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KAPITEL 1/ CHAPTER 1
MODERN STATE AND TECHNOLOGIES OF TITANIUM ALLOYS
PRODUCTION

DOI: 10.30890/2709-2313.2022-12-01-020

Beryn

Po3BuUTOK HaykM Ta TEXHIKM HEMHUHYYEe NPU3BOAWTH JIO BIOCKOHAJICHHS
MarepialliB 1 TEXHOJIOTTYHUX IPOIECIB iX OTPUMAHHS Ta OOPOOKH ISl CTBOPECHHS
HOBUX KOHCTPYKIIIi.

TutaHoBI crlaBu MarTh YHIKQIbHUM KOMIUIEKC (i3MKO-MEXaHIYHUX, XIMIYHUX
Ta EKCIUIyaTallliHUX BJIACTUBOCTEH, SKI POOJATH IX HE3aMIHHMMHU Y 0OaraTbox
rajry3six mpoMuciaoBocTi. OCTaHHIMU POKaMU HAWOUIBIITUM CIIOKHUBAYEM TUTAHOBUX
CIJIaBIB € aepoKOCMIYHA Taly3b, Jalll HAyTh CYIHOOyAyBaHHS, XiMiyHA
IIPOMUCIIOBICTh, MEIMITMHA, IUBIJIbHE OYAIBHUIITBO, 1HAYCTpis po3Bar Ta iH. [1Iupoky
noTpedy B TUTAHOBUX CIJIaBaX Ta BUCOKY €(DEKTUBHICTH 1X 3aCTOCYBaHHS BU3HAUMIH
Taki BJIACTHBOCTI THTaHy, SK BHCOKAa NUTOMAa MIIHICTh, YHIKajdbHAa KOpPO3iiiHA
CTIMKICTh y PI3HHX CEPENOBUIIAX, Y TOMY YHUCII B OpPraHi3Mi JIIOJAWHHU, OLIBIIOCTI
OpraHiYHMX 1 MiHEpaJbHUX KHUCJIOT, JIyrax, MIHIMQJIbHUN cepel MeTaliB
TeMrnepaTypHU Koe(illleHT JIHIHHOTO PO3IIMPEHHS, JIOCUTh BHUCOKA TeMIepaTypa
TJTABJICHHS.

Jlo HemoJTIKIB TUTAHOBUX CIUIABIB CJiJ BIAHECTH iX BHCOKY IliHY, HAJA3BHUYAHHO
HU3bKI TPUOOTEXHIUHI BJIACTUBOCTI, IO YHEMOJIMBIIIOE 3aCTOCYBaHHS THTAaHY Y
By3JIaX TepTs, BHCOKY XIMIYHY aKTUBHICTb THTaHy TMpPHU HarpiBaHHl BHIIEC
temrepatypu 500 °C, 1m0 npu3BOJUTh 10 MOr0 OKPUXKHEHHS! BHACIIJIOK PO3YHMHEHHS
ra3iB (O, N2, H»). JIo TOro >k BUCOKOMIITHI TUTAHOBI CTUIABH € YYTIUBUMH JIO SKOCTI
MOBEPXHI Ta KOHUEHTpauii Harpyr [1-3].

Sk 1 panime, AOpOri TUTAHOBI CIJIaBU TEPEBAXHO BUKOPUCTOBYIOTH IS
BUTOTOBJICHHS BIMCHKOBOI TEXHIKM. Tak, 3amiHa CTaJeBOI TapMaTHOI BEXl Ha
TUTAHOBY J03BOJIUThH 3HU3UTHU Bary Tanka M1 Abrams Ha 4 T [4]. DaxiBii 3 BM®
CIIA BHBYaIOTH MOXJIMBICTh 3HH3UTH Bary HacTymajdbHUX am(piOiii 3aMiHEHHSIM
NeSKUX HaAWBaX4YMX iX CTAJIEBUX €JIEMCHTIB Ha TUTAHOBI. 3a MPOTHO3aMU SITOHCHKUX
BUPOOHUKIB, KO juie 10 % aBTOMOOUIIB MaTUMe TUTAHOBY BHUXJIOMHY CHCTEMY,
TOJ1 CBITOBUM PUHOK 30yTy TUTaHy 30UIbIIMTBCA Ha 48 Tuc. T [5]. Bmepme y

CBITOBIM TIPaKTHUIIl 3aCTOCOBaHI THUTAHOBI €JIIEMEHTH KpIIUICHHS HaIIIPOBITHUX

!Authors: Nesterenko Tetiana Mykolaivna
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MarHiTiB BeImkoro aHapoHHOTO KoJaidiepa, BUTOTOBJICHI 3 TUTAHOBUX cIuiaBiB BT6
ta BT5-1 [6].

[ToTpeby UMBUIPHUX Trady3eil MPOMHCIOBOCTI B TUTAHOBUX BHPOOAaX MOXKHA
33JIOBOJIBHUTH 3HI)KCHHSIM BHUTpPAT 3a BUPOOHHUIITBO CIUIABIB CTBOPEHHSM HOBHUX
CIUTAaBIB METOJIOM €KOHOMHOTO JICTYBaHHS, BJIOCKOHAJICHHSIM ICHYIOUHMX Ta
3aMpPOBAKECHHSIM HOBUX TEXHOJIOTIH OTPUMaHHS THUTAHOBUX CIUIABIB, 3JIMTKIB 1

BUPOOIB.

1.1. Knacudikauisi, CTPyKTYpa, BJACTHUBOCTI Ta 32CTOCYBAHHS TUTAHOBHX

CILIABIB

[TepeBarn TuTaHy SIK KOHCTPYKIIMHOTO MaTtepiaiay 3arajJibHOBimOMI. JleryBaHHs
TUTAHY JO3BOJIAE BJABIYI-BTPUYl MIABUIIUTH HOTO MIIHICTh, TOMY B CYYaCHOMY
MaIMHOOYAyBaHHI OCHOBHY POJIb BIIITPalOTh TUTAHOBI CILJIABH.

TutanoBi cmmaBu MOXHa KiIacH(pikyBaTH 3a CHOcoOOM iX BHpPOOHUIITBA,
MPU3HAYEHHSM, BJIACTUBOCTSAMHU Ta CTPYKTypHUM ckiagoM. OjHaK HaBeIeHi
kiacudikaiii € JOCUTh YMOBHUMU.

3a crocoboM BUPOOHMIITBA TUTAHOBI CIIaBM MOJUIAIOTH Ha JedopmoBaHi,
JIMBapHI Ta MOPOIIKOBI1 (TpaHyIbH1).

3a mpuU3HAUEHHSM TUTAHOBI CIUIaBH KIACHU(IKYIOTh Ha KOHCTPYKLIHHI,
KapOMIIHI, KPIOT€HHI, KOPO31MHOCTIHKI, ()yHKIIOHATBHI.

3a MEXaHIYHUMH BIACTHUBOCTIMU (BETMYMHOIO MEX1 MIITHOCTI) TUTAHOBI CIUIABU
KJIacu(iKylOTh Ha BHCOKOIUIACTHYHI (Mexa MimHocti go 700 MlIla), cepeanboi
MirHOCTI (Mexka wminHocti 750-1000 MIIa), Bucokominni [7]. BucokommacTudHi
TATAHOBI CIUTABM JOMYCKAalOTh 3HayHy JedopMariio y XOJOJHOMY CTaHi.
BucokomiriHi THUTaHOBI CIUIaBM, IO TEPMIYHO 3MIIHIOIOTHECS, € MaTeplaiaMu
MalOyTHHOTO, OCKIJILKH BXK€ CHOTOJHI BIAETHCA OTpUMATU Mexy MirHOCcTI 1800-
2000 MITa npu mimeHOCTI 1,7 pa3iB MEHIO1, HIXK Y CTall.

[ToniMopdizM THUTaHY € OCHOBOK Kiacu(ikaiii THTAaHOBMX CIUIaBiB 3a
CTPYKTYpHUM MNPUHIUIOM. Y 3B’SI3Ky 3 HAsIBHICTIO MOJIMOP(GHOTO MEePEeTBOPEHHS Ta
BIUITMBOM Ha CTaOUIbHICTH 0O- Ta [B-¢a3 Jeryounx eJIeMEeHTIB THTAaHOBI CIUIaBH
BIJIPI3HAIOTBCI MDK CO0010 (DI3MKO-MEXaHIYHUMHU BIIACTUBOCTSIMH Ta MOXKYTh
3MIIHIOBATHUCS TEPMIYHOIO 0OPOOKOIO.

EJ'ICMCHTI/I, IO BUKOPUCTOBYIOTH JJIA JICTYBAHHS TUTAHY, 3a XapaKTCPOM BILJIUBY

MONOGRAPH 9 ISBN 978-3-949059-59-9
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ix Ha (a30BUii CKJIaJ CIUIABIB MOAUIATH Ha: a-cTadimizaropu (Al, Ga, In, O, N, C); B-
crabimzaropu (Mo, W, V, Nb, Ta, Cr, Fe, Si, Mn Ta iH.); HeWUTpaibHi 3MIITHIOBAYH
(Zr, Hf, Sn, Ge, Th). Bci B-ctabimizaTopu noauisitors Ha i3omopdHi (Mo, W, V, Nb,
Ta) Ta eBrekToinoyrBoprotoui (Si, Cr, Mn, Fe, Cu, Ni, Co, H).

VY cmiaBax TuTany 3 13oMop¢pHUMHU -cTabii3aTopaMu TBEPAUM B-pO3urH MOXKE
30epiraTucsi 10 KIMHATHOI TeMIEpAaTypH, HE 3a3HAIOYHM E€BTEKTOITHOTO po3many. Y
CIUIaBaX TUTAHY 3 €BTEKTOiJOYTBOPIOIOYMMH [-CTal11i3aTOpaMu MPH TOCUTh HU3bKIN
TeMIiepaTypi BiiOyBaeThCs €BTEKTOINHUI po3man B-dasu 3a peaxiiero f—aty, ne y —
npomikui  ¢asu  TisSi;, TiCr,, TiMn, TiFe ta 11. [8]. HasBHicTh
€BTEKTOIJ0YTBOPIOIOUUX [-cTab1113aTOPIB y TUTAHOBUX CILIaBaX, IO MPaIIOI0Th IPU
MIIBUIIEHUX TEMIIEpaTypax, MOXKe MPHU3BECTH JO €BTEKTOITHOTO po3nany [-daswm,
10 CIPUYMHUTH Pi3Ke 3HIKCHHS TIACTUYHOCTI.

CydacHi IpPOMUCIIOBI THUTAHOBI CIUIaBH 3aCHOBAHI, SK MpaBWiIO, Ha O- Ta [-
TBEPJAUX PO3UMHAX a00 cymimax. BUHATKOM € skapOMiIlH1 CIIaBH, SIK1 4aCcTO JIETYIOTh
€JI€MEHTaMH B KUIBKOCTSX, JEII0 OUIBIIMX iX PO3YMHHOCTI B - Ta P-tutani. llg,
HacaMmIiepesl, CTOCYETbCS TaKMX JIETYIOUMX €JIIEMEHTIB SK QIIOMIHIA Ta
€BTEKTOIOYTBOPIOIOYl ~ [-CTa0uIi3yl0di  €JIEMEHTH 3 BHCOKOIO  IIBHJKICTIO
€BTEKTOIHOTO IIEPETBOPEHHS.

3a CTpYKTYpHUM IPHUHIIUIIOM BU3HAHUM €, 3anpornoHoBanuil [ mazynosum C. I,
MO/ MPOMHUCIIOBUX THUTAHOBUX CILIaBIB 3a (Da30BUM CKJIaJoM Ha o-, (a+fP)- ta [B-
CIUTaBH 3 iIHTepMeTaniaamu 1 6e3 aux [9,10].

OCKIJTbKM TIPOMUCIIOBI THUTAHOBI CIUIaBU 3 (0+f)-CTPYyKTypOrO BiAPI3HIIOTHCS
PI3HUM CITIIBBIAHOIIEHHSM o- Ta B-(a3 y cralblabHOMY CTaHi, BUHHKJIA MOTpeda y
OlIbII JeTanbHIM Kiacudikalilii CriaBiB ycepeauHl KOXKHOTO Kiacy Ha: ICeBIO-0-
CIUIaBH, CIUIABU MapTEHCUTHOTO KJjacy, CIIaBH IMEPEeXiTHOro Kiacy Ta ICeBIo-f-
craBu [11].

JInst BU3HAYEHHS 3a XIMIYHUM CKJIQIoM Kiacy (o+f)-TUTaHOBOTO CILIaBY
HEOOX1IHO 3HATH CTyMHiHb crabim3amii PB-¢asu y crjasi, 10 XapaKTepU3YEThCS
KPUTUYHOIO KOHIIEHTpali€r [-ctabumi3dyrouoro einemeHnta. OCKIIbKH IS KPUTHYHA
KOHIICHTpAIlisl i1 OUIBIIOCTI TMOJBIMHUX CIUIaBiB TUTaHy J00pe BiJloMa, BOHA
MPUMHSTA 32 OCHOBY BU3HAUEHHS Jii JIETYIOUHUX €JIEMEHTIB K YMOBHUH KOE(IIi€HT
crabinizanii B-dasu (Kp). Moro BU3HAYAIOTH SK BiXHOMIEHHS NiHCHOI KilBKOCTi [-
CTaOLII3yI0YOro €JeMEeHTa y CIUIaBl 0 WOro KPUTHYHOTO BMICTY Y MOJBIHHOMY
crutaBl 3 tutaHoM [10-12]. Otxe, ciyiaBu KpUTUYHOIO ckiagy Matumyth Kpg=1,

nokputuyHoro — Kg<l, 3akputuunoro — Kg>1. V OaratokomnonentHux cmiaaBax Kg

MONOGRAPH 10 ISBN 978-3-949059-59-9
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3HaXOJIATh 32 (HOPMYJIOIO:

KB = C]/C]Kp + Cz/CzKp + C3/C3Kp +..+ Ci/CiKp,
ne Ci, Cy, G, ..., Ci — nilicHuii BMIcT i-oro B-ctalinizyrouoro eiaeMmenTa; Cip, Coxp,
Cskps --» Cixp — KPUTUUHHUI BMICT 1-0ro [-cTabUII3yI0uOro €JIeMEHTa y MOJBIHHOMY
CIUIaBi 3 TUTAHOM.

3a BenuuMHOIO KoedimieHta K mpoMHCIOBI TUTAaHOBI CIUIaBU HOJUISIOTH HA
HIICTh IPYIL: O-CIUIaBU (HE MICTATH B-crabunizaropis, Kg = 0); nceBno-a-crasu (Kg =
0,09-0,25); (o+p)-crutaBu MapreHcutHoro tumy (Kg = 0,27-0,83); (at+f)-cruiaBu
nepexignoro tuny (Kpg=1,0—1,1); ncesno-p-crnasu (Kg=1,7-2,5); B-crnasu (Kg > 3).

Jlo o-CrutaBiB BiIHOCSTH CIUIaBH 3 MEPEBAXHUM BMICTOM (-TBEPAOTO PO3UYHHY
tutany (BT1-0, IIT-7M). Li cnaBu, sk mpaBuiio, JETyIOThCSA O-CTabuIi3aTopaMu i
HEUTpaTbHUMH 3MilHIOBauyaMu. B obnacti temmepaTypu (a3zoBoro mepeTBOpPEHHs
o—f rekcaroHampbHa o-paza Mae BHIIY XKApOMIIHICTh, HIXK KyOluHa [-¢a3za.
JlomaBaHHS B CIUIaB €JIE€MEHTIB, 110 CTaOUII3YI0Th 0-(hasy, T03BOJISIE MIIBUILIUTH HOTO
XKapoMilHICTh. 111 crimaBu 4y TiauBi 10 BOAHEBOI KpuXKocCTi [13,14].

JIisi MiIBWINEHHS MIIHOCTI 1 YKapOCTIHKOCTI 0O-CTUIABH MOXYTh JIETYBATHCS
TaKOXX PO3UYMHHUMH B 0-¢a3i meranamu V, Nb, Ta, Ag, ski crabini3yioTh B-dasy i
MIBUIYIOTh JKAPOMIITHICT ITUX CIUIaBIB. O-CIUIaBH 3 J00aBKOIO [-cTabimi3aTopiB
Ha3uBawTh nceBno—o—cmiaBamu (OT4-1, OT4, BT20). CtpykTypa Takux CIUIaBiB
npencTaBiieHa o-(a30r0 1 HEBEIMKOIO KUTbKICTIO B-(ha3u (10 5 %) ado iHTepMeTaiIiB
[1,15]. CrutaBu mpakTUYHO HE CIPUIUMAIOTh TEPMIYHY 00pOOKY, IO 3MIITHIOE.

OCHOBOIO TSI CTBOPEHHS POMUCIIOBHX 0-CIUTaBiB € cuctema Ti—Al. AmtoMiHii,
3a PIAKICHUM BUKIIOYEHHSIM, PUCYTHINA MPAKTUYHO Y BCIX CIUIaBax TUTaHy. Tomy 1
CUCTeMa JIsl TUTAaHOBUX CIUIaBiB Ma€ TaKe came 3HAYeHHs, SK CHUCTeMa 3aji30—
BYIUICIb JIJISl CIUIABIB Ha OCHOBI 3aili3a. AJIFOMIHIM € €IMHUM HIMPOKO BXKMBAHUM
MeTajgoMm, mo ctabumizye o-daszy. JlomaBanHs amomiHi0o B KigbkocTi g0 13 %
J03BOJISIE OTPUMYBATH CIUIABM 3 XOPOIIOr kapoMinHicTio [16,17]. Kpim Toro,
ATFOMIHIM 3HW)KYE MIUTBHICTh CTUIABIB 1 1X BapTICTh.

B nuioMy o-crutaBu MaroTh BUCOKY JKapOMIIHICTh. Taki CIUIaBH € TEPMIYHO
CTaOlITLbHUMM TIPU TPUBAJIOMY HarpiBaHH1, M00pe YMHATH OMIp Ta30Bld KOPO3ii i
3BaprolOThCsl. [IpoTe TIacTHYHICTH CIIABIB IBOTO KJAcy 1, OTXKe, 3AATHICTH [0
xoJoaHoi nedopMarlii HUKYA, HDK y P-CIUIaBiB 1 TUTaHy TEXHIYHOI YHMCTOTH. O-
CIUIaBH HE 3MILHIOIOTHCS TEPMIUHOIO OOpOOKOIO, 10 € ICTOTHUM iX HemosikoM. Lli
CIUTaBH MiJAAOTh TUTBKU BiNIANy JJIsI 3HATTS HAIPYTH 1 HATapTOBYBaHHHL.

(a+P)-crimaBu OTPUMYIOTH JIETYBaHHSIM THUTAHY €JIEMEHTAMH, 10 YTBOPIOIOTH O~
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1 B-TBepZll PO3YMHM 3 PI3HUM CIIBBIIHOIIEHHSIM LHUX (a3, 1 eJeMeHTaMu, 10
PO3IIMPIOIOTh TEMIIEpaTypHy 00JacTh (ha30BHX MEPETBOPEeHb TUTaHy. J[BodazHa
CTPYKTypa CIUIaBIB BUHHKAE MPU HArpiBaHHI MiA rapTyBaHHS 1 (QIKCYeTbCA PI3KUM
0X0JI0/KyBaHHSIM. TepMooOpobOka (o+f)-criaBiB 103BOJISE MOMITHO IMIJABUIIATH 1X
MIIHICTb MPU BIIHOCHO HEBEJIMKOMY TMOTIPIIEHH] MJIACTUYHOCTI. TaKl CIiaBu MaroTh
oOMeXeHy 3BaplOBaHICTh, MICS 3BaproBaHHS HEOOXigHa TepMOooOpoOKa 3BapHUX
mBiB [9,14,15,18].

OxpiM aJOMiHII0, HAUOUIBII BaXKJIMBUMU JIETYIOUMMH €JIEMEHTAMU TUTAHOBHUX
criaBlB € BaHamii 1 MomoOnmeH. Cucrema Ti-Al-V € 0CHOBOIO OUIBIIOCTI
BUCOKOMIITHUX TUTAHOBMX CILIaBiB, a cucteMa Ti—Al-Mo € OCHOBOIO >KapOMIITHUX
TUTAHOBHUX CIUIaBiB. HalOlabll MOMKMPEHUM TUTAHOBUM CIUIABOM 3arajibHOTO
NPU3HAUYCHHA € po3po0ieHuii XaHCEHOM CIUIaB, 1o MicTuTh 6 % Al 1 4 % V,
Ha3BaHUW yMOBHO cCIUIaBOM 6-4. Y BUpPOOHUIITBI TUTAHOBUX CIUIABIB IIEM CIUIaB
3irpaB TaKy camy poJib, SIK JTypadtOMiHIH Y BUPOOHUIITBI aJIFOMIHIEBUX CIUIaBiB. [1pu
BUPOOHUIITBI THUTAHOBHUX CIUIaBIB SIK JIETYIOUl KOMIIOHEHTH, okpiM Al, V, Mo,
BUKOpUCTOBYIOTh Takok Cr, Mn, Fe, Cu, Sn, Zr, W 1 pigme Nb, Ta [8]. s
MIIBUIIEHHS KOPO31MHOI CTIHKOCTI, 30KpeMa B MIHEpPAIbHUX KUCIOTaX, 0 YUCTOTO
TUTaHy goaaTh Pt i Pd.

Jlo TuTaHOBUX cruiaBiB MapTeHcuTHoro kiacy (BT6, BT16, BT3-1) BigHOCSTH
(a+P)-crimaBu, MmO MICTATH y cTaOulbHOMY cTaHl Big 5 % g0 25 % [B-dasu 1
YTBOPIOIOTH MPH PI3KOMY OXOJOJKEHHI 3 [-001acTi MapTEHCUT Yy BUTIIAIL o’- a0o
o’ -azm [1].

Jlo TuTaHOBHX CIUIaBiB mepexigHoro kimacy (BT22, BT30) BigHOCATH CIUIaBH 3
(atP)-ctpykrypoto. Taki criaBu y ctabuibHOMY CTaHi MIcTSTh Big 25 % 1o 50 % B-
da3u, a mpu pi3KOMY OXOJO/PKEHHI 3 TemmepaTyp [P-o0iacti 30epiraioth [-
CTPYKTYpY, AKa MOXE B JESKMX YMOBax 3a3HaBaTH (-MEepeTBOpeHHs. Taki craBu
MalOTh BHUCOKY T€TEPOTEHHICTh CTPYKTYypU (BHCOKa IUCIEPCHICTH CyMili o- Ta [-
¢da3), BIAPI3ZHAIOTHCS MAaKCUMaJbHUM €(EeKTOM 3MILIHEHHS MiA 4Yac TepMIYHOI
00poOKH, TTPOKAPIOIOTHCS Y TIOCUTh BEJIUKUX MEpepi3ax 1 He Takl YYTIWBI 0 SKOCTI
CTPYKTYpH, SIK THTAHOBI CIUIaBH MapTeHCUTHOTO Kiacy. CIulaBu NEpexiHOTrO Kiacy
JOLLIBFHO 3aCTOCOBYBATH JJIs BATOTOBJICHHSI MACHBHUX BEJIMKOraO0apUTHUX MOKOBOK,
HMITAMITyBaHb Ta IHIIMX HamiBpaOpuKaTiB, JUIs SKAX MHTaHHA MIIHOCTI,
IPOXKAPIOBAHHS Ta SKOCTI CTPYKTYPH € HaWBaKIUBIIIUMU [7].

ITceBno-B-cmaBu (BT15, BT32, TC6) € BHCOKOJErOBaHUMH THUTAaHOBUMH

CIUTaBaMU, Y SIKMX 3araJlbHUi BMICT JIETYIOUUX €JIEMEHTIB CTaHOBUTH 0Jn3bKO 20 %.
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VY cTpyKTypl Takux cIuiaBi nepeBaxkae -¢aza Ta HasiBHA HEBEJIMKa KiJIbKICTh o-(a3u.
[aptyBanHsM 1uX cmiaaBiB abo iX HopMmamizamiero 3 [-001acTi OTPUMYIOTH
omHodazny B-ctpykrypy. [IceBmo-B-cmiaBu 3aCTOCOBYIOTH SIK OONTH Ta 3aKIICIKH,
OTpUMaHl METOJIOM XOJIOJHOI BHCAAKU, NPYyXUHU [2,3]. OCKUIBKH TEPMIYHOIO
00pOoOKOI0 MOXKHA JOCSITTH BHUCOKOTO PIBHS MIITHOCTI, JOIIBHO 3aCTOCOBYBATH
MICeBII0-P-CIIJIaBU y BUTJISA JTUCTIB Ta (POJIBIU JJIS CTITLHUKOBHX TTaHETIEH.

Jlo B-criaBiB BIJHOCATD CIIABH, y CTPYKTYpl AKUX IEepeBa)xka€ TBEPIUil PO3UMH
Ha OCHOBI P-Momudikamii TuTaHny. OCHOBHUMH JIETYIOUMMHU e€JIeMEHTaMu € [-
crabimizatopu. [lo ckiamy Takux cruiaBiB (Hampukiaa, cruaB 4201) maibke 3aBxau
BXOJUTH AJIIOMIHIN, KU 1X 3MIIHIOE. B-CIIJIaBH 3aBSKU KyOIUHHM pelIiTKam JierIie
OiAaI0ThCsl XOJOAHIN Aedopmarii, HIX o- 1 (o+f)-cruraBu. L1 crmaBu goGpe
3MIIHIOIOTECS TEPMOOOPOOKOIO, IO TMOJIATaE B TapTyBaHHI 1 CTapiHHI, 33J0BUIBHO
3BApIOIOTHCS. [-CIJIaBU MarOTh JOCTaTHbO BHCOKY JKapOMIILIHICTh, MPOTE MpH
JIeTyBaHHI iX TUIbKM [-cTabiimi3aTopamMu >KapOMILHICTh 31 3pOCTaHHIM TeMIepaTypu
Buiie 400 °C nmomiTHO 3HMXKY€EThCs [8,18]. Omip moB3y4ocTi 1 TepMidHa CTA01IBHICTh
CIUTAaBIB IIbOTO KJIACY HIDKYI, HIXK y CIIJIABIB HA OCHOBI 0-TBEPJOTO PO3UYHHY.

JluBapHi BIACTHBOCTI CIIABIB 3aJ€KaTh BiJl BEIUYMHH iX TEMIEPATypHOTO
iHTepBaNly KpucTamizamii. [ NpOMHMCIOBUX JMBapHUX THUTAHOBUX CIUIaBIB s
BenuunHa He mnepeBumye 50—70°C, ToMy 3 JMBapHUX THUTAaHOBUX CIJIaBIB
OTPUMYIOTh CKJaJHI 3a KOH(Irypalier 1 TOHKOCTIHHI BWJIMBKH BiJIITOBIIQJIBHOTO
nMpu3HaueHHs. TUTaH 1 CIUIaBM Ha WOTO OCHOBI MAarOTh XOPOIIY PiAKOTUTMHHICTB.
Jliniina ycanka ix ckmamae 1,5 % mig yac nutts B kepamivai Gopmu 1 2,0-2,3 % min
yac 3anuBaHHA B MertaneBl ¢opmu. OO’emMHa ycaaka MpH KpUCTamizaiii He
nepeBunrye 3 %. TuTaHOBI CIJIaBU MalOTh Majly CXWJBHICTh JI0 YTBOPEHHS
yCaJKOBUX TPilH. MIIHICHI BIaCTUBOCTI JIMBAPHUX TUTAHOBUX CILJIaBIB OJM3bKI J10
BJIACTMBOCTEH CIUIABIB, 110 MPOMIUIM TapsAdy IJIacTHUHY 0OpoOKy. B Toii ke uvac
3HaY€HHS BIHOCHOTO TMOJIOBXKEHHSI, BITHOCHOTO 3BY)KEHHS, YJapHOI B’SI3KOCTI 1
XapaKTePUCTHKU BTOMHU HIKU1, HIK y 1e(OpMIBHUX CILIABIB.

3a XIMIYHMM cKjiagoM AehOpMiBHI 1 JMBApHI CIUIaBU OJIHAKOBI. BiIMiHHICTH
MOJIATA€E B TOMY, IO B JUBAPHUX CIUIaBaX MPUITYCTUMHM OUTBIINI BMICT JOMIIIOK.

Jlo KOHCTPYKIIWHMUX CIUTaBiB BiAHOCATH HeneroBanwii tutan (BT1-0), crutaBu
noTpiitHoi cuctemu Ti—Al-Mn (OT4) 3 rapanroBanoro winHicTIo 500 Mlla,
600 MIIa 1 700 MIla, citaBu BT5-1 1 BT20 3 rapantoBanoto minnictio 750 MIla 1
950 MIIa Bignosinxo [7,8]. Jlo BucokoMiniHuX BigHOCATH cruiaBu (BT6, BT14, BT16,

BT22) 3 mexero mintnocti oHaa 1000 MIla npu kiMHaTHIN Temmniepatypi. Bei BoHu,
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OKpIM aJIIOMiHIIO, MICTSITh B CBOoeMy ckiaal V abo Mo 1 V. [lo kxapomiiHux
BimHOCATH ctutaBu (BT3-1, BT9), nerosaniAl, Mo i Zr (a6o Cr). Y rpyny criaBiB 3i
CHeIlaJbHUMH BIIACTUBOCTAMH (KOPO3IMHOCTINKI, IS KPIOTEHHUX TEMIEpaTyp)
BXOJATh criaBu 3 Mo, Pd 1 criimasu BT5-1 1 BT6 miaBuieHoi 4ucToTH.

CrmutaBd Ha OCHOBI IHTEpMETANIIIB y HEJaJeKOMY MalOyTHbOMY MOXKYTh
CTBOPUTH 1IlI€ OAWH KJac TPOMHCIOBUX TUTAHOBHX CIUIaBiB. B nmanuit wac
BIIOYBalOThCsSl J1aOOpAaTOpHI Ta JOCHIIHO-TIPOMMCIIOBI JIOCHIJKEHHsS CILIaBIB 3
«edexToM mam’sTi» (BiATBOpEeHHSA (OPMH) HAa OCHOBI €KBIATOMHOTO 1HTEPMETAIIITY
Ti-Ni (toproBa mapka «HiTiHOM») 1 BHCOKOXApOMIIIHUX CIUIaBIB Ha OCHOBI
iaTepmertaniaiB Ti-Al (y-daza) ta TizAl (o’’-daza) [19-22]. Edexr BiarBopeHHs
dbopMu TIPOSABIAETHCS B TOMY, IIO MaTepiaj HIDKYE 3a MEBHY TEMIIepaTypy JIErKo
nepopMyeTbCs, a MiCs HarpiBaHHS BITHOBIIOE CBOIO BuximHy ¢opmy. Ilig gac
BITHOBJICHHS (OpMHU B MaTepiaji TeHEepyeTbCs pPEaKTHBHA HANpyra, siKa MOXe
BUKOHYBaTu poboTy. Ha Takomy edexTi B maHuii yac po3po0seHo GaraTo BapiaHTIB
KOHCTPYKIIIH, $KI BHUKOHYIOTH pOJb TEPMOMEXAHIYHUX 3 €IHaHb (My(pTH IS
CKJIaZlaHHSI TPYOOMpPOBOMAIB), TEPMOUYTIMBUX JATUYMKIB 1 BUKOHABYMX EJIEMEHTIB
(TepMocTaTH, MTPOTUIOMNKEKHI CHUCTEMH), KOHCTPYKLINA, IO TpaHCPOPMYIOTHCH,
MEIAUYHUX IMIUIAaHTaTiB Ta iH. OCBO€HHS BHUPOOHMIITBA CIUIABIB THITy HITIHOJM
CTPUMYETHCA HEOOXIHICTIO MIATPUMYBATH XIMIYHUHN CKJIaJl CIJIaBIB y HaJ3BUYANHO

BY3bKHUX MCKax.

1.2. Oco0MBOCTI TEXHOIOTiii BAPOOHUITBA THTAHOBUX CILJIABIB

[Ipy HarpiBaHHI Ha TOBITPI TUTAaH aKTHMBHO BCTYIA€ Yy B3a€EMOJIIIO 31 BciMma
razamu. [lig dyac B3aeMoil 3 KHCHEM Ha MOBEPXHI THUTaHY YTBOPIOETHCS 30BHIIIHIM
IIbHUNA map okcuay TuTany T10,. Audysis KuCHIO B MO TUTaHY CHPUYHHIOE
yrBopeHHs mia mapom TiO, puxioro mpomapky 3 TiO; 1 TiO ta mapy turtany 3
[iABUILEHUM BMICTOM KHUCHIO, SIKHM Ha3uBarOTh razoHacuueHuM. [Ipu xpucranizawii
B cuctemi Ti—O yTBoproeTbest HU3Ka XimMiuyHux cronyk: TiO, TiOs, TiO; Ta iH.
[16,17,23-25]. 31 3011blIEHHSM BMICTYy KHUCHIO MIJBUIIYIOTHCS MIIHICTD 1 TBEPIICTh
TUTaHY, a yJapHa B’ sA3KICTh, BIIHOCHE MOJOBKEHHS — PI3KO 3MEHIIYIOThCS. Y 3B 43Ky
3 MM BMICT KHMCHIO B TUTAaHOBHUX CIUIaBax He mae mepesunryBatu 0,15-0,20 %. B
mexax 10 0,2 % KoKHa cOTa 4acTKa BIJCOTKA KMCHIO IMiJIBUIYE MEXY MIIIHOCTI Ha

12 MlIla, tBepaicth — Ha 40 MIla 1 3HMXKYye BITHOCHE IOJOBXEHHS 1 BIJIHOCHE
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3BYyKeHHA Ha 1-2 %.

A3OT yTBOpIOE 3 TUTAHOM PO3YMHHM BKOPIHEHHS, CTa0LIi3ye o-(a3y 1 3MILHIOE
rioro. KoxHa cota yacTka BiZICOTKA a30Ty MIABHUIIYE MEXY MIITHOCTI TUTaHy Ha 19,6
Mlla 1 TBepaicTs — Ha 59 MIIa. [1pu BmicTi 0,2 % a30Ty TUTaH CTa€ KPUXKUM [26].

Po3unHEHHs KUCHIO 1 a30Ty B TUTaH1 € HEOOOPOTHUM IPOLIECOM.

Byrnens 3 TuTaHoM yTBOpIOE cTiiikmii kapOin TiC, migBuiye TeMeparypy Horo
noJIIMOP(HOTO MEePEeTBOPEHHS, 1 B 00J1aCTI MAIMX KOHIIEHTpPAIliM KOXHa COTa 4acTKa
BIJICOTKA BYTJIELIO 30UTbIIYy€e MexXy MirtHOCTI Ha 7 Mlla 1 tBepocts — Ha 19 Mlla.

Bucoka peaxiiiiiHa 37aTHICTh, CXWJIBHICTh JO AKTHUBHOI XIMIYHOI B3aeMOJIi 3
KHCHEM, a30TOM, BYTJIEIEM 1 IHIIMMH €JIEMEHTaMH HE JO3BOJISIIOTH IUIABUTH TUTaH 1
HOro crmjiaBd y 3BHUYAHHUX METaIypriiHUX medax. TuTaH HEOOXiIHO IUIaBUTH B
yMOBax, WI0 3amo0iraroTh HACHYEHHIO PIIKOTO MeTady Tra3aMH 1 IHIIUMH
MIKIJUIMBUMHA JOMIIIKAMHU.

Bucoxka temneparypa mnaBineHds: Tutany (1668+5 °C) B moeaHaHHI 3 BUCOKOIO
XIMIYHOKO aKTHBHICTIO CTBOPIOE BEJMKI TPYAHOII MiJ dYac IUIaBJAEHHS 1 JIUTTSA
CIUTaBiB Ha OCHOBI TuUTany [14]. Jlna 3anmoOiraHHs OKPUXJICHHS THUTaHY BHACIIJIOK
3a0pyJHEHHs Tra3amH, TUIABJIEHHS 1 JUTTS NPOBOASTH Y BHCOKOMY Bakyymi abo B
atMocdepi iHepTHOro razy (Ar, He) BuCOKOT YMCTOTH, a TaKOXX HE MPHUITYCKAIOTh
31ITKHEHHS METally 3 BOTHETPUBKMMHU Marepiajamu. llepeBakHO BUKOPHCTOBYIOTb
BaKyyMHE IIJIaBJICHHS MPU 3aIUIITIKOBOMY THCKY B eyl 1,33—0,13 Tla [27].

B nanwmii yac po3po0sIeHO JeKiIbKa TEXHOJIOT1H BUIIABIICHHS 3JIUTKIB TUTAHY Ta
HOro CruiaBiB, 1O 3aro0iraloTh 3a0pyAHEHHIO METaly razamMd abo BOTHETPUBKHMHU
MarepiazamMu Ta 3a0€3Medyr0oTh BHUPOOHHIITBO OUIBIIOCTI THUTAHOBUX CILIABIB:
BaKyyMHO-nyrose neperasiens (B/II1); rapHicaxxHe miaBieHHs 3 eJIEKTPOIOM, 110
Butpauvaetbest (I'PE); maBneHHss B €JIEKTPOILIAKOBIM TI€di; IJIa3MOBO-IYTOBE
IUIABJIGHHS 3 XOJOJHUM 4YEepeHeM; IHAYKUIHHE T[IJIaBI€HHS 3  CEKIIIMHUM
BOJI0OXOJIO)KYBAaHUM THIJIEM; €JIEKTPOHHO-IIPOMEHEBE IJIABJICHHS Ta iX PI3HOBU[IU.
Jlis O611bIIOCTI BUAIB IUIABJACHHS Uil (POpMyBaHHS 37UTKA MPHU IUIABJICHHI TUTAHY
3aCTOCOBYIOTH BOJIOOXOJIO/PKYBAHUM MIJHUIN KpUCTAIi3aTop, a Mijl 4ac rapHiCaxHOTro
JIaBJICHHS — TaKOXK rpa)iTOBUI TUTEIb.

OCHOBHUMH TIPOMHCIIOBUMHU TEXHOJOTISIMH BUIUIABJICHHS 3JIUTKIB TUTAaHy B
JaHUM 4Yac € BaKyyMHO-IYTOBE TIIE€pPEIUIaBIEHHS Ta eJIeKTPOHHO-IPOMEHEBE
iaBieHHsA. B yac BakyyMHO-AyroBHX IeyaxX IUIaBJIEHHS MeTaldy BiIOyBa€eThCs
BHACTIJIOK «TOPIHHS» €JIEKTPUYHOI TyTU MK PO3IUIABIEHUM METAJIOM 1 €JIEKTPOIOM.

[TepeOir mporieciB MIaBICHHS 1 KpUCTaIi3allii 3JIMTKIB B1I0YBA€ThCS OJTHOUYACHO.
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Crnioci6 rapHiCa)KHOTO TUIABJICHHS JO3BOJISIE€ HAIUIABIISITH PIAKANA METall BiApa3y
Ha BECh 3JIMTOK, (DAaCOHHWUU BWJIMBOK a00 3aroTiBKy, HAMpHUKIAd, €ICKTPOJI, IO
BUTPAUYaEThCs, JUIsl Apyroro mneperianieHHs. [lig yac miaBieHHS Ha BHYTPIIIHIN
MOBEPXHI IJIABUJIBHOTO THUTJISl HASIBHUU IIAp TBEPAOrO TUTAHY a00 «TapHICAXKY», 3
SAKUM CTUKA€ThCS PO3IUIABICHUA MeTall. MeTan po3IUIaBIsS€ThCA €IEeKTPUUYHOIO
AYTOI0 B MeTajJieBoMy a0o TpadiTOBOMY TUIJ 3 TUTAHOBUM «TapHICAXKEM), 3B1JIKH
PIAKUI TUTAH 3IUBAETHCSA Y GOpPMY, a rapHicak ad0 B1IOKPEMITIOIOTH Bl METAJIEBOTO
TUTJIA 1 BUKOPHUCTOBYIOTH IMiJI Yac MOJAJbIIOrO IUIABJIEHHS SIK €JIEeKTPOJ, IO
BUTPAYAETHCS, a00 3aIMIIAIOTh (HAMpUKiIad, B Tpa(iTOBOMY THUIII) JJIs 3aXUCTY BIJ
3a0pyIHEHHsI BYTJIEIEM HACTYMHUX IJIABOK TUTaHy. TeXHOJOris TapHICAKHOI MJIaBKU
JI03BOJISIE TIEPEIUIABIATA OY/b-sKYy KUIBKICTh BIAXOMIB, OTPUMAaHUN METall Mae
BHUCOKY OJHOPIIHICTh, TYTOIUIaBKI BKIIIOUEHHS «BMEP3alOThb» Y TapHICaAX 1 He
NEePEXOAATh y 3IUTOK [27-29].

JUIst  eNeKTPOILIaKOBOIO IUIABJICHHS JKEPEJIOM HarpiBaHHs € JIKOYJeBa
TEIUIOTa, 0 BUAUIIETHCS MPHU MPOXOKEHHI CTpyMy uepes map ¢urocy (bropumy
KaJIbIIiI0), SIKKK € ejxeMeHToM omopy. [Iporec BinOyBaeThes 3a CXEMOIO €JIeKTpoja,
o BUTpayaeTbed. [lin vac muiaBneHHS MapamMeTpu MPOIECy 3PY4YHO PeryiaroBaTH,
MOBEPXHS 3JMTKIB BUXOIUTh TaKOI, HIO 3JTUTKM MOXKHA BUKOPHUCTOBYBATH IS
noJanbplIuX nepepodok 6e3 o0touyBaHHs. KpiM TOro, MoxHa OTpUMYBATH 3JUTKH
IUIOCKOTO 1 KBaJIpaTHOTO MEPETUHY, 110 IYKE 3pYUHO JJIsl TPOKATyBaHHS.

Crioci6 mia3MOBO-IyTOBOTO IUIABJICHHS JT03BOJISIE MEPEIUIABUTH CHUIIKY IIHXTY,
IO MICTHTh OYyJb-sIKy KUIBKOCTI BIAXOMAIB. SIK JKEpEno TEIUIOTH B IbOMY MpOIleci
BUKOPHUCTOBYIOTh TOTIK HOHI30BAaHOTO Ta3y-IIa3MHu, IO HAAXOAUTh Yy 30HY
IJIaBJICHHS CHeIllaJbHUMM TpUcTposiMu — 1utazmMoTpoHamu [30,31]. Ilix wac
IUIa3MOBOTO TUIABJICHHS, IO MOXE 3/IIMCHIOBATUCSA TaKOXK 1 32 CXEMOIO €JIEKTpoJa,
KUl ~BUTpPAYaeThCs, MIABUIIYEThCS Oe€3leKka MpoLecy, TMOBEPXHS 3JIUTKIB
MOJIIITY€THCS TOPIBHAHHO 3 TYTOBUM IIJIABJICHHSM.

Crioci6 1HAYKLIHHOT TUIaBJICHHS nepeadayae BUKOPUCTAaHHS IpadiTOBOTO TUTJIS.
Bech Meran, 1m0 nNeperuiaBisitOTh, 3HAXOAMTHCS B PpO3IUIABICHOMY CTaHI Ha
BIIMIHHICTh, Hanpukiaz, Big B/, npu skomy dbopmyBaHHS 37UTKA 3 PiAKOI BAHHU
MeTaly B MiIHOMY BOJJOOXOJIO/PKYBaHOMY KpUCTali3aTopi BiAOYBAETHCS MOCTYTIOBO.

HlinpHUI rpadiT € oAHMM 3 TUX HeOaraTbOX PEYOBHH, SIKI BUTPUMYIOThH IO
piakoro Ttutany. Bnacmimok B3aemonii rpadiTy 3 pO3IUIaBIEHUM THTAaHOM Ha
noBepxHi rpadiTy YTBOPIOETHCA IAp CTIAKOTO KapOigy TUTaHy, KUK 3armodirae

0e3mocepeTHbOMY 31TKHEHHIO PO3IUIABICHOT0 MeTaly 3 rpadiToM. OCKIJIBKU BYTJICIh
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Nepexo/IuTh B TUTAH TIIBKH B pe3yJsibTari Audy3ii yepes map kapoimay, poO3UMHEHHS
BYTJICIIO B PO3ILJIABICHOMY THTaHI BiZIOYBa€THCS MOBUIHHO. Y pa3i BUKOPUCTAHHS SIK
TUTEJIb BOTHETPUBKUX MaTepialiB TUTAH HUMH 3a0pyTHIOETHCS.

OkpiM mepeniyeHuX Crnoco0iB BUILIABICHHS THUTAHOBUX CIUIaBIB B1JIOYBA€THCS
JTOCJTITHO-TIPOMUCIIOBE BUIPOOYBAHHSI HOBHX TEXHOJIOTIN: 1HAYKIIIMHE TUIaBICHHS 3
CEKIIITHNM BOJIOOXOJIO/PKYBAHUM THUTJIEM, AYTOILIAKOBE IMEPEIUIABICHHS, TUCKOBE

noune 3muBanHs (J1J13) Ta in. [32-35].

1.3. TexHoJiorii BUIIABJICHHA THUTAHOBHUX CILIABIB

[InaBieHHs1 y BAKYYMHO-IYIOBHMX ne4yax. BakyyMHO-IyroBi meyi € oTHUMU 3
OCHOBHUX €JEKTPOMETATYPriiHUX IUIAaBWIBHUX arperariB, fKi 3aCTOCOBYIOTH Y
CHeliaIbHIA  MeTanyprii JJisi BUIUIABICHHS 3JIMUTKIB BHCOKO pEaKI[HHUX 1
TYTOIIJIABKUX METaJliB, 30KpeMa TUTaHY.

[InaBneHHs y Bakyymi Mae€ ICTOTHY I€peBary MOpPIBHSHO 3 IUIABJICHHIM Y
3axucHIil atMocdepi. TutaHoBa rybka MICTUTh JESKY KUIBKICTh JOMIIIOK, 30KpeMa
netkux: H,, MgCl,, Mg, H,O Ta in. IIpouec BunageHHs JETKUX AOMIIIOK MiJ 4yac
IJIaBJI€HHS BIJOYBA€ThCA 3HAYHO IIBUAIIE Y Bakyymi, HIK B HEHTpaIbHOMY
CepeloBUIIll, OCKIIbKHM THCK a3y MPUTHIUYy€E Mpoliecu BunapoByBaHHs. [IpoTe HaBiTH
y BakyyMmi JOMIIIKH HE BUAAISIOTHCS TMOBHICTIO 3a OJHE TMEPEIUIABIICHHS, TOMY
3IIUTKU TUTAHOBUX CIUIaBIB 00OB’S3KOBO MiIIAIOTh APYroMy meperiaBieHHio. [le
JI03BOJISIE€ TAKOXK JIJISl TOBHIIIE YCEPEIUTH XIMIYHUN CKIIAJ] 3TUTKIB, OCKIJIBKYU IiJ] Yac
O OJMHOYHOTO TEpEIUIaBiICHHs He 3a0e3MeuyeTbcs JOCTaTHHO PIBHOMIPHHINA
PO3IIOALI JIETYIOYHX KOMIIOHEHTIB y 3ITUTKY.

Haii6inpmoro mnommupeHHss HaOyjia TEXHOJIOTiSI BUPOOHHIITBA 3JIMTKIB, IO
CKJIQIa€ThCS 3 MPUTOTYBAaHHS IIHUXTH, MPECYBaHHS EJIEKTPOJa, IO BUTPAYAETHCS,
NEPIIOT0 BaKyyMHO-AYTOBOTO IUIABJICHHS y BOJOOXOJIOMKYBAaHOMY KpHCTami3aTopi,
JIPYroro BaKyyMHO-IYTOBOTO IUIABJICHHS B KpHUCTaji3aTopi OUIBIIOrO JiaMeTpy,
MEXaHIYHOi OOpOOKM 3JUTKIB, KOHTPOJIIO XIMIYHOTO CKJIQay, MEXaHIYHUX
BJIACTMBOCTEH 1 HASIBHOCTI BHYTPILIHIX AedekTiB [14,26].

uxTta (Cymill TATAaHOBOT T'yOKH, JIETYIOUUX KOMIIOHEHTIB 1 3BOPOTHHUX BIIXOIIB
y 3aJaHUX KUIBKOCTSX) MICIs YCEpPEAHIOBaHHS (POPMYEThCS B EJIEKTPOMAHU, IIIO
BUTPAYAIOTHCS, HA CIEIiaIbHUX Mpecax rOPU30HTAIBHOTO 200 BEPTHKAIBLHOTO THITY.

Haiikpami pesynbratu jae Oe3nepepBHUIM METOJ MPECyBaHHS Ha BEPTUKAJIbHUX
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npecax, SKuUi 3a0e3nedye OTpUMaHHS OJHOPIJIHINIONO y MONEPEeYHOMY NEpPETHHI 1
JOCTaTHBO  JIOBIOTO  €NeKTpojga. MOXJIMBE OTPUMAaHHS  €JIEeKTPOJiB, IO
BUTpavaroThes, Aiamerpom 0,35-0,65 m.

[lepmie 1 npyre mepernaBieHHs 3A1MCHIOIOTh B OJIHAKOBUX 32 KOHCTPYKIIIEIO
neyax, 1o pPo3pi3HIIOTHCS TIIBKH pO3MipaMu KpHUCTali3aTtopa 1 JpKepellaMu CTPyMy.
[Teui, M0 BUKOPUCTOBYIOTHCSI TEMEpP B MPOMUCIOBOCTI, JO3BOJISIIOTH OTPUMYBATH
3IUTKY TIepIioro neperiasieHHs miametpom 0,56—0,85 m, 3aBmoBxkku 2,0—2,6 M i
macoro 2,5-5,0 T. JllaMeTp 3IUTKIB APYroro MeperuiaBieHHs NOpiBHIOE 6,5—9.5 M,
maca 0su3bko 2,5—10 1. [y nepuioro neperviaBieHHs BAKOPUCTOBYIOTh JIXKEpena 3
CUJIOIO CTpyMy 25 KA, s npyroro — 37 kA [26].

TenaeHtiss po3BUTKY IJIABWJILHOTO BUPOOHUIITBA TOJISITAE€ B 301IBIICHH] MacH
3MUTKIB 10 5—8 T [26,31]. IcTOTHUM HEmOIIKOM IIi€i TEXHOJOTii € OoOMexeHa
MOXJIUBICTh JIOJIaBaHHS BIXOMIB THUTAHOBUX CIUIaBIiB B muXTy (Omm3bko 30 %).
3aiydeHHsI BIXOJIB B OUIBIIM KUIBKOCTI 3MEHIIYE MIIHICTh €JIEKTPOIIB, IO
BUTPAYAIOThCSA, 1 CTBOPIOE HeOe3MeKy iX pyWHYBaHHs i 4ac TPAHCIOPTYBaHHS 1
raByieHHs. Jlesikl miYH1 arperatv A03BOJISIOTH MiJ] Yac MJIaBICHHS 3 €JIEKTPOIOM, IO
BUTPAYAETHCS, IEPIOAUTHO J0JIaBATH KYyCKOBI BIIX0IM 3 OyHKEpa.

Bucoka akTUBHICTb I10J0 KUCHIO 1 @30Ty MOBITPS, a TAKOXK MPAKTHYHO O BCIX
BOTHETPUBKUX MarepiaiiB, 3yMOBHWJIA CTBOPEHHS CHEIIaIbHOTO BAaKyyMHOI'O
TUTABJICHHS U1 OTPUMAHHS 3JIUTKIB.

Haii6inpmr  npudHATHUM  BHUSIBUWIOCS — IUIABJICHHS Jyrol0 B  MeTajeBiid
OXOJIOMKyBaHiil ¢opmi — kpucrtamizatopi. [lix wac mnnaBIeHHS Ha TMOBEPXHI
KpHUCTaIi3aTopa yTBOPIOETHCS 1IAp TBEPAOTO METaly, 110 HE BCTYIMA€E Y B3aEMOJIIO 3
MmarepiasioM GopMu. Y npakTuilli HaOyu MOIIMPEHHS JBa OCHOBHI TUIIM BaKyyMHO-
TyTOBHUX MeEYeil: Tmeul 3 eJIeKTPOJOM, II0 HE BUTpadaeTbes (rpadiToBuUM), 1 medi 3
€JIEKTPOJOM, 1110 BUTPAYAETHCS (TUTAHOBUM).

[lin Wac TuUTaBICHHSI 3 E€JEKTPOJOM, IO HE BUTPAYAETHCSA, THTAHOBY TYOKY
3acUMalwTh B OyHKep, MPUEIHAHWNA 1O BUIMBHHUII 3a JOMOMOIOI0 marpyOka. 3
OyHKepa ryoKy MoJial0Th Y BUJIMBHUIIIO, B 3a30P MK €JIEKTPOJAOTPUMAUEM 1 CTIHKOIO
KpucTtaiizaropa. Y OyHKepl pO3MIIIYETbCS [03aTOp, 3a JIOMOMOTOI0 SIKOTO
BUTPHUMYETHCS 3a]aHE CITIBBIAHOIICHHS MI>)K TUTAHOM 1 JIETYIOUMMHU KOMIIOHEHTaMHU.

Sk enexTpoA 3a3BHuYail BUKOPUCTOBYIOTH I'paiTOBUN CTPUXKEHB, SIKUW M Yac
IJIaBJICHHS HE BUTpadaeThesa. llepen miaBieHHS Ha JHO BWIMBHHIIL 3aCHIAIOTH
HEBEJIMKY KUIBKICTh TYOKH, €JEKTPOJ IEpPEMIIIAEThCS B HHUKHE TIOJOXKEHHS 0

BUHUKHEHHSI TyTOBOTO PO3PSAY MK €JIEKTPOJOM 1 MiAA0oHOM. B Mipy muaBiieHHs
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METaly TUTAHOBY T'yOKY 1 JIEryIOul KOMIIOHEHTHU MOJAI0Th 3 OYHKEpa y BUJIMBHULIIO.
3/IMTOK MOCTYTIOBO HAPOCTAE, & EIEKTPOJI MIAHIMAETHCS BLOPY.

OTpumanuil y Takuii ciociO 3IMTOK Ma€ HE3aI0BUTLHO MPOIUIABIIEHY TTOBEPXHIO
1 HEepIBHOMIpHUHN XIMIYHUN CKJaJ, TOMY HOTO MOTPIOHO MEperuiaBuTH BIPYyTe 3a
CrocoOoM eJIeKTpojia, 1o ButpadaeTbes. Oanak crnocid6 BJII B meui 3 enekTpoaom,
0 HE BUTPAYAETHCS, MAJO MOUIMPEHUN BHACIIAOK 3a0pyJHEHHS MeTaly, IO
NeperIaBisIBCs, MaTepiayioM enekTpoaa. ToMy OTpUMaHUN 37MTOK 1€ pa3 MOTPiOHO
nepertaBiATy meroaoM B/III 3 BUTpaTHUM €I1€KTPOIOM.

CyyacHa TeXHOJOrIYHAa CXe€Ma BHPOOHMIITBA 3JUTKIB TUTAHOBHUX CILJIaBIB
CKJIQZIA€EThCSl 3 HACTYIMHUX OCHOBHMX OIlepaliid: MIArOTOBKA IIUXTH; MPECyBaHHS
€JIEKTPO/IIB, 1110 BUTPAUYAIOTHCS; MEpIIe MEepPerIaBIeHHs; 00poOKa 3IUTKIB MEPIIOTOo
MEePETUTABJICHHS; APYyTe MEepeIUIaBiIeHHs; MeXaHI9YHa 00poOKa 3IUTKIB; KOHTPOJb iX
sxocti. [TepeBaroto BJIIT € MOKIHMBICTh MepeIIaBISHHS TUTAHOBUX BIJXO/IIB.

[IuxTa 175 BUTUIABISHHS 37UTKIB CKJIQ/Ia€ThCA 3 Ty04acToro TUTaHy, JiraTtyp i
JIETYIOYUX €JIEMEHTIB B YUCTOMY BHUTJISIL, BIJIXOIIB.

JlonaBaHHS JIETYIOUMX €JIEMEHTIB Y YHUCTOMY BHUTIJISAAI a00 y BUIJISAII JIratyp
BU3HAYAETHCS, B OCHOBHOMY, MOJJIMBICTIO iX PO3YMHEHHS B METaJl MPOTATOM
riaByieHHs. JliraTypu BHOMparOTh Tak, m100 iX Temmeparypa IUIaBIeHHS 1 HIbHICTD
HaKUO1IBIITO0 MipOIO OyJu OJIM3bKI 0 BIAMOBIIHUX MMOKA3HUKIB TUTAHY.

VY yuctomy BUTJIAI 3aCTOCOBYIOTh HACTYIIHI JIETYIOUYl KOMIIOHEHTH TUTAHOBUX
criaiB: Al, Mn, Zr, Fe, Si, inoai Cr. Y Burisai jiratyp 3 aJtOMiHIEM J0a0Th V,
Mo. 3acTOoCOBYIOTh TaKOX KOMIUIEKCHI JITraTypu, HANpUKIaA, IS BUILIABICHHS
crutaBy BT3-1, sixkuit MICTUTD y BIAMOBIIHINA Ipornopiii 1 iHmm Jerytoui enementu (Cr,
Fe ta in.). Taki jiratypu OTpUMYIOTh aFOMOTEPMIYHUM CIIOCOOOM. Sn BBOJATH Y
BUDIISIAL Jiratypu Al-Sn, siIky BUTOTOBJISIFOTH CIUIABJISIHHSIM YUCTUX KOMIIOHEHTIB B
THAYKITIHHAX TIeYax.

JIO BUKOpPHCTaHHA B WIMXTI JIETYyI04l KOMIIOHEHTH MOJAPIOHIOOTh. Jlis
nojpiOHeHHa Kpuxkux MetamiB 1 gjiratyp (Cr—Mn, Al-Mo, Al-V Tta iH.)
3aCTOCOBYIOTH IIIOKOBI a00 MOJIOTKOBI ApoOapku. 3AUTKH (UyIIKHA) aJOMIHIIO Ta
niratypu Al—Sn nepeBosiTh y CTPYKKY Ha CTpYrajbHUX BepCcTaTax.

VY mUXTI BUKOPUCTOBYIOTh TaKi BHJM BIIXOMIB: JIUCTOBI OOpI3KH, KYCKOBI
BIIXOMM BIiJ KOBaHUX ab0 MPECOBAaHMX BHUPOOIB, CTPYKKY. 3a3fasieTipb BIAXOAH
NOTPIOHO MOAPIOHIOBATH 1 BUAAIATU 3 1X MOBEPXHI IIAp, IO MICTUTH IMiJABHUILEHY
KUIBKICTh Ta30BUX JOMIIMIOK. TOMYy JHCTOBI BIAXOAW 3a3JaJI€Ti/ib MPOTPABIIOIOTH,

noApiOHIOIOTh Ha MEXaHIYHUX HOXMIIX 1 €KCIICHTPUKOBHX IMpecax 10 PO3MipiB
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60x50 MM 1 TIOTIM 3HEXHUPIOOTh. KyCKOB1 BIIXO/IM KYIOTh 1 pyOaroTh y HarpitoMmy
CTaHl Ha KyCcKH po3MmipoM He Oumbmme 60x60x80 MM, a MOTIM OYHMINATH Y
rajaTyBaJbHUX OapabaHax JJIsl BUAAJIEHHS Iapy OKCHUIB.

JIist meperuiaBieHHsT BUKOPHCTOBYIOTh CTPYXKKY 0€3 BHIUMHUX KOJbOPIB
MIHJIUBOCTI. CTPY>KKY MOJPIOHIOIOTH sl OTpUMaHHS (parMeHTiB po3mipom g0 70
MM 1 MAJaI0Th MarHITHIN cemapamii JJis BUJAJCHHS YJIaMKIB TBEPAOCIIIABHUX
pi3LIB, IO MOTPAIUISIOTh Y CTPYXKKY IiJl YaC TOKapHOi 0OPOOKH TUTAHOBHX CIUIABIB 1,
HE PO3IUIABUBIIUCH, MOKYTh YTBOPUTH B 3JTUTKY BKIFOYCHHS.

