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BCTYII

EdekTuBHICT BEJCHHS CUTBCHKOTOCTIOAAPCHKOTO BUPOOHHUIITBA
BU3HAYAETHCS B OCHOBHOMY €KOHOMIYHMMHM TOKa3HUKAMH, JO YMCIA SKHX
HAJICKUTh  cOOIBApTICTh  mpoaykiii. CoOiBapTiCTh  CLIBCHKOTOCHOIAPChKOi
MPOYyKIi, OaraTo B 4YOMY 3JICKUTh B HAAIMHOCTI TEXHIYHUX 3ac00IB 1 BUTpAT
Ha iX 00CIYrOBYBaHHS 1 PEMOHT.

HaniiiHiCTh € KOMIUIEKCHOK BIACTHBICTIO, IO BH3HA4Yae€ €()EKTUBHICTH 1
O€3MEKy  BUKOPUCTAHHS  CUTbCHKOTOCHOMAPCHKOi  TEXHIKM.  JlOCHIKEHHS
HAAIMHOCTI OKPEMUX arperaris, BY3JiB 1 AETaNEl CUTbCHKOrOCNOAPChKOI TEXHIKA
€ aKTyaJIbHUM 3aBJAHHSM HA Cy4YaCHOMY €Talll.

Hapnilinicte TexHikn ©Oararo B YOMY BHW3HAQUAETbCS HAAIMHICTIO 1
JOBFOBIYHICTIO BY3JI1B TEPTs MAllUWH. TpuUBaNIMiA TEPMIH CIYXOW BY3/1B TEPTS B
0arato YoMy 3aJE€KHUTh BlJ TPUOOTEXHIYHMX XAPAKTEPUCTHK 3aCTOCOBYBAHUX
MAaCTHJIBHUX MaTeplaiB.

OpHMM 13 NUISIXIB, MO JAO3BOJISIOTH IMiJABALIMTH HAAIHHICTH €IEMEHTIB Map
TEPTS CLIBCBKOTOCNONAPCHKOT TEXHIKMA Ta OOJNAHAHHS, € CTBOPEHHS €(PEKTHBHUX
MACTWJIBHUX MAaTepiaiB, IO MAO3BOJAKOTH 3a0e3meuyBaTH TiApOJdHAMIYHHAN
PEKMM 3MALYBAHHS [TPH 3MIHHUX YMOBAX €KCIUTyaTarlli.

JUIs MiABMINEHHS MACTUJIBHOI 3JATHOCTI 3aCTOCOBYBAHHMX MACTUJIBHHUX
MaTepiaiiB 3aCTOCOBYIOTHCS PI3HOMAHITHI TPUCAIKU 1 HATTOBHIOBAYI.

3HOCOCTIMKICTh € €JIIEMEHTOM HAMIHHOCTI 1, BIAMOBIAHO, IiABUILCHHS
3HOCOCTIMKOCTI BY3JIIB TEPTS CUIBCHKOTOCMONAPCHKUX MAIIMH B MPUCYTHOCTI
MAaCTWJIBHUX MaTEpiajiB 3 MPUCAAKAMK J03BOJISE JOCTIKYBATH 1 MIABALLYBATH iX
HAIHHICTD.

OmHMMH 3 MNEPCHEKTUBHUX MATEPIAiB, IO JO3BOJSKOTH MO HOBOMY
BUPILIYBATH TMHATAHHSA MIABUIICHHS €(QEKTUBHOCTI MACTWJIBHMX MareplaiiB, €
PIAKOKpUCTANIYH1  3'€AHaHHd. B pgaHmii 4Yac piaKl  KpPUCTAIM  IOUPOKO

BUKOPHCTOBYIOTBCSI TPA CTBOPEHHI MOHITOPIB, ONTHYHUX MPWIIAIIB, B MEIULMHI,



CUIBCBKOTOCTIOAAPChKOMY BUPOOHHMIITBI, XIMIYHIM MPOMHCIOBOCTI 1 T.1. 3 OTJISAAY
HA aH130TPOMI0 CBOiX BJACTHBOCTEH B PIAKOKPUCTAIIYHOMY CTaHI1 JaHI MaTeplaiv
JO3BOJISIFOTH MOJINIIYBATH OCHOBHI TPUOOTEXHIYHI XaPaKTEPUCTHKU K PLAKHX,
TaK 1 IJIACTUYHUX MAaCTHJILHUX MaTEplaiB.

OmHMMH 3 PIAKOKPUCTANIYHUX CHONYK, $IKI € MEPCOEKTUBHUMH ISt
NOJIINIICHHS. TPUOOTEXHIYHMX XAPAKTEPUCTHK MACTWIBHUX MarepiaiiB €
JUCKOTHYHI METAIME30reHU-KapOokenunaTi Mial. OMHAK BIACYTHICTh B JaHUH 4Yac
CUCTEMATUYHKUX JOCHIDKEHb TPUOOTEXHIYHUX BJIACTHBOCTEH MAaHUX XIMIYHHX
CHOJTYK MPH BBEJACHHI iX B MJIACTUYHI MACTUJIbHI MaTepiaju PoOUTh e 3aBIaHHS
AKTYaJIbHUM 1 BOKIIMBHAM.

Mera poOotu. Po3poOka cnocoOy MiABHILEHHS HAAIHHOCTI BY3JIIB TEPTS
CUIBCBKOTOCIIOAAPCHKAX MAIIMH 3aCTOCYBAaHHSM MACTWJIBHHX MAarepiajaiB 3
NPUCATKAMH.

O0'ekT gocaimkeHHsi. HaniiiHicTh By3JiB TEPTS CUIBCHKOTOCIOAAPCHKAX
MAaIIHH.

IIpenmer pociigskenHs. MacTuibH1 Marepiajiv 3 MPUCAIKAMH.

Metoauka JocCaifKeHb. J[Js  BHUPIMIEHHS [OCTABJICHUX  3aBJaHb
3aCTOCOBYBAIMCS METOJIM MATEMATHYHOI CTAaTUCTHKH, PErPECIiHOrO aHaisy,
BarOBMii  METOJA, ONTHYHA MIKpocKomisd. Pe3ynpTaTi  TEOPETHUYHMX 1
EKCIIEPUMEHTAIBHUX AOCTIKEHD MIATBEPIKEH] CTCHIOBUMH BUMPOOYBAHHSAMMU.
OOpoOka pe3ynbTaTiB EKCIEPUMECHTAIBHUX JOCIKEHb  3IACHIOBANacs Ha
[TEOM 3 BukopuctanHsMm naketis mporpam MathCAD, Excel.

TeopernuHa 1| mNpakTH4YHA 3HAYYLIICTHh JOCHIIKeHb. BuseicHa
ONTUMalbHA KOHLEHTpALis MPUCANOK B TUIACTUYHMX MacTWiax. Po3poOneHo
PEKOMEHJANli I[OJ0 NPAKTHYHOTO BHKOPUCTAHHS OTPUMAHUX MAaCTHUJIBHHAX

MaTepialiB B PI3HUX Mapax TEPTH.



PO3/LT 1

CTAH IINTAHHSA TA BUBIP HAITPAMKY JOCJ/IIIKEHD

1.1. OcHOBHM TepTH i 3HOCY B MALLIUHAX | MeXaHIi3Max

Pecypco3bepiraroui TEXHONOrIT HA Cy4aCHOMY €Tarl nepeadavyaroTh IIMPOKE
BUKOPUCTAaHHS PI3HUX HAHOTEXHOJOTIH. OCHOBHUMHU 00JaCTIMHU 3aCTOCYBAHHS
HAHOTEXHOJIOr B arpOMPOMHCIOBOMY KOMIUIEKC] € O10TEXHOJIOT1sI, BAPOOHULITBO
1 mnepepoOka TPOAYKIIi CUIBCBKOIO TOCHOAAPCTBA, CLIBCHKOTOCIOAAPCHKE
MalIMHOOYAYBAaHHS, TEXHIYHUI CEPBIC Ta 1HILI HAMPSIMKH.

B o0nmacti TEXHIYHOrO CEpBICY 3aBASKKA 3aCTOCYBAHHIO CYYaCHHMX
HAHOMATEPiaJliB MOYKHA 1ICTOTHO MIJABHILMTH PECYPC ACTAJICH MALINH 1 MEXAHI3MIB,
3HM3UTH €KCIUTyaTaliiiHi BUTPATH, TOJIMIIUTH €KOJIOTTYHI MOKA3HUKH.

PobGora Bcix MalMH 1 MEXaHI3MIB 3aCHOBaHA Ha BIJHOCHOMY MEPEMILICHHI
CHPSKEHUX MOBEPXOHB, IO CYMPOBOKYETHCS 1X TEPTIM 1 3HOCOM [5].

[Ipn TepTi oAaHOYacHO BIAOYBAIOTHCS MEXAHIUHI, E€JIEKTPUYHI, TEIJIOBI,
BIOpaiifHi 1 XIMI4HI MPOLIECH.

Teprs moxke 3MIDHMTH a00 po3MmiuHuTH MeTanl. [lpm mpomy Teprs €
CaMOOPraHI3ylOUUM MPOLECOM, MPU SKOMY 3 TIEBHOIO MOCIIIIOBHICTIO MPOTIKAKOTh
SBHILA, CIPSAMOBAHI HA PyHHYBaHHS MOBEPXHI a00 K, HABMAKWA, HA CTBOPCHHS
LUIOI Cepii CUCTEM, IO 3HMXKYIOTh 3HOC 1 TEPTH [6].

3 TepTsIM MOB'A3aHMANA OJWH 3 OCHOBHMX HETaTMBHUX MNPOLECIB B POOOTI
OyAb-IKOTO MEXaHI13My — 3HOILIYBAHHS €JICMEHTIB.

3Hoc gAeraneil poOWTh BHUPIIAIBGHWA BIUIMB HAa JOBIOBIYHICTH 1
EKCIUTyaTaliiiHy HaAliHICTh MamuH. 30UIBIIEHHS 3a30py B CHPSHKCHHSIX
BHACJIIJTIOK 3HOCY 4acCTO CYNPOBOJUKYETHCS 3HMXKCHHAM KOE€(DIlieHTa KOPUCHOT i,
BUHUKHCHHSM YJAPHAX HABAHTAXCHb, 30UIBIICHHSAM BTpaT Ha TEPTA Ta

IHTEHCHBHOCTI 3HOLIYBAHHS CIPSLKEHUX AeTanei [8].
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Kparenscekuii [.B. B poOoTi [9] Bia3HaYae, 110 B3aEMOAIsl TBEPAUX T SBJISIE
COOOI0 CKJTAIHE SIBULIE, IO CKIAAAETHCS 3 YOTUPBOX IPYIT TPOLECIB!

1) mexaHiunuX (Aedopmariis Npy>kHa 1 TUIACTUYHA, KOJIMBAHHS ),

2) MosekyJapHO-(I3udHuX (udy3is, aacopOris, KOHTAKTHE IJIaBJICHHS,
HAarpiBaHHsA ),

3) MexXaHO-XIMIYHHX (XeMOocopOLiss Ha TOBEPXHSX, pO3Maj 1 YTBOPEHHS
XIMIYHHX 1 BACOKOMOJIEKYJISIPHUX CIIONYK B MACTHJI1),

4) eNneKTPUYHUX, CJIEKTPOKIHETUYHUX, CIEKTPOXIMIYHMX Ta IHIOUX B
pesyabtati EPC, enexTpoMardiTHOI 1HAYKILI1, FraJIbBAaHIYHOT EJIEKTPUKH.

B nanuii yac HalOLIBII PO3BUHEHOKO 1 (PI3NYHO OOTPYHTOBAHOK) BBAYKAETHCS
MOJIEKYJISIPHO-MEXAHIYHA TEOPIst TEPTH, KA BUXOJUTH 3 TOTO, IO KOHTAKT JBOX
NOBEPXOHb TUCKPETHUM, TOOTO 3M1ACHIOETHCS 32 OKPEMUMH MAKPOMa JaHYAKAMH,
CyMapHa IUIOIIA SIKMX CTAHOBUTH IJIOMY (PAKTUYHOTO KOHTAKTy. 3riJHO
MOJIEKYJISIPHO-MEXAHIYHOI TEOPIi TEPTS CWIa TEPTSA PO3TMSAAETHCS SIK CymMa ABOX
CKJIAJOBUX. CHWJIM, 3YMOBJIEHOI MOJIEKYJSIPHOKO (aare3iiHO) B3aEMOJIEI0
NOBEPXOHb, 1 CHWIM, L0 BUHUKAE B pPe3ysbTari Ac(POpPMYyBaHHS NOBEPXOHb
(MexaHiuHa ckiaaosa) [10].

3aeXHO BIJ BIIHOCHOI MIMOWHM BOPOBAKCHHS MAKPOHEPIBHOCTEH 1
CHIBBIIHONIEHHSI MK CHJIAMH @re3ii 1 Kore3ii Ha misiMax (PaKkTHYHOro KOHTAKTy €
Taki BUAW (PPUKLIAHUX 3B'SA3KIB. MPYKXHE ACPOPMYBAHHS MOBEPXOHB, MJIACTUYHE
BIATUCHEHHS MaTepialy, MIKpOpi3aHHs a00 3pi3 BOPOBAKEHOI HEPIBHOCTI, SKIIO
BOHA HEAOCTATHBO MIIHA, CXOIUIFOBAHHS IIIBOK, U0 MOKPUBAKOTH HEPIBHOCTI, 1 iX
pyHHyBaHHs  (aAre3iiiHWii  BiAPWB),  CXOIUTIOBAHHS  MOBEPXOHb,  WIO
CYIPOBO/LKYETHCS MTMOMHHUM BUPHUBAHHIM Marepiainy (kore3iiHuil Biapus) [10].

PO3pi3HAIOTE Takl BUAM 3HOLIYBAHHS. MEXAHIYHE, KOPO31MHO-MEXaHIYHE,
aOpa3uBHE, T1ApOepo3iiiHe (razoeposiiine), riapoabpa3vBHE (ra3zoaOdpa3uBHE),
BTOMHE, KaBITal[liiHE, MPH 3ai1aHH1, OKUCIIIOBAJIBHE, TPU (QPETUHTY, TPH (PPETUHT -

KOpPO3li, €IEKTPOCPO3IiHE.



Tak sK 3HOWIYBaHHS PI3KO 3pOCTaE MPU MNEPEXOMAl BI PIAMHHOIO JIO
IPAaHUYHOTO TEPTS, e OUTbIIE — MPU PYHHYBaHHI TPAHUYHOTO 1IApy, TO BETUKOTO
3HAUEHHS HAOyBa€ BHU3HAUCHHS MEX TaKWX IMEPEXOAIB. B OCTaHHBOMY BUMNAAKY
Ma€ MICIC THTCHCHBHE 3HOINYBAHHS TMPW 3ailaHHI 1 BUXIA 3 JIQAy By3Ja TEPTH.
[Tepexin Big OJHOTO PEKUMY JO THIIONO MOKE€ MATH MICHE MPU MOTOHIIEHHI
MACTHJIBHOT TUTIBKM 10 KPUTUYHOI BETUYAHH.

PyiiHyBaHHs MaCTHJIbHOI TUTIBKM BiOYBAa€TbCs MPH NEBHIA TeMMeEparypi
KOHTAKTy (TeMmepaTypHuil Kputepiil) abo B pe3ynbTari miaacTUYHOi aedopmarii
MeTally MoBepxHi (aedopmartiitnuii kpurepiid) [12].

Bracnigok nboro 0coOMMBOCTI TEPTS 1 3HOCY B 3HAUHINA MIPi BUBHAYAKOTHCS
OYJIOBOIO MPUITOBEPXHEBUX IIAPIB MapH TEPTS 1 B3AEMOJMIECID iX 3 MACTHJIBHUM

Marepiaiom.

1.2. AHaJti3 BHAIB MALICHHS BY3J1iB T€PTH MALIHH | MEXaHIi3MIB

TpuBamuii pecypc AeTalich, O TPYThCS 3a0€3MEUYYETHCS 3aCTOCYBAHHSM
3HOCOCTIMKMX MaTepiajiB caMuX AETANICH, a TAKOX 3aCTOCYBAaHHSM MACTUJIBHUX
marepianiB. [Ipu excnyaranii map MacTHABHOTO Marepiajly po3AUIse€ MOBEPXHI
TEPTS 1 NEPEIIKOIKAE OE3MOCEPENHBOMY KOHTAKTY MOBEPXHI NIAIMITHUKA 1 Bay.

B nmanwuii yac icHy1OTh pi3Hi Teopii 3mantyBanHs. HaifOinpmioro nommperHHs
3HAMIIIA FAPOAXHAMIYHA TEOPIis 3MAIyBaHHS, BIATIOBIAHO 10 KO MpU 00€pTaHHI
Bajla TOHKWH IIap MACTWJIBHOTO MaTeplaly, MOB'SI3aHUIl 3 MOBEPXHEH CHIIAMHU
copOuii MEepeMIMIAETHCS, 3aXOIUIKE 3a COOOK HACTYIHI INAPUA 1 HATHITAE iX Y
3BY)KCHY YaCTHUHY KJIWHOBUJHOTO 3a30py MIK BajJoM 1 MIAMIKAIHAKOM. B
pe3yabpTaTi LbOr0 BHWHUKAE TIAPOJWHAMIYHMA THUCK B MIApi MAaCTUIBHOIO
Marepiany, sSkvid 3a0e3neuye MoAUT MOBEPXHI Baja 1 MAMIMIOHUAKA. TepTs Mix
MOBEPXHAMH 3aMIHIOETHCS BHYTPILIHIM TEPTSAM B IHAPAX MACTUIIBHOTO MaTepiaiy.
[Ipy ©bOMY 3HOC € MIHIMAIBHHAM 1 MPOSBISETHCS BHACHIIOK E€JIEKTPOCTATUYHUX

PO3PAAIB, IO BUHUKAKOTH TPHA TEPTI MIXK IOBEPXHIMH [7].
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3acTOCOBYBaHI MACTWIIbHI MAaTepiajd [MOBHHHI BIANOBIIATA HACTYIHUM
BuMoram [13]:

- 30epiraTi mpane3JarHicTh B MIMPOKOMY JIaNa3oHl TEMOEPATYP, THCKY 1
LIBUJKOCTEM,

- JIETKO 3aIOBHUTH 3aMaJWHU 1 MIKPOHEPIBHOCTI Ha pOOOUYMX MOBEPXHSX;

- CTBOPIOBATH SIKOMOTra OUIBIIMI OMip 3PYLICHHIO B MEPHNEHAUKYISPHOMY 1
MEHIIIE — B TOTUYHOMY HANPSMKY O MOBEPXOHb TEPTH,

- HE BUKIIMKATH BUOYXIB 1 IOXKEK;

- HE YMHHTH WIKIAJUBOrO BIUIMBY HA MATEPIaju, 3 IKAX BUTOTOBIICHI JACTaI
MallVH,

- 3ale3rmeuyBaT MAaUICHHS [P HAWMEHIIH BHTpaTi MaCTWUJIBHHMX
MaTepiaiB;

- HE BTPAyYaT BIACTUBOCTEN Mpu 30€piraHHi i TPaHCIIOPTYBAHHI,

- HE YTBOPIOBATHU LIKIUIMBUX 1 HEOC3MEYHUMX BIJIKJIA/IEHD,

- OyTH CTIHKUMH J0 PAII0AKTUBHOTO OMPOMIHEHHS a00 XIMIYHO arpeCUBHUX
CEPEIOBMILL

- HE CIIIHIOBATHUCS 1 HE YTBOPIOBATH €MYJIBCIA.

