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BCTYII

AKTYalbHiCTE TemMH. LEQekTHBHE BHKOPHCTaHHA HaAp 3aBkaId  Oyio
OIHIEK) 3 TIEPEIYMOE VCIIIIHOTO PO3BHTKY EKOHOMIKH Oep:kaeH. BumobyTok
KOPHCHHX KOTIAJIMH CHIPHAE OopraHi3alil HOBUX BUPOOHUIITB, cTa0d1I13alil pO3BUTKY
[IPOMHCIIOBOCTI, € JDKEPEIOM IIOCTIHHOIO HAIIOBHEHHA HK JIEPHKABHOI'O, TAK 1
MICIICBHX OIOJTKETIE.

Y pesyneTaTi MPOBCACHHX Ha TEpPHTOPIl YKpalHH MIHMpOKOMacIITabHHX
reoIOrOpOo3BIAYBAIBHHX — poOIT  BHABIEHI  IIOTYAHI  3allacH  CallpOIIeIlB
[PICHOBOJIHHX BOJOIM, po3podKa AKHX JacTh MOAIIHBICTE 30UIBIIHTH HaABHHIA
CHPOBHHHHH NMOTEHI1aJI Ta BIJAKPHTH HOBI NEPCIHEKTUBHI HANPAMKH B PO3IBHTKY
arpapHoi MPOMHCIOBOCTI. 33 POKH HE3AIEKHOCTI PI3KO 3arocTpuiaca npodiema
3a0e3MeYeHHA  CUTRCBKOTO TOCMOMApCTRa  YKpAiHH SAKICHHMH  OpPTaHIMHHMH
TOOpHBaMH, 10 €  HACHIIKOM  CKOpPOYEeHHA  TBapMHHHIIBKOI  Taly3ei.
[lepcrieKTHBHHUM HalpaMKoM 3adesliedeHHs OpPraHo-CHPOBHHHOT Da3H JepHKaBH €
EHEDPHE'I"EIHHH EHPGBHHH BJIACHHX FI(J,U,GEHLI.[ EEIII[:II:IIl'lif.llll'lfll'.Jl OCHOBHA Hithl‘{iC'l'h AKHX
posmiteHa Ha Teputopii [TiBH1uHO-3axiiHoro TMomices, pospodka AKUX nmoyanacs
B KiHil XX cTopiyds.

Taka mocTaHOBKAa THTAHHA JacTk 3MOTY BHPIIIHTH OJHY 3 OCHOBHHX
NPUYHH 3MEHIIeHHd 00CATIB BHPOOHHUIITRA CUILCHKOTOCIOAAPCHKOT MPOAYKILT, 1110
CHPHYHHEHE 3HUIKEHHAM [POJAYKTHBHOCT] IPYHTIB, Yepe3 NOripIlIeHHs X AKICHHX
MOKa3HUKIB. Tak, TUIBKH 3 NPOAYKTAMH €po3li B cepeHbLOMY Ha PIK 3 [0OJIB
BHHOCHTRCA |1 M. ToHH TymMycy, 0.5 — azory, 0,4 — dochopy ta 0,7 MaH. TOH
kamw. Ha ceorognimnii geds JediuuT opradigdHHx JOOpHE B IPYHTI CTAHOBHTH
nonaja 40 mad. toHn [75]. Jna pocarHenHsa OesfedinuTHOro Horo OajlaHcy B
IpyHTax PiBHeHCcBKOT 0DacTi Tpeda WOopIYHO BHOCHTH Ha 1 ra opHHX 3eMens 12 —
|4 tonn opranunux godpus, Tom sk mig ypoxai 2004 -2006 pokiB BHOCHIOCE
mume ommseko 3,0 v/ra. [135]. Ha croroani Oinem gk va 40 BicOTKax OpHHX
3eMellk HeoOXIIHO CHCTEMAaTHYHO TIPOBOJAWTH pOOOTH 3 XIMIYHOT Memioparii.

[TocTynoee miJIBHIIEHHA POJIKOYOCT] IPYHTIB T4 BHPOUIYBAHHA €KOJIOTIYHO YHCTOT



HPOAYKLIT € OCHOBHHMH IPIOPUTETHHMH HAIIPAMKAMM B arpapHOMY CEKTOpl yCix
po3BHHEHHUX Kpainm ceity. [lpn usomy y Cepom 3 TOMB, TULKHBICHHX
OpraHIyHHUMH J00pHBAMH, OTPUMYIOTE BHCOKOAKICHI, €KOJOIIYHO YHMCTI Xap4oBl
OPOOYKTH, V AKHX IIHA B 1,5-3 pasu BHIMIA BIJ IIHH OPOIAYKINI, OTPHUMAHOI 3
BHKOPHCTAHHAM XIMIYHUX TexHomorii [138].

OCHOBHOK IEPENOHOK BUKOPHCTAHHS CAlIPOIICIIB Y IIPHPOIHOMY CTaH1 Y
NIHPOKHX MEKaX € BONOTICTh, Aka cArae a0 98%. Taka BIIHOCHA BOJIOTICTE
MO3ROAC JTHIIE 3aCTOCOBYRATH JKHBICHHA TPYHTIR MOBCPXHEBHM RHECCHHAM, 110
JHA4YHO 3HMAKYE e(QeKTHBHICTh LI€l OpraHidyHOi pedyoBHHH. BilAcyTHI HayKoBI
MOCIHIIKEHHA  TPOLecY 3HEBOJAHEHHS  CalponesniB He JaiwTh  [1JACTaBH
PUPIBHIOBATH JIaHWH MaTeplag 0 1HWMX, Haupukiajl topdy. OCHOBHOR
NPHYHHOK TAKOTO TBEP/KEHHSA € NMPHPOJA VTBOPEHHS CAnponens 0e3 JocTymy
KucHIO. ToMy BIH HaaUICHHH OCOOMMBHMH TIPHPOIHMMH (PI3HKO-MCXaHIYHHMH,
PEONOTIYHHMH Ta XIMIYHHMH BJIACTHBOCTAMH, AKI BIJACYTHI V TIOBHIH Mipl B
HayKOBIMH miTepaTypi. OTKe, TOCHIKEHHA XapakTepy BHIUICHHA BOIH 13 03epPHOTO
caupm[mlm JO3BOJIHTE EEI[p[}IIDH}"BH'l'H HEK 'lfKHDJlﬂl'i}G* TdK l EEICEIEH JHCBOJIHCHHA
MaTeplagie, MIHIMIZYBATH EHEPreTHUHI 3aTpaTH  Ha CTBOPEHHA MNPOAYKLIT
OPraHiqHOre CKJIANY € aKTYaIRHHM Ta CROCYACHHM ITHTAHHAM VIS HapOIHOTO
rocroJapcTBa JepiKaBH.

3’5130k podOTH 3 HAYKOBHMH NporpaMaMi, IUIaHaAMH, TeMaMH.
HocnijpKeHHs, 0o CKIAJAKTE OCHOBY JIMcepTalidiHol podOTH, BHKOHAHI Y
JIyubkoMy  HALOHATBHOMY  TEXHIYHOMY  yHiIBepcuteri v 2002-2010 pp.
BUIMOBIIHO JI0 JICP/KAaBHUX HAYKOBO-TEXHIYHHX TMporpaM 3 TIPIOPHTETHHX
HAaIPAMIB PO3BHTKY HayKH 1 TeXHIKH. OCHOBHI MMOJIOKEHHS IHCepTallHHOI poOOTH
BBIHILTH 10 3BITIB 3a Temamu: ,Po3pobka TexHosoriii Tta 3acobiB 1
(DYHKIIOHYBAHHSA 3aMKHYTOI arpoekoJIOridHol cHCTeMH  (HOMEp JepiKaBHOT
peectparii 0107U000231) ta ,Jlocmpxenns npoueciB 1 3aco0IB NPHTOTYBAHHSA
opra"o-mMiHepaasHuX 100pHe (OMJI) Ha ocHOBI camponeno” (HOMep JepKaBHOI

peectpami 0102U000253).



Mera 1 3aBjaHHs JocjaigmeHHs. Memow pobomu € HIJABHIIEHHS
e(heKTHBHOCTI TIPOIIECY 3HEBOJHEHHA O3EPHUX CATPOIEIB Ha OCHOB] po3podiaenns
HOBHMX 3ac00IB Ta ODIPYHTYBAHHA MEXaH130BaHOT TEXHOIOII.

3aB1aHHA JOCHIKeHb:

— NPOBECTH  aHalli3 YMHHMX HaykKOBHX 3acaj, Crocoois,
TEXHOJIONH 1 TEXHIYHUX 3ac00IB JUIA 3HEBOJHEHHA O3€PHHMX CallpolleliB Ta
MATEPIATIB  MIJBHIICHOT BOJOTOCTI, 3 ACYBATH 1X HEJIOIIKH Ta CYTHICTH
HEIOCTI/UKCHUX MHTAaHb MI0/I0 3HCROIHCHHSA MaTepIamiB;

= OOIPYHTYBATH KpHTEpll OLIHeHHS e(eKTHBHOCTI CIoCcoDIR
3JHEBOJHEHHA Td PO3POOHUTH METO CHCTEMHOIO BH3HAYEHHS IOCHIIOBHOCTI
3aCTOCYRBAHHA PI3HUX CIIOCOOIB 3HEBOAHEHHS CAIIPOIIEIIIB;

- EKCIIEPHUMEHTAILHO BH3HAYHTH €(DEKTHBHI PEKHMH HArpIBaAHHA
Carporeals CTPYMaMH BHCOKOI YaCTOTH U1 BHAAJICHHA 3B A3aHOI BOJOTH 3
HBOTO;

- TEOPETUYHO BH3HAYUTH Ta eKCIepHMEHTAIbHO IepeBipHTH
BIUIMB Pe#UMIB poOOTH I KOHCTPYKTHBHHX IApaMETPIB IBHHTOBOI'O IIpeca Ha
e(heKTHBHICTL BUAAICHHA c1ab03B A3aHOT BOJOIH 13 CANPOINeEB;

- CKCIICPHMCHTAIIBHO BCTAHOBHTH BHIHW BOJIOTH Ta (POpMH
3B A3KY ¥ MaTepiail, BeIHYHHY BHYTPIIUIHBOT MHTOMOI TOBEPXHI CAIlpOIEIiB
Ta OOIPYHTYBATH MapaMeTpH copOUiHHOTO MaTeplaiy;

= EKCHEPUMEHTAIILHO  BCTAHOBHTH  3aKOHOMIPHOCTI  3MIHH
BOJIOTOCTI CAIPOIE/IIB BIJI EHEPro3aTPaT 3a PI3HHX CMOCOOIB 3HEBOIHEHHS

CHCTEMHO  OOTPYHTYBAaTH  JOUIABHICTE 1 TOCTIIOBHICTE
BHKOHAHHA OKPEMHX TEXHOJIOTIYHHX OIlepaliil Ta BH3HAYWTH palloHAJIbHI
Me3K1 BOJIOTOCTI Carlporie/iB Ha KOKHIH 13 HHX.

O0’eKTOM M0CHIIKEHHSA € MPOLECH BHIAICHHS BOJIOTH 13 calporenis —
MEXaHlyHe 3HEBOJHCHHA, HArpiBAHHA cTpymMaMu Bucokol wactotn (CBY),
3HCROJHCHHA copOuicto; pododl OpraHd Ta MEXaHI3MH IS peanizalli 3a3HadcHHX

IIPOLIECIB.



[MpeameroM  JOCHIIZKeHHS €  3QICKHICTL  [I0OKA3HMKIE  SKOCTI  Ta
EHEpro3aTpar cnocodiB 3HEBOJAHEHHS CANPOIEIR B PEKHMIB iX BHKOHAHHS,
NOYaTKOBOTO 1 KIHIEBOIO CTAHy MaTeplany.

Meroan  pocaigaeHHs. TeopeTHdH1  JOCHIIKEHHA  [pPOBEIEHI 13
3aCTOCYBAHHAM  METO/IB  CHCTEMHOrO MIAXOAY, MeXaHIKO-MaTeMaTHYHOro
MO/IC/IKOBAHHA, Teopli CVIUIHHA MarepilaiB. AHall3 MaTeMaTHYHHMX Mojelei
3IHCHIOBARCA 3a JIOMOMOTOI NMPHKIAIHUX Ta po3pobnenux nporpam na [TK.

ExcrieppMeHTanBHl  JOCTIKCHHA TMPOBOJMINCE 33 TaTy3cBHMH  Ta
pO3po0IICHHMH METOAHKaMH HA CTAHJAPTHOMY Ta CIIEL1aJBHO CKOHCTPYHOBAHOMY
oOnagHaHHI 3 BHKOPHCTaHHAM eleMEHTIB aBToMaTHKH. [lin wac nposeneHHA
EEE]IEPH MEHTAJIEHHX JI{}EJ[iJJ,H{EH b FACTOCO BY BABCH MaTeMaTHUHHWH METO/]
TUIAHYBAHHA CKCIIEPHMEHTY.

HayxoBa HOBH3HA 01ep/KAHHX Pe3YJILTATIB MOJATAC B HACTYITHOMY.

Bnepiue:

- pozpodiaeHo  MeToa  OOIPYHTYBAaHHA — JOLUIBHOCTI i
[MOC/IJIOBHOCTI  BUKOHAHHA OKPEMHX  oOlepalii vy  MexaH130BaHI#
TEXHOJOIT 3HEBOJIHEHHH O3E€pHUX canponenmB, #Akui Oasyerbca Ha
CHCTEMHOMY PO3KPHTTI iX PBIUIMBY Ha IIOKa3HHKH AKOCTI Ta
eHeprozaTpar;

- O0OrpYHTOBAHO  paliOHAJIBHY  [IOCHIJOBHICTE  3aCTOCYBAHHSA
MexaHiuHoro, remnosoroe (Harpisanas CBY) ra copouiiiHoro crnocodis
3HEBOAHEHHS 03¢PHHUX CANPONEIIB Td BCTAHOBICHO IPAHHYHI MEHKI 3MIHH
BOJIOTOCTI /171 KOSKHOTO 3 HHX;

- BH3HA4€HO BIUIHB pPEKHMIE pPODOTH Ta KOHCTPYKTHBHHX IapaMeTpiB
IBHHTOROIO Mpeca Ha OCHOBI TEOPETHYHOTO OOTPYHTYRBAHHA Ta DaraTo(akTOpHOTO
EKCIIEPUMEHTY.

Vmouneno:

- BIJIMB  HarpiBaHHg  CTPYMaMH  BHCOKOI  YacTOTH  Ha
e(heKTHRHICTE BHIAJIEHHA 3B A3aHO1 BOJIOTH 13 CAlpOTIEIB;

- [POLEC KIHETHKH CYLUIIHHA O3€PHHX Canporneis;



- BEJIMYHHY BHYIPILHBLOT IMHTOMOI IOBEPXHI OPraHIYHOIO THIY
CarpomneNB, AKa A€ 3MOTY BH3HAYHTH XapakKTePHCTHKH CcOpOIIiHoro
Mareplany.

Ompumany  nodarviiul  po3gUMoK  HAVKOBO-METOOWYHI  3acalf
OOIPYHTYBAHHA IMOC/IIIOBHOCTI BMKOHAHHA Oflepaliil Ha OCHOBI €HEepreTHYHOro
KPUTEPILO.

IMpakTHYHE 3HAYEHHS ojlep:kaHuX pesyiabraTiB, Ha 6a31 TeopeTHunnx Ta
CKCTICPUMCHTATBHUX JIOCTIKCHE OOTPYHTOBAaHO MEXaHI30BaHY TEXHOJIOTIHO
JHEROJHEHHS O03epHHX camnpomneiale 1 3acodH i 11 peamzauil. ada KoxkHOro 3
€TariB BU3HAYEHO ONTHMaJIbHI PeKHMH Ta palioHalIbHI mapameTpu. PesynbTaTn
TEOPETHYHHX 1 EKCHEPHMEHTAILHHUX JIOC/H/KEHL CXBAJIGH] Ta  B34Tl  J10
BrpoBakenusa [lomicekoo jgocnyinow cranuiely HamonanesHoro HayKoBOTO
ueHTpy ~THCTHUTYT rpyHTO3HARCTRA 1 arpoxiMii imeHl O.H. Cokonorcekoro™, T30B
"Bonunecanpodoc” Ta B HaB4dadbHOMY 1mpoliecit JIVIIEKOro HallOHAJIBHOTO
TeXHIYHOTO YHIBEPCHTETY.

Ocobucernii BHecok 3100yBava. OCHOBHI pe3yibTaTH JIMcepTalli oTpuMaHi
aBTopoMm camocTiitno [23, 24, 25, 26]. V HaykoBHX npaugax, onydo/mKoBaHHX Y
cmBarTopeTrl [29, 30, 31, 32, 33, 34, 36, 45], 3nodyeageM JOCIKEHO TIPOIEC
KIHeTHKH CYIIIHHA CcamporeiiB, Ha OCHOBlI TEePMOJMHAMIMHOTO  aHamIl3y
BCTAHOBJIEHO BHIAHW BOJNOTH Ta (oOpMH 3B’A3KY V calpolensx; BHKOHAHE
TEOPETHYHE JIOCIIIMKEHHS IPOLIECY CTHCKAHHA CAlPOIENB Y IBHHTOBOMY [Ipecl 3
METOK) BLUIUIEHHS CJad03B’A3aHOT BOJIONH, BCTAHOB/IEHO 3aKOHOMIPHOCTI Ta
peKMMM TIpOIleCY HArpiBaHHA CanpomneniR cTPYMaMH BHCOKOI YacTOTH, IO
3a0e30eYyI0Th PYHHYBAaHHA BHYTPIIIHIX 3B A3KY 3 METOK Mepexoiy 3B A3aHol
BOJIOTH ¥ BUIbHY. Po3poOka naboparopHoro odnajHaHHA Ta eKCIEPHMEHTAIBHOTO
VCTATKYBAHHSA BHKOHAHI 300yBadeM caMocTliiHO. 3100yBau Opas De3nocepeIHo
VUACTh Y PO3po0IIl METOJMK MPOBEACHHS EKCIMEPHMEHTAILHHUX JIOCHLTKEHBb, Y
IXHEOMY BHKOHaHHI 1 0COOHCTO TIPORIE MaTeMaTHYHY oO0poOKy Ta aHams3
OTPHMAHHUX Pe3yILTaTIB eKCIepHMEHTIR. Y TeXHIYHWX plmeHHax [90, 91, 92],

HOBH3HA AKHX 3dXHUIICHA [TATCHTAMH YH]JEIIHH, HaCcTK4a CHiBEiBTDpiE OJHAKOBA.



Anpodanis pe3vibLTATIB JAHCcepTANii. OCHOBHI HOJIOAKEHHS
JTHCEPTAIIHHOTO IOCTIKEHHA JTOTIORIAIIHCE Ha HAYKOBO-TEXHI9HHX
KOH(epeH11AX JIyBKOTO  HAIIOHAJILHOIO  TEXHIYHOIO YHIBEPCHTETY
(2002-2010  pp.): MiKHaApOIHHX  HAYKOBO-MPaKTHYHHX  KOH(pepeHIiAx:
HArpomex - 20047 (m. Jlesie, 2004 p.). . CydacHi npobreMu 3eMiIepoOChKOl
Mexanikn” (M. Kuie, 2005 p.); «lunopaniiini texuonorii 8 AITK» (M. JIyusk,
2007p.); «lmmenepue 3abe3nedeHHd palOHATLHOTO BHKOPHCTAHHA 3EMETLHHX
pecypcie» (M. JIsBiB, 2007 p.);  «IIpobnemm  TeXHIYHOTO  CEpBICY
CLUIBCBKOTOCIIOAapcekol TeXHIKH» (M. JHimponerpoecek, 2007p.); «TexHI4HHIA
nporpec B8 AIIK» (M. Xapkis, 2007 p.) Ta Ha po3MHPEHOMY 3aci/TaHHI HAYKOBOTO
cemiHapy kadelpH cuUlbCbKOTrOCHOAapchkoro mamuaoOyayBanus JIHTY (M.
Jyuek, 2008-2010 pp.).

IMybaikamii. OcHOBHMIT 3MICT 1 pe3yabTaTH JHCCPTAlliHOI  podOTH
onyonikoepaHo B 16 ApykoBaHHX mpandx y (paxoBHX BHIAHHAX, B TOMY 4HcIi |

naTeHT YKpaiHH Ha BHHAXiJ Ta 2 NaTeHTH HA KOPHCHY MO/Ie/b.



PO3JILI 1
CTAH IUTAHHS, META 1 3ABJAHHSA JOCJIIKEHHS

1.1. Canponenai Ta ix edeKTHBEHICTE BHKOPHCTAHHA Y HAPOHOMY

rocrojapcrsi

Canpornen — opraHo-MiHepanbHa JHCTIEPCis, AKa Y MPHPOIHOMY CTaH1 Mae
dopMy TOHHHX BIJIKIAIIR TTPICHOBOIHMX BOJOIM Ta MICTHTE HE McHIIE HIK 15 %
OpraHidyHOl pPe4YOBHHH, a4 TAaKOK HeopraHiyHl KOMIIOHeHTH OloreHHOro Ta
npuHocHoro Xapaktepy [12, 42, 51, 56, 68, 69, 136]. 3a kmacudikauicto
JUCHEPCHHX CHCTEM BUINOBLIHO /10 craHy (a3 calpolielb v IPUPOJIHOMY CTaHI
HANEKaTh JI0 CYCIEeH31H, [1¢ JUCTIEPCHHM CepeOBHMIIEM € piauHa (Boja), a
nHcnepcHoo azow - TRepaa pedoruHa [70]. Tleplon yTBOpeHHA canpomneneBHX
BIKJIA1B AeskuX o3zep ckinagae 16-20 tuc. pokis [75, 111, 123, 124, 138].

Y dhopMyBaHHI 03EpPHOTO CANPOINEIK FOJIOBHY POk BIAINPaKTE DIOIOTTYHI
OpraHi3MH, 110 HACENAKTh BOJOHMY. FK JUKEpeno opraHivuHol Ta MIHEPalbHOT
PEYOBHHH CJI1JT PO3IJIAIATH HE THINE TPOJYKTH OCHOBHOTO MeTadoI3My, ane i i,
AKI BHIUIAIOTECA KIITHHAMH Hepe3 MOKPHBHI TKAaHHHH, 3am03aMu 1 Tomo. [11, 15,
112]. Haiibineme matepiany 1JIs MOMNOBHEHHA JIOHHHX BIIKIAJIB YTBOPHETHCA
[IpU BIAMUPAHHI KOXKHOIO 3 NOCHAIIOBHHX XapyOBHUX LUKIIE. AJlle BelIHYMHA Horo
TA BH/1 3aJI€KATh B/ POLECIB JECTPYKLIT Ta npojyKyeanHs [136].

Bupimanesy pois v GopMYBaHHI CAlpOIeIio BUIIPAIOTE MIKPOQITH (HMKYI
POCIIHHH). TrkaHHHH BHIIHX BOJIHHX pOCIHH € OCHOBHHMH
canponeieyTROpOBa4YaMH B JHCTPO()HHMX 3apocTawdMx o3epax 13 crado
MIHEPAJII30BaHOK BOJOK Ta HH3BKOK MPOJAYKTHBHICTHY TtaHkToHy [136]. Tak
cepe/iHIA  pluHMA  npupicr  OloMacH S OPOJAYKTHMBHOT  BOJOHMM
cknanae 10-20 m/fra [112]. Jleaxi BueHi BBaXKalOTh CanponeIsMH OKeaHIuHi,
PIYKOBI HAHOCH V 30HAX THPJA Ta IHIMI MyJH. Xoda HaHOIBIIHI IHTepec

CTAHORJIATE 03€PHI CaNpONesl NPICHOBOIHHX BOIOHM,



CanponelieBl BLAKIAAH [HPOKO PO3NOBCMKEH] Ha 3eMHIi kyini. Ha
aMEpPHKaHCEKOMY KOHTHHEHTI 1€ TEPHUTOPIi, MpHIer 1o paiony Benmukux ozep, v
Cpponl NoKnaaM Canponene 3HAxXoaATbed Ha TepHTopll CKaHIMHABCHLKOTO
nigocTpoea, Ppanmii, HIeeiuapii, Himeuunnn, [loneumi, binopyci, Pocii ta y
NiBHIYHKX perioHax Ykpainu [71].

[TpornosHi zammac canponea B YKpaiHl OUIHIOKWTE B 65 MIIH. TOHH.
OcnoBHa 11X KUIBKICTE 3HaxoguThes B Ilanekiid  rpym o3zep BonwHCbKOT
obmacti  [136]. Ha Tepuropii VYkpaimm HapaxoBaHa BeEJHKa KUIBKICTB
carponeIenpoIyKTHBHHX O3ep 13 3aracaMi CalpoIleliB [10Hal 65 MIIH TOHH IIpH
nepepaxyHky Ha 60 % Bonoricts [59]. L Teputopis HanexuTh A0 OJHOTO 3
HAHOLIBII €KOJIONYHO YMCTHX perioHiB Ykpainu 1 3adesnedyeHa 3a ICHYHOUHX
obcarie jpodyeanns Ounbin v na 100 poxie. Busenenus i BMBYEHHS 3anacis
canporneno Ha TepuTopii Ykpainu nporoauna KHiBckka reonoropo3BinyeanbHa
ekcrieauuia. laHi mpoeeleHHX TocaikKeHbs modadi v Tabu. 1.1, 3 4kol BHAHO, 110
HAHOLIBIIMMH 3anacaMi BoIodi0TE Bonmaceka Ta PiBHeHcBka o0IacTi, Jemio
MeHun nokaaau v Kuigeskii, CyMcbkiid 1 HepHirisebkii obnacrsx. Jlocmpkenns
TaKoK NMpoBoauianck v KutoMupeskiid, CyMmcekiil Ta XepcoHcbKkii obnactax, ane
IPOMHCIIOBMX 3aI1aciB O3€PHOTO CANpONEN0 Ha JaHHX TEPHTOPIAX BHABICHO HE
oymo [59, 136].

Tabauya 1.1

PosBijani 3anacu canponeino B o3epax Ykpaiuu

L banancosi 3anacu
, : , KinekicThb
Hazpa obmacti Cranid po3BiIKH CarpoTenk, THC.
POIOBHILL ,
TOHH
B Heranesaa A 76 40041.1
OJIHHCRKA MoMyKoBo-omiHouna C 115 235808
TR Heranena A 19 62292
cHEbRd MOIYKOBO-01IHOYHA C 18 2151,9
Kuischka Heransna A 2 1290,7
CymMchKa Jleransna A 3 1 180,0
YepHIriechbka | momykoo-ominoyna C 1 33.0
Beroro 234 745067




Xoua I[MOKIa/M LieT CUPOBHHKM Y Hali KpaiHl BelnuesHl, ale npodiemam
T00YBaHHA Ta 3HEBOJAHEHHA W HaJam NPHIUTACTLCA Majao yearH. Buxopuctanns
Canponejl CUIbCBKOrOCTOAAPCEKMMHA  TIANPHCMCTRAMM  MIHIMAIIBHE, Xo4da Y
PO3BHHEHHX KpaiHax 3apa3 IHTEHCHBHO BHKOPHCTOBYHOTBCA €KOJOTIYHO HYHCTI
noopuea. BpaxoByruH MOpHPOJHO—KIIMATHYHI YMOBH perioHy, 0coOIHBOCTI
HABKOJIMILIHBOIO IPHPOIHOIO CEPEIOBHLIA, KUIBKICTh IPOMHCIIOBHX 00 €KTIB, AKI
MAIOThL HETATHBHHUI BIUTHB HA npupoay [lomicea, yrijang HABKOIO OYHIEHHX O3ED
MOKHa OVyIe BHKOPHCTAaTH TS BIAMOYHHKORO-03/JI0POBYHX YCTAaHOB, pPHOHHX
rocinogapcte. [la pedoBHHa yTpHMye BeJIHKY TI'aMy MIKpPOEIEMEHTIB, 30Kpema
TAKHX LIHHUX O10€MeMEHTIB, AK Milb, MapraHelb, kodaneT, ioq Ta iH. [2, 11, 14,
17, 52, 53, 78, 142]. BpaxoByruu ocoOJIMEBI IIPHPO/IHI BIACTHBOCT CAIPOIIEIIHD,
CIJI BENHKY YBAry MPHIUIHTH HOTO 3HEBOHEHHIO.

Camponens CKIagacThes 3 TPHOX YACTHH — OPTaHIMHOI, MIHCPAIBHOI 1 BOJIH.

OpradiyHa 4acTHHa — [1€ BiAMEpJl POCIMHHI 1 TBapHHHI OpPraHizMH
BOIOHMHIL, a MiHepallbHa HOTO 4acTHHA ABISIE COO0K MPOAYKTH, AKI HAIXOIATh Y
BO/IOHMY 3 IOBEPXHEBHUMH 1 I'PYHTOBHMH Bojamu. MiHepasibHa 4acTHHa — 1€
Mepenik MIHEpamB, /10 AKHX HANeKaTh, KBapll, NONLOBHI INAT, KAOJIHIT,
TIpOCIIOa Ta 0araTo IHIIHX.

Bepxniit 10-40-canTHMETpORHH 1IAp camporent, ado IeJoreH, Mae JIero
TeKy4YHi Xapakrep. 3 TrIHOHHOK BIH HaOdyBae OuIbII TyeTimoi, elnenodidHol
koHcHeTeHUil. ToMy yMoBM J00yBaHHA 1 nojaisiioro odpoditky OviyTh MaTH
CBOT OCOOJIHBOCTI. 30KpeMa Calporiellb BUPIZHACTLCA 0arato30abHICTIO (Y Mexax
20-50%, a y wu3mi BUOAAKiB 10 75%). 307BHICTE canpomeniy — 1€ CTYIIHB
MIHepai3alnli MaTepiaiy, BOHa 3alle’KUTh Bl TNIMOMHH 3aATaHHA Ta BIACTaHI Bl
Oepera [84, 97, 104, 135].

Ha panmii wac pobortu 13 nodOyeaHHS 1 nepepodKH canponenw Maiixe He
MPOBOJIATECH, 4 AKIIO H TMPOROJIATLCA, TO 0€3 JOTPHUMAHHA BUMOT 11010 OXOPOHH
BOJHHX pPECYpCIB | pamioHATBEHOTO BHKOPHCTAHHSA CHPOBHHHHX 3amacie. [Ipm
[IBOMY HE BPaXxOBYETHCA 3MIHA AKICHHX 1 KUIBKICHHX TOKA3HHKIBE eKOCHCTEMH, He

BCTAHOBJIEHO [ONYCTHMI IpPaHMLl, AKI PEerNaMeHTYHTh MEeKY BTpPy4aHHA 1 il



ICHYIOUMX Ccloco01B 100yBaHHS HA CTAH BOJAHOIO CEPEOBMILA, NPOTIKAHHA Y
HEOMY D10JTOTIYHHX 1 TiapoMexanianux npomecis [135].

Canponens nporaroM daratbox BIKIE HAKONTHYYBAB Y c001 BEIHKY KUJILKICTh
pPI3HOMAHITHHX O10JI0TIMHO AKTHBHHX pPEYOBHH 3 [IHHHMH YI00pHBAIEHHMH
BllacTHBOCTAMH [93, 96, 98, 99, 104, 108, 133, 134]. Tomy canponeni € HIHHHMH
3acobaMu, K1 BHKOPHCTOBYIOTE  JU/1d M1ABHILEHHA BPOKAITHOCTI
CUTBCBKOTOCTIONAPCBKUX KynuTYp [16, 31, 76, 106, 124]. ITpakTHKa BHKOPHCTAHHA
Canponea OKPeMHMH TOCMOJapcTBAaMH 1 HAYKOBHMHM YCTAaHOBaMH TOKazana, 1o
IX BHECEHHA Y IPYHT CYTTEBO IIABHINYE HON0 POAKHYICTE, INPHYOMY KUIBKICTB
rymycy 3poctae y 1,5 — 3 pa3u, Takoxk 3MeHIOYE MepeXif pagioHyKIiIiB 3 IPYHTY Y
POCIIMHY, IO € AKTYAJIBHUM VY PerioHax, skl nocrpaijiain el YopHoOMILCLKOT
karactpodu [12, 135]. Tl wac BHKOPHCTAHHA CANpONETiO  MONIIIIVETLCA
XIMIMHHH CKIa/, CTPYKTYpa 1 BOAHO-(hI3HYHI BIacTHBROCTI TpyHTY [11, 54, 64, 66,
143]. Haiibinem nepcrneKTHBHUMH 718 BHPOOHUIITBA € OPraHidHl camporen 3
BMICTOM OpraHidHoi pedoBHHH He MeHmie Hik 50% [33], ki BHPI3HAWOTHCA
BHCOKHM EMiE’I'ﬂM BOJIOIH.

[Ticna BHKOPHUCTAHHS canponeno Ak Jo0pHBa OTPHMYIOTH BHCOKI 1 CT1HKI
BpOkal CUIRCBKOTOCTIONAPCRKMX KyIeTYp [2, 37, 44, 76, 80, 82, 137]. Ane ne
3BAKAOYH  HAa  NPaKTHYHO  TepeBipeHY  e()eKTHBHICTE  OaraTOpIYHHMH
NOCTIIKeHHAMH  V  JaHiil  ramysi, Ha ChOTOJHI canponens Maiixe He
BHKOPHCTOBYEThCH. (JIHA 3 HPHYHMH — BUICYTHICTE PO3PODIIEHMX TEXHOJIOITYHHUX
MpUHOMIB 100YBaHHA Ta NepepoOKH, 30KpeMa 3HeBoAHeHHA [86, 127].

OaauM 13 eheKTHBHHX MPHHOMIB ¥ CITECEKOTOCTIONAPCHKOMY BHPOOHHIITBI
€ BHKOPHCTaHHA opraHo-MiHepaisHHX H00pue (OMJ). Taki nobpuea Ha oCHOBI
Carporeir MOBUIEHO PO3HHHAKOTECA Y BOJI, HE BUMHBAKOTHCA J0IaMH HABIThH 3a
BHECEHHA V BeIHKUX KinbkocTax [106, 108, 138].

Incruryrom  ximii  gepesunn AH  Jlarsiiicekoi PCP  Ta  Jlarsiiicekoi
CLIBCBEKOTOCTIOAaPCEKOT akaaemil mia kepieHuuTEROM mipod. A.l. Kaneninema [107]
po3pobiieHo  crocld  OTPHUMAHHA  MEXaHIYHO MIMHHX 1 KOHIEHTPORAHHMX

MOBrOJIIKOYMX TPaHyJl Ha OCHOBI JOCTYIHOI 1 JelIeB0Oi CHPOBHHH — YacTKOBO



3HEBOAHeHOro canponeno (W=70-80%) 3 BmicroM a0 40-60% (Ha cyxy macy)
MiHepalLHUX J100pHB,

Ha pnavMii yac HakoNM4YEHO BEIMKHH HAYKOBHMH 1 CKCIEPHMEHTAIBHHH
MaTepiana npo e(eKTHBHICTE 1 UIHPOKI MOAKIHBOCTI BHKOPHCTAHHA CaIlpOIeI Y
PI3HHX Taly3aX HapOJIHOTO TOCMoJapcTBa, HANPHKIAA AK KOPMOBHX J100aBOK 10
PAaLlOHY CUIBCBKOIOCHOMAPCHKUX TBAPHH 1 JoMaluHbol mruul [52, 53, 42].
JIoCLKEHHAMH BCTAHOBIICHO, IO T H4C TOIBI MOJIOAHAKY CBHHEH Canpornesb
CTHMY/IOC AaCHMUTAINK XapHoBHX pcyoBHH. TakoK, Yy TBapHH TMIABHIIYETHCA
IMYHITET 40 IH(QeKUuliiHuX 3axpoproBane [115, 116]. Ilim 4ac gociiKeHb
BHKOPHCTOBYBAIH AK J00aBOK 3HEBOIHEHHH canpornens Bonorictro 60%.

Taki  ¢13uuHl  BIACTHROCT]  CANPOIENB, #K BHCOKA IUIACTHUHICT,
KOJIOI1anbHa CTPYKTYPA, BHCOKI acopOLiiin 1anl, CpuaTIMBHI XIMIYHHI CKiIa 1
peakmis cepemoruma (pH), HagBHICTE BaXKIMBHX O107OTIYHO AKTHRHMX PCHYOBHH,
OIOCTUMYIIATOPIB, BITaMIHIB, JIO3BOJIAKITE  PO3MNAAATH X AK OJAHH 13
[epCIeKTHBHHUX MKYBAIBHHX 3acodiB [115].

[lenoiamn canponeo — MoJ0/11 OPraHOreHH] NOKJIaAH, AKl aKYMYJIHOBAIH B
coD1  OloM0rYHO  aKTHBHI PEUYOBHHH POCJIHH 1 NPOJAYKTH 1X  MeTadolismy,
MO3UTHBHO BIUIMBAIOTE Ha opranisM mogund [51]. [lia rpaseil ma opramizm
NHJAWHH PI3HOMaHITHA (TernsoBa, copOimiiHa, XiMigHa, O10JI0TI4HA), BHACIII0K
JOro aKTHRIZYHOThECA (PI310JIOTIHHI TTpolecH: oOMIH pedoBHH, KPOBOOOIT, IHXaHHA
rouo. Bracrurocti canpornielneBux rpaszei HaseeHl B tadbn. 1.2.

Hocniau, nposegeHi v IHCTHTYTI MicorocnofapchbKux mnpodiem 1 XiMii
nepeenan AH JIPCP 1 Jlareificekoi cimechKOTOCTIOZApChEKOl  akamgemii [51]
HoKaszaad, o odpodIeHHH JTyraMH callporellb ¥y YHCTOMY BHIIIAAI a00 B CYMIIII 3
IHIIHMH  KIEeHKHMH pPeYOBMHAMH MOMHA VYCIIIIHO 3acCTOCOBYBATH AK KJIEHOYHIH
AreHT Yy BHPOOHHITBI TBepAMX OVIIBEIBHUX 1 CTONAPHHUX IUIHT 3 JEePeBHHH 1
CUTBCBKOTOCTIONAPCHKAX  BIIXOIB T4 1H., 3ACTOCOBYIOMH CHocid rapsadoro

npecyBaHHA.



Tabmuys 1.2
Baacrusocti canponenesux rpsasei (TY 42 BCCP 053-85)

[okasHmk Omm — Hopma
BHMIPY
3ORHINIHI O3HAKH;
KOJTIp OHOPILAHKIL BiL CIPOTO 10 HOPHOTO
3amax Biacyraiii abo cipkoBoIHIO
KOHCHCTEHINA JIunkonnac T HA
BEJIHOYE HHS Moske MICTHTH BOJIOKHA CAlPOTIEIEYTBOPHOBAYA,
AKI He MOBHICTIO po3knanucs. Bukmotae Thes
BHEOPHCTaHHA Cﬂflp{\ﬂfﬂiﬁ 3 BEMHYYCHHAMH
HepenanHHKa
DI3HKO-XIMIYMHI BIACTHBOCTI!
BOJOTICTL Yoma CP | 8093
JAMIIOK BT MPO#APIOBAHHA,
mpu 1123 K << He Dimkie 50
peakins cepengosrma (pH) — 4.5-80
IPAHHY HE HAMPYKC HHA 3CYBY
npu gonorocT 80-93%, ITa 200 - 800
Mexanmiynnii cknan: BMICT Yona CP | ve Oinkwe 20
Hac THHOK KpyrHimux (0,25 Mm
Koedie ot ancopouii
[ paseBuil posyuH M
Kationmn:
amMoHi 1 2350
KaJlbL1 i 2200
MarHii | — 80
31130 0—25
Kasni 15350
HATPIi 2-120
AHIOHH:
ripokapdoHar 50 — 400
Xop 10— 125
cyibgar 16— 800
3aransHa MiHepam3ars ri1 2
CaHiTapHO-DaKTEPIOIOT 1Y HI
THO KA HLHE M
koai-THrp ( BIKII) 1.0 1 BuHge
THTP nepppiHreHe 0,1 1 BHIE
KOKOBI BIACYTHE
CTOBOHAKOBA MATHMKA e

Ha pue. 1.1 mokazaHa kpuea, 3 AKOI BHJIHO, 10 OIIP CTHCKY 3pasKiB
OMUIKOBOTO camponene0eToHy 3HadYHOK MIPOK  3ale HTh BI  BOJIOTOCTI
OeronoBaHol  macd.  OnrumalbHa — MeXaHldyHAa — MILHICTE  OHNHJIKOBOI'O
carnponenedeToHy oTpUMyeThea 3a Bodoroctt W=60-65%. Hdocmausimm Brims

BIJICOTKOBOTO BMICTY CYXO0T MAacH CYMINI canponemo (y nepepaxyHky Ha CyxXy



pPEYOBHHY) Ha omip crucky (puc. 1.2), dauMmMo, 10 ONTHMAILHOK € j00aBKa

canponemmio y kutkkocTi 20-25% Bij 3aransHol MacH.
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Puc. 1.2. Onip cTHCKY 3pa3KiB OMUIKOBOTO CAlpoIe/IedeTOHY 3aleKHO B

nodaekH carponennto, %o.

3acTocyBaHHA TIPHPOJHHMX JHCHepciii campoment And MpHTOTYBaHHA
OVPOBHX PO3YHHIB MMOB'A3aHe 3 MEBHUMH TPYIHOIIAMH MPH TPAHCIIOPTYBAHHI 10

MICLIH BHKOPHCTAHHA, OCOOIHBO B3HMKY.

Baxnuee 3Havennd  wmae  BUHOIp ONTHMAIRHOTO  crlioco0y  Ccynrioug

npupogHoro canponeaw. Heobxigno, mod y mpouect cylllHHA —opraididHa

pPEHYOBHHA CaIpoMneno He MiJaBangack TEPMOOKOCIHOBAIBHIH AeCTPYKUIL, a ILiHHI

CTPYKTYPHI BIACTHBOCTI IIPHPOTHOTO Cartporer Oyin 30epekeHi.



3a JI0HOMOIOK BLICTOWBAaHHA OYVB OTPUMAHHH PUXIMH OCAJ0K, SAKHH
BLUIUTAIN BUI BOJM JekanTaiicio. OTpuMany Macy BHCYITYBAIIM Ha TOBITPI Y
nadoparopHux ymoBax g0 Boaorocti  10%. Ilopomwok BHTpUMYBaIH Y
MTHCTHIBOBAHIA BOM1 6 TOMI. 1 gucnepryeaad npd 25°C v NIBHIKICHIH MIMIAIII THITY
“Boponex™”. I[Hmi nopuili nopomkonoAidHOTo canporneil 3aBaHTaxyBald vy
nonepe/HL0 Harpity jgo 40, 70 1 100°C Boay 1 takox aucueprysaiu. B oauii 3
npod npu 40°C dyno seeaeno 0,2% inkoro narpito. Ak BuaHo 3 Tadm. 1.3, nig yac
i Ha canpomedk HarpiTol BOJAH Y PE3YABTATI  PO3YHHCHHSA TPHPOIHHX
[IOBEPXHEBO-AKTHBHHX PEYOBHH 1 HONo TepMOJHCHEPIYBaHHA 3 IIOPOLIKY
OTPHMAaHI1 PO3YHHH 3 TO3HTHBHHMH TEXHOJIOTTYHHMH BIACTHBOCTAMHU.
Tabauysa 1.3
BmuiMe cniocody npHroTyBaHHA canponejeBol Qucmepcii Ha TeXHOJI0TiYHI

BJACTHBOCTI 100pHBA

Yac Texnonoriuami mapaMeTpH
TCM[[‘-’:[}ET}-’[}E YMOBHA . TOBLIHHA
o, °C BHTPHMEKH, r:,r::.jmﬁa, B S3KICTD. nmnm;r;qaua, KipKI, CHC /10,
XB r/cM cM a
C i 0§
A() 60 1,05 25 12 1,0 1,1/1.,6
40 + 0.2% NaOH 30 1,05 25 8 0,5 0,1/0.8
&0 45 1.05 25 14 1,2 1,2/1,8
100 30 1,05 25 14 1,2 1,3/1,8
25 (KOHTpOIE) 360 Juenepeia posmapoByeTheA

HocmypkeHHsamu, npoeeaeHumd  Incrutyrom  topdhy AH  BPCP,
BCTAHOBJIEHO, 10 MLO 4ac 30epiraHHsA calponent B mTadendx Olnelie OJHOTO
POKY BTPaTH OpPraHivHOl CHPOBHHH csaratoTh 20%. 3BijAcH BUIIMBaE HEOOX1IHICTh
BJIOCKOHAJIEHHS TEXHOMOrT JOOYBAHHA 1 PEXKHMIB CYIUIHHSA Calporeir, SKHM

BHKOPHCTOBYETRCA AK TBEP/A (haza Oyposux posunnis [S55].

1.2. BaacrueocTi 03epHHX canpone.iB

BiacturocT MaTepiany, Ak 00’ €KTa B3aeMOo/I11 3 pOOOYHMH OpraHaMH, 3MIHa

X mapameTpie v Ipouect odpodITKY MalOTh BHpIlIABHE 3HAYEHHA JUIA BHOODY



TEXHOIOIH 11 yac po3podKM, JIOBEJASHHS /10 HeoOX1HHX napaMerpis 1
MOIATTBITOTO BHKOPHCTAHHA.

[liaeuinena eosoricte canponeme (94 -98%) € oJAHMM 3 OCHOBHHMX
YHHHHKIB, 110 MAKThE 3HAYHHHA BIUTHE HA BIACTHBOCTI MaTepiaay IICId B3acMOIIl
Horo 3 poDOYHMH oOpraHaMH MamMH. Ajle y npoueci 11 3MeHIIeHHs I 4ac
B3a€MOJIT 3  KHCHEM BLAOYBAWOTBCH  CYTTEBI  3MIHM  (DMI3MKO-MEXaHIUHHX
BJIACTHBOCTEH CAMPOINEINIo,

MexaniyHa MIIHICTE HOTO 3HAYHOK MIPOK 3alCKHTH BIJ BOJOTOCTI 13
30UIBIIEHHAM  BOJOIOCTI  MILUHICTE  PI3KO  3HWAYeTbCA.  JlocialKeHHAMH
NpoBEIeHUMH B [HCTHTYTI MeXaHi3auil 1 eJexkTpudikalii CUIbCbKOT0 TOCMO1apCTRA
ACT'H Binopycekoi PCP [51, 57] BcranosieHo, 10 3aTBEPIHHA  KOJIOINIB
canponeno BiIOyBacTkea 3a Bomorocti 60%. fAxkmo Bomoricte dnmzeko 90%,
campornens MPakTHYHO BTpadac BCAKY HECYHY 3JaTHICTh, MEPEXOIAYH B PIIKHIM
CTaH, a 3a BoJoroctTi Onu3bko 40% nepeTBOPHOETHCA B KaMiHb, AKWH 31aTHHH

BHTPUMATH HaBaHTaxkeHHA 125 Kr/cM® 1 HE PO3YHHATHCH Y BOJIL.

['pannus minHocti (o) campomnento mig 4ac jAeopMyBaHHS Ha CTHCK

BH3HAYAETHCA 32 3arajibHONPHHHATOW dopmyoro [4]:

o= F (1.1)
ne P — Makcumanene pyiiniene 3ycuind, H;

F — nuiomia monepeyHoro nepepisy spaska, M-,

CTymiHe MIMHOCTI CHIBHO 3HHAKYEThCA TAKOMK TICIHA NPOMOPOKYBAHHA
canponento. Jo npuknagy, Mexa MILHOCTI (HA  CTHCK) IIPOMOPOKEHOIO
Carporeaw CTAaHOBHTh 10-30 xricM®. SanesHo Bi/l MOJAIBILIOTO BHKOPHUCTAHHSA
MaTtepiasy HeoOXImHo BpaxoryBatH edekt npomopoxyeanns. lle crocyerses
BHMNAKIB, KOJIH KIHIEBHH MPOAYKT NMOBHHEH JIETKO IJUIABATHCHL MEXaHIYHOMY ado

IHIIOMY BHLY 0OpoDITKY (HanpHkiam, y MeIHUHHI, TBAPHHHHUUTEI Ta OViBelIbHIH

ramysi).



Omip 3CYBY XapakTepU3ye CHIM BHYTPILIHBOIO TEPTH MIXK YACTHHKAMH 1
CHIIaMH BHYTpImHBOTO 3uerutenns [50]. Buytpimme 3uennenns 3anexuTh, B
OCHOBHOMY, BIJl KAlIJIAPHOTO THCKY Ta TYCTHHHW Marepiaiy.

PeayneTaTrH  OOCHIIKEHE  KOMIIPECIHHHX  BIACTHBOCTEH  CampoIent
BKa3yHOTh, 1110 canporieli 34aTHi 3MeHIIYBAaTH CBiid 00’eM (CTHCKATHCH) M1 J1€H0
HABAHTAKEHHS 1 HAJICKATH 10 MaTeplaliB, SKl NLLIAITLECH CHIIBHOMY CTHCKAHHEO
196].

[TnacTHYHICTE MOJKHA BITHCCTH [0 HAHOUIBII XapaKTCPHHX TMOKA3HHKIR
TeXHOJIOTIYHOI OLIHKH carporea. BoHa mokazye BlIHOLIEHHA TRepaol (dazu
Mateplaary 10 BOAH Ta 3MIHY HOTro CTaHy Bl BMICTY BOAW. Po3pisHAKOTE TpH
(hOpMH KOHCHCTEHIIT — TBEP/1Y, IUIACTHYHY 1 TEKYUY.

[IpakTHunHii IHTEPEC MalTh BEPXHA 1 HWKHA TPAHMIN TTACTHUYHOCTI,
JocnaauM  IUIAXOM  JIOBEICHO, 0 IJIACTHYHICTE canponenio nepedypac B
oDepHeH1H 3aneXHOCTI Bl 307kHOCTI [98], 13 301IBIIEHHAM OCTaHHBOI
[UIACTHYHICTE 3MEHIIYEThCA. BepxXHs rpaHHis IIACTHYHOCTI B MAal030JbHHX
canponeisix Bianosiae goiorocr: 85-87%, a B dararozonsHux — 71-76%. Llei
MOKA3HHK € OJIHUM 3 OCHOBHMX MMiJ1 4ac JOCHKEHHS npouecy J100yBaHHA, ane He
BPaxoBaHUH ¥ JOCIIIKEHHAX 3HEBOJHEHHA 03CPHHX CalpOIEIR,

[Ticnsa npoMOpoKYBaHHA BIACTHBOCTI CATIPOMENH) a0COMHTHO 3MIHOKTHCA.
Bin BTpavae 3B sA3aHICTh, PO3CHIIAETECA B MOPOIIOK, JIETKO BUMHMBAETLCH BOJIOL0.
Koediwienr  dinerpanii  npomoposeHoro canponelwy 30ublyerbes.  [licns
pO3MEpP3aHHA BTPAaueH] AKICHI TapaMeTpH He noBepTatoTbes [ 59, 135].

Ob’eMHa Bara camponenio nepedyeac B ACAKIH 3aJI€AKHOCTI BIT 30JIBHOCTI
(puc. 1.3). Beranorneno [67], mo 13 30U1bmeHHAM 3016HOCTI HA 1% 00 eMHa Maca
BAMTHAKOBOI'O Canporen y JeAKuxX BHNajgkax 3poctae Ha 40 kr/m®, a B pisi
NPOMOPOKYBAHHA carnpornen o0’eMHa Bara 3MEHIIYEThCA 13 3MEHIICHHAM
BOJIOTOCTI.

Vcanka campomemo RinOVBacTeCd B TIPONECI CYUIHHA B Pe3yIBTATI

BHIANEHHA BOJM W YIIUTEHEHHA TRepAux ¢pakmii. O0'eMHa ycajka jocArae



JOCHTh BEJIMKOIO 3HaueHHs — 10 90% 1 Ouiblie. BoHa 3aiexuTh Bl OYATKOBOT 1
KIHIIEBOT BOJIOTOCTI, @ TAKO¥K BIJI CTYTIEHA JIHCTIEPCHOCTI.
Yeaaky BU3HA4aKTh 3a GOPMYIIOH:

Ve (v] — 1=1)- lﬂﬂ"

(1.2)
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Y npoMOpoKeHOro canponent ycajaka 3Ha4Ho MeHma [67].
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Puc. 1.3. 3mina o0’ eMHOT MacH 3allesKHO BiJl BOJIOroCTi: |— He NpoMOpOKeHHH
carnponeib; 2 — NpoOMOPOKEHHH carpores,

['panyiioMeTpHUHHE  CKJIa)l BH3HA4YaeThCs MerTojgoMm PodiH30HA wuIsSXoM
BUMIPIOBAHHA IIBHIKOCTI celMMeHTalll uactuHok (3a dopmynorw Crokca 13
3aCTOCYBAHHAM IIIETKH), NMPOLEHTH BIJl Bar CyX0l PCHOBHHH: U1 BalTHAKOBOTO
canponento (Tophoponosunie Konmenuis) 3a po3MipiB wacTHHOK Bi1 0,25 mo 0,1
MM — 75%, 3a posMmipis Big 0,1 o 0,01 mm — 25%, mius canponento 3 o3epa Ceate
BIIIOBIAHO cyMa dacTHHOK posmipom Bijg 0.25 no 0,1 mm Oyae 12%, Big 0,1 1o
0,001 mm — 85-88% (radn. 1.4) [39, 70].

B opraniyHMx canponensx KUIBKICTE OCHOBHOI PEHOBHHH KOJIHBACTLCA Y

Mesxkax 70-93%, kapboHatHuX — 15-60%, sMimanux — 43-58% Ha cyXy pedOBHHY.



Tadauys 1.4
I'panynomerpuvnuii ckinaja canponenio, %

Canponens 3 o3epa Ceate Canporiets 3 TOpGOpoAOBHIA
Konmenwunsa
Posmip (pakuii, [nubuHa B3ATTA NpoOH, M
MM

2-3 1,75 1,45 1,80
0,25 0,32 0,29 1,05 0,94
0,1-0,25 12,20 5.30 20,44 54,14
0,05-0,1 5,35 5,91 21,95 19,98
0,01- 0,05 25,76 31,68 22,40 5,44

0,005-0,01 18,18 11,08 - -
0,001-0,005 26,73 28,48 34,16 19,60

0,001 11,46 16,36 - -

Ilposeneno BH3HAYEHHA TPYIIOBOTO H EIEMEHTAPHOTO CKIaJy Calporneno
PI3HHX THIIIB 3 METOK BHMSABJICHHSA HAKOIMHYEHHX MIHEPAIIIE B OCHOBHIH PEYOBHHI
[67].

EnemenTapuuil ckilajg opraHiyHoOl pe4yOBHHH CcanporielliB HE Mae CYTTEBOI
PI3HHII 32 THMAMH carnporeme, MakT 1JIGHTHYHOCT] eNeMEHTapHOro CKIaay
PI3HUX THITIB TOACHIOETHCA THM, 110 TTPOIECH MIHEpaTi3alli opraniynoi peuoBHHH
CanponeicyTROPIOBAYIE TPOXOAATE M BOnuBoM  (epmenTie. Ak BUIHO 3
tabi. 1.5, cyrrepol pisHuml v emicti C 1 H y canponensx okpeMHX THIIB He
CIOCTEPIraeThed, a HAHOUIBIIHH BMICT a30TY Ta CIPKH B KapDOHATHHX calpornensax.

Jocnpkenns nposejaerl IHeruryrom topdhy AH CPCP s Bu3HaueHHS
ENEMEHTAPHOTO CKJIAAY CArpone, MOKA3yTh, 110 ICHYIOTE TPAHMII KOJIHBAHD
mame y Bmicti C 1 H, ame iX cepenni 3HA4YeHHA I8 PI3HUX THIIB Maiike
3oIrarTeea [67].

Pizanus v smicti C, H, N v Meskax ogHoro Tuny oOyMoBIeHa BIIHOLMIEHHAM
BHJIIB CalpoleJIeyTBOPHOBAYIB, AKI Opalii y4yacTb Y BIJIKIAJIEHHAX, 1 CKJIA/10M
IPYIHOBHX K[JM“':'H':HTiE+

Brnmme pociMHHOTO Marteplaly Ha YTBOPCHHS OPTraHIMHOI PEHOBHHH YITKO
BHpaKeHHH IHIIe B OPraHivyHUX camnpomneadax. Y BUIKIAJeHHAX 3MINIAHOTO 1

KpeMHE3eMHCTOr0 THITB I'YMiHOBA pevdoBHHA ckiajae 34 — 71%, pedoBuHa, AKa



Tadauys 1.5

EnemenTapuunii ckiaan canponedais (% Ha opraHiyHy pe4oBHHY)

Tem Ol CO; C H N S
Cal I]'J'l.}l 11D {_'r::lp{u,:-ll:l:rlnl
R 237 0.5 554 6.7 43 0.6
Prafmiiid 1 40-316 | 00-57 | 499-61.1| 58-79 3.1-59 0.2-13
KpemHesemu - 548 0,4 54,8 6.9 4,1 1.2
CTH 405-604 | 00-12 | 475-647| 58-77 32-50 0.3—4.1
KanGomrmmis 467 24.6 576 7.0 4.8 1.6
P 365-515] 118-379 | 483-667 | 62-82 | 25-70 | 01-12
388 3.4 547 6.5 43 0.9
Imimanmii | 330 446 | 00-124 | 422-648 | 56-70 2858 2-20

IerKo rigpomsyerecs — & — 36%, Byreus — 42 — 65,
1 azor — 2,8 — 5,8%.

BOJIEHE — 3,6 — 7.7

Cepen yciX KOPHCHHX KOTATWH Canporenh BHPIZHACTECA HAHOIBIITNM
BMicTOM azoty. [lenoren, Sk BepxHIii map Bigknaa, yrpumye 1o 8,0 — 8,5% azoty
Ha oOpraHidMHy pe4doBHHY. KiAbKICTE a30Ty canporneleyTBOPHOBAYIB 3YMOBIIKE
piBEHB 1 TPHPOOY A30TOYVTPHMYBAIBHHX CIOIYK Oocaay. A30TOHAKONMHYYBaIbHI
CIIOUIYKHM  MUJIBHIIYIOTE  O10JIONYHY  AKTHBHICTh  CAlPONENBE 1 HO3HTHBHO
BIUTHBAIOTE Ha (PI310JIOTTYHI NPOLECH, AKI MPOXO/IATh B POCIMHAX 1 OpraHizmax
TBAPHH 1 NITHLLI TTPH BUKOPHCTAHHI CAlIpOIIE/I0 AK J00pHBa Ta KOPMOBOT J00aBKH.
Xo04a X BMICT ITOPIBHAHO 3 THIITHMH KOMIIOHEHTaMH XIMIMHOTO CKJIaay He3HAUYHHH,
aJie BOHH BCe PIBHO BIAINPaKTh BAXKIIMBY POJb ¥ LIH CHPOBHHI.