[Ipy mMXTyBaHHI CIUIaBIB PO3PAaxOBYIOTb Macy HaBaXKH JIETYIOUHUX
KOMITOHEHTIB 1 MOTPIOHY TBEPAICTh I'yOYacTOro TUTaHY, IO 3a0e3nedye HeoOXiIHY
MIIHICTh CIUIaBy. POo3paxyHOK HaBaKKU JIETYIOUMX KOMIIOHEHTIB, BIJMTOBITHO 70 1X
BMICTY B CIUIaBaX, BUKOHYIOTh 3 ypaxXyBaHHSIM iX HaJIXOJ/UKEHHS 3 BIIXOJIB 1 yrapy
ITiT Yac IJIaBJIEHHS.

Jlist OTpUMaHHS €NEeKTPOAIB, IO BUTPAYAIOTHCS, 3aCTOCOBYIOTH IMOpIIiiiHE
OpecyBaHHS Yy MPOXiJAHY KOHIYHY MATPHII0 Kpyrioro mnepetuny. llpecyBanHs
MPOBOJIATH HA MOTYXHUX TOPU30HTATHHUX a00 BEPTUKAIBHUX TIAPABIIYHUX MPECax.
[lepeBaXkHO 3aCTOCOBYIOTH BEPTHKAIbHI MPECH, OCKUIBKU B [IbOMY BUIAAKY PO3MOILT
KOMIIOHEHTIB IIMXTH 32 TOPU3OHTAJIBHUM 1 BEPTUKAIBHUM MEPETUHOM EJIEKTPOIIB
01111 pIBHOMIPHUM. [[J151 3MEHIIIEHHSI 3yCHJIb NTPECYBAHHS MATPUIIIO M1ITPIBAIOTh 110
250-300 °C. [ns moegHaHHs MOPIIM IIUXTH B €JIEKTPOJII MikK cO000 TependadeHa
¢irypHa nmoBepxHs TOpIS Ipec-I1aiou.

OnHOIO 3 OCHOBHHUX YMOB OTpPHMAaHHS MIIIHOTO €JIEKTPOJa € JOCSITHECHHS
JOCTaTHHOTO TMUTOMOTO THCKY TpecyBaHHs — Omm3bko 294—343 Mlla, a B xiHi
UKy IpecyBaHHsA — He meHie 137 MlTa [30].

Ckrnag KOXHOT TOpIi MpecyBaHHsS 3a CIIBBIIHOIICHHSIM KOMIIOHEHTIB Mae
BIJIMOBIAATH PO3PAXyHKOBOMY CKIaAy ImuXTU. Po3mip mopiii BHU3HAYAETHCA
JiaMeTpOM MPECOBAHOTO EJEKTPO/a. 3a PO3PAXYHKOBUMHU 1 MPAKTUYHUMH JTAHUMH
BCTAHOBJICHO, 1110 Maca Mopiii He Mae OyTu Ounbiie 1/2 Macu BaHHH PIIKOTO METaly
i yac BUIUIABJICHHS 3JMTKa MEPIIOro neperuiaBieHHs. Jlo3yBaHHS 1 MOJaBaHHS
nopiii Ha MPecyBaHHs 3/IIMCHIOETHCS 3a3BUYall aBTOMATUYHUMU MPUCTPOSIMHU.

BurmuiaBieHHss 3MHMTKIB TMEPIIOTO 1 JAPYroro MEpeIUIaBICHHS BUKOHYIOTH y
OMTHOTUITHUX TMedax. BakyymMHO-TyroBa TMid CKJIQJA€ThCsl 3 BWIMBHUIN, MiIJI0HY,
€JIEKTPOI0OTpUMaya, pooouoi KaMepH, BaKyyMHOI CUCTEMH.

HaiiBa)xuBiIIOH YaCTUHOIO TeYl € BWIMBHULIS, B SKIM BiAOYBA€ThCS TOPIHHS

AYyTd, IUIaBJICHHA CJIICKTpOJa, KpI/ICTaJ'IiBaI_IiH 3nuTka. BoHa CKIIAAA€TbCA 3 KOPITYCY,
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10 BUKOHYETHCS 3a3BUYaAl 3 HEPXKaBIIOUOI CTalll, 1 KpUCTalli3aTopa — MIJIHOI TpyOu
KpYTaoro abo KBaJpaTHOTO MEPETHHY, 110 YTBOPIOE BHYTPIIIHIO CTIHKY BUJIMBHHIIL.
Bony ans 0XonmomKeHHs MOJal0Th Y BIJIMBHUITIO i THCKOM B 3a30P MiX CTIHKOIO
KOpIyCy 1 KpucTajizaTopoM. Bucoka TemionpoBiIHICT 1 IUIACTUYHICTh Miji
3a0€3MeuyoTh TpUBATY pOOOTY KPUCTAII3aTOPIB B YMOBAaX BEJIMKOI TEPMIYHOI
HAIpyrd, 0 BHUHHUKAE MpU Oe3mocepeaHii Mii po3MIaBIeHOr0 METady 1 JyroBOTO
O3PSy HA KPUCTATI3ATOP.

Po6oua wacTrHa BOJ00XOJIOMKYBAHOTO TiJIOHA TAKOX BUTOTOBIISIETHCS 3 MiJi,
OCKUIBKM B TIEpUIMK MeEpioJi IUIABKM BOHA O€3MOCepeaHbO 3a3HA€ IO PIJIKOTO
metany. Kpuimka 1 eleKTpoaoTpuMad — COpUMMArOTh  TUIBKA — TEIJIOBE
BUMPOMIHIOBaHHS, TOMY CXWJIbHI O MEHIIUX TEIJIOBUX HAaBAaHTAXEHb, 1X 3a3BUYAM
BUTOTOBJISFOTH 31 CTaJl.

Ha kopmyc BWIMBHHUIII HaMOTYEThCS COJICHOiN, WO TNPU3HAYCHUH MAJIs
cTabimizalli AyroBoro po3psjy i oOepTaHHs piJkoi BaHHU. 3MIHIOIOUM CTPyM Ha
COJICHOIIl, MOXHa «CTHUCKaTW» ab0 «po3ropratu» Iyry, MiJICUIIOBaTH abo
3MEHIIYBaTH 00EpPTaHHS PiAKOI BAHHH.

EnexTponoTpumay npuzHadeHU AJi1 BEPTUKAIBHOTO MEPEMIIICHHS €IeKTPOaa,
10 BUTPAYA€ThCS, B Nedi i 10Jjaui HAapyry Ha Ayry. Moro BUrOTOBIAIOTH 3i CTai.
Bin ckmamaerbes 3 ABOX KOAKCIAJIBHO PO3TAIIOBAHMX TPYO, y BHYTPIIIHIO TPYyOy
MOJIa€ThCs BOJA JUIsl OXOJIOMKEeHHs. EnexkrponoTpumayd BBOASTH B pOOOUUiA MPOCTIp
yepe3 KUIbLIEBE YUIUIPHEHHS B KpUIIIi. 3HU3Y A0 30BHIIIHBOI TPYOM MpUBapEHUIA
XBOCTOBUK 3 pi3p00r0. Ha XBOCTOBMK HArBUHYYIOTh TUTAHOBHMI HEIOTAPOK, SKHIA
NpU3HAYCHUHN AJI KPITUICHHS (IPUBAPIOBAHHS) €IEKTPO/A, 10 BUTPAYAETHCS.

Poboua kamepa mpu3HAu€Ha [Jis PO3MIIIEHHS YacCTHHHU €JEeKTpoJa, IO
BUTpAvaeThcsl 1 3a3BUYail € JOBIIMM 3a KpHUCTami3aTtop, 1 [ 3’ €HaHHA
KpHUCTaNIi3aTopa 3 BaKyyMHOIO CUCTEMOIO. Y BEpXHIM 4acTHHI KaMepu PO3TaIlOBaHi
OIJISIIOBI BiKHA, 4epe3 SKi 3a JIONOMOIOI0 MEPHUCKOMIB BUKOHYIOTH Bi3yasbHE
CIIOCTEPEXKEHHs MiJ 4ac IuiaBieHHsA. Kamepy BUTOTOBISIIOTH 3 KOPO31HHOCTIMKOT
CTaJll, BOHa BUTPUMYE BIJJHOCHO HEBEJIMKI TEIJIOBI HABAHTAKEHHSI.

BakyymHa cuctema CKIIaJaeThCs 3 BaKyyMHHX HACOCIB, BaKyyMIPOBOJIB,
3amipHOi apMaTypu 1 mpuiagiB KoHTposio. Cucrema mae 3a0e3medyBaTH IIBHIIKE
BiJIKaUyBaHHs MOBITPS 3 MYl nepen miaBieHHsaM a0 tucky 13,3 Ila i migTpumyBaTH
TiJ] Yac TUTaBJICHHS TUCK 70 26,6 [la. JIns BigkauyBaHHS BUKOPUCTOBYIOTH OJUH 200
JeKUIbKa MexaH1yHuX (opBaKkyyMHUX HacociB Tuny BH-61" 1 MmexaniuHux 0ycTepHHuX
HacociB Tuny 2JIBH-1500 a6o 2JIBH-3000.
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[InaBneHHss MeTany BIAOYBa€TbCA TiJ JI€I0 TEIJIOTH, IO BUIUIAETHCS
€JIEKTPUYHOIO AYTOI0, sIKa TOPUTh MK €JIEKTPOJOM, L0 BUTPAYAETHCS, 1 TOBEPXHEIO
BaHHM PIAKOTO MeTamy. JIJis TUTaBiIeHHs] THTAaHY BUKOPUCTOBYIOTH TIOCTIHHUI CTPYM:
HETaTUBHUM IIOJIFOCOM € €JIEKTPOJI, [0 BUTPAYAETHCS, MO3UTUBHUM — 3JUTOK, IO
HaTUTaBIIsEThCS. SIK JKepena KUBJICHHS BUKOPUCTOBYIOTh MAIllMHHI T€HEpaTopHu abo
BEHTWIbHI  CHJILIEBI  BHUIOPAMISAYL. Y  CydacHMX  TPOMHCIOBUX  Iedax
BUKOPHUCTOBYIOTh CHITy cTpymy A0 37,5 kKA nipu Hanpy3si 30—80 B [28-30].

[InaBneHHs 3MUTKIB BiIOYyBAETHCSA TaKUM YHMHOM. EJEKTpoI, 10 BUTpava€eThCs,
MOMIIIAIOTH y T4 1 3BapIOIOTh 3 HeJorapkoM. Jlami, miiHsIBIIN eIeKTPO/I, 3aNalio0Th
YTy MK HIDKHIM TOpIIEM eJIeKTpoja 1 miggoHoM. Il yac BUIUIaBIEHHS KPYITHHX
3MUTKIB APYTOTO MEPEIIaBiIeHHs Ha MiJJIOH KJIAAyTh TEMILIET 3 TOTO CAMOT0 CILJIaBy
JUTSL 3aXUCTY MiAa0Ha Bia mpsamoi aii ayru. Kinemns enekTpoaa po3irpiBaEThCsl TyTror0
70 TEMIIEpaTypHu, L0 MEPEBUIILyE TeMIepaTypy IJIaBICHHS, Ha TOPLI YTBOPIOIOTHCS
Kparuti pinkoro wmetanmy. Komm maca Kparii MEepeBUIIMTH CHJIM TIOBEPXHEBOTO
HATSDKIHHS, KParwis BiIPUBAETHCS 1 Majgae Ha migmoH. [locTynoBo enekTpo] moaamTh
BHU3, a 3JIUTOK HapOCTA€ Bropy, MpH IbOMY Y BEpXHii 4aCTHHI 3IUTKA YTBOPIOETHCS
BaHHa pIAKOro MeTamxy. TakuM UYHMHOM, OJHOYAaCHO B1IOYBAIOTHCS MPOLECH
TUTABJICHHS 1 KpUCTaJi3a1ii 3IMTKA.

[IpoTsirom MuTaBiIEHHS TUTAHOBOI I'yOKH Bi10YBAa€ThCS MEpPeOIr TAKUX OCHOBHUX
(di3uKo-XIMIYHMX TIporieciB. Ha modaTKy IUIaBieHHS 3 IPECOBAHOIO €JEKTPoja
BHACJIIOK MOTO pO3irpiBaHHS BUAAIAIOTHCA Boja 1 aacopOoBani rasm (Nz, Oz). VY
30HI BUIIUX TeMIEpaTyp, OJUKIE 0 HIKHBOTO KIHIIA €JICKTPOAa BUIIISIOTHCS TapH
Mg 1 MgCl,, ski B OCHOBHOMY KOHJEHCYIOTbCS HaJ pO3IUIAaBOM Ha CTIHII
KpHUCTalizaropa i Ha enektpoii. YacThHa 1i€i mapw 3axOIUTIOETHCS Ta3aMu, IO
BIIXOAATH IO KAMEPH I1€Ul 1 10 BAKYYMHOI CUCTEMH.

JlerkomeTki JieTyr04i KOMIIOHEHTH TMOBOISTHCS aAHAJOTIYHO, 3 TIEKO JIUIIE
BIJIMIHHICTIO, III0 X BUIIAPOBYBaHHS B1I0yBA€ThCSI B OCHOBHOMY 3 TTOBEPXHI P1AKOTO
MeTally Ha eNeKTpo/ii 1 y BaHHI. Ha X0JoaH1# CTIHLI KpHUCTaIi3aTopa mapu METamiB i
COJIEH KOHJIEHCYIOTBHCS BIATIOBIIHO /O 3HAYEHHS THUCKY HACHYEHOI Mapu B Takid
nocaigoBHocTi: Al, Cr, Mn, Mg 1 MgCl,.

Mertas, 1m0 MiAHIMAETHCS B KPUCTATI3aTOpi, MOKPUBAE OCAHKEHUN Ha CTIHIU
KOHJICHCAT, YaCTHHA WOT0 PO3UMHSETHCS y TTOBEPXHEBHX IIApax 37UTKA, 30arauyrodn
ix. OcoOMMBO MOMITHO 1€ SIBUIIE Y HAMOLIBII JIETKOTO JIEryIOYOTr0 KOMITIOHEHTa —
Mn, BMICT SKOTO MOXXE€ IiJIBHIYBaTHCS Y TMOBEPXHEBOMY IIapi 3JIUTKIB MEPIIOTO

nepernasieHss 10 12—17 %.
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YacTtruHa KOHJEHCAaTy, HEPO3UMHHA B TUTAHI, 3QJIMIIAETHCS Y BUIJISAl BKIIOUYEHb
1 TIOBEPXHEBHUX IUTIBOK HA 3JIUTKY; YaCTHHA TMEPErpiBa€eThCs, MPOPUBAETHCA Kpi3b
pO3IUIABICHUN MeTan, po30pu3Kyroud #oro. bpuskm wmeTtamy ocigaroTh Ha
KpUCTAII3aToOpl 1 YTBOPIOKOTh TaK 3BaHy «KOpOHy». Bce 1e mnpuBoauts 10
3a0pyIHEHHSI TIOBEPXHI 3JIMTKA 1 YTBOPEHHS HA HbOMY KIPKH (IIOPCTKOI MTOBEPXHI1) 3
nopamMu 1 paKOBUHAMH.

[TpoTtsirom TutaBineHHs BaxMBa noBeaiaka H, 1 HaTikarounx akTuBHEX Ta3iB (N,
O,). Po3unnnicts H, B TUTaHI 3 MIABHILEHHSM TEMIEPATypU 3MEHIIYETHCS, TOMY
HallaKTUBHINIE BIH BHUJAISIETbCA 3 PO3IUIABICHOIO IIapy Ha TOPLI EIEKTpoAa.
OcHOBHa yacTMHa MOro BHJAISETbCA uepe3 BakyyMmMHy cuctemy. Yactuna H»
AUQyHIye B XOJOAHINI YACTHHH BUTPATHOTO €JEKTPOZA 1 3JIMTKA, € PO3YMHHICTD
fioro OifbIia.

Harikaroui aktuBHi Ta3u (N2, O,) NOTpamwisioTh y poOOUHiA MPOCTIpP MeUl KPi3hb
HEIIJIBHOCTI KOHCTPYKIIi, MEpPEBaXHO 3 BEPXHbOI YACTUHU. BOHM HE3BOPOTHO
BCTYNAIOTh y B3Aa€EMOJII0 3 PIAKUM TUTAHOM, 3HMXKYIOUM SIKICTb 31IUTKIB. IIpore ix
audys3ii B 30HY IUIABJICHHS TMEPELIKO/KAae 3YCTPIUHUN TMOTIK BOJHIO, TOMY
NPaBWIBHO MiJIOpaBIIM 3HAYEHHSA JAOMYCTUMOTO BaKyyMy 1 HaTiKaHHS, MOXKHA
CTBOPHUTH TaKi YMOBH, 5Kl 3a0e3medyaTh MPaKTUYHO TOBHY BIJICYTHICTH 3a0pyTHECHHS
KHCHEM 1 a30TOM IPOTSITOM IUIABJICHHS.

Onucani Bumie ¢I3UKO-XIMIUHI MpOIEcH BiAOYBalOTHCS 1 MpU  JAPYromy
NEeperyIaBieHHl, ajlé BOHU BHSBJISIOTBCS MEHIIOK Mipot. OCKIJIbKM OCHOBHA
KUIBKICTh JIOMIIIOK BUAAJSETHCS MPU MEPIIOMY MeperiaBieHHl, TOMY B TEXHOJIOTI]
BUPOOHUIITBA MEpIIIe NMepPEIuIaBIeHHs € padiHyBaIbHUM.

3JIUTKY TIEPIIOTro MeperuiaBieHHs BHUBAHTAXYyIOTh 3 medi rapsunmu (400—450
°C), OUYHIIYIOTh Y TMPOTOYHIN BOJAI METaJE€BUMU IIITKAMU sl BUJAJICHHS MMEPETOHIB
coJiel 3 iX moBepxoHb. Jlani Ha TOKAPHOMY BEPCTaTi BIAPI3aI0Th KKOPOHY.

OTpuMaHi 37IUTKH TEPHIOrO TEpeIUIaBIeHHs 3BapIOIOTh OJWH 3 OJHUM
MO3aliYHUM aproHO-AYTOBUM 3BAapIOBAHHSM 1 BUKOPHCTOBYIOTH SIK €JIEKTPOJ, IO
BUTPAYaAEThCsl, MAJs  Jpyroro nepemiaBieHHs. OCTaHHIM  4acoM  BEJIMKE
PO3MOBCIO/IKEHHSI HAOyBa€ TEXHOJIOTIS MJIABKU «3JIUTOK Y 3JUTOK», AKa IOJIATaEe y
BUKOPHUCTAHHI JUIsI JPYroro MEperiaBiIeHHS OJHOTO JOBIOr0 3JIMTKAa MEpPIIOTro
neperiaBieHHs. s TeXHODoris BUKIIOYA€e HIKIIIUBUI BIUIMB 3BApPHOTO IIBA, KU
MPUBOIUTH 10 YTBOPEHHS HEOIHOPITHOCTI y 3IUTKAX, 1110 BUIUIABISIOTHCA.

OCHOBHMM 3aBJAaHHSM JpPYIrOro IEpEIUIABICHHS € OTPUMAHHSA OJHOPIIHOTO

3JIMTKA 3 SIKICHOIO IOBEPXHCIO. I[OCHI‘@ETBC}I € 3aCTOCYBAaHHAM 3HAYHHX IHiJII)HOCTCﬁ
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CTpyMy; MIJATPUMKOIO MPOTATOM IUIABJICHHS HEBEJIUKOIO0 THUCKY I1HEPTHOTO Ta3y
(10-25 klla), mo0 ocoOAMBO BaXJIWUBE I OTPUMAHHS OJHOPIAHHMX 3JIUTKIB 31
CIUIaBIB, IO MICTATh Mn; BUBEIACHHSIM YCaIKOBOI PAKOBUHU 3HIKEHHAV CHIIH
CTPYMY HANPUKIHII TUTABJICHHS.

3acTocyBaHHS BaKyyMy 1 BUCOKHX TEMIIEpaTyp BUMArae JOTPUMAaHHS KOPCTKUX
BUMOI  O0epexHOCTI  mporsarom  mpomecy. Ilim  vac  mpomantoBaHHS
BOJIOOXOJIO/IKYBAaHUX BY3JIIB €Ul 1 HAAXOHKEHHS BOJIU y poOOUMid MPOCTIP PiAKHIA
TUTaH pearye 3 Heto, norauHaoun O, 1 Bunauisitoun H,. ¥V pasi morpamisHHs B mig
MOBITPS Y€pe3 HEIIUIBHOCTI KOHCTPYKIII BHACTIOK PI3KOro IIJIBHIICHHS THCKY,
YTBOPUTHCS TpUMYyda CyMiIl 1 MOXKe BIIOYTHCSI BUOYX.

31MUTKYA, OI0 OTPUMAaHI JBOPA30BUM IUIABIECHHSAM, OOTOUYIOTH Ui BUAAJICHHS
MOBEPXHEBOTO IApY, IKUHA Ma€ HE3TUTUHHU 1 opu. MexaHiuHy 00poOKy BUKOHYIOTb
Ha TOKapHHUX BepcTaTax pi3lsMU 3 Hamaikamu TBepaoro ciiaBy BKS8. 3ony pizanns
OXOJIO/KYIOTh CTUCIUM MOBITPSIM, III0O MPU MOAATBIIOMY BUKOPUCTAHHI CTPYKKU Y
mMUXT1 11 He JoBOAMIIOCS 3HEKuproBaTu. Bucokomiai crimasu BT9, BT3-1, BT15 Ta
1H. 78 3MEHIICHHS 3yCWJb IpH 0O0TOUyBaHHI OOpOOJSIOTH B TapsAyOMy CTaHi,
0e3rmocepeHbO MICIs BUBAHTAKEHHS 3 Tiedi [26,28].

KoHTponb SKOCTI 3MUTKIB CKIQJA€ThCA 3 BHU3HAUEHHS XIMIYHOTO CKJIaay
BUILJIABJIEHOTO MeETally, BUIPOOYBaHHS HOro MEXaHIYHUX BIACTUBOCTEH 1
yJIBTPa3BYKOBOTO KOHTPOJIIO, 110 BUSBIISIE BHYTpilIHI gedextu y metani. [Ipobu Ha
XIMIYHUNA aHaji3 y BUIJISII CTPYKKHM BiAOHMparoTh 3 O14HOI MOBEpPXHI Ta 3 TOPLIB
3nUTKIB. TBepAICTh BU3HAYAIOTH HA O14HIM MOBEPXHI 37UTKA 32 TOTIOMOTOIO MPUIIATy
[Tonpmi. [lpu BU3HAYEHHI THIIMX MEXAaHIYHUX BIIACTUBOCTEW BiJ 37UTKA BIAPi3alOTh
TEMIUIET 3aBTOBLIKU 25—30 MM, 3 SKOro KyIOThb TEXHOJOTIYHI NpoOu st
BUTOTOBJICHHS 3pa3KiB Ha PO3PUB 1 HA yJIapHY B’ SI3KICTb.

VY bpTpa3ByKOBUN KOHTPOJb BUSIBIISE€ HASBHICTh HECYLUTbHOCTEH (yCaIKOBHUX
pPaKoBUH, TOP) 1 CTOPOHHIX BKJIIOYEHb (YaCTUHKU JITaTyp, 10 HE MPOTUIABUIIUCS,
yJIaMKH TBEPJIOCIUIAaBHUX IUTacTUH). JleeKTHI YacTUHU 3IUTKIB BIAPIZYIOTH 1
HaMpPaBJISAIOTh Yy BIIXOIH.

BakyymHO-AyroBa IuiaBKa 3 €IEKTPOJOM, IO BUTPAYAETHCS, MA€ HUBKY
1ICTOTHHUX HEJOIIKIB, OCHOBHUMHU 3 SIKHX €:

— BUKOPHUCTAHHS OOMEXEHOI KIJTbKOCTI BIIXOJIIB Y IIMXTI BHACHIIOK 3HIKCHHS
MIITHOCTI TIPECOBAHUX €JIEKTPO/IIB MPH J0AaBaHH1 BiaxoiB moHas 30 %;

— HEJIOCTaTHS OJHOPIIHICTh 3JIMTKIB 1 YTBOPEHHS B HUX TYTOIUIaBKUX Je(PEeKTiB

y 3B,513Ky 3 TUM, IO Hi,II yac IJIaBJICHHS TIILKM MaJia YacTHUHA 3JIMTKA 3HaXOAHUTLCS B

MONOGRAPH 24 ISBN 978-3-949059-59-9



ye

a
Innovation in modern science ‘ 2022 Part 1 %

PIIKOMY CTaHi;

— BHOyXOHeOe31eKa MPOoIIecy;

— BTpaTd MeETajly IiJ Yac OOpOOKM 3IUTKIB, IO TOB’si3aHI 3 HEIOCTaTHIM
MPOILJIABJICHHSM MMOBEPXHI.

dacoHHO-IMBapHI BUPOOU 3 TUTAHY Ta MOro CIUIaBiB OTPUMYIOTh Y BaKyyMHO-
AYTOBHX TapHICAKHUX Tniedax. [lnaBneHHs mNpoOBOIATH 3  €IEKTPOAOM, IO
BUTpauYa€eThCcsl. MeTan HaAIUIaBIAIOTh Y TUTENb, 3 SKOrO WOT0 MOTIM BWJIMBAIOTH Y
(dbopMH 3 BOTHETPUBKUX MaTepiaiB.

Haiibinpiie po3moBcro/ikeHHsT HaOyau Turii 3 rpaditoBoro dyTtepoBkoro. Ilig
4yac MEpIIOro IUIABJIEHHS HA MOBEPXHI THUIJISI YTBOPIOETHCS TapHICAX, SKUM TpH
MOJaJIbIINX IJIAaBKAX 3aXUIIA€ PIAKUI MeTal BiJ 3ITKHEHHS 3 rpadiToM 1 HACHYCHHS
ByTJIeIIeM. 3aCTOCOBYIOTh TAKOX MiJHI BOJOOXOJOKYBaHI THTJIl 1 HEOXOJIOMKYBaHi
MAacCHBHI TUTAHOBI THTJII.

TouHl HeBeNMKI BWIMBKM 3 TUTAaHOBUX CIUIABIB BHUTOTOBJISIIOTH JIUTTSAM 3a
MOJIENIIMU, 110  BUIUIABIAIOTHCA. Sk Marepian  (GOpMH  BUKOPHCTOBYIOTH
ByrierpagiTHI MaTepiaiv: OKCHUJ LUPKOHII0, KOpyHA. KpyIHi BUJIMBKH OTPUMYIOThH
JUTTSM y MarHe3utoBi (Gopmu. {7 BUIMBOK BiTHOCHO MPOCTOi KOH(piryparii, mo
BUTOTOBJISIOTHCSL  KPYIMTHUMHU CEpisIMH, 3aCTOCOBYIOTh TaKOX MeTajieBl (CTajieBi)
hopMHU — KOK1LJII.

VY Pocii po3pobiieHuil mpoiiec OTPUMaHHS TUTAHOBUX BHJIMBOK Yy BiTHOBHOMY
CepEeOBHILI BOJHIO, IO 3IACHIOEThCSA ¥ (popMax 3 BOJAECHBBMICHUM IMOKPUTTIM. B
HOBOMY IIpOLIeCl HE BUKOPUCTOBYIOTHCS ACPIIUTHI MaTepialdy, BIA€ETHCS 3HAYHO
MIBUIIUTH SKICHI TTOKA3HUKHU K CaMUX BWJIMBOK, TaK 1 JUTOro MeTany. Jlxepeaom
BOJIHIO € T1JIPUHI TOPOIITKH TUTAHY, sIKI PO3KJIaJIAl0THCS TiJT A€ TETJIOTH BUJIUBOK
3 BHUAUIIHHSIM BOJHIO. Po3kinanaHHs TiApUIIB  TUTaHy, CYIPOBOIXKYETHCS
NOTJIMHAHHAM TEIJIOTU. BOAEHb, 110 BUAAISETHCS, HA MEX1 3 BHJIMBKOM CTBOPIOE
3aXUCHE CEPEIOBHIIIE.

OckinpKy eyl AJis TUIaBKU TUTaHy € BUOYXOHEOe3NEeYHUMH arperataMu, TOMy
JUTSI IX HOpMAaJIbHOT POOOTH CIILJ] PETENbHO TOTPUMYBATUCS BUMOT TEXHIKH O€3MEKH.

OcHOBHOIO HEOE3MEKOK MiJ] 4Yac BaKyyMHO-AYTOBOTO IUIABJIEHHS €
MPOMATIOBAaHHS CTIHKM KpHUCTali3aTopa eNeKTpUYHOI0 ayroro. lle mpuBomuTh 10
HAJXO/KEHHS BOJM B IJIABUIBHUI MPOCTIp, i1 B3a€EMOIT 3 piAKUM a00 pO3KapeHUM
TUTAHOM 3 YTBOPEHHSIM BOJIHIO (KHCEHb BOAM MOTJIMHAETHCSA TUTaHOM). [Ipote cam
BOJICHb 1€ HE CIPUUYMHSIE BUOYXY. SIKIIO K BHACIIIOK OypXJIMBOIO MapOTBOPEHHS B

CTIHIIl BOJIOOXJIOJPKYBAHOTO KpHCTajiizaropa ab0 B 1HIMMX MICIX (TUTaBUIIBbHIN

MONOGRAPH 25 ISBN 978-3-949059-59-9



Innovation in modern science ‘ 2022 Part 1

Kamepi, MiJJ0HI, TYMOBUX BaKyyMHHMX YIIUIbHEHHSX) 3 SBISIOTHCS PO3PUBH a0o0
HEIIUJIbHOCTH, TPIIIMHUA 1 Yepe3 HUX B MIY MPOHUKAE TOBITPSA, TO YTBOPIOETHCS
rpuMyda cyMill (JKEpeaoM TEIUIOTH € PiIKkuil a0 po3KapeHH TUTaH), IPH BUOYXY
AKO1 MOKe OyTW 3pyWHOBaHa BCS T4, OCKIJIBKM THCK BHUOYXOBOI XBHWJII MOXE
nocsaratuMe nmonay 1000 MI1a.

Jlist 3abe3nedenns 6e3medHoi poOoTH 0OCIyTrOBYHOUOTr0 TIEPCOHATY Ha BUMAJI0K
MPOMATIOBAHHS 1 MOKJIMBOTO BUOYXY, Meul s MJIaBJICHHS TUTaHY PO3TAIIOBYIOTH B
OpOHBOBHX Kamepax 1 OCHAUIyIOTh 3alOOKHMMHU 3BOPOTHUMH KamaHaMH IS
BUITYCKaHHS Ta3iB MpU MiABHUILEHHI TUCKY B IUIABUJIBHOMY MPOCTOPi, a caM IpOIeC
IUIABJICHHS aBTOMATH3YyIOTh, 1100 HE JOMYCTUTH MEPEMIIeHHS IYyTrd Ha CTIHKY
KpHUCTaIi3aTopa.

BuBuennsi BuOyXiB AyroBUX MeYel MOKa3allo, IO HE 3aBXKIU iX CHPUYUHIOE
MPOTATIOBAHHS CTIHKHM KpHcTam3aTopa. HegocratHs mogaya Boau abo MPUITMHECHHS
nojadi il B OXOJO/KYBaJIbHY COpPOYKY (KECOH KpHCTali3aTopa) MOKE CIPHUUYMHUTH
pPO3IUIABJIICHHS MIJHOrO Kpucrtaiizatopa. [lpuumHoro BuOyxy Moxke OyTu
NOTPAIUISIHHS. B MY MacTWia 3 BaKyyMHHMX HAcOCIB MpH X BUMAAKOBIN 3yNHHII
(BIIKITIOUEHHI), a TAKOXK TPOHUKHEHHS BYTJIEBOJAHEBOI MApU BHACIIIOK PO3KIIaTaHHS
rYMOBUX YIIUIbHEHb MiJl BIUIMBOM MICIIEBOTO meperpiBanHa. Ha Bumamok panToBoi
3YyNUHKM BAaKyyMHHMX HAcOCIiB Ha BaKyyMIIPOBOJAX BCTAaHOBIIOIOTH 3amo0ixkHi
KJIamaHu, sKi 3armo0iraloTh nonaiaHH0 BaKyyMHOTO MacTHIIa 3 Hacoca B MiY.

BuOyxone0Oe3neuny cywim 3 MOBITPSIM MOXYTh YTBOPIOBaTH MHUJIONOMIOHI
OCa/UKeHHsSI THUTAHy 1 MarHilo, 10 yTBOPIOIOTHCA MiJ 4Yac IUIABJICHHS BHACIIIOK
KOHJEHcalli X mapu Ha BHYTPIIIHIX XOJIOAHUX TIOBEPXHSX KpHUCTamizaropa 1
BakyyMHOi kamepu. LI[o06 YHUKHYTH IIbOTO PO3KpPHBAHHS I€Yi MICIs YEProBOTO
JIaBJICHHS TTPOBOJISITH 3 OTEPAIli€l0 TOBUILHOTO (HEBEJIMKUMU MOPIISIMHU) BITyCKaHHS
NOBITPA B miu. BHacnigok 1boro BiAOyBaeThCs MOCTYNOBE OKUCHEHHS JUCTIEPCHUX
MEPETOHIB TUTAHY 1 MarHit0 KUCHEM MOBITPA.

3a ocTaHHI POKHM 3IMCHEHWH I[N KOMIUIEKC TEXHIYHUX 3aXOJliB, SKUH
JI03BOJIUB MPAKTHUYHO TOBHICTIO BUKJIIOUUTH BHUIAIKA BHUOYXIB BaKyyMHO-IYTOBUX
neueil /uia BUIUIAaBIeHHS TUTaHy. OCHOBHMMHU 3 HUX € HaJiifHa aBTOMAaTHKa, IO
YOpaBIisie€ E€NEeKTPUYHOIO IyTOl0, OpPHUriHAIbHA KOHCTPYKLIS COJEHOINIB, HaJllHE 1
IHTEHCHBHE OXOJIO/KyBaHHS KpHCTali3aTopa BOAOI, YCTAaHOBKA Ha TeYax BaKyyM-
HACOCIB, IO MalOTh BHMCOKY IIBHJKICTIO BiJKa4yBaHHS, NPOAYKTUBHICTb SIKUX
3pOcCTa€ 3 MiABUIIEHHSIM TUCKY Y BlJIKAYyBaHOMY ITPOCTOPI Ta 1H.

Texnonoris ~ BJIII  xapaktepusyeThcs IIUPOKUMHM  TE€XHOJOTTYHUMH
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MO>KJIMBOCTSIMH 332 3HAYHO MEHINWX BHTpPAT HAa BUPOOHHIITBO CIUIABIB MOPIBHSIHO 3
€JIEKTPOHHO-TIPOMEHEBUM TIIABJICHHSIM.

I[InaBnennss B mewi 3 rapHicaxkeMm. [apHica)kHe TUIaBIEHHS THUTaHY
Bipi3HsAeTbest Binm BJIII TuM, 1o 30Ha IJIaBJICHHS BIJIOKpEMIJIEHA BiJl 30HH
KpucTamizamii  3iuTka.  Mertan  HamlaBiaseTbess B rpadiToBomy  abo
BOJI0OXOJIOKYBAaHOMY THUTJI1. [[7s1 BUKITIOUEHHS B3a€MOJI1 pPO3IUIABIEHOTO METay 3
MaTepiaioM THUTJIA TPOLEC 3AIMCHIOETbCS TAaKUM YHHOM, IO 31 CTIHKamMH (popmu
3aBXKJIU CTHKAETHCS TapHICa)X — KIpKa TUTaHy 1 HOro CIUIaBy, IO 3aTBEpHAIB Ha
BHYTPIIITHINA MOBEPXHI CTIHKA TUTJIS.

BripoBamkeHHST TapHICA)XHOTO TUIABJICHHS JO3BOJISE BiUIMBATH 3JIUTKH Pi3HOT
dbopmu TiepeTHHY, 3a0e3neduye Kpaily TOMOTEHHICTh CKJIaay CIUIaBy. 3armoOiraHHS
HAJIXO/HKEHHIO B 3JIUTOK TYTOTUIABKUX BKJIIOYEHB JTA€ MOMJIMBICTh BBOJHUTH Y IIMXTY
3HaYHy KUIBKICTh BIXOAIB 0€3 TPYyAOMICTKOTO iX moApiOHeHHs. TernoTa B AyTH y
nevax TaKoro TUITy 3a0e3reuye OTPUMYBaHHS BHUCOKOTOMOTCHHHMX 3JIUTKIB HaBiTh
TaKUX CKJIQJHUX Yy JIUTTI CIUIaBiB, sk T1+ 3 % Mo; Ti + 5,5 % Ni ta i1. [14,26,31].

Oco0MMBICTIO KOHCTPYKITi1 BAKYYMHO-TyTOBOI TapHICAXHOI 1eUl JIsl TUTABJICHHS
TuTaHy emkictio 600 kr € Te, IO 3anMBalibHa KaMepa B MEpioJ 3aJlMBaHHS
o0epTaeThcsi HABKOJIO CBO€i oci. EnekTtpon, 1m0 BHUTpavyaeThCcs, IMIIABUTHCA Y
BOJIOOXOJIODKYBAaHOMY THTJI, (QyTepoBaHOMy TpaditoBumu muTamu. llomada
CJIEKTpO/Ia 3MIMCHIOETHCS BaHTAXO-TIIMOMHUKOM, TUIYHXKEpP SIKOTO YKOPCTKO
3aKpIIUICHU Ha Kapkaci, a IWIHAP 3MOHTOBAHHWH YCEPEIHHI €JIeKTPOJ0TpUMAYa.
Pigxuii MeTan 3 TUIJISI 3MUBAETHCS IUIAXOM HAaXMWITy TUIAaBUIIBHOI KaMEpU B1THOCHO OCi
B JIOTOK, MO JIOTKY TMEpeIaeTbcs B 3aJIMBAJbHY Kamepy 1 uepe3 BOPOHKYy — Y
BWJIMBHHUIIIO, SIKa BCTAHOBJICHA HA IMiJIOHI Ha CTOJI1, III0 00EPTAETHCA.

OCHOBHMMH HamNpsSIMaMH PO3BUTKY TapHICAXHOTO TUIABIICHHS € ()aCOHHE JIUTTS,
¢dacoHHO-3arO0TOBUE JHUTTA (KUIBIEBI 1 TpPyOHI 3aroTOBKM JJs MOJANbIIUX
PO3KOUYBaHHS, IITAMITYBaHHS, MIPECYBaHHs), 3aTOTOBYE JIUTTA CKJIATHUX (OpM IS
MPOKATyBaHHS 1 IpecyBaHHS.

Haitbinpmr  epekTUBHUM BBa)Xa€ThCS CIOCIO TapHICAXXHOTO TUIABJICHHS 3
BUKOPHUCTAHHSM SIK €JIEKTPOJ, 110 BUTPAYAETHCS, TAPHICAXKy, KU yTBOPUBCS TpHU
NoMepeIHbOMY IUIaBJICHHI B TOMY caMoMy Turii. Takuil cmocid0 He BHUMarae
CHELIaJIbHOTO TMPHUTOTYBAHHS €JEKTPOJa, IO BUTPAYAETHCS, OKPIM MEPBUHHOTO
MJIaBJICHHS. SIK MMXTY IS TJIaBJIEHHS MOKHA BUKOPUCTOBYBATH OPUKETH, CTPYKKY 1
KYCKH JOBUIbHOI (OpMHU, PO3MIpU SKMX HE TEPEBUINYIOTh TaOapUTHUX PO3MIpPIB

pobGoyoro npoctopy TuUris. [lnaBieHHs eleKTpoja-rapHiCaxy, IO BUTPAYAETHCH,
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3MIMCHIOETBCS  €JIEKTPUYHOI JAYrol0 TMOCTIMHOTO CTPpyMy Yy Bakyymi abo vy
CepeoBHILI HeUTpanbHOro raszy. Ilicns 3akiHUYeHHs MaBieHHS MOTpiOHA YacTHHA
PO3IUIaBY 3JIMBAETHCA y BUIUBHUIIO; TAPHICAXK 3 3aTBEPAUIMMHU 3aJIUIIKAMH METaIy,
IO HE 3JIMBCS, BUTATYETHCS 3 THUIJISL 1 BUKOPHUCTOBYETHCS SAK €JEKTPOJ, IO
BUTPAYA€ThCS, NpPU HACTYMHOMY IUIABJIEHHI JaHoro cruiaBy. llpu macoBomy
BUPOOHUITBI 3aCTOCOBYIOTh 3MIHHUM TapHICaX, CHEliali30BaHUN 3a HaHOUIbII
PO3MOBCIOKEHUMH CITJIaBaM a0o0 TpyIaM CIUIABiB, 10 BUKIIIOYAE Opak 3a XIMIYHUM
CKJIaJIOM TIpY OTLIABJICHHI FapHICaXKy MPOTATOM KOXKHOTO TIJIABJICHHS.

[Teui rapHica)XKHOTO TUITY 3aCTOCOBYIOTH JJisi (PACOHHOTO JIUTTS PI3HUX BHIIMBOK
3 TUTaHy 3 JIOCTaTHHO BHUCOKHUMH KoedillieHTaMd BHUKOPHUCTAHHS MeTaly 1
HEOOpOOIIIOBAHOIO TOBEPXHEID, TOOTO BHJIMBOK 3 MAaKCHUMAaJIbHO HAOIMKEHOIO
¢$bopMOIO 1 TEOMETPUYHUMHU PO3MIpaMu 10 TOTOBOI jAeTani. BanHy pigkoro meramy
HAIUTABIIAIOTH B IpadiTOBOMY THUIJI 3 TapHICaXeM 13 TUTaHy. Po3riaBieHuil Metan
3JIMBAIOTh B 3a3/alieriib 310paHy 1 BCTAaHOBJIEHY 3aJUBAJIbHY Kamepy — (opmy.
YCTaHOBKM TaKOTO THUITY JO3BOJISIIOTH OTPUMYBAaTH BWJIMBKM Macol B JEKUIbKa
AecATKIB KijorpamiB. Llum crmocoboM BiAIMBaIOTh KOPIYCH BiILEHTPOBUX HACOCIB,
BEHTHUJIIB 1 3aCYBOK, po00OUl KoJieca HacOCIB Ta 1HII BUpoodu [26,27].

[apHicaxkHe  IUTaBIIEHHS €  ONTUMAJbHOI  TEXHOJOTIE  TMEPIIOro
NEeperiaBlieHHs, MPOTE€ BHUCOKA IIBUAKICTH 3amoBHEHHS (GopMH He 3abesneuye
OTpUMAaHHSI KPYIHHUX 3JIMTKIB 0€3 YCaJKOBHUX pPAKOBUH 1 JIMKBAI[MOHHOI
HEOMHOpPiAHOCTI. Taki 3MUTKH HE BUKOPUCTOBYIOTHCS OE3MOCEPEIHBO MJIsi OOPOOKH
TACKOM. JIyisi apyroro meperiaBieHHS, KpiM ICHYIOYOro MpOIecy JIyrOBOTO
IUIABJIGHHS 3  €JIEKTPOJIOM, [0 BUTPAYAETHCS, [JyK€ MEPCHEKTUBHUM €
€JIEKTPOLIUIAKOBE TEperuiaBieHHss a0o Oe3nepepBHE JHUTTS 3 PO3IUIABICHHSIM
€JIEKTPO/Ia T1a3MOI0 200 €NIEKTPOHHUM IIPOMEHEM.

IlnaBieHHs1 B eJIeKTPOLLIAKOBiii mevi. EiekTponurakoBe mepernsaBieHHs
(EILIT) € nHaitOGiib1 MOLMIMPEHOI0 TEXHONOTi0 oTpuMaHHs 31muTKiB. [Ipouec EIIT
XapaKTepU3y€EThCS NEBHUMU napameTpamu €JIEKTPUIHOTO pEeXUMY,
CITIBBIJTHOIIEHHSIMU MK JllaMEeTpaMH eJIeKTpoJia 1 KpUcTali3aropa sKi BIUIMBAlOTh Ha
AKICTh padiHyBaHHS MeTaly 1 kpuctam3aiito 3autka. [Iponec EHII € nukiiuyHuMm,
CKIIQZIAEThCS 3 TEPIOJiB MPOCTOI0 MIX TUIABJIICHHSIMH, HABEJICHHS MUIAKOBOI BaHHM,
NEPeIIaBiCHHs] €JIEKTPO/a, BHUBEIEHHS YCAJKOBOI PAaKOBUHU Ta OXOJOKCHHS
3nuTKa. OCOOIMBICTIO BOTO MPOLECY € KOPOTKOYACHICTh KOHTAKTYBAaHHSA METay 3
padiHyBaJIbHUM CEPEIOBUIIEM.

ITin ygac EIIII mnporpiBanHs posmiaBieHoro muaky CaF, enektpudnum
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CTPyMOM HaJl MOBEPXHEI0 METANy B KPUCTANI3aTOpl JO3BOJIAE MEPErpiBaTH MeTall
BUIIIE 3a TEMIIepaTypy Woro riasieHHs. [Ipu oMy BHPIBHIOETHCS TEILIOBE MOJIE IO
MOBEPXHI METaly, 3ariuOJIIOEThCS BaHHA PIIKOTO METaly, M0 TOKpAIIye
OJTHOPIJHICTh 3JUTKA. SIK €IeKTpPOAH, 110 BUTPAYAIOThCS, BUKOPHUCTOBYIOThH JIMTI
3JIUTKY 200 MTaHTH AiameTpom 6su3bko 0,22 M 1 3aBnoBxku 2,30 M [14,26,31].

Cnocooom EIIIT MOXIMBO OTpUMaHHS 3JIMTKH NPSIMOKYTHOIO IMEPETUHY, IO
3py4YHO ISl TOAaIbIIOro npokatyBaHHs. ['onoBaum Hepomikom ELII € BincyTHICTD
Jerasaiii MeTaiy miJ yac riaBjieHHs. ToMy 1eil crnocid AOUiTbHO BUKOPHCTOBYBATH
y TO€IHAHHI 3 OJHUM 31 CHOCOOIB MEpPIIOro MeperuiaBieHHsS y BaKyyMi, IO
3a0e3neuye JOCTaTHBO TOBHE BUAAJICHHS BOJIHIO.

VY cranii po3pobku 3Haxoauthes oauH 3 pizHoBHAiB EII — inmykuiiine
€JIEKTPOIIJIAKOBE TUIABJICHHS B MIAHOMY KpHCTaji3aTopil, sIKe JO3BOJISIE OTPUMYBATU
OTHOPITHUI MeTall 1 BHUKOPUCTOBYBATHU HEOOMEXKEHY KUIbKICTh KOHIUIIHHUX
BIXOA1B. PoJb rapHicaxky B IbOMY BHUIAJIKy BUKOHY€ UIAKOBUI IPOIIAPOK.

IInasmMoBo-ayrose miaaBjdeHHsA. BUKOpPUCTaHHS METOLy IUIa3MOBO-AYI'OBOIO
mnaenenns (ITJI1) y mnmasmoTpoHax [ TEperviaBiICHHs TUTAHY NPUBEpPTaE
CTaOLIBHICTIO Ta30BOTO PO3PsSAY, MOXIIMBICTIO PETyIIOBaTH TMOTYXKHICTh Ta
OTpUMaTH BHCOKI TEMIIEpaTypH, BEJIMKOI KOHLIEHTPALI€l0 €Heprii, MiJBUIICHOIO
BUOYX00€3MeYHICTIO IpoLecy. Sk ras, 1o yTBOPIOE MJ1a3My, BAKOPUCTOBYIOTh aprOH
[26,31,36].

VY mna3moBiil medi 3 BOJOOXOJOJKYBAHMM KpPHUCTaIi3aTOPOM 3aroTOBKY Jist
NeperIaBiIeHHs MOAAI0Th 31 CTAJIOI0 IIBUJIKICTIO Ta OTUIABIISAIOTH OJIHIEI0 Y KIJIbKOMA
IJIa3MOBUMH JyTaMH, aHOJOM [UIsl SKHUX € TMOBEPXHS BaHHU PIAKOTO MeTaiy.
Crikarouu 13 BUTPATHOI 3arOTOBKU PIBHOMIPHUMH KparjisiMH, METaJl MPOrpiBaeThCs
IyTOI0 1 PO3TIKAETBCSA IO TIOBEpXHI BaHHW. I[lma3MoOBI CTpPyMEHI KOXKHOTO
MJ1a3MOTPOHA CIIPSIMOBAHI Ha BaHHY PIIKOTO MeTany. ButpaTHa 3aroToBKa moJgaeTbes
MEXaHI3MOM BHHU3 3 00€pTaHHSM HaBKOJIO BIacHOI oci. [Ima3smMoTpoHH pO3MINIYIOTH
paniagbHO HABKOJIO BUTPATHOI 3arOTOBKM 1 BOHM MOXYTh IE€pEMIlIyBaTUCS 3a
JIOTIOMOTO0 CIIELIAJILHOTO MeXaHi3My. Lle 3yMOBiIO€ peakTHBHE 0OEpTaHHS METAy
BaHHM Ta PIBHOMIPHIIIMK PO3MOJII TeMIepaTypu 10 il MmoBepxHi. BukopucraHHs
KUIBKOX TUIa3MOTPOHIB JIa€ 3MOTY PO30CEPEIUTH TEIUIOBE HABAaHTAXKCHHA 1
pEryJIoBaTH HArpiBaHHs PI3HUX AUISTHOK BaHHU PiIKOro MeTairy. Mertan padiHyeThes
1, TBEPAHYYH 3aBISKH XOJOJHUM CTIHKaM KPHUCTal13aToOpa, BUTITYETHCS 3 HHOTO 31
BCTAHOBJICHOIO CTAJIOI0 IIBUJKICTIO Y BUIVIAAI O€3MEPEPBHOrO 3JIMTKA KPYriaoro abo

NPSIMOKYTHOTO Tepepi3iB. MeTran 37UTKa XapaKTepU3ye€TbCsl BHUCOKOKO IUIBHICTIO,
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CTPYKTYpPHOIO Ta XIMIYHOK OJHOPIAHICTIO. 3a TakKoro IUIABJICHHS TOBHICTIO
BUKJTIOYAETHCS KOHTAaKTYBAaHHS PIAKOTO METalTy 3 MaTeplajioM THUIJISI Ta MOro
3a0pyIHEHHS.

Henomkamu mima3MoBuX Ieueid € oOMe)keHa jJerasaifis Il Yyac IUIaBJICHHA 1
MOXKJIMBICTh 3a0PY/IHCHHS TUTAHYy JOMIIIKAMHM, 110 MICTATHCS B Tasi, 10 YTBOPIOE
masMy. ToMy BETMKHI 1HTEpEC JIJIsl BUILIABIICHHS TUTAHOBUX CIUIABIB MAa€ BaKyyMHE
[TAIl, sxe mopiBusno 3 BJIII 3abe3mneuye peryntoBaHHsS MIBHUAKOCTI IUIABJICHHS,
MOMJIUBICTh TIEPETIABIISTHHSA HEKOMITAKTHOT KYCKOBOI INHUXTH Ta BUKOPHCTAHHS
IPOCTIIIOTO BAKYYMHOTO YCTaTKyBaHHS 1 HU3bKOBOJIbTHUX JXKEPEJ CTPYyMY.

BukopucTtanHs Ma3MOBUX T€4Yeil MEpPCIEeKTUBHO [JIsi IUIABJICHHS BIAXOJIB
TUTAHOBUX CIUTaBiB. [lnaBieHHS 3IHCHIOIOTH Y BOJOOXOJIOKYBAHOMY MIiTHOMY
KpHUCTaNI3aToOpl 3 BUTATYBAHHAM 3JIUTKA. Tak, Ha 3aBoal B M. Kanton (wrat Oraiio,
CHIA) ana [TAIT TuTaHOBUX BiIXOJIB BUKOPHCTOBYIOTH IUTa3MoBi eyl ¢ipm Galt
Alloy Ta RMI 3 piunoro poayktusHicTio 3,2 THC. T [30].

Inpykuiiine nuiaBjenns. Ha panHiit ctaaii po3BUTKY BUPOOHHUIITBA TUTAHOBUX
CIUIaBIB 3HAYHOTO MOILIUPEHHS HAOYB CIOCIO IMJIABJICHHSA y BaKyyMHUX 1HIYKIIHHUX
neyax. SIk BOTHETPUBKHUII Marepian i BUTOTOBJICHHS THUTJIIB BUKOPHUCTOBYBAJIH
MIIIHMA  BHUCOKOsAKiCHUU Tpadit. Bakyym abo armocdepa iHEepTHOro Trasy
(matyacrime Ar) JOCUTh HaJlIitHO 0Oepirajay MeTaj Bijl B3a€MOJil 3 KHCHEM 1 a30TOM
noBiTps. [Ipore MeTan B nporieci maaBjaeHHs CUIbHO HacuuyBascs Byrienem (0,7-2,0
%). Takuii THUTaH 1 CIUIaBU HA MOTO OCHOBI MPAaKTUYHO MOBHICTIO BTpayaiu
MJJACTUYHICTh 1 B JINTOMY CTaHI HaragyBaiw 4daByH. KyBaHHSM BIaBajocs JTUIIE
TPOXH MOJIMIIUTH IX BIACTUBOCTI.

HoBuit  meTonm  iHAYKUIMHOTO  IUIABJIEHHS B Me4l 3 CEKIIWHUM
BOJ00XOJIO/I>)KyBaHUM TUTJIEM BUKOPHUCTOBYIOTh LISt BUILJIABJICHHS
CKJIaJIHOJIETOBAaHMX CIUIaBIB HAa OCHOBI TUTaHy Ta ioro iHtepmetaniaiB (TiAl, TiNi)
[32]. IlnaBrneHHS PEKOMEHIYETHbCS MPOBOJIUTH Yy JEKUIbKAa €TamiB 3 IMOCTYIIOBUM
migBUIIEHHAM ToTy)HOCTI 70 300 BT 11 3a0e3nedeHHs IHTEHCHBHOTO
nepeMillyBaHHs pO3ILJIaBy.

Turens BUTOTOBJICHUH 3 MaTepiady 3 BUCOKOI TEIJIO- Ta €JIEKTPOIPOBIIHICTIO 1
€ CECTMEHTOBAaHHUM — PO3IUICHUM Ha BEPTUKAIIbHI, €IEKTPUIHO 130JIb0BaHI O[HA BiJ]
onHOB cekii. KoxkHa cekiiist Mae cucTeMy BOASIHOTO OXOJIOKEHHS, 10 CKJIAJa€EThCs
3 0HOTO a00 BOX KaHAJIB, SKUMHU MTPOKAYYETHCS Boja 3 TemiepaTyporo a0 100 °C.

Taka KOHCTpPYKIISI THUIJIE Ta BUKOPUCTAHHS €JEKTPOMATHITHOTO CHJIOBOTO

BIUIMBY, CTBOPEHOI'O 3MIHHMM CTPYMOM B I1HJIYKTOpPI, JO3BOJISIOTH MIiHIMI3yBaTH
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31ITKHEHHSI pO3ILIaBy 31 CTIHKAMU XOJIOJHOTO TUIJIS 1 CHPUSIIOTh JOCATHEHHIO BUCOKOT
YHCTOTH BUTOTOBJICHOTO CILIABY.

TexHnomnorist, 3acCHOBaHa Ha 3aCTOCYBaHHI «XOJOHOTO» THUIJIA, HaiuacTiiie €
€IMHOIO JJIs BUIUIABJICHHS METaly 13 3aJaHUMU BJIACTHBOCTSAMH, CKJIAJIOM 1
YUCTOTOIO a0 J1JIsi OTPUMAHHS CIUIaBY METaJiB, K1 HE MiAaI0ThCS 3MIITYBAHHIO TIPU
3aCTOCYBaHHI IHIMUX TexHoJorik. Takwm, Hampukian, € cmiaB TiAl, 1o
3aCTOCOBYETHCSI B MAacOBOMY BHUPOOHUIITBI KJIamaHiB [Jsl JBUTYHIB aBTOMOO1JIB
BMW.

EnexkrponHo-npomeneBe 1iaBjeHHsl. CyTb  €IEKTPOHHO-IIPOMEHEBOIO
nasieHHs (EIII) monsirae B ropu3oHTaNbHIN MOAa4l 3aroTiBKHU, 110 BUTPAYa€ThCH,
13 3aJ1aHOIO IIBUJIKICTIO B 30HY IUIABKH, i1 MJIaBJICHHS €EKTPOHHUMHU MPOMEHSIMU HaJl
IPOMDKHOIO €MKICTIO. B Mipy HamoBHEHHS NPOMDKHOI €MKOCTI PIAKUN MeTanl
3MUBAIOTh y KpUCTAIi3aTop, 1€ BiaOyBaeTbcs (HOpMyBaHHSA 3JIUTKA HEOOXITHOI
nosxunu [31,37].

ITin uac EIIIl mnoTyXHICTh €IEKTPOHHUX IIPOMEHIB BUTPAYAETHCS Ha
OIUIaBJICHHS TOPIS 3aroTiBKM, IO TMEpeIUIaBise€TbCs, 1 Ha MIATPUMKY B
KpUCTaNII3aTOpl BaHHU PIAKOT0 MeTany. TermyioBe mosie, 10 BCTAaHOBIIOETHCS HA
MOBEPXHI PIAKOI BaHHM METaly B KPHUCTaIi3aTopi, € B OCHOBHOMY HACIIIKOM
pPO3MOJITY TOTYXHOCTI €JIEKTPOHHUX TMPOMEHIB. JlOCHKEHHSIM  PO3MOALTY
HOTY>KHOCTI €JIEKTPOHHOI'O MPOMEHS JUIsl CUCTEM 3 KIJIbLIEBUM KaTOJOM BHUSBIIEHO
BITHOCHO “XOJIOAHY~ cepeAuHy 1 “rapsui” Kpai BaHHHA. Y CHCTeMax 3 YOTHUpPMA
aKClaJbHUMH TapMaTaMH JOCATAETbCS JAOCUTH BEJIMKE PO3IrpIBaHHS LEHTPaIbHOT
30HU BaHHU 1 B TOH K€ Yac € 30HM 3 HU3BKOIO TEMIIEPATypOI0 Ha Kpasx BaHHHU. Y
CUCTEMAaX 3 TpbOMa IUIOCKOIPOMEHEBUMHM TapMaTaMH  BHSBJIEHO  TaKOX
HEPIBHOMIPHICTh HArpiBy IIOBEpXH1 piAKOI BaHHM MeTaily. Tomy HaWOLIbII
PIBHOMIPHOTO PO3MOJALTY MOTYXHOCTI, a OT)Ke, 1 TeMrepaTypt, MOKHA JOCATTH 3a
JI0TIOMOT010 OaraTorapMaTHUX €JIeKTPOHHO-IIPOMEHEBUX HarpiBauiB [37-40].