PO3pI3HAIOTH TaKi BUAX MACTHIIA:

- ra3oBe (MacTWIO, MOPH SKOMY TMOJUT TIOBEPXOHb TEPTS JCTANCH
31ACHIOETHCS TA30BUM MACTUIIBHUM MATEPIaJIoM ),

- piIMHHE (MaCTWJIO, MPH SKOMY TOBHE PO3AUICHHS MOBEPXOHb TEPTS
AeTaneil 3A1MCHIOETBCS PIAKAM MAaCTHIIBHUM MaTeplajioM ),

- TBepae (MAacTWiIO, MPHA SKOMY MO TMOBEPXOHb TEPTA ACTANCH, IO
3HAXOJATBCA Y BIAHOCHOMY PyCi, 3IACHIOETbCS TBEPAUM  MACTUJILHUM
MaTepiaioM ),

- TIApOAMHAMIYHE (Ta30MHaMI4YHE) (PIAMHHE (Ta30BE) MACTUIIO, MPU SIKOMY
NOBHE PO3JUICHHS TIOBEPXOHb TEPTS ACTANCH 3M1HCHIOETBCS B PE3YJIBTATI THUCKY,

CaMOBHHMKAKYOI0 B IIapl PIAWHY (Tra3y) MNPy BIAHOCHOMY PYCl OBEPXOHb);
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- TlApOCTaTUYHE (Ta30CTaTU4HE) (PIAMHHE (ra30BE) MACTUIIO, MPU SIKOMY
NOBHE PO3UICHHS MOBEPXOHb TEPTS ACTAIEH, 10 3HAXOAATHCS Y BITHOCHOMY pyCl
abo0 CIMOKO1, 3MIACHIOETECS B PE3YJIbTATI HANXOUKEHHS PIAMHU (ra3y) B 3a30p MK
NOBEPXHAMH TEPTS MiJ 30BHILIHIM THCKOM ),

- €NacTO-TIAPOJAWHAMIYHE (MACTHJIO, MPU SKOMY XapPaKTEPUCTHKU TEPTS 1
TOBIIMHA TUTIBKK PIJKOr0 MACTHJIBHOTO Marepialy MK JABOMAa MOBEPXHSAMH, IO
3HAXOMATBCA Y BIAHOCHOMY PYCI BH3HAYAKOTHCS MPYKHUMH BIACTHBOCTIMHU
MaTepiajiB TUI, & TAKOK PEOJIONTYHUMH BIACTHBOCTSAMH OCTAHHBOTO),

- TPAaHAYHE MACTHJIO (MACTWJIO, MPU SKOMY TEPTS 1 3HOC MK MOBEPXHSAMM,
110 3HAXOJATHCS Y BITHOCHOMY PYCl, BABHAYAIOTHCS BIACTUBOCTSIMH MOBEPXOHD 1
BJIACTHBOCTSMHU MACTHJILHOTO Marepialy, BIAMIHHAMH BiJl 00'€MHO{ B'SI3KOCT1);

- HaMiBpIAMHHE (3MIIIAHE) (MACTHIIO, TPH SIKOMY 31HCHIOKOTHCS YaCTKOBO
TAPOAMHAMIYHE, YACTKOBO TPAHUYHE MAIICHHS).

[Tix BOIMBOM BHCOKOi TeMIEparypu macina, 30UIBIICHHS HABAHTAXKEHHS,
NOJIETIIEHHS BHUTIKAHHS MACTWJIBHOTO Marepialy 3 By3Jia TEpTS TOBIIMHA
MACTWJIBHOT TUTIBKM TOTOHIIYETHCS MEHINE KPUTHYHOTO 3HAYCHHS, B PE3yJIbTaTl
YOro TEpTs 1 3HOIUIYBAaHHS 3aJCKUTh HE BIJ 00'€MHOI B'SI3KOCTI, a Bl I1HIIHAX
(axTopiB. Taki IJIIBKM HA3MBAKOTHCA TPAHMYHUMM 1 TEPTS NPU TAKUX IUTIBKAX
I'PAHUYHUM.

MacTuibHa [ TPAHUYHUX TUTIBOK OL(IHIOKOTH MACISHUCTICTIO, 3AATHICTIO
MAaCTWJIBHOTO MaTepiany 3a0e3neuyBaTh 3HWKEHHS KOEPIIEHTY TEPTS B YMOBAX,
KOJIM Jis TUTIBKHA HEe BU3HAYACTHLCS TUIBKH B'A3KICTIO.

PO3pI3HAIOTE NTIBKKA XIMIYHOTO MOXOKEHHS (XeMocopOwis) 1 (pI3uYHOro
(amcopOis) [7].

[TniBKM, XIMIYHO TIOB'SI3aH1 3 TMOBEPXHSMHU, BUAAISIOTH 3 BEIUKUMH
TPYAHOIIAMM, iX BUJAJICHHS CYMPOBOLKYETHCS MOMIKODKEHHIM MPUIOBEPXHEBUX
mapiB. 3 MIABHINEHHSAM TEMIEPATypy XIMIYHI IJIIBKM TOBIIAKOTH 1 PYHHYIOTHCS

JIMIIC ITPpHU I[OCHFHGHHi TOYKH ILJIaABJICHHA.
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[T11BKM, OB's13aH1 3 TOBEPXHIMH (PI3UYHO, TOOTO CHJIaMU aAcopOLi, JIETKO
BUJAIISIFOTBCS 3 TMOBEPXHI MpW Temmeparypl aecopOuii (Ommseko 373-423 K).
Bunanenns rpaHuuHUX miapiB Gpi3MYHOrO MOXOKEHHS HE BIJIOMBAETHCS HA CTaHI
NOBEPXH1 TePTS. SIK Ti, TaK 1 1HIII [MIAPH JIETKO CAMOPETEHEPYIOTHCS.

[T11BKM XIMIYHOTO MOXOJ/DKEHHSI YTBOPEH] B PE3YJIBTATI B3AEMOJIT MOBEPXHI
TEPTS 3 KUCHEM (MOCTABJISETHCS JIO MOBEPXHI TEpTs 3 armochepu ado 3
MACTWJIBHOTO MaTepiany), a TakoX Jii Ha MOBEPXHI TEPTd MNPUCAAOK 10
MaCTUJILHOMY Marepiany.

JIo MIBOK XIMIYHOTO TMOXO/UKCHHS BIHOCATBCS TaKOXK Pi3HI MWIA, IO
YTBOPWIIACS 3 BHINUX OPraHIYHUX KHUCIJIOT, IO 3HAXOAATHCS B 3MAIYBATbHOMY
marepiani. [1ospHO-aKTUBHI KOMITIOHEHTH Macia, 10 YTBOPWIKCS B MPOIIECT HOTO
3aCTOCYBAHHS 1 3HAXOJMJIUCS B CBDKOMY 3MallyBaJbHOMY Marepiaji, CTBOPIOOTH
I'PaHUYHI IIAPH, TIOB'sI3aH1 3 TOBEPXHEIO CHiIaMU (P13MYHOT cOpOLi.

AncopOuiiiHi mapu YTBOPHOKOTHCA LI1JIBHO PO3TaIIOBAHUMH
NOJIIPHOAKTHBHUMH BYTJICBOIHSIMH.

OOunBa BUIM IUTIBOK 3a0€3MEUYIOTh, HACAMIIEPE, 3aXUCT MOBEPXHI TEPTIL
BoHu mepenikomkarTh B3a€MHIN aaresii, mo TPyThCs. Bosoaitoun AesKoro
MILHICTIO 1 CTIAKICTIO, Il MJIIBKM 3aXWIIAKOTH MOBEPXHI TEPTS Bl MEXAHIYHMUX 1
TEIUIOBUX BIUIMBIB. 32 MACTHJIBHOK MI€l0, SIKA B 3arajbHOMY, BU3HAYAETHCS
3MATHICTIO 3a0e3meuyBaTh JIETKE KOB3aHHs, (I3WYHI 1 XIMiuHI TUTIBKH HE

PIBHOLIIHHI.

1.3 Cnocoon MiABHILECHHSA HANIHHOCTI BY3J1iB TepPTS

CUIBCHKOTOCIOAAPCHKUX MAILIHH

Bararo By3miB 1 aeTaneil ClIbChbKOTOCIOJAPChKUX MAIHH €KCILTYyaTyOThCS B
JKOPCTKMX YMOBAX, SKI XapaKTEPU3YIOThCS BUCOKMMH  HABAHTAKCHHIMM,
npouecaMu a0pa3vMBHOTO 3HOLIYBAHHS 1 BINIMBOM aTtMOCEepHUX (PAKTOPIB

(BOJIOTH, MUY, arPECUBHUX XIMIYHHX CIONYK 1 T. A.) [14].
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Bucoka npane3garHicTs 1 6€3BIAMOBHICTE CLUTBCBKOTOCMOAAPCHKOT TEXHIKA
— OJHAa 3 HEOOXITHUX YMOB €()EKTHBHOIO BHPOOHUITBA CLIBCHKOTOCIOAAPCHKOT
npoayki [15].

[linBumieHHsT TepMiHY CiIy>kOM  By3diB  TepTd 1 MEXaHI3MIB €
HABKIIMBIIIMM  3aBJAHHSM MAIIMHOOYIyBaHHS, PIIEHHS SKOi J03BOJISIE
OTpPUMATH €KOHOMIYHMH €(EKT 3a PaxXyHOK 3HWKCHHS BHUTPAT HA TEXHIYHE
OOCIIyrOByBaHHS 1 PEMOHT, 30UIBIICHHS pecypey aActaned. lle mMae mpsme
BIJHOILIICHHS JI0 MAIIWH, OI0 TPALIOKTh B YMOBAX arpOMpPOMHUCIOBOIO KOMIUIEKCY
[16].

AHali3 CTaHy €KCKaBaToOpiB, L0 HAAXOAATh B PEMOHT, MOKa3ye, LI0 10
99,2% neraneii BUOpaKOBY€EThCS Uepe3 3HOIyBaHHA [18].

[Tpane3garHicTh 1 pecypc CUIbCHKOrOCHOJAPCHKUX MAIMH B 3HAYHIN Mipi
BU3HAYAKOTHCS 1HTEHCUBHICTIO 3HOLIYBAaHHS JeTajicl, 1o TpyThesa. Uepes
HECMPABHOCTI 1 3HOC MIOPIYHO MpocToroe Bia 10 1o 40% MamumH 1 ycTaTKyBaHHS,
00 € MPUYMHOK HEBUIIPABAAHO BEIMKWUX BUTPAT MATEPlAIbHUX 1 TPYAOBHX
PECYPCIB HAa TEXHIYHE OOCITYrOBYBAaHHS 1 PEMOHT TEXHIKH [ 18].

[IIBMAKKMIA 3HOC TEXHIKH MOSCHIOETHCS PAAOM MPUYKH. barato mo 3anexuThb
BiJl KOHCTPYKTUBHUX HEJOJIKIB, HU3bKUX MOKA3HUKIB ii HaaiiHOCTI [15].

AHani3 yMOB poOOTH 3€pHO30MpPANbHUX KOMOAQHIB, TPAaKTOPIB Ta I1HIION
TEXHIKA J03BOJMB BUSBHTH OCHOBH1 (DaKTOpHW, IO BUKIMKAKOTH PYHHYBAHHS
JIETAJICH, CKITaJaibHUX OAVHMIL 1 cCpsbkeHb [15, 19]:

- arpecuBHICTh 1 a0pa3uBHICTh 30BHINIHBOIO  CEPEJOBHINA,  SIKI
O0OYMOBJTIOIOTh HASIBHICTh YACTHHOK I'PYHTY 1 JOOPHB HA MOBEPXHSX ICTAJICH;

- BIUIMB HABKOJIMIIHBOT TEMIEPATYPH 1 aTMOC(PEPHUX ONAAIB, IO CIPHUSIIOTH
YTBOPEHHIO TUTIBKK BOJIOTH HA [IMX TMOBEPXHSIX;

- IMHAMI14H1 HABaHTKCHHS HA MaTepiajiu ACTalCH;

- MOYATKOBHI CTaH MOBEPXOHbB. MOPCTKICTh, TBEPAICTD 1 T.JI.

[TocTifinnii  BmIMB  KOMOIHAIN  3a3HAYEHUX  UYMHHUKIB  BUKJIHUKAE

PI3HOMAHITHI pyiHyBaHHs [15].



13

Oxpemi arperatu, CKiaaAajibHI OAVHMII 1 A€Tajl MAlIuH MarOTh HEOJIHAKOBI
TEPMIHM CIYXKOM, JUIsl JOBTO MPALIOKYMAX JCTANCH XapakTepHO Oe3/114 YepryBaHb
HECTAJIOr0 1 YCTAJCHOr0 3HOUIYBaHHS. [le 3anekuth BIiJ PI3HOMAHITHOCTI
BUXIJIHUX KOHCTPYKIIHHMX MaTepiaiiB, KIIMATHYHUX TA 1HIIMX BIUIMBIB, YaCTOTH
3aMIHM 1 XapakTepy pPoOOTHM [MBHAKO3MIHHAX KOHCTPYKTHBHHX €JIEMEHTIB,
NOPYLIEHHS PETYJOBaHb 1 T.4. [15].

Cepen BUJIIB 3HONTYBAHHS, 0 SIKAX CXWJIbHI JACTATl CUIBCHKOTOCIOMAPCHKUX
MalIWH, TCOPETUYHHUMA 1 MPAKTUYHUWIA THTEPEC MPEACTABIIIE KOPO3IHHO-MEXaHIYHE
3HOLIYBAHHA, IO MPEACTaBIse COOOK PyHHYBAHHsS MOBEPXOHb ACTANCH TMix
BIUIMBOM TEPTS (MEXaHIYHE 3HOLIYBAHHSA) 1 OJHOYACHO MPOTIKAKOYOro
Kopo3ziiiHoro npouecy [20].

Kopo3iitHo-MexaHiuHE  3HOUIYBAHHS  XApPAKTEPU3YETbCS  PyHHYBaHHAM
METaly Miag A€ OJHOYACHO TMPOTIKAKYMX. EJICKTPOXIMIYHOT ab0 XiMIYHO{
B3a€MOAII METaly 3 HABKOJIMIIHIM CEPEAOBHLIEM 1 MEXAHIYHOTO PYWHYBaHHS
MPOYKTIB M€ B3aEMO/II 1 caMoro Metainy npu tepti [20].

3HOUIYBAaHHS BiOYBA€THCS BHACIHIIOK BUAAJICHHS 1 BIAIUICHHS OKUCIICHOTO
METAJTy Y BHIVISIAI MOPOLIKY 3 APIOHMX YAaCTMHOK OKcHAy. CymnpoBOUKYE TepTs
wiacTuyHa aedopmaniss Metainy 1HTEHCU(IKYe HOro 3JaTHICTh A0 OKUCIICHHs. Ha
TIOBEPXHi METally MPAKTHYHO MHTTEBO YTBOPIOEThCA TOHKHiA Imap okcuay. HMoro
YTBOPEHHS B1AOYBAETHCS 32 PAXYHOK XeMOCOPOLIi aTOMIB KHCHIO METAJICBOIO
NOBEPXHEK. Jlpyruil CTymiHb OKWUCICHHS CYMPOBOKYETHCS YTBOPEHHIM LIJIKOM
NEBHOT KpUCTamivyHOi (a3u okcumiB. [Ipy LbOMYy OKMCIIOBAaHHsI HAE 3a paxyHOK
BITPOBA/DKEHHSI ATOMIB KACHIO B KPUCTAIIUHY pelnTKy metany [20].

HaniliHicTh MalllMH 1 iX CKJIQMOBMX YaCTWH B 3HAYHIA MIp1 3aJICKHUTh BIJ
cwIM BiOpallli, sika BUHUKAE B mporeci podotu. [IpuurHa niaBumieHoi BiOpari —
qucOaiaHe (HEBPIBHOBAKEHICTh) IBUAKOOOEPTAIOUMX JETANCH 1 CKIaAATbHHUX
OJIMHUIIb — KapJAHHUX 1 KOJIIHYACTUX BaJIIB, MAXOBHKIB, IIKIBIB, JUCKIB 3YCTUICHHS

KOJIIC 1 T.]I.
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HeBpiBHOBaXXEHICTh IE€TANICH BUHUKAE BHACIIIOK HEPIBHOMIPHOT MIUTBHOCTI
Marepiany, NOXMOOK 0OpoOKM AeTanei, HETOUYHOCTEH 301pKH (MEPEKOCIB, 3CYBIB 1
T.J.), MOSIBU 3HOCIB 1 aedopmaniii B mporueci ekcryaraiii. BiOpamis ctBoproe
JOJATKOBl HABAHTAKEHHS HA AETaJll, B TOMY YMCIII HA MIAIIWIHUKK, B PE3YJIbTATI
4Oro BOHM 3HOINYIOTHCS IHTeHCUBHIMIE [15, 20].

3HauHa 4YacTWHA BIAMOB CLIBCBKOTOCIOAAPCHKOI TEXHIKM MA€ MEXaHIYHE
NOXO/DKEHHS — BTpara MIHOCTI, 3HOCOCTIMKOCTI 1 T.A. 3a XapaKTepoM 3MIHU
MapamMeTPIB PO3PIZHSAIOTH BIJIMOBH:

- panmToBi — Pe3yabTar CTPUOKONOMIOHOI 3MIHM TapaMeTpiB (KpUXKE
PYHHYBaHHSI, TOJIOMKH 1 T.I1.);

- MOCTYMNOB1 (MApaMETPUYHI) — HACTIAOK MOBUIBHOI 3MIHM OJHOTO ado
JEKIJIBKOX mapaMeTpiB (cTapiHHs a00 3HOC €JIEMEHTIB 1 BCI€i CHCTEMH T1J
BIJINBOM HABAHTAKEHb 1 IHIIUX BIUIUBIB) [20].