AHau3 canponesiiB Ha BMICT MIKPOEIEMEHTIB 110KA3aB, 1110 BOHH MICTITh BCI
HHTTEBO BAMKIHBL MIKPOEIEMEHTH, SKI BXOAATEH 0 CKI4ly MeTanoepMeHTIB 1
METAJIONPOTEIAIB, 3a0e3MCYYIOYH [IPH LLOMY IPOTIKAHHA Daratbox (131010r4HHX
MpOLeciB B OPraHi3Ml JAHHA 1 TBapuHH. JoCHIIKEHHAMH BCTaHORICHO, IO
HaibaraTii Ha MIKpOeJeMeHTH OpraHivyHi canpornem, 3Mimadi H kapOoHaTHI

3aiiMaroTh NpoMizkHe ctaHosue [11,18, 136, 137].



XapakTepHOK 0COOIMBICTIO CANPOIEIK € HOoro npupojaHa soaoricrs. Bona
KOIMHBAETHCA ¥ Memkax 92-98%. Taka pisHHIS Y BOJOTOCTI TIOACHIOETHCH
HEOHOPIHICTIO XIMIYHOIO CKJajay 1 BIJHOLIEHHAM 30JIbHOI Ta OpPraHivyHol
YacTHHH. SAK BIIOMO, OpraHiyHa PEYOBHHA 37aTHA 3B A3aTH OUIRINY KUIBKICTE
BO/IH, HI’K MIHepalibHa, 3a PaXYHOK OCMOTHYHOI'O NMPOHHKHEHHSA MOJIEKYI] BOIH I
VTBOPEHHS BOJIHHX 3B A3KIB 3 (hYHKLIIOHAIIBHHUMH IPylaMH
canponemo [53, 67]. Omke, yuMm Olnnine opraHiyHoi pPEYOBHHH, THM BHIIA
BONOTICTE. [l18 BIZKPHTHX BOJOHM XapaKTCpHC 3HH/KCHHA BOJOTOBMICTY 13
30UIBIIeHHAM TTHOMHH BlakiIageHb. BeeOlyHe mocilaxeHHA BOIHOI (pakuil
Calpore/d Mae BelHKe MpakTHYHE 3Ha4eHHs Y [porecax go0yBaHHs 1
3HeROIHEHHS. [IpoBe/ieHnil aHall3 CRIIUHTE 1IPO TE, 10 OCHOBHA KUIBKICTh BOJIH,
AKa MICTHTRCA ¥y canponen (o 70-80% Bija MOBHOT BOJOMOEMHOCTI) CKJIAIA€
c1abo 3B'A3aHY BOAY MaKpOmop 1 YTPHMYCTBCA Yy MaTepiagl MEXaHIdHO Ta HE
BOJIOJIIE 3HAYHOK EHepricr 3B A3Ky, 12—15% npunagae Ha iMMoOOiMIZ30BaHY Ta
8—15% OiomoriyHo iMMoOLII30BaHy, 1 TUIBKM 3—5% BOAH, AKY HYKE BamKO
BTy [67, 103]. ¥V OuibliocTi BHIAAKIB 111]] 4ac 3HEBOJHEHHA CallPOIIEIIo
BIUIJIEHHS BOJIHOT (hpakuil cKknajiae BENMKI TPYAHOLUL 1 noTpedye O rmudoKHX
Ta PETEARHHX J0CTILKEHE, 0CODIHBO Ha XIMIYHOMY PIBHI.

Y Tennodi3MH4HOMY BIJHOLIEHH! Calponesl XapakKTepH3YKTBCA HH3IKOH
ocoOIHBOCTEH, MOB A3aHUX 3 1X CKIAJIHMM KOJIOiJalbHO-JIHCIIEPCHUM BMICTOM 1
BMICTOM OpradHiydHoro marepiany. HalOuibil cyTreBHMH 3 HHX € HAABHICTB
NOJATKOBHX TEIUIOBHAUIEHB, NMOB A3aHHX 3 (DI3HKO-XIMIYHHMH 1 O10J0TNYHHMH
npolecaMH, SKi CYNMPOROIKYIOTRCS IX MPOMEP3aHHAM 1 BIITAHEHHAM, 3BOPOTHICTE
LHX IIPOLECIB 3a BLIHOCHO HEBEeIIHKHX BLI €MHHX TeMIIepaTypH 1 IX He3BOPOTHHIM
xapakTep 3a OUIbII HU3BKHX TEMITEpaTyp.

3a BHCOKOI0 BOJOTOBMICTY Temno(izHdHl XapakKTEePUCTHKH  Mep3Hux
CanponemBe PI3HOTO CKI4AY Maiike He BUIPIZHAIOTBCA 3a 3HAYEHHAMH BiJI
TeTUIO(I3HIHUX ~ XapakTePHCTHK  JBROAY. Pi3HHIA MDK  Temaogi3HYHHMH

BJIACTHROCTAMH TaJIHX 1 F3AMEPSEIIHX CalTpoTIcT IB AYAHC BCITHEA. [T qac 3AMEP3IdHHA



canpouneniB 3BHuYaiiHoi BosorocTi koediwleHT iX TEIUIONPOBIAHOCTI 3pOCTae vy
3,5 —4 pasu [22].

HocnmipkeHHs  03€pHHX  BIIKJIAJIB,  AKI  3ajAral0Th Yy PI3HHX
reoMopOIOTIMHAX 1 3€MENbHO-TeOJOTIYHHX  YMOBaxX, T[OKazand, o 1l
BIIKJIQJEHHA JOBOJI PI3HOMAHITHI 32 KUIBKICTHO, AKICHUMH XapaKTepHCTHKAMH i
gikoM. Canponenesl BUIKJIAISHHA MalTh pi3Hy OyaoBy. [HKOIM  BOHM
OJIHOIIAPOBI, TOOTO 3 OJHOTO THITY CANpOTIENIB, 3YCTPIYAIOTRCA 1 DaraTomaposi,
chopMOBRaHI 3 ACKUTRKOX PIZHUX THIIR campomnemB. [Jlns mporencHHA OUTBIN
TOYHHX JOCILUKEeHb I[OTpiOHe [OCKOHAlle TeXHOJIOoriyHe o01aJHaHHA, 3a
JOMOMOTOK) AKOTO CI1J NMPOBeCTH TMHOOKHH aHali3 POJOBHIL Ta BIACTHBOCTEH
carporesIo y npolect nepepodku.

VpansCeKuM  JICOTEXHIYHUM  IHCTHTYTOM [51] Oyno  3anpononoBano
KaacH(IKYBaTH Canporneil Ha OCHOBHI THIH 3a XIMIMHHM CKIaJ0M MIHCPAIbHOI
YaCTHHH, AKA HaHMEHIUEe 3MIHKETBCA. Y 30J11 BPaxOBYBaJMCA BIJHOLUEHHA MIK
S1;0 1 CaO 1 3gepTalH yBary Ha Te. [0 OCHOBHI MAcH CIOJIVE KPEMHIK 1 KaJIbIIH
O10JIONYHOIO MOXOKEHHS, TOOTO YTBOPHIMCHE B PE3VILTAT] HUTTEMAIBHOCTI
OKpEMHX IPYI MIKpOOPraHi3MIB (BojlopocTeii, OakTepiii, rpudiB To1110).

Cnig 3eepnyTH yBary Ha knacudikamito canponenie H.B. Kopnae (1965) 3a
BMICTOM opraHiyHoi pedoBuHH (OP), ne BuaingeTecd Tpu rpynu: canponent (OP
nonax 50%); 301aneni canponem (OP vk 15-50%); BUcoKo30/BHI BLOKIau (OP
menie 15%).

Mosxna nogatu knacudikamio AL ITinonmuka (1975) [69], sakuii noainse
03CPHI BIIKIAJACHHA HA THITH, TIIATHITH, TPYIH 1 BUIH. (puc. 1.4).

Ha panuii wac HalOIBID  3aCTOCOBYETBCA  MPOMHMCIOBO-TeHETHYHA
knacudikanis Ineruryry Topdy AH Binopyci. Ii ocobmugicte y Tomy, 1o BoHa
CKJIAJIEHa HA OCHOBI MEHeTHYHHUX 0coOIHBOCTEN BIIKIAeHb Ta TEXHIYHHX BHMOT
710 CANMPONEICBOI CHPOBHHH /I KOHKPETHHX HanpaMiB 3acrocyBannsg. lla

KaacH(pikallig gac 3MOry  parioHaJEHO BHKOPHCTOBYBATH JaHHH TPOIVKT Y



OV/Ib-sIKIH rajy3l HapoAHOT HNPOMHCIOBOCT], /10 HEAOJIKIB AKOT MOMHA BIHECTH
TAKOYK BUICYTHICTE JaHHAX PO O1070TII0  BIIKIAIEHB, TOXOKEHHA 1 CKIA]

OpraHivyHol pe4oBHHH [69].

Canponem
13 30BHICTH MeHnIe Hik 30 % 13 30BHICTHO 30...85 %%

ManososnbHi baratoso/ibHi

Opratiuti KpemuezeMucTi KapbonaThi Imitani
I3 Heopranivna MicTHTE
[epeBax)amunm YaCTHHA MPHOIHZHO
BMICTOM [IpeIcTaBjIeHa B PIBHY KUJIBKICTE
KpeMHe3eMy OCHOBHOMY SO, 1Ca0

CaO

Puc, 1.4, Tlomn canponems 3alekHO Bl KUIBKICHOIO BMICTY OPraHigHOl

PEHOBHHH 1 Mi]]CpﬂJ’IL[IHK KOMITOHEHTIB.

1.3. AmnaJis cnocodis i 3acobiB 3HeBOAHEHHS MaTepialiB migBHLIeHOT

BOJIOTOCTI

PizHoBHIH BracTHBOCTEH MPOAYKTIE BUMArarTh HAHBIIYAIBHOTO THIXO0TY
10 pO3pOOKH palllOHA/ILHUX METO/IIB 3HEBOJIHEHHS Marepialip (3 ypaxyBaHHAM
BUMOI' /10 AKOCT1 roToBoi npoavkuii). Ocobnuea yBara 3HEBOJHEHHIO MaTeplaiiB
NPUIIAECTECA ¥ CUTBCBKOTOCTIONAPCEKOMY BHPODOHUIITBI, JI¢ MPOIIEC 3HEBOIHCHNA
€ MPOMIZKHOK ab0 3aBepIlaIbHOI OIEpalleld ¥ BHPOOHHUIITBI MPOIYKIINL (MaeThCA
Ha yBa3l AK [MOBHE 3HEBO/IHEHHA, Tak 1 yacTkoge) [ 105].

Bupanenns Bosoru 3 martepianxy nmoOyaoBaHe Ha JIBOX OCHOBHHX criocodax

(puc. 1.5), BHOIp AKKUX 3aJ1€KUTh B/l BIACTHBOCTEH MaTeplany:



1. 3HEBOJIHEHHA MATEPIAY 13 3MIHOK AIPeraTHOro CTaHy BOJIOIM,

2. 3HEBOAHEHHA MaTeplamy 0e3 3MIHH arperaTHOTO CTany BOJIOTH,

MeToan 3HeBOIHCHRA MaTepiaier 3
MiIEHIICHOK BOJIOTICTIO

[3 sminom arperaruoro bes aMinK arperaTHoro
CTAHY BOIOIH CTAHY BOJOTH
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Puc. 1.5. Cxema knacudikaiii MeTo1iB 3HEBOIHEHHA MATEPIAIIB MLIBHILEHOT

BOTOTOCTI

IMepmmii crocid moOyI0BaHO Ha BHIAJIEHHI BOJIOTH BHACIIIOK MeXaHIYHOI
Al Ha marepian (npecyBaHHA, UeHTpHUyryBanus, QineTpamis), a Takox
AOJJaBAHHAM 10 HBOI'O abo EMiLIJ}-’Ei:lHHHM 3 BOJIOIOIHIONIIHHAJIBHHMH - PCHOBHHAMMH.
Y apyroMy BHNAAKY BHAAJIEHHA BOJNOTH BIIOYBAETHLCA 3a YMOBH IIABE/ICHHA TEIa
10 00OpoOIIOBAHOTO TIPOIAVKTY.

JHocnKeHHAMH V Tally3l CYUIHHA CUIBCBKOTOCIIONAPCEKHX MaTeplaliB y
pizHl nepiogan zaimanuca A.B. Jlukor, A.C. T'inzdoypr, C.M. Illtiuun, B.M.
Haymoeuu, b.C. Caxun, P.B. Jlyuuk, b.C. Korog, B.®. ligyx ta iHwi eueHi. 3
EHEPreTHYHOrO IMOTMSAY, CYIIHHIO MOTPIOHO NUIIABATH Marepian 3 AKoMora
MEHIIIMM BMICTOM BOJIOTH, CJIJ BpaxyBaTH Takox GopMy 3B A3KY BOJOTH 3
mareplazoM. ng gedkux BHIAIKIB CVIIIHHA MAaTCPIATIB 3 BEIIMKONW BOJIOTICTHO

NPOBOJATE MONEPEAHD NIIFOTOBKY (O4HIIEHHS, MOAPIOHEHHA, MPOMOPOKYBaHHS,



HPONAPHBAHHA Ta TOIO ), PI3HOMAHITHICTE BJACTHBOCTEH HPOYKTIB 3HEBO/IHEHHS
BUMarae 1HIHBIIyaTbHOTO MUIXOAY 10 Ppo3po0KH pamioHanbHAX METOMIB IX
cyunHea [19, 94,

HocmKeHHAMH ¥ Tany3l CYIIIHHA ClUIBCEKOTOCMONAPCEKHX MaTeplalie y
pizHl nepiogn zaiManuca A.B. Jlukor, A.C. T'inszoypr, CJ. Ilrigun, B.M.
Haymorunu, b.C. Caxun, P.B. JIyuuk, b.C. Kotos, B.d. J{iayx ta 14111 BUeHi.

BIABIIICTE  BOJMOTHX  CUTBCBKOTOCTIOJAAPCHKHX — MATEPIATIE  ABIAIOTHCH
KamJapHO-TIOPHCTHMHE ~ KoJoigansHuMu  TutaMu. Ha  ocHoBl  mpomeacHHX
EKCIIepHMEHTAIBHHX JTOCIILKEHE BCTAHOBIICHO, 0 B TAKHX MaTeplajaXx 4acTHHA
BOJIOI'M BiJIbHA, a pemTa 1 MacH (y daratboX BHnaakax o 15-20 % 3za macor 1
ounbie) — 38 a3ana [20, 65, 100].

Vel BOnori Matepiaiv 3ajekHo BiJl 1X OCHOBHHX KOJOIIAILHO-(I3HYHHUX

BIACTHBOCTCH MOMKHA Hﬂ,I[iJI]fITIfI Ha TPpH BHIH:

1. THIIOB1 KOJIOIJallbH1 T1N1a (e1acTHYHI reni).
2. KallUIAPHO-MIOPHCTI TiIa (KPHXKI red).
3. KANUIAPHO—IIOPUCT] KOJIOTAHI TUIA, K1 MalTh BIACTHBOCT] NEPLIHX JIBOX

BUAIB. Jlo mmMx T HaneKHThE OUILIIICTL MaTeplamB, fAKl UAKTHCH
CYUIHHI 1 3aCTOCOBYIOTECA Y OVIIBHHUTEI (TOpd, AcpeBHHA, KapTOH Ta
Oararto 1H) [100, 113].

3a knacudikaniero akagemika I1. Pebingepa po3pizHAIOTE JAeKiIbKa BHIIB
3B A3aHOT BOJIOIM: KaluibgpHa, OCMOTHYHA, ajacopduiiiHa 1 ximiuxa [61, 100].
BracTHBOCTI BOJIOTHMX MaTeplaiiB Pi3HOTI XIMIYHOT MPHPOAH 1 MOPHUCTOT CTPYKTYPH
3HAYHOK MIPOIO 3aJICKaTh HE TUIBKH BlJl 3arajibHOI0 BMICTY BOJIOTH, 8 TAKO#K BlJl
topm 11 38 a3ky [121].

Haiidinem MiliHO eHepreTHYHO 3B A3aHa 3 PEYOBHHOK ajcopOuiiina Bosora,
0CODIHBO MOHOMONEKYISApHOT afacopduii. Beranorneno [117], mo ans pospHry
3B’ A3KIB Y MOHOmapl Tpeba OuIbIEe 3aTpaTHTH TEmia, 4YUM Ha IEPEBEICHHS
BITEHOI PITHHHA Y TIApYy.

ITix gac cymiiHHA MeAKHX MaTeplallE BHIAMAETECA TaKOK XIMIYHO-3B A3aHa

pojiora. lle ABMINE XapakTepHe U4 MaTepialliB 3 BMICTOM OPraHivHO1 PiIAMHH, AKa



3/1aTHA YTBOPHOBATH PI3HI KOMILUIEKCHI CIOIYKH, 10 PYHHYIOTBCH [IPH CYLUIHHI.
TyT BapTO 3a3HAYNTH, IO 718 BUIAJIEHHS OJHHX BHIIB 3B A3aH01 BOJOTH TTOTpIOHE
TUIBKH IIBH/IKE M1BC/ICHHA TEI1a 1 MAKCHMaJlbHa MOBEPXHA KOHTAKTY MaTeplany 3
TeMIIEPaTYpHHM HOCIEM, a B IHIIHX — BH3HA4YEHHH 49ac And AUQY3Il BOIOTH [0
NOBEPXHI MaTepiany 3 HACTYITHUM 11 BHaaneHHam [1, 38, 106].

Yl Bl1oMI ¢riocoOH 3HEBOJHEHHSA calponeliB 0a3ylThea Ha HPUPOJIHOMY
CYHINHHI IBOTO MaTepiany. Tak, 0JIHH 13 crnocoDIB 3HEBOIHEHHA canponenis |5, 22,
83] nmepenbayac HaMHBaHHA Ha TIOJIC, MPHPOHE CYNIHHA 13 (peicpyBaHHAM Ta
HoApIOHEHHAM 111 4Yac 3HeBoAHeHHA. HemomikoM wporo crnocody € Ce30HHICTB
pobIT, KIIMAaTHYHI YMOBH Ta  OKHCHEHHHA  Calpomemd  Ha  IOBITPI.
3riHo 13 [6, 7], cBKOA0DYTHIH callpoliellb 3HEROIHIKTE MEXAHIUHHM CIIOCOOOM
10 Bonorocti 60-80%, micns 4oro NMakylwTh Y MNOMIETHIACHOBY Tapy. ¥ LBOMY
BHTIAIKY BIICYTHI OyIB-AKI JaHl PO 3ac00H MEXaHIYHOTO 3HCBOIHCHHS.

[TpucTpiii OesnepepBHOTO 3HEROJHEHHA canpornenw [8], MexaHIMHHM
criocodboM MetoaoM (dinkTpanil 3o00paxkednii Ha puc. 1.6. Canponens mia ai€w

BJIACHOT Baru 3 OyHKepa 8 nepeMillyerbes Y KOHYCHHH npocTip pododux kamep 6

13

14

n

Puc. 1.6. CxeMa npucTpor 118 3HCBOJHCHHA canponenw: | — kopryc;
2 — (MaeTpyRaIBHHH €1eMeHT; 3 — J0JaTKOBHH (PINbTpyBanbHUH eneMeHT; 41 5 —
BiOpaTopH; 6 — KaMepa 3HeBOJAHEHH:; 7 — KaMepa id pinsTpary; § - OyHkep: 9 —
bak; 10 — Bakyymumii Hacoc; 11 — Benrunb; 12 — norok; 13 1 14 — narpyoku; 15 —

peryiaTop KoHycHoCTI; 16 — peryiaTop KyTa HaXHIy KaMepH,



Ta 7, 1€ KOHTAKTYE 3 (PLILTPYBAILHUM elleMeHTOM 3. [HTeHCHBHICTE (DUILTPYBAHHS
NOCATAETRCS  BIOPYBaHHAM Ta CTBOPEHHAM Bakyymy Yy polouiii kamepl 3a
nonoMorow Bakyymuoro nacoca 10. ITicna npoxopkenns depes pododl kamepH
canporneik MOTpParifAe€ y JIOTOK, a BUAUIEHA Bojora 4epes matpybok 13 — vy
30ipHUi Dak. HelonikoM Takoro NpHCTPOIO € HU3bKa MPOIYKTHBHICTD.

3HEBOJHEHHA MaTepiany 0e3 3MIHM AarperaTHoro CTaHy BOJAM  MEHLI
EHEPTOEMHE, OJIHAK 3aTPATH B LILOMY Pasl HIYTh HE THIIE HA Peam3aliiio mpolecy
BIUTUICHHA BOAH. TOMY TNPOMOHYETBCA BIUIIIATH YacTHHY BOJNOTH T Hac
no0yBaHHA 3 IHA o3epa [135].

V¥ nepmmx TpeoX BHMNAIKAX carnponeils Nicis Jo0yBaHHA HAMHBAETHCH Ha
mojgsi 1 mae  Bosoricte  97-98%. BiH  po3TIKaeTheAs 10 100 HIAPOM
ToBHHOIO 10-15 cm. Hagite 3a Takol He3HauyHol TOBHIMHH, HOTO BEpXHIH 1
HIGKHIH [apH BHACTIJAOK TOTAHOI BOJOTOBLIAAYI BHCHXAKTh HEOJHAKOBO, Y
NOYaTKOBUH Mepioj] CYLIIHHA OCHOBHAa 4YacTHHA BOJOTH BIIXO/JWTh 3a pPaxyHOK
(hineTpanii, a moTIM — 3a PaXVHOK BHIIAPOBYBaHHA. Y Mpoleci CYIIIHHA Ha
NOBEPXHI  YTBOPHETLCH KIPKA, HKa 3aBaxkae npouecy BoJorosiygyaul.  Jlis
PYHHYBAHHA KIpKH HeoOX11HHH o0poDlITOK 13 3acTOCYBAHHAM NpHUYINHOrO ado
HAYITHOTO CLIBCHKOTOCTIOAAPCHKOTO 00IaHAHA.

YererepTuii  p13HOBHA  HaMHBY  J03BOIA€  OUIBII  palloHAIBHO
BHKOPHCTOBYBATH BCE TEXHOJIOTIYHe OD/IaJHAHHA NPOTATOM CE30HY 1 PHTMIYHO
HPOBOJIMTH lpouec Jo0yBaHHA. AJle IPH ULOMY HE MOMKHA HE BPaxoBYBATH
MOJOPOKYAHHA NPOAYKINT, AKE 3YMOBJICHE OYIIBHHUUTBOM BIJACTIHHHKIB, Kpim
LLOr0, TAKa TEXHOIOTA BHMArac 4acy JUIS OCIJIaHHA TBEPIAMX YacTHHOK |5, 34,
135].

VY BcIX BHUMAAKaX MicAsA BiJIBEASHHA OYUIIEHOT BOJIM, KOJIH canpomnelb IIe He
JOCTATHLO OCIB, BOJIOTICTh CAMPONETH 3MEHIIYEThCA 33 paxyHOK (pinsTpaiii, a B
HACTYITHHUH NEP10/] CYIIHHA BUPIIAILHY POJIb BIITPAE BHIIAPOBYBAHHA, 3 JICAKHM
YacOM Ha TIOREPXHI VTBOPIOCTRCA TREpJa TOHKA TUIIBKA, AKa TEpeIKoKac
BHIIAPOBYBAHHID. TPHBAIICTE CYIIIHHA Callpolenl ¥ mapl ToruHHow 0,3-1.2 M

no eonorocti 50-60% B ymopax fpocnaecekol obnacti cknagae 1,5-3 micaui.



[licis BOpPYIIIHHA [UBMJKICTE CYIIIHHA PI3KO 3pOCTAE, 1 3alrajlbHUA  CTPOK
3MeHmyeThes g0 1-1,5 micamis [67].

Takox canponens HaMHBAaOTE Ha MYJIoBl MakWaaH4yuku [89]. Tlopan 3
HETATHBHUMH [MpoOIeMaMH Mif 4ac HAMHBAHHA Ha I0JA, el crmocid Mae oaHy
CYTTEBY [lepeBary — e BIJACYTHICTh KOHTAakTy canpornento 3 rpyHtom. Todto
TOBAPHA NPOJIYKLIA HA BHXO/I1 HE MA€ CTOPOHHIX JOMILLIOK.

HacTynuumM  eTanoM BWJIAMEHHS BOJOTH 31 CAnmponeno  3a  JIaHo
TEXHONOTIEK € mpoMopokyBanaa. Hocmian, mporeaeHi y 1962-1963 pp. [51] B
Apocnaecekiii  o0acTi, IMOKazaad, MO CYIJIHHKOBHH IPYHT Ha MeHIaH4YHKY
METEeOCTaHLll [poMep3ae 3HAYHO [IBHALIE, HIK HAMHTHIl canpornens vy
BUICTIHHMKY. [mbuHa npoMeps3aHHs CyriMHKIB ckiaajgana 1,38 m, a s
canponeno — 1,02 M; Takok BCTAHOBJICHO NMOYATOK NMPOMEP3aHHsA Canponesno 3a
Temneparypu miayc 0,5-0,6 °C.

Ha pwuc. 1.7 nokazana 3aneKHICTE TPHBAIOCTI CYIIIHHA Bl BHCOTH

HAMHTOTO Canporneio B yMoBax Slpocnapchkoi obIacTi.
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Puc. 1.7. TpHBamicTk CYIIIHHA canponento 10 BogorocTi 60% 3a1ekKHO Bi BHCOTH
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3acrocyBaHHs cybumiMauliiHux cywapok [105, 118] elakujaerbcs uepes
EI[EI,T-"Ii CHEPTO34ATPATH l'liﬂ Hac 3HCBOJIHCHHA, 4 TAKOWK HETATHRHWH BIIJTHB HH3LKHX
TEMIIEPATYP Ha AKICTh MaTeplay.

[Ipouec cyuIIHHA BHCOKOBOJIOTHX MaTeplajiiB IIHPOKO 3aCTOCOBYETBCA Y
MeJau4HIH ramy3i. IlpH oMY BHKOPHCTOBYETBCH METO] HalMIeHHA. 3aBIsdKH
TAKHMM [IepeBaraM, fK IPOCTOTA KOHCTPYKLII anapartie, MOMIHMBICTE KEPYBAHHSA
AKICHHMH T4 CTPYKTYPHHMH MOKa3HUKAMH BHCYIIYBAHOTO TPOJIYKTY, TOPIBHAHO
HH3bKa CKOHOMIYHICTB, BIH € OJHHM 3 HaiOUIBII TMEPCICKTHRHHX CrocoOIR
JHEROJIHEHHS BOJIOTHX MaTepiamie [129].

CymriHHA yV  PONMIKBAIBHHUX — CYLIApKaX  BIAOYBAETBCH  3aBIAKH
PO3INWIEHHIO MaTeplaly 3a JOHOMOTI0K (OPCYHOK, JIOUEHTPOBHX, JUCKOBHX abo
AKYCTHYHHX TIPHCTPOIB Yy MNPOCTOPl CYHIMJIBHOI KaMEpH, B AKY OJIHOYACHO
NOJACTBCA CYIIHIBHHH arcHT. TOHKE H OJHOPLIHC PO3NHICHHA 103BOJIAC
BHCYIIIYBATH MaTepiaj 3a CYTTEBO MEHINO! KIHIEBOI TeMIepaTypH CYIIHIBHOTO
areHTa, 1o A03BOIAE Y CBOK Yepl'y MIABUILHTH KoedilleHT KOPHCHOT il npoLecy
C}"LIJiHHH ad0 3HUIHTH BHTPATH CYIIHI/IBHOI'O dl'CH'TA.

Ha xkomOIHauil po3nuieHHs 1 HAHECEHHS TOHKHX LIAPIB PLIMHH 0a3yeThes
Oarato TPHCTPOIB, y AKHX 00 ¢IHYIOTRCA TPONECH CYIIIHHA Ta TpaHyJIaLii.
Binomuii  cnocid OoTpHMaHHA TpaHYJIBOBaHHX J00OpHE B YCTAaHOBLL 3
BHKOPHCTAHHAM DapadaHHOIO IrpaHyIaATOpa—CYIapKu, sKuil HazuBaeThes bI'C ado
ctheponaiizepom (ipma “Tlex”, Dpanuis) [20].

Anapar BI'C (puc. 1.8) asnse coboro 3Buuaiiny OapadaHHy cylIapky 3
nepudepiiiHoK TIIHOMHO-TONATCROK HACAJAKOKW. Y TepeaHiii gacTuHi Oapabana
BCTAHOBJIEHI ITHEBMAaTH4YHI (POPCYHKH 2, KOTPl PO3NHIKIOTE BHXLAHY IIYIBITY
HiTpoamodocki. AmnapaTr Npale IMiJ Yac napajelbHOro pyxy marepiaay Ta

CYLIHJIBHOT'O areHTa, [0 NoJacThes yepes 014H1 CTIHKH MepeHbOT KopoOKH.
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Puc. 1.8. bapabanna cymapka-rpanynartop: | — Hacoc; 2 — MTHeBMaTHYHA

thopcyHka; 3 — dapadan; 4 — uMKI0H; 5, 6 — BeHTHIATOPH; 7 — I114Ka

Cyuniaasa 1 rpaHyioBaHHa vy cdepojpaiizepl TPOXOIHTE Y Pe3yIkTaTI
IMOUYYBAHHA CYXUX IpaHyJl, Kl 3CHNAKTBCA 3 JIONATOK 1 MOMNajJarTh Ha (daken
PO3MUIIEHOT ITYIBIH. BHCYIIEHHH TPOAYKT TpOciBacThed: KpylHa (Qpakiis
HOJAPIOHIETLCH 1 Pa3oM 3 JIPIOHMMH YaCTHHKAMH, AKI HAJAIHIUIM 10 UMKIIOHA,
NOBEpTaCTRCA ¥ OapadaH.

Kinnesud mnpoaykr asinge codow rpaHyiad posMmipoMm 2-4 MM, 1X Bara
cknagae 1,5-2 kr Ha 1 Kr rotororo mpoAyKTy. [IpoayKTHBHICTE CyIIapkH M0
BHIIAPOBRYBAHHA BOJIOTH 3a Temmeparypu 220-270°C, ckimamae 15-18 kr/(M*-rox),
TOOTO HpOLEC NPoXojauTh v 2-3 pasd IHTEHCHUBHILLE, HIK YV 3BHYANHHX
PO3MHITIOBAILEHHUX CYIIAPKaX.

Haitduiemy  yBary miji 4ac 3HCBOJHCHHS MaTeplajlB  aHaJOI4HHX
canponent, nOpHavieHo Topdy. 3 veiX  BIOOMHX  CHoco0IB  MpakTHYHE
3aCTOCYBAHHA OTpPHUMaB crnocid 3HeBOJHEHHA, OCHOBAHHWH Ha 3MIHI CTPYKTYPH
Topdy TEPMIYHOK O00pPOOKOW 3 NOJANBIIHM MeXaHIYHHUM BHIAICHHAM BOJIH
MEXAHIMHMM  1UaxoM. (OcoOnMBICTIO TEPMOMEXAHIYHOTO Crnocody MTYHHOTO
3HCBOJAHCHHA € MorepeaHs oOpodKa CHpPOBHHH B aBTOKIIABl BOIAHOIO Maporo 3a

Temmeparypd 185°C mpotarom 20-30 xB. ig BHCOKOI TeMIepaTypH NPH3BOAHTE



10 HE3BOPOTHHUX (BI3UKO-XIMIYHHMX 3MIH Y TOPhI 3 Nepexo10M YACTHHH 3B A3aHOT
BOAM ¥ BUTEHY. le 3mauno nomnmiye pesyiIsTaT MEXaniqHoro 3HEBOIHEHHA,

3aBJfAKH CBOIH MPOCTOTI 1 HE3HAYHIH EHEPro€MHOCTI BIIOMI CHOCOOH
JHEBOJHEHHA Top(dy mependavarOTh MeXaHIYHE BHIANCHHA BOJAH MpPEeCYBaHHAM.
["0IOBHUMH IPHYHHAMH HEBAa4 PI3HHX CIOCOOIB IITYYHOTO CYINIHHA Topdy ¢l
BBAJKATH HAJIMIPHE 30LIBIICHHS IOPYILICHHS 3B A3KY BOM 3 TBEPIOK PEYOBHHOK
NEPEe MEXaHIYHHM MPECYBAHHAM 1 HEJAOOIIHKA BHKOPHCTAHHA (DIILTpaIitno-
nedopMIBHHX BIACTHROCTEH MaTepiamy [46].

MeTox GUIBTPpYBAaHHA [03BOJIAE POIAUIATH HEOMHOPIIAHI CHCTEMH 3a
JTOMOMOTOKY  TIOPHUCTHX  TEPEeropofoK. ¥ 1IHX BHIAIKAX MOKHA PO3AUIHTH
CYCIEH31T Ha YHCTY PIIMHY 1 BOJIOIHH 0cajl, aepo3011 Ha YHMCTHIT ra3 1 cyXuii ocajl
abo na uncTHii raz 1 piauny [47).

Jlo mporieciB 3HCBOAHCHHA PCYOBHH, PO3IUICHHA HEOTHOPIAHHX CHCTCM
(CycreH31H Ta eMyIbCli) HalekKaTh TAKOXK HEHTPHDYIYBAHHA, MPOLEC PO3ILUIEHHA
HEOJHOPIAHHX CHCTEM Y MOJ1 JONEeHTpOBMX CcHI Ha ¢paruii. Lleil nporec
HPOBOJMTBECH Y CHELIAIBHUX MAlIMHAX — HeHTPH(Yrax, 10 AKUX TAKOK BIIHOCATD
cenapatopu Ta jaekantepu. Cai BII3HAYMTH BEIHMKY POk PAJISHCBKHX BUYEHHX Y
po3po0Ill TEOPETHYHHX OCHOB IEHTPH(YTIYBAHHA Ta po3podll OpHTIHATBHHX
KOHCTpykLiH. Teopia uweHTpudyryBaHHA HaHOLIBII IOBHO po3podneHa 1
nocmiaxena npod. B.M. Cokonorum [114]. Benuke 3nadenHs MmawTk podoTH Y
naHomy Hanpsamky upod. ['M. 3namencekoro [48], npod. ['.I. bpemepa,
H.A. JTyksanosa [87] Ta IHIIMX BUCHHX.

Cepen cnocofiB KOHBEKTHBHOTO CYIIHHA HEoOXITHO 3BEPHYTH VBary Ha
CYLIIHHA ¥ BIOpOKHIUIA4OMY wiapi. el MeToa nae 3Mory 3HH3HUTH [THTOM1 BHTPATH
NOBITPA 1 Teria, NIJIBHIIMTH PIBHOMIPHICTE cyiliHHA Touo [20, 21]. Tenno, ske
HeoOXIJIHE I8 BHIIAPOBYBAHHH BOJIOTH. IMJABOJHTHECH BIJ TPaHYI 1HEPTHOTO
MaTeplany.

Ha BupoOHHUTEI 3aCTOCOBYIOTE cCymapkd (pHc. 1.9) 3 mnonepedsHumM 1

MOB3JIOBKHIM  00avBaHHAM  mMarepiany. JloHenskum 3aeojgoM  “Tlpoamam™



po3po0IEHO PAJI  YCTAHOBOK JUIS  CYIUIHHA PUIKHX  [HPOAVKTIE YV XapuoBii

MTPOMHCIOBOCTI (MOIOUHO-01TKOBOTO KOHIIEHTPATY, THBHHX JAPIKKIB, TTEKTHHY
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Puc. 1.9. Cymapka puyikux npojaykrie H1-OMM: 1 — sentunsrop; 2, 3 —
kasopudepn; 4 — cymmnsHa kamepa; 5 — uukioH; 6 — dak; 7 — Qopcynka; 8 —

HACOC-1034TOp.

TOI[O). 3alleKHO B NOPOAYKTHBHOCTI BHKOHAHO HHM3KY MoAudikauii wiel
yeraHoBku  (A1-JICB=0.25, HI1-OMM, Al-OMIAAI-OMY). 3anexHo Bij
BHKOHAHHA Il MalIMHH  YKOMIUIEKTOBYIOTHCH TIAPOBHMH H  EJIEKTPHYHHMH
Kanopupepami.

Cymapka cKIagaeTeCad 31 CVIIHIBHOI KaMepH 4, Hacoca-Joszatopa 8,
HUKJIOHA 5 3 DaKoM Jutsa 30HpaHHAM NOpOIIKY 6, MHTa KOHTPOIK 1 KepyBaHHA. Y
CYIIMJILHIH  KaMmepl posTaloBaHa nHeBMatuuHa ¢opeyHka 7 1 BiIOpyroua
razoposnojiiibHa  PeNnTKa, Ha fAKIH  3HAXOJUTBCH  IIAPp  TPaAHYT  IHEPTHOTO
maTtepiany. [HepTHHIH MaTepian ABIAc cobow (TOPOTIACTOBI KYOMKH poO3MIpoM
rpadi 4 mM. BiaduibTpoBaHa Maca mareplaay MOJA€ThCA HACOCOM-I03aTOPOM 0
NMHEBMATHYHOT (DOPCYHKH, fAKA PO3INHIIKE i1 Yy BIOPOKHINIAYHN 1Ap 1HEPTHOTO
marteplany. [TpoJiykT, MOKpHBAKOYH 1TOBEPXHI I'PAHYII, IHTEHCHBHO HIJICYIIYETHCH.
Y pesynwpTari CHIBYJIapAHHS TPAHYJ YTBOPHOBAHA TUIBKA NMPOJAYKTY PYHHYETHCH,
BIIUTUIACTRCA B TPAHYJI Y BHIJAII MOPOIIKY, BHHOCHTBCA V IIHKIOH 1 ocliac y

Dauky.



1.4. Orasaa aocaiixens 3i 3HeBOAHEHHA MaTepiaais mijBHIEHO01

BOJIOTOCTI

Canpomneni Ak 00'€KT 3HEROAHEHHA 10C1 MPHILUIAIACE He3HAYHA yBara, ajke
AK OpraHika Vy CUIBCBKOTOCTIOJAPCEKOMY BHPOOHHIITEI BHKOPHCTOBYBAITHCH
MACTHIKOBHIH THIH 1 Topd. ToMy Bel JOCHKEHHA 3 3HEBOJIHEHHS 1IPOBOIHIHCH
OUIBIIOIO MIpoIo 3 Topdom, Bo BRaKAITOCA, 110 HOTO BIACTHROCTI JIYHKE DIH3BKI 10
canpornento. KpiM Toro, icHY0OYI poJOBHINA TOKIATIB CATPONETO 3HAXOIATHCH
11 TOBWICK Topdy, TOMY 1 pe3yiabTaTH 13 JOCIIAKEHHAM TOp(IR BBaKaIHCh
MOCTOBIPHHMH 1 Ui carnporiento. JocmixeHHs pisHUX QopM 3B A3KY BOJIOTH 3
TBEP/I0K (Da3010 MOKA3YHOThL, 0 OCHOBHA Maca BOAH y Topdi, nepexojurts y
NPUPOHOMY CTaHl 1 TNPEJACTABICHA BOJOK), fAKAa MEXaHIYHO YTPUMYETBCA 1
CKMAJacThCd 3  KamuidapHoi, IMMOOLMI30BaHOI, BHYTPIIHBOKIITHHHOI  Ta
CTPYKTYpHO 3axommeHoi [5, 77, 83, 126]. Tomy ana 3aenieBneHHA MeXaHIYHOTO
3HEROJAHEHHA TOpdy OVIO 3aNpOolOHOBAHO HH3KA CIIOCODIB, AKI IPYHTYHOTHCHA Ha
3MIH1 HOIo (PI3MKO-XIMIYHMX BJIACTHBOCTEH 1 CTPYKTYPH: BBEJICHHS JIPEHYIOUMX
J1004aBOK, 3aCTOCYBAHHS CTYIIHYACTOIO NMPEeCcyBaHHs 1 TepMiuHa 0OpobKa.

Beemenns y Topd apenyiounx 100aBoK 3yMOBICHE HEOOXLIHICTIO
CTBOPEHHA MITYMHHX BOJOTPOBIIHHX MOP BCEPEIHHI 3HEROIHKOBAHOTO MaTeplamy.
[Ipu  crymiHyacToMy TIpecyBaHHI Martepial MepiogHYHO MOAPIOHKETHCA |
nepeMiluyeTbes. Y UbOMY  BHIAJAKY [HOPYIIYETHCH I'YCTHHA CTIPYKTYPH Y
(UILTPYBANBHUX — TMOBEPXOHb,  1I0  CHOPUAE 0  TOTIIIIEHHS  YMOB
BOJTOTORITaY1 [69].

HaitOuipime BHBYeHHAM TOpdy, HOTO BIACTHBOCTEH 1 MepepoldKOID
3aiiMaroTees B IHcTHTYTI  TOpdy AH binopyei, 3okpema B.M. Haymoruu,
M.3. Jlonotko, I'.A. €snokumosa, ALIL [lipormuko, LI Jlimrean, H.B. Uypaeg,
D A, Ilynkye, A.B, Cvipuos ta 1 [1, 12, 68, 69, 71, 112].

Bunanenna Bonoru 3 Topdy NpOBOAMTHECA JABOMAa OCHOBHHMH CIIOCODaMH:
MTYYHAM 1 TPHPOIHHM. Y CROK Hepry, IITYYHHH Ccrocid MoJuUIAeThea Ha

MeXaHIYHEe 3HEBOJHEHHA Ta CYIWIIHHA ¥y ClellajJbHUX YycTaHoBKax. MexaHi4HO



3B°A3aHA  BOJA BULIUISETHCA Yy Hpecax, Ha ueHTpudyrax ta (uUILTpaLIE.
3acTocyBamHA  MEXaHIdHOTO 3HEBOJHEeHHA a0 KOHBEKTHBHOTO  CYUIIHHA
IYMOB/IIOCTBCA 3HAYCHHAM EHEPI1l 3B A3KY BOJIOTH ¥ MaTeplasil.

30aTHICTE TOpdY BIANABATH BOAY BEIHKOK) MIPOK 3aleKHThE Bl TOTO
3B A3KY, AKHH ICHYE MK HOTO PIAKO 1 TBEPAOID (hazamul.

HaiinpocTimmm BHIIAJAKOM CYLUIIHHA MATEPIAINE € BUIIAPOBYBAHHA 3 BOJHOT
abo BOJOTOHACHYEHOT TOBEPXHI 3a MOCTIHHHMX napaMeTpis nosiTpsa. Tlyn wac
KOHBCKTHBHOTO CYINIHHA, KOTH TEMa0, AK€ HeoOXIIHe 18 BUMApPOBYBAHHA
BOJIOTH, OepeThCA 3 MOBITPA. TeMreparypa OUld BHIAPOBYHOUOI [TOBEPXHI HH/KYA,
HIK TeMIlepaTypa HABKOIMIIHBOIO cepetoBHIila. CxemMa Uboro IMpolecy MoKa3aHa
Ha puc. 1.10 (mniii 11 2). Sk BHAHO 3 PUCYHKA, Y JIVIKE TOHKOMY 1Hapi 1HOBITpS
(ToBHIMHA X=0), 110 Oe3MOCepeIHLO TIPHIIATAE 10 MOBEPXHI PIAHHKH abo 0 BOJIOTO]
noeepxHi (ae x=0), TpoXoauTkE MpoIec BUMAPOBYBAHHSA 33 PAXYHOK PI3HHIN THCKIB
napie BOJOTH Ha IOBEPXHI PIAMHH 1 V HAaBKOJMHIIHBEOMY moBiTpl. [Ipu x=0
TeMIlepaTypa fy = t, (M1 4ac BHIAPOBYBAHHA 3 BOJHOI MoBepXHI) ado ty = t,, (mia
Yac BHUIIAPOBYBAHHS 3 BOJAOHACHYEHOI'0 MaTeplaiy); UPH HbOMY THCK HapiB
MakCcHMaibHHH, TOOTO py = psx = py (Py — THCK HAcHYeHOT napu 3a

TEMIIEPATYPI fo = 1)
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Puc, 1.10. Tuck napu P ta reMmneparypa { y rpaHHYHOMY IIap1 B MPOLEC] CYUITHHA,



Xapakrep 3MIHH [apaMerpig napH y api Jyxe CKIaJIHUI, ane OCKUILKH
TOBIIHHA THAPY Masa, YMOBHO MPHITHATO paxyBaTH, 110 3MIHA BEJIMYHH P 1t IIOMY

Y mapi ijie 1o npsami.

ITin 9ac pagiamiiHOro 1 KOHIYKTHBHOTO METOIB CYIIIHHA MOJIOKEHHA TIHIH
Ha rpadiky smiHwerbes (miHil 1' Ta 2'). Tlpw upomy t, Moxke OYTH 3HAYHO
Oinbie 34 t,.

[HTEHCHBHICTE BHIAPOBYBAHHS 3 BOJIOTOI MOBEPXHI MOMKHA BH3HAYMTH 3a

thopmynoro JaneTona [3]:

pﬁ
l,=B -Ap- =, 1.3)
v =% P 760 (
e Ap — noTeHLIAll BUIIAPOBYBAHHA, MM PT. CT.;
p. — DAPOMETPUYHHIT THCK TIOBITPA, MM PT. CT.;
760 — (iznaHa atMocdepa, MM PT. CT.;

B, — koedilieHT, 1110 BU3HAYAE PO3MIPHICTb 1 YMOBH BUIIAPOBYBAHHA.

Ja npouecy noJibOBOI0 CYIIIHHA BHPILAJILHE 3HAYSHHA MakTh BUBUEHHS
KIHETHKH T4 JUHAMIKH [POLECIB BHITAPOBYBAHHA, TOOTO LIBHAKICTE LIUX MPOLECIB
I THX CHII, AKI OepYTE YHaCcTh ¥ IIUX Mpoliecax.

OCHOBHI MOJIOKEHHA TPO CYUIIHHA IIMATKIB (IIapiB) BOJOTHX MaTeplalB
M1/l 4ac 3MIHM BOJIOTOCT1 UMX WIMATKIB (1uapie) Oyiau copmyiboBaHi i HAHOUIBLI
TouHO Jocmigxedi A.B. Jlukosum [65]. Byan BUBeJeHI OCHOBHI pPIBHAHHA
HIBH/IKOCT] TPOLECIB, JOKJIAIHO PO3IIAHYTI THTAHHA KIHCTHKH 1 JIMHAMIKH
CYIIIHHA.

Ilpomec  KIHETHKM  CYINHHA  OVAR-AKHX  Mareplajie  TPHHHATO

XapakTepH3YBaTH TPhOMa THIIOBHMH KPHBHMM: CYIIIHHSA W:_,l"('r], IIBHKOCTI
CYILLITHHS dp%r:f[r) i sminn temnepatypn T = f(t) [20, 21, 28, 65]. Ha

puc. |.11 300pakenono THIOBI KPHBI CYINHHA BOJOTHX MATEPIAIIR,



T
Puc. 1.11. Tunosi KIHETHYHI KPHB1 CYLITHHA BOJOIHMX MaTepiaiis.
[IBMAKICTE CYIIAAA € TEPUIoi0 MOXIJIHOID BiJl BOJOTOBMICTY MaTepiamy 3a

HACOM:
= (1.4)

JHAK MIHYC 0O3Ha4ae, [0 3 POCTOM apryMmMeHTy T Horo gyHkiua W cnanae,
OCKUIBKH VY MPOLEC! CYIIIHHSA BOIOTICTE 3MEHIIYETHCH.

Jst cnpoleHHs 1 OpHBeIeHHs YMOB CYIIIHHA TOpQy 40 YMOB CYLIIHHA
IHIIHX MaTteplaniB 3aMICTh MMOHATTA IUBHAKICTB CYUIIHHA (/. ) BBOAATH IOHATTA

IHTEHCHBHOCT] CYLITHHA:

L (1.5)
S drt

o
ae S, — cepejns MOBEPXHA BUTIAPOBYBAHHS JUIA TIEBHOTO MEPIOJLY
CYILIIHHA, M~

K — koediieHT CyIIiHHA.

KinbKICTh BTpaueHol BOJOTH 3a NPOMIKOK AT B 1epi1o/1 nocTiiiHoi

IHTEHCHBHOCTI BHIAPOBYBAHHS BH3HAYACTLCH 3 BUPA3Y:

(1.6)

G, = Sl-p s

e S{F — CCpCAHA NMOBCPXHA BHITAPOBYBAHHA, MI;



i, — IHTEHCHBHICTh BHIIAPOBYBaHHS, KI/M TOJL;
T, - TPHBAMICTE CYIIIHHA, TOI.

[lle ommm 13 crocoDIB  PO3JUIEHHA HEOIHOPIIHHX  CEPEIOBHIN €
(ineTpyBanHa [46, 47, 58, 118]. Illel npoumec xapakTepH3YeTbCA CBOIMH
crerupi9yHUMH  3aKOHOMIPHOCTAMM  (PUIBTPALll, HAKl 3aJek)aTh Bl PO3MIPIB
MOJIEKYI, 1o 3arpuMyrTees  Giasrpom. Ilpouec dinbrpauli nojaiswTs Ha
VIABTPa(IILTPALIID Ta 3BOPOTHHH ocMoc. Y npouecl yasTpadiisTpauii (GiasTp
3aTPUMYC JIHINE BHCOKOMOJCKYIAPHI CIIONYKH, a V MpoIeci 3BOPOTHOTO OCMOCY,
OKpPIM BHCOKOMOJIEKYIAPHHX CIOIVK, 3aTPUMYIOTRCA IIe H HH3BKOMOJIEKYIIAPHI
CIOJIYKH Ta PO3YHHHHUK.

HIeuakicTs dineTpamii y 3araJlsHOMY BHIIAAKY 3aJIHKHTE Bl BIACTHBOCTEH
dinsTpa, hinsTpYBATEHOTO MATEPIANY, THCKY 1 10pIBHIOE [46]:

I=A(P-m)-3600, (1.7)
ne A - koHcranTa (puIkTpa, XapakTepusye Horo omip, 1/He;

P — muck gpinbrpaunii, Ia;

T — OCMOTHYHHIT THCK, [la.

Ho nponecy dineTpanlii cTaRaaTh HU3KY BUMOr. Y pasi BUWIAICHHA BOJOTH 3
Mareplayly OCHOBHAa YMOBA — MAaKCHMANLHE 3HIKCHHA BOJIOTOCTI NMPOAYKTY 34
MIHIMaJBHHX 3aTpar.

PiBHAHHA, ke BHpakae OCHOBHHII 3aKOH (DUIBTPYBAHHA, Mae BUrIA [47]:

dV
W = \ .8
F-dt (1.8)

ne  W—mBHAKICTE npolecy diibTpanii, M/c;
dV — 06’ em (pinbTpanii, M?;
F — noeepxus GinsTpyBaHHs, M,
T — TPUBAIICTD (DUILTPYBAHHSA, TO/I.
ITig wac BM3HAYCHHA CTATUX Tpouecy (IITbTpPYBaHHA 33 3MIHHHX PEKHMIB
NPOXOIKEHHA TMpolecy BUKOPHCTOBYIOTE HACTYMHY dopMyTy, peKOMeHIOBaHY

[47] nns pospaxyHKY MPOLECIB 34 [IOCTIHHOTO Mepenaay THCKIR:



I-n
P
[—J =R, +KV', (1.9)

v
ne  n,R 1 K —cram npouecy QpineTpyBaHHA.
[li1 uac npoBeJEHHS EKCHEPHMEHTY 3aMIPAOThL THCK  (DUILTPYBAHHS

MAHOMETPOM, MIBHJIKICTL BHTpatoMipoM, o00’eMm (ineTpary 3a cyMapHHM
BUTPATOMIPOM 1 CKJIAJAI0Th TAdIULIO 3HaUYeHb onopy dbuisTpyBanns R = ;Z

[MTopax 3 ¢QuibTpalield BUKOPUCTOBYKOTH TAKOK 1 THIEP(LILTPALID.
InepdineTpanis e mpouec GuIkTpamii Hepes (IABTPH, AKI BOJOAIIOTE
MOJICKYJIAPHO-CHTOBHMH  BIIACTHBOCTAMH, TOOTO  3JATHICTIO  3aTPUMYBATH
MOJIEKYJIH pO34MHEHUX pedoBHH [128]. Ane ueid npouec He 3HANIIOB LIMPOKOTO
3aCTOCYBAHHA Yepes J0poroBH3HY (iIbTpyBaIbHUX eJIEMEHTIB.

Jna po3aiieHHA HEOJHOPIJIHMX CHCTEM, K1 CKIaaiThea 3 JBOX 1 O1blie
(a3, 3aCTOCOBYIOTE METOJI NEHTPH(YTYBAaHHA, AKHH OCHOBaHWH Ha il CHIOBOTO
BIIIICHTPOBOTO TOJIA Ha HeoaHopiany cucremy |72, 122]. Hanpamnueiun ana
IpoLecy UEeHTPH(VIYBAHHA BIACTHBOCTI AMCHEPCHHX CHCTEM BH3HAYAKTHCA
[UIOILE TIOBEPXHI PO3/IIJIEHHS KOMIIOHEHTIB, fKa CKIajlaeTbes 3 OaraTodazHHx
cucteM. OnHAK 3pydHille poO3raagaTi He adCcoNMITHY MOBEPXHKY YACTHHOK
JHCTIEPCHOT (a3, a THTOMY — BUIHONICHHS TOBEPXHI YacTHHOK 10 X 00 emy,
[TuToMa noBepxHsA chepUYHMX YACTHHOK OJHAKOBOIO JIOPIBHIOE, M

s=2 (1.10)

Jdna  XapakTepHCTHKH  IUCTEPCHOCTI  CHCTEM  3acTOCOBYIOTB  CyMapHi
(KyMyJIATHBHI) KpHBl (puc. 1.12), a Takoxk gudepeHIlaabHl KpHBL PO3MOILTY
qacTHHOK 3a posmipamu. Ilin gac modyaoBH cyMapHHX KpHBHX 110 oci adcuuc
BUIKJIA/IAKOTE JlAMETP YacTHHOK d, a 110 ocl opjauHaT — BMIcT, v %o, yeix (pakiii,

MEHIIMX ad0 OLILLINX BIJI IEBHOTO PO3MIPY.
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Puc. 1.12. Tunoea KyMyJIsATHBHA KPHBA PO3IIOILTY.

BijjloMl  3aKOHOMIPHOCTI € YaCTKOBHMH  BHNAJKAMH  BHBEJICHHA
3arajJbHOTO 3aKOHY NPOXOUKCHHS PUIMHH Hepe3 TOopHCTY moBepxHio. Jlns

11eaJIbHHX YMOB L€l 3aKOH BHPamKacTbCA TAKOK (opMynor [72]:

2 gyl s21-E)
v:ﬁBE 10 'EE (1.11)
stan(l1-6) L
e £_ BTPaTa THCKY Ha OJHHHUIII0 BHCOTH MOPUCTOTO IIAPY:

-

B — yacTHHA OJIMHHYHOTO 00 €My CYCTIeH3IT;

a =3 (y pesyabTaTi eKkcrnepuMeHTansHoro gocnigxenHs [ILH. bexsninum
yrouHeno a=3,8175);

I — B A3KICTh JIUCIIEPCHOT CHCTEMH,

[Ipupona canponelnip, yTROpeHuX 0€3 10CTYNY KHCHIO, ¥ pa3l HOro MUIHATTA
B HABKOJIMUIHE CEPEOBHIIEC, NMPH3BOIWTE 10 XIMIYHOI peakilll, Tak 1 3MIHH Ha
pozaim a3 canponens — armocepHe noritpsa. Ilig miew Temneparyp Ha
HOBEPXHI  3pa3ska  CalpoOIeNy  YIBOPHETLCH  KIPKA, 10  [EPEUIKO/KAE
MEPEMILLIEHHIO BOIM HA MOBEPXHIO. TakuM YHHOM, MPUPOJIHE YH IUTYYHE CYILITHHA
HE JIO3BOJIAE JIOCATTH 0amanoro pesyiabTaTy 1 CIpIMOBYE JI0 3acodiB 00’ eMHOTO

HarpiBaHHa Marepiany. Takum Moke OYTH HarpiBaHHA CTPYMaMH BHCOKOI 4aCTOTH

(CBY).



Ilpy ubOMY 111 JI€K 3MIHHOIO €IeKTPOMAIHITHOIO [0S MaTepiai, SKHH
Ma€ BJACTHBICTH TPOBUIHOCTI, BHACHIZOK JIENEKTHYHHX BTpaT HarpiBacThes,
TOOTO €HEPris Mo MEPETROPHCTLCA Y TEIIIOTY.

[IuToMa aKTHBHA MOTYAKHICTE BHU3HAYACTHCA TEIUIOM, fAKE BHIAUIAECTHCA B

OJHHHI 00 eMy MaTepiany 3riaHo 13 3akoHoM Dxoyna-Jlenna [101, 102]:

Pumn:mrﬂ[r'ap'Eh+ (IIE}
ac 0 = KYTOBA HACTOTA,
E — Hﬂnpy}l{ﬂﬂiETb CIACKTPHYHOI'O TTOJIA;

£, — KOC(IUICHT BTPAT Ha IPOBLIHICTS.

OcHoBHMM akTOpOoM, AKHH BH3HAYAE 3pOCTAHHA TEMIIEpaTYpH d%ﬁ, €

BKA3dHA BHUIE [IHTOMA ll['_'l'l'}"]{{HiC'l'b P

R ©

Ane BaxIMBY poib 11 4ac
TpaHchopMallll BClel KOMHMBHOI MOTYKHOCTI B TEIUIOTY, BIAITPAae Takok 1 Maca
Marepiany.

st 11 Bubopy HEoOX1/IHO BCTAHOBMTH 3MIHY IPOIPIBAHHA MarTeplany s
nesHol kamepu CBY:

m_Sm_=m.__. (1.13)

min LEe max

[Ipu CBY - marpigadul 1 Qi€ eIEKTPOMArHITHOTO TIOJA KOHTEHHED,
MNOBITPA 1 CTIHKH po0dOoYOT KaMepH MpakTHYHO HE HarpiBaroThed. BTpaTH TerioTH
AayTe JHIIe Ha TerwIo00MIH 3 HABKOJMHIUNHIM cepeloBumieM. OTe, TEIUIOBY

EHEPIIHO, KA FEHEPYEThCA Y MaTepialll, BH3HAYAEMO 3 BHpA3Y

QM = Qﬁ'r}p + mer + er.lr.l » ':l . 14}

ne @, — xopucHa Teruiora, Jik;

Qr.‘r.l.'r — TEIJoTa, 1o HJ1e Ha HHFpiBaHHﬂ ,T[iEHEHTpHLIHﬂm KOHTEH HEpa, ﬂm:;
Qﬂm — TCILTOTA, IO IMCPCIaCThCH B HABROJIHINHC CCPCIOBHIILC, ,[[}K

Haiiikagimor 3 HAayKOBOTO NOT/A/1Y € KOPHCHA TeIoTa ;

Koo "

Q,,=c m AT, (1.15)

e  ¢- [MATOMA TelNnoeMHICTS, Jl# kr/K;



M- Maca Marepiany, Kr;

AT — pi3nuig TeMnepaTyp Ha BXOI1 1 BUXO] 3 KaMepH Harpisanns, K.

