METOAM  JOCIIDKEHHS,
Moau(DiKyBaTH ICHYIOUl Ta PO3pOOJISATH HOBI METOIMKH, BUXOASYM 13 3a4ay
KOHKPETHOT'O JOCIIIKEHHS;

o 3IATHICTh 3aCTOCYBaHHS Cy4YaCHHUX METOJIB EKCIEePUMEHTAIbHUX
JOCHIDKEHb Yy Tajy3l XIMIYHOI TEXHOJIOT1i HEOpPraHIYHUX PEYOBUH, METOU
IUTAHYBaHHS €KCIIEPUMEHTY Ta 00pOOJIeHHS HOTO pe3yNbTariB;

o 3MaTHICTb JO HAyKOBOIO aHali3y OTpPUMAaHUX pE3yibTaTiB 1
pO3p00IIEHHS BUCHOBKIB Ta MOJI0XEHB, YMIHHS apTyMEHTOBAHO iX 3aXUIIATH;

o YMIHHSI OL[IHUTH MOXJIMBOCTI BUKOPUCTAHHSI OTPUMAaHMUX PE3yJbTATIB
y HaYKOBIH Ta MPaKTUYHINA ISIIHOCTI;

o BOJIOJIIHHA  Cy4YaCHUMH 1H(QOpMAIIiHUMU  TEXHOJIOTISIMU  [IPHU

MIPOBENICHHI JTOCII)KEHb Ta 0pOpMIIEHH] KBai(piKaliitHoi poOoTH.
BuMoru 10 cTpyKTYpH KypcoBoi podoTH

KypcoBa po6ota Mae MicTUTH:

° TUTYJIbHUN apKyll;

o 3aBJaHHS;

e pedepar;

° 3MICT;

° nepeiik YMOBHUX MTO3HAYE€Hb, CUMBOJIIB, CKOPOUYEHb 1 TEPMIHIB;
° OCHOBHY YaCTHUHY;

o BHCHOBKU,

o CIIMCOK BUKOPUCTAHUX JIXKEPeTT;

° noaaTK (32 HEOOX1THOCTI).
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OcHoBHA YaCTWHA TOBWHHA CKJIAJIATUCS 3 HACTYIMHHUX PO3AUTIB: CY4acCHHM
cTaH MpoOJieMH; EKCIIepUMEHTadbHA YacTHWHA, sKa BKIIOYAa€ METOJUKH
EKCIICPUMEHTY Ta  OMNHC  CKCIEPUMEHTAIBHUX  yCTAaHOBOK;  pPe3yJbTaTh
€KCIIEPUMEHTAJILHOTO JTOCTIKEHHS Ta iX 0OrOBOPEHHS.

Tumynvruii apkyu

OdopmmroeThes 3a hopmoro, mo HaBeaeHa y Jlonatky 6.

3asoamnnsn

3aBmganHs odopMITIOEThCS 3a (hopmoro, ipuBeaeHo0 y JlomaTky 7. 3aBmaHHS
BUJIA€THCS MAariCTpaHTy KEPIBHUKOM Yy MeXaxX MPOOJIEMATHKH, IO TMOKJIAICHO B
OCHOBY JIMCEPTalIiHOI MaricTepchbkoi poOOTH. VY 3aBlIaHHI 3a3HAYAIOTHCA: Ha3Ba
KypCOBOi po0O0TH, 00’€KT MOCIHIKEHHS, MPEeAMET IOCHIIKEHHS, MeTa Ta 3ajayl
JTIOCIIIKEHHS.

Ha3Ba kypcoBoi poOOTH IMOBHHHA OXOIUIIOBATH Taly3b BHUKOPHCTAHHS Ta
3aBJIaHHS CTOCOBHO BHPIIIEHHS 3aa4l JIOCHII)KEHHS, IOCTABJIEHY Y MaricTepChKiil
nucepTatiitHii podoti. Hazpa pobGotu mMae OyTH KOPOTKOIO, TOYHO BIAMOBIIATU
TeMl JOCHIKEHHS, TOOTO TiM JOCHIAHUIBKUNA pPOOOTI, SKY Ma€ BHKOHATU
MaricTpat. Y Ha3Bi HE 0akaHO BUKOPUCTOBYBATH YCKJIQJHEHY YU y3arajibHIOIOUY
TepMiHOJIOTII0. Y Ha3Bl Tpeba yHHKaTH cliB «JloCHimKeHHs...», «AHam3...»,
«BuBuenHs...», «Ilutanus...», «IIpobdaemMu ....» 13-3a HEBU3HAYEHOCTI KIHIIEBOTO
pe3ynbTary.

OO0’€eKT IOCHiIKEHHS — Lie Tpouec abo SBUIIE, IO MOPOHKYE MPOOIEMHY
CUTYyaIlll0 i1 oOpaHe JjIsl BUBYCHHS.

[Ipenmer nociiKeHHST MICTHTBCA y Mekax 00'ekta. OO'€KT 1 mpeaMer
JOCHIDKEHHST K KaTeropli HaAyKOBOTO MPOIECY CIIBBIIHOCATHCS MIX COOOI0 SIK
3arajibHe 1 4acTKoBe. B 00'€KTi BUAUISETHCA Ta WOTO YacCTHHA, SIKA € TPEAMETOM
nocnimkeHHs. CamMe Ha HROTO CIIPSMOBAaHA OCHOBHA yBara MariCTpaHTa, OCKUIbKA
IpeaAMeT JOCHIDKEHHS BHU3HA4a€e TEMY KypcOBOi pPOOOTH 1 MOJANbIIOl
JCepTaiiHol poOOTH.

B Meri Ta 3amadax JOCHIDKEHHS 3a3HAYalOThCS KOHKPETHI 3aBIaHHS 3

OKpEMHUX YaCTHH MaricTepChbKOoi JUCepTallii, MOCTITOBHICTb 1 3MICT SIKUX BH3HAYAIOTh
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(baxTMYHO MaOyTHIO CTPYKTYpY Aucepraliii. opMyntoBaHHS IUX 3aBAaHb TOBUHHO
Oytu y Haka3oBoi ¢opmi, ToOTO mouuHaTHCs 31 cmiB: «lIpoBecTn aHamis...»,
«OOIpyHTYBaTH...», «locmimuTi...», «BuzHaunTH...», «OnTumizyBaru...»,
«Po3pobutu...» ToIIo.