BigmoBu nBuryHa, kopoOkm nepenaull, X0qo0BOi CUCTEMH, TIPONPHBOLY,
€NEKTPOOOIaTHAHHS 3€PHO30MPAIBHUX, KOPMO3OUPAJLHUX Ta IHIIAX CAMOXITHUX
KOMOaliHIB B1AOYBAKOTHCS 3 THX K€ MPHYMH, IO 1 Yy TPAKTOPiB. OCOOIMBOCTI LUX
KOMOaliHIB, B OCHOBHOMY, MOJSITAIOTH B HECMPABHOCTI POOOYMX OpraHiB 1 ix
NPUBOJAY, 30KpeMa, MIiJIIMIHUKIB KOYCHHS, KOB3aHHS, BaJliB, OCEH, 31POYOK,
JIQHLIFOTIB, a TAKOXK TPAHCIIOPTEPIB Ta eneBaTopis [21].

JI0 OCHOBHHMX HECHPABHOCTEH >KHMBHOI YACTHHW BiJAHOCSATBHCS TMOJOMKA
€JIEMEHTIB HOKA, 3aTYIUICHHS BKJIAUIIIB MAJbI(IB, 10 0OYMOBIKOE HEPIBHUH 3Pi3
CTepHi 1 30LUIBLICHHS 4YHCIA HECKOIIEHMX CTelen, 30UIbIIEHHS 3a30py B
chepuyHMX [IApHIpaX MIIYOK Hoka a00 [IaTyHa, MOJOBXKCHHS JIaHIIora
IUIABAKOYOr0 TPAHCIOPTEPA, MEPEKIC HMKHBOTO IIKIBA Bapiaropa, W0 BEAE [0
0JIHOOIYHOTO 3HOCY 31poukKH [21].

HecnpaBHocTi poOoumx OpraHiB KOPMO3OMPABHUX, CHI0CO30MPATBHUX,
KyKYPY/13030UpajbHUX KOMOAWHIB aHAJIOTTYHI HECIPABHOCTSIM 3€PHO30MpabHUX
(JTaHIIFOTOB1, PEMIHHI TIE€peaaul, MIAMMIHAKKA KOYCHHS 1 KOB3aHHS, BaJly,

cenapyroui opranu [21]).
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Hu3bka 3HOCOCTIHKICTD €IEMEHTIB TPUOOCHPSKEHD CIITBCHKOTOCIOIAPCHKOT
TEXHIKH MPU3BOANTH 10 HEBUCOKUX MOKA3HUKIB 11 HAAIHOCTI. [Ipy IbOMY HU3BKE
HANpallOBaHHS Ha BIAMOBY CUIBCBKOTOCIOJAPCHKUX MAIIMH HE JO3BOJISIE
EKCIUTyaTyBaTh iX B CYYaCHMX yMOBaX JAOCUTh €(eKTHBHO. BHacmigok 1boro
HEAOCTAaTHBO €(PEKTHBHO B CLIBCHKOTOCHOJAPCHKOMY BHUPOOHMIITBI BUPIIIYETHCS
3aBJIAHHS PECYPCO30CPEKEHHS.

[TimBrLYyBAaTH 3HOCOCTIHKICTD 1 HAAIMHICTh CUIBCBKOTOCIIOAAPCHKOT TEXHIKA
B JIaHWI Yac MO’KHA 32 PAXyHOK 3aCTOCYBAHHs JACTalCi MalllMH 13 3HOCOCTIMKMX
MaTepiaiiB, 3aCTOCOBYBATH PI3HI TEXHOJIOTIYHI MPOLIECH 3MILHEHHS MOBEPXOHBb
JeTajaeh MaIlnH.

Onnumu 3 HAMOUTBII MEPCHEKTUBHMX METOMIB MIJBUIICHHS HAMIHHOCTI
CUIBCBKOTOCIIOAAPCHKOT TEXHIKHM € METOAM 0€3p0301PHOTO BIAHOBIECHHS.

3 oIy Ha TE, MO PECYPC CUILCHKOTOCMOAAPCHKOI TEXHIKM Oararo B YoMy
BU3HAUYAETHCS PECYypcoM ii TpuOOCHpsACHb, TO OJHUM 3 TEPCIECKTHBHUX
0€3p0o30ipHUX METO/IIB 1BALIEHHS 3HOCOCTIAKOCTI neranei
CUIBCBKOTOCIIOAAPCHKOI TEXHIKM € BUKOPUCTAHHS BUCOKOC(PEKTUBHUX MACTHIIBHUX
MaTepiaiB.

3HOCOCTIAKICTh B MPOLECI €KCIUTyaranii CUTbFOCITEXHIKA BH3HAYAETHCS B
NEPIIY 4YEPry SKICTIO MACTWIBHMX MATepiaiiB, sKI BHUKOPUCTOBYKOTBCS IPH
TEXHIYHOMY OOCIYrOBYBaHHI Ta pEMOHTI [23, 24].

BunpoOyBaHnHss 1 JOCBIJ €KCIDIyaranii MOKa3ylTh, U0 3aCTOCYBAHHS
AKICHUX NalMB 1 MAaCTWIbHUX MAarepiaiiB 3HAYHO 30UIbLIyE HAAIMHICTD 1
JIOBTOBIYHICTh TEXHIKHU [21].

Pone MacTuinpHUX MatepianiB B TPHOOCHCTEMI 3BOJUTHCS, MEPII 3a BCE, 10
3arnmo0iraHHs TEPTHOBUX TMOBEPXOHb BiJ 3HOLIYBAHHS, 3aJUPIB 1 KOPO31HHOTrO
BIUIMBY HABKOJIMIOHBOTO CEPENOBHUINA. SIK MpaBWiO, TIUIACTUYHI MACTHJIbHI
MaTepiaid Kpamie BUKOHYIOTH Il (yHKIii, HiK piaki. ToMmy aHTU(PHUKLIAHI
IUTACTAYHI MAacTWja 3aiMaroTh OAHE 3 LEHTPAIBHUX MICHb CEPEl IHIIMX TPyl

MAaCTWJIBHUX MaTepiaiiB B 00CsA31 Ta aCOPTUMEHTI BUPOOHUIITBA [25].
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OpHak 3BAYAiiHI TUVIACTUYHI MACTUJIBHI MaTepiaiy, IO BUKOPUCTOBYIOTHCS Y
cuibchbkorocnonapebkiid Texuimi (Comimon, Jliton-24), HE BOJOAIKOTH JOCTATHIM
PIBHEM BJIACTUBOCTEH, HEOOXITHUX JUIsl 3a0€3MeUeHHs HaAIiHOi poOOTH MalllvH
OPOTATOM YChOTO mepiony ekcryaramii. OcoOIMBO 4yTJIMBI OO0 SKOCTI MAacTHJa
MIIIUITHUKA KOYCHHS. BUXOJAO0OM B JaHIi CUTyallli € 3aCTOCYBaHHS CIEIiaJIbHUX
N00aBOK B MacCTWIIbHI Marepianu. B maHwii yac uei Hanpsm HaOyB IIAPOKOTO
NOLIMPEHHS 1 € BEJIbBMU MEPCIICKTUBHUM. [26].

AHani3 BHIIB 3HOLIYBAaHHS 1 MOWIKO/PKCHb MOBEPXOHb JETACH 1 BY3MIB
4yepe3 Pi3Hl HABAHTAKEHHS BKA3y€ HA HEMOCTATHI MPOTU3HOCHI Ta aHTU(DPUKLIHHI
BJIACTHBOCTI 3aCTOCOBYBAHMX MACTHJIBHUX MAaTEpialliB, TOMY 3aBIaHHs CTBOPCHHS
HOBHMX 3HOCOCTIHKMX KOHCHCTEHTHHUX MACTWJ, IO BHTPUMYIOTH BEJIMKI yAapH1
HABAHTAXKEHHS, € aKTyaJIbHUM [27].

3 METOI0 MIBUIICHHS PECYPCY Ta HAJAIAHOCTI, BAXKKO HABAHTAKEHUX BY3JIIB
1 JeTaneil CUIbChKOTOCMOAAPChKOT TEXHIKA PO3POOJISIOTE 1 3aCTOCOBYIOTH
BUCOKOC(EKTUBHI MACTWJIbHI MaTepiajl Ha OCHOBI HAHOTEXHOJIOTIHA. Baknuse
MICLIE CEpel HUX 3aiiMarOTh KOHCHCTEHTHI MAaCTHJA, IO MPEACTaBISAOTH COOOH0
CTPYKTYPOBaH1 AUCIEPCHI 3aryCHUKM B MacCTWJIbHMX Maciax. [Ipm 3BHUaitHMX
TEMOEpArypax B OUIBIIOCTI MWIBHMX KOHCHCTEHTHUX MACTHJ 3aryllyBad
JUCTICPrOBAaHMI y BHITISAL AHI30J1AMETPUYHUX KPUCTATIYHUX YACTHHOK, IO
MAarOTh KOJIOiH1 po3MipH B OAHOMY a00 1BOX BUMipax [14].

OnHuM 3 METOJIB MIJABUIICHHS JOBrOBIYHOCTI TPUOOCHPSHKEHB 32 PAXYHOK
MOAM(PIKYBaHHS TOBEPXOHb TEPTS € 3aCTOCYBAHHS METAJIOMJIAKYOUMX MACTHII, 0
CKIaay SKMX BBEACHI AUCHEPCHI (peppOMArHETUKHU. [IpaKkTH4YHE 3HAUYECHHS MAKOTh
NEPEXIAHI METAJH, A TAKOXK ACAK] 1X IHTEPMETAIYHI 3'€ IHAHHS, HANPUKJIIA] 3aJ1130-
HIKETb, 3a1130-Ko0aibT. HaifOinbm mmMpoKo 3acTOCOBYHOTH MarHeTHT. BiH Mae
XOpolly ajacopOuiiHy 34aTHICTH MO BigHomeHHIO A0 [TAP, a Takox 3marHuid
YTBOPIOBATH KOJIOiAHI AMCOEPCii 3 BUCOKOK HAMarHiyeHicToo. PozmainoBmii map,
10 YTBOPIOETHCS B 30HI KOHTAKTY 1 MEPEUIKO/HKAE B3AEMO/IIT AeTajIei By3Ja TepTs

B TaKMX MacTWiax, (OPMYIOTh YaCTHMHKM METaIiB ad0 METAIOMICTKI 3'€IHAHHSI,
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3aMOBHIOKOYMA MIKPOHEPIBHOCTI TMOBEPXOHb TEPTS 1 3MEHINYKOUA THM CAMHM
BEIIMYMHY KOHTAKTHOTO THUCKY. B SKOCTI Takux 100aBOK BHKOPHUCTOBYIOTh
BUCOKOJWCIIEPCHI TMOPOLIKK UUHKY, OpPOH3HM, MIIl, CBUHIO 1 ACSIKl 1HOI 3
po3mipoM yacTuHOK 10 ... 100 MKM, coli MOHOKapOOHOBHUX KHUCJIOT 3 METajlamMu
a0 MeTajeBuil MOPOMIOK — MPOMUCIIOBHNA BIAXIJT EIEKTPOXIMIYHOTO MPOLECY
raIbBaHIKM (IO MICTUTh Mifb), 3MIIIAHWHA 3 OJICIHOBOK KucaoTO. [lpm
(GOpMyBaHHI METAJIOMJIAKYIOUOi TUIIBKM B 30HI KOHTaKTy BIAOYBa€ThCS
NPUCKOPEHHS TEPEHECCHHSI MArHITOAKTIBHUX YaCTUHOK 3 00’€My MacTWja, o
3a0e3neuye 3HWKEHHS 3HOCY, MOMEHTY TEpPTA 1 MiABHILEHHS MPOTHU3aAUPHOT
CTIHKOCTI BY3J1iB TEPTS [29].

[TiIMITHAKY KOB3aHHS HAWYACTIIIEC BUXOAATH 3 JIaJy BHACTIAOK 3HOCY 1
3ailaHHsT TOBEpPXHi. ['OJOBHMM 4YHMHOM 1[I MATOJIOTIYHI TMPOLECH TEPTS
BIIOYBAKOTHCS MPH MYCKY 1 3yMUHI MEXAHI3MY. Y Takuii nepiox poOOTH B OMOpPax
BaJIIB CIOCTEPITalOThCA HAHOUIBII BaXKI YMOBH TEPTS, MO OOYMOBJICHO HYXKE
MaJIOK JI€R0 MIPOIMHAMIYHOTO €(PEKTY ad0 MOBHOKO HOro BiACyTHICTIO [30].

3riIHO MOJEKYJIPHO-MEXaHIYHO1 Teopli TepTs, 3amponoHoBaHoi [ B.
Kparenbcbkum [31], B X0l BIAHOCHOTO KOB3aHHS KOHTAKTYIOUMX MOBEPXOHB
BIIOYBa€eThCsl O€3MEPEPBHE YTBOPECHHS 1 PyHHYBaHHS (PpuKUiiHMX 3B'sa3kiB. Lli
nporecu, OOYMOBJIEHI MIKMOJICKYJIIPHOK B3aEMOMIEID MIXK KOHTAKTYIOUUMU
TUIaMM B 30HAX (PAKTUYHOTO MJOTHKY, MPEACTABISAIOTH CYTHICTH aAre31iHOi
CKJIaJ0BO1 30BHIMIHBOTO TEPTs. MINHICTE (PPUKLIAHMX 3B'A3KIB 3aJ€KUATH BIJ
BEIIMYMHU JOTUYHHUX HAMPY>KEHb HA MEXI PO3MUTY TBEPAMX TUT 1 BU3HAYAETHCS
BIJTHOLICHHSIM OMOPY MOJIEKYJISIPHOTO 3B'SI3KY A0 MEXKI NJIMHHOCTI OCHOBHOI'O
marepiany. OcnablieHHS MINHOCTI TakKWX 3B'SI3KIB CIPUSE€ HOPMAIIbHIA POOOTI
By371a TepT [32].

PoGora neraneld  CiTbCBKOrOCMOAAPCHKMX — MAIIMH, IO  TPYThCH,
BIIOYBAETHCS B OCHOBHOMY B PEKMMI TPAHUYHOTO TEPTs. BUCOKOHABAHTaKEHICTh

po0OTH MEXaHI3MIB CUIBCHKOTOCMOAAPCHKOI TEXHIKA B YMOBAaX MiJBUIIEHOTO
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BMICTY a0pa3WBy B MACTWJIl BHMarae OUIBII I1HTEHCUBHOTO (OpPMYyBaHHSA 1
BIJTHOBJICHHS 3aXMCHOI TUTIBKMA HA MOBEPXHSX, MO TPyThes [17].

EdextuBHUM cnocoOOM 3HWKECHHS 30BHINIHBOTO TEPTS € JIOKaji3allis
aegopmariii martepialy B TOHKOMY TOBEPXHEBOMY IIapl B TakK 3BaHli
nedopMaliitHiii  30H1 3aXMCHOI TUIIBKW. Jls 3miCHEHHS Ii€i  JoKamizari
HEOOX1THE TOTPUMAHHSI TPaBUia MO3UTUBHOIO IPAAIEHTA, 3TIAHO 3 SIKUM MIIHICTh
BUHUKAKOUMX MOJEKYJSPHUX 3B'S3KIB MOBUHHA OyTH MEHIIE MILHOCTI HIXKYMX
11apiB.

ToMy, BBEACHHS B MAaCTWIbHWUH Marepial A00aBOK, HAMOBHIOBAYIB 1
OPUCAIOK, IO MAO3BOJSIIOTH 3HWKYBATH SK AcopMaliiiHy, Tak 1 aares3iiiHy
CKJIQI0OBY JIO3BOJISIE 3HM)KYBAaTHM CHIIy TEPTA 1 MIJBHINYBATH 3HOCOCTIHKICTH
JeTajaeh MallnH.

TakuM 4MHOM, CTBOPEHHS €(PEKTMBHUX MPOTU3HOCHUX 1 aHTH(PPUKLIHHHX
OPUCATOK 1 HANOBHIOBAYIB [0 IUJIQCTHYHUX  MACTHJIBHUX  MAaTeplaliB,
BUKOPHCTOBYBAaHI B  CUIBCHKOTOCIMOJAPCHKOMY BHPOOHMLTBI € OOHMM 3
NEPCIICKTUBHUX  LDIAXIB  MIJABALICHHS — NPale3gaTHOCTI  TPUOOCHPSKEHB

CUIBCBKOTOCTIOAAPCHKOT TEXHIKH.

BucHOBKH 1 3aBIAHHSA TOCTITKEHL

Sk mokasye mpakTuka, OJHUM 3 HaWOLIbII €KOHOMIYHO BUTIIHUX MIISXIB
MIJBUIIEHHS. 3HOCOCTIMKOCTI, HAMIAHOCTI 1 JOBrOBIYHOCTI PI3HUX MAaIUH 1
MEXAHI3MIB € TOJINIICHHS $KOCTI MAaCTWJIBHMX MarepiaiiB, B TEPIIY YEpry
NOJIINIICHHS iX MPOTU3HOCHUX 1 AHTU(PPUKIIHHNX BIIACTUBOCTEH.

I[le ™oke OyTH [OCATHYTO 3aCTOCYBAHHSM BHUCOKOC()EKTHBHHX B
TPpUOOTEXHIYHOMY TUIaHI TPHUCAAOK. Pa3oM 3 TUM CTBOPEHHS MNPHUCAAOK, IO
NOJIINIIYIOTh OJHOYACHO MPOTU3HOCHI Ta aHTH(PUKIIIHI, 1 HE 3HWKYIOTH 1HIII

XapPaKTCPUCTUKHU MACTUIIBHUX MaTepianiB, € JOCUTH CKIIaAHUM 3aBJaHHAM.
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Ha miacraBi mpoBeacHOro aHamidy CTaHy MHMTAHHS 1 JAAs JOCSATHEHHS
NOCTaBICHOI METWM B JAaHIA poOOTI HEOOXIAHO BUPIIIATHA HACTYNHI 3aBJaHHS
JOCHIIKEHD:

1. TlpoBectTw aHaji3 UUISIXIB MOKPAUICHHS TMOKA3HUKIB HAAIHHOCTI
BUKOPUCTAHHSIM MAaCTHJIbHUX MaTeplaiB.

2. BUsSBUTH ONTHUMAaJIbHY KOHLICHTPALIIKO MPUCAA0K B MJTACTHYHUX MACTHIIAX.

3. Po3poOut METOAMKY Ta MPOBECTH E€KCIECPUMEHTAIbHI JOCIIIKEHHS
OCHOBHUX TPHOOTEXHIYHUX BIACTHBOCTEHN MIACTUYHUX MACTHJI 1 BUSIBUTH 1X BIUIMB
HA PSKUMU TEPTS BY3JIIB TEPTS CUTLCHKOTOCIOAAPCHKUX MALIMH.