TakuM yHHOM, [IOCHUKCHHS BHKOPDHMCTAHHA npouecy HarpieaHus CBY
N03BOIHTE BHABHTH MOKIHBOCT! BIUTUIEHHA BOIH 3 03epHHX canponenis. Ane and
IBOTO HEODX1IHO JAETAlBHO ODIPYHTYBATH HE TUIBKH caM MpPoOLEC, a H mapaMeTpH
3aco0y Juia Horo 3/11lCcHEHHS.

ToMy JOCTUDKEHHS CTaBIATh 3@ METY CKCHEPHMEHTAIBHY TEPEBIPKY
BHKOPHCTaHHSA PI3HHX MCTOMIB /A TOCATHCHHA MO3HTHRHOTO PE3YIBTATY.

Cepea BelIHKOI KUIBKOCTI MPHPOIHHX MaTeplajlB calpoliellb € OJHHM 13
[NEPCIEKTHBHUX I HApPOAHOTO TocrnojapcTsa. Benmuki nNokmagw JMme vy
BosmHceskiii obiacti (nonajg 65 muH. ToH 3a Bosiorocti 60 %) BUMarawTh
MIJIBMIIEHOT VBAarn 10 po3pobku T4 nojaidelioro ioro Bukopuctanna. Ha
0CcOOJMBY VYBary 3aciyrOBY€ cCamnporenhk OPraHigHOTO THIY, AKHH IHTCHCHBHO
VTBOPHETHCA ¥ 3aBMHPAIOMHX 03epaX. AHali3 MpOoIeciB 3HEBOITHEHHA CanponeniB
BKa3ye, M0 iX BUKOPUCTAHHA Y [PHPOJAHOMY CTaHi Hee()eKTHBHE Y MepeBaKHI
OUIBIIOCT] BHIAJIKIB 4epe3 BTpaTy AKICHHX BiactuBocTed., Tomy HeoOXIJHO
3alpONOHYBATH Ta OOIPYHTYBATH NMPOLEC 3HEBO/IHEHHA AKUIH JIO3BOIHTDL 30epertn
AKICHI TIPHPOJIHI BJIACTHBOCTI MaTeplany s BHKOPHCTAHHA HOTO AK CHPOBHHH
misa arpapHol ranyzi. [lepcnekTHBHHMH HampAMaMH 3acTOCYBaHHS callpomeIeBol
CUPOBHHH € BHPOOHULTBO OPraHo-MiHepalIbHHX JOOPHE, I IKHBIECHHA TETTHYHHX
[PYHTIB, BUPOOHHITBO IPYHTOCYMILIEH JUIA KBITKOBHUX T'OCHOJAPCTB, a4 TAKOMK
3aCTOCYBAHHA YV OPraHIYHOMY 3eMJIEpOOCTBI MIJ Yac BHPOUIYBAHHA EKOJIOITYHO
YHCTHX MPOJIYKTIR XapuyBaHHA, KOPMOBHX JT00AROK Y TRAPHHHHIITBEI TOIIIO.

['oJIOBHHM  YHHHMKOM, SKHH CTPHMYE I1HTEHCHBHICTH BHKOPHCTaHHA
canpornesnto, € Horo MmiJBHIEHA TPUPOHA BOJIOIICTh, KA CTAHOBHUTE 92..98%. V
3B’ H3KY 3 UM MeTOr podoTH € 3ade3nedyeHHs 3HHKEHHS BOJIOTOCTI Carpomesn
OPra’iyHoroe THIY JUIS BHKOPHCTAHHA HOTO y CUIBCBKOMY TOCIOJAPCTBI, 13
30epeiKeHHAM HOro MPUPOIHUX BIACTHBOCTEH Ha MIACTAR] PO3KPHTTA CYKYIHOTO
BIUTHRY (PI3HKO-MEXaHIYHHMX, XIMIYHHX TIOKa3HHKIE Ta T[apaMeTpie 3acodiB

FHCBOJIHCHHA.



Bucnosku a0 posaiay 1

1. 3anpopajKeHHA HOBOI MEXaHI30BaHOI TEXHOJOI 3HEBOHCHHA 03CPHHMX
camporeaie, HAK I[I0Ka3aeR M[POBEASCHHH aHall3 ICHYVKHOHYHX JIOCHIIAKEHB, €
HeoOXITHUM. AJle BIUTUIEHHS BOJIOTH OJJHHUM CriocoboM € Hee(peKTHBHHM Yepes Te,
[0 YV MaTeplajil HasBHI PI3HI BHM BOJOIH Ta GOpPMH 3B A3KY, L0 HPH3BOIUTE 10
PI3HUX 3aTPaT SHEPTii HA TPOIEC 3HEBOIHEHNA,

2. YMHHI TEXHOJIOTIl TPHPOIHOTO 3HCBOJHCHHA  CamponealB  He
BLANOBLIAKTE BHMOraM CY4acHOI'O CBITOBOIO PHHKY OpPTaHIKH, TakKoK BOHH
OB A3aH1 1 3 3HAYHOK TPUBAIICTH) IMPOLECY 3HEBOJHEHHS, BTPATOK KOPHCHHUX
BJIACTHBOCTEH TOLLO.

3. ITig vac BUKOpPHCTAHHA KOMOTHOBAHOTO CMOCO0Y 3HEBOIHEHHA HEOOXIIHO
BCTAHOBHTH HE TUIBKH CMOcoOH 3HCBOIHCHHA, a i OOTPYHTYBaTH iX e(CKTHRHY
MOCTIIOBHICTE BHKOHAHHA.

4. Jlo OCTAHHBOTO wacy HEe po3podIAlIUCcE 1 HE J0CIHIKYBAIHCH
MeXaHI30BaHl TeXHOoJor1l, Akl O 3ade3neuyBaiv eeKTHBHE BLUIUIEHHS BOJIOIH
BIJIpA3y Mmicas JoOYBaHHA, 3 MIHIMAILHUMH 3aTpaTaMu eHeprii 1 30epemeHHaM
AKICHMX BJIACTHBOCTEH Canmponenio y parioHaJbHIH TMOCTIIOBHOCTI BHKOHAHHA

omneparii, TOMY el HallpAM BHKOHAHHA JTOCIIKEeHb € aKTYalbHHM.



PO3JILI 2
TEOPETHYHE OBIPYHTYBAHHS MEXAHI30BAHOI
TEXHOJIOTTI 3HEBO/IHEHHS CAITPOIIEJIIB

2.1. MeToa cHCTeMHOIo OOIPYHTYBAHHS JouiabHOCTI i nociaigoBHocCTi

cnocodiB SHEBOAHEHHH O3€PHHX Eﬂ]]pl]l'['E.]]i.B

CxragHicTe TpOIECY 3HCROJHCHHSA O3CPHHX CampornenTiB TOR’A3aHa 13
BHCOKOK IPHPOJHOK BOJOTICTH0 MaTeplajy, IO IPH3BOAHTE 10 PI3KOTO
3POCTAHHS EHEepro3arpar Ha #Horo 3HeBoAHeHHA. Tomy cropoda 3MoIenoBaTH
MPOLEC  3HEBOJHEHHS O3€PHHUX  CAlpPOIB  J03BOJIMTE  BHOpATH  €MHMI
NPABHJIBHHIT  1IIAX JII8  JIOCATHEHHS METH, #KHIl [onarae B YHHKHEHHI
HermepeadayyBaAHMX CHTYAIll, AKI HC A03BONAKOTE 3HH3MTH BOJOTICTE CANPOMNCTIR
10 TOBAPHOTO 3HauYeHHs W, = T70%.

Y tadn. 2.1 HaBeleHO XapakTepPHCTHKY CHOCOOIB 3HEBOJHEHHSA O3epHHX
CANpPONEIB, AKI MOXKYTh OYTH BHKOPHCTAHI Y MEXAHI30BaHIN TEXHOIOI, 100 vy
MOJAANBIIOMY OOIPYHTYBATH KUIBKICTB ONEpalllil Ta iX NOCAIOBHICTE 3 METOM

JOBCICHIA CHPOBHITH O KOHIULIHHOTO CTamy.

Tabauya 2.1
XApPaKTepHCTHKA NPOLeciB 3HeBOIHEHHH CANPONeIiB
Homep Hazra nponec
crocody P Y OOMeHeHHs
3HEBO/IHEHHA
N
| MexanaHHi 10 He mMoke 3acTOCOBYBATHCE TICIA TEIJIOROL
TernnoBoi 00podKH 00poDKH
5 MexaHidaHMI micas 3aCTOCOBYETRCA TIBKH MICIA TETUIOROTO
Ternnosoi 00podKH criocody
3 Tenuosa obpodka 3 3MIHIOE CTPYKTYPY BOJIOTH; HE
Harpipanuam CBY MOBTOPHETHLCA; HE 3aCTOCOBYETHCA OCTAHHIM
4 MacoobminHe 3aCTOCOBRYCTRCA TITBKH MICTA TETIOBOTO
3HEBOTHEHH crioco0y




[Ipouec 3HEBOJHEHHS CANPOIeIB 3 BHKOPHCTAHHAM BKA3aHUX CIOCODIB
MOKE 3JIHCHIOBATHCH Y PI3HIA TTOCTIIOBHOCTI, TIPHYOMY BHKOPHCTAaHHA BCIX
crocoDIB € HeoDOB A3KOBHM. Y 3arajlbHOMY BHIIAJAKY JCAKI CIOCODH MOKYTh
3ACTOCOBYBATHCE JeKlIBKa pas. Buxondauu 3 oOMekeHb, 10 HAKIAJakTBCHA Ha
BHKOPHCTAHHA KOKHOTO 3 croco0IB 3HEBOIHEHHS, 3allMIIEeMO MOMIMBI BapiaHTH
MOCIJIOBHOCT] BHKOHAHHA TEXHOIOIUHUX onepauiii (Tadi. 2.2).

Tatauysa 2.2

Mo:kIHBI BApiaHTH MOCTII0BHOCTI BHKOHAHHA onlepauii

[TocaimoBHICTE BHKOHAHHA Uncio CTYIEHIB
KinekicTes cniocodis N
oreparii { N } BITBHOCTI
| 1 -
3-2
2 -
3-4
3-4-2
3-2-4
3 ]
1-3-2
1-3-4
3-2-4-2
1-3-4-2
4 2
3-4-2-4
1-3-2-4
1-3-4-2-4
3-4-2-4-2
5 3
1-3-2-4-2
3-2-4-2-4

KepoBaHuMH napaMerpaMy, KUIBKICTh SKMX BH3HAYAE YMCIIO CTYLEHIB

BUILHOCTI, YV JIJAHOMY BHITQJAKY € MHOMKHHA 3HAYEHb BOJOTOCTI CANPONENniB IMICHs



BHKOHAHHA KOKHOI 3 mlepauiﬁ JHCBOJHCHHA, 34 BHHATKOM OCTAHHLOI'O CTally,
KOJTH KIHIIEBA BOJIOTICTH TIOBHHHA BIINOBIIATH TEXHOIOTIMHO 0OTPYHTOBAHOMY
pieH 00po0KK (70 %), a Takox micas oOpodKH, B NPOILEC! AKOI 31HCHIOEThCA
BHBUIEHEHHA 3B A3aHOI BOJOTH, AKA MICIA BHKOHAaHHA I1€l onepaili 3HHKYEThCA
HECYTTEBO 1 HA MPAKTHYHO MOCTIHHY BEIHYHHY.

[TosnaunMo yepes N — Homep criocody, a yepes 1 — HoMep eTtaiy odpodku.

" . . a " L}
CidopmoBana MHOKHHA BaplaHTIB TOCTZIOBHOCTI €TamiB 3HEBOJIHEHHSA {M | 1}
[

MATHME BHIJIA JIAHLIHOTA, AKHH cXeMaTHYHO [pEACTABIICHO Ha PHC 2.1.

Fi P F;
H"F.I H"rf W? W - H'fﬂ.rr
—»| Onepayia Ny L ol Onepayia N: venss —upl Onepayia Ny | 5
e + Oy * o Q-1 + i
i g2z L

Puc. 2.1. Cxema DOCIIJZOBHOCTI BHKOHAHHS TEXHOJOTIYHHX OMepatii

FHECBOJIHCEHHA.

CupoBHHA NOTPAILIAE HA JITHIKO 3HEBO/HEHHS 3 [I0YATKOBOK Bonoricto W 1
nogaderd Q,. Y pesynbTari BAKOHAHHA HU3KH OTepaLiiii 13 3aTpaTaMH [MOTYKHOCTI
P BONOTICTE TIOCHIJIOBHO 3HHKYETHLCH A 10 HE0OXIHOT KIHIEBOTO 3HAYEHHSA

i

W

i "

BHacnigok 1pOro MiJ 9ac BHKOHAHHA i- TOI OMEparlii BiIOKPEMITIOCTRCA
YaCTHHA BOJIOTH ¢,. 3aTpaTH MOTYKHOCTI I Yac 3A1HCHEHHA II€BHOI
TEXHOJIOTIYHOT onepaiii 3anexarh Bl crnoco0y  BIJOKpEMIICHHS BOJOTHW  Ta
. 4
OMHCYIOTBCA  (PYHKUIAMH  €HEPreTHHHOr0  CTaHy py(W )| - Bouu

BIIOOpakKaAKTE 3aTpaTH €Heprii p Ha JOCATHEHHS 3aaHOro PIBHA BOJOrOCTI

OJUHHIEK MAacH Calponeal B OIHHHIK 4Yacy., a y pa3l TemwioBol o0podKH

(N =3) — sarpatn motyxkHocTi Ha HarpieanHs CBY. Toxi mutoMmi eHepreTHyHi

3aTpaTH Ha BHKOHAHHA - TOI omepaimii 3alekHo Bid cmoco0y 3HeROIHEHHA

BH3HA4YaThCA, BT-ron/kr:



Py (W )=py (W )N e{1,2,4};
) 02 -

om0
Y (W).N, =3,

Takox npu ternmoBoMy cnocodl (N =3) BOJOICTh 3HUKYETHCA HA JICAKY

BenmuauHy oW =3%, y pe3yasTari 4oro BOJOTICTh Canponend Ha BHXOTI

TOPIBHIOE:
W, =W,_,—8W

et (‘22}
[IpuiiMaemo, Mo HeoOXIHA MNOTYKHICTL [UIA 3AIHCHEHHA {-TO eTamny

3HEBOJIHEHHS NMPONopLiiHa MACOBIH 10a4l Ha JaHOMY eTarl, To0To:
F=0, 1‘9.’-.-',‘ (2.3)
Y npouect 3/1HCHEHHSA ONepaLii CYLIHHA 110/1a4a CHPOBHMHH 3MEHILYETHCS
Yy 3B A3KY 3 BTPATOI0 CanporeneM 4acTHHH BosorH (puc. 2.2). Macopa gacTka

CYX0l PEHYOBHHH Y CHPOBHHI HE € IMOCTIHHOK, a 3HWKCHHSA 10/a4l 31HCHIOEThCA

JIULLE 38 PAXYHOK BIJIOKPEMIIEHHS BOJIOTH Macolo ¢, .
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Puc. 2.2. Cxema BIAALTIEHHA BOJOTH 13 CAMIPOIEN Ha {-MY eTalll:

| — marepian; 2 — BoJora.

Maca BOJIOrH, OYEBHHO, JOPIBHIOE H00YTKY MAacH BCIET CHPOBHMHH Ha 11
Biﬂ.HDCH}’ BOJOTICTh. PO3rmaHemMo MpoHec 3HCBOIHCHHA HC3AICAHO Eiﬂ qacy oA

JeAKOl [M0YaTKOBOT MacH CHPOBHHH () .

[Toznauumo i 3py4HOCTI W= . Sk BugHO 3 puc. 2.2, BOJOIICTH

100%
nicias 3A1HCHEHHA [ -1 onepalill JOPIBHIOBATHME BIJHOIICHHIO 3aJIHIIKOBO1 BOJIOTH

10 3araJdbHO1 MacH KIHIIEBROT CHPOBHUHH:



i-1” Wi Y, (2.4)
Qx L Y,

OOepHYBIIH e BUPa3 BITHOCHO MAacCH BIIOKPEMIIEHOT BOJIOI'H, OTPHMAEMO:

W. . — W

g, = r—l—f ] Lo, (25}
1—w
OuesuaHO:
- W l—w,_
0=0.,-¢9=0_- Q.| 1 =Qf—l—r|‘ (2.6)
- W, l—w
TakuM 4YHHOM, Y KIHIIEROMY BHITAJKY 3alHCYEMO:
0= Qﬂﬂ - 2.7)

1Irir

ado, CHIPOCTHRIIH JODYTOK:

I—w,

O,=0, (2.8)

1—w
CyTe 3aJa4l mojArae B ToMY, W00H 3BeCTH HeOoOXIIHY IOTYKHICTE Ha

BMKOHAHHA BCIX onepauii o miHiMymy. TakuMm 4MHOM, HUILOBA (QYHKLIA 3

ypaxysaHHaM dopmyiH (2.3) Moxe OYTH 3anucaHa y TakoMy BHITIAIL

s :i P :iQ,-_l ~ QHI —» min. (2.9)
i=1 i=l

1w

[TepenuieMo BUpas3 eHEPro3aTpar 3 ypaxyBaHHAM 3anekHocT! (2.8):

Il

I —w,
B = z QU - -9, —}t}}{lp (2.10)
|‘—|

Sk BUIHO 3 HaBedeHOT GopMyIH, BelH4YHHa F. € 1HBaplaHTHOK CTOCOBHO

NOYATKOBOT 110/1a4l CHPOBHHHU (J,, a OTHxe, 11 MOZKHA CKOPOTHTH, NOAUIMBILH HA HEl
00OHIB1 YaCTHHH BHPA3Y.

[TowaTkoBa ROJOTICTHE W,, @ TAaKOWX 3MIHA BOJIOTOCTI IMCHS BHKOHAHHSA
TEPMIYHOT olepauii € Be/JIHMYHHAMH IMOCTIHHUMH 1 B ONTHMIZAUIMHIA 3aj1a4l He
posrnsaarwTsea. Toal HiboBa (hYHKLIA, 3 YPAXYBAHHAM TOI0, L0 ONTHMI3YBATH
PIBEHE BOJIOTOCTI Ticas BHKoHanHg onepaiii warpisanngs CBY wemac 3MorH,

MaTHMe TaKHil BHTIIAI;



= 1—w
pe=2.9, (0 ) —>=— min . (2.11)
G
[

O4eBHAHOI YMOBOIO € W, >W,. 3a3HayuM0 TaKoX, [0 3HA4YCHHA
MNOYATKOBOI Ta I{].HLI,EEE'IIII BOJIOI'OCT] € HEKCPOBAHHMH YHHHHKAMH, a4 TOMY HC
M ISAraoTh OMTHMI3AILI,

Ha migcTarl 3acTocyBaHHA CHCTEMHOTO TMIAXOLY HAMH 3amporoHOBAaHO
KpPUTEpIid OIHEHHA e(eKTHBHOCTI CcrnocoDIB 3HCBOJHEHHA, AKHH rousrac vy
MIHIMI3allll THTOMHX CYMapHHX eHeprosarparT Ha II0CHiJOBHE BHKOHAHHA BCiX
TEXHOJIOINYHHX Orepauiid yUid OJMHHMIL [0YaTKOBOT 10jaul cUpoBHHH. Llum
KPUTEPIEM BpaxoBYETBCA [MOCAI0BHE 3MEHIUCHHA [OJaul Mateplaay  Imicis
3MHCHEHHS KOKHOI 3 TEXHOJOTIYHHX oOnepaiii BHACHIIOK BHIAIEHHA YaCTHHH
BOJIOTH.

[IpoBeaeHi pocihiKeHHs MOKazal, 110 BUIAIUTH BOJIOTY OIHIEKD i€
(onepaticrw) HeedekTurHO. s (ibOro BapToO 3acTOCYBATH KOMOIHOBAHWH BIUIHB
PI3HHUX (HI3UYHHUX ABHIL, SHEBOHEHHA CAIIPOIIEIIB KOHBEKTHBHUM CIIOCODOM Hece
BEITMK] 3aTPaTH €HEprii, a IHTeHcH(IKaIa MbOTO TPOIECY MOKIHBA JTHIIE I
BHCOKHX TeMIlepaTyp Ha 00po0IiroBaHHil MaTeplal.

AHamM3youl MO#IIHBI criocoOM 3HeBOJHeHHS (auMB. Tadu. 2.1), HeodXigHO
[paBUIBHO BUOpATH HeOoOXiHe ODMaHAHHA [UId peali3alii KOKHOTO 13 Croco0iB.
Mo#IIHB1 BAPIaHTH MEXAHIYHOTI'O 3HEBOAHEHHA 300pakeni Ha puc. 2.3,

AHam3 mepepar Ta HEJOMIKIE  BKa3aHHX  Croco0IB  MEXaHIdHOTO
3HCBOJIHCHHS CanponeniB COpAMOBAHMH Ha JIOCATHECHHA €(eKTY BIIIJICHHA
cnado3e’d3aHol Ta rpaeiTauiiiHoi Bomord. Tak, npouec (UIBTPYBAHHA J03BOIAE
AKICHO PO3IUIATH TETepPOreHHl CHCTeMH Ha el da3l, ajle npu  IbOMY CIij
BPaXyBaTH TPHBWIICTh MPOLECY Ta HEOOXIJIHICTh BHKOPUCTAHHA (DUILTPYBAIIBHHUX
h‘lHTEpiEUTiH Y MEEHIIiEMH’?{ SHCBOJHCHHA. Hﬂﬂﬂ"iCTL hi CalTpOIcirax
APIOHOIMCTIEPCHHX PEUITOK POCIHHHOIO 1 TBAPHHHOTO TMOXO/KEHHA TPH3BOIHTH
10 BTPAT BIACTHBOCTEH (PUIBTPALIIHHX MaTeplaliB, AKI HeoOX1IHO MeploJHYHO

OYHIIATH, IO HE JO3BOJIAE JOCATTH ﬁEBHEpEPBHﬂCTi IMPOLHECY.



Criocodbu MexatHiuHOro
3HEBOJIHEHHS CallPOIIeB

[entpudyrypanna
MiLTpYRaHHSA

[Tpecypanus
Bibparris
CopbyBanns

Puc. 2.3. Cnocobn MexXaHiqHOTI'O 3HEBOIHEHHS CalpOIEiB

[Tepepobkxa martepiamis v ueHTpudyrax XapakTepH3yveThea 1HTCHCHBHHM
NepeMillyBaHHAM CHPOBHHH Ha BHCOKHX BUIICHTPOBHX IIBHIKOCTAX. Y
pPe3yabTaTI TAKOTO MEepeMINTYBAHHA YTBOPHETHCA CYIIIZIbHA KOMOITHA Maca, BOY 3
AKOT MOMHA BUUIUIMTH JIHIIE  [HCHs  BIACTOKBaHHA, TOOTO BIIHOBJIEHHAM
MOYATKOBOI CTPYKTYPH.

3HEBOJHEHHA CcanponeniB 3a J0NoMorow Biopauii Ta copOyBaHHA €
Hee)eKTHRBHHMH 4epe3 BHCOKHH MOYaTKOBHIT BOJIOTOBMICT.

Hnsa mnpecyBaHHA MaTeplajlB BHKOPHCTOBYHITE IIpPeCH MEeploJH4HOl Ta
Oesnepeperoi  ail.  [lpecw  OeznmepepeHol  Aii  BiA3HAYAKOTBCHS  BHCOKOI
NPOJAYKTHBHICTHO, TOMY Oy/e JOLLIBHILE 3aCTOCYBATH JaHHH TUIl 00/1a/iHAHHSA.
o Mexan13MmiB, Akl 3a0e31euyTh CTBOPEHHA HEOOXIIHHX THCKIB Y BIINOBIJIHMX
HanpAMKax, 100pe NMPHCTOCOBaHI MPHCTPO! 13 TBHHTOBHMH POoDOYMMH OpraHaMH
[33], npH UBOMY BHKIHOHYAETBCA MEPETBOPEHHA MaTeplany yV CYUUIBHY KOJIOIIHY
Macy, 3a YMOBH He3HAYHHX 00epTOBHMX IIBHJIKOCTENH podOMOro opraHa.

BuKopHUCTaHHA MeXaHIYHOrO BIUIMBY Ha calporels Moke 3ade3neuHTH
3HEBOJHECHHA nuime yacTKoro. Jocmkenns $opm 38 A3Ky BOJOTH Ta X €HEprii
38 43Ky [32], a TAaKOMK MHTOMI TCIUIOTH BHIAPOBYBAHHA 1A JAaHHX (POPM BOJIOTH
BKA3YIOTE HAa HEOOXIZHICTR TErUIOBOI /111 HA carnpornesib, ajle He 3 MeTOW HOro

3HEBO/IHEHHSA, @ CTBOPEHHA YMOB U1 NEepeMIlleHHA BOJIOrH vy 00 eM1 MaTepiany,



1o nepepodiisierses, Ha noBepxHw. Cepe/l BeJIMKOT KUIBKOCT] ClocoDIB CyLITHHS
MaTeplaniB, CIPAMOBAHA MOMKIHBICTE TEMIIEPATYPHUX BIUIHRIB Ha CANpOIEs,

BAPTO 3BCPHYTH YBary Ha HacTynHi (puc. 2.4).

CrniocodH TeIoRoro CymiHHs
calporesnis

e

_—

——
o

L=

KOoHBEKTHBHHH
KoHayKTHBHHH
CyommariiiHui
I1ix merwo enepre -
THYHHX [TOJIIB

BakyymHuuii

Puc. 2.4. CnocodH TenoBoro CyliHHA 03epHUX canpornenis

Y TakoMy BHIAJAKY JOCHPKEHHS BUKOPHCTAHHSA TEMIIEPATYPHOI'O BIUIMBY
HA Marepiaj JI03BOJIMTL BCTAHOBHTH YITKY YABY NP0 BHYTPIIIHI #ABMING, SKI
BUHHKAIOTE Y Tpouecl iioro mwarpiBannd. Bpaxoryoum Te, o canpornens €
TePMOIaDIIEHHM  MaTeplaaoM, BHHHUKA€ HeOoOXITHICTh BpaxXyBaHHSA TpPaHHYHO
AOMYCTUMHX TeMIlepaTyp HarpiBaHHs, [0YaTKOBOI BOJIOTOCTI Ta TPHUBAJIOCTI
HPOrpiBy.

KOHBEKTHBHE CYIIIHHA MATEPIallB HIHPOKO BHKOPHCTOBYETBCH Y PISHHX
ranyssx HapoaHoro rocnogapctsa. Ilepeparow upsoro cnocody € npocrora
KOHCTPYKLIl CYIIHIbHOro o0naaHaHHAa. JaHvd THO CYIIIHHA MaTeplaniB, sAKI
(GOPMYIOTE TPYNY KOJOIAHHUX KalIAPHO-TIOPUCTHX TUI MOB A3aHe 13 3HAYHHMH
EHepreTHYHUMH 3aTpaTaMi. s Takux MarepiaiiB Ha KPUBIH CYIIIHHS XapakTepHi
NepiojiM TIPOTPIBAHHA, TOCTIHHOT Ta mnajgarodol meHakocT cyunaag, [Tig gac
KOHBEKTHRHOT'O CYIIIHHA CAMpOIeNiB IHTCHCHBHO BHCHXAC TIOBEPXHA MaTepiany,

YTROPIOIOYH TBepay 000JI0HKY, Ka MepenIkoae TepMo— Ta BOJIOr0 OOMIHY B



HpoLecl CYIIHHA, a TAKok 30UIblye TpHBANICTE Hpouecy. ToMYy KOHBEKTHBHE
CYHITHHA CAMPOTIENTO € Hee(hEeKTHBHHM Yepe3 BHCOKY MOYaTKOBY BOJIOTICTS.

KOHAYKTHBHE CYUIIHHA XapakTepU3yeThcA 3HAYHOK E(MEKTHBHICTIO Ta
EHeproeMHicTy Tporecy. lleid cmocid CyoilHHA 4YacTo BHKOPHCTOBRYHOTE ¥
koMmOiHalil 3 kKoHBeKTUBHUM. Heponikom ioro € mneperpiB KOHTaKTYHOYOIO
MaTeplaly Ta 3MEHLUCHHS IOBEPXHI KOHTAKTY Mareplaly, 110 Mae HeraTHBHHI
BIUTHBE Ha BOJOTOBLLIaYYy. ToMy #H 1HeH cnocld HEenpHIaTHHI 1718 HArpiBaHus
canponento.

CyOmimamidHui  crocid  XapakTepH3veThCad  BHIAJICHHAM BOJOTH 34
TOMOMOTOK BI €MHHX TEMIepaTyp, BAKYYMHHI BHMarae 3Ha4YHHX 3aTpatr A
3abesneueHHs  edekruBHOCTl npouecy. HapejgeHi cnocodu eHeproeMti, o
YHEMOKIHBIIIOE TX 3aCTOCYBAHHSA I 3HEBOIHEHHSA CANPOTICIIIB,

Cyunaas wmaTepladiB  Mid  JIC0  CHCPICTHYHHX TIOMIB €  MPOIECOM
eHepro3aTpaTHUM, TOMY PI3HOBHIH [aHHX CHOocODIR BHKOPHCTOBYIOTH HK
MOMOMIKHL  omepanili vy 3aralbHOMY [Opoueci 3HepogHeHHA. LI cnocoOwu
PO3PI3HAKOTE HA JIBA: CYIIHHA B €/IEKTPOMArHITHOMY 110J11 Ta aKYCTHYHOMY 110J11.

OTpUMaH] pe3yabTATH CYIUIHHSA opradiuHoro canponenw [24, 34] ceiauars
Npo HAgBHICTE 1 HEOOXIAHICTE YCYHEHHS TPHBAJIOCTI BKa3aHHX TEPIOIIB Ta
CTBOPEHHA YMOR MEpPeMINIeHHA KallJApHOI BOJIOTH [0 MOBEPXHI BHMAPOBYBaHHA
38 MIHIMAJIBHO MOMJIHBHI KopoTkHil 4dac. Canpornelb, SK BOJOIMH MaTepiall,
CKIA/IaeThCAd 13 CKeleTa TUa, 3 SKMM BOJIOra 37 €/lHaHA PI3HHMH 34 CBOEH
¢izuuno0 npupogow cunamu. [pu dopmyBaHHi cKkeneTa NOPUCTOrO TLIA CTIHKH
HOTO KamiigapiB BCMOKTYIOTE BOY, TOMY CANponenk Y MPHPOIHOMY CTaHI MOMKE
MaTH YITKY (opMy 3alleKHO Bl 3acoDIB 0OMeKeHHA IMPOoCTOpYy Ta Icid
BHCYIIIYBAHHSA JABATH 3HAYHY YCaIKY.

ko TAKH Marepiai i 1aBaTi KOPOTKOTPHBATIOMY
BHCOKOTEMITEPATYPHOMY HArpiBaHHio, TO BIAOYBAETBLCA PYHHYBAHHA Kamispis,
Bomora Oyae MepexoiMTH 13 3B’A3aHOI y BUIBHY Ta PYXacThCAd HA TOBEPXHIO
marteplany. Taky BoIory 3 HaWMeHIIHMH 3aTpaTaMH eHepril MosKHa BIIOHpaTH

LUIAXOM BiACTORBaHHA, piabTpyBanHs, copOyeaHHA. BiacrororpanHs 1 pinsTpariis



Yy JAHOMY BHIQJIKY MalTh CYITEBHH HEL0JMIK, 4 CaAME YHEMOMKIMBIIOETLCA
OesnepeprricTs  mponecy. [lporec  3neBopnenns  copOyBaHHAM  O3BOJIHTE
Oe3nepepBHO BIADHPATH BOJIOTY 3 MOBEPXHI HATPITOTO MaTeplany.

HaspHiCTE BUIBHOI pIOHHH Ha TOBEPXHI MaTeplaly BHMarae #oro
NOTJIMHAHHA, JJIS 40ro HaHOUIBNI MIAXOIMTh MPOLEC 3HEBOJAHEHHA CcOpOLier0.
EdexturHMil BONOroB1A0Ip 3a/1eKATUME JTHILE BIJL THITY BUOpaHOro copOeHTy.

ToMy HACTYIIHI TEOPETHYHI JOCTIKEHHA OyIeMO TPOBOJIMTH Y Takii
MOCTIIOBHOCTI: MCXaHIYHE 3HCBOJHCHHA YV TBHHTOBOMY TIpeci, HarpiBaHHA
CTPYMaMH  BHCOKOI 4acTOTH, copOLliiHe 3HEBOAHEHHA Y  CTPIYKOBOMY

TPAHCIIOPTEPI.

2.2. TeopeTH4He JOCTIIKEHHA BILTHRY MapaMeTpiB i peRuaMiB podoTH

I'BHHTOBOI'O Npcca 1M 0D €EMHOI0 CTHCKAHHA calnpomneimw

HasgHicTe BUIBHOT BOmord mo 20% v 03€pHHX canpomneisx J03BOJIseE
pO3IJISJIATH  callpoliellb  3riJIHO 13 TEOPIE  KOHCOMJAUll  SK  JIBOCHCTEMHE
cepe/lOBHINE, B AKOMY BH/IAICHHA BO/IH Oy BIIOYBATHCE 334 YMOBH PIBHOMIPHOIO
CTHCKAHHA BHKJIIOYHBIIHN HOTO NMEepPeMIIIyBaHHA Y KOIOIIHY Macy. JonmycTHMo, 110
nedkuii o0’eM camponenw mgarTs CcTHCKY. IIpH nesoMy posaiuieHHA JOBOX
cucTeM: Teepaoi hazm 1 piAHHH — BiAOYBaeTheA 0e3 3MIHM 1X BIIACTHBOCTEH, TOOTO
00’eMH CHCTEM He 3MIHKITBCA. B 3araibHOMY BHNAJKY B3a€MOJIS FBHHTOBOIO
VIIUIBHIOBAYA 3 CEPEIOBHILEM (carporneieM) Moke OYTH NpeacTaBlIeHa CXEMOI
(puc. 2.5).Y cepeloBHIN TPHUCYTHI IIBHAKOCTI PYXY UWIIHAPHYHIA CHCTEMI
koopauHat XRO .

[IIBHaKOCTI TIepeMileHb cepeOBHINA Ha TTOBEPXHI KOHTAKTY BHPaKaAIOTHCA
Takum ynHom [82, 109, 110]:

u, = r-igo- 0o, =yorv, =0, (2.12)

ne v - BHYTPINIHIN paaiyc TBHHTA, M;

O - KYT HaXWJIy TBHHTOROI JIHIT, Tpaj;

W - KOCIIENT TEpTH,



LL,--

Puc. 2.5. Cxema nepemMillieHHs Calporieno ¥ FIBHHTOBOMY IIPeci.

Y UMTIHAPHYHIA CHCTEMI KOOPIHHAT PIBHAHHA PIBHOBATH CCPEIOBHINA

(canponento) Mae BUrIAa [63]:

g, o —a, 0T ot |

— 4+ L0 B 4K =0,

or ¥ Fo o

oT T o, Ot

— 420 Py 04K =0, (2.13)
i r rob X

0t T Ot 0
e ST - SR il + x _|_|:.K"‘ ={]‘

or r reb ox J

e ¢,,0,,6.7,,T,.T, — KOMIOHECHTH Hallpy;KCHb Y CEPEIOBHIIN;

K .K,.K_ -—wmacosi cuin H/kr;
p — T'YCTHHA CANIPOTIEeITIO, KI/M".
3B A30K IIBHAKOCTEH NepeMIleHb 3 WBHAKOCTAMH JehopMalllii, Ha OCHOBI

pieaaneL Koun [62, 86] mae Takuii Buris:

v, ldw . v. ou

&, =8 = —— &, =——;
or Fogoor ox

_ av oo ou . o ow

Vo=t Vw=—st—s (2.14)
ox  or rcd ox
¢ .

. E:' W N I oy

r|.rr il =\ r— — _,-.,_ )

" orlr r o0

L ——



1€ € ,€5.E .V, +V.p+T,e — KOMIIOHCHTH IIBHIKOCTEH JIHIHHHX T KYTOBHX
nedopmatii,
Toni meuakicts 06’ emuol aedopmartii:
ou dv odw v
+—+ +

— =3z (2.9)
ox or v r

bepyun mo  yearw, mo koedimient Ilyaccoma nnda  campomemnio
piBHHi v= 0,5, MoKHA po3B’A3vBaTH 3aja4dy jgedopmaniil 1 THCKIB, SAK M
B A3KOTO CepeJOBHIIIA Y TI'BHHTOBOMY HpEﬂi JNAd BH3HAYUCHHA ,I[HHEI.Mi'—]HHK i
KIHEMATHYHUX HOro napamMerpis. PIBHAHHA 3B A3KY HAUPYKEHb 31 HWIBHIAKOCTAMH
nedopmatiiii ana B'askoro cepeposuiia [49, 62, 86] maroTs Buraaa (BHUNaaok,

koud koediniedT [lyaccona 0nu3ekuid 1o v — 0,5), 110 BIANOBIIAE BIACTHBOCTAM

CArpoIemnio;
cu 1 ou 1 ]
G =3 +—(o,+0 )o =3u—+—(c,+c_);
X H(:;'I 2( i .') ! u@f" 2{ 1] .'r)
ow v 1 ou  ov
g, = +— +—(o +ao k1. =u| —+ : 2.16

(2122 (o )
v or rcb r 'm o0 ox )

1e 1 - B A3KICTh cepenoruma, [la-c.
06’ emMHe HANMPY/KEHHA OB A3aHE 3 KOMIIOHEHTAMH HANPYKEHb HACTYITHHM

HHHOM.

5=”f+'“3“+“f, (2.17)

IBIJIKH
+a )=30-0; i =36-0_;
(6,+0,)=3c-0_; (6,+06, )=3c-0, (2.18)
(o, +o )=3c—-0,.

3 BpaxyeaHHAM (2.12) eupas (2.10) nadyeae BUTIAY:



Ou ov B ONER ou  ov 1
G =20l—+06;0,=20—+0G.G,=20| —+— |+ 0T =lU| —+— |
' ox ar rol  r ' or  Ox F
. Em_i_lﬁv_ﬂ}l_ B (5H+@
il p’ ar .i"'ll':-:-]ﬂ' ” ¥ ¥ I“l' .F'E-]ﬂ' ﬁ_l" - J

(2.19)
Bupazupmm i3 (2.10) kommoneHTH aedopmauniii oTpumyemMo (pizHUHE

PIBHAHHA 3B A3KY WIBHJKOCTel nedopmMaliiii, 3 HanpyxeHHAMH (B A3KOI0 CTaHy

CepeIOBHINA);

v 11 o 1ém v 1 1 ]

1Er:_:_ c'_r__{ﬁﬂ+ﬁx:' rI;""i-lI:__ = ﬁi—]__{ﬁ.l+ﬁ.1] ;
or  3u 2 o o 3u 2

. ou 1 1 ' ov cu 1 . cdu do 1

E.I:_:_ UA__{U.I +Gi]] ;afu- —t—=— r.r; ﬁff.ﬂi__ _:_‘I'T.-;ﬂr }
dx  3ul 2 cdx or u rdd ox

:;,. — ri(ﬂ]+l(@] :l’l:

. or\r ) r\ o0 T J

(2.20)

[TizcTaeumo (2.19) B (2.20) 1 BUpazuMO HanpyKeHHA depes aedopmaltii, AKi

BXO/IATh ¥V HHX, CIPAMOBAHI B3/10BHK OCEH:

cn;Zp.? +~:I;=3,J=2p{lE E)+ G; ]
or rrcd  r
G_r=2}1%+ﬂ';’f”=u(%+g—j); - (2.21)
comb( 202 )22} 12)
rcd  ox or\ r ) rao )|
PIBHAHHA HECTHCKAHHA CepeloBHINA (18 BHNAAKY YHCTOT B A3KOCT):
E +E,+E =0. (2.22)
s BUnaaKy B A3KONPYKHOCTI:
EI-I-EG-I-EF:E!‘ (2.23)

3 K
ne K — moayne 06 emuoi gedopmanii, H/v?,
Bpaxoeyroul, mo cyMa HIBHAKOCTEH MNOMMPeHHA MHIHHUX jgedopmMariii

piBHA:



E=f +E,+E ==, (2.24)

P

e p — TOCTIHHHA KoeUIEHT TPONOpUIHHOCT], AKHH HEe 3alekHTh Bl

BHOOpPY CHCTEMH KOOPIHHAT. 3BIACHM MOMKHA 3poOHTH BHCHOBOK, IO CyMa

HOPMAJIBHHX HAIPY#RCHb O HC 34/ICHHTb Bi,[[ MOJIOKEHHS €IeMEHTIR ¥ [[]JDCTD]Ji Ta

BEJIHUHHA CTajIa:

=0. (2.19)

0o 0o
or o

Jani nijicraBUMO 3HAYEHHA KOMIOHEHTIB Jedopmanii (2.19) B piBHAHHS

(2.13), npuiHABLIH, 1110 0D €MHI CHIM PIBHI HYITIO!
GRU dv ldw v (6] & [w) 1aov ]

2U—+—| 2| —————— +—| —|r—| — |[+—— -+
reoor ar radd r ric0\ ar\r ) rao

L(2.26)

av dv 1 do v 8%y 1870 1 &v &v du
2 z + 2 2 + + ro= + - F +
or rer o o e ordd o0 oxt drox

25‘21«' 5 av v v o e o*u _0
M ar’ te——Ft—o St — T3 -
r ror o oot oxt o rorc®  orox

=0

J

Bpaxoryrwoumn, 1o pisHAHHA Jlanjgaca B UHIHAPHYHMX KOOPIMHATAX

f=58(X.R.0) mac purisau:

19 {rﬁ?’f-]+ LOT 9T (2.27)

2 2 2
ror  or ro o ox

abo

. - - 3
S AL 1OL 0T (2.28)
or-  ror v ob” ox

a WBHAKICTH 00’eMHOT jgedopmauii uyepes IWBHAKICTh lEPEMILLICHHS

BHPAKAETLCA HACTYITHHM YHHOM:

ov low v ou (2.29)

oar rod o ox

e=238=

TO PIBHAHHA (2.22) MOXKHA NTPEJICTABHTH ¥ TAKOMY BHIJISIL:



-2 - ~2 2
['._1' ] [’__TJ I a
u[au+ﬁ‘;+ ]’—L+L’W+ﬁi‘]=ﬂ, (2.30)

ne A= + + + f - oneparop Jlannaca.

Toni cuctema pieHans Jlannaca nabyeac BHTIATY:

u{ﬂv-l— ;i{k'}J: 0; |

i

u[ﬂ.w+ fﬂ (3&]]= 0; (2.31)

Fo

p(ﬂu +£(3a] ): 0.
ox

J

Po3r’A30K cHCTEMH pIBHAHE (2.31) MOKHA 3HAHMTH Y BHIUIAII KOMOIHALI
rapMOHIYHHX MOTEHLIATBHHX (PYHKIIIH, K1 BUPaAKAKTh IUBHAKOCTI MEpPeMINIeHHA 1
3aI0BOJILHAKOTE YMOBH Ha MOBEPXHI KOHTAKTY. 3rigHo 13 [86, 95] po3s’a30K Mae

BHI'JIAHLC

U=®, — (D, +xD, + 10D, + 1D, )+ u,; ]

X
-

v=$2—};+ﬂ(¢“+1¢]+#ﬂﬂ}3+rﬂl3)+ Voo b (2.32)

-

W=, —%(cbﬂ 3D, + 10D, + 1D, ) + w,.

)

Haiinpoctimumii Bua po3s’a3ky Oyae 3a YMOBH, KOJM HAa MEKI KOHTAKTY
3a/1aH1 TPAHHYHI YMOBH, MPEACTARICH] YV BHTTIAI MEPEMilieHb, ¥ ILOMY BHMAJIKY
IOBUIBHI TapMOHIMHI PYHKIIT OVIyTE Maiixe po3iuieH], ToOTO He3allekHl OJIHa Bl
oAHOI. Y pa3i BIACYTHOCTI MacOoBHX cHJI ado 3a MOKIHMBOIO HEXTYBAHHH LI

piBHAHHA (2.32) HaOYIYTh BHIIATY:

u=a, _.fi[x{bl + D+ D, ): |
Ox
¢
W=D~ (xD, + D, + 10D, )| (2.33)
v=0, —i(xd}l +rd, +10D,),
or



ne @, @,, @, — noreHIlankHI QYHKIIT.
®, = u, — [[“2dr rd0;®, = v, - [[dx rd0;®, = w, - [[“Ldrdx,  (234)
p p p

e U,,V,, W, — KOMIIOHEHTH WIBHKOCTEH 3MILIEHb HA HOBEPXHI KOHTAKTY,
AK1 BH3HAYAKOTHCA 3ATEHKHOCTAMH:

V=i W, = Yar;u, = yortgo; ﬂ

A b (2.35)
tgo =——

2nR |J

HagepeHi noreHimaneH1 GyHKIIT TOBHHHL 3aJ10BOBHATH pIBHAHHSA Jlamaca:

1 ¢, o, I E,rztIrj. alﬂ:l!
e L )t ——+—t=
ror  or rooof” cx

1 =+. (2.37)

P J(x—E&)Y+ R +r’—2rRcos(0-0)

0. (2.36)

Pyurmio (2.37) TpoiHTErpyBaTH B 3arajlbHOMY BHIJIAAL TIPAKTHYHO

HEMOKIIMBO, TOMY po3Kiagemo i B paa Maknopena:

] 1 xE Recos[0 - 0] J
5 T, g T 7 | 238
PR +x (R +xD)T ’”[((R;.-H;.f (2.38)

Mdyukuii (2.32) 3aj0BonbHAe piBHAHHA Jlannaca:

A I . XE H[ LRcos[6 -~ ©] T:u‘ )
\I(LRJE syt (LRY +x*)" ((LR)* + x*)" |

TakuM 4YHHOM, po3knajeHa (VHKLOIA 3alUIIAETHCA  TapMOHIMHOK i

NOTEHIIAIIBHOK):

LRecos|8 -6
S S - S— ‘fs[,y,l. (2.40)
JR 4 (RT+x) (R* + x*)"



["apMoniiinl noreHuianbH1l PyHKUIT HADYBAKTEL BUIIIALY:

O, =u, - L[R (u, [ )rdrd® =

ﬂlpﬂ)fg{i{S{Rl — F{IE){RE -+ I1}+ ZT[[RS _ fhﬁ).rfgﬂ. 5(24]—}

(R +x7)

= rymigo —
in pln
O, =v,— [ [ (v,/)d0d6 = 0; (2.42)

R eln
D, =w,— L jﬂ (w, f)dOdr =

- ryo3(R* —r )R +x7)+ 2n(R’ — 1, )xtgu
B(RJ 4+ 13]3-"3 '

(2.43)

= "ym

Ti},[[i KOMITOHCHTH ]_T.[BH,H,KGCTEI::] BHPAAAHTBCA TAKHM YHHOM:

u="aP, —;dx{xﬂ:-, + RD, + ROD,) =
4m(l—v) i '
dniga(3(R* — 1" YR + x7)+ 2n(R’ — 1, )xtgo N

(R +x")"

1
=—wyoll2rtea —
> po(l2rig

1
TR+ x° )V (=1+v)
(-3nR*(R* - I‘UE){RE + X))+ 3R+ x°)Y" = 2a°R(R’ - ru?'){RE —2x* )@z~
2n° (R = 1, )x(2R* = x7)(1ga)’)).

GrR(R* — 1, )x(R* + x°)0 + :

(2.44)

F=[{Dj —;ﬂﬁ{@, + RD, + H@ﬂ}t)]=
C o dn(l=-v) '

=(=3(R* +x*)rx(R* + x )" A+ 20" R*(4R" + 3R*x” — r,’x" )@y’ +
a(rx'h = 2rR'NR + X' Oye’ + R x(2r/ A+ x'A = 2N R + X' Oya’))) -
20X (2R XA+ 1 xh + 2nR Oy’ + 4nR ', Oyo’ — 2R x(=2) + m@yn’) +

R’x(=h + 8mx®@wyo’))iga / (24n°R*(R* + x* ) (=1 + v)o).
(2.45)



1 1
w=0, - —— xP + RD, + ROD,) =
4n(l-v) R % )=
{1+4’J‘E{ 1+ v)yrw(- R+ xR’ —r;)) R +x)-2n {RB—*.:. }xtgu,
12(R* + x° )" (=1+v)

*
a

(2.46)

['eomerpruHi (KIHeMaTH4Hi) pieHsHHA Kool [62] B MIUNHIAPHYHHX
KOOP/IMHATAX, HKI BHPAKAOTh IUBHIAKOCTI AedopMmaliii, MawTh HACTYIIHHI

BUTA]L;

:fu1 dv1 1dw WY _[a’u a’v)‘]

& _ _—
Tode g dr’ ' rde dr dx

" [d’u a’m) _( _(] Idu}
o=\ 20" 4 ar'r rdo

Bukopucragim nporpamHe sabesneueHus Mathematica 7.0, mjcraBuBILH

. (2.47)

| S—

HeoOX 1Ml 3HaYeHHsa BEJIHYMH Ta TIPOBIBNIH BUIMOBIIHI PO3PAXYHKH, OTPHMAIH
3JICKHOCT] IBHUAKOCTEH JedopMallli Ha NMOBEPXHI Calponenn y HanpaMkax X
Ta R 3aleKHO Bl 4YacTOTH 00epTaHHA TBHHTOBOTO podo4oro opraHa Ta Horo
KpOKY Ta pajiyca (puc. 2.6).

3 puc. 2.6 (a, ©) BUIHO, O WBKHAKICTE Jedopmarii 3pocTae 13 301IbIIEHHAM
paﬂi}l’ﬂﬂ IF’BHHTA R Td YaCTOTH DSEpTﬂ]"IH FTIBHHTOBROIO []Gﬁ{]‘-ll:ﬂ"[) oprana o T4
3MCHIIICHHAM 3HAYCHHA HAXHIY KYTa TBHHTOBOI MiHIl o . OnTHMansHe 3HAYCHHA

e aKoct1 gedopmamtl £ =170—180xm, npu a=0,1-0,2 pad ,R=0,2-0,4xm 1
w=16-18xs"
Hanpyxenus y cepeoBHI (canponel) i 4ac CTUHCKaHHA JOPIBHIOC

o, =2u(e, —&)o, =2u(e, —£)c, = 2u(g, —E};}
Trr :HTI.F"T.IH :I’I'YTFJ;TJ'H :”?-"E"

(2.48)



&M

Ll

0.4 10
0.4 t xe.

a) 0

Puc. 2.6. 3anexuicts mBHAKocTl jgedopmariid Bl pajaiyca, Kyra nijgiomy

FBHHTOBOT JIIHIT T4 4acTOTH 00epTanHs rBUHTOBOIO podov0ro oprany

["igpocTaTtHyHe HaNpyKeHHA JIOPIBHIOE!
_0,+0,+0,
3
“2R*(r} = 3x*)+ R*(61,°x" +9x)))O + n(—44nR "', O + 44nR’1, x°O —
=21 x 'O + R (x7 (27 = 4n(12+ 50 —12v)) = 31,7 (7 + 8n(—1+v))) +
R(21+ (24 + 380 + 24v)) + 6Rx" (2x° + r;f (7 + 4 —4mv)) + (2.49)
Rx* (=31, (5+16m(—=1+v)) + 2x* (9 + 4n(=31+ 40 + 3v))))igo —
2 R(-9Rx" — 4R (14 2n(—1+v)) = 2R X" (1 1+ dn(=1+v)) -
2R (=5 +8n(—=1+v)+ 21 x" (=5 + 2n(=1+v)) + R (4+ 8m(—1+v)) +
R x* (314 8n(—=1+v))tga) )/ (108xR(R™ + x7) (=1 +v)).

= (woB(R” + x* ) —r(R* +x"Y"” + n(6R" — 1, x" —

Ha puc. 2.7 nojgano rpaiuny IHTEPHPETALIID 3AIEKHOCT] I'APOCTATHYHOTO
HANPYKEHHA BIJ KPOKY, pajiyca TBHHTA Ta 4yacTOTH obepranusa podoyoro opraua,
AKa MIITBEPIAKYE, M0 1€ HaNpyAKeHHA OUIBIIOK MIPOK 3alCKHTh Bl

KOHCTPYKTHBHHMX MapaMeTpiB TBMHTOBOTO Mpeca.



Puc. 2.7. T'padiuna  iHrepnperamis  3al€XHOCTT  I'IPOCTATHYHOIO

HANPYKEHHS BiJl KPOKY, pajiiyca FrBHHTA Ta YacTOTH 0bepTaHHs pobodoro oprasa.

HopwmaneHi HanpykeHHA He0OX1IH1 [UIA CTHCHEHHA CalpolleIn 3 METOH
BIUIIJIEHHA BOJIOTH, V OUIBIIIH MIpi 3ajleaTh Bl KOHCTPYKTHBHHX IapaMeTpiB
IBHHTOBOrO mpeca (KpOKY I'BHHTA A Ta 30BHIMIHBONO pagiyca R). BuszHaudeHo
ONTHMAJIBHE 3HAYECHHA HANPYKEHHA, NTPH AKOMY Oy/e BIIOYBaTHCH 3HEBOIHCHHA,
BOHO cTaHOoBHTE o =[40-160xlfa, npu m=20-30xe"', R=0,35-0,45Mm,
A=0,3-0,4Mm.

HajipaxiuBiluuM — HOKA3HUKOM, sKHi  Oyae  3adesneuypard  yMOBY
BI/UIIJICHHA BOJOTH 13 canponento, npuimaemo 3rigHo 13 [136] koediment
IHTEHCHRHOCTI HATPYKEHHSA:

o)

kin = ——ouo.
2 2 2
AT, TTa+T,

Came 1eii koedillleHT BHpa)kac BIIHOUICHHS T1APOCTATHYHOTO HANpy:KEHHA

(2.50)

10 1HTEHCHBHOCTI CEPEeIHbOKBAJAPATHYHHUX 3CYBHHX HaNpPykeHb, a TOMY YHM
OMBIHH ~ kin, TUm  Olnbia Oyiae Bonorosiylava. [eid koedimienr Oyie
BH3HAYAIBHUM [PH CTHCHEHHI JIBOCMCTEMHOI'D CEpPE/lIOBHIIA 13 30epeKeHHAM

Kanuisapie npu Biaenal Bojoru. Ha pwe 2.8 nogano rpadiuni 3anekHocTi



KoelleHTa THTEHCHUBHOCTI HAlPYKEHHS Bl TAKMX BEJIHMYMH, SK pajlyc, KPOK,

KyTa HAXHJTy TBHHTA Ta 9aCTOTH 00CPTaHHS TBHHTA.

L4 -F
Tk
WY e b kin
oy o 2
Ll T 4 U3
j . ;
- i
LI :'.__:.--"":'-1-. Wby ]_-!::'._ .”-'5""-._-'_':?-\."« I:'
VoA AL R ay )0
B i
LT A
A LAl

Puc. 2.8. 3anexHICTE KOS(IIENTA IHTCHCHBHOCT] HANPYKCHHA kin BII:
a) pajiyca rBHHTA Ta HOTo 4acToTH oOepTaHHA; 0) KyTa HaXHITy TBHHTOBOI JIHIT Ta

pazlyca I'BHHTA, B) KPOKY I'BHHTA Ta HOro 4acTOTH 0DepTaHHA, I') KyTa HaXuiy

FBHHTOBOT JIIHIT T4 4acTOTH G'EE:]."!'I'HHHH I'BHHTA.

Ak Odayumo 3 puc. 2.8 yactora oOepTaHHA pa3oM 3 TCOMETPHYHHMH
napaMeTpaMH TBHHTOBOTO poDOYMOro OpraHy CYTTEBO He BIUIHBAaE Ha TMpollec

BLUIIIEHHA cllaDo3B A3aHOT  BOJNOTH. ToMy TeOpeTHYHO BCTAHOBIEHO, IO



BH3HAYAILHHI BIUIMB HA 3HEBO/HEHHS canponeno Oyayrs MaTH KOHCTPYKTHBHI
napaMeTpH TBMHTOBOTO pobodoro opramna.

[IpoeeneH1  TeopeTHYHI JOCALUKCHHS Ta pPO3pPaxyHOK [apaMeTpie 3
BHKOPHCTAHHAM KOMIT KOTEPHOI TEXHIKH B3acMOIIl TBHHTOBOI TIOBEpXHI 13
canporesnemM, 3a YMOBH 30epekeHHA HOro CTPYKTYPH I Yac I BIIUIEHHS
cinado3B’szanHol Bostord. s BH3HAUEHHA PaLlOHAILHUX [IAPAMETPIB Ta PEKHMIB

poboTH obnaHanHg HeoOXiIHO TPOBECTH EKCMEPHMEHTAIIBHI TOCTITKEHHS.

2.3, JTocaizxeHHs npouecy nepeMillleHHs BOJIOTH Y canponeni nija aicro

TeMIepaTypH

[Ticna cTHCHEHHS CATIPOTIEN) BOJIOTA OY/IE pyXaTHCh MO KANagpax 3rijiHo 3

3aKOHOM (PUIBTpamii piIAMHH, SKHH OMHCYCThHCA HACTYMHHUMH pIBHAHHAMH [lapci-

['epceranosa [27]:
. cH
no Bici z: wu—eu, =—k—:; (2.51)
0=
Mo BiC1 X: v—gv =—k5£, (2.52)
cx
cH . ¢cH :
e 3 1 —— — TaJiHHA Hamopy Ha OJUHHIK JOBKHHH Y HampAMKY
iz cx

OCEH Z 1 X, M;

ke — koedigient GINBETpALT PIHHEN, M/C;

@ 1V — MBHIKOCTI (UIBTPAIIll PIIMHH BIANOBLIHO ¥ HANPAMKAX Z 1 X;

u_ 1 v, — IWBHIKOCTI CTHCKY TBepaol (pakiiii canponen depes AKy
NPOXOJUTE Mpouec (GUIbTpauil BIAMOBIIHO ¥ HAIIPAMKAX Z 1 X;

£ — Koe(pileHT NOPHCTOCTI.

[licns  cTUckaHHA Kanusipd  OVIAYThE  VTBOPHOBATH 3aMKHYTI 00 €KTH

3aMoBHENH] PIZIHHOI0 ab0 cyMimmmio pigunn Ta oriTpa (puc. 2.9). lMoganemme



Vi

— Vo=Vp+ V¥,
Vi=V, oe=VeT ¥

a) 0)
Puc. 2.9. BuaineHuii eneMeHT 03epHOro canponesir:

A — IMOBHICTH 3al0BHEHHH PIIHHOK; O — 3aM0BHEHHH MAPOMOBITPAHOK CYMIMIIIK.