[Ipu mporpamMoBaHOMY KEpyBaHHI TPOMEHEM E€HEprisi PpO3MOAUIAETHCS
pIBHOMIpHIiIIE, 3aBASKM YOMY B TEBHUX YMOBaX YyHHUKAlOTh HEPIBHOMIPHOCTI
temneparypHoro nois. Ilig yac nnaBiaeHHs B kpuctanmizarop giamerpoM 0,23 wm
MOPIBHSIHHAM TEMIIEPaTypPHUX TOJIB MPH KPYrOBOMY 1 MpPOTPaMHOMY BECHHI
MPOMEHSI BHSIBJICHO BIJHOCHO BHCOKY HEPIBHOMIPHICTH B PO3MOJLIL €HEprii mpu
KpYroBiit po3roprtiii 3 yactotoro 50 ['u. [{nst miaTpuMaHHsS ONTUMAaIbHOTO TETIOBOTO
pexumy EIIIT 3 piBHOMiIpHUM HarpiBaHHSM TMOBEPXHI BaHHH 1 MIHIMAJIBHUM yTrapoM

HarpiBaHHs CJiJ 3J1HCHIOBATH PO3TOPTKOIO MPOMEHIB 3 yacToToro Oubiie 100 .
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EnekTpoHHO-TIpOMEHEBE BUILIABICHHS THUTAHOBUX CIUIABIB B OCTAaHHI POKHU
Ha0yJI0 POMUCIOBOTO BUKOPHUCTaHHS. TexHOJOris HpOoro crnocol0y B JaHUM yac €
HANO1JIBII MePCNEeKTUBUM MPOLIECOM OTPUMAHHS 3JIMTKIB TUTaHy Ta HOro criasiB. [o
il mepeBar BIAHOCUTBhCS BHCOKa €(EKTUBHICTh padiHyBaHHS, 3yMOBJIE€HA BHCOKUM
BaKyyMOM B KaMepi eJIeKTPOHHO-TIPOMEHEBOi YCTaHOBKU. HesanexxHe mKeperno
TEIUIOTH TiJ Yac IUIABJICHHS Ja€ MOXJIMBICTh B IIHPOKUX MeEXaxX pPerysroBaTH
MIBUJKICTh TUIABJICHHS 3JIUTKA 1, BIAMOBIAHO, TPUBANICTh MepeOyBaHHS MeETaly B
piakoMy cTaHi. SIK IIKMXTOBI Marepiaii MOKHAa BUKOPHCTOBYBaTH TUTAaHOBY T'yOKYy
pi3HUX (pakuii, sxa, Ha BiaMIHY Bix TexHosorii B/II, He BUMarae monepeaHboro
NpecyBaHHS B €JIEKTPOJ, IO BHUTPAYAETHCSA, a TAKOXK MOXKHA BUKOPHUCTOBYBATH
IPYAKOBI BIIXOAM TUTAHOBOTO BHUPOOHUITBA. SIK IIKMXTOBY 3aroTiBKy, IO
BUTPAYa€ThCSl, MOKHA BHKOPUCTOBYBATH HACUIIHI IIUXTOBI Matepiaimu (OpyxT,
rybuacti HamiBpaOpuKaTu), IUTICHI 3BApHI 3aroTiBKU JIi OTPUMAaHHS TUTAHOBOTO
CILIaBY.

[Ticns 3aBaHTaXEHHS IIMXTOBOI 3aroTiBKM YCTaHOBKY BaKyyMyIOTh JIO
3anmumkoBoro Tucky 0,10-0,01 Ila, moTtpiGHOTO A CTiMiKOi POOOTH €IEKTPOHHO-
npoMeHeBUX rapmar. Jlami 3aroTiBKy CIUIaBISIOTH B IMPOMDKHY €MKICTh 10 i
3aMOBHEHHS 1 TMEPIOJUYHO 3JIMBAIOTh PIAKUN MeTan B KpucTamizaTop. B mporeci
IJIaBJICHHSI 3aCTOCOBYIOTH KPUCTAII3aTOp 1 IUJIIHAPOBOI, 1 MPSMOKYTHOI (hopmu,
OCHAIIEHUHW MIJJI0HOM 3 TOIVIMOJICHHSIM y BUIJIS/I «JIACTIBYMHOTO XBOCTa» abo 13
3a3/1aJIeTi/[b BCTAHOBIEHUMH «3aCTaBaMm», 1110 BEPTUKAIBHO MEPEMIITYETHCS.

[lepmuMu mopuisiMu 31MBY (POPMYIOTH 3aTpaBKy MaillOyTHBOTO 3JIHMTKa A0
BHUCOTH, PIBHOI BHYTPIIIHbOMY JlaMeTpy KpHUCTali3aTopa, Ha SKid MpoIiec
NEepexXOuTh B KBa3icTallioHapHUi pexum. [1oTiM Ha AOCATHYTOMY TE€XHOJIOTTYHOMY
PEXKHMI  BUIUIABJISIIOTH 3JIMTOK TOTPIOHOT BUcOTHU. OOIrpiBaHHsS 3JIUTKa B
KpHUCTaNI3aTOpl MPOBOAUTHCA CKAaHYBAaHHSIM IO MOTrO MOBEPXHI MPOMEHs OJHIET abo
JCKITbKOX €JIeKTPOHHUX rapMmart. [licis miaBieHHs 3IMTOK 3HAXOJUTHCS B KaMepi B
YMOBax BakyyMy J0 OBHOT'O HOTO OXOJIO/’KYBaHHS.

Jlns mutaBieHHs: TUTaHy 0e3 creliagbHOI onepeaHbO1 MIATOTOBKU (HAPUKJIIA,
IpecyBaHHs) 3 OTPUMAaHHSM BEIMKOraOapUTHUX 3JUTKIB Macow 3 T 1 po3Mipamu
0,245x1,125x0,245 ™M, a Takox Macow 10 10 T 3acTOCOBYIOTH €JIEKTPOHHO-
nmpoMeHeBl IiaBwibHI arperatd [38,39]. Taki arperatu mO3BOJIAIOTH OTPUMATH
NPUIATHI 3JIUTKU M1 4ac OJHOPA30BOTO IUIABJICHHS, OCKIIBKY MEPBUHHE 1 BTOPHHHE
IUTaBICHHST MOXXHAa TPOBOJUTH B OE3MEPEPBHOMY PEXKUMi 3a JIOIMOMOTOIO

CJIICKTPOHHUX rapmar, 110 BCTaAaHOBJIIOIOTLECA HA IICpCHCBiI\/JI YaCcTHHI Ta Hi,Z[ TUIJIEeM. 3a
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JAHOIO TEXHOJIOTIEI0 OTPUMYIOTh IUIOCKI 3JMTKH, TOTOBI ISl Oe3mocepeaHbOro
MPOKATyBaHHS.

MarsnitokepoBaHe esekTpouuiakose riasjdeHHss (MEII) npusnaueno s
BUPOOHHUIITBA KPYIJIUX 1 IUIOCKUX 3JUTKIB 0araTOKOMIIOHEHTHUX BHCOKOMIIHUX 1
KAPOMIIIHUX  CIUIABIB ~ TUTaHy. BigMITHUMH  OCOOJMBOCTSMHM  TEXHOJIOTI1
MarHiTOKEpOBaHOI €JNEKTPOILUIAKOBOIO TIUIABJICHHS, MOPIBHAHHO 3 TPaIUIIIHIM
B/II, € BUKOpUCTaHHS XIMIYHO aKTUBHOI IIIAKOBOI BaHHU 1 €JIEKTPOMArHITHOTO
YOpPaBIiHHSA PYXOM pO3IUIaBy B IUIAKOBIM 1 MeTajeBiil BaHHAaX, a TaKOX 3aXHUCT
METaTypriiHOi BaHHM 1 €JIEKTPOJA, 1[0 BUTPAYAETHCS, KAMEPOIO 3 IHEPTHUM Ta30M
B1J1 B3a€MO/I1i METaTy 31 IIKIJJTMBUMHU aTMOC(EpPHUMU ra3aMH.

Texnonoris MEIIl exonomiuno edextuBHime 3a TtexHonorito BJIII. Ile
MoB’si3aHO 3 JemeBmnM ycraTtkyBaHHsAM TexHosorii MEII, nixx BJII 1 menmioro
KUIBKICTIO MOBTOPHUX TNeperuiaBieHb metanmy mpu Texnosnorii MEIL. Hosuznoto i
OCHOBHUMHM mepeBaraMu TexHojorii MEIl, mnopiBHSHHO 3 TpaAUIIHHUMHU
TEXHOJIOT1SIMU IIaBJIeHHs, 30Kkpema, 3 BJIII, € Te, mo Taka TexHoJoTis 3a0e3neuye y
1,5-2,0 pa3u BumMii eKCIUTyaTaliiHUNA pecypc TUTAHOBHMX CIUIABIB 3aBISKUA TaKUM
nepeBaraM: JpiOHO3EpPHHUCTA CTPYKTypa 3JIMTKIB, aHAJIOTIYHA CTPYKTYpl MOKOBOK;
BHCOKa XIMIYHa 1 (p13MYHA OJHOPIAHICTh METANTy; MAJUi BMICT HIKIUIUBUX JTOMIIIOK
(atMocdepHUX ra3iB) B MeTall; MIIJILHUN MeTaj, TOBHA BIJCYTHICTb MOP 1 MIKIIJTUBUX
BKJIFOUYEHB; >KapoMilHi cruiaBu TexHosorii MEII 3 iHTepMeTamiHUM 3MIiIHEHHSIM
30epiraroTh KapoMIIHICTh mpu Temrepatypax 750-800 °C.

baraToKOMIIOHEHTHI BHUCOKOMIILIHI 1 >KapOMIIHI CIUIaBH, L0 OTpHMaHi 3a
texHojorito MEII, npu3nadeni 1711 BUTOTOBIICHHS JA€Taleil 1 By3IiB, Kl MPaliOI0Th B
yMOBaX CKJIAJJHUX 3HAKO3MIHHMX HAaBaHTa)KE€Hb NPH HarpiBaHHi 10 temneparyp 700-
750 °C [7,29,31]. Haii6inbimn edeKTUBHE BUKOPHUCTAHHS JKAPOMIIIHUX CIUIABIB 3
IHTEPMETATITHUM THUIIOM 3MIITHEHHSI MPU BUTOTOBJIEHHI JIOMATOK, JUCKIB 1 THIIHMX
aetaneil ra3oTypOIHHUX aBIaJBUTYHIB. B TO#l ke 4Yac BHCOKOPECYpPCHI CIUIaBH
MOXXYTh OyTH YCIHIIIHO BHKOPHUCTaHI B CHJIOBHX BYy3Jax JiiTakiB. B gaHuii yac
TEXHOJIOT1SI ~ MAarHiTOKEpOBAaHOTO  €JIEKTPOIIAKOBOrOo  IUIaBJeHHS  Halyra

IIPOMUCIIOBOTO BUKOPUCTAHHS B aBlalliiHOMY MOTOPOOY/TyBaHHI.
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BucnoBku

1. TTotpeOy LUBIIBHUX rady3el MPOMHCIOBOCTI B TUTAHOBHX BHpPOOax MOXKHA
3aJI0BOJIbHUTH 3HWKEHHSIM BHUTpAT 32 BUPOOHMLTBO CIUIABIB CTBOPEHHSIM HOBHUX
CIUIaBIB METOJIOM €KOHOMHOI'O JIEYBaHHS, BJIOCKOHAJIEHHSAM ICHYIOUMX Ta
3aMpOBAKEHHSIM HOBHX TEXHOJOTIM OTpUMaHHS THUTAHOBUX CIUJIaBiB, 3JUTKIB 1
BUPOOIB.

2. Tlonmimop(izm TUTaHy € OCHOBOIO Kiacu@ikaiii TUTAHOBHUX CIIJIaBIB 3a
CTPYKTYpPHUM TNPUHIUINOM. JleryBaHHsi TUTaHy BIIJIMBA€ HA CTPYKTYpPY TUTaHOBUX
CIJIaBiB, iX (PI3MKO-MEXaHIYHI BJIACTHUBOCTI, BU3HA4Ya€ BUOIp TEXHOJIOT1i TEPMIYHOI
00pOoOKH 1 HAMPSAMHU MOAAJIBIIOT0 3aCTOCYBAaHHS BUPOOIB 3 HUX.

3. CraBu Ha OCHOBI 1HTEpMETANI/IIB TUTAHY MOXYTb CTBOPUTH Y HEJAIEKOMY
MaiOyTHROMY HOBHI KJIaC IPOMHUCIIOBUX TUTAHOBHUX CIUIaBiB. [IpakTHyHE OCBOEHHS
BUPOOHUIITBA CIUIABIB THUIy HITIHOJ CTPUMYETHCS HEOOXIAHICTIO MIATPUMYBATH
XIMIYHMH CKJIaJ CIUJIaBIB y HaJ3BUUAHO BY3bKUX MEXaXx.

4. ]Jlns BUIIABJICHHS CKJIAQJHOJIETOBAHMX CIUIABIB Ha OCHOBI THUTaHy Ta MOro
IHTEepMETaNi/IIB ONMPAIbOBYIOTHCSI HOBI TEXHOJIOTII: 1HAYKI[II{HE TUIaBIEHHS B TMeYi 3

CCKHiﬁHHM BOIOOXOJIOKYBAHUM TUTJICM, JYTOHIIAKOBC ICPCIIJIABJICHHA Ta 1H.
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KAPITEL 2/ CHAPTER 2*
BATTERY HEAT FLUX TRANSDUCERS FOR CONDUCTIVE
CALORIMETRY

DOI: 10.30890/2709-2313.2022-12-01-014

Beryn

binpiricts Gi3udHUX, XIMIYHHUX, 010JI0TIYHUX a00 1HIIKUX MPOLIECIB, OB’ A3aHUX
3 IEPETBOPEHHSAM OJIHMX BHUJIB €HEPTii B 1HIII, CYHPOBOKYIOThCS BHAUICHHSIM ab0
NOTJMHAHHSAM TerioTu. ToMy iHGoOpMalliss Npo 3HAYEHHS MapaMeTpiB TEIJIOBUX
e(eKTIB Ta PO TEIJIOBUM XapakTep Mepediry mporecy € OJHIEI 3 OCHOBHUX SIK IS
HAayKOBUX JIOCJIIJKEHb, TaK 1 i1 ONTUMI3allii a00 KOHTPOJII0 BUPOOHUUNX TMPOIIECIB.
BnpoBamxeHHsT HOBUX HETpPaJAMIIIMHUX BUIIB IMaMBa, CTBOPEHHS 1 JOCIIIKCHHS
HOBUX MarepiajiB, BJOCKOHAJIEHHS TEIJIOTEXHOJOTIN noTpedye IUPOKOTo
BIIPOBA/DKCHHS  KAJOPUMETPUYHUX  METOJIIB  BUMIPIOBAHHS, TOOTO METOJIB
BU3HAYCHHS TEIUIOTH, MO0 BUAULIETHCS a00 TOTJIMHAETHCS Y OCHIKYBAHOMY
mporieci. [cTopis kamopumeTpii Halivy€e ABa 3 MOJOBHHOKO CTOJITTS, MPOTE 115 TATY3b
BHUMIPIOBAJIbHOI TEXHIKH MPOJOBXKY€E aKTUBHO PO3BMBATHUCH. Y NpYTii mosioBuH1 20
CTOMITTS 3’SBWJIMCS 1 JIOCI AaKTHUBHO PO3BUBAIOTHCS METOAM 1 IpHIAaH
nudepeniianbHoi ckanyBasibHOI Kanmopumertpii ([CK), B ocTaHHI pPOKH CTBOpEHI
KaJIOpUMETPU Ha MIKPOUINax, y TOMY YHUCII 1 BUCOKOIIBUAKICHI HAaHOKAJIOPUMETPH.
B To#i ke yac MOCHIIKEHHS HETOMOTCHHHMX MPUPOJHUX 1 IITYYHUX PEYOBUH Ta
MarepiaiiB, peakiliil i mpoIeciB 3 IHTCHCUBHUM TEIUIOBUIIJICHHSIM, a TaKOX >KHUBUX
010JI0T1YHUX 00’ €KTIB CIOHYKAIOTh JI0 CTBOPEHHS KAJIOPUMETPIB 3 BUCOKHM 00’ €MOM

KOMIPOK 1 peakIifHUX MOCYIMH Ta PO3LUIMPEHUM J11alla30HOM BUMIpPIOBaHHS.

2.1. CTpykTypa Ta NpUMHIHUN il KOHAYKTHBHUX KAJOPUMeETPIiB

B it poGoTi yBara 3ocepe/keHa Ha TPyl KaJlOpUMETPIB, disl IKUX 3aCHOBaHa
Ha BUMIPIOBaH1 JOKAJIBHOI PI3HUII TEMIIEPATypH, 1110 OTPUMATH Ha3BU «KAJOPUMETP
tunty  Tiana-KanbBe», «KOHAYKTUBHHM KaJOPUMETP», «KAJIOPUMETP TEIIOBOTO
MMOTOKY» a00 «TeryIonpoBiqHui KaopumeTpy [1...5]. Jlo HUX BITHOCSATHCS HE TUTHKH
NpWiaay, B SIKUX JTOCHIKYBAaHUN 3pa30K MACUBHO BUILISE a00 MOTJIMHAE TEIUIOTY,

ajie 1 KaJOpUMETPH, JIe MK PEUYOBHHAMH TPOTiKae XiMiyHa peakiis. Ha pucynky 1

2Authors: Vorobiov Leonid Yosypovych, Dekusha Leonid Vasylovych, Gryshchenko Tetiana Georgievna

MONOGRAPH 35 ISBN 978-3-949059-59-9



Innovation in modern science ‘ 2022 Part 1

HaBeJIeHA YMOBHA TEIJIOBA CXeMa KOHAYKTHUBHOTO KAJIOPUMETPY (TEIIOBOTO MOTOKY)

[2].
@ 3°Bv"i‘""if ﬁypeq" HA ; | - HABKOJIMILIHE CEPEJIOBHUIIE;
- 6 2 - KaJIOpUMETPUYHA 000JI0HKA 3 TEMIIEPATYpOro 1, 0>
| @“ 3 - KajopuMeTpu4yHa KoMipka (mocyawHa) 3
@*; temmepatypoio 1 g ;

4 - termoBu omip Rr

Pucynok 1 — YMoBHa TemioBa cxeMa KOHAYKTHBHOIO KAJOPUMeETPY (TEeNJI0BOr0o

NMOTOKY) [2].

VY KOHIYKTUBHOMY KajlopuMeTpi (AuB. puc. 1) MK KOMIPKOIO 1 TEPMOCTATOM

pOSMiH_IYIOTB PCUYOBUHHU a0b0 eJIEeMEHT 3 BiI[OMI/IM TCIJIOBUM OIIOpPpOM RT , TaK 3BaHUM

TeTIONPOBITHUK. KiIBbKICTh TETUIOTH, MO0 BHAUIAETHCS B OJWHHUIIO Yacy, TOOTO

TEIUIOBUN TOTIK Bif KOMIPKH 10 TepMoctara W,, BH3HA4YarOTh IO PE3yIbTaTy

BHUMIPIOBAHHS PI3HULI Temnepatypu Mix HuMu AT 3a Gpopmyoro:
W,=Rp-AT . (1)
3arajibHa KUIBKICTh TEIUIOTH, IO BUAUISIETHCS MPH peakilli 3a MPOMIKOK Yacy
(¢, —t,) BII MoOYaTKy A0 KIHIS EKCIEPUMEHTY, 3HAXOAMTHCS IHTETPYBAHHSAM 34

bopmyIoro:

tK
O=[W,(c)-dt . 2)
t

n
Y KOHIYKTUBHOMY KaJIOPUMETPi JJIsl 3SMEHIIICHHS BIUIMBY 30BHIIIHIX TEMJIOBUX
BIUIMBIB TaKOX 3aCTOCOBYIOTh JU(EpeHIliagbHl CXEeMH 3 JIBOMa 1JICHTHYHUM
KaJIOPUMETPUUYHUMH (BUMIPIOBAJIbLHUMH) KOMIPKaMH, BMOHTOBAaHHUMH B 3arajibHUM

TepMocTaToBanuii kopmyc (6sok) [1...5].

2.2. Orasia mepeTBOpPrOBaviB (CEHCOPiB) KOHAYKTUBHUX KAJIOPUMETPIiB

OCHOBHUM  €JI€MEHTOM  OyJb-IKOTO  KOHIYKTUBHOIO  KajJopuMeTpa €

MepPETBOPIOBaY (CEHCOp, BUMIPIOBAad) TEIUIOBOTO IMOTOKY. Takuii mepeTBOpIOBAY
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4acTo € Oarapeero TepMomnap (TepMOEIEKTPUYHHMX IIePEeTBOPIOBAYIB, €JIEMEHTIB,
ceHcopiB). Tepmomapa € IIUPOKO BXKUBAHUM NEPETBOPIOBAYEM TEMIIEPATYpH,
0COOIMBO 3pYyYHHMM [IJIs BHUMIPIOBAaHb PI3HUII 3HAYEHb TEMIEPATypU TOYOK,
po3HeceHuX y mpocTtopi. JlJis BUTOTOBJIEHHS TEPMOINApP BUKOPUCTOBYIOTh
pPI3HOMAHITHI Tapud TEPMOEJIEKTPUYHUX MaTepialiB — YUCTI METalM, CIUJIaBH,
HamiBIpoBiAHUKK [3, 4, 6, 7]. Y KOHAYKTHMBHHX KaJOpUMETpax isl 30UIbIICHHS
YYTIMBOCTI TEpMONapu MIAKIOYAIOTh TMOCHIIOBHO 3a €JIEKTPUYHUM CHUTHAJIOM Ta
napanenbHO 3a TEIUIOBUM MOTOKOM, TOOTO Tapsiyi cmai — Ha MOBEpPXHI KOMIPKH, a
XOJIOJIHI — Ha TIOBEpXHI TepMocTaroBaHoro Ojoky. Taka Oartapes Tepmomnap
OJIHOYACHO € YYTJIMBUM €JIEMEHTOM KaJIOpUMETpa 1 €JIEeMEHTOM, SIKUi 3abe3rneuye
CTaOLTbHUH TETJIOBHI 3B'130K MIXK KOMIPKOIO 1 TEPMOCTATOBAHUM OJIOKOM.

TemnoBuit omip Oarapei TepMomap CyTTEBO BIUIMBAa€E Ha METPOJIOTIYHI 1
AMHAMIYHI XapaKTePUCTHKU KaJOpUMeTpa. 3a3BUyYaid, YuM OUTbIININ TETIOBUI OIIp,
TUM OlIbIIa Uy TIMBICTh puiiaay. OJIHAK, 3 THIIOI CTOPOHHU, CTajla Yyacy KaJopuMeTpa
MPUOIN3HO JIOPIBHIOE JOOYTKY TEIJIOEMHOCTI KOMIPKH 3 PEaKI[iHHOI MOCYIUHOIO 1
3pa3KoM Ha TEIUIOBUH omip 6arapei TepMonap, TOOTO 301IbIIEHHS OMOPY MPU3BOAUTD
70 3017IBIIEHHS CTAJIO] Yacy 1 JMHAMIYHUX TTOXUOOK.

Hwuxde mpeacraBieHi pi3HI KOHCTPYKINI 1 BapiaHTH MOHTaxy TepMmoOaTapei,
IIMPOKO 3aCTOCOBYBAHUX Y KAJIOPUMETPAX.

ITepuri mepeTBoproBaul y KOHAYKTUBHHX Kajmopumerpax Tiana-Kambse [1...5]
npecTaBsuid co00I0 TepMonapHi O0arapei, crai sKoi BCTaHOBJIEHI 0€3M0CcepeIHRO Ha
30BHIIIHIA TIOBEpXHI KaJOPUMETPUYHOI KOMIPKM (peakiliiiHOMy TaTpoHi) Ta
BHYTPILIHIN CTIHII HUIIHAPUIHOI TOPOKHUHU MAaCUBHOTO TEPMOCTATOBAHOTO OJIOKY
a00 MDK JBOMa KaJlOpUMETpUYHUMU Komipkamu (pucyHok 2). Cmai Tepmomnap
1HIMBIAYaJIbHO MOHTYBAJIUCS Ha TOBEPXHSIX TEIUIOBUX KOJIGKTOPIB (PUCYHOK 3).
3BapHi TepMomapu 1 OaTtapei TepMomap MNOOyIOBaHI Ha BUKOPHUCTAaHHI €(EKTy
3eebeka 1 Ayxe 3pydHi JUIsl BAMIPIOBAaHHS P13HMIII TEMIIEPATYDP.

KansBe  [5] 3ampomoHyBaB  po3TalioByBaTH  TEPMONApd  HABKOJIO
KaJIOpPUMETPUYHOI KOMIPDKM TaKMM YHHOM, 1100 Bcs ii MOBepXHs OyJjia MOKpUTa
cnasmu. Y nux ymoBax TEJIC tepmoOGarapei mpomnopiiiiiHa 3araibHOMY TEIJIOBOMY
MOTOKY, 110 BUXOAUTH BiJ] KOMIPKH.

Martepian TepMomap XpOMeENb - alOMellb, XpOMENIb — KOMelb, 3ali30 —
KOHCTaHTaH, fiametp rutok 0,2...0,8 MM, goxkuaa ~ 30 MM, KUIBKICTh TepMomap —

om3bko 1000 [5]. Taki mepeTBoproBayl HU3bKO TEXHOJOTIUHI Ta TPYAOMICTKI.
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1 — mepmocmamosanuti 6110k, 2, 5 — enemenmu KoHcmpykyii, 3 — 2iaku mepmonap, 4
— peakyiiina Kkamepa.
PucyHnok 2 - TunoBa cxema po3MillieHHSI TEPMOINIAPHOTO NepeTBOPIOBaya (a) Ta

BapiaHT KOHCTPYKIil TepMonapu (0).

1 — mennoguii konekmop;

2 — eleKmpuyHa i307Yis;

3 — MOHKOCMIHHUU peakyiuHuu Nnampou
(komipka)

Pucynoxk 3 - Mounrtax TepMmoOaTapei 10

peaKuiiiHOro NaTpony (KOMipKkH).

beskapkacHi mepeTBOproBadi  CTBOPIOIOTH 1 HA  OCHOBI  CHIpaJbHUX
HWJIIHIPUYHUX TepMoOaTaped 31 3BapHMMH HamiBBUTKaMH. KOXXEH HAIIBBUTOK €
rinkoro Tepmoriapu (pucyHok 4) [4]. Ilpu BUTOTOBJIEHI TakOTO NEPETBOpPIOBaYA
MOTIEPETHHO Ha MIA0JIOHI BUTOTOBIISIOTH IPOTSHUH JIAHIIOT 3 TTOCIIOBHO 3'€THAHUX
BIIpI3KiB TepMorapu (auB. puc. 4a). IloTiM apiT HaAMOTYIOTh Ha IWIIHAPUYHUN
HaKauyaHUW MOBITPSIM TYMOBUM MaTpOH Tak, 1100 crai po3TalioBYBaJIMCS Ha JBOX
J1aMETPAIbHO MPOTWICKHUX TBIPHUX HIHIAX HWIHAPY (auB. puc. 40). OTpumani
TaKUM YMHOM TepMoOaTapei BKIJICIOIOTH B BHUMIPIOBAJIIbHY KOMIPKY EMOKCHIHOIO

CMOJIOFO, TIICTISI TIOJTIMEpHU3aIlii SIKOi MaTPOH BUAANSAEThCA (AuB. puc. 48). [4].
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1 - numa, 2 - cmpuodichi, 3, 4 - Opomsni mepmoenekmpoou,

5 - cnai’ mepmonap; 6 - cymosuii nampou; 7 - cekyis mepmodbamapei, 8 -
308HIWHIN mepMocmamosanuti kopnyc, 9 - peakyilina kamepa (KOMipKa)
a - npucmpitl 05 8U20MOBIEeHHs CRIPAIbHOI mepmobamapei;

0 - cnipanvna mepmobamapes Ha 2yMOBOMY NAMPOHI,

8 - mepmodbamapes 8 GUMIPIO-KOMENbHOI 0cepeoKy

PucyHnok 4 - be3kapkacHa cnipajibHa TepModaTapest

[Hoai my1st MOHTaXy TepMoOaTapeil BUKOPUCTOBYIOTh Pi3HI J10/1aTKOBI €JIEMEHTH
KOHCTpPYKLIi, $Ki 3a0e3meuyloTh HaAIMHUNA TEIUIOBUH KOHTAKT 1 OJHOYACHO
CICKTPUYHY 130JIsAI1it0 craiB. [[is 1€l METH BUKOPHUCTOBYIOTh OOXHHI KUJIbIIA,
IUIACTUHM, Kapkacu. Ha pucyHky 5  mokas3ani TepmoOaTapei, 3MOHTOBaHI Ha

MOBEPXHAX LUJIIHAPUYHUX KOMIPOK (a), Ha MPAMOKYTHOMY Kapkaci 3 Teduiony (0) i
Ha KUTbIIeBOMY Kapkaci (B) [3, 4].

a 0 B

PucyHok 5 - BapianTu MOHTaKy APOTSHUX TepModaTapeil y KOHTYKTHBHHUX

KAJIOpUMeTpax — 0e3KapKacHOro (a) Ta kapkacHoro (0, B).
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Hanpuxknan, s MiHIaTIOpHOTO JU(EpeHIliaJbHOro KajopumeTpa (JIUB. pHC.
5a), ogHa 3 ABOX Oarapeill TEPMOEIEMEHTIB (HAMPUKIIA] XPOMETb-KOHCTAHTAHOBHUX )
BMOHTOBaHAa MK KOMIpKaMHM, a 1HIIA OXOIUTIOE€ iX 30BHIIIHI moBepxHi [4]. s
MOJI0JIaHHSI TPYAHOIIIB HU3bKOTEXHOJIOTTYHOI MO-EJIEMEHTHOI 301pKu TepMobaTapeit
y KaJopuUMeTpax po3poO0sieHl pi3HI BapiaHTH Oarapell TaJIEeTHOrO THUITY, SIKI MOXYTh
OyTH BUKOHaHI1 Ha MPSMOKYTHOMY (ZIUB. puC. 50) a0 KUIbLIEBOMY HECY4OMY KapKaci
(muB. puc. 5B) 3 enekTpoi3oJsAliiiHOro Matepiany. llpu 1bOMy BHYTpIIIHS
HWITIHIPUYHA TOBEPXHA KOHTAKTY€ 3 pEaKIiiHOi KaMepow, a 30BHIMIHSA - 3
TEPMOCTATOBaHMM OJIOKOM. Marepian Kapkaca BHOUPAETbCS 1O MOMKIHMBOCTI
MIHIMaJIbHO1 TETUIONPOBIIHOCTI 1 3 IOCTAaTHHOK MEXAHIYHOIO 1 TEPMIYHOIO MIITHICTIO
[3, 4].

Cy4acHUM METOJOM BHUTOTOBJICHHA KapKacCHUX IMEPETBOPIOBAYIB s
KOHAYKTUBHUX KaJOPUMETPUYHUX MPHIAIIB € 3aCTOCYBAHHS TEXHOJIOTI CIIJIBHOTO
o0xury HuszbkoTeMneparypHoi kepamiku (LTCC — Low Temperature Co-fired
Ceramics) [8, 9]. IlumiHapuuyHa KaJopUMETpUYHA KOMIpPKa OTOYEHA KIJIbKoMa
KepaMiYHMMH KIJTBIIEBUMHU Kapkacamu (puc. 6) Ha TUIacKid MOBEpXHI SIKUX
«HaIpyKOBaH1» Oarapei TepMmornap y sIKUX «rapsiui» crai HaOIMXKeH1 JO0 KOMIPKH, a
«XOJIOJIHI» - IO OTOUYYIOUOT0 TEIIOPO3CIIOBAIILHOTO KOpiycy. batapei Bcix quckoBux
KapKaciB IMOCIIOBHO 3’€HAHI MiX CO0OI0 MepeMUYKaMu, IJis SKUX IepeadadyeHi
KaHamM y JAuckax. HwuspkoTemmepaTypHa Kepamika CTBOPIOETBCS Ha OCHOBI
KpPHUCTaJII30BaHOTO ckiia abo cywmimn ckia ta kepamiku (Al,Os, Si;03, PbO 1 1. 11.).
JUis HaHeceHHS NPOBITHUX €JIEMEHTIB TepMonap 1 3'€IHaHb 3aCTOCOBYIOTH
€JICKTPOTIPOBIAHI MACTH, CYMICHI 3 HH3bKOTEMIIepaTypHOi kepamikoro. [IpoBinHi
NacTH JIETKO HAHOCATHCS TpadapeTHUM JAPYKOM, IO JI03BOJISIE OTPUMYBATH
TOITOJIOTIIO 3 BUCOKOIO PO3/IIBLHOIO 31aTHICTIO. [Ipu criijibHOMY OOXKUTY BaKJIMBUMU
napaMeTpamMi MeTaii3alli € ycajaka 1 TeIIoBe PO3IIUPEHHs MaTepialiB, sIKi TOBHUHHI
OyTH MOPIBHSHHI 3 TapaMeTpaMH BUKOPUCTOBYBAHOT KEPaMIiKH.

PosnoBciomkenns HaO0ynu cripaibHi Oe3KapKacHi TepMobOarapei, BUTOTOBIIECHI
3a JIOMOMOTOI0 TEXHOJIOTIi TajbBaHIYHOTO OcapKeHHs. HailOinbIn yacto i 1IbOTo
3aCTOCOBYIOTh TEPMOCJICKTPUUYHY Mapy MiJb — KOHCTaHTaH. /{11 BUTOTOBJICHHS TaKOi
TepMobarapei HaBMBalOTh Ha KapKac CIipayib 3 KOHCTAHTAaHOBOTO JpoTy. Cripaib 3
KapKacoM 3aHypIOIOTh y EJEKTPOJIT TaK, MO0 MOKPUTH IApPOM MiJl TOJOBUHY
KOXKHOTO BUTKA cCripami. TOBIMHY Iapy Mifl BUOMPAIOTh TaKO¥O, 100 3a0e3nednTH
MaKCUMaJIbHO tepmo-EPC TEPMOECTIEMEHTY npu MIHIMaJIbHIN roro

TErIoNnpoBiIHOCTI. ONTUMaNbHA TOBIIMHA APy TOKPUTTS TOCATAETHCS IPU
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[ - kepamiunul Kintbyesul Kapkac,
2 - «HAOPYKOBAHAY bamapes

2 \ mepmonap,

3 - mennopo3cito8anbHull KOpnyc;,

4 — Kxaman O KANOPUMEMPUYHOL
— < KOMIpKU,
4 Curi P
5 — nepemuuxa.
-~
37
Pucynok 6 - Kapkacumui
4 MepeTBOPIOBaY i3 3aCTOCYBAHHAM
-~ / .
5 1 TEXHOJIOTII CIIIJILHOT O 00:KuUry
HU3bKOTEMIIEPATYPHOL KepaMiku
(LTCC).

BuKOHaHHi ymosu S,/S, :\//11 0, /A p, ., me S,/S,- nonepeunnii nepepis
APOTY Ta TOKPUTTA, O;, P,, A;, A, - INTOMI OmOPH Ta TEILUIONPOBiIHICTE

MarepiayliB IpOTy Ta NOKPUTTA. BapiaHT MOHTaxy CcCHipajdbHOi TepmoOarapei 3

rajbBaHIYHO OCAKEHUMH €JICKTPOIaMH HaBEJICHUM Ha puc. 7.

1 — peaxyiuna kamepa (Komipka),;
2 — KOHCMAaHmMaHo8a 2iiKa;

3 — einka 3 MIOHUM NOKPUMMSAM,
4 — mepmocmamosana 06010HKA,;

5 — cnipanvbna mepmobamapest

Pucynok 7 - MoHTax cripajbHOI
TepModaTapei 3 rajJibBaHIYHUM

INOKPHUTTHAM.

JIBi Taki TaJbBaHIYHI KOHCTAaHTaH-MiJHI TepmoOarapei 3acTOCOBaHI Yy
MEePEKUIHOMY MIKPOKAJOPUMETPl Uil JOCHIDKEHHS peakilii 3 JAeKUIbKoMma

pearentamu [3, 4], B AKOMy TE€pMOCTAaTOBaHUN OJOK IWIIHAPUYHOI (opMHU
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TEIJI0130JIbOBAHMI MOCYAMHOIO J[proapa.

Y TepMOENEeKTPUYHHUX aHI30TPOMHUX CEHCOPaX BUKOPHUCTOBYIOTH €JIEMEHTH Yy
BUTIIANI OpycKiB abo cripajieid 3 MOHOKpPHUCTaB, 10 MaioTh aHizotpomito TEPC.
[IpoTunexHi rpaHi eIeMEHTIB NPU3BOAATH 10 TEIJIOBOTO KOHTAKTY 3 MOBEPXHSIMHU
KaJIOPUMETPUYHOT KOMIPKH 1 TepMocTata. TerioBl mpoiecu B KOMIPIll BUKIHUKAIOTh
3MiHy ii TemmepaTypH 1 TEIUIOBUU MOTIK 4Yepe3 IpaHl €JIEMEHTIB, BHACHIIOK YOTO
BUHUKAae TmomnepeyHa TtemiaoBoMy mnoTtoky TEPC 1 pi3Huus mnoTeHmianiB Ha
SIEKTPUYHUX BUBOJAX TMEpeTBOproBaya. Pi3HI BUIM KOHCTPYKIIiM 3BapHUX OaTapeit
TepMomnap 1 aHI30TPONHHMX TEPMOEJIEMEHTIB, a TaKOXX METOJU iX pO3PaxXyHKy
po3risHyTi B [3, 4]. 3araqbHUM HEAOJIKOM ITUX MPUCTPOIB € CKIAJAHICTh TEXHOJIOTI]
1X BUTOTOBJICHHS.

ChipanbHi BHUXPOBI TEPMOEJIEKTPUYHI IEPETBOPIOBAUl Ta KOPOTKO3aMKHEHI
TEPMOEJIEMEHTH Ta IX XapaKTePUCTUKH TaKOXK PO3TISHYTI Y [3, 4].

Haiibinpiy  4yTiMBICTR ~ MaOTh  MEPETBOPIOBAdYl,  BUTOTOBJICHI 3
HaIIBIPOBITHUKOBUX  MaTepiamiB. Y  OUIBIIOCTI  BUNAJKIB  3aCTOCOBYIOTH
TEPMOCJICKTPUYHI MOMyIl 3 MarepiadiB Ha ocHOBI BiyTe;, mnpusnadeni s
TEPMOCIICKTpUYHOTO oxoyiokeras [3...5, 10]. BuxopuctoByroTh 1 cChemiagbHO
CTBOpEHI /JIsl MIKpOKaJIOPUMETPii HaMiBIPOBITHUKOBI TepMobaTapei.

Y wmikpokanopumerpi tunmy Kanee [10] BukopucTaHi HamiBOPOBIIHUKOBI
TepMoenieMeHTH n- ta p-tuny (Bi,Tes;-SB,Te;; Bi;Tes-BixSes), siki ckomnoHoBaHI B
raietd 3 13 TepMmomap KOXKHA 1 PO3MIIICHI B BEPTUKAIBHHUX IMa3aX Ha 30BHINIHIN
CTOPOHI peakiiifHOT KOMIPKM 1 Ha BHYTPIIIHIM MOBEPXHI TEPMOCTATOBAHOTO OJIOKY,

K 1 TIOKa3aHO HAa PUCYHKY 8.

1 - n-cinka; 2 - p-einka;
3 - MiOHI nepeMu4Ku;
4 - amominiegi menyiogi  nepexoou

(konexmopu);

5 - peakyiuna kamepa;

6 - mepmocmamosaHuii 610K

Pucynoxk 8 - MonTaxk TtepmoOarapei 3
HANIBNPOBIIHUKOBUMHM

TepmoesemMenTamu [10]
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VY peakmiiiHiii kamepi aiamerpom 17,5 MM 1 Bucororo 80 MM 3MOHTOBaHO 15
rajner. IX mocyizoBHe 3'€IHAHHS BUKOHAHO SIK I BUMIpIOBAJIBHOI TepMobaTapei, Tak

1 17151 KOMIIEHCYBaJbHO1 OaTapei eneMeHTiB [lenbThe.

2.3. barapeiini neperBoproBadyi 3 raibBaHIYHUM HAHECEHHSM MAPHOI0

TEPMOEJIEKTPOTHOT0 MaTepiary

Bigowmi Gartapeiini nepetBoproBaui TersoBoro notoky (IITII), Burorosneni 3i
JAPOTOBOI CIipai OJHOTO TEPMOEJIEKTPOIHOTO MaTepially, Ha sIKy TajlbBaHIYHUM
CIIocOOOM HaHECeHI OKpeMi MUISHKH TMapHOTO TEPMOEIEKTPOJAHOTO MaTepiamy
[11...14]. Taki nepeTBOprOBadl OTPUMAIH IHUPOKE POMOBCIOHKEHHS JJIsl BUPIILICHHS
3aBlaHb JIarHOCTHKH 1 MOHITOPUHTY PI3HOMAHITHUX OO0’€KTIB Yy €HEpreTHIl],
OyIIBHUIITBI Ta AaEpPOKOCMIYHIA  TeXHilll, M1 T0O0yI0BU  PI3HOMAHITHUX
BUMIpIOBAILHUX 3ac00iB [15]. OcHOBOIO Takoi OaTapei TepMOEIEMEHTIB € HaBUTa Ha
CTPIYKOBUH KapKac 3 eJeKTPOI30JAIIHOI TUIBKM IIacka coipaib (puc. 9), ska
BUTOTOBJIEHA 3 JPOTY OCHOBHOT'O TEPMOEJIEKTPOJHOTO MaTepiainy, 3 MEepiOAUYHO
HAHECEHUM MOKPUTTSAM MApHOTO TEPMOENEKTpOoAHOro mertany. [lpum mpomy mexi
Mepexoay BiJ OCHOBHOTO (Hecydyoro) TepMmoernekTtpoaa 1 mo OimeTaneBoro 2 €
«cnassMu» 3, AK1 po3MilieHi ado y3/I0BK 000X pedep KapkacHOi cTpiuku (a) abo Ha

HEHTPAJIbHUX JIHISIX TOBEPXOHb CTPIUKH (0).

1 - ocHosHUll mepmoenekmpoo, 2 - bimemanesuil mepmoenekmpoo, 3 - cnai
mepmoenemenmia, 4 - cmpiukoguil Kapkac 3 e1eKmpoi3oiayiuHol niieKu
Pucynok 9 - barapei TepMoesieMeHTIB 3 rajJibBAHIYHMM HAHECEHHAM
TEPMOEJIEKTPUYHOI0 MaTepiany: a) - mepmooamapes ITII y suensioi

CcmpiukonooioHoi cnipani, 3i cnaamu Ha peopi; 6) - mepmooamapes I1TII y suenadi

CMpiuKonooioHoI cnipani, 3i cCnasmu Ha NIACKIl ePaHi.
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[Ipu BurorosieHHi Tpamuiiiaux Ttackux IITII coipans TepMoeneMeHTIB
VKIAJAI0Th Y CIEHiaibHy MATPHITIO 1 3ATMBAIOTh €JIEKTPOI3OJSIINHAM €TTOKCUIHIM
KOMIIAyHJIOM 3 TEIUIONPOBIIHUM HANOBHIOBAYeM JJisi MpHIaHHA Homy (opmu
MOHOJIITHOI IJIacTUHH. Takuii IepeTBOPIOBAY € TaK 3BAHOIO «J10/IaTKOBOIO CTIHKOIO»,
Ha MPOTHJICKHUX CTOPOHAX SKOI po3MilleHi cnai TepmoenemenTiB. [lpu HasgBHOCTI
TEIUIOBOTO TMOTOKY, IO MPOXOAUTH Kpi3b AOAATKOBY CTIHKY, TOOTO IUIACTUHY
nepeTBOpIoBaya, 1 BIAMOBIIHO, MapajelbHO 4Yepe3 BCl eleMEHTH TepMobaraper,
BUHUKA€ TIEpernaj TeMIlepaTypu MDK CHasMH, BHACIIOK YOro, B KOXXHOMY 3
BKJIIOYEHUX TIIOCIIJJOBHO TEPMOEJEMEHTIB T'€HEPY€EThCS ENEKTPUYHHUIA CHUTHAJ.
CymapHHii BUXiTHUM CHUTHAJI MEPETBOPIOBAaYa MPOIMOPIINHHMI 3HAYEHHIO TEIIOBOTO
notoky [11, 12].

Haii6inp1 mommpeHuMy € MepeTBOPIOBadi, BUTOTOBIEH]I 3 TEPMOEIEKTPUIHUX
nap KOHCTAaHTaH-MiJb 1 HIXpOM-HikeJdb. Po3pobieHo Meroau po3paxyHKy 1
KoHCTpyroBaHHs ranbBaHiuHux [ITII, a Takox TexHOJOTiE 1 MeXaHi30BaHE
oOJlalHaHHS JJISI BUTOTOBJICHHS CIipajil 3 rajgbBaHiyHUM MOkpuTTsaM [11]. Taki
MEPETBOPIOBAYl MalOTh BUCOKY YYTJIHMBICTh, OCKIJIBKH TEXHOJIOTIA X BUTOTOBJICHHS
J03BOJISIE  PO3MIIIYBaTH JI0 KUIBKOX COTE€Hb TEPMOEJIEMEHTIB Ha KBaJApaTHHI

CaHTHMETp MOBEPXHI MEPETBOPIOBAYA.

2.4. KoHCTpYKIis TA TEXHOJIOTis BUTOTOBJICHHSI IEPETBOPIOBAYIB Y BUIISAAI

HUJIIHAPUYHUX 000JT0HOK

B 3anexxHOCT! BiJ NpPU3HAYEHHS Ta OCOOJMBOCTEH JOCIIKYBaHHMX 3pa3KiB,
KOMIpDKA KOHAYKTHBHHX KaJOPUMETpPIB Ta IEPETBOPIOBAYl TEIJIOBOIO IOTOKY
MOXYTh MaTH pi3HI TeoMeTpuyHi popma Ta po3mipu. PizHOMaHITTS HopM KOMIpOK
BHUMara€e CTBOPEHHS pI3HHX 3a (OPMOIO Ta po3MipamMH MEPETBOPIOBAYIB TEIJIOBOTO
noToky. Haif01ibI1 9acTo 3aCTOCOBYIOTh IUIACKI MEPETBOPIOBAYl ab0 IMIIIHAPUYHI Yy
BUTJISII  000JOHKU. [HOMI 3acTOCOBYIOTH c(epuuHi Ta KOHIYHI OOOJIOHKH
HepEeTBOPIOBAYIB.

[Ipn npoekTyBaHHI KaJOPUMETPUYHOTO 3aco0y B 3aJ€KHOCTI Bil MOro
HEOOX1THUX XapaKTePUCTUK BUOMPAIOTH BHUJ CIipai TEPMOEIEMEHTIB - 31 CIasiMHU Ha
pebpi abo 31 cmasMu Ha mackiil rpaxi. [lepmuit Bug cmipami 3abe3neuye OUIbITY
BIJICTaHb MIX CITasiMU TepmoOarapei 1, BIAMOBIIHO, OIBIITUN TETUIOBHH OIIp, OLIbIITY

YyTJIMBICTH Ta OUIBIIY CTANy Yacy KaJOpPUMETPUYHOTO Tpuiaay. pyruii Buj cripaii
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JI03BOJISI€ 3MEHIIUTH TEIUIOBUI OIIp 1 CTaly dYacy, aje IMporpae 3a 4YyTJIMBICTIO
nepeTBoproBaya. YCTpiil Ta TEXHOJOTI BUTOTOBJICHHS IHJIIHAPUYHUX OOOJOHOK 3
PI3HUX BHUJIB CIipaii TAaKOX JIEHI0 PI3HATHCS.

Ha pwuc. 10a mnokazanuili momepedyHUi IMepepi3 HUIIHIAPUYHOT O0O0O0JOHKH
IUIOIMMHOK, TEPHEHIUKYJSIPHOK A0 11 BiCl TpPU  BHUKOPUCTAaHHI  CHipai
TEpPMOEJIEMEHTIB 31 crasiMu Ha peodpi, a Ha puc. 106 — ¢poTorpadist roToBOT 000JIOHKH.
[Ipu BUTOTOBNEHHI Takoi OOOJIOHKM BHKOHYIOTH 3a3HAa4yeHY HIDKYE MOCIIJOBHICTD
omepailiii. ['0TyoTh creniaabHy MaTPUILO 3 GTOPOILIACTY, KA BIAMOBIIA€ PO3TOPTIII
obOosionku. Ha ¢ropomyacToBuil JUCT MaTpulll HAKIaJalOTh TOHKY OaBOBHSHY
TKAHHWHY, IPOKOJIOIOYM Ky B MIJTOTOBJIEHI OTBOPU BBOJSATH CTaJ€Bl HaIPSIMHI
KUTOUKH. BCTaHOBIIOIOTH MPAMOKYTHY paMKy, II0 OOMEXYIOTh PO3MIpU 3arOTOBKH,
IpU IbOMY TOBIIMHA PAaMKH BIAMOBIAA€ TOBIIMHI OOOJOHKH, 1[0 BUTOTOBISETHCS, a
Marepian abo TIOKPUTTS paMKH HE TIOBHHHI CKJICIOBATHCS 3 CIMOKCHIHUM
KOMIIAyHJIOM. YKJaJalTh CHipajb B MAaTPULIIO y BUIIIAL "MeaHApy" Tak, H00 JOBII
MPSMOJIIHINHI AUISTHKA OyJIM Opi€HTOBaHI B3JI0BXK JIiHII, KOTpa Oyje mapajieibHa Bicl
mwtiHapa. Croipais Mae OyTH TMOKJIaJ€Ha PIBHOMIPHO, MPUTHUCHYTa JI0 TMOBEPXHI

MaTpHlli 1 He MaTH NepeKpydeHb. Jlo KiHIIB cripati Mino0Th BUX1IHI APOTH.

a 0

1 — cnipany mepmoenemenmis,; 2 — enoKCUOHUL KOMNAYHO, 3 - 6AB0BHAHA MKAHUHA

Pucynok 10 - barapeiinuii nepeTBoproBay y BUIISIAI HUJIIHIPAYHOI 000JI0HKH 3
BHKOPHCTAHHAM CIipaJjii TepMoeJieMeHTIB 3i ciasiMu Ha pelpi: a) - nonepeynuti
nepepiz niowuHoI0, hepneHOUKYIAPHOI0 00 0ci 00010HKU, B) — pomozpadis

000JIOHKU

['OTy10Th 3aMUMBHUN KOMIAyHJ 3 €MOKCHIHOI CMOJIM, TOPOIIKOMOAIOHOTO
HANOBHIOBaYa (MeJieHe KBapIIOBE CKJIO) 1 OTBep/kyBaua. KommayH] 3ajiuBaioTh B

MaTPUII0, PETEIbHO PO3PIBHIOIYM HOTO 1 3alOBHIOIOYM BCl TPOMDKKH MK
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JUJISTHKaMU criipaji. 3aKpuBarOTh 3arOTOBKY 1HIIMM IIapoM OaBOBHSIHOT TKaHWHH, a
noTiM mapoM (roporutacty. MaTpuiiro 3 3aroTOBKOIO MOMIIAIOTh B CTPYOLMHY a0
mij Mpec 3 perysibOBaHUM MiAIrPIBOM 1 HarpiBaioTh 10 Temmeparypu (333 £ 5) K.
[Ipu wiii ke Temmeparypi BUTPUMYIOTh TTPOOy KOMMAyH[a, MO SIKid KOHTPOIIOIOTH
CTaH 3anuBHOro Martepiany. [lpubGmm3Ho depe3 1...1,5 roamHM, KOMU KOMITayH]I
BTpavya€ KJICUKICTh, CTAE €TACTUYHUM 1 TyMOTOIIOHUM, MATPUII0 BUUMAIOTH 3-TIi
npeca, BUJAISIOTh 3 3arOTOBKH CTajeBl HAMpPSMHI KUIOUYKH 1 OOMEXYBalbHY paMKy,
o0Opi3aroTh BHUCTymaro4i Kpai TkaHwHHW. [lOTIM enmacTWYHIN 3aroTiBIi HAIAIOTh
HUWTTHAPUYHY (PopMy, 0OEpHYBIIN HEIO IUIIHAPUYHY a00 KOHIYHY KaJOPUMETPUUHY
KOMIpPKY. 3BepXy O0O0JIOHKa 00€pTaE€ThCsl MaTEPUYATOK CTPIYKOIO 1 B TAKOMY BHUTJISI
BUTPUMYETHCSI B TIOBITPSHO-CyXOMY TepMocTati npu temmeparypi 353 K mpotarom
3...4 romun no 3arBepaiHHs. lloTiM wMatepyary cCTpiuky 3HIMAKOTh 1, NpHU
HEoOX1IHOCTI, 00pi3al0Th 1 BUPIBHIOIOTH kpai oOosioHKU. [lami 3HOBY OOMOTYIOTH
000JIOHKY CTPIYKOIO 1 TOMIIIAI0Th B TepMocTat npu temnepatypi 353 K Ha 48 roauH.
[IpoTsirom 11bOTO 4Yacy BiIOYBa€ThCsl MOBHA MOJIIMEpH3allisl KoMmayHaa 1 dikcarris
dbopmu 000IOHKH. BuroroBneHa TakuMm 4YHMHOM OO0O0JIOHKA Mae GopMy MHIIIHIpa 3
BY3bKHM TEXHOJIOTITYHUM 3a30POM Y3J0BX TBIPHOT 1 BITKPUTHUMH TOPISIMH, apMOBaHa
3CepeiMHM 1 30BHI IIapaMy TKAHWHU, a TEIUIOYYTJIHBAa CHIpalb TEPMOEIEMEHTIB
PIBHOMIPHO pO3MOJiJIeHa 10 BCi moBepxHi. [Ipu 30upanHi kamopumMeTpy 000J0HKA
BKJICIOETBCSI B 3a30p MDK KaJOPUMETPUYHOI KOMIPKOKO 1 30BHIIIHIM OJIOKOM 3a
JIOTIOMOTOI0 €TIOKCUTHOTO KJIet0 0€3 HAallOBHIOBAYA.

BuroroBneHHsI HWIIHAPUYHOT OOOJIOHKH 3 CHIpaji TEPMOEJIEMEHTIB 31 CHasMu
Ha TUIACKi TpaHl MPOBOJUTHCS 3a IHIIOKW TexHonoriew. Crhipalb MonepeaHbo
IPOTATYIOTh Y €JIEKTPOI30JISIIIIHY TPYOKY 31 CKIOTKaHWHHM, a TOTIM HaAaMOTYIOTh Ha
OOKOBY MOBEPXHIO ITWIIHAPUYHOI KAJTOPUMETPUUHOI KOMIPKH MO crmipaii. ['oTyroTh
3aJUBHUN KOMIIayHJA 3 EMOKCUIHOI CMOJHM, OTBEPKyBaya 1 MOPOLIKOMOIOHOTO
HAmoBHIOBa4Ya (MeneHe KBapioBe ckio). Chipalb MNPOCOYYIOTH EMOKCHUIHUM
KOMIIAyHJIOM, MICIS YOTO KaJOPUMETPUYHY KOMIPKY 3 OOOJIOHKOIO BKJICIOIOTH Y
30BHIIHIA O5ok. Ha pucynky 11 mpeacrtaBiieHi momepedHuil mepepi3 0O0O0JOHKH
IUIOMMHOK, B SKIA 3HAXOAWUTBCS BICh KOMIpKH, Ta QoTorpadii cmipani
TEPMOCJIEMEHTIB y TPYyOIll 31 CKIOTKAHWHM, a TAKOXX KAJIOPUMETPUYHOT KOMIPKH 3
HaMOTAHOIO CITiPaJLITIO.

[TomimMepu3aliiss €MOKCUIHOTO KOMIAyHJa, [0 BUKOPUCTOBYETHCA IS
dopMyBaHHS i BKIJICIOBaHHS NEPETBOPIOBAYA, CYIPOBOKYETHCS €IEKTPOXIMIYHUMU

C(I)GKT&MI/I, 3 BI/II[iJ'ICHH}IM JICTIOUYHX KOMHOHCHTiB, 3MIHOIO CIICKTPUYHOT'O OIIOPY
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130J141111 Ta TepMIYHOTO onopy obosoHkH. [Iponec nmomimepusaiii HOCUTh TPUBATHI

XapaKkTep, MPUIOMY, BUX1JT JIETIOUNX PEUOBHUH 1 CTaOTI3aIlisl BIACTUBOCTEH 00OTIOHKH
3HaYHO CHOBUIBHIOIOTHCSI BHACHIZOK TOTO, IO MICJA BKJCIOBAHHA BIIKPUTHMHU
3QIMIIIAIOTHCS JIMIIIE TY>Ke MaJll TOPIIEB1 MOBEPXHI, a BHYTPIIIHS 1 30BHIIIHI TOBEPXHI1
000710HKM 3aKpuTi. JJIsI IPUCKOPEHHS Mpoliecy MojiMepu3ailii 000JI0HKa B 300pi 3
KOPITyCOM 1 CTaKkaHOM KaJOPUMETPUYHOI KOMIPKM MiJAA€THCA TEPMOLMKITIHIUM
HABAHTAKCHHSM IUIIXOM ImMoAeHHoro HarpiBy mo 353...358 K mpotsrom 7...8

T'OJHUH.

PR

S
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1 — cnipans mepmoenemenmis; 2 — enOKCUOHUL KOMNAYHO, 3 - mpyoKa 3i
CKIOMKAHUHU, 4 — Kanopumempuina KOMipKka, 5 — 306uiuinil 6J10K.
Pucynok 11 - Iniainapuynuii 0aTapeilHuil nepeTBoproBay 3i ciipadii
TEepMOeJIEMEHTIB i3 casiMu Ha IJIACKIN rpaHi: a) - nonepeunuil nepepiz 06010HKU
NJIOWUHOIO, 8 SKIl 3HAXO0OUMbCS BiCb KOMIpKU, 0) - homoepadhis cnipani
mepmoenemMeHmia y mpyoyi 3i CKIOMKAHUHU, 8) - KALOPUMEMPUYHA KOMIPKA 3

HAMOMAHOI Cl’lipél]l]liO.

[TomiMepu3alliss €MOKCHIHOTO KOMIAyHJa, M0 BUKOPHUCTOBYETHCS IS
(dhopMyBaHHS 1 BKJICIOBAHHS IEPETBOPIOBAYA, CYMPOBOKYETHCA €IEKTPOXIMIYHUMHU
edexkTaMu, 3 BHIUICHHSAM JIETIOYMX KOMIIOHEHTIB, 3MIHOIO EJIEKTPUYHOTO OMIOpPY
1301511111 Ta TepMidHOTO omnopy obonoHku. [Iporec momsiMepusalii HOCUTh TPUBAIUN
XapakTep, IPUIOMY, BUX1JI JICTFOUMX PEUOBHH 1 cTab1Ii3allisl BIACTUBOCTEH 000JIOHKHU
3HAQYHO CIOBUIBHIOIOTHCS BHACIHIOK TOTO, IO ITCJS BKJICIOBAHHS BIJIKPUTHUMU
3QJIMIIAIOTHCS JIMIIIE TY>Ke MaJll TOPIIEB1 TOBEPXHI, @ BHYTPIIIHS 1 30BHIIIHI TOBEPXHI

0000HKM 3akpuTi. [[1s mpuckopeHHs mpoiiecy moiimepu3aiiii 00010HKa B 300pi 3
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KOPIIYCOM 1 CTaKaHOM KaJOPUMETPUYHOT KOMIPKHM MIJAAETHCS TEPMOLMKITYHUM
HABAHTAKCHHSM IIUITXOM ImoAeHHoro HarpiBy mo 353...358 K mpotsarom 7...8
rogud. Jlo 3akiHYeHHS ToJiMepu3allii KOMOAyHJ Ma€ eIeKTPUYHY MPOBIIHICTH 1
€JIEKTPOJITUYHI BIACTUBOCTI, K1 3pyYHO BUKOPUCTOBYBATH ISl KOHTPOJIIO MPOIECY.
Tak, mis OOONOHKM 3 BHYTPIIHIM 00’eMoM Onm3pkuM 10 1 am® i TOBHIMHOIO
numiHAprIHOi cTiHku 0,6 MM, Oe3MmocepeTHbO MICTs BKJICIOBAHHS OOOJOHKH B OJIMH
13 KaJOPUMETPUYHUX MPHUIIAJIB, FalbBaHIuYHA HAMpyra MiX ii BUXITHUMHU BHUBOJAMH 1
KoMipkoto npu temrepatypi 323 K ckmagae 0,5...1 B 1 mocTynoBo 3MeHIIYETHCS 10
0,010...0,015 B mpotsirom 30 n16. Ha pucynky 12 nmpeacTtaBieHi eKCliepUMEHTAIIbHI

JIaH1 IPO XapaKTep 3MIHU HAIPYTH BITHOCHO MOYATKOBOro 3HaueHHs Eo.