Pegpepam

Pedepar nmpuszHauenmit mis o3HaiomsieHHS 3 pobOorToro. BiH mae Oytm
CTUCTUM, 1HGOPMATUBHUM 1 MICTUTH I1HQOpMAIlI0, IO JJO03BOJSE PO3KPUTH
CYTHICTh nmociimkeHHs. Pedepar obcsrom 200...500 cimiB 10 ABOX CTOPIHOK
YKpaiHCHKOO, Ta 1HO3eMHHMH (QHTJIIHCHKOI, POCIMCHKOIO, TOIIO) MOBaMH (IIUB.
3pa3ok y gojaatky B) mMae BinoOpaxatu iHdopmarrito, Ky mojgaHo y po0oTi, y Takii
MOCIAOBHOCTI: BIAOMOCTI MpPO 0OCAT pOOOTH, KUIBKICTh UTHOCTpalliid, TaOaullb,
JOJIaTKIB, KUIBKICTh JDKEpENT 3a IMEepelikoM TOCUJIaHb, O0’€KT Ta MpeaMeT
JOCIIJIKEHHSI, MeTa poOO0TH; METOAU (METOAWKH) JOCIIKEHHS Ta araparypa;
HalBAXJIMBIIII Ta HalWBaromini pe3yiabTaTH poOOTH Ta iXHS HAyKOBa HOBU3HA,
pEeKOMEHIallli 100 BUKOPUCTAHHS PE3yJbTaTiB pOOOTH; PE3yJbTaTH IMEPEBIPKU
MO>KJIMBOCTEH MPAKTUIHOTO BUKOPHCTAHHS OTPUMAHUX PE3YJIbTaTiB; MPOMO3MIIIi
I0JI0 MOMJIMBUX HAMPSIMiB MPOJIOBKEHHS JTOCHIKEHb; nepeik 5...10 kirodoBux
CIiB (CIOBOCTIONYYEHb), 10 € HaWiCTOTHIMUMHU IS PO3KPUTTS CYTI pPoOOTH,
HAJPYKOBAaHWX NPOMUCHUMH OYKBaMH y HA3WMBHOMY BIJIMIHKY y PSIOK depes
KOMH.

Bemyn

Beryn Mae BitoOpaxaTu 3MicT poOOTH y HACTYITHIN MTOCIITI0BHOCTI:

Axmyanvuicme memu

nsxoM KPUTUYHOTO aHaNi3y Ta MOPIBHSAHHS 3 BIJIOMHUMHU pPIIIEHHSAMU
npo0semMu (HayKoBOi 3a/1a4i) OOTPYHTOBYIOTh aKTyaJIbHICTh 1 JOIUIBHICTH pOOOTH
JUIsL PO3BUTKY BIATOBIIHOI rajgy3i HAyKH YU BUPOOHMIITBA, OCOOJIIMBO HA KOPUCTh
VYkpainu. BUCBITIIEHHSI aKTyaJbHOCTI HE TOBMHHO OyTH OaraTociiBHMM. J[oCHUTb

BUCJIOBUTH TOJIOBHE — CYTHICTh Mpo0OieMH a00 HAyKOBOTO 3aBIaHHSI.
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06’ exm 00cnioHceHH s,

OG’exT mociimKeHHsT Ma€ OyTH HaBEJCHUHN y BIJMOBIIHOCTI JI0 3aBAaHHS Y
BUTJISII TIPOIIECY, CUCTEMHU, OOJaHAHHS, TPUCTPOIO, TEXHOJIOTIT ab0 MPOrpaMHOTO
MPOIYKTY.

IIpeomem Oocniodcenns

[IpenmMeToM JOCHIUKEHHS € KOHKPETHI BJIACTUBOCTI, XapaKTEPUCTUKU
00’€KTy, Ha sK1 0e31MocepeIHbO CIPSIMOBAHO JOCIIIIKCHHS.

Mema 1t 3a60anns 00caioHcenHs

®opmyaoBaHHA METH pOOOTH 1 3aaayi, SIKI HEOOXIJHO BHPIIIUTH IS
JIOCSITHEHHsI ~ TIOCTaBieHoi MeTtu  (He  chi  (QopMmyloBaTH — METy  SIK
«JlocmimxeHHs...», «BUBYEHHS...» TOIlO, TOMY IO Il CJIOBa BKa3ylOTh Ha 3aci0
JIOCSITHEHHSI METH, a HE Ha caMy METY).

Mera — 11e 3amjaHOBaHUN PE3yJIbTAT JOCHIIKEHHS. BUKOHYIOUM HAyKOBY
poOOTYy, CIIiJ IMaM’ ATaTH, MO «METO OyIb-sIKOT HAyKOBOI Mpalli ... € BUIBICHHS
HOBUX (PaKTiB, BUCHOBKIB, PEKOMEHJAIlI{, 3aKOHOMIPHOCTEH a00 X YyTOYHEHHS
BIJIOMHX paHillie, aje HeJJOCTaTHBO AOCIIIKEHUX).

OTpumaTH 3amiaHoBaHi pe3yJbTaTH, MOCTYIMOBO JOCATTH MOCTaBICHOI METH
MO>KHA IIJITXOM 11 JieTaizaiii y BUTJIsIIl IEBHOT MPOTrpaMy HUIECIIPSIMOBAHUX 1M —
3a/lay JTOCHIJKEHHA. 3ajadl JOCHIJKEHHS (OPMYNIOIOTHCS Yy JIBOX BaplaHTax:
MepIIui — y BUIISAI CAaMOCTIMHO 3aKIHUCHHUX €TalliB JOCTIDKCHHS; APYTHUi — SK
MOCJIIJIOBHE BUPIIIEHHSI OKPEMUX MPOOJIEM HAYKOBOTO JTOCHII)KEHHS Y BITHOIICHHI
JI0 3arajibHOi MpoOJieMH BCil€l MaricTepchbkoi aucepraiii. PopmynroBatu U
KOHKPETU3YBaTH 3ajadl CIiJ Ay>K€ PETEIbHO, OCKIILKH OIMUC iXHBOTO BUPIIICHHS
CTaHOBHUTH 3MICT PO3/ALIIB KypCOBOi POOOTH.