BHAICHHA PUIMHH MOMJIMBE 33 PAXYHOK pYHHYBaHHA TAKHX 000JOHOK HABKOJIO
MOJIEKYST BOJH. PyliHyeBanHa o00JOHOK MOKHA JIOCATTH UIIAXOM CTBOPCHHA
HaIIHIIKOBOTO THCKY V 3aMKHYTOMY T[IpPOCTOpi, TMEPETBOPUBIIH BOIY Y
HAPOIOBITPAHY CYMIII I[11J A€  BHCOKHX Temieparyp. Skmo 3podHTH
NPUITYIIEHHA, 10 Takl OKpeml enemedHTH ob’emom dV mMawors dopmy Ky
TaMeTpoM d , MAaKCHMAaITLHO 3aroBHEH] PIIIHHOIO (JIUB. puc. 2.9 a1 0), To X 00 em

IOPIBHIOC:
y, =" ﬂ%. (2.53)

[T11 yac 3pocTaHHA TEMIIEPATYPH Y BHIIAJKY HarpiBaHHA TaKOTO CIEMEHTY
HeoOXITHO BpaxyBaTH Koe(ILIE€HT po3MHpeHHA PIIHHH Ta TBepaol 00O0IOHKH
KIIITHHH, YTBOPEHOI 13 CYX01 peYOBHHH CallpOIIeIIH.

JpocTaHHa TeMnepatypu Ha A7 HpH3Bede 10 3MIHM BLANOBIAHO 00 eMIB
0DONOHKH Ta PIIMHA;

V.=V, (1+BpA1): (2.54)

;}.-"

TK Vu' {1 +Bm“ﬂt)~ (255}
ae B, ta B, — KoedIlicHTH PO3MIHPEHHA BIATORIIHO PIAHHHA Ta TEEPIO]

obooHkH kmitunu, 1/K,



PizHuus  BKazaHuX 00'eMIB  3ajlesaruMe Bl PI3HULI  KoediuieHTIB
posmMpenHs 1 y Bunagky B, =P, Biadyaerscsa pyitHyBanHsa obonoHkH. Takum
YHHOM:

n-d’
AV =Vy =V, =V, {BTK ‘E’P}‘ Ar = T (E’n: ‘ﬁr]' At (2.56)

AJle KOPOTKOTpHBalle HpoTAroM | XB pi3Ke NJBHILEHHA TeMIIEpaTypH 3
20°C o 100°C i BHIE CTBOPIOE YMOBH MEPETBOPEHHS PITMHH Y TAPY JUTA KOKHOI
KTITHHHA. Y TakoMy pasiB 00070HII OyJe YTBOPIOBATHCE CYMINI PLAHHH 1 MapH
(mue. puc. 2.9, 0). Akno nosHavYnTH:

Ve=V,-V,, (2.57)
3MIHA 00 €My 0DOJIOHKH KJIITTHHH Dy/1€e:
AV'=V, -V,. (2.58)

Bignorizano 3mina o6’ emy mapy B 0bomonml Oy/1e BH3HAYATHCE:

AV =V | 148, (T'-293) ], (2.59)

ne T° remmeparypa Harpisy, K.
3miHa 00’ eMy CIEMEHTY Mac BHTIIAL

AV =V, ~(V, + V). (2.60)

[HTEHCHBHICTE 3pOCTAaHHA THCKY B KMITHHI 3anekKaTHME BIT IIBHIKOCTI
[epeTBOPEeHHA PIIHHK Y [apy, TOMl THCK, AKHH pPYHHYBATHME eJIEMEHT,

BH3HAYaeThed [101]:

1 |
P =P . 2.61
T {7 |+ B”{ T” . ZQE)IJ ': }

IIpH upOMY el THCK MOKE JOCATATH 3HAYHO1 BEIHYHHH 1 3pYHHYBATH BCHO
00ONOHKY, a MPH IHTEHCHBHOMY HarpiBaHHI CTBOPHOTHCA YMOBH PO3PHBY CTIHOK
karapiB., JIaHHi THCK MOMJIHMBO CTBOPHTH HAIPIBAIOYM Callpolelb CTPYMaMH
BHCOKOI wacToTH J10 TeMnepatypu 70°C 1 Bumie. O3epHi canporneni, AK Bl BOJOTI
MaTEpIaH, € MOJIApH3alIiHO-peIaKkcalllifHIMH cHeTeMaMu, SKIo 1o Takoro Tina
NPUKIACTH eNleKTpuyuHe abo MarHiTHe MoJjie, TO BOHO Oyje TepeMillyBaTHChL B

NeBHOMY 00’eMl MaTeplally 3 JeAKOK MIBHIAKICTH 3 XapakTepHHM IMepioioM



penakcawii. Harpisanus canponemo CBY mae sBiadyBaruce B 1304sL1HHOMY
ceperouml. [Ipu 1bOMY pPIBHOMIPHHI Harpie TEBHOTO 00°eMy marepiany
BII0OYBAETHCA 33 PAXYHOK EPETRBOPEHHA CIEKTPHYHOI CHEPI1l Y TEIIO.

Take HarpieaHHA MODYI0OBAHE HA ABHIII MOIAPH3ALIT HACAMITEPEI MOJIEKYITH
BOJH (puc. 2.10), aka € gienekTpukomM. [ToBOPOT IUMONIB 1 TX KOJTHBAHHA M1 i€

30BHIIHBOIO €JICKTPHUYHOIO 110JIA OB A3aH1 3 BUAUICHHAM TelLa.

H

A b ;
: ; 90
L
d 0 H
a)

0)

Puc. 2.10. PosmMimenns 3apsaaiB y JIBOATOMHHX MOJICKYIax (a) Ta crnpouieHa
cXema MOJIEKYIIH BoIH (0).

Cepen TpeOX OCHOBHHX BHJIIB TOJAPH3AII — EIEKTPOHHOI, aTOMHOI 1
IHUIIOJIBHOT  —  calpomnelk MOKHA 3apaxyBaTH 70 Mareplany  JIHI0IEHOI
NOJAAPH3aLLT, FOJIOBHY POJIb MIPH HArpiBaHHI Oyl BiAIrpaBaTH MOJIEKYJIa BOJIH.

JlieJleKTpHYHI BTpAaTH B OJHOPIIHHUX JieNleKTPHKAX OB A3aHl 3 MpolecaMu
BCTAHOBIIEHHA NOJIAPH3ALIT 111 €K enekTpuuHoro nois. lloriuHanus eneprii B
pe3ynsTaTi UBOro eekTy BiAOYBAcThCA Ha dHacToTax 1H(padcproHoro ado me
MEHILIOTO BHMIIPOMIHIOBAHHSA, KOJIM YacTOTH BIIACHMX KOJIMBAHb CJICKTPOHIB Ta
10HIB OH3BKI 10 YaCTOTH eeKTPHYHOTO MOJIA.

[TuTromMa akTHBHA TOTYXKHICTE BH3Ha4daeThed 3 (dopmyim Jxoyng-Jlenna
[102], siK KUIBKICTH TEIUIOTH, L0 BHJAUSIETBCH B OJHHULI 00’€My HEBHOIO
MaTepiaqy. 3 ypaxyBaHHAM IIOBHOTO KoedillieHTa BTpaT Ha IIpoBiaHicTe ¢ BOHA

MAae BHUITIALL

P =wg, & E, (2.62)

Al

e 0 — KYTOB4 4acCTOTd, C_I:

E — nanpyKeHICTh €NeKTpHaHOro noss,Br/m.



Orike, P

iR

€ BH3HAYAJIbHUM (DAKTOPOM 1A 3POCTAHHA TEMIIepaTypH ‘-”’th

B JleIeKTPHYHOMY MaTepiani 1 11 MOKHA BCTAHOBHTH BIJIHOIIEHHAM IMOTYKHOCTI
CBY reneparopa /10 Macu Marteplany, 1no oopodiuserses.

Y CBOW uepry KUIBKICTh TEIUIOTH, KA BHIUIACTBCA B OJAMHHIN 00’eMmy
MaTepiany, BH3HA9acTRCA 3a hopmyinoro [120]:

0, =0,555-E*-w-£-1gd, (2.63)

mne £ — IICIEKTPHYHA cTaaa ado JIeJCKTPHYHA POHHKIHEICTE;

E — HanpyXkeHICTk 30BHINMHEOTO eNekTpuYHoTo noasd, H/K;

O — KYT JIeeKTPHYHHX BTparT.

Harpisannga Bonororo wMatepiasry CBY  BiadysaeTbes  J10CTATHBO
IHTEHCHBHO, TOMY B CEpe/HHI 00'eMy MaTeplaly BHHHKAE TPAIIEHT 3aralbHOro
THCKY 3a paxXyHOK pISHHIl TeMIeparTyp Tila y LEHTpl Y, 1 Ha IOBEpXHI [ ,

npuuomy f =1 . Takuil rpaii€HT € OCHOBHOK PYUIHHOK CHIIOK IE€PEHECEHHS

NapopiIMHHUX PEYOBHH HA MOBEPXHIO Marepiany. ToMY 1HTEHCHBHICTE BHIUICHHSA
BOJIOTH Ha MOBEPXHIO BU3HAYaTHMeTheA 3a opmynoro [106]:

Jeay :_'ﬂm'pn'vU—am'pn'{S'?T_Kp'vP* (2.64)

BiacyTHICTE CKIaJ0BOI NEpeHeceHHA BOJIOTH Bl TepMOJIHHAMIYHOLI CHIIH,
AKa BHHHKAaE Yy 3MIHHOMY EJIEKTPHYHOMY [0Ji, BHMAarae noJalblIInx
EKCIIEPUMEHTAILHUX JOCHIKEHB 1010 BCTAHOBJICHH:A BEITHUHHH
eNnekTpoan G y31HHOrO NOTOKY BOJIOIH 1 BHIUIEHHA HOTO 13 3ara/IbHOTO,

Tomy cucrema audepeHIaIbHUX PIBHAHL TEMJIO— 1 BOJOTONEPEHECCHHS

MaTHMe BUTIA [63]:

At ; o
L—={I'vf+ & ,LU_l_ ‘F:Jum ; ]
ot cr 0T Cp,
1 2 J

W e, VU+a, 8, Vise 2L (2.65)
ot : : ot
a—P:a;?Ep+ii FU,

’ ¢, 0Ot |

ne  t - rtemmneparypa marepiany, K;



T - TPHBAIICTh HPOLIECY HAIPIBAHHSA, C;

a - koedIIeAT TEMIIEPATYPOTIPOBIIHOCTI Tina, M*/c,

£ — Koe]IeHT (pa30BOro NepeTBOPEHHA PlIHHA-T1apa;
¢ - MMATOMA TEII0EMHICTE canponento, JIx/(kr-K):

r - MHTOMA TeIIOTa mapoyTropeHHa, J#/Kr;

p, - TYCTHHA CYXOT0 3pa3ka Matepiany, Kr/m’;

a, - KoeQimieHT Tu(y3ii piiHHH, M2/c;

0, - BUIHOCHHH KOE(ILICHT TepMOoAnpy31T Boaord, Ki/K;
a, - Koe(lieHT KOHBEKTHBHOIL Trdy3ii, M7/ C;

P - HANIHINKOBHI THCK ¥ 3pa3ky Matepiany, [la;

¢, - EMHICTB 3pa3Ka BITHOCHO BOJIOTOTO MOBITPA.

AKmo JTONMYCTHTH, IO JIOCHIDKYBAHHH 3pa3oKk  Marepiany Mac  BHI
OC3KOHEYHOTO JIOBIOTO 1 TOHKOTO CTPHAHA posMmipy d << L, mja 4Hac Horo
HarpiBaHHA I[IOTYKHICTB JUKepelna HOro HarpieaHHA OyJae 3HHAKYBAaTHCE Bl

MOBEPXHI JI0 CEPC/IHHH 3@ CKCIIOHCHIIHHHUM 3aKOHOM. 3 BpaxyeaHusa P =0,

MAaTHMEMO:
FER — A e hx 2.66
Lo, j (2.66)
ne A — noTyKHICTB JuKepena edeprii, J#;
k  — KoeiieHT, 10 BPaxoBYE 3aKOHOMIPHICTL TOTJIMHAHHA €HEepril
3PA3ROM.

IToyaTkOB1 YMOBH MarOTh BHTIIAL:

1(x,0)=1,; p(x,0)=0;u(x,0)=u,. (2.67)
I'pannuyH1 YMOBH:

Hxt)=0ulx,t)=0;plx.T)=0;

If[ xg) = ﬂ;l‘f_‘. [I,}I) = ii}_l.(,it] =1. (2.68)
Cucremy audepeHmianbHHX pIBHAHB (2.65) MOKHA CIIPOCTHTH 3 HACTYITHHUX

MIpKyBaHb. [CHYBaHHS NepeTBOPEHHSA eJIeKTPUYHOT eHEPTil V TEIJIOBY HE J03BOJISAE

IMBHIKO 3MIHHTH OCHOBHHIA [apaMcTp BOJOTOIO I!".-:LEFITIE:FIiE:'I..'lljir —  BOIIOTOBMICT.



Koporkorpueaia j1is KOJIHBAHL J03BOJISE CTBEPKYBATH, 1O IIC/H BLKIHUEHHS
narpisanna  CBY vy wmarepiami  BIOyBarOThCS  penakcaimiitHl  TIPOIEcH  —
BHPIBHIOBAHHA THUCKY Ta NPUITMHEHHS MEPEMILICHHA BOJOTH /10 MOBEPXHI 3pa3ka.

Tomy cucTema piBHAHE (2.63) MiCaA copolneHHA HAOyIe TAKOTO BHITIAIY:

o) z

L—r=cr~? I+L; ﬁ'

at C Py

W, VU+e S (2.69)
: t

__& Y

ot ¢, Ot |

Take crpOLIEHHA J03BOJISIE PO3B’A3aTH BKa3dH1 PIBHIHHA 3 ypaxyBaHHAM

BHILICHAREACHUX YMOB, To/11 BIANOBIIHO U8 BU3HAYEHHS BOJIOTOBMICTY:
_ ( 7
U{m}=ﬂa4l+m —. |}j (2.70)
il

a, -1

(1-¢)

Ta BHYTPILIHBOI'O THCKY:

;_U(x,t)=%(l+fﬁ[§,fap-tﬂ], (2.71)

ne F, — THCK, SKHH OTPUMAHMH Y MOMEHT HPHITHHEHHS HalrPIBAHHIL.

Cepe/iHe 3HAUEHHS TEMIIEPATYPH MaTepialy MOKHA BU3HAUUTH, 5K

f=Ate"™, (2.72)

HeobxianicTs  warpiBanns  camponemis g0 90°C  symoBnena
TEPMOTaOUIBHICTIO  MaTepiaay, BMICTOM OPTaHIKH, BHCOKOI ROJOTOCTI Ta
MOMKIIHBICTH) PYHHYBAaHHA 3B A3KIB BOJM V MaTepiani. 3aJaBUIMCh NOTYHKHOCTAMH

CBY-reneparopa, Akl nexatk ¥ Mekax P =255;425,595 Bt Tta ToBIHHOIO 1Iapy
h=1,25;2,25;3,25 cm | IpUHHABIIK Yac NPOrpPIBY PIBHHH T=4,5 X&, OTPHMYEMO

rpahiuH1 3a1¢KHOCT] 3MIHH TEMIIEPATYPH CANPOINEIIB B MOTYKHOCTL HArPIBAHHSA

CBY (puc. 2.11 - 2.13).
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Puc. 2.11. 3Mina Temnepatyps canponenio nij1 yac Harpisanis CBY npu

MOTYKHOCTI TeHepaTopa P =595 Bm Ta tpusanocti nporpisy t=4,5 x6 .

()
r, C 1 5(] [
1004~ —
50 =
0 |
| 2 3 4
h,cm

Puc. 2.12. 3mina temMnepatypu canponemo mij1 gac narpisanas CBY npu

NOTYKHOCTI reHepatopa P =425 Bm ta tpuBanocTti nporpisy t=4,5 xe.
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Puc. 2.13. 3Mina Temneparypu canponemo mia gac Harpipanua CBY npu

OTYKHOCTI reHeparopa P =255 Bm ta tpuBajiocti nporpiey t=4,5 xa .

HarpiganHd canponelniB cTpyMaMH BHCOKOT 4acToTH (AHE. puc. 2.11 —2.13),
IEHKHOCT] 3MIHH TEMIIEpaTypH Callporeliid Bl TPHBAJIOCT] HarpiBaHHA Ta
notykHocti CBY-renepatopa. [lns  1OCTORIpHOCTI OTPHMAaHHX pe3ybTaTIB

HeoOXIIH1 eKCIepHMEeHTANIBHI JOCHKEHHS BOTO NPOoLecy.

2.4, TeopernuHe oDIPYHTYBAHHS COPOLIHOIO 3HEBOJIHEHHS CANIPOIIL/IIO

Harpipanns CBY canponemo 3adesmedyc nepeMIneHHsa BOJOTH 3CCPEIHHHA
o0’emy Mareplasy Ha #oro mnopepxHw. [lnda 3ade3znedyeHHs 3HATTS BOJIOTH
HeoOXITHO CTBOPHTH YMOBH Mepeladl BUIBHOI BOJIOTH 0 COpOeHTY (moriHHa4a
Boiorn). Po3paxyHkKoOBa cXemMa Mpolecy NepeMillleHHAs BOJIOTH Ha [OBEPXHIO
neBHoOro 00’ eMy canporneno nojada va puc. 2,14 [119].

Ao 10 momepxHl Bonororo canponemo [ npHKmAacTH IUIBTPYBANTEHHIH
mareplaa (copdenrt) [I, TO Ha MexKl IX KOHTakTy O —1 BHHHKHE CTpPHOOK

Bﬂﬂﬂl"ﬂBMiCT}’. ]_IE ABHILE MOACHKE HAABHICTE l'[ﬂTEHI.IiE:L'I:-,-’ BOJIOTO ICPCHCCCHHA,
" : ]

SKHH BHHMKA€ B PE3yJIbTATI PI3HHLI BOJOrOBMICTIB 000X Tin ' 1 u . SBuie

IEPCHCCCHHA BOJIOTH METOJOM KOHTAKTY JIBOX Ti1 XAPAKTCPHIYETRCA TAKHMH



' 3

X ')
:
]
no_ K g .
hcﬁ}’l(?H{-?Ha"JEm?S: E}ht Ijr
i
! ¥
0 - :
i
" [y 10N i
Jh{'mr * ;V-I"LH? » ”r:rfr ¥ IE“lllrcrrr ¥ C m ¥ JLSrr':.'.':' : f
[ ]
. h{'m.l

T li,, ~ol P

Puc. 2.14. PozpaxyHkoBa cxemMa 3HEBOIHEHHA Carponeso Bl Yac KOHTAKTY

13 (hUIBTpYBAIBHHM MaTepianoM: [ - canporneib, HarpiTil CBY; I7 - copOuiiinnii

Marepiasl.

NOKA3HMKAMHW: TOBLUIMHOK copOuliiHOro Marepiany h  Ta TOBIIHHOK Luapy
canponeto A, 3 AKOro B pe3ylbTaTl KOHTAKTY JBOX CHCTEM Oy/e nepeMilaTies

BOJIOTA; TYCTHHOK Matepiany y. 1 CAnponeno 7y _ : BUIMOBIIHO TMOYATKOBHM 1

KIHLEBUM 3HAYEHHAM BOJOIOBMICTIB i ,u ,u._ 1 u’ -, KOe(IUIEHTAMH ITHTOMOI

L LR i

PO
|

sonoroemuocti C) Ta 1 [UIOILEH BHYTPILIHBOT MOBEPXHI S Ta S

can "

3a HpHﬁHHTH}{ [MOSHAYCHE MNpOoHcc BOTOTOINCPCHCCCHHA  OIMHCYCTBCA

CHCTEMOIO JIH(epeHIlIabHHX PIBHAHE [9, 119]:

=F |
ﬁtftl: X.T :I _ {-1.: v H': I:."".'r:l M l|
T ~ ~m Erl ’
1 N ; (2.73)
f"”;'u.'fll_.'.',‘-:l __ gorean v u"""‘"l. x.1)
T a2

[TowaTKOBHUMH YMOBaMH PO3B'A3KY CHCTEMH PIBHAHB €:

u' u =u"  t=0. (2.74)

”-!{_1_'_[5# = ! -:.:r.l.'l:_'r_l_'l]  "ean
I"'paHuyHI YMOBH HACTYIIHI:
- YMOBA PIBHOCT] BOJIOI'OBMICTIB Y 30H1 KOHTAKTY (_T = (J}:

He'[u.'[l' = ”n:ru.*[r-',l'] : (2‘?5}



- YMOBa PiBHOCTI IIOTOKY BOJIOTH B 30Hi KOHTaKTy (x=0):

7l

e | Y. r E?ui_w_t} _ aﬂl‘”rﬂfﬂ.t} [2?{5}

i ) =
Cr.rr T can cx Cx

- YMOBa BHIIAPOBYBAHHA BOJOTH Ha MeXl x=h, o0ymoBIeHa

rpagleHTOM BOJIOTOBMICTY Vi :

a”:'ﬂl T) i
=, 2.77)
ax  Cy

- YMOBa 0DMEKEHHS MEPEXo1y BOJOIH Ha BUCOTY AV KOHTAKTYHOUHH

kv

[map carnpornesnto 13 copdoeHToM:

a“t'uli‘[—h T)
=), (2.78)

ox

Po3s’sa30k cucteMH qudepeHmialbHHX piBHAHE (2.73) 003B0JAEC BCTAHOBHTH

CEepe/IHE 3HAYCHHS BOJIOTOBMICTY Y COPOEHTI TOBIIMHOK /i, 1 KOHTAKTYHHOMY

[api canporear BHCOTOK A

oan

B IIpOLIEC] HOTO 3HEBOIHEHHH:

_ . 2 . ]

U’ =) = Au, == : +(1-C)- (u:_'—uf)— < T_|—|+(I—C)~_I"—_‘&*'_-A—B;
hor, hov XY

;”""[TJ - H:-m = ‘ﬁ'uem =C- [H{rlm o H:;’HI ]_ Lﬂ_l_ C- fmﬂ - - A- L B.*
| can .r:"c.-nj 6- C:::m. ?:‘wn I-C J
2.79)

ne A — koedillieHT, AKHH Mae BHpas:

3K,, +2K_-K, -K, +K,
A= o 7 h v

(2.80)
K,ﬂ +K,,
¥ crow 4epry:
h 1-C
K =—"=K «——; 2.81
Iy h{. 1. C ( }
Y C,
K =—<K =—. (2.75)



Sk DauuMo, roJIOBHUMM YMHHHMKAMH, SKI BH3HAYAKOTh Hepedir npouecy, €

e(peKTHBHHI cepeJHbOIHTerpanbHuil koedinient audysii somorn C ., rycTuHa

s

CYXO01 MacH canponent y. ., TOBUIMHA I1apy canpornento i .

_ 2. {ur_—um}+ - A - |—|-EII] —“:.C.I
B: - _ L C:'F:I1T-I:'.I"I"Sln“_ lZ'_ _
pNTRE |:[l—|- K. -K, _-K, )— ,fﬁfﬁ_ (K_”. + K, ] crgu - c?fg(, J'KG K, - |.1):|
(2.83)
e L IPHHHATO 3HAXOQWUTH 3 BUpA3y
(2.84)

TN
u_I+E‘fﬁ3-,f.’§_’{,ﬁ_ L

Y  pe3yaeTaTi TCOPETHYHOTO JOCTIIKCHHS COpOLIHHOTO 3HCBOAHCHHA
CATpOTIe/IK0 BCTAHOBIEHO, 110 HAHOUIBIIMH BIUIME Ha IeH Npolec MaTHMYTh

TOBLIMHA IAPY CAIIPONENHD Ta [1JI01a BHYTPILIHbOT [OBEPXHI.
BucnoekH 10 posmgiay 2

Y pe3yneTari NpOBEACHHX TEOPETHYHHX JOCIKEHB MOMKHA 3pO0OMTH
HACTYIIHI BHCHOBKH:

l. Ha [i1cTaBl 3aCTOCYBAHHSA CHCTEMHOI'O X0y HAMH
JANPONOHOBAHO KpUTeplil oUiHEeHHA eeKTHBHOCTI CMocoDIB 3HEBOIHEHHS, AKHH
MONATAE YV MIHIMIZAMl MTHTOMHX CYMapHHX EHepros3arpar Ha TOCTJIOBHE
BHKOHAHHA BCIX TEXHONOTIYHMX omnepauid. Ha sactocyBanHl 1bOro Kpurepiio
DasyeThca  po3pobdlieHHH  MeToJ  CHCTEMHOro OOIpYHTYBaHHA palioHalILHOI
MEXaH130BaHOT TEXHONOTTT 3HEBOHEHHS calporieliB, SKHil Jae 3MOr'y BCTAHOBHTH
onTHMalbHUI  Hablp oOnajHaHHA, 1OCJHLIOBHICTE BHKOHAHHA onepaulii  Ta
BH3HAYHTH MEK]1 HE0OX1IHOT BOTOTOCT] HA KOXKHOMY 3 CTAIIB 3HEBOHEHHS,

BuinaseHo 3aKkOHOMIPHOCTI TIpollecy  BIJIUIEHHA TpapiTaliHHOl Ta
cnado3B’43aH01 BOJIOTH MPH PIBHOMIPHOMY CTHCKAaHHI B 43KOI0 cepe/loBHILA Y

'BHHTOBOMY l'IpEE:i, a4 TAKOM BCTAHOBJIEHO, HOI0 OCHOBHHH BIUIHB Ha L¢H [Ipoaec



MaTHMYTh  KOHCTPYKTHBHI  mapaMeTpuw  obnagHanna R=0,35-0,45m, 1
A =10,3-0,4m 3a yacToTH obepranus reuHTa = 20— 30 x8 '

2. TeopeTHyHO BCTaHOBIEHO YMOBH PYHHYBaHHA 3B A3aHO1 BOJIOTH 3
METOK [epexo[y 11 Ha TMOBEPXHK Marepialy MiJ 4Yac HarpiBaHHS O3epPHHX
canpolenip CTPpYMaMH BHCOKOT 4acToTH, JUIS LbOro HeoDXIJHO HArpiBaTH
canponeni 3a notryxuocti CBY-reneparopa P = 255 Br npw ToemmHI mapy
mateplaay A = 1,25 npotarom 1,5-3 xa.

3. Bcranosneno OCHOBHI YHHHHKHW, #KI BIUIMBAIOTH Ha  TIPOIEC
copbuiiiHoro 3HeBogHeHHA. (OCHOBHMM MapaMeTpoM, 0 BIUIMBATHME Ha
eheKTHBHHI 1epexijl BOJOIH 3 MOBEPXHI HAIPITOIO calponeo 1o copdeHty, €

MHTOMA BHYTPIIIHA TOBEPXHA MaTepiany.



PO3JILI 2
TEOPETHYHE OBIPYHTYBAHHS MEXAHI30BAHOI
TEXHOJIOTTI 3HEBO/IHEHHS CAITPOIIEJIIB

2.1. MeToa cHCTeMHOIo OOIPYHTYBAHHS JouiabHOCTI i nociaigoBHocCTi

cnocodiB SHEBOAHEHHH O3€PHHX Eﬂ]]pl]l'['E.]]i.B

CxragHicTe TpOIECY 3HCROJHCHHSA O3CPHHX CampornenTiB TOR’A3aHa 13
BHCOKOK IPHPOJHOK BOJOTICTH0 MaTeplajy, IO IPH3BOAHTE 10 PI3KOTO
3POCTAHHS EHEepro3arpar Ha #Horo 3HeBoAHeHHA. Tomy cropoda 3MoIenoBaTH
MPOLEC  3HEBOJHEHHS O3€PHHUX  CAlpPOIB  J03BOJIMTE  BHOpATH  €MHMI
NPABHJIBHHIT  1IIAX JII8  JIOCATHEHHS METH, #KHIl [onarae B YHHKHEHHI
HermepeadayyBaAHMX CHTYAIll, AKI HC A03BONAKOTE 3HH3MTH BOJOTICTE CANPOMNCTIR
10 TOBAPHOTO 3HauYeHHs W, = T70%.

Y tadn. 2.1 HaBeleHO XapakTepPHCTHKY CHOCOOIB 3HEBOJHEHHSA O3epHHX
CANpPONEIB, AKI MOXKYTh OYTH BHKOPHCTAHI Y MEXAHI30BaHIN TEXHOIOI, 100 vy
MOJAANBIIOMY OOIPYHTYBATH KUIBKICTB ONEpalllil Ta iX NOCAIOBHICTE 3 METOM

JOBCICHIA CHPOBHITH O KOHIULIHHOTO CTamy.

Tabauya 2.1
XApPaKTepHCTHKA NPOLeciB 3HeBOIHEHHH CANPONeIiB
Homep Hazra nponec
crocody P Y OOMeHeHHs
3HEBO/IHEHHA
N
| MexanaHHi 10 He mMoke 3acTOCOBYBATHCE TICIA TEIJIOROL
TernnoBoi 00podKH 00poDKH
5 MexaHidaHMI micas 3aCTOCOBYETRCA TIBKH MICIA TETUIOROTO
Ternnosoi 00podKH criocody
3 Tenuosa obpodka 3 3MIHIOE CTPYKTYPY BOJIOTH; HE
Harpipanuam CBY MOBTOPHETHLCA; HE 3aCTOCOBYETHCA OCTAHHIM
4 MacoobminHe 3aCTOCOBRYCTRCA TITBKH MICTA TETIOBOTO
3HEBOTHEHH crioco0y




[Ipouec 3HEBOJHEHHS CANPOIeIB 3 BHKOPHCTAHHAM BKA3aHUX CIOCODIB
MOKE 3JIHCHIOBATHCH Y PI3HIA TTOCTIIOBHOCTI, TIPHYOMY BHKOPHCTAaHHA BCIX
crocoDIB € HeoDOB A3KOBHM. Y 3arajlbHOMY BHIIAJAKY JCAKI CIOCODH MOKYTh
3ACTOCOBYBATHCE JeKlIBKa pas. Buxondauu 3 oOMekeHb, 10 HAKIAJakTBCHA Ha
BHKOPHCTAHHA KOKHOTO 3 croco0IB 3HEBOIHEHHS, 3allMIIEeMO MOMIMBI BapiaHTH
MOCIJIOBHOCT] BHKOHAHHA TEXHOIOIUHUX onepauiii (Tadi. 2.2).

Tatauysa 2.2

Mo:kIHBI BApiaHTH MOCTII0BHOCTI BHKOHAHHA onlepauii

[TocaimoBHICTE BHKOHAHHA Uncio CTYIEHIB
KinekicTes cniocodis N
oreparii { N } BITBHOCTI
| 1 -
3-2
2 -
3-4
3-4-2
3-2-4
3 ]
1-3-2
1-3-4
3-2-4-2
1-3-4-2
4 2
3-4-2-4
1-3-2-4
1-3-4-2-4
3-4-2-4-2
5 3
1-3-2-4-2
3-2-4-2-4

KepoBaHuMH napaMerpaMy, KUIBKICTh SKMX BH3HAYAE YMCIIO CTYLEHIB

BUILHOCTI, YV JIJAHOMY BHITQJAKY € MHOMKHHA 3HAYEHb BOJOTOCTI CANPONENniB IMICHs



BHKOHAHHA KOKHOI 3 mlepauiﬁ JHCBOJHCHHA, 34 BHHATKOM OCTAHHLOI'O CTally,
KOJTH KIHIIEBA BOJIOTICTH TIOBHHHA BIINOBIIATH TEXHOIOTIMHO 0OTPYHTOBAHOMY
pieH 00po0KK (70 %), a Takox micas oOpodKH, B NPOILEC! AKOI 31HCHIOEThCA
BHBUIEHEHHA 3B A3aHOI BOJOTH, AKA MICIA BHKOHAaHHA I1€l onepaili 3HHKYEThCA
HECYTTEBO 1 HA MPAKTHYHO MOCTIHHY BEIHYHHY.

[TosnaunMo yepes N — Homep criocody, a yepes 1 — HoMep eTtaiy odpodku.

" . . a " L}
CidopmoBana MHOKHHA BaplaHTIB TOCTZIOBHOCTI €TamiB 3HEBOJIHEHHSA {M | 1}
[

MATHME BHIJIA JIAHLIHOTA, AKHH cXeMaTHYHO [pEACTABIICHO Ha PHC 2.1.

Fi P F;
H"F.I H"rf W? W - H'fﬂ.rr
—»| Onepayia Ny L ol Onepayia N: venss —upl Onepayia Ny | 5
e + Oy * o Q-1 + i
i g2z L

Puc. 2.1. Cxema DOCIIJZOBHOCTI BHKOHAHHS TEXHOJOTIYHHX OMepatii

FHECBOJIHCEHHA.

CupoBHHA NOTPAILIAE HA JITHIKO 3HEBO/HEHHS 3 [I0YATKOBOK Bonoricto W 1
nogaderd Q,. Y pesynbTari BAKOHAHHA HU3KH OTepaLiiii 13 3aTpaTaMH [MOTYKHOCTI
P BONOTICTE TIOCHIJIOBHO 3HHKYETHLCH A 10 HE0OXIHOT KIHIEBOTO 3HAYEHHSA

i

W

i "

BHacnigok 1pOro MiJ 9ac BHKOHAHHA i- TOI OMEparlii BiIOKPEMITIOCTRCA
YaCTHHA BOJIOTH ¢,. 3aTpaTH MOTYKHOCTI I Yac 3A1HCHEHHA II€BHOI
TEXHOJIOTIYHOT onepaiii 3anexarh Bl crnoco0y  BIJOKpEMIICHHS BOJOTHW  Ta
. 4
OMHCYIOTBCA  (PYHKUIAMH  €HEPreTHHHOr0  CTaHy py(W )| - Bouu

BIIOOpakKaAKTE 3aTpaTH €Heprii p Ha JOCATHEHHS 3aaHOro PIBHA BOJOrOCTI

OJUHHIEK MAacH Calponeal B OIHHHIK 4Yacy., a y pa3l TemwioBol o0podKH

(N =3) — sarpatn motyxkHocTi Ha HarpieanHs CBY. Toxi mutoMmi eHepreTHyHi

3aTpaTH Ha BHKOHAHHA - TOI omepaimii 3alekHo Bid cmoco0y 3HeROIHEHHA

BH3HA4YaThCA, BT-ron/kr:



Py (W )=py (W )N e{1,2,4};
) 02 -

om0
Y (W).N, =3,

Takox npu ternmoBoMy cnocodl (N =3) BOJOICTh 3HUKYETHCA HA JICAKY

BenmuauHy oW =3%, y pe3yasTari 4oro BOJOTICTh Canponend Ha BHXOTI

TOPIBHIOE:
W, =W,_,—8W

et (‘22}
[IpuiiMaemo, Mo HeoOXIHA MNOTYKHICTL [UIA 3AIHCHEHHA {-TO eTamny

3HEBOJIHEHHS NMPONopLiiHa MACOBIH 10a4l Ha JaHOMY eTarl, To0To:
F=0, 1‘9.’-.-',‘ (2.3)
Y npouect 3/1HCHEHHSA ONepaLii CYLIHHA 110/1a4a CHPOBHMHH 3MEHILYETHCS
Yy 3B A3KY 3 BTPATOI0 CanporeneM 4acTHHH BosorH (puc. 2.2). Macopa gacTka

CYX0l PEHYOBHHH Y CHPOBHHI HE € IMOCTIHHOK, a 3HWKCHHSA 10/a4l 31HCHIOEThCA

JIULLE 38 PAXYHOK BIJIOKPEMIIEHHS BOJIOTH Macolo ¢, .

1 2 &

\\ Q:'- |
N

Q.’

P

A
\

Q1" Wi) O w;

Puc. 2.2. Cxema BIAALTIEHHA BOJOTH 13 CAMIPOIEN Ha {-MY eTalll:

| — marepian; 2 — BoJora.

Maca BOJIOrH, OYEBHHO, JOPIBHIOE H00YTKY MAacH BCIET CHPOBHMHH Ha 11
Biﬂ.HDCH}’ BOJOTICTh. PO3rmaHemMo MpoHec 3HCBOIHCHHA HC3AICAHO Eiﬂ qacy oA

JeAKOl [M0YaTKOBOT MacH CHPOBHHH () .

[Toznauumo i 3py4HOCTI W= . Sk BugHO 3 puc. 2.2, BOJOIICTH

100%
nicias 3A1HCHEHHA [ -1 onepalill JOPIBHIOBATHME BIJHOIICHHIO 3aJIHIIKOBO1 BOJIOTH

10 3araJdbHO1 MacH KIHIIEBROT CHPOBHUHH:



i-1” Wi Y, (2.4)
Qx L Y,

OOepHYBIIH e BUPa3 BITHOCHO MAacCH BIIOKPEMIIEHOT BOJIOI'H, OTPHMAEMO:

W. . — W

g, = r—l—f ] Lo, (25}
1—w
OuesuaHO:
- W l—w,_
0=0.,-¢9=0_- Q.| 1 =Qf—l—r|‘ (2.6)
- W, l—w
TakuM 4YHHOM, Y KIHIIEROMY BHITAJKY 3alHCYEMO:
0= Qﬂﬂ - 2.7)

1Irir

ado, CHIPOCTHRIIH JODYTOK:

I—w,

O,=0, (2.8)

1—w
CyTe 3aJa4l mojArae B ToMY, W00H 3BeCTH HeOoOXIIHY IOTYKHICTE Ha

BMKOHAHHA BCIX onepauii o miHiMymy. TakuMm 4MHOM, HUILOBA (QYHKLIA 3

ypaxysaHHaM dopmyiH (2.3) Moxe OYTH 3anucaHa y TakoMy BHITIAIL

s :i P :iQ,-_l ~ QHI —» min. (2.9)
i=1 i=l

1w

[TepenuieMo BUpas3 eHEPro3aTpar 3 ypaxyBaHHAM 3anekHocT! (2.8):

Il

I —w,
B = z QU - -9, —}t}}{lp (2.10)
|‘—|

Sk BUIHO 3 HaBedeHOT GopMyIH, BelH4YHHa F. € 1HBaplaHTHOK CTOCOBHO

NOYATKOBOT 110/1a4l CHPOBHHHU (J,, a OTHxe, 11 MOZKHA CKOPOTHTH, NOAUIMBILH HA HEl
00OHIB1 YaCTHHH BHPA3Y.

[TowaTkoBa ROJOTICTHE W,, @ TAaKOWX 3MIHA BOJIOTOCTI IMCHS BHKOHAHHSA
TEPMIYHOT olepauii € Be/JIHMYHHAMH IMOCTIHHUMH 1 B ONTHMIZAUIMHIA 3aj1a4l He
posrnsaarwTsea. Toal HiboBa (hYHKLIA, 3 YPAXYBAHHAM TOI0, L0 ONTHMI3YBATH
PIBEHE BOJIOTOCTI Ticas BHKoHanHg onepaiii warpisanngs CBY wemac 3MorH,

MaTHMe TaKHil BHTIIAI;



= 1—w
pe=2.9, (0 ) —>=— min . (2.11)
G
[

O4eBHAHOI YMOBOIO € W, >W,. 3a3HayuM0 TaKoX, [0 3HA4YCHHA
MNOYATKOBOI Ta I{].HLI,EEE'IIII BOJIOI'OCT] € HEKCPOBAHHMH YHHHHKAMH, a4 TOMY HC
M ISAraoTh OMTHMI3AILI,

Ha migcTarl 3acTocyBaHHA CHCTEMHOTO TMIAXOLY HAMH 3amporoHOBAaHO
KpPUTEpIid OIHEHHA e(eKTHBHOCTI CcrnocoDIB 3HCBOJHEHHA, AKHH rousrac vy
MIHIMI3allll THTOMHX CYMapHHX eHeprosarparT Ha II0CHiJOBHE BHKOHAHHA BCiX
TEXHOJIOINYHHX Orepauiid yUid OJMHHMIL [0YaTKOBOT 10jaul cUpoBHHH. Llum
KPUTEPIEM BpaxoBYETBCA [MOCAI0BHE 3MEHIUCHHA [OJaul Mateplaay  Imicis
3MHCHEHHS KOKHOI 3 TEXHOJOTIYHHX oOnepaiii BHACHIIOK BHIAIEHHA YaCTHHH
BOJIOTH.

[IpoBeaeHi pocihiKeHHs MOKazal, 110 BUIAIUTH BOJIOTY OIHIEKD i€
(onepaticrw) HeedekTurHO. s (ibOro BapToO 3acTOCYBATH KOMOIHOBAHWH BIUIHB
PI3HHUX (HI3UYHHUX ABHIL, SHEBOHEHHA CAIIPOIIEIIB KOHBEKTHBHUM CIIOCODOM Hece
BEITMK] 3aTPaTH €HEprii, a IHTeHcH(IKaIa MbOTO TPOIECY MOKIHBA JTHIIE I
BHCOKHX TeMIlepaTyp Ha 00po0IiroBaHHil MaTeplal.

AHamM3youl MO#IIHBI criocoOM 3HeBOJHeHHS (auMB. Tadu. 2.1), HeodXigHO
[paBUIBHO BUOpATH HeOoOXiHe ODMaHAHHA [UId peali3alii KOKHOTO 13 Croco0iB.
Mo#IIHB1 BAPIaHTH MEXAHIYHOTI'O 3HEBOAHEHHA 300pakeni Ha puc. 2.3,

AHam3 mepepar Ta HEJOMIKIE  BKa3aHHX  Croco0IB  MEXaHIdHOTO
3HCBOJIHCHHS CanponeniB COpAMOBAHMH Ha JIOCATHECHHA €(eKTY BIIIJICHHA
cnado3e’d3aHol Ta rpaeiTauiiiHoi Bomord. Tak, npouec (UIBTPYBAHHA J03BOIAE
AKICHO PO3IUIATH TETepPOreHHl CHCTeMH Ha el da3l, ajle npu  IbOMY CIij
BPaXyBaTH TPHBWIICTh MPOLECY Ta HEOOXIJIHICTh BHKOPUCTAHHA (DUILTPYBAIIBHHUX
h‘lHTEpiEUTiH Y MEEHIIiEMH’?{ SHCBOJHCHHA. Hﬂﬂﬂ"iCTL hi CalTpOIcirax
APIOHOIMCTIEPCHHX PEUITOK POCIHHHOIO 1 TBAPHHHOTO TMOXO/KEHHA TPH3BOIHTH
10 BTPAT BIACTHBOCTEH (PUIBTPALIIHHX MaTeplaliB, AKI HeoOX1IHO MeploJHYHO

OYHIIATH, IO HE JO3BOJIAE JOCATTH ﬁEBHEpEPBHﬂCTi IMPOLHECY.



Criocodbu MexatHiuHOro
3HEBOJIHEHHS CallPOIIeB

[entpudyrypanna
MiLTpYRaHHSA

[Tpecypanus
Bibparris
CopbyBanns

Puc. 2.3. Cnocobn MexXaHiqHOTI'O 3HEBOIHEHHS CalpOIEiB

[Tepepobkxa martepiamis v ueHTpudyrax XapakTepH3yveThea 1HTCHCHBHHM
NepeMillyBaHHAM CHPOBHHH Ha BHCOKHX BUIICHTPOBHX IIBHIKOCTAX. Y
pPe3yabTaTI TAKOTO MEepeMINTYBAHHA YTBOPHETHCA CYIIIZIbHA KOMOITHA Maca, BOY 3
AKOT MOMHA BUUIUIMTH JIHIIE  [HCHs  BIACTOKBaHHA, TOOTO BIIHOBJIEHHAM
MOYATKOBOI CTPYKTYPH.

3HEBOJHEHHA CcanponeniB 3a J0NoMorow Biopauii Ta copOyBaHHA €
Hee)eKTHRBHHMH 4epe3 BHCOKHH MOYaTKOBHIT BOJIOTOBMICT.

Hnsa mnpecyBaHHA MaTeplajlB BHKOPHCTOBYHITE IIpPeCH MEeploJH4HOl Ta
Oesnepeperoi  ail.  [lpecw  OeznmepepeHol  Aii  BiA3HAYAKOTBCHS  BHCOKOI
NPOJAYKTHBHICTHO, TOMY Oy/e JOLLIBHILE 3aCTOCYBATH JaHHH TUIl 00/1a/iHAHHSA.
o Mexan13MmiB, Akl 3a0e31euyTh CTBOPEHHA HEOOXIIHHX THCKIB Y BIINOBIJIHMX
HanpAMKax, 100pe NMPHCTOCOBaHI MPHCTPO! 13 TBHHTOBHMH POoDOYMMH OpraHaMH
[33], npH UBOMY BHKIHOHYAETBCA MEPETBOPEHHA MaTeplany yV CYUUIBHY KOJIOIIHY
Macy, 3a YMOBH He3HAYHHX 00epTOBHMX IIBHJIKOCTENH podOMOro opraHa.

BuKopHUCTaHHA MeXaHIYHOrO BIUIMBY Ha calporels Moke 3ade3neuHTH
3HEBOJHECHHA nuime yacTKoro. Jocmkenns $opm 38 A3Ky BOJOTH Ta X €HEprii
38 43Ky [32], a TAaKOMK MHTOMI TCIUIOTH BHIAPOBYBAHHA 1A JAaHHX (POPM BOJIOTH
BKA3YIOTE HAa HEOOXIZHICTR TErUIOBOI /111 HA carnpornesib, ajle He 3 MeTOW HOro

3HEBO/IHEHHSA, @ CTBOPEHHA YMOB U1 NEepeMIlleHHA BOJIOrH vy 00 eM1 MaTepiany,



1o nepepodiisierses, Ha noBepxHw. Cepe/l BeJIMKOT KUIBKOCT] ClocoDIB CyLITHHS
MaTeplaniB, CIPAMOBAHA MOMKIHBICTE TEMIIEPATYPHUX BIUIHRIB Ha CANpOIEs,

BAPTO 3BCPHYTH YBary Ha HacTynHi (puc. 2.4).

CrniocodH TeIoRoro CymiHHs
calporesnis

e

_—

——
o

L=

KOoHBEKTHBHHH
KoHayKTHBHHH
CyommariiiHui
I1ix merwo enepre -
THYHHX [TOJIIB

BakyymHuuii

Puc. 2.4. CnocodH TenoBoro CyliHHA 03epHUX canpornenis

Y TakoMy BHIAJAKY JOCHPKEHHS BUKOPHCTAHHSA TEMIIEPATYPHOI'O BIUIMBY
HA Marepiaj JI03BOJIMTL BCTAHOBHTH YITKY YABY NP0 BHYTPIIIHI #ABMING, SKI
BUHHKAIOTE Y Tpouecl iioro mwarpiBannd. Bpaxoryoum Te, o canpornens €
TePMOIaDIIEHHM  MaTeplaaoM, BHHHUKA€ HeOoOXITHICTh BpaxXyBaHHSA TpPaHHYHO
AOMYCTUMHX TeMIlepaTyp HarpiBaHHs, [0YaTKOBOI BOJIOTOCTI Ta TPHUBAJIOCTI
HPOrpiBy.

KOHBEKTHBHE CYIIIHHA MATEPIallB HIHPOKO BHKOPHCTOBYETBCH Y PISHHX
ranyssx HapoaHoro rocnogapctsa. Ilepeparow upsoro cnocody € npocrora
KOHCTPYKLIl CYIIHIbHOro o0naaHaHHAa. JaHvd THO CYIIIHHA MaTeplaniB, sAKI
(GOPMYIOTE TPYNY KOJOIAHHUX KalIAPHO-TIOPUCTHX TUI MOB A3aHe 13 3HAYHHMH
EHepreTHYHUMH 3aTpaTaMi. s Takux MarepiaiiB Ha KPUBIH CYIIIHHS XapakTepHi
NepiojiM TIPOTPIBAHHA, TOCTIHHOT Ta mnajgarodol meHakocT cyunaag, [Tig gac
KOHBEKTHRHOT'O CYIIIHHA CAMpOIeNiB IHTCHCHBHO BHCHXAC TIOBEPXHA MaTepiany,

YTROPIOIOYH TBepay 000JI0HKY, Ka MepenIkoae TepMo— Ta BOJIOr0 OOMIHY B



HpoLecl CYIIHHA, a TAKok 30UIblye TpHBANICTE Hpouecy. ToMYy KOHBEKTHBHE
CYHITHHA CAMPOTIENTO € Hee(hEeKTHBHHM Yepe3 BHCOKY MOYaTKOBY BOJIOTICTS.

KOHAYKTHBHE CYUIIHHA XapakTepU3yeThcA 3HAYHOK E(MEKTHBHICTIO Ta
EHeproeMHicTy Tporecy. lleid cmocid CyoilHHA 4YacTo BHKOPHCTOBRYHOTE ¥
koMmOiHalil 3 kKoHBeKTUBHUM. Heponikom ioro € mneperpiB KOHTaKTYHOYOIO
MaTeplaly Ta 3MEHLUCHHS IOBEPXHI KOHTAKTY Mareplaly, 110 Mae HeraTHBHHI
BIUTHBE Ha BOJOTOBLLIaYYy. ToMy #H 1HeH cnocld HEenpHIaTHHI 1718 HArpiBaHus
canponento.

CyOmimamidHui  crocid  XapakTepH3veThCad  BHIAJICHHAM BOJOTH 34
TOMOMOTOK BI €MHHX TEMIepaTyp, BAKYYMHHI BHMarae 3Ha4YHHX 3aTpatr A
3abesneueHHs  edekruBHOCTl npouecy. HapejgeHi cnocodu eHeproeMti, o
YHEMOKIHBIIIOE TX 3aCTOCYBAHHSA I 3HEBOIHEHHSA CANPOTICIIIB,

Cyunaas wmaTepladiB  Mid  JIC0  CHCPICTHYHHX TIOMIB €  MPOIECOM
eHepro3aTpaTHUM, TOMY PI3HOBHIH [aHHX CHOocODIR BHKOPHCTOBYIOTH HK
MOMOMIKHL  omepanili vy 3aralbHOMY [Opoueci 3HepogHeHHA. LI cnocoOwu
PO3PI3HAKOTE HA JIBA: CYIIHHA B €/IEKTPOMArHITHOMY 110J11 Ta aKYCTHYHOMY 110J11.

OTpUMaH] pe3yabTATH CYIUIHHSA opradiuHoro canponenw [24, 34] ceiauars
Npo HAgBHICTE 1 HEOOXIAHICTE YCYHEHHS TPHBAJIOCTI BKa3aHHX TEPIOIIB Ta
CTBOPEHHA YMOR MEpPeMINIeHHA KallJApHOI BOJIOTH [0 MOBEPXHI BHMAPOBYBaHHA
38 MIHIMAJIBHO MOMJIHBHI KopoTkHil 4dac. Canpornelb, SK BOJOIMH MaTepiall,
CKIA/IaeThCAd 13 CKeleTa TUa, 3 SKMM BOJIOra 37 €/lHaHA PI3HHMH 34 CBOEH
¢izuuno0 npupogow cunamu. [pu dopmyBaHHi cKkeneTa NOPUCTOrO TLIA CTIHKH
HOTO KamiigapiB BCMOKTYIOTE BOY, TOMY CANponenk Y MPHPOIHOMY CTaHI MOMKE
MaTH YITKY (opMy 3alleKHO Bl 3acoDIB 0OMeKeHHA IMPOoCTOpYy Ta Icid
BHCYIIIYBAHHSA JABATH 3HAYHY YCaIKY.

ko TAKH Marepiai i 1aBaTi KOPOTKOTPHBATIOMY
BHCOKOTEMITEPATYPHOMY HArpiBaHHio, TO BIAOYBAETBLCA PYHHYBAHHA Kamispis,
Bomora Oyae MepexoiMTH 13 3B’A3aHOI y BUIBHY Ta PYXacThCAd HA TOBEPXHIO
marteplany. Taky BoIory 3 HaWMeHIIHMH 3aTpaTaMH eHepril MosKHa BIIOHpaTH

LUIAXOM BiACTORBaHHA, piabTpyBanHs, copOyeaHHA. BiacrororpanHs 1 pinsTpariis



Yy JAHOMY BHIQJIKY MalTh CYITEBHH HEL0JMIK, 4 CaAME YHEMOMKIMBIIOETLCA
OesnepeprricTs  mponecy. [lporec  3neBopnenns  copOyBaHHAM  O3BOJIHTE
Oe3nepepBHO BIADHPATH BOJIOTY 3 MOBEPXHI HATPITOTO MaTeplany.

HaspHiCTE BUIBHOI pIOHHH Ha TOBEPXHI MaTeplaly BHMarae #oro
NOTJIMHAHHA, JJIS 40ro HaHOUIBNI MIAXOIMTh MPOLEC 3HEBOJAHEHHA CcOpOLier0.
EdexturHMil BONOroB1A0Ip 3a/1eKATUME JTHILE BIJL THITY BUOpaHOro copOeHTy.

ToMy HACTYIIHI TEOPETHYHI JOCTIKEHHA OyIeMO TPOBOJIMTH Y Takii
MOCTIIOBHOCTI: MCXaHIYHE 3HCBOJHCHHA YV TBHHTOBOMY TIpeci, HarpiBaHHA
CTPYMaMH  BHCOKOI 4acTOTH, copOLliiHe 3HEBOAHEHHA Y  CTPIYKOBOMY

TPAHCIIOPTEPI.

2.2. TeopeTH4He JOCTIIKEHHA BILTHRY MapaMeTpiB i peRuaMiB podoTH

I'BHHTOBOI'O Npcca 1M 0D €EMHOI0 CTHCKAHHA calnpomneimw

HasgHicTe BUIBHOT BOmord mo 20% v 03€pHHX canpomneisx J03BOJIseE
pO3IJISJIATH  callpoliellb  3riJIHO 13 TEOPIE  KOHCOMJAUll  SK  JIBOCHCTEMHE
cepe/lOBHINE, B AKOMY BH/IAICHHA BO/IH Oy BIIOYBATHCE 334 YMOBH PIBHOMIPHOIO
CTHCKAHHA BHKJIIOYHBIIHN HOTO NMEepPeMIIIyBaHHA Y KOIOIIHY Macy. JonmycTHMo, 110
nedkuii o0’eM camponenw mgarTs CcTHCKY. IIpH nesoMy posaiuieHHA JOBOX
cucTeM: Teepaoi hazm 1 piAHHH — BiAOYBaeTheA 0e3 3MIHM 1X BIIACTHBOCTEH, TOOTO
00’eMH CHCTEM He 3MIHKITBCA. B 3araibHOMY BHNAJKY B3a€MOJIS FBHHTOBOIO
VIIUIBHIOBAYA 3 CEPEIOBHILEM (carporneieM) Moke OYTH NpeacTaBlIeHa CXEMOI
(puc. 2.5).Y cepeloBHIN TPHUCYTHI IIBHAKOCTI PYXY UWIIHAPHYHIA CHCTEMI
koopauHat XRO .

[IIBHaKOCTI TIepeMileHb cepeOBHINA Ha TTOBEPXHI KOHTAKTY BHPaKaAIOTHCA
Takum ynHom [82, 109, 110]:

u, = r-igo- 0o, =yorv, =0, (2.12)

ne v - BHYTPINIHIN paaiyc TBHHTA, M;

O - KYT HaXWJIy TBHHTOROI JIHIT, Tpaj;

W - KOCIIENT TEpTH,



LL,--

Puc. 2.5. Cxema nepemMillieHHs Calporieno ¥ FIBHHTOBOMY IIPeci.

Y UMTIHAPHYHIA CHCTEMI KOOPIHHAT PIBHAHHA PIBHOBATH CCPEIOBHINA

(canponento) Mae BUrIAa [63]:

g, o —a, 0T ot |

— 4+ L0 B 4K =0,

or ¥ Fo o

oT T o, Ot

— 420 Py 04K =0, (2.13)
i r rob X

0t T Ot 0
e ST - SR il + x _|_|:.K"‘ ={]‘

or r reb ox J

e ¢,,0,,6.7,,T,.T, — KOMIOHECHTH Hallpy;KCHb Y CEPEIOBHIIN;

K .K,.K_ -—wmacosi cuin H/kr;
p — T'YCTHHA CANIPOTIEeITIO, KI/M".
3B A30K IIBHAKOCTEH NepeMIleHb 3 WBHAKOCTAMH JehopMalllii, Ha OCHOBI

pieaaneL Koun [62, 86] mae Takuii Buris:

v, ldw . v. ou

&, =8 = —— &, =——;
or Fogoor ox

_ av oo ou . o ow

Vo=t Vw=—st—s (2.14)
ox  or rcd ox
¢ .

. E:' W N I oy

r|.rr il =\ r— — _,-.,_ )

" orlr r o0

L ——



1€ € ,€5.E .V, +V.p+T,e — KOMIIOHCHTH IIBHIKOCTEH JIHIHHHX T KYTOBHX
nedopmatii,
Toni meuakicts 06’ emuol aedopmartii:
ou dv odw v
+—+ +

— =3z (2.9)
ox or v r

bepyun mo  yearw, mo koedimient Ilyaccoma nnda  campomemnio
piBHHi v= 0,5, MoKHA po3B’A3vBaTH 3aja4dy jgedopmaniil 1 THCKIB, SAK M
B A3KOTO CepeJOBHIIIA Y TI'BHHTOBOMY HpEﬂi JNAd BH3HAYUCHHA ,I[HHEI.Mi'—]HHK i
KIHEMATHYHUX HOro napamMerpis. PIBHAHHA 3B A3KY HAUPYKEHb 31 HWIBHIAKOCTAMH
nedopmatiiii ana B'askoro cepeposuiia [49, 62, 86] maroTs Buraaa (BHUNaaok,

koud koediniedT [lyaccona 0nu3ekuid 1o v — 0,5), 110 BIANOBIIAE BIACTHBOCTAM

CArpoIemnio;
cu 1 ou 1 ]
G =3 +—(o,+0 )o =3u—+—(c,+c_);
X H(:;'I 2( i .') ! u@f" 2{ 1] .'r)
ow v 1 ou  ov
g, = +— +—(o +ao k1. =u| —+ : 2.16

(2122 (o )
v or rcb r 'm o0 ox )

1e 1 - B A3KICTh cepenoruma, [la-c.
06’ emMHe HANMPY/KEHHA OB A3aHE 3 KOMIIOHEHTAMH HANPYKEHb HACTYITHHM

HHHOM.

5=”f+'“3“+“f, (2.17)

IBIJIKH
+a )=30-0; i =36-0_;
(6,+0,)=3c-0_; (6,+06, )=3c-0, (2.18)
(o, +o )=3c—-0,.