E/Eo
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0,9
0,8 \
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e PP
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PucyHnok 12 - ExciepuMeHTa/IbHI JaHi PO XapaKTep 3MiHU rajJbBaHIiYHOL

HANPYT'W Mi’K BUXITHMMH BUBOJAAMH i KOMIPKOI0 KaJIOpPUMeTpA.

Bumipu npoBoauincs B CTalllOHAPHOMY TEIJIOBOMY PEXUMI MPU TeMIeparypi
(323 = 5) K mudpoBuM mpmiraioMm 3 aBTOHOMHUM KUBJICHHSIM 1 BXIJHUM OIIOPOM
outpme 20 MOM. ®yHKuisi 3MIHM Halmpyrd y daci OJM3bKa [0 3aTyXarodoi
€KCIIOHEHITIAJILHOT 31 CTaJIol0 Yacy 6 1i0, ska Ha puc.3.5 MmokasaHa HENEepEepBHOIO
niHiero. [Ticns 3akiHUeHHS MoJiiMepu3allii eJIeKTPUUHUN OMip 130JIS11iT MI)K BUBOJaMHU
00070HKHM 1 KOprrycoM Tipu Temmnepatypi 323 K mae 3HaueHHst He MeHine 10 MOwM.

3a aHAJOTIYHOIO TEXHOJIOT1€I0 MOXKYTh BUTOTOBIISITUCS KOHIUHI TEIUIOMETPUYHI

000JIOHKH Ta MEepPETBOPIOBaUl 1IHIIHNX (HOPM.
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BucHoBOK.

OCHOBHUM  €JIEMEHTOM  OyAb-SIKOTO  KOHAYKTHBHOTO KaJOpUMETpa €
NEpPEeTBOPIOBAY  TEIUIOBOTO  TOTOKY.  3aCTOCYyBaHHS  MEPETBOPIOBAYIB IS
KOHJIYKTUBHUX KaJllopuMmeTpiB Ha 0a3i ranbBaHiyHux [ITII, 3Baxkatoun Ha iX BHCOKY
YYTIUBICTh Ta TEXHOJOTIUYHICTh BUTOTOBJEHHS, € TEPCICKTUBHUM HAIPSIMOM

BJIOCKOHAJICHHS] CUCTEM KaJIOPUMETPII.
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KAPITEL 3/ CHAPTER 3°
EXPERTISE OF SPECIAL PURPOSE TELECOMMUNICATION SYSTEMS

DOI: 10.30890/2709-2313.2022-12-01-013

Beryn

Excrieptuza TeleKOMyHIKAIlIHHUX MPOEKTIB € BAXKJIMBUM €TalioM B MpPOIEC]
po3pooku TenexkomyHikaiiiHux cucteMm (TKC), ska mpoBOAUTHCS MPAKTUYHO HA
KokHOMY eTani po3poOku TKC 1 saBisie co00r0 CKIIaJHYy OpraHi3aliifHO-TeXHIUHY
npouenypy. OcHoBHOIO MeTor mpoBeneHHs ekcneptusn TKC € oOrpyHTyBaHHS
BHCHOBKY IIOJI0 SIKOCT1 TEXHIYHUX PILIEHb B XO/I1 MPOEKTYBaHHs Ta iX pO3pOOICHHS.
TenekoMmyHiKamiiHi CHCTEMHU CIELIAaJbHOIO TMPU3HAYEHHS B TMOPIBHAHHI 13
3BUYAHUMHU CHUCTEMaMM MalOTh CBOI XapaKTepHI pucH, a came: OulblIy
TEPUTOPIaIbHY MPOTSIKHICTH; 0araTOPiBHEBICTh Ta 3a0€3MEeUyIOTh BEJIMKY KIJIBKICTh
CEpBICIB; IJI1 IHMX CHCTEM XapaKTepPHO KOJIMBAHHS BHYTPIIIHIX Ta 30BHINIHIX
napametpiB; 11 TKC cnoemianbHOTO NpPHU3HAYEHHS XapakTepHa CTOXAaCTUYHICTD
OinpmiocTi mpoueciB  o0poOku iH(opmamii Ta HEOOXIAHICTH iX ONTHUMI3aIii.
[IpuknagoM TeJNIeKOMYHIKAIIHHOT CHUCTEMHU CHELIAJIbHOTO MPU3HAYEHHS MOXKE
CIYyryBaTH TeJICKOMYHIKalliiHa cucrema Jlep)kaBHOI TPUKOPIAOHHOI  CIIyKOU
Ykpainu.

[Ipoiemypam  mpoBEACHHS  €KCIEPTHU3W  TEICKOMYHIKAI[IWHUX  MPOEKTIB
MPUCBSIYCHO HIMPOKE KOJIO pOOIT BITUM3HIHUX Ta 3apyOikHMUX aBTOpiB [1-13], anani3
SKUX CBIIYUTH, 110 TMpoleaypa MOOyAOBH CHCTEMH IIOKa3HUKIB SKOCTI, ska O
J03BOJIMJIa 3a0€3MEeYUTH EKCIEPTHE OILIHIOBAHHS MPOEKTHUX pimenb 1moao TKC
noTpedye MoAanbiIoro po3BUTKy. Meroau popMyBaHHS CUCTEMH MOKa3HUKIB SKOCTI,
AK1 TPOIOHYIOThCS, MOOYyIOBaHI Ha OCHOBI (opmainizamii TelIeKOMYyHIKaliiHOT
cucTeMH Ha 06a31 €TaJOHHOI MOJIEII B3a€MO/II1 BIAKPUTHX CUCTEM.

Y Xxoml JoCHiIKEHHS BCTAHOBJICHO, IO Yy TMPOIECI EKCIEepTU3W IMija dac
BU3HAUEHHSI TOKa3HUKIB sKocTi (QyHKiionyBaHHs TKC mxepenamu mosiBU
HEBU3HAUCHOCTI €: HEYITKE YSIBJIEHHS Il omepallii, 1o MOXe IPUBECTH [0
HEOJHO3HAYHOTO  TPAKTYBaHHS  BIAMOBITHOCTI  PEATLHOTO  PE3yibTaTy [0
3aIJIAHOBAHOTO; HEJAOCTATHE BHUBYEHHS JIEAKUX SBHIN Ta TPOLEIyp, SKi
CYNpPOBOXKYIOTh TIPOLIECH, IO peaizoBaHl B pamkax ¢yHkuionyBanHus TKC; Bucoka

IMOBIPHICTh HEBIJIOMOTO IIIJIECIIPSIMOBAHOTO CTOPOHHBOT'O JIECTPYKTUBHOT'O BILJIUBY

3Authors: Katerynchuk Ivan Stepanovych, Mul Dmytro Anatoliyovych, Basarab Oleksandr Korniiovych,
Khoptinskiy Ruslan Petrovich, Vavrichen Alexey Anatolievych
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Ha (QyskmionyBanHs TKC; HeBU3HAYeHICTh, SIKa OOYMOBJIEHA HETOYHICTIO
MaTeMaTHYHUX Mojenell (QyHKiionyBaHHS ckiaagHux iepapxiunux TKC. Taka
HETOYHICTh MOK€ BHUHMKATH 3aBSKU 3aiiBii 1qeami3allii mpoueciB (pyHKI1OHYBaHHS
Ta ympaBiiHHS, abo HeBipHid gexkommosuili TKC. B mpormeci mnpoBeaeHHs
excrepTusu popmyeTbest 6a30Ba CUCTEMA MOKA3HUKIB SIKOCTI, sIKA JI03BOJISE€ OLIIHUTH
TEJIEKOMYHIKAIMHUNA TMpoekT. Pazom 3 TuM, y XOIi €KCHEPTHU3U JOBOJI YacTo
BUHUKA€e mpoOjema omepyBaHHsS 1H(OpPMALi€l0, sIKa € HEYITKOI0, PO3MUTOI0 abo

TaKOIo, 110 HE MOXe OyTH BUpa)KeHa KUIbKICHO.

3.1. CTpyKTYpHO-JIOTiYHA cXeMa MPOBEJeHHA eKCIEePTH3H TeJeKOMYHIiKAiHHUX

CUCTEM cneuia.m;noro INPU3HAYCHHA

ExcniepTriza TMpOEKTIiB  TETNEKOMYHIKAIlIMHUX CHCTEM - 1€ KOMIUICKCHA,
IiyecnpsMoBaHa iHGopMaIllfHO-aHAIITUYHA AISUIbHICTh eKcriepTa (IpyMnu eKCIEepTIB)
TEJIEKOMYHIKAI[IHHUX MPOEKTIB MO OLIHII SKOCTI MPOEKTHUX TEXHIYHUX PIIIECHb 1
GbOpMyBaHHIO TPOMO3WIIKA  MIOJ0 ONTHMI3aIii TEXHIYHUX  pIMIeHb, SKI
3aCTOCOBYIOTHCS B XOJI1 PO3POOKHU TEIEKOMYHIKAIIHHOT CHCTEMH.

["0710BHUMU 3aBAAHHSIMH €KCIEPTU3H TEIEKOMYHIKAI[IHHIX CUCTEM Ta 3aC00iB €
[6] BU3HAUEHHS XapaKTEPUCTUK Ta TMapaMEeTpPiB TEJICKOMYHIKAIIMHUX CHCTEM Ta
3ac00iB; BCTaHOBJEHHS (DaKTIB Ta CIOCOOIB mepenadi (oTpuManHs) iHbopMarllii B
TEJIEKOMYHIKALIMHUX CHCTEMaxX; BCTAHOBJIECHHA (DaKTIB Ta CIOCOOIB JOCTYMy [0
CUCTEM, pecypciB Ta iHopmamii y cdepi TeIeKOMyHIKallii; BU3ZHAYCHHS SKOCTI
TEJIEKOMYHIKAI[IHHUX TTOCIYT; BCTAHOBJEHHS TEXHIYHOTO CTaHy TEJICKOMYHIKAIIMHUX
CHUCTEM Ta 3aco0iB; BCTAHOBJICHHS TUITy, MapKH, MOJIEJI Ta 1HIIUX KilacHU)iKamiiiHuX
KAaTeropiil TEJEKOMYHIKAIIMHNX CHUCTEM Ta 3aco0iB; JOCIIIHKEHHS aJrOPUTMIB
00poOku 1H(popMalii Ta 11 3aXucTy y chepi TeTeKOMYHIKAIIii.

OO6'ekTaMM  eKCIepTH3W  TENEKOMYHIKAIIHHUX CHUCTeM Ta 3aco0iB €
TEJIEKOMYHIKAI[IHI CUCTeMH, 3acO0M, Mepex1 1 X CKJIaJ0Bl YaCTUHU Ta 1HGOpMaIlis,
10 HUMHU TI€PEAAETHCS, MPUHMAETHCS Ta 00POOISIETHCA.

SAx Oyno 3asznHadeno y [1-2], miag edekTuBHICTIO (DYHKLIOHYBAHHS CHUCTEMH
pPO3YMI€ThCS  KOMIUIEKCHAa  BJIACTUBICTh  Mpolecy  (YHKI[IOHyBaHHS,  fKa
XapaKTepU3yeTbCsd  OLIHOYHMM  TBEPDKEHHAM  BIAHOCHO  NIPUIATHOCTI  abo
IIPUCTOCOBAHOCTI TEXHIYHUX 3aco0iB mepenadi iH(opMmamii 1 ymopaBiaiHHS 0

BI/IpiHICHH}I IMOCTAaBJICHUX 3aJa4 Ha OCHOBI BH3HAYCHHS IOKA3HUKIB SIKOCTI CUCTEMM
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a00 TOKa3HUKIB e(EKTUBHOCTI Tmpoliecy (QyHKIIOHyBaHHS cucTeMu. [loka3zHuk
e(heKTUBHOCTI (PYHKITIOHYBaHHS CKJIQAHOI CHCTEMH € Mipa BIATOBIIHOCTI PEaIbHOTO
pe3ynbTaTy npouecy pyHKIIOHyBaHHS CUCTEMU HEOOX1THOMY.

BpaxoByroun BUMOTH 10 MOKa3HUKIB €(DEKTUBHOCTI (DYHKI[IOHYBAHHS CHCTEMH
Ta ocobsmBocTi nporiecy pyHkiionyBaHHss TKC B siIkoCTi 1OKa3HUKIB €(eKTUBHOCTI
MOXe OyTH BHKOpHUCTaHa IMOBIPHICTb  BIAMOBIAHOCTI CHCTEMH  CBOEMY

GyHKIIIOHATEHOMY TIPU3HAUYEHHIO (IMOBIPHICTH JOCATHEHHS LILJT1).

Curyariii, oo npu3Bo- YMoBU QYHKITIOHYBaHHS ®yHKLioHanbHI Xapa-
IIATh 10 HEOOX1THOCTI TKC KTEPHUCTHKU CUCTEM,
MPOBEACHHS €KCIIEPTU3U CKJIaJJOBUMH €JIEMEHTAMHU
TKC skux € TKC
[TapameTpu Tloka3HMKH SKOCTI
TKC ¢dynkmionyBanas TKC
TejieKkOMyHiKaiiiHa
cucTemMa
HeBusnaueHicTh Heuitkictb
EKCIIEPTHU3A:

1. Excrepru3a ONepaTHBHO-TEXHIYHUX BHMOT, SIKI BHUCYBAIOTBHCA [0
TKC, 1m0 npoektyeTbes.

2.  Excrepru3a OCHOBHHX CUCTEMHO-TEXHIYHUX PILIEHB, SIKi
Bu3HauaroTh Burisy TKC na erami HJIP.

3. Ekcneprtu3za TexXHIUYHHUX pilleHb, sKi C(HOPMYJIbOBaHI B TEXHI4HIN
npono3uuii Ha ctBopeHHss TKC.

4. EkcrepTu3a TEXHIYHOT'O 3aBJIaHHS Ha PO3POOKY €CKI3HOTO IPOEKTY
TKC.

5. Excmeprm3a CHCTEMHO-TEXHIYHHX pillleHb, SKi TPUHAMAIOTHCS Ha
eTari ecKi3HOTO NMPOEKTYBaHHS.

6. Excneprm3a TexXHIYHOTO 3aBIaHHSI Ha pO3pOOKYy TEXHIYHOTO
npoekty TKC.

7.  EkcnepTH3a cMCTEMHO-TEXHIYHUX DIllIEHb, SIKi IPUAMAIOTHCS Ha
eTarli TeXHIYHOTO MPOEKTYBaHHS.

8.  EkcnepTH3a TeXHIYHOTO 3aBJaHHS Ha PO3POOKY KOHCTPYKTOPCHKOT
nokymenTailii TKC, mo npoekTyeThes.

9. EkcnepTH3a OCHOBHHMX TEXHIUYHHX PIillIeHb, SIKI MPUIMAIOTHCS Ha
eTari po3poOKH KOHCTPYKTOPCHKOT JOKyMEHTALI].

/\

YpaxyBaHHS HEUITKOTO YpaxyBaHHs HEUITKOTO O11iHKa BasKJIMBOCTI OKPEMHX
XapakTepy BUXITHUX JAaHUX XapakTepy yMOB nokasHukiBs sikocti TKC
¢ynkiionysanns TKC

Pucynok 1 — CTpyKTYpHO-JIOTiYHA CXeMAa MPOBEICHHS eKCIePTU3H
TeJeKOMYHIKaliHHUX CHCTEM

baraTokpurepialibHuil XapakTep BHUMOT 10 SKOCTI iH(opmaiiifHOro oOmiHy i
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yIpaBJiiHHS, BpaxyBaHHs IMPOIECIB, 5Kl MPOTIKAIOTh B CHUCTEMi, HPUBOIAUTH JI0
MOCTAaHOBKM BEKTOpPHOI 3adaul aHamizy eQekTuBHOCTI ¢yHkiionyBanHs TKC.
3aradbHOMPUUHATUM MIAXOJO0M /0 PO3POOKH CHUCTEMH MOKAa3HUKIB SIKOCTI TaKUX
cucteM € (OpMyBaHHA TakOoi MHOXHHM JIOKaJbHHUX TIIOKAa3HUKIB $KOCTI, $Ka
BiAmoBigae cykynHocti BrnactuBocTeid TKC, mo BrumBaooTh Ha BUKOHAHHS
MOCTaBJICHUX Tiepea Hew 3aBaaHb. Ilpomec QynkmionyBanas TKC wmoxHa
NPEICTaBUTH SIK CYKYIHICTh Tpouecy iHgopmarniiitHoro oominy B TKC 1 mporecy
YOpaBIIiHHS SKICTIO 0OMIHY 1H(OpMALII€TO.

[Tporiec mpoekTyBaHHS TEIEKOMYHIKAIIfHOT CHUCTEMH MpPEACTaBIsie COOOI0
CKiagHuii OararoeramHuil mpouec (OpMyBaHHS B3AEMOIOB’S3aHUX TEXHIYHUX
pimieHsb, siki MatoTh Ha MeTi cTBopeHHs: TKC, 31aTHOI 3a0e3neunTy HaJaHHs CEpPBICiB
KOpHCTyBayaM 3 ypaxyBaHHAM crneuudika BuUMOT (yHKuioHyBaHHs. Crnernudika
BuMor 1o mnepcrnekTuBHUX TKC 00yMOBIIOETbCS TMPEAMETHOIO 00JacTio 1X
3acTocyBaHHsA. EkcrmepTusa, $SK HEBiI’€MHAa YacTUHA MPOLECY NPOEKTYBaHHS
TeJIEKOMYHIKaIiiiHo1 cuctemu (puc. 1), Moke 3IIMCHIOBaTHCA B yMOBax
JIETEepPMIHOBAHOCTI, CTOXaCTHYHOCTI 1 HEBU3HAYEHOCTI (QYHKIIOHATBHUX 1
cTpykTypHux napamerpiB TKC ta mporeciB iHpopmaiiitHoro oOMiny.

OTxe, ekcnepTh3a TEIEKOMYHIKAlIMHUX MPOEKTIB € BaXXJIMBUM €TaloM B
nporeci  po3pobku  TKC, saxuii y 3Ha4yHIA Mipl BIUIMBAa€ Ha  SIKICTh
TEJIEKOMYHIKALlIHUX CHUCTEM, IO po3podistoTecs. Ekcrepruza mpoBOIUTHCS
MpaKTUYHO Ha KOXKHOMY etami po3pooku TKC 1 mpeacramisie co0oro CKIIamHy
MPOIeypy, AKa 3MIACHIOETHCS B YMOBax 00 €KTHBHO ICHYIOYOi HEBHU3HAYCHOCTI.
BpaxyBanHs yMOB  HEBH3HAYCHOCTI TMOBHHHO  3a0€3MEYUTH  ITiIBUIICHHS
aJIeKBaTHOCTI Ta JocToBipHOCTI ekcrieptu3n TKC.

BpaxyBaHHA HEBH3HAUEHOCTI NMPOIOHYETHCS MPOBOJUTH Ha ABOX DPIBHAX: Ha
piBHI BU3HAYEHHS YaCTKOBUX MOKa3HUKIB sKOCTI ¢yHKionyBanHa TKC Ta Ha piBHI
BU3HAUEHHS Barl KOXHOTO YAaCTKOBOTO TIOKa3HUKa JJisi 3arajibHOI  OIIHKU

edextuBHOCTI TKC.

3.2. MeToanka ypaxyBaHHS HEBU3HAYEHOCTI BUXIIHUX JaAHUX MiJ Yac
3HAXO/MKCHHS eKCIIEPTHUX MOKA3HUKIB AKOCTI QYyHKIIOHYBAHHS

TeJeKOMYHIKalliHHUX CHCTEM

HeBpaxyBaHHSiT yMOB HEBHM3HAUYE€HOCTI MpPU 3HAXO/KEHHI EKCIEPTHUX
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MOKa3HUKIB  SKOCTI  (YHKIIOHYBaHHS TenekoMyHikamiiaux cucrem (TKC)
MPU3BOIUTH J0 CIIPOIIEHHS (i/1eaizailii) OTpUMaHuX pe3yiabTaTiB, sKi, Y CBOIO YEpry,
HE TIOBHOIO MIPOIO BIAMOB1Ial0Th BUMOTaM JI0 €(pEKTUBHOCTI MPOBEACHOT €KCIIEPTU3H
TKC, mo npoektyerbcs. HalOinpmmii BIJIMB HA pe3yabTaT MOJEIIOBAHHS Mae
HEBU3HAUYCHICTh BUXIAHMX JaHuX (Onu3pko 82—-84 %), BIAMOBIAHO BILUIUB
HEBH3HAYEHOCTI MaTEMAaTHYHOI MOJIeli (a0 YuCenbHOT0 METO/TY ) OLIIHIOETHCS SIK 16—
18 %. L1 oOcTaBuHa Ha/la€e MiACTaBU MPOIMOHYBATH J0 BpaxyBaHHS B PO3pOOIIOBaHIN
METOJMII BIUIMB HEBU3HAYCHOCTI BUXITHUX JaHWX. TaKuM YHHOM, MPOBEICHHIMA
aHaji3 CBIIYUTH MPO HEOOXIAHICTh y3arajJbHEHHS Ta BHOOPY €IMHOTO MIIXOAY 0
BpaxyBaHHs HEBU3HAUEHOCTI B mpouenypi excreptusu TKC.

AHaii3 MaTeMaTHYHUX METOMAIB, MNPUAATHUX JJIs BpaxyBaHHS XapakTepy
HEBH3HAYCHOCTI BUXIHUX JAaHWX, A€ MOXJIHMBICTH Il METOAM PO3IUIMTH HA JBi
OCHOBHI TpYIU: METOAM 3MEHILIEHHS BIUIMBY HETOUYHOI 1H(OpMalii 3 moaaibIiuM
BUKOPUCTAHHSIM 3BUYANHUX JETEPMIHOBAHUX aJTOPUTMIB; METOAM TMepexony (3a
HassBHOCTI HETOYHOI 1HGopMaIlii) A0 CHeriaJbHuX aJrOPUTMIB (CTOXACTUYHUX,
HEYITKUX, 1HTepBaJIbHMX). JlJI MEpIIOro HampsIMKy XapaKTepHUM € 3aCTOCYBAHHS
pi3HUX MeToniB (imbTpamii ¥ 3riaKyBaHHS BHXITHOI iH(pOpMalii, ycepeIHeHHs i
MOPIBHSHHSA JTaHWUX. 3aCTOCOBYIOTHCS TaKOXX METOJIM BiJHOBJICHHS BIJCYTHIX JaHUX,
iHTepnosuli ¥ ekcTpanontoBanHs. [ yac BUKOPUCTaHHS CTOXAaCTUYHUX MOJENen
BUHHMKAE LUIMA PsJl TPYIHOIIIB, MOB’SI3aHUX 31 CKJIAIHICTIO OJEPKaHHS PO3MOJLTY
IIUIBHOCTEH 1MOBIPHOCTEM Ui TapaMeTpiB, HEPETYJSPHUMH SBUIIAMH TPH
PO3B’s13aHHI CTOXaCTUYHUX TU(EpEeHIIATbHUX PIBHSHb.

Takum  uyMHOM, cChOpoOM  3aCTOCYBaHHS  SIKOro-HEOyAb  KOHKPETHOTO
MaTeMaTUYHOTO arapary (IHTepBaJIBHOTO aHalli3y, CTAaTUCTUYHMX METOJIB, Teopii
irop, JE€TepMIHOBAHUX MOJIeJIEd TOIIO) JJIi TPUUHATTA pIlMIEHh B yMOBax
HEBU3HAYEHOCTI JO03BOJISIE AJE€KBATHO BIITBOPUTH B MOJENI JIUIIE OKpPEMi BHUAU
JaHUX 1 IPU3BOJAUTH 10 OE3MOBOPOTHOT BTpaTH 1H(OpMalii iHIIMX TUIIIB. 32 OpaKkom
iHbopMallii s CyBOpPOTO 3aCTOCYBaHHS IMOBIPHICHUX MOJeNeld 1 TPYJTHOIIIB
OMepyBaHHS BUNAJAKOBUMH BEJIMYMHAMM, a TaKOX Yy 3B’S3Ky 3 TUM, W0 3
IHTEpBaJILHUMU BEJIMYMHAMU MOYHA IMPAIIOBATH B paMKaxX TE€OPii HEYITKUX MHOXKHH,
ocTaHHs HaOyBa€ BaXXIMBOro 3Ha4deHHs. OTXe, SIK OCHOBHHM 1HCTPYMEHT IS
BpaxyBaHHS HEBU3HAYEHOCTI AOLIIHLHO BUOPATH METOU TEOP1i HEUITKUX MHOMKHH.

HacTtynHuMm eTarnom METOAMKH CIi BBaXKaTH (popmaliizaiiio BUXITHUX JaHUX Y
BUTJISIII HEUITKUX BEIMYUH. BioMo, 1110 Ik 6a30Be MOHATTS T€OPii HEUITKMX MHOXKHUH

BHUKOPHUCTOBYETLCA «HEYITKa MHO>XHMHa», OCHOBHOIO Ta €IHMHO MOKIIMBOIO
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XapaKTepUCTHKOI0  sKoi € (QyHKIis HamexHOCTI. BpaxoByrounm xapakrep
HEBM3HAYEHOCTI Ta MepeBaru METO/IIB TeOpil HEUITKUX MHOXKHUH JuIs ii (hopmamizarii
o0epeMo sIK OCHOBHHI crioci0 ¢opmarizalii BUXIIHUX JaHUX BUKOPUCTAHHS amapaTy
HEYITKUX urcelsl. HeuiTke 4nuciox = (a,y,d) NpeacTaBiisie OO0 HEUITKY MHOXKHUHY 3
GyHKII€I0 HANEXKHOCTI BUIIIsINy [3; 5]:

a—Xx

Y
Loma<x<b (1)

x—b

1-—

oma—y<x<a

1- omb<x<b+o

0, inaxwe
['padiuny inTepnpeTallito GyHKIIT HAIEKHOCTI HABEJEHO Ha puc. 2.
nx) 4

1

»
>

0 a-=y a b b+d X

Pucynok 2 — I'padik pyHKIIII HAJIEKHOCTI HEUITKOr0 Yncaa x

AHaii3 BUIALY HediTKoi (YyHKIIT Ta HaBEACHI BHILE MpaBuia BUKOHAHHS
apu(pMeTHYHUX orepariil JarTh MOXKIMBICTD 3HAWTH MiHIMaJbHE T4 MaKCHUMAallbHE
3Ha4YeHHs HEYITKOi (YHKIi BiJ HEUITKUX apryMEHTIB 3a KOXXHHUM 3 O-PiBHIB.
BukopucTanHs TOTO 4M 1HIIOTO MPUHLKITY y3aralbHEHHS MPU3BEIE 10 3HAXOIKECHHS
(yHKIIIT HAJIG)KHOCTI HEUITKOTO Pe3yJIbTaTy MHOKMHHM BCIX MOXJIMBHUX Ta MHOKUHH
HaANO1IbII IMOBIPHUX 3HAYEHb MapaMeTpa, SKUil MOJECTIOEThCS.

BpaxoByioun HeUiTKICTh Ta cjnabKy CTPYKTypOBaHICTh 3aJaul BU3HAYCHHS
BXJIMBOCTI EKCIIEPTHOTO TOKa3HUKa sKocTi ¢yHkimionyBanHs TKC B cucremi
MOKa3HUKIB SIKOCTI, ii MOYKHA NpecTaBuTH KopTexeM: <S, X, Yx, P, A, Ax, D>, ne S —
MHOXMHA KpUTEpIiB OIIHKM IMOKa3HUKa SKOCTI; X — MHOXXHMHA XapaKTePUCTUK
OLIIHIOBAaHUX TMOKAa3HUKIB SKOCTI; Yy — MHOXHHA TPUINYCTUMUX 3HAYEHD
XapaKTEPUCTHK MOKA3HUKIB SKOCTI; P — CUCTEMa IepeBar, 1o 3a/1a€ BIAHOCUHUA MiX
MHOXUHaMH S, X, Yx; A, Ax — MHOKMHA TTOKa3HUKIB ¥ OILIIHOK iX XapaKTepUucTuk; D —
Bupimanbae npaBuiio: D: A — [0, 1]. IloTpiOHO 3HaliTH BUpiIAILHE TpaBuiio D, 1o
3a0e3neuye OAepKaHHS OLIIHOK Ba)KJIMBOCTI €KCIIEPTHUX MOKA3HUKIB 3 OJUHUYHOTO

IHTEepBaIy.
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CtpykTypa METOJMKM BpaxXyBaHHS HEBHU3HAYEHOCTI BUXITHUX JaHUX MpH

3HAaXOJKEHHI1 €KCHEPTHUX TMOKa3HUKIB sKOCTI ¢yHkiionyBanHs TKC HaBeaena Ha

puc. 3.

Ornuc BUXITHAX JaHUX I
3HAXOJKCHHS SKCIIEPTHUX

IMOKa3HUKIB SKOCTI
|

Bu3HaueHHS MOKIIMBUX Ta HANOIIBII
IMOBIpHHX 1HTEPBaJIiB 3HAXO/IKCHHS
BUX1IHOI BEJINYHH

3HaxopKeHHS (PYHKIIIT HAJISKHOCTI BUXITHOT

BEJIMYMHU, TOOy0Ba 11 Tpadiky
lLlAO (xi)’ /LIA' (xi)9
|
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3ane

BukopucranHs IpUHLIUIY y3arajabHEHHs

BukopucranHas « -piBHEBOTO IPUHIUITY
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~ 011
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Vo= sup (f

xi,zze[lc_/ aXia ]

yHKuii y = U()_;a,;a) ’

a€g[0,1]

inf— ](f(xl,a5x2,a""xn,a)

(‘xl,a b x2,a ""xn,a)

v

BuBenenns 3HaueHb HEUITKOT PYHKITIT Ta X
ominka. I'padiuna iHTepHIpeTaris OTpUMaHUX

Pucynok 3 — CTpyKkTypa MeTOAMKH BPAXyBAHHS HEBU3HAYEHOCTi B BUXiTHUX
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BucnoBku

Takum ymHOM, (hopmanizauiss (yHKIIOHYBaHHS TEJICKOMYHIKALIMHOI CHCTEMU
IpeACTaBIIsi€ COO0I CYKYIHICTh BOX (DYHKITIOHAJIBHUX MiJCUCTEM, a CaM€ CUCTEMH
iH(popMarliiiHoro oOMiHy Ta CUCTEMHU YIPaBIIHHS SKICTIO 1H(OpPMAaIIHOTO OOMIHY.
Cucrema noka3HukiB sikocTi pynkuionyBanas TKC mpexncraBisie co00i0 MHOXKUHY
JIOKQJIbHUX TOKa3HUKIB SIKOCTI 1H(OpMaLIHHOTO OOMIHY 1 IOKa3HHMKIB SKOCTI

yIpaBiiHHA 1HQOpMaLIHHUM OOMIHOM.
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KAPITEL 4/ CHAPTER 4 *
BASIS FOR INNOVATION IN THE COMPUTERIZATION OF SOCIETY
DOI: 10.30890/2709-2313.2022-12-01-019

Introduction

In this chapter, the authors have tried, in the context of the high rate of
innovation in the computerization of society, to highlight the immutable in their view
basic concepts and their definitions, which make it possible to understand the essence
of the ongoing transformations. As Confucius said, "the right name is the right
understanding". The paper considers the main stages and levels of the implementation
of enterprise automation systems and components of their structures. A formula for
describing the concept of "CS architecture" is proposed, a generalised structure of a
WEB-system and its safe implementation is given [1, 2, 5].

We live in that wonderful time when the half-life of knowledge is 1 to 2 years.
At the same time, not only the names of the specialties are changing, but new ones
are appearing as well.

For example, the specialties of our department in these years 1964 — 2015 have
been transformed during its existence as follows:

- Calculation and resolution instruments and devices

- Electronic computing machines - Intelligent computer systems and networks -
Computer systems and networks

- Computer engineering

- What's next?

What do our basic terms mean - Machine? System? Complex?

4.1. Machine? Computer System( CS)? Computer Complex (CC)?

Consider the hierarchy of concepts (Figure 1).

A computer (machine, computer) is a generalised concept corresponding to
a Program-Controlled Device that processes digital information represented in
binary notation. Used in the home, in conversation without specifying its technical

specifications. Technically, 4 computer = PCD+2n.

*Authors: Kosolapov Anatoliy, Egorov Oleg, Dziuba Volodymyr, Parpolita Alexander
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a Computer

Computer SYSTEMS

mputer Netw
as & data exchange technology

Control Comphiter
cce i cce
TypicalCC Optional Soft
BasicCC Equipment

Control Complex Specified - CCS
Figure 1 - Hierarchy of key concepts

SYSTEM (computer system (CS), information system (IS), intelligent
information system (I2S) is the result of selection or design where the
requirements for the characteristics of the system to perform certain tasks are
defined.

That is, the required processor clock speed, number of processors, amount of
RAM and external memory, video boards, signal input/output modules.

Modern constructive definition according to ISO IEC 15288-2005: a system is a
combination of interacting elements organised to achieve one or more set objectives.

What are these elements?

A CS can be made (assembled) in-house from one or more Control Computer
Complexes (CCCs). In other words, the CS is broken down into a number of CCCs
when designing the CS.

A CCC is a unit of production of the manufacturer (supplier) of the CS for an

object of automation.

MONOGRAPH 59 ISBN 978-3-949059-59-9



LS

e
Innovation in modern science ‘ 2022 Part 1 %

The CCC consists of a TYPICAL (BASIC) CCC, or TCC, or BCC. There can be

up to some variants of such TCCs. For example, TCC for office, for gamer, for

student (budget variant), for servers, etc. Customer can supplement the basic
configuration with modules and devices, as well as with software in accordance with
SPECIFICATION. The resulting CCCs are called SPECIFIED COMPLEXS (CCS)
All CCSs are combined into a system by means of an information network. In
this case, NETWORK is the technology for organising data exchange between CCSs
in the CS. This is the definition of NETWORK in the LEAST sense of the word.
Network is an integral part of the CS and should be designed when designing the
SYSTEM! A special place among modern systems is occupied by WEB-systems.

4.2. WEB-systems

In order to define a WEB system, it is necessary to know what the INTERNET
and the WWW, or WEB, are.

INTERNET is a set of geographically distributed CSs and networks interacting
with each other based on a standard protocol stack based on the Open Systems
Interconnection (OSI) model through data transmission channels to share
information, software and technical resources of the network.

In fact, the INTERNET is an infrastructure for hosting and transmitting the
above resources.

And the WEB (WWW) - is a network of interconnected information resources
in the INTERNET by means of URL - Uniform Resource Locator - a uniform locator

(method locator) of resources (Figures 2,3).

@ ")
=
m
i
WWW wn
-<
wn
—
m
=
INTERNET
\ /

Figure 2 — General structure of the WEB system
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C1 c2 System customer terminals

| Level

Transit servers and channels

WS1 WskK | WEB servers
Il Level (PO
Transit servers and channels
; ‘ SS1 SSM | Security servers
IIls Level
Transit servers and channels
AS1 ASR | Application servers
IV Level | :
Transit servers and channels
; ' Database security
Vs Level SSBD1| :SSBDY servers
e 7‘ i e
Y 1| DBS1 DBSY  Database servers
V Level (e B L

Figure 3 — An example of a complex distributed secure WEB system [5]

4.3. CS architectures and structures

An important characteristic of CS is ARCHITECTURE (ACS).

It can formally be represented as the following formula

ACS=Goals N (8 types of Ware)= Goals N
HardWare+SoftWare+MathWare+InfoWare+LingvoWare+OrgWare+MetWare+M
etroWare)

This formula uses well-known components or terms. Let us briefly note their

purpose:
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- HW - complex of technical means; The HW is a set of technical means for data
entry, processing, storage, display, output and transmission, switching and routing.
Sometimes referred to as information infrastructure.

- MathW - a set of mathematical models, methods and algorithms for problem
solving.

- SoftWare is a set of system and application programs (operating systems,
compilers and interpreters of programming languages, program editors and
debuggers, libraries of subprograms and functions, application software packages,
etc.).

- Info Ware - a set of methods and tools that regulate the interaction of
employees with technical means and among themselves during the development and
operation of the information system.

- LingvoW 1is a set of linguistic tools that ensure the adequate functioning of
language in the CS in a particular sphere.

- OrgW - a set of methods and means that regulate the interaction of workers
with technical means and among themselves during the development and operation of
an CS (organisational structure).

- MetWare - A set of all the tools needed to provide effective training for staff.

This is usually a set of documentation and videos.

-MetroWare - approval and application of metrological norms, rules and
procedures for measurement performance (MMP), as well as development,
manufacture and application of technical means to ensure the uniformity and required
accuracy of measurements.

The development of the CS is accompanied by a change in system requirements
and some concepts, which is referred to as the development of a PARADigm in
computerization.

One of the characteristics of ware types is structure. Structure is a set of
elements of any nature and the links between them.

The technical structure of a computer system consists of CCC and channels of

inter-unit machine links (Figures 4,5).
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cce

CCC2 CCC3 CCC4

Figure 4 - Technical structure of the CS

¥ FPB9

Figure 5 - Functional and programmatic structure of the CS

| FPB4

(piece of @-transaction [3])

a shows the structure of a computer system from a real project.

The structure of a @ -transaction consists of a sequence of FPB and links
between them. The information support structure consists of database arrays and
information flow links. There can be combined types of structures e.g. software and

hardware structures.

4.4. Stages in the formation of the hierarchy of automated systems enterprises

Having dealt with the problems of automation of various enterprises for more
than 40 years and having analyzed stages and perfection of computer systems in
enterprises the authors propose a generalized structural scheme of various enterprise
automation structures (Figure 6).

1. Older control systems (SC)

SC = TP + GFA + Control Desk

2. First generation. Enterprise Control Systems (ECS)

ECS =SC+ ACS

3. Second generation - Integrated Plant Management System (IPMS)

IPMS = ACS + APCS + SC + DC
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Figure 6 - Levels and stages of implementation CS for integrated automation

enterprises [3]

4. Third generation - Flexible Automated Production (FAP)

FAP =IPMS + CAD

CAD - Computer Aided Design System

ERP (Enterprise Resource Planning, European standard) is an organisational
strategy for integrating production and labour management, financial management

and asset management operations.

4.5. The Paradigm of computerization

Innovation in computerisation in industry and transport leads to a change in
terminology and rules for the implementation and use of new computer systems.
Innovation on a global scale can be represented by the shifting paradigms of
computerisation described in the table. It presents the main user requirements for
new systems as a hierarchy of characteristics of performance, interface, user access to
data. The top positions in the table correspond to higher priorities. each paradigm is

associated with a change in the naming of systems. The table shows the variations of
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these names. In fact, there are no clear boundaries between when paradigms change
completely, they go away gradually with new generations of computer system users
and developers (table 1).

(Paradigm - (from Greek "example, model, pattern") - a set of fundamental
scientific attitudes, ideas and terms accepted and shared by the scientific community
and uniting the majority of its members. It ensures the continuity of the development
of science and scientific creativity).

Table 1 - Innovation in light of the paradigm of computerisation

Computerization Paradigm

Computers (CS)>> Information Intellectual Socio-Technical
Systems (1S)>> Systems (IntS)>> Systems (STS)
performance access to data here and now intelligent interface social networks, access to data
«here and now», loT
interface interface acces:ntg rc]igs?»«here intelligent interface
access to data performance performance performance
1944 - 2000 2000 - 2010 1991 - now 2000 - now

In addition to the requirements for the three main characteristics, the paradigm

also includes the dominant types of computer system support.

Conclusions

This work proposes a systematic and historical approach to the analysis of the
state and prospects of innovation in the field of computerization. The work is based
on the clarification of names and definitions of basic terms. Examples are given of
the improvement of structural schemes and functions of computer systems for various
purposes. The characteristics of shifting computerization paradigms are described.
The paper can be useful for engineers and students in computer science and

engineering.
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KAPITEL 5/ CHAPTER 5°
MATHEMATICAL MODELLING OF MANUFACTURING PROCESSES OF
PARTS AND STRUCTURAL ELEMENTS BY BUILD-UP METHODS

DOI: 10.30890/2709-2313.2022-12-01-002

Introduction

We encounter build-up processes in the study of various technological and
natural processes such as winding, sputtering, deposition, freezing, accretion, as well
as in the sequential erection and loading of structures and building constructions,
crystal growth, phase transformations in solids [1 — 8], etc.

The theoretical substantiation of new technologies for the production of shells,
pipes and other parts of rotation by the build-up [5 — 8], requires the development of
calculation methods that more fully reflect the properties of the material from which
this or that part is made. It is known, in particular, that polymers and composite
materials [1, 3, 5, 9], which are used in the manufacture of various parts and
structural elements, have pronounced creep properties. This circumstance leads to the
redistribution of stresses in the parts during the build-up process, changes in shape
and size after manufacturing and when loaded.

The mechanics of such processes can be studied from different points of view.
One of them is a model representation of the processes of building up real structures
based on the theory of creep of heterogeneously ageing bodies [10, 11] (the theory of
growing bodies). They are characterized by the fact that during the build-up, different
elements of these bodies are produced (originated) at different moments of time, that
is, the age of the material in these bodies is not the same and depends on spatial
coordinates. Therefore, along with the traditional heterogeneity, there is a specific
heterogeneity due to the fact that the process of natural or artificial ageing in these
bodies proceeds differently in all elements.

Depending on specific conditions, the process of building up viscoelastic bodies
can occur both discretely and continuously. In the first case, elements of finite
dimensions made of material of different ages are successively attached to the body at
separate moments of time. In the second case, i.e. with continuous growth, an
element of infinitesimal thickness is added to the body for each infinitesimally small
interval of time.

Before moving on to the modelling of the building-up process, we make one

SAuthors: Siasiev Andrii

MONOGRAPH 66 ISBN 978-3-949059-59-9




Innovation in modern science ‘ 2022 Part 1

remark concerning the general concepts of the build-up of deformable solids.

It is not difficult to imagine the process of building up a completely solid body,
when the volume element added to it immediately after joining, as it were, "freezes"
and loses the ability to deform in the future. In this case, the configuration of the
body observed by us at any arbitrary stage of growth is "frozen", that is, it does not
undergo any further changes in volume or shape. This "solidified body" simply
"overgrows" with new material, as a result of which the shape and volume of the
entire growing body are constantly changing.

Thus, when we talk about the changeability of the configuration and dimensions
of a growing solid body, we will mean the change of these parameters not as a result
of a force-deforming effect on the body, but as a result of joining it with new
elements, adding material, imposing additional connections, etc.

In this work, we do not dwell in detail on the types of augmentation [1, 12] and
their comparative analysis [13 — 15], but examines the problems that arise, mainly, in
the manufacture of rotation parts and structural elements from polymer material using
build-up methods.

It is known from the literature [10; 11] that solutions to viscoelasticity problems
for growing bodies, model, mainly, the processes of manufacturing rotation parts and
erecting construction structures from concrete. In these tasks, the build-up process is
assumed to be carried out from the outside of the part with a given law of change of
radius and external surface load.

This chapter deals with the problems of the internal and external build-up of an
empty circular viscoelastic cylinder made of polymer material, which is in the
conditions of a uniaxial stress state in the case of a linear creep law to simulate the

process of manufacturing rotating parts by build-up methods.

5.1. Basics of the technology of build-up processes

We focus on the modelling of such build-up processes as winding and
sputtering, which are used during the manufacture of thermal insulation of pipes and
tanks, as well as during the manufacture of various rotating parts.

We consider several options for sputtering thermal insulation. Among the
materials used for thermal insulation of tanks, polyurethane foam has become

widespread. Thermal insulation from it can be block and monolithic [16]. Monolithic
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insulation is made by spraying on the walls of the tank with the help of special
machines. Foam plants for applying thermal insulation to tanks up to 14 m high are a
dosing unit consisting of two gear pumps of the HIII20[102 type, driven by an
electric motor and a gearbox, which ensures the specified mode of operation of the
pumps. Components of thermal insulation (polyester resin and diurethane diethylene
glycol) are taken from the containers with separate hoses and fed to the dispenser
gun. A hose for supplying compressed air is connected to it. The components in the
containers are heated and continuously mixed by gear pumps of the P3 type. The air
that is sprayed is cleaned with the help of a moisture-oil separator and an oil-
capturing filter. All modes of operation of the plant are carried out from the control
panel, which is located at a distance from the spray gun. The spray gun, which is on a
special carriage, moves vertically and horizontally. The movement mechanism has a
special device for reciprocating movement.

An approximately similar design of the device for spraying polyurethane foam
on tanks is proposed by the Shell Company. It consists of a guide rail, which is
mounted at a distance of 80 cm from the bottom of the tank, along which the trolley
moves with the help of a special motor. A vertical rack is attached to the cart, along
which the spray gun, which is driven by a special motor, can move up and down. The
initial components of thermal insulation are supplied by flexible hoses to the sprayer
and are applied to the wall of the tank under the action of compressed air. The
required thickness of thermal insulation is provided by the specified number of
passes. Externally, thermal insulation can be covered with a protective cover.
Sometimes, the same polyurethane foam is used as a protective cover, but in a
different proportion. As a result of sputtering, the outer layer of thermal insulation
turns out to be very dense and strong, well confronting external loads, penetration of
moisture and exposure to ultraviolet rays.

To prevent cracking of the monolithic thermal insulation during emptying and
filling of the tank (a sudden change in the temperature of the inner wall of the tank),
sometimes before applying the main thermal insulation to the outer surface of the
tank, a buffer insulating gasket is applied with the help of adhesives. This gasket
absorbs all the thermal fluctuations of the tank walls, and the main insulating material
practically does not deform.

To improve the coating (increase its homogeneity and thermophysical
properties), it is necessary to thoroughly mix the components of the thermal

insulation before feeding them into the spraying device. This can be provided by a
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special unit (Fig.1), consisting of cylinder 3, inside which moves a piston 2, which is
driven by device /. The cylinder passes into chamber 4, above which hopper 5 for the
mixture is located. The mixture from the hopper is fed to the chamber through the
inlet valve 6. From chamber 4, it is squeezed out through the discharge valve 7 into
the mixing chamber 8. Inside the mixing chamber, there is a splitter /0. Compressed
air is supplied to the mixing chamber through a pipe 9. The heat-insulating mixture
supplied to the mixing chamber, is pressed against its walls thanks to the splitter and
well mixed with compressed air. The formed aerosol mixture moves through the hose
11 and is sprayed onto the protected object through a special device /2.

For the insulation of tanks intended for the preservation of liquids with high
temperatures or liquefied natural gases, a folded metal shell with a felt pad between
the surface to be protected and the shell, is proposed. Polyurethane foam is pumped
into the shell through an opening. After filling, the opening is closed. A set of these
shells forms the thermal insulation of the tank. They are attached to the wall either
with the help of whiskers or with the help of bandage belts.

Figure 1 — The device for mixing and supplying components of polyurethane

insulation

Thermal insulation of pipes by sputtering requires special conditions and plants,
but this method is more technological. The specified thickness of thermal insulation
can be obtained in one or more passes along the pipe of the thermal insulation plant.
The same equipment can be used to insulate pipes of different diameters. The quality
and thickness of the insulating coating are continuously monitored during the works.
Applying the insulating coating can be done both in the factory and under semi-
stationary conditions, and at the same time rhythmicity and continuity of work are

ensured.
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To protect the thermal insulation from mechanical damage and the penetration
of moisture to it, it is protected from the outside with casings: made of tape or other
materials. In complex sections of pipelines (crossings through rivers, roads, swamps,
etc.), the thickness of the thermal insulation is much greater than on the main
highway, and the protective casing is made thicker and completely airtight.

The principle of operation of plants for sputtering thermal insulation is as
follows. Various containers contain a polyester mixture with additives for
extinguishing the flame, the required amount of water, catalysts and diurethane
diethylene glycol. Components from containers are fed into the mixing chamber of
the spray gun by dosing pumps. Compressed air is supplied to the same chamber,
which intensively mixes the components and ejects it through a hose with a nozzle
onto the surface being processed. Obtaining the specified qualities of the heat-
insulating coating is ensured by the necessary adjustment of the supply speed of the
components and the speed of their hardening on the surface, taking into account the
temperatures of the environment, components and the object being insulated. In this
way, pipes are insulated both in the factory and in the field. Compared to the pouring
method, polyurethane foam thermal insulation by sputtering has better uniformity in
the axial and radial directions, its density decreases (up to 30 kg/m?). This method
allows you to obtain thermal insulation of any thickness due to one or more passes of
the spray gun relative to the surface to be protected.

The main disadvantage of this method is the insufficient adhesion of the
protective casing to the insulation material. The protective casing is most often made
of the pellicle, but other materials are also used. Their connection with thermal
insulation occurs with the help of various glues.

A significant number of plants for applying polyurethane foam thermal
insulation by the sputtering method have been proposed. We consider some of them.

A rotary spray gun plant consists of a carriage that is moved along the pipe by a
motor, and cleaning and atomization systems that rotate around the pipe. The rotation
and translational movement of the cleaning and dusting systems is carried out by a
gear driven by the trolley wheels. The cleaning system consists of metal brushes
mounted on the inside of the drum, and the spray system includes a spray gun that
also rotates evenly around the pipe. The big disadvantage of this plant is the
combination of the process of cleaning the pipe and dusting the insulation since the
dust generated during cleaning sharply worsens the working conditions. In addition,

the plant is quite complicated due to the presence of a rotating spray gun. Heat-
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insulating mass and compressed air are supplied to the gun through a system of
small-diameter pipelines in special drums that rotate around the pipe. The need for
various gaskets and seals does not eliminate the cost of heat-insulating mass. To
improve the adhesion of the heat-insulating mass to the surface to be insulated, the
latter is heated to 313 K, and the heat-insulating mass to 300 K. Externally, the
thermal insulation is protected by special fabrics, paper or pellicle, which are wound
from coils fixed on a cart. The following parameters are recommended for the
operation of the plant during the insulation of pipes with a diameter of 219 mm: the
thickness of the insulating layer is 50 mm, the rotation frequency is 0.416 s, the
linear speed of the carriage is 0.05 m/s. Using a self-propelled plant, a pipeline with a
diameter of 0.168 m was covered with polyurethane foam insulation with a thickness
of 76 mm at a speed of 0.1 m/s. Pipe cleaning was not carried out in this plant. The
entire plant is mounted on a special frame of a crawler tractor. Externally, thermal
insulation was protected by a polyethylene pellicle wound from bobbins fixed on a
drum. The polyethylene pellicle was wound on the surface of the thermal insulation
covered with glue. The places where the pellicle was joined were also glued.

The plant with stationary spray guns is shown in Fig.2. Pipe / being insulated
passes through the cleaning device 5. Moving in the axial direction and rotating
around its axis, the pipe passes the first isolation post (6, 7) where a layer 1s applied
to the surface of the pipe adhesive 4. It consists of a flat nozzle 7 and a worm gear 6.
The adhesive is applied to the pipe rotating in the form of a flat tape 8. The speed of
the axial movement of the pipe is selected so that the adhesive is applied with an
overlap. The next insulation post applies thermoplastic insulation to the pipe. Here, a
heat-insulating mass is applied to the pipe with a flat tape // through a flat
mouthpiece /0, fixed in a worm gear 9. The frequency of rotation and movement of
the pipe is selected so that the thickness of the thermal insulation 3 corresponds to the
calculation. The pipe with insulation is covered with glue through pipe 2. The outside
of the insulated pipe is covered with polyethylene pellicle, which is placed on top of
the glue. Flat mouthpieces together with reducers have the possibility of horizontal
movement in the case of insulating pipes of different diameters.

The principle of rotation and axial movement of the pipe is used in various
plants. In them, thermal insulation is applied to a rotating pipe, and the spray gun is
moved along the axis of the pipe in both forward and reverse directions. To speed up
the insulation process, some plants are provided with thermal devices for drying the

insulation. These devices are mounted in such a way as not to interfere with the
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process of applying insulation. The applied layer of insulation is dried with thermal
devices, and then another dose is applied. The speed of insulation drying is regulated
by the temperature of thermal devices and the speed of movement of the insulating
layer relative to the device. The operating mode is selected so that when the pipe is
rotated and the nozzles are moved (in one or more passes), the specified thickness of
polyurethane foam insulation is obtained. For this purpose, the plants are equipped
with appropriate control and measurement equipment. They are designed to work in
stationary conditions (a factory, a pipe welding base in highway conditions or a
specially created production area).

Figure 2 — Plant with fixed spray guns for applying polyurethane foam

insulation

Fig.3 shows a diagram of a plant with a mobile spray gun, which can insulate
pipes with a diameter of 500 to 1200 mm and a length of up to 12 m. The main units
of the plant are a roller stand for fixing and rotating the pipe and a spraying device
capable of moving along the pipe. They consist of cones 3 and /3, on which the
insulated pipe 4 is installed. Cones are fixed on supports 2 and /4 with foundations
15, 16. Cone 3 is driven by an electric motor with a gearbox /. A frame with rail 7
and sprockets 6 and /7 is attached to the foundation. A carriage /0 is installed on the
rail, on which a hose 9 with a sprayer is fixed for feeding heat-insulating mass to the

rotating pipe. The carriage /0 is set in motion by the chain transmission 8, which is
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powered by the electric motor 5. The polyurethane foam component, applied to the
pipe by the moving carriage, is foamed, forming a given thickness of thermal
insulation /2. The given thickness of the insulation is ensured by the appropriate
selection of the rotation frequency of the pipe and the movement of the carriage in
one or several passages. Sometimes, instead of a carriage, a self-propelled cart is
used, on which, in addition to the spraying device, containers for insulation

components, pump dosing units with control devices and controls are installed.

Figure 3 — Plant scheme with a mobile spray gun for applying polyurethane

foam insulation

Thus, various devices can be used to apply thermal insulation to tanks and
pipelines. The choice of the device should be based on the heat-insulating material

and take into account the economic factors of the work.

5.2. Mathematical model of a growing linear viscoelastic body under small

deformations in the case of a uniaxial stress state

The production of a viscoelastic body begins at the moment t =0 on the
absolute time scale. The moment of nucleation (production) of the element of this

body around the point X = (x4,X,,X3) on the absolute time scale is denoted by T*(x).
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The function of spatial coordinates T°(x) determines the speed and sequence of
production of a viscoelastic body or the law of assembly of a structure from
viscoelastic elements. General restrictions imposed on the function 7*(x) are usually
boundedness and piecewise continuity requirements.

If the material, of which a viscoelastic body is made or construction is erected,
has the property of ageing, and the manufacturing (construction) process is stretched
over time, then the body or construction under consideration will have age
heterogeneity, as a result of which its physical and mechanical properties will depend
both on time and spatial coordinates.

The dependence of elastic and rheological properties on spatial coordinates in
such bodies is caused by the fact that the ageing process in individual elements
proceeds with one or another delay or advance, which depends on the age of a given
element of the body. Such bodies are called heterogeneously ageing.

We can talk about age heterogeneity of a different nature when the body is
exposed to a heterogeneous external field (temperature, radiation, etc.), and therefore
the ageing process proceeds differently in all its elements. Then the age of the
elements will depend on the characteristics of the external field, and therefore on the
spatial coordinates, as in the previous case.

We consider a prismatic sample made of ageing viscoelastic material of the
same age and loaded with a longitudinal force. We will assume that the sample is in a
uniaxial stress state. The total specific deformation of the sample &(t,T) until the
moment of time t under the action of the axial unit load applied at the age T, is
determined by the dependence [10]

5(6,0) = 5+ C(0,0) )
where E(7) is the age-dependent instantaneous modulus of elasticity of the
material,

C(t,1) is, so-called, measure of creep, equal to the creep deformation of the
sample up to the moment of time t. Thus, the total specific deformation consists of

two terms, the first of which is the instantaneous elastic deformation that occurs at the
1

and the second is the creep
E(r)

moment of application of a unit load and is equal to

deformation caused by the action of the same unit load.
At the instant of time, T = T stress is applied to the prismatic sample under

consideration, which changes according to the law ¢; = @, (t) under t = 4. Then, on
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the basis of relation (1) and the principle of superposition, the complete relative

deformation is expressed as dependence

do, (1)
dr

e.(t) = 0, ()6t T,) + f

Tp

&(t, T)dr. (2)
Integrating by parts the second term in (2), we obtain

t
fal(r) &6(t T)dr. (3)
Tg
This ratio is a rheological equation of the creep theory of a homogeneously
ageing medium under uniaxial stress. It can be seen from equation (3) that the total
longitudinal strain £,(t) of elastic moment strain (first term) and creep strain (second
term).

It can be shown that there is an inequality in the interval T = 7 = =

d
a—rﬁ&. T) = + C(t, r]] =0,

[E(J

from which it follows that the creep strain is always integral at o; = 0.

In some cases, it is advisable to write the rheological equation (3) in the form

qm_fmm
E(t) E(t)

e.() = [E(ﬂ%@&, 0 dr.
To

Now we consider a prismatic sample (rod) that is inhomogeneous in time, made
of an ageing material and which is in a uniaxial stress state. The heterogeneity of the
rod is that the age of the rod material is a function of the longitudinal coordinate x;.
The moment of material nucleation in the vicinity of the point with the coordinate x;,
in the absolute time scale, will be denoted by T*(x4).

We select an elementary segment of the rod and introduce a local time scale t
for this element, considering that the zero moment of time (t' = 0) corresponds to
the moment of material nucleation in this element. We write the defining equation for

a locally homogeneous rod element in the form
r

o,(&) [0,
N _f E(t)

where £, &, — axial strain and stress at the point x;, Q(t, T) — core of material

Q(t,t)dr, 4)

0

creep. Dashes mean, as already noted, that the beginning of time (local time zero) for
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the element of the rod under consideration coincides with the moment of its origin in

the absolute time scale.
We replace the variable in (4): t =t — 1" (x;) (i.'r =T— r“(xlj), where t is
time of the absolute scale, the same for all elements. We get

a® f 0, (@)
E(t—1*(xy)) E(t—1(xy))

To

g, () = Qt—t(x),t—t(x))dr, (5)

where £, 0; are deformation and stress corresponding to the moment t in an
absolute time scale, a To = Ty(x;) is the moment of applying forces to a body
element around a point with a coordinate X;, in the same timeline.

For each x, and given strain £, (t), relation (5) is the Volterra integral equation
of the second kind with respect to the stress @; (t). An overview of works devoted to
these equations can be found, for example, in [7, 11]. In particular, if at a fixed x4,
the core Q(t—1"(xy),T—1t"(x;)) and the functions & (t), E(t —1"(x,)) are
integrated in quadratures at To(x;) <t < T, then equation (5) has a unique solution
g, (t) in the interval To(x,) =t = T, which is expressed in elementary functions.

Ratio (5) determines the equation of state of the linear theory of creep
(viscoelasticity) for heterogeneously ageing bodies under uniaxial stress in the case of
small deformations.

Due to the fact that the creep cores in these equations clearly depend on the
spatial coordinate, nonuniformly ageing viscoelastic bodies will sometimes be called
nonuniformly viscoelastic bodies.