Haykoea Hosuszna ooepoxcanux pe3ynomamis

Ile «kopoTka BUKIAgKa HOBHX HAyKOBUX TIIOJOKEHb  (PIIICHB),
3aMpOINOHOBAHUX MaricTpaHToM ocobucto. HeoOximHO TMoOKa3aTu BIIMIHHICTh
oJlep>KaHUX Pe3yJbTATIB BiJl BIIOMHX paHiIlie, OMUCAaTH CTYMiHb HOBU3HU (BIIEpIIe

0JIep>KaHo, yIOCKOHAJIEHO, JICTAI0 MOAABIINN PO3BUTOK).
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Koxne HaykoBe moJiokeHHsI Tpeda 4iTKo (OPMYIIIOBATH, BIJOKPEMITIOIOUU
HOTO OCHOBHY CYTb 1 30CEpE/KYIOUM OCOOJIMBY yBary Ha piBHI JAOCATHYTOI MpuU
npoMy HOBH3HH. CopMyIbOBaHE HAyKOBE IMOJIOKEHHS MOBHUHHO CIPUHMATHUCH
JIETKO 1 OJTHO3HAYHO.

3micm

3MicT Mae BiAOOpaXkaTH KOHKPETHHUM MOETAaHUI TUIaH peati3alii poooTu, ii
CTPYKTYpPY. 3MICT MICTUTh HalilMEHYBaHHSI Ta HOMEPHU MOYATKOBUX CTOPIHOK YCIX
pPO3ALTIB, MIAPO3AUIIB Ta MYHKTIB (SKIIO BOHM MAalTh 3arojioBOK), 30KpeMa,
BCTYNY, PO3MAUIIB, MiAPO3AUIIB, BUCHOBKIB JO PO3iJiB, 3araJilbHUX BHUCHOBKIB,
J0JIaTKiB, CIUCKY BUKOPUCTAHOT JITEpaTypH Ta 1H.

llepenix ymosuux nosuaueHnv, CUMBOIB, CKOPOUEHb | MEePMIHIE

Sxmo y po6oti BkuTa crenudiyHa TEPMIHOJIOTIS, a TaKOX BUKOPHUCTAHO
MaJIOBIJIOMI CKOpPOYEHHS, HOBI CHMBOJIM, IO3HA4YCHHS W Take IHINE, TO IXHIN
nepesiKk Moxe OyTH MOJaHUM y KypcoBid poOOTI y BHUIJISAL OKPEMOIO CITUCKY.
[lepenik Tpeba apyKyBaTH JABOMa KOJIOHKAMH, Y JIIBIA KOJIOHII 371iBa 3a a0ETKOIO
HABOJSATh CKOPOUYEHHS, a Y MIPaBiid — iX JeTalbHy PO3IU(POBKY.

Axmo y KypcoBiii po0OoTi cmeriajibHi TEPMiHHU, CKOPOYCHHS, CHMBOJIH,
MO3HAYEHHSI W Take 1HIIE TIOBTOPIOIOTHCS MEHINE TPHhOX pasiB, MEPENiK He
CKJIJal0Th, a IX pOo3MM(GPOBKY HABOASTH Y TEKCTI NP NEPIIOMY 3TalyBaHHI.

OcHosHna yacmuna

OcHoBHa yacTuHa poOOTH MICTUTHh «BcCTym» Ta Mae ckiagaTuch 13 3-X
pO3A1IIB, Ta BUCHOBKIB (3araibH1). KoXKHHI po3/1171 MOYMHAKOTH 13 HOBOI CTOPIHKHU.

«BcTym» po3kpuBae CyTHICTH 1 CTaH HaykKoBoi mpoOiemu (3amadi),
aKTyaJIbHICTh Ta 11 3HAUYLIICTh, MIJICTABH Ta BUXIJHI JaHl AJI1 PO3POOJICHHS TEMH,
OoOTpyHTYBaHHS HEOOX1THOCTI MPOBEICHHS AOCIIIIPKCHHS.

VY pozaim «CyuyacHuil ctan mpobieMu» Ha MIAIPYHTI OTJISAY JIiTepaTypHUX
JoKepen (CTarTi, MaTeHTH, MOHOrpadii) PO3KPUBAIOTH CTaH HAYKOBOI MpoOJeMu
(3amaui). CTUCHO, KPUTUYHO BHUCBITJIIOIOYM POOOTH TMOMEPEIHUKIB, MariCTpaHT
MOBUHEH 3a3HAYMTH Ti TMUTaHHS, IO 3aJWIIWINCh HEBUPINICHHMMH U, OTXKe,

BU3HAYUTH CBOE Miclle y poO3B’s3aHHI TpoOiemu. HeoOxigHO 3akiHUMTH Tiei
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pO3A1T KOPOTKUM PE3IOME CTOCOBHO JOIUIBHOCTI TPOBEACHHS TOCIIKCHHSI,
OoOTpyHTYBaHHSIM BHOOPY 00’€KTa 1 mpeaMeTa JOCHIDKeHHS, cOpMyBaTH METY |
3aBaHHs JUId OOTPYHTYBaHHS BHUOOpY HAMpsIMKY JOCHIKEHb MPOOJIEMHOTO
MUTaHHS 32 TEMATUKOIO MaricTepCchKoi poOOTH.

VY po3nini «ExcriepuMeHTanbHa YaCTUHAY, SIK MPABUIIO, HABOASTH METOJUKU
EKCIIEPUMEHTAILHUX JTOCTIKEHb Ta TEOPETUIHUX PO3PAXyHKIB, MPUHITUAIN il Ta
XapaKTEepPUCTUKU OOpaHOro oOJaHaHHS Ta OMHUC €KCIEPUMEHTAIbHOI YCTaHOBKH
ab0 3ampOMOHOBAaHOI TEXHOJOTIYHOI CXEMH, OIIHKY MOXHOKH BHMIPIOBaHb IS
JOCATHEHHS MIOCTaBJICHOI y pOOOTI METH.