3 BpaxyeaHHAM (2.12) eupas (2.10) nadyeae BUTIAY:



Ou ov B ONER ou  ov 1
G =20l—+06;0,=20—+0G.G,=20| —+— |+ 0T =lU| —+— |
' ox ar rol  r ' or  Ox F
. Em_i_lﬁv_ﬂ}l_ B (5H+@
il p’ ar .i"'ll':-:-]ﬂ' ” ¥ ¥ I“l' .F'E-]ﬂ' ﬁ_l" - J

(2.19)
Bupazupmm i3 (2.10) kommoneHTH aedopmauniii oTpumyemMo (pizHUHE

PIBHAHHA 3B A3KY WIBHJKOCTel nedopmMaliiii, 3 HanpyxeHHAMH (B A3KOI0 CTaHy

CepeIOBHINA);

v 11 o 1ém v 1 1 ]

1Er:_:_ c'_r__{ﬁﬂ+ﬁx:' rI;""i-lI:__ = ﬁi—]__{ﬁ.l+ﬁ.1] ;
or  3u 2 o o 3u 2

. ou 1 1 ' ov cu 1 . cdu do 1

E.I:_:_ UA__{U.I +Gi]] ;afu- —t—=— r.r; ﬁff.ﬂi__ _:_‘I'T.-;ﬂr }
dx  3ul 2 cdx or u rdd ox

:;,. — ri(ﬂ]+l(@] :l’l:

. or\r ) r\ o0 T J

(2.20)

[TizcTaeumo (2.19) B (2.20) 1 BUpazuMO HanpyKeHHA depes aedopmaltii, AKi

BXO/IATh ¥V HHX, CIPAMOBAHI B3/10BHK OCEH:

cn;Zp.? +~:I;=3,J=2p{lE E)+ G; ]
or rrcd  r
G_r=2}1%+ﬂ';’f”=u(%+g—j); - (2.21)
comb( 202 )22} 12)
rcd  ox or\ r ) rao )|
PIBHAHHA HECTHCKAHHA CepeloBHINA (18 BHNAAKY YHCTOT B A3KOCT):
E +E,+E =0. (2.22)
s BUnaaKy B A3KONPYKHOCTI:
EI-I-EG-I-EF:E!‘ (2.23)

3 K
ne K — moayne 06 emuoi gedopmanii, H/v?,
Bpaxoeyroul, mo cyMa HIBHAKOCTEH MNOMMPeHHA MHIHHUX jgedopmMariii

piBHA:



E=f +E,+E ==, (2.24)

P

e p — TOCTIHHHA KoeUIEHT TPONOpUIHHOCT], AKHH HEe 3alekHTh Bl

BHOOpPY CHCTEMH KOOPIHHAT. 3BIACHM MOMKHA 3poOHTH BHCHOBOK, IO CyMa

HOPMAJIBHHX HAIPY#RCHb O HC 34/ICHHTb Bi,[[ MOJIOKEHHS €IeMEHTIR ¥ [[]JDCTD]Ji Ta

BEJIHUHHA CTajIa:

=0. (2.19)

0o 0o
or o

Jani nijicraBUMO 3HAYEHHA KOMIOHEHTIB Jedopmanii (2.19) B piBHAHHS

(2.13), npuiHABLIH, 1110 0D €MHI CHIM PIBHI HYITIO!
GRU dv ldw v (6] & [w) 1aov ]

2U—+—| 2| —————— +—| —|r—| — |[+—— -+
reoor ar radd r ric0\ ar\r ) rao

L(2.26)

av dv 1 do v 8%y 1870 1 &v &v du
2 z + 2 2 + + ro= + - F +
or rer o o e ordd o0 oxt drox

25‘21«' 5 av v v o e o*u _0
M ar’ te——Ft—o St — T3 -
r ror o oot oxt o rorc®  orox

=0

J

Bpaxoryrwoumn, 1o pisHAHHA Jlanjgaca B UHIHAPHYHMX KOOPIMHATAX

f=58(X.R.0) mac purisau:

19 {rﬁ?’f-]+ LOT 9T (2.27)

2 2 2
ror  or ro o ox

abo

. - - 3
S AL 1OL 0T (2.28)
or-  ror v ob” ox

a WBHAKICTH 00’eMHOT jgedopmauii uyepes IWBHAKICTh lEPEMILLICHHS

BHPAKAETLCA HACTYITHHM YHHOM:

ov low v ou (2.29)

oar rod o ox

e=238=

TO PIBHAHHA (2.22) MOXKHA NTPEJICTABHTH ¥ TAKOMY BHIJISIL:



-2 - ~2 2
['._1' ] [’__TJ I a
u[au+ﬁ‘;+ ]’—L+L’W+ﬁi‘]=ﬂ, (2.30)

ne A= + + + f - oneparop Jlannaca.

Toni cuctema pieHans Jlannaca nabyeac BHTIATY:

u{ﬂv-l— ;i{k'}J: 0; |

i

u[ﬂ.w+ fﬂ (3&]]= 0; (2.31)

Fo

p(ﬂu +£(3a] ): 0.
ox

J

Po3r’A30K cHCTEMH pIBHAHE (2.31) MOKHA 3HAHMTH Y BHIUIAII KOMOIHALI
rapMOHIYHHX MOTEHLIATBHHX (PYHKIIIH, K1 BUPaAKAKTh IUBHAKOCTI MEpPeMINIeHHA 1
3aI0BOJILHAKOTE YMOBH Ha MOBEPXHI KOHTAKTY. 3rigHo 13 [86, 95] po3s’a30K Mae

BHI'JIAHLC

U=®, — (D, +xD, + 10D, + 1D, )+ u,; ]

X
-

v=$2—};+ﬂ(¢“+1¢]+#ﬂﬂ}3+rﬂl3)+ Voo b (2.32)

-

W=, —%(cbﬂ 3D, + 10D, + 1D, ) + w,.

)

Haiinpoctimumii Bua po3s’a3ky Oyae 3a YMOBH, KOJM HAa MEKI KOHTAKTY
3a/1aH1 TPAHHYHI YMOBH, MPEACTARICH] YV BHTTIAI MEPEMilieHb, ¥ ILOMY BHMAJIKY
IOBUIBHI TapMOHIMHI PYHKIIT OVIyTE Maiixe po3iuieH], ToOTO He3allekHl OJIHa Bl
oAHOI. Y pa3i BIACYTHOCTI MacOoBHX cHJI ado 3a MOKIHMBOIO HEXTYBAHHH LI

piBHAHHA (2.32) HaOYIYTh BHIIATY:

u=a, _.fi[x{bl + D+ D, ): |
Ox
¢
W=D~ (xD, + D, + 10D, )| (2.33)
v=0, —i(xd}l +rd, +10D,),
or



ne @, @,, @, — noreHIlankHI QYHKIIT.
®, = u, — [[“2dr rd0;®, = v, - [[dx rd0;®, = w, - [[“Ldrdx,  (234)
p p p

e U,,V,, W, — KOMIIOHEHTH WIBHKOCTEH 3MILIEHb HA HOBEPXHI KOHTAKTY,
AK1 BH3HAYAKOTHCA 3ATEHKHOCTAMH:

V=i W, = Yar;u, = yortgo; ﬂ

A b (2.35)
tgo =——

2nR |J

HagepeHi noreHimaneH1 GyHKIIT TOBHHHL 3aJ10BOBHATH pIBHAHHSA Jlamaca:

1 ¢, o, I E,rztIrj. alﬂ:l!
e L )t ——+—t=
ror  or rooof” cx

1 =+. (2.37)

P J(x—E&)Y+ R +r’—2rRcos(0-0)

0. (2.36)

Pyurmio (2.37) TpoiHTErpyBaTH B 3arajlbHOMY BHIJIAAL TIPAKTHYHO

HEMOKIIMBO, TOMY po3Kiagemo i B paa Maknopena:

] 1 xE Recos[0 - 0] J
5 T, g T 7 | 238
PR +x (R +xD)T ’”[((R;.-H;.f (2.38)

Mdyukuii (2.32) 3aj0BonbHAe piBHAHHA Jlannaca:

A I . XE H[ LRcos[6 -~ ©] T:u‘ )
\I(LRJE syt (LRY +x*)" ((LR)* + x*)" |

TakuM 4YHHOM, po3knajeHa (VHKLOIA 3alUIIAETHCA  TapMOHIMHOK i

NOTEHIIAIIBHOK):

LRecos|8 -6
S S - S— ‘fs[,y,l. (2.40)
JR 4 (RT+x) (R* + x*)"



["apMoniiinl noreHuianbH1l PyHKUIT HADYBAKTEL BUIIIALY:

O, =u, - L[R (u, [ )rdrd® =

ﬂlpﬂ)fg{i{S{Rl — F{IE){RE -+ I1}+ ZT[[RS _ fhﬁ).rfgﬂ. 5(24]—}

(R +x7)

= rymigo —
in pln
O, =v,— [ [ (v,/)d0d6 = 0; (2.42)

R eln
D, =w,— L jﬂ (w, f)dOdr =

- ryo3(R* —r )R +x7)+ 2n(R’ — 1, )xtgu
B(RJ 4+ 13]3-"3 '

(2.43)

= "ym

Ti},[[i KOMITOHCHTH ]_T.[BH,H,KGCTEI::] BHPAAAHTBCA TAKHM YHHOM:

u="aP, —;dx{xﬂ:-, + RD, + ROD,) =
4m(l—v) i '
dniga(3(R* — 1" YR + x7)+ 2n(R’ — 1, )xtgo N

(R +x")"

1
=—wyoll2rtea —
> po(l2rig

1
TR+ x° )V (=1+v)
(-3nR*(R* - I‘UE){RE + X))+ 3R+ x°)Y" = 2a°R(R’ - ru?'){RE —2x* )@z~
2n° (R = 1, )x(2R* = x7)(1ga)’)).

GrR(R* — 1, )x(R* + x°)0 + :

(2.44)

F=[{Dj —;ﬂﬁ{@, + RD, + H@ﬂ}t)]=
C o dn(l=-v) '

=(=3(R* +x*)rx(R* + x )" A+ 20" R*(4R" + 3R*x” — r,’x" )@y’ +
a(rx'h = 2rR'NR + X' Oye’ + R x(2r/ A+ x'A = 2N R + X' Oya’))) -
20X (2R XA+ 1 xh + 2nR Oy’ + 4nR ', Oyo’ — 2R x(=2) + m@yn’) +

R’x(=h + 8mx®@wyo’))iga / (24n°R*(R* + x* ) (=1 + v)o).
(2.45)



1 1
w=0, - —— xP + RD, + ROD,) =
4n(l-v) R % )=
{1+4’J‘E{ 1+ v)yrw(- R+ xR’ —r;)) R +x)-2n {RB—*.:. }xtgu,
12(R* + x° )" (=1+v)

*
a

(2.46)

['eomerpruHi (KIHeMaTH4Hi) pieHsHHA Kool [62] B MIUNHIAPHYHHX
KOOP/IMHATAX, HKI BHPAKAOTh IUBHIAKOCTI AedopMmaliii, MawTh HACTYIIHHI

BUTA]L;

:fu1 dv1 1dw WY _[a’u a’v)‘]

& _ _—
Tode g dr’ ' rde dr dx

" [d’u a’m) _( _(] Idu}
o=\ 20" 4 ar'r rdo

Bukopucragim nporpamHe sabesneueHus Mathematica 7.0, mjcraBuBILH

. (2.47)

| S—

HeoOX 1Ml 3HaYeHHsa BEJIHYMH Ta TIPOBIBNIH BUIMOBIIHI PO3PAXYHKH, OTPHMAIH
3JICKHOCT] IBHUAKOCTEH JedopMallli Ha NMOBEPXHI Calponenn y HanpaMkax X
Ta R 3aleKHO Bl 4YacTOTH 00epTaHHA TBHHTOBOTO podo4oro opraHa Ta Horo
KpOKY Ta pajiyca (puc. 2.6).

3 puc. 2.6 (a, ©) BUIHO, O WBKHAKICTE Jedopmarii 3pocTae 13 301IbIIEHHAM
paﬂi}l’ﬂﬂ IF’BHHTA R Td YaCTOTH DSEpTﬂ]"IH FTIBHHTOBROIO []Gﬁ{]‘-ll:ﬂ"[) oprana o T4
3MCHIIICHHAM 3HAYCHHA HAXHIY KYTa TBHHTOBOI MiHIl o . OnTHMansHe 3HAYCHHA

e aKoct1 gedopmamtl £ =170—180xm, npu a=0,1-0,2 pad ,R=0,2-0,4xm 1
w=16-18xs"
Hanpyxenus y cepeoBHI (canponel) i 4ac CTUHCKaHHA JOPIBHIOC

o, =2u(e, —&)o, =2u(e, —£)c, = 2u(g, —E};}
Trr :HTI.F"T.IH :I’I'YTFJ;TJ'H :”?-"E"

(2.48)



&M

Ll

0.4 10
0.4 t xe.

a) 0

Puc. 2.6. 3anexuicts mBHAKocTl jgedopmariid Bl pajaiyca, Kyra nijgiomy

FBHHTOBOT JIIHIT T4 4acTOTH 00epTanHs rBUHTOBOIO podov0ro oprany

["igpocTaTtHyHe HaNpyKeHHA JIOPIBHIOE!
_0,+0,+0,
3
“2R*(r} = 3x*)+ R*(61,°x" +9x)))O + n(—44nR "', O + 44nR’1, x°O —
=21 x 'O + R (x7 (27 = 4n(12+ 50 —12v)) = 31,7 (7 + 8n(—1+v))) +
R(21+ (24 + 380 + 24v)) + 6Rx" (2x° + r;f (7 + 4 —4mv)) + (2.49)
Rx* (=31, (5+16m(—=1+v)) + 2x* (9 + 4n(=31+ 40 + 3v))))igo —
2 R(-9Rx" — 4R (14 2n(—1+v)) = 2R X" (1 1+ dn(=1+v)) -
2R (=5 +8n(—=1+v)+ 21 x" (=5 + 2n(=1+v)) + R (4+ 8m(—1+v)) +
R x* (314 8n(—=1+v))tga) )/ (108xR(R™ + x7) (=1 +v)).

= (woB(R” + x* ) —r(R* +x"Y"” + n(6R" — 1, x" —

Ha puc. 2.7 nojgano rpaiuny IHTEPHPETALIID 3AIEKHOCT] I'APOCTATHYHOTO
HANPYKEHHA BIJ KPOKY, pajiyca TBHHTA Ta 4yacTOTH obepranusa podoyoro opraua,
AKa MIITBEPIAKYE, M0 1€ HaNpyAKeHHA OUIBIIOK MIPOK 3alCKHTh Bl

KOHCTPYKTHBHHMX MapaMeTpiB TBMHTOBOTO Mpeca.



Puc. 2.7. T'padiuna  iHrepnperamis  3al€XHOCTT  I'IPOCTATHYHOIO

HANPYKEHHS BiJl KPOKY, pajiiyca FrBHHTA Ta YacTOTH 0bepTaHHs pobodoro oprasa.

HopwmaneHi HanpykeHHA He0OX1IH1 [UIA CTHCHEHHA CalpolleIn 3 METOH
BIUIIJIEHHA BOJIOTH, V OUIBIIIH MIpi 3ajleaTh Bl KOHCTPYKTHBHHX IapaMeTpiB
IBHHTOBOrO mpeca (KpOKY I'BHHTA A Ta 30BHIMIHBONO pagiyca R). BuszHaudeHo
ONTHMAJIBHE 3HAYECHHA HANPYKEHHA, NTPH AKOMY Oy/e BIIOYBaTHCH 3HEBOIHCHHA,
BOHO cTaHOoBHTE o =[40-160xlfa, npu m=20-30xe"', R=0,35-0,45Mm,
A=0,3-0,4Mm.

HajipaxiuBiluuM — HOKA3HUKOM, sKHi  Oyae  3adesneuypard  yMOBY
BI/UIIJICHHA BOJOTH 13 canponento, npuimaemo 3rigHo 13 [136] koediment
IHTEHCHRHOCTI HATPYKEHHSA:

o)

kin = ——ouo.
2 2 2
AT, TTa+T,

Came 1eii koedillleHT BHpa)kac BIIHOUICHHS T1APOCTATHYHOTO HANpy:KEHHA

(2.50)

10 1HTEHCHBHOCTI CEPEeIHbOKBAJAPATHYHHUX 3CYBHHX HaNpPykeHb, a TOMY YHM
OMBIHH ~ kin, TUm  Olnbia Oyiae Bonorosiylava. [eid koedimienr Oyie
BH3HAYAIBHUM [PH CTHCHEHHI JIBOCMCTEMHOI'D CEpPE/lIOBHIIA 13 30epeKeHHAM

Kanuisapie npu Biaenal Bojoru. Ha pwe 2.8 nogano rpadiuni 3anekHocTi



KoelleHTa THTEHCHUBHOCTI HAlPYKEHHS Bl TAKMX BEJIHMYMH, SK pajlyc, KPOK,

KyTa HAXHJTy TBHHTA Ta 9aCTOTH 00CPTaHHS TBHHTA.

L4 -F
Tk
WY e b kin
oy o 2
Ll T 4 U3
j . ;
- i
LI :'.__:.--"":'-1-. Wby ]_-!::'._ .”-'5""-._-'_':?-\."« I:'
VoA AL R ay )0
B i
LT A
A LAl

Puc. 2.8. 3anexHICTE KOS(IIENTA IHTCHCHBHOCT] HANPYKCHHA kin BII:
a) pajiyca rBHHTA Ta HOTo 4acToTH oOepTaHHA; 0) KyTa HaXHITy TBHHTOBOI JIHIT Ta

pazlyca I'BHHTA, B) KPOKY I'BHHTA Ta HOro 4acTOTH 0DepTaHHA, I') KyTa HaXuiy

FBHHTOBOT JIIHIT T4 4acTOTH G'EE:]."!'I'HHHH I'BHHTA.

Ak Odayumo 3 puc. 2.8 yactora oOepTaHHA pa3oM 3 TCOMETPHYHHMH
napaMeTpaMH TBHHTOBOTO poDOYMOro OpraHy CYTTEBO He BIUIHBAaE Ha TMpollec

BLUIIIEHHA cllaDo3B A3aHOT  BOJNOTH. ToMy TeOpeTHYHO BCTAHOBIEHO, IO



BH3HAYAILHHI BIUIMB HA 3HEBO/HEHHS canponeno Oyayrs MaTH KOHCTPYKTHBHI
napaMeTpH TBMHTOBOTO pobodoro opramna.

[IpoeeneH1  TeopeTHYHI JOCALUKCHHS Ta pPO3pPaxyHOK [apaMeTpie 3
BHKOPHCTAHHAM KOMIT KOTEPHOI TEXHIKH B3acMOIIl TBHHTOBOI TIOBEpXHI 13
canporesnemM, 3a YMOBH 30epekeHHA HOro CTPYKTYPH I Yac I BIIUIEHHS
cinado3B’szanHol Bostord. s BH3HAUEHHA PaLlOHAILHUX [IAPAMETPIB Ta PEKHMIB

poboTH obnaHanHg HeoOXiIHO TPOBECTH EKCMEPHMEHTAIIBHI TOCTITKEHHS.

2.3, JTocaizxeHHs npouecy nepeMillleHHs BOJIOTH Y canponeni nija aicro

TeMIepaTypH

[Ticna cTHCHEHHS CATIPOTIEN) BOJIOTA OY/IE pyXaTHCh MO KANagpax 3rijiHo 3

3aKOHOM (PUIBTpamii piIAMHH, SKHH OMHCYCThHCA HACTYMHHUMH pIBHAHHAMH [lapci-

['epceranosa [27]:
. cH
no Bici z: wu—eu, =—k—:; (2.51)
0=
Mo BiC1 X: v—gv =—k5£, (2.52)
cx
cH . ¢cH :
e 3 1 —— — TaJiHHA Hamopy Ha OJUHHIK JOBKHHH Y HampAMKY
iz cx

OCEH Z 1 X, M;

ke — koedigient GINBETpALT PIHHEN, M/C;

@ 1V — MBHIKOCTI (UIBTPAIIll PIIMHH BIANOBLIHO ¥ HANPAMKAX Z 1 X;

u_ 1 v, — IWBHIKOCTI CTHCKY TBepaol (pakiiii canponen depes AKy
NPOXOJUTE Mpouec (GUIbTpauil BIAMOBIIHO ¥ HAIIPAMKAX Z 1 X;

£ — Koe(pileHT NOPHCTOCTI.

[licns  cTUckaHHA Kanusipd  OVIAYThE  VTBOPHOBATH 3aMKHYTI 00 €KTH

3aMoBHENH] PIZIHHOI0 ab0 cyMimmmio pigunn Ta oriTpa (puc. 2.9). lMoganemme



Vi

— Vo=Vp+ V¥,
Vi=V, oe=VeT ¥

a) 0)
Puc. 2.9. BuaineHuii eneMeHT 03epHOro canponesir:

A — IMOBHICTH 3al0BHEHHH PIIHHOK; O — 3aM0BHEHHH MAPOMOBITPAHOK CYMIMIIIK.

BHAICHHA PUIMHH MOMJIMBE 33 PAXYHOK pYHHYBaHHA TAKHX 000JOHOK HABKOJIO
MOJIEKYST BOJH. PyliHyeBanHa o00JOHOK MOKHA JIOCATTH UIIAXOM CTBOPCHHA
HaIIHIIKOBOTO THCKY V 3aMKHYTOMY T[IpPOCTOpi, TMEPETBOPUBIIH BOIY Y
HAPOIOBITPAHY CYMIII I[11J A€  BHCOKHX Temieparyp. Skmo 3podHTH
NPUITYIIEHHA, 10 Takl OKpeml enemedHTH ob’emom dV mMawors dopmy Ky
TaMeTpoM d , MAaKCHMAaITLHO 3aroBHEH] PIIIHHOIO (JIUB. puc. 2.9 a1 0), To X 00 em

IOPIBHIOC:
y, =" ﬂ%. (2.53)

[T11 yac 3pocTaHHA TEMIIEPATYPH Y BHIIAJKY HarpiBaHHA TaKOTO CIEMEHTY
HeoOXITHO BpaxyBaTH Koe(ILIE€HT po3MHpeHHA PIIHHH Ta TBepaol 00O0IOHKH
KIIITHHH, YTBOPEHOI 13 CYX01 peYOBHHH CallpOIIeIIH.

JpocTaHHa TeMnepatypu Ha A7 HpH3Bede 10 3MIHM BLANOBIAHO 00 eMIB
0DONOHKH Ta PIIMHA;

V.=V, (1+BpA1): (2.54)

;}.-"

TK Vu' {1 +Bm“ﬂt)~ (255}
ae B, ta B, — KoedIlicHTH PO3MIHPEHHA BIATORIIHO PIAHHHA Ta TEEPIO]

obooHkH kmitunu, 1/K,



PizHuus  BKazaHuX 00'eMIB  3ajlesaruMe Bl PI3HULI  KoediuieHTIB
posmMpenHs 1 y Bunagky B, =P, Biadyaerscsa pyitHyBanHsa obonoHkH. Takum
YHHOM:

n-d’
AV =Vy =V, =V, {BTK ‘E’P}‘ Ar = T (E’n: ‘ﬁr]' At (2.56)

AJle KOPOTKOTpHBalle HpoTAroM | XB pi3Ke NJBHILEHHA TeMIIEpaTypH 3
20°C o 100°C i BHIE CTBOPIOE YMOBH MEPETBOPEHHS PITMHH Y TAPY JUTA KOKHOI
KTITHHHA. Y TakoMy pasiB 00070HII OyJe YTBOPIOBATHCE CYMINI PLAHHH 1 MapH
(mue. puc. 2.9, 0). Akno nosHavYnTH:

Ve=V,-V,, (2.57)
3MIHA 00 €My 0DOJIOHKH KJIITTHHH Dy/1€e:
AV'=V, -V,. (2.58)

Bignorizano 3mina o6’ emy mapy B 0bomonml Oy/1e BH3HAYATHCE:

AV =V | 148, (T'-293) ], (2.59)

ne T° remmeparypa Harpisy, K.
3miHa 00’ eMy CIEMEHTY Mac BHTIIAL

AV =V, ~(V, + V). (2.60)

[HTEHCHBHICTE 3pOCTAaHHA THCKY B KMITHHI 3anekKaTHME BIT IIBHIKOCTI
[epeTBOPEeHHA PIIHHK Y [apy, TOMl THCK, AKHH pPYHHYBATHME eJIEMEHT,

BH3HAYaeThed [101]:

1 |
P =P . 2.61
T {7 |+ B”{ T” . ZQE)IJ ': }

IIpH upOMY el THCK MOKE JOCATATH 3HAYHO1 BEIHYHHH 1 3pYHHYBATH BCHO
00ONOHKY, a MPH IHTEHCHBHOMY HarpiBaHHI CTBOPHOTHCA YMOBH PO3PHBY CTIHOK
karapiB., JIaHHi THCK MOMJIHMBO CTBOPHTH HAIPIBAIOYM Callpolelb CTPYMaMH
BHCOKOI wacToTH J10 TeMnepatypu 70°C 1 Bumie. O3epHi canporneni, AK Bl BOJOTI
MaTEpIaH, € MOJIApH3alIiHO-peIaKkcalllifHIMH cHeTeMaMu, SKIo 1o Takoro Tina
NPUKIACTH eNleKTpuyuHe abo MarHiTHe MoJjie, TO BOHO Oyje TepeMillyBaTHChL B

NeBHOMY 00’eMl MaTeplally 3 JeAKOK MIBHIAKICTH 3 XapakTepHHM IMepioioM



penakcawii. Harpisanus canponemo CBY mae sBiadyBaruce B 1304sL1HHOMY
ceperouml. [Ipu 1bOMY pPIBHOMIPHHI Harpie TEBHOTO 00°eMy marepiany
BII0OYBAETHCA 33 PAXYHOK EPETRBOPEHHA CIEKTPHYHOI CHEPI1l Y TEIIO.

Take HarpieaHHA MODYI0OBAHE HA ABHIII MOIAPH3ALIT HACAMITEPEI MOJIEKYITH
BOJH (puc. 2.10), aka € gienekTpukomM. [ToBOPOT IUMONIB 1 TX KOJTHBAHHA M1 i€

30BHIIHBOIO €JICKTPHUYHOIO 110JIA OB A3aH1 3 BUAUICHHAM TelLa.

H

A b ;
: ; 90
L
d 0 H
a)

0)

Puc. 2.10. PosmMimenns 3apsaaiB y JIBOATOMHHX MOJICKYIax (a) Ta crnpouieHa
cXema MOJIEKYIIH BoIH (0).

Cepen TpeOX OCHOBHHX BHJIIB TOJAPH3AII — EIEKTPOHHOI, aTOMHOI 1
IHUIIOJIBHOT  —  calpomnelk MOKHA 3apaxyBaTH 70 Mareplany  JIHI0IEHOI
NOJAAPH3aLLT, FOJIOBHY POJIb MIPH HArpiBaHHI Oyl BiAIrpaBaTH MOJIEKYJIa BOJIH.

JlieJleKTpHYHI BTpAaTH B OJHOPIIHHUX JieNleKTPHKAX OB A3aHl 3 MpolecaMu
BCTAHOBIIEHHA NOJIAPH3ALIT 111 €K enekTpuuHoro nois. lloriuHanus eneprii B
pe3ynsTaTi UBOro eekTy BiAOYBAcThCA Ha dHacToTax 1H(padcproHoro ado me
MEHILIOTO BHMIIPOMIHIOBAHHSA, KOJIM YacTOTH BIIACHMX KOJIMBAHb CJICKTPOHIB Ta
10HIB OH3BKI 10 YaCTOTH eeKTPHYHOTO MOJIA.

[TuTromMa akTHBHA TOTYXKHICTE BH3Ha4daeThed 3 (dopmyim Jxoyng-Jlenna
[102], siK KUIBKICTH TEIUIOTH, L0 BHJAUSIETBCH B OJHHULI 00’€My HEBHOIO
MaTepiaqy. 3 ypaxyBaHHAM IIOBHOTO KoedillieHTa BTpaT Ha IIpoBiaHicTe ¢ BOHA

MAae BHUITIALL

P =wg, & E, (2.62)

Al

e 0 — KYTOB4 4acCTOTd, C_I:

E — nanpyKeHICTh €NeKTpHaHOro noss,Br/m.



Orike, P

iR

€ BH3HAYAJIbHUM (DAKTOPOM 1A 3POCTAHHA TEMIIepaTypH ‘-”’th

B JleIeKTPHYHOMY MaTepiani 1 11 MOKHA BCTAHOBHTH BIJIHOIIEHHAM IMOTYKHOCTI
CBY reneparopa /10 Macu Marteplany, 1no oopodiuserses.

Y CBOW uepry KUIBKICTh TEIUIOTH, KA BHIUIACTBCA B OJAMHHIN 00’eMmy
MaTepiany, BH3HA9acTRCA 3a hopmyinoro [120]:

0, =0,555-E*-w-£-1gd, (2.63)

mne £ — IICIEKTPHYHA cTaaa ado JIeJCKTPHYHA POHHKIHEICTE;

E — HanpyXkeHICTk 30BHINMHEOTO eNekTpuYHoTo noasd, H/K;

O — KYT JIeeKTPHYHHX BTparT.

Harpisannga Bonororo wMatepiasry CBY  BiadysaeTbes  J10CTATHBO
IHTEHCHBHO, TOMY B CEpe/HHI 00'eMy MaTeplaly BHHHKAE TPAIIEHT 3aralbHOro
THCKY 3a paxXyHOK pISHHIl TeMIeparTyp Tila y LEHTpl Y, 1 Ha IOBEpXHI [ ,

npuuomy f =1 . Takuil rpaii€HT € OCHOBHOK PYUIHHOK CHIIOK IE€PEHECEHHS

NapopiIMHHUX PEYOBHH HA MOBEPXHIO Marepiany. ToMY 1HTEHCHBHICTE BHIUICHHSA
BOJIOTH Ha MOBEPXHIO BU3HAYaTHMeTheA 3a opmynoro [106]:

Jeay :_'ﬂm'pn'vU—am'pn'{S'?T_Kp'vP* (2.64)

BiacyTHICTE CKIaJ0BOI NEpeHeceHHA BOJIOTH Bl TepMOJIHHAMIYHOLI CHIIH,
AKa BHHHKAaE Yy 3MIHHOMY EJIEKTPHYHOMY [0Ji, BHMAarae noJalblIInx
EKCIIEPUMEHTAILHUX JOCHIKEHB 1010 BCTAHOBJICHH:A BEITHUHHH
eNnekTpoan G y31HHOrO NOTOKY BOJIOIH 1 BHIUIEHHA HOTO 13 3ara/IbHOTO,

Tomy cucrema audepeHIaIbHUX PIBHAHL TEMJIO— 1 BOJOTONEPEHECCHHS

MaTHMe BUTIA [63]:
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ne  t - rtemmneparypa marepiany, K;



T - TPHBAIICTh HPOLIECY HAIPIBAHHSA, C;

a - koedIIeAT TEMIIEPATYPOTIPOBIIHOCTI Tina, M*/c,

£ — Koe]IeHT (pa30BOro NepeTBOPEHHA PlIHHA-T1apa;
¢ - MMATOMA TEII0EMHICTE canponento, JIx/(kr-K):

r - MHTOMA TeIIOTa mapoyTropeHHa, J#/Kr;

p, - TYCTHHA CYXOT0 3pa3ka Matepiany, Kr/m’;

a, - KoeQimieHT Tu(y3ii piiHHH, M2/c;

0, - BUIHOCHHH KOE(ILICHT TepMOoAnpy31T Boaord, Ki/K;
a, - Koe(lieHT KOHBEKTHBHOIL Trdy3ii, M7/ C;

P - HANIHINKOBHI THCK ¥ 3pa3ky Matepiany, [la;

¢, - EMHICTB 3pa3Ka BITHOCHO BOJIOTOTO MOBITPA.

AKmo JTONMYCTHTH, IO JIOCHIDKYBAHHH 3pa3oKk  Marepiany Mac  BHI
OC3KOHEYHOTO JIOBIOTO 1 TOHKOTO CTPHAHA posMmipy d << L, mja 4Hac Horo
HarpiBaHHA I[IOTYKHICTB JUKepelna HOro HarpieaHHA OyJae 3HHAKYBAaTHCE Bl

MOBEPXHI JI0 CEPC/IHHH 3@ CKCIIOHCHIIHHHUM 3aKOHOM. 3 BpaxyeaHusa P =0,

MAaTHMEMO:
FER — A e hx 2.66
Lo, j (2.66)
ne A — noTyKHICTB JuKepena edeprii, J#;
k  — KoeiieHT, 10 BPaxoBYE 3aKOHOMIPHICTL TOTJIMHAHHA €HEepril
3PA3ROM.

IToyaTkOB1 YMOBH MarOTh BHTIIAL:

1(x,0)=1,; p(x,0)=0;u(x,0)=u,. (2.67)
I'pannuyH1 YMOBH:

Hxt)=0ulx,t)=0;plx.T)=0;

If[ xg) = ﬂ;l‘f_‘. [I,}I) = ii}_l.(,it] =1. (2.68)
Cucremy audepeHmianbHHX pIBHAHB (2.65) MOKHA CIIPOCTHTH 3 HACTYITHHUX

MIpKyBaHb. [CHYBaHHS NepeTBOPEHHSA eJIeKTPUYHOT eHEPTil V TEIJIOBY HE J03BOJISAE

IMBHIKO 3MIHHTH OCHOBHHIA [apaMcTp BOJOTOIO I!".-:LEFITIE:FIiE:'I..'lljir —  BOIIOTOBMICT.



Koporkorpueaia j1is KOJIHBAHL J03BOJISE CTBEPKYBATH, 1O IIC/H BLKIHUEHHS
narpisanna  CBY vy wmarepiami  BIOyBarOThCS  penakcaimiitHl  TIPOIEcH  —
BHPIBHIOBAHHA THUCKY Ta NPUITMHEHHS MEPEMILICHHA BOJOTH /10 MOBEPXHI 3pa3ka.

Tomy cucTema piBHAHE (2.63) MiCaA copolneHHA HAOyIe TAKOTO BHITIAIY:
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Take crpOLIEHHA J03BOJISIE PO3B’A3aTH BKa3dH1 PIBHIHHA 3 ypaxyBaHHAM

BHILICHAREACHUX YMOB, To/11 BIANOBIIHO U8 BU3HAYEHHS BOJIOTOBMICTY:
_ ( 7
U{m}=ﬂa4l+m —. |}j (2.70)
il

a, -1

(1-¢)

Ta BHYTPILIHBOI'O THCKY:

;_U(x,t)=%(l+fﬁ[§,fap-tﬂ], (2.71)

ne F, — THCK, SKHH OTPUMAHMH Y MOMEHT HPHITHHEHHS HalrPIBAHHIL.

Cepe/iHe 3HAUEHHS TEMIIEPATYPH MaTepialy MOKHA BU3HAUUTH, 5K

f=Ate"™, (2.72)

HeobxianicTs  warpiBanns  camponemis g0 90°C  symoBnena
TEPMOTaOUIBHICTIO  MaTepiaay, BMICTOM OPTaHIKH, BHCOKOI ROJOTOCTI Ta
MOMKIIHBICTH) PYHHYBAaHHA 3B A3KIB BOJM V MaTepiani. 3aJaBUIMCh NOTYHKHOCTAMH

CBY-reneparopa, Akl nexatk ¥ Mekax P =255;425,595 Bt Tta ToBIHHOIO 1Iapy
h=1,25;2,25;3,25 cm | IpUHHABIIK Yac NPOrpPIBY PIBHHH T=4,5 X&, OTPHMYEMO

rpahiuH1 3a1¢KHOCT] 3MIHH TEMIIEPATYPH CANPOINEIIB B MOTYKHOCTL HArPIBAHHSA

CBY (puc. 2.11 - 2.13).
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Puc. 2.11. 3Mina Temnepatyps canponenio nij1 yac Harpisanis CBY npu

MOTYKHOCTI TeHepaTopa P =595 Bm Ta tpusanocti nporpisy t=4,5 x6 .
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Puc. 2.12. 3mina temMnepatypu canponemo mij1 gac narpisanas CBY npu

NOTYKHOCTI reHepatopa P =425 Bm ta tpuBanocTti nporpisy t=4,5 xe.
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Puc. 2.13. 3Mina Temneparypu canponemo mia gac Harpipanua CBY npu

OTYKHOCTI reHeparopa P =255 Bm ta tpuBajiocti nporpiey t=4,5 xa .

HarpiganHd canponelniB cTpyMaMH BHCOKOT 4acToTH (AHE. puc. 2.11 —2.13),
IEHKHOCT] 3MIHH TEMIIEpaTypH Callporeliid Bl TPHBAJIOCT] HarpiBaHHA Ta
notykHocti CBY-renepatopa. [lns  1OCTORIpHOCTI OTPHMAaHHX pe3ybTaTIB

HeoOXIIH1 eKCIepHMEeHTANIBHI JOCHKEHHS BOTO NPOoLecy.

2.4, TeopernuHe oDIPYHTYBAHHS COPOLIHOIO 3HEBOJIHEHHS CANIPOIIL/IIO

Harpipanns CBY canponemo 3adesmedyc nepeMIneHHsa BOJOTH 3CCPEIHHHA
o0’emy Mareplasy Ha #oro mnopepxHw. [lnda 3ade3znedyeHHs 3HATTS BOJIOTH
HeoOXITHO CTBOPHTH YMOBH Mepeladl BUIBHOI BOJIOTH 0 COpOeHTY (moriHHa4a
Boiorn). Po3paxyHkKoOBa cXemMa Mpolecy NepeMillleHHAs BOJIOTH Ha [OBEPXHIO
neBHoOro 00’ eMy canporneno nojada va puc. 2,14 [119].

Ao 10 momepxHl Bonororo canponemo [ npHKmAacTH IUIBTPYBANTEHHIH
mareplaa (copdenrt) [I, TO Ha MexKl IX KOHTakTy O —1 BHHHKHE CTpPHOOK

Bﬂﬂﬂl"ﬂBMiCT}’. ]_IE ABHILE MOACHKE HAABHICTE l'[ﬂTEHI.IiE:L'I:-,-’ BOJIOTO ICPCHCCCHHA,
" : ]

SKHH BHHMKA€ B PE3yJIbTATI PI3HHLI BOJOrOBMICTIB 000X Tin ' 1 u . SBuie

IEPCHCCCHHA BOJIOTH METOJOM KOHTAKTY JIBOX Ti1 XAPAKTCPHIYETRCA TAKHMH
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Puc. 2.14. PozpaxyHkoBa cxemMa 3HEBOIHEHHA Carponeso Bl Yac KOHTAKTY

13 (hUIBTpYBAIBHHM MaTepianoM: [ - canporneib, HarpiTil CBY; I7 - copOuiiinnii

Marepiasl.

NOKA3HMKAMHW: TOBLUIMHOK copOuliiHOro Marepiany h  Ta TOBIIHHOK Luapy
canponeto A, 3 AKOro B pe3ylbTaTl KOHTAKTY JBOX CHCTEM Oy/e nepeMilaTies

BOJIOTA; TYCTHHOK Matepiany y. 1 CAnponeno 7y _ : BUIMOBIIHO TMOYATKOBHM 1

KIHLEBUM 3HAYEHHAM BOJOIOBMICTIB i ,u ,u._ 1 u’ -, KOe(IUIEHTAMH ITHTOMOI

L LR i

PO
|

sonoroemuocti C) Ta 1 [UIOILEH BHYTPILIHBOT MOBEPXHI S Ta S

can "

3a HpHﬁHHTH}{ [MOSHAYCHE MNpOoHcc BOTOTOINCPCHCCCHHA  OIMHCYCTBCA

CHCTEMOIO JIH(epeHIlIabHHX PIBHAHE [9, 119]:
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[TowaTKOBHUMH YMOBaMH PO3B'A3KY CHCTEMH PIBHAHB €:

u' u =u"  t=0. (2.74)

”-!{_1_'_[5# = ! -:.:r.l.'l:_'r_l_'l]  "ean
I"'paHuyHI YMOBH HACTYIIHI:
- YMOBA PIBHOCT] BOJIOI'OBMICTIB Y 30H1 KOHTAKTY (_T = (J}:

He'[u.'[l' = ”n:ru.*[r-',l'] : (2‘?5}



- YMOBa PiBHOCTI IIOTOKY BOJIOTH B 30Hi KOHTaKTy (x=0):

7l

e | Y. r E?ui_w_t} _ aﬂl‘”rﬂfﬂ.t} [2?{5}
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- YMOBa BHIIAPOBYBAHHA BOJOTH Ha MeXl x=h, o0ymoBIeHa

rpagleHTOM BOJIOTOBMICTY Vi :

a”:'ﬂl T) i
=, 2.77)
ax  Cy

- YMOBa 0DMEKEHHS MEPEXo1y BOJOIH Ha BUCOTY AV KOHTAKTYHOUHH

kv

[map carnpornesnto 13 copdoeHToM:

a“t'uli‘[—h T)
=), (2.78)

ox

Po3s’sa30k cucteMH qudepeHmialbHHX piBHAHE (2.73) 003B0JAEC BCTAHOBHTH

CEepe/IHE 3HAYCHHS BOJIOTOBMICTY Y COPOEHTI TOBIIMHOK /i, 1 KOHTAKTYHHOMY

[api canporear BHCOTOK A

oan

B IIpOLIEC] HOTO 3HEBOIHEHHH:

_ . 2 . ]

U’ =) = Au, == : +(1-C)- (u:_'—uf)— < T_|—|+(I—C)~_I"—_‘&*'_-A—B;
hor, hov XY
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| can .r:"c.-nj 6- C:::m. ?:‘wn I-C J
2.79)

ne A — koedillieHT, AKHH Mae BHpas:

3K,, +2K_-K, -K, +K,
A= o 7 h v

(2.80)
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¥ crow 4epry:
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Iy h{. 1. C ( }
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K =—<K =—. (2.75)



Sk DauuMo, roJIOBHUMM YMHHHMKAMH, SKI BH3HAYAKOTh Hepedir npouecy, €

e(peKTHBHHI cepeJHbOIHTerpanbHuil koedinient audysii somorn C ., rycTuHa

s

CYXO01 MacH canponent y. ., TOBUIMHA I1apy canpornento i .

_ 2. {ur_—um}+ - A - |—|-EII] —“:.C.I
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pNTRE |:[l—|- K. -K, _-K, )— ,fﬁfﬁ_ (K_”. + K, ] crgu - c?fg(, J'KG K, - |.1):|
(2.83)
e L IPHHHATO 3HAXOQWUTH 3 BUpA3y
(2.84)
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Y  pe3yaeTaTi TCOPETHYHOTO JOCTIIKCHHS COpOLIHHOTO 3HCBOAHCHHA
CATpOTIe/IK0 BCTAHOBIEHO, 110 HAHOUIBIIMH BIUIME Ha IeH Npolec MaTHMYTh

TOBLIMHA IAPY CAIIPONENHD Ta [1JI01a BHYTPILIHbOT [OBEPXHI.
BucnoekH 10 posmgiay 2

Y pe3yneTari NpOBEACHHX TEOPETHYHHX JOCIKEHB MOMKHA 3pO0OMTH
HACTYIIHI BHCHOBKH:

4, Ha [i1cTaBl 3aCTOCYBAHHSA CHCTEMHOI'O X0y HAMH
JANPONOHOBAHO KpUTeplil oUiHEeHHA eeKTHBHOCTI CMocoDIB 3HEBOIHEHHS, AKHH
MONATAE YV MIHIMIZAMl MTHTOMHX CYMapHHX EHepros3arpar Ha TOCTJIOBHE
BHKOHAHHA BCIX TEXHONOTIYHMX omnepauid. Ha sactocyBanHl 1bOro Kpurepiio
DasyeThca  po3pobdlieHHH  MeToJ  CHCTEMHOro OOIpYHTYBaHHA palioHalILHOI
MEXaH130BaHOT TEXHONOTTT 3HEBOHEHHS calporieliB, SKHil Jae 3MOr'y BCTAHOBHTH
onTHMalbHUI  Hablp oOnajHaHHA, 1OCJHLIOBHICTE BHKOHAHHA onepaulii  Ta
BH3HAYHTH MEK]1 HE0OX1IHOT BOTOTOCT] HA KOXKHOMY 3 CTAIIB 3HEBOHEHHS,

BuinaseHo 3aKkOHOMIPHOCTI TIpollecy  BIJIUIEHHA TpapiTaliHHOl Ta
cnado3B’43aH01 BOJIOTH MPH PIBHOMIPHOMY CTHCKAaHHI B 43KOI0 cepe/loBHILA Y

'BHHTOBOMY l'IpEE:i, a4 TAKOM BCTAHOBJIEHO, HOI0 OCHOBHHH BIUIHB Ha L¢H [Ipoaec



MaTHMYTh  KOHCTPYKTHBHI  mapaMeTpuw  obnagHanna R=0,35-0,45m, 1
A =10,3-0,4m 3a yacToTH obepranus reuHTa = 20— 30 x8 '

3. TeopeTHyHO BCTaHOBIEHO YMOBH PYHHYBaHHA 3B A3aHO1 BOJIOTH 3
METOK [epexo[y 11 Ha TMOBEPXHK Marepialy MiJ 4Yac HarpiBaHHS O3epPHHX
canpolenip CTPpYMaMH BHCOKOT 4acToTH, JUIS LbOro HeoDXIJHO HArpiBaTH
canponeni 3a notryxuocti CBY-reneparopa P = 255 Br npw ToemmHI mapy
mateplaay A = 1,25 npotarom 1,5-3 xa.

6. Bcranosneno OCHOBHI YHHHHKHW, #KI BIUIMBAIOTH Ha  TIPOIEC
copbuiiiHoro 3HeBogHeHHA. (OCHOBHMM MapaMeTpoM, 0 BIUIMBATHME Ha
eheKTHBHHI 1epexijl BOJOIH 3 MOBEPXHI HAIPITOIO calponeo 1o copdeHty, €

MHTOMA BHYTPIIIHA TOBEPXHA MaTepiany.



PO3/IIL 3
IMPOTPAMA TA METOJIMKA EKCIIEPUMEHTAJIbHHUX
JNOCJIKEHD

3.1. lIporpama ekcnepHMeHTAIBHHX T0CTIKEeHb

AriIHO 3 NOCTABIEHUMH 3aBJAHHAMM, SKI OKPECIEHI ¥y LeploMy posaiil, 1 3 yvpaXvBaHHAM
TEOPETHYHHX  JIOCHIJIKEHE  ONEpailiii  3HEROJHEHHA O3CPHHX  canpone’aie  pozpodiieHi
MporpaMa i MeToJAHKa eKCTIEPHMEHTATLHHX JTOCTiIKeHE,

HocnipxeHHs npoiecy 3HEBOJHEHHS Canponen BUMarac BH3HAYCHHSA
OKpeMHX MapaMeTpiBe HeoOXIOHHX 1A oOIpYHTYBAHHA MEXaHI30BaHOI TeXHOIOTI]
3HEROJHEHHs canponenis. Haldinbm miHHOKW CHPOBHHOK IS CUIBCHKOTO
roCIoIapeTBa € OpraHiuHHH O3e¢pHMH carnporneilb, TOMY BCl €KCIEPHMEHTAIbHI
TOCTIIACHHA TPOBOIHITHCE JUTA 1BOTO THITY MaTEplany.

3araasHON TPOTPaMOI0 CKCIIEPHMCHTATBHUX TOCTIIKEHE Mepe10a4anoch:

1) nocimzKeHHs MpoLecy KIHeTHKH CYIIIHHA CallpoIleslB;

2) BHU3HA4YEHHA BOIOTOOOMIHHMX Ta TEPMOJHHAMIYHHX BJIACTHBOCTEH
Gallpﬂl[ﬂjllﬂ;

3) JOCHKEHHA 3HEBOJIHEHHSA CANPONET0 MEXaHldHHM  crnocodoM vy
nadopaTOPHUX YMORAX;

4) mocmpKeHHA COPOIIMHOTO 3HEBOIHEHHA CaNpOTICTIO TICHA HarplBaHHA
CTPYMaMH BHCOKOT YACTOTH;

3) AOCIKEHHA MEXaHIYHOI0  3HEeBO/IHEeHHH CAlPONEN)  METOI0M
MIaHyBaHHA 0araToakTopHOTO eKCNEPHMEHTY Y FBHHTOBOMY MPEC;

6) DOCIIKEHHA HarpiBy CAIPOIEI0 CTPYMaMH BHCOKOI YacTOTH METOI0M
naHyBaHHA DaraTo()akTOPHOTO eKCIEPHMEHTY;

8) JochieHHs 3HEBOJHEHHS canpornenw 3a copOuliiHUM criocodbom
METO/10M IUIaHyBaHHA DaraTodakTopHOIo eKCIePHMEHTY,

9) po3paxyHOK €HEpPreTHUHHX 3aTPaT I KOKHOIO 3 MOMIIMBHX crnocobiB
3HCBOJIHCHHA.

3.2. llpunaau, odaaTHAHHS TAa anApaTYpa 1Js NPOBeAeHHS N0CHiIAeHb



Hna BuIbopy 3paskiB  canpomnemo 3 BUIKIAIIB  BHKOPHCTOBRYBAITH
TopoposeiayBaibHui - Oyp  ThI-66 (puc. 3.1), #AxMid cknagacrbes 13
npoOOBRIIDIPHOTO YOBHHKA 13 PYXOMHM | 1 HepyXOoMHM 2 MBIWIIHIpPaMH, V
BEPXHIH 4YacTHHI OCTAHHBOI'O MNPHEIHYIOTBCA CTIHKH 3 1 YTPHMYHOThCH
(hikcatopamMu 4, szarajbHa JOBKHHA AKHX BHOMpacThCA 3aJ€KHO Bl IIIMOMHM

Bi100py npobu, Ta pyyuku 5.

e s M
T~

Puc. 3.1. Topdopossiaysansuuii oyp TBI'—66

Hna B34ATTA Tpod canpornenawy 3 BepPXHBOTO HOro mapy (meaoreHy)
BHKOPHCTOBYBaIKW  npodoBiaAdipHHK,  300paxeHdii Ha  puc. 3.2, 3.3,
[TpoGoBindipHEK cKiIagaeTbed 13 (maHus 4, Ha AKOMY 3akpilljleH] IOTOK 2,
HakoHednuK 7 1 rims3a 1. [lnmaap sakpHBaeThes KPHINKOIO 3 13 kiananom 8. Ha
IITOKOBI 3aKpinueHuii mogorxkyead 5. Jlna sakpupanus wkianana 8 1 mmmiagpa |
KPUITKOK 3 BHKOPHUCTOBYIOTHCA BIAMOBIIHO Tipy:kuHU 10 1 6. [Ina Bigkpusanns
NpodoBIADIPHHKA BUKOPHCTOBYETHCA MOTY3Ka, AKA 3aB fA3aHa TaKHM YHHOM, IO
CHOUATKY BUIKpHBAE KjanaH &, micid usoro uijiHiMae kpuiuky 3. Tleperaroto

HBOTO PODORIIDIPHUKA € HOTO HA/IIHHA TEPMETH3AllIA,
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Puc. 3.3, TIpoboe1adipHHK canponento

Bonoricte canponenie BH3HAYAIN 33 J0TIOMOro cyiuriaeHol magu CHOJI

3.5. 3,5, 3,5/ M3 3 mianazoHOM aBTOMATHYHOTO PETYIHOBAHHA TeMIIEpaATVpH B

poGouomy npoctopi Bix 50 g0 350 C + 2 "C, nabopatopunx Bar BJIKT —500-M;



BHKOPHCTOBYBA/IM TAKOXK 1 1HIIE 00llajIHAHHA, a caMe: aJOMIHIEB] OKKCH, HIXK-
TJIAHYBATBHHAK, E€KCHKATOp, Pi3Hl 3a 00'eMOM €MKOCTI, coBO9OK (puc. 3.4).

Bonoricte canponemo B 30H1 3afopy 10 1 micAs BWIUICHHS BUIBHOT BOJH

BH3IHAYAIIH €IeKTPOHHHM BomoroMipoM MI'-44 (puc. 3.5).

Puc. 3.4. [Ipunaau ta obnaiHaHHA 118 BH3HAUYEHHS BOJOIOCTI CAlpoIenie

Puc. 3.5. EnexkTponHuii ronoromip MI'-44

KonpekTHeHa CYIIH/IBHa YCTAHOBKA CEKIQJA€TBCA 3 TETLUIOI30IALIHHOTO

Koprycy, moeiTpompoeoay 1 (pHc. 3.6), BeHTHIATOpa 2 Ta ENEeKTPHYHOTO



kasopudepa 3. TloBiTpa HArHITAETLCH  BEHTHIMATOPOM T4  [OJAETHCH Y
ENEKTPHYHHI Kamopudep, AKWI CKIATacThed 3 JICKUILKOX cekiii. broke 6 13
carnporie/JieM BCTAHOBIIOETBCA HA MIACTABKY 7, #AKa po3ramioBaHa y podoulii
kamepl. [TiacTapka OpPCTKO 3’ €IHAHA 34 JOMOMOTORK CTPHKHA 8 Yepes OTBIp v IHI
KOpIyca 3 elleKTpu4Ho0 Barow 4. Temnepatypy B poboyii kKaMepl KOHTPOIOBAIH

HHPPORUM HIPHIIAIOM 5.

AN

/

Puc. 3.6. CxeMa KOHBEKTHBHOI CYIIMJIBHNOI YCTAHOBKH: | — MOBITPONPOBII;
2 — BeHTHIATOp; 3 — HarpiBHI TeHH; 4 — Bara; 5 — UMPOBHH BHMIpHOBa4

TeMIeparypH; 6 — OrKe 3 MaTeplalioM; 7 — nijcTaBka; 8 — CTPHIKEHBE.

Jns  JOCHBKEHHA MEXaHIYHOIo  BLUIUICHHS BOJOIH 3 CAlpOINEnto
BHKOPHCTORYRANH cTanaapTHui npunan KIiIpl.P3 (puc 3.7), a Tako:xk nadboparopHi
parn BJIKT -500-M, cexkyHmoMmip, QUIBTpYBaIBHHH MaTeplajJ Ta HIXk-
niaHyBalbHHK. OCHOBHHM BY3JI0M TNpHJIAAY € ogoMeTp 8, AKHH (pIKCyeThcd Ha
crom npunaxy 1 mrudgroMm. Kopnye ogomerpa (puc. 3.8) po3z’eMHHil, BIH
CKIaaacThes 13 guuma |, sepxunoi vactuan 3 1 nepdoporanoro aua 2. Jnume 1
BCpXHA dHacTHHa o0 caHylOTECa pizkOoBHM 3 'caHanHaM. Poboue xinsue 10
NpUaagy pos3MIILyeThCd Ha nephopoBaHOMY IHI 1 TPHTHCKAETRCH CTAKHHM

KulblleM 9. Ha 3pazok marepiany, AKHH nomimaerses vy poboue kiibue 10,



BEJIIAKTE HITAMII 6 13 CTOAKAMH 3, O AKHX I'BHHTAMH 8 I{piIIJIH'I'bEH KOHCoIl 4 3
inaukaropaMn 7. Hasanraxkenna 3paska 3MIHCHIOITE THPAMH, 1110 BKJIAJAI0Th Ha
nnaTopMy HapaHTaKyBadkHOI mifBickH 2 (aue. puc. 3.8), uepe3 cexktop 3,
TATOBHH TpOC 5 1 paMKy, AKa CKIAMaeThCAd 3 HIKHBOTO KOPOMHCAA 6, CTAKOK 7,
BEpXHBOIO Kopomuciaa 9, ynopy 10. 3piBHOBakeHHA cekTopa 3 3A1HCHIOEThCA

nepemMiteHHaM npotusary 12 no pizsoi sakens 11.

Puc. 3.7. llpunan komnpeciitauid KlIp 1.P3: 1 — ¢Tin; 2 — HapaHTaxyBajlkHa
MBICKA, 3 - cekTtop; 4 — manens; 5 — Tpoc TATOBMIT; 6 — HHIKHE KOPOMMCIIO;
7 — crakka;, 8 — omometp; 9 — pepxue xKopommucao; 10 — ymop; 11 — Bamuie;

12 — mpoTHRara.
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Puc. 3.8. Cxema ojgomerpa: | — jHMIIEe Kopnyca ojoMerpa; 2 — JHO
nepdopoBane; 3 — BEpXHA YacTHHA Kopnyca, 4 — KOHCONb 1HAHKATOpa; 5 — CTOsK
iHauKaropa; 6 — wramn; 7 — IHIHKaTop; 8 — reunT; 9 — crakHe Kinene; 10 —

pobo4e KIbLE.

HocnijpkeHHs  BOJOrQOOMIHHHX  Ta  TEPMOJHHAMIYHMX  BJIACTHBOCTEH
Carnponesno NPOBOAMINMCE Y HAYKOBIH gadopatopli kKadeapH TEIIOTEXHIKH,
OXOPOHH Tpail Ta HABKOIWIIHEOTO cepenoBdina KHIBCEKOTO HAIIOHATEHOTO
VHIBEPCHUTETY TEXHOJOTIH Ta auzaiHy. lna nocikeHHA BOJIOTOOOMIHHMX Ta
TEPMOMHAMIYHHX BJIIACTHBOCTEIH canponent BUKOPHUCTOBYBAJIH

TEPMOTPABIKAIOPHUMETPHYHY VCTAaHOBKY (pHc. 3.9, 3.10).

Jist 30UIBIIEHHA IUBMAKOCT] BHIIAPOBYBAHHA PIAMHH 3 MaTeplany, AKHH BHCYIIVCTBCH, B
YCTAHOBIL nepeabaicHo IMIHY THCKY BIJI aTmociepHoro 110
(1..2) 10°[la, mo fossonde 3GITBIIHTH  MIBHIKICTE BHIIAPOBYBAHHA B JICKUTLKA
(no 10) pasis. Taki yMOBH Jai0Th 3MOTY PO3IKMPHTH Alanazon Temnepatyp Bia 30 a0 180 C,
MPH AKHX MOKHA POOHTH JOCTIIKEHH.



HocnijKeHHs  CYLLIIHHS

3pasKa

HpoOBOJMTECH B DaporepMocTari,

PO3PUDKEHHA V SKOMY CTBOPIOEThCA BakyyMuuM wmacocom BH-461M  (aus.

puc.3.9). THCK DNOBITPA Y TEPMOCTATI PErylleTLCA BPYYHY 3a J10MOMOIOI

JACTIHKH 1 KOHTPOIKETRCA  MAHOMCTPOM.

M03BOJIAE YCYHYTH Pi3Kl KOIIMBAHHA THCKY.