4. ITpoBecTH EKOHOMIYHY OL[IHKY PO3POOOK.
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PO3/ILI 2

METO/IMKA I OCHOBHI METO/U JJOCJIJKEHD

2.1. BuOip marepiaJjiB AJ1s1 10C/II/IKEHb

JUTs  1OCHiKEHb BUKOPUCTOBYBAINCS IJIACTHYHI MACTHIIA, IIO IIAPOKO
3aCTOCOBYKOTBCA Yy  BYy3JlaxX TEPTd  TEXHIKA, SKA 3aCTOCOBYETbCS B
CUIBCBKOTOCIIOAAPCHKOMY BUPOOHMITBI (cHHTETHYHMNA comigon Mapku C 'OCT
4366-78, miton-24 I'OCT 20150).

Jlani Marepiaiv BUKOPUCTOBYBAIMCS SIK OCHOBA MaCTHJIbHOT KoMmo3uii. B
SAKOCTI JOCHIKYBAaHUX MPHCATOK 3aCTOCOBYBAJIACS €KCIIEPUMEHTAIBHO OTPUMAHI
JIMCKOTUYHI ME30TNC€HHI 3 €HAaHHS — KapOokcwnaru Mial. JlochipkyBamucs
HACTYMHI CIOJYKHW. Bajiepar Mifdl, YHACIHWIAT MIIl, MIPUCTAT MIJI, cTeapaTr Miji,
OereHar mial. Bubip maHuMx XIMIYHMX CHOJAYK OyB OOYMOBJIEHMI TUM, IO BOHU
3laTHI TPUA MIABULICHHI TEMOEPATYPUA MEPEXOAUTH B PIAKOKPUCTANIYHUI CTaH
(ytBOptoBatn Me3o(dazy), a B Me30MOp(HOMY CTaHi 37aTHI YTBOPIOBATH
BIOPSKOBAHI KOJIOHYATI JUCKOTHYHI CTPYKTYpH [18].

JlaHi CIIOJIyKH OTPUMYIOTh 3 HACHUEHUX KUPHUX KaPOOHOBUX KUCIIOT.

OTpuMaHi CIONYKH BIAPi3HsUIHCS OyJOBOK, BU3HAYCHHMMHM YMOBaMHU
CUHTE3Y MpucagoK. OCHOBHOI BIAMIHHICTIO JAHUX 3'€AHAHb OJUH BiJ OJHOTO €
pO3MIpP UEHTPAIBHOrO (PparMeHTa MOJICKYJM 1 JIOBKMHA BYIJIEBOJAHEBOTO
naniora. [IporeHTHUI BMICT MPHUCAJ0K B MACTWJIl BapitoBaBca. MakcHUMallbHUMA

BMICT MPUCAJOK B COJIII0JII HE nepeBuiyBaB 20%.

2.2. MeToauka D0CJiIKeHHS 3HOCOCTIHKOCTI

TpuboTexH1YH1 BUMPOOYBAHHS MACTHIBHUX MATEPIAIB BKIIFOYAIOTh OLIHKY

iX TMPOTH3HOCHWX, TMPOTH3AJAUPHUX 1 AHTHU(PPUKLIHHUX BIACTHBOCTEH Ha
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naboparopHuX Mpuiiagax ad0 yCTaHOBKAX 3 BUNPOOYBATLHUMU 3Pa3KaMu MPOCTOi
reomeTpuyHoi Gopmu. Ha BiaMiHy Bix BHNpPOOyBaHb MACTHJILHUX MarepliaiiB B
YMOBax €KCIIyaTanii 1 Ha CTeHaax, JaboparopHi BHNMPOOYBaHHS HE BHMMAararOTh
BEIIMKMX BUTPAT 4YaCy, BOHU OUIBLIOK MIPOK JO3BOJISIFOTH 3MIHIOBATH YMOBH Ha
NOBEPXHI TEPTS 1 BUAUIATH OCHOBHMI MapameTp, SIKHii BIUTMBAE HA TPUOOJOTivHI
XaPAKTEPUCTHKN MaCTUJIbHUX Marepiaiis [5, 19].

B poGori ans OuiHKA Ta TOPIBHAHHA PO3POOJICHMX MpHUCcanoK Oyin
JOOCHIKEH] TPUOOTEXHIUHI XapPAKTEPUCTHKH — 3AJIEKHOCTI KOE(IIEHTA TEPTS Bil
NPUKIIAJEHOTO HABAHTAXKEHHS, BEJIMYMHK 3HOCY B[ LIJISIXY TEPTS MPH MOCTIHHOMY
HABAHTAKEHHI 1 3aJCKHICTh IHTCHCUBHOCTI 3HOLIYBAHHS B1J TPUKIAJEHOTO
HABAaHTAXCHHS MPH (1KCOBAaHOMY MpoOiry. i XapaKTepuCTUKK BU3HAYAKOTH MEXKI
npane3aatHocTi napu Teprs. CTIAKICTP MarepialiB A0 3HOINYBAHHS B PI3HHUX
PEKMUMAX TEPTS BU3HAYAKOTH PECYPC 1 TEPMIH CITy>KOM BY3IIIB TEPTS.

VY 3B's13Ky 3 THM, LI0 HA TEPTS 1 3HOC BIUIMBAE BEIMKA KIIbKICTh YAHHUKIB,
BUNMPOOYBAHHS JOCTIPKYBAHUX MaTeplaiiB MPOBOAUIIOCS B KUIbKA €TaMiB, 3T1IHO
[20]:

1) dpi3uKko-MexaH14HiI BUITPOOYBaHHS MaTePIaiB;

2) BunpoOyBaHHsI MaTepiajliB HA TEPTA 1 3HOC B J1a0OPATOPHUX YMOBAX Ha
YCTAHOBKAX 3 BU3HAYEHHS NAPAMETPIB 3HOCOCTIMKOCTI MaTepialiB (MAIIUHU TEPTS
CMT-1; 1I-5018). IlpoBoamnack OI(iHKA BIUIMBY  (PI3UKO-MEXAHIYHHMX
BJIACTMBOCTEH MaTEPIaiB 1 PEXKUMIB TEPTS HA X TPHOOTEXHIYHI XaPAKTEPUCTUKH,

3) BunpoOyBaHHsl MaTeplaliB HA TEPTS 1 3HOC MPHU TEPTI B TEXHOJOTTYHUX
CEPEIOBHILAX 1 PI3HUX PEKUMAX TEPTS,

JlocnikeHHsT TPUOOTEXHIYHUX XapPAKTEPUCTHK MPOBOJMIIOCS HA MalIMHAX
JUTsl BATPOOYBaHHS MaTepiaiiB Ha TEPT 1 3HOC MoAene CMT-1; 11-5018.

BunpoOyBaHHs MPOBOAMIIACA 34 CXEMOK «IUCK — YACTKOBHI BKIIAIMIID,

MPEACTABICHO HA PUCYHKY 2.1,
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Pucynok 2.1 — Cxema BunpoOyBaHHs 3pa3KiB («OOEpTOBMH MOHCK -

HEPYXOMMI YaCTKOBUI BKJIAUIID )

MowmeHT TepTss Ha Balny (AMcKa, OI0 OOEPTAEThCsA) BUMIPIOBABCA 3a
JOMOMOTrOK0 OE3KOHTAKTHOIO IHAYKTHMBHOIO JAaryvka. ENEKTpUYHI CHrHAIHA 3
BUMIPIOBAJIbHUX KOTYIIOK JAaTYMKA MOJAKOTHCS B ICKTPUYHY CXEMY MOPIBHSIHHS 1
naii Ha noteHuiomerp KCII-005, BMOHTOBaHWI B €NEKTPUUHINA madi yopaBIIiHHS
MAIIHHOKO.

3pa3ku BUTOTOBIISIUCS po3mipamu / = 10 mm, b = 10 mm, 2 = 10 mm. Bei
3pa3ku Manu noBepxHi 9-10 kmacy mopcrkocti. KOHTPTUIOM CHyKWIM POJIMKH
&40 mMm, ToBuwHOW 10 MM, BurotoBieHi 3i ctam 45 HRC 25 ... 30 (pucyHok
2.2).

[Tpu mocmikeHH1 TPUOOTEXHIYHUX BIACTHBOCTEN MACTWIILHUX MATEpIalliB,
Oyn0 00OpaHO Taki PeKUMU POOOTH MApH TEPTS: MIBUAKICTh KOB3aHHsS 1 M/C; TEpTH
rpaHuYHE (MACTUIIO HAHOCKIIACs Ha POJIMK 1 pa3 mepe KOKHUM BUIPOOYBAHHSIM ),
HABAHTA)KCHHSI HA 3pa30K MiJBHINYBAIACA IMOCTYMOBO A0 PI3KOro 301IbIICHHS
MOMeHTY TepTs. [lepen BUNMpoOyBaHHSM KOKHOTO HOBOTO MACTWJIA IMOBEPXHI
3pa3ka 1 KOHTPTUIa HAaBOAWJIMCSA 1O BUXIAHOI mIOpPCTKOCTI (9-10 Kiac) nuisxom

uuTipyBaHHs Ta MOMIPYyBaHHS.



23

10

7

Pucynok 2.2 — YactkoBuii Bkmagum (a) 1 KOHTPTLIO (O) AN MpOBEACHHS

216 HY
240

BUITPOOYBAHb HA TEPTS TA 3HOLIYBAHHS

VY naHiii poOOTI BUKOPUCTOBYBAJIUCS METOAM BU3HAYCHHS JIIHIAHOTO 1
BaroBOr0 3HOCY 3PA3KiB.

Cxema BU3HA4YCHHS JIIHIHHOTO 3HOCY MPEACTABIEHA HA MATIOHKY 2.3.

R d,
d;
e —3.5
=
/\—/\/\—/\

PucyHnok 2.3 — Cxema BU3HAYEHHS JIIHIHHOTO 3HOCY 32 METOAOM «IITYYHUX

oa3»



24

BumiproBaHHs JIIHIHHOTO 3HOCY MPOBOAMIM METOJOM «IITYYHHX Oa3» —
BCTAHOBJICHHSIM JTIHIHHOTO 3HOCY MO 3a3/4aJIE€Tilb HAHECECHMM BIAOWTKAMH Ha
tBepaoMipe TK-1M KOHIYHMM TBEPIOCIJIABHUM 1HAECHTOPOM 3 KyTOM TpH
BepumHi o = 120° (pucyHok 2.3).

JliameTpu BIAOMTKIB BU3HAYAIMCS 32 JOMOMOTOr0 Mikpockonis MITb-2.

BenmuunHa MHIAHOTO 3HOCY 3 YpPaxyBaHHSM YTHYTOCTI  MOBEPXHI

BU3HAYaIacs 3a GopMyJioHo;

={d| _d:} _{dl _d:} .
m e 2.1)

-

Ah

ms=————.
tg(90 - %)
g (22)

Je Ah — NiHIHHUN 3HOC, MM,

d; — mameTp B1IOWTKA 0 3HOLIYBAHHS, MM. |

d» — mameTp BiIOMTKA MICJIsl 3HOLIYBAHHS, MM.;

R — paziyc yrHyTOCT1 OBEPXHI, MM.

JUis  BH3HAQUEHHS TPUOOTEXHIYHMX XAPAKTEPUCTHK, SK TUIACTUYHMX
MACTWJIBHUX MaTeplaiiB, TaK 1 PLAKMX Macel Ha MAallMHAX TEPTS 3aCTOCYBAHHS
3HAWIIIA CXEMH TEPTSI 31 3MIHHOO TUIOIICKO KOHTAKTY 3PA3KIB.

Jlis nporo Ha MammHy Teptss CMT-1 BcraHoBWIM mapy TepTs 0OepTOBUi
JIICK - HEPYXOMY KYJIbKY (puc. 2.4).

Marepian gucka cranb 45 3 tBepaictio HRC 45 - 50. Marepian Kynbku
cranp 11X 15. ObeproBuii muck (posmk) mae aiamerp 40 MM 1 mmpuHy 10 MM,
Kyns BukopucroByBascs mpiamerpom d = 10 mm.

Y nmpoueci AOCHIKEHb MACTHJIBHUX MAaTepialiB 3a CXEMOK TepTs
«00EepTOBMIA JUCK - HEPYXOMHUH KyJibKa» (DIKCYBaIMCs 3MIHU KOe]illleHTa TepTs 1

3MIHM IHTEHCUBHOCTI 3HOINYBAHHS MMApH TEPTS. 3a XaPaKTEPUCTUKY MPOTH3HOCHUX



25

I~ 4 J
1 — wwxkHIA (oOepranbHMii) Ban, 2 — BepxHId (Hepyxomuil) Bai, 3 —
HEPYyXOMa KyJibKa, 4 — KOHTPTUIO (00EPTOBUIA JHCK).

Pucynok 2.4 — By3on teprsa mammau CMT-1

BHaCTHBOCTeﬁ, HpHﬁMaﬂaCH Ioma IUsIMHA KOHTAKTY, SKa BU3HaYaldacsd dK IL10Ia

eminca 3a (GopMyIok;

S= (T[‘d] dz)/4, (23)

A€ d; — AaMeTp MIAMHU 3HOCY B TOPU30OHTAJIbHOMY HAMPSAMKY, MM;

d> — MamMeTp MISAMH 3HOCY Y BEPTUKATBHOMY TMOJIOKEHH1, MM.
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2.3. MeToauka BH3HAYEHHS XAPAKTEPUCTHK OTPUMAHHUX MACTHJIbHHX

MarepiaJiB

Tak sk B SKOCTI OCHOBM MAaCTWJIBHOI KOMITO3WIIi BUKOPUCTOBYBAJIUCS
IUTACTAYHI MACTHJbHI MaTepiaad Pi3HOI OPUPOAM, TO Ui HUX BU3HAYABCSA

KOe(ILIEHT MEeHETpartli.

KoediienT nenerpaiiii BM3HA4YaBCs 3a JOMOMOTOK HAMIBaBTOMATUYHOTO

neHerpomerpa M-98411K (muB. pucynku 2.5, 2.6).

Pucynok 2.5 — Ilpuwman M-9841IK s BHUMIpIOBaHHS NEHETpaLii

MIACTUYHUX MACTUJIBHUX MaTepiajiB
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Pucynok 2.6 — BumiproBaHHs MeHeTpalli MAacTUIBHOTO Marepiany

npuiiagom M-98411K

Takox BU3HAUaIacd TeMIEpaTypa pPO3M'SKIICHHS 1 KarjaenaaiHHs 0a30BUX

MACTHJIBHUX MATEPIaliB 1 EKCIEPUMEHTAIIbHUX.

BucHoBOK

Po3po0ieHo METOAMKYy €KCHEPUMEHTAIBHUX  JOCHIKEHh OCHOBHMX

TPUOOTEXHIYHUX BJACTUBOCTEH MIACTUYHUX MACTWII 3 TPUCAIKAMH 1 BU3HAYEHO X

BILJIUB HA 3HOCOCTINKICTh BY3JIIB TEPTSI.
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PO3/ILI 3

PE3VJILTATH TEOPETHUHUX I EKCIEPUMEHTAJIBHIX
JTOCJKEHD

3.1. Amnamiz MexaHi3MiB Aii ICHYHOYHX NPHCAAOK [0 CepiiiHuX

MACTWIBHUX MaTepiajiB

JloCHIDKEHHST ENEKTPUYHUX BJIACTHBOCTEH I'DAHWYHHMX MACTWJIBHUX IIApiB
NOKa3ajau, MO JUIsl OCTaHHIX THIIOBI HEJHIHHI BOJBT-aMIEPHI XapaKTEPUCTUKA
(BAX) 1 KyJTOHOBOJIBTHI XapPAKTEPUCTUKU TICTEPE3UCHOTO THITY, SIKI XapaKTEpH1
JUTS. CETHETOENIEKTPUKIB, 0 MAKOTh JOMEHHY CTPYKTYPY [7].

Takum 4YMHOM, €(EKTHBHICTH MACTWJIBHMX MAaTepialiB, fKa TMOJArace B
3IaTHOCTI YTBOPIOBAaTH Ha TMOBEPXHI TEPTS IUNBKM XIMIYHOTO 1 (PI3UYHOrO
NOXO/DKEHHS, Oarato B 4YOMY BHM3HAYae€TbCsd HASIBHICTEHO B 0a30BOMY
3MalllyBaJIbHOMY MaTepialll Pi3HUX XIMIYHHX CHOJYK — TPHCAIOK.

JUT piaKuX 1 IJACTHYHUX MACTHIIBHUX MAaTEpPiajiiB BUMYCKAKOTHCS HACTYITHI
OCHOBH1 THIH NPHUCATOK. MUHHO-AUCIEPryrOUl, 1HTOITOPH OKHMCIEHHS 1 KOpO3ii,
B'SI3K1, ACTIPECOPHI, MPOTU3HOCHI, MPOTH34AUPHI1, MPOTHITIHHI TA TPUAMPALLOBOYHI.

3a XIMIYHUM CKJIQJ0M MPUCAIKH MOXKYTh OYTH PO3AUIEHI HA KUIbKA TPYII:;
ankui(peHONbH1,  CyNb(OHATHI,  aJKUICATIIWiIaTHI,  miaakuiauTiodocdaTHi,
NOJIIMEPHI 1 CyKIIHIMIIK [7].

JUIss  mIacTMYHMX ~ MAacCTWIBHUX — MareplaiiB  HAWOUIbII — XapaKTEPHO
3aCTOCYBAHHS AHTUOKUCHUX, TPOTU3HOCHUX 1 MPOTU3AUPHUX MTPUCATIOK.