B Ttperbomy poszmini («Pesynbratu Ta iXx OOTOBOpEHHS») 13 BHUYEPITHOIO
MOBHOTOIO  BUKIIAQJAIOTBCS  Pe3ydbTaTH BJIACHUX JOCTKEHb aBTOpa 3
BUCBITJICHHSIM TOT'O HOBOTO, IO BiH BHOCHUTH Y PO3pOOKY mpoOiemu. MarictpaHt
MOBUHEH JaBaTH OILIIHKY IMOBHOTH PO3B’SI3yBaHHs MOCTaBJICHUX 3aBJaHb, OIIHKY
JIOCTOBIPHOCTI ~ OJIep)KaHUX PE3yJbTATIB (XapaKTEpUCTUK, MapaMeTpiB), iX
MOPIBHSIHHS 3 AHAJOTIYHUMHU DPE3yJIbTaTaMH BITUM3HSHUX 1 3apyOlKHUX IMpallb,
OOTpYHTYBaHHSI MOTPEOU [OJATKOBUX JOCHIIKEHb, HETaTHBHI PE3yJbTaTH, SKi
O0OYyMOBJIIOIOTh HEOOX1/IHICTh MPUTTMHEHHS MOJANBIINUX JOCIIIKEHbD.

MiX CTPYKTYpHHUMH YaCTUHAMU POOOTH MOBHMHEH MPOCIIIKYBATUCh YITKUN
JOTIYHUM 3B’SI30K, TOOTO pPO3AUIM MarTh OyTH MOB’S3aHI MDK c0000 U
MOYMHATUCh 3 KOPOTKOI'O OMUCY MHUTaHb, 10 PO3KPUBAIOTHCA Y JAHOMY PO3LIIB
Ta iX B3a€MOIOB’13aH1 3 ONEPEHIMU i HACTYITHUMH PO3/IIJIaMU.

HanpukiHili KoKHOTO po3aiiay 000B’SI3KOBO (DOPMYIIOIOTHCS BUCHOBKH 31
CTUCJIMM BHKJIQJICHHSIM HAYKOBUX 1 TMPAaKTUYHMX PE3yJbTaTiB Ti€i YaCTHHH
JOCIIKEHHS, [0 OyJia po3ryIsiHyTa y po3/iail. Y BUCHOBKaX HE CHij epeKa3yBaTu
Te, 110 Oys10 3p0o0JIeHo Y po3/Iiii, a CPopMyITIOBaTH, IO 13 I[OTO BUILITHBAE.

Bucnoexu

BuknagaroTecs HalBaXKJIMBIII HAyKOBI Ta MPaKTU4YHI pe3yJbTaTH, SKi
MOBUHHI MICTUTH (DOPMYIIFOBAaHHS PO3B'S3aHOT HAyKOBOi mpobOsiemu (3amadi), ii
3HAYEHHS IS HAyKW 1 MpakTHKu. DOpMyIIOIOTHCS BUCHOBKH Ta PEKOMEHIAITi

I0JI0 HAYKOBOTO Ta MPAKTHYHOTO BHKOPUCTAHHS 3700yTHX peE3ynbTaTiB. Y
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«BucHoBkax» HEOOXITHO PO3KPUTH SKICHI 1 KUIBKICHI MOKA3HUKH OJIEp:KaHUX
pe3yJbTariB, OOIPYHTYBATH iX JOCTOBIPHICTH Ta BUKJIACTH PEKOMEHJAIII] IIOJI0 1X
BUKOPHCTAHHSI.

Cnucok suKopucmaHux oxcepei

Cnucok BUKOPUCTAHUX JDKEPEN CIiJI PO3MILIYBaTH Y TOPSANKY TOSBH
nocujiaHb y TekcTi. biGmiorpadiuyHuil onmuc JpKepen CKIaAaoTh BIIMOBIAHO JI0
YUHHOTO cTaHaapty 3 Oi6miorpadiunoro onucy JCTY I'OCT 7.1:2006. Koxne
JOKEPEIIo, MO BKITFOUYEHO JI0 CIIUCKY, Ma€ OyTH BIAOWTO y TEKCTI KypcoBOi poOOTH.

Jlooamku (3a neobxionocmi)

3a HeoOximHOCTI H0 «JlogaTkiBy» HOIIJIBHO BKJIIOYATH JIOIOMIXKHHMI
Matepian, HEOOXITHUW JUIsi TIOBHOTHU CHPUHHATTA KypCOBOI pOOOTH: JOJATKOBI
(oBiIHUKOBI) UMIOCTpalii abo TabiuIll; METOJUKH PO3pPaxXyHKIB y CEpeIOBHUII
Excel, Matcad Ta iH.; MmaTepiaiu, siki yepe3 BeIuKui oocsar abo popMu mo1aHHs He
MO>KHa BKJIIOYUTH JO OCHOBHOI YAaCTHMHH ((POTO3HIMKH, MPOMIKHI MaTEMaTHUYHI
JIOKa3HW, PO3PAXyHKH; MPOTOKOIM BHUMPOOYBaHb); OINKUC HOBOI amapatypu W
MPUIIAJIIB, 110 BUKOPUCTOBYIOTH 1]l YaC MPOBEJICHHS €KCIIEPUMEHTY; 1HCTPYKIIT 1
METOJMKH; KOIIi TOKYMEHTIB, OKpEM1 BUTATH 3 MOJOXKEHb (IHCTPYKIIii); KOMil
nyOmikamiii 3a TEMAaTHKOK PO3MJISTHYTOTO JOCTIIKEHHS a0 3a TEeMaTHUKOIO

MaricTepchbKoi AUCepTallli.
IIpudau3HuUii nepesiik TeM HA KYPCOBY Po0oOTYy

KypcoBa po6oTa npucBsSUy€eThCS BUKOHAHHIO HAYKOBUX JOCIIHKEHb 3 TEMH
MariCTepcbKoi JIUIJIOMHOI poOOOTH 3 BHUKOPUCTaHHSAM Haa0aHUX 3HaHb 3
MEPCIEKTUBHUX TEXHOJOTIYHUX pO3p000K. OOOB’SI3KOBUM € 3aIyYeHHSI Cy4aCHUX
IHCTPYMEHTAJIbHUX METOJIIB aHali3y, 1[0 OyJlM 3acBOEHI MiJ Yac BUBYEHHS
IUCIAIUIIHHA.