HaseHicTe eBemukoro gopbdanoHa

[Ti1 yac 3HEBOJHEHHS 3Pa30K IOMILEAITE Ha KoBeTy K, BUIOTOBJIEHY ¥y

BHIJIAI TIIOCKOT MeTaneBol kopoboukH posmipamu (40x40x4) mm. Jlo anwma

KIOBETH TIJIKPINJACHAH MiaHuid TepMomeTp omopy (TO) penwumHOW omopy
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Puc. 3.9. bnok-cxema TepMOrpapiKalopHMeTPHYHOT YCTAHOBKH,



Puc. 3.10. 3aransHuid BUIIIAL TEPMOrPaBIKATOPHMETPHYHOT YCTAHOBKH.,

70 Om 3a temnepatypu 20°C, mo € JaT4UKOM JUIA 3allHCY KPUBOI TeMIEpaTypH
3paszka  (TepMorpamu) Yy npoiecit cyuiHHs., TepMoMeTrp onopy uepe3 TOHKI
CTPYMOTIPOBILIHI TIPOBOJN MUIKIIOUCHHI B HesbanancoBany mMicTkoBy cxemy MO-
61, 3 BEHMIpHOBATBHOI JlaroHadl AKOI HAMpPyTa MOJA€THCA HA BXIA CAMONMHCHOTO
Daratoka"ansHoro noreHuioMerpa KCII-4, oTpuMmyodn TepMorpaMy mMarepiany y
rpadivHOMY BHUIIIAAL. 3a JOMOMOroW MICTKa IoctidHoro crpymy MO-61 moxHa
IMIHIOBATH UYYTJIMBICTE 1 Macwrtad zanucy tepmorpamu, 3a uyrausocti KCII-4
nopsaaky 10 MB Ha BCro mikany 1 piIBHOCTI BCIX ruieuei MicTKa HeNHIHHICTE 3anucy
TEMICPATYPH BHABIACThCA MEHIIOW 1%, 110 HEe BHXOJAHTE 3a MEKI NOXHOKH
IOCIIY.

s De3ynUHHOT aBTOMAaTHYHOT peecTpallii 3MeHIIeHHA MacH BHCYITYBAHOTO
3pasKa 1 3alMcy KPHBOT CYLIHHA, KoBeTY K pasomM 3 BOIOIMM JIOCHLIKYBAHHM
3PA3KOM MOMIMIAITE 0 OfHIET 3 yamok (oroenexTpuunnx Bar. PoToenekTpuyHi
Bard CKJIAJA0TRCA 3 JaTYHKa KyTa BIAXHICHHS Kopomucna (goroemement JI),
[IICHIIOBAYa MOCTIHHOTO CTPYMY, BHKOHaBYOro 010Ky (conenoin L 1 marmit M) 1

nepeMHKaya Mex BHUMIpy, axepena xuineHHs (YHII-2) 1 koHTpomwowdoro

NpUIAIY (MiKpoaMIepMeTp).



YV npouect CylHHS 3pa3ka pIBHOBAIA BAl HOPYLIYVETLCH 1 KOPOMMCIIO Bar, 13
3aKPIUIEHIM Ha HBOMY JI3EPKATBIIEM, TOBEPTAETRCA Ha JICAKHI KYT, ¥ PE3yIBTaTI
4Oro 3MIHKETBCH OCBITICHICTE (poToenemenTa Jl;, MIJAKIIOYEHOrO 10 CITKOBOTO
TAHIKOTA JTaMITH MIICHIHBaYa MOCTIHHOTO cTpyMy. POTOCTPpYM Micid MOCHJIEHHA
KEPVE eJIEKTPOMArHiTHUM MeXaHi13MoM DallaHcyBaHHsA Bar (coseHoin L 1 Mmarait M)
1 nojaeTbea Ha BXi noteHuiomerpa KCII-4, ne 3anMcyerbes y BUITIAAL KPHMBOT
Ccyunuuga. JIng ToyHOCT] BH3HAYCHHS IMBHIKOCTI CYIIIHHA KPHBY CKIAIAI0TE 3
nekinekox (mo 20) oxpemux aingHOK, "mokmameHMX" Y TOMUTKH IIKATH 3a
IOMOMOTOR CIIELIAIBHOTO KOMIIEHCYBAJIBHOTO IIPHCTPOLO.

Ilin wac BU3HAYEHHA MHTOMHX TEIUIOT BHIAPOBYBAHHSA BOJIOTH 13 3pa3ka
DopoTepMOCTAT MEPEROJAMTECA B PEXHM podOTH 130TEPMIYHOIO a/11a0aTHYHOTO
kanopumerpa (peskum EI), Konmu 3a g0moMoroio cnemankHoro narpisada Hs
KOMIICHCYCTRCS TEMI0Ta, HCODXITHA HAa BHMAPOBYBAHHA BOJIOTH 13 3paska,
a - TeMmneparypa MOBepxHI 3paska T, NMIATPHUMYETLCA IMOCTIHHOK Ta PIBHO

Temnepatypi T, B Tepmoctati. Jlna Bumipiopanns Temmepatypu T, B
Oesnocepe il OM3LKOCTI B NOBepXHI 3pazka (1,5 - 2 MM) Ha creyiaibHIi ciTul
HaKJIeeHa OfHa rpyna cnaig audepenmianbiol 10-kpaTtHOT MIJTHO-KOHCTAaHTOBOI
Tepmobatapei. lpyra rpyna mapie mici Tepmodarapel 3HaX0IHTRCA Ha 3aMKHYTIH
MIJIHIA CITII, 110 oxomuie KioeeTy K Ha Biacranl 3-4 oM Bl Hel, yCepeaHIWYH
TEMMEepaTypy MOBITPA B TepMocTaTi. Pearyioud Ha pI3HHIK TeMmmeparyp vy
TEPMOCTAT] TEpMODaTapes € peryisTopoM CrpyMy B eHeproodsoll.

Jns perymoBaHHs cTpyMy B Harpigadl H3 B yCTAHOBLI 3aCTOCOBAHA CXeMa
MTPOTOPIIHHOTO  IHTETPANBHOTO  PETYIATOPA, 3MOHTOBAHOTO 3da TIPHHITHITOM
(hoTOKOMIIEHCALIHHOTO NMIJACHIOBaYa. Biaxunenus temneparypH NoBepxH1 3pas3ka
Ty Bia Temneparypu T, BukImkae nmosea tepmo EPC y repmodarapei 1 BIAXHIEHHS
A3epKaibLs raibBaHoMeTpa M-95. ¥V pesyibrari 3MIHETBCH OCBITIEHICTh JIBOX
nuddeperiaibHO  BKIKOUEHHX  (DOTOIEMEHTIE 1 BUINOBIAHO, (OTOCTPYM.
@OTOCTPYM MIJICHIIOETLCH EIEKTPOHHHM TMIJICHIIOBAYEM, B aHOJHOMY JIAHITH3]
AKOTO 3HaXouThcA Harpiead H3. 3miHa cTtpymy B Harpieadi H3 npuseoaurte 1o

aMiHH Ty, npu ubomy Ty— T, a konu T=T, TepMoEPC nopieHIOE HYIIHO, 1 CHCTEMA



3HAXOAUTBLCA B piBHOBA3l. [lajginug Hanpyru B HarpiBadl H3 depes po3noilibHHK
nogaeTeea Ha Bx1 KCIT-4 1 3anmcyeTrecs v BHTIAI eneprorpaMioi kpusoi. B
YCTAHOBI[l TaKOXk nepeadadeHe pyyHe peryaBaHHA CTPYMY B Harpipaul.

Binnoeimno go eumor TI'K mMeromy cvIIiHHA OOCHIIKYBAHOTO 3pa3ka
NOBHHHA TpoeoauTHCA B yMoax T(w) = const. TepmocTaryBaHHs TOBITPA B
CYIIHILHIN KaMepl YCTaHOBKH 3ilicHIoeThes B Mekax Bl 30 1o 180°C 3 TouHicTHO
no £ 0,02°C. Taky BHCOKY TOYHICTE BJAETBCHA JIOCATTH 3aBIAKH 3aCTOCYBAHHIO
IBOX HE3AICKHHX PErylaTOpIB TEMIEPaTypH 1 CHCTEMH 'TepMocTarT vy
TePMOCTATI .

Hns jnocniiskeHHs Tpollecy 3HEBOIHEHHS  Calpolleflid  MeXaHIYHHM
criocobom 3ACTOCOBYBAJIH  TAKOMK BUI'OTORJIEHHH T'BMHTOBHH 1pec, 3ArallbHHH

BHIJIAJ1 AKOTO 300paenui na puc. 3.11.

Puc. 3.11. I'BUHTOBHIT NMpec 119 MEXAHIYHOTO 3HEBOIHEHHS CAITPOTIEITIO.

Konerpykia mipeca mependbadae  Takl OCHOBHI  €IeMeHTH: OyHKep,

npecyBajlbHH npucTpid, pobouy Kamepy, npueil Ta pamy. [lpucTpii



HPUBOAUTBECA B K0 Bl IHJAHBLIYAJILHOIO ACHHXPOHHOIO JBHI'VHA (MOMKIHBHHA
npusig B BBIT) depes macosy (nmamiioroBy) nepenady 1 TOHHKYBATBHHH
peaykrop. Meram npeca, mo d0e3nocepeiHbO NepedYRawTh B TICHOMY KOHTAKT1 3
CarnporneIeM, BUTOTORIAKTECA 3 KOPO31HHOT CTAI.

Jnst npoBefleHHA  eKCNEpPUMEHTY 3 JIockikeHHA HarpipanHs CBY
CanponeiIr, BHKOPUCTOBYBAIM  NOOYTOBHH  MIKPOXBHIBOBHH  HarpiBau 3
TIAMa30HOM MOTYRHOCTI Harpisanuga i 127 qo 850 BT, TepMOTPHBKI TOCYITHHH, a
TaKoK 00NMaIHaHHA 1719 BH3HAYCHHA BOJIOTOCTI MaTepiany.

Ilin wac mnpoeengeHHA JOCHULIB 13 BH3HAYEHHA 3HIJKEHHA BOJIOIOCTI
carnponen CcopOUIE 3aCTOCOBYBAIM NpHCTPiH 300pameHdid Ha pwuc 3.12,
noOYTOBHH MIKPOXBHIIBOBHIT HArpIBay 3 J1alla30HOM IOTYKHOCTI HAarplBaHHS BIJ
127 no 850 Br, marepian copbenty - miHonogiyperan Tta Jjabopartopmi
Bard BJIKT — 500 — M.

Puc. 3.12. EkcriepiMeHTallbHA YCTaHOBKA Ui copbUiifHOrO 3HEBOIHEHHSA
Mareplaay: l-crpiuka — copdeHT (noaiyperad); 2 — CIPIYKOBHH TpaHCcHOpTep:

3 — MexaHisMm npuBoay; 4 — NpUCTpli peryaoBaHHA KyTa HaXMIy CTPIUKH



copOeHTy;

5 — EMHICTD I 3HEBOIHEHOTO CArpoIeno; 6 — poITHKOOITOPH.,

3.3. MeToauka eigdopy 3pa3kKiB canpone/irn B o3epi

3TIAHO 3 [POrpaMod  eKCIepHMEHTAIBHHX JOCHIIKEeHb [POBOJUIHCH
pODOTH 3 BIADOPY 3pa3KiB canporelr 3 ozepa CHHOBO (canpornellb opraHidHH).

Biibdip npod canponeneBux NOKJIAMIB NpoBoAuBCea 3rigHo 3 [135], 3a
nonoMoroio Topd anoro oypa ThI'-66 (nmuB. puc. 3.1) v sumoruii nepioa. [Ipodn
BLADHpamicd B YOTHPBLOX TOYKax (MEPHeHIHKYIAPHO M0 JOBKHHH O03€pa Bl
Depera jno Oepera). Bianik cepeJiHbOro wapy camnponeiis novYMHalId 3 MOMEHTY
BXO/Y NpoOoBiA0IpHHKA ¥ BLIKIIAIH.

BusnaueHHs saraibHOT IHOMHM  BIAKIAAIB  CAllPONEI  [POBOJMIH 3
TouHicTio 0 0.5 M. ITig wac MoCHKEeHHBs BH3HAYMIM TAKOXK TIHMOHHY BOJIH,
3arajbHy IITHOHHY BIIKIAIIB carponento (B MOABH IEJ0I€HY 10 MIHEPalLHOIO
nHa). To4HICTE po3nOAUTY WIAPIB BOOH, MENOTEHY 1 OCHOBHOTO MAaCHBY CallpOMENto
JOCATANIACE BHKOPHCTAHHAM NMpodoRiaAdIpHHKa (IHB. pHc. 3.2).

Hoeuuk Oypa 3aHYpPHOBAIIM Y BLIAKPHTOMY CTAHI HA BCTAHOBIIEHY INIMOHHY.
[Ticns BCTAHOBIEGHHS BIAMITKH MOYATKY MOKI4TIB CEPE/IHBOIO 1IAPY, MOBEPTAKYH
PYUYKY 33 IOJMHHHKOBOK CTpUIKOK Ha [80°, 3akpuBany 4OBHHK 1 BHTATYBAIH 3
BIAKIAZIB OYp, MICIAA 4OT0 TOPH3OHTANEHO PO3MILIYBAIH Oyp. BIAKPHBAIH HOTro Ta
HabHpanH B NPOHYMEPOBaHI CTakaHYWKH 1 3aKpHBallM KpHUIKaMH. B oaHil
JOCTIAKYBAHIH TOYI 3 KOMKHOT ITHOHHM BIIOHPATH TUILKH OJIHY NIpody.

IMakeT 13 npobamMu 3B A3YBAIIM MINATATOM, YACTHHY TMAKETa BHIIC 3B A3KH
NepeKkpyyuyBalIn, TMEperHHany 1 3B’a3yBand  morTopHo. [lpm  momBTOpHOMY
3aB’A3YBaHHI BKIIAZa/IH KEeTOH 3 HOMEpPOM.

[Ipodu cknagamH B ALMKH pAlaMH BIAMOBIIHO 10 vepry Biadopy. Ha koxHy
npoldy CcKlajand BIIOMICTE Ja00OpaTOpHMX aHAN31IB, fKa paszoM BLIOIPHHMH

npobamMu BIANpaBIgaIack B nadbopatopin,



Bi10ip npod piakoi ¢aszu: BOJAH 1 HEJIOIeHY — HPOBOJAKIIN 3 BHKOPHCTAHHAM
npoboBOIpHHKa, 300paxkenoro wWa puc. 3.3, AKHH ONYCKaIH B TOKIAIH 3
BHKOPHCTAHHAM MOA0BKYBava 5. Ha Bu3HadyeH1d rinubHHI 3a JONIOMOT0K MOTY3IKH
9 BiOKpHBaIH KiamaH & 1A 3pIBHKOBAHHA THCKIE vV TpoOOBIADIPHHKY 1 B
noknagax. Konw THCKH 3pIBHIOBAIIMCE, MOTY3KOK 9, AKa Tako}K KPINUThBCA 1 [0
Kiteus 12, BUIKPpHBAIM KPHUIUKY 3, CTHCKAOUM LIPH LUBOMY HpyKHHY 6. [licis
HaboOpy BOJIH, TICJOTEHY MOTY3KY 9 BiZimyckanu 1 kinanan 8, KpHIika 3 BIJIMOBITHO
mia aicto npyxua 6 1 10 3akpupamick. 3aBngaky yuiasHoRaqy |1 3abesnevyranachk
HeoOXIIHA TepMeTHYHICTh. JUIA IOKpallaHHA 3aHypeHHS poOoBIIOIpHHKA B

[ea0reH BCTAHOBIKOBAIH BaHTaxk 7.

3.4. MeroanKka BH3HAYECHHA BOJIOTOCTI canponesin

JIns BH3HAYEHHA BOJOTOCTI CANPONENH) BHKOPHCTORYBAIH TPHIALNW Ta o0NaaHaHHA, AKI
onucadi B 1. 3.2, 3araneHHil BHTIEI BHKOPHCTAHWX TIPHIATIB Ta oDIaJIHaAHHA MOKa3aHo Ha
puc. 3.4.

BiniOpanuii 3pazok canponen Macow 5—6 I 3acHNalH B ATIOMIHIER] DHOKCH, NMONEpeIHBO
HPOCYLISHT 1 NPOTAPOBAHI, JAKPHBAIM 1X HAKPHBKOK 1 BAXKH/IH HA TCXHIYMHHUX Barax 3
TounicTio mo 0,01 r. ITicia uporo BIAKpHTI OMOKCH Tomimanu vy Harpity mo 100+5 C
CylMIbHY  mwady.  CYIIHHA  calupolen  NpOoBOAMIH 10  [HOCTIHHOT  Bard, sHKa
BCTAHORIIORANIACE TEPIDIHYHHM 3IBAKYBAHHAM: TIEpUIE IRAMYBAHHA NPOROIHAM vepes 2
TOAHHHA, APYTe 1 HacTynHl — 9epes | roguny. Ilepen KoAHEM 3BAKYBAHHAM OIOKCH, BHHHATI
17 cymmasHOT Wwadgu, noMIillaTH B CKCHKATOP 1A OXOI0ACHHA /10 KIMHATHOT TEMIICPATYPH.
SKIO pizHUIE B Maci He meperHiyrana 1 % Ril MAcH MOYATKOROT HARAKKH — HOCTIIKEHHA
HPHITHHAIIH.

,HJIH BH3HA4YeHHA BOJOTOCTI Canponceikn  BHREOPHCTOBVBAIIACE  TaKa

3ACHHICTE:

m_—m

W= ~-100%, (3.1)

m

7

ne W — sonoricts canponento, %o;

My — MAaca HABAKKH BOJIOTOTO CATTpoTenio, T,

M. — Maca Ticl K HaBaKKHM CAMpOTICITO MICIs BUCYITYBAHHA, T.
HDEHiMEHHH IPpOBOIAHIH OJHOYACHO I TPhOX HABAAOK, d 34 OCTATOYHHIA

pe3yIbTaT NpHiManu iX cepeHe apu(pMeTHIHE 3HAYSHHS.



3.5. Meroauka 10caiuKeHHs KiHeTHKH Npouecy cYIlinug canponeiiw

Hnsa  pocimpkeHHs — KIHETHKH — TIpOLECY  CYIUIHHA — CalpoIek
BHKOPHCTOBYBAIH JTa00OPaTOPHY CYIIHIBHY YCTAaHOBKY, KOHCTPYKIIIA AKOI OIMCAHA
B 1. 3.2, a cxemMa AKO1 HaBe/leHa, BUIMOBIIHO, Ha pHC. 3.6, 3riIHO 3 MeTOMKH [21].

3.5.1. MeTojauka npoBeJleHHA JOCHIJKEHHA Ta nNodOyIoBH
KPHBHX CYMIHHA canponenio. BiadupaioTs HABAKKY CAnponemo Macomo
3042 r y monepeaHb0 OYMINEHI, BUCYIICHI 1 TIPOTApOBaHl OIOKCH Ta 3aKpPHBAIOTh
HaKkpHBKaMH. BMHKaceM0 KOHBEeKTHBHY JaDOpaToOpHY YCTAHOBKY. 3allycK
nadopaTopHOl YCTAHOBKH NMOYHHAETHCH 3 BBIMKHEHHS BEHTUIIATOpA, a dyepe3 1- 2
XB. HAIrpIBAJILHUX ejieMeHTIB., JIJIs BCTAHOBIIKEMO TEMIIEPATYPY CYIIHILHOIO
arenta y Kamepi (Bianosigno 100, 150 ta 200°C) £5°C i miarpumyemo ii npoTarom
20 xB 115 BCTAHOBICHHSA TEIUIOBO] p1BHOBArH. I1icid BOTO 3HIMAEMO HAKPHBKY ¥
DROKCI Ta NOMILAEMO DIOKC ¥V CYLIMIIBHY KaMepy Ha aTdopMy eNeKTPUYHHX Bar.
[lix wac pocnixkeHHi (iKcyBalIH Macy campolleny 3 IHTEpBaloM Yacy 5 XB.
Pesynwratu JIOCIIAEHB 3AHOCHIIH ¥ tabinuw. Jlocm [IPHITMHAIM Y BHIIAJKY,
KOIIH [MPOTATOM
4 — 6 yacoBMX IHTEPBANIB MOKa3H Bar Oyau HesMinouMu. Ilicna sakindeHms
TOCIIDKEHHA BHKIHOYaNH Kanopudep Ta BeHTHIATOP. BukopucToByHOHYH
jajleHICTE 3.1 Ta OTpHUMaHl daHl IIpolecy CYIIIHHA BH3HAYAlIH BOJIOIOCTI

canponesnto. 3a OTPUHMaHHUMH JJaHuMHK, Oy1yBanu kpuel cyunaus W = f(1). 1o oci

abcuuc y MaciTadl BIAKIAAIH TPHBATICTE T NPOLECY CYILIHHA, & [0 0C1 OpAHHAT
— BOJIOTICTE camponienio W, vy BijcoTkax. EXcepuMenTa bil TOUKH 3 €IHYBAIH
[IJIABHOM JIHICID, KA | € KPHBOK CYIIIHHA.

3.5.2. MeTtoauka npoBeJeHHA JOCHiJAKeHHA Ta NOoOYAOBH
TeMIepaTypHUX kKpueux. Hapaxky canponento macow 3042 r Bigdupaemo
Yy amoMIHIEBT  OIOKCH [ONEPEIHBO  OYMINEH], BHCYIUEHI, NpOTApoBaHl Ta
3aKpHBACMO  KpPHIIKaMH. 3anyck JadopaTopHOl  YCTAHOBKH — NOYHHACTHCA
VBIMKHEHHAM  BeHTHIATOpa, a 4epe3 1-2 XB. HarpiBaJbHMX  €JIEMEHTIB.

BeranosmoeMo TeMnepaTypy cylmimiabHOro aredTa y kamepi 100°C i niarpumyemo



i1 nporaroM 20 XB U1 BCTAHOBJIEHHS TEIUIOBOT PIBHOBAIH. 3HIMAEMO HAKPHBKY 3
OroKca 13 HABAXKKOIO CANMPONENi0 Ta BCTAHOBIIOEMO Y CampoIels TEpMOTapy
HH(ppororo BuMiproeaya temreparypu. Ilicns usoro gandil DHOKC 13 canpornenem
OOMIIAEMO YV CYIIHIBHY Kamepy. Ilporarom mnpoBefeHHA IOCTIKEHHA
TeMIIEPATYPy V CYIIHIBHIH Kamepi migrpumyemo B mexkax 100 +5°C. dikcyemo
MoKasd uHdpPoBOro BUMIPIOBAYA TEMIICPATYPH 3aJICHKHO BiJl TPHBAIOCTI MpoLecy
CYHIINHHA TA 3aITHCYEMO Y 3BITHY TabIHINO.

JocmiKeHHS MPOROIHIN JIIA TPHOX TEMIEPATYPHHX PCAKHMIR, BIIMORBIIHO,
100, 200 ta 300 +5°C i3 TpHPa30BOIO MOBTOPHICTIO.

Ha ocHOB1 OTpUMaHHX JaHHX, OVAVEMO TeMIIepaTypHI KpHBI, AKI ABIAHOTH
COD0I0 3AIEKHICTE TEMIIEPATYPH CAITPOIEIII Y IPOLIEC] CYUITHHSA BIJI TPHBAIOCTI

cyuniHuA ' = f(t). [lo oci opayHaT BiAKIanaEMO TEMIIEPATYPY, a Mo oci abeuuc —

TPHBATICTE Jocmiay. HaneceHl TOUKH eKCepHMEHTATRHHX JaHHX 3 ¢IHYEMO
TIABHOIO JIHICI0,

3.5.3. Ilobynmosa kKpuHBOl wmWBHAKOCTI cymwinag. Kpuea
IIBH/IKOCTI CYIITHHA Marepiany OyIVEThCH METO/10M rpathiuHOro
nudepeHiitoBanig. BiaMiuaemMo Ha KpHMBIH CYIIIHHA JICKUIBKA TOYOK, JUIS SKHX
BH3HAYACMO IIBHAKOCTI CYIIIHHA, 3 KOJKHOI TOYKH TPOBOIMMO JOTHIHY 10 KPHBOI
C'}"T_UiHHH | BH3HAYAEMO TaHTCHC K¥Tad HaxXHITY MK JIOTHYHOIO Ta FOPpH30HTAIITHY
MPOBEIEHOIO Yepes JIaHy TOUKY.

TaHreHcH KyTIB HAXMIIY MAKThL PO3MIPHICTE Yo / X6 1 HOKA3VIOTE IBHJIKICTh
3MIHH  BOJOFOCTI  Mareplanry 3a  OJMHULW  dacy. BusHauaeMo  3HaueHHS

MIBHKOCTEH CYHIIHHA Canporneno y 3aJlaiux  Todkax. 3a OTPHMaHHMH

JHAYEHHAMMH OyayeMo rpadiuny  3a/leKHICTh a:f—w= F(W), saka sinobpamxae
T

XapaKTep IHTEHCHBHOCTI BHAANCHHSA BOJTOTH 13 CANPONETIO,
Hocmia npoBoauan IS TPHOX TEMIIEPATYPHHX PEHUMIB, BIIAMOBIAHO — 100,

150 Ta 200°C i3 TpHpPa30BOK MOBTOPHICTIO.



3.6. MeToauka q1oc/iKeHHA TEPMOJAHHAMIYHHX Ta BOJOI0 00MiHHHX

BJACTHBOCTCH canpomnenam

Jlnst nipoBeieHHs A0Ciy BiAOHPaIM HABAKKH OPraHIvHOrO carporneto
Macor 10 11 Bonorictio 94 %, srigHo Metoauku [73]. 3pa3ok noMin@aeMo Ha JHO
KroBeTH. Jlam KioseTa 3 JOCIIHAM 3pa3KoM MOMIMAEThLCA ¥ OapoTepMocTar 1
NPOROIMTECA CYINIHHA Y MOTpIOHOMY peskuMi. [Ticns mocmiay mpoRoanuTRCA
00poDKa KIHETHYHHX KPHBHX Ta PO3PaX0BYIOTECH BIANIOBIIHI XapaKTePHCTHKH
MaTepiais.

3.6.1. Pexum rtepmorpamu (TI'). [lpu cymiHHi 3pazka y pexuMi
TT" na crpium notenmomerpa KITC — 4 ogHovacHo 11e 3amiuc KpHEOT TeMIepaTypH
3pazka abo Tepmorpamu cywiHHA (7= f(T)) 1 KpHBOI 3MEHIIEHHA MacH ado
KpuBoi cyuriuus (w= f(t)). Ha tepmorpamMi BHAUIHIOTE KPHTHYHI TOUKH, 110 4acy
CYLIIHHA 1 BOJIOFOBMICTY MaTepiajly, KOTPl BIANOBLIAKTE IPAHULAM IEPIOIIB
BHJIAJICHHS BOJIOI'H 3 MaTeplally 1111 YaC 3HEBO/HEHHS 3 JIMCIEPCHOIO TUIA, PI3HUX
chopM  BosOrM 1 BHIB  3B7A3KY. [IpoekTyiouM BHAUIEH] KPHUTHYHI  TOYKH
TEpMOTpPAMH Ha KPHBY CYIIIHHSA, BH3HAYAKOTE KUILKICTR BOJIOTH, BIIIOBLIHO M0
p13HUX ¢dopMm 1 BHIIB 3B 43Ky. Bosoroemict mareplany BH3HAYalIW 3rIIHO 3
MEeTOIHKO 1. 3.3.

3.6.2. Pexum eneprorpamu (EI'). llpu cywinni 3paska y pesmumi
EI' Ha crpium KIIC — 4 penerscd 3amuc kpHBol cTpymy [ = f(1) y Harpieadi,
AKHI KOMIIEHCYE TETJIo, 10 3aTpavacThCAd HA BHIAPOBYBAHHSA BOJIOTH, 1 KPHBOI
3MEHIUEHHS MacH (KpHBOT cyuwnHas w= f(1)). [licus pociniay 3 KpHBOT Crpymy
pPO3pPaxXOBYETBCA 3MiHA TOTY/KHOCTI Harpigaya y TMpollect Jochiay, a 3 KpHBOI
CYIIHHA - Tpad@iuaum ado YHcelnbHO JHdepeHiioraHHM crocoOOM BH3HAYAETHCA

IBHIKICTE CYUNHHA. [[dTOMa Teriora BHIApOBYBaHHA +(T) pPO3pPaxoBYEThCA

3rIHO 3aJIEKHOCTI:



IR
r(t)=——. (3.2)

dt
ne [ - cuma cTpyMy y Harpieadi, A;

R - omip Harpieada, OmM;

dm (1) . :
— IBH/IKICTh CYILIHHSA, KIV/TO/L.
T

34 OTPHMAHHMMH 3HAYCHHAMH Oyjayerscs 3anexHicts r= f(t1). [lobdynosa

CHEProrpaMi 3BOIOHTBCH OO0 BH3IHAYCHHA MHUTOMOT TEIIOTH MapoyYTBOPCHHA T4

KOMKHOK 3 BHIB BOJIOTH.

3.7. MeToauka npoBeA¢HHA 3HEBOAHCHHA CANIPOINETI0 MeXaHiYHHM

cnocodoM y J1adopaTOpHHX yMoOBaX

AHami3 miTepaTypHHX JKepel BKasye Ha Te, W0 VY calponen MpHCYTHA
I'E-EllIi.]IHpHE!. BOJIOTA. GETHHHH — e HAHMEHIN EHIE[']I'ETH'-]HD 3BjHHEHﬂ BOJIOrd, #KA
YTPUMYETBCA B MATEPlayl MEXaHIYHO 3aBJSKH HOro MOPHCTIH  CTPYKTYPI.
Cnabo3r’a3aHa BOJOTA BIUIUIACTRCA MEXaHIMHOIO ICHO HA MaTepian, 30KpeMa
NpUKIaJeHHAM HaBaHTaXkKeHHA. Bil 3HaueHHA MPHUKIAJEHOTO HABAaHTAKEHHA Ta
TPHBAJIOCTI HOTO M1 3aJIeKUTh KIILKICTE BOJIOTH, SKa BIILIAECTECA Y IIPOLIEC.

JlocnijpkeHHs npoLecy 3HEBO/JHEHHS CAlPOIE/I MEXaHIYHHM CrocoOoM
MPOROIAMH, BUKOPHCTOBYIOUM KommpeciiHo-hinsTpauiinuii npunaxy KITP 1 PD
(puc. 3.7) 1 (ukTpyBaneHHi  Mateplan. ns  nocmKeHb BHKOPHCTOBYBAIIH
OpraHivHHH THII CAMPOIETH 3 MOYaTKOBOK BIAHOCHOK BOJOTICTH 94%.

[lepen npoeeleHHAM €KCIIEPHMEHTY TIPUIIALL 34 JOMTOMOTOK PEryIHOBaIEHHX
FBHHTIB BCTAHOBIIHOBAIH Y TFOPH30OHTAWIBHE TTOJIOHCHHA. HE[E-E}{{[{}" CallpoIciik
100+£2r momimanu v GIIETPYBANEHHMI MaTEpIay Ta 3aBAHTAKYBAIM Yy podoue
KifBIle oJoMeTpa KoMmmpeciiino-dineTpamiitnoro npunany KITP 1 PO, TTix wac
TOCIIKEHHA TIPHKIaJeHe HaBaHTaKeHHA Ha callporiellk 3MIHIOBAIOCE B MOPAIKY
3pOCTaHHA 1 cTaHOBRHIO Bianoriauo 5.7; 71; 136 ta 201,8 klla. Haganrtaxenus

PEryIBalId 3a TOINOMOTOHY BaKIIBHOTO MEKHHiZM}-’ MITAXOM HAKITAIdHHA T'HP Ha



niaarhopMy HABAHTAKYBAILHOT miABICKH. lIpH UbOMY TPHBAIICTL NPHKIIAIEHHS
nasanTtaxkenns cranmosmwaa 10, 60, 120, 180 Ta 240 c. TTicna nepedysanna
CAarnporeI MiJl HaBAHTaKCHHAM IPOBOMIIN 3BaXKYBAHHA 3paska, a pe3ylbTaTH
3AHOCHIIH 10 3BITHOI Ta0mMuLl. JJocoian NpoBOIHIH 13 TPHPAZ0BOK TTOBTOPHICTH.
Bonoricte BH3HAYanIM npuinagoM 3rigHo 3 Meroaukow 1. 3.4, Ha ocHosi
OTPUMAHHX PE3VIbTaTiB OyJayBany rpadiudl 3ale#KHOCT] 3MIHH BOJOTIOBMICTY

Marepiany w= f(t) Bijl Hacy NpHUKIalaHHA HABAHTAKEHHS.

3.8. MeToHKAa 3HEBOAHEHHS CANIPOIIEIH copOuicto

Jlocnijn npoBojuiad 3a JonoMorow odiajHaHHA, ondcaHoro B 1. 3.2,
Ozepuuii canponens 3 Bonorictio 94 % 1 macoio nasaxku 200 r (HaBaHTa)yBAIH Y
CreniaabHy mocyauny), Harpipaan y CBY-kamepi npotarom 3, 6, 9 XB. 3MIHIOIOYH
NpH 1LOMY TIOTYVKHICTE V Mekax 255, 425 ta 595 Br. Jdam mnocyauny 3
MaTeplajioM IepeBepTald J0ropH JHOM 1 NpHKIaJam 10 copOuiifHoro Matepiamy.
Uepes BH3HAYEHl [POMIKKH 4acy [POBOJIMIIM  3BAKYBAHHI Marepiajly Ta
BH3HAYEHHS BOJIOrOCTI  Canponen 3riaHo 3 mertoavkow 1. 3.4, Jam

EKCIICPHMEHTY 3aHOCHIIH JI0 3RITHOI TaOJIMIIl ¥ TPHKPATHIH IMOBTOPHOCTI.

3.9. MeToaHKa 10C]i/KeHb 3HEBOJHEHHS CAIIPOIIEI ¥ TBHHTOBOMY Hpeci
TA  JoCHiKens  copOuiiiHOro  3HEBOAHEHHS  camnponemio i3
3aCTOCYBAHHAM

MATEMATHYHOIO METOAY IINTAHYEAHHH €KCIIEPHMEHTY

KOHCTPYETHBHI Ta KIHEMaTHYHI MapaMeTpH TBHHTOBOTO Tpeca MawThk 3HAYHHH BIUTHE Ha
BIZIUIEHHA BOINOTH 3 O3€PHHX canponenie. AHan3: pe3viIsTATIE EKCNEPHMEHTATBHHX
MOCTIKeHs 3HCBOIHEHHA O3CPHHX CAMPOTENiB MeXaHIYHHM crocobOM v CTallioHapHHX
YMOBAX [I0KA34aB, 110 HA IHTEHCHBHICTE ULOIO [POLECY 3HAYMHHE BIUIME MawTh CHIA
NpeCyBaHHA, 110 ¥ CROK HMCPry OC3NOCCPEIHBO 3ATCHATH BIJ KOHCTPYKTHBHHX mapaMeTpi
obnagnanug. Lle Takox Oymo OoBedeHO M7 Yac TEOPETHYHHX OCIHU#CHL. lako# Ha
KUIBKICTE BIJUIUIEHHS BOJOTM 3 O3€PHOrO CAnponentd Oyae BIAHBATH HOTO TNOMATKOBA
B{JJ'I'DTi'CT[-. LI'S CTallo OCHOBHORKY TMPHYHHOHY BHEOPHCTAHHH B ﬂﬂﬁﬂiﬂ}REHHHK MIaHYRaHHA
EKCHEPUMENHTY 3a YOTHPMA (hakTOpaMH.



3rigno 3 [80, 85] nocraHoBka NOBHO(AKTOPHOIO €KCIEPUMEHTY BHMArae
nposeneHas N mociiis:

N=m", (3.3)
1€ m — KUIBKICTh PIBHIB JIOCIKEHHA;
k — KUIBKICTE (DaKTOPIBR ¥ CepIl J0CTIIKEHE.

ITporeneHHA MOBHOMAKTOPHOTO EKCIIEPUMEHTY 3a HOTHpMa (pakTopaMH Ha
TPOX PIBHAX BHMarae nposedeHHsa 81 nocnigy. BpaxoByrodd TpyIOMICTKICTE
JOCHIIB, BAXIMBO OYIIQ 3MEHLIMTH TX KUIBKICTh /10 ONTHMAJILHO HE0DX1JAHOIO.
[{ro sagauy A03BOMAIOTE PO3B A3ATH CYYacH! METOJH IUTAHYBAHHA €KCIIEPHMEHTY,
1110 BK/IKYAKTE perpeciiiHui anams [835].

Jnda BCTaHOBNEHHA I1HTEHCHBHOCTI BIAOUIEHHA BOOH 3 O3EPHOTO
canpornesnto, BHOpaHo Taki (akTopH HOTo MoYaTKoBa BOJIOTICTh, KPOK TBHHTA,
yacTora obepraHHs I'BHHTA Ta KyTa HaxXWwily [IPUCTPOK) 10 T'OPH30HTY OyIi1o
BHKOPHCTAHO CHMETPHYHHH HEKOMNO3HINIHHKH 1man bokca-benkina apyroro
nopaaky. Jng peamsamil 4oTHPH(AKTOPHOTO EKCTIEPHMEHTY 3a UMM IUIaHOM
HeoOXIJIHO npoBecTH 27 10CIIIIE.

IlnanyeanHs ekcriepuMeHTalbHOT pobOTH Nependayano HACTYITHI eTaIH:

- KOJIyBaHHSA (hakTopis;

- CKJa1anna Tabnuin (pakTopis 1 pIBHIBE BAPIHOBAHHA,

- CKJIaJJaHHA MaTPHIIl MIaHYBAHHA,

- peanizaiig riaHy eKCIepUMEHTY 3TJIHO 3 MATPHIICIO TIJIaHYBAHHA,

- BU3HAYEHHA Koe(ILIEHTIR PIRHAHHA perpecii;

- CKJIA/IaHHA PIBHAHHSA perpecii;

- NepeBIpKa aJICKBATHOCTI OTPUMAHOT MaTEMATHYHOT MOJIEI Y BHIIA/II
PIBHAHHA perpecii;

- PO3KOAYBAHHA (PAKTOPIB.

ITpu cknaganni Tabmuui gakTopie i pieHiE BapitoBaHHA (aAuB. Tadn.3.1)
BPAXOBYBAIIM PE3YJILTATH MONEPEIHIX JOCHKEHb Ta iHDOPMALLIIO, OTPHMAHY 3

mitepatypuux ukepes. [lnan bokca-benkina pospaxosanuii Ha BHKOPUCTaHHA



TPLOX PIBHIB /I KOKHOI'O (hakTopa - BepxHboro (+1), ocHorHOro (0) 1 HHAKHBOIO

(-1).

Crnioyarky KoayBaaud (pakTOpH I8 NEePeBe/IcHHA HaTypalbHUX (pakTopIB ¥

De3p0o3MIpHI BeTHYHHH. 3B'A30K MK KOJOBAHHMH 1 HATYPaJIbHUMH 3HAYEHHAMH

(1)3[{1"[}]]1]3 BCTAHOBITHOBABCH 3aJICHKHOCTAME.

- - . 3.4
X, = XL = Xy = » Xy . (3.4)

ae I‘i’"ﬂ ,lu,ﬂ;ﬂ 00y~ 3HAUCHHS (hakTOpIB Ha OCHOBHOMY PIBHI BIJUMOBI/THO

MOYaTKOBOT BOJIOTOCTI O3€PHOTO CAMPOTET), KPOKY TRHHTA, YaCTOTH 00epTaHHA
BHHTOBOTO po00v0oro opraia, Kyra HaXMIy MPHCTPOIO 10 TOPH30HTY;

El . -'E,‘.2 ’EE': ,84 IHTEpRAN BaplioBaHHA (aKTopa.

Jlocni/pKeHHA NPOROAMAH, BHKOPHCTOBRYIOMH MATPHIK TNIAHYBAHHA €KCMEPHMEHTY, ¥
PO3KOI0BAHOMY BHTTIAL MATPHIIA IUTAHYBAHHA CKCTICPHMEHTY NpeIcTaBlicHa y 1o, A.

dyHKLIA BIATYKY Vv (Maca BiAguIeHol Boau) B obimacti (akTopHOro

[IPOCTOPY € HEMHIHHOK, TOMY I10JIaHa ¥ BHIILAIAI PIBHAHHA perpecii
y=b +bx,+b,x,+bx,+bx,+b xx,+b xx,+

?
+.bl XX, ++b23x2x3 +£72 XX, +ba XX, +b1 X+ (9

2 2 2
+b22x2 +f)33;:;:3 +b44x4.

Koe(iuienTH perpecii BU3HAYaeMO 3a METOAHKOR [85].

Hogipul iHTEepBAIM OLIHOK Koe(iuleHTIB perpecil 3HaxoIuMo 3a hopMyIoLo:

A, =l S, . (3.6)
I o S

ne fﬂ_ [ kpuTepiid CTerofeHTa 1IpH BHOpaHii goeip4iil iiMoeipHocTl O Ta

k. '|

YHCI CTYIIEHIB BITBHOCTI _}(1;

S

B cepeHBOKBAIPATHYH] MOMHJIKH OLIHOK KOe(ILUieHTIB perpecii.
i



KoediuienTu perpecii BRAKAKTLCH 3HAYYIIHMH, SKILO BHKOHYETHCH YMOBA!

bi‘zﬁbf_. (3.7)

Ileperipka agekBaTHOCTI MOJENl MPOBOIHTBCA 3a F -Kputepiem Dimepa.

Moro pozpaxyHKoBe 3HaUE€HHA BU3HAYAETHCA 32 (DOPMYIIOH0

SZ
B == (3.8)
y
2 . .
il L SHE{]’{'}. ﬂHCH‘:PClH HCAICKBATHOCTI.

SZ

¥

JUCTIEPCis J0CITITY.

Hucno cTyneHiB BUIBHOCTI:
f,=N-k'-1, (3.9)

ae k' —ancno IHAYYIINX KOe(IIICHTIB PIBHAHHA PETpecii.

BenuunHa SZ JOPIBHIOE
Heao.

0

SS
§? =——uead (3.10)
Heao. f
2
OCKUTBKH OJHH JOCTILA ¥ UEHTP1 NJIaHy TpH4l JyONKeThea, cyMa KBaJpaTiB

SS BH3IHAYAETRCA 3a (hOpPMVITORD
Hedao. (popmy

_ 24 - ’
SSHEHE}. - Hc:r(yﬂpﬂ;ap. - yg)z + HEl(yupmp. _yue‘.‘-.“l:'ﬂ.) . (3.11)

eV — PO3PAXYHKOBE 3HAYEHHA BIJANYKY JOCIIY B LICHTPI IUIAHY;
opasp.
— PO3PAXVHKOBE 3HAYEHHA BUIIVKY B W —MV JlocIi;
Yuposp.” PO3PAXY YKY y ,
yuem? — CepelHE eKclIepHMeHTallbHe 3HAYeHHA BIATYKY B U —My Jociiil.

M{],EI,E:J'[E. BBAWAECTBCH AJJCKBATHOR), AKINO BHKOHYCTLCH HE]’JiEHiET]:.:



JPosp- < [rmaba. (3.12)

ne F MaoN._ 1a6myune smavenns F - KPUTEpIK s BHOpAHOTO pIBHA
3JHAYYIOCTI.

3anponoHoBaHa METOIMKA NPOBEICHHS EKCIMEPUMEHTY 3a N1aHoM bokca-
benkiHa q03B0NAEC OTPHUMATH MAaTEMATHYHY MO/I€/Ib IHTEHCHBHOCTI BIIILICHHA
BOJIOI'H Y BHITISA/I PIBHAHHS perpecii, yHKIIEH BIANYKY AKOTO € Maca BHLIEHOT
BO/IH.

AHani3 pIBHAHHA perpecii Jae 3MOry OUIHHTH BIUTHB Ha 3MIHY MacH

BIUILIEHOT BOIH TAKHX (paKTOPIB, AK MOYATKOBA BOJIOTICTE CANPOTIENIO, KPOK
TBHHTA, KYT HAXHIY JiHIT TBHHTA 0 TOPH30HTY, 4acTOTa 00CPTaHHA TBHHTOROTO
pobodoro opraHa.

Marpuius nnaHyBaHHA 4O0THPHGDAKTOPHOIO E€KCIEPHUMEHTY Ta ILIaHYBaHHA

EKCIEePHMEHTY 3 COpOLIHHOTO 3HEBOAHEHHA HaBeleHl ¥ 10/1. b.

3.10 Meroauka BH3HAYEHHH €HEPro3aTpaT HA BHKOHAHHS onepauii

JHCBOOAHCHHH O3CPHHX canpo neaie

JocnpKeHHs  npouecy  MeXaHiuHOI'O  3HEBOJHEHHS  Calpolell  y
FEMHTOBOMY IPecl NPOBOJMIN HACTYIMHHUMH YuHOM. O3epHMI canponeib Macow
235 Kr 3@aBaHTAKYBAIH ¥V 3aBAHTAKYBATLHY TOPIOBHHY NIPHCTPO (JIHE. puc. 3.11).
BMHKaIIH MPHCTPIH 1 Yepe3 KOoXKHI 2 XB BLAOMpand HaBaxkky canponento. Ilpu
UBOMY 33 J0MOMOTOK MTPHCTPOK BUMipoBalbHOTO KoMIutekTy K 200 3anucyBanu
[OKa3W 3aTpar elekrTpoeHeprii. [ns koxHOT 3 HaBaKOK BH3HAYAIH BOJOTICTH
sriaHo 3 11 3.4, OTpuMaHl 3HAYEHHA BOJIOIOCTI Ta €HEprosarpar 3alMcyBalu y
3BITHY TAOIHINIO,

Hna BH3HAYEHHA eHepro3arpar I 4ac HarpiBaHHA CTPYMaMH BHCOKOI
4acTOTH OpaZi HaBa)KKH canporielto pizHol BolorocTi Bij nodatkosoi 70...94%,
NOMILAIM Y CHellialbHy IMOCYAMHY 1 Harpisamd Jo Temmepatypu 90°C.
Eneprosarpari Ha HarPIBAHHA O3€PHUX CANIPOIIENIB BH3HAYAIM 3 (hOPMYIIH

E =P, (3.13)

(oL

ne P — noryxuicts CBY-mkepena, Br;



T - TPUBANICThL HAIPIBAHHA, C.

Osepmi canporient nmovatkoroi BosorocTl 94 % naBaHTakKyBamW Ha CTPIYKY
Tpancnoprepa. Ilicna pyxy mo TpaHCHOpTepy Mareplan MNoTparvise y 30MpHY
MOCYIHHY. 3 MeTOH JOCATHEHHA IJiBHH?[ 3JHa4Y€Hb BOJOTOCTI 3HEBOJHEHOTO
Marepiaiy, HOro MOBTOPHO 3aBaHTAXKYBAJIH HA TPAHCIIOPTEP JAOTH, TTOKH BOJIOTICTh
Marteplany He jgocarHe zHadeHusa 70%. Bojoricts canporielnlis BU3HAYAIM 3I1HO
METOMHKH 11. 3.4,

Po3spaxyHok cHeprozaTpaT mNpH 3HCBOIHCHHI Camnponerno copOmiiHum
croco0oM IIPOBOIHIN HACTYIIHHM YHHOM. BoHH GVIyTh CKIaJaTHCh i3 BHTpaT Ha

NPUBIA JIBOX CTPIMKOBHX TpaHcmopTepie £ 13 BpaxyBaHHAM J0JaTKOBHMX

Tl

ocoOaHBOCTEH copOuiiiHoro npouecy £, -

E;'rr;.lﬁ = 21 E.':h'p + Er.lm.l i} (3‘ I4}
Tak, 3aTpaTi eHeprii Ha MPHBIA TPaHCTIOPTEPA BH3HAYAKOTHCA:
c,-W- L
T e — (3 A5
: 360 )

ne W — npoJyKTHBHICTh TpaHCIOpTEepa;
¢, — Y3aralbHEHHIH Koe(llIEHT OMopy;
L — WIISAX TPAHCTIOPTYBAHHSA, M.
[IpakTHuHO Yy BCIX BHNAAKAX MPOBECHHSA JIOCHKEHE [TOBTOPHICTH
nociaymie craHoBmwaa 3 pasu. OO0poOITOK pe3yiasTaTIBE MPOBOMIIIH 33 HACTYITHOIO
CXEMOIO:

- CepcldHA KBadpaTHYHA MOXHOKa:

"

> (x-x,)

§ =4 ? (3.16)

- CepeHs KBapaTHYHA MOXHOKA CepeHBOTO apHIMETHYHOTO!

s,
5, = A; (3.17)

- Koe(uieHT Bapiamii:



=

-100%, (3.18)

- moxuOKa JOCHIay:

S S
—+| o/ 1 100% =+ P/ — 1 100% 3.19

- o04YHMCcIeHHSA  JOBIpYOTO  IHTEpBAJIY  MPOBOIIIH, KOPHCTYHOYHCH

NOBLAKOBHMH daHumu [130, 131, 140].



PO3/ILT 4
EKCHEPUMEHTAJILHI TA IABOPATOPHO-BUPOBHHUYI
JNOCHJIZKEHHS ONMEPAIIN ¥ MEXAHI3OBAHIN TEXHOJIOTIT
SHEBOJHEHHSI O3EPHHX CATIPOIEJIIB

4.1. KinerHka cyminus canpomneiio

CymiaHgs — 1e cKnaaHui (I3HKO-XIMIYHHI KOMIUICKC SBHIL 31 CBOIMH
0CODIHBOCTAMH, AKI BIAOVBAKOTBCA Y MaTeplall Ta HABKOJIO HBOTO. Y Mpolecl
CYIITHHA BHAAJIEHHS BOIIOTH 3 MaTeplary BiAOYVBAcThCs MUIXOM BHITAPOBYBAHHA i
Y HABKOJIMIIHE cepe/loBHile. BujajeHHs Ta NEpeMILIEHHA BOJIOIH Yy Mareplaln
CYTTEBO BIUTHBAE HA 3MIHY Horo BnacTHBocTei. XIJ JIAHOTO NPOLECY MOMKHA
NPOCTIAKYBATH 3 KIHCTHMHHX KPHBHX MaTeplaly. KPHBHX CYIIIHHA, IIBHIKOCTCH
CYIIIHHA Ta TeMIEpPaTypHHX KPHBHUX [ BHABIEHHA IHTEHCHBHOCTI BMJajIcHHA
BOJIOI'M 1 BCTAHOBIIGHHA MPHHAIEKHOCTI MaTepialry M0 TPYIH BOJOIHX TUI 3a
kinacugikaniero akajaemika 1LA, Pebdinaepa.

JocnpkeHHs  KIHETHKH  CYINIHHA  canponemo  Oyilo  NpoBeleHo  Ha
CHemiaakio BHTOTORJIEHIH IUPKYJIAMIAHIA YCTAHOBI 3rIHO 3 METOIHKOO
HageleHow Yy 1. 3.5. Jlnd ekcnepHMEHTY BHKOPHCTOBYBABCHA OpraHidHHIM
canpornens (Bonorictio 94%) 3 BepxXHbOro mapy (nenoreHy) 3 ozepa CepelHe
Bonuneskol obnacri. Jlocayy npoBojguiiM 3a PI3HHUX TEMIEpaTypax CyLHILHOIO
arerta (100, 150 ta 200°C) ans nopiBHAHHS BIUIMBY TEMIEPATYPH HA XapakTep
MPOTIKAHHA [TPOIIECY.

PesyneTaTi mocaiKeHHA Bl1oOpakeHl Ha puc. 4.1-4.4,

Sk A DaraThOX BOJIOTHX MareplaiiB, Tak 1 JUIA Canponen Ipolec
3HEBOJIHEHHA 3 MOMAAY KIHETHKH TMO/UETBCH Ha TPH IMepiojin — MporpiBaHHA,
MOCTIHHOT Ta Majaldol MIBHJIKOCTI cymnnaA. Taka noBemiHKa XapakTepHa s
OIMBIIOCTI KOMOITHUX KaMISapPHO-TIOPHCTHX MaTepiamig.

Y nepwomy nepioji, Ha KpuBIH cyunHas  ue  jguianka W, W,

CIOCTEPIracThcd HEPIBHOMIPHHMH  Mpollec CYIIHHA, [0 XapakTepH3yeThed



HE3HAYHUM  3HIKEHHAM  BOJIOIOCTI T4 PI3KHUM  3pPOCTAHHAM  TEMIIEpaTypH
marepiary. Moro TpuBamicTh 3anekKMTH HAcCAMIIEPE]] BiJ  TEMIEpaTypH
CYIMILHOro arelTa i cranoBuTh npu 100 C — 10 xe, npu 150 ta 200 C BignoeigHo
7 Ta 5xXB. Hesnadyna pi3HHIA [Oepilogy MOpOTrpiBY  BKaszye Ha  XOpoIny
TEMIIEPATYPOIPOBIAHICTE 03epHUX canporeris. Koiau KpHBa 3MiHH BOJOrOCTI

Had/ImKaeTbCA 0 mpAMoi mHil (T.W, - W, ), a TemneparypHa — 10 IpAMOi, 110

NPOXOJANTE TAPANTEIBLHO Ocl adcupc, MOYHHAETLCS TEPIO TMOCTIHHOT MIBHIKOCTI
CYIIIHHA. ¥ TIIEH TIEploj 3a CTalol TEMIEpaTypH Canporneni BIIOYBacTheA
HalllHTeHCHBHIIIE 3HEROJHEHHA Mareplany. Ha pisHHX TeMmepaTypHHX pekHMax
KUIBKICTE BHJIAJIEHOT BOJIOTH JUJIS JAaHOT JUIAHKH Pi3HA | HAa KiHElb JaHOro rnepioay
CTAHOBHTH 3a TeMieparypu cymuisHoro arenra 100° C — 82 %; 150° C — 80 %:
200° C — 66 %. BianoBigHo 1 TPHBAIICTE NMEPIOJIIB TAKOXK PI3HA, I8 BKA3aHHX

TeMIepaTyp cTaHoBHTE 130 xB, 75 xB, 30 XB.
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Puc. 4.1. Kpuel cyimiHHag Ta TeMmiepaTypHl KpHBI 3a  TeMIeparypu

cymnneHoro arenra £ =100"C.



W, %

TE,004

45,00

0,00

15,00

120

T.L'Ilu

Rl 1=/(7)

100

/ Ty r'*f"‘,.-"""

\\ w

\N W,

20 40 60 80 100
T, X6

Puc. 4.2. Kpupi cyuiiHHA Ta TeMneparypHi KpHBI 3a TeMIepaTypH

CYLIHIIBHOTO arenTa f = 150"C.
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Puc. 4.4. KpuB1 IBHAKOCT1 CYIIIHHA CATPOITEIIO,

CyTTeBa pI3HHIA B Hacl BHAAIECHHA BOJIOTH Y Meplofl MOCTIHHOT IIBHKOCTI
CYIITHHA BKA3YE HAa MOMJIMBICTE BHKOPHCTAHHA KOPOTKOT 1T TeMIepaTypd Ha
Marteplan, MpH 11LOMY THTEHCHBHICTB TPOLIECY BHJIANEHHS BOJM 3pocTac y 5 pas
npu 30IMBIICHHI TeMmmepaTypH y aBa pasd. OnTHMankHOK TeMTEpaTyporo
CYIIMILHOTO areHTa 3a SKoi BII0YBAEThLCA 3HCROIHCHHA CAIlPOTICTIO, BUKIIOYA0qH
neperpisaHus y KopoTkHil TepMin, € 200°C.

Hacrynuuii nepioji — ue nepioj najar4ol WBH/IKOCT] CYUIHHS, & BOJOIICTh
AKa PO3AUIAE JaHl MeplojIH, HasHBacTbea KpUTHYHOW (T. W, . nuB. puc. 4.1-4.3). ¥V
NaHHH Yac MPOXOAHTE CHA IIBHIAKOCTI CYINIHHA, 30UIBIICHHS TEMIICPATYPH BIJI
MOBEPXHI 10 CepeJArHH 00 eMy mareplany. KpHBa cyIIIHHA MOCTYIOBO 3aTyXae

(W, —W,), acuMnTOoTHYHO Ha0MMKAIOYHCE JI0 Hyna. Y 1eil mepiog cymuruns

B1IDYBAETLCA BHIAICHHA BOJIOIM, AKA MA€ HAHOUILIIMH €HEePreTHYHHH 3B 30K 3
MateplasoM. Takuii nepiloj XapakTepHHH 3HAYHOK TPHUBAIICTIO Td 3aTpaTaMu
eHeprii.

KiHeTHKY npoliecy CYIIIHHA MaTeplaly MOMKHA TAKO#XK IPOC/IIKYBaTH 3a

KPUBUMH IIBHAKOCTI CYLITHHA, SKI JO3BOJIAKTE BHABHTH IHTEHCHBHICTE 3HHKEHHA



BOJIOrOCTl 3 dacoM (JAMB. puc. 4.4). AHam3youu rpadiky WBHIKOCTEH CYLIIHHS
CaTpoNeNio OPraHiyHOTO THITY U PI3HHX TETUIOBHX PEKHMIB, MOMKHA 3po0HTH
BHCHOBOK, 10 BOHH aHAaIOrI4HI 3a (OPMOI 1 PI3HATBCA JIHIIE YHCJIOBHMH
JHAYCHHAMH. Y TMeploJ NporpiBaHHA Ta HA MOYaTKy 1-ro mepioay HIBHAKICTE
CYIIHHA pi3ko 3poctae. [le moscHweThCd THM, 110 IMOBEPXHEBI MIAPH MaTepiany
JOCTATHBO — 3BOJIOMKEHI 1 BHIAPOBYBAHHA  NPOXOJMTE  AHAJNOINYHO 10
BHIIAPORYBAHHA 13 3BOMOKEHOT NMOBEpXHI ado BUIBHOT NMOBEPXHI BOJH, 4 TAKOWK
IHTCHCHBHICTE  3OBHINMIHEOTO  BOJOTOOOMIHY HE  JIMITYETBCA  BHYTPIITHIM
BOJIOTOOOMIHOM.

3aTyXaHHs [poLEcyY CVIIIHHA T[0B A3aHe 31 3MEHIUCHHSAM IOBEPXHI
BHIIAPOBYBAHHA (Calpolelib JIa€ YCa/IKy), NOYATKOM BHIAJIEHHA BOJOIH 13
OUILIIMM EHEPreTHUYHHM 3B A3KOM 3 MarepiaioM. 31 301IbIICHHAM TeMIIEpaTypH
CYIIHIBHOTO areHTy DO4YHHACThCA IHTCHCHBHE BHIIAPOBYBAHHA BOJOTH Y
HABKOJIMIIIHE CEpPEe/IOBHILE, a BOJOra BHAAIAETBCA 3 BHVYTPILIHIX [IAPIB, 11O
CYIPOBOKYETHCS 3pOCTAHHAM TEMIIEPATYPHU CallpOIeNi.