B 0CHOBI 11i aHTHOKMCHHUX MPHUCAIOK 3HAXOAUTHCS OOPUB OKMCITHOBATBHHUX
naniorie [7]. Hocmmpkenns .1, [llopa 31 cmiBpoOiTHUKamMu [24] mokazanu, 1o
NPOLEC OKUCIECHHS MACTWIBHOIO Marepialy TMOB'A3aHuil 3 POOOTOI BUXOAY
EJICKTPOHIB METAy HAa MOBEPXHI, SIKA B CBOK 4Yepry OE3MEpEepPBHO 3MIHIOETHCS

BHACJIIJIOK BIIMBY HA MPOIEC KOMIOHEHTIB MACTUJILHOTO MaTepialy 1 MPUCaIOK.
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TakuM 4YHMHOM, MPUCAAKH, L0 3HWXKYIKOTh POOOTY BHUXOAY €JICKTPOHIB
METAJICBOi MOBEPXHI, BIUIMBAIOTH HA MACTWJILHUH MaTepial K aHTHOKHCIIIOBAYI.
HeratuBHi 10HHM, 1[I0 BHHHMKaIOTh B 3MAalllyBaJbHOMY MaTepiajli BHACIII0K
EJIICKTPUYHHAX B3a€MOJIA 3 METAJIICBOKO MOBEPXHEK TEPTS, TANBMYIOTh OKHCICHHS
BYTJIEBO/IHIB.

[TpoTuzagupHi MpUCAAKW MIIOTh y Takui crnocid. MiK KOMIOHEHTaMH
OPUCAIKH, IO MICTUTh CIPKY, (hochop abo xJop, 1 METAIOM NPOTIKAKOTH XIMIYHI
peakiii, B pe3ynbTari SKAX YTBOPIOKOTHCS NPOAYKTH, IO BIAPI3HSAKOTHCA 3a
BJIACTHBOCTSMHU BIiJ METAJly TMOBEPXHI TepTs (MEHIIA TBEPHAICTh, HH3bKA
TEMOEPATypa IUIABJEHHS). XIMIYHI peaknli NpOTIKaWTh, MEpHl 3a BCE, HA
BEPIINHAX MIKPOHEPIBHOCTEH TOBEPXOHb, A€ KOHLEHTPYETbCS €Hepris. B
pE3yJIbTAaTI MIOPCTKOCTI 3MIAJDKYIOThCA, a00 HIBEIIOITHCS. Take XIMidHE
NOJIIPYBAHHS MOJIETIIYE CTBOPEHHS MACIISIHOTO KITMHA.

Jlist 3a3HaUCHUX 3'€qHaHb B SIKOCTI MPOTH3HOCHUX MPHCATOK IMOB'SA3aHO 3
(opMyBaHHSIM HA MOBEPXH1 TEPTS aACOPOLIAHUX WapiB [7].

Psan  mocmigHWKiB  MOB'S3YIOTh MPOTH3HOINYBABHY 10 MPHUCAIOK 3
XIMIYHOK MOJU(IKALIEID FOBEHIJIBHUX, a, BIAMOBIIHO 1 XIMIYHO AKTUBHHX
NOBEPXOHb TEPTS MPOAYKTAMH TEPMIYHOTO PO3KIIAJaHHSI MPUCAIOK.

CTOCOBHO /0 MOBEOIHKA MACTWIIBHAX MATeplaiB 1 MAaCIOPO3YMHHMX
NOBEPXHEBO-aKTUBHUX PeuoBUH (I[TAP) y By3nax TepTsi yMOBHO MO>KHA BHLIMTH
TPU MPUHUMOOBMX BHIAAKKA (HA MPAKTHIIL BOHM YacTO CYNPOBOKYOTh OJWH
OJTHOTO 1 MEPEXOAATh 3 OJHOTO B 1HILIWH ), IPU SIKAX BUSBISIOTHCS aHTH(PUKILIIHI
(3MallyBajIbH1), TPOTU3HOCHI 1 MPOTU3AAMPHI BIACTUBOCTI HadronmpoaykTis [17].

[lepmmii BAMAgOK — MOBEPXHI TEPTS PO3ALIEHI JOCHTH TOBCTHUM IAPOM
MACTWJIBHOTO Marepiany, MO 3HAXOAWTHCS M1 BIJIMBOM CHJIOBOTO TOJISI METaly.
[Tpu bOMy MACTHJTbHI MaTEPiaji MOBOAITHCS BIAMNOBIAHO TAPOAMHAMIYHIA TEOPIi

mactuia [11]. [1pu oMy cuia TepTs 3aJIeKUTh Bl HACTYmHUX (paktopi [17]:

F., = n:S:-V/h,
1 (3.1)

ne I, — CHIa TepTH,
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» — IMHAM14YHa B'S3KICTh MacJa,;

S — (hakTHYHA MJIOIIA KOHTAKTY,

J — mBHUAKICTH KOB3aHHS,

h — TOBIIMHA MACJISIHOT TIJTIBKH.

Macnopo3unnni [IAP B 1mbOMy BHMNAQAKYy BHKOHYIOTH JAB1 (DyHKIUI:
BUKJIMKAIOTh aJCOPOIIAHY MmaacTU(diKaiio MeTaay 1 YTBOPIOIOTh FPAHUYHUM 11ap,
110 PO3LIsie MOBEPXH1 TepTs [ 18].

[Ipu upomy koHueHTpamito [IAP B 30HI KOHTakTy MOXKHA 3HAHTH 3

HACTYMHOTO CITIBBITHOIICHHS:

InC = 6/R-T,, + K,
/R T (3.2)

ne C — koHueHTpauis [IAP B 30H1 KOHTAKTY;

Onoc — TETJIOTA AJCOPOILIi;

R — yHIBEpcalibHa Ta30Ba MOCTIHA;

Ty, — temmeparypa moyatky naecopOwii [TAP 1 pyiiHyBaHHS MacTHIBHO{
TUTIBKM Ha MOBEPXHI,

K — KOHCTaHTa, SIKa BU3HAYAETHCS CKCIIEPUMEHTAIBHO.

Skmo temmneparypa B 30H1 TEPTS NEPEBHILYE KPUTHYHY, TO BlAOYBAETHCS
pPYHHYBaHHS MACTWJIBHOI IUIIBKM 1 3aijaHHS MOBEPXOHb. B JaHOMY pekuMi
NPOSBIISFOTHCS aHTU(PUKIIITHI BIIACTUBOCTI MACTUIIBHOTO MaTepiaiy.

[Ipu BHOOPHOMY TIEPEHECEHHI HAa TOBEPXHAX TEPTS YTBOPHOETHCS
CEPBOBUTHA IUTIBKA, 110 3aXMIIAE€ MOBEPXHI TEPTS BiJ KOHTAKTY 1 3HOIIYBAHHS.
[Tpn nedopmanii CepBOBUTHA IJIIBKA HE PYHHYETBCS 1 HE MIJIAETHCS BTOMHOMY
pyiiHyBaHHIO. BoOHa chpuiimMae Bce HABAHTAKEHHS, MOKPHUBAKOYM IIOPCTKOCTI
NOBEPXOHb TEPTS NETAICH, SIKI MPAKTUYHO HE OCPYTh ydacTh B MPOLECI TEPTI. Y
IUX YMOBAaX HABAHTAKCHHS PO3MOAUISAETHCS PIBHOMIPHO MO MOBEPXHI TEPTS, B
pE3yabTaTl YOro 3HWKYETbCS KOHTAKTHMHA THCK. CEpBOBUTHA IUTIBKA Mae
3/IaTHICTH JI0 BIAHOBJICHHS. Lle cripusie mpoaoBKEHHIO PECYPCY By3Ja TEPTHL.

Jlpyruii BHIAIOK — TPOSB MPOTU3HOCHUX BIIACTUBOCTEH MACTHUIIBHUX

MaTepiaiB, TOOTO 3AaTHOCTI IUX MaTepiaiiB i Maciopo3unHHuX [TAP 3HmKyBaTH
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3HOC TIOBEPXOHb TEPTS TNPUA MOMIPHAX HABAHTAKEHHSAX 1 KOHTAKTHHX
temneparypax. [Ipy 1pbOMy Ha €HEPreTMYHMI CTaH MOBEPXHI METaly OCHOBHHMA
BILJINB MA€ MOHOMOJICKYJIIpHUiA ancopOuiiauid map (90% 3aransHoro e(ekty), Ha
YMOBH TPAHAYHOTO TEPTS — TOBIIMHA IbOTO MIAPY, IO 3AJIEKUTh, B CBOK YEPTY,
BiJ XIMIYHOI OyJIOBH, MOJSPHOCTI 1 mossipu3yeMocti [TAP. [l roMonoriyHoro
psay [TAP koe(imieHT TEPTS 3a]€KATh Bl YMCIIa BYTJICHEBUX aTOMIB B MOJICKYJI1
[TAP [37]:
Fepp=A-B-n,
(3.3)

ne A — Koe(imieHT, W0 3aJeKATh Bil MPUPOAM MOBEPXHb, IO TPYThCA 1
ximMiyHOi OyoBu [TAP;

B — TaHreHCc KyTa Haxujly mpsaMoi KoedimieHTa TepTs A0 ocl adcuuc, Mo
3aIEKUTH B1I TOMOJIOTTYHOTrO psany [1IAP;

1 — YHCJIO BYTJIELCBUX aTOMIB B MoJieKyJi [TAP.

Skmo B1AOYBAEThCS YACTKOBE PYWHYBAHHS MACTWIIBHOI TUTIBKA B YMOBAX

IPAaHUYHOTO TEPTS, TO CUJIA TEPTS BUPAKAETHCS PiBHSHHM [11, 13]:

FTp = S'Isu/s T+ (1 a)-r]. (3 4)

ae S — (pakThUHA HECyYa MOBEPXHS,

S, — HOMIHAJIbHA IOBEPXHS TEPTS,

T, — OMIp 3pi3y XeMocopOwiiHOi pa3u meTany;

T — OMip 3CyBY MACTUIIBHOT MIJTIBKH.

TakuM YMHOM, MPOTH3HOCHI BIIACTUBOCTI MACTUIIBHAX MATEPIalliB 3aJ1€)KaATh
HE TUTbKH BIiJl BJIACTUBOCTEH MPAHUYHOI MACTHIJIBHOI TUTIBKH, aJi€ 1 BIACTUBOCTEM, 1
TEPMOAMHAMIYHUX (PYHKIIH XxeMOcopOUiiHO1 (pa3n MOBEPXHEBHX IIAPIB METAIY,
30Kpema BiJ onopy wiei (aszu 3pi3y, Temneparypi ii miaeneHHs i 1.0 [17].

TperiM BHIMAAKOM MOBEAIHKM MACTHJIBHOTO MAareplay 1 MaclIOpPO3UYMHHUX

[TAP B 30Hax Tepts € po3knagaaHHs nux [TAP mia BOIjMBOM BUCOKUX TEMIIEPATYP,
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TUCKIB 1 KaTAMTUYHOrO Aii Metanmy. [IpoayKTH pO3KIaAaHHS YTBOPIOKOTH Ha
NOBEPXHI MeTalmy cynb(iau, xjuopuad, (pocdiam Ta 1HOI CHONYKA 3 NEBHUMH
E€HEPreTHYHUMH, (PISMYHAMHK 1 MEXAaHIYHMMH BJIACTHBOCTAMHU. B 1boMy BUIAAKy
NPOSBIISFOTECS MPOTU3AAMPHI BJIIACTUBOCTI MacTWiIbHUX Marepiams 3 [IAP, npu
KPUTHUYHUX PEXUMaxX POOOTH Mapy TEPTHL.

OpHak METOAM MiJBUILEHHS MPALE3JaTHOCTI TPUOOCHPSKEHD, MOB'A3aH1 3
peamizanic€ro XIMIYHMX PEakiliii Ha MOBEPXHIX TEPTs, HE 3aBKAM NPUWHATHI 3a
YMOBaMH POOOTH CHPSDKEHHS. 30KPEMA, BOHM MOXKYTh NMPUBOAMTH 10 KOPO3li
KOHTAKTYKUMX MarepiagiB 1 iX IHTEHCMBHOMY KOPO31HHO-MEXaHIYHOMY
3HOIIYBaHHA [ 14].

MacTtuibHa 11 TakMX IOApiB BU3HAYAETHCS PIBHEM OpIEHTALll MOJEKYJI
BITHOCHO MACTWJIbHUX TOBEPXOHb TEPTA. [Ipu 1IbOMY Opi€HTalisl MOJEKYJ Ha
MDK(pA3HIA MEX1 PO3LTY TBEPAOTO TUIA 1 PLAKOTO MACTUIA BIATBOPIOE OPIEHTALIIO
MOBEPXHEBOrO0 Immiapy TBepAaoro Tina. OTke, 3MIHOK PIBHS  OpleHTAIlli
NOBEPXHEBOIO APy, MOKHA PEryJIOBAaTH MACTHJIBHY 1 HECy4dy 3IaTHICTh
IrPaHUYHUX [apiB. [CHyBaHHs B BYy3Jax TEPTS WIAPIB MAaCTHJIA 3 MEBHOKO
OPIEHTALIAHO-BIOPSIIKOBAHOK CTPYKTYPORO, MO 3a0e3neuye TEPTHOBUM IMapam

HEOOX1THY 3HOCOCTIMKICTD 1 3MEHILICHHS BTpaT Ha TepTd [44].

3.2. TeopernyHuii aHa/i3 BHKOPHCTAHHHA ILUIACTHYHUX MACTHJIbHHX

MaTepiajiB 3 NPUCAAKAMH Y BUIVISAAI PIAKOKPUCTATIYHUX CHOJIYK

[IpoOnemMa miABHINEHHS HAMIMHOCTI TPUOOCHPSIKEHD € BAXKIMBOK 1
aKTyaJbHOK B JaHWi 4Yac Uil MamMHOOYAYBAaHHsS. BHKOPUCTaHHS PI3HUX
TpubonpenapariB s TOJINIICHHS XapaKTCPUCTHK MACTWIbHUX MATEplaliB €
OJIHUM 13 LIISAX1B €PEKTUBHOTO BUPILIEHHS JAHOT MPOOIEMH.

MeTanomICTKI Piiki KPUCTAIM MPOSIBISIOTE BCE T1 K PI3HOMAHITHI THIHA

Me30(a3, K1 BUSBJISIFOTECS B 3BUYAHUX OPraHivHUX PLAKUX KpucTanax [16].
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TakuM YMHOM, MO’KHA CTBEPKYBaTW WIO MPOLECH, INO MPOTIKAKOTh B
OPUCYTHOCT! JUCKOTUYHHUX METaIME30I€HIB-KapOOKCHIATIB MiJl MPU TEPTI B
LUIOMY CXO3K1 3 MPOLECAMH B MPUCYTHOCTI PIAKAX KPACTAIIB THIINX THITIB.

Jlns  kapOOKcHnaTiB MOl  BOXIMBAMH € €(EKTH  OpIEHTALIHHOI
BIOPSIAKOBAHOCTI [17].

[lepexim 3 TBEpAOro KpucTaga B HEMATHYHY a3y XapaKTepU3yeThCs
PYHHYBAHHSIM TIOPAAKY B HPOCTOPOBOMY PO3TALlyBaHHI MOJIEKYJ, aie He
OpleHTALIfHOTO TOpsAAKY. Me3o(daza Mae IIIMHHICTB 1 B TOH K€ 4ac aHi30TPOIHA
BHACJIIIOK JIETKOCTI, 3 SIKOK MOJIEKYJIA KOB3aKTh LMIOA0 OJHA OJHOI, 30epiraroun
OpA LbOMY HapanenbHicTh. Opi€eHTANIHHUA MOPSAOK B PIAKOMY KpHCTaIl MpPU
HarpiBaHH1 MOCTYMOBO MAJa€, TOAL K JEAKl 1HIIN TEPMOJMHAMIYHI BJIACTUBOCTI,
HANpUKIIQL T[WATOMA TEIUIOEMHICTh, TEIUIOBE PO3IMMPEHHS 1 130TEPMIYHA
CTHCJIMBICTh, PI3KO 3pOCTAKOTh Y Mipy HAOMMKEHHS TEMMOEPATypd 10 TOYKH
nepexoay — 130TponHa piavHa. Mae micie cnabkuii (pa3oBuil mepexia Nmepioro
poay (31 CTpUOKOM), SIKMii CYyNPOBOKYETHCS MOBHUM PYHHYBAaHHSM JAJIbHHOTO
OPIEHTALIAHOTO MOPSAAKY. 3MIHM €HTPOMIi 1 00cAry, MO CYyHNPOBOKYHOThH LEH
nepexiji, 3a3BUYail CKJIaJal0Th BChOTO JIMIIE KiIbKa BIJCOTKIB BIJ BIAMOBIIHHUX
3HAYEHb IS IEPEXOAY TBEPAMMA KpUCTAT — HEMATHK [97].

3MiHA B PIOKOKPUCTANIYHMX 3'€IHAHHSAX MPH 3MiHI TeMIeparypu
OINMUCYIOTHCS PI3HUMH MOJCIISIMU.

TprOosoriuHl XapakTEPUCTUKH MACTWIBHHX MarepianiB 0arato B 4YOMY
BU3HAYAKOTHCS iX B'SI3KICTIO.

B's3kicTh OUIBIIOCTI MAaCTWJIBHUX MareplaiiB 3HHKYETbCS 3 POCTOM
temneparypu [18]. B nanmii yac OublIiCTh aBTOPIB B1JA3HAYAKOTH €KCHOHEHTHY

B'SI3KICTh BiJl TEMIIEPATYPH 3riaHO BUpasy [19, 20]:

AL LBT
=AeT (3.5)

ne A, B — OCTiiiHI,
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T'— Tremneparypa.

[Tocriiini A 1 B MmoxxHa Bu3HauuTh 3 popmyi [18,21]:

/Ty

A — B
A=m e, (3.6)

B= (T, T-/(T;-T5))- In(22).
(1, 1,/(1,-15)) n(nz) 3.7

ne 171 1 — TeMnepaTypu, MPH SIKAX BUMIPSIHI B'SI3KOCTI #; 1 #2 BIAMOBIAHO.

AHAJIOTIYHE SIBUIIE MOKE CIOCTEPIraTHCS ISl PIAKOKPUCTATIYHUX CHCTEM
npu 3MiHl Temneparypu [22]. Hexail temmeparypa 3poctae, TOAl B'S3KICTh
pPO3UMHY 3HWKYeTbCAa. OOHAK TpUA  JOCATHEHHI  ACAKOI  Temmeparypu
CIOCTEPIracThCs Pi3kuid cTPUOOK B'sI3KOCTI Bropy. Lle BiagOyBaeThest TOMy, 1O TIPH
JaHlii TeMreparypi BHACHIJOK TMOCUJIEHOTO TEIIOBOTO PyXy CTaBcs (ha3oBUil
nepexi Bil aHI30TPONHOTO PO3YMHY 0 130TPOMHOI CHCTEMI, 1 OMIP TEUIEK PI3KO
3pic [22].