[Tepenik TeM 115t KypCOBUX POOIT:

1. Cunre3 T1a/abo0 BUKOpUCTaHHSA (YHKIIOHAJBHUX  KOMIO3UIIAHUX
MaTepiais.

2. CTBOpEHHS HOBITHIX COPOIIHUX Ta/a00 KaTaJITUYHUX CUCTEM.
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3. OTpHUMaHHS HEOPTaHIYHUX 010JIOTTYHUX HAHOMATEPIaliB.

4. Po3poOka yTuiizailii BiIX0AiB 3 OTPUMAHHSAM KOHIMIIIHHUX TTPOTYKTIB.

5. CuHTe3 Ta BUKOPHUCTAaHHS KOMIUIEKCHUX PEareHTIB y BOJAOOYHUIIICHHI.

6. BunydyeHHs BaXKUX METajiB Ta OpraHiYHUX 3a0pyAHIOBAYiB 3 BOIU
CYJaCHHUMH METOJIaMHU Ta MaTepiaTaMH.

7. CTBOpEHHA MAar”HiTHHX MaTepiajiiB, y TOMY YHCIi, 3 BHUKOPUCTAHHSIM
MarHiTHO1 pIIMHA Ta PEPUTIB.

8. OneprkaHHA €JIEKTPOKATATITUHYHUX CHCTEM Ha OCHOBI LITIHENEH.

9. Po3pobxka TexHoorii Bogoo4uiieHHs Ha ocHOBI MeTomiB AOPs.

10. Cunte3 HaHOMAaTepialiB s  PI3HOMAHITHOTO  3aCTOCYBaHHS

(boToxaraniz, CCHCOpHi MaTepiaau, COpOCHTH TOIIO).
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METOJIMYHI PEKOMEHJALIT O CAMOCTIHOI' O
BUBYEHHS JUCLHUIITHA

3arajbHi MOJI0KEHHS

CamocTiliHe BUBYEHHS AMCIMIUIIHM CTYJEHTOM II€ CaMOCTIMHA HaBYaJlbHA
TISUTBHICTh CTY/IEHTA, 110 OpPTaHi30BaHA BUKIJIaJadyeM Ta 3IIHCHIOEThCS Oe3 Horo
y4acTi, ajie Mo HOro 3aBJIaHHSAM 1 ITiJT HOr0 KOHTPOJIEM.

CamocrTiliHe BUBYCHHS JUCIHUILIIHA MA€ PSiJl BIACTUBOCTECH:

- BUKOHY€TBCS CaMOCTIMHO 11032 PO3KJIaJI0M HAaBUAJILHUX 3aHSATH;

- BUKOHY€TBHCA 32 1HAUBIyaTbHUMHU 3aBJaHHSIMU;

- nepeidayae BUKOPUCTAHHS CYYaCHUX OCBITHIX TEXHOJIOTIH;

- TPOBOJMUTHCS TMapajellbHO 1 Y B3aeMOAIl 3 ayJIUTOPHOIO POOOTOI0 3
JUCLUILIIHY;

- 3a0e3neuyye (QopMyBaHHS KOMIIOHEHTIB JUCHUILTIHAPHUX KOMIIETEHIIII
«3HATU», «BMITH 1 «BOJIOHITH.

[Ticnst 3acBoeHHsT OUCHMIUTIHU «[HHOBAIiHI HEOpraHiyHI TEXHOJOTI»
CTYIEHT Ma€ TMPOJAEMOHCTPYBATH 30amHiCMb BUKOPUCTOBYBATH TEOPETUYHI
3HAHHS JIJI1 OBOJIOJIIHHS OCHOBaMH Teopli W METOJIB XIMIKO-TEXHOJIOTTYHHUX
JOCIIIJIKEHb Y TEXHOJIOTIT TOHKOTO HEOPTraHIYHOI'O CHHTE3Yy; BHKOPHCTOBYBATH
Cy4yacHI YSIBIEHHS PO MEPCIEeKTHUBU 1 OCHOBM HAHOTEXHOJIOTIH, MPO MPHUHIIUITH
MOHITOPUHTY, OLIHKM BIUIUBY XIMIYHMX TEXHOJIOTI Ha CTaH MPUPOIHOrO
cepelioBUIIla i OXOPOHY >KUBOI MPHUPOJU, 3HAHHS W 3aCTOCYBaHHS Ha MPAKTHUII
MPUHITUIIB MOO0YI0BU €KOJIOTTYHO YHUCTUX BUPOOHHUIITB, PO3YMIHHS COIIAJIbHUX 1
€KOJIOTTYHMX HACIIJIKIB CBO€ET MpodeCiiiHOT AISTTbHOCTI; TOCITHULIBKI HABUYKH.

CtyaeHTH Tmicisi 3aCBOEHHS KpeauTHOro Moayis «CydacHi HeOpraHiuHi
TEXHOJIOT1i y MPOMHUCIOBOCTI Ta OXOPOHHU JOBKULIS» MArOTh MPOJACMOHCTPYBATH

3HAHHA B.
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. Cy4yaCHMX TEHJCHI[SX TPOTrpecy Yy TEXHOJOTiAX HEOpPraHIuHuX
PEUYOBMH I PI3HUX Taly3ed MPOMHUCIOBOCTI, Y TOMY YHCII, HayKOEMHUX
TEXHOJIOT15X;

. TPaAUIIMHUX Ta CHEIIAJIbHUX METOJaX OJiepKaHHS TPaJUIINHUX 1
GbyHKIIIOHATBHUX MaTepiajiB, y TOMY YHCIIl, HAHOMAaTepialiB;

. CYy4aCHHUX TE€XHOJIOT1SIX OXOPOHH JTOBKLIIISL.