XapakTepHUMH 03HAKAMH KIHETHKH CYIIIHHA € HAABHICTh KPHTHYHHUX TOYOK

Ha KpHBIH cylIiHHA. PosrngHemMo mepiny KpHTHYHY TOUKY (T. W) (nuB. puc.4.1-

4.3). Ii monoskenns BiANOBigac PIBHOBAaKHIH BOJOTrOCTI (OYATKY BHYTPINIHBOI
MUy31l), TOOTO KOJMH TEeMIEpaTypHHUH TPaaleHT BCEPEIHHI Canponeny pIBHHH
HYJIKO 1 TeMIlepaTypH MaTepially Ha IOBEpXHI Ta BcepeauHi pieHi. [lonoxkeHHs
BKA3aHOT TOYKH TAKOXK 3QJICHKHUThL BlJl PEHKHMY CYIIIHHA, 00 €My 1 BJIACTHBOCTEH
MaTepiany.

TakuM YWMHOM, CYTTERMH BIUIMB Ha CYIIIHHS CAMpONenio MalTh HOro
CTPYKTYPHI BIACTHBOCTI, AKlI € BH3HAYaJIBHHMH. Takl BIaCTHROCTI BIUIHBAIOTE HA
TEMJIO- Ta BONOTOOOMIH AK 3 HABKOJWIIHIM CepeloBHINEM, Tak 1 BCEpeIUHI
Marepiany. Takok 3HAYHMH BIUIMB HA TPOLEC 3HMAKEHHS BOJIOTOCTI CAlpOIenH
Mae TeMIeparypa CYIWIBHOIO areHta. ToMy OTpHMaHi  pe3yibTdaTH He
MO3BOMAIOTE OTHO3HAYHO BHOpaTH cmocid 1 3acid 3HEBOJHCHHS CarpoTIeio.
HeoOxi1qHo BCTAaHOBHTH (DOPMH 3B A3KY Ta €Heprii 3B A3KY BOJOTH 3 TBEPIOHD

(dpakwiew canpornenie A8 BUOOpY ONTHMAIBHOTO Crocody 3HEBOJAHEHHA. AK



BH/IHO 3 OTPHMAHHUX Pe3yIbTATIB, Y CAllPOIle/l HasBHA BlILHA BOJIOra, sKd, SK
BIZIOMO 3 TIPOMNECIB CYIIHHA BHIANAETRCA TMEPIIOD 1 HE ToTpedye BHCOKHX
TEIJIOBHX 3aTpar eHeprii. [HTeHcH(ikailg npolecy KOHBEKTHBHOIO CYIIIHHA
CaIpoIeN I0CATACThCA LI 1€ BHCOKHX TeMIEpaTyp, TOMY TAK0K HeO0DX1IHO
JOCTIIATH 3MIHY BIACTHBOCTEH MaTeplaly [0, MijJ 4Yac Ta MicHd CYIUIHHA s
KOKHOIO 3 BUOPaHMX TEMIIEPATYPHUX pemuMIB. Bucymenuii ozepHuil canponens
3a TEMINepaTypu cymmuasHoro arenta t = 100, 150 1a 200°C nepeipsin Ha
30epeiKeHHA AKICHHX BIACTHROCTCH, PE3YIBTATH CKCTIEPHMCHTATBHUX TOCTIKCHE

nojaHi y gogatky B.

4.2. BororoodmMinugi Ta TepMoaHHaAMIYHI BJACTHBOCTI CANPOIETIO

JIna BHABICHHA MOMKITHBOCTI 3HMJKCHHS BOJIOTOCTI MEXaHIYHHM CIOCODOM,
HEeOOXIJIHO  BH3HAYUTH  BOJOroOOMIHHI  Ta  TepMOJHMHAMIYHI  BIACTHBOCTI
canponenry. JlocniameHHs BKa3aHHX BIACTHBOCTEH CaNpoIen MPOBOJIMIHCE Y
HayKoBIH JlabopaTopil KadeIpu TEIUIOTEXHIKH, OXOPOHH TIpalll Ta HABKOJIUIIHBOTO
cepeioBiia KMIBCBKOrO HAIIOHAIBLHOTO YHIBEPCHTETY TEXHOJOTIH Ta Ju3aiHy
BIAMOBIANO [0 METOAMKH NYHKTY 3.6. [N eKcnepHMMEHTY BHKOPHCTOBYBAIH
carporneils OPraHivHOTO THITY 3 IPHPOIHOT BOJIOTICTHO 94 %,

EkcrniepumeHTalbHi IOCHTIKEHHA [IPOBOJUIHCE METO10M
TEPMOIPARBIKAIOPHMETPHYHOIO aHAII3Y opraHiyHoro canponento [73, 74, 132] B
YMOBAX MOCTIHHOT TEMIEPATYPH HABKOJIMIIHBOIO cepenoua. Ilpu cyunumi
3paska canponeno y pemumi TepmorpamMu (foa. 1) Ha cTpiyill noTeHioMeTpa
KIIC — 4 ogHoyacHO B1AOYBAa€ThCA 3allMC KPHBOI 3MIHHM TeMIEpaTypH 3pa3ka 3
yacoM (tepmorpamMa T = f(1)) 1 KpHBOI 3MEHIICHHA MacH (KpHBOI CYIIHHA
W= f(t)) (puc. 4.5). Ha Tepmorpami CynniHHs BHAUIATE KPHTHYHI TOUKH Y 4aci
I BOJIOTOCT] T4, SKI BIIMOBIIAIOTE MPAHHLIAM NEPIOJIB MOCII0BHOCT] BHIAJIEHHS
3 TIIA BOJIOTH T1J1 Yac CYHUIHHS Pi3HOol 3a dopmoro 38°A3KY, 1 po3MimeHns 1 y
nopax. [lopucra cTpykTypa BH3Ha4ae HacaMmmepel BOJOYTPHMYBaJEHI

BJIACTHBOCTI CAllPOITCIIHD,
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Puc. 4.5. CxeMa nocnigoBHOCTI BHAAIEHHA BOJOTH Pi3HUX hOpM 3B A3KY:
[ — TMNORA TepMorpaMa s KOJoiHOTro KaniaspHo-nopucroro Tina; I — ekcne-

PHMCHTAIILHA KpHBA E}’I[IiIIIIH ﬂpl"ﬂlli'—ll[ﬂl"ﬂ CAaIlpOITCIIIo.

BaxknuBe 3HaueHHA 1A CTPYKTypa MaTepiany Mae y Tpolecax Temno- Ta
MacoOOMIHY,

JocnpKeHHs MOoKa3ai|, WO 3aIEKHICTE 3MIHH TEMICPATYPH CANpOINEno
BIJI TPHBAIOCTI CYIIIHHA MA€ THIIOBY JUIA KOJOIIHHX KAMIAPHO-TIOPHCTHX
Mareplagig S-1moAI0HY KPHBY 3 OJHICKO TMPAMOK JUIAHKOK MUK T. 4 T1a 5 1
HAaHECeHHMH Ha HIH KPUTHYHUMH TOYKaMH, AKI BIAMOBITAOTE MeKaM PI3HHX BH]IIB
BOJIOTH 1M1 yac cyiniHHA [132]. Bonoricte canponent, Skl BIIMOBIIAE KOKHIN 3
(hopM 3B'A3KY BOJIOIH, MOMKHA BCTAHOBHTH, [POCKTYIOUH KPHTHYHI TOYKH Ha

KPHBY 3MIHH MAcH 3 JacoM.



Kpugl npouecy cyuiHHS posjauisieMo Ha jainsaHkud. Jdo 1. 1 Biadyeaerbes
BHMIAPOBYBAHHA caa003B’73aH0T BOJIOTH, W0 HE BOJOJIE 3HAYHOI EHEPTIC
3B A3KY 3 MaTeplajioM (Micis NporpiBaHHA KpHBa CYLIIHHA CTPIMKO CIlajlac BHH3).
Touka | BiADORIAAE TTOBHIH BOJIOTOEMHOCTI MaTepiany. Big maHoro zHadeHHA 1 10
T. 3 (3HaxoauThca rpadiyHUM criocoOoM) M €0 TeMIepaTypH CYIIHIBHOTO
areHTa BHJIAIAECTBCA KalllgpHa Bojora. Bojoricte y JaHiil KpUTHYHIA TouLl
BI/IMOBIJIA€ MAKCHMAILHIH TIFPOCKOIIYHIN BOJOTOCTI MaTepiany 1 3HaX0/IHTLCA Ha
Mekl  (T.3) BITRHOI Ta 3B'S3aHOI  BOJMOTH Vv Marepiaml. ¥  pe3yneTari
EKCIePHMEHTAIBHHX TOCIKeHbk BCTAHOBIEHO, W10 BOJIOTICTh CAIlpOIeNy pIBHA
75,7 %, € ONTHMAIBHOW, MpH AKIH CTPYKTYpa Marepialy 3alullIacThes
HEe3MIHHOK. SlKIo  BOJOrICTE  HMMKYA  TIFPOCKOINYHOL, TO Yy Marepiai
B11I0YBAIOTECA CYTTEB] CTPYKTYPHI 3MiHH, OOHIEI 3 HHX € TE, 110 CanpoIeib CTAe
HEPO3YHMHHHM ¥ BOJ, @ TAKOK TMIIBHIIYCTRCA HOro TBepaicTh. Takl cTPyKTYpHI
3MIHH HEraTHBHO BIUIHBAKOTH Ha AKICTh Calpomnentd y HOTO MOJalbIIOMY
BHKOPHCTAHHL. AHaIOrI4YHI ABHIIA OYIM BHABJIEHI 17 Yac [OpOBeIeHHA
NOCIIKEHE 3 HH3KOK TEKCTH/IBHHX MEITE[}iHJIiE. Tomy MmoOkHaA BBamaTH, IO
carnponesb € KOMOIHHM KanIgpHO-TOPHCTHM MATEPIAJIOM, 1 OCHOBHI CTPYKTYPHI
3MIHH Y HBOMY BIAOYBAIOTRCA ITJ1 Yac BHIAPOBYBAHHA TITPOCKOIIYHOI BOJOTH 3
MIKPOTIOP.

[loganemie  cymIiHHA ~ OPraHivHOTO  CANpPONeN  XapakTepHu3yeThbeHd
3ATYXAHHAM IHTEHCHBHOCTI 3HEBOJIHEHHSA, L0 B CBOK 4YEpPry CYIPOBOIKYETHCH
3POCTAHHAM eHeprozarpar. Biiomo, o y KonoUIHUX KaniapHO-NMOPHCTHX TLIaX
Ha BHLICHHA aacopOIiiHo- 3B A3aH0T BOJOTH MOTPIOHO MIABECTH OINBIIE eHEeprii
HIK JUIA BHIIApOBYBaHHA BUIBHOI BOJM [73]. Tomy, T. 4 xapaktepH3ye BHILICHHA
agcopOLiifHOT BOJIOTH Mojimapy, a T. 5 — BOJIOTH, fSKa BOJIOJIE HAHOUIBIIOW
EHEPriew 3B SA3KY 3 MaTepianoM, ToDTO ancopOLiiiHol Bolord MoHowapy. ¥ 1. 4
BIAOYBAETBCA — yCajka  MarTeplaay, IO €  BJACTHBHM  JUIA  KONOIIHHX
KamIspHO-MOPHCTHX TUT. 3HA4YEHHA BOJOTOCTI ¥ T. 5 J03BONSC pO3paxyBaTH

MHTOMY MMOBEPXHIO 3pa3ka canporienio 3a opMyIomw
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o — C(CKTHBHA IUIOMIA MOJCKYJIH aacopOOBaHOl PeHOBHHH (1A BOIH

S, =(10,5+11)- 107 u?);

M — MonspHa Maca aIcopboBAHOT PEYOBHHH, I'/MOJIb;

W, —BONOBMICT ¥ T. 5 (agcopOuiiiHa Bolora MOHOLLAPY).

Po3paxyHKH TOKazanM, 110 Ui Canporeqw OpraHiyHOTO THIY BOHA
CTAaHOBHTB 350 M/T.

Y rtadn 4.1 mag nOopiBHAHHA #BKazaHl 3HAYEHHA [HUTOMHX I[OBEPXOHb
[JIMHHCTHX MaTepiaiis (aJMropehbKiT, ryjpociia, kaonidir) [74]. L1 minepanu,
SIK 1 Canpornenhb, HalnekaTh 710 KOOI THHX KarIspHo-TIOPHCTHX T,

Tabauya 4.1

I[MuTomi nosepxui maTepianis

_ [TutoMa noeepxus,
Marepian .
M-/T
OpraHigHuii canporens 350
[TasMropceKIT 340
[Mapocmona 136
Kaoniuit 88

Ak BuaHO 3 Tadm, 4.1, 3HaYEHHA MHTOMOI MOBEPXHI [UIA CAMPONENO Ta
NATHTOPCEKITY MpHOAN3HO piBHI. lle CBITYMTE Mpo HAABHICTE Y IHX MaTeplanax
BHCOKOPO3BHHEHOT MIKPOIIOPOBOT  CTPYKTYpH. Y canporenl 18 CTPyKTypa
YTBOPHOETLCH M1J1 Yac Horo (pOpMYBAHHS 3a HASBHOCTL YV HBOMY TaKOl peYOBHHH K
JAETPUT, AKHH CHOPMOBAHUI OPraHIYHHMH Ta MIHEPAIBHUMH pPEYOBHHAMH. Y
OIBLIIOCT] BUIMA/IKIB OpPraHiuHa Ta MIHEpPAIbLHA YacTHHH ABJIAOTH OJIHE IJIE,

3aBMCIl Y BOJI YACTHHKH ACTPHTY XapakTEpPH3VIOTBCA BEIHYE3HOI CYMAapHOIO



nosepxuero. Jua npuknany, 8 1 em® Boam osepa Bewep (binopych) cymapha
NMOBEPXHA IHX YacTHHOK ckiagae 270 m* [67].

Y T1abu. 4.2 HapeaeHo audepeHiliiHI BOJOrOCT! Canponenw, OTPUMaHl y
pPe3yIBTATI EKCIEPHMEHTATBHHUX [OCHIKEHb, 3HAYEHHA BMICTY OCMOTHYHOI
BOJIOTH BU3HAYAETHCA AK PI3HHIA MK [MOBHOK BOJOTICTH) Ta MaKCHMalbHOMO
FMrPOCKOMIYHOK BOMONICTIO, 4 KallUIApHA BOJIOTa MIKPONOP — SK PI3HHUA MIK
MAKCHMAIBHOIO TIFPOCKOTIYHOIO Ta aJcoPOoIiiiHoI0 BOJOTICTIO.

Tatomuys 4.2

Audgepenuiiini Boyrorocri oprasivHoro canponeiro

Hwudepeniiiai sonorocti, %o
" A,I[Enpﬁ‘ulﬁHa Buytpimms
: Er: S 3= EE; MOBEPXHA
Marepian 3 = 5272 = 2 ,
c5 | = Sc5| & g
E o = S 8°C| B 3 ;.17
S o _ z 2 9 = T
s 5 s - % 85| 8.7 S _» e
= B =2 | 2 LR E2| =B
OpraniyHuH 04 88,46 75,7 24,5 11,35 350
canporneib

[111 yac cyLWIHHA OPraHIYHOTO CAMIPONET0 Y PEKUMI EHEProrpaMu BeJeThCA

3alHC KpHBOI 3MIHH cTpyMy (/= f(t)) ¥y HarpiBadi, AKHI BHTpadaeTbCAd Ha

BHIIAPORYBAHHA BOJIOTH 3 Mareplaay Ta 3MEHIIeHHA HOT0 MacH (KpHBOI CYUIIHHA
W= f(t)). I3 nocmauoi KpHBOT CTPYMY MOXKHA PO3PAXYBATH 3MIHY MOTYKHOCTI
HarpiBa4da, a 3a KpPHBOK CVYIIIHHA rpadiuaum ado dgucenbHO-IH(EepeHIIHHIM
METOIAMH BH3HAYHTH LIBHJIKICTh CYLITHHS,

Bume Oyno ckazano, 1mo ONTHMAJIBHOI BOJOTICTIO CANpoNenin € HOro
MaKCHMaJlbHa TITPOCKOIIYHA BOJOTICTh, TOMY 34 JOIMOMOTOK METOLY EHEProrpam

C}"LUiHH.‘Fl CKCIICPHMEHTA/IBHO  BH3HAYCHO  [IHTOMY TCIUTOTY BHIAPOBYBAHHA Y

nianazoHi Bonorocted Bixy W, nmo W, . 3HaueHHs Liel BeJIWYHHH BCTAHOBIKE

Ry

EHepro3aTpaTH Ha CYIIHHA MaTepiaxy. BoHa 14 opraHiqHoro canporemto

CTAHOBHTE r=226MIduc/ke, mwo Maike piBHA  THTOMIA  TEIUIOTI



BHIAPOBYBAaHHA Bojau. Orxke, v JaHOMY IHTEpBall BoJorocreil BLIOYBAEThCS
BHITAPOBYBAHHA BOJOTH 3 BUTLHOI TMOBepxHI Matepiany. O9eBHIHO, MO THTOMA
TEIJI0Ta BHUIIAPOBYBAHHA BOJIOTH 3 canponenio Oy/ie 3pocTaTH 3 NpoJOBKCHHAM
TPHBAJIIOCTI CYIMIHHA, OCKUIBKH BHIAAIATHMETHCA OLIBIIE €HEPreTHYHO 3B A3aHa
BOJIOTA.

TakuM YHHOM, Ha OCHOBI OTPHUMAHHX PE3YJBTATIB CYIIIHHA OPraHigHOIo
CATPOIEITIO 3 BHKOPHCTAHHAM TEPMO- Ta eHEproanam3y Oyno BCTaHOBICHO (hopmu
3B’ A3KY BOJIOTH Camponeal Ta 11 CHEPriio 3B A3KY 3 MatepianoM. BuzHadeHO
[IHTOMY IIOBEPXHIKD MaTeplaay Ta NHTOMY TEIUIOTY BHIIAPOBYBAHHS BOJIOTH [JIA
BCTAHOBIIGHOTO TMPOMIKKY BoJorocted Big 94 % no 88,46 %. Orpumani
PE3YILTATH MOKHA BHKOPHCTATH IJI Yac OOIPYHTYBAHHA crnocody Ta BUOODY
ONTHMAJIBHUX TEPAMETPIB MPOLECY 3HEBOJHEHHA OPraHIvHOIO Canponenw 13
30€pe;KEHHAM  TPHPOAHHMX  BIACTHBOCTEH.  TakoK  CKCICPHMEHTAIBHO
BCTAHOBRJIEHO, 1110 OCHOBHI CTPYKTYPHI 3MIHH Y canponenl BiA0YBRAKOTECA M1 Hac
BHIIAPOBYBAHHA TIIPOCKOIIYHOT BOJIOTH, e JM03BOJAE CTBEpPIKYBATH, 10 Lei
MaTEPlA € KOJOTHHM KallUIAPHO-TIOPUCTHM TLIOM.

[TopucTa CTPYKTYpa BH3HAYAE HACAMIIEPE/] BOJAOYTPHMYBAILHI BJIACTHROCTI
canporento. Baxknupe 3Ha4eHHA CTPYKTYpa MaTeplaly Mac y mporecax Teio- Ta
Maco0oOMIHY. 3aTHICTE MaTeplany BiAJaBaTH BOJIOTY OUIBILIOK MIPOH 3aJIeKHTh
Bl TOrO BHIY 3B SA3KY, AKHH ICHYe MK PIAKOW Ta TRepaow (azamu [132]. Hna
BHIAJIEHHSA €/1aD03B 43aH0T BOJIOIH ad0 BUILHOT BOJIM 1OTPIOHO HE3HAYHI 3aTpaTH
EHEeprii Ha NMOAOJAHHA TIAPABIIYHHUX ONOPIB I Hac pyxy PLIMHH YV MOPOBOMY
npocTopl. ¥ TOH Hac 3B 43aHa BOIMOTa MOKe OVTH BHAAICHA 3 MaTCPIATy NIIAX0M
(haz0BOTO IEPETBOPEHHSA 3 BHTPATOK BEIHKOI KUIBKOCTI TEIUIOBOI eHeprii. Tomy
BMICT Ti€l WM 1HUIOT BOJIOTH Yy Carnporneil BMU3HAYAE 3aCTOCYBAHHA KOHKPETHOTO
criocody 11 BUTAIEHHS.

OTxe, OTpUMaHl Pe3syJbTaTH CBIIHYATB NPO MOMKIHBICTH BHKOPHCTAHHSA
KOMOIHOBAHOTO METO/Y 3HCBOJHCHHA O3CPHHX CANPOMENIB, @ HAARHICTE BUIBHOI
BOJIH TIPO 3AATHICTE BHIAIWTH 1I MEXaHI9HOW €. MexaHidHe 3HEROIHEHHA

00YMOB/IEHE HaABHICTHY BlABHOT Ta cnad03B’43aHOT BOJIOIH  Calporenw Ta



3ade3leuye JICLIEBHIl KIHUEBUH [POJAYKT, @ TAKOK BHKJIKOYAE TEpMOOOpOOKY
mareplany. Iarencudikairto MexanHidyHoOTo 3HEBOJHEHHS MOMKHA  JOCATTH
3aCTOCYBAHHAM TaKOMXK CTYMIHYACTOrO TIPECYBaHHSA, MIJ Yac AKOr0 Marepial
NeplogHYHO MOAPIOHKETECA 1 MEepeMIIyeTheA. Y [EOMY pazl MOpyIIeHHA
CTPYKTYPH 3 (UIBTPYBAIBLHOI TMMOBEPXHI 3ade3nedvye A0 [OJIMIIEHHA YMOB
BOJIOTOBLIAY].

AJle BIACTHBOCTI MATeplany BIUIMBAIOTL HE TUIBKM Ha THIT 1 PEKHMH
CYIIIHHA, a TaKok Ha MEXaHI3M BHYTPIIIHBOTO MAacCOMEPEHOCY 1 PCoIOTIHHI
XapakTepHCTHKH BOJIOTHX MaTeplajiB, 1X JgedopMamiiHl BIACTHBOCTL IIJ Yac
3HEBOJHEHHA. kUil KOMOIHOBaHMN Crocid [JO3BOJIHTE JIIIIE 3a0e3NeYHuTH
MAKCHMAJIBEHE BH,L[iJIEHHH BOIH 3 l'J':".EpHﬂIT} CH[IPDII":’!JI]‘G._, MOMHA BCTAHOBHTH,

MPOBIBIIH KOMIIIEKC JOCTTKEHE, Y TOMY uHc i narpianns CBY,

4.3. TexnoaorivuHi 0codJIHBOCTI 3HEBOJHECHHA CANIPOIIEI MeXaHIYHHM

CIOCODOM

3 OTPUMAHUX PE3VILTATIB JOCIKEHEL CTAO BIJIOMO, 1[0 YaCTHHA BOJIOTH Y
canporesl € BUIkHOIO 1 ¢nabo3r’a3anoro. Ie gac 3Mory BULAUIMTH i MeXaHIYHHAM
cnocobom [32, 45, 135]. EkcnepuMeHT 3 MeXaHIYHOTO BIIALIEHHA BOJIOTH 3
CaIpOIeN MPOROIHIN HA CTAHAAPTHOMY KOMIIpeciiHo-(piIsTpaiifHOMY [pHiIali
Kllp 1 P2 srigno meroauku, onucanow y 1. 3.7, Jlna ekcnepumenTy Bijidbpaiu
OpraHiuyHMil 03epHUI CalpoIesIb 3 TOYaTKOBOK BONOTICTHO 94%.

OTpHman! pesynbTaTi npeacTasicH Ha puc. 4.6, 4.7 ta 4.8,

I'padiynl  3anexHOCTI  3MIHH  BOJIOTOCTI  camponento  OyayBaawm vy
KOOpJHHATAX BEITMYHHH 3YCHIIIA MPHKIAAeHOr0 HaBaHTaKEeHHA 1 Yacy Horo 1ii Ha
JIOCITHHI 3pasok.

AHam3 KpUBHX 3MIHH BOJOTOCTI canponemo (auB. puc. 4.6) nokasye, 1110
KITBKICTE BOJOTH BHIANCHOI 13 Campomentd MeXaHIYHHM crocoboM, TpaMo
MpOTOpIIHHA 3HAYEHHK TIPHKIIAIEHOTO HARAHTAKEHHA Ta TPHBAIOCTI IIT 1BOTO

HaBaHTaxeHHA. Halduibll 1HTEHCHBHO BOJA 13 canporen BHIAIAETHCH B



nepunn 60 ¢ 1 Maiimke He 3aJMCKHTL Bl HPHUKIAJASHOI0 HABAHTAMKCHHA.
Pamionaneaum mapamerpoM € 3ycwmna B Memkax 150 — 200 kITa. Take smadenns
MOKE CIYTYBATH JUIA 0OIPpYHTYBaHHA 3ac0o0y MEXaHIYHOrO 3HCBOJHEHHS 03CPHHX
canpornenis. AKTHBHE 3aTYXaHHA MpoLecy BHIAIEHHA BOIH 3 CAlpONen) BKa3ye
Ha HAABHICTE ¥ HbOMY IHIIHX (POPM BOJIOTH 3 DUIBIIOK €HEPriery 3B HA3KY, M0

noTpedye, BIANOBIIHO, 30UIBIIEHHS 3aTPAT €HEPIil HA 3HEBOAHEHHS CAlIPOIICIIH).

W, %

95 =—1'=5|7 klla
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Puc. 4.6. 3anekHICTh 3MIHH BOJIOTOCTI camponeato W 3 yacom 3alekHO BIT

SHAYCHHA IIPHEIAICHOTO HaBaHTaRCHHA P

PesyibTary JQociyis, onucanux v 1. 4.2, 13 BecraHoBlieHHs (GopM Ta BUIIB
BONOTH JIO3BOJIAIOTE CTBEP/UKYBATH PO MOMKIMBICTL BHKOPHCTAHHA MOBTOPHOTO
MEXAaHIYHOTO 3HEBOJHCHHA AnA 30UTeIIcHHA 00'eMy BIIOUICHHS BOOH 13
canponento. ToMy vV NPOJOBKEHHA TONEPEAHBOTO HOCITIAY JI0 THATOTOBICHHX
JOTHPBLOX  3pa3kiB  canpornenw, 3HEBOAHEHOI0  MeXaHIYHHM  crocodoM,
NPUKIAIAIH AHAJIOTTUH] HAaBaHTaKeHHs (JuB, puc. 4.7).

AHAM3  OTPUMAHMX  pesyiabTaTiB  Ha  (AuB.  pHc. 4.7)  NUITBEPKYE
MOMJIMBICTE TIOJAJBIION0 BHAAICHHA BUIBHOI BOIH, aji¢ Yac NPHKIAICHHA
HABaHTAKCHHA 3pocrac y 2...3 pasd, a My 4Yac MIHIMaJIBHOTO 3HA4YCHHA

HagaHTaxkeHHA P = 5.7 klla — 4 - 5 pazig. TakuM yHHOM, BHHHKIIA ToTpeda v
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Puc. 4.7. 3anexuicTs 3MIHH Bosioroctl W 3 4acoM NMOBTOPHO MEXAHIYHO

SHCBOJOHCHOT'O CAIllpoTIciTio Bi..l'], SHAYCHHA NPHEKTAACHOTIO HABAHTAACHHA P

MOIIYKY 34CTOCYBAHHA IHIIMX METOJIB IHTeHCH(IKAUIl Mpouecy 3HEeBOAHEHHS
o3epHOTO canponemo. fAK BIJIOMO, CTBOPHTH VMOBY TEPEMINICHHS BOJH 10
Kanumpy Mo#ke Termno. ToMy HAacTYIIHHM KPOKOM YV JIOCHUKEHHAX OVIIo
HarpiBaHHA MEXaHIYHO 3HEBOJHEHOrO Carporen 3rilHO 3 MJIaHOM JO0CIIIy J0
Temneparypd 90°C Ta DOBTOPHOI0 MEXaHIYHOTO 3HEBOJHEHHA. 3a pe3yibTaTaMu

nociie nodyaoraHo rpadik (uB. puc. 4.8).

"% | |
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Puc. 4.8. 3anexuicte 3Minn Bozorocti W 3 gacoM mimirpitoro mo 60°C
Mmicas MeXaHIYHOTO 3HEBOJHEHOTO CAampomea BiJl 3HA4YeHHA MPHKIAJICHOTO

HaBaHTaxKeHHA P



Sk BujaHO 3 puc. 4.8, TemiioBa i HAa O3€pPHUE canponeib IHTeHCH]IKYe
mpotec BULIaY1l BOJHM 3 HOTO CTPYKTYpoRo. JIma mBoro JOCTATHE HaBAHTAKEHHSA
BLIIEHHA BUikHOT Boau 100...200 kITa, 3 tpusanictio go 120 c. OTxe, npoeejacHi
JOCTIIKEHHA T03BONAKTE CTBEPIKYBATH, 110 03ePHHH Calpollebk Mae He MeHILe
1020 % BiABHOT BOAH, AKY He0OX1IHO BHIUIATH KOMOIHOBAHHM CIOCODOM.
34CTOCYBABIIM  [TOBTOPHE MEXaHIUHE 3HEBOJHEHHSA Ccallpolle/io, 110 J03BOINIIO
3MEHIIHTH #Horo BojoricTe B 1,3 pasa, a y BHNAJKY NMOBTOPHOTO MEXaHIYHOTO
3HCBOJIHCHHSA JIOJIATKOBOTO HarpiBaHHs no Temmepatypu 60°C mpu oaHakoBHX

HABAHTAKEeHHAX 3MEHIUUTH BOJIOTICTE ¥ 1.6 pazu.

4.4. PesyasratH copOuiinoro 3HeBOAHEHHs  canponeao  micis

narpisanusa CBY

Hna  eubopy mnoryxHocTi CBY-reHepatopa BHKOHYEMO  He0OX1THI
MaTeMaTH4Hl  pO3paXyHKH 3 ypaxyBaHHAM  BHCOKOI  BOJIOIOCTI  Ta
repmosiadinbHocTl  canponemo.  Tomt  norysuicrs  CBY-reneparopa s
HHl—piBHHHH CAlTpOITC/IK BH3HAYAETBCA TAKHM HHHOM.

[Muromy noTyxuicTs p ,(Br/eM?) po3paxoByioTe 3 0aIaHCOBOTO PiBHAHHA, B

AKOMY BpaxoOBYIOTh 3aTpaTH TenJa Ha HarpieaHHA Marepiany Ta Ha

BHIIAPORYBAHHA BOJIOTH [16]:

I Gﬂ'-l.l.?—|
P=¥{ﬂ‘r'(ﬂ‘ﬂ]+”'?hs (4.2)

Jle T — TPHBAJIICThL HarpiBanHda, 1= 270c¢;

. : : Lone
¢, — 00 €MHa TEIJIOEMHICTE MATEPIANY, ¢, =C-p = 2803—5{';
CM -

e

"

¢ — MUTOMA TEIUIOEMHICTE MaTepiany, ¢ =875

p — TYCTHHa MaTepiany, p = (0,32 31 :

CM




T, i T, — nouarkoBa i KiHlesa Temiepatypa marepiany, T, = 20"C i

T,=90"C;
(7, — Maca BOJIOI'H BHAIIEHOT 33 Yac T, I

&

¥ — HHHTOMA TCIUIOTA MapoyYTBOPCHHA, ,[[}}U'I]" BOJIOI'H,
V' — o06’em marepiany, V =1,8cw’;
OcKiTBKH, Y HAIIOMY BHOAAKY PO3TASAACTBCA TUTBKH HArpiB Matepiamy, To

G : .
o —21 = (), [ligeTaBHBIIH HeOOXiMHI 3HAYCHHS y opmyiy (4.2), oTpUMaEMO:

V

] Bm
=——- 280-{90-T0) [=72,59——. 4.3
p=71280:( ) “3)

2

CM

Heobxigna motyxkuicts CBY remepatopa P, (kBT1), BH3HauwaeThca 3

chopMyn
p-V

e ’ (4.4)
' 1000 - Mo Meen ™ Mionim

ne 1., — K. K. JI. KAMCPH, AKHH BPaxoBye BTPaTH TCIJIa B HABKOJIHIIHE
cepenosuute, 1, =0.9;

.., — K. K. 1. renepatopa, n__ =0,65;

S8

rlf.'u.lrm — KK L HDHT}T‘F: r].mm = ﬂ‘JS !
3 piBHAHHA (4.3) BH3Ha49aeMo HeoOX1AHY noTy:xHIcTE CBY-Teneparopa:

72,5918
“1000- 0,65- 0,5- 0,9

=0,446KBm . (4.5)

Janwuii exkcniepuMenT OyI0 NMPOBEIAEHO 3 METOK) BCTAHOBJIEHHS BIUIMBY BIJIIAYl
BOJIOTH carporie/ieM copOImIHHOMY MaTeplajoBl TIIC/IA HarpiBaHHA Carporemnto
CTpyMaMH BUCOKOT 4acToTH. PesyneraT npoBeieHOro Jochiay BiiodpakeHo vy
BUrAAl rpagika (puc. 4.9). 3 rpadika BHAHO, M0 HA MOpoLEc BLIJa4l BOJIOTH
canporneieM copbeHTy Mae BILUIMB 1oTykKHIcTE CBY—reneparopa, 1 IHTEHCHBHICTD
BI/IAY] 30UIBINYETLCS 13 11 mijiBMIeHHAM, OnTUMaibHe 3HAYEHHA TPHBAJIOCTI
HArPIBAHHA Calponen JeKHTE B Mexax 3-6 xe. Ll ocoOnMeICTE 03¢pHOTO

canponenwy [Jae MOMKIHBICTE 3acTocyBaTH HarpipaHHa CBY 13 noganbmmm



KOHTAKTOM Marepiaiy 13 copOeHTOM Yy Hpouecl 3HEeBOJHEHHS JUIS 3MEHIIeHHS
EHEPTETHYHHX BHUTPAT Yy Tmpomect nepepodkm. Biagaga BomorH mijl i€
TEMIEPATYPH MIATBEPIKYETECA OCOOJIHBOCTAMHA AICNEKTPHYHOTO HAIPIBAHHA, 1111
qyac AKOrO Marepial MpOrplBacTbCA 3CEPEeIHHH, KOIH TPAJieHT TemIepaTypu
CHPHAE TEPEMIIIEHHI0 BOJIOTH 3cepelHHH Ha nepudepiro matepiany. Takox B
[POLECT JAHOI'O HAIPIBY BAXKIIMBE 3HAUCHHA MA€ I'PAJIEHT THCKY, AKUIH € OJHHM 13
HAHBAAKITMBINIMX TMOKA3HHKIB, XapaKTEPHHUX IS HBOTO MPOLECY. 3aBIsfKu
BHHUKHCHHIO TpaJicHTa THCKY IHTCHCH(IKYETRCA PyX ROJOTH B MaTepiam, a
TAKOK 13 3HAYHHUM 30UIBIISHHAM TeMIlepaTypH 1 HEeCIPOMOMKHICTH) KalllIApIB
OPOMYCTUTH CYMILI MApH Ta BOJOI'M Ha IOBEPXHK, BIiNOYBaeThCH PYHHYBaHHHA
ocTaHHiX, JlaHe ABHMIE CHPHAE B MOJAIBIIOMY BHBUIBHEHHKO 3B A3aHOT BOJIOIM 3

oOpobmoBaHoro Marepiany,

W, % 95
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Puc. 4.9. 3MiHa BOJOTOCTI 03€PHOTO CAMpONETd 3 HacoM 3aleKHO BIJT

nory:xkHoctt CBY: 1 - 255 Br; 2 - 425 Bt; 3 - 595 Br.,

4.5. PesyabTaTH JadopaTopHO-BHPOOHHYHX JIOCHI#KeHb 3HEBO/IHEHHH

Camponea0 Y TBHHTOBOMY Tipeci

BumanenHs BUTEHOT BOIHM 3 OPraHidHOTO O3EPHOTO CATPOTIENIO TIPOBOIHITH

Ha cheliajlibHO  BHUIOTORIEHI  €KCHNEPUMEHTAllbHIM  JIOCHIHIH  YCTaHOBLL,



3arajibHUA BUIIIS/ AKOT 300pamenuii Ha puc. 3.11.

OTpumani pesyIbTaTH JIOCTIIKEHb J03BOJIAIOTE CTREPIKYRATH, 1110 8-10%
BOJIOMM MOMHA BHJAJIWTH 3 O03CPHOIO Canponei B IPOLEecl MEXaHIYHOro
3HEROAHEHH:A. /14 nkoro HeoOXIMHO BHKOPHUCTATH TBHHTOBHI TIpec, KOHCTPYKIA
AKOI0 onucaHa B 11. 3.2, 3MIHIOWYH po0OYHH opraH JUIA OTPHMaHHA MaTeMaTHYHOT
MOJIEJI IHTEHCHBHOCTI BLUIUICHHS I'paBiTalliiHol Ta cnado3s’d3aHol BOJIOIH 3
O3EPHOTO CATPOTIENIO OYII0 MPOBEACHO YOTHPHDAKTOPHUH EKCITEPHMEHT 3T1IHO 3
METOJIHKOW, HABEICHOW ¥ o1, A.

MeTta ekcrnepHMeHTY I[ojArajla Yy BH3HAYEHHI MacH BHIUIEHOI BOJH
BHACJIJI0K 3MIHH KOHCTPYKTHBHHX [apaMeTpiB IBHHTOBOTO pod0o4oro opraHy Ta
PEKHUMIB Horo pobdOTH NPH BApPIHBAHHI TAKUX (PAKTOPIB: 1OYATKOBA BOJIOIICTh
O3EPHOTO CANPOIET, KPOKY TBHHTA, HACTOTA 0DEPTAHHA MBHHTA T KyTa HAXWITY
IPHCTPOIO 10 TOPH3OHTY.

OOpoOka pe3ynbTaTiB HOTHPH(PAKTOPHOTO EKCIEPHMEHTY 3a TPHPIBHEBHM
[UIAHOM JPYroro MOpsyaKy 3a JOMOMOTOK [pOrpamMH, CTBOPEHOI V cepeloBHIL
Mathcad (joa.A), 103BOJIHIIA OTPUMATH PIBHAHHA perpecii BUIUICHHS BOJIOIH 3
03EPHOTO CATIPOTIENID ¥ FTBUHTOBOMY Tpect:

v=1,803+0,082x, + 0,091x, = 0,044x, — 0,084x, + 0,052x x,

+1,667- 107 x,x, — ﬂ,063x1x4 —0,033x,x, — 0,047 x,x, — (4.6)

~2,5-107 x,x, + 0,064x, — 0,042x; — 0.116x; + 0,088x;,

g Il — KOJ0BaHE 3Ha4€HHA N04aTKOBO1 BOJIOTOCTI CallpoOIICiIHY,

Iz KOIJOBAHC 3HAYCHHA KPOKY I'EHHTA,

X.— KOIJOBAHEC 3HAYCHHTA 9aCTOTH ﬂﬁEpTﬂI]I]ﬂ I'BHHTA,

3

X ,— KOJIOBAHC 3HAYCHHA KYTa HAXHITy NPUCTPOIO /10 FOPH3OHTY.

Ominky 3HaYymocTl koedillicHTIR perpecii MPOBOAWIH 33 OMOMOTOR)

kputTepiro CreroneHTta. Kpurepiii CterlogenTta npu 5%-My pIBHI 3HAYVIIOCTI Ta

YHCI CTYIEHIB BUIBHOCTI JHCIepcil BIATBOPHOBAHOCTI j"l=2 CKJTaB 4.3

0,052

[85], v peayaeTaTi 4oro plBHAHHA (4.6) HADYIIO BUTTIATY:



y=1,803+0,082x, + 0,091x, — 0,044x, — 0,084x, )
~0,063x,x, + 0,064x7 — 0,116x> + 0,088x". |

[lepeBipky ajeKBaTHOCTI OTPUMAHOIO PIBHAHHA perpecii (4.2) npoBoawiIu
sa pomomoroio I - kputepiro @imepa. PozpaxyHkoBe 3HA4YeHHA KPHTEPIHO

Mdimepa cTaHOBHIIO FPPP-=16941. Tabauune snauenns Kputepito Mimepa npu

NpuitHATOMY 5%-MY PIBHI 3HAUYLIOCTI Ta CTYIEHAX BUILHOCTI fi=21 _f2=12

srigHo [85] ckmano Fmaﬁ_-w.:]gj& Tak sk Fpmp':Iﬁﬂcllc::Fmﬂﬁﬂ‘:I9,36,
TOJ11 OTPHMAaHa MOJ1E/b aJ1eKBaTHA.

OcTtaTtouno pIBHAHAA 3 (aKTOPAMH Y HATYPATEHOMY BHTIIA/I Oyie:

y=138117+2,935W +1,517h + 0,64250 + 0,1942a — 43
~0,0315Wa. + 0,016 —0,018x" + 0,00088c.". 5

3a piBHAHHAM perpecti (4.8) ©Oyno nobyaoBaHO MOBEPXHI BUITVKY
(puc. 4.10-4.15).

AHani3 OTpUMaHHUX JaHUX IMOKa3ye, M0 301IbMIEHHA M04YaTKOBO1 BOJIOTOCTI
W canponeno OpU3BoIUTE 10 3pOCTAHHS MacH BHIAINEHOT BOJIOTH M BHACIIIOK T
PIBHOMIPHOI'O CTHCKAHHS podouYuM opraHomM. 30UIbILIEHHS 3HAUEHHS KyTa o IPH
CTAJIOMY 1aMETPl TBHHTOBOTO OpraHa, Takox 3adesneuye 3pocTaHHAs MacH
BLIUTIIEHOT BOJIOTH, OCKIIBKH CTHCKAHHIO MJIACTHCA OUIBIIHIT 00’ €M MaTepiamy.
ToMmy mOUUIBEHO, OO KOHCTPYKTHEHO 3a0e3medyBalncA pallloHaIBHI MapaMeTpH
pobodoro opraHa, I BiLgieHHA Oinbloro ob’eMy  rpasitauiiiHoi  Ta
cnadoB 3aHOT BOJOTH. 3POCTAaHHA 4YaCTOTH 00epTaHHd o I'BUHTOBOIO podouoro
oprany NpH3BOJHTL 10 3MEHIUIEHHA KUIBKOCTI BOJOIH, #AKa BLUIIAETLCA
MeXaHIYHUM crocodom. [le #ABHIE TOACHIOETBCA CKOPOYEHHAM TPHBAJIOCTI
nepedyBaHHA MaTeplaily v npuctpoi. Halimennle BriiMBae Ha BHIAJNeHHA BOJIOTH 3
Carnporer 3MiHa KyTa HaXHITY TIPUCTPOIO 10 TOPH3OHTY o, 13 3POCTAaHHAM I[bOTO
(hakTOpa IMEHIIYETHLCA MAaca BOJIOTH, SKa BIATUISMETHCH.

MeToi0 NpoOBEJAeHHA ULOTO EKCINEPHMEHTY € ONTHMIZAIIA [apaMeTpiB

MEXaHIYHOTO 3HEBOIHCHHA 03CPHOTO CAMpOTIEN0 ¥ TRHHTOROMY Tipecl. Tomy
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Puc. 4.10. MI, M2, M3 — nosepxHi BIJI'YKY MacH BULIUIGHOT Bojgau M

JANIEAKHO Bl MOYATKOBOI BOJOTOCTI CAlfpoIiciire W, KPpOKY I'EHHTA /. 9ACTOTH

obepTaHHsA I'BUHTA @ Ta KyTa HaXWIy MPHCTPO 0 TOPH3OHTY o 1 BIANOBIAHI TX

nsomipi nepepisu (M1 — o= 10 xg”', o =0 M2 — ©=18 x87', a= 10" M3 —

m=26x8", a=20".
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Puc. 4.11. M1, M2, M3 — noeepxHi BiAryKYy MacH BiAfiIeHOT BoaH M

3AEKHO BT MOYATKOBOI BOJOTOCTI CATIPOTIENIO W KPOKY TBMHTa A, HaCTOTH

obepraHHs IBUHTA 0 Ta KyTa HAXHIY NPHCTPOK J10 FOPH3OHTY o 1 BIAMOBIAHI 1X

neoMipHi nepepiz (M1 — W= 92%, A = 02 wm; M2 — W= 94%, L = 0,26 m;

M3 - W=96%, L =0.32 m).
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Puc. 4.12. MI, M2, M3 — noeepxHi BIArYKY MacH BiaaiieHol Boan M

3AIEHKHO BIJI TIOYATKOBOI BOJIOTOCT] CAMpPOTIEITIO W KPOKY TBHHTA4 A, Y4aCTOTH
oOcpTaHHA TEBMHTA 0 T4 KyTa HAXHIY MPHCTPOIO J0 TOPH3OHTY « 1 BIAMOBLIHI iX
neoMipai mepepisi (M1 — A = 02w, a = 0% M2 — A = 026m, a = 10%
M3 - L =032m, a =20".
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Puc. 4.13. M1, M2, M3 - nmoeepxHl BIATYKY MacH BIIILICHOI Boau M

FAJICHHO Bi,[[ MOYaATKOBOI BOJIOTOCTIL CAlIPOIICIIHD W, KPOKY I'BHHTA A . 9aCTOTH
obepTaHHs I'BUHTA () Ta KyTa HAXWIY HPHUCTPO JI0 FOPH3OHTY o 1 BLANOBIAHI 1X
neomipHi nepepizi (M1 — L =02m, @ = 10x8"; M2 - L =026 M, ® = 18 xB;
M3~ L =032mMm o =26 xB").
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Puc. 4.14. M1, M2, M3 — nosepxHi BIATYKY MacH BiLIIeHOT BOAH M

FAIICACHO Hiﬂ MOUYaATKOBOL E[]H{}T{}ETi CAITPOITCIIHY W, KpPOKY TI'EHHTA }-,., HAdCTOTH

o0epTanng rBHHTA o Ta KyTa HaXHIY MPHCTPOIO 10 TOPH3OHTY ¢ 1 BIAMOBLIHI iX
neomipsi nepepizu (M1 — W =92%, @ = 10xe'; M2 - W =94%, ® = 18 xp™';
M3 - W =96%, o =26 xs").
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Puc. 4.15. M1, M2, M3 — noBepxHi BIAIYKY MacH BULIUIEHOT BOOH M

F3AITCAHO HiI[ IT{ZI'-IHTHGH[}JII EGJ’IGI"{}ETi CAITPOITEIIID W, KPOKY T'BEHHTA ?-,, HACTOTH
o0epTaHHA TBHHTA o Ta KyTa HaXHIY MPHCTPOI 10 TOPH3OHTY ¢ 1 BIAMOBIIHI iX
neoMipHl nepepizu (M1 — W = 92%, a = 0% M2 - W = 94%, a = 10%
M3 — W =96%, o = 20°).

HAMH  BCTAHOBRICHI ONTHMAJIBHI 3HAYCHHA JOCHUDKYBAHHX (aKTOpIB, 11O
3a0e3MeYyI0TE MaKCHMAaIBHHH pe3yneTaT 13 BiLaieHHA Bonord. [Iporenena

OMTHMIZAINA 3a JonmoMorow ¢yHkmT Maximize B cHCTEMI KOMIT IOTEpHOT



marematikn Mathcad [41] jgo3sonuia OTpHMATH TAKl PallOHAIBHI 3HAYEHHS
TOCTDKYBaHUX (hakTOpiB: TMOYATKOBA BOJOTICTE canponemo W =96%, kpok
reuura A = 032w, yacrora obOepranHs  rBHHTOBOro  pobouoro

oprana o = 19,517 xg™' 1 KyT HAXWIY NPHCTPOIO 10 TOPH3OHTY o= (°,

4.6. PeayabraTn 1adopaTopHO-BHPOOHHYHX A0OCHIAAKCHL cOopOuUiliHOrO

JHEBO/IHCHHH CallpoIle/iH

3HEBOJIHEHHSA CAlpOIEN [icids HOoro HarpiBaHHS CTPYMaMH  BHCOKOI
JACTOTH MPOBOJIMIIH Ha CIEHIATEHO BHTOTOBJIEHIH CKCIIEPHMEHTATBHIN JTOCITIIHII
YCTAHORBIIL, 3ara/IbHHH BUITIA]L AKO1 300pakeHHid Ha puc. 3.12.

OtpuMaHi  pe3yIeTaTH  J1adOpaTOpPHHUX  JOCHIKEHB  JO3BOIAKTH
CTBEPAKYBATH, 110 IHTEHCHBHICTH BOJIOTOBIAJAa4l B €HEProolagHii TeXHOIorI]
3JHEBOJIHEHHS canponeniB s0ubliyersbes micas CBY warpiganns. Jis usoro
BHKOPHCTOBYBAIH  3HEBOIHIOBANBHHH  TpancrmopTep, Ha CTPIUKAX  AKOTO
NPHKPINICHO cOpOIIiiHAI MaTepiam. 3MIHIOYH PEKHMH MPOTIECY TS OTPHMAaHHA
MaTeMaTHYHOI MOJENl IHTEeHCHBHOCTI BLUILIEHHA BOIH 3 O3€PHOTO CAIlpPOIIEIo,
OVYII0 NMPOBeEIeHO YOTHPHPAKTOPHHUH €KCITEPHMEHT 3T1IHO 3 METOIMKOI HaBE1eHOT
y 1. 3.9,

MeTta ekcnepHMMENnTy MMOaAranad ¥ BH3HAYEHH] M4cH BHIUICHOT BOJIH
BHACTIMOK 3MIHH PeKHMIBE poOOTH Ta MOTYKHOCTI Harpipy Marteplamy, NpH
BAPIOBAHHI TakWX (PaKTOPIB: TOYaTKOBA BOJIOTICTE O3€PHOTO  Calporemnto,
IIBHKICTE TpaHcnoprepa, noTyxHicTe CBY reHeparopa Ta KyT  Haxuiy
BEPXHBOI'O TPAHCIIOPTEPA.

Obpodka pe3ynsTaTiR 4OTHPH(PAKTOPHOIO EKCIIEPHMEHTY 3a TPHPIBHEBHM
IIaHOM JPYTOre MOPAAKY 3a JOMOMOTOI TPOTPaMH, CTROPEHOI Y CEpPeIOBMII
Mathcad (moa. b), no3Bonuna oTpuMaTH pIBHAHHA perpecil BIAIUIEHHA BOJOTH 3

03€PHOTO CanpoIienio Y TBRHHTOBOMY TMpeci:



y=30,825+14,913x, + 0,564x, — 0,417x, —1,294x, + 0,658x,x, —
—0,642x,x; —0,975x.x, + 0,183x,x3 — x,x, —0,075x,x, +5,298x; +  (4.9)

+1,082x2 +0,519x7 +0,561x7,

JC .-":l — KOJIOBANEC 3HAYUCHHA ITOYATKOBOI BOJIOTOCTI CalpoIIC/Ii,
Xy~ KOIOBAHE SHAUEHHS IBUIKOCT] TPaHCIIOpTEpa;

Xy~ KO/IOBAHE 3HAYCHHS noryxuaocti CBY reneparopa;

X, — KOJOBAHC SHAYCHHA KVTd HAXHITY BCPXHBOTO TPAHCIIOPTCPA.

4
Owinky 3Hauymoctl kKoedllleHTIB perpecli NPOBOIMINM 34 JOIOMOIOK

kpuTepiio CreiogenTta. Kpurepinn Creiogenta npH 5% -Mm IBHI 3HAYVIIIOCT] Ta
p P P P P Y p b

YHCI CTYMEHIB BUILHOCTI JIMCIIEPCHT BIITBOPIOBAHOCTI fi=2 CKITaB fﬂ 05:2 =43
¥ L

[85], v pezyabTaTi yoro pisuauug (4.9) nadyno BUrIAmLy:
y=30,825+14,913x, + 0,564x, - 0,417x, — 1,294 x, +
+0,658x,x, —0,642xx, —0,975x,x, — x,x, + 5,298x] + (4.10)
-I-I,l}ﬁlx; + 'El,ﬂlE:Ul:j1 + U,Sﬁ]xj.

[leperipky anekBaTHOCTI OTPUMaHOrO piBHAHHA perpecii (4.10) npoBoauim

sa gomomorow 1 — kputepiio Mimepa. PospaxynkoBe 3HAUeHHS KPHUTEPIIO

diepa CTaHOBHIIO FPO%P-=13 27 Ta6muune 3nauenns kKpuTepio dDiwepa npu

npuiHATOMY 3%-MY piBHI 3HAYYOIOCT] TAa CTYNEHAX BUIBHOCTI f ] =2, f 2=12

arijino [85] cknaio Fmﬂ'ﬁj:lﬂjﬂ. Tak sax £ PP = 3.27< Fmﬂﬂq‘:lgjﬁ,
TOJA1 OTPHMaHa MOJENb aJeKBaTHA.
OcraTouHo pIBHAHHS 3 (GaKTOPAMH Y HATYPAILHOMY BHITIHI1 Oy 1e:
v=9593,74-224,74W — 6007V + 0,1406 P + 7,953 +
+65,8WF = 0,0018WP —0,0975Wp + 7.32Vp + 1,320 * + (4.11)
+7320F° + 0,000018P% + 0,022443°.
3a pieHsgHHAM perpecii (4.11) Oymo noOyaoBaHO IMOBEPXHI BIATYKY

(puc. 4.16 —4.21).
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Puc. 4.16. M1, M2, M3 — noeepxHi BIATYKY MacH BiaauieHol Boad M

F3AIIEAHHO Bi,'.[ MOYATKOBOT BOJIOTOCTI CalpoIeii W . LI.IBH}J,I{EIETi l}DﬁD‘{{}I"ﬂ Oopragy

V', noryxuocti CBY P Ta kyra Haxuay TpaHcroptepa 3 1 BIANOBIAHI 1X JBOMIPHI

nepepizi (M1 P=

M3 — P=595Br, B = 10").

255 Br, P

0% M2

P

425 Br,

p = 5%
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Puc. 4.17. M1, M2, M3 — noeepxHi BIATYKY MacH BiUIAUIeHOI Bogu M

JAIEAHO BIJL ITOYATKOROT BOJIOIOCT] CAIPOIIEIIHD W | wsuakocri pobouoro oprany
V', noryxuocti CBY P Ta kyra Haxuay TpaHcnoprepa 3 1 BIANOBIIHI 1X JBOMIPHI
nepepisi (M1 — W= 86%, V¥V = 0015m/c; M2 — W= B88"%,
V' =10,02 m/c; M3 - W=90%, IV =0,025 m/c).
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Puc. 4.18. M1, M2, M3 — nosepxHl BUII'YKY Macu BLUIUIEHOT BOJH M

3AJICAKHO Bl MOYATKOBOT BOJIONOCT] CAIIPOIIEITHD W . wenakocri poDOYOro Opra’y
V', notyxuocti CBY P ta kyra Haxuiy TpaHcnoprepa 3 1 BIANOBLIHI iX JIBOMIPHI
nepepizu (M1 — V= 0,015wm/c, B = 0,02 m/c, B =

M3 — V= 0,025 m/c, B = 10").

0 M2 — V= 50
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Puc. 4.19. M1, M2, M3 — nosepxHl BIIrYKY MacH BlLIUIeHOT Boaun M

3a71e/KHO BiJl MOMATKOROT BOJIOTOCTI CATpOITENto W, IIBUIKOCTI poDOYOTO OpPrany
V', noryxnocti CBY P Ta kyra Haxuay Tpancnoprepa [3 1 BIAMoBIHI iX ABOMIPHI
nepepizu (M1 — V= 0015m/c, P= 255Br; M2 — V= 0,02wmCc,
P=425Bt; M3 - V'=0,025 m/c, P= 595 Br).
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Puc. 4.20. M1, M2, M3 — nosepxHl BIIIYKY MacH BIUIIICHOT BogaH M

3aJIe7KHO B/l 10YATKOBOT BOJIOTOCT1 CaNpOesnto W , IBHAKOCT1 poOO4Oro opraiy
V', moryxuocti CBY P Ta kyra Haxuay Tpancnoprepa [3 1 BIAmoBiIHI iX JBOMIpHI
nepepizu (M1 — W = 86%, P= 255Br; M2 — W = 88%, P= 425Br;
M3 — W =88 %, P=595 Br).
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Puc. 4.21. M1, M2, M3 — noBepxHi BIAI'YKY MacH BULAUIeHOT Boau M

3AJICKHO BT MOYAaTKOBOT BOIOTOCTI CAllpOITCIIo W , IBHIKOCTI I}Uﬁﬂqﬂrﬂ aprarma
V', noryxuocti CBY P ra kyra Haxuiy TpaHcioprepa [3 1 BUIIIOBLIHI 1X JABOMIPHI
nepepisu (M1 — P= 255Br, B = 0" M2 — P= 425Br, p = 5"
M3 — P=3595Br, B = 10").

AHam3 OTPHMaHHX pE3yNBETATIE TOKA3ye, [0 30UIBIICHHA TMOYaTKOBOI
BOJIOTOCTI W canpornent MNpU3BOJAMTE /10 3POCTAHHA MAcH BHUIAJIEHOT BOJOTH M
BHACHIIOK 11 KOHTAKTY 3 pODOMHM OpraHoM. 3MEeHIIIeHH MIBHIKOCTI TPaHCIopTepa
V' IpU3BOIMTE /10 30UILIIEHHS BOJIOTOBUIUICHHS, Yepes Te, 110 MaTeplai JOBIIHH
yac nepe0yBae y KOHTAKTI 13 copOeHTOM. 3017bIIeHHA 3HAa4YeHHA KyTa [} Takox

zabesleuye 3pocTaHHs MacH BLUIUIEHOT BOJIONH, OCKUIBKH B IIPOLIEC] PYXY



Mareplajg naeTbes CTHCKaHHK, 30uUibleHus noryxHocti CBY—reHeparopa He
3aBIKJIM THTEHCH(DIKYE TIPOIIEC 3HEBOIHEHHA.