The main aspect of problems of solid body creep is the need to take into account
the time factor when determining the stress-strain state.

This statement of the problem assumes that the creep characteristics of the
material of the given body are known — some functions of time and constants
determined from the experiment [10, 17]:

a) instantaneous deformation modulus;

b) measure of creep for a uniaxial stress state;

c) measure of creep in pure shear;

d) coefficient of transverse compression for elastic deformation,

as well as some parameters included in these functions.

It is very difficult to obtain analytical expressions for these functions in the

general case of a spatial stress state. Therefore, when constructing the theory of
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creep, it is necessary to proceed directly from experimental creep curves. At the same
time, the structure of analytical expressions for the above-mentioned characteristics
should reflect the main properties of the creep process in real bodies and not
contradict the results of experimental data. At the same time, the theory of creep
should be such that it can be counted on to solve its main problems by the usual
means of mathematical analysis.

The idea of describing phenomena such as aftereffect and creep using integral
equations with a variable upper limit belongs to Boltzmann. It was further developed
by Volterra. In most works devoted to the continuous theory of elasticity, the cores of
integral equations are assumed to depend on the difference between two arguments —
the time of application of the load T and the moment of observation t. This condition
follows the requirement to implement a closed Volterra cycle, which expresses the
invariance of the integral relation with respect to the change in the start of the time
countdown.

It is known [7; 11] that integral equations with such cores reduce to linear
equations with constant coefficients and the theory of heredity is interpreted as the
Maxwell-Thomson theory of an elastic-viscous or elastic-relaxing body.

When choosing an analytical expression of the creep rate C(t,7) for some
materials that have this property, it is necessary to take into account the basic
conditions that this expression must satisty.

Numerical experiments [10, 17 — 19] show that

a) C(t,7) > 0 for all values t > 7; C(t,7) = O under t = T;

b) lim aclt,r)

f—o0

= 0 forall values 0 < 1 < t;

¢) the creep function C(t,7) should monotonically decrease depending on the
a clt.7)

< 0, and so that limC(t,7) = C,, where C; is the limiting

T T—00

age of the material

value of the creep rate for this material;

d) starting from a certain age T = T,, the value of the creep function C(t,7)
should differ arbitrarily little from the creep function for old or already ageing
material.

Based on these understandings, the expression for the creep rate C(t,T) is
accepted

C(t, ) =(@)f(t—1). (6)

The sum of exponential functions is used to approximate the function f(t — )
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flt—1)= B, e vk{-7) (7)
Z .

where B;, and ¥y, — constants that are selected appropriately for this material,
moreover Bp =1, ¥, =0iy, >0 (k=123,...,m), a @(r) — while the arbitrary

monotonically decreasing function meets the condition
limg(t) = C,. (8)

T—a0

Then the relation (6) for c(t.7) finally takes

C(t, 1) = tp(r]Z B, e vxt-1) (9)
k=0

This representation of the creep rate C(t,7) is characterized in that it reflects the
main properties of the phenomenon of material creep over time, namely, its ageing
and continuity.

Due to condition (8), expression (9), starting from some age T = T, will satisfy

the asymptotic equality
"
c(t,7) ~ C, Z Bke‘ﬂ'{t—ﬂ_
k=0

which coincides quite well with the experimental creep curves for a number of
materials, at their old age, and the difference in the properties of these materials will
be determined by the proper selection of parameters Cy, By iy, (k=1,23,...,m).

It follows from this that the speed of the function ¢ (7) going to a constant value
Co characterizes the moment when the old age of this material is approaching. In
addition, the form of the function @(7) should be chosen so that for the age of the
material 0 < T <t, the expression of the function C(f,T) agrees well with the
experimental creep curves of this material.

Based on the above considerations and as a result of processing a number of
experimental data [17] the function @(7) in the general case is represented by the

expression

qp(r)={?0+;¥ > 0), (10)

where Cy is the limit value of creep rate for this material, A4; — some parameters

depending on the properties and aging conditions of the material. The values A
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should be selected so that equation (9) best describes the experimental creep curves
of this material.

In [10, 11, 17] some experimental data related to the creep of various materials,
including metals exposed to high temperatures, are presented. When analysing and
evaluating them, it turns out that in relations (7) and (10) it is enough to limit

ourselves to two members of the series, that is, to accept
A
(P(T] = CD + —l_ f[:t— ]_') =14+ Blg_}’l':t—r].
T

The numerical values A,, By, C, and ¥; = ¥ are selected so as to obtain
maximum agreement with the experimental creep curves of the required material.
From the same sources, the specified parameters will be selected when solving the
problems discussed below.

Thus, if the law of change of creep rate is represented in the general case by the
expression

c(t, ) = qp(r][l—e‘}’{t‘?]]. (11)

where
A
e(t) =C, + Tl

then it gives a fairly close coincidence with the experimental curves of the
creep of metals (at elevated temperatures) both in their old and young ages, and
also reflects the main properties of the phenomenon of material creep over time,

namely its ageing and heredity.

It is possible that in some cases, for a better match with the experimental creep
curves of the material under study, it will be necessary to preserve not two, but more
terms of the series in expressions (7) and (10), or even choose a different form of
dependence for @(1).

Therefore, in the future, when solving the main equations of the theory of
viscoelasticity, in order to preserve commonality, we will assume that the measure of
creep C(t,7) is expressed by a dependence of the general form (11), in which the
function @ (7) should only be monotonic and satisfy the condition (8).

In addition to the creep rate, a few words should be said about one more

characteristic — the elastic moment deformation modulus E(7).
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Numerical studies show [11, 17], that the modulus of elastic instantaneous
deformation of ageing materials with increasing age T grows, approaching the limit
value of the modulus of elasticity E, for curves of very old age. At the same time, it
follows from the experimental curves of elastic moment deformations that in the case
of natural ageing, the function E(7) is a continuous and limited function of the age T
over the entire interval of its change T° = 7 < @0, T" — is the time of manufacturing
(nucleation) of the material. Summarizing the available experimental data, it can be
assumed that the function E(7) satisfies the following conditions:

E(r) >0, limE(r) =E,,

T—0

dE(ﬂ:}D . dE(1)
dr TL—T‘ dt

In the future, we will use the form of the dependence of the instantaneous

=0 Vr=r1".

modulus of elasticity of the ageing material on age E(1) = E,:,(l —AeF T), where
A, [ are positive constants. This type of dependence is experimentally confirmed in
[10, 11, 17].

The values of the creep parameters adopted in the calculations are given when
solving specific problems.

5.3. The method of calculating the stress-strain state of viscoelastic growing

bodies during the build-up process

We consider an empty homogeneous viscoelastic circular cylinder, the cross-
section of which is a circular ring of inner radius @, and outer radius b, (Fig.4).
Starting from the moment of time t = 0, an internal pressure P(t), P(0) = P, is
applied to the cylinder from the inside and its continuous increase with a
homogeneous viscoelastic material begins, so that the inner radius of the cylinder
decreases monotonically according to the law a(t), a(0) = a,. At the moment of
time T, the inner radius of the cylinder reaches the value a4, and the growth process
stops, i.e. a(t) =a,att =T.

The functions a(t) and P(t) are assumed to be continuously differentiable on
the interval 0 <& <T. It is necessary to determine the stress-strain state in the
cylinder for all £ = 0.

Solving the given problem, we use the approach outlined in [7, 9, 20, 21].
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Since all deformation components, except for £, 1 £, are equal to zero, taking
into account (12), we have ¢, = I:ZE!-J,-E!-I-jl"'{? = 2|g,.| = 2|g4| for the intensity of
deformations. From here and from the defining equations of the nonlinear theory of
creep for heterogeneously ageing bodies, due to the condition £4 = 0, the equation of
state can be written in the form

0,(t,7) — 0 (5,7) = 26, (t — T° (1) (&,(,1) — £ (6, )R (6,7) —

t
— f Ri(t—t @M, t—7@M)(e(t1) —g5(x, 1)l (r,)dr, (15)
t*(r)

where G, = G-2™*; R, =R -2™1; m=1,2,3,...— parameter characterizing
the degree of nonlinearity of the creep law; G — elastic moment modulus of the
material; R = R(t,T) — relaxation core of viscoelastic material; T*(r) — the moment
of nucleation of the elementary layer of the cylinder, T— the age of the material in
which the load is applied to it.

The function T° = 7°(r) is equal to zero at ag = r < byand coincides with the
inverse function a(t) at a; <71 < a,, i.e. r*(a(t]) =t, a(r*(r]) =7, T(ay) =0,
a(0) = a,.

The boundary conditions have the form

0,(t,by) =0, o.(ta(®)=-P@), 0<t<T,

o,(t,a,)=0, t=T, a=r7. (16)

Differentiating (12) with respect to time and substituting (14) into the resulting
relation, we come to the equation

du, u,

+—=0.
ar r

The last relation is nothing but a differential equation of the first order with

respect to the function 1, = ,.(t, 7). Solving this equation, taking into account (14),
we obtain

c(t) c(t)
S S i
where c(t) — some function to be defined.

(17)

¥

At the moment of instantaneous application of load P(t) (that is, at t = 0), the
velocities of deformation components &,, £ and displacement U, contain singular
components of the form Ae,.(r)&(t), Aeg(r)6(t), Au, ()86(t), where Az, Acg, Au,
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are the increments of the corresponding values at the moment t = 0, and (%) is the
Dirac delta function. Therefore, at t = 0, the Cauchy relations are fulfilled for the
increments of deformations and displacements. Using the above considerations, it can
be shown that the solution obtained below is also valid for an arbitrary piecewise
continuous load P(t).

Taking into account the initial condition u,(7*(r),r) = ex(°(r), 1) =0 it
follows from (17) that

A(t) —A(r*(r])
- .

w,(t,r) = (18)

e (tr) = e (1) = AP~ :12(;* ) nder a@<r<a;  19)
u, (t,7r) = Aiﬂ. (20)

—&,.(t,7) = g5(t,7) = AS] under ag, <71 < by; (21)

AD) = —f c(D)dr. 22)

0
The integration in (22) includes the point t = 0. Therefore, if the singular

component of the function ¢(t) is denoted by c,8(t), then the boundary of the
function A(t) at the point ¢ = 0 on the right is equal to ¢,.

We express the stress g, through the function A(t). For this, we will consider
two areas.

The area ay, = r = by is the output cylinder.

Substituting the expression for the deformation components (21) into (15), we

obtain (taking into account that T° = 0, since there is no build-up process)
t

6.(61) — 0yt 1) = —T?_im 26,(DA™ () — f R, cDA™Ddr|.  (23)
0
Integrating equation (13) in the range from 1 to by, we have, taking into account
the boundary conditions (16)
by
g (t,7r) = f Or ; % ar. (24)

¥

Substituting (23) into (24), we finally have
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t

bo
o (t.1) = — | 26,(0)Am(0) — f Rl(t,r]xﬂlm(r]dr‘ f 2dr 25)

r2m+1
i}

The area a(t) < r < a, is the growth zone.

Substituting (19) into the equation of state (15), we have

2
o (t,T) —0s(t7) = — 55 [26,(t—7° (M) (A — AT (MN™ —
— f R(t—t(m),t—7 () (A(r] — A(r*(r]))m dr]. (26)
t*(r)
Integrating (13) in the range from a(t) to r, taking into account the boundary

conditions (16), we obtain
-

o, (t,r) = —P(t) —
J

0. — dg

dr. 27)

Substituting (26) to (27), we have

r

g.(t,r) = —P(t) + f % [2G,(t — T () (A(t) — A(T*(r))™ —

alt)
t

— f R(t—t(m),t—7() (A(r] —A(r*(r])) dr]. (28)

t*(r)
The equation for determining the function A(t) follows from the condition of
continuity of stress @,.(t,7) at the interface of the two areas under consideration, i.e.
at = a,. Substituting the value = a, into (25) and (28) and equating their right-

hand sides, we have

t b
_ 2Gl(t)Am(t)—fR1(t. ) A™(1)dt fji’l — PO+
+ J’ %[ZGl(f— r*(r]]ﬂq(fj _A(F*(r]]]m_
ait)

t

—le(t— (), -t () (A(r) —A(r*(r]))m drt].

0

Transferring all terms to one side of the equation, and the function P(£) to the

other, we obtain
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by
lzal(tjﬂm(tj —f Ry (t, r)ﬂ”"(ﬂdfl f jil +

+ [ o QG- e @® - A )
alt)

- | it [Rule=v @07 0) (40 - 4(r0)) " ar = PO. @9)
alt) 0

In the last expression, in the second and third terms, we introduce the

substitution of variables T = 7°(r) ( = a(1)), then dr = a(7)dt, and under r = a,,

r=1"(ag) = 0; under r=alt), T=71"(a(®))=t. To prevent overlap in the
notation in the last term of expression (29) (T is a parameter and T is a new variable),
which arises in connection with this substitution, for the variable T we enter

s = 7°(r) (r = a(s)), then the expression (29) are rewritten in the form

i by
- - 2dr
2G,(B)A™ (L) —fﬁ'l(t, T)A™(T)dt f il +
4] iy

+IL&][2@&— D(AW® - A@D)"] dr +

a2m+1( ]

ff 28(8) _p (ot 5) (A(D) — A(s)™ds dr = P(D).  (30)

a2m+1( j

We note here

by :

dr 4a(0)G,(t—1)

H1=2f yzm+1’ 2= a?m+1(7)
2a(s)

H,(t,1,5) = 27108 Ri(t—s,1—5),
the equation (30) takes the form
H, ZGl(t]Am&]—fﬁ'l(t,r]ﬂm(r]dr —fh'z(t, T)(A(f) — A(7))™dT +

—|—ffh'a (t,7,5)(A(T) — A(s))"dsdt = P(). 31)
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Having determined the function A(t) from the nonlinear integral equation (31),
displacement u,and deformation components £,.and £gaccording to formulas (18) —
(21), and stresses @, and ggaccording to formulas (23), (25), (26), (28). For the stress

d,, from the condition €, = 0 and the equation of state (15), we o, = ;1 (g, + ag).

5.4. Mathematical model of the build-up process of a viscoelastic hollow cylinder

under the action of internal pressure

We consider the build-up in the case of a linear creep law. This case can be
investigated by putting m = 1 in the established relations. At the same time, from
formulas (20), (21), (23), (25) we have

u, (t,r) = ﬂ:j — e (t,r) = g4(t,1) = A;t]'

t

Jr(t,r)—aﬂ(t,r)=—r—i za::rm::ﬂ—fm:t,rm::ﬂdr |

by

2d

o.(t,r) = —[2G(t)A(t) — f R(t,T)A(T)dT f r—; under a, <71 <by; (32)
4] T

from (18), (19), (26), (28) we obtain
A(t) — AT (r))

u, (t,r) = :

(4@ - A(r ™))

—&,.(t, 1) = g5(t,7) =
2
a.(t,1) —ag(t,7) = — [25(1‘— T (r))AM) AT () —

— f R(t—t°(r),t— 1t (r)(A(r) — A(T"(r)))dT|,

T+(r)
r

g.(t,r) =—P(t) + f 2%?[26(1?— () (A(t) — A(T* () —

alt)
t

— f R(t—t(),t—v° () (Alfr] —A(r*(r]))dr] mpa a(t) <71 < a,. (33)
?*{r]
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Next, as in the case of the general creep law, to determine the function A(t) we
formulate an equation that follows from the condition of continuity of stress
g, (t,7) at the interface of two areas, i.e. at 7 = a,. After transformations similar to

those carried out when obtaining formula (29), we have

alt) alt)

Qo

by by t
A J’ZG(E—I*(T])g— f%f R(t— (), 7 — (M)A dr —

— f ZG(E—I*(T])A(I*(T])g—I—

alt)

g t
2dr
+ f FJ’ R(t —1t(r), T — r*(r])ﬂ(r*(r))dr = P(1).
alt) 0

In this expression, we apply the same change of variable to the last two terms as
in formula (29) and at the same time change the order of integration so that the

integral

ftél(r]dr

1s "external", after which we have

b .
A® f ZG(E_F*(T])g_I[ f R(t- f*(r).r—r*(r])g—k
alt) o lalt)

2a(7)

PE (1)

fR(t Crs—Dds—26¢ -1 ||A@dr=P®. 34

T

Denoting in the equation (34)
by
2dr
Dl(ﬂ = J’ ZG(E— F*(Tj)ﬁ.
alt)
by
2d
D,(t,7) = f R(t—7v'(),t— r*(r])—gr—i—
r
alr)
t

fR(t—r,s—r)ds—ZG(t—r) ,

T

2a(r)
a(1)

_|_
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we obtain Volterra's integral equation of the second kind for determining the

function A(t)in the case of a linear creep law
t

D,(®)AE) — f D, (t DA dr = P(D). (39

0

As it is known [7, 11, 18] the solution (35) can be obtained in quadratures if the

relaxation core is taken in the form

R(t,0) = 2 :_ 28 (36)
pt, ) =26(0) — p(@(1— e‘}":t‘ﬂ). (37)

The function @ is equal to the tangential stress in a homogeneous body at the

moment of time ¢ when a unit shear deformation is applied to the body at the age T;
@(7) is an ageing function, ¥ is a constant, a material parameter.

Equation (35), using relations (36), (37), can be written in the form
t

d uy (€, 1)
A (. 0) —ITA&MF: PO, (38)
where
by
w,(t, )= f p,(t— ' (r), T — r*(r])g. (39)
alt)
Substituting (37) into (39), we get
1i(t,0) = 26,(0) — @, (D) (1 —e 7D,
by by
G,(1) = f G(r— r*(r])g, @, (1) = f o(t— r*(r))g_ (40)
alt) a(t)

Equation (38) is solved by reducing it to a second-order differential equation
with respect to the function A(t). Indeed, equation (38), integrating parts taking into

account (39), and (40), can be written in the form
t

fA::r) [26,(0) — 0, () (1 — )] dr = P(D.

0

Differentiating the last ratio twice with respect to t, we find
t

26, (OA) — f A 0, () y et “Dar = p(o), 1)

1]
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26,(DAW® +26,(DAM —y . (DAWD +
+?2J’Am""2 (De7*dr = P(0. (42)

0

Excluding the integral from relations (41), (42)
t

J’A(r] @, (1) e -t gr

0

we obtain the differential equation for determining the function A(t)
2G,(DA) + A [26G,(0) —y 0, (D) +y2G,(D)] = P() +yP(D), (43)
with the following initial conditions that follow directly from (38) and (41)
taking into account (39), (40)
PO =22
26G,(0) 26G,(0)
Solving equation (43) with the initial conditions (44), we finally obtain the
solution for the function A(t)

A(0) =

(44)

T

R B [ o [ o (B +yPG)
A(t]—zazm)—l—zazm] e " dr—|—f€’? drf 26, () e dx, (45)

1] 1]
where

n(t) = f [}f + (ZGE (z) —y @, Ifz]) 262‘1(3]] dz.

Having determined the function A(t) from relation (45), we find displacement
u,., components of deformations £,., £4, as well as stresses according to formulas (32),
(33).

As an example, we consider the problem of build-up the above-mentioned
cylinder made of polymer material that works in aggressive environments.

We take the function g (t, 7) in the form (37), provided that

G = const, (1) =26G(Cy+ Age FT), (46)
where Cy, 4y, f are material constants [10; 11].

The inner radius a(t) of the cylinder vary according to the ratio

P (2R ose=t 47
a?(t) a3 \ai a3)T’ T (47)

as shown in Fig.5.
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Before starting directly to determine the stress-strain state of the cylinder, it is
necessary to calculate the functions G,(7)and @,(r), which are included in the
expression for determining the function A(f). For this, we use formulas (40).
Parameters Cy, 4g, B,y and values ag,a; are fixed and equal to: Cy = 0,38; 4y = 0,55;
B = 0,015 hour!; ¥ = 0,1 hour!; a; = 0,9b,; a; = 0,5b,, and the internal pressure
changes according to the linear law P(t) = P, — Pt/ (2T). Since the stresses do not
depend on the value of the elastic moment modulus &, and displacements and
deformations are inversely proportional to it, G = lcan be assumed in the

calculations.

0,9
0,8

0,7

0,6

0,5

_ , t/T
— % _ * & * L * L * & * T * 1 * Y J
oo o001 02 03 04 05 O6 07 08 09 10

Figure 5 — The law of changing the inner radius of the cylinder

Substituting (46), (47) into relation (40) taking into account the numerical values
of the parameters (material constants) included in them and the values ag, @, we
obtain

T
G,(1)=0,235+ 2,?65F,

207,412

207,412
@, (1) = 0,0235+ 0,27657 + —— 0187 —

T
Expressions (48) are presented in dimensionless form for convenience.

6{0.0 16T—0,02 ?]_ (4@
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Substituting (48) to (45), we determine the function A(t), and by formulas (32),
(33) — the stress-strained state of the cylinder.
Fig.6, 7 and 8 show the time dependences of the maximum tangential stress and

displacement u,-at different values of the build-up time T for the following points of
the cylinder: 1-1 = Dby; 2-r = 0,95, — 0; 3 —r = 0,79b,.

B Grph —
(o4-0,)/2P,
4.5

T =10 hours

4,0
3,5
3,0
2,5
2,0
1,5
1,0

0,5

0,0 T YT

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

2] Enlargect =SR]

(o4-0,)/2P, Graph1

0,25 4 /\

0,20

0,15 3
0,10

0,05

0,00 T ! T T T T T : T ! T T T ' T J 1)
0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Figure 6 — Dependence of the maximum tangential stresses on time for different

points of the cross-section of the cylinder at T =16 hours
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For a more visual presentation of the obtained results, in the lower part
(Enlargedl) of the graph, Fig.6 shows an enlarged fragment highlighted in colour in
the upper part (Graphl).

Ris_2_7 - STRESS_ 50 hours_SPLINE EI@
1

5]

(64-0,)2P,

T =50 hours
8 -

Spline interp of 1
Spline interp of 2
Spline interpof 3 t/T

o
00 01 02 03 04 05 06 07 0

—
) : : ; : ; : 8 09 10

4 Ris27 - STRESS_50 hours_SPLINE =N =R
AX1) sty | con | ooy [ evm@  ron @ com@)  Hon @5 o @) s @) "

Long Name I Interpolate  Coefficients | Interpolate Coefficients | Interpolate | Coefficient

Units
Comments Spline  Splineinterp.  Spline | Spline interp|  Spline Spline
interp of 1 of 1 interp of 2 of 2 interp of 3 | interp of 3
Flo=

1 0 426532 0 ~| 425532 | -232.71379 0/ -380,30363 1,425 -66,63615

2 01 510983 2,70879 —| 45525 -10981174| 0735 -2006453 175003 43,1

3 02 486621 341113 1425 477768 13,09031 1,351 -2098697 | 205445 | -19,56385

1 03 452802 3,60201 2978 493367 070035 185939 2228873 233967 19,0442

5 04 424014 35156 41| 504327 1429719 227159 37745 26071| -14,05769

5 05 405962 361653 4988 509928 652676| 250901 -D40431| 285816 -8,12462

7 06 30588 3,8241 5693 511451 562278 2,85308 182281 3,00427 1344335

8 07 390929 364899 6259 500676 536073 304514 350623 331684 10,1

3 08 3,90893 3,696 6725 505385 056783 313667 257244 352728 -575615

10 09 390878 372855 7071, 499357 057137 328906  -1.8971| 372701
11 1 390491 374212 7316 492372 -05749| 336371 -122177| 391745

12 1435212 342203 41 v
12 4 FEE] 47215 A7EQL —
L[+ ]\sheet1 / I < >|[=

Figure 7 — Dependence of the maximum tangential stresses on time for different

points of the cross-section of the cylinder at T =350 hours

For the convenience of using the obtained results in practice, in Fig.7, the lower
part (Ris27 STRESS 50 hours SPLINE) shows additional calculations in the
OriginPro 2019b [22], package, which are related to interpolation (dashed lines in the
upper part) by cubic splines.
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Graph1
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Figure 8 — Dependence of radial displacements on time for different points of the

cross-section of the cylinder at T’ =356 hours (solid lines) and T =16 hours

(dashed lines)
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As we can see from Fig.6 — 8, the duration of the build-up process affects both
the stress state and the displacement of the points of the cylinder. At the same time,
the nature of the curves changes slightly, but the magnitudes of the stresses and
displacements themselves change strongly. So, for example, from Fig.6, 7, it is
obvious that with ten hours of build-up, the stresses at point / monotonically
decrease, and at point 2 they increase slightly, and by the end of the build-up process,
they even decrease little by little. At fifty hours of build-up, the picture is completely
different — the stresses at the second point begin to increase significantly later and
approach the values at point /, and the stresses at point 3 increase so much that they
already exceed the stresses at points / and 2 twice. This stress distribution can be
explained as follows: firstly, points 2 and 3 are always closer to the line of action of
the load than point /, secondly, with a faster build-up process, the material does not
have time to fully reveal its viscoelastic properties, which is also confirmed by the
displacement curves shown in Fig.8.

Thus, the presented calculation scheme makes it possible to estimate the

influence of the build-up time on the stress-strain state of the growing cylinder.

5.5. Effects of component material heterogeneity on the stress-strain state during

the build-up and Analysis of the obtained results

One of the important aspects of interest, both in the mechanics of growing
viscoelastic bodies and in the production of various parts by the methods of build-up,
is the issue of how the stress-strain state is formed in the part when the original and
build-up material have different viscoelastic properties, i.e. the part obtained in this
way consists of a non-homogeneous, as a whole, material [9].

We consider an empty circular viscoelastic (elastic moment modulus of the
material — G*) cylinder of inner radius @ and outer radius by (Fig.9). Starting from
the moment of time t = 0, an internal pressure P(t), P(0) = P, is applied to the
cylinder from the inside, and its continuous increase begins with a material with a
different, generally speaking, elastic moment modulus G?| so that the outer radius of
the cylinder increases monotonically according to the law b(t), b(0) = by. In the
future, in this paragraph, the superscripts "1" and "2", taken in parentheses, will

denote the values corresponding to the initial empty cylinder (@ = r < Dby.) and the
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growing region (by < r < b(t)). The absence of a superscript means that the quantity
under consideration is defined at @ = 1 < b(t). At the moment of time T, the outer

radius of the cylinder reaches the value by, and the growth process stops, i.e.
b(t) = b, at t=T.

Figure 9 — Build-up of a folded cylinder

The functions b(t) and P(t)are assumed to be continuously differentiable on the
interval 0 <t < T. It is necessary to determine the stress-strain state in the cylinder
forallt = 0.

In [11], the problem of the build-up of a cylinder is considered assuming the
same viscoelastic characteristics of the original and built-up material. The purpose of
this paragraph is to study the effects of various viscoelastic characteristics of the body
and its build-up time on the stress-strain state. The corresponding ratios are obtained
using the approach outlined in Section 3 of this work, as a result of which, after
comparing the obtained results with the known ones, we are able to talk about the
probability of the results as a whole for the chapter.

We enter the cylindrical coordinates 7,8,z and consider the plane deformation
of the cylinder, that is, we set u, = 0.

We write down the main equations of the problem:

£.+e5 =0, (49)
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da, _ 9~ 0% (50)
ar r i
, du, . u,

Here the dot indicates the partial derivative over time.
We write the rheological equations for the material of the initial cylinder and the
build-up area in a form similar to (15) in the case of the linear creep law:
a V() — oV (t,1) =260 — 1) P () — Pt 1) —
t
— f RY(t—1" 7—1%) (E]El](l', r) — m(r r)) dt,
=
a2t — oS (1) = 26D — 1) P (t,r) — Pt 1) -
t
—J‘R{E](t— T —1") (Ef_ﬂ(r, r) — (2.‘1& r))dr
=
Here, as before, T° = 77 (1) is the nucleation time of the elementary layer of the
cylinder; 7 is the age of the material in which the load was applied to it; G}, G2
are elastic moment moduli of the material; R™(t, ), R (t, 7) are the corresponding
relaxation cores.
The function T° = T°(r) is zero at @ = r < byand coincides with the inverse
function of the function b(t), at by =1 = b;.

The boundary conditions have the form
oV (t,a) = —P(0), 7 (0,b,) =0, 6P (tb(®)=0 (0<t<T),
c@(@b) =0 (t>T), o2(tb@®)=0 (O<t<T).

After transformations similar to items 3 and 4, the stress-strain state in the

considered cylinder is determined by the formulas [9]:

D)= AD 0 ) Z D) ‘qm

() -
600 -2 = - 2O 4 - [ R Da@ar |
J,El] (t,7r) =

t

=—P(t) + 26 (%—r—i) At) — f RY(DAMdr|,a<r<by; (52)

0
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(@ - A(r @)

u (¢,7) = AW _i(r*(r])- —e2(67) = g5 (6,7) =
EI:EZ:I (t, 1) — Jéﬂ (t,7) =
@) (¢ — ¢* -
= —%Jéﬂ(r*(r].r] ll — f R@N(t —t*, T — 1t )dt|—

—;G{E](t — 1)1 A() — A(T?) — J’R{E](t — T, 7T — r*](Alfr] —A(r*])dr
b(t)

criz'[t )= Gi'j[ﬂ)f Jl;.zi'[r”[p),p)i;"z:'[t—r )[1 —IR‘Z'[I 51T —1°)d ]%

B(t) t

_sf Dt — 79 {A[t) _ A — f RO (¢ — %7 — ) (A(D) — A(r”))dr}i—i,

r T

bo =7 < b(t). (53)

In formulas (52), (53), the function A(t) is determined from the solution of the
integral equation obtained from the condition of continuity of the radial stress
component at the interface between the output cylinder and the build-up area.

For the convenience of numerical calculations, we assume that G*) = const,
G'?) = const, and refer to all values with the dimension of length to the outer radius
byof the output cylinder, and the values with the dimension of stress — to the shear
modulus G*) of the output cylinder. We assume that time is measured in
dimensionless conventional units. Then, keeping the previous notations for
dimensionless quantities, the integral equation for determining the function A(t) has

the form
t

D,(®) A() — fm:ﬂ D,(t,0) dr = Y (D), (54)

0

where notations are entered

20 =3 1)+ 3 (- 5)

b(1)
b3 (1)

171
D, (1) = E(E - 1)3{1:'&, D+ G

t
Il—fﬁiz](t—r,s—r)ds +
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T

. b(s)
+G fﬁ{zj(t—s,r—s] 7 (s) ds,
0
b(t) t
1 1 d
Y(t]z—p(t]——f o (o) p) |1 - fﬁm(t—r*,r—r*)dr .
8 4 o
1 T+
(oo )2P,
10
. 1 1
7 f’:{__ — =
1 -
E-f %;:#:__ Te— ee— S—

2
1- 3 "’T’—-‘f
D' ‘ ., T ‘ F“(- vT

L T LJ L r L]

0,0 0.1 02 032 0.4 05 06 0.7 0.8 09 1.0

Figure 10. Time dependence of the maximum tangential stresses in a growing
compound viscoelastic cylinder at different points of the cross-section at
T =10 days

As an example, we consider the problem related to the manufacture of polymer
cylinders for work in aggressive environments, with an outer layer of viscoelastic
material, which are made by winding (building up) the material on the initial
cylindrical shells of elastic material. It is quite natural that in this case the viscoelastic
properties of the output cylinder can be neglected and R™W(t,7) = Ocan be accepted.
Other initial data were chosen as in clause 4. Equation (54) was solved by the method
of successive approximations. The obtained results are shown in Fig.10 — 13. They
show the dependences of the maximum tangential stress and displacement u,.on time
for the following points of the cylinder: curve / corresponds to the point © = @; curve

2 -1 = by = 1.1a; curve 3 — v = 1.21a. During calculations, parameters Cy, 4g, B, ¥
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and values by, by are fixed and equal: C, = 0.05, A,=0.75 g = 0.02days™,
y = 0.1days™*, b, = 1.1a, b, = 1.5a the pressure changes according to the law

Pyt . . .
P(t)=F, + %, the outer radius increases according to the dependence

1 _1 (1 1\e o
p2(t) b2 \b? BZ)T’ I

(5,5 )2P
16 =
14 4 1 ]
- _--—--
12 < --‘-__-_, e 3
J f—-""‘—r --2-.---____.-
- // I#’ﬂ
B-. — F- - - u-l _____________ — -
P i R R S S A I R
" .,___-"'_
et
3 | nE
2= __,3___;-.--“"'
..—"""'-r
— Tay
U v I ¥ ] v | ¥ | ¥ ) T | . I I r I

0,0 0.1 02 0.3 04 0.5 06 0.7 08 09 1.0

Figure 11. Dependence of maximum tangential stresses on time in a growing
compound viscoelastic cylinder at different points of the cross-section at
T = 50 days

Dashed curves are obtained for a cylinder made of a homogeneous material [11],
continuous curves characterize the behaviour of a composite cylinder, the initial part
of which has an elastic moment modulus that exceeds the modulus of the building
material. The calculations were performed for the relative values of the modulus G~,
which was equal to the ratio of the spring-moment moduli of the original and build-
up materials, and equal to 1, 2, 3. As can be seen from Fig.10 — 13, heterogeneity
affects both the stress state and the displacement of points of the cylinder. At the
same time, for point 3 — r = 1.21a, the influence of heterogeneity on stress is
minimal. Fig.10, 11 show that for a non-homogeneous cylinder, an increase in the
build-up time leads to a more significant increase in stresses than for a homogeneous

onc.
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Figure 12. Distribution of radial displacements over time for different values of
the ratio of the elastic moment modulus of the initial and build-up material at
T = 10days

Figure 13. Distribution of radial displacements over time for different values of
the ratio of the elastic moment modulus of the initial and build-up material at
T = 50 days
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Thus, the maximum stress at the point = a for a homogeneous cylinder
increases by /./ times when the build-up duration increases from ten to fifty days,
and by 1.52 times in a non-homogeneous cylinder (G* = 2). The graphs shown in
Fig.12 and 13 demonstrate that increasing the stiffness of the material of the initial
cylinder leads to a decrease in the movement of all its points during the build-up
process. At the same time, an increase in the build-up time leads to a general increase
in displacements but does not change the degree of influence of the stiffness of the
initial material of the cylinder on the final displacement values. So, for example, with
ten days of build-up, displacements at G* = 3decreased compared to displacements at
G* = 2 by 33%, and the same value at fifty days of build-up is 34%.

In addition, regression analysis was performed for tangential stresses during 10
hours of build-up, namely, nonlinear cubic pairwise regression. Calculations were
made in Microsoft Excel. The results of the calculations are shown in Fig.14.

The following conclusions can be drawn based on the obtained results of
mathematical interpretation.

1. Tangential stresses in layers 1 and 2 (models 1(2) and 2(1)) affect each other
differently. So, for example, in the case of model 1(2), the influence of stresses in
layer 2 on stresses in layer 1 is moderate and the regression equation is difficult to
recommend 100% for practical problems. Only under certain conditions. In the
opposite case, model 2(1), the relationship is very close, and the cubic regression
equation can be considered the optimal model and used in design institutes, design
bureaus and other institutions.

2. The connection between the tangential stresses in layers 1 and 3 (models 1(3)
and 3(1)) is close in both cases. Similarly, the cubic regression equation in both
models is estimated with high accuracy. They can be used in the simulation of
manufacturing processes of cylindrical parts and structural elements by means of
build-up methods, predicting stress-deformed state.

3. The connection between the tangential stresses in layers 2 and 3 (models 2(3)
and 3(2)) turned out to be unpredictable. Analysis of the results shows that the
stresses in layer 3 significantly influence the stresses in layer 2 (model 2(3)), the
connection between them is close, and the cubic regression equation is highly
accurate. It can be used in mathematical modeling. In the case of model 3(2), there is
no connection between stresses at all. With the help of nonlinear paired regression,

we can get any approximation.
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Figure 14 — Regression analysis

4. Having experimental data in one of the layers of the cylinder, it is possible to

predict the behavior of stresses in other layers of the part without conducting

additional experiments, which saves money and time.

It is shown how with the help of nonlinear paired regression, namely cubic

regression, having experimental data, it is possible to investigate the connection of

tangential stresses between different layers of a cylindrical part during build-up.

Despite some contradictions that arose during the evaluation of the models according

to various regression parameters, it was established that at least four of the six models

are optimal and allow to adequately model the process of the formation of the stress-

strain state in the details and elements of structures with significantly lower costs

even before the stage of manufacturing finished products.
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Conclusions

The conducted research on the formation of the stress-strain state in growing
bodies, as well as on the influence of various parameters of the technological process
on it, showed that the proposed model adequately describes the real process of
manufacturing parts by the methods of build-up. The developed algorithm allows
solving the problems of both external and internal build-up taking into account the
degree of nonlinearity of the creep law. The algorithm has a uniform calculation
scheme and uniformity in the direction of increase. In addition, the unified algorithm
makes it possible to solve the problems of determining the stress-strain state in parts
when the original and build-up material have different viscoelastic properties, that is,
the part obtained in this way consists of generally heterogeneous material.

The obtained results make it possible to evaluate the influence of both the build-
up time and viscoelastic characteristics on the stress-strain state of bodies of rotation
made of viscoelastic material.

The comparison of the obtained results of the research of the effect of various
viscoelastic characteristics of the body and its build-up time on the stress-strain state
with known solutions to the problem of building up a cylinder with the same
viscoelastic characteristics of the original and build-up material [11] shows a
satisfactory agreement.

This agreement and the gained analytical ratios confirm the reliability of the

results as a whole for the chapter.
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KAPITEL 6 / CHAPTER 6 °
CONSIDERATION OF THE EFFECT OF AQUEOUS DIURESIS WITH
MOLECULAR HYDROGEN SATURA-TION ON KIDNEY FUNCTION IN
INTACT RATS

DOI: 10.30890/2709-2313.2022-12-01-001

BBenenuns

Jlobpe BigOMO, IO TaJbMYyBaHHS OKHCHO-BIJIHOBHOTO TOTEHIIAly BOAM Ha
KOkHI 59 MB mnpu3BOIUTH 0 3pOCTaHHS KUIBKOCTI enekTpoHiB y 10 pasiB. 3a
raJbMyBaHHS OKMCHO-BIJIHOBHOTO TOTeHI{iany Boau Ha 118 wMB, KigbkicTh
enekTpoHiB 3poctae y 100 pasi, Ha 177 mB — B 1000 pasiB i T.1. Hapocranus
KUTBKOCTI €JIGKTPOHIB MOXKE CIPHUSATH TMOKpaIllaHHI0 CUHTe3y MakpoepriB ATO i,
BIJIMOBIJTHO, MO3UTUBHO BIUIMBATH HA TOJOBHUI €HEPro3ajeKHUM MPOLIEC HUPOK —
peabcopOitiro 10HIB Hatpiro. BogHouac, HaBaHTa)X€HHSI OpraHi3My BOJIOIO
BiJl’EMHOTO OKHCHO-BITHOBHOTO TIOTEHIIaly 32 BHUKOPUCTAHHS MIKPOTLAPUHY
OPU3BOAUTH /10 aKTHBAIll MeXaHi3My 0a3albHOTO TOHYCY, TPaH3UTOPHOI 1IIeMii
CyIMH KIPKOBOi PEUYOBHMHM HHUPOK Ta TrajJbMyBaHHS KIyOOuKoBOi (inbTpariii,
dbutbTpamiitHol  ¢pakili, MpokcUManabHOI peadbcopOlii 10HIB HATPilO, PO3BUTKY
npoteinypii [1] . Jlomyckaerbes, mo naHy mpoOjieMy MOXKHA BHUPIIIUTH IHUIIXOM
BUKOPWCTAHHS BOJM BiJ’ €MHOTO OKHCHO-BITHOBHOTO TOTEHIIIANy 3 HACHYCHHSIM
BOJHEM, KU MOK€ MPOHUKATH BCEPEAUHY KJIITHH, JOCATATH MITOXOHApPIH, JIETKO
nonatu Oap’epu oOpraHi3Mmy: remaTo-eHue(aniuHuid, TeMaTo-TUPOiJHUN, TeMarTo-
TECTUKYJISIpHUHM, TeMaTO-KOXJICapHHUM, MPOHUKATH B JIIJISIHKM 11IeMii Ta HaOpsAKy Ta
BUSIBJISITH @HTHOKCUAAHTHY [0 MIJITXOM HEUTpasizailii TiIpOKCUIHLHOTO paguKary Ta
nepoKcuHITpUTY [2, 3]. BomHodac 10 ChOTOMHIMIHBOTO JHS MUTAHHS MO0 BIUIMBY
BOJM BiJ’€MHOTO OKHCHO-BIJIHOBHOTO TMOTEHINIANy 3 HACHYCHHSIM MOJEKYIISIPHUM
BOJIHEM Ha (YHKIIII0 HUPOK B IHTAKTHUX TBAPUH BUBYEHO HEJIOCTATHBO.

Mera nHanucaHHs po3niny MoHorpadii - 3°siCyBaTH MHUTAHHS 10O BIUIMBY
HABAHTAKCHHS BOJOI0 BiJI’€MHOTO OKHCHO-BIJIHOBHOTO TOTEHINIANy 3 HACHYCHHSIM
MOJIEKYJISIPHUM BOJHEM HAa MOKa3HUKHU (YHKIIT HUPOK MOPIBHSIHO 0 1HIYKOBAHOTO
Alype3y BOJOIO BiJ’€MHOTO OKHCHO-BIIHOBHOTO MOTEHIIATy 0€3 HACUYEHHS BOJTHEM.

Kpim TOro, mnuisixom BHUKOPHCTaHHS JIIHIHHOTO Ta 0OaratodakTopHOTO
perpeciiHoro aHajizy IMPOBEJICHO JCTAIbHUN TOPIBHSJIBHUM aHalli3 BILUIUBY

HABAHTAKCHHS BOJOI0 BiJI’€MHOTO OKHCHO-BIJITHOBHOTO TIOTEHINAYy 3 HACHYCHHSIM

SAuthors: Rohovyi Yurii Yevhenovych, Tsitrin Volf Yakovych
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BOOHEM Ha B3a€EMO3B’I3KH MK ITOKa3HHKAMHU (I)YHKHII HHUPOK Ta OKI/ICHO-BiI[HOBHOFO

MOTEHILI1aTy BOAM Ta CEYi.

6.1. IToka3HMKHU OKUCHO-BiTHOBHOTO MOTEHIIIAJYy BOJM i ceui.

Ha puc. 3.1 HaBeneHi 3Ha4eHHS BEJIMYWH OKMCHO-BITHOBHOTO TIOTeHIIiamy (MB)
Boau: 1 — 3BHMYaliHa BOJOTIHHA BOJA, 2 — BOJA Bl €MHOI0 OKHCHO-BIJIHOBHOTO
MOTEHIIaTy 3 00pOOKOIO TpernapaToM MIKPOTiJIpUH, 3 — BOJia BijI’€MHOTO OKHCHO-
BITHOBHOTO TMOTEHIlANy 3 JOJATKOBUM HACHYEHHSIM MOJIEKYJIipHUM BoaHeM. Ciia
3aHAYNTH, 110 BEJIMYMHU B’ €MHOTO OKHCHO-BITHOBHOTO MOTEHITIATY 0€3 HACHYCHHS
BoaHEM (0OpoOKa MmpemapaToM MIKPOT1IpHH) Ta IPU HACUYCHHI BOJHEM BIPOT1IHO HE
Bimpi3HsuAcs. [le mamo MOXJIMBICTH OIIHUTH BIUIUB CaM€ HACHYCHHS BOJHEM Ha
JOCHIDKYBaH1 TIporiecu. BenuunHa OKHCHO-BIHOBHOTO TOTEHIANy cedl CKJaja
89,8+1,46 MB 3a yMOB 1HIyKOBaHOTO A1ype3y, IPOBEACHOTO 3BUYAHHOI BOJIOTIHHOIO
BOJIOIO 3 OKHCHO-BITHOBHUM mnoTeHIianoM 90,4+1,45 mB. OxuHCHO-BIJIHOBHUM
noTeHIian ceui cknaB 92,9+1,83 mB 3a iHayKOBaHOTO Niype3y 3 BiJi’ €MHUM OKHCHO-
BI/IHOBHUM TIOTEHIIIAJIOM BOAM 0€3 HACHYEHHS BOJHEM 13 3aCTOCYBaHHSM MIKPOTiI-
puHy, skuil ckiaB -304,5+4,79 mB. OkucHO-BITHOBHUHM MOTEHITIAN CeYl 3HUKYBABCS
o -39,9+1,28 mMB (p< 0,01) 3a ingykoBaHOro mJiype3y 3 B €MHUM OKHCHO-

BIJIHOBHHMM ITOTEHIT1aJIOM BOJIA 3 HACHUEHHSM BojiHEeM -297,9+5,27 MB (puc. 3.2).

6.2. IToxkazuuku pyHKUIi HUPOK 32 BIIMBY BOJAHOIO Jiype3y 3 HACHYEHHSIM

MOJIEKYJISIPHUM BO/IHEM.

3a HaBaHTaXCHHS BOJIOIO 3 BiJI'€MHUM OKHCHO-BIJHOBHUM TIOTEHIIIAIIOM 0€3
HACUYCHHS BOJHEM BHSBICHO 3POCTAHHS BEJIWYWHU CEYOBHIUICHHS, BiJIHOCHOTO
Jiype3y, KOHIIEHTpaIlli KpeaTUuHiHy B TU1a3Mi KpOB1, KOHIIEHTpAIIil Ta eKCKpelli Oi1ka
3 cedero, KIipeHcy Oe3HaTpieBOi BOJAM 3a TallbMyBaHHS IIBHUIKOCTI KIIyOOUKOBO1
¢GinpTpamii 3a KIIPEHCOM KpeaTuHiHy, (uIbTpaniiHol ¢pakuii 10HIB HATPIIO,
BITHOCHOT peabcopOIlii BOAM, TPOKCHMAIBHOTO TPAHCIOPTY 10HIB HATPIIO,
KOHIIEHTpaLlli Ta eKCKpelii kKpeaTuHiHy 3 ceuero (Tadum. 3.1). [Hin noka3Huku 3MiH He

3a3HaBalJIH.
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OKUCHO-BigHOBHMUIA NnoTeHUian sogu, mB
1; 90,4

: i
50
=

-50
-100
-150
-200
-250
-300
-350

2;-304,5 3;-297,9
p< 0,01 p<0,01

Puc. 3.1 - BeaimunHa OKHCHO-BiTHOBHOTO notenuiany (MB) Boau: [ —36uuaiina
80002IHHA 6004, 2 — 800d 6i0 EMHO20 OKUCHO-BIOHOBHO20 NOMEHYIANY 3 00POOKOIO
npenapamom Mikpo2ioput, 3 — 600a 8i0 €MH020 OKUCHO-8IOHOBHO20 NOMEHYIATLY 3
000amKOBUM HACUUEHHAM MOJIEKYJIIPHUM B0OHEM.
P — 8IpOo2iOHICMb PI3HUYbL NOPIBHAHO 00 386UYAIHOTI 60002IHHOI 800U
(Henapamempuynuti mecm Manua-YimHi).

OKWUCHO-BiAHOBHMUI NMoTeHUian cedi, mB
2;92,9

1,898

100
80
60
40
20

. |

p1<0,01
=4l p2<0,01

Puc. 3.2 - BeJJuunHa OKHCHO-BiTHOBHOIO norenuiany (MB) ceui: [/ — 3suuaiina
80002IHHA 6004, 2 — 800d 8i0 EMHO20 OKUCHO-BIOHOBHO20 NOMEHYIANY 3 00POOKOIO
npenapamom Mikpo2ioput, 3 — 600a 8i0 €MH0O20 OKUCHO-8IOHOBHO20 NOMEHYIATLY 3
000amMKOBUM HACUUEHHAM MOJIEKYJISIPHUM B0OHEM.
pl — 6ipocionicms pizHuyb NOPIBHAHO 00 36UUATIHOT B00O2IHHOI 800U,
P2 - ipocioHicmb pi3HUYbL NOPIBHAHO 00 NPEenapamy Mikpo2iopuH
(Henapamempuunuti mecm Manua-Yimmi).
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Taoauus 3.1 - BlutuB iHIyKOBaHOTO JAiype3y BOJ0I0 BiJl’€MHOI0 OKHCHO-
BiITHOBHOI0 NOTeHUiay Ha QyHKUIOHAJBHUI CTAH HUPOK Y IHTAKTHUX HIyPiB

3a BUKOPMCTAHHS MiKpoOriapuny (x+Sx)

[Toxa3Huku HaBanTaxxeHHs HapaHnTaxeHHs
BOJIOT1HHOIO BOJIOIO B1J] €M-
BOJIOIO - HOT'O OKHCHO-
KOHTPOJIb BITHOBHOT'O
(n=10) MOTEHITIaTy 3a
BUKOPHCTAHHS
MIKpOT1IpUHY
(n=10)
BignocHuit aiypes, % 94,2240,521 97,98+0,147
p <0,01
Hiypes, mi/2 rox - 100 T 4,71£0,026 4,89+0,007
p < 0,01
HIBuaKicTh KITyOOYKOBO1 (iIBTpaIlii, 167,7+1,60 126,943,70
MK/ xB - 100 T p<0,01
Bignocna peabcopOitist Boau, RH,0 % 76,57+0,270 68,21+0,900
p <0,01
[TpokcuManbHUN TPAHCTIOPT 10HIB 17,55+0,190 11,89+0,550
Hatpito, TPNa" p<0,01
MKMOJIE/ XB - 100 T
JlucranbHe MOCTavyaHHs 10HIB HATPIIO, 5,3740,046 5,4810,091
LDNa" mxmoins/ xB - 100 T
JlucTanpHUM TPAHCIIOPT 10HIB HATPIIO, 5,35%0,050 5,470,090
TYNa" Mmkmons/ xB - 100 r
[aTeHCUBHICTH peabcopOITii 10HIB 99,978+0,0010 99,977+0,010
HATPIIO B TUCTATHLHOMY KaHAJIBIII,
TNa" %
PeabcopOitist 10HIB HATPitO B HE(PPOHI B 99,960+0,0000 99,940+0,0000
oMy, % p <0,01
Kripenc 10H1B HaTpitO, 0,0087+0,00040 | 0,0092+0,00040
Mi/2 rox * 100 T
Kripenc 6e3natpieBoi BoH, 4,70+0,030 4,89+0,010
min/2 rog - 100 T p <0,01
Kuipenc 6e3narpieBoi Boau, mii/ 100 mu 2,81+0,030 3,88+0,110
KJIyOOUKOBOTO (DUIBTPATY p<0,01

P - BIPOTIHICTH PI3HUIIb MMOPIBHIHO 3 HABAHTAKEHHSIM BOJOTIHHOIO BOJIOIO;

1 - YUCJIO CIIOCTCPECIKCHD.
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[TponorxenHs Tadauii 3.1

[Toxa3Huku HapaHTaxeHHs HaBaHnTaxeHHs
BOJIOT1HHOIO BOJIOO BiJ €M-
BOJIOIO - HOT'O OKHCHO-
KOHTPOJIb B1JJHOBHOT'O
(n=10) MOTEHIIaTy 3a
BUKOPHUCTaHHS
MIKPOT1JIpUHY
(n=10)
Knipenc kpeatuniny, mur/2 rog - 100 r 20,12+0,190 15,52+0,440
p < 0,01
KoHnrenTpairis i0HiB HaTPitO B TIa3Mi 136,7£1,10 136,8+1,10
KpPOBi, MMOJIB/JT
KoHmeHTpariis KpeaTuHiHy B IJ1a3Mmi 38.,81+0,490 45,50%0,780
KpOB1, MKMOJIB/T p <0,01
KonrenTpariis i0HIB KaJliio B ceul, 8,91+0,070 8,90+0,070
MMOJIb/JI
Exckpertist 10HIB KaJTit0, MKMOJIB/XB ° 0,350+0,0030 0,3574+1,0060
100 r
KonrenTpariis i0HiB HaTpitO B cedl, 0,252+0,0100 0,2584+0,0110
MMOJIB/ I
OdinpTpaliiiiHa ¢ppakiiis 10HIB HATPitO, 22,91+0,180 17,384+0,590
MKMOJIb/XB * 100 T p< 0,01
Exckperist 10HIB HATPit0, MKMOJIB/XB 0,0099+0,00040 | 0,0103+0,00040
100 r
KonmnenTpariis Oisika B cedi, MI/mMi 0,021£0,0005 0,032+0,0016
p<0,01
Exkckpenis 6i1ka, mr/2 rog - 100 r 0,099+0,0030 0,15740,0080
p <0,01
KoHnenTpariis kpeatuHiHy B ceul, 165,8+2,60 143,7£2,70
MKMOJIb/JT p <0,05
Exckperist kpeaTuHiny, 0,047£0,0010 0,041+0,0010
mMmoub/2 roxa - 100 T p <0,05

P - BIPOT1IHICTh PI3HMILH TOPIBHSIHO 3 HABAHTAKEHHSM BOJIOTIHHOIO BOJIOIO;
N - YUCJIO CIIOCTEPEIKEHb.
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3a HaBaHTaXEHHS BOJOIO 3 BiJ'€MHHM OKHCHO-BIJIHOBHUM TIOTEHIIIaJOM 3
HACMYEHHSAM BOJHEM BHABIEHO 3pOCTaHHA BIJHOCHOI peabcopOuii BoOAM,
¢inpTpamiiinoi (Qpakuii 10HIB HaATPiI0 Ta HOro MPOKCHMMAIbHOTO TPAHCHOPTY 3a
3HUKEHHS KOHIIEHTpallii, eKCKpeIlii O11Ka 3 ceuero Ta KipeHca 6e3HaTpieBOi BOJIH.

Jliype3, BIIHOCHHMU Aiype3, IMIBUIKICTh KIyOOUKOBOi1 (hiIbTpallii, AUCTaIbHE
MOCTayaHHS 10HIB HATPII0O Ta KWOTO TPAHCIOPT, 1HTEHCHBHICTH peadbcopOiii 10HIB
HATPiI0 B JMCTANbHOMY BiAaIl HedpoHy, peabcopOiis 10HIB HATpil0 B HE(PpOHI B
LIJIOMY, KJIIPEHC 10HIB HATPiI0, KIIPEHC KpeaTHHIHY, KOHIEHTpallli 10HIB HATpPilO Ta
KpEaTHHIHY B IUIa3Mi KpOBi, KOHIIEHTpAIlis 10HIB KaJlif0 B cedi Ta HOro eKCKpelis,
eKCKpellisl 10HIB HaTPil0, KOHIICHTPAIlisl KpeaTHHIHY B C€Ul Ta HOTr0 €KCKpEIlis 3MIH HE
3a3HaBany (Tabdm. 3.2).

3a HaBaHTaXEHHS BOJIOIO 3 B’ €MHUM OKHCHO-BIJIHOBHMM TIOTCHIIIAJIOM 3
HAaCHYEHHSM BOJHEM TMOPIBHSIHO A0 HABAaHTaXEHHSA BOJOI0 3 BiJ’€MHHM OKHCHO-
BIJIHOBHUM TOTEHIIAJIOM O€3 HACHYEHHS BOJHEM 33 BUKOPUCTAHHS MIKPOTIIPUHY
BUSIBJICHO 3POCTaHHS IIBUJKOCTI KJIyOOUYKOBOI (iabTpallli, BIIHOCHOI peabcopOiii
BO/AHU, (pinbTpamiitHoi Ppakiii 10HIB HATPIIO Ta HOTO MPOKCUMAIBHOTO TPAHCIIOPTY 32
3HIDKEHHS KJIIpeHcy Oe3HaTpieBoi BoAM po3paxoBaHoro Ha 100 M KiryOOYKOBOBOTO
¢G1IpTpaTy, KOHLIEHTpalli KpeaTHHIHYy B IUIa3Mi KPOBi, KOHIIEHTpAIll Ta eKCKperii
O1J1Ka 3 cedero Ta KOHIIEHTpaIlii KpeaTHHIHY B IJ1a3Mi KPOBI.