CTyAeHTH TaKoXX MalOTh IPOJEMOHCTPYBATU YMIHHS:

. MIPOBOJIUTH TIOIIIYK Ta aHAJI3 CY9aCHHX JITEPATYPHHUX HKEPET;

. apryMEHTOBAHO MiAOMpaTH OIIBIN JOIIIBHI TEXHOJIOTII Ta METOIH
JOCIIKEHHS (DYHKIIIOHAJIbHUX MaTepialliB 1 HAHOMATEpiaiB;

. CTBOPIOBATH THYYKI TEXHOJIOTIYHI CXEMHU 3 METOK KOMIUIEKCHOI
nepepoOKy MPUPOIHOI CUPOBUHU, TEXHOTCHHUX B1IXO/I1B Ta OXOPOHH JIOBKIJLIS;

. BUKOHYBAaTU JIOCJTI/DKEHHSI y HAyKOBUX J1a0OpaTOpisix 3TiTHO BUMOT

TEXHIKH 0€3MEKH Ta €KOJIOTTIHO1 OC3IICKH;

. nependayaTd  MOXJIMBOCTI ~ BUHUKHEHHsS — apredakTiB Ta  iX
3aIro0IraHHs;
. NpaBWIBLHO BU3HAYATU CTPATETil0 MPEenapaTUBHOTO OTPUMAHHS

IIJIbOBHUX MPOAYKTIB 13 33ITaHUMH BJIACTUBOCTSIMH, BUXOJISTUH 3 1X MPU3HAYEHHS.
Oco0nBOCTI CAMOCTIHHOT0 BUBYCHHSA AUCHHUILIIHA

OcoOJMBOCTAMH CaMOCTIMHOIO BHBYEHHS OUCIMILTIHM «[HHOBaIiiH1
HEOpraHIYHl TEXHOJIOTI» CTyAeHTamMu cheriamiszanii «XiMIYHl ~TeXHOJ]OrIl
HEOPTaHIYHUX PEYOBMH Ta BOJOOYMINCHHS» € T, 10 CTyJACHTaM TpHU
CaMOCTITHOMY BMBUYEHHI JaHOI TUCIHUILIIHU OKPIM MPEJCTaBICHOTO KYpCY JIEKIIii
y NiIPYYHUKY HEOOX1THO Oyjie OAAaTKOBO OMAaHYBaTH Cy4YacHy JITeparypy (3a 5
OCTaHHIX POKIB) 3a MOJaHNX Y HAaBYAIbHIN MPOrpaMi TeM.

CTyaeHTH TakoX MOBHHHI CAMOCTIMHO MIATOTYBAaTH aHAJITUYHHUMN OTJISIT HA
3alPONOHOBAaHY BUKJIAJa4eM TEMAaTHKy Ta IiJATOTYBaTH TEOPETUYHY YACTHHY
KypcoBOi poOOTH 3a TEMOIO MariCTepChbKOi auceprarlii. ¥ pe3ysibTari CTyIEeHTU

JIOIATKOBO TIOBMHHI OMNpAaIfOBaTH YHCENIbHY KUIBKICTh HAyKOBUX CTaTeH, W10
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JI03BOJIUTH iM HaOyTH JTOCBIJ BUKOPUCTAHHS Cy4aCHUX JIITEPATYPHUX JIKEPEI IS
HAayKOBOT'O OOIPYHTYBaHHSI METOJIB CHUHTE3y (DYHKIIIOHAJIbHMX 1 HAaHOMAaTepialliB,
pPO3pOOKH TEXHOJNOTIYHUX CXeM 3 (PI3UKO-XIMIYHUM OOTPYHTYBaHHSIM KOXHOI
cTaali iX OTpUMaHHS; peai3alii Ta BIPOBAIKEHHI CYYaCHHMX HAYKOEMHUX
TEXHOJIOT1H y JJabopaTOpHUM MPAKTUKYM (10 CTBOPEHHS MIJIOTHOI YCTAaHOBKH).

Oco0aMBOCTI MPOXOKEHHSI JIA0OPATOPHOTO MPAKTUKYMY CTYACHTAMH €
BUKOHAHHS 1HJMBIAyaJIbHUX 3aBJaHb 3a TEMATHUKOIO J1abOpaTOpHUX pPOOIT, IO
HaIpaBJICHO HA PO3IMIUPEHHS 1 MOMIHOJIEHHS KOMIIOHCHTIB TUCIUTLIIHAPHUX
KOMIETEHINHN «3HATH», «BMITH» 1 «BOJOIITH», SIK MPABUIIO, A0 PIBHA «CEPEAHIID) 1
«BUCOKUI.

3MicT poOOTH TOJISTAE Yy OCTIKEHHI CTyJICHTAMU MUTAaHb 32 TEMATHUKOIO
7a00paToOpHUX PpoOIT, SAKI TOTPeOyIOTh MOTIUOJICHE OCBOEHHS KOMIIOHCHTIB
KOMIIETEHIIII 3 METOI0 JOCSITHEHHS TaKUX IIJILOBUX I1HJIUKATOPIB SIK: BMIE
3aCTOCOBYBATHM Ha MPAKTHIll; BMI€ aHai3yBaTH; BMi€ OIlliHIOBaTU. lle MOXIuBO
JOCSTTH, HANPUKIAJ, BUKOHAHHSM CHUTYaIllHHOI 3a7adli 3 BUKOPUCTAHHSIM
PaKTUYHOI TEPMIHOJOTTI].

dopMOIO MIPEACTABICHHS Pe3yJbTaTiB BUKOHAHHS 1HIUBIAYyaIbHUX 3aBJIaHb
3a TEMaTUKOIO JTaOOPATOPHUX POOIT € 3BIT MPO BUKOHAHHS JIAOOPATOPHOI POOOTH.
KoHTposb piBHS OCBOEHHS 3aJaHMX KOMITOHEHT KOMITETEHIIIH BKIIFOYAE 3aXHCT
3BITYy 10 BUKOHAHHIO 1HIWBITyaJIbHUX 3aBJaHb 3a TEMATHUKOI JIA0OPATOPHUX
POOIT.