MeTor npoBe/ICHHA EKCIEPUMEHTY € ONTHMI3ALlIA apaMeTplB COpOLIIIHOTO
JHEBOJHEHHA O03€PHOTO CAIpOIenH Vv CTPIMKOBOMY TpaHcmopTepl. Tomy HaMH
BCTAHOBJIEHO ONTHMAJIBHI 3HAYEHHA JOCHKYBaHUX (hakTopiB, 1110 3a0e3NeYyIOTh
MaKCHMaJIBHUH pesyiabTaT 13 BLUIUIEHHA Bosord. [IposejeHa onTumizaiis 3a
nonoMoroio dyukimi Maximize B cucteMi komn oteproi matematukn Mathcad
[41] mo3ronMma OTpUMATH TaKl ParlOHATRHI 3HAYCHHA JOCTILKYBAHUX (aKTOPIR:
[I0YaTKOBA BOJIOTICTE carpore/ W =90%, meuikicTe pododoro oprana V' =
0,025 m/c, nmoTyxkHicte CBY-reHeparopa P= 255 BT Ta KyT Haxuwiy BepXHBOTO

Tpancnoptepa [ = 0°,

4.7. PesyaprartH J0CALIAKEHHS €Hepro3arpar mHa 3HeBOAHeHHSH
CANpONEaI0 Pi3HHMH OonepamiaMu

Po3paxyHoK cHeproszatpaT Ha 3HCBOJHCHHSA Camporenio  MeXaHIdYHHM
criocoDoM 10 Teraoeol o0OpoOKH Ta miciad Termoroi odOpodkH, HarpiBanHaMm CBY
Ta  COPOLIHHUM  3HEBOJHEHHAM  MPOBOAWIH  3TIAHO 3 METOAHKOH
onucanow y 1. 3.10,

Pesynbrati JocmpKens nmojgano xa puc. 4.22 — 4,25, Anams pesynbTaTiB
MEXaHIYHOTO 3HCBOJAHCHHA TMOKa3aR, 0 TMICJA HAarpiBaHHA  MarTeplamy
eHepro3aTpaTH Ha BIJIJIEHHS BOJOIM 3HAYHO 3HMKYHOThCHA. Tak i BHNAAKY
MeXaHIYHOTO 3HEeBOJHeHHA mpH eHeprozarpatax vy 04 Brroa/kr BoOIoricte
3HUKYETheA 0 80 %, a MexaHluHe 3HEBO/JHEHHS IC/8 HArpIBAHHA CalpoIeiB
J03BOJIAE 3 THMH CAMHMM EHEPro3aTpaTaMH 3HH3HTH BOJOTICTE 10 77%. Xapakrep
CHEPreTHYHOI KPHBOT MEXaHIYHOTO 3HCBOIHCHHA TOKA3ye, 110 [UIS BHNAAKY 0e3
HarpiBaHHA KpHBa 3MIHM €Hepros3aTpaT pi3Ko nagace BHH3 10 3Ha4YeHHA
0.3 Brrow/kr, a gan BHUPIBHIETHCA NPAKTHYHO Y HNPAMY JIiHIKD. Y BapiaHTi 3
HarpiBaHHsA [EPe] MEXaHIYHMM 3HEBOJAHEHHAM (JuB. puc. 4.23) KpuBa 3MIHH
EHEPro3aTpaT MOHOTOHHO crniajac, Xapaktep 000X KpuBuX (auB. puc. 4.22 ta 4.23)

BKAa3ye Ha MOCIII0BHE BHIAJICHHA PI3HUX BHIIIB BOJOTH Ta IX (POPM 3B A3KY 3
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MATEPIAJIOM, d& TOMY YMM MILHIIIMA 3B'M30K BOJIOIM Yy Marepian THM OulbLil
3aTpaTH Ha 11 BIUTUIEHHS.

HarpipanHs 03epHHX camnponeniB cTpyMaMH XapaKTepH3YeThCAd 3HAYHHMH
eHeprozaTrparaMi. Yum OUIbIIA BOJOTICTE, THM OUIBIIE MOTPIOHO eHeprii Ha
Harpisannsa. Haibinewe 3arpat edeprii, sk BuaHO (B, puc. 4.24) npHnajiawTs Ha
HarpiBaHHA CJ1ado3B’A3aHol BOJIOrH. EHeprosarpary 1No4YMHAWThL ClAJaTH Bl
sHaueHnd 1,15 Br-roa/kr npu BosorocTi canponems 88%.

CopOmiiiHe  3HEBOJHEHHA  O3€pHMX  canponeme  (AuB.  pHc. 4.25)
XapakTepH3YeThCA He3HAYHHMH eHepreTH4YHHMH 3aTpatamMi. B Mipy BHuajieHHA
BOJIOTM BOHH MOHOTOHHO 3pOCTARTh, 1X 3POCTAHHA II0B H3aHe 31 301IbLICHHAM

TPUBAIOCT] TPAHCIIOPTYBAHHS MATEPIAIY YV HPHUCTPOT /118 3HEBOIHEHHS.

Bucnosku 1o posainy 4

[IpoBeneHi exkclnepUMeHTalIbHI [JOCHIKEHHA 3 BHABICHHA MOMKIMBUX
cloco0IB  3HEBOJIHEHHA CAlPOIENK  OPraHidyHOrO THIY J103BOJIAKTL 3POOHTH
HEIET}"I'IHi BHCHOBKH.

1. TloOymoBa KIHETHYHHX Ta TEMICPATYPHHX KPHBHX  CYIIIHHA
OPraHI4YHOTO CAlpPOTEIko Ta 1X aHall3 MATBEPAKYIOTE HAABHICTE ¥ HOTO CTPYKTYPI
cado3B’A3aHO1 BOJIM, KA MOo#e OyTH BHIa/IeHa MeXaHIYHHUM crliocoOoM.

2. Ha ocHoBl TepMOrpaBiKallOpDUMETPHUHOIO aHAMI3ZY  CAlpoIeiiB
OPra’HidyHOr® THIY BCTAHOBJIEHO, 110 Y CAnponeial HasBH1 IpaslTallliiHa,
OCMOTHYHA, KamugpHa Ta ajcopOuiiiHa BHIH BOTOTH 3 (hI3MKO-MEXaHIYHOK Ta
(MIZHMKO-XIMIYHOK  (QopMaMH  3B’A3KY, a BelIHMYHHA BHYTPIIIHBOl IIOBEpPXHI
cranoBuTh 350 MY/T, mo € migcraBor s BHOOpPY mapaMeTpiB  copOeHTy.
BeranosneHo, 1o 1111 4ac BHIIAPOBYBAHHS IIIPOCKOINIYHOT BOJIOIM Y CAllpOIIEsX
BIIDYBAIOTRCH CTPYKTYPHI 3MIHH, Y PE3YJILTATI HOro 30UILIIYETRCA TREPIICTH 1
NPaKTHYHO TIOBHICTI BTpadacThes copOmiiiHi BracTHBocTi. Taka ocoOMMBICTE
NpPUTAMaHHA JTHIIE KOJOITHHUM KalUIAPHO-MOPHCTHM TUIaM, 10 AKHX MOMKHA

3apaxyBaTH 1 03epHI carnporen.



3. [HTEHCHBHICTL MEXAHIYHOIO 3HEBOJIHEHHS CAlPONE/IB 3aIeKUThL Bl
IHAYEHHA TPHKIAJIEHOT0 HANPY/KEHHS 1 TpUBanocTl #oro mii. ¥ cramoHapHux
VMOBAX BOJOrOBLLAUICHHA. ONTHMaabHUM 3HAYCHHAM THCKY CI1J  BBaXkaTH
150...200 kIla 3a Tpueanocti mii 60 c.

4. [Iposeneno nadopaTopHO-BHPOOHHYI JOCHIKEHHS 3HEBOJHEHHSA
Calpolely y IBHHTOBOMY IIpecl 1 BCTAHOBJIECHO Takl palloHAJIbHI 3HAYECHHA
JOCTDKYBAHUX (DaKTOPIB. MOYATKOBA BOJOTICTR camponemo W=96%, kpox
repaTa A = 0,32 M, dacrora oOepTaHHA  TBHHTOBOTO  podOYOTO
oprana o = 19,517 xB™' 1 KyT HaXWIy NPHCTPOIO 10 TOPH3OHTY o = (°,

5. [TposeneHo nadoparTopHO-BHPOOHHYL JOCHIKEHHS COpOLIHOTO
3HERBOJIHEHHS  CAIIPOIEN 1 BCTAHOBIEHO HACTYIIHI pallOHAJILH] 3HAYEHHS
JOCTKYBAHUX (PAKTOPIB: TOYATKOBA BONOTICTE canponento W =90%, mBHIKICTL
pobodoro oprana V= 0,025 m/c, motyxuaicte CBY-reneparopa P= 255 Bt Ta
KYT HaXHJIy BEPXHBOTrO TpaHcnoprepa 3 = 07,

6.  AHam3 exkcnmepHMEHTATbHMX MOCTIKCHL 3MIHM CHEprosaTpaT Ha
JHEBOJIHEHHS callpolleye 3a MexaHiyHoro, HarpieanHa CBY 1 copOuiiiHOTO
croco0IB  1aB  3MOTY BHABHTH, [0 3MiHA [MOCHIJOBHOCTI 1X 3acTOCYBaHHA
IYMOB/IIOE HENPONOPUIHHY 3MIHY eHeprozarpat (aue. puc. 4.22 1 4.25). lle €
MIJICTABOIO 718 KIJILBKICHOTO OIIHEHHA e(QEeKTHBHOCTI MOKIHBHX BaplaHTIB

MEXaHIZ30BaHOT TEXHOIOTIL.



PO3ILI S
PO3PAXYHOK EHEPTETHYHOI EOEKTHBHOCTI TA 3ACOEH
MEXAHI30BAHOI TEXHOJIOT'Ti 3HEBO/IHEHHS O3EPHUX
CAIMPOIIEJIIB

5.1. PesyabTaTH METOAY CHCTEMHOIO ODIPYHTYBAHHA A0UIIBLHOCTI |
MOCTITOBHOCTI BHKOHAHHA  omepamii  y  MexaHi3oBaHii  TeXHOJOril

JHCBOJAHCHHH O3€PHHX Canpon eJIiB

Bukopucranua  gopmymu  (2.11) mae  3Mory  CHCTEMHO — OLIHUTH
CHEPro3aTpaT Ha BHKOHAHHA ,-'J,UBiJIbHUIII II(]CJIi.LLﬂEHDCTi TEXHOIOTTYHHX 1'..'llIf.":]]'i:l_Ll,il‘ri:I
a TAKOK OOTPYHTYBATH PalllOHAIBHI BOJIOTOCTI, AKHX HEOOXIIHO JIOCATTH B XOJI
KOKHOI 3 OTIepallli.

[Tig yac pos3rnsaay MOMK/IMBHX BapiaHTIB MH OOMEKHMMOCH MakKCHMAallbHOR)
KiNbKICTHY vV TpH  erand. llporo Ovae [gocrarHeo, MO0 PO3KPHTH CVTh
3ANPONOHOBAHOT MeToAuKH. OKpiM TOro, BaplaHTH IOCJIJOBHOCTI IIPOLECIB 13
BUKOPHCTAHHAM YOTHPLOX 1 OUIblne crnocodiB OyayTk HeedeKTHBHHMH uepes
BHKOPHCTAHHA BEITHKOT KUILKOCT] 00/IaHAHNA Y TEXHOIOTIYHII IHIT 3HEROIHEHH
O3epHUX carnporelie. TakoX MOMIHBlI BTPaTH AKICHHX BIACTHBOCTEH I dYac
[epexo1y MaTepialy 3 0HOTO J10 1HIIOTO 3ac00y 3HEBOIHEHHS.

Bapiantu TexHONOrT 3HEBOJHEHHS 13 3aCTOCYBAHHAM OJHIET Ta JIBOX
onepamii, Ak BHAHO 3 Tadn. 2.2, HE BOJOAIKTL CTYIEHEM BUIBHOCTI, TOMY
ONTHMI3ALIA B JIAHOMY BHNAJAKY HE Mac 3MICTy. [Ind nopiBHAHHA 1X 3 1HIIHMH
BaplaHTaMH OyJe MQOCTATHBO PO3paxyBaTH 3HA4YeHHA IOTPIOHOI MOTYAKHOCTI 3a
cdopmymnoro (2.11) Ge3 BpaxyBaHHA ONITHMI3AILIT:

- JUIA NOCTIOBHOCTL; MeXaH1uHe 3HeBoIHeHHA (1 ):

p=9.(1); (5.1)

- [U1A mocigoeHoCT!: Harpieanud CBY — mMexanidHe 3sHeroIHeHHA (3-2):
17 & . 3 1_ H‘I
pe =90+ 8, () >
1—(w, —dw)

; (3.2)



- Juist nochigoBHoctl: Harpisanus CBY — copbuiiine 3ueBo/iHeHHs (3-4):

Pt =9, ()0 )

I —w,

1—(w, —ow)” )

3YMHHUMOCE JETANLHINIE Ha PO3TIAAl BaplanTiB 13 3acTOCYBaHHAM ¥
MEXaHI130BaHli TEXHONOr TPhLOX OIEpallid, [0 BOJOAIKOTE OJHMM CTYIICHEM
BUIBHOCTI, 3 MNOJAJILIIOK ONTHMIZAMIEK KOMKHOTO 3 MOMKIMBHX BapiaHTIB.
Onrumizauiiiyl GyHKUIT U8 po3rislyBaHUX BapiaHTiB Oy1yTh MaTH TAKHH BHIIA
18 MOCTOBHOCTI: MEXaHIYHe 3HEBOJHeHHA — nHarpiBanua CBY — mexaniude
3HeBoaHenHA (1-3-2):

: " 1—w . 1—
“2w)=9,(0)+8.(,,) ]_‘: +9, () e :aw} (5.4)

b

P

- JUIA [OCIIIOBHOCTI: MeXaHIYHe 3HeBOJHeHHA - Harpipanus CBY -
copOIliiiHe 3HeBOHEeHHA (1-3-4):
34 a 1—w - = w,
pI (MJ_EH(W{J]_'_H‘I(H])‘ ]_“::-I_H-i(w]—ﬂu-}'1_(“’3_5}1}} * (55}

1

- Ui nocaigoBHoctl: HarpiBanHs CBY — mexadiune 3HEBOJHEHHS —

copoiitne sneBoaHeHng (3-2-4):

- l—w RN o U
et () =95(,, )+ 9, (ﬂr ‘"”) —{wnTlamt*)+ﬂ4{'1':)' = (5.6)

- s mocmaoBHOCTI: Harpiganus CBY — copOuiiine 3HeROIHEHHS MeXaHIYyHe

3HeBOAHeHHA (3-4-2):

P () =9:(,, )+ 9.0 ) 5 _{1 Mg (n)i e (5)

w,—ow) 1—w,

Y HasejqeHux piBHAHHAX (5.4, 5.5) 3MIHHOW BEIMYHHOKW (KEpOBaHUM
YMHHUKOM) € BOJOTICTH Calpolen w,, AKY HeoOXiIHO JocArtd micnd -1
onepauii, a y piBHaHHaX (5.6, 5.7) — Bonoricte w, micia 2—1 onepawii. s

NIATBEPIKCHHA TEOPETHIHHX TMPHIVIIEHE HeOOXITHO MPOBECTH JOCTIKCHHA
EHEPreTHYHHUX 3aTpaT /Ui KOKHOTO i3 MOKIHBHX CIIOCOOIR Ta 0OIPYHTYVBATH iX

MOCIIOBHICTE.



BUKOPUCTOBRYIOUN PE3Y/ILTATH EKCIEPHMEHTAIBHUX Jocilixens (1. 4.7),
s QYHKINE  3aTpar  TOTYKHOCTI 3@ BHKOPHCTAHHA — PI3HAX  BaplanTiB
MOCHIJIOBHOCTI  00YHCIMMO  1X  3HadeHHA. OTpuUMaHl  pe3yiabTaTH  3aTpar
MOTY;KHOCTI Ha 3HEBOJAHEHHA 1A KOKHOTO 13 pO3TIAIYBaHHX BaplaHTIB 3BEJEHO B
Tabmn. 5.1.
Tabauys 5.1
[TopiBHAILHA eHEPreTHYHA XapaKTEPHCTHKA Pi3HHX BapiaHTIB

MeXAHIZ0BAHOI TEXHOI0TI] 3HeBOTHCHHA

3aTpaTH MOTYKHOCTI,
[TocrioBHICTs BHKOHAHHS Oneparii { N} By, TO y
KT

1 2,285
3-2 3.6

3-4 2,572

[-3-2 0,886

1-3-4 0,565

3-4-2 2,567

3-2-4 2,572

3 Tadmn. 5.1 9iTKO BUAHO HepeBary nociijgoBHocTi onepanii 1-3-4 nopieHaHO
3 IHIWMMKM BapianTamu, s OuibLL perelibHOrO NOSCHeHHS 300pa3zsuMo (PpyHKLIT

(5.4-5.7) y Burnaznl rpadiuHUX sane:KHOCTEH BIO KepoBaHHX YHHHHUKIB W, Ta w,

(puc. 5.1).

Ak BugHO 3 HaeeaeHUX rpadikie (AuB. pHc. 5.1), ama sanekHOCTEH
puc.5.1, a Ta puc. 5.1, © € MOKIHBICTE 3HAHTH ONITHMAIIBHI TOYKH, B AKHX (DYHKI(IA
eHeprosarpar nepedysae y cBoeMy MiHIMyMi. Jlna cnocodiB puc. 5.1, B Ta

puc. 5.1, r onTHMAaIBHI 3HAYEHHS 3HAXOAATHCH HA I'PAHULIAX IHTEPBANY TX 3HAYEHb

o

i pibni BiznositHo 2,567 T2 2,572 Bm- 209/ .
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3HEBOJHEHHS CallpollelliB Bl [IPOMIKHOI BOJIOTOCTI:

O — Bapianr 1-3-4; B — BapianT 3-2-4; r — Bapianr 3-4-2.

1-3-4

[ 25

w.% 70

3-4-2

Px
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Puc. 5.1. 3anexHocT] HeoOX1AHOT MOTYKHOCTI P, U4 BUKOHAHHA Orepariii

1-3-2;

AHam3 OTPHMAHMX PE3YILTATIB CBIIYHTE TIPO TE, MIO 33 BHKOPHCTAHHA

crocody 1-3-4 eHepreTH4HI 3aTpaTH ¥ MEXaHI30BaHIH TEXHOIOTI] 3HEBOIHEHHA

o3epHUX canponemis OyayTe MiHIManeHuMH  p. - =0,565 -Tom/kr 3a ymoBH

W, = 83-84 %, e MeHIe, HUK y BapiadTi 1-3-2.

[Iposeaena onTuMiIzalia faga 3Mory OOrpyHTYBATH palllOHAIBHI MEKI

BOJIOTOCTI TCHAA BHKOHAHHA ONEpaiii Ha KOKHOMY 3 €TaniB 3HEBOHEHHHA, AKI

noaano y tabm. 5.2



Tabauysn 5.2

PauionainbHa TeXHO0/0ris | pesKHMH 3HEBOJHEHHA 03€PHHX CANIPONEIiB

Meski 3MIHH BiaHocHa
: 3aTpaTH
No MocTiTOBHICTE BOMOTOCTI, %0 mojrava P
- A MOTYKHOCTI,
" CHPOBHHH
/11 oreparif ‘ 0
MovaTKoORa | KIHLEBA | (O Bm- m/,
(=i 0 -100% ) Ke
(h
MexaHiube
I 04 R3-84 37.5 0,1635
THEROIHEHHSA
2 Harpiganns CBY a83-84 80-81 30 00,4005
CopOuiiine
3 80-81 70 20) 0,001
3HECBOJIHCHHA

['pachiuro MOCITIOBHICTL OTIEpalliii Ta 3MIHY BOJIOTOCT] TIJT 9aC BHKOHAHHA

JHCBOJHCHHA O3CPHHX Cﬂ]’lpﬂl’[ﬂﬂiﬂ MOYKHA ECIEFIEIEHTH. AK 1IC TTOKA3aHO Ha pHC. 5.2

W,% 95
8§3-84
85
80-81
75
70
0
I 3 4 Onepauin

Puc. 5.2. 3MiHa BONOrOCTI camporelly IMiJ 4Yac 3HEBOJIHEHHA

MocmaoBHICTHO 1-3-4.

TakuMm YHHOM, 3alpONOHOBAHHH METOJ CHCTEMHOTO OOIPYHTYBaHHA

MEXaH130BaHOI TEXHOJIOr 3HCBOJAHCHHA [aB 3MOTY BCTAHOBHTH palllOHAIbHHH




HaDIp onepauiii T4 MNOCHJOBHICTE 1X BHKOHAHHS, 33 BHKOPHCTAHHS SKOIO
eHEepPreTHYH1 3aTPATH Ha 3IIHCHEHHS mpotlecy OyayTe MiHiMansbHuMu. Takok na
NIICTABl 3aCTOCYBAHHA LLOI0 METONY HAMH BCTAHOBJICHO ONTHMAJBHI MEWKI

BOJIOTOCTI, AKX He0OX1HO TOCATTH HAa KOKHOMY 3 eTarliB.

5.2. 3acodu mexanizanil npouecy 3HEBOAHEHHN CANPONEIIB Ta HANPAMH

BHKOPHCTAHHA ¥ CiTbCbKOT0OCMOAapcLKOMY BHPOOHHIITBI

Panime nposeneni JO0CHKEHHA 3 BHKOPHCTAHHA CAMPONETIB NPHUPOJHOTO
CTAHY CTOCYB&JIHMCHL 0 JOOYBAHHSA Ccanponemo 3-1yl mapy BOJH, crnocodom
HaMHBaHHA IyIBIOH B 4Yekd abo Ha mond. Ilin 4ac mporo BTpaTH OpraHIvHOI
PEYOBHHH Hepe3 NPHPOIHO-KIIMaTHYHI (aktopu carawote 50%. Tpusamicts
MIFOTOBKH CAIPOIIENH 10 BHKOPUCTAHHA PO3TATYETBCA HA POKH.

[Tosra O3€P, U8 AKHX XapaKTEpHd HASBHICTE HE3HAYHOIO INOBEPXHEBOI'D
mapy Bojau abo 11 BIACYTHICTB, BUMArae IMOIIYKIB HOBHX crocoOIB 100yBaHHsA
canponenie Ta ePeKTHBHOTO BHKOPHCTAHHS.

Take ozepo B nepepizl Mae BUTIAL TTpodito, 300paxkeHoro Ha puc 3.3. B
TAKOMY BHIIAJKY BapTO BHIAUIMTH [eKUIbKa CKJIAQIOBHX 03€pa, AKI HeoOXIIHO

BPAXOBYBATH Y IpoLect Horo po3poOKH 1| BHKOPHCTAHHS CKJ1A/HHKIB,

A
A i Sk o A
, _ .I. .'.. ' r - -."IL. . . .q:l-l "'L_h ..-_:._/
e T D e e R
B
rr

Puc. 5.3. Ilpodine canponenesoro ozepa: 4 — NOBEPXHEBHH POCITHHHHH
wap Bucorow 0,5...0,7 m; B — wap nenoreny sucorow 1.2 M; I' —cepe/Hiil wap
OCHOBHI TIOKIQIHM camponeno eojorictio 92,98 %; J — moKHiH minsauii map

CarpoInciik.



AHain3 pecypcoolaiHux TexHooriii [60] ta ckiiajy 03epHUX MOKIA/1B, 1X
PO3TANIYBAHHA Y BOJOIMI, TIPOBEJIEH] JOCTDKCHHA Ta BPaxyBanHd MOMKITHBHX
CKOJIOTIYHHUX HACIIKIE I03BOJIAKTE 3pO0OMTH BMCHOBKH TIPO HEMOMK/IHBICTH
BHKOPHCTAHHA BIIOMHX CIOCODIR 1 3aco0iB M1 4ac po3podKH 03ep De3 HadBHOCTI
BO/IH 3 HACTYTTHHUX MTPHYHH:

—  BIJICYTHICTB BOJH HE JIO3BOJIAE BUKOPHCTATH ITOHTOHHI 3aCc00H;

—  HH3bKa HECYYa 3/IaTHICTh TIOKIAIIB Canpornenio, a Takoxk TPYHTIB,
M0 3HAXOMATHCA B TIPHOCPCKHIA 30HI 03¢p HE 3/1aTHI BHTPHMAaTH Baru
MOOLUIBHHX 3ac0o0IB J0OYBAHHA;

— Opra”izatisa podiT Mg Yac po3poOKH canporenTt BHMarae 3Ha4YHHX
AONATKOBHX EEMJIEPHHHH?{ pﬂﬁi'l" HABKOJID L‘IEE].']E[_.. IO HETATHEHO BILIHBAE Ha
eKoJIoruny 00CTaHOBKY HaBKOI0 o3epa [13].

KpiMm 1mporo, mamis mnoYaTKOBOTO 3HCBOJHCHHA CAMNpONETio HEoOXIIHO
3a0e3MeYuTH YMOBH 30epekeHHA CTPYKTYPH Canponenw fAK  KOJOITHOTO
KallUIAPHO-MIOPHCTOTO TiMd, B 1HOIOMY BHIIAJKY B HOJAIBOIOMY MeXaHIMHHM
criocoboM  BOAY  BLUIIMTH  Hemo#uiMBo. Cepesl BEIMKOT KUIBKOCTI  3ac0DIB
MepeMILEHHS BAHTAXKIB 3aC/JIYIOBYIOTH HA YBary KIBII 3 KaHATHO-CKPENEPHOR
yeranorkoio (KCVY), sakpluieHoro AexnapamiiiiiM maTenToM Ha BHHax1T NeT71759
A [90]. Ix 3acTocypaHHA J03BONMTH YHHKHYTH BKA3aHMX HETATHBHHX SBHII ITij
qac po3poOKH 03ep B AKHX BIACYTHSA BOJA.

Takox 3anexuo Bl yMOB eBTpodii 03epa, /10 HOro CKJIAJIHHKIB BIIHOCATh
topd (3ona E), Akuii 3a0irae, B OCHOBHOMY, Y NPUOEpEkKHII 30H1.

Baxknueo [a714 OTpHMaHHA Camporenio MPHPOAHHMH BIACTHBOCTAMH, €
HEIOMYIIEHHA 3MIIIYBaHHA MaTeplalliB, M0 3HAXOIATBCA AK B 03€pl, TAK 1 HABKOJIO
HBOTO, 3 METOI0 3a0e3revyeHHA MPHPOAHOT CTPYKTYPH Carnporento, Sk KOJOIIHOTro
KanusipHo-nopucToro  Tina. Bukopucranns KCY 13 3anponoHOBaHHM  HaMH
MHOMHO-TPAHCTIOPTHUM — TIpUCTpoeM  (puc. 5.4)  cnemlanbHol  KOHCTPYKIIT
NO3ROMNTE HA eTami Jo0YBaHHS CANpoNeNl0 3HH3HTH HOTo ROJOTICTE I 4ac
NOOYBAHHA 34 PaXyHOK CTHCKaHHA (B oOMexkeHOMY 00 €M1 KORBIIIA) Canpornent Ta

rApoOCTaATHYHOIO THCKY LIAPIB.



Puc. 5.4. ITligiioMHO-TpaHCIOPTYBAIBHHI  TIpUCTPid 1 goOyBaHHA
CalpOIIENI: & — Y BUIKPUTOMY TOJIOMKEHH]; O — Y 3aKpUTOMY 10JI0KeHH]; | — KB,
214 - mwapHipHO 3’ cIHAHI TOTOBMHKH KOBIIA, 3 — piky4l pedpa, 5 — oOMexyeay, 6

1 7 — kKaHaTH, 8 19 — OJIOKH.

[Mpuauun  a1i  0IHOMHO-TPAHCIIOPTHOTO  MPHCTPOK  HACTYIIHMI: /11
TOOYBAHHA CATPONEITIO KIBII 3 BUIKPHTHMH IAPHIPHO 3 €IHAHHUMH TTOJOBHHAMH 2
ONyCKaeTbcA B wap canponento. Ilicnd meoro BIH po3pizacThed  pLKYHHMH
pedpamu 3 1 morpanse o nepdoporadoro Koema 1. Jlam 3a 40noMorow KaHatie
6 1 7 Ta Onokie 8§ 1 9 sakpUBAKOTHECH MIAPHIPHO-3 €/IHAHI TIOJNIOBHHKH 2, sKI
MATAYIOTBCA J1o0 Koprycy korwma 1. Ilpu npoMy canporneis CTHCKAeThCH Maiike
BABIYI 1 3 HBOTO BHIUIAETECA BOJAA HEpe3 OTBOPH KoBma | 3a paxyHOK
CTHCKYBaHHA Carporielio 1 TIIpoCcTaTHYHOTO THCKY Horo mapis. ns Toro, mobd
canporneib He NpPOoXOJHB 4epe3 OTBOPH KoOBina 1, BHYTpilIHA HOro 4acTHHA
obnanHaHa (GIAETPYBAIBHHM €IeMEHTOM (Ha PHCYHKY He mokaszaHuii). [licis
HLOI'O KIBII HMUIHIMAETHCA HA HAJBOJAHHH IPOCTIP, BHBAHTAXKYETHCH, 1 1POLIEC
IIOBTOPIOCTECA.

Omke, nna 3adesneyeHHA e(PEKTHBHOTO BHKOPHCTAHHA O3CPHHX IOKIAIIB
OPraHivHOTO TMOXO/KeHHA HeOOXITHO BHIAUIHTH TPH PIBHI 1X BHKOPHUCTAHHA, 110
BIAIIOBIIAKTE MEBHIH BOJIOTOCTI callpOIlesIH.

[lepumii piBeHb — BHIAJICHHA 3 03€pa MENOreHy, Canporneil BOIOTICTO

outesIe 96 %y,



Hpyruii pigeds - go0yBaHHs canponen sonaorictio 92-95 % 1 3HHKeHHS
ioro BonorocTi 10 90-85 % BKazanmHM MIHOMHO-TPAHCTIOPTYRBAITBHAM TIPHCTPOEM.

Tperiii piBeHs — nepepodKa canponesnto J1o0 TorapHoi gpakiii 3a 101MoMoror
BHIANTEHHA BUIEHOI BOOM. TOOI BOJOTICTE canpomnenry craHoeuTHMe 70-735 %.
[Ticnsa uboro canporneiib MOAKHA BUKOPHCTOBYBATH Y YMCTOMY BHUITIAI1, a TAKOK Y
pi3HUX (oOpMax Ta CTPYKTYpax U1 HIABHIIEHHS POIHOYOCT] IPYHTIB.

Ha nepmomy pieHi ao0yTHi nenoren HeoOXIHO BHKOPHCTOBYBATH IS

MIZBHIICHHA POIIOYOCTI TPYHTIB HA TIPHJICTIIHX 710 BOJIOHMH Moaax (puc. 5.5).

CamoHaBaAHTAKECHHA MAIIHHA BOJOCATIPO- TpancnopTyBaHHA Ta BHECEHHSA HA NOJA
neneeor nyaenow (Tpakrop XT3-17221 + (TpakTop XT3-17221 + mammHa ana
MANTHHA 19 BHECEHHS PiIKHX Opranivanx BHECEHHA PIIKAX Opravivaux qodpue
nodopue NCKT-6; MAKT-11) MAT—6; MAKT-11)

a) 6)

Puc. 5.5, JlobyBanns ta BHECEHHS CATTPOTIETIO TPHPOIHOT BOJOTOCTI.

Buecenns pigkol ¢pakmi Moxke BIIOVBATHCE JIROMA  CrocodamMu  —
NOBEPXHEBO 1 JIoKalbHO. Ha noepxHio nosis cBi#oa00yTHH canpornellb BHOCHThCA
MAIHHO-TPAKTOPHHM arperaroMm y ckiaigl rpaktopa XT3—17221 1 mammuu s
BHECEHHS PIIKHX opraHiunux aoopus MKT—6 abo MKT—11 (nus. puc 5.5, a, 6).
JTokaneHe BHECCHHSA JOIUTEHO MPOBOIMTH ¥ CKIa/1l OPraHO-MiHEpaIbHUX JTOOpPHE.
¥ npouect po3podKH 03¢pHHX NMOKIAIIE MEJ0reH Oy/e MOTOBHIOBATH KOTIOBAH |
Horo mepioMYHO TOTPIOHO BIIKAYYBATH.

Hobyruit  canponens Bonoricrio 92-98 % 3a  jnonomorow nijiiioMHo-
TPAHCIOPTHOIO NPHCTPo (pHuc 5.4) nepeRaHTaXkYOTh y Oapxky (puc 5.6) Ta

TPaHCcIopTYIOTh 110 Depera.



Puc. 5.6. bapka nns TpaHCIOpTYBAHHA 03€PHOIO Carponento.

Ham i#loro nepeHaBaHTAXKYIOTE Y MOOUIBHI  TPAHCHOPTHI  3aco0H
(asToMoOUIL Scania R 124.470 + Hamenpuuin—camockuj Andreoli). ¥V npoueci
NMEPEHABAHTAKEHHA 1 TPAHCITOPTYBAHHA 3aBJAKH (pinwTparii canponenesoi Macu
MOJKITHBE HE3HAYHE RIJUTUICHHSA YaCTHHH BOJIOTH.

BakiMBUM eTarioM [epeTBOPEeHHH O03epHOro Ccalpolen Vv TOBapHY
(ppakuiro € ioro nepepodka. [loganeiue 3HeBOAHEHH: CANIPOTIENK 3aMPONIOHOBAHE
CBY—narpiganusam T1a nependauae CTBOPEHHA I'pajlleHTa THUCKY B 00 eMi
marepiany. Camponens nojaeTbes Ha CTPIUKoBHi Kouseep CBY-ycranoeku
Henepeperol  ail (Al-@JIB) 1 warpiBaerbed, y pesyiabTari 4Horo BoOJOTA
nepeMINIyeThCA Ha TIOBEPXHIO MaTepiamy.

[Tpu Buxomai 13 CBY—kamepu HarpiTHH canporneiis HOTPaILIAEe ¥ IPOCTip MK
JIBOMA CTPIYKOBHMH TPAHCIOPTEPAMH, CTPIYKH AKMX BHKOHAH1 3 aJIcopOyHO40ro
Marepiany, AKWH 3gaTHHil BOMpatw Bonory., Ha mpomy etam 3HeBOJIHEHHS
BIJJHOCHY BOJIOTICTE O3€PHOIO Calponeno MOKHA e 3MeHIHTH Ha 8§ — 10%.
TakuM 4HHOM OTPHMYEMO MaTepialdl TOTOBHH [71A NMaKyBaHHA 3a JOIMOMOTOR
(hacyBallbHO-YVIIAKYBAJIBHOTO jgo3artopa PT-YM-2lc 1 TpancnopTyBadnHs [0
CIIOKHBAYA 3 BUIHOCHOKW Bollorictwo  65-75%. Ha puc 5.7 sobpameno
3AMPONMOHOBAHUI TIEPENIK Onepaiiil Ta TeXHIYHE 3a0e3MedYeHHs TEXHOIOTTHHOTO

nporecy 100yBaHHA Ta MepepoOKH 03EPHOTO CATIPOTIENIO.
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Puc. 5.7. Tlepenik omnepauiii (a) Ta TexHi4He 3ale3snmeveHHA (0)

MeXaHi30BaHOoT TEXHOI0TT 3HeBOIHEeHHS O3CPHOTO CalpoIe]Ii.

v pEE}"HBTﬂTi MpOBCACHHX  TCOPCTHYHHX Td  CRCICPHMCHTA/IBHHX
ﬂ,ﬂﬂﬂi,ﬂ]{{EHb 3alpOIOHOBAHO ME’K&HiEDEEH}" TEXHOJIOTTH JHCBOJHCHHA O3CPHHX
CarporeaiB, J03BOJAE 3aCTOCOBYBATH JaHy TEXHOIOTIK) 3 BpaxyBaHHAM YMOB
noOYBAHHA canponelne 3 Mmanmux  BojaoiM. Ha pospoblieny  MexaHi3oBaHy
TEXHOJOTII0 Ta crocld Jo0yBRaHHA CAlpomeliB 3 MaJIHX BOIOHM OTPHMAHO

NaTeHTH YKpalHW Ha KOpUCHY Mozenk (91, 92].



3aB/AKM [OWAPORIH  po3podLl POJAOBHILA 3MEHIUYETHCH PO3PLIAKEHHS
HIDKHIX TIapIB  carpornenio OUTBIT BOJIOTHMH BEPXHIMH, IO CKOPOYYE Hac 1
MareplajibHl 3aTpaTh Ha HOTO 3HEBO/IHEHHA.

BukopucranHa pozpodieHoro crnocody ekCcKapallll campornerniB gae 3Mory
JHU3MTH COOIBAPTICTE J0DYTOT CHPOBHHHM 33 PaxyHOK 3MEHIIEHHA KIJIBKOCTI
3ac00IB Hd BMKOHAHHA TEXHOJOITYHOIO MPOLECY €KCKaBauli Ta CKOPOYEHHA
KIJTBKOCT] BHKOHARBIIB poOIT.

[IporeaeHmii aHamis cTaHy BOJOHM 3 HE3HAYHOI KUTBKICTIO BOoaM abo Oez
Hel Ta BlIIOMHX 3aco0iB 100yBaHHA calpoleliB I0Ka3ap, W0 g 3ade3neveHHd
BHKOHAHHA TEXHOIOTIYHOTO [POLECcY po3poOdKH HeoOXITHO BHKOPHCTOBYBATH
KCY. Horo poboui opraun MaroTh 3a0e3Me4dTH NEPBUHHE BiJUILIEHHS BOIM Y
mexax 10 %,

Bubip pobounx opramie KCY Takox 3aneKMTh BII CTaHy Ta mpodumo
ozepa. Kpim 1nsoro, B mpoueci po3podKH BOJOHMH HEJOMYCTHMHH HeraTHBHHIM
BILUIHB Ha €KOJIOTIYHY CHTYAaLiK HABKOIUIIHBOTO CepeloBHINA, 10 J0CATAETHCH
TUIBKH HAYKOBO ODIPYHTOBAHUM CIIOCODOM 1 3acoDaMM po3po0KH.

BHEI:II{H B{]J’IDFiCTL Q3CPHOTO CAIIpOIIC/ID BHMArac J0 HBOI'O ﬂlIﬂBIr’llLlﬁH{}.l.
yBRaru micas  eramy  goOyeampa.  Canponens HE MOKHA  3MINIYBAaTH 3
NpHOEepeKHHMH TPYHTAMH, BKJIagaTH Horo B OypTH Ta pPO3CTHIATH A
IPOMOPOAKYBAHHA. B TakoMy BHIIAJKY BTpaTH OPraHIYHOT YaCTHHH IPU3BOIATE 10
FHUMKEHHS BAPTOCTI FOTOBOT NPOYKLIT,

Otixe, OCHOBHY VyBary rMpud [J00yBaHHSA canponeno Cciijl  HajJlaBaT
nojanemii OesnmepepBHii nmepepodmi. Tomi OyayTe 30epeskeHi iforo KopHcHI
IPUPOIHI BIACTHBOCTI Ta MOCATHYTA €(QEeKTHBHICTB M1 4Yac BHKOPHCTAHHA V
CUIBCBKOTOCIOapCbKOMY BHPOOHMUTRL. Hanpsamu BHKOpPHCTAHHS canponeit y

CUIBCEKOMY TOCMoaapcTei 300paxeHo Ha puc. 5.8,
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Puc. 5.8. HanpsaMH BUKOpUCTaHHA TIPHUTOTOBAHOTO CATIPOIIEIIHO.

5.3. Perionansna migcucrema sadesneyenns NiABHINEHHSA POaA0Y0CTI

rpyuTiB 3axignoro IMogicca

YKpaiHa mae B cCROEMY ckiaiai 33.5 MIIH. ra OpHHX 3eMellb, 110 CTAHOBHTh

owbme 32 % veixX NPOAYKTHBHHX IPYHTIB €Bpornd. Alle 3a pPOKH TOTAIBHOI

IHTEHCH(IKAIT BHPOOHHYHX MPOIECIB CUILCBKOTOCMOAAPCEKOr0 BHPOOHHIITEA

NPOAYKTHBHICTE 3eMenb cTana y 2,2 pasu mikda, nix y CIIA Ta Kanani.

Ha tepuropii 3axignoro Ilomices nepepaxarTs 1€PHOBO-MII30JHCTI IPYHTH

(bmuzeko 70 %), AK1 XapaKTepHIYKOTHCA HH3BKOK TIPHPOTHOK POJKOYICTIO, 4 TOMY

BHECCHHA ﬂﬂﬁpHE JarajloM Ta ﬂpl"ﬂHi‘lI—IHK ﬂi}ﬁpHB 30KpEMd € BH3Ha4Ya/IbHHM

(pakTOpOM 18 OTPUMAHHA BHCOKMX ypoxais. BHecenHs opraHiuHux ao0pus

IO3BOJIWTE TIIBHIIHTH BMICT TYMYCY, TIORHBHHX DPEYOBHH T4 PYXOMHX (opMm

drocdopy Ta azory y rpyHTl. BHeceHHA canponento Ta opraiivuHux 100pHB Ha iHoro

OCHOBI JOZBOIIHTE TaKOMK BiﬂHGBHTH TY HACTHHY 3CMCIIb, AKA IMIOCTpaAIalla



BHacH10K  YopHoOMILCLKOT KatacTpou, a Takek 3emil, [puieri o
Pienencrroi AEC.

Anle mepumr HBK pO3MNSAaTH  PErloHalbHY IMJCHCTEMY BHKODHCTAHHA
MICIIEBMX CHPOBHHHHX PeCcypcCiB, HEOOXIOHO HITKO C(rOpMYIHBATH MPIOPHTETHI
HarpaMH PO3BHTKY PETIOHY B Taly3l CUIBCBKOTOCIIOIAPCHKOTO BHPOOHHIITRA

(puc. 5.9).

PozpobKa MICLIEEHX CHPOBHHHHX PEC YPCIB
(topih, canponens, ocdopur) Ta BupoGHuureo Kopmis
BHPOODHHIITEC HA 1X OCHOBI KO NOTMHO YHCTHX "
NoOpHB
' |
: ] } !
JsonosnpodHHITED XMener HpoOHHIITED BHpoOHHITEO KapToMTi TeapHHHHIITED

Ta WYKPOBHX DYPAKIE
| | | J

k. 2

MaJni Ta cepea i MANPHEMCTRA NPOMHCIIOBOT TEpepoOKH
CUIBCBKOTOCTIONAPCEKOT TA TBAPHHHHIBKOT TPOIVKILN

Puc 5.9. [IpiopuTeTHl HAaNPAMKH PO3BHTKY periony 3axiaHoro [lomices.

TpajuuliHuMK, icTropHuHO chopMoBaHUMH Jiid 30HKM 3axijgHoro Ilosnices
OYIH KJIIOYOBI UM KpaiHM Tajaysl: JbOHOBUPOOHHMLTBO, XMEICBHPOOHHLTBO,
BHPOILIYBAHHA KapTOIUI, TBAPHHHHITBO. IHIN KYIBTYPH MOXKYTE OyTH
NOJAaTKOBHMH I8 TPOBEIEHHA CIBO3MIH. TakuM YHHOM, e(eKTHBHICTE TIEi 4H
IHIIOT Tamy3i Oyle BH3HA4YATHCA, AK POMHYICTIO TPYHTIB, Tak i codiBapTiCTHO
OTPHUMAHOT NPOJIYKLII.

Husbka poaroyicTh JAEPHOBO-NII30JMCTHX TIPYHTIB BHMarae ocoOIHBOTO
NiIX0aY 10 BHKOPHCTaHHA 00’€MIB PEHOBHH OPTaHIYHOTO TOXOKCHHS ¥V OKPEMO
B3ATOMY perioHl. [Id KOKHOI CUIBCBKOTOCHOIAPCHKOl KVIBTYPH MarTbk OYTH
JOCIIJIAKEH] 1 BCTAHOBIIEHI METO/IH, Croco0H Ta CTBOpPEHI 3acODH MeXaHi30BaHOTO
BHECEHHA TaKHX peqdoBHH. JIHIne TOMI BAACTBCA BIAPOJAHTH HaBEJAEH1 raiysi o
EKOHOMIYHO OOIPYHTOBAHOIO PIBHA ©0€3 3aJY4YeHHA 1HO3EMHHX TEXHOJIOTIH 1

Oe3CcHCTEMHOTO BBE3CHHSA IMIOPTHOI TEXHIKH.



5.4. Po3paxyHok eHepreTHYHHX 3aTPAT NPH MexanizoBauii Texno/orii

SHCBOJAHCHHH O3CPHHX CAlIPpOIICI iB

Hna  TopiBHAHHA BHTPAT eHeprii Ha  3HEBOJHEHHA  CalpoMent
pPO3pPaxOBYEMO EHEPreTHYHl 3aTpaTH Ui KOHBEKTHBHOTO CVIIIHHA, OCKUIBKH
et  cnocld  CYWIHHA € OJHMM 13  HaHNOLIMPEHIMX Ta  IHPOKO
3ACTOCOBYBAHHM.

EHeproBUTpaTH HA KOHBCKTHBHE CYIINIHHA Camporen MOKHA MoJaTH Y
puranl [44, 81,]:

Eﬂ. + E{”‘.‘ + EF-!.H. , [58':'

7@, 1.6 + Q

ne B, — 3arajbHl BUTpAaTH €HEPrli Ha 3HHIKEHHSA BOJIOTOCT] CANnponesno,

kKBT;
E. — eHepreTH4H1 BHTpATH KHBOT TIpalll, K/x;
E.s — eHeproeMHiCcTs JOAATKOBOr0O 00MaHaHHs, K/,
E. — eHeproemMuicTs BUPOOHHYUX NPUMILLEHb, KJ[XK;
(Q — MPOJIYKTHBHICTE CYIIAPKH, KT/TOJI.
JarankHl BUTPaTH €HEPIr1l Ha 3HHKEHHA BOJIOTOCTI MaTeplany 3rijaHo 3 [87,
88] MOKHA BHpA3HUTH:
e = G, - W,) CAt+———
3,6(100-W)AdL " 10'np

: (5.9)

Je G — KUTBKICTE BOJIOTOTO MaTeplainy, AKHH MIIArae CyIIHHIOKT;

Wa. Wy — BIANIOBIAHO IIOYATKOBA TA KIHIERA BOJIOTICTE CAllpOIestt, Yo,

Ad — pi3HHLA BOJIONOBMICTY CYIIHJIBHOI'O aréHTa Ha BXO/1 B Marepial i
BUXO/1 3 HBOTO, KI'VKI;

Af — pIZHAIE TEMIIEPATYP CYHNIHILHOTO arédTa Ha BXO1l B MaTtepian I
BHX0/1 3 HeOTO, “C;

Cy — MHTOMA TEIJIOEMHICTE CYIIHIBHOTO arenta, k/x/ (kr- °C);

H — nosuuit Hanip, ITa/m®;

p — I'YCTHHA CYLIHIBHOIO areHTa, Krinm’.



Sk BuaHo 3 dopmynn (5.9), 3HHUMKEHHS EHEPrOBHTPAT MOMKHA JAOCHI'TH
30ITBIIEHHAM  PI3HMIN  BOJOTOBMICTY  Hepe3  e(EKTHBHE BHKOPHCTAHHA
MOTEHIIATY CYLIHIBHOIO areHTa.

EHepreTH4H1 BUTPATH AKHBOI IIpaAlll BU3HAYAKTE 3a (POPMYIOH

E.:w- = Nrrﬂ.:w'r.l + Nr}ﬂ'.:w':] 3 {5 I ﬂ:'
e Ny, N, — KUIBKICTh OCHOBHHX Ta JIONOMDKHHX HPalliBHHKIB, 40J1.;
Ogos Oy — CHEPreTHYHHI EKBIBAJICHT TOJAHHH podOTH BIIMOBIHO

OCHOBHHX 1 TOTOMIKHHMX TIpaIiiBHUKIR, K&/ TOmI.
ExepreTHyHi BHTpaTH JONOMUKHOTO o00JaJHAHHA BHPaKawThCA ¥

BHIJIAIL:
E_ = ZumMm, (5.11)
i=|

7€ Opp — EHEPreTHYHI EKBIBAIIEHTH TOAHHH POOOTH JOMOMIKHHX MPUCTPOIB, AKI
BUKOPHUCTOBYHTHCS, KJ[#/Kr 1o/,
M, — Maca npHCTpOIB, KI.
EneproeMaicTs BHPOOHHYHX TNPHMINIEHE V BHIAAKY, SKIIO CYHIIapkKa
BCTAHOBIIEHA B KPHTOMY IIPHMINIEHHI BH3HAYACTRCA 3a (QOPMYIIOND:

E =N_t +NfI, (5.12)

RO JAOH

e Ny, No — MOTYHKHICTE OCBITIHOBAIBHUX [PUIATIE 1 BEHTHIALIHHHX
YCTAHOBOK, KBT;

tocss ta — YAC BHKOPHCTAHHSA OCBIT/IIOBAILHUX TIPHIAIIB Td BEHTHIAINHHHX
YCTaHOBOK, TO/I.

Jnd nopiBHAHHA €HeprosaTpaT Ha [POBEJCHHA MpPOLecY 3HEBOJHEHHHA
CAIpOIIeK) KOHBEKTHBHHM CVYIIIHHAM Ta 3alpOlOHOBAaHHM CIIOCO0OM CKIIajeHa
3BITHA TAOJIMIA, /1€ 3aHECEHO PE3YILTATH PO3paxyHKiB (Tadi. 5.3).

OuikyBaHa eHepreTHYHa e(eKTHBHICTL BiJl BHKOPHCTAHHA  HOBOI
MEXaHI30BaHO! TEXHOJIOTIT 3HEBOJHCHHA O3CPHHX CalpoIealE IMOPIBHAHO 3

KOHBEKTHBHHM CYIIIHHAM CTaHOBUTE (0,886 BT roa/kr.



Tabauysn 5.3

IHopiBHsiibHA TADJAHUA 3aTPAT €HEPril HA 3HEBOAHEHHSA CANIPOIIE/II0

Cymapsi
Cnocid JaTpaTH eHeprii Ha 3MIHCHEHHA 3ATPATH
3HEBOIHEHHSA TeXHOJIOTHHHX onepariii, Br-roa/kr eHeprii
ZE Brroa/kr
KoneektupHne L
CYIITHHA 1.451 1,451
Kombinosanwmii E E . E. .
ciocid 0,1635 0,4005 0,001 0,565
BucHOBKH 10 po3aiay 5
1. Ha migcrasl  BuKopHcTanus pospobmenoro vy m 2.1 metony

CHCTEMHOTO  OOIPYHTYBaHHA  MEXaHI30BAHOI  TEXHONOIl  3HCBOIHCHHA,
BCTAHOBJIEHO, 110 BOHA MOBHHHA BKIIOYATH TPH ONepalli y Takiid MOCII0BHOCTI:
MexaHi4yHe 3HeBo[HeHHsA; HarpisanHda CBY; copOuiiine 3HeBojJHeHHA. 3a
IOYATKOBOT BoJlorocTl cauponems 94%, Ha nepuwoMy erani ciijl JOCAITH
Bonorocti y 83-84%, wma apyromy — 80-81% Ta 70% wna ocranusomMy i
TOCATHCHHA CHPOBHHOIO TORAPHOTO CTaHy.

2. Ha ocHOBI  TIpOBEACHHX  JIOCHIIKCHB  OOTPYHTORAHO  HOBY
MEXaHI30BaHy TeXHOIOTIK 3HEeBOJHEHHA O3EPHHX CalpOIeNiB Ta 3alpolOHOBAHO
nepenik 3acobie T peamizauii Jyuis  3a0esledyeHHs CUILCLKOI'0 T'OCIOapcTRa
OPraHiuHOK CHPOBHHOIO,

3.  ExoHoMis eHeprozaTpaT Ml dHac 3HCBOIHCHHSA CalporciIiB  3a
BHKOPHCTAHHA MeXaH130BaHOI TEeXHOJOT1l MOPIBHAHO 3 KOHBEKTHUBHHM CYLUIHHAM

cknamae 0,886 Br-roja Ha ouH KiJlorpaM Marepiany.



BHCHOBKH

1. ¥V nMceprallll HaBeIeHO TCOPETHYHO-CKCIIEPHUMEHTANILHE OOIPYHTYBAHHA
HOROTO BHPIIIEHHA HAVKORO-MIPHKIAIHOI 3a1a4l e()eKTHEBHOTO BHIUICHHA BOIH 3
O3€pPHUX callporieliB Ha TIJCTaBl CHCTEMHOTO PO3KPHTTA CYKYITHOIO BIUIMBY Ha
AKICTB 1 €HEpPro3arpaTd MHOKHHH MEXaHI30BAHHUX TEXHOJIONYHMX onepauiii. Ha
OCHOBI aHa/TI3y BJACTHBOCTEH CAnpornenBe Ta YHHHHX HAaYKOBO-METOIHYHHX 3acal
(cmocoOIR) BHIANCHHSA BOJOTH 1 CYIIIHHA MaTepladiB MIIBHIICHOT BOJIOTOCTI
BCTAHOBJIEHO, 110 BOJA y Calpole/AX 3HAXOIWUTRECA YV PI3HHX BHIAX Ta (opmax
3B’ H3KY, e(peKTUBHE BHIAICHHHA AKO1T MOMIIHBE JIHIIC Ha OCHOBI 3aCTOCYBAHHHA
MHOMKHHH  PI3HUX  CIIOCODIB  3HEBOJHEHHH, PallOHAILHA  KUILKICTE  Ta
MOCTIIOBHICTL BHKOHAHHA AKHX HAYKOBO He 00TpyHTOBaHA,

2. Joreneno, mo MeToa OOTpyHTYBaHHA c(EKTHBHOI MEXaHI30BAHOI
TEXHONIOT1l 3HEBOJHEHHA O3€pPHHUX CamporneniB MOBHHeH Oa3yBaTHcA Ha
3aCTOCYBAHHI CHCTEMHOI0 X0V Ta eHEPTeTHYHOTO KPHTEPIL.

3. PospobieHui  METOJl CHCTEMHOI'0  OOIPYHTYBaHH#  e(DEKTHBHOI
MﬁKﬂHiE{.}BHHﬂi‘ TEKH{}J'I{Jl'i.II SHCBOJIHCHHA  O3CPHHXA Eﬂﬂ]]{}HEHiE Jdde 3MOI'Y
BCTAHOBHTH PallOHANBHHI Hadlp 1 MOCHIJOBHICTE Omepanii Ta BH3HAYHTH
IpaHH4YH1 MEK1 BOJIOTOCT] /1A KOKHOI 3 HHX.

4. EkcriepuMeHTallbHE JOCHIKEeHHS BHIIB BOJOTH, (opM 1X 3B A3KY VY
Marepiani Ta BHYTPILIHBOT [MTUTOMOT [OBEPXHI Ha OCHOBI
TEPMOIPABIKATOPHMETPUYHOIO aHANI3Y JaM0 3MOT'Y BU3HAYHTH, 1110 Y Canponessx
HafgBHI TpapiTaiiiHa, OCMOTHYHA, KamiagpHa Ta ajacopOmiiina BHIH BOJTOTH 3
(P13MKO-MEXaHIYHOK Ta (PIZHKO-XIMIYHOK (opMaMH  3B'A3KY, a BeJHYHHA
BHYTPIIIHLOT MOBEpXHi cTaHOBHTHL 350 M*/T, 1m0 € migcrasow i BHOOpY
napamerpis copOeHTy.

5. TeopeTHYHO-EKCTIEPHMEHTAIILHE JOCITIKEHHS BIUTHRY PEHKHMIB PoDOTH
Ta KOHCTPYKTHBHHX TapaMeTpiB TBHHTOROTO Mpeca Ha BITIIEHHA ¢nabo3r’a3aHoi

BOJIIOTH Ja/10 3MOTY BCTAHOBHTH pE:II],iﬂHE:IIIE-Hi MmapaMcTpH MMpoOccy. KpOK I'BHHTA



(A =10,32 M), KyT HAXHIIY HIPHCTPOI 10 ropu3oHTY (= 0°) Ta yacrory odepraHHs
(o = 19,517 x8'), mo 3abezneuyiors nporec eQeKTHBHOTO BHIATEHHS BOJIOTH.

6. TeopeTH4yHO-eKCIEPUMEHTA/IBHE JIOCIHIKCHHA MpOIecy pyHHYBaHHA
3B A3KIB 3B A3aHOI 3 MaTeplaloM BOJIOTH 3a JOMOMOTOK) HarpiBaHHA CTPYMaMH
BHCOKOI wacToTH 1o Temneparypu 90°C, mamo 3Mory BH3HAYHTH pallioHAIbH
pPEKUMH (TPUBAIICTL HAIPIBAaHHA T = 3 XB, HeoOX1/1HA NOTYxKHICTE P= 255 Br) 1a
napameTpu (edexkTHBHA TOBMMHA apy camponemB A = 1,25¢cM) nponecy
BIJUTJICHHSA BOJIOTH, 10 3a0e3medyioTh pPyHHYBaHHA 3B’A3KIR Ta TCPEMINICHHA
BO/IH Ha [I0OBEPXHIO [Iapy.

7. AHalli3 BCTAaHOBJIEHHUX EKCHEPHMEHTAIBHHX 3aKOHOMIPHOCTEH 3MIHH
BOJIOIOCT] CAlPOIIEB BIJI 3aTpaT eHeprii Ha HOro 3HEBOIHEHHA 33 MEXAHIYHOIO,
TETJIOBOTO 1 cOpOINITHOrD ¢rnocodIB JaB 3MOTY BHABHTH, 110 3MIHA MOCTIIOBHOCTI
IX  3aCTOCYBaHHS  3YMOBIIOE  HEMNPOMOPHIHHY  3MIHY  €HeprosaTtpar
(nue. puc. 4.22 1 4.25). Le € niacTagor /Ui KUIBKICHOTO OLIHEHHA epeKTHBHOCTI
MOKIITMBHX BapiaHTIB MEXaHI30BaHOT TEXHOIOTII.

8. Ha mijcral BHKOpHCTAHHS  PO3POOJICHOIO  METOAY CHCTEMHOIO
OOIPYHTYBAHHA  JIOHUILHOCTI M MOCHJIOBHOCTI  BMKOHAHHA — onepaiii vy
MEXaHi30BaHlii TeXHOIOTIi 3HEBOJHEHHA calpornemie o0IpyHTORaHO moOTpedy
BHKOHAHHA oMepauiii vy Takiid TMOCIJOBHOCTI: MeXaHIYHE 3HEBOJHEHHA,
narpieanas CBY, copOuiiiHe 3HeBoaHeHHs (OuB. Tadm. 5.1). 3a no4aTKoOBOT
Bojiorocti  canponenis 94 %, s JJOCAIHEHHS HHM  TOBAPHOIO CTaHy 3
MIHIMaJBHUMH CHEPro3aTpaTaMH, Ha MNEpLIOMY €Taml Cll 3HMAKYBATH BOJOTICTb
no 83-84%, na apyromy — no 80-81% i 1o 70% — Ha OCTAHHROMY.

9. Haykopl pe3ynpTaTd aMcepTauiiiHol poOOTH B3ATI 0 BOPOBAaIlKEeHHA
[Tonicekow gocaigHor craHuiew HarloHadkHOro HayKOBOTO LEHTPY «IHCTHTYT
IpyHTO3HaBeTBA 1 arpoximii  iMedl  O.H. Cokonorecekoro» T1a  T30B
«Bomunascanpotoce»., OvikyBana eHepreTHdHa e¢(EKTHBHICTE BIJI BHKOPHCTAHHSA
HOBOI MEXaHI30BaHOI TEXHOJIOTII 3HCBOJIHCHHA 03CPHUX CAMpOINEsiB MOPIBHAHO 3

KOHBEKTHBHUM CYIIIHHAM cTaHOBHTE (0,886 BT roa/kr.
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