Jiype3, BITHOCHUN Alype3, IUCTalIbHE IOCTAa4aHHS 10HIB HATpIIO Ta MHOTO
TPAHCNOPT, IHTEHCUBHICTH peabcopOuii 10HIB HATPil0 B AMCTAILHOMY BiAILT
HedpoHy, peabcopOiis 10HIB HATPil0 B HEPPOHI B IUIOMY, KIIPEHC 10HIB HATpIlo,
KIipeHc Oe3HaTpieBOi BOJM, KOHIEHTpalis 10HIB HATpil0O B IUIa3Mi  KpOBI,
KOHIICHTpAIIisl 10HIB KaJllF0 B CE€Ul Ta MOro €KCKpeIlis, KOHIICHTpaIlis 10HIB HATPIO B
cedl Ta eKCKpellisl 10HIB HATPil0, EKCKPeIlisl KPeaTHuHIHY 3 CeUel0 3MiH HE 3a3HaBajiu
(Tabum. 3.2).
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Taoauus 3.2 - BlutuB iHIyKOBaHOTO JAiype3y BOJ0I0 BiJl’€MHOI0 OKHCHO-
BiJTHOBHOI0 NOTeHUia 1y Ha QyHKUIOHAJBbHUI CTAH HUPOK Y IHTAKTHHUX LIypPiB

3a 10JJaTKOBOI0 HACMYEHHsI BOJIHEeM (X+SX)

[Toxa3Huku HaBanTaxeHHs HapaHnTaxeHHs
BOJIOT1HHOIO BOJIOIO B1J] €M-
BOJIOIO - HOT'O OKHCHO-
KOHTPOJIb BITHOBHOT'O
(n=10) MOTEHITIATy 32
JOIaTKOBOT'O
HACUYCHHS
BoJiHEM (n=10)
BignocHuit aiypes, % 94,2240,521 93,83+1,465
Hiypes, mi/2 rox - 100 T 4,71£0,026 4,69+0,073
IBuaKicTh KITyOOYKOBOI (iNbTparlii, 167,7+1,60 174,9+4,60
MK/ xB - 100 T
Bignocna peabcopOitist Boau, RH,0 % 76,57%0,270 77,58+0,310
p <0,01
[TpokcuManbHUN TPAHCTIOPT 10HIB 17,55+0,190 18,74+0,560
Hatpito, TPNa" p<0,05
MKMOJIE/ XB - 100 T
JlucranbHe MOCTavyaHHs 10HIB HATPIIO, 5,3740,046 5,3910,093
LDNa" mxmoins/ xB - 100 T
JlucTanpHUM TPAHCIIOPT 10HIB HATPIIO, 5,3540,050 5,39+0,090
TYNa" Mmkmons/ xB - 100 r
IaTeHCUBHICTH peabcopOITii 10HIB 99,978+0,0010 99,978+0,010
HATPIIO B TUCTATHLHOMY KaHAJIBIII,
TNa* %
PeabcopOitist 10HIB HATPitO B HE(PPOHI B 99,960+0,0000 99,960+0,0000
iaomy, %
Kripenc 10H1B HaTpitO, 0,0087+0,00040 | 0,0086%0,00040
mi/2 rox - 100 T
Knipenc 6e3natpieBoi BoH, 4,70+0,030 4,68+0,070
mi/2 rox - 100 T
Kuipenc 6e3narpieBoi Boau, mii/ 100 mu 2,81+0,030 2,690,040
KJIyOOUKOBOTO (DUIBTPATY p<0,01

P - BIPOTIHICTH PI3HUIIb MOPIBHIHO 3 HABAHTAKEHHSIM BOJOTIHHOIO BOJIOIO;

1 - YUCJIO CIIOCTCPECIKCHD.
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[TponorxenHs Tadauii 3.2

[Toxa3Huku HapaHTaxeHHs HaBaHTaxeHHs
BOJIOT1HHOIO BOJIOIO BiJ €M-
BOJIOIO - HOT'O OKHCHO-
KOHTPOJIb B1JJHOBHOT'O
(n=10) MOTEHITIATY 32
JIOJaTKOBOIO
HAaCHUYCHHS
BojHEM (n=10)
Knipenc kpeatuniny, mi/2 rog - 100 r 20,12+0,190 20,99+0,550
KoHnrenTpaiiis i0HIB HaTpitO B TIa3Mi 136,7£1,10 138,0+0,90
KpPOB1, MMOJIB/JI
KoHneHnTpartiis kpeaTuHiHy B IJ1a3Mi 38,81+0,490 37,904+0,550
KPOB1, MKMOJIB/T
KonrenTpariis i0HIB KaJliio B ceul, 8,91+0,070 8,91+0,070
MMOJIB/JI
Exckpertist 10HIB KaJTit0, MKMOJIB/XB ° 0,350+0,0030 0,252+0,0100
100 r
KonrenTpariis i0HiB HaTpitO B cedl, 0,252+0,0100 0,2584+0,0110
MMOJIB/ 1T
dinpTpariitHa Gpakitis 10HIB HATPIIO, 22,91+0,180 24,14%0,650
MKMOJIb/XB * 100 T p< 0,01
Exckperist 10HIB HATPit0, MKMOJIB/XB 0,0099+0,00040 | 0,0099+0,00040
100 r
KonmnenTpariis Oisika B cedi, MI/mMi 0,021£0,0005 0,012+0,0010
p<0,01
Exckpenis Ouika, mr/2 rox - 100 ¢ 0,099+0,0030 0,05540,0040
p<0,01
KoHnenTpariis kpeatuHiHy B ceul, 165,8+2,60 169,3+3,10
MKMOJIb/JT
Ekckpenist kpeaTuHiny, 0,047+0,0010 0,048+0,0010
MMOJIb/2 Tox - 100 T

P - BIPOT1IHICTh PI3HMILH TOPIBHSIHO 3 HABAHTAKEHHSM BOJIOTIHHOIO BOJIOKO;
N - YUCJIO CIIOCTEPEIKEHb.
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Taoauus 3.3 - BIutuB iHIyKOBaHOTO JAiype3y BOJ0I0 BiJl’€MHOI0 OKHCHO-
BiTHOBHOI'0 NOTEHLiaJIy 32 BAKOPUCTAHHS MIKPOTiAPMHY MOPIBHAHO /10
iHIYKOBaHOIO Jiype3y BOAOI0 BiJI’€MHOI0 OKHCHO-BiTHOBHOI0 MOTEHIIIATY 32
AOJATKOBOI0 HACMYCHHS BOJHEM HA (YHKIIOHAJbHUI CTAH HUPOK (X+SX)

Iloka3zHuku

Hasanraxxenus
BOJIOIO BiJ €M-
HOT'O OKHCHO-

HasauraxeHus
BOJIOIO BiJ €M-
HOTO OKHMCHO-

BITHOBHOT'O BITHOBHOT'O
NOTEHIIaTy 3a MOTEHLIaTy 3a
BUKOPUCTAHHS JOAATKOBOTO
MIKpPOT1ApUHY HAaCHUYCHHS
(n=10) BojiHEM (n=10)
BignocuHuit niypes, % 97,9840,147 93,83+1,465
Hiypes, mi/2 rox - 100 T 4,89+0,007 4,69+0,073
[IBuaKicTh KITyOOYKOBOI (iIBTpaIlii, 126,943,70 174,9+4,60
MK/ xB - 100 T p<0,01
Bignocna peabcopo6itis Boau, RH,0 % 68,21+0,900 77,58+0,310
p <0,01
[TpokcuManbHUN TPAHCTIOPT 10HIB 11,89+0,550 18,74+0,560
Hatpiro, T"Na" p<0,01
MKMOJIB/ XB - 100 T
JlucranbHe MOCTavyaHHs 10HIB HATPIIO, 5,48+0,091 5,3910,093
LDNa" mxmous/ xB - 100 r
JlucTanpHUI TPAHCIIOPT 10HIB HATPIIO, 5,470,090 5,39+0,090
T!Na* mxmons/ xB - 100 T
IaTeHCUBHICTH peabcopOIlii 10HIB 99,977+0,010 99,978+0,010
HATPIIO B TUCTATHLHOMY KaHAJIBIII,
TNa" %
PeabcopOitist 10HIB HATPitO B HE(PPOHI B 99,940+0,0000 99,960+0,0000
niaomy, %
Kripenc 10H1B HaTpitO, 0,0092+0,00040 | 0,0086%0,00040
mi/2 rox - 100 T
Kripenc 6e3natpieBoi BoH, 4,89+0,010 4,68+0,070
Mi/2 rox - 100 T
Kuipenc 6e3narpieBoi Boau, Mii/ 100 mu 3,88+0,110 2,69+0,040
KJIyOOUKOBOTO (DUIBTPATY p<0,01

P - BIPOTIHICTH PI3HUIIb MMOPIBHIHO 3 HABAHTAXXEHHSIM BOJIOIO BiJI’€MHOTO OKHUCHO-
BIJIHOBHOTO MOTEHIIIAJTy 32 BUKOPUCTAHHS MIKPOTIJIPUHY;

N - YUCJIO CIIOCTCPECIKCHD.
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[TpogorxenHs Tadauii 3.3

[Toxa3Huku HapaHTaxeHHs HaBaHTaxeHHs
BOJIOIO BiJ €M- BOJIOIO BiJ €M-
HOT'O OKHCHO- HOT'O OKHCHO-
BITHOBHOT'O BIZITHOBHOT'O
MOTEHIIIATY 3a MOTEHITIATY 32
BUKOPHCTaHHS JI0aTKOBOTO
MIKPOT1JIpUHY HAaCUYCHHS
(n=10) BojHEM (n=10)
Knipenc kpeatuniny, mur/2 rog - 100 r 15,52+0,440 20,99+0,550
p < 0,0l
KoHnrenTpaiiis i0HIB HaTPitO B TIa3Mi 136,8+1,10 138,0+0,90
KpPOB1, MMOJIB/JT
KoHneHnTpartiis KpeaTuHiHy B IJ1a3Mi 45,500,780 37,904+0,550
KPOB1, MKMOJIB/T p <0,01
KonrenTpariis 10HIB KaJliio B ceul, 8,90+0,070 8,91+0,070
MMOJIB/JI
Exckpertist 10HIB KaJTit0, MKMOJIB/XB ° 0,357£1,0060 0,252+0,0100
100 r
KonrenTpariis i0HiB HaTpitO B cedl, 0,258+0,0110 0,2584+0,0110
MMOJIB/ T
OdinpTpaliiiiHa ¢ppakiiis 10HIB HATPitO, 17,38+0,590 24,14%0,650
MKMOJIb/XB * 100 T p< 0,01
Exckperist 10HIB HATPit0, MKMOJIB/XB 0,0103+£0,00040 | 0,0099+0,00040
100 r
KonnenTpariis Oisika B cedi, MI/mMi 0,032+0,0016 0,012+0,0010
p<0,01
Exckpenis Ouika, mr/2 rox - 100 ¢ 0,15740,0080 0,05540,0040
p <0,01
KoHnenTpariis kpeatuHiHy B ceul, 143,7£2,70 169,3+3,10
MKMOJIb/JT p<0,01
Exckperist kpeaTuHiny, 0,041+0,0010 0,048+0,0010
MMoJIb/2 Tox * 100 T

P - BIPOT1IHICTh PI3HMILH TTOPIBHSIHO 3 HABAHTAKEHHSAM BOJIOIO BiJI’€MHOI'O OKHCHO-
BIJIHOBHOTO TTOTEHIII1AJTy 32 BUKOPHUCTAHHS MIKPOTIJIPUHY;
N - YUCJIO CIIOCTEPEIKEHb.
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6.3. Kopeasiniiinmii Ta perpeciiiHuii aHa/i3 3a BILIMBY BOJHOI0 Jiype3y 3

HACUICHHAM MOJICKYJIAPHHUM BOAHEM.

Kopensmiitauii aHami3 BUSBUB IUTY HU3KY KOPEIAIIMHUX 3aJIEKHOCTEH MIXK
MoKa3HUKaMK (YHKIIT HUPOK Ta OKHCHO-BIITHOBHUMHM TMOTEHIIaJJaMHU BOJM 1 ceul 3a
YMOB 1HJIyKOBaHOTO J1ype3y BOJOIO BiJl’€MHOTO OKHCHO-BIJHOBHOT'O MOTEHLIATy 3
J0JTaTKOBHM HAaCUYCHHSIM BOJHEM Ha (DYHKITIOHAIBHHM CTaH HUPOK (Tabdi. 3.4).

Tax, Alype3 Mo3UTUBHO KOPETIOBAB 13 IIBUIKICTIO KIIyOOUKOBOi (inmbTpaliii, OyB
3B’SI3aHUN TO3UTHUBHUM KOPEJSAILINHUM 3B’SI3KOM 3 BIJIHOCHOIO pealdcopOIliero Boau
Ta MPOKCUMAJILHUM TPaHCIIOPTOM 10H1B Hatpito. IIIBHuaKICTh KITy0O0UKOBOI (PiabTpartii
MO3WTUBHO BIPOTIHO KOpENoBajga 3 BIJHOCHOI peadcopOIiero BOau Ta
MPOKCUMAJILHUM TPAHCIIOPTOM 10HIB HaTpito. BimHocHa peabcopOiliss Bomu Oyma
3B’s13aHa TO3UTHBHOIO KOPEJAIIIHOI0 3alEKHICTIO 3 TPOKCUMAJIbHUM TPaHCIIOPTOM
10HIB HaTpito. BoaHoyac NPOKCHMAIBHUN TpaHCHIOPT 10HIB HATPil0 HETaTHBHO
KOpPEJIOBaB 3 OKMCHO-BIJIHOBHUM ITOTEHIIAJIOM BOJIU 3 HACUYCHHSIM BOJHEM, SKOIO
OpPOBOAWIM BOJHE HaBaHTaKeHHA. [IpokcuManbHUN TpaHCIOPT 10HIB HATPIIO
MO3UTHUBHO KOPETIOBAaB 3 OKUCHO-BIIHOBHUM MOTeHIIanoM ceul. Konuenrtpariis 6ika
B cedi Oyia 3B’si3aHa MO3UTHBHOIO KOPEJSIIIHHOIO 3aJIEKHICTIO 3 HOTO €KCKPEIIIEr0.
OKHCHO-BITHOBHUH TOTEHI[iAJIOM BOAM 3 HACHYEHHSIM BOJHEM HETAaTHBHO
KOpEJIIOBaB 31 MIBUAKICTIO KIIyOOUYKOBOI (DUIbTpaIlii, a OKUCHO-BITHOBHUI MOTEHITIA
ceui OyB 3B’s3aHUM 31 IIBHIKICTIO KIyOOUKOBOi (impTpamii MO3UTHBHOIO
KOPEJSIIiHO0 3anekHICTI0. OKHCHO-BIIHOBHUM TOTEHIIa BOIU 3 HACHYCHHSIM
BOJHEM HETAaTUBHO KOPEIIOBAB 3 BEJIMYHHOKIO Jiype3y, a OKHCHO-BIJIHOBHHMA
MoTeHIiaT cevi OyB 3B’sI3aHUM 3 I1ype30M MO3UTUBHOKO KOPEIAIIINHOIO 3aJIeKHICTIO.
OKHCHO-BITHOBHUH MOTEHINAJl BOJU 3 HACUYCHHSM BOJIHEM HETaTUBHO KOPETIOBAaB 3
BIJTHOCHOIO peabCcopOIIier0 BOIU, a OKMCHO-BITHOBHUH MOTEHITIAN cedi OyB 3B’ I3aHUIMA
3 BIJIHOCHOIO peadcopOIi€l0 BOAM MO3UTHBHOIO KOPEISIIMHOI 3aleXKHICTIO.
OKHCHO-BITHOBHU TIOTEHITIAI BOJAM 3 HACHYCHHSIM BOJIHEM HETaTHUBHO KOPEIIOBAB 3
OKHCHO-BITHOBHUM ITOTEHI1aJIOM CEYl.

[Tpuitmaroun Ha yBary (akT, IO CHJIM KOPEJSI[IHHOTO 3B 3Ky 332 BEIHMYWHOIO
koedimierTa Kopessii MoxxyTh OyTu cnadkumu (Big 0,01-0,29), cepenunoi cunm (Bia
0,30 go 0,69) ta cwmpaEME (Bim 0,70 mo 0,99), 3a pe3ymbraramMu HAIIOTO
AOCHIKEHHS 13 16 BUABIEHUX KOPENALIMHUX 3aiexxHoctel: 15 Oynu cunbHuMu 1 1

KOpeJSLiHuN 3B’ 130K OYB CEpeHBOT CUJIH.
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Taoauus 3.4 - Ilapu kopeJassuiiHUX 3B’ A3KIB Mi’K MOKa3HUKAMH (PYHKIII HUPOK

3a YMOB iHIYKOBAaHOIO Jiype3y BOAOI0 BiI’€MHOI0 OKHCHO-BiTHOBHOI0
NMOTEHUiaXy 3 J0AaTKOBUM HACHYECHHSM BOJHEM HAa (YHKUIOHAJIbHUI CTAH

HHUPOK (x+Sx)

[Tapu kopensitHIX 3B’ A3KIB Koedimienr | JlocTtoBipHicTb
KOpEeJSLil, T | KOpPEeJsIiifHOTO
3B’A3KY, P
Hiype3 HIBuaKicTh 0,917 < 0,001
KITy00uKoBOi pibTpartii
Hiype3 Bignocna peabcopOiris 0,637 <0,05
BOAM
Hiypes [Tpokcumanbuuit 0,887 < 0,001
TPAHCIIOPT 10HIB HATPIIO
[IBuakicTh kKIyO0ouKoBOi | BigHocHa peabcopOiris 0,889 < 0,001
digpTparii BOJU
IBuAKICTh KITyOOYKOBOI [Tpoxkcumanbauit 0,977 < 0,001
dinpTpari TPAHCIIOPT 10HIB HATPIIO
BinnocHa peabcopOrist [TpokcumanbHUi 0,884 < 0,001
BOJHU TPAHCIIOPT 10HIB HATPIIO
[Tpoxkcumanbauit OKHMCHO-BIJHOBHUI - 0,908 < 0,001
TPAHCIIOPT 10HIB HATPIIO MOTEHIiaJI BOJH 3
HACHYCHHSIM BOJIHEM
[Tpoxkcumanbauit OKHMCHO-BIJHOBHUI 0,864 <0,01
TPAHCIIOPT 10HIB HATPIIO MOTCHITIA cedi
Konnentparis 6ika Exckpertis Oinka 0,975 < 0,001
B ceul
OKHCHO-BITHOBHUI HIBuAKICTE -0,888 < 0,001
MOTEHIliaJI BOJH 3 KITy00uKoBOi (hinmpTpartii
HACHYCHHSIM BOJIHEM
OKHCHO-BITHOBHUI HIBuAKICTE 0,890 <0,001
MOTEHIIIAJ cevi KI1y00uKoBOi pibTpartii
OKHUCHO-BIAHOBHUH Hiype3 -0,828 <0,01
IIOTEHIIIAJI BOIM 3
HACHYCHHSIM BOJIHEM
OKHUCHO-BITHOBHUH Hiype3 0,747 <0,02
[MOTEHIAJI cedl
OKUCHO-B1JHOBHHI BinnocHa peabcopOris - 0,751 <0,02
MOTEHII1aJl BOAU 3 BOU
HACHYCHHSIM BOJIHEM
OKUCHO-B1JHOBHHI BinmHocHa peabcopOrris 0,863 < 0,01
[MOTEHIAJ ceyl BOJIH
OKHCHO-BIJHOBHUI OKHCHO-BIJHOBHUI -0,902 < 0,001
IIOTEHIIIAJI BOIM 3 [MOTEHLAJI cedl
HACHYCHHSIM BOJIHEM

Ha puc.

3.3 HaBeneHo rpadikd perpeciiHOro aHamizy MiX Jiype3om,

MONOGRAPH

115

ISBN 978-3-949059-59-9



At

Innovation in modern science ‘ 2022 Part 1 %

IIBUJIKICTIO  KIyOOo4ykoBOi  (pinbTparlii, BIJIHOCHOI pealbcopOiier0o BOaUW Ta
MPOKCUMAJIbHUM TPAHCIOPTOM 10HIB HATPIiIO 32 YMOB BOJHOTO 1HAYKOBAHOTO J1ype3y
BOJIOI0 BIJ’€MHOTO OKHCHO-BITHOBHOTO MOTEHIANy 3 I0JAaTKOBUM HAaCHYCHHSIM

MOJIEKYJIIPHUM BOJIHEM Yy 1HTAKTHHUX IIIyPiB Ha TIIOHATPIEBOMY PalliOHI Xap4dyBaHHS.

a) V=0,015C, +2,12; 6) V=0,152 RH,0% -7,08;
fy = 0,917; n =10; p < 0,001 Iy = 0,637; n =10; p < 0,05
572 52
51 51 °

4.9
4.8
4,7
4,6
4,5

49
4,8
4,7
4,6
4,5

14 44 @

43 13 ®

4,2 42
0 50 100 150 200 250 75 76 77 78 79
B) V= 0,115 T°’Na* + 2,528; r) C.,=13,2 RH,0% - 849,2;
ry=0,887;n =10;p < 0,001 ry=0,889; n =10;p < 0,001

5,2 250

51

5 200 @

4,9
4,8
4,7
4,6
45
4,4
43
42 0

0 5 10 15 20 25 75 76 77 78 79 80

150 W

100

50

Puc. 3.3 - I'pagiku perpeciiiHoro anasuizy mix aiypesom (V), IBHAKICTIO
KI1y00ukoBoi pibTpanii (Cer), BizHOCHOIO peadcopouicro Boau (RH20%) Ta
MNPOKCHMAJbLHUM TpaHcmopToM ioniB Hatpio (TPNa™) 3a ymoB BogHOro
IHYKOBAHOI0 Jiype3y BOAOIO Bi/I’€MHOT0 OKMCHO-BiTHOBHOI0 MOTEHIIATY 3
A0JATKOBUM HACHYEHHSIM MOJIEKYJISIPHUM BO/JHEM Y iHTAKTHHX LIYPiB HA
rinoHaTpieBOMy pauioHi xapuyBaHHsI. a) 8icb AOCYUC — WBUOKICb KTYOOUKOBOI
Ginompayii (mxn/xe ¢ 100 2), sico opounam — diypesz (mia/2 200 * 100 2), 6) sico
abcyuc — 8iOHOCHa peabcopbyis 6oou (%), 8ice opouram — oiypes (ma/2 200 * 100 2);
8) 8icb abcyuc — NPOKCUMANbHUL MPAHCROPM [0HI8 Hampiio (Mkmoav/xe * 100 2), éice
opounam — oiype3 (ma/2 200 * 100 2); 2) gicb abcyuc — 8i0HOCHA peabcopoOyis 600u
(%), 6ice opounam — weuoxicmo K1yo0uko6oi ginempayii (mxn/xe * 100 2); 1y, -
KoeghiyieHm KopenayitiHo2o 38 3Ky, N — YUCIIO CHOCMEPENCEeHb, P — 00CMOBIPHICIb
KOpensayitiHo2o 38 'A3K).
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Ha puc. 3.3.a Bich abciuc BijjoOpaxkae MBUIKICTh KIIyOOUKOBOI (ibTpariii B
Mk/xB ¢ 100 1, Bick opaunart — aiype3 y mii/2 rox * 100 r. Puc. 3.3.6 nemoncTpy€e Ha
Bici aOcCIiC — BiTHOCHY peabcopOiiiro Boau y %, BICh OpAMHAT — Aiype3 Y MII/2 TO. *
100 r. Puc. 3.3.B moka3ye Ha Bici aOCIIMC — TPOKCUMAJIBHUI TPAHCIIOPT 10HIB HATPIIO
B MKMOJIb/XB * 100 1, Bich opauHat — niype3 B mur/2 tox ¢ 100 r. Puc. 3.3. 1
JIEMOHCTpPYE Ha BiCl aOCIMC BIMHOCHY pealcopOitiro Boau B %, BICH OpIMHAT —
MIBUAKICTh KIyOOuKkoBoi ¢(impTpamii y mxi/xB ¢ 100 r. Takox Ha MalrOHKax
HABEJCHO 3HAUY€HHs KOe(DIli€EHTIB KOPEIAIIIHOrO 3B’S3KY, YUCIO CIOCTEPEKEHb Ta
JIOCTOBIPHICTh KOPEJIAIIHHOTO 3B’ S3KY.

Ha puc. 3.4 HaBeneHo rpadiku perpeciiHOro aHamizy MDK IIBHJKICTIO
KITyOOYKOBO1  (imbTparlii, BIJHOCHOI peadCopOIli€l0 BOAM, NPOKCUMAIBHUM
TPAHCIIOPTOM 10HIB HaTPi0, OKHMCHO-BIAHOBHUM IMOTEHIIIaJIOM BOJM Ta CE€4l 3a YMOB
BOJHOTO 1HAYKOBAHOTO Alype3y BOJOIO BiJl’€MHOTO OKHMCHO-BIJHOBHOIO MOTEHIIATY
3 JONaTKOBUM HACHYCHHSM MOJICKYJSIDHUM BOJHEM Y IHTAaKTHUX IIypiB Ha
rinoHaTpieBOMYy pallioHi XapuyBaHHs. Tak puc.3.4.a Ha Bici aOCIUC JEMOHCTpPYE
NPOKCUMAaJIbHUI TPaHCIOPT 10HIB HATPIIO B MKMOJIL/XB * 100 r, Ha BiCl opuHAT —
MIBUJAKICTh KITyOoukoBOi (inbTparii B Mxi1/xB * 100 r. Puc. 3.4. 6 npencrasnse Ha
BiCl aOCIIMC MPOKCUMAJIbHUN TPAHCIIOPT 10HIB HATPi0 B MKMOJb/XB * 100 1, Ha Bici
OpJIMHAT — BITHOCHY peabcopOiiito Boau B %. Puc. 3.4.B neMoHCTpy€e Ha Bicl abcIuc
OKHCHO-BIJIHOBHUHM TMOTEHIlIadl Boau B MB, Ha Bici OpaWHAT — MNPOKCUMAJIbHHIMA
TPAHCTIOPT 10HIB HATPit0 B MKMOJIB/XB ¢ 100 1. Puc. 3.4.r npeacrasisie Ha Bici aOCIC
OKHCHO-BITHOBHMM TMOTEHIIan ceuyli B MB, Ha Bicl OpIWHAT — MNPOKCUMAIbHUIA
TPAHCTIOPT 10HIB HATPit0 B MKMOJIB/XB*100 T.

Ha pwuc. 3.5 npencraBieni rpadikd perpecifHOro aHaiizy MiX MIBHAKICTIO
KJTyOOUKOBO1 (PiIbTpallii, KOHIIEHTPALIIEI Ta €KCKpElier OUTKa 3 cedero, JA1ype3oM,
OKHCHO-BIJTHOBHUM TOTEHIIIAJIOM BOJIM Ta C€4Yl 32 yYMOB BOJHOTO 1HJIYKOBAHOTO
nlype3y BOJOIO BiJl’€MHOTO OKHCHO-BIJHOBHOTO TOTEHINIATy 3 JOJATKOBUM
HACHMYEHHSAM MOJIEKYJISIPHUM BOJHEM Y IHTaKTHUX LIypiB Ha TMIOHATPIEBOMY pAaIliOHI
xapuyBaHHs. Tak puc. 3.5.a 1eMOHCTpYy€e Ha Bici aOCIIUC €KCKpEIito OljKa B MI/2 101
* 100 r, Ha Bici OpIMHAT — KOHIIEHTpaIlito O1Ka B ceui B 1/71. Puc. 3.5.6 npencrabiisie
Ha Bicl abcuuc MIBHIAKICTh KiIyOooukoBoi (inbTpamii B Mxia/xB ¢ 100 r, Ha Bici
OpAMHAT — OKMCHO-BIAHOBHUN MOTeHIian Boau B MB. Puc. 3.5.B nemoHcTpye Ha Bici
abcuuc MBUAKICTh KITyOoukoBoi ¢inbrpamii B MKJI/xB * 100 1, Ha Bici opauHAT —
OKHCHO-BIIHOBHUHM moTeHIian ceul B MB. Puc. 3.5.r npencrasnse Ha Bici abciuuc

niype3 B Mii/2 tox ¢ 100 1, Ha Bici OpAMHAT — OKMCHO-BITHOBHUM MOTEHITad BOAU B
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MB. Ha mamronkax 3.4 1 3.5 HaBeeHI 3HaUEHHS: Iy, - Koe(illeHTa KOPESALIHHOTO

3B 3Ky, N — YHCJIAa CIIOCTEPEKEHD, P — JOCTOBIPHOCTI KOPEIALIHHOTO 3B’ SI3KY.

a) C_,=7,93 T°Na* + 26,29; 6) RH,0%=0,48T°Na*+68,53;
ry=0,977; n =10;p < 0,001 ry= 0,884; n =10;p < 0,001
250 79,5
79
200 78,5
T |
150 77,5
77
160 76,5
75,5
0 75
0 5 10 15 20 25 0 5 10 15 20 25
8) T’Na*=- 0,0970BI,,,,-10,155; r) T’PNa*= 0,38 OBl +31,64;
ry=-0,908; n =10; p < 0,001 ry=-0,864; n =10; p < 0,01
25 25
=
20 = 20
N /’.A{‘
= 15 = 15
10 10
5 5
0 0
-340 -320 -300 -280 -260 -50 -40 -30 -20 -10 0

Puc. 3.4 - I'pagiku perpeciifHOro aHaJizy Mixk IIBUAKICTIO KI1y00YKOBOL
¢inbrpanii (C.r), BitHOCHOIO peabcopOuicio Boau (RH20%), npokcumanbHUM
TpaHcnopToM ioHiB HaTpit (TPNa™), okHCHO-BiTHOBHUM MOTEHIiaJI0M BOJIH Ta
cedi (OBlIsomu, OBllcewi) 32 yYMOB BOXHOIO iHIYKOBAaHOIO Jiype3y BOJ0IO
Bi/I’€EMHOT0 OKMCHO-BiJTHOBHOI'0 MOTEHIIay 3 10AATKOBUM HACHYECHHSAM
MOJIEKYJSIPHUM BOJHEM Yy IHTAKTHUX IIYPiB HA riMOHATPI€EBOMY pPauioHi
XapuyBaHHS. a) 8iCb aOCYUC — NPOKCUMANbHUL MPAHCHROPM I0HI8 HAMPIIO
(mkmonv/xe * 100 2), gicb opourHam — weUOKiCmb K1yOouKo80i Ginempayii (MK1/X6
100 2); 6) sicvb abcyuc — NPOKCUMATLHUL MPAHCNOPM [0HI8 HAMPIto (MKMOb/x6 * 100
2), 8icb opouram — 8iOHOCHaA peabcopbdyis éoou (%); 8) sice abcyuc — OKUCHO-
8I0HO6HUL nOoMeHyian 600u (MB), 8icb opounam — npokcumanvbHuLl Mpancnopm iouie
Hampito (Mkmoav/xe * 100 2); 2) 8icb abcyuc — OKUCHO-BIOHOBHUU NOMEHYIAN ceyl
(mB), 6icb opounam — npoxkcuManbHUll mpancnopm ioHie Hampiro (Mkmov/xe * 100
2); Iy - Koe@iyienm KOpeasayitino2o 36 A3KY, N — YUCTIO CNOCMEPeHCeHb, P —
00CMOBIPHICMb KOPENAYIUHO20 38 3K).
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a) U,,= 0,223 - 0,0005 E,,;
ro= 0,975; n =10; p < 0,001

0,02 0,04 0,06

8) OB,.= 0,249 C,, - 77,483;
ry= 0,890; n =10; p < 0,001
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6) OBM,,,,=- 1,024 C,, - 118,756;
= - 0,888; n =10; p < 0,001

0 50 100 150 200 250

'*t‘h

r) OBM,,,,= - 59,528 V - 18,59;
= - 0,828; n =10; p < 0,01

42 4,4 46 438 5 5,2

Puc. 3.5 - I'padixu perpeciiHoro anaaizy mMix HIBHAKICTIO KJIy00YKOBOI
¢inbTpanii (Cer), KOHHEeHTPaNi€w Ta ekckpenicto Olika 3 cedero (Upr i Pyy),
aiype3oM (V), okucHo-BiTHOBHUM noTeHiagoM Boau Ta cedi (OBIlzomm, OBIlceyi)
3a YMOB BOJIHOI'0 iHIYKOBAaHOI0 Jiype3y BOJA0I0 Bil’€MHOI0 OKMCHO-Bi/THOBHOTO
MOTEeHIiaTy 3 TOAATKOBHUM HACHYEHHSIM MOJIEKYJISIPHUM BOJAHEM Y iHTAKTHHX
IIYpiB HA riNOHATPiEBOMY paulioHi XapuyBaHHA. a) 8icb abcyuc — eKcKpeyis OiiKka
(me/2 200 * 100 2), 6icb opounam — koHyenmpayis o6inka 6 ceui (2/1); 6) icy abcyuc —
weuoKicmo K1yooukoeoi ginempayii (mki/xe * 100 2), 8ice opourHam — OKUCHO-
8I0HOBHULI nomeHnyian 600u (MB); 8) gicv abcyuc — — weuOKicmob K1yO60UK080i
Ginompayii (mxn/xe ¢ 100 2), 8ico opouHam — OKUCHO-BIOHOBHUL NOMEHYIAT ceyi
(mB), 2) 6icb abcyuc — diypes (ma/2 200 * 100 2), icb opouHam — OKUCHO-8I0HOGHULL

nomenyian 600u (MB);

Fyy - Koeghiyicnm Koperayiuno2o 36 a3Ky, n — YUCO CHOCMEPEHCEHD,

P — 00CMOGIPHICIb KOPENAYIUHO20 38 S3K).

Ha puc. 3.6 nHaBeneHo rpadiku perpeciiHOrO aHajiizy MIX BIJIHOCHOIO

peabcopOiriero BOAM, A1ype30M, OKHMCHO-BITHOBHUM IIOTEHIIIaJIOM BOJW Ta ceyl 3a

YMOB BOJHOTO 1HAYKOBAHOIO [1ype3y BOJIOIO BiJI’€MHOTO OKHCHO-BIJHOBHOTO
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MOTEHINIATy 3 JOJaTKOBUM HAaCHYCHHSIM MOJICKYJIIPHUM BOJHEM Y IHTaKTHHUX IIypiB
HAa TIIOHATPIEBOMY pallioH1 XapuyBaHHS. Tak puc. 3.6.a JeMOHCTpYe Ha Bici aOCIHC
niype3 B Mii/2 tox * 100 T, Ha BiCi OpIMHAT — OKUCHO-BIJHOBHUI MOTEHITIAJ CEUl B
MB. Puc. 3.6.06 npeacrasisie Ha Bicl aOCIUC BITHOCHY peabcopOItito Boau y %, Ha BicCi
OpJIMHAT — OKUCHO-BIAHOBHUM MOTeHIan ceui B MB. Puc. 3.6.B neMoHcTpy€e Ha Bici
abcmuc BiMHOCHY peadcopOitiro Boau B %, Ha BICI OpAWHAT — OKHCHO-BITHOBHUU
noTeHIian Boau B MB. Puc. 3.6.r mpencrasnsie Ha Bici aOCITUC OKMCHO-BITHOBHHMA
MoTeHITian cevi B MB, Ha Bici OpJIuHAT — OKMCHO-BIIHOBHHUM TIOTEHITia) BOAXM B MB.
Ha puc. 3.6 HaBeeH1 TaKOX 3HAUEHHS: Ixy - KOEQILIE€HTa KOPEISALIHHOIO 3B’ A3KY, N

— YHCJIO CIIOCTEPEKEHD Ta P — IOCTOBIPHICTH KOPEJALIIITHOTO 3B’ S3KY .

6.4. baratodakropHuii perpeciiiHuii aHaJji3 3a BIUIMBY BOJHOIO aiype3y 3

HACUYCHHAM MOJICKYJIAPHHUAM BOJAHEM.

Ha puc. 3.7 naBenenuit OaratoakTOpHUI perpeciiHUi aHaji3 JAOCTOBIPHUX
KopesiTuBHUX 3B’ s13KiB (p< 0,05) M OKHMCHO-BIJHOBHUM IOTEHITIaTOM cedi - X
(MB), BimHOCHOIO peabcopOitiero Boau - Y (%) Ta MpOKCUMAIbHUM TPAHCIIOPTOM
10HIB Hatpito - Z (Ma/xB <100 r mpu HaBaHTaKEHHI BOJOK BiJI’€MHOTO OKHCHO-
BiTHOBHOT'O MOTEHITiATy 3 I0JIaTKOBUM HACUYCHHSIM BOJHEM 32 YMOB TiIIOHATPIEBOTO
parioHy Xap4yBaHHS. [HTEeHCUBHICTH  3aKpallyBaHHS BIAMOBIMAE  CTyIEHI
BUPaKEHOCT1 KOPEJIALIHN.

Puc. 3.8. memoHcTpye OaraTtodakTOpHHI perpeciiHui aHali3 JOCTOBIPHUX
KopensaTuBHUX 3B s3KiB (p< 0,05) MiK OKHCHO-BITHOBHMM IIOTEHIAJIOM ceul - X
(MB), niype3om - Y (Ms1/2 rox <100 r) Ta mBHAKICTIO KIIyOO4OKOBO1 (inpTparii - Z
(Mxn/xB  +100 T) mpu HaBaHTaXEHHI BOJOI BiJ’€MHOTO OKHCHO-BIJTHOBHOTO
MOTEHITiay 3 JOJaTKOBHUM HACHYCHHSM BOJHEM 32 YMOB TIMOHATPIEBOTO PaIliOHY
Xap4yBaHHA. |HTEHCUBHICTh 3aKpalllyBaHHsS BIANOBIJAa€ CTYNEHI  BUPaKEHOCTI

KOpEJIAIIIN.
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a) OBI,.,;= 13,025 V - 95,015; 6) OBN,...= 3,582RH,0% - 311,865;
rw=0,747;n =10; p < 0,02 ry=0,863;n=10; p < 0,01
0 0
542 4.4 4.6 48 5 5,2 575 76 77 78 79 80
-10 -10
-15 -15
-20 -20
.25 -25
230 e & -30 ¢
L ]
-35 % ® -35
-40 W s -40 ¢
45 -45
8) OBIN,,,,,=700,132-12,864RH,0%; ) OBM,,,= -3,7170BI ;- 423,92;
rw=-0,751; n =10; p < 0,02 ry=-0,902; n =10; p < 0,001
-270 -270
75 80 -50 -30 -20 -10 0
-280 -280
-290 -290
-300 -300
-310 -310
-320 = -320
L] L]
-330 -330

Puc. 3.6 - I'pagdiku perpeciiiHoro anaizy Mixk BiTHOCHOI0 peadcopOuicro Boau
(RH20%), niype3om (V), OKMCHO-Bi/JHOBHMM IOTEHIIAJI0OM BOJM Ta ceyi
(OBIloau, OBIlceyi) 32 yMOB BOJJHOTI'O iIHAYKOBAaHOIO JIiype3y BOAOKO BiJI’€MHOIO
OKHCHO-BiTHOBHOTO MOTEHIIiaTy 3 I0AaTKOBUM HACHYEHHAM MOJIEKYJISIPHUM
BO/IHEM Y iHTAKTHHMX LIYPiB HA riMOHATPi€BOMY pauioHi XapuyBaHHS. a) 8icb
abcyuc — oiypes (ma/2 200 * 100 2), 8icb opouHam — OKUCHO-8I0HOBHUL NOMEHYIA
ceui (MB); 6) sicb abcyuc — gionocHa peabcopoyis soou (%), sice opounam —
OKUCHO-8IOHOBHUL nomeHyian ceui (MB); 8) icv abcyuc — 6ioHocHa peabcopoyis
6oou (%), sico opounam — oKUCHO-8IOHOBHUL nomeHnyian 6oou (MB); 2) eéicy abcyuc
— OKUCHO-8I0HOBHULL homeHyian ceyi (mB),
8iCb OPOUHAM — OKUCHO-BIOHOBHUUL NOMeHYIal 800U (MB);

Ty - KOe@iyieHm Kopensayitino2o 36 3Ky, N — YUCIO0 CNOCMEPENCeHD,
P — 00CMOBIPHICIb KOPENAYIUHO20 38 SI3K).
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Puc. 3.7 - bBararoakropHuii perpeciiiHuii aHaJIi3 J0CTOBIPHUX KOPEeJISITUBHUX
3B’ s13KiB (p< 0,05) Mk OKHCHO-BITHOBHUM IOTEHITIaJIOM cedi - X (MB), BITHOCHOIO
peabcopbuieto Boau - Y (%) Ta MpOKCUMaIbHUM TPAHCIIOPTOM 10HIB HATPitO - Z
(mur/xB <100 T) Tpy HaBaHTaXEHH1 BOJOIO BiJl’EMHOTO OKHCHO-BITHOBHOTO
MOTEHITIaTy 3 IOAATKOBUM HACHYCHHSM BOJIHEM 32 YMOB TIIIOHATPIEBOTO PAIlIOHY
XapuyBaHHs. [HTEHCHUBHICTbH 3aKpalllyBaHHS BIAMOBIAA€ CTYNEHI BUPAXKEHOCTI
KOpEJISIIiN.
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Puc. 3.8 - bararogakropHuii perpeciiiHuii aHaJIi3 J0CTOBIPHUX KOPEJISITUBHUX
3B’ s13KiB (p< 0,05) Mi>k OKHCHO-BITHOBHUM TOTEHITIajoM ceul - X (MB), miype3om -
Y (Mn1/2 ron 100 r) Ta MBHAKICTIO KIIyOOUOKOBOT (iabTparii -

Z (mxn/xB +100 r) npu HaBaHTaXKEHHI BOJIOIO BiJI’€MHOTO OKHCHO-BITHOBHOTO
MOTEHITIaTy 3 I0JAaTKOBUM HACHYCHHSM BOJAHEM 32 YMOB TIIIOHATPIEBOTO PAIIOHY
XapuyBaHHS. [HTEHCHUBHICTb 3aKpalllyBaHHS BIMOBIAA€ CTYNEHI BUPAXKEHOCTI
KOpEJISIIin.
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Puc. 3.9 nemoncTtpye OaratodakTOpHHUI perpeciiHui aHami3 JOCTOBIPHUX
KOPEJSATUBHUX 3B’S3KIB M1 OKHCHO-BIJIHOBHUM IMOTEHIAIOM C€4i, MPOKCUMAaTbHUM
TPAHCIIOPTOM 10HIB HATPil0 Ta MIBUAKICTIO KIyOOouokoBOi (impTpamii mpu
HaBaHTA)KECHHI BOJOIO BiJ’€MHOTO OKHCHO-BIJITHOBHOTO TOTEHIialy 3 HACHYCHHSIM
BOJIHEM 3a TIMMOHATPIEBOTO pallioHy xapuyyBanHs. Ha puc. 3.10 mpencraBieHuid
OararoakTOpHUN perpeciiHuii aHami3 JOCTOBIPHUX KOPEISITHUBHUX 3B’SI3KIB MIiX
OKHCHO-BITHOBHMM MOTEHIIAJIOM CeYi, J1ype30M Ta MPOKCHUMAaJIbHUM TPAHCHIOPTOM
10HIB HATPIIO MPU HaBAHTAXEHHI BOJIOIO BiJI’€MHOTO OKMCHO-BIJHOBHOTO MOTEHIIIATY
3 HACMYEHHSIM BOJHEM 3a yMOB nocminy. Puc. 3.11 mpencraBnse 6aratodaxTopHuii
perpeciiHuii aHalli3 JOCTOBIPHUX KOPEISTUBHUX 3B’SI3KIB MIiXK OKHCHO-BIJIHOBHUM
MOTEHITIaJIOM CedYi, BIAHOCHOI peabcopOIiero BOAM Ta MBHUAKICTIO KIYOOUYOKOBOT
¢inbpTpanii 3a HaBaHTaXEHHsI BOJOIO0 BiJl’€MHOTO OKHCHO-BIJIHOBHOTO MOTEHIIATY 3
HACHYEHHSM BOJHEM 3a TIMOHATPIEBOTO paIlioHy xapuyBanHia. Ha pwmc. 3.12
HaBeJeHUN OaratoakToOpHUN perpeciiHuil aHam3 JAOCTOBIPHUX KOPEISITUBHUX
3B’SI3KIB MK OKMCHO-BIJTHOBHUM IOTEHINIAJIOM Ce€4Yi, BITHOCHOIO peabcopOIlie€r0 BOIU
Ta JIlype30M 3a HABAaHTA)KEHHS BOJOIO B1JI’€MHOI'O OKHCHO-BIJTHOBHOTO MOTEHINANY 3
HacuueHHAM BogHeM. Ha puc. 3.13 mpencraBienuii OaratroakTopHuil perpeciitHuii
aHaJi3 MK IIBUIKICTIO KIIyOOUuKOBO1 (piIbTpallii, BITHOCHOIO peabcopOiiie€ro BOU Ta
POKCUMAJIbHUM TPAHCIIOPTOM 10HIB HATPIO MPU HaBaHTAXXEHHI BOJOKO BiJ’€EMHOIO
OKHCHO-BITHOBHOT'O TIOTEHIIIally 3 HAaCHYCHHSIM BogHeMm. Puc. 3.14. memoHCTpye
OararoakTOpHUN pErpeciiHuii aHami3 JOCTOBIPHHUX KOPEISATUBHUX 3B’SI3KIB MIiXK
Type30M, BIIHOCHOIO pealdcopOIli€r0 BOAU Ta MPOKCUMAILHUM TPAHCIIOPTOM 10HIB
HATPII0 32 HAaBAHTAXEHHS BOJOIO BiJ €MHOTO OKMCHO-BITHOBHOTO MOTEHLIANy 3
HacuueHHsAIM BojaHeMm. Ha puc. 3.15 wnaBemeHuit OaraTtodakTOpHHMI perpeciiiHuit
aHaJji3 JOCTOBIPHUX KOPEISATUBHHUX 3B’SI3KIB MK J1ype30M, MIBUJKICTIO KIIyOOUKOBO1
¢binpTpanii Ta NPOKCMMAIbHUM TPAHCIIOPTOM 10HIB HATPII0 MPH HABaHTaXEHHI
BOJIOIO BiJI’€MHOTO OKHMCHO-BIJIHOBHOTO MOTEHIIANy 3 HACHYCHHSAM BOJHEM 32 YMOB
rifMOHATPIEBOrO pAlllOHY XapyyBaHHsS. |HTEHCHBHICTh 3aKpallyBaHHsS BiANOBIIA€

CTYTIEHI BUPAKEHOCT1 KOPEIISITIH.
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Puc. 3.9 - baratogaxkropHuii perpeciiiHuii aHaJIi3 10CTOBIPHUX KOPEJIATUBHUX
3B’s13KiB (p< 0,05) M’k OKMCHO-BITHOBHUM MOTeHIlIajioM cedi - X (MB),
MPOKCUMAaILHUM TPAHCIIOPTOM 10HIB HATPitO - Y (MKMOJIb/XB *100 r) Ta MIBUIKICTIO
KJIy00o4okoBoi dunbTpalii - Z (Mxi1/xB *100 r) mpu HaBaHTa)KEHHI1 BOJIOIO
B1JI’€MHOT'0 OKHMCHO-BIJITHOBHOT'O TTOTEHITIANy 3 JJOJAaTKOBUM HACHYEHHSM BOJHEM 3a
YMOB T1IIOHATPI€BOTO PAIlIOHY XapyyBaHHS. |HTEHCUBHICTh 3aKpalllyBaHHS
BIJIMTOBIJIA€ CTYTEHI BUPAKEHOCTI KOPEIIAIIIM.
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Puc. 3.10 - bararodgaxkropHuii perpeciiHiil aHAJII3 T0CTOBIPHUX KOPEJISITUBHUX
3B’s13KiB (p< 0,05) M’k OKMCHO-BITHOBHUM MOTeHIlajoM cedi - X (MB), aiype3om -
Y (Ms1/2 rox <100 1) Ta MpOKCUMaJILHUM TPAHCIIOPTOM 10HIB HATPitO - Z (MKMOJIb/XB
100 1) mpu HaBaHTaXXEHH1 BOJIOIO BiJI’EMHOT'O OKMCHO-BITHOBHOT'O IMOTEHIIIATY 3
JI0IATKOBUM HAaCUYEHHSIM BOJHEM 32 YMOB T'IIOHATPIEBOrO PalliOHy XapuyBaHHS.
[HTEeHCUBHICTD 3aKpallyBaHHs BIANOBIJAE CTYIIEHI BUPAXKEHOCTI KOPETSIIH.
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Puc. 3.11 - bararodgaxkropHuii perpeciiHiMii aHAJII3 TOCTOBIPHUX KOPEJISITUBHUX
3B’s13KiB (p< 0,05) M’k OKMCHO-BITHOBHUM TNOTEHIIIaJIoM cedi - X (MB), BiTHOCHOIO
peabcopbuiero Boau - Y (%) Ta MBUAKICTIO KIIyOOUOKOBOi (huibTpalii - Z (MKII/XB
100 r) mpu HaBaHTaXEHHI1 BOJIOIO BiJI’EMHOTO OKMCHO-BIJHOBHOT'O IMOTEHINATY 3
JI0IaTKOBUM HACHUYEHHSM BOJHEM 3a YMOB T'IIOHATPIEBOTO PAIlIOHY Xap4UyBaHHS.
[HTEeHCUBHICTD 3aKpalryBaHHs BIINOBIJAE CTYIIEHI BUPAXKEHOCTI KOPETSIIH.
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Puc. 3.12 - bararodgaxkropHuii perpeciiHiii aHAJII3 10CTOBIPHUX KOPEJISITUBHUX
3B’s13KiB (p< 0,05) M’k OKMCHO-BITHOBHMM MOTeHIIIaJIoM cedi - X (MB), BiTHOCHOIO
peabcopbuiero Bogu - Y (%) Ta aiypezoM - Z (Mi/2 rox *100 1) mpu HaBaHTa)KEHH1
BOJIOIO BiJI’€MHOTO OKHCHO-BIJIHOBHOTO MOTEHIIIAY 3 IOAATKOBUM HACUUYEHHSIM
BOJHEM 32 YMOB T'IIOHATPIEBOTO PAIlIOHY XapyyBaHHS. |HTEHCHUBHICTh
3aKpallyBaHHs BIJTIOBIIa€ CTYIICHI
BHUPAKEHOCT1 KOPETISIIIH.
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Puc. 3.13 - baraTtodgaxkropHuii perpeciiiHuii aHAaJi3 T0CTOBIPHUX KOPEJIATHBHUX
3B’s13KiB (p< 0,05) MK MBHUAKICTIO KITyOOUKOBOT (hisibTparii - X
(Mx/xB *100 r), BigHOCHOIO peadbcopoiieto Boau - Y (%) Ta npoKkCUMalIbHUM
TPAHCIIOPTOM 10HIB HaTpitO - Z (MKMOJb/XB *100 I') mpu HaBaHTa)KEHH1 BOJOIO
B1JI’€MHOT'O OKHMCHO-BIJITHOBHOT'O TTOTEHITIANTY 3 JOJAaTKOBUM HACHYEHHSM BOJHEM 3a
YMOB TIIIOHATPIEBOTO PAIIOHY XapuyBaHHS. |HTEHCUBHICTb 3aKpalllyBaHHS
BIJIMTOBIJIA€ CTYTEHI BUPAKEHOCTI KOPEIIAIIIi.
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Puc. 3.14 - bararodgakropHuii perpeciiiHuil aHaIi3 J0CTOBIPHUX KOPeJISATHBHUX
3B s13KiB (p< 0,05) miypeszom - X (Mis1/2 rog <100 1), BimHOCHOIO peabcopOiriero Boau
- Y (%) Ta mpoKCUMAaTbHUM TPAHCIOPTOM 10HIB HATpitO - Z (MKkMoib/XB *100 r) npu
HABaHTa)XeHHI1 BOJOIO B1JI’€MHOT'0 OKMCHO-B1IHOBHOTO MOTEHIIIANY 3 10AaTKOBUM
HAaCHMYEHHSM BOJHEM 3a YMOB TIIOHATPIEBOTO PAIliOHY XapUyBaHHSA. |HTEHCUBHICTh
3aKpalllyBaHHs BIJIIIOBIIa€ CTYIICHI
BUPAKEHOCTI KOPEJIALIii.
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Puc. 3.15 - bararodgaxkropHuii perpeciiHiii aHAJII3 TOCTOBIPHUX KOPEJISITUBHUX
3B’s13KiB (p< 0,05) niypeszom - X (M/2 rox *100 1), IBUIKICTIO KITyOOUYKOBOT
dbupTpanii — Y (Mxi/xB *100 r) Ta npokcMMaIbHUM TPAHCIIOPTOM 10HIB HATPitO - Z
(Mxmouib/xB *100 1) mpu HaBaHTaKEHH1 BOJIOIO BiJl’€MHOTO OKHCHO-B1JHOBHOTO
MOTEHI1aTy 3 I0JaTKOBUM HACUUYEHHSIM BOJIHEM 32 YMOB T1IIOHATPIEBOTO PaIliOHy
XapuyBaHHA. [HTEHCUBHICTb 3aKpallyBaHHs BIANOBIIAE CTYNEHI BUPAXKEHOCTI
KOPEJIALIH.
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BucnoBxku

1. HaBaHTakeHHS BOJOIO BiJI’€MHOTO OKHCHO-BIJIHOBHOTO TIOTCHINIATY 3
HACUYEHHAM MOJIGKYJISIDHUM BOJHEM TIOPIBHSHO 3 1HIYKOBaHUM Jiype3oM
BiJI’€MHOTO OKHCHO-BIJIHOBHOTO TIOTEHINiay 0e3 HAacHYeHHS BOJHEM BUKJIMKA€E
BITHOBJICHHS IIBUJAKOCTI KiIyOOukoBOi (QinbTparii, ¢inpTpauidnoi ¢dpakuii 1
MPOKCUMAaJIbHOI peabcopOilii 10HIB HATPIIO Ta 3HMKEHHs BTpar OLTKa 3 cedero 13-3a
BIJICYTHOCTI aKTHBalli MeXaHi3My 0a3ajdbHOTO TOHYCY CYIUH KipKOBOI PEUYOBHHH
HUPOK, MLI0 TIOSCHIOETHCS BHCOKOIO MPOHHUKHICTIO MOJIEKYJISIPHOTO BOJHIO Ta
PIBHOMIPHUM IOCTAYaHHSIM €JIEKTPOHIB JI0 BC1X OPraHiB 1 TKAaHUH.

2. BukopucTaHHs KOpEJSILIMHOTO, perpeciiiHoro Tta OaratoakTopHOTro

perpeciiiHoro aHami3iB MiATBEPIKYIOTh BCTAHOBJICHI 3MIiHH.
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KAPITEL 7/ CHAPTER 77
FORMING ENVIRONMENTAL THINKING STUDENTS IN THE PROCESS
OF THEIR LEARNING AND DIRECTIONS OF DEVELOPMENT

DOI: 10.30890/2709-2313.2022-12-01-004

Kopuu sK010rHuecKkoro Kpusuca JiexxaT B MUPOBO33pEHUECKO cdepe, a IMEHHO
B BYyJbrapH3alMd HWJAEH TOCHOJCTBA YelOBeKa Haj npuponoi. CieaoBaresibHO, U
«pa3pelieHue SKOJOTMYECKMX IPOTUBOPEUYUIl  ClelyeT MCKaTh Ha MyTIX
HKOJIOTU3AlMM BCETO CO3HAHMSI M (POPMHUPOBAHUS SKOJIOIMUECKOIO CO3HAHMS Kak
oJHOTO U3 ero Gopm» [1].

[loHsiTHE «IKOJIOTMUYECKOE CO3HAHHME» BKIIOYAET B ce€0s HE TOJILKO 3HAHHE O
MIPUPOJE, HO U UJEANbI, IEHHOCTH, HOPMbI, PETYIUPYIOLINE OTHOLIEHUS YEIOBEKA C
OKpyXXaroled cpeno. «IKOJOTMYECKOE CO3HAaHHME BBIIEISET HKOJIOTMUYECKHE
npo0JieMbl Kak NPEAMET COLMAIBbHOW 3a00ThI, AKIEHTHPYET BHUMAHUE HA HUX,
CHocoOCTBYET (POPMUPOBAHUIO FIKOJIOTHUECKUX [IEHHOCTE [3].

B coBpemMeHHOM BBICIIEM MEIUIIMHCKOM OOpa30BaHHWU B paMKax peaju3aluu
KOMIIETEHTHOCTHOT'O O/IX0/1a, c(hOopMyJIUPOBAHHOTO B denepanbHOM
rocynapcTBeHHOM oOpa3oBaTesibHOM cTanaapre (PI'OC) TpeTbero nokoneHus, B TOM
Yyclie IEPBOCTEIIEHHOE BHUMAHHUE yJAENseTcs IMpoOiieMaM  3KOJOTMYECKOro
oOpa3oBaHwmsl, pa3BUTHUS U BOCTUTaHUS [2].

Bmecte ¢ TeMm, HayyHas pa0oTa B 3TOM HAIpaBICHUU B HACTOSIEE BpEMS
OpUEHTHpPOBAaHA Ha pEIICHHE JIOKAJIbHBIX MNpoOJieM, TOTJa Kak IeJarornyeckas
IPAKTHKA HYXIAeTCS B KOMIUIEKCHBIX NCHUXOJOI0-NEAArOrHYeCKUX HCCIEIOBaHUIX
3aKOHOMEPHOCTEN U MEXAHU3MOB CTAHOBJIEHHUS HKOJIOTUYECKON KYJIbTYphl OyIyIInX
Bpayeil. Kak ciencreue, OTCyTCTBYET COOTBETCTBYIOLIEE HAYYHOE 00ECIIEUEHUE, UYTO
B CBOIO oOdYepedb, HE TMO3BOJSET 3PPEKTUBHO (HOPMUPOBATH OSKOJOTHUECKYIO
KyJIbTYpy B 0Opa3oBaTelbHOW cpene By3a. B 3Toil cBsi3u akTyanpHa MpoOriema
U3y4EHUs KOJOTUYECKOTO CO3HAHMS MOJIOJIOTO YEJIOBEKA U, B IIEPBYIO OUEpElb, KaK
IICUXOJIOTMYECKOTO  SIBJICHUS, a TaKXke pa3padoTKka METOAOB JHMarHOCTUKU
COBPEMEHHOTO COCTOSIHUS SKOJIOTMUECKOHN KYJIbTYphl y OyAYLINX Bpadei.

O4eBHIHO, YTO COBPEMEHHBIE TJIOOANBHBIE SKOJOTHYECKHE MpPOOJIeMBbl U UX
pa3HoOOpa3Hble MPOSABICHUS B OOIIECTBEHHOM >HU3HU OOYCJIOBIEHBI B MEPBYIO
ouepe]lb NPUYMHAMU [ICUXO0JIOTHYECKOro Xxapakrepa [3]. B ¢Bs3u ¢ 3TUM Bo3pacTaer

1 3HAYMMOCTDb HM3YUYCHUA IICUXOJOTMYCCKHUX ACIICKTOB 3KOJOIHYCCKOIO 06pa?>OBaHI/I}I

"Authors: Seledtsov Alexander Mikhailovich, Akimenko Galina, Kirina Yulia Yuryevna, Fedoseeva Irina Fosievha
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Y BOCIIMTaHUs OyyluX Bpadeil B 3TOM JUCKYpCE.

[loBbIlIEHNE CTENEHU HKOJOTM3ALMHM BBICIIEr0 OOpPAa30BAHMS CBA3AHO C
(opMHUpPOBaHUEM 3KOJOIMYECKOTO MHUPOBO33PEHUS, OCO3HAIOLIEr0 HEO0OXOAMMOCTH
COXPAaHEHHUsl cpelbl OOMTaHMS JUIsl JalbHEMILIEro CYILIECTBOBAHMS YEIOBEUYECTBA.
I'1aBHBIM OOBEKTOM AESTENBHOCTH Bpaya 000N CIEUATIbHOCTH SIBJISIETCS YETIOBEK.

B cucteme o0yuenust Bpaueil BOCIUTaHUE 3KOJOTUYECKUX MPUHIIUIIOB MOIX0/a
K OLIGHKE 37I0pOBbSl aKTyalbHO WU BakHo. i peanuzanuu npohecCHOHATBLHOTO
HKOJIOTMYECKOTO  OOpa3oBaHMs TpeOyeTcss IleJeHANpaBieHHAs MHOTOSTalHas
IOJArOTOBKA CIELMAIUCTOB, BBIPA0OTKA aIrOpUTMa CTPATETUU SKOJOTUYECKOTO
oOpa3oBaHMsl, BKIHOYAIOIIET0 MEXAUCIUIIMHAPHYO UHTErpanuio. BaxHoe mecTo B
o0ecreyeHnn Takoro IOJAXOAAa HMMEET IPEEMCTBEHHOCTh  3KOJOTHMYECKOIrO
BOCIIUTAHHUS B CHCTEME «IIKOJa-By3». OOyueHHE M BOCIHUTAHUE 3KOJIOTUYECKOTO
MBIIUJICHUS] y IIKOJbHUKOB — OYIyIIMX CTYJEHTOB MEAMIIMHCKOIO By3a — IepBas
CTyIleHb ()OPMHUPOBAHUS IKOJOTMYECKOr0 0O0pa3oBaHMs M BocnuTaHus. O4eBHUIHO,
YTO IMO3MIMS NPENoJaBaTess, €ro JUYHbIC Ka4eCTBA U DKOJIOTHYECKasi TPaMOTHOCTb
CHOCOOCTBYIOT (DOPMUPOBAHUIO SKOJIOTHUECKOTO  MBILIUICHUS, 3KOJOTUYECKON
IPAMOTHOCTH M 3KOJIOTUYECKOW KYJIBTYPBI IIKOJIBHUKA U CTyJeHTa. be3 BocnuTaHus
MIEPCOHAJIBHOM  3KOJIOTUYECKOM KYJIBTYpbl HEMBICIMMO OOy4Y€HHE MPUHLHIAM
KOJUIEKTUBHOTO DKOJIOTMYECKOTO CO3HAHUS.

K coxanenuto, cienyer OTMETUTh, YTO OOJBIIMHCTBO JIOAECH, U OCOOEHHO
IIKOJIbHUKOB, MaJI0 3HAIOT O CBOEM 3JI0pPOBbE. DKOJOTMYECKHH MOAXOJ K OLIEHKE
CBOET0 370pOBbs IMPEAIOIAraeT ero HEHHOCTh HE TOJIBKO C CYOBEKTUBHBIX MMO3HIIMIM,
HO U KaK COCTaBJISIOLLYIO 3/10POBbs UEJIOBEYECKON OOLIHOCTH B LIETIOM.

[IpropUTETHBIM HamNpaBiIEHUEM SBISETCS NpoOJeMHOEe oOyuyeHue. [ naBHbBIN
BEKTOp  MNpoOieMHOro  oOydeHuss —  aKTHBalMs  y4eOHO-II03HAaBATEIbHOU
NEATEIIbHOCTH aKTUBALMs, KOTOPOM JTOCTUTAETCsl YETKOCTBIO ONPENEIICHMS LENIeU U
3HAYUMOCTBIO SKOJOTHUECKHUX 3HaHUM AJisl Oyay1eil BpaueOHOM 1eITeTbHOCTH.

Mpbl monaraem, 4YTO DOKOJIOTMYECKAsl KyJbTypa SBIIETCS HWHTETPaIbHOU
JMYHOCTHOM XapaKTEPUCTUKOMN, OINPENEISIONIE YPOBEHb pa3BUTUS MOJIOLOTO
YeJI0BEKa, B TOM YHCJE CTENEHb €€ COOTBETCTBUS CYIIECTBYIOIIMM COLMAIbHBIM
HOPMaM.