B's3ka Tedis HEMaTUYHMX PIAKAX KPHUCTATIB, SIKI € HEHbIOTOHIBCHKHMMH
pPLAMHAMM, 3aJIEKUTh BIJ KYTIB MK «JIUPEKTOPOM 1 TPAAIEHTOM IIBHAKOCTIY [23,
24].

ToMy st HOro ONMUCYy BUKOPUCTOBYIOTH TpU Koe(imieHTH Mbe3oBiva (77),
NOB'sI3aHMX 3 WiCThbMA KoedinieHTamu Jlecii () HaCTyMHUMU CITIBBiAHOLICHHIMHA

[23]:

n= 5 ~(-u:+(14+(15). (3.8)

2= V2 (o3togtoag), (39)
3= 12 it »

n; s (3.10)

JI€ #; — CKJIQIOBA B'SI3KOCTI B pasi, KOJU AUPEKTOP NapaliebHUNA TPaal€HTy

MIBHJIKOCTI;
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W2 — CKIJIAJOBA B'A3KOCTI B pa3l, KOJW AUPEKTOP MHapajlciibHUN HAMpsMKY
NOTOKY,

W3 — CKIIaAoBa B'SI3KOCTI B pasi, KOJHM JUPEKTOP NEPHNEHIAUKYJISAPHHIMA
IPaieHTy WBHIKOCTI 1 HAMPSAMKY TOTOKY.

Koedimientn Jlecnm B maHOMy BHMMNAQAKy MOXKHA BH3HAQUWTH Ha IM1JICTaBI
cniBBiiHONIEHHS [1apoau [24]:

Mt 0 =12 - ;.

(3.11)

Kpim 115010 HEOOX11HO BpaxOBYBATH 1 KOSPIIIIEHTH TEPTS IS AUPEKTOPA V1

1 Y2, IO MAIOTh PO3MIPHICTE B'A3K0CTI [24]:
4

Y1 = 03- Oy, (3.12)

-
(5]
Il
5
2
»

(3.13)

KyT M3k HanmpsIMKOM MOTOKY 1 JUPEKTOPOM BU3HAYAETHCS 3 BUPA3Y:

cos 2 0,=- "/1/\/:.

(3.14)

OO0'eMHa B'SI3KICTh 3MIHIOETBCS TAKOXK 1 31 3MIHOK PO3MIPIB MOJEKYJIH.
HocmipkenHs [24] mnoka3yrTh, MO 31 30UIBIIEHHSM JOBXWHHU AJKIJIEHOTO
JIQHLIFOTA CIIOCTEPIrAEThCs 3arajbHE 3POCTAHHS 00'€MHOI B'SI3KOCTI, MPAYOMY JJIsI
psily CHOJNYK HACTYNHI HEMapHl TOMOJIOTH BHSIBISIFOTBCS AYXKE B SI3KUMH, HIK
NOTEPEAHI MAPHI.

MiHIMaJIbHUI 3HOC €JIEMEHTIB MAp TEPTS, & TAKOK MIHIMAIBHUANA KOE(]iLieHT
TEPTS BIAMOBIJAKOTh PEKUMY, KOJM MOBEPXHI, IO TPYThCS MOBHICTIO PO3IUICHI
IApOM MAaCTHJILHOTO Matepiany. [Ipu uboMy HaAiiHICTh MOALTY TOBEPXOHb TEPTS

BHU3HAYACTHCA XapPaKTCPUCTUKAMHU 1IAPy MaCTHJILEHOI'O MaTepia.Hy.
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B'S3KiCTh  PIAKOKPUCTAIIYHOIO PO3YMHY 3AICKHUTH Bl TOTO, B SIKOMY
HANPSIMKY B1I0YBA€ThCs MPOTATOM. 30KpEMA, 3yCWIIIS, SIKE TOTPIOHO MPUKIIACTH,
o0 MPOTITHYTH TBEPAMA KyJbKa 4epe3 PIAKOKPUCTATIYHUNA PO3YMH, 3AJICKUTh
BIJl TOTO, B IKOMY HaNPSIMKY PYXa€ThCS LSl KYJIbKA.

TakuM YMHOM, BHCOKI XapaKTEPUCTUKH aICOPOOBAHUX MACTHIIBHUX IIAPIB 3
PIAKMMH KPUCTAJIaMH BU3HAYAKOTHCS MEBHOIO OPIEHTALIE0 IMIAPIB AUCKOTHUYHOTO
MeTaiMe30reHa (y BHIVISIAI CTONKM JAWCKIB) Ha MNOBEPxHI TepTsa. Hampsamox
NEPEBAKHOT OplEHTALli MOJEKYJ PIAKOTO KpHCTAla NPUWHATO XapaKTEPU3yBaTH
OJIMHUYHUM BEKTOPOM, SIKUH HA3UBAETHCSA TUPEKTOPOM [24].

Mipoto Janekoro OpieHTalIiHOT MOPSJIKY € CTYMIHb BIOPSAKOBAHOCTI (200
napaMeTp nopsaky), eeacHa B.H. Keitkosum [24]:

S =1 (3-cos’0 - 1),
(3.15)

7€ 6 — KyT MK BICCKO OKPEMOi MOJIEKYJIM 1 TUPEKTOPOM PIJKOrO KPUCTaja, a
YCEPEOHEHHSI BEIETHCS IO BCIX MOJIEKYJT B 3pa3Ky.

B ineanpHOoMy kpuctram S = 1, B 13oTponHoi ¢asi S = 0. YV HeMarnyHoi
(azutunosi 3HaueHHs S = 0,6-0,8 [104].

VY cBOW uepry B HeMartWyHOi (a3u BIAMOBIAHO A0 Teopii Maiiepa-3ayme

TEMIEPATYPHA 3JIEKHICTh OMUCYETHCS HACTYITHUM YHIBEPCATLHUM BUPA30M:

o _ 5 0,22

[TapameTp NOPAAKY 3AIEKUTH BiJ TEMOEPATYPU: YUM MEHLIE TEMIIEPATypa,
TUM OUTBIIE MAPAMETP MOPSIKY.

TakuM YWMHOM, HA TMIACTaBl BHINEBUKIAJCHUX TMEPEAYMOB, MOKHA
BIJ3HAYUTH HAcTymHe. JUId TIABMUICHHS MPOTH3HOCHUX  XAPAKTEPUCTHK
MACTWJIBHMX  MarepiaiiB, HEOOXiTHO, [I00 METAJIME30reHHl  MPHCAIKA
KapOOKCHJIATH M1l B MACTWJIBHUX KOMITO3ULISIX CTBOPIOBAJIM HA OBEPXHSX TEPTS
BIIOPSIKOBAHI PIAKOKPUCTANIIYHI CTPYKTYPH, IO MArOTh MO3UTHBHHWMA Tpami€HT
MEXAHIYHUX BJIACTHBOCTEH B TUIOMIMHI, TNEPHEHAMKYISAPHIA HAmpsMy pyxy

€JIEMEHTIB TPUOOCHPSOKEHb. {11 MOMIMIIEHHS aHTH(QPUKLIIHHAX XapaKTEPUCTHK
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Taki [apd TOBHHHI MaTH HU3bKY MILNHICTh OMOPY 3pPi3y B IUIOLIMHI PyXY

€JIEMEHTIB Map TEPTSI.

3.3. /[dociaimKeHHsi BIUIMBY BBeJCHHS KapOOKCHJATIB Miai Ha

NPOTH3HOCHI XapaKTePHCTHKH MACTUJI

HaliBaxnMBIIOW XapaKTEPUCTUKOK MACTWJIBHUX MareplamB € Horo
3IaTHICTh B MPOLECI TEPTS 3HWXKYBATH 3HOLIYBAHHS TEPTHOBUX EJIEMEHTIB Naph
TEPTSI.

Sk mOKazyrTh MPOBEAECHI JIOCHIIKEHHS, BBEICHHS AOCTIIKYBAHHUX
KapOOKCHJIATIB  MIal  JO03BOJISE MIABUIIATH TPOTHU3HOCHI  XapPaKTEPUCTUKH
CUHTETHYHOIO  COJIAO0Jy. Pe3ynbrarm JOCHIDKEHHS 3HOCY 3pasKiB  BIiJ

HABAHTAKEHHS HA HUX MPEJCTABIEHI HA PUCYHKY 3.1.

3 - { E : - . i
» =
- 2.5 7
e 2
Z -
= 15
-
= 4
- |
=
S 0.5
- 0 +

400

Hapanraxenns Ha 3pasku, H

® Comaon + 5% pazepary Muli
® Comaon +~ 10% paaepary Mi
% Comaon + 20% Banepary MUl
® Comaon

PucyHnok 3.1 — 3ayie)HICTh 3HOCY KyJl BlJ HABAHTAKCHHSI HA 3PAa3Ku NpU

BBEJICHH1 BaJiepaTa MiJil B COJI A0
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SIK BUJHO 3 PE3yNbTaTIB AOCIIHKEHb, MPEJACTABICHUX Ha PUCYHKY 3.1
BBEJICHHS JTOCHIKEHUX KapOOKCWIIATIB MiAl B COJIJI0M TPU3BOAUTH 10 3HUKEHHS
3HOCY HEPYXOMOTO 3pa3Ka.

MonekynspHy Oyn0By KapOOKCHIIATiB MIJl BIJTABAE HA MEXaHI3M COpOIii
JOCIIIKEHUX CIIONYK 3 KOHTAKTY€E MOBEPXHEIO METATY.

[IponeHTHUI BMICT MpPUCATOK TAKOXK BIJIMBAE HA IHTCHCHUBHICTh
3HOLIYBAHHSI.

PesynpTat  mOCHIKEHB 3HOCY 3pa3KiB Bl MPOLIEHTHOTO  BMICTY

KapOOKCHJIATIB M1l B COJIIIOJI MPEACTABIEH] HA pUCYHKaxX 3.2-3.3.

9

JIOIA IUIAMH 3HOCY, MM~

I1

20

[TponieHTHHUIT BMICT NpHCAZKH B cOI171071, %0 MacH

W BanepaTd Mii M yHIeIHMIAT MiZli ¥ MHpPHCTAT Mii

® cTeapar Mimi ® GereHar M1

Pucynok 3.2 — 3ajexHICTh 3HOCY Kyl BiJ MPOLEHTHOTO BMICTY

KapOOKCHIIATIB Mijli B COJIII0NI TPU HAaBaHTaXeHH1 Ha 3pazku 300 H
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-~

Y, MM”

[Tiowma nasmm 310¢

ITporieHTHHIT BMICT NPHCAKH B comia0m1, % MacH

W Bajepat Miji ® yHaenmiaar Mii ™ MEMPHCTAT M1l
W cTeapar Miji W Gerenat mii
Pucynok 3.3 — 3aiexHICTh 3HOCY KyJi BIJl TMPOIECHTHOIO BMICTY

KapOOKCHIIATIB MiJl B COJIIIOJIOM MPU HaBaHTaKEHH1 Ha 3pasku 400 H.

3 NOpencTaBICHHX 3aJICKHOCTEH (AMB. PHUCYHKM 3.2-3.3) BHUIHO, IIO
3017IbIICHHS] MPOLICHTHOTO BMICTY KapOOKCHJIATIB MiJl B COJIII0JI HEOAHO3HAYHO
BIIJIMBAE HA 3HOC €JIEMEHTIB TPUOOTEXHIYHUX CIPSKEHb.

PesynabTath MOCHIDKEHb MOKA3yHOTh, IO ICHYE ONTHMAJbHHWIA Aiama3oH
KUTbKICHOTO BMICTY MPHCAIKHA B COJIIJOJI, IPH SIKOMY 3HOC € MiHIMaJIbHUM. J{Jist
BajiepaTa 1 YHJACHWJIATa MiJl MPU HABAHTAXKCHHSX Ha 3pasku moHan 400 H
30UTBIIEHHS MPOIIEHTHOTO BMICTY B COJI1I0MI MOHAA 5% mac. € HeaouuibHuM. [Ipn
HaBaHTaXCHHAX Ha 3pasku 10 400 H 3HOC 3HMXKYETBCS 3 POCTOM KUIBKOCTI
roMoJIora B COJIIOMI.

TakuM 4AHOM, BBEICHHS JOCHIDKEHUX KapOOKCWIIATIB MiJli B CHHTETUYHHAN

COMAON JO3BOJISIE MOJIMIIMTH OCHOBHI AHTH(PUKLIAHI Ta MPOTU3HOCHI
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XapaKTEPUCTHKU OCTAHHBOTO, & TAKOK IMIABUIIUTH TEMIIEPATYPHUI Alama3oH HOro
BUKOPHCTAHHSI.

BBenaeHHsS  OOCHIIPKEHUMX  PIAKOKPHCTANIYHMX  CIOJIYK B MACTWIIbHI
MaTepiaidi Ha OCHOBI JITIEBUX MHWJ TaKOX MPU3BOAWTH A0 TMONIMIIEHHS iX
AHTU(PPUKLIHHUX XapAKTEPUCTHUK.

PesynbTath AOCHIIKEHb AHTH(QPUKIIHHUX XapaKTEPUCTUK JIATON-24 3
JOCHIDKEHUMH PLAKOKPACTAIIYHUMU ME30TEHHUMH CIOJYKAMU TMPEACTABIIEH] Ha

pPUCYHKY 3.4.

0,14

0,12

—
~—

»

R

0,08

0,06

0.04

KoeditienT Teprs

0,02

0 '
150 200 250 300 350 400 450

Hapantaxenns Ha 3pasku, H

~o=Jliton-24 +1% Baaepara myu  ~#=Jliton-24 +5% Banepara mim
Jliton-24 +10% Banepata mim1 =+=Jlito1-24 +20% Bazepara Miai
== Jl110:1-24
PucyHok 3.4 — 3anexxHicTh KOe(illieHTa TEPTS BiJl HABAHTAKCHHS HA 3Pa3Ku

NPy BBEJICHH1 BajiepaTa miail B JliTon-24

AHaIBYIOUMA MPEACTABACH] 3AJIEKHOCTI MOYKHA BIA3HAYWTH, IO BBEACHHS
JOCIIKEHNX Tpucagok B JIiTon-24 B OCHOBHOMY HPH3BOJUThH /10 3HUKEHHS

Koe(imieHTa TepTS B TPUOOCHPSDKEHHSX, MO B IJIOMY JIO3BOJISE 3MEHIIYBATH



41

BTPATH HA TEPTS B TPHOOCHPSKEHHSX, A, BIAMOBIIHO 1 BTPATH €HEPrii HA XOJIOCTHM
MPUBIJ MEXAHI3MIB CUTBCHKOTOCIOAAPCHKOI TEXHIKH.

[Tpyn npoMy [uisl JOCHIIKEHMX MATEPIAiB CHOCTEPIracThCs TEHACHIIS 10
NOJIINIICHHS. XapPaKTEPUCTUK MpH 30UIBLIIEHH] KIJIbKOCTI NpUCaAKW B 0a3oBii
Mactwial. Llg  3aKOHOMIPHICTE  OPOCTEXKYETHCS Uil PI3HOTNO  JI1aMa3oHy
HABAHTA)XCHb. 3aJCKHICTh KOE(IIEHTa TEPTs Bl MPOLEHTHONO BMICTY

JOOCHIPKEHUX MPUCATOK B 0A30B1i MACTWIII MPEACTABIIEHA HA PUCYHKY 3.5.

0,12
0.1
1,08

0.06

0,04

KodimienT teprs

0,02

0 4 . | » .
0 5 10 15 20 25
BiacotkoBuit BMicT npucaaku B Jliton-24, % macu

—4=pajepar Mii == yHICIHIAT Mi

MHPHCTAT M1l =*=0ereHar Mii

PucyHok 3.5 — 3anexHicTh KoedilieHTa TEPTS BiJ MPOLEHTHOTO BMICTY
KapOOKCHIATOB Miai B 0a30B1i MacTuii - JIUTOJN-24 (HaBaHTa)KeHHs HA 3pasku 300

H).

3 OpencTaBliCHUX 3aKOHOMIPDHOCTEH MOXKHA  BIJ3HAYUTH  3arajibHy
TEHACHLIKD J0 3HWKEHHS AHTH(PPUKLIAHAX XAPAKTEPUCTHK NpH 30UIbLICHHI
KUTBKOCTI MpUCaaKK B 0a30B1i MacTHII.

BBeneHHs nochmiDKeHMX KapOOKCWIIATIB B JIITIEBE MACTHIIO JIO3BOJISIE

NOJIINITYBATH MOr0 MPOTU3HOCHI XAPAKTEPUCTUKH. Pe3ylibTaT BU3HAYCHHS 3HOCY
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€JIEMEHTIB Mapu TEPTS B 3AJICKHOCTI BiJl HABAHTAKEHHS HA 3PA3KH MPECTABIICHI

Ha PUCYHKY 3.6.

3
; O /=
% 2
;‘
Z 1,5
B 1
s 0,5
z 0
150 200 250 300 350 400 450
HaBanraxenus na spasku, H
== JliTon-24 + 1% Banepary miu ~@- Jliton-24 + 5% Batepary Mial
Jliron-24 + 10% Banepary Mull == JliTOn1-24 + 20% Banepary mMia
== Jhiron-24

PucyHok 3.6 — 3ajie)kHICTh 3HOCY KyJl BlJ HABAHTAKCHHS HA 3PA3KW NpU

BBEJICHHI Basieparta mijl B Jliton-24

3.4. locaigKeHHsI BIUIMBY BBEJACHHS KAapOOKCHJIATIB Mili HA OCHOBHI

PEOJIOTIYHI XapAKTEPUCTHKH MACTHJI

BeenenHs kapOokcunaTiB  Mial NPU3BOAUTH 10 3MIHM PEOJIOTTYHUX
XapaKTEPUCTHK MACTHJIbHUX MarepiamiB. [Ipy 1bOMy pi3HI rOMOJIOTH TO PI3HOMY
3MIHIOIOTb iX.