B3aemomisi CcTyneHTIB 3 BHUKJIaJayeM IIiJI 4YaCc CaMOCTIMHOTO BHUBYEHHS

JUCIUTUTIHYU BIIOYBA€ETHCS Yepe3 eIECKTPOHHY TOIITY.
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Honarok 2. Bukopucrannsa nporpamu MetaSpec Pro ais1 BU3HAYeHHA

IIMPYHHA 3200POHEHOI 30HH

Yeimxnenns npucmporo ma 3anyck npoepamu
VYBIMKHYTH OpUCTPId, MIAKIIOYUBIIN A0 MEPEXK1 Ta HATUCHYBIIU KJIABIIITHUMA
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VYBIMKHYTH KOMIT IOT€p, MiJ’€IHATH HOro A0 CHEeKTpodOoTOMETpa Ta 3allyCTUTU

nporpamMHe 3a0e3MeueHHs, HATUCHYBIIH JIB1Y1 HA SIPIUK:
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mb

MetaSpec Pro |

[Tix yac 3amycKy J11alorOBOTO BiKHA, HATUCHYTU BKJIAJIKY «Anonymous:

User Name

Password I

[Anonymous }[ login ][

VY  nmiamoroBomy BikHI «Parameters» miATBEpAWTH BXiJ, HATUCHYBIIH

kiasimry «Confirmy»:

- [We
‘ File Systern Device Operation View Window Help mm’?
AN EE R ERE DD R EE B ERENE
|Wavelength: 190,0nm ||Abs:—0,0004 ”Tran:loo,oa% ” The device has been connected!
——— h
Slida Parameters — g
AJ Studio_anonymous —
...} Standard Curve Default Company
Photometric Analysis
& Quantitative Analysis Connect s Automatic Identification port
Kinetics Analysis Wi U Communication port | coM3
Wavelength Scan
et Multi-wavelength Analysis Deuterium lamp state  On Baud Rat= 115200
‘(i DNA/Protein Analysis
Tungsten lamp state On Switching Wavelength  340,0nm
Max wavelength 1100nm Min switching wavelength  320nm
Min wavelength 190nm Max switching wavelength  360mm
Bandwidth 2nm

nonymous uv Connecting  Ready
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Jlis BUMIpIOBaHHSI CIEKTPIB MOTJMHAHHS Yy BIKHI HOporpamu BuOpaTu

BKIasIKy « Wavelength Scany.

I file System Device Operation View Window Help

(][] (D)) B] &)= [+][>][b][=][£][59) ] aaa) M)

|Wave\ength: None

_7; ||Abs:—U,UUZl HTran:lUU,49%||

The device has been disconnected! ‘

ik Standard Curve
i {& Photometric Analysis
; ‘A Quantitative Analysis

... Kinetics Analysis
Wavelength Scan
i Multi-wavelength Analysis
i DNA/Protein Analysis

Studio MName Type Remark
P EP Studio_anonymous . Wavelength Scan Type 0

ancnymou Uy

Connecting  Ready

B niamoroBomy BikHI, IO 3’SIBUJIOCH, MOKHA BHOpaTH [ialla30H JIOBKHH

xBuni («Start wavelength» ta «End wavelengthy»), kpok npoBeseHHS BUMIpIOBaHb

(«Wavelength Interval») Ta kinbKiCTh 3a1I1aHOBaHUX CIIEKTPIB («Scan Timesy):

MetaSpec Pro - [Wavelength Scan

B File System Device Operation View Window Help [- =] =]
/(D] +][x) (o) =[] v [v) [@)[a)a)e]le]]=]a)
|Wavelength:None B HAh ;=0.0010 “'rran-mo ')')%" [l Welcome!
~
‘Wavelength Scan Settings (New)
0,003 Abs1 Abs2 Visible
: Fie atirbutes | | Parameters | Mark | PV Threshold |
0,0024
Company Default Company Name
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0,0012 Linear fit through zero @ K1 [0,99 Display Mode
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BT T | RSN NN S inear 0 rt wavelength 380
o
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£ 1}
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-0,0008
7] Display Peak V] Print Chart S
B R Display Valley Print Data
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¢
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340 44 545 852 856 860 864 865 a72 &7 850 7 |:| s
“Wawelengthinm)
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Bl e Twllml=l e LA

[Ticist BUOOpY HEOOX1THUX MapaMeTpiB HATUCHYTHU kiaBimry «Confirmy.
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Kaniopysanmns

. : +
JUtsi mpoBeeHHs aBTOMAaTUYHOIO KajdiOpyBaHHS KJIAIIHYTH 1KOHKY Ha

MaHesi IHCTPYMEHTIB, a MiCHs MOSBH J1aJT0BOTO BiKHA HATUCHYTH KJIaBilry «Starty.
f User Baseline @J‘
E3 Quit J p Start J [=] sStop

No. Wavelength Energy Gain

[Ticns 3aBepiiieHHs KaniOpyBaHHS HATUCHYTH KiIaBiry «Quity.

BuwmiproBanns cnektpiB. i1 3amycky mporpamu B PEXUM BHMIPIOBAHHS

CHEKTPIB KJIALHYTH 1KOHKY @ Ha MaHell 1HCTpyMEHTIB. JlaHl BUMIPIOBAHHA
BIJI0OpaXKaroThCsl y BUTIIAI rpadiky HA OCHOBHOMY IOJI1 MPOrpaMu Ta y BUIJISAIL

TaOJIHIIl B JIIBIM YaCTHHI BIKHA MIPOTPaMHU.

3b6epeoicenns Oanux

30epekeHHST JaHUX BimOyBaeTbes 3 JonmoMoror komanam File/Save
As...30epexeHHs JaHUX y BUIISIAL 300paKEHHS 3MIMCHIOETHCS 3 JOMOMOTOIO
komanau File/Save the chart. Jlna excnopty manux no cepenosmima MS Excel

Bukopucrtatu komanay File/Export to excel.