Okosiornyeckasl KyJabTypa — 3TO IJIaBHBIM 00pa3oM MPOJYKT COLMAIM3alUU
JUYHOCTU. 3aKOHOMEPHOCTU €€ CTAHOBJIEHUS B HACTOSILEE BPEMsSI Majo H3y4YEHBI.
Bmecte ¢ TeM, mpexnonaraercs, 4To OJHOW M3 3aJad BBICIIEH IIKOJBI SBISAECTCS

dbopmupoBaHue 001IeH KyJIbTYphl U, CIEA0BATEIbHO, UMIUIMIIMTHO KaK OJHON U3 €€
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BHYTPEHHUX COCTABJISAIONIMX - IKOJOTUUYECKON KYJBTYphI, 4YTO oTpakeHo Bo PI'OC
TPEThEro MOKOJIEHUS JIJIsl BCEX MEIUIIMHCKUX CcreluanbHocTel [4].

Bomnpockl B3auMOJEUCTBUS B JIUXOTOMHUHU «YEIOBEK-MIPUPOAA», «UYETOBEK —
COIMagbHO - WMH(OpMAIMOHHAs Cpela» B COBPEMEHHOM BBICIIEM, B TOM YHCJE
MEIUIIMHCKOM 00pa30oBaHUM JO CHUX TOp PacCMaTPUBAIOTCA TPAAUIIMOHHO,
HCKJIIOYUTEIHHO KaK €CTEeCTBEHHOHAYYHBIE.

['ymaHuTapHBIM acnekTaM 3TOr0 B3aMMOJCHCTBHUSI, HA Halll B3TJISA, YJEIAETCS
SIBHO HEJJOCTATOYHO BHUMAaHUs. [loHMMaHKe 3TOro NpuBejIo K TOMY, UTO B MOCTIEHEE
NecATWIETUE B OpraHM3alud  Y4yeOHO-BOCIIUTATEJIBHOTO IIpolecca B  BYy3e
IpPEAYCMOTPEHO BBEJICHHE B Yy4yeOHbIE JUCHUIUIMHBI TYMaHHTapHOTO OJoKa
AKOJIOTUYECKUX enuHuIl. VX mpakTudeckas peanu3aius CrocoOCTBYET KOPPEKITUU U
rapMOHHU3AIMN OTHOIIEHUH CTYJCHTOB K caMHM cebe, 370pOBOMY 00pa3y KHU3HHU, K
MIPUPOIHON CpeJie, CTAHOBJIECHUIO Y HUX SKOJOTMYECKOM KYJIbTYPHI U, KaK CJIEJICTBUE,
YCKOPSIET MPOIECC aanTalu K Mporeccy oOydeHus B YHUBEPCUTETE.

Y cTaHOBIIEHO, YTO M3MEHEHHE (POPMHUPYEMBIX XapaKTEPUCTHUK DKOJIOTHUYECKOM
KYJbTYphl CTYJICHTOB MOKET MPOUCXOAUTh YEPEe3 YCBOCHHUE 3HAHWUM, YMEHUN U
HaBBIKOB TOCPEJACTBOM HU3YUYEHHUS CHEIUATbHBIX 3KOJIOTMYECKUX Pa3lIesIoB KypCOB
T'YMaHUTAPHBIX U €CTECTBEHHOHAYUYHBIX JTUCLMIUIMH, SKCTPEMAIbHOMN, KIMHUYECKON
U COITMAJILHOM TICUXOJIOTHUHU U JIP.

KocBenHo 3amaua (GopMUPOBaHUS HKOJOTHUYECKON KYJIbTYPhl MOXET OBITh
pelieHa 4epe3 ICUXOJIOrO-TMeIaroruieckyt0 KOPPEKIUI0 CO3HaHUS CTYJEHTOB B
npoiiecce u3ydeHus Kypca «OO01men mCuxoIoTHm.

B cTpykTypy 3KOJIOTMYECKOW KyJIbTYpbl JIMYHOCTU BXOJAT TPU KOMIIOHEHTA!
MO3HaBATEIbHBIN (3KOIOTHYECKHE 3HAHUA), MOTHUBAIIMOHHO-IICHHOCTHBIM
(OTHOIIIEHHE K MPUPOJE), NCITEIHLHOCTHBIN (TIOBEAEHWE B OTHOIICHHH MPUPOIHBIX
00bekTOB). [lo3HAaBaTebHBIM KOMIIOHEHT BKJIIOYACT 3HAHHMSA B 00JIACTH OHMOJIOTHH,
AKOJIOTMM, KpaeBeJCHHUs, [OHMMAaHUE TPaBWJI TMOBEACHUS B  IPUPOJIE.
MOTHBaIIMOHHO-IIEHHOCTHBII KOMIIOHEHT TMOJpPa3yMeBaeT I[IEHHOCTb MPHUPOJIbI,
OepeXHOE OTHOIICHHE K HEH, OCHOBAaHHOE Ha SMIIATHH, dCTETHYECKOW OIICHKE, U
OTBETCTBEHHOE OTHOIIICHHE K TIPUPOJIC HA 3TOM OCHOBE.

JleATeNbHOCTHBIA ~KOMIIOHEHT BKJIIOYaeT B ce0sf yMEHHUS M  HaBBIKH,
HEOOXOJIUMBbIE ISl PELICHUS] PKOJIOTMYECKHX MpoOJieM, MOBEICHHUS HA MPUPOJAE U
y4acTU€ B DSKOJIOTUYECKOW JAESATEIbHOCTA M TMO3BOJISIET OIPEAEIUTh CTENEHb
c(hOPMHUPOBAHHOCTH IKOJOTUUECKON KYJIBTYpPBhI, B TO K€ BpeMsl SIBJISICTCSI CIIOCOOOM

CTAHOBJICHHUA KYJbTYPHBIX HOPM, 3KOJOIMYCCKHX YCTAHOBOK HHIAWBHAA, KOTOPBIC
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ONPEAETSAIOT XapaKTep B3aUMOOTHOIIIEHUS YEJIOBEKA U OKpy X arouen cpenbl [2;4].

Kypc «OOme#i mncuxomorum» U3y4daeTcs Ha MIQAIMIMX Kypcax, Ha BCEX
dakynpreTax KeM['MYVY. Tak, uzyuenne tembr Nel «Ilcuxonorus. [Ipenmer, meTomsl,
3a/layd UCCJEIOBaHUS) MPEAyCMAaTPUBAET MPOBEJACHHUE JIEKIIMHM M CEMHHApPCKOro
3aHsATUS. Hapsimy ¢ MOHSATHUSAMM O JIOTUYECKOM armapaTe HayKd W OCHOBHBIMH
KaTErOpUsMH  TICUXOJIOTUM  CTYJE€HTaM Pa3bsCHIETCS COOTHOIIEHUE MEXIY
KyJabTypoli W  oOpa3oBaHweMm, oOpa3oBaHMEM ©  CO3HaHUEM, METOJAMH
AKCTPEMaIbHOMN NICUXOJIOTUU U SKOIICUXOJOTUH U JIP.

BaxxHOo moAg4epkHyTh, YTO MPOrpaMMa JIaHHOW JUCHUIUIMHBI MPETyCcMaTpUBAET
dbopMHpOBaHHE  DKOJOTUYECKOW  KYJIbTypbl €  COLUHMAIbHO  JKeJaTeIbHBIMU
napaMmerpamMu. B paMkax JIEKIIMOHHBIX W MPAKTUYECKUX 3aHATUM MO JUCIUIIINHE
«Obmas mncuxonorus» B  KeMepoBCKOM  TroCyIapCTBEHHOM  MEIUIIMHCKOM
YHUBEPCUTETE aKIEHT CJIelaH Ha M3y4YeHUE TMOJIOKEHUM BO3pPacTHOM U
neAaroruyeckou MCUuxoJorui U METOAUK SKOMICUXOJIOTUYECKON JUArHOCTUKH.

Ocoboe BHHUMaHHME oOpamiaercs Ha 0a30Bble NPOOJIEMBI IKCTPEMAIBHOM
MICUXOJIOTUH: CTpecc, (pycTpanuss W CTPECCOyCTOWYMBOCTH B aaNTallMOHHBIN
Mepuo/ MEPBBIX JIET 00YUEHHUS B BY3E.

Crpecc B JaHHOM clly4a€ pPacCMaTpUBAETCS C TOYKH 3PEHHUS 3KOJIOTHYECKOTO
NOJX0/a KaKk pe3yJbTaT HECOOTBETCTBHS  TpeboBaHUM cpenpl  (yueOHOI,
COLIMOKYJIETYPHOM M JIp.) K MHAMBUAYaJbHBIM pecypcaM 4YelOBeKa, BKJIIOuYas €ro
OTBIT U MOTUBAILIMOHHO - NOTPEOHOCTHHIE YCTAHOBKH.

KmroueBoit mpoOiemMoli mpu STOM  SIBISIETCS BOMPOCHI, CBSI3aHHBIE C
MICUXOJIOTUYECKOW TOTOBHOCTHIO (MM HETOTOBHOCTHIO) OOYYArOMIMXCSI K YKU3HU U
NESATEABHOCTY B OTJIMYHBIX OT IIKOJIBHBIX COIMOKYJBTYPHBIX VYCIOBHSIX W,
COOTBETCTBEHHO, IMOATOTOBKA K KPUTUYECKUM M3MEHEHHUSM ICHUXHUYECKOIO
COCTOSIHMSI W TIOBEJICHWS MOJIOJAOTO 4YeJOBeKa B TpEd-, MOCT- W COOCTBEHHO
AKCTPEMAaIbHBIX MICUXOJOTHUYECKUX CUTYaAlUSX.

Cucrema GopMHUpOBaHHS HKOJIOTHYECKON KYJIBTYphl CTYJACHTOB B paMKax
U3YYEHUS MICUXOJIOTUN PACKPBIBAETCS Yepe3 CUCTEMY MOHSATUN, KOTOPbIE MO3BOJISIOT
BBISIBUTh OCHOBHBIE dTanbl €€ (opMUpOBaHMS. ITa CUCTEMA COCTOUT U3
B3aMMOCBSI3aHHBIX M  B3aMMO3aBUCHUMBIX  3JIEMEHTOB, BBICTPAUBAIOIIUXCA B
MOCJEAOBATEIbHOCTh:  «OOIasg  AKOJOTHYeCKas  KyJIbTypa  JIMYHOCTU» -
«9KOJIOTUYECKOE CO3HAHUE YETIOBEKA» - «JIMYHAS YKOJOTrnYecKast KyJabtypay [1].

Tak, B 2021/2022 yuyeGHOM ro/ly Ha IEpBOM Kypce JieueOHoro (pakyapTeTa ObuH

IMPOBCACHBI HCCIICAOBAHUSA C HCIOJIb30BAHUEM MHOI'OYPOBHEIO JIMYHOCTHOI'O
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onpocHuka «ApnantuBHocTh» (MJIO-AM) A.I'. Maknakoa, C.B. UepmsinuHa u

OTIPOCHUKA «AJANTUPOBAHHOCTH CTYACHTOB B By3e» T.J1. JlyOoBHUIIKOiA.

B uccnenoBanun npuHsuim ydactue 98 oOywarommxcsi, 0TOOpaHHBIX METOJ0M
CITy4aifiHOU BBIOOPKH.

B pamkax = NOpOBEIEHHBIX  MCCJICNOBAHMM  YCTaHOBJIEHBl  YPOBHU
c(OPMUPOBAHHOCTH  COIMAJIbHO-TICUXOJIOTHYECKOW — aJanTalMd Yy  CTYJCHTOB
MEIULMHCKOrO By3a B IIEPBbIE JBa Mecsla 00y4eHUs] B YHHUBEPCUTETE U JUHAMUKA
COLMAJIbHO — IICUXOJOTMYECKOM aJanTaluyd HAaKaHyHE BTOPOM HK3aMEHAI[MOHHOMN

CECCHM.
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YpoBHU CHOPMUPOBAHHOCTH KOMIMOHEHTOB

Puc. 1. - YpoBHM cHpOpMHUPOBAHHOCTH COLMATBHO-IICUXO0JIOTHYECCKOH aJaNTallMU

y CTYA€HTOB MeJUIIMHCKOT0 By3a B uioJie 2022 r.

AHanu3 TOJy4YeHHbIE pEe3yJbTAaTOB  TO3BOJISIIOT  KOHCTATUPOBaTh, UTO
OCHOBHBIMU (haKTOpPaMH, BIUSIOMIMMH Ha MPOSIBICHUE CTPECCOBOM JI€3aMaNTaIUH Y
CTYJICHTOB TIEPBOTO Kypca, SIBJISIOTCS: HHU3KWA YPOBEHb NMPHHSITHS, KaK ceOs, Tak H
JIPYTUX, TO €CTh KOH(pOHTAIUs C APYTUMHU YICHAMH TPYMIIbI,  3MOIIMOHATLHBIN
TUCKOM(DOPT, KOTOPBI MOXKET ObITh BECbMa pAa3IMYHBIM [0  TPHUPOJE;
AKCTEPHAJIBHOCTD; CTPEMJIEHHUE K JOMUHUPOBAHUIO [2].

ConepxaHne CEMUHAPCKOTO 3aHATHUS, B TOM YHCJIE, HAITPABJIEHO HA 3HAKOMCTBO
C MPEIMETOM, 3a/lauaMH, METOJIaMH U 3HAYCHHEM 3KOJIOTUYECKOW MCUXOJIOTUU KaK

HAYKH O TIPUPOJIC YEIIOBEKa, €€ POJIBI0 M MECTOM Cpeau Apyrux Hayk. OOydaromuecs
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Ha TIIPAKTHUKEC 3HAKOMATCA C IICUXOJOIrHM4YCCKUMHU MCTOJUKAMU HCCIICOIOBAHUS

HKOJIOTMYECKOTO CO3HAHHSA M BO3MOXHOCTSMU HMX NPHUMEHEHHUS B MPAKTUYECKOM
npodecCHoHANBbHON AESITENbHOCTU. DTO CIOCOOCTBYET (HOPMUPOBAHUIO MOTHBAIMH
K u3yueHuto. CTyJeHThI 3ayMbIBAIOTCSI 00 OTBETCTBEHHOM IIEHHOCTHOM OTHOIICHHUH
K YEJIOBEKY M OKpYKalollel npupoiHou cpene [1].

Ocoboe BHMManue B Kypce mncuxonoruu (tema Ne7: «Ctpecc w
MMOCTTPABMATUYECKOE CTPECCOBOE PACCTPOUCTBO. ba30Bble TEXHUKH KOPPEKUUH
MOCIIEACTBHI) oOpaliaercs Ha MpoOJEeMbl IKCTPEMAaTbHOW MCHXOJIOTUH, KOTOPHIE
HaIpsIMyI0 CBsi3aHbl COPMHUPOBAHUEM CTpPECCa YCTOWYMBOCTH, CHMXKEHHIO YPOBHS
TPEBOXKHOCTHU, (HOPMUPOBAHUIO HABBIKOB COIIMAIBHO-TICUXOJIOTUYECKON ajjanTalu, B
TOM 4YHCJIE U K yCIOBHsIM 0OydeHus B By3e. [ TaBHbIM 00pa3oM, H3yueHue JaHHBIX
BOIPOCOB CIOCOOCTBYET (POPMHUPOBAHUIO Y CTYACHTOB MPEACTABICHUH O HOPME
MICUXUYECKOTO (YHKIIMOHMpOBaHUA. VIMEHHO memaroruyeckas cpeaa OKa3bIBaeT
0OJbIIIOE BIMSHUE HA IMOBEJAEHUE JMYHOCTH, T.€. HA NPOSBICHHE HE TOJBKO
BHYTpPEHHEH, HO M BHEUIHEH SKOJIOTMYEeCcCKON KyibTypbl. Kak crenctBue, naHHas
paborta, Hapsgy ¢ ApyruMu (GopmMamu ajnanTald CTYICHTOB IEPBOrO Kypca,

CIOCOOCTBOBAJIA YJIyUIIEHNIO BCEX KOMIIOHEHTOB aJlalTallui y 00y4aronuxcsl.
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BbICOKMIA cpeaHuiA HU3KWUA

YpoBHU CHOPMUPOBAHHOCTH KOMIMOHEHTOB

Puc. 2. - YpoBHu chOpMHUPOBAHHOCTH CONUATBHO-TICUXOJOTHYECKOM aJanTalluu

Y CTYA€HTOB MeJUIMHCKOI0 By3a B uioHe 2022 r.

Ilo3HaBaTeIbHBIE KOMIIOHEHT ajanrtainyyu OJHOBPCMCHHO ABJIACTCA OAHHUM U3
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CII0CO00B OPMUPOBAHHUS IKOKYJIBTYpBI. [109TOMY B paMKax opraHH3aluy y4eOHOTO
mporecca Mo Kypcy IICHUXOJIOTUM 0co00€ BHUMAHUE YNEISIEeTCS BHEAYIUTOPHOM
MO3HABATEIBHON JesTenbHOCTH oOyuatommxcs. OCHOBHas 3amada - HAy4YHTh
MOJIOZIBIX JIFOJIEH CaMOCTOSITEJIbHO MCCIENOBATh YKOKYJIBTYpHBIE 0COOCHHOCTH pas-
BUTHSI YeJOBEKAa M IMPUPOABI M MPUMEHATH ITOJyYCHHbIC 3HAHHWS Ha TPAKTHKE B
npolecce pasBUTUSL JMYHOCTHBIX KAdeCcTB B IEJIOM U MpodecCHOHANbHOM
AESITETbHOCTH B YaCTHOCTU. [ICHXOJNIOTMYECKHid KOMIIOHEHT BBICTYIAET 37eCh Kak
OCO3HAHHAsI BHYTPEHHSS TOTPEOHOCTb.

B nensix akTHBH3ALMU MO3HABATEIBHOTO MHTEPECA Ha CEMUHAPCKOM 3aHSTHHU TI0
TICUXOJIOTUM B CBSI3U C PACCMOTPEHHEM JKOJOTMYECKOH MpOOIeMBbl MOTYT OBITH
BKITIOYCHBI 3JIEMEHTBI JIEJIOBOW WUTPBI. 31ECh «IICHXOJIOT» BBICTYNAeT B KauyeCTBE
MeTomoiora. Mrpa crmocoOCTBYeT COBPEMEHHOMY JKOJOTHYECKOMY BHJICHHIO
npoOJIEMATHKHA ¥ YMEHUIO MPOYKTHBHO PEIIaTh ATH BOIPOCHI C YUYETOM Pa3IHIHBIX
npodeccHoHaIbHBIX OCOOCHHOCTEH CTYyAEeHTOB. Kpome [enoBOH HWIphI, TakkKe
MpeAaracTcsi CaMOCTOSATENIFHOE HMCCIEAOBAHHUE 110 ONPE/ICICHHBIM 3KOJIOTUYECKUM
temaM B (opme pedepara/mpeseHTannu. C LENbI0 HCKIOYEHUS (HOPMaIBLHOTO
MOJX0/a, K HamucaHuio pedepara mpembsBiseTcs ps TpeOOBaHWUN: Marepual
JOJDKEH OBITh MHTEPECHBIM ISl CTYIEHTOB; HEOOXOJWMO HWCIOJIh30BATh KHUTU U
CTaThHM M3BECTHBIX YUEHBIX; paboTa J0JKHA HOCUTh HCCIIEA0BATEIbCKUI XapaKTep; B
pedepare MOKHBI pacCMaTpUBAThCS HE TOJNBKO TII00aibHBIC, HO U PETHOHABHBIC
HKOJIOTUYECKUE MTPOOJIEMBL; B padOTe JODKHA OBITH OTpaskeHa COOCTBEHHAS TTO3UIIHS
cryaeHra. Temaruka pedepaToB MOXKET BKIIOYATh HIMPOKHHA CIIEKTP MpPoOIeMm,
HAXOMAIIMXCS Ha CTHIKE TCUXOJIOTUH, (GWIOCO(OUU, ITHKH, KYyJIbTYpPOJOTHH |
skojorud. OTMBIT MMOKa3bIBAaeT, 4YTO Mpeliaraemas ¢GopmMa padOThl HE TOJBKO
MOBBIIIAET WHTEPEC CTYJCHTOB K OKOJOTHYECKHM MPOOJIeMaM TMpH H3YYCHUH
NICUXOJIOTUM, HO M aKTUBH3HPYET MX MO3HABATEIbHYIO JCSITEIBHOCTh W PA3BUBACT
CaMOCTOSITEIIbHOCTh MBIIIUICHHS.

Takum o00pa3om, BBICOKAash IKOJOTHYECKAash KyJbTypa IOJDKHA B HEIAJICKOM
OymymeM CTaTh BaXXHbIM KBaIH(UKAIIMOHHBIM KPUTEpUEM IIpErojaBaTelisi By3a.
@dopMuUpyst IKOJIOTUYECKYIO KYJIBTYPY Y CTYACHTOB YHHBEPCHTETA, MBI TOJIy4aeM
peabHyI0 BO3MOXKHOCTh Pa3BUBATh M MPEOOPa30BhIBATH KAK HAIlle HACTOSIIEE, TaK U
Oynmymiee.

®opMHpOBaHUE JKOJIOTHUYECKOW KYJIBTYphl y CTYACHTOB YHHBEPCUTETa Kak
MPOLIECC IKOKYJIBTYPHOTO OOYYEHUsI, IMYHOCTHOTO CTaHOBIICHHS, B XOJIe KOTOPOTO

o6y11a101u1/Iec;1 IMOCJIACaA0BATCIBbHO OBJIAACBAIOT (bOpMaMI/I OKOJIOTHYC€CKOT'0 CO3HAHHA,
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OPUCYIIMMH DPA3IMYHBIM YpPOBHSM U (opMaM pa3BUTHs KYJIbTYphl, IPHUPOIBI U
YelloBeKa, KOTOpbIE CIOCOOCTBYIOT CaMOpeaau3allid MPUPOIHBIX BO3MOXKHOCTEH
MOJIOJIBIX JIFOJEH.

Hiusg  ¢opMupoBaHMs  JKOJOTMYECKM  aKTMBHOM  JIMYHOCTH  OyIyIlero
crenuagucTa HeooxoauMo 0oJiee AaKTUBHO pPa3BHUBATh OPUEHTALMIO BY30BCKOTO
oOpa3oBaHHsl Ha MEXKIUCIHUILUIMHAPHYIO KOOMEpAlUi0 3HAHUW W Ha TOBBIIICHHE
KauecTBa 3KOJOTMYECKON MOATOTOBKHU BBIITYCKHUKOB.

OTt0op CPEACTB B IPOLECCE COLUATBHO-3KOJOTMYECKOIO0 BOCIHTAHMS
ydaluxcs OCYLIECTBIIIETCS C YUYETOM €ro KOHKPETHBIX YCJIOBHM, BO3pacTHBIX
OCOOEHHOCTEN yuanuxcs, yueOHO-MaTepualbHOM 0a3bl, ONbITa NpOoEeCcCUOHATBLHON
NEeATENbHOCTH MpEnoaaBaTess. BpISIBIEHHbIE CpPEACTBA HCIOJNb3YIOTCS Kak B
Ipolecce HMHAWBHUIYabHOM paboThl CO CTyJEHTaMH, TaK M B TPYIMIOBOM,
¢dbpoHTanbHON U KOMOMHHMpPOBaHHOU (popmax. PaccmaTpuBaeMslil 3eMeHT mpoiiecca
COLIMAJIbHO-IKOJIOTUYECKOT0 BOCIUTAHUS Yy4YalUXCA, B CBOK O4YEpElb, SBIAETCA
COJIEp’KaHUEM OIPEAEICHHON MeJarOrnuecKoil TEXHOJIOTUH, peaau3ytoed pyHKuuu
U 3a/1a4M 3TOro mnpouecca. B To e BpeMs ucciieoBaHue Moka3ano He0OOXOAUMOCTb
JalbHEUIero  moucka A(PQPEKTUBHBIX  CPEACTB  COLHUAIBHO-3KOJIOTUYECKOTO
BOCHHUTAHUS yYalIUXCs, pa3pabOTKU AUArHOCTUYECKUX M OOYyYarolMUX TEXHOJOTHUH,
CO3/1aHHS  YCJIOBHMM, ONTUMHU3MPYIOIIMX B3aMMOJEHUCTBHUE MpENojaBareis U
y4dalmxcs.

DKOJIOro-npaBoBasi KyJbTypa CTYJIEHTOB - COLUOKYJIbTYpHAs W IICHUXOJIOTO-
nefarornyeckass mpoOiieMa TEepCleKTHBBl  HAMpaBICHUS W TEXHOJOTHMH B
oOpazoBatenbHOM cpene. [loBblaeT KOHKYPEHTOCIOCOOHOCTh — y4allMXCs B

npodecCUOHAILHON 1 OOIIIECTBEHHOU JIEITEIIBHOCTH.
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KAPITEL 8/ CHAPTER 8 °
TRUSH'S DISCOURSE ON THE PROSPECTS OF THE DEVELOPMENT OF
PHOTOGRAPHY AT THE BORDER OF THE 19TH - 20TH CENTURIES

DOI: 10.30890/2709-2313.2022-12-01-010

Beryn

HosgiTHiil peBomtouiiinuii Bunaxig Jlyi Harepa y XIX cr. mareporturis sika
mi3HiIe oTpuMaja Ha3By ¢otorpadii abo CBITIIMHM B YKpPaiHCbKOMY BapiaHTi Hajaja
MOXJIMBICTh TEXHIYHMMH 3aco0aMyd OTPUMYBAaTH pPEATICTUYHI JIeTali30BaHi
300pakeHHsI OTOUYI0UYOTO CBITY. OJHI 3 MEPIIMX XTO OIIHUB JOCTONHO MOMJIHBOCTI
BUHAX0Qy Oynu XynokHuku. Came MUTII MOYMHAIOUM 3 OCTaHHBOI uBepTi XX CT.
aKTUBHO OIAHOBYIOTh 1 KOPHUCTYIOTbCA HOBUM TEXHIYHHM 3acobom. Dortorpadiro
HA3UBAIOTh JICJABE HE OJHIEI0 3 MEPEAyMOB MOSIBU (DPaHIy3bKOTO IMIIPECIOHI3MY,
Teuli y AKii OCHOBHMM TBOPYHMM METOJOM OyJa (pikcarliss MUTI, CTaHy, HACTPOIO. 3a
JIOTIOMOTOI0 CBITJIMHU XYJO’KHUKH BHBYAIOTh PYyX, 3aBJIAUYIOUN HEl 3’ SBISETHCS HOBA
dbopMa KOMMIO3MIIT aHANOTIYHOI O (PparMeHTapHOrO Kaapy, >KUBOIMUCHI CIOXKETU
30aradyroThCsl CIIEHAMH TOBCSAKIEHHOTO JKUTTA. [CTOPUKH 1 TEOPETUKH MHCTELTBA 3
nosiBoro ¢ororpadii B3araii mepeadavaroTb cMepTh KuBomucy. [loer 1 KpUTHK
[Tapns bomnep cBoro uacy 3 cymMoM BiaMiuaB: «B kuBommci 1 CKyJbOTYpi
CHOTOIHIINIHE KpPEao IMUPOKOoi MmyOIsiku, ocobmuBo y Dpanmii take: «S Bipio y
npupoay 1 TIIBKK B HEl oaHy. S paxylo, 110 MHUCTEUTBO € HIIO 1HIIE, HIXK TOYHE
BIITBOPEHHSI MpUpoau». TakuM UYMHOM, TEXHIYHUM TPIOK, 3JaTHUA TOYHO

BIJITBOPUTH MPUPOJY, CTAHE HAUBUIIIIM MUCTEIITBOMY [1].

8.1. KornituBHuii nuconanc gororpadii i :xuBonucy

[IuTaHHS KOTHITUBHOTO JucoHaHCY QoTorpadii 1 >KUBOMHUCY, MalOyTHHOTO
HOBOTO 3ac00y OTpUMaHHS 300pakeHHS 1 TPATUIIHHUX, B TEPIITy Yepry TaKuxX SK
xuBomuC 1 rpadika, iX 0OOIOAHOTrO 3amepedeHHss ab0 B3aiMOJOMOBHEHHS CTOSIIO
AyXe roctpo. Bapiantu #oro pileHHs] BUKJIMKAIW MOJEMIKY, YACEIbHI CyNepeyKH B
MUCTEILKOMY CEpEIOBUIII 3 MOMEHTY ONpuItogHeHHs BuHaxoay larepa 1839 p. i He
NPUIIMHSIOTECS  HAa  ChOTOJHIMIHIA MomeHT. CBoe OadeHHS MPOOIEMATUKH

BUCJIOBIIIOBAJIM MPOBIIHI TeopeTuku MucTenTBa 1 ¢potorpadii XX cr. B T. 4. P. bapr,

8Authors: Yamash Yurii Volodymyrovych
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C. 3onrar, E. Becton, A. ®eitninrep, T. /1. [llapkoscki, JI. Moro#i-Hane Ta 1H11I.

«HaiBIIMBOBIIIMI PI3HOBU] IILOTO CTaBJIEHHS, — 3a3Havyana Cpro3eH 30HTar —
MOKHA 3HAWUTH B MAJSIPCTBI — MUCTEIITBI, B sike BAepiacs dotorpadis, BAAIOUNCH 13
caMOro TMOYaTKy J0 PEBOJIOLIMHOTO IIariaty, 1 3 skuMm ¢oTorpadis i goci
nepelyBae B CTaH1 HECTAMHOTO cynepHUITBay [2, C. 91]. 3a nommpeHuM ysBICHHIM
dotorpadis mpeTeHIyBada HAa MOHOIOJIK BHPIMIEHHS MHUCTEILKOTO 3aBIaHHS
JOKJIaJTHOTO BIATBOPEHHS peabHOCTI. 3a 11e Ha nyMKy ExBapna BectoHa Xy10KHUKH
Maju 6u OyTH ramboko Bas4HI. [2, ¢. 91].

Bigomuii ykpaiHCBhKMH XYHOXKHHMK 1 TEOpeTHUK MuctenTtBa IBan Tpym oauH 3
nepmux y XX CT. AOJTYYa€ThCA 10 JUCKYCIi 1 BUKJIa/la€ OCHOBHI MOJIOKEHHS CBOIX
NOTJISI/IIB HAa BUPIIIEHHS Mpobsiemu B cTarTsax «DoTorpadis 1 mryka MaaspcTBa» Ta
«3 wmamspcbkoi poOiTHi. Sk moBcTtae oOpa3» [3,4]. XyHAOKHUK € aKTUBHUM
OpUXUWIBHUKOM  (oTorpadii, MpakTUKye BHUKOPHUCTAaHHSA HOBOTO 3acoly y
’KUBOIMMCHUX 3aBJIaHHsIX. BiH BUBUMB 1 Ha (haxOoBOMY piBHI omaHyBaB ¢oTorpadiuny
TeXHIKYy. B oro MucrenbkoMy apceHanii 3HaXOJMBCS SIKICHUM 3py4yHUl (doToamapar
«Komak», B #ioro nbBIBCbKOMY OyauHKY Ha ByJ. OOBomoBiH, 28. (HMHI OyAMHOK
XMM no Byn. Tpyma, 28) Gyma obmamrosaHa (oTomabopaTopis. Ii 3amuriku
(oTo3061bIIyBaY) 11I€ 3HAXOAWIUCH Y MiABAILHOMY MPHUMIIIEHI My3€l0 B KiHI 90-X
pp. Ha ChOTOJIHI Haxajdb He 30epekeHi. AHanor QortorpadiuHoro amapary «3A
Folding Pocket Kodak» sikum BosoaiB xynoxkHuk, a came «Kodak Junior 620» B xoi1
Cy4yaCHOTO JIOCHIJ)KeHHs OyB BiIHaWICHWH, 3aKyIJIEHHH 1 T[eperaHuil 1o
HarionansHOTO My3€eto y JIbBOBI.

IcTropuku BBakatoTh IBana Tpyia onHUM 3 mepHIMX TEOpeTUKiB (oTorpadii B
["anuuuH1 BIABOASIYM MOMY pOJIb MaTpiapxa yKpaiHChKOiI €CTETUKU (POTOMHUCTELTBA:
«ITomMiTHOIO BiIXOK CTAHOBJICHHSI YKpaiHCBbKO1 ¢oTorpadii sIBIASETHCS IHTCHCHUBHE
3aHATTA (OTOTBOPUICTIO BUAATHOTO Xy0KHUKA [Bana Tpymay [5].

Tpym 3 mo3urlii XymaoKHUKa-)KUBOIHUCIS 1 ogHO4YacHO (oTorpada-mpakTuka
BHCBITIIIOE CBO€ OauyeHHA Ha MpaKTHUYHE 3acTOCyBaHHS (ororpadii y MHCTELbKIH
chepi 1 mporHosye ii MalWOyTHIA pO3BUTOK. Y CBOil cTarTi Tpyll TOBOPUTH MPO
BIJIHOCHY OOMEXEHICTh 1 €KCKJIIO3UBHICTh B HEJAJIEKOMY MHUHYJOMY (oTorpadii:
«Ile mo HemaBHa Hamexana mryka ¢oTtorpadidyHa TITBKO IO 10 HEYUCICHHUX
«BUOpaHnx». BukonyBanmu 1i cremiaiictu, Joau (paxoBi, 3BUYaliHI POOITHUKH IO
HANOUIBIIIN YacTH 1 BCIOJU JIIOU 0€3 HaWMEHBIIIOr0 apTUCTHYHOTO MiArOTOBIEHHS 1
cMaky». »[3, c. 98].

IIpo TpymieBy o06i3HaHICTh icTOpii ¢doTorpadii TOBOpUTh HOro 3ragka IMpo
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TpuBaMii Tiporiec gotorpadivuHoi 3’MWOMKH, SKUN SK BIJIOMO, Ha TMEPHIUX MOpax He
OyB MHUTTEBUH, 3aJIe)KaB BiJl TPUBAJIOCTI BUTPUMKH 1 TpeOa OyJio MO3yBaTH TOCTATHIO
KUTBKICTh XBUJIMH. Takuii akT MiT BiI0yBaTUCH JIUIIIE B YIIOPSAKOBAHOMY 1 IOCTATHBO
OCBITJIECHOMY MicIll. XyJ0KHUK Ma€e Ha yBa3i (poroarenbe siki B €Bpori 1 y JIbBOBI
00JIaIITOBYBAJIMCh HA TOPUIIIHUX MPUMIIICHHSIX, MaHCApAaX 1 MHU3aHMHAX 3 BEPXHIM
BiTpaXHUM BiKHOM. [Ipukmamom Takoro oOmamtyBaHHS (HOTOTpadiyHOTO ATEIHE B
kiami XIX cr. y JIbBOBi Oyna cneniaabHO oOjasHaHa HaI0y10Ba HA TOPHUILI TOTEIIO
«EBporneicekuii» (HUHI OyanHOK (inii « YKpekciMOaHky» Ha 1. A. Miukesuua,4). 3
gacoM, Biamivae Tpy1, cuTyariis 3MiHIOETbCs, hoTorpadist ctae GBI MOMTUPEHOTO 1
JTOCTYMHOI0, (doTrorpadiyHa TexXHIKa BJIOCKOHAITIOETHCS, TMPOILEC 3  aTelbe
MEPEHOCUTHCS Ha BIAKpUTHI mpocTip. HoBa cutyaiist 103Bojsie poOUTH 3HOMKY HE
TIJIBKWA Y COPUSITIUBY COHSYHY TMOTOMY, a 'y 3aXMapeHHil JAeHb 1 HaBITh y BEYOPi.
Tpym He MosSICHIOE TPUYUHY OCTAaHHIX MOKJIMBOCTEH, ajie BOHH 3 SBISIOTHCS KOJIU
30UIBIIY€ETHCSI YYTJIMBICTH IUTIBKH, ab0 QoTomiactud. BiH mpaBUIIBHO TMOSCHIOE
NOIIUPEHUN MOMHUT Ha (POTOTEXHIKY Yepe3 CYTTEBE 3ICIICBICHHS MPOAYKTY, HOTO
BJIOCKOHAJICHHS 1 CHOpOLIeHHS. Tpyml  aHami3ylo4d MpoLec  TEeXHIYHOTO
BJIOCKOHAJICHHS  (poTOamapaTy NPUIIYCKAETHCS TMOMHJIKH  CTBEPKYIOUH  IIO
MO>KJTUBICTh OJMCKaBUYHOI 3HOMKH CIE€H CIPHUYMHEHA BJIOCKOHAJICHHSM ONTHKH 1
30KkpemMa 00’ekTnBY. HacrmpaBmai mporpec BiOyBaeThCsl 32 paxyHOK BIOCKOHAJTICHHS
3aTBOPHOTO MeXaHi3My, xo4ya TpyimieBa MO3uIlisl 3po3yMiJia KOJM BiH MEPEPaxoBYye
HOBI MOYJIMBOCTI.

Cepen TOTEHIIMHUX KaTEropid CIOXUBAYiB XyJOXKHUK BiMIYa€ HACTYIIHI:
«®Dotorpadiunuii  amapaT, TONMaBIIM B PYKH XEMIKiB, apTUCTIB, B3arail
IHJIETITEHTHIAIINX JIFOAEH, CTaB MAIIMHOIO, IKOK BUOpaH1 NPOAYyKYIOTh TiJIHY Ha3BU
apTuctTuuHux TBOPiIB» [3, ¢. 98]. Cepen uiei rpynu Tpyir BuaUISE XyAO0KHHKIB:
«Bpockonanenuit ¢pororpadiuyHuil anapat 1 ynpoiueHa MaHIMyJISIis CTadd BEJIUKOIO
BEJIMKOIO MOMIYY JUIs apTUCTIB, XO4Ya B JIy’)K€ OTPaHMYCHHMX BHIIAJKax 1 TUIBKO B
MeBHIM manpsMky» [3, ¢. 98]. dotorpadis He 3aMiHsI€ TBOPUOI Mpalll XyI0KHHKA,
ajie € JONMOMDKHHUM 3acO00M SKMH MOXKE CYTTEBO CIPOCTUTH, ab0 TOKpAIIUTH
MHUCTELbKHM Tiporiec. Ha ¥oro aqymky Haitoinbina kopucth doTtorpadii mossrae B ii
MOXKJTUBOCTSX (PIKCyBaTH «OJUCKaBUYHHI) pyX SIKHH CKJIATHO BJIOBHUTHU JIIOJICHKHM
okoM. BiH KOpOTKO mepepaxoBye aHaJOTI4HI KOPUCHI CHUTyalii 1 MOMEHTH 3
TAHIIOIOYMMH JTIOJbMHU, KIHBMH II0 MYaTh TajolOM, HA0IralOYUMH MOPCHKUMH
XBWISAMH, CKJIaJHUMU OaraTtojeTaibHUMU (opMaMu JepeB 1 KBITIB, JIeABE

BJIOBUMHUMU TIPOSIBAMHM MIMIKH JIFOJCBKUX 00au4b. TpyIn He ieani3ye 1ei mMo3UTHB:
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«B TiM HanpsaMKy nae GortorpadiuHuiil anapaT HE Bce, alie BCE K TaKU Tak Oarato, 1o
TaJaHOBUTHUH 1 BUIIIKOJICHUH apTUCT MOKE KOPUCTATH 3 HHOTO B 0ararbOx BUIIAIKAX)
[3, c. 98].

Tpym sikuii HABOIUTH MPUKIIAA 3 KIHBMU 110 MYaTh TAJIONIOM JyXe ONMU3bKUH B
PO3YMIHHSIX TPOOJEMAaTUKH SKY YCHIIIHO BHUPINIYE OpHUTaHO-aMEPUKAHCHKUMN
dotorpad Ensapa Maiiopimk (1830 - 1904) B ocranniit uBepti XIX cr. HaBith
OepelTopu CBOTO 4acy HE CIPOMOXKH1 OyJIM TaTh TOYHY BiJMOBIAL UM BiIPUBAETHCS
KiHB 1[0 MUUTH TaJIO0MOM MOBHICTIO Bif 3emuti. Came cymnepedka 3 1bOT0 MUTAHHS Mk
kanidopHiiicbkkuM ryoepratopom Jlinengom CtendopaoM 1 HOro OMOHEHTOM, iX mapi
npuBesia 10 MPOBAHKCHHS HAYKOBOTO EKCIIEPHMEHTY 3a JOMOMOTOI0 CIeliadbHOl
ainstHkn  —  GoTtoapomy. [ocmimkenHs ¢oTorpadiuHUMU  METOJAMU MPOBOJUB
Maii6pimk. Ha ¢ortogpomi Oysio copyIkeHO TOBrY OUTy CTiHY, 3 TMPOTHICKHOI
cTopoHU OOjamToBaHo 24 kabinum 3 ¢doTtokamepamm» [6]. s koHTpacTy 3 OLMM
TJI0M OyJin 0O0paHi YOPHI KOHI SK1 Mig Yac Oiry mo JiepeB’stHOMY TPEKy TOPKArO4YHUCh
JOJIBKH 3alyCKalld MeXaHi3M 3’€THaHWi 3 3aTBOpoM QoToamnapara. TakuM YUHOM
dotorpad dikcyBaB Bci a3 pyxy KoHeW. 3a KOKHHM 3a0ir MaiOpimx oTpuMyBaB
24 3HUMKHA, B TOMY YHCIl KaJIpH $KI JOBOJWIA IO BCl YOTUPU HOTU KOHSA
BIIPUBAIOTHCS BI 3eMyi Tij 4ac ramomy. I[li3Himme aHaloOTidHI EKCIEPUMEHTH
dbortorpad Oyme mpoBoAUTH 3 J0AbMHU (poTorpadiuHo (PIKCYHOUU PyXH MPH XOAKOI,
migioMi  mo cxonxax, ¢asu 1o3 TaHIIOBAJBHUX Tap. 3a MIATPUMKOIO
[lencinpbBaHCHKOTO yHIBepcuTeTY MalOpiK OMPUIIOAHUB CBOi AOCTIKEHHS y 11-
TH TOMHII npaii «Pyx TBapu: enexTporpadiuHi JOCTIIKEHHS MOCIIIOBHUX (a3 pyxy
tBapun» 1887 p. B ansbomu ysiiinwo monaa 100 tuc citiaud. [lizaime 1901 p.
BUHIIIA IPYKOM ioro kHura «Dirypa iqroauau B pyci» [6]. 3ramani BumanHs Oynu y
CBilf wac momymspHuUMHU. Bimomo mio [lera xopucTyBaBcsS NMMH KHUTaMHU i pOOWB 3
HUX 3aMalIbOBKU. EBeHTyanpHO Tpyln TakoK MIT 4yTH PO JOCTiKeHHs Maiopimka
1 MOXJIMBO HaBITh OyTH 3HAHOMHUU 3 MOTO MOCHIKCHHSIMH. Y JIbBIBCBKOMY Kade
«MoHOTIONIb) JIeABE HE KOXKHOTO THS 3a (PUTDKAHKOIO KaBW B TOBAPHCTBI KOJIET BiH
MEeperyisiiaB  MHUCTEIbKY TIEPIOANKY sIKa MOTJa MICTUTH CBITJIMHH OpHTaHO-
amepukaHchkoro ¢ororpada abo 3raaky mnpo Horo ekcrepumeHtd. lle Oymu
nepeBakHO HiMenbki >kypHamu «®Pmirenae bmsarrep» 1 «Cimmminiccimyc». [7].
MipkyBannst Tpy1ia CTOCOBHO TBapHHHOT JIOKOMOIIIT TO3BOJISTFOTH BCE K MPUITYCTUTH
foro o0i13HaHICTh 110 10 MaitOpimkcbkux ekcriepumenTiB. [po e Bin nume: «I pyx,
HaIPUKJIaJl, KOHS, YOJOBIKa, BUAUTE (oTorpadiuHuil amapar TPOXHU iHAKIIE, SK HOTro

oOcepBye noacbke oko. DoTorpadis BiAAa€ TUI, CKaXKEM OJHY CEKYHIY PYXY, KOJIH
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pyX 3a00CepBOBaHUI YOJOBIKOM, 3aHOTOBAHHI apTUCTOM, € PE3yJIhTaTOM JOBIIOTO
Jyacy, KUIbKO CcekyHn uacom» [3, c. 98]. HocmimkenHs MaiiOpimxka aeTani3yor
MIPOIIEC PyXY, JAIOTh PO3KAAPOBKY YaCOBHUX 3MiH (POPMHU 1 1€ Ma€ SK MO3UTUBHI TaK 1
HETaTHBHI MOMEHTH AJi1 MUCTeNbKoi cepu. Tpym mpo me numre: «Xto OyBae Ha
GOTOIUICTHYHUX TMaHOpaMax, MyciB HE pa3 3AUBYBaTH Cs, IO PYXH JFOJCHKUX
nocratuif, xoda ix ¢ortorpadiuyHuil amapaT JIOBUTh «HAa TOPSYUM YUYHHKY», HE
BIJIMOBIIal0TH 00cepBallii; KOHI B OIry BUIIISAAIOTH K OM PanTOBO 3aKaMEHIIH, 1Tydi
JIOAM BUTIIAJAIOTH YacTo, K OW OyiM MpUKOBaHI 10 3eMJii, ab0 poOIsITh BpaKEHE,
10 HE XOJATh M0 3eMJI1, ajie Mo KJIeHWKiA MaTepii, BiJ K01 He MOXKYTb BIJIIPBATH HII
[3, c. 98]. Otox, sIKiCHa CBITJIMHA, Y CY4YaCHOMY TJIyMaue€HHi, sika (piKcye pyx Npu
JOCTaTHROMY OCBITJIEHH] 3 MiIHIMAJbHUMHU MOKa3HUKaMU BUTPUMKH, Hampukiag B -
500, abo B aBTOMaTtM4HOMY pexumi «CropT», 3 3aCTOCYBaHHSIM CTa01II3yI040ro
00’€KTUBY JO3BOJISIE OTPUMATH UITKE 300pa)keHHs 3 MPOPOOKOI0 JeTanei Ta
BHUPA3HUM PHUCYHKOM ITOTaHO Tepeaac BaKIUBY CyTh MPOLIECY — JUHAMIKY.

BaxxnuBuM B KOHTEKCTI MUTAaHHA € Te 10 Tpym Tak camo sk 1 MaiOpimx
po3ymie mo came (ororpadiss MOXKe HaTH BIAMOBIAI SK BIIOYBAETHCA PYyX ¥
HaWMEHIIX ApPIOHUIX, BIANOBIAI Ha $KI JIIOJICBKE OKO HE 30BCIM CIIPOMOXHE
BipearyBaTu. Aje Tpy iie Aail y BUCHOBKAaX B KOHTEKCTI 00pa30TBOPUYUX 3aBAaHb
1 IPOTUPIUUAX MK CTaTHKOIO GoTorpadii 1 )KUBOMHUCHOIO TUHAMIKOIO.

XyI0)KHUK JaJieKuid 100 iaeanizyBatu (ortorpadiro 1 BiH NPSIMO TPO IIe
ropoputh: «Crninmo 3a amapaToM HE MOXKHa WTH, 00 MDK BiIOMpaHEM BpaKiHb
JIOACHKUM OKOM 1 poTOrpadpiyHUM arapaToM € JOCUTh BeJIMKa PLKHHUIL » [3, c. 98].
Bin numie npo KOHKpETHHI BaXKIMBHUH 1 B1IOMHI nuiie (HaxiBUSIMU HEIOMIK YOPHO-
017101 hoTorpadii MO CTOCYETHCS HE CIPUUHSTTS CBITOUYTIMBHUM IIAPOM TUTIBKH 200
TUTACTUHU YEePBOHOI TPyNH CIEeKTpy. Tpymr 3a3Havae : «... poTtorpadiuna rumra, Ha
AKY TIPOEKTYETH Cs1 00pa3 1 Ha SKiM BiH yTPUBAIIOETH CSl, € HEBPA3JIMBA HA TaK 3BaHi
TeITI KOJBOPU, Ce0TO JKOBTI 1 BCSAKI 1HINI, B SKI BXOIWUTH NMEBHE KBAHTYM >KOBTOT
(momapanueBoi ) kpacku. Cs xuba mMae qyke 4acTo BIUIMB 1 HA PUCYHOK, O CKIJIBKO
BIH 3aJI)KHUN BiJ KOJIbOPY, a ce OyBae ayke dacto B mnpupordi» [3, c. 98]. Tpym
HABOJIUTh MPUKJIAJ 3 CHHIMH TIHAMH Ha CHITY, IO OCBITJICHHMH COHIIEM, SIKI HE
MPOSIBIISATHCS HA HETaTUBHIN (OTOIIACTHHI, a MI3HIIIE M1/ Yac MO3UTUBHOTO MPOLECY
Ha ¢oronanepi. HaToMicTh KOBTI IUISIMH SIK1 JIFOACHKE OKO HE MOMIYa€ Ha HATypi
3 ABISITHCS HAa (HOTOBILAOUTKY. 3pO3yMijio 11O MOBa Hae HE TPO TUIAMH 3 SKOCTSIMH
KOJIbOPY. TaKi MIsiMU MOSBJISIIOTHCS K TOHAIBHI OCKIJIBKM MOBA ¥jie TIPO YOpHO-011y

dboTorpadiro.
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Y CBOiX HaykKoBHX BHKJanax Tpyll MOpPUIYCKAETbCS CYTTEBOI TMOXUOKH
npunucyoun ¢ororpadii MO3UTHUBHI IKOCTI B Mepeaadi JiHIHHOI nepcrnekTuBy. Bin
mpo 1e mnume: «...Biggae ¢oTorpadis HE3PIBHAHHO J00pe MepCHeKTUBHE
CKOpoueHHs1, 060 mpupoaa B dororpadiuniM oToamapari € CKIHUCHO MPaBUIHHOIO
NPOEKIIEl0 Ha IUomuHy. [IpaBuibHa MNpPOEKIiss TPEAMETIB Ha IUIOMIMHY € 1
KOHCTPYKTHMBHOIO MiJICTaBOI0 00pa3a, a TO B HampsAMI iX MPOIMOPIIii, B HAmpsAMI iX
MPOTIOPITIOHANIBHOT BenmuuHm» [3, ¢. 98]. Ha choromuimHiii neHbh HABITH HOBITHA
dotororpadpiuna Texuika XIX cT. He 3M031 0€3 BHUKPHUBJICHHS TE€penaTu
MEepPCIeKTUBHE CKOPOYEHHS. 3BUYAHO, € BIJANOBIAHI KOMIT' FOTepHI rpadivHi
PEIaKTOpH K1 HIITXOM 00pOOKHU OI11(PpOBaHOTO 300paKEHHS 103BOJISIIOTH TOCATHYTH
HaJIeKHOTO pe3ynbrary. Ha 3aran HailicydacHimi (oToo0’€KTUBH BiJl IKUX 3aJICKHUTh
AKICTh Yepe3 HaABHICTh e(deKTiB cdepuyHoi oOepamii 1 AUCTOPCii (PIKCYIOTH
NEPCIIEKTUBHE CKOPOUYEHHS SIKE€ HE BIANOBIJAE peanbHI KapTuHI. AHaIoriyHa
HeBiqMOBinHicTh 3a uaciB Tpyma Oyma e O6iIbmr HpoGreMaTHdHO0. Moro
CTBEpJ/KEHHsSI 0Oa3zyBajioch JuIle Ha ToMy 110 (ortorpadiuHe 300pakeHHS 1
3apikcoBaHl HA HBOMY 00 €KTH NIHCHO MalM O3HAKH JIHIMHOI MEepCHeKTUBU. TpyII
noMmivaB IIe, aji€ caM HIKOJHM HE TepeBIpsAB 1 HE MepecBiAuyBaBCsS B IX BIPHOCTI
OCKIIbKM OCHOBHE MpPaBWJIO MEPCHEKTUBU - MapalieibHl JiHIT CXOASATHCS B OJAHIN
TOYIll Ha JIHII TOPU3OHTY, 3aCTOCOBYBAJIOCH IIEPEBAKHO B YpOaHICTUUHHUX
KOMITO3UIIIsIX, a He B mei3axi. Came 3 1IbOr0 BUTIKAE MOTO XMOHE CTBEPKECHHS,
OCKUIbKM XYJIO)KHHUK TE€PEeBaXHO TMpAIlOBaB y JKaHpl e JiHIHA MepCreKTHBa
MPAKTUYHO HE 3aCTOCOBYBAJIaCh, a00 HE BiJIrpaBajia 3HAYHOI POIIL.

S0 BIAHOCHO JIIHIMHOT MEPCHEeKTHBH y GoTorpadiyHoMy 300paxkeHH1 Tpyd
NOMWISIETbCSI, TO CTOCOBHO TIOBITPSIHOI MEpPCNEKTUBU BIH POOUTH MpaBUIIbHI
BHUCHOBKH. XYJI0)KHUK HE BXXMBAE TEPMiHY MOBITPSHA MEPCIEKTURA, ajle Ma€e Ha yBa3i
came 1e MOHATTSA. Bin BOauae: «...pi3HUI MDK QoTorpapiyHUM pPHUCYHKOM 1
PUCYHKOM AapTUCTHYHUM 3HAYHA, YacTO HaBITh Ayke Benuka. [loMuHYBIIN Yyxe
HEMPAaBUIbHICTh Y BIAJaHIO KOIbOpY ¢ororpadieio, Mae GororpadiyHuii anapar Te
1o cebe, MO BiH BUAWTH YCE€ OJHAKOBO: UM TO MPEIMET, TIAHUM yBaru, 4 COTKH
NpiOHUIIb, SIKI B TAPMOHIT HE rpaloTh Hiskoi poai» [3, ¢. 98]. [nmuMu cioBamu Ha
CBITJIMHI XYJOKHUK HE TOMIYa€ TOHAJIBHOI BIIMIHHOCTI, BUOIPKOBOCTI, HAJEKHOTO
aKLEHTYBaHHs, a00 HaBMAaKU MPUCYTHICTh MPOPOOKH HEMOTPIOHHX HAeTaneil ki B
[IJIOMY 3allIKO/DKYIOTh TOSIBI TapMOHIMHUX sIKOCTell. TexHika HE MOXe 3aMIHUTH
JTOJUHY-TBOPLS: «AmapaT HE MOXE HIYOTO BHOpAaTH, HE MOXKE HENmOTpiOHOTO

MOMUHYTH; BIH apTUCT KpaiHO TOYHUH, aje MiIKoM OexayiHui» [3, c. 98].
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8.2. Kouisii ¢pororpadii i ;kuBonucy y neizaxHoMy i NOPTPETHOMY KaHPi.

VY cBoiii ctarti Tpym sk meid3aXUCT OCOONUBY yBary MPHIAUISE MOIIUPEHOMY
KaHpy KpaeBuay 3 mosuilli Qortorpadii 1 xuBomucy. BiH HaBOAUTH TPHUKIIAJ
YSIBJICHOTO HIMPOKOTO TIOJIS IO TATHETHCS 10 CaMOr0 HEOOCXMITYy B MOMEHT 3aXOJy
conud. Ilocepen piBHMHU Ha cepeHbOMY IJIaHI BUCOYi€ OUITHI 3pyHHOBAHHUA Myp
naBHbOI (hopTudikarii. He6o Hamx 3aBMEPIIOIO B 11l XBIJIMHU 3€MJICIO TIAJIA€ B TApSTIUX
MPOMEHSX COHI. XYAOXKHHUK aHamidye cutyamito: «dortorpad He BUTATHE 3 TaKOi
rapMOHIi HiYOTO, apTHCT Iyke Oarato. TyT rpae KoJb0p, pUCYHKOBOTO BHUpa3y HeMa.
Jle KoJbop TBOPUTH AyIly Npupoau, Tam doTtorpadis, 6omait potorpadis B Tii cTaaii
PO3BOIO, SIKY MU HUHI 3HAEMO, HE BIi€ HioTo» [3, ¢. 99]. JloBoM BIydYHE YTOYHEHHS
KOJH aBTOPOM poOuThcs mompaBka Ha uac. CywyacHa B TOMy uucial 1ugposa
doTorpadis sika onepye KOJIbOPOM J0JIA€ 1Iel HEJOIIK 1 MOXKe TepeaaTH BCl HIOAHCH
3aXOIUTIOI0YO0T KApTUHU BEUIPHBHOTO 3aX0/y. AJle 11€ TIOJ0JIaHHS HE HaJajo IMmepeBaru
dboTorpadii Haa KUBOMUCHUMHU 3aco0amu. TpyIl BU3HAYAE 32 KUBOIKMCOM IEPIIICTh
BIJITBOPEHHSI 300paX€HHS KOJOPUCTUYHUMH MeToAaMH, 3a (ororpadiero BH3HAE
IpeporaTuBy y TOUHIH JNiHIMHIN nepenadi: «BoHa Tam maHom e maHye pucyHOK» [3,
c. 99]. B mpotuBary came KOJip MOXE MepeAaTH YapiBHICTh Mi3HBOTO BEYOpa,
«edekTu 1 HacTpoi HoU» [3, ¢. 99]. Xyn0KHUK 3HOB HABOJUTh MPUKIAJ 3 KPAEBUIOM
Jie Ha TIMAHOMY TIPYHTI 3pOCTalOTh JAepeBa, ad0 BHCOUIIOTH BITPSKHU IO CATAIOTh
CBOIMH BepxaMH XMap B TakoMy KpaeBuji (oTtorpadis cipoMoxHa MepeaaT JHIIe
MOJIOBUHY Kpacu. B HacTymHOMYy yMOBHOMY HaBEJACHOMY BUIAJKY CBITJIMHA TaKOX
nporpae: «Komu Buiinuio 6u cdororpadyBaTH MHUPOKHUIM CTem, 3acisHUI IBiTaMH,
cepell IKUX CTUpYaTh MOJICKYIH JIepeBa, abo Kopyi, a Ha OJIU3IIIM a00 JalnbHIM IUISHI
BUJIHIIOTh HAIPUKIIAJ JIFOJCHKI moctati — TaMm (ortorpadis 6e3cmibHa, 00 HE MOXKE
JTUBUATUCH SIK apTUCT JIFOJICBKUM OKOM, a JIUI Oe3MyIrHuM MexaHi3Mom» [3, c. 99].
®dororpadis Ha nymKy Tpyma moxe 3adikcyBaTH THCSYl MOOAMHOKHX CTeOe,
KBITIB, THCSYy JHCTKIB Ha JepeBax, TOOTO aeTtaseld sKi HE IaayTh TapMOHIi
300paXeHHIO, aJie BOHA HE 3/1aTHA TepeJaTH IOBKOBUCTICTh 1 M SKICTh TpaB’sTHOTO
nokpoBy. Came XyHAOXKHHK Mae CBOOOAY 1 MOMKIHMBICTh BITbHO KOMIIOHYBAaTH
300pakeHHsI, TIIKPECITIOBATH 1 aKIEHTYyBaTH, HAOMMKaTH abo0 BIIJAISITH IUJIaHU.
CyuacHi Qororpadiuni 3acobu, mudposa Gortorpadis, KOMII IOTEPHI peIaKTOpU
J03BOJISIIOTH MPOBAIUTH aHAJOTIYHI omeparii. MK TUM XyAOKHHK MpaBUi 1 Horo
CTBEP/KEHHSI € aKTyaJIbHUMHU 1 ChOTOJHI - ¢oTorpadis He mojojana MepeBaru

JKUBOIKMCY 1 JIMIIAETHCS JIUIIE 1HCTPYMEHTOM B 00pa3oTBopuiil cdepi. Tpym
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MIIKPECIIoE: «APTUCT Ma€ CBOOOAY 1 CIPOMOTY MITYEPKYyBaTH yce, IO 3adaxae,
MOYaBIIY BiJ MEPIIOTO MJIAHy a)X 0 FOPU30HTY, MOYABIIM BiA 3eMJIl aX JO KPOH
nepeBi 1 xmap.» [3, c¢. 99]. Jlam BiH momae: «He roBoputH TyT yKe TpO CBOOOTY
nepeiHavyyBaTH MOTHMBM 1 HaruHaTH iX B MEBHIM IiJIl JO BIOAOOM, IO B amapari, a
HaBITh TOTIM Ha KIHIM poOOTH Ha (ororpadiyHiM manepi BUKOHATH MPOCTO HE
MOKJIUBOY» [3, ¢. 99].