[Tenetpamis € oaHUM 3 (PI3UKO-XIMIYHUX BJIACTUBOCTEH MAaCTUIIBHOTO
Marepiany, [0 BHU3HAYAE CTYMIHb WOr0 TYCTOTH Ta KOHCHCTEHII. [lenerpaiis €
OJHUM 3 OCHOBHUX MOKAQ3HMKIB, III0 BM3HAYAIOTh MILHICTE MAacTujaa 1 #Horo
PEOJIOriuHI BJIACTUBOCTI. YUKCIIO meHeTpailii 6arato B 4oMy BH3HAYa€ 3JaTHICTh

MAaCTHJIBHOTO MaTeplaly TPOHUKATH B 3a30P MK JETAJIAMU 1 TaM YTPUMYBATHCS.
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PesynpraTi BU3HAYCHHS NMEHETPALIT TPEACTABIEH] HA pUCYHKax 3.7-3.8.
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Ba/IepaTOM YHICIIIATOM MHPHCTATOM CcTeaparoM OereHaroM
ML ML ML MLTI MUl
Pucynok 3.7 — PesynbTaT BHM3HAQUEHHS TMEHETpallii Tpud BBEJCHHI

JOCIIIKEHNX KapOOKCHUJIATIB M1l B COMIA0N
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BAJICPATOM VHCLIIATOM MHDHCTATOM cTeapatoM  Oerenatom
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Pucynok 3.8 — Pe3ynpTaTd BU3HAUEHHS TNEHETpalli MpU BBEIACHHI

JOCIIKEHNX KapOoKcuaaTiB Mijl B Jliton-24



44

3MiHa PEOJIOTIYHAX XAPAKTEPUCTUK B OINBIIOCTI BHUITAJKIB MPU3BOAUTH A0

TTOJTIIITIICHHS IIPOTU3HOCHUX XaPAKTCPHUCTHK.

BucHoBku

1. IlpoBeaeHO TEOPETUUHUH aHalI3 MUIAXIB MOKPANICHHS MOKA3HUKIB
HAJIHHOCTI BUKOPUCTAHHSM MaCTUJILHUX MaTePialiB.

2. IliaTBEpMKEHO, IO MOJINIICHHS AHTUQPUKIIAHUX 1 TPOTU3HOCHUX
XaPAKTEPUCTHK OOYMOBJIEHO MOSKIMBICTIO KapOOKCWIJIATIB MIJl CTBOPIOBATH HA
NOBEPXHAX TEPTSI MACTHWIIBHHANA 1Iap 3 OCOOJIMBOIO CTPYKTYPOIO

3. BusBieHO onTuManbHa KOHLEHTpALis MPUCAAOK B  IUIACTUYHUX
MACTWJIBHUX Marepianax. JOCHiKEeHHS MOKa3ykoTh, IO ONTHMAJIBHOK €
KOHIICHTpAIllsl TPUCAJ0K B Marepiajgax Ha 0asl KaiblleBUX MacTWi Bix 5 g0 10
Mac.%. B 3JICKHOCTI BiJl HABAHTAKCHHS HA 3pa3ku. lJIs MAacTWIIBHUX MaTepiaiiB
Ha JITIEBIA OCHOBI MAaKCHMaJbHE MOJIMUICHHS TPHOOTEXHIYHMX XaPAKTEPUCTHK

CIOCTEPIracThCs MPU KOHLEHTpALisaX mprucanok Bix 10 go 20 mac.%.
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PO3/ILI 4

PEKOMEHJIALII IIIOJ0 MPAKTUYHOI PEAJIIBAIILL PO3POBOK

4.1. Exojioriuyna ekcneprusa po3podok

Ekonoriuna nacnoprtus3amis PEMOHTHO-OOCTYTOBYHOUMX MIANPHEMCTB €
OJHUM 3 €(EKTUBHUX TMEPCHECKTUBHUX 3aCO0IB OXOPOHM HABKOJMIIHBOTO
OPUPOJHOTO CEPEeNOBUIIA. EKONIOrIYHMIA NacnopT MIANPUEMCTBA HAIEKUTH 10
HOro OCHOBHOI MPOEKTHO-TEXHIYHOI AOKyMmeHTawii. [lopsia 3 TEXHOIOTTYHUM
PErIAaMEHTOM BIH MOBUHHMA OyTHM HAa KOXKHOMY NIAOPUEMCTBL. Y IIbOMY
JOKYMEHTI HABEJECH1 AaHl, 0 XapaKTEPU3YOTh B3a€EMOBIIHOCUHM MIANPHUEMCTBA 3
JOBKIJUISIM.,

Y nepwiii 4YacTMHI NAcnopTa HABOJATBCS 3arajibHi BIOMOCTI PO
BUPOOHMIITBO. Ha3Ba MIANPUEMCTBA Ta MNPOAYKI(i, IO BHUPOOJSETHCSI, paioH
pO3TalllyBaHHs, HOro MOTY>KHICTh, 3aiiMaHa TMJIOMIA, KUIBKICTh MPAILFOOYMX Ta
OCHOBHI1 BUTPATH1 BEJIMUYMHU CIIOKUBAHOT CUPOBUHU, BOJIM, CHEPTIi, MajnBa, MapH,
NOBITPsL TOLIO, & TAKOX BIJIOMOCTI MPO CIOKMBAHY CHPOBUHY, JDKEPENA BOJO- 1
TEIUIONOCTAYaHHS, KOPOTKHANA OMHC TEXHOJOTIYHUX CXEM BHPOOHMITBA OCHOBHOI
NPOAYKIIi1, TEXHONOT] OUMILEHHS ra30- AUMOBUX BHKHUAIB B aTMOC(EPHE MOBITPS
Ta CTIYHUX BOJA, OOOPOTHICTb, 30€piraHHs, TPAHCHOPTYBAHHS Ta BHIIYYCHHS
TBEPAUX BIAXOMIB (HA3Ba, KIJIbKICTh, XIMIYHHMA CKJIaA Ta JEsSKI OCHOBHI
BJIACTHBOCTI, TEXHOJIOTIS BIMHOBJICHHA a00 BWITOTOBJICHHS), YTPUMaHHs
NPUMILIEHD 1 CMOPYA, TUIAHW [l B aBapiiHUX yMOBAax, HEOE3MEYHI MaTepiaju,
BIJIOMOCTI MPO Kpaull ajJbTEpHATUBHI TEXHOJIOTII, 0 3aCTOCOBYIOTHCS HA 1HIIHAX
MIJOPUEMCTBAX KPAiHM YW CBITOBOI MPAKTUKA 1 3aBAAlOTh MEHINOI I[IKOJIU
JIOBKIJLTIO.

XapakTepru3yeThCsl TAKOXK CAHITAPHO-3aXMCHA 30HA MIANPUEMCTBA (II0IA

30HU, MPUWIIETITL 00’ €KTH, ii OPOPMIICHHS).
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VY apyriii 4acTWHI macnopra BinoOpakeHl 3arulaHOBaHI MPUPOJOOXOPOHHI
3aXO/M 13 3a3HAYEHHSAM KOHKPETHHX TEPMIHIB, BHKOHABI[IB, OOCSTIB 1 BUTpar,
NUTOMHUX 1 3arajlbHAX ra3o-AMMOBUX BHKHIIB B aTMOC(EpHE MOBITPS 1 CKHIIB
CTIYHMX BOJ Ta BIAXOA1B BUPOOHMIITBA 0 1 MICJISl BIPOBAIKEHHS KOKHOTO 3aX01y.

Ekosyoriuai  macnoptd  Aar0Th 3MOTY 3pOOMTH  aHajl3  E€KOJIOTIYHOTO
CEPEIOBUIIA B PETIOHI, MOPIBHATH TEXHIKO- 1 €KOJIOTO-€KOHOMIYHI JIaH1 3 JaHUMH
THIIKX MIAMTPUEMCTB, 10 XaPaKTEPU3YIOTHCS MPUPOJOOXOPOHHUMHU 3aX0JaMH.

OnHOYaCHO MO’KHA OIIHUTH W €(EKTUBHICTH 3aCTOCOBAHOI TEXHOJIOTI,
NOBHOTY BHKOPUCTaHHS MarepiagiB H naimBa, €(EKTHBHICTb TEXHOJOTII
OUYMIIEHHS CTIYHUX BOJI 1 Ta30-TMMOBUX BUKH/IIB.

MoskHa TakoK 3pPOOMTH €KOJIOTO-€KOHOMIYHY OLIHKY 30WMTKIB B3araii i
3aBJAHUX MPUPOJI 30KpEMA, €(DEKTUBHICTh BUKOPUCTAHHS MTAJIMBA Ta EHEPTII.

Ockinbku 00'€KTH MIANPUEMCTBA € JHKEpenaMu 3a0pyAHECHHS atMochepH 1
HABKOJIMITHLOTO CEPEAOBUINA, TO MPOBOAITH aHaJ13 3a0€3MEUCHOCT] TEXHIYHUMHU
3aco0amMM KOHTPOJIO 3a CTAHOM HABKOJIMIIHBOTO CEPENOBMINA, BHKHAAMHA
3a0pYIHIOKOUMX PEUOBHH B arMOC(EPY 1 NarOTh OLIHKY BUKOHAHHS €KOJOTTYHHMX
3aX0/iB, MPUBOJAATH JaHI MPO BUKOPHCTAHHSA 1 OXOPOHY 3€MEJIBHHUX 1 BOJHHX
pecypciB, OMHUCYIOTh METOAM KOHTPOJIKO 3a IWIKIAJIMBUMU BUKAAAMU, 3aX0J1 OO0
IX 3MEHIIICHHS.

Exkonoriuni mopymeHHs (3JI0YMHM) KaparoThCs BIAMOBIAHO 10 BHMOT
KpuminanbsHOro Kojekcy Ykpainu. Bumoru 3akoHy nepeadayaroTb BCTAHOBICHHS
YITKOTO MPUYAHHOTO 3B'SI3KY MIK 3pOOJICHMM NOPYIICHHSM 1 NOTIPIICHHIM
HABKOJIMIIHBOTO CEPEAOBULIA.

JI0 €KOJIOTIYHUX 3JI0YMHIB BIJHOCATH. 3a0PYJHEHHS HABKOJWUIIHBOIO
OPUPOTHOTO CEPEAOBUINA (BOAM, MOBITPS, IPYHTY); TOPYIIECHHS MPaBUJI 000pPOTY
HEOE3MEUHUX MaTePIajIiB 1 BIAXO/IB.

3a0pyIHEHHS, BUCHAKCHHS TMOBEPXHEBUX YW MIA3EMHUX BOJ, JKEPEN
NUTHOI BOAM a00 3MiHA ii MPUPOAHMX BJIACTUBOCTEN MOXYTh 3aBJATH IKOIA

CUIbCBKOMY  TocmoaapcTBy. OIIHKAa 3aBAAHOTO 30WMTKY 3AIACHIOETBCA 3
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ypaxyBaHHSM peajibHOI BAPTOCTI 3aTPpaT Ha BIJJHOBJIIOBAJILHI POOOTH Ta JIIKBIAALIIIO
HACTIAKIB.

[TopylieHHs TpaBWS BUKWAY 3a0pyIHIOBAIIBHUX PEUYOBUMH B armocdepy,
eKCIUTyaTalli OYACHUX CHOPYJA YW IHIIMX OO €KTIB CIPUYHMHSIOTH 3a0pyJHCHHS
a00 3MIHY TPUPOJAHKMX BIACTUBOCTEH MOBITPS, IO MOKE 3aBJATH 1CTOTHOI LITKOAM
310POB 10 JIFOIHHMU.

[IxiyivBAiA MAWB HA IPYHTH YHHWATH 3a0pyJHEHHS iX BIAXOJAMHU
roCrnoAapchkoi AISUIBHOCTI, MO MOKE OyTH HEOE3NECYHWM Ui 370POB’S JIHOJEH,
3a0pyAHIOBATH CLILCHKOTOCHOIAPChKY MPOIYKIIIFO 1 BOJONMHU.

[TopylieHHS MpaBui OXOPOHHM HABKOJMIIHBOIO CEPEIOBHUINA MOJISTAE Y
BUKOPUCTaHHI HEMEpen0aYeHUX MPABUJIAMUA METOJUK, BIMOBHM BiJI BUKOHAHHS
BIANOBIAHAX poOIT abo B OE3MIsUIBHOCTI MPU HEOOXITHUX OOOB’s3kax. Lle moxke
OyTH, 30KpeMa, ITHOpYBaHHs 1H(OpMaIlii, BIIMOBA BiJl TPOBEACHHS €KOJOTTYHOI
EKCNEPTH3M Ta OyNIBHHUIITBA OYMCHUX CHOPYI, MOPYLICHHS NpaBui OyAIBHULITBA,
€KCILUTyararlii 1 JJIKBigamii mooyJo0BaHUX CIIOPY/ TOLIIO.

3a CKO€HI  €KOJIOTIYHI  3JIOYMHHM  TOPYIIHWKKM  HECYTh  MPaBOBY
BIJIMOBIIAIBHICTE. EKOJIOTIYHE 3aKOHOJABCTBO Mepeadadac TpU PiBHI MOKapaHHS:
NOPYWIEHHS, TOPYLICHHS, 10 3aBJAJIA 3HAYHUX 30WTKIB, MNOPYLICHHS, IO
CHPUYMHWIN CMEPTH JIFOACH (TSHKKI HACITIIKH ).

3ane)XHO BiJl BETUYMHHU 3aMOAISHUX 30WUTKIB 1€ MOXYTh Oyt mTpadwu,
3a00poHa 001iiMaTh NEBHI MOCAAX HA BCTAHOBJICHWI TEPMIH, BUMPABHI POOOTH Ta
1030aBJICHHS BOJII HA BUBHAYCHHI 3aKOHOM TEPMIH.

Cucrema €KOJIOTIYHOTO MEHEDKMEHTY B KpaiHI  BH3HAYAETBC 1
pernaMeHTyeTbes 3akoHH YKpainu «[Ipo 0XOpoHY HaBKOJMIDHBOTO MPHPOJHOTO
CEPEIOBHILIA» 3TITHO 3 UM 3aKOHOM, METOK) JAEPYKABHOTO YIPABIIHHS B rany3l
OXOPOHHM JOBKUIIS € peajizalis 3aKOHOJABCTBA, KOHTPOJb 3a AOTPUMAaHHIM
BUMOTI E€KOJIOTTYHOT Oe3Meku, 3a0e3MeUeHHs] MPOBEACHHS €(EKTUBHUX 3aXOMIB
100 OXOPOHM HABKOJMIIHBOIO MPUPOAHOrO cepeaoBumia. OTxke, Aep>KaBHUH

€KOJIOTTYHUI MEHEIPKMEHT BKJTHOYAE YOTUPH OCHOBHI (DYHKIIIT:
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— 3M1ACHEHHS TPUPOIOOXOPOHHOTO 3aKOHOIABCTBA,

— KOHTPOJb 34 €KOJIOTTYHOK OE3MEKOK0;

— 3a0e3MeueHHs NPOBEACHHS MPUPOAOOXOPOHHUX 3aX0/IB;

— JIOCSATHEHHS Y3TOKEHOCTI J1i AEP>KaBHHUX 1 TPOMAJICBKAX OPraHiB.

PHHKOBO Opi€HTOBaHAa €KOHOMIKAa OXOIUIKOE Taki rpynud  (pyHKIINA
€KOJIOTTYHOTO MEHEKMEHTY. PECTPYKTYpH3alliss BUPOOHMIITBA, MPUBATH3ALIS,
CTBOPEHHSI KOHKYPEHTHOIO CEPEOBHILA 1 PUHKOBOTO I[IHOYTBOPEHHS.

Ha piBH1 mianpueMcTBa 10 3araibHUX (PYyHKIIH YIIPABIIHHS HAJIECKUATB!

— (opMyBaHHS €KOJIOTTYHOT MOJIITUKH,

— BHU3HAUYEHHS EKOJOTIYHMX IUIEH Ta 3aBJadb BIANOBIAHO 10
€KOJIOT1YHO{ MOJIITHKH,

— PpOo3pOoOJIEHHS CTPATETIYHOrO TUIAHY peaji3allli €KOJIOTTYHOT MOMITHKY,

— po3poOJIeHHS Ta peajizallis TPOorpaMy €KOJOTIYHOTO YIPABIIIHHS,

— (popMyBaHHS €KOJIOTTYHOI CBIAOMOCTI Ta MOTHBYBAHHS,

— BEJICHHS JOKYMEHTAILlli €KOJOTTYHOTO MEHEIKMEHTY

— ONEpPaTUBHE YIIPABIIHHS, aHATI3 Ta BIOCKOHAJICHHS.

BukoHAaHHS CHCTEMOYTBOPIOBAIBHUX (DYHKIIH €KOJIOTIYHOI TONITHKH,
BU3HAUEHHS CKOJIOTIYHMX W€ 1 3aBJaHb, PpO3pOOJICHHA Ta peamisamnis
€KOJIOTTYHOI MPOrpaMM 3AIACHIOETHCS 32 JOMOMOTOK) E€KOJIOTIYHOI €KCIIEPTHU3H.
Ekonoriuna ekcnepru3a — L€ HAYKOBO-MPAKTUYHA MISJIBHICTh CIEHIATBHO
YVIIOBHOBAKEHUX JICP’)KABHUX OPTraHiB, €KOJIOrO-€KCIEPTHUX (POpPMyBaHb Ta
o0’elHaHb TPOMAJSH, W10 T[PYHTYETHCS HA MDKIaly3€BOMY €KOJIOTTYHOMY
JOOCHI/DKEHH], aHalli3l Ta OLIHII NEePEANPOCKTHUX, MPOCKTHUX Ta IHIOMX
MaTepiaiiB YM 00’ €KTIB, Jisl SKMX BIUIMBAE A00 MOKE HETATMBHO BIJIMBATH HA CTAH
JIOBKIJUIS T 3J0POB’sI JIFOICH.

OCHOBHMMH 3aBJAHHSMH E€KOJIOTTYHOI €KCHEPTU3H € BU3HAYEHHS CTYNEHS
€KOJIOTITYHOTO pU3MKy W Oe3meku cy0’ekTa rocnoJapcehbKoi — AisUTBHOCTI,

BCTAHOBJICHHS BIAMOBIJIHOCTI BHMOTaM €KOJIOTTYHOIO 3aKOHOJABCTBA, OIlIHKA
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BILJIUBY PI13HUX 00’ €KTIB HA AOBKLUIS, 3/I0POB’S JIFOACH Ta MOKIMBUAX HETaTUBHUX
€KOJIOTTYHUX HACJIIJIKIB.

OCHOBHMMH MPUHLMITAMA €KOJIOTTYHOT EKCIEPTHBH €:

— TapaHTyBaHHs O€3MEYHOTO KUTTS TOBKIJIS,
— HayKOBa OOIPYHTOBAHICTb KUTTS JOBKIJUIS,
— JIEP’KABHE PETYJIIOBAHHS T4 3aKOHHICTb.