MetaSpec Pro - [Wavelength Scan(WLS1304160004

L{}: Systen  Device Operation View Window Help
50 N awn [ 4][x][p)[E QA=) )]l fallT)c] b
& Open Crl+0
- c Welcome!
£ X Close _— ] Abs: 0,0140  |Tran:96,83%
Save ChrleS Ma, Wavelength
1 900,0
Save As.. Ctrl+A N s95.0
Save the chart 3 390,0
c 4 835,0
B Print Ctrl+P L
5 880,0
Bd Export to excel Ctrl+E 5 875.0
B it Ctrl+X 7 87,0
8 855,0
ITI7 R R . .
s} /
H 00156 P o0 855,0
g oane 1 50,0
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BIKHa Ta 3aBEpPUIMTH pPOOOTY MPOrpamu.

BUKTIOYMTH NPUCTPIil KIABIIIHUM BUMHUKAYEM, PO3TAIIOBAHWM Ha 3aJH1 MaHEII,

B1JI’€THATH MPUCTPIN BiJ MEPEKi.

3pa30;< npedcmaeﬂeHHﬂ eKxcnepumernmalbHux oanux

I'padik 3amexHOCTI KOEdill€EHTa TOTITUHAHHS B1Jl JOBXHHU XBHII o=f(A).

— 1 Scan
2 Scan

+
100 200 SO0 400
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ITOKa3aHO HUKYC.
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No. Wavelength,|Wavelength, Abs1 Abs2 Abs1 Abs2
nm m (ahvjr2 hv (ahv)r2 hv
1 900 0,0000009 0,0133 0,0213 |[0,000336 | 1,377602 | 0,000861 | 1,377602
2 839 0,000000839 | 00122 0,0214 |(0,000283 | 1,379134 | 0,000871 | 1,379134
3 898 0,000000898 | 0,0123 0,0212 |(0,000288 | 1,38067 |0,000857( 1,38067
4 897 0,000000897 | 0,0129 0,021 |(0,000318 | 1,382209 | 0,000908 | 1,382209
5 896 0,000000896 | 0,0134 0,0221 | 0,000344 | 1,383752 | 0,000935 [ 1,383752
6 835 0,000000895 | 0,0133 0,0216 |(0,000339 |1,385298 | 0,000895 | 1,385298
7 894 0,0000008%4 | 00117 0,0211 |(0,000263 | 1,386847 | 0,000856 | 1,386847
8 893 0,000000833 | 00131 0,0218 |(0,000331| 1,3884 |0,000916| 1,3884
9 892 0,000000832 | 00132 0,0219 |(0,000337 |1,389957|0,000927 | 1,389957
600 301 0,000000301 | 0,0454 0,0697 |[0,034971 | 4,119075 | 0,082426 ( 4,119075
601 300 0,0000003 0,0474 0,0713 |(0,038375 | 4,132805 | 0,08683 (4,132805
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. . 2 .
I'padix 3amexHocti (ahv)” = f(hv) Ta BU3HAYEHHS IUPUHH 3a00POHEHOI

30HU rpapiYHUM CIIOCOOOM.

ahv)?
(I

Npadik sanexHocti (ahv)? = f(hv) pna
3pasky Absl1

=]
Ln

(5]
L
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JHonarok 4. XapakrepHi yactoru noruHanss aias UAIL
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(OH) 3575

870-880
(CO3)* 1430-1450
1540
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Honarok 5. TUTyIbHMIA apKYyII aHAJITHYHOTO OTJISIAY

MiHicTepcTBO OCBITH | HAYKH YKpaiHH
HauionanbHui TexHiYHMil yHIBepcuTeT YKpaiHu

“KuiBcbKkuil noJiiTexHiyHuii iHcTutyT iMeHi Iropsa Cikopebkoro”

Kadenpa «Texnonorii HeopraHIYHUX PEYOBHUH, BOJOOUNIIICHHS

Ta 3arajibHOI XIMIYHOI TEXHOJIOTII»

AHAJITUYHUM OTJISI

3 qucnuiuting «[HHOBAIIMHI HEOPTaHIYH1 TEXHOJIOT11»

Ha TEMY:

[lepeBipuB: Buxonas(ia): cryaeHT(ka)

rpyInu

(mpi3Buie, iM’sI, IO 6ATHKOBI)

(mpi3Bu1Ie, iM’s1, O GaTHKOBI)

Kuis-20
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Honarok 6. TuTy1bHMI apKylI KypcoOBoOI po0oTH

MiHicTepcTBO OCBITH | HAYKHM YKpaiHH
HaunionanbHUil TeXHiYHUI YHiBepCUTET Y KpaiHu

“KuiBcbkuil noJiitexHiyHuii iHcTutyT iMeHi Irops Cikopcbkoro”

Kadenpa «TexHonorii HeopraHiyHUX PEYOBHH, BOJJOOYHUIIICHHS

Ta 3arajibHOI XiMIYHOI TEXHOJIOTII»

KYPCOBA POBOTA

3 qucnuruting «[HHOBaIIHI HEOPTaHIYH1 TEXHOJIOT11»

Ha TCMY:
[lepeBipus: Bukonas(na):
HAyKOBUU KEPIBHUK CTyAeHT(Ka) rpyInu
(npizBuie, imM’s1, o 6GaTHKOBI) (mpizBuie, imM’s1, IO 6GaTHKOBI)

Kuis-20___



Honarok 7. 3aBAaHHA HA KypPCOBY po0oTy

3ABJIAHHS
Ha
KYPCOBY POBOTY

CTyZEHTY
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(rpyma, mpi3BuILe, iM’s, T0-0aTHKOBI)

1. Ha3Ba podoTn

2. Tepmin 3na4i crynenToM oQopMIIEHOT POOOTH « »

20 p.

3. O0’€eKT D0CTiTKEeHHA

4. IlpeaMeT noCizKeHHS

5. llepeJiik NUTaHb, IKi MalOTh 0yTH PO3p00.JIeHi

6. /lata Buayvi 3aBJaHHA «_ »

HaykoBuii KepiBHUK

(migmuc) (ininianu, npizBuIIe)

3aB1aHHA NPUITHAB 10 BUKOHAHHS

(i mmc)

(iHimiamm, mMpi3BHIIE)