Kirouose nonosxennst Tpyma B Teopii ¢oTtorpadii ne ominka ii MOXIHBOCTEH
yepe3 MpPU3My MHCTEUBKHX 3aBJaHb SIKI CTOSITh IEpel MUTIIEM IpPU CTBOPEHHI
XyJI0XHbOro TBOpy. Ilepmmii eran mporo mpouecy 3apojukeHHs inei. pyruii erarn
30ip Marepiaily, Jaji TpeTil - ecKi3yBaHHS 1 4YeTBEpPTHHl MOOyJAOBa KOMITO3MIIII,
OCTaHHIW I’SITM BUKOHAHHS 1 3aBeplIeHHsA TBOpy. [lepmmii eran oOxoauThest 0e3
¢dororpadii. Sk HOBomMy TexHiuHOMY 3aco0y Tpyml BiTBOAWTH KOHKPETHE MiCLiE B
TBOpUOMY Tpoleci. XyJA0KHUK po3kiagae Bce mo monuusax: «He Bce 3HaxoauTh
apTHCT TOTOBUM Kpa€BUJl Y MPUPOJi, HE BCE TaKUW KYCOK 3€MJIi, 1[0 3 HETrO TIJIbKU
nenio Tpedba yCyHyTH, abo Mig4epKHYTH — 4acTo OyBae€ Tak, 110 Ha oOpa3-KpaeBU/I,
Tpeba ckiaaatu Oiible MOTHBIB, 310paHUX Ha PI3HUX MicUSIX. ApPTUCT 30upae ToAi
NOTPIOHI CTy[li 3 HPUPOIM 1 KOMIIOHYE 3 HUX OJHY OpraHiuyHy IiIiTh J0oMa y
poOitHI» [3, c. 99]. Takum unnom Tpym BigBoauTH Micue ¢oTorpadii y apyromy
eTari — 301p MaTepialy 1 TPEThOMY YETBEPTOMY €Talll KOJU CBITJIIMHA JIATa€ B OCHOBY
HayepKy 1 Jlajil BKIIOYAETHCS B OpraHizallilo mpocTopy KapTuHu. Moxe OyTH 4UCTO
¢dororpadiuyHMil METOA CTBOPEHHS MHUCTELBKOTO TBOPY KOJIU XYAOXHUK (PaKTUIHO
KOINIIOE HATypHHUM crokeT. Tpym Takuii Mmeton Biakumae: «KpaeBum cTBopeHmit
JIOPOTOI0 KOMITO3UIIIi Ma€ 3BUYAHO OUIbIIE 3MICTY K MPUKIAJAO0M HalIeHUuH, TOMY
1 O1IBIIIE IPOMOBJISIE 10 BUALIBY [3, . 99].

Omun  dotorpadiunmii  neizaxxkuuii  croxker «MoTtuB 13 Abamii» b.
u1m0BChKOr0 XyMOKHUK MAIATAE PI3KOT KPUTHKH, 3apaxoOBY€ CBITIIMHY 0
apTUCTUYHOTO TBOPY HHU3BKOrO COpTy. MOXKIMBO 100 HAaBECTH y CBOIM CTarTTi
«DoTtorpadis 1 mWTyKa MaISIPCTBa» MPUKIAJ 1 aHa3 mei3axkHoi ¢oTorpadii BiH K
penakTop mnoMimae ii y «ApPTUCTUYHOMY BICHHMKY». 3rajlaHy CBITIMHY Tpy
BIJIHOCUTH JI0 PETMOPTEPCHKOI KaTeropii, Xxoua TepMiH 1iei He BkuBae. BiH He paxye 1i
XyIOXXKHBOIO (poTorpadiero 1 MosACHIOE 4doMmy: «BoHa MpOAYKT HE TOIUBY IS
OPUPOAU, SIKOTO MOMEHTYy ab0 MOTHBY, a OakaHHS 3aHOTyBaTh CO01 MEBHHIA
XapaKTepUCTUYHUN KpaeBHA, IO MPEACTaBIs€ JhOKAIbHUM BUIJISIL  JAHOT
MmicueBocTi» [3, c. 101]. Tepmin «mmoguBy» KWW BKUBAE aBTOP € CHHOHIMOM TEPMIiHY

«BPAXKEHHS» 1 B IbOMY BUNIAAKY TpyIl B 4eproBuil pa3 BUKa3zye cede K NPUXUIbHUK
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immpecionismy. Moro BaxiuBa BHMoOra 10 XymoxHboOI (oTorpadii sk TBOpY
MUCTEITBA, a caMe Tepeadya BpaKeHHsI Ma€ SIBHE IMIPECIOHICTHYHE 3a0apBICHHS.
Kareropii ¢ororpadii sixki He MalOTh MPaBO MPETEHIYBaTH HA MUCTEILKUN CTATyC 3a
BU3HAYEHHsIM Tpylia MaloTh 03Haku: «MoTuBu TonorpadiyuHi 1 eTHorpadiyuHi, sKi He
BU3HAYAIOTh CS APTUCTUYHUM MOMEHTOM, TO 3HAYUTh HE € MPOSIBOM 1HI1BITyaIbHOTO
KUTSI, a00 Ayl YoJjoBiKa ab0 MPUPOAM B3araii, HE MPEACTABIAIOTHANSA IMITYKH
HisiKOTO 1HTEpECcy» [3, ¢. 99].

B mnpotuBary cBiTimau Ilunnocekoro Tpymr HaBoauTh MOOpUI TpHUKIIAT
doTorpadiunoro kpaeBugy P. bxe31HCHKOTO 3a CIOKETOM MOPCHKOTO OKa KMl Tak
caMoO JpPYKy€ B KypHaji. Y IbOMY BUIAAKy BiH HE pOOUTH AETAIBHOIO aHami3y,
numie kKoHcTtatye «®Portorpadiuna 3uumMKka P. BxkesiHCbKOro BHU3HAYae Csi TapHUM
BUOOPOM TEeMHM 1 HaA3BHUAWHO NOOpUM YHITEM MOTHBY B pamm» [3, c. 99]. Cruix
3a3HauMTH 110 TpyI BXKMBA€E CIOBO «paMU» HE B MPAMOMY TIyMau€HHI 0OpaMiIeHHS
TBOPY Yy BIANOBIIHMUM Oarer, a Mae Ha yBa3l KaJpyBaHHS MOTHUBY Ha npodeciitHii
MOBI poTorpacda, abo KOMIIOHYBaHHS HAa MOB1 (JaXOBOTO XYJI0KHHUKA.

binemoro 3nauenHs Qororpadii Tpym BiIBOAUTH y MOPTPETHOMY >KaHPI
OCKUIBKM BOHA MOXE TepeaaTH BIPHO MPOMOPLIi JIOJUHH, APiOHI AeTanl 1 HIOAHCH.
XyA0KHUK aKTUBHO BUKOPUCTOBYE CBITIMHY Y KUBOMHMCHI MPAKTHII PU BUKOHAHHI
noptpeTiB. 31 CBITJIMHU BiH Mamioe mnoptpetu Tapaca IlleBueHka, kapauHaia
CemOparoBuyua, IBana ®panka, Muxaina JIparomanosa, IOmniyma Croarbkoro,
€nizaBetn Minapgosuu 1 iHm. Y XX- XXI cr. aHamoriyHa mpakTHKa MPUYOMY B
PI3HOMaHITHHX TMPOSBAaX 1 acleKTax CTa€ TMOIIMPEHOI 1 PO3MOBCIOKEHOIO B
XyInoxkHIH cdepi. B 11boMy KOHTEKCTI XapaKTEpHHM MPUKIAIOM MOXE CIYTyBaTH
TBOPYICTh BCECBITHROBIJIOMUX XY10)KHUKIB DpeHcica bekona, Enai Boprona Ta iHi.

Mix tum Tpym He ineanizye ororpadiunuii moptpeT. CBITIIMHA TaKOXK MOXKE
OyTH TATOTOBYMM MaTepiajioM MpH HAMHUCaHI KUBOIMMUCHOTO o0Opa3y. CamMoCTiiHMIA
xapaktep (ororpagiyHOro MOPTPETy SK MHUCTEHBKOrO TBOPY MNPUIYCTUMHI aje
MOCTYNAEThCS aHAIOTTYHOMY >KMBOINUCHOMY. Tpyin nosicHioe: «Mix (oTtorpadiero a
nobpe HaMajlbOBaHMM TMOPTPETOM € BeJIMKa PULKHUI: ¢oTorpadis CXBaTUTh
3HAMEHUTO OJIHY XBHWJIIO, OJCH KECT, HalyacTille SK pa3 Takuid, 110 B HIM HE
MPOSIBIISIETHCSL XapakTep MO3YHUYOro, KOJMM Malsdp MNPUTISAAlouucs TOAMHAMU Ha
JUIS 4OJIOBIKA, MOTpaduTh 310paTv y OAHI IINiCTh yci MOMEHTH Ta YCi pyXH, 1
BJIaCHE Taki MOMEHTa 1 TaKuh pyXd, SKI € BHUIUIMBOM MOpPaJbHOI Baayl Ta
(i310710T19HOT Opraxizailii 4osoBika. He 3ragyro TyT yke mpo Kpacky Juis 1 4ept. bo

ce noMuHae ¢otorpadist 30BCIM, JJIsl TOTO BUXOIATh Ha KIIillll B OJHIM TOH1 aHeMidHa

MONOGRAPH 149 ISBN 978-3-949059-59-9



1S
S

Innovation in modern science ‘ 2022 Part 1 %

CYXITHUIIS 1 pyMSHHM, COHIIEM ONaJieHui Moyoeub [4].

Teza Tpyma 30iraeTscs 3 CyKEHHSIMH XYJIOKHHKA 1 TEOpPETHKAa MHCTENTBa I.
Kpamcpkoro skuit HarojomryBaB 1o (ororpadiss pimko mae cyMy BCHOTO, IO
o0Myusl MOAWHU B ceOe BKiIouae [8, ¢. 92]. AHaAJIOTIUYHOI AYMKH JOJACPKYEThCS
Bonkos-JlanHiT sikuii cTtBepixkye: «KuBomuceup mnuine KapTUHY IO 3CKU3aM H
stiogaMm. Co3maBas TOPTPET, OH MOXKET mepepadaThiBaTh MaTepuan HaTyphl,
YCWJIMBAaTh SKCIPECCHIO OTHACNbHBIX uepT Juna. Henb3ss JOKyMEHTallbHOE
n300paxkeHre MOJMEHUTh MOHTA)XHOM amNIUIMKaIel, COCTaBUB JIMIIO YeJIOBEKa W3
HECKOJIbKUX KaapoB» [8, c. 103].

Jist  3pydHOCTI  aHamizy KOHUenTy Tpyma JopedyHO  CKOPUCTaTHCh
TEPMIHOJIOTIEI0 3anmporoHoBaHo0 P. bapToMm sikuii B CBOIX AOCTIHKEHHSIX MiAHIMAE
JAOTWYHI MUTaHHS MeTonosorii 1 ¢ginocodii dotorpadii. PpaHiry3bKuil AOCTITHUK
BBOJIUTH Taki MoHATTA sk Omeparop (Operator) — pororpad, Crnexratop (Spektator)
msiaad, cnoxkuad dotorpadii, Ciektpym (Spectrum) — HaTypa, JHOJMHA 10 TO3YE
s opTpety [9, ¢. 112]. s OnepaTtopa BIATBOPUTH MOA10HO 00pa3 CriekTpyma Ha
narnepi 4u MmojoTHi, 1 Tpymn mpo 1ie nuine, e He TUThKY MepeaaTH TOYHO 3arajibHi
MPOTOPINi Tifa, puUcCH OOIWYYSI, TOOTO 1HAWBIMyaNbHI TPUKMETH 1 OCOOIHMBOCTI
OKpeMux (GopM 3a TOMOMOTOI0 KOJIbOPY , @ i B MEpIy Yepry, mepeaaTH TyXOBHO
IHIUBIAYabHICTE  ocobuctocti. [3, c¢. 99]. Bin mnoscHioe: «J/lyxoBHa
1HIMBIAYaJIbHICT TIPOOMBAE CA B JIEP)KAHHIO TOCTaTH, I'Pl MYCKYJIIB Ha JIMIH, B
pyxax pyk 1 T. n. Piu mpupoana, mjo He MOXXHa A00pe BiAAaTH MOPTpeTa JHOAMHU
He3HaHo1 (otorpadoBu abo mamspesmw» [3, c. 99]. Leit Tpymesuit moctynar
CTBEPKY€E MPABHIIO 32 KM MOXKJIHMBA YCIIIIIHA peani3allis MOPTPETHOTO 3aBJaHHS
npu yMoBi 1o Onepatop Mae OyTu 3Haiomuii 31 CrieKTpyMOM, 3HATH TIPO HBOTO SIK
HaWOlIpIIe BIJ 3BUYOK, MaHEp, YMNOA00aHb JIO BajJ 1 YECHOT XapakrTepy,
MICUXOJIOTTYHUX PEeaKIliii Ha okpemi aii. Tpyin sk MpaBUIO BXXUBA€E B TAKUX BUMAAKaX
TEPMiH SIKUH y3arajgbHIOE BCl IOHITTA — 3HATH «BJAady repos». Bike 3a yacis Tpyma i
BIH CaM TEX IpO 1€ TOBOPUTh MUCTElbKI CreKTaTopy B OUIBLIOCTI MPUXOAUIN JI0
BUCHOBKY 110 mopTpeTHa (ororpadis He Moxke OyTH JOCKOHAJIO MPaBIUBOIO 1
peanbHO TepeIaBaTh CXO0XKICTh 1 MoA10HICTh. CBITJIMHA HAa HOTO TYMKY Tepeaac JInIe
OIMH MOMEHT, MUTh, MK THM XYJIOKHHK HAMara€TbCs TMEPEHECTH Ha TOJOTHO
qyceNbHl MUTI 3a(iKCOBaHI 30pPOBOI0 MMaM’SITTIO MPOTATOM TPHUBAJIOIO dYacy 1
0o0poOJieHl K B KOMIT'IOTEPl B HOro roJioBi. Jlume Ha 3aBepiieHi IbOTO MPOIECY
CUHTE3y HacTynae (aza «KOJM apTHCT MOXK€ KOMOIHYBAaTH YCi XapaKTEpUCTHYHI

MOMEHTH JTAaHHOTO 1HIBIAYYM Y OJIHY OpTraHiuHy 1HIIBIAyanbHy HITICTh» [3, ¢. 99].
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Ha nepmmwmit mormsia, st npodeciiiHoro XynoXHUKa HE € CKIagHa mpobriema
nepesaTd Ha TMOJOTHI KOHKPETHI PUCH JIIOAMHU SIKa MO3Y€E, AOCATHYTH BIIHOCHOI
nonioHocTi. OnepaTtop 6auuTh HATYpy, BUBYAE ii, HA OTO MEPEKOHAHHS, IOCTOBIPHO
€JIEeMEHT 3a €JIEeMEHTOM MOCTIOBHO 1€ (PikCcye 1 OoTpuMae pe3ynbTar. Tpyml 1o
cutyaiio 3amnepeuye: «llormsan winkom ¢anpmuBuii, 00 Mae 3a MiACTaBy XHOY
apTHCTa, 110 HE PO3yMi€ MEXaHi3My MPUPOIH, @ TBOPUTH KOMIILIIOIOYU 0€3 MUCIH,
BUOWpAIOYM TaKy IOpOTY, SKa HaiIerima 1 BUMarae CWJIBHOI KOHIICHTpAIi CHIH 1
oinmpmoro Tamanty. Ce, MO HE € MPaBWIbHE, a JIMII BUIAETHCS HA TEPITUN BUJ
plausible, B3sT0 3a mifcTaBy po3ymyBaHHs...» [3, ¢. 100].

Jlami mo6 AoBecTH CBOIO JOYMKy Tpyll BHA€ThCS JO CKJIAAHOI aHaJoril
IOB’sA3aHOT 3 00’ €KTaMH, cUCTEMaMH, a00 SBHIIIAMM 110 3HAXOATHCI B JWHAMIIl. 31
CTaTUYHUMU 00’ €KTaMU BCE 3pO3YMLIH, HAMPUKIIA] HATIOPMOPTOM, 3 HUMH MpoOsIeM
HE BHHHMKA€ NpPHU BIATBOPEHHI iX QororpadiyauM amapatoM abo XyAO0KHIMH
3acobamu. CkJajHilIe CUTyaIlls KOJU BIAOYBA€ThCS PyX 1 KOXHA MHUTH 3MIHIOE
XapakTep 1 ysBiI€HHS Opo mnpeamer. He 3Bakarouum Ha L€ JIOJMHA Ma€ YITKeE
MOHOJIITHE CIPUUHATTA MO0AYeHOro, IIIbHUK o00pa3. Tpym ToOsCHIOE MO0 B
OpraHiuHii MNpPUPOJl BCE MOB’S3aHO, ajieé B KOXXHUH MOMEHT MH CIOCTEPIraeMo
«ogHOUINBHICTBHY. [3, c. 100]. Le ysaBnenns 3a Tpyuiem MU MOXeMO OTpUMAaTH IpU
CIIOCTEpITaHHI PyXy IITYYHO 3pOOJEHUX MAIIWH, Y PO3XUTAHOMY BITPOM JAEPEBI 110
TYJUTBCA TiJT HOro MOpUBaMH B OJMH OiK, Yy OypXJIMBOMY MOpI1 € HaOIrarouum XBUJI1
YKJIaal0ThCsl y MOTYXHUM Basl. KojkHa XBUJISL pUTMIYHO PYXa€ThCs y BiMOBIAHOMY
HANpsIMKY 1 i1 iICHyBaHHS TOB’A3aHO 3 JI€I0 1HIIMX XBHJIb. XYIOKHUK PO3’SICHIOE:
«Hikonu He OyBae, mo6u y oHINA XBHJII YaCTHMHA BOJAM Oyja CymokiiiHa, a yaCcTHHA
po30ypxaHa, abo 1oou ojH1 (Ui THAJIU B OJIMH, a IPYT1 B TPOTUBHUM O1K 3 MHBIIIOIO
CHUJIOI0 1 WHBIIOK THYYKICTIO HE BIAMOBIIHOIO IUIMHHOCTI Boaw» [3, c. 100].
AHanizytoun cutyauito Tpyll BUKOPUCTOBY€E MPUHIUIM CTPYKTypaii3My, KaTeropii
CTPYKTYpPHOTO MiJIXOMy $Kl Mi3HIIIE BUKOPUCTOBYBAIHCH (pitocochkux mpausax P.
Bbapra. [9, c. 3].

Ho ananorii Tpym BkiItO4Ya€e MNPUKIAL 3 TOAMHHUKOM KOJIIIATKA SIKOTO
PUTMIYHO PYXarOThCs, OOEPTAIOTHCS 3 BIJAMOBIIHOK aMIUIITYJ0K Ta MpaBUaMU
portamii 3aKkiaJeHUX MexaHi3MOM. BiH mosicHioe 1m0 KoxHa (aza  ail
B3a€MOINOB’s13aHa: «YcCl X 00epTH € HaCIIIKOM MOMEpeIHIX PyXiB, a MPUIHNHOIO
Aanpmux. Takoro craHy YCTOpPOIO KOJNICHAT HeMa, Koiau Ou oAHa X YacTHHA
oOepTana cs, a Apyra crosja, OjJHa YacTHHA HajeXasla 10 XBHJIi, KOJU TOJUHHUK

OMI3HAETH CA, a APYyra J0 XBHIII, KOJIH CHimuThy» [3, ¢. 100].
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[Toni6HrMu mapanizMamu TpyIin UTFOCTPYE CUTYAIIIIO 31 CTBOPEHHSIM XYI0KHIMHU
3aco0aMu MOPTPETOM JIOJWHU, OOJWYYS SKOi € MPAKTHYHO aHAJOTrOM JIWHAMIKH
HaBEIEHUX HAM gBANI 1 00’ckTiB. OOnMuus >KMBOI JIOOWHH I€ CHUCTEMA
B3aIMOJIIOYMX M’ A31B, ITOJIOHO KOJIIIATOK TOJWMHHUKA, SIKI B3a€EMOJIIIOTH OJIWH 3
OJIHUM BIJIMOBIIHO JO TIICMXOMAaTHYHOrO CTaHy JoauHu. dortorpadis moxke
3aikCyBaTH MHUTh, CEKyHIHHM BHpa3 OOIWYYsI, aje HE MOXKE TepenaTd IIThbHE
ySIBJICHHSI TIPO JIIOJUHY, 11 eMoIIii, XapakTep, Xapu3My. Mimika JIOUHU Yy CIIPUIHSITI
3arajbHOrO 00pa3y He € aJor1YyHOI0 1 nmossipHoo. Tpymn npo 1e nume: «Tak Hema 1 Ha
JIUIINA PI3HOPOJIHUX JIPOKaHb MYCKYJIIB, KOJIU O OJIHI HaJIeXaju 0 yTOMH YOJIOBIKa,
JPYT1 10 po30YKEHOI eHeprii, a TpeTi J0 CHOKIMHOTO CTaHy; KOJIU JIMIIe Habepe
SKOTO BHpa3y, TO CKJIaJ0BlI YacTUHHU (Pi310HOMIi CTOATH y MparMaTHUHIA 3BS3H 3
MIEBHOIO MPUYNHOI0. Pe3ynbraTy ABOX MPUYMH, 111 ¥ pi3HUX BiJ ceOe, HeMa Ha JIUIH,
HE MOXXHA 1X TTPOTe HIKOJM MajoBaTH Ha mopTpeTi» [3, c. 100].

Kommimnsiist MiMiku 00JM4YYsi, aBTOMAaTHYHE IepepaxyBaHHS (a30BUX 3MiH
qoJia, o4er, ryd Ha MOJIOTHI 0e3 JIOT14HOI BUOIPKOBOCTI 3 MPOTHIICIKHOIO MEPEIaucto
€MOLli 1 TCHUXOJOTIYHOTO CTaHy JIIOJWHU HaJae 3a JTYyMKOIO XYJOKHUKA
HENpUPOIHUN BUpa3. B pe3ynbraTi HE AAa€ThCs JOCATHYTH I1HIUBITYalTbHUX PUC,
o0pa3 oTpuMy€e MTYYHY HE TMPUPOJHIO TpUMacy, ab0 MEPTBY HEPYXOMY CTaTHUHICTh
1 3akam’ sHUTICTH (i3ioHOMII. Tak, portorpadis Mmoxe 3adikcyBaTH MOMEHT BITHOCHO1
ictuan komu CHeKTpyM Mae MOHOTHUITHHWH BUpa3. PutopuuHe nmutaHHg 4u Oyze men
BUpa3 MpaBIMBUN 1 BIAMOBIJATH XapakTepy 1 BAadl MepcoHa)xa He NoTpedye
BIJIMTOBI/I.

Tpym Bkasye Ha mo Tpeba 3BepraTH yBary: «Komm moneneBu, mo mnosye
dotorpadoBu, MOKake Cs Ha JUIM XBWICBHHA BUpa3, abo IiMIIe CKa3aTh OIWH 3
XBUJICBUX BHpa3iB, BIJAMNOBIAHUN MOro BAadi, a HE IITYy4YHUH, MpU3HAYECHUN
cnemianbHo I poTorpada, TO BiH JTOCTATOYHO MOXKE CXapaKTepU3yBaTH JAHHOTO
40JIOBIKa — 00 KOKHUI BUPA3 JTIOJCHKOTO JIUIIS € BIIOUTEM HOTO XapaKTepy, MEBHOIO
npo0or ¥oro Baadi, OAMH 13 CKJIAQJHUKIB, 3 SIKOTO MOKHa MI3HATH XapakTep
IHIMBIAYaJIbroi IIJIOCTH, TaK SIK MOXXHA Mi3HATH 1HAWBIAYyaIbHUNA XapakTep BOAHU Y
BCiX 11 xou Om xBujeBux ¢opmax» [3, c¢. 100]. Cmig 3ayBaXUTH BaXXJIUBY JACTalb
HaBEJCHOI Te3u. TpyIl BKUBAE TEPMIH «ILITYUYHUI» BUpa3, Ha3BeM HOTo «ePeKToM
Crektpymy», SKHIl aBTOp y CBOil CTaTTi He po3mU(pPOBYE, ajie AKUMl MOTpedye
po3’sicienb. [lomamanus «edexty Crnekrpymay OJHE 3 KIIOUOBHUX TIOJIOKEHB
TpyuieBoi Teopii mopTpeTy.

[lin yac cywacHoro npociikeHHs TBopyocTi I[Bana Tpyiia HEOAHOPA30BO
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Opaynuch IHTEPB’10 Yy cuHaA XynokHuka Pomana IBanoBuua Tpyma. Ille 2007 p. Bixg
yac OJIHI€l 3yCTpidyl CMH MHTLS MOJIIUBCS TBOPYHUM CEKPETOM, SKHIl CTOCYBaBCS
IIOPTPETHOTO kKaHpy. batbko, 3a cnoBamu Pomana [BanoBu4a, paxyBas 110 JIFOJWHA
AKa M03Yy€ U Mepes XyA0KHUKOM, 4u nepes poTorpadoMm, He Mae 3HAUEHHS, BAATAE
Ha cebe, Ha o0ianyys Macky. He mpocTto Macky a MO3UTHBHY MAacKy, OCKIJIBKU Ma€e
OakaHHs OyTH 300pa)KEHOI0 Ha TIOPTPETI y HaWKpamomMy BurisiAil. ToOTo Ha ciipaBmi
JIOAMHA HE € TaKOlo, a JIMIIIE BJA€ BIAMOBIIHI yecHOTH. [lepiie 1 He mpocTe 3aBaaHHs
nepel MHUTLEM SIKUi 30UpaeTbcs 3pOOMTH MUCTEIBKUN MpaBAUBHIl 0o0pa3, a He
KOMIIO, K TOBOPUTH Tpyll KOMNUIALIO, 11€ 31pBaTH 110 MacKy. MHUTELb Ma€ CBOIO
BJIACHY IIE€PEBIPEHY METOAY SKYy 3aCTOCOBYE KOXKHOIO pa3y Koiau Oeperbes
HaMaJIIOBaTH TMOPTPET TOTO UM IHIIOTO JOCTOWHWKA. J[aMo il Ha3By - «METOIOM
Macku». Tpyi BCTymae B Jiajor 3 HaTypoOrO, BUKIIMKAE HAa OeCiTy, O3BOJISE€ HABITH
BIIOYTUCS MOHOJOTrY 3 i OOKy, TaKuM YHMHOM BIJKPUTHCS, PO3KPUTH peajbHe
0o0IMyYsi Ha SKOMY IIOYHMHAIOTh BIJI3€PKATIOBATUCh TMpaBauBl emoli. Sk
HiACTYIHUI MHUCIUBELb, XyI0)KHUK KOPUCTYETHCSI MOMEHTOM YBa)KHO CIIOCTEPITae 1
¢ikcye mroasHi puch. Ilpumyckaemo 1o 3ragaHuil «MeToj Macku» OyB OJHUM 3
BAXJIMBUX YUHHHKIB SIKHH CHOPUSB CTAaHOBJEHHS Tpylua sK OJHOTO 3 Kpalux
MOPTPETUCTIB CBOTO Yacy.

IIpo icHyBanHs «edekty CHnexkTpyma» 1 «METOQy MacKuy» CBiI4YaTh 1HIII
y4acHUKH AucKypcy. Banepiii bprocoB xapakrepusyroun noprpetu B. Ceposa
OJTHOTO 3 KpaluX MOPTPETUCTIB CBOTO Yacy Mpo HOT0 >KMBOMHUCHI 00pas3u MHUCaB 110
BOHH «3pUBAIOTh MACKH, K1 JIIOJU HAJATal0Th Ha ce0e, 1 3aCyKyIOTh COKPOBEHHHIMA
3MICT OOJIMYYs, CTBOPEHOTO BCIM JKHUTTAM, BCiMa TAa€EMHUMH JyMKaMH, BCiMa
MPUXOBAaHUMH BIJ] IHITUX XBUIIOBaHHAMMIY [8, ¢ 100].

[Tapanokc TpyIieBoro «MeToy MacKm» MOJIATa€E B TOMY 1110 HOTo €EeKTUBHICTh
MOTJIa MPHUBECTH 1O TOTO IO XYAOXKHHUK IMOYaB BIAMOBISTHCH BiJl HMOPTPETHUX
3aMoBJeHb. [Ipo 1e BiH HEoJHOPa30BO O(IlIHO 3rojonryBaB B TOMY YHCII Ha
ImanbTax >KypHaly «ApTUCTHYHMNA BiCHHK»: «Aptuct IBan Tpym mnomae mo
IOPUITIOJHOI BIJOMOCTH, IO BIH HA 3aMOBJICHHS HE BHUKOHY€ HiSIKUX Ipalb, fK :
noptpeTiB...» [10, c¢. 112]. IIpuynHa Takoi MOBEAIHKHM 3a HAIUMH MPHUITYIICHHIMU
MOK€ KPUTHCS B TOMY IO MPHU HAMHMCaHI MOPTPETY 3PUBAIOYM YMOBHY MACKy 3
CriekTpyMy BiH HE 3aBXAU 0aYUTh MPUBAOIUBE 00IUYYS, OOIUYYS SIKE BUITPOMIHIOE
YEeCHOTH, a HE BaJu, 00JIMYUsA sIKe Ma€ oMy monobatuck. BriarouaeTbes BHYTPIIIHINA
KoHQuIKT. Bix Oneparopa BUMaraeTbcsi CTBOPUTU PENPE3EHTATUBHY POOOTY SIKa Ma€e

BUKJIMKATH JIWIIE ITO3UTHBHI CMOHﬁ. vy pa3i 3aMOBJICHHA JKOJCH 3 3aMOBHHMKIB Ha
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NPOTUJIS)KHE HE TMOroauThes. Taki eBeHTyallbHl CUTyallii MOTJM BUKJIHKATH
KoH(IiKTH 1 ToMy Tpymn mae 6askaHHSI BIAMOBHUTHCH BiJl 3aMOBHOTO TOPTPETY, X04a
SK CBIIYUTH 1CTOPIS HOTO TBOPYOCTI IIIKOBUTO 3pOOUTH 1€ HOMY HE BAAETHCA.

«MeTo Macku» € OJHUM 3 YMHHHKIB IepeBard >KUBOIMHMCHOTO METOJY Haj
CBITJIMHOIO 1 1po 11e Tpy1n Harosomye: «Maisap Mae Ty BUCHIICTh Haja (poTorpadom,
0 MOXXE PO3PLKHUTU PYXH 1 MIHM TPHUPOAHI 1 HE MPUPOJHI, 3HAYUTH TaKl, SKi
BiTHOCATHCS 70 XBwii (crenisuibHO ad hos mibpani) mozoBanus» [3, c. 101]. «Meton
MacKH» CTOCYETHCSI HE TIJIbKU 0OJIMYYS 1 BIAMOBIAHOTO JTOCSITHEHHS MICUXOJOTTYHOTO
NPOYUTAHHS 1 MHCTEIBKOIO KOMEHTaps MiMiku JroauHu. HaBiTe npupogne
noJiokeHHs moctaTi CHekTpyMy Ba)IJIMBO 3a TYMKOIO XYIOXHHKA: «YOJIOBIK He
MOBMHEH MNpUOWpaTH CHEMIsUIbHO To3u i Maisapa abo ¢dororpada, 060
MOPTPETYBAaHHE MOXKE OyTH BiAJIaHE y BCIX XBUJISIX JKUTS 3 BUKIFOUEHHSIM CB1IOMOTO
no3oBans» [3, ¢. 101].

IBan Tpym He BHCBITIIOE TNUTaHHA YW MOXe d¢ororpad Tak camo SK
’KMBOIUCEIIb BUKOPUCTOBYBATH «METOJ MacKu» B poOOTI Haa mopTpeToM. Biamosiap
HampomyeTbcsi cama coboto. I[lpodeciithuit Omepatop, Apt Omepatop MoOXke
JIOCATHYTH TOMIOHMX pe3yJdbTaTiB aKTHMBHO TPALIOOYA 3 HATypow, TOOTO
HaMaraloJuch 3ipBaty 3 Hel JiunHy. Mixk TuM nepeBary TpyIr Bce OJHO 3aJIUIaE 3a
XYHAOKHUKOM: «B3arayi XynoXHUK CTOITh 3HA4HO BHUIIE HaJl MEXaH{YHUM
komiroBaHHsAM» [3, c¢. 101]. Jam BiH mosicHroe: «HomoBik a0o0 JHII HOTro rojoBa €
TaKUM MPEIMETOM, Ha SIKIM 3BHYalfHO KOHIEHTPYE cs ycs yBara Buausd. TyT MoTus
st atpucta 1 ans ¢otorpada Takwii 1Mo HOro OOMHHAE B OMHIM CEKyHII 1
dotorpadiunuii anapat 1 JIOACHKE OKO, SIKE€ HE MOTpeOye TyT aHTaXyBaTu Cs 1 B
JIPYTiM MHUCI, Ha APYriM MOTHUBI. ApTUCT 1 ¢doTorpad y Tiii dakTypl CXOIATh Cs
TOCUThb 3Ha4HO» [3, c. 101].

Tpym posrasgae dotorpadiro sSIK caMOCTiiiHE MHUCTEITBO B OKPEMHUX KaHpax
BiJIZIa€ TepeBary MOpPTPeTy: «...3HAuuTh cd, 1o (GoTtorpadiyHuil mOpTpeT OIU3IIMIA
npupoi Ak Gororpadiunmii kpaesua» [3, c. 101].

Bin He 0OMeXyeThbCs JIMIIE CBOEIO CTATTEI0 B «APTHUCTUYHOMY BICHHKY» a i
OpUiIsse SIK peAakTop AOCTaTHIO yBary (oTorpadii penpoaykys Ha INNanbTax
yaconucy cBITIMHU (oTomaiicTpiB Takux sk P. ['ybep, I. CpBiTKOBCBHKOTO,
M. 3asukiBebkoro, b. Illuamoscekoro, P. bxkesincekoro. Oxpemum ¢otorpadism
3raJlaHuX aBTOPIB BiH JAa€ BUCOKY OILIIHKY.

B iHmnit crarti «3 Mansgpchkoi poOiTHI. Sk moBctae oOpasz» Tpymr 3HOB

IPOTUCTABUTH KUBOIMHUC Ta (hoTorpadito OMUCYIOYU MPOLIEC CTBOPEHHS NMOpTpeTy [4
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c. 21]. Bim y dopmi aiamory CHUIKYETbCA 3 PEIAKTOPOM SIKOMY BKasye Ha
HE3aBEPIICHUI OPTPET mpodecopa, iM’st IKOTO HE HazuBae. TpyIr 3a3Ha4Ya€ CYTTEBI
NPUKMETH JIOAWHHU SIKy WOTO CIIBPO3MOBHUK J00pe 3Ha€, MPUKMETH, a came
NpiOOHBKI 3MOPIIKK SKUX XYJOKHUK MailXke YHHKae B 300paxkeHHi. Tpyml
a0COJIFOTHO BIIEBHEHHUH IO TOPTPET MOMIOHUN IO «OKUBOTO 1 TpadIeHU 10 BIKY» 1
MIPOCUTH PEAAKTOPA NOTOAUTUCH 3 UM [4 c. 21]. XyH0KHUK MOSICHIOE MPOLEC AKUN
OPUBOIUTH 1O BIANOBIAHOTO pe3ynbTaTy. llpu HammMcaHHI MOPTpPETy BiH 3aJIMIIAE
HAWOUIBII 1 HaWXapaKTEepHIII AeTali pUC OOJIMYYS IO Y KUBOMHCIIB «30BETHCS
IIUPOKUM TPAKTyBaHHSIM Ta € KOHEYHOIO BUMOTOIO MTyKW» [4 c. 21]. B miii te3i
BUpPA3 «IIUPOKE TPAKTYBAHHS» MOXKHA 3aMIHMTH Ha CyYaCHUU TEPMIH «CTHIII3ALisH»
a00 «y3araJpHEHHs». TpyIl MPOBOAWUTH TMapayielsli 3 aHaJOTIYHUM TIPOIECOM SKii
BiI0YBa€ThCS B MOPTPETHIN (oTorpadii Koiu 3a TOMOMOTOI0 PETyIili MPUOHPaIOTHCA
APYTOPSIIHI 1 HEXapakTepHl JAeTalll; MNPUTOMY OTPUMYETHbCS NPOTHIICKHUN 3
’KUBOITUCOM PE3YyJIbTaT. «3aTupae iX peTyiep, - NosicHoe Tpyll — He AJis apTU3MYy,
60 ¢oTorpadu He MarOTh aHi )KOJIHOT'O ApTUCTUYHOTO 00pa30BaHMs, aHl CMaKy, a JJIs
MOJIOAILIOTO BUTIISIAY OCOOH, Uepe3 10 Ha HEKOPHUCTh MOAIOHOCTI 3apEeTyIHIOBYETHCS
4acTo 3 MPU3HAKaMU CTapIIOTO BUIJISY 1 HAXapaKTepeCTUUHIII YepTH JuLs» [4 c.
21]. Tpyu nani HaBOAUTH MPHUKJIAAA TBOPUYOCTI XYAOKHHUKIB K1 HE JOJEPKYBaIHUCh
MPUHIIMIIB CTHIII3allli, @ X METOJIU HaraayBaiu ckopimie dororpadiyni. Bin Tpaktye
e fAK BUKIIOUEHHS: «bylo Kinbka MajsipiB, L0 HE IIUIM TOK JOPOrow, a
HaliHTEepecHIMMM 3 HuX OyB JleHHep, M0 TOJIOBY JIOJACHKY MATIOBAB IUIMMH
MICALIIMU 1 HE JapyBaB coOl aHl BOJIOCKA, HI MPUIIMKA, HI 3MOPILKH, - XOUOH JIe/ABE
3aMITHOI, - aje IO >, BI3IIM B J€Tall, TpalmuB y CBOiX 00pa3ax >KUBICTb
npupoau...»[4 c. 21]. Kpim HiMenbkoro XyaoXKHUKa-mopTpeTucta banbrazapa
Hennepa (1685 — 1749) BiH Takox 3raaye 1ie oHoro »xuponuciyl Opanna Jlenbaxa
(1836 —1904).

K xontekcti posrmany Teopii ¢oTorpadiyHOro MOpPTPETy BUAAETHCS LIKABUM
anami3 Tpyma ogHoro 3 n1Box (ororpadiuanx nmoptpetiB Pynonsda ['yoepa (1875 —
1942) nomanux B «ApTUCTHYHOMY BicHUKY». Chin 3a3HauuTu mo iM’s ['yOepa
3HAQYUTHCSA Yy CIHCKY MPOBITHUX JbBIBCHKUX (hoTorpadiB mepioi TpeTuHu XX CT.
Bin pa3zom 3odieto y aiBontsi TmiemMeHChKOIO YTBOPHB (oTorpadiyHUi TaHIEM.
3odis Oyma mouxkoro EnBappga TrmemMeHCHKOTO, OJHOTO 3 TEPIIUX 3aCHOBHHKIB
doTtoatense y JIbBOBI sileH3il0 Ha sike BiH oTpuMas me 1868 p. Moro arense «E.
TmeMeHCchKU» 3HAXO0IUIIOCH 110 By 3-ro Mast (HuHi By, Ci4OBUX CTPUIBIIB) /1€ BiH

MpaloBaB pa3oM 3 JIOHBbKOIO. 30¢is micis cMepTi OaThbka OTPUMYE Y CHAIOK
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doToarenbe sKe CTa€ 11e OUIBII MOMYJIIPHUM IICIIA TOTO SIK BOHA BUXOJUTh 3aMiXK 32
MOIITOBOTO CJIYOOBIISI 1 OJHOYACHO BIJOMOTO JIBBIBCHKOTO (poTorpada-amaropa
Pynonsdpa I['ybepa. OOGuaBa 1 4oNOBIK 1 XIHKa CTalOTh uwieHaMH JIbBIBCHKOTO
dbororpadgiyHOrO TOBApUCTBA, OEPYyTh yYacTb 1 OTPUMYIOTh Haropojad Ha
MpEeCTHKHUX BUCTaBKax y JIbBoBi1, BinHi, bepmini, MronxeHi.

VYBary Tpyma npuseprae ¢otorpadiunuii moptper «Apad»: «Konuent P.
['y6epa doTtorpadyBaTi T-BOBIHHHA B KOCTIFOMI Apaba, HEe Ha3BaB OW S MACITHUBUM)
[3. c. 100]. I'ybep BmaeThCcsi 0 CTBOPEHHS KOCTIOMOBAHOTO 0O0Opa3a BIATAIOUM 3a
nepekoHaHHsSM Tpylna 4YoJoBiKa sSBHO HE apabChKOTO THIAXy Yy XapaKTepHUU
apabcekuit crpiii. CtBOopeHuit ¢dortorpagom 00pa3 He BIANOBIAAE 3arajlbHUM
YSIBJICHHSIM TIPO 1110 XYJO0XKHUK TOBOPHUTH: «Apaba 3HaeMo Mu abo 3 JiTeparypu abo 3
YCHUX OIOBiIaHh 1 YSBISIEMO CO01 HWOTO Ha TMJICTaBl TOTO TPOXHM I1HAKIIUM,
BIIMIHHUM BiJ] Hac. YKJaJ mocTati 3aHaaro ¢ororpadiqHo-madbib0HOBUH, MOOH
NpUrajyBaB MOMEHT 3 iHAWBIAyadbHOTO XHUTTA Apaba. Ha mepimmii Bua nmpuxoaumo
Ha TaJIKy, 10 C€ KOCTIOMOBaHUU Haml 4oioBik» [3. ¢. 100]. Tpym Harosomrye 1o
XYJIOXKHI 00pa3 He Mae OyTH MITAMIIOM, NMPUMITUBHO-CTAHAAPTHHUM 1 1I€ BUTIKAE 3
camoi cyTi 1 ¢yHkiii mucteurna. 3raganuii «[loptper Apaba» ['ybepa BigHOCHUTHCA
3riTHO CcydacHOi Kiacuikaiili g0 KaTeropii MOCTaHOBOYHOI (oTorpadii i
3ayBakeHHs Tpyma aOcomtoTHO TouHi. B aHamoriudiéi moctaHoBIl He Mae OyTu
npioHuib. Pob6oTta dotorpada Ham MmoaiOHOI MOCTAHOBOYHOK KOMIIO3HUIIIEID Mae
napaselbHi aHaJoTii 1 HIYUM He BIAPI3HIETHCA BiJ pOOOTH XyHOoKHHMKA. Tpymn mae
npodeciitHi yCTaHOBH, 3aKpITUICHI MPAKTHUKOIO 1 HOTO 3ayBaKCHHSI 3 MO3UIIIT MHTIIS
abcomoTHO BipHI: «B3aram ¢dotorpadii B KoCTIOMax HajeXaTh 3BHYAWHO [0
HalTipmmx, 00 KOCTIOM, a II¢ HaI[lOHAIBHUHN JIIOJIOBUH KOCTIOM IO TOTO, BUMAarae
yKe CHJIOK acolisAlii, modu g0 Hero Oyia JIOCTpOEHA W BIAMOBIAHA MOCTaTh, 13
BIJIMOBITHUMH PUCAMU Ha JIMIIH, 3 BIAMOBIIHUM BHUPA30M 1 3 BIAMOBIIHUM >KUTEBUM
momeHTtom» [3. c. 100]. Tpeba po3yMiTH UYOMYy KOCTIOMOBaHy, BTOYHHMO,
MOCTaHOBOUHY (oTorpadito XyJ0oKHUK HAa3MBAa€ HAWTipiIow. Taka MOCTaHOBKA HE €
IPUPOJIHOIO, BOHA HECE JIUIIE BIIOUTOK YSIBHOTO 00pa3y, € HOTo KOITIEO 1 BIAMOBITHO
XYJIOXKHIM TOPTpEeT CTBOpPEHUM Ha 1i OCHOBI Oyje HE MNPaBAWMBUM 1 IITYYHUM.
KoxHoro cemecTpy B XyAOXHIX By3aX Ha MHUCTEIbKMX BIJUIUICHHSIX 3 AUCITUTUTIHH
’KUBOIIHMC BHUKJIAadi, 0COOJMBO 11€ CTOCY€ETHCS 3aX1AHOTO PETiOHY YKpaiHU, CTaBISTh
MOCTaHOBKM 3a 3aBmaHHsIM «[lopTper» ne HaTypa BOHWpAEThCA y TYIMYIbCHKHMA
HApOJHUU CTPid. SKIIO MOPIBHATH ECITKU, COTHI KUBOIUCHUX CTYACHTCHKUX POOIT

M0 HObOMY IIPAKTHUYHOMY 34dBAAHHIO 3 AHAJIOTIYHUMHU 3a CIOXKETOM [mopTpeTaMu
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HaNMCaHUM HAaBiTh MaJOBIJIOMUMH XYJOKHUKAMH 3 HATYPH 3 pEajbHHUX TYIYJIOK Y
Kapnatax to ctae 3posyminum pizauns. 3 TpylieBUX MipKyBaHb MO>KHA BHUBECTH
dbopmyny CTOCOBHO mopTpery — (hororpadist abo mopTpeTr BukoHanuii Onepatopom
0o0pa3oTBOpUMMH 3aco0aMu (GKUBOMHC, Tpadika, CKyJIbOTypa) € JHUIIE YSBHUM
BIIOUTKOM, KOIMIE€W peallbHOro 00pa3y, ¢dororpadis ado NOCTAaHOBOYHUH,
KOCTIOMOBAHHUI TOPTPET BUKOHAHWHN XYIOKHIMH 3acO00aMU € JIMIIE KOTIEK KOIii,
XYIOXKHIM «KCEpOKCOM» peajbHoro obOpazy. OauH 1 Apyruil BapiaHT Moxe OyTH
MUCTEIILKAM TBOpPOM, aje IMeplia Bepcis Mae Ouibllle TapaHTIl MOTpamnuTd y
KaTeropito BHCOKOTO MUCTENTBA. 3BUYANHO 3aBXIU Tpeba poOWTH TMONpPaBKy Ha

0co0y MUTIISI, HOTO TaJIaHT.

BucHoBkn

Po3B’s3ytoun psAa NOHTaHb, TMOB’SI3aHUX 3 METOAOJIOTIYHUMH acCHeKTaMU
TEOPETUYHO-MHUCTELbKOTO  (eHoMeHny Qororpadii il JOTUYHHUX TOYOK 3
oOpa3oTBopurM MucTeUTBOM [BaH Tpymr poOMTH HU3KY MpaBUIBHUX Ha CBIM Yac
BHUCHOBKIB OUIBLIICTh TOJOXKEHb 3 SIKUX 1 MO CHOTOJHIIIHIMA J€Hb JHUIIAIOTHCS

AKTYaJIbHUMH.
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KAPITEL 9/ CHAPTER 9°
SHOW AS A VISUAL EVENT

DOI: 10.30890/2709-2313.2022-12-01-012

Introduction

The formation of the theory of each new cultural phenomenon always develops
according to certain laws. It (theory) arises as a result of immersion in the basic laws
of its (phenomenon) existence.

Show theory, as a significant part of spectacle theory, is formed according to the
same algorithm. Initially, there is an accumulation of empirical material. In addition
to the development of the phenomenon itself, there are texts written by practitioners.
Such texts contain a very valuable description of experience, spontaneously
systematized by them. The next step naturally is the generalization of the
accumulated and its structuring by experienced experts. In the future, methods and
directions for studying various aspects and qualities of the phenomenon are formed.
Apparently, now we are just at the conditional second stage of the formation of the

theory of spectacles and, in particular, the theory of the show.

9.1. Category "spectacle' in the system of show theory.

Forming the theory of the show, we rely on the designation of the basic concept.
And this concept is a spectacle. In different sources, including educational, scientific,
different definitions are given. Taking into account the individual features of the
spectacle, each time one or another feature is emphasized, but we have not been able
to find a holistic, comprehensive definition of the concept. Therefore, we offer our
own author's version of the universal, as it seems to us, definition of the concept of
"spectacle".

The spectacle is an organized (self-organized) artistic

(non-artistic), large-scale (local) action (event, phenomenon), which forms
vivid emotional, mainly visual impressions, which, as a rule, remain in the viewer’s
memory for a long time, and sometimes not for a lifetime. Consider the named
typological features of the spectacle, highlight basic. Among them:

1. Artistic and non-artistic performances/shows.

%Authors: Kovalenko (Khursina) Olena
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2. The presence of a viewer.

3. Visual unforgettable.

4. Preparedness / long-awaitedness + surprise / trick nature.

5. Straightness/simplicity, evidence of content.

6. Distance viewer - performer, source.

7. Mass and local spectacles/shows.

Can we call events of the non-fiction series spectacles? Let's say grandiose
natural phenomena, such as thunderstorms, hurricanes, volcanic eruption, heavy rains
or fires, catastrophic manifestations of the elements? If a person becomes a witness of
this, such a phenomenon automatically becomes a spectacle. It usually refers to self-
organized, because a person does not participate in its formation. But it is the
presence of a contemplative person that is the basic sign of a spectacle and
distinguishes it from a natural phenomenon. Let it refer to the non-artistic, in
particular, to the natural.

However, to non-artistic, but quite organized forms spectacle can be attributed
to, say, public political speeches, debates, election campaigning. They also include
cruel anti-artistic spectacles - public executions or torture. Sports competitions are
classified as non-artistic organized spectacles. All types of parades, including military
and any other professional parades, aimed at publicly demonstrating the advantages
of the participants of the spectacle over others, albeit imaginary as it happens during,
say, military ceremonies, are also spectacles.Whether a mass or local spectacle, we
consider, it always differs from any other everyday event by a strong unforgettable
impression that it makes on a casual or long-awaited viewer. Otherwise, such a visual
event can hardly be called a spectacle, especially an art show. Therefore, the next
basic sign of the spectacle is its unforgettableness for the viewer. The effect of
unforgettability, in particular, is achieved by at least two opposite methodological
psychological methods. Let's simulate a spectacle (art show) that is long-awaited, one
about which the viewer is warned in advance when he buys a ticket to visit it six
months in advance. Then the psychological state of the viewer for a certain time is
“warmed up” and is characterized by constantly growing attention to upcoming
events. Another situation is characterized by the effect of total surprise. For example,
when a viewer becomes a witness to a street show. Or part of a big show is built on
the effect of surprise, with a large share of trick numbers. This is how, for example,
big shows of illusions with the “disappearance” of large objects are arranged.

Sometimes both methods are combined.In both cases, the psychological reaction of
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the audience to the spectacle is important. Either the viewer, in growing nervous
tension, expects a future event, or it takes him by surprise, and “hits”, instantly
exciting emotionally and psychologically, captivates with an unexpected set of micro-
events that occur in a cascade during live broadcast.

Both techniques are especially important when it comes to the show itself. The
phenomenon of art operates with fundamentally different methods, focused on
associative comprehension. The show, as a rule, does not give such an opportunity to
the viewer. It is not provided by the type of spectacle. Moreover, it is precisely in
strengthening the emotional, so to speak, affective component (the brightness of the
costumes, the quirkiness of the scenery, the loud soundtrack, stage effects, such as
pyrotechnics) and the muting of the intellectual component that the fundamental
difference between the types of visual events is rooted.An equally essential feature of
the spectacle (art show) is also a conscious "straightening" of the content. This hidden
effect is also an immanent sign of the show as an artistic spectacle organized by a
group of specialists - directors, screenwriters, masters of lighting, sound, stage
effects, actors and "artists" - performers, etc. “Straightening”, some simplification of
meanings, makes it possible to use such means of expression, which, like large
strokes on the artist’s canvas, make the picture well perceived from afar and difficult
— close up.It is no coincidence that we used the concepts of "actor" and "artist" as
somewhat different from each other. A rather interesting explanation of this approach
is given in the limited literature of practitioners of show creation. If the actor is the
executor of the intention of the author, director, then the artist is a self-sufficient
person. The artist - the soloist in the show, his character, image, image affects the
features of the spectacle and often forms the idea of the directors. The commercial
component in this case is fundamental in choosing the means of influencing the
viewer.

The next important characteristic of both shows and spectacles that are shown
"live" is the existence of a distance between performers and spectators. It is
characteristic of all types of performing arts, and it is fundamental. The distance in
the ancient forms of spectacle is formed automatically, as an opportunity to expand
the audience and provide the performer with a place to perform. In modern
auditoriums, the distance is shaped by the architecture of the building as
necessary.From the point of view of psychology, the distance between the performer
and the viewer is always necessary, as it forms a conditional three-dimensional space,

which is called artistic. Moving in it, the performer can create endless geographical,
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historical, psychological spaces, about which the hero is narrating and in which he is
located. This distance, for example, is not required by screen arts, because the viewer
can be close enough to the screen and this will not affect the quality of perception.
And finally, a purely quantitative indicator, which is important and also has a
significant impact on the nature of the show. It is about the number of spectators and
performers. Of course, the nature of the spectacle for a small hall of a hundred people
is different from a show designed for a stadium with several tens of thousands of

spectators.

9.2. Category "event" in the system of show theory.

Exploring the nature of the spectacle/show, we should not ignore the super-
important concept, without which neither the spectacle nor the show becomes
complete, full-fledged. This category is an event. At one time, the concept of "event"
was studied in sufficient detail in connection with the formation of the theory of
relativity. It follows from this outstanding theory that an event is a certain
instantaneous local phenomenon that occurs at a certain unique moment in time and
in a specific unique place (space-time). But the phenomenon must meet the following
requirements. It should at least change the properties of the object in one of the
following ways:

ethrough destruction;

ethrough the formation of a new ego form with the help of interaction between
objects. [4,86 ]

9.3. The category '""phenomenon in the system of show theory.

Phenomenon is a philosophical category that reflects the external properties,
processes, connections of an object, which are given to cognition directly in the forms
of living contemplation. The phenomenon can change, develop in accordance with
the general laws of development of the material world. The category "phenomenon"
1s inextricably linked with the category "essence". Western researchers distinguish

between scientific and everyday phenomena. In a scientific context, a phenomenon is
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something that is observed or exists. It is simply a fact or event that can be observed
with the senses, either directly or with equipment such as microscopes or telescopes.
This meaning of the phenomenon contradicts the commonly used understanding of
the word. In the vernacular, a phenomenon is a person, thing, or event that is
considered extraordinary or outstanding in some way, such as Elvis, Beatlemania,
Pac-Man, or the Harry Potter books.

To understand show theory, it is important for us to take into account two
"circumstances of action". The first is an obvious emphasis on the external properties
of the event. The second is that the phenomenon is the result of live contemplation.
That is, the presence of a human observer is decisive for the recognition of the

phenomenon as an important structural element of the theory of the show.

9.4. Natural phenomena of our planet - scientific or everyday?

Natural phenomena are a separate type of phenomenon. For show theory, they
are a very distant prospect. Perhaps a person will eventually be able to join the
heavenly and earthly shows, and perhaps be able to control them. Part of this is made
possible by geoengineering. But there are still phenomena on the planet that people
have not yet learned to understand. Here are some of them.

eCatatumbo lightning is a natural phenomenon that occurs over the confluence
of the Catatumbo River with Lake Maracaibo (South America).

eShowers of animals or fish are a relatively rare meteorological phenomenon,
although such cases have been recorded in many countries throughout human history.

eGoats of Morocco that graze on trees - due to lack of grass, goats climb up
trees and graze there in whole herds, feasting on argania fruits.

eRed rains. From July 25 to September 23, 2001, a mysterious red rain fell from
time to time in the southern Indian state of Kerala. Heavy downpours, during which
the rain was dyed red, dyed the clothes pink. There were also reports of yellow, green
and black rain. Colored rain was recorded in the state of Kerala back in 1896, since
then it has been repeated several times. At first it was thought that the rains were
colored by fallout from a hypothetical meteor explosion, but research commissioned
by the Indian government concluded that the rains were colored by airborne spores

from local terrestrial algae. That was, however, until early 2006, when Kerala's
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colored rains gained widespread attention when mainstream media reported that
Godfrey Louis and Santosh Kumar of Mahatma Gandhi University in Kottoyam
proposed the controversial hypothesis that the colored particles were extraterrestrial
cells.

eThe longest wave in the world is a wave in the Amazon River with a height of
up to 6 m.

eMirages are optical phenomena in the atmosphere, thanks to which images of
objects that are hidden from observation under normal conditions appear in the zone
of visibility.

¢St. Elmo's lights are an electric glow that sometimes surrounds tall, pointed
objects when a thunderstorm approaches.

eStones moving freely across the desert, leaving strange footprints on the
bottom of the long-dried Lake Racetrack Playa.

eLunar rainbow - occurs at night when there are no or few clouds in the sky and
when the full moon is low above the horizon line.

eHalo - occurs due to the refraction of light on ice crystals. Halo; also aura,
nimbus, halo - a group of atmospheric optical phenomena, characterized by the
appearance of a secondary glow around a source of light, as a rule, having the form of
a circle, ring, arc, column of light or "diamond dust". An annular eclipse - in this
phenomenon, the Moon is too far from the Earth to completely cover the Sun.

eSilver clouds - are the highest clouds in the Earth's atmosphere.

eStorm clouds - clouds that often appear in the area of a storm front can take
very unusual forms.

eSolar pillars - a vertical band of light extending from the sun during sunset or
sunrise-

oVirga. When the raindrops evaporate before reaching the ground, they speak of
such a phenomenon as a torrent. The Latin word virga means "rod" or "branch".

e(Green ray - appears for a few moments before the sun disappears behind the
horizon, or just before dawn.

e Sprites, Ghosts, and Elves are short-lived flashes in the atmosphere that can be
seen in areas affected by storms.

eZodiacal light - diffuse glow of the night sky, created by sunlight reflected
from interplanetary dust particles.

Natural show always makes an indelible impression on a person. First of all, by
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its scale, which is incommensurable with everyday ones. On the other hand, natural
shows are devoid of one or another idea, they are self-sufficient in their originality,
irreproducibility, uniqueness, momentary. They conquer and can frighten, but they
can also delight. Can they teach the beholder something? Can they become an
impetus for development? Nature shows tend to pose a lot of questions to the person
watching. And this is also their meaning.

However, nature shows are devoid of artistry. They are deprived of
generalizations and observations of the course of history, time, the course of life.
From this point of view, a show created by a man carries a certain human worldview
message. The meaning of the work of the creators of the show is to convey this idea

to the viewer.

Conclusion

Thus, we have to draw preliminary conclusions.

Show theory is at the stage of transition from field research to scientific
structuring and systematization. On this path, there is a sufficient number of different
interpretations, imprecise definitions, superficial observations. For the validity of the
theory, scientists have to get rid of this multidirectionality. At the same time, we can
distinguish some basic categories of show theory already today. Among them is
Shaw's definition and its varieties. It is given in this work. Several categories are also
highlighted, without studying which in the show theory system, further movement
may not be so fast. Among them are the concepts of "phenomenon", "event", etc.

In this paper, the author continues to explore the topic of creating a show theory.
In addition to the detailed author's definition of the show category, the study proposes
a show typification according to the principle of artistic - non-artistic, mass-local.
Also considered in the study are the typical features of the show, such as the
straightening of meanings, reliance on patterns, unforgettable visual effects, and so

on.
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