JIep>kaBHY €KOJIOTIYHY €KCHEPTH3y OO0 €KTIB  3arajbHOACPKABHOTO 1
MDKOOJIACHOTO 3HAYEHHS! MPOBOAMTH YIPABIIHHS €KOJIOTIYHOI CUCTEMH YKpaiHH,
00’€KTIB MICLIEBOIO 3HAYCHHS — BIJJIUIM EKOJOTIYHOI EKCHEPTU3M OOJaCHHMX
YIPaBJIiHb €KOJIOTTYHOT OE3MEKH.

3akoHoMm «IIpo ekonoriuHy ekcnepTusy», npuiiHATEM BepxoBHOO Panoro
VYkpainu y 1995 p., nepeadaueHo AcpKaBHE PETYJIIOBAHHS 1 YIIPABIIHHS B Tany3i
€KOJIOTTYHOI €KCHEPTHU3H, CTATYC E€KCIEPTa, OOOB’S3KM 3aMOBHHKIB €KCIIEPTH3H,
NOPAAOK TPOBEACHHS EKCHEPTU3H, ii (IHAHCYBaHHS, BIANOBLAAIBHICTE 3a
NOPYILIEHHS Ta MI>KHAPOHE CIIBPOOITHULTBO [31].

BHCHOBKM TpoMaichKOi €KCNEPTH3W HAMPAaBsOTh B OPraHd, Mo
3MIACHIOKOTh JIEP’KABHY €KOJIOTIYHY E€KCIEPTH3Y, LEHTPAIbHI W MICUEBI BIAJH,

3aMOBHUKAM IPOCKTY.

4.2. Oxopona npaui Ta 06e3nexka B HAA3BUYANHUX CUTYyalisAX

OxopoHa mpaill B Hallli KpaiHl OXOIUIIOE 3aX0Au M0 MNOJAIBIIOMY
MOJICTHICHH] YMOB Tpalll HA OCHOB1 MEXaHi3allli BaXKKHAX 1 IIKIIJIABUX BUPOOHUUMX
MPOLECIB, MUPOKOMY BIOPOBAKEHHIO CyYaCHMX 3aco0iB  OXOpOHHW Ipaili,
YCYHEHHIO MPUYHH, 10 MOPOKYIOTh TPABMATH3M 1 MPO(eciiiHi 3aXBOPHOBAHHS
poOITHHKIB. BOHA TICHO MOB’sA3aHa 3 yMOBaMH Iparil.

OxopoHa mpami Ta Oe3neka B HAA3BHYAWHUX CHUTyalisXx B YMOBax

CUTbCHKOTO BHUPOOHHWIITBA — BAKJIMBE 3aBJAaHHS, BUPINICHHS SIKOTO 3a0€3MEYUTh
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HOpMaJIbHI YMOBHM Mpall NpaniBHAKaMK CLIBCHKOTO rocnojapcersa. Lle 3axoam mo
NOJalbIIOMY MOJIMIIEHHO 1 O3JOPOBJICHHIO YMOB TMpali, IIAPOKOMY
BIPOBA/PKCHHIO Cy4aCHUX 3ac001B O€3MEKHU, YCYHCHHIO MPUYWH, 0 MOPOLKYIOTh
TpaBMaTH3M, CTBOPEHHIO HA BHUPOOHHMITBI HEOOXIAHHUX TITIEHIYHHUX 1 CaHITaApHO-
noOyTOBUX YMOB.

Koxxna monuHa 1, Oe3mepedHo, JIFoAWHA 3 BHUIIOK OCBITOK) MOBHHHA
YCBIAOMIIFOBATH BAKIIMBICT MUTAHb YHUKHECHHS PU3UKIB Y JKHATTI Ta Mparil.

VYKpaiHa B OCBITHBOMY IUJIaHI TpHUEAHANIACA 10 €BPONEHCHKOI MPOrpaMu
HaBuaHHd 3 pusukiB FORM-OSE [32]. be3neka >kuTTs Ta mpaii CbOrOJHI
(opMyeThCs SIK MeraHayka, 0e3 sSIKOi JIFDICTBO MPUPEUYEHE HAa 3HAYH1 BTPATH.

YMOBHM Mpalll — 11 CKJIaaHe 00’ €KTUBHE CYCHUIBHE SBHILE, IO POPMYETHCS
B MPOLECI TPYJAOBOi MISILHOCTI IMMiJl BIUIMBOM B3a€MOMOB’SI3aHUX (PaKTOPIB
COLIATPHO-CKOHOMIYHOTO ~ XapakTepy, sKI  BIUIMBAKOTH  HA  3J0POB’A,
NPALE3AATHICTD JOAUHM, HA 1 BIIHOWIEHHS A0 Mpall Ta CTYMHb 3aJ0BOJICHHS BiJ
HEl, Ha €()EKTUBHICTh MpALll Ta 1HII €KOHOMIYHI Pe3yJIbTaTh BUPOOHUIITBA. BOoHM
XaPAKTEPU3YIOTHCS  OIIHOYHUMM TMOKA3HUKAMM MIKPOKJIIMATy, HAsSBHICTIO B
po6oulil 30H1 WKIATUBUX Ta HEOE3NEUHUX BUPOOHUUMX (PAKTOPIB, MCUXOPIZUUHIUM
T4 €ECTETUYHUMHM €TIEMEHTAMH JI1S7IbHOCTI TPALIBHUKIB TOCIIOIAPCTBA.

OxOpoHa KHUTTA Ta 30POB’Sl TPOMAJSH Y POLEC] iX TPYIOBOi AISTIbHOCTI,
CTBOPEHHS OE€3MEYHUX Ta HEWIKIJTMBAX YMOB Mpalll € OJHAM 3 HAWBAKIUBILIMX
JEPKaBHUX 3aBJaHb. YCIIIIHE BUPIMICHHS LbOTO 3aBJAHHS 3HAYHOK MIPOKO
3QICKUTh B1J HAICKHOT MIATOTOBKM (PaxiBUIB YCIX OCBITHBO-KBATI(PIKAIAHIX
PIBHIB 3 MUTaHb OXOPOHU TTpalli.

3 Yacy BHHHMKHEHHS JIOACBKOI IUMBLII3alli KOKHA JI0auMHA A0ana mpo
BJacHy Oe3neKy Ta 0€3MeKy CBOIX OJIM3bKUX TaK camo, sIK 1 JIOJCTBY JTOBOAWIOCH
noatu npo Oe3meKy CBOro iCHyBaHHS. JIFOAChKa UBUTIZALIS AOCATAE BCE OUIBIIOT
MOTYTHOCTI, a mpobOnema Oe3meku ii ICHYBaHHS CTAa€ BCE OUIBII TOCTPOKO.

AKTyaJIbHICTh MPOOJIEMH OXOPOHU Mparlli Ta OE3MEKH B HAA3BUYAHUX CUTYallisIX B
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CBITI 3HAQYHO 3pOCJ/Ia HA TOYATKy TPEThOTO TUCAYOMTTS. ChOroHi s npodiema

CTajla MPIOPUTETHOKO JIJIsl CBITOBOI IUBLTI3allli.

BucHOBKH 11010 MiABHILEHHS CTAHY OXOPOHH Npami

VY po3auTi OXOPOHW Mpall AUIUIOMHOTO MPOCKTY MPEACTABICHUI aHaml3
3arajibHUX MATaHb OXOPOHHW Tpalll, PO3IJISTHYTO OCHOBHI LIKIIUIMBI (PAKTOPH, IO
BUHUKAKOTH B M1J] 4YaC TEXHOJOTTYHOIO MPOLECY Ta iX BIUIMB HA OPraHi3M JIFOJINHH,
3aMpPONOHOBAHO 3aX0I1 AJIs 3a0€3MEYECHHS] HOPMAJTbHUX YMOB ITpaLil:

1) nns 3abe3neueHHss Oe3neku oOJaAHAHHS 3aMpOTOHOBAHI 3aXMCHI 1
OrOpPOJKYBAJIbHI MPUCTPOT,

2) aud  BUKIKOYCHHS YPOKCHHS CIEKTPUYHAM CTPYMOM  HEOOXIIHO
3aCTOCYBAHHSI 3a3EMITFOOUMX PUCTPOIB;

3) and 3axucTy BiAg HEOE3NMEYHMX XIMIYHMX PEUYOBMH — BUKOPHCTAHHS
CHENIATLHOTO 3aXUCHOTO OJIATY;

4) s 3MEHIICHHS 3alMWICHOCTI — BUKOPUCTAHHS BEHTWIALID, IS

3MEHIICHHS 1IyMY 1 BIOpaLliii — 3ByKO130JIF00U1 3aCO0MU;

4.3. TexHiK0-eKOHOMIYHEe OOIPDYHTYBAHHSI IOC/Ii’KeHb

Po3paxyHOK €KOHOMIYHOI €()EKTMBHOCTI MIJABUIICHHS 3HOCOCTIHKOCTI
OPOBOAMBCS JUISL MIJIIMIHAKOBHX BY3JIB 3 BHKOPUCTAHHSAM MACTUJIBHHMX
MaTepiaiB 3 MPUCATKAMUA KApOOKCHIIATY MIJl.

OOcsr poOIT 3a CE30H, N0 BUKOHYETHCS HA MPUKIAAl JUCKOBOI OOPOHW,
cknaB O = 324 ra. dakTuuHMA HApOOITOK arperary 3 JMCKOBOK HPHUYITHOKO
MoAyinbHOK OopoHoro BJIM-6x411 cknaB Wi, = 30 ra/3aminy. dakTuyHa
NEPIOANYHICTE 3aMIHM MIAMMIHUKIB — 1 pa3 B 165 ce30H (pik). KinbkicTe qaHux
NAIUANHUAKIB HA OOpoHi # = 6 wT. [IepioANYHICTE 3MAlICHHS i IIIAITHIKOBOTO

By371a — | pa3 B 3MiHy.
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[Tutomuii piyHU €KOHOMIYHWK €(EKT BiA MiABUIICHHS 3HOCOCTIAKOCTI

MIITMITHUKOBUX BY3J11B HA OJIHY MAIIMHY CKJIAJIE:

E =330 4.1)

ne 3 - BATpaTH HA OOCIYrOBYBAHHSA IIJAMIANHUKOBAX BY3JIB IpU
BUKOPUCTaHHI CEPIHHOTO MACTUIILHOTO MaTepiaiy, IPH.;
E€KCn

. - BHTpaTM Ha OOCITYyrOBYBaHHsS MIAIIMIHUKOBUX BY3JIB MpHU

BUKOPHCTAHHI EKCIIEPUMEHTATEHOTO MACTUIIBHOTO MaTepiaily, IPH.
Butpatn Ha 0OCIIyroByBaHHs MiJAIIMITHUKOBUX BY3JIIB NPH BUKOPHCTAHHI

CEpIfHOr0 MaCTUIJILHOTO MaTepiany CKIaJatoTh:

3" =3+3, 4.2)

1€ 3,- BUTpATH Ha IPpHIOAHHS i IIIUITHUKIB, TPH.;

3,- BUTparH Ha OIUIaTy mpami OOCIYrOBYIOUOro MEPCOHANY IIPH 3aMiHi
M1 IIUITHWKIB, TPH.

Butparu Ha npuadanHs NiAIIMIHUKIB CKIIAIAK0Th:

Bl:n.ll: (43)

JIe 7 - KITBKICTh MIIIANHAKIB HA OJHIN MaIlInHi, IIT.
1] - cepenHs 11HA 3aKYIIBIII OJHOTO MIAMIUAITHAKA, TPH.
3, =6-240=1440 rpn.
Butpatn Ha BHTpaTH Ha OmIary mpami OOCIyrOBYKOUOIO MEPCOHANY MPHU

3aMIH1 OIAIIUITHUKIB CKJIAIA0Th;
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32=f-TCyM-n, (4.4)

A€ f — rOAMHHA CTaBKa OIUIATH Mpanl NPy 3aMiHI OJHOTO MiAIIWIHUKA,
I'PH./TOJ.;
T, - cyMapHa TPYAOMICTKICTb 3aMiHM OJHOTO i IMIMITHIKA, JIFO. -TO/.
3,=95-0,3-6=171rpn.
3% =1440+171=1611 rpn.

Butpatn Ha 0OCIIyroByBaHHS MiJUIMITHAKOBUX BY3JIIB MPH BHKOPUCTaHHI

CKCIICPUMCHTAJILHOTO MaCTUJILHOI'O MaTepia.Hy CKIIaJaroThb.

excn _ 3
06 ~ “~lexcn

+ 32@1<cn + 3np > (4 5)

ne  3.,- BUTpPaTH Ha NPUAOAHHS IiJIWIHUKIB NPH BHKOPHCTAHHI

€KCIEPUMEHTATLHOTO MAaCTHJIBHOTO MaTepiaiy, I'PH.;

3

hexen - BUTPATH HaA OIUIATy mpari o0CIyrOBYKOUOrO NEPCOHATY MPHU 3aMiH1
NJIIAMTHUAKIB TPH BUKOPUCTaHHI €KCIIEPUMEHTAILHOTO MACTHUJIBHOTO MaTepiany,
IPH.;

3,,p- JOJIATKOB1 BUTPAaTH HA CEPIHHUA MaCTUIBHWUA MaTepiai, Mo

BPaxOBYIOTh 301JIBIIEHHS HOr0 BApTOCTI NPH BBEICHH] MPUCAIKH, TPH.

3 ypaxyBaHHSM TOro, mi0 OyJ¢ OTPUMAHO 3HWKEHHS IHTCHCHBHOCTI
3HOLIYBAHHS MIAWMIHUKIB B 2,39 pa3u, TO BIAMOBIAHO 0 LOTO 3HMXKYKOTBCS 1
BUTPAaTH Ha NMPUAOAHHS MIJMIMITHUAKIB 1 BUTPATH HA OIUIATy MpaLli MpH iX 3amiHi,

TOOTO:

3

lexcn

3,

=1440/2,39=602,5 rpu.
=171/2,39=71,5rpu.

€KCcn
JlonaTKkoOB1 BATPATH HA CEPIHHMIA MACTWIBHHIA Marepial, M0 BPaXOBYHOTh
301IBIICHHS HOrO BApTOCTI MPH BBEIACHHI MPUCAJAKU BU3HAYAECTHCS HACTYITHUM

YHUHOM:
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3}’1]) :N.g.UMﬁ (46)

ne N - 4ucio 3MIH, BIANpallbOBAaHUX arperarom 3a C€30H, 1IT,

£ - BUTpara MpUCaJKi Ha OJIHY MACTHJIO MiIIIAITHAKOBOIO BY3Ja, T,

[], - niHa Tpucaaky (3 ypaxyBaHHsM ii BBEICHHS B CEPIHMIA MAaCTUIBHHIA
marepian), TpH./T.

KibKICTB 3M1H, BIANPAIbOBAHUX arperaToM 3a CE30H, CKIIAJIE:

_9
= (4.7)

3M
ae (- obcar pobit 3a ce3oH, wT .; W, - 3MinHui HapoOiTOK arperary,
ra/3MiHy.

3

N =10,8 3min.

JUta moanbIunx po3paxyHkiB npuiiMaemo N = 11 3MiH.
Butpara npucankm Ha OJHE MAIUEHHS MIJIIMIIHAKOBOIO  BY3Ja
BU3HAYAETHCS:
g=G-f, (4.8)
ae (G — BUTpaTa MacTWJIBHOIO MaTepialy Ha OJHE 3Ma3yBaHHs, T, { - yacTka
NPHUCAJKA B 3MALyBAJIbHOMY MaTepiai.
g=30-0,1=3r.
3,=11-3-0,23=7,6rpH.
Tonal maemo:
35" =602,5+71,5+7,6 =681,6 rpu.
E=1611-681,6929.4 rpH.

[TnTomuii piuHMil €EKOHOMIYHUI €(EKT HA OAWH reKTap oOpoOIeHOI Mol

CKJIaac:

E,=E/Q, (4.9)
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£, =12636/324 =38 rpu./ra.

TakuM 4YMHOM, TUTOMHUI PIYHMA E€KOHOMIYHMNA €(EKT BiJ MiJABUIICHHS
3HOCOCTIHKOCTI 6 NIJUIMIHKWKIB JUCKOBOI OOpoHM cknaae 12636 rpH., ado

38 rpH./ra.
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3AT'AJIBHI BUCHOBKHA

1. IlpoBeaeHO TEOPETUUHUH aHaI3 MUISAXIB MOKPANICHHS MOKA3HUKIB
HAJIHHOCTI BUKOPUCTAHHSM MaCTUJILHUX MaTePialiB.

2. Po3po0iieHO METOMMKY €KCIEPUMEHTAIbHUX JIOCHIIKEHh OCHOBHUX
TPUOOTEXHIYHUX  BJIACTMBOCTEH  IMJIACTHYHUX MACTWI 3  PO3pOOJICHUMH
MpUCAJKaMU 1 BU3BHAYCHO iX BIUIMB HA 3HOCOCTIMKICTD BY3JI1B TEPTSL.

3. IIATBEPKEHO, MO TMOMIMIIEHHS AHTH(PPUKLIHHUX 1 MPOTH3HOCHUX
XAPAKTEPUCTHK OOYMOBJIEHO MOSKJIMBICTIO KapOOKCHJIATIB MIJl CTBOPIOBATH HA
NOBEPXHAX TEPTSI MACTHWIIBHHANA 1Iap 3 OCOOJIMBOIO CTPYKTYPOIO

4. BusiBaeHa ONTUMaIbHA KOHLEHTpPALis MPUCAAOK B TUIACTUYHHX
MACTWJIBHUX Marepianax. JOCHiKEeHHS MOKa3ykoTh, IO ONTHMAJIBHOK €
KOHIICHTpAIlisl TPUCAJ0K B MaTepiajiax Ha 0a3l KanbIleBUX MacTwi Bia 5 mo 10
Mac.%. B 3JICKHOCTI BiJl HABAHTAKCHHS HA 3pa3ku. lJIs MAacTWIIBHUX MaTepiaiiB
Ha JITIEBIA OCHOBI MAaKCHMaJbHE MOJIMUICHHS TPHOOTEXHIYHMX XaPAKTEPUCTHK
CIOCTEPIracThCs MPU KOHIEHTpaLisax nprucanok Bia 10 no 20 mac.%.

5. [lutomuii piuHUH €EKOHOMIYHME €(PEKT B1J MIABUILICHHS 3HOCOCTIMKOCTI 6

M1IIUITHUKIB TUCKOBOi OopoHu ckane 12636 rpH., ado 38 rpH./ra.



